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Background and introduction

• intratumor clone and subclones heterogeneity and immunosuppressive 
microenvironment in cancer ecosystem contribute to inherent difficulties for 
tumor treatment;

• immuno-oncology is a successful strategy of adoptive cell transfer for treating 
metastatic cancer and breaking immunological tolerance to tumors («self» 
antigens);

• T-cell engineering and synthetic immunity for producing durable remissions in 
patients with treatment-refractory tumors.



Structure of CARs and T-Cell Receptors.
June CH, Sadelain M. 

N Engl J Med 2018;379:64-73

What are CAR-T Cells
• genetically redirect and reprogram T cells to overcome tolerance in cancer;
• patient's own T cells genetically engineered with gene encoding chimeric antigen receptor 

(CAR) that binds a tumor antigen;
• CARs consist of:

- extracellular immunoglobulin-derived variable heavy and light chains to direct specificity;
- intracellular signaling molecule comprised of TCR CD3 zeta chain;
- co-stimulation signaling, such as CD28 and 4-1BB, that increases expansion and potency 

of engineered T cells.

An introduction to chimeric antigen receptor (CAR) T-cell
immunotherapy for human cancer

Feins S. et al. 
Am J Hematol. 2019;94:S3–S9



• Engrafting, trafficking to tumor, and 
proliferating extensively after infusion.

How CAR-T Cells work

• Killing Mechanisms of CAR-T Cells:
 perforin and granzyme axis: targeting antigen

positive fraction;
 cytokine secretion: stromal cell sensitization;
 Fas and FasL axis: targeting antigen-negative 

fraction.

June CH, Sadelain M. N Engl J Med 2018;379:64-73

Benmebarek M. et al. International Journal of Molecular Sciences 2019, 20, 1283  



How CAR-T Cells work

- engage surface antigens of tumors in an 
HLA-independent manner, not limited by 
tumor antigens presentation;

- insensitive to tumor escape mechanism
related to MHC loss;

- synergize with endogenous immune 
response;

- target the tumor ecosystem:
• cells interaction and niche cells: 

regulate interaction between 
heterogeneous tumor clones and 
immune cells;

• immunosoppressive tumor
microenvironment: remodel 
microenvironment through release of 
soluble factors that regulate the 
function of stromal and immune cells;

- persist long term in vivo: permanent anti-
tumor effects

Engineering chimeric antigen receptor-T cells for cancer treatment
Baixin Ye et al. Molecular Cancer (2018) 17:32



Responses to CAR-T Cells therapy

June CH, Sadelain M. N Engl J Med 2018;379:64-73

- dramatic clinical responses

- high rates of complete remission 
for B-cell malignancies



Resistance to CAR-T Cells therapy

- expression of tumor CD19 variant:
• loss CD19 antigen or epitope;
• alternative splicing, homozygous

or biallelic frameshift mutations
in CD19 : non-membrane bound
form of CD19 or poorly express 
variant that lacks an epitope
recognized by CAR;

- tumor ecosystem:
• interaction between malignant, 

immune, stromal, endothelial
cells and cytokines;

- cancer immune phenotypes:
• different response of immuno-

inflammed, immuno-desert and 
immuno-excluded phenotype.

Engineering chimeric antigen receptor-T cells for cancer treatment
Baixin Ye et al. Molecular Cancer (2018) 17:32



Ineffective CAR-T Cells

- immunosenescence and exhaustion: CAR-T proliferation and persistence in vivo;

- failure of engraftment;

- contamination of autologous peripheral blood mononuclear cells with 
monocytes



Reported Toxic Effects of CAR-T Cells

June CH, Sadelain M. N Engl J Med 2018;379:64-73

- targeting non specific surface
antigens and cross-reactivity;

- on-target and off-target effects:
• cytokine release syndrome;
• neurologic dysfunction;
• B-cell aplasia.



Conclusions and perspectives

- CAR-T Cells as regenerative medicine application;

- CAR-T Cells as personalized cancer treatment;

- CAR-T Cells as new type of medicine integrated with chemotherapy, immune 
checkpoint inhibitors (such as anti PD-1, PD-L1 and CTLA-4), antibody-based therapy, 
target therapy, surgery and radiation therapy;

- specific training for equipe unit is required;

- several hurdles remain for therapeutic optimization;

- identify the critical functional challenges to address the target disease from multiple 
different dimensions (synNotch receptor to induce customized immune responses);

- CAR-T cells with desirable characteristics and functions in: 
• trafficking, proliferation and persistence;
• recognition tumor cells: targeting dual or more surface antigens;
• killing tumor cells: identification of specific tumor antigen targets;
• remodeling the tumor ecosystem: shape immunosuppressive microenvironment; 
• feedback-control regulatory system: reduce adverse side effects.
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