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FLT3-SPECIFIC CHIMERIC ANTIGEN RECEPTORS AND METHODS USING SAME 

CROSS-REFERENCE TO A RELATED APPLICATION 

[00011 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 

[00021 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 

[00031 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 

[00041 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.  

[00051 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 

I



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.  

[0005c] 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.  

[0005e] 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.  

[0005f] 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



[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.  

[00061 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.  
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[00071 Further embodiments of the invention provide related nucleic acids, recombinant 

expression vectors, host cells, populations of cells, antibodies, or antigen binding portions 

thereof, and pharmaceutical compositions relating to the CARs ofthe invention.  

[0008] Additional embodiments of the invention provide methods of detecting the 

presence of a proliferative disorder, e.g- cancer, and methods of treating or preventing a 

proliferative disorder, e.g., cancerin a manual.  

BRIEF DESCRIPTION OFTHE DRAWINGS 

[0009] Figure1 is a bar graph showing FLT3 is expressed on acute lymphoblastic and 

acute myeloid leukemia cell lines.  

[0010] Figure 2 is a diagam of CARs inaccordance with embodiments of the invention.  

[0011] Figure3 shows flow cytometry graphs of FLT3 CAR T cell transduction. in 

accordance with embodients ofthe invention.  

10012) Figure4is a bargra phshowing thatT cells expressing FLT3-targeting chimeuc 

antigen receptorssecrete highlevelsof interferon-ganuma when co-cultured with FLT3

expressing ALL ccl lines, in accordance with embodiments of the invention, 

0013J] Figure 5 is a bar graph showing that Tcells expressing FM targeting chieric 

antigenreceptors secrete high levels of interleukin-2whenco-culturedwithLT-expressing 

ALL cell lines, in accordance with embodiments of the invention.  

100141 Figure 6 isa bar graph showing that T cells expressing FLT3 targeting chirneric 

antigen receptor secrete high levels ointerferon-gamma when co-cultured with FLT3

expressing AML cell lines, in accordance with embodiments of the invention 

10015] Figure 7 is a bar graph showing that T cells expressing a FLT3 targeting chimeric 

antigen recepto.rsete high levels of inerleukin-2 whenco-cultured with FLT3-expressing 

AML cell lines, in accordane withembodiments of'the invention.  

[00161 Figure 8 presents imagesshowing that T cells expressing FLT3 targeting CARs 

are able to reduce FLT3 expressing ALL invivo,in accordance with. embdimentsofthe 

inventon.  

[0017 Figure 9 presents images showing in vivo dose titration of FLT CAR T cells 

(10x10 cells (colunn "10), xl0 cells (column "5"), or ix06 cells (column' l")), in 

accordance with emlibodients ofthe invention.
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{18i Figure 10presents images showing that T cells expressing FLT3 targeting CARs 

are able to delay theprogression of FLT3 expressing AML in vivo, in accordance with 

embodiments of the inventioM 

10019] Figure 11 presents images showing thatT cells expressing FLT3 targeting CARs 

are able to delay the progression of FL3 expressing AML in vivo, in accordance with 

embodiments of the invention.  

DETAILED DESCRIPTION OF THE INVENTION 

[00201 ALL represents a common oncologic diagnosis in children. Substantial progress 

has been made in he upfront chemotherapy for pediatr ALL such thatmost patients wil be 

cured. Nonetheless, ALL remains aco oncauseofdeathfromcancer in childrendueto 

relapseofdiseasethatnolongerresponds to cytotoxic chemotherapy, or due to refractoriness 

toupfront treatment. Furthermore, long-term therapy-inducedmorbidity remains major 

issue, particularly in those patients deemed to be high-risk for relapse and thus treated with 

more intense regimens undercurrentrisk-adaptedprotocols.In adults, ALL occurs less 

commonly than in children, but the prognosis for adult ALL is worse than in children 

undergoing standard cytotoxic chemotherapy, Treatment of young adults on pediatric-type 

regimens has improved outcome but not to the level achieved in children.  

[0021] The adoptive cell transfer (ADT or ACT) of T cells genetically modified to 

express chineric anigen receptors (CARs) targeting antigens expressed on lymphoid cells 

have demonstrated potent activitymin .B cell malignancies, including ALL, result in 

remissions inchemotherapy refractory patients. Thesurface protein being targeted in the 

majority of these trials is the CD19 antigen that expressed on both malignant and non

malignant B clls. However, not all patients respond and relapses occur, income cases due to 

loss ofCD19 expression. Loss of CD19 also has been observed after treatmentwith 

bispecific antibody-based reagents targeting CD9 and CD3.  

{0022] Patients with infant ALL or AML express high levels of FMS-like tyrosine 

iase3TLT3). FL is also known as Fms-Related Tyrosine Kinase 3, Stem Cell Tyrosine 

Kinase 1, FL Cytokine Receptor, CD135 Antigen, FLK-2, STKI, and Fetal Liver Kinase 2.  

FlT3.is frequently mutated in AML, causing activation of the pathway, and is thought to be a 

major driver ofdisease. Thus, down-modulation ofFLT3 will bean iniprobable escape 

mnechanisn. Additionally, the mutations are found in the iMracellular domain of the receptor 
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so immune cells expressing FLT3 CARs will be able to target both wild type and mutant 

fornns of FLT3 allowingfor broad targeting ofboth infant ALL and AML and may target any 

FLT3-overexpressing leukemia.  

100231 An embodiment of the inventionprovides chimericantigen 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.  

100241 A chineric antigen receptor (CAR) is an artificially constructed hybrid protein or 

polypeptide containing the antigen binding domain of an antibody (e.g. single chain variable 

fragmnent (seFv)) linked to T-cell signaling domains, Characteristics of CARs include their 

ability to redirect7T-cell specificity and reactivity toward aselectedrtarget in anon-MHC

restricted manner, exploiting the antigen-inding properties ofnonoclonal antibodies. The 

non-MHIC-restricted antigen recognition gives T cells expressing CARs the ability to 

recognize antigen independent of antigen processing, thus bypassing a majormechanismof 

tmor escape. Moreover, when expressed in T-cells, CARs advantageously do not dmerze 

with endogenous T cell receptor (TCR) alpha and beta chains.  

10025] The phrases "have antigen specificity"and eliitantigen-specif response" as 

used herein means that the CAR can specifically bind to and irmmmologicallyrecognizea 

antigen, such that biing of the CAR to the antigen elicits an immune response.  

10026] Witbout being bound to a particular theory or mechanism, it is believed that by 

eliciting anantigen-specific response against FLT3, the inventiveCARs provide for one or 

more of thefollowing: targetinganddestroyingFL3-expressingcancercells, reducingor 

eliminating cancer cells, facilitating infiltration of innune cells totumorsite(s),and 

enhancing/extending anti-cancerresponses.  

10027] An embodiment offtheinvention provides a CAR comprising an antigen binding 

domain specific for FT3, based on antibodies, e.g, NC7. NC7 is described in US. Patent 

No. 8,071,099, which is incorporated herein by reference initsentirety.ThescFvcomprises 

a light chain variable region and a heavy chain variable regin embodiments ofthe 

invention, the light chain and heavy chain may comprise any suitable combination of light 

chain andheavy chain sequences, e.g, as listed in'Table I below.  
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[0028 In an embodiment, the CAR may have ai nuispecific antigenbinding domain 

For example, theCAR maybe specificforFLT3 and at least one other target, e.g, leukemia 

target such as CDI9 or CD22 for ALL, or CD33 or CD123 for AML.  

[0029] In an embodiment, the antigen binding domain comprises a linker. The linker 

connects the heavy chain variable region and the light chain variable region of the antigen 

binding domain. Any linker suitable for linking the heavy chain variable regionand the light 

chain variable region may be used in the antigen binding domains of the invention. In an 

embodiment, the linker comprises, consists of, or consists essentially of a glycine-serine 

linker domain. Preferably, the antigen binding domain comprises a scFv conprising a heavy 

chain variable region, a light chain variable region, and a linker. In embodiments of the 

invention, the light chain, heavy chain, and linkermay comprise any suitable combination of 

light chain, heavy chain, and tinker sequences as listed inTable I below.  

[0030] In an embodimnent of the invention, the CAR comprises, consists of, or consists 

essentially of the sequence: 

MLLVTSLLLCELPHPAFLIAPEVQLVQSCAEVKKPGSSVKVSCKASGGTFSSYAISWV 

RQAPGQGLEWMGGIIPIFGTANYAQKFQGRVTITADKSTSTAYMELSSLRSEDTAVY 

YCATFALFGFREQAFDIWGQTTVTVSSCGGCSGGGGSGGGSDIQMTQSPSSLSAS 

VCDRVTIfTCRrASQSISSYLINWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSSGTD)FT 

LTISSLQPEDLATYYCQQSYSTPFTFGPGTKVDIKSGTTTPAPRPPTPAPTIASQPLSLRP 

EACRPAAGGAVITRCLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFK 

QPFMRPVQTTQELDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNL 

GRREEYDVLDKRRORDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERR 

RGKGIDGLYQGLSTATKDTYDALIHMQALPPR (SEQ ID NO: 1).  

[0031] Inanother embodiment ofthe invention, the CAR comprises, consists of, or 

consists essentially of the sequence: 

MLLVTSLLLCELP HPAFLLIPEVQLVQSCAEVKKPSSVKVSCKASGCGTFSSYAISWV 

RQAPGQCLEWMCCIIPIFGTANYAQKFQGRVTITADKSTSTAYMELSSLR SEDT AVY 

YCATFALFGFREQAFDIWGQGTTVTVSSGCGGSCCGSGGGCGSDIQMTQSPSSLSAS 

VGDRVTITCRASQSISSYLNWYQQKPGKAPKL LIYAASSLQSGVPSRFSGSGSGTDFT 

LTISSLQPEFDiATYYCQQSYSTPFTFGPCTKVDIKSCLDPAEPKSPDKT HTCPPCPAP 

ELLGGPS\VFLFPPKPKDTLMISRTPEVTI'CVVVDVSHEDPEVKFNWYVDGVEVHNAKT 

KPREEQYNSTYRVVSVLTVLIHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP 
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QVYT LPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDCOS 

FFLYSKLTVDKSR.WQQGNVFSCSVMH.EALHNHYTQKSLSLSPGKKDPKTTTPAPRPP 

TPAPIASQPLSLRPEACRPAACAVHITRCLDFACDIYIWAPLAGTCGVLLLSLVITLY 

CKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEECGCELRVKFSRSADAPAYK 

QCQNQLYNELNLCRREYDVLDKRRGRDPEMGGKPRRKNPQECLYNELQKDKMA 

EAYSEIGMKGERRRGKCHDGLYQGLSTATKDTYDALI-NHMQALPPR (SEQ ID NO: 2).  

10032] In an embodiment, the antigen binding domain comprises aleader/signal 

sequence. The leader sequence may be positioned at theamino terminus of the heavy chain 

variable region. The leader sequence may comprise any suitableleader sequence. In 

embodimentsoftheinvention, the leader/signalsequence may comprise the sequence as 

listed in Table 1 below. Inthe matureform ofte T cell, the leader sequence may not be 

present.  

100331 Inan embodiment of the invention, the CAR comprises a transrnemnbrane domain, 

Inan embodiment of the invention, the transamembrane domain comprises CD8. The CD8 

can comprise the CD8a (CD8 alpha) hinge and transmembrane domain. In a preferred 

embodiment,the CD8 is human. The CD8 may comprise less than the whole CDS. In 

embodiments of the invention, the CD8 may comprise the sequence as listed in Table I 

below.  

[00341 In an embodimentof the invention, the CAR comnprises an intracellular T cell 

signaling domain comprising 3 41BB (CD137), CD3 zeta (c, orboth. In a preferred 

embodiment, the CD3 zeta, 4-1BB,or both is/are human. 4-1BBtransmits apotent 

costimulatory signal to T cells, promoting differentiation and enhancing long-tern survival of 

T lymphocytes, CD3associates with TCRs to produce a signaland contains 

irrosine-basedactivation motifs (ITAMs), In an embodiment, the CAR 

lacks a 4-113B domain. In another embodiment, the CAR comprses a CD28 domain. CD28 

is a Tcell marker important in celco-stimulation. The 4-1BB1,(CD28, CD3zeta.,or anyatf 

these maycompriselessthanthewhole4-1BBorC3zeta,respectively.inembodinmentsof 

the invention, the 4-1BB may comprise the sequence as listed in Table I below. In 

embodiments of the invention,theCD3 zeta may comprise the sequence as istedin Tablef.  

below.  

[0035] In an embodimentof the invention, the CAR comprises aspacer. The spacer may 

liebetween anyaforementioneddomains, In an the CAR comprises an IgG 
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heavy chainconstant domain (CH2CH3)spacer. Ina farther embodiment, the spacer can be 

between thecFv and the trasmembranedomain. In a preferred embodiment, the sequence 

of the spacer, eg., CH2CH3, is human. In embodimentsof the invention, the spacer may 

comprise the sequence as listed in Table I below.  

[0036] Embodiments of theinvention comprise sequences as provided in Table I below.  

Table 1 

Sequence SEi Segmenit Notes 
NO: 

M3 start mtinn 

LLVTSLLLCELPLPAFLLIP 4 signal peptide: from hunma 
_____ ___ ______________GM-CSF 

EVQLVQSGAEVKKPGSSVK 5 schv heavy chain: FRI 
VSCKAS 

G3TFSSYAIS 6 scFv heavc haim CDR1 
WVRQAPGQGIEWMG sFv heavy hain: FR2 
GIIPIFGTANYAQKFQG 8 scFv heavy chain CDR2 
RVTITADK'1STAYMELSSL 9 scv heavy chain: FR3 
RSEDTAVYYCAT 

FALFGFREQAFDI 0 scFv heavy chain: J region (CDR3) 
wGQcTTVTVSS 11 seJv heavy chain: FR4 

GGGGSGGGGSGGGGS 12 scFv lInker 
DIQMTQSPSSLSASVGDRVT 13 sFv blighchain FR1 
TC 
RASQSISSYLN 14 scFv light chain: CDRI 
WYQQKPGKAPKLLIY 15 scFv light chain: FR2 
AASSLQS 16 acFv light chain: CDR2 

GVPSRFSGSGSGTDFTLTISS 1 scFv light chain: FR3 
LQPEDLATYYC 
QQSYSTPFT 18 5 light chain: region (CDR3) 
FGPGTKVDIK 19 scFv light chain: FR4 
SG 20 added amino acids due to 

vector design 

LEDP 21 Snacer 

AEPKSPDKTHTCPPCPAPELL 22 Spacer CH2 
GGPSVFLFPPKPKDTLMISRT 

*PEVTCVYVDVSHEDPEVKFNI 
WYVDCVFVHNAKTKPREEQ 
YNSTYRVVSVLTVLHQDWL 
NGKFYKCKVSNKALPAPIEK 
_TISKAK
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Sequence SEQ IDjSegment Notes 
NO; 

GQPREPQ T LPPSRDELTK 23 Spacer CH3 
NQVSLTCLVKGFYPSDIAVE, 
WESNGQPENNYKTTPPVLDS 

*DGSEFLYSKL'TVDKSR.WQQ 
*GNVFSCSVMlEALHNHYTQ 
KSLSLSPGK 
KDPK 24 Space r 

TTTPAPRPPTPAPTIASQPLSL 25 CD8 CD8ca hinge 
RPEACRPAAGGAVHTRGLD 
FACD 
*IYWA\PLAGTCGVLLSLVIT 26 CD8 CD8transmembrane domain 
LYC_____________ 

KRGRKKLLYIFKQPFMRPVQ 27 4-1BB ntracellular domain 
TTQEEDCSCCRFPEEEGGC 
EL 
RVKFSR-ADAPAYKQGQNQ 28 CD3( intracellular domain 
LYNELNLGRREEYDVLDKR 
RGRDPKMGGKPRRKNPQEG 
LYNELQKDKMAEAYSEIGM 
KGERERGKGHDGLYQGLST 
ATKDTYDALHMQALPPR 

[0037] Embodiments ofthe invention include their followingsequences in Table 2 that 

comprise the sequences presented inTable 1 above.  

Table 2 

Name i Short Form Long Form 
SEQID NO: 2 

Comprising Table 1 3 3 
SEQ ID NOS: 4 4 

05 

8 8 
9 9 

10 I10 
11 11 
12 12 
13 13 
14 14 

_ ----------- ---------- --- --------------- -1-- ----15 15 
16 16 

84
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___ 17 1 
18 18 

21 
22 
23 
24 

25 _ 25 _ 

.26 26 
2)7 271 

[0l381 Eibodiments of theinvntion Lclude the folowng secuencesIn Table 3thlat 

Compriseth'le SeqUenCes Presented iinThle Iabovewhere thesi, pepfide is no' presents.  

Table 3 

Name Short Fonm Long Form 
SEQ ID NO: -29 ---------- 30 ---

ComprisingoTable1 I ____ 

SEQ ID NMS 6 6 

10 10 

12 
13 13 

14 14 

16 16 

18 18
19 __19 __ 

20 ___20 

21 
22 
23 
24 
25 

26 26 
-- --------------- ----

8 2, 
----------).. .........
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[0039] Included in the scope of the invention are functional portions ofthe inventive 

CARs described herein. The term "functional portion" when used in reference to a CAR 

refersto anypartorfragment of the CAR of theinvention, which part or fragment retains the 

biological activity of the CAR of which it is a part (the parent CAR). Functional portions 

encompass, for example, those parts of a CAR that retain the ability to recognize target cells, 

ordetect, treat, orprevent adisease, to a similarextent, thesame extent, orto a higherextent, 

as the parent CAR. In reference to the parent CAR, the functional portion can comprise, for 

instance, about 10%, 25%, 30%, 50%, 68%, 80%, 90%, 95%, or more, ofthe parent CAR.  

10040] The functional portion can comprise additional amino acids at the amino or 

carboxy terminus of the portion, or at both ternini, which additional amino acidsare not 

found in the amino acid sequence of the parent CAR. Desirably, the additional amino acids 

do not interfere with the biological function of the functional portion, e.g. recogiuze target 

cells, detect cancer, treat or prevent cancer, etc. More desirably, the additional aminoacids 

enhance the biological activity, as compared to the biological activity of the parent CAR.  

[0041] Included in the scope of the invention are functional variants of the inventive 

CARs described herein. The term "functional variant" 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 retains the biological activity of the CAR of which it is 

a variant. Functional variants encompass, for example, those variants of the CAR described 

erein (the parent CAR) that retain the ability to recognize target cells to a similar extent,the 

sameextent, or to a higher extent, as the parent CAR, In reference to the parent CAR, the 

functional variant can, for instance, be at least about 30%, 50%, 75%, 80%, 90%, 98% or 

more identical in amino acidsequence to the parent CAR.  

[00421 A functional variant can, for example, comprise the amino acid sequence ofthe 

parent CAR with at least one conservative amino acid substitution, Alternativelyor 

additionally, the functional variants can comprise the amino acid sequence oftheparent CAR 

with at least one non-conservative amino acid substitution. inthis case, it is preferable for 

the non-conservative amino acid substitution to not interfere with or inhibit the biological 

activity of the functional variant. The non-conservative amino acid substitutionmayenhance 

the biological activity of the functionalvariant, such that the biological activity ofthe 

fuetional variant is increased as compared to the parent CAR.  

10
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100431 Amino acid substitutions ofthe inventive CARs are preferably conservative amino 

acid substitutions Cnservative aino acid substitutions are knownin the alt and include 

amino acidsubstittions inwhich one amino acid having certainphysicaland/orchemical 

properties is exchanged for another amino acid that has the same or similar chemical or 

physical properties. For instance, the conservative amino acid substitution can be an 

acidic/negatively charged polar amino acid substituted fbr another acidic/negatively charged 

polaramino acid (e.g.Asp or Glu), an amino acid with a nonpolar side chainsubstitutedfor 

another amino acid with a nonpolar side chain (e.g, Ala, Gly, Val, Ile, Leu, Met, Phe, Pro, 

rp, Cys, Val, etc,), a basic/positively charged polar amino acid substituted for another 

basic/positively charged polar amino acid (e.g. Lys, His, Arg, etc.), an uncharged amino acid 

with a polar side chain substituted for another uncharged amino acid. with a polar side chain 

(eg., AsnGn, Ser, Thr, Tyr, etc.), an amino acid with a beta-branched side-chain substituted 

for another amino acid with a beta-branched side-chain (e.g., Ile, Thr, and Val), an amino 

acidwith an aromatic side-chain substituted for another amino acid with an aromatic side 

chain (e.g., His, PheTrp, and Tyr), etc.  

[0044] Also, amino acids may be added or removed from the sequence based on vector 

design. For example, SEQ ID NO: 20, added amino acids due to vector design, may be 

removed from the CARs as described herein, e.g., removed from the CAR sequences in 

Table 2,Table 3, or both, 

100451 The CAR can consist essentially of the specified amino acid sequence or 

sequences described herein, such that other components, e.g., other amino acids, do riot 

materially change the biological activity of te functional variant, 

[0046] The CARs of embodiments of the invention (including ftmctional portions and 

functional variants) can be of any length, ie, can comprise any number of amino acids.  

providedthat the CARs(or functionJ portions or functional variants thereof) retain their 

biological activitye.g., the ability to specificallybind to antigen, detect diseased cells in a 

mammal, or treat or prevent disease in a marmmal, etc. For example, the CAR can beabout 

50toabout5000amino acidslng, such as 50, 70, 75, 100, 125, 150, 175, 200, 300, 400, 

500, 600, 700, 800, 900, 1000 or more amino acids in length.  

100471 The CARs of embodiments of the invention (including functional portions and 

fictional variants of the invention) can comprise synthetic amino acids in place ofone or 

morenaturally-occrrinaminoacids.Suchsynthetic amino acids areknown ithe art, and
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include, for example, aminocyclohexane carboxylie acid, norieucine, a-amino n-decanoic 

acid, oseineSaetlainomethl-cysten rns-3- and trans-4-hydroxyproline, 4

aminophenylalanine, 4- nitrophenylalanine4-chlorophnylalanine,4-arboyphenylaanine, 

Bphenylserine p oyphenyialanine, phenylgyneu-naphthylalanine, 

cyclohexylalanine, cyclobexylglycine, indoline2catboxylicacid,' 4 

tetrahydroisoquinoline-3-carboxyicacid, aminonalonic acid, amnomalonic acid 

monoanmide, NbenzylNinethy-lysine, NNNdbe~zy-lysine, 6-hsydroxylysine, onithine, 

o-aimnocyciopentanecarboxylic acid, -aninocyclohexane carboxylic acid, a

aninocycloheptane carboxylic acid, ca2-anino-2-norbornane)-carboxlic acid,Uy

diaminobutyric acid, ,--diaminopropionicacid, honophenylalanine, and a-tert

butylglycine.  

[0048] The CARs of embodiments of the invention (including functional portions and 

functional variants) can be glycosylated, amidated, carboxylated,phosphorylatedesterified, 

N-acylated, cyclized via, e.g., a disulfide bridge, or converted into an acid addition salt and/or 

optionally dimerized or polymerized, or conjugated.  

[0049] The CARs of embodiments of the invention (including functional portions and 

functional variants thereof) canbe obtained by methods knownin the art The CARs may be 

made by any suitable method ofmaking polypeptides or proteins. Suitablemethods of de 

novo synthesizing polypeptides and proteins are describedinreferences c ashan et a, 

Fmoc Solid Phase Petide Synthesis, OxfordUniversityPress,Oxford,UnitedKingdom 

2000Peptide andProten Drug Analysis, ed. Reid, R., Marcel Dekker, Inc,, 2000; Epitope 

vat'g ed,. Westwood et al., Oxford University Press, Oxford, United Kingdom, 2001; and 

U.S.Patet,449,752Also,polypeptidesandproteinscart be recoinbinantlyproducedusing 

the nucleic acids described herein using standardrecombinantmethods. See, for instance, 

Sambrook et al., Voleculr Cloning: A Laboratory manual, 3 ed., Cold Spring Harbor 

Press, Cold Spring Harbor, NY 2001; and Ausubel et al, Current Proocosn Molecular 

Biology, reene Publishing Associatesand John Wiley & Sons NY, 994 Further, some of 

the CARs of the invention (including functional portions and fntional varants thereof)can 

be isolated and/or purified from a sure such as a plant, a bacterium, an isect,a imamal, 

.g., arat, aunman, etc. Methods of isolation and purification are well-known in the ar 

Alternatively, the CARs described herein (including functionalprtos and functional
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variants thereof) can be commercially synthesized by companies, in this respect, the 

inventive CARs can be synthetic, recombinant, isolated, and/or purified, 

100501 An erbodinent of the invention further providesan antibody, or antigen binding 

portion thereof, which specifically binds to an epitope of the CARs of the invention. The 

antibody can be any type of immnunogoulin that is known in the art. For instance, the 

antibody can be of any isotype, e.g., IgAIgD, igE, G,M etc The antibody can be 

monoclonal or polyclonal The antibody can be a naturally-oceurring antibody, e.g, an 

antibody isolatedand/or purified from ai amnal, e.g., mouse, rabbit, goat, horse, chicken, 

hamster, human, etc. Alternatively, the antibody can be a genetically-engineered antibody, 

e.g, a humanized antibody ora chimeric antibody. The antibody can be in monomencor 

polymeric form. Also, the antibody can have any level of affinity or avidity for thelifunctional 

portion of the inventive CAR.  

100511 Methods of testing antibodies for the ability to bind to any functional portion of 

the inventive CAR are known in the art and include any antibody-antigen binding assay, such 

as, for example, radioinmuneassay (RIA), ELISA, Western blot, inununoprecipitation,and 

competitive inhibition assays (see, e.g., Janeway etal., paU.S. Patent Application 

Publication No, 2002/0197266 A, and US. Patent No, 7,338,929).  

100521 Suitable methods ofmaking antibodies are knownin the art. For instance, 

standard hybridoma methods are described in, e.g,, Khler and Milstein, Tr.n J nmnoi., 5, 

511-519 (1976), Harow and Lane (ds),Anibodies: A Labortory Mnuld, CSH Press 

(1988), and C.A. Janeway et al.(eds.),knmuobioogy, 5 Ed.,Garland Publishing, New 

York, NY (2001)). Alternatively, other methods, such as EBV-hybridoma methods (Haskard 

andArcherIJ,n mnol, Mehods,74(2), 361-67 (1984), andRodere a, ehods Enymo., 

121, 140-67 (1986)), and bac riophage vector expression systems(see, e.g.,Huse et al, 

Science, 246, 1275-81 (1989) are known in the art, Further, methods of producing 

antibodies in non-humanaimals are described in, e.g, U,1S. Patents 5,545,806, 5,569,825, 

and 5,714,352,U.S.PatentApplicationPublicationNo.2002/0197266Al,andU.SPatent 

No, 7,338,929).  

10053] Phage display fiurthermore can be used to generate an antibod y . In this regard, 

phage librariesencoding anigen-b variable (V) domains of antibodiescan begenerated 

using standard molecular biology and recombinant DNA techniques (see, e.g, Sambrooket 

al., supra, and Ausubel et al. supra). Phage encoding a variableregion with the desired
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specificiy are selected for specific binding to the desired antigen, and a complete or partial 

antibody isreconstituted comprising the selected variable domain. Nucleic acid sequences 

encoding the reconstituted antibody are introducedinto a suitable cell line, such as a 

myeloma cell used frhybridoma production, such that antibodies having the characteristics 

of monoclonal antibodies are secreted by the cell (see, e.g., Janeway et at, supra, Huse et at, 

supra, and U,S Patent 6,265,150).  

100541 Antibodies can be produced by transpenic mice that are transgenic for specific 

heavy and light chain immunogIobulin genes. Such methods are known in the art and 

described in, for example U.S. Patents 5,545,806 and 5,569,825, and Janeway et al, supra, 

10055! Methods fr generating humanized antibodies are well known in the art and are 

described in detail in, for example, Janeway et al. pr, US.Patents5,225,539, 5,585,089 

and 5,693,761, European Patent No. 02394001B1, and United Kingdom Patent No, 2188638.  

Humanized antibodies can also be generated using the antibody resurfacing technology 

described in U.S. Patent 5,639,641 and Pedersen et al., Mol Biot, 235, 959-973 (1994).  

100561 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, F(ab')a, dsFv, sFv diabodies, andtriabodies.  

100571 A single-chain variable region fragment antibody fragmentcanbe generated using 

routine recombinant DNA technology techniques (see, e.g., Janeway metal , supra). Similarly, 

disulfide-stabilized variable region fragments can be prepared by recombinant DNA 

technology (see, eg., Reiter et al,.Proein Engineering, 7, 697-704 (1994)). Antibody 

fragments of the invention, however, are not limited to these exemplary types of antibody 

fragments.  

100581 Also, the antibody, or antigenbinding portion thereof, can berrodified to 

comprise adetectablelabel, such as, for instance, a radioisotope, a fluorophore (e.g., 

fluorescein1isthiocyanate (FITC), phycoerythrin (PE)), an enzyme e.g, alaline 

phosphatase, horseradish peroxidase), ancd element particles (e.gold pa les) 

[00591 Further provided by an mhodimentoftheinvention isanuic acidcomprising 

a nucleotide sequence encodingva o-fthe CARs described herein (including functional 

portions and functional varies thereof). The nucleic acids of the invention may comprise a 

nucleotide sequenceencodin anyof the leader sequences, antigen biding doin ns, 

transmiembrane domains, and/or itracelular T cell sinaling domains described heremi.  

14
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100601 In some embodiments, the nucleotidesequence may be codon-optimized. Without 

being bound to a particular theory, it is believed that codon optimization of the nucleotide 

sequence increases the translation efficiency of the mRNA transcripts, Codon optimization 

of the nucleotide sequence may involve substituting anative codon for another codon that 

encodes the same amino acid, but can be translated by tIRNA that ismorereadily available 

within a cell, thus increasing translation efficiency. Optimization of the nucleotide sequence 

may also reduce secondary mRNA structures that would interfere with translation, thus 

increasing translation efficiency.  

[00611 In an embodiment of the invention, the nucleic acid may comprise a codon

optimized nucleotide sequence that encodes the antigen binding domain of the inventive 

CAR. In another embodiment of the invention, the nucleic acid may comprise a codon

optimized nucleotide sequence that encodes any of the CARs described herein (including 

ftmetional portions and fimetional variants thereof).  

100621 "Nucleic acid" as used herein includes"polynucleotide,""oligonucleotide,"and 

nucleicc acid molecule," and generally means a polymer of DNA or RNA, which can be 

single--stranded or double-stranded, synthesized or obtained (e.g., isolated and/or purified) 

from natural sources, which can contain natural, non-naturalor altered nucleotides, and 

which can contain a natural,non-natural or altered internucleotide linkage, such as a 

phosphoroamidate linkage or a phosphorothioate linkage, instead of the phosphodiester found 

between the nucleotides of an unmodified oligonucleotide. In some embodiments,the 

nucleic acid does not comprise anyinsertionsdeletions,inversions,and/orsubstitutions.  

However, it may be suiltable in some instances, as discussed herein, for the nucleic acid to 

comprise oneor more insertions, deletions,inversions, and/or substitutions.  

100631 The nucleic acids of an embodiment of the invention may be recombinant. As 

used herein, the term"recombinan" refers to (i) molecules that are constructed outside living 

cells by joining natural or synthetic nucleic acid segments to nucleic acid molecules that can 

replicate in a living cell, or (ii)molecules that result from the replication of those described in 

(i) above, For purposes herein, the replication can be in vitro replication orzinu ivo 

replication.  

[0064] A recombinant nucleic acid may be one that has a sequencec that is not naturally 

occuig or has a sequence that is made by an artificial combinationoftwo otherwise 

separated segments ofsequence. This artificial combinations often accomplished by 

15
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chemicalsynthesisor,morcommonly,by the artificial manipulationof isolatedsegments of 

nucleic acids, e.g., by genetic engineering techniques,such as those described in Sambrook et 

aL. supra, The nucleic acids can be constructed based on chemical synthesis and/or 

enzymatic ligation reactions using procedures known in the art See, for example, Samibrook 

et aL, supra, and Ausubei et al., supra. For example, a nucleic acid can be chemically 

synthesized using naturally occurring nucleotides or variously modified nucleotides designed 

to increase the biological stability of the molecules or to increase the physical stability of the 

duplex formed upon hybridization (e.g, phosphorothioate derivatives and acridine substituted 

nucleotides). Examples ofmodified nucleotides that canbe used to generate the nucleic acids 

include, but are not limited to, 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, 

hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhdroxymethyl)uracil, 5

carboxyrmethylaminomethyl-2-tbhiouridime,5-carboxymnethylaminomethyluracil, 

dihydrouracibeta-D-galactosyqueosine, inosine, isopentenyladenine,-methylguanine, 

1-methylinosine, 2,2-dimethyguanine,2-methyladenine, 2-methylguanine, 3-methycytosine, 

5-methylytosine, N 6 substiutedadenine/7-ethylganine,5-methylaminornethyluracil, 5

methoxyaminomethy-2-thiouracil, beta-D-mannosylqueosine,51

methoxyearboxymethyluracil, 5-methoxyuracil, 2-methyltio.Nsopentenyladenine,uracil

5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-rnethyl-2

thiouracil, 2-thiouracil, 4-thiouracil, 5--methyluracil, uracii-5-oxyaceticacidnethylester,.3

(3-amino-3-N-2-carboxypropy)uracil, and 2,6-diamninopurine. Altenatively, one or more of 

the nucleic acids of the invention can be purchased from companies, such as Integrated DNA 

Technologies (Coralville, IA, USA).  

[0065] The nucleic acid can comprise any isolated or purified nucleotide sequence which 

encodes any of the CARs or functional portions or functional variants thereof Alternatively, 

the nucleotide sequence can comprise a nucleotide seuenc whichis degenerate to any of the 

sequences or a combinationof degenerate sequences.  

[0066] Anembodimentoftheinventionasoprovidesanisolatedorpurifiednucleicacid 

comprising nucleotide sequence which is complementary to the nucleote sequence ofany 

ofthe nucleic acids described hereinor a rnucleotidk seuence which hybridizes under 

stringentconditions to the nucleotide sequence ofany of the nucleic acids described herein.  

[00671 The nucleotide sequence whichhybridzes under stringent conditionsmay 

hybridizeunderhigh stringency conditions. By "highstringency conditions" is meant that 

16
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the nucleotide sequence specifically hybridizes to a target sequence (the nucleotide sequence 

of any of the nucleic acids described herei)in an amount that is deectably stronger than 

non-specfic hybridization. High stringency conditionsiude conditions which would 

distinguish a polynucleoide with an exact complementary sequence, or one containing only a 

few scattered mismatches from a random sequence that happened to have a few small regions 

(eg, 3-10 bases) that matched the nucleotide sequence. Such small regions of 

complementarity are nore easily melted than a full-length complement of 14-17 or more 

bases, and high stringency hybridization makes them easily disnguishable. Relatively high 

stringency conditions would include,for example, low salt and/or high temperature 

conditions, such as provided byabout 0.02-0.1 M NaCI or the equivalent, at temperatures of 

about 50-70 °C Such hig stringency conditions tolerate little,if any, mismatch betweenthe 

nucleotide sequence and the template or targetstrand, and are particularly suitable for 

detecting expression of any of the inventive CARs. It is generally appreciated-that conditions 

can be rendered more stringent bythe addition of increasing amountsoffonnamide.  

[0068] The inventon also provides a nucleic acid comprising a nucleotide sequence that 

is at least about 70% or more, e.g.about 80%, about 90%, about 91%, about 92%, about 

93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% identical to 

any of the nucleic acids described herein.  

[0069j In an embodiment, the nucleic acids of the invention can be incorporated into a 

recombinant expression vector. In this regard, an embodiment of the invention provides 

recombinant expression vectors comrising any of the nucleicacids of the invention, For 

purposes herein, the tm "recombinantexpression vector" means a genetically-modified 

oligonucleotide or polynucleotide construct that permits the expression of an mRNA, protein, 

polypeptide, or peptide by a host cell, when the construct comprises a nucleoide sequence 

encoding the mRNA, protein, polypeptide, or peptide, and the vector is contacted with the 

cell under conditions sufficient to have the mRNAprotein, polypeptide, or peptide expressed 

within the cell. The vectors offthe invention are notnaturally-occurring as a whole.  

However, parts ofthe vectors can be naturaly-occurring, The inventive recombinant 

expression vectors can comprise any type of nucleotides, including, but not limited to DNA 

and RNA, which can be single-strandedor double-stranded,synthesized or obtained in part 

ftromnatural sources, and which can contain natural, non-natural or altered nucleotides. The 

recombinantc expression vectors can compnse naturally-occuingor non-naturally-occuing 

i*7
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intemucleotde likages, or both types of linkages. Preferably, the non-naturally occurring or 

altered nucleotdes or internucleotide linkages do not hinder the transcription or replicationof 

the vector, 

[070} Inanenmbodinment,therecombinantexpression vector of the invention can be any 

suitable recombinant expression vector, and can be used to transform or transfect any suitable 

host cell, Suitable vectors include those designed for propagation and expansion or for 

expression orboth, suchaslasmidsandviruses.Thevectorcanbeselectedfromtheroup 

consisting of the pUC series (Fermentas Life Sciences, Glen Burnie, MD), the pluescript 

series (Stratagene, Laolla, CA), he pET series (Novagen, Madison, WI), the pGEXseries 

(Pharnacia Biotech, Uppsala, Sweden), and the pEX series (Clontech, PaloAlto, CA), 

Bacteriophage vectors, such as XGT10, hGTi11 AZapII (Stratagene), kEMBL4, and 

NM149, also can be used. Examples of plant expressionvectors include pBIO1, pBil1012, 

pB101l3, pB121 and pBIN19 (Clontech). Examples of animal expression vectors include 

pEUK-Cl, pMAM, and pMAMneo (Clontech). The recombinant expression vector may be a 

viral vector, e.g., a retroviral vector or a leniviral vecor.  

[1071} Anumberof transfection techniques are generally known in the art (see, e.g., 

Graham et al., Virology, 52: 456-467 (1973); Sambrook et al, snpra; Davis et al., Basic 

Methods in MolecularBiology,Elsevier (1986); and Chu et al., Gene, 13: 97 (1981), 

Transfection methods. include calcium phosphate co-precipitation (see, e.g, Granamet a., 

supra), direct micro injection into cultured cells (see, e,g., Capecchi, Cell1,22: 179-488 

(1980)),electroporation(see, e.g., Shigekawa etal., BioTechniques, 6:742751 (1988)), 

liposome mediated gene transfer (see, e g, Mannino et al-Bio Techniques, 6: 682-690 

(1988)), lipid mediated transduction (see, eg., FeIgner et al., Proc. NatiA cad Sci USA, 84: 

413-7417 (1987)), and nucleic acid delivery using high velocity nicroprojectiles (see, e.g, 

K1ei et al, Nature, 327: 70-73 (1987)).  

[0072] In anembodiment, the recombinant expression vectors ofthe invention canb 

prepared using standard recombinant DNA techniu esscribd ii, for example, Sambrook 

et al.supraand Ausubel et a, supr. Constructs of expression vectors, which are circular 

or linear, can be prepared to contain a replication system. functional ina prokaryotic or 

eukaryotic host cell, Replicationsystems can be derived, e.g., from ColE, 2 p plasmid,k, 

SV40, bovinepapilloma virus, and the like.  
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[00731 The recombinant expression vector may comprise regulatory sequences,suchas 

transcription. and translation initiation and termination codonswhich are specific to the type 

of host cell (eg., bacterium, fungus, plant, or animal) into which the vector is to be 

introduced, as appropriate, and taking into considerationwhether the vector is DNA- or 

RNA-based, The recombinant expression vector may comprise restriction sites to facilitate 

cloning.  

100741 The recombinant expression vector can include one or more marker genes, which 

allow for selection of transformed or transfected host cells. Marker genes inlude biocide 

resistance e.g, resistance to antibiotics, heavy metals, etc.,compleentation inan 

auxotrophic host to provide prototrophy, and the like. Suitable marker genes for the 

inventive expression vectors include, for instance, neomycin/6418 resistance genes, 

hygromycinresistance genes, histidinol resistance genes, tetracycline resistance genes. and 

ampicilin resistance genes.  

100751 The recombinant expression vector can comprise a native or nonnative promoter 

operably linked to the nucleotidesequence encoding the CAR (including functional portions 

and functional variants thereof), or to the nucleotide sequence which is complementary to or 

which hybridizes to the nucleotide sequence encoding the CAR. The selection of promoters, 

e.g., strong, weak, inducible, tissue-specieand developmenta-speeificis within the 

ordinary skill of the artisan. Similarly, the combining of a nucleotide sequence with a 

promoter is also within the skill of the artisan. The promoter cane a non-viral Promoter or a 

viral promoter, e.g., a cytomegalovirus (CMV) promoter, an SV40 promoter, an RSV 

promoter, or a promoter found in the long-terminal repeat of the marine stem cell virus.  

J0076] The inventive recombinantexpression vectors cat be designed for either transient 

expression, for stable expression, or for both. Also, the recombinant expression vectors can 

be made for constitutive expression or for inducible expression.  

[00771 Further, the recombinant expression vectorscan be made to include asuicide 

gene. As used herein, the terry 'suicide gene" refers to a gene hat causes the cell expressing 

the suicide gene to die, The suicide gene can bea gene that cone-rs sensitivity to an agent, 

e.g., a drug, upon the cell in which the gene is expressed, and causes the cell to die when the 

cell is contacted with or exposed to the agent. Suicide genes areknown in the art (seem for 

example, Suicide Gene hNerapy:-Me whods andReviews, Springer, Caroline , (Cancer 

Research UK Centre for Cancer Therapeutics at the Institute of Cancer Research, Sutton, 

1)



WO 2017/205747 PCT/US2017/034691 

Surrey, UK), Humana Press, 2004)and include, for example, the Herpes Simplex Vius 

(HSV) thymidine kinase (TK) gene, cytosine daminasepurine nucleoside phosphorylase, and 

nitroreductase.  

j0078] Included in the scope of the invention are conjugates, e.g., bioconjugates, 

comprismg any of the inventive CARs (including any of the functional portions or variants 

thereof), nucleic acids5 recombinant expression vectors, host cells, populations of host cells, 

or antibodies, or antigen binding portions thereof Conjugates, aswellasmethods of 

synthesizing conjugates in general, are known in the art (See. for instance, Hudecz, F., 

Methods Moi, .Biol. 298: 209-223 (2005) and Kirin et al, Inorg Chem. 44(15): 5405-5415 

(2005)), CARs of the invention may be conjugated to, e.g., toxins that are toxic to cancer 

cells.  

100791 An embodiment of the invention further provides a host cell comprising any of the 

recombinant expression vectors described herein, As used herein, the tri "host cell" refers 

to any type of cell that can contain the inventive recombinant expression vector. The host 

cell can be aeukarvotic cell, e plant, animal, fungi, or algae, or can bea prokaryotic cel, 

e.g., bacteria or protozoa. The host cell can be a cultured cell or a primary cell, i.e., isolated 

directly from an organism, e.g, a human. The host cell can be an adherent cell or a 

suspended cell, i.e., a cell that grows in suspension. Suitable host cells are knownin the an 

and include, for instance, DH5a col cells, Chinese hamster ovarian cells, monkey VERO 

cells, COS cells, HEK293 cells, and the like, For purposes of amplifying or replicatingthe 

recombinant expression vector, the host cell may be a prokaryotic cell, e.g, a DH5a cell. For 

purposes of producing a recombinantCAR, the host cell may be a mammalian cell. The host 

cell may be a human cell. While the host cell can be of any cell type, can originate from any 

type of tissue, and can he of any developmental stage, the host cell may be a peripheralbood 

lymphocyte (PBL) or a peripheral blood mononuclear cel (PBMC, The host cell may be a T 

cell 

10080} For purposes herein, theT cell can be any T cell, such as a culturedT cell, e.g, a 

primary T cell, oraT cell from a culturedT cell line, e.g, Jurkat, SupTIetc. or a1T ccll 

obtained fromamamma if obtained from a mammal, the T cell can be obtained from 

numerous sources, includinglbut not limited to blood, bone marrow, lymphnode, thei thymus, 

or other tissues or fluids. T cells can also be enriched for or purified. 'he cell maybe 

human T cell. The T cell may be a Tcellisolated from a human. The T cell can be any type 
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offcellandcan be ofany developmental stage, includingbutnotlimitedto, CD4/CD8' 

double positive T cells, CD4 helper T ells, e.g, Th and Th2 cells, CD8* T cells (e.g., 

cytotoxic T cells), tunor infiltratin cels, memory T cells, naive T cells, and the like. The T 

cell may be a CD8* Tcell or a CD4* T cell.  

[0081] In an embodiment, the CARs as described herein can be used in suitable non-T 

cels. Such cells are those withanimmune-effector function, such as, for example, NK cells, 

and T-like cells generated from pluripotent stem cells.  

[OO82j Also provided by an embodiment of the invention is a population of cells 

comprising at least one host cell describedherein, Thepopulation.of cells can be a 

heterogeneous population comprising the host cell comprising any ofthe recombinant 

expression vectors described, in addition to at least one other cell, e.g a hostcell (e a T 

cel), which does not comprise any of the recombinant expression vectors, or a cell other than 

a T cell, e.g, a B cell, a macrophage, a neutrophil, an erythrocyte, a hepatocyte, an 

endothelial cell, an epithelial cell, a muscle cell, a brain cell, etc. Alternatively, the 

population of cells can be a substantially homogeneous population, in which the population 

comprses mainly host cells (e.g., consisting essentially of) comprising the recombinant 

expression vector. The population also can be a clonal population of cells, in whichall cells 

of the population are clones of a single host cell comprising a recombinant expression vector, 

such that all cells of the population comprise the recombinant expression vector. In one 

embodiment of the invention, the population of cells is a clonal population comprising host 

cells comprising a recombinant expression vector as described herein.  

10083] CARs (minuding functional portions and variants thereof), nucleic acids, 

recombinantexpresionvectors, hostcells (includingpopulations thereof), and antibodies 

(including antigen birding portions thereof), all of which are colectely referred to as 

"inventive CA R materials" hereinafter, can be isolated and/or purified. The term "isolated" 

as used herein means having been removed from its natural enviromnent. The term 

"ourfied or "isolated does not require absolute purity orisolation; rather, it is intended as a 

relative 1enm. Thus, for example, a purified (or isolated)host cellpreparation is one in which 

tohe host cell is more pure than cells in their natural environment within the body. Such host 

cellsmay be produced, for example, by standard purification techniques. In some 

enbodimens, a preMaraDon ofa hostcell is purified suchthat the host cell represents at least 

about 50%, for example at least about 70%,of the total cell content of the preparation. For 
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example, the purity can be at least about 50%, can be greater than about 60%, about 70% or 

about 80%, or can be about 100%, 

100841 The inventive CAR materials can be formulated into a composition, such as a 

pharmaceutical composition. Inthis regard, an embodiment of the invention provides a 

pharmaceuticalcomposition compising any of the CARs, functional portions, functional 

vanants,nucleicacids,expression vectors, host cells (including populations thereof), and 

antibodies (including antigen binding portions thereof), and a phamnaceutically acceptable 

carrier. The inventive pharmaceutical conpositons contaming any of the inventive CAR 

materials can comprise more than one inventive CAR material, e.g., a CAR and a nucleic 

acid, or two or more different CARs. Alronatively, thephamacetical composition can 

compose an inventive CAR material in combination with other pharmaceutically active 

agents or drugs, such as chemotherapeutic agents, e.g., asparaginase, busufan, carbopatin, 

cisplatin, daunorubicin, doxorubicin, fluorouracil, emcitabine,hydroxyurea, methotrexate, 

paclitaxel, rituximab, vinblastine, vincristine, etc. In a preferred embodiment, the 

pharmaceutical composition comprises the inventive hostcell or populations thereof.  

[00851 The inventive CAR materials can be provided in the form of a sal e,g., a 

pharmaceutically acceptable salt. Suitable pharmaceutically acceptable acid addition salts 

include those derived from mineral acids, suchas hydrochloric, hydrobromic, phosphoric, 

metaphosphoric, nitric, and sulphuric acids, and organic acids,such as tartaric, acetic, citric, 

malic, lactic, fumaric, benzoic, glycolic, guconic, succinic, andarysulphonic acids,for 

example, p-toluenesuilphonic acid.  

[00861 With respect to pharmaceutical compositions, the phamaceutically acceptable 

carrier can be any of those conventionally used and is limited only by chenico-physical 

considerations, such as soiubiity and lack ofreactivity with the active agents) and by the 

route ofadministration. The phannaceuticallyacceptable carriers described heroin, for 

example, vehicles, adjuvants, excipients, and diluents, are wel-known to those skied in the 

artand are readily available to the publicit is preferred that the phannaceutically acceptable 

carrier be one which is chemically inert to the active agent(s)and one which has no 

detrimental side effects or toxicity under the conditions ofuse, 

[0087 1 Techoice of carrier will be detenined in part by the particular inventive CAR 

material,as well as by the paricular method used to administer the inventive CAR material 

Accordingly, there are a variety of suitable formulations of the pharmaceuticalcomptosion
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of the invention. Preservatives may be used. Suitable preservatives may include, for 

example, methyiparaben, propylparauen, sodium benzoate, and benzalkonium chloride. A 

mixture of two or more preservativesoptionally may be used. Thepreservative or mixtures 

thereof are typically present in an amount of about 0,0001% to about 2% by weight of the 

total composition, 

[0088] Suitable buffering agents may include, for example, citric acid, sodium citrate, 

phosphoric acid, potassium phosphate, and various other acids and salts. A mixture of two or 

more buffering agents optionally may be used. The buffering agent or mixtures thereof are 

typically present in an amount of about 0.001% to about 4% by weight of the total 

composition.  

[00891 The concentration of inventive CAR material in the pharmaceutical formulations 

canary, eg, from less than about 1%, usually at or at least about 10%, to as much as about 

20% to about 50% or more by weight, and can be selected primarily by fluid vohmnes, and 

viscosities, in accordance with the particular mode of administration selected.  

10090] Methods for preparnug administrable (e.g., parenterally administrable) 

compositions are known or apparent to thoseskilled in the art and are described in more 

detail in, for example, Reminton : The Science and Practice ofPharmacy, Lippincott 

Willing s&Wilkins; 21st ed. (May 1, 2005).  

10091] The following formulations ororal, aerosol, parenteral (e.g, subcutaneous, 

intravenous,intraarterial,intramuscular, intradernial, interperitoneali and intrathecal), and 

topical administration are merely exemplary and are in no way limiting. More than one route 

can be used to administer theinventive CAR materials, and in certain instances, a particular 

route can provide a more imn ediate and more effective response than another route.  

[0092] Fornulations suitable for oral administration can comprise or consist of (a) liquid 

soluions, such as an effective amount of the inventive CAR material dissolved in diluents, 

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

each containing a predetermined amount of the active ingredient, as solids orgranules; (c) 

powders; (d) suspensions in a appropriate liquid; and (e)suitable emulsions. Liquid 

formulationmay include diluents, such as water and alcohols, for example, ethanol.benyl 

alcohol, and the polyethylene alcohols, either with orwithout the addition of a 

pharmaceutically acceptable suractant. Capsule brms can be of the ordinary hard or 

softsheled gelatin type contaiing, for example surfactants, lubricants, and inert fillers, such 
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as lactose, sucrose, calcium phosphate, and corn starch. Tablet forms can include one or 

more of lactose, sucrose, mannitol, con starch, potato starch, alginic acid,'microcrystalline 

cellulose, acacia gelatin, guar gum, colloidalsilicon dioxide, croscarmellose sodium, tal, 

magnesium stearate. calcium stearate, zinc stearate, stearic acid, and other excipients, 

colorants, diluents, buffering agents, disintegrating agents, moistening agents,preservatives, 

flavoring agents, and other pharmacologically compatible excipients. Lozenge forms can 

comprise the ventive CAR material in a flavor, usually sucrose and acacia or tragacanth, as 

well as pastilles comprising the inventive CAR material in an inert base, such as gelatinand 

glycerin, or sucrose and acacia, emulsions, gels, and the like containing, in addition to, such 

excipientsas are known in the art 

100931 Formulations suitable for parenteral administration include aqueous and 

nonajqueous isotonic sterile injection solutions. which can contain antioxidants, buffers, 

bacteriostats, and solutes that render the formulation isotonic with the blood of the intended 

recipient, ad aqueous and nonaquous sterile suspensions that can includesuspending 

agents, soluoilizers, thickening agents, stabilizers, and preservatives. TheinventiveCAR 

material can beadministered in a physiologically acceptable diluent in a pharmaceutical 

carrier, such as a sterile liquid or mixtureof liquids, including water,saline, aqueous dextrose 

and related sugar solutions, an alcohol, such as ethanol or hexadecyl alcohol, a glycol, such 

as propylene glycol or polyethylene glycol, dimethylsulfoxide, glycerol, ketals such as 2,2

dimetyl,3~dioxolane--methano, ethers, poly(ethyleneglycol) 400, oils, fatty acids, fatty 

acid esters or glycerides, or acetylated fattyacid glycerides with or without the addition of a 

phamaceutically acceptable surfactant, such as asoap or a detergent, suspeniAng agent, such 

as pectin, carbomers, methylcellulose, hydroxypropyhnethyIlellulose, or 

carboxymethyelulose, or emulsifying agents and other pharmaceutical adjuvants.  

100941 Oils, which can be used in parenteral formulations, included cernanimal, 

vegetable, or syntheticoils, Specific examples of oils include peanut, soybean, sesame, 

cottonseed, corn, olive, petrolatum, and mineral. Suitable fatty acids for use i parenteral 

formulations include oleic acid, steari acid, and isostearic acid. Ethyl oleateand isopropyl 

mivstate are examples ofsuitable fatty acid esters.  

100951 Suitable soaps for use in parenteralformula tons include fattyalkali metal, 

ammonium, and triethanolamine salts, and suitable detergentsinclude (a) cationic detergents 

such as, for example, dimethyl diallammoniumihalides, and alkyl pyridinium halides,(b) 

24



WO 2017/205747 PCT/US2017/034691 

anionic detergents such as, for example, alkyl, aryl, and olefin sulfonates, alkyl, olefin., ether, 

and monoglyceride sulfates, and sulfosuccinates, (c) nonionic detergents such as, for 

example, fatty amine oxides, fatty acid alkanolanides, and polyoxyethylenepolypropylene 

copolymers, (d) amphoteric detergents such as, for example, alkyl-aminopropionates,and 

2-alkyl-imidazoline quaternay ammonium salts, and (e) mixturesthereof.  

[0096} The parenteral. formulations will typically contain, for example, from about 0,5% 

to about 25% by weight of the inventive CAR material in solution. Preservatives and buffers 

may be used. In order to minimize oreliminate irritation at the site of injection, such 

compositions may containone or more nonionic surfactants having, for example, a 

nydrophile-lipophile balance (TLB) of from about 12 to about 17. The quantity of surfactant 

in such fomulations will typically range, for example, from about 5% to about 15%by 

weight. Suitable surfactants include polyethylene glycolsorbitan fatty acid esters, such as 

sorbitan monooleate and the high 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-doseor muti--dose sealed containers, 

such as ampoules and vials, and can be stored in a freeze-dried lyophilizedd) condition 

requiring only the addition of the sterile liquid excipient, for example, water, for injections, 

immediatelypriortouse.Extemporaneous injection s tons and suspensions can b 

prepared from sterile powders, granules, and tablets ofthe kind previously described.  

[00971 injectable frmulations are in accordance with an embodiment of the invention.  

'The requirements for effective pharmaceutical carriers for injectable compositions are well

known to those ofordinary skill in the art (see, e.g., Pharmaceuics and Pharacy Practice, 

J.B. Lippincott Company, Philadelphia, PA, Banker and Chahners, eds., pages 238-250 

(1982), and ASIP Handboolk on Injectable Drugs, Toissel, 4th ed, pages 622-630(1986)).  

[00981 Topical formulations, inudinrg those that are usefi for transdermaldrug release, 

are well Iown to those of skill in the art and are sizable in the ontext of embodiments of 

the inventionfor application to skin. The inventive CR material, alone or in combination 

with other suitable components. can bnemade. ino aerosol formulations to be administered via 

inhalation.Theseaerosolformulationscanbeplaced into pressurized acceptable propelants, 

such as dichorodifluoromehane,propane, nitrogen, and thelike. They also may be 

formulated aspharmaceuticalsfornon-pressured operations, such as in a nebulizer or an 

atomizer. such spray fonnulations also nay be used to spray mucosa.
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[0099] An "effective amount or "an amount effective to treat" refers to a dose that is 

adequate to prevent or treat cancer in an individualAmountseffectivefratherapeutcor 

prophylactic 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 ofthe patient, andthejudgment of 

the prescribing physician, The size of the dose will also be detennined by the active selected, 

method of administration, tiing and frequency of administration, the existence, nature, and 

extent ofany adverse side-effects that might accompany the administration of a particular 

active, and the desired physiological effect, It will be appreciated by one of skill in the art 

that variousdiseases or disorders could require prolonged treatmentinvolving multiple 

administration, perhaps using the Inventive CAR materials in each or various rounds of 

adminstraon. By way of example and not intending to limitthe invention, the dose ofthe 

inventveCRmaterialcanbeabout0,001to about 1000 mg/kgbodyweight of the subject 

heingtrete/day, fromnabout 0.01 to about 10 mg/kg body weight/day, about 0.01 mgto 

about 1 mg/kg body weight/day. In an embodiment of the invention, the dose may be from 

about I x 104 to about 1 x 108 cells expressing the inventive CAR material per kg body 

weight. When the inventive CAR material is a host cell, an exemplary dose ofhost cells may 

be a minimmm or one million cells (I mg cells/dose). When the inventive CAR material is a 

nucleic acid packaged in a vimus, an exemplary dose of virus may be I ng/dose, 

[01001 For purposes of the invention, the amount or dose of the inventive CAR material 

administered should be sufficient to effect a therapeutic orprophylactic responsein the 

subject or anunal over a reasonable time frame. For example, the dose of the inventive CAR 

materialshould b sufficient to bind to antigen, or detect, treat or prevent disease in a pero 

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

administration. In certain embodiments, the time period could be even longer. The dose will 

be determined by the efficacy ofthe particular inventive CAR material and the condition of 

the animal (e.g, human), as Well as the body weight ofthe animal (e.g.human) to be treated.  

101011 For purposes of the invention, an assay. which comprises, for example, comparing 

the extent to which target cells are lysedaud/or IFNtv is secreted by T cells expression the 

inventive CAR upon administration ofa given dose of such T cells to a mammal, among a set 

of mammals of whichisch iven a different dose of the T cells, could be used to determine 

a starting dose to be administered to a mammal. The extent to which target cells are lysed 
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and/or IFNris secreted upon administration ofa certain dose can be assayed by methods 

known inM the art.  

10102] In addition to the aforedescribed pharmaceutical compositions, the inventive CAR 

materials can be fonnulated as inclusion complexes, such as cvclodextrin inclusion 

complexes, or liposomes. Liposones can serve to target theinventive CAR materials to a 

particular tissue. Liposomes also can be used t to increase the half-life of the inventive CAR 

materials. Many methods are available for preparing liposomes, as describedin, for example, 

Szoka et al. Ann. Rev, Biophys-Bioeng,, 9, 467 (1980) and U.S. Patents 4,235,871, 

4,501,728, 4,837,028, and 5,019,369.  

{01031 The delivery systems useful in the context of embodiments of the invention may 

include time-released, delayed release, and sustained release delivery systems such thatthe 

delivery of the inventive composition occurs prior to, and with sufficient time to cause, 

sensitization of the site to be treated. The inventive composition can be used in conjnction 

with other therapeutic agents or therapies. Such systems can avoid related administration 

of the inventive composition, thereby increasing convenience to the subject and the 

physician, and may be particularly suitable for certain composition embodiments of the 

invention 

[01041 Many types of release delivry systems are available and known to those of 

ordinarvskill in theart. They include polymer base systems suchaspoy(lactide-glycoide), 

copolyoxalates, polycaprolactones, polyesteramides, polyorthoesters, polyhydroxybutyric 

acid, and polvanhydrides, Microcapsules of the foregoing polymers containing drugs are 

describedin, forexample,U.S.Patent5.,075,109. Delivery systems also include non-polymer 

systems that are lipids including sterols such as cholesterol, cholesterol esters, and fatty acids 

or neutral fats such as mono-di-and tri-glycerides; hydrogel release systems; sylastic systems; 

peptide based systems; wax coatings; compressed tablets using conventional binders and 

excipients; partially Isedimplants; and the like. Specific examplesinclude,ot are not 

iimitedto: (a) erosionalsystemsinwhichtheactive omositionisconinedinaform 

within a matrix such as those described in U.S. Patents 4,452,775, 4,667,014, 4,748,034, and 

5,239,660and(b)diffusionalsystemsin wich inactive component permeates at a 

controlled rate from a polymer such as described in U.S. Patents 3,832,253 and 3,854,480. In 

addition, pump-based hardware delivery systems can be used, some ofwichare adapted for 

implantation.  
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[01051 One of ordinary skill in the art will readily appreciate that the inventive CAR 

materials of the invention can be modified in any number of ways, such that the therapeutic 

or prophylactic efficacy ofthe inventive CAR materials is increased through the 

modification. For instance,the inventive CAR materials can be conjugated either directIy or 

indirectly through a linkingmoiety to a targetingmoiety. The practice ofconugating 

compounds, e.g., inventive CAR materials, to targeting'moieties is knownin theart. See, for 

instance, Wadwa et al,, J Drug Targeting 3: 111 (1995) and U.S. Patent 5,087,616.  

10106 The inventive CAR materials can be modified into a depot form, such that the 

manner in which the inventive CAR materials is released into the body towhichitis 

administered is controlled with. respect to time and location within the body (see, for 

example, U.S. Patent 4,450,150). Depot forms of inventive CAR materials can be, for 

example, an implantable composition comprising the inventive CAR materials and a porous 

or non-porous material,suchasa polymer, wherein the inventive CARmaterials are 

encapsulatedby or diffused throughout the materialandordegradation ofthenon-porous 

material. The depot is then implanted into the desired location within the body and the 

inventive CAR materials are released from the implantat a predetenined rate.  

[01071 When the inventive CAR materials are administered with oneor more additional 

therapeutic agents, one or more additional therapeutic agents can be coadministered to the 

mammal By "codmintergis meantadministerinoneor more additional therapeutic 

agents and the inventive CAR materials suffcientlyclose in time such that the inventive 

CAR materials can enhance the effect of one or more additional therapeutic agents, or vice 

versa, in this regard,the inventive CAR materials can be administered first and the one or 

more additional therapeutic agents can be administered second., or vice versa. Alternatively, 

the inventive CAR materials and the one or more additional therapeutic agents can be 

administered simultaneously.  

[0108] An exemplary therapeutic agem that can be c-administered with the CAR 

materials is a T cellactive cytokin, csuch as 11)2 It is believed that _L-2 enhances the 

therapeutic effect of the inventive CAR is.Without being bound by a particular 

theoryor r mechanism, it is believed that IL-2 enhances therapy by enhancingthe in vv7 

expansion ofthe numbers and/or effector function of cells expressing the inventive CARs 

Other exemnpary cytokines include IL-7 and IL-15, For purposes of the inventive methods, 
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wherein hostcells or populations of cells are administered to the mammal, the cells can be 

cells that are allogeneic or autologous to the mammal.  

{0109] It is contemplated that the inventive CARs materials can be used in methods of 

treating or preventing a disease in a mammal. Without being bound to a particular theory or 

mechanism, the inventive CARs have biological activity, e.g, ability to recognize antigen, 

e.g., FLT3, such that theCARvwhen expressed by a cell is able to rnediate an inunune 

response against the cell expressing the antigen, e.g, FLT3, for which the CAR is specific, 

In this regard, an embodiment of the invention provides a method of treating or preventing 

cancer ina mamnal, comprising administering to the manmnal the CARs, the nucleic acids, 

the recombinant expression vectors, the host cells, the population of cells, the antibodies 

and/or the. antigen binding portions thereof, and/or the pharmaceutical compositions of the 

invention in an amount effective to treat or prevent cancer in the mammal, 

[01101 An embodiment of the invention further comprises lymphodepleting the mammal 

prior to administering the inventive CAR materials. Examples of lymphodepletion include, 

but may not be limited to., onuyeloablative lymphodepleting chemotherapy, myeloablative 

lynphodepleting chemotherapy, total body irradiation, etc.  

[011 For purposes of the inventive methods, wherein host cells or populations of cells 

are administered, the cells can be cells that are alogeneic or autologous to the mammal.  

Preferably, the cells are autologous to the mammal, 

10112] The mammal referred to herein can be any mammal. As used herein, theterm 

"mammal" refers toany mammal, including, butnot limitedto, mannuals ofthe order 

Rodentia, such as mice and hamsters, and mammals of the order Logornorpha, such as 

rabbits, The manmails nay be from the order Carnivora, including Felines (cats) and 

Canines (dogs). Themammalsmaybe from the order Artiodactyla, including Bovines 

(cows) and Swines (pigs) or of the order Perssodactyla, including Equines (horses). The 

.nammnals may be of e order Primates, Ceboids, or Simoids (monkeys) or of the order 

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

101131 With respect to the inventive rnehods, the cancer can be any cancer, including 

any of acute lymphocytic cancer, acute myeloid leukemia (AML.), alveolar 

rhabdonyosarconia, bladder cancer (e.g.bladder carcinoma), bone cancer, brain cancer(e.g.  

rmecdioblastoma),breast cancer cancer ofthe anus, anal canal, or anorectum, cancer of the 

eye, cancer of the inthepaticbile duct, cancer of the joints, cancerof the neck, gallbladder, 
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or pletura, cancer of the nose, nasalcavity, or middle ear, cancer of the oral cavity, cancer of 

0te vulva, chronic lymphocytic leukemia, chronic nyeloid cancer, colon cancer, esophageal 

cancer, cervical cancer, fibrosarcoma, gastrointestinal carcinoid tumor, head and neck cancer 

(e.g head and neck squamous cell carcinoma), Hodgkin lymphoma, iypopharynx cancer, 

kidney cancer, larynx cancer, leukemia, liquid tumors, liver cancer, Jung cancer (e.g.,non

small cell lung carcinoma and lung adenocarcinoma), lymphoma, mesothelioma, 

mastocytoma, melanoma, multiple myeloma, nasopharvnx cancer, non-Hodgkin lymphoma, 

B-chronic lymphocytic leukemia, hairy cell leukemia, acute lymphocytic leukemia (ALL), 

ard Burkitt's lymphoma, ovarian cancer, pancreatic cancer, peritoneum, momentum, and 

mesentery cancer, pharynx cancer, prostate cancer, rectal cancer, renal cancer, skin cancer, 

smallintestine cancer, soft tissue cancer, solid tumors. synovial sarcoma, gastric cancer, 

testicular cancer, thyroid cancer, arid reter cancer, Preferably, the cancer is characterized by 

the expression of FLT3.  

[0114] The terms "treat," and "prevent" as well as words stemming therefrom, as used 

herein, do not necessarily imply 100% or tor prevention. Rather, there are 

varying degrees ofrtreatment or prevention of which one ofordinary skill in the art recognizes 

as having a potential benefit or therapeutic effect. In this respect, the inventive methods can 

provide any amount or any level of treatment or prevention of cancer ina mammal.  

Furthermore, the treatment or prevention. provided by the inventive method can include 

treatment or prevention of one or more conditions or symptoms of the disease, e.g., cancer, 

being treated or prevented. Also, for purposes herein, "prevention" canencompass delaying 

the onset of the disease, or a symtom or condition thereof.  

0115] Another embodiment of the invention provides a method of detecting the presence 

of cancer in amammal,comprising:(a) contacting a samipie comprising one or more cells 

from the mammal with the CARs, the nucleic acids, the recombinant expression vectors, the 

host cells, the population of cells, the antibodies, and/or thentie binding portions thereof, 

or the phannaccutical compositions ofthe invention, thereby forming a complex, (b) and 

detecting the complex, wherein detection of the complex isindicative of the presence of 

cancer in the manmal, 

[0116] Another embodiment of the invention includes a method ofdeterminingwhether a 

subject with a proliferative disorder is a candidate for treatment with a chineric antigen 

receptor comprising an antigen binding domain specific for FLT, the method com prismng 
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measuring FLT3 expression levels in a biological sample from the subject; and determining if 

the FLT3 expression levels of the bilogical sruple are increased compared to a sample from 

a control subject without the proliferative disorder.  

[01171 The sample may he obtained by any suitable method, e.g., biopsy or necropsy. A 

biopsy is the removal of tissue and/or cells from an individual, Suchremovalmaybeto 

collect tissue and/or cells from the individual in order to perform experimentation on the 

removed tissue and/or cells. This exerimentaionmay include experiments to determine if 

the individual has and/or is suffering front a certain condition or disease-state. The condition 

or disease may be, e.g. cancer.  

101181 With respect to an embodiment of the inventive method of detecting the presence 

of a proliferative disorder e.g.,cancer, inamammal, the sample comprising' cells of the 

mammal can he a sample comprising whole cells, lysates thereof, or a fraction of thewhole 

cell lvsates, e.g., a nuclear or cytoplasmic fraction, a whole protein fraction, or a nucleic acid 

fraction If the sample comprises whole cells, the cells can be any cells of the mammal, e.g, 

the cells of any organ ortissue, including blood cells or endothelial cells.  

101191 The contacting can take place in vitro or in vivo with respect to the mammal, 

Preferably, the contacting is in vitro.  

10120] Also, detection of the complex can occur through any number of ways known in.  

he art. For instance, the inventive CARs, polypeptides, proteins, nucleic acids, recombinant 

expression vectors, host cells, populations of cells, or antibodies, orantigen binding portions 

thereof, described herein, can be labeled with a detectable label such as, for instance, a 

radiisopea fhuorophore (e g.,fluorescein isothiocyanate (FITC) phAJ.ycoythi (PE), an 

enzyme (e.g., alkaline phosphatase, horseradish peroxidase), and element particles (e.g., gold 

particles).  

[01211 Methods oftesting a CAR for the ability to recognize target cells and for antigen 

specificity are lowxn in theart. For instance, Clay et al., J immuno, 163: 507-513 (1999), 

teachesmethods of measuring the release of cytokines (e.,g., interferon-y, 

granuiocyte/monocytecolony stimulating factor (GM-CSF), tumor necrosis factor a (TNF-c) 

or interleukin 2 (IL-2)), In addition, CAR function can be evaluated by measurement of 

cellular cytotoxicity, as described in Zhao et al., I. unol, 174: 44154423 (2005).  

101221 Another embodiment of theinvention provides the use of the CARs, nucleicacids, 

recombinant expression vectors, host cells, populations of cells, antibodies, or anigen 
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binding portions theref, andor pharmaceutical compositions of the invention, for the 

treatment or prevention of a proliferative disorder, e.g., cancer, in a mammal. The cancer 

may be any of the cancers described herein. Preferably, the cancer is pre-B cell precursor 

acute lymphoblastic leukemia or acute myeloid leukemia.  

[01231 It shall be noted thai the preceding are merely examples of embodiments. Other 

exemplaryembodiments are apparent from the entirety of the description herein. It will also 

be understood by one of ordinary skill in the art that each of these embodiments may be used 

in various combinations with the other embodiments provided herein 

10124] The following includes certain aspects of the invention.  

101251 1. A chimeric antigen receptor (CAR) comprising an anigen binding domain 

speiic for FT3, a transmeimbrane domain, and an intracellular T cell signaling domain.  

10126] 2. The CAR according to aspect 1, wherein the antigen binding doan 

comprises the light chain variable region comprising the sequences of SEQ ID NOS: 13-19.  

101271 3. The CAR according to aspect I or 2, wherein the antigen binding domain 

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

101281 4, The CAR according to any one of aspects 1-3, wherein the antienbinding 

domain comprises the linker sequence of SEQ ID NO: 12.  

101291 5. The CAR. according to any one of aspects 1-4, wherein the antigen binding 

domain comprises SEQ ID NOS: 5-19.  

101301 6. The CAR according to any one of aspects 1-5, wherein the transmiembrane 

domain comprises a CD8 amino acid sequence.  

101311 7- The CAR according to any one of aspects 1-6, wherein the transmnembrane 

domain comprises CD8 amino acid sequence comprising the CDc hinge sequence of SEQ 

ID NO: 25 and thetransmebrane domain of sequence SEQ ID NO: 26.  

101321 8. The CAR according to any one of aspects 1-7, wherein the intracellularT cell 

signalingdomain comprises 4-1BB, CD3 zeta, or both, 

101331 9. TheCARaccordingtoanyoneofaspects1-8,whereintheintracellular'Tcell 

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

101341 10, The CAR according to anyone of aspects 1-9, wherein the intracellularT cell 

signalinugdomain comprises the CD3 zeta amino acid sequence of SEQ ID NO: 28.  

[0135j 11. The CAR according to aiy one of aspects 1-10, wherein the CAR further 

comprises the spacer comprising SEQ ID NOS: 21-24.  
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[0136] 12. 'The CAR according to aspect 1, wherein the CAR comprises any one of the 

sequence of SEQ IDNOS: 1, 2,29,or,30.  

[01371 3. Anucleic acid comprising a nucleotide sequence encoding the CAR 

according to any one of aspects 1-12.  

[0138] 14. Thenucleic acid according to aspect 13, wherein the ucleotide sequence is 

codon-optimized.  

[0139 15. A recombinant expression vector comprisingthe nucleic acid according to 

aspect 13 or 14.  

[0140] 16. The recombinant expression vector according to aspect 15, wherein the 

recombinant expression vectoris a lentiviral vector 

[0141] 17. An isolated host cell comprising the reombinant expression vector of 

aspect 15 or 16.  

[0142] 18. A population of cells comprisingat leastone host cellofaspect17, 

[0143] 19. An antibody, or antigen binding portion thereof, which specifically binds to a 

CAR according to any one of aspects 1-12.  

[0144] 20. A pharmaceutical composition comprising the CAR any one of aspects I-2, 

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

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

portion thereof of aspect 19, and a pharmaceutically acceptable career.  

10145] 21. A method of detecting the presence of cancer, comprising: 

(a) contacting a sample comprising one or more cells with the CAR any one of 

aspects 12, the nucleic acid of aspect 13 or 14, the recombinant expression vector of aspect 

15 or 16 thchostcell of aspect 17, thepopulationofcells of aspect 18,the antibody,or 

antigen binding portion thereof, of aspect 19, or the pharmaceutical composition ofaspect 20, 

thlreby fonning a complex, and 

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

presence of cancer, 

101461 22.Themethodofaspect21,whereinthecancerispre-Bcellprecursoracute 

lymphoblastic leukemia or acute myeloid leukemia.  

[01471 23. The CAR of any one of aspects 1-12, the nucleic acid of aspect 13 or 14', the 

reconmbinant expression vector of aspect 15 or 16 the host cell of aspect 17, the population of 

cells of aspect 18, the antibody, or antigenbindingportion thereof of aspect 19, or the 
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phannaceuical composition of aspect 20, for use in the treatment orprevention of cancer in a 

mammal.  

f0148] 24. The CAR, nucleic acid, recombinantexpression vector, host cell, population 

of cells, antibody, or antigen binding portion thereof, or pharmaceutical composition of 

aspect 23, wherein the cancer ispre-B cell precursor acute lymphoblastic leukemia or acute 

mycloid leukemia.  

[0149] 25. A method of determining whether a subject with a proliferative disorder is a 

candidate for treatment with a chimeric antigen receptor comprising an antigenbinding 

domain specific for FLT3, the method comprising: measuring FLT3 expression levels in a 

biological sample from the subject; and determining if the FLT3 expression levels of the 

biological sample are increased compared to a sample from a control subject without the 

proliferative disorder.  

[0150] The following examples farther illustrate theinvention but, of course, should not 

be construed asin any way limiting its scope, 

EXAMPLE 1 

[0151] This example demonstrates that FLT3 is expressed on acute lymphoblastic and 

acute mveloid leukemia celllines.  

0152] The number of FLT3 receptors per cell was quantified on various acute 

lymphoblastic NALM6 (DSMZ no. ACCO128 11;!9(Horseyetal.,Genes 

Chroimosomes Cancer, 45:554-564 (2006)), KOPN-8 (DSMZ no, ACC 552), SEM (DSMZ 

no. ACC 546); and acute mycloid [MOLM13 (DSMZ no. ACC 554), MOLM14 (DSMZ no.  

ACC 577), MV4Ill (DSMZ no. ACC 102), THP- (DSMZ no. ACC 16)] leukemia cell lines 

by flow cytometry using BD Quantibrite beads as per manfacturer'sprotocol (3D 

Biosciences; San lose, CA, USA) and Phycoerythrin (PE) labeled anti human CD135 (FLT3) 

antibody (elioscience;San Dieco, CA, USA; clone BVIOA4H2), KOPN-8 is a cell ine 

derived from a patient with infant ALL DSMZ is the Lei.bniz-nstitute DSMZ-German 

Collection of Microorganisms and Cell Cultures (Braunschweig, Germany).  

[0153] Allcell lines were cultured using RPMI 1640 (Invitrogen; Carlsbad, CA, USA) 

media supplemerned with 10% heat inactivated fetal bovine serum(Omega Scientific; 

Tarzana, CA, USA), 100 U/inL penicillin, 100 mg/mL streptomycin, and 2 mM L-lutamine 

(invitrogen), Labeled samples wereanalzed by flow cvtometry on a BD LSR Fortessa (BD 
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Biociences)and data analysis was performed using Flowo software (FiowJo LLC, Ashland, 

OR, USA) and GraphPad Prism (raphPad Software; La Jolla, CA, USA) Figure 1 shows 

the results.  

EXAMPLE 2 

10154] This example demonstrates the production of a CAR in accordance with 

embodiments of the invention.  

[0155] The amino acidsequence encoding the FLT3 scFv was converted to DNA 

sequenceand codon otimized and synthesized using Gene.Xr t gene synthesis 

(Thermohisher Scientific: Waltham, MA, USA) with kozak sequence, membrane localization 

leader sequence from human granulocyte muophage colony stimulating factor(GM-CS), 

5' Nhel restrictionsite, and3' BspEl restriction site. The FLT3 scFV sequence was then 

subeloned flmi the provided GeneArtN' vector and moved using standard molecular cloning 

techniques to the third generation lentiviral plasmid pELNS-il3Bzeta which contains the 

CD8 hinge and transmembrane, 4~1BB signaling donmin, and the CD3zeta domain using the 

NheI and BspE1cloning sites. Figure 2 shows a diagram of the CAR (left side of figure), 

The CAR was SEQ ID NO: 1 / 29. The leader sequence is iditally encoded and enhances 

trafficking to the cell surface; it is likely to be cleaved off in the mature form.  

[156) Lentivralsuperatantgeneration: 293Tcells (ATCC; Manassas, VA, USA; 

ATCC no. CRL-3216) were transiently transfected with third generationlentiviralasmids 

to generate viral supernatant. 293T cells were plated in poly-D lysine coated 15 cm tissue 

culture plates (Corning 'TewkshurM, MA USA) in DMEM supplemented with I10 heat 

inactivated fetal bovine serum (Omega Scientific) 100 U/mL penicillin, 100 mg/IL 

streptomycin, and 2mM L-glutaine (Initrogen) and allowed to adhere for 16hours The 

following day, GFP or FLT3 CAR contaiing plasmids, pMDLg/pRRE and pRSV-Rev 

packaging, and pMD-G envelope plasmids were lipid trausfecied into the 293T cellsusing 

Lipofectamine 3000 (Invitrogen) as per manufacturer's protocol.Mediacontainingthe 

transfectionnmixtur-ewas discarded and replaced with fresh media 4-Chours after transfection 

mixturewas added. Viral supematantwascollectedat 24, 48, and 72hours post trasfection, 

centrifuged at 1200 rpm for 6 minutes to remove cells, and stored at -80C untiluse.  

[01571 T cell source: Human elutriated lymphocvtesfrom normal donors were used as a 

source ofT cells for expernents and were obtained from the Detpartment of Transfusion 
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Medicine at the NIH Clinical Center underan NIH RB approved protocol after informed.  

consent in accordance with the Declaration of Helsinki. Donorlymphocytes were cleared of 

red blood cells using Lymphocyte Separation Medium (Louza; Basel, Switzerland) as per 

manufacturer's protocoland cryopreserved in beat inactivated fetal bovine serum (FBS; 

Omega Scientific) with 10% Dimethyl sulfoxide (DMSO; Sigma Aldrich; St Louis, MO, 

USA) and stored in liquid nitrogen.  

[0158) T cell transduction: Elutriated lymphocytes were thawed and cultured in T cell 

expansion media (TCEM) which consists of AIM-Vmedia (Ivitrogen)supplementedwith 

5% heat inactivated FBS (Omega Scientific), 10U/mL penicillin,lg0n0g/mL streptomycin, 

15 mM HEPES, and2 mM L-glutamine (Invitrogen) and 40 Um iIL-2 withDynaeads 

Human T-Expander CD3/CD2S beads (Invitrogen) at a 3:1 bead to cell ratio. Cells were 

cultured for 2 days prior to transductionwith viral supernatant. Two inillion T cells were 

plated per well of a 6 weil plate ini ml TCEM - 3 ml viral supernatant with a final 

concentration of 40IU/mL of IL~2 and 10 mg/mL of protaminesulfate. The 6-well plates of 

Cells were centrifuged at 872g for 2 hours at 32-C and then incubated at 37Covernight.  

The following day, Dynabeads were removed using a magnetic rack and the T cells were 

cultured in fresh TCEM with 300 IU/mLL2 at 500,000 cells/mL. T cells were cultured until 

day 9 in TCEM with 300 I/mL ofiL-2 mintaininthecells below I million/mL and the T 

cell transduction was determined by flow cytomnetry.  

EXAMPLE 3 

[0159) This example demonstrates FLT3 CAR T cell transductionin accordance with 

embodiments of the invention, 

[01601 The CAR was SEQ ID NO: 1 /'29. The leader sequenc isinitially encoded and 

enhances trafficking to the cell surface; it is likely to be cleaved off in the mature orn. The 

transduction efficiency of GFP and FLT3 CAR transducedTcells weredeterminedon day 9 

of T cell culture. GFP transduced T cells were analyzed GFP positivity by flow 

cytometryusing a LSR Fortessa (BD Biosciences) as shown inthe left panel of Figure 3 

(878% positive). FLT3 CAR expression was determined usig biotinylated protein L 

(Gensrp; Pisataway, NJUSA) which is a bacterial protein thatbinds to a subset of kappa 

light chains of antibodies. The NC7 based FLT3 CAR isasequence that binds to protein L 

and hCARexpressioncanbe determined abstaining wih streptavidin PE (middle panel of 
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Figure 3, 77.1% positive). As a negative control, FLTI CAR T cells were stained with 

secondary streptavidin PE only (right panel of Figure 3,0% positive). Data analysis was 

performed using Flowo software (FlowJo LLC).  

EXAMPLE 4 

[0161] This example demonstrates that T cells expressing FLT3-targeting chimeric 

antigen receptorssecrete high levels of cytokines when co-cultured with FLT3-expressing 

cell lines in accordance with embodiments of the invention.  

[01621 Cytokine production assay: GFP or CAR transduced T cells were co-cultured 

withvaious ALL and AML cell lines with varying expression of FLT3 as determined in 

Example 1 Acate lyniphoblastic and acute myeloid leukemia lines as listed in Example I 

were used as target tunor cell lines to determine the ability of FLT3 CAR T cells to produce 

Interferon-gamma (lFN-gamma) and Interlcukin-2 (IL-2) in response to target recognition 

and activation of the CAR T cells. The CAR was SEQ ID NO: 1 /29. The leader sequence 

is initiyencoded and enhances trafficking to the cell surface; it is likely to be cleaved off in 

the maturefform T cells (100,000) and leukemiacells (100,000) were co-incubated per well 

in 96 well plates for 161hours in 200 mL/well of RPMI 1640 (Invitrogen)media 

supplemented with 10% heat inactivated fetal bovine serum (Omega Scientific), 100 UimL 

penicillin, 100 mg/mL streptomycin, and 2 mM L-glutanine (Invitrogen). The following day 

the plates were centrifuged at 1200 rpmi minutes, and 150 mL of supernatant was 

carefully taken for analysis by enzyme linked inmunosorbent assay (ELISA). For IFN

-amma the HumanF amma Quanikine ELISA (R&D systems; Minneapolis, MN, USA 

was used as per manufacturers protocol and read on aSpectramnax M5 microplate reader 

(MolecularDevices;SunnyvaeCA,USA).For IL-2 ithe Human IL-2 Quantikine ELISA as 

per manufacturer's procol (R&D systems;MinneapolisMN) and read on a SpectramaxM5 

microplate reader (Molecular Devices). Data was then plotted using GraphPad Prism 

(GraphPad Software). Figures 4-7 show the results.  

EXAMPLE 5 

[01631 This example demonstrates that T cells expressing FLT3 targeting CARs are able 

to reduce FLT3expressing A LLnvvoaninvvodosetitration of FLT3 CART cells,and 
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that T cells expressing FLT3 targeting CARs are able to delay the progression of FLT3 

expressing AML in vivo in accordance with embodiments of the invention.  

0164 Studiesinanimalswere performed under protocols approved by the NCI Bethesda 

AnimalCareandUseCommittee.One million luciferase positive ALL or AML cell lines 

were instravenously (IV) injected into NSG mice (NODseid gamma, NOD.Cg

]PrkaS 2rg"h/SzJ) (The Jackson Laboratory; Bar Harbor, .ME, USA) and monitored for 

leukemia progression by bioluminescence using a Xenogen IVIS Lumina imagingsystem 

(CalperLifSciencesHopkinton, MA, USA). NSG mice with leukemia were imaged for4 

minutes after intraperitoneal (IP) injectionwith 3 rg D-luciferin (Caliper Life Sciences) for I 

minute. Living Image software (Caliper Life Sciences) was used to analyze the 

bioluminescent signal fromanimals with leukemia as photons/s/cmsr. GFP or FLT3 CAR 

transduced T cells were injected on the same day, as described below, when a detectable 

amount of leukemia was observed and the leukemia progression or regression was measured 

twice a week. The CAR was SEQ ID NO: I /29. The leader sequence is initially encoded 

and enhances trafficking to the cell surface; it is likely tobecleaved offin the mature form.  

[0165] IV injection of SEM ALL cells:7,5xi0t (GFP-(67%transduction)orFLT3-(50% 

transduction) CAR transduced T cells were injected on day 4 when a detectable amount of 

leukemia was observed and the leukemia progression or regression was measured. The 

results areshownin Figure 8 (min/max of photons/s/cm/r signal:&80e4/8.0e6).  

101661 IV injectionof SEM ALL cells:l1xI0 6 FPor 10alSx10 6 orx0FLT3 

CAR transduced T cells were injected on day 14 when a detectable amount of leukemia was 

observed and the leukemia progression or regression was measured. The resuths are shownin 

Figure 9 (min/miax ofphotons/s/cm2 sr signal: 100e4/800e6).  

101671 IV injection of MOLM13 AML cells: 7x0 G&FP or FLT3 CAR transduced T 

cells were injected on day 6 when a detectable amount of leukemia was observed and the 

ieukeniaprogressionoregression wasmeasured. The results areshowniigure10 

(in/maxofphotons/s/n/sr signal:00e4/8.e).  

101681 IV injection ofMOLN14 AML cells:7x 6 GP or FLT3 CAR transduced T 

cells were injectednday 6 whn a detetable amount of leukemia was observed and the 

leukemia progression or regression was measured. The results are shovn in Figure iI 

(mini/maxof photons/s/cm/sr signal: 5."e4l/8,00e6), 
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[0169] All reference, including publications, patent applications, and patents, cited 

herein are hereby incorporated by reference to the same extent as if each reference were 

individually and specifically indicated to be incorporated by reference and were set forth in 

its entirety herein.  

[0170] The use of the terms "a" and "an" and "the" and"at least one"and similar 

referents in thecontext of describing the invention (especially in the context of the following 

caims) are to be construed to cover both the singular and the plural, unless otherwise 

nicatedherein or clearly contradicted by context, Theuse of the ter"at least one" 

followed by a list of one or more items (for example, "at least one of A and B") is to be 

construed to mean. one item selectedfrom the listed items (A or B) orany combination of two 

or more of the listed items (A and B), unless otherwise indicated herein or clearly 

contradicted by context. The terms "comprising," "having," including " and "containing' 

are to be construed as open-ended tenns(i, meangincluding, but not limited to,") unless 

otherwise noted. Recitation ofranges of values herein are merely intended to serve as a 

shorthand method ofreferring individually to eachseparate value falling within the range, 

unless otherwise indicated herein, and each separate value is incorporated into the 

specification as if it were individually recited herein. All methods described herein can be 

performed in any suitable order unless otherwise indicated herein orotherwise clearly 

contradicted by context. The use of any and all examples, or exemplary language (eg., "such 

as") provided herein, is intended merely to better illuminate the invention and does not pose a 

limitationonthescope of the invention unless otherwise claimed. No language in the 

specification shouldbeconstrued as indicatingany non-claimed element as essential to the 

practiceof the invention.  

10171] Preferred embodiments of this invention are described herein, including the best 

mode known to the inventors for carrying out the inventonVariations of those preferred 

embodiments may become apparent to those of ordinary skill in the art upon reading the 

foregoing descripioThe inventors expect skilled arisans to employ such variations as 

appropiate, and the inventors intend for the invention to be practiced otherwisethanas 

speciically described hee in. Accordingly, this invention includes all modifications and 

equivalents of the subject matter recited in the. claims appended hereto as permitted by 

applicable law, Moreover, any combination of the above-described elements in all possible 
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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 CDR1, 

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>  PatentIn 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 Gln Leu Val Gln 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 Ile Ser Trp Val Arg Gln Ala Pro Gly Gln 
    50                  55                  60                  

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

Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr Ile 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 Gln 
        115                 120                 125             

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

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile 
145                 150                 155                 160 

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

Page 1

728591_ST25
SEQUENCE LISTING
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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> PatentIn versi on 3.5

<210> 1

<211> 490
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI

<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 lle Pro Glu Val Gln Leu Val Gln 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 Al lle Ser Trp Val Arg Gln Ala Pro Gly Gln
50 55 60

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

Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr lle Thr Al a 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

Al a Val Tyr Tyr Cys AI a Thr Phe Al a Leu Phe Gly Phe Arg Glu Gln
115 120 125

Al a Phe Asp lle Trp Gly Gln Gly Thr Thr Val 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

Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg
165 170 175
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Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Ser Tyr Leu Asn 
            180                 185                 190         

Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ala 
        195                 200                 205             

Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly 
    210                 215                 220                 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp 
225                 230                 235                 240 

Leu Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr Ser Thr Pro Phe Thr Phe 
                245                 250                 255     

Gly Pro Gly Thr Lys Val Asp Ile Lys Ser Gly Thr Thr Thr Pro Ala 
            260                 265                 270         

Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala Ser Gln Pro Leu Ser 
        275                 280                 285             

Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly Gly Ala Val His Thr 
    290                 295                 300                 

Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr Ile Trp Ala Pro Leu Ala 
305                 310                 315                 320 

Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val Ile Thr Leu Tyr Cys 
                325                 330                 335     

Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met 
            340                 345                 350         

Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe 
        355                 360                 365             

Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg 
    370                 375                 380                 

Ser Ala Asp Ala Pro Ala Tyr Lys Gln Gly Gln Asn Gln Leu Tyr Asn 
385                 390                 395                 400 

Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg 
                405                 410                 415     

Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro 
            420                 425                 430         

Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu Ala 
        435                 440                 445             
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Val Thr lle Thr Cys Arg AI a Ser Gln Ser lle Ser Ser Tyr Leu Asn
180 185 190

Trp Tyr Gln Gln Lys Pro Gly Lys AI a Pro Lys Leu Leu lle Tyr Ala
195 200 205

AL a Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly
210 215 220

Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu Gln Pro Glu Asp
225 230 235 240

Leu Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr Ser Thr Pro Phe Thr Phe
245 250 255

Gly Pro Gly Thr Lys Val Asp lle Lys Ser Gly Thr Thr Thr Pro Ala
260 265 270

Pro Arg Pro Pro Thr Pro AI a Pro Thr lle Ala Ser Gln Pro Leu Ser
275 280 285

Leu Arg Pro Glu Ala Cys Arg Pro Al a Ala Gly Gly Al a Val Hi s Thr
290 295 300

Arg Gly Leu Asp Phe AI a Cys Asp lle Tyr lle Trp AI a Pro Leu Ala
305 310 315 320

Gly Thr Cys Gly Val Leu Leu Leu Sen Leu Val lle Thr Leu Tyr Cys
325 330 335

Lys Arg Gly Arg Lys Lys Leu Leu Tyr lle Phe Lys Gln Pro Phe Met
340 345 350

Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe
355 360 365

Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg
370 375 380

Ser Al a Asp Al a Pro AI a Tyr Lys Gln Gly Gln Asn Gln Leu Tyr Asn
385 390 395 400

Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg
405 410 415

Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro
420 425 430

Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met AI a Glu Ala
435 440 445

Page 2



728591_ST25

Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His 
    450                 455                 460                 

Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp 
465                 470                 475                 480 

Ala Leu His Met Gln Ala Leu Pro Pro Arg 
                485                 490 

<210>  2
<211>  731
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  2

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 Gln Leu Val Gln 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 Ile Ser Trp Val Arg Gln Ala Pro Gly Gln 
    50                  55                  60                  

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

Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr Ile 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 Gln 
        115                 120                 125             

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

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile 
145                 150                 155                 160 

Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg 
                165                 170                 175     
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Tyr Ser Glu lle Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His
450 455 460

Asp Gly Leu Tyr Gln Gly Leu Ser Thr AI a Thr Lys Asp Thr Tyr Asp

465 470 475 480

AI a Leu His Met Gln AI a Leu Pro Pro Arg
485 490

<210> 2

<211> 731

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 2

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

Phe Leu Leu lle Pro Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val

20 25 30

Lys Lys Pro Gly Ser Ser Val Lys Val Ser Cys Lys Al a Ser Gly Gly

35 40 45

Thr Phe Ser Ser Tyr Ala lle Ser Trp Val Arg Gln Ala Pro Gly Gln

50 55 60

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

Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr lle Thr Al a Asp Lys Ser
85 90 95

Thr Ser Thr AI a Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr

100 105 110

Al a Val Tyr Tyr Cys Al a Thr Phe Ala Leu Phe Gly Phe Arg Glu Gln
115 120 125

AI a Phe Asp lle Trp Gly Gln Gly Thr Thr Val 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

Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Al a Ser Val GI y Asp Arg
165 170 175
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Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Ser Tyr Leu Asn 
            180                 185                 190         

Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ala 
        195                 200                 205             

Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly 
    210                 215                 220                 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp 
225                 230                 235                 240 

Leu Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr Ser Thr Pro Phe Thr Phe 
                245                 250                 255     

Gly Pro Gly Thr Lys Val Asp Ile Lys Ser Gly Leu Glu Asp Pro Ala 
            260                 265                 270         

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

Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro 
    290                 295                 300                 

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

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

Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
            340                 345                 350         

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln 
        355                 360                 365             

Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala 
    370                 375                 380                 

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

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

Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 
            420                 425                 430         

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr 
        435                 440                 445             
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Val Thr lle Thr Cys Arg AI a Ser Gln Ser lle Ser Ser Tyr Leu Asn

180 185 190

Trp Tyr Gln Gln Lys Pro Gly Lys AI a Pro Lys Leu Leu lle Tyr AI a

195 200 205

AI a Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly

210 215 220

Ser GI y Thr Asp Phe Thr Leu Thr lle Ser Ser Leu Gln Pro Glu Asp

225 230 235 240

Leu Al a Thr Tyr Tyr Cys Gln Gln Ser Tyr Ser Thr Pro Phe Thr Phe

245 250 255

Gly Pro Gly Thr Lys Val Asp lle Lys Ser Gly Leu Glu Asp Pro AI a

260 265 270

GI u Pro Lys Ser Pro Asp Lys Thr Hi : S Thr Cys Pro Pro Cys Pro AI a

275 280 285

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

290 295 300

Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val

305 310 315 320

Val Asp Val Ser Hi s Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val

325 330 335

Asp Gly Val Glu Val Hi s Asn AI a Lys Thr Lys Pro Arg Glu Glu Gln

340 345 350

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

355 360 365

Asp Trp Leu Asn Gly Lys GI u Tyr Lys Cys Lys Val Ser Asn Lys AI a

370 375 380

Leu Pro AI a Pro lle Glu Lys Thr lle Ser Lys AI a Lys Gly Gln Pro

385 390 395 400

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr

405 410 415

Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser

420 425 430

Asp lle AI a Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr

435 440 445
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Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr 
    450                 455                 460                 

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

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

Ser Leu Ser Leu Ser Pro Gly Lys Lys Asp Pro Lys Thr Thr Thr Pro 
            500                 505                 510         

Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala Ser Gln Pro Leu 
        515                 520                 525             

Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly Gly Ala Val His 
    530                 535                 540                 

Thr Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr Ile Trp Ala Pro Leu 
545                 550                 555                 560 

Ala Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val Ile Thr Leu Tyr 
                565                 570                 575     

Cys Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe 
            580                 585                 590         

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

Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser 
    610                 615                 620                 

Arg Ser Ala Asp Ala Pro Ala Tyr Lys Gln Gly Gln Asn Gln Leu Tyr 
625                 630                 635                 640 

Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys 
                645                 650                 655     

Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn 
            660                 665                 670         

Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu 
        675                 680                 685             

Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly 
    690                 695                 700                 

His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr 
705                 710                 715                 720 
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Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr

450 455 460

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

Ser Cys Ser Val Met Hi s Glu Al a Leu His Asn Hi s Tyr Thr Gln Lys
485 490 495

Ser Leu Ser Leu Ser Pro Gly Lys Lys Asp Pro Lys Thr Thr Thr Pro
500 505 510

AI a Pro Arg Pro Pro Thr Pro Ala Pro Thr lle Al a Ser Gln Pro Leu
515 520 525

Ser Leu Arg Pro Glu AI a Cys Arg Pro AI a Al a Gly Gly Al a Val His
530 535 540

Thr Arg Gly Leu Asp Phe AI a Cys Asp lle Tyr lle Trp Al a Pro Leu
545 550 555 560

AI a Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val lle Thr Leu Tyr
565 570 575

Cys Lys Arg Gly Arg Lys Lys Leu Leu Tyr lle Phe Lys Gln Pro Phe
580 585 590

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

Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser
610 615 620

Arg Ser Al a Asp Ala Pro AI a Tyr Lys Gln Gly Gln Asn Gln Leu Tyr
625 630 635 640

Asn Glu Leu Asn Leu Gly Arg Arg GI u Glu Tyr Asp Val Leu Asp Lys
645 650 655

Arg Arg Gly Arg Asp Pro GI u Met Gly Gly Lys Pro Arg Arg Lys Asn
660 665 670

Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met AI a Glu
675 680 685

AI a Tyr Ser Glu lle Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly
690 695 700

Hi s Asp Gly Leu Tyr Gln Gly Leu Ser Thr Al a Thr Lys Asp Thr Tyr
705 710 715 720
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Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg 
                725                 730     

<210>  3
<211>  1
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  3

Met 
1   

<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 Gln Leu Val Gln 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 Ile Ser 
1               5                   10  
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Asp AI a Leu His Met Gln AI a Leu Pro Pro Arg

725 730

<210> 3

<211> 1

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI

<400> 3

Met
1

<210> 4

<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 4

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

Leu Leu lle Pro
20

<210> 5

<211> 25
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 5

GL u Val Gln Leu Val Gl r 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> SYNTHETI C

<400> 6

Gly Gly Thr Phe Ser Ser Tyr Ala lle Ser
1 5 10
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<210>  7
<211>  14
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  7

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

<210>  8
<211>  17
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  8

Gly Ile Ile Pro Ile Phe Gly Thr Ala Asn Tyr Ala Gln Lys Phe Gln 
1               5                   10                  15      

Gly 
    

<210>  9
<211>  32
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  9

Arg Val Thr Ile 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 
            20                  25                  30          

<210>  10
<211>  13
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  10

Phe Ala Leu Phe Gly Phe Arg Glu Gln Ala Phe Asp Ile 
1               5                   10              

<210>  11
<211>  11
<212>  PRT
<213>  Artificial Sequence
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<210> 7

<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI

<400> 7

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

<210> 8

<211> 17

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI

<400: > 8

Gly lle lle Pro lle Phe Gly Thr Ala Asn Tyr Al a Gln Lys Phe Gln
1 5 10 15

Gly

<210> 9
<211> 32
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 9

Arg Val Thr lle Thr AI a Asp Lys Ser Thr Ser Thr Ala Tyr Met Glu
1 5 10 15

Leu Ser Ser Leu Arg Ser Glu Asp Thr Al a Val Tyr Tyr Cys Ala Thr
20 25 30

<210> 10
<211> 13

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI

<400> 10

Phe Al a Leu Phe Gly Phe Arg Glu Gln Ala Phe Asp lle
1 5 10

<210> 11

<211> 11

<212> PRT
<213> Artificial Sequence
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<220>
<223>  SYNTHETIC

<400>  11

Trp Gly Gln Gly Thr Thr Val Thr Val 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 Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1               5                   10                  15      

Asp Arg Val Thr Ile Thr Cys 
            20              

<210>  14
<211>  11
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  14

Arg Ala Ser Gln Ser Ile Ser Ser Tyr Leu Asn 
1               5                   10      

<210>  15
<211>  15
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  15

Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr 
1               5                   10                  15  
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<220>
<223> SYNTHETI C

<400> 11

Trp Gly Gln Gly Thr Thr Val Thr Val 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 GI y Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10 15

<210> 13

<211> 23
<212> PRT
<213> Arti ficial Sequence

<220>
<223> SYNTHETI

<400> 13

Asp lle Gln Met Thr GI n Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr lle Thr Cys
20

<210> 14

<211> 11

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 14

Arg AL a Ser Gln Ser lle Ser Ser Tyr Leu Asn
1 5 10

<210> 15
<211> 15

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 15

Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu lle Tyr
1 5 10 15
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<210>  16
<211>  7
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  16

Ala Ala Ser Ser Leu Gln 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 Ile Ser Ser Leu Gln 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

Gln Gln 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 Ile Lys 
1               5                   10  

<210>  20
<211>  2
<212>  PRT
<213>  Artificial Sequence

<220>
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<210> 16
<211> 7

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 16

AI a Ala Ser Ser Leu Gln Ser
1 5

<210> 17

<211> 32
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 17

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

Leu Thr lle Ser Ser Leu Gln Pro Glu Asp Leu Ala Thr Tyr Tyr Cys
20 25 30

<210> 18
<211> 9

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 18

Gln Gln Ser Tyr Ser Thr Pro Phe Thr
1 5

<210> 19
<211> 10
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI

<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>
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<223>  SYNTHETIC

<400>  20

Ser Gly 
1       

<210>  21
<211>  4
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  21

Leu Glu Asp Pro 
1               

<210>  22
<211>  126
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  22

Ala Glu Pro Lys Ser Pro Asp Lys Thr His Thr Cys Pro Pro Cys Pro 
1               5                   10                  15      

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys 
            20                  25                  30          

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val 
        35                  40                  45              

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr 
    50                  55                  60                  

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu 
65                  70                  75                  80  

Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
                85                  90                  95      

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys 
            100                 105                 110         

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys 
        115                 120                 125     

<210>  23
<211>  107
<212>  PRT
<213>  Artificial Sequence
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<223> SYNTHETIC

<400> 20

Ser GIy
1

<210> 21

<211> 4

<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 21

Leu Glu Asp Pro
1

<210> 22
<211> 126
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 22

AI a Glu Pro Lys Ser Pro Asp Lys Thr His Thr Cys Pro Pro Cys Pro
1 5 10 15

Al a Pro GI u Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
20 25 30

Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val
35 40 45

Val Val Asp Val Ser Hi s Glu Asp Pro GI u Val Lys Phe Asn Trp Tyr
50 55 60

Val Asp Gly Val Glu Val His Asn Al a Lys Thr Lys Pro Arg GI GI u
65 70 75 80

Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
85 90 95

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
100 105 110

AI a Leu Pro Al a Pro lle Glu Lys Thr lle Ser Lys Al a Lys
115 120 125

<210> 23
<211> 107
<212> PRT
<213> Artificial Sequence
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<220>
<223>  SYNTHETIC

<400>  23

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

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

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln 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 Gln Gln 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 Gln 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 Ile Ala 
1               5                   10                  15      

Ser Gln 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  
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<220>
<223> SYNTHETI

<400> 23

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

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

Tyr Pro Ser Asp lle Al a Val Glu Trp Glu Ser Asn Gly Gln Pro GI u
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 Gln Gln Gly
65 70 75 80

Asn Val Phe Ser Cys Ser Val Met His Glu AI a Leu Hi s Asn Hi s Tyr
85 90 95

Thr Gln Lys Ser Leu Sen 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 Al a Pro Arg Pro Pro Thr Pro Ala Pro Thr lle Ala
1 5 10 15

Ser Gln Pro Leu Ser Leu Arg Pro Glu AL a Cys Arg Pro Al a Al a Gly
20 25 30

Gly Ala Val His Thr Arg Gly Leu Asp Phe AI a Cys Asp
35 40 45
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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 Val Leu Leu Leu 
1               5                   10                  15      

Ser Leu Val Ile 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 Ile Phe Lys Gln Pro Phe Met 
1               5                   10                  15      

Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe 
            20                  25                  30          

Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu 
        35                  40          

<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               5                   10                  15      

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr 
            20                  25                  30          

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

Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys 
    50                  55                  60                  
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<210> 26
<211> 24
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 26

lle Tyr lle Trp AL a Pro Leu Ala Gly Thr Cys Gly Val Leu Leu Leu
1 5 10 15

Ser Leu Val II e Thr Leu Tyr Cys
20

<210> 27
<211> 42
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI

<400> 27

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

Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe
20 25 30

Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
35 40

<210> 28
<211> 112
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI C

<400> 28

Arg Val Lys Phe Ser Arg Ser Ala Asp Al a Pro Al a Tyr Lys Gln Gly
1 5 10 15

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr
20 25 30

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

Pro Arg Arg Lys Asn Pro Gln Glu GI y Leu Tyr Asn Glu Leu Gln Lys
50 55 60
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Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg 
65                  70                  75                  80  

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala 
                85                  90                  95      

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg 
            100                 105                 110         

<210>  29
<211>  469
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  29

Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser 
1               5                   10                  15      

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Gly Thr Phe Ser Ser Tyr 
            20                  25                  30          

Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met 
        35                  40                  45              

Gly Gly Ile Ile Pro Ile Phe Gly Thr Ala Asn Tyr Ala Gln Lys Phe 
    50                  55                  60                  

Gln Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 
65                  70                  75                  80  

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 
                85                  90                  95      

Ala Thr Phe Ala Leu Phe Gly Phe Arg Glu Gln Ala Phe Asp Ile Trp 
            100                 105                 110         

Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly 
        115                 120                 125             

Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln Met Thr Gln Ser 
    130                 135                 140                 

Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys 
145                 150                 155                 160 

Arg Ala Ser Gln Ser Ile Ser Ser Tyr Leu Asn Trp Tyr Gln Gln Lys 
                165                 170                 175     

Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Ser Leu Gln 
            180                 185                 190         
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Asp Lys Met AI a Glu Ala Tyr Ser Glu lle Gly Met Lys Gly Glu Arg

65 70 75 80

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

85 90 95

Thr Lys Asp Thr Tyr Asp AI a Leu Hi s Met Gln Al a Leu Pro Pro Arg
100 105 110

<210> 29
<211> 469
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETIC

<400> 29

Glu Val Gln Leu Val GI n Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys AI a Ser Gly Gly Thr Phe Ser Ser Tyr

20 25 30

Ala lle Ser Trp Val Arg GI n Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Gly lle lle Pro lle Phe Gly Thr AI a Asn Tyr AI a Gln Lys Phe

50 55 60

Gln Gly Arg Val Thr lle Thr Ala a Asp Lys Ser Thr Ser Thr Ala Tyr

65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Al a Val Tyr Tyr Cys
85 90 95

AI a Thr Phe Al a Leu Phe Gly Phe Arg Glu Gln Al a Phe Asp lle Trp
100 105 110

Gly y Gln Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly

115 120 125

Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp lle Gln Met Thr Gln Ser
130 135 140

Pro Ser Ser Leu Ser Al a Ser Val Gly Asp Arg Val Thr lle Thr Cys

145 150 155 160

Arg Ala Ser Gln Ser lle Ser Ser Tyr Leu Asn Trp Tyr Gln Gln Lys

165 170 175

Pro Gly Lys Al a Pro Lys Leu Leu lle Tyr Al a Ala Ser Ser Leu Gln
180 185 190
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Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe 
        195                 200                 205             

Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Leu Ala Thr Tyr Tyr 
    210                 215                 220                 

Cys Gln Gln Ser Tyr Ser Thr Pro Phe Thr Phe Gly Pro Gly Thr Lys 
225                 230                 235                 240 

Val Asp Ile Lys Ser Gly Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr 
                245                 250                 255     

Pro Ala Pro Thr Ile Ala Ser Gln Pro Leu Ser Leu Arg Pro Glu Ala 
            260                 265                 270         

Cys Arg Pro Ala Ala Gly Gly Ala Val His Thr Arg Gly Leu Asp Phe 
        275                 280                 285             

Ala Cys Asp Ile Tyr Ile Trp Ala Pro Leu Ala Gly Thr Cys Gly Val 
    290                 295                 300                 

Leu Leu Leu Ser Leu Val Ile Thr Leu Tyr Cys Lys Arg Gly Arg Lys 
305                 310                 315                 320 

Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val Gln Thr 
                325                 330                 335     

Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu 
            340                 345                 350         

Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro 
        355                 360                 365             

Ala Tyr Lys Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly 
    370                 375                 380                 

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

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

Asn Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly 
            420                 425                 430         

Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln 
        435                 440                 445             

Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln 
    450                 455                 460                 
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Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe

195 200 205

Thr Leu Thr lle Ser Ser Leu Gln Pro Glu Asp Leu AI a Thr Tyr Tyr

210 215 220

Cys Gln Gln Ser Tyr Ser Thr Pro Phe Thr Phe Gly Pro Gly Thr Lys

225 230 235 240

Val Asp lle Lys Ser Gly Thr Thr Thr Pro Al a Pro Arg Pro Pro Thr

245 250 255

Pro Ala Pro Thr lle Al a Ser Gln Pro Leu Ser Leu Arg Pro Glu Ala

260 265 270

Cys Arg Pro AI a Ala Gly Gly Ala Val His Thr Arg Gly Leu Asp Phe

275 280 285

AI a Cys Asp lle Tyr lle Trp AL a Pro Leu Ala Gly Thr Cys Gly Val

290 295 300

Leu Leu Leu Ser Leu Val lle Thr Leu Tyr Cys Lys Arg Gly Arg Lys

305 310 315 320

Lys Leu Leu Tyr lle Phe Lys Gln Pro Phe Met Arg Pro Val Gln Thr

325 330 335

Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu

340 345 350

Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser AI a Asp Ala Pro

355 360 365

AI a Tyr Lys Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly

370 375 380

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

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

Asn Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu lle Gly
420 425 430

Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln
435 440 445

GI y Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Al a Leu His Met Gln

450 455 460
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Ala Leu Pro Pro Arg 
465                 

<210>  30
<211>  710
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHETIC

<400>  30

Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser 
1               5                   10                  15      

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Gly Thr Phe Ser Ser Tyr 
            20                  25                  30          

Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met 
        35                  40                  45              

Gly Gly Ile Ile Pro Ile Phe Gly Thr Ala Asn Tyr Ala Gln Lys Phe 
    50                  55                  60                  

Gln Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 
65                  70                  75                  80  

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 
                85                  90                  95      

Ala Thr Phe Ala Leu Phe Gly Phe Arg Glu Gln Ala Phe Asp Ile Trp 
            100                 105                 110         

Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly 
        115                 120                 125             

Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln Met Thr Gln Ser 
    130                 135                 140                 

Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys 
145                 150                 155                 160 

Arg Ala Ser Gln Ser Ile Ser Ser Tyr Leu Asn Trp Tyr Gln Gln Lys 
                165                 170                 175     

Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Ser Leu Gln 
            180                 185                 190         

Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe 
        195                 200                 205             
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Ala Leu Pro Pro Arg
465

<210> 30
<211> 710
<212> PRT
<213> Artificial Sequence

<220>
<223> SYNTHETI

<400> 30

Glu Val Gln Leu Val Gln Ser Gly Al a Glu Val Lys Lys Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys AI a Ser Gly Gly Thr Phe Ser Ser Tyr
20 25 30

Ala lle Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Gly lle lle Pro lle Phe Gly Thr AI a Asn Tyr Ala Gln Lys Phe
50 55 60

Gln Gly Arg Val Thr lle Thr Al a Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr AI a Val Tyr Tyr Cys
85 90 95

AI a Thr Phe Al a Leu Phe Gly Phe Arg Glu Gln Ala Phe Asp lle Trp
100 105 110

Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly
115 120 125

Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp lle Gln Met Thr Gln Ser
130 135 140

Pro Ser Ser Leu Ser AI a Ser Val Gly Asp Arg Val Thr lle Thr Cys
145 150 155 160

Arg Ala Ser Gln Ser lle Ser Ser Tyr Leu Asn Trp Tyr Gln Gln Lys
165 170 175

Pro Gly Lys Al a Pro Lys Leu Leu lle Tyr AL a Ala Ser Ser Leu Gln
180 185 190

Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
195 200 205
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Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Leu Ala Thr Tyr Tyr 
    210                 215                 220                 

Cys Gln Gln Ser Tyr Ser Thr Pro Phe Thr Phe Gly Pro Gly Thr Lys 
225                 230                 235                 240 

Val Asp Ile Lys Ser Gly Leu Glu Asp Pro Ala Glu Pro Lys Ser Pro 
                245                 250                 255     

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly 
            260                 265                 270         

Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met 
        275                 280                 285             

Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His 
    290                 295                 300                 

Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val 
305                 310                 315                 320 

His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr 
                325                 330                 335     

Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly 
            340                 345                 350         

Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile 
        355                 360                 365             

Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val 
    370                 375                 380                 

Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser 
385                 390                 395                 400 

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu 
                405                 410                 415     

Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro 
            420                 425                 430         

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val 
        435                 440                 445             

Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met 
    450                 455                 460                 

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser 
465                 470                 475                 480 
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Thr Leu Thr lle Ser Ser Leu Gln Pro Glu Asp Leu Al a Thr Tyr Tyr

210 215 220

Cys Gln Gln Ser Tyr Ser Thr Pro Phe Thr Phe Gly Pro Gly Thr Lys

225 230 235 240

Val Asp lle Lys Ser GI y Leu Glu Asp Pro AI a Glu Pro Lys Ser Pro

245 250 255

Asp Lys Thr Hi s Thr Cys Pro Pro Cys Pro Al a Pro Glu Leu Leu Gly

260 265 270

GI y Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met

275 280 285

lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Hi s

290 295 300

GI Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val
305 310 315 320

His Asn AI a Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr

325 330 335

Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly
340 345 350

Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Al a Leu Pro Ala Pro lle

355 360 365

GI u Lys Thr lle Ser Lys Al a Lys Gly Gln Pro Arg Glu Pro Gln Val

370 375 380

Tyr Thr Leu Pro Pro Ser Arg Asp GI u Leu Thr Lys Asn Gln Val Ser

385 390 395 400

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val GI

405 410 415

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

420 425 430

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

435 440 445

Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met

450 455 460

Hi s Glu AI a Leu Hi s Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser

465 470 475 480
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Pro Gly Lys Lys Asp Pro Lys Thr Thr Thr Pro Ala Pro Arg Pro Pro 
                485                 490                 495     

Thr Pro Ala Pro Thr Ile Ala Ser Gln Pro Leu Ser Leu Arg Pro Glu 
            500                 505                 510         

Ala Cys Arg Pro Ala Ala Gly Gly Ala Val His Thr Arg Gly Leu Asp 
        515                 520                 525             

Phe Ala Cys Asp Ile Tyr Ile Trp Ala Pro Leu Ala Gly Thr Cys Gly 
    530                 535                 540                 

Val Leu Leu Leu Ser Leu Val Ile Thr Leu Tyr Cys Lys Arg Gly Arg 
545                 550                 555                 560 

Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val Gln 
                565                 570                 575     

Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu 
            580                 585                 590         

Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala 
        595                 600                 605             

Pro Ala Tyr Lys Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu 
    610                 615                 620                 

Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp 
625                 630                 635                 640 

Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu 
                645                 650                 655     

Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile 
            660                 665                 670         

Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr 
        675                 680                 685             

Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met 
    690                 695                 700                 

Gln Ala Leu Pro Pro Arg 
705                 710 
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Pro Gly Lys Lys Asp Pro Lys Thr Thr Thr Pro Al Pro Arg Pro Pro

485 490 495

Thr Pro Ala Pro Thr I le Al a Ser Gln Pro Leu Ser Leu Arg Pro Glu
500 505 510

AI a Cys Arg Pro Ala Ala Gly Gly Al a Val His Thr Arg Gly Leu Asp
515 520 525

Phe Al a Cys Asp lle Tyr lle Trp AI a Pro Leu AI a GI y Thr Cys Gly
530 535 540

Val Leu Leu Leu Ser Leu Val lle Thr Leu Tyr Cys Lys Arg Gly Arg
545 550 555 560

Lys Lys Leu Leu Tyr lle Phe Lys Gln Pro Phe Met Arg Pro Val Gln
565 570 575

Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu
580 585 590

Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser AI a Asp AI a
595 600 605

Pro Al a Tyr Lys Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu
610 615 620

Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp
625 630 635 640

Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu
645 650 655

Tyr Asn Glu Leu GI n Lys Asp Lys Met Al a Glu Ala Tyr Ser Glu lle
660 665 670

Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly Hi s Asp Gly Leu Tyr
675 680 685

Gln Gly Leu Ser Thr AI a Thr Lys Asp Thr Tyr Asp AI a Leu His Met
690 695 700

GI Ala Leu Pro Pro Arg
705 710
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