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T-cells
• Lymphocytes matured in 

the thymus
• Majority are αβT-cells

• Rearrangement of alpha 
and beta chains of T-cell 
receptors (TCR)

• Various subtypes (not 
limited to)

• Cytotoxic T-cells (CD8)
• Helper T-cells (CD4)
• Memory T-cells
• Suppressor T-cells

(Janeway, Immunobiology, 2005)



T-cell Activation

• T-cell activation requires 
two signals

• Signal One: Engagement 
of TCR with a specific 
antigen presented on a 
major histocompatibility
complex (MHC) 

• Signal Two: Engagement 
of a costimulatory
receptor to costimulatory
molecule

(Janeway, Immunobiology, 2005; Sharma et al., Nat 
Rev Cancer, 2011)



T-cell Activation

• CD4 T-cell activation
• IL-2 production and 

proliferation
• Production of various 

other cytokine profiles
• Th1: Enhances killing 

efficiency (including 
CD8 T cells)

• Th2: Stimulates B-cell 
function

(Janeway, Immunobiology, 2005; Swain et al., Nat Rev 
Immunology, 2012)



T-cell Activation

• CD8 T-cell activation
• Proliferation with IL-2 

receptor signaling
• Migrates throughout 

body to engage cells 
presenting the specific 
antigen on MHC class I 

(Janeway, Immunobiology, 2005; Swain et al., Nat 
Rev Immunology, 2012)



Cytotoxic T-cell Function

• Cytotoxic T cells engage 
cells with an antigen 
presented by MHC I

• Release cytotoxins that 
induce apoptosis

• Perforin
• Granzymes
• Granulysin

• Express FAS ligand, 
which binds to FAS and 
leads to apoptosis

(Janeway, Immunobiology, 2005; Van den Brink and 
Burakoff, Nat Rev Immunology, 2002)



Summary
• T-cell receptors recognize specific antigens presented on 

an MHC
• T-cell activation requires signaling from TCR and 

costimulatory receptor.
• CD4 T-cell activation results in IL-2 production, 

proliferation, and release of cytokines that mediate 
various cell functions (including cellular cytotoxicity)

• CD8 T-cell activation and IL-2 exposure results in 
proliferation and migration throughout the body as 
cytotoxic T-cells

• Cytotoxic T-cells induce apoptosis on cells presenting 
specific antigens presented on MHC Class I



Chimeric Antigen Receptors
• Engineered receptors 

composed of parts from 
different sources

• Single chain variable 
fragments (scFv) from 
monoclonal antibodies

• CD3-zeta transmembrane
and intracellular domains

• Initiate T-cell activation 
upon binding to specific 
cell-surface antigens

• Allows targeting by T-cells 
in an MHC independent 
manner

(Kershaw et al., Nat Rev Cancer, 2013)



Chimeric Antigen Receptors
• First-generation CARs

first described in 1989
• scFv
• CD3-zeta signaling chain

• Poor expansion and low 
anti-tumor efficacy

• Evidence of persistence 
of tumor-specific CAR T-
cells.

• No transformational 
events reported

(Savoldo et al., J Clin Invest, 2011; Crystal et al, Nat 
Rev Clin Onc, 2014 )



Chimeric Antigen Receptors

• Second-generation CARs
• Addition of costimulatory

signaling domain
• CD28
• 4-1BB
• OX40

• Enhanced persistence and 
proliferation

• Third-generation CARs
• Addition of two 

costimulatory domains
(Savoldo et al., J Clin Invest, 2011)



Adoptive T-cell Transfer

Clin Cancer Res 22:1875-84, 2016



Summary

• CARs are engineered to combine scFv from 
monoclonal antibodies to TCR signaling domains.

• CARs induce T-cell activation upon binding to cell-
surface antigens in an MHC independent manner.

• The addition of costimulatory signaling domains to 
CARs enhance persistence, expansion, and anti-
tumor activity.

• There has been no reported transformational events 
following adoptive transfer of CAR T-cells



CAR T-cells / Genetically 
Engineered T-cells

Clinical & Translational Immunology (2014) 3, e16; doi:10.1038/cti.2014.7
Published online 16 May 2014
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Adoptive Cell Therapy
Chimeric Antigen Receptors (CAR)

• Engineered fusion proteins constructed from antigen 
recognition, signaling, and costimulatory domains that can be 
expressed in cytotoxic T cells with the purpose of 
reprogramming the T cells to specifically target tumor cells.

• CAR T-cell therapy uses gene transfer technology to 
reprogram a patient’s own T cells to stably express CARs, 
thereby combining the specificity of an antibody with the 
potent cytotoxic and memory functions of a T cell.

Genetically Engineered T-cells
• Genetically modified to express a T cell receptor (TCR) to 

redirect them toward tumor associated antigens (TAA).



Background – Engineered T-cells

• The TCR is a heterodimer formed by the pairing of an alpha chain and a beta chain. 

• The receptor interacts with an antigenic peptide presented by a major histocompatibility complex 
(MHC) molecule, (HLA in humans), on the surface of a target cell for T cell-mediated cytolysis 
via induction of apoptosis in the target cell. 

• This is mediated by perforins and FasL that induce apoptosis of target cells. 

• The TCR is associated with the CD3 complex (gamma, delta, epsilon and zeta chains) and upon 
TCR recognition of an HLA/peptide complex the CD3 chains that mediate signal transduction in 
the T cell. 

• T cells equipped with a novel TCR can in theory target any protein antigen, including mutated 
intracellular antigens, often found in tumor cells, as they are processed and presented on the cell 
surface by HLA molecules. 

• However, as the HLA is ‘polymorphic’, T cells with a novel TCR can only be used in a subset of 
patients. 

• HLA-A2 is the most predominant HLA class I, present in ~50% of Caucasians. Consequently, 
most TCR gene transfer studies have focused on TCRs recognizing HLA-A2/peptide complexes.
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Background – CAR T-cells
• CARs are antibody-based extracellular receptor structures anchored into 

the cell membrane of T cells with a cytoplasmic domain mediating signal 
transduction. 

• To date, CAR T cells have been reported to target a number of antigens on 
tumor cells including CD33, CD19, CA-IX, CD20, Her2/neu, GD2, 
PSMA, PSCA, mesothelin, CD171, VEGF-R2, MUC-16 and folate 
receptor-α. 

• The ScFv portion of the CAR molecule is generally derived from a mouse 
mAb. This may evoke immune responses and potential clearance of CAR-
T cells. 

• To avoid this possibility, fully human CARs can be constructed.



CAR T-cell

a CAR mainly consists of a single chain variable fragment 
(scFv), an extracellular hinge and spacer element, a 
transmembrane domain and an internal signaling domain such 
as CD3ζ.

Kite Pharma 2015



CAR T-cells / Genetically 
Engineered T-cells

Clinical & Translational Immunology (2014) 3, e16; doi:10.1038/cti.2014.7
Published online 16 May 2014



CD19-targeted CAR T-cells



Did anti-CD19 CAR T cells infusion 
induce a clinical response?
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• qPCR for anti-CD19 
CAR

• Peak levels of anti-CD19 
CAR T cells in peripheral 
blood occurred at ~Day 
10 at various levels.

• Patient 7 and 8 
demonstrated persistent 
anti-CD19 CAR T cells in 
peripheral blood.

(Kochenderfer et al., Blood, 2012)

Did anti-CD19 CAR T cells 
persist after infusion?



• Toxicities generally 
peaked at day 8.

• B-cell depletion
• Fevers
• Hypotension
• Fatigue
• Renal Failure
• Obtundation

(Kochenderfer et al., Blood, 2012)

CD19-targeted CAR T-cells



CD19-targeted CAR T-cells in CLL



CD19-targeted CAR T-cells



(Gill and June, Immunol Rev, 2015)



Toxicity of CAR T-cells targeting 
CD19



Cytokine Release Syndrome



Summary
• CAR T-cells targeting CD19 have the potential to induce 

remissions in otherwise refractory/relapsed CD19 positive 
B-cell malignant diseases.

• Differences in CAR design, preconditioning, and infusion 
protocol may affect efficacy of treatment.

• Lymphodepleting chemotherapy appears to be important and 
may be contributing to the responses to CAR T-cell therapy.

• Cytokine release syndrome is common in patients following 
infusion of CAR T cells.

• Tocilizumab (anti-IL-6 mAb) may be effective for treating 
cytokine release syndrome.

• Corticosteroids may be effective in treating cytokine release 
syndrome but may cause ablation of CAR T cells. 



CAR T-cell Targets for 
hematological malignancies

(Jackson et al, Nat Rev Clin Onc, 2016)



(Jackson et al, Nat Rev Clin Onc, 2016)



Engineered T-cell Targets/Trials
• Tyrosinase – melanoma (LUMC)
• HPV-16 E6 – cervical CA, HNSCC, anal CA, vulvar CA, vaginal CA
• NY-ESO-1 – numerous cancer
• MART-1 – melanoma
• MDM-2
• gp100 – melanoma 
• p53
• CEA – colorectal CA
• MAGE-A3
• MAGE-C2
• TARP – breast CA, prostate CA
• WT1 – Wilms’ tumor



Selected Engineered T-cell Trials
Trial no. Status Phase Treatment Pre‐conditioning Diagnosis Sponsor

NCT01567891 Recruiting I/II MAGE HLA‐A1 or NY‐ESO‐1 
HLA‐A2 TCR No Ovarian cancer U‐Penn

NCT01350401 Recruiting I/II MAGE HLA‐A1 or NY‐ESO‐1 
HLA‐A2 TCR Yes Melanoma U‐Penn

NCT00704938 Terminated II p53 HLA‐A2 TCR + IL‐2 Yes Kidney, melanoma, non‐
specific metastatic cancer NCI

NCT00706992 Ongoing but not recruiting II MART‐1 HLA‐A2 TCR + 
peptide vaccine + IL‐2 No Melanoma NCI

NCT00612222a Terminated II MART‐1 HLA‐A2 TCR + 
peptide vaccine + IL‐2 Yes Melanoma NCI

NCT00610311a Terminated II gp100 HLA‐A2 TCR + ALVAC 
vaccine + IL‐2 Yes Melanoma NCI

NCT00923390 Recruiting I/II 2G‐1 (non‐HLA restricted) 
TCR + IL‐2 Yes Metastatic renal cancer NCI

NCT00910650 Recruiting II MART‐1 HLA‐A2 TCR + IL‐2 + 
DC vaccine Yes Advanced melanoma UCLA



Retroviral Vectors for the Transfer of T Cell Receptor Genes to 
PBL-Derived T Cells

pA

LTRCD34t

T2A
SD +

SA

CMV

P2A

Chain Chain

Normal Donor 1
Normal Donor 2
Normal Donor 3



Clinical Trial Design
 HLA screening trial
 Phase I clinical trial design

 Patients T cells are engineered with viral vectors encoding a TCR that targets tyrosinase on melanoma 
cells

 3+3 design
 Dose 1: 7.5 x 106 TCR transduced T cells per kg
 Dose 2: 25 x 106 TCR transduced T cells per kg
 Dose 3: 75 x 106 TCR transduced T cells per kg

 3 dose levels = 12 patients
 Patients are pretreated with nonmyeloablative chemotherapy
 Following cell infusion, patients receive low dose IL-2 for a week

 Patient Monitoring
 Blood is drawn at regular intervals to monitor for the presence of the infused T cells.
 Patients will be followed radiologically for evidence of tumor regression/progression.



 55 stage IV melanoma patients screened for HLA-A2 status
 28 (50.9%) HLA-A2 positive, eligible for further screening.
 7 signed the consent and proceeded to full screening

Screening and Phase I Clinical Trial
Summary of Patients



Influences on CAR T-cell Activity

Clin Cancer Res 22:1875-84, 2016



Strategies to Regulate CAR T-cell 
Persistence

Clin Cancer Res 22:1875-84, 2016



Enhanced Engineering for 
Improved Targeting

Clin Cancer Res 21:5191-7, 2015



Conclusions
• Adoptive T-cell therapy is a promising approach for the 

treatment of a number of malignancies.

• CAR T-cell and genetically engineered T-cell strategies 
each have their advantages and disadvantages.

• Management of the Cytokine Release Syndrome is key 
with CD19 CAR therapy.

• Strategies to regulate CAR T-cell and engineered T-cell 
persistence is an active area of investigation.


