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FLT3-SPECIFIC CHIMERIC ANTIGEN RECEPTORS AND METHODS USING SAME
CROSS-REFERENCE TO A RELATED APPLICATION

[0001] This patent application claims the benefit of U.S. Provisional Patent Application
No. 62/342.394, filed May 27, 2016, which is incorporated by reference in its entirety herein.

STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support from the Intramural Research
Program of the National Institutes of Health, National Cancer Institute, Center for Cancer

Research under Project No. ZIA BC 011295.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED
ELECTRONICALLY

[0003] Incorporated by reference in its entirety herein is a computer-readable
nucleotide/amino acid sequence listing submitted concurrently herewith and identified as
follows: One 30,162 Byte ASCII (Text) file named "728591 ST25.txt" created on May 19,
2017,

BACKGROUND OF THE INVENTION

[0004] There are still leukemic patient populations where standard therapies are sub-
optimal. For example, patients with infant pre-B cell precursor acme lymphobiastic leukemia

(ALL) or acute myeloid leukemia (AML) have survival rates of less than 40 and 60%,

respectively.

[0005] Accordingly, there exists an unmet need for additional treatments for cancer.
BRIEF SUMMARY OF THE INVENTION

[0005a] According to a first aspect of the present disclosure, there is provided a chimeric

antigen receptor (CAR) comprising an antigen binding domain specific for FLT3, a



10 Jul 2024

2017271606

transmembrane domain, and an intracellular T cell signaling domain, wherein the antigen
binding domain comprises a single chain variable fragment (scFv) comprising from N-terminus
to C-terminus (a) the heavy chain variable region CDR1, CDR2, and CDR3 sequences of SEQ
ID NOS: 6, 8, and 10 and (b) the light chain variable region CDR1, CDR2, and CDR3 sequences
of SEQ ID NOS: 14, 16, and 18.

[0005b] According to a second aspect of the present disclosure, there is provided a nucleic

acid comprising a nucleotide sequence encoding the CAR of the first aspect.

[0005¢] According to a third aspect of the present disclosure, there is provided a

recombinant expression vector comprising the nucleic acid of the second aspect.

[0005d] According to a fourth aspect of the present disclosure, there is provided an

isolated host cell comprising the recombinant expression vector of the third aspect.

[0005¢] According to a fifth aspect of the present disclosure, there is provided a

population of cells comprising at least one host cell of the fourth aspect.

[00051] According to a sixth aspect of the present disclosure, there is provided a
pharmaceutical composition comprising the CAR of the first aspect, the nucleic acid of the
second aspect, the recombinant expression vector of the third aspect, the host cell of the fourth

aspect, or the population of cells of the fifth aspect, and a pharmaceutically acceptable carrier.

[0005g] According to a seventh aspect of the present disclosure, there is provided a
method of detecting the presence of cancer, comprising:

(a) contacting a sample comprising one or more cells with the CAR of the first
aspect, the nucleic acid of the second aspect, the recombinant expression vector of the third
aspect, the host cell of the fourth aspect, the population of cells of the fifth aspect, or the
pharmaceutical composition of the sixth aspect, thereby forming a complex, and

(b) detecting the complex, wherein detection of the complex is indicative of the
presence of cancer,

wherein the cancer expresses FLT3.

la
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[0005h] According to a eighth aspect of the present disclosure, there is provided a method
of treating or preventing cancer in a mammal, the method comprising administering to the
mammal the CAR of the first aspect, the nucleic acid of the second aspect, the recombinant
expression vector of the third aspect, the host cell of the fourth aspect, the population of cells of
the fifth aspect, or the pharmaceutical composition of the sixth aspect, in an effective amount to

treat or prevent cancer in the mammal, wherein the cancer expresses FLT3.

[0005i] According to a ninth aspect of the present disclosure, there is provided use of the
CAR of the first aspect, the nucleic acid of the second aspect, the recombinant expression vector
of the third aspect, the host cell of the fourth aspect, the population of cells of the fifth aspect, or
the pharmaceutical composition of the sixth aspect in the preparation of a medicament for

treating or preventing cancer in a mammal, wherein the cancer expresses FLT3.

[0006] Embodiments of the invention provide chimeric antigen receptors (CARs)
comprising an antigen binding domain specific for FLT3, a transmembrane domain, and an
intracellular T cell signaling domain. The CAR may further comprise a 4-1BB intracellular

domain, a spacer, or both.

1b
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{6667} Further smbodiments of the invention provide related nucleic acids, recombinant
expression veetors, host cells, populations of cells, antibodies, or antigen binding portions
thereof, and pharmaceniical compositions relating to the CARs of the invention.

106081 Additional embodiments of the inverdion provide methods of detecting the
prasence of a proliferstive disorder, e.g., cancer, and methods of treating or preventing &

proliferative disorder, e.g., cancer, it a mammal,

BRIEF DESCRIPTION OF THE DRAWINGS

{30691 Figure 1 is a bar graph showing FLT3 s expressed on acute lymphoblastic and
scute myeloid leukerma cell lines.

0818]  Fioure 2 is a diagram of CARS 1n accordance with embodiments of the imvention.
R Figure 3 shows flow cytometry graphs of FLT3 CAR T cell transduction, in
aceordance with embodiments of the invention

09812)  Figure 4 is a bar graph showing that T cells expressing FLT 3-targeting chimeric
antigen receptors seorete high levels of interforon-gamuma when co-cultured with FLT3-
expresaing ALL cell Hines, in accordance with embodiments of the mvention,

{B813]  Figure S is a bar graph showing that T cells expressing FLT3 targeting chimernic
antigen receptors secrate high levels of interieukin-2 when co-culfured with FLT3-expressing
ALL cell lines, in accordance with embodiments of the mvention,

{6814} Figore 613 a bar graph showing that T cells expressing a FLT3 targeting chimerte
antigen receptor secrete high lovels of interferon-garoma when co-cultured with FET3-
expresaing AMLU cell lines, in accordance with embodiments of the invention,

0815 Figure 7 i a bar graph showing that T celle expressing a FLT3 targeting chimeric
andigen receptor secrete high levels of mietleukin-2 when co-cultured with FLT3-expressing
AMIL cell Hings, in accordance with embodiments of the mvention.

{016} Figure § presents images showing that T cells expressing FLT3 targeting CARs
are ahle to reduce FLT3 expressing ALL in vive, 1o accordance with embodiments of the
meention.

{0817} Figure ¢ presents images showing i vivo dose ttratton of FLT3 CAR T cells

(10x10° cells {columm “10™Y, Sx10° cells {cotunmn ¥57), or 1x10% cells {oolamm “17)), in

AN

accordance with embodiments of the invention.

o
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{018 Figwre 10 presents tmages showing that T cells expressing FLT3 targeting CARs
gre able to delay the progression of FLT3 expressing AML in vive, in accordance with
smbodiments of the mvention.

{0819 Tigure 11 presomts tnages showing that T cells expressing FLT3 targeting CARs
are able to delay the progreasion of FLT3 expreasing AML in vive, in accordance with

emnbodiments of the mvention.

DETAILED DESCRIFTION OF THE INVENTION

[B028]  ALL represents 3 common oncologic diagnosis in children. Substantial progress
has been made in the upfront chemotherapy for pediatric ALL such that most patients will be
cured. Nonetheless, ALL remaing a coromon cause of death from cancer in children due to
relapse of disease that no longer responds to eytotoxic chemotherapy, or due o refractoringss

apiront freatment. Furthermore, long-tenm therapy-indoced morbidity remains a major
issue, particularly in those patients deemaed to be higherisk for relapse and thus freated with
more intense regimens under current risk-adapted profocods. In adults, ALL occurs less
commonly than in cluldren, but the prognosis for adult ALL i3 worse than 1 children
undergoing standard cytotoxic chemotherapy. Treatment of voung adults on pediatric-type
regimens has wuproved cutcome but not to the fevel achieved in clildren.
{6021} The adoptive cell ranster (ADT or ACT) of T cells genetically modified to
express chimeric antigen receptors (CARs) targeting antigens expressed on lymphoid cells
have demonstrated potent activity in B cell malignancies, including ALL, resuliing in
rennssions in chemotherapy refractory patients. The surface protein being tarpeted inthe
majority of these trals 1§ the C 19 antigen that 18 expressed on both malignant and non-
malignant B celis. However, not all paticnts spord and relapses oocur, i some cases dae to
toss of D19 expression. Loss of CDY also has been observed affer reatment wit
bispectfic antibody-based reagents targeting CDIG and £33,
{6224 Patients with infant ALL or AML express bigh levels of FMS-like tyrosine
kinase 3{FLT3) FLTS is also known as Frus-Related Tyrosine Kinase 3, Stems Cell Tyrosine
Kinase 1, FL Cytekine Receptor, CD133 Antigen, FLE-Z, 8TK1, and Fetal Liver Kinase 2.
FLT3 is frequently mutated in AML, causing activation of the patloway, and is thought to be a
major driver of disease. Thus, down-modulation of FLT3 will be an lmprobable escape

mechanism. Addionally, the routations are found in the intracethilar domam of the receptor
3

SUBSTITUTE SHEET (RULE 26)



WO 2017/205747 PCT/US2017/034691

50 tvymne eells expressing FLT3 CARs will be able t target both wild type and mutant
forms of FLT3 allowing for broad targeting of both infant ALL and AML and mway target any
FLT3~overexpressing levukemia
100231 An smbodiment of the invention provides chimeric antigen receptors (CARs)
corpprising an anhigen binding domaim specific for FLT3, a ravevnambrane domain, and an
wdracetidar T cell signaling domain, The CAR may further comprise a 4-188 intracellular
domain, a spacer, or both
0624] A chimenic antigen receptor {CAR) 13 an artificially constracted hybnid protein or
polypeptide containing the antigen binding domain of an antibody {=.z., single chain variable
fragment {seFv)} linked to T-cell signaling domatns. Characteristics of CARs nclude thewr
ability to redivect T-cell specificity and reactivity toward a selected target in a non-MHC-
restricted manner, explotting the antigen-binding properties of monoclonal antibodies. The
non-MHC-restricted antigen recognition gives T cells expressing CARs the abnlity to
scogrize antigen independent of antigen processing, thus bypassing a major mechanism of
fugor escape. Moreover, when expressed in T-cells, CARs advantageously do not dimerize
with endogenous T cell receptor {TCR) alpha and beta chains.
{0025]  The phrases “have antigen specificity” and “elicit antigen-specific response” as
sed herein means that the CAR can specifically bind to and immunclogically recognize an
antigen, such that binding of the CAR to the antigen elicits an immune response.
{0026]  Without being bound to a paricular theory or mecharsm, it 16 believed that by
cliciting an antigen-specific response against FLT3, the tnventive CARs provide for one or
more of the following: targeling and destroying FLT3-expressing cancer cells, roducing or
eliminating cancer cells, facilitatmg miiltration of wnune cells to tumor site(s), and
*nhancmof extendi ing anti-cancer FESPONSES,
{00271 An embodiment of the invention provides a CAR comprising an antigen binding
domain spectfic for FLT3, based on antibodies, e.g., NC7. NC7 15 desenbed in 1LS. Patent
No. 8,071 099, which is incorporated heremn by reference i its entirety. The seFv comprises
a light chain variable region and a heavy chaim vanable region. In embodiments of the
ivention, the Hght chain and heavy chain may comprise any suitable combination of light

chaimn and heavy chain sequences, e.g., a5 lisied in Table 1 below.

SUBSTITUTE SHEET (RULE 26)
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{B828]  Inan cmbodiment, the CAR may bave a multispecific antigen binding domain.
For example, the CAR may be specific for FLT3 and at least one other target, e.g., & leukemia
target such as CDNY or CO22 for ALL, or CH33 or CD1Z3 for AML.

{3029 Inan embodiment, the antigen binding doreain coroprises a linker. The lisker
connects the heavy chain variable region aund the light chamn vanable region of the antigen
binding domain. Any Huker suitable for Hnking the heavy cham variable region and the light
chain varigble region may be used in the antigen binding domains of the mvention. Inan
embodiment, the lmker comprises, conaiats of, or consists essentially of a glycine-senne
linker domain. Preferably, the antigen binding domain comprises a scFv comywising a heavy
cham variable region, & light chain vanable region, and 2 linker.  In embodiments of the
mvention, the light chan, heavy chain, and linker may comprise any sutable combination of
Hght chais, beavy chain, and linker sequences as Histed 1o Table 1 below.

6636} In an embodunent of the mvention, the CAR comgprises, consiats of, or consista
easentiaily of the sequence:
MLULVISLLLCELPHPAFLLIPEVQLVQSGAEVKKPGSSVEVSCKASGGTFASY AISWY
ROAPGOQGLEWMGGHPIFCTANY AQKFQGRVTITADKSTSTAYMELSSLRSEDTAVY
YCATFALFGFREQAFDIWGQGTTVTVASGGGGSGGGGEGGOGEDIQMTQSPSSLSAS
VEDRVTITCRASOSISSYLNWY QQKPGRKAPKLLIY AASSLOQSGVISRFSGSGSGTRFRT
LTISSLOPEDLATY YCQQSYSTPFITGPCTEVDIKSCGTTTPAPRPPTPAFTIASQPLSLRY
BACRPAAGGAVHTRGLDFACDIYIWAPLAGTCOVLLLSLVITLYCKRGRKELLYIFK
QPFMRPYVQTTOEEDGCSCREFPEEEEGGCELRVEFSREADAPAYROQGONQLYNELNL
GRREEYDVLDERRGRDFEMGGKPREKNPQEGLYNELGK DKMAEAYSEIGMEKGERR
RGEKGHDGLYQGLITATKDTY DALHMQALPPR (SE ID NO: 1)

{031} Inanother embodiment of the mvention, the CAR comprises, consists of, or
consists exsentially of the sequencs:
MLLVTSLLLCELPHPAFLLIPEVQLVOSCAEVEKKPGSSVKVICKASGGTERSYAISWY
ROAPGQGLEWMGGHPIFGTANYAQKFQGRVTITADRATSTAYMELSSLESEDTAVY
YCATFALFGFREQAFDIWGQGTTVTVSSGGGGRGGHGSGGGOSDIOM TS FEELSAS
VOBRVTITCRASGSISSYLNWYQUKPGEAPKLLIYAASSLOSGVPSRFSGEGSGTDRT
LTISSLOPEDLATYYCQQ3Y STPFTRGPOTKVDIKSGLEDPAEPKSPODKTHTCPPCPAP
ELLGGPRVFLFFPRPKDTLMIBRTPEVTICVVVRVEHEDPEVKENWY VIDGYEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYECKVSNKALPAPIEXTISKAKGQFREP

5
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QVYTLPPSRDELTXNQVSLTCLVEGFYFRDIAVEWESNGQPENNYK TTPPVLDSDGR
FELYSKLTVRKSRWOOQOGNVESCEVMHEALONHY TOKSLSLSPGEKDPKTTTPAPRYP
TPAFPTIASOPLELRPHACRPAAGGAVHTRGLDFACDIVIWAPLAGTCGVLLLSLVITLY
CKROREXLLYIFKQPFMRPYVQTTQEERGUSCRFPEEEEGGCELRVEFSRSADAPAY R
QGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPQEGLYNELOKDEKMA
EAYSEIGMKGERRRGEGHDGLYQGLETATKDTYDALHMQALPPR (SEQ ID NO: )
{69321 fn an embodiment, the antigen binding doman comprises a leader/signal
sequence. The leader sequence may be positioned at the amine terounus of the heavy chain
variable region. The leader sequence may comnprise any suitable leader sequence. In
ercbodiments of the invention, the leader/signal sequence way comprise the sequence as
fisted in Table 1 below. In the mature form of the T cell, the leadeor sequence may not be
present.

18331 froan ernbodiment of the invention, the CAR comprises & transmembrans domain,
n an embodiment of the invention, the transmenbrane domamn comprises CD8. The COR
can comprise the CD8a {CDE alpha) hinge and transmembrane domain, In s praferred
embodiment, the CD¥ is human. The CDE may comprise less than the whele CDS. In
erbodiments of the invention, the CD¥ may comprise the sequence as listed in Table }
below.

{341 In an embodiment of the invention, the CAR comprises an intraceilnfar T cell
signaling domain comprising 4-18BB (CDI37), CO3 reta (), or both In a preferred
embodiment, the U193 zeta, 4-1BB, or both 1s/are human, 4-1BB wansmats a potent
costimulaiory signal fo T cells, promoting ditferentiation and enbancing long-term survival o
T lymphocytes. T3] assoctates with TCRs to produce a signal and contains
gnmunoreceplor tyrosine-based activation motifs (ITAMs). In an embodiment, the CAR
lacka a 4-1BB domain. In ancther embodiment, the CAR comprises a CD28 domain. CD2R
isa T cell marker tmportant in T cell co-stimuiation. The 4-18BB, CII8, T3 zeta, or any of
these may comprise less than the whole 4-1BB or CI33 zeta, respectively. In embodiments of
the invention, the 4188 may compriae the sequence as hsted in Table 1 below. In
erobodimments of the imverdion, the D3 zets may comprise the sequence as iisted in Tabls |
below.
0387 In an embodiment of the fnvention, the CAR comprises a spacer. The spacer may
be between any atorementionad domams. Inan erobodiment, the CAR comprises an IgG

&
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heavy chain constant domain (CHZCH3) spacer. In a further embodiment, the spacer can be
between the scFv and the ransmembrane domam. In a preferred embodiment, the seqaence
of the spacer, e.g., CH2CH3, is human. In embodiments of the imvention, the spacer may
comprise the sequence as Hsted 1 Table 1 below.

[836]  Pmbodiments of the invention comprise sequences as provided in Table 1 below.

Table 1
Seguencs SEQID | Segment Notes
NG
M 3 start methionine
LLVTSLLLCELPHPAFLLIP 4 signal peptide: from lmrman
OGM-CBF
EVOLVOSGAEVKRPGSSVEK 3 seFy heavy chain: FRI
VSCKAS
GOTFSSYALS ”w sebv heavy chawy CDR]
WYROQAPGOGLEWMG 7 sebv heavy chaie FR2
GUPIFGTANY AQKF(G g sefv heavy cham CDR2
RVTITADKSTSTAYMELSSL 3 soFv heavy chain: FR3
RSEDTAVYYCAT
FALFOFREQAFE ig seHv heavy cham: J region {CDR3}
WOQUTIVTYSS il scfv heavy cham: FR4
CGLOSGOEOSGGGEE i2 sckv finker
IQMTOSPSSLSASVGERVT] i3 sckv {ight chain: FR1
T
RASOQSISSYLN i4 scFv light chaine CDRI
WYQQKPORAPKLLLY 15 scFv light chaine FR2
AASSLOS 16 scly Yight chaine CDR2
GVPARFSGRGEGTDRTLTISE 17 sekv light chain: FR3
LOPEDLATYYC
QOBSYSTPFT 18 scky light chain ] region {CDR3)
FOPGTEKVIRIK 19 schy {ight chain FR4
SG 20 added amino acids dus to
, vector design
LED?P 21 Spacer
AEPKSPORTHTCPPUPAPELL 22 Spacer (CH2
GGPSVFLFPPRPRKDTLMISKT
PEVTCVVVDVIHEDPEVKFN
WYVDOVEVHNARKTKPREEG
YMSTYRVYSVLTYLHODWL
NOGEEYKCKVENKALPAPIEK
TISKAK
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Seguence SEQID | Segment Nates
NG
GOPREPQVYTLPPSRDELTK 23 Npacer CH3
NQVSLTCLVKGFYPSBIAVE
WESNGQPENNYKTTPPVLDS
DOSFFLYSKLTVDKSREWQO
GNVESCSVMHEALHNHYTO
KSLSLSPGK

KDPK 24 Spacer

TTTPAPRPPTPAPTIASQPLSL 25 D8 CD8o hinge
RPEACRPAAGGAVHTRGLD

FACD

IYIWAPLAGTCGVLLLSLVIT 26 Ch8 {138 transmembrane domain

LYC
KRGREKELLYIFEQPFMRPVO 27 4-188 intracelhiiar domain
TTQEEDGCSCREFPEEREGGC
L
RVEKEFSREADAPAYKGONG
LYNELNLOGRREEYDVLDKR
RGRDPEMGGKPRRENPQEG
LYNELOKDKMAEAYSEIGM
KGERRRGKGHDGLYQGLST
ATKETYDALHMOALPPR

2
2

CH3IC intracelivlar domain

{637} Embodiments of the vention include the following sequences in Tabie 2 that

comprise the sequences presentad in Table 1 above.

Table 2

Marpe Short Fonn Long Form
SEQID NO: 1 2
Comprising Table | 3 3
SEG 1D NOS: 4 4
3 3
& &
& g
g 9
10 10
i i
12 12
13 13
t4 4
ES 15
15 {6
8
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17 i7
18 i8
19 1§
20 20
21
22
23
24
25 25
26 26
27 27
28 28

00381 Embodimends of the mvention inchude the following sequences tn Table 3 that

comprise the sequences presented in Table T above, where the signal peptide is not present.

Namg Short Fonn Long Form

SEQ D NG: 29 30
Cormprising Table 1 5 5
SEG 1D NOS: 6 ¢
2 8

¢ g

10 i

i1 13

12 12

13 i3

14 i4

15 i5

16 it

17 i7

N i8

19 i<

20 20

22

23

24

25 25

26 26

27 27

28 28
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39 Included in the scope of the invention are functional portions of the inventive
CARs described herem. The tarm “fanctional portion” when used in reference to a CAR.
efers to any part or fragment of the CAR of the jovention, which part or fragment retains the
binlogical activity of the CAR of which it is a part {the parent CAR}. Functiopal portions
encompass, for example, those parts of a CAR that retain the abihity to recognize target cells,
ar detect, treat, or prevent a disease, to a similar extont, the same extent, or to a higher ©xtent,
as the parent CAR. In reference to the parent CAR, the functional portion ean comprise, for
mstance, about 10%, 25%, 30%, 50%, 68%, R(}%, 90%, 93%, or more, of the parent CAR.
[60848]  The functional portion can coraprise additional aming acids at the aming or
carboxy teymings of the portion, or at both ternuni, which additional amino acids are not
found in the aming scid sequence of the parent CAR. Desirably, the additional aming acids
do not interfere with the biclogical function of the functional porlion, e.g., recoguize target
cells, detect cancer, treat or prevent cancer, ete. More desirably, the additional anuno acids
enhance the biological activity, as compared to the biological activity of the parent CAR.
{0041} Included 1 the scope of the invention are funciional variants of the fnveniive
CARs described herain, The term “functional varant” as used herein refers to a CAR,
polypeptide, or protein having substantial or significant sequence identity or similarity to a
parent CAR, which functional variant tetains the biological activity of the CAR of which it is
a variant, Functional variants encompass, for example, those variants of the CAR described
heren {the parent CAR) that retain the ability to recogruze target cells to a similar extent, the
same extend, ot {0 a higher extent, as the parent CAR. 1o reference to the parent CAR, the
funciional variant can, for instance, be at least about 30%, 50%, 75%, 809%, 90%, 98% or
more wdentical in amino acid sequence to the parent CAR.
13042} A functional variant can, for example, comprise the amuno acid sequence of the
parent CAR with at least one conservative amine acid sybstitution. Alternatively or
additionally, the functional variants can comprise the anunoe acid sequence of the parent CAR
with at least one non-oonservative amino acid substitution. In this case, i i¢ preferahle for
the non-conservaiive ataino acid substitution to not interfere with or imbubit the biciogical
activity of the fonctional vartant, The non-comservative amino acid substitution may enbance
the biological activity of the functional vartang, such that the hiologica! activity of the

functional varta is tnoreased a5 conyrared (o the parent CAR.
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{H843] Amino acid substiutions of the mventive CARSs are preferably conservative aming
acid substifutions. Conservative amino acid substitutions are known in the art, and inchuide
amino acid aubstitetions i which one amine acid having certam physical and/or chenical
propertics is exchanged for another amune acid that has the same or sinular chemieal or
phvsical properties. For mnstance, the conservalive amino acud subsiitution can be an
acidic/negatively charged polar amine acid substitated for another acidic/negatively charged
polar amving acid {e.g., Asp or Glu}, sn aming acid with a nonpolar side chain substituted for
another anune acid with a nonpolar side chain {e.g., Ala, Gly, Val, lle, Leu, Met, Phe, Pro,
Trp, Cys, Val, ele.), a baste/postuvely charged polar amino acid substituted for another
basic/positively charged polar amino acid {o.. Lys, His, Arg, ¢tc.), an uncharged amino acid
with a polar side chain substituted for another uncharged aming acid with a polar side chiin
g.g., Asy, Gln, Ser, Thr, Tyr, efe ), an amine acid with a beta-branched side-chain substituted
for another aming anid with a beta-branched side-chamn {e.g., lle, Thy, and Val}, an anuno
acid with an aromaiic side-chain substitited for another amine acid with an aromatic side
chain {e.g., His, Phe, Trp, and Tyry, eto.
{0844} Also, amino acids may be added or removed from the sequence based on vector
design. For example, SEQ 1D NGO 20, added amino acids due to vector design, may be
removed from the CARs as described herein 2., removed from the CAR sequences in
Table 2, Table 3, or both.
{0845]  The CAR can consist essentially of the specified arpine acid sequence or
sequences deseribed herein, such that other componeunts, €.g., other amino acids, do not
materially change the biological activity of the functional varant,
{d 6] The CARs of embodiments of the invention {nclading functional portions and
fonctional varanta) can be of any length, Le., can comprize any munber of ammo acids,
provided that the CARs {or fonctional portions or fonctional variants thereof} retain ther

ological activity, e.g., the abiity to specifically bind to antigen, detect diseased cells tna

&

P

manmal, or treat or prevent dissase in 3 mammal, ete. For example, the CAR can be about
30 to about 3000 anuvo acids fong, such as $G, 70,75, 100, 128, 180, 175, 200, 300, 400,
SO0, 600, 700, 00, 500, 1000 or more amuno acids in length,

G047} The CARs of entbodiments of the invention {inciuding functional portions and
funciional varianta of the nvention) can comprise synthelic amino acids in place of one or
more naturally-ocourting amino acids. Such synthetic aming acids are known in the art, and

it
i
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meclode, for example, aminocyolohexane carboxylic acid, norleucine, c-aming n-decanoic
acid, homoserine, S-acetylanunomethyl-cystaine, trans-3- and trans-4-hydroxyproline, 4-
aminophenylalanine, 4- nitrophenylalanine, 4-cldorophenylalamine, 4-carboxyphenylalanine,
Z-phenylserine B-hydroxyphenyialanine, phenvighyeme, v-naphthylalanine,
cyclobexylalanine, cyvelohexylglyeine, wdohne-Z-carboxylic acid, 1,234
tetrahydroisoquinoline-3-sarhoxylic scid, aminorsalonic acid, aminomalonic acid
monoamide, N -benzyl-MN -methyl-lysine, N N’ -dibenzyl-lysine, 6-hydroxylysine, omithineg,
a-aminocyclopentane carboxylic acid, a-ammocyclohexane carboxylic acid, o-
amingeycloheptane carboxylic acid, e-{Z-amine-2-norbornane}-carboxylic acid, o,y
diaminobutyric acid, o, 3-diananopropionic acd, homophenyialanine, and a-tert-
bufviglyeine

{00481  The CARs of ernbodiments of the tnvention (inchuding functional portions and
functional variants) can be glycoaylated, ammdated, carboxylated, phospherylated, estenfied,
N-acviated, cyclized via, e.g., a disulfide bridge, or converted into an acid addition salt and/or
optionally dimerized or polymerized, or conpugated.

{08457 The CARs of embodiments of the wvention {inclading functional portions and
functional variants thereof) can be obtained by methods known in the art. The CARs may be
mads by any suitable method of making polypeptides or proteins. Sustable methods of de
novo synthesizing polypeptides and proteins are described in references, such as Chan et al,

Fmoe Sofid Phase Peptide Synthesis, Oxford University Press, Oxford, United Kingdom,

2000; Peptide and Protein Dvug Analysis, ed. Reid, R., Marcel Dekker, Toc., 2000; &pitope
Mapping, ed. Westwood et al., Oxford University Press, Oxford, United Kingdom, 2001 and

1.5, Patent 5,449,752, Also, polypeptides and proteins can be recombinantly produced wsing
5 >k E X
the nucleie acids described herein using standard recombinant methods. See, for instance,

o

S E ARAAT 5 P
Sambronk et al., Molecular €

7

toning: A Labovatory Manual, 3¢ ed., Cold Spring Harbor
Press, Cold Spring Harbor, NY 20015 and Ausebel et al, Current Protocols in Melecwdar
Biclogy, Greene Publishing Associates and John Wiley & Sons, NY, 1994, Further, some of
the CARs of the invention (including functional portions and functional variants thereo!) can
be jaolated and/or pugified from a source, such as a plany, 8 bacternun, an insect, 2 mammal,
e.g., Al a lmsman, etc. Methods of 1solation and purification are well-known 1n the art.

Aliernatively, the CARs described herein (including functional portions and Sinctional

sy
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variants thereof} can be commercially synthesized by companies, In this respect, the
mmventive CARS can be synthetic, recombinant, 1solated, and/or punified.
U An embodiment of the invention further provides an antibody, o1 antigen binding
portion thereof, which specifically binds to an epitope of the CARs of the wvention. The
anitbody can be any typs of imraunoglobulin that 1s known in the art. For mstance, the
aniibody can be of any isotype, e.g., lgA, gD, 1gE, 1gG, IgM, efc. The antibody can be
monoclonal or polvelonal, The antibody can be a natorally-cccwming antibody, e.g., an
antibody solated and/or purified fror a roammal, e.g., mouse, rabbit, goat, horse, chicken,
hamster, human, ete. Alternatively, the anttbody can be a genctically-engineered antibody,
£.8., 4 humanized antibody or a4 chimeric anttbody. The antibody can be in monomeric or
poitymeric form. Also, the antibody can have any level of affimty or avidity for the functional
portion of the inventive TAR.
{8851]  Methods of testing antibodies for the ability to bind o any fmctional portion of
the inventive CAR are known in the art and mchude any antibody-antigen binding assay, such
as, tor sxamp}a, radioimmunoassay {RIA}, ELISA, Western blot, immmmoprecipitation, and
competitive inhibition assays {see, e.g., Janeway et al., infra, U8, Paters Apphication
Publication No. 20024197266 Al and U.5. Patent No. 7,338,929}
{3052} Suitable methods of making antibodies are known i the art. For instance,
standard hybridoma methods are described v, e.g., Kéhler and Milstein, B, 7 Jmsunol| §,
S11-519 (1976}, Harlow and Lane {eds), dnfibodies: A Laboratory Manual, CSH Press
{1988}, and C.A. Janeway et al. {eds.), Inmmunobiology, 5% Ed., Garland Publishing, New
York, WY (2081)). Alternatively, other methods, such as EBV-hybridoma methods {(Haskard
and Asrcher, J Immimol Methods, T4(2), 361-67 (1944), and Roder et al,, Meihods Enzymol.,
121, 140-67 {1986}}, and bacteriophage vector expression systems {see, e.g., Huse of al,,
Science, 246, 1275-81 {1989} are known o the art. Further, methods of producing
ntibodies i non-lnrnan ammals are desenbed in, e.g, U3, Patents 5,545,806, 5,569,825,

and 5,714,357, U8, Patent Application Publication No. 2002/0197266 A1, and U.S, Patent
> Pe

{1831 Phage display fiwtherrore can be used to generate an antibody. In this regard,
phage Lbraries encoding antigen-binding vanable (V) domains of antibodies can be generated
using standard molecular bicdogy and recombinant DNA techmiques {see, ¢.g., Sambrook et
al., supra, and Ausubel et al, supra). Phage encoding a variable region with the desired

11

1]

SUBSTITUTE SHEET (RULE 26)



WO 2017/205747 PCT/US2017/034691

specificity are selected for specific binding o the desired antigen, and 3 complete or partial
antibody is reconstituted comprising the selected variable domain, Nucleie anid sequences
encoding the reconstituted antibody are miroduced into 4 stifable cell bine, such as a
myeloroa cell used for hybridoma production, such that antibodies having the characteristics

of monoclonal antthodies are secreted by the cell (see, e.g., Janeway et al,, suprw, Huse etal,,

,-«

supra, and UL, Patent 6,265,150},
{0954}  Antibodies can be produced by transgenic mice that are fransgenic for specific
heavy and light chain inwounoglobulin genes. Such methods are known in the art and
described in, for example US, Patents 5,545,806 and 5,569,825, and Janeway ot al,, supra.
{0851 Mathods for generating humanized antibodies are well known in the art and are
deseribed in detail in, for example, Janeway et al., supra, LS. Patents 5,225,539, 5,585,059
and 5,693,761, Eurnpean Patery No. 0239400 B, and United ¥ingdom Patent No. 2188638,
Humanized antibodies can also be generated using the antibody resurtacing technology
described n ULS. Patent 5,639,641 and Pedersen et al,, 4 8ol Biol, 235, 958-973 {1894},
{0056} An embodiment of the invention also provides antigen binding portions of any of
the antibodies described herein. The antigen binding portion can be any portion that has at
least one antigen binding site, such as Fab, Flab™};, dsFyv, s¥v, diabodies, and triabedies.
{057 A& single-chamn variable region fragment antibody fragment can be generated using
routine recombinant DNA technology techniques {see, e.g., Janeway et al,, supra). Sioularhy,
disuifide-stabilized variable region fragments can be prepared by recombinant BNA
technology (see, ¢.g., Reter ¢t al,, Prowin Fngineering, 7, 697-704 (1994}). Antibody
fragments of the mvention, however, are not limdted to these exemplary types of antibody
fragments.
66581 Also, the antihody, or antigen binding portion thereof, can be modified o
comprise a deteciable label, such as, for instance, a radiotsotope, a fhuorophore {e.g.,
fluorescetn isothocyanate (FITCY, phiveoerythrin (PE}), an enzyme (e.g., alkaline
phosphatase, horseradish peroxidase), and element particles {e.g., gold particles),
{0058]  Further provided by an embodiment of the fnvention is a nucleic acid comprising
a wucleotide sequence encoding any of the CARs described herein {including functional
portions and functional variants thereof). The nucleic acids of the invention may comprise a
ucleotide sequence encoding any of the leader sequencas, antigen binding domsaing,

fransmembrane domans, and/or miraceibular T cell signaiing domams desciibed herein

14
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i6ad In some smbodiments, the naclectide sequence may be codon-optimized. Without
haing bound to a particular theory, it is beligved that codon optimuzation of the mucleotide
sequence increases the translation efficiency of the mRNA transenipts, Codon optimization
of the mucleotide sequence may mvnlve substituting a native coden for another codon that
encodes the same amine acid, but can be translated by IRNA that is more readily avatlable
within a call, thus increasing transiation efficiency. Optimization of the nucleotide ssquence
may also reduce secondary mRINA structures that would interfere with wanslation, thus
mereasing translation efficiency
{06611 In an cmbodiment of the nvention, the nucleie acid roay coroprize a codon-
optimized nucleotide sequence that encodes the antigen binding domain of the mventive
CAR. In another embodiment of the tnvention, the nucleic acid may comprise a codon-
opumized nucleotide sequence that encodes any of the CARs described herein {including
funciional portions and functional variants thereof),
{0621 “Nucleic acid” as used herein inchudes “polynucieotide,” “chigomucieotule,” and
“nucleic acid moleaule,” and generally means a polymer of DNA or RNA, which can be
single-stranded or double-stranded, synthesized or obtained {e.g., 1solated and/or purified)
from natural scurces, which can contain natural, non-natural or altered vucleotides, and
which can contain 4 natural, non-natural or altered internucleotide Iinkage. suchasa
phosphoroamidate linkage or a phosphorothicate lnkage, instead of the phosphodiester found
between the nucleotides of an unmeoditied oligomucleotide. In some embodiments, the
mucleic acid does not comprise any insertions, deletions, wnversions, and/or substitutions.
However, it may be suttable in some instances, as discuased herein, for the nueleic acid 1o
comprise ong oF mors insertions, deletions, versions, and/or substiiutions.
{3063] The nucleic acids of an embodiment of the wvention may be recombinant. As

used herein, the term “recombinant” refers to ) molecudes that are conatructed outside hiving

——

cells by jomimg natural or synthetic nucleis scud segments to mucleic acul molecudes that can
replicate i a living cell, or {i1) molecules that result from the replication of those described in

{i} above. For purposes herein, the replication can be in vifro rephication or 1a vivo

replication.

00641 A recombinant nucleie acid may be nne that bas a sequence that 1s not naturally

secirning of hag a sequence that s made by an artificial combimation of two otherwise

separated segments of sequence. This artificial combination 1s often accomplished by

| ]
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chemical synthesis or, more commonly, by the artificial manipulation of isolaied sepments of
muclere acids, .8, by genelic engineering tochniques, such as those described in Sambrook et
al, supra. The nucleic acids can be constructed based on chenical synthesis and/or
enzymatic igation reactions using procedures known in the art. See, for example, Sambrook
et al,, suprg, and Ausubel et al, supra. For example, a nucleic acid can be chemically
syathesized using natarally occurning nucleotides or varously modified nucleotides designed
to increase the biclogical stability of the molecules or to increase the physical stabifity of the
duplex formed upon hybridization {e.g., phosphorothicate derivatives and acridine substituted
nucieotides). Hxamwples of modified nucleotides that can be used o generate the nucleic acids
include, but are not limited to, S-fuorouractl, 3-bromouract, S-chiorouracil, S-fodouractl,
hypoxantiune, xanthine, 4-acetylevtosing, S-{carboxyvhyvdroxymethyl} weacil, 5-
arhogymethylamnomethylt-2-thiouridine, S-carboxymethylaminomethyhiracil,
diydrouract], beta-D-galactosylqueosine, inosine, N isopentenyladenine, 1-methylguanine,
I-methylinosine, 2,2-dimethylguanine, Z-methyladenine, Z-methylguanine, 3-methylovtosine,
S-methyleytosing, Mo-substituted adenine, T-methylguanine, S-methylaminomethyluracil, 5-
uethoxyaminemethyl-Z-thiouracii, beta-D-mannosylqueosing, 5=

methoxycarboxymethyhiracil, S-methoxyuracil, 2-methyithio-N® -isopentenyladenine, uracil-
o o p 3 3 o

S-oxyacetic acid {v}, wybutoxosine, pseudouracil, queosine, 2-thiocytosing, S-methyl-2-

thiouracil, 2-thiouraci, 4-thiouracil, S-methyluract, uracik-S-oxvacetic acid methylester, 3-

(3-amine-3-N-Z-carboxypropyl) uractl, and 2,6-disminopwine. Altematively, one or more of

the nuecleic acids of the invention can be purchased froms companies, such as Integrated DNA
echnologies (Comlville, 1A, USA).

86687  The nucleic acid can comprise any iselated or purtfied nucleotide sequence which

encodes any of the CARSs or functional portions or functional variants therenf. Alternatively,

the maclestide sequence can comprise a nucleotide sequence which s degenerate 1o any of the

s

sequences of a cambination of degenerate sequences.

[s

{Hi66]  An embodiment of the fnvention also provides an isolated or purified mucleic aoid

&x

gl

comprising a nuclectide sequence which is complementary to the nucleotide sequence of any
of the nucleic acids described herein or a nucleotide sequence which hybridizes under
siringent conditions fo the nucleotide sequence of any of the nucleic acids describad herein.
{6067} The nuclectide sequence which hybridizes under stringent conditions may
hybndize under ugh stringency conditions. By “high stringency conditions” is meant that

6
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the nuclentide sequence specifically hybridizes 10 a target sequence (the nuclestide sequencs
of any of the micleic acids described herein) in an arnount that iz detectably stronger than
non-spectitc hybridization, High stringency conditions wclude conditions which would
distinguish a polynucleotide with an exact complementary sequence, or one contatung only a
few scattered mizmatches from a randon sequence that happened to have a few small reglons
{e.g., 310 bases) that matched the nucleotide sequence. Such small regions of
omplementarity are more gasily melted than a full-length complement of 14-17 or more
bases, and high stringency hybridization makes them easily distingnishable, Relatively high
stringency conditions would include, for example, low salt and/or high temperature
conditions, such as provided by about 0.02-0.1 M MaCl or the equivalent, at temperatures of
about 30-78 °C. Such lugh stringency conditions tolerate hittle, if any, nusmatch between the
vucleotide sequence and the template or target strand, and are particularly suitable for
detecting expression of any of the inventive CARs, It s generally appreciated that conditions
can be vendered more stringent by the addition of iereasing amounts of formamide.
{3668]  The invention also provides a nucleie acid comprising a auclectide sequence that
is at ieast about 7156 or more, e.g., about 80%, about 9%, about 91%, abowut 82%, about
9356, about 84%, about 95%, about $6%, about §7%, about 98%, or abowut 99% identical to
any of the nucletc acids described herein.
[6869] in an embodiment, the nuclete acids of the nvention cap be wcorporated nto a
recombinant expression vector. {n this regard, an embodiment of the invention provides
recombinand expression veclors comprising any of the nucleic acids of the invention, For
purposes herein, the term “recorabinant expression vector” means a genetically-modified
oligenwcleoiide or polynucleotids constract that permits the expression of an wRNA, protem,
polypeptide, or peptide by a host cell, when the construct conmprises a nucleotide sequence
encoding the mBNA, protein, polypeptide, or pepitds, and the vector 18 contacted with the
ceil under conditions sufficient to have the mRNA, protein, polypeptide, or peptide expresaed
vithin the cell. The vectors of the nvention arg not natarally-occurming as a whole,

However, parts of the veciors can be maturaily-ocomring. The wnventive recombinant

BXPEssion veclors can comprise any type of nucleotides, ncloding, but not lanited to TINA

=2

and RNA, which can be singie-stranded or double-stranded, synthesized or obtamed n part
from natural sources, and which can contain natural, non-natural or aliered mucleotides. The
recombinant expression vectors can comnptise naturally-ocourring or non-naturally-occumng

17
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miernyeleotde linkages, or both types of Hinkages, Preferably, the now-nanwally ocourring or
aliered nucleotides or internucleotide linkages do not hinder the transcription or replication of
the vestor.

16878} I an embodiment, the recombinant expression vector of the invention can be any

suitable recombinand expressin voctor, and can be used to transform or transfect any suitable

[

wiat cedl. Suitable vectors include those designed for propagation and expansion or for
expression or both, such as plasnuds and viruses. The vector can be selected from the group
counsisting of the pUC series {Fermentas Life Sciences, Glen Burnie, M), the pBluescript
serigs {Stratagene, Lalolla, CA), the pET aeries (Novagen, Madison, W1, the pGEX sertes
{Pharmacia Biotech, Uppsala, Sweden, and the pEX series (Clontech, Palo Alto, CAJL
Bacteriophage vectors, such as AGT1H AGT1, AZapll {Siratagens), AEMBLA, and
ANMI149, also can be used. Examples of plant expression vectors melade pBIOY, pBIOL.2Z,
pBIIOL3, pBI121 and pBINI® (Clontech). Examples of amumal expression vectors melude
pEUK-CL, pMAM, and pMAMpen {Clontech). The recorobinant expression vector may be a
viral vector, e.g., & retroviral vector or a lentivirad vector.

0071 A sumber of tansfecnon techuiques are generally known in the art {see, e g,
Graham et al., Firology, 52: 456-467 {1973}, Sambrook ef al., supra; Davis et al., Basic

IT {19

Transfection methods include caleium phosphate co-precipitation (see, ¢.g., Graham st al,

;-

b.)

Methods in Molecidar Biology, Elsevier (1986); and Chu et al,, Gene, |

supra), direct micro injection into cultured cells (see, e.g., Capecchy, Celf, 22, 479-488
{1980}, electroporation {see, e.g., Shigekawa et al, Hwlechnigues, 6. 742-751 (1938},
Hposome mediated gong transter (see, g, Mannine et al., BioTechnigues, 6. 682-690

{1988)), lipid mediated transduction {see, ¢.g., Felgner ¢t al,, Proc. Natl Acad Sci USA, R4:

74137417 (1987}), and nucleic acid delivery using high velocity micoprojectiies (see, 6.2,
¥lein et al, Nawre, 327 70-73 (19873}
8872} In an embodiment, the recombmant expression vectors of the invention can be

prepared using standard recombinant DNA techniques deseribed in, for example, Sambrook

et al., supra, and Ausubel et al., supra. Constracts of expression vectors, whach are ciraular

or linear, can be prepared o contain a replication system {unctional in a prokaryotic or
sularyntic host cell, Replication systems can be derived, a.g., from ColEL 2 p plasmid, 4,

3V43, bovine papilloma virus, and the like.
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{60731 The recombinant expression vector may conyise ragulatory sequences, such as
franscription and franslation initiation and ternunation codons, which are specific to the type
of host cell {e.g., bacterium, fungus, plant, or animal) into which the vector s to be
ntroduced, as appropriate, and taking into consideration whether the vector 1s DNA- or
RMA-based. The recombinant expression vector may compriae restriction sifes to faciliiate
cloning.

{30741 The recombinant expression vector can include one or more marker genes, which
allow for selection of transformed or transfected host celis. Marker genes include biocide
resisiance, e.g., resistance o antibiotics, heavy metals, ete., comoplementation tnan
anxotrophic host to provide prototrophy, and the like. Suitable marker genes for the
mventive expression vectors inchide, for instance, neomycin/G418 resistance genes,
hygromycin resistance genes, histidino! resistance genes, tefracycline resistance genos, and
ampicillin resistance genes.

{875]  The recombinant expresgion vector can comprise a native or nonnative promoter
operably Hiked to the nucleotide sequence encoding the CAR {including functional portions
and fmetional variants thereof), or to the nuclestide sequence which i3 complementary to or
which hybridizes 1 the nucleotide sequence encoding the CAR. The selection of promoters,

AL

., strong, weak, inducible, tissue-specific and developmental-specific, is within the

4

'30

ordinary skill of the artisan, Similarly, the combining of a nucleotide sequence with a
promoter is also within the skill of the artsan. The promoter can be a nop-viral promoter or a
vigal promoter, e.g., a cytomegalovirus (CMV) promoter, an SY40 proreoier, an KSV
promoter, or a promoter found in the long-terminal repeat of the murine stem cell virus.
{0876} The mventive recombinant expression vectors can be designed for either transient
expression, for stable expression, or for both, Alse, the recombinant exprassion vectors can
he made for constitutive expression or for indacible expression.

10877 Further, the recombinant expression vectors can be made o include a suicide
gene. As used herein, the terra “suicide gene” refers to a gene that causes the cell expressing
the suicide gene to die. The suicide gene can be a gene that confers sensiivity to an agent,
&.g., a drmg, upon te cell in which the gene ts expressed, and causes the cell to die when the
cell is contacted with or exposed 1o the agent. Suicide genes are known in the art {see, for

A

example, Suicide Gene f}fzempy:ueéizad’s and Reviews, Springer, Carnhine [ (Cancer

Research UK Centre for Cancer Therapeutics at the histitute of Cancer Research, Sutton,
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Swrey, UK), Humana Press, 2004} and inclade, for example, the Herpes Simplex Vimus
{HEV) thynudine kinase {TK] gene, cytosine daminase, porine nucleoside phosphorylase, and
pitroreductase.

678 inctuded in the scope of the fnveption are conjugates, £.g., bioconjugates,

comprising any of the mventive CARs (Jncluding any of the functional portions or variants

[}

thereol}, nucleic acids, recombinant expression vectors, host cells, populations of host cells,
or antibodies, or antigen binding portions thereof. Conjugates, as well ag methaods of

synthesizing conjugates in general, are known in the art {8ee, for instance, Hudecz, F.,

Methods Mol Biol, 298 200223 (2005) and Kivin et al,, Jorg Chem. 44015 (5-5415

\

(20033, CARs of the invention may be conjugated to, e.g., toxins that are toxic to cancer
0079 5 embodiment of the invention farther provides a host cell comprising any of the
recombinant expresaton vectors desoribed herein, As used herein, the term “host cell” refers
to any type of cell that can contain the mventive recombinant expression vecior, The host
ceif ean be a eukaryoire cel, e g, plans, animal, fungy, or algae, or can be a prokaryotic celf,
e.g., bacteria or protozoa. The host celf can be a cultured cell or a primary cell, e, isclated
dirgetly from an organism, e.z., 2 buman. The host celf can be an adherent celi or a
suspended cell, .o, a cell that grows in sugpension, Suiiable host cells are known in the art

and melude, for instance, DHS¢ £ cofi cells, Clunese hamster ovarian cells, monkey VERQ

celis, COS cells, HEK293 cells, and the Iike. For purposes of dmpi fying or replicating the
recombinant expression veetor, the host cell may be a prokaryotic cell, e.g., a DH5a cell. For

purposes of producing a recombinant CAR, the host cell may be & mammalian cell. The host
cell may be a buman cell. While the host cell can be of any cell type, can originate from any

type of tissue, and can be of any developmental stage, the host cell may be a peripherai biood
tymphocyte {PEL} or a peripheral blood mononeclear cell (PEMC), The hostcell may be g T
cell,

. P +
H
i,

30807 For purposes herein, the T call can be any T cedl, such as a culhured Teell, eg., 2

e

prmary T oell, ora T cell from a cultured T cell hne, e, hukat, S8upTl etc, ora T el

obtamed from a mammal. [ obtained from a manuaal, the T cell can be obtained from

numerous sources, nchuding but not lumited to blood, bone marrow, tymph node, the thynus,

or other tissues or fhads, T el

s can also be enriched for or purified. The T cell may be a
burcan T eell. The T cell may be a T cell isolated froma buman, The T cell can be any type
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of T cell and can be of any developmental stage, including but not hmited to, CD4Y/CDET
double positive T cells, CT4* helper T cells, e.g., Thy and Tho cells, COR™ T celis (e,
oytotoxic T cells), tumor inhilirating cells, memory T cells, natve T cells, and the ltke. The¥
coll may be a CD8" T cell or a CD4T T eell.
10081]  In an smbodiment, the CARs as described bergin can be used in suttable noneT
ells. Such cells are those with an immume-effector function, such ag, for example, NK cells,
and T-like cells generated from pluripotent stem cells.
{00821 Also provided by an embodiment of the inventiou is a population of cells
comprising at least one host cell described herein, The population of celis canbe g
heterogeneous population comprising the host cell comprising any of the recombinant
expreasion vectors described, in addition to at least one other cell, e, abostcell (e, a T
ceil), which does not comoprise any of the recombinant expression vectors, or a cell other than
a Toell, 2.z, a B cell, a macrophage, a neutrophil, an erythrooyie, a hepatocyte, an
endothehial cell, an epithelial cell, a mscle cell, & bramn cell, ete. Alternatively, the
population of cells can be a substantially bomogeneons population, 1n which the population
comprises mainly host cells {e.g., consisting essentially of) comprisiing the recombinant
expression vector. The population alse can be a clonal population of cells, in which all cells
of the population ars clones of a single host cell comprising a recombinant expression vegtor,
such that all cells of the population comprise the recombunant expression vector. in one
embodiment of the inventivr, the population of cells is a clonal population comprising host
cells coraprising a8 recombinant expression vector as described herein.
{083] CARs {including functional portions and variants thereot}, nucleic acids,
recombinant expression vectors, host cells (including popdations therso!), and antibodies
{incloding antigen binding portions thereof), all of which are collectively referred to as
“roventive CAR matenials” hereinalier, can be isclated and/or purified. The term “isolated”
as used herein means having been removed from its pateral envirorment. The term
“purified” or “isolated” does not requare absolute punty or wsolation; rather, 1t is intended as a
refative term. Thus, for example, a purified {or isolated) host celf preparation is one in which
the host cell is more pure than cells in their natural environment within the body. Such host
cella may be produced, for example, by standard punfication techniques. in some
erabodirnents, & ;o:‘epa:mtao; { & host cell s purified such that the host cell represents at ieast
about 50%, for example at least about 70%, of the total call content of the prepavation. For
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examptle, the purity can be at least about 50%, can be greater than about 60%, about 70% or
about 80%, or can be about 100%.

{0984]  The invenitve CAR roaterials can be formulated ot a composition, such as a
phamuacentical composition. In this regard, an smbodiment of the tnvention provides a
pharmacentical composition comprising any of the CARs, functional portions, finctional

T

variants, mucleie acids, expression vectors, host cells (including populations thergof}, and
anttbodies (including antigen binding portions thereof), and a pharmaceutically acceptable
carrier. The inventive pharmaceutical compositions contaming any of the inventive CAR
tnaterials can comprise more than one nventive CAR material, e.g., a CAR and 8 nucleic
acid, or two or move different CARs, Aliernatively, the pharmaceutical composition can
comaprise an nventive CAR material in combination with other pharmaceutically active
agents or drugs, such as chemotherapeutic agents, €.g., asparaginase, bosulfan, carboplatin,
cisplatin, dasnorobioin, doxorabicm, Huorowractl, gemciabine, bydroxyures, methotroxate,
pacliaxel, rituximab, vinblastine, vincristine, ¢ic. In a preferred embodiment, the
phanmacentical composition comprises the inventive hoat cell or popalations thereof,
{88851  The inventive CAR matenials can be provided m the formofasali, eg, s
pharmaceutically acceptable salt. Sutable pharmaceutically acceptable acid addition salis
include those derived from mineral acids, such as hydrochlonic, hydrobromic, phosphorie,
metaphosphoric, nitric, and sulphuric acids, and orgamic acids, sueh as fartaric, acetie, ciirie,
malic, Iactic, fumaric, benzoie, glyeolie, ghiconic, succinic, and aryisulphonic acids, for
example, p-toluencsuiphonts acid.
{EIRTY With respect to pharmacentical corapositions, the pharmaceutically acceptable
carvier can be any of those conventionally uaed and iz limited only by chemico-physical
considerations, such as solubility and lack of reacuivity with the active agent(s), and by the
route of adenindstration. The pharmaceutically acceptable carriers deseribed herewn, for
exaraple, vehicles, adjuvants, excipients, and diluents, are well-knowr 1o those skilled in the
art and are readidy avatlable to the public. It s preferred that the pharmacentically acceptable
carrier be one which s chemically inert to the active ageni{(s) and one which has no
detrimental side effects or toxicity under the conditions of use.
{0871 The choics of carner will be determined in part by the particular inventive CAR
material, as well as by the particular method used @ administer the inventive CAR material,
Accordingly, there are a vanety of suttable formuiations of the pharmaceutical composttion

oy
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of the tovention. Preservatives may be used. Suitable preservatives may melude, for
exaraple, methyiparaben, propyliparaben, sodiwm benzoate, and benzalkonium chionde. A
soxture of two or more preservatives optionally may be used. The proservative or mixtures
thereof are typically present in an amount of about 0.0001% to about 2% by weight of the
total composiiion,
{{HIBE] Suitable butfering agents may include, for example, citric acid, sodium citrate,
phospheric acid, potassium phosphate, and vanous other acids and salts. A mixture of two oy
more butfering agents optionally may be used. The buffering agent or mixtures thereof are
typically present 1 an amount of about 8,001% to about 4% by weight of the iotal
COMPOSIIon.
RS The concentration of nventive TAR material in the pharmaceutical formulations
can vary, ¢.8., from lesa than about 1%, usually at or at least about 10%, to as much a3 about
20% to about 50% or more by weight, and can be seiected prizaanly by fluid vohumes, and
viscesities, w accordancs with the particular mode of administration selected.
18696]  Methods for preparing administrable (e.g., parenterally adnuinistrable)
composHions are known of apparent to those skilled in the art and ave deseribed i more
detatl in, for example, Remington: The Science and Practice of Phurmacy, Lippincoty
Williams & Wilkans; 2isted. (May 1, 2005)
0891} The following formulations for oral, aerosol, parenteral {e.g., subcutaneous,
mtravenous, intraarterial, intramuscular, infradermal, interpertionesl, and infrathecal), and
wopieal adnymistration are merely exemplary and are 1 no way limiting. More than one roule
can be used to administer the inventive CAR matenals, and in cerfain instances, a particular
route can provide 8 more imrsediate and more effective response than another route.
{921 Formulations suitable for oral administration can comprise or sonsist of {a) hiquid
sofutions, such as an effective amouny of the tnventive CAR maternial dissolved n diluents,

3
/

such as water, saline, or orange juice; (b} capsules, sachets, tablets, lozenges, and troches,

s

each containing a predetermined amount of the active ingredient, as solids or granules; {¢)
B N N I )

powders; (4} suspensions in an appropriate hquid; and (o) auitable enudsions. Liguid

formulations may nelude diluents, such as water and aleohals, for example, ethanol, benzyl

b y S

alcohol, and the polyvethylens aleshols, either with or without the addition of a

pharmaceutically accepiable surfactant, Capsule forms can be of the ordinary hard o

sorftshelled gelatin type contaming, for example, surfactants, lobricants, and mert Gllers, such
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a% taciose, sucross, calcium phosphate, and corn starch. Tablet forms can include one or
more of factose, sucrose, mastol, com starch, potato starch, alginie acid, mrcrocrystalling
cellulose, acacia, golatin, guar gum, colloidal sificon dioxide, croscarmellose sodrum, tale,
magnesium stearate, calcium stearate, 7ine stearate, siearic acid, and other excipienis,
colorants, dituents, buffering agents, disintegrating agents, moisterung agents, preservatives,
flavoring agents, and other pharmacologically corapatible excipian‘&s, I,,Q:fenge forms can
comprise the wventive CAR material in a flavor, usually sucrose and acacia or tragacanth, as
well as pastities comprising the inventive CAR material in an inert base, such as gelatin and
ghycarin, or sucrose and acacia, emulsions, gels, and the bke containing, in addition to, such
excipients as ars known n the art.

10893]  Formulations suiteble for parenteral adwmiustration melude agueous and
ponaguecys isatonic sterile tyection sohutions, which can comdain antionidants, buffers,
bacteriosiats, and solutes that render the formulation isotome with the blood of the miended
recipient, and agueous and nonagqueons stertle suspensions that can wclude suspending
agents, solubilizers, thickening agents, stabulizers, and preservatives. The mventive CAR
material can be administered in a physiologically acceptable dibuent in a pharmaceutical

%

carrier, such as 8 sterile Houid or mixture of Uquids, including water, saline, agueous dextrose

and related sugar solutions, an alochel, such as ethanol or hexadecy! aleohol, a glycol, such
a3 propyiene glyeo! or polysthylene glycol, dimethylsulioxade, glycerol, ketals such as 2,2~
dimethyl-1,3-dioxolane-4-methanol, ethers, poly{ethvleneglycol) 400, oils, fatty acids, fatty
acid esters or glyeoerides, or acetylated fatty acid glycerides with or without the addition of a
phammaceutically acceplable surfactant, such as a soap or a detergent, suspending agent, such
as peetin, carbomers, mothylesitulose, hydroxypropylmethyiceliulose, or
carboxymethyleeiinlose, or emulsifying agents and other pharaaceutical adjuvanis.

10084 Guls, which can be vyed in parenteral formulations, inchde petroleum, antmal,
vegeiable, or synthetic oils, Specific examples of oils inelude peanut, soybean, sesame,
cottonseed, com, oltve, petrolatum, and mineral. Suitable farty acids for use 1w parenters]
formelations inclode oleic acid, stearic seid, and isostearic acid. Eibyl oleate and isopropyt
myrigtaie are examples of suitable {atty acid esters.

13695} Suitabie soaps for use m parenteral forowlations nelude fuity alkall metal,
ammoniun, and tnethanolaming salts, and suitable detergents include (8} cationic deotergents

such as, for example, dimethyl dialkyl ammonum hahdes, and alkyl pyridusan halides, (b
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arionic detergents such as, for example, alkvl, arvl, and olefin sulfonates, alkyl, olefin, ether,
and monoglyeeride sulfates, and suifosuccinates, (¢} nonionic detergents such as, for
example, fatty amine oxidess, fatty acid alkanolamides, and polvoxyvethylenepolypropylene
copolymers, {4} amphoteric detergents such as, for example, allkyl-Rraminopropionates, and
Zealkyl-inndazoling guaternary ammonium salts, and {e) mixtures thereof.

09896} The parenteral foroulations will typically contain, for example, from about 0.5%
10 about 25% by weight of the inventive CAR material in solution. Preservatives and buffers
may be used. In order to minimize or ehiminate ritation at the site of mjection, such
coMmpostiions may contain one or 1wote soninnic surfactants having, for example, a

~
I
I

hydrophile-lipophile balance (HLB} of from about 12 to about 17, The quantity of surfactant
1 such formulations will typically range, for example, fom about 5% to about 15% by
weight. Suitable surfactants include polyethvlene glyceol sorbitan fatty acid esters, such as
sorbitan monookeats and the lugh molecular weight adducts of ethylene oxide with a
hydrophobic base, formed by the condensation of propylene oxide with propylene glycol.

The parenteral formulations can be presented in unit-dose or nualti-dose sealed containers,
such as amypoules and vials, and can be stored in a freeze-dried {(fyophilized) condition
requinng ondy the addition of the sterile liquid excipmient, for example, water, for injections,
mwmediately prior to use. Hxlernporaneous ijection solutions and suspensions can be
prepared from sterile powders, granules, and tablets of the kind previously described,

{66971 Impectable formulations are i accordance with an ernbodimsent of the invention.
The requirements for effective pharmaceutical carriers for injectable composthions are well-
known to those of ordinary skill i the art {see, e.g., Pharmacentics and Pharmacy Practice,
LB, Lippincott Compzmy, Philadelphia, PA, Banker and Chalmers, eds., pages 238-250
{1982}, and ASHP Handbook on Injectable Drugs, Toissel, 4th ed., pages 622630 (19853}
{66981 Topical formulations, inchiding those that are useful for transderraal drug refease,
are well known to those of skil} in the art and are switable in the context of embodiments of
the mvention for application to skin. The wventive CAR material, alone or in combination
with other suitable components, can be made into acrosol formulations 1o be adminisiered via
inhalation. These aeroao! formulations can be placed mto preasarized acceptable propeliants,

such as dichlorodiflecromethane, propane, nifrogen, and the like. They also may be

fornuiated as pharmacenticals for non-pressured preparations, such as i a sebulizer or an

atomizer. Such spray formulations also may be used to spray mucosa.
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18699 An “effective amount” or “an amount effective to treat” refers to 8 dose that @
adequate to prevent or freat cancer o an individual. Arsounts effective for a therapentic or
prophyiactic use will depend on, for example, the stage and severity of the disease or disorder
being treated, the age, weight, and general state of health of the patient, and the judgment of
the prescribing physician. The size of the dose will also be determined by the active selected,
nethod of administration, tining and frequency of administration, the existence, nature, and
tent of any adverse sude-cffects that might accompany the adrainistration of a particular
active, and the desired physinlogical effect. It will be appreciated by one of skill i the axt
that various discases or disorders could require prolonged treatment involving multiple
administrations, perhaps using the inventive CAR matenials in each or various rounds of
adromistration. By way of example and not intending to lunit the inventiﬁn, the dose of the
inventive CAR material can be about 8.001 to about 1000 mg/kg body weight of the subje
being treated/day, from about 0.01 to about 10 mg/kg body weight/day, about 0.01 mg to
about | mg/kg body weight/day, In an embodiment of the invention, the dose may be from
about } x 10% to about § x 10° cells expressing the mventive CAR material per kg body
weight, When the inventive CAR material is a host cell, an exemplary dose of host cells may
be a mirnum of one oillion cells {1 mg cells/dose}. When the inventive CAR material is a
nucleic acid packaged in a virug, an exemplary dose of virus may be 1 ng/dose,
{0188]  For purposes of the mvention, the arount or dose of the mventive CAR material
admirstered should be sufficient to effect a therapeutic or prophylactic response in the
subject or antroal over a reasonable e frame. For example, the dose of the nventive CAR
material should be sufficient to bind o antigen, or detect, treat or provent discase in a period

of from about 2 hours or longer, e.g., about 12 o about 24 or more hours, from the time of

adrinistration. In certain embodiments, the time period couid be even k . The dose will
be determined by the sfficacy of the particular inventive CAR material and the condition of
the animal {¢.g., human}, as well as the body weight of the animal {e.g., lniman) to be treated

It For purposes of the invention, an assay, which comprises, {or example, comparing

¥

the extent to which target cells are Iysed andior IFM-y 13 secreted by T cells expressing the

inventive CAR gpon adnunistration of a grven dose of such T celis to a mammal, among a set
of mammals of which is each given a ditferent dose of the T cella, could be used to determine

ol
H

a starting dose 1o be adounistered o a manunal. The extent to which target cells are lysed

B3
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and/or TFM-v is secreted upon administration of a certain dose can be assayed by methods

known n the art.

{91621 o addition to the aforedesceribed pharmaceutical compositions, the inventive CAR

materials can be fornmlated as inclusion complexes, such as cyclodextrin inchision

complexes, or Hposomes. Liposomes can serve fo target the inventive CAR matenials to a

particular issue. Liposomes also can be used to increase the halt~life of the maventive CAR

materials. Many methods are available for preparing liposomes, as described in, for exanyple,

Szoka et al., Ann. Rev, Riophys. Biveng., 9, 467 {1980) and U.S. Patents 4,235 871
4,501,728, 4,837,028, and 5,019,369

[BI83]  The delivery systems wseful in the context of embodiments of the mvention may

P

include time-released, delayed release, and sustained release debvery systemas such that the
delivery of the fnventive compasition ccours prior to, and with safficient tirae o cause,
sensifization of the site to be treated. The inventive composition can be used in conjunction
with cther therapeutic agents or therapies. Such systems can svoid repeated adminstrations
of the inventive composition, thereby increasing converience 1o the subject and the
physician, and may be particularly snitable for certam composition embodiments of the
mvention.
{8164} Many types of release delivery systems are available and known to those of
ordinary skill in the art. They include polymer base systems such as poly{lactide-giyeolide},
zopolyoxalates, polycaprolactones, polyesteramdes, polyorthoesters, polyhydroxybutyric
acid, and polyashydrides. Microcapsules of the foregoing polymers contaming drugs are
described in, for example, U8, Patent 5,075,109, Delivery systems also include non-polymer
systems that are lipids mcluding sterols such as cholesterol, cholesterol esters, and fatty acids
or newtral fats such as mono-di-and fri-glycerides; hvdroge! refease systems; sylastie aystems;
peptide based systems; wax coatings; conyressed tablets using conventional binders and
excipionts; partally fused implants; and the ike. Specific examples michuds, but are not
fmtied to0 (1) erosional systems m which the achive composition s contained in a form
within a matrix such as those descr i U8, Patents 4,452,775, 4,667,014, 4,748,034, and

IS

238,660 and {by diffusional systems 1 whick an active component permeates at a
controfled rate from a polymer such as described 1 U5, Patenta 3,832 253 and 3,854,480, In
addition, pump-based hardware delivery systeros can be used, some of which are adapted for

implantation.

o]
~1

SUBSTITUTE SHEET (RULE 26)



WO 2017/205747 PCT/US2017/034691

{01081 One of ordivary skl in the art will readily appreciate that the nventive CAR.
materials of the mvention can be modified in any mamber of ways, such that the therapeutic
or prophylactic efficacy of the mventive CAR materials 13 increased through the
modification. For mstance, the inventive CAR materials can be conjagated either divectly or
mdirectly through a hoking motety to a targeting motety. The practice of conjugating
compounnds, €.g., inventive CAR materials, to targeting moleties s known in the art. See, for
mstance, Wadwa et al,, J Dvag Targeting 30 111 {1993} and U.S. Patent 5,087 616,

{31067 The oventive CAR roaterials can be modified into a depot form, such that the
manmer i which the inventive CAR matenals i3 released into the body to which # i3
administered is controlied with respect o time and location within the body {see, for
example, U.S. Patent 4,430,150}, Depot forms of mnventive CAR matenals can be, for
gxample, an wplaniable composttion comprising the inventive CAR materials and a porous
oF BOR-porous material, such as a polyvmer, wherein the inventive CAR materials are
encapsulated by or diffused throughout the material and/or degradation of the non-porous
material. The depot is then implanted inte the desired location within the body and the
mventive CAR matermls are released from the tmplant at a predetermuned rate,

{01877 When the inventive CAR matenials are adnunistered with one or more additional
therapeutic agents, one or more additional therapeutic agenis can be coadministerad to the
maneal. By “coadronistering” is meant administering one or more additional therapeutic
agents and the inventive CAR matenials sufficiently close in time such that the inventive
CAR meaterials can enhance the effect of one or more additional therapeutic agents, or vice
veraa, In this regard, the nventive CAR materials can be admindstered fivst and the one or
more additional therapeutic agenis can be adounistered socond, or vice verse. Alternatively,
the mventive CAR materials and the one or more additional therapeutic agents can be
admumstered simaltanecusly,

{0108 An excmpiary therapeutic agent that can be co-adpunistered with the CAR
materials is a T cell active eytolane, such as 1.2, 1t 1s believed that {L-2 eshances the
therapeutic effect of the inventive CAR matenials. Without being bound by a particalar

)

theory or mechanismy, it 18 believed that 1L-2 enhances therapy by enhancing the in vive
expansion of the numbers and/or effecior furction of calls expressing the inventive CARs,

Ciber exemplary evtokmes tnclude IL-7 and IL-15. For purposes of the inventive methods,

b3
[ves]
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wherein host cells or popuolations of cells are administered o the manumal, the cells canbe
cells that are allogeneie or autologous o the manunal,
{6109 It s contemplated that the invendive CARs materials can be used in methods of
treating or preventing a disease n 2 mammal, Without being bound to a particular theory or
mechamusm, the mventive CARs have biological activity, e.g., ability to recognize antigen,
e.g., FLT3, such that the CAR when expressed by g cell is able to mediate an imnume
responac against the cell expressing the antigen, e.g., FLT3, for which the CAR 15 specific.
In this regard, an embodiment of the invention provides a method of treating or preventing
CANCET in & mammal, comprising administering to the mammal the CARs, the noclete acids,
the recombinant expression vectors, the host eells, the population of cells, the antibodies
andd/or the antigen binding portions thereot, and/or the pharmaceutical composiitans of the
mvention in an araount effectve to treat or provent cancer in the mammal
(110 An embodireent of the invention further cornprises lymphodepleting the maomal
prior to administering the inventive CAR materials. Examples of lvmphodepletion include,
but may not be lunited o, nonmyveloablative Ivmphodepleting chemotherapy, myeloablative
Iymphodepleting chemotherapy, wial body tradiation, ete,
{6111} For purposes of the inventive methods, whereim host cells or populations of cells
are adnunistered, the cells can be cells that are allogeneic or autologous to the mammal.
Preferably, the cells are mutologous to the mamupal.
{31121 The mwammal referred to berem can be any mammal. Az used bherem, the term
“mammal” refers fo any manunal, mcluding, but not limited to, mammals of the order
Rodentia, such as mice and hamaters, and mammals of the order Logoworpha, such aa
rabbits. The mammals roay be from the order Carnivora, including Felines {cats) and

\

Canines {dogs). The mammals may be from the order Artindacivia, including Bovines
(SR R Rl &

{cows) and Swines {pigs) or of the order Perssodactyla, mehiding Equines (horaes). The

warnmals may be of the order Priroates, Ceboids, or Stimoids (monkeys) or of the order

Anthropoids (humans and apes). Preferably, the maromal is a human,

.

{01131 With respect o the inveniive methods, the cancer can be any cancer, inchidy

-

";
7%

i

any of acute tymphocytic cancer, acute myelowd leukemia {AML), alveolar
rhabdomyosarcoma, biadder cancer {e.g., bladder carcinoma}, bone cancer, brawm cancer {e.g.,
medulfoblastoma}, breast cancer, cancer of the anus, anal canal, or ancrectum, cancer of the

eye, cancer of the mirahepanc bile duct, cancer of the joints, cancer of the neck, gailbladder,

28
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or pleura, cancer of the nose, nasal cavity, or middle ear, cancer of the oral eavity, cancer of
the vulva, chronic lvmphooytic lonkemia, chronte mysloid cancer, colon cancer, esophages!
cancer, cervical cancer, fibrosarcoma, gastrointestinal carcinoid tumor, head and neck cancer
{£.g., head and neck squamous cell carcinoma}, Hodgkin lymphoma, hypopharynx cancer,
kidney cancer, laryox cancer, levkemia, liquid tumors, liver cancer, Juag cancer {e.g., non-
small cell lung carcinoma and lung adenocarcinoma}, iyrophoma, mesothelioma,
mastocytoma, melanoma, multiple myeloma, nasopharynx cancer, non-Hodglon lymphoma,
B-chronic lymphooytie leukemia, hairy cell loukemia, acuie lymphocytic leukenua (ALL),

and Burktt’s ymaphoma, ovanan cancer, pancreatic cancer, peritonenny, omentony, and

nesentery cancer, pharynx cancer, prosiate cancer, rectal cancer, renal cancer, skin cancer

o

email intestine cancer, soft fissue cancer, solid fumors, synovial sarcoma, gastnic cancer,
testicular cancer, tryroid cancer, and ureter cancer, Praferabdy, the cancer is characterized by
the expression of FLT3.

{4114} The terms “treat,” and “prevent” as well ag words steranung therefrom, as used

ooy

erein, do net necessanly wnply 100% or complete treatment or prevention. Rather, there are
varying degrees of treatment or prevention of which one of ordinary skill i the art recognizes
as having a poteniial benefit or therapeuntic effect. In this respect, the mventive methods can
provide any amount or any level of treatment of prevention of cancer 1 a manumal,
Furthermore, the treatroent or prevention provided by the mwventive method can inchude

sreatment or prevention of one or more canditions or symptons of the disesse, ¢.g., cancer,

i

being treated or prevented. Also, for purposes herein, “prevenitton” can encompass delaying
the onset of the disease, or a symptom or condition thereof.

{0115} Another smbodunent of the invention provides a method of detecting the presencs
of cancer 1 8 mammal, comprising: {a) confacting a sample comprising one or more cells
from the mammal with the CARs, the mucleic acids, the recombinant expression vectors, the
host cells, the population of cells, the antibodies, and/or the antiges binding portions thereof,
ar the pharmaceutical compositions of the invention, thereby {ormung a complex, (b} and
detecting the complex, wherein detection of the complex 15 indicative of the presence of
cancer in the mammal,

[0116]  Another emabodiment of the invention includes a method of determiing whether g
subject with a proliforative disorder 18 2 eandidate for treatinent with a clumenic andigen

recepior comprising an antigen binding domam specific for FLT3, the method corprising
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measuring FLT3 expression levels in a biological sample from the subject; and deterrmining if
the FLTZ expression levels of the biological saraple are increased compared to a sample from
a control subject without the proliferative disorder.

{33171 The sample vay be obtained by any suitable method, e.g., biopsy or necropsy. A
biopsy 1s the removal of tissue and/or cells from an individual. Such removal may be to
collect tissue and/or cells from the individual in order to performo experimentation on the
rernoved tissue anvlior cells. This experinentation may include experiments to determine if
the individual bas and/or is suffering from a certain condition or disease-state. The condition

or disease roay be, ¢.4., cancer.

/5

{01181  With respect to an smbodiment of the inventive method of detecting the presenc
of a proliferative disorder, e.g., cancer, in a mamnal, the sample comprsing cells of the
mammal can be a sample comprising whole cells, Iysates thereof, or a fraction of the whole

{ lysates, ¢.g., @ muclear or cyloplasimic fraction, a whole protein fraction, or & nucleic acid

i

fraction. If the sample comprizes whole cells, the cells can be any cells of the manumal, &

the cells of any organ or tissue, inchiding blood cells or endothelial cells,

{3119] The contacting can take place in vitro or i vive with respeet (o the mammal,
Preferably, the contacting 1s in vitro.

{0126} Also, detection of the complex can occur through any number of ways known in
the art. For instance, the inventive CUAR3, polypeptides, proteins, nucleic acids, recombinant
expression vectors, hast cells, poputations of cells, or antibodies, or antigen binding portions
thereof, describad herein, can be labelad with a detectable label such as, for instance, a
radioisotope, a fucrophore {e.g., flucrescein sothiocyanate (FITC), phycoerythrin (PEY), an
enzyme {e.g., alkaline phe sphatas horseradish peroxidase}, and element particles {e.g., gold

&

91211 Methods of testing a CAR for the ability to recognize target cells and for antigen

specifict

v are known in the art. For mmstance, Clay et al, J Immunel | 1630 507-513 (1999),

teaches methods of measuring the relsase of cvickines (e.g., nterferon-y,

granuiec“'ie/’mcmmyte colony stimutating factor (GM-CSF), tumaor necrosais factor a {TNF-a)
or interfenkin 2 (JL-23). In addiion, CAR function can he evaluated by measurement of

¢! 14

celtular cytotoxicily, as desenbed m Fhao et al, /. fmmuged ) 1740 4415-44723 (2005},

5

{6122 Another embodiment of the 1ovention provides the use of the CARs, nucleic acids,

recombinant expression vectors, host cells, populations of cells, antibodias, or antigen

[Fe]
Pk
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hinding portions therent, and/nr pharmaceutical compasitions of the invention, for the

treatment or prevention of a proliferative disorder, e.g., cancer, in 3 manunal. The cancer
may he any of the cancers deseribed heremn. Preferably, the cancer is pre-B cell precursor
acute lymphoblastic leukemia or acite ryveloid leukemia.

16133} it shall be npoted that the preceding are merely exaraples of emtbodiments, Other

exemplary emibodiments are apparent from the entivety of the description herein. It will alse

be understood by one of ordinary skill in the art that each of these enbodinents meay be used

1 various combinations with the other exnbodiments provided herein.

{6124} The following inchudes certain aspects of the wnvention

{8125} 1. A chumeric antigen receptor {CAR) comprising an ardigen binding domain
specitic for FLTY, a transmembrane domain, and an intracellular T cell signaling domain,
0126] 2. The CAR according to aspeet 1, wherein the antigen binding domain

comprises the hight chain variable region comprising the sequences of SEQ I3 NOS: 1318,
1270 3. The CAR according to aspect 1 or 2, wherein the antigen binding domain

comprises the heavy chain variable region comprising the sequences of SEGQ I NOS: 5-11
10128] 4. The CAR according to sny one of aspects -3, wherein the antigen binding

domain compnises the linker sequence of SEQ [D NG: 12

15139] S. The CAR according to any one of aspects 1-4, wherein the antigen binding
domam comprises 3B ID NOG&: 5-19.

IR 6. The CAR according to any one of aspeets 1-5, wheremn the transmembrane

domain comprises a L8 amino acid sequence.

{6131} 7. The CAR according to any one of aspects 1-6, wherein the rassmensbrane

domain comprises CI8 amino acid sequence comprising the CD8«a hinge sequence of SEQ

1D NO: 25 and the transmeembrane domain of sequence SEQ 113 NOx 26,

{0133} 8. The CAR according to any one of aspects 1-7, wherein the tniracelinlar T cell

stgnating domeann comprises 4-18E, CD3 zeta, or both,

j11133] 4. The CAR sccording to any one of aspecis 1-8, wherein the jntracellular T celd

signaling domain comprises the 4-1BB amine acid sequence of SEQ 1D NO: 27

{6134} 10, The CAR according to any one of aspects 1-8, wherein the miracellalar T cell

signaling domain comprises the CD3 zeta amono acid sequence of SEQ 113 NO: 28,

{135} Pt The CAR according to any eme of aspects 1-18, wherein the UAR further

comprises the apacer comprising SEQ [D NOS: 21-24,
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{3136} 12. The CAR according to aspect §, wherein the CAR comyprises any one of the

sequence of SEQ I NOS: 1, 2, 28, or 30

{81371 13, Anucleic acid comprising a nucleotide sequence encoding the CAR

secording 1o any one of aspects 1-12,

13138} 14. The nucleic acid according to aspect 13, wherein the nucleotide sequence is

codon~-optimized.

01351 15, A recombinant expression vector comprising the muclerc acid according to

aspert 13 or 14,

{3148] 15, The vecombinant expression vecior according 1o aspect 15, wherein the

recombinant expression vectnr i5 a lentiviral vecior.

{1418 17. An isolated host cell comprising the recorsbinant expression vector of

aspect 15 or 16.

01423 18, A population of cells comprising at least one host celi of aspect 17

{0143} 19, An antibody, or antigen binding portion thereof, which specifically binds to a
AR according to any one of aspects 112,

{144} 20. A pharmaceutical composition comprising the CAR any one of aspects 1-12,

the nucleic acid of aspect 13 or 14, the recombinant expression vecior of aspect 15 or 16, the

host cell of agpect 17, the population of cells of aspect 18, or the antbody, or antigen binding

portinn thereof of aspect 19, and a pharmeaceutically acceptable carier.,

01451 21 A method of detecting the presence of cancer, COMPrising:

{a)  contacting & sample comywising one or more cells with the CAR any one of
aspects 1-12, the nucleic acid of aspect 13 or 14, the recombinant expression vector of aspect
, the population of cells of aspect 18, the antubody, or
antigen binding portion thereof, of aspect 19, or the pharmacentical composttion of aspect 24,
thereby formang a complex, and

(b} detecting the complex, wherein detection of the complex is indicative of the
presence of cancer.

{146} 22. The method of aspect 21, wherain the cancer is pre-B cell precursor acuts
tymphoblastic leukemua or acute myeloid leukersia.

{3147} 23, The CAR of any one of aspects 1-12, the nuclewe acid of aspect 13 or 14, the
recomhinant expression vector of aspect 15 or 16, the host cell ot aspect 17, the population of
colls of aspect 18, the antibody, or antigen binding portion thereot of aspect 19, or the

33
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pharmaceutical coraposition of aspect 20, for use in the treatment or prevantion of cancer in a
marmmal,

{0148] 24, The CAR, nucleic acid, recontbinant expression vector, host cell, population
of cells, antibody, or antigen binding portion therentf, or pharsaceutical composition of
aspect 23, wheremn the cancer i3 pre-B cell precursor acute lymphoblastic leukemia or acute
nyeloid leukenua,

111491 25, A method of determining whether a subject with a prohiferative discaderis a
candidate for reatment with a chimeric antigen recepior corprising an antigen binding
domain specific for FLT3, the method compnising: measuring FLT3I expression levels ina
bistogical Sémpie from the subject; and determiring i the FLT3 expression levels of the
hiological saraple are increased compared 0 a sample from a control subject without the
prafiferative disorder.

180 The following examples further llustrate the invention g, of course, should not

be construed as in any way limiting its scope,

EXAMPLE |

{6151]  This example demonstrates that FLT3 15 expressed on acute lymphoblastic and
acyte myelod levkemia cell hnes.
10152]  The number of FLT3 receptors per cell was guantified on various acute
tymphoblastic INALMG (DSMZ no. ACC 128, HB1L 19 (Horsley et al, Genes
Chromosomes Cancer, 45:554-564 (20063, KOPN-8 {BSMZ no, ACC 552}, SEM {DAMZ
5. ACC 5463 and acute myeloid [MOLMI3 (DSMZ no. ACC 5543, MOLMI4 (DSMZ no.
ACC 577y, MV TEHDEMY no. ACC 102}, THP-1 {(BSMYZ no. ACC 16)] leukenua cell ines
by flow cytometry using BE Quantibrite beads as per manufacturer’s prodocot (BD
Bioaciences; San Jose, CA, USA) and Phycoerythrin (PE)} labeled antt baman CT35 (FLT3)
antthody (cBioscience; Ban Diego, ©A, USA; clone BVIOA4H?), KOPN-§ 1z a cell line

derived from a paltent with miant ALL, DSMYZ s the Letbmz-Institute DSMZ-German

P’

Collection of Microorganizme and Cell Cultures {Bravnschweig, Germany).

G183 Al cell hines were cultured using RPMI 1640 (Invitrogen; Carlsbad, CA, USA}

v o~

media supplemenied with 10% heat inactivated fetal bovine serum {Umega Scientific;

Tarzana, CA, USA)Y, 100 U/mL pemcilhin, 100 rag/ml streptomyain, and 2 mM L-glutamine

(nvitrogen). Labeled samples were analyzed by flow eytometry on a B3 LSR Fortessa (BD
34
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Bissciences) and data analysis was performed using Flowlo software (Flowlo LLC, Ashland,
OR, USA)Y and GraphPad Prsm {GraphPad Software; La Jolla, CA, USA}Y Figure 1 shows

hie results.

EXAMPLE 2

{1184]  Thus example demonstrates the production of a CAR n accordance with
embodiments of the mvention.

{6155)  The amino acid sequence encoding the FLT3 scFv was converted to DNA
sequence and codon optimized and synthesized using GeneArt™ gene synthesis
{ThermoFisher Scientific; Waltham, MA, USA) with kozak sequence, membrane localization
teader sequence from human granulocyic macrophage colony stimulating factor {GM-CSF),
& Whel restriction site, and 37 BapEl restriction sife. The FLT3 scFV sequence was then

g
3

subcloned from the provided GeneArt™ vecior and moved using standard molecular cloning
techmiques to the third generation lentiviral plasmid pELNS-198Breta whach contains the
CER hinge and trapsmembrane, 4-1BB signaling domain, and the CD3zeta domain using the

I

Nhel and BspEl cloning sites. Figure 7 shows a diagram of the CAR (left side of figare).

The CAR was SEQ D NO: 1/ 29, The leader sequence 15 imtially encoded and subances
trafficking to the cell muface; 1t 1s Tikely 10 be cleaved off m the mature form.

[0156]  Lentiviral supernatant gereration: 2937 cells {ATCC; Manassas, VA, USA;
ATCC no. CRL-3216} were transiently transfected with third generation lentiviral plasnuds
0 generate vival supernatant., 2937 cells were plated in poly-I3 lysine coated 15 oo tissue
culture plates (Comung, Tewkshury, MA, USA) it DMEM sopplemented with 10% heat
iactivated fetal bavine serum (Omega Saentific}, 100 U/mL penicilin, 160 mg/mi
streptomyein, and 2mM L-glutamine (Invitrogen} and aliowed to adhere for 16 howrs. The
tolfowing day, GFF or FLT3 CAR containing plasnuds, pMIDLg/pRRE and pREV-Rev
packaging, and 'pMD--G envelope plasmids were lind transfecied 1o the 2937 cella uoing
Lipofectamune 3000 (Invitrogen) as per mamufacturer's protocol. Media contiining the
ransfection mixawe was discarded and replaced with fresh media 4-6 hours after trapsfection
raixinee was added. Viral supematant was collected at 24, 48, and 72 s post transfection,
centrifuged at 1200 rpm for & minutes 0 remove cells, and stored at -80°C uniil use.

{8157} T celi source: Human eluiniated lymphocytes from normoal donors were used as a

source of T cails for expertments and were obtamed from the Department of Transfusion

a3
(9
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Medicine at the NIH Chinical Centar under an NIH IRB approved protoceo] after mformed

consent in accordance with the Declaration of Helsinki. Donor fymphooyies were cleared of

manufacturer’s pmmcsl and cry bpzescwed ut heat mactivated fetal bovine serom (FBS;
Omega Scientific) with 10% Dimethyl sulfoxide (BMSOY Sigma Aldrick; 3t Louis, MO,
USAY and stored in hquid nitrogen.
{0158 T cell transduction: Elutniated lymphocyies were thawed and coltured in T celt
expansion media (TCEM) which consists of AIM-V media {Invitrogen) supplemented with
5% heat inactivated FBS {Omega Scientific), 100U/mL ponictilin, 100mg/ml streptomyciy,
15 mM HEPES, and 2 mM L-glutamine nvilrogen) and 40 Hl/mt IL-2 with Dynabeads
Human T-Expander CD¥3/CD2E beads (Tovitrogen} at a 311 bead to cell ratto, Cells wers
cultured for 2 days prior to wansduciion with viral supersatant. Two million T cells were
plated per well of a & well plate in 1 ml TCEM + 3 ml viral sopernatant with a final
concentration of 40 {U/mL of 1L-2 and 10 mg/mL of protamine sulfate. The 6-well plates of
T cells were centrifugead at 872¢ for 2 hours at 32°C and then incubated at 37°C overnight.
The following day, Dynabeads were removed using a magnetic rack and the T cells were
cubtured 1 fresh TCEM with 300 I/mdL 112 at 300,000 cells/ml. T cells were caltured unti}
day ¢ in TCEM with 300 TU/mL of IL-2 maintaining the cells below | million/mL and the T

cell ranaduction was determined by flow cytometry.

EXAMPLE 3

IS This example demonatrates FLT3 CAR T cell transduction 1 accordance with
embodiments of the invention,
13160} The CAR was SE{ 1D NO: 1/ 29, The leader sequence is intially encoded and

enhances trafficking to the cell surface; 1t is likely to be cleaved off in the matore form. The

e

transduction efficiency of GFP and FLT3 CAR mansduced T celis were deternuned on day

of T eell culture. GFP transduced T cells were analyzed for GFF positivity by flow

-3

cyiomeiry using a L8R Fortessa (BD Bioseiences) as shown in the {eft panel of Figure 3
{87.8% positive). FLTI CAR expression was determined gsing biotinylated protein L
{Genscript, Piscataway, WJ, USAY which is a bacterial protein that binds 1o o subset of kappa

ight chains of antibodies. The NC7 based FLT3 AR 3 @ sequence that binds to protein L

and the CAR expression can be determingd by stammng with streptavidin PE {(ruddie panel of
36
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Figure 3, 77.1% postive}. Az a negative control, FLT3 CAR T cells were stamed with
secondary streptavidin PE only {night panel of Flgre 3, 0% positive}. Data analysis was

performed using Flowlo software {(Flowlo LLCY,

EXAMPLE 4

{0163 This exanple demonatrates that T cells expressing FLT3<targeting chimeric
antigen receptors secrete high levels of cytokines when co-caltured with FLT3-expressing
cell lines iy accordance with embodiments of the invention.

01621 Cviokine production assay: GFP or CAR tanaduced T cells were co-cultured
with various ALL and AML cell lines with varving expression of FLT3 as determined in
Example 1. Acute vmphoblastic and acute myeloid leukemia lines as listed in Example 1
were used ag farget tumor cell hines o determune the abality of FLTI CAR T eells to produce
Interfornn-gamma EN-gamma) and Inteddeukin-2 (1L-2) in response o target recognifion
and activation of the CAR T cells. The CAR was SEQ ID Nk /29, The leader sequence
is mitially encoded and enhances trafficking 1o the cell surface; tt is ikely to be cleaved off 1n
in 96 well plates for 16 hows in 200 mE/well of RPMI 1640 (Invitrogen) media
supplerented with 10% heat nactivated fetal bovine serum (Omega Scientific), 100 WimL
penicillin, 100 mg/mL streptomyein, and 2 mM L-ghutamine (Invitrogen). The following day
the plates were centrifuged at 1200 rpum for 6 minutes, and 130 b of supernatant was
carefilly taken for analysis by enzyme hnked immunosorbent assay {ELISA). For [FN-
gamma the Hwoan [FiN-gamma Quantikine ELISA (R&D systems; Mirmeapolis, MN, USA}
was used as per manufaciorer’s protoce! and read on a Spectramax MS microplate roader
{Molecudar Devices; Summyvale, 4, USA). For IL-2 the Human IL-2 GQuantikine ELISA as
per manufactyrer’s protocol (R&D systems; Minneapolis, MM} and read on a Spectramax MS
mticroplate reader {Molecular Devices), Data was then plotted using Graph¥ad Prisio

¥

{GraphPad Software}. Figures 4.7 show the resalts.

EXAMPLES

{31831 This example demonstrates that T cells expressing LTS targeting CARs are able

to raduce FLT3 expressing ALL iw vive, an in vive dose tiration of FLTI CAR T cells, and
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that T cells expressing FLT3 targeting CARs are able to delay the progression of FLT3
expressing AML iz vive in accordance with embodiments of the invention,

64 Stodies i anmmals were performed under protocols approved by the NCT Bethesda
Animal Care and Use Committee. One raiflion luciferase positive ALL or AML cell lines
were intravenously (1Y) injected 1o NSG mice (NOD sofd ganuna, NOD.Cg-

Prkdes? [ 2rg™ 9/353) {The Jackson Laboratory; Rar Harbor, ME, USA) and monitored for
ievkemia progression by bioluninescence using @ Xenogen IVIS Lurning imaging system
{Caliper Life Sciences; Hopkinton, MA, USA). NSG mice with leukemia were imaged for 4
minites after mtraperitoneal (1P} miection with 3 rog D-luctferin (Caliper Life Sciences) for |
minute. Living Image software {Caliper Life Sciznces) was used to analyze the
bistuminescent signal froms animals with leakomia as photons/sicm®ar. GFP or FLT3 CAR
transduced T cells were injecied on the same day, as described below, when a detectable
amount of leukenua was observed and the leukemia progression or regression was mensyred
twice a week. The CAR was BEQ ID NO: 1/29. The leader sequence is initially sncoded
and enhances trafficking 1o the cell surface; it is likely to be cleaved off in the mature form.
{0168] 1V injection of SEM ALL cells: 7.5x10% GFP- {67% transduction) or FLT3- {50%
ansduction} CAR transduced T cells were injected on day 4 when a detectable smount of
levkemia was observed and the leukemia progression or regression was megsured. The
results are shown in Figure § {min/max of photons/s/om¥/sr signal: 8.00e4/8.00e6)

09166] 1V injection of SEM ALL cells: 10xI0°GFP or 10 108, 5 x10% or 1x10°FLT3
CAR transduced T cells were injected on day 14 when a detectable amount of leakemia was
observed and the leukemia progression or regression was measured. The resulls are shown in
Figure 3 {min/max of photons/s/om?/sr signal: 5.0004/8.00¢6).

W67 1V injection of MOLMI3Z AML celler 7x30° GFP or FUTR CAR transduced T
cells were injected on day & when a detectable amount of leukeria was observed and the
teukenua progression oy regression was measured, The results ave shown in Figare 10
{muin/max of photons/s/om®/sr signal: 5.0024/3.00e6),

{6168] IV ojection of MOLMI4 AML cells: 7xY0°GFP or FLT3 CAR transduced T
cells were ijoctod on day & when a detectable amount of leukemia was observed and the

i1
LA

feukemia progression or regression was measured. The results are shown i Figure 11

o
CD

=)
-._.J

{min/max of photons/s/em®/ar signal: 5.00e4/8.0
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6% All references, incloding publications, patent apphications, and patents, cited
herein are hereby incorporated by veference o the same extent a3 if each reference were
mdividually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.
81731 The use of the torms “a” and “ar” and “the” and “at least one” and similar
referents i the context of describing the invertion {especially in the context of the following
claima} are 10 be construed to cover both the singular and the plural, unless otherwise
mshicated herein or elearly contradicted by context. The use of the term “at least ong”
followad by & List of one or more items {(for exanople, “at loast one of A and B} is to he
construad t0 mean one jter selected from the listed ftems {A or B) or any combination of two

or more of the bsted tems {A and B, unless otherwise indicated hevein or clearly

39 6% 368

contradicted by context, The terms “comprising,” “having,” “including,” and “confaining”
are to be construed as open-ended terms (Lo, meaning “including, but not hnted t0,”) vnless
otherwise noted. Recitation of ranges of values herein are merely intended o serve as a
shorthand method of referring individaally to each separate value falling within the range,
unless otherwise mdicated herein, and each separate value is incorporated into the
specification as if it were individeally recited herein. All methods desceribed herein can be
verformed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language {e.g., “such
257"} provided heretn, © intended merely to better itluminate the mwvention and dogs not pose a
Limitation on the scope of the invention unless otherwise clatmed. No language in the
specification should be constraed as indicating any non-claimed element as essential to the
practice of the investion.
{0171} Preferred embodiments of this invention are deseribed herein, including the best
mode known to the inventors for carrving out the nvention. Varistions of those preferred
erabodiments may become apparent to those of ordinary skill in the 3t upon reading the
foregoing description, The inventors expect skilied artisans to employ sach variations as
appropriate, and the wventors ftend for the nvention (o be practced otherwise than as

specifically described herein. Accoréingiy‘, this invention irchudes all modifications and

sguivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-desoribed elements w all possible
39
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variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.

[0172] Any reference to any prior art in this specification is not, and should not be taken as
an acknowledgement or any form of suggestion that the prior art forms part of the common

general knowledge.
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CLAIM(S):

1. A chimeric antigen receptor (CAR) comprising an antigen binding domain
specific for FLT3, a transmembrane domain, and an intracellular T cell signaling domain,
wherein the antigen binding domain comprises a single chain variable fragment (scFv)

comprising from N-terminus to C-terminus (a) the heavy chain variable region CDR1, CDR2,

and CDR3 sequences of SEQ ID NOS: 6, 8, and 10 and (b) the light chain variable region CDRI1,

CDR2, and CDR3 sequences of SEQ ID NOS: 14, 16, and 18.

2. The CAR of claim 1, wherein the antigen binding domain comprises the light
chain variable region comprising the sequences of SEQ ID NOS: 13-19.

3. The CAR of claim 1 or 2, wherein the antigen binding domain comprises the

heavy chain variable region comprising the sequences of SEQ ID NOS: 5-11.

4. The CAR of any one of claims 1-3, wherein the antigen binding domain

comprises the linker sequence of SEQ ID NO: 12.

5. The CAR of any one of claims 1-4, wherein the antigen binding domain

comprises SEQ ID NOS: 5-19.
6. The CAR of any one of claims 1-5, wherein the transmembrane domain
comprises CD8 amino acid sequence comprising the CD8a hinge sequence of SEQ ID NO: 25

and the transmembrane domain of sequence SEQ ID NO: 26.

7. The CAR of any one of claims 1-6, wherein the intracellular T cell signaling

domain comprises the 4-1BB amino acid sequence of SEQ ID NO: 27.

8. The CAR of any one of claims 1-7, wherein the intracellular T cell signaling

domain comprises the CD3 zeta amino acid sequence of SEQ ID NO: 28.
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9. The CAR of any one of claims 1-8, wherein the CAR further comprises the spacer
comprising SEQ ID NOS: 21-24.

10. The CAR of claim 1, wherein the CAR comprises any one of the sequence of
SEQ ID NOS: 1, 2, 29, or 30.

11. A nucleic acid comprising a nucleotide sequence encoding the CAR of any one

of claims 1-10.

12. A recombinant expression vector comprising the nucleic acid of claim 11.

13. An isolated host cell comprising the recombinant expression vector of claim 12.
14. A population of cells comprising at least one host cell of claim 13.

15. A pharmaceutical composition comprising the CAR of any one of claims 1-10,

the nucleic acid of claim 11, the recombinant expression vector of claim 12, the host cell of

claim 13, or the population of cells of claim 14, and a pharmaceutically acceptable carrier.

16. A method of detecting the presence of cancer, comprising:

(a) contacting a sample comprising one or more cells with the CAR of any one of
claims 1-10, the nucleic acid of claim 11, the recombinant expression vector of claim 12, the host
cell of claim 13, the population of cells of claim 14, or the pharmaceutical composition of claim
15, thereby forming a complex, and

(b) detecting the complex, wherein detection of the complex is indicative of the
presence of cancer,

wherein the cancer expresses FLT3.

17. The method of claim 16, wherein the cancer is pre-B cell precursor acute

lymphoblastic leukemia or acute myeloid leukemia.
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18. A method of treating or preventing cancer in a mammal, the method comprising
administering to the mammal the CAR of any one of claims 1-10, the nucleic acid of claim 11,
the recombinant expression vector of claim 12, the host cell of claim 13, the population of cells
of claim 14, or the pharmaceutical composition of claim 15, in an effective amount to treat or

prevent cancer in the mammal, wherein the cancer expresses FLT3.

19. The method of claim 18, wherein the cancer is pre-B cell precursor acute

lymphoblastic leukemia or acute myeloid leukemia.

20. The method of any one of claims 16-19, wherein the method further comprises
measuring FLT3 expression levels in a biological sample from the mammal; and determining if
the FLT3 expression levels of the biological sample are increased compared to a sample from a

control mammal without the proliferative disorder.

The United States of America as Represented by the Secretary, Dept. of Health and
Human Services

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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SEQUENCE LISTING

<110> THE UNITED STATES OF AMERICA, AS REPRESENTED BY THE
SECRETARY, DEPARTMENT OF HEALTH AND HUMAN SERVICES

<120> FLT3-SPECIFIC CHIMERIC ANTIGEN RECEPTORS AND METHODS USING SAME
<130> 728591

<150> 62/342,394
<151> 2016-05-27

<160> 30

<170> PatentlIn version 3.5
<210> 1

<211> 490

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

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

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

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

Thr Phe Ser Ser Tyr Ala lle Ser Trp Val Arg GIn Ala Pro Gly GIn
50 55 60

Gly Leu Glu Trp Met Gly Gly Ile Ile Pro 1lle Phe Gly Thr Ala Asn
65 70 75 80

Tyr Ala GIn Lys Phe GIn Gly Arg Val Thr 1le Thr Ala Asp Lys Ser
85 90 95

Thr Ser Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr
100 105 110

Ala Val Tyr Tyr Cys Ala Thr Phe Ala Leu Phe Gly Phe Arg Glu GIn
115 120 125

Ala Phe Asp Ile Trp Gly GIn Gly Thr Thr Vval Thr Val Ser Ser Gly
130 135 140

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp lle
145 150 155 160

GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg
165 170 175

Page 1



val

Trp

Ala

Ser

225

Leu

Gly

Pro

Leu

Arg

305

Gly

Lys

Arg

Pro

Ser

385

Glu

Arg

GIn

Thr

Tyr

Ser

210

Gly

Ala

Pro

Arg

Arg

290

Gly

Thr

Arg

Pro

Glu

370

Ala

Leu

Gly

Glu

Ile

GIn

195

Ser

Thr

Thr

Gly

Pro

275

Pro

Leu

Cys

Gly

val

355

Glu

Asp

Asn

Arg

Gly
435

Thr

180

GIn

Leu

Asp

Tyr

Thr

260

Pro

Glu

Asp

Gly

Arg

340

GIn

Glu

Ala

Leu

Asp

420

Leu

Cys

Lys

GIn

Phe

Tyr

245

Lys

Thr

Ala

Phe

Val

325

Lys

Thr

Glu

Pro

Gly

405

Pro

Tyr

Arg

Pro

Ser

Thr

230

Cys

Val

Pro

Cys

Ala

310

Leu

Lys

Thr

Gly

Ala

390

Arg

Glu

Asn

Ala

Gly

Gly

215

Leu

GIn

Asp

Ala

Arg

295

Cys

Leu

Leu

GIn

Gly

375

Tyr

Arg

Met

Glu

Ser

Lys

200

Val

Thr

GIn

Ile

Pro

280

Pro

Asp

Leu

Leu

Glu

360

Cys

Lys

Glu

Gly

Leu
440

728591_ST25

GIn

185

Ala

Pro

Ile

Ser

Lys

265

Thr

Ala

Ile

Ser

Tyr

345

Glu

Glu

GIn

Glu

Gly

425

GIn

Ser lle Ser

Pro

Ser

Ser

Tyr

250

Ser

Ile

Ala

Tyr

Leu

330

Ile

Asp

Leu

Gly

Tyr

410

Lys

Lys

Lys

Arg

Ser

235

Ser

Gly

Ala

Gly

Ile

315

Val

Phe

Gly

Arg

GIn

395

Asp

Pro

Asp

Page 2

Leu

Phe

220

Leu

Thr

Thr

Ser

Gly

300

Trp

Lys

Cys

Val

380

Asn

Val

Arg

Lys

Ser

Leu

205

Ser

GlIn

Pro

Thr

GlIn

285

Ala

Ala

Thr

GlIn

Ser

365

Lys

GlIn

Leu

Arg

Met
445

Tyr

190

Ile

Gly

Pro

Phe

Thr

270

Pro

val

Pro

Leu

Pro

350

Cys

Phe

Leu

Asp

Lys

430

Ala

Leu

Tyr

Ser

Glu

Thr

255

Pro

Leu

Leu

Tyr

335

Phe

Arg

Ser

Tyr

Lys

415

Asn

Glu

Asn

Ala

Gly

Asp

240

Phe

Ala

Ser

Thr

Ala

320

Cys

Met

Phe

Arg

Asn

400

Arg

Pro

Ala



Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg A
4

450

455

Asp Gly Leu Tyr GIn Gly Leu

465

470

Ala Leu His Met GIn Ala Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Leu
1

Phe Leu

Lys Lys

Thr Phe
50

Gly Leu
65

Tyr Ala

Thr Ser

Ala Val

Ala Phe
130

Gly Gly
145

GIn Met

2
731
PRT

485

Artificial Sequence

SYNTHETIC

2

Leu

Leu

Pro

35

Ser

Glu

GIn

Thr

Tyr

115

Asp

Gly

Thr

val

Ile

20

Gly

Ser

Trp

Lys

Ala

100

Tyr

Ser

GIn

Thr

5

Pro

Ser

Tyr

Met

Phe

85

Tyr

Cys

Trp

Gly

Ser
165

Ser

Glu

Ser

Ala

Gly

70

GIn

Met

Ala

Gly

Gly

150

Pro

Leu

Val

Val

Ile

55

Gly

Gly

Glu

Thr

GIn

135

Gly

Ser

728591_ST25

rg Gly Lys Gly His
60

Ser Thr Ala Thr Lys Asp Thr Tyr Asp

475

Pro Pro Arg

Leu

GIn

Lys

40

Ser

Ile

Arg

Leu

Phe

120

Gly

Gly

Ser

Leu

Leu

25

Val

Trp

Ile

Val

Ser

105

Ala

Thr

Ser

Leu

490

Cys Glu
10

Val GIn

Ser Cys

Val Arg

Pro Ile
75

Thr 1le
90

Ser Leu

Leu Phe

Thr Val

Gly Gly
155

Ser Ala
170

Page 3

Leu

Ser

Lys

GlIn

60

Phe

Thr

Arg

Gly

Thr

140

Ser

Pro

Gly

Ala

45

Ala

Gly

Ala

Ser

Phe

125

val

Gly

Val

Ala

30

Ser

Pro

Thr

Asp

Glu

110

Arg

Ser

Ser

Gly

Pro

15

Glu

Gly

Gly

Ala

Lys

95

Asp

Glu

Ser

Asp

Asp
175

480

val

Gly

GIn

Asn

80

Ser

Thr

GIn

Gly

Ile

160

Arg



val

Trp

Ala

Ser

225

Leu

Gly

Glu

Pro

Lys

305

val

Asp

Tyr

Asp

Leu

385

Arg

Lys

Asp

Thr

Tyr

Ser

210

Gly

Ala

Pro

Pro

Glu

290

Asp

Asp

Gly

Asn

Trp

370

Pro

Glu

Asn

Ile

Ile

GIn

195

Ser

Thr

Thr

Gly

Lys

275

Leu

Thr

val

val

Ser

355

Leu

Ala

Pro

GIn

Ala
435

Thr

180

GIn

Leu

Asp

Tyr

Thr

260

Ser

Leu

Leu

Ser

Glu

340

Thr

Asn

Pro

GIn

val

420

val

Cys

Lys

GIn

Phe

Tyr

245

Lys

Pro

Gly

Met

His

325

Val

Tyr

Gly

Ile

Val

405

Ser

Glu

Arg

Pro

Ser

Thr

230

Cys

Val

Asp

Gly

Ile

310

Glu

Arg

Lys

Glu

390

Tyr

Leu

Trp

Ala

Gly

Gly

215

Leu

GIn

Asp

Lys

Pro

295

Ser

Asp

Asn

Val

Glu

375

Lys

Thr

Thr

Glu

Ser

Lys

200

Val

Thr

GIn

Ile

Thr

280

Ser

Arg

Pro

Ala

Val

360

Tyr

Thr

Leu

Cys

Ser
440

728591 ST25
GIn Ser lle Ser

185

Ala

Pro

Ile

Ser

Lys

265

His

Val

Thr

Glu

Lys

345

Ser

Lys

Ile

Pro

Leu

425

Asn

Pro Lys

Ser Arg

Ser Ser
235

Tyr Ser
250

Ser Gly

Thr Cys

Phe Leu

Pro Glu
315

Val Lys
330

Thr Lys

Val Leu

Cys Lys

Ser Lys

395

Pro Ser
410
Val Lys

Gly GIn

Page 4

Leu

Phe

220

Leu

Thr

Leu

Pro

Phe

300

Val

Phe

Pro

Thr

Val

380

Ala

Arg

Gly

Pro

Ser

Leu

205

Ser

GIn

Pro

Glu

Pro

285

Pro

Thr

Asn

Arg

Val

365

Ser

Lys

Asp

Phe

Glu
445

Tyr

190

Ile

Gly

Pro

Phe

Asp

270

Cys

Pro

Cys

Trp

Glu

350

Leu

Asn

Gly

Glu

Tyr

430

Asn

Leu

Tyr

Ser

Glu

Thr

255

Pro

Pro

Lys

val

Tyr

335

Glu

His

Lys

GIn

Leu

415

Pro

Asn

Asn

Ala

Gly

Asp

240

Phe

Ala

Ala

Pro

val

320

val

GIn

GIn

Ala

Pro

400

Thr

Ser

Tyr



Lys

Ser

465

Ser

Ser

Ala

Ser

Thr

545

Ala

Cys

Met

Phe

Arg

625

Asn

Arg

Pro

Ala

His
705

Thr

450

Lys

Cys

Leu

Pro

Leu

530

Arg

Gly

Lys

Arg

Pro

610

Ser

Glu

Arg

GIn

Tyr

690

Asp

Thr

Leu

Ser

Ser

Arg

515

Arg

Gly

Thr

Arg

Pro

595

Glu

Ala

Leu

Gly

Glu

675

Ser

Gly

Pro

Thr

val

Leu

500

Pro

Pro

Leu

Cys

Gly

580

val

Glu

Asp

Asn

Arg

660

Gly

Glu

Leu

Pro

Val

Met

485

Ser

Pro

Glu

Asp

Gly

565

Arg

GIn

Glu

Ala

Leu

645

Asp

Leu

Ile

Tyr

Val

Asp

470

Pro

Thr

Ala

Phe

550

Val

Lys

Thr

Glu

Pro

630

Gly

Pro

Tyr

Gly

GIn
710

Leu

455

Lys

Glu

Gly

Pro

Cys

535

Ala

Leu

Lys

Thr

Gly

615

Ala

Arg

Glu

Asn

Met

695

Gly

Asp

Ser

Ala

Lys

Ala

520

Arg

Cys

Leu

Leu

GIn

600

Tyr

Arg

Met

Glu

680

Lys

Leu

728591 _ST25
Ser Asp Gly Ser

Arg Trp GIn

Leu

Lys

505

Pro

Pro

Asp

Leu

Leu

585

Glu

Cys

Lys

Glu

Gly

665

Leu

Gly

Ser

His

490

Asp

Thr

Ala

Ile

Ser

570

Tyr

Glu

Glu

GIn

Glu

650

Gly

GIn

Glu

Thr

475

Asn

Pro

Ile

Ala

Tyr

555

Leu

Ile

Asp

Leu

Gly

635

Tyr

Lys

Lys

Arg

Ala
715

Page 5

460

GIn

Lys

Ala

Gly

540

Val

Phe

Gly

Arg

620

GIn

Asp

Pro

Asp

Arg

700

Thr

Phe

Gly

Tyr

Thr

Ser

525

Gly

Trp

Ile

Lys

Cys

605

Val

Asn

Val

Arg

Lys

685

Arg

Lys

Phe

Asn

Thr

Thr

510

GIn

Ala

Ala

Thr

GIn

590

Ser

Lys

GIn

Leu

Arg

670

Met

Gly

Asp

Leu

val

GIn

495

Thr

Pro

val

Pro

Leu

575

Pro

Cys

Phe

Leu

Asp

655

Lys

Ala

Lys

Thr

Tyr

Phe

480

Lys

Pro

Leu

Leu

560

Tyr

Phe

Arg

Ser

Tyr

640

Lys

Asn

Glu

Gly

Tyr
720



728591 _ST25
Asp Ala Leu His Met GIn Ala Leu Pro Pro Arg
725 730

<210> 3

<211> 1

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 3
Met

<210> 4

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 4

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

Leu Leu Ile Pro
20

<210> 5

<211> 25

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 5
Glu val GIn Leu Val GIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser
20 25

<210> 6

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 6

Gly Gly Thr Phe Ser Ser Tyr Ala lle Ser
1 5 10

Page 6



<210>
<211>
<212>
<213>

<220>
<223>

<400>

728591_ST25
7
14
PRT
Artificial Sequence

SYNTHETIC
7

Trp Val Arg GIn Ala Pro Gly GIn Gly Leu Glu Trp Met Gly
1 5 10

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8

17

PRT

Artificial Sequence

SYNTHETIC
8

Gly 1le Ile Pro Ile Phe Gly Thr Ala Asn Tyr Ala GIn Lys Phe GIn
1

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5 10 15

9

32

PRT

Artificial Sequence

SYNTHETIC
9

Arg Val Thr 1le Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr Met Glu

1

5 10 15

Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys Ala Thr
30

<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

<210>
<211>
<212>
<213>

20 25

10

13

PRT

Artificial Sequence

SYNTHETIC
10

Phe Ala Leu Phe Gly Phe Arg Glu GIn Ala Phe Asp lle
10

5

11

11

PRT

Artificial Sequence

Page 7
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<220>
<223> SYNTHETIC

<400> 11

Trp Gly GIn Gly Thr Thr val Thr Vval Ser Ser
1 5 10

<210> 12

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 12
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10 15

<210> 13

<211> 23

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 13

Asp lle GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr l1le Thr Cys
20

<210> 14

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 14

Arg Ala Ser GIn Ser lle Ser Ser Tyr Leu Asn
1 5 10

<210> 15

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 15

Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu lle Tyr
1 5 10 15

Page 8
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<210> 16

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 16

Ala Ala Ser Ser Leu GIn Ser
1 5

<210> 17

<211> 32

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 17

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Leu Thr 1le Ser Ser Leu GIn Pro Glu Asp Leu Ala Thr Tyr Tyr Cys
20 25 30

<210> 18

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 18

GIn GIn Ser Tyr Ser Thr Pro Phe Thr
1 5

<210> 19

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 19

Phe Gly Pro Gly Thr Lys Val Asp lle Lys
1 5 10

<210> 20

<211> 2

<212> PRT

<213> Artificial Sequence

<220>
Page 9



<223>
<400>
Ser Gly
1

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Leu Glu
1

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Ala Glu
1

Ala Pro
Pro Lys

val Val
50

Val Asp
65

GIn Tyr
GIn Asp
Ala Leu

<210>
<211>
<212>
<213>

728591_ST25
SYNTHETIC

20

21

4

PRT

Artificial Sequence

SYNTHETIC

21
Asp Pro

22

126

PRT

Artificial Sequence

SYNTHETIC
22

Pro Lys Ser Pro Asp Lys Thr His Thr Cys
5 10

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu
20 25

Asp Thr Leu Met lle Ser Arg Thr Pro Glu
35 40

Asp Val Ser His Glu Asp Pro Glu val Lys
55 60

Gly val Glu val His Asn Ala Lys Thr Lys
70 75

Asn Ser Thr Tyr Arg Val Val Ser Val Leu
85 90

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
100 105

Pro Ala Pro 1le Glu Lys Thr lle Ser Lys
115 120

23

107

PRT

Artificial Sequence

Page 10

Pro

Phe

Val

45

Phe

Pro

Thr

Val

Ala
125

Pro

Pro

30

Thr

Asn

Arg

val

Ser
110

Cys

15

Pro

Cys

Trp

Glu

Leu

95

Asn

Pro

Lys

val

Tyr

Glu
80



728591_ST25

<220>
<223> SYNTHETIC

<400> 23

Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Asp
1 5 10 15

Glu Leu Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe
20 25 30

Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu
35 40 45

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
50 55 60

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly
65 70 75 80

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
85 90 95

Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
100 105

<210> 24

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 24
Lys Asp Pro Lys
1

<210> 25

<211> 45

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 25
Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr lle Ala
1 5 10 15

Ser GIn Pro Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly
20 25 30

Gly Ala Val His Thr Arg Gly Leu Asp Phe Ala Cys Asp
35 40 45

Page 11
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<210> 26

<211> 24

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 26

Ile Tyr Ile Trp Ala Pro Leu Ala Gly Thr Cys Gly Vval Leu Leu Leu
1 5 15

Ser Leu Val lle Thr Leu Tyr Cys
20

<210> 27

<211> 42

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 27
Lys Arg Gly Arg Lys Lys Leu Leu Tyr lle Phe Lys GIn Pro Phe Met
10 15

Arg Pro Val GIn Thr Thr GIn Glu Glu Asp Gly Cys Ser Cys Arg Phe
20 25

Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
35

<210> 28

<211> 112

<212> PRT

<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 28

Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Lys Gln Gly
1 10

GIn Asn GIn Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg GIu Glu Tyr
20 25

Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys
35 40 45

Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu GIn Lys
50 60

Page 12



Asp Lys Met Ala Glu
65

Ala Tyr Ser Glu lle

70

728591_ST25

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr GIn Gly Leu
85 90

Thr Lys Asp Thr Tyr Asp Ala Leu
100

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu

1

Ser

Ala

Gly

GlIn

65

Met

Ala

Gly

Gly

Pro

145

Arg

Pro

val

val

Ile

Gly

50

Gly

Glu

Thr

GIn

Gly

130

Ser

Ala

Gly

29
469
PRT

Artificial Sequence

SYNTHETIC

29

GIn Leu Val

Lys

Ser

35

Arg

Leu

Phe

Gly

115

Gly

Ser

Ser

Lys

val
20

Trp

val

Ser

Ala

100

Thr

Ser

Leu

GIn

Ala
180

5

Ser

Val

Pro

Thr

Ser

85

Leu

Thr

Gly

Ser

Ser

165

Pro

GIn

Cys

Arg

Ile

70

Leu

Phe

Val

Gly

Ala

150

Lys

Ser

Lys

GIn

Phe

55

Thr

Arg

Gly

Thr

Gly

135

Ser

Ser

Leu

Gly

Ala

Ala

40

Ala

Ser

Phe

Val

120

Val

Ser

Leu

His Met GIn Ala Leu

105

Ala

Ser

25

Pro

Thr

Asp

Glu

Arg

105

Ser

Ser

Gly

Tyr

Ile
185

Glu Vval
10

Gly Gly

Gly GIn

Ala Asn

Lys Ser
75

Asp Thr
90

Glu GIn

Ser Gly

Asp lle

Asp Arg
155

Leu Asn
170

Tyr Ala
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Lys

Thr

Gly

Tyr

60

Thr

Ala

Ala

Gly

GIn

140

Val

Trp

Ala

Lys

Phe

Leu

45

Ala

Ser

Val

Phe

Gly

125

Met

Thr

Tyr

Ser

Gly Met Lys Gly
75

Ser

Pro
110

Pro

Ser

30

Glu

GIn

Thr

Tyr

Asp

110

Gly

Thr

GIn

Ser
190

Glu
Thr

95

Pro

Gly

15

Ser

Trp

Lys

Ala

Tyr

95

Ser

GIn

Thr

GIn

175

Leu

Arg
80
Ala

Arg

Ser

Tyr

Met

Phe

Tyr

80

Cys

Trp

Gly

Ser

Cys

160

Lys

GIn



Ser

Thr

Cys

225

val

Pro

Cys

Ala

Leu

305

Lys

Thr

Gly

Ala

Arg

385

Glu

Asn

Met

Gly

Gly

Leu

210

GIn

Asp

Ala

Arg

Cys

290

Leu

Leu

GIn

Gly

Tyr

370

Arg

Met

Glu

Lys

Leu
450

val

195

Thr

GIn

Ile

Pro

Pro

275

Asp

Leu

Leu

Glu

Cys

355

Lys

Glu

Gly

Leu

Gly

435

Ser

Pro

Ser

Lys

Thr

260

Ala

Ser

Tyr

Glu

340

Glu

GIn

Glu

Gly

GIn

420

Glu

Thr

Ser

Ser

Tyr

Ser

245

Ile

Ala

Tyr

Leu

Ile

325

Asp

Leu

Gly

Tyr

Lys

405

Lys

Arg

Ala

Arg

Ser

Ser

230

Gly

Ala

Gly

Ile

Val

310

Phe

Gly

Arg

GIn

Asp

390

Pro

Asp

Arg

Thr

Phe

Leu

215

Thr

Thr

Ser

Gly

Trp

295

Lys

Cys

Val

Asn

375

Val

Arg

Lys

Arg

Lys
455

Ser

200

GIn

Pro

Thr

GIn

Ala

280

Ala

Thr

GIn

Ser

Lys

360

GIn

Leu

Arg

Met

Gly

440

Asp
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Gly

Pro

Phe

Thr

Pro

265

Val

Pro

Leu

Pro

Cys

345

Phe

Leu

Asp

Lys

Ala

425

Lys

Thr

Ser Gly

Glu Asp

Thr Phe
235

Pro Ala
250

Leu Ser

His Thr

Leu Ala

Tyr Cys
315

Phe Met
330

Arg Phe

Ser Arg

Tyr Asn

Lys Arg

395

Asn Pro
410

Glu Ala

Gly His

Ser

Leu

220

Pro

Leu

Arg

Gly

300

Lys

Arg

Pro

Ser

Glu

380

Arg

GIn

Tyr

Asp

Gly

205

Ala

Pro

Arg

Arg

Gly

285

Thr

Arg

Pro

Glu

Ala

365

Leu

Gly

Glu

Ser
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445

Tyr Asp Ala Leu
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460

Thr

Thr

Gly

Pro

Pro
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Leu

Cys

Gly
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350

Asp
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Arg

Gly

Glu

430

Leu

Asp

Tyr

Thr
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255

Glu
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Arg
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335
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Asp
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415

Ile

Tyr

Met
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Tyr

Lys
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Thr

Phe
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Lys
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Thr

Glu
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Gly

Pro
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Tyr

Gly

GIn

GIn



Ala Leu Pro Pro Arg
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu

1
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Ala

Gly

GlIn

65

Met
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Gly

Gly

Pro

145

Arg

Pro

Ser

val

val

Ile

Gly

50

Gly

Glu

Thr

GIn

Gly

130

Ser

Ala

Gly

Gly

30
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Artificial Sequence
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Lys
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Arg
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Trp
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Leu
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180
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5
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Val
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Cys

Arg

Ile
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Phe
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Lys
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Phe

55
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Arg
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40
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Phe
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120
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Ser

Leu

Ser
200
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Ala

Ser

25

Pro

Thr

Asp

Glu

Arg

105

Ser

Ser

Gly

Tyr

Ile

185

Gly

Glu

10

Gly

Gly

Ala

Lys

Asp

90

Glu

Ser

Asp

Asp

Leu

170

Tyr

Ser
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Val

Gly
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Asn

Ser

75

Thr

GIn

Gly

Ile

Arg

155
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Ala

Gly

Lys

Thr

Gly
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60

Thr
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Ala

Gly

GIn
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Val

Trp
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Lys

Phe

Leu

45
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Ser
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Phe

Gly

125

Met

Thr

Tyr

Ser

Gly
205

Pro

Ser

30

Glu

GIn
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Tyr

Asp

110

Gly

Thr

GlIn

Ser
190

Thr

Gly

15

Ser

Trp

Lys

Ala

Tyr

95

Ile
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GIn
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175
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Tyr
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Phe
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80
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Trp

Gly
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160
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GIn
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Thr

Cys

225

val

Asp

Gly

Arg

Lys

Glu

Tyr

385

Leu

Trp

val

Asp

His
465

Leu

210

GIn

Asp

Lys

Pro

Ser

290

Asp

Asn

val

Glu

Lys

370

Thr

Thr

Glu

Leu

Lys

450

Glu

Thr

GIn

Ile

Thr

Ser

275

Arg

Pro

Ala

val

Tyr

355

Thr

Leu

Cys

Ser

Asp

435

Ser

Ala

Ser

Lys

His

260

val

Thr

Glu

Lys

Ser

340

Lys

Pro

Leu

Asn

420

Ser

Arg

Leu

Ser

Tyr

Ser

245

Thr

Phe

Pro

Val

Thr

325

val

Cys

Ser

Pro

Val

405

Asp

Trp

His

Ser

Ser

230

Gly

Cys

Leu

Glu

Lys

310

Lys

Leu

Lys

Lys

Ser

390

Lys

GIn

Gly

GIn

Asn
470

Leu

215

Thr

Leu

Pro

Phe

Val

295

Phe

Pro

Thr

Val

Ala

375

Arg

Gly

Pro

Ser

GIn
455

GIn

Pro

Glu

Pro

Pro

280

Thr

Asn

Arg

Val

Ser

360

Lys

Asp

Phe

Glu

Phe

440
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Phe

Asp

Cys

265

Pro

Cys

Trp

Glu

Leu

345

Asn

Gly

Glu

Tyr

Asn

425

Phe

Asn

Thr

Thr Phe
235

Pro Ala
250

Pro Ala

Lys Pro

Val Val

Tyr Val
315

Glu GIn
330

His GIn

Lys Ala

GIn Pro

Leu Thr

395

Pro Ser
410

Asn Tyr

Leu Tyr

Val Phe

GIn Lys
475
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220

Gly

Glu

Pro

Lys

Val

300

Asp

Tyr

Asp

Leu

Arg

380

Lys

Asp

Lys

Ser

Ser

460

Ser

Ala

Pro

Pro

Glu

Asp

285

Asp

Gly

Asn

Trp

Pro

365

Glu
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Ile

Thr

Lys

445

Cys

Leu
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Gly
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Leu
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Thr
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Leu
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Ala

Pro

GIn
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Leu
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Tyr
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255

Leu
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Glu

Thr
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Pro

GIn
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Pro

Thr
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Leu

Tyr
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Pro

Gly

Met
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val
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Tyr
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val

Ser

400

Glu

Pro
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Met

Ser
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Pro

Thr

Ala

Phe

val

545

Lys

Thr

Glu

Pro

Gly

625

Pro

Tyr

Gly

GlIn

GIn
705

Gly

Pro

Cys

Ala

530

Leu

Lys

Thr

Gly

Ala

610

Arg

Glu

Asn

Met

Gly

690

Ala

Lys

Ala

Arg

515

Cys

Leu

Leu

GIn

Gly

595

Tyr

Arg

Met

Glu

Lys

675

Leu

Leu

Lys

Pro

500

Pro

Asp

Leu

Leu

Glu

580

Lys

Glu

Gly

Leu

660

Gly

Ser

Pro

Asp

485

Thr

Ala

Ile

Ser

Tyr

565

Glu

Glu

GIn

Glu

Gly
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GIn

Glu

Thr

Pro

Pro

Ile

Ala

Tyr

Leu

550

Ile

Asp

Leu

Gly

Tyr

630

Lys

Lys

Arg

Ala

Arg
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Lys

Ala

Gly

Ile
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Val

Phe

Gly

Arg

GIn

615

Asp

Pro

Asp

Arg

Thr
695

Thr

Ser

Gly

520

Trp

Ile

Lys

Cys

Val

600

Asn

Val

Arg

Lys

Arg

680

Lys
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Thr Thr Pro Ala

GIn

505

Ala

Ala

Thr

GIn

Ser

585

Lys

GIn

Leu

Arg

Met

665

Gly

Asp

490

Pro Leu

Val His

Pro Leu

Leu Tyr

555

Pro Phe

570

Cys Arg

Phe Ser

Leu Tyr

Asp Lys

635

Lys Asn
650
Ala Glu

Lys Gly

Thr Tyr
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Ser

Thr

Ala

540

Met

Phe

Arg

Asn

620

Arg

Pro

Ala

His

Asp
700

Pro

Leu

Arg

525

Gly

Lys

Arg

Pro

Ser

605

Glu

Arg

GlIn

Tyr

Asp

685

Ala

Arg

Arg

510

Gly

Thr

Arg

Pro

Glu

590

Ala

Leu

Gly

Glu

Ser

670

Gly

Leu

Pro

495

Pro

Leu

Cys

Gly

val

575

Glu

Asp

Asn

Arg

Gly

655

Glu

Leu

Pro

Glu

Asp

Gly

Arg

560

GIn

Glu

Leu
Asp

640

Leu

Tyr

Met
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