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(57) ABSTRACT

Aspects of the invention described herein, concern
approaches to make genetically modified T-cells comprising
a chimeric antigen receptor for human therapy. In some
alternatives, the methods utilize a selection and/or isolation
of CD4+ and/or CD8+ T-cells from a mixed T-cell popula-
tion, such as, peripheral blood or apheresis derived mono-
nuclear cells. Once selected/isolated, the CD4+ and/or
CD8+ T-cells are then activated, genetically modified, and
propagated, preferably, in separate or isolated cultures in the
presence of one or more cytokines, which support survival,
engraftment and/or proliferation of the cells, as well as,
preferably promoting or inducing the retention of cell sur-
face receptors, such as CD621, CD28, and/or CD27.
Included herein are also methods of treatment, inhibition,
amelioration, or elimination of a cancer by administering to
a subject in need thereof, one or more types of the geneti-
cally engineered T-cells or compositions that comprise the
genetically engineered T-cell prepared as described herein.
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Tumor Symtpom-Free Survival:
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Average Tumor Progression + SEM:
Target: Raji eGFP-ffLuc_epHIV7(cJ06089)
Effectors: PD0046
_ 101" 4 -=+-Vehicle only
8 110 - |- 10x10% PD0044
2 107 -0 5x108 PD0044
5 0. £ ~0- 2.5x106 PD0044
5 10773 , -8- 1.25x106 PD0044
S ] g
= 1084 2
= 3 .
L ,
I 107 o f
X
106 _ __:,-—"'a_—_-_.—"&“lr:\%_—_’—:‘;:

| | | | | |
0 5T|-§je"1o 15 20 25 30

Days Post Tumor Inoculation
FIG. 39B2



Patent Application Publication  Jan. 19,2017 Sheet 74 of 152 US 2017/0015746 Al

Average Tumor Progression +SEM:
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Average Tumor Progression +SEM:
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Area Under Curve + SD
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Average Tumor Progression +SEM:
Target: Raji eGFP-ffLuc_epHIV7 (cJ06089)
Effector: PD0051 VS PD0055
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FIG. 43B

Tumor Symptom-free Survival:
Target: Raji eGFP-ffLuc_epHIV7 (cJ06089)
Effectors: PD0051 vs PD0055
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T-Cell Persistance in Peripheral Blood 3 Days After CTL
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FIG. 44A
CD4 T-Cell Persistance in Peripheral Blood 3 Days After T-Cell Transfer
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CD8 T-Cell Persistance in Peripheral Blood 3 Days After T-Cell Transfer
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Caveats to Note:

« This staining is prior to inclusion of the Live/Dead stain and switching from
CD3 to CD45 in optimized mouse panel.

« Lymphocyte gate is not confirmed.
« EGFRt staining in Cd3- population.
« CD4-CD8- population is present in CD3+EGFRt+ population.

FIG. 44C
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Tumor Symtpom-Free Survival:
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Area Under Curve + SD
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Average Tumor Progression =SEM:

Target: Raji eGFP-ffLuc_epHIV7(cJ06089)

Effector: PD0051 vs PD0055
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Experiment Timeline

Day 0: Tumor Inoculation

Day 6: Image mice

Day 7:1-cell administration

Day 14(AM): Image mice

Day 14(PM): Tumor Inoculation

Day 20: Image mice

Day 21: Tumor Inoculation

Day 28, 35, 49, 63, 78, 92, 105, 120: Image mice

FIG. 48D



Jan. 19,2017 Sheet 91 of 152 US 2017/0015746 A1

Patent Application Publication

(L-feq)
9 0 fea
[BAIMING B S6ew| | m_@me_
pajoalul Al :UOResSIUIWPY |[89-]
A\l @SNOW/S|[92 99G"() :UOIRIN20UI Jown |
[s1180 (paos|as Joy) 80D:+QD |} PUE] +14493 uo paseq pajoslul sjj8)
‘Aep awes uo paldslul pue ‘pajunod ‘pamey; s||97) ¢
dnoJb |0J3U0D BIYBA [BUOHIPPY *
uopipuod jonpoud Jad 9901 /99G/99GZ/99G¢" | 40 8s0Q
2103 sdnoub /| «
dnoub Jod g=u

-dN-13S TVINIJWIHIdX3
*JOUOP BWIES 8} WoJj pajeiiul s1onpoud || 810N

A

800 £900ad % ¥0D £9000d] (%6 76/Z ¥6) SaAl%) 66) SBAN%8'66) SAA] 02-1v1d
¢# 69000d (9%2°99) s9A| (%8 22) ON| (%g'v2) ON| £9'}-1¥1d
2#0.00ad ® 1#69000d| (%0°'8+/%0°G6) ON[(%8 66) SBA[%Y L8) S8A| €€1-1V1d
94 99004d (%5°62) ON| (%0°2.) ON| (%6'8Z) ON| 0'}-1¥1d
s.#0d (%809/%~a2) (%) (%) Jonpoig
19919 J4493  [399]9S §AD|39918S ¥AI

‘SNOILIANOD
's|090)0.d ,UBBMIBQ Ul, SB [[9M SB 20-1Y1d PUB |0-1Y1d S SUuoiIpuod swes ay)

Japun umoib usaq aAeY Jey) s|120 usamiaq Alljiqe Buljiy Ul 80uaJayip OAIA Ul Ue S| 81ay) J sulwisleq ‘|

(SINIV




Jan. 19,2017 Sheet 92 of 152 US 2017/0015746 A1

Patent Application Publication

05 ‘9l

"MO.JBeW 8uoq Jo sisAjeue §Ov4 Aq §|189-1 Jo oualsisiad pue uoneAaasqo [ealsAyd Aq yioq gHADX Jo}
pawLIjuod buieq dnoib Jale| syl pue gHADX 8yl Jo }nsal e se Apnjs-pi Buiwiod dnoub 1s.ip syl yum
sdnoJb asop uol|jiw G pue uoliw O} 8y} yiog ul gHADX padojaaap s||89 (' z-LY1d BuiAiedal sjewiuy ¢

14493 10} payoLus $$890.d-pil
JUSMISPUN S92 ¥ING YBNOU) UaAS %/ 99 AJUO SI +144D3% [BUl S Bqeuonsanb si /9" |-1y1d Woyj Bled 'z

"0/,8% 18 MO| Ajlensnun sJeadde s|180 g0+14493%
[eul} 3y} ‘@@ Pue $QQ J0j PaJosIas aiam $|190 8y} ybnoyye se ajqeuonsanb S| g¢7L-1v1d wodj eleq )

80D £€9000d ® 7D €900ad]  (%676/z v6) SaAl %} 66) SAA[%866) SaA] 0¢-Lv1d | <=
¢# 690004 (%2°09) saA| (%8'22) ON| (%¢£+Z) ON| 29'1-1¥1d
Z#0,000d ® 1#6900ad| (%0'81/%0°56) ONI(%8°66) SeAl%7 28) SeA| €€ 1-1V1d
9% 9900dd (%5'64) ON| (%0°2.) ON| (%6'8Z) ON| 0'}-1¥1d
s40d (%809/%¥a) (%) (%) JoNpoig
19918S J¥493  [309]8s 8@ |39919S ¥a9




Patent Application Publication  Jan. 19, 2017 Sheet 93 of 152 US 2017/0015746 A1l

Average Tumor Progression + SD: PLAT-1.00 Dose Titration

—O— Vehicle
-o-- PLAT-1.00 (10x106)
-a- PLAT-1.00 (5x109)
101 = - PLAT-1.00 (2.5x106)
— -O~- PLAT-1.00 (1.25x106)
(]
» 1010 3 j
é 9 ”iz_—:—’:é
E 10Y 3 g
o
< 1084
= 3
LL i
5 101 o
2 = - - ITETTT
106

I [ I
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 51A
Average Tumor Progression + SD: PLAT-2.00 Dose Titration
—O— Vehicle
-0 PLAT-2.00 (10x10)
1011 5 -a- PLAT-2.00 (5x106)
2 0 -%- PLAT-2.00 (2.5x106)
» 1077 & PLAT-2.00 6
@ ; -O- -2.00 (1.25x10°)
- R o
Q_ -
g 108 _’_,.;
i - A
E 107 o --:_.;: e T
2 ] LT B
106 4 z

| [ |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 51B



Patent Application Publication  Jan. 19, 2017 Sheet 94 of 152 US 2017/0015746 Al

Average Tumor Progression + SD: PLAT-1.33 Dose Titration

Total Flux (photons/sec)

Total Flux (photons/sec)

—O— Vehicle
-0~ PLAT-1.33 (10x10)
-A- PLAT-1.33 (5x106)

y - PLAT-1.33 (2.5x106)
1074 -O- PLAT-1.33 (1.25x106)
1010 4 ; ______ ~
- AT
103é
107
108 -

I [ I
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 51C
Average Tumor Progression + SD: PLAT-1.67 Dose Titration
—O— Vehicle
-g-- PLAT-1.67 (10x109)
1015 -a- PLAT-1.67 (5x106)
1010 - ~%- PLAT-1.67 (2.5x106)
-O- PLAT-1.67 (1.25x106)
104 7 < ____ by
108 4 _’_,.;
107 o __g,— _/__ - )\
] B Foeeme e
106 - 7 T

| [ |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 51D



Patent Application Publication  Jan. 19, 2017 Sheet 95 of 152 US 2017/0015746 A1

Average Tumor Progression + SD: 10x10® Dose Comparison
—O— Vehicle

-0~ PLAT-1.00 (10x106)
-a- PLAT-1.33 (10x108)
( )
( )

11 5
=) ~%- PLAT-1.67 (10x106
2 1010 ~0&- PLAT-2.00 (10x106
2
E 109
o
= 1084 ’__I
2 .
m .
5 1073 T %
2 P
106 - e

[ |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 52A

Average Tumor Progression + SD: 5x10% Dose Comparison

—O— Vehicle

1o = -0~ PLAT-1.00 (5x109)
. -A- PLAT-1.33 (5x109)
8 110 -5~ PLAT-1.67 (5x106)
2 -&- PLAT-2.00 (5x10)
L 109 -
2 ,
Q— ; rd
> 1084 S
ERRLAE R v L
(TH - _ -
s 1074 -
2 Iz T @ e O

106 T

|

[ I
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 52B



Patent Application Publication  Jan. 19, 2017 Sheet 96 of 152 US 2017/0015746 Al

Total Flux (photons/sec)

Total Flux (photons/sec)

Average Tumor Progression + SD: 2.5x10® Dose Comparison

—O— Vehicle
-0 PLAT-1.00 (2.5x106)
- - PLAT-1.33 (2.5x106)
y -¥- PLAT-1.67 (2.5x109)
1011 5 -&- PLAT-2.00 (2.5%106)
1010 l _,_—-'I
»|09—;ﬂ RO %
108 ? I ,"g
W  EET 3
106 E L

[ [
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 52C
Average Tumor Progression + SD: 1.25X10% Dose Comparison
—O— Vehicle
-0 PLAT-1.00 (1.25x109)
-a- PLAT-1.33 (1.25x106)
- PLAT-1.67 (1.25x106)
-~ PLAT-2.00 (1.25x106)

—_—

o
—_—
[

wl

1010—;

-
-

T

—_
[em]
«©
|
1
)
'
1)
[
\!

—

o
oo

wl

—_—
(e
)
|

—

o
o

Ll

[ [
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 52D



Patent Application Publication

Average Tumor Progression
+ SD: PLAT-1.00

1" Individual Mice
10'" 3 *
§ 10103
2 109
=
=< 108 3
=
L
= 107 A
o
|—
108 4

Jan. 19,2017 Sheet 97 of 152 US 2017/0015746 A1

-—=+- Vehicle
- - PLAT-1.00 (10x106)

(
-&- PLAT-1.00 (5x106)
--0-- PLAT-1.00 (2.5x106)
- A- PLAT-1.00 (1.25x106)

I
0 5 15 20

Days Post Tumor Inoculation

FIG. 53A1

Average Tumor Progression
+ SD: PLAT-2.00
Individual Mice

1011 -
+
7/
) ’
ﬁ 1010 -
2 g
% 109? ." s
= R4 +,' A o
o 4 -
< 108+ ) -
2 I' r"“ \\‘~‘
™ s ey
= 1073 NS
"6 > X e
- o =
106 9%¢°
T T

-—=+- Vehicle
- - PLAT-2.00 (10x10)

(
-O- PLAT-2.00 (5x106)
--0-- PLAT-2.00 (2.5x106)
- A- PLAT-2.00 (1.25x106)

|
10

Days Post Tumor Inoculation

FIG. 53A2




Patent Application Publication  Jan. 19, 2017 Sheet 98 of 152 US 2017/0015746 A1

-—=+- Vehicle
-5 - PLAT-1.33 (10x106)
- 6
Average Tumor Progression ©- PLAT-1.33 (5x10°)
+ SD: PLAT-1.33 --0-- PLAT-1.33 (2.5x106)
Individual Mice - a- PLAT-1.33 (1.25x106)
1011 4 N
H g
2 g
8 7
o PRSP 7S
= L2t
E Gr--=
- 5
s 2
| | [ | [ | [
0 5 10 15 20 25 30
Days Post Tumor Inoculation
FIG. 53A3
-=+- Vehicle
A Turmor P |-~ PLAT-1.67 (10x106)
verage iumor rFrogression |_ ~_ : 6
S SD: PLAT.167 o PLAT1.67(5x10)6
y Individual Mice --O-- PLAT-1.67 (2.5x10°)
10" 3 + - A~ PLAT-1.67 (1.25x106)
2 1010
@ :
O _
_-g- 109 o
< 108 o
= 3
= :
= 107 4
(o]
|_
100

[
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 53A4



Patent Application Publication  Jan. 19,2017 Sheet 99 of 152 US 2017/0015746 A1

PLAT-1.00 (10x10e6) Individual Mice

1011 5
) ] I
2 10104 g [ Ve
2 : Lt - PLAT-1.00 (10X10)
2 1093 I
2 E ,
s o ;
< 1084 -
2 I
5 107 4 ’4:%\\
(1] s’ —
° % 3257 QS%?\ - X
106 487 Yo mecZizk

Days Post Tumor Inoculation
FIG. 53B1

PLAT-1.00 (5x10e6) Individual Mice

1011?

%1010? //I

§ 9E f i -+- Vehicle

g 7 ¥ -0~ PLAT-1.00 (5X109)

s o] ,

< 108 = ;[/.

: .

™ rS

"‘_3 107? ':,’ \‘::—'\~§ 75

] P AR S S .
] 4-,”:_—0-\:::‘ Sl e

Days Post Tumor Inoculation
FIG. 53B2



Patent Application Publication

Jan. 19,2017 Sheet 100 of 152 US 2017/0015746 A1

PLAT-1.00 (2.5x10e6) Individual Mice

-+-  Vehicle
1011 5 . -0~ PLAT-1.00 (2.5X108)
)
2 1010 4 e
& z g1
2 109 5 I," o , ::’—E
= : - ~
= ] ! H g
> 108+ - D-,v'fcrj,'—:H
= 3 E :B T = T O
i Y A
= 1074 P -;?,’,;ﬁ_“.\,\—-ﬂ.;s,__ A
5 {00 B g O
o {BF
| T T | T T 1
0 5 10 15 20 25 30
Days Post Tumor Inoculation
FIG. 53B3
PLAT-1.00 (1.25x10e6) Individual Mice
-+- Vehicle
(A -a- PLAT-1.00 (1.25X106)
2 1010 A
S 9 . R -
° 10 ? l’ A -/,A";'T
= 3 ’ X4 .-
= T ;s s’ B _(’ —-A’
> 108 S 52
E 3 ;’ ,,' T /,
L D
s 107 5 Pt SA——m A
K {arsilansl
106 {&F "7~ n"
[ I I I [ I I
0 5 10 15 20 25 30

Days Post Tumor Inoculation

FIG. 53B4



Patent Application Publication  Jan. 19, 2017 Sheet 101 of 152 US 2017/0015746 Al

PLAT-1.33 (10x10e6) Individual Mice

-+- Vehicle
101 4 -~ PLAT-1.33 (10x106)
g 1010 4 ,_,'I
2 ] d-T
8 9? I'd ‘
% 10 I o
~— 108— ’_«_'/,_X //,
LI_§. //$ \\//X\% % /’38
= 1074 .77 ALK T
3 BT TN o T
106— EL X T T AT ,*,X
| [ | | | | [
0 5 10 15 20 25 30
Days Post Tumor Inoculation
FIG. 53C1
PLAT-1.33 (5x10e6) Individual Mice
-+ - Vehicle
101 4 -O- PLAT-1.33 (5x109)

2 1010—; , A
2 ] i
8 94 .
2 10 ,I AL
o E , ;./
= 1083 , -0
E I __:::;;8:—::;0/,,/
e 107 4 /;/’38::;‘_’ Pl ¢ P
K :’;’/’:’—0— ______ < O -

| | |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 53C2



Patent Application Publication

Jan. 19,2017 Sheet 102 of 152 US 2017/0015746 A1

PLAT-1.33 (2.5x10e6) Individual Mice

-+ - Vehicle
0t -0-- PLAT-1.33 (2.5x106)
"a’? 10 /E_-----_---_-'E
w 10 FES ] 0
E 10" ,I' =g ,I:I:i"’dl:I - fm|
o3 = e = ”
=< 1084 .",;,’J:' pooc = S
2 sl
t—s 107 ? ‘71"_"_;;5’ —D'—::::H* f'/
S E [t o e o
- i AR L -
I | —
| | I | ! ! '
0 5 10 15 20 25 30

Days Post Tumor Inoculation

FIG. 53C3
PLAT-1.33 (1.25x10e6) Individual Mice

-+ - Vehicle
101 4 - a-PLAT-1.33 (1.25x106)
f: 1010§ ’ s B
2 s A
g 1094 T g - A
-8 * ‘Ag'. ’_.—A" "/;,.A
o 0 4 A’-\"‘ ,, .-
o 8 . ,/- 7/ \.. ,/‘
§ 10 ? ;//',-:- ’ , ',A .g‘.'
L . 2h L PE -
t_‘g 107 _E ’:.,4i:§ 4'2,,:‘-_— A
= {a izt
1086 {E== -2
| | T T i I |
0 5 10 15 20 25 30

Days Post Tumor Inoculation
FIG. 53C4



Patent Application Publication  Jan. 19, 2017 Sheet 103 of 152 US 2017/0015746 Al

PLAT-1.67 (10x10e6) Individual Mice

101
= ] I |+ Vehicle
& 1010 5 .+ | =% PLAT-1.67 (10x109)
2 g1
O _ .7
g 1077 ps
o i .
> 108_5I .
= ] :
LL .
5 1079 TN X
‘.5 . ../';//— :, \ o) < ::—‘-—- #
| 106a_x;" *\égd—;: = == ==
| | | | | | |
0 5 10 15 20 25 30
Days Post Tumor Inoculation
FIG. 53D1
PLAT-1.67 (5x10e6) Individual Mice
101
8 40104 [ venicke
@ F-F -O- PLAT-1.67 (5x106)
£ 109+
] A 0
= 108 4 ,,<>-———-<>"'
s 107 ,»'%(5'
3 S S S N
1063§’

| |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 53D2



Patent Application Publication  Jan. 19, 2017 Sheet 104 of 152 US 2017/0015746 Al

PLAT-1.67 (2.5x10e6) Individual Mice

1011 |
_ T -—+- Vehicle
T) ; 6
8 1010 4 y ’ --0-- PLAT'167 (25)(10 )
g : f 1 |
g 10° 1 AT
= ] =
= 1084 s L o
ERLE IR 7 : N .
T . Mad AR g T
s 1074 BBy oip-0- .
e oz P

—_
(e ]
o

wuul
t

| |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 53D3
PLAT-1.67 (1.25x10e6) Individual Mice

1" -—+- Vehicle
10" 5 - - A- PLAT-1.67 (1.25x106)
g 10104 o B
2 ] i: --—A‘:_:'/—'"'.:-_:A
(=] ',.’ —_.’A'__,'_’.’_-___/A
g 10°4 [ gk
:S; 8 : /’, ’/::A-’ .
= 10°7 &L T
L 7 ] /';f’, ///’
g 10 ?K__,'-:,-J_,,gf’,/'j/
et ] —’2":,:: ’
106 aE‘;

| |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 53D4



Patent Application Publication  Jan. 19, 2017 Sheet 105 of 152 US 2017/0015746 Al

PLAT-2.00 (10x10e6) Individual Mice

= I -=+- Vehicle
% 10104 .+ | = PLAT-2.00 (10x105)
2 -t

[=} 9 4

= 10°H .

£ ] >

— 8 "

x 1077 LA

E 107_:. 17;;27 \\

S /,//é\\\ _/\ % ¢ ’/,X

Sl P T=RLTE I =T Y

|
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 53E1

PLAT-2.00 (5x10e6) Individual Mice

—_
o
—
RN
|

P -—=+- Vehicle
2 1010 - A | -o- PLAT-2.00 (5x108)
2 I-f

o .

s ¥

o 8 T 'z'

x 10°9 % s

T ] . Lo

5 107] Bt 4

= : PP Gt s Tt * =)

RTGE e e

| |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 53E2



Patent Application Publication  Jan. 19, 2017 Sheet 106 of 152 US 2017/0015746 Al

PLAT-2.00 (2.5x10e6) Individual Mice

1011 5
= - - Vehicle
@ 1010 --0-- PLAT-2.00 (2.5x106)
5 100
2 1094
.§_ .0
5 108 o .
TS s
s 1074 T
KR [= ettt = Jou Ny = RS 0
106
| | [ | | I |
0 5 10 15 20 256 30
Days Post Tumor Inoculation
FIG. 53E3
PLAT-2.00 (1.25x10e6) Individual Mice
1
107y - - Vehicle
g 10104 - A- PLAT-2.00 (1.25x109)
% 9E R
s 0 R
= 1084 -
E]
LL
g 107? a
- ]
100 o

[ |
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 53E4



Patent Application Publication  Jan. 19, 2017 Sheet 107 of 152 US 2017/0015746 A1

Survival Proportions: 10x108 Dose

100 ; B s i
- | b beo
= i :
= H ’ .
& : O -+- Vehicle
= 507 i g -a- PLAT-1.00 (10x106)
3 i i -0~ PLAT-1.33 (10x100)
S ! -O- PLAT-1.67 (10x106)
; : - - PLAT-2.00 (10x106)
0 | : | =, T
0 20 40 60 80
Day Post Tumor Inoculation
*PLAT-2.00 (10x10e6)-Death by xGvHD
FIG. 54A
-+- Vehicle
-a- PLAT-1.00 (5x106)
. . --0-- PLAT-1.33 (5x106)
Survival Peroportlons: -0~ PLAT-1.67 (5x106)
5x10° Dose -% - PLAT-2.00 (5x10)
100 —-—-+7-—-—-—r——-—- |
! P
© ' m 3 é—a——-.——ie -—X
Z i E ]
A o * 0o g Aeea
3 i . e
[T ! :
o ; O--
0 T : & T

I Ll
0 20 40 60 80
Day Post Tumor Inoculation

FIG. 54B



Patent Application Publication  Jan. 19, 2017 Sheet 108 of 152 US 2017/0015746 Al

-—+- Vehicle
-a- PLAT-1.00 (2.5x108)
--0-- PLAT-1.33 (2.5x1og)
: : -O- PLAT-1.67 (2.5x10
Survival ProBortlons: 2.5x106 ~%- PLAT-2.00 §2_5§106;
ose
100 1—"—""n—"—"9G-—-—-—- —
Vot ' I
= ! A, o % X
2 | I I
C% +; AO- "<I>——:—|'.
— ' v
g i Y-
o - P
g ; e da
; L
0 r | —
0 20 40 60 80
Day Post Tumor Inoculation
FIG. 54C
-—+- Vehicle
- A- PLAT-1.00 (1.25x106)
--0-- PLAT-1.33 (1.25x100)
Survival Proportions: 1.25x106| -<¢- PLAT-1.67 (1 25x106)
Dose -> - PLAT-2.00 (1.25x106)
100 1T—"—- T 1
. 1
! I |
.'_5 |?| -Ag—--—?——: k-3
> : A |
B HoE Ao
< + o A<
5 E ¥
& : R A0~ .
; Pl
0 | | S O———

Day Post Tumor Inoculation
FIG. 54D



Patent Application Publication

Jan. 19,2017 Sheet 109 of 152 US 2017/0015746 A1

-—+- Vehicle
- - PLAT-1.00 (10x106)

Survival Proportions: (
-0~ PLAT-1.00 (5x106)
(
(

PLAT-1.00 Dose Titration

--0-- PLAT-1.00 (2.5x106)
- A- PLAT-1.00 (1.25x108)

100 T Tt X
3 - S -
= ! : I
= b Gk om0
2 50- ; : :
o + A - u
o i i
[<}] . '
o. ; b--=wa O-----0
; |
O | i [ [ L |
0 20 40 60 80
Day Post Tumor Inoculation
FIG. 55A
Survival Proportions:
PLAT-2.00 Dose Titration
100 , X% By
i I
3 i oac0
= i -+~ Vehicle
@ 5 ; - - PLAT-2.00 (10x106)
E 1, -~ PLAT-2.00 (5x109)
S ; --0--PLAT-2.00 (2.5x106)
a i - &~ PLAT-2.00 (1.25x10)
O | E [ | |
0 20 40 60 80

Day Post Tumor Inoculation

*PLAT-2.00(10x10e6)-Death by xGVHD

FIG. 55B



Patent Application Publication

Percent Survival

Percent Survival

Jan. 19,2017 Sheet 110 of 152 US 2017/0015746 A1

Survival Proportions:
PLAT-1.33 Dose Titration

100 - ™ 'E_ i
o Do
ATRB 35 - Vehide
boAo B S - - PLAT-1.33 (10x109)
50 Lo o -O- PLAT-1.33 (5x106)
HooAy O !5 --O-- PLAT-1.33 (2.5x106)6
N ?:h""i A- PLAT-1.33 (1.25x10)
: LA
0 — | e ——
0 20 40 60 80
Day Post Tumor Inoculation
FIG. 55C
: , -=+- Vehicle
Survival Proportions: N
PLAT-1.67 Dose Titration |~ - PLAT-1.67 (10x10)
-~ PLAT-1.67 (5x106)
100 y— = — = = — - — f—e—p——— |O-PLAT-1.67 (2.5x106)
; i 1 1 |-A-PLAT-1.67 (1.25x109)
: A—li'l:! 0———:’(—-—9(
R
50 ; S
+ Aoth---o
5 R
0 1 i 1 |‘£ 1 E'_
0 20 40 60 80

Day Post Tumor Inoculation

FIG. 55D



Patent Applicati

on Publication

Jan. 19,2017 Sheet 111 of 152 US 2017/0015746 A1

-—+- Vehicle
- a- PLAT-1.00 (2.25x10%)
Survival Proportions: 2.5x108 Dose |3~ PLAT-1.33 (2.25x106)
- - PLAT-2.00 (2.25x10%)
100 T —-—- ST T 1 |0 PLAT-167 (2.25x109)
3 S e
2 ; i :
» LT = I e 3
= 50 | 1
S *+ T
[«5] 1 [
o i OO A= A
i ; |
0 | i | | = |¢_
0 20 40 60 80
Day Post Tumor Inoculation
FIG. 56A
-—+- Vehicle
~a- PLAT-1.00 (2.5x106)
--O-- PLAT-1.33 (2.5x109)
- - PLAT-2.00 (2.5x106)
1017 4 -O- PLAT-1.67 (2.5x10)
B1010 4 A A
7 EE A
(e} 4 S
S 1093 I e
-g_ ,.l -E,«‘ //I:;--——%
= 1083 e T & _
E E Lo 2 -
= R TR kX
106 L?I/ | | | | | [
0 5 10 15 20 25 30

Days Post Tumor Inoculation
FIG. 56B




Patent Application Publication

Percent Survival

Total Flux (photons/sec)

Survival Proportions: 1.25x10 Dose

Jan. 19,2017 Sheet 112 of 152 US 2017/0015746 A1

100 T—-—-a—=-—-—-—=-—=-—- :
P : H
e
G Ao -+~ Vehicle
50 - L . - a- PLAT-1.00 (1.25x108
+ B A --0-- PLAT-1.33 (1.25x108
! § ¥ - % - PLAT-2.00 (1.25x108
| BeeedO-- | -O- PLAT-1.67 (1.25x108
! Pl
0 T T :'-ré—ﬁ—v—
0 20 40 60 80
Day Post Tumor Inoculation
FIG. 56C
-—+- Vehicle
- a- PLAT-1.00 (1.25x106)
--0-- PLAT-1.33 (1.25x106)
- - PLAT-2.00 (1.25x106)
-O- PLAT-1.67 (1.25x109)
Avg. Tumor Progression + SD:
1011 4 1.25x108 Dose Comparison
1010 =
109
108
107
106 4

| | [
0 5 10 15 20 25 30
Days Post Tumor Inoculation

FIG. 56D




Patent Application Publication  Jan. 19, 2017 Sheet 113 of 152 US 2017/0015746 Al

JME14-03: xenoGraft-versus-Host Disease

Symptoms/Signs xGvHD in Mice:

o Flaky skin

Eye issues (weepy looking)
Weight loss

Dehydration

Hindlimb edema

FIG. 57A

PLAT-2.00 (10x105) Individual Mice

10711

= —O— Vehicle

& 1010 -0~ PLAT-2.00 (10x10e6)

2]

c

;gl 10°

> 108

=

LL

[ 107 O

e e
10 - T ‘:"-‘-‘-;ll;:a_

I I I I
0 10 20 30 40 50
Days Post Tumor Inoculation

FIG. 57B



Patent Application Publication  Jan. 19, 2017 Sheet 114 of 152 US 2017/0015746 Al

Total Flux (photons/sec)

PLAT-2.00 (5x106) Individual Mice

Pt —O- Vehicle
- - PLAT-2.00 (5x10e6)

..

N

T~
- .. T e T~
T el F T e e

IR

I I I [ I I I I
10 20 30 40 5 60 70 80
Days Post Tumor Inoculation

NOTE: Animals treated at 10 million and 5 million doses with PLAT-02

cells developed xGvHD. As a result animals receiving the 10 million
dose were taken down day 58 post tumor or 51 days post T-cell
administration. Those receiving 5 million dose were euthanized at
end of study at 90 days post tumor or 83 days post T-cell
administration.

FIG. 57C



Jan. 19,2017 Sheet 115 of 152 US 2017/0015746 A1

Patent Application Publication

¢v8s 9Ol
G3//']
~ ~ s19jbuIg
S9}'Z10 00€Z0 PRUBKS 712160 NG 064BQ €0-¥1L I
v-0§4
M0GC MOOC MOSL  MOOL  MOS 0
______________________.____ O
9'G8 '
sa1fooydwiA [
- A0S
- MOO0)
@ i
- M0
- M002Z
- M052

IV8G 'Old
9310}
~ ~ pajebun
S9)'Z10”00€20 PRUBKS 712150 NG 064BQ €0-7LINM
V-0S4
MOSZ MOOZ MOSL MOOL MOS0
AR I T T [N T T T A S TN M A S Y Y N [N O SO N O
- M0S
- MO0}
- M0G1
- M00Z
v/ s191buUIs |
y'y/ S19|BuIS - yiosz

SV Aq gHADX Bulwiyuod:go-yLINM

H-JS4



Jan. 19,2017 Sheet 116 of 152 US 2017/0015746 A1

Patent Application Publication

¥v8S ‘Ol €ves ‘ol

: v06¢ G399°9
_ G0 §-GAD dDled ‘pead dAIT AN B _ sa}hooydwAi
$24'ZL0”00€Z0 PRUEIS #1150 W 06Aed £0-vLANIP $24'Z1000£20 PRUEIS ¥121G0 ING 06ABA €071 INM

0dV VS unolg xnjiqJ3::y-0¢ 0.9 pay-dwo) peaq aAIT AN::v-05 62§ AN-dwo)

) 701 c0l 0 g0l 70} c0l 0
O | L M08
- 051
A\\\\
- 002
Pe'y [ ‘ 44y
BoN O VS UI0Ig X [ yioc GyQ2 G-GAD dD43d 'Peed SAIT AN

S2v4 Aq gHADX Buiwayuo):co-yLINE

;

§09D 6-6AD dD4adiy

-dwo)

-0v S69 nig



Patent Application Publication  Jan. 19, 2017 Sheet 117 of 152 US 2017/0015746 Al

JME14-03:Confirming xGvHD by FACS

10° { BV785 CD4
] 65.1

-Violet 795_20-A :: BV785 CD4

—_
()
N
|

BV605 CD8
5.61

Comp

LR LR LY I
0 103 104 109
Comp-Violet 610_20-A :: BV605 CD8

JME14-03 Day90 BM 051214 _Stained 02300_012.fcs
Erbitux Biotin SA APC Pos
2761

FIG. 58A5



Jan. 19,2017 Sheet 118 of 152 US 2017/0015746 A1

Patent Application Publication

298¢ 9OI4 1986 "Old
6ZZ9MO-PL-dX3# N13 JeqqeT!
GI68°G G167
~ ~ seihooydwA ~ ~ selooydwA
SOJ'LL0" 812z PeUBIS #1010 ING NEO-7LINP SOl'0L0” /81T PauRIS #1070 NG NEO-7 L INP
~ peag/eAn
peaq aAIT AN:Y-06 625 An-dwo) peaq aAIT AN V-0S 625 An-dwo) -
0L 0L 0l 0 O 0L 0l 0 J
, L i [T [T Mv , [T T ______,__ , m
2 o 3
= 0L 2
<D | [4>]
3 [ 3
< - <
S 0L S
> i >
- o - e
3 y0l S 3 01 X
| O i (o]
[ .Mu._ [ ..M:
. ‘ w « . . w o
62°067Q09NT  F c0) m 20ZGra0eAT E 0l m
| o | o1

(1owny 3sod g6 Aeq) [199-1 3sod LS Aeq (8soq 9901X0L) N dnou €o-vLINC




¥498¢ 'Old €48¢S 9l
62CIMO-V1L-dX3# N13 13qqeT!

G396'G G3.0°L

B B sa1Ao0ydwAT B B sa1A00ydwAT
SOIEL0 €ee¢ PUEIS $101P0 NG NEO-VLINF SOZL0 9lgc P_UEIS $10L¥0 NG NEO-FLINC

 peaq/enrT
peaqg aAI7 AN:V-0§ 625 AN-dwo) peaq A7 AN:V-06 626 An-dwo) Sta
Ob 01 0l 0 0L 0L 0 0 9

Jan. 19,2017 Sheet 119 of 152 US 2017/0015746 A1

(Jown] 3sod g Aeq) ||99-L 3sod LG Aeq (esoq 9201x0L) N dnoig ¢o-7LINP

0 %)

o o

E0 S 0 3

- =

2 -8

- _c._ B _c._

- B - B

= (=3 = o

U -0 ¢

< E C 3 <

= = 01 x) =~ ;01 x

£ g S

v i S . L

= | E & “ T,

£ ySTSYa0 N1 E 0L g 91 GvAO8NT Ec01 §

= @ @
)
g
=
[~




Jan. 19,2017 Sheet 120 of 152 US 2017/0015746 A1

Patent Application Publication

998G "Old ¢ga8s "ol
62CIMI-V1-dX3# N3 13qqeT!
1€9Y LE66
3 3 Gyd0 oA 3 3 Gydd °AIT
S3I'LL0 8lc¢ PaUElS ¥10LY0 NG NEO-VL NP $31°0L0 /8l¢ PUEIS 710170 NG NEQ-7LINNM
« 493
0dV VS uiolg 14493::v-0¢ 0.9 pay-dwo) 0dV VS uijolg 34493::v-0¢ 0.9 pay-dwo)
0L 0L g0l 0 0L 0L 0 0 JISS
P YT AR S [TTNE WA R R [T AN A Lo by O P YRR BN N TTH A R (TR R A TR O
) - M08
- M0O0) \
[ w »
[ @ 7]
I o o
- M0gL > >
- M002
0'68 99'8 : 966 87 l
$0d 14493 ‘670 BeN Y493 ‘'svAD [ yocz S0d 1493'6¥a0 BoN 14493'6#A0 [ J0SZ

(1owny 3sod g Aeq) |199-1 3sod LS Aeq (asoq 9901x0L) N dnois ¢o-yLINF




8486 'Ol

,48S "9l

6CCIMO-VL-dX3# N13 13qqeT!

26151
60D ‘8l

9.4}
GQD ‘BN

SO1'ZL0”9LET POUIBIS 7104 ¥0 NG NEO-7LINF
493

SOIEL0 €EET PBUIRIS #1010 NG NEO-7LINP

2dV VS uijolg 14493::y-0¢ 0.9 pay-dwo)

0L 0b Ol 0

0dV VS ulloig 14493::v-0¢ 0.9 pay-dwo)

0L 0L g0l 0

JSS

- M08

- M00)

Jan. 19,2017 Sheet 121 of 152 US 2017/0015746 A1

' vos

V-0SS
V-0SS

- %002

A : 1’16 €T :

BaN 14493'6¥QD [ S04 14493'67@0  BaNINIDI'SHAD
- M0SC

0¥6.
s0d 143935700

(Jowny 3sod gg Aeq) [199-1 }sod LS Aeq (8sog 9901x0L) N dnoi ¢o-yLINC

Patent Application Publication




0148G "Old 6489 Ol
6CCOMO-V1-dX3# N1 12qqeT!

X434 8676
_ _ $0d 14493 'G¥0D _ _ $0d 14493 '6vdD
SIF'LL0 8l¢c pauElS ¢10Lv0 NG NEO-vL NP S94'010 L8lLc pauEls #101¥0 NG NEO-¥LANM

vad

QD G8LAD:V-02 6. 19]0IA-dwo) QD S8LAL::V-02 56/ 19/0IA-dwo)
g0l ) ¢0l 0 g0l 101 ¢0l 0 8dd

L
pQ0's0d 14493'G¥A0 -

o

s
(9]
(e
-~
(@]

-dwo?
-dwo’

el
$00's0d 14493'670

T
N
o
~

Jan. 19,2017 Sheet 122 of 152 US 2017/0015746 A1

L LR
o
o
~—

LR LR
o
o
~—

803 G09A8::V-0C 019 13I0IA

803 G09A8::V-0C 019 13I0IA

99l o
800's0d 144936y [ 6

<
800's0d R4493'67a0

1)
o
~

(Jown] 3sod gg Aeq) |199-1 3sod LS Aeq (asoq 9201x0L) N dnolg g0-FLINCF

Patent Application Publication




(Jowny ysod g6 Aeq) [[99-L 3sod 1§ Aeq (esoq 9901x01) N dnous ¢o-FLINC

¥ 21886 9l 11886 Ol

i 62Z9MO-VL-dX3# N13 J2qqe,

>

= 11Tyl 9LLZl

= _ _s0d 1493 '69d0 _ s0d1¥493 ‘6700

2 SOJ'€L0” EEET POUIBIS 7L0LP0 NG NEO-7LINF SO{'ZL0'9LEZ POUIBIS 710170 WG NEO-7LINT

- ) yad

o <

o 700 §8LAG::V-02 §6. 19I0IA-dwio) P09 §8LAG::V-02 §6L 9I0IA-dwo) 809

en g0l 40} c0l 0 c0l 701 c0l 0

n P FTE EEI YHUT ISR TR BN SN 11 I P TR IS T WA SR ITR ISR 1T

2 - W 0§ - w 0 g

= o e B S0l D 8'79 E 0] ©

= BEL ¢ < ‘ ‘ ; 4 <

o N N 700'$0d 493'6vA0 ol

g coEEE L2 2

= X = c0l = - 0l e
S~ S~

E T - E

.m = ;01 W = 0l W

_w i [ =) I [ =]

[~ [ o [ o

E 809's0d 14493'6v@0 [ §°* = 809's0d 493’60 [ &4 ®

:

«

|5

g

[~




=

3 ¢J8S Ol 138G 'Ol

e LPZIMO-vL-dX3# N13 Jaqqer)

= 6318/ 6316

S sa)fooydwAT sapfooydwAq

~ SOJ'LLO" 66120 PaUIBIS 712150 NG 0648 €0-71 I SOF0L0" 68120 PRUIBIS 712150 NG 0648Q €0-FLINr

-

& . PeadpAr

'S peag aM7 AN::v-0§ 525 An-dwo) peaqg aAI1 AN:v-0§ 626 An-dwod 6vad

N g0l 70} c0l 0 ) 0} c0l 0

m A PP NV TRV N Mu P Y YA YV T Mu

= 3 3

73 0 v 0 <

~ E w w

= =0l & 20l &

= 2 2

= T -

g . 8 =
- ¢0l > 0l >

= L D B

= - D - oD

g : o : o

2 E 0L 2 F 0 o

£ - S - S

= i n [ S

£ 81} E S 820 Eco ©

g G700 6-6A0 dosed'pea@ anT AN | <0k B 6700 6-A0 dosed’peag et An |60k B

= - 5

=

m (sowny 3sod g Aeq) 1192-1 ¥s0d €8 Aea(esoq 930Lxg) O dnoio €0-pLINF

£

[~




Jan. 19,2017 Sheet 125 of 152 US 2017/0015746 A1

Patent Application Publication

¥08¢S "Old €085 'Ol
LZIMI-¥1L-dX3# N13 12qqeT!
Galey ¢369°9
_ _ sa)fooydwA _ _ sajhooydwAT
S9}'€L0” ¥EEZO PRUIBIS ¥12LS0 NG 0648 £0-¥LIINF $94'Z10°00£20 PeUEIS 712150 NG 06/eq €0~ INIP
Peag/aAl

pesq aAIT AN:V-05 §26 An-dwo)

c0l 70l c0l 0

" i L 0
F 0
= 201
E c0
wlvo_\

6Y0
GyQ0 6-6AD dDled‘peaq an AN | g0}

peag aAIT AN::v-0§ 52§ An-dwo) Svad

g0l 70} ¢0l 0
o L L T T L o
(@] [@]
3 3
9 o
) w
o o
D <D
3 I 3
< - e
.W m|.mo_‘ W
> i >
) I 5
L - b
Q = 501 9
o i o
) [ )
& 70 -
= 6¥Q0 6-6AQ dDsed 'peaq anT AN | SO =
w i o

(Jowny jsod o6 Aeq) 1199-1 3sod £8 Aeq(esoq 99g1x5) O dnolg ¢0-FLINC

>




938¢ 'Ol GJ8¢ 'Ol
LYZIMO-Y1-dX3# N1 43qqe!
1226 90¢¢

- GyQD G-GAD dDJed ‘pesq aa AN - GpQD §-6A0 dDled ‘pesq 8Ar AN
SOJ'LL0 66120 PaUIRIS ¥121S0 Wg 064BQ €071 INF o010 68120 PBURIS 12150 WG 064BQ €O-FLANF

1493

0dV VS ujoig xniqi3::y-0¢ 0.9 pay-dwo) 0dV VS unolg xn)iqJ3::y-0¢ 0.9 pay-dwo) 988
g0l 01 c0l 0 g0l 70} c0l 0
P FTTT N IR R M (1T ISR TR ITR U A E N WA (TETA IR | FRTTIET O P FETT N AR ST [T TR I SRR [TRE ANEE N (TTTIITT1 | RTTIIn O
%S i 1°G6 i
S0d OdV V'S Ui i S0d OdV VS uholg xnjguq i

- M001

Jan. 19,2017 Sheet 126 of 152 US 2017/0015746 A1

,H..H. : WxOmv

V-0SS
V-0SS

- M00Z - 002
Gg'S ! LEY I
BaN OdV VS unoig xnig.3 | BaN OdV VS unolg xnuai3 [
- M05Z - 1052

(Jowny 3sod g6 Aeq) [199-1 3s0d ¢8 Aeqa(esoq 9901xs) O dnois ¢o-FLANC

Patent Application Publication




808¢ Ol

Glig
~ A0 G-GAD dDled ‘peaqa oA AN
So)'¢L0” ¥££Z0 PUBIS #1210 NG 064eq £0-7L NP

0dV VS unjoig xnjiqi3::y-0¢ 0.9 pay-dwo)

Jan. 19,2017 Sheet 127 of 152 US 2017/0015746 A1

c0l 70} c0} 0
TR FTTHY A [T T [T _.=______________.r_._._.r_._._IO
18 [
S0d OdV VS uliol i
> m.w ’ .I V_OW
- Y001
F A I - Mog)
= [
z %002
£ 44 H
3 BaN Odv V'S unoig xnhaia [ yocz
< [
-
£
=
[~™

V-0SS

LJ8S "Old

LWZIMO-P1L-dX3# N13 19qqeT!

| Y062
6y 5RO doied ‘peeg el AN

S9J'2L0"00€Z0 PAUIBIS 712150 WG 064eq €0-vLINF

) )93
0dV VS unolg xmiqJ3::y-0¢ 0,9 pay-dwo)
Ob 0L Ol 0 IS8
| [T Lyl g Ly la o bbby O
1'G6 i
| Fos
- %00}
i w
i w
[ o
- M0sL >
- 002
vE'Y :
BaN Odv VS unoig xmiaia [ yocz

(Jowny 3sod (g Aeq) |[#9-1 3sod £8 Aeq(asoq 920} xs) O dnoi £o-yLINF




=
m 0L08S Ol 628G "9l
m LWWZIMO-¥L-dX3# N13 199qgeT!
> ¥658 6602
S B 504 DdV VS unoig Xnjigi3 B 804 DdV VS unoig xnmigu3
m o) LL0" 66120 PAUEIS +1.2150 WG 064ed £0-71LINF 0010 68120 PaUEIS 712150 NG 0648d £0-71INF
o ) A1)
3 PQ9 $8.A8::V-02"$6. J0I0IA-dwo) $09 §8.AE::Y-02$6L Jal0IN-dwo) 809
m c01 701 c0l 0 g0l 70} e0l 0
' TR [T il g L | [T Iyl Ll AT
= 798 N wNoF 3 606 o wNoF 3
8 700 G8.AE | = 00 S8/AE - =
i LR = L 2
5 SR oY= = o ) : o
- . w”., : wl mo_\ _0 g wl MOP _0
- - S - S
= 01 @ -0l 2
| =24 | D
I & I &
12907 s e 61°¢ ¥ o
800 509\d [ 01 8 800 509AE F c01 &

(Jowny jsod op Aeq) 1199-1 3s0d £8 Aeq(esoq 98g1LXxs) O dnolg ¢0-FLINC

Patent Application Publication




Jan. 19,2017 Sheet 129 of 152 US 2017/0015746 A1

Patent Application Publication

¢138S "Old 11085 Ol
LP2IMO-FL-dX3# N3 19qqeT!
€8.1 19/
_ _ S0d 3dV VS uholg xniq.q _ _ S0d OdV VS uljoig xmiq/3
S9I'€L0¥£€20 PAUIBIS $121G0 NG 064BQ €0-7)INT $94'2L0”00£20 PaUIBIS #1250 NG 064eq €0-FLANF
) ydd
P09 S8LAG:V-02 §6L 1R10IA-dwo) P09 S8LAE:V-02 6L I910IA-dwio) 809
g0l 01 c0l 0 c0l 0l c0l 0
PR FETI N R R [T IVE SR SR ITH Wi BT T m PR FETI I ST [TYW IS S TR WA T
o o
. " 8 . 3
79 01 B 69 012
vdD G8/A4 I nlm ¥30 G8.A4 i M
i @ i (o}
. o - % \
-0l © - ¢0l ©
I n . n
B : 2
E vov M - ﬁo_‘ M
| Pol) | o)
! & L &
oYl s ®) 196 9]
800 S09ND F 01 800 S09NE F c01 &

(Jowny 3sod g6 Aeq) [189-1 3s0d ¢8 Aeq(esoq 9901xs) O dnoi9 ¢o-FLINC




Patent Application Publication  Jan. 19, 2017 Sheet 130 of 152 US 2017/0015746 A1

JME14-03 PLAT-02: %Live and CD45+

51 Days Post T-Cells:
%Live/CD45+ Bone Marrow

- —p - -

N
|
>

_.._.._"ﬁ"_"_"_.

e

%Positive

—_
|

)
A4

0 T |
Negative Control JME14-03N

PLAT-02
(10x10e6)

FIG. 59A



Patent Application Publication  Jan. 19, 2017 Sheet 131 of 152 US 2017/0015746 Al

+ |
< :—L?D =
o F - 8
u [«b]
(& - 0
E L2
S L5
E T >
'5 - ) ™~
52 - H o
S | <€ S;
N =
o L S o o
- E T o h—
- LL
é - B
kg o) i ;
< < L
= Do F =2
= £ (&)
- 5
T IIIIII LI T IIIIIIII \I‘ .I.IIIIIII T T IIIIIIII
Te] ~r [ap] (o] (a)
) o =) o
6709 §-6AD dDJed ::y-0v G669 enjg-dwio)
& B
() F T 3
= E 3
% _ﬂ' %
<5} - O 2
= F T =
= < M
© | o' [e}]
.. red
= 2w &
s S
<C = Yo LL
— i >
s [ 3
< <2 | 2
= Qﬂ' 3 o
- OL() =
LLl - E o (&)
= LN
- i

Yo <t o N O
(] o o o
~ ~ ~ ~

Q9 §-6A0 dD4ad :v-0p 569 an|g-dwio)



Patent Application Publication  Jan. 19, 2017 Sheet 132 of 152 US 2017/0015746 Al

. |

2 =

=) S =

O i o

2 -

S 5 S

2 2k

. - HH E

R I g D

- w

N 2, 9 \

E F—-w O

j - [7e) LL
- =

= L2

3 | g | 2

I O = 8

L Sl - O

= (]

S| S

1 IIIIIII T 1 IIIIIIII 1 1 ||||||| T T ||||||||
L < (ap] N o
o (an) [ o
G¥Q9 §-6AD dDJad v-0p 669 anjg-dwo)

> 'S

=) A -

o i o

E -

© L+ 5

> F — =l

3 - HH 8

X I =

-. m

S LS ) :

= - O

j - o) TH
- >

o

o~ w i D.

< ~ =3

< 0y J =

E Oo E (=]

- .

1 IIIIIII T 1 IIIIIII 1 1 1 |IIIIII T T
Vo) <t ap] (9] o
(@) O (@] [

< < <

GQ9 §-GAD ddJad ::v-0p 569 anig-dwo)




Patent Application Publication  Jan. 19, 2017 Sheet 133 of 152 US 2017/0015746 Al

83 Days Post T-Cell:
%Live/CD45+ Bone Marrow
3 —
2 ns,p=0.1503
:'§
oo
=2 A
1 _
-1-
- __.5; -
A
0 Or0 Tl -0~

I
Negative Control JME14-03B  JME14-03C  JME14-030

PLAT-01 PLAT-01 PLAT-02
(10x10e6)  (5x10e6)  (5x10e6)

FIG. 59C



Patent Application Publication  Jan. 19, 2017 Sheet 134 of 152 US 2017/0015746 Al

_LO
- O T
- < m
- @
2 -
) -2
O 5 5
' F — >
Q S o
&) - i
B < o
o™ N n
Sl LR
uel = n
S R - S 9
%‘v’ - o L.
[7e)
S i
n D B >
0 - =2
< (] = o
o = : 3 =
&) ;' : . 8
o
= |3 .
©
m T |||||| LI ) T |||||||| T ||||||| T T |||||||||
>
— Lo I [ap] AN o
- ) o ) o
°\ - - - -
& 699 §-6AO d9Jadiv-0p 569 onig-dwo)
i
<t
|
o
o™ |
=1 e}
<t - O T
~ EF ~— ©
L a
) Lér) I e
& S 3
o FT 3 =
5 2B
5 <
5 D8 o
5o - o 9
a N -1 LL
- 0 i o
® i >
Aa =2
® 3 o
= 2 g
> -, =3
D
T IIIII| LI T IIIII|II T |IIII|I T T IIIII|III
2 T B % °

609 §-6AD ddJad:v-0F G669 @nig-dwo)



Patent Application Publication  Jan. 19, 2017 Sheet 135 of 152 US 2017/0015746 A1l

_LO
- O T
- ~ m
o 1)
Yo} - (]
a [ 2
© 5 3
' A
el - 3
O B - w
| <& o
o 1 [ Te)
o< 0 o g
@ =2 O
a < - 8 TN
o I Vo)
. S [ >
) - =
<t )] = o
a = E £
2 > S
= 5
©
g 1 ||||||||| |||||||| T |||||||| 1 |||||||||
.: T <+ (ap] (9] O
4 ) ) ) o
O\ - ~ ~ ~
& 6¥@0 §-5KD dDIad:v-0r 669 anig-dwo)
=
<g
—
o.
™ |
S 0
<t - O T
b C < ‘u
"EJ 2
& S 3
w0 F T >
1 — : M
S -
0o _%c' 0
Qi =29 O
q)m - m —
o © - I3 L.
g .
< i
a B :’Q_
2 = E
_l -
> O <o
oD
T ||||||||| |||||||| T IIIIIIII T IIIIIIIII
'S 5 > S “

G0 6-GAD dD1ad:y-0F 569 @njg-dwo)



Patent Application Publication  Jan. 19, 2017 Sheet 136 of 152 US 2017/0015746 Al

_LO
= O T
F < @©
Vo) [ 8
g i )
(&) < =
10 =2 3
ot ) ©
O L R ()]
a - < 8
Ow 0 g
[ _—o m
) -4 2
o S A T
g i /%)
S L >
&b o =
<r © = o
o = 2 e
O — E o> O
'g = (&)
5 oD
a, 1 ||||i||| 1 |||||||| 1 ‘||||||| T 1 |||||||||
>
— (Tg} T (ap] N (@)
- o o - o
°\ L ol ~ ~ b
& 6909 §-6AD doIediv-0y 569 enjg-dwiod
=
<
i
o
o™ |
= )
< -2 o
N o S
= = . a
- O | d>,
To) < =
S =2
%) - S W
o . F g
Oo i <F (Te)
o LS 3 -
oo F - L 9
o - LL
S - D
()] i >
® -
£ - 2
> o 3

Lo ~<r o o o
o o o o
~ ~ ~ ~

S¥a9 §-6AD doJad:v-0v 669 anjg-dwo)



Patent Application Publication  Jan. 19, 2017 Sheet 137 of 152 US 2017/0015746 A1

To!
- O T
. - m
O .
g i @
O - =
Tol e O ;'
' ) o
O - T Q
o L f 3
S eo N
O F~— O
ﬂ_“\— :— g L
g | L
S L >
S O 2
< 5] . ; = o
() = ' E =
z |5 OO S
s oD
o T |||||| LI T ||||||| T T Illllll T T |||||||||
>
— T} <t o (9] O
-4 o o o o
°\ ~ <~ ~ ~
& 6pa9 5-6AD dDiad:v-0r 669 anjg-dwo)
[
<L
-l
o
o |
C.> To}
<t - O O
b F ¥~ ©
Ll = [+F]
= Ty} [ (o]
- <t D
(] i >
O S 3
H F ~ >
1 - M~
2. - 2 A
O | < D
O = ald
O, — O W .
i LU E — | (O]
[ONe>} - [Te) —
o < N o L
"CY) | m
g 3
(] - S
2 . E
= 8
=
-
i - ‘ll‘llvlﬂ|‘lﬂvl ‘IV - |”'I'i | IV IV‘VI” ‘IVIIIIVV| I‘ I‘ - IV” ”|IIIIV|III
'S S S S @

Q9 §-GAD dD4ad::v-0p 569 an|g-dwo)



Patent Application Publication  Jan. 19, 2017 Sheet 138 of 152 US 2017/0015746 Al

_LO
- O T
F < 8
< s
[+
O 'q_ >
Lo - O =
L E ~— >
(3‘ n o 2
E Tt o
o 5 << »
Qo = Lo
Q)N - O W .
o< E T o o
5 8 =
+ O i ?,
w0 [«b] ]
3 > 3 o
(] I - £
(& >~ = 08
©
= -
[4+]
g T ||||||||| |||||||| 1 |||||||| T |||||||||
: Y] <t o (o] o
= o o (e ] o
°\ - - - -
& 6y 5-6AD dDJad:iy-0v G669 anig-dwio)
[
<t
-
o
o B
Q. To]
<t - O T
b C T w
Ll = 1
= T B (o]
- & - S
(&) | 5 3
) F — =
! - o
S A
o [ S w
O oo - O .
© F - s 9
D__F [~ o Ll_
3 L
3 B
8 3
E
2 = E
— F o
= (&)
o

0 <t o N O
o (e (e ()
~ ~ ~ ~

Q9 §-6AD dDJad::v-0p 569 an|g-dwo)



Patent Application Publication  Jan. 19, 2017 Sheet 139 of 152 US 2017/0015746 Al

JME14-03 PLAT-02: %Live and CD45+
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JME14-03 PLAT-02, 5 Million T-Cell Dose Group:%EGFRt+ of Live, CD45+
51 Days Post T-Cells:
%EGFRt of CD45+ Bone Marrow
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JME14-03 PLAT-02, 5 Million T-Cell Dose Group:%EGFRt+ of Live, CD45+

83 Days Post T-Cells:
%EGFRt of CD45+ Bone Marrow
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JME14-03 PLAT-02, 5 Million Dose Group:%CD4+ vs CD8, CD45+, EGFRt+

51 Days Post T-Cell:
%CD4 vs CD8 in Bone Marrow
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JME14-03 PLAT-02, 5 Million Dose Group:
%CD4+ vs CD8 of Live, CD45+, EGFRt+
83 Days Post T-Cell:

%CD4 vs CD8 in Bone Marrow
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JME14-03 Group N, Day 51 post T-cell

Sample [Lymphocytes] Live, CD45+| EGFRt+ | CD4+ CD8+
PLAT-02 4.91e5 9937 9498 6976 1576
(10x10e6)  (87.2%) | (2.02%) | (95.6%) | (73.4%) | (16.6%)
PLAT-02 5.83e5 4631 4121 3443 504
(10x10e6) (84.2%) | (0.79%) | (89.0%) | (71.7%) | (12.2%)
PLAT-02 7.07e5 12376 12116 7851 3234
(10x10e6)  (91.2%) | (1.76%) | (97.1%) | (64.8%) | (26.7%)
PLAT-02 5.96e5 15132 14217 12907 561
(10x10e6)|  (88.4%) | (254%) | (94.0%) | (90.8%) | (3.95%)
Neg. 120212 156 145 51 45
Control | (87.6%) | (0.13%) | (92.9%) | (35.2%) | (31.0%)

JME14-03 Day 90 post T-cell

Sample [Lymphocytes| Live, CD45+| EGFRt+ | CD4+ CD8+
PLAT-02 7.91e5 2206 2099 1899 67
(5x10e6) | (87.2%) | (0.28%) | (95.1%) | (90.5%) | (3.19%)
PLAT-02 7.81e5 9221 8594 7583 373
(5x10e6) | (86.9%) | (1.18%) | (93.2%) | (88.2%) | (4.34%)
PLAT-02 76.65e5 2904 2761 1798 155
(5x10e6) | (85.6%) | (0.44%) | (95.1%) | (65.1%) | (5.61%)
PLAT-02 4.31e5 2115 1783 1145 260
(5x10e6) | (81.5%) | (0.49%) | (84.3%) | (64.2%) | (14.6%)
Neg. 7.51e5 109 79 48 8
Control (83.1%) (0.015%) (72.5%) | (60.8%) | (10.1%)
Neg. 5.29e5 28 10 0 0
Control (78.6%) (6.29e-3%) | (28%) (0%) (0%)
PLAT-01 6.15e6 27 19 6 1
(10x10e6)|  (80.3%) | (4.09e-3%) | (70.4%) | (31.6%) | (5.26%)
PLAT-01 6.44e6 26 15 8 2
(10x10e6) |  (81.1%) | (4.04e-3%) | (57.7%) | (53.3%) | (13.3%)
PLAT-01 6.77e5 11 5 1 0
(5x10e6) | (80.9%) | (1.63e-3) | (45.5%) | (20.0%) | (0%)
PLAT-01 7.73e5 27 11 3 0
(5x10e6) | (80.3%) | (3.49%-3) | (40.7%) | (27.3%) | (0%)
PLAT-01 7.56e5 22 16 5 8
(5x10e6) | (845%) | (2.91e3) | (727%) | (31.2%) | (50%)

FIG. 61
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DEFINED COMPOSITION GENE MODIFIED
T-CELL PRODUCTS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of pri-
ority to U.S. Provisional Patent Application No. 61/977,751,
filed Apr. 10, 2014, U.S. Provisional Patent Application No.
61/986,479, filed Apr. 30, 2014, U.S. Provisional Patent
Application No. 62/058,973, filed Oct. 2, 2014, U.S. Pro-
visional Patent Application No. 62/088,363, filed Dec. 5,
2014, U.S. Provisional Patent Application No. 62/089,730
filed Dec. 9, 2014, and U.S. Provisional Patent Application
No. 62/090,845, filed Dec. 11, 2014. The entire disclosures
of the aforementioned applications are expressly incorpo-
rated by reference in their entireties.

REFERENCE TO SEQUENCE LISTING

[0002] The present application is being filed along with a
Sequence Listing in electronic format. The Sequence Listing
is provided as a file entitled SCRI-090WO_SEQUENCE _
LISTING.TXT, created Mar. 23, 2015, which is 2.92 kb in
size. The information in the electronic format of the
Sequence Listing is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0003] Aspects of the invention concern approaches to
make genetically modified T-cells comprising a chimeric
antigen receptor. The disclosed methods concern the selec-
tion and/or isolation of CD4+ and/or CD8+ T-cells from a
mixed T-cell population, which are then activated, geneti-
cally modified, and propagated in isolated cultures in the
presence of one or more cytokines, which support survival,
engraftment and/or proliferation of the cells, as well as,
promoting retention of cell surface receptors, such as
CD62L, CD28, and/or CD27.

BACKGROUND OF THE INVENTION

[0004] Acute lymphoblastic leukemia (ALL) relapse fol-
lowing allogeneic hematopoietic stem cell transplantation
(HSCT) can occur. Accordingly, many believe such
approaches are ineffective. The adoptive transfer of human
T lymphocytes that are engineered by gene transfer to
express chimeric antigen receptors (CARs) specific for
molecules present on the surface of tumor cells or malignant
B cells has the potential to effectively treat many advanced
cancers and malignancies, as well. In order to be an effective
and long lasting treatment, however, the administered
T-cells that comprise chimeric antigen receptors desirably
have a high survival and proliferation rate after transfer to
the patient. The T-cells used for therapy are also desirably fit
for engraftment. Despite the tremendous effort in the field,
the need for additional, effective cellular therapies remains.

SUMMARY OF THE INVENTION

[0005] Aspects of the invention described herein include
methods of manufacturing genetically modified T-cells com-
prising a chimeric antigen receptor for human therapy.
Alternatives include methods utilizing a selection, enrich-
ment, and/or isolation of CD4+ and/or CD8+ expressing
T-cells, such as T-cells that are derived from thymocytes or

Jan. 19, 2017

T-cells that are derived from engineered precursors, desir-
ably iPS cells, from a mixed T-cell population. Once
selected, enriched, or isolated, the CD4+ and/or CD8+
expressing T-cells are then activated, genetically modified,
and propagated, preferably, in separated, enriched, or iso-
lated cultures in the presence of one or more cytokines,
which can be provided exogenously to the T-cells, e.g., in
addition to any cytokine that may be produced by the cells
or present in media and, which support, promote, induce, or
contribute to survival, engraftment and/or proliferation of
the cells, as well as, preferably supporting, promoting,
inducing, or contributing to the retention of cell surface
receptors, such as CD62L, CD28, and/or CD27. Included
herein are also methods of treatment, inhibition, ameliora-
tion, or elimination of a cancer by administering to a subject
in need thereof, one or more types of the genetically
engineered T-cells or compositions that comprise the geneti-
cally engineered T-cell prepared as described herein.

[0006] Some aspects of the invention described herein
concern methods of making genetically modified T-cells,
which have a chimeric antigen receptor. By some
approaches, these methods are practiced by separating,
isolating, or enriching a CD84+ expressing population of
T-cells and/or a CD4+ expressing population of T-cells, such
as T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, desirably iPS cells,
from a mixed population of T-cells so as to generate a
separated, isolated, or enriched population of T-cells; stimu-
lating these separated, enriched, or isolated populations of
T-cells so as to generate a stimulated population of CD8+
expressing T-cells and/or CD4+ expressing T-cells; trans-
ducing the stimulated population of CD8+ expressing T-cells
and/or CD4+ expressing T-cells with a vector, wherein the
vector encodes a chimeric antigen receptor and a marker
sequence, wherein said marker sequence encodes a cell
surface selectable marker, so as to generate a transduced
population of CD8+ expressing T-cells and/or CD4+
expressing T-cells; contacting the transduced population of
CD8+ expressing T-cells and/or CD4+ expressing T-cells
with at least one cytokine, which can be provided exog-
enously to the T-cells, e.g., in addition to any cytokine that
may be produced by the cells or present in media, so as to
generate a transduced, cytokine-stimulated population of
CD8+ expressing T-cells and/or CD4+ expressing T-cells;
enriching the transduced, cytokine-stimulated population of
CD8+ expressing T-cells and/or CD4+ expressing T-cells by
selection of the marker sequence so as to generate a sepa-
rated, enriched, or isolated population of transduced,
cytokine-stimulated CD84+ expressing T-cells and/or CD4+
expressing T-cells; and propagating the separated, enriched,
or isolated population of transduced, cytokine-stimulated
CD8+ expressing T-cells and/or CD4+ expressing T-cells for
at least two days so as to obtain said genetically modified
T-cells, which have a chimeric antigen receptor. In some
alternatives, the CD8+ expressing T-cells and/or CD4+
expressing T-cells can be propagated for at least or equal to
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 days or any time that is within a range of times defined
by any two of the aforementioned time points, so as to obtain
said genetically modified T-cells, which have a chimeric
antigen receptor. In some alternatives, the separating or
enriching of the CD8+ population of T-cells and/or a CD4+
population of T-cells from a mixed population of T-cells is
performed by affinity selection for T-cells having an epitope
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present on CDS8 and/or CD4. In some alternatives, the
separating or enriching of the CD8+ population of T-cells
and/or a CD4+ population of T-cells from a mixed popula-
tion of T-cells is performed by flow cytometry. In some
alternatives, the separating or enriching of the CD8+ popu-
lation of T-cells and/or a CD4+ population of T-cells from a
mixed population of T-cells is performed by immuno-mag-
netic selection. In some alternatives, the genetically modi-
fied CD8+ T-cells and/or CD4+ T-cells comprise at least one
receptor that promotes, induces, contributes to, or enhances
engraftment fitness. In some alternatives, the at least one
receptor is CD45 RA, CD45 RO, CCR7, CD25, CD127,
CD57, CD137, CD27, CD28 and/or CD62L. In some alter-
natives, the at least one receptor is CD27, CD28 and/or
CD62L. In some alternatives, the stimulating of the isolated
population of T-cells is performed by contacting the CD8+
and/or CD4+ T-cells with an antibody-bound support, such
as a bead or particle. In some alternatives, the antibody-
bound support comprises anti-TCR, anti-CD2, anti-CD3,
anti-CD4 and/or anti-CD28 antibodies. In some alternatives,
the antibody-bound support comprises anti-CD3 and/or anti-
CD28 antibodies. In some alternatives, the vector further
comprises a first sequence encoding a leader sequence, a
second sequence encoding a ligand binding domain, a third
sequence encoding a signaling domain and a fourth
sequence encoding a selectable marker. In some alternatives,
the vector further comprises a sequence encoding a spacer.
In some alternatives, the spacer comprises an IgG4 hinge. In
some alternatives, the vector is a viral vector. In some
alternatives, the viral vector is derived from simian virus 40,
adenoviruses, adeno-associated virus (AAV), lentivirus, or
retroviruses. In some alternatives, the viral vector is a
recombinant adenovirus, adeno-associated virus, lentivirus
or retrovirus vector. In some alternatives, the viral vector is
a lentivirus vector. In some alternatives, the marker
sequence encodes a truncated epidermal growth factor
receptor (EGFRt). In some alternatives, the at least one
cytokine comprises GM-CSF, 1L-7, 1L-12, 1L-15, IL-18,
IL-2, and/or 1IL-21. In some alternatives, the at least one
cytokine comprises 1.7, IL.-15 and/or IL-21, which can be
provided at 0.1 ng/ml,, 0.2 ng/mL,, 0.3 ng/ml,, 0.4 ng/mlL,,
0.5 ng/ml,, 0.6 ng/mL, 0.7 ng/mL., 0.8 ng/ml., 0.9 ng/mL, or
1.0 ng/mL or in an amount that is within a range defined by
any two of the aforementioned amounts and/or at 10 U/mL,
20 U/mL, 30 U/mL, 40 U/mL, 50 U/mL, 60 U/mL, 70
U/mL, 80 U/mL, 90 U/mL, or 100 U/mL or in an amount
that is within a range defined by any two of the aforemen-
tioned amounts. In some alternatives, the at least one
cytokine comprises 1L.-2, I1[.-15 and/or IL-21, wherein the
amount of cytokine is provided at 0.5 ng/ml and/or 50
U/mL. In some alternatives, the contacting is performed for
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 days or a period of time within a range defined by any
two of these values. In some alternatives, the method is
performed with isolated, purified, enriched or separated
CD4+ cells in the absence of, substantially depleted of, or
enriched over CD8+ cells. In some alternatives, the method
is performed with isolated, purified, enriched or separated
CDS8+ in the absence of, substantially depleted of, or
enriched over CD4+ cells. In some alternatives, the CD4+
expressing T-cells are propagated for at least 1 day, such as
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 days or for a period that is within a range defined by
any two of the aforementioned time periods. In some alter-
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natives, the CD8+ T-cells are propagated at least 1 day, such
as 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20 days or for a period that is within a range defined
by any two of the aforementioned time periods. In some
alternatives, the method further comprises removing the
antibody-bound support, such as beads or particles. In some
alternatives, the ligand binding domain of the chimeric
antigen receptor comprises an antibody, or a binding portion
thereof. In some alternatives, the ligand binding domain of
the chimeric antigen receptor comprises a single chain
variable fragment (scFv), or a binding portion thereof. In
some alternatives, the ligand binding domain of the chimeric
antigen receptor comprises FMC63, or a binding portion
thereof. In some alternatives, the ligand binding domain of
the chimeric antigen receptor is specific for CD19. In some
alternatives, the method further comprises cryopreserving
the genetically modified CD8+ and/or CD4+ T-cells.

[0007] In some alternatives, the separating, enriching, or
isolating of the CDS8+ expressing population of T-cells
and/or a CD4+ expressing population of T-cells, such as
T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, desirably iPS cells,
from a mixed population of T-cells is performed by affinity
selection for T-cells having an epitope present on CDS8
and/or CD4. In some alternatives, the separating, enriching,
or isolating of the CD8+ expressing population of T-cells
and/or a CD4+ expressing population of T-cells from a
mixed population of T-cells is performed by flow cytometry.
In some alternatives, the separating, enriching, or isolating
of'the CD8+ expressing population of T-cells and/or a CD4+
expressing population of T-cells from a mixed population of
T-cells is performed by immuno-magnetic selection. In some
alternatives, the genetically modified CD8+ expressing
T-cells and/or CD4+ expressing T-cells comprise at least one
receptor that promotes, induces, or contributes to engraft-
ment fitness. In some alternatives, the at least one receptor
that promotes, induces, or contributes to engraftment fitness
is CD45 RA, CD45 RO, CCR7, CD25, CDI127, CD57,
CD137, CD27, CD28 and/or CD62L. In preferred alterna-
tives, the at least one receptor that promotes, induces, or
contributes to engraftment fitness is CD27, CD28 and/or
CD62L. In some alternatives, the stimulating of the isolated,
enriched, or separated population of T-cells is performed by
contacting the CD8+ and/or CD4+ expressing T-cells with
an antibody-bound support, such as a bead or particle. In
some of these alternatives, the antibody-bound support
comprises anti-TCR, anti-CD2, anti-CD3, anti-CD4 and/or
anti-CD28 antibodies. In preferred alternatives, the anti-
body-bound support comprises anti-CD3 and/or anti-CD28
antibodies.

[0008] In many of the aforementioned alternatives, the
vector further comprises a first sequence encoding a leader
sequence, a second sequence encoding a ligand binding
domain, a third sequence encoding a signaling domain and
a fourth sequence encoding a selectable marker sequence. In
some of these alternatives, the vector further comprises a
sequence encoding a spacer, which in some alternatives may
comprise an IgG4 hinge. In many of the aforementioned
alternatives, the vector is a viral vector or a mini-circle.

[0009] In many of the aforementioned alternatives, the
viral vector is derived from simian virus 40, adenoviruses,
adeno-associated virus (AAV), lentivirus, or retroviruses. In
some alternatives, the viral vector is a recombinant adeno-
virus, adeno-associated virus, lentivirus or retrovirus vector.
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Preferably, the viral vector is a lentivirus vector. In many of
the aforementioned alternatives, the marker sequence
encodes a truncated epidermal growth factor receptor
(EGFR1). In many of the aforementioned alternatives, the at
least one cytokine that is utilized comprises GM-CSF, 1L-7,
1L-12, 1L-15, IL-18, IL-2, and/or IL.-21 and said cytokine is
provided exogenously to the T-cells e.g., in addition to any
cytokine that may be produced by the cells or present in
media.

[0010] In desirable alternatives, the at least one cytokine
comprises 1L-7, IL-15 and/or I1L.-21. In many of the afore-
mentioned alternatives, the at least one cytokine comprises
1IL-2, 1L-15 and/or IL-21. In preferred alternatives, the
contacting period is performed for at least 1, 2, 3,4, 5,6, 7,
8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days or a
period of time within a range defined by any two of these
time points. In many of the aforementioned alternatives, the
methods are performed with isolated, separated, or enriched
populations of CD4+ expressing T-cells, such as T-cells that
are derived from thymocytes or T-cells that are derived from
engineered precursors, desirably iPS cells, in the absence of
or having a reduced amount CD8+ expressing T-cells, as
compared to a native population of unseparated, non-en-
riched, or non-isolated population of T-cells. In many of the
aforementioned alternatives, these methods are performed
with isolated, separated, or enriched populations of CD8+
expressing T-cells, such as T-cells that are derived from
thymocytes or T-cells that are derived from engineered
precursors, desirably iPS cells, in the absence of or having
a reduced amount of CD4+ expressing T-cells, as compared
to a native population of unseparated, non-enriched, or
non-isolated population of T-cells. In many of the aforemen-
tioned alternatives, the CD4+ expressing T-cells are propa-
gated for at least 1 day, such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11,12,13, 14, 15, 16, 17, 18, 19, or 20 days or any time that
is within a range of times defined by any two of the
aforementioned time points. In many of the aforementioned
alternatives, the CD8+ expressing T-cells are propagated for
atleast 1 day, suchas 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20 days or any time that is within
a range of times defined by any two of the aforementioned
time points.

[0011] In many of the aforementioned alternatives, the
methods further comprise removing the antibody-bound
support, such as beads or particles. In many of the afore-
mentioned alternatives, the ligand binding domain of the
chimeric antigen receptor comprises an antibody, or a bind-
ing portion thereof. In many of the aforementioned alterna-
tives, the ligand binding domain of the chimeric antigen
receptor comprises a single chain variable fragment (scFv),
or a binding portion thereof. In many of the aforementioned
alternatives, the ligand binding domain of the chimeric
antigen receptor comprises FMC63, or a binding portion
thereof, such as is available in U.S. Pat. No. 7,446,179,
herein expressly incorporated by reference in its entirety. In
many of the aforementioned alternatives, the ligand binding
domain of the chimeric antigen receptor is specific for
CD19. In many of the aforementioned alternatives, the
method further comprises cryopreserving the genetically
modified CD8+ and/or CD4+ T-cells.

[0012] Additional aspects of the invention concern a popu-
lation of genetically modified T-cells, such as T-cells that are
derived from thymocytes or T-cells that are derived from
engineered precursors, comprising a plurality of affinity
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selected CD8+ and/or CD4+ expressing T-cells, in an
enriched form, such as enriched from, in the absence of, or
isolated from CD8- and/or CD4- expressing T-cells,
wherein said plurality of affinity selected CD8+ and/or
CD4+ expressing T-cells have stimulated CD2, CD3, CD4
and/or CD28 receptors, wherein said plurality of affinity
selected or enriched CD8+ and/or CD4+ expressing T-cells
further comprise a gene encoding a chimeric antigen recep-
tor and a gene encoding a cell surface selectable marker and,
wherein said plurality of affinity selected or enriched CD8+
and/or CD4+ expressing T-cells have been re-stimulated
with at least one cytokine, which can be provided exog-
enously to the T-cells, e.g., in addition to any cytokine that
may be produced by the cells or present in media, such as,
contacting the cells with an exogenously added cytokine for
at least one day, such as 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, or 20 days or any time that is
within a range of times defined by any two of the afore-
mentioned time points. In some alternatives, said plurality of
affinity selected CD8+ and/or CD4+ expressing T-cells
further comprise at least one receptor that promotes,
induces, or contributes to engraftment fitness. In some
alternatives, the at least one receptor that promotes, induces,
improves, or contributes to engraftment fitness is CD45 RA,
CD45 RO, CCR7, CD25, CD127, CD57, CD137, CD27,
CD28 and/or CD62L. In some alternatives, the at least one
receptor that promotes, induces, improves, or contributes to
engraftment fitness is CD27, CD28 and/or CD62L.. In some
alternatives, the plurality of affinity selected CD8+ and/or
CD4+ expressing T-cells further comprises a vector having
a first sequence encoding a leader sequence, a second
sequence encoding a ligand binding domain, a third
sequence encoding a signaling domain and a fourth
sequence encoding a selectable marker sequence.

[0013] Some alternatives relate to a population of geneti-
cally modified T-cells. In some alternatives, the population
of genetically modified T-cells comprises a plurality of
affinity selected CD8+ and/or CD4+ T-cells, absence of,
substantially depleted of, or enriched over CD8- and/or
CD4- T-cells, wherein said plurality of affinity selected
CD8+ and/or CD4+ T-cells have stimulated CD2, CD3, CD4
and/or CD28 receptors, wherein said plurality of affinity
selected CD8+ and/or CD4+ T-cells further comprise a gene
encoding a chimeric antigen receptor and a cell surface
selectable marker and, wherein said plurality of affinity
selected CD8+ and/or CD4+ T-cells have been re-stimulated
with at least one cytokine. In some alternatives, said plu-
rality of affinity selected CD8+ and/or CD4+ T-cells further
comprise at least one receptor that promotes, enhances,
improves or contributes to engraftment fitness. In some
alternatives, the at least one receptor that promotes,
enhances, improves or contributes to engraftment fitness is
CD45RA, CD45 RO, CCR7,CD25,CD127,CD57,CD137,
CD27, CD28 and/or CD62L. In some alternatives, the at
least one receptor that promotes, enhances, improves or
contributes to engraftment fitness is CD27, CD28 and/or
CD62L. In some alternatives, the plurality of affinity
selected CD8+ and/or CD4+ T-cells further comprises a
vector having a first sequence encoding a leader sequence,
a second sequence encoding a ligand binding domain, a third
sequence encoding a signaling domain and a fourth
sequence encoding a selectable marker. In some alternatives,
the vector further comprises a sequence encoding a spacer.
In some alternatives, the spacer comprises an IgG4 hinge. In
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some alternatives, the vector is a viral vector. In some
alternatives, the viral vector is derived from simian virus 40,
adenoviruses, adeno-associated virus (AAV), lentivirus, or
retroviruses. In some alternatives, the viral vector is a
recombinant adenovirus, adeno-associated virus, lentivirus
or retrovirus vector. In some alternatives, the viral vector is
a lentivirus vector. In some alternatives, the cell surface
selectable marker encodes for a truncated epidermal growth
factor receptor (EGFRt). In some alternatives, the ligand
binding domain comprises an antibody, or a binding portion
thereof. In some alternatives, the ligand binding domain
comprises a single chain variable fragment (scFv), or a
binding portion thereof. In some alternatives, the ligand
binding domain comprises FMC63, or a binding portion
thereof. In some alternatives, the ligand binding domain is
specific for CD19. In some alternatives, the population
comprises isolated, purified, separated or enriched CD8+
T-cells in the absence of, substantially depleted of, or
enriched over CD4+ T-cells. In some alternatives, the popu-
lation comprises isolated, purified, separated or enriched
CD4+ T-cells in the absence of, substantially depleted of, or
enriched over CD8+ T-cells. In some alternatives, the T cell
is a precursor T cell. In some alternatives, the precursor T
cell is a hematopoietic stem cell. In some alternatives, the
vector further comprises a sequence encoding a spacer, such
as a spacer that comprises an IgG4 hinge. In some alterna-
tives, the vector is a viral vector. In some alternatives, the
viral vector is derived from simian virus 40, adenoviruses,
adeno-associated virus (AAV), lentivirus, or retroviruses. In
some alternatives, the viral vector is a recombinant adeno-
virus, adeno-associated virus, lentivirus or retrovirus vector.
In some alternatives, the viral vector is a lentivirus vector or
a mini-circle. In some alternatives, the cell surface selectable
marker encodes for a truncated epidermal growth factor
receptor (EGFRY). In some alternatives, the ligand binding
domain comprises an antibody, or a binding portion thereof.
In some alternatives, the ligand binding domain comprises a
single chain variable fragment (scFv), or a binding portion
thereof. In some alternatives, the ligand binding domain
comprises FMC63, or a binding portion thereof, such as is
available in U.S. Pat. No. 7,446,179, herein expressly incor-
porated by reference in its entirety. In some alternatives, the
ligand binding domain is specific for CD19. In some alter-
natives, the population of genetically modified T-cells, such
as T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, comprises isolated
CD8+ expressing T-cells in the absence of or having a
reduced amount of CD4+ expressing T-cells, as compared to
a native population of unseparated, non-enriched, or non-
isolated population of T-cells. In some alternatives, the
population of genetically modified T-cells, such as T-cells
that are derived from thymocytes or T-cells that are derived
from engineered precursors, comprises isolated CD4+
expressing T-cells in the absence of or having a reduced
amount of CD8+ expressing T-cells, as compared to a native
population of unseparated, non-enriched, or non-isolated
population of T-cells.

[0014] Additional aspects of the invention relate to a
composition or product combination for human therapy,
comprising a pharmaceutical excipient; and at least one
population of the genetically modified T-cells, as set forth in
the preceding paragraph. In some alternatives, the compo-
sition or product combination comprises a population of
genetically modified CD8+ expressing T-cells. In some
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alternatives, the composition or product combination com-
prises a population of genetically modified CD4+ expressing
T-cells. In some alternatives, the composition or product
combination comprises the population of genetically modi-
fied CD8+ expressing T-cells, as set forth above, and the
population of genetically modified CD4+ expressing T-cells,
as set forth above, in a mixed population or co-administered
inal:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10, 2:1, 3:1,
4:1, 5:1, 6:1, 7:1, 8:1, 9:1, or 10:1 ratio or a ratio that is
within a range defined by any two of the aforementioned
ratios.

[0015] Additional aspects of the invention concern meth-
ods of treating, inhibiting, or ameliorating a disease in a
subject in need thereof comprising administering to the
subject at least one composition or product combination set
forth above. In some alternatives, the methods comprise
administering a composition or product combination com-
prising CD4+ expressing T-cells, such as T-cells that are
derived from thymocytes or T-cells that are derived from
engineered precursors, in advance or prior to administration
of'the CD8+ expressing T-cells and in other alternatives, the
CD8+ expressing cells, such as T-cells that are derived from
thymocytes or T-cells that are derived from engineered
precursors, are administered before the CD4+ expressing
T-cells. In many alternatives, the subject is identified or
selected to receive an anti-cancer therapy. In many of the
aforementioned methods, the approach also involves mea-
suring or evaluating an inhibition of a disease. In many of
the aforementioned methods, the approach also involves
providing said subject an additional anti-cancer therapy
before, during, or after administration of a composition or
product combination set forth above.

[0016] In many of the aforementioned methods, a com-
position or product combination is administered to said
subject by adoptive cell transfer. In some alternatives, a
composition or product combination are administered to said
subject after said subject has received another form of
anti-cancer therapy. In many of the aforementioned meth-
ods, the subject is suffering from leukemia. In many of the
aforementioned methods, the subject has recurrent and/or
chemotherapy refractory CD19+ childhood acute lympho-
blastic leukemia (ALL). In many of the aforementioned
methods, the subject has recurrent and/or chemotherapy
refractory CD19+ acute lymphoblastic leukemia (ALL). In
many of the aforementioned methods, the subject is suffer-
ing from an autoimmune disease. In many of the aforemen-
tioned methods, the subject is suffering from a post-HSCT
relapse.

[0017] Accordingly, some aspects of the present invention
relate to the following alternatives:

[0018] 1. A method of making genetically modified
T-cells, which have a chimeric antigen receptor, comprising:
[0019] separating or enriching a CD8+ expressing popu-
lation of T-cells and/or a CD4+ expressing population of
T-cells, such as T-cells that are derived from thymocytes or
T-cells that are derived from engineered precursors, desir-
ably iPS cells, from a mixed population of T-cells so as to
generate a separated or enriched population of T-cells;
[0020] stimulating the separated or enriched population of
T-cells so as to generate a stimulated population of CD8+
T-cells and/or CD4+ T-cells;

[0021] transducing the stimulated population of CD8+
T-cells and/or CD4+ T-cells with a vector, wherein the
vector encodes a chimeric antigen receptor and a marker
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sequence, wherein said marker sequence encodes a cell
surface selectable marker, so as to generate a transduced
population of CD8+ T-cells and/or CD4+ T-cells;

[0022] contacting the transduced population of CD8+
T-cells and/or CD4+ T-cells with at least one cytokine,
which can be provided exogenously to the T-cells, e.g., in
addition to any cytokine that may be produced by the cells
or present in media, such as for 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days or for a period
that is within a range defined by any two of the aforemen-
tioned time periods, so as to generate a transduced, cytokine-
stimulated population of CD8+ T-cells and/or CD4+ T-cells;
[0023] enriching the transduced, cytokine-stimulated
population of CD8+ T-cells and/or CD4+ T-cells by selec-
tion of the marker sequence so as to generate an enriched
population of transduced, cytokine-stimulated CD8+ T-cells
and/or CD4+ T-cells; and

[0024] propagating the enriched population of transduced,
cytokine-stimulated CD8+ T-cells and/or CD4+ T-cells for at
least one day, such as 1, 2, 3,4, 5,6, 7,8, 9,10, 11, 12, 13,
14,15,16, 17,18, 19, or 20 days or for a period that is within
a range defined by any two of the aforementioned time
periods, so as to obtain said genetically modified T-cells,
which have a chimeric antigen receptor.

[0025] 2. The method of alternative 1, wherein the sepa-
rating or enriching of the CD8+ population of T-cells and/or
a CD4+ population of T-cells from a mixed population of
T-cells is performed by affinity selection for T-cells having
an epitope present on CD8 and/or CD4.

[0026] 3. The method of alternative 1 or 2, wherein the
separating or enriching of the CD8+ population of T-cells
and/or a CD4+ population of T-cells from a mixed popula-
tion of T-cells is performed by flow cytometry.

[0027] 4. The method of alternative 1 or 2, wherein the
separating or enriching of the CD8+ population of T-cells
and/or a CD4+ population of T-cells from a mixed popula-
tion of T-cells is performed by immuno-magnetic selection.
[0028] 5. The method of any one of alternatives 1-4,
wherein the genetically modified CD8+ T-cells and/or CD4+
T-cells comprise at least one receptor that promotes, induces,
contributes to, or enhances engraftment fitness.

[0029] 6. The method of alternative 5, wherein the at least
one receptor is CD45 RA, CD45 RO, CCR7,CD25, CD127,
CD57, CD137, CD27, CD28 and/or CD62L.

[0030] 7. The method of alternative 5 or 6, wherein the at
least one receptor is CD27, CD28 and/or CD62L..

[0031] 8. The method of any one of alternatives 1-7,
wherein the stimulating of the isolated population of T-cells
is performed by contacting the CD8+ and/or CD4+ T-cells
with an antibody-bound support, such as a bead or particle.
[0032] 9. The method of alternative 8, wherein the anti-
body-bound support comprises anti-TCR, anti-CD2, anti-
CD3, anti-CD4 and/or anti-CD28 antibodies.

[0033] 10. The method of alternative 8 or 9, wherein the
antibody-bound support comprises anti-CD3 and/or anti-
CD28 antibodies.

[0034] 11. The method of any one of alternatives 1-10,
wherein the vector further comprises a first sequence encod-
ing a leader sequence, a second sequence encoding a ligand
binding domain, a third sequence encoding a signaling
domain and a fourth sequence encoding a selectable marker.
[0035] 12. The method of any one of alternatives 1-11,
wherein the vector further comprises a sequence encoding a
spacer.
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[0036] 13. The method of alternative 12, wherein the
spacer comprises an IgG4 hinge.

[0037] 14. The method of any one of alternatives 1-13,
wherein the vector is a viral vector.

[0038] 15. The method of alternative 14, wherein the viral
vector is derived from simian virus 40, adenoviruses, adeno-
associated virus (AAV), lentivirus, or retroviruses.

[0039] 16. The method of alternative 14 or 15, wherein the
viral vector is a recombinant adenovirus, adeno-associated
virus, lentivirus or retrovirus vector.

[0040] 17. The method of any one of alternatives 14-16,
wherein the viral vector is a lentivirus vector.

[0041] 18. The method of any one of alternatives 1-17,
wherein the marker sequence encodes a truncated epidermal
growth factor receptor (EGFRt).

[0042] 19. The method of any one of alternatives 1-18,
wherein the at least one cytokine comprises GM-CSF, 1L-7,
IL-12, IL-15, 1L-18, IL-2 and/or IL-21.

[0043] 20. The method of any one of alternatives 1-19,
wherein the at least one cytokine comprises 1.7, IL.-15
and/or I1.-21, which can be provided at 0.1 ng/mL, 0.2
ng/ml, 0.3 ng/ml,, 0.4 ng/ml, 0.5 ng/mL, 0.6 ng/ml., 0.7
ng/ml, 0.8 ng/ml., 0.9 ng/mL, or 1.0 ng/mL or in an amount
that is within a range defined by any two of the aforemen-
tioned amounts and/or at 10 U/mL, 20 U/mL, 30 U/mL, 40
U/mL, 50 U/mL, 60 U/mL, 70 U/mL, 80 U/mL, 90 U/mL,
or 100 U/mL or in an amount that is within a range defined
by any two of the aforementioned amounts.

[0044] 21. The method of any one of alternatives 1-19,
wherein the at least one cytokine comprises 1[-2, IL.-15
and/or IL-21, wherein the amount of cytokine is provided at
0.5 ng/mL and/or 50 U/mL.

[0045] 22. The method of any one of alternatives 1-21,
wherein the contacting is performed for 1, 2,3, 4, 5,6, 7, 8,
9,10,11,12,13, 14, 15,16, 17, 18, 19, or 20 days or a period
of time within a range defined by any two of these values.
[0046] 23. The method of any one of alternatives 1-20 or
22, wherein the method is performed with isolated, purified,
enriched or separated CD4+ cells in the absence of, sub-
stantially depleted of, or enriched over CD8+ cells.

[0047] 24. The method of any one of alternatives 1-19, 21
or 22, wherein the method is performed with isolated,
purified, enriched or separated CD8+ in the absence of,
substantially depleted of, or enriched over CD4+ cells.
[0048] 25. The method of any one of alternatives 1-20, 22
or 23, wherein the CD4+ expressing T-cells are propagated
for at least 1 day, such as 1, 2,3,4,5,6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, or 20 days or for a period that is
within a range defined by any two of the aforementioned
time periods.

[0049] 26. The method of any one of alternatives 1-19, 21,
22 or 24, wherein the CD8+ T-cells are propagated at least
1 day,suchas 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20 days or for a period that is within a
range defined by any two of the aforementioned time
periods.

[0050] 27. The method of any one of alternatives 8-26,
wherein the method further comprises removing the anti-
body-bound support, such as beads or particles.

[0051] 28. The method of any one of alternatives 1-27,
wherein the ligand binding domain of the chimeric antigen
receptor comprises an antibody, or a binding portion thereof.



US 2017/0015746 Al

[0052] 29. The method of any one of alternatives 1-28,
wherein the ligand binding domain of the chimeric antigen
receptor comprises a single chain variable fragment (scFv),
or a binding portion thereof.

[0053] 30. The method of any one of alternatives 1-29,
wherein the ligand binding domain of the chimeric antigen
receptor comprises FMC63, or a binding portion thereof.
[0054] 31. The method of any one of alternatives 1-30,
wherein the ligand binding domain of the chimeric antigen
receptor is specific for CD19.

[0055] 32. The method of any one of alternatives 1-31,
wherein the method further comprises cryopreserving the
genetically modified CD8+ and/or CD4+ T-cells.

[0056] 33. A population of genetically modified T-cells
comprising:
[0057] a plurality of affinity selected CD8+ and/or

CD4+ T-cells, absence of, substantially depleted of, or
enriched over CD8- and/or CD4- T-cells, wherein said
plurality of affinity selected CD8+ and/or CD4+ T-cells
have stimulated CD2, CD3, CD4 and/or CD28 recep-
tors, wherein said plurality of affinity selected CD8+
and/or CD4+ T-cells further comprise a gene encoding
a chimeric antigen receptor and a cell surface selectable
marker and, wherein said plurality of affinity selected
CD8+ and/or CD4+ T-cells have been re-stimulated
with at least one cytokine.
[0058] 34. The population of genetically modified T-cells
of alternative 33, wherein said plurality of affinity selected
CD8+ and/or CD4+ T-cells further comprise at least one
receptor that promotes, enhances, improves or contributes to
engraftment fitness.
[0059] 35. The population of genetically modified T-cells
of alternative 33 or 34, wherein the at least one receptor that
promotes, enhances, improves or contributes to engraftment
fitness is CD45 RA, CD45 RO, CCR7, CD25, CD127,
CD57, CD137, CD27, CD28 and/or CD62L.
[0060] 36. The population of genetically modified T-cells
of alternative 34 or 35, wherein the at least one receptor that
promotes, enhances, improves or contributes to engraftment
fitness is CD27, CD28 and/or CD62L.
[0061] 37. The population of genetically modified T-cells
of any one of alternatives 33-36, wherein the plurality of
affinity selected CD8+ and/or CD4+ T-cells further com-
prises a vector having a first sequence encoding a leader
sequence, a second sequence encoding a ligand binding
domain, a third sequence encoding a signaling domain and
a fourth sequence encoding a selectable marker.
[0062] 38. The population of genetically modified T-cells
of alternative 37, wherein the vector further comprises a
sequence encoding a spacer.
[0063] 39. The population of genetically modified T-cells
of alternative 38, wherein the spacer comprises an 1gG4
hinge.
[0064] 40. The population of genetically modified T-cells
of'any one of alternatives 33-39, wherein the vector is a viral
vector.
[0065] 41. The population of genetically modified T-cells
of alternative 40, wherein the viral vector is derived from
simian virus 40, adenoviruses, adeno-associated virus
(AAV), lentivirus, or retroviruses.
[0066] 42. The population of genetically modified T-cells
of alternative 40 or 41, wherein the viral vector is a
recombinant adenovirus, adeno-associated virus, lentivirus
or retrovirus vector.
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[0067] 43. The population of genetically modified T-cells
of any one of alternatives 40-42, wherein the viral vector is
a lentivirus vector.
[0068] 44. The population of genetically modified T-cells
of any one of alternatives 33-43, wherein the cell surface
selectable marker encodes for a truncated epidermal growth
factor receptor (EGFRY).
[0069] 45. The population of genetically modified T-cells
of any one of alternatives 37-44, wherein the ligand binding
domain comprises an antibody, or a binding portion thereof.
[0070] 46. The population of genetically modified T-cells
of any one of alternatives 37-45, wherein the ligand binding
domain comprises a single chain variable fragment (scFv),
or a binding portion thereof.
[0071] 47. The population of genetically modified T-cells
of any one of alternatives 37-46, wherein the ligand binding
domain comprises FMC63, or a binding portion thereof.
[0072] 48. The population of genetically modified T-cells
of any one of alternatives 37-47, wherein the ligand binding
domain is specific for CD19.
[0073] 49. The population of genetically modified T-cells
of any one of alternatives 33-48, wherein the population
comprises isolated, purified, separated or enriched CD8+
T-cells in the absence of, substantially depleted of, or
enriched over CD4+ T-cells.
[0074] 50. The population of genetically modified T-cells
of any one of alternatives 33-48, wherein the population
comprises isolated, purified, separated or enriched CD4+
T-cells in the absence of, substantially depleted of, or
enriched over CD8+ T-cells.
[0075] 51. A composition or product combination for
human therapy, comprising:

[0076] a pharmaceutical excipient; and

[0077] at least one population of genetically modified

T-cells according to any one or more of alternatives
33-50.

[0078] 52. The composition or product combination of
alternative 51, wherein the composition or product combi-
nation comprises the population of genetically modified
T-cells of alternative 49.
[0079] 53. The composition or product combination of
alternative 47, wherein the composition or product combi-
nation comprises the population of genetically modified
T-cells of alternative 50.
[0080] 54. The composition or product combination of
alternative 47, wherein the composition or product combi-
nation comprises the population of genetically modified
T-cells of alternative 49 and the population of genetically
modified T-cells of alternative 50, mixed or co-administered
in a 1:1 ratio.
[0081] 55. A method of treating, inhibiting, or ameliorat-
ing a disease in a subject in need thereof comprising:
[0082] administering to the subject at least one composi-
tion or product combination of any one or more of alterna-
tives 51-54.
[0083] 56. The method of alternative 55, wherein the
method comprises administering the composition or product
combination of alternative 52.
[0084] 57. The method of alternative 55, wherein the
method comprises administering the composition or product
combination of alternative 53.
[0085] 58. The method of alternative 56, wherein the
method further comprises administering the composition or
product combination of alternative 53.
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[0086] 59. The method of alternative 57, wherein the
method further comprises administering the composition or
product combination of alternative 52.

[0087] 60. The method of alternative 55, wherein the
method comprises administering the composition or product
combination of alternative 54, such as by an approach,
wherein the CD8+ expressing T-cells are administered in
advance of the CD4+ expressing T-cells, such as 1, 2, 3, 4,
5,6,7, 8,9, 10, 20, 30, 40, 50, or 60 minutes before the
CD4+ T-cells are administered or a time period that is within
a range defined by any two of the aforementioned times.
[0088] 61. The method of any one or more of alternatives
55-60, wherein the subject is identified or selected to receive
an anti-cancer therapy.

[0089] 62. The method of any one or more of alternatives
55-61, further comprising measuring or evaluating an inhi-
bition of a disease.

[0090] 63. The method of any one or more of alternatives
55-62, further comprising providing said subject an addi-
tional anti-cancer therapy before, during, or after adminis-
tration of the composition or product combination of any
one or more of alternatives 51-54.

[0091] 64. The method of any one or more of alternatives
55-63, wherein the composition or product combination of
any one or more of alternatives 51-54 are administered to
said subject by adoptive cell transfer.

[0092] 65. The method of any one or more of alternatives
55-64, wherein the composition or product combination of
any one or more of alternatives 51-54 are administered to
said subject after said subject has received another form of
anti-cancer therapy.

[0093] 66. The method of any one or more of alternatives
55-65, wherein the composition or product combination of
any one or more of alternatives 51-54 are administered to
said subject after said subject has received another form of
anti-cancer therapy.

[0094] 67. The method of any one or more of alternatives
55-66, wherein the subject is suffering from leukemia.
[0095] 68. The method of any one or more of alternatives
55-67, wherein the subject has recurrent and/or chemo-
therapy refractory CD19+ childhood acute lymphoblastic
leukemia (ALL).

[0096] 69. The method of any one or more of alternatives
55-68, wherein the subject has recurrent and/or chemo-
therapy refractory CD19+ acute lymphoblastic leukemia
(ALL).

[0097] 70. The method of any one or more of alternatives
55-69, wherein the subject is suffering from an autoimmune
disease.

[0098] 71. The method of any one or more of alternatives
55-70, wherein the subject is suffering from a post-HSCT
relapse.

BRIEF DESCRIPTION OF THE DRAWINGS

[0099] FIG. 1A shows the absolute number of anti-CD19
CAR bearing T-cells in 11 patients following adoptive
transfer of the CAR bearing T-cells from Day 0 to Day 65.
[0100] FIG. 1B shows the absolute number of anti-CD19
CAR bearing T-cells following three doses of treatment.
[0101] FIG. 2A shows the persistence of anti-CD19 CAR
bearing T-cells in peripheral blood of patients following
adoptive transfer of the CAR bearing T-cells from Day 0 to
Day 65. FIG. 2B shows the persistence of anti-CD19 car
bearing T-cells following three doses of treatment.
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[0102] FIG. 3A shows the persistence of anti-CD19 CAR
bearing T-cells in bone marrow of patients following adop-
tive transfer of the CAR bearing T-cells from Day 0 to Day
65. FIG. 3B shows the persistence of anti-CD19 CAR
bearing T-cells in bone marrow patients following three
doses of treatment.

[0103] FIG. 4 shows the percent acute lymphoblastic
leukemia (ALL) in patient X following three doses.

[0104] FIG. 5 shows a table of the patient characteristics
that were used in the studies.

[0105] FIG. 6 shows the development of CNS lymphoma,
as related to disease and dosage. As shown, two bar graphs
indicate the number of patients subjected to the treatment
comprising anti-CD19 CAR bearing T-cells and their sever-
ity of disease following 3 treatments.

[0106] FIG. 7 shows grade 4 encephalopathy in an abnor-
mal MRI of a patient suffering from ALL. The first panel
indicates the results following treatment using anti-CD19
CAR bearing T-cells.

[0107] FIG. 8 shows acute Skin Graft-versus-host disease
(GVHD) following treatment with anti-CD19 CAR bearing
T-cells. As shown in panel A, SO3 developed de novo grade
2 acute skin GVHD d17 post CAR T-cell engraftment. In
panel B, a skin biopsy revealed that only 9% of skin
localized T-cells marked EGFRt+ while 79% of circulating
T-cells marked EGFRt+. In panel C, peripheral blood at the
same time showed the majority of the T-cells were CAR+.
This subject was treated with a 2 week course of 1 mg/kg of
prednisone, followed by a rapid taper over a six week period
and resolution of the GVHD. Despite the prednisone, the
subject has ongoing persistent CAR+ T-cells.

[0108] FIG. 9 shows a table of patients experiencing Ig or
TCR as a marker of minimal residual disease (MRD)
following treatment using anti-CD19 CAR bearing T-cells.
[0109] FIG. 10 shows a table of patient profiles after
allogeneic hematopoietic stem cell transplantation of anti-
CDI19CAR T-cells.

[0110] FIG. 11 shows the FACS scatter analysis of the
cells isolated from the peripheral blood and CSF following
hematopoietic stem cell transplantation (HSCT) of anti-
CD19 CAR T-cells.

[0111] FIG. 12 shows the tumor burden vs the response
after three doses of hematopoietic stem cell transplantation
of anti-CD19 CAR T-cells.

[0112] FIG. 13 shows the remission duration of patients
following three doses of hematopoietic stem cell transplan-
tation.

[0113] FIG. 14 shows the tumor burden vs the response
after two doses of hematopoietic stem cell transplantation of
anti-CD19CAR T-cells at day 7.

[0114] FIG. 15 shows the magnitude and duration of
CAR/EGFRt+ T-cell persistence in a patient after three
doses of hematopoietic stem cell transplantation of anti-
CD19 CAR T-cells.

[0115] FIG. 16 shows the duration of B cell aplasia after
three doses of hematopoietic stem cell transplantation of
anti-CD19 CAR T-cells.

[0116] FIG. 17 shows the CRS profile of a patient after
three doses of hematopoietic stem cell transplantation of
anti-CD19 CAR T-cells.

[0117] FIG. 18 shows two flow diagrams illustrating the
manufacturing of genetically modified T-cells. As depicted,
for the initial expansion methodology bulk processing was
not always initiated immediately. A portion of the apheresis
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product was always taken for Ficoll processing. If no bulk
cultures were to be initiated then that product separated by
Ficoll was cryopreserved.

[0118] FIG. 19 shows a flow diagram of comparisons of
different methods of making genetically modified T-cells
that have chimeric antigen receptors.

[0119] FIG. 20 shows the initial comparisons in cell
growth using different concentrations of cells in the starter
culture. As shown, PD0064 are the PD0063 donor which are
enriched CD8+ expressing T-cells were used to test starting
cell density in T25 flask on initiation. The experiments
tested two cell densities and both showed greater viability
and expansion when the volume was increased early during
the experiment.

[0120] FIG. 21 shows an initiation comparison of cell
growth. This was the full scale data used to transition to the
update manufacturing process currently being used.

[0121] FIG. 22 shows a flow diagram illustrating the
variations of cocktails of cytokines that were used to test
CD4+ and CD8+ expressing T-cells for growth.

[0122] FIGS. 23A-F illustrate the comparison of cytokines
that were tested during the growth of CD4+ and CDS8+
expressing T-cells.

[0123] FIGS. 24A-F illustrate the comparison of cytokines
that were tested during the growth of CD4+ and CDS8+
expressing T-cells.

[0124] FIGS. 25A-B shows a cytokine comparisons for
cell growth. For PD0059 donor sample the same cytokine
testing experiment was performed as in PD0051 except
testing a new CD4 and CD8 donor (PD0057).

[0125] FIG. 26 shows a flow diagram illustrating the
initial expansion methodology and the current expansion
methodology derived from the experimentation of testing
different cytokine mixtures.

[0126] FIG. 27 shows expansion comparisons of samples
PD0080, PD084 and PDO0085. These experiments were
repeats of the “early expansion” methodology.

[0127] FIG. 28 shows the tests on PD0044 for producing
the genetically modified cells. For the first scale up PLAT-02
(Phase 1 and Phase II trial) “pre-qual” from cryopreserved
selected cells were used.

[0128] FIG. 29 shows the tests on PD0046 for producing
the genetically modified cells from the scale up of PLAT-02
“Qual run #1”.

[0129] FIG. 30 shows the tests on PD0063 for producing
the genetically modified cells. From the scale up or PLAT-02
“Qual run #2”. Growth curves show TNC from both V-197
bags of cells together. Bead removal and EGFRt enrichment
occurred afterward. D+14 for CD4+ expressing T-cells and
D+15 for CD8+ expressing T-cells. CD8+ expressing T-cells
grown in IL.-2 (50 U/mL)/1L-15 (0.5 ng/mL.), CD4+ express-
ing T-cells grown in IL-7 (5 ng/mL)/IL-15 (0.5 ng/mL).
Bead removal and EGFRt enrichment occurred at D12 for
CD4+ expressing T-cells and D13 for CD8+ expressing
T-cells.

[0130] FIGS. 31A-B show the expansion of cells from
bulk PBMC cultures when grown in the presence of cytok-
ines. As shown, CD4+ expressing T-cells (@) were grown in
the presence of IL-2 and 1L.-15. CD8+ expressing T-cells (l)
were grown in the presence of IL.-7 and IL-15.

[0131] FIGS. 32A-B show the expansion of enriched
CD8+ and CD4+ expressing T-cells in cytokine mixtures. As
shown in sample PD0044, enriched CD8+ expressing T-cells
were expanded in the presence of IL-2 and IL.-15. In sample
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PD0044, enriched CD4+ expressing T-cells were expanded
in the presence of 1L-7 and IL-15 for over 20 days.

[0132] FIG. 33 shows expansion of enriched CD4+ and
CD8+ expressing T-cells using an earlier methodology as
shown in the flow chart of FIG. 18. Shown are experiments
of cells in sample 14602-S01, 14602-S02, and 14602-S03/
14602-S03-02.

[0133] FIG. 34 shows expansion of enriched CD4+ and
CD8+ expressing T-cells using an earlier methodology as
shown in the flow chart of FIG. 18. Shown are experiments
of cells in sample 14602-S04/14602-S04-02, 14602-S05,
14602-S06 and 14602-806-2/14602-S06-04.

[0134] FIG. 35 shows the expansion of enriched CD4+
and CDS8+ expressing T-cells using the “Early Expansion
methodology as shown in the flow chart of FIG. 18. Shown
are experiments of cells in sample 14602-S07, 14602-S08,
and 14602-S09.

[0135] FIG. 36 shows the expansion of cells in samples
14602-S10, 14602-S11, 14602-S12, and 14602-S13.
[0136] FIG. 37 shows the expansions of cells in samples
14602-S14, 14602-S15, and 14602-S16.

[0137] FIG. 38 shows the enriched CD4+ and CD8+
expressing T-cells extended phenotypes after cell expansion.
[0138] FIGS. 39A-B shows the survival of a mouse
injected with cells from the sample PD00044 and PD00046.
PD00046 cells were noted for having expression of engraft-
ment fitness markers (CD27, CD28, CD127, and CD62L).
[0139] FIG. 40 shows the average tumor progression in
mice treated with cells from the PD0044 and PD0046 cell
batches.

[0140] FIG. 41 shows the experimental set up of testing
tumor progression in mice treated with T-cells that are
manufactured for engraftment fitness.

[0141] FIG. 42 shows a comparison between CD4+ and
CD8+ expressing T-cells from the samples PD0051 and
PDO00055 on the day of administration into animals and the
cytokine growth conditions.

[0142] FIG. 43, shows a comparison of the three groups of
mice that were treated with PBS, PD0051 (normal expan-
sion cells) and PD00055 (cells expanded in the presence of
cytokine combinations)

[0143] FIG. 44, shows the T-cell persistence in peripheral
blood of the mice by detection of the EGFRt CAR marker.
[0144] FIG. 45 shows the experimental set up for testing
three groups of mice in order to determine an in vivo
difference in killing ability between cells that have been
grown in various cytokine conditions in vitro with repeat
antigen encounters.

[0145] FIG. 46 shows the tumor progression of PD0051
and PD0055 treated mice following treatment from day 0 to
day 120.

[0146] FIG. 47 shows PD0051 and PDO0055 cells chal-
lenged with repeat antigen exposure.

[0147] FIG. 48 shows JME13-29 repeated Raji Tumor
challenge of “normal expansion cells” versus T-cells pulsed
with cytokine combinations.

[0148] FIG. 49 shows the experimental set up to determine
if there is an in vivo difference in killing ability between
cells that have been grown under the same conditions as
PLAT-01 (Phase I clinical trial) and PLLAT-02 (Phase I and
Phase II clinical trial), as well as, “in between” protocols.
[0149] FIG. 50 shows a table that indicates the cell prod-
ucts and the levels of EGFRt from the CD8+ and CD4+
expressing T-cells.
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[0150] FIG. 51 shows the average tumor progression after
treatment with T-cells at specific dose titrations.

[0151] FIG. 52 shows the PLAT comparisons within dos-
ing groups of T-cell treatments.

[0152] FIGS. 53A-E show the comparison of T-cells from
the products of PLAT-1.00, PLAT-1.33, PLAT-1.67 and
PLAT-2.00 at similar dosing concentrations. The figure
illustrates the tumor progression of individual animals. The
start of each row shows the grouped for each PLAT group
with the various dose titrations, followed by the individual
groups teased out.

[0153] FIG. 54 shows the dose titration survival of mice
treated with T-cells from the products of PLAT-1.00, PLAT-
1.33, PLAT-1.67 and PLAT-2.00. The figure illustrates the
PLAT comparison within dosing groups of cell treatments.
[0154] FIG. 55 shows the PLAT comparison of survival
curves. The figure illustrates the average tumor progression
after treatment with T-cells at specific doses.

[0155] FIG. 56 shows the survival of the mice in response
to T-cell treatment in which the T-cells were grown in
normal expansion methods or grown in the presence of
cytokines. The figure also shows if the mice developed
xenoGraft Host disease after T-cell treatment

[0156] FIG. 57 shows the survival of the mice in response
to T-cell treatment in which the T-cells were grown in
normal expansion methods or grown in the presence of
cytokines. The figure also shows if the mice developed
xenoGraft Host disease after T-cell treatment

[0157] FIGS. 58A-C show the survival of the mice in
response to T-cell treatment in which the T-cells were grown
in normal expansion methods or grown in the presence of
cytokines. The figures also show if the mice developed
xenoGraft Host disease after T-cell treatment

[0158] FIGS. 59A-H show the survival of the mice in
response to T-cell treatment in which the T-cells were grown
in normal expansion methods or grown in the presence of
cytokines. The figures also show if the mice developed
xenoGraft Host disease after T-cell treatment

[0159] FIGS. 60A-D show the survival of the mice in
response to T-cell treatment in which the T-cells were grown
in normal expansion methods or grown in the presence of
cytokines. The figures also show if the mice developed
xenoGraft Host disease after T-cell treatment.

[0160] FIG. 61 shows a table of IME14-03 Group N, at
Day 51 post-T cell treatment at 51 days and at 90 days.

DETAILED DESCRIPTION

[0161] The following definitions are provided to facilitate
understanding of several of the alternatives described herein.

[0162] As used herein, “a” or “an” can mean one or more
than one.
[0163] As used herein, “nucleic acid” or “nucleic acid

molecule” refers to polynucleotides or oligonucleotides such
as deoxyribonucleic acid (DNA) or ribonucleic acid (RNA),
oligonucleotides, fragments generated by the polymerase
chain reaction (PCR), and fragments generated by any of
ligation, scission, endonuclease action, exonuclease action,
and by synthetic generation. Nucleic acid molecules can be
composed of monomers that are naturally-occurring nucleo-
tides (such as DNA and RNA), or analogs of naturally-
occurring nucleotides (e.g., enantiomeric forms of naturally-
occurring nucleotides), or a combination of both. Modified
nucleotides can have alterations in sugar moieties and/or in
pyrimidine or purine base moieties. Sugar modifications
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include, for example, replacement of one or more hydroxyl
groups with halogens, alkyl groups, amines, and azido
groups, or sugars can be functionalized as ethers or esters.
Moreover, the entire sugar moiety can be replaced with
sterically and electronically similar structures, such as aza-
sugars and carbocyclic sugar analogs. Examples of modifi-
cations in a base moiety include alkylated purines and
pyrimidines, acylated purines or pyrimidines, or other well-
known heterocyclic substitutes. Nucleic acid monomers can
be linked by phosphodiester bonds or analogs of such
linkages. Analogs of phosphodiester linkages include phos-
phorothioate, phosphorodithioate, phosphoroselenoate,
phosphorodiselenoate, phosphoroanilothioate, phosphora-
nilidate, phosphoramidate, and the like. The term “nucleic
acid molecule” also includes so-called “peptide nucleic
acids,” which comprise naturally-occurring or modified
nucleic acid bases attached to a polyamide backbone.
Nucleic acids can be either single stranded or double
stranded.

[0164] “Genetically modify,” as used herein, refers to a
process for modifying an organism or a cell such as a
bacterium, T-cell, bacterial cell, eukaryotic cell, insect, plant
or mammal with genetic material, such as nucleic acid, that
has been altered using genetic engineering techniques. For
example, nucleic acid such as DNA can be inserted in the
host genome by first isolating and copying the genetic
material of interest using molecular cloning methods to
generate a DNA sequence, or by synthesizing the DNA, and
then inserting this construct into the host organism. Genes
can also be removed, or “knocked out”, using a nuclease.
Gene targeting is a different technique that uses homologous
recombination to change an endogenous gene, and can be
used to delete a gene, remove exons, add a gene, or introduce
point mutations.

[0165] Genetic modification performed by transduction is
described herein. “Transduction” refers to methods of trans-
ferring genetic material, such as, for example, DNA or RNA,
to a cell by way of a vector. Common techniques use viral
vectors, electroporation, and chemical reagents to increase
cell permeability. The DNA can be transferred by a virus, or
via a viral vector. As described herein, methods are provided
for modifying immune CD4+ and/or CD8+ T-cells. In order
to achieve high expression of therapeutic genes and/or
increase the amount of chimeric antigen receptors on a cell
surface, for example, T-cells can be transduced with genetic
material encoding a chimeric antigen receptor. T-cells can be
genetically modified using a virus. Viruses commonly used
for gene therapy are adenovirus, adeno-associated virus
(AAV), retroviruses and lentiviruses.

[0166] Various transduction techniques have been devel-
oped, which utilize recombinant infectious virus particles
for delivery of the nucleic acid encoding a chimeric antigen
receptor. This represents a currently preferred approach to
the transduction of T lymphocytes. As described herein, the
viral vectors used for transduction can include virus vectors
derived from simian virus 40, adenoviruses, adeno-associ-
ated virus (AAV), lentiviral vectors, and retroviruses. Thus,
gene transfer and expression methods are numerous but
essentially function to introduce and express genetic mate-
rial in mammalian cells. Several of the above techniques can
be used to transduce hematopoietic or lymphoid cells,
including calcium phosphate transfection, protoplast fusion,
electroporation, and infection with recombinant adenovirus,
adeno-associated virus, lentivirus, or retrovirus vectors. Pri-
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mary T lymphocytes have been successfully transduced by
electroporation and by retroviral or lentiviral infection. As
such, retroviral and lentiviral vectors can provide a highly
efficient method for gene transfer in eukaryotic cells. Ret-
roviral and lentiviral vectors provide highly efficient meth-
ods for gene transfer into T-cells. Moreover, retroviral or
lentiviral integration takes place in a controlled fashion and
results in the stable integration of one or a few copies of the
new genetic information per cell.

[0167] An “expression vector” or a vector, as described
herein, is a nucleic acid molecule encoding a gene that is
expressed in a host-cell. Typically, an expression vector
comprises a transcription promoter, a gene, and a transcrip-
tion terminator. Gene expression is usually placed under the
control of a promoter, and such a gene is said to be “operably
linked to” the promoter. Similarly, a regulatory element and
a core promoter are operably linked if the regulatory element
modulates the activity of the core promoter.

[0168] In some alternatives, a method of making geneti-
cally modified T-cells, such as T-cells that are derived from
thymocytes or T-cells that are derived from engineered
precursors, which have a chimeric antigen receptor is pro-
vided, wherein the method comprises separating, isolating,
or enriching a CD8+ expressing population of T-cells and/or
a CD4+ expressing population of T-cells from a mixed
population of T-cells so as to generate an isolated, separated,
or enriched population of T-cells, stimulating the isolated,
separated or enriched population of T-cells so as to generate
a stimulated population of CD8+ expressing T-cells and/or
CD4+ expressing T-cells, transducing the stimulated popu-
lation of CD8+ expressing T-cells and/or CD4+ expressing
T-cells with a vector, wherein the vector encodes a chimeric
antigen receptor and a marker sequence, wherein said
marker sequence encodes a cell surface selectable marker, so
as to generate a transduced population of CD8+ expressing
T-cells and/or CD4+ expressing T-cells, contacting the trans-
duced population of CD8+ expressing T-cells and/or CD4+
expressing T-cells, for at least one day, such as 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days
or any time that is within a range of times defined by any two
of the aforementioned time points, with at least one cytokine
0 as to generate a transduced, cytokine-stimulated popula-
tion of CD8+ expressing T-cells and/or CD4+ expressing
T-cells, enriching, separating, or isolating the transduced,
cytokine-stimulated population of CD8+ expressing T-cells
and/or CD4+ expressing T-cells by selection of the marker
encoded by the marker sequence so as to generate an
enriched, separated or isolated population of transduced,
cytokine-stimulated CD8+ expressing T-cells and/or CD4+
expressing T-cells and propagating the enriched, separated,
or isolated population of transduced, cytokine-stimulated
CD8+ expressing T-cells and/or CD4+ expressing T-cells for
at least one day, such as 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, or 20 days or any time that is
within a range of times defined by any two of the afore-
mentioned time points, so as to obtain said genetically
modified T-cells, which have a chimeric antigen receptor. In
some alternatives of the method, the vector is a viral vector.
In some alternatives of the method, the viral vector is
derived from simian virus 40, adenoviruses, adeno-associ-
ated virus (AAV), lentivirus, or retroviruses. In some alter-
natives of the method, the viral vector is a recombinant

Jan. 19, 2017

adenovirus, adeno-associated virus, lentivirus or retrovirus
vector. In some alternatives of the method, the viral vector
is a lentivirus vector.

[0169] A “leader sequence” also known as the “5' untrans-
lated region (5' UTR), is the region of mRNA that is located
upstream from the initiation codon and is important in
regulating the translation of an mRNA transcript. In some
alternatives of the method of making genetically modified
T-cells, which have a chimeric antigen receptor, the vector
encoding the chimeric antigen receptor comprises a
sequence encoding a leader sequence.

[0170] A “ligand” as described herein refers to a small
molecule that can form a complex with another molecule or
biomolecule for a biological purpose such as, for example,
signal triggering. Binding can occur through intermolecular
forces, for example ionic bonds, hydrogen bonds, and van
der walls interactions. Ligand binding to a receptor protein
can alter the three dimensional structure and determine its
functional state.

[0171] By way of example and not of limitation, ligands
can include substrates, proteins, small molecules, inhibitors,
activators and neurotransmitters. The strength of binding of
a ligand is referred to as the binding affinity and can be
determined by direct interactions and solvent effects. A
ligand can be bound by a “ligand binding domain.” A ligand
binding domain can refer to a conserved sequence in a
structure that can bind a specific ligand. Without being
limiting, a ligand binding domain can be a specific protein
domain that is specific for a ligand or ligands.

[0172] Specific” or “Specificity” can refer to the charac-
teristic of a ligand for the binding partner or alternatively,
the binding partner for the ligand, and can include comple-
mentary shape, charge and hydrophobic specificity for bind-
ing. Specificity for binding can include stereospecificity,
regioselectivity and chemoselectivity.

[0173] A “signaling domain,” also known as a “Co-stimu-
latory domain” is an intracellular or cytoplasmic domain of
a protein or a receptor protein that interacts with the interior
of the cells and functions by relaying a signal. The portion
of the protein that resides in the intracellular portion of the
cell is also referred to as the “endodomain.” This interaction
can occur through the intracellular domain communicating
via specific protein-protein or protein-ligand interactions
with an effector molecule or an effector protein, which in
turn can send the signal along a signal chain to its destina-
tion.

[0174] The signaling or co-stimulatory domain also refers
to a signaling moiety that provides to T-cells a signal which,
in addition to the primary signal provided by for instance the
CD3 zeta chain of the TCR/CD3 complex, mediates a T-cell
response, such as, for example, an immune response, acti-
vation, proliferation, differentiation, cytokine secretion,
cytolytic activity, perforin and/or granzyme activity and the
like. A signaling or co-stimulatory domain can include all or
a portion of, but is not limited to, CD27, CD28, 4-1BB,
0X40, CD30, CD40, ICOS, lymphocyte function-associated
antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3,
and/or a ligand that specifically binds with CD83.

[0175] “Selectable marker sequence,” is a gene introduced
into a vector or a cell that confers a trait for artificial
selection. A selectable marker sequence or marker sequence
can be a screenable marker to allow a researcher to distin-
guish between wanted and unwanted cells, or to enrich for
a specific cell type. In some alternatives of the method of
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making genetically modified T-cells, which have a chimeric
antigen receptor, a vector is provided wherein the vector
encodes a chimeric antigen receptor comprising a marker
sequence, wherein said marker sequence encodes a cell
surface selectable marker.

[0176] In some alternatives, a method of making geneti-
cally modified T-cells, which have a chimeric antigen recep-
tor is provided, wherein the method comprises separating,
isolating or enriching a CD8+ expressing population of
T-cells and/or a CD4+ expressing population of T-cells, such
as T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, desirably iPS cells,
from a mixed population of T-cells so as to generate an
isolated, separated, or enriched population of T-cells, stimu-
lating the isolated, separated or enriched population of
T-cells so as to generate a stimulated population of CD8+
expressing T-cells and/or CD4+ expressing T-cells, trans-
ducing the stimulated population of CD8+ expressing T-cells
and/or CD4+ expressing T-cells with a vector, wherein the
vector encodes a chimeric antigen receptor and a marker
sequence, wherein said marker sequence encodes a cell
surface selectable marker, so as to generate a transduced
population of CDS8+ expressing T-cells and/or CD4+
expressing T-cells, contacting the transduced population of
CD8+ expressing T-cells and/or CD4+ expressing T-cells,
for at least one day, such as 1, 2,3, 4, 5,6, 7,8, 9, 10, 11,
12,13, 14, 15,16, 17, 18, 19, or 20 days or any time that is
within a range of times defined by any two of the afore-
mentioned time points, with at least one cytokine, which is
preferably an exogenously added cytokine e.g., in addition
to any cytokine either produced by the T-cells or present in
the media, so as to generate a transduced, cytokine-stimu-
lated population of CD8+ expressing T-cells and/or CD4+
expressing T-cells, separating, enriching, or isolating the
transduced, cytokine-stimulated population of CDS8+
expressing T-cells and/or CD4+ expressing T-cells by selec-
tion of the marker encoded by the marker sequence so as to
generate an enriched, separated, or isolated population of
transduced, cytokine-stimulated CD8+ expressing T-cells
and/or CD4+ expressing T-cells and propagating the
enriched, separated, or isolated population of transduced,
cytokine-stimulated CD8+ expressing T-cells and/or CD4+
expressing T-cells for at least one day, such as 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days
or any time that is within a range of times defined by any two
of the aforementioned time points, so as to obtain said
genetically modified T-cells, which have a chimeric antigen
receptor.

[0177] In some alternatives of the method, the vector
further comprises a first sequence encoding a leader
sequence, a second sequence encoding a ligand binding
domain, a third sequence encoding a signaling domain and
a fourth sequence encoding a selectable marker sequence. In
some alternatives of the method, the vector further com-
prises a sequence encoding a spacer. In some alternatives of
the method, the spacer comprises an IgG4 hinge. In some
alternatives of the method, the vector is a viral vector. In
some alternatives of the method, the viral vector is derived
from simian virus 40, adenoviruses, adeno-associated virus
(AAV), lentivirus, or retroviruses. In some alternatives of the
method, the viral vector is a recombinant adenovirus, adeno-
associated virus, lentivirus or retrovirus vector. In some
alternatives of the method, the viral vector is a lentivirus
vector. In some alternatives of the method, the marker
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sequence encodes a truncated epidermal growth factor
receptor (EGFRt). In some alternatives of the method, the
ligand binding domain of the chimeric antigen receptor
comprises an antibody, or a binding portion thereof. In some
alternatives of the method, the ligand binding domain of the
chimeric antigen receptor comprises a single chain variable
fragment (scFv), or a binding portion thereof. In some
alternatives of the method, the ligand binding domain of the
chimeric antigen receptor comprises FMC63, or a binding
portion thereof. In some alternatives of the method, the
ligand binding domain of the chimeric antigen receptor is
specific for CD19. In some alternatives of the method, the
vector comprises a sequence encoding a maker sequence. In
some of these alternatives, the marker sequence is a trun-
cated epidermal growth factor receptor (EGFRT).

[0178] “Codon optimization™ as described herein, refers to
the design process of altering codons to codons known to
increase maximum protein expression efficiency. In some
alternatives, codon optimization for expression in human is
described, wherein codon optimization can be performed by
using algorithms that are known to those skilled in the art so
as to create synthetic genetic transcripts optimized for high
mRNA and protein yield in humans. Programs containing
algorithms for codon optimization in humans are readily
available. Such programs can include, for example, Opti-
mumGene™ or GeneGPS® algorithms. Additionally human
codon optimized sequences can be obtained commercially,
for example, from Integrated DNA Technologies.

[0179] In some alternatives, a method of making geneti-
cally modified T-cells, which have a chimeric antigen recep-
tor is provided, wherein the method comprises separating,
isolating, or enriching a CD84+ expressing population of
T-cells and/or a CD4+ expressing population of T-cells, such
as T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, desirably iPS cells,
from a mixed population of T-cells so as to generate an
isolated, separated, or enriched population of T-cells, stimu-
lating the isolated, separated, or enriched population of
T-cells so as to generate a stimulated population of CD8+
expressing T-cells and/or CD4+ expressing T-cells, trans-
ducing the stimulated population of CD8+ expressing T-cells
and/or CD4+ expressing T-cells with a vector, wherein the
vector encodes a chimeric antigen receptor and a marker
sequence, wherein said marker sequence encodes a cell
surface selectable marker, so as to generate a transduced
population of CD8+ expressing T-cells and/or CD4+
expressing T-cells, contacting the transduced population of
CD8+ expressing T-cells and/or CD4+ expressing T-cells,
for at least one day, such as 1, 2, 3,4, 5,6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, or 20 days or any time that is
within a range of times defined by any two of the afore-
mentioned time points, with at least one cytokine, which is
preferably an exogenously added cytokine e.g., in addition
to any cytokine either produced by the T-cells or present in
the media, so as to generate a transduced, cytokine-stimu-
lated population of CD8+ expressing T-cells and/or CD4+
expressing T-cells, enriching, isolating, or separating the
transduced, cytokine-stimulated population of CDS8+
expressing T-cells and/or CD4+ expressing T-cells by selec-
tion of the marker encoded by the marker sequence so as to
generate an enriched, isolated, or separated population of
transduced, cytokine-stimulated CD8+ expressing T-cells
and/or CD4+ expressing T-cells and propagating the
enriched, separated, or isolated population of transduced,
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cytokine-stimulated CD8+ expressing T-cells and/or CD4+
expressing T-cells for at least one day, such as 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days
or any time that is within a range of times defined by any two
of the aforementioned time points, so as to obtain said
genetically modified T-cells, which have a chimeric antigen
receptor. In some alternatives of the method, the vector
further comprises a first sequence encoding a leader
sequence, a second sequence encoding a ligand binding
domain, a third sequence encoding a signaling domain and
a fourth sequence encoding a selectable marker sequence. In
some alternatives of the method, the sequences of the vector
are codon optimized for expression in humans. In some
alternatives, the sequences of the vector are optimized to
have selected codons specifically for maximal protein
expression in human cells, which can increase the concen-
tration of proteins or CARs of a T-cell.

[0180] Optimization can also be performed to reduce the
occurrence of secondary structure in a polynucleotide. In
some alternatives of the method, optimization of the
sequences in the vector can also be performed to reduce the
total GC/AT ratio. Strict codon optimization can lead to
unwanted secondary structure or an undesirably high GC
content that leads to secondary structure. As such, the
secondary structures affect transcriptional efficiency. Pro-
grams such as GeneOptimizer can be used after codon usage
optimization, for secondary structure avoidance and GC
content optimization. These additional programs can be used
for further optimization and troubleshooting after an initial
codon optimization to limit secondary structures that can
occur after the first round of optimization. Alternative pro-
grams for optimization are readily available. In some alter-
natives of the method, the vector comprises sequences that
are optimized for secondary structure avoidance and/or the
sequences are optimized to reduce the total GC/AT ratio
and/or the sequences are optimized for expression in
humans.

[0181] Marker domains can also provide important
aspects to alternatives described herein. Utilization of a
marker domain on the cell surface can allow for transduced
lymphocyte ablation in the event of a toxic event associated
with administration or the presence of transduced T-cells.
For example, in the case of an EGFRt marker sequence, full
length antibodies to EGFR can be utilized to bind to cells
expressing the EGFR and kill them via antibody dependent
cell mediated cytotoxicity (ADCC). In some alternatives, an
antibody specific for a marker domain can be linked to a
cytotoxic agent, such as a radionuclide or a toxin, which
results in a therapeutic capable of ablation or killing of the
transduced cells in vivo. In some alternatives, a marker
sequence is provided for enrichment and cell selection. In an
exemplary alternative described herein, an EGFRt marker
sequence is used in a purification and enrichment method
allowing for immunomagnetic selection against the EGFRt
marker.

[0182] A “spacer” as described herein can refer to a
polypeptide chain that can range in length from a length of
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41,
42,43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,717,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
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116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139,
140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151,
152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163,
164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175,
176, 177,178, 179, 180, 181, 182, 183, 184, 185, 186, 187,
188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223,
224,225,226, 227, 228, 229, 230, 231, 232, 233, 234, 235,
236, 237, 238, 239 or 240 amino acids or a length within a
range defined by any two of the aforementioned lengths. A
spacer can comprise any 20 amino acids, for example, in any
order to create a desirable length of polypeptide chain in a
chimeric antigen receptor, which includes the amino acids
arginine, histidine, lysine, aspartic acid, glutamic acid, ser-
ine, threonine, asparagine, glutamine, cysteine, glycine, pro-
line, alanine, valine, isoleucine, methionine, phenylalanine,
tyrosine and/or tryptophan. A spacer sequence can be a
linker between the scFv and the transmembrane domain of
the chimeric antigen receptor. In some alternatives of the
method of making genetically modified T-cells, which have
a chimeric antigen receptor, the vector further comprises a
sequence encoding a spacer. In some alternatives of the
method, the spacer comprises a sequence with a length of 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,
75,76,71,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176,
177,178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200,
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236,
237, 238, 239 or 240 amino acids or a length within a range
defined by any two of the aforementioned lengths. In some
alternatives of the method, the spacer resides between the
scFv and the transmembrane region of the chimeric antigen
receptor.

[0183] “IgG4 hinge” as described herein, refers to the
polypeptide domains that are between the heavy chain and
the light chains of the IgG4 antibody. In some alternatives,
a method of making genetically modified T-cells, which
have a chimeric antigen receptor is provided, wherein the
method comprises separating, enriching, or isolating a CD8+
expressing population of T-cells and/or a CD4+ expressing
population of T-cells, such as T-cells that are derived from
thymocytes or T-cells that are derived from engineered
precursors, desirably iPS cells, from a mixed population of
T-cells so as to generate an isolated, separated, or enriched
population of T-cells, stimulating the isolated, separated, or
enriched population of T-cells so as to generate a stimulated
population of CD8+ expressing T-cells and/or CD4+
expressing T-cells, transducing the stimulated population of
CD8+ expressing T-cells and/or CD4+ expressing T-cells
with a vector, wherein the vector encodes a chimeric antigen
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receptor and a marker sequence, wherein said marker
sequence encodes a cell surface selectable marker, so as to
generate a transduced population of CD8+ expressing
T-cells and/or CD4+ expressing T-cells, contacting the trans-
duced population of CD8+ expressing T-cells and/or CD4+
expressing T-cells, for at least one day, such as 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days
or any time that is within a range of times defined by any two
of the aforementioned time points, with at least one
cytokine, which is preferably an exogenously added
cytokine e.g., in addition to any cytokine either produced by
the T-cells or present in the media, so as to generate a
transduced, cytokine-stimulated population of CDS8+
expressing T-cells and/or CD4+ expressing T-cells, enrich-
ing the transduced, cytokine-stimulated population of CD8+
expressing T-cells and/or CD4+ expressing T-cells by selec-
tion of the marker encoded by the marker sequence so as to
generate an enriched, separated, or isolated population of
transduced, cytokine-stimulated CD8+ expressing T-cells
and/or CD4+ expressing T-cells and propagating the
enriched population of transduced, cytokine-stimulated
CD8+ expressing T-cells and/or CD4+ expressing T-cells for
at least one day, such as 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, or 20 days or any time that is
within a range of times defined by any two of the afore-
mentioned time points, so as to obtain said genetically
modified T-cells, which have a chimeric antigen receptor.

[0184] In some alternatives of the method, the vector
further comprises a first sequence encoding a leader
sequence, a second sequence encoding a ligand binding
domain, a third sequence encoding a signaling domain and
a fourth sequence encoding a selectable marker. In some
alternatives of the method, the vector further comprises a
sequence encoding a spacer. In some alternatives, the spacer
comprises a hinge region of a human antibody. In some
alternatives of the method, the spacer comprises an 1gG4
hinge. In some alternatives, the IgG4 hinge region is a
modified 1gG4 hinge. A “modified 1gG4 hinge” as described
herein can refer to a hinge region that can have at least 90%,
92%, 95%, or 100% sequence identity or a sequence identity
within a range defined by any two of the aforementioned
percentages, with a hinge region amino acid sequence as set
forth in SEQ ID NO: 1 (SEQ ID NO: 1; ESKYGPPCPPCP),
SEQ ID NO: 2 (SEQ ID NO: 2; YGPPCPPCP), SEQ ID NO:
3 (SEQ ID NO: 3; KYGPPCPPCP), or SEQ ID NO: 4 (SEQ
1D NO: 4; EVVKYGPPCPPCP). As mentioned above, any
one or more of these sequences can be codon optimized for
expression in humans and any one or more of these
sequences can be optimized to reduce secondary structure or
GC/AT ratio and any one or more of these sequences can be
consensus sequences generated from at least two isotype
genes.

[0185] A “transmembrane domain” is a region of a protein
that is hydrophobic that can reside in the bilayer of a cell to
anchor a protein that is embedded to the biological mem-
brane. Without being limiting, the topology of the trans-
membrane domain can be a transmembrane alpha helix. In
some alternatives of the method of making genetically
modified T-cells, which have a chimeric antigen receptor, the
vector comprises a sequence encoding a transmembrane
domain. In some alternatives of the method, the transmem-
brane domain comprises a CD28 transmembrane sequence
or a fragment thereof that is a length of 10, 11, 12, 13, 14,
15,16,17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28 amino
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acids or a length within a range defined by any two of the
aforementioned lengths. In some alternatives of the method,
the CD28 transmembrane sequence or fragment thereof
comprise 28 amino acids in length. In some alternatives of
the method, the transmembrane domain comprises the
sequence set forth in SEQ ID NO: 5 (SEQ ID NO: 5;
MFWVLVVVGGVLACYSLLVTVAFIIFWV).

[0186] A “signaling domain,” also known as a “Co-stimu-
latory domain” is an intracellular or cytoplasmic domain of
a protein or a receptor protein that interacts with the interior
of the cells and functions by relaying a signal. The portion
of the protein that resides in the intracellular portion of the
cell is also referred to as the “endodomain.” This interaction
can occur through the intracellular domain communicating
via specific protein-protein or protein-ligand interactions
with an effector molecule or an effector protein, which in
turn can send the signal along a signal chain to its destina-
tion. The signaling or co-stimulatory domain also refers to a
signaling moiety that provides to T-cells a signal which, in
addition to the primary signal provided by for instance the
CD3 zeta chain of the TCR/CD3 complex, mediates a T-cell
response, such as, for example, an immune response, acti-
vation, proliferation, differentiation, cytokine secretion,
cytolytic activity, perforin and/or granzyme activity and the
like. A signaling or co-stimulatory domain can include all or
a portion of, but is not limited to, CD27, CD28, 4-1BB,
0X40, CD30, CD40, ICOS, lymphocyte function-associated
antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, and/or
B7-H3, and/or a ligand that specifically binds with CD83.

[0187] In some alternatives of the method of making
genetically modified T-cells, which have a chimeric antigen
receptor, the vector encoding the chimeric antigen receptor
further comprises a sequence for a co-stimulatory domain,
wherein the co-stimulatory domain is an intracellular sig-
naling domain that interacts with other intracellular media-
tors to mediate a cell response including an immune
response, activation, proliferation, differentiation, cytokine
secretion, cytolytic activity, perforin and/or granzyme activ-
ity and the like. In some alternatives of the method, the
vector comprises a sequence encoding a signaling domain.
In some alternatives of the method, the signaling domain
comprises a 4-1BB domain and/or CD3-zeta domain. In
some alternatives, the 4-1BB domain comprises the
sequence set forth in SEQ ID NO: 6 (SEQ ID NO: 6;
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRF-
PEEEEGGCEL). In some alternatives, the CD3-zeta domain
comprises the sequence set forth in SEQ ID NO: 7 (SEQ ID
NO: 7; RVKFSRSADAPAYQQGQNQLYNELNLGR-
REEYDVLDKRRGRDPEMGGKPRRKNPQ EGLY-
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGL-
STATKDTYDALHMQAL PPR).

[0188] A “chimeric antigen receptor” (CAR) described
herein, also known as chimeric T-cell receptor, refers to an
artificial T-cell receptor or a genetically engineered receptor,
which grafts a desired specificity onto an immune effector
cell. These receptors can be used to graft the specificity of
a monoclonal antibody or a binding portion thereof onto a
T-cell, for example; with transfer of the coding sequence for
the CAR to a recipient cell being facilitated by a retroviral
vector. The structure of the CAR can comprise single-chain
variable fragments (scFv) derived from monoclonal anti-
bodies, fused to CD3-zeta transmembrane and endodomain.
Such molecules result in the transmission of a zeta signal in
response to recognition by the scFv of its target.
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[0189] In some alternatives, a method of making geneti-
cally modified T-cells, which have a chimeric antigen recep-
tor is provided, wherein the method comprises separating,
isolating, or enriching a CD84+ expressing population of
T-cells and/or a CD4+ expressing population of T-cells, such
as T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, desirably iPS cells,
from a mixed population of T-cells, from a mixed population
of T-cells, so as to generate an isolated, separated, or
enriched population of T-cells, stimulating the isolated,
separated, or enriched population of T-cells so as to generate
a stimulated population of CD8+ expressing T-cells and/or
CD4+ expressing T-cells, transducing the stimulated popu-
lation of CD8+ expressing T-cells and/or CD4+ expressing
T-cells with a vector, wherein the vector encodes a chimeric
antigen receptor and a marker sequence, wherein said
marker sequence encodes a cell surface selectable marker, so
as to generate a transduced population of CD8+ expressing
T-cells and/or CD4+ expressing T-cells, contacting the trans-
duced population of CD8+ expressing T-cells and/or CD4+
expressing T-cells with at least one cytokine, such as for at
least 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 days or any time that is within a range of times
defined by any two of the aforementioned time points, so as
to generate a transduced, cytokine-stimulated population of
CD8+ expressing T-cells and/or CD4+ expressing T-cells,
enriching, separating or isolating the transduced, cytokine-
stimulated population of CD8+ expressing T-cells and/or
CD4+ expressing T-cells by selection of the marker encoded
by the marker sequence so as to generate an enriched,
separated, or isolated population of transduced, cytokine-
stimulated CD8+ expressing T-cells and/or CD4+ express-
ing T-cells and propagating the enriched, separated, or
isolated population of transduced, cytokine-stimulated
CD8+ expressing T-cells and/or CD4+ expressing T-cells for
at least one day, such as 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, or 20 days or any time that is
within a range of times defined by any two of the afore-
mentioned time points, so as to obtain said genetically
modified T-cells, which have a chimeric antigen receptor. In
some alternatives of the method, the chimeric antigen recep-
tor is specific for CD19.

[0190] These artificial T-cell receptors, or CARs, can be
used as a therapy for cancer or a viral infection using a
technique called “adoptive cell transfer.” T-cells are
removed from a patient and modified so that they express
receptors specific for a molecule displayed on a cancer cell
or a virus, or a virus-infected cell. The genetically engi-
neered T-cells, which can then recognize and kill the cancer
cells or the virus infected cells or promote clearance of the
virus, are reintroduced into the patient. In some alternatives,
a method of treating, inhibiting, or ameliorating a disease in
a subject in need thereof is provided.

[0191] In some aspects, the method can comprise admin-
istering to the at least one composition or product combi-
nation, wherein the at least one composition or product
combination comprises a population of genetically modified
T-cells, wherein the population of genetically modified
T-cells comprises a plurality of affinity selected CD8+
and/or CD4+ expressing T-cells, in the absence of, enriched
from, substantially separated from or substantially isolated
from CD8- and/or CD4- expressing T-cells, wherein said
plurality of affinity selected CD8+ and/or CD4+ expressing
T-cells have stimulated CD2, CD3, CD4 and/or CD28
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receptors, wherein said plurality of affinity selected CD8+
and/or CD4+ expressing T-cells further comprise a gene
encoding a chimeric antigen receptor and a cell surface
selectable marker and, wherein said plurality of affinity
selected CD8+ and/or CD4+ expressing T-cells have been
re-stimulated with at least one cytokine, such as for at least
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 days or any time that is within a range of times defined
by any two of the aforementioned time points. In some
alternatives, the at least one composition or product com-
bination is administered to said subject by adoptive cell
transfer.

[0192] An “antibody” as described herein refers to a large
Y-shape protein produced by plasma cells that is used by the
immune system to identify and neutralize foreign objects
such as bacteria and viruses. The antibody protein can
comprise four polypeptide chains; two identical heavy
chains and two identical light chains connected by disulfide
bonds. Each chain is composed of structural domains called
immunoglobulin domains. These domains can contain
70-110 amino acids and are classified into different catego-
ries according to their size and function. In some alterna-
tives, the ligand binding domain is an antibody fragment,
desirably, a binding portion thereof. In some alternatives, the
antibody fragment or binding portion thereof present on a
CAR is specific for CD19.

[0193] A “single chain variable fragment” or scFv is a
fusion protein that comprises the variable regions of the
heavy chain (VH) and the light chains (VL) of an immuno-
globulin that is connected with a short linker peptide.
Without being limiting, the linker can comprise glycine for
flexibility and hydrophilic amino acids, for example serine
or threonine for solubility. The linker can connect the
N-terminus of the VH with the C-terminus of the VL or it
can connect the C-terminus of the VH with the N-terminus
of the VL. In some alternatives, the ligand binding domain
present on a CAR is a single chain variable fragment (scFv).
In some alternatives, the scFv domain present on a CAR is
specific for a CD19 present on a tumor cell.

[0194] “FMC63” is a CD19 specific monoclonal antibody.
CD19 is a protein that is found on the surface of white blood
cells and can assemble with the antigen receptor of B
lymphocytes in order to decrease the threshold for antigen
receptor-dependent stimulation. CD19 is expressed on fol-
licular dendritic cells and B cells. CD19 is present on B cells
from earliest recognizable B-lineage cells during develop-
ment to B-cell blasts but is lost on maturation to plasma
cells. CD19 primarily acts as a B cell co-receptor in con-
junction with CD21 and CDS81. Upon activation, the cyto-
plasmic tail of CD19 becomes phosphorylated, which leads
to binding by Src-family kinases and recruitment of PI-3
kinase. As on T-cells, several surface molecules form the
antigen receptor and form a complex on B lymphocytes.
[0195] Mutations in CD19 are associated with severe
immunodeficiency syndromes characterized by diminished
antibody production. For example, aberrant expression of
CD19 is a marker of monocytic lineage in acute myelog-
enous leukemia. Since CD19 is a hallmark of B-cells, the
protein can be used to diagnose cancers that arise from this
type of cell, notably B-cell lymphomas. Since 2011, treat-
ments targeting CD19 have begun to enter trials. Most
current experimental anti-CD19 drugs in development work
by exploiting the presence of CD19 to direct treatment
specifically towards B-cell cancers. However, it is now
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emerging that the protein plays an active role in driving the
growth of these cancers, by stabilizing the concentrations of
the MYC oncoprotein. Thus, CD19 and its downstream
signaling can be attractive therapeutic targets.

[0196] In some alternatives, a method of making geneti-
cally modified T-cells, which have a chimeric antigen recep-
tor is provided, wherein the method comprises separating,
enriching, isolating, or purifying a population of CD8+
expressing T-cells and/or a population of CD4+ expressing
T-cells, such as T-cells that are derived from thymocytes or
T-cells that are derived from engineered precursors, desir-
ably iPS cells, from a mixed population of T-cells, from a
mixed population of T-cells, from a mixed population of
T-cells so as to generate an isolated, separated, enriched, or
purified population of T-cells, stimulating the isolated, sepa-
rated, enriched, or purified population of T-cells so as to
generate a stimulated population of CD8+ expressing T-cells
and/or CD4+ expressing T-cells, transducing the stimulated
population of CDS8+ expressing T-cells and/or CD4+
expressing T-cells with a vector, wherein the vector encodes
a chimeric antigen receptor and a marker sequence, wherein
said marker sequence encodes a cell surface selectable
marker, so as to generate a transduced population of CD8+
expressing T-cells and/or CD4+ expressing T-cells, contact-
ing the transduced population of CD8+ expressing T-cells
and/or CD4+ expressing T-cells with at least one cytokine,
such as for atleast 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14,
15, 16, 17, 18, 19, or 20 days or any time that is within a
range of times defined by any two of the aforementioned
time points, so as to generate a transduced, cytokine-stimu-
lated population of CD8+ expressing T-cells and/or CD4+
expressing T-cells, enriching the transduced, cytokine-
stimulated population of CD8+ expressing T-cells and/or
CD4+ expressing T-cells by selection of the marker so as to
generate an enriched population of transduced, cytokine-
stimulated CD8+ expressing T-cells and/or CD4+ express-
ing T-cells and propagating the enriched population of
transduced, cytokine-stimulated CD8+ expressing T-cells
and/or CD4+ expressing T-cells for at least one day, such as
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 days or any time that is within a range of times defined
by any two of the aforementioned time points, so as to obtain
said genetically modified T-cells, which have a chimeric
antigen receptor.

[0197] In some alternatives of the method, the vector
further comprises a first sequence encoding a leader
sequence, a second sequence encoding a ligand binding
domain, a third sequence encoding a signaling domain and
a fourth sequence encoding a selectable marker sequence. In
some alternatives of the method, the vector further com-
prises a sequence encoding a spacer. In some alternatives of
the method, the ligand binding domain of the chimeric
antigen receptor comprises an antibody, or a binding portion
thereof. In some alternatives of the method, the ligand
binding domain of the chimeric antigen receptor comprises
a single chain variable fragment (scFv), or a binding portion
thereof. In some alternatives of the method, the ligand
binding domain of the chimeric antigen receptor comprises
FMC63, or a binding portion thereof. In some alternatives of
the method, the ligand binding domain of the chimeric
antigen receptor is specific for CD19.

[0198] “Purification” of T-cells as described herein, refers
to the isolation of highly purified, functional T-cells for
research or for methods for generating T-cells for therapy.
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“Isolation” of T-cells, or “separating” of T-cells, as described
herein, refers to a procedure of isolating or separating the
desired T-cells, T-cell populations, or subpopulations from
contaminating cell populations or other components, for
example by using techniques, such as indirect panning. In
this method, cells can be isolated, separated, or selected by
their capacity to bind to an antibody that is attached to a
support, such as a plastic or poly carbonate surface, bead,
particle, plate, or well. Cells can bind on the basis of
particular cell surface markers. In some cases the desired
T-cell populations are “enriched” meaning that the popula-
tion of the desired T-cells is greater after enrichment than
that of the native population from which the T-cells origi-
nated.

[0199] In some alternatives of the method of making a
genetically modified T-cell, the CD8+ expressing population
of T-cells and/or CD4+ expressing population of T-cells are
isolated, enriched, purified or separated from undesired
components using CD8 specific antibodies and/or CD4
specific antibodies. In some alternatives of the method, the
CDS8+ expressing population of T-cells and/or CD4+
expressing population of T-cells are isolated, enriched, or
purified using flow cytometry. In some alternatives, the
CDS8+ expressing population of T-cells and/or CD4+
expressing population of T-cells are isolated, enriched, puri-
fied, or separated using immunomagnetic selection. In some
alternatives of the method, the CD8+ expressing population
of T-cells and/or CD4+ expressing population of T-cells are
isolated, enriched, purified, or separated using antibodies
against CD45 RA, CD45 RO, CCR7, CD25, CD127, CD57,
CD137, CD27, CD28, CD8, CD4, and/or CD62L. In some
alternatives of the method, the CD8+ expressing population
of T-cells and/or CD4+ expressing population of T-cells are
isolated, enriched, purified, or separated by using antibodies
against CD27, CD28 and/or CD62L. In some alternatives,
the method is performed with isolated, enriched, or sepa-
rated CD4+ expressing T-cells in the absence of or in greater
abundance than the amount of CD8+ expressing cells in the
mixed population of T-cells used for the isolation, enrich-
ment, or purification. In some alternatives, the method is
performed with isolated, enriched, or separated CD8+ in the
absence of or in greater abundance than the amount of CD4+
expressing cells in the mixed population of T-cells used for
the isolation, enrichment, or purification.

[0200] “Stimulation” or activation of T-cells refers to the
method of inducing a T-cell to initiate a response, such as a
signal transduction response, e.g., proliferation, while pre-
serving T-cell viability and immune function. For example,
simultaneous signaling to TCR/CD3 and CD8 can trigger a
physiological activation and expansion of human T-cells.
Following appropriate stimulation, T-cells may proliferate
extensively in vitro. In some alternatives, a method of
making genetically modified T-cells, which have a chimeric
antigen receptor is provided wherein the method comprises
isolating, separating, enriching, or purifying a CD8+
expressing population of T-cells and/or a CD4+ expressing
population of T-cells, such as T-cells that are derived from
thymocytes or T-cells that are derived from engineered
precursors, desirably iPS cells, from a mixed population of
T-cells, so as to generate an isolated, separated, purified, or
enriched population of T-cells, stimulating the isolated,
separated, purified, or enriched population of T-cells so as to
generate a stimulated population of CD8+ expressing T-cells
and/or CD4+ expressing T-cells, transducing the stimulated
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population of CDS8+ expressing T-cells and/or CD4+
expressing T-cells with a vector, wherein the vector encodes
a chimeric antigen receptor and a marker sequence, wherein
said marker sequence encodes a cell surface selectable
marker, so as to generate a transduced population of CD8+
expressing T-cells and/or CD4+ expressing T-cells, contact-
ing the transduced population of CD8+ expressing T-cells
and/or CD4+ expressing T-cells with at least one cytokine,
such as for atleast 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14,
15, 16, 17, 18, 19, or 20 days or any time that is within a
range of times defined by any two of the aforementioned
time points, so as to generate a transduced, cytokine-stimu-
lated population of CD8+ expressing T-cells and/or CD4+
expressing T-cells, enriching, separating, or isolating the
transduced, cytokine-stimulated population of CDS8+
expressing T-cells and/or CD4+ expressing T-cells by selec-
tion of the marker encoded by the marker sequence so as to
generate an enriched population of transduced, cytokine-
stimulated CD8+ T-cells and/or CD4+ T-cells and propagat-
ing the enriched, isolated, or separated population of trans-
duced, cytokine-stimulated CD8+ expressing T-cells and/or
CD4+ expressing T-cells for at least one day, such as for at
least 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 days or any time that is within a range of times
defined by any two of the aforementioned time points, so as
to obtain said genetically modified T-cells, which have a
chimeric antigen receptor. In some alternatives, the stimu-
lating is performed with an antibody-bound support, such as
a bead or particle. In some alternatives, the stimulating is
performed with an antibody-bound support comprising anti-
TCR, anti-CD2, anti-CD3, anti-CD4 and/or anti-CD28 anti-
bodies. In some alternatives, the stimulating is performed
with an antibody-bound support comprising anti-CD3 and/
or anti-CD28 antibodies. In some alternatives, the method
further comprises removing the antibody-bound support,
such as beads or particles.

[0201] “T-cells” or “T lymphocytes” as used herein can be
from any mammal, preferably a primate, including monkeys
or humans, a companion animal such as a dog, cat, or horse,
or a domestic animal, such as a sheep, goat, or cattle. In
some alternatives the T-cells are allogeneic (from the same
species but different donor) as the recipient subject; in some
alternatives the T-cells are autologous (the donor and the
recipient are the same); in some alternatives the T-cells arc
syngeneic (the donor and the recipients are different but are
identical twins).

[0202] “CDS8+ expressing T-cell” or “CD8+ T-cell,” used
synonymously throughout, is also known as a TC, cytotoxic
T lymphocyte, CTL, T-killer cell, cytolytic T-cell or killer
T-cell. As described herein, CD8+ T-cells are T-lymphocytes
that can kill cancer cells, virally infected cells, or damaged
cells. CD8+ T-cells express T-cell receptors (TCRs) that can
recognize a specific antigen. CD8+ T-cells express CD8 on
the surface. CD8+ expressing T-cells have the ability to
make some cytokines, however the amounts of cytokines
made by CD84+ T-cells are not at a concentration that
promotes, improves, contributes to, or induces engraftment
fitness.

[0203] “CD4+ expressing T-cell,” or “CD4+ T-cell,” used
synonymously throughout, is also known as T helper cells,
which play an important role in the immune system, and in
the adaptive immune system. CD4+ T-cells also help the
activity of other immune cells by releasing T-cell cytokines.
These cells help, suppress or regulate immune responses.
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They are essential in B cell antibody class switching, in the
activation and growth of cytotoxic T-cells, and in maximiz-
ing bactericidal activity of phagocytes, such as macro-
phages. CD4+ expressing T-cells have the ability to make
some cytokines, however the amounts of cytokines made by
CD4+ T-cells are not at a concentration that promotes,
improves, contributes to, or induces engraftment fitness.

[0204] Mature T cells express the surface protein CD4 and
are referred to as CD4+ T-cells. CD4+ T-cells are generally
treated as having a pre-defined role as helper T-cells within
the immune system. For example, when an antigen-present-
ing cell expresses an antigen on MHC class 11, a CD4+ cell
will aid those cells through a combination of cell to cell
interactions (e.g. CD40 and CD40L) and through cytokines
Nevertheless, there are rare exceptions; for example, sub-
groups of regulatory T-cells, natural killer cells, and cyto-
toxic T-cells express CD4. All of the latter CD4+ expressing
T-cell groups are not considered T helper cells.

[0205] “Central memory” T-cell (or “T,,”) as used herein
refers to an antigen experienced CTL that expresses CD62L
or CCR-7 and CD45RO on the surface thereof, and does not
express or has decreased expression of CD45RA as com-
pared to naive cells. In some alternatives, central memory
cells are positive for expression of CD62L.,, CCR7, CD28,
CD127, CD45RO, and/or CD95, and have decreased expres-
sion of CD54RA as compared to naive cells.

[0206] “Effector memory” T-cell (or “Tg,,”) as used
herein refers to an antigen experienced T-cell that does not
express or has decreased expression of CD62L on the
surface thereof as compared to central memory cells, and
does not express or has decreased expression of CD45RA as
compared to naive cell. In some alternatives, effector
memory cells are negative for expression of CD62L and/or
CCR7, as compared to naive cells or central memory cells,
and have variable expression of CD28 and/or CD45RA.

[0207] “Naive” T-cells as used herein refers to a non-
antigen experienced T lymphocyte that expresses CD62L
and/or CD45RA, and/or does not express CD45RO- as
compared to central or effector memory cells. In some
alternatives, naive CD8+ T lymphocytes are characterized
by the expression of phenotypic markers of naive T-cells
including CD62L, CCR7, CD28, CD127, and/or CD45RA.

[0208] “Effector” “T.” T-cells as used herein refers to a
antigen experienced cytotoxic T lymphocyte cells that do not
express or have decreased expression of CD62L, CCR7,
CD28, and are positive for granzyme B and/or perforin, as
compared to central memory or naive T-cells.

[0209] “Engraftment fitness” as described herein, refers to
the ability of a cell to grow and proliferate after the cells
have entered the body, e.g., blood stream, through adoptive
transfer. Engraftment can usually occur within two to four
weeks after the transfer. Engraftment can be monitored by
checking blood counts for a specific cell on a frequent basis.
In some alternatives of the method of treating, inhibiting, or
ameliorating a disease in a subject is provided, the method
can comprise administering a composition or product com-
bination comprising the genetically modified T-cells, as
described herein. In some alternatives, the method can
further comprise monitoring the subject by checking the
blood counts for the genetically modified T-cells that
expresses a chimeric antigen receptor e.g., by identifying the
presence or absence of a marker associated with the trans-
ferred T-cells.
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[0210] T-cells with improved engraftment fitness may
have specific markers on the cell surface that confer gen-
eration and long term maintenance of T-cell immunity. There
are several proteins that are known for T-cell activation and
survival. CD28 is a protein expressed on T-cells that provide
co-stimulatory signals required for T-cell activation and
survival. CD27 is required for generation and long-term
maintenance of T-cell immunity. It binds to ligand CD70,
and plays a key role in regulating B-cell activation and
immunoglobulin synthesis. L-selectin, also known as
CD62L is a cell adhesion molecule found on lymphocytes.
L-selectin functions as a “homing receptor” for lymphocytes
or T-cells to enter secondary lymphoid tissues via high
endothelial venues. Ligands present on endothelial cells will
bind to lymphocytes expressing L-selectin, slowing lym-
phocyte trafficking through the blood, and can facilitate
entry into a secondary lymphoid organ at that point. In some
alternatives, of the method of making genetically modified
T-cells, which have a chimeric antigen receptor, the T-cells
comprise at least one receptor that promotes, induces,
improves, or contributes to engrafiment fitness. In some
alternatives, the at least one receptor is CD45 RA, CD45
RO, CCR7, CD25, CD127, CD57, CD137, CD27, CD28
and/or CD62L. In some alternatives, the at least one receptor
is CD27, CD28 and/or CD62L. In some alternatives pro-
vided herein, methods are described in which CD4+ and
CD8+ expressing T-cells are genetically modified by trans-
duction of genetic material in the form of a vector such that
the genetically modified CD4+ and CD8+ expressing T-cells
expresses a specific chimeric antigen receptor. In some
alternatives of the genetically modified CD4+ and CD8+
T-cells, the genetically modified CD4+ and CD8+ T-cells are
further modified to improve or enhance engraftment fitness.

[0211] “Cytokines™” as described herein, refers to small
proteins (5-25 kDa) that are important in cell signaling.
Cytokines are released by cells and affect the behavior of
other cells, and sometimes the releasing cell itself, such as
a T-cell. Cytokines can include, for example, chemokines,
interferons, interleukins, lymphokines, and tumor necrosis
factor. Cytokines can be produced by a broad range of cells,
which can include, for example, immune cells like macro-
phages, B lymphocytes, T lymphocytes and mast cells, as
well as, endothelial cells, fibroblasts, and various stromal
cells.

[0212] Cytokines can act through receptors, and are
important in the immune system as the cytokines can
modulate the balance between humoral and cell-based
immune responses, and they can regulate the maturation,
growth, and responsiveness of particular cell populations.
Some cytokines enhance or inhibit the action of other
cytokines in complex ways. Without being limiting, cytok-
ines can include, for example, Acylation stimulating protein,
Adipokine, Albinterferon, CCL.1, CCL11, CCL12, CCL13,
CCL14, CCL15, CCL16, CCL17, CCL18, CCL19, CCL2,
CCL20, CCL21, CCL22, CCL23, CCL24, CCL25, CCL26,
CCL27,CCL28,CCL3, CCLS5, CCL6, CCL7,CCL8, CCL9,
Chemokine, Colony-stimulating factor, CX3CL1, CX3CR1,
CXCL1,CXCL10,CXCL11,CXCL13,CXCL14, CXCL15,
CXCL16, CXCL17, CXCL2, CXCL3, CXCL5, CXCLS6,
CXCL7, CXCL9, Erythropoietin, Ge-MAF, Granulocyte
colony-stimulating factor, Granulocyte macrophage colony-
stimulating factor, Hepatocyte growth factor, IL. 10 family of
cytokines, IL. 17 family of cytokines, IL1A, IL1B, Inflam-
masome, Interferome, Interferon, Interferon beta 1a, Inter-
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feron beta 1b, Interferon gamma, Interferon type I, Inter-
feron type I, Interferon type III, Interleukin, Interleukin 1
family, Interleukin 1 receptor antagonist, Interleukin 10,
Interleukin 12, Interleukin 12 subunit beta, Interleukin 13,
Interleukin 15, Interleukin 16, Interleukin 2, Interleukin 23,
Interleukin 23 subunit alpha, Interleukin 34, Interleukin 35,
Interleukin 6, Interleukin 7, Interleukin &, Interleukin 36,
Leukemia inhibitory factor, Leukocyte-promoting factor,
Lymphokine, Lymphotoxin, Lymphotoxin alpha, Lympho-
toxin beta, Macrophage colony-stimulating factor, Macro-
phage inflammatory protein, Macrophage-activating factor,
Monokine, Myokine, Myonectin, Nicotinamide phosphori-
bosyltransferase, Oncostatin M, Oprelvekin, Platelet factor
4, Proinflammatory cytokine, Promegapoietin, RANKL,
Stromal cell-derived factor 1, Talimogene laherparepvec,
Tumor necrosis factor alpha, Tumor necrosis factors, XCL1,
XCL2, GM-CSF, and/or XCR1. In some alternatives of the
method of making genetically modified T-cells, a transduced
population of CD8+ expressing T-cells and/or CD4+
expressing T-cells is contacted with at least one cytokine so
as to generate a transduced, cytokine-stimulated population
of CD8+ T-cells and/or CD4+ T-cells. In some alternatives
of the method, the at least one cytokine utilized comprises
GM-CSF, 1L-7, IL-12, IL-15, 1L-18, IL-2, and/or IL-21. In
some alternatives, the period of contact with the cytokine is
at least one day, such as for at least 1, 2,3, 4,5,6,7,8,9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days or any time
that is within a range of times defined by any two of the
aforementioned time points.

[0213] “Interleukins” or IL as described herein, are cytok-
ines that the immune system depends largely upon.
Examples of interleukins, which can be utilized herein, for
example, include I1L-1, IL-2, IL-3, IL-4, IL-5, IL-6, 11-7,
IL-8/CXCLS8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14,
IL-15, 1L-16, IL-17, IL-18, IL-19, IL-20, IL-21, IL-22,
1L.-23, 1L-24, IL-25, IL-26, 1L-27, 1L-28, IL-29, IL-30,
1L-31, 1L-32, IL-33, IL-34, IL.-35, and/or IL-36. Contacting
T-cells with interleukins can have effects that promote,
support, induce, or improve engraftment fitness of the cells.
IL-1, for example can function in the maturation & prolif-
eration of T-cells. IL-2, for example, can stimulate growth
and differentiation of T-cell response. IL.-3, for example, can
promote differentiation and proliferation of myeloid pro-
genitor cells. IL.-4, for example, can promote proliferation
and differentiation. IL-7, for example, can promote differ-
entiation and proliferation of lymphoid progenitor cells,
involved in B, T, and NK cell survival, development, and
homeostasis. 1L.-15, for example, can induce production of
natural killer cells. IL-21, for example, co-stimulates acti-
vation and proliferation of CD8+ T-cells, augments NK
cytotoxicity, augments CD40-driven B cell proliferation,
differentiation and isotype switching, and promotes differ-
entiation of Th17 cells.

[0214] In some alternatives, a method of making a geneti-
cally modified T-cell is provided, wherein the method com-
prises purifying, separating, enriching, or isolating a CD8+
population of T-cells and/or a CD4+ population of T-cells
from a mixed population of T-cells, such as T-cells that are
derived from thymocytes or T-cells that are derived from
engineered precursors, desirably iPS cells, from a mixed
population of T-cells, so as to generate an isolated, sepa-
rated, enriched, or purified population of T-cells, stimulating
the isolated, separated, enriched, or purified population of
T-cells so as to generate a stimulated population of CD8+
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T-cells and/or CD4+ T-cells, transducing the stimulated
population of CD8+ T-cells and/or CD4+ T-cells with a
vector, wherein the vector encodes a chimeric antigen recep-
tor and a marker sequence, wherein said marker sequence
encodes a cell surface selectable marker, so as to generate a
transduced population of CD8+ T-cells and/or CD4+ T-cells,
contacting the transduced population of CD8+ T-cells and/or
CD4+ T-cells with at least one cytokine so as to generate a
transduced, cytokine-stimulated population of CD8+ T-cells
and/or CD4+ T-cells, enriching, isolating, or separating the
transduced, cytokine-stimulated population of CD8+ T-cells
and/or CD4+ T-cells by selection of the marker encoded by
the marker sequence so as to generate an enriched, isolated
or separated population of transduced, cytokine-stimulated
CD8+ T-cells and/or CD4+ T-cells and propagating the
enriched, isolated, or separated population of transduced,
cytokine-stimulated CD8+ T-cells and/or CD4+ T-cells for at
least one day, such as for at least 1, 2, 3, 4,5, 6,7, 8,9, 10,
11,12,13, 14, 15, 16, 17, 18, 19, or 20 days or any time that
is between a range of times defined by any two of the
aforementioned time points, so as to obtain said genetically
modified T-cells, which have a chimeric antigen receptor. In
some alternatives, the at least one cytokine comprises GM-
CSF, IL-7, 1L-12, IL-18, 1L-15, IL-2, and/or IL-21. In some
alternatives, the at least one cytokine comprises 1L/7, IL-15
and/or IL.-21. In some alternatives, the at least one cytokine
comprises 1[.-2, IL-15 and/or IL-21. In some alternatives of
the method, the cytokine contacting is performed for 1, 2, 3,
4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, or 20
days or a period of time within a range defined by any two
of these time periods. In some alternatives, the addition of
the at least one cytokine improves, enhances, promotes, or
induces engraftment fitness. In some alternatives, the
enriched CD4+ expressing T-cells are contacted, for
example propagated, in 5 ng/ml recombinant human IL.-7
(thIL.-7) and/or 0.5 ng/mL recombinant human IL-15 (rhIL-
15). In some alternatives, the enriched CD8+ expressing
T-cells are contacted, for example propagated, in 50 U/mL
recombinant human IL.-2 (rhIL.-2) and/or 0.5 ng/mL recom-
binant human I1L-15 (thIL-15). In more alternatives, the
enriched CD4+ expressing T-cells are contacted, for
example propagated, in 0.1 ng/ml,, 0.2 ng/ml., 0.3 ng/mL,
0.4 ng/mL, 0.5 ng/mL, 0.6 ng/mL, 0.7 ng/mL, 0.8 ng/mL,
0.9 ng/mL, or 1.0 ng/mL rhI[.-7 or in an amount that is
within a range defined by any two of the aforementioned
amounts of rhI[.-7 and/or 0.1 ng/ml, 0.2 ng/mL., 0.3 ng/mL,
0.4 ng/mL, 0.5 ng/mL, 0.6 ng/mL, 0.7 ng/mL, 0.8 ng/mL,
0.9 ng/mL, or 1.0 ng/mL rhIl.-15 or in an amount that is
within a range defined by any two of the aforementioned
amounts of rhIL-15. In more alternatives, the enriched
CD8+ expressing T-cells are contacted, for example propa-
gated, in 10 U/mL, 20 U/mL, 30 U/mL, 40 U/mL, 50 U/mL,
60 U/mL, 70 U/mL, 80 U/mL, 90 U/mL, or 100 U/mL of
rhlL.-2 or in an amount that is within a range defined by any
two of the aforementioned amounts of rhI[.-2 and/or 0.1
ng/ml, 0.2 ng/ml,, 0.3 ng/ml,, 0.4 ng/ml., 0.5 ng/ml,, 0.6
ng/ml, 0.7 ng/mL, 0.8 ng/mL,, 0.9 ng/ml, or 1.0 ng/mL
rhlL.-7 and/or 0.1 ng/ml,, 0.2 ng/ml, 0.3 ng/mL., 0.4 ng/mL,,
0.5 ng/ml,, 0.6 ng/mL, 0.7 ng/mL., 0.8 ng/ml., 0.9 ng/mL, or
1.0 ng/mL rhIL-15 or in an amount that is within a range
defined by any two of the aforementioned amounts of
rhIL.-15. In some alternatives the aforementioned cytokines
and amounts are co-administered to the T-cells, e.g., in a
mixture or added shortly after one another, and in other
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alternatives, the aforementioned cytokines are contacted
with the T cells separately, e.g., separated by a time period
of 1-10 minutes or 1-10 hours.

[0215] “Enriched” and “depleted” are also used herein to
describe amounts of cell types in a mixture refers to the
subjecting of the mixture of the cells to a process or step,
which results in an increase in the number of the “enriched”
type and a decrease in the number of the “depleted” cells.
Thus, depending upon the source of the original population
of cells subjected to the enriching process, a mixture or
composition can contain 60, 70, 80, 90, 95, or 99 percent or
more, or any value within a range defined by any two of
these values (in number or count) of the “enriched” cells and
40, 30, 20, 10, 5 or 1 percent or less or any value within a
range defined by any two of these values (in number or
count) of the “depleted” cells. In some alternatives of the
method of making genetically modified T-cells, enriching
the transduced, cytokine-stimulated population of CDS8+
T-cells and/or CD4+ T-cells by affinity selection of a cell
surface marker is contemplated, such that an enriched popu-
lation of transduced, cytokine-stimulated CD8+ T-cells and/
or CD4+ T-cells is generated.

[0216] “Propagating cells” or propagation refers to steps
to allow proliferation, expansion, growth and reproduction
of cells. For example, cultures of CD8+ T-cells and CD4+
T-cells can typically be incubated under conditions that are
suitable for the growth and proliferation of T lymphocytes.
In some alternatives of the method of making genetically
modified T-cells, which have a chimeric antigen receptor, the
CD4+ expressing T-cells are propagated for at least 1 day
and may be propagated for 20 days, such as 1, 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days or
for a period that is within a range defined by any two of the
aforementioned time periods. In some alternatives of the
method of making genetically modified T-cells, which have
a chimeric antigen receptor, the CD8+ expressing T-cells are
propagated for at least 1 day and may be propagated for 20
days, such as 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20 days or for a period that is within a
range defined by any two of the aforementioned time
periods.

[0217] “Affinity selection,” as described herein, refers to
the selection of a specific molecule or cell having a select-
able cell surface marker by binding to the molecule or
marker or an epitope present thereon with a binding affinity
agent, which allows for one to select out the specific
molecule or cell of interest. Affinity selection can be per-
formed by, for example, antibodies, conjugated antibodies,
lectins, aptamers, and/or peptides. In some alternatives, of
the method of making genetically modified T-cells, the
separating of the CD8+ population of T-cells and/or a CD4+
population of T-cells from a mixed population of T-cells is
performed by affinity selection for T-cells having an epitope
present on CD8 and/or CD4. In some alternatives of the
method, anti-CD8 or anti-CD4 antibodies or binding por-
tions thereof are used to select out the cells of interest. In
some alternatives of the method, the separating of the CD8+
population of T-cells and/or a CD4+ population of T-cells
from a mixed population of T-cells is performed by flow
cytometry. In some alternatives of the method, the separat-
ing of the CD8+ population of T-cells and/or a CD4+
population of T-cells from a mixed population of T-cells is
performed by immuno-magnetic selection. In some alterna-
tives of the method, the anti-CDS or the anti-CD4 antibodies
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are conjugated to a solid support such as, for example, an
inert bead or an inert particle.

[0218] “T cell precursors” as described herein refers to
lymphoid precursor cells that can migrate to the thymus and
become T cell precursors, which do not express a T cell
receptor. All T cells originate from hematopoietic stem cells
in the bone marrow. Hematopoietic progenitors (lymphoid
progenitor cells) from hematopoietic stem cells populate the
thymus and expand by cell division to generate a large
population of immature thymocytes. The earliest thymo-
cytes express neither CD4 nor CD8, and are therefore
classed as double-negative (CD4 CDS) cells. As they prog-
ress through their development, they become double-posi-
tive thymocytes (CD4*CDR8"), and finally mature to single
positive (CD4"CD8™ or CD4*CD8") thymocytes that are
then released from the thymus to peripheral tissues. About
98% of thymocytes die during the development processes in
the thymus by failing either positive selection or negative
selection, whereas the other 2% survive and leave the
thymus to become mature immunocompetent T cells.
[0219] The double negative (DN) stage of the precursor T
cell is focused on producing a functional f-chain whereas
the double positive (DP) stage is focused on producing a
functional a-chain, ultimately producing a functional aff T
cell receptor. As the developing thymocyte progresses
through the four DN stages (DN1, DN2, DN3, and DN4), the
T cell expresses an invariant a-chain but rearranges the
p-chain locus. If the rearranged B-chain successfully pairs
with the invariant a-chain, signals are produced which cease
rearrangement of the P-chain (and silence the alternate
allele) and result in proliferation of the cell. Although these
signals require this pre-TCR at the cell surface, they are
dependent on ligand binding to the pre-TCR. These thymo-
cytes will then express both CD4 and CD8 and progresses to
the double positive (DP) stage where selection of the
a-chain takes place. If a rearranged p-chain does not lead to
any signaling (e.g. as a result of an inability to pair with the
invariant a-chain), the cell may die by neglect (lack of
signaling).

[0220] “Hematopoietic stem cells” or “HSC” as described
herein, are precursor cells that can give rise to myeloid cells
such as, for example, macrophages, monocytes, macro-
phages, neutrophils, basophils, eosinophils, erythrocytes,
megakaryocytes/platelets, dendritic cells and lymphoid lin-
eages (such as, for example, T-cells, B-cells, NK-cells).
HSCs have a heterogeneous population in which three
classes of stem cells exist, which are distinguished by their
ratio of lymphoid to myeloid progeny in the blood (L/M).
[0221] “Cryopreservation™ is a process of preserving cells,
whole tissues, or substances susceptible to damage by cool-
ing to sub-zero temperatures. At the low temperatures any
enzymatic or chemical activity, which can cause damage to
the cells, tissue or substances in question are effectively
stopped. Cryopreservation methods seek to reach low tem-
peratures without causing additional damage caused by the
formation of ice during freezing. Traditional cryopreserva-
tion has relied on coating the material to be frozen with a
class of molecules termed cryoprotectants. New methods are
constantly being investigated due to the inherent toxicity of
many cryoprotectants. Cryopreservation methods are known
to those skilled in the art. In some alternatives of the method
of making genetically modified T-cells, which have a chi-
meric antigen receptor, the method can further comprise
cryopreserving the genetically modified T-cells.
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[0222] In some alternatives, a population of genetically
modified T-cells is provided, wherein the population of
genetically modified T-cells, such as T-cells that are derived
from thymocytes or T-cells that are derived from engineered
precursors, desirably iPS cells, comprises a plurality of
affinity selected CD8+ and/or CD4+ expressing T-cells, in
the absence of, enriched over, or isolated from CD8- and/or
CD4- T-cells, wherein said plurality of affinity selected
CD8+ and/or CD4+ T-cells have stimulated CD2, CD3, CD4
and/or CD28 receptors, wherein said plurality of affinity
selected CD8+ and/or CD4+ T-cells further comprise a gene
encoding a chimeric antigen receptor and a cell surface
selectable marker and, wherein said plurality of affinity
selected CD8+ and/or CD4+ expressing T-cells have been
re-stimulated with at least one cytokine, such as for at least
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 days or any time that is within a range of times defined
by any two of the aforementioned time points. In some
alternatives, the selected CD8+ and/or CD4+ T-cells are
generated by methods provided herein. In some alternatives,
the at least one cytokine comprises GM-CSF, 1L.-7, 1L-12,
1L-15, I1L-18, 1L-2, and/or IL-21. In some alternatives, the at
least one cytokine comprises 1L/7, 1L.-15 and/or IL-21. In
some alternatives, the at least one cytokine comprises 11.-2,
IL-15 and/or IL.-21. In some alternatives of the population of
genetically modified T-cells, the plurality of affinity selected
CD8+ and/or CD4+ T-cells further comprise at least one
receptor that promotes, induces, enhances or contribute to
engraftment fitness. In some alternatives, the at least one
receptor that promotes, enhances, induces, or contributes to
engraftment fitness is CD45 RA, CD45 RO, CCR7, CD25,
CD127, CD57, CD137, CD27, CD28 and/or CD62L. In
some alternatives, the at least one receptor that promotes,
enhances, contributes to, or induces engraftment fitness is
CD27, CD28 and/or CD62L. In some alternatives, the
plurality of affinity selected CD8+ and/or CD4+ expressing
T-cells further comprises a vector having a first sequence
encoding a leader sequence, a second sequence encoding a
ligand binding domain, a third sequence encoding a signal-
ing domain and a fourth sequence encoding a selectable
marker. In some alternatives, the vector further comprises a
sequence encoding a spacer. In some alternatives, the spacer
comprises an 1gG4 hinge. In some alternatives, the vector is
a viral vector. In some alternatives, the viral vector is derived
from simian virus 40, adenoviruses, adeno-associated virus
(AAV), lentivirus, or retroviruses. In some alternatives, the
viral vector is a recombinant adenovirus, adeno-associated
virus, lentivirus or retrovirus vector. In some alternatives,
the viral vector is a lentivirus vector. In some alternatives,
the cell surface selectable marker codes for a truncated
epidermal growth factor receptor (EGFRt). In some alter-
natives, the ligand binding domain comprises an antibody, or
a binding portion thereof. In some alternatives, the ligand
binding domain comprises a single chain variable fragment
(scFv), or a binding portion thereof. In some alternatives, the
ligand binding domain comprises FMC63, or a binding
portion thereof. In some alternatives, the ligand binding
domain is specific for CD19. In some alternatives, the
population comprises isolated or enriched CD8+ expressing
T-cells in the absence of, enriched over, substantially
depleted of CD4+ T-cells. In some alternatives, the popula-
tion comprises isolated or enriched CD4+ T-cells in the
absence of, enriched over, or substantially depleted of CD8+
T-cells.
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[0223] In some alternatives, the adoptive cellular immu-
notherapy compositions are useful in the treatment of a
disease or cancer. In some alternatives, a composition or
product combination for human therapy is provided,
wherein the composition or product combination comprises
a pharmaceutical excipient and at least one population of
genetically modified T-cells according to any one or more of
the alternative T-cells or population of genetically modified
T-cells prepared or obtained as described herein. In some
alternatives of the composition or product combination for
human therapy, the composition or product combination
comprises a population of genetically modified T-cells, such
as T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, desirably iPS cells,
wherein the population comprises isolated CD8+ T-cells in
the absence of enriched over, substantially depleted of CD4+
T-cells. In some alternatives of the composition or product
combination for human therapy, the composition or product
combination comprises a population of genetically modified
T-cells, such as T-cells that are derived from thymocytes or
T-cells that are derived from engineered precursors, desir-
ably iPS cells, wherein the population comprises isolated
CD4+ T-cells in the absence of, enriched over, or substan-
tially depleted of CD8+ T-cells. In some alternatives of the
composition or product combination for human therapy, the
composition or product combination comprises a combina-
tion of isolated CD8+ T-cells in the absence of, enriched
over, or substantially depleted of CD4+ T-cells and isolated
CD4+ T-cells absence of, enriched over, or substantially
depleted of CD8+ T-cells in a 1:1 ratio. In some alternatives,
the population of genetically modified T-cells are mixed and
administered or co-administered as separate formulations to
a subject in need thereof in a CD4+ T-cell to CD8+ T-cell
ratio that is 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10 or
a ratio within a range defined by any two of these ratios. In
some alternatives, the population of genetically modified
T-cells are mixed and administered or co-administered as
separate formulations to a subject in need thereof in a CD8+
T-cell to CD4+ T-cell ratio that is 1:1, 1:2, 1:3, 1:4, 1:5, 1:6,
1:7, 1:8, 1:9, 1:10 or a ratio within a range defined by any
two of these ratios.

[0224] “Pharmaceutical excipient,” or pharmaceutical
vehicle as described herein can refer to a carrier or inert
medium used as a solvent in which the medicinally active
agent or T-cells for treatment is formulated and or admin-
istered. Vehicles can include polymeric micelles, liposomes,
lipoprotein-based carriers, nano-particle carriers, dendrim-
ers, and/or other vehicles for T-cells that are known to one
skilled in the art. An ideal vehicle or excipient can be
non-toxic, biocompatible, non-immunogenic, biodegrad-
able, and can avoid recognition by the host’s defense mecha-
nisms.

[0225] In some alternatives, a composition or product
combination for human therapy is provided, wherein the
composition or product combination comprises a pharma-
ceutical excipient and at least one population of genetically
modified T-cells of any of the alternatives described herein.
In some alternatives, the excipients are pharmaceutical
vehicles. In some alternatives, the pharmaceutical vehicles
include pharmaceutical compositions.

[0226] Acute lymphoblastic leukemia (ALL) or acute
lymphoid leukemia is a cancer of the white blood cells,
characterized by the overproduction of cancerous, immature
white blood cells, also known as lymphoblasts. In patients
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with ALL, lymphoblasts are overproduced in the bone
marrow and continuously multiply, causing damage and
death by inhibiting the production of normal cells, such as,
for example, red and white blood cells and platelets, in the
bone marrow and by spreading to other organs. ALL is most
common in childhood with a peak incidence at 2-5 years of
age, and another peak at an older age.

[0227] The symptoms of ALL are indicative of a reduced
production of functional blood cells, because the leukemia
wastes the resources of the bone marrow, which are nor-
mally used to produce new, functioning blood cells. Symp-
toms can include fever, increased risk of infection, increased
tendency to bleed, anemia, tachycardia, fatigue and head-
ache. Between 50 to 70% of children and 40-50% of adults
who achieve complete remission after initial therapy but
then suffer a relapse can be able to go into a second complete
remission. Treatment for relapse after a first remission can
be standard chemotherapy or experimental drugs, or more
aggressive treatments such as stem cell transplants. Treat-
ment for relapse after a first remission can be standard
chemotherapy or experimental drugs, or more aggressive
treatments such as stem cell transplants. However, for others
such as acute myeloid leukemia and ALL the reduced
mortality of the autogenous relative to allogeneic
hematopoietic stem cell transplantation (HSCT) can be
outweighed by an increased likelihood of cancer relapse and
related mortality, and therefore the allogeneic treatment can
be preferred for those conditions. As such methods are
needed to improve the cells for treatment of leukemia,
myeloid leukemia and ALL.

[0228] In some alternatives, a method of treating, inhib-
iting, or ameliorating a disease, such as a cancer, such as
ALL, in a subject in need thereof is provided, wherein the
method comprises administering to the subject at least one
composition or product combination of any one or more of
the alternatives described herein, wherein the composition
or product combination comprises genetically modified
T-cells, which have a chimeric antigen receptor, wherein the
T-cells are transduced, cytokine-stimulated CD8+ T-cells
and/or CD4+ T-cells. In some alternatives of the method, the
method comprises administering a composition or product
combination, wherein the composition or product combina-
tion comprises a population of genetically modified T-cells
comprising isolated CD8+ T-cells absence of, enriched over,
or substantially depleted of CD4+ T-cells. In some alterna-
tives of the method, the method comprises administering a
composition or product combination, wherein the composi-
tion or product combination comprises a population of
genetically modified T-cells comprising isolated CD4+
T-cells absence of, enriched over, or substantially depleted
of CD8+ T-cells. In some alternatives, the method further
comprises administering a composition or product combi-
nation, wherein the composition or product combination
comprises a population of genetically modified T-cells com-
prising isolated CD4+ T-cells absence of, enriched over, or
substantially depleted of CD8+ T-cells. In some alternatives
of the method, the method further comprises administering
a composition or product combination, wherein the compo-
sition or product combination comprises a population of
genetically modified T-cells comprising isolated CD8+
T-cells absence of, enriched over, or substantially depleted
of CD4+ T-cells. In some alternatives of the method, the
method further comprises administering the composition or
product combination, wherein the composition or product
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combination comprises isolated CD8+ T-cells absence of,
enriched over, or substantially depleted of CD4+ T-cells and
isolated CD4+ T-cells absence of, enriched over, or substan-
tially depleted of CD8+ T-cells in a 1:1 ratio. In some
alternatives, the population of genetically modified T-cells
are mixed and administered or co-administered as separate
formulations to a subject in need thereof in a CD4+ T-cell to
CD8+ T-cell ratio that is 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8,
1:9, 1:10 or a ratio within a range defined by any two of
these ratios. In some alternatives, the population of geneti-
cally modified T-cells are mixed and administered or co-
administered as separate formulations to a subject in need
thereofin a CD8+ T-cell to CD4+ T-cell ratio thatis 1:1, 1:2,
1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10 or a ratio within a range
defined by any two of these ratios. In some alternatives, the
subject is identified or selected to receive an anti-cancer
therapy. In some alternatives, the method further comprises
measuring or evaluating an inhibition of a disease. In some
alternatives, the method further comprises providing said
subject an additional anti-cancer therapy before, during, or
after administration of the composition or product combi-
nation of any one or more of the alternatives described
herein. In some alternatives of the method, the composition
or product combination of any one or more of the alterna-
tives described herein, are administered to said subject by
adoptive cell transfer. In some alternatives, the composition
or product combination of any one or more of the alterna-
tives described herein, are administered to said subject after
said subject has received another form of anti-cancer
therapy. In some alternatives, the composition or product
combination of any one or more of the alternatives described
herein, are administered to said subject after said subject has
received another form of anti-cancer therapy. In some alter-
natives, the subject is suffering from leukemia. In some
alternatives, the subject has recurrent and/or refractory
CD19+ childhood acute lymphoblastic leukemia (ALL). In
some alternatives of the method, the subject has recurrent
and/or chemotherapy refractory CD19+ acute lymphoblastic
leukemia (ALL). In some alternatives of the method, the
subject is suffering from an autoimmune disease. In some
alternatives of the method, the subject is suffering from a
post-HSCT relapse.

Additional Alternatives

Vectors, Cells and Methods of Transducing Cells

[0229] The compositions described herein provide for
CD4+ and/or CD8+ expressing T lymphocytes, such as
T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, desirably iPS cells. T
lymphocytes can be collected in accordance with known
techniques and enriched or depleted by known techniques,
such as affinity binding to antibodies such as flow cytometry
and/or immunomagnetic selection. After enrichment and/or
depletion steps, in vitro expansion of the desired T lympho-
cytes can be carried out in accordance with known tech-
niques (including but not limited to those described in U.S.
Pat. No. 6,040,177 to Riddell et al., hereby expressly incor-
porated by reference in its entirety). In some alternatives, the
T-cells are autologous T-cells i.e., obtained from the patient
to which the cells are delivered. In some alternatives, the T
cells are precursor T cells. In some alternatives, the precur-
sor T cells are a hematopoietic stem cells (HSC).
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[0230] For example, the desired T-cell population or sub-
population can be expanded by adding an initial T lympho-
cyte population to a culture medium in vitro, and then
adding to the culture medium feeder cells, such as non-
dividing peripheral blood mononuclear cells (PBMC), (e.g.,
such that the resulting population of cells contains at least 5,
10, 20, or 40 or more PBMC feeder cells for each T
lymphocyte in the initial population to be expanded); and
incubating the culture (e.g. for a time sufficient to expand the
numbers of T-cells). The non-dividing feeder cells can
comprise gamma-irradiated PBMC feeder cells. In some
alternatives, the PBMC are irradiated with gamma rays at
3000, 3200, 3300, 3400, 3500, or 3600 rads to prevent cell
division, or within a range of rads defined by any two of the
aforementioned rads. The order of addition of the T-cells and
feeder cells to the culture media can be reversed if desired.
The culture can be incubated under conditions that are
suitable for the growth of T lymphocytes. For the growth of
human T lymphocytes, for example, the temperature will
generally be at least 25 degrees Celsius, preferably at least
30 degrees, more preferably 37 degrees, or any other tem-
perature within a range defined by any two of these tem-
peratures.

[0231] The T lymphocytes expanded include CD8+ cyto-
toxic T lymphocytes (CTL) and CD4+ helper T lymphocytes
that can be specific for an antigen present on a human tumor
or a pathogen and express a chimeric antigen receptor.
[0232] In another alternative, the expansion method or
propagation can further comprise adding non-dividing EBV-
transformed lymphoblastoid cells (LCL) as feeder cells.
LCL can be irradiated with gamma rays in the range of 6000,
7000, 8000, 9000, or 10,000 rads, or within a range of rads
defined by any two of the aforementioned rads. The LCL
feeder cells can be provided in any suitable amount, such as
aratio of LCL feeder cells to initial T lymphocytes of at least
10:1.

[0233] In another alternative, the expansion method or
propagation can further comprise adding anti-CD3 and/or
anti CD28 antibody to the culture medium (e.g., at a
concentration of at least 0.5 ng/ml). In another alternative,
the method of making genetically modified T-cells, which
have a chimeric antigen receptor method can further com-
prise adding IT.-2, IT.-15, and/or IL.-21 to the culture medium
(e.g., wherein the concentration of IL-2 is at least 10
units/ml). In another alternative, the method of making
genetically modified T-cells, which have a chimeric antigen
receptor method can further comprise adding 1L.-7, 1L-15,
and/or 1L.21 to the culture medium (e.g., wherein the con-
centration of IL.-2 is at least 10 units/ml). After isolation of
T lymphocytes, both cytotoxic and helper T lymphocytes
can be sorted into naive, memory, and effector T-cell sub-
populations either before or after expansion.

[0234] CD8+ cells can also be obtained by using standard
methods. In some alternatives, CD8+ cells are further sorted
into naive, central memory, and effector memory cells by
identifying cell surface antigens that are associated with
each of those types of CD8+ cells. In some alternatives,
memory T-cells are present in both CD62L+ and CD62[.—-
subsets of CD8+ peripheral blood lymphocytes. PBMC are
sorted into CD62L-CD8+ and CD62L+CD8+ fractions after
staining with anti-CD8 and anti-CD62L antibodies. In some
alternatives, the expression of phenotypic markers of central
memory T.,, include CD45RO, CD621,, CCR7, CD28,
CD3, and/or CD127 and/or are negative or low for granzyme
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B and/or CD45RA. In some alternatives, central memory
T-cells are CD28+, CD27+, CD45RO+, CD62L+, and/or
CD8+ T-cells. In some alternatives, naive CD8+ T lympho-
cytes are characterized by the expression of phenotypic
markers of naive T-cells including CD62L., CCR7, CD27,
CD28, CD3, CD127, and/or CD45RA.

[0235] Whether a cell or cell population is positive for or
expresses a particular cell surface marker can be determined
by flow cytometry using a specific antibody that is specific
for the surface marker and an isotype matched control
antibody. A cell population negative for a marker refers to
the absence of significant binding of the cell population with
the specific antibody above the isotype control, indicative of
a lack of expression of said marker; positive refers to
uniform binding of the cell population above the isotype
control indicative of the expression of the marker. In some
alternatives, a decrease in expression of one or markers
refers to loss of 1 log 10 in the mean fluorescence intensity
and/or decrease of percentage of cells that exhibit the marker
of at least 20% of the cells, 25% of the cells, 30% of the
cells, 35% of the cells, 40% of the cells, 45% of the cells,
50% of the cells, 55% of the cells, 60% of the cells, 65% of
the cells, 70% of the cells, 75% of the cells, 80% of the cells,
85% of the cells, 90% of the cell, 95% of the cells, or 100%
of the cells or any % within a range of % s defined by any
two of these values when compared to a reference cell
population. In some alternatives, a cell population positive
for one or markers refers to a percentage of cells that exhibit
the marker of at least 50% of the cells, 55% of the cells, 60%
of the cells, 65% of the cells, 70% of the cells, 75% of the
cells, 80% of the cells, 85% of the cells, 90% of the cell,
95% of the cells, or 100% of the cells or any % within a
range of % s defined by any two of these values when
compared to a reference cell population.

[0236] CD4+ T helper cells are sorted into naive, central
memory, and effector cells by identifying cell populations
that have cell surface antigens. CD4+ lymphocytes can be
obtained by standard methods. In some alternatives, naive
CD4+ T lymphocytes are CD45RO-, CD45RA+, CD62L+,
CD27+, CD28+, and/or CD4+ T-cells. In some alternatives,
central memory CD4+ cells are CD62L+ and/or CD45RO+.
In some alternatives, effector CD4+ cells are CD62L- and/or
CD45RO-. In some alternatives, effector CD4+ cells are
CD28+, CD27+ and/or CD62L+.

[0237] In some alternatives, populations of CD4+ and
CD8+ that are antigen specific can be obtained by stimulat-
ing naive or antigen specific T lymphocytes with antigen.
For example, antigen-specific T-cell lines or clones can be
generated to Cytomegalovirus antigens by isolating T-cells
from infected subjects and stimulating the cells in vitro with
the same antigen. Naive T-cells can also be used. Any
number of antigens from tumor cells can be utilized as
targets to elicit T-cell responses. In some alternatives, the
adoptive cellular immunotherapy compositions are useful in
the treatment of a disease or disorder including a solid
tumor, hematologic malignancy, breast cancer or melanoma.

Modification of T Lymphocyte Populations

[0238] In some alternatives it can be desired to introduce
functional genes into the T-cells to be used in immuno-
therapy in accordance with the present disclosure. For
example, the introduced gene or genes can improve the
efficacy of therapy by promoting the viability and/or func-
tion of transferred T-cells; or they can provide a genetic
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marker to permit selection and/or evaluation of in vivo
survival or migration; or they can incorporate functions that
improve the safety of immunotherapy, for example, by
making the cell susceptible to negative selection in vivo as
described by Lupton S. D. et al., Mol. and Cell Biol., 11:6
(1991); and Riddell et al., Human Gene Therapy 3:319-338
(1992); see also the publications of PCT/US91/08442 and
PCT/US94/05601 by Lupton et al. describing the use of
bifunctional selectable fusion genes derived from fusing a
dominant positive selectable marker with a negative select-
able marker, both references hereby expressly incorporated
by reference in their entireties. This can be carried out in
accordance with known techniques (see, e.g., U.S. Pat. No.
6,040,177 to Riddell et al. at columns 14-17, hereby
expressly incorporated by reference in its entirety) or varia-
tions thereof that will be apparent to those skilled in the art
based upon the present disclosure. In some alternatives, the
T cells are precursor T cells. In some alternatives, the
precursor T cells are a hematopoietic stem cells (HSC).

[0239] In some alternatives, T-cells are modified with
chimeric receptors, as described herein. In some alterna-
tives, the T-cells are obtained from the subject to be treated,
in other alternatives, the lymphocytes are obtained from
allogeneic human donors, preferably healthy human donors.
In some alternatives, the T cells are precursor T cells. In
some alternatives, the precursor T cells are a hematopoietic
stem cells (HSC).

[0240] Insome alternatives, chimeric receptors comprise a
ligand binding domain that specifically binds to surface
molecule on a cell, a polypeptide spacer region, a trans-
membrane domain and an intracellular signaling domain as
described herein. In some alternatives, the ligand binding
domain is a single-chain antibody fragment (scFv) that is
derived from the variable heavy (VH) and variable light
(VL) chains of a monoclonal antibody (mAb). Co-stimula-
tory signals can also be provided through the chimeric
receptor by fusing the co-stimulatory domain of CD28
and/or 4-1BB to the CD3E chain. Chimeric receptors are
specific for cell surface molecules independent from HLA,
thus overcoming the limitations of TCR-recognition includ-
ing HLA-restriction and low levels of HLLA-expression on
tumor cells.

[0241] In some alternatives, the same or a different chi-
meric receptor can be introduced into each of population of
CD4+ and CD8+ T lymphocytes. In some alternatives, the
chimeric receptor in each of these populations has a ligand
binding domain that specifically binds to the same ligand on
the cell. The cellular signaling modules can differ. In some
alternatives, the intracellular signaling domain of the CD8+
cytotoxic T-cells is the same as the intracellular signaling
domain of the CD4+ helper T-cells. In other alternatives, the
intracellular signaling domain of the CD8+ cytotoxic T-cells
is different than the intracellular signaling domain of the
CD4+ helper T-cells. In some alternatives, an anti-CD19
CAR is introduced into one population of lymphocytes and
an EGFR specific CAR is introduced into another population
of lymphocytes.

[0242] In some alternatives each of the CD4 or CD8 T
lymphocytes are sorted in to naive, central memory, effector
memory or effector cells prior to transduction, as described
herein. In some alternatives, each of the CD4 or CD8 T
lymphocytes are sorted into naive, central memory, effector
memory, or effector cells after transduction.
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[0243] Various transduction techniques have been devel-
oped, which utilize recombinant infectious virus particles
for gene delivery. This represents a currently preferred
approach to the transduction of T lymphocytes described
herein. The viral vectors, which have been used in this way
include virus vectors derived from simian virus 40, adeno-
viruses, adeno-associated virus (AAV), lentiviral vectors,
and retroviruses. Thus, gene transfer and expression meth-
ods are numerous but essentially function to introduce and
express genetic material in mammalian cells. Several of the
above techniques have been used to transduce hematopoietic
or lymphoid cells, including calcium phosphate transfection,
protoplast fusion, electroporation, and infection with recom-
binant adenovirus, adeno-associated virus and retrovirus
vectors. Primary T lymphocytes have been successfully
transduced by electroporation and by retroviral or lentiviral
infection.

[0244] Retroviral and lentiviral vectors provide a highly
efficient method for gene transfer into eukaryotic cells.
Moreover, retroviral or lentiviral integration takes place in a
controlled fashion and results in the stable integration of one
or a few copies of the new genetic information per cell.

[0245] In some alternatives it can be useful to include in
the T-cells a positive marker that enables the selection of
cells of the negative selectable phenotype in vitro. The
positive selectable marker can be a gene that upon being
introduced into the host cell expresses a dominant phenotype
permitting positive selection of cells carrying the gene.
Genes of this type are known in the art, and include, inter
alia, hygromycin-B phosphotransferase gene (hph) which
confers resistance to hygromycin B, the amino glycoside
phosphotranstferase gene (neo or aph) from Tn5 which codes
for resistance to the antibiotic G418, the dihydrofolate
reductase (DHFR) gene, the adenosine deaminase gene
(ADA), and the multi-drug resistance (MDR) gene. In some
alternatives, the positive marker is an EGFR truncated
protein for cell selection.

[0246] A variety of methods can be employed for trans-
ducing T lymphocytes, as is well known in the art. In some
alternatives, transduction is carried out using lentiviral vec-
tors. In some alternatives, CD4+ and CDS8+ cells each can
separately be modified with an expression vector encoding
a chimeric receptor to form defined populations. In some
alternatives, these cells are then further sorted into subpopu-
lations of naive, central memory and effector cells as
described above by sorting for cell surface antigens unique
to each of those cell populations.

[0247] In some alternatives, CD4+ and CD8+ cells that
proliferate in response to antigen or tumor targets are
selected. For example, CD4+ cells that proliferate vigor-
ously when stimulated with antigen or tumor targets as
compared to sham transduced cells, or CD8+ transduced
cells are selected. In some alternatives, CD4+ and CDS8+
cells are selected that are cytotoxic for antigen bearing cells.
In some alternatives, CD4+ are expected to be weakly
cytotoxic as compared to CD8+ cells.

[0248] In another alternative, transduced lymphocytes,
such as CD8+ central memory cells, are selected that pro-
vide for cell killing in vivo using an animal model estab-
lished for the particular type of cancer. Such animal models
are known to those of skill in the art and exclude human
beings. As described herein, not all chimeric receptor con-

Jan. 19, 2017

structs transduced into lymphocytes confer the ability to kill
tumor cells in vivo despite the ability to become activated
and kill cells in vitro.

[0249] The disclosure contemplates that combinations of
CD4+ and CD8+ T-cells will be utilized in compositions. In
one alternative, combinations of chimeric receptor trans-
duced CD4+ cells can be combined with chimeric receptor
transduced CD8+ cells of the same ligand specificity or
combined with CD8+ T-cells that are specific for a distinct
tumor ligand. In other alternatives, chimeric receptor trans-
duced CDS8+ cells are combined with chimeric receptor
transduced CD4+ cells specific for a different ligand
expressed on the tumor. In yet another alternative, chimeric
receptor modified CD4+ and CD8+ cells are combined. In
some alternatives CD8+ and CD4+ cells can be combined in
different ratios for example, a 1:1 ratio of CD8+ and CD4+,
aratio of 10:1 of CD8+ to CD4+, or a ratio of 100:1 of CD8+
to CD4+ or any other ratio within a range defined by any two
of the aforementioned ratio values. In some alternatives, the
combined population is tested for cell proliferation in vitro
and/or in vivo, and the ratio of cells that provides for
proliferation of cells is selected.

[0250] As described herein, the disclosure contemplates
that CD4+ and CDS8+ cells can be further separated into
subpopulations, such as naive, central memory, and effector
memory cell populations. As described herein, in some
alternatives, naive CD4+ cells are CD45RO—-, CD45RA+,
CD62L+, CD28+, CD27+, and/or CD4+ positive T-cells. In
some alternatives, central memory CD4+ cells are CD62L
positive and/or CD45RO positive. In some alternatives,
effector CD4+ cells are CD62L negative and/or CD45RO
positive. Each of these populations can be independently
modified with a chimeric receptor. In some alternatives,
central memory CD4+ cells are CD62L+, CD28+ and/or
CD27+.

[0251] After transduction and/or selection for chimeric
receptor bearing cells, the cell populations are preferably
expanded in vitro until a sufficient number of cells are
obtained to provide for at least one infusion into a human
subject, typically around 10* cells’kg to 10° cells/kg. In
some alternatives, the transduced cells are cultured in the
presence of antigen bearing cells, anti CD3, anti CD28, 1L,
2,1L-7, 1L 15, and/or IL-21 and/or combinations thereof. In
some alternatives, the T-cells are stimulated in the presence
of an antibody-bound support, such as a bead or particle. In
some alternatives, the T-cells are stimulated with an anti-
body-bound support, wherein the antibody-bound support
comprises anti-TCR, anti-CD2, anti-CD3, anti-CD4 and/or
anti-CD28 antibodies. In some alternatives, the T-cells are
stimulated with an antibody-bound support, wherein the
antibody-bound support comprises anti-CD3 and/or anti-
CD28 antibodies.

[0252] Each of the subpopulations of CD4+ and CD8+
cells can be combined with one another. In a specific
alternative, modified naive or central memory CD4+ cells
are combined with modified central memory CD8+ T-cells
to provide a synergistic cytotoxic effect on an antigen
bearing cells, such as a B-cell comprising CD19 on the cell
surface.

Compositions

[0253] The disclosure provides for an adoptive cellular
immunotherapy composition comprising a genetically modi-
fied T lymphocyte cell preparation as described herein.
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[0254] In some alternatives, the T lymphocyte cell prepa-
ration comprises CD4+ T-cells that have a chimeric receptor
comprising an extracellular antibody variable domain spe-
cific for a ligand associated with the disease or disorder, a
customizable spacer region, a transmembrane domain, and
an intracellular signaling domain of a T-cell receptor or other
receptors as described herein. In other alternatives, an adop-
tive cellular immunotherapy composition further comprises
a chimeric receptor modified tumor-specific CD8+ cytotoxic
T lymphocyte cell preparation that provides a cellular
immune response, wherein the cytotoxic T lymphocyte cell
preparation comprises CD8+ T-cells that have a chimeric
receptor comprising an extracellular single chain antibody
specific for a ligand associated with the disease or disorder,
a customizable spacer region, a transmembrane domain, and
an intracellular signaling domain of a T-cell receptor, as
described herein.

[0255] In some alternatives, an adoptive cellular immu-
notherapy composition comprises a chimeric receptor modi-
fied tumor-specific CD8+ cytotoxic T lymphocyte cell
preparation that provides a cellular immune response,
wherein the cytotoxic T lymphocyte cell preparation com-
prises CD84+ T-cells that have a chimeric receptor compris-
ing an extracellular single chain antibody specific for a
ligand associated with the disease or disorder, a customiz-
able spacer region, a transmembrane domain, and an intra-
cellular signaling domain of a T-cell receptor, in combina-
tion with an antigen-reactive chimeric receptor modified
naive CD4+ T helper cell derived from CD45RO- CD62L+
and/or CD4+ T-cells, and a pharmaceutically acceptable
carrier.

[0256] In other alternatives, an adoptive cellular immuno-
therapy composition comprises an antigen specific CD8+
cytotoxic T lymphocyte cell preparation that provides a
cellular immune response derived from the patient combined
with an antigen-reactive chimeric receptor modified naive
CD4+ T helper cell that augments the CD8+ immune
response, wherein the helper T lymphocyte cell preparation
comprises CD4+ T-cells that have a chimeric receptor com-
prising an extracellular antibody variable domain specific
for the antigen associated with the disease or disorder, a
customizable spacer region, a transmembrane domain, and
an intracellular signaling domain of a T-cell receptor.
[0257] In a further alternative, an adoptive cellular immu-
notherapy composition comprises an antigen-reactive chi-
meric receptor modified naive CD4+ T helper cell that
augments the CD8+ immune response, wherein the helper T
lymphocyte cell preparation comprises CD4+ T-cells that
have a chimeric receptor comprising an extracellular anti-
body variable domain specific for a ligand associated with a
disease or disorder, a customizable spacer region, a trans-
membrane domain, and an intracellular signaling domain of
a T-cell receptor.

[0258] In some alternatives, the CD4+ T helper lympho-
cyte cell is selected from the group consisting of naive CD4+
T-cells, central memory CD4+ T-cells, effector memory
CD4+ T-cells, and bulk CD4+ T-cells. In some alternatives,
CD4+ helper lymphocyte cell is a naive CD4+ T-cell,
wherein the naive CD4+ T-cell comprises a CD45RO-,
CD45RA+, CD62L+CD28+, CD27+, and/or CD4+. In some
alternatives, the CD8+ T cytotoxic lymphocyte cell is
selected from the group consisting of naive CD8+ T-cells,
central memory CD8+ T-cells, effector memory CD8+
T-cells and bulk CD8+ T-cells. In some alternatives, the
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CD8+ cytotoxic T lymphocyte cell is a central memory
T-cell wherein the central memory T-cell comprises a
CDA45RO+, CD62L+, CD27+, CD28+ and/or CD8+. In yet
other alternatives, the CD8+ cytotoxic T lymphocyte cell is
a central memory T-cell and the CD4+ helper T lymphocyte
cell is a naive or central memory CD4+ T-cell.

[0259] The disclosure provides methods of making adop-
tive immunotherapy compositions and uses or methods of
using these compositions for performing cellular immuno-
therapy in a subject having a disease or disorder. Prolifera-
tion and persistence of the chimeric receptor modified
T-cells can be determined by using an animal model of the
disease or disorder and administering the cells and deter-
mining persistence and/or proliferative capacity of the trans-
ferred cells. In other alternatives, proliferation and activation
can be tested in vitro by going through multiple cycles of
activation with antigen bearing cells.

[0260] In some alternatives, a method of manufacturing
the compositions comprises obtaining a modified naive
CD4+ T helper cell, wherein the modified helper T lympho-
cyte cell preparation comprises CD4+ T-cells that have a
chimeric receptor comprising a ligand binding domain spe-
cific for a tumor cell surface molecule, a customized spacer
domain, a transmembrane domain, and an intracellular sig-
naling domain as described herein.

[0261] In another alternative, a method further comprises
obtaining a modified CD8+ cytotoxic T cell, wherein the
modified cytotoxic T lymphocyte cell preparation comprises
CD8+ cells that have a chimeric receptor comprising a
ligand binding domain specific for a tumor cell surface
molecule, a customized spacer domain, a transmembrane
domain, and an intracellular signaling domain as described
herein.

[0262] In another alternative, a method comprises obtain-
ing a modified CD8+ cytotoxic T-cell, wherein the modified
cytotoxic T lymphocyte cell preparation comprises CD8+
T-cells that have a chimeric receptor comprising a ligand
binding domain specific for a tumor cell surface molecule,
a customized spacer domain, a transmembrane domain, and
an intracellular signaling domain, as described herein, and
further comprising combining the modified CD8+ cytotoxic
T-cells with a CD4+ helper cell lymphocyte cell preparation.
[0263] The preparation of the CD4+ and CD8+ cells that
are modified with a chimeric receptor has been described
above, as well as, in the examples. Antigen specific T
lymphocytes can be obtained from a patient having the
disease or disorder or can be prepared by in vitro stimulation
of T lymphocytes in the presence of antigen. Subpopulations
of CD4+ and CD8+ T lymphocytes that are not selected for
antigen specificity can also be isolated as described herein
and combined in the methods of manufacturing. In some
alternatives, the combination of cell populations can be
evaluated for uniformity of cell surface makers, the ability
to proliferate through at least two generations, to have a
uniform cell differentiation status. Quality control can be
performed by co-culturing a cell line expressing the target
ligand with chimeric receptor modified T-cells to determine
if the chimeric receptor modified T-cells recognize the cell
line using cytotoxicity, proliferation, or cytokine production
assays that are known in the field. Cell differentiation status
and cell surface markers on the chimeric receptor modified
T-cells can be determined by flow cytometry. In some
alternatives, the markers and cell differentiation status on the
CD8+ cells include CD3, CD8, CD62L, CD28, CD27,
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CD69, CD25, PD-1, CTLA-4, CD45RO, and/or CD45RA.
In some alternatives, the markers and the cell differentiation
status on the CD4+ cells include CD3, CD4, CD62L, CD28,
CD27, CD69, CD25, PD-1, CTLA-4 CD45RO, and/or
CD45RA. In some alternatives, the markers include CD45
RA, CD45 RO, CCR7, CD25, CD127, CD57, CDI137,
CD27, CD28 and/or CD62L. In some alternatives, the
markers include CD27, CD28 and/or CD62L.

[0264] Some alternatives relate to approaches for treating,
inhibiting, or ameliorating a disease, such as cancer, such as
ALL in a subject in need thereof, including methods of
inhibiting or delaying progression and/or metastasis of a
cancer, methods of inhibiting or reducing the presence of a
tumor or cancer cell, and/or a methods of inhibiting or
reducing a target population of CD19 expressing cells in a
patient in need thereof. Such methods involve administering
to a subject or a patient in need thereof a genetically
modified cytotoxic T lymphocyte cell preparation that pro-
vides a cellular immune response, wherein the cytotoxic T
lymphocyte cell preparation comprises CD8+ T-cells that
have a chimeric receptor comprising a polynucleotide cod-
ing for a ligand binding domain, wherein the ligand is a
tumor specific antigen, or any other molecule expressed on
a target-cell population (e.g. CD19) that is suitable to
mediate recognition and elimination by a lymphocyte; a
polynucleotide coding for a polypeptide spacer wherein the
polypeptide spacer is of a customized length, wherein the
spacer provides for enhanced T-cell proliferation and/or
cytokine production as compared to a reference chimeric
receptor; a polynucleotide coding for a transmembrane
domain; and a polynucleotide coding for one or more
intracellular signaling domains.

[0265] The disclosure also provides methods of perform-
ing cellular immunotherapy in a subject having a disease or
disorder such as cancer, such as ALL comprising: adminis-
tering a composition of lymphocytes expressing a chimeric
receptor as described herein. In other alternatives, a method
comprises administering to the subject a genetically modi-
fied cytotoxic T lymphocyte cell preparation that provides a
cellular immune response, wherein the cytotoxic T lympho-
cyte cell preparation comprises CD8+ T-cells that have a
chimeric receptor comprising a ligand binding domain spe-
cific for a cell surface molecule, a customized spacer
domain, a transmembrane domain, and an intracellular sig-
naling domain as described herein, and a genetically modi-
fied helper T lymphocyte cell preparation that elicits direct
recognition and augments the genetically modified cytotoxic
T lymphocyte cell preparations ability to mediate a cellular
immune response, wherein the helper T lymphocyte cell
preparation comprises CD4+ T-cells that have a chimeric
receptor comprising a ligand binding domain specific for a
cell surface molecule, a customized spacer domain, a trans-
membrane domain, and an intracellular signaling domain, as
described herein.

[0266] While not limiting the scope of the disclosure, it is
believed by selecting the chimeric receptor modified T-cell
population that can persist and proliferate in vivo prior to
administration can result in the ability to use a lower dose of
T-cells and provide more uniform therapeutic activity. In
some alternatives, the dose of T-cells can be reduced at least
10%, 20%, or 30% or greater. Reduction in the dose of
T-cells can be beneficial to reduce the risk or tumor lysis
syndrome and cytokine storm.
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[0267] In another alternative, a method of performing
cellular immunotherapy in subject having a disease or
disorder comprises: administering to the subject a geneti-
cally modified helper T lymphocyte cell preparation,
wherein the modified helper T lymphocyte cell preparation
comprises CD4+ T-cells that have a chimeric receptor com-
prising a ligand binding domain specific for a tumor cell
surface molecule, a customized spacer domain, a transmem-
brane domain, and an intracellular signaling domain as
described herein. In some alternatives, the method further
comprises administering to the subject a genetically modi-
fied cytotoxic T lymphocyte cell preparation, wherein the
modified cytotoxic T lymphocyte cell preparation comprises
CD4+ cells that have a chimeric receptor comprising a
ligand binding domain specific for a tumor cell surface
molecule, a customized spacer domain, a transmembrane
domain, and an intracellular signaling domain as described
herein.

[0268] Another alternative describes a method of perform-
ing cellular immunotherapy in a subject having a disease or
disorder comprising: analyzing a biological sample of the
subject for the presence of a target molecule (e.g. CD19)
associated with the disease or disorder and administering the
adoptive immunotherapy compositions described herein,
wherein the chimeric receptor specifically binds to the target
molecule (CD19).

[0269] In some alternatives, the CD4+ T helper lympho-
cyte cell is selected prior to introduction of the chimeric
receptor from the group consisting of naive CD4+ T-cells,
central memory CD4+ T-cells, effector memory CD4+
T-cells and bulk CD4+ T-cells. In a specific alternative,
CD4+ helper lymphocyte cell is a naive CD4+ T-cell,
wherein the naive CD4+ T-cell comprises a CD45RO-,
CD45RA+, CD28+, CD27+, CD62L+ and/or CD4+. In yet
other alternatives, the CD8+ T cytotoxic lymphocyte cell is
selected prior to introduction of the chimeric receptor from
the group consisting of naive CD8+ T-cells, central memory
CD8+ T-cells, effector memory CD8+ T-cells and bulk
CD8+ T-cells. In a specific alternative, the CD8+ cytotoxic
T lymphocyte cell is a central memory T-cell wherein the
central memory T-cell comprises a CD45RO+, CD62L+,
CD28+, CD28+, and/or CD8+. In a specific alternative, the
CD8+ cytotoxic T lymphocyte cell is a central memory
T-cell and the CD4+ helper T lymphocyte cell is a naive
CD4+ T-cell.

[0270] In some alternatives, the CD8+ T-cell and the
CD4+ T-cell are both genetically modified with a chimeric
receptor comprising an antibody heavy chain domain that
specifically binds a cell surface molecule. In other alterna-
tives, the intracellular signaling domain of the CD8 cyto-
toxic T-cells is the same as the intracellular signaling domain
of the CD4 helper T-cells. In yet other alternatives, the
intracellular signaling domain of the CD8 cytotoxic T-cells
is different than the intracellular signaling domain of the
CD4 helper T-cells.

[0271] The subjects that can be administered the alterna-
tives described herein include humans, other primates, such
as monkeys and apes, companion animals, such as dogs,
cats, and horses, and domestic animals such as pigs, goats,
sheep, and cattle. The subjects can be male or female and can
be any suitable age, including infant, juvenile, adolescent,
adult, and geriatric subjects. The methods are useful in the
treatment of, for example, CD19 bearing cancer or cells.
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[0272] Cells prepared as described above can be utilized in
methods and compositions for adoptive immunotherapy in
accordance with known techniques, or variations thereof
that will be apparent to those skilled in the art based on the
instant disclosure.

[0273] In some alternatives, the cells are formulated by
first harvesting them from their culture medium, and then
washing and concentrating the cells in a medium and
container system suitable for administration (a “pharmaceu-
tically acceptable” carrier) in a treatment-effective amount.
Suitable infusion medium can be any isotonic medium
formulation, typically normal saline, Normosol R (Abbott)
or Plasma-Lyte A (Baxter), but also 5% dextrose in water or
Ringer’s lactate can be utilized. The infusion medium can be
supplemented with fetal calf serum. Cells are then treated
with cytokines to produce a transduced, cytokine-stimulated
population of CD8+ T-cells and/or CD4+ T-cells with an
increased or improved engraftment fitness as compared to
non-cytokine stimulated populations of CD8+ T-cells and/or
CD4+ T-cells. In order to generate cells with the desired
improvement in engraftment fitness, the cytokines are desir-
ably added in vitro during the propagation of the T-cells. As
such, separated CD4+ and CD8+ T-cells are cytokine stimu-
lated by the addition of cytokines during the propagation of
the genetically modified T-cells. In some alternatives, the
CD4+ T cells are stimulated with at least one cytokine,
wherein the at least one cytokine comprises IL/7, IL-15
and/or IL-21. In some alternatives, the CD8+ T cells are
stimulated with at least one cytokine, wherein the at least
one cytokine comprises IL.-2, IL.-15 and/or 1L-21.

[0274] A treatment or inhibitory effective amount of cells
in the composition is at least 2 cell subsets (for example, 1
CD8+ central memory T-cell subset and 1 CD4+ helper
T-cell subset) or is more typically greater than 107 cells, and
up to 10°, up to and including 10® or 10° cells and can be
more than 10'° cells or any other value in a range defined by
any of these two values. The number of cells will depend
upon the ultimate use for which the composition is intended
as will the type of cells included therein. For example, if
cells that are specific for a particular antigen are desired,
then the population will contain greater than 70%, generally
greater than 80%, 85% and/or 90-95% of such cells. For uses
provided herein, the cells are generally in a volume of a liter
or less, can be 500 mls or less, even 250 mls or 100 mls or
less, or any other value within a range defined by any two
of these values. Hence the density of the desired cells is
typically greater than 10* cells/ml and generally is greater
than 107 cells/ml, generally 10% cells/ml or greater. The
clinically relevant number of immune cells can be appor-
tioned into multiple infusions that cumulatively equal or
exceed 10°, 107, 10®, 10°, 10*° or 10! cells or any other
amount within a range defined by any of these two values.

[0275] Insome alternatives, the lymphocytes of the inven-
tion can be used to confer immunity to individuals. By
“immunity” is meant a lessening of one or more physical
symptoms associated with a response to infection by a
pathogen, or to a tumor, to which the lymphocyte response
is directed. The amount of cells administered is usually in
the range present in normal individuals with immunity to the
pathogen. Thus, the cells are usually administered by infu-
sion, with each infusion in a range of from 2 cells, up to at
least 10° to 3x10"° cells, preferably in the range of at least
107 to 10° cells. The T-cells can be administered by a single
infusion, or by multiple infusions over a range of time.
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However, since different individuals are expected to vary in
responsiveness, the type and amount of cells infused, as well
as the number of infusions and the time range over which
multiple infusions are given are determined by the attending
physician, and can be determined by routine examination.
The generation of sufficient levels of T lymphocytes (includ-
ing cytotoxic T lymphocytes and/or helper T lymphocytes)
is readily achievable using the rapid expansion method of
the present invention, as exemplified herein. See, e.g., U.S.
Pat. No. 6,040,177 to Riddell et al. at column 17, hereby
expressly incorporated by reference in its entirety.

[0276] In some alternatives, the compositions, as
described herein are administered intravenously, intraperi-
toneally, intratumorly, into the bone marrow, into the lymph
node, and/or into cerebrospinal fluid.

[0277] In some alternatives, the compositions, as
described herein are administered with chemotherapeutic
agents and/or immunosuppressants. In an alternative, a
patient is first administered a chemotherapeutic agent that
inhibits or destroys other immune cells followed by the
compositions described herein. In some cases, chemo-
therapy can be avoided entirely.

Administration to Patients of ALL

[0278] CD4 and CD8 T cell subsets were immunomag-
netically isolated from apheresis products obtained from the
research participant. Following anti-CD3xCD28 bead
stimulation, T cell lines were transduced with a SIN lenti-
viral vector that directs the co-expression of the
FMC63scFv:1gGdhinge: CD28tm:4-1BB:E CAR and the
selection and tracking suicide construct EGFRt. Transduced
cells were propagated using recombinant human cytokines
to numbers suitable for clinical use over 10-20 days during
which time they were subjected to EGFRt immunomagnetic
positive selection. Shortly following lymphodepleting che-
motherapy, cryopreserved CD4/EGFRt+ and CD8/EGFRt+
T cell products were thawed and infused at the bedside such
that patients received a 1:1 ratio of EGFRt+ CD4 and CD8
T cells at the indicated protocol-prescribed dose level (1=0.
5x10%kg; 2=1x10%kg; 3=5x10%kg). In some alternatives,
the enriched CD4+ expressing T-cells were contacted, for
example propagated, in 5 ng/ml. recombinant human IL.-7
(thlIL-7) and/or 0.5 ng/mL. recombinant human IL-15 (rhIl-
15). In some alternatives, the enriched CD8+ expressing
T-cells were contacted, for example propagated, in 50 U/mL
recombinant human IL.-2 (rhIL.-2) and/or 0.5 ng/mL recom-
binant human IL.-15 (rhIL-15).

[0279] All enrolled subjects (n=16) had cell products that
met dosing specification and had been cleared for infusion.
13 subjects (6 m-3 yr s/p HSCT) had been treated at varying
dose levels (range of 0.5x10%kg-5x10%kg). The infusions
were well tolerated with only 1 AE>grade 2 (grade 3
anaphylaxis related to the DMSO). 12 out of 13 subjects had
responses for an ORR of 92%. 11 out of 13 subjects
achieved MRD negative CRs (85%). Subjects with higher
disease burden had higher peak PB CAR T cell levels
compared to those with MRD negative marrows (62.7% v
19.6%). Accumulation with expansion of CAR T cells in
bone marrow (n=12), peripheral blood (n=12) and CSF was
observed. The average duration of persistence for the 5
subjects who lost their T cell grafts was 63 days (range of
42-150 d).

[0280] Each of the twelve responding subjects developed
some degree of CRS with fever and hypotension as the
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hallmark symptoms. Two subjects, SO02 and S09, required
immunomodulatory treatment for sCRS (tocilizumab for
two, and addition of dexamethasone in one). Four of 13 of
these patients developed encephalopathy (2 grade 1, 1 grade
3 and 1 grade 4). The grade 4 encephalopathy was a DLT,
and accompanied by seizures and abnormal MRI findings
similar to PRES. MRI findings were normalized by 9 weeks
post therapy, but the subject, at the time of last assessment,
continued to have seizures, 6 months from therapy.

[0281] As shown, infusions of prescribed dose levels of
defined composition CD4:CD8 CD19CAR/EGFRt+ T cells/
kg produced encouraging rates of MRD-negative CRs in
pediatric and young adult ALL patients who have suffered a
post-HSCT relapse. As such, it is feasible to generate
donor-derived products from each of the sixteen enrolled
patients. The expected toxicities for the 13 evaluable
patients include CRS with ~30% ICU admission rate and
encephalopathy with severity ranging from mild to severe.
MRD negative responses have been seen at all dose levels,
although early data suggests enhanced persistence at esca-
lating doses.

[0282] Although one patient developed acute GVHD post
T cell therapy, the preliminary assessment suggested that
CAR T cells were not mediators of this response. Interest-
ingly, prednisone did not affect persistence of the T cell
graft. As such, the cells that maintained the markers CD28,
CD27, and CD62L showed high persistence in comparison
to cells that were not treated with the defined cytokine
mixtures and lack the markers for engraftment fitness, which
are the T-cells that are used for the current method of
treatment.

[0283] Shown in FIG. 18, is a flow diagram depicting the
development history of a process used to manufacture the
genetically modified T-cell comprising a chimeric antigen
receptor. As indicated, the current manufacturing procedure
does not have the Ficoll processing, whereas initial experi-
mental processes included a Ficoll processing step. The
initial variations of cell concentrations were also tested as
shown in the flow diagram of FIG. 19. Cells were also
expanded in the presence of cytokines (FIG. 20).

[0284] As shown in FIG. 20, donor sample PD0064:
PD0063 CD8+ enriched T-cells were used to test starting
cell density in a T25 flask on initiation. Both cells (from
PDO0064, PD0063) were tested under normal PLLAT-02 cul-
ture conditions, 1L.-2 (50 U/ml)+IL-15 (0.5 ng/mL). Cells
from donor sample PD0080, were used in a study to test the
expansion of cells on Tx day, by adding media and cytokines
for a final cell concentration of to 0.7x10°6 cell/mL. (“early
expansion”). By “Tx” it is meant throughout to refer to Day
+1, based on the day of stimulation beads being defined as
Day +0. PD0063 CD8+ cells were used as the enriched
starting material The same cytokine conditions were used as
with the PD0064:PD0063 CD8+ enriched cells. The experi-
ment tested two cell densities both showing greater viability
and expansion when the cells were volumed up early in the
presence of the cytokines. In this context “volume up” refers
to the volume of media/cytokine addition for initial feeding
following Tx was greater in the “early expansion” condi-
tions, leading to decreased cell density at this point in culture
for “early expansion” conditions.

[0285] As shown in FIG. 21, are the growth of cell
samples PD104 and PD0116 and the comparison of cell
growth under experimental conditions. PD0104: PD0063
CD8+ and CD4+ enriched cells were used to repeat previous
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experiments to test the expansion of cells on Tx day to
0.7x10° cell/mL (“early expansion”), with the following
cytokines and respective concentrations being added: 1L.-2
(50 U/ml)+IL-15 (0.5 ng/mL.) for CD8+ T- cells and IL.-7 (5
ng/mL)+IL-15 (0.5 ng/mL) for CD4+ T-cells. Growth and
viability were increased dramatically. These curves mimic
what was seen in clinical products as far as timing of
growth/bead removal/selection/cryopreservation.

[0286] The PDO0116: PD0046 CD8+ and CD4+ enriched
cells were used to repeat the experiment to test the expansion
of cells on Tx day to 0.7x1076 cell/mL (“early expansion™).
Normal PLAT-02 culture conditions, IL-2 (50 U/ml)+IL-15
(0.5 ng/mL) for CDS8 cells and IL.-7 (5 ng/mL)+IL-15 (0.5
ng/mL) for CD4’s. PD116 was initiated at 180x10°6 cells in
a V-197 bag and magnetic enrichment and spinoculation
were performed in a transfer pack. As shown, from these
conditions, growth and viability were increased dramati-
cally. These curves mimic what was seen in clinical products
as far as timing of growth, bead removal, selection, and
cryopreservation of T-cells.

[0287] PDO0116: PD0046 CD8+ and CD4+ enriched cells
were also used to repeat an experiment to test the expansion
of cells on Tx day by the addition of media and cytokines for
a final volume of to 0.7x10° cell/mL (“early expansion™).
Normal PLAT-02 culture conditions in which additions of
1IL-2 (50 U/ml)+IL-15 (0.5 ng/mL) for CD8 cells and I1L-7
(5 ng/mL)+IL-15 (0.5 ng/ml) for CD4’s was performed.
PDI116 was initiated at 180x10° cells in a V-197 bag and
magnetic enrichment and spinoculation were performed in a
transfer pack. This was the full scale data used to transition
to an updated manufacturing process. As shown in the FIG.
21, growth expansion was increased for CD8+ cells in
comparison to the CD4+ cells. The cytokines used for the
CD4__ and the CD8+ cells and the variations of the combi-
nations of the cytokines used are depicted in a flow chart as
shown in FIG. 22.

[0288] Various cytokine conditions were also tested on the
CD8+ and the CD4+ cells from donors. As shown in FIG. 23
panels A-F, samples from PD0047 and PD0040 were tested
with IL2/IL15, IL7/IL1S, IL2/L7/1L15, 1IL2 pulse with
IL7/1L15, IL2 only, IL2 pulse with IL7/IL21 and IL2/IL15.
This included incubation with IL-2 alone (pulse) for 5 days,
followed by the addition of IL-7/IL.-21, which then were
present throughout the remainder of the culture, incubation
with IL.-2 alone (pulse) for 5 days, followed by the addition
of IL-7/IL-21 and IL2/IL1S5, which then were present
throughout the remainder of the culture. PD0040: PD0038
CD8+ enriched T-cells were used to test various cytokine
cocktails. Concentrations for each condition were: 1L.-2 (50
U/mL), IL-7 (5 ng/mL), IL-15 (0.5 ng/mL). Condition #4
was an I[L-2 pulse for 5 days followed by IL-7/IL-15
throughout the remainder of the culture. Fold growth and
TNC were extrapolated from small scale experiment. Cur-
rently used IL.-2/I[.-15 combination showed best expansion.
In this study, the 1L.-2/IL-15 combination was demonstrated
to result in the best expansion.

[0289] As shown, the PD0047: PD0038 CD8+ enriched
cells were used to test various cytokine cocktails. The same
cytokine cocktails were tested using “low dose” IL-2 at 10
U/mL final. Concentrations of the individual cytokines used
in the various combinations were: I[.-2 (50 U/mL) and (10
U/mL) as stated in the legend, 1L.-7 (5 ng/mL), IL-15 (0.5
ng/mL), IL-21 (5§ ng/mL). Pulse conditions were an 1L-2
pulse for 5 days followed by IL-7/IL-21 throughout the



US 2017/0015746 Al

remainder of the culture. Fold growth and TNC are extrapo-
lated from a small scale experiment. The IL.-2/IL.-15 com-
bination showed the best expansion and was used for
following experimentations. The “normal” dose of IL-2
showed best growth. Panel A shows results from incubation
of PD0047 cells at day 15 (D15) and the comparison of
growth with various cytokines and the percent positive cells
(CD3+, CD62L+, CD3+/CD62L+/CD45RO-, CD28+,
CDD45RA+/CD4RO-, CD45RA+/CD45RO and
CD45RA-/CD45RO+), following incubation with the vari-
ous cytokine conditions.

[0290] Panel B shows results following incubation of
PDO0047 cells at day 21 (D21) and the comparison of growth
with various cytokines and the percent positive cells as
indicated above. Panel C shows PD0040 D21 and the
comparison of growth with various cytokines, in which the
total cell number is examined after 22 days of growth in
culture. Panel D shows PD0040 D21 and the comparison of
growth with various cytokines, as indicated the CD3+ cell
growth is examined after 22 day of culture growth. Panel E
shows PD0047 and the comparison of growth with various
cytokines, in which the total cell number is examined after
22 days of growth in culture. Panel F shows PD0047 and the
comparison of growth with various cytokines, as indicated
the CD3+ cell growth is examined after 22 day of culture
growth. As shown for PD0040: PD0038 CD8+ enriched
cells, were used to test various cytokine cocktails. Concen-
trations for each condition were: IL.-2 (50 U/mL), IL-7 (5
ng/mL), IL-15 (0.5 ng/mL). Condition #4 was an IL-2 pulse
for 5 days followed by IL-7/IL-15 throughout the remainder
of the culture. Fold growth and TNC were extrapolated from
small scale experiments. 1[.-2/I[.-15 combination showed
the best expansion and was used for future experiments.
Additionally, PD0047: PD0038 CD8+ enriched cells were
used to test various cytokine cocktails. The same cytokine
cocktails were tested using “low dose” IL-2 at 10 U/mL
final. Concentrations for each condition were: IL-2 (50
U/mL) and (10 U/mL) stated in legend, IL-7 (5 ng/mL),
IL-15 (0.5 ng/mL), IL-21 (5 ng/mL). Pulse conditions were
an IL-2 pulse for 5 days followed by IL-7/IL-21 throughout
the remainder of the culture. Fold growth and TNC were
then extrapolated from small scale experiments. The IL-2/
IL-15 cytokine combination used in the study described
above showed the best expansion. The “normal” dose of
IL-2 also showed the best growth. Flow cytometry for
phenotypic growth is available and indicated in further
experiments herein.

[0291] Shown in FIG. 24, are results from a series of
experiments to test the different combination of cytokines
PD0051: CD8+ cells from two different donors were used to
test the “normal” cytokine conditions using I[.-2 (50 U/mL)
and IL-15 (0.5 ng/mL) were used. Pulse conditions were an
1L-2 pulse for 5 days followed by IL-7 (5 ng/mL), IL-21 (5
ng/ml), throughout the remainder of the culture. Fold
growth and TNC that are shown, are from a scaled experi-
ment that started with 30x10°6 cells. The currently used
IL-2/IL-15 combination showed the best expansion, but
expansion was also seen from the cultures pulsed with 1L.-2
and switched to IL.-7/IL-21. Fold expansion was similar in
the pulsed conditions to PD0047.

[0292] For PDO0055, the same cytokine conditions were
tested as those assessed for PD0051 but with CD4+ donor
cells (same donor PD0038 as above). Cytokine conditions
were IL-7 (5 ng/mL) and IL-15 (0.5 ng/mL) for the experi-
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ments. Pulse conditions were an IL-2 pulse for 5 days
followed by IL-7 (5 ng/mL), IL-21 (5§ ng/mL), throughout
the remainder of the culture. Fold growth and TNC are from
a scaled experiment that started with 30x10"6 cells. The
currently used IL-7/IL.-15 combination showed the usual
expansion, however better expansion was seen from the
cultures pulsed with I[.-2 and switched to I[.-7/1[.-21. Panel
A shows PD0051 at day 15 (D15) and the comparison of
growth with various cytokines and the percent positive cells
(EGFRt+, EGFRt+/CD4+, EGFRt+/CD8+, CD3+, CD3+/
CD4+, CD3+/CD4+/CD8+, CD3+/CD8+, CD62L+, CD3+/
CD8+, CD62L+, CD3+/CD28+, CD27+, CDI127+,
CD45RA+/CD45RO-, CD45RA+/CD45RO_/CD45RO_/
CD45RA-, CD62+4/CD28+) in a donor versus donor
cytokine comparison. Panel B shows PDO0055 at day 17
(D17) and the comparison of growth with various cytokines
and the percent positive cells. Panel C shows the PD0051
growth curve and the comparison of growth with various
cytokines, in which the total cell number is examined after
20 days of growth in culture. Panel D shows PD0051 and the
comparison of growth with various cytokines, as indicated
the CD3+ cell growth is examined after 20 days of culture
growth. Panels C and D show a growth curves (total cells
and CD3+) for PD0051, comparing growth following incu-
bation of the cells with the indicated various cytokines,
through 20 days in culture. Panel E and F shows growth
curves (total cells and CD3+ respectively) for donor PD0055
following incubation with the indicated various cytokines, at
the indicated time point at day 17 of growth in culture.

[0293] Shown in FIG. 25, is a cytokine testing experiment
in which different combinations of cytokines were evaluated
for their influence on cell expansion. For sample PD0059,
the same cytokine testing experiment as shown for PD0051
was performed except that this experiment involved testing
a new CD4+ and CD8+ donor (PD0057). Testing the “nor-
mal” cytokine conditions using IL.-7 (5 ng/mL) and IL.-15
(0.5 ng/mL)) for CD4’s and IL-2 (50 U/mL) and IL-15 (0.5
ng/ml) for CD8+ cells were performed. Pulse conditions
were an IL-2 pulse for 5 days followed by IL-7 (5 ng/mL),
IL-21 (5 ng/mL), throughout the remainder of the culture.
Fold growth and TNC are from a scaled experiment that
started with 30x10° cells. The “normal” cytokine combina-
tions in this study resulted in expansion; good expansion
was seen following pulsing with IL-2 and switching to
IL-7/1L-21.

[0294] For PDO078, a similar cytokine study was per-
formed as in PDO0051, except that the experiment was
performed with a different CD4+ and CD8+ donor
(PD0063). The test was performed using “normal” cytokine
conditions using IL-7 (5 ng/mL) and IL-15 (0.5 ng/mL)) for
CD4’s and IL-2 (50 U/mL) and IL.-15 (0.5 ng/mL) for CD8’s
versus an I[.-2 only condition. All growth through day 14
(D+14) was on a normal plane, cultures were then EGFRt
selected. Recovery of viability and growth was not seen
following selection for the CD8+ cells. As shown in Panel
A, are the percent of positive cells after thawing the cells.
Panel B shows the PD0059 PLLAT-02 cytokine comparison.
Panel C shows PD0059 PLAT-02 cytokine comparison and
the CD3+ cell growth. Panel D shows the PD0078 growth
curves. Panel D shows the PD0078 growth curves and the
CD3+ cell growth.

[0295] Shown in FIG. 26, are two flow charts illustrating
an initial expansion methodology and the updated (or “cur-
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rent”) expansion methodology of cell expansion based on
experimentation, which was then used for future experimen-
tations.

[0296] Shown in FIG. 27, are growth curves for samples
from PDO008O, PD0084, and PDO0085 and a comparison
between all three. These three experiments were repeated
experiments of the “early expansion” methodology. For
these experiments, the standard cytokine conditions were
used: 1L-2 (50 U/mL)+IL-15 (0.5 ng/mL) for CD8+ T-cells
and IL-7 (5 ng/mL)+IL-15 (0.5 ng/mL) for CD4+ T-cells.
For PD0080, two starting densities were tested in duplicate
using PD0063 CD8+ T-cells. One of each of the cell
duplicates received volumes of up to 0.7x10° cell/mL fol-
lowing a 3-hour incubation on transduction day. For
PD0084, two additional CD8+ donor T-cells were assessed
for effects of early expansion. 30x106 cell starting conditions
were used as a control for each donor and a 60x10° cell
starting density was used with early expansion as test
conditions. For PDO0085, a similar test to PD0084 was
performed except the CD4+ T-cells were used to test early
expansion. Again 30x10° starting cell density were used as
“normal” control condition and 60x10° cell starting density
was used as a test condition.

[0297] As shown in FIG. 28, the starting material of
PD0038 included selected CD4+ and CD8+ T-cells. The
growth curves show TNC from both V-197 bags of cells that
were pooled together. From the early development, it was
intended to pool to 50:50 CD4:CD8 product prior to cryo-
preservation. Flow data shows post thaw of the pooled
product. Bead removal and EGFRt enrichment occurred
D+14 for CD4+ and D+15 for CD8+ T-cells. CD8+ T-cells
were grown in IL-2 (50 U/mL)/IL-15 (0.5 ng/mL.) and CD4+
T-cells were grown in IL-7 (5 ng/mL)/IL-15 (0.5 ng/mL).
This process was changed to a cryopreservation of separate
products and infusing a 50:50 product upon thawing.
[0298] Shown in FIG. 29, is the growth curve for PD0046.
Growth curves show TNC from both V-197 bags of cells
together. In early development there was an intent to pool a
50:50 CD4:CD8 product prior to cryopreservation. Flow
data shows post thaw of the pooled product. Bead removal
and EGFRt enrichment then occurred. D+14 for CD4+
T-cells and D+15 for CD8+ T-cells. CD8+ T-cells were
grown in IL-2 (50 U/mLYIL-15 (0.5 ng/ml) and CD4+
T-cells were grown in IL-7 (5 ng/mL)/IL-15 (0.5 ng/mL).
However, not much was done following this product, due to
the donor cells thawing poorly. Cells were used later to test
10% HA thawing and proved to be much better.

[0299] Shown in FIG. 30, is the growth curve for PD0063.
Growth curves show TNC from both V-197 bags of cells
together. Bead removal and EGFRt enrichment then
occurred D+14 for CD4’s and D+15 for CD8’s are shown.
CD8+ cells were grown in IL-2 (50 U/mLYIL-15 (0.5
ng/ml.) and CD4+ cells were grown in IL-7 (5§ ng/mL)/IL-15
(0.5 ng/ml.). Bead removal and EGFRt enrichment then
occurred.

[0300] Shown in FIG. 31, is the expansion of cells from
bulk PBMC cultures when grown in the presence of cytok-
ines. As shown, CD4+ cells (@) were grown in the presence
of IL2 and IL.15. CD8+ cells (M) were grown in the presence
of IL7 and IL.15. The lower panel, (phenotypic comparison)
of FIGS. 31A and 31B, shows percentage of total cells
expressing the indicated markers on their surfaces following
incubation with the different conditions, each of which
resulted in cells expressing markers of engrafiment fitness,

Jan. 19, 2017

e.g., CD62L, CD28, CD27, CD45RA. Growing CDS8-en-
riched cultures in IL-2/IL-15 and CD4-enriched cultures in
IL-7/IL-15 yielded robust expansion of both cultures and
strong expression of memory phenotype.

[0301] Shown in FIG. 32, is the expansion of enriched
CD8+ and CD4+ cells in cytokine mixtures. As shown in
sample PD0044, enriched CD8+ T-cells were expanded in
the presence of IL.2 and IL15 (top panel). In sample PD0044,
enriched CD4+ T-cells were expanded in the presence of IL.7
and IL.15 for over 20 days. As shown, the pooled CD4+ and
CD8+ T-cells expressed CD3, CD4, CD8, CD62L, CD28,
CD27, CD45RA and CD45RO. Also tested was sample
14602-S14 (See FIG. 32B). As shown, growing CD8+
enriched cultures in IL-2/IL-15 and CD4+ enriched cultures
in IL-7/1L-15 yielded robust expansion of both cultures and
strong expression of memory phenotype. Importantly, from
the data generated and shown in FIGS. 31 and 32, CD4+
T-cells and CD8+ T-cells grew optimally with different
cytokine combinations such that CD4+ T-cells performed
best in these studies with IL7 and 1L15, while CD8+ T-cells
grew best in these studies with the cytokines I1.2 and IL.15.
Growth with their respective optimal cytokine combinations
led to cells that had a phenotype following cell expansion in
which the cells expressed the surface markers CD45RA,
CD62L, CD28, and CD27, which indicate a high or
improved or enhanced engraftment fitness upon adoptive
transfer.

[0302] Shown in FIG. 33, are samples from 14602-S01
through 14602-S06 using the original PLLAT-02 (Phase [ and
Phase II of clinical trials) methodology of cell expansion.
The cells were positive for EGFRt prior to cyropreservation.
The cells were tested for viability. As shown in the bottom
table, the cells 14602-S03 CD8+ and 14602-S03-CD8+ cells
did not express CD3, CD62L, CD27, CD127, CD45RA/
CD45RO- or CD45RA. Shown in FIG. 34, are tests on the
cell product 14602-SO4 and 14602-S04-02 which have
both CD4+ and CD8+ T-cells. The cells were grown in
cultures using the “early expansion” methodology. The cells
were tested positive for EGFRt expression prior to cryo-
preservation.

[0303] Shown in FIG. 35, are the cells from samples
14602-S07, 14602-S08, and 14602-S09. The CD4+ and
CD8+ cells were expanded using the early expansion meth-
odology. In the top panel, as shown in the table for 14602-
S07 CD4+, cells and 14602-S07 CD8+ cells, shows per-
centage of cells expressing various markers including CD3,
CD62L, CD27, CD27, CD127, and CD45RA+ at various
times. In the bottom panel for sample 14602-S08, CD4+ and
CD8+ enriched T-cells remained viable after 10 days in
culture.

[0304] Shown in FIG. 36, are the cells tested for viability
from the batch samples of 14602-S10, 14602-S11, 14602-
S12 and 14602-S13. As shown in the accompanying tables,
the cells all expressed EGFRt prior to cryopreservation. The
cells were tested for viability in cell culture for at least 12
days.

[0305] Shown in FIG. 37, are the cells tested for viability
from the batch samples of 14602-S14, 14602-S15 and
14602-S16. As shown in the accompanying tables, the cells
all expressed EGFRt prior to cryopreservation. The cells
were tested for viability in cell culture for at least 12 days.
[0306] As shown in FIG. 38, the cells from the sample of
14602, which CD4+ and CD8+ T-cells were enriched from,
were positive for CD3, CD62L, CD28, CD127, CD45RA+/
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CD45RO-, CD45RA and CD45RO. These are specific
markers which to indicate that both CD4+ and CD8+ cells
had a high level of engraftment fitness following the treat-
ment with their specific cytokine combinations.

[0307] Shown in FIG. 39, are the results for a mouse after
T-cell administration after tumor inoculation (survival,
tumor progression). As shown, the mouse injected with the
cells from the sample PD0046 indicated that the cells had a
high, improved, or enhanced engraftment fitness due to the
survival of the mouse after 80 days of administration using
multiple concentrations of cells. The sample PD00044 did
not have a high, improved, or enhanced engraftment fitness
as the percent survival dropped at day 40 (FIG. 39B).
[0308] As shown in FIG. 40 is the average tumor progres-
sion in mice treated with cells from the PD0044 and PD0046
cell batches. As shown in the graphs, the tumor progression
in the mouse decreased if they were administered the CD8+
and CD4+ T-cells from the PD0046 batch, in which the cells
were originally grown in the appropriate cytokine mixtures
for CD4+ and CD8+ T-cells (IL7/IL.15 for CD4+ T-cells and
1L2/IL15 for CD8+ T-cells). As a control, the vehicle cells
did not halt tumor progression in either study with PD0044
and PD0046. As shown in the bottom panels, tumor pro-
gression increased in mice treated with cells from the
PD0044 sample, and in particular increased substantially
when treated with the least concentration of T-cells. Tumor
progression decreased in comparison to the vehicle control.
[0309] As a further test, three groups of mice were tested
in which each group had a total number of 5 mice per group.
For Group A, the mice were treated with a placebo of
phosphate buffered saline (PBS). Group B utilized cells from
“normal” expansion” which had a 1:1 EGFRt+CD4:CD8
transduced with Zrx-014. The cells used were from group
PD0055 #1 (Donor PD0038 CD4 with 5 ng/ml IL7 & 0.5
ng/ml 115, S1D14 at 75.9% EGFRt+) and group PD0051
#1 (Donor PD0038 CD8 with 50 U/ml IL2 & 0.5 ng/ml
1L15, S1D21 @ 76.8% EGFRt+) Group C utilized cells that
were “pulsed” with cytokine treatments which comprised
1:1 EGFRt+CD4:CDS8 transduced with Zrx-014 PD0055 #2
(Donor PD0038 CD4 with 50 U/ml IL2 pulse 5 days, then
5 ng/ml IL7 & 5 ng/ml IL21, SID11 at 81.2% EGFRt+)
PDO0051 #2 (Donor PD0038 CD8 with 50 U/ml IL.2 pulse 5
days, then 5 ng/ml IL.7 & 5 ng/ml 1L.21, S1D21 at 89.5%
EGFRt+).

[0310] As shown in FIG. 42, are the FACS analysis on
cells post thaw that were used for injection into mice in
JME13-25 (PD0051 and PDO00055 cells). As shown both
samples of cells had CD8+ and CD4+ T-cells that expressed
EGFRt.

[0311] As shown in FIG. 43, are the three groups of mice
from groups A, B, and C that were treated with placebo PBS
(group A), group B (PD00051 “normal expansion cells)
and group C (PD00055, cells pulsed with cytokine combi-
nations). As shown, mice that were treated with the placebo
in Group A had tumor progression that is visibly seen at day
20. For the Group B mice treated with PD0051 (normal
expansion cells), the mice, it is shown that tumor progres-
sion increases in two mice substantially. In the Group C,
mice, the mice treated with PD00055 show only a small
amount of tumor progression, therefore indicating the cells
treated with the cytokine mixture prior to use in treatment
had a higher engraftment fitness.

[0312] As shown in FIG. 44, is the persistence of the CAR
expressing T-cells in the mice after three days of adminis-
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tration. As indicated, the CD4+ T-cells expressing the CARs
had a higher persistence compared to the cells of normal
expansion as well as the CD8+ T-cells.

[0313] Following experiments examining tumor progres-
sion after T-cell treatments with CAR expressing T-cells,
experiments were performed to determine if there is an in
vivo difference in killing ability between cells that have been
grown in various cytokine conditions in vitro with repeat
antigen encounters (FIG. 45). For the experiment 3 groups
of mice were used in which the groups utilized 3 mice each.
For Group A, the mice were treated with a placebo (PBS).
Group B were treated with cells that were expanded by the
“normal expansion method” (“Normal” 1:1 EGFRt+ CD4:
CDS8 transduced with Zrx-014 PD0055 #1 (Donor PD0038
CD4 with 5 ng/ml IL7 & 0.5 ng/ml IL15, S1D14 @ 75.9%
EGFRt+) PD0051 #1 (Donor PD0038 CD8 with 50 U/ml
112 & 0.5 ng/ml IL15, S1D21 @ 76.8% EGFRt+) (FIG. 18).
Group C were treated with cells pulsed with cytokines
during expansion (“Pulsed” 1:1 EGFRt+CD4:CDS8 trans-
duced with Zrx-014 PD0055 #2 (Donor PD0038 CD4 with
50 U/ml IL.2 pulse 5 days, then 5 ng/m1 IL7 & 5 ng/ml 11.21,
S1D11 at 81.2% EGFRt+) PD0051 #2 (Donor PD0038 CD8
with 50 U/ml IL.2 pulse 5 days, then 5 ng/ml IL7 & 5 ng/ml
1L.21, S1D21 at 89.5% EGFRt+).

[0314] As shown in FIG. 46, group A mice died by day 20
following injection with PBS. Group B mice treated with
cells that were expanded by the “normal expansion method”
had tumor progression in one mouse by day 120. However,
for mice treated with the cells that were expanded in
cytokines, the mice were tumor free by day 120. As such the
data indicate that the cells treated in the cytokine mixtures
specific for CD4+ and CD8+ led to a higher engraftment rate
and increased survival in the mice. Additionally, the cells
were more efficient in preventing tumor progression.
[0315] As shownin FIG. 47, the mice had a 100% survival
rate when treated with PD0051 and PD0055 cells post tumor
inoculation. However, the tumor progression was shown to
decrease with the treatment using PD0055 cells.

[0316] As shown in FIG. 48, the average tumor progres-
sion was examined in mice treated with placebo, T-cells
grown under “normal expansion” methods, and T-cells that
were pulsed with cytokine combinations. For the experiment
at day 0, mice were tumor inoculated and imaged for tumors
at day 6. At day 7, T-cells or a placebo was then adminis-
tered. Tumor inoculation was then repeated at day 14 and
day 21.

[0317] The mice were examined for tumor progression at
day 28, 35, 49, 63, 78, 92, 105 and 120, in which images of
the tumors were taken. As shown in the groups of mice,
tumor progression decreased in the mice treated with the
cells that were pulsed with cytokines thus indicating that the
cells pulsed with cytokines had a higher, improved, or
enhanced engraftment fitness than the cells that were
expanded under normal conditions without cytokines.
[0318] As shown in FIG. 49, experiments were set up to
determine if there is an in vivo difference in killing ability
between cells that have been grown under the same condi-
tions as PLAT-01 and PLAT-02 as well as “in between”
protocols. For the experiment 17 groups of 5 mice were used
test the cells in the treatment of mice after tumor inoculation.
The groups were given a dose of cells (1.25x10°, 2.5x10°,
5x10°, 10x10°) per product condition as indicated on the
Table of FIG. 49. The cells were thawed, counted and
injected into the mice on the same day. As shown in FIG. 50,
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are the amounts of CD4+ and CD8+ cells in the different cell
products from the two expansion methods and their amounts
of EGFRt in the cells.

[0319] As shown in FIG. 51, the 17 groups of mice were
tumor inoculated then treated with dose ftitrations with
T-cells that were expanded under normal expansion methods
or pulsed with cytokine combinations. As seen in the graphs,
mice that were dosed with PLAT-1.00 cells at the higher
concentrations had a decrease in tumor progression. Mice
that were dosed with PLAT-2.00 also saw a decrease in
tumor progression after 25 days of administration at a higher
concentration of cells. However, for mice dosed with PLAT-
1.33, the mice saw an increase in tumor progression regard-
less of cell concentration indicating a low or reduced
engraftment fitness for these cells. For mice that were given
cells from PLAT-1.67, the mice had a decrease in tumor
progression when treated with the highest concentration of
cells in the administration. However as noted in FIG. 50, the
cells of PLAT-1.33 also had a low EGFRt count which could
also indicate a decreased amount of CAR on the cell surface.
[0320] Shown in the FIG. 51, is the initiation comparisons
between the PD104 and the PD116 cell product. For the
PDO0104 produce, PD0063 CD8+ and CD4+ enriched cells
were used to repeat experiment to test the expansion of cells
on Tx day to 0.7x10° cell/mL (“early expansion”). For
normal PLAT-02 culture conditions, IL.-2 (50 U/ml)+IL-15
(0.5 ng/mL.) for CD8+ cells and IL.-7 (5 ng/mL)+IL.-15 (0.5
ng/ml) for CD4+ T cells were used. Growth and viability
were increased dramatically. These curves mimic what was
seen in clinical products as far as timing of growth/bead
removal/selection/cryo.

[0321] As shown in FIG. 52, mice were treated with dose
titrations of cell products of PLLAT-1.00, PLAT-1.33, PLAT-
1.67 and PLAT-2.00. As shown in all graphs, the lowest
concentration of cells was least effective in the treatment of
tumor progression. However, the cells that showed the most
engraftment fitness were the PLAT-1.00 and the PLLAT-2.00
at higher concentration.

[0322] As shown in FIG. 53, all the cells were least
effective at concentration 1.25x10°. The cells from PLAT-
1.00 showed to be the most effective at inhibiting tumor
progression indicating that the engraftment fitness of the
cells were superior or improved, or enhanced as compared
to the other groups and indicated that the treatment with
cytokines also promoted, improved, or enhanced engraft-
ment fitness for the cells. As shown at a concentration of
5x10°, the tumor progression was halted at 25 days in
comparison to the other groups of cells used to treat the
mice.

[0323] As shown in FIG. 54, the mice had a higher rate of
survival if treated with a dose of cells between 2.5x10° and
10x10° cells per dose. However, the mice treated with the
cells from the PLLAT-1.00 product had a longer survival rate
indicating that the T-cells from this group were more robust
and exhibited a higher, improved, or enhanced engraftment
fitness.

[0324] As shown in FIG. 55, the survival of the mice was
dependent on the dose concentration of the cells. For all
cells, the survival of the mice decreased with the lowest dose
of T-cell treatments. However, as previously shown the mice
treated with the cells from the PLAT-1.00 product had a
longer survival rate indicating that the T-cells from this
group were more robust and had an improved engraftment
fitness.
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Additional Alternatives

[0325] In some alternatives, a method of making geneti-
cally modified T-cells, which have a chimeric antigen recep-
tor is provided, wherein the method comprises separating,
isolating, or enriching a CD8+ population of T-cells and/or
a CD4+ population of T-cells from a mixed population of
T-cells, such as T-cells that are derived from thymocytes or
T-cells that are derived from engineered precursors, desir-
ably iPS cells, so as to generate an isolated population of
T-cells, stimulating the obtained population of T-cells so as
to generate a stimulated population of CD8+ T-cells and/or
CD4+ T-cells, transducing the stimulated population of
CD8+ T-cells and/or CD4+ T-cells with a vector, wherein the
vector encodes a chimeric antigen receptor and a marker
sequence, wherein said marker sequence encodes a cell
surface selectable marker, so as to generate a transduced
population of CD8+ T-cells and/or CD4+ T-cells, contacting
the transduced population of CD8+ T-cells and/or CD4+
T-cells with at least one cytokine so as to generate a
transduced, cytokine-stimulated population of CD8+ T-cells
and/or CD4+ T-cells, enriching the transduced, cytokine-
stimulated population of CD8+ T-cells and/or CD4+ T-cells
by selection of the marker sequence so as to generate an
enriched population of transduced, cytokine-stimulated
CD8+ T-cells and/or CD4+ T-cells and propagating the
enriched population of transduced, cytokine-stimulated
CD8+ T-cells and/or CD4+ T-cells for at least one day so as
to obtain said genetically modified T-cells, which have a
chimeric antigen receptor.

[0326] In some alternatives, the separating of the CD8+
population of T-cells and/or a CD4+ population of T-cells
from a mixed population of T-cells is performed by affinity
selection for T-cells having an epitope present on CDS8
and/or CD4. In some alternatives, the separating of the
CD8+ population of T-cells and/or a CD4+ population of
T-cells from a mixed population of T-cells is performed by
flow cytometry. In some alternatives, the separating of the
CD8+ population of T-cells and/or a CD4+ population of
T-cells from a mixed population of T-cells is performed by
immuno-magnetic selection. In some alternatives, the
genetically modified CD8+ T-cells and/or CD4+ T-cells
comprise at least one receptor that promotes engraftment
fitness. In some alternatives, the at least one receptor is
CD45RA, CD45 RO, CCR7,CD25,CD127,CD57,CD137,
CD27, CD28 and/or CD62L. In some alternatives, the at
least one receptor is CD27, CD28 and/or CD62L. In some
alternatives, the stimulating of the isolated population of
T-cells is performed by contacting the CD8+ and/or CD4+
T-cells with an antibody-bound support, such as a bead or
particle. In some alternatives, the antibody-bound support
comprises anti-TCR, anti-CD2, anti-CD3, anti-CD4 and/or
anti-CD28 antibodies. In some alternatives, the antibody-
bound support comprises anti-CD3 and/or anti-CD28 anti-
bodies. In some alternatives, the vector further comprises a
first sequence encoding a leader sequence, a second
sequence encoding a ligand binding domain, a third
sequence encoding a signaling domain and a fourth
sequence encoding a selectable marker sequence. In some
alternatives, the vector further comprises a sequence encod-
ing a spacer. In some alternatives, the spacer comprises an
Ig(G4 hinge. In some alternatives, the vector is a viral vector.
In some alternatives, the viral vector is derived from simian
virus 40, adenoviruses, adeno-associated virus (AAV), len-
tivirus, or retroviruses. In some alternatives, the viral vector
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is a recombinant adenovirus, adeno-associated virus, lenti-
virus or retrovirus vector. In some alternatives, the viral
vector is a lentivirus vector. In some alternatives, the marker
sequence encodes a truncated epidermal growth factor
receptor (EGFRt). In some alternatives, the at least one
cytokine comprises GM-CSF, 1L-7, 1L-12, 1L-15, IL-18,
IL-2, and/or 1IL-21. In some alternatives, the at least one
cytokine comprises 1L./7, IL-15 and/or IL-21. In some alter-
natives, the at least one cytokine comprises 1L-2, IL-15
and/or IL-21. In some alternatives, the contacting is per-
formed for 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20 days or a period of time within a range
defined by any two of these values. In some alternatives, the
method is performed with isolated CD4+ cells in the absence
of CD8+ cells. In some alternatives, the method is per-
formed with isolated CD8+ in the absence of or enriched
over CD4+ cells. In some alternatives, the CD4+ expressing
T-cells are propagated for at least 1 day and may be
propagated for 20 days, such as 1, 2,3,4, 5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days or for a period
that is within a range defined by any two of the aforemen-
tioned time periods. In some alternatives, the CD8+ express-
ing T-cells are propagated for at least 1 day and may be
propagated for 20 days, such as 1, 2,3,4, 5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days or for a period
that is within a range defined by any two of the aforemen-
tioned time periods. In some alternatives, the method further
comprises removing the antibody-bound support, such as
beads or particles. In some alternatives, the ligand binding
domain of the chimeric antigen receptor comprises an anti-
body, or a binding portion thereof. In some alternatives, the
ligand binding domain of the chimeric antigen receptor
comprises a single chain variable fragment (scFv), or a
binding portion thereof. In some alternatives, the ligand
binding domain of the chimeric antigen receptor comprises
FMC63, or a binding portion thereof. In some alternatives,
the ligand binding domain of the chimeric antigen receptor
is specific for CD19. In some alternatives, the method
further comprises cryopreserving the genetically modified
CD8+ and/or CD4+ T-cells.

[0327] In some alternatives, a population of genetically
modified T-cells is provided wherein the population of
genetically modified T-cells comprises a plurality of affinity
selected CD8+ and/or CD4+ T-cells, in the absence of,
enriched over, or isolated from CD8- and/or CD4- T-cells,
wherein said plurality of affinity selected CD8+ and/or
CD4+ T-cells have stimulated CD2, CD3, CD4 and/or CD28
receptors, wherein said plurality of affinity selected CD8+
and/or CD4+ T-cells further comprise a gene encoding a
chimeric antigen receptor and a cell surface seclectable
marker and, wherein said plurality of affinity selected CD8+
and/or CD4+ T-cells have been re-stimulated with at least
one cytokine. In some alternatives, the at least one cytokine
comprises GM-CSF, IL-7, IL-12, 1L.-18, 1L.-15, IL-2, and/or
IL-21. In some alternatives, the at least one cytokine com-
prises IL/7, IL.-15 and/or IL-21. In some alternatives, the at
least one cytokine comprises 1L.-2, I[.-15 and/or IL-21. In
some alternatives, the said plurality of affinity selected
CD8+ and/or CD4+ T-cells further comprise at least one
receptor that promotes, induces, contribute to or enhances
engraftment fitness. In some alternatives, the at least one
receptor that promotes, induces, contribute to or enhances
engraftment fitness is CD45 RA, CD45 RO, CCR7, CD25,
CD127, CD57, CD137, CD27, CD28 and/or CD62L. In
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some alternatives, the at least one receptor that promotes,
induces, contribute to or enhances engraftment fitness is
CD27, CD28 and/or CD62L. In some alternatives, the
plurality of affinity selected CD8+ and/or CD4+ T-cells
further comprises a vector having a first sequence encoding
a leader sequence, a second sequence encoding a ligand
binding domain, a third sequence encoding a signaling
domain and a fourth sequence encoding a selectable marker
sequence. In some alternatives, the vector further comprises
a sequence encoding a spacer. In some alternatives, the
spacer comprises an 1gG4 hinge. In some alternatives, the
vector is a viral vector. In some alternatives, the viral vector
is derived from simian virus 40, adenoviruses, adeno-asso-
ciated virus (AAV), lentivirus, or retroviruses. In some
alternatives, the viral vector is a recombinant adenovirus,
adeno-associated virus, lentivirus or retrovirus vector. In
some alternatives, the viral vector is a lentivirus vector. In
some alternatives, the cell surface selectable marker encodes
for a truncated epidermal growth factor receptor (EGFRt). In
some alternatives, the ligand binding domain comprises an
antibody, or a binding portion thereof. In some alternatives,
the ligand binding domain comprises a single chain variable
fragment (scFv), or a binding portion thereof. In some
alternatives, the ligand binding domain comprises FMC63,
or a binding portion thereof. In some alternatives, the ligand
binding domain is specific for CD19. In some alternatives,
the population comprises isolated CD4+ T-cells in the
absence of or enriched over CD8+ T-cells. In some alterna-
tives, the population comprises isolated CD8+ T-cells in the
absence of or enriched over CD4+ T-cells.

[0328] In some alternatives, a composition or product
combination for human therapy is provided, wherein the
composition or product combination comprises a pharma-
ceutical excipient and at least one population of genetically
modified T-cells. In some alternatives, the at least one
population of genetically modified T-cells comprises a plu-
rality of affinity selected CD8+ and/or CD4+ T-cells, in the
absence of, enriched over, or isolated from CD8- and/or
CD4- T-cells, wherein said plurality of affinity selected
CD8+ and/or CD4+ T-cells have stimulated CD2, CD3, CD4
and/or CD28 receptors, wherein said plurality of affinity
selected CD8+ and/or CD4+ T-cells further comprise a gene
encoding a chimeric antigen receptor and a cell surface
selectable marker and, wherein said plurality of affinity
selected CD8+ and/or CD4+ T-cells have been re-stimulated
with at least one cytokine. In some alternatives, the at least
one cytokine comprises GM-CSF, IL-7, 1L.-12, IL.-15, IL-18,
IL-2, and/or IL-21. In some alternatives, the at least one
cytokine comprises 1L./7, IL-15 and/or IL-21. In some alter-
natives, the at least one cytokine comprises 1L.-2, IL.-15
and/or 1L-21. In some alternatives, the said plurality of
affinity selected CD8+ and/or CD4+ T-cells further comprise
at least one receptor that promotes, induces, contribute to or
enhances engraftment fitness. In some alternatives, the at
least one receptor that promotes, induces, contribute to or
enhances engraftment fitness is CD45 RA, CD45 RO,
CCR7, CD25, CD127, CD57, CD137, CD27, CD28 and/or
CD62L. In some alternatives, the at least one receptor that
promotes, induces, contribute to or enhances engraftment
fitness is CD27, CD28 and/or CD62L. In some alternatives,
the plurality of affinity selected CD8+ and/or CD4+ T-cells
further comprises a vector having a first sequence encoding
a leader sequence, a second sequence encoding a ligand
binding domain, a third sequence encoding a signaling
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domain and a fourth sequence encoding a selectable marker
sequence. In some alternatives, the vector further comprises
a sequence encoding a spacer. In some alternatives, the
spacer comprises an 1gG4 hinge. In some alternatives, the
vector is a viral vector. In some alternatives, the viral vector
is derived from simian virus 40, adenoviruses, adeno-asso-
ciated virus (AAV), lentivirus, or retroviruses. In some
alternatives, the viral vector is a recombinant adenovirus,
adeno-associated virus, lentivirus or retrovirus vector. In
some alternatives, the viral vector is a lentivirus vector. In
some alternatives, the cell surface selectable marker encodes
for a truncated epidermal growth factor receptor (EGFRt). In
some alternatives, the ligand binding domain comprises an
antibody, or a binding portion thereof. In some alternatives,
the ligand binding domain comprises a single chain variable
fragment (scFv), or a binding portion thereof. In some
alternatives, the ligand binding domain comprises FMC63,
or a binding portion thereof. In some alternatives, the ligand
binding domain is specific for CD19. In some alternatives,
at least one population comprises isolated CD4+ T-cells in
the absence of or enriched over CD8+ T-cells. In some
alternatives, at least one population comprises isolated
CD8+ T-cells in the absence of or enriched over CD4+
T-cells. In some alternatives, the composition or product
combination comprises the population of genetically modi-
fied T-cells, wherein the population of genetically modified
T-cells comprises isolated CD8+ T-cells in the absence of or
enriched over CD4+ T-cells. In some alternatives, the com-
position or product combination comprises the population of
genetically modified T-cells, wherein the population of
genetically modified T-cells comprises isolated CD4+
T-cells in the absence of or enriched over CD8+ T-cells. In
some alternatives, the population comprises isolated CD8+
T-cells in the absence of or enriched over CD4+ T-cells and
isolated CD4+ T-cells in the absence of or enriched over
CD8+ T-cells mixed or co-administered in a 1:1 ratio.

[0329] In some alternatives, a method of treating, inhib-
iting, or ameliorating a disease in a subject in need thereof
is provided, wherein the method comprises administering to
the subject at least one composition or product combination.
In some alternatives, the at least one composition or product
combination comprises a pharmaceutical excipient and at
least one population of genetically modified T-cells. In some
alternatives, the at least one population of genetically modi-
fied T-cells comprises a plurality of affinity selected CD8+
and/or CD4+ T-cells, in the absence of, enriched over or
isolated from CDS8- and/or CD4- T-cells, wherein said
plurality of affinity selected CD8+ and/or CD4+ T-cells have
stimulated CD2, CD3, CD4 and/or CD28 receptors, wherein
said plurality of affinity selected CD8+ and/or CD4+ T-cells
further comprise a gene encoding a chimeric antigen recep-
tor and a cell surface selectable marker and, wherein said
plurality of affinity selected CD8+ and/or CD4+ T-cells have
been re-stimulated with at least one cytokine. In some
alternatives, the at least one cytokine comprises GM-CSF,
1L-7, 1L-12, IL-15, IL-18, IL-2, and/or IL-21. In some
alternatives, the at least one cytokine comprises 1L/7, IL-15
and/or IL.-21. In some alternatives, the at least one cytokine
comprises 1L.-2, IL.-15 and/or IL-21. In some alternatives,
the said plurality of affinity selected CD8+ and/or CD4+
T-cells further comprise at least one receptor that promotes
engraftment fitness. In some alternatives, the at least one
receptor that promotes, induces, contribute to or enhances
engraftment fitness is CD45 RA, CD45 RO, CCR7, CD25,
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CD127, CD57, CD137, CD27, CD28 and/or CD62L. In
some alternatives, the at least one receptor that promotes,
induces, contribute to or enhances engraftment fitness is
CD27, CD28 and/or CD62L. In some alternatives, the
plurality of affinity selected CD8+ and/or CD4+ T-cells
further comprises a vector having a first sequence encoding
a leader sequence, a second sequence encoding a ligand
binding domain, a third sequence encoding a signaling
domain and a fourth sequence encoding a selectable marker
sequence. In some alternatives, the vector further comprises
a sequence encoding a spacer. In some alternatives, the
spacer comprises an 1gG4 hinge. In some alternatives, the
vector is a viral vector. In some alternatives, the viral vector
is derived from simian virus 40, adenoviruses, adeno-asso-
ciated virus (AAV), lentivirus, or retroviruses. In some
alternatives, the viral vector is a recombinant adenovirus,
adeno-associated virus, lentivirus or retrovirus vector. In
some alternatives, the viral vector is a lentivirus vector. In
some alternatives, the cell surface selectable marker encodes
for a truncated epidermal growth factor receptor (EGFRt). In
some alternatives, the ligand binding domain comprises an
antibody, or a binding portion thereof. In some alternatives,
the ligand binding domain comprises a single chain variable
fragment (scFv), or a binding portion thereof. In some
alternatives, the ligand binding domain comprises FMC63,
or a binding portion thereof. In some alternatives, the ligand
binding domain is specific for CD19. In some alternatives,
at least one population comprises isolated CD4+ T-cells in
the absence of or enriched over CD8+ T-cells. In some
alternatives, at least one population comprises isolated
CD84+ T-cells in the absence of or enriched over CD4+
T-cells. In some alternatives, the composition or product
combination comprises the population of genetically modi-
fied T-cells, wherein the population of genetically modified
T-cells comprises isolated CD8+ T-cells in the absence of or
enriched over CD4+ T-cells. In some alternatives, the com-
position or product combination comprises the population of
genetically modified T-cells, wherein the population of
genetically modified T-cells comprises isolated CD4+
T-cells in the absence of or enriched over CD8+ T-cells. In
some alternatives, the population comprises isolated CD8+
T-cells in the absence of or enriched over CD4+ T-cells and
isolated CD4+ T-cells in the absence of or enriched over
CD8+ T-cells mixed or co-administered in a 1:1 ratio. In
some alternatives, the method comprises administering the
composition or product combination, wherein the composi-
tion or product combination comprises at least one popula-
tion, wherein the at least one population comprises isolated
CD4+ T-cells in the absence of or enriched over CD8+
T-cells. In some alternatives, the method comprises admin-
istering the composition or product combination, wherein
the composition or product combination comprises at least
one population, wherein the at least one population com-
prises isolated CD8+ T-cells in the absence of or enriched
over CD4+ T-cells. In some alternatives, the method com-
prises administering the composition or product combina-
tion, wherein the composition or product combination com-
prises at least one population, wherein the at least one
population comprises isolated CD4+ T-cells in the absence
of or enriched over CD8+ T-cells and isolated CD8+ T-cells
in the absence of or enriched over CD4+ T-cells mixed or
co-administered in a 1:1 ratio. In some alternatives, the
method further comprises administering the composition or
product combination, wherein the composition or product
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combination comprises at least one population, wherein the
at least one population comprises isolated CD8+ T-cells in
the absence of or enriched over CD4+ T-cells. In some
alternatives, the method further comprises administering the
composition or product combination, wherein the composi-
tion or product combination comprises at least one popula-
tion, wherein the at least one population comprises isolated
CD4+ T-cells in the absence of or enriched over CD8+
T-cells. In some alternatives, the subject is identified or
selected to receive an anti-cancer therapy. In some alterna-
tives, the method further comprises measuring or evaluating
an inhibition of a disease. In some alternatives, the method
further comprises providing said subject an additional anti-
cancer therapy before, during, or after administration of the
composition or product combination. In some alternatives,
the composition or product combinations are administered to
said subject by adoptive cell transfer. In some alternatives,
the composition or product combinations are administered to
said subject after said subject has received another form of
anti-cancer therapy. In some alternatives, the composition or
product combinations are administered to said subject after
said subject has received another form of anti-cancer
therapy. In some alternatives, the subject is suffering from
leukemia. In some alternatives, the subject has recurrent
and/or chemotherapy refractory CD19+ childhood acute
lymphoblastic leukemia (ALL). In some alternatives, the
subject has recurrent and/or chemotherapy refractory
CD19+ acute lymphoblastic leukemia (ALL). In some alter-
natives, the subject is suffering from an autoimmune disease.
In some alternatives, the subject is suffering from a post-
HSCT relapse.

[0330] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may
be expressly set forth herein for sake of clarity.

[0331] It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not
limited to,” etc.). It will be further understood by those
within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such
intent is present. For example, as an aid to understanding,
the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduc-
tion of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
recitation to alternatives containing only one such recitation,
even when the same claim includes the introductory phrases
“one or more” or “at least one” and indefinite articles such
as “a” or “an” (e.g., “a” and/or “an” should be interpreted to
mean “at least one” or “one or more”); the same holds true
for the use of definite articles used to introduce claim
recitations. In addition, even if a specific number of an
introduced claim recitation is explicitly recited, those skilled
in the art will recognize that such recitation should be
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interpreted to mean at least the recited number (e.g., the bare
recitation of “two recitations,” without other modifiers,
means at least two recitations, or two or more recitations).
Furthermore, in those instances where a convention analo-
gous to “at least one of A, B, and C, etc.” is used, in general
such a construction is intended in the sense one having skill
in the art would understand the convention (e.g., “a system
having at least one of A, B, and C” would include but not be
limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B,
and C together, etc.). In those instances where a convention
analogous to “at least one of A, B, or C, etc.” is used, in
general such a construction is intended in the sense one
having skill in the art would understand the convention (e.g.,
“a system having at least one of A, B, or C” would include
but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc.). It will be further under-
stood by those within the art that virtually any disjunctive
word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings,
should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms.
For example, the phrase “A or B” will be understood to
include the possibilities of “A” or “B” or “A and B.”

More Alternatives

[0332] In some alternatives, the separating, enriching, or
isolating of the CDS8+ expressing population of T-cells
and/or a CD4+ expressing population of T-cells, such as
T-cells that are derived from thymocytes or T-cells that are
derived from engineered precursors, desirably iPS cells,
from a mixed population of T-cells is performed by affinity
selection for T-cells having an epitope present on CDS8
and/or CD4. In some alternatives, the separating, enriching,
or isolating of the CD8+ expressing population of T-cells
and/or a CD4+ expressing population of T-cells from a
mixed population of T-cells is performed by flow cytometry.
In some alternatives, the separating, enriching, or isolating
of'the CD8+ expressing population of T-cells and/or a CD4+
expressing population of T-cells from a mixed population of
T-cells is performed by immuno-magnetic selection. In some
alternatives, the genetically modified CD8+ expressing
T-cells and/or CD4+ expressing T-cells comprise at least one
receptor that promotes, induces, or contributes to engraft-
ment fitness. In some alternatives, the at least one receptor
that promotes, induces, or contributes to engraftment fitness
is CD45 RA, CD45 RO, CCR7, CD25, CDI127, CD57,
CD137, CD27, CD28 and/or CD62L. In preferred alterna-
tives, the at least one receptor that promotes, induces, or
contributes to engraftment fitness is CD27, CD28 and/or
CD62L. In some alternatives, the stimulating of the isolated,
enriched, or separated population of T-cells is performed by
contacting the CD8+ and/or CD4+ expressing T-cells with
an antibody-bound support, such as a bead or particle. In
some of these alternatives, the antibody-bound support
comprises anti-TCR, anti-CD2, anti-CD3, anti-CD4 and/or
anti-CD28 antibodies. In preferred alternatives, the anti-
body-bound support comprises anti-CD3 and/or anti-CD28
antibodies.

[0333] In many of the aforementioned alternatives, the
vector further comprises a first sequence encoding a leader
sequence, a second sequence encoding a ligand binding
domain, a third sequence encoding a signaling domain and
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a fourth sequence encoding a selectable marker sequence. In
some of these alternatives, the vector further comprises a
sequence encoding a spacer, which in some alternatives may
comprise an IgG4 hinge. In many of the aforementioned
alternatives, the vector is a viral vector or a mini-circle.

[0334] In many of the aforementioned alternatives, the
viral vector is derived from simian virus 40, adenoviruses,
adeno-associated virus (AAV), lentivirus, or retroviruses. In
some alternatives, the viral vector is a recombinant adeno-
virus, adeno-associated virus, lentivirus or retrovirus vector.
Preferably, the viral vector is a lentivirus vector. In many of
the aforementioned alternatives, the marker sequence
encodes a truncated epidermal growth factor receptor
(EGFR1). In many of the aforementioned alternatives, the at
least one cytokine that is utilized comprises GM-CSF, 1L-7,
1L-12, IL-15, IL-18, IL-15, IL-2, and/or IL-21 and said
cytokine is provided exogenously to the T-cells e.g., in
addition to any cytokine that may be produced by the cells
or present in media.

[0335] In desirable alternatives, the at least one cytokine
comprises 1L-7, IL-15 and/or I1L.-21. In many of the afore-
mentioned alternatives, the at least one cytokine comprises
IL-2, IL-15 and/or 1L-21. In desirable alternatives, the at
least one cytokine comprises 1[.-21 and another cytokine,
and/or comprises I[.-7 and at least one other cytokine, and/or
comprises 1[-15 and at least one other cytokine, such as
comprising I[.-21 and IL.-15, comprising 1[.-21 and IL-7, or
comprising I.-15 and IL.-7, or comprising IL-2 and IL.-15, or
comprising 1[.-7 and IL-15. In preferred alternatives, the
contacting period is performed for at least 1, 2, 3,4, 5,6, 7,
8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days or a
period of time within a range defined by any two of these
time points. In many of the aforementioned alternatives, the
methods are performed with isolated, separated, or enriched
populations of CD4+ expressing T-cells, such as T-cells that
are derived from thymocytes or T-cells that are derived from
engineered precursors, desirably iPS cells, in the absence of
or having a reduced amount CD8+ expressing T-cells, as
compared to a native population of unseparated, non-en-
riched, or non-isolated population of T-cells. In many of the
aforementioned alternatives, these methods are performed
with isolated, separated, or enriched populations of CD8+
expressing T-cells, such as T-cells that are derived from
thymocytes or T-cells that are derived from engineered
precursors, desirably iPS cells, in the absence of or having
a reduced amount of CD4+ expressing T-cells, as compared
to a native population of unseparated, non-enriched, or
non-isolated population of T-cells. In many of the aforemen-
tioned alternatives, the CD4+ expressing T-cells are propa-
gated for at least 1 day, such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11,12,13, 14, 15, 16, 17, 18, 19, or 20 days or any time that
is within a range of times defined by any two of the
aforementioned time points. In many of the aforementioned
alternatives, the CD8+ expressing T-cells are propagated for
atleast 1 day, suchas 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20 days or any time that is within
a range of times defined by any two of the aforementioned
time points.

[0336] In some alternatives, a method of making geneti-
cally modified T-cells, which have a chimeric antigen recep-
tor is provided, wherein the method comprises separating or
enriching a CD8+ expressing population of T-cells and/or a
CD4+ expressing population of T-cells, such as T-cells that
are derived from thymocytes or T-cells that are derived from
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engineered precursors, wherein the precursors are optionally
iPS cells, from a mixed population of T-cells, so as to
generate a separated or enriched population of T-cells,
stimulating the separated or enriched population of T-cells
s0 as to generate a stimulated population of CD8+ T-cells
and/or CD4+ T-cells, transducing the stimulated population
of CD8+ T-cells and/or CD4+ T-cells with a vector, wherein
the vector encodes a chimeric antigen receptor so as to
generate a transduced population of CD8+ T-cells and/or
CD4+ T-cells, contacting the transduced population of
CD8+ T-cells and/or CD4+ T-cells with at least one
cytokine, provided exogenously, for 1, 2,3, 4, 5,6,7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days, or for a
period that is within a range defined by any two of the
aforementioned time periods, so as to generate a transduced,
cytokine-stimulated population of CD8+ T-cells and/or
CD4+ T-cells, wherein the method thereby obtains said
genetically modified T-cells, which have a chimeric antigen
receptor. In some alternatives, the method further comprises
enriching the transduced, cytokine-stimulated population of
CD8+ T-cells and/or CD4+ T-cells by selection of a marker,
so as to generate an enriched population of transduced,
cytokine-stimulated CD8+ T-cells and/or CD4+ T-cells. In
some alternatives, the marker is encoded by the vector and
optionally is a cell surface marker. In some alternatives, the
method further comprises further comprising propagating
the enriched population of transduced, cytokine-stimulated
CD8+ T-cells and/or CD4+ T-cells for at least one day, such
as 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20 days or for a period that is within a range defined
by any two of the aforementioned time periods.

[0337] Insome alternatives, a method of producing geneti-
cally modified T cells is provided, wherein the method
comprises introducing a vector encoding a recombinant
protein into cells of a CD4+-enriched T cell composition,
and incubating cells of the CD4+ enriched T cell composi-
tion with a combination of cytokines comprising IL.-7 and
IL-15, and/or introducing a vector encoding a recombinant
protein into cells of a CD8+ enriched T cell composition and
incubating cells of the CD8+ enriched T cell composition
with a combination of cytokines comprising I[.-2 and IL-15,
wherein the method thereby generates a transduced CD4+
enriched population and/or a transduced CD8+ enriched
population. In some alternatives, the transduced CD4+
enriched population has a higher level of surface expression
of CD62L, CD27, and/or CD28, as compared to a reference
enriched population of transduced CD4+ cells, and/or has an
increased indicator of engraftment fitness and/or expansion,
and/or persistence, upon administration to a subject as
compared to the reference enriched population of transduced
CD4+ cells, wherein the reference population is a CD4+-
enriched population prepared by another method, which is
identical to the method, except that the IL.-2 alone is used in
place of the combination of cytokines. In some alternatives,
the transduced CD8+ enriched population has a higher level
of surface expression of CD62L, CD27, and/or CD28, as
compared to a reference enriched population of transduced
CD8+ cells, and/or has an increased indicator of engraftment
fitness and/or expansion, and/or persistence, upon adminis-
tration to a subject as compared to the reference enriched
population of transduced CD8+ cells, wherein the reference
population is a population of CD8+-enriched cells prepared
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by another method that is identical to the method, except that
the IL.-2 alone is used in place of the combination of
cytokines.

[0338] Insome alternatives, a method of producing geneti-
cally modified T cells is provided, wherein the method
comprises introducing a vector encoding a recombinant
protein into cells of a CD4+ enriched T cell composition and
incubating cells of the CD4+ enriched T cell composition
with a first combination of cytokines and introducing a
vector encoding a recombinant protein into cells of a CD8+
enriched T cell composition and incubating cells of the
CD8+ enriched T cell composition with a second combina-
tion of cytokines which is distinct from the first combination
of cytokines, wherein the method thereby generates a trans-
duced CD4+ enriched population and a transduced CD8+
enriched population. In some alternatives, the transduced
CD4+ enriched population has a higher level of surface
expression of CD621,, CD27, and/or CD28, as compared to
a reference enriched population of transduced CD4+ cells
prepared by another method that is identical to the method,
except that the first and second combination of cytokines are
identical, and/or has an increased indicator of engraftment
fitness and/or expansion, and/or persistence, upon adminis-
tration to a subject as compared to the reference enriched
population of transduced CD4+ cells. In some alternatives,
the transduced CD8+ enriched population has a higher level
of surface expression of CD62L, CD27, and/or CD28, as
compared to a reference enriched population of transduced
CD8+ cells prepared by another method that is identical to
the method, except that the first and second combination of
cytokines are identical, and/or has an increased indicator of
engraftment fitness and/or expansion, and/or persistence,
upon administration to a subject as compared to the refer-
ence enriched population of transduced CD8+ cells. In some
alternatives, the first combination comprises I[.-7 and IL.-15
and the second combination comprises IL-2 and IL-15. In
some alternatives, the cytokine combination(s) is added
subsequently to transduction initiation, and optionally on the
same day as transduction initiation. In some alternatives, the
concentration of IL-2 is at or about 50 U/mL., where appli-
cable, the concentration of IL.-15 is at or about 0.5 ng/mL,
where applicable, and/or the concentration of IL-7 is at or
about 5 ng/ml., where applicable. In some alternatives, the
addition of the combination of cytokines to the CD4+-
enriched and/or to the CD8+-enriched composition com-
prises increasing the volume of the composition in which the
cells are incubated, thereby decreasing cell density. In some
alternatives, the indicator of engraftment fitness comprises a
percentage of cells in the composition or total surface
expression levels for the population of a cell surface marker
selected from the group consisting of CD62L, CD27, and/or
CD28. In some alternatives, the indicator of engraftment
fitness comprises persistence in a subject upon administra-
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tion. In some alternatives, the cells are derived from the
subject. In some alternatives, transduced CD8+ and/or
CD4+ cells persist upon administration to a subject from
which the cells were derived, for at least at or about 30 or
60 days post injection of the cells into the subject. In some
alternatives, the recombinant protein is a chimeric antigen
receptor. In some alternatives, the method further comprises
prior to the transduction, enriching a T cell composition for
cells expressing CD4, thereby generating the enriched CD4+
enriched T cell composition so-transduced, and/or, prior to
the transduction, enriching a T cell composition for cells
expressing CD8, thereby generating the enriched CD8+
enriched T cell composition so-transduced. In some alter-
natives, the method further comprises cryopreserving the
engineered cells. In some alternatives, the method further
comprises administering the engineered cells to a subject,
and optionally further comprising pooling the transduced
CD4+ enriched and the transduced CD8+ enriched compo-
sitions prior to said administering.

[0339] In some alternatives, a cell or composition is pro-
duced by any of the alternatives of the methods listed in the
previous paragraphs of this section of more alternatives. In
some alternatives, a method of administering the cell pro-
duced by any of the alternatives of the method or the
alternatives of the compositions listed in the previous para-
graphs is contemplated. In some alternatives, the cell or
composition is administered to a subject. In some alterna-
tives, the administration is to a subject from which the cells
were derived.

[0340] In some alternatives, a method of adoptive cell
therapy is provided, wherein the method comprises (a)
incubating a CD4+-enriched T cell composition under
stimulating conditions and in the presence of IL.-15 and I1.-7,
thereby generating an expanded CD4+ composition, (b)
separately incubating a CD8+-enriched T cell composition
under stimulating conditions and in the presence of IL.-15
and IL-2, thereby generating an expanded CD8+ composi-
tion, and (c) administering the expanded CD4+ and
expanded CD8+ populations to a subject, optionally simul-
taneously. In some alternatives, the CD4+ and CD8+ popu-
lations are obtained from the subject. In some alternatives,
the one or more of the recited cytokines or combinations of
cytokines further comprises CD21. In some alternatives, the
CD4+-enriched population or the total number of T cells
therein comprises at least 70, 80, 90, 95, 96, 97, 98, or 99%
CD4+ cells, and/or the C8+-enriched population or the total
number of T cells therein comprises at least 70, 80, 90, 95,
96, 97, 98, or 99% CDS8+ cells.

[0341] In addition, where features or aspects of the dis-
closure are described in terms of Markush groups, those
skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or
subgroup of members of the Markush group.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Modified IgG4 hinge region
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-continued

<400> SEQUENCE: 1

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> SEQ ID NO 2

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Modified IgG4 hinge region

<400> SEQUENCE: 2

Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5

<210> SEQ ID NO 3

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Modified IgG4 hinge region

<400> SEQUENCE: 3

Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Modified IgG4 hinge region

<400> SEQUENCE: 4

Glu Val Val Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> SEQ ID NO 5

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CD28 transmembrane domain

<400> SEQUENCE: 5

Met Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr Ser
1 5 10 15

Leu Leu Val Thr Val Ala Phe Ile Ile Phe Trp Val
20 25

<210> SEQ ID NO 6

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 4-1BB domain

<400> SEQUENCE: 6

Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met
1 5 10 15

Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe
20 25 30
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-continued
Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
35 40
<210> SEQ ID NO 7
<211> LENGTH: 112
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: CD3-zeta domain
<400> SEQUENCE: 7
Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly
1 5 10 15
Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr
20 25 30
Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys
35 40 45
Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys
50 55 60
Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg
65 70 75 80
Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala
85 90 95
Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
100 105 110

1. A method of making genetically modified T-cells,
which have a chimeric antigen receptor, comprising:

separating or enriching a CD8+ expressing population of
T-cells and/or a CD4+ expressing population of T-cells,
such as T-cells that are derived from thymocytes or
T-cells that are derived from engineered precursors,
desirably iPS cells, from a mixed population of T-cells
so as to generate a separated or enriched population of
T-cells;

stimulating the separated or enriched population of T-cells
so as to generate a stimulated population of CD8+
T-cells and/or CD4+ T-cells;

transducing the stimulated population of CD8+ T-cells
and/or CD4+ T-cells with a vector, wherein the vector
encodes a chimeric antigen receptor and a marker
sequence, wherein said marker sequence encodes a cell
surface selectable marker, so as to generate a trans-
duced population of CD8+ T-cells and/or CD4+ T-cells;

contacting the transduced population of CD8+ T-cells
and/or CD4+ T-cells with at least one cytokine, which
can be provided exogenously to the T-cells, e.g., in
addition to any cytokine that may be produced by the

cells or present in media, such as for 1, 2, 3, 4, 5, 6, 7,
8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days
or for a period that is within a range defined by any two
of the aforementioned time periods, so as to generate a
transduced, cytokine-stimulated population of CD8+
T-cells and/or CD4+ T-cells;

enriching the transduced, cytokine-stimulated population

of CD8+ T-cells and/or CD4+ T-cells by selection of the
marker sequence so as to generate an enriched popu-
lation of transduced, cytokine-stimulated CD8+ T-cells
and/or CD4+ T-cells; and

propagating the enriched population of transduced,

2.

cytokine-stimulated CD8+ T-cells and/or CD4+ T-cells
for at least one day, such as 1, 2, 3,4, 5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days or for a
period that is within a range defined by any two of the
aforementioned time periods, so as to obtain said
genetically modified T-cells, which have a chimeric
antigen receptor.

-73. (canceled)



