wo 2017/143094 A1 ]IV 00O 000 R

(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 2017/143094 A1

24 August 2017 (24.08.2017) WIPO I PCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
A61K 39/395 (2006.01) CO7K 16/30 (2006.01)
CO7K 16/28 (2006.01)

International Application Number:
PCT/US2017/018216

International Filing Date:
16 February 2017 (16.02.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/295,867 16 February 2016 (16.02.2016) US

Applicant: DANA-FARBER CANCER INSTITUTE,
INC. [US/US]; 450 BROOKLINE AVENUE, Boston,
Massachusetts 02215 (US).

Inventors: NOVINA, Carl; 319 Ward Street, Newton,
Massachusetts 02459 (US). DISTEL, Robert; 21 Gaslight
Lane, Framingham, Massachusetts 01702 (US). NOBILI,
Alberto; 504 Washington Street, #2, Brookline, Massachu-
setts 02446 (US).

(74) Agents: ELRIFI, Ivor et al; Cooley LLP, 1299
Pennsylvania Avenue, Suite 700, Washington, District of
Columbia 20004 (US).

(81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[Continued on next page]

(54) Title: IMMUNOTHERAPY COMPOSITIONS AND METHODS

(57) Abstract: The present invention
provides universal immunotherapy
compositions useful for targeted treat-
ment of cancers and other immune dis-

orders.
Protesse-sensitive
polymer

Tumor-specific
proteasa

Antigen
Small molecule-
conjugated antibody

Inactive CAR T

Activated CART

ﬁ' it
Normal tissue Tumor

Figure 1. Protease-specific unmasking strategy {o induce tumor-

specific T cell responses.



WO 2017/143094 A1 WK 00T 0T TR A A

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, Published:
GW, KM, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))

Declarations under Rule 4.17: —  before the expiration of the time limit for amending the

— as to applicant’s entitlement to apply for and be granted claims and to be republished in the event of receipt of
a patent (Rule 4.17(ii)) amendments (Rule 48.2(h))



WO 2017/143094 PCT/US2017/018216

IMMUNOTHERAPY COMPOSITIONS AND METHODS

FIELD OF THE INVENTION
(0061} The present invention relates generally to universal immunotherapy

compositions useful for targeted treatment of cancers and other immune disorders.

RELATED APPLICATIONS
(66021 This application claims priority 1o, and the benefit of U.S. Provisional
Application No. 62/295,867 filed on February 16, 2016 and the content of which 15

incorporated by reference in its entirety.

GOVERNMENT INTEREST
[6303] This invention was made with government support under CA185151-02 awarded
by the National Cancer Institute and DK 105602-01 awarded by the National Institute of

Heath. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION
(0064 Clinical inals have demonsirated that cancer imimunotherapies can induce
durable responses in patienis with advanced cancers. One of the most successf{ul cancer
imraunotherapies 1s the use of chimeric antigen receptor {CAR) T cells to treat B cell-
derived leukemias and lymphomas. The chimera used against these cancers is a single chain
antibody specific for CD19 fused to CD28 (a T cell co-stimulatory protein} and then fused
1o CD3eta {T cell receptor (TCR) signaling protein). T cells expressing this construct
receive prumary and secondary signals and generate robust iromune responses against all
cells expressing U219 ~ including normal B cells. To date, CAR T cell therapies have
demonstrated only modest success against solid turnors i part because i 1s very difficult to
wdentify antigens that are uniquely expressed on tumors but not on untransformed cells.
Even if we could solely target tinnor antigens, the vast majority of mutations are private and
unigue to each patient. Thus, it would be difficult and costly 1o generate a TCR or antibody
that recognizes tumor neoantigens for each patient. The current invention solves this

problem.
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SUMMARY OF THE INVENTION

[6003] In various aspects the invention provides a binding molecule having specificity
for a tumor antigen wherein the binding molecule includes a recognition domain linked to a
protection domain. The recognition domain specifically binds to a secondary binding
molecule. In some aspects the secondary binding molecule is on a cell. The cell is for
exarnple, a chimeric antigen receptor T cell (CART), a T-lvrophocvte, a B-lvmphocyte or
natural killer cell,

[(506] The binding molecule is an antibody, an affimer, an aptamer or a T-cell receptor
{(TCR) multimer The antibody 15 aFab or a s¢FV. The TCR multimer is a telramer

[0607] In some aspects the protection domain includes a carrier domain linked to a
protease suscepiible peptide.  The protease susceptible peptide is specific for a tumor
protease. Alternatively the protection domain is pH sensitive. The recognition domain is
tinked to the protection dorain such that the recognition domain is masked such that when
the protection domain s contacted with a protease or a specific pH the recognition domain

s unmasked.

[608] The carrier domain is a polymer such as for example PEG-diacrylate.
[0669] The recognition domain is a small molecule. In some aspects the recognition

domain is a multimer. For example, the recognition domain is a naturally-occurring
inorganic or organic compound, an inorganic or organic synthetic compound, a biological
molecule. The biclogical molecule 15 a drug, a toxin, a hormone, a metal, a ¢cyiokine, a
peptide or a nucleic acid. Exemplary recogmition domains include an arophetamine, a
benzodiazepine, a benzoviecgonine, a buprenorphine, an opioid, a cannabinoid, a
phencychidine a tricyclic antidepressani, dextromethorphan, fentanvi, meprobamate,
methadone, methamphetanine, oxycodone, THC, tramadol, zolpidem, ketamine, LSD,
MDMA, methaqualone, propoxyphene or norketimine.

[06618]  In other aspect the invention provides a chimeric antigen receptor (CAR})
comprising an intraceliular signaling domain, a transmermbrane domain and an extracellolar
domain capable of specifically binding a recogunition domaimn. The extracellular domain 15
an antibody such as a Fab or a scFV. The transmembrane domain further includes a stalk
region positioned between the extracellular domain and the transmembrane domain. The

transmembrane domatn includes CD28.
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[06611]  The CAR further includes one or more additional costimulatory molecules
posttioned between the transmembrane domain and the mitracellular signaling doman, The
costimulatory molecule is for example, CD28, 4-1BB, 4-1BBL ICOS, or OX40,

[03612]  In various aspects the intracellular signaling domain comprises a CD3 zeta
chain.

[00613]  Also provided is a nucleic acid encoding the CAR according to the invention,
vectors including the nucleic acid and cells containing the vector. The call 13 a2 T cell such
as for example, a CD4" T-cell and/or CD8' T-cell a T regulatory cell (Treg)ora T
tollicular regulatory cell (TFR).

[00014]  In other aspects the invention provides a genetically engineered cell which
expresses and bears on the cell surface membrane the chimeric antigen receptor according
to the invention. The cell is a T cell such as for example, a CD4" T-cell and/or CD&* T-cell
a T regulatory cell (Treg) or a T follicular regulatory cell (TFR).

[06615]  In other aspects the invention provides a pharmaceutical composition containing
the populaiion of the genetically engineered cells according to the invention.

[60016]  Invet another aspect the invention provides a svstem including a binding
maolecule having specificity for a tumor antigen wherein the binding molecule has a
recognition domain linked to protection domain and a chimeric antigen receptor (CAR)
having an intracellular signaling domain, a transmembrane domain and an exiracellular
domain capable of specifically binding the recogmiion domain. In some aspects the CAR 1s
expressed on a cell. The cell is a T cell such as for example, a CD4" T-cell and/or CD&* T-
cell a T regulatory cell {Treg) or a T follicular regulatory cell (TFR).

[06617]  In a further aspect the invention provides a system including a binding molecule
having specificity for a tumor antigen wherein the binding molecule coraprises (1) a
cleavable masking moiety that inhibits the binding of the binding moiety to the tumor
antigen and (i1} a recognition domain; and a chimeric anfigen receptor {CAR) having an
mtracellular signaling domain, a transmembrane domain and an extracellutar domain
capable of specifically binding the recognition domain,

[06618]  The binding molecule is an antibody, an affimer, an aptamer or a T-cell receptor
{TCR) multimer The antibody is aFab or a s¢FV, The TCR multimer is a tetramer

[00019]  The cleavable masking moiety is a protease susceptible peptide.

(5
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[06626]  In yet other aspects the invention provides methods of treating cancer in a
subject in need thereof by administering to the subject a binding molecule according to the
mvention at a first period of time and a CAR according to the invention at a second period
of time.

[06621]  In another aspect the invention provides methods of treating cancer in a subject
in need thereof by administering to the subject at a first period of time a binding molecule
having specificity for a tumor antigen wherein the binding molecule has (i) a cleavable
masking moiety that inhibits the binding of the binding moiety to the tumor antigen and (it}
arecognition domain; and administering to the subject at a second period of time a chimeric
antigen receptor {CAR) comprising an intracellular signaling domain, a transmerbrane
domain and an extracellular domain capable of specifically binding the recognition domain.
1066221 Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as conunonly understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar or equivalent to those described
herein can be used in the practice of the present invention, suitable methods and materials
are described below. All publications, paient applications, patents, and other references
mentioned herein are expressly incorporated by reference in their entirety. In cases of
conflict, the present specification, including definitions, will control. In addition, the
materials, methods, and examples described herein are illustrative only and are not intended
to be hmiting.

[06623]  Other features and advantages of the invention will be apparent from and

encompassed by the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[06624]  Figure 1. Hustrates the protease~specific unmasking strategy to induce a tumor
specific T-cell response.
[03625]  Figure 2. [lustrates the universal CAR T cells directed against unmasked
antigens {or tumor-targetled immumotherapy.
[00026]  Fieure 3. [Nustrates pH dependent unmasking of antigen.
[06627]  Figure 4. [llustrates an assay 1o define protease secretion of tumors,
[06628]  Figure 5. Hlustraies an assay to define prolease secretion of tumors.
[0662¢]  Figure 6. Schematic presentation of the BAT-CAR strategy. A BAT-CAR s

specific for a synthetic antigen, which is coupled to a turnor-targeting antibody. The
4
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synthetic antigen is profected from T celi recognition by a “mask”™ containing protease-
sensitive sites. When the tumor-targeting antibody binds to fumors, tumor-derived proteases
degrade the mask. Thus, the synthetic antigen becomes accessible for recognition by the
BAT-CAR T cell, which, in tum, becomes activated fo direct an immune response against
the tumor. Figure 6 as Figure 7, 8 and 10 were generated using the figure templaies freely
available at http://www servier.corn/Powerpoint-image-bank.

060367  Figure 7. Schematic presentation of a BAT-CAR T cell and examples of CAR
modules used in the present patent.

[06631]  Figure 8. Activation of a population of 58C cells transduced with either anti-
FITC or anti-AQ CAR modules. FACS analvsis, CD6Y over-expression as readout.

[03632]  Figure 9. Schematic presentation of the cleavable peptide structure, coupling
strategy 1o the BAT-CAR platform and chemical properties of the cleavable peptide
carrying an anthraguinone-2-ate molecule (CP{AQY) or of the post-cleavage peptide
carrving the same molecule (pCP{AG)).

(0660337  Figure 18, Schematic presentation of the different CU/TTU combinations used
to verify CU binding to TTU.

[00034] Figure 11, HER2+ cell staining by Alexa fluor 647 labelled TTU. FACS
analysis, Alexa fluor 647 signal as readout after 30 minutes incubation on ice.

[06635]  Figure 12. Top. HER2+ cell staining with CU*FITC-PEG2-C{AQR)-

PEG24* AG47+unlabelled TTU. FACS analysis, FITC readout. Bottom. Comparison of
signal mtensity of two different populations of HERZ2+ cells stained with the same
CU*FITC-PEGZ-CIAQ-PEG24* A647 + unlabelled TTU over time. FACS analysis, FITC
signal as readout, two timne points: 30 minutes incubation on ice {red), § hours incubation at
37 °C/5% CO2.

[03636]  Figure 13. Sequences of peptides carrying anthraquinone (AQ) small molecule.

Post-cleavage peptide (pCP{AQR)) and cleavabie peptide (CP(AQ).

DETAILED BESCRIPTION OF THE INVENTION
[06637]  The present invention relates to a universal immunotherapy systems,
compositions and methods of treating cancer and other immunological disorders such as

autormmune disease and graft vs host disease.

LA
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[06638]  One of the biggest impediments to cancer immunotherapy is identifying antigens
uniquely expressed on tumor tissue but not expressed on normal, healthy tissue. The
present invention overcomes these challenges by leveraging several technological
innovations to create an effective and universal CAR T cell therapy system. Specifically,
the present invention provides systems reagenis that allow detection of any antigen on a
tumor and generation of immume reactivity against that tumor without of{~target tissue
effects.

[0663%]  Brefly, the in various aspects the curreni invention is composed of three
essential parts (1) a tumor-targeting binding molecule, (2) a masked small molecule, and (3)
a CAR T cell specific for the small molecule. The mask is sensitive to biological molecules
secreted by the tumor (eg. proteases, lipases, glyosidases) or pH that results in
“unmasking” of the small molecule.

[06040]  The overarching strategy for i1s schematically presented in Figure 1. A series of
binary events determines whether CAR T cells will be activated by the synthetic small
molecule. These Binary Activated T cells using Chimeric Antigen Receptors (BAT-CARs)
should be completely inert in the absence of the small molecule and activated only al sites
where the small molecule is uninasked. The systems and compostitions of the invention can
be tailored to direct T cell responses against any solid tumor in a patient-specific fashion,
[06641]  Another aspect of this invention is that anv chimeric cellular receptor can be
engineered to be stimulated by adnunistration of a small molecule. That 1s, fusion of a
single~-chain antibody with any cellular receptor, can produce novel chimeric receptors.
Thus, administration of a small molecule recognized by the single chain antibody can
stimulate downstream effects in the target cell characteristic of stimulating the receptor with
its natural ligand. In the current invention, T cell receptor signaling can be enabled by
administration of a small molecule. That 1s, administration of a small molecule recognized
by the single-chain antibody fused to T cell signaling molecules {for example but not
oniguely CD28 and CD3 zeta) leads to hallmark changes in T cells representative to T cell
receptor signaling. By making chireras of a small molecule binding single chain antibody
with any celiular recepior, specific biological outicomes can be induced by administration of
a small molecule recognized by the single chain antibody.

06042}  The reagents according to the invention generate a T cell-directed tmmune

response specifically within a tumor without prior information on neocantigens. Turmors are

6
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targeted with a binding molecule for an antigen that is enriched but not necessarily unique
to tumors. This binding molecule will be coupled to a pharmacologically nert small
maolecule. The small molecule serves as the target for a universal CAR T cell engineered
with an extracellular binding domain that is specific for the small molecule. This universal
CAR T cell referred to herein as a “Binary Activated T cells using Chimeric Antigen
Receptors (BAT-CARSs) is corapletely inert in the absence of the small molecule. Systernic
treatment of the patient with the masked small molecule conjugated binding molecule will
deliver the small molecule 1o the tumor, creating a unigue target for the BAT-CARS. To
prevent off target activation of the BAT-CAR T cell the small molecule 1s masked with a
“triggering” polymer (e.g. enzyme sensitive or pH sensitive). While intact, the polymer
prevents the small molecule from binding and activating the BAT-CAR T cell. However,
the tumors locally secrete proteases that digest protease sensitive “triggering” polymer thus
exposing the small molecule only at the site of the tumor. In the case of a pH sensitive
turmor, the slightly acidic pH microenvironment of the tumor compared to physiologic pH,
digest the pH-sensitive “iriggering” polymer thus exposing the small molecule only at the
site of the turnor

[06043]  An alternative approach, the binding site of the binding molecule will be masked
with a triggering polvmer such that binding to the tumor antigen will be inhibited. As in the
case of the masked small molecule either tumor specific proteases or pH will digest the
triggering polymer allowing the binding molecule o bind the tumor. The small molecule e
hinds and activates the BAT-CAR T cell

[06644]  Binding Molecule

600457  Binding molecules according to the invention have binding specify for a tumor
antigen. A binding molecule 1s also referred to herein as a “turnor targeting unit”. A
binding molecule is able to bind to or otherwise associate with a biological entity, for
example, a membrane component, a cell surface receptor, an antigen, or the like. The
specificity of the binding molecule allows the binding molecule to become localized at a
particular targeting stte, for instance, a tumor, a disease site, a tissue, an organ, a type of
cell, etc.

[06846]  The term "bind" or "binding,” as used herein, refers 1o the interaction between a
correspondimg pair of molecules or portions thereof that exbubit mutual affinity or binding

capacity, typically due to specific or non-specific binding or interaction, including, but not

3
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fimited to, biochemical, physiclogical, and/or chemical interactions. "Biological binding”
defines a type of mteraction that occurs between pairs of molecules including proteins,
nucleic acids, glycoproteins, carbohydrates, hormones, or the like. The term "binding
partner" refers 1o a molecule that can undergo binding with a particular molecule. "Specific
binding” refers to molecules that are able to bind {o or recognize a binding partner (or a
hinuted number of binding partners) to a substantially higher degree than to other, sinular
biological entities.

[06647]  Binding molecules include but are not Himited {o antibody molecules, receptor
ligands, peptides, haplens, aptamers, affimers, T-cell receptor tetramers and other targeting
maolecules known to those skilled in the art. For example, conteraplated the binding
molecule may include a nucleic acid, polvpeptide, glycoprotein, carbohydrate, or lipid.
00048 A binding molecule can be an antibody, which term is intended to mclude
antibody fragments. For exarople, an antibody includes monoclonal antibodies, polyclonal
antibodies, Fv, Fab, Fab' and F{ab'); immunoglobulin fragments, synthetic stahilized Fv
fragments, e.g., single chain Fv fragments (scFv), disulfide stabilized Fv fragments (dsFv},
single variable region domains (dAbs) minibodies, combibodies and multivalent antibodies
such as diabodies and multi-scFv, single domains from camelids or engineered human
equivalents. Antibodies are made either by conventional immunization {e.g.. polyclonal
sera and hybridomas), or as recombinant fragments, usually expressed in E. coli, after
selection from phage display or nibosome display libraries. Alternatively, "combibodies’
comprising non-covalent associations of VH and VL domains, can be produced in a matrix
format created from combinations of diabody-producing bacterial clones. The term
“antibody” also includes any protein having a binding domain which is homologous or
largely homologous to an imnunoglobulin binding domain.  Such proteins may be derived
from natural sources, or partly or wholly synthetically produced.

660497  For example, the binding molecule is an affimer. An affimer is a small, highly
stable protein engineered to display peptide loops which provide a high affinity binding
surface for a specific target protein. It is a protein of low molecular weight, 1214 kDa,
derived from the cysteine protease hibitor family of cystatins. Affimer proteins are
composed of a scaffold, which 13 a stable protein based on the cystatin protein fold. They
display two peptide loops and an N-terminal sequence that can be randomized to bind

different target proteins with high affinity and specificity simular to antibodies.
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Stabilization of the peptide upon the protein scaffold constrains the possible conformations
which the peptide may take, thus increasing the binding affinity and specificity compared (o
libraries of free peptides.

{EER! For example, a binding molecule can be a nucleic acid binding molecule (e.g. an
aptamer} that binds to a cell tvpe specific marker. In general, an aptamer is an
ohgonucleotide (e.g., DNA, RNA, or an analog or derivative thereof) that binds to a
particular target, such as a polypeptide. Aptamers are short synthetic single-strandead
oligonucleotides that specifically bind to various molecular targets such as small molecules,
proteins, nucleic acids, and even cells and tissues. These small nucleic acid molecules can
form secondary and tertiarv structures capable of specifically binding proteins or other
cellular targets, and are essentially a chemical equivalent of antibodies. Aptamers are
highly specific, relatively small in size, and non-immunogenic. Aptamers are generally
selected from a biopanning method known as SELEX {Systematic Evolution of Ligands by
Exponential enrichment} (Eilington et al. Nature. 1990; 346(6287):818-822; Tuerk et al,,
Science. 1990, 249(4968):505-310; MNi et al., Curr Med Chem. 2011; 18(27):4206-14; which
are incorporated by reference herein in their entireties). Methods of generating an apatmer
for any given target are well known in the art.

[03651]  In some embodiments, a hinding molecule may be a naturally occurring or
synthetic ligand for a cell surface receptor.

06052} In some embodiments, the targeting molecule is a carbohydrate. Carbohydrates
may be natural or synthetic. A carbohvdrate may be a derivatized natural carbohydrate. In
some embodiments, the carbohvdrate comprises monosaccharide or disaccharide, including
but not imited to, glucose, fructose, galactose, ribose, lactose, sucrose, maltose, trehalose,
cellbiose, mannose, xylose, arabinose, glucoronic acid, galactoronic acid, mannuronic acid,
glucosamine, galatosamine, or neuramic acid. In some embodiments, the carbohyvdrate is a
polysaccharide, such as, but not limited to, pullulan, cellulose, microcrystalline cellulose,
hydroxypropyl methylcellulose (HPMO), hydroxyeellulose (HC), methylcelludose (MO,
dextran, cyclodextran, glvcogen, starch, hydroxyethylstarch, carageenan, glvcon, amylose,
chitosan, N, O-carboxylmethvichitosan, algin and alginic acid, starch, chitin, heparin,
konjac, ghuicommannan, pustulan, heparin, hvaluronic acid, curdlan, and xanthan. In some
embodiments, the carbohydrate 1s a sugar alcohol, such as, but not himited to mannitol,

sorbitol, xylitol, ervthritol, maltitol, or lactitol.

o
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(06603537 By tumor antigen it 1s meant any cell surface molecule on a tumor cell.
Preferably, the tumor antigen distinguishes tumor cells from normal cells. Tumor antigens
can distinguish tumor cells from normal cell by being uniquely expressed on turoor cells or
over-represented in tumor cells compared to normal cells. A tumor antigen is a polvpeptide,
a peptide (e.g. MHC peptide}, a lipid, or a carbohydrate.

[000654]  Exemplary tumor antigens include, but are not limited to Her2, prostate stem cell
antigen {PSCA), alpha-fetoprotein (AFP), carcinoembryonic antigen {CEA), cancer antigen-
125 (CA-125), CA19-9, calretinin, MUC-1, epithelial membrane proiein (EMA), epithelial
tumor antigen (ETA), tyrosinase, melanoma-associated antigen (MAGE), CD34, CD45,
CD99, CD117, chromogranin, cytokeratin, desmin, ghial fibrillary acidic protein (GFAP),
gross cystic disease fluid protein (GUDFP-15), HMB-45 antigen, protein melan-A
{melanoma antigen recognized by T lymphoeytes; MART-1), myvo-D1, muscle-specific
actin (MS A}, neurofilament, neuron-specific enolase (NSE), placental alkaline phosphatase,
synaptophysis, thyroglobulin, thyroid transcription factor-1, the dimeric form of the
pyruvate kinase isoenzyme type M2 (fumor M2-PK}, an abnormal ras protein, or an
abnormal p53 proten.

[066355]  Recognition Domain

[03856]  The recognition domain serves as the target for a universal CAR T cell. The
recognition domain is also refered to herein as an “antigen small molecule” The recognition
domain is linked to the binding domain in such a manner as not to intertere with the abilhity
of the binding domain to binds to its ligand. The recognition domain is non-human. The
recognition domain is linked to the binding molecule directly. Alternatively, recognition
doman 1s hnked to the binding molecule indirectly (e.g., via the protection domain or a
carrier domain}. The recognition domain 15 one or more (i.e., plurality) of small molecules.
The small molecule is synthetic or naturally-occurring. The small molecule is biologically
active or inactive. As used herein, the phrase "biologically active” refers to a characteristic
of any substance that has activily in a biclogical system and/or organism. For instance, a
substance that, when administered to an organism, has a biological effect on that organism,
is considered to be biologically active. Preferablv the smali molecule is non-immunogenic
(i.e. preferentially non-antigenic).

[006057]  In general, a "small molecule” is understood in the art to be an organic molecule

that is less than about 5 kilodaltons (Kd) in size. In some embodiments, the small molecule

10
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is less than about 4 Kd, about 3 Kd, about 2 Kd, or about 1 Kd. In some embodiments, the
sroall molecule 1s less than about 800 daltons (1), about 600 D, about 500 D, about 400 D,
about 300 D, about 200 D, or about 100 . In some embodiments, a small molecule is less
than about 2000 g/mol, less than about 1500 g/mol, less than about 1000 g/mol, less than
about 800 g/mol, or less than about 500 g/mol.

[06058]  Exemplary small molecules that are useful in the production of recognition
domains include fluorescein isothiocyanate (FITC), anthraquinone-2-acid, an amphetamine,
a benrodiazeping, a benzoylecgonine, a buprenorphine, an opioid, a cannabinoid, a
phencyelidine, a tricyclic antidepresst, dextromethorphan, fentanyl, meprobamate,
methadone, methamphetamine, oxveodone, THC, tramadol, zolpidem, ketamine, L8D,
MDMA, methaqualone, propoxyphene or norketimine. Other exemplary small molecules
for use in the present invention include those listed at

htto www randoxioxicolosy. comvoreducis/biochip-array and

hitn/www . randoxioxicoloey comy/nroducts/mochin-array/doa-1

(0663591  Protection Diomain

[06668]  In various embodiments, the recognition domain is Hnked (o a profection
domain. The protection domain is also refered to herein as the “mask™. The protection
domain serves to mask the recognition domain to prevent the recognition domain from
binding and activating the BAT CAR. The protection domain is in whole or in part enzyme
{e.g.. prolease) sensttive or pH sensitive. In some embodiments the protection domaim is
composed of one or more enzvme (1.2, cleavable peptide) or pH susceptible sites,. When
an enzyme or pH susceptible site are exposed to enzymes, for instance, proteases, or a
particular pH the reagent is cleaved, such that the recognition domain is unmasked.

[06061]  The protection domain can be composed of any material or size as long as it can
serve as a carrier or platform for the recognition domain and or the enzyme susceptible site.
Preferably the material 1s non-immunogenic, 1.e. does not provoke an immune response in
the body of the subject to which 1t will be administered.

[06662]  The protection domain is composed of in whole or in part of polymers or non-
polymer materials.

[60063]  The protection domain is linked directing to the binding molecule or indirectly
via a carrier domain. Suitable carriers are knows in the art. In preferred embodiments, the

carrier domain utilizes the Akrivis ADAPT™ Technology { See, W{3/2014/100377,
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WO/2012/177775, and US 20140186850 the contents of which are herein incorporated by
reference 1n their entireties),

[00064]  In some aspects, the protection domain 15 composed of a masking peptide and a
masking polvmer. Optionally the protection domain further includes a detection domain.
[06065]

[06066] A number of biodegradable and non-biodegradable biocompatible polymers are
known in the field of polymeric biomaterials, controlied drug release and tissue engineering
(see, for example, U.S. Pat. Nos. 6,123,727 5.804,178; 5,770,417, 5,736,372: 5,716,404 to
Vacanti; U.S. Pat. Nos. 6,095,148; 5,837,752 to Shastri; U.S. Pat. No. 5,902,599 to Anseth;
U.S. Pat. Nos. 5,696,175; 5,514,378; 5,512,600 to Mikos; U.S. Pat. No. 3,399,665 to
Barrera; U.S. Pat. No. 5,019,379 1o Domb; U.S. Pat. No. 5,010,167 to Ron; U.S. Pat. No.
4,946,929 to d' Amore; and U.S. Pat. Nos. 4,806,621, 4,638,045 to Kohn; see also Langer,
Acc. Chem Res. 33:94, 2000; Langer, J. Control Release 62:7, 1999, and Uhrich et al,
Chem. Rev. 99:3181, 1999; all of which are incorporated herein by reference}.

[06667]  Polvmers include, but are not limited to: polvamides, polycarbonates,
polyaltkylenes, polvalkyviene glveols, polvalkvlene oxades, polvalkyviene terepthalates,
polyvinyl alcohols, polvvinyl ethers, polvvinyl esters, polyvinyl halides, polyglycolides,
polysiloxanes, polyurethanes and copolvmers thereof, alky! cellulose, hvdroxyalkyl
celluloses, cellulose ethers, cellulose esters, nitro celluloses, polymers of acrylic and
methacrylic esiers, methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, hydroxy-
propyl methyl cellulose, hydroxybutvl methyl cellulose, cellulose acetate, cellulose
propionate, cellulose acetate butyvrate, celiulose acetate phthalate, carboxylethyl cellulose,
cellulose triacetate, cellulose sulphate sodium salt, poly(methyl methacrylate),
poly{ethylmethacrviate), polv(butylmethacrvlate), polv(isobutvimethacrylate).
polytheximethacrylate}, poly(isodecyimethacrylate), poly(laurvi methacryvlate), poly{phenyi
methacrylate}, polv{methyl acrylate), polyv(isopropyl acrylate), poly{isobutyl acrvlate),
poly{octadecyl acrvlate), polvethyiene, polypropylene poly{ethyvlene glycol), polv{ethylene
oxide), polv(ethylene terephthalate), polv(viny! alcohols), poly{vinyl acetate, poly vinyi
chloride and polvstvrene.

[06668]  Examples of non-biodegradable polymers inchude ethylene vinvl acetate,

poly{meth)acrylic acid, polvamides, copolymers and mixtures thereof
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[06669]  Examples of bigdegradable polymers include synthetic polymers such as
polymers of lactic actd and glycolic acid, polvanhydnides, poly{orthojesters, polyurethanes,
poly{butic acid), polv{valeric acid), poly{caprolactone), poly(hydroxybutyrate),
poly(lactide-co-glycolide) and poly{(lactide-co-caprolactone), and natural polymers such as
algninate and other polysaccharides inclhuding dextran and cellulose, collagen, chemical
dertvatives thereof (substitutions, additions of chemical groups, for example, alkyl,
alkvlene, hydroxylations, oxidations, and other modifications routinely made by those
skilled in the art), albumin and other hydrophilic proieins, zein and other prolamines and
hydrophobic proteins, copolymers and mixtures thereofll In general, these materials degrade
either by enzymatic hydrolysis or exposure to water in vivo, by surface or bulk erosion. The
foregoing materials may be used alone, as phvsical mixtures (blends), or as co-polymers. In
some embodiments the polymers are polyesters, polyanhydrides, polystyrenes, polylactic
acid, polyglycolic acid, and copolymers of tactic and glycoloic acid and blends thereof.
[660767  PVP is anon-ionogenic, hydrophilic polymer having a mean molecular weight
ranging from approximately 10,000 to 700,000 and the chemical formula
(C.3ub.6HsNG}n]. PVP is also known as poly[1-(Z-oxo-1-pyrrohidinyDethylene],
Povidone. TM., Polvvidone TM., RP 143 TM., Kollidon. TM., Peregal ST.TM.,

Periston. TM., Plasdone. T™M., Plasmosan. TM., Protagent. ThM. Subtosan TM™M., and

Vinisil. TM.. PVP is non-toxtie, highly hygroscopic and readily dissolves in water or organic
solvents.

066471 Polyethylene glyeol (PEG), also known as poly{oxyethvleneiglveol, is a
condensation polymer of ethviene oxide and water having the general chemical formula
HO{CH 2CH0)njH.

[(603072] Polyvinvl alcohol {(PV A) is a polvimer prepared from polvvinyl acetates by
replacement of the acetate groups with hydroxyl groups and has the formula

{CH sub. 2CHOH }n]. Most polvvinyl alcohols are soluble in water. PEG, PVA and PVFP
are commercially available from chemical sappliers such as the Sigma Chemical Company
{St. Louis, Mo.}.

66073}  In certain embodiments the particles may comprise poly(lactic-co-glveolic acid)
(PLGA).

[06074]  The enzyme susceptible site is dependent on enzyvmes that are active in a specific

disease state. For instance, tumors are associated with a specific set of enzymes. If the
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disease state being analyzed is a tumor then the product is designed with an enzyme
susceptible site that maiches that of the enzyme expressed by the tumor or other diseased
tissue. Alternatively, the enzvine specific site may be associated with enzymes that are
ordinarily present but are absent in a particular disease state. In this example, a disease state
would be associated with a lack or signal associated with the enzyme, or reduced levels of
signal compared to a normal reference.
[06675]  An enzyme, as used herein refers 1o any of numerous proteins produced in living
cells that accelerate or catalyze the metabolic processes of an organism. Enzymes act on
substrates. The substrate binds to the enzyme at a location called the active site just before
the reaction catalyzed by the enzyme takes place. Enzymes include but are not himited to
proteases, glycosidases, lipases, heparinases, phosphatases.
[08876]  The enzyme susceptible site may be optimized to provide both high catalytic
activity {or other enzymatic activity) for specified target enzvroes but to also release
optimized detectable markers for detection. Numerous other enzyme/substrate
combinations associated with specific diseases or conditions are known to the skilled artisan
and are useful according to the invention.
[006077]  In some aspects the enzyme susceptible site is a peptide (also refered to herein as
a ~“ masking peptide”. The masking peptide includes an enzyme cleavage site (i.e,,
cleavable peptide} and one or more sites capable of linking the masking polvmer and the
binding molecule (either directly or via a carrier domain),
660787  In some aspects the masking peptide has the following formula:
(Aanp{Aan2 )y {(CLEAVABLE PEPTIDE){Aaci )qAac
[0687¢]  In various aspects the amino acid sequence flanking the N-terminus of the
cleavable peptide is of the general formula (Aav)pi{ Aara)p,
wherein:

pl is an integer selected from 1 to 10;

p2 is an integer selected from 2 10 20,

Aawy, at each occurrence, is any amino acid, preferably independently selected from
fysine, histidine, arginine, aspartic acid, and glutamic acid;

Aanz, at each occurrence, 1s any amino acid, preferably independently selected from
serine, threonine, asparagine, glutamine, and glvcine; and

Aang 18 hinked 1o the N-terminus of the cleavable peptide through a peptide bond.
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[(6080] In one embodiment, plis 1, 2,3, 4, 5,6, 7, 8,9, or 10. In one embodiment, pl 18
1,2, 3,4, 0r5 Inoneembodiment, plis 6,7, 8 9, or 10, In one embodiment, plis 1, 2, or
3. In one embodiment, pl is 1 or 2. In one embodiment, pl is 1.

[06681]  In one embodiment, Aani, at each occurrence, is any aming acid, preferably
independently selected from lvsine, histidine, and arginine. In one embodument, Aaxi, at
each occurrence, is independently selected from lvsine and histidine. In one embodiment,
Aamn, at each occurrence, is independenily selected from lysine and arginine. In one
embodiment, Aani, at each ocaurrence, 18 independently selected from histidine and
arginine. In one embodiment, Aani, at each occurrence, 18 lysine. In one embodiment,
Aani, at each occurrence, is histidine. In one embodiment, Aani, at each occurrence, is
arginine.

[00082]  In one embodiment, Aany, at each occurrence, is independently selected from
aspartic acid and glutamic acid. In one embodiment, Aan, at each occurrence, 1s aspartic
acid. In one embodiment, Aan, at each occurrence, 1s ghitamic acid.

[06083]  In one embodiment, plis 1, and Aan: 18 lysine. In one embodiment, plis 1, and
Aaxi 1s histidine. 1o one embodiment, pl 1s 1, and Aan is argimine. In one embodiment, pl
is 1, and Aan; 18 aspartic acid. In one embodiment, pl is 1, and Aax) is glutamic acid.
[06684]  In one embodiment, pl is 2, and Aawi, at each occurrence, is independently
selected from lysine, histidine, and arginine. In one embodiment, Aani, at each occurrence,
is independently selected from lysine and histidine. In one embodiment, Aan, at each
occurrence, 1s independently selected from lysine and arginine. In one embodiment, Aan,
at each occurrence, 15 independently selected from histidine and arginine.

[00085]  In one embodiment, pl 1s 2, and Aaxy, at each occurrence, is independently
selected from aspartic acid and glutamic acid.

[00086]  In one embodiment, p2 is an integer selected from 2 to 10. In one embodiment,
p2 1s an integer selected from 11 to 20, In one embodiment, p2 1s an integer selected from 2
to 5. In one embodiment, p2 is an integer selected from 5 to 10. In one embodiment, p2 is
an infeger selected from 11 to 15, In one embodiment, p2 is an integer selected from 15 {0
28, In one embodiment, p21is 2, 3, or 4. In one embodiment, p21s 2 or 3. In one

embodiment, p2 is 2.
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[06687]  In one embodiment, Aam, at each occuirence, is any amino acid, preferably
mndependently selected from serine, threonine, and glycine. In one embodiment, Aaxz, at
each occurrence, 1s independently selected from serine and glycine. In one embodiment,
Aane, at each occurrence, is independently selected from threonine and glycine. In one
embodiment, Aanz, at each occurrence, 1s independently selected from serine and threonine.
In one embodiment, Aane, at each occurrence, is serine. {n one embodiment, Aanz, at each
occurrence, is threonine. In one embodiment, Aanz, at each occurrence, is glvcine.
[06688]  In one embodiment, Aam, at each occuirence, is independently selected from
asparagine, glutamine, and glvcine. In one embodiment, Aanz, at each occurrence, is
independently selected from asparagine and glycine. In one embodiment, Aawy, at each
occutrence, is independently selected from glutamine and glycine. In one embodiment,
Aanz, al each occurrence, is independently selecied from asparagine and glutamine. In one
embodiment, Aanz, at each occwirence, 1s asparagine. In one embodiment, Aane, at each
occurrence, 1s glutamine.
[0668%]  In various aspects, the amino acid sequence flanking the C-terminus of the
cleavable peptide is of the general formula: (AaciiqAace,
wherein:

q is an integer selected from 2 to 20;

Aaci, at each occurrence, 1S any amino acid, preferably independently selected, from
serine, threonine, asparagine, glutamine, and glycine;

Aac 1s any reactive group capable of hinking the masking peptide to the masking
polymer, binding domain or carrier domain.

Aact is linked to the C-terminus of the cleavable peptide through a peptide bond.

[03693]  In one embodiment, g is an integer selected from 2 to 10. In one embodiment, g
is an integer selected from 11 to 20. In one embodiment, g is an integer selected from 2 {o
5. In one embodiment, g 1s an integer selected from 5 to 10, In one embodiment, q is an
imteger selected from 11 to 15, In one ermbodiment, g is an integer selected from 15 to 20
In one embodiment, qis 2, 3, or 4. In one embodiment, gis 2 or 3. In one embodiment, g is
2.

[006091]  In one embodiment, AaCl, at each occurrence, is any amine acid, preferably

independently selected from serine, threonine, and glycine. In one embodiment, Aa(l, at
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gach occurrence, is independently selected from serine and glycine. In one embodiment,
Aall, at each occurrence, 1s independently selected from threonine and glveime. In one
embodiment, AaCl, at each occurrence, is independently selected from serine and
threonine. In one embodiment, Aaci, at each occurrence, is serine. In one embodiment,
Aacy, at each occurrence, is threonine. In one embodiment, Aaci, at each occurrence, 1s
glycine.

0660927  In one embodiment, Aacy, at each occurrence, is independently selected from
asparagine, glutamine, and glvcine. In one embodiment, Aaci, at each occurrence, is
mndependently selected from asparagine and glycine. In one embodiment, Aacy, at each
occurrence, 18 independently selected frorn glutamine and glyvcine. In one embodiment,
Aacy, at each occurrence, is independently selected from asparagine and glutamine. In one
embodiment, Aaci, al each occurrence, 1s asparagine. In one embodiment, Aacy, at each
occurrence, 1s glutamine.

060937  Aace is any reactive group capable of linking the masking peptide o the masking
polymer, binding domain or carrier domain. For example, is a maleimide, an
todoacetamide, a thicester, an NHS ester, an imidoester, a hydroxymethyl phosphine, a
carbodiimide, an anhydrides, a carbonate, an aldehydes, a glvoxal, a haloacetyl, a
pyridyldisulfide, avinvl sulfone, an isocyanates, a carbonyldiimidazole, a bensophenone, an
anthraguinone, a psoralen compound, an aryl azide, or a halogenated aryl. In a specific
embodiment Aacz is a cysteinamde. Conjugation chemistries are known in the art, see for
example, Chenustry of Protein Conjugation and Cross-Linking, Shan 8. Wong, CRC Press
1991, the content of which is mcorporated by reference m s entivety)

[66694] gl is an infeger selected from 1 10 20. In one embodiment, gl is 1, 2, 3, 4, 5, 6,
7.8.9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20. In one embodiment, gl is 1, 2, 3. 4. 5,
6.7.8,9, or 10. In one embodiment, gl 156, 7, , 9, or 10, In one embodiment, gl 15 1, 2,
3, 50r5 Inoneembodiment, pl is | or 2. In one embodiment, g is 1.

06093}  The cleavable peptide contains an enzyrue susceptible site capable of being
cleaved by an enzyme secreted by a tumor. Enzymes secreted by tunmors are known in the
art and include e g, proteases, lipases, glvosidases. Preferably, the enzyme susceptible site
1s 4 protease sensitive site. The protease 1s for example a cysteine protease, a sernne

protease, and aspartate protease or a threonine protease.
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[06696]  Cysieine proteases include for example, cathepsin B, L. H, or §, Calpain, MMP-
1, MMP-2, MMP-7, MMP-9, or MMP-14. Serine proteases include for example, Trypsin,
Hepsin, KLK6, KLK7, KLKR, Matriptase, SLP1, TMPRSS3, or PRSS3/mesotrypsin. Am
aspartate proetease includeds for example, Cathepsin-D. A threonine protease includes for
example, 268 proteasome.

[060977  In general, the cleavable peptides will be 150 residues or less, 100 residue or less
or 50 residues or less. The overall length may be 4, 5,6, 7. 8.9, 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, or 50 residues. Ranges of peptide length of 4-50 residues,
5-50 residues, 6-50 residues, 7-50 residues, 7-25, residues, 4-20 residues, 5-20 residues, 0-
20 residues, 7-20 residues, and 7-15 residues are contemplated.

[00698]  Exemplary cleavable peptides includes peptides comprising the amino acid
sequence PLGVRG, PRCGVPDV, PRCGNPDV, PRCGXPD (where “X” is any anino
acid, preferably “V™), PRCGVPDL, PRCGVPDK or GPICFFRLGK.

[0669%]  In a preferred embodiment, the masking peptide comprises the amino acid
sequence. LyvsSerGlyProleuGhValdrgGivSerSerCys. In another preferred embodiment,
the masking peptide comprises the amino acid sequence:

LysSerGly ProleuGlvValdrgGlySerSerCysteineamide.

[066188] By “any amino acid” it meant the twenty conventional amino acids, terecisomers
{e.g., D amuno acids) of the twenty conventional amino acids and unnatural amino acid.
[066161]  As used herein, the twenty conventional amino acids and their abbreviations
follow conventional usage. See Immunology - A Synthesis (2nd Edition, E.S. Golub and
DR, Gren, Eds., Sinauer Associates, Sunderfand Mass. (1991)). Sterecisomers (e.g., D-
anmino acids) of the twenty conventional anuno acids, unnatural amino acids such as o-, o-
disubstituted amino acids, N-alkyl amino acids, lactic acid, and other unconventional amino
acids may also be suitable components for polvpeptides of the present inveniion. Examples
of unconventional amino acids include: 4 hyvdroxyproline, y-carboxyglutamate, e-N,N,N-
trimethyllysine, £ ~-N-acetyllvsine, O-phosphoserine, N- acetylserine, N-formylmethionine,
3-methvihistidine, 5-hydroxylysine, o-N-methylarginine, and other simular amino acids and
imino acids {e.g., 4- hydroxyproline). Tn the polvpeptide notation used herein, the left-hand
direction 1s the amino terminal direction and the right-hand direction is the carboxy-termunal

direction, in accordance with standard usage and convention.
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[066162]  As applied to polypeptides, the term “substantial identity” means that two
peptide sequences, when optimally aligned, such as by the programs GAP or BESTFIT
using default gap weights, share at least 80 percent sequence identity, for example, at least
90 percent sequence identity, at least 95 percent sequence identity, or at feast 99 percent
sequence identity.

[066163]  In some embodiments, residue positions which are not identical differ by
conservative amino acid substitutions.

[066164] Conservaiive amino acid substitutions refer to the interchangeability of residues
having similar side chains. For example, a group of amino acids having aliphatic side chaing
is glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having aliphatic-
hydroxyi side chains is serine and threonine; a group of amino acids having amide-
containing side chains is asparagine and glutaming; a group of amino acids having aromatic
side chains 1s phenvlalanine, fyrosine, and tryptophan; a group of amino acids having basic
side chains is lysine, arginine, and histidine; and a group of amino acids having sulfur-
containing side chains s cysteine and methionine. Suitable conservative amino acids
substitution groups are: valine-leucine-isoleucine, phenvialanine-tvrosine, lvsine-arginine,
alanine valine, glutamuc- aspartic, and asparagine-glutanine.

[036185] A detection domain contains one or more detectable labels. As used herein, a
"detectable iabel” is understood as a molecule that can be detected, preferably
quantitatively, when present in a sample or subject, including, but not limited to, enzymatic
tabel (e g.. alkaline phosphatase), fluorescent label, radicactive label, dense particle label,
chemiluminescent label, bioluminescent label, prosthetic group label, fluorescence emitting
metal atom, radicactive isotope, quantum dot, nanoparticle, eleciron-dense reagent, hapten,
ot hiotin. Those of skill in the art will understand that the specific detectable label for use in
a particular method will be deternined, for example, on the target to be detected, the sample
in which the detection is performed (e.g., liquid or solid sample, detection in vitro or in
vivo), and the equnpment available for detection. A detectable 1abel can be detected directly,
e.g.. a fluorescent label. Alternatively, a detectable label can be detected by contacting the
detectable label with af least one additional reagent, e g., an enzyme substrate that produces
a color, fluorescent, or luminescent product; a reagent that binds the non-sterically hindered

tether, e.g.. an avidin containing label for binding a biotin~-containing tether, a nickel
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containing fether for binding 6.times His; that is detected directly, e.g., a fluorescent or
radicactive label, or indirectly, e.g., an enzyme.

[000166]  As used herein, the terms “label” or “labeled” refers to incorporation of a
detectable marker, e.g , by incorporation of a radiolabeled amino acid or attachment to a
polvpeptide of biotinyl moieties that can be detected by marked avidin {(e.g., streptavidin
containing a fluorescent marker or enzymatic activity that can be detected by optical or
calorimetric methods). In certamn situations, the label or marker can also be therapeutic.
Various methods of labeling polypeptides and glvcoproteins are known in the art and may
be used. Examples of labels for polvpeptides include, but are not himited (o, the following:
radioisotopes or radionuclides (e.g., 3H, 14C, 15N, 338, 90Y, 99T¢, 111In, 1251, 1310),
fluorescent labels (e.g., FITC, rhodamine, lanthanide phosphors), enzymatic labels (e.g.,
horseradish peroxidase, p-galaciosidase, huciferase, alkaline phosphatase},
chermluminescent, biotinyl groups, predetermined polypeptide epttopes recognized by a
secondary reporter {e.g , leucine zipper pair sequences, hinding sites for secondary
antibodies, metal binding domains, epitope tags). In some embodiments, 1abels are attached
by spacer arms of various lengths to reduce potential steric hindrance.

[000107] CARs

[066188]  The CAR according to the invention generally comprises at least one
transmembrane poly peptide comprising at least one extracellular ligand-binding domain
and; one transmembrane polypeptide comprising at least one intracellular signaling domain;
such that the polypeptides assemble together to form a Chimeric Antigen Receptor.
[066169] The term "extracellular igand-binding domain” as used herein is defined as an
polypeptide that 13 capable of binding a ligand. Preferably, the extracellular ligand-binding
domain will be capable of binding the “unmasked” recognition dorain. For exarple, the
extracellular ligand-binding domain binds small molecule that makes up the recognition
domain.

[006118]  Extracellular ligand-binding domain include but are not limited to antibody
molecules, receptor ligands, peptides, haptens, aptamers, affimers, T-cell receptor tetramers
and other targeting molecules known to those skilled i the art. For example, contemplated
the extracellular higand-binding domain may inchude a nucleic acid, polvpeptide,

glycoprotein, carbohydrate, or hipid.
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[066111] A extracelivlar ligand-binding domain can be an antibody, which term is
intended to include antibody fragments. For example, an antibody includes monoclonal
antibodies, polyclonal antibodies, Fv, Fab, Fab' and F(ab')y: tmmunoglobulin fragments,
synthetic stabilized Fv fragments, e.g., single chain Fv fragments (scFv), disulfide stabilized
Fv fragments (dsFv), single variable region domains (dAbs) minibodies, combibodies and
muiltivalent antibodies such as diabodies and muolti-scFyv, single domains from camelids or
engingered human equivalents. Antibodies are made either by conventional immunization
{e.g., polyclonal sera and hybridomas}, or as recombinant {fragments, usually expressed in E.
coli, after selection from phage display or ribosome display hbrartes. Alternatively,
‘combibodies’ comprising non-covalent associations of VH and VL domains, can be
produced in a mainix format created from combinations of diabody-producing bacterial
clones. The term “antibody”™ also includes any protein having a binding domain which is
homologous or largely homologous (o an immunoglobulin binding domain. Such proteins
may be derived from natural sources, or partly or whollv synthetically produced.

(0660112} For example, the extracellular igand-binding domain 1s an affimer. An affimer
is a small, lighly stable protein engineered to display peptide loops which provide a high
affinity binding surface for a specific target protein. It is a protein of low molecular weight,
12-14 kDa, derived from the cysteine protease inhibitor fanuly of cystatins. Affimer
proteins are composed of a scaffold, which is a stable protein based on the cystatin protein
fold. They display two peptide loops and an N-terminal sequence that can be randomized to
hind difterent target proteins with high affinity and specificity similar to antibodies.
Stabilization of the peptide upon the protein scaffold constrains the possible conformations
which the peptide may take, thus increasing the binding affinity and specificity compared (o
libraries of free peptides.

[036113]  For example, the extracellular ligand-binding domain can be a nucleic acid
binding molecuie (e.g. an aptamer) that binds {o a cell type specific marker. In general, an
aptamer is an oligonuclectide {e.g., DNA, RNA, or an analog or denvative thereof) that
binds 1o a particular target, such as a polypeptide. Aptamers are short synthetic single-
stranded oligonucleotides that specifically bind to various molecular targets such as small
molecules, proteins, nucleic acids, and even cells and tissues. These small nucleic acid
molecules can form secondary and tertiary structures capable of specifically binding

proteins or other cellular targets, and are essentially a chemical equivalent of antibodies.
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Aptamers are highly specific, relatively small in size, and non-immunogenic. Aptamers are
generally selected from a biopanning method known as SELEX (Systematic Evolution of
Ligands by Exponential enrichunent) (Ellington et al. Nature. 1990; 346(6287):818-822;
Tuerk et al., Science. 1990; 249(4968):505-510; Ni et al., Curr Med Chem. 2011;
18{(27y.4206-14,; which are incorporated by reference herein in their entireties). Methods of
generating an apatmer for any given target are well known in the art.

[066114]  In some embodiments, a binding molecule may be a naturally occwrring or
synthetic ligand for a smali molecule antigen.

[066115] In a preferred embodiment the transmembrane domain further comprises a stalk
region between said extraceliular ligand-binding domain and said transmembrane domain.
The term "stalk region” used herein generally means any oligo- or polypeptide that
functions to link the transmembrane domain to the extracetiular igand-binding domain. In
particular, stalk regions are used to provide more flexibility and accessibility for the
extracellular ligand-binding domain. A stalk region may comprise up to 300 amino acids,
preferably 10 to 100 amino acids more preferably 25 to 50 amino acids and most preferably
310 15 amano actds. Stalk region may be derived from all or part of naturally occurring
maolecules, such as from all or part of the extracellular region of CDR, CD4 or CD28, or
from all or part of an antibody constant region. Alternatively the stalk region may be a
synthetic sequence that corresponds 1o a naturaily occurring stalk sequence, or may be an
entirely synthetic stalk sequence. In a preferred embodiment said stalk region 1s a part of
human CD8 alpha chain

[066116] The signal transducing domain or intracellular signaling domain of the CAR of
the imvention is responsible for intracellular signaling following the binding of extraceliutar
ligand binding domain to the target resuliing in the activation of the iramune cell and
immune response. In other words, the signal transducing domain is responsible for the
activation of at least one of the normal effector functions of the immune cell in which the
CAR is expressed. For example, the effector function of a T cell can be a cviolytic activity
or helper activity including the secretion of cvtokines. Thus, the term "signal transducing
domain” refers to the portion of a protein which transduces the effector signal function
signal and divects the cell to perform a specialized function.

[000117]  Signal transduction domain comprises two distinet classes of cytoplasmic

signaling sequence, those that initiate antigen-dependent primary activation, and those that

~
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act in an antigen-independent manner to provide a secondary or co-stimulatory signal.
Primary cytoplasmic signaling sequence can comprise signaling motifs which are known as
immunoreceptor tyrosine-based activation motifs of ITAMs. ITAMs are well defined
signaling motifs found in the intracytoplasnuc tail of a variety of receptors that serve as
binding sites for syk/zap70 class tvrosine kinases. Examples of ITAM used in the invention
can mclude as non linmiting examples those derived from TCR zeta, FeR gamma, FcR beta,
FcR epsilon. CD3 gamma, CD3 delta, CD3 epsilon, CD3, CD22, CD79a, CD79b and
CDo66d. In a preferred embodiment, the signaling transducing domain of the CAR can
comprise the CD3 zeta signaling domain, or the intracvtoplasmic domain of the Fe epsilon
RI beta or gamuma chains. In another preferred embodiment, the signaling s provided by
CD3 zeta together with co-stinuilation provided by CD28 and a tumor necrosis factor
receptor (TNFr}, such as 4-1BB or OX40), for example.

[060118]  In particular embodiment the intracellular signaling domain of the CAR of the
present invention comprises a co-stimulatory signal molecule. In some embodiments the
intracellular signaling domain contains 2, 3, 4 or more co-stimulatory molecules in tandem.
A co-stimulatory molecule 13 a cell surface molecule other than an antigen receptor or their
ligands that 15 required for an efficient irnmune response.

[066119]  "Co-stimulatory ligand" refers 1o a molecule on an antigen prasenting cell that
specifically binds a cognate co-stimulatory molecule on a T-cell, thereby providing a signal
which, in addition o the primary signal provided by, for instance, binding of a TCR/CD3
complex with an MHC molecule loaded with peptide, mediates a T cell response, including,
but not limited to, proliferation activation, differentiation and the like. A co-stimulatory
ligand can include but is not limited to CD7, B7-1 (CDRO), B7-2 (CDRG), PD-LT, PD-L2, 4-
iBBL, OX40L, inducible costimulatory higand (1COS-L), intercellular adhesion molecule
(ICAM, CD30L, CD40, CD70, CD83, HLA-G, MICA, MICB, HVEM, lvmphotoxin beta
receptor, 3/TR6, ILT3, ILT4, an agonist or antibody that binds Toll ligand receptor and a
Ligand that specifically binds with B7-H3. A co-stimulatory ligand also encompasses, inter
alia, an antibody that specifically binds with a co-stimmulatory molecule present ona T cell,
such as but not hmited to, CD-30 CD27, CD28, 4-1BB, 0X40, CD30, CD40, PD-1, ICOS,
lvmphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LTGHT, NKG2(C, B7-H3, a
ligand that specifically binds with CD83.
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[0661206] A "co-stimulatory molecule” refers to the cognate binding partnar on a T-cell
that specifically binds with a co-stimulatory ligand, thereby mediating a co-stimulatory
response by the cell, such as, but not limated to proliferation. Co-stimulatory molecules
include, but are not limited to an MHC class 1 molecule, BTLA and Toll ligand receptor.
Examples of costimulatory molecules include CB-3( CD27, CD28, CD8, 4-1BB (CD137),
-1BBL OX40, CD30, CD40, PD-1, ICOS, lvmphocyte function-associated antigen-1 (LFA-
13, CD2, CO7, LIGHT, NKG2C, B7-H3 and a ligand that specifically binds with CD83 and
the like. In another particular embodiment, said signal transducing domain 1s a TNFR-
associated Factor 2 (TRAF2) binding motifs, intracytoplasmic tail of costimulatory TNFR
member family. Cytoplasmic tail of costimulatory TNFR family member contains TRAF2
binding motifs consisting of the major conserved motif (P/S/AYX(Q/E)E) or the minor motif
{(PXQXXD), wherein X 13 any amine actd. TRAF proteins are recruited to the intracellular
tails of many TNFRs in response to receptor trimerization.

[066121] The distinguishing features of appropriate transmembrane polypeptides comprise
the ability 10 be expressed at the surface of an immune cell, in particular lymphocyte cells
or Natural killer (NK) cells, and to interact together for directing cellular response of
imnume cell against a predefined target cell. The different fransmembrane polypeptides of
the CAR of the present mvention comprising an extracellular hgand-biding domain and/or a
signal transducing domain interact together to take part in signal transduction following the
binding with a target ligand and induce an immune response. The transmembrane domain
can be derived either from a natural or from a synthetic source. The transmembrane domain
can be derived from any membrane-bound or transmembrane protein,

[066122] The term "a part of" used herein refers to any subset of the molecule, thatis a
shorter peptide. Alternatively, amino acid sequence functional variants of the polvpeptide
can be prepared by mutations in the DNA which encodes the polypeptide. Such varants or
functional variants include, for example, deletions from, or msertions or substitutions of|
residues within the amino acid sequence. Any combination of deletion, insertion, and
substitution may also be made to arrive at the final construct, provided that the final
construct possesses the desired activity, especially to exhibit a specific anti-target cethdar
immune activity. The functionality of the CAR of the invention within a host cell 1s
detectable in an assay suitable for demonstrating the signaling potential of said CAR upon

binding of a particular target. Such assays are available to the skilled person in the art. For
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example, this assay aliows the detection of a signaling pathway, triggered upon binding of
the target, such as an assay involving measurement of the increase of calcium ion release,
mtracellular tyrosine phosphorviation, inositol phosphate turnover, or interdeukin (1L) 2,
interferon gamma. , GM-CSF, 1L-3, 1L-4 production thus effected.

[060123] Cells

[066124] Embodiments of the invention include cells that express a CAR (1.e, CARTS).
The cell may be of any kind, including an imunune cell capable of expressing the CAR for
cancer therapy or a cell, such as a bacterial cell, that harbors an expression vector that

encodes the CAR. As used herein, the terms "cell,” "cell bine," and "cell culture” may be
used interchangeably. All of these terms also include their progeny, which 1s any and all
subsequent generations. It 1s understood that all progeny may not be identical due to
deliberate or inadvertent muiations. In the context of expressing a heterologous nucleic acid
sequence, "host cell” refers 1o a eukarvotic cell that 1s capable of replicating a vector and/or
expressing a heterologous gene encoded by a vector. A host cell can, and has been, used as
a recipient for vectors. A host cell may be "transfected” or "transformed,” which refersto a
process by which exogenous nucleic acid is transferred or introduced into the bost cell. A
transformed cell includes the primary subject cell and its progeny. As used herein, the terms
"engineered" and "recombinant” cells or host ceils are intended to refer to a cell into which
an exogenous nucleic acid sequence, such as, for example, a vector, has been introduced.
Therefore, recombinant cells are distinguishable from naturally occurring cells which do not
contain a recombinantly ntroduced nucleic acid. In embodiments of the mvention, a host
cell is a T cell, including a helper T cell {Th}, a cytotoxic T cell {also known as TC,
Cytotoxic T Lymphocyte, CTL, T-Killer cell, evtolytic T cell, CD8+ T-cells or killer T cell)
aregulatory T cell (Treg), a T follicular regulatory cell (TFR), NK cells and NKT cells are
also encompassed in the invention.

[066125] Some vectors may employ conirol sequences that allow it to be replicated and/or
expressed i both prokaryotic and eukaryotic cells. One of skill in the art would further
wnderstand the conditions under which to incubate all of the above described host cells to
matntain them and to permit replication of a vector. Also understood and known are
techniques and conditions that would allow large-scale production of vectors, as well as
production of the nucleic acids encoded by vectors and their cognate polypeptides, proteins,

or peptides.
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[066126] The ceils can be autologous celis, syngeneic cells, allogenic cells and even in
some cases, xenogeneic cells.

[660127]  In moany sttuations one may wish to be able to kill the modified CTLs, where
one wishes to ternunate the treatmoent, the cells become neoplastic, in research where the
absence of the cells after their presence is of interest, or other event. For this purpose one
can provide for the expression of certain gene products in which one can kill the modified
cells under controlied conditions, such as inducible suicide genes.

[000128] Armed CARTS

[066129]  The invention {urther includes CARTS that are modified to secrete one or more
polypeptides. The polypeptide can be for example an antibody or cytokine. Cytokines
included for example 1L-2.

[066138]  Armed CARTS have the advantage of simultaneously secreting a polypeptide at
the targeted site, e.g. turnor site, graft site or autoinuoune site.

[066131]  Armed CART can be constructed by including a nucleic acid encoding the
polypeptide of interest after the intracellular signaling domain. Preferably, there is an
internal ribosome entry site, (IRES), posttioned between the intracellular signaling domain
and the polvpeptide of interest. One skilled in the art can appreciate that more than one

polypeptide can be expressed by emploving multiple IRES seguences in tandem.

[006132] Intreduction of Constructs into Cells

[006133]  Expression veciors that encode the CARs can be introduced as one or more
DNA molecules or constructs, where there may be at least one marker that will allow for
selection of host cells that contain the construct(s).

[066134] The constructs can be preparad in conventional ways, where the genes and
regulaiory regions may be isolated, as appropriate, ligated, cloned in an appropriate cloning
host, analyzed by restriction or sequencing, or other convernient means. Particularly, using
PCR, individual fragments including all or portions of a functional unit may be isolated,
where one or more mulations may be introduced using "primer repair”, Hgation, in vilro
mutagenesis, etc., as appropriate. The construct(s) once completed and demonstrated to
have the appropriate sequences may then be introduced into the cell (ie, T-cali) by any
convenient means. The consiructs may be integrated and packaged into non-replicating,
defeciive viral genomes hike Adenovirus, Adeno-associated virus {AAV), or Herpes simplex
virus (HSV) or others, ncluding retroviral vectors or lentiviral vectors, for infection or
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transduction into cells. The constructs may include viral sequences for transfection, if
desired. Alternatively, the construct may be introduced by fusion, electroporation, biolistics,
transfection, hipofection, or the like. The host cells may be grown and expanded in culture
before introduction of the construct(s), followed by the appropriate treatment for
introduction of the construci(s) and integration of the construct(s). The cells are then
expanded and screened by virtue of a marker present in the construct. Vartous markers that
may be used successfully include hprt, neomycin resistance, thymidine kinase, hy gromycin
resistance, etc.

[066135] In some instances, one may have a target site for homologous recombination,
where 1t 1s desired that a construct be integrated at a particular locus. For example,) can
knock-out an endogenous gene and replace 1t {at the same locus or elsewhere) with the gene
encoded for by the construct using materials and methods as are known in the art for
homologous recombination. For homologous recombination, one may use either OMEGA.
or O-veciors. See, for example, Thomas and Capecchu, Cell (1987} 51, 503-512; Mansour,
et al., Nature (1988) 336, 348-352; and Joyner, et al., Nature (1989} 338, 153-156.

[066135]  The constructs may be introduced as a single DNA molecule encoding at least
the CAR and optionally another gene. or different DNA molecules having one or more
genes. Other genes include genes that encode therapeutic molecules or suicide genes, for
example. The constructs may be introduced simultaneously or consecutively, each with the
same ot different markers.

[066137]  Vectors containing useful elements such as bacterial or veast origins of
replication, selectable and/or amplifiable markers, promoter/enhancer elements for
expression in prokaryotes or eukaryotes, etc. that may be used to prepare stocks of construct
DNAs and for carrving out transfections are well known in the art, and many are
commercially available.

[0066138] Methods of Use

[066139]  The reagents according to the invention can be used for treating cancer, or other
immunological disorders such as graft vs host disease or autormmune disorders in a patient
in need thereof. In another embodiment, reagents according to the invention can be used in
the manufacture of a medicament for treatment of a cancer, or other immunological

disorders such as graft vs host disease or autotmyoune disorders in a patient in need thereof.
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[066140] The present inveniion relies on methods for treating patients in need thereof, said
method comprising at least one of the following sieps: {a) providing a binding molecule
having specificity for a tumor antigen wherein the binding molecule corprises a non-~
recognition domain linked to protection domain {b} providing a chimeric antigen receptor
cell (CART) comprising an intraceltular signaling domain, a transmembrane domain and an
extraceltular domain capable of specifically binding the recognition domain and
administrating to the patient.

[066141] Said treatment can be amehiorating, curative or prophylactic. It may be either
part of an autologous immunotherapy or part of an allogenic immmumotherapy treatment. By
autologous, it is meant that cells, cell line or population of cells used for treating patients are
originating from said patient or from a Human Leucocyte Antigen {HLA) compatible donor.
By allogeneic is meant that the cells or population of cells used for treating patients are not
originating from said patient but from a donor.

[066142] The invention is particularly suited for allogenic immunotherapy, insofar as it
enables the transformation of T-cells, typically obtained from donors, into non-alloreactive
cells. This may be done under standard protocols and reproduced as many times as needed.
The resulted moditfied T cells may be pooled and admanistraied to one or several patients,
being made available as an "off the shelf" therapeutic product.

[066143] Celis that can be used with the disciosed methods are described in the previous
section. Said treatment can be used to treat patients diagnosed with cancer, autoimmune
disorders or Graft versus Host Disease (GvHD). Cancers that may be treated include tumors
that are not vascularized, or not yet substantially vascularized, as well as vascularized
tumors. The cancers may comprise nonsolid tumors (such as hematological tumors, for
exarnple, leukemas and lymphomas) or may comprise solid tumors. Types of cancers to be
treated with the CARs of the invention include, but are not limited to, carcinoma. blastoma,
and sarcoma, and certain leukemia or lymphoid malignancies, benign and malignant tumors,
and malignancies e.g., sarcomas, carcinomas, and melanomas. Adult tumors/cancers and
pediatric tumors/cancers are also mcluded.

[066144] [t can be a treatment in combinaiion with one or more therapies against cancer
selected from the group of antitbodies therapy, chemotherapy, cvtokines therapy, dendritic

cell therapy, gene therapy, hormone therapy, laser light therapy and radiation therapy.
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(060143} According to a preferred embodiment of the invention, said treatment can be
admunisirated into patients undergoing an immunosuppressive treatment. Indeed, the present
mvention preferably relies on cells or population of cells, which have been made resistant to
at least one imumunosuppressive agent due to the inactivation of a gene encoding a receptor
for such immumosuppressive agent. In this aspect, the immunosuppressive treatment should
help the selection and expansion of the T-cells according to the mvention within the patient.
[066146] In a further embodiment, the celi compositions of the present invention are
adminisiered {0 a patient in conjunction with {e.g., before, simultaneously or following)
bone marrow transplantation, T cell ablative therapy using either chemotherapy agents such
as, fludarabine, external-beam radiation therapy (XRT), cyclophosphamide, or antibodies
such as OKT3 or CAM PATH. In another embodiment, the cell compositions of the present
invention are administered foliowing B-cell ablative therapy such as agents that react with
D20, e.g., Rituxan. For example, in one embodiment, subjects may undergo standard
treatment with high dose chemotherapy followed by peripheral blood stem cell
transplantation. In certain embodiments, following the transplant, subjects receive an
mnfusion of the expanded immune cells of the present mvention. In an additional
embodiment, expanded cells are administered before or following surgery. Said modified
cells obtained by any one of the methods described here can be used in a particular aspect of
the invention for treating patients in need thereof against Host versus Graft (HvG) rejection
and Graft versus Host Disease (GvHD); therefore in the scope of the present inventionis a
method of treating patients in need thereof against Host versus Graft (HvG) rejection and
Graft versus Host Disease (GvHD) comprising ireating said patient by administering to said
patient an effective arnount of modified cells comprising inactivated TCR alpha and/or TCR
beta genes.

[088147]  Administration of Cells

[066148] The inveniion is particularly suited for allogenic immunotherapy, insofar as it
enables the transformation of T-cells, typically obtained from donors, mto non-alloreactive
cells. This may be done under standard protocols and reproduced as many times as needed.
The resulted modified T calis may be pooled and administrated to one or several patients,
being made available as an "off the shel{" therapeutic product.

[060149]  Depending upon the nature of the cells, the cells may be introduced into a host

organism, e.g. a mammal, in a wide variety of ways. The cells may be introduced at the site
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of the tumor, in specific embodiments, alihough in aliernative embodiments the cells hone
to the cancer or are modified to hone to the cancer. The number of cells that are employed
will depend upon a number of circumstances, the purpose for the introduction, the hifetime
of the cells, the protocol to be used, for example, the number of administrations, the ability
of the cells to multiply, the stability of the recombinant construct, and the like. The cells
may be apphied as a dispersion, generally being injected at or near the site of mterest. The
cells may be in a physiologically-acceptable madium,

[066150]  In some embodiments, the cells are encapsulated to inhibit immune recognition
and placed at the site of the tumor.

[000151] The cells may be administered as desired. Depending upon the response desired,
the manner of adnunistration, the life of the cells, the number of cells present, various
protocols may be emploved. The number of administrations will depend upon the {actors
described above at least in part.

[066152] The adminisiration of the cells or population of cells according to the present
invention may be carried out in any convenient manner, including by aerosol inhalation,
mjection, mgestion, transfusion, implantation or transplantation. The compositions
described herein may be administered to a patient subcutaneously, intradermaly,
intratumorally, mntrancdally, intramedullary, intramuscularly, by infravenous or
mtralymphatic injection, or intraperitoneally. In one embodiment, the cell compositions of
the present invention are preferably administered by infravenous ingection.

[066153] The adminisiration of the cells or population of cells can consist of the
administration of 10* -10° cells per kg body weight, preferably 10° to 10° cells/kg body
weight including all integer values of cell mumbers within those ranges. The cells or
population of cells can be admunistrated in one or more doses. In another embodiment, said
effective amount of cells are administrated as a single dose. In another embodiment, said
effective amount of cells are administrated as more than one dose over a period time,
Timing of administration ts within the judgment of managing physician and depends on the
clinical condition of the patient. The cells or population of cells may be obtained from any
source, such as a blood bank or a donor. While idividual needs vary, determination of
optimal ranges of effective amounis of a given cell type {or a particular disease or
conditions within the skill of the art. An effective amount means an amount which provides

a therapeutic or prophviactic benefit. The dosage administrated will be dependent upon the
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age, health and weight of the recipient, kind of concurrent treatment, if any, frequency of
treatment and the nature of the effect desired.

[000154] [t should be appreciated that the system is subject to many variables, such as the
cellular response to the ligand, the efficiency of expression and, ag appropriate, the level of
secretion, the activity of the expression product, the particular need of the patient, which
may vary with time and circumstances, the rate of loss of the cellular activity as aresult of
loss of cells or expression activity of individual cells, and the like. Therefore, it is expected
that for each individual patient, even if there were universal cells which could be
admunistered {0 the population at large, each patient would be monitored for the proper
dosage for the individual, and such practices of monitoring a patient are routine in the art.

[006135]  Nucleic Acid-Based Expression Svstems

[066156] The CARs of the present invention may be expressed from an expression vector.
Recombinant techniques to generate such expression vectors are well known 1o the art.
[060157F  Vectors

[066158]  The term "vector” is used to refer to a carrier nucleic acid molecule into which a
nucleic acid sequence can be inserted for infroduction into a cell where it can be replicated.
A nucleic acid sequence can be "exogenous," which means that 1t 1s foreign to the cell into
which the vector is being introduced or that the sequence is homologous 1o a sequence in
the cell but in a position within the host cell nucleic acid in which the sequence i1s ordinartly
not found. Vectors include plasmids, cosmids, viruses (bacteriophage, animal viruses, and
plant viruses), and artificial chromosomes (e.g., YACs). Oune of skill in the art would be
well equipped to construct a vector through standard recombinant techniques (see, for
example, Maniatis et al., 1938 and Ausubel et al., 1994, both incorporated herein by
reference).

[036159]  The term "expression vector” refers 1o anv type of genelic consiruct comprising
anucleic acid coding for a RNA capable of being transcribed. In some cases, RNA
molecules are then translated into a protemn, polypepiide, or peptide. In other cases, these
sequences are not translated, for example, in the production of antisense molecules or
ribozymes. Expression vectors can contain a variety of "control sequences,” which refer to
nucleic acid sequences necessary for the transeription and possibly translation of an

operably linked coding sequence in a particular host cell. In addition to control sequences
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that govern transcription and translation, vectors and expression vectors may contain
nucleic acid sequences that serve other functions as well and are described infra.

[060168]  Promoters and Enhancers

[038161] A "promoter” is a control sequence that is a region of a nucleic acid sequence at
which initiation and rate of franscription are controlied. It may contain genetic elements at
which regulatory proteins and molecules may bind, such as RNA polymerase and other
transcription factors, to mitiate the specific transcription a nucleic acid sequence. The
phrases "operatively positioned,” "operatively linked," "under control,” and "under
transcriptional control” mean that a promoter is in a correct functional location and/or
orientation n relation to a nucleic acid sequence to control transcriptional nitiation and/or
expression of that sequence.

[000162] A promoter generally comprises a sequence that fumctions to position the start
site for RNA synthesis. The best known example of this 1s the TATA box, but in some
promoters lacking a TATA box, such as, for example, the promoter for the manuvalian
terminal deoxynucleotidvl transferase gene and the promoter for the SV40 late genes, a
discrete element overlving the start site itself helps to fix the place of initiation. Additional
promaoter elements regulate the frequency of transcriptional mitiation. Typically, these are
located in the region 30 110 bp upstream of the start site, although a number of promoters
have been shown to contain functional elements downstream of the start site as well. To
bring a coding sequence "under the conirol of" a promoter, one positions the 5 end of the
transcription imitiation site of the transcnptional reading frame "downstream” of (e, 3' of)
the chosen promoter. The "upstream” promoter stimulates transcription of the DNA and
promotes expression of the encoded RNA.

[000163]  The spacing between promoter elements frequently is flexible, so that promoter
function is preserved when elements are inverted or moved relative to one another, In the tk
promoter, the spacing between promoter elements can be increased to 50 bp apart before
activity begins to decline. Depending on the promoter, it appears that individual elements
can function either cooperatively or independently to activate transcription. A promoter may
or may not be used in conjunction with an "enhancer,” which refers to a cis-acting
regulatory sequence involved in the transcriptional activation of a nucleic acid sequence.
[060164] A promoter may be one naturally associated with a nucleic acid sequence, as

may be obtained by isolating the 5 prime' non-coding sequences located upstream of the
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coding segment and/or exon. Such a promoter can be referred 1o as "endogenous.”
Similarly, an enhancer may be one naturally associated with a nucleic acid sequence,
located either downsiream or upstream of that sequence. Alternatively, certain advantages
will be gained by positioning the coding nucleic acid segment under the control of a
recombinant or heterologous promoter, which refers to a promoter that is not normally
associated with a nucleic acid sequence in its natural environment. A recombinant or
heterologous enhancer refers also to an enhancer not normally associated with a nucleic
acid sequence in 1S natural environment. Such promoters or enhancers may include
promoters or enhancers of other genes, and promoters or enhancers isolated from any other
virus, or prokaryotic or eukaryotic cell, and promoters or enhancers not "naturally
occurring,” 1.e., containing different elements of different transcriptional regulatory regions,
and/or mwtations that alter expression. For example, promoters that are most commonly
used in recombinant DNA consiruction imclude the lactamase (penicillinase), laciose and
tryptophan (irp) promoter systems. In addition to producing nucleic acid sequences of
promoters and enhancers synthetically, sequences may be produced using recombinant
cloning and/or nucleic acid amplhification technology, including PCR.TM., in connection
with the compositions disclosed herein (see U.S. Pat. Nos. 4,683,202 and 5,928,906, each
incorporated herein by reference). Furthermore, it is contemplated the conirol sequences
that direct transcription and/or expression of sequences within non-nuclear organelles such
as mitochondria, chloroplasts, and the like, can be employed as well.

[066165]  WNaturally, it will be important {o employ a promoter and/or enhancer that
effectively directs the expression of the DN A segment in the organelle, cell type, tissue,
organ, or orgamsm chosen for expression. Those of skill in the art of molecular biology
generally know the use of promoters, enhancers, and cell type combinations for protein
expression, {see, for example Sambrook et al. 1989, incorporated herein by reference). The
promoters employed may be constitutive, tissue-specific, inducible, and/or useful under the
appropriate conditions to direct high level expression of the introduced DNA segment, such
as is advantageous in the large-scale production of recombinant proteins and/or peptides.
The promoter may be heterclogous or endogenous.

[600166]  Additionally anv promoter/enhancer combination could also be used to drive
expression. Use of a T3, T7 or SP6 cytoplasmic expression system is another possible

embodiment. Fukaryotic cells can support cvioplasmic transcription from certain bacterial
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promoters if the appropriate bacterial polymerase is provided, either as part of the defivery
complex or as an additional genetic expression construct.

[060167]  The dentity of tissue-~specific promaoters or elements, as well as assays to
characterize their activity, 1s well known to those of skill in the art.

[000168] A specific imitiation signal also may be required for efficient translation of
coding sequences. These signals include the ATG mitiation codon or adjacent sequences.
Exogenous translational control signals, including the ATG mitiation codon, may need to be
provided. One of ordinary skili in the art would readily be capable of determining this and
providing the necessary signals

[000169]  In certain embodiments of the invention, the use of internal ribosome entry sites
(IRES) elements are used fo create multigene, or polvcisironic, messages, and these mav be
used in the invention,

[060178] In certain embodiments of the invention, the use 2A self cleaving peptides are
used to create multigene, or polycistronic, messages, and these may be used in the
mvention.

[B66171]  Vectors can include a multiple cloning site (MCS), which is a nucleic acid
region that contains multiple restriction enzyme sites, any of which can be used 1o
conjunction with standard recombinant technology to digest the vector. "Restriction enzyme
digastion” refers io catalytic cleavage of a nucleic acid molecule with an enzyme that
functions only at spectfic locations in a nucleic acid molecule. Many of these restriction
enzymes are commercially avatlable. Use of such enzymes is wadely understood by those of
skill in the art. Frequently, a vector is linearized or fragmented using a restriction enzyme
that culs within the MCS to enable exogenous sequences to be ligated to the vector.
"Ligation” refers to the process of forming phosphodiester bonds between two nucleic acid
fragments, which may or may not be contiguous with each other. Technigues involving
restriction enzymes and ligation reactions are well known to those of skill in the art of
recombinant technology.

[066172]  Splicing sites, termination signals, origing of replication, and selectable markers
may also be employed.

[066173] Plasmid Veclors

[000174]  In certain embodiments, a plasmid vector 15 contemplated for use to transform a

host cell. In general, plasnmd vectors containing replicon and control sequences which are
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derived from species compatibie with the host cell are used in connection with these hosts.
The vector ordimarily carries a replication site, as well as marking sequences which are
capable of providing phenotvpic selection in transformed cells. In a non-lirmting exaruple,
E. coli 1s often transformed using derivatives of pBR322, a plasmid derived from an E. coli
species. pBR322 contains genes for ampicillin and tetracycline resistance and thus provides
easy means for identifying transtormed cells. The pBR plasnud, or other microbial plasoud
or phage must also contain, or be modified to contain, for example, promoters which can be
used by the microbial organism for expression of its own proteins.

[066175]  In addition, phage veciors containing replicon and control sequences that are
compatible with the host microorganism can be used as transforming vectors in connection
with these hosts. For example, the phage lambda GEM.TM. 11 may be utilized in making a
recombinant phage vector which can be used fo transform host celis, such as, for example,
E. coh LE392,

[066176]  Further useful plasnud veciors include pIN vectors (Inouve et al., 1985); and
pGEX vectors, for use in generating glutathione 5 transferase (GST) soluble fusion proteins
for later punification and separation or cleavage. Other suitable fusion protems are those
with galactosidase, ubiguitin, and the like,

[036177] Bactenal host cells, for example, E. coli, comprising the expression vector, are
grown in any of a number of suitable media, for example, LB. The expression of the
recombinant protein in certain vectors may be induced, as would be understood by those of
skill in the art, by contacting a host cell with an agent specific for certain promoters, e.g., by
adding PTG to the media or by switching incubation to a higher temperature. After
culturing the bacteria for a further period, generally of between 2 and 24 h, the cells are
collected by centrifugation and washed 1o rermove residual media.

[036178]  Viral Vectors

[066179]  The ability of certain viruses to infect celis or enter cells via receptor mediated
endocytosis, and to integrate into host cell genome and express viral genes stably and
efficiently have made them atiractive candidates for the transfer of foreign nucleic acids into
cells (e.g., mammalian cells). Components of the present invention may be a viral vector
that encodes one or more CARs of the mvention. Non-limiting examples of virus vectors
that may be used to deliver a nucleic acid of the present invention are described below.

[036180]  Adenoviral Vectors
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[066181] A particular method for delivery of the nucleic acid involves the use of an
adenovirus expression vector. Although adenovirus vectors are known to have a low
capacity for integration into genomic DNA, this feature 1s counterbalanced by the high
efficiency of gene transfer afforded by these vectors. "Adenovirus expression vector" is
meant to include those constructs containing adenovirus sequences sufficient to (a) support
packaging of the construct and (b) to ultimately express a tissue or cell specific consiruct
that has been cloned therein. Knowledge of the genetic organization or adenovirus, a 36 kb,
linear, double stranded DNA virus, allows substitution of large pieces of adenoviral DNA
with foreign sequences up to 7 kb {Grunhaus and Horwitz, 1992},

0081821 AAV Veciors

[036183]  The nucleic acid may be introduced into the cell using adenovirus assisted
transfection. Increased transfection efficiencies have been reported m cell sysiems using
adenovirus coupled systems (Kelieher and Vos, 1994; Cotten et al , 1992; Curiel, 1994).
Adeno associated virus {AAV) is an atiractive vector system for use in the cells of the
present invention as it has a high frequency of integration and it can infect nondividing
cells, thus makaing tt useful for delivery of genes info mammalian cells, for example, in
tissue culture (Muzyczka, 1992) orin vive. AAV has a broad host range for infectivity
{Tratschin et al., 1984; Laughlin et al., 1986; Lebkowski et al.. 1988; MchLaughlin et al.,
1988}. Details concerning the generation and use of rAAY vectors are described i U.S. Pat.
MNos. 5,139,941 and 4,797 368, each mcorporated herein by reference.

[066184] Retroviral YVeciors

[066185] Retroviruses are useful as delivery vectors because of their ability {o integrate
thetr genes into the host genome, transferring a large amount of foreign genetic matenal,
infecting a broad spectrurn of species and cell tvpes and of being packaged in special cell
lines (Miller, 1992},

[066186] In order to construct a retroviral vector, a nucleic acid {g.g., one encoding the
desired sequence) 1s inseried into the viral genome in the place of certain viral sequences (o
produce a virus that is replication defective. In order to produce virions, a packaging cell
line containing the gag, pol, and env genes but without the LTR and packaging components
is constructed (Mann et al., 1983}, When a recombinant plasmid containing a cDNA,
together with the retroviral LTR and packaging sequences is introduced into a special cell

line (e g.. by calcium phosphate precipitation for example}, the packaging sequence allows
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the RN A transcript of the recombinant plasmid to be packaged into viral particles, which
are then secreted into the culture media (Nicolas and Rubenstein, 1988; Temin, 1986; Mann
et al., 1983). The media containing the recombinant retroviruses is then collected, optionally
concentrated, and used for gene transfer. Retroviral vectors are able to infect a broad variety
of cell types. However, integration and stable expression require the division of host cells
(Paskind et al., 1975).

[066187] Lentiviruses are complex retroviruses, which, in addition to the common
retroviral genes gag, pol, and env, contain other genes with regulatory or structural function.
Lentiviral veclors are well known in the art (see, for example, Naldini et al, 1996, Zufferey
etal, 1997; Blomer et al., 1997, U8, Pat. Nos. 6,013,516 and 5,994,136). Some examples
of lentivirus include the Human Immunodeficiency Viruses: HIV-1, HIV-2 and the Simian
Immunodeficiency Virus: SIV. Lentiviral veciors have been generated by multiply
atienuating the HIV virulence genes, for example, the genes env, vif, vpr, vpu and nef are
deleted making the vector bislogically safe.

[066188] Recombinant lentiviral vectors are capable of infecting non-dividing cells and
can be used for both 1n vivo and ex vivo gene transtfer and expression of nucleic acid
sequences. For example, recombinant fentivirus capable of infecting a non-dividing cell
wherein a suitable host cell is transfected with two or more vectors carrying the packaging
functions, namely gag, pol and env, as well as rev and tat is described in U.S. Pat. No.
5,994,136, wncorporated herein by reference. One may target the recombinant virus by
linkage of the envelope protemn with an antibody or a particular ligand for targeting o a
receptor of a particular cell-type. By inserting a sequence {(including a regulatory region) of
interest into the viral vector, along with another gene which encodes the ligand for a
receptor on a specific target cell, for example, the vector 1s now target-specific.

[066189]  Other Viral Vectors

[066198]  Other viral vectors may be emploved as vaccine consiructs in the present
mvention. Vectors derived from viruses such as vaccinia virus {Ridgeway, 1988, Baichwal
and Sugden, 1986; Coupar et al., 1988). sindbis virus, cviomegalovirus and herpes simplex
virus may be employed. Thev offer several attractive features for various mammalian cells
{Friedmann, 1989; Ridgeway, 1988; Baichwal and Sugden, 1986; Coupar et al., 1988
Horwich et al., 1990},

[006191]  Delivery Using Modified Viruges
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[066192] A nucleic acid to be delivered may be housed within an infective virus that has
been engineered o express a specific binding ligand. The virus particlte will thus bind
specifically to the cognate receptors of the target cell and deliver the contents to the cell. A
novel approach designed to allow specific targeting of retrovirus vectors was developed
based on the chemical modification of a retrovirus by the chemical addition of lactose
residues to the viral envelope. This modification can permit the specific infection of
hepatocytes via sialoglycoprotein receptors.

[0660193]  Another approach to targeting of recombinant retroviruses was designed in
which biotinylated antibodies against a retroviral envelope protein and agaimnst a specific
cell receptor were used. The antibodies were coupled via the biotin components by using
streptavidin (Roux et al., 1989). Using antibodies against major histocompatibility complex
class I and class 11 antigens, they demonstrated the infection of a variety of human cells that
bore those surface antigens with an ecotropic virus in vitro {Roux et al, 19893

1068194]  Vector Delivery and Cell Transformation

[066195]  Suitable methods for nucleic acid delivery for transfeciion or transformation of
cells are known to one of ordinary skill in the art. Such methods nclude, but are not limited
to, direct delivery of DNA, RNA or mRNA such as by ex vivo transfection, by injection,
and so forth, Through the application of technigues known in the art, cells may be stably or
transiently transformed.

[066196] Ex Vive Transformation

[066197] Methods for transfecting eukarvotic cells and tissues removed from an organism
in an ex vivo setting are known to those of skill in the art. Thus, it 1s contemplated that cells
or tissues may be removed and transfected ex vivo using nucleic acids of the present
mvention. In particular aspects, the transplanted cells or tissues may be placed into an
organism. In preferred facets, a nucleic acid is expressed in the transplanted cells.

Kits of the Invention

[000198]  Auny of the compositions described herein may be comprised 1 a kit In a non-
lmiting example, one or more cells for use in cell therapy and/or the reagents to generate
one or more cells for use in cell therapy that harbors recombinant expression vectors may be
comprised in a kit. The kit components are provided m suitable container means.

[060199]  Some components of the kits may be packaged either in aqueous media or in

Ivophilized form. The container means of the kits will generally include at least one vial,
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test tube, flask, bottle, syringe or other container means, into which a component may be
placed, and preferably, suitably aliquoted. Where there are 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 componenis in close confinement for
commercial sale. Such containers may include injection or blow molded plastic containers
into which the desired vials are retained.

[666260]  When the components of the kit are provided in one and/or more liguid
solutions, the hiquid solution is an agueous solution, with a sterile aqueous solution being
particularly ueful. In some cases, the confainer means may itself be a syringe. pipetie,
and/or other such like apparatus, from which the formulation may be applied to an infected
area of the body, mjected into an animal, and/or even applied to and/or mixed with the other
components of the kit.

[066261] However, the components of the kit may be provided as dried powder{s). When
reagents and/or components are provided as a dry powder, the powder can be reconstituted
by the addition of a suitable solvent. It is envisioned that the solvent may also be provided
in another container means. The kits may also comprise a second container means for
containing a sterile, pharmaceutically acceptable buffer and/or other diluent.

1006282 In particular embodiments of the mvention, cells that are to be used for cell
therapy are provided in a kit, and in some cases the cells are essentially the sole component
of the kit. The kit may comprise reagents and materials to make the desired cell. In specific
embodiments, the reagents and materials include primers for amplifving desired sequences,
nucleotides, suitable buffers or butfer reagents, salt, and so forth, and in some cases the
reagents include vectors and/or DNA that encodes a CAR as described herein and/or
regulatory elements therefor.

[066283]  In particular embodiments, there are one or more apparatuses in the kit suitable
for extracting one or more samples from an individual. The apparatus may be a syringe,
scalpel, and so forth.

[066264]  In some cases of the invention, the kit, in addition to cell therapy embodiments,

also includes a second cancer therapy, such as chemotherapy, hormone therapy, and/or
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immunotherapy, for example. The kit(s} may be tatlored to a particular cancer for an
mdividual and comprise respective second cancer therapies for the individual,

[066265] Combination Therapy

[036286]  In certain embodiments of the invention, methods of the present invention for
clinical aspects are combined with other agents effective in the treatment of
hyperproliferative disease, such as anti~cancer agents. An "anti-cancer” agent 15 capable of
negatively affecting cancer inn a subject, for example, by killing cancer cells, inducing
apoptosis in cancer cells, reducing the growth raie of cancer cells, reducing the incidence or
number of metastases, reducing tumor size, inhibiting tuomor growth, reducing the blood
supply to a tumor or cancer cells, promoting an iromune response against cancer cells or a
tumor, preventing or inhibiting the progression of cancer, or increasing the lifespan of a
subject with cancer. More generally, these other compositions would be provided ina
combined amount effective to kill or inhibit proliferation of the cell. This process may
nvolve contacting the cancer cells with the expression consiruct and the ageni(s) or
multiple factor(s) at the same time. This may be achieved by contacting the cell with a
single composition or pharmacological formulation that includes both agents, or by
contacting the cell with two distinct compositions or formulations, at the same time,
wherein one composition includes the expression construct and the other includes the
second agent{s}.

(006287  Tumor cell resistance to chemotherapy and radiotherapy agents represents a
major problem in clinical oncology. One goal of current cancer research is to find ways to
improve the efficacy of chemo- and radiotherapy by combining it with other therapies. In
the context of the present invention, it 1s contemplaied that cell therapy could be used
similarly 1o conjunction with chemotherapeutic, radiotherapeutic, or immunotherapeutic
intervention, as well as pro-apoptotic or cell cvcle regulating agents,

[066288] Alernativelv, the present inventive therapy may precede or follow the other
agent {reatment by intervals ranging from minutes o weeks. In embodiments where the
other agent and present invention are applied separately to the mdividual, one would
generally ensure that a significant period of time did not expire between the time of each
dehivery, such that the agent and inventive therapy would still be able (o exert an
advantageously combined effect on the cell. In such instances, it is contemplated that one

may contact the cell with both modalities within about 12-24 h of each other and, more
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preferably, within about 6-12 h of each other. In some situations, it may be desirable to
extend the time period for treatment significantly, however, where several d (2, 3, 4, 5, G or
Tytoseveral wk (1,2, 3. 4,5, 6,7 or 8) lapse between the respective adminisirations.
[036289] It is expected that the treatment cycles would be repeated as necessary. it also is
contemplated that vanous standard therapies, as well as surgical intervention, may be
applied in combination with the inventive cell therapy.

[066210]  Chemgotherapy

[066211] Cancer therapies also inchude a variety of combination therapies with both
chemical and radiation based treatments. Combination chemotherapies include, for
example, abraxane, aliretanine, docetaxel, herceptin, methotrexate, novanirone, zoladex,
cisplatin (CDDP), carboplatin, procarbazine, mechlorethamine, cyclophosphamide,
camptothecin, ifosfamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomyein,
davmorubicin, doxorubicin, bleomycm, plicomycin, mitomycin, etoposide (VP16),
tamoxifen, raloxifensg, estrogen receptor binding agents, taxol, gemeitabien, navelbine,
farnesyl-protein tansferase inhibitors, transplatinom, 5-fluorouracil, vincristin, vinblastin
and methotrexate, or any analog or derivative variant of the foregoing and also
combinations thereof.

[036212]  In specific embodiments, chemotherapy for the individual is emploved in
conjunction with the invention, for example before, during and/or after admunistration of the
mvention

[066213]  Radictherapy

[066214]  Other factors that cause DNA damage and have been used extensively include
what are commonly known as gamma-rays, X-rays, and/or the directed dehivery of
radioisotopes to tumor cells. Gther forms of DN A damaging factors are also conternplated
such as microwaves and UV-irradiation. It 1s most likelv that all of these faciors effect a
broad range of damage on DNA, on the precursors of DNA, on the replication and repair of
DNA, and on the assembly and maintenance of chromosomes. Dosage ranges for X-rays
range from daily doses of 56 to 200 roentgens for prolonged pertods of titne (3 to 4 wk), to
single doses of 2000 to 6000 roentgens. Dosage ranges for radivisotopes vary widely, and
depend on the half-life of the isolope, the sirength and type of radiation emitted, and the

uptake by the neoplastic cells.
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[066218] The terms "contacted” and "exposed,” when applied to a cell, are used herein {o
describe the process by which a therapeutic construct and a chemotherapeutic or
radiotherapeutic agent are delivered to a target cell or are placed in divect juxtaposition with
the target cell. To achieve cell killing or stasis, both agentis are delivered o acellina
combined amount effective to kill the cell or prevent it from dividing.

[060216] Immunotherapy

[0660217] Immunotherapeutics generally rely on the use of immune effector cells and
molecules to target and destroy cancer cells. The immmune effector may be, for example, an
anttbody specific for some marker on the surface of a tumor cell. The antibodv alone may
serve as an etfector of therapy or it may recruit other cells to actually effect cell killing. The
antibody also may be conjugated to a drug or toxin {chemotherapeutic, radionuclide, ricin A
chain, cholera toxin, pertussis toxin, gic.} and serve merelv as a targeting agent.
Alternatively, the effector may be a lviophocvte carrving a surface molecule that mteracts,
either directly or indirectly, with a tumor cell target. Various effector cells include cytotoxic
T cells and NK cells.

[066218] Imwmuonotherapy other than the inventive therapy described herein could thus be
used as part of a corabined therapy, in conjunction with the present cell therapy. The
general approach for combined therapy is discussed below. Generally, the tumor cell must
bear some marker that is amenable 1o targeting, 1.e., 13 not present on the majority of other
cells. Many fumor markers exist and any of these may be suitable for targeting in the
context of the present invention. Common tumor markers mclude PD-1, PD-L1, CTLA4,
carcinoembryonic antigen, prostate specific antigen, urinary tumor associated antigen, fatal
antigen, tyrosinase {p97), gp68, TAG-72, HMFG, Stalyl Lewis Antigen, MucA, MuchB,
PLAP, estrogen receptor, laminin receptor, erb B and pl1 335,

[000219]  Genes

[066228]  In yet another embodiment, the secondary treaiment is a gene therapy in which
a therapeutic polynucleotide 15 administered before, afier, or at the same time as the present
invention clinical embodiments. A variety of expression products are encompassed within
the mvention, including mducers of cellular proliferation, imhibitors of cellular proliferation,
or regulators of prograrmomed cell death.

066221 Surgerv
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[066222]  Approximately 60% of persons with cancer will undergo surgery of some type,
which includes preventative, diagnostic or staging, curative and palliative surgery. Curative
surgery is a cancer freatment that may be used 1n conjunction with other therapies, such as
the treatment of the present invention, chemotherapy, radiotherapy, hormonal therapy, gene
therapy, immunotherapy and/or alternative therapies.

[066223] Curative surgery includes resection i which all or part of cancerous tissue is
physically removed, excised, and/or destroyed. Tumor resection refers to physical removal
of at least part of a tumor. In addition to tumor resection, treatment by surgery includes laser
surgery, cryvosurgery, electrosurgery, and miscopically controlied surgery (Mohs' surgery).
It is further contemplated that the present invention may be used in conjunction with
removal of superficial cancers, precancers, or incidental amounts of normal tissue.

[006224]  Upon excision of part of all of cancerous cells, tissue, or tumor, a cavily may be
formed in the body. Treatment mav be accomplished by perfusion, direct irgection or local
application of the area with an additional anti-cancer therapy. Such treatment may be
repeated, for example, everv 1, 2, 3, 4, 5, 6, or 7 days, orevery 1, 2, 3, 4, and 5 weeks or
every 1,2,3,4,5,6,7, 8,9, 10, 11, or 12 months. These treatments may be of varying
dosages as well.

[036225]  Other Agents

[066226] 1t is contemplated that other agents may be used in combination with the present
mvention to improve the therapeutic efficacy of treatment. These additional agents inchude
imnumomodulatory agents, agents that affect the upregulation of cell surface receptors and
GAP junctions, cytostatic and differentiation agents, mhibitors of cell adhesion, or agents
that increase the sensitivity of the hyperprohiferative cells to apoptotic indugers,
Immunomaodulatory agents include tumor necrosis factor; interferon alpha, beta, and
gamma; H.-2 and other cytokines; F42K and other cytokine analogs; or MiP-1, MIP-1beta,
MCP-1, RANTES, and other chemokines. It is further contemplated that the upregulation of
cell surface receptors or their higands such as Fas/Fas ligand, DR4 or DR3/TRAIL would
potentiate the apoptotic inducing abililties of the present invention by establishment of an
autocrine or paracrine effect on hyperproliferative cells. Increases intercellular signaling by
elevating the number of GAP junctions would increase the anti-hyperproliferative effects on
the neighboring hyperproliferative cell population. In other embodiments, cvtostatic or

differentiation agents can be used in combination with the present invention to improve the
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anti-hyerproliferative efficacy of the treatments. Inhibitors of cell adhesion are
contemplated to improve the efficacy of the present invention. Examples of cell adhesion
mhibitors are focal adhesion kinase (FAKSs) mhibitors and Lovastatin, It is further
contemplated that other agentis that increase the sensitivity of a hyvperproliferative cell to
apoptosis, such as the antibody ¢225, could be usad in combination with the present
imvention to improve the treatment efficacy.

[066227] Definiticus

[066228]  As used herein, the term "biocompatible” refers to substances that are not toxic
to cells. In some embodiments, a substance 1s considered to be "biocompatible” if its
addition fo cells in vivo does not mnduce inflammmation and/or other adverse effects mn vivo.
In some embodiments, a substance is considerad to be "biocompatible” if #is addition fo
cells in vitro or in vivo results in less than or equal to about 50%, about 45%, about 40%,
about 35%, about 30%, about 25%, about 20%, about 15%, about 10%, about 5%, or less
than about 5% celi death.

[066229]  As used herein, the term "biodegradable” refers to substances that are degraded

2]

3 4

‘.

under physiological conditions. In some embodiments, a biodegradable substance 1
substance that 1s broken down by cellular machinery. In some embodiments, a
biodegradable subsiance 1s a substance that 1s broken down by chemical processes. For
example an exemplary biodegradable material requires the presence of an enzyme for its
degradation. Physiological conditions are not enough for the degradation of many {(if not
all} the biodegradable materials.

(11

[066230]  Associated with: As used herein, the terms "associated with,” "conjugated,”
"hinked," "attached,” and "tethered,” when used with respect to two or more moieties, means
that the moieties are physically associated or connected with one another, etther directly or
vig one or more additional moieties that serves as a linking agent, to form a structure that is
sufficiently stable so that the moteties remain physically associated under the conditions in
which structure is used, e.g., physiological conditions. In sorme embodiments, the moieties
are attached to one another by one or more covalent bonds. In some embodiments, the
moietiaes are attached to one another by a mechanism that involves specific (but non-
covalent) binding (e.g. streptavidin/avidin interactions, antibody/anfigen inferactions, eic.}.
In some embodiments, a sufficient number of weaker interactions can provide sufficient

stability for moieties to remain physically associated.
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[066231]  As used herein, the terms "conjugated,” "linked." and "attached,” when used
with respect to two or more moieties, means that the moteties are physically associated or
connected with one another, either directly or via one or more additional moieties that
serves as a hinking agent, to form a structure that 1s sufficiently stable so that the moieties
remain physically associated under the conditions in which structure is used, e.g.,
physiological conditions. Typically the moieties are attached either by one or more covalent
bonds or by a mechanism that involves specific binding. Alternately, a sufficient number of
weaker interactions can provide sufficient stability for moieties to remain physically
associated.

[060232]  Theterm "bind" or "binding,” as used herein, refers 1o the interaction hetween a
corresponding pair of molecules or portions thereof that exhibit mutual affinity or binding
capacity, typically due to specific or non-specific binding or mteraction, including, but not
himited to, biochemical, physiclogical, and/or chemical interactions. "Biological binding”
defines a type of interaction that occurs between pairs of molecules including proteins,
nucleic acids, glvcoproteins, carbohydrates, hormones, or the like. The term "binding
partner” refers to a molecule that can undergo binding with a particular molecule. "Specific
binding" refers to molecules that are able to bind 1o or recognize a binding partner {or a
limited number of binding pariners) to a substantially higher degree than to other, similar

bislogical entities.

EXAMPLES
[060233] EXAMPLE 1: FUNCTIONALIZE TUMOR TARGETED ANTIBODIES WITH MASKED
SMALL MOLECULES
[000234] The goal of this example is to construct a scaffold consisting of a backbone
structure polymer structure coupled o small molecules, which can be further modified with
a protease sensitive hydrogel polymer. PEG is a good choice for functionalizing the small
molecules scaffold because it stabilizes biomolecules, it is resistant to degradation and the
coupling chenustries are established. Any number of small molecules can be chosen. Thus
scaffold of PEG/small molecule/protease sensitive hydrogel polymer will be coupledto a
tumor targeted antibody.
[(630235] EXAMPLE 2: FUNCTIONALIZE TUMOR TARGETED ANTIBODIES WITH MASKED

SMALL MOLECULES
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[066236] The goal this example is to use a Probodv® CvtomX technology which uses
prolease sensiiive peptides to block the tumor targeting antibody’s ability to recogmize its
antigen. In this strategv the small molecule is expected to be directly coupled to the Fc
portion of the antibody or to some other site outside of the antigen recognition portion of the
antibodv. We will select the small molecule based on its pharmacological activity.

[006237] EXAMPLE 3: CREATION OF A PH-DEPENDENT POLYMER TO UNMASK SMALL
MOLECULES ONLY IN PROXIMITY OF A TUMOR

[066238] The general strategy for this technology is development of a peptide whose
conformation is altered in a pH dependent fashion. We plan to covalently link small
maolecules antigens to this peptide. Under physiologic conditions, the peptide will fold back
on itself to mask the small molecule. Under acidic conditions, the peptide will open,
unmasking the small molecules. The advantage of the sirategy is that aniibodies not bound
to the tumor will mask the small molecules blocking mappropriate and unintended
activation of the immune system. The general strategy for linking the hvdrogel polymer to
the tumor targeting antibodv in Phase I wiil be adapted to linking this peptide to the tumor-
targeting antibody. As alternative strategy, this pH-sensttive peptide can be directly injected
nto a turuor 1o generate an Imune response.

[006239] EXAMPLE 4: ENGINEER CAR T CELLS BIRECTED AGAINST SMALYL MOLECULES
{000248]  Material and Methods

1066241  The goal of this experiment was to engineer a CAR T cell that can be iriggered
by a small molecule either directly coupled to a tumor-targeting antibody or embedded in
the protease sensitive polvmer coupied to the tumor-targeting antibody. The CAR T cell
was engineered with a single-chain antibody recogmzing the small molecule. The chimera
was constructed using CD8u leader sequence, CD8a hinge sequence, D28, 4-1BB and
CD3( intracetiular domain fusions. Figure 7 visualizes the composition of the CAR modules
used herein.

[006242]  Generation of CAR constructs

[066243] The molecule design was inspired by the publication by Sun ef a/., Breast

Cancer Ras, 16(3):R61 {2014); where an anti-HERZ aniibody was fused between the CD8a
teader sequence and the CD8u hinge sequence and followed by the intracetiular domains of
CD28 and CD3L Compared to the publication, the 4-1BB mntracellular domain was mserted

between CD28 and CD3(. Furthermore, without the use of any linker or spacer.
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[066244] Two single-chain antibodies were cloned imto such construct: an anti-FITC
antibody, as described by Boderer af., Proc Natt Acad Sct U S A 26,9720} 107015,
(2000), and an anti-anthraquinone-2-carboxvlic acid, as designed by Randox Biosciences
{Admore, Diamond Road, United Kingdom).

[066245] This CAR T is expecied to interact with any small-molecule, provided the proper
single~chain antibody .

[066246] FEach construct was cloned by Gibson assembly and sequenced with traditional
sequences services ({GENEWIZ, Inc.}.

[066247]  Generation of ecolropic refrovirus

[000248] The retroviral vecior we have chosen for proof of concept is based on the vecio
described by Holst er ¢/ J. Gen. Virol 88: 1708-1716 {2007) and available through
Addgene (plasmud #52107). Briefly, the CAR construct s inserted in an empty retrovirval
vecior containing the MSCV s w sequence and a C-terminal GFP reporter gene, which is
separated from the CAR sequence by a self-cleaving IRES module.

[066249] The ecotropic retrovirus was generated with the use of the PLAT-E
packaging cell Hine (Cell Biolabs, Inc.), as described by the producer. Briefly, Plat-E cells
were expanded in DMEM, 10% fetal calf serum (FCS). 1 pg/ml puronwvein, 10 pg/mi
blasticidin, penicillin and streptomycin. One day before transfection, the cells were let grow
on 150 mm tissue culture plates (Falcon, #353025) until 70% confluency, in DMEM, 10%
(FCS). On the day of transfection, 2.0 wl of Opti-MEM (ThermoFisher Scientific,
#31985070) were mixed with 112.5 yl of Lipofectarine 2000 (Invitrogen, #11668500) and
incubated for 10 minutes at room temperature. Afterwards, 30 ug of plasmid were added
and the mixture, which was left incubate at room temperature for 15 further manutes. The
Opti-MEM/lipofectanune 2000/DNA solution was added dropwise throughout the cell
culture with a spiral movement. The cells were kept in incubation at 37 °C/5% CO» for 48
hours. At harvest, the supernatant was collected and filtered through a 0.45 um
polvethersulfone (PES) filter (CELLTREAT Scientific Products, #229749). The filtered
solution was split in two aliquots: one aliquot was used for immediate fransduction of
mouse T cells and one aliquot was aliquoted and stored at -80 °C.

[060250] Transduction of mouse bvbridoma T ¢cells
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[066251] Mouse hybridoma T celis (58C) deprived of TCR « and B chains were used to
study T cell activation upon antigen unmasking (Letourneur and Malissen, Eur J Immuanol,
Dec; 19(12):2269-74. (1989)).

[036252] The murine T cells were expanded in RPMI 10% FBS with penicillin and
streptomyvcin. On the day of transduction 300.000 cells were seeded in the wells of a 6-well
Costar plate (Corning, #3516). To each well, 1t was added 1 mi of virus supernatant,
containing Sug mi! polvbrene (Santa Cruz Biotechnology, #sc-134220). After gentle
mixing of the cells with the vires supernatant, the cells were centrifuged for one hour at 37
°C and 800 g in a Sorvall RT1 centrifuge (ThermoFisher, #EW-17705-10). After
centrifugation, the viral supernatant was replaced with 2 mi of RPMI 10% FBS with
penicillin and streptomycin. The remaining aliquot of virus supernatant was stored
overnight at 4 °C. After 16-24 howrs, a new spin-infection was performed with 1 mi of the
same virus supernatant previously stored at 4 °C. The transduced cells were harvested and
sorted for GFP positive cells after 48 hours incubation at 37 °C/5% COx.

[066253] Quantification of T cell activation as a function of D69 surface expression

[600234] The wells of a 24-well Falcon plate (Coming, #353047) were coated with 500 y
of a 10 ug ml™! antigen solution in PBS for | hour at 37 °C. The antigen solution contained
a peptide bound to the antigen small molecule: BSA-FITC (Life Technologies, #A23015)
for the anti-FITC CAR T cell and the post-cleavage peptide bond to anthragquinone-2-ate
{(pCP{AQ), SEQ ID NGO 1) {or the anti-anthraquinone CAR T (anti-AQ CAR T). As mock,
BSA (Sigma-Aldrich, #A7906) was used to coat the wells 1n every experument involving
CAR T cells. After the coating, 500.000 58C in 500 ul cells RPMI 10% FBS with penicillin
and streptomycin were seeded in each well. 38C cells and were mcubated i the presence of
thetr antigen for 4 hours at 37 °C before FACS analysis

[0660255] Prorto FACS analysis, 250 yl of cell solution were transferred to a 96-well
Falcon plate with round bottom (Corning, #353(77). Each plate was cenirifuged 3 minutes
at 500 g and 4 °C (ThermoFisher, #EW-17705-10). After rernoval of the supernatant, 250 i
of PBS 2% FBS were added to each well. The cells were muxed and the plate newly
centrifuged for 3 mimutes at 500 g and 4 °C {(ThermoFisher, #EW-17705-10}. After removal
of the supernatant, 100 ul of PBS 2% FBS antibody solution were added to each well.
Antibody staming was performed for 30 minutes on ice. To wash the cells from unbound

antibody, 150 ul PBS 2% FBS were added to each well. The plates were centrifuged for 3
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mvimutes ai 500 g and 4 °C {ThermoFisher, #EW-17705-10} and the supernatant removed.
Finally, 200 ul PBS 2% FBS were added to each well and prior FACS analysis the solutions
were filtered into Falcon FACS tubes {Corming, #352235).

[036256] CD69 was detected with a Pacific Blue anti-mouse CD69 (Biolegend #104524),
As isotype control we utilized Pacific Blue Armenian Hamster IgG isotype Cul (Biolegeng

#400925),

000257 Results

[066258] CDo69 surface expression generated by the different CAR construct was tested.
The data are presented in Figures 8. Relative counts for this and subsequent figures, were
caleulated relative to the mode.

[060259]  Figure 8. FACS analvsis of a population of 38C cells transduced with the
appropriate anti-small molecule BAT-CAR T ¢ell. CD69 was guaniified as a result of CAR
T cell activation upon antigen engagement. CDG6Y expression was triggered only when the
mouse hybridoma T cell was engineered with either anti-FITC CAR T (SEQ ID NO: 10y on
a or anti-anthraquino-Z-ate (anti-AQ, SEQ 1D NO: Y) to recognize the small molecule. No
activation was observed when samples of naive 58C celis or 58C cells transduced with an
empty pMIG vector were exposed 1o the antigens. Neither anti-FITC CAR T cells or anti-
AQ CAR T cells were activated in the presence of BSA. Effector = mouse hvbridoma T cell
engineered with CARs. Target = Antibody cognate antigen coating the well of a 24-well
plate.

[006260] Example 5 GENERATION OF MMP2 SENSITIVE POLYMER FOR ANTIGEN
UNMASKING

(0002617 MATERIALS AND METHBODS

[066262] The goal of the experiment was to verify that a chemically synthesized peptide
could be cleaved by its cognate matrix metalloprotease (MMP), for example MMP2 or
MMPO. The peptide can be cleaved as free in solution or coupled, etther directly or
indirectly, to the tumor targeting unit. The peplide was designed to be coupled to the
antigen small molecule and i1s meant 1o be a bridging block between the targeting unit and
the masking PEG polymer.

[066263] Definition of a masking peptide coupled to the anthraguinone small molecule
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[066264] The chosen peptide “CPR{AQ)” (SEQ ID NO: 2) contains at its center the MMP2
cleavage sequence “ProleuGlyValArgGly” as described by Bremer ef of., Nat Med. Jun,
7(6):743-8. (2001), with the cleavage site located between Gly and Val.

[(430265] CP(AQ) synthesized sequence was

“LystAQ¥SerGly ProleuGiviaidrgGlySerSerCys™ the first restdue “Lys” is covalently
hound to the antigen small molecule anthraquinone-2-acid through its v anuno group.
“SerGly™ and “SerSer” swround 118 N-termunus and C-terminus, respectively, in order to
provide the peptide with accessibility 1o the protease, flexibility and increase solubtlity in
aqueous solutions. Finally, anthraquinone-2-acid was coupled to the lysine, on the peptide
N-termanus. To provide a specific orientation during coupling of the peptide with the
remaining platform components {(e.g. tumor targeting unit and PEG masking polumer), the
cleavable peptide’s traditional free amino group at its N-terminus was maintained but at its
C-termuinus it was added L-cysteinamide. The amine is used for coupling onto NHS
activated esters and L-cysteinamide for direct coupling against maleimides.

8662667 Validation of peptide cleavage bv MMP2

{
660267}  Than layver chromatography (TLC) on UV fluorescent foils (Sigma-Aldrich,
#70643) was performed to separate and to follow peptide proteolysis by spiked-in
commercial MMP2 (BioLegend, #554304) over time (Figure 9).

[066268] In order to follow the proteolysis of CP{AQ) by MMP2, we obtained an aliquot
of the posi-cleavage peptide “Lys{AQ)SerGly ProleuGlhy” (pCP{AQ), SEQ IDNO: D io
use as reference during the TLC run.

[066269) A mobile phase composed of a mixture of CH2Ch:MeOH=3.1 (Sigma-
Aldrich) was found suitable for the separation of pCP{AQ) from CP{AQ). TLC was found
appropriate for this experiment because both pCP(AQ) and CP(AQ) are covalently bound to
anthraguinone-2-acid which absorbs light in the UV range thus, quenching the fluorescence
of the plate. Furthermore, CP{A(Q} carries a positively charged arginine which increases
significantly the fragment polarity, when compared {o the posi-cleavage peptide pCP(AQ).
[064270] The proteclysis reaction was carried on at 37 °C, under moderate shaking, in
50 mM Borate Buffer, pH 7.5, 5 mM Callz (Selizer ef ol J Biol Chem. Nov
25:265(33).20409-13, (1990). To this buffer, 100 ug of C(AQ) with 0.2 ug of purified,
recornbinant MMP2 in 100 @ reaction buffer were added. At regular time points, 1.5 ul of

reaction aliquots were loaded directly at the starting line. Together with the reaction sample,

50



WO 2017/143094 PCT/US2017/018216

two more soluiions were prepared: one with 100 ug CP(AQ) in 100 ul reaction buffer and
one with 100 pg pCP(AGQ) in 100 i reaction buffer. Both solutions were used as reference
during the resolution of the reaction sample and as degradation control. The reaction was
followed under the UV light of a traditional laboratory clean bench. Pictures of the plate,

before and after the run, were taken with a personal mobile phone { Apple, iPhone 58}

0002717 RESULTS

[060272] The result of CP{AQ) proteolviic cleavage by MMP2 1s shown in Figure 9. The
comparison of the spot intensity before and after the TLC run show that, after the incubation
of CP{AQ) with MMP2, the compound was able to shift organic solution, with a
transformed behavior from hydrophilic to hydrophobic (Figure 9B, spot R). pCP(AQ) and
CP(AQ) assume identical and opposite behavior, respectively (Figure 9B, spots F and P).
006273 EXAMPLE 6: Targeting of a tumor antigen by the BAT-CAR platform
006274 MATERIALS AND METHODS

[0602758]  The goal of the experiment was to verify that the BAT-CAR platform was able
to target its tumor antigen through its targeting unit, either alone or in association 1o its
antigen carrier domain. The BAT-CAR platform 1s modular and it can be divided in two
matn domaing: a tumor targeting wut (TTU) and an antigen carrier umit (CU). The platform
structure components are presented m Figure 10

[036276] The TTU, in turn, is divided in two domains: the tumor targeting peptide and the
TTU-CU linking region. The tumor targeting peptide can be composed of an antibody
against a turnor antigen but it can also be composed of any peptide that can recognize with
sufficient specificity a protein over-expressed on carcinoid cells. If an antibody, the
targeting unit can be a full-length IgG antibody, a single chain antibody (scFv} or the
proteotytic product of a natural 1gG that results in a fragment antigen-binding region (Fab).
In the present example, the tumor targeting peptide is the antibody trastuzumab (Genentech
Inc., Herceptin). The TTU-CU hinking region is composed of a divalent antibody that can
recognize the constant region in trastuzumab from one side and a specific epitope on CU on
the other. In the present experiment, the TTU was incubated with Alexa fluor 647
{ThermoFisher Scientific, #420347} to permut TTYU tracking via flow cytometry (AMH).
[066277] The CU can be split in four regions; a peptide backbone, a short PEG spacer, a

prolease cleavable peptide (CP{AQ)) and a PEG maskimg tail.
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[066278] The peptide backbone can be made of poly-lvsine or poly-glutamate or any
polymer that allows side~chain coupling. It contains a region for specific recognition by the
TTU-CU linking domain on the TTU and it can be fluorescently labelled at one of its
extrenuties. In the present example, the peptide backbone was made of poly-lysines and
tabelled with FITC. The short PEG spacer (Quanta Biodesign, Plain City, OH 43064) can
be a PEG linker between the peptide backbone and the CP{AQ). The short PEG hinker can
be followed by different protease cleavable peptides carrving the antigen small molecule. In
this example, the protease cleavable peptide is CP{AQ) (SEQ I NO: 1). For companison
purposes, in this example, pCP(AQ) was also coupled to the short PEG linker. In the present
example, CP(AQ) can also be linked to an Alexa fluor 647 (ThermoFisher Scientific,
#A20347).

[066279]  The PEG masking taill {Quanta Biodesign) can be of different length and
complexities and 1t can be termunally bond to a fluorophore, different from the one on the
peptide backbone to follow release of the masking PEG tail by the protease. In the present
example, PEG12 and PEGos with terminally bond Alexa fluor 647 (ThermoFisher Scientific,
#AZ20347) can be coupled to CP(AQ).

[060280] Quantification of tumor target binding by TTL/

[066281]  To gquantify the ability of an TTU to target ifs cognate tumor antigen, a human
HER2' cell line (HCC1954) was mixed with either TTU/AMH or AMH alone.
Furthermore, a muring skin melanoma HER2 cell line was icubated with TTU/AMH to
provide a negative control. In this example, it was used a Herceptin-base anti-HER2-
TTU/AMH.

[668282] To test the TTH specificity, 100 000 HERZT HCC1934 or HERZ B16F 10 cells
were harvested with a cell scraper (MedSupply Partners #TL-TR9000). When necessary,
the cells were incubated for 30 minutes on ice with 1 ug anti-HER2-TTU/AMH or 1 ug
AMH m 100 pd PBS 2% FBS. After incubation, the cells were diluted with 400 ul PBS 2%
FBS and centnfuged for 5 munutes at 300 g and 4 °C. The supernatant was discarded and
the cells were resuspended in 200 pl PBS 2% FBS. Finally, the cells were filtered through
the cap of a Falcon FATUS tube (Corning, #352235) and kept in a closed Stvrofoam box with
ice until analysis.

[0862831  Validation of tumor target binding bv TTU/CU
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[006284] To test the anti-HERZ2-TTU/CU binding, 100 000 HER2" HCC1934 cells were
harvested with a cell scraper (MedSupply Partners #TL-TR9008)}. The cells were stained
with 0.4 pg of the same TTU module as previously, this tiree not linked to any fluorophore,
and 0.4 yg of differently built CU modules (Figure 10} Al the CU here used have been
labelled with FITC at their backbone. A second sample was also labelled with -PEG:-
pCP(AQ), athird with -PEG:-CP(AQ)-A47, a fourth with -PEG-CP{AQ)-PEG;z-Alexa
fluor 647 and finally one with -PEG-UCP(AQ)-PEG-Alexa fluor 647, Both TTU and CU
were added simudtanecusly to the cells. The cells were stained either 30 minutes on ice or
for 8 howrs at 37 °C and 5% CQOz.

[000285]  After incubation at 37 °C, the cells were scraped and the supernatant (500 ul)
was transferred into an eppendorf tube. The cells were then diluted with 500 ul PBS 2%
FBS and centnfuged for 5 munutes at 300 g and 4 °C. The supernatant was discarded and
the peliets were washed in 1000 ul PBS 2% FBS. Finally, the cells were resuspended in 200
wh PBS 2% FBS and filtered through the cap of a Falcon FACS tube {Corning, #352235).

The cells were kept in a closed Styrofoam box with ice uniil analysis.

[066286] RESULTS

(600287} The targeting specificity by TTU/AMH 1s shown 1n Figure 11, The histogram of
unstained HER2"HCC1954 cells and the one of HER2 BI16F 10 cells overlap, indicating
that anti-HER2-TTU/AMH does not target off-site. As expected, HER2YHC(C1954 cells
when incubated with the anti-HERZ-TTU/AMH complex gives a strong Alexa fluor 647
signal.

[066288] Example of the data coliected bv FACS to verify the binding of a tumor target
by the different a mixture of TTU/CU {Construct E in figure 10} 1s summarnized in Figure
12.

[060289]  Figure 12, Staiming of HER2" HCC1954 cells with anti-HERZ2-TTU and variable
CU. Top. Data shown for HCC1934 cells stained with CU-FITC-CP{AQ)-PEGu-Alexa
fluor 647 £TTU. The data collected show that the addition of TTU enhances the binding of
the CU to the target tumor cell. Bottom. The data show the entire population of cells stained
with CU-FITC-CP{AQ)-PEG4-Alexa fluor 647 + TTU after 30 nunutes incubation on ice
and & hours incubation ai 37 °C/5% COq. Since cells with the same FITC identity show a

tess intense AG46 signal, the data collected prove that during a 8 hours incubation period
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there 1s minimal lyvsis of CP{AQ). Figure 7, top, Target = HCC1954 cells, Effector = +TTU
and CU-FITC-CP(AQ-PEGas-Alexa fluor 647,

[066290] Example 7: CONSTRUCTION OF ANTE-FITC CAR T AND ITS COMPONENTS.
anti-FITC ~ 4M5.3 antibody

DYVMTOQTPLSLPYSLGDOQASISCRSSQSLVHSNGNTY LRWYLOKPGOSPEVLIYEKY
SNRVSGVPDRFSGSGSGTDFTLKINRVEAEDLGYYFCSQSTHVPWTFGGGTKLEIKS
SADDAKKDAAKKDDAKKDBDAKKDGGVKLDETGGGLVQPGGAMKLSCVTSGETE
GHYWMNWVRQSPEKGLEWVAQFRNKPYNYETYYSDSVRKGRFTISRDDSKSSVYL
OMNNLRVEDTGIYYCTGASYGMEYLGOGTSVTVS (SEQ 1D NO:3)

Signal peptide - CD8a - sp|PO1731)1-27 -

MASPLTRFLSENLLLLGESIILGSGEA (SEQ 1D NG:4)

Hinge region - CD8a - sp|P01731]152-194 -
TITKPVLRTPSPVHPTGTSQPQRPEDCRPRGSVKGTGLDFACD (SEQ ID NG:5)
Transmembrane region (T) - CD28 - sp|P31041{151-177
FWALVVVAGVLFCYGLLVTIVALCVIWT (SEQ ID NO:6)

Intraceliular domain (ICD) - CD28 - spiP31041/178-218
NSRRNRLLOSDYMNMTPRRPGLTRKPYQPY APARDFAAYRP (SEQ 1D NO:T)
Intraceliular domain JCD) - 41BB - sp|P20334]209-25¢6
SVEKWIRKKFPHIFKQPFRETTGAAQEEDACSCRCPQEEEGGGGGYEL (SEQ D
MNQO:R)

Intracellular domain (ICB) - D32 - sp|P24161|52-164
RAKFSRSAETAANLODPNQLYNELNLGRREEYDVLEKKRARDPEMGGKQORRRN
POEGVYNALQKDKMAEAYSEIGTKGERRRGKGHDGLY QGLSTATKDTYDALHMQ
TLAPR (SEQ 1D NO:9)

anti-FITC CAR T - full peptide
MASPLTRFLSINLLLLGESHLGSGEADVVMTQTPLASLPVSLGDQASISCRSSQSLVH
SNONTYLRWYLOKPGOSPREVLIYEKVENRVSGVPDRFSGSGSGTDRFTLKINRVEAED
LOGVYFCSQSTHVPWTFGGGTKLEIKSSADDAKKDAAKKDDAKKDDAKKDGGVKL
DETGGGLVOQPGGAMKLSCVTSGFTFGHY WMNWVROSPEKGLEWVAQFRNKPYN
YETYYSDSVEGRFTISRDDSKSSVY LOMNNLRVEDTGIYYCTGASY GMEY LGQGT
SVTVSTTTKPVLRTPSPVHPTGTSQPQRPEDCRPRGSVKGTGLDFACDFWALVVVA
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GVLFCYGLLVTVALCVIWTNSRRNRLLOSDYMNMTPRRPGLTRKPYQPY APARDF
AAYRPSVLEWIRKKFPHIFKQPFKK TTGAAQEEDACSCRCPQEEEGGGGGYELRAK
FSRSAETAANLODPNQLYNELNLGRREEY DVLEKKRARDPEMGGKQQRRRNPOEG
VYNALQKDKMAEAYSEIGTKGERRRGKGHDGLYQGLSTATKDTYDALHMOTLAP
R** (SEQ ID NO:10)

OTHER EMBODIMENTS

[066291] While the invention has been described in conjunction with the detailed

description thereof, the foregoing description is intended to itlustrate and not limit the scope
of the nvention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.

55



WO 2017/143094 PCT/US2017/018216

We Claim:

1 A binding molecule having specificity for a tumor aniigen wherein said binding
molecule comprises a recognition domain linked to a protection domain.

o]

2, The binding molecule of claim 1, wherein the recognition domain specifically binds

to a secondary binding molecule.

3. The binding roolecule of claim 1, wherein the secondary binding molecule ison a
cell.
4. The binding molecule of claim 3, wherein the cell 1s a chimeric antigen receptor T

cell ({CART), a T-lymphocyie, a B-lymphocyte or natural Killer cell.

5. The binding molecule of claim 1, wherein the binding molecule is an antibody, an
affimer, an aptamer or a T-cell receptor (TCR) multimer.

6. The binding molecule of claim 5, wherein the antibody is aFab or a scFV,

7. The binding molecule of claim 5, wherein the TCR multimer i a teframer

8. The binding molecule of claim 1, wherein the protection domain comprises a carrier
domain linked o a protease susceptible peptide.

9. The binding molecule of ¢laim 1, wherein the protection domain comprises a

masking peptide and a masking polvier.

10. The binding domain of claim 9, wherein the masking polymer 1s PEG-diacrylate.

1% The binding domain of claim 10, wherein the masking peptide comprises a cleavable
peptide.

12. The binding domain of claim 9, wherein the masking peptide comprises the anino

acid sequence LysSerGly ProleuGiyValdrgGlivSerSerCys.

i3, The binding molecule of claim 1, wherein the protection domain 1s pH sensitive,
i4.  The binding molecule of claim 1, wherein said recognition domain is hinked 1o the

protection domain such that the recognition domain is masked.

15, The binding molecule of claim 14, wherein when protection domain is contacted
with a protease the recognition domain 15 unmasked.

16, The binding molecule of claim 15, wherein when protection domain 1s at a specific

pH the recognition domain is unmasked.

i7.  The binding molecule of claim 1, wherein the recognition domain 1s a small
molecule.
18, The binding molecule of claim 1, wherein the recognition domain is a multimer.
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19. The binding molecule of claim 1, wherein the carrier domain is a polypeptide or a
polymer,

20, The binding molecule of claim 19, wherein the polvmer is PEG-diacrvlate.

2% The binding molecule of claim 15, wherein the protease suscepiible peptide is

specific for a tumor protease.

22. The binding molecule of claim 1, wherein the recognition domain is a naturally-
OCCUITing INorganic or organic compound, an inorganic or organic synthetic compound, a
biological molecule.

23 The binding molecule of claim 22, wherein the biclogical molecude 13 a drug, a
toxin, a hormone, a metal, a cytokine, a peptide or a nucleic acid.

24 The binding molecule of claim 1, wherein the recognition domain is an
amphetamine, a benzodiazepine, a benzoylecgoning, a buprenorphine, an opioid, a
cannabinoid, a phencyclidine or a tricyche antidepressant

25. The binding molecule of claim 1, wherein the recognition domain is
dextromethorphan, fentanyl, meprobamate, methadone, methamphetamine, oxycodone,
THC, tramadol, zolpidem, ketamine, LD, MDMA, methagualone, propoxyphene or
norketimine.

26. A chimeric antigen receptor {CAR) comprising an intracellular signaling domain, a
transmembrane domain and an exiracellular domain capable of specifically binding a

recognition domain.

27. The CAR of claim 26, wherein the exiracellular domain 1s an antibody.
28, The CAR of claim 27, wherein the antibody is a Fab or a scFV.
29, The CAR of claim 26, wherein the transmembrane domain further comprises a stalk

region positioned between the extracellular domain and the transmembrane domain,

30. The CAR or claim 26, wherein the transmembrane domain comprises CD28.

31.  The CAR of claim 26, further comprising one or more additional costinmlatory
molecules positioned between the transmembrane domain and the intracellular signaling
domain.

32. The CAR of claim 31, wherein the costimulatory molecules is CD3 zeta, CD28, 4-
BB, 4-1BBL, ICOS, or OX40.

33 The CAR of claim 26, wherein the intracellular signaling domain comaprises a CD3

zeta chain,
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34 A nucleic acid encoding the CAR of any one of claims 26-33.
35, A vector comprising the nucleic acid claim 34,
36 A cell comprising the vector of claim 35,

37. The cell of claim 36, wherein the cell 1s a T cell.

38. The cell of claim 37, wherein the T-cell is 2 CD4" T-cell and/or CD8 T-cell.

39. The cell of claim 37, wherein the T-cell 1s a T regulatory cell (Treg) or a T follicular
regulatory cell {TFR}).

40. A genetically engineered cell which expresses and bears on the cell surface
membrane the chirneric antigen receptor of any one of claims 26-33.

43, The cell of claim 40, wherein the cell is a T cell.

42. The cell of claim 41, wherein the T-cell is a CD4"Y or CD&" T-cell.

43, The cell of claim 41, wherein the T-cell 1s a T regulatory cell (Treg) or a T follicular
regulatory cell (TFR).

44, A pharmaceutical composition comprising a population of the genetically

engineered cell of anv one of claims 40 -43.

45, A systermn comprising;
a.  a binding roolecule having specificity for a tumor antigen wherein said binding
molecule comprises a recognition domain linked to protection domain; and
b. achimeric antigen receptor {CAR) comprising an intracellular signaling
domain, a fransmembrane domain and an extracethdar domain capable of
specifically binding the recognition domain.
46, The systen of claim 45, wherein said CAR is expressed on a cell.
47, The system of claim 46, wherein the cell is a T cell.

48. The cell of claim 47, wherein the T-cell is a CD4Y or CD8 T-cell.
49 The cell of claim 47, wherein the T-cell is 2 T regulatory cell (Treg) or a T follicular
regulatory cell (TFR).
50. A svstem comprising:
a  abinding molecule having specificity for a turoor antigen wherein said binding
molecule comprises (1} a cleavable masking moiety that inhibits the binding of

the binding molecule {o the turnor antigen and (11) a recognition domain; and
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b achimeric antigen receptor (CAR} comprising an intracellular signaling
domain, a transmembrane domain and an exiraceliular doman capable of
specifically binding the recognition domain.

58, The system of claim 50, wherein said CAR is expressed on a cell.
52. The system of claim 51, wherein the cell is a T cell.
53. The cell of claim 32, wherein the T-cell 1s a CB4" or CD8Y T-cell.
54, The cell of claim 52, wherein the T-cell is a T regulatory cell (Treg) or a T follicular
regulatory cell (TFR).
55, The system of claim 50, wherein the binding molecule 15 an antibody, an affimer, or
an aptamer.
56. The system of claim 40, wherein the cleavable masking moiety 1s a protease
susceptible pepiide.
57. A method of treating cancer in a subject in need thereof comprising administering to
the subject the binding molecule of claim 1 at a first period of time and the CAR of claim
26 at a second period of time.

58. A method of treating cancer in a subject in need thereof comprising:

a.  adrministering to the subject at a first period of tiroe a binding molecule having
specificity for a tumor antigen wherein said binding molecule comprises (i} a
cleavable masking moiety that inhibits the binding of the binding molecule to
the tumor antigen and (11} a recognition domain; and

b, admunistering to the subject at a second period of time a chimeric antigen
receptor (CAR} comprising an intracellular signaling domain, a transmembrane
domain and an extracellular domain capable of specifically binding the

recognition domain.
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Afthough Intact NWS are too large o pas the glomerular basement mem-
brane, Hberated reporters passively filter through the kidoey. (1) The patient
coliect 3 urine sampde. I Application of unproressed wrine to 8 lowe-cost FOC
paper iateral fiow assay {(LFR) enables disgnosis.

L Figure 3
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INTERNATIONAL SEARCH REPORT PCT/US2017/018216
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. D forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2017/018216
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-25(completely); 45-49, 57(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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International application No
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A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K39/395 CO7K16/28
ADD.

CO7K16/30

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A6lK CO7K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, BIOSIS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 20167039942 Al (COBBOLD MARK [US] ET
AL) 11 February 2016 (2016-02-11)
paragraph [0230]; figures 1-4

X US 9 193 791 B2 (WILLIAMS JOHN C [US] ET
AL) 24 November 2015 (2015-11-24)

figures 8, 9, 16, 17, 33; examples 2-4

X US 2013/315906 Al (LOWMAN HENRY BERNARD
[US] ET AL) 28 November 2013 (2013-11-28)
figures 1-2

1-25,
45-49,57

1-25,
45-49,57

1-25,
45-49,57

_/__

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 May 2017

Date of mailing of the international search report

24/07/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Schmitz, Till
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

DONALDSON JOSHUA M ET AL: "Design and
development of masked therapeutic
antibodies to 1limit off-target effects:
application to anti-EGFR antibodies",
CANCER BIOLOGY & THERAPY, LANDES
BIOSCIENCE, US,

vol. 8, no. 22,

1 November 2009 (2009-11-01), pages
2147-2152, XP009135774,

ISSN: 1538-4047

the whole document

HANREN DAI ET AL: "Chimeric Antigen
Receptors Modified T-Cells for Cancer
Therapy",

JOURNAL OF THE NATIONAL CANCER INSTITUTE,
vol. 108, no. 7,

27 January 2016 (2016-01-27), XP055372001,
GB

ISSN: 0027-8874, DOI: 10.1093/jnci/djv439
the whole document

KRISHNA R POLU ET AL: "Probody
therapeutics for targeting antibodies to
diseased tissue",

EXPERT OPINION ON BIOLOGICAL THERAPY,
vol. 14, no. 8, 1 August 2014 (2014-08-01)
, pages 1049-1053, XP055228738,

ASHLEY, LONDON; GB

ISSN: 1471-2598, DOI:
10.1517/14712598.2014.920814

figure 2

KI YOUNG CHOI ET AL: "Protease-Activated
Drug Development",

THERANOSTICS,

vol. 2, no. 2, 1 January 2012 (2012-01-01)
, pages 156-179, XP055263145,

AU

ISSN: 1838-7640, DOI: 10.7150/thno.4068
the whole document

BREMER C ET AL: "IN VIVO MOLECULAR TARGET
ASSESSMENT OF MATRIX METALLOPROTEINASE
INHIBITION",

NATURE MEDICINE, NATURE PUB. CO,

vol. 7, no. 6, 1 June 2001 (2001-06-01),
pages 743-748, XP001164274,

ISSN: 1078-8956, DOI: 10.1038/89126

cited in the application

figure 1
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US 2016039942 Al 11-02-2016
WO 2013128194 Al 06-09-2013

US 9193791 B2 24-11-2015 US 2013060010 Al 07-03-2013
US 2016144042 Al 26-05-2016
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-25(completely); 45-49, 57(partially)

A binding molecule having specificity for a tumor antigen
wherein said binding molecule comprises a recognition domain

linked to a protection domain. Further systems and methods
relating thereto.

2. claims: 26-44(completely); 45-49, 57(partially)

A chimeric antigen receptor (CAR) comprising an
intracellular signalling domain, a transmembrane domain and
an extracellular domain capable of specifically binding a

recognition domain. Further systems and methods relating
thereto.

3. claims: 50-56, 58

A system comprising:a. a binding molecule having specificity
for a tumor antigen wherein said binding molecule comprises
(i) a cleavable masking moiety that inhibits the binding of
the binding molecule to the tumor antigen and (ii) a
recognition domain; andb. a chimeric antigen receptor (CAR)
comprising an intracellular signaling domain, a
transmembrane domain and an extracellular domain capable of
specifically binding the recognition domain. Further a
method relating thereto.
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