wo 2014/1902773 A1 [N NP0 0O A 0O O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/190273 A1l

27 November 2014 (27.11.2014) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
CO7K 16/28 (2006.01) GOIN 33/53 (2006.01) kind of national protection available): AE, AG, AL, AM,
CO7K 16/46 (2006.01) CI2N 5/07(2010.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
C12Q 1/04 (2006.01) CI12N 15/85 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. . DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
PCT/US2014/039365 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
23 May 2014 (23.05.2014) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(26) Publication Language: English ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
61/827,312 24 May 2013 (24.05.2013) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: BOARD OF REGENTS, THE UNIVER- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
SITY OF TEXAS SYSTEM [US/US]; 201 West 7th St., TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Austin, TX 78701 (US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Tnventors: COOPER, Laurence, J.; 1515 Holcombe MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Blvd., Unit 907, Houston, TX 77030 (US). JENA, Bipu- TR), OAPL(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
. KM, ML, MR, NE, SN, TD, TG).
lendu; 7900 Cambridge St., Houston, TX 77054 (US). > ’ O
SINGH, Harjeet; 9851 Meadowglen Lane, Houston, TX Published:
17{70(1:505{1%)( 717{(%S1H(I‘}VS()).RTH’ David, 9215 Portal Dr., __ with international search report (Art. 21(3))
. —  before the expiration of the time limit for amending the
(74) Agent: BYRD, Marshall, P.; Parker Highlander PLLC, claims and to be republished in the event of receipt of

1120 So. Capital of Texas Highway, Building One, Suite
200, Austin, TX 78746 (US).

amendments (Rule 48.2(h))
with sequence listing part of description (Rule 5.2(a))

(54) Title: CHIMERIC ANTIGEN RECEPTOR-TARGETING MONOCLONAL ANTIBODIES

(57) Abstract: Provided are monoclonal antibodies that detect CD 19 CAR-modified immune cells and CAR-modified immune cells
irrespective of the tumor associated antigen they target. Methods of using these functional monoclonal antibodies include, but are
not limited to, detection, quantification, activation, and selective propagation of CAR-modified immune cells.



WO 2014/190273 PCT/US2014/039365

DESCRIPTION

CHIMERIC ANTIGEN RECEPTOR-TARGETING MONOCLONAL ANTIBODIES

5 [0001] This application claims the benefit of United States Provisional Patent
Application No. 61/827,312, filed May 24, 2013, the entirety of which is incorporated herein

by reference.

[0002] The invention was made with government support under Grant Nos.
CA16672, CA124782, CA120956, CA141303, CA116127, and CA148600 awarded by the

10 National Institutes of Health. The government has certain rights in the invention.

INCORPORATION OF SEQUENCE LISTING

[0003] The sequence listing that is contained in the file named
“UTFC.P1221WO_ST25.txt”, which is 23 KB (as measured in Microsoft Windows®) and
was created on May 23, 2014, is filed herewith by electronic submission and is incorporated

15 Dby reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0004] The present invention relates generally to the fields of medicine,
molecular biology, immunology, and gene therapy. More particularly, it concerns CD19
20  chimeric-antigen receptor (CAR)-targeting and universal CAR-targeting monoclonal

antibodies and methods of using the same.

2. Description of Related Art
[0005] Genetically modified T cells engineered to express a tumor-specific
chimeric antigen receptor (CAR) have been infused initially with modest (Till ez al., 2008;
25 Pule et al, 2008; Morgan et al, 2010) and recently significant anti-tumor effects
(Kochenderfer et al., 2010; Kalos et al., 2011; Brentjens et al., 2011; Kochenderfer ez al.,
2012; O’Connor et al., 2012). The prototypical CAR uses an extracellular domain to directly
dock to a cell surface molecule, which is usually a tumor-associated antigen (TAA). The

specificity of a CAR is typically derived from a scFv region assembled from the antigen-
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binding region of a TAA-specific monoclonal antibody (mAb). The components of a second
generation CD19-specific CAR currently in use in clinical trials, designated CD19RCD2S,
are shown in FIG. 1A. The scFv from mouse mAb clone FMC63 (Nicholson et al., 1997) is
fused in frame to an extracellular scaffold (e.g., human immunoglobulin hinge and Fc regions
or hinge and constant regions from human CD8a) to promote oligomerization after binding
TAA, which contributes to CAR-dependent activation via one or more signaling motifs in the

endodomain.

[0006] Investigators measure the persistence of adoptively transferred T cells
in vivo to assess the therapeutic potential of CAR" T cells (Kalos et al., 2011; June et al.,
2009). The most common approach to assessing survival of infused CAR" T cells is
quantitative PCR using CAR-specific primers (Kochenderfer et al., 2010; Morgan et al.,
2006). However, this technique does not allow retrieval of genetically modified T cells from
the recipient for multi-parameter analyses. What is needed, and is provided herein, is a mAb
to specifically detect and isolate CD19-specific CAR" genetically modified T cells. In
addition to informing on persistence, a CAR-specific mAb can be used for in-process testing
during manufacture to assess expression of the transgene, such as after electro-transfer of
Sleeping Beauty (SB) or piggvBac DNA plasmids coding for CD19RCD28 (Singh er al.,
2008; Manuri et al., 2009; Hackett et al., 2010; Singh ez al., 2011).

{8007 Furthermore, two different reagents for the detection of CAR-modified
T cells are known. Brentjens ef al. (2013) describes the use of a biotinylated goat anti-mouse
IgG (Fab')2 (Jackson ImmunoReseach) for detection of CAR-modified T cells. As the
sensitivity of this polyclonal antibody is low, in the setting of low lymphocyte numbers in
patient samples, detection of CAR-modified T cells was accomplished only after non-specific
expansion of T cells using Dynabeads. This prevents a direct assessment of circulating CAR-
modified T cell in vivo after infusion. Zheng et al. (2012) describes the use of Protein L for
detection of CAR-modified T cells by flow cytometry. This reagent has restricted use in
terms of detection and sensitivity in a multi-parameter flow cytometry assay. Its use in other
assay formats has not been shown. Importantly, both of these reagents are used for detection
purposes only and their functionality has not been shown. Thus, there remains a need for
reagents that specifically target CAR expressing cells for analysis and manipulation of the

cell populations.
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SUMMARY OF THE INVENTION

[0008] Embodiments of the invention provide monoclonal antibodies that
specifically bind to a CAR polypeptide. For example, in some aspects, an antibody of the
embodiments specifically binds to a constant domain of a CAR polypeptide. In alternative
aspects, the antibody specifically binds to the antigen recognition domain of a CAR

polypeptide (e.g., a CD-19-binding CAR polypeptide).

[0009] In a first embodiment an antibody is provided that binds specifically to
a CD19-targeted CAR polypeptide (e.g., the polypeptide of SEQ ID NO: 17). In some
aspects, an isolated and/or recombinant antibody binds to a CDI19-specific scFv CAR
polypeptide and competes for binding of the polypeptide with the 136.20.1 monoclonal
antibody. In certain aspects, the antibody comprises all or part of the heavy chain variable
region and/or the light chain variable region of the 136.20.1 monoclonal antibody. Thus, in
some aspects, the antibody comprises an amino acid sequence that corresponds to a first,
second, and/or third complementarity determining region (CDR) from the light variable
and/or heavy variable chain of the 136.20.1 monoclonal antibody of the present embodiment.

In one aspect, the antibody may be the 136.20.1 antibody.

[0010] In certain aspects, the isolated antibody comprises CDR sequences at
least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the
CDRs of the 136.20.1 monoclonal antibody heavy and light chain amino acid sequences (e.g.,
between 80% and 99% identical). In further aspects, an antibody comprises CDRs identical
to the 136.20.1 CDRs, except for one, two or three amino acid substitutions, deletions, or
insertions at one or more of the CDRs. For example, the antibody can comprise CDRs
wherein the CDR sequences comprise 1 or 2 amino acid substitutions in the Vg CDR1, Vy
CDR2, Vg CDR3, Vi CDR1, VL CDR2 and/or Vi, CDR3 relative to the CDRs of a 136.20.1
monoclonal antibody. Thus is some specific aspects, an antibody of the embodiment
comprises a first Vi, a second Vy, a third Vy, a first Vi, a second Vi, and a third Vi, CDR
sequence at least 80% identical to the corresponding CDR sequence of monoclonal antibody
136.20.1, which are represented by SEQ ID NOs: 2, 3, 4, 6, 7, and &, respectively. In some
aspects, the isolated antibody comprises CDR sequences that are identical to the CDR

sequences of monoclonal antibody 136.20.1.
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[0011] In another aspect, the isolated antibody comprises a Vi domain at least
about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, or 99% identical to the
Vy domain of 136.20.1 (SEQ ID NO: 1) and/or a V|, domain at least about 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the Vi domain of 136.20.1
(SEQ ID NO: 5). In other aspects, the isolated antibody comprises a Vy domain between
80% and 99% identical to the Vg domain of 136.20.1 (SEQ ID NO: 1) or a Vi domain
between 80% and 99% identical to the Vi, domain of 136.20.1 (SEQ ID NO: 5). In a further
aspect, the isolated antibody comprises Vy and Vi, domains identical to those of monoclonal

antibody 136.20.1.

[0012] In a further embodiment, there is provided a recombinant polypeptide
comprising an antibody Vg domain comprising CDRs 1-3 of the Vg domain of 136.20.1
(SEQ ID NOs: 2, 3 and 4). In another embodiment, there is provided a recombinant
polypeptide comprising an antibody Vi, domain comprising CDRs 1-3 of the Vi, domain of
136.20.1 (SEQ ID NOs: 6, 7 and 8). In still further embodiments, there is provided an
isolated polynucleotide molecule comprising nucleic acid sequence encoding an antibody or a

polypeptide comprising an antibody Vi or Vi, domain disclosed herein.

[0013] In yet further embodiments, there is provided a method for selecting a
cell comprising a specific CAR polypeptide comprising contacting the cell with an antibody
specifically binds to the antigen recognition domain of the CAR polypeptide and selecting a
cell comprising the specific CAR based on binding of the antibody. For example, the
antibody may be contacted with the cell to inhibit the effector activity of the cell (e.g., to
block in vitro or in vivo activity). In further aspects, the antibody may be conjugated to a
toxin for use in selectively inhibiting or killing a cell comprising a specific CAR polypeptide.
In certain aspects, the specific CAR polypeptide can be a CD-19-binding CAR polypeptide.
Thus, in some aspects, the antibody can be an antibody that binding the antigen recognition
domain of a CD-19-binding CAR polypeptide, such as one of the specific antibodies

disclosed herein.

[0014] In further embodiments, a method is provided for purifying or
enriching cells comprising a specific CAR polypeptide. In some aspects, the antibody
comprises a tag, such as a reporter, and the method comprises selecting cells comprising a
specific CAR polypeptide (e.g., by fluorescence-activated cell sorting (FACS) and/or
paramagnetic beads). In further aspect, an antibody may be bound to a support. The support

_4-
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may be, without limitation, a bead, a surface, a column, or an antigen presenting cell (APC)
(e.g., an aAPC or an activating and propagating cell (AAPC)). In some aspects, a method for
purifying, enriching or stimulating proliferation of cells comprises use of cells that express a
specific CAR, such as CDI19-specific scFv CAR. In some aspects, a method of the
embodiments is further defined as a method for preventing or modifying the ability of a
specific CAR (e.g., a CD-19-binding CAR) to activate a T cell by contacting the cell with an
antibody that binds to the antigen recognition domain of the CAR. In a further aspect, a
method is further defined as a method for controlling toxicity of a cell (e.g., controlling

toxicity of a CAR T-cell therapy in a human subject).

[0015] Thus, in a further embodiment, there is provided a cell culture system
comprising mammalian T-cells expressing a specific CAR and an antibody in accordance
with the embodiments. In yet another embodiment, there is provided a kit comprising an
antibody or cell of the embodiments and at least a first agent for increasing proliferation of
mammalian T cells expressing a specific CAR (e.g., a cytokine or inactivated aAPCs). In
still a further embodiment there is provided a recombinant cell expressing an antibody that
specifically binds to the antigen recognition domain of a CAR. In some aspects, the antibody
is a membrane-bound antibody. In still further aspects, the antibody is a scFv antibody. For
example, in some specific embodiments cell (e.g., an APC) comprises a membrane-bound
antibody comprising one, two, three, four or more of: (i) a GM-CSF leader peptide (e.g.,
amino acids 1-22 of SEQ ID NO: 22); (ii) the scFv coding sequence for an antibody that
specifically binds to the antigen recognition domain of a CAR (e.g., a CD-19-bding CAR);
(ii1) a CD8a linker sequence (e.g., amino acids 136-182 of SEQ ID NO: 23); (iv) a CD28
transmembrane domain (e.g., amino acids 56-123 of SEQ ID NO: 24); and/or (v) a CD3§
intracellular domain (e.g., amino acids 48-163 of SEQ ID NO: 25).

[0016] In yet a further embodiment, the present invention provides an isolated
or recombinant monoclonal antibody that specifically binds to the constant domain of a CAR
polypeptide. For example, the antibody can compete for binding of the polypeptide with the
2D3 monoclonal antibody. In certain aspects, the antibody may comprise all or part of the
heavy chain variable region and/or the light chain variable region of the 2D3 monoclonal
antibody. In a further aspect, the antibody may comprise an amino acid sequence that
corresponds to a first, second, and/or third complementarity determining region (CDR) from

the light variable and/or heavy variable chain of the 2D3 monoclonal antibody of the present
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embodiment. In one aspect, the antibody may be the 2D3 antibody. In still further aspects,
an antibody of the embodiments (e.g., a 2D3 monoclonal antibody) binds to a polypeptide
comprising the sequence of SEQ ID NO: 18.

[0017] Thus, in certain aspects, the isolated antibody comprises CDR
sequences at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to the CDRs of the 2D3 monoclonal antibody heavy and light chain amino acid
sequences. In further aspects, an antibody comprises CDRs identical to the 2D3 CDRs,
except for one, two or three amino acid substitutions, deletions, or insertions at one or more
of the CDRs. For example, the antibody can comprise CDRs wherein the CDR sequences
comprise 1 or 2 amino acid substitutions in the Viy CDR1, Vg CDR2, Vg CDR3, Vi, CDRI,
Vi CDR2 and/or Vi, CDR3 relative to the CDRs of a 2D3 monoclonal antibody. Thus, is
some specific aspects, an antibody of the embodiment comprises a first Vg, a second Vy, a
third Vy, a first Vi, a second Vi, and a third Vi, CDR sequence at least 80% identical to the
corresponding CDR sequence of monoclonal antibody 2D3, which are represented by SEQ
ID NOs: 10, 11, 12, 14, 15, and 16, respectively. In certain aspects, the antibody comprises
CDR sequences that are identical to the CDR sequences of monoclonal antibody 2D3. In
certain aspects, such an antibody is a humanized or de-immunized antibody comprising the

foregoing CDRs on a human IgG (e.g., [gG1 or IgG2) backbone.

[0018] In another aspect, the isolated antibody comprises a Vi domain at least
about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, or 99% identical to the
Vu domain of 2D3 (SEQ ID NO: 9) and a Vi, domain at least about 80%, 85%, 90%, 91%,
92%, 93%, 94%., 95%, 96%, 97%, 98%, or 99% identical to the Vi domain of 2D3 (SEQ ID
NO: 13). In certain aspects, the isolated antibody comprises a Vi domain between 80% and
99% identical to the Vg domain of 2D3 (SEQ ID NO: 9) or a Vi, domain between 80% and
99% identical to the Vi domain of 2D3 (SEQ ID NO: 13). In some aspects, the isolated

antibody comprises Vi and V1 domains identical to those of monoclonal antibody 2D3.

[0019] In a further embodiment, there is provided a recombinant polypeptide
comprising an antibody Vi domain comprising CDRs 1-3 of the Vi domain of 2D3 (SEQ ID
NOs: 10, 11 and 12) or a recombinant polypeptide comprising an antibody Vi domain
comprising CDRs 1-3 of the Vi, domain of 2D3 (SEQ ID NOs: 14, 15 and 16). In still further

embodiments, there is provided an isolated polynucleotide molecule comprising nucleic acid
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sequence encoding an antibody or a polypeptide comprising an antibody Vg or Vi domain

disclosed herein.

[0020] In yet further embodiments, there is provided a method for selecting a
cell comprising a CAR polypeptide comprising contacting the cell with an antibody (e.g.,
such as those disclosed herein) that binds to the constant domain of a CAR polypeptide and
selecting a cell comprising the CAR based on binding of the antibody. In certain aspects, the
antibody may be conjugated to a toxin for use in selectively inhibiting or killing a cell
comprising a CAR. Thus, in some aspect, a method is provided for inhibiting or killing a
CAR-expressing cell in vivo. In some aspects, a method of the embodiments is further
defined as a method for preventing or modifying the ability of a CAR to activate a T cell by
contacting the cell with an antibody that binds to the constant domain of the CAR. In a
further aspect, a method is further defined as a method for controlling toxicity of a cell (e.g.,

controlling toxicity of a CAR T-cell therapy in a human subject).

[0021] In still a further embodiment there is provided a recombinant cell
expressing an antibody that binds to the constant domain of a CAR. In some aspects, the
antibody is a membrane-bound antibody. In still further aspects, the antibody is a scFv
antibody. For example, in some specific embodiments cell (e.g., an APC) comprises a
membrane-bound antibody comprising one, two, three, four or more of: (i) a GM-CSF leader
peptide (e.g., amino acids 1-22 of SEQ ID NO: 22); (ii) the scFv coding sequence for an
antibody that binds to the constant domain of a CAR (e.g., a 2D3 scFv coding sequence); (iii)
a CD8a linker sequence (e.g., amino acids 136-182 of SEQ ID NO: 23); (iv) a CD28
transmembrane domain (e.g., amino acids 56-123 of SEQ ID NO: 24); and/or (v) a CD3§
intracellular domain (e.g., amino acids 48-163 of SEQ ID NO: 25).

[0022] In certain aspects, a method for purifying or enriching cells comprising
CAR using an antibody of the embodiments is provided. In one aspect, the antibody
comprises a tag, such as a reporter, and the method comprises selecting cells comprising
CAR (e.g., by FACS). In further aspects, the antibody may be bound to a support. The
support may be, without limitation, a bead, a surface, a column, or an aAPC or AAPC. In
some aspect, purifying or enriching cells comprising CAR comprises stimulating
proliferation of the cells. Thus, in a further embodiment, there is provided a cell culture
system comprising mammalian T-cells expressing a CAR and an antibody in accordance with

the embodiments. In a further embodiment, there is provided a kit comprising an antibody of
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the embodiments and at least a first agent for increasing proliferation of mammalian T cells

expressing a CAR. In one aspect, the kit may comprise inactivated aAPCs.

[0023] In still further aspects, CAR-binding antibody of the embodiments
(e.g., a CAR constant domain-binding or CAR antigen recognition domain-binding antibody)
is a humanized or de-immunized antibody comprising the foregoing CDRs on a human IgG
(e.g., 1gG1 or 1gG2) backbone. In one aspect, the antibody may be recombinant. In further
aspects, an antibody of the embodiments may be an IgG (e.g., 1gG1, 1gG2, 1gG3 or 1gG4),
IgM, IgA, or an antigen binding fragment thereof. The antibody may be, for example, a Fab’,
a F(ab)2 a F(ab’)3, a monovalent scFv, a bivalent scFv, or a single domain antibody. In
some aspects, the antibody may be a human, humanized, or de-immunized antibody. In still
further aspects, the antibody may be conjugated to an imaging agent, a chemotherapeutic

agent, a toxin, a reporter, or a radionuclide.

[0024] In further embodiments, a host cell is provided that comprises one or
more polynucleotide molecule(s) of the embodiments and/or that produces a monoclonal
antibody or recombinant polypeptide of the embodiments. In some aspects, the host cell is a
mammalian cell, a yeast cell, a bacterial cell, a ciliate cell, or an insect cell. In certain
aspects, the host cell is a hybridoma cell. In certain aspects, the host cell is an artificial

antigen presenting cell.

[0025] In still further embodiments, there is provided a method of
manufacturing an antibody of the present invention comprising expressing one or more
polynucleotide molecule(s) encoding a Vi or Vg chain of an antibody disclosed herein in a

cell and purifying the antibody from the cell.

[0026] Certain embodiments of the invention are directed to an antibody or
recombinant polypeptide composition comprising an isolated and/or recombinant antibody or
polypeptide that specifically binds CAR or CD19-specific scFv CAR. In certain aspects the
antibody or polypeptide has a sequence that is, is at least, or is at most 80, 85, 90, 95, 96, 97,
98, 99, or 100% identical (or any range derivable therein) to all or part of any monoclonal
antibody provided herein. In still further aspects the isolated and/ or recombinant antibody or
polypeptide has, has at least, or has at most 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
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73,74,75,76, 77,78, 79, 80, &1, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100 or more contiguous amino acids from any of the sequences provided herein or a

combination of such sequences.

[0027] In still further aspects, an antibody or polypeptide of the embodiments
comprises one or more amino acid segments of the any of the amino acid sequences disclosed
herein. For example, the antibody or polypeptide can comprise 1, 2, 3,4, 5, 6,7, 8,9, 10 or
more amino acid segments comprising about, at least or at most 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 to 25§, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180,
181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199
or 200 amino acids in length, including all values and ranges there between, that are at least
80, 85, 90, 95, 96, 97, 98, 99, or 100% identical to any of the amino acid sequences disclosed
herein. In certain aspects the amino segment(s) are selected from one of the amino acid
sequences of a CAR or CD19-specific scFv CAR binding antibody as provided in Tables 2
and 3.

[0028] In yet further aspects, an antibody or polypeptide of the embodiments
comprises an amino acid segment that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical (or any range derivable therein) to a V, V], VDI, D, DJ, J or CDR domain of a CAR
or CD19-specific scFv CAR antibody (as provided in Tables 2 and 3). For example, a
polypeptide may comprise 1, 2 or 3 amino acid segment that are at least 80, 85, 90, 95, 96,
97, 98, 99, or 100% identical (or any range derivable therein) to CDRs 1, 2, and/or 3 a CAR
or CD19-specific scFv CAR antibody as provided in Tables 2 and 3.

[0029] Embodiments discussed in the context of methods and/or compositions
of the invention may be employed with respect to any other method or composition described
herein. Thus, an embodiment pertaining to one method or composition may be applied to

other methods and compositions of the invention as well.

-9.
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[0030] As used herein the terms “encode” or “encoding” with reference to a
nucleic acid are used to make the invention readily understandable by the skilled artisan;
however, these terms may be used interchangeably with “comprise” or “comprising,”

respectively.

192

[0031] As used herein the specification, “a” or “an” may mean one or more.
As used herein in the claim(s), when used in conjunction with the word “comprising”, the

words “a” or “an” may mean one or more than one.

[0032] The use of the term “or” in the claims is used to mean “and/or” unless
explicitly indicated to refer to alternatives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to only alternatives and “and/or.” As

used herein “another” may mean at least a second or more.

[0033] Throughout this application, the term “about” is used to indicate that a
value includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

[0034] Other objects, features and advantages of the present invention will
become apparent from the following detailed description. It should be understood, however,
that the detailed description and the specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various changes
and modifications within the spirit and scope of the invention will become apparent to those

skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The following drawings form part of the present specification and are
included to further demonstrate certain aspects of the present invention. The invention may
be better understood by reference to one or more of these drawings in combination with the

detailed description of specific embodiments presented herein.

[0036] FIG. 1. Schematic of DNA plasmids used for electroporation and
expression of transgenes. (A) Constructs showing components of CD19-specific CAR
(CDI9RCD28). The scFv is derived from mAb clone FMC63 that binds human CD19 and
was generated by fusing the Vi and Vg regions via a "Whitlow" linker peptide. The scFv was

-10 -
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attached to modified human IgG4 hinge and CH,-CHj3 regions that was fused to the CD28
(transmembrane and cytoplasmic) and CD3{ (cytoplasmic) domains (Kowolik et al., 2006).
(B) DNA plasmid designed CD19scFv-mCD&a used to express the transgene on L cells for
immunization and screening. The CD19-specific scFv was generated as described, mCD8a.
EC and TM represents mouse CD8a extracellular and transmembrane domains. (C) Map of
destination vector pIRESneo2 (Clontech) where the cDNA for the fusion protein CD19scFv-
mCD8a is cloned into Nkel and Notl restriction enzyme sites. Expression cassette shows
ColEl, colicin El1 (origin of replication); pCMV IE, human cytomegalovirus
promoter/enhancer; ECMV IRES, encephalomyocarditis virus internal ribosome entry site
which permits translation of two open reading frames from one messenger RNA, and poly A
(polyadenylation) signal of the bovine growth hormone. Plasmid confers resistance through
ampicillin and after electroporation the cells expressing the transgene of interest are selected

on a cytocidal concentration of drug neomycin sulfate (G418).

[0037] FIG. 2. Specificity of anti-CD19scFv mAb. (A) Solid phase ELISA
shows specificity of mAb (clone no. 136.20.1) as it binds to parental monoclonal antibody
(FMC63) with background binding to other antibodies (e.g., CD20-specific mAb or a
different CD19-specific mAb). Purified human IgG served as a negative control. (B) Western
blot shows clone 136.20.1 detects CAR protein in T cells genetically modified to express
CDI19RCD28. Lane A: Unmodified control T cells show endogenous CD3{ (14 kDa) as
detected by commercial CD3(-specific antibody and absence of CAR. Lane B: CAR" T cells
show CAR-specific band at 75 kDa as detected by mAb (clone 136.20.1). Lane C: CAR" T
cells show absence of CAR-specific band when the blot is treated with primary antibody after
blocking (clone 136.20.1 was blocked with molar excess (1:5) of parental antibody FMC63).
Lane D: CAR" T cells show the presence of CAR (~75 kDa) and endogenous CD3( (14 KDa)
as detected by commercial CD3{-specific antibody.

[0038] FIGS. 3A-C. Detection of CDI19-specific CAR on the surface of
genetically modified cells. (A) CAR" T cells were electroporated with SB system and
propagated on aAPC. Upper row: Unmodified T cells as back ground control; Bottom row:
CDI19RCD28" T cells (labeled as CAR" T cells) detected by flow cytometry using clone no.
136.20.1, a commercially-available antibody (clone H10104, Invitrogen) that binds to the
CAR hinge/Fc scaffold, and the inventor’s own scaffold-specific mAb (clone 2D3). (B)
Jurkat cells genetically modified to express CD19RCD28 were detected by clone no.
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136.20.1 conjugated to Alexa-Fluor 488 and Alexa-Fluor 647 similar to commercial antibody
(clone H10104). (C) Multi-parameter flow cytometry analysis of T cells that do and do not
express CDI9RCD2S as detected by clone no. 136.20.1. Sequential staining was performed,
first with clone no. 136.20.1 and then other antibodies.

[0039] FIG. 4. Sensitivity of clone no. 136.20.1 to detect CD19-specific
CAR' T cells in PBMC. CD19-specific T cells expressing CD19RCD28 were serially diluted
in PBMC (1:10 to 1:10,000). (A) The upper panel shows background level signal in PBMC
control. (B) Middle panel shows staining of CAR" T cells in undiluted sample. (C) Bottom
panel shows lowest detection level (1:1,000) of CAR" T cells in PBMC. Data acquisition by
FACSCaliber and plots were analyzed using FlowJo software. Shown in picture are

representative flow cytometry data obtained from two independent experiments.

[0040] FIG. 5. Localization of CDI9RCD28 CAR on the surface of
genetically modified T cells. (A) Genetically-modified CAR"™ T cells (expressing
CD19RCD28) and unmodified control T cells were fixed using paraformaldehyde, stained
with AlexaFluor 647-conjugated clone no. 136.20.1 mAb and then spread on glass slides
using cytospin. Confocal images were acquisitioned by Leica microscope (60X
magnification). Upper panels (i and ii) show surface distribution of CAR molecules and
bottom panels (iii and iv) show no staining in unmodified control T cells. Nuclear staining
was by DAPI (pseudo-color green). The bar (1 uM) on images provides scale. (B) TEM
images showing staining of gold-labeled nanoparticles conjugated to clone no. 136.20.1
mAb. Upper row: Unmodified control T cells (i) 120 nm thin section; 15k magnification
stained with uranyl acetate, (ii) 120 nm thin section; 75k magnification, and (iii) 120 nm thin
section; 200k magnification. No gold particles were appreciated in these CAR™® T cells.
Bottom row: CAR" T cells with enforced expression of CD19RCD28 (iv) 120 nm thin
section stained with uranyl acetate; 20k magnification, (v) 120 nm thin section; 200k
magnification, and (vi) 80 nm thin section 200K magnification. Arrow heads on plates v and
vi indicate surface distribution of gold-labeled nanoparticles attached to CAR molecules. The

bar indicates scale.

[0041] FIGS. 6A-C. Clone no. 136.20.1 inhibits CAR™ T-cell effector
function. (A) Data from CRA shows inhibition of tumor cell lysis in CD19" EL4 cells when
CD19-specific CAR'T cells were blocked with clone no. 136.20.1 (B) Dose response curve
showing clone no. 136.20.1-mediated inhibition of lysis of CD19" EL4 target cells. (C)
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Images obtained from VTLM showing CD19-specific CAR" T cells co-cultured with CD19"
Daudip,m expressing eGFP and stained with either clone no. 136.20.1 conjugated to
AlexaFluor-647 or Fc mAb that recognizes CAR scaffold conjugated to PE. Images show two
separate focal planes (at 2 and 90 minutes, respectively). Upper panels (i-iii) reveal coculture
of Daudip,m target cells with CAR" T cells in the presence of Fc-specific antibody. Lower
panels (iv-vi) reveal coculture of Daudip,m target cells with CAR" T cells in the presence of
clone no. 136.20.1. Panels i-iv show phase contrast images of CAR™ T cells along with
Daudip,m. Panels ii-v show formation of immunological synapse (yellow arrow heads) when
CD19-specfiic CAR" T cells attack tumor cells. Panel iii shows killing of CD19" tumor cell
by CD19-specific CAR" T cells as observed by formation of green fluorescence blub. Panel
vi shows intact DaudiB,m cells when the CAR" T cells were blocked by clone no. 136.20.1
and no killing was observed even when effector T cells engaged the tumor cells for more than

6 hours. Shown are data from 3 independent experiments.

[0042] FIG. 7. Schematic describes the steps for generating clone no.
136.20.1 mAb by L-cell immunization. DNA plasmid encoding the scFv immunogen was
introduced into L cells by an electroporator device (Lonza). L cells stably expressed the
transgenes under G418 drug selection. BALB/c mice were immunized in the foot pad and
draining lymph nodes were harvested to collect lymphocytes. Candidate hybridoma clones
were isolated and expanded for isolation of mAb that could detect CD19-specific CAR that
employs scFv region derived from FMC63.

[0043] FIG. 8. Specificity of anti-CD19scFv mAb (clone no. 136.20.1)
towards CD19-specific CAR" T cells. A panel of CAR" T cells were collected and stained
with a commercial Fc-specific antibody (goat Fab, anti-human Fc gamma-PE) followed by
staining with anti-CD19scFv mAb-Alexa 488. Shown are (A) Isotype control, (B)
CDI19RCD28 CAR" T cells, (C) CD123-specific T cells (expressing CD123RCD28mZ-
CAR), (D) CD33-specific T cells (expressing CD33RCD28z/Neo-CAR), (E) ROR1-specific
T cells (expressing RORIRCD137mz-CAR), and (F) HERV-K-specific T cells (expressing
HERV-K-CD28z CAR). All cells were co-stained with Fc-specific antibody as well as clone
no. 136.20.1. Only T cells expressing the CD19RCD28 CAR co-stained with both Fc-specific
antibody and clone no. 136.20.1.

[0044] FIG. 9. Flow cytometry detection sensitivity of CD19-specific CAR"

T cells mixed with PBMC from healthy volunteers. Shown are plots obtained from entire
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dilution range (1:10-1:10,000) of CAR" T cells mixed with PBMC. Cells after mixing, were
gated on live Aqua stain (Life Tech) lymphocytes (primary gate), followed by positive gating
on CD3", CD4", CD8" T cells (panels i, ii and iii, respectively) (secondary gate), and then
identified as co-staining with Alexa-Fluor 647-conjugated clone no. 136.20.1 mAb (tertiary
gate). On left panel are CAR" T cells within specific lymphocyte population. Right panel

shows back-gating within original lymphocyte population.

[0045] FIG. 10. Immunohistochemical staining of a panel of T cells (CAR
modified and unmodified control) in formaldehyde fixed and paraffin embedded sections. (A)
H&E staining of CAR" T cells. (B) Absence of specific staining was observed in sections of
CAR™® control T cells stained with clone no. 136.20.1 mAb, HRP-conjugated detection
antibody, and counter stained with hematoxylene. (C) CD19-specific CAR™ T cells
expressing CD19RCD28 stained with clone no. 136.20.1 mAb and peroxidase-labeled
secondary antibodies. Deposition of DAB on T cells indicating localization of CAR protein

on the cell surface (arrow).

[0046] FIG. 11. Inhibition of specific lysis mediated by CD19-specific CAR"
T effector cells in a CRA. CD19-specific CAR" T cells were incubated with clone no.
136.20.1 mAb at 250 pg/mL and then washed to remove unbound antibody. The effector
cells were then co-cultured with *'Cr-labeled CD19" tumor targets (NALM-6 and
Daudif2m). Percentage specific lysis were calculated for effector cells bound by clone no.

136.20.1 and effector cell only at different Effector:Target (E:T) ratios.

[0047] FIG. 12. FACS plots showing detection CAR modified T cells by all
CAR mADb (2D3-FITC). T cells were genetically modified to express a CD19-specific CAR
that contains an IgG4 Fc domain and expanded ex vivo on clone 4.0 (K562-artificial antigen
presenting cells). Shown in picture are detection of CAR-modified T cells by 2D3 along with

ex vivo expanded unmodified control T cells.

[0048] FIG. 13. Proof-of-principle showing all-CAR mAb (2D3) can impart
proliferative signal upon CAR modified T cells through CD3-zeta via ITAM motif. A pancl
of CAR" T cells targeting variety of tumor associated antigens viz., CD19, CD33, GD2 were
made on a CAR backbone that contains an IgG, immunoglobulin constant region. scFv
derived from 2D3 were expressed on artificial antigen presenting cells (K562), which were

then irradiated and used in co-culture with PBMC-derived T cells. (A) Shown in the image
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are ex vivo expansion of genetically-modified T cells over a period of 21 days. All CAR" T
cells, irrespective of antigen specificity, seclectively proliferated in culture over time.
Unmodified control T cells lacking IgG4 Fc domain received no proliferative signal and died
out in the same time. (B) Shown in image are total T cell counts, of CAR modified T cells

over 21 day co-culture period as described.

[0049] FIG. 14. Study design to compare ability of chimeric antigen receptor
(CAR) ligand (CARL) versus CD19 TAA on K562 cells for the selective propagation of
CAR' T cells (CART). A) Artificial antigen presenting cells (aAPC) demonstrated in I) were
derived from parental K562 cells following transgene transfer, stable integration, and clonal
selection. Each aAPC clone expresses either CARL, a scFv derived from 2D3 mAb that binds
IgG4 exodomain of CAR, or truncated human CD19. IT) CART used to evaluate specificity
towards CARL or CD19 are shown. SB-derived DNA plasmids coding for a panel of CARs
were individually electro-transferred into PBMC and recursively stimulated with CD19"
K562 or CARL" K562 in the presence of soluble recombinant human IL-2. Each CAR
follows a modular design. 19G4CAR contains the 1gG4 scaffold and targets CD19 through
the same scFv as 19CAR which lacks IgG4 scaffold and instead uses CD8a hinge and
extracellular domain. GD2G4CAR contains the IgG4 scaffold and targets GD2. G4CAR
contains the IgG4 scaffold, but has no scFv. All CARs employ of a 2nd generation design
containing CD28 and CD3({ signaling endodomains. B) On Day 0, synchronous
clectroporation of PBMC was undertaken with DNA plasmid coding for SB transposase
(SB11) and SB DNA plasmids coding for CAR species. To achieve outgrowth of T cells
stably expressing CARs, the genetically modified cells were co-cultured, beginning on Day 1,
upon y-irradiated CD19+ or CARL+ K562 in the presence of 50 IU/mL IL-2. Cytokine was
added with stimulation or during media change. Restimulation of CAR with aAPC occurred
every 7 days until Day 21. C) Diagram of docking between CARL+ K562 cells and
19G4CAR+ T cells as compared with CD19+ K562 cells with 19G4CAR+ T cells.

[0050] FIG. 15. Characterization of aAPC and CAR+ T cells. A) CD19 and
CARL as SB transposons were integrated into parental K562 cells using SB11 transposase
and clonally expanded for homogeneous expression of CD19 or CARL. Dot plots depict the
expression of CD19 and CARL on parental K562 and derived clones. The stable expression
of CARL is shown using antibody that detects mouse Fab. B) The expression level of CAR

species as determined by flow cytometry is shown on Days 1 and 21 of co-culture with
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aAPC. Expression of chimeric 1gG4 revealed CAR expression in all constructs except
19CAR which was determined using an antibody against human Fc. The percentage of cells
in each flow plot quadrant is provided as an inset. C) The effect of aAPC design on
abundance of CAR expression was assessed on Day 21 by measuring mean fluorescent
intensity (MFI) of IgG4 signal by flow cytometry. The experiments are designated [CAR &
aAPC] with unmodified mock electroporated T cells (No DNA plasmid) used as a control.
Each experimental group contained 4 or 5 separate donor derived PBMC. Statistical
comparison was undertaken by One-way ANOVA followed by unpaired t-tests between each

experiment (* =p < 0.05).

[0051] FIG. 16. Comparison of CAR" T cells propagated on CDI19" or
CARL" aAPC. A) Total inferred T-cell number and B) CAR (IgG4) expression for each
CART was measured every 7 days for 5 donors. Top panel: 19CAR+ or G4ACAR+ T cells
were numerically expanded on either CD19" or CARL" aAPC. Bottom panel: 19G4CAR+ T
cells were propagated on either CD19" or CARL" aAPC. C) After 21 days of co-culture on
CD19" or CARL™ aAPC, 19G4CAR" T cells from 5 donors were assessed for expression of
markers associated with memory (top panel) or T cell co-receptors (bottom panel). D)
Specific killing by electroporated/propagated T cells expressing 19CAR, G4CAR, and
19G4CAR, by CRA at a ratio of 5 effectors to 1 target cell. The tumor targets were EL-4
(murine thymoma- GD2", CD19neg), NALM-6 (human B cell ALL- GD2neg, CD19+), and
K562 (a human CML- GD2neg, CD19neg). Up to 5 donors were tested in 4 independent

experiments. ns- No significance, * = p<0.05, *** = p<0.001.

[0052] FIG. 17. Numeric expansion of CAR" T cells using CARL" aAPC. A)
Total inferred T-cell number and B) CAR (IgG4) expression for each CART was measured
every 7 days from 4 to 5 donors for 21 days of co-culture on aAPC. The differences between
Day 21 total T-cell number and percent CAR expression was assessed using One-way
ANOVA. C) The specific killing by panel of T cells expressing GD2G4CAR, 19G4CAR,
and G4CAR, were tested using CRA at a ratio of 5 effectors to 1 target cell. The targets were
EL-4 (GD2', CD19™¥), NALM-6 (GD2"¢, CD19"), and parental K562 (GD2"¢, CD19™®),
Two-way ANOVA followed by unpaired t-tests was performed for 4 to 5 donors tested in 4

independent tests on Day 21 of co-culture on aAPC. ns- No significance, * = p<0.05.

[0053] FIG. 18. Comparison of TCR repertoire changes induced by CAR-
mediated expansion on aAPC. A) TCR repertoire was measured for 111 TCR a, B, v, and 6
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alleles using DTEA. 24 TCR abundance was organized from the most to the least frequently
occurring transcripts based on sorted CD3 CD56™# cells from Day 0. The set is visually
represented next to TCR repertoire expressed by T cells at Day 21 of co-culture on CARL"
K562 cells and CD19" K562 cells. Analysis was performed on 2 donors and a representative

plot of one donor is shown.

[0054] FIG. 19. Vector maps for expression of transgenes. Each DNA
plasmid expresses a transgene of interest under promoter human Elongation Factor 1 alpha
(phEF-1a), using the beta hemoglobin poly-adenylation signal (BGH) to terminate
transcription. The indirect repeats / direct repeats (IR/DR) allow for transgene transposition
into the genome using SB11. All plasmids were propagated in bacteria using the origin of
replication ColE1 and Kanamycin resistance (KanR) under the promoter pKan. A)
19G4CAR demonstrates the original plasmid design used in these studies and shows Nhel
and Xmnl restriction enzyme (RE) sites used to generate B) GD2G4CAR from PCR-directed
truncation of CD19- specific scFv on 19G4CAR which led to the generation of C) G4CAR
and final ligation using Apal and Kpnl REs. D) 19CAR was designed without an 1gG4
exodomain, instead expressing the CD8a hinge and exodomain. E) Zeo-2ACARL, expressing
CARL, and F) CD19-2A-Neo, expressing truncated human CD19 (tCD19), were designed to
express CARL or CD19 on aAPC under drug selection conditions.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0055] Therapeutics that employ CAR-expressing cells for targeting or
specific antigens (e.g., tumor-associated antigens) are currently being investigated for the
treatment of a variety of disease from cancers to infectious disease. However, the complexity
of these agents requires specialized tools for the purification, propagation and control of
CAR-expressing cells, which were previously not available. Embodiments of the present
invention provide antibodies that specifically bind to CAR T-cells and can be used to
selectively purify, propagate or target CAR T-cells. For example, in one aspect, antibodies
are provided that specifically bind to a region of the heavy chain constant domain shared by a
wide array of CAR T-cells. For example, the 2D3 monoclonal antibody specifically binds to
CAR expressing T-cell and can be used to analyze, isolate or propagate these cells. Likewise,
specific anti-idiotype (anti-Id) mAbs are provided with specificity for CD19-specific CARs.
The mouse mAb (clone no. 136.20.1) recognizes CD19-specific CARs derived from anti-
human CD19 mAb (clone FMC63). The specificity of this mAb for CD19-specific CAR id

-17-



10

15

20

25

30

WO 2014/190273 PCT/US2014/039365

demonstrated using (i) flow cytometry, (ii) western blotting, (iii) transmission electron
microscopy (TEM), and (iv) immunocytochemistry. Furthermore, the binding of this anti-1d
mAb to the scFv region of CDI9RCD28 was demonstrated using a panel of CAR" T cells and
inhibition of CD19-dependent cytolysis as observed by chromium release assay (CRA) and
video time lapse microscopy (VTLM).

[0056] Previously, CARs expressed on the T-cell surface were detected by
antibodies directed against epitope tags or spacer domains incorporated in the extracellular
domain. However, such tags would preferably not be employed in therapeutic CAR T-cells.
Other commercially-available antibodies detecting Fc regions can, in some case, detect
CARs, but cross-reactivity against immunoglobulin, especially when genetically modified T
cells are to be assayed from patient-derived PBMC remains an obstacle. Likewise,
alternative CAR designs that are non-immunogenic and avoid using a CH,-CH3 or employ
scaffolding domains that are smaller than the Fc region, may improve the therapeutic
potential of genetically modified T cells, but render Fc-binding antibodies useless as reagents.
Thus, reagents that can directly bind to and detect the scFv region of the CAR, such as the
mAbs provided here, represent the most effective reagents for manipulation of CAR T-cell
populations. Indeed, the anti-idiotype mAb developed for detection of CD19-specific CAR"
T cells provides a methodology to generate reagents to detect CARs targeting TAAsS
alternative to CD19.

[0057] Thus, the mAbs that binds to the scFv derived CAR T cells provided
herein can serve as new and effective systems for T-cell manipulation. Antibodies specific
for CAR T-cells (or in some cases CD-19 targeted CAR T-cells particularly) can be used to
analyze and characterize CAR reagents. Perhaps even more importantly the CAR-binding
agents provided herein can be used to specifically select, purify or propagate CAR T-cells.
For example, antibodies of the embodiments can be used as part of a system for selectively
growing CAR cells, such as by expressing the antibodies (or portions thereof) in aAPCs. In
the case of antibodies that bind CARs in general, the antibodies can be used to generate lines
of aAPCs as standardized reagents for expansion of CAR T-cell populations, a significant
advantage over the systems previously available that must the individualized for particular
CAR therapeutics. Likewise, the antibodies can be used to isolate and target CAR cells in
vivo to monitor therapy and, if needed, target and inhibit CAR-expressing cells in a subject.

These reagents will likely be instrumental in developing and implementing gene therapy trials
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infusing CD-19 CAR" T cells as well as CAR" T cells in general (i.e., CARs containing a

generic human Fc gamma chain derived scaffold in its polypeptide chain).
L Chimeric Antigen Receptors

[0058] The term “chimeric antigen receptors (CARs),” as used herein, may
refer to artificial T-cell receptors, chimeric T-cell receptors, or chimeric immunoreceptors,
for example, and encompass engineered receptors that graft an artificial specificity onto a
particular immune effector cell. CARs may be employed to impart the specificity of a
monoclonal antibody onto a T cell, thereby allowing a large number of specific T cells to be
generated, for example, for use in adoptive cell therapy. In specific embodiments, CARs
direct specificity of the cell to a tumor associated antigen, for example. In some
embodiments, CARs comprise an intracellular activation domain, a transmembrane domain,
and an extracellular domain comprising a tumor associated antigen binding region. In
particular aspects, CARs comprise fusions of single-chain variable fragments (scFv) derived
from monoclonal antibodies, fused to CD3( a transmembrane domain and endodomain. The
specificity of other CAR designs may be derived from ligands of receptors (e.g., peptides) or
from Dectins. In particular embodiments, one can target malignant B cells by redirecting the
specificity of T cells by using a CAR specific for the B-linecage molecule, CD19. In certain
cases, CARs comprise domains for additional co-stimulatory signaling, such as CD3(, FcR,
CD27, CD28, CD137, DAP10, and/or OX40. In some cases, molecules can be co-expressed
with the CAR, including co-stimulatory molecules, reporter genes for imaging (e.g., for
positron emission tomography), gene products that conditionally ablate the T cells upon

addition of a pro-drug, homing receptors, cytokines, and cytokine receptors.

[0059] As used herein, the term “antigen” is a molecule capable of being
bound by an antibody or T-cell receptor. An antigen is additionally capable of inducing a
humoral immune response and/or cellular immune response leading to the production of B

and/or T lymphocytes.

[0060] The present invention involves antibodies that have specificity towards
antigen-specific and universal chimeric antigen receptor (CAR) polypeptides, including a
CAR that has been humanized to reduce immunogenicity (hCAR). In certain embodiments,
the CAR may recognize an epitope comprised of the overlapping sequence between one or

more antigens.
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[0061] In certain aspects, the invention includes a method of making and/or
expanding the antigen-specific redirected TCR™® cells that comprises transfecting TCR™®
cells with an expression vector containing a DNA construct encoding the hCAR, then

stimulating the cells with an antibody to the receptor to cause the cells to proliferate.

1I. Antibodies of the Embodiments

[0062] In certain embodiments, an antibody or a fragment thercof that binds to
at least a portion of CD19scFv-specific CAR protein and interferes with the killing of CD19"
target cells and its associated use in treatment of diseases is contemplated. In other
embodiments, an antibody or a fragment thereof that binds to at least the CH,-CHj3 hinge of
CAR protein (all-CAR) is provided. As used herein, the term “antibody” is intended to refer
broadly to any immunologic binding agent, such as IgG, IgM, IgA, IgD, and IgE as well as
polypeptides comprising antibody CDR domains that retain antigen binding activity. The
antibody may be selected from the group consisting of a chimeric antibody, an affinity
matured antibody, a polyclonal antibody, a monoclonal antibody, a humanized antibody, a
human antibody, or an antigen-binding antibody fragment or a natural or synthetic ligand.
Preferably, the anti-CD19-specific CAR or all-CAR antibody is a monoclonal antibody or a
humanized antibody. By known means and as described herein, polyclonal or monoclonal
antibodies, antibody fragments, and binding domains and CDRs (including engineered forms
of any of the foregoing) may be created that are specific to CD19-specific CAR or all-CAR
protein, one or more of its respective epitopes, or conjugates of any of the foregoing, whether
such antigens or epitopes are isolated from natural sources or are synthetic derivatives or

variants of the natural compounds.

[0063] Examples of antibody fragments suitable for the present embodiments
include, without limitation: (i) the Fab fragment, consisting of V1, Vy, C1, and Cy; domains;
(i) the “Fd” fragment consisting of the Vg and Cp domains; (iii) the “Fv” fragment
consisting of the Vi, and Vg domains of a single antibody; (iv) the “dAb” fragment, which
consists of a Vyg domain; (v) isolated CDR regions; (vi) F(ab')2 fragments, a bivalent
fragment comprising two linked Fab fragments; (vii) single chain Fv molecules (“scFv”),
wherein a Vg domain and a Vi domain are linked by a peptide linker that allows the two
domains to associate to form a binding domain; (viii) bi-specific single chain Fv dimers (see
U.S. Pat. No. 5,091,513); and (ix) diabodies, multivalent or multispecific fragments
constructed by gene fusion (US Patent App. Pub. 20050214860). Fv, scFv, or diabody
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molecules may be stabilized by the incorporation of disulphide bridges linking the Vi and Vi,
domains. Minibodies comprising a scFv joined to a CH3 domain may also be made (Hu et

al., 1996).

[0064] Antibody-like binding peptidomimetics are also contemplated in
embodiments. Liu ef al. (2003) describe “antibody like binding peptidomimetics™ (ABiPs),
which are peptides that act as pared-down antibodies and have certain advantages of longer

serum half-life as well as less cumbersome synthesis methods.

[0065] Animals may be inoculated with an antigen in order to produce
antibodies specific for CD19scFv-specific CAR or all-CAR protein. Frequently an antigen is
bound or conjugated to another molecule to enhance the immune response. As used herein, a
conjugate is any peptide, polypeptide, protein, or non-proteinaceous substance bound to an
antigen that is used to elicit an immune response in an animal. Antibodies produced in an
animal in response to antigen inoculation comprise a variety of non-identical molecules
(polyclonal antibodies) made from a variety of individual antibody producing B lymphocytes.
A polyclonal antibody is a mixed population of antibody species, each of which may
recognize a different epitope on the same antigen. Given the correct conditions for
polyclonal antibody production in an animal, most of the antibodies in the animal's serum
will recognize the collective epitopes on the antigenic compound to which the animal has
been immunized. This specificity is further enhanced by affinity purification to select only

those antibodies that recognize the antigen or epitope of interest.

[0066] A monoclonal antibody is a single species of antibody wherein every
antibody molecule recognizes the same epitope because all antibody producing cells are
derived from a single B-lymphocyte cell line. The methods for generating monoclonal
antibodies (MADbs) generally begin along the same lines as those for preparing polyclonal
antibodies. In some embodiments, rodents such as mice and rats are used in generating
monoclonal antibodies. In some embodiments, rabbit, sheep, or frog cells are used in
generating monoclonal antibodies. The use of rats is well known and may provide certain
advantages. Mice (e.g., BALB/c mice) are routinely used and generally give a high

percentage of stable fusions.

[0067] Hybridoma technology involves the fusion of a single B lymphocyte

from a mouse previously immunized with a CD19scFv-specific CAR or all-CAR antigen
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with an immortal myeloma cell (usually mouse myeloma). This technology provides a
method to propagate a single antibody-producing cell for an indefinite number of generations,
such that unlimited quantities of structurally identical antibodies having the same antigen or

epitope specificity (monoclonal antibodies) may be produced.

[0068] In one embodiment, the antibody is a chimeric antibody, for example,
an antibody comprising antigen binding sequences from a non-human donor grafted to a
heterologous non-human, human, or humanized sequence (e.g., framework and/or constant
domain sequences). Methods have been developed to replace light and heavy chain constant
domains of the monoclonal antibody with analogous domains of human origin, leaving the
variable regions of the foreign antibody intact. Alternatively, “fully human” monoclonal
antibodies are produced in mice transgenic for human immunoglobulin genes. Methods have
also been developed to convert variable domains of monoclonal antibodies to more human
form by recombinantly constructing antibody variable domains having both rodent, for
example, mouse, and human amino acid sequences. In “humanized” monoclonal antibodies,
only the hypervariable CDR is derived from mouse monoclonal antibodies, and the
framework and constant regions are derived from human amino acid sequences (see U.S. Pat.
Nos. 5,091,513 and 6,881,557). It is thought that replacing amino acid sequences in the
antibody that are characteristic of rodents with amino acid sequences found in the
corresponding position of human antibodies will reduce the likelihood of adverse immune
reaction during therapeutic use. A hybridoma or other cell producing an antibody may also
be subject to genetic mutation or other changes, which may or may not alter the binding

specificity of antibodies produced by the hybridoma.

[0069] Methods for producing polyclonal antibodies in various animal
species, as well as for producing monoclonal antibodies of various types, including
humanized, chimeric, and fully human, are well known in the art and highly predictable. For
example, the following U.S. patents and patent applications provide enabling descriptions of
such methods: U.S. Patent Application Nos. 2004/0126828 and 2002/0172677; and U.S. Pat.
Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,196,265; 4,275,149; 4,277,437;
4,366,241; 4,469,797; 4,472,509; 4,606,855; 4,703,003; 4,742,159; 4,767,720; 4,816,567,
4,867,973; 4,938,948; 4,946,778; 5,021,236; 5,164,296; 5,196,066; 5,223,409; 5,403,484;
5,420,253; 5,565,332; 5,571,698; 5,627,052; 5,656,434; 5,770,376; 5,789,208; 5,821,337,
5,844,091; 5,858,657; 5,861,155; 5,871,907; 5,969,108; 6,054,297; 6,165,464; 6,365,157,
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6,406,867; 6,709,659; 6,709,873; 6,753,407; 6,814,965; 6,849,259; 6,861,572; 6,875,434;
and 6,891,024. All patents, patent application publications, and other publications cited

herein and therein are hereby incorporated by reference in the present application.

[0070] Substitutional variants typically contain the exchange of one amino
acid for another at one or more sites within the protein, and may be designed to modulate one
or more propertics of the polypeptide, with or without the loss of other functions or
properties. Substitutions may be conservative, that is, one amino acid is replaced with one of
similar shape and charge. Conservative substitutions are well known in the art and include,
for example, the changes of: alanine to serine; arginine to lysine; asparagine to glutamine or
histidine; aspartate to glutamate; cysteine to serine; glutamine to asparagine; glutamate to
aspartate; glycine to proline; histidine to asparagine or glutamine; isoleucine to leucine or
valine; leucine to valine or isoleucine; lysine to arginine; methionine to leucine or isoleucine;
phenylalanine to tyrosine, leucine or methionine; serine to threonine; threonine to serine;
tryptophan to tyrosine; tyrosine to tryptophan or phenylalanine; and valine to isoleucine or
leucine. Alternatively, substitutions may be non-conservative such that a function or activity
of the polypeptide is affected. Non-conservative changes typically involve substituting a
residue with one that is chemically dissimilar, such as a polar or charged amino acid for a

nonpolar or uncharged amino acid, and vice versa.

[0071] Proteins may be recombinant, or synthesized in vitro. Alternatively, a
non-recombinant or recombinant protein may be isolated from bacteria. It is also
contemplated that a bacteria containing such a variant may be implemented in compositions

and methods. Consequently, a protein need not be isolated.

[0072] An antibody or preferably an immunological portion of an antibody,
can be chemically conjugated to, or expressed as, a fusion protein with other proteins. For
purposes of this specification and the accompanying claims, all such fused proteins are

included in the definition of antibodies or an immunological portion of an antibody.
HI.  Chimeric Antigen Receptors

[0073] Embodiments of the present invention involve nucleic acids, including
nucleic acids encoding an antigen-specific chimeric antigen receptor (CAR) polypeptide,
including a CAR that has been humanized to reduce immunogenicity (hCAR), comprising an

intracellular signaling domain, a transmembrane domain, and an extracellular domain
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comprising one or more signaling motifs. In certain embodiments, the CAR may recognize
an epitope comprised of the shared space between one or more antigens. Pattern recognition
receptors, such as Dectin-1, may be used to derive specificity to a carbohydrate antigen. In
certain embodiments, the binding region can comprise complementary determining regions of
a monoclonal antibody, variable regions of a monoclonal antibody, and/or antigen binding
fragments thereof. In another embodiment, that specificity is derived from a peptide (e.g.,
cytokine) that binds to a receptor. A complementarity determining region (CDR) is a short
amino acid sequence found in the variable domains of antigen receptor (e.g., immunoglobulin
and T-cell receptor) proteins that complements an antigen and therefore provides the receptor
with its specificity for that particular antigen. Each polypeptide chain of an antigen receptor
contains three CDRs (CDR1, CDR2, and CDR3). Since the antigen receptors are typically
composed of two polypeptide chains, there are six CDRs for each antigen receptor that can
come into contact with the antigen -- each heavy and light chain contains three CDRs.
Because most sequence variation associated with immunoglobulins and T-cell receptors are
found in the CDRs, these regions are sometimes referred to as hypervariable domains.
Among these, CDR3 shows the greatest variability as it is encoded by a recombination of the

VJ (VDI in the case of heavy chain and TCR aff chain) regions.

[0074] It is contemplated that the human CAR nucleic acids are human genes
to enhance cellular immunotherapy for human patients. In a specific embodiment, the
invention includes a full length CAR ¢cDNA or coding region. The antigen binding regions or
domain can comprise a fragment of the Vi and Vi chains of a single-chain variable fragment
(scFv) derived from a particular human monoclonal antibody, such as those described in U.S.
Patent 7,109,304, incorporated herein by reference. The fragment can also be any number of
different antigen binding domains of a human antigen-specific antibody. In a more specific
embodiment, the fragment is an antigen-specific scFv encoded by a sequence that is

optimized for human codon usage for expression in human cells.

[0075] The arrangement could be multimeric, such as a diabody or multimers.
The multimers are most likely formed by cross pairing of the variable portion of the light and
heavy chains into what has been referred to by Winters as a diabody. The hinge portion of
the construct can have multiple alternatives from being totally deleted, to having the first
cysteine maintained, to a proline rather than a serine substitution, to being truncated up to the

first cysteine. The Fc portion can be deleted. Any protein that is stable and/or dimerizes can
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serve this purpose. One could use just one of the Fc domains, e.g., either the CH2 or CH3
domain from human immunoglobulin. One could also use the hinge, CH2 and CH3 region of
a human immunoglobulin that has been modified to improve dimerization. One could also

use just the hinge portion of an immunoglobulin. One could also use portions of CD8a.

[0076] The intracellular signaling domain of the chimeric receptor of the
invention is responsible for activation of at least one of the normal effector functions of the
immune cell in which the chimeric receptor has been placed. The term “effector function”
refers to a specialized function of a differentiated cell. Effector function of a T cell, for
example, may be cytolytic activity or helper activity including the secretion of cytokines.
Effector function in a naive, memory, or memory-type T cell includes antigen-dependent
proliferation. Thus the term “intracellular signaling domain™ refers to the portion of a protein
that transduces the effector function signal and directs the cell to perform a specialized
function. While usually the entire intracellular signaling domain will be employed, in many
cases it will not be necessary to use the entire intracellular polypeptide. To the extent that a
truncated portion of the intracellular signaling domain may find use, such truncated portion
may be used in place of the intact chain as long as it still transduces the effector function
signal. The term intracellular signaling domain is thus meant to include any truncated portion
of the intracellular signaling domain sufficient to transduce the effector function signal.
Examples include the zeta chain of the T-cell receptor or any of its homologs (e.g., eta, delta,
gamma, or epsilon), MB1 chain, B29, Fc¢ RIII, Fc RI, and combinations of signaling
molecules, such as CD3{ and CD28, CD27, 4-1BB, DAP-10, OX40, and combinations
thereof, as well as other similar molecules and fragments. Intracellular signaling portions of
other members of the families of activating proteins can be used, such as FcyRIII and FceRL
See Gross er al. (1992), Stancovski et al. (1993), Moritz et al. (1994), Hwu et al. (1995),
Weijtens et al. (1996), and Hekele er al. (1996) for disclosures of cTCR's using these
alternative transmembrane and intracellular domains. In a preferred embodiment, the human

CD3 ¢ intracellular domain was taken for activation.

[0077] The antigen-specific extracellular domain and the intracellular
signaling-domain may be linked by a transmembrane domain, such as the human IgG.Fc
hinge and Fc regions. Alternatives include the human CD4 transmembrane domain, the

human CD28 transmembrane domain, the transmembrane human CD3{ domain, or a cysteine
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mutated human CD3{ domain, or other transmembrane domains from other human

transmembrane signaling proteins, such as CD16 and CD8 and erythropoietin receptor.

[0078] In some embodiments, the CAR nucleic acid comprises a sequence
encoding other costimulatory receptors, such as a transmembrane domain and a modified
CD28 intracellular signaling domain. Other costimulatory receptors include, but are not
limited to one or more of CD28, CD27, OX-40 (CD134), DAPI10, and 4-1BB (CD137). In
addition to a primary signal initiated by CD3 ¢, an additional signal provided by a human
costimulatory receptor inserted in a human CAR is important for full activation of T cells and
could help improve in vivo persistence and the therapeutic success of the adoptive

immunotherapy.

[0079] In particular embodiments, the invention concerns isolated nucleic acid
segments and expression cassettes incorporating DNA sequences that encode the CAR.
Vectors of the present invention are designed, primarily, to deliver desired genes to immune
cells, preferably T cells under the control of regulated eukaryotic promoters, for example,
MNDU3 promoter, CMV promoter, EFlalpha promoter, or Ubiquitin promoter. Also, the
vectors may contain a selectable marker, if for no other reason, to facilitate their manipulation
in vitro. In other embodiments, the CAR can be expressed from mRNA in vitro transcribed

from a DNA template.

[0080] Chimeric antigen receptor molecules are recombinant and are
distinguished by their ability to both bind antigen and transduce activation signals via
immunoreceptor activation motifs (ITAM's) present in their cytoplasmic tails. Receptor
constructs utilizing an antigen-binding moiety (for example, generated from single chain
antibodies (scFv)) afford the additional advantage of being “universal” in that they bind
native antigen on the target cell surface in an HLA-independent fashion. For example,
several laboratories have reported on scFv constructs fused to sequences coding for the
intracellular portion of the CD3 complex's zeta chain (§), the Fc receptor gamma chain, and
sky tyrosine kinase (Eshhar et al., 1993; Fitzer-Attas ef al., 1998). Re-directed T cell effector
mechanisms including tumor recognition and lysis by CTL have been documented in several
murine and human antigen-scFv: £ systems (Eshhar, 1997; Altenschmidt er al, 1997;
Brocker et al., 1993).
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[0081] To date non-human antigen binding regions are typically used in
constructing a chimeric antigen receptor. A potential problem with using non-human antigen
binding regions, such as murine monoclonal antibodies, is the lack of human effector
functionality and inability to penetrate into tumor masses. In other words, such antibodies
may be unable to mediate complement-dependent lysis or lyse human target cells through
antibody-dependent cellular toxicity or Fc-receptor mediated phagocytosis to destroy cells
expressing CAR. Furthermore, non-human monoclonal antibodies can be recognized by the
human host as a foreign protein, and therefore, repeated injections of such foreign antibodies
can lead to the induction of immune responses leading to harmful hypersensitivity reactions.
For murine-based monoclonal antibodies, this is often referred to as a Human Anti-Mouse
Antibody (HAMA) response. Therefore, the use of human antibodies is more preferred
because they do not elicit as strong a HAMA response as murine antibodies. Similarly, the
use of human sequences in the CAR can avoid immune-mediated recognition and therefore
climination by endogenous T cells that reside in the recipient and recognize processed

antigen in the context of HLA.

[0082] In some embodiments, the chimeric antigen receptor comprises: a) an
intracellular signaling domain, b) a transmembrane domain, and c¢) an extracellular domain

comprising an antigen binding region.

[0083] In specific embodiments, intracellular receptor signaling domains in
the CAR include those of the T cell antigen receptor complex, such as the zeta chain of CD3,
also Fcy RIII costimulatory signaling domains, CD28, CD27, DAP10, CD137, OX40, CD2,
alone or in a series with CD3zeta, for example. In specific embodiments, the intracellular
domain (which may be referred to as the cytoplasmic domain) comprises part or all of one or
more of TCR zeta chain, CD28, CD27, 0X40/CD134, 4-1BB/CD137, FceRly, ICOS/CD278,
IL-2Rbeta/CD122, 1L-2Ralpha/CD132, DAP10, DAP12, and CD40. In some embodiments,
one employs any part of the endogenous T cell receptor complex in the intracellular domain.
One or multiple cytoplasmic domains may be employed, as so-called third generation CARs
have at least two or three signaling domains fused together for additive or synergistic effect,

for example.

[0084] In certain embodiments of the chimeric antigen receptor, the antigen-
specific portion of the receptor (which may be referred to as an extracellular domain

comprising an antigen binding region) comprises a tumor associated antigen or a pathogen-
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specific antigen binding domain including carbohydrate antigen recognized by pattern-
recognition receptors, such as Dectin-1. A tumor associated antigen may be of any kind so
long as it is expressed on the cell surface of tumor cells. Exemplary embodiments of tumor
associated antigens include CD19, CD20, carcinoembryonic antigen, alphafetoprotein, CA-
125, MUC-1, CD56, EGFR, ¢-Met, AKT, Her2, Her3, epithelial tumor antigen, melanoma-
associated antigen, mutated p53, mutated ras, and so forth. In certain embodiments, the CAR
can be co-expressed with a membrane-bound cytokine to improve persistence when there is a
low amount of tumor-associated antigen. For example, CAR can be co-expressed with

membrane-bound IL-15.

[0085] In certain embodiments intracellular tumor associated antigens may be
targeted, such as HA-1, survivin, WT1, and p53. This can be achieved by a CAR expressed
on a universal T cell that recognizes the processed peptide described from the intracellular
tumor associated antigen in the context of HLA. In addition, the universal T cell may be
genetically modified to express a T-cell receptor pairing that recognizes the intracellular

processed tumor associated antigen in the context of HLA.

[0086] The pathogen may be of any kind, but in specific embodiments the
pathogen is a fungus, bacteria, or virus, for example. Exemplary viral pathogens include
those of the families of Adenoviridae, Epstein—Barr virus (EBV), Cytomegalovirus (CMV),
Respiratory Syncytial Virus (RSV), JC virus, BK virus, HSV, HHV family of viruses,
Picornaviridae, Herpesviridae, Hepadnaviridae, Flaviviridae, Retroviridae,
Orthomyxoviridae, Paramyxoviridae, Papovaviridae, Polyomavirus, Rhabdoviridae, and
Togaviridae. Exemplary pathogenic viruses cause smallpox, influenza, mumps, measles,
chickenpox, ebola, and rubella. Exemplary pathogenic fungi include Candida, Aspergillus,
Cryptococcus, Histoplasma, Pneumocystis, and Stachybotrys. Exemplary pathogenic bacteria
include  Streptococcus, Pseudomonas, Shigella, Campylobacter, Staphylococcus,
Helicobacter, E. coli, Rickettsia, Bacillus, Bordetella, Chlamydia, Spirochetes, and
Salmonella. In one embodiment the pathogen receptor Dectin-1 can be used to generate a
CAR that recognizes the carbohydrate structure on the cell wall of fungi. T cells genetically
modified to express the CAR based on the specificity of Dectin-1 can recognize Aspergillus
and target hyphal growth. In another embodiment, CARs can be made based on an antibody
recognizing viral determinants (e.g., the glycoproteins from CMV and Ebola) to interrupt

viral infections and pathology.
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[0087] In some embodiments, the pathogenic antigen is an Aspergillus
carbohydrate antigen for which the extracellular domain in the CAR recognizes patterns of

carbohydrates of the fungal cell wall, such as via Dectin-1.

[0088] It is contemplated that the chimeric construct can be introduced into
the subject's own T cells as naked DNA or in a suitable vector. Methods of stably
transfecting T cells by electroporation using naked DNA are known in the art. See, e.g., U.S.
Pat. No. 6,410,319. Naked DNA generally refers to the DNA encoding a chimeric receptor
of the present invention contained in a plasmid expression vector in proper orientation for
expression. Advantageously, the use of naked DNA reduces the time required to produce T

cells expressing the chimeric receptor of the present invention.

[0089] Alternatively, a viral vector (e.g., a retroviral vector, adenoviral vector,
adeno-associated viral vector, or lentiviral vector) can be used to introduce the chimeric
construct into T cells. Suitable vectors for use in accordance with the method of the present
invention are non-replicating in the subject's T cells. A large number of vectors are known
that are based on viruses, where the copy number of the virus maintained in the cell is low
enough to maintain the viability of the cell. Illustrative vectors include the pFB-neo vectors
(STRATAGENE®) disclosed herein as well as vectors based on HIV, SV40, EBV, HSV, or
BPV.

[0090] Once it is established that the transfected or transduced T cell is
capable of expressing the chimeric receptor as a surface membrane protein with the desired
regulation and at a desired level, it can be determined whether the chimeric receptor is
functional in the host cell to provide for the desired signal induction. Subsequently, the
transduced T cells are reintroduced or administered to the subject to activate anti-tumor
responses in the subject. To facilitate administration, the transduced T cells according to the
invention can be made into a pharmaceutical composition or made into an implant
appropriate for administration iz vivo, with appropriate carriers or diluents, which further can
be pharmaceutically acceptable. The means of making such a composition or an implant
have been described in the art (see, for instance, Remington's Pharmaceutical Sciences, 16th
Ed., Mack, ed. (1980)). Where appropriate, the transduced T cells can be formulated into a
preparation in semisolid or liquid form, such as a capsule, solution, injection, inhalant, or
acrosol, in the usual ways for their respective route of administration. Means known in the

art can be utilized to prevent or minimize release and absorption of the composition until it
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reaches the target tissue or organ, or to ensure timed-release of the composition. Desirably,
however, a pharmaceutically acceptable form is employed that does not ineffectuate the cells
expressing the chimeric receptor. Thus, desirably the transduced T cells can be made into a
pharmaceutical composition containing a balanced salt solution, preferably Hanks' balanced

salt solution, or normal saline.

IV.  Artificial Antigen Presenting Cells

[0091] In some cases, aAPCs are useful in preparing CAR-based therapeutic
compositions and cell therapy products. For general guidance regarding the preparation and
use of antigen-presenting systems, see, e.g., U.S. Pat. Nos. 6,225,042, 6,355,479, 6,362,001
and 6,790,662; U.S. Patent Application Publication Nos. 2009/0017000 and 2009/0004142;
and International Publication No. W02007/103009). As further detailed herein, in some
aspects, aAPCs are provided, which comprise an antibody of the embodiments expressed on
the surface. For instance, in some aspects, the antibody can be provided in additional to or
instead of the antigen that is recognized by the CAR in order to mediate CAR T-cell

expansion.

[0092] Thus, aAPCs, the cells can express an antibody and/or an antigen of
interest. In addition to antibody or antigen of interest, the aAPC systems may also comprise
at least one exogenous assisting molecule. Any suitable number and combination of assisting
molecules may be employed. The assisting molecule may be selected from assisting
molecules such as co-stimulatory molecules and adhesion molecules. Exemplary co-
stimulatory molecules include CD70 and B7.1 (B7.1 was previously known as B7 and also
known as CD80), which among other things, bind to CD28 and/or CTLA-4 molecules on the
surface of T cells, thereby affecting, for example, T-cell expansion, Thl differentiation,
short-term T-cell survival, and cytokine secretion such as interleukin (IL)-2 (see Kim et al,
2004, Nature, Vol. 22(4), pp. 403-410). Adhesion molecules may include carbohydrate-
binding glycoproteins such as selectins, transmembrane binding glycoproteins such as
integrins, calcium-dependent proteins such as cadherins, and single-pass transmembrane
immunoglobulin (Ig) superfamily proteins, such as intercellular adhesion molecules
(ICAMs), that promote, for example, cell-to-cell or cell-to-matrix contact. Exemplary
adhesion molecules include LFA-3 and ICAMs, such as ICAM-1. Techniques, methods, and

reagents useful for selection, cloning, preparation, and expression of exemplary assisting
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molecules, including co-stimulatory molecules and adhesion molecules, are exemplified in,

e.g., U.S. Pat. Nos. 6,225,042, 6,355,479, and 6,362,001.

[0093] Cells selected to become aAPCs, preferably have deficiencies in
intracellular antigen-processing, intracellular peptide trafficking, and/or intracellular MHC
Class T or Class II molecule-peptide loading, or are poikilothermic (i.e., less sensitive to
temperature challenge than mammalian cell lines), or possess both deficiencies and
poikilothermic properties. Preferably, cells selected to become aAPCs also lack the ability to
express at least one endogenous counterpart (e.g., endogenous MHC Class 1 or Class II
molecule and/or endogenous assisting molecules as described above) to the exogenous MHC
Class I or Class II molecule and assisting molecule components that are introduced into the
cells. Furthermore, aAPCs preferably retain the deficiencies and poikilothermic properties
that were possessed by the cells prior to their modification to generate the aAPCs. Exemplary
aAPCs either constitute or are derived from a transporter associated with antigen processing
(TAP)-deficient cell line, such as an insect cell line. An exemplary poikilothermic insect cells
line is a Drosophila cell line, such as a Schneider 2 cell line (see, e.g. Schneider, J. Embryol.
Exp. Morph. 1972 Vol 27, pp. 353-365). Illustrative methods for the preparation, growth, and
culture of Schneider 2 cells, are provided in U.S. Pat. Nos. 6,225,042, 6,355,479, and
6,362,001.

[0094] In one embodiment, aAPCs are also subjected to a freeze-thaw cycle.
In an exemplary freeze-thaw cycle, the aAPCs may be frozen by contacting a suitable
receptacle containing the aAPCs with an appropriate amount of liquid nitrogen, solid carbon
dioxide (i.e., dry ice), or similar low-temperature material, such that freezing occurs rapidly.
The frozen aAPCs are then thawed, either by removal of the aAPCs from the low-
temperature material and exposure to ambient room temperature conditions, or by a
facilitated thawing process in which a lukewarm water bath or warm hand is employed to
facilitate a shorter thawing time. Additionally, aAPCs may be frozen and stored for an
extended period of time prior to thawing. Frozen aAPCs may also be thawed and then
lyophilized before further use. Preferably, preservatives that might detrimentally impact the
freeze-thaw procedures, such as dimethyl sulfoxide (DMSO), polyethylene glycols (PEGs),
and other preservatives, are absent from media containing aAPCs that undergo the freeze-
thaw cycle, or are essentially removed, such as by transfer of aAPCs to media that is

essentially devoid of such preservatives.
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[0095] In other preferred embodiments, xenogenic nucleic acid and nucleic
acid endogenous to the aAPCs, may be inactivated by crosslinking, so that essentially no cell
growth, replication or expression of nucleic acid occurs after the inactivation. In one
embodiment, aAPCs are inactivated at a point subsequent to the expression of exogenous
MHC and assisting molecules, presentation of such molecules on the surface of the aAPCs,
and loading of presented MHC molecules with selected peptide or peptides. Accordingly,
such inactivated and selected peptide loaded aAPCs, while rendered essentially incapable of
proliferating or replicating, retain selected peptide presentation function. Preferably, the
crosslinking also yields aAPCS that are essentially free of contaminating microorganisms,
such as bacteria and viruses, without substantially decreasing the antigen-presenting cell
function of the aAPCs. Thus crosslinking maintains the important APC functions of aAPCs
while helping to alleviate concerns about safety of a cell therapy product developed using the
aAPCs. For methods related to crosslinking and aAPCs, see for example, U.S. Patent
Application Publication No. 20090017000, which is incorporated herein by reference.

V. Kits of the Invention

[0096] Any of the compositions described herein may be comprised in a kit.
In some embodiments, CAR-binding antibodies are provided in the kit, which also may
include reagents suitable for expanding the cells, such as media, aAPCs, growth factors,
antigens, other antibodies (e.g., for sorting or characterizing CAR T-cells) and/or plasmids

encoding CARs or transposase.

[0097] In a non-limiting example, a CAR-binding antibody, a chimeric
receptor expression construct (or reagents to gencrate a chimeric receptor expression
construct), reagents for transfection of the expression construct, and/or one or more
instruments to obtain allogeneic cells for transfection of the expression construct (such an
instrument may be a syringe, pipette, forceps, and/or any such medically approved apparatus)
are provided in a kit. In some aspects, the kit comprises reagents or apparatuses for

clectroporation of cells.

[0098] The kits may comprise one or more suitably aliquoted compositions of
the present invention or reagents to generate compositions of the invention. The components
of the kits may be packaged either in aqueous media or in lyophilized form. The container
means of the kits may include at least one vial, test tube, flask, bottle, syringe, or other

container means, into which a component may be placed, and preferably, suitably aliquoted.
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Where there is more than one component in the kit, the kit also will generally contain a
second, third, or other additional container into which the additional components may be
separately placed. However, various combinations of components may be comprised in a
vial. The kits of the present invention also will typically include a means for containing the
chimeric receptor construct and any other reagent containers in close confinement for
commercial sale. Such containers may include injection or blow molded plastic containers

into which the desired vials are retained, for example.

VI.  Examples

[0099] The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in light
of the present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result without departing

from the spirit and scope of the invention.
Example 1 — CD19 CAR-targeting monoclonal antibody - Methods

[00100] Ethics Statement. All experimental procedures pertaining to the use
of animals were performed according to the U.T. MD Anderson Cancer Center Institutional
Animal Care and Use Committee (IACUC) guidelines and were carried out by the MD
Anderson Hybridoma core lab (IACUC approval no. 11-071-2533). All efforts were made to
reduce suffering to the animals caused by any experimental procedure. Isoflurane (2-5%)
were used as anesthesia whenever required. Details of animal care, anesthesia use and sample
collection are provided in separate paragraph. For the peripheral blood mononuclear cells
(PBMC) used in the study, blood samples were obtained from healthy volunteers under the
protocol title “Acquisition of peripheral blood from healthy volunteers” that aimed to
investigate the immunobiology of lymphocytes such as T cells in general and genetically
modified T cells in particular (approval obtained from U.T. MD Anderson Cancer Center
Institutional Review Board protocol no. LAB07-0296). Healthy volunteers donated blood

only after written consent was obtained and the study objectives were explained.
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[00101] Cells. Cell lines were obtained from American Type Culture
Collection (ATCC) unless otherwise stated. L cells, (a mouse adherent fibroblast cell line
derived from C3H/An strain; ATCC no. CRL-2648), Jurkat cells (ATCC no. CRL-1990),
NSO cells (Sigma Aldrich no. 85110503), NALM-6 pre-B ALL cell (DSMZ no. ACC 128),
EL4 murine lymphoma T cell line (ATCC no. TIB-39), CD19" EL4 (genetically modified to
express truncated human CD19) (Torikai et al., 2012), and Daudi cells co-expressing EGFP
and PB,-microglobulin (Daudi B,m; Rabinovich et al. 2008), were all cultured in complete
media (CM) defined as RPMI 1640 (Hyclone) supplemented with heat inactivated 10% fetal
bovine serum (FBS) (Hyclone) and 2 mM L-Glutamine (Gibco-Invitrogen). Genetically
modified cells were selected in various cytocidal concentrations of neomycin sulfate G418
(Invivogen) at 0.8 mg/mL for NSO cells, 0.9 mg/mL for L cells, and 1 mg/mL for Jurkat cells
(Singh er al., 2008). K562 were transduced with lentivirus to co-express CD64, CDS86,
CD137L and a membrane-bound IL-15 (mIL-15) to generate artificial antigen presenting
cells (aAPC clone no. 4) (O’Connor et al., 2012; Singh et al., 2008; Manuri et al, 2009;
Singh et al., 2011; Maiti ef al., 2013). Primary human T cells from PBMC were genetically
modified to express CDIIRCD28 CAR using the Sleeping Beauty (SB)
transposon/transposase system and propagated ex vivo in a CAR-dependent manner on
CD19" aAPC (K562, clone no. 4) in CM supplemented with soluble recombinant IL-2
(Novartis/Chiron) at 50 IU/mL and IL-21 at 30 ng/mL (Peprotech) (Singh ez al., 2011; Huls
etal,2012).

[00102] Cell surface expression of CD19-specific scFv. V| (amino terminus)
and Vy (carboxyl terminus) regions were derived from anti-human CD19-specific mAb clone
FMC63 (Nicholson ef al., 1997). The scFv was formed by joining the Vi and Vi with the 18
amino acid (AA) Whitlow peptide linker (GSTSGSGKPGSGEGSTKG) (Whitlow et al.,
1993). This binding domain, denoted as CD19scFv, was then fused in frame with mouse
CD8a. extra-cellular domain (AA 28-196) and transmembrane domain (AA 197-217) (Swiss-
Prot No.P01731 www.expasy.org) to create the fusion protein CD19scFvmCD8a. The cDNA
representing the fusion protein was mouse codon optimized and synthesized by a commercial
vendor (FIG. 1B, GENEART). The nucleotide sequence of CD19scFvmCD8a was verified
and the cDNA was cloned into plasmid pIRESneo2 (Clontech cat no. 6938-1) to generate
DNA vector CD19scFvmCD8apIRESneo?2 (FIG. 1C). Purified vector
CD19scFvmCD8apIRESneo2 DNA (endotoxin level <4 EU/mL) at a concentrations of 1 pg
per 10° of L cells and 5 pg per 10° Jurkat and NSO cells, were electro-transferred by a
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Nucleofector device (model no. AAD-1001, Lonza) employing Nucleofector kit R and
program X-005 for L cells and human T cell Nucleofector kit and program U-14 for Jurkat
and NSO cells. Electroporated cells were plated in 6-well culture plates (Corning) containing
complete media (CM), incubated for 4 hours, and then added with drug neomycin sulfate
(G418) as mentioned. Cells were cultured in an incubator (5% CO, and 37°C) and at 24 to 48
hours, the transient expression of CD19scFvmCD8a was assessed by flow cytometry using
PE-conjugated anti-mouse CD8a antibody (BD Biosciences). Drug-resistant clones of L cells
were propagated to confluence and harvested by trypsinization using 0.05% Trypsin-EDTA
(Gibco-Invitrogen). Cells with highest expression level of CD19scFvmCD8a were sorted on
a FACSAria sorter (BD Biosciences) using anti-mouse CD8a-PE (BD Biosciences) as
detection antibody. Sorted cells were numerically expanded further in the presence of
neomycin sulfate (G418). Transgene expression was confirmed by flow cytometry. One L
cell (clone no. 12) with the highest stable expression of transgene was chosen and expanded
further for immunization purposes. Similarly, Jurkat and NSO cells expressing CD19scFv

were generated to screen hybridoma clones.

[00103] Animal care, immunization, lymphocyte collection. All the
experiments pertaining to the animal use were performed as per the recommendations of the
U.T. MD Anderson Cancer Center Institutional Animal Care and Use Committee (IACUC
approval no. 11-071-2533). Two BALB/c mice (NCI, Frederick) were immunized in the
footpads, each with 5x10° L cells expressing CD19scFv-mCD8a. (clone no. 12) suspended in
50 uL PBS. No adjuvant was used for immunization. The mice were restrained manually (for
less than 2 minutes) for cell injection or anesthetized by isoflurane (2-5%) whenever
required. Each mouse received a total of 6 injections at 3 day intervals. At the end of 5t
immunization, mice were anesthetized by isoflurane (2-5%) inhalation and then blood was
drawn from the tail vein. Sera were used to evaluate the antibody titer in an indirect ELISA.
On Day 18 a mouse with highest titer was chosen for lymphocyte collection and fusion. Mice
were euthanized by CO; inhalation and then popliteal lymph nodes were dissected for

collection of lymphocytes.

[00104] Generation of hybridomas. A schematic outlining the steps involved
for development and isolation of a mAb with specificity for the CD19scFv region in
CD19RCD28 CAR is shown in FIG. 7. In brief, lymphocytes were washed with RPMI 1640
and then fused with a myeloma partner SP2/0 (ATCC no. CRLI1581) at a lymphocyte to
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myeloma ratio of 1:0.8. Hybridomas were obtained by standard polyethylene glycol (PEG-
1450, Sigma-Aldrich) mediated fusion technology. Fused cells were grown in 96-well tissue-
culture plates for 10 days in HAT selection media (Sigma-Aldrich) supplemented with 10%
hybridoma cloning supplement (HCS) (GE/PAA Lab Inc.). Hybridoma clones were screened

on day 10 to evaluate for the presence of antibody.

[00105] Screening hybridoma clones. A solid phase ELISA was used to
determine the titer for the immune sera and to screen for hybridoma clones producing mAb
specific for CD19scFv. Monoclonal antibodies were purified by standard protein G or protein

A columns. One hybridoma clone (no. 136.20.1) was selected for characterization.

[00106] Flow Cytometry. For detecting surface expression of CAR, about
0.25x10° cells were suspended in 0.1mL of FACS buffer (2% FBS in 1X PBS) and stained
with antibodies conjugated to fluorochromes (Table 1). Following blocking for 30 minutes at
4°C with 2% normal mouse sera (Jackson ImmunoResearch) in FACS buffer and washing
twice with FACS buffer, the samples were incubated on ice with primary antibodies or
conjugated antibodies for 30 minutes. Data were acquired on a FACSCalibur (BD
Biosciences) using CellQuest software, version 3.3 (BD Biosciences). Dot plot analyses or
MFT (median fluorescence intensity) was calculated by either FCS Express version 3.00.007
(Thornhill) or FlowlJo software (version 7.6). To determine the sensitivity of anti-CD19scFv
mAb (clone no. 136.20.1), CD19-specific CAR" T cells were mixed with PBMC obtained
from healthy donors (CAR™® cells) at varying cell ratios (1:10-1:10,000 CAR" T cell to
PBMC). AlexaFluor-647 conjugated mAb (clone no. 136.20.1) was used to detect CAR" T
cells by flow cytometry.

Table 1: Antibodies used for flow cytometry analysis

Antibody Amount (uL) Cat no. Vendor
Rat Anti-mouse CD8a 1 553033 Becton and Dickinson, San
Jose, CA
Goat anti-mouse IgG Fcg 1 115-096-071 Jackson ImmunoResearch,
fragment specific PE West Grove, PA
Goat F(Ab)2 anti-human 2.5 H10104 Invitrogen ,Carlsbad, CA
IeGg R-PE
Anti-CD19" CAR Fc 1 NA Cooper Lab, MDACC
specific (2D3)
Anti-CD19" CAR 1 NA Cooper Lab, MDACC
Idiotype 136.20.1-
AlexaFluor-
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Antibody Amount (uL) Cat no. Vendor
647 AlexaFluor-488

Anti-CD3 PE 1 555333 Becton and Dickinson, San
Jose, CA

Anti-CD4 APC 2.5 555349 Becton and Dickinson, San
Jose, CA

Anti-CD4 PercP Cy5.5 2 341654 Becton and Dickinson, San
Jose, CA

Anti-CDS PercP Cy5.5 2 341051 Becton and Dickinson, San
Jose, CA

Anti-CDR Pacific blue 1 558207 Becton and Dickinson, San
Jose, CA

[00107] Binding assay. Binding activity of purified anti-CD19scFv mAb

(clone no. 136.20.1) was determined by an indirect ELISA. In brief, wells of a 96-well plate
(Thermo Scientific Nunc) were coated with 100 ng of one of the following mAbs: anti-human
CD19 mADb (clone FMC63, Millipore), anti-human CD19 mAb (clone MHCD1900, Gibco-
Invitrogen), anti-human CD20 mAb (clone no. 1F5.1D4.1 derived by us from clone 1F5,
clone no. HB-9645, ATCC), or human IgG (Jackson ImmunoResearch), in 0.1 mL of coating
buffer (100 mM NaHCOs pH 8.6). The plates were incubated at 37°C for 1 h and then washed
three times with PBST (1X PBS with 0.05% tween-20). Blocking was achieved with 300 puL
of 5% BSA in PBST. A dose curve was generated using different concentrations of purified
anti-CD19scFv primary mAbs (2-30 ug/mL) and detected by secondary antibody goat anti-
mouse IgG Fc HRP (Sigma-Aldrich). Absorbance was read at 450nm using a microplate
reader (Victor 2030, Perkin Elmer).

[00108] Western blot. Reactivity of anti-CD19ScFv mAb (clone no. 136.20.1)
to SDS-denatured protein was tested by western blot analysis. Ten million CAR modified or
unmodified control T cells were lysed using RIPA buffer (50 mM Tris, pH 7.5, 150 mM
NaCl, 0.1% SDS, 0.5% Sodium Deoxycholate, 1% TritonX100, 1 mM PMSF) containing
protease inhibitor tablets as per the manufacturer’s instructions (Roche Applied Science).
Protein concentration was determined by a BCA kit (Thermo Scientific Pierce). Ten
micrograms of total protein obtained from each cell lysates were electrophoresed under
denaturing condition on a 4-20% gradient gel (Biorad) followed by electroblotting onto a
PVDF membrane using a Criterion blotter (Biorad). PVDF membrane was blocked using 5%
skim milk in PBST, and then incubated with primary anti-CD19ScFv mAb (clone no.
136.20.1). Binding was detected by goat anti-mouse 1gG Fc HRP (Sigma-Aldrich) enhanced
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with ECL Westfemto™ substrate (Thermo Scientific Pierce). Images of blots were acquired

on a gel doc image system using versa doc Quantityone' ™ software (Biorad).

[00109] Microscopy. For confocal microscopy, genetically modified T cells
expressing CDI9RCD28 CAR were fixed in 4% paraformaldehyde (EMS Inc.) and stained
with AlexaFluor 647 conjugated anti-CD19scFv mAb (clone 136.20.1) at 1:500 using a
standard protocol. Labeled cells were added with ProLong gold anti-fade reagent with DAPI
(Gibco-Invitrogen) and viewed under a confocal microscope (Leica Microsystems). For
TEM, CAR" T cells were fixed in 1% glutaraldehyde (Sigma-Aldrich) followed by washing
with PBS. The cells were then incubated in 20 mM glycine-PBS followed by washing with
PBS-BSA buffer (20 mM phosphate, 150 mM NaCl, pH 7.4 containing 0.5% BSA and 0.1%
gelatin). NANOGOLD antibody conjugates were diluted 1:50 in PBS-BSA buffer and
incubated with CD19-specific CAR" T cells for 15 min followed by washing with the same
buffer to remove unbound conjugates. Finally, NANOGOLD bound cells were fixed with 1%
glutaraldehyde and stored at 4°C until further use. Before sectioning, cells were subjected to
an alcohol dehydration steps (5% to 100% graded alcohol separated in 5 steps) followed by
embedding in epoxy resin. The resin embedded cells were then cut into sections (1 uM to 100
nm thickness) in an ultra-microtome (Leica Microsystem). Sections were drawn onto a
formavar coated copper grid. Staining was done by 2% uranyl acetate and then air dried.
Unstained samples underwent silver enhancement (Nanoprobes) so that surface bound
NANOGOLD particles could be visualized. High magnification images were acquired by a 1
k x 1 k CCD camera attached to a JEM-1200 EX60KV electron microscope (JEOL).

[00110] Chromium Release Assay (CRA). The functionality of anti-
CD19scFv mAb was assessed in a CDI19-specific CAR™ T cell-mediated cytolysis in a
standard 4 h chromium (°'Cr) release assay (CRA) employing parental CD19"¢ EL4, CD19"
EL4, CD19" Daudip,m, and CD19" NALM-6 as targets (Singh et al., 2008; Singh et al.,
2011). Effector cells (ex vivo expanded CDI9RCD28 CAR" T cells harvested on day 28)
were incubated with various concentrations of purified mAb (clone 136.20.1) at 10-fold serial
dilution (maximum dose at 250 ug/mL and minimum at 1.25 pug/mL) for 20 min at 4°C,
followed by washing with RPMI 1640 to remove unbound antibodies. The antibody-bound
effector cells were incubated with °'Cr labeled target cells in a clear v-bottom 96-well plate
(Corning) at 37°C. Release of *'Cr was quantified in a micro-plate scintillation counter

TopCount NXT (Perkin-Elmer). Specific lysis was calculated for effector to target cell (E:T)
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ratios in the presence and absence of anti-CD19scFv mAb. Data were reported as mean +

standard deviation (SD).

[00111] Video time lapse microscopy (VILM). CDI19-specific T cells
expressing CD19RCD28 CAR were washed in sterile 1X PBS and stained for 30 min at room
temperature using AlexaFluor 647-conjugated to anti-CD19ScFv mAb (clone no. 136.20.1) at
2 ug mAb per 100,000 cells and then washed three times with 1X PBS. The CAR" T cells
were mixed together with EGFP" Daudif,m at an effector to target ratio of 2:1. A cell pellet
was made by brief centrifugation and then re-suspended in media RPMI 1640 and put in one
of the chamber of a 35 mm culture dish (Nikon). This was kept in the specimen chamber of
Biostation IM (Nikon) and allowed to settle for 10 min. CCD camera focal planes were fixed
and the effector to target cell dynamics were assessed for 2 to 12 hours using imaging
software (IM-Q, v2.1.2.136, Nikon). As control, APC-conjugated goat anti-human IgG Fcy
chain specific F(ab’), fragment antibody (Jackson ImmunoResearch) was used to bind CAR"

T cells and the co-culture was set up as described.

[00112] Indirect ELISA to detect antibody titer and screen positive
hybridoma clones. The assay was performed by coating flat-bottom well of a 96-well
Medisorp plate (Thermo Scientific Nunc) with parental L cells or L cells transfected with
CD19scFvmCD8a. Approximately 250,000 cells were coated per well in 50 pL of sodium
phosphate buffer (pH 7.4). Plates were left overnight in laminar airflow hood for cell binding
and drying and stored at -20°C until use. To block non-specific binding, 2% BSA in PBST
(1X PBS containing 0.05% Tween-20) was dispensed at 300 pL. per well. Unbound cells
were washed with PBST. Various dilutions of sera (1:100 to 1:3,000) or antibody supernatant
(1:2-1:10) were allowed to bind with the coated cells/antigen for 1 h at room temperature
(RT). After washing with PBST, secondary antibody anti-mouse 1gG Fc HRP (Sigma-
Aldrich) was added at 1:5,000 dilution and incubated for 45 min at room temperature.
Detection of the bound antibody was performed after addition of 1X TMB/H,O, substrate
(Sigma-Aldrich). Absorbance was measured at 450 nm using a microplate reader (Victor
2030, Perkin Elmer). Cross reaction of immune sera and hybridoma supernatant with parental
L cells was measured at ODysy and used as background controls. For transfected cells, wells
showing ODyso values 3 times above background controls were marked positive. Random
wells were viewed by microscopy before and after washing to ensure no loss of cells

occurred during the process. The isotype of mAbs were determined using a mouse
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immunoglobulin isotyping kit (BD Biosciences). Positive clones were identified and
expanded further in 1X HT (Sigma-Aldrich) supplement media. Sub-cloning was performed
by standard limiting dilution method to obtain a monoclonal population. Monoclonal

antibodies were purified using protein G or protein A columns (GE Life Science).

[00113] Antibody purification and conjugation. One CDI9scFv specific
clone (no. 136.20.1) was grown and expanded further in vitro or injected in mice for ascites
production (Harlan Inc.). Monoclonal antibodies from the culture supernatant or ascites were
obtained by standard protein G or A (GE Life Science) purification using 0.1 M glycine (pH
2.7) as elution buffer. Affinity eluted and neutralized antibodies were dialyzed extensively
against PBS and subjected to flow cytometry analysis for final validation and use in cell
culture assays. Purified antibodies were conjugated to different fluorochromes viz., Alexa
Fluor 488 and Alexa Fluor 647 (Molecular Probes-Invitrogen) using a commercially
available kit that exploits the principle of conjugation through succinimidyl ester moiety to
primary amines of proteins/ immunoglobulins to form stable dye—protein conjugates.
Fluorochrome-conjugated antibodies were subjected to gel filtration chromatography to
remove unbound dye. For transmission electron microscope (TEM) studies, antibodies were
conjugated to gold nanoparticles. In brief, antibodies were reduced by adding 1 mL of
purified mAb (2 mg/mL) to 6 mg of mercaptoethylamine hydrochloride (MEA)
(Thermoscientific-Pierce) and then purified on a gel filtration column MatrexGH25
(Millipore, Billerica, MA). Reduced antibodies were labeled with monomaleimido
Nanogold™ (Nanoprobes), as per the manufacturer’s instructions, and purified on a gel
filtration column Superdex-75 (Sigma-Aldrich) to remove unbound Nanogold™. The final
concentration of the purified antibodies was measured by a BCA kit (Thermoscientific

Pierce).

[00114] Immunohistochemistry. ~ CDI9-specific CAR™ T cells were
propagated as described. Cells were harvested, washed in 1X PBS and then fixed in formalin.
Five micron paraffin-embedded sections were made and stained. In brief, sections were
blocked initially with 3% hydrogen peroxide and whole goat sera blocking reagent for 5
minutes, followed by incubation with primary antibody anti-Id CAR idiotype for 30 minutes.
Biotinylated goat anti-mouse IgG-HRP was used as secondary antibody at 1:500 for 30
minutes, followed by incubation with streptavidin-HRP for 15 minutes. Cells were localized

with DAB (diaminobenzidine) for 5 minutes. Slides were counterstained with Mayer's
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hematoxylin for 5 minutes, dehydrated and mounted with a cover slip. Photographs were

taken using a Leica microscope.

[00115] Methodology to derive antibody variable region sequence. The
antibody variable heavy chain (VH) and light chain sequences (VL) were derived after
amplifying the VH and VL using sets of degenerate primers annealed to either variable heavy
or light chain constant regions of monoclonal antibody (clone 136.20.1) cDNA. The PCR-
amplified product was cloned into PCR4 TOPO vector (Invitrogen) and then sequenced.
Consensus sequences were identified after aligning sequences obtained with T3 forward and
T7 reverse primed pCR4 TOPO TA vector inserted with 136.20.1 VH or VL PCR product.
Sequence alignment was performed in Vector NTI 11 (Invitrogen). CDR sequences of the
monoclonal antibody were analyzed from the cDNA amplified sequences using IMGT
software (on the world wide web at

imgt.org/IMGT_vquest/vquest?livret=0&Option=mouselg).

Example 2 — CD19 CAR-targeting monoclonal antibody - Results

[00116] Generating anti-ScFv mAb recognizing CD19RCD28 CAR.
BALB/c mice were immunized using L cells (derived from C3H/An mouse strain) genetically
modified to express the scFv region in a CD19-specific CAR (FIG. 7). The scFv was derived
from FMC63 (encoded in DNA plasmid CD19scFv-mCD8a) and stably expressed (>90%
homogenous expression after single-cell sorting) on the surface of neomycin-resistant
genetically modified L cells, which was used to immunize allogeneic mice. The murine
CD8a trans-membrane and extra-cellular region were used to display scFv on the surface and
to detect expression (FIGS. 1B and 1C). Genetically modified L cells were injected in mice at
3 day intervals and high titer sera (OD values ~5 times above background at 1:2,700 dilution)
was obtained after five successive immunizations. Hybridomas were generated and ELISA
was used to initially select 23 “high binders” (ODu4so>1.5) and 15 “moderate binders”
(OD4s50~1.00-1.5) to advance to the second round of screening. Flow cytometry using Jurkat
and NSO cells genetically modified with CD19scFv-mCD8a was used to cull the number of
candidate hybridomas to 12. One clone was selected (no. 136.20.1; Table 2) that could
efficiently bind CD19RCD28 expressing cells by flow cytometry. The absence of adjuvant at
the time of immunization did not affect the antibody affinity maturation process as the

obtained mAb clones were predominantly of 1gG,, sub-class. Immunization by genetically
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modified L cells provides an efficient method for eliciting desirable anti-idiotype immune

response.

Table 2: Sequence of CD19scFv-specific mAb clone 136.20.1

mAb Heavy Chain Sequence Light Chain Sequence
CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
Amino acid sequence Amino acid sequence
136.2 | GEDFSRYW | INLDSSTI | ARRYDAMD | ESVDDYGI [ AAP (3SEQ | QQ3SKD
0.1 (SEQ ID| (SEQ ID|Y (SEQ | SF (SEQ | ID NO: | (SEQ
) NO: 2) NO: 3) ID NO: | ID NO: [ 7) ID
4) 6) NO:
8)
LKPREVKLVESGGGLVQPGGSLKLSCA | ASDIVLTQOSPASLAVSLGQRATIS
ASGFDESRYWMSWVRQAPGKGLEWIGE CRASESVDDYGISEFMNWEQQOKPGQO
INLDSSTINYTPSLKDKEFIISRDNAKN PPKLLIYAAPNQGSGVPARFSGSG
TLYLOMSKVRSEDTALYYCARRYDAMD SGTDESLNIHPMEEDDTAMYFCQQ
YWGOGTSVTVSSAKTTAPSVYPLAPVC SKDVRWRHQAGDQTG (SEQ ID
GDTTGSSVTLGCLVKASQ (SEQ ID|NO: 5)
NO: 1)
[00117] Specificity of mAb (clone no. 136.20.1) for CD19scFv. The

specificity of mAb (clone no. 136.20.1) towards CD19scFv was initially evaluated by an
indirect ELISA with wells coated with purified mAbs. Except for parental anti-human CD19
mAb (FMC63) all other antibodies exhibited negligible cross reactivity to CD19scFv specific
mAb (FIG. 2A). Anti-CD19scFv binds to its parental mAb at concentrations as low as 2
ug/mL with binding saturated at 4 ug/mL. The specificity of this mAb towards clone FMC63
was confirmed as it did not cross react to another anti-human CD19 antibody (Invitrogen,
clone MHCD 1900). Further, it did not bind to purified human IgG and CD20-specific mAb.
The ability of mAb (clone no. 136.20.1) to detect CD19™ CAR protein was verified by
western blot using whole protein lysates obtained from ex vivo-propagated CD19-specific
CAR" T cells. MADb (clone no. 136.20.1) detected a ~75 kDa protein in CD19RCD28
modified cell lysates run in reducing SDS-PAGE and clectroblotted onto PVDF membrane
(FIG. 2B, lane B). The specificity was verified in parallel by a commercially available CD3(
antibody which detects the CD3( signaling domain in CD19RCD28-expressing CAR (FIG.
2B, lane D) and endogenous CD3{ in unmodified control T cells (FIG. 2B, lane A). The
ability of this mAb to detect the surface expression of CD19" CAR was verified by flow
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cytometry analysis using CD19RCD28-expressing primary T cells and Jurkat cells (FIGS. 3A
and 3B, respectively). MAb (clone 136.20.1) detected expression of CD19scFv on the surface
of genetically modified T cells (85%) as well as in Jurkat cells (99%) which matches with
detection level of anti-Fc antibodies that binds to the CH,-CH3 stalk of the CAR. Indeed, the
staining pattern was compared with commercial I1gG-y chain-specific antibodies (Fc-PE
Invitrogen) that bind to the CH,-CHj3 region of the CAR and by mAb clone no. 2D3
developed in-house which binds to the CH,-CHj hinge region of the CAR (Fc-FITC) (Singh
et al., 2008). A panel of CAR" T cells that target different TAAs (CD33, CD123, RORI,
HERV-K) were used to verify if clone no. 136.20.1 cross reacted with any of these CAR
transgenes. Each CAR construct was expressed from the Sleeping Beauty vector backbone
and contained different signaling endodomains in addition to the common IgGy-derived
hinge/CH,-CH3 linker. It did not cross react with any of other CARs tested other than those
with specificity for CD19 (FIG. 8). No background binding to mock-electroporated control T
cells was observed. Additional evidence supporting specificity of mAb (clone no. 136.20.1)
are provided (FIGS. 9 and 10). In both cases CAR scaffold differs either by the presence of
human CD4 transmembrane region or I1gG; Fc stalk that connects the scFv with the signaling
endodomains. Furthermore, the mAb has been used to detect CD19-specific CAR"™ T cells
that employ an extracellular domain derived from CD8a (Kalos et al., 2011; Porter et al.,
2011). These results demonstrate that, irrespective of extra-cellular scaffolding and
transmembrane domains, the mAb (clone no. 136.20.1) detects CD19scFv within CAR
expressing scFv derived from FMC63.

[00118] The anti-CD19scFV mAb (clone no. 136.20.1) could be used in multi-
parameter flow cytometry analysis to characterize CAR" cells selectively propagated on
K562-derived aAPC (Jena et al. 2013). CAR-modified T cells were numerically expanded in
the presence of irradiated aAPC and cytokines (IL-2 and IL-21) for 4 weeks as previously
reported (Singh et al., 2011). The anti-CD19scFV mAb (clone 136.20.1) could detect both
CD4" and CD8" CAR" T cells (FIG. 3C). The inventors assessed the limit of detection using
a spiking experiment. As shown in FIG. 4, the inventors were able to detect one CD19-
specific CAR" T cell in 1,000 PBMC using anti-CD19scFV tagged to a AlexaFluor 647 dye.
The assay was validated in PBMC obtained from two individual donors by an independent
laboratory (Immune Monitoring Core lab) at MDACC (Representative data along with
dilution schematic and gating strategy are provided in FIG. 9 (i-iii). The anti-CD19scFV
mAb could help in detecting the presence of CAR" T cells in patients after infusion
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demonstrating the detection of CAR™ T cells with central memory immunophenotype in
g

PBMC).

[00119] Persistence of adoptively transferred CAR™ T cells in patients
correlates with efficacy in eradicating tumor. The inventors desired that clone no. 136.20.1 be
used in correlative studies pertaining to clinical trials that infuse CAR™ T cells and thus
wanted to check if this mAb could detect CAR" cells preserved in various harsh organic
solvent fixatives. CARs could be detected by immunocytochemistry and TEM. At day 28 of
culture CD19-specific CAR" T cells were harvested and fixed by paraformaldehyde. FIG. 5A
shows that anti-CD19scFv mAb, when used at a concentration of 1:500, can establish surface
localization of CARs in genetically modified T cells by immunocytochemistry. The inventors
have also established the utility of this mAb in immunohistochemistry using CAR" T cells
fixed in neutral buffer formalin (FIG. 10) and are currently working to detect CAR" T cells in
bone marrow of patients infused with CD19-specific CAR" T cells. To detect CAR molecules
on surface of genetically engineered T cells by electron microscopy, mAb (clone no.
136.20.1) was tagged to gold-labeled nanoparticles. Control unmodified T-cell sections are
shown in FIG. 5B (i-iii). The size of the conjugated nanogold (1.4 nm) precluded detection
within thick sections of CAR" T cells (FIG. 5B (iv). Thus, the inventors performed a silver
enhancement process and could view CARs as detected by clone no. 136.20.1 conjugated
nanoparticles within 100 nm thin sections (FIG. 5B (v-vi). The silver enhancement was
performed on non-stained samples as uranyl acetate staining prevented distinguishing
nanoparticles from other cellular granules. These studies establish the utility of clone no.

136.20.1 to detect CAR" T cells in fixed sections.

[00120] Anti-CD19scFv mAb can block the effector function of CAR" T
cells. The inventors evaluated functional properties of anti-CD19scFv mAb (clone no.
136.20.1) based on its ability to prevent lysis mediated by CD19-specific CAR™ T cells.
Previously, the inventors developed and validated an approach for ex vivo expansion of
genetically modified CAR" T cells on artificial antigen presenting cells (K562 clone #4).
CAR" T cells receive proliferative signals from the TAA (CD19) coordinated with co-
stimulatory molecules (CD86, CD137L, membrane bound IL15) cloned onto the surface of
K562 cells (FIG. 3C) (Singh et al., 2008; Manuri et al., 2009; Singh et al., 2011). The CD19-
specific CAR" T cells used in this study were propagated on the same K562-derived aAPC. A
standard 4 h CRA was performed using mouse T-cell lines EL4 (parental) and CD19" EL4 as
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the tumor target. The percentage specific lysis was calculated using CD19-specific CAR™ T
cells bound to CD19scFv mAb or CD19-specific CAR" T cells alone. FIG. 6A shows that
anti-CD19ScFv mAb completely inhibits CAR-dependent killing (at 250 ug/mL) by blocking
the ability of CAR to dock to the TAA. However, at 25 pg/mL the anti-Id inhibited killing at
30% maximum and there was little or no effect when the mAb concentration was reduced to
5 ug/mL (FIG. 6B). The inventors repeated the experiment in two other B-cell lines
(Daudif,m and NALM-6) to validate that inhibition of lysis could be achieved in alternate B-
cell tumors. The application of anti-CD19scFv at 250 pg/mL reduced the cytolytic activity to
18% in Daudip,m and 32% in NALM-6 (FIG. 11). However, the mechanism of lysis may not
be same in all these tumor cell lines and hence the degree of inhibition differed. To
investigate the inhibitory effect of anti-CD19scFv mAb in real time, the inventors used
VTLM to serially monitor the killing process in a co-culture experiment involving Daudif,m
as a tumor target and CD19-specific CAR™ T cells as effectors. As a control, the inventors
used a Fc-specific F(ab’), fragment of an antibody that bound to the scaffolding of
CD19RCD28. CAR" T cells continued to lyse tumor cells when the effector cells were bound
by this control antibody (FIG. 6i-iii). In contrast, CAR" T cells were unable to kill target cells
when bound by anti-CD19scFv mAb (FIG. 6iv-vi). Thus, blocking by clone no. 136.20.1
prevented triggering of T cells, which supports the claim that this mAb binds within the scFv
domain of the CAR.

Example 3 — A novel CAR-targeting functional monoclonal antibody (2D3)
amenable for CAR-mediated gene therapy

[00121] Targeting tumor antigens through gene modified immune cells has
increasingly been adopted by clinical oncologists, thanks to the ability of these cells to
eradicate tumors that have been otherwise refractory to conventional therapies. The clinical
trials conducted so far showed encouraging results. There is an increasing demand to place
specific reagents so that isolation, activation, and functional characterization of these gene
modified cells are possible. In this context, the inventors developed a Chimeric Antigen
Receptor (CAR)-specific monoclonal antibody (2D3) that possesses unique ability to detect
all chimeric antigen receptor (all CAR)-modified immune cells (FIG. 12). The 2D3 antibody
employs the immunoglobulin heavy chain constant region to cross-link the T cell signaling
endodomain with antigen binding domain of a CAR. This antibody has multiple functions,

such as detection (FIG. 12), quantification, activation, and selective propagation (FIG. 13) of
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CAR modified cells, and hence will likely be an important reagent suitable for CAR-modified
gene therapy.

[00122] A novel and promising form of cancer therapy genetically modifies a
patient’s own T cells in peripheral blood to target and kill their cancer using a chimeric
antigen receptor (CAR) directed against a tumor associated antigen (TAA). Growing a
therapeutic number of CAR" T cells to treat cancer patients requires an artificial antigen
presenting cell (aAPC) to express the TAA that the CAR" T cell targets. Antigen-specific
growth using a cell based system requires at least a month of intensive monitoring for
outgrowth of unwanted cell types. Here, the inventors provide a system that decreases the
high cost and time associated with manufacturing a different aAPC for each TAA and
decreases the time and effort needed to develop, validate, and manufacture large numbers of
CAR" T cells. An HLA-null K562 (HnK) was modified to surface express a chimeric
antibody receptor that could bind to spacer domain present in all to all other CARs produced
by the inventor’s lab which are G4CAR. In another aspect, the specified spacer domain
(Hinge-CH2-CH3) may also be used for CAR expression. When peripheral blood
mononuclear cells (PBMC) are genetically modified to express a CAR containing this
domain, those CAR" PBMC can be co-cultured with G4CAR" HnK (G4HnK) to specifically
grow CAR" T cells independent of TAA. Utilizing G4HnKs to grow CAR" T cells generates
a sufficient number of CAR" T cells for therapy in half the amount of time typically needed
utilizing antigen-specific aAPC. The T cells consistently grow without competition to a pure
population within 2 weeks (>80% CAR" T cells), and this level of infusion product purity is
rarely achieved using current aAPC before one month of T cell co-culture with standard
aAPC. Also unique to this system is the capacity to expand antigen non-specific CAR™ T
cells as a means of antibody-independent T cell growth without tissue targeting. This
provides a novel method of expanding CAR modified T cells developed on a common
backbone but targeted to alternate tumor antigens. In conclusion, the inventors have made a
single aAPC cell line capable of expanding any CAR" T cell independent of a CAR-specific

antigen.
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Table 3: Sequence of All CAR mAb 2D3

mAb Heavy Chain Sequence Light Chain Sequence
CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
Amino acid sequence Amino acid sequence
2D3 GYTEFTSYW IYPGNSDT [ TRVNWDGY | QSLVHSNG | KVS (SEQ | CSQTT
(SEQ ID| (SEQ ID | STMDY NTY (SEQ | ID NO: | HVPYT
NO: 10) NO: 11) (SEQ ID| ID NO: | 15) F
NO: 12) 14) (SEQ
ID
NO:
16)
PREXKLEQSGTVLARPGASVEMSCKTSGYT | STLSLPVSLGDQASTSCRSSQSLVH
FTSYWMHWVIQRPGQGLEWIGATIYPGNSDT | SNGNTYFHWYLOKPGOSPKLLIYKV
NYNQKFKVEKAKLTAVTSTSTAYMELSSLTD | SNRESGVPDRESGSGSGTNETLKIS
EDSAVYYCTRVNWDGY STMDYWGQGTSVTV | RVEAEDLGVYFCSQTTHVPYTEGGG
SSAKTTPPSVYASQRANSRP (SEQ ID | TELEIKRADAAPTVS (SEQ ID
NO: 9) NO: 13)

Example 4 — Universal artificial antigen presenting cells to selectively propagate

T cells expressing chimeric antigen receptor independent of specificity

[00123] Cells and culture conditions. K562 cells (European Collection of
Cell Cultures through Sigma-Aldrich, St. Louis, MO; Cat. No. 89121407), noted for
expression of desired endogenous adhesion molecules and the absence of most HLA class 1
and all class II molecules, (Suhoski ef al. 2007) were used to derive CD19" and CARL" K562
that served as aAPC. Immortalized tumor targets CD19™% GD2" EL-4 murine thymoma
(Cat. No. TIB-40) and CD19", GD2"¢ NALM-6 (pre-B cell leukemia, Cat. No. CRL-1567)
were purchased from American Type Culture Collection (ATCC, Manassas, VA). Identity of
cell lines was validated by the MDACC Cancer Center Support Grant Characterized Cell
Line Core using short tandem repeat DNA fingerprinting. Peripheral blood was donated by
consenting healthy volunteer adults at Gulf Coast Regional Blood Center (Houston, TX).
Peripheral blood mononuclear cells (PBMC) were isolated using Ficoll-Paque Plus density
centrifugation (GE Healthcare Biosciences, Piscataway Township, NJ; Cat. No. 17-1440-02)
before freezing in a mixture of 10% DMSO (Sigma, Allentown, PA; Cat. No. D2650), 50%
heat-inactivated fetal bovine serum (FBS-Thermo Scientific Hyclone, Bridgewater, NJ, Cat.

No. SH30070.03), and 40% RPMI 1640 (Thermo Scientific Hyclone; Cat. No. SH30096.01).
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All cells were cultured in a 37° C humidified incubator with complete media (CM) prepared
from RPMI 1640, 10% heatinactivated FBS, and 2 mM GlutaMAX supplement (Life
Technologies, Grand Island, NY; Cat. No. 35050061).

[00124] DNA expression plasmids. Codon-optimized
CD19RCD28mZ(CoOp)/pSBSO, (Singh et al. 2008) which codes for CAR between
transposition sites mediated by SB transposase, (Davies er al. 2010) was used as the vector
backbone for cloning of the following transgenes. The DNA plasmid 19G4CAR (also
designated CD19RCD28 [Kowolik et al. 2006] FIG. 19A) codes for a 2™ generation CD19-
specific CAR containing a modified 1gG4 exodomain, CD28 transmembrane, and
CD28/CD3¢ endodomain. The synthesis of DNA plasmid GD2G4CAR (FIG. 19B), specific
to sphingolipid GD2, utilized the same 19G4CAR backbone. The GD2-specific scFv derived
from murine mAb (clone 14G2a) (Alvarez-Rueda ef al. 2011) was commercially synthesized
(Geneart, Life Technologies) as codonoptimized ¢cDNA with Nhel and Xmnl restriction
enzyme (RE) sites flanking the scFv. The 19G4CAR plasmid backbone and GD2-specific
scFv cDNA were excised using these REs and ligated to replace CD19-specific scFv with
GD2- specific scFv. A DNA plasmid (FIG. 19C) coding for a control CAR that contains no
scFv region, designated G4CAR, but does contain an Igk—FLAG peptide sequence
(METDTLLLWVLLLWVPGSTGDYKDEGTS; SEQ ID NO: 19), was derived from
19G4CAR using primer-directed PCR amplification from the beginning of the IgG4 domain
hinge (primer 5>’GGTACCTCTGGGGGGCAGGGCCTGCATG3’; SEQ ID NO: 20) to the
terminus of the CD3¢ domain (primer
5’GGGCCCAGCGCTGAGAGCAAGTACGGCCCTCCC3’; SEQ ID NO: 21) and sequence
verified. The G4CAR was ligated into the 19G4CAR backbone Apal and Kpnl RE sites.
DNA plasmid coding for a CD19-specific CAR with no IgG4 (FIG. 19D), designated
19CAR, encodes from amino to carboxyl termini a GM-CSF (amino acid 1-22; NP_758452.1
(SEQ ID NO: 22)), CD19-specific scFv (245 amino acids), CD8o extracellular domain and
hinge (amino acids 136-203; NP_001759 (SEQ ID NO: 23)) followed by the same CD28
transmembrane and CD28 and CD3{ domains as other CARs. (Kowolik et al. 2006) The full
length of this transgene was synthesized by GeneArt, cut with Clal and Spel REs, and ligated
into the 19G4CAR backbone replacing the 19G4CAR codon, which had been excised using
EcoRV and Spel. The scFv sequence of CARL was derived from the ¢cDNA library of the
2D3 hybridoma. (Singh e /. 2008) This was achieved by extracting RNA from 5x10° cells
using the RNeasy Mini Kit (Qiagen, Gaithersburg, MD; Cat No. 74104) according to
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manufacturer’s protocol. A cDNA library was generated by reverse transcription using oligo-
dT primers per the protocol provided in the Superscript III First Strand kit (Invitrogen; Cat
No. 18080-051). PCR (using Amplitaq Gold) was performed on the cDNA using the
degenerate primers for the FR1 region (Wang et al. 2000) to amplify the mouse VH and VL
regions. The VH and VL amplified products were ligated into the TOPO TA vector and
sequenced. The CARL construct for surface expression on aAPC was composed of GM-CSF
leader peptide (amino acid 1-22; NP_758452.1 (SEQ ID NO: 22)) fused to the 2D3-derived
scFv, and tethered by CD8a (amino acid 136-182; NP_001759.3 (SEQ ID NO: 23)) to the
transmembrane and intracellular portions of CD28 (amino acid 56-123; NP _001230006.1
(SEQ ID NO: 24)) followed by CD3{ (amino acid. 48-163; NP_000725.1 (SEQ ID NO: 25))
intracellular domain. Design of all transgenes utilized Vector NTI Advance™ 11 software
(Invitrogen). All transgenes were human codon optimized before synthesis at GeneArt. The
CARL construct was excised and ligated into a SB expression plasmid, designated Zeo-2A-
CARL (FIG. 19E), to co-express Before freezing, the aAPC were routinely tested for the

presence of transgenes, absence of mycoplasma, and absence of endotoxin.

[00125] Propagation of CAR+ T cells (CART). The designs of each CAR
and antigen (CARL and CD19) as expressed on the respective T cell or aAPC are shown in
FIG. 14A. The propagation of CART is depicted in FIG. 14B. Each CAR from FIG. 14A.11
was co-cultured with aAPC from FIG. 14A.1. At the initiation of the experiment (defined as
Day 0), thawed PBMC were washed twice, and maintained in CM for 3 to 4 hours before
electroporation using the Amaxa 2D Nucleofector under program U-14 with human T cell
Nucleofector kit (Lonza Biosciences; Cat No. VPA-1002). After resting overnight in CM,
viable PBMC (counted by exclusion of 0.1% Trypan Blue) were resuspended in CM and
mixed at a 1:2 ratio (mononuclear cell to y-irradiated aAPC) using thawed aAPC that were
washed twice and counted. The co-culture contained 10° total cells/ mL in CM and 50
TU/mL recombinant human IL-2 (Proleukin, Prometheus Labs, San Diego, CA). The live-cell
counts were determined by Trypan Blue exclusion on Days 1, 7, 14, and 21 of co-culture.
Flow cytometry for CD3, CD4, CDS, and human IgG (to assess CAR expression) occurred
on Days 1, 7, 14, and 21, and for CD45R0O, CD62L, and CD28 occurred on Days 14 and 21.
Irradiated aAPC were re-added to co-cultures on Days 7 and 14 by re-stimulating
mononuclear cells with y-irradiated aAPC at 1:2 ratio. On Day 21 products of propagation
were assessed for specific killing, and DNA and RNA were extracted. Each experiment was

repeated at least 4 times using 5 donors.
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[00126] Flow cytometry. FACSCalibur (BD Biosciences, Billerica, MA) was
used to acquire samples prepared in FACS staining solution as previously described.
(Deniger ef al. 2013) After washing once in FACS staining solution, cells were stained for
30 minutes at 4° C without blocking in FACS staining solution containing a 1:33 dilution of
antibody. When anti-human Fc antibody was used, the anti-Fc stained sample was washed
and re-stained for alternative surface markers before re-suspension in FACS buffer for flow
cytometer analysis. Measurement of intracellular cytokine used the same protocol for cell
surface staining followed by 20 min. fixation using BD cytofix/cytoperm kit fixative (BD
Biosciences; Cat No. 554714), followed by washing twice in perm/wash buffer containing
20% FBS and staining with a 1:33 dilution of antibody in perm/wash buffer. Antibody
incubation lasted 30 minutes at 4°C before samples were washed in perm/wash buffer and
resuspended in FACS staining solution for acquisition. FlowJo v 10.0.5 (Tree Star Inc.,

Ashland, OR) was used for analysis of flow cytometry data.

[00127] Chromium release assay (CRA). CRA was performed as previously
described. (Singh er al. 2008) In brief, on Day 21 of T-cell co-culture on aAPC, the tumor
targets (i) EL-4, (il)) NALM-6, and (iii) K562 were loaded with 51Cr for 3 hours, and, after
washing, co-cultured with effector T cells for 6 hours at 37° C using a ratio of 5 T cells to 1

target cell.

[00128] Abundance and diversity of TCR repertoire. The direct TCR
expression assay (DTEA), as previously reported, (Zhang et al 2012) was used to measure
the abundance of mRNA transcripts coding for 45 TCR « alleles, 46 TCR P alleles, 13 TCR y
alleles, and 5 TCR & alleles from RNA obtained on Day 0 (T cells in PBMC before
clectroporation) and Day 21 (from T cells after electroporation/ propagation). Day 0 samples
were negatively sorted for CD56 (Miltenyi Biotec, Cambridge, MA; Cat. No. 130-050-401)
and then positively sorted for CD3 (Miltenyi Biotec; Cat. No. 130-050-101). The resulting
CD3"CD56™2 T cells (2 to 3 x 10° from each sample) were snap frozen as were 2 x 10° cells
directly harvested at Day 21 of co-culture. RNA was extracted from thawed samples using

the ALLprep DNA/RNA mini kit (Qiagen; Cat. No. 80204).

[00129] Statistics. Statistical analysis was performed using Prism v6.0 (Graph
Pad Software Inc.). Student’s t-test (unpaired) was used to perform two sample comparisons.
One- or two-way ANOVA F—test was used to perform group comparisons, and if found

significant (p < 0.05); a t-test (unpaired) was undertaken to assess and report differences.
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Spearman’s nonparametric correlation was performed on housekeeping gene normalized
DTEA transcript counts to assess the divergence of the TCR repertoire in T cells from an
experimental group and autologous Day 0 PBMC. If the Spearman correlation coefficient
was greater than or equal to 0.8 (p > 0.8) within the 95% confidence interval of the

correlation coefficient, then the two TCR repertoires were considered to be highly correlated.
Results

[00130] Numeric expansion of CAR+ T cells upon K562 cells expressing
CARL or CD19. Mouse mAb clone 2D3 was obtained by repeated footpad injections of
NSO cells expressing 19G4CAR into BALB/c mice and blocking studies defined the
specificity of the mAb to the human I1gG4 exodomain of 19G4CAR. (Singh et al. 2008) It
was hypothesized that this mAb may be used to cross-link CAR and activate genetically
modified T cells for sustained proliferation. Therefore, the scFv of 2D3 (designated CARL)
was expressed on the cell surface to compare with human truncated CD19 TAA on K562
cells. The CARL and CD19 transgenes were cloned into DNA plasmids for co-expression
with drug-selection genes between SB transposable elements. The SB transposon DNA
plasmids for 2D3-derived scFv or CD19 were electro-transferred with SB11 transposase
DNA plasmid into K562 cells in separate experiments. Genetically modified cells were
propagated under drug selection from a single cell for homogeneous expression of CARL (as
detected by antibody against mouse Fab) or CD19 (FIG. 15A). A comparison of the y-
irradiated K562-derived aAPC to selectively propagate CART was undertaken following
clectroporation (defined as Day 0) of the panel of CAR constructs (FIG. 14A.1I) into PBMC
using SB system. On Day 1, initial expression of CAR in T cells was evaluated by flow
cytometry using antibody specific for human Fc (FIG. 15B). The expression of CARs and
number of total viable T cells were measured weekly for 21 days of co-culture with CD19+
K562 or CARL+ K562 with the following immunoreceptors on T cells; (i) 19G4CAR with
specificity for CD19 and containing the IgG4 exodomain, (ii) 19CAR with specificity for
CD19 and absence of 1gG4 exodomain, (iii) G4CAR without scFv, but containing an 1gG4
exodomain, and (iv) GD2G4CAR with specificity for GD2 and containing the IgG4
exodomain. All CAR species contained the same transmembrane and intracellular domains
(CD28/CD3() as the 2nd generation 19G4CAR. (Singh ef al. 2008) The co-cultures of CART
with the two types of aAPC were found to have significantly different amounts of T cells by
Day 21 depending on the choice of aAPC (p < 0.05) using two-way ANOVA followed by un-
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paired t-tests. The 19CAR+ T cells proliferated upon co-culture with CD19" K562 and
G4CAR" T cells proliferated upon co-culture with CARL" K562 in an exponential fashion,
whereas 19CAR on CARL" K562 and G4CAR on CD19" K562 did not numerically expand
(FIG. 16A top panel). These data indicate that, as expected, the CD19 TAA on aAPC
selectively supports the outgrowth of CD19-specific CART. Furthermore, they demonstrate
that CARL can activate T cells to proliferate that contain a CAR species with an 1gG4
exodomain. Next, the ability of CD19+ K562 and CARL+ K562 were assessed for ability to
sustain the proliferation of T cells expressing 19G4CAR to evaluate how two modes of
crosslinking (FIG. 14C) can activate T cells. There were no significant differences in the
accumulated number of viable T cells on Day 21 of co-culture based on the type of aAPC
used (FIG. 16A bottom panel), the expression of CAR as a percent of the population (FIG.
16B bottom panel), or the mean fluorescence intensity (MFI). A trend (p = 0.09) towards a
difference in MFI of CAR expression resulting from aAPC employed to expand 19G4CAR
was noted (FIG. 15C). There were no significant differences (FIG. 16C & D) between the
two aAPC types for propagating 19G4CAR" T cells co-expressing cell-surface proteins
associated with memory phenotype (p = 0.82),25 or other co-receptors (p = 0.26), as well as
the specific lysis by 19G4CAR" T cells (p = 0.16). Therefore, CD19-specific CAR+ T cells
can be propagated in similar quantity and quality by K562-derived aAPC expressing CAR or
CD19.

[00131] CARL" K562 can numerically expand CAR" T cells independent
of specificity. The 2D3-derived scFv on aAPC was evaluated for ability to propagate not just
CD19-specific T cells, but CAR" T cells of alternative specificities. The CD19 and GD226
TAAs are not present on parental K562 cells to propagate T cells expressing GD2G4CAR,
19G4CAR, and G4CAR. Nonetheless, T cells bearing these three CARs numerically
expanded on CARL+ K562. The number of total viable T cells on Day 21 of co-culture with
CARL" K562 cells did not significantly differ between 19G4CAR, G4CAR, and
GD2G4CAR (p = 0.16, FIG. 17A). Similarly, the percentage of each CAR expressed on T
cells at Day 21 did not significantly differ among the three populations of genetically
modified T cells (p = 0.68, FIG. 17B). Finally, the electroporated and propagated T cells
exhibited specific lysis of CD19 and GD2 TAAs recognized by CD19-specific and GD2-
specific CARs. EL-4 cells, previously reported to express GD2 (Alvarez-Rueda et al. 2011)
were specifically killed by GD2G4CAR" T cells and not with T cells expressing G4CAR or
19G4CAR. As anticipated, CD19" NALM-6 cells were targeted by T cells expressing
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19G4CAR (FIG. 17C). In summary, genetically modified T cells can be selectively
propagated by CARL" K562 cells resulting in T cells that retain specificity for TAA and
stable expression of CAR.

[00132] The choice of aAPC does not skew the TCR repertoire for
numerically expanded CART. Each T cell in peripheral blood bears a distinct pair of aff or
vd TCRs which can be analyzed using the direct TCR expression assay (DTEA) to determine
the abundance of TCR chains. This assay was employed to determine whether CARL" or
CD19" K562 influenced the distribution of TCR alleles after 21 days co-culture on aAPC.
TCR variants were assayed on the nCounter Analysis System using a set of 111 TCR a, B, v,
and o transcripts. (Deniger et al. 2013; Zhang et al. 2012) By measuring the distribution of
TCR alleles we could determine if the aAPC design preferentially supported the numeric
expansion of some, but not all genetically modified T cells. The starting TCR distribution of
T cells on Day 0 was ranked from the most to least frequent TCR usage and the rank order
compared for T cells harvested on Day 21 of co-culture with aAPC (FIG. 18A). This
revealed no apparent monoclonal or oligoclonal outgrowth of electroporated T cells
propagated on CARL"™ or CD19" K562 cells. The ranks of TCR frequencies on Day 0 and
Day 21 from each experiment were compared using Spearman’s rank correlation test and
found to significantly correlate (p < 0.0001; Table 4). The statistical comparison of TCR
abundance and type from Day 0 and 21 indicated that allcorrelation coefficients (p) had
values greater than 0.8 within the 95% confidence interval of p which is consistent with a
strong correlation, indicating no change in TCR frequency. The measurement of TCR
abundance demonstrates that CARL or TAA on aAPC do not skew the outgrowth of sub-
populations of propagated T cells, but rather that both 2D3-derived scFv and CD19 on K562

cells can sustain the outgrowth of CAR" T cells that maintain a polyclonal repertoire.

[00133] Table 4: Comparison of TCR abundance harvested from T cells

before versus after propagation on aAPC*.

Day 0 Day 21
19G4CAR | G4CAR & | GD2G4CAR | 19G4CAR
& CARL' | CARL" & CARL | & CDI19"
K562 K562 K562 K562
Day 0 0.748 0.857 0.867 0912

(0.65-0.82) | (0.80-0.90) | (0.81-0.91) | (0.87-0.94)
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Day 0 Day 21

Day 21 19G4CAR & | 0.752 0.805 0.706 0.734
CARL" K562 | (0.65-0.83) (0.72-0.86) | (0.59-0.79) | (0.63-0.81)
G4CAR & | 0.899 0.71 0.816 0.839
CARL" K562 | (0.85-0.93) | (0.61-0.79) (0.74-0.87) | (0.77-0.89)
GD2G4CAR | 0.825 0.72 0.801 0.881
& CARL" | (0.75-0.88) | (0.61-0.80) | (0.72-0.86) (0.83-0.92)
K562
19G4CAR & | 0916 0.69 0.887 0.808
CDI19" K562 | (0.87-0.94) | (0.57-0.78) | (0.84-0.92) | (0.73-0.87)

* Analysis DTEA data from two donors was normalized using housekeeping genes
and assessed using Spearman correlation coefficient to compare distributions of TCR usage
for two donors. The upper right of the table contains the correlation between experimental
groups for one donor. The lower left of the table contains the second donor subjected to the
same analysis. Each cell in the table contains the Spearman correlation coefficient (p) and
within the brackets the 95% confidence interval. (A strong correlation is considered to be p >
0.8.)

[00134] All of the methods disclosed and claimed herein can be made and
executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the methods and in the steps or in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the invention. More specifically, it
will be apparent that certain agents which are both chemically and physiologically related
may be substituted for the agents described herein while the same or similar results would be
achieved. All such similar substitutes and modifications apparent to those skilled in the art
are deemed to be within the spirit, scope and concept of the invention as defined by the

appended claims.
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CLAIMS

L. An isolated monoclonal antibody, wherein the antibody specifically binds to a
chimeric antigen receptor (CAR) polypeptide and wherein the antibody competes for binding
of the polypeptide with the 2D3 monoclonal antibody.

2. The isolated antibody of claim 1, wherein the antibody comprises:

(a) a first Viy CDR at least 80% identical to Vi CDRI1 of 2D3 (SEQ ID NO: 10);

(b) asecond Vg CDR at least 80% identical to Vg CDR2 of 2D3 (SEQ ID NO: 11);

(c) athird Vi CDR at least 80% identical to Vi CDR3 of 2D3 (SEQ ID NO: 12);

(d) a first Vi, CDR at least 80% identical to Vi, CDRI of 2D3 (SEQ ID NO: 14);

(e) asecond Vi, CDR at least 80% identical to Vi, CDR2 of 2D3 (SEQ ID NO: 15);
and

(f) athird Vi, CDR at least 80% identical to Vi, CDR3 of 2D3 (SEQ ID NO: 16).
3. The isolated antibody of claim 2, wherein the antibody comprises:

(a) a first Vi CDR is identical to SEQ ID NO: 10;

(b) asecond Vg CDR is identical to SEQ ID NO: 11;

(c) athird Vi CDR is identical to SEQ ID NO: 12;

(d) a first Vi, CDR is identical to SEQ ID NO: 14;

(e) asecond Vi, CDR is identical to SEQ ID NO: 15; and
(f) athird Vi, CDR is identical to SEQ ID NO: 16.

4. The isolated antibody of claim 1, wherein the antibody comprises a Vi domain at
least about 80% identical to the Vi domain of 2D3 (SEQ ID NO: 9) and a Vi domain at least
about 80% identical to the Vi, domain of 2D3 (SEQ ID NO: 13).

5. The isolated antibody of claim 4, wherein the antibody comprises a Vi domain
identical to the Vg domain of 2D3 (SEQ ID NO: 9) and a Vi, domain identical to the Vi,
domain of 2D3 (SEQ ID NO: 13).

6. The isolated antibody of any one of claims 1-3, wherein the antibody is a membrane-

bound antibody.
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7. The isolated antibody of claim 6, wherein the membrane-bound antibody comprises
one or more of (i) a GM-CSF leader peptide; (ii) 2D3 scFv coding sequence; (iii) a CD&o,

linker sequence; (iv) a CD28 transmembrane domain; and/or (v) a CD3¢ intracellular domain.

8. The isolated antibody of claim 4, wherein the antibody comprises a Vy domain
between 80% and 99% identical to the Vi domain of 2D3 (SEQ ID NO: 9) or a Vi domain
between 80% and 99% identical to the Vi, domain of 2D3 (SEQ ID NO: 13).

9. The isolated antibody of any one of claims 1-5, wherein the antibody is the 2D3
antibody.
10. The isolated antibody of any one of claims 1-5, wherein the antibody is recombinant.

11. The isolated antibody of any one of claims 1-5, wherein the antibody is an IgG, IgM,

IgA or an antigen binding fragment thereof.

12. The isolated antibody of any one of claims 1-5, wherein the antibody is a Fab', a

F(ab")2, a F(ab")3, a monovalent scFv, a bivalent scFv, or a single domain antibody.

13. The isolated antibody of any one of claims 1-5, wherein the antibody is a human,

humanized antibody or de-immunized antibody.

14. The isolated antibody of any one of claims 1-5, wherein the antibody is conjugated to

a toxin or a reporter.

15. An isolated polynucleotide molecule comprising a nucleic acid sequence encoding an

antibody of any one of claims 1-5.

16. A recombinant polypeptide comprising an antibody Vi domain comprising CDRs 1-3
of the Vg domain of 2D3 (SEQ ID NOs: 10, 11 and 12).

17. A recombinant polypeptide comprising an antibody Vi domain comprising CDRs 1-3
of the Vi, domain of 2D3 (SEQ ID NOs: 14, 15 and 16).

18. An isolated polynucleotide molecule comprising a nucleic acid sequence encoding a

polypeptide of claim 16 or 17.

19. A host cell comprising one or more polynucleotide molecule(s) encoding an antibody

that binds to the constant domain of a chimeric antigen receptor (CAR) polypeptide.
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20. The host cell of claim 19, wherein the antibody competes for binding of constant

domain with the 2D3 monoclonal antibody.

21. The host cell of claim 19, wherein the one or more polynucleotide molecule(s) encode

an antibody of any one of claims 1-5 or a recombinant polypeptide of claim 16 or 17.

22. The host cell of claim 19, wherein the host cell is a mammalian cell, a yeast cell, a

bacterial cell, a ciliate cell or an insect cell.
23. The host cell of claim 22, wherein the host cell is an antigen presenting cell.

24, The host cell of claim 23, wherein the host cell is an artificial antigen presenting cell

(aAPC) or an activating and propagating cell (AAPC).

25. A method of manufacturing an antibody comprising:
(a) expressing one or more polynucleotide molecule(s) encoding a Vi, and Vy chain
of an antibody of any one of claims 1-5 in a cell; and

(b) purifying the antibody from the cell.

26. A method of manufacturing an antibody comprising:
(a) expressing one or more polynucleotide molecule(s) encoding a Vi and Vy chain
of an antibody of any one of claims 1-5 in an in vitro expression system; and

(b) purifying the antibody therefrom.
27. A method for selecting a cell comprising a chimeric antigen receptor (CAR)
polypeptide and/or an endogenous or introduced T-cell receptor (TCR) comprising:

(a) contacting the cell with an antibody in accordance with claim 1; and

(b) selecting a cell comprising the CAR or TCR based on binding of the antibody.
28. A method for selecting a cell comprising a chimeric antigen receptor (CAR)
polypeptide comprising:

(a) contacting the cell with an antibody that binds to the constant domain of a

chimeric antigen receptor (CAR) polypeptide; and

(b) selecting a cell comprising the CAR based on binding of the antibody.
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29. The method of claim 28, wherein the antibody competes for binding of constant

domain with the 2D3 monoclonal antibody.

30. The method of claim 29, wherein the antibody is an antibody in accordance with

claim 2.

31. The method of claim 29, wherein the antibody is an antibody in accordance with

claim 3.

32. The method of claim 27 or 28, wherein the antibody is conjugated to a toxin and
wherein the method is further defined as a method for selectively inhibiting or killing a cell

comprising a CAR.
33. The method of claim 32, wherein the cell is in vivo.

34, The method of claim 27 or 28, wherein the method is further defined as a method for
preventing or modifying the ability of a CAR to activate a T cell by contacting the cell with
the antibody.

3s. The method of claim 34, wherein the method is further defined as a method for

controlling toxicity of a cell.

36. The method of claim 27 or 28, wherein the method is further defined as a method for

purifying or enriching cells comprising a CAR.

37. The method of claim 27 or 28, wherein contacting the cell with an antibody comprises

inducing activation or growth in the cell comprising the CAR or TCR.

38.  The method of claim 36, wherein the antibody comprises a reporter and the method

comprises selecting cells comprising a CAR by fluorescence-activated cell sorting (FACS).

39.  The method of claim 27 or 28, wherein selecting cells comprises selecting using

paramagnetic beads.
40.  The method of claim 27 or 28, wherein the antibody is bound to a support.

41. The method of claim 40, wherein the support is a bead, a surface, a column or an

aAPC.

-62 -



10

15

20

25

WO 2014/190273 PCT/US2014/039365

42. The method of claim 36, wherein purifying or enriching cells comprising a CAR

comprises stimulating proliferation of the cells.

43. A cell culture system comprising mammalian T-cells expressing a CAR and an

antibody that binds to the constant domain of a CAR polypeptide.

44, The cell culture system of claim 43, wherein the antibody is an antibody in

accordance with claim 1.

45. The cell culture system of claim 43, wherein the antibody is expressed at the surface

of an antigen presenting cell (APC).

46. A recombinant cell comprising an expression cassette comprising the coding sequence

for an antibody that binds to the constant domain of a CAR polypeptide.
47.  The cell of claim 46, wherein the antibody is a membrane-bound antibody.

48. The cell of claim 46, wherein the antibody is an antibody in according to any one of

claims 1-4, wherein the antibody is a membrane-bound antibody.

49.  The cell of claim 48, wherein the membrane-bound antibody comprises a 2D3 scFv

coding sequence.

50.  The cell of claim 49, wherein the membrane-bound antibody comprises one or more
of (i) a GM-CSF leader peptide; (ii) 2D3 scFv coding sequence; (iii) a CD8a linker sequence;

(iv) a CD28 transmembrane domain; and/or (v) a CD3¢ intracellular domain.
51.  The cell of claim 46, wherein the antibody is a membrane-bound scFv antibody.

52. The cell of claim 51, wherein the membrane-bound antibody comprises one or more
of (1) a GM-CSF leader peptide; (ii) the scFv coding sequence; (iii) a CD8a linker sequence;

(iv) a CD28 transmembrane domain; and/or (v) a CD3¢ intracellular domain.

53. The cell of claim 51, wherein the membrane-bound antibody comprises (i) a GM-CSF
leader peptide; (ii) the scFv coding sequence; (iii) a CD8&a linker sequence; (iv) a CD28

transmembrane domain; and (v) a CD3¢ intracellular domain.

54. A kit comprising an antibody of claim 1 or a cell of claim 46 and at least a first agent

for increasing proliferation of mammalian T-cells expressing a CAR.
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55. The kit of claim 54, comprising inactivated aAPCs.

56. An isolated monoclonal antibody, wherein the antibody specifically binds to a CD19-
specific scFv chimeric antigen receptor (CAR) polypeptide and wherein the antibody
competes for binding of the polypeptide with the 136.20.1 monoclonal antibody.

57.  The isolated antibody of claim 56, wherein the antibody comprises:

(a) a first Vi CDR at least 80% identical to Vi CDR1 of 136.20.1 (SEQ ID NO: 2);

(b) asecond Vi CDR at least 80% identical to Vi CDR2 of 136.20.1 (SEQ ID NO:
3);

(c) athird Vi CDR at least 80% identical to Vi CDR3 of 136.20.1 (SEQ ID NO: 4);

(d) a first Vi CDR at least 80% identical to Vi, CDR1 of 136.20.1 (SEQ ID NO: 6);

(e) asecond Vi CDR at least 80% identical to Vi, CDR2 of 136.20.1 (SEQ ID NO:
7); and

(f) athird Vi, CDR at least 80% identical to Vi, CDR3 of 136.20.1 (SEQ ID NO: 8).

58.  The isolated antibody of claim 57, wherein the antibody comprises:

(a) a first Vi CDR is identical to SEQ ID NO: 2;

(b) asecond Vg CDR is identical to SEQ ID NO: 3;

(c) athird Vi CDR is identical to SEQ ID NO: 4;

(d) a first Vi CDR is identical to SEQ ID NO: 6;

(e) asecond Vi CDR is identical to SEQ ID NO: 7; and
(f) athird Vi, CDR is identical to SEQ ID NO: 8.

59.  The isolated antibody of claim 56, wherein the antibody comprises a Vi domain at
least about 80% identical to the Vi domain of 136.20.1 (SEQ ID NO: 1) and a Vi, domain at
least about 80% identical to the Vi, domain of 136.20.1 (SEQ ID NO: 5).

60.  The isolated antibody of claim 59, wherein the antibody comprises a Vg domain
identical to the Vi domain of 136.20.1 (SEQ ID NO: 1) and a Vi, domain identical to the Vi,
domain of 136.20.1 (SEQ ID NO: 5).

61. The isolated antibody of claim 56, wherein the antibody comprises a Vi domain
between 80% and 99% identical to the Vi domain of 136.20.1 (SEQ ID NO: 1) or a V.
domain between 80% and 99% identical to the Vi domain of 136.20.1 (SEQ ID NO: 5).
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62. The isolated antibody of any one of claims 56-58, wherein the antibody is a

membrane-bound antibody.

63.  The isolated antibody of claim 62, wherein the membrane-bound antibody comprises
one or more of (i) a GM-CSF leader peptide; (ii) 136.20.1 scFv coding sequence; (iii) a CD&o,

linker sequence; (iv) a CD28 transmembrane domain; and/or (v) a CD3¢ intracellular domain.

64. The isolated antibody of any one of claims 56-60, wherein the antibody is the
136.20.1 antibody.

65.  The isolated antibody of any one of claims 56-60, wherein the antibody is

recombinant.

66.  The isolated antibody of any one of claims 56-60, wherein the antibody is an IgG,
IgM, IgA or an antigen binding fragment thereof.

67. The isolated antibody of any one of claims 56-60, wherein the antibody is a Fab', a

F(ab")2, a F(ab")3, a monovalent scFv, a bivalent scFv, or a single domain antibody.

68. The isolated antibody of any one of claims 56-60, wherein the antibody is a human,

humanized antibody or de-immunized antibody.

69.  The isolated antibody of any one of claims 56-60, wherein the antibody is conjugated

to a toxin.

70. An isolated polynucleotide molecule comprising a nucleic acid sequence encoding an

antibody of any one of claims 56-60.

71. A recombinant polypeptide comprising an antibody Vi domain comprising CDRs 1-3
of the Vi domain of 136.20.1 (SEQ ID NOs: 2, 3 and 4).

72. A recombinant polypeptide comprising an antibody Vi domain comprising CDRs 1-3
of the Vi, domain of 136.20.1 (SEQ ID NOs: 6, 7 and ).

73. An isolated polynucleotide molecule comprising a nucleic acid sequence encoding a

polypeptide of claim 71 or 72.

- 65 -



10

15

20

25

WO 2014/190273 PCT/US2014/039365

74. A host cell comprising one or more polynucleotide molecule(s) encoding an antibody
that specifically binds to the antigen recognition domain of a Chimeric Antigen Receptor

(CAR) polypeptide.

75.  The host cell of claim 74, wherein the CAR polypeptide is a CD-19-binding CAR
polypeptide.

76. The host cell of claim 74, wherein the one or more polynucleotide molecule(s) encode

an antibody of claims 56-60 or a recombinant polypeptide of claim 71 or 72.

77. The host cell of claim 74, wherein the host cell is a mammalian cell, a yeast cell, a

bacterial cell, a ciliate cell or an insect cell.
78.  The host cell of claim 77, wherein the host cell is an antigen presenting cell (APC).

79.  The host cell of claim 77, wherein the host cell is an artificial antigen presenting cell

(aAPC) or an activating and propagating cell (AAPC).

80. A method of manufacturing an antibody comprising:
(a) expressing one or more polynucleotide molecule(s) encoding a Vi, and Vy chain
of an antibody of any one of claims 56-60 in a cell; and

(b) purifying the antibody from the cell.

8l. A method of manufacturing an antibody comprising:
(a) expressing one or more polynucleotide molecule(s) encoding a Vi, and Vg chain
of an antibody of any one of claims 56-60 in an in vitro expression system; and

(b) purifying the antibody therefrom.
82. A method for selecting a cell comprising a specific chimeric antigen receptor (CAR)
polypeptide comprising:

(a) contacting the cell with an antibody that specifically binds to the antigen
recognition domain of a CAR polypeptide; and

(b) selecting a cell comprising the specific CAR polypeptide based on binding of the
antibody.

83.  The method of claim 82, wherein the CAR polypeptide is a CD-19-binding CAR
polypeptide.
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84. The method of claim 82, wherein the antibody is an antibody in accordance with
claim 56.
85. The method of claim 82, wherein the antibody is conjugated to a toxin and wherein

the method is further defined as a method for selectively inhibiting or killing a cell
comprising a specific CAR polypeptide.

30. The method of claim 85, wherein the cell is in vivo.

87. The method of claim 82, wherein the method is further defined as a method for
preventing or modifying the ability of a specific CAR to activate a T cell by contacting the
cell with the antibody.

38. The method of claim 87, wherein the method is further defined as a method for

controlling toxicity of a cell.

89. The method of claim 82, wherein the method is further defined as a method for

purifying or enriching cells comprising the specific CAR polypeptide.

90.  The method of claim 89, wherein the antibody comprises a reporter and the method
comprises selecting cells comprising the specific CAR polypeptide by fluorescence-activated

cell sorting (FACS).

91.  The method of claim 89, wherein selecting cells comprises selecting using

paramagnetic beads.

92. The method of claim 89, wherein the antibody is bound to a support.

93.  The method of claim 92, wherein the support is a bead, a surface, a column or an
APC.
94. The method of claim 89, wherein purifying or enriching cells comprising the specific

CAR comprises stimulating proliferation of the cells.

95. A cell culture system comprising mammalian T-cells expressing a specific CAR
polypeptide and an antibody that specifically binds to the antigen recognition domain of the
CAR polypeptide.
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96.  The cell culture system of claim 95, wherein the CAR polypeptide is a CD-19-binding
CAR polypeptide.

97.  The cell culture system of claim 95, wherein the antibody is an antibody in

accordance with claim 56.

98.  The cell culture system of claim 95, wherein the antibody is expressed at the surface

of an antigen presenting cell (APC).

99. A recombinant cell comprising an expression cassette comprising the coding sequence
for an antibody that specifically binds to the antigen recognition domain of a CAR

polypeptide.

100. The cell of claim 99, wherein the antibody binds to the antigen recognition domain of

a CD-19-binding CAR polypeptide.

101.  The cell of claim 100, wherein the antibody is an antibody in according to any one of

claims 56-60.
102.  The cell of claim 99, wherein the antibody is a membrane-bound antibody.

103. The cell of claim 102, wherein the membrane-bound antibody comprises a 136.20.1

scFv coding sequence.

104.  The cell of claim 103, wherein the membrane-bound antibody comprises one or more
of (i) a GM-CSF leader peptide; (ii) 136.20.1 scFv coding sequence; (iii) a CD8a linker

sequence; (iv) a CD28 transmembrane domain; and/or (v) a CD3§ intracellular domain.
105. The cell of claim 99, wherein the antibody is a membrane-bound scFv antibody.

106.  The cell of claim 105, wherein the membrane-bound antibody comprises one or more
of (1) a GM-CSF leader peptide; (ii) the scFv coding sequence; (iii) a CD8a linker sequence;

(iv) a CD28 transmembrane domain; and/or (v) a CD3¢ intracellular domain.

107.  The cell of claim 106, wherein the membrane-bound antibody comprises (i) a GM-
CSF leader peptide; (ii) the scFv coding sequence; (iii) a CD8a linker sequence; (iv) a CD28

transmembrane domain; and (v) a CD3¢ intracellular domain.
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108. A kit comprising an antibody of claim 56 or a cell of claim 99 and at least a first agent

for increasing proliferation of mammalian T-cells expressing a specific CAR polypeptide.

109. The kit of claim 108, comprising inactivated aAPCs.
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