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Adoptive cell therapy (ACT)

• Passive immunotherapy refers to approaches in which 

immunologic reagents, such as serum, cells, or cell products 

(e.g. antibodies, cytokines) that are thought to have 

antitumor activity are administered to a tumor-bearing host.

• Active immunotherapy refers to interventions in which the 

host is stimulated to produce an immune response that 

directly or indirectly causes tumor-cell death.



From ACT to CAR Therapy
The quest for specificity and potency

• Adoptive transfer of immunity (mice)

• LAK therapy (lymphokine-activated killer cells)

• TIL therapy (tumor-infiltrating lymphocytes)

• Emergence of T cell engineering

• CAR therapy



Physiological and synthetic receptors for T cell engineering 

The TCR/CD3 complex and costimulatory constellation CARs

Sadelain, Riviere & Brentjens, Nat Rev Cancer, 2003

Sadelain, AACR Education Program, 2014



Sadelain, J Clin Invest, 2015

Goals of T cell Engineering 

Core hypothesis: T cells can be genetically targeted to any antigen and 
enhanced to overcome immune escape mechanisms to achieve tumor eradication



Selecting CD19 as a target for CAR therapy
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Brentjens et al, Nat Med, 2003

19z1 CART cells expanded on CD19+CD80+IL15+ AAPCs

eradicate established systemic Raji in SCID-beige mice
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A Phase I trial of precursor B cell Acute Lymphoblastic Leukemia  (B-ALL) treated 

with autologous T cells genetically targeted to the B cell specific antigen CD19  

(PI: J. Park; Past PI : M. Davila; co-PIs: R. Brentjens, M. Sadelain, I. Rivière)

• Enrollment Criteria:

Patients with relapsed B-ALL initially treated with re-induction chemotherapy  
followed by  consolidation with cyclophosphamide and 1928z+ T cells 

• Protocol Design:

Escalating T cell dose (3 x106 19-28z+T cells/kg,107 19-28z+T cells/kg, 3x107

19-28z+ T cells/kg) in combination with cyclophosphamide (3.0g/m2)

• Primary Endpoint:
To assess the toxicity of adoptively transferred 1928z+ T cells

• Secondary Endpoints:
1928z+ T cell survival
Role of CY  T cell survival
1928z+ T cell homing 
B cell aplasias

Marco Davila Renier BrentjensJae Park



A. BM aspirates pre- and post-treatment with 

19-28z T cells in 2 patients with 

morphologic chemotherapy-refractory B-

ALL.  Cyclophosphamide was given at Day -

1 and CD19 CAR-targeted T cells were 

infused on Days 1 and 2.  Left panels.  BM 

prior to CAR modified T cell therapy 

demonstrated predominant blast cells with 

an absence of normal BM precursors. For 

MSK-ALL04 the left panel includes an inset 

with 100x magnification.  Middle panels 

are BM aspirates done shortly after 19-28z 

T cell infusion and is hypocellular with 

normal stromal elements, histiocytes, and 

no evidence of blasts.  Right panels. By 1 to 

2 months after CAR modified T cell therapy 

there is BM recovery with normal 

hematopoiesis and no evidence of 

abnormal blasts.  

B. B.  Flow cytometry for CD19 and CD10 

expression in BM pre- and post-treatment. 

Cells were gated on CD45+7AAD- cells. 

Rapid tumor elimination mediated by 19-28z T cells 

Brentjens, Davila, Riviere et al, Science Transl Med, 2013



Deep Sequencing for IgH rearrangements before 

and after CD19 CAR-targeted T cell therapy

Patient 
ID

Day of 
Treatment

Total #
IgH 

rearrangements

Total # 
malignant 

IgH 
rearrangements

MSK-
ALL01*

-1:
55:

57,480
15,925

58
0

MSK-
ALL03*

-5:
30:

1,084
0     

0
0

MSK-
ALL04

-4:
11:
24:
59:

2,430,058 
2,407     
1,144       
995,563                                                                                                      

2,426,898
1,316
637
0

MSK-
ALL05*

-1:
8:

29:

3,307,494
1,880          
8,270                                              

3,300,732
0
0

MSK-
ALL06

-34:
18:
39:

255,301    
5,429         
1,866,851

174,698
4
0

Adaptive Biotechnologies performed multiplex PCR and Deep Sequencing on genomic 

DNA prepared from BM aspirated on the noted day.  Malignant IgH rearrangement refers 

to IgH rearrangements associated with the B-ALL tumor cells.  Total # of IgH

rearrangements are derived from both malignant and non-malignant B cells.  * Patient 

has gone to allo-SCT and is off-study.





Memorial Sloan-Kettering Cancer Center in New York 
reported that the T cell therapy in their studies put 45 of 75 
adults and children with leukemia into complete remission, 
although some later relapsed. CAR therapy is now the focus of 
numerous clinical trials. Researchers hope that it, like the 
antibodies, can target an assortment of cancers. Engineered T 
cells are still experimental.
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Patient numbers/outcomes with CD19 CAR therapy for ALL

Publication/meeting date Number/age of subjects Complete remission rate

Brentjens, Sci Transl Med, 5 adults 100%

March 21, 2013

Grupp, New Engl J Med, 2 children 100 %

April 18, 2013

Davila, Sci Transl Med, 16 adults 88%

February 19, 2014

Lee, Lancet, 20 children 70%

AOL, October 13, 2014

Maude, N Engl J Med, 25 children, 90%

October 16, 2014 5 adults 100%

Park, ASH 2014, 27 adults 89%

December 6, 2014

Frey, ASH 2014, 12 adults 89%

December 6, 2014
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CD28/CTLA4/CD80 and 4-1BB/4-1BBL in T cell activation
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T cell-encoded CD80 and 4-1BBL induce auto- and 

transcostimulation, resulting in potent tumor rejection. 

Stephan et al., Nat Med, 13(12):1440-9, 2007. 
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Assays for T cell potency: the CAR stress test

1st generation                      2nd generation

3rd generation

Day 7                                    Day 14                                Day 21

The NALM/6 B-ALL NSG model
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Altering the tumor microenvironment by trans-costimulation

The “28z + 4-1BBL” CAR model

Tumor targeting

CD28 costimulation

T cell activation
4-1BB/4-1BBL auto-costimulation

4-1BBL/4-1BB trans-costimulation

T cell-encoded CD80 and 4-1BBL induce 

auto- and trans-costimulation, resulting 

In potent tumor rejection. 

Stephan, Nat Med, 2007. 
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Altering the tumor microenvironment 

by trans-costimulation… and more

The “28z + 4-1BBL” CAR model

Tumor targeting

CD28 costimulation

T cell activation
4-1BB/4-1BBL auto-costimulation

4-1BBL/4-1BB trans-costimulation

+ X factors



Microarray studies reveal strong induction of IRF7/IFNß in 19-28z/4-1BBL T cells 

CD4                          CD8

Maud Condomines, 

Fabiana Perna



Maud Condomines, Zeguo Zhao

IRF7 knock-down impairs the therapeutic efficacy of CD19 CAR T cells



From: 

Napolitani, Salio & Cerundolo

Nat Immunol, 2011





Summary

• 2nd-gen CARs retarget and functionally enhance T cells

• CAR T cells induce CRs where chemotherapy drugs have failed 

(“the CD19 paradigm”)

• CAR T cells can be engineered to graded potency levels

• CAR T cells are not just “tumor killers” and can be harnessed to 

reprogram the TME (trans-costimulation, IFN-ß)

IFNβIFNβ

Tumor cell

Expansion 

Cross-presentation

CAR T cell

DC

CD8 T cell Costimulation
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Building controls into engineered T cells. (a) The small molecule AP1903 can dimerize the suicide switch iCasp9 to induce

T cell apoptosis. (b) Bifunctional small molecule bridging the binding between antigen and CAR or antibody mediating the

interaction between antigen and synthetic Fc receptor can be remote controls of CAR T cells. (c) iCAR can inhibit CAR

function in the presence of an antigen present in normal cells but not tumor cells. (d) CCR binding to a second antigen in

tumor cells is required for full T cell activation. (e) The small molecule AP21976 can dimerize two independent signaling

entities through an FKBP-FRB module to control T cell activation. (a, b, e) Strategies employing one remote control

(antibody or small molecule) in addition to one autonomous control (antigen A). (c, d) Strategies with two autonomous

controls (antigen A and antigen B). Negative regulation involves inducing apoptosis (a) or turning off T cell activation (c)

by input 2 while positive regulation (b, d, e) results in T cell activation by input 2. Jie and Sadelain, Cell Res, 2015



5’ LTR 3’ LTRiCAS9*

P2A

M28z

SP m912scFv* CD8 CD3ζSFG-iC9-M28z

ψψψψ+

Control T Cells M28z

MRI Scan in Representative Mice Administered with Control 
or Mesothelin-Targeted M28z CAR T Cells

A Phase I Clinical Trial of Malignant 

Pleural Disease Treated with Autologous 

T Cells Genetically Engineered to Target 

the Cancer-Cell Surface Antigen 

Mesothelin

PI: Prasad Adusumilli

*confers sensitivity to AP1903 (Bellicum); human scFv

Mesothelin CAR trial at MSKCC - NCT02414269



Mesothelin expression in solid tumors

Morello, Sadelain and Adusumilli, Can Discov, in press 


