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Innate and adaptive immunityInnate and adaptive immunity

requires
"danger" signals

requires appropriate activation
by cells of the innate immune system

Dranoff, 2004 



Danger signals linking oncogenesis and immunosurveillanceDanger signals linking oncogenesis and immunosurveillance

Stagg et al., 2007 



Anti-tumor effector arms of the immune responseAnti-tumor effector arms of the immune response

Dranoff, 2004 



  Tumor-specific tolerance in mouse modelsTumor-specific tolerance in mouse models
for sporadic cancerfor sporadic cancer

Willimsky & Blankenstein, 2007 

LoxP-Tag mice
(spontaneous expression of highly immunogenic SV40 small and large T-Ag in single cells)



The basic problemThe basic problem

Tumors carry many mutations and it is now clear that most if not all
tumors express neo-antigens against which the host has a capacity
to react in order to eliminate the tumor (immunosurveillance).

However, the immune system seems to slow, but not prevent, tumor
progression, due to the selection of poorly immunogenic and
immune-resistant malignant cells that favor tumor immune tolerance
(immunoediting).



Evolution and fate of anti-tumor immune responsesEvolution and fate of anti-tumor immune responses

Small tumor:
the immune system
remains ignorant

Damage to normal
tissues alerts
the immune system

Tumor-specific T cells,
antibodies and DCs
reach the tumor but fail
due to tumor heterogeneity

The tumor has evaded
the initial immune response
and actively suppresses
local and systemic immunity

Finn, 2003 



Stagg et al., 2007 

Mechanisms of tumor-mediated immune evasionMechanisms of tumor-mediated immune evasion

Suppressors:
Treg (regulatory T cells)
TAM (tumor-associated macrophage)
DC (tolerogenic/immature dendritic cells)
MSC (myeloid-derived suppressor cell)
NKT (type II natural killer T cells)

Tissue damage reponse



STAT3 promotes oncogenesis and immune evasionSTAT3 promotes oncogenesis and immune evasion

Yu et al., 2007 

STAT3 regulated genes



  STAT3 signaling mediates communication between tumorSTAT3 signaling mediates communication between tumor
and immune cells, and facilitates immunosuppressionand immune cells, and facilitates immunosuppression

Yu et al., 2007 



CD4CD4++ regulatory T cells (T regulatory T cells (Tregreg))

?

Thelper

CTLTreg generated in the periphery Treg generated in the thymus

Wraith et al., 2004 

TGF-β
IL-10
Perforin/GrB

TGF-β
IL-10

Perforin/GrB



Missing-self recognition of tumor cellsMissing-self recognition of tumor cells

Ljunggren et al., 2007 

Downregulation of MHC class I
Upregulation of activating ligands

MICA, MICB

NKG2D



Missing-self recognition of tumor cellsMissing-self recognition of tumor cells

Ljunggren et al., 2007 

Downregulation of MHC class I
Upregulation of activating ligands

MICA, MICB

NKG2D
secreted NKG2D ligands

TGF-β



TherapeuticTherapeutic
vaccination asvaccination as
cancer therapycancer therapy

Finn, 2003 



Tumor antigensTumor antigens

Tumor-specific antigens (TSAs)Tumor-specific antigens (TSAs)

Neo-antigens expressed by radiation- or chemical carcinogen-induced 
tumors due to mutations; idiotype expressed by B-cell malignancies; 
developmental antigens re-expressed by the tumor (oncofetal antigens); 
viral antigens.

Tumor-associated antigens (TAAs)Tumor-associated antigens (TAAs)

Differentiation antigens; antigens expressed in immunoprivileged tissues
(cancer-testis/cancer-germline antigens); overexpressed 'self' antigens.



Identification of tumor antigensIdentification of tumor antigens

'Reverse Immunology'

Stevanovic, 2002 



Tumor antigensTumor antigens

Jäger et al., 2002 



Cancer vaccines can induce specific immune responses ...Cancer vaccines can induce specific immune responses ...

Jäger et al., 2002 



... but most often fail to induce tumor regression... but most often fail to induce tumor regression

Banchereau & Palucka, 2005  



Generation of DC vaccinesGeneration of DC vaccines

Berzofsky et al., 2004 



  Durable tumor regression in response to vaccinationDurable tumor regression in response to vaccination
with DCs loaded with killed allogeneic melanoma cellswith DCs loaded with killed allogeneic melanoma cells

Palucka et al., 2007 



  Increasing the effectiveness of cancer immunotherapy:Increasing the effectiveness of cancer immunotherapy:
Enhancing the 'Enhancers'Enhancing the 'Enhancers'

Tumor antigens Mode of delivery; combination with adjuvants

Dendritic cells Proper activation/differentiation;
stimulation of CD40 and/or Toll-like receptors

T cells Adoptive cell therapy

NK cells Activation of ADCC; adoptive cell therapy

Effector cytokines IL-2, IL-12, IL-15, IFN-α



Antibody-Antibody-
dependentdependent
effectoreffector
mechanismsmechanisms



Cancer immunotherapy with monoclonal antibodiesCancer immunotherapy with monoclonal antibodies

Antibody Type     Target Cancer

Rituxan (rituximab) ch IgG1     CD20 non-Hodgkin's lymphoma
FDA approval 1997

Herceptin (trastuzumab) hu IgG1     ErbB2/HER2 breast cancer
FDA approval 1998

Erbitux (cetuximab) ch IgG1     EGFR colorectal cancer
FDA approval 2004

Avastin (bevacizumab) hu IgG1     VEGF colorectal cancer
FDA approval 2005



Dendritic-cell differentiation and activationDendritic-cell differentiation and activation

'Pathogen-associated molecular pattern'
('danger signal')

a single DC can interact with 5000 T cells per hour

Pardoll, 2002 



Different mechanisms of DC maturationDifferent mechanisms of DC maturation

Palucka et al., 2010 



Pattern-recognition receptorsPattern-recognition receptors

Trinchieri & Sher, 2007 

Toll-like receptors



Direct and indirect effects of PRR ligandsDirect and indirect effects of PRR ligands

Coffman et al., 2010 



Targeting vaccines to different DC subsetsTargeting vaccines to different DC subsets

Palucka et al., 2010 
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Fate of antigensFate of antigens
targeted to DCtargeted to DC
surface receptorssurface receptors



The prostate cancer vaccine sipuleucel-T (Provenge)The prostate cancer vaccine sipuleucel-T (Provenge)

DeFrancesco, 2010 

                      cell (APC)
via fusion to GM-CSF



Generation of tumor-specific T cells for adoptive cell therapyGeneration of tumor-specific T cells for adoptive cell therapy

Rosenberg et al., 2008 

IL-2
anti-CD3



  Objective tumor regression in melanoma patients after ACTObjective tumor regression in melanoma patients after ACT
following lymphodepleting conditioningfollowing lymphodepleting conditioning

Rosenberg et al., 2008 



Rosenberg et al., 2008 

  Enhancing specificity and activityEnhancing specificity and activity
of T cells for adoptive therapyof T cells for adoptive therapy



  Enhancing specificity and activityEnhancing specificity and activity
of T cells for adoptive therapyof T cells for adoptive therapy

Ectopic expression of defined MHC-restricted, tumor-specific T-cell receptors,
or chimeric antigen receptors utilizing antibody fragments for tumor cell recognition

scFv antibody fragment
(no MHC restriction)

Sadelain et al., 2002 



  Increasing the effectiveness of cancer immunotherapy:Increasing the effectiveness of cancer immunotherapy:
Inhibiting the 'Inhibitors'Inhibiting the 'Inhibitors'

Treg Low dose cyclophosphamide; anti-CD4;
anti-CD25; recombinant toxins

CTLA-4; PD1 Blocking antibodies

Suppressive cytokines
and growth factors Blocking antibodies; STAT3 inhibitors

Suppressive DCs Blocking suppressive pathways (IDO);
STAT3 inhibitors

Immunodominant/ Fostering antigen release by targeting
self-antigens the stroma



CTLA-4 negatively regulates T-cell activityCTLA-4 negatively regulates T-cell activity

Hodi, 2007 

Blocking anti-CTLA-4 antibody



Treatment of melanoma patients with anti-CTLA-4 antibodyTreatment of melanoma patients with anti-CTLA-4 antibody

O'Day et al., 2007 



Linking tumor-cell stress and effector-cell killingLinking tumor-cell stress and effector-cell killing

Zitvogel et al., 2008 



Tumor-cell stressTumor-cell stress
and activationand activation
of APCsof APCs

Zitvogel et al., 2008 



Approaches to DC-based therapeutic vaccinationApproaches to DC-based therapeutic vaccination

Palucka et al., 2010 



  An integrated approach will be requiredAn integrated approach will be required
to achieve cto achieve clinically relevant anti-tumor immune responseslinically relevant anti-tumor immune responses

Stagg et al., 2007 



Additional TablesAdditional Tables



Ligand recognition by Toll-like receptorsLigand recognition by Toll-like receptors

Kanzler et al., 2007 



Vaccine adjuvants in experimental and clinical useVaccine adjuvants in experimental and clinical use

Coffman et al., 2010 



Targeting DC surface receptorsTargeting DC surface receptors

Tacken et al., 2007 



Selected cancer vaccines in phase 3 clinical trialsSelected cancer vaccines in phase 3 clinical trials

DeFrancesco, 2010 




