(12) STANDARD PATENT (11) Application No. AU 2010315243 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
Truncated epidermal growth factor receptor (EGFRt) for transduced T cell selection

International Patent Classification(s)
C12N 15/00 (2006.01) C12N 15/16 (2006.01)
CO7H 21/04 (2006.01)
Application No: 2010315243 (22) Date of Filing:  2010.11.03
WIPO No: WO11/056894

Priority Data

Number (32) Date (33) Country
61/257,567 2009.11.03 us
Publication Date: 2011.05.12

Accepted Journal Date: 2016.08.25

Applicant(s)
City of Hope

Inventor(s)
Jensen, Michael C.

Agent / Attorney
Spruson & Ferguson, L 35 St Martins Tower 31 Market St, Sydney, NSW, 2000

Related Art
US 6790614




wO 2011/056894 A3 || IBEV0 A0 0 OO O A 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

12 May 2011 (12.05.2011) WO 2011/056894 A3
(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
CI12N 15/00 (2006.01) CO7H 21/04 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. L. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Application Number: ) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
PCT/US2010/055329 NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(22) International Filing Date: SE» SG» SK, SLa SM> ST: SV> SY, TH, TJ> TM, TN? TR>

3 November 2010 (03.11.2010) TT,TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, 7ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L o kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: Enghsh GM, K_E, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(30) Priority Data: ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
61/257,567 3 November 2009 (03.11.2009) US TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventor; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(71) Applicant : JENSEN, Michael C. [US/US}; 1500 East SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Duarte Road, Duarte, California 91010 (US). GW, ML, MR, NE, SN, TD, TG).

(74) Agent: DUEPPEN, Lara J.; PERKINS COIE LLP, Published:
Patent - LA, P.O. Box 1208, Seattle, Washington P . . oy
98111-1208 (US). —  with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every with sequence listing part of description (Rule 5.2(a))
kind of national protection available). AE, AG, AL, AM, (88) Date of publication of the international search report:
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 24 November 2011

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(54) Title: TRUNCATED EPIDERIMAL GROWTH FACTOR RECEPTOR (EGFRt) FOR TRANSDUCED T CELL SELEC-
TION

Figure 1

(57) Abstract: A non-immunogenic selection epitope may be generated by removing certain amino acid sequences of the protein.
For example, a gene encoding a truncated human epidermal growth factor receptor polypeptide (EGFRt) that lacks the membrane
distal EGF-binding domain and the cytoplasmic signaling tail, but retains an extracellular epitope recognized by an anti-EGFR an-
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TRUNCATED EPIDERIMAL GROWTH FACTOR RECEPTOR (EGFRt) FOR

TRANSDUCED T CELL SELECTION

PRIORITY CLAIM

[0001] This application claims the benefit of U.S. Provisional Application No.
61/257,567, filed November 3, 2009, the subject matter of which is incorporated by
reference as if fully set forth herein.

TECHNICAL FIELD

[0002] The present products and methods relate to the fields of immunology
and purification of genetically modified cells, specifically to a truncated or otherwise
modified receptor paired with a corresponding antibody, such as a polypeptide
derived from human epidermal growth factor receptor (EGFR) paired with cetuximab,
for use in cancer immunotherapy.

BACKGROUND

[0003] Immune cell products with homogenous expression of tumor targeting
chimeric antigen receptors (CARs) are desirable for clinical evaluation of adoptive
therapy strategies to eliminate the product-to-product variability of transgene
expression otherwise intrinsic to transduction and other genetic modification
procedures without subsequent selection. Immunotherapy using genetically
redirected immune cells is an attractive approach for treating minimal residual
disease in a variety of cancer patients. However, immunologic rejection of cell
products expressing antibiotic selection proteins as part of the transduction strategy
has impeded this strategy. A novel selection marker that is not expressed on human
lymphocytes, does not contain endogenous signaling or trafficking function, and is

recognized by a known, preferably commercially available, pharmaceutical grade
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antibody reagent that can be utilized for selection, in vivo tracking, and depletion of transduced

cells would be a significant improvement in the art.

Summary

[0004] Products and methods for purification, both in vivo and ex vivo, of genetically modified
cells are provided herein. The genetically modified cells may be modified by transduction, or
any other process that adds, deletes, alters, or disrupts an endogenous nucleotide sequence. The
genetically modified cells may be transduced T cells with altered activity, including altered

Immunoactivity.

[0005] According to a first aspect of the present invention, there is provided a modified EGFR
gene, comprising an EGFR Domain III and an EGFR Domain IV, but lacking an EGFR Domain
I, EGFR Domain II, EGFR Juxtamembrane Domain, and an EGFR Tyrosine Kinase Domain.

[0005a] According to a second aspect of the present invention, there is provided a population of

human T-cells transfected with a gene according to the first aspect of the invention.

[0005b] According to a third aspect of the present invention, there is provided an in vitro
method of enriching or selecting the T-cells according to second aspect of the invention,
comprising contacting the T-cells with an antibody that recognizes the truncated non-

immunogenic endogenous cell surface molecule.

[0005¢] According to a fourth aspect of the present invention, there is provided a method of
depleting the T-cells according to second aspect of the invention in vivo, wherein said T cells
are transfected with a genetically modified Epidermal Growth Factor Receptor (EGFR) gene
that is coupled to a CD19CAR and a C-terminal 2A cleavable linker, wherein the T-cells encode
an amino acid sequence comprising SEQ ID NO:6, comprising contacting the T-cells with an

antibody that recognizes the truncated non-immunogenic endogenous cell surface molecule.

[0005d] Described herein is a non-immunogenic selection epitope compatible with
immunomagnetic selection facilitates immunotherapy in cancer patients without undesirable
immunologic rejection of cell products (i.e. as seen when expressing antibiotic selection
proteins) may be generated by removing certain amino acid sequences of the protein. Also

described herein is the non-immunogenic selection epitope is a gene encoding an endogenous

AH25(11607475_1):DPS
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cell-surface molecule that is modified or truncated to retain an extracellular epitope recognized
by a known antibody or functional fragment thereof, and to remove any signaling or trafficking
domains and/or any extracellular domains unrecognized by the known antibody. The removal of
the signaling or trafficking domains and/or any extracellular domains unrecognized by the
known antibody renders the endogenous cell-surface molecule inert, which is a desired property
for the molecule. The non-immunogenic selection epitope may also be used for as a selection

tool or tracking marker.

[0006] The modified endogenous cell-surface molecule may be, but is not limited to, any cell-
surface related receptor, ligand, glycoprotein, cell adhesion molecule, antigen, integrin or cluster

of differentiation (CD) that is modified as

AH25(11607475_1):DPS
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described herein. In some embodiments, the modified endogenous cell-surface
molecule is a truncated tyrosine kinase receptor. In one aspect, the truncated
tyrosine kinase receptor is a member of the epidermal growth factor receptor family
(e.g., ErbB1, ErbB2, ErbB3, ErbB4).

[0007] Epidermal growth factor receptor, also known as EGFR, ErbB1 and
HER?1, is a cell-surface receptor for members of the epidermal growth factor family of
extracellular ligands. Alterations in EGFR activity have been implicated in certain
cancers. In a first aspect, a gene encoding an EGFR polypeptide comprising human
epidermal growth factor receptor (EGFR) that is constructed by removal of nucleic
acid sequences that encode polypeptides including the membrane distal EGF-
binding domain and the cytoplasmic signaling tail (a “truncated EGFR” or “EGFRY”),
but retains the extracellular membrane proximal epitope recognized by an anti-EGFR
antibody. Preferably, the antibody is a known, commercially available anti-EGFR
monoclonal antibody, such as cetuximab, matuzumab, necitumumab or
panitumumab.

[0008] Application of biotinylated-cetuximab to immunomagnetic selection in
combination with anti-biotin microbeads successfully enriches T cells that have been
lentivirally transduced with EGFRt-containing constructs from as low as 2% of the
population to greater than 90% purity without observable toxicity to the cell
preparation. Constitutive expression of this inert EGFRt molecule does not affect T
cell phenotype or effector function as directed by the coordinately expressed
chimeric antigen receptor (CAR), CD19R. Through flow cytometric analysis, EGFRt
was successfully utilized as an in vivo tracking marker for T cell engraftment in mice.
Furthermore, EGFRt was demonstrated to have suicide gene potential through

Erbitux® mediated antibody dependent cellular cytotoxicity (ADCC) pathways. Thus,
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EGFRt may be used as a non-immunogenic selection tool, tracking marker, and
suicide gene for transduced T cells that have immunotherapeutic potential. The
EGFRLt nucleic acid may also be detected by means well known in the art.

[0009] In another embodiment, methods of discovering and designing
medified, truncated or altered endogenous cell-surface molecules which bind to
antibodies, preferably commercially available antibodies, as described herein are
provided. The methods include modeling the protein of interest and truncating
functional portions, while leaving the antibody-binding portions intact. The resulting
modified receptor or ligand can be sorted using a labeled antibody and then enriched
such that the concentration of the modified receptor or ligand is increased.

[0010] Yet another embodiment provides a method of selecting transduced T
cells comprising transducing T cells with a modified, truncated or altered
endogenous cell-surface molecule gene sequence (e.g., truncated EGFR) and then
applying an antibody that binds the modified ligand or receptor sequence to the
transduced T cells. If the modified receptor sequence is EGFRY, the antibody is
preferably a biotinylated anti-EGFR monoclonal antibody. The T cells are then
sorted by adding anti-biotin microbeads and selecting the T cells using
immunomagnetic separation, adding fluorochrome-conjugated anti-biotin and
selecting the T cells using Fluorescence Activated Cell Sorting, or any other reliable
method of sorting the cells. The modified ligand or receptor sequences, such as the
EGFRt sequence, may be contained in a suitable transfer vehicle such as a lentiviral
vector.

[0011] These and other embodiments are further explained in the drawing and

detailed description herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 is a molecular model of EGFR vs. EGFRt proteins based on
the crystal structure files. The EGFR structure on the left shows a full-length EGFR
with the structure of the four extracellular domains (Domains I-IV). The middle
structure shows the truncated EGFR (EGFRt), which is missing Domain I, Domain Il
the Juxatmembrane Domain, and the Tyrosine Kinase Domain as compared to an
unmodified EGFR. The EGFRt on the right shows truncated structure bound to
Eribitux® Fab, comprised of V4-Cn1 and V| -C.. The domains are separated with
dotted lines.

[0013] Figure 2 illustrates the selection of EGFRt" T cells using biotinylated
cetuximab (referred to in the figure as Erbitux®). Figure 2a is a schematic of the
cetuximab biotinylation and reformulation process. Figure 2b is a graph showing
titration of biotinylated cetuximab. 10° EGFR" cells were stained with either Ong
(black), 1.45ug (red), 0.145ug (orange), 14.5ng (yellow), 1.45ng (green), 0.145ng
(blue) or 14.5pg {purple) of bictinylated cetuximab followed by 0.5ug PE-conjugated
streptavidin and analyzed by flow cytometry. 14.5ng or more of biotinylated
cetuximab was deemed sufficient for future staining. Figure 2¢ depicts schematics
of both the immunomagnetic (top) and the fluorescence activated cell sorting
(bottom) EGFRt selection procedures.

[0014] Figure 2d shows immunomagnetic selection of various T cell lines
lentivirally transduced with CAR and EGFRt containing constructs. Schematics of the
CD19CAR-T2A-EGFRt (left) and CD19CAR-T2A-EGFRt-IMPDH2dm (right)
constructs contained in lentiviral vectors are shown above the corresponding pre-
and post-selection flow cytometric analyses for surface EGFRt expression. Codon

optimized sequence portions of the CD19-specific, CD28 co-stimulatory CAR,
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followed by the self-cleavable T2A, EGFRt and IMPDH2dm selection markers are
indicated, along with the Elongation Factor 1 promoter sequences (EF-1p), and the
GCSFR alpha chain signal sequences (GCSFRss, which directs surface
expression). Flow cytometric analysis of lentivirally transduced T cell lines that had
been stained with a biotinylated-cetuximab antibody and PE-conjugated anti-biotin
antibody (black histograms) was performed on both the input T cells (FRE SLXN)
and the positive fraction obtained from AutoMACS™ (POS FRXN). Open
histograms represent staining with PE-conjugated anti-biotin antibody alone, and the
percent positive cells are indicated in each histogram. Selection of
CD19CAR'EGFRLt" Line A occurred 3 days after transduction of T cell blasts.
Selection of CD19CAR'EGFRL" Line B occurred after 3 REM stimulations of
transduced CMVpp65-specific Tceu-derived cells. Selection of CD19CAR'EGFRt”
Line C occurred after 2 REM stimulations of transduced CD8" Teu-derived cells.
Selection of CD19CAR'EGFRL" Line D occurred after 1 REM stimulation of
transduced Tem -derived cells. Selection of CD19CAR EGFRt IMPDH2dm” Line E
occurred after 1 REM stimulation of transduced Tey-derived cells.

[0015] Figure 3 shows that the EGFRt expressed on selected T cells is inert.
In Figure 3a, EGFRt expressed on T cells is not phosphorylated upon co-incubation
with EGF. Negative control T cells, CD19CAR'EGFRt" Line A cells, or A431 cells
were incubated for 5 minutes with or without either 100ng/mL EGF or cetuximab
(referred to in the figure as Erbtx) and then lysed in the presence of phosphatase
inhibitor. Lysates run on Western blots were then probed using antibodies specific
for either B-actin, the cytoplasmic domain of EGFR, or the phosphorylated tyrosine at
position 1068 of EGFR. Figure 3b shows that EGF does not bind to the surface of

EGFRt expressing T cells. A431, Line A, and negative control T cells were stained
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with PE-conjugated anti-EGFR, or either biotinylated cetuximab or biotinylated EGF
followed by PE-conjugated streptavidin (black histogram) versus PE-conjugated
isotype control Ab or streptavidin alone (open histogram) by flow cytometry. Percent
positive staining is indicated in each histogram.

[0016] Figure 4 illustrates that selected EGFRt" CD19R" T cells can be
expanded with maintenance of effector phenotype. Figure 4a is a line graph
showing expansion of EGFRt-selected T cells, Lines A-E, over 12 or more days after
rapid expansion medium (REM) stimulation was initiated on the day of AutoMACS™
selection (day 0). (MACS is magnetic activated cell sorting.) Expansion of T cells in
rapid expansion medium (REM) involved the incubation of 10° T cells with 30 ng/mL
anti-CD3¢ (OKT3; Ortho Biotech, Raritan, NJ), 5 x 107 T-irradiated PBMCs (3500
cGy), and 10" -irradiated LCLs (8000 c¢Gy) in 50 mL CM; with addition of 50U/mL
rhiL-2 and 10ng/ml rhIL-15 (CellGenix) every 48 hours, beginning on day 1. T cells
were re-stimulated in this manner every 14 days. Figure 4b shows histograms
representing EGFRi-selected T cells (11 to 13 days after stimulation) that were
phenotyped for surface EGFR (i.e., EGFRt, with biotinylated cetuximab), Fc (i.e.,
CAR), and T cell markers CD4 or CD8, (black histogram) vs. isotype control Ab
(open histogram) by flow cytometry. Percent positive staining is indicated in each
histogram. “N.D.” indicates no data. Figure 4C are five lines graphs, one for each of
Lines A-E, of EGFRt-selected T cells (within 11 to 15 days after REM stimulation)
incubated for 4 hours with *'Cr-labled NS0, U251T, CD19t-expressing NSO, CMV
pp65-expressing U251T, CD19-expressing Daudi or SupB15, or OKT3-expressing
LCL cells as targets at the indicated E:T ratios. Chromium release was measured to
determine cytotoxic activity. Figure 4d is a graph showing MPA resistance of the

CD19CAREGFRt'IMPDH2dm" Line E. Control T cells that do not express
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IMPDH2dm and EGFRt-selected IMPDH2dm-expressing Line E cells were cultured
either with or without 1uM MPA and total cell numbers were monitored.

[0017] Figure 5 shows EGFRt expression can be used as a tracking marker
for in vivo T cell engraftment. Day 36 bone marrow harvested from a control mouse
or from a mouse that had received 10” CD19CAR'EGFRt" Line C at day 0 was
stained using PerCP-conjugated anti-human CD45 and biotinylated cetuximab (“Bio-
Erb”) followed by PE-conjugated streptavidin. Quadrants were created based on
isotype control staining, and percent positive staining in each guadrant is indicated in
each histogram.

[0018] Figure 6 is a graph showing EGFRt expression targets T cells for
cetuximab (referred to in the figure as Erbitux®) mediated ADCC. *'Cr-labeled Line A
cells were pre-incubated either with or without up to 20ug/mL of cetuximab or the
CD20-specific mAb Rituxan as a negative control prior to addition of human PBMC
as effectors.

[0019] Figure 7 is the nucleotide (sense strand is SEQ ID NO: 1, antisense
strand is SEQ ID NO: 2) and amino acid (SEQ ID NQ: 3) sequences of GMCSFR
alpha chain signal sequence linked to EGFRt. The GMCSFR alpha chain signal
sequence, which directs surface expression, is encoded by nucleotides 1-66. EGFRt
is encoded by nucleotides 67-1071.

[0020] Figure 8 is the nucleotide (sense strand is SEQ ID NO: 4, antisense
strand is SEQ ID NO: 5) and amino acid (SEQ ID NO: 6) sequences of CD19R-
CD28gg-Zeta(CO)-T2A-EGFRt. CD19R-CD28gg-Zeta(CO) is encoded by
nucleotides 1-2040; T2A is encoded by nucleotides 2041-2112; GMCSFR is

encoded by nucleotides 2113-2178; EGFRt is encoded by nucleotides 2179-3186.
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[0021] Figure 9 is a graph showing CD19R-CD28gg-Zeta(CO)-T2A-EGFRt
expression. Transduction of anti-CD3/anti-CD28 bead stimulated primary T cell
blasts with the CD19R-CD28gg-Zeta(CO)-T2A-EGFRt_epHIV7 lentiviral vector (MOI
= 3) results in surface detection of both the CAR (using a biotinylated anti-Fc Ab and
streptavidin-PE) and the truncated EGFR molecule (using a biotinylated cetuximab
Ab and streptavidin-PE) by flow cytometry on day 4. The white peak in each panel is
non-transduced control T cell blasts.

[0022] Figure 10 is a schema showing a possible process flow for clinical trials
for testing products of the present disclosure.

DETAILED DESCRIPTION

[0023] Certain embodiments of the invention are described in detail, using
specific examples, sequences, and drawings. The enumerated embodiments are
not intended to limit the invention to those embodiments, as the invention is intended
to cover all alternatives, modifications, and equivalents, which may be included
within the scope of the present invention as defined by the claims. One skilled in the
art will recognize many methods and materials similar or equivalent to those
described herein, which could be used in the practice of the present invention.
[0024] Erbitux® is a registered trademark for the anti-EGFR monoclonal
antibody cetuximab and is intended to independently include the trade name product
formulation, the generic drug, and the active pharmaceutical ingredient(s) of the
trade name product.

[0025] The term “genetic modification” means any process that adds, deletes,
alters, or disrupts an endogenous nucleotide sequence and includes, but is not
limited to viral mediated gene transfer, liposome mediated transfer, transformation,

transfection and transduction, e.g., viral mediated gene transfer such as the use of
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vectors based on DNA viruses such as lentivirus, adenovirus, retroviruses, adeno-
associated virus and herpes virus.

[0026] The term "antibody” includes monoclonal antibodies, polyclonal
antibodies, dimers, multimers, multispecific antibodies and antibody fragments that
may be human, mouse, humanized, chimeric, or derived from another species. A
"monoclonal antibody” is an antibody obtained from a population of substantially
homogeneous antibodies that is being directed against a specific antigenic site.
[0027] “Variant” refers to polypeptides having amino acid sequences that differ
to some extent from a native sequence polypeptide. Ordinarily, amino acid sequence
variants will possess at least about 80% sequence identity, more preferably, at least
about 90% homologous by sequence. The amino acid sequence variants may
possess substitutions, deletions, and/or insertions at certain positions within the
reference amino acid sequence.

[0028] "Percentage identity” or “percent identity” is defined as the percentage
of residues in the amino acid sequence variant that are identical after best aligning
the sequences and introducing gaps, if necessary, to achieve the maximum percent
sequence identity. Methods and computer programs for the alignment are well
known in the art. Such programs include GAP, BESTFIT, FASTA, BLAST or Align 2.
[0029] "Antibody-dependent cell-mediated cytotoxicity" and "ADCC" refer to a
cell-mediated reaction in which nonspecific cytotoxic cells that express Fc receptors,
such as natural killer cells, neutrophils, and macrophages, recognize bound antibody
on a target cell and cause lysis of the target cell. ADCC activity may be assessed
using methods, such as those described in U.S. Pat. No. 5,821,337.

[0030] "Effector cells” are leukocytes which express one or more constant

region receptors and perform effector functions.
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[0031] To “treat" a disease or a disorder, such as cancer, means to take either
therapeutic measures or preventative measures to lessen or abate the disease or
disorder. Such treatment includes prevention, alleviation of symptoms, diminishment
or stabilization of scope, and/or remission.

[0032] The term "therapeutically effective amount” refers to an amount of a
compound or molecule effective to treat a disease or disorder.

[0033] “Cancer" refers to cells undergoing uncontrolled cellular growth.
Examples of cancer include colorectal cancer and head and neck cancer. A
"chemotherapeutic agent” is a chemical compound useful in the treatment of cancer.
[0034] A “cytokine" is a protein released by one cell to act on another cell as
an intercellular mediator.

[0035] “Non-immunogenic” refers to a material that does not initiate, provoke
or enhance an immune response where the immune response includes the adaptive
and/or innate immune responses.

[0036] The term "gene"” means the segment of DNA involved in producing a
polypeptide chain; it includes regions preceding and following the coding region
"leader and trailer” as well as intervening sequences (introns) between individual
coding segments (exons). Some genes may be developed which lack, in whole or
in part, introns. Some leader sequences may enhance translation of the nucleic acid
into polypeptides.

[0037] The term "isolated” means that the material is removed from its original
environment (e.g., the natural environment if it is naturally occurring). For example, a
naturally-occurring polynucleotide or polypeptide present in a living animal is not
isolated, but the same polynucleotide or polypeptide, separated from some or all of

the coexisting materials in the natural system, is isolated. Such polynucleotides

11
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could be part of a vector and/or such polynucleotides or polypeptides could be part
of a composition, and still be isolated in that such vector or composition is not part of
its natural environment.

[0038] As used herein, a "vector" may be any agent capable of delivering or
maintaining nucleic acid in a host cell, and includes viral vectors (e.g. retroviral
vectors, lentiviral vectors, adenoviral vectors, or adeno-associated viral vectors),
plasmids, naked nucleic acids, nucleic acids complexed with polypeptide or other
molecules and nucleic acids immobilized onto solid phase particles. The appropriate
DNA sequence may be inserted into the vector by a variety of procedures. In
general, the DNA sequence is inserted into an appropriate restriction endonuclease
site(s) by procedures known in the art. Such procedures and others are deemed to
be within the scope of those skilled in the art. Transcription of the DNA encoding the
polypeptides of the present invention by higher eukaryotes is increased by inserting
an enhancer sequence into the vector. Enhancers are cis-acting elements of DNA,
usually about from 10 to 300 bp that act on a promoter to increase its transcription.
Examples including the SV40 enhancer on the late side of the replication origin bp
100 to 270, a cytomegalovirus early promoter enhancer, the polyoma enhancer on
the late side of the replication origin, and adenovirus enhancers.

[0039] “Receptor” means a polypeptide that is capable of specific binding to a
molecule. Whereas many receptors may typically operate on the surface of a cell,
some receptors may bind ligands when located inside the cell (and prior to transport
to the surface) or may reside predominantly intra-cellularly and bind ligand therein.
[0040] “Antibody or functional fragment thereof” means an immunoglobulin
molecule that specifically binds to, or is immunologically reactive with a particular

antigen or epitope, and includes both polyclonal and monoclonal antibodies. The

12
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term antibody includes genetically engineered or otherwise modified forms of
immunoglobulins, such as intrabodies, peptibodies, chimeric antibodies, fully human
antibodies, humanized antibodies, and heteroconjugate antibodies (e.g., bispecific
antibodies, diabodies, triabodies, and tetrabodies). The term functional antibody
fragment includes antigen binding fragments of antibodies, including e.g., Fab',
F(ab').sub.2, Fab, Fv, rigG, and scFv fragments. The term scFv refers to a single
chain Fv antibody in which the variable domains of the heavy chain and of the light
chain of a traditional two chain antibody have been joined to form one chain.

[0041] In one embodiment, a gene encoding a modified endogenous cell-
surface molecule that may be used as a non-immunogenic selection epitope
compatible with immunomagnetic selection is provided. Such a non-immunogenic
selection epitope may facilitate immunotherapy in cancer patients without
undesirable immunologic rejection of cell products. The endogenous cell surface
molecule may be modified or truncated to retain an extracellular epitope recognized
by a known antibody or functional fragment thereof, and to remove any signaling or
trafficking domains and/or any extracellular domains unrecognized by said known
antibody. A modified endogenous cell surface molecule which lacks a signaling or
trafficking domain and/or any extracellular domains unrecognized by said known
antibody is rendered inert.

[0042] The modified endogenous cell-surface molecule may be, but is not
limited to, any non-immunogenic cell-surface related receptor, glycoprotein, cell
adhesion molecule, antigen, integrin or cluster of differentiation (CD) that is modified
as described herein. Modification of such cell-surface molecules is accomplished by
keeping an epitope that is recognized by a known antibody or functional fragment

thereof; and removing any signaling or trafficking domains and/or any extracellular

13
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domains unrecognized by a known antibody. Removal of the signaling or trafficking
domains and/or any extracellular domains unrecognized by a known antibody
renders the endogenous cell-surface molecule non-immunogenic and/or inert.
[0043] Examples of endogenous cell-surface molecules that may be modified
or truncated according to the embodiments described herein include, but are not
limited to EpCAM, VEGFR, integrins (e.g., integrins avB3, o4, allbp3, a4p7, a5p1, avp3,
av), TNF receptor superfamily (e.g., TRAIL-R1, TRAIL-R2), PDGF Receptor,
interferon receptor, folate receptor, GPNMB, ICAM-1, HLA-DR, CEA, CA-125,
MUC1, TAG-72, IL-6 receptor, 5T4, GD2, GD3, or clusters of differentiation (e.g.,
CD2, CD3, CD4, CD5, CD11, CD11a/LFA-1, CD15, CD18/ITGB2, CD19, CD20,
CD22, CD23/IgE Receptor, CD25, CD28, CD30, CD33, CD38, CD40, CD41, CD44,
CD51, CD52, CD62L, CD74, CD80, CD125, CD147/basigin, CD152/CTLA-4,
CD154/CD40L, CD195/CCR5, CD319/SLAMF7).

[0044] Corresponding commercial antibodies that may be used to recognize a
modified or truncated endogenous cell-surface molecule include, but are not limited
to, 3F8, abagovomab, abciximab, adecatumumab, afutuzumab, alemtuzumab,
altumomab pentetate, anatumomab mafenatox, apolizumab, arcitumomab,
aselizumab, atlizumab (= tocilizumab), basiliximab, bectumomab, benralizumab,
besilesomab, bivatuzumab mertansine, blinatumomab, brentuximab vedotin,
cantuzumab mertansine, capromab pendetide, catumaxomab, CC49, cedelizumab,
celmoleukin, citatuzumab bogatox, clenoliximab, clivatuzumab tetraxetan, CNTO-95,
conatumumab, dacetuzumab, daclizumab, daratumumab, detumomab,
ecromeximab, edrecolomab, efalizumab, elotuzumab, enlimomab pegol,
epitumomab cituxetan, epratuzumab, erlizumab, etaracizumab, fanolesomab,

faralimomab, farletuzumab, galiximab, gavilimomab, gemtuzumab ozogamicin,
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glembatumumab vedotin, gomiliximab, ibalizumab, ibritumomab tiuxetan, igovomab,
intetumumab, iratumumab, inclimomab, inotuzumab ozogamicin, ipilimumab,
keliximab, labetuzumab, lintuzumab, lexatumumab, lucatumumab, lumiliximab,
mapatumumab, maslimomab, milatuzumab, minretumomab, mitumomab,
muromonab-CD3, naptumomab estafenatox, natalizumab, ocrelizumab,
odulimomab, ofatumumab, olaratumab, oportuzumab monatox, oregovomab,
otelixizumab, pemtumomab, priliximab, PRO 140, rituximab, rovelizumab,
ruplizumab, satumomab pendetide, siplizumab, sontuzumab, tadocizumab,
taplitumomab paptox, teneliximab, teplizumab, TGN1412, ticilimumab (=
tremelimumab), tigatuzumab, tocilizumab (= atlizumab), toralizumab, tositumomab,
tremelimumab, tucotuzumab, vedolizumab, veltuzumab, visilizumab, vitaxin,
volociximab, votumumab, zanolimumab, ziralimumab, zolimomab aritox.

[0045] In some embodiments, the modified endogenous cell-surface molecule
is encoded by a modified or truncated tyrosine kinase receptor gene. Examples of
tyrosine kinase receptors that may be modified or truncated according to the
embodiments described herein include, but are not limited to, members of the
endothelial growth factor receptor family (EGRF/ErbB1/HER1; ErbB2/HERZ2/neu;
ErbB3/HERS; ErbB4/HER4), hepatocyte growth factor receptor (HGFR/c-MET) and
insulin-like growth factor receptor-1 (IGF-1R). According to some embodiments,
modified tyrosine kinase receptors retain an extracellular epitope recognized by a
known antibody or functional fragment thereof, and lack at least a tyrosine kinase
domain. A modified tyrosine kinase receptor which lacks at least a tyrosine kinase
domain renders the receptor inert.

[0046] Commercial antibodies that may be used to recognize a modified

tyrosine kinase receptor include, but are not limited to AMG-102, AMG-479,
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BIIB0220A-5D5, CP-751,871, IMC-A12, R1507, cetuximab, cixutumumab,
ertumaxomab, figitumumab, matuzumab, necitumumab, panitumumab, pertuzumab,
nimotuzumab, robatumumab, trastuzumab, zalutumumab.

[0047] In one embodiment, the modified endogenous cell surface molecule is
a truncated EGFR (tEGFR) that lacks the membrane distal EGF-binding domain and
the cytoplasmic signaling tail, but retains the extracellular membrane proximal
epitope recognized by a known antibody or functional fragment thereof (e.g.,
cetuximab, matuzumab, necitumumab or panitumumab). In another embodiment,
the tEGFR is missing Domain I, Domain II, the Juxtamembrane Domain and the
Tyrosine Kinase Domain as compared to an unmodified EGFR (Figure 1).

[0048] A gene encoding a modified endogenous cell surface molecule may be
used as a cell selection or enrichment marker for a genetically modified population of
immune cells (e.g., T cells). The gene encoding a modified endogenous cell surface
molecule may be coupled to a gene encoding a tumor targeting chimeric antigen
receptor (CAR). These genes may be inserted into a vector to transduce the
population of T cells to be genetically modified. After transduction, the cells that are
successfully transduced and express the CAR and modified endogenous cell-surface
molecule are enriched by any suitable purification method, such as immunomagnetic
purification with anti-biotin microbeads or fluorochrome-conjugated anti-biotin for
fluorescence activated cell sorting, using a commercial antibody that recognizes the
modified endogenous cell-surface molecule expressed by the transduced cell.
[0049] In another embodiment, a gene encoding a truncated human epidermal
growth factor receptor (EGFRt) that lacks the membrane distal EGF-binding domain
and the cytoplasmic signaling tail, but retains the extracellular membrane proximal

epitope recognized by the FDA-approved anti-EGFR monoclonal antibcdy (mAb)
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cetuximab or another anti-EGFR antibody, is constructed and described herein. The
EGFRt may be coupled with chimeric antigen receptors specific for a tumor
associated antigen. The tumor associated antigen may be CD19, CD20, or CD22, or
any other tumor associated antigen, but is preferably CD19 (CD19CAR). The tumor
associated antigen is followed by a C-terminal 2A cleavable linker and the coding
sequence for EGFRt. The biotinylated-cetuximab may be used in conjunction with
commercially available anti-biotin microbeads for the purpose of immunomagnetic
purification of the tumor associated antigen/CAR-expressing transductants. In the
instance where the tumor associated antigen is CD19 the product is CD19CAR-
expressing transductants. Alternatively, the biotinylated-cetuximab may be used in
conjunction with Fluorochrome-conjugated anti-biotin for fluorescence activated cell
sorting.

[0050] In another embodiment, a modified endogenous cell-surface molecule
may be used as a marker for in vivo T cell engraftment. For example, when the
modified endogenous cell-surface molecule is EGFRt, the EGFRt may be used to
track the uptake of the T cells to which it is attached in vivo without affecting cellular
function of the T cells or the cells to which the T cells are targeted, such as bone
marrow cells in a transplant situation. The use of cetuximab conjugated to probes or
reporter genes such as sr39TK may be used to improve the tracking potential of
EGFRt-expressing cells to patients via PET imaging techniques.

[0051] In a separate embodiment, a modified endogenous cell-surface
molecule may be used to induce cell suicide. For example, EGFRt may be used as
a suicide gene via cetuximab mediated complement and/or antibody dependent cell

mediated cytotoxicity (ADCC) pathways. The fact that cetuximab is a therapeutic
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FDA-approved antibody further facilitates the suicide gene potential of EGFRt in the
clinical setting.

[0052] In other embodiments, the truncated epidermal growth factor receptor
(EGFRY) selection epitope or other modified cell-surface molecule is attached to
other sequences. One exemplar sequence is the GMCSFR alpha chain signal
sequence, which directs surface expression, attached to EGFRt. GMCSFR is
encoded by nucleotides 1-66 and EGFRt is encoded by nucleotides 67-1071 of SEQ
ID NO: 1. See Figure 7. Also in Figure 7 is the antisense strand (SEQ ID NO: 2)
and amino acid (SEQ ID NO: 3) sequences of GMCSFR alpha chain signal
sequence linked to EGFRt. Another such sequence is a codon-optimized cDNA
sequence encoding an anti-CD19 costimulatory chimeric antigen receptor (CD19R-
CD28gg-Zeta(CQ)), and a cleavable T2A linker. Cytotoxic T lymphocytes (CTLs)
modified to express a CD19-specific chimeric antigen receptor (CAR) that signals via
a cytoplasmic costimulatory (CD28) domain fused to the cytoplasmic CD3-{ domain
exhibits superior anti-tumor potency that can be attributed to CD28-mediated survival
and enhanced cytokine production. This construct may be further modified to
incorporate a C-terminal 2A cleavable linker followed by the coding sequence for a
truncated human EGFR (EGFRY) for the purpose of immunomagnetic purification of
CAR-expressing transductants using cetuximab-biotin/anti-biotin microbeads. See
the CD19R-CD28gg-Zeta(CO)-T2A-EGFRt sequence attached as Figure 8, SEQ ID
NOS: 4 (nucleotide sense strand), 5 (nucleotide anti-sense strand), and 6 (protein).
Lentivector transduction of primary human T cells with this codon-optimized cDNA
directs the coordinated expression of the CAR and EGFRt (Fig. 9).

[0053] To eliminate variability between transgene expression products

otherwise intrinsic to transduction procedures without subsequent selection, a non-
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immunogenic selection epitope, EGFRt, compatible with immunomagnetic selection
using the CliniMACS device (Miltenyi Biotec, Bergisch Gladbach, Germany) was
developed. For example, EGFRtis a truncated human epidermal growth factor
receptor that lacks the membrane distal EGF-binding domain and the ectoplasmic
signaling tail, but retains the extracellular membrane proximal epitope recognized by
the commercial anti-EGFR mAb cetuximab. See Figure 1. Biotinylated-cetuximab is
applied to immunomagnetic selection in combination with anti-bictin microbeads
(Miltenyi). Human OKT3 blasts that had been lentivirally transduced with CD19R-
CD28gg-Zeta(CO)-T2A-EGFRt were subjected to immunomagnetic selection using
the Miltenyi AutoMACS device, and the frequency of EGFRt+CAR+ T cells was
enriched from 22% (pre-selection) to 99% (post-selection) without observable toxicity
to the cell preparation (Fig. 3). Itis also possible that, instead of or in addition to
immunomagnetic sorting, the EGFRt can be purified using fluorescence-based cell
sorting techniques.

[0054] Due to the absence of the EGF-binding domains and intracellular
signaling domains, EGFRt is inactive when expressed by T cells. Importantly, the
EGFRt-selected T cells maintain their desired effector phenotype — including anti-
tumor cyotoxic activity mediated by the chimeric antigen receptor that is coordinately
expressed with the EGFRt - and remain amenable to established expansion
protocols.

[0055] Overall, this EGFRt has various advantages for immunotherapeutic cell
products compared to other selection markers that have been previously reported.
Specifically, unlike truncated CD4 and CD19, it is not endogenously expressed by
subpopulations of lymphocytes. Furthermore, in contrast to truncated CD34 and low

affinity nerve growth factor receptor, it does not have any activity that might
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negatively affect the immune cell product (i.e., in terms of signaling or trafficking).
Lastly, it alone can be bound/recognized by a known, preferably commercially
available, pharmaceutical grade antibody reagent, i.e., cetuximab. Together, these
attributes make EGFRt a superior selection marker for any transfection/transduction
system that can be applied to the generation of cell products for adoptive
immunotherapy. Thus, EGFRt is well suited to be used as a selection marker for
lentivirally transduced T cells of immunotherapeutic relevance.

[0056] Also provided are methods for identifying new therapeutic cell products
having the following criteria: a modified endogenous cell-surface molecule, ligand or
receptor that is not, as modified, endogenously expressed in the subject in which it is
intended to be therapeutically utilized, does not have any immunoactivity or other
functional activity that would hinder the functioning of the product or the subject into
which the product is administered, and that it can be recognized by a known
antibody.

[0057] Having described the invention with reference to the embodiments and
illustrative examples, those in the art may appreciate modifications to the invention
as described and illustrated that do not depart from the spirit and scope of the
invention as disclosed in the specification. The examples are set forth to aid in
understanding the invention but are not intended to, and should not be construed to
limit its scope in any way. The examples do not include detailed descriptions of
conventional methods. Such methods are well known to those of ordinary skill in the

art and are described in numerous publications.
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Example 1: Generation of EGFRt and Inmmunomagnetic selection of EGFRt
expressing T cells

Materials & Methods
Antibodies and Flow Cytometry
[0058] FITC-, PE- and PerCP-conjugated isctype controls, PerCP-conjugated
anti-CD8, FITC conjugated anti-CD4, PE-conjugated anti-IFNy, PerCP-conjugated
anti-CD45 and PE-conjugated streptavidin were obtained from BD Biosciences {(San
Jose, CA). Biotinylated anti-Fc was purchased from Jackson ImmunoResearch
Laboratories, Inc. (Westgrove, PA). PE-conjugated anti-Biotin was purchased from
Miltenyi Biotec (Auburn, CA). Biotinylated EGF was purchased from Molecular
Probes® Invitrogen (Carlsbad, CA). PE-conjugated anti-EGFR was purchased from
Abcam Inc. (Cambridge, MA). All antibodies and biotin-EGF were used according to
the manufacturer’s instructions. Flow cytometric data acquisition was performed on
a FACScalibur (BD Biosciences), and the percentage of cells in a region of analysis
was calculated using FCS Express V3 (De Novo Software, Los Angeles, CA).
[0059] For generation of the biotinylated-cetuximab, 200mg of cetuximab
(Erbitux®) was buffer exchanged (19 hours) to PBS (D-PBS, pH 7.5+ 0.1) using a
MidGee Hoop Cartridge (UFP-30-E-H42LA) with 527mL. The material at 2Zmg/mL
was then modified at a 20:1 ratio using Sulfo-NHS-LC-Biotin in a reaction that was
carried out for 1 hour at room temperature and then diafiltered to remove the excess
biotin. The 200 mg of bictinylated cetuximab was then buffer exchanged (18 hours)
to PBS (D-PBS, pH 7.5+ 0.1) using MidGee Hoop Cartridge (UFP-30-E-H42LA) with
533 mL. Glycerol was added to a final concentration of 20% and then the material

was frozen in vials.
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Cell lines

[0060] Unless otherwise indicated, all cell lines were maintained in RPMI 1640
(Irvine Scientific, Santa Ana, CA) supplemented with 2 mM L-glutamine (Irvine
Scientific), 25 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES,
Irvine Scientific), 100 U/mL penicillin, 0.1 mg/mL streptomycin (Irvine Scientific), and
10% heat-inactivated fetal calf serum (FCS, Hyclone, Logan, UT), hereafter referred
to as culture media (CM).

[0061] To generate T cells, human peripheral blocod mononuclear cells
(PBMC) were isolated by density gradient centrifugation over Ficoll-Paque
(Pharmacia Biotech, Piscataway, NJ) from heparinized peripheral biood obtained
from consented healthy donors participating on a City of Hope National Medical
Center Internal Review Board-approved protocol. For generation of Line A, washed
PBMC were stimulated with 25U/mL IL-2 and a 1:1 (cell:bead) ratio of Dynabeads®
Human T expander CD3/CD28 (Invitrogen, Carlsbad, CA). For generation of the
other lines, washed PBMC were first autoMACS™ depleted using anti-CD45RA
beads (Miltenyi Biotec) per the manufacturer’s protocol, and in some cases also
depleted with PE-conjugated anti-CD4 (BD Biosciences) with anti-PE beads (Miltenyi
Biotec). The resulting cells then underwent autoMACS™ positive selection using
biotinylated DREG56 (anti-CD62L) and anti-biotin beads (Miltenyi Biotec) to produce
purified CD62L*CD45RO" Tew. CD8” cells were further selected in some cases
using AutoMACS™ (Miltenyi Biotec) per the manufacturer’'s protocol. CMV-specific
cells were generated by stimulating T cells with 5U/ml rhIL-2 (Chiron, Emeryville, CA)
and autologous irradiated viral antigen presenting cells at a 4:1
(responder:stimulator) ratio once a week for three weeks, using 10% human serum

instead of FCS to avoid non-specific stimulation. The viral antigen presenting cells
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were derived from PBMC that had been genetically modified to express CMVpp65
antigen.

[0062] PBMC were resuspended in nucleofection solution using the Human T
cell Nucleofector kit (Amaxa Inc., Gaithersberg, MD), and 5 x 107 cells were
aliquoted into 0.2-cm cuvettes containing 10pg HygroR-pp65 pEK (or pmaxGFP
from Amaxa Inc., as a transfection control) in a final volume of 100 pL/cuvette, and
electroporated using the Amaxa Nucleofector | (Amaxa Inc.), program U-14, after
which cells were allowed to recover for 6 hours at 37°C prior to “-irradiation (1200
cGy).

[0063] The CD19CAR-T2A-EGFRt_epHIV7 (pJ02104) and CD19CAR-T2A-
EGFRt-T2A-IMPDH2dm_epHIV7 (pJ02111) lentiviral constructs contain a) the
chimeric antigen receptor (CAR) sequences consisting of the V4 and V. gene
segments of the CD19-specific FmC63 mAb, an IgG1 hinge-Cyp-Chs, the
transmembrane and cytoplasmic signaling domains of the costimulatory molecule
CD28, and the cytoplasmic domain of the CD3( chain[10]; b) the self-cleaving T2A
sequence[11]; ¢) the truncated EGFR sequence (See Fig. 1); and d) the IMPDH2
double mutant that confers MPA-resistance, as indicated. Lentiviral transduction
was carried out on T cells that were stimulated with either 30 ng/mL anti-CD3¢
(OKT3; Ortho Biotech, Raritan, NJ) (i.e., for Line A) or human CD3/CD28Dynal
beads at a 1:10 ratio (i.e., for Lines B, C, D and E) and 25U IL2/ml. Cells were
cultured for up to 2 hours at 37°C on RetroNectin® (50ug/ml) coated plates prior to
addition of the lentivirus at an MOI of 3 and 5ug/ml polyybrene. After 4 hours, warm
medium was added to triple to volume, and the cells were then washed and plated in
fresh media after 48hours. AutoMACS™ sorting of EGFRt-expressing cells was

carried out with biotinylated cetuximab and anti-biotin microbeads (Miltenyi Biotec)
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as per the manufacturer’s instructions. Expansion of T cells in rapid expansion
medium (REM) involved the incubation of 10° T cells with 30 ng/mL anti-CD3¢
(OKT3; Ortho Biotech, Raritan, NJ), 5 x 107 t-irradiated PBMCs (3500 cGy), and 10’
T-irradiated LCLs (8000 ¢Gy) in 50 mL CM; with addition of 50U/mL rhiIL-2 and
10ng/mi rhiL-15 (CellGenix) every 48 hours, beginning on day 1. T cells were re-
stimulated in this manner every 14 days.

[0064] EBV-transformed lymphoblastoid cell lines (LCLs) were made from
PBMC as previously described [13]. LCL-OKT3 cells were generated by
resuspending LCL in nucleofection solution using the Amaxa Nucleofector kit T,
adding OKT3-2A-Hygromycin_pEK (pJ01609) plasmid at 5ug/107 cells, and
electroporating cells using the Amaxa Nucleofector |, program T-20. The resulting
LCL - OKT3-2A-Hygro_pEK (cJ03987) were grown in CM containing 0.4mg/ml
hygromycin. The mouse myeloma line NSO (gift from Andrew Raubitschek, City of
Hope National Medical Center, Duarte, CA) was resuspended in nucleofection
solution using the Nucleofector kit T (Amaxa Inc., Gaithersberg, MD), CD19t-
DHFRdm-2A-IL12_pEK (pJ01607) or GFP-IMPDH2dm-2A-IL15_pcDNA3.1(+)
(pJ01043) plasmid was added at 5ug/5x10° cells, and cells were electroporated
using the Amaxa Nucleofector |, program T-27. The resulting NSO - CD19t-
DHFRdm-2A-IL12_pEK (cJ03935) and NSO - GFP:IMPDH2-
IL15(IL2ss)_pcDNA3.1(+) (cJ02096) were grown in DMEM (Irvine Scientific, Santa
Ana, CA) supplemented with 10% heat-inactivated FCS, 25mM HEPES, and 2 mM
L-glutamine in the presence of either 0.05uM methotrexate (MTX) or 6 uM
mycophenolic acid (MPA). The tumorigenic strain of U251, termed U251T, was a
kind gift of Dr. Waldemar Debinski (Wake Forest, NC). U251T-pp65 were generated

by lentiviral transduction of U251T with pp65-2A-eGFP-ffluc_epHIV7 (pJ01928) at an
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MOI of 1. The resulting U251T - pp65-2A-eGFP-ffluc_epHIV7 were then FACS
sorted for the GFP™ population (cJ05058). The Daudi lymphoma line was purchased
from ATCC and grown in media consisting of RPMI 1640 (Irvine Scientific), 2 mM L-
Glutamine (Irvine Scientific), 10% heat-inactivated FCS (Hyclone). SupB15 acute
lymphoblastic leukemia cells and A431 epidermoid carcinoma cells were purchased
from ATCC.

Protein analysis

[0065] Cells (up to 107) were lysed with 80pL of 1% Triton-X lysis buffer containing
phosphatase inhibitor cocktail Il (Sigma-Aldrich Corp., St. Louis, MO) (1:20 of inhibitor to
buffer by volume). 50pg of protein was loaded in each lane, and Western blots were
probed with antibodies from the Phospho-EGF receptor antibody sampler kit (Cell
Signaling Technology, Inc., Danvers, MA) followed by IRDye™ 680CW or 800CW
conjugated goat anti-rabbit antibodies (LI-COR, Lincoln, NE), as well as the IRDye™
800 conjugated anti-beta-Actin antibody (LI-COR) as per the manufacturers’
instructions. Blots were imaged on the Odyssey Infrared Imaging System (LI-COR).
Chromium-release assays

[0066] The cytolytic activity of T cells was determined by 4-hour chromium-
release assay (CRA), where effector cells were seeded into triplicate wells of V-
bottom 96-well micro-plates containing 5x10° *'Cr-labeled targeT cells (Na*'CrOy;
(5mCi/mL); Amersham Pharmacia, Piscataway, NJ) at various E:T ratios in 200 uL of
CM and incubated for 4 hours at 5% CO,, 37°C. Plates were centrifuged, and 100 ul
of supernatant was removed from each well to assess chromium release using a v-
counter (Packard Cobra Il, Downer’s Grove, IL). The percent specific lysis was
calculated as follows: 100 x (experimental release — spontaneous

release)/(maximum release — spontaneous release). Maximum release was
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determined by measuring the *'Cr content of wells containing labeled targets lysed
with 2% SDS.

[0067] Antibody dependent cell mediated cytotoxicity was determined by
chromium release as above using 5x10° ®'Cr-labeled targeT cells that had been pre-
incubated for 90 min with up to 10ug/mL of either cetuximab or rituximab (a CD20-
specific mAb), washed and then co-incubated with 5x10° freshly isolated PBMC.

T cell engraftment and cetuximab mediated suicide in vivo

[0068] For T cell engraftment, six- to ten-week old NOD/Scid IL-2RyC ™" mice
are injected i.v. on day 0 with 10" T cells (Line C). 2x10” irradiated (8000 rads) NSO
- GFP:IMPDH2-1.15(Il.2ss)_pcDNA3.1(+) (cJ02096) cells are administered i.p. 3
times a week starting on day 0 to provide a systemic supply of human IL-15 in vivo.
Bone marrow was harvested from euthanized animals and analyzed by flow
cytometry. Antibody dependent cell mediated cytotoxicity assays are performed to
determine the activity of cetuximab against EGFRt" T cells.

Results

Immunomagnetic selection of EGFRt expressing T cells

[0069] A truncated human EGFR (EGFRt), which contains only the
transmembrane domain and extracellular domains Il and IV of the full length EGFR,
was generated as a non-immunogenic selection epitope compatible with
immunomagnetic selection. As shown in the Figure 1 molecular model, the EGFRt
retains the ability to be bound by cetuximab, but not have any signaling capacity due
to the absence of the intracellular domains. Furthermore, it lacks the N-terminal
domain required for EGF-binding.

[0070] To immunomagnetically select for EGFRt-expressing cells,

biotinylated-cetuximab was generated (Fig. 2a, b) to be used in conjunction with
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commercially available anti-biotin microbeads and an AutoMACS™ separator
(Miltenyi Biotec) (Fig. 2¢). Lentiviral transduction of various T cell lines with EGFRt-
containing constructs, where the EGFRt gene was separated from other genes of
interest on either one or hoth ends with the self-cleaving T2A sequence, consistently
resulted in surface detection of the EGFRt molecule on less than 40% of the cells
(Fig. 2d). Surface detection may also be accomplished with a EGFRt-sr39TK fusion.
Immunomagnetic selection allowed for recovery of EGFRt” T cell populations with
greater than 90% purity. T cell populations that underwent this transduction and
selection procedure included anti-CD3/anti-CD28 bead stimulated T cell blasts (for
Line A), central memory (CD45RO*CD62L" Tqy) derived T cells (for Lines B, C and
E), which in some cases were also pre-selected for CMV specificity (via the
endogenous TCR; for Line B) or CD8 expression (for Line C), as well as effector
memory (CD62L" CD45RO" Tey) derived T cells (for line D). These data show that
EGFRt can successfully be used as a selection marker for various sources of T cell
transductants, even when the original transduction efficiency was as low a 2%.
Inactivity of EGFRt on selected T cells

[0071] To confirm that the EGFRt is inactive, Western immunoblot analyses
for EGFR phosphorylation were carried out on the EGFRt-selected T cells after
culture with either EGF or cetuximab. As expected, cetuximab did not induce EGFR
phosphorylation above background even in the EGFR" cell line A431 (Fig 3a).
Furthermore, in contrast to that seen with the A431 cells, no phosphorylation was
seen in lysates of Line A after co-incubation with EGF. Indeed, using biotinylated
EGF, flow cytometric analysis confirmed that EGF cannot bind the EGFRt-selected T

cells (Fig. 3b), as expected due to the truncation in its N-terminus. These EGFRt" T
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cells were also not recognized by another anti-EGFR antibody distinct from

cetuximab.

Maintenance of effector phenotype in expanded EGFRt" CD19CAR" T cells
[0072] Directly after AutoMACS™ separation, the selected T cells were
expanded 30-fold or greater within 12 days after REM stimulation with OKT3,
irradiated PBMC feeders and LCL, IL-2 and IL-15 (Fig. 4a). Flow cytometric analysis
of the resulting expanded EGFRt" T cells further confirmed that that they express the
CD19CAR and T cell markers such as CD8, TCR, CD3, perforin, granzyme, etc.
(Fig. 4b). Furthermore, CD19CAR-directed cytotoxic activity of these EGFRt-
selected lines is evident in chromium release assays using CD19-expressing tumor
targets (Fig. 4c¢). A direct comparison of the CD19-specific reactivity of Line E
versus its non-selected or ‘parental’ counterpart shows that there is enhanced
CD19CAR-mediated cytotoxicity upon EGFRt-selection. In addition, the CMV-
specific Teu-derived CDT19CAR'EGFRL' Line B cells also show cytotoxic activity
through their endogenous T cell receptor against targets expressing CMV-pp65
antigen.

[0073] For the CD19CAREGFRt'IMPDH2dm" Line E, the ability of the inosine
monophosphate dehydrogenase 2 double mutant (IMPDH2dm) to confer resistance
to the IMPDH2-inhibitor mycophenolic acid (MPA; a common immunosuppressant
used to prevent rejection in organ transplantation) was also tested. Upon culture in
1uM MPA, the survival and/or proliferation of Line E cells is not inhibited (Fig. 4d).
This is in contrast to the inhibition seen with a control T cell line that lacks expression

of the IMPDHZ2dn gene. These data provide further evidence that EGFRt-mediated
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selection results in the corresponding selection of the other genes present in the

lentiviral construct used to transduce T cells.

Tracking of EGFRt" T cells in vivo

[0074] To test the potential for detecting in vivo engrafted T cells, bone
marrow cells collected from mice that had been engrafted with CD19CAREGFRt”
Line C was analyzed by flow cytometry using biotinylated cetuximab (Fig. 5). Control
mice that did not receive T cells revealed that there was some cross-reaction of the
cetuximab against murine EGFR. Thus, it was determined that successful detection
of engrafted Line C cells required double staining for both human CD45 and EGFRt.
Cells may also analyzed using immunohistochemistry to determine potential for
screening biopsy material.

Cetuximab mediated cytotoxicity of EGFRt’ T cells

[0075] Because cetuximab is known to lyse EGFR-expressing cells via
antibody dependent cell mediated cytotoxicity (ADCC), assays were performed to
determine the ADCC activity of cetuximab against EGFRt" T cells (Fig. 6). Using
*ICr-labeled Line A cells as targeted and freshly isolated human PBMC as effectors,
cetuximab was found to significantly mediate chromium-release above that seen
when using the CD20-specific humanized mAb Rituxan.

Example of therapeutic use of EGFRt" T cells

[0076] Adult subjects with high-risk intermediate grade B-cell ymphomas who
are candidates for an autologous myeloablative stem cell transplant procedure may
receive post-transplant immunotherapy with adoptively transferred autologous Tcm-
derived CD19R™ CD8" EGFRt" T cell grafts. A leukapheresis product collected from

each patient undergoes selection of Tecm, transduction with clinical grade CD19CAR-
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T2A-EGFRt_epHIV7, and then selection and expansion of the EGFRt" cells in a
closed system. After the resulting cell products have undergone quality control
testing (including sterility and tumor specific cytotoxicity tests), they are
cryopreserved. Meanwhile, following leukapheresis, study participants commence
with standard salvage chemotherapy, with mobilization for auto HSC collection with
cytoreductive chemotherapy and G-CSF. Since the EGFRt-selected, CD19-specific
T cells will also target normal CD20" (CD19™) B cells, the B cell numbers can first be
lowered using Rituximab™ to reduce the recipient’s inflammatory response upon
receiving the genetically modified CTL and also increase availability of infused T
cells to immediately target lymphoma cells. Furthermore, Rituximab™ may blunt a
humoral immune response against the genetically modified T cells. If Rituximab™ is
not given as part of the Salvage/Priming chemotherapy regimen, research
participants may receive a single intravenous infusion of Rituximab™ (chimeric anti-
CD20 antibody) at 375 mg/m? within 4-weeks of the planned auto-HSCT procedure.
Rituximab™ infusion would be carried out per standard practice including
premedication with diphenhydramine and acetaminophen and hydrocortisone. On
Day +2 or Day +3 after HSCT, the autologous cryopreserved CD19R* CD8* EGFRt*
T cell product will be transported, thawed and infused at the patient’s bedside.
Research participants can be pre-medicated at least 30 minutes prior to T cell
infusion with 15mg/kg of acetaminophen P.O. (max. 650mg.) and diphenhydramine
0.5-1 mg/kg 1.V. (max dose 50mg). Clinical and laboratory correlative follow-up
studies can then be performed at the physician’s discretion, and may include
quantitative RT-PCR studies for the presence of CD19-expressing lymphoma cells

and/or the adoptively transfered T cells; FDG-PET and/or CT scans;
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bone marrow examination for disease specific pathologic evaluation; lymph node
biopsy; and/or long-term follow up per the guidelines set forth by the FDA’s Biologic
Response Modifiers Advisory Committee that apply to gene transfer studies. Figure
10 provides a possible schematic for clinical testing of the present products and
methods.

[0077] The present invention is not to be limited in scope by the specific
embodiments disclosed in the examples which are intended as illustrations of a few
aspects of the invention and any embodiments that are functionally equivalent are
within the scope of this invention. Indeed, various modifications of the invention in
addition to those shown and described herein will become apparent to those skilled
in the art and are intended to fall within the scope of the appended claims.

[0078] All patents, patent applications, and references cited throughout the

specification are expressly incorporated by reference.
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CLAIMS

1. A modified EGFR gene, comprising an EGFR Domain III and an EGFR Domain IV, but

lacking an EGFR Domain I, EGFR Domain II, EGFR Juxtamembrane Domain, and an EGFR

Tyrosine Kinase Domain.

2. The gene of claim 1, further comprising a GMCSFR alpha chain signal sequence.

3. The gene of claim 2 comprising SEQ ID NO:2.

4. The gene of claim 2, wherein the gene encodes an amino acid sequence comprising at

least 90% identical to SEQ ID NO:3.

5. The gene of claim 2, wherein the gene encodes an amino acid sequence comprising SEQ
ID NO:3.
6. The gene of claim 1, wherein the gene is part of a construct which comprises the

modified EGFR coupled via a C-terminal 2A cleavable linker to a chimeric antigen receptor
specific for a tumor associated antigen selected from CD19, a codon-optimized anti-CD19

costimulatory chimeric antigen receptor (CD19CAR), CD20 or CD22.

7. The gene of claim 6, wherein the modified EGFR is coupled to a CD19CAR and a C-

terminal 2A cleavable linker.

8. The gene of claim 7, wherein the gene encodes amino acid sequence of the construct

comprising SEQ ID NO:6.

9. The gene of claim 1, comprising nucleotides 67-1071 of SEQ ID NO:2.

10. The gene of claim 1, comprising nucleotides 67-1071 of SEQ ID NO:1.

AH25(11607475_1):DPS
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11. The gene of claim 2 comprising SEQ ID NO:1.

12. A population of human T-cells transfected with a gene according to any one of claims 1
to 9.
13. A population of cells according to claim 12, wherein the gene comprises a nucleotide

sequence encoding a truncated non-immunogenic endogenous cell surface molecule, said cell
surface molecule comprising an EGFR Domain III and an EGFR Domain IV; but lacking all of
the domains consisting of an EGFR Domain I, an EGFR Domain II, an EGFR Juxtamembrane
Domain, and an EGFR Tyrosine Kinase Domain; wherein the truncated non-immunogenic
endogenous cell surface molecule (i) does not have endogenous signaling or trafficking function;
(i) binds a therapeutic anti-EGFR antibody; and (iii) does not bind an endogenous EGFR ligand;

and optionally, (iv) acts as a marker.

14. The T-cells according to claim 13, wherein the genetically modified EGFR gene encodes

an amino acid sequence comprising residues 23-357 of SEQ ID NO:3.

15. The T-cells according to any one of claims 13 or 14, wherein the therapeutic anti-EGFR

antibody is cetuximab.

16. The T-cells according to any one of claims 12 to 15, wherein said gene is inserted into a

vector to transfect the population of human T-cells.

17. An in vitro method of enriching or selecting the T-cells according to any one of claims
12 to 16, comprising contacting the T-cells with an antibody that recognizes the truncated non-

immunogenic endogenous cell surface molecule.

18. An in vitro method of enriching or selecting the T-cells of claim 13, wherein said T
cells are transfected with a genetically modified Epidermal Growth Factor Receptor (EGFR)
gene that is coupled to a CD19CAR and a C-terminal 2A cleavable linker, wherein the T-cells
encode an amino acid sequence comprising SEQ ID NO:6, comprising contacting the T-cells
with an antibody that recognizes the truncated non-immunogenic endogenous cell surface

molecule.
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19. A method of depleting the T-cells of claim 13 in vivo, wherein said T cells are
transfected with a genetically modified Epidermal Growth Factor Receptor (EGFR) gene that is
coupled to a CD19CAR and a C-terminal 2A cleavable linker, wherein the T-cells encode an
amino acid sequence comprising SEQ ID NO:6, comprising contacting the T-cells with an

antibody that recognizes the truncated non-immunogenic endogenous cell surface molecule.

City of Hope
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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T Y D
TACCTACGAC
ATGGATGCTG

R G 8
CAGAGGAAGT
GTCTCCTTCA

L v T
CCTGGTGACA
GGACCACTGT

K v C
CAAAGTGTGT
GTTTCACACA

N I K
GAATATTAAA
CTTATAATTT

A F R
GGCATTTAGG
CCGTAAATCC

L K T
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0O P R E P Q V
CAGCCTCGCG AGCCCCAGGT
GTCGGAGCGC TCGGGGTCCA

Q V S L T C L
CAGGTGTCCC TGACCTGCCT
GTCCACAGGG ACTGGACGGA

E S N G Q P E
GAGAGCAACG GCCAGCCTGA
CTCTCGTTGC CGGTCGGACT

G S FF L Y S
GGCAGCTTCT TCCTGTACAG
CCGTCGAAGA AGGACATGTC

vV F § C S V M
GTCTTTAGCT GCAGCGTGAT
CAGAAATCGA CGTCGCACTA

S L S L G K M
AGCCTGTCCC TGGGCAAGAT
TCGGACAGGG ACCCGTTCTA

Y $S L L V T V
TACAGCCTGC TGGTGACAGT
ATGTCGGACG ACCACTGTCA

G G H S D Y M
GGCGGCCACA GCGACTACAT
CCGCCGGTGT CGCTGATGTA

Y Q P Y A P P
TACCAGCCCT ACGCCCCACC
ATGGTCGGGA TGCGGGGTGG

K F S R S A D
AAGTTCAGCA GAAGCGCCGA
TTCAAGTCGT CTTCGCGGCT

E L N L G R R
GAGCTGAACC TGGGCAGAAG
CTCGACTTGG ACCCGTCTTC

P EM G G K P
CCTGAGATGG GCGGCAAGCC
GGACTCTACC CGCCGTTCGG

0 K DK M A E
CAGAAAGACA AGATGGCCGA
GTCTTTCTGT TCTACCGGCT

G K G H D G L
GGCAAGGGCC ACGACGGCCT
CCGTTCCCGG TGCTGCCGGA

AL HM Q0 A L
GCCCTGCACA TGCAGGCCCT
CGGGACGTGT ACGTCCGGGA

L L T C G D V
CTTCTAACAT GCGGTGACGT
GRAGATTGTA CGCCACTGCA

S L L L C E L
AGCCTTCTGC TCTGTGAGTT
TCGGAAGACG AGACACTCAA

N G I G I G E
AACGGAATAG GTATTGGTGA
TTGCCTTATC CATAACCACT

H F KN C T S
CACTTCAAAA ACTGCACCTC
GTGAAGTTTT TGACGTGGAG

G DS F T H T
GGTGACTCCT TCACACATAC
CCACTGAGGA AGTGTGTATG

VvV K E I T G F

SUBSTITUTE SHEET (RULE 26)

Y T L
GTACACCCTG
CATGTGGGAC

vV K G
GGTGAAGGGC
CCACTTCCCG

N N Y
GAACAACTAC
CTTGTTGATG

R L T
CCGGCTGACC
GGCCGACTGG

H E A
GCACGAGGCC
CGTGCTCCGG

F W V
GTTCTGGGTG
CAAGACCCAC

A F I
GGCCTTCATC
CCGGAAGTAG

N M T
GAACATGACC
CTTGTACTGG

R D F
CAGGGACTTT
GTCCCTGAAA

A P A
CGCCCCTGCC
GCGGGGACGG

E E Y
GGAAGAGTAC
CCTTCTCATG

R R K
TCGGCGGAAG
AGCCGCCTTC

A Y S
GGCCTACAGC
CCGGATGTCG

¥ 0 G
GTATCAGGGC
CATAGTCCCG

P P R
GCCCCCAAGG
CGGGGGTTCC

E E N
GGAGGAGAAT
CCTCCTCTTA

P H P
ACCACACCCA
TGGTGTGGGT

F K D
ATTTAAAGAC
TAAATTTCTG

I S G
CATCAGTGGC
GTAGTCACCG

P P L
TCCTCCTCTG
AGGAGGAGAC

L L I
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2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

GATCCACAGG AACTGGATAT
CTAGGTGTCC TTGACCTATA
Q A W P E N R
CAGGCTTGGC CTGAAAACAG
GTCCGAACCG GACTTTTIGTIC
G R T K Q H G
GGCAGGACCA AGCAACATGG
CCGTCCTGGT TCGTTGTACC
L G L R S L K
TTGGGATTAC GCTCCCTCAA
AACCCTAATG CGAGGGAGTT
N L C Y A N T
AATTTGTGCT ATGCAAATAC
TTAAACACGA TACGTTTATG
T K I I S N R
ACCAAAATTA TAAGCAACAG
TGGTTTTAAT ATTCGTTIGTIC
A L C 8 P E G
GCCTTGTGCT CCCCCGAGGG
CGGAACACGA GGGGGCTCCC
N V S R G R E
AATGTCAGCC GAGGCAGGGA
TTACAGTCGG CTCCGTCCCT
E F V E N S E
GAGTTTGTGG AGAACTCTGA
CTCARACACC TCTTGAGACT
N I T C T G R
AACATCACCT GCACAGGACG
TTGTAGTGGA CGTGTCCTGC
G P H C V K T
GGCCCCCACT GCGTCAAGAC
CCGGGGGTGA CGCAGTTCTG
W K Y A D A G
TGGAAGTACG CAGACGCCGG
ACCTTCATGC GTCTGCGGCC
c T G P G L E
TGCACTGGGC CAGGTCTITGA
ACGTGACCCG GTCCAGAACT
T G M V G A L
ACTGGGATGG TGGGGGCCCT
TGACCCTACC ACCCCCGGGA
M *
ATGTGA
TACACT

TCTGAAAACC
AGACTTTTGG
T D L
GACGGACCTC
CTGCCTGGAG
Q F S
TCAGTTTTCT
AGTCAAAAGA
E I S
GGAGATAAGT
CCTCTATTCA
I N W
AATAAACTGG
TTATTTGACC
G E N
AGGTGAAAAC
TCCACTTTTIG
C W G
CTGCTGGGGC
GACGACCCCG
cC Vv D
ATGCGTGGAC
TACGCACCTG
cC I 0
GTGCATACAG
CACGTATGTC
G P D
GGGACCAGAC
CCCTGGTCTG
cC P A
CTGCCCGGCA
GACGGGCCGT
H Vv C
CCATGIGTGC
GGTACACACG
G C P
AGGCTGTCCA
TCCGACAGGT
L L L
CCTCTTGCTG
GGAGAACGAC
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GTAAAGGAAA TCACAGGGTT
CATTTCCTTT AGTGTCCCAA
H A F E N L E
CATGCCTTTG AGAACCTAGA
GTACGGAAAC TCTTGGATCT
L AV V S L N
CTTGCAGTCG TCAGCCTGAA
GAACGTCAGC AGTCGGACTT
D G D V I I S
GATGGAGATG TGATAATTIC
CTACCTICTAC ACTATTAAAG
K K L F G T S
AAAAAACTGT TTGGGACCTC
TTTTTTGACA AACCCTGGAG
S C K A T G Q
AGCTGCAAGG CCACAGGCCA
TCGACGTTCC GGTGTCCGGT
P E P R D C V
CCGGAGCCCA GGGACTGCGT
GGCCTCGGGT CCCTGACGCA
K C N L L E G
AAGTGCAACC TTCTGGAGGG
TTCACGTTGG AAGACCTCCC
C H P E c L P
TGCCACCCAG AGTGCCTGCC
ACGGTGGGTC TCACGGACGG
N C I Q C A H
AACTGTATCC AGTGTGCCCA
TTGACATAGG TCACACGGGT
G V M G E N N
GGAGTCATGG GAGAAARACAA
CCTCAGTACC CTCTTTTGTIT
H L C H P N C
CACCTGTGCC ATCCARACIG
GTGGACACGG TAGGTTTGAC
T N G P K I P
ACGAATGGGC CTAAGATCCC
TGCTTACCCG GATTCTAGGG
L Vv V A L G I
CTGGTGGTGG CCCTGGGGAT
GACCACCACC GGGACCCCTA

SUBSTITUTE SHEET (RULE 26)

TTTGCTGATT
AAACGACTAA
I I R
AATCATACGC
TTAGTATGCG
I T S
CATAACATCC
GTATTGTAGG
G N K
AGGAAACAAA
TCCTTTGTTT
G O K
CGGTCAGAAA
GCCAGTCTTT
v C H
GGTCTGCCAT
CCAGACGGTA
S C R
CTCTTGCCGG
GAGAACGGCC
E P R
TGAGCCAAGG
ACTCGGTTCC
0 A M
TCAGGCCATG
AGTCCGGTAC
Y I D
CTACATTGAC
GATGTAACTG
T L V
CACCCTGGTC
GTGGGACCAG
T Y G
CACCTACGGA
GTGGATGCCT
S I A
GTCCATCGCC
CAGGTAGCGG
G L F
CGGCCTCTTC
GCCGGAGAAG



WO 2011/056894 PCT/US2010/055329

Figure 9

A

_ounts

18/19

SUBSTITUTE SHEET (RULE 26)



WO 2011/056894 PCT/US2010/055329

Figure 10
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<110>
<120>

JENSEN, M chae
TRUNCATED EPI DERI MAL GROWMH FACTOR RECEPTOR ( EGFRt)

1/12

SEQUENCE LI STI NG

C

TRANSDUCED T CELL SELECTI ON

<130>

<140>
<141>

<150>
<151>

<160> 6
<170>
<210> 1

<211> 1071
<212> DNA
<213>

<400> 1
atgcttctcce

at cccacgca
aat gct acga
ctgccggt gg
ctggatattc
gaaaacagga
caacatggtc
tccct caagg
gcaaat acaa
agcaacagag
cccgagggcet
ggcagggaat

aact ct gagt
acaggacggg
gt caagacct
gacgccggcec
ggt cttgaag
ggggccctcc

<210> 2

54435. 8070. WO0O

US 61/ 257, 567
2009-11-03

Hono sapi ens

t ggt gacaag
aagt gt gt aa
at att aaaca
catttagggg
t gaaaaccgt
cggacctcca
agtttictct
agat aagt ga
t aaact ggaa
gt gaaaacag
gctggggecce
gcgt ggacaa
gcat acagtg
gaccagacaa
gccecggceagg
at gtgtgcca
gctgtccaac

tcttgcetget

PCT/ US2010/ 055329
2010-11-03

Patentln version 3.5

ccttcetgcetce
cggaat aggt
ctt caaaaac
tgactccttc
aaaggaaatc
tgcectttgag
tgcagtcgtc
tggagatgtg
aaaactgttt
ct gcaaggcc
ggagcccagg
gt gcaacctt
ccacccagag
ctgtatccag
agt cat ggga
cct gt gecat

gaat gggcct
ggt ggt ggce

tgtgagttac
at t ggt gaat
tgcacctcca
acacat actc
acagggtttt
aacct agaaa
agcct gaaca
ataatttcag
gggacctccg
acaggccagg
gactgcgt ct
ctggagggt g
tgcectgectc
t gt gcccact
gaaaacaaca
ccaaactgca

aagat cccgt

ct ggggat cg

cacacccagc
ttaaagactc
t cagt ggcga
ctcctctgga
tgctgattca
t cat acgcgg
taacatcctt
gaaacaaaaa
gt cagaaaac
tctgccatgce
cttgccggaa
agccaaggga
aggccat gaa
acattgacgg
ccctggtcetg
cctacggatg
ccat cgccac

gcctcttcat

FOR

attcctcctg
actctccata
tctccacatc
t ccacaggaa
ggcttggect
caggaccaag
gggat t acgc
tttgtgcetat
caaaattata
cttgtgctcce
t gt cagccga
gtttgtggag
cat cacctgc
ccceccactgce
gaagt acgca
cact gggcca
tggoatggtg
g

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1071
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<211>
<212>
<213>

1071
DNA
Hormo

<400> 2
cat gaagagg

agtggcgatg
gcatccgt ag
ccagaccagg
gccgtcaatg
gttcatggcc
ctceccttgge
attccggcaa
ggcat ggcag
ggttttctga
atttttgttt
caaggatgtt
gccgegtatg
ct gaat cagc
at ccagagga
at cgccactg

tgagtcttta
t gct gggt gt

<210> 3
<211> 357
<212> PRT
<213> Hono
<400> 3
Met Leu Leu
p

Al a Phe Leu

G u Phe Lys
35

Lys Asn Cys
50

sapi ens

ccgatcccca
gacgggat ct
gtgcagtttg
gtgttgtttt
t agt gggcac
t gaggcaggc
tcaccctcca
gagacgcagt
acctggcectg
ccggaggtcc
cctgaaatta
at gttcaggc
atttctaggt
aaaaaccctg
ggagtatgtg
at ggaggt gc
aattcaccaa

ggt aact cac

sapi ens

Va
5

Leu

Leu
20

Asp Ser

Thr

Leu Ser

gggccaccac
taggcccatt
gat ggcacag
ctcccat gac
act ggat aca
actctgggtg
gaaggttgca
ccctgggcetce
tggccttgea
caaacagttt
tcacatctcc
t gacgact gc
t ct caaaggc
tgatttcctt
t gaaggagtc
agtttttgaa
tacctattcc

agagcagaag

40

2112

cagcagcaag
cgttggacag
gt ggcacaca
tcctgeecggg
gttgtctggt
gcactgtatg
cttgtccacg
cgggccccag
gctgtittca
tttccagttt
atcacttatc
aagagaaaac
at ggaggt cc
tacggttttc
acccct aaat
gtgtttaata
gttacacact

gcttgtcacc

Thr Ser Leu Leu Leu Cys

10

Ile Pro Arg Lys Val Cys Asn
25
I[le Asn Ala Thr

Ser Ile Ser Gy Asp Leu H's
55

aggagggccc
ccttcaagac
tggccggegt
caggtcttga
cccegtcectg
cact cagagt
cattccctgce
cagccctcgg
cctetgttge
attgtatttg
tccttgaggg
tgaccatgtt
gtcectgtttt
agaat atcca
gccaccggcea
ttcgtagcat
ttgcgtggga

aggagaagca

Au
Gy
Asn

45

Ile
60

Leu Pro Val

ccaccatccc
ct ggcccagt
ctgcgtactt
cgcagt gggg
t gcaggt gat
tctccacaaa
ct cggctgac
gggagcacaa
ttataatttt
cat agcacaa
agcgtaatcc
gcttggtcect
caggccaagc
gttcctgtgg
ggat gt ggag
ttat ggagag
t caggaggaa
t

Leu Pro Hs Pro

15

lle Ay Ile Gy
30

Ile Lys Hi s Phe

Al a

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1071
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_k_
~—
[$1K0]

Phe
65

Leu

Val

Al a

Thr

Pro

Val

225

Asn

H s

Met

Val

Arg

Asp

Al a

Val

130

Ser

Asn

Lys

Val

Asp

Ser

Gy

Asp
Thr

Ile

oy
195

Asp

Lys

Thr

H s

Asp

Leu

Pro

Arg

Leu

Ay

_k_
0 —
[=Xo]

Hi s

Cys

Cy
260

Asp
Asn

Leu

Ser

Ay

Asn

Asp

Asn

165

Ser

Al a

Val

Asn

Thr

Ay

Asn

Phe

70

Thr

Asn

Arg

Ile

Val

150

Trp

Asn

Leu

Ser

Leu

230

Gy

Pro

Thr

H s

Thr

Val

Arg

Thr

Thr

135

Ile

Lys

Arg

Hs Cy

Leu
295

Pro

H s

Thr

Lys

Ser

Ile

Lys

Gy

Ser

200

Arg

H s

Gy

280

Val

Thr

of
oo

Leu

Ser

Leu

185

Pro

Ay

Pro

Pro

265

Val

Trp

Pro

Leu

H s

Gy

Ay

Phe

170

Asn

Val

Asp

Lys

Lys

Thr

3/12

Pro

75

Thr

H s

Ay

Leu

Asn

155

Ay

Ser

Ay

Ser

Pro

235

Asn

Thr

Tyr

Tyr

Leu

Ay

Al a

Lys

Thr

Arg

Arg

Leu

Al a
300

Ay

Asp

Phe

Phe

Phe

125

Ser

Asn

Ser

Lys

Trp

Gy

Pro

Pro
285

Asp

Cys

Pro

Leu

—
- Q
oC

Ser

Leu

Leu

Ay

Arg

Phe

Al a

Al a

Thr

Gn

Leu

95

Asn

Leu

Lys

Cys

175

Thr

Pro

Au

Val

Al a
255

Cys

Ay

Gy

Ay

Au

80

Leu

Al a

Tyr

Lys

Gy

Au

Met

Al a

Val

H s

Pro
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4/12

305 310 315 320
Gy Leu Gu Gy Cys Pro Thr Asn Gy Pro Lys Ile Pro Ser Ile Al a
325 330 335
Thr Gy Met Val Gy Ala Leu Leu Leu Leu Leu Val Val Ala Leu Gy
340 345 350
Ile Gy Leu Phe Met
355
<210> 4
<211> 3186
<212> DNA
<213> Honp sapi ens
<400> 4
atgctgctge tggtgaccag cctgetgetg tgecgagetge cccaccecege ctttetgetg
at ccccgaca tccagat gac ccagaccacc tccagcectga gecgeccagect gggcgaccgg
gt gaccatca gctgccggge cagccaggac atcagcaagt acctgaactg gtatcagcag

aagcccgacg
cccagceggt
gaacaggaag
ggcggcggaa
ggcgagggca
cccagccaga
gt gagct gga
agcgagacca
agcaagagcc
tact gcgcca
accagcgtga
cccgagttcce
at gat cagcc
gaggt ccagt
agagaggaac
gact ggct ga
at cgaaaaga

cctcectcece

gcaccgtcaa
ttagcggcag
at at cgccac
caaagct gga
gcaccaaggg
gcct gagegt
t ccggcagcec
cctact acaa
aggtgttcct
agcact act a
ccgt gagcag
t gggcggacc
ggacccccga
tcaattggta
agttcaacag
acggcaaaga
ccat cagcaa

aggaagagat

gctgctgatc
cggct ccggce
ctacttttgc
aat caccggce
cgaggt gaag
gacctgcacc
ccccaggaag
cagcgccctg
gaagat gaac
ctacggcggc
cgagagcaag
cagcgtgttc
ggtgacctgc
cgtggacggce
cacct accgg
at acaagt gc

ggccaagggc

gaccaagaac

t accacacca
accgact aca
cagcagggca
agcacctccg
ct gcaggaaa
gt gagcggceg
ggcct ggaat
aagagccggce
agcct gcaga
agct acgcca
tacggccctc
ctgttccccce
gtgotggt gg
gt ggaagt gc
gtggtgtctg
aaggtgtcca
cagcct cgeg

caggtgtccc

gccggetgea
gcct gaccat
acacact gcc
gcagcggcaa
gcggecct gg
t gagcctgcce
ggct gggegt
t gaccat cat
ccgacgacac
tggactactg
cctgceccccce
ccaagcccaa
acgt gagcca
acaacgccaa
t gct gaccgt
acaagggcct
agccccaggt

t gacct gcct

cagcggegtg
ctccaacctg
ctacaccttt
gcctggecagce
cctggtggece
cgact acggc
gat ct ggggc
caaggacaac
cgccatctac
gggccaggge
ttgccctgece
ggacaccctg
ggaagat ccc
gaccaagccc
gct gcaccag
gcccagceagce
gtacaccctg

ggt gaagggce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
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ttctacccca
aagaccaccc
gt ggacaaga
ctgcacaacc
ctggtggt gg
atcttttggg
cccagacggce
gccgcect ace
taccagcagg
gacgtcctgg
aacccccagg
gagat cggca
ctgtccaccg
ct cgagggcg
cccggecct a
gcattcctcc
tcactctcca
gat ctccaca
gat ccacagg
caggcttggce
ggcaggacca
ttgggattac
aatttgtgct
accaaaatta
gecttgtgcet
aat gt cagcc
gagtttgtgg
aacat cacct
ggcccccact
t ggaagt acg
t gcact gggc
act gggat gg

gcgacat cgc
ctccegt get
gccggtggca
act acaccca
t gggcgggagt
t gcggagcaa
ct ggccccac
ggtccggegg
gccagaatca
at aagcggag
aaggcctgta
t gaagggcga
ccaccaagga
gcggagaggg
ggatgcttct
tgat cccacg
taaat gctac
tcct geceggt
aact ggat at
ct gaaaacag
agcaacat gg
gctccctcaa
at gcaaat ac
t aagcaacag
cccecgaggg
gaggcaggga
agaact ctga
gcacaggacg
gcgt caagac
cagacgccgg
caggtcttga
t gggggccect

cgt ggagt gg
ggacagcgac
ggaaggcaac
gaagagcctg
gctggectge
gcggagcaga
ccggaagcac
agggcgogt g
gct gt acaac
aggecgggac
t aacgaactg
gcggaggcegg
tacct acgac
cagaggaagt
cctggtgaca
caaagt gt gt
gaat at t aaa
ggcatttagg
t ct gaaaacc
gacggacctc
tcagtittct
ggagat aagt
aat aaact gg
aggt gaaaac
ctgctgggge
at gcgt ggac
gt gcat acag
gggaccagac
ctgceccggea
ccatgtgtgc
aggctgtcca
cctettgetg

5/12

gagagcaacg
ggcagcttct
gtctttagcet
agcctgtccce
tacagcctgc
ggcggccaca
taccagccct
aagttcagca
gagct gaacc
cctgagat gg
cagaaagaca
ggcaagggcec
gccctgecaca
cttctaacat
agccttctge
aacggaat ag
cacttcaaaa
ggt gactcct
gt aaaggaaa
catgcctttg
cttgcagtcg
gatggagat g
aaaaaact gt
agct gcaagg
ccggagecca
aagt gcaacc
tgccacccag
aactgtatcc
ggagt cat gg
cacctgtgcce

acgaat gggc
ctggtggt gg

gccagcect ga
tcctgtacag
gcagcgt gat
t gggcaagat
t ggt gacagt
gcgact acat
acgccccacc
gaagcgccga
t gggcagaag
gcggcaagcec
agat ggccga
acgacggcct
t gcaggccct
gcggt gacgt
tctgtgagtt
gtattggtga
actgcacctc
t cacacat ac
tcacagggtt
agaacct aga
t cagcct gaa
tgataatttc
ttgggacctc
ccacaggcca
gggact gcgt
ttctggaggg
agtgcctgece
agtgtgccca
gagaaaacaa
at ccaaactg

ctaagatccc

ccct ggggat

gaacaact ac
ccggcet gacc
gcacgaggcc
gttctggatg
ggccttcatc
gaacat gacc
cagggacttt
cgcccecctgece
ggaagagt ac
t cggcggaag
ggcct acagce
gt at cagggc
gcccccaagg
ggaggagaat
accacaccca
atttaaagac
cat cagtggc
tcctectcetg
tttgectgatt
aat cat acgc
cat aacat cc
aggaaacaaa
cggt cagaaa
ggt ct gccat
ctcttgecegg
t gagccaagg
tcaggccatg
ctacattgac
caccctggtc
cacct acgga
gtccat cgcc

cggcectcettc

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
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at gt ga

<210> 5

<211> 3186
<212> DNA
<213> Hono

<400> 5
t cacat gaag

cccagt ggcg
agtgcatccg
cttccagacc
ggggccgt ca
gatgttcatg
aaactccctt
gacattccgg
caaggcat gg
tttggttttc
caaatttttg
t cccaaggat
cctgecgegt
agcctgaatc
t ggat ccaga
gagat cgcca
gagt gagt ct
gaat gct ggg
gccgggattc

ctcgagcectt
ggacaggccc
gatctcgcetg
ggggttcttc
gacgtcgt ac
ct ggt aggca
ggcggcaaag
tctgggggtc

sapi ens

aggccgatcc
at ggacggga
t aggt gcagt
agggtgttgt
at gt agt ggg
gcct gaggcea
ggct caccct
caagagacgc
cagacct ggc
t gaccggagg
tttcctgaaa
gttatgttca
atgatttcta
agcaaaaacc
ggaggagt at
ct gat ggagg
ttaaattcac
t gt ggt aact
tcctccacgt

gggggcaggyg
t gat acaggc

taggcct cgg
cgccgaggcet
tcttcecttc
ggggcegt cgg

tccetgggtg
at gttcat gt

ccagggccac
tcttaggcecc
ttggat ggca
tttctcccat
cacact ggat

ggcactctgg
ccagaaggtt

agtccct ggg
ctgtggectt
t cccaaacag
ttatcacatc
ggct gacgac
ggttctcaaa
ctgtgatttc
gt gt gaagga
tgcagttttt
caat acct at
cacagagcag
caccgcat gt
cctgcatgtg
cgt cgtggcce
ccatcttgtc
t gccgeccat
tgcccaggtt
cgcttctgcet
gggcgt aggg
agtcgetgtg

6/12

caccagcagc
attcgttgga
caggt ggcac
gactcctgcce
acagttgtct
gt ggcact gt
gcacttgtcc
ct ccgggcecce
gcagctgttt
ttttttccag
tccatcactt
t gcaagagaa
ggcat ggagg
ctitacggtt
gt caccccta
gaagtgttta
tccgttacac
aaggcttgtc
t agaagact t
cagggcgt cg
cttgccecge
tttctgcagt
ctcagggtcc
cagctcgttg
gaacttcacc
ctggtagtgc
gccgectcetg

aagaggaggg
cagccttcaa
acat ggccgg
gggcaggt ct
ggtccccegtce
at gcact cag
acgcattccc
cagcagccct
tcacctct gt
tttattgtat
atctccttga
aact gaccat
tccgtcct gt
tt cagaat at
aat gccaccg
atattcgtag
actttgegtg
accaggagaa
cctctgecct
t aggt at cct
ctcecgcetcge
tcgttataca
cggcectctcce
t acagct gat
cgccectcecge

ttccgggt gg

ctcecgettge

ccceccaccat
gacct ggccc
cgtctgegta
tgacgcagtg
ct gt gcaggt
agttctccac
t gcct cggcet
cgggggagca
tgcttat aat
ttgcat agca
gggagcgt aa
gttgcttggt
tttcaggcca
ccagttcctg
gcaggatgtg
catttatgga
ggat caggag
gcat cct agg
ctccgecgece
t ggt ggcggt
ccttcatgcece
ggccttcctg
gcttatccag
tctggecectg
cggaccggta
ggccaggcecg

tccgcaccca

3186

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
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aaagatgatg
caccagcacc
gt gcagggcc
gtccacggtc
ggtcttgtag
gt agaagccc
gggaggcagg
ttcgatgctg
ccagtcctgg
ctctctgggc
gacct cggga
gat cat cagg

ctcgggggca
gctggtgecce
gcagt agt ag
cttgectgttg
ctcgctgecce
gct cacgcecg
gctgggggcece
ctcgecgetg
gccgcecaaag

ctgttccagg

gct gggcacg
gggcttctge
ggt cacccgg

ggggat cagc
cagcat
<210> 6
<211> 1061
<212> PRT
<213>

<400> 6

aaggccactg
cagaacat ct
tcgtgcatca
agccggcet gt
ttgttctcag
tt caccaggc
gt gt acacct
ct gggcaggce
t gcagcacgg
ttggtcttgg
tcttcctgge
gtgtccttgg
gggcaagggg
t ggccccagt
at ggcggt gt
tccttgatga
cagat cacgc
t agt cgggca
accaggccag
ccaggcttgce
gt gt agggca
tt ggagat gg
ccgctgtgea
t gat accagt

t cgceccaggce

agaaaggcgg

Hono sapi ens

t caccagcag
t gcccaggga
cgctgcagcet
acaggaagaa
gctggecegtt
aggt caggga

ggggct cgeg
ccttgttgga

t cagcacaga
cgttgtgcac
t cacgt ccac
gcttgggggg
ggcagggagg
agt ccat ggc
cgtcggtcetg
t ggt cagccg
ccagccattc
ggct cacgcc
ggccgcetttce
cgctgeccgga
gtgtgttgcece
tcaggctgta
gccggcet ggt
tcaggtactt
t ggcgct cag
ggt ggggcag

72

gct gt agcag
caggct cagg
aaagacgttg
gctgcecgtcg
gctctcccac
cacctggttc
aggct ggccce
caccttgcac
caccacccgg
ttccacgccg
caccacgcag
gaacaggaac
gccgtacttg
gt agct gccg
caggctgttc
gctcttcagg
caggcccttc
gctcacggtg
ctgcagcettc
ggtgctgeccg
ct gct ggcaa
gtcggtgceg
gtggtagatc
gctgatgtcc
gctggaggt g

ct cgcacagc

gccagcaccce
ctcttctggg
ccttcectgece
ctgtccagca
t ccacggcga
ttggtcatct
ttggecttge
ttgtattctt
t aggt gct gt
tccacgt acc
gt cacctcgg
acgctgggtc
ctctcgetge
ccgt agt agt
atcttcagga
gcgetgttgt
ct ggggggct
caggt cacgc
acctcgcecct
gtgatttcca
aagt aggt gg
gagccgcet gc
agcagcttga
t ggct ggecce
gtctgggtca
agcaggct gg

cgcccaccac
tgtagtggtt
accggcetctt
cgggaggggt
t gt cgct ggg
cttcctggga
tgatggtctt
tgcecgttcag
tgaactgttc
aattgaactg
gggt ccggcet
cgcccaggaa
t cacggt cac
agtgcttggce
acacct ggct
agt aggt ggt
gccggatcca
tcaggctctg
tggtgctgece
getttgttcce
cgatatcttc
cgct aaaccg
cggtgecegtc
ggcagct gat
tctggatgtc

t caccagcag

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3186
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Met

Leu

Thr

65

Pro

Ile

Gy

Thr

Thr

145

Pro

Pro

Al a

Val
225

Tyr

Leu

Phe

Ser

Asp

50

Val

Ser

Ser

Ser

Asp

Trp

Leu

210

Phe

Leu

Leu

Al a

35

Ile

Lys

Arg

Asn

Tyr

Leu

195

Lys

Leu

Al a

Leu

Leu

20

Ser

Ser

Leu

Phe

Leu

100

Leu

Thr

Ser

-
g O]
o<

Ser

Lys

Lys

Val

5

Ile

Leu

Lys

Leu

Ser

85

Pro

Ser

Val

Leu

165

Val

Val

Arg

Met

H s
245

Thr

Pro

Gy

Tyr

Gy

Gn

Ser

Ile

Leu

Asn
230

Ser

Asp

Asp

Leu
55

Thr

Ser

135

Leu

Val

Trp

Trp

Thr

215

Ser

Tyr

Leu
Ile
Arg
40
Asn
H s
Gy
Asp
Phe

120

Ay

Thr
Ile
Gy
Ile
Leu

Tyr

Leu

Gn

Val

Trp

Thr

Ser

_k_
o—
[$1K0]

Gy

Lys

Ser

Ile

Ay

Met

Thr

Ser

Gy

90

Al a

Gy

Pro

Ser

Thr
170

Lys

Thr

Ay

8/12

Cys

Thr

Arg
75
Thr

Thr

Gy

-
e
or<

Val

Pro

Thr

Asp

Asp

Ser

Au

Ser

Leu

Asp

Tyr

Thr

Ser

140

Pro

Ser

Pro

Thr

Asn

220

Asp

Tyr

Leu

Thr

H s

Tyr

Phe

Ay

Gy

Arg

Tyr

205

Ser

Thr

Al a

Pro
Thr
30

Arg

Pro

Leu

Val

Tyr

Lys

Al a

Met

H s

Ser

Al a

Asp

Ay

Leu
95

Ay

Val

Ser

175

Ay

Asn

Ser

Ile

Pro

Ser

Ser

Ay

Val

80

Thr

Gn

Ile

Ser

Leu

Leu

Ser

Gn

Tyr
240
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Trp

Pro

Val

Thr

305

Lys

Ser

Lys Cy

Pro

Leu

Asn

Ser

Met

Ay

Pro Cy

Phe

290

Pro

Val

Thr

Val

370

Ser

Pro

Val

Ay

Asp

Trp

H s

Phe

Gn

275

Leu

Lys

Leu

355

Lys

Lys

Ser

Lys

Gn

Asn

Trp

Ay

Pro

Phe

Val

Phe

Pro

340

Thr

Val

Al a

Gn

Ay

Pro

Ser

Gu

Hi s

Val
500

Thr

Pro

Pro

Thr

Asn

325

Arg

Val

Ser

Lys

Phe

Ay

Tyr

485

Leu

Ser

Leu

Asn

Asn

Phe

Asn

470

Thr

Val

Val

Pro

Lys

295

Val

H s

Lys

375

Gn

Met

Pro

Asn

Leu

455

Val

Gn

Val

Thr

Al a

280

Pro

Val

Val

Gy

Pro

Thr

Ser

Tyr

440

Tyr

Phe

Lys

Val

Val

265

Pro

Lys

Val

Asp

Phe

345

Asp

Leu

Arg

Lys

Asp

Lys

Ser

Ser

Ser

Ay

Ser

Asp

Asp

Gy

Asn

Trp

Pro

Asn

410

Thr

Arg

Leu
490

Ay

9/12

Ser

Phe

Thr

Val

315

Val

Ser

Leu

Ser

Pro

395

Al a

Thr

Leu

Ser

475

Ser

Val

Leu

Leu

300

Ser

Thr

Ser

380

Gn

Val

Val

Pro

Thr

460

Val

Leu

Leu

Ser

Val

Tyr

Val

Ser

Pro

445

Val

Met

Ser

Al a

Lys
270

y Gy

Ile

Au

H s

Arg

y Lys

Au

Leu

Trp

Val

Asp

H s

2L
o

Tyr

Pro

Ser

Asp

Asn

335

Val

Lys

Thr

Thr

415

Leu

Lys

Gy

Tyr

Ay

Ser

Arg

Pro

320

Al a

Val

Tyr

Thr

Leu

400

Ser

Asp

Ser

Al a

480

Lys

Ser
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Leu

Ser

Gy

Al a

Asn

Arg

Leu

H s

Ay

Met

705

Al a

Lys

Leu

Arg

Pro

Al a

Al a

Leu

Asp

Leu

Ile

Tyr

Met

Ser

690

Leu

Phe

Phe

Val

515

Ay

Thr

Tyr

Pro

Ay

Pro

Tyr

Ay

Leu

Leu

Leu

Lys

Thr

Ay

Arg

Arg

Al a

580

Gu

Asn

Al a

Leu

Leu

Leu

Asp

Thr

Val
Hi s
Lys
Ser
565
Tyr

Arg

Met

Leu
Thr
Val
Ile
7
Ser

Ser

Al a

Ser

H s

550

Ay

Ay

Leu

630

Ay

Ser

Pro

Thr
710

Pro

Leu

Phe

Asp

Tyr

Ay

Gn

Au

Ay

Gn

Au

Thr

Pro

Ay

Ser

Arg

Ser

Ser

Ile
5

Tyr

Gy
Gy
Tyr
600
Lys
Lys
Arg
Al a
Arg
Asp
Leu
Lys

Ile

Ay

Ile

Met

Pro

Arg

Asp

Pro

Asp

Arg

Thr

665

Leu

Val

Leu

Val

Asn

745

Asp

Phe
Asn
Tyr
Val

570
Asn
Val

Arg

Lys

Leu

oy
730

Al a

Leu

10/12

Trp

Met

Al a

555

Lys

Leu

Arg

Met

635

Ay

Asp

H s

Val

Thr

540

Pro

Phe

Leu

Asp

Lys

Thr

Ay

Asn

700

Ay

Asn

Arg

Pro

Pro

Ser

Tyr

Ay

Tyr

Ay

Pro

Leu

Ile

Leu

Ser

Arg

Arg

Arg

Asn

590

Arg

Pro

Al a

H s

Ay

Pro

Ay

Lys

Pro

Lys

Arg

Asp

Ser
575

Al a

Ay

Pro

H s

H s

Val

Arg

Pro

Phe

560

Al a

Leu

Ay

Ser
640

pQy

Leu

Arg

Arg

Pro

720

Ay

Phe

Al a
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Phe

Leu
785

Va

Ile

Al a

865

Thr

Pro

Va

Asn

945

Asn

H s

Met

Arg

Asp

Al a

Ile

Va

Ser

850

Asn

Lys

Va

Arg

Asp

Ser

Ile

Tyr

Ay

755

Ay

Ile

Trp

Ile

Ser

835

Asp

Thr

Thr

Asp

Leu

Pro

Arg

Leu

Ay

Ile

Hi s
900

Asp

Asn

Ser

Lys

Asp

Asn

Ser

885

Al a

Va

Ile

Thr
965

Asn

Phe
Thr
790

Asn

Arg

Va

Leu

Ser

Leu

Ay

Pro

Thr

Thr

775

Va

Arg

Thr

Thr

Lys

Arg

Leu
935

Arg

H s

Leu

760

H s

Lys

Thr

Lys

Ser

840

Lys

Ay

H s

Ay

Cys

Va
1000

Thr

Leu

Ser

Leu

Pro

905

Asn

Ay

Pro

Pro

Va
985

Trp Lys Tyr Ala Asp Ala Gy Hs

Pro

Leu

810

H s

Gy

Ay

Phe

Asn

890

Va

Asp

Lys

11/12

Pro
Thr
795
Hi s
Gy
Leu
Asn
Gy
Ser
Gy
Ser
Pro
Cy
955
Asn

Thr

Leu

780

Gy

Al a

Gn

Arg

Lys

860

Thr

Cys

Arg

Arg

Leu

Cys

Cys

765

Asp

Phe

Phe

Phe

Ser

845

Asn

Ser

Lys

Trp

Pro

Ile

Pro

Pro

Leu

Ser

830

Leu

Leu

Gy

Al a

Ay

Arg

Phe

Gn

Gn

Al a
990

1005

Gn

Leu

Asn

815

Leu

Lys

Cys

Gn

Thr

895

Pro

Au

Va

Al a

Au

Leu

Al a

Tyr

Lys
880

Ay

Met
960

Al a

y Va
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12/12

Val Cys His Leu Cys Hs Pro Asn Cys Thr Tyr Gy Cys Thr Gy
1010 1015 1020

Pro Ay Leu Gu Gy Cys Pro Thr Asn Gy Pro Lys Ile Pro Ser
1025 1030 1035

Ile Ala Thr Gy Met Val Gy A a Leu Leu Leu Leu Leu Val Val
1040 1045 1050

Ala Leu Gy lle Ay Leu Phe Mt
1055 1060
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