US 20210052649A1

a9y United States

12y Patent Application Publication o) Pub. No.: US 2021/0052649 A1

Jensen et al. 43) Pub. Date: Feb. 25, 2021
(54) METHOD AND COMPOSITIONS FOR CO7K 16/32 (2006.01)
CELLULAR IMMUNOTHERAPY CO7K 16/40 (2006.01)
(52) US. CL
(71)  Applicants:Fred Hutchinson Cancer Research CPC ............ AG6IK 35/17 (2013.01); CO7K 14/705
Center, Seattle, WA (US); Seattle (2013.01); CO7K 14/7051 (2013.01); CO7K
Children’s Hospital, dba Seattle 14/70521 (2013.01); CO7K 14/7151 (2013.01);
Children’s Research Institute, Seattle, CO7K 16/2803 (2013.01); CO7K 2319/70
WA (US) (2013.01); CO7K 16/40 (2013.01); CO7K
. . 2317/622 (2013.01); CO7K 2317/64 (2013.01);
(72) Inventors: Michael C. Jensen, Bal{lbndge Island, CO7K 2319/03 (201301), CO7K 2319/30
WA (US); Stanley R. Riddell, (2013.01); CO7K 16/32 (2013.01)
Sammamish, WA (US); Michael
Hudecek, Leipzig (DE) (57) ABSTRACT
(21)  Appl. No.: 17/015,995 The present invention provides nucleic acids, vectors, host
cells, methods and compositions to confer and/or augment
(22) Filed: Sep. 9, 2020 immune responses mediated by cellular immunotherapy,
such as by adoptively transferring CD8+ central memory T
Related U.S. Application Data cells or combinations of central memory T cells with CD4+
(62) Division of application No. 14/422,640, filed on Feb. T cells that are ger.letically modiﬁe.d {0 express a chimeric
19, 2015, now Pat. No. 10,780,118, filed as applica-  cC°P1Or In embloqlmel?:f the genetically TOdlﬁled thg“ C‘zl
. comprises a nucleic acid comprising a polynucleotide cod-
tion No. PCT/US2013/055862 on Aug. 20, 2013. ing I%r a ligand binding doma?n, a golyﬁuc}lleotide compris-
(60) Provisional application No. 61/691,117, filed on Aug. ing a customized spacer region, a polynucleotide comprising
20, 2012. a transmembrane domain, and a polynucleotide comprising
an intracellular signaling domain. It has been surprisingly
Publication Classification found that the length of the spacer region can affects the
(51) Int. CL ability of chimeric receptor modified T cells to recognize
AGIK 35/17 (2006.01) target cells in vitro and affects in vivo efficacy of the
CO7K 14/705 (2006.01) chimeric receptor modified T cells. Pharmaceutical formu-
CO7K 14/725 (2006.01) lations produced by .the method, and methods of using the
CO07K 14/715 (200601) same, are also described.

CO7K 16/28 (2006.01)

Specification includes a Sequence Listing.



ARSI 1T 7

US 2021/0052649 Al

pesssnesil===== N N2, % |
BRRA ] S NNZZ227%772%, |
NETSE <N.r 200 gay-, GHO HOSBUH A U AR
- I N
S | e _ Lm_:__momb:_ ) Jejn|eoei _
° uononpsue. |
-
- ROGRRN [ E=AT T TT % |
S el 1|77 7 |
5 R 7770777777 _
= o494l Vel NmDO QZAD HD THOSBbuH A Ul HA
| | 1 I ]
Ceew | pneoenu Jejnjieoe.pa _
uononpsues | .

T 24n3i4

Patent Application Publication



Yo
& & & & & &
M % £ £ Z71 eNL Bl . z-1 BNl BNal .
N Bl i 7 .m.& = . [ 3 & 7
S 20 'z B g | —; g m wd.-os B 2 2111
i LI B 'z B |3 o BOO| U
m L s B & Fooe i oo
e & s g B S Looy B 3] oo §
= e e & 2 ™ - o 2
< & c e B £ Loog : Loos
o & B g 2 vous Zvz B 7006 MHouszvz EX -00S
= 'Nvu 3 3 wiell ZvT 28 Loooy,  WiewiZve 22 0001
- 0 Buoi zvz [ P A= | oost
50°0>d g0 0>d §00>0 110 Aewnd ndou/fed
(=]
o 3540 3840
.M jo5uoa[] joguoo[ ]|
- %SE/YL19/0 :Buo); %85/0¢/¥ 1L/5 :Buoy :
>
2 %LOI9SIP /T ‘Wil %8.£/0S/0Z/p ULSW
75 %86/¥9/99/0Z *Hous [l %986/16/59/61 ‘Hous Bl
= 110 Arewud LHoYnfey
N |
S [ZE¥ IZEv )
% N oned 13 oges |3 ones 13 onel 1:3
= FFS L'l € 0L OF L € 0L 0 1L € 0L 0 LL € 0L 08
rM i ' o .‘l‘ﬁ.-o =0 ey 0 .,xltﬂv_wﬂu.m.-o
R o -0Z -02 -02 -0
3 g i ¢
A
= R 't g Loy -0y Loy Loy 8
S e 8 (0400 3¢~ g
= B S Buo; -@ o9 -09 -09 -09 ©
2 Lz WISl Y- =
= & ous 4 Log Log Los Log ©
= —
R e 8 “o01 “00L LooL -001
= pacY 110 Asewnd 0N L-oMer LHOM/ZIEH
om
~N—
5 daom
oh
=
< # o
£ - s
8 ! ‘ %9G6 | L %6 | | %LL6 Z 94n8i4
N Buoieve BUO| Z2VZ WIBJ] 2ve HOUS VT




US 2021/0052649 Al

Feb. 25,2021 Sheet 3 of 20

Patent Application Publication

9

6100+299M4

LHOY+C95M

THOY+ ey

(jw/8u) A-Ndl
v ¢ 0

Koo Ml

oo BEMRRE 2

THOY+795) O
6102+¢95) B

THOY+99 W
6102+C99) 0

-0C

ov

09
-08
00T

r0c
-Ob
r09
08
00T

074
o

09
-08
-001

(%) sisA| o110ads

b

<

Cter
m
o

Sun)
=)

y

841

-7 8uo] 1Ty

a4d1-v

"Wwau] TTY

qd1-v
Hoys TTH

(v

¢ 2ungi4



(@ga1- 1o 82) 2ve

US 2021/0052649 Al

gdl - Jo
I (ad1- 10 82)
ISES=I! <NF Z0 | 8200 Aiuye yodiy, z1d
1
< ST Jejnjoenu
< uononpsuel | d
2 RRRRRR ] % (82) ous 2ve
S [0 Bﬁ 7 %) (82) Wil 2ve
L o o 0707020 A7, L (ge) buo| zve
M HA9OA) V2l ZedD 82d0 ¢HO aHOSbuH TN\ B2UlT HA
| ] | i1 |

- e e eceny Jenjjeoespd |
£ uoponpsuel] v
_._HM
£
g
w
< { ainsi4
g
£



US 2021/0052649 Al

Feb. 25,2021 Sheet 5 of 20

Patent Application Publication

LOHey

LHOunley

LZev

jonuoo ]
%ly/LLILIO (Galv) eve
%66/9L/1€72 [(adl-b) 21y B

opel |3
L'l £ 0L 0¢
=== 70
-02
[O4UOD %
@av oy % [0
@ eve © |
(A FAR I 3
©2) vz & log
295 -001L

%66/.6/781vG (@2 z1d B a

ol 13
'L € 0L 0F
-0
-02
-0
-09
08
poyney -001L

AR 9 4

loauoo ]
%L8169/\ PV (82) eve

ol |

L'L e 0L og

PHCH/ZO5M

0

o o
< o~
SIBA| oyads o

1}
Q
o

BNL S NE)
& B Thoo
5 ooz
g mm ooy
= b 400G m
(8% [ _.M_
g o
@aL+v) zid ER
 @ELv e 22
8 (7 A¥ADS
) eve 3
ISEx !
1o
| P
%606 %2
(TR ARS | (82) 2ve v
G 24n3I4




US 2021/0052649 A1l
P/
P
vz
<,
%
%,

-00S
m -000L
3 = | Uloogy €
2 LHOd/Ney 2
= W AX A -000C

N |0JUco (g2) Z1d -00GC

o %Z6/78/09/0E/0L (82) v (g2) 2wz

= %B6/96/28/00/SE (82) 1Y [l ++a0 9 Lo/ D Y

g 2.ngi4

Patent Application Publication



AN

US 2021/0052649 Al

>
o
[
(=]
= LHOM 2¥Z [
7]
2 110 Asewd
wn
Y opes 113
S £ oroe
v
o Loz =2
3 2
= -0V ©
[OQUOD =3¢ 0o m..
610D ¥ =
LHOY 2l 08 o
LHOY 2V2 @ 001

)80 g |ewiou

Patent Application Publication

INd)

61,00 A
1H0d ¢ld
oY eve [

110 Aewpd

onel |1 :13

[0QUOD -
6100 -%
LHOY 21y -
R:10) NA (Al o

sISAl 01J108ds DJo}

S0°0>d bz

119 Arewud

kb € 0} 0%

0

-0¢

-0V

~09

sisA} oyjoads 9,

jonuoo [ ]}
%bb/2LIE 1HOY VT N
%1G/GZ/L (IO 21 5
%96/08/vv 16100 Koewnd
LW N
%L0G ,% ‘W %L b9 Y
610D 1 d0d 2ve 1404 21 Y
98aD 18Oy
o o
O L1 O
o —
%808 %0 o %Z66
igouiey~ Tokiewng 0 D Alewnd

[ 2.ngi4



US 2021/0052649 Al

Feb. 25,2021 Sheet 8 of 20

Patent Application Publication

A
%Z/OIE “vorvaom |
%OGLIE +avOHCOM Bl %S8/ErEL wvO+HaoM [l

IO EVO-LHOY eve

%8E/0L/S ~vO+raom[_]

O UVO-LHO 2l

[Z¢

%99/22/S voraom[ ]

YbBE/D +evO+aIOM [l
1D WVO6LaD

rad
TIO UM uoneinuls g
Lol = +00+800 e m
sjjeo-1 Jedpy +»a0 m
OO+ 4900 (RIOH ZIY B &
4O UonppY HOO RHON ZIY 72 &0
o
q HOO BLA0 [ <
|mw
UOWD 8| g TIO Arid
Q a4ngi4



M JECES =550 =50

N — N s Mo — gt st Y -
2 wevoave wsL0Te T wsooeve
% %<6°0 2k %00 2id %G1L0 2ld
m %GL°L BLAaO V| %Er0 6140 ,, %620 :6La0
a SFouenbald “fousnbal4 . SFousnbald
2

w 1l ¥ |

) LZevy Lzev Lcevy

%OL/BLIED 1O evE
%68/1LP/2LL (hdOd 2ikd

Y%ZYECOLIL 1LH0OH TVT
Yl LIVYPZ/0L TLHOH 2k

%ESLIC/0 (LdOd Eve
%S8/8E/CL/L (1O 2

m %68/8viI6LY 6100 B %06/15/22f7 6100 B %8g//sreRL B1aD Bl
= uaoidg poojg [essydusad MOLIEYY SUOg
& B0 L-OMEr/OSN OJUl LD MV Pelede| ISH0 Jo Jejsued selje yz/ sishlewy. A
3
2 oo oum sy ep S i/ uergou gun oy o
(474 2 24 ped j2/A i 0 L 1 1 L OL . L E M 0L V
n 1 ] i m_ 3 o M ﬁm
LOL oL
& 10050, “ e ; P
o .m o m : 0L 0L =
o~ vﬁbc: —p “ g B o o m
. MUOD s 4] 4 I
M 6LaD —r h @5 Eowmu_‘w = ko 0L dﬁz
1O i < :
rH z - ! 8§ RO ove -+ ko1 <0l W
s RIOH BT = ! b 0QU0D -e- H H
0oL : P peEeRn - Ly 6 : HE 01 4
O Uspng 1oum; O10RIoU | USpINg JoU Apoq SIcUAA g

pajeaJjun ..quOm FAR~|

e s)

Patent Application Publication

6 2.n314



R
Ve,

US 2021/0052649 Al
Ty

%ery b %Z0 ||
1D lHod eve TECENVAN  LECEA-VaN

'

.

110 1dod 2l rdoyiley rouney d

14O 1H0Y

Feb. 25,2021 Sheet 10 of 20

«—— Y, —————

g mif.l} g R .u, < T

B A { * :

(o ! w

B !

: !
N y s !

MY d941 wmv-ms_imﬁ emw-m_z..qos__
Jaouen ||9o |eusy Jaoueo jsealq aanebsu aldiuy v

0T 4n3i4

Patent Application Publication



US 2021/0052649 Al

Feb. 25, 2021 Sheet 11 of 20

Patent Application Publication

[OJJU0D

U

%ZPIBLIVI0 (LHOM ZV2
%SLIVYIYLIZ LHOM 21y

N
St

4
& O,O

X R
s%y %vo &

| F—— 1

50°0>d

N vsi3

LEZ-aN-van
SA YO 21

2

-0°0
120 &
Lp0
90
80
Loy

a'o) Aususp jeopdo

a

ones 13
L g L0L Liog

M S
d=il -
4 -O-8

$8UJ| JADURD |99 [euS.

SATLLD 10U0S [ 10 21y

-02

-0v

-09

08

1E2-aN-vYan

LCcEv
Z-1 4N AN

ap |

o
3
s
2
lu
l-
l-
\
5
=
3
"
-
m

~008

bHOY/leY A LHOH i EXB

LHOUNEY "SA LHOY 2vZ A

LEZ-GN-YOW "SA LHOY 2l

LEZ-8N-VYOW S LHOd eve [

onel {19
Ll L€ oL Log

89F-anN-van -

LEZ-GN-VON -©--@
SOUY [[eD J83URD |SBIY

"SA 7110 I08UOD [ LMOY ZiY

-0

1
<
o~

T
<
<t

T
jo)
(7]

r
fo
0

fiw/6d]

g

sISA] oyIoeds %

v

TT 3In3i4



—
< . oqey «nﬁ-wﬁ..&uuuhw . ogey pbueiiojoryg oney J0fre ) 1035903
M.) LVeT'e 144 3 | 214 %) ) 8119 %3 LR paTs VT vz 108
% L i 2. 4 o N N ) N . I3 1 Y 1 .
o L e S o | B ey w
=3 - O Ok ]
g o
g i b OF [ oe
S - oe 0t %
2 1w 8
[99] - Ob o - or m
U e 3 = L 9§ =
HOOW) e~
- 0% ~09

<
(g\]
S
0 -
~ 3
—
~N—
|5}
L
=
wn
—
o
(=
(g\]
.
& 2
)
=
! n s
BTN |
wr eno-vo IR
(1) exo-2H2 sausnbas
W93 VIL A3 AIr  WIRL®D g WU HA japeny e
O T Tl O 0
um n £

[ '] L —— -" 3 ﬂ&m

Crwew yjewsop v

wonMpsuesy usewsop Sugeulis 1oeds A8 I8 . m ‘4

¢T 24n3i4

Patent Application Publication



US 2021/0052649 Al

Feb. 25,2021 Sheet 13 of 20

Patent Application Publication

76895 (4N 1629 1N 999 14N TAZE 9804 14N
A9
. s
| _ 18
Sxxﬁ w P ,w
566 | |8'56 166 116 :
(gdi-¥ 8200 (ag1-p/Buop (g9 1-vyHouys) (g2a0/Buo) {gzao/mous)
{Buo)) ¥yD-610D HYO6LOD HYO-6L00 HYI-6100 UVO-6100
| Z# uonBUIlg I L vonenuilg |
gl Aep y1 Rep 0l Aep L Kep ¢ Aep 0 Aep
+ t f f .ﬂﬁ f ]
[BACUWIAI pBRY  UOONPSUBRILY
sAesSSE ONA Ul f OJJA Ul PUB  §)|80 | pBOnpsuel} Jo UOREINWAS 82(10/£A0 uoyjejosi
sishjeue sdijousyd UOSURAXS + JUBLILONLT uonejost WO WOL 8an g
ofo oo
a4q1-v 82a0
B}az
H4OM vZi £00 €HD ZHD 9BuH HA iU A
ga1-v 8zao/buo,  RIRIRIBDIDIIwe 1 Bz i |
Bl@z O}
4O vZL €00 gdib sbuH HA sy 1A
ag-paous, 2l W]
Bz olko
Y493 vZL £a0 mmt”é £HOD ZHD oBuH HA Bjurr A
881-/Buo), it I L 7zt
glez oo
NESEY vzl €00 8200 SBuH  HA Jayu A
82ADMOYS, STttt tatetnretezet e 1 [N Zl W]
el@z  O)o
w403 vzL eao gzao  €HO ZHO #BuH  HA sodu A
\82a0/Buay,
vwioL oL 2z
HYD-610Q0

Bugeubis jsoedg A0S

Jayiew uojonpsuelf Jeinjeoriiug ieinjjsoenx3

82010 ‘PUBIGIBLISURIL

€T 2n3y



Yo
« _id ld
= o e
2 :
6 E
g tfey
4
b %96/18/15/41 |
o
=)
'S . pes "
wn
- " S
! 61C30/295M
4 {11k %oomacane %BEEBILLEL
S agi-yHous gZQoMOYS 434
M Joun 12y LM Lo LG 3 (gar-y/buc) ¥vD6100 (ggi-vaoys) Hyr8La% (gzaobuo) Yyor6L00 (82Q0/M0US) HYD6100 d
Yo
P > > S A N N N A
b i £ > ¥ T AR A
m ro g o g % (AY
2 ‘.w @ 002 m : L00Z
2 ) 5
n k g F00% i oot
] ) m 009 B 000
N ] e 5 =
v g 008 Q. foos 5
~ 3 El
) E Looor = S0l 22 Looos
= o 2 smeubuwol B L gaL-ybuol 2 -
> 5 & agi-wvous @R vy oe 0002 gai-proys [ c-m ._m HWFoooz
B = pgosde s g szaofuo 3 .mmww 9zanibuo) 223 .mwmm
- : -~ = = i gzanmous I i
- G00>d » - o Ly 8zaonmeys R Loaos Looos
= gar-buol 4 eaL-yious B szao/bucl B ezaowous M tfexd $A 110 WVD-6100 -0000} 6LOD/Z9SH SA D ¥VO-BLaD 0%
S
= O 5]
<
L oges 13 ones |3 ones 13 oges 1:3
m (M1 [R Lot L:0E 43 e 101 108 [} LE L0k 108 [ Lg (X113 1-:0E
= * * ¥ 10 * * ¥ 0 ‘ ‘r.._lfl« 0 ¥ ¥ T 0
R oz Loz 0T Loz
= ES ES = &
.m Loy S -0 m Loy 8 Loy &
= L-oMor - 2 2 e S
S ey - Log © -09 & 09 09 &
= 2050 ¥~ 3. 5 z z
s [ L « L, 13 L »
W BLUDZEH - 08 08 08 & o8
< (agt-p6uol) ¥v0-6100 -001 {agi-prioys) Wvo-6L0D -00t (gzaoiBuol) wyD-6L03 ~001 (8zaomous] Avr61a0 001y
~N—
=
e
<
£ T 24n314



US 2021/0052649 Al

Feb. 25,2021 Sheet 15 of 20

Patent Application Publication

uonpenocy; 10Ny Joye Aep
L4 a.« 43 € g

1 [ L X

PEIESRUT e

zip

uoieINIoW rowng Joje Aep
[N 1 L4 g Q

Y
ss7zwoy/sid eoueipey Bay

o
=
=

oL

Zip a1 -#/0us; .-

UOHIEINGOU] JoWN JOYE KEp
e sz 8 0

L 1 i I

L
<
¥

is/zwiors/d soueipey BAy

«0F

-
©
e

e 2
18/zworsid eoueipey Bay

30}
0L
82000 ~»- <0L
uopenaous Jowny Jaye Kep
e By 2 G¢ 8 12 P ya o
L 1 L i J. L i i 0
PEIEDJUN ~em -0z
[03UCO HAOT) —r-
Loy
ond aaLp/Bu0] e
100> [ gy ppious — Loe
. 9ZAD/OUG| e
0od [ grasmons — 08
' 00

uolEINoO] Jowny 1aye Aep
(/4 ab zt 2 0

g 8 2 B
Jgjzwossid sougipey Bay

~
oS
-~

103000 3403 - K 5y

uoieInoou Jownj 1e)e Aep
¥Z o0z 9 ¥ 8 4]

®
(-]
-

~
o
-

ag1-pAoYS .-

2 2
isfzwio/sd soueipey BAy

uoHeINAoL] 10N Jaye Kep
¥z o0z 9L T 8§ ©

pey Bay

el

g ocp ’ o

-
~

[~
b4

<
A
Y
A
asfzuwogsid aoul

ZLp 82A0MOYS -m- Kk

©
F--3
-

3 6p zp op
<+ i i }
“ 1 ] 1

BuiBewy Jown] [eLeg ﬁ a

NELD G01X0 | Msgsuel 18-
“NTON-Ifey (51XG"0 (UOHIRINOOU Jowin L

IEAIAINS JU3DIad

‘fepow sownt ey QIOSIAON

GT 24n3i4



US 2021/0052649 Al

Feb. 25,2021 Sheet 16 of 20

Patent Application Publication

uonenao 10Ny raye Aep

uopelnoou Jown} 1aye Aep
62 2z 6+ S 6 S O

) A ° 3 . o1 > o>
& &
101 O o X
g TR
o ¥ oL
i m o m
0L g
» & oY
a g
108 mu 0 w
o - S
[, 01x11103400 YO -m- o2 [, oxg Z] (gdL-vaous) MVO-6LA0 -u- o3
:o:ﬂ:uo_._. 5..:3 hmum »mﬁ uopienaou Jowiny Jaye Aep
82 22 8 S 6 § O
01 > . * 1112 W
& &
voi B 0
=3 =3
g 00 8 s0b 8
8 3
301 2 $0 M
o S
0 3 L0k ww
N
4 [, 01%€°0] (881 -bRIOUS) HYD-6LAD -m- & [, 01xcH {BEL-¥/HOUS) MYD-BL0D —m- &
20 = 0L =

uojleNaou] Jowny aﬁw mmv
mﬂ N« mr mv

uoNRINIGU) o] Jaye Aep
€2 N.N a_.. 4 6 9% 0

. 0b X 0 >
E S i &
b0y 0 Vb 0
3 g
_.mov W rme_\ M
& . 5
k01 M 50} w/f
i 01 m Faob w
e L B
1, 01¢L] (GE1L-pAI0YS) ¥YO-6L0D -m- oL & [, 01x1}{881-picus) ¥vO-6100 o Eoou & q
uoHIEmaeu| Jotung Jeye Aep
9 6r T S W K B L 0
g ; s o ,
=% POIEOLUN e H % 3 4 o__u
am ORUOD LuOKE e ! g « 7 |
83 UYD BOIXED e ] Loy 8 BuiBewuy Jown) jeyeg 4
g5 YO SO —m ==y I e
.8 YD SOGZ ~r H ! 09 § ATUD 9v0LX0L - €0 [8jsue [@o-]
& - Z
¢ fep uo paussisues UYO KOIXG = .......m ey Log & “A1 onjjfeN 401 XG0 “UORBINOOU Jowin ).
SI90 L WV o052 HYO LOIX]L e H "
G U1 80UalSISIod a A T | [opow Jowny fex/O8N v

9T 24nsi4



US 2021/0052649 Al

Feb. 25,2021 Sheet 17 of 20

Patent Application Publication

uoijeInoou Jowny soye Aep uonenooul sowny seye Aep
CR A 0, 9 0 8¢ m« 8 v a._. 9 ¢

f 1 fl 5 i ncr V o nwv V
& &
+Ob % +04 nuuu
23 =
gLp 01 8 gLp Y, 00 8
[e] 7 O
o / o
0T X 0L D
@ 4 &
2 0 el o g
) N
9p agL-pbuoy = £ g @ op ggL-paous -w-k g, @
uoijenoou; Jowny Jaye Kep uoeINsOU; Jouny Jaye Kep
iz 8 v 0L 9 0 . 8 12 8 ¥ 0 9 ¢
L i L 1 1 1 mov W 1L I 1 L L F:F w
@ o
»O0b puw »0b oum
2 ) (o4
<01 5 81p J 00 8
[} / [
@ / o
0L T # 0L T
@ e @
0 § e ]
N D
g2ao/buol -k g @ op gzaopous - kg @
0
N oW\ N o o\ P uonenoou] jown} jaye Aep
060 o.vo 0% G P oot o - :
AP ¥ B L gt
R PR R AN A XN
..*.I.|_||l_||- ‘ ™ mmamx 1
'ﬂ 00 m i 40 m U@a&@br_ﬁ - i oz
. oo 2 F Xy 4 o 2 F [OAUOS HADT) mpee H M . p op
I.Hw am sm " m ga-p/buol —r I oy 8 “ | |
A 0l § 5 0L € 2 o AGL-PAIOUS mepee " o BuiBeun Jown) j21eg ﬁ
d 0% g+ 60 1 09 £
oy 84 0d  00d fgp S . BZADRUOL e ) p: "L (04XG Z JOJSUR 90+
® o g 10°0>d 5 g
e DR 2 3 8CADAOUS wep ” 08 & ‘At ongy-ley JOLXG'0 JUORBINOOU Jown .
e n 0" o
Jajsuesy Jaye oLp e 13j5URS) Joye gp oz iy Jepow sown ifey OGN
soua)sissad 199-1 sousIsISIad [180-1 a el v

LT 94n314



US 2021/0052649 Al

Feb. 25,2021 Sheet 18 of 20

Patent Application Publication

oo
d
' &e@“@vo/ .uovo,y@
& ¢S @®
08 o
. (=4
S0 2%
-
sz
s 53
0z § X
10954 ez ® 2
1504 ot @
Jgysue.) Joye oLp

uojjenooul Jowny saye Kep uojenaoul Jowny eye Aep A A A A %( vvr/
I I S TV . A . 20 N & O
e - i 5 g0
& i
NI
o 3 \: Brooz
8 PIUOD YIOT ~en b i
0k 3 9ZAOMIOUS = -1 mw -00¥
@ 981+ 82Q0/BU0| e iy _j
Hoa :
o .W SLAD/BUC] w. H 009 -
oS i os & ; Loos §
v B | R =
gzaomous - E g, & ; ) 00t a : +000L
uotjeinacy) Jousny 1aye Aep [ ] ml ] 1000z
o9 £ 6 9 [ 3840 3540 000t
e ——— o 2 « gL+ 9eqo/duc mm |
é agi-p/ouo 59 ;mmmw
oL D 8zaD/Bfuo B 0000
12p o 81A0/C98 flex 'sA LD WvO-6100 00004
30 55
3 S%66/06/99/5T
—.wap T - }
L .
Los § {81+~ 8200/6uol) ¥YD-6L00
— o _3s40
o 984-¥ gzao/muo -k o @ S — -
UORENIOUL Jowg Joye Aep
w.m o.w £l @ m_u m. o tley 610D/296H
0t 2
@ %.8I6SH0EL6 | USBILIICIE
»0L % SRR Ay
f= N
00 3 (ag4-4/Buop) ¥VO-6L00
mw tmwu.u
20} °
@
0 m
v L 9aL-7"82a0/0uo, W
g2ao/uo = 20 2 gai-p/Buo 89
850p 120 |, "D uby - jopow sowny few/OSN I 92a0/Buc] ERR
,o%z ) 61LUD/295% "SA TLO WVO-61a0 4
§ oe%@oo, eo%
A e ozl 1:3 oger 1°3 opel 133
0 [ e ol +0g 0 _‘.m‘ e.vm .L.o« t@m __mc vw e“m: v“__um o
[~ v v e v - .
o ® M M v N ———y
x +
2@ 02 2 0z 0z &
o o
=@ 2 k4 o
3 3 or 3 or & or 5
g% & & 3
- ey -9 09 m 09 09 =
e 2 Z95M % g G 2,
Lo vg @ 6100/ZI5H - 08 @ 08 ? o8
I3jsues) soue gp _
sousysisiad |[99-1 (gd1-+"8za0/Buo) ¥yo-6100 00 (agi-buol) WvD-61a0 0ot (8200/Bu0) YvI-61A0 004

asuajsiesad jao-|

.

v
8T 24n3i4



US 2021/0052649 Al

Feb. 25,2021 Sheet 19 of 20

Patent Application Publication

uopEINOOU Jowry taye Kep S40 gzao 5900
o 8 3 0 b, e R SrEmsros. Scsmm—
DL
>
o 2E ]n% H49T 01U00
504 :MN puw_ . .
104100 ww=§ o e e NPk N pooogeLl i v06 b L Rarii o poWO b L4 L P
£
uonrInoouy Jowny Jaye Aep 5S¢0 _0-80
st 8 9 O <
s0b
£
o 22 gg)-p/buoy
501 Wm
gaL-pouo [, 2%
£
uogenoou) sowng Jaye Aep
o0 8 9 0
04 L.y
)
/l\ o 2 g agl-yHoys
501 mc, M
«@
gai-puoys -a-f gy 5
DA egroou Jowng Jaye Aep
g8 9 o
" ——— | R
=
i §& 82aorbuo)
B F
8za0/ul ~w-| o) & 2 o
o]
uonEnscu; Jowny Jaye Kep Q
o g 9 0 DBE:F @
e S £ 3
N\ i LI
0 mm | !
szaomous =g 5 8E ok : 82aoMOuS
jowny £ uedldg Molewsuog iz, 4 Yzl- usspls uss|ds 3 VzIEris Yz - movew suog (] 1ojSURl [90-1 IOYR UpZ - MOLBW BUOY 7

§200

§2Q0
< ey

gzao
. - 0y

50 6900

)

8¢

€¢

g8-v/buoj

agl-proys

82adMoYs
ajsuel 0j9q- D UVIBLAD g

< ] |

| ]
i +o Ip 4_.% +% opa
158nRY Mouew sucg AL g01LXG
g Buibewjowny  Jeysuel jjod-1

"N anjy-ifey 401XGD {UOFRINO0U JOWINL
“1BpolL soun ifey SN v

6T 2In314



US 2021/0052649 Al

Feb. 25,2021 Sheet 20 of 20

Patent Application Publication

Ry
\\&

RS,
9 = S

(IR0 Y4
ey

S

fL . ,\\\\§ gy \
.\ﬂmﬁ. »\
4 il \\\

- 89T-w/2807
1z dnoug

\\\\\

1

e

Haend Ay

oo |1
f?g@ {abBugd g0} 6100
CHT-PUOUS sioamtt e 04908l 8100 7

Y

oo SO 10T b e oE84 11
% VLE OLOE B EOLOE b £ 05
AR Al s oGS !Wlx;k -
5 & ol &f& -7 M/f ~OE 2
g - . 8
L7 Z. i $ 1y QA.{/@.{ O &
R g 2
Qs A «N (13 Ry ng &
CHRY FIRHDDY mitor . By =z
i, B g . - 08 &
Loy o (ebup 200) B0 1O o %% &
- (i 24vOB 610D @ Ly - o
el 2l g
a0 2 e fiss Rueias S
07 BN 2 SUMOTA™ ARSRE BOESMI WNILUo oA
{ ol i A “\m»\\q v D ST i WA A r?&u WAL




US 2021/0052649 Al

METHOD AND COMPOSITIONS FOR
CELLULAR IMMUNOTHERAPY

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0001] This invention was made with government support
under grants CA136551 and CA114536 awarded by the
National Institutes of Health. The United States government
has certain rights in the invention.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of bio-
medicine and specifically methods useful for cancer therapy.
In particular, embodiments of the invention relate to meth-
ods and compositions for carrying out cellular immuno-
therapy comprising T cells modified with tumor targeting
receptors.

STATEMENT REGARDING SEQUENCE
LISTING

[0003] The Sequence Listing associated with this applica-
tion is provided in text format in lieu of a paper copy, and
is hereby incorporated by reference into the specification.
The name of the text file containing the Sequence Listing is
360056_425D2_SEQUENCE_LISTING.txt. The text file is
160 KB, was created on Sep. 1, 2020, and is being submitted
electronically via EFS-Web.

BACKGROUND OF THE INVENTION

[0004] The adoptive transter of human T lymphocytes that
are engineered by gene transfer to express chimeric antigen
receptors (chimeric receptors) specific for surface molecules
expressed on tumor cells has the potential to effectively treat
advanced malignancies. Chimeric receptors are synthetic
receptors that include an extracellular ligand binding
domain, most commonly a single chain variable fragment of
a monoclonal antibody (scFv) linked to intracellular signal-
ing components, most commonly CD3C alone or combined
with one or more costimulatory domains. Much of the
research in the design of chimeric receptors has focused on
defining scFvs and other ligand binding elements that target
malignant cells without causing serious toxicity to essential
normal tissues, and on defining the optimal composition of
intracellular signaling modules to activate T cell effector
functions. However, it is uncertain whether the variations in
chimeric receptor design that mediate superior in vitro
function will translate reproducibly into improved in vivo
therapeutic activity in clinical applications of chimeric
receptor-modified T cells.

[0005] There is a need to identify methods for determining
elements of chimeric receptor design that are important for
therapeutic activity and cell populations to genetically
modify and adoptively transfer that provide enhanced sur-
vival and efficacy in vivo.

SUMMARY OF THE INVENTION

[0006] In one aspect, the present disclosure relates to
methods and compositions to confer and/or augment
immune responses mediated by cellular immunotherapy,
such as by adoptively transferring tumor-specific, geneti-
cally modified subsets of CD8+ or CD4+ T cells alone, or in
combination. The disclosure provides for chimeric receptor
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nucleic acids, and vectors and host cells including such
nucleic acids. The nucleic acid sequence that encodes the
chimeric receptor links together a number of modular com-
ponents that can be excised and replaced with other com-
ponents in order to customize the chimeric receptor for
efficient T cell activation and recognition of a specific target
molecule or an epitope on the target molecule.

[0007] In embodiments, a chimeric receptor nucleic acid
comprises a polynucleotide coding for a ligand binding
domain, wherein the ligand is a molecule expressed on
malignant or infected cells, a polynucleotide coding for a
polypeptide spacer wherein the polypeptide spacer is about
200 amino acids or less, a polynucleotide coding for a
transmembrane domain; and a polynucleotide coding for
intracellular signaling domains. In embodiments, the poly-
peptide spacer comprises a modified 1gG4 hinge region
containing an amino acid sequence X,PPX,P (SEQ ID
NO:1) that may be linked to other amino acid sequences
including but not limited to the CH2 and CH3 or CH3 only
sequences of the Ig Fc. It has been surprisingly found that
the length of the spacer region that is presumed not to have
signaling capability affects the in vivo efficacy of the T cells
modified to express the chimeric receptor and needs to be
customized for individual target molecules for optimal
tumor or target cell recognition.

[0008] Another aspect of the disclosure provides an iso-
lated chimeric receptor nucleic acid comprising: a poly-
nucleotide coding for a ligand binding domain, wherein the
ligand is a tumor specific antigen, viral antigen, or any other
molecule expressed on a target cell population that is suit-
able to mediate recognition and elimination by a lympho-
cyte; a polynucleotide coding for a polypeptide spacer
wherein the polypeptide spacer is of a customized length
that is specific for each targeted ligand, 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 signal-
ing domains. In embodiments, a long spacer is employed if
the epitope on the target ligand is in a membrane proximal
position and a short spacer is employed if the epitope on the
target ligand is in a membrane distal position. The disclosure
includes expression vectors and host cells comprising the
isolated chimeric receptor as described herein.

[0009] Another aspect of the disclosure provides a chime-
ric receptor polypeptide comprising a ligand binding
domain, wherein the ligand is a tumor specific antigen, viral
antigen or any other molecule that is expressed on a target
cell population and can be targeted to mediate recognition
and elimination by lymphocytes; a polypeptide spacer
wherein the polypeptide spacer is about 10-229 amino acids;
a transmembrane domain; and one or more intracellular
signaling domains. In embodiments, the polypeptide spacer
comprises a modified IgG hinge region containing the amino
acid sequence X,PPX,P (SEQ ID NO:1).

[0010] In another aspect, the present disclosure provides
compositions to confer and/or augment immune responses
mediated by cellular immunotherapy, such as by adoptively
transferring tumor-specific, subset specific genetically modi-
fied CD4+ T cells, wherein the CD4+ T cells confer and/or
augment the ability of CD8+ T cells to sustain anti-tumor
reactivity and increase and/or maximize tumor-specific pro-
liferation. In embodiments, the CD4+ cells are genetically
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modified to express a chimeric receptor nucleic acid and/or
chimeric receptor polypeptide as described herein.

[0011] In another aspect, the present disclosure provides
compositions to confer and/or augment immune responses
mediated by cellular immunotherapy, such as by adoptively
transferring tumor-specific, subset specific genetically modi-
fied CD8+ T cells. In embodiments, the CD8+ cells express
a chimeric receptor nucleic acid and/or chimeric receptor
polypeptide as described herein.

[0012] In another embodiment, the present invention pro-
vides an adoptive cellular immunotherapy composition hav-
ing a genetically modified CD8+ cytotoxic T lymphocyte
cell preparation to confer and/or augment immune
responses, wherein the cytotoxic T lymphocyte cell prepa-
ration comprises CD8+ T cells that express a chimeric
receptor comprising a ligand binding domain for a ligand
associated with the disease or disorder, a customized spacer
region, a transmembrane domain; and an intracellular sig-
naling domain of a T cell or other receptors, such as a
costimulatory domain, and/or a genetically modified helper
T lymphocyte cell preparation, wherein the helper T lym-
phocyte cell preparation has CD4+ T cells that express a
chimeric receptor comprising an antibody variable domain
specific for the ligand associated with the disease or disor-
der, a customized spacer region, a transmembrane domain;
and one or more intracellular signaling domains.

[0013] In one embodiment, the present invention provides
a method of performing cellular immunotherapy in a subject
having a disease or disorder by administering to the subject
a genetically modified cytotoxic T lymphocyte cell prepa-
ration that provides a cellular immune response, wherein the
cytotoxic T lymphocyte cell preparation comprises CD8+ T
cells that have a chimeric receptor comprising a polynucle-
otide coding for a ligand binding domain, wherein the ligand
is a tumor specific antigen, viral antigen, or any other
molecule expressed on a target cell population that is suit-
able to mediate recognition and elimination by a lympho-
cyte; a polynucleotide coding for a polypeptide spacer
wherein the polypeptide spacer is of a customized length
that is specific for each targeted ligand, 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 signal-
ing domains. In embodiment, the ligand binding domain is
an extracellular antibody variable domain specific for a
ligand associated with the disease or disorder. An embodi-
ment includes a genetically modified helper T lymphocyte
cell preparation that wherein the helper T lymphocyte cell
preparation comprises CD4+ T cells that have a chimeric
receptor comprising an a polynucleotide coding for a ligand
binding domain, wherein the ligand is a tumor specific
antigen, viral antigen, or any other molecule expressed on a
target cell population 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 that is specific for each targeted ligand,
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 transmem-
brane domain; and a polynucleotide coding for one or more
intracellular signaling domains. In embodiments, the geneti-
cally modified CD8+ and genetically modified CD4+ cell
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population are coadministered. In embodiments, the T cells
are autologous or allogeneic T cells.

[0014] Various modifications of the above method are
possible. For example, the chimeric receptor that is
expressed by the CD4+ T cell and the CD8+ T cell can be
the same or different.

[0015] In another aspect, the present invention provides a
method of manufacturing an adoptive immunotherapy com-
position by obtaining a chimeric receptor modified tumor-
specific CD8+ cytotoxic T lymphocyte cell preparation that
elicits a cellular immune response and expresses an antigen-
reactive chimeric receptor, wherein the modified cytotoxic T
lymphocyte cell preparation comprises CD8+ T cells that
have a chimeric receptor comprising a ligand binding
domain, wherein the ligand is a tumor specific antigen, viral
antigen, or any other molecule expressed on a target cell
population that is suitable to mediate recognition and elimi-
nation by a lymphocyte; a polypeptide spacer wherein the
polypeptide spacer is of a customized length that is specific
for each targeted ligand, wherein the spacer provides for
enhanced T cell proliferation and/or cytokine production as
compared to a reference chimeric receptor; a transmembrane
domain; and one or more intracellular signaling domains;
and/or obtaining a modified naive or memory CD4+ T helper
cell wherein the modified helper T lymphocyte cell prepa-
ration comprises CD4+ cells that have a chimeric receptor
comprising a ligand binding domain, wherein the ligand is
atumor specific antigen, viral antigen, or any other molecule
expressed on a target cell population that is suitable to
mediate recognition and elimination by a lymphocyte; a
polypeptide spacer wherein the polypeptide spacer is of a
customized length that is specific for each targeted ligand,
wherein the spacer provides for enhanced T cell proliferation
and/or cytokine production as compared to a reference
chimeric receptor; a transmembrane domain; and one or
more intracellular signaling domains.

[0016] These and other embodiments of the invention are
described further in the accompanying specification, draw-
ings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 Library of spacer sequences. We con-
structed a plasmid library that contain codon optimized
DNA sequences that encode extracellular components
including of the IgG4 hinge alone, 1gG4 hinge linked to CH2
and CH3 domains, or IgG4 hinge linked to the CH3 domain.
Any scFV sequence (VH and VL) can be cloned 5' to the
sequences encoding this library of variable spacer domains.
The spacer domains are in turn linked to CD28 transmem-
brane and intracellular signaling domains and to CD3 zeta.
A T2A sequence in the vector separates the chimeric recep-
tor from a selectable marker encoding a truncated human
epidermal growth factor receptor (tEGFR).

[0018] FIG. 2: In vitro cytotoxicity, cytokine production,
and proliferation of T-cells modified to express 2A2 ROR1
chimeric receptors with modified spacer length. (A) Pheno-
type of purified CD8* T, derived cell lines modified with
each of the 2A2 RORI1 chimeric receptors with long, inter-
mediate and short spacer domain. Staining with anti-F(ab)
antibody that binds to an epitope in the 2A2 scFV shows
surface expression of ROR1 chimeric receptors with full
length or truncated spacer. (B) Cytolytic activity of T-cells
expressing the various 2A2 ROR1 chimeric receptors with
long (@), intermediate (A) and short spacer (#), or a tEGFR
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control lentiviral vector against ROR1™ (x) and control
target cells. The bar diagram summarizes cytotoxicity data
from 3 independent experiments (E:T=30:1) normalized to
cytolytic activity by 2A2 RORI1 chimeric receptor ‘long’=1,
and analyzed by Student’s t-test. (C) CFSE dye dilution was
used to measure proliferation of 2A2 ROR1 chimeric recep-
tor and tEGFR control T-cells, 72 hours after stimulation
with Raji/ROR1 (left panel) and primary CLL cells (right
panel) without addition of exogenous cytokines. For analy-
sis, triplicate wells were pooled and the proliferation of live
(PI7), CD8* T-cells analyzed. Numbers above each histo-
gram indicate the number of cell divisions the proliferating
subset underwent, and the fraction of T-cells in each gate
that underwent =4/3/2/1 cell divisions is provided next to
each plot. (D) Multiplex cytokine assay of supernatants
obtained after 24 hours from triplicate co-cultures of 5x10*
T-cells expressing the various 2A2 ROR1 chimeric receptors
with Raji/ROR1 and primary CLL cells. Multiplex cytokine
data from 3 independent experiments were normalized (cy-
tokine release by 2A2 ROR1 chimeric receptor ‘long’=1)
and analyzed by Student’s t-test (right bar diagram).

[0019] FIG. 3. R11 chimeric receptor requires a long
spacer for recognition of ROR1* tumor cells. The sequences
encoding the scFV from the R11 monoclonal antibody that
is specific for an epitope in the membrane proximal Kringle
domain of the orphan tyrosine kinase receptor ROR1 were
cloned upstream of IgG4 hinge only (short), IgG4 hinge/
CH3 (intermediate), and IgG4 hinge/CH2/CH3 sequences in
our chimeric receptor library containing the 4-1BB costimu-
latory domains and prepared as lentiviral vectors. A).
Human CD8" T cells were transduced and the transduction
efficiency with each of the short, intermediate and long
chimeric receptors was determined by staining for the
tEGFR marker. B). Transduced T cells expressing the short
(top), intermediate (middle), and long (bottom) were
assayed for lysis of K562 leukemia cells alone or transfected
to express ROR1. Only the T cells expressing the long
spacer chimeric receptor efficiently killed ROR1+K562
cells. C). Transduced T cells expressing the short (top),
intermediate (middle), and long (bottom) were labeled with
CFSE, stimulated with K562 cells expressing ROR1 or
CD19 (control) and assayed for cell proliferation over 72
hours. The T cells expressing the long spacer chimeric
receptor proliferated specifically to the ROR1+K562 cells.
D). Transduced T cells expressing the short (top), interme-
diate (middle), and long (bottom) were stimulated with Raji
lymphoma cells and K562 cells that expressed ROR1 or
CD19 (control) and assayed for the secretion of interferon
gamma into the supernatant over 24 hours. The T cells
expressing the long spacer chimeric receptor proliferated
and produced the highest levels of interferon gamma in
response to ROR1 positive target cells.

[0020] FIG. 4: Design of ROR1 chimeric receptors with
modified spacer length and derived from the 2A2 and R12
scFV with different affinity. (A) Design of lentiviral trans-
gene inserts encoding a panel of ROR1 chimeric receptors
containing the 2A2 scFV, an IgG4-Fc derived spacer of
‘Hinge-CH2-CH3’ (long spacer, 229 AA), ‘Hinge-CH3’
(intermediate, 119 AA), or ‘Hinge’ only (short, 12 AA), and
a signaling module with CD3C and CD28. Each chimeric
receptor cassette contains a truncated EGFR marker encoded
downstream of a T2A element. (B) Lentiviral transgene
inserts encoding ROR1-specific chimeric receptors derived
from the R12 and 2A2 scFV with short IgG4-Fe ‘Hinge’
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spacer (12 AA), and a signaling module containing CD28 or
4-1BB and CD3{, respectively (total: 4 constructs).

[0021] FIG. 5: Anti-tumor reactivity of T-cells modified
with ROR1 chimeric receptors derived from mAb R12 with
higher affinity than 2A2. (A) tEGFR expression on purified
polyclonal CD8* T, derived T-cell lines modified with
each of the R12 and 2A2 ROR1 chimeric receptors with
short IgG4-Fc ‘Hinge’ spacer, and CD28 or 4-1BB costimu-
latory domain. (B) Cytotoxicity against ROR1" and control
target cells by T-cells expressing R12(28-A; 4-1BB-A) and
2A2 ROR1 chimeric receptors (28-@; 4-1BBO) or a tEGFR
control vector (x). (C) Multiplex cytokine assay of super-
natants obtained after 24 hours from co-cultures of 5x10*
T-cells expressing the various ROR1 chimeric receptors
with Raji/RORI1 tumor cells. The middle/right bar diagrams
show normalized multiplex data from 3 independent experi-
ments (cytokine release by ROR1 chimeric receptor 2A2=1)
analyzed by Student’s t-test. (D) Proliferation of ROR1
chimeric receptor T-cells and tEGFR control T-cells 72
hours after stimulation with Raji/ROR1 cells and without
addition of exogenous cytokines was assessed by CFSE dye
dilution. Numbers above each histogram indicate the num-
ber of cell divisions the proliferating subset underwent, and
the fraction of T-cells in each gate that underwent =4/3/2/1
cell divisions is provided above each plot.

[0022] FIG. 6: Analysis of cytokine production and pro-
liferation of CD4* T-cells lines modified with a ROR1
chimeric receptor derived from mAb R12 with higher affin-
ity than 2A2. (A-B) The 2A2 and R12 RORI1 chimeric
receptors had the short spacer and a CD28 costimulatory
domain. (A) Multiplex cytokine analysis from supernatants
obtained 24 hours after stimulation of 5x10* CD4* T-cells
expressing the 2A2 and R12 ROR1 chimeric receptor with
Raji/ROR1 tumor cells. (B) Proliferation of CD4* R12 and
2A2 RORI1 chimeric receptor T-cells and tEGFR control
T-cells 72 hours after stimulation with Raji/ROR1 cells and
without addition of exogenous cytokines was assessed by
CFSE dye dilution. Numbers above each histogram indicate
the number of cell divisions the proliferating subset under-
went, and the fraction of T-cells in each gate that underwent
=5/4/3/2/1 cell divisions is provided above the histograms.

[0023] FIG. 7: Recognition of primary CLL by T-cells
modified with 2A2 and R12 ROR1 chimeric receptors with
optimal short spacer and 4-1BB costimulatory domain or
with a CD19-specific chimeric receptor. (A) Expression of
ROR1/CD19 on primary CLL, and CD80/86 on primary
CLL and Raji/ROR1 tumor cells (black dot plots) that can
engage CD28 on chimeric receptor T-cells (white histo-
grams). Staining with matched isotype control mAbs is
shown as grey dot plots/histograms. (B) Cytolytic activity of
T-cells expressing the 2A2(®) and R12 ROR1 chimeric
receptor (M), a CD19-specific chimeric receptor (A) and
T-cells modified with a tEGFR control vector (x) against
primary CLL (left diagram) and normal B cells (right
diagram) analyzed by chromium release assay. Cytotoxicity
data against primary CLL from 4 independent experiments
(E:T=30:1) were normalized (cytolytic activity by ROR1
chimeric receptor 2A2=1) and analyzed by Student’s t-test
(bar diagram). (C) Multiplex cytokine analysis after a
24-hour stimulation of 5x10* chimeric receptor T-cells with
primary CLL cells. Cytokine release of unstimulated chi-
meric receptor T-cells was below 3.6 pg/ml (detection limit)
(left bar diagram). ELISA for IFN-7 production by 5x10*
2A2 and R12 RORI1 chimeric receptor T-cells after a
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24-hour co-culture with primary CLL. O.D. of 1 corre-
sponds to approximately 250 pg/ml (right bar diagram). (D)
Proliferation of CD8* T-cells modified with the 2A2 ROR1,
R12 RORI1 and a CD19 chimeric receptor, 72 hours after
stimulation with primary CLL cells. Numbers above each
histogram indicate the number of cell divisions, and the
fraction of T-cells in each gate that underwent =3/2/1 cell
divisions is provided next to each plot.

[0024] FIG. 8: The function of ROR1-chimeric receptor
and CD19-chimeric receptor modified CD8* T-cells against
primary CLL is augmented by chimeric receptor-modified
CD4* helper T-cells. (A) ELISA for IL-2 production from
triplicate co-cultures of 5x10%* CD8* and CD4* T-cells
expressing the R12 ROR1 and CD19-chimeric receptor
respectively, incubated with primary CLL for 24-hours.
0.D. of 1 corresponds to approx. 800 pg/ml. (B) Prolifera-
tion of chimeric receptor-modified CD8™ T-cells in response
to primary CLL is enhanced by addition of chimeric recep-
tor-modified CD4* T-cells. CFSE-labeled CD8* T-cells
expressing the 2A2 ROR1, R12 ROR1 and CD19-chimeric
receptor respectively, were co-cultured with tumor cells and
with 2A2 ROR1, R12 ROR1 and CD19-chimeric receptor
transduced or control untransduced CD4" T-cells (CD8":
CD4*=1:1). Proliferation of the CD8* subset was analyzed
72 hours after stimulation. Numbers above each histogram
indicate the number of cell divisions, and the fraction of
T-cells in each gate that underwent =3/2/1 cell divisions is
provided above each plot.

[0025] FIG.9: In vivo anti-tumor efficacy of 2A2 ROR1,
R12 RORI1 and CD19 chimeric receptor T-cells. Cohorts of
mice were inoculated with 0.5x10° JeKo-1/filuc MCL via
tail vein injection, and 5x10° 2A2 RORI, R12 RORI1 or
CD19 chimeric receptor T-cells, or T-cells expressing a
tEGFR control vector were administered 7 days after tumor
inoculation. All chimeric receptor constructs had the short
IgG4 “Hinge-only’ spacer and a 4-1BB costimulatory
domain. (A, B) Serial bioluminescence imaging of tumor in
cohorts of mice treated with T-cells expressing the 2A2
RORI chimeric receptor (V), the high affinity R12 RORI1
chimeric receptor (), a CD19-specific chimeric receptor
(A), with T-cells transduced with tEGFR alone (@), and
untreated mice. Bioluminescence imaging showed tumor
manifestations in the bone marrow and thorax and thus,
signal intensity was measured in regions of interest that
encompassed the entire body and thorax of each individual
mouse. (C) Kaplan-Meier analysis of survival in individual
treatment and control groups. Statistical analyses were per-
formed using the log-rank test. The data shown in A-C are
representative of results obtained in 2 independent experi-
ments. (D) Proliferation of 2A2 ROR1, R12 ROR1 and
CD19 chimeric receptor T-cells in vivo. Tumor bearing
NSG/JeKo-1 mice received a single dose of 5x10° CFSE-
labeled 2A2 ROR1, R12 ROR1 or CD19 chimeric receptor
T-cells on day 7 after tumor inoculation, and 72 h later
peripheral blood, bone marrow and spleen were collected
from each individual mouse. The frequency and prolifera-
tion of live (PI7), CD45" CD8* tEGFR™ T-cells was ana-
lyzed. The frequency of 2A2 ROR1, R12 ROR1 and CD19
chimeric receptor T-cells respectively is provided on the left
of each histogram as percentage of live cells, and the
fraction of T-cells that underwent =4/3/2/1 cell divisions is
provided above each plot.

[0026] FIG. 10 Expression of ROR1 and NKG2D ligands
on epithelial cancer cell lines. (A) Expression of ROR1 on
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the triple negative breast cancer cell lines DA-MB-231 and
468, and the renal cell cancer lines FARP, TREP and RWL
(black histograms). Staining with matched isotype control
antibody is shown as grey histograms. (B) Expression of
CD80/86 and the NKG2D ligands MICA/B on MDA-MB-
231 and Raji/ROR1 tumor cells, and NKG2D (CD314) on
2A2 and R12 ROR1-chimeric receptor T-cells. Staining with
matched isotype control mAbs is shown as grey dot plots/
histograms.

[0027] FIG. 11: ROR1-chimeric receptor modified T-cells
recognize ROR1" epithelial tumor cells in vitro. (A) Chro-
mium release assay to evaluate the cytolytic activity of R12
ROR1-chimeric receptor modified T-cells (short spacer/4-
1BB costimulatory domain, closed symbols) and tEGFR
control T-cells (open symbols) against ROR1* breast cancer
and renal cell cancer lines. (A-D) The 2A2 and R12 ROR1-
chimeric receptors had the optimal short spacer and a 4-1BB
costimulatory domain. (B) Multiplex cytokine analysis after
stimulation of T-cells expressing the 2A2 and R12 ROR1-
chimeric receptor with MDA-MB-231 and Raji/ROR1
tumor cells. (C) Proliferation of CD8* T-cells modified with
the 2A2 and R12 RORI1-chimeric receptor 72 hours after
stimulation with MDA-MB-231 tumor cells. For analysis,
triplicate wells were pooled and the proliferation of live
(PT7), CD8* T-cells analyzed. Numbers above each histo-
gram indicate the number of cell divisions the proliferating
subset underwent, and the fraction of T-cells in each gate
that underwent =4/3/2/1 cell divisions is provided next to
each histogram. (D) ELISA for IL-2 production by R12
RORI1-chimeric receptor T-cells after a 24-hour co-culture
with MDA-MB-231 in plain medium, and after addition of
an antibody cocktail blocking of the NKG2D pathway
[anti-NKG2D (clone 1D11), anti-MICA/B (clone 6D4) and
anti-ULBP] or matched isotype control mAbs. O.D. of 0.6
corresponds to approximately 1900 pg/ml.

[0028] FIG. 12. Effect of extracellular spacer length on
recognition and triggering of tumor cell lysis by CDS8+
human T cells that express a HER2-specific chimeric recep-
tor. A.) Depiction of Herceptin Fab epitope location on
tumor cell membrane proximal epitope on human HER2, B.)
Structural formats of Herceptin scFv CAR spacer length
variants as—12A-linked polypeptides with the carboxyl
EGFRt marker transmembrane protein, C.) Western blot
detection of short, medium, and long spacer Herceptin-CAR
variant expression in human CD8+ CTL’s, D.) Flow cyto-
metric detection of EGFRt by transduced human CDS8+
CTL’s transduced with Herceptin CAR variants then immu-
nomagnetically purified by Herceptin-biotin, anti-biotin
microbeads, E.) Distinct cytolytic function by T cells trans-
duced to express the Herceptin CAR variants (short—S;
medium—M; and long—1L) against HER2* Med411FH and
D283 human medulloblastoma cell lines (D341 is a HER2™
control medulloblastoma cell line, inset flow plots are tumor
target lines stained with anti-HER2 specific mAb).
Green=full IgG4 (Long Spacer, V), Blue=IgG4hinge:CH3
(Medium Spacer; A), Red=IgG4 hinge only (Short Spacer;
).

[0029] FIG. 13: CD19-chimeric receptor vectors and gen-
eration of CD19-chimeric receptor T cells. (A) Design of
lentiviral transgene inserts encoding a panel of CD19-
specific chimeric receptors that differ in extracellular spacer
length and intracellular co-stimulation. Each chimeric recep-
tor encoded the CD19-specific single chain variable frag-
ment derived from the FMC63 mAb in a VL-VH orientation,
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an IgG4-derived spacer domain of Hinge-CH2-CH3 (long
spacer, 229 AA) or Hinge only (short spacer, 12 AA), and a
signaling module containing CD3C with CD28 or 4-1BB
alone or in tandem. Each chimeric receptor cassette contains
a truncated EGFR marker encoded downstream of a cleav-
able 2A element. (B, C) Polyclonal T cell lines modified
with each of the CD19-chimeric receptor constructs were
prepared from purified CD8* CD45RO* CD62L* central
memory T cells (T,,) of normal donors. Following lenti-
viral transduction, transgene-positive T cells in each cell line
were purified using the tEGFR marker and expanded for in
vitro and in vivo experiments. (D) MFI after staining for the
tEGFR marker shows equivalent transgene expression in T
cells modified with each of the CD19-chimeric receptors.

[0030] FIG. 14: In vitro cytotoxicity, cytokine production,
and proliferation of T cells modified with distinct CD19-
chimeric receptors. (A) Cytolytic activity of T cells express-
ing the various CD19-chimeric receptors against CD19* and
control target cells. (B) Multiplex cytokine assay of super-
natants obtained after 24 hours from triplicate co-cultures of
T cells expressing the various CD19-chimeric receptors and
K562 cells transfected with CD19, and CD19* Raji cells. (C)
Comparison of cytokine production by T cells expressing the
various CD19-chimeric receptors. Multiplex cytokine data
from 6 independent experiments were normalized (cytokine
release by CD19-chimeric receptor ‘short/CD28” CTL=1)
and analyzed by Student’s t-test. (D) CFSE dye dilution was
used to measure proliferation of CD19-chimeric receptor T
cells 72 hours after stimulation with K562/CD19 (upper
panel) and CD19* Raji tumor cells (lower panel) without
addition of exogenous cytokines. For analysis, triplicate
wells were pooled and the proliferation of live (PI7), CD8"
T cells analyzed. Numbers above each histogram indicate
the number of cell divisions the proliferating subset under-
went, and the fraction of T cells in each gate that underwent
=4/3/2/1 cell divisions is provided in the upper left of each
plot. (E) PI staining was performed at the end of a 72-hour
co-culture of T cells expressing the various CD19-chimeric
receptors with Raji tumor cells. The percentage of PI* cells
within in chimeric receptor T cell line (CD3+) is provided in
each histogram.

[0031] FIG. 15: CD19-chimeric receptor T cells with a
short extracellular spacer domain eradicate Raji tumors in
NOD/SCID mice. (A) Cohorts of mice were inoculated with
Raji-flluc via tail vein injection, and T cells transduced with
CD19-chimeric receptors containing long and short spacer
domains or with tEGFR alone were administered 2 and 9
days after tumor inoculation by tail vein injection. Tumor
progression and distribution was evaluated by serial biolu-
minescence imaging after injection of luciferin substrate.
(B) Serial bioluminescence imaging of tumor in cohorts of
mice either treated with T cells expressing CD19-chimeric
receptors with short spacer (‘short/CD28’ and ‘short/4-
1BB’) and long spacer (‘long/CD28’ and ‘long/4-1BB’)
domains, with T cells transduced with the tEGFR control
vector, or untreated. Each diagram representing cohorts of
mice treated with CD19-chimeric receptor or tEGFR trans-
duced T cells also shows the mean of tumor progression in
untreated mice for comparison (red triangles). (C) Kaplan-
Meier analyses of survival of untreated mice and mice
treated with T cells expressing CD19-chimeric receptors
with short spacer (‘short/CD28’ and ‘short/4-1BB’), long
spacer (‘long/CD28’ and ‘long/4-1BB’) domains, and with
control tEGFR. Statistical analyses were performed using
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the log-rank test. The data shown in B and C are represen-
tative of results obtained in 3 independent experiments.

[0032] FIG. 16: CD19-chimeric receptor T cells with a
short spacer (short/4-1BB) eradicate established Raji tumors
in NSG mice in a dose-dependent manner. (A) Mice were
inoculated with Raji-filuc via tail vein injection and tumor
engraftment confirmed by bioluminescence imaging on day
6. On day 7, mice received a single i.v. injection of various
doses of T cells transduced with the CD19-chimeric receptor
‘short/4-1BB’ or with the tEGFR-control lentivirus. (B, C)
Dose dependent anti-tumor efficacy of T cells expressing the
CD19-chimeric receptor ‘short/4-1BB’. A control cohort of
mice received a single high dose of T cells modified with
tEGFR alone. (D) Persistence of CD19-chimeric receptor T
cells following adoptive transfer into NSG/Raji mice. Flow
cytometric analysis of peripheral blood (eye bleeds) in the
cohort of mice treated with 2.5x10° CD19-chimeric receptor
‘short/4-1BB” T cells. The frequency of CD8" tEGFR* T
cells is shown as percentage of live peripheral blood cells.

[0033] FIG. 17: T cells expressing CD19-chimeric recep-
tors with a short spacer and either CD28 or 4-1BB are more
effective against established lymphoma than those express-
ing CD19-chimeric receptors with a long spacer. (A) NSG
mice were inoculated with Raji-filuc on day 0, and treated on
day 7 with one dose of 2.5x10% CD19 chimeric receptor T
cells expressing short or long spacer and either CD28 or
4-1BB costimulatory domain. (B) Kaplan-Meier analyses of
survival of mice in each of the treatment groups. Statistical
analyses were performed using the log-rank test. (C) Bio-
luminescence imaging of cohorts of mice treated with T cells
expressing CD19-chimeric receptors with short spacers
(“short/CD28’ and ‘short/4-1BB’), and long spacers (‘long/
CD28 and ‘long/4-1BB”). The mean tumor burden observed
in untreated mice at each time point is shown in each
diagram for comparison (triangles). (D) In vivo persistence
of T cells expressing CD19-chimeric receptor with short
spacer domain is enhanced compared to T cells expressing
CD19-chimeric receptors with long spacer domain. The
frequency of CD8* tEGFR" T cells in the peripheral blood
obtained at day 3 and 10 after transfer was determined by
flow cytometry and is shown as percentage of live (PI7)
peripheral blood cells. Statistical analyses were performed
by Student’s t-test. The data shown in B-D are representative
for results obtained in 3 independent experiments.

[0034] FIG. 18: Increasing chimeric receptor T cell dose
or augmenting costimulatory signaling does not improve the
anti-tumor efficacy of CD19-chimeric receptors with a long
spacer domain against established lymphoma. (A) Cytolytic
activity of T cells expressing ‘long/CD28’; ‘long/4-1BB’
and ‘long/CD28_4-1BB’ CD19 chimeric receptors against
CD19+ and control target cells. (B) Multiplex cytokine
assay of supernatant obtained after 24 hours from triplicate
co-cultures of K562/CD19 and Raji tumor cells with T cells
expressing the various CD19-chimeric receptors. (C) Evalu-
ation of proliferation of CD19-chimeric receptor T cells 72
hours after stimulation with CD19+ tumor cells (K562/
CD19-left panel; Raji—right panel) by CFSE dye dilution.
For analysis, triplicate wells were pooled and the prolifera-
tion of live (PI") CD8" T cells analyzed. Numbers above
each histogram indicate the number of cell divisions the
proliferating subset underwent, and the fraction of T cells in
each gate that underwent =4/3/2/1 cell divisions is provided
in the upper left of each plot. (D) Kaplan-Meier analyses of
survival of mice treated with T cells expressing CD19-
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chimeric receptors with short (‘short/CD28’) and long
spacer domain (‘long/CD28’ and ‘long/CD28_4-1BB’), or T
cells modified with a tEGFR-encoding control lentiviral
vector. Statistical analyses were performed using the log-
rank test. (E) Bioluminescence imaging of cohorts of mice
treated with T cells expressing CD19-chimeric receptors
with short spacer (‘short/CD28’), and long spacers (‘long/
CD28 and ‘long/CD28_4-1BB’). Diagrams show mean
tumor progression in untreated mice for comparison (red
triangles). (F) In vivo persistence of T cells expressing the
various CD19-chimeric receptors. The frequency of CD8*
tEGFR™* T cells in the peripheral blood obtained at day 3 and
10 after transfer was determined by flow cytometry and is
shown as percentage of live (PI7) peripheral blood cells.
Statistical analyses were performed by Student’s t-test.

[0035] FIG. 19: CD19-chimeric receptor T cells with a
long spacer domain are activated by tumor in vivo but fail
to increase in cell number. (A) Expression of CD69 and
CD25 on T cells modified with each CD19-chimeric recep-
tor prior to transfer into NSG/Raji mice. (B) Cohorts of mice
were inoculated with Raji-ffluc tumor cells and 7 days later
received CFSE-labeled CD19-chimeric receptor transduced
or control T cells. Bone marrow and spleens were harvested
from subgroups of mice 24 and 72 hours after T cell
administration. (C, D) Multiparameter flow cytometric
analysis of bone marrow mononuclear cells obtained 24
hours (C) and 72 hours (D) after T cell transfer. Dot plots
show anti CD3 and anti CD45 staining after gating on PI”
cells to detect viable human T cells. The CD3~ CD45* gate
contains Raji tumor cells. Expression of CD25 and CD69 on
live (PI7) CD3* CD45* T cells is shown in the histograms.
(E) Frequency of CD3* CD45" T cells in spleens obtained
24 and 72 hours after T cell transfer. Dot plots are gated on
live PI” splenocytes and the percentage of CD3* CD45* T
cells is shown in each plot. (F) PI staining of bone marrow
and splenocytes hours after T cell transfer into NSG/Raji
mice. The numbers in the histograms indicate the percentage
of PI* cells within the CD3* population. (G) Biolumines-
cence imaging of cohorts of mice treated with T cells
expressing CD19-chimeric receptors with short spacer
(“short/CD28’ and ‘short/4-1BB’), long spacers (‘long/
CD28 and ‘long/4-1BB’), or control T cells.

[0036] FIG. 20: T cells expressing CD19 chimeric recep-
tors with 4-1BB and CD3zeta and a modified IgG4-Fc hinge
exhibit superior in vitro and in vivo function compared to T
cells expressing CD19 chimeric receptors with 4-1BB and
CD3zeta and a CD8 alpha hinge. A. Cytolytic activity of
CD19 chimeric receptor modified T-cells with IgG4 Fc
hinge, CD8 alpha hinge and control T cells against Cr>!-
labeled K562 cells transfected with CD19, Raji lymphoma
cells that express CD19, and K562 control T cells. Lysis is
shown at different E/T ratios in a 4 hour Cr’ release assay.
B. Interferon gamma production by 5x10* T cells expressing
a CD19 chimeric receptor with an IgGG4 Fc hinge or CD8
alpha hinge after a 24-hour coculture with Raji tumor cells.
0.D. of 1 corresponds to ~500 pg/ml of interferon gamma.
C. CFSE dye dilution assay to measure proliferation of T
cells expressing a CD19 chimeric receptor with an IgG4 Fe
hinge or CD8 alpha hinge and T cells that express tEGFR
alone (control) after 72 hours coculture with CD19 positive
Raji lymphoma cells. Numbers above each histogram indi-
cate the number of cell divisions the proliferating cell subset
underwent. The fraction of T cells in each gate that under-
went =3/2/1 cell divisions is provided next to the plot. D. In
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vivo antitumor activity of T cells expressing a CD19 chi-
meric receptor with an 1gG4 Fc hinge (group 1) or CD8
alpha hinge (group 2) and T cells that express tEGFR alone
(group 3) in NSG mice inoculated with Raji tumor cells
expressing firefly luciferase (ffluc). Mice were imaged 17
days after tumor inoculation and 10 days after T cell
inoculation. The data shows greater tumor burden in mice
treated with control tEGFR T cells (group 3) or with CD19
chimeric receptor CD8 alpha hinge T cells (group 2) com-
pared with mice treated with CD19 chimeric receptor 1gG4
Fc hinge T cells (group 1).

DETAILED DESCRIPTION

[0037] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains.

[0038] “About” as used herein when referring to a mea-
surable value is meant to encompass variations of 20% or
10%, more preferably +5%, even more preferably 1%, and
still more preferably 0.1% from the specified value.

[0039] “Activation”, as used herein, refers to the state of
a T cell that has been sufficiently stimulated to induce
detectable cellular proliferation, cytokine production or
expression of cell surface markers such as CD69 and CD25,
or detectable effector functions.

[0040] “Activation Induced cell death” as used herein
refers to a state of a T cell that is activated but is not able to
proliferate for more than 2 generations and exhibits markers
of apoptosis.

[0041] “Antigen” or “Ag” as used herein refers to a
molecule that provokes an immune response. This immune
response may involve either antibody production, or the
activation of specific immunologically-competent cells, or
both. It is readily apparent that an antigen can be generated
synthesized, produced recombinantly or can be derived from
a biological sample. Such a biological sample can include,
but is not limited to a tissue sample, a tumor sample, a cell
or a biological fluid.

[0042] “Anti-tumor effect” as used herein, refers to a
biological effect, which can be manifested by a decrease in
tumor volume, a decrease in the number of tumor cells, a
decrease in the number of metastases, an increase in life
expectancy, or a decrease of various physiological symp-
toms associated with the cancerous condition. An “anti-
tumor effect” can also be manifested by a decrease in
recurrence or an increase in the time before recurrence.
[0043] “Chimeric receptor” as used herein refers to a
synthetically designed receptor comprising a ligand binding
domain of an antibody or other protein sequence that binds
to a molecule associated with the disease or disorder and is
linked via a spacer domain to one or more intracellular
signaling domains of a T cell or other receptors, such as a
costimulatory domain.

[0044] “Co-stimulatory domain,” as the term is used
herein 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, including, but not limited to,
activation, proliferation, differentiation, cytokine secretion,
and the like. A 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 anti-
gen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a
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ligand that specifically binds with CD83. In embodiments,
the co-stimulatory domain is an intracellular signaling
domain that interacts with other intracellular mediators to
mediate a cell response including activation, proliferation,
differentiation and cytokine secretion, and the like.

[0045] “Coding for” are used herein refers to the property
of specific sequences of nucleotides in a polynucleotide,
such as a gene, a cDNA, or an mRNA, to serve as templates
for synthesis of other macromolecules such as a defined
sequence of amino acids. Thus, a gene codes for a protein if
transcription and translation of mRNA corresponding to that
gene produces the protein in a cell or other biological
system. A “nucleic acid sequence coding for a polypeptide”
includes all nucleotide sequences that are degenerate ver-
sions of each other and that code for the same amino acid
sequence.

[0046] “Cytotoxic T lymphocyte” (CTL) as used herein
refers to a T lymphocyte that expresses CDS8 on the surface
thereof (i.e., a CD8"* T cell). In some embodiments such cells
are preferably “memory” T cells (T,, cells) that are antigen-
experienced.

[0047] “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 embodiments, central memory cells
are positive for expression of CD62L, CCR7, CD28,
CD127, CD45RO, and CD95, and have decreased expres-
sion of CD54RA as compared to naive cells.

[0048] “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 embodiments, effector memory cells are nega-
tive for expression of CD62L and CCR7, compared to naive
cells or central memory cells, and have variable expression
of CD28 and CD45RA.

[0049] “Naive” T cells as used herein refers to a non
antigen experienced T lymphocyte that expresses CD62L
and CD45RA, and does not express CD45RO- as compared
to central or effector memory cells. In some embodiments,
naive CD8+ T lymphocytes are characterized by the expres-
sion of phenotypic markers of naive T cells including
CD62L, CCR7, CD28, CD127, and CD45RA.

[0050] “Effector” “TE” 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 perforin as
compared to central memory or naive T cells.

[0051] “Enriched” and “depleted” as 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 may contain about 60, 70, 80, 90, 95, or 99
percent or more (in number or count) of the “enriched” cells
and about 40, 30, 20, 10, 5 or 1 percent or less (in number
or count) of the “depleted” cells.

[0052] “Epitope” as used herein refers to a part of an
antigen or molecule that is recognized by the immune
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system including antibodies, T cells, and/or B cells. Epitopes
usually have at least 7 amino acids and can be linear or
conformational.

[0053] “Isolated,” when used to describe the various poly-
peptides disclosed herein, means polypeptide or nucleic acid
that has been identified and separated and/or recovered from
a component of its natural environment. Preferably, the
isolated polypeptide or nucleic acid is free of association
with all components with which it is naturally associated.
Contaminant components of its natural environment are
materials that would typically interfere with diagnostic or
therapeutic uses for the polypeptide or nucleic acid, and may
include enzymes, hormones, and other proteinaceous or
non-proteinaceous solutes.

[0054] “Intracellular signaling domain” as used herein
refers to all or a portion of one or more domains of a
molecule (here the chimeric receptor molecule) that pro-
vides for activation of a lymphocyte. Intracellular domains
of such molecules mediate a signal by interacting with
cellular mediators to result in proliferation, differentiation,
activation and other effector functions. In embodiments,
such molecules include all or portions of CD28, CD3,
4-1BB, and combinations thereof.

[0055] “Ligand” as used herein refers to a substance that
binds specifically to another substance to form a complex.
Example of ligands include epitopes on antigens, molecules
that bind to receptors, substrates, inhibitors, hormones, and
activators. “Ligand binding domain” as used herein refers to
substance or portion of a substance that binds to a ligand.
Examples of ligand binding domains include antigen bind-
ing portions of antibodies, extracellular domains of recep-
tors, and active sites of enzymes.

[0056] “Operably linked” as used herein refers to func-
tional linkage between a regulatory sequence and a heter-
ologous nucleic acid sequence resulting in expression of the
latter. For example, a first nucleic acid sequence is operably
linked with a second nucleic acid sequence when the first
nucleic acid sequence is placed in a functional relationship
with the second nucleic acid sequence. For instance, a
promoter is operably linked to a coding sequence if the
promoter affects the transcription or expression of the cod-
ing sequence. Generally, operably linked DNA sequences
are contiguous and, where necessary to join two protein
coding regions, in the same reading frame.

[0057] “Percent (%) amino acid sequence identity” with
respect to the chimeric receptor polypeptide sequences iden-
tified herein is defined as the percentage of amino acid
residues in a candidate sequence that are identical with the
amino acid residues in the reference sequence for each of the
ligand binding domain, spacer, transmembrane domain, and/
or the lymphocyte activating domain, after aligning the
sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering
any conservative substitutions as part of the sequence iden-
tity. Alignment for purposes of determining percent amino
acid sequence identity can be achieved in various ways that
are within the skill in the art, for instance, using publicly
available computer software such as BLAST, BLAST-2,
ALIGN, ALIGN-2 or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate param-
eters for measuring alignment, including any algorithms
needed to achieve maximal alignment over the full-length of
the sequences being compared. For example, % amino acid
sequence identity values generated using the WU-BLAST-2
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computer program [ Altschul et al., Methods in Enzymology,
266:460-480 (1996)] uses several search parameters, most
of which are set to the default values. Those that are not set
to default values (i.e., the adjustable parameters) are set with
the following values: overlap span=1, overlap fraction=0.
125, word threshold (D=1 and scoring
matrix=BLOSUMG62. A % amino acid sequence identity
value is determined by dividing (a) the number of matching
identical amino acid residues between the each or all of the
polypeptide amino acid sequence of the reference chimeric
receptor sequence provided in Table 2 and the comparison
amino acid sequence of interest as determined by WU-
BLAST-2 by (b) the total number of amino acid residues of
the polypeptide of interest.

[0058] “Chimeric receptor variant polynucleotide” or
“chimeric receptor variant nucleic acid sequence” as used
herein refers to a polypeptide-encoding nucleic acid mol-
ecule as defined below having at least about 80% nucleic
acid sequence identity with the polynucleotide acid
sequence shown in Table 1 or a specifically derived fragment
thereof, such as polynucleotide coding for an antigen bind-
ing domain, a polynucleotide encoding a spacer domain, a
polynucleotide coding for a transmembrane domain and/or a
polynucleotide coding for a lymphocyte stimulatory domain.
Ordinarily, a chimeric receptor variant of polynucleotide or
fragment thereof will have at least about 80% nucleic acid
sequence identity, more preferably at least about 81%
nucleic acid sequence identity, more preferably at least about
82% nucleic acid sequence identity, more preferably at least
about 83% nucleic acid sequence identity, more preferably
at least about 84% nucleic acid sequence identity, more
preferably at least about 85% nucleic acid sequence identity,
more preferably at least about 86% nucleic acid sequence
identity, more preferably at least about 87% nucleic acid
sequence identity, more preferably at least about 88%
nucleic acid sequence identity, more preferably at least about
89% nucleic acid sequence identity, more preferably at least
about 90% nucleic acid sequence identity, more preferably
at least about 91% nucleic acid sequence identity, more
preferably at least about 92% nucleic acid sequence identity,
more preferably at least about 93% nucleic acid sequence
identity, more preferably at least about 94% nucleic acid
sequence identity, more preferably at least about 95%
nucleic acid sequence identity, more preferably at least about
96% nucleic acid sequence identity, more preferably at least
about 97% nucleic acid sequence identity, more preferably
at least about 98% nucleic acid sequence identity and yet
more preferably at least about 99% nucleic acid sequence
identity with the nucleic acid sequence as shown in Table or
a derived fragment thereof. Variants do not encompass the
native nucleotide sequence. In this regard, due to the degen-
eracy of the genetic code, one of ordinary skill in the art will
immediately recognize that a large number of chimeric
receptor variant polynucleotides having at least about 80%
nucleic acid sequence identity to the nucleotide sequence of
Table 1 will encode a polypeptide having an amino acid
sequence which is identical to the amino acid sequence of
Table 2.

[0059] “Substantially purified” refers to a molecule that is
essentially free of other molecule types or a cell that is
essentially free of other cell types. A substantially purified
cell also refers to a cell, which has been separated from other
cell types with which it is normally associated in its naturally
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occurring state. In some instances, a population of substan-
tially purified cells refers to a homogenous population of
cells.

[0060] “Not substantially found” when used in reference
the presence of a tumor antigen or other molecules on
normal cells refers to the percentage of a normal cell type
that has the antigen or molecule, and/or the density of the
antigen on the cells. In embodiments, not substantially found
means that the antigen or molecule is found on less than 50%
of' normal cell type and/or at a 50% less density as compared
to the amount of cells or antigen found on a tumor cell or
other diseased cell.

[0061] “T cells” or “T lymphocytes™ as used herein may
be from any mammalian, preferably primate, species,
including monkeys, dogs, and humans. In some embodi-
ments the T cells are allogeneic (from the same species but
different donor) as the recipient subject; in some embodi-
ments the T cells are autologous (the donor and the recipient
are the same); in some embodiments the T cells arc synge-
neic (the donor and the recipients are different but are
identical twins).

Modes of the Disclosure

[0062] The disclosure provides for chimeric receptor
nucleic acids, and vectors and host cells including such
nucleic acids. The chimeric receptor nucleic acid comprises
a number of modular components that can be excised and
replaced with other components in order to customize the
chimeric receptor for a specific target molecule. The disclo-
sure provides that one of the modular components is the
spacer component. It has been surprisingly found that the
length of the spacer region that is presumed not to have
signaling capability affects the in vivo efficacy of the T cells
modified to express the chimeric receptor and needs to be
customized for individual target molecules for enhanced
therapeutic activity.

[0063] In one aspect, methods and nucleic acid constructs
are provided to design a chimeric receptor that has improved
tumor recognition, increased T cell proliferation and/or
cytokine production in response to the ligand as compared to
a reference chimeric receptor. In embodiments, a library of
nucleic acids is provided, wherein each nucleic acid codes
for a spacer region that differs from the others in sequence
and length. Each of the nucleic acids can then be used to
form a chimeric receptor nucleic acid construct that can be
tested in vivo (in an animal model) and/or in vitro so that a
spacer can be selected that provides for improved tumor
recognition, increased T cell proliferation and/or cytokine
production in response to the ligand.

[0064] In embodiments, a chimeric receptor nucleic acid
comprises a polynucleotide coding for a ligand binding
domain, wherein the ligand is a tumor or viral specific
antigen or molecule, a polynucleotide coding for a custom-
ized polypeptide spacer, wherein the spacer provides for
enhanced T cell proliferation; a polynucleotide coding for a
transmembrane domain; and a polynucleotide coding for one
or more intracellular signaling domains. In embodiments, a
long spacer is employed if the epitope of the target molecule
is membrane proximal on the target cell and a short spacer
is employed if the epitope of the target molecule is mem-
brane distal on the target cell.

[0065] The design of a chimeric receptor can be custom-
ized depending on the type of tumor or virus, the target
antigen or molecule present on the tumor, the affinity of the
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antibody for the target molecule, the flexibility needed for
the antigen binding domain, and/or the intracellular signal-
ing domain. In embodiments, a number of chimeric receptor
constructs are tested in vitro and in in vivo models to
determine the ability of T cells modified with the receptor to
kill tumor cells in immunodeficient mice and to proliferate
and persist after adoptive transfer. In embodiments, a chi-
meric receptor is selected that provides for capability of at
least 30% of the cells to proliferate through at least two
generations in vitro and/or within 72 hours after introduction
in vivo. In embodiments, a chimeric receptor is not selected
that results in greater than 50% of the cells undergoing
activation induced cell death (AICD) within 72 hours in vivo
in immunodeficient mice, and fails to eradicate tumor cells.

[0066] Depending on whether the target molecule is pres-
ent on a subject’s tumor cells, the chimeric receptor includes
a ligand binding domain that specifically binds to that target
molecule. In embodiments, a subject’s tumor cells are
characterized for cell surface tumor molecules. The target
molecule may be selected based on a determination of its
presence on a particular subject’s tumor cells. In embodi-
ments, a target molecule is selected that is a cell surface
molecule found predominantly on tumor cells and not found
on normal tissues to any substantial degree. In embodiments,
an antibody is selected to bind to an epitope on the targeted
cell surface molecule. In some cases, the epitope is charac-
terized with respect to its proximity to the cell membrane.
An epitope is characterized as proximal to the membrane
when it is predicted or known by structural analysis to reside
closer to the target cell membrane than alternative epitopes
that are predicted or known by structural analysis to reside
a greater distance from the target cell membrane. In embodi-
ments, the affinity of the antibody from which the scFV is
constructed is compared by binding assays, and antibodies
with different affinities are examined in chimeric receptor
formats expressed in T cells to determine which affinity
confers optimal tumor recognition, based on superior cyto-
toxicity of target cells, and/or T cell cytokine production and
proliferation.

[0067] In addition, the spacer region of the chimeric
receptor may be varied to optimize T cell recognition of the
ligand on the target cell. In embodiments, when an antibody
binds to an epitope on the target cell that is very proximal to
the membrane, a spacer is selected that is longer than about
15 amino acids. For example, in embodiments, if the epitope
or portion thereof on the target antigen is in the first 100
amino acids of the linear sequence of the extracellular
domain adjacent to the transmembrane domain, a long
spacer region may be selected. In embodiments, when an
antibody binds to an epitope on the target cell that is distal
to the membrane, a spacer is selected that is about 119 or 15
amino acids or less. For example, in embodiments, when the
epitope or portion thereof is found in the 150 amino acids of
the linear sequence of the extracellular domain from the
terminus, a short or inetermediate spacer may be utilized. In
embodiments, a spacer comprises an amino acid sequence
X,PPX,P (SEQ ID NO:1).

[0068] A variety of combinations of primary and costimu-
latory intracellular signaling domain may be employed to
enhance the in vivo efficacy of the chimeric receptor. In
embodiments, different constructs of the chimeric receptor
can be tested in an in vivo animal model to determine
efficacy for tumor killing. In embodiments, a costimulatory
intracellular signaling domain is selected from the group
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consisting of CD28 and modified versions thereof, 4-1BB
and modified versions thereof and combinations thereof.
Other costimulatory domains, such as OX40 may be incor-
porated.

[0069] CDS8+ central memory T cells have an intrinsic
programming that allows them to persist for extended peri-
ods after administration, which makes them a preferred
subset of CD8+ T cells for immunotherapy. In embodiments,
CD19 specific chimeric receptor modified cytotoxic T cells
prepared from sort purified CD8+ central memory T cells are
administered in the presence or absence of CD4+CD19
specific chimeric receptor-modified T cells. In embodi-
ments, tumor-specific CD4+ T cells exert anti-tumor reac-
tivity and provide help to tumor-specific CD8+ T cells in
vitro and in vivo. In a specific embodiment, tumor-specific
CD4+ T cells or CD4* T cells selected from the naive or the
central memory subsets are utilized alone or in combination
with CD8" T,

Nucleic Acids, Vectors, and Polypeptides

[0070] The disclosure provides a chimeric receptor
nucleic acid useful for transforming or transducing lympho-
cytes for use in adoptive immunotherapy. In embodiments,
the nucleic acid contains a number of modular components
that provide for easy substitution of elements of the nucleic
acid. While not meant to limit the scope of the disclosure, it
is believed that the chimeric receptor for each tumor antigen
is desirably customized in terms of components in order to
provide for in vivo efficacy and efficient expression in
mammalian cells. For example, in a specific embodiment,
for efficacy of a chimeric receptor comprising a scFV that
binds to a ROR1 epitope located in the membrane distal
Ig/Frizzled domain, a spacer that is about 15 amino acids or
less is employed. In another specific embodiment, for effi-
cacy of a chimeric receptor comprising a scFV that binds to
a ROR1 epitope located in the membrane proximal Kringle
domain, a spacer that is longer than 15 amino acids is
employed. In another embodiment, for efficacy of a chimeric
receptor comprising a scFV that binds to CD19, a spacer that
is 15 amino acids or less is employed.

[0071] In embodiments, an isolated chimeric receptor
nucleic acid comprises a polynucleotide coding for a ligand
binding domain, wherein the target molecule is a tumor
specific antigen, a polynucleotide coding for a polypeptide
spacer wherein the polypeptide spacer is about 229 amino
acids or less; a polynucleotide coding for a transmembrane
domain; and a polynucleotide coding for an intracellular
signaling domain. In embodiments, an expression vector
comprises a chimeric nucleic acid as described herein.
Polypeptides encoded by all of or a portion of the chimeric
receptor nucleic acids are also included herein.

Ligand Binding Domain

[0072] Inembodiments, the chimeric receptor nucleic acid
comprises a polynucleotide coding for a ligand binding
domain. In embodiments, the ligand binding domain spe-
cifically binds to a tumor or viral specific antigen. In
embodiments, the ligand binding domain is an antibody or
fragment thereof. A nucleic acid sequence coding for an
antibody or antibody fragment can readily be determined. In
a specific embodiment, the polynucleotide codes for a single
chain Fv that specifically binds CD19. In other specific
embodiments, the polynucleotide codes for a single chain Fv
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that specifically binds ROR1. The sequences of these anti-
bodies are known to or can readily be determined by those
of skill in the art.

[0073] Tumor antigens are proteins that are produced by
tumor cells that elicit an immune response. The selection of
the ligand binding domain of the invention will depend on
the type of cancer to be treated, and may target tumor
antigens or other tumor cell surface molecules. A tumor
sample from a subject may be characterized for the presence
of certain biomarkers or cell surface markers. For example,
breast cancer cells from a subject may be positive or
negative for each of Her2Neu, Estrogen receptor, and/or the
Progesterone receptor. A tumor antigen or cell surface mol-
ecule is selected that is found on the individual subject’s
tumor cells. Tumor antigens and cell surface molecules are
well known in the art and include, for example, carcinoem-
bryonic antigen (CEA), prostate specific antigen, PSMA,
Her2/neu, estrogen receptor, progesterone receptor, eph-
rinB2, CD19, CD20, CD22, CD23, CD123, CS-1, ROR1,
mesothelin, c-Met, GD-2, and MAGE A3 TCR. In embodi-
ments a target molecule is a cell surface molecule that is
found on tumor cells and is not substantially found on
normal tissues, or restricted in its expression to non-vital
normal tissues.

[0074] Other target molecules include but are not limited
to antigens derived from infectious pathogens such as HIV
(human immunodeficiency virus), HBV (hepatitis B virus),
HPV (human papilloma virus) and Hepatitis C virus.

[0075] In one embodiment, the target molecule on the
tumor comprises one or more epitopes associated with a
malignant tumor. Malignant tumors express a number of
proteins that can serve as target antigens for T cell receptor
or chimeric receptor mediated recognition. Other target
molecules belong to the group of cell transformation-related
molecules such as the oncogene HER-2/NewErbB2. In
embodiments, the tumor antigen is selectively expressed or
overexpressed on the tumor cells as compared to control
cells of the same tissue type. In other embodiments, the
tumor antigen is a cell surface polypeptide.

[0076] Once a tumor cell surface molecule that might be
targeted with a chimeric receptor is identified, an epitope of
the target molecule is selected and characterized. In embodi-
ments, an epitope is selected that is proximal to the tumor
cell membrane. In other embodiments, an epitope is selected
that is distal to the tumor cell membrane. An epitope is
characterized as proximal to the membrane when it is
predicted or known by structural analysis to reside closer to
the target cell membrane than alternative epitopes that are
predicted or known by structural analysis to reside a greater
distance from the target cell membrane.

[0077] Antibodies that specifically bind a tumor cell sur-
face molecule can be prepared using methods of obtaining
monoclonal antibodies, methods of phage display, methods
to generate human or humanized antibodies, or methods
using a transgenic animal or plant engineered to produce
human antibodies. Phage display libraries of partially or
fully synthetic antibodies are available and can be screened
for an antibody or fragment thereof that can bind to the target
molecule. Phage display libraries of human antibodies are
also available. In embodiments, antibodies specifically bind
to a tumor cell surface molecule and do not cross react with
nonspecific components such as bovine serum albumin or
other unrelated antigens. Once identified, the amino acid
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sequence or polynucleotide sequence coding for the anti-
body can be isolated and/or determined.

[0078] Antibodies or antigen binding fragments include
all or a portion of polyclonal antibodies, a monoclonal
antibody, a human antibody, a humanized antibody, a syn-
thetic antibody, a chimeric antibody, a bispecific antibody, a
minibody, and a linear antibody. Antibody fragments” com-
prise a portion of an intact antibody, preferably the antigen
binding or variable region of the intact antibody and can
readily be prepared. Examples of antibody fragments
include Fab, Fab', F(ab')2, and Fv fragments; diabodies;
linear antibodies; single-chain antibody molecules; and mul-
tispecific antibodies formed from antibody fragments.
[0079] In embodiments, a number of different antibodies
that bind to a particular tumor cell surface molecule can be
isolated and characterized. In embodiments, the antibodies
are characterized based on epitope specificity of the targeted
molecule. In addition, in some cases, antibodies that bind to
the same epitope can be selected based on the affinity of the
antibody for that epitope. In embodiments, an antibody has
an affinity of at least 1 mM, and preferably <50 nM. In
embodiments, an antibody is selected that has a higher
affinity for the epitope as compared to other antibodies. For
example, an antibody is selected that has at least a 2 fold, at
least a 5 fold, at least a 10 fold, at least a 20 fold, at least a
30 fold, at least a 40 fold, or at least a 50 fold greater affinity
than a reference antibody that binds to the same epitope.
[0080] In embodiments, target molecules are selected
from the group consisting of CD19, CD20, CD22, CD23,
CD123, CS-1, ROR1, mesothelin, Her2, c-Met, PSMA,
GD-2, MAGE A3 TCR and combinations thereof.

[0081] In specific embodiments, the target antigen is
CD19. A number of antibodies specific for CD19 are known
to those of skill in the art and can be readily characterized
for sequence, epitope binding, and affinity. In a specific
embodiment, the chimeric receptor construct includes a
scFV sequence from FMC63 antibody. In other embodi-
ments, the scFV is a human or humanized scFv comprising
a variable light chain comprising a CDRL1 sequence of
RASQDISKYLN (SEQ ID NO:57), CDRL2 sequence of
SRLHSGV (SEQ ID NO:58), and a CDRL3 sequence of
GNTLPYTFG (SEQ ID NO:59). In other embodiments, the
scFV is a human or humanized scFv comprising a variable
heavy chain comprising CDRH1 sequence of DYGVS (SEQ
1D NO:74), CDRH2 sequence of VIWGSETTYYNSALKS
(SEQ ID NO:60), and a CDRH3 sequence of YAMDYWG
(SEQ ID NO:61). The disclosure also contemplates variable
regions that have at least 90% amino acid sequence identity
to that of the scFv for FMC63 and that have at least the same
affinity for CD19. In embodiments, the chimeric receptor
has a short or intermediate spacer of 119 amino acids or less,
or 12 amino acids or less. In a specific embodiment, the
spacer is 12 amino acid or less and has a sequence of SEQ
ID NO:4.

[0082] In embodiments, CDR regions are found within
antibody regions as numbered by Kabat as follows: for the
light chain; CDRL1 amino acids 24-34; CDRL2 amino acids
50-56; CDRL3 at amino acids 89-97; for the heavy chain at
CDRHI1 at amino acids 31-35; CDRH2 at amino acids
50-65; and for CDRH3 at amino acids 95-102. CDR regions
in antibodies can be readily determined.

[0083] Inspecific embodiments, the target antigen is ROR.
A number of antibodies specific for ROR1 are known to
those of skill in the art and can be readily characterized for
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sequence, epitope binding, and affinity. In a specific embodi-
ment, the chimeric receptor construct includes a scFV
sequence from R12 antibody. In other embodiments, the
scFV is a human or humanized ScFv comprising a variable
light chain comprising a CDRL1 sequence of
ASGFDFSAYYM (SEQ ID NO:62), CDRL2 sequence of
TIYPSSG (SEQ ID NO:63), and a CDRL3 sequence of
ADRATYFCA (SEQ ID NO:64). In other embodiments, the
scFV is a human or humanized ScFv comprising a variable
heavy chain comprising CDRH1 sequence of DTIDWY
(SEQ ID NO:65), CDRH2 sequence of VQSDG-
SYTKRPGVPDR (SEQ ID NO:66), and a CDRH3
sequence of YIGGYVFG (SEQ ID NO:67). The disclosure
also contemplates variable regions that have at least 90%
amino acid sequence identity to that of the scFv for R12 and
that have at least the same affinity for ROR. In embodiments,
the chimeric receptor has a short or intermediate spacer of
119 amino acids or less, or 12 amino acids or less. In a
specific embodiment, the spacer is 12 amino acid or less and
has a sequence of SEQ ID NO:4.

[0084] In specific embodiments, the target antigen is ROR.
A number of antibodies specific for ROR1 are known to
those of skill in the art and can be readily characterized for
sequence, epitope binding, and affinity. In a specific embodi-
ment, the chimeric receptor construct includes a scFV
sequence from R11 antibody. In other embodiments, the
scFV is a human or humanized ScFv comprising a variable
light chain comprising a CDRL1 sequence of SGSDINDY-
PIS (SEQ ID NO:68), CDRL?2 sequence of INSGGST (SEQ
1D NO:69), and a CDRL3 sequence of YFCARGYS (SEQ
1D NO:70). In other embodiments, the scFV is a human or
humanized scFv comprising a variable heavy chain com-
prising CDRHI1 sequence of SNLAW (SEQ ID NO:71),
CDRH2 sequence of RASNLASGVPSRFSGS (SEQ ID
NO:72), and a CDRH3 sequence of NVSYRTSF (SEQ ID
NO:73). The disclosure also contemplates variable regions
that have at least 90% amino acid sequence identity to that
of the scFv for R11 and that have at least the same affinity
for ROR1. In embodiments, the chimeric receptor has a long
spacer of 229 amino acids or less. In a specific embodiment,
the spacer is 229 amino acids and has a sequence of SEQ ID
NO:50.

[0085] Inspecific embodiments, the target antigen is Her2.
A number of antibodies specific for Her2 are known to those
of skill in the art and can be readily characterized for
sequence, epitope binding, and affinity. In a specific embodi-
ment, the chimeric receptor construct includes a scFV
sequence from Herceptin antibody. In other embodiments,
the scFV is a human or humanized ScFv comprising a
variable light chain comprising a CDRI.1 sequence, CDRI.2
sequence and a CDRL3 sequence of the Herceptin antibody.
In other embodiments, the scFV is a human or humanized
ScFv comprising a variable heavy chain comprising CDRH1
sequence, CDRH2, and a CDRH3 sequence of Herceptin.
The CDR sequences can readily be determined from the
amino acid sequence of Herceptin. The disclosure also
contemplates variable regions that have at least 90% amino
acid sequence identity to that of the scFv for Herceptin and
that have at least the same affinity for Her2. In embodiments,
the chimeric receptor has a long spacer of 229 amino acids
or less. In a specific embodiment, the spacer is 229 amino
acids and has a sequence of SEQ ID NO:50.

[0086] In embodiments, a polynucleotide coding for a
ligand binding domain is operably linked to a polynucleotide

Feb. 25, 2021

coding for a spacer region. In embodiments, the polynucle-
otide coding for a ligand binding domain may also have one
or more restriction enzyme sites at the 5' and/or 3' ends of
the coding sequence in order to provide for easy excision
and replacement of the polynucleotide with another poly-
nucleotide coding for a ligand binding domain coding for a
different antigen or that has different binding characteristics.
For example, a restriction site, Nhel, is encoded upstream of
the leader sequence; and a 3' Rsrll located within the hinge
region allows subcloning of any desirable scFv into a
chimeric receptor vector. In embodiments, the polynucle-
otide is codon optimized for expression in mammalian cells.
[0087] In embodiments, the polynucleotide coding for a
ligand binding domain is operably linked to a signal peptide.
In embodiments the signal peptide is a signal peptide for
granulocyte colony stimulating factor. Polynucleotides cod-
ing for other signal peptides such as CDS8 alpha can be
utilized.

[0088] In embodiments, the polynucleotide coding for a
ligand binding domain is operably linked to a promoter. A
promoter is selected that provides for expression of the
chimeric antigen receptor in a mammalian cell. In a specific
embodiment the promoter is the elongation growth factor
promoter (EF-1). Another example of a suitable promoter is
the immediate early cytomegalovirus (CMV) promoter
sequence. However, other constitutive promoter sequences
may also be used, including, but not limited to the simian
virus 40 (SV 40) early promoter, mouse mammary tumor
virus (MMTV), human immunodeficiency virus (HIV) long
terminal repeat (LTR) promoter, MuMoLV promoter, an
avian leukemia virus promoter, an Epstein-Barr virus imme-
diate early promoter, a Rous sarcoma virus promoter, as well
as human gene promoters such as, but not limited to, the
actin promoter, the myosin promoter, the hemoglobin pro-
moter, and the creatine kinase promoter. Inducible promot-
ers are also contemplated. Examples of inducible promoters
include, but are not limited to a metallothionine promoter, a
glucocorticoid promoter, a progesterone promoter, and a
tetracycline promoter.

[0089] A specific embodiment of a polynucleotide coding
for a ligand binding domain is shown in Table 1 as the scFv
from an antibody that specifically binds CD19, such as
FMC63. A polynucleotide encoding for a flexible linker
including the amino acids GSTSGSGKPGSGEGSTKG
(SEQ ID NO:36) separates the VH and VL chains in the
scFV. The amino acid sequence of the scFv including the
linker is shown in Table 2. (SEQ ID NO:11) Other CD19-
targeting antibodies such as SJ25C1 and HD37 are known.
(SJ25C1: Bejcek et al. Cancer Res 2005, PMID 7538901;
HD37: Pezutto et al. JI 1987, PMID 2437199).

Spacer

[0090] Inembodiments, the chimeric receptor nucleic acid
comprises a polynucleotide coding for a spacer region. It has
been surprisingly found that the length of the spacer region
that is presumed not to have signaling capability affects the
in vivo efficacy of the T cells modified to express the
chimeric receptor and needs to be customized for individual
target molecules for optimal tumor or target cell recognition.
In embodiments, the chimeric receptor nucleic acid com-
prises a polynucleotide coding for a customizable spacer
region selected from a library of polynucleotides coding for
spacer regions. In embodiments, a spacer length is selected
based upon the location of the epitope, affinity of the



US 2021/0052649 Al

antibody for the epitope, and/or the ability of the T cells
expressing the chimeric receptor to proliferate in vitro
and/or in vivo in response to antigen recognition.

[0091] Typically a spacer region is found between the
ligand binding domain and the transmembrane domain of
the chimeric receptor. In embodiments, a spacer region
provides for flexibility of the ligand binding domain, allows
for high expression levels in lymphocytes. A CD19-specific
chimeric receptor having a spacer domain of about 229
amino acids had less antitumor activity than a CD19-specific
chimeric receptor with a short spacer region comprised of
the modified IgG4 hinge only. Other chimeric receptors,
such as those constructed from the R12 or 2A2 scFvs also
require a short spacer for optimal triggering of T cell effector
functions, while a chimeric receptor constructed with the
R11 RORI1 scFv requires a long spacer domain of about 229
amino acids for tumor recognition.

[0092] In embodiments, a spacer region has at least about
10 to 229 amino acids, about 10 to 200 amino acids, about
10 to 175 amino acids, about 10 to 150 amino acids, about
10 to 125 amino acids, about 10 to 100 amino acids, about
10 to 75 amino acids, about 10 to 50 amino acids, about 10
to 40 amino acids, about 10 to 30 amino acids, about 10 to
20 amino acids, or about 10 to 15 amino acids, and including
any integer between the endpoints of any of the listed
ranges. In embodiments, a spacer region has about 12 amino
acids or less, about 119 amino acids or less, or about 229
amino acids or less.

[0093] In some embodiments, the spacer region is derived
from a hinge region of an immunoglobulin like molecule. In
embodiments, a spacer region comprises all or a portion of
the hinge region from a human IgG1, human IgG2, a human
1gG3, or a human 1gG4, and may contain one or more amino
acid substitutions. Exemplary sequences of the hinge
regions are provided in Table 8. In embodiments, a portion
of the hinge region includes the upper hinge amino acids
found between the variable heavy chain and the core, and the
core hinge amino acids including a polyproline region.
Typically, the upper hinge region has about 3 to 10 amino
acids. In some cases, the spacer region comprises an amino
acid sequence of X,PPX,P (SEQ ID NO:1). In embodi-
ments, X, is a cysteine, glycine, or arginine and X2 is a
cysteine or a threonine.

[0094] In embodiments, hinge region sequences can be
modified in one or more amino acids in order to avoid
undesirable structural interactions such as dimerization. In a
specific embodiment, the spacer region comprises a portion
of' a modified human hinge region from IgG4, for example,
as shown in Table 2 or Table 8 (SEQ ID NO:21). A
representative of a polynucleotide coding for a portion of a
modified 1gG4 hinge region is provided in Table 1. (SEQ ID
NO:4) In embodiments, a hinge region can have at least
about 90%, 92%, 95%, or 100% sequence identity with a
hinge region amino acid sequence identified in Table 2 or
Table 8. In a specific embodiment, a portion of a human
hinge region from 1g(G4 has an amino acid substitution in the
core amino acids from CPSP to CPPC.

[0095] In some embodiments, all or a portion of the hinge
region is combined with one or more domains of a constant
region of an immunoglobulin. For example, a portion of a
hinge region can be combined with all or a portion of a CH2
or CH3 domain or variant thereof. In embodiments, the
spacer region does not include the 47-48 amino acid hinge
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region sequence from CD8alpha or the spacer region con-
sisting of an extracellular portion of the CD28 molecule.
[0096] Inembodiments, a short spacer region has about 12
amino acids or less and comprises all or a portion of a IgG4
hinge region sequence or variant thereof, an intermediate
spacer region has about 119 amino acids or less and com-
prises all or a portion of a IgG4 hinge region sequence and
a CHA3 region or variant thereof, and a long spacer has about
229 amino acids or less and comprises all or a portion of a
IgG4 hinge region sequence, a CH2 region, and a CH3
region or variant thereof.

[0097] A polynucleotide coding for a spacer region can be
readily prepared by synthetic or recombinant methods from
the amino acid sequence. In embodiments, a polynucleotide
coding for a spacer region is operably linked to a polynucle-
otide coding for a transmembrane region. In embodiments,
the polynucleotide coding for the spacer region may also
have one or more restriction enzyme sites at the 5' and/or 3'
ends of the coding sequence in order to provide for easy
excision and replacement of the polynucleotide with another
polynucleotide coding for a different spacer region. In
embodiments, the polynucleotide coding for the spacer
region is codon optimized for expression in mammalian
cells.

[0098] In embodiments, a library of polynucleotides, each
coding for different spacer region is provided. In an embodi-
ment, the spacer region is selected from the group consisting
of a hinge region sequence from 1gG1, 1gG2, I1gG3, or IgG4
or portion thereof, a hinge region sequence from IgGl,
1gG2, 1gG3, or IgG4 in combination with all or a portion of
a CH2 region or variant thereof, a hinge region sequence
from IgG1, 1gG2, IgG3, or 1gG4 in combination with all or
a portion of a CH3 region or variant thereof, and a hinge
region sequence from 1gGl, IgGG2, 1gG3, or IgG4 in com-
bination with all or a portion of a CH2 region or variant
thereof, and a CH3 region or variant thereof. In embodi-
ments, a short spacer region is a modified IgG4 hinge
sequence (SEQ ID NO:4) having 12 amino acids or less, an
intermediate sequence is a IgG4 hinge sequence with a CH3
sequence having 119 amino acids or less (SEQ ID NO:49);
or a IgG4 hinge sequence with a CH2 and CH3 region
having 229 amino acids or less (SEQ ID NO:50)

[0099] In embodiments, a method of selecting a spacer
region for a chimeric receptor is provided herein. Surpris-
ingly some chimeric receptor constructs, although effective
to activate T cells and direct their killing of tumor cells in
vitro, were not effective in vivo. In addition, the side effect
profile of the chimeric receptor modified T cells can be such
as to result in more cells undergoing activation induced cell
death or causing an increase in in vivo cytokines. In embodi-
ments, a method comprises providing a plurality of chimeric
receptor nucleic acids, wherein the chimeric receptor nucleic
acids differ only in the spacer region; introducing each of the
chimeric receptor nucleic acids into a separate T lymphocyte
population; expanding each separate lymphocyte population
in vitro, and introducing each lymphocyte population into an
animal bearing a tumor to determine the anti-tumor efficacy
of each of the chimeric receptors when expressed in T cells,
and selecting a chimeric receptor that provides anti-tumor
efficacy as compared to each of the other separate lympho-
cyte populations modified with each of the other chimeric
receptors.

[0100] Animal models of different tumors are known.
Anti-tumor efficacy can be measured by identifying a
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decrease in tumor volume, by determining animal death,
persistence of the genetically modified T cells in vivo,
activation of genetically modified T cells (for example, by
detecting an increase in expression of CD25 and/CD69),
and/or proliferation of genetically modified T cells in vivo.
In an embodiment, a chimeric receptor is selected that
provides for the best anti-tumor efficacy in vivo as deter-
mined by one or more of these parameters. Lack of anti-
tumor efficacy can be determined by lack of persistence of
the genetically modified lymphocytes in vivo, animal death,
an increase in apoptosis as measured by an increase in
induction of caspase-3, and/or a decrease in proliferation of
genetically modified lymphocytes.

[0101] In other embodiments, a method for selecting a
spacer comprises selecting an epitope of a target molecule
and characterizing the location of the epitope with respect to
the cell membrane, selecting a spacer region that is long or
short depending on the location of the epitope with respect
to the cell membrane, selecting an antibody or fragment
thereof that has an affinity for the epitope that is higher or
lower as compared to a reference antibody, and determining
whether the chimeric receptor construct provides for
enhanced T cell proliferation or cytokine production in vitro
and/or in vivo.

[0102] In some embodiments, if the target epitope or
portion thereof is located proximal to the membrane it is
located in the first 100 amino acids of the linear sequence of
the extracellular domain adjacent to the transmembrane
domain. If the epitope is located proximal to the membrane,
a long spacer (e.g., 229 amino acids or less and greater than
119 amino acids) is selected. In some embodiments, if the
target epitope is located distal to the membrane, it is located
in the first 150 amino acids of the linear sequence of the
extracellular domain terminus. If the epitope is located distal
to the membrane, an intermediate or short spacer is selected
(e.g. 119 amino acids or less or 12-15 amino acids or less).
Alternatively, whether the epitope is proximal or distal to the
membrane can be determined by modeling of the three
dimensional structure or based on analysis of the crystal
structure,

[0103] In some embodiments, a chimeric receptor is
selected that provides for at least 30% of the cells prolifer-
ating through two generations in vitro and/or in vivo. In
other embodiments a chimeric receptor is not selected if it
results in at least 50% of the cells undergoing activation
induced cell death in 72 hours. In embodiments, a short
spacer (e.g. 15 amino acids or less) is selected if the epitope
is distal to the membrane. In embodiments, a long spacer
(e.g. 229 amino acid or less and greater than 119 amino
acids) is selected if the epitope is proximal to the membrane.

[0104] In embodiments, providing a plurality of chimeric
receptor nucleic acids, wherein the chimeric receptor nucleic
acids differ only in the spacer region comprises providing a
chimeric receptor construct comprising a polynucleotide
coding for a ligand binding domain, wherein the ligand is a
tumor specific antigen, viral antigen, or any other molecule
expressed on a target cell population that is suitable to
mediate recognition and elimination by a lymphocyte; a
polynucleotide coding for a first polypeptide spacer having
a defined restriction site at the 5' and 3' end of the coding
sequence for the first polypeptide spacer; a polynucleotide
coding for a transmembrane domain; and a polynucleotide
coding for one or more intracellular signaling domains.
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[0105] In embodiments, a method further comprises pro-
viding one or more polynucleotides, each encoding a dif-
ferent spacer region. In embodiments, the different spacer
regions are selected from the group consisting of a hinge
region sequence from IgG1, IgG2, IgG3, or IgG4 or variant
thereof or portion thereof, a hinge region sequence from
1gG1, IgG2, 1gG3, or IgG4 in combination with all or a
portion of a CH2 region or variant thereof, a hinge region
sequence from IgG1, IgG2, 1gG3, or IgG4 in combination
with all or a portion of a CH3 region or variant thereof, and
a hinge region sequence from IgG1, IgG2, IgG3, or IgG4 in
combination with all or a portion of a CH2 region or variant
thereof and a CH3 region or variant thereof. In embodi-
ments, CH2 or CH3 regions may be modified by one or more
deletions or amino acid substitutions in order to provide for
expression in lymphocytes and/or in order to minimize
interactions with other molecules. In embodiments, a portion
of a hinge region comprises at least the upper amino acids
and the core sequence. In embodiments, a hinge region
comprises the sequence X,PPX,P (SEQ ID NO:1).

[0106] In embodiments, a method further comprises
replacing the polynucleotide coding for the spacer region
with a polynucleotide encoding a different spacer region to
form a chimeric receptor nucleic acid with a different spacer
region. The method can be repeated to form any number of
chimeric receptor nucleic acids, each differing in the spacer
region. In embodiments, the chimeric receptor nucleic acids
differ from one another only in the spacer region.

Transmembrane Domain

[0107] Inembodiments, the chimeric receptor nucleic acid
comprises a polynucleotide coding for a transmembrane
domain. The transmembrane domain provides for anchoring
of the chimeric receptor in the membrane.

[0108] In an embodiment, the transmembrane domain that
naturally is associated with one of the domains in the
chimeric receptor is used. In some cases, the transmembrane
domain can be selected or modified by amino acid substi-
tution to avoid binding of such domains to the transmem-
brane domains of the same or different surface membrane
proteins to minimize interactions with other members of the
receptor complex.

[0109] The transmembrane domain may be derived either
from a natural or a synthetic source. When the source is
natural, the domain may be derived from any membrane-
bound or transmembrane protein. Transmembrane regions
comprise at least the transmembrane region(s) of) the alpha,
beta or zeta chain of the T-cell receptor, CD28, CD3, CD45,
CD4, CD8, CD9, CD16, CD22; CD33, CD37, CD64, CDSO0,
CD86, CD134, CD137 and CD154. In a specific embodi-
ment, the transmembrane domain comprises the amino acid
sequence of the CD28 transmembrane domain as shown in
Table 2. A representative polynucleotide sequence coding
for the CD28 transmembrane domain is shown in Table 1
(SEQ ID NO:5).

[0110] A transmembrane domain may be synthetic or a
variant of a naturally occurring transmembrane domain. In
embodiments, synthetic or variant transmembrane domains
comprise predominantly hydrophobic residues such as leu-
cine and valine. In embodiments, a transmembrane domain
can have at least about 80%, 85%, 90%, 95%, or 100%
amino acid sequence identity with a transmembrane domain
as shown in Table 2 or Table 6. Variant transmembrane
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domains preferably have a hydrophobic score of at least 50
as calculated by Kyte Doolittle.

[0111] A polynucleotide coding for a transmembrane
domain can be readily prepared by synthetic or recombinant
methods. In embodiments, a polynucleotide coding for a
transmembrane domain is operably linked to a polynucle-
otide coding for a intracellular signaling region. In embodi-
ments, the polynucleotide coding for a transmembrane
domain may also have one or more restriction enzyme sites
at the 5' and/or 3' ends of the coding sequence in order to
provide for easy excision and replacement of the polynucle-
otide coding for a transmembrane domain with another
polynucleotide coding for a different transmembrane
domain. In embodiments, the polynucleotide coding for a
transmembrane domain is codon optimized for expression in
mammalian cells.

Intracellular Signaling Domain

[0112] In embodiments, the chimeric receptor nucleic acid
comprises a polynucleotide coding for an intracellular sig-
naling domain. The intracellular signaling domain provides
for activation of one function of the transduced cell express-
ing the chimeric receptor upon binding to the ligand
expressed on tumor cells. In embodiments, the intracellular
signaling domain contains one or more intracellular signal-
ing domains. In embodiments, the intracellular signaling
domain is a portion of and/or a variant of an intracellular
signaling domain that provides for activation of at least one
function of the transduced cell.

[0113] Examples of intracellular signaling domains for use
in a chimeric receptor of the disclosure include the cyto-
plasmic sequences of the CD3 zeta chain, and/or co-recep-
tors that act in concert to initiate signal transduction follow-
ing chimeric receptor engagement, as well as any derivative
or variant of these sequences and any synthetic sequence
that has the same functional capability. T cell activation can
be said to be mediated by two distinct classes of cytoplasmic
signaling sequence: those that initiate antigen-dependent
primary activation and provide a T cell receptor like signal
(primary cytoplasmic signaling sequences) and those that act
in an antigen-independent manner to provide a secondary or
co-stimulatory signal (secondary cytoplasmic signaling
sequences). Primary cytoplasmic signaling sequences that
act in a stimulatory manner may contain signaling motifs
which are known as receptor tyrosine-based activation
motifs or ITAMs. Examples of ITAM containing primary
cytoplasmic signaling sequences include those derived from
CD3 zeta, FcR gamma, CD3 gamma, CD3 delta, CD3
epsilon, CDS5, CD22, CD79a, CD79b, and CD66d. In
embodiments, the primary signaling intracellular domain
can have at least about 80%, 85%, 90%, or 95% sequence
identity to CD3zeta having a sequence provided in Table 2.
In embodiments variants, of CD3 zeta retain at least one,
two, three or all ITAM regions as shown in Table 7.
[0114] In a preferred embodiment, the intracellular signal-
ing domain of the chimeric receptor can be designed to
comprise the CD3-zeta signaling domain by itself or com-
bined with any other desired cytoplasmic domain(s). For
example, the intracellular signaling domain of the chimeric
receptor can comprise a CD3zeta chain and a costimulatory
signaling region.

[0115] The costimulatory signaling region refers to a por-
tion of the chimeric receptor comprising the intracellular
domain of a costimulatory molecule. A costimulatory mol-
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ecule is a cell surface molecule other than an antigen
receptor or their ligands that is required for a response of
lymphocytes to an antigen. Examples of such molecules
include CD27, CD28, 4-1BB (CD 137), OX40, CD30,
CD40, lymphocyte function-associated antigen-1 (LFA-1),
CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that
specifically binds with CD83. In embodiments, the costimu-
latory signaling domain can have at least about 80%, 85%,
90%, or 95% amino acid sequence identity to the intracel-
lular domain of CD28 as shown in Table 5 or to 4-1BB
having a sequence provided in Table 2. In an embodiment,
a variant of the CD28 intracellular domain comprises an
amino acid substitution at positions 186-187, wherein LL is
substituted with GG.

[0116] The intracellular signaling sequences of the chime-
ric receptor may be linked to each other in a random or
specified order. Optionally, a short oligo- or polypeptide
linker, preferably between 2 and 10 amino acids in length
may form the linkage. In one embodiment, the intracellular
signaling domains comprises all or a portion of the signaling
domain of CD3-zeta or variant thereof and all or a portion
of the signaling domain of CD28 or a variant thereof. In
another embodiment, the intracellular signaling domain
comprises all or a portion of the signaling domain of
CD3-zeta or variant thereof and all or a portion of the
signaling domain of 4-1BB or variant thereof. In yet another
embodiment, the intracellular signaling domain comprises
all or a portion of the signaling domain of CD3-zeta or
variant thereof, all or a portion of the signaling domain of
CD28 or variant thereof, and all or a portion of the signaling
domain of 4-1BB or variant thereof. In a specific embodi-
ment, the amino acid sequence of the intracellular signaling
domain comprising a variant of CD3zeta and a portion of the
4-1BB intracellular signaling domain is provided in Table 2.
A representative nucleic acid sequence is provided in Table
1 (SEQ ID NO:6; SEQ ID NO:7).

[0117] In an embodiment, a polynucleotide coding for an
intracellular signaling domain comprises a 4-1BB intracel-
Iular domain linked to a portion of a CD3zeta domain. In
other embodiments, a 4-1BB intracellular domain and a
CD28 intracellular domain are linked to a portion of a CD3
zeta domain.

[0118] A polynucleotide coding for an intracellular signal-
ing domain can be readily prepared by synthetic or recom-
binant methods from the amino acid sequence. In embodi-
ments, the polynucleotide coding for an intracellular
signaling domain may also have one or more restriction
enzyme sites at the 5' and/or 3' ends of the coding sequence
in order to provide for easy excision and replacement of the
polynucleotide coding for an intracellular signaling domain
with another polynucleotide coding for a different intracel-
Iular signaling domain. In embodiments, the polynucleotide
coding for an intracellular signaling domain is codon opti-
mized for expression in mammalian cells.

Marker Sequences

[0119] In embodiments, the chimeric receptor nucleic acid
optionally further comprises a polynucleotide sequence cod-
ing for a marker sequence. A marker sequence can provide
for selection of transduced cells, and identification of trans-
duced cells. In embodiments, the marker sequence is oper-
ably linked to a polynucleotide sequence coding for a linker
sequence. In embodiments, the linker sequence is a cleav-
able linker sequence.
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[0120] A number of different marker sequences can be
employed. Typically a marker sequence has a functional
characteristic that allows for selection of transduced cells
and/or detection of transduced cells. In embodiments, the
marker sequence is compatible with transduction of human
lymphocytes.

[0121] The positive selectable marker may be a gene,
which 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 phosphotransferase gene (neo or aph) from
Tn5 which codes for resistance to the antibiotic G418, the
dihydrofolate reductase (DHFR) gene, the adenosine deami-
nase gene (ADA), and the multi-drug resistance (MDR)
gene.

[0122] Inan embodiment, a chimeric receptor nucleic acid
further comprises a polynucleotide coding for a marker
sequence. In an embodiment, the marker sequence is a
truncated epidermal growth factor receptor as shown in
Table 2. An exemplary polynucleotide for the truncated
epidermal growth factor receptor is shown in Table 1. (SEQ
1D NO:9) In embodiments, the polynucleotide coding for the
marker sequence is operably linked to a polynucleotide
coding for a linker sequence. In a specific embodiment, the
linker sequence is a cleavable linker sequence T2 A as shown
in Table 2. An exemplary polynucleotide sequence coding
for the T2A linker is provided in Table 1. (SEQ ID NO:8)
[0123] A polynucleotide coding for marker sequence can
be readily prepared by synthetic or recombinant methods
from the amino acid sequence. In embodiments a polynucle-
otide coding for a marker sequence is operably linked to a
polynucleotide coding for an intracellular signaling domain.
In embodiments, the polynucleotide coding for a marker
sequence may also have one or more restriction enzyme sites
at the 5' and/or 3' ends of the coding sequence in order to
provide for easy excision and replacement of the polynucle-
otide coding for a marker sequence with another polynucle-
otide coding for a different marker sequence. In embodi-
ments, the polynucleotide coding for a marker sequence is
codon optimized for expression in mammalian cells.

Vectors, Cells and Methods of Transducing Cells

[0124] (a) Selection and Sorting of T Lymphocyte Popu-
lations
[0125] The compositions described herein provide for

CD4+ and/or CD84+ T lymphocytes. 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 lymphocytes can be carried out
in accordance with known techniques (including but not
limited to those described in U.S. Pat. No. 6,040,177 to
Riddell et al.), or variations thereof that will be apparent to
those skilled in the art. In embodiments, the T cells are
autologous T cells obtained from the patient.

[0126] For example, the desired T cell population or
subpopulation may be expanded by adding an initial T
lymphocyte 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
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least about 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 embodiments, the PBMC are irradiated with gamma
rays in the range of about 3000 to 3600 rads to prevent cell
division. The order of addition of the T cells and feeder cells
to the culture media can be reversed if desired. The culture
can typically be incubated under conditions of temperature
and the like that are suitable for the growth of T lympho-
cytes. For the growth of human T lymphocytes, for example,
the temperature will generally be at least about 25 degrees
Celsius, preferably at least about 30 degrees, more prefer-
ably about 37 degrees.

[0127] The T lymphocytes expanded include CD8* cyto-
toxic T lymphocytes (CTL) and CD4* helper T lymphocytes
that may be specific for an antigen present on a human tumor
or a pathogen.

[0128] Optionally, the expansion method may further
comprise the step of adding non-dividing EBV-transformed
lymphoblastoid cells (LCL) as feeder cells. LCL can be
irradiated with gamma rays in the range of about 6000 to
10,000 rads. The LCL feeder cells may be provided in any
suitable amount, such as a ratio of LCL feeder cells to initial
T lymphocytes of at least about 10:1.

[0129] Optionally, the expansion method may further
comprise the step of adding anti-CD3 and/or anti CD28
antibody to the culture medium (e.g., at a concentration of
at least about 0.5 ng/ml). Optionally, the expansion method
may further comprise the step of adding IL.-2 and/or IL.-15
to the culture medium (e.g., wherein the concentration of
IL-2 is at least about 10 units/ml).

[0130] After isolation of T lymphocytes both cytotoxic
and helper T lymphocytes can be sorted into naive, memory,
and effector T cell subpopulations either before or after
expansion.

[0131] CD8+ cells can be obtained by using standard
methods. In some embodiments, CD84+ 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 CDS8+ cells. In embodiments, memory
T cells are present in both CD62L+ and CD62L.~ 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 embodi-
ments, the expression of phenotypic markers of central
memory T.,, include CD45RO, CD62L, CCR7, CD28,
CD3, and CD127 and are negative or low for granzyme B.
In some embodiments, central memory T cells are
CD45RO+, CD62L+, CD8+ T cells. In some embodiments,
effector TE are negative for CD62L, CCR7, CD28, and
CD127, and positive for granzyme B and perforin. In some
embodiments, naive CD8+ T lymphocytes are characterized
by the expression of phenotypic markers of naive T cells
including CD62L, CCR7, CD28, CD3, CDI127, and
CDA45RA.

[0132] Whether a cell or cell population is positive for a
particular cell surface marker can be determined by flow
cytometry using staining with a specific antibody for the
surface marker and an isotype matched control antibody. A
cell population negative for a marker refers to the absence of
significant staining of the cell population with the specific
antibody above the isotype control, positive refers to uni-
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form staining of the cell population above the isotype
control. In some embodiments, 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 about 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, and 100% of the cells and any % between
20 and 100% when compared to a reference cell population.
In some embodiments, a cell population positive for one or
markers refers to a percentage of cells that exhibit the
marker of at least about 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, and 100% of the cells and any % between
50 and 100% when compared to a reference cell population.

[0133] 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 embodiments, naive
CD4+ T lymphocytes are CD45RO-, CD45RA+, CD62L+,
CD4+ T cells. In some embodiments, central memory CD4+
cells are CD62L+ and CD45RO+. In some embodiments,
effector CD4+ cells are CD62L- and CD45RO-.

[0134] In embodiments, populations of CD4+ and CD8+
that are antigen specific can be obtained by stimulating 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 may also be used. Any
number of antigens from tumor cells may be utilized as
targets to elicit T cell responses. In some embodiments, 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.

[0135]

[0136] In some embodiments it may be desired to intro-
duce functional genes into the T cells to be used in immu-
notherapy in accordance with the present disclosure. For
example, the introduced gene or genes may improve the
efficacy of therapy by promoting the viability and/or func-
tion of transferred T cells; or they may provide a genetic
marker to permit selection and/or evaluation of in vivo
survival or migration; or they may 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. 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) or variations thereof that
will be apparent to those skilled in the art based upon the
present disclosure.

[0137] Inembodiments, T cells are modified with chimeric
receptors as described herein. In some embodiments, the T
cells are obtained from the subject to be treated. In other

(b) Modification of T Lymphocyte Populations
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embodiments, the lymphocytes are obtained from allogeneic
human donors, preferably healthy human donors.

[0138] In some embodiments, chimeric receptors com-
prise a ligand binding domain that specifically binds to a
tumor cell surface molecule, a polypeptide spacer region, a
transmembrane domain and an intracellular signaling
domain as described herein. In embodiments, 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).
Costimulatory signals can also be provided through the
chimeric receptor by fusing the costimulatory domain of
CD28 and/or 4-1BB to the CD3C chain. Chimeric receptors
are specific for cell surface molecules independent from
HLA, thus overcoming the limitations of TCR-recognition
including HLA-restriction and low levels of HLA-expres-
sion on tumor cells.

[0139] Chimeric receptors can be constructed with a speci-
ficity for any cell surface marker by utilizing antigen binding
fragments or antibody variable domains of, for example,
antibody molecules. The antigen binding molecules can be
linked to one or more cell signaling modules. In embodi-
ments, cell signaling modules include CD3 transmembrane
domain, CD3 intracellular signaling domains, and CD28
transmembrane domains. In embodiments, the intracellular
signaling domain comprises a CD28 transmembrane and
signaling domain linked to a CD3 zeta intracellular domain.
In some embodiments, a chimeric receptor can also include
a transduction marker such as tEGFR.

[0140] In embodiments, the same or a different chimeric
receptor can be introduced into each of population of CD4+
and CD8+ T lymphocytes. In embodiments, the chimeric
receptor in each of these populations has a ligand binding
domain that specifically binds to the same ligand on the
tumor or infected cell. The cellular signaling modules can
differ. In embodiments, 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
embodiments, the intracellular signaling domain of the
CD8+ cytotoxic T cells is different than the intracellular
signaling domain of the CD4+ helper T cells.

[0141] In embodiments each of the CD4 or CD8 T lym-
phocytes can be sorted in to naive, central memory, effector
memory or effector cells prior to transduction as described
herein. In alternative embodiments, each of the CD4 or CD8
T lymphocytes can be sorted in to naive, central memory,
effector memory, or effector cells after transduction.
[0142] 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 of the present inven-
tion. 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.
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[0143] 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.

[0144] It is contemplated that overexpression of a stimu-
latory factor (for example, a lymphokine or a cytokine) may
be toxic to the treated individual. Therefore, it is within the
scope of the invention to include gene segments that cause
the T cells of the invention to be susceptible to negative
selection in vivo. By “negative selection” is meant that the
infused cell can be eliminated as a result of a change in the
in vivo condition of the individual. The negative selectable
phenotype may result from the insertion of a gene that
confers sensitivity to an administered agent, for example, a
compound. Negative selectable genes are known in the art,
and include, inter alia the following: the Herpes simplex
virus type I thymidine kinase (HSV-1 TK) gene, which
confers ganciclovir sensitivity; the cellular hypoxanthine
phosphribosyltransferase (IPRT) gene, the cellular adenine
phosphoribosyltransferase (APRT) gene, and bacterial cyto-
sine deaminase.

[0145] In some embodiments it may 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 may 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.

[0146] A variety of methods can be employed for trans-
ducing T lymphocytes, as is well known in the art. In
embodiments, transduction is carried out using lentiviral
vectors.

[0147] In embodiments, CD4+ and CD8+ cells each can
separately be modified with an expression vector encoding
a chimeric receptor to form defined populations. In embodi-
ments, these cells are then further sorted into subpopulations
of naive, central memory and effector cells as described
above by sorting for cell surface antigens unique to each of
those cell populations. In addition, CD4+ or CDS8+ cell
populations may be selected by their cytokine profile or
proliferative activities. For example, CD4+ T lymphocytes
that have enhanced production of cytokines such as IL.-2,
1L-4, IL-10, TNFa, and IFNy as compared to sham trans-
duced cells or transduced CD8+ cells when stimulated with
antigen can be selected. In other embodiments, naive or
central memory CD4+ T cells that have enhanced production
of IL-2 and/or TNFa. are selected. Likewise, CD8+ cells that
have enhanced IFNy production are selected as compared to
sham transduced CD8+ cells.

[0148] In embodiments, CD4+ and CD8+ cells that pro-
liferate in response to antigen or tumor targets are selected.
For example, CD4+ cells that proliferate vigorously when
stimulated with antigen or tumor targets as compared to
sham transduced cells, or CD8+ transduced cells are
selected. In some embodiments, CD4+ and CD8+ cells are
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selected that are cytotoxic for antigen bearing cells. In
embodiments, CD4+ are expected to be weakly cytotoxic as
compared to CD8+ cells.

[0149] In a preferred embodiment, transduced lympho-
cytes, such as CD8+ central memory cells, are selected that
provide for tumor cell killing in vivo using an animal model
established 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
constructs transduced into lymphocytes confer the ability to
kill tumor cells in vivo despite the ability to become acti-
vated and kill tumor cells in vitro. In particular, for some
target molecules T cells having chimeric receptor constructs
with a long spacer region were less effective at killing tumor
cells in vivo as compared to T cells having a chimeric
receptor with short spacer region. For other target mol-
ecules, T cells having chimeric receptor constructs with a
short spacer region were less effective at killing tumor cells
in vivo as compared to T cells having chimeric receptors
with a long spacer region.

[0150] In yet other embodiments, transduced chimeric
receptor expressing T cells are selected that can persist in
vivo using an animal model established for the particular
type of cancer. In embodiments, transduced chimeric recep-
tor CD8+ central memory cells with a short spacer region
have been shown to persist in vivo after introduction into the
animal for about 3 day or more, 10 days or more, 20 days or
more, 30 days or more, 40 days or more, or 50 days or more.
[0151] The disclosure contemplates that combinations of
CD4+ and CD8+ T cells will be utilized in the compositions.
In one embodiment, combinations of chimeric receptor
transduced CD4+ cells can be combined with chimeric
receptor transduced CDS8+ cells of the same ligand speci-
ficity or combined with CD8"* T cells that are specific for a
distinct tumor ligand. In other embodiments, chimeric recep-
tor transduced CD8+ cells are combined with chimeric
receptor transduced CD4+ cells specific for a different
ligand expressed on the tumor. In yet another embodiment,
chimeric receptor modified CD4+ and CD8+ cells are com-
bined. In embodiments CD8+ and CD4+ cells can be com-
bined in different ratios for example, a 1:1 ratio of CD8+ and
CD4+, a ratio of 10:1 of CD8+ to CD4+, or a ratio of 100:1
of CD8+ to CD4+. In embodiments, the combined popula-
tion is tested for cell proliferation in vitro and/or in vivo, and
the ratio of cells that provides for proliferation of cells is
selected.

[0152] 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
embodiments, naive CD4+ cells are CD45RO-, CD45RA+,
CD62L+, CD4+ positive T cells. In some embodiments,
central memory CD4+ cells are CD62L positive and
CD45RO positive. In some embodiments, effector CD4+
cells are CD62L negative and CD45RO positive. Each of
these populations may be independently modified with a
chimeric receptor.

[0153] As described herein, in embodiments, memory T
cells are present in both CD62L+ and CD62L - 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 embodi-
ments, the expression of phenotypic markers of central
memory T cells (TCM) include CD621., CCR7, CD28, CD3,
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and CD127 and are negative or low for granzyme B. In some
embodiments, central memory T cells are CD45RO+,
CD62L+, CD8+ T cells. In some embodiments, effector T
cells (TE) are negative for CD62L, CCR7, CD28, and
CD127, and positive for granzyme B and perforin. In some
embodiments, naive CD8+T lymphocytes are characterized
by CD8+, CD62L+, CD45RO+, CCR7+, CD28+CD127+,
and CD45RO+. Each of these populations may be indepen-
dently modified with a chimeric receptor.

[0154] 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
embodiments, the transduced cells are cultured in the pres-
ence of antigen bearing cells, anti CD3, anti CD28, and IL
2, IL-7, IL 15, IL-21 and combinations thereof.

[0155] Each of the subpopulations of CD4+ and CD8+
cells can be combined with one another. In a specific
embodiment, modified naive or central memory CD4+ cells
are combined with modified central memory CD8* T cells to
provide a synergistic cytotoxic effect on antigen bearing
cells, such as tumor cells.

Compositions

[0156] The disclosure provides for an adoptive cellular
immunotherapy composition comprising a genetically modi-
fied T lymphocyte cell preparation as described herein.
[0157] Inembodiments, the T lymphocyte cell preparation
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 embodiments, an
adoptive cellular immunotherapy composition further com-
prises a chimeric receptor modified tumor-specific CD8+
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 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. In embodiments, the chimeric
receptor modified T cell population of the disclosure can
persist in vivo for at least about 3 days or longer.

[0158] In some embodiments, 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 CD8+ 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+
CD4* T cells, and a pharmaceutically acceptable carrier.
[0159] In other embodiments, an adoptive cellular immu-
notherapy composition comprises an antigen specific CD8+
cytotoxic T lymphocyte cell preparation that provides a
cellular immune response derived from the patient combined
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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
comprising an extracellular antibody variable domain spe-
cific 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.
[0160] In a further embodiment, an adoptive cellular
immunotherapy composition comprises 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 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.

[0161] In embodiments, the CD4+ T helper lymphocyte
cell is selected from the group consisting of naive CD4+ T
cells, central memory CD4+ T cells, effector memory CD4+
T cells, or bulk CD4+ T cells. In some embodiments, CD4+
helper lymphocyte cell is a naive CD4+ T cell, wherein the
naive CD4+ T cell comprises a CD45RO-, CD45RA+,
CD62L+CD4+ T cell. In embodiments, the CD8+ T cyto-
toxic lymphocyte cell is selected from the group consisting
of naive CD8+ T cells, central memory CD8+ T cells,
effector memory CD8+ T cells or bulk CD8+ T cells. In
some embodiments, the CD8+ cytotoxic T lymphocyte cell
is a central memory T cell wherein the central memory T cell
comprises a CD45RO+, CD62L+, CD8+ T cell. In yet other
embodiments, 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.

Methods

[0162] 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. In embodi-
ments, the chimeric receptor modified T cells as described
herein are able to persist in vivo for at least 3 days, or at least
10 days. In embodiments, the chimeric receptor modified T
cells as described herein can proliferate in vivo through at
least 2, or at least 3 generations as determined by CFSE dye
dilution. Proliferation and persistence of the chimeric recep-
tor modified T cells can be determined by using an animal
model of the disease or disorder and administering the cells
and determining persistence and/or proliferative capacity of
the transferred cells. In other embodiments, proliferation and
activation can be tested in vitro by going through multiple
cycles of activation with antigen bearing cells.

[0163] In embodiments, a method of manufacturing the
compositions comprises obtaining a modified naive CD4+ T
helper cell, wherein the modified helper T lymphocyte cell
preparation comprises CD4+ 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.

[0164] In another embodiment, a method further com-
prises obtaining a modified CD8+ cytotoxic T cell, wherein
the modified cytotoxic T lymphocyte cell preparation com-
prises CD8+ cells that have a chimeric receptor comprising
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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.

[0165] In another embodiment, a method comprises
obtaining a modified CD8+ cytotoxic T cell, wherein the
modified cytotoxic T lymphocyte cell preparation comprises
CDS8+ 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.

[0166] 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 embodi-
ments, the combination of cell populations can be evaluated
for uniformity of cell surface makers, the ability to prolif-
erate 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 embodi-
ments, the markers and cell differentiation status on the
CD8+ cells include CD3, CD8, CD62L, CD28, CD27,
CD69, CD25, PD-1, CTLA-4, CD45RO, and CD45RA. In
embodiments, 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
CDA45RA.

[0167] In embodiments, a method of selecting a spacer
region for a chimeric receptor is provided herein. Surpris-
ingly some chimeric receptor constructs, although effective
to activate T cells in vitro, were not effective in vivo. In
embodiments, a method comprises providing a plurality of
chimeric receptor nucleic acids, wherein the chimeric recep-
tor nucleic acids differ only in the spacer region; introducing
each of the chimeric receptor nucleic acids into a separate T
lymphocyte population; expanding each separate lympho-
cyte population in vitro, and introducing each lymphocyte
population into an animal bearing a tumor to determine the
anti-tumor efficacy of each of the chimeric receptor modified
T cells, and selecting a chimeric receptor that provides
anti-tumor efficacy as compared to each of the other separate
lymphocyte populations modified with each of the other
chimeric receptor modified T cells.

[0168] Animal models of different tumors are known.
Anti-tumor efficacy can be measured by identifying a
decrease in tumor volume, by determining animal death,
persistence of the genetically modified T cells in vivo,
activation of genetically modified T cells (for example, by
detecting an increase in expression of CD25 and/CD69),
and/or proliferation of genetically modified T cells in vivo.
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In an embodiment, a chimeric receptor is selected that
provides for the best anti-tumor efficacy in vivo as deter-
mined by one or more of these parameters. Lack of anti-
tumor efficacy can be determined by lack of persistence of
the genetically modified lymphocytes in vivo, animal death,
an increase in apoptosis as measured by an increase in
induction of caspase-3, and/or a decrease in proliferation of
genetically modified lymphocytes.

[0169] In embodiments, providing a plurality of chimeric
receptor nucleic acids, wherein the chimeric receptor nucleic
acids differ only in the spacer region comprises providing a
chimeric receptor construct comprising a polynucleotide
coding for a ligand binding domain, wherein the ligand is a
tumor specific antigen, viral antigen, or any other molecule
expressed on a target cell population that is suitable to
mediate recognition and elimination by a lymphocyte; a
polynucleotide coding for a first polypeptide spacer having
a defined restriction site at the 5' and 3' end of the coding
sequence for the first polypeptide spacer; a polynucleotide
coding for a transmembrane domain; and a polynucleotide
coding for an intracellular signaling domain.

[0170] The disclosure also provides methods of perform-
ing cellular immunotherapy in a subject having a disease or
disorder comprising: administering a composition of lym-
phocytes expressing a chimeric receptor as described herein.
In other embodiments, a method comprises administering to
the subject a genetically modified cytotoxic T lymphocyte
cell preparation that provides a cellular immune response,
wherein the cytotoxic T lymphocyte cell preparation com-
prises CD8+ T cells that have a chimeric receptor compris-
ing 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 a genetically modified helper T lymphocyte cell
preparation that elicits direct tumor recognition and aug-
ments 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 tumor cell surface
molecule, a customized spacer domain, a transmembrane
domain, and an intracellular signaling domain as described
herein.

[0171] 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 may result in the ability to use a lower dose
of T cells and provide more uniform therapeutic activity. In
embodiments, the dose of T cells can be reduced at least
10%, 20%, or 30% or greater. Reduction in the dose of T
cells may be beneficial to reduce the risk or tumor lysis
syndrome and cytokine storm.

[0172] In another embodiment, 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
comprising 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 an embodiments, the method further
comprises administering to the subject a genetically modi-
fied cytotoxic T lymphocyte cell preparation, wherein the
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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.

[0173] Another embodiment describes a method of per-
forming cellular immunotherapy in a subject having a dis-
ease or disorder comprising: analyzing a biological sample
of the subject for the presence of a target molecule associ-
ated with the disease or disorder and administering the
adoptive immunotherapy compositions described herein,
wherein the chimeric receptor specifically binds to the target
molecule.

[0174] Insome embodiments, 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 or bulk CD4+ T cells. In a specific embodiment, CD4+
helper lymphocyte cell is a naive CD4+ T cell, wherein the
naive CD4+ T cell comprises a CD45RO-, CD45RA+,
CD62L+CD4* T cell. In yet other embodiments, 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 or bulk CD8+ T cells. In a specific
embodiment, the CD8+ cytotoxic T lymphocyte cell is a
central memory T cell wherein the central memory T cell
comprises a CD45RO+, CD62L+, CD8+ T cell. In a specific
embodiment, 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.

[0175] In embodiments, 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 tumor-specific cell surface molecule. In other
embodiments, 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 yet other embodiments,
the intracellular signaling domain of the CD8 cytotoxic T
cells is different than the intracellular signaling domain of
the CD4 helper T cells.

[0176] Subjects that can be treated by the present inven-
tion are, in general, human and other primate subjects, such
as monkeys and apes for veterinary medicine purposes. The
subjects can be male or female and can be any suitable age,
including infant, juvenile, adolescent, adult, and geriatric
subjects.

[0177] The methods are useful in the treatment of, for
example, hematologic malignancy, melanoma, breast can-
cer, and other epithelial malignancies or solid tumors. In
some embodiments, the molecule associated with the dis-
ease or disorder is selected from the group consisting of
orphan tyrosine kinase receptor ROR1, Her2, CD19, CD20,
CD22, mesothelin, CEA, and hepatitis B surface antigen.
[0178] Subjects that can be treated include subjects
afflicted with cancer, including but not limited to colon,
lung, liver, breast, renal, prostate, ovarian, skin (including
melanoma), bone, and brain cancer, etc. In some embodi-
ments the tumor associated antigens or molecules are
known, such as melanoma, breast cancer, squamous cell
carcinoma, colon cancer, leukemia, myeloma, and prostate
cancer. In other embodiments the tumor associated mol-
ecules can be targeted with genetically modified T cells
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expressing an engineered chimeric receptor. Examples
include but are not limited to B cell lymphoma, breast
cancer, prostate cancer, and leukemia.

[0179] 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.

[0180] In some embodiments, 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 human serum albumin, fetal bovine
serum or other human serum components.

[0181] A treatment effective amount of cells in the com-
position 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 10° cells, and up to
10, up to and including 10% or 10° cells and can be more
than 10™° cells. 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 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.
Hence the density of the desired cells is typically greater
than 10* cells/mI and generally is greater than 107 cells/ml,
generally 10® cells/ml or greater. The clinically relevant
number of immune cells can be apportioned into multiple
infusions that cumulatively equal or exceed 10°, 107, 10%,
108, 10%, 10*° or 10! cells.

[0182] In some embodiments, the lymphocytes of the
invention may 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 may be administered by a single
infusion, or by multiple infusions over a range of time.
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.

[0183] In embodiments, the composition as described
herein are administered intravenously, intraperitoneally,
intratumorly, into the bone marrow, into the lymph node,
and/or into cerebrospinal fluid. In embodiments, the chime-
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ric receptor engineered compositions are delivered to the site
of the tumor. Alternatively, the compositions as described
herein can be combined with a compound that targets the
cells to the tumor or the immune system compartments and
avoid sites such as the lung.

[0184] In embodiments, the compositions as described
herein are administered with chemotherapeutic agents and/
or immunosuppressants. In an embodiment, a patient is first
treated with a chemotherapeutic agent that inhibits or
destroys other immune cells followed by the compositions
described herein. In some cases, chemotherapy may be
avoided entirely.

[0185] The present invention is illustrated further in the
examples set forth below.

EXPERIMENTAL

Example 1. Customizing Spacer Domain Length
and scFv Affinity for Optimal Recognition of
RORI1 with Chimeric Receptor Modified T Cells

[0186] We constructed chimeric receptors specific for the
ROR1 molecule that is expressed on a large number of
human malignancies including chronic lymphocytic leuke-
mia, mantle cell lymphoma, acute lymphoblastic leukemia,
and breast, lung prostate, pancreas and ovarian cancer. The
RORI1 chimeric receptors were designed from ROR1 spe-
cific scFVs with different affinities and containing extracel-
Iular IgG4-Fc spacer domains of different lengths. The
ability of T-cells expressing each ROR-1 specific chimeric
receptor to recognize ROR1" hematopoietic and epithelial
tumors in vitro, and to eliminate human mantle cell lym-
phoma engrafted into immunodeficient mice was analyzed.

Materials and Methods

Human Subjects

[0187] Peripheral blood mononuclear cells (PBMC) were
obtained from healthy donors and patients after written
informed consent on research protocols approved by the
Institutional Review Board of the Fred Hutchinson Cancer
Research Center (FHCRC).

Cell Lines

[0188] The K562, Raji, JeKo-1, MDA-MB-231, MDA-
MB-468, and 293T cell lines were obtained from the Ameri-
can Type Culture Collection. Dr. Edus H. Warren (FHCRC)
kindly provided the renal cell cancer lines FARP, TREP and
RWL. K562/ROR1 and Raji/ROR1 were generated by len-
tiviral transduction with the full-length ROR1-gene. To
derive JeKo-1/ffluc, native JeKo-1 cells were transduced
with a lentiviral vector encoding the firefly luciferase (filuc)-
gene upstream of a T2A sequence and eGFP. The transduced
JeKo-1 cells were sorted for eGFP expression, and expanded
for in vivo experiments.

Immunophenotyping

[0189] PBMC and cell lines were stained with the follow-
ing conjugated mAbs: CD3, CD4, CDS5, CD8, CD19, CD28,
CD45RO, CD62L, CD314 (NKG2D), MICA/B and
matched isotype controls (BD Biosciences). Propidium
iodide (PI) staining was performed for live/dead cell dis-
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crimination. Cell surface expression of ROR1 was analyzed
using a polyclonal goat anti-human-ROR1 antibody (R&D
Systems).

[0190] Surface expression of 2A2 RORIchimeric receptor
was analyzed using a polyclonal goat anti-mouse-IgG anti-
body (Fab-specific) (Jackson ImmunoResearch). Flow
analyses were done on a FACSCanto®, sort-purifications on
a FACSArial (Becton Dickinson) and data analyzed using
FlowJo® software (Treestar).

Vector Construction and Preparation of Chimeric Receptor
Encoding Lentivirus

[0191] RORI1-specific and CD19-specific chimeric recep-
tors were constructed using VL. and VH chain segments of
the 2A2, R12, and R11 mAbs (ROR1) and FMC63 mAb
(CD19). (Variable region sequences for R11 and R12 are
provided in Yang et al, Plos One 6(6):e21018, Jun. 15, 2011)
Each scFV was linked by a (G,S); (SEQ ID NO:12) peptide
to a spacer domain derived from IgG4-Fc¢ (Uniprot Data-
base: P01861, SEQ ID NO:13) comprising either ‘Hinge-
CH2-CH3’ (229 AA, SEQ ID NO:), ‘Hinge-CH3” (119 AA,
SEQ ID NO:) or ‘Hinge’ only (12 AA, SEQ. ID NO:4)
sequences (FIG. 1). All spacers contained a S—P substitu-
tion within the ‘Hinge’ domain located at position 108 of the
native IgG4-Fc protein, and were linked to the 27 AA
transmembrane domain of human CD28 (Uniprot: P10747,
SEQ ID NO:14) and to a signaling module comprising either
(1) the 41 AA cytoplasmic domain of human CD28 with an
LL—=GG substitution located at positions 186-187 of the
native CD28 protein (SEQ ID NO:14) or (ii) the 42 AA
cytoplasmic domain of human 4-1BB (Uniprot: Q07011,
SEQ ID NO:15), each of which was linked to the 112 AA
cytoplasmic domain of isoform 3 of human CD3C (Uniprot:
P20963, SEQ ID NO;16). The construct encoded a T2A
ribosomal skip element (SEQ ID NO:8)) and a tEGFR
sequence (SEQ ID NO:9) downstream of the chimeric
receptor. Codon-optimized nucleotide sequences encoding
each transgene were synthesized (Life Technologies) and
cloned into the epHIV7 lentiviral vector

[0192] RORI1-chimeric receptor, CD19-chimeric receptor
or tEGFR-encoding lentiviruses were produced in 293T
cells using the packaging vectors pCHGP-2, pCMV-Rev2
and pCMV-G, and Calphos® transfection reagent (Clon-
tech).

Generation of T-Cell Lines
CD19-Chimeric Receptors

[0193] CDS8* CD45RO* CD62L* central memory T-cells
(Teap) or bulk CD4* T-cells were sorted from PBMC of
normal donors, activated with anti-CD3/CD28 beads (Life
Technologies), and transduced on day 3 after activation by
centrifugation at 800 g for 45 min at 32° C. with lentiviral
supernatant (MOI=3) supplemented with 1 g/ml polybrene
(Millipore). T-cells were expanded in RPMI with 10%
human serum, 2 mM L-glutamine and 1% penicillin-strep-
tomycin (CTL medium), supplemented with recombinant
human IL-2 to a final concentration of 50 U/mL. The
tEGFR™* subset of each T-cell line was enriched by immu-
nomagnetic selection with biotin-conjugated anti-EGFR
mAb (ImClone Systems) and streptavidin-beads (Miltenyi).
RORI1-chimeric receptor and tEGFR control T-cells were
expanded using a rapid expansion protocol (Riddell S R,
Greenberg P D, The use of anti-CD3 and anti-CD28 mono-

Expressing ROR1 and
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clonal antibodies to clone and expand human antigen-
specific T cells J Immunol Methods. 1990; 128(2):189-201.
Epub 1990/04/17.), and CD19-chimeric receptor modified
T-cells were expanded by stimulation with irradiated (8,000
rad) B-LCL at a T-cell:LCL ratio of 1:7. T-cells were
cultured in CTL medium with 50 U/mL IL-2.

Cytotoxicity, Cytokine Secretion and Proliferation Assays

[0194] Target cells were labeled with >'Cr (PerkinElmer),
washed and incubated in triplicate at 1-2x10° cells/well with
effector chimeric receptor modified T-cells at various effec-
tor to target (E:T) ratios. Supernatants were harvested for
y-counting after a 4-hour incubation and specific lysis
calculated using the standard formula. For analysis of cyto-
kine secretion, 5x10* T-cells were plated in triplicate with
target cells at an E:T ratio of 1:1 (primary CLL), 2:1
(Raji/ROR1; JeKo-1), 4:1 (K562/ROR1, K562/CD19 and
K562) or 10:1 (MDA-MB-231), and IFN-y, TNF-c. and 1L.-2
measured by ELISA or multiplex cytokine immunoassay
(Luminex) in supernatant removed after 24-h incubation. In
experiments blocking NKG2D signaling, anti-NKG2D
(clone 1D11), anti-MICA/B (clone 6D4, all from BD) and
anti-ULBP (kindly provided by Dr. Veronika Groh, FHCRC)
were used at saturating concentrations. For analysis of
proliferation, T-cells were labeled with 0.2 VM carboxyfluo-
rescein succinimidyl ester (CFSE, Invitrogen), washed and
plated in triplicate with stimulator cells in medium without
exogenous cytokines. After 72-h incubation, cells were
labeled with anti-CD8 mAb and PI, and analyzed by flow
cytometry to assess cell division of live CD8* T-cells.

Experiments in NOD/SCID/yc™~ (NSG) Mice

[0195] The Institutional Animal Chimeric receptor and
Use Committee approved all mouse experiments. Six- to
8-week old female NOD.Cg-Prkdc™™? I12rg™!"/Sz]
(NSG) mice were obtained from the Jackson Laboratory or
bred in-house. Mice were injected with 0.5x10° JeKo-1/flluc
tumor cells via tail vein and received a subsequent tail vein
injection of chimeric receptor-modified or control T-cells.
[0196] For bioluminescence imaging of tumor growth,
mice received intraperitoneal injections of luciferin sub-
strate (Caliper Life Sciences) resuspended in PBS (15 pg/g
body weight). Mice were anesthetized with isoflurane and
imaged using an Xenogen IVIS Imaging System (Caliper)
10, 12 and 14 minutes after the injection of luciferin in small
binning mode at an acquisition time of 1 s to 1 min to obtain
unsaturated images. Luciferase activity was analyzed using
Living Image Software (Caliper) and the photon flux ana-
lyzed within regions of interest that encompassed the entire
body or the thorax of each individual mouse.

Statistical Analyses

[0197] Statistical analyses were performed using Prism
Software (GraphPad®). Student’s t-test was performed as a
two-sided paired test with a confidence interval of 95% and
results with a p-value of p<0.05 were considered significant.
Statistical analysis of survival were done by log-rank testing
and results with a p-value of p<0.05 considered significant.

Results

Truncating the Spacer Domain of the 2A2 ROR1-Chimeric
Receptor Confers Superior Recognition of ROR1* Tumors

[0198] We previously reported the design of a RORI-
specific chimeric receptor using the 2A2 scFV, which binds
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to an epitope in the NH2-terminal, membrane distal Ig-like/
Frizzled portion of ROR1-1. The initial 2A2 ROR1-chime-
ric receptor had a long 229 AA spacer that included the
‘Hinge-CH2-CH3’ region of IgG4-Fc, and incorporated
CD28 costimulatory and CD3C signaling domains (Hudecek
M et al. Blood, 2010). This chimeric receptor conferred
specific recognition of ROR1* tumors, but we hypothesized
that because of the membrane distal location of the ROR1
epitope, truncating the spacer domain might enhance tumor
recognition and T-cell signaling. Therefore, we constructed
2 additional chimeric receptors in which the IgG4-Fc spacer
domain was sequentially deleted to derive ‘Hinge-CH3’ (119
AA, intermediate), and ‘Hinge-only’ (12 AA, short) variants.
Each of the new receptors contained the identical 2A2 scFV,
and CD28 and CD3C signaling modules. The transgene
cassette included a truncated EGFR (tEGFR) to serve as a
transduction, selection and in vivo tracking marker for
chimeric receptor-modified T-cells.

[0199] We transduced purified CD8* T_,, with the 2A2
RORI1-chimeric receptors containing full length or truncated
IgG4-Fc spacers, and with a tEGFR control vector. The
mean transduction efficiency was 15% (range 9-22%), and
transgene-positive T-cells were enriched to uniform purity
(>90%) on day 10 by selection for tEGFR expression, and
expanded (FIG. 2A). Surface expression of each of the
chimeric receptors was confirmed by staining with F(ab)-
specific antibodies (FIG. 2A).

[0200] Analysis of the in vitro function of CD8" T-cells
modified to express each of the 2A2 ROR1-chimeric recep-
tors demonstrated that each receptor conferred specific lysis
of'JeKo-1 MCL and primary CLL cells that naturally express
RORI1, and of K562 cells that had been transduced with
RORI1, but did not confer recognition of control RORI1-
targets (FIG. 2B). T-cells expressing the short ‘Hinge-only’
2A2 RORI1-chimeric receptor had maximum cytolytic activ-
ity, and a hierarchy (short>intermediate>>long) of tumor
lysis was clearly evident against all ROR1" tumor targets
(FIG. 2B), illustrating the importance of spacer domain
length on the recognition of ROR1™ tumor cells.

[0201] Anti-tumor efficacy of adoptive T-cell therapy cor-
relates with proliferation and survival of transterred T-cells,
which could be altered by signaling through the chimeric
receptor. We used CFSE dilution assays to analyze prolif-
eration of T-cells modified with each of the 2A2 RORI-
chimeric receptors after engagement of Raji/ROR1 or CLL,
and found that the short spacer construct promoted the
greatest T-cell proliferation following stimulation (FIG. 2C).
To ensure that the enhanced proliferation was not associated
with greater activation induced cell death (AICD), we also
analyzed the proportion of 2A2 ROR 1 chimeric receptor
modified T-cells that stained with propidium iodide (PI) after
stimulation with Raji/ROR1 and JeKo-1 tumor cells. We
detected a much lower frequency of PI* CD8* T-cells in the
T-cell line modified with the short (Raji/ROR1: 17.2%/
JeKo-1: 20.2%) compared to the intermediate (41.6%/42.
4%) and long (44.5%/48.5%) spacers.

[0202] Quantitative analysis of cytokine production in
response to stimulation with Raji/ROR1 and primary CLL
cells showed production of IFN-y, TNF-a and IL-2 by
T-cells expressing each of the 2A2 ROR1 chimeric recep-
tors. As observed in cytotoxicity assays, the short spacer
construct was superior in mediating cytokine secretion after
tumor recognition (FIG. 2D). Thus, this analysis shows that
truncating the extracellular IgG4-Fc spacer domain of the
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2A2 ROR1-chimeric receptor leads to a significant increase
in cytotoxicity, proliferation and in vitro effector functions
after tumor recognition.

The R11 scFv that is Specific for a Membrane Proximal
Epitope in the ROR1 Kringle Domain Requires a Long
Extracellular Spacer Domain.

[0203] We transduced purified CD8* T cells with ROR1-
chimeric receptors containing the R11 scFv that is specific
for the Kringle domain of ROR1 and containing full length
or truncated IgG4-Fc spacers (CH3 and hinge only). The
transduction efficiency with each of the short (IgG4 hinge
only), intermediate (IgG4 hinge/CH3), and long (IgG4
hinge/CH2/CH3) vectors was comparable (45-51%) as mea-
sured by EGFR expression. (FIG. 3A). T cells transduced
with each of the vectors were assayed for cytolysis (FIG. 3
B), proliferation (FIG. 3C), and cytokine production (FIG.
3D) in response to leukemia or lymphoma cells that did or
did not express ROR1. As shown, only T cells transduced
with the R11 chimeric receptor containing a long spacer
sequence were able to efficiently recognize ROR1+ tumors
and mediate effector functions.

RORI1 Chimeric Receptors Derived from a mAb R12 with
Higher Affinity than 2A2 Mediate Superior Anti-Tumor
Reactivity

[0204] We next examined whether increasing the affinity
of the scFV used to construct the ROR1 chimeric receptor
might influence tumor recognition and T-cell function. We
generated ROR1-specific chimeric receptors from the mAb
R12 that like 2A2, binds to an epitope in the NH2-terminal
Ig/Frizzled domain of RORI1 but with >50-fold higher
monovalent binding affinity.

[0205] R12 RORI1 chimeric receptors were constructed
with both long and short IgG4-Fc spacers to determine
whether the optimal spacer design for this higher affinity
scFV differed from that for a lower affinity scFV. We found
that similar to 2A2, the short spacer R12 ROR1 chimeric
receptor conferred improved cytolytic activity, cytokine
secretion and proliferation (data not shown), suggesting that
the shorter spacer length provides superior spatial engage-
ment of the T-cell and ROR1™* target cell for T-cell activa-
tion.

[0206] We then designed R12 and 2A2 ROR1 chimeric
receptors that contained an optimal (short) extracellular
spacer, and either a CD28 or 4-1BB costimulatory domain in
tandem with CD3C (4 constructs) for comparison (FIG.
4A B). These RORI1-chimeric receptor constructs were
expressed in purified CD8* T, of healthy donors, and we
confirmed equivalent transgene expression by tEGFR stain-
ing (FIG. 5A). T-cells modified with each of the 2A2 and
R12 RORI1-chimeric receptors specifically lysed K562/
ROR1 and Raji/ROR1 tumor cells with approximately
equivalent efficiency (FIG. 5B). However, analysis of cyto-
kine production showed that the high affinity R12 ROR1
chimeric receptors that contained CD28 or 4-1BB conferred
significantly higher IFN-y, TNF-a and IL-2 production
compared to the corresponding 2A2 constructs (FIG. 5C).
We found that T-cells expressing chimeric receptors with a
CD28 costimulatory domain produced more IFN-y, TNF-a
and IL-2 compared to those with 4-1BB.

[0207] Experiments to analyze the proliferation of ROR1
chimeric receptor T-cells showed a higher percentage of
proliferating T-cells and a higher number of cell divisions in
T-cells expressing the high affinity R12 ROR1 chimeric
receptors with CD28 and 4-1BB domain compared to T-cells
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expressing the respective 2A2 counterparts (FIG. 4D). There
was more vigorous proliferation in T-cells that expressed
chimeric receptors with a CD28 domain, consistent with
higher IL-2 production induced by these receptors. There
was a lower frequency of AICD as measured by PI staining
in T-cell lines modified with R12 compared to 2A2 ROR1-
chimeric receptors after stimulation with Raji/ROR1 and
JeKo-1 tumor cells respectively (R12: 5.6%/6.9% vs. 2A2:
10%/9.65%). T-cell lines that expressed chimeric receptors
with a CD28 domain also had lower AICD compared to
4-1BB in response to Raji/ROR1 and JeKo-1 tumor cells
respectively (R12: 16.4%/18.4% vs. 2A2 38.1%/39.6%).
[0208] To determine if the enhanced function observed
with R12 RORI1 chimeric receptors in CD8* T-cells
extended to CD4* T-cells, we transduced bulk CD4* T-cells
with the 2A2 and R12 RORI1 chimeric receptors containing
the short spacer and CD28 costimulatory domain. In
response to Raji/ROR1* tumor cells, CD4" T-cells that
expressed the high affinity R12 scFV produced higher levels
of IFN-y, TNF-a, 1L-2, IL-4, and 1[.-10, and underwent
greater proliferation than CD4* T-cells that expressed 2A2
(FIG. 5A,B). Both cytokine production and proliferation
was superior in CD4* compared to CD8* T-cells modified
with the same ROR1 chimeric receptors. In summary, our
data demonstrate that tailoring both the length of the non-
signaling extracellular chimeric receptor spacer domain and
scFV affinity are independent parameters that affect the
function of ROR1-chimeric receptor T-cells.

D8* T-Cells Modified with a High Affinity ROR1 Chimeric
Receptor have Comparable Activity to a CD19 Chimeric
Receptor Against Primary CLL In Vitro

[0209] ROR1 and CD19 are both uniformly expressed on
all primary CLL (FIG. 6A), however the absolute number of
ROR1-molecules per tumor cell is estimated to be 10-fold
lower than that of CD19, which has been successfully
targeted in clinical trials with CD19 chimeric receptor
T-cells. We compared recognition of primary CLL by CD8*
T-cells expressing the optimized R12 and 2A2 RORI1 chi-
meric receptors, and a CD19 chimeric receptor derived from
the FMC63 scFV.

We used purified CD8* T,, for chimeric receptor-modifi-
cation to provide a uniform cell product and each chimeric
receptor contained a short IgG4-Fc ‘Hinge-only’ spacer and
4-1BB costimulatory domain. We confirmed our CDI19
chimeric receptor (IgG4 Hinge) was at least as and more
effective in recognizing CD19* tumors as a CD19 chimeric
receptor with CD8a Hinge spacer and 4-1BB costimulatory
domain that is being used in ongoing clinical trials. (FIG.
20). T cells expressing CD19 chimeric receptors with 4-1BB
and CD3zeta and a modified 1gG4-Fc hinge exhibit superior
in vitro and in vivo function compared to T cells expressing
CD19 chimeric receptors with 4-1BB and CD3zeta and a
CDS8 alpha hinge. In FIG. 20D, in vivo antitumor activity of
T cells expressing a CD19 chimeric receptor with an 1gG4
Fc hinge (group 1) or CD8 alpha hinge (group 2) and T cells
that express tEGFR alone (group 3) in NSG mice inoculated
with Raji tumor cells expressing firefly luciferase (ffluc)
were compared. Mice were imaged 17 days after tumor
inoculation and 10 days after T cell inoculation. The data
shows greater tumor burden in mice treated with control
tEGFR T cells (group 3) or with CD19 chimeric receptor
CDS8 alpha hinge T cells (group 2) compared with mice
treated with CD19 chimeric receptor IgGG4 Fe hinge T cells

(group 1).
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[0210] The cytolytic activity of R12 RORI1 chimeric
receptor T-cells against primary tumor cells from multiple
CLL patients (n=4) was higher compared to T-cells modified
with the lower affinity 2A2 ROR1 chimeric receptor, and
equivalent to the lysis observed with CD19 chimeric recep-
tor T-cells (FIG. 6B). Multiplex cytokine analysis showed
nearly equivalent production of IFN-y and TNF-a, but less
1L-2 production by CD8" T-cells expressing the R12 ROR1
compared with those expressing the CD19-chimeric recep-
tor after co-culture with primary CLL (FIG. 6C). 2A2 ROR1
chimeric receptor T-cells produced lower amounts of all
cytokines than R12 ROR1 chimeric receptor T-cells as noted
previously. Cytokine production by all of the chimeric
receptor-transduced T-cells after stimulation with CLL was
substantially less than with Raji/ROR1, which unlike CLL
expresses both CD80 and CD86 that can engage CD28
expressed on chimeric receptor T-cells (FIG. 6A, C).

[0211] We observed less proliferation of T-cells expressing
the R12 and 2A2 RORI1 chimeric receptor compared to the
CD19 chimeric receptor after stimulation with CLL
(CD19>R12>2A2) (FIG. 6D). We hypothesized that prolif-
eration of CD8* ROR1 chimeric receptor T-cells in response
to CLL may be augmented in the presence of chimeric
receptor-modified CD4* T-cells because of their higher
secretion of IL-2 compared to CD8" T,, (FIG. 4A; FIG.
8A). To test this possibility, we performed in vitro co-culture
experiments where CD4* and CD8 T,, were separately
modified with the R12 ROR1, 2A2 ROR1 and CD19 chi-
meric receptors respectively, enriched for chimeric receptor
expression, and combined at a 1:1 ratio to ensure equivalent
proportions of CD8* and CD4* T-cells modified with each
of the vectors. These cells were CFSE-labeled and stimu-
lated with primary CLL. We observed a dramatic increase in
proliferation of CD8" R12 ROR1 chimeric receptor T-cells
after addition of chimeric receptor-transduced, but not
untransduced CD4" T-cells (FIG. 8B). Notably, when pro-
vided with CD4-help, we observed equivalent proliferation
of R12 RORI1 and CD19 chimeric receptor CD8* T-cells in
response to CLL, whereas proliferation of CD8" T-cells
expressing the lower affinity 2A2 RORI1 chimeric receptor
remained less. Collectively, our data show that the high
affinity R12 ROR1 chimeric receptor confers superior reac-
tivity compared to 2A2 against primary CLL cells in vitro.

ROR1-Chimeric Receptor T-Cells Mediate In Vivo Anti-
Tumor Activity in a Mouse Model of Systemic Mantle Cell
Lymphoma It remained uncertain whether the superior in
vitro activity of T-cells modified with the higher affinity R12
chimeric receptor would translate into improved anti-tumor
activity in vivo, and how targeting ROR1 would compare to
targeting CD19. To address these questions, we inoculated
cohorts of immunodeficient NSG mice with the human MCL
line JeKo-1/ffluc by tail vein injection, and seven days later
when tumor was disseminated, treated the mice with a single
intravenous dose of R12 RORI1, 2A2 ROR1 or CD19
chimeric receptor CD8* T-cells. Control mice were treated
with tEGFR T-cells or untreated. All chimeric receptors had
the optimal short spacer and the 4-1BB costimulatory
domain. Untreated NSG/JeKo-1 mice developed a rapidly
progressive systemic lymphoma necessitating euthanasia
approximately 4 weeks after tumor inoculation (FIG. 9A-C).
[0212] We observed tumor regression and improved sur-
vival in all mice treated with R12 ROR1, 2A2 RORI1 and
CD19 chimeric receptor T-cells. Mice treated with R12
RORI1 chimeric receptor T-cells had a superior anti-tumor
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response and survival compared to mice treated with 2A2
RORI1 chimeric receptor T-cells (p<0.01), and comparable
anti-tumor activity to mice treated with CD19 chimeric
receptor T-cells (FIG. 9A-C).

[0213] We analyzed the frequency of chimeric receptor
T-cells in the peripheral blood following adoptive transfer
and detected higher numbers of tEGFR* T-cells in mice
treated with the R12 RORI1 chimeric receptor compared to
the 2A2 ROR1 chimeric receptor, suggesting more vigorous
proliferation in vivo improved tumor control. To confirm
this, we administered CFSE-labeled CD19 chimeric recep-
tor, R12 and 2A2 ROR1 chimeric receptor T-cells to cohorts
of NSG mice bearing JeKo-1/ffluc, and analyzed T-cell
proliferation in the peripheral blood, bone marrow and
spleen 72 hours after transfer. A higher percentage of the
R12 and CD19 chimeric receptor T-cells proliferated and
underwent a greater number of cell divisions compared to
2A2 RORI chimeric receptor T-cells (FIG. 9D). The JeKo-1
tumor eventually recurred in all mice treated with ROR1 or
CD19 chimeric receptor T-cells (FIG. 9A-C). Tumor recur-
rence was not a result of the selection of ROR1 or CD19 loss
variants, as recurrent tumors were positive for both mol-
ecules.

[0214] For comparison, we analyzed anti-tumor efficacy
of CD19 chimeric receptor T-cells in NSG mice engrafted
with Raji tumors and observed complete tumor eradication,
indicating the recurrence of JeKo-1 reflects difficulty eradi-
cating this tumor (data not shown). In summary, this data is
the first to show that ROR1 chimeric receptor T-cells have
anti-tumor efficacy in vivo, and suggest that for B-cell
malignancies, an optimized ROR1 chimeric receptor such as
R12 may be effective and spare normal CD19* B-cells that
lack ROR1 expression.

T-Cells Expressing the R12 ROR1 Chimeric Receptor have
Superior Reactivity Compared to 2A2 Against ROR1™* Epi-
thelial Tumor Cells

[0215] ROR1 has been detected on many epithelial
tumors, although it is unknown whether ROR1 expression is
sufficient for recognition by RORI1 chimeric receptor
T-cells. Using flow cytometry, we confirmed ROR1 expres-
sion on breast cancer lines MDA-MB-231 and 468, and on
the renal cell carcinoma lines FARP, TREP, and RWL (FIG.
10A). We then analyzed tumor recognition by CD8" T-cells
transduced with the R12 ROR1 chimeric receptors with the
optimal short spacer and 4-1BB domain, and observed
efficient recognition of MDA-MB-231, MDA-MB-468,
FARP, TREP and RWL (FIG. 11A). We analyzed cytokine
secretion and proliferation of T-cells modified with the R12
and 2A2 RORI1-chimeric receptors after co-culture with
MDA-MB-231, and observed greater cytokine production
and proliferation with the R12 ROR1 chimeric receptor
(FIG. 11 B, C). Similar to what we observed with ROR1* B
cell malignancies, the superior activation of R12 ROR1
chimeric receptor T cells after stimulation with MDA-MB-
231 was not associated with increased AICD (R12: 9.8% vs.
2A2: 10.9%).

DISCUSSION

[0216] RORI has attracted interest as a potential target for
cancer immunotherapy due to its expression on the surface
of many B-lymphoid and epithelial cancers, including sub-
sets of lung, colorectal and renal cell cancer. We previously
showed that CLL and MCL were specifically recognized by
T-cells modified to express a ROR1-specific chimeric recep-
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tor (Hudecek M, et al. Blood. 2010; 116(22):4532-41. Epub
2010/08/13). The design and function of ROR1-chimeric
receptors has been improved through modification of the
extracellular spacer domain and deriving the chimeric recep-
tor from a scFV of higher affinity, and demonstrate that
T-cells modified with designed ROR1 chimeric receptors
have in vivo activity against ROR1* B-cell lymphoma and
in vitro activity against a wide range of epithelial tumors.
[0217] We compared the function of T-cells modified with
RORI1 chimeric receptors derived from the 2A2 mAb that
contained either the original long IgG4-Fc ‘Hinge-CH2-
CH3’ spacer that we have shown enables high level cell
surface expression, or truncated intermediate ‘Hinge-CH3’
and short ‘Hinge-only’ spacer variants. We preserved the 12
AA Hinge domain in our short spacer construct based on
prior data that a flexible spacer was required for separating
the scFV from the T-cell membrane and allowing antigen
recognition on tumor cells (Fitzer-Attas C J, et al., Harness-
ing Syk family tyrosine kinases as signaling domains for
chimeric single chain of the variable domain receptors:
optimal design for T cell activation. J Immunol. 1998;
160(1):145-54. Epub 1998/04/29.)

Our studies with the 2A2 ROR1 chimeric receptor show that
T-cell cytokine secretion and proliferation after tumor cell
recognition are superior with the intermediate and short
spacer constructs compared to the long spacer construct.
Staining with anti-F(ab) Abs showed equivalent chimeric
receptor expression of all three receptors, demonstrating the
improved T-cell function with the short spacer chimeric
receptor was not due to differences in chimeric receptor
density. This data supports the principle that the design of
extracellular spacers should be tailored for each target
molecule and epitope.

[0218] The affinity of the scFV selected for designing a
chimeric receptor is an additional parameter that could affect
T-cell recognition. We generated and characterized a panel
of ROR1-specific mAbs of different affinities and selected
the R12 mAb, which recognizes an epitope in the Ig-like/
Frizzled region as 2A2. R12 has a higher affinity for
RORI1-protein due to a much slower dissociation. The R12
chimeric receptor, like the 2A2 chimeric receptor conferred
optimal T-cell recognition and function when designed with
a short extracellular spacer. A direct comparison of prolif-
eration and cytokine production after tumor engagement by
T-cells modified with the 2A2 and R12 chimeric receptors
demonstrated that the R12 chimeric receptor derived from
the higher affinity mAb was superior. We were concerned
that the slower dissociation of R12 from RORI1 could
prolong T-cell activation and confer an increased suscepti-
bility to AICD. However, we detected a lower rate of AICD
in T-cells modified with the R12 ROR1-chimeric receptor
compared to 2A2, demonstrating that the increased affinity
of R12 had no detrimental effect on T-cell survival in our
preclinical models.

[0219] RORI has a potential advantage over CD19 as a
target for CLL and MCL since it is not expressed on normal
mature naive and memory B-cells. However, there is a lower
number of ROR1 molecules on B-cell tumors compared
with CD19 and it is uncertain if an optimized RORI1
chimeric receptor would be as effective as a CD19 chimeric
receptor similar in design to those being used in the clinic.
Unfortunately, B-cell tumor xenograft models used previ-
ously in NSG mice to evaluate the function of CD19
chimeric receptor T-cells including Raji, Daudi and Nalm-6,
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are not derived from CLL or MCL and do not constitutively
express ROR1. Thus, to compare targeting CD19 and ROR1
in vivo, we used the JeKo-1 MCL cell line, which naturally
expresses both CD19 and ROR1 and engrafts in NSG mice.
To make our model clinically relevant, we inoculated
JeKo-1 lymphoma cells intravenously to generate systemic
tumors, and treated mice with T-cell products of uniform
consistency once tumors were established. We found that
T-cells expressing the high affinity R12 chimeric receptor
conferred equivalent anti-tumor activity in vivo as CD19
chimeric receptor T-cells. Consistent with our in vitro analy-
sis, the R12 ROR1 chimeric receptor also mediated superior
activity in vivo compared to the optimal 2A2 ROR1-chime-
ric receptor. These results should be interpreted cautiously
since murine tumor models may not predict the efficacy of
adoptive therapy in clinical settings. However, the results
suggest that ROR1 warrants consideration as an alternative
to CD19, or to provide an additional target to minimize the
potential for CD19 loss variants to emerge.

[0220] RORI1 appears to play a decisive role in survival of
some epithelial tumors. Thus, an advantage of targeting
RORLI is that a single chimeric receptor may be useful to
treat patients with a large number of hematopoietic and
non-hematopoietic tumors.

[0221] Our data shows for the first time that T-cells that
express a designed ROR1 chimeric receptor efficiently rec-
ognize epithelial cancers in vitro. Cytokine secretion and
T-cell proliferation induced by ROR1* breast cancer cells
were higher than that induced by leukemia cells, despite the
absence of the CD80/86 costimulatory ligand. The studies
reported here demonstrate that the design of the extracellular
spacer domain and chimeric receptor affinity are parameters
that can be modulated to enhance the recognition of ROR1™*
hematologic and epithelial tumors in vitro and in vivo by
RORI1-chimeric receptor modified T-cells. The development
of ROR1-chimeric receptors with enhanced tumor reactivity
provides the opportunity for clinical applications in a variety
of human cancers.

Example 2. Effect of Extracellular Spacer Domain
Length on Triggering of Tumor Cell Lysis with a
Her2-Specific Chimeric Receptor that Recognizes
an Epitope Located Proximal to the Tumor Cell
Membrane

[0222] The effect of CAR spacer length on recognition and
triggering of tumor cell recognition by CD8+ human T
lymphocytes that expressed a HER2-specific chimeric
receptor was examined using similar methods to those
described above for ROR1. HER2-specific chimeric recep-
tors were constructed using VL. and VH chain segments of
a HER2-specific mAb that recognized a membrane proximal
epitope on HER2 (FIG. 12A), and the scFVs were linked to
IgG4 hinge/CH2/CH3, IgG4 hinge/CH3, and IgG4 hinge
only extracellular spacer domains and to the CD28 trans-
membrane domain, 4-1BB and CD3 zeta signaling domains
(FIG. 12B). Primary CD8+ T cells were transduced with
each of the HER2 chimeric receptors and selected for
expression of the EGFR transduction marker (FIG. 12D).
Expression of the HER 2 chimeric receptors and the size of
each receptor was confirmed by Western Blot (FIG. 12C).
The T cells were then expanded with anti CD3 mAb and
feeder cells and examined for their ability to recognize
HER2+ tumor cells. As observed with the R11 ROR 1
specific chimeric receptor, the HER2 chimeric receptor that
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contained a long extracellular spacer domain conferred
superior T cell recognition of HER2+ tumor cells (FIG.
12E).

DISCUSSION

[0223] This example of the effect of extracellular spacer
length on chimeric receptor modified T cell recognition of
tumor cells used a chimeric receptor comprising a scFv built
from the V,,; sequences of the Herceptin chimeric mAb.
Studies by Cho et al (Nature 421:756, 2003) localized to
epitope location of Herceptin to a membrane proximal
location on the HER2 (ERRB2) extracellular domain (FIG.
12A). Based on our understanding of the structure of human
IgG4 hinge:Fc variants (FIG. 12B), we hypothesize that a
membrane proximal location of the targeting epitope on an
extracellular tumor cell antigen would best recognized by
effector T cells that express a chimeric receptor encoding a
long spacer. Our data demonstrating a gradient of cytolytic
activity from near back ground activity by T cells expressing
a short spacer Herceptin chimeric receptor, to intermediate
activity by T cells expressing a medium length spacer
chimeric receptor, and maximal lysis by T cells that
expressed the long spacer chimeric receptor. Thus, the
extracellular spacer has definitive effects on tumor recogni-
tion by T cells, and this data provides further support for the
need to tailor chimeric receptor design based on epitope
location of tumor expressed target molecules.

Example 3. Customizing Spacer Length and
Sequence for Optimal Recognition and In Vivo
Efficacy of CD19 with Chimeric Receptor Modified
T Cells

Materials and Methods

Human Subjects

[0224] Blood samples were obtained from healthy donors
who provided written informed consent to participate in
research protocols approved by the Institutional Review
Board of the Fred Hutchinson Cancer Research Center
(FHCRC). Peripheral blood mononuclear cells (PBMC)
were isolated by centrifugation over Ficoll-Hypaque
(Sigma, St. Louis, Mo.), and cryopreserved in RPMI, 20%
human serum and 10% dimethyl sulfoxide.

Cell Lines

[0225] The K562, Raji, JeKo-1, and 293T cell lines were
obtained from the American Type Culture Collection (Ma-
nassas, Va.) and cultured as directed. A lentivirus encoding
the fflluc-gene upstream of a T2A sequence and eGFP was
produced in 293T cells and used to transduce Raji and
JeKo-1 tumor cells. Raji, and JeKo-1 cells were expanded
after lentiviral transduction and the eGFP positive subset
sort-purified.

Immunophenotyping

[0226] PBMC and T-cell lines were stained with one or
more of the following conjugated monoclonal antibodies:
CD3, CD4, CD8, CD25, CD45RA, CD45RO, CD62L,
CD69 and matched isotype controls (BD Biosciences).
Staining with propidium iodide (PI, BD Biosciences) was
performed for live/dead cell discrimination as directed by
the manufacturer. Flow analyses were done on a
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FACSCanto, sort-purifications on a FACSAriall (Becton
Dickinson) and data analyzed using FlowJo software (Tree-
star).

Vector Construction and Preparation of CD19 Chimeric
Receptor Encoding Lentivirus

[0227] CD19 specific chimeric receptors were constructed
using: (1) the VL and VH chain segments of the CD19-
specific mAb FMC63 (SEQ ID NO:3), linked by a (G4S),
linker (SEQ ID NO:12) peptide (VL-linker-VH); (2) a
spacer domain derived from gG4-Fc (Uniprot Database:
P01861, (SEQ ID NO:13)) comprising either the Hinge-
CJH2-CH3 portion (229 AA, (SEQ ID NO:)) or Hinge only
(12 AA; (SEQ ID NO:4)). Both spacers contained a S—P
substitution within the Hinge domain located at position 108
of the native IgGG4-Fc protein; the 27 AA transmembrane
domain of human CD28 (Uniprot Database: P10747, (SEQ
1D NO:14)); (4) a signaling module comprising either (i) the
41 AA cytoplasmic domain of human CD28 with an
LL—=GG substitution located at position 186-187 of the
native CD28 protein (SEQ ID NO:14); and/or (ii) the 42 AA
cytoplasmic domain of human 4-1BB (Uniprot Database:
Q07011, (SEQ ID NO:15)); linked to (iii) the 112 AA
cytoplasrnic domain of isoform 3 of human CD3¢ (Uniprot
Database: P20963, (SEQ ID NO:16)); the self cleaving T2A
sequence (SEQ ID NO:8); and (6) a truncated epidermal
growth factor receptor (EGFR) sequence (SEQ ID NO:9).

[0228] Codon-optimized nucleotide sequences encoding
each trans gene were synthesized (LifeTechnologies, Carls-
bad, Calif.) and cloned into the epHIV7 lentiviral vector
using Nhel and Notl restriction sites. The epHIV7 lentiviral
vector had been derived from the pHIV7 vector by replacing
the cytomegalovirus promoter of pHIV7 with an EF-1
promoter.

[0229] CD19 chimeric receptor or tEGFR-encoding lenti-
virus was produced in 293T cells co-transfected with the
lentiviral vector and the packaging vectors pCIGP-2,
pCMV-Rev2 and pCMV-C using Calphos transfection
reagent (Clontech). Medium was changed 16 h after trans-
fection, and lentivirus collected after 24, 48 and 72 h.

Generation of T-Cell Lines Expressing the CD19 Chimeric
Receptors

[0230] Sort-purified CD8* CD45RA™ CD45RO* CD6L”*
central memory T-cells (Tc) of normal donors were activated
with anti-CD3/CD28 beads (Life Technologies) according to
the manufacturer’s instructions, and transduced with lenti-
viral supernatant (MOI=3) supplemented with 1 pg/mL
polybrene (Millipore) on day 3 after activation by centrifu-
gation at 2,100 rpm for 45 min at 32° C. T cells were
expanded in RPMI, 10% human serum, 2 rM L-glutamine
and 1% penicillin-streptomycin (CTL medium), supple-
mented with recombinant human (rh) 1L.-2 to a final con-
centration of 50 U/ml every 48 h After expansion, an aliquot
of each transduced T cell line was stained with biotin-
conjugated anti-EGFR (epithelial growth factor receptor)
antibody and streptavidin-beads (Miltenyi), and tEGFR+ T
cells isolated by immunomagnetic selection.

[0231] The tEGFR+ T-cell subset was then stimulated with
irradiated (8,000 rad) TM EBV-LCL at a T cell: LCL ratio
of 1:7, and expanded for 8 days in CTL medium with
addition of 50 U/mL rh IL.-2 every 48 h
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Chromium Release, Secretion and CFSE

Proliferation Assays

[0232] Target cells were labeled with >'Cr (PerkinElmer)
overnight, washed and incubated in triplicate at 1-2x10°
cells/well with effector T cells at various effector to target
(E:T) ratios. Supernatants were harvested for y counting
after a 4-hour incubation and specific lysis calculated using
the standard formula. For analyses of cytokine secretion,
target and effector cells were plated in triplicate wells at an
E:T ratio of 2:1 (Raji) or 4:1 (K562/CDI9 and K562), and
INF-y, TNF-a, 1L-2, 1L.-4, 11L-6 and IL-10 measured by
multiplex cytokine immunoassay (Luminex) in supernatant
removed after a 24-hour incubation.

[0233] For analysis of proliferation, T cells were labeled
with 0.2 uM carboxyfluorescein succinimidyl ester (CFSE,
Invitrogen), washed and plated in triplicate wells with
stimulator cells at a ratio of 2: 1 (Raji) or 4: 1 (K562/CD19
and K562) in CTL medium without exogenous cytokines.
After 72 h of incubation, cells were labeled with anti-CD3
mAb and propidium iodide (PI) to exclude dead cells from
analysis. Samples were analyzed by flow cytometry and cell
division of live CD3+ T-cells assessed by CFSE dilution.

Cytokine

Experiments in NOD/SCID and NOD/SCID/yrc™~ (NSG)
Mice

[0234] All mouse experiments were approved by the
FRCRC Institutional Animal Chimeric receptore and Use
Commiittee. Six- to 8-week old female NOD.CBI7-Prkd*“*%/
(NOD/SCID) and NOD.Cg-Prkd*“™“12rg™*"7*/Sz] (NSG)
mice were obtained from the Jackson Laboratory or bred
in-house (FRCRC. Mice were injected intravenously (i. v.)
with 0.5x10° Raji-flluc tumor cells via tail vein injection,
and received injections of chimeric receptor-modified T
cells, control T cells, or PBS via tail vein injection as
indicated.

[0235] For bioluminescence imaging, mice received intra-
peritoneal (i.p.) injections of freshly prepared luciferin sub-
strate (Caliper Life Sciences, MA) resuspended in PBS (15
ng/g body weight) and were then anesthetized with isoflu-
rane in an induction chamber. After induction of deep
anesthesia, mice were imaged using an Xenogen IVIS In
Vivo Imaging System (Caliper Life Sciences, MA) at 10, 12
and 14 minutes post i.p. injection of luciferin at an acqui-
sition time of 1 second to 1 minute in small binning mode
to obtain unsaturated images. Luciferase activity was ana-
lyzed using Living Image Software (Caliper Life Sciences,
MA) and the photon flux analyzed within regions of interest
that encompassed the entire body of each individual mouse.

Statistical Analyses

[0236] Statistical analyses were performed using Prism
Software (GraphPad, CA). Student’s t-test was performed as
a two-sided test with a confidence interval of 95% and
results considered significant with a p-value of p<0.05.
Statistical analysis of survival were done by Log-rank
testing and results considered significant with a p-value of
p<0.05.

Results

[0237] Preparation of Polyclonal CD8" T, ~Derived Cell
Lines that Express CD19 Chimeric Receptors with Long and
Short Extracellular Spacers

[0238] We constructed individual lentiviral vectors encod-
ing a panel of codon-optimized CD 19 chimeric receptor
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genes to examine the influence of extracellular spacer length
on the in vitro function and in vivo antitumor activity of
CD19 chimeric receptor-modified T cells. Each chimeric
receptor was comprised of a single chain variable fragment
corresponding to the sequence of the CD19-specific mAb
FMC63 (scFv: VL-VH), a spacer derived from IgG4-Fc
including either the ‘Hinge-CH2-CH3” domain (229 AA,
long spacer) or the ‘Hinge’ domain only (12 AA, short
spacer), and a signaling module of CD3{ with membrane
proximal CD28 or 4-1 BB costimulatory domains, either
alone or in tandem (FIG. 13A). The transgene cassette
included a truncated EGFR (tEGFR) downstream from the
chimeric receptor gene and separated by a cleavable T2A
element, to serve as a transduction, selection and in vivo
tracking marker for chimeric receptor-modified T cells.

[0239] We isolated a CD8+ CD45RO+CD62L+ central
memory T cell (T ,,) cell population by cell sorting from the
blood of normal donors for transduction and expansion,
because of the superior ability of T, to persist in vivo after
adoptive transfer. CD8+ T cells were stimulated with anti
CD3/28 beads, transduced with each of the lentiviral vec-
tors, and expanded in culture for 18 days before being used
for in vitro and in vivo experiments. (FIG. 13B) Similar
transduction efficiencies were achieved with each of the
lentiviral vectors (mean 25%) and transgene-positive T cells
were enriched to uniform purity by immunomagnetic selec-
tion using a biotinylated anti-EGFR mAb and streptavidin
beads. Following tEGFR-enrichment, each of the CD19
chimeric receptor T cell lines were expanded by a single
stimulation with CD19+B-LCL, without apparent differ-
ences in in vitro growth kinetics between T cell lines
expressing the various CD 19 chimeric receptor constructs.
After expansion, the tEGFR marker was expressed at
equivalent levels on >90% of the T cells transduced with
each of the vectors (FIG. 13C).

CD19 Chimeric Receptors with Long and Short Extracel-
Iular Spacer Domain Confer Specific Anti-Tumor Reactivity
In Vitro

[0240] We compared the effector function of Tov-derived
T cell lines modified to express CD19 chimeric receptors
with CD28 and 4-1LB costimulatory signaling moieties, and
either a short (‘short/CD28’; ‘short/4-1 BB”) or long (‘long/
CD28’; ‘long/4-11.B’) extracellular spacer domain respec-
tively. T cells expressing each of the 4 CD9 chimeric
receptor constructs conferred specific cytolytic activity
against C19" Raji and JeKo-1 lymphoma cells, and against
K562 cells that had been stably transfected with CD19, but
not native CD19™ K562 cells (FIG. 14A). Quantitative
analyses of cytokine production in response to stimulation
with K562/CD19 or Raji tumor cells by multiplex cytokine
assay (Luminex) showed production of IFN-y, TNF-q,, 1L-2,
1L-4, IL-6, and IL.-10 by T cells expressing each of the CD19
chimeric receptors (FIG. 14). T cells expressing CD19
chimeric receptors with a CD28 costimulatory domain pro-
duced significantly higher levels of IFN-y, TNF-a, IL-2 and
IL-10 compared to the corresponding constructs with a
4-1BB costimulatory domain (FIG. 141B, C). There was
significantly higher IFN-y production and significantly less
1-4 production by T cells expressing the CD 19 ‘long/CD28’
chimeric receptor compared with those expressing the
‘short/CD28’ chimeric receptor. Amongst the CD19 chime-
ric receptors with 4-1BB costimulatory signaling module,
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we detected significantly higher levels of IFN-y, TN-a, IL-2,
1L-4, and I1.-10 secretion in T cells expressing the construct
with the short spacer domain (FIG. 14B, C).

[0241] Weused CFSE dye dilution to analyze proliferation
of T cells modified with each of the CD 19 chimeric
receptors after engagement of CD 19+ tumor cells. Specific
and vigorous proliferation of each of the CD19 chimeric
receptor T cell lines was observed 72 hours following
stimulation with either K562/CD19 or Raji. The average
number of cell divisions was higher for CD19 chimeric
receptor T cells with a CD28 costimulatory domain com-
pared to those with 4-1BB, consistent with greater 1[-2
production by T cells expressing a CD28 containing chime-
ric receptor (FIG. 14B-D). We also analyzed the proportion
of chimeric receptor T cells that underwent activation
induced cell death after stimulation with K562/CD19 and
Raji tumor cells at the end of the 72-hours by containing the
culture with CD3+ and PI. We detected a higher frequency
of CD3* CD8* PI* T cells in the CD 19 chimeric receptor
cell line ‘long/4-1 BB’, but few PI+ cells were observed with
the other CD19 chimeric receptors. (FIG. 14E).

[0242] This analysis of in vitro effector functions was
consistent with prior studies that have compared CD28 and
4-1BB costimulatory domains, and did not reveal differ-
ences in T cell function that would suggest that a particular
CD19 chimeric receptor construct from this panel would
lack anti-tumor efficacy in vivo.

T Cells Expressing CD19 Chimeric Receptors with Short
Extracellular Spacer Domains but not Long Extracellular
Spacer Domains Fradicate Raji Tumors in Immunodeficient
Mouse Models

[0243] We next evaluated the in vivo antitumor efficacy of
T cells modified with each of the CD19 chimeric receptors
in immunodeficient (NOD/SCID) mice engrafted with fire-
fly luciferase transfected Raji cells (Raji-flluc), which
enables sequential quantitative analyses of tumor burden and
distribution using bioluminescence imaging. NOD/SCID
mice inoculated with 0.5x10° Raji-filuc cells via tail vein
injection developed disseminated lymphoma, which if
untreated led to hind limb paralysis after approximately 3.5
weeks, necessitating euthanasia. Tumor bearing mice were
treated with 2 doses of CD8+ T, ,~derived T cells modified
with each of the CD19 chimeric receptors or with a tEGFR
control vector administered on day 2 and day 9 after tumor
inoculation (FIG. 15A).

[0244] Surprisingly, only T cells modified to express
CD19 chimeric receptors with short extracellular spacer
domain (‘short/CD28’ and ‘short/4-1BB”) eradicated Raji
tumors in this model, whereas mice treated with T cells
expressing CD19 chimeric receptors with long spacer
(‘long/CD28’ and ‘long/4-1BB’) developed systemic lym-
phoma and bind limb paralysis with nearly identical kinetics
as untreated mice or mice treated with control tEGFR+ T
cells (FIG. 1513, C). The striking difference in antitumor
activity between CD19 chimeric receptors with short and
long spacer domains was highly significant and reproducible
in multiple experiments with chimeric receptor T cell lines
generated from 3 different normal donors.

[0245] The NOD/SCID lymphoma model may be subop-
timal for predicting anti-tumor activity in a clinical setting
because of the short interval between tumor inoculation and
T cell administration and the greater resistance to engraft-
ment of human cells compared to more immunodeficient
mouse strains such as NOD/SCID/ye™'~ (NSG). Thus, we
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evaluated antitumor activity of adoptive therapy in a more
clinically relevant model in which Raji-filluc lymphoma was
established in NSG mice, and the CD19 chimeric receptor T
cells were administered after 7 days when the tumor was
readily detectable in the bone marrow by bioluminescence
imaging (FIG. 16A). We performed initial dose titration
experiments to determine the minimal dose of T cells
transduced with the CD19 ‘short/4-1BB’ chimeric receptor
that was required for eradication of established Raji tumors.
A single dose of 2.5x10° T cells expressing CD19-chimeric
receptor ‘short/4-1BB’ promoted complete regression of
established Raji tumors and resulted in long-term tumor-free
survival in 100% of mice (FIG. 16B,C). At the 2.5x10° dose
level, the T-cells were easily detected in the peripheral blood
of NSG mice for at least 3 weeks following adoptive transfer
and tumor eradication. Thus, this model enabled compara-
tive studies both of antitumor activity and persistence of T
cells modified with each of the CD19-chimeric receptors in
our panel (FIG. 16D).

[0246] We then treated cohorts of NSG mice that were
engrafted with Raji lymphoma with PBS alone, with a single
dose of 2.5x10° T cells expressing each of the CDI19
chimeric receptors or with T cells modified with a tEGFR
encoding control vector (FIG. 17A). In this model of estab-
lished lymphoma, T cells expressing CD19 chimeric recep-
tors with a short extracellular spacer domain and either
4-1BB or CD28 costimulatory domains (‘short/CD28‘and
‘short/4-1BB’) mediated complete tumor regression over
7-10 days and all mice survived tumor free for >56 days. By
contrast, mice treated with T cells modified to express CD19
chimeric receptors with a long spacer domain (‘long/CD28’
and ‘long/4-1BB’) exhibited tumor progression and had to
be sacrificed at a similar time as mice that had received
control tEGFR T cells (FIG. 17B, C). The lack of in vivo
antitumor activity of the chimeric receptor constructs with
long spacers was unexpected given the ability of T cells
expressing these constructs to lyse tumor cells in vitro, and
the enhanced IL.-2 production and proliferation after engage-
ment of T cells expressing the ‘long/CD28’ CD19 chimeric
receptor compared to the 4-1BB constructs.

[0247] To provide insight into the basis for the lack of
efficacy, we performed sequential flow cytometry on periph-
eral blood samples of mice at intervals after the T cell
infusion. All mice treated with T cells expressing the ‘short/
CD28 and ‘short/4-1BB> CD19 chimeric receptors had
significantly higher levels of transferred T cells in the blood
at all time points after adoptive transfer, compared to mice
treated with T cells that expressed corresponding CD19
chimeric receptors with long extracellular spacer (p<0.01)
(FIG. 17D). We did not observe significant differences in
T-cell persistence in the peripheral blood of mice that had
received T cells expressing CD19 chimeric receptors with
CD28 or 4-1BB co-stimulatory domains and short spacer
domains (FIG. 17D).

The In Vivo Anti-Tumor Efficacy of CD19 Chimeric Recep-
tors with Long Spacers is not Improved by Increasing T Cell
Dose or Providing an Additional Costimulatory Domain
[0248] The lack of in vivo anti-tumor efficacy and the
lower level of persisting chimeric receptor T cells in mice
treated with T cells modified with CD19 chimeric receptors
with long spacer domains suggested that efficacy might be
improved by increasing the chimeric receptor T cell dose or
by including both CD28 and 4-1BB domains into the
chimeric receptor to augment costimulatory signaling To
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evaluate this possibility we modified CD8+ T ,,with ‘long/
CD28’, ‘shortCD28’, and ‘long/CD28_4-1BB* CD19 chi-
meric receptor vectors and confirmed that the long/CD28_
4-1BB' CD19 chimeric receptor conferred specific lysis and
cytokine production in vitro after recognition of CD19+
target cells (FIG. 18A-C).

Consistent with previous studies of CD19 chimeric recep-
tors, the level of cytokine production and proliferation in
vitro in T cells expressing the CD28_4-IBB' CDI9 chimeric
receptor was inferior compared to the identical construct
with CD28 alone, and superior to T cells expressing the
‘long 4-1BB’ CD19 chimeric receptor (FIG. 18B, C).
[0249] Groups of NSG mice with established Raji tumors
were then treated with a high dose of T cells (10x10°) T cells
expressing the ‘long/CD28” CD19 chimeric receptor, the
‘long/CD28_4-1BB’ CD19 chimeric receptor, the ‘short/
CD28’ CD19-chimeric receptor, and tEGFR alone. Tumor
burden was measured by bioluminescence imaging and
serial flow cytometric analyses of peripheral blood samples
performed to determine the frequency of transferred T cells.
Consistent with the results of our prior experiments using
much lower doses of T cells, Raji tumors were completely
eradicated in mice treated with T cells expressing the
‘short/CD28’ CD19-chimeric receptor. However, even with
a 4-fold higher T cell dose, treatment with T cells expressing
the ‘long/CD28’ CD19 chimeric receptor or the ‘long/
CD28_4-1BB’ CD19 chimeric receptor did not provide a
discernible antitumor effect (FIG. 18D,E).

[0250] Thus, increasing the chimeric receptor T cell dose
and adding a 4-1BB costimulatory domain to CD19 chime-
ric receptors failed to overcome the negative impact of the
longer spacer domain on antitumor activity in vivo. Thus, in
this model, anti-tumor reactivity of CD19 chimeric receptors
is dictated to a great extent by the length of the extracellular
spacer domain, and not by the intracellular costimulatory
signaling modules.

T Cells Modified with CD19 Chimeric Receptors that Pos-
sess Long Extracellular Spacers Undergo Activation
Induced Cell Death In Vivo

[0251] We sought to determine potential mechanisms
underlying the inferior in vivo antitumor activity of T cells
that express CD19 chimeric receptors with long spacer
domains. Because lower numbers of transferred T cells
modified to express CD19 chimeric receptors with long
spacer domains were present in the blood, we considered the
possibility that the T cells were not efficiently activated by
tumor cells in vivo or conversely, that they underwent
activation induced T cell death in vivo. Therefore, we
labeled CD19 chimeric receptor modified and corresponding
control T cells with CFSE and administered these T cells to
tumor bearing NSG/Raji mice to examine activation, pro-
liferation and survival of T cells modified with each of the
CD19 chimeric receptor constructs at tumor sites in vivo
(FIG. 19A). At the end of their in vitro expansion and
immediately prior to CFSE labeling and infusion into NSG
mice bearing established Raji tumors, T cells transduced
with each of the CD19 chimeric receptors expressed low
levels of the activation markers CD69 and CD25 (FIG.
19B).

[0252] Bone marrow was obtained from subgroups of
mice 24 and 72 hours after the T cell infusion to examine the
frequency, activation and proliferation of transferred T cells.
At 24 hours, tumor cells (CD45+CD3-) were present in the
bone marrow in all treatment groups and a large fraction of
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chimeric receptor T cells, but not control T cells, had
upregulated CD69 and CD25. There was no measurable
dilution of CFSE in the transferred chimeric receptor T cells.
(FIG. 19C) Both CD69 and CD25 were expressed in a
higher proportion of T cells modified with ‘long spacer’
CD19 chimeric receptors, suggesting these cells may have
received a stronger stimulus compared to T cells with ‘short
spacer’ CD19 chimeric receptors (Figure__C). Despite evi-
dence of T cell activation at 24 hours there were significantly
lower numbers of chimeric receptor T cells in the bone
marrow of mice treated with T cells modified with the CD28
and 4-1BB ‘long spacer’ constructs compared to those modi-
fied with the CD28 and 4-IBB ‘short spacer’ constructs, or
with the control tEGFR vector (FIG. 19C, E).

[0253] At 72 hours after T cell transfer, T cells expressing
the ‘short/CD28’ and ‘short/4-1BB' CD19 chimeric recep-
tors had increased 3 to >10 fold in frequency in the bone
marrow and spleen, and had undergone several cell divisions
(FIG. 19D,E). Control tEGFR+ T cells remained present in
the bone marrow and spleen at 72 hours at a level similar to
that observed at 24 hours, and had not divided as measured
by CFSE dilution. By contrast, the numbers of T cells
expressing the ‘long/CD28’ and ‘long/4-IBB’ CD19 chime-
ric receptors had not increased in the bone marrow and
spleen. (FIG. 19D, E) Consistent with lower cell numbers,
analysis of CFSE staining in viable PI-‘long/CD28’ and
‘long/4-1BB” CD19 chimeric receptor T cells demonstrated
these cells had undergone a much lower number of cell
divisions compared with ‘short/CD28’ and ‘short/4-IBB’
CD19 chimeric receptor T cells. (FIG. 19D) When the flow
data was analyzed to include PI+ T cells, we detected a much
higher frequency of PI+CD3+ T cells in bone marrow and
spleen of mice that received CD19 chimeric receptor T cells
with ‘long spacer’ domains, demonstrating that a significant
proportion of T cells, despite being activated by tumor in
vivo had undergone cell death (FIG. 19F). Consistent with
the bioluminescence imaging, CD45+CD3- Raji tumor cells
were present in greater numbers in the bone marrow of mice
treated with T cells expressing CD19 chimeric receptors
with long spacer domains or expressing tEGFR only com-
pared to mice treated with CD19 chimeric receptors with
short spacer domains (FIG. 19D,E, G).

[0254] Collectively, the data provides evidence that CD19
chimeric receptors with long extracellular spacer domain,
despite mediating equivalent or superior effector function in
vitro and recognizing tumor in vivo, induce a high level of
activation induced cell death in vivo and fail to eradicate
established lymphoma.

DISCUSSION

[0255] Chimeric receptors are artificial receptors that
include an extracellular antigen-binding scFv, a spacer
domain that provides separation of the scFv from the cell
membrane and an intracellular signaling module that medi-
ates T cell activation. Chimeric receptors that contain a scFv
derived from the CD19-specific FMC63 mAb studied here,
have advanced to testing in clinical trials in patients with
B-cell malignancies. Antitumor activity and T cell persis-
tence have varied substantially in different trials. Each of
these clinical trials differed in potentially critical variables,
including different gene transfer vectors, cell culture meth-
odologies, and conditioning regimens prior to CD19 chime-
ric receptor T cell transfer.
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[0256] We examined the possibility that the extracellular
spacer domain of CDI19 chimeric receptors may be an
important determinant of anti-tumor activity in vivo, inde-
pendent of the costimulatory signaling provided by the
chimeric receptor. We derived spacer domains from IgG4-
Fc, which enables high levels of chimeric receptor cell
surface expression and is less likely to provoke recognition
by innate immune cells compared to other IgG isotypes. We
used the 1gG4 ‘Hinge-CH2-CH3’ in the design of the long
(229 AA) spacer constructs and the IgG4 ‘Hinge’ domain in
our short (12 AA) spacer chimeric receptors. To compare the
individual chimeric receptor constructs, we used purified
(>90%) chimeric receptor positive CD8* T, derived T
cells to remove differences in the cellular composition and
transduction frequency as a potential source of bias in the
analysis of in vitro and in vivo function. CD8" T,, have
been shown to have superior traits for adoptive immuno-
therapy, compared with other more prevalent T cell subsets
in blood that persist poorly and are ineffective in tumor
therapy. The CD19 chimeric receptor T cells were generated
using a standardized culture protocol that is similar to that
used to derive chimeric receptor T cells for clinical trials.
Our data show that CD19 chimeric receptors with a short
IgG4 ‘Hinge’ spacer conferred potent anti-tumor reactivity
in vitro and in vivo, whereas corresponding CD19 chimeric
receptors with a long spacer of 1gG4 ‘Hinge-CH2-CH3’,
despite equivalent or superior reactivity in vitro, failed to
confer significant anti-tumor effects in murine lymphoma
models. Surprisingly, the length of the spacer domain proved
to be a decisive element for in vivo antitumor activity, and
the lack of efficacy of the ‘long spacer’ chimeric receptor
could not be overcome by increasing the T cell dose.

[0257] We also observed major differences in cytokine
secretion and proliferation in vitro between T cells express-
ing CD19 chimeric receptors containing CD28 and 4-1BB
costimulatory domains, with CD28 augmenting secretion of
IFN-y, 1L-2, and TNF-o. compared with 4-1BB. CD19
chimeric receptors that possessed a tandem CD28_4-1BB
also produced higher levels of these cytokines compared to
chimeric receptors encoding 4-1BB only. However, our data
shows that these differences in in vitro function were not
predictive of in vivo anti-tumor efficacy, since CD19 chi-
meric receptors with either CD28 or 4-1BB costimulatory
domain and a short spacer were similarly effective at eradi-
cating advanced established Raji tumors in NSG mice. In
contrast, CD19 chimeric receptors with suboptimal spacer
length and CD28, 4-1BB, or both costimulatory domains,
despite conferring similar in vitro function as the identical
chimeric receptor construct with a short spacer domain,
lacked significant anti-tumor activity in vivo, demonstrating
the contribution of spacer length to in vivo function of
chimeric receptor T cells.

[0258] Our studies provide insight into the mechanism
responsible for the lack of in vivo efficacy of CD19 chimeric
receptors with long spacer domains. T cells expressing
CD19 chimeric receptors with both long and short spacer
domains could be detected in the bone marrow and spleen
after adoptive transfer into NSG mice bearing established
Raji lymphoma, and the majority were activated as demon-
strated by upregulation of CD25 and CD69. However, T
cells modified to express a CD19 chimeric receptor with a
long spacer domain exhibited a steep decline in cell number,
in contrast to the marked in vivo expansion of T cells
expressing CD19 chimeric receptors with a short spacer
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domain. The decline in T cell number was a consequence of
much higher levels of cell death in the first 72 hours after
adoptive transfer compared with T cells with short spacer
domains, and control T cells that did not express a CD19
chimeric receptor. Collectively, these data indicate that
recognition of tumor cells in vivo resulted in death of T cells
expressing CD19-chimeric receptors with long spacer
domains. A similar mechanism may explain the short dura-
tion and low levels of T cell persistence in the clinical trials
that employed long spacer CD19-chimeric receptors (14).

[0259] The studies reported here are the first to show that
the spacer domains of CD19 chimeric receptors that lack
intrinsic signaling properties have dramatic effects on in
vivo antitumor activity independent of costimulatory signal-
ing, and identify the importance of analyzing the optimal
composition of this region in the design of chimeric recep-
tors for clinical applications.

[0260] The foregoing is illustrative of the present inven-
tion, and is not to be construed as limiting thereof. The
invention is defined by the following claims, with equiva-
lents of the claims to be included therein. All references and
documents referred to herein are hereby incorporated by
reference.

TABLE 1
Sequence of anti-CD19 short spacer chimeric
receptor
GMCSFRss-CD19scFv-1gG4hinge-CD28tm-41BB-Zeta-
T2A-EGFRt

Atgetgetgetggtgaccagectgetgetgtgegagetgecccaceeegee
tttctgctgatccee (GMCSFRss) (SEQ ID NO: 2)

Gacatccagatgacccagaccacctecagectgagegecagectgggegac
cgggtgaccatcagetgecgggecagecaggacatcagcaagtacetgaac
tggtatcagcagaagcccgacggcacegtcaagetgetgatcetaccacace
agceggcetgeacageggegtgeccageeggtttageggecageggeteegge
accgactacagectgaccatctecaacctggaacaggaagatategecace
tacttttgccagcagggcaacacactgecctacaccifiggeggeggaaca
aagctggaaatcaccggcagcacctecggeageggeaagectggeagegge
gagggcagcaccaagggcgaggtgaagetgcaggaaageggecctggectyg
gtggcccccagecagagectgagegtgacetgcacegtgageggegtgage
ctgccegactacggegtgagetggatceggeagecceccaggaagggectyg
gaatggctgggegtgatcetggggcagegagaccacctactacaacageged
ctgaagagccggetgaccatcatcaaggacaacagcaagagecaggtgtte
ctgaagatgaacagectgecagaccgacgacaccgecatctactactgegece
aagcactactactacggeggcagctacgecatggactactggggecaggge
accagcgtgaccgtgagcage (CD19scFv) (SEQ ID NO: 3)

Gaatctaagtacggaccgccctgecccecttgecct (IgG4hinge)
(SEQ ID NO: 4)

Atgttetgggtgetggtggtggteggaggegtgetggectgetacagecty
ctggtcaccgtggecttcatcatecttttgggtg (CD28tm-) (SEQ ID
NO: 5)

Aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgaga
ccagtacaaactactcaagaggaagatggetgtagetgeegatttecagaa
gaagaagaaggaggatgtgaactg (41BB) (SEQ ID NO: 6)

Cgggtgaagt tcagecagaagegecgacgeccctgectaccagecagggecag
aatcagctgtacaacgagctgaacctgggecagaagggaagagtacgacgte
ctggataagceggagaggecgggaccctgagatgggeggcaagecteggegg
aagaacccccaggaaggectgtataacgaactgecagaaagacaagatggece
gaggcctacagegagat cggcatgaagggegageggaggeggggcaaggyge
cacgacggectgtatcagggectgtecacegecaccaaggatacctacgac
gccctgcacatgcaggccctgeccccaagyg (CD3Zeta) - (SEQ ID
NO: 7)
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TABLE 1-continued

Sequence of anti-CD19 short spacer chimeric
receptor
GMCSFRss-CD19scFv-1gG4hinge-CD28tm-41BB-Zeta-
T2A-EGFRt

Sequence of anti-CD19 short spacer chimeric
receptor
GMCSFRss-CD19scFv-1gG4hinge-CD28tm-41BB-Zeta-
T2A-EGFRt

Ctecgagggeggeggagagggcagaggaagtcttetaacatgeggtgacgtyg
gaggagaatcccggeccctagg (T2A) (SEQ ID NO: 9)

Atgettctectggtgacaagecttetgetetgtgagttaccacacccagea
ttcectectgateccacgcaaagtgtgtaacggaataggtattggtgaattt
aaagactcactctccataaatgctacgaatattaaacacttcaaaaactge
acctccatcagtggegatetecacatectgecggtggeatttaggggtgac
tcctteacacatactectectetggatecacaggaactggatattetgaaa
accgtaaaggaaatcacagggtttttgetgattecaggettggectgaaaac
aggacggacctecatgectttgagaacctagaaatcatacgeggecaggace
aagcaacatggtcagttttetettgeagtegtecagectgaacataacatee
ttgggattacgctecctcaaggagataagtgatggagatgtgataatttea
ggaaacaaaaatttgtgctatgcaaatacaataaactggaaaaaactgttt

gggacctecggtcagaaaaccaaaattataagcaacagaggtgaaaacage
tgcaaggccacaggecaggtetgecatgecttgtgetececegagggetge
tggggcceggageccagggactgegtetettgecggaatgt cageegagge
agggaatgcgtggacaagtgcaaccttetggagggtgagecaagggagttt
gtggagaactctgagtgcatacagtgccacccagagtgectgectcaggee
atgaacatcacctgcacaggacggggaccagacaactgtatcecagtgtgece
cactacattgacggecccccactgegtcaagacctgeceggecaggagteatyg
ggagaaaacaacaccctggtetggaagtacgcagacgecggecatgtgtge
cacctgtgecatecaaactgecacctacggatgecactgggecaggtettgaa
ggctgtccaacgaatgggectaagatcececgtecategecactgggatggty
ggggcectectettgetgetggtggtggeectggggateggectetteaty

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:
AA:

tga (EGFRt) (SEQ ID NO: 9)
TABLE 2
GMCSFRss

ATGCTGCTGCTGGTGACCAGCCTGCTGCTGTGCGAGCTGCCCCACCCCGCC
M L L L Vv T $ L L L ¢ E L P H P A

CD19scFv
TTTCTGCTGATCCCC : GACATCCAGATGACCCAGACCACCTCCAGCCTGAGC
F L L T Pp DI ¢ M T @ T T S S L S

GCCAGCCTGGGCGACCGGGTGACCATCAGCTGCCGGGCCAGCCAGGACATC
A 8 L G DRV T I S CURAS Q D I

AGCAAGTACCTGAACTGGTATCAGCAGAAGCCCGACGGCACCGTCAAGCTG
S K Y L N W Y Q Q K P D GG T V K L

CTGATCTACCACACCAGCCGGCTGCACAGCGGCGTGCCCAGCCGGTTTAGC
L I Y H T S R L H S G V P S R F 8

GGCAGCGGCTCCGGCACCGACTACAGCCTGACCATCTCCAACCTGGAACAG
G § G §$ ¢ T DY 8 L T I S N L E Q

GAAGATATCGCCACCTACTTTTGCCAGCAGGGCAACACACTGCCCTACACC
E D I A T Y F C Q @ G N T L P Y T

TTTGGCGGCGGAACAAAGCTGGAAATCACCGGCAGCACCTCCGGCAGCGGC
F ¢ 6 &6 T K L E I T G S T 8§ G 8 G

AAGCCTGGCAGCGGCGAGGGCAGCACCAAGGGCGAGGTGAAGCTGCAGGAA
K Pp G 8 G E G S T K G E V K L Q E

AGCGGCCCTGGCCTGGTGGCCCCCAGCCAGAGCCTGAGCGTGACCTGCACC
s ¢ P GL V AP S @Q 8§ L S V T C T

GTGAGCGGCGTGAGCCTGCCCGACTACGGCGTGAGCTGGATCCGGCAGCCC
v 8 ¢V s L P DY GV 8 W I R Q P

CCCAGGAAGGGCCTGGAATGGCTGGGCGTGATCTGGGGCAGCGAGACCACC
P R K GL EWUL GV I W GG S E T T

TACTACAACAGCGCCCTGAAGAGCCGGCTGACCATCATCAAGGACAACAGC
Y Y N §S A L K § R L T I I K D N 8

AAGAGCCAGGTGTTCCTGAAGATGAACAGCCTGCAGACCGACGACACCGCC
K §s ¢ v F L K M N §$ L ¢ T D D T A

ATCTACTACTGCGCCAAGCACTACTACTACGGCGGCAGCTACGCCATGGAC
I Y Y ¢ A K HY Y Y G G s Y A M D

IgG4hinge
TACTGGGGCCAGGGCACCAGCGTGACCGTGAGCAGC : GAGAGCAAGTACGGA
Y W ¢ ¢ ¢ T § VvV T V 8 S8 E S K Y G

CD28tm
CCGCCCTGCCCCCCTTGCCCT : ATGTTCTGGGTGCTGGTGGTGGTCGGAGGT
P P C P P C P M F W V L V V V G G
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TABLE 2-continued

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

DNA:

AA:

GTGCTGGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGG
v L A CY s L L VvV T VvV A F I I F W

41BB
GTG : AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATG
v K R G R K K L L Y I F K Q P F M

AGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCA
R PV Q T T Q E E D G C S8 C R F P

CD3Zeta
GAAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAG : TTCAGCAGAAGCGCC
E E E E G G ¢ E L R V K F S R S A

GACGCCCCTGCCTACCAGCAGGGC CAGAATCAGCTGTACAACGAGC TGAAC
D AP AY Q QG QN QUL Y NZETLN

CTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGAC
L G R R EE YDV L D KRR G R D

CCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTAT
P EM G G K P R R KNP Q E G L Y

AACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATG
N E L Q K D KM AUEAY S E I G M

AAGGGCGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTG
K ¢ E R RRG K G HUDGUL Y Q G L

TCCACCGCCACCAAGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCC
s T A T K D T Y D A L H M Q A L P

T2A
CCAAGG: CTCGAGGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGT
P R L E G GGG E GR GG S L L T C G

EGFRt
GACGTGGAGGAGAATCCCGGCCCTAGG : ATGCTTCTCCTGGTGACAAGCCTT
D VvV E EN P G P R M L L L VvV T S L

CTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGATCCCACGCAAAGTG
L L. ¢ EL P HP A F L L I P R K V

TGTAACGGAATAGGTATTGGTGAATTTAAAGACTCACTCTCCATAAATGCT
¢ N G I G I G E F KD S L 8§ I N A

ACGAATATTAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCAC
T N I K HF KN CT S I 8§ G D L H

ATCCTGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTCTG
I L. P V A F R G D S F T HT P P L

GATCCACAGGAACTGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTT
D P Q EL D I L K TV K E I T G F

TTGCTGATTCAGGCTTGGCCTGAAAACAGGACGGACCTCCATGCCTTTGAG
L L I ¢ A W P E N R T D L H A F E

AACCTAGAAATCATACGCGGCAGGACCAAGCAACATGGTCAGTTTTCTCTT
N L E I I R G R T K Q H G Q F S L

GCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGCTCCCTCAAGGAG
A vV VvV §$ L N I T 8 L G L R S8 L K E

ATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTATGCA
I s b DV I I 8 GN KDNIL C Y A

AATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAA
N T I N W K K L F & T 8 G @ K T K

ATTATAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGC
I 1 8 N R G E N S C K A T G Q V C

CATGCCTTGTGCTCCCCCGAGGGCTGCTGGGGCCCGGAGCCCAGGGACTGC
H AL ¢C S P E GG C W G P E P R D C

. 25,2021
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TABLE 2-continued

DNA: GTCTCTTGCCGGAATGTCAGCCGAGGCAGGGAATGCGTGGACAAGTGCAAC
AA: v 8 ¢ R NV § R GRE CV D K CN

DNA: CTTCTGGAGGGTGAGCCAAGGGAGTTTGTGGAGAACTCTGAGTGCATACAG
AA: L L E G E P R E F V EN S E C I Q

DNA: TGCCACCCAGAGTGCCTGCCTCAGGCCATGAACATCACCTGCACAGGACGG
AA: ¢ H P ECVL P QA MNDNTITCT G R

DNA: GGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGGCCCCCACTGC
AA: G P DNCTI Q C A HY I DG P H C

DNA: GTCAAGACCTGCCCGGCAGGAGTCATGGGAGAAAACAACACCCTGGTCTGG
AA: v K T ¢ P A GV M G E NDNTL V W

DNA: AAGTACGCAGACGCCGGCCATGTGTGCCACCTGTGCCATCCAAACTGCACC
AA: K Yy A DA GHV CHUL CHP DN C T

DNA: TACGGATGCACTGGGCCAGGTCTTGAAGGCTGTCCAACGAATGGGCCTAAG
AA: Yy 6 ¢ T G P G L E G C P TN G P K

DNA: ATCCCGTCCATCGCCACTGGGATGGTGGGGGCCCTCCTCTTGCTGCTGGTG
AA: I p s I A T GGMV G AL L L L L V

DNA: GTGGCCCTGGGGATCGGCCTCTTCATGIGA (SEQ ID NO: 10)
AA: v A2 L 6 I GG L F M * (SEQ ID NO: 11)

TABLE 3

ZXR-014 Nucleotide and amino acid sequences (map of sections)

GMCSFRss: nt2084-2149
CD19scFv: nt2150-2884
Igg4Hinge: nt2885-2920
CD28tm: nt2921-3004
41BB: nt3005-3130
Zeta: nt3131-3466
T2A: nt3467-3538
EGFRt: nt3539-4612
Primers for sequencing:

Oligo name Sequence Region

0J02649 ATCAAAAGAATAGACCGAGATAGGGT pre-US(SEQ ID NO: 22)
0J02648 CCGTACCTTTAAGACCAATGACTTAC delU3 (SEQ ID NO: 23)
0J02650 TTGAGAGTTTTCGCCCCG mid-Ampr (SEQ ID NO: 24)
0J02651 AATAGACAGATCGCTGAGATAGGT post-Ampr (SEQ ID NO: 25)
0J02652 CAGGTATCCGGTAAGCGG CoEl ori(SEQ ID NO: 26)
0J02653 CGACCAGCAACCATAGTCC SV40(SEQ ID NO: 27)
0J02654 TAGCGGTTTGACTCACGG CMV (SEQ ID NO: 28)
0J02655 GCAGGGAGCTAGAACGATTC psi(SEQ ID NO: 29)
0J02656 ATTGTCTGGTATAGTGCAGCAG RRE (SEQ ID NO: 30)
0J02657 TCGCAACGGGTTTGCC EF1p(SEQ ID NO: 31)
0J02658 AGGAAGATATCGCCACCTACT CD19Rop (SEQ ID NO: 32)
0J02601 CGGGTGAAGTTCAGCAGAAG Zeta(SEQ ID NO: 33)
0J02735 ACTGTGTTTGCTGACGCAAC WPRE (SEQ ID NO: 34)

0J02715 ATGCTTCTCCTGGTGACAAG EGFRt (SEQ ID NO: 35)
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TABLE 4

Uniprot P0861 IgG4-Fc (SEQ ID NO: 13)

10 20 30 40 50 60
ASTKGPSVFP LAPCSRSTSE STAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLOSS

70 80 90 100 110 120
GLYSLSSVVT VPSSSLGTKT YTCNVDHKPS NTKVDKRVES KYGPPCPSCP APEFLGGPSV

130 140 150 160 170 180
FLFPPKPKDT LMISRTPEVT CVVVDVSQED PEVQFNWYVD GVEVHNAKTK PREEQFNSTY

190 200 210 220 230 240
RVVSVLTVLH QDWLNGKEYK CKVSNKGLPS SIEKTISKAK GQPREPQVYT LPPSQEEMTK

250 260 270 280 290 300
NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS DGSFFLYSRL TVDKSRWQEG

310 320
NVFSCSVMHE ALHNHYTQKS LSLSLGK

1-98 CHL

99-110 Hinge
111-220 CH2
221-327 CH3
Position 108 S—P

TABLE 5

Uniprot P10747 CD28(SEQ ID NO: 14)

10 20 30 40 50 60
MLRLLLALNL FPSIQVTGNK ILVKQSPMLV AYDNAVNLSC KYSYNLFSRE FRASLHKGLD

70 80 90 100 110 120
SAVEVCVVYG NYSQQLQVYS KTGFNCDGKL GNESVTFYLQ NLYVNQTDIY FCKIEVMYPP

130 140 150 160 170 180
PYLDNEKSNG TIIHVKGKHL CPSPLFPGPS KPFWVLVVVG GVLACYSLLV TVAFIIFWVR

190 200 210 220
SKRSRLLHSD YMNMTPRRPG PTRKHYQPYA PPRDFAAYRS

1-18 signal peptide

19-152 extracellular domain
153-179 transmembrane domain
180-220 intracellular domain
Position 186-187 LL—>GG

TABLE 6

Uniprot Q07011 4-1BB(SEQ ID NO: 15)

10 20 30 40 50 60
MGNSCYNIVA TLLLVLNFER TRSLODPCSN CPAGTFCDNN RNQICSPCPP NSFSSAGGOR

70 80 20 100 110 120
TCDICRQCKG VFRTRKECSS TSNAECDCTP GFHCLGAGCS MCEQDCKQGEQ ELTKKGCKDC

130 140 150 160 170 180
CFGTFNDQKR GICRPWTNCS LDGKSVLVNG TKERDVVCGP SPADLSPGAS SVTPPAPARE

190 200 210 220 230 240
PGHSPQIISF FLALTSTALL FLLFFLTLRF SVVKRGRKKL LYIFKQPFMR PVQTTQEEDG

250
CSCRFPEEEE GGCEL

1-23 signal peptide

24-186 extracellular domain
187-213 transmembrane domain
214-255 intracellular domain
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TABLE 7

Uniprot P20963 human CD3( isoform 3 (SEQ ID NO: 16)

10 20 30 40 50 60
MKWKALFTAA ILQAQLPITE AQSFGLLDPK LCYLLDGILF IYGVILTALF LRVKFSRSAD

70 80 90 100 110 120
APAYQQGQONQ LYNELNLGRR EEYDVLDKRR GRDPEMGGKP QRRKNPQEGL YNELQKDKMA

130 140 150 160
EAYSEIGMKG ERRRGKGHDG LYQGLSTATK DTYDALHMOA LPPR

1-21 signal peptide

22-30 extracellular

31-51 transmembrane

52-164 intracellular domain
61-89 ITAl41l

100-128 ITAM2

131-159 ITALl43

TABLE 8 TABLE 8-continued
Exemplary Hinge region Sequences Exemplary Hinge region Sequences
Human IgGl EPKSCDKTHTCPPCP Modified Human IgG4 ESKYGPPCPPCP
(SEQ ID NO: 17) (SEQ ID NO: 21
Human IgG2 ERKCCVECPPCP Modified Human IgG4 YGPPCPPCP

(SEQ ID NO: 18) (SEQ ID NO: 51

Human IgG3 ELKTPLGDTHTCPRCP
(EPKSCDTPPPCPRCP) 4
(SEQ ID NO: 19

Modified Human IgG4 KYGPPCPPCP
(SEQ ID NO: 52)

Human IgG4 ESKYGPPCPSCP Modified Human IgG4 EVVKYGPPCPPCP
(SEQ ID NO:20) (SEQ ID NO: 53)

TABLE 9

R12 long spacer CAR: PJ _R12-CH2—CH3-41BB-Z-T2A-tEGFR (SEQ ID NO: 37)
GTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGC
CTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCC
GAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGG
CTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAARAA
TTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGT CAGTATTAAGCGG
GGGAGAATTAGATCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATAT
AAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGG
CCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTC
AGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTG
CATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGC
AAAACAAAAGTAAGAAAAAAGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCA
GGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCA
TATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCA
GAAGTGATACCCATGTTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACAC
CATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCA
ATGAGGAAGCTGCAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGA
ATAGGAGCTTTGTTCCTTGGGT TCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTC
AATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACA
ATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCA
AGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTG
GGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGATCTACAAA
TGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGG
GAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAR
TTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGGGAT
CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGAGGATCTGCG
ATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTG
GGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG
AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAA
GTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTGA
AGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATC
CACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCG
CCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGA
GCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGT
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TABLE 9-continued

CTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCGCCTACG
TJGAATTCCTCGAGGCCACHETAC TECTGC TEGTGACAAGCCTACTGCTATGCGA

GCTGCCCCACCCCGCCTTTCTGCTGATCCCCCAGGAACAGCTCGTCGAAAGCGGCGGCA
GACTGGTGACACCTGGCGGCAGCCTGACCCTGAGCTGCAAGGCCAGCGGCTTCGACTTC
AGCGCCTACTACATGAGCTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAATGGATCGC
CACCATCTACCCCAGCAGCGGCAAGACCTACTACGCCACCTGGGTGAACGGACGGTTCA
CCATCTCCAGCGACAACGCCCAGAACACCGTGGACCTGCAGATGAACAGCCTGACAGCC
GCCGACCGGGCCACCTACTTTTGCGCCAGAGACAGCTACGCCGACGACGGCGCCCTGTT
CAACATCTGGGGCCCTGGCACCCTGGTGACAATCTCTAGCGGCGGAGGCGGATCTGGTG
GCGGAGGAAGTGGCGGCGGAGGATCTGAGCTGGTGCTGACCCAGAGCCCCTCTGTGTCT
GCTGCCCTGGGAAGCCCTGCCAAGATCACCTGTACCCTGAGCAGCGCCCACAAGACCGA
CACCATCGACTGGTATCAGCAGCTGCAGGGCGAGGCCCCCAGATACCTGATGCAGGTGC
AGAGCGACGGCAGCTACACCAAGAGGCCAGGCGTGCCCGACCGGTTCAGCGGATCTAGC
TCTGGCGCCGACCGCTACCTGATCATCCCCAGCGTGCAGGCCGATGACGAGGCCGATTA
CTACTGTGGCGCCGACTACATCGGCGGCTACGTGTTCGGCGGAGGCACCCAGCTGACCG
TGACCGGCGAGTCTAAG

IgG4 spacer
TA| CGGACCHCCCTGCCCCCCTTGCCCT

CH2
GCCCCCGAGTTCCTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACC
CTGATGATCAGCCGGACCCCCGAGGTGACCTGCGTGGTGGTGGACGTGAGCCAGGAAGA
TCCCGAGGTCCAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCA
AGCCCAGAGAGGAACAGTTCAACAGCACCTACCGGGTGGTGTCTGTGCTGACCGTGCTG
CACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAACAAGGGCCTGC
CCAGCAGCATCGAAAAGACCATCAGCAAGGCCAAG

CH3
GGCCAGCCTCGCGAGCCCCAGGTGTACACCCTGCCTCCCTCCCAGGAAGAGATGACCAA
GAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGG
AGTGGGAGAGCAACGGCCAGCCTGAGAACAACTACAAGACCACCCCTCCCGTGCTGGAC
AGCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGA
AGGCAACGTCTTTAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGA
AGAGCCTGAGCCTGTCCCTGGGCAAG

4-1BB
ATGTTCTGGGTGCTGGTGGTGGTGGGCGGGGTGCTGGCCTGCTACAGCCTGCTGGTGACA
GTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACT CAAGAGGAAGATGGCTGTAGCTGCCGATT
TCCAGAAGAAGAAGAAGGAGGATGTGAACTG

CD3 zeta
CGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCT
GTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGA
GGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGT
ATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCA
AGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGG

T2A
ETCEAGEGECGECGEAGAGEGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGA

ATCCCGGCCCTAGG

tEGFR
ATGCTTCTCCTGGTGACAAGCCTTCTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGA
TCCCACGCAAAGTGTGTAACGGAATAGGTATTGGTGAATTTAAAGACTCACTCTCCATAA
ATGCTACGAATATTAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCACATCC

TGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTCTGGATCHACAGGAAC

TGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTTTTGCTGATTCAGGCTTGGCCTG
AAAACAGGACGGACCTCCATGCCTTTGAGAACCTAGAAATCATACGCGGCAGGACCAAG
CAACATGGTCAGTTTTCTCTTGCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGC
TCCCTCAAGGAGATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTA
TGCAAATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAAATTA
TAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGCCATGCCTTGTGC
TCCCCCGAGGGCTGCTGGGGCCCGGAGCCCAGGGACTGCGTCTCTTGCCGGAATGTCAG
CCGAGGCAGGGAATGCGTGGACAAGTGCAACCTTCTGGAGGGTGAGCCAAGGGAGTTTG
TGGAGAACTCTGAGTGCATACAGTGCCACCCAGAGTGCCTGCCTCAGGCCATGAACATC
ACCTGCACAGGACGGGGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGGCCC
CCACTGCGTCAAGACCTGCCCGGCAGGAGT CATGGGAGAAAACAACACCCTGGTCTGGA
AGTACGCAGACGCCGGCCATGTGTGCCACCTGTGCCATCCARAACTGCACCTACGGATGC
ACTGGGCCAGGTCTTGAAGGCTGTCCAACGAATGGGCCTAAGATCCCGTCCATCGCCAC
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TGGGATGGTGGGGGCCCTCCTCTTGCTGCTGGTGGTGGCCCTGGGGATCGGCCTCTTCAT
GTGAGCGGCCGATCTAGACCCGGGCTGCAGGAATTCGATATCAAGCTTATCGATAATCA

ACCTCTGGATTACAARATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTT
ACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTT
TCATTTTCTCCTCCTTGTATARATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGT
TGTCAGGCAACGTGGCGTGGTGTGCACTGTGT TTGCTGACGCAACCCCCACTGGTTGGGE
CATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACG
GCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACT
GACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTT TCCTTGGCTGCTCGCCTGTGTTG
CCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGE
ACCTTCCTTCCCGCEGCCTGCTGCCEGCTCTGCEGCCTCTTCCGCGTCTTCGCCTTCGCCC
TCAGACGAGTCGGATCTCCCTTTGGGCCGCCT CCCCGCATCGATACCGTCGACTAGCCGT
ACCTTTAAGACCAATGACT TACAAGGCAGCTGTAGATCTTAGCCACTTT TTAAAAGAARA
GGGGGGACTGGAAGGGC TAATTCACTCCCARAGAAGACAAGATCTGCTTTTTGCCTGTA
CTGGGTCTCTCTGGTTAGACCAGATCTGAGCC TGGGAGCT CTC TGGCTARCTAGGGAACC
CACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGT
TGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAARATCTCTA
GCAGAATTCGATATCAAGCTTATCGATACCGTCGANCTCCAGEGGGGGCCCGGTACCCA

ATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACT
GGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCT
GGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAAT
GGCGAATGGAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTARA
TCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAAT
AGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAAC
GTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGA
ACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCC
TAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAG
GAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGC
TGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGC
ACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATA
TGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAG
AGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTC
CTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGT
GCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCG
CCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATT
ATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATG
ACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGA
GAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACA
ACGATCGGAGGACCGAAGGAGCTAACCGCTTYTTTGCACAACATGGGGGATCATGTAAC
TCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA
CCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTT
ACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACC
ACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGA
GCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGT
AGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTG
AGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATAC
TTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGA
TAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGT
AGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA
AACAAAAAMACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTC
TTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGT
AGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC
TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACT
CAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACA
CAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATG
AGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAG
TCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTG
GCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACC
GCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGT
GAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGA
TTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAAC
GCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCG
GCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGA
CCATGATTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCC

ACCGCGGTGGCGGACTCGAGGTCGAGATCCGGTCGACCAGCAACCATAGTCCCGCCCCT

AACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTG
ACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAA
GTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTCGACGGTATCGATT
GGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAA
TCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGAC

GTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGT CAATGGGTGGAGTATTT
ACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTAT

Feb. 25, 2021
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TGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGG
ACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTT
TTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCA
CCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAARATG
TCGTAACAACTCCGCCCCATTGACGCAARATGGGCGGTAGGCGTGTACGGAATTCGGAGT
GGCGAGCCCTCAGATCCTGCATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTG

TABLE 10

Leader _R12-Hinge-CH2—CH3-CD28tm/41BB-Z-T2A-tEGFR (SEQ ID NO: 38)
Leader: MLLLVTSLLLCELPHPAFLLIP

R12 scFv
QEQLVESGGRLVTPGGSLTLSCKASGFDFSAYYMSWVRQAPGKGLEWIATIYPSSGKTYYAT
WVNGRFTISSDNAQNTVDLOMNSLTAADRATYFCARDSYADDGALFNIWGPGTLVTISSGG
GGSGGGGSGGGGSELVLTQSPSVSAALGSPAKITCTLSSAHKTDT IDWYQQLOGEAPRYLMQ
VQSDGSYTKRPGVPDRFSGSSSGADRYLIIPSVQADDEADYYCGADY IGGYVFGGGTQLTVT
G

Hinge Spacer: ESKYGPPCPPCP

CH2
APEFLGGPSVFLFPPKPKDTLMISRTPEVIQVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPR

EEQFNSTYRVVSVLTVLHODWLNGKEYKJKVSNKGLPSSIEKTI SKAK

CH3
GQPREPQVYTLPPSQEEMTKNQVSLIGLVKGFYPSD IAVEWESNGQPENNYKTTPPVLDSDG

SFFLYSRLTVDKSRWQEGNVFSJSVMHEALHNHY TQKSLSLSLGK
CD28: MFWVLVVVGGVLACYSLLVTVAFIIFWV
4-1BB: KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

CD3 zeta
RVKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

T2A
LEGGGEGRGSLLTCGDVEENPGPR

tEGFR
MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLSINATNIKHFKNCTSISGDLHILPVAFR
GDSFTHTPPLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFENLEIIRGRTKQHGQFSLAVV
SLNITSLGLRSLKEISDGDVIISGNKNLCYANTINWKKLEFGTSGQKTKI ISNRGENSCKATGQV
CHALCSPEGCWGPEPRDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPQAM
NITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVMGENNTLVWKYADAGHVCHLCHPNCTYG
CTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFM

TABLE 11

R12 intermediate spacer CAR: PJ R12-CH3-41BB-Z-T2A-tEGFR (SEQ ID NO: 39)
GTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGC
CTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCC
GAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGG
CTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAA
TTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGG
GGGAGAATTAGATCGATGGGAAAAAATTCGGT TAAGGCCAGGGGGAAAGAAAARATAT
AAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGG
CCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTC
AGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTG
CATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGC
AAAACAAAAGTAAGAAAAANGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCA
GGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCA
TATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCA
GAAGTGATACCCATGTTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACAC
CATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCA
ATGAGGAAGCTGCAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGA
ATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTC
AATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACA
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ATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCA
AGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTG
GGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGATCTACAAA
TGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGAT TGGGGGGTACAGTGCAGGG
GAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAR
TTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGGGAT
CAATTGCATGAAGAATCTGCTTAGGGT TAGGCGTTTTGCGCTGCTTCGCGAGGATCTGCG
ATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTG
GGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG
AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAA
GTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTGA
AGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATC
CACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCG
CCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGA
GCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGT
CTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCGCCTACG

ECTAGGAATTCCTCGAGGCC

R12 ScFv
AC CTGCTGCTGGTGACAAGC CTGCTGCTGTGCGAGCTGCCCCACCCCGCCTTTCTG

CTGATCCCCCAGGAACAGCTCGTCGAAAGCGGCGGCAGACTGGTGACACCTGGCGGCAG
CCTGACCCTGAGCTGCAAGGCCAGCGGCTTCGACTTCAGCGCCTACTACATGAGCTGGGT
CCGCCAGGCCCCTGGCAAGGGACTGGAATGGATCGCCACCATCTACCCCAGCAGCGGCA
AGACCTACTACGCCACCTGGGTGAACGGACGGTTCACCATCTCCAGCGACAACGCCCAG
AACACCGTGGACCTGCAGATGAACAGCCTGACAGCCGCCGACCGGGCCACCTACTTTTG
CGCCAGAGACAGCTACGCCGACGACGGCGCCCTGTTCAACATCTGGGGCCCTGGCACCC
TGGTGACAATCTCTAGCGGCGGAGGCGGAT CTGGTGGCGGAGGAAGTGGCGGCGGAGG
ATCTGAGCTGGTGCTGACCCAGAGCCCCTCTGTGTCTGCTGCCCTGGGAAGCCCTGCCAA
GATCACCTGTACCCTGAGCAGCGCCCACAAGACCGACACCATCGACTGGTATCAGCAGC
TGCAGGGCGAGGCCCCCAGATACCTGATGCAGGTGCAGAGCGACGGCAGCTACACCAA
GAGGCCAGGCGTGCCCGACCGGTTCAGCGGATCTAGCTCTGGCGCCGACCGCTACCTGA
TCATCCCCAGCGTGCAGGCCGATGACGAGGCCGATTACTACTGTGGCGCCGACTACATC
GGCGGCTACGTGTTCGGCGGAGGCACCCAGCTGACCGTGACCGGCGAGTCTAAG

Hinge Spacer

TACGGACCHCCCTGCCCCCCTTGCCCT

CH3
GGCCAGCCTCGCGAGCCCCAGGTGTACACCCTGCCTCCCTCCCAGGAAGAGATGACCAA
GAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGG
AGTGGGAGAGCAACGGCCAGCCTGAGAACAACTACAAGACCACCCCTCCCGTGCTGGAC
AGCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGA
AGGCAACGTCTTTAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGA
AGAGCCTGAGCCTGTCCCTGGGCAAG

4-1BB
ATGTTCTGGGTGCTGGTGGTGGTGGGCGGGGTGCTGGCCTGCTACAGCCTGCTGGTGACA
GTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACT CAAGAGGAAGATGGCTGTAGCTGCCGATT
TCCAGAAGAAGAAGAAGGAGGATGTGAACTG

CD3zeta
CGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCT
GTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGA
GGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGT
ATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCA
AGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGG

T2A
ETCGEGGGCGGCGGAGAGGGCAGAGGAAGT CTTCTAACATGCGGTGACGTGGAGGAGA

ATCCCGGCCCTAGG

tEGFR
ATGCTTCTCCTGGTGACAAGCCTTCTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGA
TCCCACGCAAAGTGTGTAACGGAATAGGTATTGGTGAATTTAAAGACTCACTCTCCATAA
ATGCTACGAATATTAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCACATCC
TGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTC ACAGGAAC

TGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTTTTGCTGATTCAGGCTTGGCCTG
AAAACAGGACGGACCTCCATGCCTTTGAGAACCTAGAAATCATACGCGGCAGGACCAAG
CAACATGGTCAGTTTTCTCTTGCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGC
TCCCTCAAGGAGATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTA
TGCAAATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAAATTA
TAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGCCATGCCTTGTGC
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TCCCCCGAGGGCTGCTGGGGCCCGGAGCCCAGGGACTGCGTCTCTTGCCGGAATGTCAG
CCGAGGCAGGGAATGCGTGGACAAGTGCAACCTTCTGGAGGGTGAGCCAAGGGAGTTTG
TGGAGAACTCTGAGTGCATACAGTGCCACCCAGAGTGCCTGCCTCAGGCCATGAACATC
ACCTGCACAGGACGGGGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGGCCC
CCACTGCGTCAAGACCTGCCCGGCAGGAGT CATGGGAGAAAACAACACCCTGGTCTGGA
AGTACGCAGACGCCGGCCATGTGTGCCACCTGTGCCATCCARAACTGCACCTACGGATGC
ACTGGGCCAGGTCTTGAAGGCTGTCCAACGAATGGGCCTAAGATCCCGTCCATCGCCAC
TGGGATGGTGGGGGCCCTCCTCTTGCTGCTGGTGGTGGCCCTGGGGATCGGCCTCTTCAT
GTGA

CGGCCGATCTAGACCCGGGCTGCAGGAATTCGATATCAAGCTTATCGATAATCAACCT

CTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGC
TATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT
TTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTC
AGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATT
GCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGG
AACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACA
ATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCAC
CTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCT
TCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAG
ACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACTAGCCGTACCT
TTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGG
GGGACTGGAAGGGCTAATTCACTCCCAAAGAAGACAAGATCTGCTTTTTGCCTGTACTG
GGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCAC
TGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGT
GTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCA

GAATTCGATATCAAGCTTATCGATACCGTCGACTCGAGGGGGGGCCCGGTACCCAATT

CGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGG
AAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGC
GTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGC
GAATGGAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGT TAAATCA
GCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAG
ACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGT
GGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAAC
CATCACCCTAATCAAGTTTTTTGGGGT CGAGGTGCCGTAAAGCACTAAATCGGAACCCTA
AAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGA
AGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTG
CGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCAC
TTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATG
TATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAG
TATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTG
TTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCA
CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC
GAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCC
CGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTT
GGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAAT
TATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGA
TCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGC
CTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCAC
GATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCT
AGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTC
TGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTG
GGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTA
TCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATA
GGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATC
TCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAA
AGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAA
AAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGAT CAAGAGCTACCAACTCTTTTTC
CGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGT
AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGAC
GATAGTTACCGGATAAGGCGCAGCGGT CGGGCTGAACGGGGGGTTCGTGCACACAGCCC
AGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAG
CGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGA
ACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGT
CGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGT CAGGGGGGCGGAG
CCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTT
TGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTT
GAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCG
AGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCAT
TAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAAT
TAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGT
ATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGA
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TTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCCACCGCG
GTGGCGGACTCGAGGTCGAGATCCGGTCGACCAGCAACCATAGTCCCGCCCCTAACTCC

GCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAAT
TTTTTTTATT TATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTG
AGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTCGACGGTATCGATTGGCTCA
TGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATT
ACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAAT
GGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAA
ACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC
AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCT
ACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAG
TACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATT
GACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAAC
AACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGAATTCGGAGTGGCGAGC

CCTCAGATCCTGCATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTG

TABLE 12

Leader_RlZ—Hinge—CH3—CD28tm/4lBB—Z—T2A—tEGFR (SEQ ID NO: 40)
Leader
MLLLVTSLLLCELPHPAFLLIP

R12 scFV
QEQLVESGGRLVTPGGSLTLSCKASGFDFSAYYMSWVRQAPGKGLEWIATIYPSSGKTYYAT
WVNGRFTISSDNAQNTVDLOMNSLTAADRATYFCARDSYADDGALFNIWGPGTLVTISSGG
GGSGGGGSGGGGSELVLTQSPSVSAALGSPAKITCTLSSAHKTDT IDWYQQLOGEAPRYLMQ
VQSDGSYTKRPGVPDRFSGSSSGADRYLIIPSVQADDEADYYCGADY IGGYVFGGGTQLTVT
G

Hinge Spacer
ESKYGPPCPPCP

CH3
GQPREPQVYTLPPSQEEMTKNQVSLﬂ@LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG

SFFLYSRLTVDKSRWQEGNVF#QSVMHEALHNHYTQKSLSLSLGK

CD28tm
MFWVLVVVGGVLACYSLLVTVAFIIFWV

4-1BB
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

CD3 zeta
RVKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

T2A
LEGGGEGRGSLLTCGDVEENPGPR

tEGFR
MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLSINATNIKHFKNCTSISGDLHILPVAFR
GDSFTHTPPLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFENLEIIRGRTKQHGQFSLAVV
SLNITSLGLRSLKEISDGDVIISGNKNLCYANTINWKKLEFGTSGQKTKI ISNRGENSCKATGQV
CHALCSPEGCWGPEPRDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPQAM
NITCTGRGPDNCIQCAHVIDGPHCVKTCPAGVMGENNTLVWKYADAGHVCHLCHPNCTYG
CTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFM

TABLE 13

R12 short spacer CAR: PJ R12-Hinge-41BB-Z-T2A-tEGFR (SEQ ID NO: 41)
GTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGC
CTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCC
GAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGG
CTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAA
TTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGG
GGGAGAATTAGATCGATGGGAAAAAATTCGGT TAAGGCCAGGGGGAAAGAAAARATAT
AAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGG
CCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTC
AGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTG
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CATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGC
AAAACAAAAGTAAGAAAAANGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCA
GGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCA
TATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCA
GAAGTGATACCCATGTTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACAC
CATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCA
ATGAGGAAGCTGCAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGA
ATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTC
AATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACA
ATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCA
AGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTG
GGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGATCTACAAA
TGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGAT TGGGGGGTACAGTGCAGGG
GAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAR
TTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGGGAT
CAATTGCATGAAGAATCTGCTTAGGGT TAGGCGTTTTGCGCTGCTTCGCGAGGATCTGCG
ATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTG
GGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG
AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAA
GTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTGA
AGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATC
CACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCG
CCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGA
GCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGT
CTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCGCCTACG

[eemacr]

AC4E:§CTGCTGCTGGTGACAAGCCTGCTGCTGTGCGAGCTGCCCCACCCCGCCTTTCTG

CTGATCCCCCAGGAACAGCTCGTCGAAAGCGGCGGCAGACTGGTGACACCTGGCGGCAG
CCTGACCCTGAGCTGCAAGGCCAGCGGCTTCGACTTCAGCGCCTACTACATGAGCTGGGT
CCGCCAGGCCCCTGGCAAGGGACTGGAATGGATCGCCACCATCTACCCCAGCAGCGGCA
AGACCTACTACGCCACCTGGGTGAACGGACGGTTCACCATCTCCAGCGACAACGCCCAG
AACACCGTGGACCTGCAGATGAACAGCCTGACAGCCGCCGACCGGGCCACCTACTTTTG
CGCCAGAGACAGCTACGCCGACGACGGCGCCCTGTTCAACATCTGGGGCCCTGGCACCC
TGGTGACAATCTCTAGCGGCGGAGGCGGAT CTGGTGGCGGAGGAAGTGGCGGCGGAGG
ATCTGAGCTGGTGCTGACCCAGAGCCCCTCTGTGTCTGCTGCCCTGGGAAGCCCTGCCAA
GATCACCTGTACCCTGAGCAGCGCCCACAAGACCGACACCATCGACTGGTATCAGCAGC
TGCAGGGCGAGGCCCCCAGATACCTGATGCAGGTGCAGAGCGACGGCAGCTACACCAA
GAGGCCAGGCGTGCCCGACCGGTTCAGCGGATCTAGCTCTGGCGCCGACCGCTACCTGA
TCATCCCCAGCGTGCAGGCCGATGACGAGGCCGATTACTACTGTGGCGCCGACTACATC
GGCGGCTACGTGTTCGGCGGAGGCACCCAGCTGACCGTGACCGGCGAGTCTAAG

Hinge/Spacer

TACGGACCGCCCTGCCCCCCTTGCCCT

4-1BB
ATGTTCTGGGTGCTGGTGGTGGTGGGCGGGGTGCTGGCCTGCTACAGCCTGCTGGTGACA
GTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACT CAAGAGGAAGATGGCTGTAGCTGCCGATT
TCCAGAAGAAGAAGAAGGAGGATGTGAACTG

CD3 zeta
CGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCT
GTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGA
GGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGT
ATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCA
AGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGG

T2A
CTCGAJGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGA
ATCCCGGCCCTAGG

tEGFR
ATGCTTCTCCTGGTGACAAGCCTTCTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGA
TCCCACGCAAAGTGTGTAACGGAATAGGTATTGGTGAATTTAAAGACTCACTCTCCATAA
ATGCTACGAATATTAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCACATCC

TGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTCTGGATCUACAGGAAC
TGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTTTTGCTGATTCAGGCTTGGCCTG

AAAACAGGACGGACCTCCATGCCTTTGAGAACCTAGAAATCATACGCGGCAGGACCAAG
CAACATGGTCAGTTTTCTCTTGCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGC

. 25,2021
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TCCCTCAAGGAGATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTA
TGCAAATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAAATTA
TAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGCCATGCCTTGTGC
TCCCCCGAGGGCTGCTGGGGCCCGGAGCCCAGGGACTGCGTCTCTTGCCGGAATGTCAG
CCGAGGCAGGGAATGCGTGGACAAGTGCAACCTTCTGGAGGGTGAGCCAAGGGAGTTTG
TGGAGAACTCTGAGTGCATACAGTGCCACCCAGAGTGCCTGCCTCAGGCCATGAACATC
ACCTGCACAGGACGGGGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGGCCC
CCACTGCGTCAAGACCTGCCCGGCAGGAGT CATGGGAGAAAACAACACCCTGGTCTGGA
AGTACGCAGACGCCGGCCATGTGTGCCACCTGTGCCATCCARAACTGCACCTACGGATGC
ACTGGGCCAGGTCTTGAAGGCTGTCCAACGAATGGGCCTAAGATCCCGTCCATCGCCAC
TGGGATGGTGGGGGCCCTCCTCTTGCTGCTGGTGGTGGCCCTGGGGATCGGCCTCTTCAT
GTGA

GCGGCCGUTCTAGACCCGGGCTGCAGGAATTCGATATCAAGCTTATCGATAATCAACCT

CTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGC
TATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT
TTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTC
AGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATT
GCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGG
AACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACA
ATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCAC
CTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCT
TCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAG
ACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACTAGCCGTACCT
TTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGG
GGGACTGGAAGGGCTAATTCACTCCCAAAGAAGACAAGATCTGCTTTTTGCCTGTACTG
GGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCAC
TGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGT
GTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCA

GAATTCGATATCAAGCTTATCGATACCGTCGA(QCTCGAFEGGGGGCCCGGTACCCAATT

CGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGG
AAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGC
GTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGC
GAATGGAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGT TAAATCA
GCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAG
ACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGT
GGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAAC
CATCACCCTAATCAAGTTTTTTGGGGT CGAGGTGCCGTAAAGCACTAAATCGGAACCCTA
AAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGA
AGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTG
CGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCAC
TTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATG
TATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAG
TATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTG
TTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCA
CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC
GAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCC
CGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTT
GGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAAT
TATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGA
TCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGC
CTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCAC
GATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCT
AGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTC
TGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTG
GGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTA
TCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATA
GGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATC
TCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAA
AGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAA
AAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGAT CAAGAGCTACCAACTCTTTTTC
CGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGT
AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGAC
GATAGTTACCGGATAAGGCGCAGCGGT CGGGCTGAACGGGGGGTTCGTGCACACAGCCC
AGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAG
CGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGA
ACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGT
CGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGT CAGGGGGGCGGAG
CCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTT
TGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTT
GAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCG
AGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCAT
TAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAAT
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TAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGT
ATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGA
TTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCCACCGCG

GTGGCGGUCTCGAGGTCGAGATCCGGTCGACCAGCAACCATAGTCCCGCCCCTAACTCC

GCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAAT
TTTTTTTATT TATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTG
AGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTCGACGGTATCGATTGGCTCA
TGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATT
ACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAAT
GGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAA
ACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC
AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCT
ACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAG
TACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATT
GACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAAC
AACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGAATTCGGAGTGGCGAGC
CCTCAGATCCTGCATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTG

TABLE 14

TABLE 14-continued

Leader R12-CD28tm/41BB-Z-T2A-tEGFR (SEQ ID NO: 42)

Leader R12-CD28tm/41BB-Z-T2A-tEGFR (SEQ ID NO: 42)

Leader
MLLLVTSLLLCELPHPAFLLIP

scFv R12
QEQLVESGGRLVTPGGSLTLSCKASGFDFSAYYMSWVRQAPGKGLEWIATI
YPSSGKTYYATWVNGRFTISSDNAQNTVDLOMNSLTAADRATYFCARDSYA
DDGALFNIWGPGTLVTISSGGGGSGGGGSGGGGSELVLTQSPSVSAALGSP
AKITCTLSSAHKTDTIDWYQQLQGEAPRYLMQOVQSDGSYTKRPGVPDRFESG
SSSGADRYLIIPSVQADDEADYYCGADYIGGYVFGGGTQLTVTG

Hinge/spacer
ESKYGPPCPPCP

CD28tm
MFWVLVVVGGVLACYSLLVTVAFIIFWV

4-1BB

CD3zeta
RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRR
KNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

T2A
LEGGGEGRGSLLTCGDVEENPGPR

tEGFR

MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLSINATNIKHFKNC
TSISGDLHILPVAFRGDSFTHTPPLDPQELDILKTVKEI TGFLLIQAWPEN
RTDLHAFENLEIIRGRTKQHGQFSLAVVSLNITSLGLRSLKEISDGDVIIS
GNKNLCYANT INWKKLFGTSGQKTKI ISNRGENSCKATGQVCHALCSPEGC
WGPEPRDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPQA
MNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVMGENNTLVWKYADAGHVC
HLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFM

KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

TABLE 15

R11 long spacer CAR: PJ R11-CH2-CH3-41BB-Z-T2A-tEGFR (SEQ ID NO:

GTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGE
CTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCC
GAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGG
CTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAA
TTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGG
GGGAGAATTAGATCGATGGGAAAAAATTCGGT TAAGGCCAGGGGGAAAGAAAAAATAT
AAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGG
CCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTC
AGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTG
CATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGC
AAAACAAAAGTAAGAAAAANGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCA
GGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCA
TATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCA
GAAGTGATACCCATGTTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACAC
CATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCA
ATGAGGAAGCTGCAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGA
ATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTC
AATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACA
ATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCA
AGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTG
GGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGATCTACAAA
TGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGG
GAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAR
TTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGGGAT
CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGAGGATCTGCG
ATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTG
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GGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG
AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAA
GTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTGA
AGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATC
CACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCG
CCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGA
GCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGT
CTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCGCCTACG

scFv R12
GAATTCGCCAC(@CTGCTGCTGGTGACAAGCCTGCTGCTGTGCGAGCTGCCCCACCCC

GCCTTTCTGCTGATCCCCCAGAGCGTGAAAGAGTCCGAGGGCGACCTGGTCACACCAGT
CGGCAACCTGACCCTGACCTGTACCGCCAGCGGCAGCGACATCAACGACTACCCCATCT
CTTGGGTCCGCCAGGCTCCTGGCAAGGGACTGGAATGGATCGGCTTCATCAACAGCGGC
GGCAGCACTTGGTACGCCAGCTGGGTCAAAGGCCGGTTCACCATCAGCCGGACCAGCAC
CACCGTGGACCTGAAGATGACAAGCCTGACCACCGACGACACCGCCACCTACTTTTGCG
CCAGAGGCTACAGCACCTACTACGGCGACTTCAACATCTGGGGCCCTGGCACCCTGGTC
ACAATCTCTAGCGGCGGAGGCGGCAGCGGAGGTGGAGGAAGTGGCGGCGGAGGATCCG
AGCTGGTCATGACCCAGACCCCCAGCAGCACATCTGGCGCCGTGGGCGGCACCGTGACC
ATCAATTGCCAGGCCAGCCAGAGCATCGACAGCAACCTGGCCTGGTTCCAGCAGAAGCC
CGGCCAGCCCCCCACCCTGCTGATCTACAGAGCCTCCAACCTGGCCAGCGGCGTGCCAA
GCAGATTCAGCGGCAGCAGATCTGGCACCGAGTACACCCTGACCATCTCCGGCGTGCAG
AGAGAGGACGCCGCTACCTATTACTGCCTGGGCGGCGTGGGCAACGTGTCCTACAGAAC
CAGCTTCGGCGGAGGTACTGAGGTGGTCGTCAAA

Hinge/Spacer

TAICGGACCGCCCTGCCCCCCTTGCCCT

CH2
GCCCCCGAGTTCCTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACC
CTGATGATCAGCCGGACCCCCGAGGTGACCTGCGTGGTGGTGGACGTGAGCCAGGAAGA
TCCCGAGGTCCAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCA
AGCCCAGAGAGGAACAGTTCAACAGCACCTACCGGGTGGTGTCTGTGCTGACCGTGCTG
CACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAACAAGGGCCTGC
CCAGCAGCATCGAAAAGACCATCAGCAAGGCCAAG

CH3
GGCCAGCCTCGCGAGCCCCAGGTGTACACCCTGCCTCCCTCCCAGGAAGAGATGACCAA
GAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGG
AGTGGGAGAGCAACGGCCAGCCTGAGAACAACTACAAGACCACCCCTCCCGTGCTGGAC
AGCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGA
AGGCAACGTCTTTAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGA
AGAGCCTGAGCCTGTCCCTGGGCAAG

4-1BB
ATGTTCTGGGTGCTGGTGGTGGTGGGCGGGGTGCTGGCCTGCTACAGCCTGCTGGTGACA
GTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACT CAAGAGGAAGATGGCTGTAGCTGCCGATT
TCCAGAAGAAGAAGAAGGAGGATGTGAACTG

CD3zeta
CGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCT
GTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGA
GGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGT
ATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCA
AGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGG

T2A
CTCGAJGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGA

ATCCCGGCCCTAGG

tEGFR
ATGCTTCTCCTGGTGACAAGCCTTCTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGA
TCCCACGCAAAGTGTGTAACGGAATAGGTATTGGTGAATTTAAAGACTCACTCTCCATAA
ATGCTACGAATATTAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCACATCC

TGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTCTIGGATCCRCAGGAAC

TGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTTTTGCTGATTCAGGCTTGGCCTG
AAAACAGGACGGACCTCCATGCCTTTGAGAACCTAGAAATCATACGCGGCAGGACCAAG
CAACATGGTCAGTTTTCTCTTGCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGC
TCCCTCAAGGAGATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTA
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TGCAAATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAAATTA
TAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGCCATGCCTTGTGC
TCCCCCGAGGGCTGCTGGGGCCCGGAGCCCAGGGACTGCGTCTCTTGCCGGAATGTCAG
CCGAGGCAGGGAATGCGTGGACAAGTGCAACCTTCTGGAGGGTGAGCCAAGGGAGTTTG
TGGAGAACTCTGAGTGCATACAGTGCCACCCAGAGTGCCTGCCTCAGGCCATGAACATC
ACCTGCACAGGACGGGGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGGCCC
CCACTGCGTCAAGACCTGCCCGGCAGGAGT CATGGGAGAAAACAACACCCTGGTCTGGA
AGTACGCAGACGCCGGCCATGTGTGCCACCTGTGCCATCCARAACTGCACCTACGGATGC
ACTGGGCCAGGTCTTGAAGGCTGTCCAACGAATGGGCCTAAGATCCCGTCCATCGCCAC
TGGGATGGTGGGGGCCCTCCTCTTGCTGCTGGTGGTGGCCCTGGGGATCGGCCTCTTCAT
GTGA

GCGGCCGUTCTAGACCCGGGCTGCAGGAATTCGATATCAAGCTTATCGATAATCAACCT

CTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGC
TATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT
TTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTC
AGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATT
GCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGG
AACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACA
ATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCAC
CTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCT
TCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAG
ACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACTAGCCGTACCT
TTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGG
GGGACTGGAAGGGCTAATTCACTCCCAAAGAAGACAAGATCTGCTTTTTGCCTGTACTG
GGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCAC
TGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGT
GTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCA

GAATTCGATATCAAGCTTATCGATACCGTCGAQCTCGAGGGGGGGCCCGGTACCCAATT

CGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGG
AAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGC
GTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGC
GAATGGAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGT TAAATCA
GCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAG
ACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGT
GGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAAC
CATCACCCTAATCAAGTTTTTTGGGGT CGAGGTGCCGTAAAGCACTAAATCGGAACCCTA
AAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGA
AGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTG
CGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCAC
TTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATG
TATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAG
TATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTG
TTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCA
CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC
GAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCC
CGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTT
GGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAAT
TATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGA
TCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGC
CTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCAC
GATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCT
AGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTC
TGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTG
GGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTA
TCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATA
GGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATC
TCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAA
AGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAA
AAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGAT CAAGAGCTACCAACTCTTTTTC
CGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGT
AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGAC
GATAGTTACCGGATAAGGCGCAGCGGT CGGGCTGAACGGGGGGTTCGTGCACACAGCCC
AGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAG
CGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGA
ACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGT
CGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGT CAGGGGGGCGGAG
CCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTT
TGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTT
GAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCG
AGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCAT
TAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAAT
TAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGT
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ATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGA
TTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCCACCGCG

GTGGCGGUCTCGAGGTCGAGATCCGGTCGACCAGCAACCATAGTCCCGCCCCTAACTCC

GCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAAT
TTTTTTTATT TATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTG
AGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTCGACGGTATCGATTGGCTCA
TGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATT
ACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAAT
GGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAA
ACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC
AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCT
ACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAG
TACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATT
GACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAAC
AACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGAATTCGGAGTGGCGAGC

CCTCAGATCCTGCATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTG

TABLE 16

Leader R11-Hinge-CH2-CH3-CD28tm/41BB-Z-T2A-tEGFR (SEQ ID NO: 44)
Leader: MLLLVTSLLLCELPHPAFLLIP

R11 scFv
QSVKESEGDLVTPAGNLTLTCTASGSDINDYPISWVRQAPGKGLEWIGFINSGGSTWYASWV
KGRFTISRTSTTVDLKMTSLTTDDTATYFCARGYSTYYGDFNIWGPGTLVTISSGGGGSGGG
GSGGGGSELVMTQTPSSTSGAVGGTVTINCQASQSIDSNLAWFQOKPGOPPTLLIYRASNLAS
GVPSRFSGSRSGTEYTLTISGVQREDAATYYCLGGVGNVSYRTSFGGGTEVVVK

Hinge/Spacer: ESKYGPPCPPCP

CH2
APEFLGGPSVFLFPPKPKDTLMI SRTPEVWDVSQEDPEVQFNWYVDGVEVHINAKTKPR

EEQFNSTYRVVSVLTVLHQDWLNGKEYﬁgKVSNKGLPSSIEKTISKAK

CH3
GQPREPQVYTLPPSQEEMTKNQVS LVKGFYPSD IAVEWESNGQPENNYKTTPPVLDSDG

SFFLYSRLTVDKSRWQEGNVFSEFVMHEALHNHYTQKSLSLSLGK

CD28tm: MFWVLVVVGGVLACYSLLVTVAFIIFWV
4-1BB: KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

CD3zeta
RVKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

T2A: LEGGGEGRGSLLTCGDVEENPGPR

tEGFR
MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLSINATNIKHFKNCTSISGDLHILPVAFR
GDSFTHTPPLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFENLEIIRGRTKQHGQFSLAVV
SLNITSLGLRSLKEISDGDVIISGNKNLCYANTINWKKLEFGTSGQKTKI ISNRGENSCKATGQV
CHALCSPEGCWGPEPRDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPQAM
NITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVMGENNTLVWKYADAGHVCHLCHPNCTYG
CTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFM

TABLE 17

R11l intermediate spacer CAR: PJ R11-CH3-41BB-Z-T2A-tEGFR (SEQ ID NO: 45)
GTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGC
CTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCC
GAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGG
CTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAA
TTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGG
GGGAGAATTAGATCGATGGGAAAAAATTCGGT TAAGGCCAGGGGGAAAGAAAARATAT
AAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGG
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CCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTC
AGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTG
CATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGC
AAAACAAAAGTAAGAAAAANGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCA
GGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCA
TATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCA
GAAGTGATACCCATGTTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACAC
CATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCA
ATGAGGAAGCTGCAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGA
ATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTC
AATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACA
ATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCA
AGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTG
GGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGATCTACAAA
TGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGAT TGGGGGGTACAGTGCAGGG
GAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAR
TTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGGGAT
CAATTGCATGAAGAATCTGCTTAGGGT TAGGCGTTTTGCGCTGCTTCGCGAGGATCTGCG
ATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTG
GGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG
AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAA
GTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTGA
AGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATC
CACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCG
CCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGA
GCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGT
CTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCGCCTACG

R11 scFV
GAATTCGCCAC 0 TGCTGCTGGTGACAAGCCTGCTGCTGTGCGAGCTGCCCCACCCC

GCCTTTCTGCTGATCCCCCAGAGCGTGAAAGAGTCCGAGGGCGACCTGGTCACACCAGT
CGGCAACCTGACCCTGACCTGTACCGCCAGCGGCAGCGACATCAACGACTACCCCATCT
CTTGGGTCCGCCAGGCTCCTGGCAAGGGACTGGAATGGATCGGCTTCATCAACAGCGGC
GGCAGCACTTGGTACGCCAGCTGGGTCAAAGGCCGGTTCACCATCAGCCGGACCAGCAC
CACCGTGGACCTGAAGATGACAAGCCTGACCACCGACGACACCGCCACCTACTTTTGCG
CCAGAGGCTACAGCACCTACTACGGCGACTTCAACATCTGGGGCCCTGGCACCCTGGTC
ACAATCTCTAGCGGCGGAGGCGGCAGCGGAGGTGGAGGAAGTGGCGGCGGAGGATCCG
AGCTGGTCATGACCCAGACCCCCAGCAGCACATCTGGCGCCGTGGGCGGCACCGTGACC
ATCAATTGCCAGGCCAGCCAGAGCATCGACAGCAACCTGGCCTGGTTCCAGCAGAAGCC
CGGCCAGCCCCCCACCCTGCTGATCTACAGAGCCTCCAACCTGGCCAGCGGCGTGCCAA
GCAGATTCAGCGGCAGCAGATCTGGCACCGAGTACACCCTGACCATCTCCGGCGTGCAG
AGAGAGGACGCCGCTACCTATTACTGCCTGGGCGGCGTGGGCAACGTGTCCTACAGAAC
CAGCTTCGGCGGAGGTACTGAGGTGGTCGTCAAA

Hinge/Spacer

TAGGACCGCCCTGCCCCCCTTGCCCT

CH2
GCCCCCGAGTTCCTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACC
CTGATGATCAGCCGGACCCCCGAGGTGACCTGCGTGGTGGTGGACGTGAGCCAGGAAGA
TCCCGAGGTCCAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCA
AGCCCAGAGAGGAACAGTTCAACAGCACCTACCGGGTGGTGTCTGTGCTGACCGTGCTG
CACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAACAAGGGCCTGC
CCAGCAGCATCGAAAAGACCATCAGCAAGGCCAAG

CH3
GGCCAGCCTCGCGAGCCCCAGGTGTACACCCTGCCTCCCTCCCAGGAAGAGATGACCAA
GAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGG
AGTGGGAGAGCAACGGCCAGCCTGAGAACAACTACAAGACCACCCCTCCCGTGCTGGAC
AGCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGA
AGGCAACGTCTTTAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGA
AGAGCCTGAGCCTGTCCCTGGGCAAG

4-1BB
ATGTTCTGGGTGCTGGTGGTGGTGGGCGGGGTGCTGGCCTGCTACAGCCTGCTGGTGACA
GTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACT CAAGAGGAAGATGGCTGTAGCTGCCGATT
TCCAGAAGAAGAAGAAGGAGGATGTGAACTG

CD3zeta
CGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCT
GTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGA
GGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGT
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ATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCA
AGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGG

T2A
CTCGAJGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGA

ATCCCGGCCCTAGG

tEGFR
ATGCTTCTCCTGGTGACAAGCCTTCTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGA
TCCCACGCAAAGTGTGTAACGGAATAGGTATTGGTGAATTTAAAGACTCACTCTCCATAA
ATGCTACGAATATTAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCACATCC

TGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTCTIGGATCUACAGGAAC

TGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTTTTGCTGATTCAGGCTTGGCCTG
AAAACAGGACGGACCTCCATGCCTTTGAGAACCTAGAAATCATACGCGGCAGGACCAAG
CAACATGGTCAGTTTTCTCTTGCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGC
TCCCTCAAGGAGATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTA
TGCAAATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAAATTA
TAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGCCATGCCTTGTGC
TCCCCCGAGGGCTGCTGGGGCCCGGAGCCCAGGGACTGCGTCTCTTGCCGGAATGTCAG
CCGAGGCAGGGAATGCGTGGACAAGTGCAACCTTCTGGAGGGTGAGCCAAGGGAGTTTG
TGGAGAACTCTGAGTGCATACAGTGCCACCCAGAGTGCCTGCCTCAGGCCATGAACATC
ACCTGCACAGGACGGGGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGGCCC
CCACTGCGTCAAGACCTGCCCGGCAGGAGT CATGGGAGAAAACAACACCCTGGTCTGGA
AGTACGCAGACGCCGGCCATGTGTGCCACCTGTGCCATCCARAACTGCACCTACGGATGC
ACTGGGCCAGGTCTTGAAGGCTGTCCAACGAATGGGCCTAAGATCCCGTCCATCGCCAC
TGGGATGGTGGGGGCCCTCCTCTTGCTGCTGGTGGTGGCCCTGGGGATCGGCCTCTTCAT

GTGAGCGGCCGCICTAGACCCGGGCTGCAGGAATTCGATATCAAGCTTATCGATAATCA

ACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTT
ACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTT
TCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGT
TGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGG
CATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACG
GCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACT
GACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTG
CCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGG
ACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCC
TCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACTAGCCGT
ACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAA
GGGGGGACTGGAAGGGCTAATTCACTCCCAAAGAAGACAAGATCTGCTTTTTGCCTGTA
CTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACC
CACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGT
TGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTA

GCAGAATTCGATATCAAGCTTATCGATACCGTCGAQCTCGAGGGGGGGCCCGGTACCCA

ATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACT
GGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCT
GGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAAT
GGCGAATGGAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTARA
TCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAAT
AGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAAC
GTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGA
ACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCC
TAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAG
GAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGC
TGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGC
ACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATA
TGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAG
AGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTC
CTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGT
GCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCG
CCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATT
ATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATG
ACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGA
GAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACA
ACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAAC
TCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA
CCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTT
ACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACC
ACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGA
GCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGT
AGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTG
AGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATAC
TTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGA
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TAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGT
AGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA
AACAAAAAMACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTC
TTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGT
AGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC
TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACT
CAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACA
CAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATG
AGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAG
TCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTG
GCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACC
GCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGT
GAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGA
TTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAAC
GCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCG
GCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGA
CCATGATTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCC

ACCGCGGTGGCGGUCTCGAGGTCGAGATCCGGTCGACCAGCAACCATAGTCCCGCCCCT

AACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTG
ACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAA
GTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTCGACGGTATCGATT
GGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAA
TCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGAC
GTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGT CAATGGGTGGAGTATTT
ACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTAT
TGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGG
ACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTT
TTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCA
CCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAARATG
TCGTAACAACTCCGCCCCATTGACGCAARATGGGCGGTAGGCGTGTACGGAATTCGGAGT
GGCGAGCCCTCAGATCCTGCATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTG

TABLE 18

Leader R11-Hinge-CH3-CD28tm/41BB-Z-T2A-tEGFR (SEQ ID NO:46)
Leader: MLLLVTSLLLCELPHPAFLLIP

SCcFV R11
QSVKESEGDLVTPAGNLTLTCTASGSDINDYPISWVRQAPGKGLEWIGFINSGGSTWYASWV
KGRFTISRTSTTVDLKMTSLTTDDTATYFCARGYSTYYGDFNIWGPGTLVTISSGGGGSGGG
GSGGGGSELVMTQTPSSTSGAVGGTVTINCQASQSIDSNLAWFQOKPGOPPTLLIYRASNLAS
GVPSRFSGSRSGTEYTLTISGVQREDAATYYCLGGVGNVSYRTSFGGGTEVVVK

Hinge/Spacer: ESKYGPPCPPCP

CH3
GQPREPQVYTLPPSQEEMTKNQVS LVKGFYPSD IAVEWESNGQPENNYKTTPPVLDSDG

SFFLYSRLTVDKSRWQEGNVF#QSVMHEALHNHYTQKSLSLSLGK

CD28tm: MFWVLVVVGGVLACYSLLVTVAFIIFWV
4-1BB: KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

CD3zeta
RVKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

T2A: LEGGGEGRGSLLTCGDVEENPGPRM

tEGFR
LLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLSINATNIKHFKNCTSISGDLHILPVAFRG
DSFTHTPPLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFENLEI IRGRTKQHGQFSLAVVS
LNITSLGLRSLKEISDGDVIISGNKNLCYANTINWKKLFGTSGQKTKIISNRGENSCKATGQVC
HALCSPEGCWGPEPRDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPQAMN
ITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVMGENNTLVWKYADAGHVCHLCHPNCTYGC
TGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFM
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R11 short spacer CAR: PJ R11-41BB-Z-T2A-tEGFR(SEQ ID NO: 47
GTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGC
CTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCC
GAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGG
CTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAA
TTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGG
GGGAGAATTAGATCGATGGGAAAAAATTCGGT TAAGGCCAGGGGGAAAGAAAARATAT
AAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGG
CCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTC
AGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTG
CATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGC
AAAACAAAAGTAAGAAAAANGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCA
GGTCAGCCAAAATTACCCTATAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCA
TATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCA
GAAGTGATACCCATGTTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACAC
CATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCA
ATGAGGAAGCTGCAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGA
ATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTC
AATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACA
ATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCA
AGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTG
GGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGATCTACAAA
TGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGAT TGGGGGGTACAGTGCAGGG
GAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAR
TTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGGGAT
CAATTGCATGAAGAATCTGCTTAGGGT TAGGCGTTTTGCGCTGCTTCGCGAGGATCTGCG
ATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTG
GGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG
AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAA
GTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTGA
AGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATC
CACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCG
CCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGA

GCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGT

CTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCGCCTACG

scFV R11
GAATTCGCCAC(@CTGCTHCTGGTGACAAGCCTGCTGCTGTGCGAGCTGCCCCACCCC

GCCTTTCTGCTGATCCCCCAGAGCGTGAAAGAGTCCGAGGGCGACCTGGTCACACCAGT
CGGCAACCTGACCCTGACCTGTACCGCCAGCGGCAGCGACATCAACGACTACCCCATCT
CTTGGGTCCGCCAGGCTCCTGGCAAGGGACTGGAATGGATCGGCTTCATCAACAGCGGC
GGCAGCACTTGGTACGCCAGCTGGGTCAAAGGCCGGTTCACCATCAGCCGGACCAGCAC
CACCGTGGACCTGAAGATGACAAGCCTGACCACCGACGACACCGCCACCTACTTTTGCG
CCAGAGGCTACAGCACCTACTACGGCGACTTCAACATCTGGGGCCCTGGCACCCTGGTC
ACAATCTCTAGCGGCGGAGGCGGCAGCGGAGGTGGAGGAAGTGGCGGCGGAGGATCCG
AGCTGGTCATGACCCAGACCCCCAGCAGCACATCTGGCGCCGTGGGCGGCACCGTGACC
ATCAATTGCCAGGCCAGCCAGAGCATCGACAGCAACCTGGCCTGGTTCCAGCAGAAGCC
CGGCCAGCCCCCCACCCTGCTGATCTACAGAGCCTCCAACCTGGCCAGCGGCGTGCCAA
GCAGATTCAGCGGCAGCAGATCTGGCACCGAGTACACCCTGACCATCTCCGGCGTGCAG
AGAGAGGACGCCGCTACCTATTACTGCCTGGGCGGCGTGGGCAACGTGTCCTACAGAAC
CAGCTTCGGCGGAGGTACTGAGGTGGTCGTCAAA

Hinge/spacer

TAICGGACCECCCTGCCCCCCTTGCCCT

CH3
GGCCAGCCTCGCGAGCCCCAGGTGTACACCCTGCCTCCCTCCCAGGAAGAGATGACCAA
GAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGG
AGTGGGAGAGCAACGGCCAGCCTGAGAACAACTACAAGACCACCCCTCCCGTGCTGGAC
AGCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGA
AGGCAACGTCTTTAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGA
AGAGCCTGAGCCTGTCCCTGGGCAAG

4-1BB
ATGTTCTGGGTGCTGGTGGTGGTGGGCGGGGTGCTGGCCTGCTACAGCCTGCTGGTGACA
GTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACT CAAGAGGAAGATGGCTGTAGCTGCCGATT
TCCAGAAGAAGAAGAAGGAGGATGTGAACTG

CD3zeta
CGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCT
GTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGA
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TABLE 19-continued

GGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGT
ATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCA
AGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGG

T2A
CTCGAJGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGA

ATCCCGGCCCTAGG

tEGFR
ATGCTTCTCCTGGTGACAAGCCTTCTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGA
TCCCACGCAAAGTGTGTAACGGAATAGGTATTGGTGAATTTAAAGACTCACTCTCCATAA
ATGCTACGAATATTAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCACATCC

TGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTCTGGATCCRCAGGAAC

TGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTTTTGCTGATTCAGGCTTGGCCTG
AAAACAGGACGGACCTCCATGCCTTTGAGAACCTAGAAATCATACGCGGCAGGACCAAG
CAACATGGTCAGTTTTCTCTTGCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGC
TCCCTCAAGGAGATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTA
TGCAAATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAAATTA
TAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGCCATGCCTTGTGC
TCCCCCGAGGGCTGCTGGGGCCCGGAGCCCAGGGACTGCGTCTCTTGCCGGAATGTCAG
CCGAGGCAGGGAATGCGTGGACAAGTGCAACCTTCTGGAGGGTGAGCCAAGGGAGTTTG
TGGAGAACTCTGAGTGCATACAGTGCCACCCAGAGTGCCTGCCTCAGGCCATGAACATC
ACCTGCACAGGACGGGGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGGCCC
CCACTGCGTCAAGACCTGCCCGGCAGGAGT CATGGGAGAAAACAACACCCTGGTCTGGA
AGTACGCAGACGCCGGCCATGTGTGCCACCTGTGCCATCCARAACTGCACCTACGGATGC
ACTGGGCCAGGTCTTGAAGGCTGTCCAACGAATGGGCCTAAGATCCCGTCCATCGCCAC
TGGGATGGTGGGGGCCCTCCTCTTGCTGCTGGTGGTGGCCCTGGGGATCGGCCTCTTCAT

GTGAGCGGCCGCICTAGACCCGGGCTGCAGGAATTCGATATCAAGCTTATCGATAATCA

ACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTT
ACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTT
TCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGT
TGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGG
CATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACG
GCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACT
GACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTG
CCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGG
ACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCC
TCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACTAGCCGT
ACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAA
GGGGGGACTGGAAGGGCTAATTCACTCCCAAAGAAGACAAGATCTGCTTTTTGCCTGTA
CTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACC
CACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGT
TGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTA

GCAGAATTCGATATCAAGCTTATCGATACCGTCGAQCTCGAGGGGGGGCCCGGTACCCA

ATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACT
GGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCT
GGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAAT
GGCGAATGGAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTARA
TCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAAT
AGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAAC
GTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGA
ACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCC
TAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAG
GAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGC
TGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGC
ACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATA
TGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAG
AGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTC
CTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGT
GCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCG
CCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATT
ATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATG
ACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGA
GAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACA
ACGATCGGAGGACCGAAGGAGCTAACCGCTTYTTTGCACAACATGGGGGATCATGTAAC
TCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA
CCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTT
ACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACC
ACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGA
GCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGT
AGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTG
AGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATAC

Feb. 25, 2021



US 2021/0052649 Al Feb. 25, 2021
53

TABLE 19-continued

TTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGA
TAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGT
AGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA
AACAAAAAMACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTC
TTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGT
AGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC
TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACT
CAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACA
CAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATG
AGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAG
TCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTG
GCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACC
GCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGT
GAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGA
TTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAAC
GCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCG
GCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGA
CCATGATTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCC

ACCGCGGTGGCGECTCGAGGTCGAGATCCGGTCGACCAGCAACCATAGTCCCGCCCCT

AACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTG
ACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAA
GTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTCGACGGTATCGATT
GGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAA
TCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGAC
GTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGT CAATGGGTGGAGTATTT
ACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTAT
TGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGG
ACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTT
TTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCA
CCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAARATG
TCGTAACAACTCCGCCCCATTGACGCAARATGGGCGGTAGGCGTGTACGGAATTCGGAGT
GGCGAGCCCTCAGATCCTGCATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTG

TABLE 20 TABLE 20-continued
Leader R11-Hinge- CD28tm/41BB-Z-T2A-tEGFR Leader_R11-Hinge- CD28tm/41BB-Z-T2A-tEGFR
(SEQ ID NO: 48) (SEQ ID NO: 48
Leader: MLLLVTSLLLCELPHPAFLLIP CD3zeta

RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRR
KNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

ScFv R11

QSVKESEGDLVTPAGNLTLTCTASGSDINDYPISWVRQAPGKGLEWIGFIN
SGGSTWYASWVKGRFTISRTSTTVDLKMTSLTTDDTATYFCARGYSTYYGD
FNIWGPGTLVTISSGGGGSGGGGSGGGGSELVMTQTPSSTSGAVGGTVTIN

T2A: LEGGGEGRGSLLTCGDVEENPGPR

CQASQSIDSNLAWFQQKPGQPPTLLIYRASNLASGVPSRFSGSRSGTEYTL CEGFR
TISGVQREDAATYYCLGGVGNVSYRTSFGGGTEVVVK MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLS INATNI KHFKNC
TSISGDLHILPVAFRGDSFTHTPPLDPQELDILKTVKEI TGFLLIQAWPEN
Spacer/Hinge: ESKYGPPCPPCP RTDLHAFENLEIIRGRTKQHGQFSLAVVSLNITSLGLRSLKEISDGDVIIS
GNKNLCYANT INWKKLFGT SGQKTKI I SNRGENS CKATGQVCHALCSPEGC
CD28tm: MFWVLVVVGGVLACYSLLVTVAFIIFWV WGPEPRDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPQA
MNITCTGRGPDNCIQCAHYIDGPHCVKT CPAGVMGENNTLVWKYADAGHVC
4-1BB: KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL HLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFM

TABLE 21

Intermediate Spacer (SEQ ID NO: 49)
Hinge/spacer: ESKYGPPCPPCP

CH3
GQPREPQVYTLPPSQEEMTKNQVSLﬂ@LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG

SFFLYSRLTVDKSRWQEGNVF#QSVMHEALHNHYTQKSLSLSLGK

Long spacer (SEQ ID NO: 50
Hinge: ESKYGPPCPPCP
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CH2

APEFLGGPSVFLFPPKPKDTLMISRTPEV#@VVVDVSQEDPEVQFNWYVDGVEVHNAKTKPR

EEQFNS TYRVVSVLTVLHQDWLNGKEYVSNKGLPS SIEKTISKAK

CH3

GQPREPQVYTLPPSQEEMTKNQVSLﬂgLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG

SFFLYSRLTVDKSRWQEGNVFSEFVMHEALHNHYTQKSLSLSLGK

TABLE 22

TABLE 22-continued

Her 2 Construct-Short Spacer (SEQ ID NO: 54)
GMCSFss-Her2scFv-IgG4hinge-CD28tm-41BB-Zeta-
T2A-EGFRt

Leader
Atgcttctectggtgacaagecttcetgectetgtgagttaccacacccagcea
ttectectgatecca

Her2scFV
gatatccagatgacccagtccccegagetcectgteegectetgtgggegat
agggtcaccatcacctgcecgtgecagtcaggatgtgaatactgetgtagece
tggtatcaacagaaaccaggaaaagctccgaaactactgatttactceggea
tecttectctactetggagteccttetegettetetggttccagatetggy
acggatttcactctgaccatcagcagtctgcageccggaagacttegcaact
tattactgtcagcaacattatactactccteccacgtteggacagggtace
aaggtggagatcaaaggcagtactagoggceggtggctecgggggeggatcee
ggtgggggcggcagcagcgaggttecagetggtggagtetggeggtggectg
gtgcagccagggggctcactcecegtngtectgtgecagenctggettcaacat
taaagacacctatatacactgggtgcgtcaggccecgggtaagggectgga
atgggttgcaaggatttatcctacgaatggttatactagatatgccgatag
cgtcaagggccgtncactataagcgcagacacatccaaaaacacagectac
ctgcagatgaacagcctgcgtgetgaggacactgecgtctattattgttet
agatggggaggggacggottctatgctatggactactggggtcaaggaacce
ctggtcaccgtctegagt

Hinge spacer
Gagagcaagtacggaccgcectgecccecttgeact

CD28tm
atgttetgggtgetggtggtggt cggaggegtgetggectgetacagectyg
ctggtcaccgtggectteatcatettttgggty

4-1BB
Aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgaga
ccagtacaaactactcaagaggaagatggetgtagetgecgatttecagaa
gaagaagaaggaggatgtgaactyg

CD3 zeta
Cgggtgaagttcagcagaagcgecgacgeccctgectaccagcagggecag
aatcagctgtacaacgagctgaacctgggcagaagggaagagtacgacgte
ctggataagoggagaggccgggaccctgagatgggeggcaagectcggaegyg
aagaacccccaggaaggcectgtataacgaactgcagaaagacaagatggec
gaggcctacagcgagat cggcatgaagggcgagoggaggoggggcaaggge
cacgacggcctgtatcagggectgtccacegecaccaaggatacctacgac
gccctgecacatgcaggecctgeccccaagg

T2A

Ctecgagggeggeggagagggcagaggaagtcttetaacatgeggtgacgtyg
gaggagaatcceggecctagyg

tEGFR

atgcttectectggtgacaagecttetgetetgtgagttaccacacecagea
ttcectectgateccacgcaaagtgtgtaacggaataggtattggtgaattt
aaagactcactctccataaatgctacgaatattaaacacttcaaaaactge
acctccatcagtggegatetecacatectgecggtggeatttaggggtgac
tcctteacacatactectectetggatecacaggaactggatattetgaaa
accgtaaaggaaatcacagggtttttgetgattecaggettggectgaaaac
aggacggacctecatgectttgagaacctagaaatcatacgeggecaggace
aagcaacatggtcagttttetettgeagtegtecagectgaacataacatee
ttgggattacgctecctcaaggagataagtgatggagatgtgataatttea
ggaaacaaaaatttgtgctatgcaaatacaataaactggaaaaaactgttt

Her 2 Construct-Short Spacer (SEQ ID NO: 54)
GMCSFss-Her2scFv-IgG4hinge-CD28tm-41BB-Zeta-
T2A-EGFRt

gggacctecggtcagaaaaccaaaattataagcaacagaggtgaaaacage
tgcaaggccacaggecaggtetgecatgecttgtgetececegagggetge
tggggcceggageccagggactgegtetettgecggaatgt cageegagge
agggaatgcgtggacaagtgcaaccttetggagggtgagecaagggagttt
gtggagaactctgagtgcatacagtgccacccagagtgectgectcaggee
atgaacatcacctgcacaggacggggaccagacaactgtatcecagtgtgece
cactacattgacggecccccactgegtcaagacctgeceggecaggagteatyg
ggagaaaacaacaccctggtetggaagtacgcagacgecggecatgtgtge
cacctgtgecatecaaactgecacctacggatgecactgggecaggtettgaa
ggctgtccaacgaatgggectaagatcececgtecategecactgggatggty
ggggcectectettgetgetggtggtggeectggggateggectetteaty
tga

TABLE 23

Her 2 construct-intermediate spacer (SEQ ID NO: 55)

Leader
Atgcttctectggtgacaagecttcetgetetgtgagttaccacaceca

Her2scFv
Geattcctectgatceccagatatccagatgacccagteccecgageteectyg
tcecgectetgtgggegatagggtcaccatcacctgecegtgecagtcaggat
gtgaatactgctgtagcctggtatcaacagaaaccaggaaaagctccgaaa
ctactgatttactecggcatccttectctactetggagtcecttetegette
tctggttceccagatctgggacggatttcactetgaccatcagecagtetgeag
ccggaagacttcgcaacttattactgtcagcaacattatactactectece
acgttcggacagggtaccaaggtggagatcaaaggcagtactageggeggt
ggctecgggggceggatcecggtgggggeggcageagegaggtteagetggtyg
gagtctggeggtggectggtgcagecagggggetcacteegtagtectgty
cagcttctggcttcaacattaaagacacctatatacactgggtgegtcagyg
ccecegggtaagggectggaatgggttgcaaggatttatectacgaatggtt
atactagatatgccgatagcgtcaagggccgtacactataagegcagacac
atccaaaaacacagcctacctgecagatgaacagectgegtgetgaggacac
tgccegtctattattgttcetagatggggaggggacggettetatgetatgga
ctactggggtcaaggaaccctggtcacegtctegagt

Hinge spacer

GagagcaagtacggaccgeccectgecccecttgeectGgecagectagagaa
ccecaggtgtacacectgecteccagecaggaagagatgaccaagaaccag
gtgtcecctgacctgectggtcaaaggettetaceccagegatategeegty
gaatgggagagcaacggccagceccgagaacaactacaagaccacceccect
gtgctggacagegacggcagettettectgtacteceggetgacegtggac
aagagccggtggcaggaaggcaacgtettecagetgeagegtgatgecacgag
gcectgcacaaccactacacccagaagtecectgagectgagectgggeaag

CD28tm
Atgttetgggtgetggtggtggteggaggegtgetggectgetacagecty
ctggtcaccgtggectteatcatettttgggty

4-1BB
Aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgaga
ccagtacaaactactcaagaggaagatggetgtagetgeegatttecagaa
gaagaagaaggaggatgtgaactyg
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TABLE 24-continued

Her 2 construct-intermediate spacer (SEQ ID NO: 55

Her 2 construct-long spacer (SEQ ID NO: 56

CD3 zeta
Cgggtgaagttcagcagaagcgecgacgeccctgectaccagcagggecag
aatcagctgtacaacgagctgaacctgggcagaagggaagagtacgacgte
ctggataagcggagaggcecgggaccctgagatgggeggcaagectcggegyg
aagaacccccaggaaggcectgtataacgaactgcagaaagacaagatggec
gaggcctacagcgagatcggcatgaagggegageggaggeggggcaaggge
cacgacggcctgtatcagggectgtccacegecaccaaggatacctacgac
gccctgecacatgcaggecctgeccccaagg

T2A
Ctecgagggeggeggagagggcagaggaagtcttetaacatgeggtgacgtyg
gaggagaatcceggecctagyg

tEGFR
atgcttectectggtgacaagecttetgetetgtgagttaccacacecagea
ttcectectgateccacgcaaagtgtgtaacggaataggtattggtgaattt
aaagactcactctccataaatgctacgaatattaaacacttcaaaaactge
acctccatcagtggegatetecacatectgecggtggeatttaggggtgac
tcctteacacatactectectetggatecacaggaactggatattetgaaa
accgtaaaggaaatcacagggtttttgetgattecaggettggectgaaaac
aggacggacctecatgectttgagaacctagaaatcatacgeggecaggace
aagcaacatggtcagttttetettgeagtegtecagectgaacataacatee
ttgggattacgctecctcaaggagataagtgatggagatgtgataatttea
ggaaacaaaaatttgtgctatgcaaatacaataaactggaaaaaactgttt
gggacctecggtcagaaaaccaaaattataagcaacagaggtgaaaacage
tgcaaggccacaggccaggtetgecatgecttgtgetecceegagggetge
tggggcceggageccagggactgegtetettgecggaatgtecageegagge
agggaatgcgtggacaagtgcaaccttetggagggtgagecaagggagttt
gtggagaactctgagtgcatacagtgccacccagagtgectgectcaggee
atgaacatcacctgcacaggacggggaccagacaactgtatecagtgtgece
cactacattgacggcccccactgegtcaagacctgeceggeaggagteatyg
ggagaaaacaacaccctggtcetggaagtacgcagacgecggecatgtgtge
cacctgtgecatccaaactgecacctacggatgecactgggecaggtettgaa
ggctgtccaacgaatgggectaagatceeegtecategecactgggatggty
ggggcectectettgetgetggtggtggeectggggateggectetteaty
tga

long spacer

gagagcaagtacggaccgcectgecceecttgecctgeccecgagttecty
ggcggacccagegtgttectgtteccecccaageccaaggacacectgaty
atcagccggacccccgaggtgacctgegtggtggtggacgtgagecaggaa
gatcccgaggtcecagttcaattggtacgtggacggegtggaagtgcacaac
gccaagaccaagcccagagaggaacagttcaacagcacctacegggtggty
tctgtgctgacegtgectgcaccaggactggetgaacggcaaagaatacaag
tgcaaggtgtccaacaagggcectgeccagecagcategaaaagaccatcage
aaggccaagggccagcectegcegagecccaggtgtacacectgecteectee
caggaagagatgaccaagaaccaggtgtcecctgacctgectggtgaaggge

ttetaccccagegacategeegtggagtgggagagecaacggecageetgag

aacaactacaagaccaccccteccgtgetggacagegacggeagettette

ctgtacagecggetgacecgtggacaagagecggtggeaggaaggeaacgte

tttagctgecagegtgatgcacgaggeectgcacaaccactacaccecagaag

agectgagectgtecetgggeaag

TABLE 24

Her 2 construct-long spacer (SEQ ID NO: 56

Leader:
atgcttctectggtgacaagecttetgectectgtgagttaccacaccca

Her2 scFv
gcattcctectgatcccagatatccagatgacccagtcecccecgageteectyg
tececgectetgtgggegatagggtcaccatcacctgecegtgecagtcaggat
gtgaatactgctgtagcctggtatcaacagaaaccaggaaaagctccgaaa
ctactgatttactecggcatccttectctactetggagteccttetegette
tctggtteccagatctgggacggatttcactetgaccatcagecagtetgeag
ccggaagacttcegcaacttattactgtcagcaacattatactactectece
acgttcggacagggtaccaaggtggagatcaaaggcagtactageggeggt
ggctecgggggceggatccggtgggggeggcageagegaggtteagetggtg
gagtctggeggtggectggtgcagecagggggetcacteegtttgtectgt
gcagcttectggcttcaacattaaagacacctatatacactgggtgegteag
gcceccgggtaagggectggaatgggttgcaaggatttatectacgaatggt
tatactagatatgccgatagcegtcaagggcecgtttcactataagegcagac
acatccaaaaacacagcctacctgcagatgaacagcctgegtgetgaggac
actgccgtctattattgttctagatggggaggggacggcttctatgetatyg
gactactggggtcaaggaaccctggtcaccegtctegagt

CD28tm:

atgttetgggtgetggtggtggtgggeggggtgetggectgetacagece
tgctggtgacagtggecttecatcatettttgggty

4-1BB
aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgaga
ccagtacaaactactcaagaggaagatggetgtagetgeegatttecagaa
gaagaagaaggaggatgtgaactyg

CD3zeta
Cgggtgaagttcagcagaagcgecgacgccecctgectaccagcagggecag
aatcagctgtacaacgagctgaacctgggcagaagggaagagtacgacgte
ctggataagcggagaggcecgggaccctgagatgggeggcaagectcggaegyg
aagaacccccaggaaggcectgtataacgaactgcagaaagacaagatggec
gaggcctacagcgagat cggcatgaagggecgageggaggeggggcaaggge
cacgacggcctgtatcagggectgtecacegecaccaaggatacctacgac
gccctgcacatgcaggeccctgeccccaagg

T2A
Ctcgagggeggeggagagggcagaggaagtcttetaacatgeggtgacgtyg
gaggagaatcceggecctagyg

tEGFR
atgcttectectggtgacaagecttetgetetgtgagttaccacacecagea
ttcctectgateccacgcaaagtgtgtaacggaataggtattggtgaattt
aaagactcactctccataaatgctacgaatattaaacacttcaaaaactge
acctccatcagtggegatetecacatectgecggtggeatttaggggtgac
tccttecacacatactectectetggatecacaggaactggatattetgaaa
accgtaaaggaaatcacagggtttttgetgattecaggettggectgaaaac
aggacggacctecatgectttgagaacctagaaatcatacgeggecaggace
aagcaacatggtcagttttetettgeagtegtcagectgaacataacatee
ttgggattacgctecctcaaggagataagtgatggagatgtgataatttea
ggaaacaaaaatttgtgctatgcaaatacaataaactggaaaaaactgttt
gggacctecggtcagaaaaccaaaattataagcaacagaggtgaaaacage
tgcaaggccacaggecaggtetgecatgecttgtgetececegagggetge
tggggcceggageccagggactgegtetettgecggaatgt cageegagge
agggaatgcgtggacaagtgcaaccttetggagggtgagecaagggagttt
gtggagaactctgagtgcatacagtgccacccagagtgectgectcaggee
atgaacatcacctgcacaggacggggaccagacaactgtatcecagtgtgece
cactacattgacggecccccactgegtcaagacctgeceggecaggagteatyg
ggagaaaacaacaccctggtetggaagtacgcagacgecggecatgtgtge
cacctgtgecatecaaactgecacctacggatgecactgggecaggtettgaa
ggctgtccaacgaatgggectaagatcececgtecategecactgggatggty
ggggcectectettgetgetggtggtggeectggggateggectetteaty
tga

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 74

<210> SEQ ID NO 1

<211> LENGTH: 5

<212> TYPE: PRT

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

<223> OTHER INFORMATION: Synthetic sequence

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 1

<223> OTHER INFORMATION: Xaa = glycine, cysteine or arginine
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 4

<223> OTHER INFORMATION: Xaa = cysteine or threonine

<400> SEQUENCE: 1
Xaa Pro Pro Xaa Pro

1 5

<210> SEQ ID NO 2

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 2

atgctgcetge tggtgaccag cctgctgetyg tgegagetge cccaccccege ctttetgetg
atccee

<210> SEQ ID NO 3

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 3

gacatccaga tgacccagac cacctccage ctgagegceca gectgggega cegggtgace
atcagctgee gggcecageca ggacatcage aagtacctga actggtatca gcagaagcce
gacggcaceyg tcaagctgct gatctaccac accagecgge tgcacagegg cgtgcccage
cggtttageg gcageggete cggcaccgac tacagcectga ccatctccaa cctggaacag
gaagatatcg ccacctactt ttgccagcag ggcaacacac tgccctacac ctttggegge
ggaacaaagc tggaaatcac cggcagcacc tccggcageg gcaagectgg cageggcgag
ggcagcacca agggcgaggt gaagctgcag gaaagcggec ctggectggt ggeccccage
cagagcctga gcegtgacctg caccgtgage ggegtgagece tgcccgacta cggegtgage
tggatccgge agccccccag gaagggectg gaatggetgg gegtgatcetyg gggcagegag
accacctact acaacagcgc cctgaagagce cggctgacca tcatcaagga caacagcaag

agccaggtgt tcctgaagat gaacagectg cagaccgacg acaccgcecat ctactactge

gccaagcact actactacgg cggcagctac gccatggact actggggeca gggcaccagc

gtgaccgtga gcage

<210> SEQ ID NO 4

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 4

60

66

60

120

180

240

300

360

420

480

540

600

660

720

735
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gaatctaagt acggaccgcc ctgecccect tgeect

<210> SEQ ID NO 5

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 5

atgttctggg tgctggtggt ggtcggagge gtgetggect gcetacagect getggtcace
gtggccttea tcatcttttg ggtg

<210> SEQ ID NO 6

<211> LENGTH: 126

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 6

aaacggggca gaaagaaact cctgtatata ttcaaacaac catttatgag accagtacaa
actactcaag aggaagatgg ctgtagctge cgatttccag aagaagaaga aggaggatgt
gaactyg

<210> SEQ ID NO 7

<211> LENGTH: 336

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 7

cgggtgaagt tcagcagaag cgccgacgece cctgectace agcagggceca gaatcagcetg
tacaacgagc tgaacctggg cagaagggaa gagtacgacyg tcctggataa gcggagaggce
cgggacccetyg agatgggegg caagcectegg cggaagaacce cccaggaagyg cctgtataac
gaactgcaga aagacaagat ggccgaggcce tacagcgaga tcggcatgaa gggcgagegyg
aggcggggca agggccacga cggcectgtat cagggcectgt ccaccgccac caaggatace
tacgacgcce tgcacatgca ggccctgece ccaagg

<210> SEQ ID NO 8

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 8

ctegagggeg gcoggagaggg cagaggaagt cttctaacat geggtgacgt ggaggagaat

cceggeccta gg

<210> SEQ ID NO 9

<211> LENGTH: 1074

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

36

60

84

60

120

126

60

120

180

240

300

336

60

72
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<400> SEQUENCE: 9

atgcttctcc tggtgacaag ccttctgcte tgtgagttac cacacccagce attcctectg 60
atcccacgca aagtgtgtaa cggaataggt attggtgaat ttaaagactc actctccata 120
aatgctacga atattaaaca cttcaaaaac tgcacctcca tcagtggcga tctccacatc 180
ctgceggtgg catttagggg tgactcctte acacatactce ctcctctgga tccacaggaa 240
ctggatattc tgaaaaccgt aaaggaaatc acagggtttt tgctgattca ggcttggect 300
gaaaacagga cggacctcca tgcctttgag aacctagaaa tcatacgegg caggaccaag 360
caacatggtc agttttctct tgcagtcgtc agecctgaaca taacatcctt gggattacgce 420
tccctcaagg agataagtga tggagatgtg ataatttcag gaaacaaaaa tttgtgctat 480
gcaaatacaa taaactggaa aaaactgttt gggacctccg gtcagaaaac caaaattata 540
agcaacagag gtgaaaacag ctgcaaggcc acaggccagg tctgccatge cttgtgetcce 600
ccecgaggget getggggecce ggagcccagg gactgegtcet cttgccggaa tgtcagecga 660

ggcagggaat gcgtggacaa gtgcaacctt ctggagggtg agccaaggga gtttgtggag 720

aactctgagt gcatacagtg ccacccagag tgectgecte aggecatgaa catcacctge 780
acaggacggg gaccagacaa ctgtatccag tgtgeccact acattgacgg cccccactge 840
gtcaagacct gcccggcagg agtcatggga gaaaacaaca ccctggtcetyg gaagtacgea 900
gacgceggee atgtgtgceca cctgtgecat ccaaactgca cctacggatyg cactgggeca 960

ggtcttgaag gctgtccaac gaatgggcct aagatcccgt ccatcgccac tgggatggtyg 1020

ggggccctee tettgetget ggtggtggece ctggggatceg gectcttcat gtga 1074

<210> SEQ ID NO 10

<211> LENGTH: 2529

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 10

atgctgetge tggtgaccag cctgetgetyg tgegagetge cecacccege ctttetgetg 60
atccccgaca tccagatgac ccagaccace tccagectga gegecagect gggcgaccegg 120
gtgaccatca gctgeccggge cagccaggac atcagcaagt acctgaactyg gtatcageag 180
aagcccgacyg gcaccgtcaa getgetgate taccacacca gecggetgea cageggegtg 240
cccageeggt ttageggeag cggetocgge accgactaca gectgaccat ctccaacctg 300
gaacaggaag atatcgccac ctacttttge cagcagggca acacactgec ctacaccttt 360
ggcggeggaa caaagctgga aatcaccgge agcacctceeg gcageggcaa gectggeage 420

ggcgagggca gcaccaaggg cgaggtgaag ctgcaggaaa geggecctgyg cctggtggec 480

cccagecaga gectgagegt gacctgeace gtgageggeg tgagectgee cgactacgge 540

gtgagctgga tccggcagee ceccaggaag ggcectggaat ggetgggegt gatctgggge 600

agcgagacca cctactacaa cagcgecctg aagagecgge tgaccatcat caaggacaac 660
agcaagagcce aggtgttect gaagatgaac agectgecaga cegacgacac cgccatctac 720
tactgcgcca agcactacta ctacggegge agetacgeca tggactactg gggccaggge 780

accagcegtga ccgtgagecag cgagagcaag tacggaccge cetgcccece ttgccectatg 840
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ttctgggtge tggtggtggt cggaggegtyg ctggcectget acagectget ggtcaccegtg 900
gccttcatca tecttttgggt gaaacggggce agaaagaaac tcctgtatat attcaaacaa 960

ccatttatga gaccagtaca aactactcaa gaggaagatg gctgtagctg ccgatttcca 1020
gaagaagaag aaggaggatg tgaactgcgg gtgaagttca gcagaagcgc cgacgccect 1080
gectaccage agggccagaa tcagetgtac aacgagetga acctgggcag aagggaagag 1140
tacgacgtce tggataagcg gagaggecgg gaccctgaga tgggcggcaa gcecteggegyg 1200
aagaaccccee aggaaggect gtataacgaa ctgcagaaag acaagatggce cgaggectac 1260
agcgagatcg gcatgaaggg cgagcggagg cggggcaagyg gccacgacgyg cctgtatcag 1320
ggectgteca cegecaccaa ggatacctac gacgcectge acatgcagge cctgccccca 1380
aggctecgagg gcggeggaga gggcagagga agtcttctaa catgeggtga cgtggaggag 1440
aatccecggece ctaggatget tetecctggtg acaagectte tgctctgtga gttaccacac 1500
ccagcattcce tecctgatccece acgcaaagtg tgtaacggaa taggtattgg tgaatttaaa 1560
gactcactct ccataaatgc tacgaatatt aaacacttca aaaactgcac ctccatcagt 1620
ggcgatctec acatcctgce ggtggcattt aggggtgact ccttcacaca tactcectect 1680
ctggatccac aggaactgga tattctgaaa accgtaaagg aaatcacagg gtttttgcetg 1740
attcaggctt ggcctgaaaa caggacggac ctccatgect ttgagaacct agaaatcata 1800
cgcggcagga ccaagcaaca tggtcagttt tctettgcag tecgtcagcct gaacataaca 1860
tcettgggat tacgctcect caaggagata agtgatggag atgtgataat ttcaggaaac 1920
aaaaatttgt gctatgcaaa tacaataaac tggaaaaaac tgtttgggac ctccggtcag 1980
aaaaccaaaa ttataagcaa cagaggtgaa aacagctgca aggccacagyg ccaggtctge 2040
catgccecttgt gectceccecega gggctgetgg ggeccggage ccagggactg cgtcectcettge 2100
cggaatgtca gccgaggcag ggaatgegtg gacaagtgea accttcetgga gggtgagceca 2160
agggagtttg tggagaactc tgagtgcata cagtgccacc cagagtgcct gectcaggcece 2220
atgaacatca cctgcacagg acggggacca gacaactgta tccagtgtgce ccactacatt 2280
gacggccceee actgcgtcaa gacctgcccg gcaggagtca tgggagaaaa caacaccctg 2340
gtctggaagt acgcagacgc cggccatgtg tgccacctgt gccatccaaa ctgcacctac 2400
ggatgcactg ggccaggtct tgaaggctgt ccaacgaatg ggcctaagat cccgtccatce 2460
gccactggga tggtgggggce cctectettg ctgctggtgg tggccctggg gatcggecte 2520
ttcatgtga 2529
<210> SEQ ID NO 11

<211> LENGTH: 841

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 11

Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15

Ala Phe Leu Leu Ile Pro Asp Ile Gln Met Thr Gln Thr Thr Ser Ser
20 25 30

Leu Ser Ala Ser Leu Gly Asp Arg Val Thr Ile Ser Cys Arg Ala Ser
35 40 45
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Gln Asp Ile Ser Lys Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly
50 55 60

Thr Val Lys Leu Leu Ile Tyr His Thr Ser Arg Leu His Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr
85 90 95

Ile Ser Asn Leu Glu Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln
100 105 110

Gly Asn Thr Leu Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile
115 120 125

Thr Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly Ser Gly Glu Gly Ser
130 135 140

Thr Lys Gly Glu Val Lys Leu Gln Glu Ser Gly Pro Gly Leu Val Ala
145 150 155 160

Pro Ser Gln Ser Leu Ser Val Thr Cys Thr Val Ser Gly Val Ser Leu
165 170 175

Pro Asp Tyr Gly Val Ser Trp Ile Arg Gln Pro Pro Arg Lys Gly Leu
180 185 190

Glu Trp Leu Gly Val Ile Trp Gly Ser Glu Thr Thr Tyr Tyr Asn Ser
195 200 205

Ala Leu Lys Ser Arg Leu Thr Ile Ile Lys Asp Asn Ser Lys Ser Gln
210 215 220

Val Phe Leu Lys Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Ile Tyr
225 230 235 240

Tyr Cys Ala Lys His Tyr Tyr Tyr Gly Gly Ser Tyr Ala Met Asp Tyr
245 250 255

Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser Glu Ser Lys Tyr Gly
260 265 270

Pro Pro Cys Pro Pro Cys Pro Met Phe Trp Val Leu Val Val Val Gly
275 280 285

Gly Val Leu Ala Cys Tyr Ser Leu Leu Val Thr Val Ala Phe Ile Ile
290 295 300

Phe Trp Val Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln
305 310 315 320

Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser
325 330 335

Cys Arg Phe Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe
340 345 350

Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu
355 360 365

Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp
370 375 380

Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys
385 390 395 400

Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala
405 410 415

Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys
420 425 430

Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr
435 440 445
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Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg Leu Glu Gly Gly
450 455 460

Gly Glu Gly Arg Gly Ser Leu Leu Thr Cys Gly Asp Val Glu Glu Asn
465 470 475 480

Pro Gly Pro Arg Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu
485 490 495

Leu Pro His Pro Ala Phe Leu Leu Ile Pro Arg Lys Val Cys Asn Gly
500 505 510

Ile Gly Ile Gly Glu Phe Lys Asp Ser Leu Ser Ile Asn Ala Thr Asn
515 520 525

Ile Lys His Phe Lys Asn Cys Thr Ser Ile Ser Gly Asp Leu His Ile
530 535 540

Leu Pro Val Ala Phe Arg Gly Asp Ser Phe Thr His Thr Pro Pro Leu
545 550 555 560

Asp Pro Gln Glu Leu Asp Ile Leu Lys Thr Val Lys Glu Ile Thr Gly
565 570 575

Phe Leu Leu Ile Gln Ala Trp Pro Glu Asn Arg Thr Asp Leu His Ala
580 585 590

Phe Glu Asn Leu Glu Ile Ile Arg Gly Arg Thr Lys Gln His Gly Gln
595 600 605

Phe Ser Leu Ala Val Val Ser Leu Asn Ile Thr Ser Leu Gly Leu Arg
610 615 620

Ser Leu Lys Glu Ile Ser Asp Gly Asp Val Ile Ile Ser Gly Asn Lys
625 630 635 640

Asn Leu Cys Tyr Ala Asn Thr Ile Asn Trp Lys Lys Leu Phe Gly Thr
645 650 655

Ser Gly Gln Lys Thr Lys Ile Ile Ser Asn Arg Gly Glu Asn Ser Cys
660 665 670

Lys Ala Thr Gly Gln Val Cys His Ala Leu Cys Ser Pro Glu Gly Cys
675 680 685

Trp Gly Pro Glu Pro Arg Asp Cys Val Ser Cys Arg Asn Val Ser Arg
690 695 700

Gly Arg Glu Cys Val Asp Lys Cys Asn Leu Leu Glu Gly Glu Pro Arg
705 710 715 720

Glu Phe Val Glu Asn Ser Glu Cys Ile Gln Cys His Pro Glu Cys Leu
725 730 735

Pro Gln Ala Met Asn Ile Thr Cys Thr Gly Arg Gly Pro Asp Asn Cys
740 745 750

Ile Gln Cys Ala His Tyr Ile Asp Gly Pro His Cys Val Lys Thr Cys
755 760 765

Pro Ala Gly Val Met Gly Glu Asn Asn Thr Leu Val Trp Lys Tyr Ala
770 775 780

Asp Ala Gly His Val Cys His Leu Cys His Pro Asn Cys Thr Tyr Gly
785 790 795 800

Cys Thr Gly Pro Gly Leu Glu Gly Cys Pro Thr Asn Gly Pro Lys Ile
805 810 815

Pro Ser Ile Ala Thr Gly Met Val Gly Ala Leu Leu Leu Leu Leu Val
820 825 830

Val Ala Leu Gly Ile Gly Leu Phe Met
835 840
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<210> SEQ ID NO 12

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 12

1

10

<210> SEQ ID NO 13

<211> LENGTH: 327

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Ala

1

Ser

Phe

Gly

Leu

65

Tyr

Arg

Glu

Asp

Asp

145

Gly

Asn

Trp

Pro

Glu

225

Asn

Ile

Thr

Arg

Ser Thr Lys Gly Pro Ser Val Phe Pro Leu
Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys
20 25

Pro Glu Pro Val Thr Val Ser Trp Asn Ser
35 40

Val His Thr Phe Pro Ala Val Leu Gln Ser
50 55

Ser Ser Val Val Thr Val Pro Ser Ser Ser
70 75

Thr Cys Asn Val Asp His Lys Pro Ser Asn
85 90

Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro
100 105

Phe Leu Gly Gly Pro Ser Val Phe Leu Phe
115 120

Thr Leu Met Ile Ser Arg Thr Pro Glu Val
130 135

Val Ser Gln Glu Asp Pro Glu Val Gln Phe
150 155

Val Glu Val His Asn Ala Lys Thr Lys Pro
165 170

Ser Thr Tyr Arg Val Val Ser Val Leu Thr
180 185

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val
195 200

Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala
210 215

Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln
230 235

Gln Val Ser Leu Thr Cys Leu Val Lys Gly
245 250

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro
260 265

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser
275 280

Leu Thr Val Asp Lys Ser Arg Trp Gln Glu
290 295

Ala

Leu

Gly

Ser

60

Leu

Thr

Ser

Pro

Thr

140

Asn

Arg

Val

Ser

Lys

220

Glu

Phe

Glu

Phe

Gly
300

Pro

Val

Ala

45

Gly

Gly

Lys

Cys

Pro

125

Cys

Trp

Glu

Leu

Asn

205

Gly

Glu

Tyr

Asn

Phe
285

Asn

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
5

Cys

Lys

30

Leu

Leu

Thr

Val

Pro

110

Lys

Val

Tyr

Glu

His

190

Lys

Gln

Met

Pro

Asn
270

Leu

Val

15

Ser

15

Asp

Thr

Tyr

Lys

Asp

95

Ala

Pro

Val

Val

Gln

175

Gln

Gly

Pro

Thr

Ser
255
Tyr

Tyr

Phe

Arg

Tyr

Ser

Ser

Thr

80

Lys

Pro

Lys

Val

Asp

160

Phe

Asp

Leu

Arg

Lys

240

Asp

Lys

Ser

Ser
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Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320

Leu Ser Leu Ser Leu Gly Lys
325

<210> SEQ ID NO 14

<211> LENGTH: 220

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Met Leu Arg Leu Leu Leu Ala Leu Asn Leu Phe Pro Ser Ile Gln Val
1 5 10 15

Thr Gly Asn Lys Ile Leu Val Lys Gln Ser Pro Met Leu Val Ala Tyr
20 25 30

Asp Asn Ala Val Asn Leu Ser Cys Lys Tyr Ser Tyr Asn Leu Phe Ser
Arg Glu Phe Arg Ala Ser Leu His Lys Gly Leu Asp Ser Ala Val Glu
50 55 60

Val Cys Val Val Tyr Gly Asn Tyr Ser Gln Gln Leu Gln Val Tyr Ser
65 70 75 80

Lys Thr Gly Phe Asn Cys Asp Gly Lys Leu Gly Asn Glu Ser Val Thr
85 90 95

Phe Tyr Leu Gln Asn Leu Tyr Val Asn Gln Thr Asp Ile Tyr Phe Cys
100 105 110

Lys Ile Glu Val Met Tyr Pro Pro Pro Tyr Leu Asp Asn Glu Lys Ser
115 120 125

Asn Gly Thr Ile Ile His Val Lys Gly Lys His Leu Cys Pro Ser Pro
130 135 140

Leu Phe Pro Gly Pro Ser Lys Pro Phe Trp Val Leu Val Val Val Gly
145 150 155 160

Gly Val Leu Ala Cys Tyr Ser Leu Leu Val Thr Val Ala Phe Ile Ile
165 170 175

Phe Trp Val Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr Met
180 185 190

Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln Pro
195 200 205

Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser
210 215 220

<210> SEQ ID NO 15

<211> LENGTH: 255

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Met Gly Asn Ser Cys Tyr Asn Ile Val Ala Thr Leu Leu Leu Val Leu
1 5 10 15

Asn Phe Glu Arg Thr Arg Ser Leu Gln Asp Pro Cys Ser Asn Cys Pro
20 25 30

Ala Gly Thr Phe Cys Asp Asn Asn Arg Asn Gln Ile Cys Ser Pro Cys
35 40 45

Pro Pro Asn Ser Phe Ser Ser Ala Gly Gly Gln Arg Thr Cys Asp Ile
50 55 60
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Cys Arg Gln Cys Lys Gly Val Phe Arg Thr Arg Lys Glu Cys Ser Ser
65 70 75 80

Thr Ser Asn Ala Glu Cys Asp Cys Thr Pro Gly Phe His Cys Leu Gly
85 90 95

Ala Gly Cys Ser Met Cys Glu Gln Asp Cys Lys Gln Gly Gln Glu Leu
100 105 110

Thr Lys Lys Gly Cys Lys Asp Cys Cys Phe Gly Thr Phe Asn Asp Gln
115 120 125

Lys Arg Gly Ile Cys Arg Pro Trp Thr Asn Cys Ser Leu Asp Gly Lys
130 135 140

Ser Val Leu Val Asn Gly Thr Lys Glu Arg Asp Val Val Cys Gly Pro
145 150 155 160

Ser Pro Ala Asp Leu Ser Pro Gly Ala Ser Ser Val Thr Pro Pro Ala
165 170 175

Pro Ala Arg Glu Pro Gly His Ser Pro Gln Ile Ile Ser Phe Phe Leu
180 185 190

Ala Leu Thr Ser Thr Ala Leu Leu Phe Leu Leu Phe Phe Leu Thr Leu
195 200 205

Arg Phe Ser Val Val Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe
210 215 220

Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly
225 230 235 240

Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
245 250 255

<210> SEQ ID NO 16

<211> LENGTH: 164

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Met Lys Trp Lys Ala Leu Phe Thr Ala Ala Ile Leu Gln Ala Gln Leu
1 5 10 15

Pro Ile Thr Glu Ala Gln Ser Phe Gly Leu Leu Asp Pro Lys Leu Cys
20 25 30

Tyr Leu Leu Asp Gly Ile Leu Phe Ile Tyr Gly Val Ile Leu Thr Ala
35 40 45

Leu Phe Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr
50 55 60

Gln Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg
65 70 75 80

Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met
85 90 95

Gly Gly Lys Pro Gln Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn
100 105 110

Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met
115 120 125

Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly
130 135 140

Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala
145 150 155 160

Leu Pro Pro Arg
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<210> SEQ ID NO 17
<211> LENGTH: 15
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro
1 5 10

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 18

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 18

Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro

1 5 10
<210> SEQ ID NO 19
<211> LENGTH: 61
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 19
Glu Leu Lys Thr Pro Leu Gly Asp Thr His Thr Cys Pro
1 5 10
Glu Pro Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg
20 25
Pro Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys
35 40 45
Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys Pro
50 55 60

<210> SEQ ID NO 20

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 20

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

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 21

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 21
Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 22

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer sequence

Cys Pro
15

Arg Cys Pro
15

Cys Pro Glu
30

Pro Glu Pro
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<400> SEQUENCE: 22

atcaaaagaa tagaccgaga tagggt

<210> SEQ ID NO 23

<211> LENGTH: 26

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 23

cegtaccttt aagaccaatg acttac

<210> SEQ ID NO 24

<211> LENGTH: 18

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 24

ttgagagttt tcgccceg

<210> SEQ ID NO 25

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 25

aatagacaga tcgctgagat aggt

<210> SEQ ID NO 26

<211> LENGTH: 18

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 26

caggtatccg gtaagegg

<210> SEQ ID NO 27

<211> LENGTH: 19

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 27

cgaccagcaa ccatagtec

<210> SEQ ID NO 28

<211> LENGTH: 18

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 28

tagcggtttyg actcacgg

26

26

18

24

18

19

18
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<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 29

gcagggagct agaacgatte

<210> SEQ ID NO 30

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 30

attgtctggt atagtgcage ag

<210> SEQ ID NO 31

<211> LENGTH: 16

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 31

tcgcaacggyg tttgec

<210> SEQ ID NO 32

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 32

aggaagatat cgccacctac t

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 33

cgggtgaagt tcagcagaag

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 34

actgtgtttyg ctgacgcaac

<210> SEQ ID NO 35
<211> LENGTH: 20

20

22

16

21

20

20
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<212> TYPE: DNA

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

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 35

atgcttcectece tggtgacaag 20

<210> SEQ ID NO 36

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 36

Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly Ser Gly Glu Gly Ser Thr
1 5 10 15

Lys Gly

<210> SEQ ID NO 37

<211> LENGTH: 10051

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 37

gttagaccag atctgagcct gggagetcte tggctaacta gggaacccac tgcttaagec 60
tcaataaagce ttgccttgag tgcttcaagt agtgtgtgece cgtetgttgt gtgactcetgg 120
taactagaga tccctcagac ccttttagte agtgtggaaa atctctageca gtggegecceg 180
aacagggact tgaaagcgaa agggaaacca gaggagetet ctcgacgcag gactceggett 240
getgaagege gcacggcaag aggcgagggyg cggcgactgg tgagtacgec aaaaattttg 300

actagcggag gctagaagga gagagatggg tgcgagageg tcagtattaa gegggggaga 360

attagatcga tgggaaaaaa ttcggttaag gccaggggga aagaaaaaat ataaattaaa 420
acatatagta tgggcaagca gggagctaga acgattegea gttaatcetg gectgttaga 480
aacatcagaa ggctgtagac aaatactggg acagctacaa ccatcectte agacaggatce 540
agaagaactt agatcattat ataatacagt agcaaccctc tattgtgtge atcaaaggat 600
agagataaaa gacaccaagg aagctttaga caagatagag gaagagcaaa acaaaagtaa 660
gaaaaaagca cagcaagcag cagctgacac aggacacagce aatcaggtca gccaaaatta 720
ccctatagtyg cagaacatcce aggggcaaat ggtacatcag gecatatcac ctagaacttt 780
aaatgcatgg gtaaaagtag tagaagagaa ggctttcage ccagaagtga tacccatgtt 840
ttcagcatta tcagaaggag ccaccccaca agatttaaac accatgctaa acacagtggg 900
gggacatcaa gcagccatgce aaatgttaaa agagaccatc aatgaggaag ctgcaggcaa 960

agagaagagt ggtgcagaga gaaaaaagag cagtgggaat aggagctttg ttccttgggt 1020

tcttgggage agcaggaage actatgggeg cagegtcaat gacgetgacg gtacaggceca 1080

gacaattatt gtctggtata gtgcagcagc agaacaattt gctgagggct attgaggcgce 1140

aacagcatct gttgcaactc acagtctggg gcatcaagca gctccaggca agaatcctgg 1200

ctgtggaaag atacctaaag gatcaacagc tcctggggat ttggggttgce tctggaaaac 1260
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tcatttgcac cactgctgtg ccttggatct acaaatggca gtattcatcc acaattttaa 1320
aagaaaaggg gggattgggg ggtacagtgc aggggaaaga atagtagaca taatagcaac 1380
agacatacaa actaaagaat tacaaaaaca aattacaaaa attcaaaatt ttcgggttta 1440
ttacagggac agcagagatc cagtttgggg atcaattgca tgaagaatct gcttagggtt 1500
aggcgttttg cgctgctteg cgaggatctg cgatcgetcece ggtgcccgte agtgggcaga 1560
gegeacateyg cccacagtcece ccgagaagtt ggggggaggyg gteggcaatt gaaccggtge 1620
ctagagaagg tggcgcgggg taaactggga aagtgatgtc gtgtactggce tccgectttt 1680
tceccgagggt gggggagaac cgtatataag tgcagtagtc geccgtgaacg ttettttteg 1740
caacgggttt gccgccagaa cacagctgaa gcttcgaggg gctcgcatcect ctecttecacg 1800
cgecccgecge cctacctgag gecgcecatcee acgecggttg agtcecgegtte tgccgectcece 1860
cgectgtggt gectectgaa ctgcgtecge cgtctaggta agtttaaage tcaggtcgag 1920
accgggectt tgtcecggege tceccttggag cctacctaga ctcagecgge tcetceccacget 1980
ttgcctgace ctgcttgcte aactctacgt ctttgttteg ttttetgtte tgcgecgtta 2040
cagatccaag ctgtgaccgg cgcctacggce tagcgaattc ctcgaggcca ccatgctget 2100
gctggtgaca agcctgetge tgtgcgaget gecccaccee gectttetge tgatccececa 2160
ggaacagcte gtcgaaageg gcggcagact ggtgacacct ggeggcagec tgaccctgag 2220
ctgcaaggcce agcggctteg acttcagcge ctactacatg agctgggtece gecaggcccce 2280
tggcaaggga ctggaatgga tcgccaccat ctaccccage agcggcaaga cctactacge 2340
cacctgggtyg aacggacggt tcaccatcte cagcgacaac gcccagaaca ccgtggacct 2400
gcagatgaac agcctgacag ccgecgaccg ggccacctac ttttgegeca gagacagceta 2460
cgccgacgac ggcgecctgt tcaacatctg gggeccctgge accctggtga caatctcetag 2520
cggcggagge ggatctggtyg geggaggaag tggeggegga ggatctgage tggtgetgac 2580
ccagagcccce tetgtgtetg ctgccectggg aagecctgece aagatcacct gtaccctgag 2640
cagcgeccac aagaccgaca ccatcgactg gtatcagecag ctgcagggeyg aggcccccag 2700
atacctgatg caggtgcaga gcgacggcag ctacaccaag aggccaggceyg tgcccgaccyg 2760
gttcagcgga tctagctctg gcgecgaccg ctacctgate atccccageg tgcaggecga 2820
tgacgaggcce gattactact gtggcgeccga ctacatcgge ggctacgtgt teggcecggagg 2880
cacccagetyg accgtgaccg gecgagtctaa gtacggacceyg ccectgeccee cttgecctge 2940
ccecgagtte ctgggcggac ccagcegtgtt cctgttecce cccaagccca aggacaccct 3000
gatgatcage cggacccceg aggtgacctg cgtggtggtyg gacgtgagec aggaagatcce 3060
cgaggtccag ttcaattggt acgtggacgg cgtggaagtyg cacaacgcca agaccaagcce 3120
cagagaggaa cagttcaaca gcacctaccg ggtggtgtct gtgctgaccg tgctgcacca 3180
ggactggcetyg aacggcaaag aatacaagtg caaggtgtcc aacaagggcc tgcccagcag 3240
catcgaaaag accatcagca aggccaaggg ccagectege gagecccagyg tgtacaccct 3300
gectecctee caggaagaga tgaccaagaa ccaggtgtcee ctgacctgec tggtgaaggg 3360
cttctaccee agcgacatcg ccgtggagtg ggagagcaac ggccagcectyg agaacaacta 3420
caagaccacc cctceccgtge tggacagcga cggcagcette ttcecctgtaca gecggctgac 3480

cgtggacaag agccggtgge aggaaggcaa cgtctttage tgcagegtga tgcacgagge 3540
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cctgcacaac cactacaccc agaagagcct gagcectgtece ctgggcaaga tgttcectgggt 3600
gctggtggtyg gtgggegggg tgctggectg ctacagectyg ctggtgacag tggecttceat 3660
catcttttgg gtgaaacggg gcagaaagaa actcctgtat atattcaaac aaccatttat 3720
gagaccagta caaactactc aagaggaaga tggctgtagc tgccgatttc cagaagaaga 3780
agaaggagga tgtgaactgc gggtgaagtt cagcagaagce gccgacgcecce ctgectacca 3840
gcagggccayg aatcagctgt acaacgagct gaacctggge agaagggaag agtacgacgt 3900
cctggataag cggagaggcce gggaccctga gatgggcegge aagectcegge ggaagaacce 3960
ccaggaaggce ctgtataacg aactgcagaa agacaagatyg gccgaggect acagcgagat 4020
cggcatgaag ggcgagcgga ggcggggcaa gggccacgac ggectgtate agggectgte 4080
caccgecace aaggatacct acgacgecct gecacatgcag gcecctgceccee caaggctcga 4140
gggcggegga gagggcagag gaagtcttcet aacatgeggt gacgtggagg agaatccegg 4200
ccectaggatg cttcetectgg tgacaagect tcetgctetgt gagttaccac acccagcatt 4260
cctectgate ccacgcaaag tgtgtaacgg aataggtatt ggtgaattta aagactcact 4320
ctccataaat gctacgaata ttaaacactt caaaaactgc acctccatca gtggcgatct 4380
ccacatcctg cecggtggecat ttaggggtga ctecttcaca catactccte ctectggatce 4440
acaggaactg gatattctga aaaccgtaaa ggaaatcaca gggtttttgce tgattcaggc 4500
ttggcctgaa aacaggacgg acctccatgce ctttgagaac ctagaaatca tacgcggcag 4560
gaccaagcaa catggtcagt tttctcttge agtcgtcage ctgaacataa catccttggg 4620
attacgctcce ctcaaggaga taagtgatgg agatgtgata atttcaggaa acaaaaattt 4680
gtgctatgca aatacaataa actggaaaaa actgtttggg acctccggtc agaaaaccaa 4740
aattataagc aacagaggtg aaaacagctg caaggccaca ggccaggtct gceccatgectt 4800
gtgctcceceee gagggctgct ggggcccegga gcccagggac tgcgtctett gccggaatgt 4860
cagcegagge agggaatgcg tggacaagtg caaccttetyg gagggtgage caagggagtt 4920
tgtggagaac tctgagtgca tacagtgcca cccagagtgce ctgcctcagg ccatgaacat 4980
cacctgcaca ggacggggac cagacaactg tatccagtgt gceccactaca ttgacggcce 5040
ccactgegte aagacctgcce cggcaggagt catgggagaa aacaacaccce tggtctggaa 5100
gtacgcagac gccggccatg tgtgccacct gtgccatcca aactgcacct acggatgcac 5160
tgggccaggt cttgaaggct gtccaacgaa tgggcctaag atcccgtcca tegeccactgg 5220
gatggtgggg gccctectcet tgetgetggt ggtggccctyg gggatceggece tcettcatgtyg 5280
agcggcecegcet ctagaccegg gcetgcaggaa ttcgatatca agcttatcga taatcaacct 5340
ctggattaca aaatttgtga aagattgact ggtattctta actatgttgc teccttttacg 5400
ctatgtggat acgctgcttt aatgcctttg tatcatgcta ttgcttcceg tatggcttte 5460
attttctect cecttgtataa atcctggttg ctgtcectettt atgaggagtt gtggceccgtt 5520
gtcaggcaac gtggcgtggt gtgcactgtg tttgctgacg caacccccac tggttggggce 5580
attgccacca cctgtcaget ccttteeggg actttegett teccecctceee tattgccacg 5640
gcggaactca tcgecgectg ccttgececge tgctggacag gggctcegget gttgggcact 5700
gacaattcecg tggtgttgte ggggaaatca tcgtceccttte cttggctget cgectgtgtt 5760

gccacctgga ttetgecgegg gacgtectte tgctacgtece ctteggcect caatccageg 5820
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gaccttceett ccecgeggect gctgeccgget ctgcggecte ttecgegtet tegecttege 5880
cctcagacga gtcggatcte ccectttgggce gcecctecceege atcgataccg tcegactagece 5940
gtacctttaa gaccaatgac ttacaaggca gctgtagatc ttagccactt tttaaaagaa 6000
aaggggggac tggaagggct aattcactcc caaagaagac aagatctgcet ttttgcctgt 6060
actgggtctce tctggttaga ccagatctga gcctgggage tcectctggcta actagggaac 6120
ccactgctta agcctcaata aagcttgcect tgagtgettce aagtagtgtg tgcccegtcetg 6180
ttgtgtgact ctggtaacta gagatccctc agaccctttt agtcagtgtg gaaaatctct 6240
agcagaattc gatatcaagc ttatcgatac cgtcgacctc gagggggggce ccggtaccca 6300
attcgcecta tagtgagtceg tattacaatt cactggecegt cgttttacaa cgtcgtgact 6360
gggaaaaccc tggcgttacce caacttaatc geccttgcage acatcccect ttegeccaget 6420
ggcgtaatag cgaagaggcce cgcaccgatc geccttecca acagttgege agectgaatg 6480
gcgaatggaa attgtaagcg ttaatatttt gttaaaattc gcgttaaatt tttgttaaat 6540
cagctcattt tttaaccaat aggccgaaat cggcaaaatc ccttataaat caaaagaata 6600
gaccgagata gggttgagtg ttgttccagt ttggaacaag agtccactat taaagaacgt 6660
ggactccaac gtcaaagggce gaaaaaccgt ctatcagggce gatggceccac tacgtgaacce 6720
atcaccctaa tcaagttttt tggggtcgag gtgccgtaaa gcactaaatc ggaaccctaa 6780
agggagccce cgatttagag cttgacgggg aaagccggeyg aacgtggcega gaaaggaagg 6840
gaagaaagcyg aaaggagcgg gcgctagggce getggcaagt gtageggtca cgetgcegegt 6900
aaccaccaca cccgecgege ttaatgegcee gctacagggce gegtcaggtg gcactttteg 6960
gggaaatgtg cgcggaaccce ctatttgttt atttttctaa atacattcaa atatgtatcc 7020
gctcatgaga caataaccct gataaatgct tcaataatat tgaaaaagga agagtatgag 7080
tattcaacat ttccgtgteg cccttattce cttttttgeg gecattttgece ttectgtttt 7140
tgctcaccca gaaacgctgg tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt 7200
gggttacatc gaactggatc tcaacagcgg taagatcctt gagagttttc gccccgaaga 7260
acgttttcca atgatgagca cttttaaagt tctgctatgt ggcgcggtat tatcccgtat 7320
tgacgcceggg caagagcaac tcggtcegceccg catacactat tctcagaatg acttggttga 7380
gtactcacca gtcacagaaa agcatcttac ggatggcatg acagtaagag aattatgcag 7440
tgctgccata accatgagtg ataacactgc ggccaactta cttctgacaa cgatcggagg 7500
accgaaggag ctaaccgctt ttttgcacaa catgggggat catgtaactc gecttgatcg 7560
ttgggaaccyg gagctgaatg aagccatacc aaacgacgag cgtgacacca cgatgectgt 7620
agcaatggca acaacgttgc gcaaactatt aactggcgaa ctacttactc tagcttcccg 7680
gcaacaatta atagactgga tggaggcgga taaagttgca ggaccacttc tgcgctcggce 7740
cctteegget ggctggttta ttgctgataa atctggagece ggtgagegtg ggtcectegegg 7800
tatcattgca gcactggggc cagatggtaa gccctcceegt atcgtagtta tcectacacgac 7860
ggggagtcag gcaactatgg atgaacgaaa tagacagatc gctgagatag gtgcctcact 7920
gattaagcat tggtaactgt cagaccaagt ttactcatat atactttaga ttgatttaaa 7980
acttcatttt taatttaaaa ggatctaggt gaagatcctt tttgataatc tcatgaccaa 8040

aatcccttaa cgtgagtttt cgttccactg agcgtcagac cccgtagaaa agatcaaagg 8100
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atcttcttga gatccttttt ttectgcgegt aatctgetge ttgcaaacaa aaaaaccacc 8160
gctaccageg gtggtttgtt tgccggatca agagctacca actctttttce cgaaggtaac 8220
tggcttcage agagcgcaga taccaaatac tgttcttcecta gtgtagccgt agttaggceca 8280
ccacttcaag aactctgtag caccgcctac atacctceget ctgctaatce tgttaccagt 8340
ggctgctgee agtggcgata agtegtgtcect taccgggttyg gactcaagac gatagttacce 8400
ggataaggcyg cagcggtcegg gctgaacggg gggttegtge acacagecca gettggageg 8460
aacgacctac accgaactga gatacctaca gecgtgagcta tgagaaagceg ccacgettcee 8520
cgaagggaga aaggcggaca ggtatceggt aagceggcagyg gtceggaacag gagagcegcac 8580
gagggagctt ccagggggaa acgcctggta tcectttatagt cctgtcecgggt ttegeccacct 8640
ctgacttgag cgtcgatttt tgtgatgctc gtcagggggg cggagcctat ggaaaaacgc 8700
cagcaacgcg gectttttac ggttcecctgge cttttgetgg cecttttgcte acatgttcett 8760
tcetgegtta tecccectgatt ctgtggataa ccgtattacce gectttgagt gagctgatac 8820
cgcetegecge agcecgaacga ccgagcegeag cgagtcagtyg agcgaggaag cggaagagceg 8880
cccaatacgce aaaccgccte tecccegegeg ttggccgatt cattaatgca getggcacga 8940
caggtttcce gactggaaag cgggcagtga gcgcaacgca attaatgtga gttagctcac 9000
tcattaggca ccccaggctt tacactttat gcttceccgget cgtatgttgt gtggaattgt 9060
gagcggataa caatttcaca caggaaacag ctatgaccat gattacgcca agctcgaaat 9120
taaccctcac taaagggaac aaaagctgga gctccaccege ggtggceggece tcgaggtcga 9180
gatccggteg accagcaacc atagtcccge ccectaactce geccatceeg ceectaacte 9240
cgcccagtte cgcccattet cegeccccatg gctgactaat tttttttatt tatgcagagg 9300
ccgaggcecgce ctceggectet gagctattcee agaagtagtg aggaggcttt tttggaggcece 9360
taggcttttg caaaaagctt cgacggtatc gattggctca tgtccaacat taccgccatg 9420
ttgacattga ttattgacta gttattaata gtaatcaatt acggggtcat tagttcatag 9480
cccatatatg gagttccgeg ttacataact tacggtaaat ggcccgcectg getgaccgcece 9540
caacgacccce cgcccattga cgtcaataat gacgtatgtt cccatagtaa cgccaatagg 9600
gactttccat tgacgtcaat gggtggagta tttacggtaa actgcccact tggcagtaca 9660
tcaagtgtat catatgccaa gtacgcccce tattgacgtc aatgacggta aatggcccgce 9720
ctggcattat gcccagtaca tgaccttatg ggactttect acttggcagt acatctacgt 9780
attagtcatc gctattacca tggtgatgcg gttttggcag tacatcaatg ggcgtggata 9840
gcggtttgac tcacggggat ttccaagtct ccaccccatt gacgtcaatg ggagtttgtt 9900
ttggcaccaa aatcaacggg actttccaaa atgtcgtaac aactccgccecce cattgacgca 9960
aatgggceggt aggcgtgtac ggaattcgga gtggcgagcece ctcagatcct gcatataage 10020

agctgetttt tgcctgtact gggtcectctet g 10051

<210> SEQ ID NO 38

<211> LENGTH: 1062

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 38
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Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15

Ala Phe Leu Leu Ile Pro Gln Glu Gln Leu Val Glu Ser Gly Gly Arg
20 25 30

Leu Val Thr Pro Gly Gly Ser Leu Thr Leu Ser Cys Lys Ala Ser Gly
35 40 45

Phe Asp Phe Ser Ala Tyr Tyr Met Ser Trp Val Arg Gln Ala Pro Gly
Lys Gly Leu Glu Trp Ile Ala Thr Ile Tyr Pro Ser Ser Gly Lys Thr
65 70 75 80

Tyr Tyr Ala Thr Trp Val Asn Gly Arg Phe Thr Ile Ser Ser Asp Asn
85 90 95

Ala Gln Asn Thr Val Asp Leu Gln Met Asn Ser Leu Thr Ala Ala Asp
100 105 110

Arg Ala Thr Tyr Phe Cys Ala Arg Asp Ser Tyr Ala Asp Asp Gly Ala
115 120 125

Leu Phe Asn Ile Trp Gly Pro Gly Thr Leu Val Thr Ile Ser Ser Gly
130 135 140

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Leu
145 150 155 160

Val Leu Thr Gln Ser Pro Ser Val Ser Ala Ala Leu Gly Ser Pro Ala
165 170 175

Lys Ile Thr Cys Thr Leu Ser Ser Ala His Lys Thr Asp Thr Ile Asp
180 185 190

Trp Tyr Gln Gln Leu Gln Gly Glu Ala Pro Arg Tyr Leu Met Gln Val
195 200 205

Gln Ser Asp Gly Ser Tyr Thr Lys Arg Pro Gly Val Pro Asp Arg Phe
210 215 220

Ser Gly Ser Ser Ser Gly Ala Asp Arg Tyr Leu Ile Ile Pro Ser Val
225 230 235 240

Gln Ala Asp Asp Glu Ala Asp Tyr Tyr Cys Gly Ala Asp Tyr Ile Gly
245 250 255

Gly Tyr Val Phe Gly Gly Gly Thr Gln Leu Thr Val Thr Gly Glu Ser
260 265 270

Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly
275 280 285

Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
290 295 300

Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln
305 310 315 320

Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val
325 330 335

His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr
340 345 350

Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly
355 360 365

Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile
370 375 380

Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val
385 390 395 400

Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser
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405 410 415

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu
420 425 430

Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro
435 440 445

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val
450 455 460

Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met
465 470 475 480

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser
485 490 495

Leu Gly Lys Met Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala
500 505 510

Cys Tyr Ser Leu Leu Val Thr Val Ala Phe Ile Ile Phe Trp Val Lys
515 520 525

Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg
530 535 540

Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro
545 550 555 560

Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser
565 570 575

Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu Tyr Asn Glu
580 585 590

Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg
595 600 605

Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln
610 615 620

Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr
625 630 635 640

Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp
645 650 655

Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala
660 665 670

Leu His Met Gln Ala Leu Pro Pro Arg Leu Glu Gly Gly Gly Glu Gly
675 680 685

Arg Gly Ser Leu Leu Thr Cys Gly Asp Val Glu Glu Asn Pro Gly Pro
690 695 700

Arg Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His
705 710 715 720

Pro Ala Phe Leu Leu Ile Pro Arg Lys Val Cys Asn Gly Ile Gly Ile
725 730 735

Gly Glu Phe Lys Asp Ser Leu Ser Ile Asn Ala Thr Asn Ile Lys His
740 745 750

Phe Lys Asn Cys Thr Ser Ile Ser Gly Asp Leu His Ile Leu Pro Val
755 760 765

Ala Phe Arg Gly Asp Ser Phe Thr His Thr Pro Pro Leu Asp Pro Gln
770 775 780

Glu Leu Asp Ile Leu Lys Thr Val Lys Glu Ile Thr Gly Phe Leu Leu
785 790 795 800

Ile Gln Ala Trp Pro Glu Asn Arg Thr Asp Leu His Ala Phe Glu Asn
805 810 815
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Leu Glu Ile Ile Arg Gly Arg Thr Lys Gln His Gly Gln Phe Ser Leu
820 825 830

Ala Val Val Ser Leu Asn Ile Thr Ser Leu Gly Leu Arg Ser Leu Lys
835 840 845

Glu Ile Ser Asp Gly Asp Val Ile Ile Ser Gly Asn Lys Asn Leu Cys
850 855 860

Tyr Ala Asn Thr Ile Asn Trp Lys Lys Leu Phe Gly Thr Ser Gly Gln
865 870 875 880

Lys Thr Lys Ile Ile Ser Asn Arg Gly Glu Asn Ser Cys Lys Ala Thr
885 890 895

Gly Gln Val Cys His Ala Leu Cys Ser Pro Glu Gly Cys Trp Gly Pro
900 905 910

Glu Pro Arg Asp Cys Val Ser Cys Arg Asn Val Ser Arg Gly Arg Glu
915 920 925

Cys Val Asp Lys Cys Asn Leu Leu Glu Gly Glu Pro Arg Glu Phe Val
930 935 940

Glu Asn Ser Glu Cys Ile Gln Cys His Pro Glu Cys Leu Pro Gln Ala
945 950 955 960

Met Asn Ile Thr Cys Thr Gly Arg Gly Pro Asp Asn Cys Ile Gln Cys
965 970 975

Ala His Tyr Ile Asp Gly Pro His Cys Val Lys Thr Cys Pro Ala Gly
980 985 990

Val Met Gly Glu Asn Asn Thr Leu Val Trp Lys Tyr Ala Asp Ala Gly
995 1000 1005

His Val Cys His Leu Cys His Pro Asn Cys Thr Tyr Gly Cys Thr Gly
1010 1015 1020

Pro Gly Leu Glu Gly Cys Pro Thr Asn Gly Pro Lys Ile Pro Ser Ile
1025 1030 1035 1040

Ala Thr Gly Met Val Gly Ala Leu Leu Leu Leu Leu Val Val Ala Leu
1045 1050 1055

Gly Ile Gly Leu Phe Met
1060

<210> SEQ ID NO 39

<211> LENGTH: 9721

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 39

gttagaccag atctgagcct gggagetcte tggctaacta gggaacccac tgcttaagec 60
tcaataaagce ttgccttgag tgcttcaagt agtgtgtgece cgtetgttgt gtgactcetgg 120
taactagaga tccctcagac ccttttagte agtgtggaaa atctctageca gtggegecceg 180
aacagggact tgaaagcgaa agggaaacca gaggagetet ctcgacgcag gactceggett 240
getgaagege gcacggcaag aggcgagggyg cggcgactgg tgagtacgec aaaaattttg 300

actagcggag gctagaagga gagagatggg tgcgagageg tcagtattaa gegggggaga 360
attagatcga tgggaaaaaa ttcggttaag gccaggggga aagaaaaaat ataaattaaa 420
acatatagta tgggcaagca gggagctaga acgattegea gttaatcetg gectgttaga 480

aacatcagaa ggctgtagac aaatactggg acagctacaa ccatcectte agacaggatce 540
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agaagaactt agatcattat ataatacagt agcaaccctc tattgtgtgc atcaaaggat 600
agagataaaa gacaccaagg aagctttaga caagatagag gaagagcaaa acaaaagtaa 660
gaaaaaagca cagcaagcag cagctgacac aggacacagc aatcaggtca gccaaaatta 720
ccctatagtg cagaacatcce aggggcaaat ggtacatcag gccatatcac ctagaacttt 780
aaatgcatgg gtaaaagtag tagaagagaa ggctttcagce ccagaagtga tacccatgtt 840
ttcagcatta tcagaaggag ccaccccaca agatttaaac accatgctaa acacagtggg 900
gggacatcaa gcagccatgc aaatgttaaa agagaccatc aatgaggaag ctgcaggcaa 960

agagaagagt ggtgcagaga gaaaaaagag cagtgggaat aggagctttg ttccttgggt 1020
tcttgggage agcaggaagce actatgggeg cagcgtcaat gacgctgacyg gtacaggcca 1080
gacaattatt gtctggtata gtgcagcagc agaacaattt gctgagggct attgaggcgce 1140
aacagcatct gttgcaactc acagtctggg gcatcaagca gctccaggca agaatcctgg 1200
ctgtggaaag atacctaaag gatcaacagc tcctggggat ttggggttgce tctggaaaac 1260
tcatttgcac cactgctgtg ccttggatct acaaatggca gtattcatcc acaattttaa 1320
aagaaaaggg gggattgggg ggtacagtgc aggggaaaga atagtagaca taatagcaac 1380
agacatacaa actaaagaat tacaaaaaca aattacaaaa attcaaaatt ttcgggttta 1440
ttacagggac agcagagatc cagtttgggg atcaattgca tgaagaatct gcttagggtt 1500
aggcgttttg cgctgctteg cgaggatctg cgatcgetcece ggtgcccgte agtgggcaga 1560
gegeacateyg cccacagtcece ccgagaagtt ggggggaggyg gteggcaatt gaaccggtge 1620
ctagagaagg tggcgcgggg taaactggga aagtgatgtc gtgtactggce tccgectttt 1680
tceccgagggt gggggagaac cgtatataag tgcagtagtc geccgtgaacg ttettttteg 1740
caacgggttt gccgccagaa cacagctgaa gcttcgaggg gctcgcatcect ctecttecacg 1800
cgecccgecge cctacctgag gecgcecatcee acgecggttg agtcecgegtte tgccgectcece 1860
cgectgtggt gectectgaa ctgcgtecge cgtctaggta agtttaaage tcaggtcgag 1920
accgggectt tgtcecggege tceccttggag cctacctaga ctcagecgge tcetceccacget 1980
ttgcctgace ctgcttgcte aactctacgt ctttgttteg ttttetgtte tgcgecgtta 2040
cagatccaag ctgtgaccgg cgcctacggce tagcgaattc ctcgaggcca ccatgctget 2100
gctggtgaca agcctgetge tgtgcgaget gecccaccee gectttetge tgatccececa 2160
ggaacagcte gtcgaaageg gcggcagact ggtgacacct ggeggcagec tgaccctgag 2220
ctgcaaggcce agcggctteg acttcagcge ctactacatg agctgggtece gecaggcccce 2280
tggcaaggga ctggaatgga tcgccaccat ctaccccage agcggcaaga cctactacge 2340
cacctgggtyg aacggacggt tcaccatcte cagcgacaac gcccagaaca ccgtggacct 2400
gcagatgaac agcctgacag ccgecgaccg ggccacctac ttttgegeca gagacagceta 2460
cgccgacgac ggcgecctgt tcaacatctg gggeccctgge accctggtga caatctcetag 2520
cggcggagge ggatctggtyg geggaggaag tggeggegga ggatctgage tggtgetgac 2580
ccagagcccce tetgtgtetg ctgccectggg aagecctgece aagatcacct gtaccctgag 2640
cagcgeccac aagaccgaca ccatcgactg gtatcagecag ctgcagggeyg aggcccccag 2700
atacctgatg caggtgcaga gcgacggcag ctacaccaag aggccaggceyg tgcccgaccyg 2760

gttcagcgga tctagctctg gcgecgaccg ctacctgate atccccageg tgcaggecga 2820
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tgacgaggcce gattactact gtggcgeccga ctacatcgge ggctacgtgt teggcecggagg 2880
cacccagetyg accgtgaccg gecgagtctaa gtacggacceg cectgecccee cttgecctgg 2940
ccagectege gagecccagg tgtacaccct gectccectece caggaagaga tgaccaagaa 3000
ccaggtgtcce ctgacctgec tggtgaaggg cttcectacccce agcgacatcg ccgtggagtg 3060
ggagagcaac ggccagcctg agaacaacta caagaccacc cctccegtge tggacagega 3120
cggcagette ttcectgtaca gecggetgac cgtggacaag agecggtgge aggaaggcaa 3180
cgtctttage tgcagcgtga tgcacgaggce cctgcacaac cactacaccce agaagagcect 3240
gagcectgtee ctgggcaaga tgttcectgggt getggtggtg gtgggcegggg tgctggectyg 3300
ctacagcctg ctggtgacag tggccttcat catcttttgg gtgaaacggg gcagaaagaa 3360
actcctgtat atattcaaac aaccatttat gagaccagta caaactactc aagaggaaga 3420
tggctgtage tgccgatttce cagaagaaga agaaggagga tgtgaactgc gggtgaagtt 3480
cagcagaagc gccgacgecce ctgcctacca gecagggccag aatcagcetgt acaacgagcet 3540
gaacctggge agaagggaag agtacgacgt cctggataag cggagaggcc gggaccctga 3600
gatgggegge aagectcegge ggaagaaccce ccaggaaggce ctgtataacg aactgcagaa 3660
agacaagatg gccgaggcect acagcgagat cggcatgaag ggcgagcgga ggcggggcaa 3720
gggccacgac ggectgtate agggectgte caccgecacce aaggatacct acgacgcect 3780
gcacatgcag gccctgcecee caaggcetcga gggceggcegga gagggcagag gaagtcttet 3840
aacatgcggt gacgtggagg agaatcccgg ccctaggatg cttctectgg tgacaagect 3900
tctgctetgt gagttaccac acccagcatt cctectgatce ccacgcaaag tgtgtaacgg 3960
aataggtatt ggtgaattta aagactcact ctccataaat gctacgaata ttaaacactt 4020
caaaaactgc acctccatca gtggcgatct ccacatcctg ccggtggcat ttaggggtga 4080
ctccttcecaca catactccte ctectggatce acaggaactg gatattctga aaaccgtaaa 4140
ggaaatcaca gggtttttge tgattcaggc ttggcctgaa aacaggacgg acctccatge 4200
ctttgagaac ctagaaatca tacgcggcag gaccaagcaa catggtcagt tttctcettgce 4260
agtcgtcage ctgaacataa catccttggg attacgctcecce ctcaaggaga taagtgatgg 4320
agatgtgata atttcaggaa acaaaaattt gtgctatgca aatacaataa actggaaaaa 4380
actgtttggg acctccggtc agaaaaccaa aattataagc aacagaggtg aaaacagctg 4440
caaggccaca ggccaggtct gecatgectt gtgetcceee gagggcetget ggggeccgga 4500
gcccagggac tgcgtcectcett gccggaatgt cagccgaggce agggaatgceg tggacaagtg 4560
caaccttectg gagggtgagce caagggagtt tgtggagaac tctgagtgca tacagtgcca 4620
cccagagtge ctgectcagg ccatgaacat cacctgcaca ggacggggac cagacaactg 4680
tatccagtgt gcccactaca ttgacggcce ccactgegtce aagacctgece cggcaggagt 4740
catgggagaa aacaacaccc tggtctggaa gtacgcagac gcecggccatyg tgtgecacct 4800
gtgccatcca aactgcacct acggatgcac tgggccaggt cttgaaggct gtccaacgaa 4860
tgggcctaag atccecgteca tegccactgg gatggtgggg gecctectet tgetgetggt 4920
ggtggcceetyg gggatcggcee tcttcatgtg agecggccget ctagaccegg gctgcaggaa 4980
ttcgatatca agcttatcga taatcaacct ctggattaca aaatttgtga aagattgact 5040

ggtattctta actatgttgc tccttttacg ctatgtggat acgctgecttt aatgectttg 5100
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tatcatgcta ttgcttceceg tatggctttce attttctect cecttgtataa atcctggttg 5160
ctgtctettt atgaggagtt gtggccecgtt gtcaggcaac gtggcgtggt gtgcactgtg 5220
tttgctgacg caacccccac tggttggggce attgccacca cctgtcaget cetttecggg 5280
actttcgett tecccecteee tattgccacg gcggaactca tcgccgectg cettgccege 5340
tgctggacag gggctcggcet gttgggcact gacaattcecg tggtgttgte ggggaaatca 5400
tcgtecttte cttggctget cgectgtgtt gccacctgga ttcectgegcegg gacgtcectte 5460
tgctacgtce cttceggcect caatccagcg gaccttectt ceccgeggect getgecgget 5520
ctgcggectce ttceccecgegtet tegecttcecge cctcagacga gtcggatcte cetttgggece 5580
gcctececege atcgataccg tcgactagece gtacctttaa gaccaatgac ttacaaggca 5640
gctgtagate ttagccactt tttaaaagaa aaggggggac tggaagggct aattcactcce 5700
caaagaagac aagatctgct ttttgcctgt actgggtcectce tctggttaga ccagatctga 5760
gcctgggage tcetetggcecta actagggaac ccactgctta agectcaata aagecttgect 5820
tgagtgcttc aagtagtgtg tgcccgtctg ttgtgtgact ctggtaacta gagatccctce 5880
agaccctttt agtcagtgtg gaaaatctct agcagaattc gatatcaagce ttatcgatac 5940
cgtcgaccte gagggggggce ccggtaccca attcgccecta tagtgagtceg tattacaatt 6000
cactggccgt cgttttacaa cgtcgtgact gggaaaaccc tggcgttacce caacttaatce 6060
gccttgcage acatccceccect ttegeccaget ggcgtaatag cgaagaggcec cgcaccgatce 6120
gccectteeca acagttgcecge agectgaatg gcgaatggaa attgtaagceg ttaatatttt 6180
gttaaaattc gcgttaaatt tttgttaaat cagctcattt tttaaccaat aggccgaaat 6240
cggcaaaatc ccttataaat caaaagaata gaccgagata gggttgagtg ttgttccagt 6300
ttggaacaag agtccactat taaagaacgt ggactccaac gtcaaagggc gaaaaaccgt 6360
ctatcagggc gatggcccac tacgtgaacc atcaccctaa tcaagttttt tggggtcgag 6420
gtgccgtaaa gcactaaatc ggaaccctaa agggagcccec cgatttagag cttgacgggg 6480
aaagccggeg aacgtggcga gaaaggaagg gaagaaageg aaaggagcegyg gcgctaggge 6540
gctggcaagt gtagecggtca cgctgegegt aaccaccaca cccgecgege ttaatgegece 6600
gctacagggce gcgtcaggtg gcactttteg gggaaatgtg cgcggaaccce ctatttgttt 6660
atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct gataaatgcet 6720
tcaataatat tgaaaaagga agagtatgag tattcaacat ttccgtgtcg cccttattcce 6780
cttttttgecg gecattttgece ttectgtttt tgctcaccca gaaacgctgg tgaaagtaaa 6840
agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc tcaacagcgg 6900
taagatcctt gagagttttc gccccgaaga acgttttceca atgatgagca cttttaaagt 6960
tctgctatgt ggcgeggtat tatcccegtat tgacgcecggg caagagcaac teggtcegecg 7020
catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa agcatcttac 7080
ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg ataacactgce 7140
ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgett ttttgcacaa 7200
catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg aagccatacc 7260
aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttgce gcaaactatt 7320

aactggcgaa ctacttactc tagcttecccg gcaacaatta atagactgga tggaggcgga 7380
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taaagttgca ggaccacttc tgcgctegge ccttecgget ggctggttta ttgctgataa 7440
atctggagcce ggtgagcgtg ggtctegegg tatcattgca gecactggggce cagatggtaa 7500
gccctecegt atcgtagtta tctacacgac ggggagtcag gcaactatgg atgaacgaaa 7560
tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt cagaccaagt 7620
ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa ggatctaggt 7680
gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt cgttccactg 7740
agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt ttetgcegegt 7800
aatctgctgce ttgcaaacaa aaaaaccacc gctaccagcg gtggtttgtt tgccggatca 7860
agagctacca actcttttte cgaaggtaac tggcttcagce agagcgcaga taccaaatac 7920
tgttctteta gtgtagcegt agttaggcca ccacttcaag aactctgtag caccgcctac 7980
atacctecget ctgctaatcce tgttaccagt ggctgctgece agtggcgata agtcgtgtcet 8040
taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg gcetgaacggg 8100
gggttegtge acacagccca gcttggageg aacgacctac accgaactga gatacctaca 8160
gegtgageta tgagaaagceg ccacgettcece cgaagggaga aaggcggaca ggtatcceggt 8220
aagcggcagg gtcggaacag gagagcgcac gagggagett ccagggggaa acgectggta 8280
tctttatagt cctgtcgggt ttecgccacct ctgacttgag cgtcgatttt tgtgatgcetce 8340
gtcagggggg cggagcctat ggaaaaacgc cagcaacgceg gcectttttac ggttectgge 8400
cttttgcetgg ccttttgecte acatgttctt tcectgcgtta tecccectgatt ctgtggataa 8460
ccgtattacce gectttgagt gagctgatac cgctecgecge agccgaacga ccgagcegcag 8520
cgagtcagtyg agcgaggaag cggaagagceg cccaatacge aaaccgecte tcceegegeg 8580
ttggccgatt cattaatgca gctggcacga caggtttcecce gactggaaag cgggcagtga 8640
gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggcett tacactttat 8700
gcttecgget cgtatgttgt gtggaattgt gagcggataa caatttcaca caggaaacag 8760
ctatgaccat gattacgcca agctcgaaat taaccctcac taaagggaac aaaagctgga 8820
gectecacege ggtggeggee tcgaggtcega gatcceggteg accagcaacc atagtccege 8880
ccctaactee geccatceeg cecctaacte cgecccagtte cgceccattet cegecccatg 8940
gctgactaat tttttttatt tatgcagagg ccgaggccgce ctecggcectcet gagcectattcece 9000
agaagtagtg aggaggcttt tttggaggcc taggcttttg caaaaagctt cgacggtatc 9060
gattggctca tgtccaacat taccgccatg ttgacattga ttattgacta gttattaata 9120
gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact 9180
tacggtaaat ggcccgcctg gcetgaccgcee caacgacccce cgcccattga cgtcaataat 9240
gacgtatgtt cccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggagta 9300
tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccce 9360
tattgacgtc aatgacggta aatggcccgce ctggcattat gecccagtaca tgaccttatg 9420
ggactttect acttggcagt acatctacgt attagtcatc gctattacca tggtgatgeg 9480
gttttggcag tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtcet 9540
ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa 9600

atgtcgtaac aactccgccc cattgacgca aatgggceggt aggcgtgtac ggaattcgga 9660
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gtggcgagec ctcagatcct gcatataagce agctgetttt tgecctgtact gggtctetcet 9720

g 9721

<210> SEQ ID NO 40

<211> LENGTH: 952

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 40

Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15

Ala Phe Leu Leu Ile Pro Gln Glu Gln Leu Val Glu Ser Gly Gly Arg
20 25 30

Leu Val Thr Pro Gly Gly Ser Leu Thr Leu Ser Cys Lys Ala Ser Gly
35 40 45

Phe Asp Phe Ser Ala Tyr Tyr Met Ser Trp Val Arg Gln Ala Pro Gly
50 55 60

Lys Gly Leu Glu Trp Ile Ala Thr Ile Tyr Pro Ser Ser Gly Lys Thr
65 70 75 80

Tyr Tyr Ala Thr Trp Val Asn Gly Arg Phe Thr Ile Ser Ser Asp Asn
85 90 95

Ala Gln Asn Thr Val Asp Leu Gln Met Asn Ser Leu Thr Ala Ala Asp
100 105 110

Arg Ala Thr Tyr Phe Cys Ala Arg Asp Ser Tyr Ala Asp Asp Gly Ala
115 120 125

Leu Phe Asn Ile Trp Gly Pro Gly Thr Leu Val Thr Ile Ser Ser Gly
130 135 140

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Leu
145 150 155 160

Val Leu Thr Gln Ser Pro Ser Val Ser Ala Ala Leu Gly Ser Pro Ala
165 170 175

Lys Ile Thr Cys Thr Leu Ser Ser Ala His Lys Thr Asp Thr Ile Asp
180 185 190

Trp Tyr Gln Gln Leu Gln Gly Glu Ala Pro Arg Tyr Leu Met Gln Val
195 200 205

Gln Ser Asp Gly Ser Tyr Thr Lys Arg Pro Gly Val Pro Asp Arg Phe
210 215 220

Ser Gly Ser Ser Ser Gly Ala Asp Arg Tyr Leu Ile Ile Pro Ser Val
225 230 235 240

Gln Ala Asp Asp Glu Ala Asp Tyr Tyr Cys Gly Ala Asp Tyr Ile Gly
245 250 255

Gly Tyr Val Phe Gly Gly Gly Thr Gln Leu Thr Val Thr Gly Glu Ser
260 265 270

Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Gly Gln Pro Arg Glu Pro
275 280 285

Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln
290 295 300

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
305 310 315 320

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr



US 2021/0052649 Al Feb. 25, 2021
&1

-continued

325 330 335

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu
340 345 350

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser
355 360 365

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
370 375 380

Leu Ser Leu Gly Lys Met Phe Trp Val Leu Val Val Val Gly Gly Val
385 390 395 400

Leu Ala Cys Tyr Ser Leu Leu Val Thr Val Ala Phe Ile Ile Phe Trp
405 410 415

Val Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe
420 425 430

Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg
435 440 445

Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser
450 455 460

Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu Tyr
465 470 475 480

Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys
485 490 495

Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn
500 505 510

Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu
515 520 525

Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly
530 535 540

His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr
545 550 555 560

Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg Leu Glu Gly Gly Gly
565 570 575

Glu Gly Arg Gly Ser Leu Leu Thr Cys Gly Asp Val Glu Glu Asn Pro
580 585 590

Gly Pro Arg Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu
595 600 605

Pro His Pro Ala Phe Leu Leu Ile Pro Arg Lys Val Cys Asn Gly Ile
610 615 620

Gly Ile Gly Glu Phe Lys Asp Ser Leu Ser Ile Asn Ala Thr Asn Ile
625 630 635 640

Lys His Phe Lys Asn Cys Thr Ser Ile Ser Gly Asp Leu His Ile Leu
645 650 655

Pro Val Ala Phe Arg Gly Asp Ser Phe Thr His Thr Pro Pro Leu Asp
660 665 670

Pro Gln Glu Leu Asp Ile Leu Lys Thr Val Lys Glu Ile Thr Gly Phe
675 680 685

Leu Leu Ile Gln Ala Trp Pro Glu Asn Arg Thr Asp Leu His Ala Phe
690 695 700

Glu Asn Leu Glu Ile Ile Arg Gly Arg Thr Lys Gln His Gly Gln Phe
705 710 715 720

Ser Leu Ala Val Val Ser Leu Asn Ile Thr Ser Leu Gly Leu Arg Ser
725 730 735
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Leu Lys Glu Ile Ser Asp Gly Asp Val Ile Ile Ser Gly Asn Lys Asn
740 745 750

Leu Cys Tyr Ala Asn Thr Ile Asn Trp Lys Lys Leu Phe Gly Thr Ser
755 760 765

Gly Gln Lys Thr Lys Ile Ile Ser Asn Arg Gly Glu Asn Ser Cys Lys
770 775 780

Ala Thr Gly Gln Val Cys His Ala Leu Cys Ser Pro Glu Gly Cys Trp
785 790 795 800

Gly Pro Glu Pro Arg Asp Cys Val Ser Cys Arg Asn Val Ser Arg Gly
805 810 815

Arg Glu Cys Val Asp Lys Cys Asn Leu Leu Glu Gly Glu Pro Arg Glu
820 825 830

Phe Val Glu Asn Ser Glu Cys Ile Gln Cys His Pro Glu Cys Leu Pro
835 840 845

Gln Ala Met Asn Ile Thr Cys Thr Gly Arg Gly Pro Asp Asn Cys Ile
850 855 860

Gln Cys Ala His Tyr Ile Asp Gly Pro His Cys Val Lys Thr Cys Pro
865 870 875 880

Ala Gly Val Met Gly Glu Asn Asn Thr Leu Val Trp Lys Tyr Ala Asp
885 890 895

Ala Gly His Val Cys His Leu Cys His Pro Asn Cys Thr Tyr Gly Cys
900 905 910

Thr Gly Pro Gly Leu Glu Gly Cys Pro Thr Asn Gly Pro Lys Ile Pro
915 920 925

Ser Ile Ala Thr Gly Met Val Gly Ala Leu Leu Leu Leu Leu Val Val
930 935 940

Ala Leu Gly Ile Gly Leu Phe Met
945 950

<210> SEQ ID NO 41

<211> LENGTH: 9400

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 41

gttagaccag atctgagcct gggagetcte tggctaacta gggaacccac tgcttaagec 60
tcaataaagce ttgccttgag tgcttcaagt agtgtgtgece cgtetgttgt gtgactcetgg 120
taactagaga tccctcagac ccttttagte agtgtggaaa atctctageca gtggegecceg 180
aacagggact tgaaagcgaa agggaaacca gaggagetet ctcgacgcag gactceggett 240
getgaagege gcacggcaag aggcgagggyg cggcgactgg tgagtacgec aaaaattttg 300

actagcggag gctagaagga gagagatggg tgcgagageg tcagtattaa gegggggaga 360

attagatcga tgggaaaaaa ttcggttaag gccaggggga aagaaaaaat ataaattaaa 420
acatatagta tgggcaagca gggagctaga acgattegea gttaatcetg gectgttaga 480
aacatcagaa ggctgtagac aaatactggg acagctacaa ccatcectte agacaggatce 540
agaagaactt agatcattat ataatacagt agcaaccctc tattgtgtge atcaaaggat 600
agagataaaa gacaccaagg aagctttaga caagatagag gaagagcaaa acaaaagtaa 660

gaaaaaagca cagcaagcag cagctgacac aggacacagce aatcaggtca gccaaaatta 720
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ccctatagtg cagaacatcce aggggcaaat ggtacatcag gccatatcac ctagaacttt 780
aaatgcatgg gtaaaagtag tagaagagaa ggctttcagce ccagaagtga tacccatgtt 840
ttcagcatta tcagaaggag ccaccccaca agatttaaac accatgctaa acacagtggg 900
gggacatcaa gcagccatgc aaatgttaaa agagaccatc aatgaggaag ctgcaggcaa 960

agagaagagt ggtgcagaga gaaaaaagag cagtgggaat aggagctttg ttccttgggt 1020
tcttgggage agcaggaagce actatgggeg cagcgtcaat gacgctgacyg gtacaggcca 1080
gacaattatt gtctggtata gtgcagcagc agaacaattt gctgagggct attgaggcgce 1140
aacagcatct gttgcaactc acagtctggg gcatcaagca gctccaggca agaatcctgg 1200
ctgtggaaag atacctaaag gatcaacagc tcctggggat ttggggttgce tctggaaaac 1260
tcatttgcac cactgctgtg ccttggatct acaaatggca gtattcatcc acaattttaa 1320
aagaaaaggg gggattgggg ggtacagtgc aggggaaaga atagtagaca taatagcaac 1380
agacatacaa actaaagaat tacaaaaaca aattacaaaa attcaaaatt ttcgggttta 1440
ttacagggac agcagagatc cagtttgggg atcaattgca tgaagaatct gcttagggtt 1500
aggcgttttg cgctgctteg cgaggatctg cgatcgetcece ggtgcccgte agtgggcaga 1560
gegeacateyg cccacagtcece ccgagaagtt ggggggaggyg gteggcaatt gaaccggtge 1620
ctagagaagg tggcgcgggg taaactggga aagtgatgtc gtgtactggce tccgectttt 1680
tceccgagggt gggggagaac cgtatataag tgcagtagtc geccgtgaacg ttettttteg 1740
caacgggttt gccgccagaa cacagctgaa gcttcgaggg gctcgcatcect ctecttecacg 1800
cgecccgecge cctacctgag gecgcecatcee acgecggttg agtcecgegtte tgccgectcece 1860
cgectgtggt gectectgaa ctgcgtecge cgtctaggta agtttaaage tcaggtcgag 1920
accgggectt tgtcecggege tceccttggag cctacctaga ctcagecgge tcetceccacget 1980
ttgcctgace ctgcttgcte aactctacgt ctttgttteg ttttetgtte tgcgecgtta 2040
cagatccaag ctgtgaccgg cgcctacggce tagcgaattc ctcgaggcca ccatgctget 2100
gctggtgaca agcctgetge tgtgcgaget gecccaccee gectttetge tgatccececa 2160
ggaacagcte gtcgaaageg gcggcagact ggtgacacct ggeggcagec tgaccctgag 2220
ctgcaaggcce agcggctteg acttcagcge ctactacatg agctgggtece gecaggcccce 2280
tggcaaggga ctggaatgga tcgccaccat ctaccccage agcggcaaga cctactacge 2340
cacctgggtyg aacggacggt tcaccatcte cagcgacaac gcccagaaca ccgtggacct 2400
gcagatgaac agcctgacag ccgecgaccg ggccacctac ttttgegeca gagacagceta 2460
cgccgacgac ggcgecctgt tcaacatctg gggeccctgge accctggtga caatctcetag 2520
cggcggagge ggatctggtyg geggaggaag tggeggegga ggatctgage tggtgetgac 2580
ccagagcccce tetgtgtetg ctgccectggg aagecctgece aagatcacct gtaccctgag 2640
cagcgeccac aagaccgaca ccatcgactg gtatcagecag ctgcagggeyg aggcccccag 2700
atacctgatg caggtgcaga gcgacggcag ctacaccaag aggccaggceyg tgcccgaccyg 2760
gttcagcgga tctagctctg gcgecgaccg ctacctgate atccccageg tgcaggecga 2820
tgacgaggcce gattactact gtggcgeccga ctacatcgge ggctacgtgt teggcecggagg 2880

cacccagcetg accgtgaccg gcgagtctaa gtacggaccg ccectgecccee cttgecctat 2940

gttcetgggtyg ctggtggtgg tgggcggggt gcectggectge tacagcectgce tggtgacagt 3000
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ggccttcate atcttttggg tgaaacgggg cagaaagaaa ctcctgtata tattcaaaca 3060
accatttatg agaccagtac aaactactca agaggaagat ggctgtagct gccgatttcce 3120
agaagaagaa gaaggaggat gtgaactgcg ggtgaagttce agcagaagcyg ccgacgcccce 3180
tgcctaccag cagggccaga atcagctgta caacgagetyg aacctgggca gaagggaaga 3240
gtacgacgte ctggataagce ggagaggccg ggaccctgag atgggeggca agectceggeg 3300
gaagaaccce caggaaggcece tgtataacga actgcagaaa gacaagatgg ccgaggccta 3360
cagcgagatce ggcatgaagg gcgagceggag geggggcaag ggccacgacyg gectgtatca 3420
gggectgtece accgccacca aggataccta cgacgccctg cacatgcagg cectgcccee 3480
aaggctcgag ggcggeggag agggcagagg aagtcttceta acatgeggtyg acgtggagga 3540
gaatccecgge cctaggatge ttectectggt gacaagectt ctgctcetgtg agttaccaca 3600
cccagcattce ctcctgatcecce cacgcaaagt gtgtaacgga ataggtattg gtgaatttaa 3660
agactcactc tccataaatg ctacgaatat taaacacttc aaaaactgca cctccatcag 3720
tggcgatcte cacatcctge cggtggcatt taggggtgac teccttcacac atactcectcee 3780
tctggatcca caggaactgg atattctgaa aaccgtaaag gaaatcacag ggtttttgcet 3840
gattcaggct tggcctgaaa acaggacgga cctccatgec tttgagaacc tagaaatcat 3900
acgcggcagg accaagcaac atggtcagtt ttcectcttgca gtcgtcagece tgaacataac 3960
atccttggga ttacgctccece tcaaggagat aagtgatgga gatgtgataa tttcaggaaa 4020
caaaaatttg tgctatgcaa atacaataaa ctggaaaaaa ctgtttggga cctccggtca 4080
gaaaaccaaa attataagca acagaggtga aaacagctgc aaggccacag gccaggtcetg 4140
ccatgeccttg tgcteccceeg agggctgcectg gggcccggag cccagggact gegtctettg 4200
ccggaatgte agccgaggca gggaatgegt ggacaagtge aaccttcetgg agggtgagece 4260
aagggagttt gtggagaact ctgagtgcat acagtgccac ccagagtgcc tgcctcaggce 4320
catgaacatc acctgcacag gacggggacc agacaactgt atccagtgtg cccactacat 4380
tgacggcccee cactgegtca agacctgecce ggcaggagte atgggagaaa acaacaccct 4440
ggtctggaag tacgcagacg ccggccatgt gtgccacctg tgccatccaa actgcaccta 4500
cggatgcact gggccaggtc ttgaaggctg tccaacgaat gggcctaaga tcccgtcecat 4560
cgccactggg atggtggggg ccctectett gctgetggtg gtggcectgg ggatcecggect 4620
cttcatgtga gcggccgete tagacccggg ctgcaggaat tcgatatcaa gcecttatcgat 4680
aatcaacctc tggattacaa aatttgtgaa agattgactg gtattcttaa ctatgttgcet 4740
ccttttacge tatgtggata cgctgcttta atgecctttgt atcatgctat tgcttcecegt 4800
atggctttca ttttctecte cttgtataaa tcecectggttge tgtctecttta tgaggagttg 4860
tggccegttg tcaggcaacyg tggcgtggtg tgcactgtgt ttgctgacgce aacccccact 4920
ggttggggca ttgccaccac ctgtcagectce ctttececggga ctttegettt cccecteect 4980
attgccacgg cggaactcat cgccgcectge cttgcceget getggacagg ggctceggetg 5040
ttgggcactg acaattcegt ggtgttgtcg gggaaatcat cgtcctttee ttggetgete 5100
gcctgtgttyg ccacctggat tcectgecgeggg acgtecttet getacgtcecce tteggceecte 5160
aatccagegg accttcectte cecgeggectg ctgeccggete tgcggectet tecgegtett 5220

cgecttegee ctcagacgag tceggatctcee ctttgggecg cctcecccgea tegataccegt 5280
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cgactagccg tacctttaag accaatgact tacaaggcag ctgtagatct tagccacttt 5340
ttaaaagaaa aggggggact ggaagggcta attcactccc aaagaagaca agatctgcett 5400
tttgcctgta ctgggtctet ctggttagac cagatctgag cctgggaget ctcectggctaa 5460
ctagggaacc cactgcttaa gcctcaataa agcttgectt gagtgcttca agtagtgtgt 5520
gccegtetgt tgtgtgacte tggtaactag agatccctca gaccctttta gtcagtgtgg 5580
aaaatctcta gcagaattcg atatcaagct tatcgatacc gtcgacctceg agggggggcce 5640
cggtacccaa ttcgeccctat agtgagtcgt attacaattc actggccgte gttttacaac 5700
gtcgtgactyg ggaaaaccct ggegttaccce aacttaatcg ccttgcagca catcccectt 5760
tcgecagetyg gegtaatage gaagaggecce geaccgateg cectteccaa cagttgegea 5820
gcctgaatgg cgaatggaaa ttgtaagegt taatattttg ttaaaattcg cgttaaattt 5880
ttgttaaatc agctcatttt ttaaccaata ggccgaaatc ggcaaaatcc cttataaatc 5940
aaaagaatag accgagatag ggttgagtgt tgttccagtt tggaacaaga gtccactatt 6000
aaagaacgtg gactccaacg tcaaagggcg aaaaaccgte tatcagggeyg atggeccact 6060
acgtgaacca tcaccctaat caagtttttt ggggtcgagg tgccgtaaag cactaaatcg 6120
gaaccctaaa gggagccccee gatttagage ttgacgggga aagccggcega acgtggcgag 6180
aaaggaaggg aagaaagcga aaggagceggg cgctagggeyg ctggcaagtyg tageggtcac 6240
gectgegegta accaccacac ccgecgeget taatgegecg ctacagggeg cgtcaggtgg 6300
cacttttcgg ggaaatgtgce gceggaaccce tatttgttta tttttctaaa tacattcaaa 6360
tatgtatcecg ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa 6420
gagtatgagt attcaacatt tcecgtgtecge ccttattcec ttttttgegg cattttgect 6480
tcetgttttt gectcacccag aaacgctggt gaaagtaaaa gatgctgaag atcagttggg 6540
tgcacgagtg ggttacatcg aactggatct caacagcggt aagatccttg agagttttcg 6600
ccecgaagaa cgttttcecaa tgatgagcac ttttaaagtt ctgctatgtg gegeggtatt 6660
atccecgtatt gacgccgggce aagagcaact cggtcgecge atacactatt ctcagaatga 6720
cttggttgag tactcaccag tcacagaaaa gcatcttacg gatggcatga cagtaagaga 6780
attatgcagt gctgccataa ccatgagtga taacactgcg gccaacttac ttcectgacaac 6840
gatcggagga ccgaaggagce taaccgcettt tttgcacaac atgggggatc atgtaactcg 6900
ccttgategt tgggaaccgg agctgaatga agecatacca aacgacgagce gtgacaccac 6960
gatgcctgta gcaatggcaa caacgttgcg caaactatta actggcgaac tacttactct 7020
agcttcecgg caacaattaa tagactggat ggaggcggat aaagttgcag gaccacttct 7080
gcgeteggee cttecggetg gctggtttat tgctgataaa tetggagecg gtgagcegtgg 7140
gtctegeggt atcattgcag cactggggcce agatggtaag ccctceccgta tcecgtagttat 7200
ctacacgacg gggagtcagg caactatgga tgaacgaaat agacagatcyg ctgagatagg 7260
tgcctcactg attaagcatt ggtaactgtc agaccaagtt tactcatata tactttagat 7320
tgatttaaaa cttcattttt aatttaaaag gatctaggtg aagatccttt ttgataatct 7380
catgaccaaa atcccttaac gtgagttttce gttceccactga gecgtcagacce ccgtagaaaa 7440
gatcaaagga tcttcttgag atcctttttt tcectgcgcgta atctgctget tgcaaacaaa 7500

aaaaccaccg ctaccagcegg tggtttgttt gccggatcaa gagctaccaa ctetttttece 7560
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gaaggtaact ggcttcagca gagcgcagat accaaatact gttcttctag tgtagccgta 7620
gttaggccac cacttcaaga actctgtagce accgcctaca tacctcgetce tgctaatcect 7680
gttaccagtyg gctgctgcca gtggcgataa gtcgtgtctt accgggttgg actcaagacy 7740
atagttaccg gataaggcgce agcggteggg ctgaacgggg ggttegtgea cacageccag 7800
cttggagcga acgacctaca ccgaactgag atacctacag cgtgagctat gagaaagcgce 7860
cacgcttceee gaagggagaa aggcggacag gtatcceggta ageggcaggyg tceggaacagg 7920
agagcgcacg agggagcttc cagggggaaa cgcctggtat ctttatagte ctgtcecgggtt 7980
tcgccaccte tgacttgage gtcgattttt gtgatgceteg tcaggggggce ggagcectatg 8040
gaaaaacgcc agcaacgcgg cctttttacg gttcecctggec ttttgctgge cttttgctca 8100
catgttettt cctgcgttat cccctgatte tgtggataac cgtattaccg cctttgagtg 8160
agctgatace gctegecgca gecgaacgac cgagcegcage gagtcagtga gcgaggaage 8220
ggaagagcgce ccaatacgca aaccgcectcet ccccgegegt tggccgattce attaatgcag 8280
ctggcacgac aggtttcccg actggaaagc gggcagtgag cgcaacgcaa ttaatgtgag 8340
ttagctcact cattaggcac cccaggcttt acactttatg cttceccggcte gtatgttgtg 8400
tggaattgtg agcggataac aatttcacac aggaaacagc tatgaccatg attacgccaa 8460
gctegaaatt aaccctcact aaagggaaca aaagctggag ctccaccgeg gtggeggect 8520
cgaggtcgag atccggtega ccagcaacca tagtcccgece cctaactceceg cccatcccge 8580
ccctaactece geccagttece geccattcecte cgecccatgg ctgactaatt ttttttattt 8640
atgcagaggc cgaggccgcec tceggectcectg agctattceca gaagtagtga ggaggctttt 8700
ttggaggcct aggcttttge aaaaagcttc gacggtatcg attggctcat gtccaacatt 8760
accgccatgt tgacattgat tattgactag ttattaatag taatcaatta cggggtcatt 8820
agttcatagc ccatatatgg agttccgcecgt tacataactt acggtaaatg gceccgcectgg 8880
ctgaccgccce aacgacceccec gceccattgac gtcaataatg acgtatgttce ccatagtaac 8940
gccaataggg actttccatt gacgtcaatg ggtggagtat ttacggtaaa ctgcccactt 9000
ggcagtacat caagtgtatc atatgccaag tacgcccccect attgacgtca atgacggtaa 9060
atggccegece tggcattatg cccagtacat gaccttatgg gactttceccta cttggcagta 9120
catctacgta ttagtcatcg ctattaccat ggtgatgcgg ttttggcagt acatcaatgg 9180
gcgtggatag cggtttgact cacggggatt tccaagtctce caccccattg acgtcaatgg 9240
gagtttgttt tggcaccaaa atcaacggga ctttccaaaa tgtcgtaaca actccgeccce 9300
attgacgcaa atgggcggta ggcgtgtacg gaattcggag tggcgagccce tcagatcctg 9360

catataagca gctgcttttt gectgtactg ggtcectctetg 9400

<210> SEQ ID NO 42

<211> LENGTH: 845

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 42

Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15
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Ala Phe Leu Leu Ile Pro Gln Glu Gln Leu Val Glu Ser Gly Gly Arg
20 25 30

Leu Val Thr Pro Gly Gly Ser Leu Thr Leu Ser Cys Lys Ala Ser Gly
35 40 45

Phe Asp Phe Ser Ala Tyr Tyr Met Ser Trp Val Arg Gln Ala Pro Gly
50 55 60

Lys Gly Leu Glu Trp Ile Ala Thr Ile Tyr Pro Ser Ser Gly Lys Thr
65 70 75 80

Tyr Tyr Ala Thr Trp Val Asn Gly Arg Phe Thr Ile Ser Ser Asp Asn
85 90 95

Ala Gln Asn Thr Val Asp Leu Gln Met Asn Ser Leu Thr Ala Ala Asp
100 105 110

Arg Ala Thr Tyr Phe Cys Ala Arg Asp Ser Tyr Ala Asp Asp Gly Ala
115 120 125

Leu Phe Asn Ile Trp Gly Pro Gly Thr Leu Val Thr Ile Ser Ser Gly
130 135 140

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Leu
145 150 155 160

Val Leu Thr Gln Ser Pro Ser Val Ser Ala Ala Leu Gly Ser Pro Ala
165 170 175

Lys Ile Thr Cys Thr Leu Ser Ser Ala His Lys Thr Asp Thr Ile Asp
180 185 190

Trp Tyr Gln Gln Leu Gln Gly Glu Ala Pro Arg Tyr Leu Met Gln Val
195 200 205

Gln Ser Asp Gly Ser Tyr Thr Lys Arg Pro Gly Val Pro Asp Arg Phe
210 215 220

Ser Gly Ser Ser Ser Gly Ala Asp Arg Tyr Leu Ile Ile Pro Ser Val
225 230 235 240

Gln Ala Asp Asp Glu Ala Asp Tyr Tyr Cys Gly Ala Asp Tyr Ile Gly
245 250 255

Gly Tyr Val Phe Gly Gly Gly Thr Gln Leu Thr Val Thr Gly Glu Ser
260 265 270

Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Met Phe Trp Val Leu Val
275 280 285

Val Val Gly Gly Val Leu Ala Cys Tyr Ser Leu Leu Val Thr Val Ala
290 295 300

Phe Ile Ile Phe Trp Val Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile
305 310 315 320

Phe Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp
325 330 335

Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
340 345 350

Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly
355 360 365

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr
370 375 380

Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys
385 390 395 400

Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys
405 410 415

Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg
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420 425 430

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala
435 440 445

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
450 455 460

Leu Glu Gly Gly Gly Glu Gly Arg Gly Ser Leu Leu Thr Cys Gly Asp
465 470 475 480

Val Glu Glu Asn Pro Gly Pro Arg Met Leu Leu Leu Val Thr Ser Leu
485 490 495

Leu Leu Cys Glu Leu Pro His Pro Ala Phe Leu Leu Ile Pro Arg Lys
500 505 510

Val Cys Asn Gly Ile Gly Ile Gly Glu Phe Lys Asp Ser Leu Ser Ile
515 520 525

Asn Ala Thr Asn Ile Lys His Phe Lys Asn Cys Thr Ser Ile Ser Gly
530 535 540

Asp Leu His Ile Leu Pro Val Ala Phe Arg Gly Asp Ser Phe Thr His
545 550 555 560

Thr Pro Pro Leu Asp Pro Gln Glu Leu Asp Ile Leu Lys Thr Val Lys
565 570 575

Glu Ile Thr Gly Phe Leu Leu Ile Gln Ala Trp Pro Glu Asn Arg Thr
580 585 590

Asp Leu His Ala Phe Glu Asn Leu Glu Ile Ile Arg Gly Arg Thr Lys
595 600 605

Gln His Gly Gln Phe Ser Leu Ala Val Val Ser Leu Asn Ile Thr Ser
610 615 620

Leu Gly Leu Arg Ser Leu Lys Glu Ile Ser Asp Gly Asp Val Ile Ile
625 630 635 640

Ser Gly Asn Lys Asn Leu Cys Tyr Ala Asn Thr Ile Asn Trp Lys Lys
645 650 655

Leu Phe Gly Thr Ser Gly Gln Lys Thr Lys Ile Ile Ser Asn Arg Gly
660 665 670

Glu Asn Ser Cys Lys Ala Thr Gly Gln Val Cys His Ala Leu Cys Ser
675 680 685

Pro Glu Gly Cys Trp Gly Pro Glu Pro Arg Asp Cys Val Ser Cys Arg
690 695 700

Asn Val Ser Arg Gly Arg Glu Cys Val Asp Lys Cys Asn Leu Leu Glu
705 710 715 720

Gly Glu Pro Arg Glu Phe Val Glu Asn Ser Glu Cys Ile Gln Cys His
725 730 735

Pro Glu Cys Leu Pro Gln Ala Met Asn Ile Thr Cys Thr Gly Arg Gly
740 745 750

Pro Asp Asn Cys Ile Gln Cys Ala His Tyr Ile Asp Gly Pro His Cys
755 760 765

Val Lys Thr Cys Pro Ala Gly Val Met Gly Glu Asn Asn Thr Leu Val
770 775 780

Trp Lys Tyr Ala Asp Ala Gly His Val Cys His Leu Cys His Pro Asn
785 790 795 800

Cys Thr Tyr Gly Cys Thr Gly Pro Gly Leu Glu Gly Cys Pro Thr Asn
805 810 815

Gly Pro Lys Ile Pro Ser Ile Ala Thr Gly Met Val Gly Ala Leu Leu
820 825 830
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Leu Leu Leu Val Val Ala Leu Gly Ile Gly Leu Phe Met
835 840 845

<210> SEQ ID NO 43

<211> LENGTH: 10015

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 43

gttagaccag atctgagcct gggagetcte tggctaacta gggaacccac tgcttaagece
tcaataaagc ttgccttgag tgcttcaagt agtgtgtgec cgtetgttgt gtgactetgg
taactagaga tccctcagac ccttttagte agtgtggaaa atctctageca gtggegeccyg
aacagggact tgaaagcgaa agggaaacca gaggagctcet ctcgacgcag gactcggett
gctgaagege gcacggcaag aggcgagggg cggcgactgg tgagtacgec aaaaattttg
actagcggag gctagaagga gagagatggg tgcgagageg tcagtattaa gcgggggaga
attagatcga tgggaaaaaa ttcggttaag geccaggggga aagaaaaaat ataaattaaa
acatatagta tgggcaagca gggagctaga acgattcgeca gttaatcctyg gectgttaga
aacatcagaa ggctgtagac aaatactggg acagctacaa ccatccctte agacaggatce
agaagaactt agatcattat ataatacagt agcaacccte tattgtgtge atcaaaggat
agagataaaa gacaccaagg aagctttaga caagatagag gaagagcaaa acaaaagtaa
gaaaaaagca cagcaagcag cagctgacac aggacacagc aatcaggtca gccaaaatta
ccctatagtyg cagaacatcce aggggcaaat ggtacatcag gccatatcac ctagaacttt
aaatgcatgg gtaaaagtag tagaagagaa ggctttcage ccagaagtga tacccatgtt
ttcagcatta tcagaaggag ccaccccaca agatttaaac accatgctaa acacagtggg
gggacatcaa gcagccatgce aaatgttaaa agagaccatc aatgaggaag ctgcaggcaa
agagaagagt ggtgcagaga gaaaaaagag cagtgggaat aggagctttg ttccttgggt
tcttgggage agcaggaagce actatgggeg cagcgtcaat gacgctgacyg gtacaggcca
gacaattatt gtctggtata gtgcagcagce agaacaattt gctgagggcet attgaggege
aacagcatct gttgcaactc acagtctggg gecatcaagea gctccaggca agaatcctgg
ctgtggaaag atacctaaag gatcaacagce tcectggggat ttggggttge tctggaaaac
tcatttgcac cactgctgtg ccttggatcet acaaatggca gtattcatcce acaattttaa
aagaaaaggg gggattgggg ggtacagtgc aggggaaaga atagtagaca taatagcaac
agacatacaa actaaagaat tacaaaaaca aattacaaaa attcaaaatt ttcgggttta
ttacagggac agcagagatc cagtttgggg atcaattgca tgaagaatct gcttagggtt
aggcegttttyg cgctgetteg cgaggatctg cgatcgetece ggtgeccegte agtgggcaga
gegeacateyg cccacagtcece ccgagaagtt ggggggaggyg gteggcaatt gaaccggtge
ctagagaagg tggcgegggg taaactggga aagtgatgte gtgtactgge tccgectttt
tceccgagggt gggggagaac cgtatataag tgcagtagte gecgtgaacyg ttettttteg

caacgggttt gccgecagaa cacagctgaa gettegaggg getegeatct ctecttcacg

cgeceecgeage cctacctgag gecgecatee acgeeggttg agtegegtte tgecgectece

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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cgectgtggt gectectgaa ctgcgtecge cgtctaggta agtttaaage tcaggtcgag 1920
accgggectt tgtcecggege tceccttggag cctacctaga ctcagecgge tcetceccacget 1980
ttgcctgace ctgcttgcte aactctacgt ctttgttteg ttttetgtte tgcgecgtta 2040
cagatccaag ctgtgaccgg cgcctacggce tagcgaattc geccaccatge tgctgetggt 2100
gacaagcctg ctgetgtgceg agetgcccca ccccgecttt ctgcectgatcece cccagagegt 2160
gaaagagtcce gagggcgacce tggtcacacce agccggcaac ctgaccctga cctgtaccege 2220
cagcggcage gacatcaacg actaccccat ctettgggte cgecaggete ctggcaaggg 2280
actggaatgg atcggcttca tcaacagcgg cggcagcact tggtacgcca getgggtcaa 2340
aggceggtte accatcagcce ggaccagcac caccgtggac ctgaagatga caagcectgac 2400
caccgacgac accgccacct acttttgcge cagaggctac agcacctact acggcgactt 2460
caacatctgg ggccectggca ccectggtcac aatctctage ggeggaggeyg gcageggagyg 2520
tggaggaagt ggcggcggag gatccgaget ggtcatgace cagaccccca gcagcacate 2580
tggcgecegty ggcggcaccyg tgaccatcaa ttgccaggece agcecagagca tcgacagcaa 2640
cctggectgg ttcecagcaga agcccggeca gecccccace ctgctgatet acagagecte 2700
caacctggee agceggegtge caagcagatt cageggcage agatctggcea ccgagtacac 2760
cctgaccatce tccggcgtge agagagagga cgccgctacce tattactgece tgggcecggegt 2820
gggcaacgtyg tcctacagaa ccagcttecgg cggaggtact gaggtggtcg tcaaatacgg 2880
accgceectge ceccecttgee ctgccceccga gttectggge ggacccageg tgttectgtt 2940
ccececcaag cccaaggaca ccctgatgat cagecggace ccecgaggtga cctgegtggt 3000
ggtggacgtyg agccaggaag atcccgaggt ccagttcaat tggtacgtgg acggcgtgga 3060
agtgcacaac gccaagacca agcccagaga ggaacagtte aacagcacct accgggtggt 3120
gtctgtgetyg accgtgectge accaggactg gctgaacggce aaagaataca agtgcaaggt 3180
gteccaacaag ggcectgccca gcagcatcga aaagaccatc agcaaggcca agggccagec 3240
tcgegagece caggtgtaca ccctgectece cteccaggaa gagatgacca agaaccaggt 3300
gtcecectgace tgecctggtga agggcttcecta ccccagcgac atcgceccegtgg agtgggagag 3360
caacggccag cctgagaaca actacaagac cacccctecee gtgctggaca gcgacggcag 3420
cttcttectg tacagccgge tgaccgtgga caagagcecgg tggcaggaag gcaacgtcett 3480
tagctgcage gtgatgcacg aggccctgca caaccactac acccagaaga gcctgagect 3540
gtcecectggge aagatgttcet gggtgctggt ggtggtgggce ggggtgctgg cctgctacag 3600
cctgectggtg acagtggect tcatcatctt ttgggtgaaa cggggcagaa agaaactcct 3660
gtatatattc aaacaaccat ttatgagacc agtacaaact actcaagagg aagatggctg 3720
tagctgcecga tttccagaag aagaagaagg aggatgtgaa ctgcgggtga agttcagcag 3780
aagcgecgac gccectgect accagcaggg ccagaatcag ctgtacaacyg agctgaacct 3840

gggcagaagg gaagagtacg acgtcctgga taagcggaga ggccgggacce ctgagatggg 3900
cggcaagect cggcggaaga accceccagga aggectgtat aacgaactge agaaagacaa 3960
gatggccgag gcectacageg agatcggcat gaagggcgag cggaggceggyg gcaagggeca 4020
cgacggectyg tatcagggece tgtccaccge caccaaggat acctacgacg ccctgcacat 4080

gecaggecectyg cccccaagge tegagggcegy cggagaggge agaggaagtce ttcetaacatg 4140
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cggtgacgtg gaggagaatc ccggccctag gatgcttete ctggtgacaa gecttcetget 4200
ctgtgagtta ccacacccag cattcctcecct gatcccacge aaagtgtgta acggaatagg 4260
tattggtgaa tttaaagact cactctccat aaatgctacg aatattaaac acttcaaaaa 4320
ctgcacctce atcagtggeg atctccacat cctgccggtg gecatttaggg gtgactectt 4380
cacacatact cctcctcectgg atccacagga actggatatt ctgaaaaccg taaaggaaat 4440
cacagggttt ttgctgattc aggcttggcce tgaaaacagg acggacctcce atgcectttga 4500
gaacctagaa atcatacgcg gcaggaccaa gcaacatggt cagttttctce ttgcagtegt 4560
cagcctgaac ataacatcct tgggattacg ctceccecctcaag gagataagtg atggagatgt 4620
gataatttca ggaaacaaaa atttgtgcta tgcaaataca ataaactgga aaaaactgtt 4680
tgggacctcee ggtcagaaaa ccaaaattat aagcaacaga ggtgaaaaca gctgcaaggce 4740
cacaggccag gtctgecatg ccttgtgete ceccgaggge tgctggggece cggageccag 4800
ggactgcgte tcecttgccgga atgtcagccg aggcagggaa tgcgtggaca agtgcaacct 4860
tctggagggt gagccaaggg agtttgtgga gaactctgag tgcatacagt gccacccaga 4920
gtgectgect caggccatga acatcacctg cacaggacgg ggaccagaca actgtatcca 4980
gtgtgcccac tacattgacg gcccccactg cgtcaagacce tgcccggcag gagtcatggg 5040
agaaaacaac accctggtct ggaagtacge agacgccgge catgtgtgece acctgtgceca 5100
tccaaactge acctacggat gcactgggcce aggtcttgaa ggctgtccaa cgaatgggcece 5160
taagatccecg teccatcgeca ctgggatggt gggggccecte ctcecttgcectge tggtggtggce 5220
cctggggatce ggcectcttceca tgtgagegge cgctctagac ccgggctgca ggaattcgat 5280
atcaagctta tcgataatca acctctggat tacaaaattt gtgaaagatt gactggtatt 5340
cttaactatg ttgctccttt tacgctatgt ggatacgctg ctttaatgcce tttgtatcat 5400
gctattgett cccgtatgge tttcecatttte tectecttgt ataaatcctg gttgetgtet 5460
ctttatgagg agttgtggcc cgttgtcagg caacgtggcg tggtgtgcac tgtgtttget 5520
gacgcaaccce ccactggttg gggcattgece accacctgte agectcecttte cgggacttte 5580
gctttececee teectattge cacggcggaa ctcatcgceeg ccectgecttge ccgetgetgyg 5640
acaggggctc ggctgttggg cactgacaat tcegtggtgt tgtcggggaa atcatcgtcece 5700
tttecettgge tgctegectyg tgttgccacce tggattcetge gegggacgte cttetgctac 5760
gtcecettegyg cectcaatce agecggacctt ccectteeccgeg gectgetgece ggetcetgegy 5820
cctettecge gtettegect tegecectcag acgagtegga tcectcectttg ggeccgectece 5880
ccgcatcgat accgtcgact agccgtacct ttaagaccaa tgacttacaa ggcagctgta 5940
gatcttagec actttttaaa agaaaagggg ggactggaag ggctaattca ctcccaaaga 6000
agacaagatc tgctttttgce ctgtactggg tctectcectggt tagaccagat ctgagcctgg 6060
gagctctetyg gctaactagg gaacccactg cttaagcctce aataaagett gccttgagtg 6120
cttcaagtag tgtgtgccecg tetgttgtgt gactctggta actagagatc cctcagaccce 6180
ttttagtcag tgtggaaaat ctctagcaga attcgatatc aagcttatcg ataccgtcga 6240
cctecgagggg gggcccggta cccaattcecge cctatagtga gtcgtattac aattcactgg 6300
ccgtegtttt acaacgtegt gactgggaaa accctggegt tacccaactt aatcgcecttg 6360

cagcacatcc ccctttcecgee agetggegta atagcgaaga ggcccgcacce gatcgcecectt 6420
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cccaacagtt gcgcagcctg aatggcgaat ggaaattgta agcgttaata ttttgttaaa 6480
attcgcgtta aatttttgtt aaatcagctc attttttaac caataggccg aaatcggcaa 6540
aatcccttat aaatcaaaag aatagaccga gatagggttg agtgttgttce cagtttggaa 6600
caagagtcca ctattaaaga acgtggactc caacgtcaaa gggcgaaaaa ccgtctatca 6660
gggcgatgge ccactacgtg aaccatcacc ctaatcaagt tttttggggt cgaggtgcecg 6720
taaagcacta aatcggaacc ctaaagggag cccccgattt agagcttgac ggggaaagcce 6780
ggcgaacgtyg gcgagaaagg aagggaagaa agcgaaagga gcgggcegcta gggegetgge 6840
aagtgtagceg gtcacgetge gegtaaccac cacacccgece gegettaatyg cgccgetaca 6900
gggcgcgtceca ggtggcactt tteggggaaa tgtgcgcgga acccctattt gtttattttt 6960
ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 7020
atattgaaaa aggaagagta tgagtattca acatttcegt gtcgccctta ttecccttttt 7080
tgcggcattt tgccttceetg tttttgctca cccagaaacg ctggtgaaag taaaagatgce 7140
tgaagatcag ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat 7200
ccttgagagt tttcgcceeg aagaacgttt tccaatgatg agcactttta aagttctget 7260
atgtggcgeg gtattatccce gtattgacge cgggcaagag caactcggtce gecgcataca 7320
ctattctcag aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg 7380
catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa 7440
cttacttctg acaacgatcg gaggaccgaa ggagctaacc gettttttge acaacatggg 7500
ggatcatgta actcgccttg atcgttggga accggagctg aatgaagcca taccaaacga 7560
cgagcgtgac accacgatgce ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg 7620
cgaactactt actctagctt cccggcaaca attaatagac tggatggagg cggataaagt 7680
tgcaggacca cttctgcget cggcccttcee ggetggetgg tttattgctg ataaatctgg 7740
agccggtgag cgtgggtcete geggtatcat tgcagcactg gggccagatg gtaagccctce 7800
ccgtategta gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca 7860
gatcgctgag ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactce 7920
atatatactt tagattgatt taaaacttca tttttaattt aaaaggatct aggtgaagat 7980
cctttttgat aatctcatga ccaaaatcce ttaacgtgag ttttecgttece actgagcgtce 8040
agaccccegta gaaaagatca aaggatcttce ttgagatcct ttttttctge gegtaatctg 8100
ctgcttgcaa acaaaaaaac caccgctacc agcggtggtt tgtttgccgg atcaagagcet 8160
accaactctt tttccgaagg taactggctt cagcagagcg cagataccaa atactgttcet 8220
tctagtgtag ccgtagttag gccaccactt caagaactct gtagcaccgce ctacatacct 8280
cgctctgeta atcctgttac cagtggectge tgccagtgge gataagtcgt gtecttaccgg 8340
gttggactca agacgatagt taccggataa ggcgcagcgg tcegggctgaa cggggggtte 8400
gtgcacacag cccagettgg agcgaacgac ctacaccgaa ctgagatacc tacagcgtga 8460
gctatgagaa agcgccacge ttcccgaagg gagaaaggceg gacaggtatc cggtaagegg 8520
cagggtcgga acaggagagc gcacgaggga gcttccaggg ggaaacgcect ggtatcttta 8580
tagtcctgte gggtttcgec acctctgact tgagegtcega tttttgtgat getcgtcagg 8640

ggggcggagce ctatggaaaa acgccagcaa cgcggcecttt ttacggttcecce tggecttttg 8700
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ctggccectttt gectcacatgt tetttectge gttatccect gattctgtgg ataaccgtat 8760
taccgecttt gagtgagetg ataccgeteg cegecagecga acgaccgage gcagcegagte 8820
agtgagcgag gaagcggaag agcgcccaat acgcaaaccyg cctcetcecceeyg cgegttggece 8880
gattcattaa tgcagctggc acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa 8940
cgcaattaat gtgagttagc tcactcatta ggcaccccag gctttacact ttatgcttcece 9000
ggctcgtatg ttgtgtggaa ttgtgagcgg ataacaattt cacacaggaa acagctatga 9060
ccatgattac gccaagctcg aaattaaccce tcactaaagg gaacaaaagc tggagctcca 9120
cegeggtgge ggcectegagg tcgagatceg gtecgaccage aaccatagtce ccgeccctaa 9180
ctececgeccat ceccgecccta actccgecca gttecgecca ttcecteecgece catggctgac 9240
taattttttt tatttatgca gaggccgagg ccgcctegge ctctgagcta ttceccagaagt 9300
agtgaggagg cttttttgga ggcctaggct tttgcaaaaa gcttcgacgg tatcgattgg 9360
ctcatgtcca acattaccgce catgttgaca ttgattattg actagttatt aatagtaatc 9420
aattacgggg tcattagttc atagcccata tatggagttc cgcgttacat aacttacggt 9480
aaatggcceg cctggetgac cgcccaacga cecccgcecca ttgacgtcaa taatgacgta 9540
tgttcccata gtaacgccaa tagggacttt ccattgacgt caatgggtgg agtatttacg 9600
gtaaactgcc cacttggcag tacatcaagt gtatcatatg ccaagtacgc cccctattga 9660
cgtcaatgac ggtaaatggc ccgcctggca ttatgcccag tacatgacct tatgggactt 9720
tcectacttgg cagtacatct acgtattagt catcgctatt accatggtga tgcggttttg 9780
gcagtacatc aatgggcgtg gatagcggtt tgactcacgg ggatttccaa gtctccaccce 9840
cattgacgtc aatgggagtt tgttttggca ccaaaatcaa cgggactttc caaaatgtcg 9900
taacaactcc geccccattga cgcaaatggg cggtaggegt gtacggaatt cggagtggeg 9960
agccctcaga tectgcatat aagcagctge tttttgectg tactgggtet ctetg 10015
<210> SEQ ID NO 44

<211> LENGTH: 1055

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 44

Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15

Ala Phe Leu Leu Ile Pro Gln Ser Val Lys Glu Ser Glu Gly Asp Leu
20 25 30

Val Thr Pro Ala Gly Asn Leu Thr Leu Thr Cys Thr Ala Ser Gly Ser
35 40 45

Asp Ile Asn Asp Tyr Pro Ile Ser Trp Val Arg Gln Ala Pro Gly Lys
50 55 60

Gly Leu Glu Trp Ile Gly Phe Ile Asn Ser Gly Gly Ser Thr Trp Tyr
65 70 75 80

Ala Ser Trp Val Lys Gly Arg Phe Thr Ile Ser Arg Thr Ser Thr Thr
85 90 95

Val Asp Leu Lys Met Thr Ser Leu Thr Thr Asp Asp Thr Ala Thr Tyr
100 105 110

Phe Cys Ala Arg Gly Tyr Ser Thr Tyr Tyr Gly Asp Phe Asn Ile Trp
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115 120 125

Gly Pro Gly Thr Leu Val Thr Ile Ser Ser Gly Gly Gly Gly Ser Gly
130 135 140

Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Leu Val Met Thr Gln Thr
145 150 155 160

Pro Ser Ser Thr Ser Gly Ala Val Gly Gly Thr Val Thr Ile Asn Cys
165 170 175

Gln Ala Ser Gln Ser Ile Asp Ser Asn Leu Ala Trp Phe Gln Gln Lys
180 185 190

Pro Gly Gln Pro Pro Thr Leu Leu Ile Tyr Arg Ala Ser Asn Leu Ala
195 200 205

Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Arg Ser Gly Thr Glu Tyr
210 215 220

Thr Leu Thr Ile Ser Gly Val Gln Arg Glu Asp Ala Ala Thr Tyr Tyr
225 230 235 240

Cys Leu Gly Gly Val Gly Asn Val Ser Tyr Arg Thr Ser Phe Gly Gly
245 250 255

Gly Thr Glu Val Val Val Lys Glu Ser Lys Tyr Gly Pro Pro Cys Pro
260 265 270

Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe
275 280 285

Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val
290 295 300

Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe
305 310 315 320

Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro
325 330 335

Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr
340 345 350

Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val
355 360 365

Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala
370 375 380

Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln
385 390 395 400

Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly
405 410 415

Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro
420 425 430

Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser
435 440 445

Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu
450 455 460

Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His
465 470 475 480

Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys Met Phe Trp Val
485 490 495

Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr Ser Leu Leu Val Thr
500 505 510

Val Ala Phe Ile Ile Phe Trp Val Lys Arg Gly Arg Lys Lys Leu Leu
515 520 525
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Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu
530 535 540

Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys
545 550 555 560

Glu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln
565 570 575

Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu
580 585 590

Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly
595 600 605

Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu
610 615 620

Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly
625 630 635 640

Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser
645 650 655

Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro
660 665 670

Pro Arg Leu Glu Gly Gly Gly Glu Gly Arg Gly Ser Leu Leu Thr Cys
675 680 685

Gly Asp Val Glu Glu Asn Pro Gly Pro Arg Met Leu Leu Leu Val Thr
690 695 700

Ser Leu Leu Leu Cys Glu Leu Pro His Pro Ala Phe Leu Leu Ile Pro
705 710 715 720

Arg Lys Val Cys Asn Gly Ile Gly Ile Gly Glu Phe Lys Asp Ser Leu
725 730 735

Ser Ile Asn Ala Thr Asn Ile Lys His Phe Lys Asn Cys Thr Ser Ile
740 745 750

Ser Gly Asp Leu His Ile Leu Pro Val Ala Phe Arg Gly Asp Ser Phe
755 760 765

Thr His Thr Pro Pro Leu Asp Pro Gln Glu Leu Asp Ile Leu Lys Thr
770 775 780

Val Lys Glu Ile Thr Gly Phe Leu Leu Ile Gln Ala Trp Pro Glu Asn
785 790 795 800

Arg Thr Asp Leu His Ala Phe Glu Asn Leu Glu Ile Ile Arg Gly Arg
805 810 815

Thr Lys Gln His Gly Gln Phe Ser Leu Ala Val Val Ser Leu Asn Ile
820 825 830

Thr Ser Leu Gly Leu Arg Ser Leu Lys Glu Ile Ser Asp Gly Asp Val
835 840 845

Ile Ile Ser Gly Asn Lys Asn Leu Cys Tyr Ala Asn Thr Ile Asn Trp
850 855 860

Lys Lys Leu Phe Gly Thr Ser Gly Gln Lys Thr Lys Ile Ile Ser Asn
865 870 875 880

Arg Gly Glu Asn Ser Cys Lys Ala Thr Gly Gln Val Cys His Ala Leu
885 890 895

Cys Ser Pro Glu Gly Cys Trp Gly Pro Glu Pro Arg Asp Cys Val Ser
900 905 910

Cys Arg Asn Val Ser Arg Gly Arg Glu Cys Val Asp Lys Cys Asn Leu
915 920 925
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Leu Glu Gly Glu Pro Arg Glu Phe Val Glu Asn Ser Glu Cys Ile Gln
930 935 940

Cys His Pro Glu Cys Leu Pro Gln Ala Met Asn Ile Thr Cys Thr Gly
945 950 955 960

Arg Gly Pro Asp Asn Cys Ile Gln Cys Ala His Tyr Ile Asp Gly Pro
965 970 975

His Cys Val Lys Thr Cys Pro Ala Gly Val Met Gly Glu Asn Asn Thr
980 985 990

Leu Val Trp Lys Tyr Ala Asp Ala Gly His Val Cys His Leu Cys His
995 1000 1005

Pro Asn Cys Thr Tyr Gly Cys Thr Gly Pro Gly Leu Glu Gly Cys Pro
1010 1015 1020

Thr Asn Gly Pro Lys Ile Pro Ser Ile Ala Thr Gly Met Val Gly Ala
1025 1030 1035 1040

Leu Leu Leu Leu Leu Val Val Ala Leu Gly Ile Gly Leu Phe Met
1045 1050 1055

<210> SEQ ID NO 45

<211> LENGTH: 10015

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 45

gttagaccag atctgagcct gggagetcte tggctaacta gggaacccac tgcttaagec 60
tcaataaagce ttgccttgag tgcttcaagt agtgtgtgece cgtetgttgt gtgactcetgg 120
taactagaga tccctcagac ccttttagte agtgtggaaa atctctageca gtggegecceg 180
aacagggact tgaaagcgaa agggaaacca gaggagetet ctcgacgcag gactceggett 240
getgaagege gcacggcaag aggcgagggyg cggcgactgg tgagtacgec aaaaattttg 300

actagcggag gctagaagga gagagatggg tgcgagageg tcagtattaa gegggggaga 360

attagatcga tgggaaaaaa ttcggttaag gccaggggga aagaaaaaat ataaattaaa 420
acatatagta tgggcaagca gggagctaga acgattegea gttaatcetg gectgttaga 480
aacatcagaa ggctgtagac aaatactggg acagctacaa ccatcectte agacaggatce 540
agaagaactt agatcattat ataatacagt agcaaccctc tattgtgtge atcaaaggat 600
agagataaaa gacaccaagg aagctttaga caagatagag gaagagcaaa acaaaagtaa 660
gaaaaaagca cagcaagcag cagctgacac aggacacagce aatcaggtca gccaaaatta 720
ccctatagtyg cagaacatcce aggggcaaat ggtacatcag gecatatcac ctagaacttt 780
aaatgcatgg gtaaaagtag tagaagagaa ggctttcage ccagaagtga tacccatgtt 840
ttcagcatta tcagaaggag ccaccccaca agatttaaac accatgctaa acacagtggg 900
gggacatcaa gcagccatgce aaatgttaaa agagaccatc aatgaggaag ctgcaggcaa 960

agagaagagt ggtgcagaga gaaaaaagag cagtgggaat aggagctttg ttccttgggt 1020

tcttgggage agcaggaage actatgggeg cagegtcaat gacgetgacg gtacaggceca 1080

gacaattatt gtctggtata gtgcagcagc agaacaattt gctgagggct attgaggcgce 1140

aacagcatct gttgcaactc acagtctggg gcatcaagca gctccaggca agaatcctgg 1200

ctgtggaaag atacctaaag gatcaacagc tcctggggat ttggggttgce tctggaaaac 1260
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tcatttgcac cactgctgtg ccttggatct acaaatggca gtattcatcc acaattttaa 1320
aagaaaaggg gggattgggg ggtacagtgc aggggaaaga atagtagaca taatagcaac 1380
agacatacaa actaaagaat tacaaaaaca aattacaaaa attcaaaatt ttcgggttta 1440
ttacagggac agcagagatc cagtttgggg atcaattgca tgaagaatct gcttagggtt 1500
aggcgttttg cgctgctteg cgaggatctg cgatcgetcece ggtgcccgte agtgggcaga 1560
gegeacateyg cccacagtcece ccgagaagtt ggggggaggyg gteggcaatt gaaccggtge 1620
ctagagaagg tggcgcgggg taaactggga aagtgatgtc gtgtactggce tccgectttt 1680
tceccgagggt gggggagaac cgtatataag tgcagtagtc geccgtgaacg ttettttteg 1740
caacgggttt gccgccagaa cacagctgaa gcttcgaggg gctcgcatcect ctecttecacg 1800
cgecccgecge cctacctgag gecgcecatcee acgecggttg agtcecgegtte tgccgectcece 1860
cgectgtggt gectectgaa ctgcgtecge cgtctaggta agtttaaage tcaggtcgag 1920
accgggectt tgtcecggege tceccttggag cctacctaga ctcagecgge tcetceccacget 1980
ttgcctgace ctgcttgcte aactctacgt ctttgttteg ttttetgtte tgcgecgtta 2040
cagatccaag ctgtgaccgg cgcctacggce tagcgaattc geccaccatge tgctgetggt 2100
gacaagcctg ctgetgtgceg agetgcccca ccccgecttt ctgcectgatcece cccagagegt 2160
gaaagagtcce gagggcgacce tggtcacacce agccggcaac ctgaccctga cctgtaccege 2220
cagcggcage gacatcaacg actaccccat ctettgggte cgecaggete ctggcaaggg 2280
actggaatgg atcggcttca tcaacagcgg cggcagcact tggtacgcca getgggtcaa 2340
aggceggtte accatcagcce ggaccagcac caccgtggac ctgaagatga caagcectgac 2400
caccgacgac accgccacct acttttgcge cagaggctac agcacctact acggcgactt 2460
caacatctgg ggccectggca ccectggtcac aatctctage ggeggaggeyg gcageggagyg 2520
tggaggaagt ggcggcggag gatccgaget ggtcatgace cagaccccca gcagcacate 2580
tggcgecegty ggcggcaccyg tgaccatcaa ttgccaggece agcecagagca tcgacagcaa 2640
cctggectgg ttcecagcaga agcccggeca gecccccace ctgctgatet acagagecte 2700
caacctggee agceggegtge caagcagatt cageggcage agatctggcea ccgagtacac 2760
cctgaccatce tccggcgtge agagagagga cgccgctacce tattactgece tgggcecggegt 2820
gggcaacgtyg tcctacagaa ccagcttecgg cggaggtact gaggtggtcg tcaaatacgg 2880
accgceectge ceccecttgee ctgccceccga gttectggge ggacccageg tgttectgtt 2940
ccececcaag cccaaggaca ccctgatgat cagecggace ccecgaggtga cctgegtggt 3000
ggtggacgtyg agccaggaag atcccgaggt ccagttcaat tggtacgtgg acggcgtgga 3060
agtgcacaac gccaagacca agcccagaga ggaacagtte aacagcacct accgggtggt 3120
gtctgtgetyg accgtgectge accaggactg gctgaacggce aaagaataca agtgcaaggt 3180
gteccaacaag ggcectgccca gcagcatcga aaagaccatc agcaaggcca agggccagec 3240
tcgegagece caggtgtaca ccctgectece cteccaggaa gagatgacca agaaccaggt 3300
gtcecectgace tgecctggtga agggcttcecta ccccagcgac atcgceccegtgg agtgggagag 3360
caacggccag cctgagaaca actacaagac cacccctecee gtgctggaca gcgacggcag 3420
cttcttectg tacagccgge tgaccgtgga caagagcecgg tggcaggaag gcaacgtcett 3480

tagctgcage gtgatgcacg aggccctgca caaccactac acccagaaga gcectgagect 3540
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gtcecectggge aagatgttcet gggtgctggt ggtggtgggce ggggtgctgg cctgctacag 3600

cctgectggtg acagtggect tcatcatctt ttgggtgaaa cggggcagaa agaaactcct 3660
gtatatattc aaacaaccat ttatgagacc agtacaaact actcaagagg aagatggctg 3720
tagctgcecga tttccagaag aagaagaagg aggatgtgaa ctgcgggtga agttcagcag 3780
aagcgecgac gccectgect accagcaggg ccagaatcag ctgtacaacyg agctgaacct 3840
gggcagaagyg gaagagtacg acgtcctgga taagcggaga ggccgggacce ctgagatggg 3900
cggcaagect cggcggaaga acccccagga aggectgtat aacgaactgce agaaagacaa 3960
gatggccegag gectacageg agatcggcat gaagggcgag cggaggceggg gcaagggeca 4020
cgacggectg tatcagggcce tgtccaccge caccaaggat acctacgacyg ccctgcacat 4080
gcaggccectyg ccecccaagge tcgagggcegg cggagagggce agaggaagtce ttctaacatg 4140
cggtgacgtg gaggagaatc ccggccctag gatgcttete ctggtgacaa gecttcetget 4200
ctgtgagtta ccacacccag cattcctcecct gatcccacge aaagtgtgta acggaatagg 4260
tattggtgaa tttaaagact cactctccat aaatgctacg aatattaaac acttcaaaaa 4320
ctgcacctce atcagtggeg atctccacat cctgccggtg gecatttaggg gtgactectt 4380
cacacatact cctcctcectgg atccacagga actggatatt ctgaaaaccg taaaggaaat 4440
cacagggttt ttgctgattc aggcttggcce tgaaaacagg acggacctcce atgcectttga 4500
gaacctagaa atcatacgcg gcaggaccaa gcaacatggt cagttttctce ttgcagtegt 4560
cagcctgaac ataacatcct tgggattacg ctceccecctcaag gagataagtg atggagatgt 4620
gataatttca ggaaacaaaa atttgtgcta tgcaaataca ataaactgga aaaaactgtt 4680
tgggacctcee ggtcagaaaa ccaaaattat aagcaacaga ggtgaaaaca gctgcaaggce 4740
cacaggccag gtctgecatg ccttgtgete ceccgaggge tgctggggece cggageccag 4800
ggactgcgte tcecttgccgga atgtcagccg aggcagggaa tgcgtggaca agtgcaacct 4860
tctggagggt gagccaaggg agtttgtgga gaactctgag tgcatacagt gccacccaga 4920
gtgectgect caggccatga acatcacctg cacaggacgg ggaccagaca actgtatcca 4980
gtgtgcccac tacattgacg gcccccactg cgtcaagacce tgcccggcag gagtcatggg 5040
agaaaacaac accctggtct ggaagtacge agacgccgge catgtgtgece acctgtgceca 5100
tccaaactge acctacggat gcactgggcce aggtcttgaa ggctgtccaa cgaatgggcece 5160
taagatccecg teccatcgeca ctgggatggt gggggccecte ctcecttgcectge tggtggtggce 5220
cctggggatce ggcectcttceca tgtgagegge cgctctagac ccgggctgca ggaattcgat 5280
atcaagctta tcgataatca acctctggat tacaaaattt gtgaaagatt gactggtatt 5340
cttaactatg ttgctccttt tacgctatgt ggatacgctg ctttaatgcce tttgtatcat 5400
gctattgett cccgtatgge tttcecatttte tectecttgt ataaatcctg gttgetgtet 5460
ctttatgagg agttgtggcc cgttgtcagg caacgtggcg tggtgtgcac tgtgtttget 5520
gacgcaaccce ccactggttg gggcattgece accacctgte agectcecttte cgggacttte 5580
gctttececee teectattge cacggcggaa ctcatcgceeg ccectgecttge ccgetgetgyg 5640
acaggggctc ggctgttggg cactgacaat tcegtggtgt tgtcggggaa atcatcgtcece 5700
tttecettgge tgctegectyg tgttgccacce tggattcetge gegggacgte cttetgctac 5760

gtcecettegyg cectcaatce agecggacctt ccectteeccgeg gectgetgece ggetcetgegy 5820
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cctettecge gtettegect tegecectcag acgagtegga tcectcectttg ggeccgectece 5880
ccgcatcgat accgtcgact agccgtacct ttaagaccaa tgacttacaa ggcagctgta 5940
gatcttagec actttttaaa agaaaagggg ggactggaag ggctaattca ctcccaaaga 6000
agacaagatc tgctttttgce ctgtactggg tctectcectggt tagaccagat ctgagcctgg 6060
gagctctetyg gctaactagg gaacccactg cttaagcctce aataaagett gccttgagtg 6120
cttcaagtag tgtgtgccecg tetgttgtgt gactctggta actagagatc cctcagaccce 6180
ttttagtcag tgtggaaaat ctctagcaga attcgatatc aagcttatcg ataccgtcga 6240
cctecgagggg gggcccggta cccaattcecge cctatagtga gtcgtattac aattcactgg 6300
ccgtegtttt acaacgtegt gactgggaaa accctggegt tacccaactt aatcgcecttg 6360
cagcacatcc ccctttcecgee agetggegta atagcgaaga ggcccgcacce gatcgcecectt 6420
cccaacagtt gcgcagcctg aatggcgaat ggaaattgta agcgttaata ttttgttaaa 6480
attcgcgtta aatttttgtt aaatcagctc attttttaac caataggccg aaatcggcaa 6540
aatcccttat aaatcaaaag aatagaccga gatagggttg agtgttgttce cagtttggaa 6600
caagagtcca ctattaaaga acgtggactc caacgtcaaa gggcgaaaaa ccgtctatca 6660
gggcgatgge ccactacgtg aaccatcacc ctaatcaagt tttttggggt cgaggtgcecg 6720
taaagcacta aatcggaacc ctaaagggag cccccgattt agagcttgac ggggaaagcce 6780
ggcgaacgtyg gcgagaaagg aagggaagaa agcgaaagga gcgggcegcta gggegetgge 6840
aagtgtagceg gtcacgetge gegtaaccac cacacccgece gegettaatyg cgccgetaca 6900
gggcgcgtceca ggtggcactt tteggggaaa tgtgcgcgga acccctattt gtttattttt 6960
ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 7020
atattgaaaa aggaagagta tgagtattca acatttcegt gtcgccctta ttecccttttt 7080
tgcggcattt tgccttceetg tttttgctca cccagaaacg ctggtgaaag taaaagatgce 7140
tgaagatcag ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat 7200
ccttgagagt tttcgcceeg aagaacgttt tccaatgatg agcactttta aagttctget 7260
atgtggcgeg gtattatccce gtattgacge cgggcaagag caactcggtce gecgcataca 7320
ctattctcag aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg 7380
catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa 7440
cttacttctg acaacgatcg gaggaccgaa ggagctaacc gettttttge acaacatggg 7500
ggatcatgta actcgccttg atcgttggga accggagctg aatgaagcca taccaaacga 7560
cgagcgtgac accacgatgce ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg 7620
cgaactactt actctagctt cccggcaaca attaatagac tggatggagg cggataaagt 7680
tgcaggacca cttctgcget cggcccttcee ggetggetgg tttattgctg ataaatctgg 7740
agccggtgag cgtgggtcete geggtatcat tgcagcactg gggccagatg gtaagccctce 7800
ccgtategta gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca 7860
gatcgctgag ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactce 7920
atatatactt tagattgatt taaaacttca tttttaattt aaaaggatct aggtgaagat 7980
cctttttgat aatctcatga ccaaaatcce ttaacgtgag ttttecgttece actgagcgtce 8040

agaccccegta gaaaagatca aaggatcttce ttgagatcct ttttttctge gegtaatctg 8100
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ctgcttgcaa acaaaaaaac caccgctacc agcggtggtt tgtttgccgg atcaagagcet 8160
accaactctt tttccgaagg taactggctt cagcagagcg cagataccaa atactgttcet 8220
tctagtgtag ccgtagttag gccaccactt caagaactct gtagcaccgce ctacatacct 8280
cgctctgeta atcctgttac cagtggectge tgccagtgge gataagtcgt gtecttaccgg 8340
gttggactca agacgatagt taccggataa ggcgcagcgg tcegggctgaa cggggggtte 8400
gtgcacacag cccagettgg agcgaacgac ctacaccgaa ctgagatacc tacagcgtga 8460
gctatgagaa agcgccacge ttcccgaagg gagaaaggceg gacaggtatc cggtaagegg 8520
cagggtcgga acaggagagc gcacgaggga gcttccaggg ggaaacgcect ggtatcttta 8580
tagtcctgte gggtttcgec acctctgact tgagegtcega tttttgtgat getcgtcagg 8640
ggggcggagce ctatggaaaa acgccagcaa cgcggcecttt ttacggttcecce tggecttttg 8700
ctggccectttt gectcacatgt tetttectge gttatccect gattctgtgg ataaccgtat 8760
taccgecttt gagtgagetg ataccgeteg cegecagecga acgaccgage gcagcegagte 8820
agtgagcgag gaagcggaag agcgcccaat acgcaaaccyg cctcetcecceeyg cgegttggece 8880
gattcattaa tgcagctggc acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa 8940
cgcaattaat gtgagttagc tcactcatta ggcaccccag gctttacact ttatgcttcece 9000
ggctcgtatg ttgtgtggaa ttgtgagcgg ataacaattt cacacaggaa acagctatga 9060
ccatgattac gccaagctcg aaattaaccce tcactaaagg gaacaaaagc tggagctcca 9120
cegeggtgge ggcectegagg tcgagatceg gtecgaccage aaccatagtce ccgeccctaa 9180
ctececgeccat ceccgecccta actccgecca gttecgecca ttcecteecgece catggctgac 9240
taattttttt tatttatgca gaggccgagg ccgcctegge ctctgagcta ttceccagaagt 9300
agtgaggagg cttttttgga ggcctaggct tttgcaaaaa gcttcgacgg tatcgattgg 9360
ctcatgtcca acattaccgce catgttgaca ttgattattg actagttatt aatagtaatc 9420
aattacgggg tcattagttc atagcccata tatggagttc cgcgttacat aacttacggt 9480
aaatggcceg cctggetgac cgcccaacga cecccgcecca ttgacgtcaa taatgacgta 9540
tgttcccata gtaacgccaa tagggacttt ccattgacgt caatgggtgg agtatttacg 9600
gtaaactgcc cacttggcag tacatcaagt gtatcatatg ccaagtacgc cccctattga 9660
cgtcaatgac ggtaaatggc ccgcctggca ttatgcccag tacatgacct tatgggactt 9720
tcectacttgg cagtacatct acgtattagt catcgctatt accatggtga tgcggttttg 9780
gcagtacatc aatgggcgtg gatagcggtt tgactcacgg ggatttccaa gtctccaccce 9840
cattgacgtc aatgggagtt tgttttggca ccaaaatcaa cgggactttc caaaatgtcg 9900
taacaactcc geccccattga cgcaaatggg cggtaggegt gtacggaatt cggagtggeg 9960

agccctcaga tectgcatat aagcagctge tttttgectg tactgggtet ctetg 10015

<210> SEQ ID NO 46

<211> LENGTH: 945

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 46

Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15
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Ala Phe Leu Leu Ile Pro Gln Ser Val Lys Glu Ser Glu Gly Asp Leu
20 25 30

Val Thr Pro Ala Gly Asn Leu Thr Leu Thr Cys Thr Ala Ser Gly Ser
35 40 45

Asp Ile Asn Asp Tyr Pro Ile Ser Trp Val Arg Gln Ala Pro Gly Lys
50 55 60

Gly Leu Glu Trp Ile Gly Phe Ile Asn Ser Gly Gly Ser Thr Trp Tyr
Ala Ser Trp Val Lys Gly Arg Phe Thr Ile Ser Arg Thr Ser Thr Thr
85 90 95

Val Asp Leu Lys Met Thr Ser Leu Thr Thr Asp Asp Thr Ala Thr Tyr
100 105 110

Phe Cys Ala Arg Gly Tyr Ser Thr Tyr Tyr Gly Asp Phe Asn Ile Trp
115 120 125

Gly Pro Gly Thr Leu Val Thr Ile Ser Ser Gly Gly Gly Gly Ser Gly
130 135 140

Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Leu Val Met Thr Gln Thr
145 150 155 160

Pro Ser Ser Thr Ser Gly Ala Val Gly Gly Thr Val Thr Ile Asn Cys
165 170 175

Gln Ala Ser Gln Ser Ile Asp Ser Asn Leu Ala Trp Phe Gln Gln Lys
180 185 190

Pro Gly Gln Pro Pro Thr Leu Leu Ile Tyr Arg Ala Ser Asn Leu Ala
195 200 205

Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Arg Ser Gly Thr Glu Tyr
210 215 220

Thr Leu Thr Ile Ser Gly Val Gln Arg Glu Asp Ala Ala Thr Tyr Tyr
225 230 235 240

Cys Leu Gly Gly Val Gly Asn Val Ser Tyr Arg Thr Ser Phe Gly Gly
245 250 255

Gly Thr Glu Val Val Val Lys Glu Ser Lys Tyr Gly Pro Pro Cys Pro
260 265 270

Pro Cys Pro Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
275 280 285

Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
290 295 300

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly
305 310 315 320

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
325 330 335

Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp
340 345 350

Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
355 360 365

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys Met Phe
370 375 380

Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr Ser Leu Leu
385 390 395 400

Val Thr Val Ala Phe Ile Ile Phe Trp Val Lys Arg Gly Arg Lys Lys
405 410 415
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Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr
420 425 430

Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly
435 440 445

Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala
450 455 460

Tyr Gln Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg
465 470 475 480

Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu
485 490 495

Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn
500 505 510

Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met
515 520 525

Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly
530 535 540

Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala
545 550 555 560

Leu Pro Pro Arg Leu Glu Gly Gly Gly Glu Gly Arg Gly Ser Leu Leu
565 570 575

Thr Cys Gly Asp Val Glu Glu Asn Pro Gly Pro Arg Met Leu Leu Leu
580 585 590

Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro Ala Phe Leu Leu
595 600 605

Ile Pro Arg Lys Val Cys Asn Gly Ile Gly Ile Gly Glu Phe Lys Asp
610 615 620

Ser Leu Ser Ile Asn Ala Thr Asn Ile Lys His Phe Lys Asn Cys Thr
625 630 635 640

Ser Ile Ser Gly Asp Leu His Ile Leu Pro Val Ala Phe Arg Gly Asp
645 650 655

Ser Phe Thr His Thr Pro Pro Leu Asp Pro Gln Glu Leu Asp Ile Leu
660 665 670

Lys Thr Val Lys Glu Ile Thr Gly Phe Leu Leu Ile Gln Ala Trp Pro
675 680 685

Glu Asn Arg Thr Asp Leu His Ala Phe Glu Asn Leu Glu Ile Ile Arg
690 695 700

Gly Arg Thr Lys Gln His Gly Gln Phe Ser Leu Ala Val Val Ser Leu
705 710 715 720

Asn Ile Thr Ser Leu Gly Leu Arg Ser Leu Lys Glu Ile Ser Asp Gly
725 730 735

Asp Val Ile Ile Ser Gly Asn Lys Asn Leu Cys Tyr Ala Asn Thr Ile
740 745 750

Asn Trp Lys Lys Leu Phe Gly Thr Ser Gly Gln Lys Thr Lys Ile Ile
755 760 765

Ser Asn Arg Gly Glu Asn Ser Cys Lys Ala Thr Gly Gln Val Cys His
770 775 780

Ala Leu Cys Ser Pro Glu Gly Cys Trp Gly Pro Glu Pro Arg Asp Cys
785 790 795 800

Val Ser Cys Arg Asn Val Ser Arg Gly Arg Glu Cys Val Asp Lys Cys
805 810 815

Asn Leu Leu Glu Gly Glu Pro Arg Glu Phe Val Glu Asn Ser Glu Cys
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820 825 830

Ile Gln Cys His Pro Glu Cys Leu Pro Gln Ala Met Asn Ile Thr Cys
835 840 845

Thr Gly Arg Gly Pro Asp Asn Cys Ile Gln Cys Ala His Tyr Ile Asp
850 855 860

Gly Pro His Cys Val Lys Thr Cys Pro Ala Gly Val Met Gly Glu Asn
865 870 875 880

Asn Thr Leu Val Trp Lys Tyr Ala Asp Ala Gly His Val Cys His Leu
885 890 895

Cys His Pro Asn Cys Thr Tyr Gly Cys Thr Gly Pro Gly Leu Glu Gly
900 905 910

Cys Pro Thr Asn Gly Pro Lys Ile Pro Ser Ile Ala Thr Gly Met Val
915 920 925

Gly Ala Leu Leu Leu Leu Leu Val Val Ala Leu Gly Ile Gly Leu Phe
930 935 940

945

<210> SEQ ID NO 47

<211> LENGTH: 9685

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 47

gttagaccag atctgagcct gggagetcte tggctaacta gggaacccac tgcttaagec 60
tcaataaagce ttgccttgag tgcttcaagt agtgtgtgece cgtetgttgt gtgactcetgg 120
taactagaga tccctcagac ccttttagte agtgtggaaa atctctageca gtggegecceg 180
aacagggact tgaaagcgaa agggaaacca gaggagetet ctcgacgcag gactceggett 240
getgaagege gcacggcaag aggcgagggyg cggcgactgg tgagtacgec aaaaattttg 300

actagcggag gctagaagga gagagatggg tgcgagageg tcagtattaa gegggggaga 360

attagatcga tgggaaaaaa ttcggttaag gccaggggga aagaaaaaat ataaattaaa 420
acatatagta tgggcaagca gggagctaga acgattegea gttaatcetg gectgttaga 480
aacatcagaa ggctgtagac aaatactggg acagctacaa ccatcectte agacaggatce 540
agaagaactt agatcattat ataatacagt agcaaccctc tattgtgtge atcaaaggat 600
agagataaaa gacaccaagg aagctttaga caagatagag gaagagcaaa acaaaagtaa 660
gaaaaaagca cagcaagcag cagctgacac aggacacagce aatcaggtca gccaaaatta 720
ccctatagtyg cagaacatcce aggggcaaat ggtacatcag gecatatcac ctagaacttt 780
aaatgcatgg gtaaaagtag tagaagagaa ggctttcage ccagaagtga tacccatgtt 840
ttcagcatta tcagaaggag ccaccccaca agatttaaac accatgctaa acacagtggg 900
gggacatcaa gcagccatgce aaatgttaaa agagaccatc aatgaggaag ctgcaggcaa 960

agagaagagt ggtgcagaga gaaaaaagag cagtgggaat aggagctttg ttccttgggt 1020

tcttgggage agcaggaage actatgggeg cagegtcaat gacgetgacg gtacaggceca 1080

gacaattatt gtctggtata gtgcagcagc agaacaattt gctgagggct attgaggcgce 1140

aacagcatct gttgcaactc acagtctggg gcatcaagca gctccaggca agaatcctgg 1200
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ctgtggaaag atacctaaag gatcaacagc tcctggggat ttggggttgce tctggaaaac 1260
tcatttgcac cactgctgtg ccttggatct acaaatggca gtattcatcc acaattttaa 1320
aagaaaaggg gggattgggg ggtacagtgc aggggaaaga atagtagaca taatagcaac 1380
agacatacaa actaaagaat tacaaaaaca aattacaaaa attcaaaatt ttcgggttta 1440
ttacagggac agcagagatc cagtttgggg atcaattgca tgaagaatct gcttagggtt 1500
aggcgttttg cgctgctteg cgaggatctg cgatcgetcece ggtgcccgte agtgggcaga 1560
gegeacateyg cccacagtcece ccgagaagtt ggggggaggyg gteggcaatt gaaccggtge 1620
ctagagaagg tggcgcgggg taaactggga aagtgatgtc gtgtactggce tccgectttt 1680
tceccgagggt gggggagaac cgtatataag tgcagtagtc geccgtgaacg ttettttteg 1740
caacgggttt gccgccagaa cacagctgaa gcttcgaggg gctcgcatcect ctecttecacg 1800
cgecccgecge cctacctgag gecgcecatcee acgecggttg agtcecgegtte tgccgectcece 1860
cgectgtggt gectectgaa ctgcgtecge cgtctaggta agtttaaage tcaggtcgag 1920
accgggectt tgtcecggege tceccttggag cctacctaga ctcagecgge tcetceccacget 1980
ttgcctgace ctgcttgcte aactctacgt ctttgttteg ttttetgtte tgcgecgtta 2040
cagatccaag ctgtgaccgg cgcctacggce tagcgaattc geccaccatge tgctgetggt 2100
gacaagcctg ctgetgtgceg agetgcccca ccccgecttt ctgcectgatcece cccagagegt 2160
gaaagagtcce gagggcgacce tggtcacacce agccggcaac ctgaccctga cctgtaccege 2220
cagcggcage gacatcaacg actaccccat ctettgggte cgecaggete ctggcaaggg 2280
actggaatgg atcggcttca tcaacagcgg cggcagcact tggtacgcca getgggtcaa 2340
aggceggtte accatcagcce ggaccagcac caccgtggac ctgaagatga caagcectgac 2400
caccgacgac accgccacct acttttgcge cagaggctac agcacctact acggcgactt 2460
caacatctgg ggccectggca ccectggtcac aatctctage ggeggaggeyg gcageggagyg 2520
tggaggaagt ggcggcggag gatccgaget ggtcatgace cagaccccca gcagcacate 2580
tggcgecegty ggcggcaccyg tgaccatcaa ttgccaggece agcecagagca tcgacagcaa 2640
cctggectgg ttcecagcaga agcccggeca gecccccace ctgctgatet acagagecte 2700
caacctggee agceggegtge caagcagatt cageggcage agatctggcea ccgagtacac 2760
cctgaccatce tccggcgtge agagagagga cgccgctacce tattactgece tgggcecggegt 2820
gggcaacgtyg tcctacagaa ccagcttecgg cggaggtact gaggtggtcg tcaaatacgg 2880
accgeectge cccecttgee ctggccagece tegegagece caggtgtaca ccctgectee 2940
ctcccaggaa gagatgacca agaaccaggt gtccecctgacce tgcctggtga agggcttcta 3000
cceccagegac atcgecgtgg agtgggagag caacggcecag cctgagaaca actacaagac 3060
cacccctece gtgctggaca gcegacggcag cttettectg tacagecgge tgaccgtgga 3120
caagagccgg tggcaggaag gcaacgtcett tagetgcage gtgatgcacyg aggcecctgca 3180
caaccactac acccagaaga gcctgagcect gtcecctggge aagatgttet gggtgcetggt 3240
ggtggtgggc ggggtgctgg cctgctacag cctgctggtyg acagtggect tcatcatcett 3300
ttgggtgaaa cggggcagaa agaaactcct gtatatattc aaacaaccat ttatgagacc 3360
agtacaaact actcaagagg aagatggctg tagctgccga tttccagaag aagaagaagg 3420

aggatgtgaa ctgcgggtga agttcagecag aagcgccgac gecectgect accagcaggg 3480
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ccagaatcag ctgtacaacg agctgaacct gggcagaagg gaagagtacyg acgtcctgga 3540
taagcggaga ggccgggacce ctgagatggg cggcaagect cggeggaaga acccccagga 3600
aggcctgtat aacgaactgc agaaagacaa gatggccgag gcectacageyg agatcggcat 3660
gaagggcgayg cggaggcggg gcaagggcca cgacggectg tatcagggec tgtccaccege 3720
caccaaggat acctacgacg ccctgcacat gecaggccctyg ccecccaagge tcgagggcgyg 3780
cggagagggce agaggaagtc ttctaacatg cggtgacgtyg gaggagaatc ccggecctag 3840
gatgcttete ctggtgacaa gccttcectget ctgtgagtta ccacacccag cattectect 3900
gatcccacge aaagtgtgta acggaatagg tattggtgaa tttaaagact cactctccat 3960
aaatgctacg aatattaaac acttcaaaaa ctgcacctcc atcagtggcg atctccacat 4020
cctgececggtg gecatttaggg gtgactectt cacacatact cctectcectgg atccacagga 4080
actggatatt ctgaaaaccg taaaggaaat cacagggttt ttgctgattc aggcttggcece 4140
tgaaaacagg acggacctcc atgcctttga gaacctagaa atcatacgceyg gcaggaccaa 4200
gcaacatggt cagttttctce ttgcagtegt cagcctgaac ataacatcct tgggattacyg 4260
ctccctcaag gagataagtyg atggagatgt gataatttca ggaaacaaaa atttgtgcta 4320
tgcaaataca ataaactgga aaaaactgtt tgggacctcc ggtcagaaaa ccaaaattat 4380
aagcaacaga ggtgaaaaca gctgcaaggce cacaggccag gtctgccatg ccttgtgete 4440
ccecgaggge tgctggggee cggageccag ggactgegte tettgcecgga atgtcagecg 4500
aggcagggaa tgcgtggaca agtgcaacct tctggagggt gagccaaggg agtttgtgga 4560
gaactctgag tgcatacagt gccacccaga gtgcctgcect caggccatga acatcacctg 4620
cacaggacgg ggaccagaca actgtatcca gtgtgcccac tacattgacyg gcccccactg 4680
cgtcaagace tgcceggcag gagtcatggg agaaaacaac accctggtet ggaagtacge 4740
agacgcceggce catgtgtgec acctgtgcca tccaaactge acctacggat gcactgggcece 4800
aggtcttgaa ggctgtccaa cgaatgggcce taagatcccg tccatcgcca ctgggatggt 4860
gggggccecete ctettgetge tggtggtgge cctggggate ggectcecttca tgtgagegge 4920
cgctctagac ccgggctgca ggaattcgat atcaagctta tcgataatca acctctggat 4980
tacaaaattt gtgaaagatt gactggtatt cttaactatg ttgctccttt tacgctatgt 5040
ggatacgctg ctttaatgce tttgtatcat gectattgctt cccgtatggce tttcecatttte 5100
tcetecttgt ataaatcetg gttgetgtcet ctttatgagg agttgtggece cgttgtcagg 5160
caacgtggcg tggtgtgcac tgtgtttgct gacgcaaccce ccactggttg gggcattgcece 5220
accacctgtce agctecttte cgggacttte gctttcececce tecctattge cacggcggaa 5280
ctcatcgeecg cectgecttge cegectgetgg acaggggcete ggctgttggg cactgacaat 5340
tcegtggtgt tgtcggggaa atcatcgtce tttecttgge tgctecgectg tgttgccace 5400
tggattctge gecgggacgte cttcectgctac gteecttegg cecctcaatce agcggacctt 5460
cctteecegeg gectgcectgee ggctetgegg cctettecge gtcecttegect tegecctecag 5520
acgagtcgga tctcectttg ggccgectcee ccgcatcecgat accgtcgact ageccgtacct 5580
ttaagaccaa tgacttacaa ggcagctgta gatcttagcc actttttaaa agaaaagggg 5640
ggactggaag ggctaattca ctcccaaaga agacaagatc tgctttttgce ctgtactggg 5700

tctetetggt tagaccagat ctgagectgg gagcectctetg gcectaactagg gaacccactg 5760
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cttaagcctc aataaagctt gecttgagtg cttcaagtag tgtgtgcceg tetgttgtgt 5820
gactctggta actagagatc cctcagaccce ttttagtcag tgtggaaaat ctctagcaga 5880
attcgatatc aagcttatcg ataccgtcga cctecgagggg gggcccggta cccaattegce 5940
cctatagtga gtcgtattac aattcactgg ccgtcecgtttt acaacgtcgt gactgggaaa 6000
accctggegt tacccaactt aatcgcecttg cagcacatcce cectttcecgee agetggegta 6060
atagcgaaga ggcccgcacce gatcgeectt cecaacagtt gegcagectyg aatggcgaat 6120
ggaaattgta agcgttaata ttttgttaaa attcgcgtta aatttttgtt aaatcagctc 6180
attttttaac caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga 6240
gatagggttg agtgttgttc cagtttggaa caagagtcca ctattaaaga acgtggactc 6300
caacgtcaaa gggcgaaaaa ccgtctatca gggcgatgge ccactacgtyg aaccatcace 6360
ctaatcaagt tttttggggt cgaggtgccg taaagcacta aatcggaacc ctaaagggag 6420
ccecegattt agagettgac ggggaaagece ggcgaacgtyg gcgagaaagyg aagggaagaa 6480
agcgaaagga gcgggegceta gggcgetgge aagtgtageg gtcacgcetge gcegtaaccac 6540
cacaccecgece gegcttaatg cgccgctaca gggcgcgtca ggtggcactt ttecggggaaa 6600
tgtgcgegga acccctattt gtttattttt ctaaatacat tcaaatatgt atccgctcat 6660
gagacaataa ccctgataaa tgcttcaata atattgaaaa aggaagagta tgagtattca 6720
acatttccgt gtcgeccctta ttecccttttt tgcggcattt tgccttcecctg tttttgctca 6780
cccagaaacg ctggtgaaag taaaagatgc tgaagatcag ttgggtgcac gagtgggtta 6840
catcgaactg gatctcaaca gcggtaagat ccttgagagt tttcgcccecg aagaacgttt 6900
tccaatgatg agcactttta aagttctgct atgtggcecgeg gtattatcce gtattgacgce 6960
cgggcaagag caactcggtc gccgcataca ctattctcag aatgacttgg ttgagtactce 7020
accagtcaca gaaaagcatc ttacggatgg catgacagta agagaattat gcagtgctgc 7080
cataaccatg agtgataaca ctgcggccaa cttacttcectg acaacgatcg gaggaccgaa 7140
ggagctaacc gcecttttttge acaacatggg ggatcatgta actcgccttg atcgttggga 7200
accggagcetyg aatgaagcca taccaaacga cgagcgtgac accacgatge ctgtagcaat 7260
ggcaacaacg ttgcgcaaac tattaactgg cgaactactt actctagett cccggcaaca 7320
attaatagac tggatggagg cggataaagt tgcaggacca cttctgcget cggcccttece 7380
ggctggctgg tttattgctg ataaatctgg agccggtgag cgtgggtctce gcggtatcat 7440
tgcagcactg gggccagatg gtaagcccte ccgtatcegta gttatctaca cgacggggag 7500
tcaggcaact atggatgaac gaaatagaca gatcgctgag ataggtgcct cactgattaa 7560
gcattggtaa ctgtcagacc aagtttactc atatatactt tagattgatt taaaacttca 7620
tttttaattt aaaaggatct aggtgaagat cctttttgat aatctcatga ccaaaatccc 7680
ttaacgtgag ttttcgttecc actgagcgtce agaccccegta gaaaagatca aaggatcttce 7740
ttgagatcct ttttttctge gegtaatctg ctgcttgcaa acaaaaaaac caccgctacce 7800
agcggtggtt tgtttgcecgg atcaagagct accaactcett tttceccgaagg taactggett 7860
cagcagagcg cagataccaa atactgttct tctagtgtag ccgtagttag gccaccactt 7920
caagaactct gtagcaccgc ctacatacct cgctctgcecta atcctgttac cagtggctgce 7980

tgccagtgge gataagtcegt gtcecttaccgg gttggactca agacgatagt taccggataa 8040
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ggcgcagegy tegggctgaa cggggggtte gtgcacacag ccecagettgg agcgaacgac 8100
ctacaccgaa ctgagatacc tacagcgtga gectatgagaa agcgccacge ttcccgaagg 8160
gagaaaggcyg gacaggtatc cggtaagcegg cagggtcgga acaggagagce gcacgaggga 8220
gcttecaggg ggaaacgcct ggtatcttta tagtecctgte gggtttegece acctcetgact 8280
tgagcgtcga tttttgtgat gcetcecgtcagg ggggcggagce ctatggaaaa acgccagcaa 8340
cgeggecttt ttacggttece tggecttttg ctggectttt gectcacatgt tetttectge 8400
gttatccecet gattcectgtgg ataaccgtat taccgecttt gagtgagetg ataccgetceg 8460
ccgcagecga acgaccgage gcagcgagte agtgagcgag gaagcggaag agcgceccaat 8520
acgcaaaccg cctctcecceceeg cgegttggcee gattcattaa tgcagectgge acgacaggtt 8580
tcecgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttage tcactcatta 8640
ggcaccccecag gctttacact ttatgcttcecce ggctegtatg ttgtgtggaa ttgtgagegyg 8700
ataacaattt cacacaggaa acagctatga ccatgattac gccaagctcg aaattaaccc 8760
tcactaaagg gaacaaaagc tggagctcca cegeggtgge ggectcegagyg tcegagatccg 8820
gtegaccage aaccatagtce ccgeccctaa ctecegeccat cecgeccecta actccgecca 8880
gttcecgececa ttetecgece catggctgac taattttttt tatttatgca gaggccgagyg 8940
ccgectegge ctcectgageta tteccagaagt agtgaggagg cttttttgga ggcctaggcet 9000
tttgcaaaaa gcttcgacgg tatcgattgg ctcatgtcca acattaccge catgttgaca 9060
ttgattattg actagttatt aatagtaatc aattacgggg tcattagttc atagcccata 9120
tatggagttc cgcgttacat aacttacggt aaatggcccg cctggctgac cgcccaacga 9180
cceccgecca ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt 9240
ccattgacgt caatgggtgg agtatttacg gtaaactgcc cacttggcag tacatcaagt 9300
gtatcatatg ccaagtacgc ccecctattga cgtcaatgac ggtaaatggc ccgecctggca 9360
ttatgcccag tacatgacct tatgggactt tcctacttgg cagtacatct acgtattagt 9420
catcgctatt accatggtga tgcggttttg gcagtacatc aatgggcgtg gatagcggtt 9480
tgactcacgg ggatttccaa gtctccacce cattgacgtc aatgggagtt tgttttggca 9540
ccaaaatcaa cgggactttc caaaatgtcg taacaactcc geccccattga cgcaaatggg 9600
cggtaggcgt gtacggaatt cggagtggcg agccctcaga tcctgcatat aagcagctgce 9660
tttttgectg tactgggtet ctetg 9685
<210> SEQ ID NO 48

<211> LENGTH: 838

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 48

Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15

Ala Phe Leu Leu Ile Pro Gln Ser Val Lys Glu Ser Glu Gly Asp Leu
20 25 30

Val Thr Pro Ala Gly Asn Leu Thr Leu Thr Cys Thr Ala Ser Gly Ser
35 40 45

Asp Ile Asn Asp Tyr Pro Ile Ser Trp Val Arg Gln Ala Pro Gly Lys
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50 55 60

Gly Leu Glu Trp Ile Gly Phe Ile Asn Ser Gly Gly Ser Thr Trp Tyr
65 70 75 80

Ala Ser Trp Val Lys Gly Arg Phe Thr Ile Ser Arg Thr Ser Thr Thr
85 90 95

Val Asp Leu Lys Met Thr Ser Leu Thr Thr Asp Asp Thr Ala Thr Tyr
100 105 110

Phe Cys Ala Arg Gly Tyr Ser Thr Tyr Tyr Gly Asp Phe Asn Ile Trp
115 120 125

Gly Pro Gly Thr Leu Val Thr Ile Ser Ser Gly Gly Gly Gly Ser Gly
130 135 140

Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Leu Val Met Thr Gln Thr
145 150 155 160

Pro Ser Ser Thr Ser Gly Ala Val Gly Gly Thr Val Thr Ile Asn Cys
165 170 175

Gln Ala Ser Gln Ser Ile Asp Ser Asn Leu Ala Trp Phe Gln Gln Lys
180 185 190

Pro Gly Gln Pro Pro Thr Leu Leu Ile Tyr Arg Ala Ser Asn Leu Ala
195 200 205

Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Arg Ser Gly Thr Glu Tyr
210 215 220

Thr Leu Thr Ile Ser Gly Val Gln Arg Glu Asp Ala Ala Thr Tyr Tyr
225 230 235 240

Cys Leu Gly Gly Val Gly Asn Val Ser Tyr Arg Thr Ser Phe Gly Gly
245 250 255

Gly Thr Glu Val Val Val Lys Glu Ser Lys Tyr Gly Pro Pro Cys Pro
260 265 270

Pro Cys Pro Met Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala
275 280 285

Cys Tyr Ser Leu Leu Val Thr Val Ala Phe Ile Ile Phe Trp Val Lys
290 295 300

Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg
305 310 315 320

Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro
325 330 335

Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser
340 345 350

Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu Tyr Asn Glu
355 360 365

Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg
370 375 380

Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln
385 390 395 400

Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr
405 410 415

Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp
420 425 430

Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala
435 440 445

Leu His Met Gln Ala Leu Pro Pro Arg Leu Glu Gly Gly Gly Glu Gly
450 455 460
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Arg Gly Ser Leu Leu Thr Cys Gly Asp Val Glu Glu Asn Pro Gly Pro
465 470 475 480

Arg Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His
485 490 495

Pro Ala Phe Leu Leu Ile Pro Arg Lys Val Cys Asn Gly Ile Gly Ile
500 505 510

Gly Glu Phe Lys Asp Ser Leu Ser Ile Asn Ala Thr Asn Ile Lys His
515 520 525

Phe Lys Asn Cys Thr Ser Ile Ser Gly Asp Leu His Ile Leu Pro Val
530 535 540

Ala Phe Arg Gly Asp Ser Phe Thr His Thr Pro Pro Leu Asp Pro Gln
545 550 555 560

Glu Leu Asp Ile Leu Lys Thr Val Lys Glu Ile Thr Gly Phe Leu Leu
565 570 575

Ile Gln Ala Trp Pro Glu Asn Arg Thr Asp Leu His Ala Phe Glu Asn
580 585 590

Leu Glu Ile Ile Arg Gly Arg Thr Lys Gln His Gly Gln Phe Ser Leu
595 600 605

Ala Val Val Ser Leu Asn Ile Thr Ser Leu Gly Leu Arg Ser Leu Lys
610 615 620

Glu Ile Ser Asp Gly Asp Val Ile Ile Ser Gly Asn Lys Asn Leu Cys
625 630 635 640

Tyr Ala Asn Thr Ile Asn Trp Lys Lys Leu Phe Gly Thr Ser Gly Gln
645 650 655

Lys Thr Lys Ile Ile Ser Asn Arg Gly Glu Asn Ser Cys Lys Ala Thr
660 665 670

Gly Gln Val Cys His Ala Leu Cys Ser Pro Glu Gly Cys Trp Gly Pro
675 680 685

Glu Pro Arg Asp Cys Val Ser Cys Arg Asn Val Ser Arg Gly Arg Glu
690 695 700

Cys Val Asp Lys Cys Asn Leu Leu Glu Gly Glu Pro Arg Glu Phe Val
705 710 715 720

Glu Asn Ser Glu Cys Ile Gln Cys His Pro Glu Cys Leu Pro Gln Ala
725 730 735

Met Asn Ile Thr Cys Thr Gly Arg Gly Pro Asp Asn Cys Ile Gln Cys
740 745 750

Ala His Tyr Ile Asp Gly Pro His Cys Val Lys Thr Cys Pro Ala Gly
755 760 765

Val Met Gly Glu Asn Asn Thr Leu Val Trp Lys Tyr Ala Asp Ala Gly
770 775 780

His Val Cys His Leu Cys His Pro Asn Cys Thr Tyr Gly Cys Thr Gly
785 790 795 800

Pro Gly Leu Glu Gly Cys Pro Thr Asn Gly Pro Lys Ile Pro Ser Ile
805 810 815

Ala Thr Gly Met Val Gly Ala Leu Leu Leu Leu Leu Val Val Ala Leu
820 825 830

Gly Ile Gly Leu Phe Met
835

<210> SEQ ID NO 49
<211> LENGTH: 119
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 49

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Gly Gln Pro Arg
1 5 10 15

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
35 40 45

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
50 55 60

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
65 70 75 80

Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
85 90 95

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
100 105 110

Leu Ser Leu Ser Leu Gly Lys
115

<210> SEQ ID NO 50

<211> LENGTH: 229

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 50

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe
1 5 10 15

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
20 25 30

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
35 40 45

Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val
50 55 60

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser
65 70 75 80

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
85 90 95

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser
100 105 110

Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
115 120 125

Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln
130 135 140

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
145 150 155 160

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
165 170 175

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu
180 185 190
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Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
195 200 205

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
210 215 220

Leu Ser Leu Gly Lys
225

<210> SEQ ID NO 51

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 51
Tyr Gly Pro Pro Cys Pro Pro Cys Pro

1 5

<210> SEQ ID NO 52

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 52
Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro

1 5 10

<210> SEQ ID NO 53

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 53

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

<210> SEQ ID NO 54

<211> LENGTH: 2529

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 54

atgcttctee tggtgacaag ccttetgete tgtgagttac cacacccage
atcccagata tccagatgac ccagtceeccceg agetccectgt cegectetgt
gtcaccatca cctgcegtge cagtcaggat gtgaatactg ctgtagectg
aaaccaggaa aagctccgaa actactgatt tactcggcat ccttectceta
cctteteget tetetggtte cagatctggg acggatttca ctetgaccat

cagccggaag acttcgcaac ttattactgt cagcaacatt atactactcce

ggacagggta ccaaggtgga gatcaaaggc agtactageg geggtggetc
tecggtgggg gcggcageag cgaggttcag ctggtggagt ctggeggtgg

ccagggggcet cactcegttt gtectgtgea gettetgget tcaacattaa

Cys Ser

Leu Ser

attcctecty

gggcgatagg

gtatcaacag

ctctggagte

cagcagtctyg

tcccacgtte

¢gggggcegga

cctggtgeag

agacacctat

60

120

180

240

300

360

420

480

540
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atacactggg tgcgtcaggce cccgggtaag ggectggaat gggttgcaag gatttatcct 600
acgaatggtt atactagata tgccgatagc gtcaagggcce gtttcactat aagcgcagac 660
acatccaaaa acacagccta cctgcagatg aacagcctge gtgctgagga cactgccegtce 720
tattattgtt ctagatgggg aggggacggc ttctatgcta tggactactg gggtcaagga 780
accctggtca cegtctcegag tgagagcaag tacggaccge cctgecccccee ttgecctatg 840
ttctgggtge tggtggtggt cggaggegtyg ctggcectget acagectget ggtcaccegtg 900
gccttcatca tecttttgggt gaaacggggce agaaagaaac tcctgtatat attcaaacaa 960

ccatttatga gaccagtaca aactactcaa gaggaagatg gctgtagctg ccgatttcca 1020
gaagaagaag aaggaggatg tgaactgcgg gtgaagttca gcagaagcgc cgacgccect 1080
gectaccage agggccagaa tcagetgtac aacgagetga acctgggcag aagggaagag 1140
tacgacgtce tggataagcg gagaggecgg gaccctgaga tgggcggcaa gcecteggegyg 1200
aagaaccccee aggaaggect gtataacgaa ctgcagaaag acaagatggce cgaggectac 1260
agcgagatcg gcatgaaggg cgagcggagg cggggcaagyg gccacgacgyg cctgtatcag 1320
ggectgteca cegecaccaa ggatacctac gacgcectge acatgcagge cctgccccca 1380
aggctecgagg gcggeggaga gggcagagga agtcttctaa catgeggtga cgtggaggag 1440
aatccecggece ctaggatget tetecctggtg acaagectte tgctctgtga gttaccacac 1500
ccagcattcce tecctgatccece acgcaaagtg tgtaacggaa taggtattgg tgaatttaaa 1560
gactcactct ccataaatgc tacgaatatt aaacacttca aaaactgcac ctccatcagt 1620
ggcgatctec acatcctgce ggtggcattt aggggtgact ccttcacaca tactcectect 1680
ctggatccac aggaactgga tattctgaaa accgtaaagg aaatcacagg gtttttgcetg 1740
attcaggctt ggcctgaaaa caggacggac ctccatgect ttgagaacct agaaatcata 1800
cgcggcagga ccaagcaaca tggtcagttt tctettgcag tecgtcagcct gaacataaca 1860
tcettgggat tacgctcect caaggagata agtgatggag atgtgataat ttcaggaaac 1920
aaaaatttgt gctatgcaaa tacaataaac tggaaaaaac tgtttgggac ctccggtcag 1980
aaaaccaaaa ttataagcaa cagaggtgaa aacagctgca aggccacagyg ccaggtctge 2040
catgccecttgt gectceccecega gggctgetgg ggeccggage ccagggactg cgtcectcettge 2100
cggaatgtca gccgaggcag ggaatgegtg gacaagtgea accttcetgga gggtgagceca 2160
agggagtttg tggagaactc tgagtgcata cagtgccacc cagagtgcct gectcaggcece 2220
atgaacatca cctgcacagg acggggacca gacaactgta tccagtgtgce ccactacatt 2280
gacggccceee actgcgtcaa gacctgcccg gcaggagtca tgggagaaaa caacaccctg 2340
gtctggaagt acgcagacgc cggccatgtg tgccacctgt gccatccaaa ctgcacctac 2400
ggatgcactg ggccaggtct tgaaggctgt ccaacgaatg ggcctaagat cccgtccatce 2460
gccactggga tggtgggggce cctectettg ctgctggtgg tggccctggg gatcggecte 2520

ttcatgtga 2529

<210> SEQ ID NO 55

<211> LENGTH: 2850

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence
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<400> SEQUENCE: 55

atgcttctcc tggtgacaag ccttctgcte tgtgagttac cacacccagce attcctectg 60
atcccagata tccagatgac ccagtccceg agctcectgt cegectetgt gggegatagg 120
gtcaccatca cctgecegtge cagtcaggat gtgaatactg ctgtagcectg gtatcaacag 180
aaaccaggaa aagctccgaa actactgatt tactcggcat ccttecctcta ctcetggagtce 240
cctteteget tetetggtte cagatctggg acggatttca ctctgaccat cagcagtcetg 300
cagccggaag acttcgcaac ttattactgt cagcaacatt atactactcc tcccacgttce 360

ggacagggta ccaaggtgga gatcaaaggc agtactageg geggtggete cgggggegga 420

tceggtgggyg geggcageag cgaggtteag ctggtggagt ctggeggtgg cctggtgeag 480

ccagggggcet cactcegttt gtectgtgea gettetgget tcaacattaa agacacctat 540
atacactggg tgcgtcagge cccgggtaag ggectggaat gggttgcaag gatttatcct 600
acgaatggtt atactagata tgccgatage gtcaagggec gtttcactat aagcegcagac 660
acatccaaaa acacagccta cctgcagatg aacagectge gtgetgagga cactgecgte 720
tattattgtt ctagatgggg aggggacgge ttctatgeta tggactactg gggtcaagga 780
accctggtca cegtetegag tgagagcaag tacggaccge ccetgcecece ttgecctgge 840
cagcctagag aaccccaggt gtacaccetg ccteccagec aggaagagat gaccaagaac 900
caggtgtece tgacctgect ggtcaaagge ttctacccca gegatatege cgtggaatgg 960
gagagcaacg gccagcccga gaacaactac aagaccaccce cccctgtget ggacagegac 1020

ggcagcttet tectgtacte ccggctgacce gtggacaaga gcecggtggca ggaaggcaac 1080
gtcttcaget gcagcecgtgat gcacgaggcc ctgcacaacc actacaccca gaagtcectg 1140
agcctgagece tgggcaagat gttcectgggtg ctggtggtgg tceggaggcgt getggcectgce 1200
tacagcctge tggtcaccgt ggccttcatce atcttttggg tgaaacgggg cagaaagaaa 1260
ctcctgtata tattcaaaca accatttatg agaccagtac aaactactca agaggaagat 1320
ggctgtaget gccgatttcece agaagaagaa gaaggaggat gtgaactgcg ggtgaagttce 1380
agcagaagcg ccgacgecce tgcctaccag cagggccaga atcagctgta caacgagcetg 1440
aacctgggca gaagggaaga gtacgacgtce ctggataage ggagaggcecyg ggaccctgag 1500
atgggcggca agccteggceg gaagaacccece caggaaggece tgtataacga actgcagaaa 1560
gacaagatgyg ccgaggccta cagcgagatc ggcatgaagg gcgagceggag gcggggcaag 1620
ggccacgacyg gectgtatca gggectgtcece accgccacca aggataccta cgacgccctg 1680
cacatgcagg ccctgeccce aaggctegag ggcggcggag agggcagagyg aagtcttcta 1740
acatgcggtg acgtggagga gaatcccggce cctaggatge ttctectggt gacaagectt 1800
ctgctetgtg agttaccaca cccagcattce ctecctgatcce cacgcaaagt gtgtaacgga 1860
ataggtattg gtgaatttaa agactcactc tccataaatg ctacgaatat taaacacttc 1920
aaaaactgca cctccatcag tggcgatcte cacatcctge cggtggcatt taggggtgac 1980
tcettcacac atactcectece tetggatcca caggaactgg atattctgaa aaccgtaaag 2040
gaaatcacag ggtttttgct gattcaggct tggcctgaaa acaggacgga cctceccatgece 2100
tttgagaacc tagaaatcat acgcggcagg accaagcaac atggtcagtt ttctcttgceca 2160

gtcgtcagec tgaacataac atccttggga ttacgctcece tcaaggagat aagtgatgga 2220
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gatgtgataa tttcaggaaa caaaaatttg tgctatgcaa atacaataaa ctggaaaaaa 2280
ctgtttggga cctcecggtca gaaaaccaaa attataagca acagaggtga aaacagctgc 2340
aaggccacag gccaggtetg ccatgecttg tgetccceeg agggctgetyg gggeccggag 2400
cccagggact gegtcectcettg ccggaatgte ageccgaggca gggaatgcgt ggacaagtgce 2460
aaccttetgg agggtgagec aagggagttt gtggagaact ctgagtgcat acagtgccac 2520
ccagagtgcee tgcctcagge catgaacatce acctgcacag gacggggacce agacaactgt 2580
atccagtgtg cccactacat tgacggccce cactgcgtca agacctgcce ggcaggagtce 2640
atgggagaaa acaacaccct ggtctggaag tacgcagacyg ccggccatgt gtgccacctg 2700
tgccatccaa actgcaccta cggatgcact gggccaggtce ttgaaggctg tccaacgaat 2760
gggcctaaga tccecgtecat cgccactggg atggtggggg cectectett gcectgetggty 2820
gtggccctgyg ggatcggect cttcecatgtga 2850
<210> SEQ ID NO 56

<211> LENGTH: 3180

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 56

atgcttectee tggtgacaag ccttetgete tgtgagttac cacacccage attcctectg 60
atcccagata tccagatgac ccagtcceeg agetecetgt cegectetgt gggcegatagg 120
gtcaccatca cctgccgtge cagtcaggat gtgaatactg ctgtagectyg gtatcaacag 180
aaaccaggaa aagctccgaa actactgatt tacteggeat cettceceteta ctetggagte 240
cctteteget tetetggtte cagatctggg acggatttea ctetgaccat cagcagtetg 300
cagccggaag acttcgcaac ttattactgt cagcaacatt atactactce tcccacgtte 360

ggacagggta ccaaggtgga gatcaaaggc agtactageg geggtggete cgggggegga 420

tceggtgggyg geggcageag cgaggtteag ctggtggagt ctggeggtgg cctggtgeag 480

ccagggggcet cactcegttt gtectgtgea gettetgget tcaacattaa agacacctat 540
atacactggg tgcgtcagge cccgggtaag ggectggaat gggttgcaag gatttatcct 600
acgaatggtt atactagata tgccgatage gtcaagggec gtttcactat aagcegcagac 660
acatccaaaa acacagccta cctgcagatg aacagectge gtgetgagga cactgecgte 720
tattattgtt ctagatgggg aggggacgge ttctatgeta tggactactg gggtcaagga 780
accctggtca cegtetegag tgagagcaag tacggaccge ccetgcecece ttgccctgece 840
ccegagttee tgggeggace cagegtgtte ctgtteccee ccaageccaa ggacaccectg 900
atgatcagce ggacccccga ggtgacctge gtggtggtgg acgtgageca ggaagatccce 960

gaggtccagt tcaattggta cgtggacggce gtggaagtge acaacgccaa gaccaagecec 1020

agagaggaac agttcaacag cacctaccgg gtggtgtcetg tgctgaccgt getgcaccag 1080

gactggctga acggcaaaga atacaagtgc aaggtgtcca acaagggect geccageagc 1140

atcgaaaaga ccatcagcaa ggccaaggge cagectegeg agecccaggt gtacaccctg 1200

cctecctece aggaagagat gaccaagaac caggtgtcece tgacctgect ggtgaaggge 1260

ttctacccca gegacatege cgtggagtgg gagagcaacg gecagectga gaacaactac 1320
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aagaccaccce ctccegtget ggacagcgac ggcagcttet tectgtacag ccggctgacce 1380
gtggacaaga gccggtggca ggaaggcaac gtctttaget gecagegtgat gcacgaggec 1440
ctgcacaacc actacaccca gaagagcctg agecctgtecce tgggcaagat gttcectgggtg 1500
ctggtggtgg tgggcggggt gctggcectge tacagcctge tggtgacagt ggccttcatce 1560
atcttttggg tgaaacgggg cagaaagaaa ctcctgtata tattcaaaca accatttatg 1620
agaccagtac aaactactca agaggaagat ggctgtagct geccgatttce agaagaagaa 1680
gaaggaggat gtgaactgcg ggtgaagttc agcagaagcg ccgacgceccce tgectaccag 1740
cagggccaga atcagcetgta caacgagetg aacctgggca gaagggaaga gtacgacgte 1800
ctggataagce ggagaggccg ggaccctgag atgggceggea agectceggeyg gaagaaccce 1860
caggaaggce tgtataacga actgcagaaa gacaagatgg ccgaggccta cagcgagatce 1920
ggcatgaagyg gcgagcggag gcggggcaag ggccacgacg gectgtatca gggectgtec 1980
accgeccacca aggataccta cgacgcectg cacatgcagg ccectgcccee aaggetcgag 2040
ggcggceggayg agggcagagg aagtcttcta acatgeggtg acgtggagga gaatcccgge 2100
cctaggatgce ttctectggt gacaagectt ctgctcectgtg agttaccaca cccagcatte 2160
ctcctgatce cacgcaaagt gtgtaacgga ataggtattg gtgaatttaa agactcactce 2220
tccataaatg ctacgaatat taaacacttc aaaaactgca cctccatcag tggcgatctce 2280
cacatcctge cggtggcatt taggggtgac tccttcacac atactcecctecce tetggatcca 2340
caggaactgg atattctgaa aaccgtaaag gaaatcacag ggtttttgct gattcaggct 2400
tggcctgaaa acaggacgga cctccatgce tttgagaacc tagaaatcat acgcggcagg 2460
accaagcaac atggtcagtt ttctcttgca gtcgtcagec tgaacataac atccttggga 2520
ttacgctcece tcaaggagat aagtgatgga gatgtgataa tttcaggaaa caaaaatttg 2580
tgctatgcaa atacaataaa ctggaaaaaa ctgtttggga cctccggtca gaaaaccaaa 2640
attataagca acagaggtga aaacagctgc aaggccacag gccaggtctg ccatgcecttg 2700
tgctceceeceg agggctgetyg gggcccggag cccagggact gegtcectcecttg cceggaatgte 2760
agccgaggca gggaatgegt ggacaagtgce aaccttcetgg agggtgagcece aagggagttt 2820
gtggagaact ctgagtgcat acagtgccac ccagagtgcc tgcctcaggce catgaacatce 2880
acctgcacag gacggggacc agacaactgt atccagtgtyg cccactacat tgacggccce 2940
cactgegtca agacctgccce ggcaggagtce atgggagaaa acaacaccct ggtctggaag 3000
tacgcagacg ccggccatgt gtgccacctg tgccatccaa actgcaccta cggatgcact 3060
gggccaggte ttgaaggctg tccaacgaat gggcctaaga tceccgteccat cgccactggg 3120

atggtggggg ccctectett getgetggtg gtggccetgg ggatcggect cttcatgtga 3180

<210> SEQ ID NO 57

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 57

Arg Ala Ser Gln Asp Ile Ser Lys Tyr Leu Asn
1 5 10
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<210> SEQ ID NO 58

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 58

Ser Arg Leu His Ser Gly Val
1 5

<210> SEQ ID NO 59

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 59

Gly Asn Thr Leu Pro Tyr Thr Phe Gly
1 5

<210> SEQ ID NO 60

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 60

Val Ile Trp Gly Ser Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser
1 5 10 15

<210> SEQ ID NO 61

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 61

Tyr Ala Met Asp Tyr Trp Gly
1 5

<210> SEQ ID NO 62

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 62

Ala Ser Gly Phe Asp Phe Ser Ala Tyr Tyr Met
1 5 10

<210> SEQ ID NO 63

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 63

Thr Ile Tyr Pro Ser Ser Gly
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<210> SEQ ID NO 64

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 64

Ala Asp Arg Ala Thr Tyr Phe Cys Ala
1 5

<210> SEQ ID NO 65

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 65

Asp Thr Ile Asp Trp Tyr
1 5

<210> SEQ ID NO 66

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 66

Val Gln Ser Asp Gly Ser Tyr Thr Lys Arg Pro Gly Val Pro Asp Arg
1 5 10 15

<210> SEQ ID NO 67

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 67

Tyr Ile Gly Gly Tyr Val Phe Gly
1 5

<210> SEQ ID NO 68

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 68

Ser Gly Ser Asp Ile Asn Asp Tyr Pro Ile Ser
1 5 10

<210> SEQ ID NO 69

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 69
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Ile Asn Ser Gly Gly Ser Thr
1 5

<210> SEQ ID NO 70

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 70

Tyr Phe Cys Ala Arg Gly Tyr Ser
1 5

<210> SEQ ID NO 71

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 71

Ser Asn Leu Ala Trp
1 5

<210> SEQ ID NO 72

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 72

Arg Ala Ser Asn Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser

1 5 10

<210> SEQ ID NO 73

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 73

Asn Val Ser Tyr Arg Thr Ser Phe
1 5

<210> SEQ ID NO 74

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 74

Asp Tyr Gly Val Ser
1 5

That which is claimed is:

1. A nucleic acid encoding a chimeric receptor, the nucleic
acid comprising:

(a) a polynucleotide encoding an antibody or antigen-
binding fragment thereof that binds to an epitope in the

Ig-like/Frizzled domain of a Receptor Tyrosine Kinase
Like Orphan Receptor 1 (ROR1);

(b) a polynucleotide encoding a transmembrane domain;

(c) a polynucleotide encoding a polypeptide spacer
located between the antibody or antigen-binding frag-
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ment thereof and the transmembrane domain, wherein
the polypeptide spacer is about 15 amino acids or less
in length and comprises an amino acid sequence of
X,PPX,P, wherein X, is a cysteine, glycine, or arginine
and X, is a cysteine or a threonine (SEQ ID NO:1); and

(d) a polynucleotide encoding an intracellular signaling
domain that comprises a CD3 signaling domain and a
costimulatory domain.

2. The nucleic acid of claim 1, wherein the antibody or

antigen-binding fragment thereof comprises:

a variable light chain (VL) region having a least 90%
sequence identity to the VL region of the anti-ROR1
antibody R12; and a variable heavy chain (VH) region
having at least 90% identity to the VH region of the
anti-ROR1 antibody R12;

a variable light chain (VL) region comprising a CDRL1,
a CDRL2, and a CDRL3 of the anti-ROR1 antibody
R12, and a variable heavy chain (VH) region compris-
ing a CDRH1, a CDRH2, and a CDRH3 of the anti-
RORI1 antibody R12; or

a variable light chain (VL) region of the anti-RORI1
antibody 2A2; and a variable heavy chain (VH) region
of the anti-ROR1 antibody 2A2.

3. The nucleic acid of claim 1, wherein the polypeptide
spacer comprises a human IgG1, IgG2, or IgG4 hinge or a
modified version thereof, the polypeptide spacer comprises
the amino acid sequence set forth in SEQ ID NO:17, 18, 20,
21, 51, 52, or 53; or the polypeptide spacer consists of the
amino acid sequence set forth in SEQ ID NO:21.

4. The nucleic acid of claim 1, wherein the CD3 signal-
ing domain comprises the amino acid sequence encoded by
SEQ ID NO:7.

5. The nucleic acid of claim 1, wherein the transmem-
brane domain comprises a transmembrane domain of a CD8
or of a CD28 comprising the amino acid sequence encoded
by SEQ ID NO:5 or encoded by the nucleotide sequence
atgttctgggtgctggtggtegtggocggpgtactggcctgcta-
cagcctgetggtgacagtggccttcatcatettttgggte or comprising the
amino acid sequence MFWVLVVVGGVLACYSLL-
VTVAFIIFWV.

6. The nucleic acid of claim 1, wherein the costimulatory
domain comprises:

the signaling domain of a 4-1BB or a modified version
thereof, optionally wherein the 4-1BB signaling
domain or a modified version thereof comprises amino
acids 214-255 of SEQ ID NO:15 or comprises the
amino acid sequence encoded by SEQ ID NO:6; or

the signaling domain of a CD28 or a modified version
thereof, optionally wherein the CD28 signaling domain
or a modified version thereof comprises amino acids
180-220 of SEQ ID NO:14 or comprises a modified
version thereof comprising an LL.—GG substitution
located at positions 186-187 of SEQ ID NO:14.

7. The nucleic acid of claim 1, wherein:

the antibody or antigen-binding fragment is a single-chain
variable fragment (scFv) comprising a variable light
chain (VL) region of the anti-ROR1 antibody R12; and
a variable heavy chain (VH) region of the anti-ROR1
antibody R12 or the sequence

QEQLVESGGRLVTPGGSLTLSCKASGFDFSAYYMSWVRQAPGKGLEWIATI

YPSSGKTYYATWVNGRFTISSDNAQNTVDLOMNSLTAADRATYFCARDSYA
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DDALFNIWGPGTLVTIS SGGGGSGGGGSGECESELVLTQSPSVSAALGS PA
KITCTLSSAHKTDTIDWYQQLQGEAPRY LMQVQSDGSYTKRPGVPDRFSGS
SSGADRYLIIPSVQADDEADYYCGADYIGGYVEGGGTOLTVTG;

the polypeptide spacer comprises the amino acid sequence
of SEQ ID NO:21;

the transmembrane domain comprises the amino acid
sequence encoded by SEQ ID NO:5; and

the intracellular signaling domain comprises a 4-1BB
signaling domain comprising the amino acid sequence
encoded by SEQ ID NO:6 and a CD3C signaling
domain comprising the amino acid sequence encoded
by of SEQ ID NO:7; or

wherein the nucleic acid encodes a chimeric receptor
encoded by a nucleic acid comprising the sequence of
SEQ ID NO:41 or a sequence having at least 90%
identity to the sequence of SEQ ID NO:41.

8. A nucleic acid encoding a chimeric receptor, the nucleic

acid comprising:

(a) a polynucleotide encoding an antibody or antigen-
binding fragment thereof that binds to an epitope in the
Kringle domain of a Receptor Tyrosine Kinase Like
Orphan Receptor 1 (ROR1);

(b) a polynucleotide encoding a transmembrane domain;

(c) a polynucleotide encoding a polypeptide spacer
located between the antibody or antigen-binding frag-
ment thereof and the transmembrane domain, wherein
the polypeptide spacer is an immunoglobulin hinge-
CH2-CH3 region; and

(d) a polynucleotide encoding an intracellular signaling
domain that comprises a CD3 signaling domain and a
costimulatory domain.

9. The nucleic acid of claim 8, wherein the antibody or

antigen-binding fragment thereof comprises:

a variable light chain (VL) region having a least 90%
sequence identity to the VL region of the anti-ROR1
antibody R11; and a variable heavy chain (VH) region
having at least 90% identity to the VH region of the
anti-ROR1 antibody R11; or

a variable light chain (VL) region comprising a CDRLI,
a CDRL2, and a CDRL3 of the anti-ROR1 antibody
R11, and a variable heavy chain (VH) region compris-
ing a CDRH1, a CDRH2, and a CDRH3 of the anti-
RORI1 antibody R11.

10. The nucleic acid of claim 8, wherein the polypeptide
spacer comprises a human IgG4 hinge region or modified
version thereof, a human IgG4 CH2 domain and a human
IgG4 CH3 domain; or the polypeptide spacer comprises the
amino acid sequence set forth in SEQ ID NO:50.

11. The nucleic acid of claim 8, wherein the CD3(
signaling domain comprises the amino acid sequence
encoded by SEQ ID NO:7.

12. The nucleic acid of claim 8, wherein the transmem-
brane domain comprises a transmembrane domain of a CD8
or of a CD28 comprising the amino acid sequence encoded
by SEQ ID NO:5 or encoded by the nucleotide sequence
atgttctgggtgctggtogtogtggocggpatactggcctgcta-
cagcctgetggtgacagtggcecttcatcatettttgggte or comprising the
amino acid sequence MFWVLVVVGGVLACYSLL-
VTVAFIIFWV.

13. The nucleic acid of claim 8, wherein the costimulatory
domain comprises:
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the signaling domain of a 4-1BB or a modified version
thereof, optionally wherein the 4-1BB signaling
domain or a modified version thereof comprises amino
acids 214-255 of SEQ ID NO:15 or comprises the
amino acid sequence encoded by SEQ ID NO:6; or

the signaling domain of a CD28 or a modified version
thereof, optionally wherein the CD28 signaling domain
or a modified version thereof comprises amino acids
180-220 of SEQ ID NO:14 or comprises a modified
version thereof comprising an LL.—GG substitution
located at positions 186-187 of SEQ ID NO:14.

14. The nucleic acid of claim 8, wherein:

the antibody or antigen-binding fragment is a single-chain
variable fragment (scFv) comprising a variable light
chain (VL) region of the anti-ROR1 antibody R11; and
a variable heavy chain (VH) region of the anti-ROR1
antibody R11 or the amino acid sequence

QSVKESEGDLVTPAGNLTLTCTASGSDINDYPISWVRQAPGKGLEWIGFIN
SGGSTWYASWVKGRFTISRTSTTVDLKMTSLTTDDTATYFCARGYSTYYGD
FNIWGPGTLVTISSGGGGSGGGGSGGGGSELVMTQTPSSTSGAVGGTVTIN
CQASQSIDSNLAWFQOKPGQPPTLLIYRASNLASGVPSRFSGSRSGTEYTL
TISGVQREDAATYYCLGGVGNVSYRTSFGGGTEVVVK;

the polypeptide spacer comprises the amino acid sequence
of SEQ ID NO:50;

the transmembrane domain comprises the amino acid
sequence encoded by SEQ ID NO:5; and

the intracellular signaling domain comprises a 4-1BB
signaling domain comprising the amino acid sequence
encoded by SEQ ID NO:6 and a CD3C signaling
domain comprising the amino acid sequence encoded
by of SEQ ID NO:7; or

wherein the nucleic acid encodes a chimeric receptor
encoded by a nucleic acid comprising the sequence of
SEQ ID NO:43 or a sequence having at least 90%
identity to the sequence of SEQ ID NO:43.

15. A nucleic acid encoding a chimeric receptor, the

nucleic acid comprising:

(a) a polynucleotide encoding an antibody or antigen-
binding fragment thereof that binds to Receptor tyro-
sine-protein kinase erbB-2 (HER2);

(b) a polynucleotide encoding a transmembrane domain;

(c) a polynucleotide encoding a polypeptide spacer
located between the antibody or antigen-binding frag-
ment thereof and the transmembrane domain, wherein
the polypeptide spacer is an immunoglobulin hinge-
CH2-CH3 region; and

(d) a polynucleotide encoding an intracellular signaling
domain that comprises a CD3 signaling domain and a
costimulatory domain.

16. The nucleic acid of claim 15, wherein the antibody or

antigen-binding fragment thereof comprises:

a variable light chain (VL) region having a least 90%
sequence identity to the VL region of the anti-HER2
antibody Herceptin; and a variable heavy chain (VH)
region having at least 90% identity to the VH region of
the anti-HER2 antibody Herceptin; or

a variable light chain (VL) region comprising a CDRL1,
a CDRL2, and a CDRL3 of the anti-HER2 antibody
Herceptin, and a variable heavy chain (VH) region
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comprising a CDRH1, a CDRH2, and a CDRH3 of the
anti-HER2 antibody Herceptin.

17. The nucleic acid of claim 15, wherein the polypeptide
spacer comprises a human IgG4 hinge region or modified
version thereof, a human IgG4 CH2 domain and a human
IgG4 CH3 domain; or the polypeptide spacer comprises the
amino acid sequence set forth in SEQ ID NO:50.

18. The nucleic acid of claim 15, wherein the CD3(
signaling domain comprises the amino acid sequence
encoded by SEQ ID NO:7.

19. The nucleic acid of claim 15, wherein the transmem-
brane domain comprises a transmembrane domain of a CD8
or of a CD28 comprising the amino acid sequence encoded
by SEQ ID NO:5 or encoded by the nucleotide sequence
atgttctgggtgctggtogtogtggocggpatactggcctgcta-
cagcctgetggtgacagtggcecttcatcatettttgggte or comprising the
amino acid sequence MFWVLVVVGGVLACYSLL-
VTVAFIIFWV.

20. The nucleic acid of claim 15, wherein the costimula-
tory domain comprises:

the signaling domain of a 4-1BB or a modified version

thereof, optionally wherein the 4-1BB signaling
domain or a modified version thereof comprises amino
acids 214-255 of SEQ ID NO:15 or comprises the
amino acid sequence encoded by SEQ ID NO:6; or
the signaling domain of a CD28 or a modified version
thereof, optionally wherein the CD28 signaling domain
or a modified version thereof comprises amino acids
180-220 of SEQ ID NO:14 or comprises a modified
version thereof comprising an LL.—GG substitution
located at positions 186-187 of SEQ ID NO:14.

21. The nucleic acid of claim 15, wherein:

the antibody or antigen-binding fragment is a single-chain

variable fragment (scFv) comprising a variable light
chain (VL) of the anti-HER2 antibody Herceptin and a
variable heavy chain (VH) region of the anti-HER2
antibody Herceptin or the amino acid sequence
encoded by

gcattectectgatceccagatatecagatgacccagteccegageteccty
tcegectetgtgggegatagggtcaccatcacctgecgtgecagtecaggat
gtgaatactgctgtagectggtatcaacagaaaccaggaaaagctcecgaaa
ctactgatttactcggecatecttectectactetggagtecettetegette
tctggttecagatcetgggacggatttecactetgaccatcagecagtetgeag
ccggaagacttegeaacttattactgtecagecaacattatactactectece
acgtteggacagggtaccaaggtggagatcaaaggcagtactageggeggt
ggcteccgggggeggatecggtgggggeggcagcagegaggtteagetggtyg
gagtctggeggtggectggtgcagecagggggcetcacteegtttgtectgt
gcagettctggettcaacattaaagacacctatatacactgggtgegteag
geeccgggtaagggectggaatgggttgcaaggatttatectacgaatggt
tatactagatatgccgatagegtcaagggecgtttecactataagegeagac
acatccaaaaacacagectacctgecagatgaacagectgegtgetgaggac
actgcegtctattattgttetagatggggaggggacggettetatgetatg

gactactggggtcaaggaaccctggtcacegtetegagt ;
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the polypeptide spacer comprises the amino acid sequence
of SEQ ID NO:50;
the transmembrane domain comprises the amino acid
sequence encoded by
atgttctgggtgctggtogtogtggocggpatactggcctgeta-
cagcectgetggtgacagtggccttcatcatettttgggte; and
the intracellular signaling domain comprises a 4-1BB
signaling domain comprising the amino acid sequence
encoded by SEQ ID NO:6 and a CD3C signaling
domain comprising the amino acid sequence encoded
by of SEQ ID NO:7; or
wherein the nucleic acid encodes a chimeric receptor
encoded by a nucleic acid comprising the sequence of
SEQ ID NO:56 or a sequence having at least 90%
identity to the sequence of SEQ ID NO:56.
22. A chimeric receptor polypeptide encoded by the
nucleic acid of claim 1.

23. An expression vector, comprising the nucleic acid of
claim 1.

24. A host cell comprising the nucleic acid of claim 1.

25. A composition comprising the host cell of claim 24 in
a pharmaceutically acceptable excipient.

26. A chimeric receptor polypeptide encoded by the
nucleic acid of claim 8.

27. An expression vector, comprising the nucleic acid of
claim 8.

28. A host cell comprising the nucleic acid of claim 8.

29. A composition comprising the host cell of claim 28 in
a pharmaceutically acceptable excipient.

30. A chimeric receptor polypeptide encoded by the
nucleic acid of claim 15.

31. An expression vector, comprising the nucleic acid of
claim 15.

32. A host cell comprising the nucleic acid of claim 15.

33. A composition comprising the host cell of claim 32 in
a pharmaceutically acceptable excipient.

34. An in vitro method for preparing a host cell, com-

prising:

(1) introducing a nucleic acid encoding a chimeric recep-
tor into cells of a cell population, wherein the nucleic
acid comprises:

(a) a polynucleotide encoding a ligand binding domain
that binds to an epitope in an extracellular region of a
ligand, wherein the ligand is expressed on a tumor or is
a viral molecule;

(b) a polynucleotide encoding a transmembrane domain;

(c) a polynucleotide encoding a polypeptide spacer
located between the antibody or antigen-binding frag-
ment thereof and the transmembrane domain, wherein
the polypeptide spacer is about 10 to about 229 amino
acids or less in length and comprises an amino acid
sequence of X,PPX,P, wherein X, is a cysteine, gly-
cine, or arginine and X, is a cysteine or a threonine
(SEQ ID NO:1); and

(d) a polynucleotide encoding an intracellular signaling
domain that comprises a CD3 signaling domain and a
costimulatory domain; and

(2) culturing the cells in the presence of at least one
homeostatic cytokine.
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35. The method of claim 34, wherein the ligand is a CD19,
a ROR1 or a HER2.

36. The method of claim 34, wherein the cell population
comprises lymphocytes.

37. The method of claim 36, wherein the lymphocyte has
a CD45RA-, CD45RO+, and CD62L.+ phenotype.

38. A method of treating a subject having a cancer or a
viral infection expressing a ligand, the method comprising
administering to a subject a host cell comprising a nucleic
acid encoding a chimeric receptor into cells of a cell
population, wherein the nucleic acid comprises:

(a) a polynucleotide encoding a ligand binding domain
that binds to an epitope in an extracellular region of a
ligand, wherein the ligand is expressed on a tumor or is
a viral molecule;

(b) a polynucleotide encoding a transmembrane domain;

(c) a polynucleotide encoding a polypeptide spacer
located between the antibody or antigen-binding frag-
ment thereof and the transmembrane domain, wherein
the polypeptide spacer is about 10 to about 229 amino
acids or less in length and comprises an amino acid
sequence of X, PPX,P, wherein X, is a cysteine, gly-
cine, or arginine and X, is a cysteine or a threonine
(SEQ ID NO:1); and

(d) a polynucleotide encoding an intracellular signaling
domain that comprises a CD3 signaling domain and a
costimulatory domain.

39. The method of claim 38, wherein the cancer is a solid
tumor or a hematologic malignancy; and/or wherein the
cancer is selected from the group consisting of a lymphoma,
a leukemia and an epithelial cancer; and/or wherein the
cancer is a tumor, which tumor is a B cell malignancy, a CLL
or an MCL, or which tumor is selected from the group
consisting of a breast cancer, a lung cancer, a colorectal
cancer, a renal cancer, a pancreatic cancer, a prostate cancer,
and an ovarian cancer.

40. The method of claim 39, wherein the ligand is a CD19,
a ROR1 or a HER2.

41. An in vitro method for identifying a chimeric receptor,
comprising:

(a) providing a library of nucleic acids encoding a chi-
meric receptor, wherein each of the plurality of nucleic
acids encodes a chimeric receptor that differs in spacer
length;

(b) introducing each of the plurality of the nucleic acids
into a separate isolated T cell population and expanding
each T cell population in vitro;

(c) administering each genetically modified T cell popu-
lation into an animal model bearing a tumor and
determining whether a genetically modified T cell
population has anti-tumor efficacy; and

(d) selecting a nucleic acid encoding the chimeric receptor
that provides for anti-tumor efficacy in vitro and/or in
an animal model.

42. The method of claim 41, further comprising introduc-

ing the selected nucleic acid encoding the chimeric receptor
into a host cell.



