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CARs and TRUCKS:
how engineered T cells become living factories
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T cells with engineered pre-defined specificity

@ o *%
SeC = MEEX

The aim:

To give patient’s immune cells specificity

for targeting autologous cancer cells.



1. Targeting leukemia/lymphoma by CAR T cells
Is clinically successful
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duadg 3

54 CAR T cell trials targeting CD19

Table 1 Clinical trials in adoptive cell therapy using second- and third-generation CAR T cells

(May 2016)

Tarpet Disease CAR Gene T cell Infused dose Preconditioning Number of Response Pl Center Identifier References
antigen transfer  origin patients
BCMA  Myeloma 4-1BB-CD3: NA Aptolo-  NA, split dose Cohen Abramson NCTO2546167
gous Cancer
Center
BCMA  Myeloma CD28CD3g Autolo- 0315 x 10F CTX, FLU Kochender- NCI NCT2215067
2OUS CART cells/kg, fer
escalating doses
CDI9 FL CD2ECD3s RV Autolo-  10°CARTeells  CTX/FLU 1 | = PR Rosenberg  NCI NCTO0U24326  [35]
gous day 1,3 10fF L2
day 2
CD19 DLECL,  CD3:, CD2R- RV Autolo-  02,1,2 x 107 None £ 2% 3D, Savoldo BCM 7]
FL CD3t 2OLS CAR T cells/m® 4= NR
CDI9 CLL CD28CD3t RV Autolo- 1223« 107 3 CLL: none 8 4« NR, Park MSKCC NCTOO466531  [14]
2oUs CART cells/ SCLL: CTX 1 = PR.
kg, 041 = 107 2% 8D
CAR T cellsfke,
split dose over
2 days
CDI9 CLL CD28CD3t RV Auolo-  03-3 « 107 CAR  CTX, FLU 4{8in I = CR, Rozenberg  NCI NCTOOU24326  [15]
2OLS T cellsfkg total} 1 = 8D,
Tx PR
CD19 CLL CD2BCD3t RV Autolo-  1-4 % I0FCART CTX,FLU 4(i5in 3xCR, Rosenberg  NCI NCT00024326  [36]
fous cells’kg total) 1 =« PR
CDI9 CLL CD28CD3: RV Alloge-  1.5,4.5.12 % 107 None 4 I = PR, Ramos BCM NCTOOR40853  [#]
neic, T cells/m? 1 »= 8D
donor
derived
CD19 Leukemia  CD28CD3t RV Alloge- 0478 = 10° None 1 | = 8D, Kochender-  NCI NCTOIOETZ04  |37]
neic. CART cellskg 2 % NR, fer
donor 1| = CR
derived
CDI9 CLL Autolo-  NA: split dose CTX.FLU Hosing MDACC NCTO1653717
20US
cDig CLL.SLL 4 1BB-CD3: NA Autolo-  1-5x% IV CART Frey Abramson NCTO1747486
SOUS cells, 1-5 = 10F Cancer
CART cells Center
CD19 ALL 4 |BBCD3s LV Auolo-  014-1.2 % 107 1: None, 1: 2 2% CR Grupp UPenn NCTOI6264505  [25]
2ous CARTcellske  ETOLCTX
Holzinger, Barden, Abken, Cancer Immunol Immunother 2016

JRUPLOUTL LT | [OUT O] 123307y



CD19 CAR T cell therapy of B cell leukemia is succe  ssfull,
however,
associated with relapse of leukemic cells

which lost the targeted antigen



CD19 CAR T cell therapy is specific

but not selective for B leukemic cells



FcuR may be a good candidate
for CAR T cell targeting CLL

relative levels
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anti-Fc uR CAR
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Anti-Fc uR CAR T cells eliminate
CD19+ CLL cells but not CD19+ B cells
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Anti-Fc UR CAR T cells prolong disease free survivalinamo  use model
as do anti-CD19 CAR T cells
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1. ,Tumor associated antigens* are not exclusively
expressed by tumor cells.

2. Tumors are extremely heterogenous
with respect to targetable surface antigens



CAR T cells for treating adenocarcinoma

CEA is a validated target

T cells engineered with anti-CEA CAR

soluble (serum) CEA does not block anti  -CEA CAR
mediated T cell activation

the same TAA Is expressed by healthy tissues



CAR T cells to target pancreatic cancer cells
In the tolerant, iImmmune competent mouse

orthotopic
installation
pancreatlﬁ cancer %17 immune competent
cells
mouse
(CEA*, R luc?)
(CEAtQ)
CAR
.\ adoptlve
CDS CTLs transfer
(anti-CEA CAR, .
G luc*) | scFv
Yy Qﬁlﬂ;i‘
. copzs



The CEAtg mouse displays the human pattern
In CEA expression

small intestine

CEAtg wt

large intestine

CEA 4 d

CEA

serum sCEA [ng/ml]

CEAtg wt




The CEAtg mouse displays the human pattern
In CEA expression

small intestine

CEAtg wt

large intestine

transplanted pancreatic carcinoma

CEA cells in the CEA tg mouse

CEA* tumor w/o tumor

H&E

CEA




Imaging tumor and CAR engineered T cells

tumor imaging T cell imaging
T cells (CARY) T cells (CAR")
tumor (CEA™) tumor (CEA")

l day+3
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i Hday+7



No severe auto-immunity by anti-CEA CAR T cells

T cell imaging CARTcells Tcellsw/o CAR CART cells
CEAtgmouse CEA tg mouse wt mouse

TR YRS

CEAtg mouse treated with anti-CEA CAR T cells
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CAR T cells establish secondary tumor rejection

secondary tumor challenge

m
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1. ,Tumor associated antigens* are not exclusively
expressed by tumor cells.

2. Tumors are extremely heterogenous
with respect to targetable surface antigens



How to activate innate immune cells
In the targeted tumor lesion
for an anti-tumor attack?

innate immune cells

activate

- Q\% g
@ —

T cells



How to activate innate immune cells
In the targeted tumor lesion
for an anti-tumor attack?

innate immune cells
activate

CEA-
—_— Q tumor cells
eR<

1L-12 \Xﬁ

T cells



Why IL127?

* recruits innate and adaptive effector cells

 activates T cells, NK cells, CD11b* myeloid derived cells

» promotes T, 1 cell polarization and reverses T2 polarization

» improves MHC class | presentation

* increases IP-10, MIG chemokine secretion

« alters extracellular matrix (MMPs |, VEGFE ,endothelial cell adhesion molecules |)

» decreases angiogenesis

innate immune cells

activate Q CEA-
' \k?%&;%( tumor cells
CAR /
—p

T cells



T cells engineered with CAR inducible I1L-12

anti-CEA CAR BECN [ Bwasi/zescrv | 1ec
anti-CD30 CAR BB Frsssc | e
iIL-12 [Cvean, T w12 | res [Neor]
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T cells engineered with CAR inducible I1L-12
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tumor volume [mm 3]
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T cells engineered with CAR inducible IL-12

mediate control of CEA

- cancer cells in CEA *tumors
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cells per field

Activated macrophages
In tumor lesions treated with CAR IIL-12 T cells
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Activated macrophages
are involved in killing CEA - tumor cells

non-treated mice

I

f' 1500 - @ Myeloablation + IL-12
/ ¢ myeloablation + IL-12 + macrophages
macrophaée depleted mice ‘: 1000 - A w/o myeloablation + IL-12
£ ] W/o myeloablation, w/o IL-12
== iSOtype o —
= F4/80 g 500 -
[e) p <0.001
FITC-A >
isolated macrophages g
2 0

day

FITC-A



Activated tissue macrophages
In tumors produce TNF- o

overlay

CARIIL-12 T cell
treated tumor

CART cell
treated tumor




Activated tissue macrophages
Kill CEA - tumor cells through TNF- «a

2007 anti-TNFa mAb
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Other inducible effector molecules?
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innate immune cells

activate
— O

inducible \ *’)\\K¥
cytokines Xg):?{?

CAR redirected T cells

T cells engineered to secrete (combi-)cytokines
which activate innate cells

to attack those cancer cells

which are not recognized by the CAR.



TRUCKS:

T cells redirected for antigen-unrestricted cytokine-initiated Killing

innate immune cells

activate
— O

inducible \ <
cytokines \ X@?ﬁﬂ,?*
N«
CAR
@ —
CAR redirected T cells

T cells engineered to secrete (combi-)cytokines
which activate innate cells
to attack those cancer cells
which are not recognized by the CAR.
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