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XbaI • (hGMCSF s:gna 
M L L L 

1 ATCTCTAGAG CCGCCACCAT GCTTCTCCTG 
TAGAGATCTC GGCGGTGGTA CGAAGAGGAC 

E P A 
61 CACCCAGCAT 

G7GGGTCGTA 

A S 
121 GCC7CT'TGG 

CGGALAGACC 

L N W 
181 TTAAATTGGT 

AATTTAACCA 

R L H 
241 AGATTACACT 

TCTAATGTGA 

L T I 
301 C7TACCATTA 

GAGTGGTAAT 

F ? D 
TCCTCCTGA7 CCCAGACATC 
AGGAGGACTA GGGTCTGTAG 

G D R V 7 : S 
GL:ACAGAG7 CACCATC;G: 
CTCTG7C7CA GTGGTAGTCA 

Y Q Q K P D G 
ATCAGCAGAA ACCAGATGGA 
TAGTCGTCTT TGGTCTACCT 

S G V P 
CAGGAGTCCC 
GTCCTCAGGG 

S N L E 
GCAACCTGGA 
CGTTGGACCT 

S R F 
ATCAAGGTTC 
TAGTTCCAAG 

Q E D 
GCAAGAAGAT 
CGTTCTTCTA 

T L ? Y T F G G G T 
361 ACGCTTCCGT ACACGTTCGG AGGGGGGACT 

TGCGAAGGCA TGTGCAAGCC .‘ TGA 

S K 
421 7CCGGCAA:: 

G F G 
481 GGACCTGGCC 

CCTSGACCGG 

S L P 
541 TCATTA.:CG 

AGTAATGGGC 

L G ; 
601 CTGGGAGTAA 

GACCCTCATT 

• I : 
661 ACCATCA1-A 

TGGTAGTAGT 

0 -

121 GATGACACAG 
CTACTGTGTC 

F 3 S 3 
CCSGATC7GG 
. _ _ 

TGG:GGCGCC 
ACCACCGCGG 

C Y . 7 
4CTATSGTG7 
TGATACCACA 

: W G S 
TATGGGG7AS 
ATACCCCA7C 

K \ 
AGGAZAAC7: 
TCC7G7TGAG 

A : Y 
C:ATTTACTA 
GGTAAATGAT 

• S S 
CGACGGATCC 
G,.-C7.AGG 

S 
CTCACAGAGC 
GAGTGTCTCG 

S W : 
AAGCTGGATT 
TTCCACCTAA 

E 7 7 
TGAAACCACA 
ACTTTSGTGT 

K S Q 
:AAGAGC"" 
GTTCTCGG.T 

• A K 
C7GTGCCAAA 
GACACGGTTT 

1 peptide-) 
7 7 S 
G7GACAAGCC 
CACTGTTCGG 

Q M
CAGATGACAC 
GTCTACTGTG 

R A 
7-:=AGGG.Art 
ACGTCC7CTT 

T V K 
ACTGTTAAAC 
TGACAATTTG 

S G S 
AGIGGCAGTG 
TCACCGTCAC 

I A T 
ATTGCCACTT 
TAACGGTGAA 

K L E 
AAGTTGGAAA 
777AACCTTT 

7 K G 
AC7AAGGGCG 

L S V 
CTGTCCGTCA 
GACAGGCAGT 

3 Q P 
CGCCP.GCCTC 
GCGGTCGGAG 

• N 
TACTATAATT 
ATGATATTAA 

▪ F 
--7TTCTTAA 
,AAAAGAATT 

• '

CA7TATTACT 
STAATAATGA 

FIGURE' 1A 

L L L C E L P 
TTCTGCTCTG TGAGTTACCA 
AAGACGAGAC AC7CAATGGT 

Q 7 7 S S L S 
AGACTACATC CTCCC7GiCT 
7CTGA7-TAG GAGGGACAGA 

S Q 1 

L L I Y 
TCCTGATCTP 
AGGACTAGAT 

G S G T 
GGTCTGGAAC 
CCAGACCTTG 

Y F C Q 
ACTTTTGCCA 
TGAAAACGGT 

S X 'I

AiCAT7TATA 

H I 5 
CCA'\CATCA 
GGTATGTAGT 

D Y S 
AGATTATTCT 
TCTAATAAGA 

• G N 
ACAGGGTAAT 
TGTCCCATTA 

,Whitlow linker-
I T G S T S G 
TAACAGGCTC CACCTCTGGA 
.ATTGTCCGAG GTGGAGACCT 

E K 
AGGTGAAACT 
TCCACTTTGA 

T C T V 
CATGCACTG7 
GTACGTGACA 

P F K G 
CACGAAAGGG 
GTGCTTTCCC 

S A K 
CAGCTCTCAA 
GTCGAGAGTT 

K M N S 
AAATGAACAG 
TTTACTTGTC 

Y G G S 
ACGGT3GTAG 
TGCCACCATC 

GCAGGAGTCA 
CGTCCTCAGT 

• G V 
CTCAGGGGTC 
GAGTCCCCAG 

• E W 
TCTGGAGTGG 
AGACCTCACC 

S R L 
ATCCAGACTG 
TAGGTCTGAC 

• 0 T 
TCTGCAAACT 
AGACGTTTGA 

Y A M 
CTATGCTATG 
GATACGATAC 
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Xba! (l'JGMCSF s; .:;na l ;:ieptide-) 
~ L ~ !.. '.' -:- s !.. i.. !. :: £ L ? 

ATCTCTAGAG CCGCCACCAT GCTTCTCCTG GiGACAAGCC TTCTGCTC".'G ,GAGTrAC::CA 
TAGAGATCTC GGCGGTGGTA CGAAGAGGAC CACfG17GGG AAGACGAGAC AC':-CAATGGT 

(V~ - l 
~ P A F L ~ ? ::> - 0:-1~ Q775 5~3 

:l CACCCAGCAT TCCTCC~GAT 
G:GGGICGTA AGGAGGACTA 

CCCAGACATC 
GGGTCTGTAG 

CAGATGACAC AGACTACA~C C1CCCTG7C! 
GTCTACTGTG TCTGA:~TAG G~GGGACAGA 

A S G 0 rt T s ., R A s C 
i21 Gcc::'!'~~GG G_-,3ACAGAG7 ~ACCAIC;G: 7~=AGGGCM ~T:A~·~M:;~.-r -:.;G:;.,;....:.:-:.:..:­

CGGAuAi:iAC-'.: CTCTG7C':'CA :;TGGTAGTCA P.CGTCC':GTT CAGT::C7G7A A,CA:"!'TA,A. 

L N W Y Q Q K P D G T V K L L ~ Y H ~ S 
1B l TTM-.ATTGGT ATCAGGAGAA ACCAGATGGA ACTGTTAAAG TCCTGATCTJI CCJI .,.\CATCA 

AATTTAACCA TAGTCGTCTT TGGTCTACCT TGACAATTTG AGGAGTAGAT GGTATGTAGT 

R L H s G V p s R F s G s G s G T D '{ 5 
20 AGATTACACT CAGGAGTCCC ATCAAGGTTC' ?.GI'GGCAGTG GGTCTGGAAC AGATTATTCT 

TCTAATGTGA GTCCTCAGGG TAGTTCCAAG TCACCGTCAC CCAGACCTTG TCTAATAAGA 

L T I s N L E Q E 0 1 A T y r C Q " G N 
3Cll C':'::ACCATTA GCAACCTGGA GCAAGAAGAT ATTGCCACTT ACTTTTGCCA ACAGGGTAA'! 

GAGTGGTAAT CGTTGGACCT GGTTCTTCTA ,AACGGTGAA TGAAAACGGT TGTCCCATTA 

,Wr.itlow linker- ) 
T L ? Y r . G G G T K - E I T G 5 T S G 

361 ACGCT~CCGT ACACGTTCGG AGGGGGGACT AAGT;GGAAA TAACAGGCTC CACCTCTGGA 
;GCGAAGGCA TG,GCAAGC: rc::ccccTGA ~-=:AACCTTT,ATTGTCCGAG GTGGAGACC7 

42:C 

4 BJ, 

541 

601 

s :; :< 
:'CCGGCA,;]: 
,l.~Gcc::;:-:-::G 

G E' G 
GGACCTGGCC 
ccr:;GACCGG 

s L ? 
TCATr;.. . ;.:G 
AGTAATGGGC 

L G ·; 
CTGGGAG':'AA 
GACCCT:ATT 

:; ::; 

!., ;, 
TGG!GGCGCC 
ACCACCGCGG 

C y ~ ' / 

-~C7AT~::.;-:'G":' 
!GATAcc;..:;.. 

;; .:; 5 
TATGGGG':'A:; 
ATAcccc;;:-=:: 

:·,~- : 
- ::; S ~ ~ ~ E K C - ~ 

:GAGGG;..rcc- Ac:.:..AGGGCG AG3TGAAACT GCAGGAGTCr. 
Gc:::c::ASG :GGT':'CCCGC TCCACTTTGA CGTCCTCAGT 

s .... s s V T C '! V s G 'I .., 
CTCAC,t,GAGC CTG7CCG7'C.A CA7G~ACTG7 -::TCAGGGG!'C 
GAGTG7CTCG GACAGGCAGT GTA.CGTGACA GAGTCCCCAG 

s :-; - ?. Q p <' F.. K G ::. E w . 
AAGCTGGATT CGCO.GCCT:: CACG/1.AAGGG TC':'GGAGTGG 
T'!'CGF>':C':'AA SCGG7CGGAG G7GC'!'TTCCC AGACCTCACC 

E . ~ ·.J ·,t N s A K 5 R L . 
J'GAAACCACA :'ACTATAATT CAGCTCTCAA ATCCAGACTG 
ACTTTGGTGT .ll,TGA:'ATTAA GTCGAGAGTT TAGGTCTGAC 

7 ~ ~ X 5 ~ S Q r ~ ~ M ~ S Q T 
661 ACCATCA1-A AGGACi....AC:'= ~AAGAGc~·- - -rTT~T':'AA AAATGAACAG TC~GCAAACT 

TGGTAGTAGT TCCTGTTGAG GTTCTCGG, T ~AAAAGAATT TTTACTTGTC AGACGTTTGA 

~ ~ - A - y V ~ A K ~ V y ~ G G s y A ~ 
721 GATGACACAS C~ATTTACTA C:GTGCCAAA CA~TAfTACT ACGGTGGTAG CTATGCTATG 

CTAC~GTGTC GGTA.nJI.TGA! GACACGGTTT ~,AA,AATGA TGCCACCATC GATACGATAC 

fIGURE. 1 lA 
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D Y W 5 5
781 GAC7AC7GGG GTCAAGGI-A: 

CTGATGACCC 

K 7 H 7 C P 
341 AAAACTCACA  

77775AS-237 GCAC.:‘,.J.'.:0 

961 

1021 

1081 

GAGAAGGG3G 

✓ V V 
GTGGTGGTGG 
CACCACCACC 

✓ E V 
GTGGAGGTGC 
CACCTCCACG 

• V S 
GTGGTCAGCG 
CACCAGTCGC 

K V 5 
1141 AAGGiC7CCA 

T7CCAGAGGT 

120: 

1_. 

1321 

139: 

144. 

• R 
CAGCC:::GAZ 

S V 7 
:TCAGTCACC 
 0AGICAGTG 

C ? 
G7GCCCAGCA 
CACGGG7CG7 

K ? K T • 
=GAZAr.:C._ 

GT7TTGGGT7 CCTGTGGGAG 

D V S H 
ACGTGAGCCA 
TGCACTCGGT 

H N A K 
ATAATGCCAA 
TATTACGGTT 

✓ L T V 
TCCTCACCGT 
AGGAGTGGCA 

N K A L 
ACAAAGCC:T 
7G7T7CGGGA 

E S
AACCACAS27 

E S N 
GAGAGCAATZ 
CTCTCGTTAC 

5 5 

CCGAGGAAGA 

CAGAAGAGTA 

S i. S 
:501 TCCCTG7C7C 

AGSGACAGAG 

F I 
:561 TT:A7TGGGC 

AAG7AACCCG 

- . - 
. . . .. 

AC:GGA:ZGA :CAG777CC5 

E D P 
CGAAGACCCT 
GCTTCTGGGA 

T K P 
GACAAAGCCG 
CTGTTTCGGC 

L H 0 
CCTGCACCAG 
GGACGTGGTC 

P A P 

GGG7CGGGGG 

G7ACACL:75 

3 1 ? E 

CCG7:55CC7 

F L 
7.7:7:7A=A5 
AGGAGATST: 

• 

CGAG-.''AC7A 

CC3G5AAAAT 

F 
7AGGCA7C77 
ATCCG7A5AA 

• K 5 

N N • 
GAACAAC7AC 
CTTG7772A.2 

K 

GTTCGA'.17GG 

H E A 
5CATGAGG:7 
CGTACTCCGA 

A 
GGCCC7GA77 
CCGGGAC7mA 

F R V 
CTTCAGAG73 
GAAGTCTCAC 

3 
57,77CC7CAG 
:AGAGGAGTC 

? 
C:7GAACTZ. 
GGAC7TGAG5 

1. : 

7AZTAGAGGG 

I J K 
3AGGTCAAGT 
CTCCAGTTCJ

R E E 
CGGGAGGAGC 
GCCCTCCTCG 

D W L 
3ACTGGCTGA 
CTGACCGACT 

r.T.:SAGAAAA 
7AGC7C7777 

F ? s 

V 
._ • _ 

AAGA7AGGG7 

K 
AAGACCACGC 
 JGTGCG 

K 
.37G3ACAAGA 
CAC:7G7TC7 

CTGCACAACC 
GAr=7nTTG5 

572CTGGGGG 
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✓▪ IE F K 
TAGAACC2AA 
AITTTGGGT7 

CC7GG 

F 

CCTGGGGACT 

F N W Y 
TCAACTGGTA 
AGTTGACCAT 

Q Y N S *
AGTACAACAG 
TCATGTTGTC 

N G K E 
ATGGCAAGGA 
TACCGTTCCT 

7 : 5 K 
:CA7CTCCAA 
5G7AGAGGIT 

R 
5A5A:SAGC7 

: A 
-_._,--

.." . 

C3C757AGCG 

? F L 
CTCCCGTGCT 
GAGGGCACGA 

E R W Q 

CGT:CACCGT 

S Y 7 
A:TAZAC5CA 
TGA7GTGCGT 

K F S 
AAGTTCAGCA 
77CAAG771G7 

FIGURE 

v A G 

 -CCA5C5GCC 

R E A D 
GGAGCGCAGA 
:.7.7C3C57C7 

5 5 D 

AGAAGAC7G 

S 7 F 
57CAG.-..L 
7AGTCAG;..AG 

. . 
3-, ZAZA72:7 
CCAGTGEACG 

V D G 
^GTGGACGGC 
GCACCTGCCG 

- T Y R 
CACGTACCGT 
3TGCATGGCA 

Y K C 
GTACAAGTGC 
CATGTTCACG 

A K G 
AGCCAAAG5G 
TCG37:7CC: 

7 K N 
GA:CAAGAA: 

•. . . • 

GCACCTCA:: 

7, 3 : 
GGACTCCGAC 
CCTGAGGCTG 

G N 
GCAGGSG.7-A: 
CGTCCCCTTG 

K E 
5AAGAGCCTC 
CTTCTCGGAG 

L L 
CCTCCTGC77 
GGAGGACGAA 

A F A 
CGCCCCCGCG 
GCGGGGGC5:7 
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.:::::ger,- . 

D Y W G Q ~ 3 V ~ S 
7 8 'i GAC' AC-:'GGG ::;rcAAGG;.,;: :7CAGTCAC.::: :;: =::::c:-CAG 

CTGATGACCC :,;::;::~:::~ GAGTCAG7,G :AGAGGAG:C 

-----,..,,.,. .... -... -..... - ...,.._,.,., ... 
:< ? :( 

:;..1-_:...t..::c;_~_ 
::: 1 

-,- .. ,,...,r-,-.-­
..:....;r. ... r1- --- -

p .. - ... ..,.,..,op,_,...,.. .-... ..:.-.; ....... ---

7 ;..GAA:::::A.z. 
.=-.!C7!G~~TT 

? 
_,,,.. ·---- _,. 
- ..;J\:~~<rJ:"".--

5 S :::; 

:: 'i 

GAGAAGGGGG GT':'T'!'G-GGT': CCTGTGGGAG :,;::-AGAGGG :c:GGG.j,\C, .:cAGTG,.:..:.:: 

V V V ~ V S ~ E D P _ ~ K - N ~ Y V D G 
96ll GTGGTGGTGG ACGTGAGCCA CGAAGACCCT GAGGTCAAGT TCAACTGGTA ~GTGGACGGC 

CACCACCACC TGCACTCGGT GCTTCTGGGA CTCCAGTTG-. AGTTGACCAT GCACCTGCCG 

V E V H N A K T K P 
1021. GTGGAGGTGC ATAATGCCAA GACAAAGCCG 

CACCTCCACG TATTACGGTT CTGTTTCGGC 

R E E Q Y N s·- T 'I R 
CGGGAGGAGC AGTACAACAG CACGTACCGT 
GCCCTCCTCG TCATGTTGTC GTGCATGGCA 

V S V L T V L H O O W ~ N ::; K E Y K C 
lOBJ. GTGGTCAGCG TCCTCACCGT CCTGCACCAG GACTGGCTGA ATGGCAAGGA ~TACAAGTGC 

CACCAGTCGC AGGAGTGGCA GGACGTGGTC C:GACCGAC! TACCG!TCCT CATGT!CACG 

!<VS tli<AL PAP -K ~SK ;:..!(G 

ll~i AAGGTC:CCA ACAA.~Gcc:r CCCAG:::cc::c ~r:~A~AA.~; :cA:CTCC~. ~GCCNt~G~G 
!TC:AGAGG! ~G7TT:~GGA GGG::~GCGG ~AG=~c~~:~ ;~:AGAG5!7 TCGGr:~:c= 

C ?. 
;,20: CAG:C:.:-G.:i.:; ---------­.. ..;..::: . ..; .. - __ -:; 

---· -.-. ..; _ __ :-____ .... -. --· · --

E S ~ ::; v ~ 

1321 GAGAGC.l>,A'i':: ~GCrlGC:G:.:;A 
CTCTCG':'TAC ,_,..,,.-.-,,.. ---.... ,_....,lo,!.~~.;,\,. ·-. 

J 5 F ~---~~T--- --,-.-----~-~J"-•---!...,.. _._,_ ___ ,M_r . .:, 

5 C 5 

--------•;,,, -r. - ..; . ..; ..:J\.:;-, ..,. 

::; 
.. ... - -· . . 
' . .. -. ------- ---

N ',j ., 
GAACAAC':' ->.:: 
C'rTG~':'GA~:; 

':AAG:::;,.::: 
GTTCGAr,7GG 

--- ---· __ ,,.. - . - .. ·""'""'- . 

K T 
AAGACCACGC 
".';C:'GGTGCG 

) :( 

.3:'~~ACAAGA 
:.n.C.::'G~TC~ 

------------ - - . . -:.--_ .. - ...:n 

? . ' ~ 

C;CCCGTGCT 
JAGGGCACGA 

'i 

----,--------· -'~• · -- - .: 

:: 

:::. 5 
GGACTCCGAC 
CC:'GAGGCTG 

14-1: ~:--::i-r:::,:..~ Ge:-:::;:-:;;._:- 4~ATGAGGC: :7.jCA:AAc: M::i.:...:;..c~CA. GAAGAG:::cr= 
CAGAAGAG:A :GAG~:AC~A ::;TACTCCGA ~AC;:G7TG~ ~~A:'GTGC~T C~;CTCGGAG 

s L, ~~:< .. A!... ,,J 

CC3G~~.A.Z...:.: GGCCC~GA~: :;:~:TGGGGG 

! I ~ - ~ • _ R V l 5 
T7~A77~GG~ :AGGcn:C~7 C!TCAGAG:~ AAUi!CAGCA 
.!\AG7AAC~CG A!CC~7A~AA GAAGTCTCAC :7:,;A~7~G: 

E"IGURE : o 

::; • _-.. G 
GCGT-:G::~G 

:.. L ;_ 
CC7CCTGC:: 

~c:cccc:;:::; 
~CGGGGGC~; 

Miltenyi Ex. 1018 Page 4



l'atent Application Publication Jul. 1, 2004 Sheet 3 of 8 US 2094/0126363 Al 

Y Q Q 
1621 TACCAGCAGG 

ATGGTCGTCC 

D V L 
1681 GATGTTTTGG 

CTACAAAACC 

N P 
174k AACCCTCAGG 

TTGGGAGTCC 

E I G 
1801 GAGATTGGGA 

CTCTAACCCT 

L S T 
1861 CTCAGTACAG 

GAGTCATGTC 

Notl 

G Q N Q 
GCCAGAACCA 
CGGTCTTGGT 

D K R R 
ACAAGAGACG 
TGTTCTCTGC 

E G L I' 
AAGGCCTGTA 
T',,CGGACAT 

M K' G E 
TGAAAGGCGA 
ACTTTCCGCT 

A T K D 
CCACCAAGGA 
GGTGGTTCCT 

1921 TAAGCGGCCG C 
ATTCGCCGGC G 

L Y N 
GCTCTATAAC 
CGAGATATTG 

G R 3 
TGGCCGGGAC 
ACCGGCCCTG 

N E 
CAATGAACTG 
GTTACTTW,C 

R R R 
GCGCCGGAGG 
CGCGGCCTCC 

T Y D 
CACCTACGAC 
GTGGATGCTG 

E L N 
GAGCTCAATC 
CTCGAGTTAG 

P E M 
CCTGAGATGG 
GGACTCTACC 

Q K D 
CAGAAAGATA 
GTZTTTCTAT 

G K G 
GGCAAGGGGC 
CCGTTCCCCG 

A L H 
GCCCTTCACA 
CGGGAAGTGT 

FIGURE 1C 

L G R R E E Y 
TAGGACGAAG AGAGGAGTAC 
ATCCTGCTTC TCTCCTCATG 

G G K ? 
GGGGAAAGCC 
CCCCTTTCGG 

K M A E 
AGATGGCGGA 
TCTACCGCCT 

H D G L 
ACGATGGCCT 
TGCTACCGGA 

M Q A L 
TGCAGGCCCT 
ACGTCCGGGA 

R R K 
GAGAAGGAAG 
CTCTTCCTTC 

A Y D 
GGCCTACAGT 
CCGGATGTCA 

Y Q G 
TTACCAGGGT 
AATGGTcLCA 

P P R 
GCCCCCTCGC 
CGGGGGAGCG 
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1621 TACCAGCAGG GCCAGAACCA GCTCTATAAC GAGCTCAATC TAGGACGAAG AGAGGA.GTAC 
ATGGTCGTCC CGGTCTTGGT CGAGATATTG CTCGAGTTAG ATCCTGCTTC TCTCCTCATG 

D V L D K R R G R ) p E :'I G 
,,.. .., K p R R i< 

1681 GATGTTTTGG ACAAGAGACG TGGCCGGGAC CCTGAGATGG GGGGAAAGCC GAGAAGGAAG 
CTACA.AAACC TGTTCTCTGC ACCGGCCCTG GGACTC'! ACC CCCCTTTCGG CTCTTCCTTC 

N ? Q E G L Y N t O K D K M A - A Y D 
174 ~ AACCCTCAGG AAGGCCTGTA CAATGAACTG CAGAAAGATA AGATGGCGGA GGCCTACAGT 

TTGGGAG'J'C::t: T',-...CGGACA! GTTAC'tTGi-..C G'!'.:TTTCTA7 !CTACCGCCT CCGGATGTCA 

E I G M K' G £ R R R G K G H D G L Y Q G 
1801 GAGATTGGGA TGMAGGCGA GCGCCGGAGG GGCAAGGGGC ACGATGGCCT TTACCAGGGT 

CTCTAACCCT ACTTTCCGCT CGCGGCCTCC CCGTTCCCCG TGCTACCGGA AATGGTl.L:A 

L S T A T K D T Y D A L H M Q A L P P R 
1861 CTCAGTACAG CCACCAAGGA CACCTACGAC GCCCTTCACA TGCAGGCCCT GCCCCCTCGC 

GAGTCATGTC GGTGGTTCCT GTGGATGCTG CGGGAAGTGT ACGTCCGGGA CGGGGGAGCG 

Not I 

1921 TAAGCGGCCG C 
ATTCGCCGGC G 

FIGURE lC 
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In vitro Production of 1FNly 

IVS of 2/8/00 Elisa: 2/16/00 File CD19>Min of 12/6/99>CD19(FMC63)pMG'-pac 

F 1.0 x 106 each of responders or stimulato..s/well in 2 ml final, 24 well plate. 72 hr culture 

Responders' JD/$8 of 12/6/99 — CD I9 Clones: B6 (84-.W+, Fc-) and Cl (8+.W+.. Fc-). 

Stimulators: Stimulators (irrad to 8000 Rads) K562,, Daudi,. 1873-CRL,, DHL-4, Parsons LCL,. 

SUP-B15,, lona/PMA. Media. 

Units' = extrapolated above highest standard 
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Samples Diln 
Plated 

GM-CSF 
(pg/m1) 

Diln 
Plated 

INFO 
(pg/ml) 

Dila 
Plated 

EL-2 
(pg/mi) 

Diln 
Plated 

IFNy 
(pg/m1) 

I. B6/K562 Neat 0 Neat 0 Neat 0 Neat 25 
1 2. B6/Daudi, Neat 36 Neat 0 Neat 0 1:10 1362 

3. B6/1873-CRL, Neat 113 Neat 0 Neat 0 1:10 967 
4. B6/ JM-1. Neat 32 Neat 75 Neat 0 

--' 
1:10 396 

5. B6/DHL-4. Near 0 Neat 176 Neat 0 1.10 645 
6. B6/LCI., Neat 85 Ne-t 71 Neat 0 1- 10 1245 • 
7. 86/ SUP-B15, .at 116 Neat 0 Neat U 1 10 946 

37.155 1:10 >10.001) 8. B6/UP 1:10 2231 Neat  803 1.20 
9. B6/Media Neat 0 Neat 0 Neat 0 Neat 0 

_10. Cl/K562, Neat 0 Neat 0 Neat 34 Neat 0 
II. CI /Daudi, Neat 303 Neat 

_ 
60 Neat 51 1:10 1679 

12. Cl/1873-CRL, Neat 296 Neat 60 Neat 36 ND 
13. Cl/JM-I, Neat 25 Neat 0 Ncat 0 1.10 631 
14. CI DHL-4, Neat 69 \cat Neat ,1 1 III 69)1 

15. Cu/ LCL.,, Nc ' 350 Neat 40 Neat 0 1:10 '483 
16. Cl/SUP-B15, Neat 338 Neat 64 Neat 0 1.10 1245 
17. Cl/ VP Neat 301 1.10 5552 1:20 29.892 ND 
18. Cl/ Media Neat 0 Neat 0 Neat 0 Neat 
19. K562, Neat 0 Neat 0 Neat 0 
20. Daudi, Neat 0 Neat 0 Neat 0 
21. 1873-CRL, Neat 0 Neat 73 Neat n 
22. .1M-1, Neat 0 Neat 0 Neat 0 
23. DHL-4, Neat II Neat 0 Neat 0 
24. LCL, Neat 0 Neat 0 Neat 0 
25. SUP-B15, Neat 0 Neat 13 

. 
, Neat 0 

26. 1/P Neat 0 Neat 0 Neat 0 
27. Media 

F trArt, 4 
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/11 vi"o Production of IFNy 

IVS of2/8/00 Elisa· 2/16/00 File· CD19>JD#8 of 12/6/99>CDl9(FMC63)pMG"·pac 

f .,·m;:t I O ~ I 06 each of responders or srimulato:s/well in 2 ml final. 24 well plate. 72 hr culture 

Rt!;ponders JD#B of 12/6/99 - CD 19 Clones: 86 (8T. W+. Fe-) and CI (8+.W+ .. Fe-). 

Sthmulaton: Stimulator<. firTad to 8000 Rads) KS62,. ;)audi,. 1873-CRL\, JM-1 ,. DHL-4,. Parsons LCL,. 

SVP-815,, lona/PMA Media 

b h. h d Units = extrapolated a ove I!{ est standar 
Samples Diln GM-CSF Diln TNFO Dilo n.,..1 1 Diln IFNy 

Plated (ne/ml) Plated (ne/ml) Plated (02/m11 Plated fno/ml\ 1 
I. 86/K562. Neat 0 Neat 0 Neat 0 Neat 25 
2. 86/Daudi. Neat 36 Neat 0 Neat 0 1.10 1362 l 

l . B6/187J-CRL., Neat 113 Neal 0 Neat 0 1:10 967 ·1 
4. B6/ JM-1, Neat 32 Neat 75 Neat 0 1:10 396 
.s. 8 6/ DHL-4. Neat 0 Neat 176 Neat 0 1.10 645 J 

6 B6/ LCL. Neat 85 Ne· t 71 Neat 0 1·10 1!45 
7. 86/ SUP-81.S, ~-.:at 116 Neat 0 Neat 0 I 10 946 
8. 86/1/P 1: 10 2231 Neat 803 1·20 37.155 1:10 >10.000 
9. 86/Mcdio. Neat 0 Neat 0 Neat 0 Neat 0 
10. CI/K562, Neat 0 Neai 0 Neat 34 Neat 0 
II CI/Daudi, Neat 303 Neut 60 Neat 51 1:11) 1679 

! 12. Cl/1873-CRL. Neal ·296 ~·e.11 611 Neat }6 !'JD 
' 13. Cl / JM-1., Neal 25 Neal I) Neat u 1· 10 631 -

1-1. Cl DHL--1 '.\.eJI . (,9 ~ .. ~\ 
,, ,.:~I " I Ill li~II 

IS. Cl/ LCL,. Ne· •~SJ 
~ 

350 Near 4D Neat 0 1:10 ' 
16. Cl/ SUP-81.S, Neat 338 Neat 6.S Neat 0 L:10 1245 ! 

17. Cl/ 1/P Neat 301 I 10 5552 1·20 29.892 ND l 
I 

18. Cl/Media Neal 0 Neal 0 Neat 0 Neat 0 J 
19. 1<562, Neat 0 Neat 0 Neat 0 

-~-_!)audi, Neat 0 Neal 0 Neat 0 1 
21. J 873-CRL. Neat 0 Neal 73 Neal n I 
22. JM-1, Neat 0 Neat n NeQI 0 I 
23 DHL--1, Neat II Neat (I Neat Io I 
24. LCL, Neat ll Neal u Neat 0 I 

' 25. SUP-815, Neal u Neat ,J 1 Neat 0 
I 26. 1/P Neat 0 Neat 0 Nellt 0 i 

27. Media ! 
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CD19-SPECIFIC REDIRECTED IMMUNE CELLS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to Provisional 
Application Serial No. 60/246,117, filed Nov. 7, 2000, the 
disclosure of which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to the field of genetically 
engineered, redirected immune cells and to the field of 
cellular immunotherapy of B-cell malignancies, B-cell lym-
phoproliferative syndromes and B-cell mediated autoim-
mune diseases. The publications and other materials used 
herein to illuminate the background of the invention or 
provide additional details respecting the practice are incor-
porated by reference. 

[0003] Approximately half of all hernatopoietic stem cell 
transplantation (HSC) procedures performed in the United 
States are for the treatment of hematologic malignancy [1]. 
The initial obstacles for successful HSC transplantation 
were in large part due to inadequate treatment modalities for 
ameliorating regimen-related toxicities and for controlling 
opportunistic infections and graft-versus-host disease 
(GVHD) [2-5]. As supportive care measures have improved 
over the last decade, post-transplant disease relapse has 
emerged as the major impediment to improving the outcome 
of this patient population [6-10]. The inability of maximally 
intensive preparative regimens combined with immunologic 
graft-versus-tumor reactivity to eradicate minimal residual 
disease is the mechanism of treatment failure in allogeneic 
transplantation while, in the autologous setting, tumor con-
tamination of the stem cell graft can also contribute to 
post-transplant relapse [II]. Targeting minimal residual dis-
ease early after transplantation is one strategy to consolidate 
the tumor cytoreduction achieved with mycloablative pre-
parative regimens and purge, in vivo, malignant cells trans-
ferred with autologous stem cell grafts. The utility of thera-
peutic modalities for targeting minimal residual disease 
shortly following stem cell rescue is dependent on both a 
limited spectrum of toxicity and the susceptibility of residual 
tumor cells to the modality's antitumor effector mecha-
nism(s). The successful elimination of persistent minimal 
residual disease should not only have a major impact on the 
outcome of transplantation for hematologic malignancy uti-
lizing current mycloablative preparative regimens but may 
also provide opportunities to decrease the intensity of these 
regimens and their attendant toxicities. 

[0004] The prognosis for patients with bcr-ahl positive 
Acute Lymphoblastic Leukemia (ALL) treated with chemo-
therapy is poor and allogeneic transplantation has offered a 
curative option for many patients when an appropriate donor 
was available. For example at the City of (lope. 76 patients 
with bcr-abl positive ALL were treated with allogeneic Bone 
Marrow Transplantation (BMT) from a LILA matched donor. 
Of these patients, 26 were in first remission, 35 were 
transplanted after first remission. The two year probability of 
disease free survival was 68% with a 10% relapse rate in 
those patients transplanted in first remission whereas for 
those patients transplanted after first remission, the disease-
free survival and relapse rate were 36% and 38%, respec-
tively [12]. Post-transplant Polymerase Chain Reaction 

Jul. 1, 2004 

(PCR) screening of blood and marrow for bcr-abl transcript 
is under evaluation as a molecular screening tool for iden-
tifying early those transplant recipients at high risk for later 
development of overt relapse [13,14]. Patients for whom 
detectable p190 transcript was detected following BMT bad 
a 6.7 higher incidence of overt relapse than PCR negative 
patients. 'The median time from the development of a 
positive signal to morphologic relapse was 80-90 days in 
these patients. The identification of patients in the earliest 
phases of post-transplant relapse affords the opportunity for 
making therapeutic interventions when tumor burden is low 
and potentially most amenable to salvage therapy. 

[0005] Recent advances in the field of immunology have 
elucidated many of the molecular underpinnings of immune 
system regulation and have provided novel opportunities for 
therapeutic immune system manipulation, including tumor 
immunotherapy. Evidence supporting the potential of 
immune-mediated eradication of residual tumor cells fol-
lowing allogeneic transplantation can he inferred by com-
paring the disparate relapse rates between recipients of 
syngeneic and non-T cell depleted matched sibling trans-
plants. Patients with chronic myelogenous leukemia in 
chronic phase (CML-CP), acute myelogenous leukemia in 
first complete remission (1" CR), and acute lymphoblastic 
leukemia in CR who received a marrow transplant from 
a syngeneic donor had an actuarial probability of relapse at 
3 years of 45%, 49%, and 41%, respectively, whereas the 
rates for recipients of a non-T depleted marrow transplant 
from an HLA identical sibling for the same diseases were 
12%, 20%, and 24%, respectively [15-17]. The reduction of 
relapse rates following allogeneic bone marrow transplan-
tation has been most significant in patients who develop 
acute and/or chronic GVIID. Currently, efforts are focused 
on developing strategies to selectively augment the graft-
versus-leukemia (GVI.) response in order to reduce post-
transplant relapse rates without the attendant toxicities of 
augmented GVIID. 

[0006] Studies in animal models have established that 
donor MHC-restricted CD8` and CD4*ct/fi` T cells specific 
for minor histocompatibility antigens encoded by polymor-
phic genes that differ between the donor and recipient are the 
principle mediators of acute GVIID and GVI. [18-21]. 
Recently, patients with CML in chronic phase who relapse 
after allogeneic BMT have been identified as a patient 
population for whom the infusion of donor lymphocytes 
(DLI) successfully promotes a GVI. effect [22,23]. Com-
plete response rates of approximately 75% are achieved with 
DLI cell doses in the range of 0.25-12.3x10e mononuclear 
cells/kg [24]. Although the antitumor activity of donor 
lymphocyte infusion underscores the potential of cellular 
immunotherapy for CML, the clinical benefit of DLI has not 
been generalizable to all forms of hematologic malignancy. 
Relapsed ALL is much less responsive to DL1 with a 
reported CR rate of less than 20%; when tumor responses are 
observed, they are typically associated with significant 
GVHD morbidity and mortality [25]. In order to increase the 
therapeutic ratio of DLL genetic modification of donor 
lymphocytes to express a suicide gene is being evaluated as 
a strategy to permit the in vivo ablation of donor lympho-
cytes should toxicity from GVHD warrant this maneuver 
[26,27]. Alternately, efforts are underway to identify genes 
encoding minor histocompatibility antigens (mHA's) with 
restricted hcmatopoietic expression that elicit donor antigen-
specific T cell responses. The isolation, ex vivo expansion. 
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CD19-SPE◄ClFlC RIWrRECT ED IMMUNE CELLS 

CROSS-REFERENCE 1'0 RELATED 
APPLICATION 

[<H)0l] This applicalioa claims priority 10 Provisional 
t\pplil:a1ioa Seriru No. 60/246, 11 7, fileJ Nov. 7, 2000, the 
disclosure of which is incorporated by reforeace. 

BACKGROUND OF THE [NVENTION 

[0002] Tb.is invention rclalcs to the field of gcnclically 
engim:ercd, redircc!t:!d immune cells and to the field of 
cellular immunorbcrapy of 8 -cell malignancies. B-cell lym­
phoproliferative syadromes and B-cell mediaced au1oim­
mune disei1$c,s. The publications and other materials used 
herein to il111min3k the background of the invenl ion or 
provide additional details respecting the practice arc incor­
porated by reference. 

[0003] Approximately half of all bcmatopoictic stem t:cll 
traosplanlatioo (HSC') procedures performed io tbt' Uoited 
States are for the trna1men1 of hematologic rnn.lignaocy [1 ]. 
Tbc initial abstadl,'S for succ~ssflll HSC transplantation 
were ia lnrge part due to inadequate lrealmenl modalities for 
amclirm1ti11g regimen-related toxicities and for cootrollin_g 
opportUJJistic infections and gra(t-versus-lmJ;I disease 
(GVHD) [2-5]. /\s supportive care measures have improved 
over 1bc last dccude, post-lraosplant disease relapse bas 
emerged as tbtc major impediment to improving 1bc outcome 
of Ibis pa1icnt. popu la1ion [G-10), The inability of rnaxi.mally 
iateosive prepar;11ive regimens combintd with immunologic: 
graft-vtrsus-tumor reactivi ty to eradieale minim.ti residual 
disease is th.: mechanism of lrca1men1 failure in allogeneic 
transpluntalion while. in lhc aulologous selling, tumor con­
tamination o.f lbe stem cell graft can ~lso contribute lo 
posHransplant relapse [ 11). Targeting minimal residual dis­
ease early af11~r transplantation is one stralcgy to conso!ichile 
tile lumor cytorodut:tion acbievod witb rnyeloahl,ttive pro­
paralive regimens and pUige, in vivo, malignant cells trans­
ferred witb aulologous stem cell grafts. The utility of thera­
peutic modalitit::s for targeting minimal residual disease 
shortly following stem cell rescue is depeadent on both a 
limited i;pcctru01 of toxicity and the susceptibilit.y of residual 
tumor cells 110 the modality's antilumor effector mccha­
uism(s). The successful el imination of pcrsis1en1 minimal 
residual dise::a.sc .should not unly have a major impac1 on tbe 
uu1come of trnnspluntation for hematologic malignancy uti­
lizing cu1rca1 myeloabla1ive preparative regimens but may 
also providt opportunities to decreaSt: the iotcnsi1y of 1hes~ 
regimens aod their attendant loxicities. 

[0004] TI1e prognosis for patients wi1h bcr-abl positive 
Acute Lymphioblaslic Leukemia (ALL) trcaled with chemo­
therapy is poor and allogeneic transpla111ation has offered a 
curative O[Jlio10 for m11oy paticots when an approprialc clooor 
was ttvailable. For ex!I.Olple al the City of !lope, 76 putients 
with bcr-abl positive ALL W!lrtl treated with :iUogcneic 130111! 

M,1rrow Tra.n:;planla.lion ( 13MT) Crom a I I LA matched donor. 
Of these palients, 26 were in first remission, 35 were 
traasvluoted ~1ftcr first remission. The two year probahiUty of 
disease free survival was 68% with a 10% relapse rate in 
those palien~, transplao1cd in lust remission whereas l'or 
those palients 1raosplanted after first remission, the., d.isc:asc­
free survival and relapse rate wt:rc 36% aod 38%. rcspcc­
Lively [ 12). Post-transplant Polymerase Chain Ren ct ion 
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(PCR) screening of blood aod marrow for bcr-abl traoscript 
is under eva!trntion :1s a molecular screening tool for idcn­
Li.fyiog early tbose transplant recipients at bigb risk for late.r 
development of overt relapse [13,14). Patients for whom 
detectable pl 90 1ranscriJ.1t was detected following .BMT hau 
a 6.7 higher iocidcaco of oven relapsu lban PCH uugativc 
patieats. Tbe mediun lime from thi: developmenl of a 
po.-;itive s ignal Le, n1orphc1logic relapse was 80-90 d~1ys in 
these patients, 'l11c identification of patient.'; in the enrlicst 
phases of post-traosplan1 rdapsc affords the opportuni1y for 
making therapeutic iutervenlions when tumor burden is low 
and potenrially most arncn~blc to alvagc therapy, 

[0005] Recent advanc.es in the lh:ld of immunology have 
elucidaled many of the mo!ccular underpinnings of immune 
syJ;tem rei:,<u latfoa and have provided novel opportunities Cm 
therapeutic immune syslem manipula tion, including tumor 
immunolberapy. Evidence supporting 1he poteati;:u of 
immune-mediated eradication of residual tumor coll:s fol­
lowing al!ogencic transplantation can be inferred by com­
pariag the tlisparnlo relapse ratos between recipiCDts of 
syngenei..: and non-T cell depleted matched sibling lmns­
plants. l'aticnts with chronic myelogonous leukemia in 
chronic pbase (CML-CP), acu1e myelogenous leukemia in 
Ctrst com_plete remission ( l'' CR), aod acute lympboblastic 
leukemia in I" CR wbo received a marrow traasplant from 
a syngeneic donor bad an actutlriaJ probability or relapse al 
3 yc~rs of 45%, 49%, and 41 %. respectively, wbcrcas lhc 
rates for recipients of a non-T dc.,pleted marrow traoi;plant 
From an HLA identical sibling for the same diseases were 
12%, 2D%, and 24%, rcspec.:tively [15-17]. The reclucti.oa of 
relapse rntts following allogeollic bone marrow 1ransplao­
tatioo has been most signiflt.:ant in patients who dcvelop 
acute and/o, chronic GVJ ID. C.'tirreolly, efforts are fo,cused 
on developing strateg-Ies lo i;ehxtively augmenl the graft­
vcrsus-lc11kemia (GVL) response in order to reduce post­
transplnnl relapse rates wilhoul lhc attendant toxicitiies of 
augmllntud GVHD. 

[0006] Studies in animal models have established that 
donor MHC-rcstrictcd Cos► and CD4•att3· Tcolls specific 
for minor bistocompalibility antigens encoded by p(1lymor­
phic genes that differ between the donor and recipient are tbe 
principle mediators of a.::ute GVIIO and GVL [IH-21]. 
Reccolly, p~t.icnts with C'ML iu ch.rook phase wbo relapse 
:i.fter allogeoeic BMT bave been identiticd as a patieat 
populatioa fur wbom !be iofusioa of donor lymphocytes 
(DU) SIICccssf-ully promotes a GVl effect [22,23]. Com­
plete response rates of approxima1t:1y 75% are acbitvcd wi1b 
DLI cell doses in the range of ().25-1'2.3x 10" mononuclear 
cells/kg [24]. t\.llhough the antitumclr activity ol' donor 
lymphocyte infusion underscores the potential of ce;Jhil~r 
immunotberapy for C'ML, the clinical benefit of DU has ool 
been gencrali7.ablc to al l forms of hematologic maligniancy. 
Relapsed ALL is much less responsive to DLI with a 
reported CR ra te of less ti.Jan 20%; wbea tumor res)lons.L'S arc 
observed, they are typically assodalcd witb significant 
GVHD morbidity and mortality [25). ln order lo iocrea:sc tbe 
therapeutic rnlio of DU , genetic modification of doaor 
Jympbocytus lo express :i suicide geoc is being evalua1led as 
a $lrntegy to perm ir the in vivo ablation or dooor lympho­
cytes should toxicity l'rnm GVJID warra.at th is maneuver 
[2<1,27]. Alicrna1cly, efforts are underway to idcnlify gene:, 
encoding minor hislocomp&tibility antigens (mHA's) wirb 
rcs1ric11:d bcma1opoie1ic cxpressioo thal elicit donor ~nnigen­
specific T cell responses. The isolation, ex vivo expausioa, 
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and re-infusion of donor-derived clones specific for these 
mlIA's has the potential of selectively augmenting GVL 
following allogeneic bone marrow transplantation [28-30]. 

[0007] Non-transformed B-cells and malignant B-cells 
express an array of cell-surface molecules that define their 
lineage commitment and stage of maturation. These were 
identified initially by amine monoclonal antibodies and 
more recently by molecular genetic techniques. Expression 
of several of these cell-surface molecules is highly restricted 
to B-cells and their malignant counterparts. CD20 is a 
clinically useful cell-surface target for B-cell lymphoma 
immunotherapy with anti-CD20 monoclonal antibodies. 
This 33-kDa protein has structural features consistent with 
its ability to function as a calcium ion channel and is 
expressed on normal pre-B and mature B cells, but not 
hematopoie►ic stem cells nor plasma cells [31-33]. CD20 
does not modulate nor does it shed from the cell surface [34]. 
In vitro studies have demonstrated that CD20 crosslinking 
by anti-CD20 monoclonal antibodies can trigger apoptosis 
of lymphoma cells [35,36]. Clinical trials evaluating the 
antitumor activity of chimeric anti-CD20 antibody IDEC-
C2B8 (Rituximab) in patients with relapsed follicular lym-
phoma have documented tumor responses in nearly half the 
patients treated, although the clinical effect is usually tran-
sient [37-40]. Despite the prolonged ablation of normal 
CD20 B-cells, patients receiving Rituximab have not mani-
fested complications attributable to B-cell lymphopenia 
[41]. Radioimmunotherapy with 'I -conjugated and 99Y-
conjugated anti-CD20 antibodies also has shown promising 
clinical activity in patients with relapsed/refractory high-
grade Non-Hodgkins Lymphoma but hematopoietic toxici-
ties from radiation have been significant, often requiring 
stem cell support [42]. 

[0008] Unlike CD20, CD19 is expressed on all human 
B-cells beginning from the initial commitment of stem cells 
to the B lineage and persisting until terminal differentiation 
into plasma cells [43]. CD19 is a type I transmembrane 
protein that associates with the complement 2 (CD2I), 
TAPA-1, and Leul3 antigens forming a B-cell signal trans-
duction complex. This complex participates in the regulation 
of B-cell proliferation [44]. Although CD19 does not shed 
from the cell surface, it does internalize [45]. Accordingly, 
targeting CD19 with monoclonal antibodies conjugated with 
toxin molecules is currently being investigated as a strategy 
to specifically deliver cytotoxic agents to the intracellular 
compartment of malignant 13-cells [46-48]. Anti-CD19 anti-
body conjugated to blocked ricin and poke-weed antiviral 
protein (PAP) dramatically increase specificity and potency 
of leukemia cell killing both in ex vivo bone marrow purging 
procedures and when administered to NOD-SCID animals 
inoculated with CD19* leukemia cells [49]. In vitro leuke-
mia progenitor cell assays have provided evidence that the 
small percentage of leukemic blasts with the capacity for 
self-renewal express CD19 on their cell surface. This con-
elusion was derived from the observations that leukemic 
progenitor activity is observed exclusively in fresh marrow 
samples sorted for CD19 positive cells and is not observed 
in the CD19 negative cell population [50]. Additionally 
1343-PAP treatment of relapsed leukemic marrow specimens 
ablates progenitor cell activity while a PAP conjugated 
antibody with an irrelevant specificity had no such activity 
[51]. Systemic administration of the CD19-specific immu-
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notoxin B43-PAP is currently undergoing investigation in 
phase I/II clinical trials in patients with high risk pre-B ALL 
[52]. 

[0009] Despite the antitumor activity of monoclonal anti-
CD20 and anti-CD19 antibody therapy observed in clinical 
trials, the high rate of relapse in these patients underscores 
the limited capacity of current antibody-based immuno-
therapy to eliminate all tumor cells [53]. In contrast, the 
adoptive transfer of tumor-specific T cells can result in 
complete tumor eradication in animal models and a limited 
number of clinical settings [54,55]. The ability of transferred 
T cells to directly recognize and lyse tumor targets, produce 
cytokines that recruit and activate antigen non-specific anti-
tumor effector cells. migrate into tumor masses, and prolif-
erate following tumor recognition all contribute to the 
immunologic clearance of tumor by T cells [56]. Expres-
sion-cloning technologies have recently permitted the 
genetic identification of a growing number of genes 
expressed by human tumors to which T cell responses have 
been isolated [57,58]. To dale leukemia and lymphoma-
specific antigens have not been identified that are bo►h 
broadly expressed by malignant 13-cells and elicit T cell 
responses. Consequently, preclinical and clinical investiga-
tion has focused on combining antibody targeting of tumors 
with T cell effector mechanisms by constructing bispecitic 
antibodies consisting of CD20 or CD19 binding sites and a 
binding site for a cell-surface CD3 complex epitope. Such 
bispecitic antibodies can co-localize leukemia and lym-
phoma targets with activated T cells resulting in target cell 
lysis in vitro [59-61]. The in vivo antitumor activity of such 
bispecitic antibodies has been limited, however, both in 
animal models as well as in clinical practice [62]. The 
discrepancy between in vitro activity and in vivo effect 
likely reflects the inherent limitations in antibody immuno-
therapy compounded by the obstacles associated with 
engaging T cells and tumor cells via a soluble linker in a 
manner that yields a persistent and functional cellular 
immune response [63]. 

[0010] The safety of adoptively transferring antigen-spe-
cific CT!. clones in humans was originally examined in bone 
marrow transplant patients who received donor-derived 
CMV-specific T cells [56]. Previous studies have demon-
strated that the reconstitution of endogenous CMV-specific 
T cell responses following allogeneic bone marrow trans-
plantation (BMT) correlates with protection from the devel-
opment of severe CMV disease [64]. In an effort to recon-
stitute deficient CMV immunity following BMT, CD8* 
CMV-specilic CPL. clones were generated from CMV serop-
ositive HLA-matched sibling donors, expanded, and infused 
into sibling I3MT recipients at risk for developing CMV 
disease. Fourteen patients were treated with four weekly 
escalating doses of these CMV-specific CTL clones to a 
maximum cell dose of 109 cells/m= without any attendant 
toxicity [65]. Peripheral blood samples obtained from recipi-
ents of adoptively transferred T cell clones were evaluated 
for in vivo persistence of transferred cells. The recoverable 
CMV-specific cm. activity increased after each successive 
infusion of CM clones, and persisted at least 12 weeks after 
the last infusion. However, long term persistence of CD8' 
clones without a concurrent CD4* helper response was not 
observed. No patients developed CMV viremia or disease. 
These results demonstrate that ex-vivo expanded ('MV-
specific CTI. clones can he safely transferred to BMT 
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aad rc-iofusi<Jn of dooor-derived doncs specific for tbese 
rnl lt\'s has t,be potential of selectively augrncating_ GVL 
foUowing allogcneit: bone marrow traosplanlatioo [28-30]. 

[0007) Non-transformed B-ct:lls and malignant B-cells 
express an array of cell-surface mlllet:ulcs tbat define lbeir 
lineage comnniLment and stage of maturation. Tbese were 
ideotilicd initially by murinc monoclonal notibodies and 
more re<-'enlly by molecular genetic techniques. Expression 
of se11eral or these cell-surface molecules is highly restricted 
IO B-cells and their malignant counterparts. CD20 is a 
clinically us\:ful cell-surface rurgct for B-cell lymphoma 
immunotbera.py wilb :uiti-CD2C) rnonoclona.l antibodies. 
This 33-kOa protein has structural [eatures consistent with 
its ability TO function as a calcium ion chunuel and is 
ex11resscd on normal pre-8 and mature B cells, but not 
hemntopoieti<: stem cells □or plasma cells [31-33). CD20 
doe-s nol mod1ulntc nor does it shed from the cell surface [34]. 
In vitro studies bave demonstrated that CD20 croAAlinking 
by anti-C'D20 monoclonal antibodies can trigger apoplosis 
uf lymphoma ct:ll;:; [35,36), Clinical trials evaluating the 
amitlllllor activity of chlmeric ami-CD20 amibody IDl2C­
C2J38 (Rituxi.mab) ia patients with (elapsed follicular lym­
phoma have documeoted tumor rnspooses in nearly haJr the 
patients treated, although tbe clinical effect is usually tran­
sient [37-40]. Despite the prolonged ablation of' nom1ul 
CD'.W+ 8 -cell.s, patients receiving Rjtux.imab bavc not mani­
fe:sred compl.icatioos attributable to B-cell lymphc1penia 
[41). Radioimmunotherapy with m l-conjugated and ooy_ 
conjugated anti-C020 antibodies also has shown prnmising 
clinical activity in patients with rchlpsed/r.ifraetory bigh­
grade Non-! l•odgkins Lymphoma but hcm,itopoietic tm.ici­
ties from raclliation have been significant, often requiring 
stem cell support [ 42). 

((H)0S) UnUkc CD20, CDl9 is expressed on a.I! human 
B-cclls bcginoing from 1bc initial comrnitmcot nfsrom cells 
to tbc Il lineage and persisting until terminal tlill'crllntiation 
iato plasma ,cells [43]. CDJ9 is a typo l transmcrnbraac 
protein Lhut associutcs witb tbe comph!ment 2 (CD21), 
TAPA-1, and 1.euJ3 antigeos forming a B-c.:11 signal 1raru;­
duc1io11 complex. This compkx participates io tbe regulation 
of R-ccU proliferation [44), Although CD19 does 001 shed 
frnm the cell surface, it docs inreroaJize [ 45]. Accordingly, 
targeting CDJl9 with monocloaal antibodies conjugated with 
toxin rnolecullcs is currently being investigated as a strategy 
lt) speciflc:11ly dcliv,;.r cytottlxic agents to 1be iotracdlufar 
tompartment of maljgnant B-c:clls [ 46-48]. /\nli-CD 19 anti­
bmfy c:onjug11ted 10 blocked ricin and poke-wt:ed antiviral 
protein (P/\.P) dramalically increase specJficity and potency 
ol' leukemia cell killing both in ex vivo bont: marrow purging 
procedures and when administered lo NOO-SC'ID animals 
inoculated with CD19+ leukemia cells (49). In. vitro leuke­
mia progenitor cell as.,;ays bave provided evidence tbal lb.c 
srnalJ percentage of l.:ukemic blasts wil!J tbc capacity for 
sdf-rcnt!wal ,~xprt!ss CD19 on lht:ir ct:ll surface. Th.is t:on­
clusion was .derived [rom the observations thlll lcukt!mic­
progcnitur activity is observed exclusively in frcsb marrow 
samples sorted for en J 9 positive cells und is not observed 
in ihe CD19 negative oeU population [SO]. Additionally 
843-PAP treatment of nilapscd leukemic marrow specimens 
ablates progEmitor ccU activi1y whih:: a PAf> conju.galecl 
antibody with an irrdcvaOL speciJicily had no sucb activity 
[51). Systemic administration of tht: C019-specific imrnu-
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ootoxio B43-PAP is currently undergoing investigation in 
pha.~e I/II clinical trials in pa Lien ts with high risk pre-fl: ALL. 
[52). 

[0009) Despite !he i1ntitumor activity or monoclonal a□ti­
CD20 and anti-CD19 11ntibody lberapy observed in cliuiL'al 
trials. lbt: high rate of relapse in these palients uaclerscores 
the Limited capacity of current antibody-based immuno­
Lherapy to el iminate aU tumor cells (53]. lo conlrMl, tbc 
adoptive transfer of 1umor-spcdfic T cells can result in 
complete tumor er~dlca1ioo in animal models and a limited 
number of dinic<1lscniags [54,55). The ability uftraosferred 
T ccUs to directly recognize and lysc tumor 1argc1s, produce 
cy1okim:s tbal recrnit and activate aotigco non-specilk aoti­
turuor effector cells. migrate into tumor masses, and prolif­
erate l'ollowing tumor recognition all contribute lo !he 
immunologic clearance of tumor by T cells [56). fo;-prcs­
sion-cloning technologies have recently ptlrmillecl !he 
geac1ic idontificatioo of a growing number of genes 
expressed hy human tumors In which T cell responses have 
been isolated [57,58). 'l b dale leukemia and lymphoma­
s_peci1ic amigen., have not been ideatilied that arc both 
broadly .:-xprtissed by ma.ligonnt B-cells aod elicit "JI' cell 
responses. Consequently, prcdinica.1 and clinicnl investiga­
tion hiL, focused oo combining antibody targeting ofmmors 
witb T cell ctTcctor mcchunisms hy constructing bispccific 
antib(ldies consisting or CD20 or CDl9 binding sites and n 
binding site for a cell-surface CD3 oomplex cpitope. Such 
bispecitlc anribOdies cnn cu-localiLt: leukemia and lym­
phoma tnrg,cls with activated T cells resulting in targt:t cell 
lysis in vitro [59-6 l). The in vivo a111iturm>c activity of such 
bispecitk antibodies bas been limitt:d, however, bc,tb io 
anima.l models as well as in clinical practice [62). The 
discrepancy between in vitro activity and in vivo effect 
likely reflects the inherent limitations in antibody immuno­
lborapy compounclucl by the ohstacltlS associated with 
engaging T cells and tumor cells via a soluble linkcir in a 
manner tbat yields a persistent ttnd functional c~,llul~r 
immune response [63). 

[0010] The safety of adoptively lransfening antigen-spe­
cilk CTL clone~ in humans was originnJly examined in bone 
marrow transplant patients who received donor-dt,rived 
CMV-spccific T cell!\ [56). Previ()ltS studies have d~-O'JOll· 
stratctl lhat the recoostilution of endogenous CMV-~-pecific 
T cell responses following allogeneic hone marrow 1rans­
plnntn1ion (BM1) correlates witb. protect ioo from the clcvcl­
opmenr of severe CMV cliseuSc [64]. In :i.n effort to recon­
stitute delkient CMV immunity following RMT, COS ... 
CMV-spccific CTL clones wen:: generntcd from CMV s;erop­
ositive 1-n.A-matched sibling donors, expanded, and infused 
inlCJ sibling BMT recipients al risk for developing CMV 
disease. Fourteen pHlients were treated with four weekly 
escalating doses of these CMV-spccitlc CTL clones 10 a 
maxtmum cell dosu or .!09 ceUs/rn: wi1hou1 aay atlc-adaat 
toxicity [65]. Peripbera.l blood samples obtained [wm r,ecipi­
ents of adoptively lram;ferrotl T cell clones were evaJuated 
for in vivo persistence of transferred cells. Tbe recov,:rnble 
CMV-specillc C f'L activity increased after each succc:ssive 
infusion of CTL clone.~, and persisted at least 12 week::; after 
lh.: last infusion. 1 lowevcr, long term persistence of CDS+ 
clones without a concurteot CD4+ helper response was aot 
observed. No palit:nts dewloped CMV viremia or disease. 
Tbcse results demonstra1<: Lhul ex-vivo expanded CMV­
specific C11.. clones can be safely lransferr~d to BMT 

Miltenyi Ex. 1018 Page 12



US 2004/0126363 Al 
3 

recipients and can persist in vivo as functional effector cells 
that may provide protection from the development of CMV 
disease. 

[0011] A complication of bone marrow transplantation, 
particularly when marrow is depleted of 1' cells, is the 
development of EBV-associated lymphoproliferative dis-
ease [66]. This rapidly progressive proliferation of EBV-
transformed B-cells mimics immunoblastic lymphoma and 
is a consequence of deficient EBV-specific T cell immunity 
in individuals harboring latent virus or immunologically 
naive individuals receiving a virus inoculum with their 
marrow graft. Clinical trials by Rooney et al. have demon-
strated that adoptively transferred ex-vivo expanded donor-
derived EBV-specific Teen lines can protect patients at high 
risk for development of this complication as well as mediate 
the eradication of clinically evident EBV-trartsformed B 
cells [54]. No significant toxicities were observed in the 
Corty-,one children treated with cell doses in the range of 
4x10 to 1.2x108 cells/m-2. 

[0012] Genetic modification of T cells used in clinical 
trials has been utilized to mark cells for in vivo tracking and 
to endow T cells with novel functional properties. Retroviral 
vectors have been used most extensively for this purpose 
due to their relatively high transduction efficiency and low 
in vitro toxicity to T cells [67]. These vectors, however, are 
time consuming and expensive to prepare as clinical grade 
material and must be meticulously screened for the absence 
of replication competent viral mutants [68]. Rooney et al. 
transduced EBV-reactive T cell lines with the NeoR gene to 
facilitate assessment of cell persistence in vivo by PCR 
specific for this marker gene [69]. Riddell et al. have 
conducted a Phase I trial to augment 111V-specific immunity 
in IIIV seropositive individuals by adoptive transfer using 
IIIV-specific CD8' CM clones [70]. These clones were 
transduced with the retroviral vector tgl.SllyTK which 
directs the synthesis of a bifunctional fusion protein incor-
porating hygromycin phosphotransferase and herpes virus 
thymidine kinase (IISV-TIO permitting in vitro selection 
with hygromycin and potential in vivo ablation of trans-
ferred cells with gancyclovir. Six IIIV infected patients were 
treated with a series of four escalating cell dose infusions 
without toxicities, with a maximum cell dose of 5x109
cells/m2 [70]. 

[0013] As an alternate to viral gene therapy vectors, Nabel 
et al. used plasmid DNA encoding an expression cassette for 
an anti-IIIV gene in a Phase I clinical trial. Plasmid DNA 
was introduced into T cells by particle bombardment with a 
gene gun [71]. Genetically modified T cells were expanded 
and infused back into IIIV-infected study subjects. Although 
this study demonstrated the feasibility of using a non-viral 
genetic modification strategy for primary human TcelLs, one 
limitation of this approach is the episomal propagation of the 
plasmid vector in 'I' cells. Unlike chromosomally integrated 
transferred DNA, episomal propagation of plasmid DNA 
carries the risk of loss of transferred genetic material with 
cell replication and of repetitive random chromosomal inte-
gration events. 

[0014] Chimeric antigen receptors engineered to consist of 
an extraeellular single chain antibody (scFvFc) fused to the 
intracellular signaling domain of the T cell antigen receptor 
complex zeta chain (t) have the ability, when express td in 
T cells, to redirect antigen recognition based on the mono-
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clonal antibody's specificity [72]. The design of scFvFc: 
receptors with target specificities for tumor cell-surface 
epitopes is a conceptually attractive strategy to generate 
antitumor immune effector cells for adoptive therapy as it 
does not rely on pre-existing anti-tumor immunity. These 
receptors are "universal" in that they bind antigen in a WIC 
independent fashion, thus, one receptor construct can he 
used to treat a population of patients with antigen positive 
tumors. Several constructs for targeting human tumors have 
been described in the literature including receptors with 
specificitie.s for Iler2/Neu, CEA, ERRB-2, CD44v6, and 
epitopes selectively expressed on renal cell carcinoma [73-
77]. These epitopes all share the common characteristic of 
being cell-surface moieties accessible to scFv binding by the 
chimeric T cell receptor. In vitro studies have demonstrated 
that both CD4' and CD8* T cell effector functions can be 
triggered via these receptors. Moreover, animal models have 
demonstrated the capacity of adoptively transferred 
scFvFc:t expressing T cells to eradicate established tumors 
[78]. The function of primary human T cells expressing 
tumor-specific scFvFc:t receptors have been evaluated in 
vitro; these cells specifically lyse tumor targets and secrete 
an array of pro-inflammatory cylokines including IL 2, TNF. 
IFN-y, and GM-CSF [79]. Phase I pilot adoptive therapy 
studies are underway utilizing autologous scFvFc: -express-
ing T cells specific for HIV gp120 in HIV infected indi-
viduals and autologous scFvFc: -expressing T cells with 
specificity for TAG-72 expressed on a variety of adenocar-
cinomas including breast and colorectal adenocarcinoma. 

[0015] Investigators at City of Hope have engineered a 
CD20-specific scIA/Fc:t receptor construct for the purpose 
of targeting CD20+ B-cell malignancy [80]. Preclinical 
laboratory studies have demonstrated the feasibility of iso-
lating and expanding from healthy individuals and lym-
phoma patients CD8+ CTI. clones that contain a single copy 
of unrearranged chromosomally integrated vector DNA and 
express the CD20-specific scFvFc:z1 receptor [81]. To 
accomplish this, purified linear plasmic] DNA containing the 
chimeric receptor sequence under the transcriptional control 
of the CMV immediate/early promoter and the NeoR gene 
under the transcriptional control of the SV40 early promoter 
was introduced into activated human peripheral blood 
mononuclear cells by exposure of cells and DNA to a brief 
electrical current, a procedure called electroporation [521. 
Utilizing selection, cloning, and expansion methods cur-
rently employed in FDA-approved clinical trials at the 
FlICRC, gene modified CD8+ cm clones with CD20-
specific cytolytic activity have been generated from each of 
six healthy volunteers in 15 separate electroporation proce-
dures [81]. These clones when co-cultured with a panel of 
human CD20+ lymphoma cell lines proliferate, specifically 
lyse target cells, and are stimulated to produce cytokines. 

[0016] It is desired to develop additional redirected 
immune cells and, in a preferred embodiment, redirected T 
cells, for treating 13-cell malignancies and I3-cell mediated 
autoimmune disease. 

SUMMARY OF THE INVENTION 

[0017] In one aspect, the present invention provides 
genetically engineered T cells which express and hear on the 
cell surface membrane a CD19-specific chimeric I cell 
receptor (referred to herein as "CD19R") having an intrac-
ellular signaling domain, a transmembrane domain (TM) 
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rccipieo1s aocl cao persist in vivo as functional elfocwr ccUs 
lhal may provide prolcclion from the development of CMV 
disl~d.sc. 

[(M)ll] A complication of bone marrow transplanta1ion. 
particularly when marrow is depleted of T cells, is the 
development of 1:.H V-associated lyo;pboproliforative dis­
eas~ [66]. TI1is rapidly progre$ive proliferation or EBV­
transformed 18-cells mimics immunobl,L<;tic lympli,1ma and 
is a consequence of delicient EBV-spe..·itic T cell immunily 
in iadividu:iLs harboring latent vims or imrnuoologically 
naive individuals receiving a vims inoculum with their 
rniirrow graft. Clioic11I trials by Rooney Ill nJ. bHw dornoo­
straled that adoptively transferred ex-vivo expaoded donor­
derived EB V-specilic T cell lines can protect palieots al b.igb 
risk fordevel,opmcnl of this complication ns well ns mediate 
the eradicati(Ja of clinically evident EBY-lraasformt:d 8 
cells [54]. No signitkanl toxicities were observed in the 
forty-one children trcnted with cell doses in U1e range of 
4xl0 · 1o l.2x JO" cclls/ni. 

[0012] Gcueti<.: rnodilkatioa of T l:t!lls used ia diaical 
trials b.is been utilized to mark cells for in vivo tracking aad 
tu endow T ct:11s with novel l"unctionaJ properties. Retroviral 
vectors have het:n used most extensively for this purpose 
due to their ri:lativc ly high transduction cfliciency nnd low 
ia vitro toxiciity IO T cells [67]. These vectors, however, are 
tirue consuming n.nd expensive 10 prepare as clinical grade 
material aad 1must be meticulousJv screened for lhe absence 
of rcpllcationt competent viral mutants [68), Roool!y C( aL 
1ransduc<1cl Ell3 V-reactive T ccll liacs with lbe Nt:0R gene 10 
facilitate assessment of cdl p<:rsistencc in vivo hy PCR 
specific for this marker gene [69]. Riddell el al. have 
conducted a Phase I trial lo augment lllV-spccific immunity 
in HfV seroposilive individuals by adoptive trnnsfer using 
HIV-specific cos+ C'TL clones [70). These clones were 
transduced with the rclroviral vector tgl .s+HyTK which 
directs tile synthesis of a bifunctioaal fusioa protein incor­
porating bygrnmycin phosphotraosforasc ~nd herpes virns 
tbymidimi kimasc (IISV-TK) permitting in vitro sulectioo 
wilb byg,rornycin and potuntial io vivo ablatioa of 1rnns­
ferred cells with ganoyclovir. Six I LIV infected patients wert 
trea.ted with a series of four escalating cell do!.e infw,ions 
without toxicities, with a maximum cell dose of Sx109 

ccl!S/m2 [70]. 

[0013) As an alternate to viral gene therapy vectors, Nahel 
ct al. used plasmid DNA encoding an expression cassctlu for 
an anti,IIIY gene in a Phase I clinical trial. Plasmid ONA 
was introduc1id into T cells by parLide bombnrdruent with o 
geae gun [71]. (;eneticaJly modified T cells were expanded 
am.I infused back iato I IIV-iafecled study subjects. Although 
this study dernonslratcd the foasibil ity of w;ing a oon-viral 
genetic modificalion strategy for primary human Teel ls, one 
Limitation of t his approacb is the episomal propagation of the 
plasmid vtctqr in T Ct:lls. Unlike cbromusomaUy integrsted 
traosfcm:d 0,NA, episomal propagation of plasmid ONA 
carries the rii;k of lo&> or transferred genetic material with 
cell replicatic,n and o[ repetitive random cbromosomal inte­
gration event.s. 

[0014] Chimeric antigen receptors engineered to consist Qf 
an extracellular single chain antibody (scFvFc) fused to the 
in1raccllular $ignaliog domain of the T cell antigen receptor 
compk:x zeta ch3io (~) have the abiliry, when expressed in 
T cells, 10 redirect aoligen recognition based on tbe mono-
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clooal antibody's specificity [72]. The design of scFvFc:~ 
receptors with target specificities for tumor cell-surface 
epitopes is a coaccptually attractive strategy to genomic 
antitumor immuoc effector cells for adoptive therapy as it 
does 001 roly on pre-existing aoti-tumor imruuoily. 'fbes<l 
roceptors are .. uaivecsal" in 1bat tboy bind antigen io a MHC 
independent fashion, thus, one receptor <,'Onstruct can be 
U5Cd to treat a popuh1tioo of patieoL~ with aotigco positive 
tumors. Sev.irnl constructs for targeting human tumors have 
beco described in lhe literature including receptors with 
specificities for ller2/Neu, CEA, ERR13-2, CD44v6, and 
epitopcs selcctiwly exprc.:sSt:d on renal ceU carciooma (73-
77). These epitopes all share tbc common characteristic of 
being cell-surface moieties acccssiblt: to scFv biodiog by the 
ehimeric T cell recepror. In vitro stuclies have demonstrated 
1ha1 both CD4+ and CDS"" T cell effoctor !'unctions can be 
triggered via these receptors. Moreover. animal mode]~. have 
demonstratcd the capacity of adoptively 1ransfe1Ted 
scFvFd;; C/\'])ressing T coils lo eradicate <,'l'\l,1blishcd tumors 
[78]. "Jbe [um:tioo o r primary bumaa T ceUs expr~:ssiog 
tumor-specific scFvrc:t receptors b;1ve been eva.lual.od io 
vi tro; these ctns speci.fic-.i.lly lyse wmor targets and sc~crete 
ao array of pru-ioflammatory cytokines including 1 L-2, ·rN L~. 
IFN-y, and GM-CSP [79]. Phase I pilot adoptive lhernpy 
studies are underway utilizing autologous scFvFd;-cxpress­
ing T cells spui:ific for HIV gpl20 in mv infected indi­
viduals and ,wlologous scFvfc:~-cxprcssing T cells with 
~pccificity (or TAG-72 expressed on a vwiety of ndenoc:rr­
cinomas including breast and colorectal ad1::i1ocan.:ino,rua. 

[001S] Investigators al City of Hope have engineered a 
C020-specific scPvFc:l; receptor construct for the purpose 
of targt:ting CD20+ 13-cell malignancy (80). Pti:cli□ical 

laboratory s1udies have demonstrated the feasibility of iso­
lating and expanding from h.:allhy individuals and lym­
phoma patients CDS+ CTI. clones that contain a single copy 
of unrearranged cbromosomally integrated vector DNA and 
express lbe CDW-specific scFvFc:zl; rot..-cptor [81]. To 
ac.:complisb tbis, purilicd linear plasmid DNA cootain.ing lhe 
chimuric.: receptor sequoat-c uader tlie transcriptional co□1 rol 
of the CMV immediate/early promoter aad the NeoR gene 
uader Lhe trnnscripliooaJ cQntroL of tht: SV40 early prmoott:r 
was iatroduced into activated human peripheral lbloo<l 
moooouclear cells by exposure of cells and DNA to a brief 
1:lect.rical current, a procedure called electroporarioo [$2]. 
Utilizing ;,;election, cloning, and expansion metbuds t.1.lr­

reotly cm11loyed in FDA-approved clinical (rials a,1 tbc 
FHCRC, gene motlifit:d CDS+ CTL clunes with C:020-
specific cytoly1ic activity have bee□ generated frocn e~1ch or 
six healthy volunteers in LS separate electroporation proce­
dure,~ [8 l]. These clones when co-cul111red with a panel of 
bumao CD20+ lymphoma c.ell lines proliferate. speciticaUy 
lysc target eeUs, and arc stimulated 10 produce cytok:ines. 

(0016) ll is desired to develop additional redirected 
immuoe eel.ls aad, in a preforrcd ernbodimeal, rcdins"ted T 
cells, for lreutiDg B-cell rnaligaancics and B-cull mediated 
autoimmune disea~e. 

SUMMARY OF 111E INVENTION 

[0017] In uae aspect. tbe prescat invention pmvides 
genetically engineered T cells which express and bear on 1he 
cell surface membrane a CD19-spec.:ific chimeric T cell 
receptor (referred tu herein as ··CD19R") baviag aa i1ntrac­
ellular si!,'Tialiag domain, a transmembrnnt- domaia (TM) 
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and a CD19-specific extracellular domain (also referred to 
herein as "CD 19-specific T cells"). The present invention 
also provides the CD19-specific chimeric cell receptors, 
DNA constructs encoding the receptors, and plasmid expres-
sion vectors containing the constructs in proper orientation 
for expression. 

[0018] In a second aspect, the present invention provides 
a method of treating a CD19' malignancy in a mammal 
which comprises administering CD19-specific T cells to the 
mammal in a therapeutically effective amount. In one 
embodiment, CD8* CD19-specifie T cells are administered, 
preferably with CD4' CD19-specific T cells. In a second 
embodiment, CD4` CD19-specific T cells are administered 
to a mammal, preferably with Car cytotoxic lymphocytes 
which do not express the CD19-specific chimeric receptor of 
the invention, optionally in combination with CDS' CD19-
specific redirected T cells. 

[0019] In another aspect, the present invention provides a 
method of abrogating any untoward B cell function in a 
mammal which comprises administering to the mammal 
CD19-specific redirected T cells in a therapeutically effec-
tive amount. These untoward 13 cell functions can include 
B-cell mediated autoimmunc disease (e.g., lupus or rheu-
matoid arthritis) as well as any unwanted specific immune 
response to a given antigen. 

[0020] In another aspect, the present invention provides a 
method of making and expanding the CD19-specific redi-
rected T cells which comprises transfecting T cells with an 
expression vector containing a DNA construct encoding the 
CDI9-specific chimeric receptor, then stimulating the cells 
with CD19* cells, recombinant CD19, or an antibody to the 
receptor to cause the cells to proliferate. In one embodiment, 
the redirected T cells are prepared by electroporation. In a 
second embodiment, the redirected T cells are prepared by 
using viral vectors. 

[0021] In another aspect, the present invention provides a 
method of targeting Natural Killer (NK) cells which express 
and hear on the cell surface membrane a CD19-specific 
chimeric immune receptor having an intracellular signaling 
domain, a transmembrane domain ('IM) and a CD19-spe-
cific extracellular domain. 

[0022] In another aspect, the present invention provides a 
method of targeting macrophage cells which express and 
hear on the cell surface membrane a CDI 9-specific chimeric 
immune receptor having an intracellular signaling domain, a 
transmembrane domain (TM) and a CD19-specilic extracel-
lular domain. 

[0023] In another aspect, the present invention provides a 
method of targeting neutrophiLs cells which express and hear 
on the cell surface membrane a CD' 9-specific chimeric 
immune receptor having an intracellular signaling domain, a 
transmembrane domain (TM) and a CD19-specific extracel-
lular domain. 

[0024] In another aspect, the present invention provides a 
method of targeting stem cells which express and bear on the 
cell surface membrane a CD I 9-specific chimeric immune 
receptor having an intracellular signaling domain, a trans-
membrane domain (TM) and a CD19-spccitic extracellular 
domain. 
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[0025] In another aspect, the invention provides a CD-19-
specific chimeric T-cell receptor comprising an intracellular 
signalling domain, a transmembrane domain and a CD19-
specific extracellular domain. 

[0026] In one embodiment, the CD19-specific chimeric T 
cell receptor of the invention comprises scFvFc:t, where 
scFvFc represents the extracellular domain. scFv designates 
the V11 and V1, chains of a single chain monoclonal antibody 
to CD19, Fc represents at least part of a constant region of 
an IgG1, and t represents the intracellular signaling domain 
of the ze.ta chain of human CD3. 

[0027] In another embodiment, the CD19-specific chi-
meric T cell receptor of the invention comprises the scFvFc 
extracellular domain and the t intracellular domain are 
linked by the transmembrane domain of human CO4. 

[0028] In another embodiment, the CD19-specific chi-
meric Teell receptor of the invention comprises amino acids 
23-634 of SEQ ID NO:2. 

[0029] In another aspect, the invention provides a plasmid 
expression vector containing a DNA construct encoding a 
chimeric T-cell receptor of the invention in proper orienta-
tion for expression. 

BRIEF DESCRIPTION OF THE FIGURES 

[0030] FIGS. 1A-1C show the double-stranded DNA 
sequence and amino acid sequence for the CD19:zeta chi-
meric immunoreceptor of the present invention, SEQ ID 
NO.1 and show the source of the DNAsegments found in the 
chimeric immunoreceptor. 

[0031] FIG. 2 is a schematic representation of the plasmid 
pMG-CO19 lyTK. 

[0032] FIG. 3 shows Western blot analyses which dem-
onstrate the expression of the CD19R/savFc:t chimeric 
receptor. 

[0033] FIG. 4 is a graphical representation showing the 
antigen-specific cytolytic activity of T-cells expressing the 
CD19R/scFvFc:t chimeric receptor. 

[0034] FIG. 5 is a graphical representation of the produc-
tion of interferon-y by T cells expressing the CD! 9R/ 
scfvFc:t chimeric receptor that are incubated in the pres-
ence of various cell lines expressing CD-19. 

[0035] FIGS. 6A-E arc graphical representations showing 
the antigen-specific cytolytic activity of CD19R/scFvFc:t 
chimeric receptor redirected Tcell clones. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The present invention is directed to genetically 
engineered, redirected T cells and to their use for cellular 
immunotherapy of 13-cell malignancies, Epstein Barr Virus-
related lymphoproliferative disorders, and B-cell mediated 
autoimmunc diseases. 

[0037] In one aspect, the present invention provides 
genetically engineered T cells which express and bear on the 
cell surface membrane a CD19-specific chimeric T cell 
receptor having an intracellular signaling domain, a trans-
membrane domain and a CD19-specific extracellular 
domain (referred to herein as CD19-specific T cells). The 
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aod a CD19-:speci6c oi-'trnceUular domaio (also referred to 
herein as ··CID l 9-spccif"ic T cells'} The present invention 
also provides lhc CD19-spcci.lic chimeric T ctill receptors, 
DNA constru,:ts cococ.ling the receptors, and plasmid e....-prcs­
sioa wctors coolaining the constructs io proper oricotatioo 
for expressio1n. 

[(IOU!) 1L1 a scc(rnd aspect, the present invention provides 
a method of treating a CDJ 9-1- malignancy in a mamm~l 
which compriiscs administering CD 19-specific T cells lo the 
mammal in a therapeutically effoc1ive amount. lo one 
embodiment. CD8* CD L9-spccific Teel.ls ~re admiois1crcd, 
preferably wi,th C'.'D4• C'DJ 9-specillc T ctills. Lo a secood 
embodiment, co4• CD 19-specific T cells are administered 
tu ,L rnarnmal, preferably witb cos+ cytotoxic lympbocytcs 
which do not ,expreRs the C'DI 9-specific chimeric receptor or 
the invention,, optionally in combination with CDS .. COi 9-
spccific redinectcd T cells. 

[00l9) In al]othcr aspecl, the present iovootioo provides a 
method of al'lrogaliog any uotoward B cell fuoclioo in a 
mammal whiich comprises administering to Lb!! mammal 
CD 19-spccific redir~cted T cells in a lheraptiut ic:aUy elfoc:­
tive amoun1. These untoward B cell functions can include 
B-cell mediaJted autoimmune di<;c!L<;c (e,g., lup\lS or rheu­
matoid artbri1tis) as welJ as any unwanted speciJic immune 
response to a given ~otigen. 

[0020) In unother aspeci, the present invention provides a 
metbud of making und expanding the CD 19-speci!ic rt:di­
rected Teel.ls, wh.icb c-0mprises transfecLing T cells with ,rn 
expression vc,ctoJ containing a DNA consiruct encoding the 
CD 19-specilk chimeric receptor, then stimulating the cells 
with CDJ9• l;tlls, recombinant CDL9, or ao antibody 10 the 
receptor to cause the cells to proliferate. In one embodiment, 
the redirected T cclb; are prepared hy electroporation. In a 
secood embo,cUment, tbc redirected T cells are prepared by 
using vira.J Vl!Ctors. 

[0021) la a1mlhl:r aspect. th1.: pr1.:seol invonlioa provides a 
method or targeting Nalural KLller (NK) cells whic:h express 
antl bear on the t-ell surface membrane a CD19-specilk 
cl1irncric immune receptor !laving un intrat'Cllular signaling 
domain, a lrnasmcmbrane domain (TM) and a CD19-spc­
cific extrncclJ uJar domain. 

[0022) In a11othcr aspecl, lbi.: present iav1::n1ioa provides a 
me1hnd of targeting macrophage cells wbich express and 
bear on the ce:IJ surface membrane a CD19-specifi.c l·himeric 
iromttac receptor having an iotract!llular sigaa.Uog domain. a 
transmembrane domain (TM) an<l a C'DJ 9-specit1c extracel­
lular domain. 

[0023) In another aspect, the present invention provides a 
mclbod of targeting □cutropbils coils wbich express aod bear 
on the cell surface membrane a C'Di 9-specific chimeric 
immune r.:ccptor having a□ in1ra<.:ellular signaling domain, a 
transmembrane domain (TM) and a CDl 9-specifk extracel­
lu tar domain. 

[0024) la mother aspect, the present invcalion provides a 
method of targeting stem t"t lls whicb express and bt!ar on the 
cell surface ,nccnbraac a CD I 9-spccific chimctic immune 
receptor haviog an intrncellular signaling domain. a trnns­
mcmhra.nc dr1main (TM) and a CD19-spcciJk ex1rncellular 
domain. 
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[0025] In another aspect. the invoo1ion provides a CID-J.9-
spacillc chimeric T-ccll receptor comprising an intracc,llu Jar 
signalling domain, a traasmembrane domain aod a C:D19-
spocilic extracellular domain. 

[0026] l n one embodimtlat, lbtl CD 19-speciJic d1imc:ric T 
cdl receptor of the invention comprises scFvFc:~. where 
scrvrc rcpr~enls the exlracellular domain, scfv designates 
tbe V11 and V,, chains of tt single chain monoclonitl aal ibody 
to CD J 9, Fe represents al least parl or a constant region or 
an JgG1• a.ad!; represents tbe intraccUular signaling domain 
of the 2.c1a chain of human CD3. 

[0027] ln aootber embodiment, the (1)19-spccifk· chi­
meric T cell receptor of the invention compm;es the scFvFc 
extracellular domain and the t intracellular dcunai n are 
linked by the lnlnsmcmbrane d~main or human CD4-, 

[0028] Tn another embodiment, the CD I 9-spccillc· cbi­
mtiric Tcell receptor of the invention comprises amino acids 
23-634 of S.EQ ID N0:2. 

[0029] la another 11spect, the invent.ion provides a plasmid 
expression vector containing a DNA construct encodliag a 
cbimcric T-cell rect:plor of tbe invention in proper orient;,. 
tion for exprei;,sioo. 

BRrEr DESCRJP'n ON OF TIIE Fl(iURl2S 

(0030) FIGS. IA-IC show the double-stranded DNA 
sequence nod amino ,1cid sequence for the C'Dl9:;,,c1:1 chi­
meric immuooreceptor of th.: prc,sent invention, SEQ ID 
NO. I and sbow the source of th!! DNA segments round in the 
cbimeric immunoreceptor. 

[0031] F IG. 2 is a scbemalic reprl.lseatation of the plasmid 
pMG-CD I 9R/J lyTK. 

[0032] FIC. 3 shows Western biol an31yses which dcm­
onstra te tho expression of 1be CD.l9R/scFvFc:l;, chimeric 
receptor. 

[0033] FIG. 4 is a grapbicuJ rcprescota1ion sbowirng lbc 
aotigco-specillc cylolylic activity of 1:ceUs exprcssirng tbe 
CDl 9R/scFvlic:t;, cbimeric:- receptor. 

[0034] FIG. 5 is a grapbiclll representation o( tbe pmduc­
tion of iotcrfcron-y by T cells exprc$iog the CD l 9R/ 
scFvFc:l;, chirne.ric receptor that arc incubated ia the prt:S· 
cncc of various cell lines expressiog CD-J 9. 

[0035) PIGS. 6A-U are graphical representatioos sbowing 
the antigeu-spt:.:ifi.c cytolytic a1.:1ivity uf CD19R/scFvFc:l;, 
chimeric receptor redfrected T-cell clones. 

DETAILED DESCRfPTION OF THE 
INVENTION 

(0036] Tile present invention is directed 10 genetically 
eag.ineerctl, rcdircctod T cells and to Lboir use for cc,Uulur 
imrnunalhernpy of B-cell ornligaaocies, Eps1cin Barr Virus­
related lymphoproliferative disorders, antl 8-cell mediated 
autoimmune <liseru;cs. 

[0037] l n one aspect, the present invention pmvidc~ 
genetically enginet:red Teel.ls which express and bear no the 
cell 1;url'ace mcmbran" u CD l 9-spccilic chimeric T cell 
receptor having an iatrncellular sigaaUng domain, u 1rans­
membraoc domAin and a CD l 9-speciflc cxiracc llular 
domain (reforred to herein as CD I 9-specific T cells). Tbe 
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extracellular domain comprises a CD19-specific receptor. 
Individual T cells of the invention may he CD4"/CD8", 
CD4'/CD8+, CD4'/CD8' or CD4. /CD8'. The T cells may 
be a mixed population of CD4'/CD8- and CD4'/CD8* cells 
or a population of a single clone. CD4.  T cells of the 
invention produce 1L-2 when co-cultured in vitro with 
CD19+ lymphoma cells. CD8.  T cells of the invention lyse 
CD19" human lymphoma target cells when co-cultured in 
vitro with the target cells. The invention further provides the 
CDI9-specific chimeric T cell receptors, DNA constructs 
encoding the receptors, and plasmid expression vectors 
containing the constructs in proper orientation for expres-
sion. 

[0038] In a preferred embodiment, CD19-specilic redi-
rected T cells express CDI9-specific chimeric receptor 
scFvFc:t, where say designates the VH and VL chains of a 
single chain monoclonal antibody to CDI 9, Fc represents at 
least part of a constant region of a human IgG,, and 
represents the intracellular signaling domain of the zeta 
chain of human CD3. The extracellular domain scFvFc and 
the intracellular domain are linked by a transmembrane 
domain such as the transmembrane domain of CD4. In other 
embodiments, the human Fc constant region may be pro-
vided by other species of antibody such as IgG., for example. 

[0039] In a specific preferred embodiment, a full length 
scFvFc: cDNA, designated SEQ ID NO.1 or 
"CD19R:zeta," comprises the human GM-CSF receptor 
alpha chain leader peptide, FMC63 V,,, Gly-Ser linker, 
FMC63 V, human IgG, Fe, human CD4 TM, and human 
cytoplasmic zeta chain. "Chimeric TCR" means a receptor 
which is expressed by '1' cells and which comprises intrac-
ellular signaling, transmembrane and extracellular domains, 
where the extracellular domain is capable of specifically 
binding in an 111.A unrestricted manner an antigen which is 
not normally hound by a 1' cell receptor in that manner. 
Stimulation of the T cells by the antigen under proper 
conditions results in proliferation (expansion) of the cells 
and/or production of cytokines (e.g., IL-2) and/or cytolysis. 

[0040] In another aspect, the present invention provides a 
method of treating a CD19" malignancy, lymphopmlifera-
five disease or autoimmune disease mediated in part by 
B-cells in a mammal which comprises administering CD19-
specific redirected Teas to the mammal in a therapeutically 
effective amount. In one embodiment of this aspect of the 
invention, a therapeutically effective amount of CDS' 
CD19-specific redirected T cells are administered to the 
mammal. The CDS* T cells are preferably administered with 
CD4' CD 19-specific redirectedTcells. In a second embodi-
ment of this aspect of the invention, a therapeutically 
effective amount of CD4* CD19-specilic redirected T cells 
are administered to the mammal. The CD4' CD19-specific 
redirected T cells arc preferably administered with CDS.
cytotoxic lymphocytes which express the CD19-specilic 
chimeric receptor of the invention. 

[0041] In another aspect, the invention provides geneti-
cally engineered stem cells which express on their surface 
membrane a CD19-specific chimeric T cell receptor having 
an intracellular signaling domain, a transmembrane domain 
and a CD19-specific extracellular domain. 

[0042] In another aspect, the invention provides geneti-
cally engineered natural killer(NK) cells which express on 
their surface membrane a CD19-specific chimeric T cell 

Jul. 1, 2004 

receptor having an intracellular signaling domain, a trans-
membrane domain and a CD19-specific extracellular 
domain. 

[0043] In yet another aspect, the invention provides 
genetically engineered macrophage which express on their 
surface membrane a CD19-specific chimeric T cell receptor 
having an intracellular signaling domain, a transmembrane 
domain and a CD19-specific extracellular domain. 

[0044] In another aspect, the present invention provides a 
method of abrogating any untoward B cell function in a 
mammal which comprises administering to the mammal 
CD19-specific redirected T cells in a therapeutically effec-
tive amount. Untoward B-cell functions can include B-cell 
mediated autoimmune disease (e.g., lupus or rheumatoid 
arthritis) as well as any unwanted specific immune response 
to a given antigen. For example, CD19-specific redirected T 
cells can be administered in a method of immunosuppres-
sion prior to administering a foreign substance such as a 
monoclonal antibody or DNA or virus or cell in the situation 
where any immune response would decrease the effective-
ness of the foreign substance. 

[0045] In another aspect, the present invention provides a 
method of making and expanding the CD19-specific redi-
rected T cells which comprises transfecting T cells with an 
expression vector containing a DNA construct encoding the 
CD19-specific chimeric receptor, then stimulating the cells 
with CD19* cells, recombinant CD19, or an antibody to the 
receptor to cause the cells to proliferate. According to this 
aspect of the present invention, the method preferably stably 
iransfects and re-directs T cells using electroporation of 
naked DNA. Alternatively, viral vectors carrying the heter-
ologous genes are used to introduce the genes into 'I' cells. 
By using naked DNA, the time required to produce redi-
rected T cells can be significantly reduced. "Naked DNA" 
means DNA encoding a chimeric T cell receptor (TCR) 
contained in a plasmid expression vector in proper orienta-
tion for expression. The electroporation method of this 
invention produces stable transfectants which express and 
carry on their surfaces the chimeric TCR (cTCR). 

[0046] In a preferred embodiment, the T cells arc primary 
human T cells, such as human peripheral blood mononuclear 
cells (PBMC), which have previously been considered resis-
tant to stable transfection by electroporation of plasmid 
vectors. Preferred conditions include the use of DNA 
depleted of cndotoxin and electroporation within about 3 
days following initogenic stimulation of T cells. Following 
iransfection, the transfectant.s are cloned and a clone dem-
onstrating presence of a single integrated unrearranged 
plasmid and expression of the chimeric receptor is expanded 
ex vivo. The clone selected for expansion preferably is CD8.
and demonstrates the capacity to specifically recognize and 
lyse lymphoma target cells which express the target antigen. 
The clone is expanded by stimulation with 1L-2 and pref-
erably another stimulant which is specific for the aCR. 

[0047] In another embodiment, the T cells are expressed in 
immortalizeditransformed cells such as the T-cell tumor line 
'MUM]. for example. 

[0048] The invention is described herein primarily with 
reference to the specific scFcfv:t construct and receptor of 
SEQ ID Nos: 1 and 2, but the invention is not limited to that 
specific construct and receptor. Based on the VH and VL 
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c>.1raccllular domajo comprises a CDl 9-spcci:fic receptor. 
Individual T ccUs of the invention may he CD44)CD8-, 
CD4-/CD8+, CD4-/CD8- or CD4+/CD8+. Tbc 'I' cells may 
be a mixed population of CD4•/CD8- ,1od CD4-/CD8~ cells 
or a population of a sioglc clooc. CD4+ T ceUs of tbe 
invcotioo produce l L-2 wbco co-culiurcd in vitro witb 
CO19~ lymphoma cells. cos-- T c<JJls of the inveotioo lyse 
CDl 9 .. human lymphoma target cells wbco co-cultured in 
viLro wilh the target cells. The invcation furtber provides the 
CD l 9-spccitk chimeric T cell recepl(irs, DNA cooslructs 
encoding the receptors, and pla~mid expressfoo vectors 
containing the coas1ruc1s in proper orientation for cxprcs­
sioo. 
[0038) In a preferred embodiment, COJ 9-spccilic red.i­
rccte<l T cells express CO19-spccilk cbimcric rcc.:ptor 
scf.vFc:!;, where scFv designates the V1_1 and V L. chains of a 
single chain monoclonal an1ibody lo CD I \I, Fc reprcseots al 
least part of a constant region of a human lgG 1• and !;, 
represents lho intraccUular signaling domaio of tbc zc1a 
cbaio o[ human C'D3. The extracellu lar domain scFvFc and 
the intracellular domain !; ,tre linked by a transmumbrnnc 
domain sucb ,as tbi: lraosrncmbranc domain of CD4. la other 
1Jmbodimen1s, the bumaa Pc ccmstaot region may be pro­
vided by o ther species of antibody such as lgG .. for example. 

[0039] In a specific preferred embodiment, a full length 
scFvFc:l;. cDNA. designated SEQ ID NO.l or 
"CD19R:zeta,'" comprises the human GM-CSP receptor 
alpha chain leader peptide, FMC63 V0 , Gly-St:r linker, 
PMC'63 V '-' human [gG,, Pc. bu man CD4 TM, and bu man 
cytoplasmic ,:e1a chain. ··Cbi.mcric TCR" m.:ans a receptor 
wbicb is exp,·csslld by r cells and whicb comprises iolruc­
ellular sig□anng, transmembrane and ex:trncellulnr domains, 
where the extracellular domain is capable of specifically 
binding in an l IT.A unrestricted manner an ant igen whid1 is 
001 oomtally bound by II T cell receptor io that maoa~r. 
S1imula1 ion nf the T cells by the antigen under proper 
coacliticios results in prolifonuioo (oxpaasioo) of tbe celis 
and/or production of cytokioes (e.g., IL-2) and/or cytolysis. 

[0040] Io anothtr aspect, the present invention provides a 
method or trnatiog a co19• maligonocy, lympbuproliiern­
Llvc disense or autoimmune disease mediated in part by 
B-c1;:lls in a mammal whicb comprises admin.istcring C'D 11.J­
specific rediructed Tcclls 10 tbc mammal in a thcrapculically 
effective amc,unt, In oae embodiment of U1is aspect of the 
invention, a therapeutically effective amount of CDs• 
COJ9-spccifk re<lirectlld T t:ell'I are administered to the 
mammal. Tbc. cos· T cells arc preferably administered witb 
CD4 ... COi 9-i,peciflc redir.:cted Tcells. In a second embodi­
ment of this, i1spec1 of the invention, a therapeutically 
effective amo,unt nf C'O4+ CD19-spccific redirected T cells 
are adminis1ercd to the mammal. Tbc CO4,._ CD 19-spccific 
redirected T cells are preferably administered with CDS+ 
cytotoxic lyrupbocytcs wbitb cx1iress tbc CD19-spccific 
cbimcric recc,ptor of tlJc invention. 

[<H)4 l ] lo another aspect, the invention provid.:s geneti­
cally eagioeered stem cells which express on their $Urface 
membrnoe a CDJ 9-specinc chimeric T cell receptor having 
;in intracellul.ar signaling domain, a transmembrane domain 
and a CDJ9-:,pecilic extractllular domain. 

[0042] lo aaolhtr asp.:ct. the invention provides geneti­
cally engineered natural ki!Jer(NK) cells which express on 
tbeir surface membrane a CO I 9-,specil1c chimeric T cell 
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receptor baviog an iolracellular signaliog domain, a traos­
mcmbranc domain and a CTI'i 9-spcciflc ex1racc,1lu Jar 
domain. 

(004.\) lo yet aoot lter aspccl, the iovcotioo pmvides 
geoeticitlly eogioeered macrophage wbich express on lbeir 
surface membrnoe a CD19-speci.fic cbimerit: T celi receptor 
baving an intracellular signaling domain, a transmembrane 
domain a.C1d a CO l 9-specific extracellular domain. 

[0044] In another aspect, the presem invention prov1ides a 
method of abrogating any uatoward 13 cell function io a 
mammal which comprises aclroinisteriog 10 1be mammal 
CD19-spccific redirnctea T cells in a lhcrapi;u1ically dfoc­
tive amouat, Untoward 13-cell functions can include B-cell 
mediated autoimmune disease (e.g., lupus or rheumatoid 
arthritis) as well as any unwanted spcdlic immune rcs1ponsc 
to a giwn antigen. For example, C'DJ 9-specilk rect-irec:ted T 
coils can be administered io a method of immnnosupprcs­
sion prior lo atlministcring a foreign substance such as a 
monoclonal aot ibody or DNA or virus ur cell in tbe situation 
where any immuoc: response would decrease the cffoctivc­
oess of the foreign substance. 

(0045] ln ,taotber aspccl, the pres.:ot inveotioa prov1id1JS a 
method of ma.king and ei.;panding the COl 9-specilic redi­
rected T cells which comprises transfcctiog T cells with an 
expression vector containing a ONA consiruct ..,ncodiug the 
CD19-spccific chimeric rewptor, lhcn s1im11la1iog tbe cells 
with CD 19+ cells, recomhinnnl CO J 9, or ~n antibody 10 tbc 
tcccptor 10 cause the cell<; to proliferate, According 1-0 tbis 
aspect of the present invcntioo, the mttbod preferably mably 
transfects anti re-directs T cells using elei:troporatioo or 
naked DNA. Alternatively, viral vectors carrying the lheter­
ologous genes are used to introduce Lhe geaes into T eel.Ls. 
By using naked ONA, the time required to produce redi­
rec1ed T cells can be signiticantly reduced. "Naked DNA'' 
means DNA cncodiog a chimeric T cell receptor (TCR) 
coou1ined in :i plasmid exprl.lssioa vector in proper orie□ta­
tiuo for expression. Tbe elcctroporauoa melbod otf tu.is 
invc□ 1 ioo produc~ stable transfeclants which express and 
carry oo their surfaces lbe chimeric TCR (cTCR). 

[0046] In a preferred embodiment, the T cells urc pr1imary 
human Tcells, such as human peripheral blood muaonuclear 
cells (Pl3MC). which have previously b.:cn considered resis­
tant to stable lraosfocuon by electroporatiun of plasmid 
vectors. Preferred cooclitions iocludc th~ use of DNA 
dt:pleted uf cndotoxin a□d electroporation within about 3 
days following rn itogenic stimulation of T cells. J1ullciwiag 
transfettion, the trnns(ectants are cloned and a clone dem­
onstraling preSeace uf a single integrated unrcarrangcd 
plasmid and expression of the chimeric receptor is e;,rpanded 
ox vivo. Tbc clone selected for expansion prcforahly is CDS+ 
and dcmonstrat.cs the capacity to specifically rccogoize and 
lysc lympbom,1 largct cells whicll ll:Xprcss ihc largct antigen. 
Tl1e clcme is expanded by stimulatioo with IL-2 and pref­
ernbly aoolber stimulant wrucb is specilic for tbe cTCR. 

[0047] lo aootber embodiment, the T ccJJs are expressed io 
immortalized/transformed ctlls sucb us the T-cell tumc,r l ine 
TALLIO I, for example. 

[0048] The inwmion is dci;cribcd herein primarily with 
rcforcace to th~ Sptlcilk scFcPv:t coas1ruc1 aod receptor of 
SEQ ro Nos: I and 2, but the invention is oot limited 101ha1 
i;peci.fic construct and receptor. 13ased cio the V ll arnd V L-
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sequences of the CD19-specific murine IgG1 monoclonal 
antibody published by Nicholson et al., a scFv sequence was 
constructed de novo utilizing PCR [83]. The scFv portion 
can he replaced by any number of different CD19 binding 
domains, ranging from a minimal peptide binding domain, 
to a structured CD19 binding domain from a phage library, 
to antibody like domains using different methods to hold the 
heavy and light chain together. The arrangement could be 
multimeric such as a diabody. The secreted form of the 
antibody forms multimers. It is possible that the T cell 
receptor variant is also a multimer. The multimers are most 
likely caused by cross pairing of the variable portion of the 
light and heavy chains into what has been referred to by 
Winters as a diabody. 

[0049] The hinge portion of the construct can have mul-
tiple alternatives from being totally deleted, to having the 
first cysteine maintained, to a proline rather than a serine 
substitution, to being truncated up to the first cysteine. The 
Fc portion can be deleted, although there is data to suggest 
that the receptor preferably extends from the membrane. 
Any protein which is stable and dimerizes can serve this 
purpose. One could use just one of the Fe domains, e.g, 
either the C„2. or C„3 domain. 

[0050] Alternatives to the CD4 transmembrane domain 
include the transmembrane CD3 zeta domain, or a cysteine 
mutated CD3 zeta domain, or other transmembrane domains 
from other transmembrane signaling proteins such as C'D16 
and CD8. The CD3 zeta intracellular domain was taken for 
activation. The intracellular signaling domain of the chi-
meric receptor of the invention is responsible for activation 
of at least one of the normal effector functions of the 
immune cell in which the chimeric receptor has been placed. 
The term "effector function" refers to a specialized function 
of a differentiated cell. Effector function of a T cell. for 
example, may be cytolytic activity or helper activity includ-
ing the secretion of cytokines. Thus the term "intracellular 
signaling domain" refers to the portion of a protein which 
transduces the effector function signal and directs the cell to 
perform a specialized function. While usually the entire 
intracellular signaling domain will be employed, in many 
eases it will not he necessary to use the entire chain. To the 
extent that a truncated portion of the intracellular signaling 
domain may find use, such truncated portion may he used in 
place of the intact chain as long as it still transduccs the 
effector function signal. The term intracellular signaling 
domain is thus meant to include any truncated portion of the 
intracellular signaling domain sufficient to transduce the 
effector function signal. Examples include the zeta chain of 
the T cell receptor or any of its homology (e.g., eta, delta, 
gamma or epsilon), M131 chain, 1329, Fc Rill and Fe RI and 
the like. Intracellular signaling portions of other members of 
the families of activating proteins can be used, such as 
FcyRIII and FeeRI. See Gross et al. [84], Stancovski et al. 
[73], Moritz et al. [75], llwu et al. [85], Weijtens et al. [79], 
and I lekele et al. [76], for disclosures of cTCR's using these 
alternative transmembrane and intracellular domains. 

[0051] Cellular Immunotherapy using Redirected T cells 

[0052] The strategy of isolating and expanding antigen-
specific T cells as a therapeutic intervention for human 
disease has been validated in clinical trials [86, 65, 87]. 
Initial studies have evaluated the utility of adoptive T cell 
therapy with CD8+ cytolytic T cell (CTL) clones specific for 
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cytomegalovirus-encoded antigens as a means of reconsti-
tuting deficient viral immunity in the setting of allogeneic 
bone marrow transplantation and have defined the principles 
and methodologies for T cell isolation, cloning, expansion 
and re-infusion [86]. A similar approach has been taken for 
controlling post-transplant EBV-associated lymphoprolif-
erative disease. EBV-specific donor-derived 'I' cells have the 
capacity to protect patients at high risk for this complication 
as well as eradicate clinically evident disease which mimics 
immunoblastic B cell lymphoma [87]. These studies clearly 
demonstrate that adoptively transferred ex vivo expanded T 
cells can mediate antigen-specific effector functions with 
minimal toxicities and have been facilitated by targeting 
defined virally-encoded antigens to which Ica donors have 
established immunity. 

[0053] The application of adoptive T cell therapy as a 
treatment modality for human malignancy has been limited 
by the paucity of molecularly-defined tumor antigens 
capable of eliciting a T cell response and the difficulty of 
isolating these 'I' cells from the tumor-bearing host. Conse-
quently, initial cellular immunotherapy trials utilizing 
autologous antitumor effector cells relied on antigen non-
specific effector cells such as lymphokine activated killer 
(LAK) cells which had limited efficacy and pronounced 
toxicities [88, 89]. In an attempt to enhance the tumor-
specificity of infused effector cells, IL-2 expanded tumor-
infiltrating lymphocytes ('riL) were evaluated [90]. 
Responses to '!IL infusions were sporadic due in part to the 
heterogeneous population of cells expanded with unpredict-
able antitumor specificities. Patients with melanoma and 
renal cell carcinoma however occasionally manifested strik-
ing tumor regressions following TIL infusions and tumor-
specific MIIC-restricted T cell clones have been isolated 
from these patients. Recently, expression cloning technolo-
gies have been developed to identify the genes encoding 
tumor antigens thereby facilitating the development of 
recombinant DNA-based vaccine strategies to initiate or 
augment host antitumor immunity, as well as in vitro culture 
systems for generating tumor-specific T cells from cancer 
patients [91 ]. Clinical trials utilizing autologous tyrosinase-
specific C"fL for the treatment of melanoma are currently 
underway. 

[0054] The inclusion of hematogenous malignancies as 
targets for T cell therapy is warranted based on the observed 
graft versus leukemia (GVL) effect observed in the setting of 
allogencic BMT and the capacity of donor huffy coat infu-
sions to have anti-leukemic activity [92]. At present, it is 
clear that T cells present in the marrow graft mount a 
response to hast minor histocompatibility antigens (m1IA's) 
contributing to graft versus host disease and there is increas-
ing evidence that there may be T cell specificities for GVL 
that are distinct from those of GVHD on the basis of 
restricted tissue expression of a subset of mlIA's [93]. 
Nevertheless, the susceptibility of malignant B cells to CM, 
recognition and lysis is well documented [94, 95]. Efforts to 
target B cell lymphoma with MIIC-restricted CTL have 
focused on the lymphoma clone's idiotype as a tumor-
specific antigen. Minim: models have demonstrated that 
CU. responses can be generated to immunoglobulin vari-
able regions and that lymphoma cells process and present 
theme determinants for T cell recognition [96, 97]. Although 
these strategies are potentially tumor-specific, they are also 
patient specific thus making large scale application difficult. 
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scqueoccs of lhe CD19-specific murioc: lgGl moooclooal 
antibody publlishcd by Nicholson cl al.. a scFv sequence was 
coas1ruc1ed dlu oovo utilizing l'Cll [83). The scFv portion 
can he replac·ed by any oumbcr of di.tfcrcnt CD 1.9 binding 
domains, ranging from a minimal peptide binding domain, 
to a structurc,d CDl 9 binding domain from a phage library, 
to antibody l.ike domains using different methods to hold the 
heavy aod ligbt chain logcther. The arrangement could be 
multimeric s111c:b as a diabody, The secreted form of the 
antibody forms muHimers. JI is possible tha1 tbe T cell 
receptor variant is also a mu Iii mer. The multimers arc most 
likely ca.used by cross pairing of the variahl1.: portion oJ 1he 
ligbt and heavy chaios into whal bas been referred to by 
Winters as a diabody, 

[lH>49] The bi.age purl.ion of the co11struc1 C!III lmve muJ­
t.ipltl allcrnat.ives l'rom being totally deleted, to hnvlng the 
first cys1cine mainlaioed. 10 a proliuc rather than a !;crjne 
substitution, l.o being truncntcc1 up to the firs! cysteine , The 
Fe portion can be deleted, although there is cJata lo suggest 
that the re1.:eptor preferably exteods frurn the merubraoc. 
Any protein which is stable and dimerizes eao serve this 
purpose. One: oould use just une or tbe Fe domains, e.g, 
either tbe C1.12 or CH3 domaio. 

[0050] l\ltcmatives lo the CD4 Lransmembranc domain 
include the trnnsmembrane CD3 zelil domain, or a cy~tcine 
muta1cd CD3 zeta domain, or olbcr transmerubraoe domains 
from other trimsmtlmbraoe signaling proteins such as CD 16 
and C'DS. Th•! C03 zeta intracellular dl1m:iin was taken for 
activatioo. 1l1e intracellular signaling domain o[ lhe chi­
meric recepto,r of the inventioa is rcsponsibk for activation 
of a l least c:•ne of the nom1al effeetor funct1ons ol' the 
immune cell in which the chimeric receptor has been placed. 
The term ·'effector function" refers to a specialized function 
of a differen11iated cell. Effector function of a T cell, [or 
example, may he cylolytic activity or helper activity includ­
ing the secretion of cytokincs. Thus the term "intracellular 
signaling donnain" rcfors lo lhc porlion of a protein which 
Lran~duces tb1: effector fuoctioo signal and direuts the cell to 
pt!rfurm a specialized [unction. Wbik usually the enlirti 
inlrncellular :,ignaling domain will be employed, in many 
cases it will r101 he necessary lo us., the entire drnio. To the 
cxtenl that a truncated portion of tl1e intracellular signal lng 
domain may lind use, such truncated portion may b.: used in 
place or the inta<:l chain as long as it stil l transduccs the 
effector fundion signal. The tcnn intracellular sig,naling 
domain is tbus meant to include any truncated portion of the 
io1raccll1Jlar signaling domain su!Eci:cnt lo 1ransduce lbe 
etl'ector function signal. Examples include the ,:eta chain of 
the T cell receptor or any of its homologs (e.g., eta, delta, 
gamma or epsilon), MB! chain, B29, fie Rlll am.I fie Rl and 
the like. lntra,cellular signaling portions or other members of 
the families of activating proteins can bo used, such as 
rcyJUll ;1ml Fcd{L Set: Gross 111 al. [84 ], Stnai.:ovski ct a.L 
[73], Moritz i:t al. [75], Hwu cl al. [85], Weijtcos ct al. [79]. 
and l lckele et al. [76], for disclosures of cTCR's using these 
alternative traosmcmbranc aod iotrncellular domains. 

[0051) Cellular lmmunotherapy m;ing Reclirech:d T cells 

[0052) The stratt:gy ot' isolating and exp!IIlding antigen­
specific T cells a.~ & therapeutic ialcivenlioo for human 
disease bas beeo validated io clinical trials [86. 65, 87). 
I oilial .5tudies have evaluated the utility of adoptive T cell 
therapy wltb CDS· cytolyt.ic T cdl (CTL) cloocs specific for 
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cytomegalovirus-cncoded anligcos as a means of rccoos1i­
lu.Li.og deficief11 viral immunity in the setting of allog,cneic 
bone marrow transpliiata tioo and have defined the principles 
and methodologies for T CCII isolation, clonlng, expansion 
and re-infusion [86). A s imil:,r approach bas bcoo takco for 
controlling posl-lransplant EBY-associated lympboprolil'­
erative disease, E13V-specilic donor-derived TccUs have the 
capacity to protect patients at bigh risk for this complication 
as well as eradicate clinically evident disease which mimics 
in1mu_aohlnstic B cell lymphoma [87]. Tbese studies clearly 
demonstrate that adop1ively transferred cx vivo expanded T 
cell~ can mccliMc aDligco-spccific effector functions with 
minimal loxicilit:s and haw bt:en facititalcd by targeting 
defined virally-encoded antigens 10 wbi1.:h Tccll donor.;, bavc 
established immunily, 

[0053) 1l1e :1pplic:11ion of adoptive T cell therapy as a 
lreatmenl modality for human malig·n:1ncy has been limited 
by tbe paucity of molccu larly-dcfincd 111rnor antigens 
capable of eliciting a T cdl response and the difficulty of 
isolating 1bcsc T cells from lbll tumor-bearing bast. Con..<;1)­
quently, i□ itinl ceUu.lar immunothernpy Lri11.ls ul.i.Li.7ing 
autologous antitumor llffec:tor ceUs relied on antigen non­
specific eU'eclor cells such as lymphokine activated killer 
(LA.1'.') cells wb.ich bnd limited eOicacy aad pronounced 
toxicities [88, 89). In an n11en1pt to cnhanec lhc 1umor­
spccifjci1y pf infused e!Iector cells, IL-2 expanded tumor­
infiltrotiog lymphocytes (TIL) were evaluated [90), 
Responses to ·nL infusions were sporadic due in part to tbe 
hcttJrogeneous population of cells ex'Panded with unpr,edicl­
able antitumor speciflcitit:S. Patients with melanoma and 
renal cell carcinoma however o,;casionally manift:sted strik­
ing tumor regressions following Tri. infusions and h1rnor­
:1pecil1c MIIC-restrieh:d T eell clones havt: betln isolated 
l'rom lhesc patients, Reocntly, expression cloning technolo­
gies have been developed to iclco1i(y lbc gt:nes eoooding 
tumor antigens then:by facilitating the development c,f 
recornbiuaot DNA-baSt!d vaecioc strategies to ioitie,tc or 
augment host an titumor immunity, as well as in vitro c1ullure 
systems for geoeratiog tumor-specific T cells rrom cancer 
patients [91]. Clinical trials utilizing autologous tyrosi.nase­
specific en_ for the treaum:nl of melanoma arc cur1ren1ly 
underway. 

[0054] 111e inclusion nf hcmatogenous malignll.Dcics as 
targets for T cell therapy is warranted based oo tbll ohseived 
graft versus leukemia ( GVL) c[ect observed in the sctt,ing of 
~llogeoeic BMT a□d the capacity of donor bully coat infu­
sions to have anti-leukemic act"ivity [91]. At present, it is 
cfoar that T Ct:11s present 1 □ the marrow graft mount a 
response to host minor histocompalibility antigens (mH/\ ·s) 
l:O□trihuting to gral't versus host disease and there is im;r,::as­
ing evidence that there may be T cell spccilicities for GVL 
that are distinct from those of GVHD on the ba5;is of 
rcslricted tissue cxprcssioo of a subset of mHA's [93]. 
Newrtl1t1less, the susceptibility o[ malignant 8 cells to, C'n .. 
re..:ognilioa and lysis is well documllnted [94, 95]. Elfom; lo 
target B cell lymphoma with Ml IC'-restricled CTL have 
focused o.o tbe JymJlhoma clone's idiotype as a tumor­
specific antigun. Murinc models have demoastra ted lhat 
en. responst:S c-.i.a be ge□trnted to immunoglobu.liu vari­
able regions a11d lha1 lymphoma cells process and prescnl 
these determinants for T cel1 rec..-ogn.iLion [96. 97). Although 
these i;tratcgics arc potcotiaJJy rurnor-spccilic_. they nr,: al-;o 
pa1ie□t specific !bus making huge scale applieatiun diflicuJt. 
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[0055] Endowing T cells with a desired antigen specificity 
based on genetic modification with engineered receptor 
constructs is an attractive strategy since it bypasses the 
requirement for retrieving antigen-specific T cells from 
cancer patients and, depending on the type of antigen 
recognition moiety, allows for targeting tumor cell-surface 
epitopes not available to endogenous T cell receptors. Stud-
ies to define the signaling function of individual components 
of the TCR-CD3 complex revealed that chimeric molecules 
with intracellular domains of the CD3 complex's zeta chain 
coupled to extracellular domains which could be crosslinked 
by antibodies were capable of triggering biochemical as well 
as functional activation events in T cell bybridomas [98]. 
Recent advances in protein engineering have provided meth-
odologies to assemble single chain molecules consisting of 
antibody variable regions connected by a flexible peptide 
linker which recapitulate the specificity of the parental 
antibody [99. 100]. Several groups have now reported on the 
capacity of chimeric single chain receptors consisting of an 
extracellular scFv and intracellular zeta domain to re-direct 
T cell specificity to tumor cells expressing the antibody's 
target epitope; receptor specificities have included HER2/ 
Neu, and less well characterized epitopes on renal cell and 
ovarian carcinoma [72, 73, 75, 79, 84. 85]. An idiotype-
specific scfv chimeric TCR has been described which rec-
ognizes the idiotype-expressing lymphoma cell's surface 
immunoglobulin as its ligand [101]. Although this approach 
swaps a low affinity MHC-restricted TCR complex for a 
high affinity MHC-unrestricted molecules linked to an iso-
lated member of the CD3 complex, these receptors do 
activate T cell effector functions in primary human T cells 
without apparent induction of subsequent anergy or apop-
tosis [79]. Murine model systems utilizing scFv:t trans-
fected CTL. demonstrate that tumor elimination only occurs 
in vivo if both cells and IL-2 are administered, suggesting 
that in addition to activation of effector function, signaling 
through the chimeric receptor is sufficient for T cell recy-
cling [76]. 

[0056] Although chimeric receptor re-directed T cell 
effector function has been documented in the literature for 
over a decade, the clinical application of this technology for 
cancer therapy is only now beginning to he applied. Ex vivo 
expansion of genetically modified T cells to numbers suffi-
cient for re-infusion represents a major impediment for 
conducting clinical trials. Not only have sufficient cell 
numbers been difficult to achieve, the retention of effector 
function following ex vivo expansion has not been routinely 
documented in the literature. 

[0057] 'Treatment of CD19.  Malignancies with CD19-
Specific Redirected T Cells 

[0058] This invention represents the targeting of a B cell 
malignancy cell-surface epitope with CD19-specific redi-
rected 1' cells. Malignant B cells are an excellent target for 
redirected T cells, as B cells can serve as immunost imula tory 
antigen-presenting cells for T cells [102]. Cytokine produc-
tion by the CD19-specific scFvFc: expressing Jurkat clones 
when co-cultured with CD19.  B-cell malignancy does not 
require the addition of professional antigen presenting cells 
to culture or pharmacologic delivery of a co-stimulatory 
signal by the phorbal ester PMA. The function of the 
CD19R:zeta chimeric immunoreceptor in T cells was first 
assessed by exprnssing this scFvFc:t construct in primary 
human T cell clones. Clones secrete cytokines (IFN-y, 
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1NF-a, and gm-CSF) specifically upon co-culture with 
human CD19.  leukemia and lymphoma cells. Cytokine 
production by CD19-specific clones can be blocked in part 
by the addition to culture of the anti-CD19 specific antibody 
HIB19. Anti-CD20 antibody Leu-16 does not block cytokine 
production thereby demonstrating the specificity of the 
CDl9R:zeta chimeric immunoreceptor for CD19 on the 
tumor cell surface. CD19R:zeta.  CDS" CTL clones display 
high levels of cytolytic activity in standard 4-hr chromium 
release assays against human CD19.  leukemia and lym-
phoma cell lines cell lines and do not kill other tumor lines 
that are devoid of the CD19 epitope. These preclinical 
studies support the anti-tumor activity of adoptive therapy 
with donor-derived CD19R:zeta-expressing T call clones in 
patients that relapse following !ILA-matched allogeneic 
bone marrow transplantation. 

[0059] We have found that expansion of CD19 specific 
re-directed CD8" CT!. clones with OK T3 and IL-2 routinely 
results in the generation of greater than 109 cells over a 
period of approximately six weeks, and that the clones retain 
their effector function following expansion, as shown by 
functional chromium release assay data. Our observation 
that the plasmid/scFvFnt system can generate transfectants 
with disrupted plasmid sequence underscores the desirabil-
ity of cloning transfectants and expanding those clones 
demonstrating the presence of a single unrearranged inte-
grated plasmid, expression of the chimeric receptor, and the 
capacity to specifically recognize and lyre CD19" lym-
phoma target cells. 

[0060] CD19 is not tumor-specific and adoptive transfer of 
cells with this specificity is expected to kill the subset of 
non-transformed B cells which express CD19. Although 
CD19 is not expressed by hcmatopoietic stem cells or 
mature plasma cells, this cross-reactivity may exacerbate the 
humoral immunodeficiency of patients receiving chemo-
therapy and/or radiotherapy. Equipping T cells with a sui-
cide gene such as the herpes virus thymidine kinase gene 
allows for in vivo ablation of transferred cells following 
adoptive transfer with pharmacologic doses of gancyclovir 
and is a strategy for limiting the duration or in vivo persis-
tence of transferred cells [27]. 

[0061] CD19-specific chimeric receptor-expressing 'l' 
cells of this invention can be used to treat patients with 
CD Fr 13-cell malignancies and B-cell mediated autoimmu-
nie diseases, including for example, acute lymphoblastic 
leukemia. high relapse rates observed following autologous 
transplantation for leukemia can be reduced with post-
transplant in vivo treatment with adoptively transferred 
CD19-specific redirected l' cells to purge CD19" leukemic 
stem cells. CD19-specific redirected T cells can be used to 
treat lymphoma patients with refractory or recurrent disease. 
The CD19.  redirected T cells can be administered following 
myeloablative chemotherapy and stem cell rescue, when 
tumor burden and normal CD19" cell burden arc at a nadir 
and when the potential of an immunologic response directed 
against the scFvFc:t protein is minimized. 

[0062] Patients can he treated by infusing therapeutically 
effective doses of CDR' CD19-specilie redirected T cells in 
the range of about 106 to 1012 or more cells per square meter 
of body surface (cells/m'). The infusion will be repeated as 
often and as many times as the patient can tolerate until the 
desired response is achieved. The appropriate infusion dose 
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[0055) Eod,owing T cells with a desired aorigco speciftdty 
based on genetic modification with cogineen?d receptor 
cons1ruc1s is ao allradivc strategy since it bypasses tbe 
requirement for retrieviog a111igeo-specific T cells from 
cam.:er pmiems aod, depending oo tbe type of antig1.m 
recognition moiety, allows for targeting tumor cell-surface 
epitopes not hva.ilable to endogenous T cell receptors. Stud­
ies to delloc tlhc signaling foocli(lo of individual components 
of the TCR-C:O3 co().lplex revenled lhar chimeric molecules 
witb intra.cellular domains of the CD3 complcx's zeta chain 
coupled to exlrncellular domait1!; which could be cros..,Iinked 
by antibodies were capable (If triggcriog biochemical !IS well 
as fuoctinnnJ activation events in T cell bybrido01as [98l 
Rt:ceot advances in proteio eogioeeriog have provided meth­
odologies lo .ai,.seruble single chain molecules c~msisting of 
antib(1dy variable regions connected by il fiexible peptide 
linker which recapitulate the specificity of the parental 
antibody [99, I 00]. Several groups have now reported on the 
capacity of chimeric single chain receptor., consisting of an 
extraceUular scFv aod intrnct:llular zcl.tt domain to re-direct 
T cell spccil:icily to tumor cells oxpressiug 1hc aotibody's 
target epitopc; receptor speciliciLies bavc iach1ded 11ER2/ 
Neu, and ks;, well cbaracteri'zed epitopes on rea,1 I coll aod 
ovariun carcinoma [7~ 73, 75, 79, 84, 85). An idiotype­
specilic scfv cb.imeric TCR bas btiea described wbicb re1..·­
ogni1..cs the idiotypc-cxprcssing Iympboma cell 's surface 
immuooglobulin as its ligand [ IOJ ), Although this approach 
swaps a low affinity MHC-rcslricted TCR complc.x for n 
high affinity IMHC-unreslricted moleculer liokccl to an isu­
lati;;d mcmbt:r of 1be CD3 compkx, these rc:cep1ors do 
activate T ceJU e[eetor fuaetioos in primary human T cells 
without llppa.reat iodue1ion of subsequen1 anergy or apop­
loSis [79). Murine model sy.~ter.ns 1uilizing scrv:t; trans­
fcctcd CTl. demonstrate thal tumor elimination oaly occurs 
in vivo if both eells nnd fL-2 are administered, suggesting 
that ill additfon 10 activation of effector fuoctiou, sigoaliog 
through the c:himeric receptor is sufficiant for T 1:ell recy­
cling [76). 

[0056) Allbougb chimeric rocoplor re-directed T cell 
effeclor l'uoct ion has been doi;umented io lbe literature l'or 
over a decade, lbe clinical .tpplicaliou of th.is technology for 
cancer therapy is only now beginning to he applied. Ex vivo 
expansion of genetically modified T cells 10 numbers suffi­
cient for re-infusion rcpre1'cnts a major impediment for 
conducting c lioicaJ lri,ds. Not ooly have su0icieol cdl 
oumhcrs been di.fficull to nchieve, the retention of e[ec1or 
function foUo,wing ex vivo cxpansioo has not bee□ routinely 
documented in the literature. 

[(H>57) Tre~tmeot of CD 19• Malign~ncies with CO l 9-
Specilic Redirected T Cells 

(0058) Thi~ invention represents the targeting of a B cell 
malignancy cell-surface epitope with CD 19-specific redi­
rected T cells,. Maligaaol B coils arc an cxcel leat large! for 
redirected T cells. ns B cells can serve as imm1t0os1imul:itory 
antigeo-presenting cells for 'J' cells [102). Cytokiac produc­
Lioo by the CI)19-specilic scPvFd; expressing Jurkatcloncs 
wben co-cttlllun:d wi1b CD 19 ... 13-cell maligmmcy dtJes 001 
require the addition of prof'essional aoligeo prc5;entiag cells 
to culture or pharmacologic deUvery ol' a co-stimulatory 
sigDal by th,~ phorbal ester PMA. The function of the 
CD1 YR:z.ela ,chimeric iromunoreceptor io 'r cclJs was !irSt 
asses~ed by i:xpressing this scPvFc:l; coostruct in primary 
bumao T cell dunes. CICJmlS secrete cytokioes (lfN-y, 
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TNF-a, aod gm-CSF) spccil:ically upon co-culture with 
human CO I 9 ... leukemia and lymphoma cells. Cy1okinc 
produc1iou by CD19-specific clones cau bc blocked in pan 
by the addi1i1)n to culture of the aofi-CD L9 specific anl ibody 
HIB19. Anti-CD20 anlibody U1t1-l6 docs ootblockcylok.im: 
productio□ Lhcrcby demo□slraliag the specificity of the 
CD 19R:1:era chimeric irnmunoreceplor l'or CD19 on the 
tumor cell surface. en I 9R:zcta+ C'O::l+ CTL dnacs di.splay 
high levels of cytolytie actJvity ia standard 4-hr cbro1n1ium 
release a~ays agaiost human CD 19+ leukemia aod lym­
phoma cclJ lines cell Hoes and do not kill otber IUOJor lines 
that are devoid of tbc CD! 9 epilopc. 1l1c:sc pri:clinical 
studies support the anti-tumor pctivity of adoptive therapy 
witb donor-derived CD19R:zeta-expressiog T cell don~s i□ 
palieati< thal relapse following ULA-matched allog;eneic 
bone marrow traosplanlatiun. 

[0059] We h11ve found that expansion of CO I 9 specific 
re-directed CDS• C'T1. cloneswilb OKT3 and IL-2 rwlinely 
results in tbc generation of greater lban l(f cells over a 
period of approximately six weeks, and tbal the clones re1aia 
lht:ir c.:tfoctur fooction following t:xpansioo, as showo by 
l'unctional ehromium release assay data. Our observalioa 
J.hat the plasmid/scFvFc:!;, system c.io generate 1ransfedants 
with disrupted plasmid sequence uaderscCJrcs the desirabil­
ity of cloning tTaosfectants and expanding 1bose c:Iones 
demonstrating the presence of a single unrearr.111ged intc­
gra1ed plasmid, expression of: the chimoric receptor. and the 
capacity 10 spedlic;i!Jy recognize and lyse CD t9· lym­
phoma targei cells. 

[0060] CD 19 is oot lllmor-specilic and adoptive traosJcr of 
cells with this specificity is eXpt:cted lo kill the subi,et of 
non-transformed 13 cells which express CD 19, J\J1bo11gb 
CD 19 is not eXpres$ed hy hematopoietic stem c:eills or 
mature plasma cells. this cross-reactivity may cxacerba te the 
humoral immunodeficiency of patients rc~'Civing chcmo­
tbcrapy aod/ur radiolberapy. Equipping T cells witb ,a sui­
eicle gene such as the heriics v irus thymidimi kinase geno 
al.lows for in vivo ablatioo uf lraosfem,d cells following 
adoptive lrausfor with pharmacologit: closes of g-aocydovir 
aod is~ strategy for limiting lbe durulioo or in vivo persis­
tence of trnnsfcrred cells [27). 

[0061] COi 9-specffic chimeric receptor-expressing T 
cells of Ibis iovcolion can be used lo 1rc11t paliems wilb 
CO 19,.. fl-cell malignancies and 8-ccll mediated autoimmu­
afo diseases, including for example, aculc lympboblaslic 
leukemin. lligh reliipse rates observed followiag autol<1gous 
tmm;plaotalioo for leukemia can be reduced with post­
trani;plant in vivo treatment with adoptively lransferred 
CD19-specific redirected Tcells to purge CDt9• leukemic 
stem cells. CD t 9-spcci/ic redi.rected T cells can be u~;ed 10 
treat Iyrnpboma patients wilh refractory or recurrent disease. 
Tbc CD19+ redirected T cells can~ administered following 
rnyeloablative chemotherapy i1nd Stem eel.I rt:SCut:, when 
tumor burden and nunnal CD19• cell burden are at a oadir 
and when the potential of an immuaologic response diredt:d 
against the scf\1Pc:t protein is minimized. 

[0062] Patients can he !rented by infusing therapeutically 
dfoclive doses ol' cos• CD! 9-spe,cifo.: redirected T C(:l ls in 
the rangt of about J06 to !01~ or more cells-per square meter 
of budy ~urfacc ( cclls/111~). Tb<! infusion will b.i re pea lied as 
often and as many limes as the patient can mlcrnte uonil the 
dtsired response is ach.ieved. The appropriate infusion dose 
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and schedule will vary from patient to patient, but can be 
determined by the treating physician for a particular patient. 
Typically, initial doses of approximately 109 cells/m2 will be 
infused, escalating to 10' or more cells/m2. IL-2 can be 
co-administered to expand infused cells post-infusion. The 
amount of IL-2 can about HP to 100 units per kilogram body 
weight. Alternatively or additionally, an scFvFc:t-expre%-
ing CD4+ Tin clone can be co-transferred to optimize the 
survival and in vivo expansion of transferred scFvf:c: -
expressing CD8' T cells. 

[0063] The dosing schedule may be based on Dr. Rosen-
berg's published work [88-90]or an alternate continuous 
infusion strategy may be employed. CD19-specific redi-
rected T cells can be administered as a strategy to support 
CD8+ cells as well as initiate/augment a Delayed Type 
Hypersensitivity response against CD19+ target cells. 

[0064] It is known that chimeric immune receptors are 
capable of activating target-specific lysis by phagocytes, 
such as neutrophils and NK cells, for example (103). Thus 
the present invention also contemplates the use of chimeric 
T-cell receptor DNA to transfect into non-specific immune 
cells including neutrophils, macrophages and NK cells. 
Furthermore, the present invention contemplates the use of 
chimeric T-cell receptor DNA to transfect stem cells prior to 
stem cell transplantation procedures. 

[0065] The practice of the present invention employs, 
unless otherwise indicated, conventional techniques of 
chemistry, molecular biology, microbiology, recombinant 
DNA, genetics, immunology, cell biology, cell culture and 
transgenie biology, which are within the skill of the art. 
(104-121, e.g.). 

EXAMPLES 

[0066] The present invention is further detailed in the 
following examples, which are offered by way of illustration 
and arc not intended to limit the invention in any manner, 
Standard techniques well known in the art or the techniques 
specifically described below are utilized. 

Example 1 

Construction of a scFvFc: cDNA Incorporating the 
FMC63 VI, and VL Sequences 

[0067] Based on the Vil and V, sequences of the CD19-
specific murine IgG1 monoclonal antibody published by 
Nicholson et al., a seFv sequence was constructed de novo 
utilizing PCR [83]. A full length sel:vFc: cDNA designated 
CD19R:zeta was constructed by PCR splice overlap exten-
sion and consists of the human GM-CSF receptor alpha 
chain leader peptide, FMC63 V,,. Gly-Scr linker. FMC63 
VL, human IgG, Fe, human CD4 TM. and human cytoplas-
mic zeta chain. The nucleotide sequence of the construct and 
the resulting amino acid sequence arc set forth in together in 
FIGS. 1A-C or separately as SEQ ID Nos:1 and 2, respec-
tively. 

[0068] The CD19-specific scFvFc:t receptor protein is 
expressed in Primary Human T cells. To determine whether 
the CD19-specific scFvFe:t. construct could be expressed as 
an intact chimeric protein, T cells were transfected with the 
plasmid of Example 1 containing the CD19R. Linearized 
plasmid was electroporated under optimized conditions and 
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stable transfectants selected by addition of hygromycin to 
cultures. Referring now to FIG. 3, there are shown the 
results of Western blot analyses of T-cells transfected with 
the CD19R receptor in an expression vector of the present 
invention. Using methods known in the art, whole cell 
lysates from mock transfectants (cells containing the pMG 
plasmid without CD19R: MT117139), T-cells transfected 
with CDI9R (SG1D12) and T-cells transfected with an 
anti-CD20 chimeric receptor (AR2116) were examined. 
GAM-AP is alakalinc phosphatase conjugated goat anti-
mouse IgG. This is the second step detection reagent in the 
western blot that produces a chemiluminescent. Western blot 
of whole cell lysates with an anti-zeta antibody probe shows 
both the endogenous zeta fragment and the expected intact 
66-kDa chimeric receptor protein is expressed in cells 
transfected with a chimeric receptor but not in cells trans-
fected with plasmid lacking the DNA constructs of the 
present invention. Flow cytometric analysis with anti-mu-
rine Fab and anti-human Fc specific antibodies further 
confiruned the cell-surface expression of the CD19R:zeta 
seFvFc:t on T cell transfectants. 

Example 2 

CD19-Specific Re-Directed Effector Functions of I 
Cells Expressing the FMC63 Chimeric 

Immu noreccptor 

[0069] 2(A)-cytokine Production by Chimeric T-Cells: 

[0070] Referring now to FIG. 4, the function of the 
CD19R:zcta chimeric immunoreceptor in T cells was first 
assessed by expressing this scFvFc: , construct in primary 
human T cell clones. Clones secrete cytokines (11:1•1-y, 
'INF-a. and gm-CSF) specifically upon co-culture with 
human CD1.9' leukemia and lymphoma cells. Using tech-
niques well known in the art and further described herein, 
chimeric T-cell clones were isolated which expressed the 
CD19R:zeta chimeric immunoreceptor. FIG. 4 shows the 
results of incubation of various T-cell clones expressing the 
recombinant CDI9:zeta chimeric immunoreceptor with 
CD-19 leukemmia cell lines. 1873-CRI is a human CD1944 
CD20— ALL cell line purchased from ATCC. DLIL-4 is a 
human CD19+/CD20+ lymphoma cell line. Iona-lonomycin 
purchased from Sigma. This chemical is a calcium iona-
phore. PMA.Phorbal-12-myristatc-13 acetate (Sigma). 
lono+PMA when added to T cells maximally activates them 
for cytokine production. Supernatant of T cells incubated 
with these chemicals serves as a positive control for maxi-
mal cytokine production. The cytokine assays are performed 
by adding 100 responsder T cells with the indicated stimu-
lator (if the stimulator is a tumor cell it is added at 2x105 per 
24-well and is irradiated 8K rads). The wells arc supple-
mented with culture media to a final volume of 2 mls and 
incubated for 72 hrs at which time cell-free supernatants are 
harvested and assayed by specific ELISA using R+D Sys-
tems Kits per the manufactuer's instructions. 

[0071] Cytokine production by CDI 9-specific clones can 
be blocked in part by the addition to culture of the anti-CD19 
specific antibody IIIB19. Anti-CD20 antibody Leu-16 does 
not block cytokine production thereby demonstrating the 
specificity of the CD19R:zeta chimeric immunoreceptor for 
CD19 on the tumor cell surface. 

[0072] Referring now to FIG. 5, there are shown the 
results of incubation of the T-cell clone SG1D12 with 

US 2004/0126363 Al 

aod schedule will vary from paticot lo patient, but c;io be 
determined by the treating physici9n for a particular patient. 
Typically, ini1 ial doses of approximately Hf cells/m1 will be 
infused. escalating lo 1010 or more cells(m~. IL-2 can be 
co-administered to exp11od iofused cells post-infusion. 'l'be 
amouo1 of LL--1 can about loJ to 10~ unitspor kilogram body 
weight. Nlemtttively or addilfonally, an scFvFc:s-express­
iog CD4 ... T1" clo.oe c~o be co-lraosfcrred to optimize lhe 
survival and in vivo expansion of transl'crrcd scFv17..:.:t­
cxpressiog cos+ T cells. 

[0063) The dosing schedule may be h11scd on Dr. Rosco­
berg' s published work [88-90]or an alternate coarinuous 
infusion strategy may be employee\, CD19-Sp!.!cilk re;,di­
rected T cell); can be administered as a srrategy to support 
CDS+ cells as well as initiale/augmeot a Delayed Type 
l-lypersensi1ivj1y response against co19+ 1nrge1 cens. 

[0064] II is known tb~I chimeric immune receplctrs are 
capable of a,ctivaling targct-spt:cific lysis hy phagocyte.~, 
such as acutrophi.ls :tad NK cells, for example ( 103). Tbus 
the prcS<Jnl invcalion also contcmplalt.'S the use of chimeric 
T-ceil receptor DNA to Lraosfoct into oon-specilk immune 
cells including ocutrophi.ls, macmpbagcs and NK cells. 
Furthermore, lht: present invention t.'tin templatcs lbe use or 
chimeric ·r~ce U receiitor DNA to lraasfect stem cclis prior to 
stom cell transpl,tnlation procedures. 

[0065] The practice of the present inventio n employs, 
unless otberwise indie1:,ted, conventional techniques or 
chemistry, molecular bi0logy, microbiology, recombinant 
DNA. genetics, immunology, cell biology, cell culture and 
transgenic bi,ology. which are within the skill of the art. 
(104-L21, e.g..). 

CXAMPLES 

[0066) The pre.sen! invention is further dwtiled in the 
following examples, which arc offered by way of illustration 
aud are 001 i1□tcndccl lo limit tbe invention in any manner, 
Staodu.rd techniques well known in tbe art or the tecbniqucs 
specifically describ~d below are utilized. 

Example I 

Constructiioo of a scrvPc:f; cDNA Incorporating tbe 
fMC63 V11 and VL.Sequenccs 

[0067] Ba~:d o□ tbc V M and V L scqtwoccs of the CD 19-
specific murioe IgGl monoclonal antibody published by 
Nicbol::;on ct al., a scFv sequence wi1s constructed de oovo 
utilizing PCR [83]. A full leng1b scFvr,'c:f; cDNA designated 
CD I 9R:zeta was coaslnlcted by PCR -splice overlap exten­
sion and co111sis1s of tho human GM-CSF receptor alpha 
ch.iin hmler peptide. FMC63 V 11• Gly-Ser linkl,r. FMC63 
VL, human T£;G1 Fe, human CD4 TM. and human cytopl:L'\­
roic zeta cbaill. Tht: nucleotide sequence uf tbc construct and 
the resulting arnioo acid sequence are sci forth in togetbcr in 
Fl GS. l A-C 1::ir separately as SEQ JD Nos:1 and 2, rcspec­
Livcly. 

[0068] The C'Dl9-specific scf.vPc:~ n:ecp1or protein is 
expn:ssed in !Primary I luman T ce lls. To determine whether 
the CD L9-spe:cilic scrvFc:!; construct could be expre!'.sed as 
ao io1ac1 chimeric protein. T cells wen;: transfectcd with the 
plasmid o( Example l cootaining 1be CDJ9R. Linearized 
plasmid was ,electroporated under optimized conditions ancl 
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stable lraosfcctants selected by addirioo of bygromyGio lo 
cultures. Reforring now to FrG. 3, lherc arc shown the 
results of Western blot analyses of 'J~cells transfocted witb 
lhc C'DL9R receptor in an cxpression vector of lhe present 
invention. Using methods known ia tbc art, wbole cell 
lysales from mock transfoctants (cclis containing tbc pMG 
plasmid w ithout CD19R: MTll7B9), T-cells lrnnsl'ec1ed 
wilb CDl9R (Sf11D12) nnu T-cells transfccteu with nn 
anti-CD20 cbimeric receptor (AR2H6) were examined. 
GA1vl-AP is alakalioc phosphatase conjugated goal anti­
mouse lgG. This is the second step detection reagent io tbe 
western biol that produces a cbemilumim:sceot. Western blot 
ofwbolc ccll lysatcs with ao anti-zeta antibody probe shows 
bl>tb the eadog,:nous zeta fragment and the expected i□lact 
66-kDa chimeric receptor protein is expressed in cells 
transl'cc.:1ed with a chimeric receptor but nol in cells lrans­
foc.:ted wi th plasmid lacking lhe DNA conslruc.:ls □if the 
present invention .. flow cy1ome1ric analysis with anli-mu­
rino Fab and anti-human Fe specific antibodies filrlher 
con.fi.nmcd tile ccll-surfact: expression of the CD19R:zeta 
scFvrc:~ oo T cell trnosfocla111s. 

Example 2 

CDl 9-Spcciiic Rc-Direl'ted EO'octor Function~ o r T 
Cells Expressing lbe J7MC63 Cbimeric 

lmmunoreccptor 

[0069] 2(A)-Cytokinc Prnduction by Chimeric T-Cc,lls: 

[0070] Referring now to FIG. 4. lbe l'unctio□ o,f 1be 
CO19R:tcta chimeric immunorcceptor in T cells was first 
ass~sed by expressing th.is scFvFc:l; construcl in pnimary 
human T cell clones. Clones ,;ecrete cytokiat:s (IFN-y. 
TNP-a, and gm-CSr-) specifically upon co-cultttre with 
human CDl9~ leukemia and lymphoma cells. Using tech­
niques well known in the an and forlhcr described herein, 
chimeric T-c~ll cloacs were isolated wbicb expressed the 
CDl 9R:wta cbimcric immuoorecep1or. FIG. 4 shows lhc 
results of iocubnlioo of v11.rious ·,~cell dunes expressing tbu 
rccombinaot CO19:zcta chimeric immuaorccc-ptor with 
CD-19 loukemmia cell lines. 1873-CRL is a bumao CD19+/ 
CD20- ALL cell line purchased f'rom /\TCC. Dlll.-4 is ~ 
human CD19+/CO20+ lymphoma t.-ell l iac. lona~lonornycio 
purchased from Sigma. This cbllmical is a c~lciurn iooa­
ph◊re. PMAcPhorhal- L2-royrislatc-13 ace tale (Sigma). 
lono+PMA wbeo added to T cells maximally activritcs them 
for cytokine production. Supernatant o[ T cells incubated 
witb these chemicals serves as a positive cootrul for unaxi­
mal cy1okine production. The cylokioc: assays are performed 
by adding !Ob rcsponsder T cells with the indieatcd stimu­
lator (if the stimulator is a lttmor cell it is added at 2xl rr per 
24-well and is irradiated 8K rads). The wells arc sll1pple­
mcnlod with culture media to a final volume of 2 mis and 
incubated for 72 hrs at which time cell-free supernat.in,ts are 
barvcstcd a□d assayed by specific ELISA using R+D Sys­
tems Kits per the manufactuer' s instructions. 

[0071] Cytokine product ion by CD 19-specifk clones can 
be blocked in pan by the addition LO culture o r the an ti-COJ9 
specific antibody III BJ 9. Anti-CIJ20 antibody L.tiu-!(i, does 
oOI block cyt\1kir)c prnductioa thereby dcmooslrating tbe 
specificity of the CD I 9R:7.<lla chimeric imomaorecepl,Dr for 
CDt9 on the tumor cell s urface. 

[0072] Referring 110w lo FlG. 5, there arc sbown th(; 
results of incubation of tht: "l~cen clone SG!D12 wiLb 
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various cell lines as described, some of which express the 
CD19 antigen. The graph represents the results of ELISA 
with antibody specific for IFN-y. These results demonstrate 
that T-cells expressing the chimeric receptor release IFN-y in 
the presence of CD-19 bearing cells. 

[0073] (2B)-Antige-Specific Cytolytic Activity of Chi-
meric T-Cells: 

[0074] Referring now to FIG. 6, there are shown the 
results of chromium release assays for 5 different chimeric 
1 -cell clones (C11; C12; E8; Fl and F3). CD19R:zeta* 
CD8+ CTL clones display high levels of cytolytic activity in 
standard 4-br chromium release assays against human 
CD19+ leukemia and lymphoma cell lines SUPB15, JM-I 
and 1873 and do not kill other tumor lines that are devoid of 
the CD19 epitope. These preclinical studies support the 
initiation of clinical investigation to explore the safety and 
anti-tumor activity of adoptive therapy with donor-derived 
CD19R:zeta-expressing T cell clones in patients that relapse 
following HLA-matched allogcneic bone marrow transplan-
tation. 

Example 3 

Generation and Characterization of T Cell Clones 
for Therapeutic Use 

[0075] All T cells administered are TCR Wir CD4-CD8* 
scIFvFc:1 cell clones containing unrearranged chromo-
somally integrated plasmid DNA. T cells are isolated from 
the peripheral blood of the transplant recipient's FILA-
matched marrow donor. Materials and methods employed to 
isolate, genetically modify, and expand CD8' 'I' cell clones 
from healthy marrow donors are detailed in Examples 4-8. 
T cell clones genetically modified to express the 
CD19R:zeta scl:‘/Fc: . chimeric immunoreceptor and HyTK 
are selected for: 

[0076] a. TCRti/r, CD4-, CD8' surface phenotype 
as determined by flow cytometry. 

[0077] h. Presence of a single copy of chromosoma-
Ily integrated plasmid vector DNA as evidenced by 
Southern blot. 

[0078] c. Expression of the scFvF4 gene product as 
detected by Western blot. 

[0079] d. Specific lysis of human CD19" cell lines in 
4-hr chromium release assays. 

[0080] e. Dependence on exogenous 11.-2 for in vitro 
growth. 

[0081] f. Mycoplasma, fungal, bacterial sterility and 
endotoxin levels <5 EU/ml. 

[0082] g. In vitro sensitivity of clones to ganciclovir. 

Example 4 

Materials for Isolating, Genetically Modifying and 
Expanding CDS' T Cell Clones from Ilealthy 

Marrow Donors for Therapeutic Use 

[0083] 1. Culture Media and Media Supplements 

[0084] Culture media used in the studies include RPMI 
1640 I4EPES (Irvine Scientific. Irvine, Calif.) for all cell 
cultures. All media is purchased in 0.5 liter bottles and meets 
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current FDA guidelines for use in adoptive immunotherapy 
studies in humans. Supplements to the culture media include 
L-glutaminc (BioWhittaker, Walkersville, Md.) and fetal 
calf serum (Hyclone, Logan, Utah) heat inactivated at 56° C. 
for 30 minutes. All reagents are shipped to CRB-3008, 
inspected, and stored at —20° C. or 4° C. as appropriate for 
the reagent. 

[0085] 2. OKT3 

[0086] Orthoclone OKT3 (Ortho) 1 mg/m1 purchased 
from the City of Hope Pharmacy and aliquoted into sterile 
cryovials arc stored at —20° C. in CRB-3008 until thawed for 
study subject T cell expansion. 

[0087] 3. Interleukin 2 

[0088] Pharmaceutical grade recombinant human Inter-
kukin-2 (rhIL-2) (Proleukin) is supplied in vials containing 
0.67 mg of lyophilized IL-2 and having a specific activity of 
1.5x106 111/mg protein. The lyophilized recombinant IL-2 is 
reconstituted with sterile water for infusion and diluted to a 
concentration of 5x104 units/m1.11.-2 is aliquotcd into sterile 
vials and stored at —20° C. in CRB-3008. rhfL-2 for direct 
patient administration is dispensed per standard practice. 

[0089] 4. Plasmid DNA 

[0090] The plasmid CD19R/HyTK-pMG containing the 
CD 19-specific savrc:t cDNA and IlyTK cDNA constructs 
is manufactured under GLP conditions. Ampules containing 
100 pg of sterile plasmid DNA in 401/1 of pharmaceutical 
water. Vector DNA is stored in a —70° C. freezer in CRB-
3008. 

[0091] 5. Hygromicin 

[0092] The mammalian antibiotic hygromycin is used to 
select genetically modified T cells expressing the llyTK 
gene. Commercially available hygromycin (Invivogen, San 
Diego, Calif.) is prepared as a sterile solution of 100 mg/nil 
active drug and is stored at 4° C. in CRB-3008. 

[0093] 6. EI3V-Induced B Cell lines 

[0094] Lymphoblastoid cell lines (LCL) are necessary 
feeder mils for T cell expansion and have been used for this 
purpose in FDA-approved clinical adoptive therapy trials. 
An EBV-induced B cell line designated TM-LCL was estab-
lished from a healthy donor by co-culture of PBMC with 
supernatants of the B95-8 cell line (American T'pe Culture 
Collections) in the presence of cyclosporin A. This cell line 
is currently being used as an irradiated feeder cell by 
investigators at the Fred Ilutchinson Cancer Research Cen-
ter (FHCRC) and City of Elope National Medical Center. 
This cell line has tested negative for adventitious microor-
ganisms as well as EBV production by cord blood transfor-
mation assay. Working stocks of TM -I.CL have been cym-
preserved in CRB-3008 after transfer from Drs. Greenberg 
and Riddell at the FliCRC. These stocks have been thawed 
and retested for bacterial, fungal and mycoplasma sterility. 
TM-LCI. feeder cells are irradiated to 8,000 eGy prior to 
co-culture with cells. 

[0095] 7. Feeder PBMCs 

[0096] Peripheral blood mononuclear cells (PBMC) iso-
lated from the study subject's marrow harvested by icuka-
pheresis and transferred to CRB 3008 in a collection bag is 
used as autologous feeder cells. PBMC from the donor's 
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various cell linc.;s as described, some of wbicb express the 
CD 19 a111ige11. The graph represents the resulls of ET.ISA 
wiLb antibody specific for IFN-y. These rcsulL~ dcmons1ra10 
that 'J~cells expressing the ebimoric rcc1.'jilor release IFN-y in 
the presence of CD-19 bearing cells. 

[CH)73] (2B)1-Antige-Speci.lic Cytolytic Activity of Cbi­
meric T-Cells.: 

[0074] Rcfc:rring now to l•'IG. 6, there are shown the 
rcsulLs of chromium release assays for 5 different chimeric 
T-ccU clooes (C l l ; C12; E8; f71 nnd P3). CDJ9R:zeta+ 
cos+ CTLcloncs display high levels of cytolytic ac1ivity in 
s taodard 4-br chromium rclc~sc assays agains1 human 
CD!◊+ leukemia and lymphoma cell fines SUPBJ5, JM-1 
and 1873 and do not kill a lher lumor lines thal arc devoid of 
th~ CO l 9 cpitopc. These pn:clinical studies support the 
inilialion of clinical invesligation to explore the safely and 
anti-tumor activily of adoptive therapy with donor-tlc:rived 
CD f.CJR:zeta-,~xprcssing T cell clones in palicnls that relapse 
foUowing HLA-matcbed allogcneic bone marrow lrnnspl:tn• 
talion. 

Example 3 

Generation and Charac1t,ri1.ntion or T Ci:11 Clones 
for Therapeutic Use 

[0075] i\JJ Teel ls administered are TCR o/ B+ CD4-CDs+ 
scFvFd~"'T 1:cll clones containing uarearrangcd chromo­
somally iotcg,ratcd plasmid DNA. T cells arc isolated from 
the pcripheratl blood of lhe 1ransplan1 n:cipit:nt's HLA­
matchcd marrow donor. Materials and mctbodS employed lo 
isolate, genetically modify, and expand CDS ... T c.:11 clones 
from bcallby marrow donorS are detailed in Example:, 4-8. 
T cell clones genetically modilicd to express the 
CDl 9R:zeta scFvFc:1:; cbimeric immunorcceptor aod HyTK 
are sefech;d for: 

[0076] a, TCRu/W, CD4-, cos· surfac~. pbuaolype 
as determined by flow cytometry. 

[0077) b. l'rescac;o of a single copy of cbmmosoma­
lly integrated plasmid vector DNA as evidenced by 
Southern blot. 

[0078] c. Expression or the scfvPc:~ gcoc product as 
detected by Western blot. 

[0079) d. Specific Iysis of human CDEI+ cell lines i □ 
4-hr chromium release assays. 

[0080] e , Dependence on cxogt:aous IL-2 for in vilTO 
growth. 

[0081) f. Myeoplasma, fungal, bacterial sterility and 
endo1mdn level<, <i EU/ml. 

[0082] g. la vitro soasilivily of clones lo gaaciclovir. 

Example 4 

Maleria.ls for fsolat i□g, Genetically Modif'ying a.ad 
Expanding cmi· 1' Cell Clones from lleallby 

Marrow Donors for Therapeutic Use 

[0083] I. Culture Media aod Media Supplements 

[0084) Culture media used in tbe studies include RPMl 
l640 HEPES (Irvine Scientific. Irvine, Cali(.) for all cell 
cullun:s.All rnedja is purchased ia 0.5 literboltlcs and meets 
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curreut FDA guidelines for use ia adoptive imornootbcrnpy 
studies in humans. Supplements lo 1he cullure media include 
L-gluL;1rnioc (BioWbiuaker, Walkersvil le, Md.) aod feta l 
calfsernm (Hyclone, Log,1n, Utah) beat innc1ivated at S6° C. 
for 30 minutes. Al l reagents are shipped to CRB-3008. 
inspoctcd, and stort:d at - 20° C. or 4° C. as appropriate for 
Lhe reageal. 

[0085] 1.. 0KT3 

(0086] Ortboclone OKT3 (Ortho) I mg/ml purc,hased 
fTom the City of llopc Pharmacy and aliquotcd into sterile 
cryovials arc storw at - 20° C. in C'Rl:3-3008 until tbaw,~d for 
shld}' subjucL T cell tlxpansioa. 

[0087] 3. l.nterfeuk.io 2 

[0088) Pharmaccutic:il grade rccombinanl human lntcr­
leuldn-2 (rhll.-2) (Prc1leukin) is supplied in vials conl,iining 
0.67 mg of lyophiliz.cd IL-2 and having a specific ;1c1ivi1y c,f 
1.Sx I 06 rtJ/mg protein. The lyophilized recombinant nr.-2 is 
reconstiluled with slorilo water for infusion and diluted lo a 
concentration of SxlO, units/ml. IL-2 is a liquo1cd into i;terilc 
vial~ nod stored at - 20° C. in CRB-300S. rbIL-2 for direct 
patient ~dministration is dispensed per standard practice. 

[0089] 4. Plasmid DNA 

[0090] The plasm.id CDl9R/llyTK-pMG containing lbe 
CD 19-spccjfic scrvPd; cONA 1rod llyTK cDNAc0nstructs 
is manufactured under GLP conditions. Ampules conti,ining 
100 Wt of slcriJe plasmid DNA in 40 pl of phannaccutical 
wa lt:r. Vector DNA is s1on:d in 3 - 70° C. free~.er in ICRB-
3008. 

[0091] 5. llygromicin 

[0092] ·n,e mamma.lian antibiotic hygTomycin is m.cd to 
selccl genetically mmlificd T cells expressing the HyTK 
gene. Commercially av;ii lahle hygromycin (rnvivoger.i, San 
Diogo, Cali£.) is prepared as a sterile solution of 1 on mg/ml 
active drug and is s1orcd al 4° C. in CRB-3008. 

[0093] 6. EBV-lnduc11d B Cell Lines 

[0094] Lympboblastoid cell lines (LCL) arc nec~:ssary 
t'ccdcr L't:11s !'or T cell expansion and have been used for 1his 
purpose in FDA-approved clinical adoptive 1bcrapy trials. 
i\n El3V-induccd B cell line designated TM-LCL was estab­
lished from ,l healthy donor hy co-cul ture of PBMC wilh 
supematanls c,f the B95-8 cell line (American Type Oulturc 
C'oUectiuas) in tbe presence of cyclosporin i\. This celll linc 
is currently being used as an irrncJia teu foudcr ce 11 by 
mves1iga1ors al 1he f7red I lulchinson Cancer Rei,earch Cen­
ter (FHCRC) and City of Hope National Medical Center. 
This cell line has tested oegaLive l'or adventitious microor­
ganisms as well as EBY production by cord blood traosfor­
malion assay. Working stocks of TM-I.CL have been cyro­
preservcd in CJI.H-3()()8 aftor trnnsfor from Drs. Greenberg 
and Riddell al the FHCRC. These stocks have bcea 1hawcd 
a.ad retested for b11cteri;d , fungal and mycoplasma s1crility. 
TM-I.CL feeder cells nre irradiated to 8,000 cGy prior to 
co-culture with T cells. 

[0095} 7. Feeder PBMC's 

[0096] Pcripbcrn l blood mononuclear cells (PBMC) iso­
lated from the $tudy subjuct's marrow barvested by lcuka­
phercsis and transferred to CllB 3008 io a collection bag is 
used as au1ologous feeder ccUs. PBMC from the dc,nor's 
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apheresis product in excess of that quantity needed for 
establishing T cell cultures is cyropreserved in ampules 
containing 50x106-11M106 mononuclear cells in the CRB-
3008 liquid nitrogen tank. 

Example 5 

Generation of CDS' CTI_ Clones Genetically 
Modified to Express the CD19-specific scFvFc:1

Receptor and ElyTK 

[0097] 1. Peripheral Blood Lymphocytes—Collection and 
Separation 

[0098] Peripheral blood mononuclear cells (PBMC) are 
obtained from the study subject's designated marrow donor 
by leukapheresis at the City of Hope National Medical 
Center. The mononuclear cells are separated from heparin-
ized whole blood by centrifugation over clinical grade Ficoll
(Pharmacia, Uppsula, Sweden). PBMC are washed twice in 
sterile phosphate buffered saline (Irvine Scientific) and 
suspended in culture media consisting of RPM!, 10% heat 
inactivated FCS, and 4 mM L-glutamine. 

[0099] 2. Activation of PBMC 

[0100] T cells present in patient PBMC are polyclonally 
activated by addition to culture of Orthoclone OKT3 (30 
ng/ml). Cell cultures are then incubated in vented T75 tissue 
culture flasks in the study subject's designated incubator. 
Twenty-four hours after initiation of culture rhIL-2 is added 
at 15 U/ml. 

[0101] 3. Genetic Modification of Activated PBMC 

[0102] Three days after the initiation of culture PBMC are 
harvested, centrifuged, and resuspended in hypotonic elec-
troporalion buffer (Eppendorf) at 20x10° cells/ml. 25 pg of 
plasmid DNA together with 400 pl of cell suspension are 
added to a sterile 0.2 cm electroporation cuvette. Each 
cuveite is subjected to a single electrical pulse of 250V/40ps 
delivered by the Multiporator (Eppendorf) then incubated 
for ten minutes at room temperature. Following the RT 
incubation, cells arc harvested from cuvettes, pooled, and 
resuspended in phenol red-free culture media containing 25 
U/ml rhll -2. Flasks are placed in the patient's designated 
tissue culture incubator. Three days following clectropora-
tion hygromycin is added to cells at a final concentration of 
0.2 mg/ml. Electroporated PBMC are cultured for a total of 
14 days with media and IL-2 supplementation every 
48-hours. 

[0103] 4. Cloning of I lygromycin-Resistant T Cells 

[0104] The cloning of hygromycin-resistant CD8' cn. 
from electroporated OKT3-activated patient PBMC is initi-
ated on day 14 of culture. Cells expressing FvFc product are 
positively selected for using antibodies to Fab and Fc and/or 
Protein A-FlTC label using techniques well known in the art. 
Following incubation of electroporated cells with Fab and 
Fc antibody or Protein A-FITC, cells expressing the FvFc 
arc isolated by immunogenetic beads or colummns or fluo-
rescent activated cell sorting procedures. Viable patient 
PBMC are added to a mixture of 100x10' cyropreserved 
irradiated feeder PBMC and 20x10° irradiated TM-LCI_ in 
a volume of 200 ml of culture media containing 30 ng/ml 
OKT3 and SO U/m1rhIL-2. This mastermix is plated into ten 
96-well cloning plates with each well receiving 0.2 ml. 
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Plates arc wrapped in aluminum foil to decrease evaporative 
loss and placed in the patient's designated tissue culture 
incubator. On day 19 of culture each well receives hygro-
mycin for a final concentration of 0.2 mg/ml. Wells are 
inspected for cellular outgrowth by visualization on an 
inverted microscope at Day 30 and positive wells are 
marked for restimulation. 

[0105] 5. Expansion of Hygromycin-Resistant Clones 
with CD19 Re-Directed Cytotoxicity 

[0106] The contents of each cloning well with cell growth 
and cytolytic activity by screening chromium release assay 
are individually transferred to T25 flasks containing 50x106
irradiated PBMC, 10x10° irradiated LCL, and 30 ng/ml 
OKT3 in 2.5 mls of tissue culture media. On days 1, 3, 5, 7, 
9, 11, and 13 after restimulation flasks receive 50 U/ml 
rh1L-2 and 15 mls of fresh media. On day 5 of the stimu-
lation cycle flasks are also supplemented with hygomycin 
0.2 mg/ml. Fourteen days after seeding cells are harvested, 
counted, and restimulated in T75 flasks containing 150x10°
irradiated PBMC, 30x10° irradiated TM-LCL and 30 ng/ml 
OKT3 in 50 mls of tissue culture media. Flasks receive 
additions to culture of rhIl.-2 and hygromycin as outlined 
above. 

[0107] 6. Characterization of Hygromycin-Resistant CTL 
Clones 

[0108] a. Cell Surface Phenotype 

[0109] (TI. selected for expansion for use in therapy arc 
analyzed by immunolluorescence on a FAC'SCalibur housed 
in CRB-3006 using FITC-conjugated monoclonal antibodies 
WT/31 (all'I'CR). Lcu 2a (CD8), and OKT4 (CD4) to 
confirm the requisite phenotype of clones (ctflTelr. CD4- , 
and ("D81. Criteria for selection of clones for clinical use 
include uniform TCR ar, CD4", CDS* as compared to 
isotype control FITC-conjugated antibody. 

[0110] h. Chromosomal Integration of Plasmid 

[0111] A single site of plasmid vector chromosomal inte-
gration is confirmed by Southern blot analysis. DNA from 
genetically modified T cell clones is screened with a DNA 
probe specific for the plasmid vector. The Ilygro-specific 
DNA probe is the 420 basepair Mscl/Naell restriction frag-
ment isolated from CD19RR/Ily*TK-pMG. Probe DNA is 
12I' labeled using a random primer labeling kit (Boehringer 
Mannheim, Indianapolis, Ind.). T cell genomic DNA is 
isolated per standard technique. Ten micrograms of genomic 
DNA from T cell clones is digested overnight at 37° C. with 
40 units of Xbal and Hindill and then electrophoretically 
separated on a 0.85% agarose gel. DNA is then transferred 
to nylon filters (BioRad, Hercules, Calif.) using an alkaline 
capillary transfer method. Filters are hybridized overnight 
with the I lyTK-specific 32P-labeled probe in 0.5 M Na.2PO,„ 
pH 7.2, 7% SOS, containing 10 pg/mI salmon sperm DNA 
(Sigma) at 65° C. Filters are then washed four times in 40 
mM Na.PO4, pH 7.2. 1% SDS at 65° C. and then visualized 
using a phosphoimager (Molecular Dynamics, Sunnyvale, 
Calif.). Criteria for clone selection is a single unique band 
with the liygro probe. 
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apberes.is product in excess of that qua at ity oeeded for 
es1ablishing 'T cell cullures is cyroprcserved in ampules 
cootaininu 5Uixl06 -100x106 rnooonuclear cells in lbc CRB-
3008 liquid 111itrogen tank. 

Example 5 

Geneqttioo o[ CDS· Cn. Clones Genetically 
Modi.fled to Express lhe CD19-specific scFv('c:~ 

Receptor aod UyTK 

[0097) l. Pi!ripheral Blood Lymphocyl(:&-Co]lcctioa and 
Separation 

[0098) Peri1pheral blood mononuclear cells (PBM(j are 
obiained from 1be study subject's designated marrow doaor 
by leukaphere.'lis at the Cily of flope Nalional Medical 
Center. Tin: rnononuclear cells are separated from heparin­
izcd whole hl,m1d by ccnlril'ugalion over clinical grade Fie-011 
(Puarmacia, Uppsula, Sweden). PBMC :ire washed lwicc in 
sterile phosplrnte buffered saline (Irvine Scicnlific) and 
suspended in culture media consisting of RPM1, 10% heal 
inacUvaled FCS, and 4 mM J.....glutarnioc. 

[0099) 2. Activa1ion of PBMC 

[0100) T cc,lls preseal io patien1 Pl1MC are polydonaJly 
ac1ivatcd by addition lo culture of Orlhoclonc UKT3 (30 
og/ml). Cell cultures arc then incubated in vented 175 I i$sue 
culture llaski;, in ihe study subjec1 's cJcsigoated incubator. 
1wcoty-four hours after iniliatio11 of culture rhlL-2 is added 
at 25 U/ml. 

[0101] 3. Genetic Modification of Aclivatcd PBMC 

[0102) Thrt:e days afler the initialion c•f culture PBMC are 
harvested, centrifuged, and resuspt:nded in hypotonic dcc­
lrnporalion buffer (Eppendorl) al 20x10° cells/ml. 25 11g of 
plasmid DN/\ together wilh 400 pl of cell suspension are 
added lo a 1;tcrilc 0.2 cm clectrnporalion cuvctte. Each 
cuvelte is su~jectecJ to a single efoctrica I pul.se of 250V /40/c.s 
delivered by the M uJLiporator (Eppcndorl) 1 bcn incubatud 
for ten minutes at room temperature. Followiag the RT 
incubation, c,ells arc harvesled l:rom cuvettes, pooled, and 
resuspended iin phenol red-Cree culture media contajning 15 
U/ml rhlL-2. Flasks are placed in the patic.:nl's designntcd 
tissue cullure incubator. Three clays following clcctropora­
tion hygromycin is aJdt:d 10 cells at a final cooccntralion of 
U.2 mg/ml. Efoclroporatcd PBMC arc cultured for a 10tal of 
L 4 days wil.h media and LL-2 supplemcmation every 
48-hours. 

[0103) 4. Cloning or llygromycin-Resistant 1' Cells 

[0104] ll1e cloning of hygromycin-resistaol COS-'- CTI. 
from clcctroporatcd OKT3-activated patient PBMC i~ initi­
ated on d,1y 14 or culture. Cells expressing FvFc producr arc 
posiliVllly sch~clctl for usiag aotibodics to Fab and Fe and/or 
Protein /\-FITC label using techniques well known in the arc. 
.FoUowing irn;ubalioo of eluclroporaled cells with Fab and 
Fe antibody 1)r Protein /\-rlTC, cells expressing the PvFc 
are isolated by immuaogenetic beads or colummns or nuo­
rescent net ivated cell son ing procedures. Viable paticnl 
Pl1MC are added lo a mixture of 100xl0° cyropreserved 
irradiated feeder PBMC and 20xl0" irradiated TM-LCL io 
a volumc o[ 200 ml uf cullure media containing JO ngtml 
OK'J'.3 and 50 U/mt rbJL-2. This mastcrmix is plated ioto ten 
96-wcll donio_g plates witb each well receiving 0.2 ml. 
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Places arc wrapped in aluminum foil 10 decrease evaporalivc 
loss and plucecl in the patient's dcS:ignatcd tis.we c1ulturc 
incubator. On day 19 of culture each well receives hygro" 
mycio Cor a final com:enlration of 0.2 mg/ml. WeUls are 
inspected !"or cellular outgrowth by visualization cm an 
inverted microscope nl Day 30 and positiw wells are 
marked for restimulation. 

[OJOSJ 5. Expansion of 1-lygrrnnycin-Resistant C lones 
with CD19 Re-Directed Cytotoxicily 

[0106] Tbc contcors of each cloning well with cell g1rowtb 
and cytolyt ic activity hy scr.:ening chromium release assay 
are individually transferred 10 T25 llasks containing 50xl06 

im1diated PBMC, IOxlO" irradialcd LCL, and 30 Ing/ml 
OKTJ in 15 mis of tissue culture media. Oa days I, 3., 5, 7. 
9, Jl, and 13 after rcslimulalion llasks receive 50 U/ml 
rb lL-2 and 15 mis o[ fresh media. Oo day S of the stimu­
latioa cyclt: llasks 1LCe also suppJemenled with bygromycin 
0.2 mg/ml. Fm1rtecn days aI1er seeding cells are barv,ested, 
counted, and restimulatcd io T75 1lasks containing 150xl06 

irraclialtd PBMC, JOxlO" irradiated TM-LCL and 30 1ng/ml 
OKT3 in 50 mis or tissue cullure media. Flasks re.ceive 
addition~ to cuJture of rhll.-2 nod hygn,mycin as outlined 
above. 

[0107] 6. Charactcrizalioo of ITygromycin-Rcsistanl CTL 
Clones 

[0108) a. Cell Surface Phenotype 

[0109} CTI. selected for ~xpunsion for use in therapy n.rc 
analyzed by immunoJluorescence on a f-/\CSCatibur hQused 
in CRB-3006 using fo'ITC-co11jugatcd mnnoclonal antihodics 
W[/31 (afffCR). Leu 2a (CD8), and OKT4 (CD4) to 
confirm lbc requisite phcnolype of clones (ct~TCR+, CD4- , 
and CDS+). Criteria for selcr.:lion of cloacs for clinical use 
include uniforn1 TCR aw•. CD4-, CDS+ as compare<l to 
isotypc coatrol FITC-conjugatecl ,LOtibody. 

[0110) h. Chromosomal Integration of Plasmid 

[OlU] /\ single site of plasmid vcctc,r cb.romosom~I intc­
grntion is ccmlirmed hy Soulhern biol analysis. DNA from 
genetically moclificd T cell clooes is screened with a DNA 
probe specific for the plasmid vector. The Hygru-spocifk 
ONA probe is the 42CI basepair Mscl/Nael restriction frag­
ment isola1cd from CD I 9RR/l lyTK-pMG. Probe ON/\ is 
3"P labeled using a random primer labeling kit (Boeh,inger 
Mannheim, Indianapolis, Ind.). T cell geat1mic DN/\ is 
i.'lnlatcd per standard technique. Ten micrograms of genomic 
DNA from Tccll clones is dig1;s11:d overnight al 37° C. with 
40 unils of Xbal and Hindffi and then electrophorctically 
scparat1;d on a 0.85% agarosc gel. DNA is Lben transfcrreu 
lo nylon Ii hers (BioRad, llercules, CaJif.) u~ing an allcaline 
capillary transfer metbod. Filtcrs are hybridized overnight 
wilh lhe I lyTK-specitic 321'-labeled probe in 0.5 M Nu 2P00 , 

pll 7.2, 7% SOS, conlaining IO pg/ml salmon sperm DNA 
(Sigma) at 65° C. Filters are lhen washed four limes ia 40 
mM N½P0,1, pH 7.2, J% SDS at 65° C. aod 1hcn visualized 
using a phc1splwimag1:r (Molccu.lar Dynamics, Sunnyvale, 
Calif.). Criteria for clone selection is a single unique band 
with the llygro JJrobe. 
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[0112] c. Expression of the CD19-Specific scFvFc:t. 
Receptor 

[0113] Expression of the CD19R scFvFc:t receptor is 
determined by Western blot procedure in which chimeric 
receptor protein is detected with an anti-zeta antibody. 
Whole cell lysates of transfeded T cell clones are generated 
by lysis of 2x107 washed cells in I ml of RIPA buffer (PBS, 
1% NP40, 05% sodium deoxycholate, 0.1% SDS) contain-
ing 1 tablet/10 ml Complete Protease Inhibitor Cocktail 
(Boehringcr Mannheim). After an eighty minute incubation 
on ice, aliquots of centrifuged whole cell lysate supernatant 
are harvested and boiled in an equal volume of loading 
buffer under reducing conditions then subjected to SDS-
PAGE electrophoresis on a precast 12% acrylamide gel 
(BioRad). Following transfer to nitrocellulose, membranes 
are blocked in blotto solution containing 0.07 gm/ml non-fat 
dried milk for 2 hours. Membranes are washed in T-TBS 
(0.05% Tween 20 in Tris buffered saline pll 8.0) then 
incubated with primary mouse anti-human CD3t mono-
clonal antibody 8D3 (Pharmingen, San Diego, Calif.) at a 
concentration of 1 fig/ml for 2 hours. Following an addi-
tional four washes in T-TBS, membranes are incubated with 
a 1:500 dilution of goat anti-mouse IgG alkaline phos-
phatase-conjugated secondary antibody for 1 hour. Prior to 
developing, membranes are rinsed in T-TBS then developed 
with 30 ml of "AKP" solution (Promega, Madison, Wis.) per 
the manufacturer's instructions. Criteria for clone selection 
is the presence of a 66 kDa chimeric zeta band. 

[0114] d. Cytolytic Specificity for CD19# Leukemic Cells 
and Lack of Cytolytic Activity Against Recipient Fibroblasts 
Acitivity 

[0115] CD8* cytotoxic T cell clones expressing the 
CD19R scFvFc:t receptor recognize and lyse human CD19` 
leukemia target cells following interaction of the chimeric 
receptor with the cell surface target epitope in a 111A 
unrestricted fashion. The requirements for target cell CD19 
expression and class I MIIC independent recognition were 
confirmed by assaying several CD8'. CD4", 
CD19R' CM clones against a panel of MIIC-mismatched 
human leukemia cell lines (SupB15,1M-1, and 1873 CRI. ) 
as well as the CD19" line K562 (a CD19-negative. NK-
sensitive target) and recipient fibroblasts. T cell effectors are 
assayed 12-14 days following stimulation with OKT3. 
Effectors arc harvested, washed, and resuspended in assay 
media; 2.5x105, 1.25x105, 0.25x105. and 0.05x105 effectors 
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are plated in triplicate at 37° C. for 4 hours with 5x101 target 
cells in V-bottom microtiter plates (Costar. Cambridge, 
Mass.). After centrifugation and incubation, 100 itL aliquots 
of cell-free supernatant is harvested and counted. Percent 
specific cytolysis is calculated as follows: 

!Experimental "Cr releaser —!control 51Cr release! 
(Maximum 'Cr5  release) — (control -1Cr release! 

x100 

[0116] Control wells contain target cells incubated in 
assay media. Maximum 51Cr release is determined by mea-
suring the s'er content of target cells lysed with 2% SDS. 
Criteria for clone selection is >50% specific lysis of both 
neumblastoma targets at an effector:target ratio of 25:1 and 
less than 10% specific lysis of K562 and fibroblasts at an E:T 
ratio of 5:1. 

Example 6 

Microbiologic Surveillance of T Cell Cultures 

[0117] Aliquots of media from the T cell cultures are 
screened by U.S.P. and fungal culture prior to cryopreser-
vation (Stage I Sterility Testing). Cultures with evident 
contamination are immediately discarded. T cell expansions 
for re-infusion have U.S.P. and fungal cultures sent 48-hrs 
prior to use (Stage ll Sterility Testing). To detect myco-
plasma contamination, aliquots arc assayed using the Gen-
Probe test kit (San Diego, Calif.) prior to cryopreservation 
(Stage 1) and cultures with mycoplasma contamination dis-
carded. Within 49-hrs of re-infusion cultures are re-screened 
as detailed above (Stage II). Prior to cell washing on the day 
of re-infusion Gram stains arc conducted on each bag to 
exclude overt contamination and endotoxin levels deter-
mined by LAI. arc determined on the washed cell product. 
An endotoxin burden of <5 IiU/kg burden of cndotoxin is 
allowed. Washed T cell clones are also cyropreserved in case 
archival specimens are needed. 

Example 7 

Quality Control Criteria for Release of Clones for 
Re-Infusion 

[0118] The criteria set forth in Table I must be met prior 
to release of I cells for re-infusion. 

TA131,E 1 

Test for: 

Criteria for Release of Clones 

Release Criteria: Testing Method: 

Viability of Clinical Preparation 
Cell-Surface Phenotype 

Wetor Integration Number 

scFvfc: Expression 

CD tg-Spetific Anti-Leukemia 
Cytolytie 
Activity 

Uniformly TCR0./0', 
CDC, CDR' 
Single band 

66-kD Band 

>50% Specific Lysis nt Efr 
Ratio of 25:1 Against SUP-B19 
and JM-1 and <bre SL against 
K562 and fibres at an E:T of 
5:1. 

Dynan blue exclusion 
Flow cytornetric evaluation with 
isotype controls. 
Southern Blot with Ilygro-
Specific Probe 
Western Blot with human Zeta-
Specific Primary Antibody 
4 hr-Chromium Release Assay 
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[0112] c. Expression of tbo CDJ.9-Specifk scFvFd;, 
Receptor 

[0113] Expression of the C'Dl9R scFvI~c:l; receptor is 
determined by Western biol procedure in whicb chirntiric 
recep!Or prott:in is detected with an anti-zeta antibody. 
Wbolll cell lysattis of lransfocted T cell clones are g.;neraled 
by lysis of' 2x 107 washed cells in I ml of RI PA bulfor (PilS, 
1 % NP40, 0.5% sodium deoxycholalc, 0.1 % SOS) conlain­
ing l lahlct/10 ml Complete Protease lnbibilClr Cncktu.il 
(Boehringer Manobtiirn). After an eighty rnmuh.:. im.:ubation 
on ice. aUquo,L,; of centrifuged whole cell lysate supernatant 
are barvestcdl und boiltJd in an equal volume of loading 
huift:r under reducing condition~ then suhjectucl to SIJS­
P/\GE electmphorcsis on a precust 11% acrylamide gel 
(BioRnd). Pollowing transfer t0 ni1ro1;ellulosc, membranes 
are blocked in blotto solution containing 0.07 gm/ml non-fat 
dried milk for 1 hours. Mcmbrane.s aro washed in T-TBS 
(0.05% Twcun 20 in Tri:, buffered s,1linc pH 8.0) then 
incubated wi1b primary mouse aoti-buma□ CD3l; mono­
clonal antibo,dy 8D3 (Pbarrningen, Sati Diego, Calif.) al a 
conceotratioo of l pg/ml li.lf 2 bours. Following itn atldi­
Lional four w.isbes in ·1~TBS, membranes are inC\Jbntcd with 
a 1:500 di lu lion of goat anti-mouse lgG al.k;iline pbos­
phatnse-conju1gatccl secondary antihody for I hour. Prior 10 
developing, membranes are rinsed in T-TBS then developed 
wilb 30 ml o( "AKP" solut ion (Promega, Madison, Wis.) per 
tJ1e manufacuu.rer's instructions. Criteria for clone selection 
is 1be presence or a 66 kDa chimeric zcla hand. 

[Oll4) cl. C;ytolytic Specificity for CDl 9+ L(:ukemic ('ells 
aocl Lack of Cytolytil: Activity Against Rucipient Fibroblasts 
Aci1ivi1y 

[0115] CDS:" cytotoxic T cell clones expreS$ing the 
CD! 9R scfvFc:l; receptor recognize and lyse human CDJ9+ 
leukemia target cells following intcraclion of the chimeric 
receptor with the cell surface target llpilope in a IH.A 
uorestricled fasbioo. Tbc requirements for target cell CD l9 
expression and ch1ss I MIIC iodependc□ l reoogoition were 
contitmcd by assaying, several et~TCir. CD8 ... , CD4-, 
CD19R~ CTL clones against a panel ol' MIIC-mismatcbtJcl 
bllman leukemia cell Llnes (SupBlS, JM-1, and 1873 CRL ) 
as well as Lile CDJ 9- line Ki62 (n CDJ 9-oegativc, NK­
sensilivc 1arg1::t) and rccipienl fibroblasts. T ceU cifoc1ors are 
a~-;aycd 12-14 days following stimulution with OKT3. 
f![ectors are barvestt:<l, washed. and rcsu~pended in a:;say 
media; 25xl (,S, l.25x I 05, 0 .25x105• and 0.05xHt5 effectors 

Test fo,: 

l J 
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aru platt:<l in triplicate al 37° C. for 4 hours witb 5x103 target 
cells in V-bollom microlilcr plates (Costar. Camh:ridgc. 
Mass.) . After ccnlrifugatioo and im:ubation, LOO pL aliq1101s 
of ceU-Free supernatant is baivesled and counted. Purcent 
specific cytolysis is calcuJaled as follows: 

tExperim~nrnl ' 1Cr rekasel - lcon1rol 51Cr ,-cleaseJ 
!Maximum "Ct relea.el -tcon1rol 51Cr releas<I >< JOO 

(Oll6] Control well<; contain target cells incubut,cd in 
ll!iSa)' media. Maximum 5 1C_r rcleaSe is determined by mea­
suring the SJCr cooknt of target ct:lls lysed with 2% SOS. 
Criteria for clone selection is >50% specific lysis of' botb 
neurnblastoma targets nt an cOector:target ratio of 25: I and 
less than I 0% specific lysis of K562 and tibrnblasts al an E:T 
ratio or 5: l. 

Microbiologic Suivcillancc of T Cell Cull1trcs 

[0117] Aliquots of media l'rom the T cell cu llures are 
screenet.l by U.S.P. and fungal culture prior lo cryopre~r­
vation (Stage T Sterility Testing). Cultures with evident 
contamination arc immediately discarded, T cell expansions 
for re-infusion bavc U.S.P. anJ fllngal cultures s.:nf ~18-hrs 
prior 10 use (Stage II Stt:dlity Testing). 'lb detect coyco­
plasma co01aminatinn, aliquots arc assayed using the Geo­
Probe rest kit (San Diego, Calif.) prior to cryopreservatiun 
(Stage I) and cultures with mycoplasma cootamiaatioin dis­
carded. Within 49-hrs of re-infusion cultures are re-scmeoed 
as detai led above (Stage rl ). Prior to cell wa.~hing on lhe clay 
ot' re-infusion Gram stains are conducted on each bag tc1 
exclude overt contamination aocl cnclotoxin levels dcler­
minod by LAL arc determined on lhc washed cell product. 
An codotoxin burden of <5 EU/kg burden o[ cndotm<lo is 
allowed. Washed T cell clones are also cyroprcservcd in case 
an.:biv:1I spucimons are need~cl. 

Example 7 

QunJi ty Conlrol Crileria for R.ilcasc of Clones for 
Rt:- lnl'usion 

[0118] Tbo criloria set forth in Table J must be rncl prior 
10 release of T coils for re-infusion. 

TABLtl 

Criteria tor Kcl<:ase of Clones 

Testing Melhod: 

Viability of Clinic,,! Nepotntion 
Cell-Surface Phenotype 

>YU% 
UttifN mJy T<'R1.1Jtl' 
C04', C'™' 

'li'yPan blue <Xdt1sion 
Plow cytomolri~ ev~luation with 
isntypc controls. 

Vecmr lntegrntion Nnmhcr 

~c-Fvfc: t. Expression 

CDIQ..Spedfic An\i-Lctlkcmiu 
CytoJytie 
AetiviJy 

Sil\gle t,an<l 

66·:I.D Bond 

>SO% ~pccific LY!'i.~ nt E!'l' 
Rutio of :lS':11\ gninst SUP-BJQ 
and JM•J and <10•.'; Si aguinsl 
K.56'.' and tibroo ul an ll:T of 

5:1. 

Sout~crn mot " "lh Hygro­
Specilic l'rohe 
Western Biol with ltum~n l.eta­
SpeciHc Primary Anlibody 
4 hr-Chromium Rcicnst N l<lY 
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TABLE I -cont inued 

Criteria for Release of Clones 

Test for: Release Criteria: resting Method: 

Sterility All Stage l 
cultures neg at 21 days days. 
Mycoplasma neg at time of 
cyropreservation and within 
48 Ms of each infusion. 
Plulototh level 5 EL!kg in 
washed cell preparation. Gram 
stain negative on day of re-
infusion. 

Bacterial/funpl by routine 
clinical specimen culture. 
Mycoplasma by Gene-Probe 
RIA. 
Endotoxin by 1AL. 
Gram stain by clinical 
microbiology lab. 

Example 8 

Quantitative PCR For T Cell Persistence In Vivo 

[0119] The duration of in vivo persistence of scFvFc:V 
CDS* CIT_ clones in the circulation is determined by quan-
titative PCR (Q-PCR) utilizing the recently developed Tag-
Man fluorogenic 5' nuclease reaction. Q-PCR analysis is 
performed by the Cellular and Molecular Correlative Core 
on genomic DNA extracted from study subject PBMC 
obtained prior to and on days +1 and +7 following each T 
cell infusion. Following the third infusion PBMC are also 
sampled on day +14, +21, +51 (Day +100 following stem 
cell rescue). Should any study subject have detectable gene-
modified T cells on day +100, arrangements arc made to 
re-evaluate the patient monthly until the signal is undetect-
able. Published data from Riddell et al. has determined that 
adoptively transferred T cells are detected in the peripheral 
blood of study subjects one day following a cell dose of 
5x1.0 cells/M2 at a frequency of 1-3 cells/1(X) PBMC, thus 
the doses of cells for this study will result in a readily 
detectable signal (70). DNA is extracted from PBMC using 
the Qiagen QiAmp kit. The primers used to detect the 
seFvFc: gene are 5'llcFc (5'-'1'CITCCTCTACACAG-
CAAG CfCACCGTGG-3; SEQ iD NO:3) and 311uZeta 
(5'-GAGGGITCTICMCMG GCrITC-3'; SEQ ID 
NO:4) and amplify a 360 basepair fragment spanning the 
Fc-CD4-TM-zeta sequence fusion site. The TaqMan hybrid-
ization probe is FAM-5ITCACIrTGAA GAAGArGC-
CTAGCC3.-TAMRA (SEQ ID NO:5). A standard curve is 
generated from genomic DNA isolated from a T cell clone 
with a single copy of integrated plasmid spiked into unmodi-
fied T cells at frequencies of 10', 10', 10-5, and 
10-5. A control primer/probe set specific for the human 
beta-globin gene is used to generate a standard curve for cell 
number and permits the calculation of the frequency of 
genetically modified clone in a PBMC sample. The beta-
globin amplimers are as follows: Pco3 (5'-ACACAACIGT-
GTIVACTAGC-3; SEQ ID NO:6), GII (5'-GRITCCIT 
AAACCMTCTTG-3; SEQ ID NO:7) and the 'ragman 
probe is HEX-5'ACCTGACTCCTGAGG AGAAGTCT3.-
TAMRA (SEQ m NO:8). All patients will have persistence 
data and immune response data to the scFvFc:t and HyTK 
genes compared to determine if limited persistence can be 
attributed to the development of an immune response to 
gene-modified T cells. 

Example 9 

Pilot Phase I Study 

[0120] 1. Staging Criteria and Patient Eligibility 

[0121] a. Staging Criteria 

[0122] Prior to Study Enrollment 

[0123] lmmunohistopathologically confirmed CD19' 
ALL. 

[0124] Molecularly confirmed Ph* ALL (Cohort 2) 

[0125] Bone marrow aspirate and biopsy. 

[0126] Lumbar puncture. 

[0127] CT scan Chest/AHD/Pelvis. 

[0128] After Study Enrollment 

[0129] Donor Lizukapheresis 

[0130] Study Subject Skin Biopsy to Establish Fibroblast 
Cell Line 

[0131] b. Patient Eligibility 

[0132] Patient Inclusion Criteria 

[0133] Relapsed CD19+ ALL following HLA-matched 
related donor BMT (Cohort 1). 

[0134] History of Ph' CD19' ALL for which an Ill A-
matched allogeneic bone marrow transplant is indicated 
(Cohort 2). 

[0135] Male or female subjects months of age and 
65 years of age. 

[0136] Consenting related donor [ILA-phenotypically 
identical with the patient for IILA-A, and -13 and identical 
for DRB 1 alleles. Matching assessed minimally by serology 
for Class I and DNA typing for Class II antigens. 

[0137] Patients with adequate organ function as measured 
by: 

[0138] Cardiac: Asymptomatic or, if symptomatic. 
then left ventricular ejection fraction at rest must be 
-I:50% or within normal range for COIL 

[0139] Hepatic: SGOT within 5x normal range and 
total hilirubin <5x normal range. 

[0140] Renal: Serum creatinine within 1.5x normal 
range or creatinine clearance 60 ml/min. 
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TABLE 1-conllnued 

Criteria for Release o f Cloues 

fesl fot: Release Criteria: Testing Me1bod: 

Sterili1y Ali Srnge I L.S.P./fuugnl 
cultules neg"' :n days days. 
Mycoplasmn neg •L lime of 
cyroptes.erv:1tiou and within 
48 hrs of ,rnch infusion. 
llndoto:cin lwcl <5 E.L/kg in 
washed c~lt preparalion.. Gmm 
stain ncguii,.,e: ('In d;i.y of rc­
iniusion. 

Bac1crinJ/fuogal hy routiu• 
clinkol Npecimea culture. 
Mycaplnsos1 hy Gene-Probe 
ll!A. 
&dotoxio bv I.AL 
Gram sloio by dini,,d 
mi,·robiology lob. 

Example 8 

Quantitative PCR For T Cd! Persis1ence In Vivo 

[Oll9) The duratioo ot' in vivo persislencc of scFvFd;; 
CD8+ CTL clones in ihe cirt:ulatioa is determined by qu1w­
Lita1ive PCR (Q-PCR) ulilizing the rccenlly developed ' l'aq­
Man fluorogcnic 5' auc.:leasc roactioa. Q-PCR analysis is 
performed by· the Cellular and Molecular Correlative Core 
o□ genomic DNA extracted from study subject P8MC 
obtained priM to and oo days +l and + 7 following each T 
cell infusion. Following the third infusion PBMC are also 
sampled on clay +14, +21, +51 (Day +100 following stem 
c.:U rnscue). Should any study subject have dett.!Clable geoe• 
moclilietl T cells on day +100. arrang.:merus an: mad.: to 
rc:-evaluatc 1.bte patien1 lllOnthly until tb.: signal ~s uncl.:tec1-
able. Puhlishcid data from Ridtlell et al. has determin.:d that 
adoptively transferred T cells are detected in the peripheral 
blood of study subjects one day following a cell dose of 
Sx Io' cclli;/m2 al a frequency of 1-'.\ cclls/ lOO PBMC, thus 
lbe doses of cells for lb.is study will rt:sull i.n a readily 
detectable signal (70). DNA is extracted from PBMC using 
the Qiagc□ QiAmp kil. Thu primers used Lo detccl 1be 
scFvrc:l;, gene are 5'1 lcFc (5'-TC'ITCCTCJi\CACAG­
CMCi CTCACCGTOCi-3'; SBQ JO N0:3) and 3'1luZcta 
(5'-<,NiC~GlTCITCCITCTCC. OCfTTC-3'; SEQ ID 
N0:4) and amplify a 360 basepair fragment spanning the 
Fc-C04-TM-zelo seq11cncc flision si1e. The TaqMao hybrid­
ization probe:: is FAM-5'Tl'CACTCTGM GMGATGC­
C1'AGCC3'-TAMRA (SEQ JD N0:5). A standard curv.: is 
generated [mm genomic DNA isolated frolll a T C\lll clone 
with a singlo copy of integrated plasmid spiked into unmodi­
fied T cells ;11 frequencies o[ 10-:1. I0-3, 10-4. 10-5 , aatl 
10-0

• A control pr1mer/prob1: sci specific for lhe human 
beta-globin g,~111.: is used to gi;nerate a standard curw for cdl 
number and permits lhc calculation of lhe frequency of' 
gcn1:ticaUy rt1odified clone in a PBMC sample, The bcta­
globin amplirners are as follows: Pco3 (5'-ACACAAC f G1~ 
Grl'CAC:rAiGC-3'; SEQ ID N0:6), GU (5'-GTCfC(.TJ' 
AAACCl'GTCT'TG-3'; SEQ ID N0:7) and the Taqman 
probe is I IEX-5'ACCTGACrCC'TGAGG AGAA0T(T3'­
TAMRA (SEIQ m N0:8). N I pnlicnts will have persis1ence 
da1a and immuac response dala lo lbe scFvFc:~ aad HyTK 
genes compairetl to detenniac if limited persislencc can be 
allributccl to lbe dcvclopmcal of aa immune r~poose to 
geoe-motlifled T cells. 

Example 9 

Pilo1 Phase 1 Study 

[0120) 1. Staging Criteria ;ind Pat ient Eligibility 

[01.21] a. S1aging Criteria 

[01.22] Prior lo Study Enrollmcol 

[0123) lmmuoohistopathologically confirmed C D 19.,. 
ALL. 

(0124) Mol1:cularly confirmed Pb+ ALL (Cobott 2) 

[0125] Bone marrow aspirate and biopsy. 

[0'126) Lumbar punctu1c. 

[11127) CT scan Chest/ABO/ Pelvis. 

[0128] After Study Enrollment 

[0129) Donor Leukapheresis 

[01.30) Study Subject Skin Biopsy 10 Est.ibUsb Fibnlblast 
Cell Linc 

[0131] b. Patieal Eligibility 

[0132) Patient loclusion Crite ria 

[0133] Rt:lapsed CD19+ ALL foliowi.ng HLA-matcbed 
rel~led donor UMT (Coborl I). 

[0134] llistory of Ph+ CDt9+ ALL ror wbich an 1111..J\­
matched allogeocic bone marrow transplant is indj,cated 
(Cohort 2). 

[0135] Male or fo1Uale subjects ~12 months of a&~ 11ntl 
;§65 years of age. 

[0136] Consenting related doncir IILA-phenotypically 
ickntical wilh tht paticn1 for m..A-A, and -13 anti identical 
for DRB 1 ;11lelcs. Ma1ching assessed minimally by scmlogy 
tor Class 1 and DNA typing for Class II antigens. 

[0137] PutictJts with adcqu~to orgatJ fuuctiotJ as measured 
by: 

[0138) Cardiac: Asymptonmtic or, if symp1omatic. 
lben kfl ventricular cjcclioo fraction al rei;t must he 
s 50% or within normal raage for COi I. 

[0139) llepatic: SGOT wi1hin Sx oorm~l raog,e and 
totaJ bilirubin <Sx normal range. 

(0140] Renal: Scn1m creatinine within l.5x oonnal 
range or cren t'inioe clearance 60 ml/min. 
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[0141] Pulmonary: DLCO >45% of predicted (cor-
rected for hemoglobin) or within normal range for 
Colt 

[0142] Adequate performance status 70% (Karnofsky-age 
>18yrs, Lansky ≤l8yrs of age). 

[0143] Written informed consent from patient and donor 
conforming to COF1 guidelines obtained from donor and 
patient or patient & parent/legal guardian age ( 7yrs) 

[0144] Life expectancy >8 weeks and absence of co-
existing medical/psychological problems which would sig-
nificantly increase the risk of the transplant procedure and T 
cell re-infusions based on the judgement of the study chair-
person. 

[0145] Availability of patient for peripheral blood sample 
drawing for study teas following transplantation as outlined 
in Appendix C. 

[0146] Patient Exclusion Criteria 

[0147] Prior autologous or allogeneic bone marrow or 
PBSC transplant (Cohort 2). 

[0148] Patients who cannot complete total body irradia-
tion dose requirements due to prior radiation treatment 
(Cohort 2). 

[0149] Female patients who arc pregnant or breast feed-
ing. 

[0150] Positive serology for HIV. 

[0151] Active infection requiring intravenous treatment 
with anti-fungal, anti-bacterial or antiviral agents within two 
weeks prior to conditioning with the exception of coagulase 
negative staphylococcal line infection (Cohort?). 

[0152] Failure to understand the basic elements of the 
protocol and/or the risks/benefits of participating in this 
phase 1 study (Children ?....7-yrs as well as parent/legal 
guardian as determined by performance on a questionnaire 
administered prior to consent signing). 

[0153] Donor Selection 

[0154] Willingness to undergo leukapheresis for PBMC 
collection. 

[0155] 2. Study Design and Rules for Dose Escalation 

[0156] The pilot Phase I study is an open-label, nonran-
domized study. In this study patients either who suffer a 
relapse of their CD19* ALL following I3MT (Cohort I) or 
who experience a molecular post-transplant relapse of their 
Ph' CD! 9" ALL receive donor-derived CD191rHyTIC 
CDS* CTL clones. T cell clones arc generated from a 
leukapheresis product obtained from the patient's HLA-
matched related marrow donor. For patients enrolled into 
Cohort 2, clones are cryoprcserved until such time that the 
research participant is diagnosed with a molecular relapse 
based on a positive and confirmatory PCR result for bcr-abl. 
Each research participant in each cohort receives a series of 
three escalating cell dose T cell infusions at two-week 
intervals beginning as soon as clones are available (typically 
by the 14th day following the diagnosis of molecular relapse 
in cohort 2, and as soon as clones are ready in cohort 1). 
Those research subjects on immunosuppressive medications 
for GVHD prophylaxis/treatment arc first tapered off corti-
costeroids and have no more than grade 2 AGVHD prior to 
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commencing with T cell administrations. The first cell dose 
is 1x109 cells/m=, the second 5x10° cells/m2, and the third 
5x10 cells/in' with IL-2. Patients without significant toxic-
ity attributed to the T cell infusions and who have grade 
2 GVHD receive low-dose s.c. rhtL-2 for 14 days with the 
third T cell dose. Patients are evaluated prior to and weekly 
after the first infusion for a period of two months after which 
time, patients are evaluated monthly for an additional six 
months. Peripheral blood is drawn at specific times during 
the study to assay for the in vivo persistence of the trans-
ferred CTL clones and the induction of anti-scFvFc:t and 
HyTK immune responses. Anti-tumor responses are 
assessed by changes in the molecular tumor burden by serial 
Q-PCR for their leukemia-specific marker or bcr-abl, and, 
by standard morphologic, flow cytometric, and chimerism 
studies for ALL. The patient's primary Hematologist or 
pediatric oncologist manages the non-study specific aspects 
of their patient's medical management throughout the dura-
tion of the study and indefinitely thereafter. 

[0157] 3. Treatment Plan 

[0158] a. Schedule of Administration of CDI9R:zzte. 
CDS' T Cell Clones 

[0159] The phase I pilot study determines the safety and 
toxicity of intravenously infused donor-derived CM* CTL 
clones genetically modified to express the CD I 9R scfvFc: 
chimeric immunoreceptor and the selection/suicide gene 
ilyTIC. A series of three escalating cell dose infusions (Table 
2) are administered at two-week intervals to research par-
ticipants who demonstrate a post-transplant molecular 
relapse. T cell infusions commence at the earliest time of 
their availability (Cohort 1), or after documentation of a 
molecular leukemic relapse (Cohort 2) provided that 
research participants have tapered off steroids and have no 
more than grade 2 acute graft-versus-host disease. I .ow-close 
subcutaneously administered IL-2 is given after the third 1' 
cell infusion to support the in vivo persistence of transferred 
C11.. IL-2 administration begins 24-hrs following adoptive 
transfer of T cell clones and continue for 14 days provided 
that no grade 3-4 toxicity (see below) is observed with the 
administration of the first two 'F cell doses and that AGVI ID 
is ..r.1 grade 2. 

TABLE 2 

CD19II'llyTK'. CDR' Cytotoxic 
'I' Cell Administration Schedule 

Protocol 
Cell Dace Day Cell Dose 

It 
lit 

0 1 x 109 cells/rn' BSA 
+14 5 x 10' cells/rn' BSA 
+2S 5 x 10' cells/In BSA 

with s.c. 11-2 (5 x 10* 17/m2/dose q 12-hrsi 

[0160] Each infusion consists of a composite of up to live 
I cell clones to achieve the cell dose under study. 

[0161] Study subjects who have B cell engraftment at the 
time relapse is detected with CD20.  cells accounting for 
>10% of lymphocytes in the circulation receive a single dose 
(250 mg/m2) of Rituximab (chimeric anti-CD20 antibody) 
one week prior to the first T cell infusion. 

[0162] On the day of infusion. 'I' cell clones expanded in 
CRB-3008 are aseptically processed per standard technique 
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[0141] Pulmonary: DLC'O >45% of prediclcd (cor­
rcc1ed for hem'lglobin) or within normal range for 
COH. 

[0142) Ade,4uate pcrformaacc status 70% (Karaofsky-ago 
>JSyrs. Lanslky ~ t8yrs of' age). 

[0143) Written informed consent from patient a(J(J donor 
conformio!!, to COi I guide lines obtained from donor and 
pntieot or patient & parcal/lega.l gunn.Jiaa age (?;7yrs) 

[0144] Lile expectancy >8 weeks nod absence of co­
existing mcdiical/psychological problems which would sig­
ni.llcaotly incteiise the risk of Lhe Lraosplaot procedure and T 
cell rc-iofosic,ns based oo the juclgcmcot of the study cbair­
pCrSl.m. 

[0145] /\vaiilability of patient for pt:ripbcrnl blood sample 
drawing for study tesL5 following transplantation as outlined 
ia Appendix C. 

(0146] P~tient Exclusioll Criteria 

[0147) Prior auto.logous or aUogeneic bone marrow or 
PBSC m1nspllnnt (Collon 2). 

(0148] Pati1:nts who c:U1JJol complete total body irradia­
tion uoS(; requirenwats due lo prior radiatioa treatment 
(Cohort 2). 

[0149) Female patients wbo arc pregnant or breast feed­
ing. 

[0150] Posi1ivc serolugy for !UV. 

[0151) Aclivc ia(cc1ion requiring inlraVCliu\ls 1n:a1mea1 
with anli-f-ungal, anti-bacterial or anliviral agents within two 
weeks prior 10 conditioning with the exception of ~oagulase 
negative slaphylococcal line infoclion (C'ohort2). 

(0152) Failure to understand lhe ha.'lic clements of the 
protocol ;md/or \be risks/bondits uf purlicipaling in this 
phase I s1udy (Children ~ 7-yrs as welJ as parco1/ legal 
guardian as dlclermi.ncd by pcrformnncc oa a queslionm1ire 
adrnia.istorod prior 10 consent signing). 

[Ol53] Donor St:leclion 

(0154] Willingness 10 undergo leukapheresis for PBMC 
collcclion. 

[0155) 2. Study Desiga and Rules for Dose Escalation 

[0156) The pilot Pbasc l study is an tipc.a-lahel, nonrao• 
domizccl study. la this study patients eilht:r who suffer a 
relapse of their CDJ 9 .... ALL following HMT (Cohort I) or 
who t:xperieoce a molecular posl-transplaat relapse of rheir 
Ph ... CDJ 9 .... /\LL receive donor-derived CDJ 9R" .. HyTK. 
cos• CTL dones. T cell clones are generated t'rom a 
leukaphercsis product oblaincd from lhc patfont 's HLA­
matched rehncd marrow donor. For patienL~ enrolled inro 
Coborl 2. clones arc cryoprcservccl uatil such lime Jbal tbc 
resca.rch par~icipaot is diagooscd witb 11 molecular relapse 
based on a posiliw and confirmatory PCR result for bcr-;1bl. 
Encb research parlicipnnr ia each cohort receives a series of 
three escalaiiing ceU dose T ccU i.nJusions at 1wo-week 
iolcrval.s hcgi nning as soon as clones are available (lypically 
by lbe 14th day following lbe dingnosL~ of molecular relapse 
in cohort 2, and as soon as clones arc ready in cobort I). 
Those rcsei1rd1 subjects on imrnunosuppressiw medications 
for GVHD propbylaxis/trea1mcnl arc first tapcred off corti­
costeroids and have no mort: than gradc 2 /\GVHD prior to 
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commeociog wilh T coll administrations. Tbc 1irs1 cell. dose 
is lx109 cclls/m=, the second 5x!fJ9 cclls/m:,.. and rhe third 
SxlO' cells/m1 wi11J IL-2. Pation1s without siga.ilicant ltoxic­
ity atlrilnllod to !he T cell infusions aod whn have :§grade 
:? GVHD receive low-dose s.c. rWL-2 for 14 days wiilb tbe 
third T cell dose. Palillnls an: evaluated prior 10 ;md weekly 
after tbe first infusion for a period or two months after which 
time, patients arc evalualed moothly for an adclitioa.al six 
months. Peripheral blood is drawn al specific times during 
the study lo assay for the i_n vivo pcrsistcocc of the trans­
forred CTL cloocs aod tbe induction of anti-scl7vf.c:i~ nnd 
lly'fK immune responses. Aoti-tumor responses. are 
assessed hy changes in the molecular tumor burdea by serial 
Q-PCR fo r their leukemia-specific marker {ir bcr-abl., and, 
by standard morphologic, llow cytometric, aad chimcrism 
S!Udfos for AU,. The:: patienl'S primary Hematologist or 
pediatric unco'logisl manages the non-sludy specific as;pccts 
nf their patient ·s medical managemenl 1hroughou1 the du m­
t ion of tbe sludy and indefinitely thcrcaf'lcr. 

(0157) 3. Treatment Plan 

[0158] a. Schedule or Administration of CD l<JR:wta·, 
CD8 .... T Cell Clooe:; 

[0159) The phase I pilot s111cly delennines the safety and 
toxicity or inlravtoou.~ly infused tlonor-tlcrived CDS~ CTI... 
clones gcoetically modified to express tht: CD I 9R sd7vf:c:~ 
chimuric immunorcccplor and 1hc selecrion/saicidc gene 
TlyTK. A series of three escalating cell dose infusions (Tnblc 
2) 3rc administered at two-week intervals to research par­
ticipants who dt:moastrate a post-traasplaot mol(:cular 
rulapse. T cell infusions commence at the earliest tune of 
their availabitiry (Cohort l). or a(ter documentation of a 
molecular leukemic relapse (Cohort 2) provided that 
research panicipants have lapercd off sreroids and ha've no 
more than gradt 1 acute gral't-versus-host disease. T .ow-close 
subcutaneously administorcd TL-2 is given after the third T 
t:cll infusion to support 1be in vivo p11rsis1ence of transferred 
crL. IL-2 aclmiais1ra1ioa bcgius 24-brs following adoptive 
transfer of T ceU clones :rnd cootiuue for 14 d11ys provided 
that oo grade 3-4 toxici ty (see below) is observed winb tbc 
administration of the first two T cell doses !lfld that i\G YI II) 
is ~grade 2. 

TABLE2 

CDl9R' llyTI<' . CDS ' Cytotoxic 
r Cell Administmtion Schedule 

Protoool 
Cell Dose Dny CeU Dost 

I I) I x 10• cdls!m" BSA 
LI +14 5" 10• ,·ellslm" BSA 
Ill +2S 5 >i 10" ~;;llsfm' BSA 

with .,.c. LL·2 (5 x 10• U/m2/do.c q 12-hisl 

[0160] Each iniusion coosisls oI a composite of up 10 fiw 
T celJ clones lo achieve the coll dose under study. 

[0161] Study subjects who have n eell engraflment at lbe 
time relapse is detectt!J with CD2Cr• celLs accountirng for 
> LO% of lymphocytes in 1hc drculalion receive a si11gl<: close 
(250 mg/m~) or RittLximnb (chimeric anti-CD20 antibody) 
ooc week prior to the first T cell infusion. 

[0162] On the clay o r infusion. T cell clones expanded io 
CRB-3008 are aseptically prm:cssed per standard tedrnique 
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on a CS-30(X) blood separation device for cell washing and 
concentrating. Processed celLs arc resuspended in 100 ml of 
0.9% NaCI with 2%• human serum albumin in a bag for 
suitable for clinical re-infusion. 

[0163] Study subjects are admitted to the GCRC at 
COHNMC for their T cell infusions and are discharged no 
sooner than 23 hours following their infusion provided that 
no toxicities are observed. Otherwise patients remain hos-
pitalized until resolution of any infusion-related toxicity 
deemed to pose a significant risk to the study subject as an 
outpatient. 

[0164] T cells are infused intravenously over 30 minutes 
through a central line if available, if not an age appropriate 
sized 1.V. catheter is inserted into a peripheral vein. The I.V. 
tubing does not have a filter to avoid trapping of cells. The 
infusion bag is gently mixed every 5 minutes during the 
infusion. 

[0165] The doctor or his representative is present during 
the infusion and immediately available for 2 hours following 
the infusion. Nursing observation and care is employed 
throughout the patient's hospital stay. 

[0166] Subjects' oxygen saturation is measured by con-
tinuous pulse-oximetry beginning pre-infusion and continu-
ing for at least 2 hrs or until readings return to their 
pre-infusion baseline. 

[0167] Subjects experiencing transplant-related toxicities 
have their infusion schedule delayed until these toxicities 
have resolved. The specific toxicities warranting delay of T 
cell infusions include: 

[0168] (a) Pulmonary: Requirement for supplemental 
oxygen to keep saturation greater than 95% or pres-
ence of radiographic abnormalities on chest x-ray 
that arc progressive; (h) Cardiac: New cardiac 
arrhythmia not controlled with medical manage-
ment. Hypotension requiring pressor support; (c) 
Active Infection: Positive blood cultures for bacteria, 
fungus, or virus within 48-hours of day 0; (d) 
Hepatic: Serum total bilirubin, or transaminases 
more than 5x normal limit; (c) Renal: Scrum crea-
tininc >2.0 or if patient requires dialysis; (f) Neuro-
logic: Seizure activity within one week preceding 
day 0 or clinically detectable encephalopathy or new 
focal neurologic deficits; (g) I lematologic: Clinically 
evident bleeding diathesis or hemolysis. 

[0169] Patients having anti-tumor responses based on her-
abl Q-PCR but persistent residual disease following the third 
T cell dose may have additional cell doses (5x10° celLs/m2/ 
dose at 14 day intervals) with IL-2 (5x105 U/m' q 12-hrs) 
provided grade 3 or higher toxicity is encountered. 

[0170] h. lnterleukin-2 Administration 

[0171] Recombinant human iL-2 (rllulL-2, Proleulin, 
Chiron, Emeryville. Calif.) resuspended for s.c. injection by 
standard pharmacy guidelines is administered to study par-
ticipants provided that (I) no grade 3-4 toxicities are 
encountered at cell dose levels and (2) GVHD is not 
more than grade 2 off immunosuppressive medications. 
Based on previous experience in Seattle administering s.c. 
IL-2 to melanoma patients receiving adoptive T cell therapy 
the IL-2 dose is 5x105 q 12-hrs for 14 days beginning 
on the day of T cell re-infusion #3. 
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[0172] c. Management of liaxcities and Complications 

[0173] The management of mild transient symptoms such 
as have been observed with LAIC, T1L, and T cell clone 
infusions symptoms is as follows. (1) All patients are 
pre-medicated with 15 mg/kg of acetaminophen p.o. (max. 
650 mg.) and diphenhydramine 1 mg/kg I.V. (max dose 50 
mg). (2) Fever, chills and temperature elevations >101° F. 
are managed with additional tylenol as clinically indicated, 
10 mg/kg ibuprofen p.o. (max 400 mg) for breakthrough 
fevers, and 1 mg/kg demerol I.V. for chills (max 50 mg). 
Additional methods such as cooling blankets are employed 
for fevers resistant to these measures. All subjects that 
develop fever or chills have a blood culture drawn. Ceftri-
axone 50 mg/kg 1.V. (max dose 2 grns) is administered to 
non-allergic patients who in the opinion of the physician in 
attendance appear septic; alternate antibiotic choices are 
used as clinically indicated. (3) Headache is managed with 
acetaminophen. (4) Nausea and vomiting are treated with 
diphenhydramine 1 mg/kg I.V. (max 50 mg). (5) Transient 
hypotension is initially managed by intravenous fluid 
administration, however, patients with persistent hYpoten-
sion require transfer to the intensive care unit for definitive 
medical treatment. (6) Itypoxemia is managed with supple-
mental oxygen. 

[0174] Patients receive ganciclovir if grade 3 or 4 treat-
ment-related toxicity is observed. Parentally administered 
ganciclovir is dosed at 10 mgikg/day divided every 12 hours. 
A 14-day course is prescribed but may be extended should 
symptomatic resolution not be achieved in that lime interval. 
All patients not hospitalized at the time of presenting 
symptoms are hospitalized for the first 72 hours of ganci-
clovir therapy for monitoring purposes. If symptoms do not 
respond to ganciclovir within 72 hours additional immuno-
suppressive agents including but not limited to corticoster-
oids and cyclosporin are added at the discretion of the 
principle investigator. 

[0175] d. Concomitant Therapy 

[0176] All standard supportive care measures for patients 
undergoing experimental therapies are used at the discretion 
of the patient's City of Hope pediatric oncologist. Active 
infections occurring after study enrollment are treated 
according to the standard of care. The following agents are 
not allowed while on study: systemic cortico-steroids 
(except as outlined for management of T cell therapy tox-
icity), immunotherapy (for example—interferons, vaccines, 
other cellular products), pentoxifylline, or other investiga-
tional agents), ganciclovir or any ganciclovir derivatives for 
non-life threatening herpes virus infections. 

[0177] 4. Toxicities Monitored and Dosage Modifications 

[0178] a. Toxicitics to be Monitored 

[0179] Toxicity criteria for the pilot phase 1 study is per the 
NCI Common Thxicity Criteria (CTC) version 2.0 for tox-
icity and Adverse Event Reporting. A copy of the CTC 
version 2.0 is downloadable from the CTEP home page 
(hup://ctep.info.nih.gov/1). All CTC guidelines apply to tox-
icity assessment except serum measurements of total biliru-
bin, ALT and AST. Due to the frequent and prolonged 
observed elevations in bilirubin and hepatic transaminases in 
cancer patients who have recently received chemotherapy, a 
grade 1 toxicity is an elevation from their pre-T cell infusion 
base line up to 2.5x that baseline level. Grade 2 hepatic is a 
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on a CS-3000 blood separatioo device for cell wasbiog aod 
concentrating,. Proce,~scd cells arc resuspended in 100 ml of 
0.9% NaCl with 2% bumau serum albumin io a bag for 
suitable for clinical re-infusion. 

[0163) Studly subjects are admilted to the GCRC al 

COHNMC for their T ceJJ infusions and arc discharged no 
so0ner than 23 hours following 1J1cir infusion provided that 
no Loxicilies are observed. Otherwise patients remn.io hos­
pitalized uotiil resolution of any inf:usion-rc)ated roxicity 
tlcemt:d to pose a signilkant risk to the study subject as ao 
outparienr. 

[0164) T cc.Jls arc iofusccl intravenously over 30 minutes 
through a t:cotral line if available, if oot an age appropriate 
sized I. V. catheter is inserted into a peripheral vein. The I. V 
Lubing does mot have a filter 10 avoid trapping of cells. 171e 
infusion bag is gently mixed every 5 minutes during the 
infusion. 

(0165) Tbc doctor or his representative is present during 
the infosion a nd immediately ava ii able for 2 b011rs foUowing 
the infusion. Nursing observation and care is employed 
throughout tbte patico1·s IJospitaJ slay. 

(0166) Subjects' oxygen snturalion is measured by con­
linuous puJse-oxirnetry beginning pn:~io.fusioo and t'Ontinu­
ing for al least 2 brs or until readings return to their 
pre-infusion baseline. 

[0167) Subjects experiencing transplant-related 1oxicitit:s 
bave their infusion schedule <,!clayed uotil these toxicities 
have resolved. Tbe specific 10Jcicitit:s warranting dday o[T 
cell infusion~ include: 

(0168) (a) Pulmonary: Requirement for supplemental 
oxygen to keep saturation greater than 95% or pres­
ence ,:,f' radiographic abnormaliLiei; on chest x-ray 
thal arc progrcs.~ivc; (b) Cardia.c: New cardi11c 
arrhythmia aot controlled with medical mnnagc­
meot. Hypoteosion requiring pressor support; (c) 
Activ1! Infection: Positive blood cultun:s for bacteria, 
fungu:s, or virus within 48-bours of day 0; (d) 
llepatic: Serum 1c11al bili ruhin. or tr:in:.aminaS<:s 
more than Sx normal limit; (e) Renal: Serum crea­
tinine >2.0 or if patient requires dia lysis; (f) Neuro• 
logic: Seizure ,1ctivi1y within one week preceding 
day O or clinically detectable encephalopathy or Dew 
foClll neurologic tlefkils: (g) 1-lematologic: Clinic:illy 
evident bleeding diathesis or hemolysis. 

(0169) Pati,iots having anti-tumor responses based on bcr­
abl Q-PCR but persistent residual disea:,c follo\ving the third 
Tcell do~ may have additional cell closes (5xl09 cellsln// 
dose al J4 day intervals) with I L-2 (5xl0s U/m" q 12-hrs) 
provided grade J or higher toxicity is encountered. 

[0170] b. lrnerleukin-1 Administration 

(0171) Recombinant bwnao IL-2 (rlluJL-2, Proleulin, 
Chiron, Emeryville, Calif.) resuspended for s.c. inject.ion by 
standard pharmacy guidelines is admioistered to study par­
licipants provided tbat (1) no grndt: 3-4 toxicities are 
encmrnlcred .nt cell close levels 1-11 and (2) GVIID is not 
more tll!l.n grade 2 off imrnunosuppressive medicatioll5. 
Based on previous experience in Sea11Jc admiois1cring s.c. 
IL-2 lo rncJamom:1 palieois rt1ct:iving adoptive T cell therapy 
1he IL-2 rlos1.: is 5xl05 U/m2 q 12-hrs for 14days begiooing 
on the day c>r T celJ re-infusion #3. 
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(0172] c. Management of 1bxciLies aod Complications 

(OJ 73) The management of mi.Id transient symptoms, such 
as bave bedn observt1d with LAK, TIL, and T ceU clone 
infusions symptom!> is as follows. (1) All patients are 
pre-medicated with 15 mg/kg ol' ncclamiuopben p.o. 1(max. 
650 mg.) aod tliphoobydrarnin.: 1 mg/kg 1.V. (max dose 50 
mg). (2) f.'cver, chills aad temperature <:kvations >l O LO f.'. 
are managed with additional tyleool as cl.iuically indic:ated, 
to mg/kg ibuprofen p.a . (max 400 mg) for hreak1h1rough 
Levers, aod l mg/kg demerol l.V. for chills (max 50 mg). 
AdditiooaJ melhods sucb as cooling hlaokc1s are employed 
for fewrs n:sistaot 10 these mem;ures. AU subjects that 
develop fever or chills havt: a blood culture drawn, Cdtri­
axooe 50 mg/kg l.V. (max dose 2 gms) is administt'red 10 
oun-allergic patit:als who in the opinion of the pbysit:"ian io 
attendance appear septic~ alternate antibiotic choice,s are 
used as c linically indicated. (3) Headache is managecll with 
acetaminophen. (4) Nausea ;ind vomiting are treated with 
dipbe□bydramioc J mg/kg I. V. (max 50 mg). (5) TransiltDt 
hypoteosion is ioitially maoaged by intravenous Huid 
administration, however. paticots with persisleot bypotoo­
sioa require transfer to tbti imeasivc c,1re uail for delioitivc 
medic.~aJ lreatmem. (6) IJypoxemia is managed with su1pple­
mental oxygen. 

[0174] Patients receive ganciclov(r if grade 3 or 4 111:aJ­

nwm-related toxicity is observed. Paremally aclminimerecl 
ganciclovir ~5 dosed at l U mg/kg/day divided every 12 lwim;. 
A 14-day course is prescribed but may be extendt:d shoulu 
symptomatic resolution not he ~cbievcd in th:,t lime interval. 
All pa1ieots aot bospitafaed at the time of prcsc:ating 
symptoms are hospi talized for tbe first 72 hours of ganci­
clovir therapy for monitoring purposes. IC sympto1ns do nc>t 
respond to ganciclovir within 72 hours additional immuno­
suppressive agents including but not limited to corticnster­
oicls aod cyciosporio are added :it the djscrct ion c,f I be 
principle investigator. 

[0175] d. Coacomitaot Therapy 

[0176] All s taodard supportive care measures [or patients 
undergoing experimental therapies arc used at lhc clisc1retion 
of the patienl's City of I lope pedi1ttric oncologist. Active 
infoctions occurring after study e nrollment ~re 1rca1ed 
according LO 1he standard of care. The following ageo1s are 
not allowed while on study: syst<!mic cortico-s1<:roids 
(except as outlined for management of T cell therapy tox­
icity), immuaotberapy (for cxample-iotcrfcroos, vac,:ines, 
other cellular products), pentoidfy\line, or other investiga­
tional agent$), gandclovir v r any ganciclovir derivativ,es for 
non-life threatening herpes virus inft:ctions. 

[0177) 4. Toxicities Monitored and Dosage Modifications 

(0178] a. 1oxicities lo be Muniturt:d 

[0179] Tux.icily criteria for tbc pilot phase I study is per Ille 
NCI Common lhxii.:ity Criteria (CfC) version 2.0 for tox­
icity nod Adverse .EVllot Reporting. A copy of the ere 
version 2.0 is tlownloadable from the CTEP home p,1ge 
(hltp://clep.io.fo.nih.gov/1). All (¥J'C guidelines apply tc, tox­
icity asscssmeoL except S<Jrum mea.$uremenl$ of total biliru­
bin, ALT and AST. Due 10 the frequent and prolooged 
observed elevations in hilirubin tind hepatic tram;amioase-5 in 
cant:cr patients wbo hnve rece□ tly received cbemother:1py. a 
gradu I toxicity is ~n elevation from lbeir prc-T cell infusion 
base line up tu 2 .Sx that baseline level. Grade 2 hepati.c is a 
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>2.5-5x rise from their pre-T cell infusion baseline, a grade 
3 toxicity >5-20x rise, and grade 4>20x baseline. Any 
toxicity reported by research participants while receiving 
treatment or in follow-up for which there is no specific CTC 
designation is graded on the following scale: Grade 0- no 
toxicity, Grade 1- mild toxicity, usually transient, requiring 
no special treatment and generally not interfering with usual 
daily activities, Grade 2- moderate toxicity that may be 
ameliorated by simple therapeutic maneuvers, and impairs 
usual activities, Grade 3- severe toxicity which requires 
therapeutic intervention and interrupts usual activities. Hos-
pitalization may he required or may not be required. Grade 
4- life-threatening toxicity that requires hospitalization. 

[0180] h. Criteria for Dose Modification 

[0181] If a patient develops grade 2 toxicity with dose 
level I. the second cell dose for that patient remains at T cell 
dose level I. Only if the maximal toxicity observed with the 
second infusion is limited to grade 2 will the third and final 
cell dose be administered. If the first grade 2 toxicity occurs 
with the second cell dose, the third cell dose is not be 
accompanied with s.c. IL-2. 

[0182] c. Criteria for Removal of Patient from Treatment 
Regimen 

[018.3] If any patient develops grade 3 or higher toxicity or 
grade 3 or higher GVHD, IL-2 if being administered is 
stopped. Gancielovir treatment as outlined above is initiated 
at the time a grade 3 or higher toxicity is encountered in 
those patients not receiving IL-2. For those patients receiv-
ing 1L-2, ganciclovir treatment commences within 48-hours 
of stopping IL-2 if the encountered toxicity has not 
decreased to ggrade 2 in that time interval. A grade 3 1L-2 
injection site toxicity is an indication to discontinue IL-2 but 
not ablate T cells. Immunosuppression for GVHD is insti-
tuted in addition to ganciclovir administration in those 
patients with grade 3 or higher GVHD. My patient requiring 
ganciclovir for T cell ablation does not receive further cell 
doses but continues being monitored per pmtocol. At the 
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discretion of the principle investigator, corticosteroids and/ 
or other immunosuppressive drugs are added to ganciclovir 
should a more rapid tempo of resolution of severe toxicities 
be indicated. 

[0184] d. Research Participant Premature Discontinuation 

[0185] Research participants who do not complete the 
study protocol are considered to have prematurely discon-
tinued the study. The reasons for premature discontinuation 
(for example, voluntary withdrawal, toxicity, death) are 
recorded on the case report form. Final study evaluations are 
completed at the time of discontinuation. Potential reasons 
for premature discontinuation include: (a)the development 
of a life-threatening infection; (b) the judgment of the 
principal investigator that the patient is too ill to continue; 
(c) patient/family noncompliance with study therapy and/or 
clinic appointments; (d) pregnancy; (e) voluntary with-
drawal—a patient or his/her parents/legal guardians may 
remove himself/herself from the study at any time without 
prejudice; (f) significant and rapid progression of neuroblas-
toma requiring alternative medical, radiation or surgical 
intervention; (g) grade 3 or 4 toxicity judged to be possibly 
or probably related to study therapy; and (h) technical 
difficulties are encountered in the T cell genetic modifica-
tion, cloning, and expansion procedure precluding the gen-
eration of clinical cell doses that meet all Quality Control 
criteria. 

[0186] e. Study Closure 

[0187] The study is discontinued if a grade 4 or higher 
toxicity is seen in the first two patients at dose level I or if 
at any time during the protocol an incidence of grade 4 
toxicity in study subjects exceeds 50%. Death from tumor 
progression greater than thirty days from the last 1' cell 
infusion is not be scored as a grade V toxicity, nor he scored 
as an adverse event. The study can he terminated by the 
principal investigator, the IRB, or the Food and Drug 
Administration. 

[0188] 5. Study Parameters and Calender (Table 3) 

TABLE 3 

Calender of Specific Evaluations 

Infusion 
Screening Infusion Day + *2 

Visit N1 I Dny + 7 Day + 14 
Day + 

15 

Infusion 
43 Day + 

Day + 21 Day + 28 29 
Day + Day + Day + Day + 

35 42 56/70 100 

History and 
Physical/ 
Lnnsky 
Score 
C1SC. 
Jiff. plt 
Chem 
BBV, HIV 
Scrilogies 
Q-PCR 
for plzetmid 
Sequence 
in PBMC 
Q•PCR for 
13CR-AB1. 
Bone Marrow 
Evaluation 
Morphologic/ 
Flow/ 
Chimetisin 

X* 

x x x x x x x x 

x x x x x x 

x 
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>2.S-5x rise from tbcir prc-T cell iofalsioo baseline, ~ grade 
3 toxicity >5-20x rise. and grade 4>20x baseline. Any 
toxicity n:prnrtcd by research participants while receiving 
treatment or in follow-up for which there is ao specific ere 
designation is graded on the foUowing scale: Umcle 0- oo 
toxicity, Gracie 1- mild toxicity, usually t.rnasieat, requiring 
no special treatment and generally not interfering with usuul 
daily activities, Grade ~- moderate toxicity that may be 
ameliorated by simple therapeut.ic maneuve,s, and impairs 
usual activities, Grade J- $evcre toxicity which requires 
therapeutic intervention and imeuupts usual activities. H~ ­
pitaliza tion may bt: required or m(ly not be required. Gradt: 
4- Jifo-1hrca1c:oing toxicity 1ha1 requires hospitalization. 

[0180] b. Criteria for Dose Modification 

[0181] If a patient dt:Vt:lops grade 2 toxicity ,ytth dose 
level 1. the se,cond cell dose for that patient remains at T cell 
dose level I. Only if the maximal toxicity observed with the 
second infusi,on is limited to grade 2 will I he third aad final 
ceU dose be admio.istered. If tbe first grade 2 toxicity occurs 
with the second cell close, the Lbird cell dose ii aot be 
accompanied with s.c. IL-2. 

[0182) c. Criteria for Remnval of Patient from Treatment 
Regimen 

[0183] If aniy patient deve lops grncle 3 or bigher to,\;cily or 
grad.: 3 or bjgher GVllD. 11.-2 if being aclmiaisrered is 
s topped. Gaodclovir treatment as outlined above is initiated 
at the Lime a grade 3 or highcr tuxicity is encountered ia 
tbosc patit:ats not receiving IL-2, F'or 1hose paticots rt:cciv­
ing [L-2, gaa,~iclovir treatment commences within 48-hours 
of skipping IL-2 if the cncouotcred toxicity bas aot 
decreased to ~ grade 2 in that time interval. A grade 3 IL-1 
injection site toxicity is an indication to discontinue TL-2 but 
not ablate T ,:ells. lmmunosuppression for GVlll) is insti­
tu ttJd ia addition to gaocidovir adrninislratioo in those 
patients with grade 3 or hightJr GVHD. Any patient requiring 
ganciclovir for T cull ablmion docs aot receive forther cell 
doses but crno1ioues hoiog omaitorod per proLocol. At the 
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discretio n of tbe priacipk iovestigator, corticosteroids aod/ 
or other immunosuppressivc drugs arc added to gancidovir 
should a more rapid tempo of resolution of severe toxicities 
be indicated. 

[0184} cl . Rt:searuh l'articipttnt Premature Disc:ontinuatioo 

[0185] Research participants who do not complete the 
study protocol are coasidered to have prematurely discon­
tinued the .~tudy. The reasons for prcrnaturt: discontinwuioo 
(for example, voluntary withdrawal, 1oxicity, deuth) are 
recorded on the case report form. Final study evaluatio1ns are 
completed al tbe tum: of discootinualion. 1'oteotial reasons 
[or premature discontinuation include: (a)the development 
of a lifc-tlm:utening inl"cction; (b) the judgme nt o,f tbe 
principal investigo.tor that the patient is too ill to coatioue; 
(c) patient/famlly noncompliance with study therapy and/or 
clinic appointments; (d) pregnancy; (e) Voluntary with­
drnwal- a p,1tient or his/her parents/legal guardi,ms may 
romow bimsclf/bersuJr from tbc study al aoy tjme w1ithout 
prcjudicc; (f) significant and rapid progression of noumblas­
loma re4uiring alleraative modit"al, radjatioa or sur1,ricaJ 
iaterveolioo; (g) grndtl 3 or 4 toxicily judged to be possibly 
nr probttbly relttted to s tudy tberapy; -and (b) lechnical 
tWiicu.lties are eocountcred in tile T cell genetic rooclilic:1-
tion, cloning, and cxpnasinn procctlure precluding the-gen­
eration of clinical eel) doses that meet all Quality Control 
criteria. 

[OL86) e. Study Closure 

[0l87] The study is discontinued if a g_rade 4 o r Ii,ii;llt:T 
toxicity is St:en ia the first two palit:ols at dose level r or if 
at any time during the protocol an incidence of grade 4 
toxidty io study subjccts exceeds 50%. Death frolil I umor 
progn:ssion grealer than thirty days from the last T cell 
inC-Usion is not be scnred as a grade V toxicity, nor be scored 
as an adverse event. The study can be terminated by the 
principal invest.igalor, 1bc !RB, or the food and Dru11. 
Administration. -

[OJR8) S. Study Parameters ;1ocl C;tlcodl.'f (Table 3) 

TABLE 3 

C:ileoder o f Spocific EvsJu.-iJ.ions 

Infusion lofwiion 
Screening lnfusioa Day .. #'J. Day+ #3 Dav-+ Day f- Dny t- Doy+ D11y+ 

V,s{I # J I Doy+ 7 Dny + 14 15 Pay+ 11 l)ny-+ :!S 1Q 35 4l 56/711 J()Q 

Histor,1 and X X X X X X X X X X X X X 
Physical/ 
Lllnsky 
Score 
CBC. X X X X X X '( X X X X X X 
di.ff. pH 
Chem X X X X X X X X X X X X X 
E!BV. IUV 
Sotitpgie,, 

X 

Q-PC'R X X X X X X X X X X X X 
for pl:,sn,jd 
Sequence 
in PBMC 
O·PC'R for X X X X X X X X X 
BCR·ADl 
13ooe Murrow x• )( X 
IWalUAlion 
Marpbolagk/ 
F11>w/ 
C'himcrism 
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TABLE 3-continued 

Jul. 1, 2(X)4 

Screening Infusion Day + 
Visit #1 1 

Calender of Specific Evaluations 

Infusion infusion 
02 Day + 03 

Day + 7 Day + 1,1 15 Day +21 Day + 28 
Day + 

29 
Day + Day + Day + Day + 

35 42 56/70 IOU 

Peripheral 
Blood for 
Immune 
Response 

x 

•X: May be performed within 72-brs prior to infusion *1 
a. Screening Visit 

[0189] To occur concurrently with the patient's evaluation 
for disease relapse and prior to commencing with salvage 
chemotherapy. The specific studies/procedures include: 

[0190] Review of pathologic specimens to confirm 
diagnosis of CD19+ acute lymphoblastic leukemia. 

[0191] Review molecular confirmation of Ph-positiv-
ity 

[0192] Verify inclusion/exclusion criteria by history. 

[0193] Administer the educational proctoring to the 
potential research participant (? 7-yrs of age) and the 
parent/legal guardian, conduct the post-educational 
assessment. 

[0194] Obtain informed consent for enrollment from 
patient and donor. 

[0195] Obtain El3V and WV scrologics. 

[0196] For Ph- patients in Cohort 1 ship a sample of 
blood/marrow to Dr. Radich (F/ICRC) for generat-
ing leukemic clone PCR amplimers. 

[0197] Conduct staging studies as outlined above. 

[0198] Skin Biopsy from consented research partici-
pant for establishing a fibroblast cell line. 

[0199] (b) Isolation of Peripheral Blood Mono-
nuclear Cells For the Initiation of T Cell Cultures 

[0200] Consented patients with WA-matched related 
donors satisfying inclusion/exclusion criteria undergo a leu-
kapheresis procedure at the City of Hope Donor/Apheresis 
Center. The leukapheresis product is transferred to CRB-
3008 to initiate T cell cultures. 

[0201] (c) Day -7 to -1: Prc-t Cell Infusion Restaging 

[0202] Conduct restaging studies as outlined above. 

[0203] Administration of Rituximah if peripheral 
CD20.  B cells account for more than 10% of circu-
lating mononuclear mils. 

[0204] (d) Day 0:evaluation immediately Prior to 1' 
Cell Infusion 

[0205] Review of medical status and review of sys-
tems 

[0206] Physical examination, vital signs, weight. 
height, body surface area 

[0207] List of concomitant medications and transfu-
sions 

[0208] Kamorsky/Lansky performance status (see 
Table 4) 

[0209] Complete blood count, differential, platelet 
count 

[0210] Chem 18 

[0211] Blood for protocol-specific (see Table 3) 

TABLE 4 

Lanky Scale 

Able to carry on 
normal activity-, 
no special care 
needed 
Mild to 
moderate 
restriction 

Moderate to 
severe 

restriction 

1110 Fully active 
90 Minor restriction in physically strenuous play 
80 Restricted in strenuous play, tires more easily. 

otherwise active 
70 Both greater restrictions of, and less lime 

spent in active play 
60 Ambulatory up to 50% of time, limited active 

play with assistance/supervision 
50 Considerable assistance required for any active 

play; fully able to engage in quiet play 
40 Able to initiate quiet activities 
30 Needs considerable assistance for quiet activity 
20 Limited to very passive activity initialed by 

others (e.g. TV) 
10 Completely disabled, not even passive play 

[0212] (c) 0, +14, +28: Clinical Evaluation During 
and after T Cell Infusions 

[0213] Prior to the Infusion: 

[0214] Interval History and Physical Exam 

[0215] Blood draw for laboratory studies (sec Table 3) 

[0216] During the Infusion: 

[0217] Vital signs at time 0, and every 15 minutes during 
the infusion, continuous pulse oximetery 

[0218] Following the T Cull Infusion: 

[0219] Vital Signs hourly for 12 hours 

[0220] Oxygen saturation will be monitored for 2 hours 
following T cell infusions. Values will be recorded prior to 
initiating the infusion, immediately post-infusion, and 2 
hours past-infusion. In addition, values will be recorded 
every 15 minutes if they fall below 90% until the patient 
recovers to his/her pre-infusion room-air baseline saturation. 
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TABLE ]-continued 

Llllender o( Sp<.dfic Evaluntioos. 

Infusion 
Scrdcning Infusion Dav+ 4fJ. Day+ 

Peoipbernl 
Blood for 
tounune 
Rcsporuio 

Visil -Ill l Doy+ 7 Doy+ 14 15 

X: May ,"be p•r\ormed witbin 7:!-hrs prior 10 infusion #J 
--a. $crcemng Vi.a,,t 

[0189) To occur coocurren1ly with the patient's evaluation 
for disease relapse and prior 10 commencing with salvage 
chemothcrapJI. The specific studies/procedures include: 

[0190] Review of pathologic specimens to conlinn 
diagotJsis of CD19 ... acute lyropboblastic leukemia. 

(0191) Review rnolecuJar confinnation nf Pb-posi1iv­
i1y 

(0192) Verify iaclnsioo/exclusion criteria by history. 

[0193) Administer the 1::ducational proctoring to the 
polenl ia l research par1icipant (,:::;7-yrs of age) and the 
parent/legal guardian, conduct the po.~t-educational 
assess meat. 

[0194] Obtain informed consent for enroUment from 
patient and donor. 

(0195) Obtain EBV and IIJV serologie$. 

[0196) For Ph- patienLs in Cohort I ship a s11mple of 
blood/marrow to Dr. Radich (FHCRC) for generat­
ing leukemic clone PCR amplimcrs. 

[0197] Cooducl staging studies as ouLlim,d above. 

(0198] Skin Biopsy from consented research panici­
pant for es1abli5b.iog a iibroblttst cell line. 

(0199] (h) Isolation or Peripheral Blood Mono-
nuclear Cells r.or the Initiation orT C"ell Cultures 

[0200] Consented patients with I-ILA-matched related 
donors satisfying ioclusion/exclusioo criteria undergo :1 leu­
kapbcn:sis proc<::dure ol the City of lfopc Oonor/Apherc ·is 
Center. Th;; lleukaphercsis product is lraosferred to CRU-
3008 10 initia.te T cell cu.l1urcs. 

(0201] (c) Day-7 lo-1: Pre-1 Ccll lnl'usion Re,;taging 

(0202] Conduct re.staging studies as outlined above. 

[0203] Admini.rslration of Riluximah if peripheral 
co20• B cells ac.:couoL for more than 10% of circu­
lating mooonuckar cells. 

(0204] (d) Day O:cvaluation immediately Prior 10 T 
Cell Infusion 

(0205] Review of mcdic;1I Status and rev iew of sys­
tems 

[0206] Physical examioalioo, vital signs. weight. 
height, body surface area 

Lo.t'usion 
1/3 

Day +::'l J:>ny + 18 
O:iy + 

35 
Day+ 
56/70 

nay+ 
IOU 

X 

[0207] Ust of ,xincomilanl medications and trmnsfu­
sioos 

(0208] Kamol'sky/L:insky pcrfonnance status (sec 
Table 4) 

[0209] Complete blood count, di.Jierca tial, platele t 
coum 

[11210] Cbem 18 

[021L] Blood for protocol-specific (see Table 3,) 

Able to carry on 
norm.ii a,·livity: 
no special care 
needed 
Mild lo 
modOrlll< 
ro.~l(iction 

Modcmie 10 
,;;cvcrt 

rCMric,ion 

TABLE 4 

t..anssy Scale 

J()O l'ullv mivc 
90 Minor re.,triction io physically strenuous 1pL,y 
80 Restricted in strenuous play, tires more ea,ily. 

01herwisc active 
70 Both grcalc.r ~tric1ions oC and lcl:ts time 

spont in aclive play 
fiO Ambulatory up to SO% or time, limited a,:tiw 

play with a;si,urn,~superviBiOn 
:iO Considcrnblc assi.stance required for nny ~1cllVe 

piny: fully able lo engage in quiet play 
40 Able lo iniliale quiet aclivillcs 
30 Need& considerable a~si~~1ncc for quiet ac,,i,itr 
:JO l.itniled 10 very passi"e activity ini1ia1ed lby 

ot!,ers (e.g. TV) 
JO Complete I y disabled, not even passive ph,r 

[02'12] (c) 0, +14, +28; Clin.ical Evaluation D-uri.og 
aod after T Cell I nfusioos 

[0213] Priur lo the Infusion: 

[0214] lntcrval llislory and Physical Exam 

[0215] Blood draw for laboratory studies (see Tabk 3) 

[0216] During the Tnfusio11: 

[0217] Vital signs al time 0. and every 15 minutes during 
the infusion, w□tinuous pulse oxiroelcry 

[0218] Following tbc 1' Cull lnfusiun: 

[11219] VitnJ Signs hourly for J 2 hours 

[0220] Oxygen saturation will be monitored for 2 hours 
fo llowing T cell infusions. Values will be recorded prior 10 
initialing the infusion, immediately post-infusion, ,L0d 2 
hours post-iofusioo. lo addition, values will be rec'llrdul 
every 15 minutes if they fall below 90% until the paticat 
recover., to his/her pre-infusion room-air baseline saturation. 

Miltenyi Ex. 1018 Page 26



US 2004/0126363 Al 
17 

[0221] Events will be managed by standard medical prac-
tice. 

[0222] Prior to Discharge: 

[0223] Interval History and Physical Exam 

[0224] Blood draw for laboratory studies (see Table 3) 

[0225] (f) Days 4- I , +7, +15, +21, +29, +35, +42, +56, 
+70, +100 

[0226] Interval History and Physical Exam 

[0227] Blood draw for CBC, diff, pit, and Chem 18 

[0228] 3 cc/kg pt wt of heparinized (preservative-free 
heparin 10 U/10 ml) blood sent to CRB-3002 for direct assay 
of peripheral blood lymphocytes for vector DNA by PCR 

[0229] (g) Bone Marrow Aspirate and Biopsy: Days 
—7-0, +56, +100 

[0230] (h) If a research participant is taken off study 
after receiving T cells, restaging bone marrow evalu-
ation will he evaluated 28 days and 56 days follow-
ing the last T cell dose administered. 

[0231] 6. Criteria for Evaluation and Endpoint Definitions 

[0232] (a) Criteria for Evaluation 

[0233] The phase I data obtained at each clinical assess-

ment is outlined in Table 3. The following toxicity and 
adverse event determination will he made: (a) symptoms and 
toxicities are evaluated as described above; (b) physical 
exam and blood chemistry/hematology results; and (c) 
adverse event reporting 

[0234] (b) Disease Status 

[0235] At each disease assessment outlined in Table 3 the 
determination of measurable disease is recorded as follows: 
(1) Q-PCR for leukemic-specific amplimers or bcr-abl and 
(2) on days +56 and +1(10 bone marrow studies will be 
evaluated and responses graded per standard Al.L criteria 
(Table 5). 

TABLE 5 

Disease Response Criteria 

Progressive Disease >25% Increase in BCR-ABI.Transcript 
(PD): By Q-PCR and/or Progression to Overt Relapse 
Stable Disease (SD): .e..5% Increase in BCR-ABI. Signal by 

O-PCR AND No Progression to Oven Relapse 
Partial Response (PR): ?, 25% Decrease in BCR-ABL Signal By 

Q-PCR AND No Evidence of Overt Relapse 
Complete Response Loss of Detectable BCR-ABL Signal 
(CR): and No Evidence of Overt Relapse 

[0236] 7. Reporting Adverse Events 

[0237] Any sign, symptom or illness that appears to 
worsen during the study period regardless of the relationship 
to the study agent is an adverse event. All adverse events 
occurring during the study, whether or not attributed to the 
study agent, that are observed by the Investigator or reported 
by the patient are recorded on the Case Report Form and are 
reported as required by the FDA. Attributes include a 
description, onset and resolution date, duration, maximum 
severity, assessment of relationship to the study agent or 
other suspect agent(s), action taken and outcome. Toxicities 
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arising while on study are scored according to a 0-4 scale 
based on the criteria delineated in the Common Toxicity 
Criteria (CM) Version 2.0 (see above). Association or 
relatedness to the study agent arc graded as follows: 1-unre-
lated, 2—unlikely, 3.possibly, 4-probably, and 5-definitely 
related. 

[0238] Serious adverse events occurring during or after 
completion of therapy are defined as any one of the follow-
ing: (a) patient death, regardless of cause, occurring within 
30 days of study agent administration; (b) life threatening 
event; (c) prolonged hospitalization or requirement for addi-
tional hospitalizations during treatment and monitoring 
period due to toxicitics attributed to study; (d) congenital 
anomaly in offspring conceived after initiation of study; (e) 
requirement for significant medical treatment due to toxici-
ties encountered while on study; and (1) overdose of cells 
infused. 

[0239] A life-threatening event is defined as having placed 
the patient, in the view of the Investigator, at immediate risk 
of death from the adverse event as it occurred. It does not 
include an adverse event that, had it occurred in a more 
serious form, might have caused death. All adverse events 
that do not meet at least one of the above criteria arc defined 
as non-serious. Assessment of the cause of the event has no 
hearing on the assessment of the event's severity. 

[0240] Unexpected adverse events are those which: (a) are 
not previously reported with adoptive T cell therapy and (b) 
are symptomatically and pathophysiologically related to a 
known toxicity but differ because of greater severity or 
specificity. 

[0241] Appropriate clinical, diagnostic, and laboratory 
measures to attempt to delineate the cause of the adverse 
reaction in question must he performed and the results 
reported. All tests that reveal an abnormality considered to 
he related to adoptive transfer will be repeated at appropriate 
intervals until the course is determined or a return to normal 
values occurs. 

[0242] 8. Statistical Considerations 

[0243] The considerations for the Phase I study of CD8* 
cytotoxic T cells genetically modified to express a CD19-
specific chimeric Inimunoreceptor and HyTK for re-directed 
pre-II ALL targeting administered to research participants 
who suffer a relapse of their CD19.  ALL following III A-
matched allogeneic BMT arc as follows. (a) Demographic 
and background characteristics obtained at enrollment are 
listed and summarized. (b) The type and grade of toxicitics 
noted during therapy are summarized for each dose level. (c) 
All adverse events noted by the investigator are tabulated 
according to the affected body system. (d) Descriptive 
statistics arc used to summarize the changes from baseline in 
clinical laboratory parameters. (c) For those patients with 
measurable tumor at the time T cell therapy commences. 
responses are he stratified per ALL response criteria (Fable 
5). (f) Kaplan-Meier product limit methodology are used to 
estimate the survival. (g) 95% confidence intervals are 
calculated for all described statistics. 

[0244] It will he appreciated that the methods and com-
positions of the instant invention can be incorporated in the 
form of a variety of embodiments, only a few of which arc 
disclosed herein. It will he apparent to the artisan that other 
embodiments exist and do not depart from the spirit of the 
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[0221] Events will be mnoaged by slaodard mudical prac­
tice. 

[022.2] Prior lo Discbarge: 

[0223] lnlerval History o.nd Pbysical l::.xam 

[0224] Blood draw for laboratory studies (see hblu 3) 

[0225] (I) Days+ 1, +7, + 15, +21, +29, +35, +42, +56, 
+70, iHOO 

[0226) Interval History and P bysical Exam 

[0227) BkK)d draw for CBC, di.ff, piL and Cbem 18 

[0228) 3 cc:/kg pt wt c,f heparioizcd (preservalive-free 
beparin 10 U/ 10 ml) blood sent to CRB-3002 for direct assay 
of peripheral blood lymphocytes for vector DNA by PCR 

[0229] (g) Rone Marrow Aspifale and Biopsy: Days 
- 7- 0, +5Ci, + 1()() 

[0230) (h) If a research participant is taken off study 
after rec.iiving l' cells, restaging bone marrow evalu­
ation will be 1;1valuated 28 days and 56 days follow­
ing the l&sl T cell dose itdm.ioistt:rcd. 

[0231] 6. Criteria for Evahrntion ~d Endpoint Definitions 

[0232] ( (l.) Criteria for Evaluation 

[0233] The phase 1 data obtained at each clinical assc.c;s­
ment is outlined in Table 3. rbe following toxicity and 
adverse evenl determination will be made: (u) syrnploms and 
tox.i.:itit:s are evaluated as described above; (b) pbysicaJ 
.:xam and hlood cbemistry/btmatology results; and (c) 
adverse cvcnll reporting 

[0234] (b) Disease Status 

[0235] Al each disease assessment outlined in Table 3 the 
determination of measurable disease is recorded as follows: 
(1) Q-PCR for leukemic-specific amplimcrs or bcr-abl and 
(2) on days +56 and + I 00 booc mnrrow st11dies will be 
uvaluateu and responses graded per standard ALL criteria 
('la.hie 5). 

Progressive Di,se;!U 
(PD): 
Stable Disease (l;D): 

r~n~,J Response (PR); 

Complete Respo11se 
(CRJ: 

TABLE 5 

Disease Response Criu:rin 

>:.S% tncrcasc in HCR-ABL TranscripL 
By Q-PCR and/or Progr ... ion lo Overt Relapse 
<2'i% tncreo,o in llCR-AB!. Sig,n:11 hy 
O·PCR ANO No Progression 10 Overt Rel~pse 
':'!25% Decrease in 13CR•AJ3L Sigwl By 
O•PCR ANO No Evid~nce of Oven Relapse 
loss of Detectable OCR-ABT. Signal 
and No Evidence of Owrt Relapse 

(0236] 7. Report ing Adverse Events 

[0237] Any sign, syrnplom or illness that appears to 
worsen durin!~ tbe study perilld regardless of Jbe relationship 
to Lht study .ag~ol is an adverse evc:nl. All adverse events 
occurring <luring lbe study, whether or not al tributed io tbe 
study agent, tlhm arc observed hy the lnvestigal'or or reported 
by lhe pal ienf are rec.-orded on the Cnse Reporl form and art: 
reported a.~ required by the J7DA. Alldbutes include a 
descrip1ioo, unset nod resolution ua11::, duration, maximum 
severity. assessment of rcl,,tionsbip lo tile study ;igent or 
other suspect agenl(s), action taken and outcome. Toxicities 
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arisiag while oa study are scored ;iccording lo a 0-4- scale 
based on lhc criteria dclinelllcd in the Common Toxicity 
Criteria (Cl'C) Version 2.0 (sec above). Associatiou or 
rel11todn1;1ss to the study agel1! arc graded as follows: l ~•unrc­
latccl, 2=unlikcly, 3=possibly, 4=probably, and 5=defi nitcly 
r.::lated. 

[0238] Serious adverse events occurring during or after 
c:omplttion of tbernpy are dclin,:;d as any one of tbe follow­
ing: (a) patient death, regardlcs.5 of .:cause, occurring wilhin 
30 days uf smdy agent administralion; (b) life tbrtatening 
event; (c) prolonged hospil~lization or requirement for addi­
tional hospitalizations du..riag trealmt:ot ,rnd moa.i1oring 
period t.luc to loxicitius attributed to study; (d) congenital 
aoomaly in o lfapring cooceived after iajtiation or study: (e) 
requiremeol for signilkaot nwcJicaJ treatmeat due lu tux.ici­
lies encouatered wbile on study; and (I) overdose o{ cells 
infused. 

[0239) A lifc-throatcning event ls defined as h.iving p•laccd 
lbe patieol, in tbe view of the lovestigator, al immodfate risk 
of do,ilb from tb1;1 adverse evcal as it occurred. It dm,s 001 

include an auverse cvem lhtll, bad it occurred in a more 
serious form, might bave caused deaib. All adverse e.vcals 
lhal do aol meet al least one of the above criteria itre tl,:lined 
as non-serious. Assi:ssmeol of tbe cause of tbc event bias no 
hearing on the as.50ssmenl of the event's severity. 

[0240] Uricxpected adverse events are those which: (a) are 
not previously repor1 cd witb adoptive Tcell tberapy and (b) 
ace symplornatical]y and pathopbysiQlogica!Jy related to a. 
known toxicity but dillt!r bccaust: of greater severity or 
specificity. 

[0241] Appropriate cliaicaL diagnostic, aad laboratory 
measures to allcmpt to delincHc 1he cause of the acllverse 
reaction in quesli110 must he pcrfom1ed and the r,esulls 
rcporied. All tesls tbal reveal an abnormality considered to 
he related Lo adoptive transfer wil l be repeated al appropriate 
intervals until 1be course is dt!lcrmincd or a return Lo oorrnal 
values occurs. 

[0242] 8. StaListic:al ConsidcrJLions 

[0243] The considerations for the Phase 1 study of CD8+ 
cytolo:-.'ic T cells genetically modified le, express a CDl9-
specific chimeric lnimunoreceplor and llyTK for re-directed 
prc-B ALL targeting administered to research pnr1icipants 
who suffer 11 relapse of their CD19+ ALL fo llowing lllLA­
malcbod allogcaeic .HMT a rc as follows. (a) Dcmogcapbic 
and background cb,tracteristics obtaineu Ill cnrollmenl are 
listed Md summarized. (b) 'lb.: 1ypc aod grade of loxi.cit ies 
noted during lht::rapy are summarized for each dooe lev,:I. (c) 
All adverse events noted by the investi!,_rator are tabu.lated 
according to the affected body system. (d) Descriptive 
staJistics arc used to summarize 1bc changes from baseline in 
clinical laboratory parameters. (c) For those patients with 
mt:asurable tumor at the time T cell therapy cummt:m:es. 
responses an:: he stratified per ALL rcsp(,ns.:: criteria (Table 
5). (f) Kaplan-Meier product limi1 methodology are w;ed to 
Clitima1e the survival. (.g) 95% confkJence iotcrva1s art: 
calculated l'or all descnbed slatistics. 

[0244] lL will ht: appreciated Lhal the melhods and com­
pnsitioos of lhe instant invention can be incorporated in the 
form of a variety of ernbodimt:nts, only a few of whil:b arc 
disclosed herein. 11 will be apparent lo the anisao that other 
embodiments exist and do aot clcpan from the spirit of tbe 

Miltenyi Ex. 1018 Page 27



US 2004/0126363 Al 
18 

invention. Thus, the described embodiments are illustrative 
and should not he construed as restrictive. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 3 

<210> SEQ ID NO 1 
<211> LENGTH: 1931 

<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: CD19R: zeta chimeric receptor 

<220> FEATURE: 
<221> NAME/KEY: CDS 
<222> LOCATION: (19)..(1920) 

<223> OTHER INFORMATION: 

<400> SEQUENCE: 1 

atctctagag ccgccacc atg ctt etc ctg gtg ace agc ctt ctg etc tgt 51 
Met Lee Leu Leu Val Thr Ser Leu Leu Leu Cys 
1 5 10 

gag tte cca cac cca gee ttc etc ctg etc cca gem etc cag atg ace 99 

Glu Leu Pro His Pro Ala Phe Leu Leu Ile Pro Asp Ile Gln Met Thr 
15 20 25 

cag act ace tee tcc ctg tct gcc tct ctg gga gac age gtc acc etc 147 
Gln Thr Thr Ser Ser Leu Ser Ala Set Lee Gly Asp Arg Val Thr Ile 

30 35 40 

agt tgc agg gca egt cag gac ett agt aaa tat tta eat tgg tat cag 195 
Ser Cys Arg Ala Ser Gln Asp Ile Ser Lys Tyr Leu Asn Trp Tyr Gln 

45 50 55 

cag aaa cca gat gga act gtt aaa etc ctg etc tee cat ace Ice age 243 
Gln Lys Pro Asp Gly Thr Val Lys Leu Leu Ile Tyr His Thr Ser Arg 
60 65 70 75 

tte cac tee gga gtc cca tee egg ttc egt ggc agt ggg tct gga ace 291 
Leu Hie Ser Gly Ve1 Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr 

80 85 90 

gat tat tct etc acc ctt agc aac ctg gag cac gee gat att gcc act 339 

Asp Tyr Ser Leu Thr Ile Ser Asn Leu Glu Gln Glu Asp Ile Ale Thr 

95 100 105 

tee ttt tgc caa cag ggt eat acg ctt ccg tee acg ttc gga ggg ggg 387 
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[0356] l ll 2. Nucleic Acid Hybridiwrion (13. D. Hnmes & 
S. J. Higgins eds.) 1984. 

(0357] LU. Trnnscriplion /\11d Translation (8. D. 
I-fames & S. J. Higg,ins ed~.) 1984. 

(0358] H4. Cul!w'I! Of Animal Cells (R. I. Fresbncy. 
Alan R. Liss. lac.) 1987. 

<150> NUMUE:R OF SEQ ID NOS: e 

<210> SEQ I.D NO l 
<211> LENGTH: 1931 
<212> TYPlt: DNA 

SEQUENCE LISTING 

<213~ ORGIINISM: Artificial Sequence 
<220> FEM:URE: 
<223> OTHl!R Il!FORMATION: CD19R: zeta chimeric receptor 
<220> FEM:URE: 
<221> NAMlt/KEY: CDS 
<222> LOC1,TION: (19) •• (1920) 
<223> OTHliR INFORMATION: 

<4 00> SEQUENCE: l 

Press) 1986. 

(0360] 11 6. 8. Perbal, A Prac1ic11/ G11ide To .Mol~·cular 
Cloning 1984. 

[0361] 117. Methods In En1-ymology (Aca.demic !Press. 
Joe .. N.Y.) 

[0362] I 18. Gene Tra11efer Vectors For Mu111mnliun 
Ce/1:s (J. If. Miller alld M. P. Calos ed~ .• Cold Spring 
Harbor Laboratory) 1987. 

[0363] ll9. Method~ In £11zy111ology, Vols. 154 and 155 
(Wu er al. eds.), lm1111111ocl1e111ical Merlwds in Ce!'I /\nd 
Molec11/ar Biology (Mayer and Walker, eds., Academic 
Press. London) 1987. 

[0364] l'.20. 1/undhook Of fa11eri111entnl lm11111no/ogy, 
Volumes I-IV (D. M. Weir and C. C. Blac.kwell, eds.) 
1986. 

(0365] 121. Hogan et al., Manipularing the Mouse 
.Embryo, (Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor. N.Y.) 1986. 

dtc:tctaga9 ccgccdcc atg ctt etc ctg gtg aca. age: ctt ctg etc tgt 51 
Met Leu Leu Leu Val ThJ:: Ser Leu Leu Leu Cys 
l 5 1 0 

gag tta ci:a caa cca gca ttc ct.c atq: at.c cca gac ate cag atg aca 99 
Glu Leu P1:-o His Pr:o Ala Pbe Leu Leu Ile Pro .Asp Ile Gln Met 'I:hr 

15 20 25 

oa.g act apa tee tc:c ctg tct gee t c t ctg gga gac aga gtc ace ate 147 
Gln Thr Th.r Ser Ser Leu Ser /l.la Ser Leu Gly .A.sp l\J:g Val !ht: lle 

31) 35 40 

agt tgc, "1l9 gca dgt cag 9"-C att 4gt aca tat tta aat tgg tat e ag 195 
Ser Cys AJ,g Ala Ser Gln Asp lle Ser Lys Tyr Leu Asn Trp Tyr Gln 

45 50 55 

cog aaa ct:a gat: gga act gtt aoa etc ctg ate t:ac cat aca tea aga 243 
Gln Lys Pico Asp Gly Thi: Val Lys Leu Leu Ile Tyr; His Thr Set Arg 
60 65 70 75 

tta cac tGo gga gtc cca tea "-99 tte <1gt ggc agt ggg tct 990 cca 291 
Leu His S,or Gly Vel Pro Ser A.rg Phe Ser Gly Ser Gly Ser Gly Thtc 

80 85 90 

gat tat tc:t etc ace 4tt age aac ctg gag caa gaa. gat att gee act 339 
Asp Tyr S1,r Leu Thr Ile Ser Asn LeU Glu Gln Glu Asp Ile A1a ~hr 

95 100 105 

tac ttt t~JC caa cag ggt aat acg att ccg tac acg ttc gga ggg ggg 387 
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Tyr Phe Cys Gln Gln Gly Asn Thr Leu Pro Tyr Thr Phe Gly Gly Gly 
110 115 120 

act eag ttg gaa eta ace ggc tcc acc tct gga tcc ggc aag ccc gga 435 

Thr Lys Leu Glu Ile Thr Gly Ser Thr Ser Gly Set Gly Lys Pro Gly 
125 130 135 

tct ggc gag gga tee acc aag ggc gag gtg ace ctg cag gag tee gga 483 

Ser Gly Glu Gly Ser Thr Lys Gly Glu Val Lys Leu Gln Glu Ser Gly 
140 145 150 155 

Oct ggc ctg gtg geg ccc tea cag agc ctg tcc gte aca tgc act gtc 531 
Pro Gly Leu Val Ala Pro Ser Gln Ser Leu Ser Val Thr Cys Thr Val 

160 165 170 

tca ggg gtc tca tta ccc gac tat ggt gte agc tgg att cgc cag cct 579 
Ser Gly Val Ser Leu Pro Asp Tyr Gly Val Ser Trp Ile Arg Gln Pro 

175 180 185 

cca cga aag ggt ctg gag tgg ctg gga gta eta tgq ggt agt gaa acc 627 
Pro Arg Lys Gly Leu Glu Trp Leu Gly Val Ile Trp Gly Ser Glu Thr 

190 195 200 

ace tae tat eat tea get etc aaa tee age ctg acc etc etc eag gac 675 
Thr Tyr Tyr Asn Ser Ala Leu Lys Ser Arg Leu Thr Ile Ile Lys Asp 

205 210 215 

aac tee nag agc caa gtt ttc tta aaa atg aac agt ctg caa act gat 723 
Asn Set Lys Ser Gln Val Phe Leu Lys Met Asn Ser Leu Gln Thr Asp 
220 225 230 235 

gee aca gee att tee tae tgt gcc aaa cat tat tae tee ggt ggt agc 771 

Asp Thr Ala Ile Tyr Tyr Cys Ala Lys His Tyr Tyr Tyr Gly Gly Ser 

240 245 250 

tat get atg gac tee tgg ggt caa gga acc tea gtc acc gtc tee tea 819 
Tyr Ala Met Asp Tyr Trp Gly Gin Gly Thr Ser Val Thr Val Ser Ser 

255 260 265 

gte gaa ccc use tct tct gee aaa act cac acg tgc ccc ccg tgc ccc 867 
Val Glu Pro Lye Ser Ser Asp Lye Thr His Thr Cys Pro Pro Cys Pro 

270 275 280 

gca cct gaa etc ctg ggg gga ccg tea gtc ttc etc ttc ccc ccc aria 915 

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys 

285 290 295 

ccc sag gac acc etc atg etc tee cgg acc cct gag gtc ace tgc gtg 963 
Pro Lys Asp Thr Leu Met Ile Sec Arg Thr Pro Glu Vel Thr Cys Val 
300 305 310 315 

gtg gtg gee gtg agc eac gee gac cct gag gtc sag ttc sac tgg tae 1011 
Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr 

320 325 330 

gtg gac ggc gtg gag gtg cat eat gcc sag ace aag ccg cgg gag gag 1059 
Val Asp Gly Val Glu Val His Asn Ala Lye Thr Lys Pro Arg Glu Glu 

335 340 345 

cag tee elate ego acg tee cgt gtg gtc agc gtc etc acc gtc ctg cac 1107 
Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 

350 355 360 

cag gac tgg ctg act ggc aag gag tae sag tgc aag gte tee ace aaa 1155 
Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys 

365 370 375 

gcc etc cca gcc ccc etc gag aaa acc ate tee ace gcc ace ggg cag 1203 
Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Set Lys Ala Lys Gly Gln 

380 385 390 395 

ccc cga gas ccc cag gtg tee acc ctg cca cca tea cga get gag ctg 1251 
Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu 

400 405 410 

acc aag aac cag gtc agc ctg acc tgc ctg gtc aaa ggc ttc tat ccc 1299 
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Tyr Phe Cys Gln Gln Gly Asn Thtc Leu Ptco Tyr Thtc Phe Gly Gly Gly 
llO 115 120 

act aag ttg gaa ata aca ggc tee ace tct gga 1:CC ggc aag CCC gga 435 
Thr Lys Leu Glu Ile Thr Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly 

125 130 135 

tct ggc gag gga tee ace aag ggc gag gtg aaa ctg cag gag tea 990 483 
Ser Gly Glu Gly Ser Thr Lys Gly Glu Val Lys Leu Gln Glu Ser Gly 
140 145 150 155 

cot 99" etg gtg geg CCC tea cog age ctg too gto """ tgc act gt.c 511 
Pro Gly Leu Val Aia Pro Ser Gln Ser Leu Ser Val Thr Cys Thtc Val 

160 165 170 

tea 999 gte tee tta CCC gae ta,: ggt gt.a age ,:gg att egc cag cct 579 
Ser Gly Val Ser Leu Pro Asp Tyr Gly Val Ser Trp Ile Arg Gln Pro 

175 180 185 

eca cg-a aag ggt. ctg gag t.99 ctg gga gtA ata egg ggt agt gaa ace 627 
Pro Arg Lys Gly Leu Glu Trp Leu Gly Val Ile T,:cp Gly Ser Glu Th~ 

190 195 200 

aca tac tat act tea get etc aaa tee aga ctg ace ate ate aag gac 675 
Thr Tyr Tyr Asn Ser Ala Leu Lys Ser Arg Leu Thr Ile Ile Lys Asp 

205 210 215 

aac tee aeg age caa gtt ttc tta aaa atg aac ag-t ctg caa act gt>t 723 
Asn Ser Lys Se,: Gln Val Phe Leu Lys Met Asn Ser Leu Gln Thr Asp 
220 225 230 235 

gac aca gee ett tac tac t9t gee aaa oat tat tac ta.a ggt ggt a ge 771 
Asp Thr Ala Ile Tyr 'J'yc Cys Ala Lys His Tyr Tyr Tye Gly Gly Ser 

240 245 250 

tat get at;g gac tac tgg ggt Oa<l gga ace tea gtc ace gtc tee tea 819 
Tyr Alo Met Asp Tyr Trp Gly Gln Gly Tbr Ser Val Thr Val Ser Ser 

255 260 265 

gu 9aa CCC '"'" tct tct gllc aaa act cac acg tgc cca ccg tgc cca 867 
Val Glu Pro tys Ser Ser Asp Lye Thr Hie Thr cys Pro Pro cys Pro 

270 275 280 

gca cct gaa etc ctg ggg gga ccg t.ca gtc ttc c-b:: ttc CCC cca aaa 915 
Alo 1?.ro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys 

285 290 29S 

CCC aag gac ace etc atg ate tee egg ace cct 9119 gtc aca tgc gtg 963 
Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Vol 1:hr Cys Val 
JOO 305 310 315 

gtg 9t9 gac gtg age cac gaa gac cct gag gtc aag ttc aac tg9 tac 1011 
Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr 

320 325 JJO 

9t9 gaa ggc gtg gag gtg oat aat gee aag aca aag cog egg gag gag !05~ 
Val Asp Gl y Val Glu Val H.is Asn Ala Lys Thr Lys Pro ;\rg Glu Glu 

335 340 345 

c ag tac aac ago <>cg tac cgt gtg gtc age gtc etc ace gtc ct9 coc 1107 
Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 

350 355 360 

ca9 gac tgg ctg aat ggc aag gag tac aag tgc aag gtc tee Aac aaa 1155 
Gln Asp Trp Leu Ash Gly Lys Glu Tyr Lys Cys tys val Ser Asl'l Lys 

365 370 375 

gee etc cca gee CCC ate gag aaa "cc ate tee """ gee """ ggg Cdg 1203 
Ala Leu Pro Ala Pro J:le Glu Lys Thr I.le Ser Lys Alo Lys Gly. Gln 
380 385 390 395 

CCC cga 9aa cc.a. cog 9t9 tac ace ct.9 cca cca tea cga gat gag ctg 1251 
Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu 

400 405 410 

aac ~ag aac cag gtc age ctg ace tgc ctg g-ta aaa ggc tte tat CCC 1299 
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Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro 
415 420 425 

agc gac atc gcc gtg gag tgg gag agc aat ggg cag ccg gag aac aac 1347 

Set Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn. Asn 
430 435 440 

tac say acc acg cct ccc gtg ctg gac tcc gac ggc tcc ttc ttc ctc 1395 

Tyr Lys Thr Thr Pro Pro Val Leu Asp Set Asp Gly Ser Phe Phe Leu 
445 450 455 

tac agc aag ctc acc gtg gac aag ago agg tgg cag cag ggg aac gtc 1443 
Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val 
460 465 470 475 

ttc too tgc tcc gtg atg cat gag get ctg cac aac cac tac acg cag 1491 
Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln 

480 485 490 

aag ago ctc tcc ctg tot ccc ggg aaa atg gcc ctg att gtg ctg ggg 1539 
Lys Ser Leu Ser Leu Ser Pro Gly Lys Met Ala Leu Ile Val Lou Gly 

495 500 505 

ggc gtc gcc ggc ctc ctg ctt ttc att ggg cta ggc atc ttc ttc ago 1587 

Gly Val Ala Gly Leu Leu Leu Phe Ile Gly Leu Gly Ile Phe Phe Arg 

510 515 520 

gtg sag ttc agc agg ago gca gac gcc ccc gcg tac cag cog ggc cag 1635 
Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln 

525 530 535 

sac cag ctc tat aac gag etc aat eta gga cga aga gag gag tac gat 1683 
Aan Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arq Glu Glu Tyr Asp 
540 545 550 555 

gtt ttg gac aag ago cgt ggc cgg gac cct gag atg ggg gga aag ccg 1731 
Val Leu Asp Lys Arq Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro 

560 565 570 

aga agg aag sac cct cag gas ggc ctg tac sat gas ctg cog aaa gat 1779 

Arg Arg Lye Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp 

575 580 585 

sag atg gcg gag gcc tac agt gag att ggg atg ass ggc gag cgc cgg 1827 

Lye Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg 
590 595 600 

agg ggc aag ggg cac gat ggc ctt tac cag ggt ctc agt ace gcc acc 1875 
Arg Gly Lye Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr 

605 610 615 

aag gac acc tac gac gcc ctt cac atg cag gcc ctg ccc cct cgc 1920 
Lye Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg 
620 625 630 

taagcggccg c 1931 

<210< SEQ ID NO 2 
<211> LENGTH: 634 
<212< TYPE: PRT 
<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 
<223> OTHER INFORMATION: CD19R: zeta chimeric receptor 

<400> SEQUENCE: 2 

Met Leu Leu Lou 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 Gin Thr Thr Ser Ser 
20 25 30 

Lou Ser Ala Ser Leu Gly Asp Arg Val Thr Ile Ser Cys Arg Ala Ser 
35 40 45 
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Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro 
41S 420 425 

age gac ate gee gtg gag t.gg gag age aat ggg C4(f ccg gag aac aac 1347 
Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn 

430 435 440 

tac ""9 ace acg cct CCC gt9 ctg gac tee 9ac 9gc tee ttc ttc etc 1395 
Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu 

445 450 455 

tac ago aag etc ace gtg gac aag age agg tgg cag cag 999 aac gtc 1443 
Tyr Ser Lys Leu Thr va1 /lsp Lys Ser Arg Trp Gln Gln Gly Asn Val 
460 465 470 475 

tte tea tgc ,CC! gtg atg C4t gag get ctg cac aac cad tac 4C9 Cdg 1491 
Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn llis Tyr Thr Gln 

480 485 490 

aag age etc tee ctg t.c, CCC 999 aa4 atg gee ctg att gtg ctg ggg 1539 
Lys Ser Leu Ser Len Ser P,co Gly Lys Met Ala Leu Ile Val Leu Gly 

495 500 505 

ggc gtc gee. ggc. etc ctg ctt ttc dtt 99g eta ggc ate ttc ttc aga 1587 
Gly Val Ale Gly Leu Leu Leu Phe Ile Gly Leu Gly Ile Phe Phe Ar<f 

510 515 520 

gtg aag ttc age agg cgc gca gac gee CCC gcg tac ca_g cag ggc c,og 1635 
Va_l Lys Phe Ser Ar.g Ser Ala Asp Ala Pro Ala_ Tyr Gln Gln Gly Gln 

525 530 535 

aac cag eta tat aac gag etc aat eta gga cga aga gag gag tac gat 16B3 
Asn Gln Leu Tyr Asn Glu r..eu Asn Leu Gly Arg Arg Glu Glu Tyr Asp 
540 545 550 555 

gtt ttg gac aag aga cgt gge egg gao cot gag atg 999 gga aag ccg 1731 
Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys PICO 

560 565 570 

aga agg aag aac cct c,og gaa ggc ctg tac aat gaa ctg cag ""a gat 1779 
Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys ASp 

575 580 585 

a.cg atg gcg gag gee tac agt gag att ggg atg aaa ggc gag cgc egg 1827 
Lys Met Ala Glu Ala Tyr Ser Glu rle Gly Met Lys Gly Glu Arg Arg 

590 595 600 

agg gg-c aag ggg- cac gat ggc ctt tac oag- 99t etc agt aea gee ace 1875 
Arg Gly Lye Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala. Thr 

605 610 615 

aag gac ace tac gac gee ctt cac atg cag gee ctg CCC cct cgc 1920 
Lys A.Sp Thr Tyr Asp Ala Leu Hia Met Gln Ala Leu Pro Pro Arg 
620 625 630 

taageggccg C: 1931 

<210> S.EQ It• NO 2 
<211> LENGTttl: 634 
<212> TYPE: PRT 
<213> ORGANl:SM: Artifici"-1 Sequence 
<220> .PEATORE : 
..;223> O'l'HllR INFORMATION: CD19R: zeta chimeric receptor 

<400> SEQOE~ICE : 2 

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 Aap lle Gln Met Thr Gln Th~ Thic Ser Ser 
20 25 JO 

Leu Ser- Ala Se,c Leu Gly Asp Arg Val Tnr Ile Ser Cys lu:g Ala Ser 
JS 40 45 

Miltenyi Ex. 1018 Page 32



US 2004/0126363 Al J a I. 1, 2004 
23 

-continued 

Gln Asp Ile Ser Lys Tyr Leu Asn Trp Tyr Gin 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 SO 

Pro Ser Arg Phe Se: Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr 
65 90 95 

Ile Ser Asn Leu Glu Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gin 
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 Ary 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 Gin Gly Thr Ser Val Thr Val Ser Ser Val Glu Pro Lys Ser 
260 265 270 

Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
275 280 285 

Gly Gly Pro Sec Val Phe Leu Phe Pro Pro Lye Pro Lye Asp Thr Leu 

290 295 300 

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

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

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

Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn 

355 360 365 

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

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

Val Tyr Thr Lou Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val 
405 410 415 

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

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

435 440 445 

Pro Val Leu Asp Ser Asp Giy Ser Phe Phe Leu Tyr Ser Lys Leu Thr 
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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 BO 

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 

Tiu" Gly Ser Thr Ser Gly Sec- Gly Lys Pro Gly Ser Gly Glu Gly Ser 
130 ns 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 Lea Ser Val Thr Cys Thr Val Ser Gly Val Ser Leu 
165 170 175 

Pro Asp '!'yr Gly Val Ser Trp Ile Arg Gln Pro Pro Arg Lys Gly Leu 
180 !85 190 

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 1.le 1le Lys Asp Asn Ser Lys Ser Gln 
210 2 lS 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 
2 45 250 255 

Trp Gly Gln Gly Thr Ser 1741 Thr Val Ser Ser Val GlU Pro Lys Ser 
260 265 270 

Ser Asp Lys Thr His Thr Cye Pro Pro Cys Pro Ala Pro Glu Leu Leo 
27S 280 285 

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

Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Va.1 Val Asp Val Ser 
305 310 315 320 

His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu 
325 JJO 335 

Val His Asr) Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr 
340 345 350 

Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Tr:p Leu Asn 
355 360 365 

Gly Lys Glu Tyr Lys cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro 
370 375 380 

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

Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys lum Gln 1741 
405 410 415 

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

Glu Trp Glu Ser Asn Gly Gln Pro Glu Aen Aen Tyr Lys 'l'hr '!'hr Pro 
435 440 445 

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr 

Jul 1, 2004 
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450 455 460 

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

Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu 

485 490 495 

Ser Pro Gly Lys Met Ala Leu Ile Val Leu Gly Gly Val Ala Gly Leu 

500 505 510 

Leu Leu Phe Ile Gly Leu Gly Ile Phe Phe Arg Val Lys Phe Ser Arg 

515 520 525 

Ser Ala Asp Ala Pro Ala Tyr Gln Gin Gly Gin Asn Gin Leu Tyr Asn 

530 535 540 

Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg 

545 550 555 560 

Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro 

565 570 575 

Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ale Glu Ala 

580 585 590 

Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His 

595 600 605 

Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp 

610 615 620 

Ala Leu His Met Gln Ale Leu Pro Pro Arg 
625 630 

<210> SEQ ID NO 3 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: 5' scFvFc PCR primer 

<400> SEQUENCE: 3 

tcttcctcta cacagcaagc tcaccgtgg 29 

<210> SEQ ID NO 4 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: 3' human zeta chain PCR primer 

<400> SEQUENCE: 4 

gagggttctt cettctcggc tttc 24 

<210> SEQ ID NO 5 

<211> LENGTH: 25 

<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: 5.FAM-3. TAMRA labeled hybridization probe 

<400> SEQUENCE: 5 

ttcactctga agaagatgcc tagec 25 

<210> SEQ ID NO 6 

<211> LENGTH: 20 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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450 455 460 

Val Asp Lys Ser Arg Tep Gln Gln Gly Aen Val Phe Ser Cy s Ser Vt1l 
465 4 70 475 480 

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

Ser Pro Gly Lys Met Ah Leu Tle Val Leu Gly Gly Val Ala Gly Leu 
500 505 510 

Leu Leu Phe Ile Gly Leu Gly Ue Phe Phe Arg Val Lys Pbe Ser Arg 
515 520 525 

Ser Ala Asp !>.la Pro Ala Tyr Gln Gln Gly Gln. Asn G,ln Leu Ty.r Asn 
530 535 540 

Glu Leu Asn Leu Gly Al:g Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg 
545 550 555 560 

Arg Gly Arg Asp Pro Glo Met Gly Gly Ly s Pro Arg Arg Lys Asn Pro 
565 570 575 

Gln Glu Cly Leu Tyr Asn Glu Leu Gln Lys Asp L ys Met 
580 585 

Tyr- Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg 
595 600 

Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala 
610 615 

Ala Leu Hie ~let Gln Ala Leu Pro Pro Arg 
625 630 

<210> SEQ It> NO 3 
<211> LENGT~I : 29 
<212> TYPE: ONA 
<213> ORGANI:SM: Artificial Sequence 
<'2 20> FEATOFtE: 

Thr Lys 
620 

"223> OTHER INFORMATION: 5' scFvFc PCR primer 

d 00> SEQUE!ilCE : 3 

tcttcctc"t.a C!~cagcaagc tcaccgtgg 

<210> SEQ Itl NO 4 
<211> LENG'l'BI : 24 
<212> TYPE: ONA 
<213> ORGANl'.SM: Artificial Sequence 
<220> F EATURE : 

Gly 
605 

Asp 

Ala Glu Ala 
590 

Lys Gl y Ris 

'l'br Tyr Asp 

<223> OTH.ER INFORMATION: 3' human zeta chain PCR primer 

<4 00> SEQOE?<rCE: 4 

9agggttctt ccttctc<JgC tttc 

<210> SEQ Ir• NO 5 
<211> LENGT~I: 25 
<2 12> TYPE : DNA 
<213> ORGAN1:sM: Artificial Sequence 
<220> PEATOFlE : 
<223> OTHER niFORMATION: S'FA.~-J' TAMRA labeled hybridiaation probe 

<4 00> SEQUE!ilCE: 5 

ttcactctga '1gaagatgcc tagcc 

<210> SEQ Ill NO 6 
<2 1 l> LENGT!ll : 2 0 
<212> 'l;YPE: ONA 
<213> ORGANl'.SM: Art.ificia 1 Sequence 
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29 

24 

25 
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-continued 
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<220> FEATURE: 
<223> OTHER INFORMATION: human betaglobin 5'PCR primer 

<400> SEQUENCE: 6 

acacaactgt gttcactagc 

<210> SEQ ID NO 7 
<211> LENGTH: 20 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: human betaglobin 3' PCR primer 

<400> SEQUENCE: 7 

gtctccttaa acetgtottg 

<210> SEQ ID NO S 
<211> LENGTH: 23 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: 5' HEX-3. TAMRA 

<400> SEQUENCE: 

acctgactcc tgaggagaag tct 

labeled hybridization probe 

20 

20 

23 

What is claimed is: 
1. Genetically engineered CD19-specific immune cells 

which express and hear on the cell surface membrane a 
CD19-specific chimeric receptor, wherein the chimeric 
receptor consists of an intracellular signaling domain for an 
effector function of the immune cell, at least one transmem-
brane domain and at least one extracellular domain, the 
extracellular domain comprising a CD19-specific receptor. 

2. The CD19-specific immune cells of claim 1, wherein 
the immune cells arc selected from the group consisting of 
'f-cells, natural killer cells, macrophage. neutrophiLs and 
bone marrow stem cells. 

3. The CD19-specific immune cells of claim 2 which are 
non-malignant human cells. 

4. Genetically engineered CD19-specitic T cells which 
express and hear on the cell surface membrane a CD19-
specific chimeric receptor, wherein the chimeric receptor 
consists of: 

a) an intracellular signaling domain selected from the 
group of intracellular signaling domains selected from 
the group consisting of the (I) zeta, eta, delta, gamma 
or epsilon chain of CD3, (2) MB1 chain. (3) 1329, (4) 
FcyR111 and (5) FcERI; 

b) at least one transmembrane domain; and 

c) at least one extracellular domain comprising a CD19-
specific receptor. 

5. The CD19-specific T cells of claim 4 which are CD' 
and which produce 1L-2 when co-cultured in vitro with 
CDI9* malignant B cells. 

6. The CD19-specific T cells of claim 4 which are CD8' 
or CD4` and which lyse CD19' target malignant II-cells 
when co-cultured in vitro with the target cells. 

7. The CD19-specific T cells of claim 4 which comprises 
a mixed population of CD4' and ('D8.  cells. 

8. The CD19-specific T cells of claim 4 wherein the 
CD19-specific receptor comprises the Fv region of a single 
chain monoclonal antibody to CD19. 

9. The CD19-specific T-cells of claim 8 wherein the 
intracellular signaling domain is from the human CD3 zeta 
chain. 

10. The CD19-specific T cells of claim 9 wherein the 
CD19-specific chimeric receptor comprises scFvFc:t, 
wherein scFvFc represents the extracellular domain, scFv 
represents the V,/ and VL chains of a single chain mono-
clonal antibody to CD19, Fe represents at least part of a 
constant region of an IgG1, and t represents the intracellular 
signaling domain ofthe zeta chain of human CD3. 

11. The CD19-specilic T cells of claim 10 wherein the 
extracellular domain and the intracellular signaling domain 
are linked by the transmembrane domain of human CD4. 

12. The CD19-specific -r celLs of claim 10 wherein the 
chimeric receptor is amino acids 23-634 of SEQ ID NO:2. 

13. A CD19-specific chimeric T cell receptor consisting 
of: 

a) an intracellular signaling domain selected from the 
group of intracellular signaling domains selected from 
the group consisting of the (1) zeta, eta, delta, gamma 
or epsilon chain of CD3, (2) M131 chain, (3) 1329, (4) 
FcyR111 and (5) FccRI; 

b) at least one transmembrane domain; and 

c) at least one extracellular domain comprising a CD19-
specific receptor. 

14. The CD19-specific chimeric T cell receptor of claim 
13 that is a chimeric T cell receptor which comprises 
scFvFc:t, wherein scFvFc represents the extracellular 
domain, sac, represents the Vt1 and VL chains of a single 
chain monoclonal antibody to CDI9, Fe represents at least 
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-continued 

<2 20> FEATDF:E : 
<223> OTHER INFORMATION : human beteglobin S'PCR primer 

<4 00> SEQUE~ICE: 6 

acacaactgt 9ttcactagc 

<210> SEQ ID NO 7 
<211> L:ENGTHI: 20 
<212> TYPE : DNA 

<213> ORGANI;SM: Artilicia l Seguence 
<220> 1'1:ATDF'.E : 
<223> OTHER I NFORMATION: huin,,n betaglobin 3' PCR primer 

<400> SEQUENCE: 7 

20 

gtc:tccttaa '1cCtgtcttg 20 

<210> SEQ III NO 8 
<211> J:,ENGTfil: 23 
<212> TYPE, DNA 
<213> ORGANrSM: Artificial Seguence 
<220> 1'1:ATDRE: 
<223> OTHER INFORMATION: 5' llEX-3' TAMRA labeled hybridization probs 

<4 00> SEQUE~ICE: 8 

acctgactcc l:gaggagaag tct 

Wbat is claimed is: 
l. Gen.:ticully .:ng-im:erud CD19-speci11c immu.m! cells 

which express and bt:ar on lhe cell surface membrane a 
C019-:;pt:cifk chimeric receptor, wht:rein the chimeric 
receptor consists of an intrncellular signaling domain for an 
effector f-unc1 ion of the immune ctlll, al least one transmem­
braoe domai1.1 and al leas! ooo extracellular domain, the 
extracellular ,domain comprising a C'D \ 9-spccific receptor. 

2. The CD19-specific immune ce.Us of claim L wherein 
the immune (:ells are selected from tbe group (.'OOsisting of 
T-cells, natural k.ilkr cdls, macropb11.ge, neutropb.its and 
hone marrow stem cells. 

3. The CD 19-specilic immune cells u[ claim 2 wh.ich are 
non-rnolig11anl human cells. 

4. Gt>oetic:ally i:ngincerecl C'Dl 9-specific T cells which 
express and lbear o n tbc cell surface membrane a C019-
specillc chimeric receptor. wherein tbc chi.n1eric rec.:ptor 
consists of: 

a) an lntr:1,c.:ellu lar signaling domain seleCied from the 
group ol' in1racellular s ignaling domains selected from 
lhe group consisting of tile ( l) zela, eta, delta, gamma 
or epsi lc,n chain of CD3, (2) M131 cbain. (3) B29, (4) 
FcyRIII. and (5) focRI: 

b) al leas! one lransmembrane dnmuin; and 

c) at leas! ,one extracellu lar domain comprising a CDJ 9-
specilic receptor. 

5. The CD 19-spt:ciJic T cells ol' claim 4 which are CD4+ 
and wbich produt-e IL-2 when co-cultL1red in vitro witb 
CD19+ malignant B cells. 

6. 111e CD 19-specilic T cells ol' claim 4 which are CD8+ 
or CD4+ and which lyse CD19+ target malignant R-cclls 
when co-cuJnured in vi1ro witb Ibt: target cells. 

7 . The C D 19-spccific Tcells o( claim 4 wbich comprises 
a mix.:cl population of C04+ and CU!~+ cells. 

23 

8. The CDl9-spccific T cells of claim 4 wherein the 
CD19-speci!k n:cep1or comprises the Fv region or a :;ingle 
chain monoclonal antibody to CDJ9. 

9. Tbe CD19-specifk T-cells of claim 8 wbernio 1he 
intracel\ufar signaling domain is from lhe human CD'.l zeta 
cb.iin. 

10. The CD 19-specitic T cells of claim 9 whurt:in lhe 
C019-specilic chimeric recoptor comprises scFvFc:!;, 
wherein scFvFc represents the extracellular domaio, scFv 
represealS tlw Vu aacl V L chains of a single chain mono­
dooal amibody lU CD19, fc repr.ssenls at least p:irl of a 
constant region of ao lgGJ, ands represents the intracdlu.lar 
signaling domnin nfthe 1.eia chain of human CD3. 

LL. Tbe CDJ9-specilic T cel4; of claim 10 wherein tbe 
extracellular dou1ain a.od tbc intracellular sigoaling domain 
art: linked by the traasrnembrane domain of human CD4. 

12. The CD 19-specific 1' cells of c laim 10 whcrei.n the 
chiro1Jric receptor is amino acids 23-634 or SEQ ID N0:2. 

13. A CD 19-spt:Cific chimeric T cell receptor consisting 
of: 

a) an inlraccllular signaling domain sclcc1cd fmrn the 
group of intracellular signaling domains selected from 
the group consisting or the (J) zeta, cm. delta. g i1mma 
or epsilon chain of CD3, (1) M13 I chain, (3) R29, (4) 
FcyltlJJ and (5) FcdU; 

b) al least ooc lransmembrnoe domain; and 

c) at least oae ex1racellular domain comprising a CD 19-
spllci fie receptor. 

14. The CO I 9-specilic chimeric']' cell receptor ol' c laim 
L3 tbat i,,; a chimeric T cell receptor which corn111rises 
scFvFc:!;, wherein scFv 1:c rep reseats tht: ex1racc.lJu lar 
domain, scPv rcprei;c.:01s the Vil aod V1• chains of a single 
cbain monoclonal 1.01ibody to CDJ 9, Fe represcols at least 
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pan of a constant region of an IgG I, and t represents the 
effector function intracellular signaling domain of the zeta 
chain of human CD3. 

15. The CD19-specific chimeric T cell receptor of claim 
14 wherein the extracellular domain and the intracellular 
domain arc linked by the transmembrane domain of human 
CD4. 

16. The CD19-specific chimeric T cell receptor of claim 
15 which is amino acids 23-634 of SEQ ID NO:2. 

17. A DNA construct encoding a CD19-specific chimeric 
T cell receptor of any one of claims 13-16. 

18. A plasmid expression vector containing a DNA con-
struct of claim 17 in proper orientation for expression. 

19. A method of treating a CD19* malignancy in a 
mammal which comprises infusing into the animal CDI9-
specific immune cells of claim 1 in a therapeutically effec-
tive amount. 

20. A method of treating a CDIr malignancy in a human 
patient which comprises infusing into the patient human 
CD19-specific T cells of any of claims 4 through 12 in a 
therapeutically effective amount and optionally contempo-
raneously administering to the patient IL-2 in an amount 
effective to augment the effect of the T cells. 

21. The method of claim 19 or claim 20 where the 
malignancy is selected from the group consisting of CDI9' 
acute lymphoblastic leukemia, chronic lymphoblastic leu-
kemia, CD19+ lymphoma and chronic lymphocytic leuke-
mia. 

22. The method of claim 19 or 20 wherein the patient has 
previously undergone mycloablative chemotherapy and 
stem cell rescue. 

23. A method of making and expanding the CD19-specific 
T cells of claim 4 which comprises transfecting T cells with 
an expression vector containing a DNA construct encoding 
the CD19-specific chimeric receptor, then stimulating the 
cells with CD19* cells, recombinant CDI 9, or an antibody 
to the chimeric receptor to cause the cells to proliferate. 

24. The method of claim 23 wherein the DNA has been 
depleted of endotoxin and electroporation occurs after the 
cells have been stimulated with a mitogen. 

25. The method of claim 24 wherein the T cells arc 
non-malignant human cells. 

26. The method of claim 25 wherein the T cells arc 
peripheral blood mononuclear cells. 

27. The method of claim 23 wherein the intracellular 
signaling domain of the chimeric receptor is the zeta chain 
of human CD3. 

Jul. 1, 2004 

28. The CD19-specific T cells of claim 9 wherein the 
CD19-specific chimeric receptor comprises scFvFc:t, 
wherein scFvFc represents the extracellular domain, say 
represents the Vi! and VL chains of a single chain mono-
clonal antibody to CD19, Fc represents at least part of a 
constant region of an IgG,. and t represents the intracellular 
signaling domain of the zeta chain of human CD3. 

29. The method of claim 28 wherein the wherein the 
extracellular domain and the intracellular signaling domain 
are linked by the transmembrane domain of human CD4. 

30. The method of claim 29 wherein the chimeric temp-
tons amino acids 23-634 of SEQ ID NO:2. 

3L The method of any of claims 23-30 wherein the 
transfected cells are cloned and a clone demonstrating 
presence of a single integrated unrearranged plasmid and 
expression of the chimeric receptor is expanded ex vivo. 

32. The method of claim 31 wherein the clone selected for 
ex vivo expansion is CD8' and demonstrates the capacity to 
specifically recognize and lyse CD19.  target cells. 

33. The method of claim 32 wherein the clone selected for 
ex vivo expansion demonstrates an enhanced capacity to 
specifically recognize and lyse CD19+ target cells when 
compared to other cells transfected in the same manner. 

34. The method of claim 33 wherein the chimeric receptor 
comprises an scFvFc:t receptor and the clone is expanded 
by stimulation with IL-2 and OKT3 antibody. 

35. A method of abrogating an untoward B cell function 
in a patient which comprises administering to the patient 
CD19-specific T cells of claim 4 in a therapeutically effec-
tive amount. 

36. The method of claim 35 wherein the CD19-specific T 
cells arc administered to treat an autoimmune disease in the 
patient. 

37. The method of claim 36 wherein the autoimmune 
disease is mediated in whole or in part by 13-cells. 

38. The method of claim 37 wherein the CD19-specific 
redirected T cells are administered to produce immunosup-
pression in the patient prior to administering a foreign 
substance to the patient. 

39. The method of claim 38 wherein the foreign substance 
is a monoclonal antibody, DNA, a virus or a cell. 

« • * * * 
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part of a coostnot region of an lgG ., aad !;; rcpreliCots tbc 
elfoctor function inlraccllular signaling domain of 1hc zeta 
chain of bum an CD3. 

15. The CD19-specific chimeric T cell receptor ol' claim 
14 wbcreio tho;s o;sxtracellular doma.io and the intracellular 
domain arc linked by the transmcmbranc drnm1in of humaa 
CD4. 

16. The CDl9-spcci!ic chimeric Tccll receptor of claim 
l5 which is 11mioo adds 23-634 of SEQ ID N0:2. 

17. A DNA construct encoding a CD1 CJ-spccilk cbimeric 
T cell receptor of aoy one of claims 13-16. 

18. A plasmid expression vcct1)r contaioing a DNA C<'.ln­
slruct of cl~im 17 io proper orientation for ciqircssioo. 

19. A method of lrt:ating a CDJ(,J+ malignancy in a 
mammal which comprises inl'using into the animal C019-
specific immum: cdls of claim I in a thernpeutically e!Tec­
tive amount. 

20. A meth·ocl of tro::ating a CD I 9 .. malignancy in a human 
patient which comprises infusing into lbc patient human 
CD19-spcci.fk T cells of any of claims 4 lhrougb 11 in a 
ibcrapeulicaUy elfoctive amount and optionally cootompo­
rnneously administering to lilt: palienl IL-2 in an amount 
effective Lo augment the oITcct of tile T cells. 

21. The method of claim 19 or claim 20 where lhe 
malignancy i:, StJlected from the group coasisting or CD19· 
a,.:ute lymph,ihlastic leukemia, chronic lymphobtastit.: leu­
kemia, CD19+ lymphoma and chronic lympbocytic leuke­
mia. 

22. The mc:tbocl of claim lCJ or 20 wherein 1be pa1ien1 bas 
previously uotlergone myeloablative chemotherapy and 
1'tem ccU reS<:ut:. 

23. A meth,::itl of malting and expanding tbe CIJ19-speci1ic 
T cells or clai.m 4 whicb comprises transfecting T cel1s with 
:rn exprcssiorn vector containing u DNA construct encoding 
the CDJCJ-sp,~cilk chimeric receptor, then stimulating the 
cells wi1b CD1 r cells. r-.'COmbiouut CD19, or ao ant ibody 
to the chimeric receptor to cause the cells to proliferate. 

24. The mc)tbod o[ da.im 23 wherein ibe IJNA bas beca 
depicted of endolox-ia aod clcctroporalioo occurs after tbc 
cells have be,en stimulated witb u mitogen. 

25. The rnethod or claim 24 wherein tile T cells are 
□on-malignant human cells. 

26. The □-tethocl of claim 25 wherein the T cells 1\l'C 
peripheral bl()od mono□uclear cells. 

27. The r111cthod of claim 2.3 wherein the intracellular 
sigoalfog domain of tbe cbiroecic receptor is the 7,ct~ chaia 
of humao CC>3, 
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28. The CD19-specific T cells of claim 9 wlicrein the 
CD.19-spccific chimeric receptor compris.:s scrvFc:!;, 
wbBreia scFvFc represents tbc extrdcellular domain, scFv 
represents the V11 am] V L cbaias o[ a singlt.: chain 01000-

clon:1! tLDlibody to CD19, Fe roprcstiats a.I luast part of a 
constant region or an lgG,. and l;; represents the intracdlular 
signaling domain of the z.:ta chain of human CD3. 

29. l71e method of claim 18 wherein the wherein tbe 
extr\lcellula.r clom!lin and the intracellular signa.ling clc,111ain 
aru liokud by Ibo lrnasmembrane domain of human CD4. 

30. The metbod of claim 29 wherein the chimeric ceccp­
toris amino acids 23-634 of SEQ ID N0:2. 

3 L Tile methc,d or any of claims 23-30 wherein the 
Lra:nsfected cell~ -are clo□ed and a clone clemonsurating 
presence of a single integrated unrearrangecl plasmid and 
expression of the chimeric receptor is expanded ex vivo. 

32. 'Ille method of claim 31 wherein the done selecl•~d for 
ex vivo expansion is cos+ and dcmoostralcs 1be capac:ity 10 

specillc:1Uy recognize aad Jyse CD19+ target ceUs. 

33. The method or claim 32 wherein the clone select,~cl for 
ex vivo expansion clemoostrntes an enhanced capacity lo 
specifically recogni;,,e and lyse CD 19+ target cells when 
con1pared to Cllbcr cells transfcctccl in Lbe same mann,cr. 

34. The method of claim 33 wherein the cbimeric receptor 
comprises an scFvFc:!;; receptor and the clone is exp,rndccl 
by stimulalioo with LL-2 aod OKT3 anl ibody. 

35. A metbo<l of abrogating an untoward B cell function 
ia a patient wbicl1 comprislls administering lo tbc patioat 
CIJJ 9-i:<pecific T cells of claim 4 in a thi:rapeutically ,effec­
tive amount. 

36. The method of claim 35 wherein the CD 19-spec:iftc T 
cells are administered lo treat an autoimmune dis.:ase in the 
patient. 

37. Tbe motbocl of cl,lim 36 wherein lbc autoimmune 
disease is mediated in whole or in pan by B-ceJL5. 

38. The method of claim 37 wberei.n Ibo CD1 <>-specific 
rndirectetl T cells ore admioisterecl to produce immunosup­
pression in the patient prior lo administering a foreign 
substance ltl tile patient. 

39_ The nictbod t)f claim 38 wherein tbe forcigo sub~.tance 
is a moooclooal aolibody, DNA, a virus or a cell. 
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