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Chimeric	
  Receptors	
  for	
  Immunotherapy	
  of	
  Acute	
  Leukemias	
  

	
  
Acute	
  Lymphocy2c	
   leukemia	
   (ALL)	
  and	
  Acute	
  Myeloid	
   leukemia	
   (AML)	
   in	
   children	
  and	
  
adults:	
  	
  s2ll	
  associated	
  with	
  a	
  very	
  poor	
  prognosis	
  
5-­‐years	
  survival	
  rates	
  being	
  65%	
  for	
  ALL	
  and	
  40-­‐45%	
  for	
  AML	
  in	
  developed	
  countries.	
  	
  

CHIMERIC	
  ANTIGEN	
  
RECEPTORS	
  	
  

CARs	
  

An	
  intracellular	
  signaling	
  
domain	
  triggering	
  T	
  cell	
  
ac2va2on	
  

modified	
  from	
  Chekmasova	
  AA,	
  Brentjens	
  RJ	
  
(2010),	
  Discov	
  Med,	
  9(44):62-­‐70	
  

An	
  extracellular	
  domain	
  
recognizing	
  tumor-­‐
associated	
  an2gens	
  
derived	
  from	
  mAb	
  

The	
  RADAR	
  

The	
  BAZOOKA	
  



Outcome	
  of	
  childhood	
  and	
  adult	
  BCP-­‐ALL	
  pa2ents	
  

Conter	
  V	
  et	
  al.,	
  Blood	
  2010;115:3206-­‐14	
  

Children	
  in	
  AIEOP-­‐BFM	
  ALL2000	
  frontline	
  protocol	
  
EF
S	
  

Adult	
  in	
  NILG-­‐ALL	
  09/00	
  frontline	
  protocol	
  

Bassan	
  R	
  et	
  al.,	
  Blood	
  2009;113:4153-­‐62	
  

Eckert	
  C	
  et	
  al.,	
  Leukemia	
  2015;29:1648–55	
  

DF
S	
  

DF
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Children	
  in	
  BFM	
  ALL-­‐REZ	
  (S3-­‐S4)	
  	
  
relapse	
  protocol	
  

y	
  

	
  
-­‐	
  20%	
  of	
  young	
  pa2ent	
  relapse	
  (mostly	
  high-­‐risk	
  
pts).	
  Cure	
  rate	
  a_er	
  relapse	
  is	
  approximately	
  
25%	
  to	
  40%.	
  

	
  	
  	
  	
  -­‐	
  refractory	
  ALL	
  (never	
  achieving	
  a	
  CR)	
  in	
  
children	
  or	
  adults	
  has	
  a	
  dismal	
  prognosis	
  and	
  
these	
  pa2ents	
  do	
  not	
  benefit	
  from	
  HSCT.	
  
	
  	
  
-­‐	
  relapsed	
  or	
  refractory	
  (r/r)	
  ALL	
  pa2ents,	
  both	
  
pediatric	
  and	
  adult,	
  have	
  significant	
  unmet	
  
medical	
  needs.	
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Many	
  scien2sts	
  have	
  raised	
  legi2mate	
  concerns	
  about	
  the	
  perceived	
  
complexity	
  of	
  this	
  type	
  of	
  therapy	
  and	
  its	
  broad	
  applicability…	
  
impossible	
  to	
  commercialize?	
  

Developing	
  engineered	
  T-­‐cell	
  therapies	
  in	
  large	
  numbers	
  will	
  be	
  challenging,	
  
but	
  it	
  is	
  jusDfied	
  given	
  their	
  power	
  to	
  treat	
  cancer.	
  



 
 
Non-response and relapse 
 
Early relapses, despite high levels of 
initial complete remissions* 
 

Safety and toxicity 
 
  Risk of Graft versus Host Disease 
(GvHD) 
 
Many patients unable to get access to 
optimal CAR therapy 
 
Inability to generate sufficient 
autologous PBMCs for optimal dosing 

Limita2ons	
  and	
  challenges	
  of	
  CAR	
  T-­‐cell	
  approaches	
  

*Immunologically	
  the	
  reasons	
  for	
  the	
  lack	
  of	
  opDmal	
  response	
  are	
  poorly	
  understood	
  

Clinical	
  challenges	
  Manufacturing	
  challenges	
   
 
Complex manufacturing 
 
Regulatory complexities, impacting 
product development, logistics and 
timelines  
 
 
Gene transfection related scale-up 
 
Cellular stress associated with non-viral 
transfection hinders cell expansion and 
scale-up manufacturing 
 
Viral transfection methods may impose 
commercial scale-up hurdles  

Current  
CAR-T 

Challenges 



Complex	
  manufacturing:	
  HURDLES	
  ON	
  THE	
  WAY	
  TO	
  CLINIC…	
  	
  

1.	
  VIRAL	
  
DESIGN	
  AND	
  
GMP	
  
PRODUCTION	
  

2.	
  LARGE-­‐SCALE	
  GMP	
  
TRANSDUCED-­‐CELL	
  
MANUFACTURING	
  
AND	
  QC	
  ON	
  FINAL	
  IMP	
  



-­‐	
  Mul2ple	
  and	
  complex	
  steps	
  of	
  manipula2ons	
  using	
  suitable	
  cell	
  lines	
  to	
  
produce	
  len2viral	
  vectors	
  
-­‐	
  Large	
  volume	
  of	
  viral	
  sup	
  to	
  be	
  harvested	
  and	
  finally	
  ultrafiltered	
  	
  
and	
  filled	
  and	
  finished	
  
-­‐	
  Complex	
  QC	
  tes2ng	
  on	
  final	
  cell	
  product	
  (Recombinant	
  viral	
  par2cles)	
  

ProducDon	
  of	
  viral	
  vectors	
  

from	
  Ausubel	
  L.J.	
  (2012),	
  Bioprocess	
  Int,	
  10(2),	
  32-­‐34	
  

Current	
  downside	
  of	
  viral	
  vectors	
  for	
  CAR	
  expression:	
  
-­‐	
  Time-­‐consuming	
  (6	
  to	
  9	
  months)	
  
-­‐	
  Skilled	
  trained	
  staff	
  
-­‐	
  High	
  Costs	
  (600	
  th.	
  up	
  to	
  1	
  mil	
  $)	
  associated	
  with	
  a	
  GMP-­‐compliant	
  produc2on	
  
run	
  of	
  vector	
  



Work-­‐flow	
  for	
  gene-­‐engineered	
  T-­‐cell	
  producDon	
  

Leukapheresis:	
  autologous,	
  allogeneic,	
  how	
  many	
  cells?	
  How	
  good?	
  
T-­‐cell	
  selecDon:	
  truly	
  necessay?	
  How	
  easy	
  and	
  expensive?	
  
TransducDon:	
  how?	
  viral?	
  Non	
  viral?	
  
Expansion:	
  how	
  easy?	
  How	
  long?	
  
Final	
  FormulaDon:	
  cryopresevaDon!	
  Transport!	
  Bedsite	
  infusion!	
  
	
  



Expansion	
  and	
  transducDon	
  



Bioreactors	
  for	
  Viral	
  ProducDon,	
  	
  TransducDon	
  and	
  
for	
  large	
  Cell	
  Expansion	
  in	
  suspension	
  

1.   Simplified	
  approach	
  
2.   Less	
  human	
  handling	
  
3.   Fully	
  automaDc	
  
4.   Easily	
  adaptable	
  
5.   Sterile	
  
6.   AuthomaDzed	
  cell	
  final	
  

batching	
  
7.   COSTS!!??	
  



Devices	
  facilitaDng	
  the	
  clinical-­‐grade	
  manufacturing	
  
of	
  engineered	
  T	
  cells	
  



2043	
  Automated	
  LenDviral	
  TransducDon	
  of	
  T	
  Cells	
  with	
  Cars	
  Using	
  the	
  Clinimacs	
  Prodigy	
  	
  
Gene	
  Therapy	
  and	
  Transfer	
  
Program:	
  Oral	
  and	
  Poster	
  Abstracts	
  (ASH	
  2015)	
  
	
  
Ulrike	
  Mock*,	
  PhD,	
  Andrew	
  Kaiser,	
  PhD,	
  MarDn	
  Pule,	
  PhD,	
  Adrian	
  Thrasher,	
  MD,	
  PhD	
  and	
  Waseem	
  Qasim,	
  MBBS	
  PhD	
  
Cancer	
  InsDtute,	
  University	
  College	
  London,	
  London,	
  United	
  Kingdom	
  
CANCER	
  INSTITUTE,	
  UCL,	
  London,	
  United	
  Kingdom	
  
Research	
  &	
  Development,	
  Miltenyi	
  Biotec	
  GmbH,	
  Bergisch	
  Gladbach,	
  Germany	
  

Closed	
  	
  viral	
  transducDon	
  and	
  expansion	
  method	
  



 
 
Non-response and relapse 
 
Early relapses, despite high levels of 
initial complete remissions* 
 

Safety and toxicity 
 
  Risk of Graft versus Host Disease 
(GvHD) 
 
Many patients unable to get access to 
optimal CAR therapy 
 
Inability to generate sufficient 
autologous PBMCs for optimal dosing 

*Immunologically	
  the	
  reasons	
  for	
  the	
  lack	
  of	
  opDmal	
  response	
  are	
  poorly	
  understood	
  

Clinical	
  challenges	
  Manufacturing	
  challenges	
   
 
Complex manufacturing 
 
Regulatory complexities, impacting 
product development, logistics and 
timelines  
 
 
  Gene transfection related scale-up 
 
Cellular stress associated with non-viral 
transfection hinders cell expansion and 
scale-up manufacturing 
 
Viral transfection methods may impose 
commercial scale-up hurdles, due to 
complexity, time consuming manipulations 
and high costs  

Current  
CAR-T 

Challenges 

Limita2ons	
  and	
  challenges	
  of	
  CAR	
  T-­‐cell	
  approaches	
  



No	
  hard	
  constraints	
  on	
  sequences	
  that	
  can	
  be	
  delivered	
  

NON	
  VIRAL	
  DNA	
  PLASMID-­‐BASED	
  METHODS	
  

Non-­‐immunogenic	
  	
  	
  

Random	
  pakern	
  of	
  integra2on	
  

Largely	
  inexpensive	
  to	
  purify	
  

Low	
  rates	
  of	
  integra2on	
  of	
  transgenes	
  

No	
  risk	
  of	
  contamina2on	
  by	
  infec2ous	
  agents	
  

Disadvantages:	
  

Characteris2cs:	
  

Low	
  rates	
  of	
  delivery	
  to	
  target-­‐cell	
  nuclei	
  

Needs	
  “help”	
  to	
  get	
  in	
  to	
  the	
  nucleus	
  (transposase	
  and	
  nucleofecDon)	
  



Transposons:	
  an	
  “easy”	
  alterna2ve	
  to	
  viral	
  vectors	
  for	
  gene	
  therapy	
  	
  

modified	
  from	
  Koseki	
  H.	
  (2008),	
  
Riken	
  Research,	
  3,	
  7	
  

The	
   1th	
   plasmid	
   contains	
   CAR	
   gene	
  
enclosed	
  by	
  SB	
  IR/DR	
  sequences	
  
	
  

A	
   2nd	
   plasmid	
   contains	
   the	
   SB11	
  
Transposase	
  that	
  cuts	
  IR/DR	
  allowing	
  
integra2on	
  
	
  

CAR	
  

E l e c t r o p o r a 2 o n	
   (GMP -­‐ g r a d e	
   Am a x a	
  
Nucleofector)	
   uses	
   an	
   electrical	
   pulse	
   to	
   create	
  
temporary	
  pores	
  in	
  cell	
  membranes	
  
	
  

Sleeping	
  Beauty	
  (SB)	
  transposon	
  
(collabora2on	
  with	
  L.	
  Cooper,	
  MD	
  Anderson,	
  Houston,	
  TX,	
  USA)	
  



-­‐	
  VOLTAGE	
  

-­‐	
  BUFFER	
  

VARIABLES:	
  

-­‐	
  DNA	
  AMOUNT	
  
	
  
-­‐	
  TARGET	
  CELLS	
  AMOUNT	
  

AMAXA	
  NucleofectorTM	
  technology	
  

OPTIMIZATION:	
  
	
  NUCLEOFECTOR	
  



Effector	
  T	
  lymphocytes	
  with	
  acquired	
  NK-­‐like	
  cytotoxicity,	
  
produced	
  in	
  vitro	
  under	
  GMP	
  condi2ons	
  from	
  PBMC	
  in	
  21	
  days	
  using	
  only	
  OKT3	
  an2body,	
  IFN-­‐g,	
  IL-­‐2.	
  	
  
enriched	
  in	
  CD3+CD56+CD1d-­‐unrestricted	
  NKT-­‐T	
  cells,	
  which	
  arise	
  from	
  CD3+CD56-­‐	
  CIK	
  cell	
  progenitors	
  

	
   	
   	
   	
   	
   	
   	
  (Rambaldi	
  Leukemia	
  2014)	
  
	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

characterized	
  by:	
  	
  
• 	
  a	
  non	
  MHC-­‐restricted	
  NK-­‐like	
  cytotoxicity,	
  negligible	
  alloreac2vity	
  and	
  minimal	
  GVHD	
  
• 	
  intrinsic	
  capability	
  of	
  reaching	
  leukemia-­‐infiltrated	
  2ssues	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Linn	
  Journal	
  of	
  Biomed	
  and	
  Biotech	
  2010,	
  Sangiolo	
  	
  Journal	
  of	
  Cancer	
  2011)	
  

Clinical	
  experience	
  with	
  allogeneic	
  CIK	
  cells:	
  feasible	
  (even	
  from	
  the	
  washouts	
  of	
  the	
  bags	
  
containing	
  the	
  CB	
  unit),	
  safe	
  and	
  well	
  tolerated 	
  (Rambaldi	
  A,	
  Biondi	
  A	
  ,	
  Biagi	
  E,	
  Leukemia	
  2014)	
  

	
  

Clinical	
  grade	
  expansion	
  of	
  CIK	
  cells	
  modified	
  by	
  SB	
  system	
  



	
  
Immunotherapy	
  for	
  AML	
  and	
  ALL	
  by	
  a	
  non-­‐viral	
  gene	
  transfer	
  

Clinical-­‐grade	
  modifica2on	
  of	
  CIK	
  Cells	
  With	
  CAR	
  by	
  non-­‐viral	
  SB	
  gene	
  transfer	
  

IR/DR	
  

MNDU3/p	
  	
  

scFvCD123	
   CD28	
   OX40	
   TCRζ	

 pA	
  
anD-­‐CD123	
  3rd	
  generaDon	
  CAR	
  

IR/DR	
  

IR/DR	
  

MNDU3/p	
  

scFvCD19	
   CD28	
   OX40	
   TCRζ	

 pA	
  
anD-­‐CD19	
  3rd	
  generaDon	
  CAR	
  

IR/DR	
  

CMV/p	
  
pA	
  

SB11	
  transposase	
  

Diagram	
  of	
  the	
  SB	
  transposon	
  and	
  transposase	
  constructs	
  used	
  in	
  this	
  study	
  

Pizzitola	
  I	
  ,	
  Biagi	
  E,	
  Leukemia	
  2014,	
  
Te"amanD	
  S,	
  Biagi	
  E,	
  BJH,	
  2013	
  
Giordano	
  G,	
  Biagi	
  E,	
  Blood,	
  2011	
  
Marin,	
  V,	
  Biagi	
  E	
  Haematologica,	
  2010	
  
Marin	
  V,	
  Biagi	
  E,	
  Exp	
  Haem,	
  2007	
  
	
  



Simplified	
  
Approach	
  

Reduced	
  Regulatory	
  
Complexity	
  

•  No	
  need	
  for	
  
apheresis;	
  50mL	
  
donor	
  blood	
  or	
  cord	
  
blood	
  sample	
  	
  suffices	
  
for	
  PBMCs	
  

	
  

•  Single-­‐step	
  cell	
  
s2mula2on	
  method	
  

	
  

•  No	
  purifica2on	
  step	
  
needed	
  	
  

	
  

•  Less	
  regulatory	
  
complexi2es	
  for	
  non-­‐
viral	
  transfec2on	
  
processes	
  

	
  
•  Poten2ally	
  less	
  
expensive	
  and	
  less	
  
complex	
  handling	
  
procedures	
  	
  

Our	
  unique	
  manufacturing	
  process	
  provides	
  a	
  simple,	
  efficient,	
  and	
  effecDve	
  alternaDve	
  
to	
  viral-­‐vector	
  based	
  CAR-­‐T	
  technologies	
  

Overcomes	
  Cellular	
  
Stress	
  

•  Technology	
  rescues	
  
cells	
  from	
  cellular	
  
stress,	
  generally	
  
caused	
  by	
  non-­‐viral	
  
transfec2on	
  methods	
  

	
  	
  
•  Approach	
  op2mizes	
  
cell	
  expansion	
  for	
  
commercial	
  scale-­‐up	
  
manufacturing	
  	
  	
  

	
  

Reduced	
  
Mutagenesis	
  Risk	
  

•  Safer	
  compared	
  to	
  
viral	
  vectors	
  that	
  may	
  	
  
display	
  undesired	
  
inser2on-­‐site	
  
preferences	
  	
  

	
  

•  Viral	
  transfec2on	
  has	
  
an	
  increased	
  
probability	
  to	
  
deregulate	
  targeted	
  
genes	
  expression	
  	
  

Significant	
  poten2al	
  manufacturing	
  advantages	
  



CD19 CAR preliclinal 
 

C.F. Magnani (PostDoc) 
C. Capuzzello (PostDoc) 
C. Mezzanotte (fellow) 

 

BAFF-R 
N. Turazzi (PhD st.) 

C.F. Magnani(PostDoc) 
V. Rossi (Biotec st.) 

C. Brusadelli (Med st.) 
  

Non-viral gene transfer 
SB100 (TRANSPOSONS) 

 
C.F. Magnani (PostDoc) 

C. Mezzanotte 

B-ALL 

CAR	
  
Product	
  development	
  

G.	
  Dastoli	
  
ALL:	
  Magnani/Biagi	
  

AML:	
  Te"amanD/Biagi	
  

CD19 CAR biological study 
C.F. Magnani (PostDoc) 

 

CARS	
  in	
  ALL:	
  state	
  of	
  the	
  art	
  and	
  future	
  perspec2ves	
  



Aim	
  of	
  the	
  work	
  

Pre-­‐clinical	
  evalua2on	
  of	
  CD19.CAR	
  CIK	
  cell	
  therapy	
  	
  
	
  

The	
  impact	
  of	
  clinical-­‐grade	
  produc2on	
  
process	
  on	
  the	
  func2onality	
  of	
  CD19.CAR	
  CIK	
  
cells	
  
	
  Efficacy	
  of	
  the	
  treatment	
  in	
  pa2ent-­‐derived	
  
xenogra_	
  model	
  of	
  ALL	
  
	
  
General	
  toxicity	
  and	
  biodistribu2on	
  
	
  



Expansion	
  and	
  phenotype	
  of	
  CIK	
  cells	
  modified	
  by	
  SB	
  system	
  	
  

ProliferaDon	
  of	
  CIK	
  cells	
  nucleofected	
  in	
  the	
  absence	
  of	
  DNA,	
  with	
  GFP,	
  and	
  
with	
  transposon	
  encoding	
  CD123.CAR	
  or	
  CD19.CAR	
  

CD56/CD8/CD4	
  and	
  memory	
  phenotype	
  of	
  CD3+	
  CIK	
  cells	
  	
  

FI	
  33.97	
  

FI	
  226.74	
  

FI	
  32.56	
  

FI	
  197.26	
  

CD123.CAR	
   CD19.CAR	
  

P<0.0001	
  

P=0.0029	
  

P=0.0046	
  

P=0.0149	
  

CD123.CAR	
   CD19.CAR	
  

n=14	
   n=8	
  



Expansion	
  and	
  phenotype	
  of	
  CIK	
  cells	
  modified	
  by	
  SB	
  system	
  	
  

ModificaDon	
  of	
  CIK	
  cells	
  determined	
  overDme	
  by	
  flow	
  cytometry	
  

CAR	
  expression	
  of	
  CD3+	
  CIK	
  cells	
  (d21)	
  

CD123.CAR	
   CD19.CAR	
  

n=8	
  

CD19.CAR	
  

CD
3	
  

CAR	
  

No	
  DNA	
   CD123.CAR	
   CD19.CAR	
  

(1153)	
   (3712)	
  

n=14	
  



SB	
  encoding	
  CARs	
  redirects	
  CIK	
  cells	
  towards	
  leukemia	
  

Cytotoxic	
  acDvity	
  determined	
  by	
  apoptosis	
  detecDon	
  

n=8	
   n=7	
  

%
	
  k
ill
ed

	
  c
el
ls
	
  

(a
po

pt
os
is
	
  a
ss
ay
)	
  

%
	
  k
ill
ed

	
  c
el
ls
	
  

(a
po

pt
os
is
	
  a
ss
ay
)	
  

Target:	
  THP1	
   primary	
  AML	
  cells	
   Target:	
  REH	
   primary	
  ALL	
  cells	
  

P<0.0001	
  

P<0.0001	
  

P<0.0001	
  

P=0.0002	
  

CD123.CAR	
   CD19.CAR	
  

ALONE	
   THP-­‐1	
  

CA
R	
  

CD107a	
  

CA
R	
  

CD107a	
  

N
o	
  
DN

A	
  
CD

12
3.
CA

R	
  

N
o	
  
DN

A	
  
CD

19
.C
AR

	
  

ALONE	
   REH	
  primary	
  AML	
  cells	
   primary	
  ALL	
  cells	
  

Cytotoxic	
  degranulaDon	
  measured	
  by	
  expression	
  of	
  CD107a/LAMP1	
  
CD123.CAR	
   CD19.CAR	
  



p	
  =	
  0.05	
  
p	
  =	
  0.0006	
  

p	
  =	
  0.0006	
  

p	
  =	
  0.0007	
  
p	
  =	
  0.0075	
  

p	
  =	
  0.0031	
  

p	
  =	
  0.0041	
  

p	
  =	
  0.0038	
  
p	
  =	
  0.046	
  

PB	
   spleen	
   BM	
  

An2-­‐leukemic	
  effector	
  func2on	
  of	
  CD19.CAR	
  CIK	
  cells	
  in	
  
Pa2ent-­‐Derived	
  Xenogra_	
  model	
  (dose	
  dependent)	
  

Dose	
  of	
  15x106	
  CARCIK-­‐CD19	
  CAR+	
  is	
  the	
  most	
  acDve	
  by	
  dose	
  escalaDon	
  



Biodistribu2on	
  and	
  Toxicity	
  in	
  GLP	
  
condi2ons:	
  1	
  single	
  dose	
  15x106	
  CARCIK-­‐CD19	
  CAR+,	
  	
  

2	
  months	
  study	
  	
  

Day	
  1	
  
7x106	
  CD19.CAR	
  CIK	
  cells	
  	
   Day	
  2	
  

Bleed	
  
Day	
  7	
  
Bleed	
  

Day	
  14	
  
Bleed	
  

Sacrified	
  	
  
Day	
  30	
  

Sacrifice	
  (Day	
  30)	
  Peripheral	
  Blood	
  



CARCIK-­‐CD19	
  Development:	
  ac2on	
  plan	
  

GLP	
  biodistribuDon	
  



CARCIK-­‐CD19	
  Development:	
  ac2on	
  plan	
  

IMPD	
  and	
  protocol	
  preparaDon,	
  
Regulatory	
  approval	
  



CARCIK-­‐CD19	
  Development:	
  ac2on	
  plan	
  

Clinical	
  Trial	
  



Cell	
  and	
  non-­‐viral	
  gene	
  therapy	
  factory	
  
“Stefano	
  Verri”	
  ASST	
  Monza-­‐	
  Ospedale	
  San	
  Gerardo	
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DAY GMP	
  MANUFACTURING

Day 0
Plasmids:

CD19.CAR/pTMND
U3 and pCMV-SB11

Collection donor PB 

Donor-derived PBMC 

Ficoll centrifugation

Irradiated Donor-
derived PBMC 

Irradiation
at 60 Gy

Non-viral modification:
Electroporation of PBMC with 
plasmids by 4D-NucleofectorTM

Stimulation:
Electroporated PBMC 
stimulated with irradiated
PBMC + IFN-Y

Day 1 

Drug Substance: 
Donor-derived CIK-CAR.CD19 

cells

Addition OKT3 
and IL-2Day 4-18/28 

CIK cell expansion
in fresh medium + IL-2

Day 18/28

Drug Product: 
Donor-derived CIK-CAR.CD19 

cells

Sampling for 
QC testing

Freezing

Day 18/28 

Harvesting and 
centrifugation

Resunspension in 
freezing medium

GMP MANUFACTURING OF PTG-CARCIK-CD19 In collaboration with Gaipa G. and Verri’s 
staff 



Summary	
  results	
  of	
  two	
  Large	
  GMP	
  producDon	
  runs	
  of	
  
	
  PTG-­‐CARCIK-­‐CD19	
  	
  (third	
  run	
  sDll	
  ongoing)	
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  Cell	
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   %	
  CD3+/CD56+	
  

%	
  CD3+/CAR+	
  



CD3+	
  =	
  98%	
  

CD3+ 56+ = 44% 

CD3+ 56- =56% 

CD3+ 56+CAR+ = 63% (28%) 

CD3+ 56+8+ = 95% 
(42%) 

CD3+ 56-CAR+ = 55% (31%) 

CD3+ 56-8+ = 70% (39%) 

CD3	
  gated	
  	
  

ComposiDon	
  of	
  PTG-­‐CARCIK-­‐CD19	
  Drug	
  Product	
  



TEST	
   SPECIFICATION	
  

Sterility - Bacterial and 
fungal*  

Sterile 

Absence of endotoxin*  < 0.5 EU/mL 
Mycoplasma* Absent 
Viability ≥ 80%  
Immunophenotype:  
CD3+/CAR + 
CD3+/CD56+  

 
≥ 20% of the CD3+ cells 
≥ 30% of the CD3+ cells 

Cytotoxicity (Apoptosis/
Necrosis) 

≥ 25% lysis of the CD19+ cell 
lines (E:T ratio 5:1) 

Vector Copy Number (Q-
PCR) 

<5 

SB11 Detection 
 (Q-PCR) 

Under limit of detection 

Release	
  criteria	
  for	
  PTG-­‐CARCIK-­‐CD19	
  

*	
  According	
  to	
  European	
  Pharmacopeia	
  



…Cells	
  as	
  “Biological	
  Drugs”…	
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Stanza n 4 

From	
  cell	
  therapy	
  to	
  non	
  viral	
  gene	
  therapy...	
  

Cell factory  Stefano Verri 



Conclusions	
  and	
  Future	
  Direc2ons	
  

Conclusions 

Other platform 

•  Non-­‐viral	
   CIK-­‐CAR	
   approach	
  may	
   provide	
   therapeu2c	
  
benefit	
   to	
   a	
   broader	
   paDent	
   populaDon	
   than	
   CAR-­‐T	
  
approaches	
  

•  CIK-­‐CAR	
  manufacturing	
   process	
   as	
   a	
   simple,	
   efficient	
  
and	
  effecDve	
  alterna2ve	
  to	
  viral-­‐vector	
  CAR-­‐T	
  cells	
  

•  CIK-­‐CAR	
   cells	
   exhibited	
   stable	
   CAR	
   expression,	
  
efficient	
  cell	
  expansion,	
  tumor	
  cell	
  killing	
  

•  CD19.CIK-­‐CAR	
  playorm	
  as	
  a	
  phase	
  1	
  proof	
  of	
  concept	
  
within	
  1	
  year	
  (sponsored	
  research	
  agreement)	
  	
  

	
  

•  AML	
   targeDng:	
   Inser2on	
   of	
   iCasp9	
   suicide	
   gene	
   in	
  
CD123.CAR//CD33.CAR	
   construct;	
   addi2onal	
   new	
  
target	
  an2gens	
  (TIM-­‐3);	
  affinity	
  mutants	
  

•  CLL	
  targeDng:	
  to	
  apply	
  non-­‐viral	
  platorm	
  to	
  CD23.CAR	
  	
  

LimitaDons	
  and	
  challenges	
  of	
  CAR	
  T-­‐cell	
  approaches:	
  the	
  implementa2on	
  of	
  
manufacturing,	
  transfec2on	
  method	
  and	
  clinical	
  feasibility	
  will	
  increase	
  the	
  
availability	
  of	
  these	
  therapies	
  
	
  



AML 

 
CAR CD123 Affinity Mutants 

S. Arcangeli (PhD. Student) 
M.C. Rotiroti (PhD. Student) 

S. Tettamanti (PostDoc) 
IRB-Bellinzona Varani’s Lab 

 

 

CAR CD33 Targeting 
(In vitro / in vivo) 

 

 
M.C. Rotiroti (PhD. Student) 

S. Tettamanti (PostDoc) 
 

 

CAR DUAL TARGETING 
STRATEGY 

 
M.C. Rotiroti (PhD student) 

V. Perriello (MD) 
S. Tettamanti (PostDoc) 

 

CB-CAR-CIK 
cells 

CAR non viral genetic 
manipulation of CB 
derived CIK cells 

 
 

S. Tettamanti (PostDoc) 
OPGXXIII- Rambaldi A., Introna 

M., Golay J.  
  

B-CLL 

Combined 
Immunotherapy of CAR 

CD23-targeting and 
Lenalidomide 

 
 

S. Arcangeli (PhD. Student) 
S. Tettamanti (PostDoc) 

HSR-Ghia’s Lab 

CARS	
  in	
  AML:	
  state	
  of	
  the	
  art	
  and	
  future	
  perspec2ves	
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How	
  Sleeping	
  Beauty	
  works:	
  the	
  SAFETY	
  issues	
  
modified	
  from	
  Koseki	
  H.	
  (2008),	
  Riken	
  Research,	
  3,	
  7	
  

This	
  plasmid	
  contains	
  the	
  
scFVCD123.CD28OX40Z	
  
(expression	
  casse"e)	
  enclosed	
  by	
  IR/
DR	
  sequences	
  
	
  

Another	
   plasmid	
   contains	
   the	
  
Transposase	
  that	
   cuts	
   IR/DR	
  
allowing	
   inserDon	
   in	
   genomic	
  
DNA	
  
	
  

CAR	
  

IntegraDon	
  analysis	
  

IdenDficaDon	
  of	
  pa"ern	
  of	
  transposon	
  
inserDon	
  near	
  cancer	
  genes	
  

Q-­‐PCR	
  analysis	
  of	
  
expression	
  of	
  transposase	
  

Assessment	
  of	
  loss	
  of	
  expression	
  of	
  
episomal	
  transposase	
  at	
  day	
  21	
  



Safety	
  profile	
  of	
  gene	
  therapy	
  by	
  SB:	
  transposase	
  evalua2on	
  

Assessment	
  of	
  loss	
  of	
  transposase	
  during	
  the	
  differen2a2on	
  
Donor	
  1	
   Donor	
  2	
   Donor	
  3	
  



Safety	
  profile	
  of	
  gene	
  therapy	
  by	
  SB:	
  Integra2on	
  analysis	
  

LAM-­‐PCR	
  and	
  Next-­‐genera2on	
  Sequencing	
  (collabora2on	
  with	
  Mon2ni	
  E.,	
  TIGET)	
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  gene	
  dense	
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  integraDon	
  
sites	
  (CIS)	
  	
  →	
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