
Harnessing the Immune System to 

Prevent Cancer:

Basic Immunologic Mechanisms & 

Their Application to Clinical Trials of 

Vaccines

Part 2: The Vaccines

Barbara K. Dunn
NCI/Division of Cancer Prevention

August 3, 2020



I. Basic immunologic mechanisms

II. Application to prevention & treatment of cancer

1.  Antibodies: as drugs

2.  Vaccines: general principles & your vaccine 

trials & moreé

I)  Vaccines to prevent cancers caused by 

infectious agents

II)  Vaccines to prevent non-infection 

associated cancer (directed 

toward tumor associated antigens)

Harnessing the Immune System to Prevent Cancer:

Basic Immunologic Mechanisms and Therapeutic 

Approaches that are Relevant to Cancer Prevention



I. Basic immunologic mechanisms

II. Application to prevention & treatment of cancer

1.  Antibodies: as drugs    ñpassive immunityò

2.  Vaccines: general principles & your vaccine 

trials & moreé

I)  Vaccines to prevent cancers caused by 

infectious agents ñactive

II) Vaccines to prevent                  immunityò

non-infection associated cancer 

(directed toward tumor associated   

antigens)

Harnessing the Immune System to Prevent Cancer:

Basic Immunologic Mechanisms and Therapeutic 

Approaches that are Relevant to Cancer Prevention



I. Basic immunologic mechanisms

II. Application to prevention & treatment of cancer

1.  Antibodies: as drugs    ñpassive immunityò

2.  Vaccines: general principles & your vaccine 

trials & moreé

I)  Vaccines to prevent cancers caused by 

infectious agents ñactive

II) Vaccines to prevent                  immunityò

non-infection associated cancer 

(directed toward tumor associated   

antigens)

Harnessing the Immune System to Prevent Cancer:

Basic Immunologic Mechanisms and Therapeutic 

Approaches that are Relevant to Cancer Prevention

Focus on the Antigen!



DCPCONSORTIUM VACCINE TRIALS

MAY2013-01-01 MUC 1/COLON
MAY2013-02-01 VACCINE/HCV LIVER
MAY2016-08-01 MUC-1/LUNG 

MDA2014-04-02 VADIS/BREAST

NWU2015-06-02 HPV 9-VALENT/TRANSPLANT

UAZ2014-03-01 PROSTVAC/PROSTATE 
UAZ2015-05-01 HPV-9-VALENT/PEDIATRICS 

UWI2014-03-01 WOKVAC/BREAST

Non-infection associated cancer

Infection associated cancer

Non-infection associated cancer

Non-infection associated cancer

Non-infection associated cancer

Non-infection associated cancer

Infection associated

cancer

Infection associated

cancer



KEY COMPONENTS OF VACCINES
the specific component:

the Antigen

protein

Peptide-

long vs short

Pentamer of a protein

the nonspecific component:

the Adjuvant

Adjuvants = agents added 

to vaccine formulations that 

enhance the immunogenicity 

of antigens in vivo 

Vaccines -

Genetic vaccines:

ÅDNA (encodes a protein)

ÅRNA vaccines

ÅViral vector

Viral-like 

Protein/

VLP

Cell-based

vaccines

Epitope (antigenic determinant) = the 

part of an antigen that is recognized by the 

immune system (antibodies, B cells, T cells); 

main immunogenic part of the vaccine

ñactive immunityò

Adaptive Immune System  

Antigen comes from 

the thing you want to 

destroy: cancer cell, 

pathogen
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1)Safety

2)Reactogenicity

3)Immunogenicity:

-seroconversion:Ab

-neutralization:Ab

-CD4, CD8 Tcell
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ñactive immunityò

Adaptive Immune System  

Adjuvant non-

specific stimulation to 

immune system = 

INNATE

ƴNon-specific Immuno-

Modulators = INNATE only

Targets a specific 

antigen

=  ADAPTIVE 

How do we pick the 

antigen/epitope to target?



I. Overview:  Context of immunologic mechanisms: 
carcinogenesis

II. Structure/physical components and 

hierarchy of the immune system

I. How immunologic mechanisms are used in medical 
interventions to treat and prevent cancer

1.  Antibodies as drugs ñpassive immunityò

2.  Vaccines: general principles & your vaccine trials

I)  Vaccines to prevent cancers caused by
infectious agents                                     ñactive

II)  Vaccines to prevent non-infection    immunityò
associated cancer (directed 
toward tumor associated antigens)
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Elicits a specific response from the bodyôs own immune system:

Focus on the Antigen!



Targets a specific                              

antigen

=  ADAPTIVE 

How do we pick 

the 

antigen/epitope 

to target?

Vaccines to prevent cancers caused     

by infectious agents

JH February 13, 2018

The infectious agent is 

FOREIGN/NON-SELF

Ÿpick the antigen from this!



HBV Vaccine

HCV Vaccine

example of antigen(s) derived from 

infectious agents, HBV, HCV



Viral

infection

Chronic

Viral

infection

Liver

Cancer
Precancer

conditions

Viral

exposure

Vaccines to prevent cancers caused by infectious agents

Pathogenesis of Hepatitis B Virus-Associated Cancer

Prophylactic 

vaccine

Infects 350-400 million people (5% world population)

Chronic HBV Carriers - incidence of HCC (hepatocellular carcinoma) ranges from 
70% to 90% and nearly 100% in children

Chronic HBV infection and high HBV DNA levels are a strong predictor for 
cirrhosis and HCC (irrespective of other viral and biochemical factors)



HBV vaccine ςFIRSTvaccine in 

humans for cancer prevention (1981)

-the Antigen: hepatitis B surface antigen 

(HBsAg) = a viral envelope protein

HBV Vaccines                                            
(hepatitis B virus)

How do we pick the 

antigen/epitope to 

target?

The infectious agent 

is FOREIGN/NON-

SELF

Ÿpick the antigen 

from this!

Focus on the Antigen!

ÅPre-exposure prophylaxis/prophylactic vaccine

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

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



chronic HCV infection

example of antigen(s) derived from 

infectious agent, HCV

Infection associated cancer

DCP CONSORTIUM VACCINE
MAY2013-02-01 Therapeutic HCV  vaccine

no preventive vaccine for HCV



Viral

infection

Chronic

Viral

infection

CancerPrecancer

conditions

Viral

exposure

Vaccines to prevent cancers caused by infectious agents

Prophylactic 

vaccine
Therapeutic 

vaccine

*Therapeutic from an infectious disease standpoint;

actually prophylactic from a cancer standpoint

Pathogenesis of Virus-Associated Cancer
Vaccines



T-Cell Exhaustion

J.
 H

e
p

a
to

lo
g

y 
2

0
1

1
,

5
4

:1
2

8
6-

9
6

.

No therapeuticvaccine for HCV and HBV 

DCP CONSORTIUM VACCINE
MAY2013-02-01

Phase I Trial of a therapeutic DNA Vaccine for 

Chronic Hepatitis C Virus (HCV) Infection

WHY VACCINE FAILURE?  IMPAIREDT CELL RESPONSES 

immunoediting

immunoediting

CHRONIC HCV INFECTIONS



chronic genotype 1 HCV infection

w/plasma HCV RNA>10,000 IU/ml

Ź                                 

HCV genotype 1a/1b consensus DNA vaccine:     

encoding HCV NS3, NS4A; NS4B, NS5A

Day 0; Weeks 4, 12, 24

Ź

1o Endpoint: safety, AEs; immunogenicity:

change HCV-specific IFN-Ẳ (wk 26)

Translational Endpoints: virologic response  

(decrease in HCV RNA level)

NS3

NS4B

NS5a
DNA plasmid vaccine

platform

MAY2013-02-01 Therapeutic HCV  vaccine
Infection associated cancer

antigen



HPV Vaccines

example of antigen(s) derived from 

infectious agent, HPV



HPV Vaccines

human papilloma virus - >100 strains:

Some cause cancer -14 high risk

Some cause warts

Causes: 

~100% of cervical cancers 

+

head and neck cancers

anal cancers

L1 differs 

among strains



Prophylactic(3 FDA Approved HPV vaccines)

-the Antigen: virus-like particles(VLP) from 
major capsid proteins L1= strain specific

Bivalent/Quadrivalent subunit vaccines 
(HPV 16and 18ς70% of cervical cancers)  Cervarix® 

(GSK-bivalent)

(HPV 6 and 11ςmajority of genital warts)          

Vaccines 98%effective preventing high-grade cervical lesions 
Nonavalentvaccine (V503, Merck) (FDA approval Dec 2014)      

HPV6/11/16/18/31/33/45/52/58ςGardasil 9®

HPV VACCINES  (HUMAN PAPILLOMAVIRUS)

Vaccines to prevent cancers caused by infectious agents

WƻƘƴ {ŎƘƛƭƭŜǊΩǎ ƭŜŎǘǳǊŜǎ-July 2018
July 21,2020

Gardasil®
(Merck-quadrivalent)                   

The infectious agent is 

FOREIGN/NON-SELF

Ÿpick the antigen from 

this!

How do we pick the 

antigen/epitope to target?

ǒBivalent (HPV 16 and 18)(Xiamen Innovax Biotech Co)

(China: approved Jan 2,2020) - Cecolin

Approved:

females 9-26

males 9-15

VLP (L1s)



Viral

infection

Chronic

Viral

infection

Cervical

Cancer
Precancer

conditions

Viral

exposure

Vaccines to prevent cancers caused by infectious agents

Pathogenesis of HPV-Associated Cancer 
& Vaccines to Prevent Cervical Cancer

Prophylactic 

vaccine

Cervarix:   HPV 16, 18

Gardasil:   HPV 16, 18, 6, 11

Gardasil 9: HPV 6/11/16/18/

31/33/45/52/58

Lasker~DeBakeyClinical Medical

Research Award:  John Schiller & 
Douglas Lowy



Transplant Vaccine

example of antigen(s) derived from 

infectious agent, HPV

NWU2015-06-02 HPV 9-valent/Transplant

Infection associated cancer

DCP CONSORTIUM VACCINE



HPV ςHUMAN PAPILLOMAVIRUS

Adult solid organ transplant recipients

Immunosuppression

Increased risk of developing several malignancies,

especially causally linked to carcinogenic HPV infection:

Squamous cell carcinoma of: anogenital region

[vulva, cervix, penis, vagina]

naso/oropharynx

Vaccines to prevent cancers caused by infectious agents

Engels  2011 JAMA 306:1891



SCHEMA :  Immunogenicity of 

Nonavalent HPV Vaccine Administered 

Prior To Renal Transplantation in Adults: 

A Prospective, Single-Arm, Multi-Center 

Clinical Trial 

NWU2015-06-02 Protocol Version 3.8, July 18, 2019

Adults planning

renal transplant

Ź

Gardasil® 9 HPV Ó1 dose

L1 VLP Ź
30 days prior to transplantation Ź

Ź
1o Objective: immunogenicity:

HPV type-specific

seroconversion

at 12 months post-tx



INFECTIOUS AGENTS AND CANCER PREVENTION

Control Infectious Agent(s)
Vaccines ςprophylactic / therapeutic

Antiviral therapy

Control Infection

Prevent Cancer
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Selection of appropriate antigen

in non-infection-associated cancers,

the antigens are modified normal antigens, 

taken from cancer cells

Concern is:

We do not want the immune system to attack 

the normal cells (donôt want toxicity), 

We only want the immune system to attack 

the cancer cells, 

which have modified normal antigens

Self 

Anti

gen

Nonself/ 

Foreign, 
Unwanted

Antigen

cancer cell

Prevent autoimmune 

responses Self 

Anti

gen
Tolerance

signals

Nonself/ 

Foreign, 
Unwanted

Antigen

But want anti-cancer 

responses

Attack

signals

Vaccines to prevent cancers not caused    

by infectious agents
Targets a specific                              

antigen

=  ADAPTIVE

The antigen is from 

ALTERED SELF 
cellsŸ tolerance =

self vs non-self!

How do we pick  

the antigen/epitope 

to target?



Å  Tumor Associated Antigens (TAAs)/ neoantigens

Ÿ ñselfò- antigens or normal cellular proteins that               

become immunogenic during the malignant process

Å  Mechanisms by which normal cell protein becomes 

aberrant in cancer (ñabnormal-selfò)

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)

Vaccines to prevent non-infection associated    

cancer: the Antigen 

Mechanism of Tumor Antigen: 

Self 

Anti

gen

Nonself/ 

Foreign, 
Unwanted

Antigen



Colorectal Cancer Vaccine

example of antigen with abnormal 

post-translational modification

MAY2013-01-01 MUC 1/Colon

Non-infection associated cancer

DCP CONSORTIUM VACCINE



Muc1 Expression in Cancers:

Immunohistochemical analysis 

of paraffin-embedded human 

colon carcinoma, using MUC1 

(VU4H5) 

Mouse mAb.

Colorectal Cancer - MUC-1

O-linked carbohydrates/

Oligosaccharides:

Glycosylated MUC1

Mucins = large glycoproteins:

polypeptide core

Transmembrane

glycoprotein

Normal Muc1



Colorectal Cancer - MUC-1

Tumor-associated 

antigen:

Post-translational 

modification

JH February 13, 2018

Basal Expression in normal ductal epithelial cells: Overexpressed & aberrantly glycosylated in
--most adenocarcinomas, inflammatory diseases, 
e.g. inflammatory bowel disease (IBD)Pancreas, Breast, Lung, Gastrointestinal tract

O-linked 

oligosaccharides



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.

Beatty et al., Cancer Prev Res (Phila). 2010 April; 3(4): 438�±446.

Untreated mice-many tumors

Colorectal Cancer - MUC-1

dysplasia

tumors

TnMUC1: 100-mer 

peptide (five 

tandem repeats of 

20ïamino acid 

sequence


