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Immunosurveillance: both innate and adaptive arms of the 

immune system can fight tumors



Demonstration of an interferon-g-dependent tumor surveillance system in immunocompetent mice.
Daniel H. Kaplan, Vijay Shankaran, Anand S. Dighe, Elisabeth Stockert, Michel Aguet, Lloyd J. Old, and Robert D. Schreiber. 

PNAS 95: 7556, 1998

Spontaneous tumor development

in IFN-g R and p53 double K.O. mice.

IMMUNOSURVEILLANCE

Koebel, Nature, 2007



IMMUNOSURVEILLANCE

Roitmaier, Lung transplant, 2007



Every patient’s immune system 

has the ability to fight cancer
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Neoantigens: some tumor cells express multiple antigens

that are not expressed by normal cells



Processing of tumor antigens recognized by

CD8+ T cells

MHC-I

Coulie, Nat Rev Cancer, 2014



Bouvard et al, Lancet 2009

Fransceschi et al, Lancet oncology 2012

IARC monograph 2011

Parkin Br J of medicine, 2010

 1 out 4 cancers attributed to infection worldwide : >26%

 Chronic infection is a key event in cancer development

H.pylori : 5.5%

HPV: 5.2% cervical cancer

HBV & HCV: 4.9% Liver cancer

EBV: 1%

HIV/HHV-8: 0.9%

Other: 0.15%

Which infections?... Other pathogen candidates for the remaining 74%? 

Oncopathogens provide antigens



2013 WHO classification of carcinogenic agents
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Group 1:

o Helicobacter pylori

o HBV, HCV

o HIV1

o HPV -16/18

o HTLV-I, HHV-8, EBV

Group 2A: HPV-68, MCPyV (2013)

Group 2B: HPV-5/8…, HIV-2, JCPyV (2013), BKPyV (2013)

2013:

+3 Polyomavirus

Oncopathogens 2013:

Bacteria: 1, Viruses: >10  



IMMUNOEDITING: A DYNAMIC HISTORY

Adapted from Schriber, Science, 2011



Aging is the single biggest risk factor for developing cancer
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Aging process is complex: each person ages at a different rate

 Your actual age may not reflect your physiologic age

 Lower tolerance of stress

 Higher susceptibility to chronic infections

 Lower competence to eliminate cancer cells due to the aging of the immune system

Cancer incidence rates 

by age category

(Log scale!)

Specific immune 

systems:

• aged people

• immunosuppressed 

patients 



IMMUNOTHERAPY IN SOLID TUMORS

• Cytokines : IL-2, IFNα. Limited clinical activity (melanoma,

renal cell carcinoma) and toxicity issues

• Disappointing results with tumor vaccination: less than 7% of

objective clinical responses (Rosenberg Nat Med 2004)

– Use of self antigens and stimulation of T cells with low-affinity TcR

unable to mediate effective antitumor response

– Use of monovalent antigen-targeting strategies selecting resistant

tumor variants

– Suboptimal delivery systems resulting in weak and short-lived antigen

specific T cell response

– Role of immunosuppressive tumor microenvironment and of … checkpoint 

molecules

 skepticism about immunotherapy



History of immunotherapy

ENTHUSIASM IS BACK!

from 2010’



 2010: first cellular immunotherapy approved

 2011: first checkpoint-inhibitor drug approved

 2015: first oncolytic virus treatment approved

 2017: first two chimeric antigen receptor (CAR) T-cell treatments approved. 

Thousands of clinical studies are pitting such immunotherapies against 

almost every form of cancer. 

 Neoantigen vaccine development is progressing rapidly.

 NK-based therapies are new concerns in the field.

 Combining treatments is likely to help an even greater number of people.

 What cancer will benefit from specific pairing of drugs?

 Fatal side effects, although rare, are also not fully understood

 High cost of immunotherapeutic agents will require all stakeholders to 

agree on appropriate payment.

History of immunotherapy



Two types of immunotherapy for cancer

are proven effective 



The study of interactions between the immune system & cancer cells

1. Advanced checkpoint blockade

2. Oncolytic viruses

3. CAR T cells & novel CAR cells

4. BiTEs

5. Tumor vaccines & Neo-Ag

6. Reverse vaccinology & mimotopes

7. NK-based therapy

8. Genetically engineered mouse models

9. Quantitative multivariate model of human immune cell communication

Aims: "Analyzing, understanding and manipulating interactions between tumor 

cells and the immune system to overcome the cancer progression.“



Anti-CTLA4 and anti-PD1/PDL-1



Different antibodies target PD-1 or PD-L1





Activity of PD-1 antagonists in first line in 

selected NSCLC patients



Spectrum of PD-1 / PD-L1 antagonist activity



An effective immune response is

specific, adaptive and sustainable (memory)



Example combo PD-1 / LAG3
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Oncolytic virotherapy, updates and future directions

 Oncolytic viruses (OVs) are viral strains that can infect and kill malignant cells

while spare their normal counterparts.

 IMLYGIC™ (T-VEC/ Talimogene Laherparepvec), a genetically engineered

Herpes Simplex Virus, is the first OV approved for use in the United States and

the European Union for patients with locally advanced or non-resectable

melanoma.

 Exploiting inherent tumor weaknesses, such as RAS pathway activation or by

genetic modification. For example, knockdown of thymidine kinase (TK)-negative

gene in HSV can lead to preferential killing of tumor cells, as TK-negative HSV

can replicate only in dividing cells.

 Although OVs have a favorable toxicity profile and are impressively active

anticancer agents in vitro and in vivo the majority of OVs have limited clinical

efficacy as a single agent.

 The antiviral immune response can prevent the virus reaching the tumor tissue

and having a therapeutic effect.

 Intratumoral administration can provide direct access to tumor tissue and be

beneficial in reducing side effects.



Oncolytic viruses



Onco-cytotoxic viruses

Type I IFN-dependent TRAIL expression



DAF – Decay Accelerating Factor, GM-CSF – Granulocyte Macrophage- Colony Stimulating Factor, HSV – Herpes Simplex Virus, 

hTERT – Human Telomerase, ICAM-1 – Intercellular Adhesion Molecule-1, ICP – Infectious Cell Protein, INF-β – Interferon beta, 

NDV – Newcastle Disease Virus, VSV – Vesicular Stomatitis Virus.

Mechanisms of action of oncolytic viruses.

Fountzilas, oncotarget, 2017
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Chen, Nature, 2017

The Cancer – Immune cycle

 Immune desert phenotype/Cold tumor

 Immune-excluded phenotype/Warm tumor

 Immune-inflamed phenotype/Hot tumor

Biomarkers involved in 7 steps of 

the cancer–immunity cycle & in 

immune profile

Release of CA 

cell Ag

CA Ag 

present

ation

T cel

priming 

and 

activation

T cell trafficking 

to tumors

T cell 

infiltration 

into 

tumors

Factors proposed to establish a 

person’s immune profile (tumor 

genetics, germline genetics, the 

microbiome, the environment and 

the presence of certain 

pharmacological agents) can be 

arranged in relation to the 7 steps 

of the cancer–immunity cycle

CA cell 

recognitio

n by T 

cells

Killing of CA cells
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The chimeric antigen receptor (CAR) T cell

inside the Cancer – Immune cycle

Hedge, Immunity, 2020



CAR-T cell therapy: ex vivo manipulation of patient T cells

to create a potent, cancer-targeting therapy

(1) isolation, in which PBMCs is harvested from the patient or donor’s peripheral blood

(2) modification, in which the T cells were activated and CARs are transduced into the activated T

cells by way of lentiviral

(3) expression, in which the modified T cells expanded ex vivo to obtain clinically relevant cell

numbers. CARs can be divided into 3 main portions:

(4) reinfusion, in which the modified T cell that has reached the desired dose were reinfused into

the previously lymphocyte-depleted patient.

CAR can be divided into 3 main portions:
extracellular antigen-binding domain / space region - transmembrane domain / intracellular signaling domain



CAR-T cell therapy

CAR can be divided into 

3 main portions:

extracellular antigen-binding domain

space region - transmembrane domain

intracellular signaling domain



Novel strategies to enhance the efficacy of 

CAR-T cell therapy for solid tumors
a) targeting tumor specific 

antigens.

b) Infiltration and homing 

c) secreting cytokines or 

enzymes, endowed with the 

catalase to overcome 

abundant ROS

d) expressing costimulatory 

receptors 

e) combined with the blockage 

of immune checkpoints 

using monoclonal antibodies 

or the CRISPR/Cas9 

system. 

f) Blockage of soluble tumor 

suppressive mediators in the 

solid tumor milieu (e.g., 

CD73, A2AR, IDO, or CD47) 

g) combined with other 

antitumor strategies, such as 

oncolytic viruses, HIF-CAR, 

exosomes, nanoparticles, 

and modulating T cell 

metabolismZhang, Mol Cancer, 2018
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Bi-specific T-cell engagers (BiTEs)

A class of artificial bispecific monoclonal antibodies, investigated for the use as anti-cancer drugs. 

They direct a host's immune system, more specifically the T cells' cytotoxic activity, against cancer 

cells.

Baeuerle, Cancer Res, 2009



Bi-specific T-cell engagers (BiTEs)

A class of artificial bispecific monoclonal antibodies, investigated for the use as anti-cancer drugs. 

They direct a host's immune system, more specifically the T cells' cytotoxic activity, against cancer 

cells.

BiTE is a registered trademark of Micromet AG 

(fully owned subsidiary of Amgen Inc)



CD3xPDL1 BiTE activates T cells that are 

cytotoxic for PDL1+ tumor cells

CD3xPDL1 bi-specific T cell engager (BiTE) simultaneously activates T cells and NKT cells, kills 

PDL1+ tumor cells, and extends the survival of tumor-bearing humanized mice

Horn, Oncotarget, 2017

PDL1+  human melanoma C8161 cells

PDL1- human melanoma MEL1011 cells 



CD3xPDL1 BiTE activates T cells and is 

cytotoxic for PDL1+ CML, NSCLC, and breast cancer cells

CD3xPDL1 bi-specific T cell engager (BiTE) simultaneously activates T cells and NKT cells, kills 

PDL1+ tumor cells, and extends the survival of tumor-bearing humanized mice

PDL1+  

breast MDA-MB-231

chronic myelogenous leukemia MEG-01 and KU812F

lung adenocarcinoma H358 

Horn, Oncotarget, 2017

PDL1+  human melanoma C8161 cells

PDL1- human melanoma MEL1011 cells 



CD3xPDL1 BiTE significantly extends the survival time of humanized 

NSG mice reconstituted with human PBMC and 

carrying established metastatic human melanoma C8161
CD3xPDL1 bi-specific T cell engager (BiTE) simultaneously activates T cells and NKT cells, kills 

PDL1+ tumor cells, and extends the survival of tumor-bearing humanized mice

NSG mice (NOD scid gamma mice) among the most immunodeficient described to date: lack 

mature T cells, B cells, and NK cells, deficient in multiple cytokine signaling pathways, many 

defects in innate immunity  permit the engraftment of a wide range of primary human cells

Horn, Oncotarget, 2017
PDL1+  human melanoma C8161 cells



CAR T cells versus bispecific antibodies

(Cytoreductive surgery)
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Already established as treatment for many years

Sahin, science, 2018

HPV vaccine against cervix

Preventive vaccine

BCG-therapy of bladder CA

Therapeutic vaccine



Personalized vaccines for cancer immunotherapy

Customizing a patient-specific cancer vaccine. 

1. Patient tumor biopsies and healthy tissue (e.g., peripheral blood white blood cells) are 

subjected to next-generation sequencing. By comparing the sequences obtained from 

tumor and normal DNA, tumor-specific nonsynonymous single-nucleotide variations or short 

indels in protein-coding genes are identified. 

2. A computational pipeline is used to examine the mutant peptide regions for binding to the 

patient’s HLA alleles (based on predicted affinity) 

3. Selection of multiple mutations to design unique neoepitope vaccines that are 

manufactured under GMP conditions. “…a personalized mutanome vaccine has the 

potential to become a universally applicable therapy irrespective of cancer type.”

Sahin, science, 2018



Neoepitope vaccines promote a functional

Cancer – Immune cycle

Sahin, science, 2018

Vaccine-induced neoepitope-

specific CD4+ TH1 cells

promotion of T cell priming and 

expansion, proinflammatory

reshaping of the tumor 

microenvironment

recruitment of CD4/8+ T cells 

for direct killing of tumor cells. 

multi-neoepitope vaccines may 

contribute to tipping the 

balance from tolerance toward 

productive immunity against 

tumor cells



Current vaccine formats explored for 

delivery of neoepitopes

Sahin, science, 2018



Current challenges for 

cancer vaccine adjuvant development

Bowen, Expert Rev Vac, 2018



Current challenges for 

cancer vaccine adjuvant development

Bowen, Expert Rev Vac, 2018

 Adjuvants enhance the magnitude, breadth, quality and longevity of the 

immune response to the antigens. 

 Investigators are exploring many novel adjuvant technologies for future vaccine 

candidates, including adjuvant combinations. 

 result in complimentary and even synergistic enhancement of immune 

responses 

• dendritic-cell maturation,

• T-cell expansion 

• relief of tumor-associated

immune suppression

 PRR agonist: STING agonist, 

Stimulator of interferon Gene



In vivo effects of STING agonists

Corrales, Cell Rep 2015



PRR agonist : example of a TLR7/8 agonist, 

combined to checkpoint inhibitors

Singh, J Immunol, 2016



Listeria monocytogenes

(Lm) – based cancer immunotherapy

 Wild-type Lm: 

o invasion, growth and spread in 

epithelial non-phagocytic or phagocytic

cells

o Sub-lethal doses provides long-lasting 

protection against lethal challenge

o Protection both depends on CD4 and 

CD8 T cells

o LLO-dpt Lm cytosolic access is

required to induce protective immunity

 Recombinant Lm:

o LADD = live-attenuated double 

deficient ΔactA ΔinlB

o expressing tumor-associated antigens

(TAAs) 

o activate tumor-specific CTLs: bacteria-

induced acute inflammation & long-

lasting anti-tumor immunity

 Lm-based immunotherapies:

impressive therapeutic efficacy

in preclinical models of cancer 

for two decades and are now

showing promise clinically

Travier, Cur Op Microbiol, 2014LLO, listeriolysine



Listeria monocytogenes

(Lm) – based cancer immunotherapy
 Endogeneous tumor-initiated T cell priming: target immune checkpoint blockade

 Exogeneous T cell priming: recombinant live-attenuated Lm:



Pivotal events in the development of 
Lm-based vaccines for tumor immunotherapy

Wood, Front Cell Infect Microbiol, 2014



Lm-based vaccines in development that target 

clinically-relevant tumor-associated antigens

Wood, Frontiers Cell Infect Mucrobiol, 2014



Lm-based vaccines in development that target 

clinically-relevant tumor-associated antigens

Wood, Frontiers Cell Infect Mucrobiol, 2014



Lm-based vaccine clinical trials pipeline
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Reverse vaccinology objectives

Aashi, 2018



Reverse Vaccinology: identifying the proteins that are exposed on the 

surface by using genome instead of the

Aashi, 2018

Tumor cell

culture



Reverse Vaccinology: identifying the proteins that are exposed on the 

surface by using genome instead of the cancer cell

Aashi, 2018



Reverse vaccinology: epitope prediction

Aashi, 2018



Targeting tumor-associated carbohydrate antigens (TACAs)

with ... mimotopes

Feng, acschembio, 2016

 Cancer cells can be distinguished from normal cells by displaying aberrant 

levels and types of carbohydrate structures on their surfaces: TACAs.

 Unfortunately, carbohydrates alone are poorly immunogenic

 How to overcome these obstacles: 

• covalently coupling TACAs to proper carriers to improve 

immunogenicity, including clustered or multivalent conjugate vaccines

• coupling TACAs to T-cell peptide epitopes or the built-in adjuvant to 

form multicomponent glycoconjugate vaccines

• Use TACAs as mimotopes: generation of a peptide mimotope library 

that reflects the common TACAs... with amino acid sequence, same 3D 

shape as TACAs, BUT made with aminoacids  immunogenicity!
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NK-based immunotherapy: why?

Feng, acschembio, 2016

 NK cells inhibit tumor development in mouse models

 NK presence in tumors correlates with patient survival.

 lung adenocarcinoma,

• NK cells localized to tumor stroma with immature phenotypes and low 

functional capacity. 

• After stimulation, NK cells localized inside tumors, with increased cytokine 

production capacity. 

• Strikingly, T cells were also recruited to tumors in an NK cell-dependent 

manner, and exhibited higher functionality. 

• even in established disease NK cells can be activated to contribute to 

antitumor immunity, 

 NK = important target in cancer immunotherapy.
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GEMMs

Feng, acschembio, 2016

 Genetically engineered mouse models (GEMMs) 

 In contrast to cancer cell inoculation models, GEMMs develop de novo tumors in 

a natural immune-proficient microenvironment.

 Tumors arising in advanced GEMMs closely mimic the histopathological and 

molecular features of their human counterparts, display genetic heterogeneity, 

and are able to spontaneously progress toward metastatic disease. 



GEMMs

Kersten, embo Med, 2019
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A Quantitative Multivariate Model of Human

Dendritic Cell-T Helper Cell Communication

Gandclaudon, Cell, 2019

They measured 

• 36 DC-derived signals 

• 17 Th cytokines 

• broadly covering Th diversity in 428 

observations.

They developed a data-driven, 

computationally validated model 

capturing 56 already described and 290 

potentially novel mechanisms of Th

cell specification.

A unique resource to decipher the 

complex combinatorial rules governing 

DC-Th cell communication and guide 

their manipulation for vaccine design 

and immunotherapies.

The ultimate aim is to predict 

context-dependent behaviors.
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