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KAPPA MYELOMA ANTIGEN CHIMERIC ANTIGEN RECEPTORS AND USES
THEREOF

CROSS REFERENCE TO U.S. NON-PROVISIONAL APPLICATONS

[0001] This application claims priority from U.S. Provisional Application Serial No.
62/151,968, filed April 23, 2015, and U.S. Provisional Application Serial No. 62/158,407,
filed May 7, 2015, each of which is incorporated by reference herein in its entirety for all

purposes.

STATEMENT REGARDING SEQUENCE LISTING

[0002] The sequence Listing associated with this application is provided in text format in lieu
of a paper copy, and is hereby incorporated by reference into the specification. The name of
the text file containing the Sequence Listing is HMLX 002 02WO_SeqList ST25.txt. The
text file is about 63 KB, was created on April 22, 2016, and is being submitted electronically
via EFS-Web.

BACKGROUND OF THE INVENTION

[0003] Multiple myeloma (MM) is a malignancy of bone marrow plasma cells which despite
recent advances in therapy, remains incurable. Its clinical course is characterized by an initial
response to therapy, followed by repeated relapse with eventual resistance to all forms of
treatment. It is also associated with significant morbidity and disability both due to the

disease itself and toxicity from available treatments.

[0004] Multiple myeloma is characterized by malignant plasma cells which secrete either a
kappa or lambda light chain restricted monoclonal paraprotein. Kappa restriction occurs in
60% of myeloma patients and the expression of kappa myeloma antigen (KMA) is highly
restricted to multiple myeloma and B-cell malignancies. KappaMab is a KMA-specific
monoclonal antibody which has demonstrated safety and efficacy in phase I and II clinical

trials.

[0005] Treatment with monoclonal antibodies alone is not curative with incomplete
eradication of the tumor leading to eventual relapse. This may be due to inadequate
penetration of antibody into the tumor (via passive diffusion), heterogeneity of antigen

expression on tumor cells or resistance of tumor cells to mechanisms of antibody dependent
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cytotoxicity. Thus, there is a need for effective therapies with low toxicity which can provide

long term disease cure.

[0006] Chimeric Antigen Receptor bearing T cells (CAR T-cells) represent a possible
solution to this problem. CAR T-cells incorporate the antigen binding domain of monoclonal
antibodies with one or more intracellular signaling domain(s) of T cells to produce a
localized, tumor specific immune response. CAR T-cells have several advantages over
monoclonal antibodies: they actively migrate into the tumor, proliferate in response to
antigen bearing tumor cells, secrete factors that recruit other arms of the immune response
and can survive long term to provide ongoing protection from relapse. Another benefit of a
CAR-T cell over an antibody therapeutic targeting the same antigen is that the CAR T-cell
may also be further modified to enhance safety and function. For example, a T cell can be
modified to include expression of a homing receptor which enhances T cell specificity and
the ability of the T cell(s) to infiltrate cancer cells or tumors or they may include an “off
switch” that can function to eliminate cells when toxicity occurs. Furthermore, and
importantly for the treatment of multiple myeloma and its related disorders, the T cell may be
modified to express additional biologically active or pharmaceutically active molecules that
may enhance the anti-tumor response, such as, for example, tumor suppressive cytokines. As
described herein, the current inventors have designed novel CAR constructs which are able to
specifically bind to a particular conformational KMA epitope expressed only on MM cells
and have engineered CAR T-cells to express an extracellular antigen binding domain specific
for this epitope and an intracellular T cell signaling domain alone or in combination with the

expression of other anti-tumoral immune mediators.

SUMMARY OF THE INVENTION

[0007] The present invention is drawn to chimeric antigen receptors (CAR) that are specific
for kappa myeloma antigen (KMA) but contain intracellular signaling domains capable of
triggering an anti-KMA T cell response, T cells containing such CARs and method of
treating multiple myeloma and related disorders by administering T cells expressing KMA -
specific CARs. The resulting CAR T-cells are able to mediate a targeted immune response
against cancer cells while avoiding unwanted side effects associated with systemic delivery

of monoclonal antibodies and/or anti-tumoral cytokines.

[0008] In one embodiment, the chimeric antigen receptors (CARs) of the present invention

comprise one or more intracellular signaling domains and an extracellular antigen binding
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domain that specifically recognizes kappa myeloma antigen (KMA). In one embodiment, the
intracellular signaling domain is one or more co-stimulatory endodomains. In a further
embodiment, the one or more co-stimulatory domain is one or more of a CD28 domain, a
CD3C domain, a 4-1BB domain, or an OX-40 domain or combinations thereof. In one
embodiment, the one or more co-stimulatory endodomains of the CAR comprises a CD3(
domain and a CD28 domain. In another embodiment, the one or more co-stimulatory
endodomains of the CAR comprises a CD3C domain, and an OX-40 domain. In still another
embodiment, the one or more co-stimulatory endodomains of the CAR comprises a

CD3( domain, a CD28 domain and an OX-40 domain. In still another embodiment, the one
or more co-stimulatory endodomains of the CAR comprises a CD3( domain and a 4-1BB
domain. In still another embodiment, the one or more co-stimulatory endodomains of the
CAR comprises a CD3C domain, a CD28 domain and a 4-1BB domain. In still another
embodiment, the one or more co-stimulatory endodomains of the CAR comprises a

CD3( domain, a 4-1BB domain and an OX-40 domain.

[0009] In one embodiment, the extracellular binding domain comprises a single chain
variable fragment (scFv) that specifically recognizes KMA. In still another embodiment, the
scFv comprises the complemetarity determining regions (CDRs) derived from KappaMab. In
still another embodiment the scFv comprises the VL. CDRs of SEQ ID NOs: 6-8. In yet
another embodiment, the scFV comprises the VL region of SEQ ID NO: 21. In still another
embodiment the scFv comprises the VH CDRs of SEQ ID NOs: 3-5. In yet another
embodiment, the scFV comprises the VH region of SEQ ID NO: 22. In still a further
embodiment, the scFv comprises the VL. CDRs of SEQ ID NOs: 6-8 and the VH CDRs of
SEQ ID NOs: 3-5. In yet a further embodiment, the scFv comprises the VL region of SEQ
ID NO: 21 and the VH region of SEQ ID NO: 22. In one embodiment, the VL chain of SEQ
ID NO: 2 and VH chain of SEQ ID NO: 1 are attached via a glycine-serine linker. In one
embodiment, the VL region of SEQ ID NO: 21 and VH region of SEQ ID NO: 22 are
attached via a glycine-serine linker. In still another embodiment, the linker is a (Gly,sSer)x
where X is 1-5. In still another embodiment, the glycine-serine linker is a 15-20 amino acid
linker. In still another embodiment, the linker is a 15 amino acid glycine serine linker and
comprises (GlysSer);. In one embodiment, the (Gly,Ser); linker is SEQ ID NO: 23. In one
embodiment, the scFv is attached to the one or more intracellular signaling domains with a
spacer. In still another embodiment, scFv is attached to the one or more intracellular domains
by a spacer that comprises an immunoglobulin constant region. In one embodiment, the

immunoglobulin constant region comprises one or more of an IgG hinge, an IgG CH2 and an
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IgG CH3 domain. In a particular embodiment, the immunoglobulin constant region
comprises an immunoglobulin hinge domain. In still another embodiment, the
immunoglobulin constant region comprises an immunoglobulin CH3 domain. In still another
embodiment, the immunoglobulin constant region comprises an IgG CH2 domain. In still
another embodiment, the scFv is attached to the one or more intracellular domains by a
spacer that comprises a CD8c. domain. In one embodiment, the spacer is attached to the
scFV via a glycine-serine linker. In still another embodiment, the linker is a (GlysSer)x where
X is 1-5. In still another embodiment, the glycine-serine linker is a 15-20 amino acid linker.
In still another embodiment, the linker is a 15 amino acid glycine serine linker and comprises

(Gly4Ser)s. In one embodiment, the (GlysSer)s linker is SEQ ID NO: 23.

[0010] In one embodiment, the invention provides T cells comprising chimeric antigen
receptors (CAR T-cells). In one embodiment, the CAR T-cells comprise CARs comprising
one or more intracellular signaling domains and an extracellular binding domain. In a
particular embodiment, the extracellular binding domain specifically recognizes a kappa
myeloma antigen. In one embodiment the CAR T-cells are further engineered to express one
or more additional biological molecules. In one embodiment, the additional one or more
molecules comprise IL-12 and/or SANT7 and/or Galectin -3C (GAL3C). In one
embodiment, the CAR T-cells express a single chain polypeptide comprising one IL-12 p35
subunit and one IL-12 p40 subunit joined by a flexible linker. In one embodiment the IL-12
p35 and IL-12 p40 are joined by a (G4S); linker. In one embodiment the single chain IL-12
polypeptide forms a bioactive IL-12 p70 heterodimer. In one embodiment, the CAR T- cell
expresses IL-12 and a selectable marker. In one embodiment, the one or more biological
molecules is SANT7. In one embodiment, the CAR T-cell expresses GAL3C. In one
embodiment, the CAR T-cell expresses GAL3C and a selectable marker. In one
embodiment, the CAR T-cell expresses SANT7 and GAL3C. In one embodiment, the CAR
T-cell expresses SANT7, GAL3C and a selectable marker. In one embodiment, the CAR T-
cell expresses IL-12 and GAL3C. In one embodiment, the CAR T-cell expresses IL-12,
GAL3C and a selectable marker. In one embodiment, the CAR T-cell expresses SANT7 and
a selectable marker. In one embodiment, the CAR T-cell expresses IL-12, and SANT7. In
one embodiment, the CAR T-cell expresses IL-12, SANT7 and a selectable marker. In one
embodiment, the CAR T-cell expresses IL-12, SANT7 and GAL3C. In one embodiment, the
CAR T-cell expresses [L-12, SANT7, GAL3C and a selectable marker.

[0011] In one embodiment, the CAR T-cells of the current invention also express a

hepatocyte growth factor (HGF) binding protein that is capable of inhibiting HGF signaling
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and effector function. In one aspect, the HGF binding protein is an antibody or fragment

thereof.

[0012] In one aspect, the current invention provides a method for producing a genetically
modified T cell comprising introducing an expression vector encoding a CAR comprising one
or more intracellular signaling domains and an extracellular antigen binding domain into a T
cell. In a particular embodiment, the extracellular antigen binding domain specifically
recognizes KMA. In one embodiment, the expression vector is a transposable vector
expression system. In certain embodiments, the expression vector is a PiggyBac transposon
expression vector. In another embodiment the expression vector is a viral vector. In one
embodiment the viral vector is a lentiviral vector or a retroviral vector. In one embodiment,
the expression vector is introduced into the cells by electroporation. In one embodiment, the
one or more intracellular signaling domains in the CAR 1is one or more co-stimulatory
endodomains. In a further embodiment, the one or more co-stimulatory domain is one or
more of a CD28 domain, a CD3C domain, a 4-1BB domain, or an OX-40 domain or
combinations thereof. In one embodiment, the one or more co-stimulatory endodomains of
the CAR comprises a CD3( domain and a CD28 domain. In another embodiment, the one or
more co-stimulatory endodomains of the CAR comprises a CD3C domain, and an OX-40
domain. In still another embodiment, the one or more co-stimulatory endodomains of the
CAR comprises a CD3C domain, a CD28 domain and an OX-40 domain. In still another
embodiment, the one or more co-stimulatory endodomains of the CAR comprises a

CD3( domain and a 4-1BB domain. In still another embodiment, the one or more co-
stimulatory endodomains of the CAR comprises a CD3( domain, a CD28 domain and a 4-
1BB domain. In still another embodiment, the one or more co-stimulatory endodomains of
the CAR comprises a CD3( domain, a 4-1BB domain and an OX-40 domain.In one
embodiment, the extracellular binding domain comprises a single chain variable fragment
(scFv) that specifically recognizes KMA. In still another embodiment, the scFv comprises
the complemetarity determining regions (CDRs) derived from KappaMab. In still another
embodiment the scFv comprises the VL. CDRs of SEQ ID NOs: 6-8. In yet another
embodiment, the scFV comprises the VL region of SEQ ID NO: 21. In still another
embodiment the scFv comprises the VH CDRs of SEQ ID NOs: 3-5. In yet another
embodiment, the scFV comprises the VH region of SEQ ID NO: 22. In still a further
embodiment, the scFv comprises the VL. CDRs of SEQ ID NOs: 6-8 and the VH CDRs of
SEQ ID NOs: 3-5. In yet a further embodiment, the scFv comprises the VL region of SEQ
ID NO: 21 and the VH region of SEQ ID NO: 22. In one embodiment, the VL chain of SEQ
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ID NO: 2 and VH chain of SEQ ID NO: 1 are attached via a glycine-serine linker. In one

embodiment, the VL region of SEQ ID NO: 21 and VH region of SEQ ID NO: 22 are
attached via a glycine-serine linker. In still another embodiment, the glycine-serine linker is
a 15-20 amino acid linker. In still another embodiment, the linker is a 15 amino acid glycine
serine linker and comprises (GlysSer);. In one embodiment, the (GlysSer); linker is SEQ ID
NO: 23. In one embodiment, the scFv is attached to the one or more intracellular signaling
domains with a spacer. In still another embodiment, scFv is attached to the one or more
intracellular domains by a spacer that comprises an immunoglobulin constant region. In one
embodiment, the immunoglobulin constant region comprises one or more of an IgG hinge, an
IgG CH2 and an IgG CH3 domain. In a particular embodiment, the immunoglobulin constant
region comprises an immunoglobulin hinge domain. In still another embodiment, the
immunoglobulin constant region comprises an immunoglobulin CH3 domain. In still another
embodiment, the immunoglobulin constant region comprises an IgG CH2 domain. In still
another embodiment, the scFv is attached to the one or more intracellular domains by a
spacer that comprises a CD8a domain. In one embodiment, the spacer is attached to the
scFV via a glycine-serine linker. In still another embodiment, the linker is a (GlysSer)x where
X is 1-5. In still another embodiment, the glycine-serine linker is a 15-20 amino acid linker.
In still another embodiment, the linker is a 15 amino acid glycine serine linker and comprises
(Gly4Ser)s. In one embodiment, the (Gly,Ser); linker is SEQ ID NO: 23. In one embodiment
the method further comprises introducing one or more additional expression vectors
engineered to express one or more additional biological molecules. In one embodiment, the
additional one or more molecules comprise IL-12 and/or SANT7 and/or GAL3C. In one
embodiment, the one or more additional expression vectors comprisea seqeuence encoding a
single chain polypeptide comprising one IL-12 p35 subunit and one IL-12 p40 subunit joined
by a flexible linker. In one embodiment the IL-12 p35 and IL-12 p40 are joined by a (G4S);
linker. In one embodiment the sequence encoding a single chain IL-12 polypeptide encodes a
bioactive IL-12 p70 heterodimer. In one embodiment, the expression vector expressing the
one or more biologically active agents also comprises a selectable marker. In one
embodiment the expression vector comprises a sequence encoding a single chain IL-12
polypeptide comprising IL-12 p35 and IL-12 p40 joined with a flexible linker and a
selectable marker joined to the single chain IL-12 with a 2A ribosomal skip. In one
embodiment, the one or more biological molecules is SANT7. In one embodiment, the
expression vector expressing one or more biologically active agents comprises SANT7 and a

selectable marker. In one embodiment the sequence encoding SANT7 and the selectable
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marker are joined by a 2A ribosomal skip sequence. In one embodiment, the expression
vector expressing one or more biologically active agents comprises GAL3c¢ and a selectable
marker. In one embodiment, the sequence encoding GAL3C and the selectable marker are
joined by a ribosomal skip sequence. In one embodiment, the CAR T-cell comprises IL.-12,
SANT?7 and a selectable marker. In one embodiment, the sequence encoding the IL-12 is
linked to the selectable marker via a 2A ribosomal skip and the sequence encoding SANT7 is
connected to the sequence encoding IL.-12 by an additional 2A ribosomal skip. In one
embodiment, the CAR T-cell comprises GAL3C, SANT7 and a selectable marker. In one
embodiment, the sequence encoding the GAL3C is linked to the selectable marker via a 2A
ribosomal skip and the sequence encoding SANT?7 is connected to the sequence encoding
GAL3C by an additional 2A ribosomal skip. In one embodiment, the CAR T-cell comprises
IL-12, GAL3C and a selectable marker. In one embodiment, the sequence encoding the IL-
12 is linked to the selectable marker via a 2A ribosomal skip and the sequence encoding
GAL3C is connected to the sequence encoding IL-12 by an additional 2A ribosomal skip. In
one embodiment, the CAR T-cell comprises GAL3C, SANT7, IL-12 and a selectable marker.
In one embodiment, the sequence encoding each of GAL3C, SANT?7, IL-12 and the

selectable marker are connected via 2A ribosomal skip sequences.

[0013] In one embodiment, a method for treating a KM A-expressing malignancy is provided.
In one embodiment, the KM A-expressing malignancy is a B cell malignancy. In a further
embodiment, the B-cell malignancy is multiple myeloma, Waldenstroms macroglobulinemia,
diffuse large B cell lymphoma (DLBCL), or amyloidosis. In a particular embodiment, the
method includes administering to a subject with multiple myeloma, Waldenstroms
macroglobulinemia, diffuse large B cell lymphoma (DLBCL), amyloidosis or another B cell
malignancy expressing KMA genetically modified T cells engineered to express one or more
intracellular signaling domains and an extracellular antigen binding domain that specifically
recognizes KMA. In one embodiment, the one or more intracellular signaling domains in the
CAR is one or more co-stimulatory endodomains. In a further embodiment, the one or more
co-stimulatory domain is one or more of a CD28 domain, a CD3{ domain, a 4-1BB domain,
or an OX-40 domain or combinations thereof. In one embodiment, the one or more co-
stimulatory endodomains of the CAR comprises a CD3( domain and a CD28 domain. In
another embodiment, the one or more co-stimulatory endodomains of the CAR comprises a
CD3( domain, and an OX-40 domain. In still another embodiment, the one or more co-
stimulatory endodomains of the CAR comprises a CD3( domain, a CD28 domain and an

0X-40 domain. In still another embodiment, the one or more co-stimulatory endodomains of
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the CAR comprises a CD3( domain and a 4-1BB domain. In still another embodiment, the
one or more co-stimulatory endodomains of the CAR comprises a CD3( domain, a CD28
domain and a 4-1BB domain. In still another embodiment, the one or more co-stimulatory
endodomains of the CAR comprises a CD3(C domain, a 4-1BB domain and an OX-40 domain.
In one embodiment, the extracellular binding domain comprises a single chain variable
fragment (scFv) that specifically recognizes KMA. In still another embodiment, the scFv
comprises the complemetarity determining regions (CDRs) derived from KappaMab. In still
another embodiment the scFv comprises the VL CDRs of SEQ ID NOs: 6-8. In yet another
embodiment, the scFV comprises the VL region of SEQ ID NO: 21. In still another
embodiment the scFv comprises the VH CDRs of SEQ ID NOs: 3-5. In yet another
embodiment, the scFV comprises the VH region of SEQ ID NO: 22. In still a further
embodiment, the scFv comprises the VL. CDRs of SEQ ID NOs: 6-8 and the VH CDRs of
SEQ ID NOs: 3-5. In yet a further embodiment, the scFv comprises the VL region of SEQ
ID NO: 21 and the VH region of SEQ ID NO: 22. In one embodiment, the VL chain of SEQ
ID NO: 2 and VH chain of SEQ ID NO: 1 are attached via a glycine-serine linker. In one
embodiment, the VL region of SEQ ID NO: 21 and VH region of SEQ ID NO: 22 are
attached via a glycine-serine linker. In still another embodiment, the linker is a (GlysSer)x
where X is 1-5. In still another embodiment, the glycine-serine linker is a 15-20 amino acid
linker. In still another embodiment, the linker is a 15 amino acid glycine serine linker and
comprises (GlysSer);. In one embodiment, the (Gly,Ser); linker is SEQ ID NO: 23. In one
embodiment, the scFv is attached to the one or more intracellular signaling domains with a
spacer. In still another embodiment, scFv is attached to the one or more intracellular domains
by a spacer that comprises an immunoglobulin constant region. In one embodiment, the
immunoglobulin constant region comprises one or more of an IgG hinge, an IgG CH2 and an
IgG CH3 domain. In a particular embodiment, the immunoglobulin constant region
comprises an immunoglobulin hinge domain. In still another embodiment, the
immunoglobulin constant region comprises an immunoglobulin CH3 domain. In still another
embodiment, the immunoglobulin constant region comprises an IgG CH2 domain. In still
another embodiment, the scFv is attached to the one or more intracellular domains by a
spacer that comprises a CD8a domain. In one embodiment, the spacer is attached to the
scFV via a glycine-serine linker. In still another embodiment, the linker is a (GlysSer)x where
X is 1-5. In still another embodiment, the glycine-serine linker is a 15-20 amino acid linker.
In still another embodiment, the linker is a 15 amino acid glycine serine linker and comprises

(Gly,4Ser);. In one embodiment, the (GlysSer); linker is SEQ ID NO: 23. In another
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embodiment, the genetically modified T cells are further engineered to express one or more
additional biological molecules. In one embodiment, the additional one or more molecules
comprise IL-12 and/or SANT7 and or GAL3C. In one embodiment, the CAR T-cells express
a single chain polypeptide comprising one IL-12 p35 subunit and one IL-12 p40 subunit
joined by a flexible linker. In one embodiment the IL-12 p35 and IL-12 p40 are joined by a
(G4S); linker. In one embodiment the single chain IL-12 polypeptide forms a bioactive IL-12
p70 heterodimer. In one embodiment, the CAR T-cell expresses IL-12 and a selectable
marker. In one embodiment, the one or more biological molecules is SANT7. In one
embodiment, the CAR T-cell expresses SANT7 and a selectable marker. In one embodiment
the selectable marker is GAL3C. In one embodiment, the CAR T-cell expresses GAL3C and
a selectable marker. In one embodiment, the CAR T-cell expresses IL-12, SANT7 and a
selectable marker. In one embodiment, the CAR T-cell expresses IL-12, GAL3C and a
selectable marker. In one embodiment, the CAR T-cell expresses SANT7, GAL3C and a
selectable marker. In one embodiment, the CAR T-cell expresses IL-12, SANT7, GAL3C and

a selectable marker.

[0014] In a further embodiment, the method includes further administering to a patient with
multiple myeloma, Waldenstroms macroglobulinemia, diffuse large B cell lymphoma
(DLBCL), amyloidosis or another B cell malignancy expressing KMA an HGF binding
protein. In one embodiment, the HGF binding protein is an antibody or fragment thereof. In
one embodiment, an expression vector comprising the HGF binding protein is co-transfected
with the expression vector encoding the CAR construct into a T cell such that the resulting

CAR T-cell also expresses the HGF binding protein.

[0015] In another embodiment, the method includes administering one or more additional
biologically or pharmaceutically active agents. In one embodiment, the one or more
additional pharmaceutically active agent is a chemotherapeutic agent. In another
embodiment, the one or more pharmaceutically active agent is an immunomodulatory drug.
In a particular embodiment, the immunomodulatory drug is thalidomide or an analog thereof.
In still another embodiment, the thalidomide analog is actimid, lenalidomide, or
pomalidomide. In still another embodiment, the additional pharmaceutically active agent is a
histone deacetylase inhibitor. In still another embodiment, the histone deacetylase inhibitor is
panobinostat, vorinostat, trichostatin A, depsipeptides, phenylbutyrate, valproic acid,
belinostat, LAQS824, entinostat, CI944, or mocetinostat. In still another embodiment, the one
or more additional biological or pharmaceutically active agents is administered before, during

or after treatment with said genetically modified T cells. In still another embodiment, the
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genetically modified T cells are administered intravenously. In still another embodiment, the
generically modified T cells are derived from said patient. In still another embodiment, the

genetically modified T cells are not derived from said patient.

[0016] In one embodiment, the CAR T-cells of the current invention are administered before,
during or after an allogenic stem cell transplant. In still another embodiment, the the CAR T-
cells of the current invention are administered before during or after an allogenic stem cell

transplant.

[0016A] In an aspect, the present disclosure provides a chimeric antigen receptor (CAR)
comprising one or more intracellular signaling domains and an extracellular antigen binding
domain, wherein the extracellular antigen binding domain specifically recognizes kappa

myeloma antigen (KMA).

[0016B] In an aspect, the present disclosure provides a genetically modified T cell engineered

to express the CAR according to the present disclosure.

[0016C] In an aspect, the present disclosure provides a method for producing a genetically
modified T cell according to the present disclosure, the method comprising introducing an
expression vector encoding a CAR comprising one or more intracellular signaling domain
and an extracellular antigen binding domain, wherein the extracellular antigen binding

domain specifically recognizes kappa myeloma antigen (KMA) into a T cell.

[0016D] In an aspect, the present disclosure provides a method of treating a KMA-expressing
malignancy in a subject in need thereof comprising administering genetically modified T
cells engineered to express one or more intracellular signaling domain and an extracellular
antigen binding domain, wherein the extracellular antigen binding domain specifically

recognizes kappa myeloma antigen (KMA).

[0016E] Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising"”, will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other

element, integer or step, or group of elements, integers or steps.

[0016F] Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is not to be taken as an admission that any or all of

these matters form part of the prior art base or were common general knowledge in the field
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relevant to the present disclosure as it existed before the priority date of each of the appended

claims.

[0017] These above-characterized aspects, as well as other aspects, of the present invention
are exemplified in a number of illustrated implementations and applications, some of which
are shown in the figures and characterized in the claims section that follows. However, the
above summary is not intended to describe each illustrated embodiment or every

implementation of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention is
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying

drawings of which:

[0019] Figures 1A-1B shows the structural relationship of CARs to Immunoglobulin (IgG)
and the T-cell receptor (TCR) Figure 1A shows a single chain variable fragment (scFv)
consisting of the parent antibody’s light chain variable region (VL) joined to the heavy chain
variable region (VH) by a polypeptide linker confers antigen specificity to the CAR. A
flexible hinge connects the scFv to the transmembrane and the intracellular signaling domain
of a co-stimulatory molecule such as CD28, 4-1 BB or OX-40 followed by CD3 zeta. Figure
1B shows T-cells transduced with the CAR are activated on encountering tumor cells bearing
the target antigen (Ag) leading to tumor cell lysis.

[0020] Figure 2 shows the structural determinants of chimeric antigen receptor function.
[0021] Figure 3 shows KMA expression on primary myeloma cells.

[0022] Figures 4A-4C shows KMA.CAR-28z function. Figure 4A is flow cytometry
analysis of KMA expression on various cell lines; Figure 4B is interferon-gamma (IFNy)

expression of KMA.CAR-28z transduced (upper plots) and non-transduced (lower plots)
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CD8" T cells. Figure 4C shows the specific lysis of KMA positive and negative cell lines by

KMA .CAR-28z transduced T cells.

[0023] Figure SA shows RPMI-Rag mice injected with 5 x 10°-5 x 10° myeloma cells
Figure 5B shows infiltration of the bone marrow and spleen with CD138" RPMI9226 cells
Figure 5C shows elevated levels of serum human lambda light chain on progressive disease
Figure 5D shows CD138 /cytoplasmic lambda light chain positive cells in the bone marrow
Figure SE shows RPMI-Rag mice as a therapeutic model.

[0024] Figures 6A-6C shows the optimization of KMA.CAR Figure 6A show the initial
KMA .CAR-28z construct; Figure 6B shows constructs with Ig heavy chain hinge and CH3
or hinge alone Figure 6C shows constructs combining optimal hinge region (opti) with
combinations of various costimulatory molecule endodomains and CD3 zeta.

[0025] Figure 7 shows the IL-12 and SANT?7 vectors.

[0026] Figures 8A-8B shows KM.CAR T-cell expansion and CAR expression with
constructs described in Example 3. Figure 8A shows expansion of total cells in CAR T-cell
cultures with (left) and without (right) the addition of the KMA expressing JIN3 cell line.
Figure 8B CAR expression as measured by GFP in cultures with (top plots) and without
(bottom plots) the KMA expressing JIN3 cell line. hCH2CH3=KM.CAR _hCH2CH3 28z T-
cells; hCH2CH3mut= KM.CAR hCH2CH3mut 28TM 41BBz T-cells; h=
KM.CAR h 28TM 41BBz T-cells; CD8a= KM.CAR 8a 28TM _41BBz T-cells.

[0027] Figure 9 shows the structure of the activation inducible transposon casette. IR=
inverted repeats; Ins= Insulator flanking the two ends of the gene insert; NFATpro=
activation inducible promoter; BGHpA= bovine growth hormone polyadenylation signal;
EFlo=human elongation factor-1 alpha promoter; RQR8= marker; SV40= simian virus late
polyadenylation signal.

[0028] Figure 10 shows expression of eGFP under activation induced promoter control.
Transduced PBMCs stimulated with PMA and Ionomycin (right plot) were assessed for co-
expression of RQRS (x-axis) and eGFP (y-axis) and compared to unstimulated controls (left
plot). Transduced cells did not express eGFP in the absence of stimulation. Fifty percent of

transduced cells expressed eGFP with stimulation.

[0029] Figure 11 shows the structure of the activation inducible transposon cassette with
CAR and biological. IR= inverted repeats; Ins= Insulator flanking the two ends of the gene
insert; NFATpro= activation inducible promoter; BGHpA= bovine growth hormone
polyadenylation signal; EF1a= human elongation factor-1 alpha promoter; SV40= simian

virus late polyadenylation signal.
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[0030] Figures 12A-12B shows KMA-specific interferon-gamma production and

cytotoxicity of KM.CAR hCH2CH3 28z T-cells (Figure 12A) or
KM.CAR h 28TM_41BBz T-cells (Figure 12 B) standard chromium release assay with
KMA+ and KMA- cell lines. KMA positive cell lines used included JJN3, Pfeiffer, NCI-
H929, while KMA negative cell lines included Nalm-6 and Molt

DETAILED DESCRIPTION OF THE INVENTION

[0031] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although any methods and material similar or equivalent to those described herein
can be used in the practice for testing of the present invention, the preferred materials and
methods are described herein. In describing and claiming the present invention, the
following definitions will be used. It will also be understood that the terminology used herein
is not meant to be limiting but rather is used herein for the purpose of describing particular

embodiments.

[0032] The articles “a” and “an” are used herein to refer to one or more than one (i.e. to at

least one or to one or more) of the grammatical object of the article.

[0033] The term “expression vector” as used herein refers to a vector comprising a
recombinant nucleic acid sequence comprising at least one expression control sequence
operatively linked to the nucleic acid sequence to be expressed. An expression vector
comprises all necessary cis acting elements required for expression. Examples of expression
vectors include, but are not limited to, plasmids, cosmids, and viruses that encode the
recombinant polynucleotide to be expressed. In some embodiments, the expression vector
comprises transposable elements that are capable of integrating into the genome, for example,
the PiggyBac expression system. In some embodiments, the expression vector is a viral
vector that allows for integration of the expression vector contents into the host genome, for

example retroviral and lentiviral vectors.

[0034] By “chimeric antigen receptor” or “CAR” is meant an engineered receptor that
includes an extracellular antigen binding domain and an intracellular signaling domain.
While the most common type of CAR comprises a single-chain variable fragment (scFv)
derived from a monoclonal antibody fused to a transmembrane and intracellular domain of a
T cell co-receptor, such as the CD3( chain, the invention described herein is not limited to

these domains. Rather, as used herein “chimeric antigen receptor” or “CAR” refers to any
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receptor engineered to express and extracellular antigen binding domain fused or linked to

any intracellular signaling molecule.

[0035] As used herein the term “CAR-T cell” refers to a T lymphocyte that has been
genetically engineered to express a CAR. The definition of CAR T-cells encompasses all
classes and subclasses of T-lymphocytes including CD4" , CDS" T cells as well as effector T
cells, memory T cells, regulatory T cells, and the like. The T lymphocytes that are
genetically modified may be “derived” or “obtained” from the subject who will receive the
treatment using the generically modified T cells or they may “derived” or “obtained” from a

different subject.

[0036] By “intracellular signaling domain” is meant the portion of the CAR that is found or
is engineered to be found inside the T cell. The “intracellular signaling domain” may or may
not also contain a “transmembrane domain” which anchors the CAR in the plasma membrane
of a T cell. In one embodiment, the “transmembrane domain” and the “intracellular signaling
domain” are derived from the same protein (e.g. CD3() in other embodiments; the
intracellular signaling domain and the transmembrane domain are derived from different
proteins (e.g. the transmembrane domain of a CD3( and intracellular signaling domain of a

CD28 molecule, or vice versa).

[0037] By “co-stimulatory endodomain” is meant an intracellular signaling domain or
fragment thereof that is derived from a T cell costimulatory molecule. A non-limiting list of
T cell costimulatory molecules include CD3, CD28, 0X-40, 4-1BB, CD27, CD270, CD30
and ICOS. The co-stimulatory endodomain may or may not include a transmembrane

domain from the same or different co-stimulatory endodomain.

[0038] By “extracellular antigen binding domain” is meant the portion of the CAR that
specifically recognizes and binds to the antigen of interest. The “extracellular binding
domain” may be derived from a monoclonal antibody. For example, the “extracellular
binding domain” may include all or part of an Fab domain from a monoclonal antibody. In
certain embodiments, the “extracellular binding domain” includes the complementarity
determining regions of a particular monoclonal antibody. In still another embodiment, the

“extracellular binding domain” is a single-chain variable fragment (scFv).

[0039] By “single-chain variable fragment” or “scFv” is meant a fusion protein of the
variable heavy (VH) and variable light (VL) chains of an antibody with a peptide linker
between the VL and VH. The linker length and composition vary depending on the antibody

portions used, but generally are between about 10 and about 25 amino acids in length. In
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some embodiments, the peptide linker is a glycine rich to provide for flexibility. In some
embodiments, the linker also includes serine and/or threonine which may, without being
bound by theory, aid in solubility. In some embodiments, the linker is an amino acid with
SEQ ID NO: 23. ScFvs are designed to retain the antigen binding specificity of the parent
antibody from which their variable chains were derived despite lacking the immunoglobulin
heavy chain. In some embodiments, only the complementary determining regions (CDRs)
from the VH and VL are used in the scFV. In some embodiments, the entire VL and VH

chains are used.

[0040] The term “antibody” as used herein refers to an immunoglobulin molecule which
specifically binds to an antigen. Antibodies can be intact immunoglobulins derived from
natural sources or from recombinant sources and can be immunoreactive portions of intact
immunoglobulins. The antibodies in the present invention may exist in a variety of forms
including, for example, polyclonal antibodies, monoclonal antibodies, Fv, Fab and F(ab),, as
well as single chain antibodies and humanized antibodies (Harlow et al., 1999, In: Using
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, NY; Harlow et al.,
1989, In: Antibodies: A Laboratory Manual, Cold Spring Harbor, N.Y.; Houston et al., 1988
Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird et al., 1988, Science 242:423-426). As

2

used herein the term “antibody” also encompasses antibody fragments.

[0041] The term "antibody fragment" refers to a portion of an intact antibody and refers to
the antigenic determining variable regions of an intact antibody. Examples of antibody
fragments include, but are not limited to, Fab, Fab', F(ab')2, and Fv fragments, linear

antibodies, scFv antibodies, and multispecific antibodies formed from antibody fragments.

[0042] An "antibody heavy chain," as used herein, refers to the larger of the two types of
polypeptide chains present in all antibody molecules in their naturally occurring

conformations.

[0043] An "antibody light chain," as used herein, refers to the smaller of the two types of
polypeptide chains present in all antibody molecules in their naturally occurring

conformations. k and A light chains refer to the two major antibody light chain isotypes.

[0044] As used herein the term “complementarity determining region” or “CDR” refers to the
part of the two variable chains of antibodies (heavy and light chains) that recognize and bind
to the particular antigen. The CDRs are the most variable portion of the variable chains and

provide the antibody with its specificity. There are three CDRs on each of the variable heavy
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(VH) and variable light (VL) chains and thus there are a total of six CDRs per antibody

molecule.

[0045] By “KappaMab” is meant the monoclonal antibody previously termed IST-1097 or
MDX-1097. Furthermore, as used herein KappaMab may refer to the full antibody sequence
of the KappaMab antibody (See e.g. U.S. Patent Nos. 7,344,715 and 7,556,803 each of
which are hereby incorporated by reference in their entireties.) Additionally, the term
“KappaMab” as used herein is used to encompass any polypeptide containing the CDR
sequences of SEQ ID NOs: 3-8 and/or the VL sequence of SEQ ID NO: 2 and the VH
sequence of SEQ ID NO: 1. The term “KappaMab” as used herein can encompass any
polypeptide containing the VL sequence of SEQ ID NO: 21 and the VH sequence of SEQ ID
NO: 22. In the compositions and methods of the current invention, KappaMab may include
the full monoclonal antibody or any antigen binding fragment thereof including Fab and

scFv.

[0046] The term "antigen" or "Ag" as used herein is defined as a molecule that is recognized
by an immune cell receptor (e.g. a T cell receptor, B cell receptor/Immunogloblulin). In
some embodiments, an antigen is a molecule that elicits an immune response. This immune
response may involve either antibody production, or the activation of specific
immunologically-competent cells, release of cytotoxic mediators or immunostimulatory or
regulatory cytokines. The skilled artisan will understand that any macromolecule, including

virtually all proteins or peptides, can serve as an antigen.

[0047] As used herein the term “specifically binds” or “specifically recognizes” as used in
connections with an antibody, antibody fragment or CAR refers to a an antibody, antibody
fragment or CAR which recognizes a specific antigen but does not substantially recognize or

bind other molecules in a sample.

[0048] By “ribosomal skip” is meant an alternative mechanism of translation in which a
specific peptide prevents the ribosome of a cell from covalently linking a new inserted amino
acid and instead allows it to continue translation thus resulting in a co-translational cleavage
of the polyprotein. This process is induced by a “2A ribosomal skip” element or cis-acting
hydrolase element (e.g. CHYSEL sequence). In some embodiments, this sequence
comprises a non-conserved amino acid sequence with a strong alpha-helical propensity
followed by the consensus sequence —D(V/I)ExNPG P, where x=any amino acid. The

apparent cleavage occurs between the G and P. In some embodiments, the ribosomal skip
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element is a 2A ribosomal skip element. The 2A ribosomal skip element can be a 5° T2A

ribosomal skip element.

[0049] As used herein “immunomodulatory drug” or “IMiD” is a class of drugs that
constitute thalidomide and its analogs. Thalidomide analogs include lenalidomide,

pomalidomide and apremilast.

[0050] As used herein the term “histone deacetyalse inhibitor” or “HDAC inhibitor” or
“HDI” refers to a class of compounds that interferes with the function of histone deacetylase.
Examples of HDIs include, but are not limited to, hyroxamic acids including, for example,
trichostatin A, vorinostat (SAHA), belinostat (PXD101), LAQ824, panobinostat (LBH589);
cyclic tripeptides, including for example, depsipeptides and tapoxin B; benzamides, including
for example, entinostat (MS-275), CI994 and mocetinostat (MGCDO0103); electrophilic

ketones; and aliphatic compounds, such as for example, phenylbutyrate and valproic acid.

Kappa Myveloma Anticen and Antibodies

[0051] Kappa myeloma antigen or KMA is a cell membrane antigen that is found on the
surface of myeloma cells. Specifically, KMA consists of free kappa light chains expressed
in non-covalent association with actin on the cell membrane (Goodnow et al. (1985) J.
Immunol. 135:1276). While any antibody that specifically binds to KMA may be used in
accordance with the present invention, in a preferred embodiment the KappaMab monoclonal
antibody will be used as a basis for the extracellular antigen binding domain of the CARs of
the current invention. The monoclonal antibody designated KappaMab (formally designated
IST-1097, also known as MDX-1097) binds to a conformational epitope in the switch region
of human kappa free light chain that is only available when the kappa chain is not associated
with a heavy chain and therefore does not bind to intact kappa-chain containing IgG, IgM,
IgE or IgA (Hutchinson et al. (2011) Mol. Immunol.). Typical expression of KMA on
primary myeloma cells derived from patient bone marrow biopsies is shown by KappaMab
binding in Figure 3. The KappaMab antibody can comprise the VH chain of SEQ ID NO: 1
and the VL chain of SEQ ID NO: 2. More specifically the KappaMab VH chain can comprise
the CDRs of SEQ ID NO: 3-5 and the VL CDRs of SEQ ID NO: 6-8. Additionally, the
KappaMab can comprise VH region of SEQ ID NO: 22 and a VL region of SEQ ID NO: 21.

Chimeric Antigen Receptors

[0052] Chimeric antigen receptors (CARs) are artificial receptors consisting of the tumor

antigen binding regions of monoclonal antibodies and the intracellular activating portion of
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the T cell receptor complex in a single polypeptide chain held together by a series of linker(s)

and spacer(s) (Figures 1A-1B). Most commonly, CARs are fusion proteins of single-chain
variable fragments (ScFv) fused to the CD3(C transmembrane domain. However, other
intracellular signaling domains such as CD28, 41-BB and Ox40 may be used in various
combinations to give the desired intracellular signal. In some embodiments, the CARs
provided herein comprise an Ig Heavy Chain Leader peptide. The leader peptide can be SEQ
ID NO: 20.

I. Extracellular Antigen Binding Domain

[0053] In one embodiment, the CAR of the current invention comprises an extracellular
antigen binding domain from a monoclonal antibody that is specific for one or more KMA
epitopes expressed on MM cells. In one embodiment, the CAR of the current invention
comprises an extracellular antigen binding domain from KappaMab. In one embodiment, the
extracellular binding domain comprises the VL. CDRs of SEQ ID NOs: 6-8 and VH CDRs of
SEQ ID NOs: 3-5. In a particular embodiment, the extracellular binding domain is a scFv
comprising the VL (SEQ ID NO: 2) and VH (SEQ ID NO: 1) domains of KappaMab. In
another embodiment, the extracellular binding domain is a scFv comprising the VL (SEQ ID

NO: 21) and VH (SEQ ID NO: 22) domains of KappaMab.
II. Linker between VL and VH domains of KappaMab scFv

[0054] In a further embodiment, the KappaMab VL is linked to the KappaMab VH via a
flexible linker. Specifically, the flexible linker is a glycine/serine linker of about 10-30
amino acids (for example 30, 25, 20, 19, 18,17, 16, 15, 14, 13, 12,11, 10,9, 8, 7,6, or 5
amino acids) and comprises the structure (GlysSer);. In a particular embodiment the linker is
15 amino acids in length. Linker length is an important determinant of a CAR. Without
being bound by theory, shorter linkers may enhance affinity but can also lead to intracellular
multimer formation thus impairing expression of the CAR whereas longer linkers tend to

decrease antigen affinity by moving the VL and VH CDRs further apart in space.
III. Spacers between extracellular antigen binding domain and intracellular signaling domain

[0055] The extracellular antigen binding domain (e.g. KappaMab scFv) is linked to the
intracellular signaling domain by the use of a “spacer”. The spacer is designed to be flexible
enough to allow for orientation of the antigen binding domain in such a way as facilitates
antigen recognition and binding. The spacer may derive from immunoglobulins themselves

and can include the IgG1 hinge region or the CH2 and/or CH3 region of an IgG.
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Alternatively, the hinge may comprise all or part of a CD8c. chain. The length and flexibility
of the spacer(s) is dependent on both the antigen recognition domain as well as the
intracellular binding regions and what may be functional and/or optimal for one CAR
construct may not be for another CAR. In certain instances the spacer may be designated
herein as “opti” (See Figures 6A-6C) to signify that optimal spacer identity and length varies
depending on the extracellular binding portion used and the intracellular signaling domains
selected. In certain embodiment, an IgG hinge alone is used. In other embodiments, the IgG
hinge is used together with all or part of IgG CH2 domain. In other embodiments, the IgG
hinge is used together with all or part of an I[gG CH3 domain. In other embodiments the IgG
hinge is used together with all or part of both an IgG CH2 and CH3 domain. In other
embodiments, all or part of an IgG CH2 domain is used. In other embodiments, all or part of
an IgG CH3 domain is used. In still other embodiments all or part of both an IgG CH2 and
CH3 domain is used. In one embodiment, the hinge, CH2 and CH3 domains used in any of
the constructs provided herein comprises a C to P mutation in the hinge region at amino acid
position 103 of Uniprot PO1857). In one embodiment, the hinge, CH2 and CH3 domains used
in any of the constructs provided herein is SEQ ID NO: 24. In another embodiment, the hinge
is used together with all or part of both an IgG CH2 and CH3 domain, wherein mutations are
introduced at amino acids important for CH2 interaction with Fc-receptors. These mutations
may mediate improved survival post infusion by decreasing Fc interaction with CAR T-cells
provided herein. An example of these mutations can be seen in the
KM.CAR _hCH2CH3mut 28TM_41BBz construct shown in Example 3 as provided herein.
In a further embodiment still, a CD8a polypeptide is used. In a further embodiment, the
spacer (e.g., derived from immunoglobulin domains as described herein) can be attached to
the scFV via a flexible linker. Specifically, the flexible linker is a glycine/serine linker of
about 10-30 amino acids (for example 30, 25, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8,
7, 6, or 5 amino acids) and comprises the structure (GlysSer), where X is 1-5. In other

embodiments, the glycine/serine linker comprises (Gly,Ser);.
IV. Intracellular Signaling Domain

[0056] The intracellular signaling domain comprises all or part of the CD3( chain.

CD3(, also known as CD247, together with either the CD4 or CD8 T cell co-receptor is
responsible for coupling extracellular antigen recognition to intracellular signaling cascades.
In one embodiment, the CD3( used in any of the constructs provided herein is SEQ ID NO:
26.
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[0057] In addition to the including of the CD3( signaling domain, the inclusion of co-
stimulatory molecules has been shown to enhance CAR T-cell activity in murine models and
clinical trials. Several have been investigated including CD28, 4-1BB, ICOS, CD27, CD270,
CD30 and OX-40. The CAR of the current invention, in addition to including the KappaMab
scFv, flexible linker, optimal hinge and CD3( chain also include one or more additional
costimulatory domains from CD28, 4-1BB, ICOS, CD27, CD270, CD30 and/or OX-40, for
example. These co-stimulatory domains are selected based on the desired functionality of the
resulting CAR T-cell. Exemplary combinations are shown, for example, in Figures 6A-6C.
In addition to altering the length of the extracellular hinge, the inclusion of particular
combinations of costimulatory domains (e.g. CD28, OX-40, 4-1BB) also enhances the
proliferation and survival of CAR T-cells in vivo. In one embodiment, the CD28 domain

used in any of the constructs provided herein is SEQ ID NO: 25.

Co-Expression of Biologically Active Molecules

[0058] The CAR T-cells of the current invention have the added benefit, when compared to
the use of the KappaMAb alone to be further modifiable to contain additional biologically
active molecules to enhance the anti-tumor function and/or safety of the compositions. In
one embodiment, the CAR T-cells may be further genetically modified to produce antitumor
cytokines which allow for focused delivery to the tumor microenvironment/cancer cells,
while avoiding systemic toxicity. Examples of additional biologically active molecules
which may enhance the anti-tumor response of the CAR T-cells of the current invention
include, without limitation, IL-12, the carbohydrate binding protein Galectin-3 (GAL3) or it’s
truncated form, GAL3C, and the cytokine receptor super antagonist SANT7. In another
embodiment, CAR T-cells of the current invention may also be co-transduced with a plasmid
that expresses a hepatocyte growth factor (HGF) binding protein. In one embodiment, the
hepatocyte growth factor protein is an antibody or fragment thereof that is able to bind to and
inhibit the function of HGF.

[0059] IL-12 is a potent tumor suppressor cytokine, decreasing tumor growth and
angiogenesis and enhancing the tumor specific immune response. Multiple myeloma cells
retain expression of the IL-12 receptor and administration of IL-12 to myeloma bearing mice
decreases tumor progression as a single agent and acts synergistically with the proteasome
inhibitor bortezomib (Airoldi, et al. (2008) Blood, 112(3):750-759; Wang, et al. (2014)
Anticancer Drugs, 25(3): 282-288). Expression of IL-12 by CAR T-cells dramatically

enhances their ability to eradicate solid tumors but this approach has not yet been investigated
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in multiple myeloma (Pegram, (2012) Blood, 119(180:4133-4141 and Zhang, et al. (2011)

Mol. Ther. 19(4):751-759).

[0060] SANT7 is a cytokine receptor super-antagonist. It is an analogue of IL-6 that has
been genetically modified to enhance its binding to the IL-6 receptor a-subunit 70-fold, with
virtually no interaction with the gp130 signaling subunit. SANT7 induces apoptosis in [L-6
dependent myeloma cell lines in-vitro, overcomes stroma mediated resistance to
dexamethasone in in-vitro and murine model and combined with NFkB inhibitors,
completely overcomes resistance to apoptosis. IL-6 is a cytokine which plays a role in the
growth and survival of a variety of tumors including multiple myeloma, lung cancer,
colorectal cancer, breast cancer and others. Binding of IL-6 to its receptor activates the JAK-
STAT pathway, with subsequent phosphorylation of STAT3 which modulates expression of
apoptosis related genes such as BCL-XL and p53, causing resistance to apoptosis. IL-6 also
promotes down-regulation of the IL-12 receptor on myeloma cells, decreasing IL.-12’s tumor
suppressive properties. (Airoldi, et al. (2008) Blood, 112(3):750-759). The IL-6 receptor is
upregulated in myeloma and elevated systemic levels of IL-6 correlate with a poor prognosis.
(Rawstron, et al. (2000) Blood 96(12) 3880-3886; Ludwig, et al. (1991) Blood, 77(12):2794-
2795). Monoclonal antibodies to IL-6 have been developed for clinical use, however,
although early clinical trials in myeloma showed measurable biological effects, the antibodies
appeared to form complexes with circulating IL-6, leading to reduced clearance and
potentially limiting their efficacy. (Bataille, et al. (1995) Blood, 86(2): 685-691). Recently,
the chimeric IL-6 specific monoclonal antibody Siltuximab has been assessed in phase I and
II clinical trials in relapsed and refractory multiple myeloma. There were no responses to
Siltuximab alone, but hematological toxicity was common with more than half experiencing

therapy related infections.

[0061] Galectin-3 is a carbohydrate binding protein which may play a role in tumour
adhesion and invasion. A truncated form of Galectin-3, Gal3C, acts as a dominant negative
form and can inhibit myeloma cell growth and invasion. A Gal3C construct for activation
inducible secretion was designed based on John et al (2003) Clin Cancer Res., 9(6):2374-83
and Mirandola et al. (2011) PLoS One, 6(7):€21811. This consists of the 143 amino acid
carboxy terminal which retains its carbohydrate binding properties, but lacks the N-terminal
amino acids required for ligand crosslinking. The construct also contains the CD8-alpha

leader peptide to direct secretion and a 6xHis tag for detection.
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[0062] In certain embodiments, in addition to expression vectors containing the CAR
construct described above, T cells are further modified with one or more expression vectors
comprising IL-12, SANT7 and/or GAL3C. Specifically, expression constructs expressing a
single chain IL-12 comprising the IL-12 p35 subunit linked to the IL-12 p40 subunit are
particularly useful in that the resulting protein is a fully bioactive IL-12 p70 heterodimer,
however, expressed as a single polypeptide. In one embodiment, the single chain IL-12
construct, termed Flexi-12, is described, for example in Anderson, et al. (1997) Hum. Gene
Ther. 8(9):1125-35 isused. The IL-12 single chain construct may be expressed in the same
expression vector as the CAR construct or it may expressed in a separate expression vector
and co-transduced into the T cell. Similarly, T cells transduced with the CAR construct
described above, may be co-transduced with an additional expression vector comprising
SANT7 and/or GAL3C, alternatively, one expression vector may be used to transduce T cells
with both of SANT7 and GAL3C either alone or in combination and the CAR construct
described above. In another embodiment three expression vectors may be used, one
expressing the CAR construct, one expressing the single chain IL-12 construct and one
expressing the SANT7 construct. A similar strategy may be used to co-express GAL3C with
IL-12 and/or SANT7. Alternatively, the IL-12, GAL3C and/or SANT7 construct may be
expressed via a single expression vector while the CAR construct is expressed by its own
expression vector. One of skill in the art will appreciate the different combinations and

possibilities for expressing these molecules in the same T cell.

HGF Binding Protein
[0063] Hepatocyte growth factor (HGF) and its receptor, MET have been implicated in

cancer development and progression, in particular in tumor invasion and progression to
metastatic disease. Multiple myeloma cells express both HGF and MET, thus creating both
an autocrine and paracrine loop whereas normal plasma cells do not express HGF (Zhan et al.
(2002); Borset, et al. (1996). Furthermore, HGF concentrations are significantly increased in
the blood and bone marrow of plasma patients with multiple myeloma and high serum HGF
levels correlate with advanced stage disease and extensive bone lesions (Seidel et al. (1998);
Wader, et al. (2008); Alexandrakis, et al. (2003). Furthermore, serum biomarker analysis of
patients in a phase I trial with KappaMab shows statistically significant dose related decrease
in serum HGF after treatment with KappaMab compared to control. In order to enhance this
reduction in serum HGF, in certain embodiments an HGF binding protein will be expressed

in the CAR T-cells of the current invention. In a particular embodiment, the HGF binding
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protein expressed is an antibody or fragment thereof. In a particular embodiment, the anti-
HGF binding protein is an antibody, a diabody, a scFv or an Fab. In one embodiment, the
HGF binding protein is expressed in the same expression vector as the CAR construct. In a
further embodiment, the HGF binding protein is expressed in a separate expression vector but
is co-transduced with the CAR construct. In still a further embodiment, the CAR-T cell
expresses the CAR, an HGF binding protein and IL-12. In still a further embodiment, the
CAR-T cell expresses the CAR, an HGF binding protein and SANT7. In still a further
embodiment, the CAR-T cell expresses the CAR, an HGF binding protein and GAL3C. In
still a further embodiment, the CAR-T cell expresses the CAR, an HGF binding protein and
IL-12 and GAL3C. In still a further embodiment, the CAR-T cell expresses the CAR, an
HGF binding protein and SANT7 and GAL3C. In still another embodiment, the CAR-T cell
expresses the CAR, an anti-HGF binding protein, IL-12 and SANT7. In still a further
embodiment, the CAR-T cell expresses the CAR, an HGF binding protein, IL-12, SANT7
and GAL3C.

Methods of Producing the CAR T-cells of the Present Invention

[0064] In one aspect, methods are provided for generating CAR T-cells expressing the
CARC(s) described herein and optionally one or more anti-tumoral cytokine (e.g. IL-12 and/or
SANT?7) and/or one or more HGF binding protein. One of skill in the art will readily
understand that while preferred methods of constructing expression vectors containing the
CARs and anti-tumoral cytokines/antibodies of the present invention are described herein,
that any methods which are able to transduce T cells to express these constituents may be

used.

[0065] In one embodiment, T cells are obtained from the blood of a subject by venous
puncture, aspiration of bone marrow, steady state leukapheresis or cytokine primed
leukapheresis and subsequent isolation of peripheral blood mononuclear cells including T
cells using density gradient separation. In certain embodiments, after lysing red blood cells,
T cells are sorted by flow cytometry or purified using antibodies to antigens expressed on T
cells and magnetic beads to obtain a population of pure T cells. In a particular embodiment,
T cells are sorted based on their expression of CD3 to obtain a whole T cell fraction. In
another embodiment T cells are sorted based on their expression of CD4 or CDS8 to obtain a
population of either CD4™ T cells or CD8™ T cells. In a particular embodiment, T cells are
obtained from the subject in need of CAR T-cell therapy. In another embodiment, T cells are

obtained from a donor subject who is not the intended recipient of CAR T-cell therapy.
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[0066] In one embodiment, separated T cells are cultured in vivo under conditions suitable
for their survival and are transduced with expression vectors containing the sequences
necessary for expression of the CARs described herein and/or IL-12, SANT7, GAL3C and/or
an HGF binding protein. In one embodiment, the expression vector is a transposable vector
expression system. In a particular embodiment, the expression vector is a PiggyBac
transposon expression plasmid or a viral vector (e.g. retroviral vector or lentiviral vector). In
one embodiment, the PiggyBac transposon expression plasmid is inducible such as, for
example, the PiggyBac transposon plasmid described in the Examples provided herein. In one
embodiment, the PiggyBac transposon expression plasmid comprises a constitutively active
promoter and/or an activation inducible promoter. The constitutively active promoter can be
an elongation factor 1 alpha (EF 1alpha) promoter. The activation inducible promoter can be a
(NFAT pro) promoter. In one aspect, a PiggyBac expression plasmid is used and produces
permanent integration of the CAR by cutting and pasting the CAR, IL-12, SANT-7, GAL3C
and/or HGF binding protein coding sequences into the T cell’s genome. In a particular
embodiment, the expression vectors of the current invention further comprise a detectable
marker which allows for identification of T cells that have been successfully transduced with
the one or more expression vectors. In one embodiment, the detectable marker is chosen
from the group consisting of a cell surface marker such as CD34 or CD20 or another surface
protein, a fluorophore such as fluorescein isothiocyanate or any other fluorescent dye that
emits light when excited to a higher energy state including by a laser, and an antibiotic
resistance cassette such as kanamycin resistance, ampicillin resistance or any other cassette
that confers resistance to an antibiotic substance contained in medium in which transduced T
cells are to be cultured. In one embodiment, the detectable marker is a green fluorescence
protein (GFP). The GFP can be an enhanced GFP, such as, for example, the constructs shown
in the Examples provided herein. In a particular embodiment, each expression vector used
(e.g. one expression vector comprising a CAR, and one comprising an IL-12, GAL3C and/or
SANT-7 and one comprising an HGF binding protein) comprises a unique detectable marker.
In one embodiment, the expression vectors are transduced into the T cell by a method suitable
for the expression vector(s) selected. In one embodiment, the PiggyBac expression vector is

transduced into T cells by electroporation.

[0067] After introduction of the appropriate expression vectors, T cells may be cultured and
expanded in vitro by co-culture with autologous peripheral blood mononuclear cells
(PBMCs) and the appropriate growth factors and further screened for the presence of the one

or more detectable markers. T cells expressing the appropriate detectable markers for the
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expression vectors chosen may then be sorted and purified for use in the methods of the

current invention.

Methods of treating KMA-Expressing Malignancies

[0068] In one aspect, methods are provided for treating subjects in need thereof with the
CAR T-cells provided herein. In a particular aspect, the subject in need thereof is a human
subject who has been diagnosed with or is suspected of having a malignancy that expresses
KMA, for example a B cell malignancy expressing KMA. In certain embodiments, a patient
has or is suspected of having multiple myeloma (MM), Waldenstroms macroglobulinemia,
diffuse large B cell lymphoma (DLBCL), or amyloidosis. Methods for diagnosing B cell
malignancies expressing KMA, for example, multiple myeloma (MM) Waldenstroms
macroglobulinemia, diffuse large B cell lymphoma (DLBCL), and amyloidosis are known in
the art, and as such are not described in detail herein. The CAR T-cells may be used alone or
in combination with other therapeutically effective agents for the treatment of multiple
myeloma (MM) Waldenstroms macroglobulinemia, diffuse large B cell lymphoma (DLBCL),
amyloidosis or another B cell malignancy expressing KMA. In certain aspects, the CAR T-
cells of the current invention are administered in a pharmaceutical formulation suitable for

intravenous delivery.

[0069] In certain aspects, the CAR T-cells of the current invention are administered before,
during or after one or more immunomodulatory drugs. In a particular aspect, the one or more
immunomodulatory drugs is thalidomide or a thalidomide analog such as, for example,

lenolidomide or pomalidomide.

[0070] In certain aspects of the invention, the CAR T-cells of the current invention act

synergistically when administered with one or more immunomodulatory drugs.

[0071] In a further embodiment, the CAR T-cells of the current invention are administered
before, during or after treatment with one or more histone deacetylase inhibitors such as
panobinostat, vorinostat, trichostatin A, depsipeptides, phenylbutyrate, valproic acid,

belinostat, LAQS824, entinostat, CI944 or mocetinostat.

[0072] In certain aspects of the invention, the CAR T-cells of the current invention act
synergistically when administered in combination with one or more histone deacetylase

inhibitors.

[0073] In certain aspects of the invention, the CAR T-cells of the current invention act

synergistically when administered in combination with intermediate or high dose
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chemotherapy and following administration of autologous or allogenic human blood stem

cells.

[0074] In one embodiment, the CAR T-cells of the current invention are administered before,
during or after an allogenic stem cell transplant. In still another embodiment, the CAR T-cells
of the current invention are administered before during or after an allogenic stem cell
transplant. Without being bound by theory, the CAR T-cells of the present invention, when
administered in combination with an autologous or allogeneic stem cell transplant prevent the
appearance of minimal residual disease that may occur by incomplete ablation of the bone
marrow prior to stem cell transplant or by reemergence of malignant B cell clones expressing

KMA.

[0075] All patents, patent applications, and publications cited herein are expressly

incorporated by reference in their entirety for all purposes.

EXAMPLES

[0076] The invention is further described in detail by reference to the following experimental
examples. These examples are provided for the purposes of illustration only and are not
intended to be limiting unless otherwise specified. Thus, the invention should in no way be
construed as being limited to the following examples, but rather, should be construed to
encompass any and all variations which become evident as a result of the teaching provided

herein.

[0077] Without further description, it is believed that one of ordinary skill in the art can using
the preceding description and following examples, make and utilize the compounds of the
present invention and practice the claimed methods. The following working examples,
therefore, specifically point out the preferred embodiments of the present invention and are

not to be construed as limiting in any way the remainder of the disclosure.

EXAMPLE 1: Generation of KMA CAR-28z

[0078] Based on the nucleotide sequence coding for the variable regions of KappaMab (SEQ
ID NOS: 9 and 10), a scFv was designed and cloned into a CAR construct containing an
immunoglobulin heavy chain hinge, a CD28 co-stimulatory domain and the CD3-zeta
endodomain (Figure 6A). The construct was designed in Clone Manage 9 (Sci-Ed Software)

using the genetic sequence of the antibody variable regions provided byHaemalogix Pty Ltd.
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The amino acid sequence from 5’ to 3’ of portions of this construct(i.e., KM.CAR-

hCH2CH3-28z; Figure 6A) are as follows:

[0079] The Ig heavy chain leader peptide (Uniprot PO1764) is
MEFGLSWLFLVAILKGVQCSR (SEQ ID NO: 20).

[0080] The KappaMab antibody light chain variable region is
DIVMTQSQKFMSTSVGDRVSVTCKASQNVGTNVAWYQQKPGQSPKALIYSTSYRYS
GVPDRFTGSGSGTDFTLTISNVQSEDLAEYFCQQYNSYPYTFGGGTKLEIK (SEQ ID
NO: 21).

[0081] The heavy chain variable region is
EVQLQQSGAELVKPGASVKLSCTASGFNIKDTYMHWVKQRPEQGLEWIGRIDPANG
NTKYDPKFQGKATITADTSSNTAYLQLSSLTSEDTAVYYCARGVYHDYDGDYWGQG
TTLTVSSYVTVSS (SEQ ID NO: 22).

[0082] The (G4S); flexible linker 1s GGGGSGGGGSGGGGS (SEQ ID NO: 23).

[0083] The hinge, CH2 and CH3 domains of IgG1 constant region with a C>P mutation in
the hinge region at amino acid position 103 (Uniprot PO1857) is
YVTVSSQDPAEPKSPDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSD
IAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGKKDPK (SEQ ID NO: 24).

[0084] The transmembrane and intracellular domains of CD28 (Uniprot P10747) is
FWVLVVVGGVLACYSLLVTVAFIOIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP
YAPPRDFAAYRS (SEQ ID NO: 25).

[0085] The intracellular domain of human CD3 zeta (Uniprot P20963) is
RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALP
PR (SEQ ID NO: 26).

[0086] The full length amino acid sequence as follows is
MEFGLSWLFLVAILKGVQCSRDIVMTQSQKFMSTSVGDRVSVTCKASQNVGTNVA
WYQQKPGQSPKALIYSTSYRYSGVPDRFTGSGSGTDFTLTISNVQSEDLAEYFCQQY
NSYPYTFGGGTKLEIKGGGGSGGGGSGGGGSEVQLQQSGAELVKPGASVKLSCTAS
GFNIKDTYMHWVKQRPEQGLEWIGRIDPANGNTKYDPKFQGKATIIADTSSNTAYLQ

26



WO 2016/172703 PCT/US2016/029203
LSSLTSEDTAVYYCARGVYHDYDGDYWGQGTTLTVSSYVTVSSQDPAEPKSPDKTH

TCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK VSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKKDP
KFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQ
PYAPPRDFAAYRSRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR (SEQ ID NO: 27).

[0087] This amino acid sequence (SEQ ID NO: 27) is encoded by the following DNA

sequence:

[0088] ATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGGTGTC
CAGTGCTCTAGAGACATCGTCATGACCCAGTCTCAAAAATTCATGTCCACATCAG
TAGGAGACAGGGTCAGCGTCACCTGCAAGGCCAGTCAGAATGTGGGTACTAATG
TAGCCTGGTATCAACAGAAACCAGGGCAATCTCCTAAAGCACTGATTTACTCGAC
ATCCTACCGGTACAGTGGAGTCCCTGATCGCTTCACAGGCAGTGGATCTGGGACA
GATTTCACTCTCACCATCAGCAATGTGCAGTCTGAAGACTTGGCAGAGTATTTCT
GTCAGCAATATAACAGCTATCCGTACACGTTCGGAGGGGGGACCAAGCTGGAAA
TAAAGGGTGGCGGTGGCTCGGGCGGTGGTGGGTCGGGTGGCGGCGGATCTGAGG
TGCAGCTGCAGCAGTCAGGGGCGGAGCTTGTGAAGCCAGGGGCCTCAGTCAAGT
TGTCCTGTACAGCTTCTGGCTTCAACATTAAAGACACCTATATGCACTGGGTGAA
GCAGAGGCCTGAACAGGGCCTGGAGTGGATTGGAAGGATTGATCCTGCGAATGG
TAACACTAAATATGACCCGAAGTTCCAGGGCAAGGCCACTATAATAGCAGACAC
ATCCTCCAACACAGCCTACCTGCAGCTCAGCAGCCTGACATCTGAGGACACTGCC
GTCTATTACTGTGCTAGGGGGGTCTACCATGATTACGACGGGGACTACTGGGGCC
AAGGGACCACGCTCACCGTCTCCTCCTACGTCACCGTCTCTTCACAGGATCCCGC
CGAGCCCAAATCTCCTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGA
ACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTC
ATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAA
GACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCC
AAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTC
CTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTC
TCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGG
CAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACC
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AAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC

GCCGTGGAGTGGGAGAGCAATGGGCAACCGGAGAACAACTACAAGACCACGCC
TCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGAC
AAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCT
CTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAAAAGAT
CCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGC
TAGTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCT
GCACAGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCA
TTACCAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAGAGTGAAG
TTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTAT
AACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGT
GGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGG
CCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGG
GATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCT
CAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCT
CGC (SEQ ID NO: 28).

[0089] In terms of constructing this construct, a gene sequence consisting of a 5 EcoRI
restriction enzyme site, a 5° Kozak sequence, Leader Peptide, single chain variable fragment
and a portion of the IgG1 constant region incorporating an Alel restriction enzyme site, was
synthesised by GeneArt (ThermoFisher Scientific), sequence verified and then cloned into the
pIRII-CAR.CD19-28z PiggyBac transposon expression plasmid. This was then introduced
into donor T-cells from 2 normal donors by co-electroporation with the PiggyBac
Transposase plasmid to mediate stable integration. The PiggyBac transposon/transposase
system produces permanent integration of the CAR by cutting and pasting the gene of interest
into the target cell genome. The PiggyBac expression system was chosen because it is
capable of producing high levels of permanent genetic modification at a fraction of the cost
of retroviral vectors. However, one of skill in the art will understand that other expression
systems, including retroviral vectors could also be used in accordance with the current

invention.

[0090] The KM.CAR-hCH2CH3-28z expressing T-cells were expanded according to our
optimised protocols by co-culturing with autologous peripheral blood mononuclear (PBMC)
feeder cells supplemented with interleukin-15 (IL-15) 10ng/ml. After culturing for 3 weeks
with replacement of PBMCs on a weekly basis and replenishment of IL-15 two to three times

per week, T-cells were harvested and assessed for phenotype and CAR expression by flow
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cytometry, KMA-specific function by interferon gamma intracellular cytokine flow
cytometry on stimulation with KMA+ and KMA- cell lines (Figure 4A) and cytotoxicity of

the same cell lines in a chromium release assay.

[0091] At the end of 3 weeks, the cultures were predominantly CAR expressing CD3" T-cells
(55% and 70% of live cells), expressed interferon-gamma in response to KMA ™ myeloma and

B-cell lines (Figure 4B) and demonstrated KMA-specific cytotoxicity (Figure 4C).

Example 2: Establishing a human mveloma xenograft murine model.

[0092] A human myeloma to mouse xenotransplant model of multiple myeloma was
established. RPMI8226 or alternative myeloma cell lines were inoculated i.v. into Rag2-/-
yc-/- (BALB/c) mice to form the Rag MM model (Figure SA-SD). The Rag2-/-yc-/-
(BALB/c) mice lack mouse lymphocytes (T, B and NK cells) and are receptive hosts for
human xenograft studies. This model has been used successfully to test novel therapeutics
such as bortezomib in combination with a novel antibody (Figure SE). We will use this MM

model to test and further optimize the KMA.CAR T cells.

Example 3: Optimized KMA .CAR Constructs

[0093] Based on the construct described in Example 1, 6 CAR constructs containing the KM
scFv described in Example 1 with variable length spacer regions and co-stimulatory
endodomains (e.g., CD28 or 4-1BB (CD137-Uniport Q07011)) with the CD3 zeta
endodomain were constructed (Figure 2 & Figures 6B-6D). Varying the spacer length
altered the distance between the T-cell and the target cell with a shorter spacer potentially
enhancing target cell lysis. In all constructs, the CD28 transmembrane domain was used to
ensure stable T-cell surface expression of the KMA.CARs. In all cases where components of
the IgG1 heavy chain constant region was used as a spacer, a second (G45); flexible linker
was placed between the scFv and the spacer region. These CARs were synthesised
commercially by genscript and cloned into a pVAX1PB PiggyBac transposon plasmid for
further testing.

[0094] 3 of the 6 KM.CAR constructs contained aCD28 Costimulatory Endodomain and

were as follows:

[0095] The first construct of this group was the KM.CAR hCH3 28z construct, which
contains only the hinge and CH3 domains of IgG1 heavy chain constant region as the spacer

and whose nucleic acid sequence is as follows:
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[0096] ATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGGTGTC

CAGTGCTCTAGAGACATCGTCATGACCCAGTCTCAAAAATTCATGTCCACATC
AGTAGGAGACAGGGTCAGCGTCACCTGCAAGGCCAGTCAGAATGTGGGTAC
TAATGTAGCCTGGTATCAACAGAAACCAGGGCAATCTCCTAAAGCACTGATT
TACTCGACATCCTACCGGTACAGTGGAGTCCCTGATCGCTTCACAGGCAGT
GGATCTGGGACAGATTTCACTCTCACCATCAGCAATGTGCAGTCTGAAGACT
TGGCAGAGTATTTCTGTCAGCAATATAACAGCTATCCGTACACGTTCGGAGG
GGGGACCAAGCTGGAAATAAAGGGTGGCGGTGGCTCGGGCGGTGGTGGGTCG
GGTGGCGGCGGATCTGAGGTGCAGCTGCAGCAGTCAGGGGCGGAGCTTGTGAAGCC
AGGGGCCTCAGTCAAGTIGTCCTGTACAGCTTCTGGCTTCAACATTAAAGACACCTATA
TGCACTGGGTGAAGCAGAGGCCTGAACAGGGCCTGGAGTGGATIGGAAGGATTGATC
CTGCGAATGGTAACACTAAATATGACCCGAAGTTCCAGGGCAAGGCCACTATAATAGC
AGACACATCCTCCAACACAGCCTACCTGCAGCTCAGCAGCCTGACATCTGAGGACACT
GCCGTCTATTACTGTGCTAGGGGGGTCTACCATGATTACGACGGGGACTACTGGGGC
CAAGGGACCACGCTCACCGTCTCCTCCGGTGGAGGCGGGTCTGGGGGCGGAGGTT
CAGGCGGGGGTGGTTCCGAGCCCAAATCTCCTGACAAAACTCACACATGCCC
AGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGA
GCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCC
CAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTA
CAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGC
AAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGC
TCCGTGATGCATGAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCC
CTGTCTCCGGGTAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCT
ATAGCTTGCTAGTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGC
AGGCTCCTGCACAGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCC
GCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAGA
GIGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCT
CTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGT
GGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCT
GTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAA
GGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTIACCAGGGTCTCAGTACAGC
CACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCICGC (SEQ ID
NO: 29).
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[0097] From 5’ to 3’, this construct (SEQ ID NO: 29) has a leader peptide, a KappaMab

light chain variable region, a (G4S); linker, a KappaMab heavy chain variable region, a
second (G48); linker, an IgG1 hinge & CH3 constant region domains, « CD28

transmembrane and intracellular domains, and a CD3 zeta intracellular domain. A diagram

of this construct is shown in Figure 6B.

[0098] The second construct of this group is the KM.CAR _h 28z construct, which contains
only the hinge domain of IgG1 heavy chain constant region as the spacer, and whose nucleic

acid sequence is as follows:

[0099] ATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGGTGTC
CAGTGCTCTAGAGACATCGTCATGACCCAGTCTCAAAAATTCATGTCCACATC
AGTAGGAGACAGGGTCAGCGTCACCTGCAAGGCCAGTCAGAATGTGGGTAC
TAATGTAGCCTGGTATCAACAGAAACCAGGGCAATCTCCTAAAGCACTGATT
TACTCGACATCCTACCGGTACAGTGGAGTCCCTGATCGCTTCACAGGCAGT
GGATCTGGGACAGATTTCACTCTCACCATCAGCAATGTGCAGTCTGAAGACT
TGGCAGAGTATTTCTGTCAGCAATATAACAGCTATCCGTACACGTTCGGAGG
GGGGACCAAGCTGGAAATAAAGGGTGGCGGTGGCTCGGGCGGTGGTGGGTCG
GGTGGCGGCGGATCTGAGGTGCAGCTGCAGCAGICAGGGGCGGAGCTTGIGAAGCC
AGGGGCCTCAGTCAAGTTGTCCTGTACAGCTTICTGGCTTCAACATTAAAGACACCTATA
1GCACTGGGTGAAGCAGAGGCCTGAACAGGGCCTIGGAGTGGATTGGAAGGATTGATC
CTGCGAATGGTAACACTAAATATGACCCGAAGTTCCAGGGCAAGGCCACTATAATAGC
AGACACATCCICCAACACAGCCTACCTGCAGCTCAGCAGCCIGACATCTGAGGACACT
GCCGTCTATTACTGTGCTIAGGGGGGICIACCATGATTACGACGGGGACTACTGGGGC
CAAGGGACCACGCTCACCGICTCCTCCGGTGGAGGCGGGTCTGGGGGCGGAGGTT
CAGGCGGGGGTGGTTCCGAGCCCAAATCTCCTGACAAAACTCACACATGCCCA
TTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAAC
AGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCACAGTG
ACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTACCAGCCC
TATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAGAGTGAAGTICAGCAGGAG
CGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCICTATAACGAGCTCAAICT
AGGACGAAGAGAGGAGTACGATGTTTIGGACAAGAGACGTGGCCGGGACCCTGAGAT
GGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAA
AGATAAGATGGCGGAGGCCTACAGIGAGATIGGGATGAAAGGCGAGCGCCGGAGGG
GCAAGGGGCACGATGGCCTTTACCAGGGICTCAGTACAGCCACCAAGGACACCTACG
ACGCCCTTCACATGCAGGCCCIGCCCCCTCGC (SEQ ID NO: 30).
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[00100] From 5’ to 3°, this construct (SEQ ID NO: 30) has a leader peptide, a

KappaMab light chain variable region, a (G4S); linker, a KappaMab heavy chain variable

region, a second (G4S); linker, an IgG1 hinge constant region domain, ¢ CD28

transmembrane and intracellular domains, and a CD3 zeta intracellular domain. A diagram

of this construct is shown in Figure 6B.

[00101] The third construct of this group was the KM.CAR CD8a 28z construct,
which contains a CD8 alpha stalk (Uniprot PO1732, amino acids 138-182) as the spacer, and

whose nucleic sequence is as follows:

[00102] ATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGG
TGTCCAGTGCTCTAGAGACATCGTCATGACCCAGTCTCAAAAATTCATGTCCA
CATCAGTAGGAGACAGGGTCAGCGTCACCTGCAAGGCCAGTCAGAATGTGG
GTACTAATGTAGCCTGGTATCAACAGAAACCAGGGCAATCTCCTAAAGCACT
GATTTACTCGACATCCTACCGGTACAGTGGAGTCCCTGATCGCTTCACAGGC
AGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAATGTGCAGTCTGAAG
ACTTGGCAGAGTATTTCTGTCAGCAATATAACAGCTATCCGTACACGTTCGG
AGGGGGGACCAAGCTGGAAATAAAGGGTGGCGGTGGCTCGGGCGGTGGTGGG
TCGGGTGGCGGCGGATCTGAGGTGCAGCTGCAGCAGTCAGGGGCGGAGCTTGTGAA
GCCAGGGGCCTCAGTCAAGTTGTCCTGTACAGCTICTGGCTTCAACATTAAAGACACC
TATATGCACTGGGTGAAGCAGAGGCCIGAACAGGGCCIGGAGTGGATTGGAAGGATT
GATCCIGCGAATGGTAACACTAAATATGACCCGAAGTTCCAGGGCAAGGCCACTATAA
TAGCAGACACATCCICCAACACAGCCTACCTGCAGCTCAGCAGCCTGACATCTGAGGA
CACTGCCGICTATTACTGIGCTAGGGGGGICTACCATGATTACGACGGGGACTACTGG
GGCCAAGGGACCACGCTICACCGTCTCCICCACCACGACGCCAGCGCCGCGACCA
CCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAG
GCGTGCCGGCCAGCGGOGGGGEGGCEGCAGTGCACACGAGGGGGATGGACTT
CGCCTGTGATTTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGC
TTGCTAGTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCT
CCTGCACAGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAG
CATTACCAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAGAGTGAA
GITCAGCAGGAGCGCAGACGCCCCCGCGIACCAGCAGGGCCAGAACCAGCTCTATAA
CGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGIGGCCG
GGACCCIGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGIACAA
TGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTIGGGATGAAAGGCGA
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GCGCCGGAGGGGCAAGGGGCACGATGGCCITTACCAGGGICTCAGTACAGCCACCA

AGGACACCTACGACGCCCTICACATGCAGGCCCIGCCCCCTCGC (SEQ ID NO: 31).

[00103] From 5’ to 3°, this construct (SEQ ID NO: 31) has a leader peptide, a
KappaMab light chain variable region, a (G4S); linker, a KappaMab heavy chain variable

region, a CD8 alpha stalk, a« CD28 transmembrane and intracellular domains, and a CD3

zeta intracellular domain.

[00104] The remaining 3 constructs of the 6 KM.CAR constructs described in this

example contained a 4-1BB (CD137) Costimulatory Endodomain and were as follows:

[00105] The first construct of this group is KM.CAR_h 28TM_41BBz, which contains
only the hinge domain of IgG1 heavy chain constant region as the spacer and replaces the
intracellular domain of CD28 with the intracellular domain of the 4-1BB co-stimulatory

molecule, and whose nucleic acid sequence is as follows:

[00106] ATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGG
TGTCCAGTGCTCTAGAGACATCGTCATGACCCAGTCTCAAAAATTCATGTCCA
CATCAGTAGGAGACAGGGTCAGCGTCACCTGCAAGGCCAGTCAGAATGTGG
GTACTAATGTAGCCTGGTATCAACAGAAACCAGGGCAATCTCCTAAAGCACT
GATTTACTCGACATCCTACCGGTACAGTGGAGTCCCTGATCGCTTCACAGGC
AGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAATGTGCAGTCTGAAG
ACTTGGCAGAGTATTTCTGTCAGCAATATAACAGCTATCCGTACACGTTCGG
AGGGGGGACCAAGCTGGAAATAAAGGGTGGCGGTGGCTCGGGCGGTGGETGGG
TCGGGTGGCGGCGGATCTGAGGTGCAGCTGCAGCAGTCAGGGGCGGAGCTTGTGAA
GCCAGGGGCCTCAGTCAAGTTGTCCTGTACAGCTICTGGCTTCAACATTAAAGACACC
TATATGCACTGGGTGAAGCAGAGGCCIGAACAGGGCCIGGAGTGGATTGGAAGGATT
GATCCIGCGAATGGTAACACTAAATATGACCCGAAGTTCCAGGGCAAGGCCACTATAA
TAGCAGACACATCCICCAACACAGCCTACCTGCAGCTCAGCAGCCTGACATCTGAGGA
CACTGCCGICTATTACTGIGCTAGGGGGGICTACCATGATTACGACGGGGACTACTGG
GGCCAAGGGACCACGCTICACCGTCTCCICCGGTGGAGGCGGGTCTGGGGGCGGAG
GTTCAGGCGGGGGTGGTTCCGAGCCCAAATCTCCTGACAAAACTCACACATGC
CCATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGT
AACAGTGGCCTTTATTATTTTCTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATA
TATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGT
AGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGAGTGAAGITCAG
CAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCT
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CAATCTAGGACGAAGAGAGGAGTACGATGITTTGGACAAGAGACGIGGCCGGGACCC

TGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACT
GCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCG
GAGGGGCAAGGGGCACGATGGCCTTTACCAGGGICTCAGTACAGCCACCAAGGACAC
CTACGACGCCCTTCACATGCAGGCCCTGCCCCCICGC (SEQ ID NO: 32).

[00107] From 5’ to 3°, this construct (SEQ ID NO: 32) has a leader peptide, a
KappaMab light chain variable region, a (G4S); linker, a KappaMab heavy chain variable

region, a second (G4S)s; linker, an IgG hinge constant region domain, a CD28

transmembrane domain, a 4-1BB intracellular domain, and a CD3 zeta intracellular

domain.

[00108] The second construct of this group was KM.CAR 8a 28TM_41BBz, which
contains the CD8 alpha stalk (Uniprot PO1732, amino acids 138-182) as the spacer and
replaces the intracellular domain of CD28 with the intracellular domain of the 4-1BB co-

stimulatory molecule, and whose nucleic sequence is as follows:

[00109] ATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGG
TGTCCAGTGCTCTAGAGACATCGTCATGACCCAGTCTCAAAAATTCATGTCCA
CATCAGTAGGAGACAGGGTCAGCGTCACCTGCAAGGCCAGTCAGAATGTGG
GTACTAATGTAGCCTGGTATCAACAGAAACCAGGGCAATCTCCTAAAGCACT
GATTTACTCGACATCCTACCGGTACAGTGGAGTCCCTGATCGCTTCACAGGC
AGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAATGTGCAGTCTGAAG
ACTTGGCAGAGTATTTCTGTCAGCAATATAACAGCTATCCGTACACGTTCGG
AGGGGGGACCAAGCTGGAAATAAAGGGTGGCGGTGGCTCGGGCGGTGGTGGG
TCGGGTGGCGGCGGATCTGAGGTGCAGCTGCAGCAGTCAGGGGCGGAGCTTGTGAA
GCCAGGGGCCTCAGTCAAGTTGTCCTGTACAGCTICTGGCTTCAACATTAAAGACACC
TATATGCACTGGGTGAAGCAGAGGCCIGAACAGGGCCIGGAGTGGATTGGAAGGATT
GATCCIGCGAATGGTAACACTAAATATGACCCGAAGTTCCAGGGCAAGGCCACTATAA
TAGCAGACACATCCICCAACACAGCCTACCTGCAGCTCAGCAGCCTGACATCTGAGGA
CACTGCCGICTATTACTGIGCTAGGGGGGICTACCATGATTACGACGGGGACTACTGG
GGCCAAGGGACCACGCTICACCGTCTCCICCACCACGACGCCAGCGCCGCGACCA
CCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAG
GCGTGCCGGCCAGCGGOGGGGGGCGCAGTGCACACGAGGGGGLATGGACTT
CGCCTGTGATTTITTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGC
TTGCTAGTAACAGTGGCCTTTATTATTTTCTGGGTGAAACGGGGCAGAAAGAAACT
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CCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAG

ATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGAGT
GAAGITTCAGCAGGAGCGCAGACGCCCCCGCGIACCAGCAGGGCCAGAACCAGCTCTA
TAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGITTTGGACAAGAGACGTGGC
CGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTA
CAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATIGGGATGAAAGGC
GAGCGCCGGAGGGGCAAGGGGCACGATGGCCTITACCAGGGICICAGTACAGCCAC
CAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCICGC (SEQ ID NO: 33).

[00110] From 5’ to 3°, this construct (SEQ ID NO: 33) has a leader peptide, a
KappaMab light chain variable region, a (G4S); linker, a KappaMab heavy chain variable

region, a CD8 alpha stalk, a« CD28 transmembrane domain, a 4-1BB intracellular domain,

and a CD3 zeta intracellular domain.

[00111] The third construct of this group is KM.CAR_hCH2CH3mut 28TM_41BBz,
which contains the hinge, CH2 and CH3 domains of IgG1 heavy chain constant region as the
spacer, with mutations introduced at amino acids important for CH2 interaction with Fc-
receptors (3-6) which may mediate reduced CAR T-cell survival in-vivo (3, 6, 7) by clearance

of CAR T-cells in the reticuloendothelial system. The nucleic acid sequence is as follows:

[00112] ATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGG
TGTCCAGTGCTCTAGAGACATCGTCATGACCCAGTCTCAAAAATTCATGTCCA
CATCAGTAGGAGACAGGGTCAGCGTCACCTGCAAGGCCAGTCAGAATGTGG
GTACTAATGTAGCCTGGTATCAACAGAAACCAGGGCAATCTCCTAAAGCACT
GATTTACTCGACATCCTACCGGTACAGTGGAGTCCCTGATCGCTTCACAGGC
AGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAATGTGCAGTCTGAAG
ACTTGGCAGAGTATTTCTGTCAGCAATATAACAGCTATCCGTACACGTTCGG
AGGGGGGACCAAGCTGGAAATAAAGGGTGGCGGTGGCTCGGGCGGTGGTGGG
TCGGGTGGCGGCGGATCTGAGGTGCAGCTGCAGCAGTCAGGGGCGGAGCTTGTGAA
GCCAGGGGCCTCAGTCAAGTTGTCCTGTACAGCTICTGGCTTCAACATTAAAGACACC
TATATGCACTGGGTGAAGCAGAGGCCIGAACAGGGCCIGGAGTGGATTGGAAGGATT
GATCCIGCGAATGGTAACACTAAATATGACCCGAAGTTCCAGGGCAAGGCCACTATAA
TAGCAGACACATCCICCAACACAGCCTACCTGCAGCTCAGCAGCCTGACATCTGAGGA
CACTGCCGICTATTACTGIGCTAGGGGGGICTACCATGATTACGACGGGGACTACTGG
GGCCAAGGGACCACGCTICACCGTCTCCICCGGTGGAGGCGGGTCTGGGGGCGGAG
GTTCAGGCGGGGGTGGTTCCGAGCCCAAATCTCCTGACAAAACTCACACATGC
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CCACCGTGCCCAGCACCTY GGACCGTCAGTCTTCCTCTTCCCCC

CAAAACCCAAGGACACCCTCATGATC CGGACCCCTGAGGTCACATGCG
TGGTGGT GTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACG
TGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAG
TAC AGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGAC
TGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCA
GCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCA
CAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTC
AGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGCTGGAG
TGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTG
CTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGA
GCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTC
TGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCCGGGTAAATTITTG
GGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACAGTGG
CCTTTATTATTTTCTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCG
ATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGAGIGAAGTTCAGCAGGAGCG
CAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTICTATAACGAGCTCAATCTAG
GACGAAGAGAGGAGTIACGATGTTTTGGACAAGAGACGTGGCCGGGACCCIGAGATGG
GGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAG
ATAAGATGGCGGAGGCCTACAGTGAGATTIGGGATGAAAGGCGAGCGCCGGAGGGGC
AAGGGGCACGATGGCCTTTACCAGGGICTCAGTACAGCCACCAAGGACACCTACGAC
GCCCTTCACATGCAGGCCCTGCCCCCTICGC (SEQ ID NO: 34).

[00113] From 5’ to 3°, this construct (SEQ ID NO: 34) has a leader peptide, a
KappaMab light chain variable region, a (G4S); linker, a KappaMab heavy chain variable

region, a second (G4S); linker, a mutated IgG1 hinge, CH2 and CH3 constant region

domains, a CD28 transmembrane domain, a 4-1BB intracellular domain, and a CD3 zeta

intracellular domain. The mutated IgG1 hinge domain has, from 5’ to 3’, E233P, L.234V,

L235A, G236-, S254A, D265N, and N297A mutations highlighted within the shaded boxes
of this construct (SEQ ID NO: 34). Mutations at these sites (E233P, L.234V, L235A, G236-,
S254A, D265N, N297A) may decrease Fc interaction with CAR T-cells, allowing improved

survival post-infusion.

[00114] Addition of 2A ribosomal skip element and eGFP to KM.CARs
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[00115] For ease of detection of T-cells expressing each of the CARs described above,

an eGFP with a 5° T2A ribosomal skip element with overlapping sequences was synthesized
with the CAR- CD3 zeta endodomain and the plasmid backbone. This was then cloned by
restriction enzyme digestion and ligation into the CAR containing pVAX1 PB transposon

plasmids to create the following-

[00116] 28z Endodomain_2A GFP containing constructs:

[00117] 1. pVAX1PB KM.CAR hCH2CH3 28z 2A GFP

[00118] 2. pVAXI1PB KM.CAR hCH3 28z 2A GFP

[00119] 3. pVAXIPB KM.CAR h 28z 2A GFP

[00120] 4 pVAXI1PB KM.CAR 8a 28z 2A GFP

[00121] 41BBz Endodomain 2A GFP containing constructs:

[00122] 1. pVAX1PB KM.CAR h 28TM 41BBz 2A GFP

[00123] 2. pVAXI1PB KM.CAR 8a 28TM 41BBz 2A GFP

[00124] 3. pVAXI1PB KM.CAR hCH2CH3mut 28TM _41BBz 2A GFP
[00125] Generation of KM.CAR T-cells with 4-1BB costimulatory domain.
[00126] Comparison was made between the preliminary KM.CAR _hCH2CH3 28z

and the 4-1BB containing CARs. KM.CAR T-cells were generated by electroporation using
the PiggyBac system as previously described herein and in the art (2). Four million peripheral
blood mononuclear cells (PBMCs) from healthy donors were electroporated with the Neon
electroporation system at 2400V for 20ms, single pulse, in the presence of Sug each of
PiggyBac transposase and PiggyBac Transposon plasmids. KMA.CAR constructs tested
included KM.CAR_hCH2CH3 28z 2A GFP; KM.CAR h 28TM 41BBz 2A GFP,
KM.CAR 8a 28TM 41BBz 2A GFP; or

KM.CAR hCH2CH3mut 28TM 41BBz 2A_ GFP.

[00127] Electroporated PBMCs (CAR-PBMCs) were rested overnight in AIMV with
10% Fetal calf serum (AIM-V CM), harvested, washed and resuspended in AIM-V CM at
1x10%/ml. CAR-PBMCs were cocultured with autologous irradiated PBMC feeder cells with
or without irradiated KMA expressing JIN3 cells at a CAR-PBMC:JJN3 ratio of 5:1.
Interleukin-15 (IL-15) was added at 10ng/ml every 3 days. Cells were enumerated by trypan

blue exclusion and fresh irradiated stimulator/feeder cells were added every 7 days.

[00128] Assessment of KM.CAR Expression
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[00129] KM.CAR expression was assessed by flow cytometry at initiation of culture

(Day 1), Day 15 and Day 21 (Figures 8A-8B). KM.CAR T-cell cultures were surface stained
with anti-human-CD3 antibody and CAR expression assessed by GFP expression.

[00130] KM.CAR T-cells require kappa myeloma antigen to persist in-vitro

[00131] Cultures containing the KMA expressing JIN3 cell line showed either greater
total expansion, increased KM.CAR expression or both, compared to cultures with PBMC
alone (Figures 8A-8B). Consistent with known interaction of the IgG constant region-CH2
domain with Fc-receptors, the KM.CAR hCH2CH3 28z expressing T-cells were enriched in
the presence of PBMC alone (28% of CD3™ T-cells), but showed greater expansion and
enrichment with addition of JJN3 cells (15-fold expansion with 38% CAR expression
compared to 6-fold expansion with 29% CAR expression).

[00132] KM.CAR_hCH2CH3mut 28TM_41BBz expressing T-cells showed only low
level CAR expression (6%) and expansion (6-fold) with PBMC alone compared to co-culture
with JIN3 (26% CAR expression and 17-fold expansion). The KM.CAR T-cells containing
the IgG1 hinge only spacer had similar expansion (5-fold with JIN3, 6 fold without JJN3) but
increased CAR expression (17% with JIN3, 9% without). Only the KM.CAR T-cells
containing the CD8alpha chain spacer did not show any enhanced expansion or enrichment in
the presence of JJN3 cells (8-fold expansion and 5% CAR expression in the presence of

JIN3, compared to 5-fold expansion and 5% CAR expression without JIN3).

[00133] Functional assessment of KM.CAR T-cells

[00134] KMA-specific interferon-gamma production and cytotoxicity of KM.CAR T-
cells were assessed by intracellular cytokine flow cytometry and standard chromium release
assay with KMA+ and KMA- cell lines using protocols previously described (2). KMA
positive cell lines used included JIN3, Pfeiffer, NCI-H929. KMA negative cell lines included
Nalm-6 and Molt (Figure 12A-12B).

[00135] For cytokine flow cytometry, 2x10° KM.CAR T-cells were stimulated with
target cells at a ratio of 1:1 for 5 hours. Monensin (2uM) (BD Biosciences) and Brefeldin A
(1 ug/mL) (BD Biosciences) were added after 1 hour. CAR T-cells activated non-specifically
with 50ng/ml phorbol myristate acetate (PMA: Sigma-Aldrich) and 1ug/ml ionomycin
(Sigma-Aldrich) and unstimulated cells were used as positive and negative controls. CAR T-
cells were then harvested, washed, surface stained for CD3, CD4 and CDS8. CAR T-cells were
fixed and permeabilised with cytofix and perm/wash buffer (BD Biosciences) and stained

with anti-interferon gamma antibody (BD Biosciences) followed by further washing with
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perm/wash buffer. Stained cells were analysed using a FACSCanto ™ II flow cytometer with

acquisition of at least 30,000 events.

[00136] KMA-specific cytotoxicity was assessed using a standard chromium (*'Cr)
release assay. Target cells were labelled with Sodium chromate (Na,”'CrO,) (Perkin-Elmer,
Waltham, MA, USA). KM.CAR T-cells were preincubated with the K562 cell line ata 1:1
ratio to absorb NK cell activity. Chromium labelled target cells were added to the KM.CAR
T-cells in triplicate at effector:target ratios ranging from 40:1 to 1.25:1 and incubated at 37°C,
5% CO, for 4 hours. Triplicate targets were lysed with 10% sodium dodecyl sulphate to
determine maximal release and triplicate targets with no effectors were used to assess
spontaneous release. Supernatants were aspirated and read using a MicroBeta2 Plate Counter
(PerkinElmer). Percentage specific lysis was calculated using the standard formula- %
Specific lysis= (test release - spontaneous release) / (maximal release - spontaneous release) x

100]

Example 4: Generation of PiggyBac transposon plasmid with the activation inducible

promoter

[00137] A single transposon cassette containing a constitutively active promoter
(EFlalpha) and an activation inducible promoter (NFATpro) was designed and cloned. The
activation inducible gene expression cassette was produced by designing the NFATpro using
Clone Manage 9 (Sci-Ed Software), based on Fiering et al(8). This includes 6 copies of the 30
base pair DNA sequence (response element-RE) bound by the Nuclear Factor of Activated T-
cells (NFAT-RE)- GGAGGAAAAACTGTTTCATACAGAAGGCGT (SEQ ID NO: 35)
followed by the minimal IL-2 promoter-
ACATTTTGACACCCCCATAATATTTTTCCAGAATTAACAGTATAAATTGCATCTCT
TGTTCAAGAGTTCCCTATCACTCTCTTTAATCACTACTCACAGTAACCTCAACTCC
TG (SEQ ID NO: 36) found on chromosome 4 (NCBI Reference Sequence: NG _016779.1).

[00138] To enable detection of activation induced gene expression, the enhanced green
fluorescent protein (eGFP) DNA sequence followed by the bovine growth hormone (BGH)
polyadenylation signal (9-11) was placed 3’ of the NFATpro. The DNA sequence of this

gene cassette is as follows-

[00139] GGAGGAAAAACTGTTTCATACAGAAGGCGTCAATTAGGAGGAAAA
ACTGTTTCATACAGAAGGCGTCAATTAGGAGGAAAAACTGTTTCATACAGAAGG
CGTCAATTGTCCCATCGAATTAGGAGGAAAAACTGTTTCATACAGAAGGCGTCA

ATTAGGAGGAAAAACTGTTTCATACAGAAGGCGTCAATTAGGAGGAAAAACTGT
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TTCATACAGAAGGCGTCAATTGTCCCGGGACATTTTGACACCCCCATAATATTT

TTCCAGAATTAACAGTATAAATTGCATCTCTTGTTCAAGAGTTCCCTATCACT
CTCTTTAATCACTACTCACAGTAACCTCAACTCCTGAACTCCATGGATGGTIGAG
CAAGGGCGAGGAGCTGTTCACCGGGGIGGIGCCCATCCIGGTCGAGCTGGACGGCG
ACGTAAACGGCCACAAGTTCAGCGTGICCGGCGAGGGCGAGGGCGATGCCACCTAC
GGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCIGCCCGIGCCCIGGCCC
ACCCTCGTGACCACCCTIGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCAC
ATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGICCAGGAGCGC
ACCAICTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAG
GGCGACACCCTGGTIGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGC
AACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGICTATATCATIGG
CCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGATCCGGAG
CCACGAACTTCTCTCTGTTAAAGCAAGCAGGAGACGTTGAAGAAAACCCCGGTC
CTATTTAAATCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCC
CTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCC
TAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTC
TGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAAT
AGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGC (SEQ ID NO: 37).

[00140] From 5’ to 3°, this constructs contains the NFAT-RE, the IL-2 Minimal

Promoter, the eGFP, and the BGH polyadenylation signal.

[00141] This cassette was synthesised commercially by Genscript and cloned into the
pVAXIPB transposon plasmid between the 5° cHS4 Insulator (GenBank: Li78775.2)(12) and
the human elongation factor 1 promoter. To identify transduced T-cells in initial experiments,
the chimeric RQR8 marker consisting of the epitope of CD34 recognised by the QBEnd10
monoclonal antibody and mimotopes of the CD20-specific monoclonal antibody
Rituximab(13) was cloned into the transposon multicloning site to produce the transposon
gene insert shown in Figure 9 (pVAX1PB NFATGFP-RQRS plasmid). Co-electroporation of
the activation inducible gene cassette containing pVAX1PB NFATGFP-RQRS transposon
plasmid and the pVAX1 PBase transposase plasmid leads to permanent integration of the

NFATGFP-RQRS gene insert seen in Figure 9.

Demonstration of function of the activation inducible gene containing transposon
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[00142] To demonstrate the function of the pVAX1PB NFATGFP-RQRS transposon

from Example 4 (see Figure 9), 4x10° PBMCs were electroporated in the presence of Sug
each of the transposon and transposase plasmids. Electroporated cells were rested for 24
hours and then stimulated non-specifically over-night with 50ng/ml phorbol myristate acetate
(PMA: Sigma-Aldrich) and 1ug/ml ionomycin (Sigma-Aldrich) and compared to
unstimulated controls. Transduced cells were identified by QBEnd10 staining for RQRS
marker expression and activation induced gene expression (eGFP) was assessed at 19 hours.

At that time point, 50% of transduced cells were seen to express eGFP (Figure 10).

Example 5: Desien of KM.CAR controlled biological therapies

[00143] Expression plasmids containing IL-12 and/or the interleukin-6 receptor
antagonist SANT7and also containing the optimized chimeric antigen receptor with the
expression of IL-12 and/or SANT7 under control of an activation inducible promoter
(Hooijberg et al. 2000) were also constructed. The SANT-7 sequence was provided by Prof
Rocco Savino and was based on mutating the wildtype IL-6 gene sequence (NCBI Reference
Sequence: NM_000600.4) provided as per Savino et al 1994 and Sporeno et al 1996(14-17).
The sequence was imported into Clone Manage 9 (Sci-Ed Software) and a 6xHis tag added
for detection in supernatants by ELISA.

[00144] The nucleotide sequence of SANT-7 is provided with amino acid substitutions
highlighted, undlerlined and listed below:

[00145] MNSFSTSAFGPVAFSLGLLLVLPAAFPAPVPPGEDSKDVAAPHRQPLTS

TTPDPTTNASLLTKLQAQNQWLQDMTTHLILRSFKEFLIRSLRAL ____
(SEQ ID NO: 38). The nucleotide substitutions correspond to Y3 1D, G35F, L57D, ES9F,
N6OW, Q75Y, S76K, S118R, V121D. The sequence provided also contained a Q211A

substitution not listed in the published sequence.

[00146] The DNA sequence corresponding to this amino acid sequence (i.e., SEQ ID
NO: 38) is as follows:

[00147] ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTTGCCTTCTCCCT
GGGGCTGCTCCTGGTGTTGCCTGCTGCCTTCCCTGCCCCAGTACCCCCAGGAGAA
GATTCCAAAGATGTAGCCGCCCCACACAGACAGCCACTCACGAGCTCAGAACGA
ATTGACAAACAAATTCGGGACATCCTCGACTTTATCTCAGCCTTAAGAAAGGAGA
CATGTAACAAGAGTAACATGTGTGAGAGCTCCAAAGAGGCAGACGCATTCTGGA
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ACCTGAACCTTCCAAAGATGGCTGAAAAAGATGGATGCTTCTACAAAGGATTCA

ATGAGGAGACTTGCCTGGTGAAAATCATCACTGGTCTTCTCGAGTTTGAGGTATA
CCTAGAGTACCTCCAGAACAGATTTGAGAGTAGTGAGGAACAAGCCAGAGCTGT
GCAGATGCGCACAAAAGACCTGATCCAGTTCCTGCAGAAAAAGGCAAAGAATCT
AGATGCAATAACCACCCCTGACCCAACCACAAATGCCAGCCTGCTGACGAAGCT

GCAGGCACAGAACCAGTGGCTGCAGGACATGACAACTCATCTCATTCTGAGATC

TTTTAAGGAGTTCCTGATCCGTAGCCTGAGGGCTCTTCGGGCTATGCATCATCAC

CATCACCACT (SEQ ID NO: 39).

[00148] A single chain interleukin-12 (Flexi-IL-12) construct was designed by joining
the IL-12 p40 and p35 subunits (Uniprot P29459 and P29460) with a flexible (G4S); linker
similar to Zhang et al and Chinnasamy et al (18, 19), which allows both subunits to be
expressed as a single peptide chain that readily forms the bioactive p70 heterodimer was
used. The Flexi-IL-12 construct was synthesized and constructs containing IL-12 and
SANT?7 were cloned into the activation inducible transposon cassette described herein and

shown in Figure 11.

[00149] Additionally, the Flexi-IL-12 construct could be synthesized and constructs
containing IL-12 and SANT7 separated by 2A ribosomal skip elements could be cloned into
the PiggyBac plasmid described herein and shown in Figure 7.

[00150] The amino acid sequence of Flexi-IL-12 is as follows:

[00151] MCHQQLVISWFSLVFLASPLVAIWELKKDVYVVELDWYPDAPGEM
VVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLS
HSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDL
TFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLP
IEVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDT
WSTPHSYFSLTFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYY
SSSWSEWASVPCSGGGGSGGGGSGGGGSRNLPVATPDPGMFPCLHHSQONLLRAVS
NMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITN
GSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDONMLAVI
DELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNAS
(SEQ ID NO: 40).

[00152] From 5’ to 3’, the Flexi-IL-12 construct contains a leader peptide, the 1L-12
p40 subunit, the (G4S); Linker, and the IL-12 p35 subunit.
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[00153] The DNA sequence corresponding to the amino acid sequence above (i.e.,

SEQ ID NO: 40) is as follows:

[00154] ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCT
GGCATCTCCCCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAA
TTGGATTGGTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCC
CTGAAGAAGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCT
CTGGCAAAACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACA
CCTGTCACAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAA
GGAAGATGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAA
TAAGACCTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGG
TGGCTGACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGC
TCTTCTGACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAG
TCAGAGGGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGT
GCCTGCCCAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTC
ACAAGCTCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCA
AACCTGACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGG
TGGAGGTCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTC
CCTGACATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAG
AGTCTTCACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCAT
TAGCGTGCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCT
GTGCCCTGCAGTGGTGGCGGTGGAAGCGGCGGTGGCGGAAGCGGCGGTGGCGGC
AGCAGAAACCTCCCCGTGGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACC
ACTCCCAAAACCTGCTGAGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAA
CTCTAGAATTTTACCCTTGCACTTCTGAAGAGATTGATCATGAAGATATCACAAA
AGATAAAACCAGCACAGTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGA
GAGTTGCCTAAATTCCAGAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCC
TCCAGAAAGACCTCTTTTATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTT
GAAGATGTACCAGGTGGAGTTCAAGACCATGAATGCAAAGCTTCTGATGGATCC
TAAGAGGCAGATCTTTCTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATG
CAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAAC
CGGATTTTTATAAAACTAAAATCAAGCTCTGCATACTTCTTCATGCTTTCAGAATT
CGGGCAGTGACTATTGATAGAGTGATGAGCTATCTGAATGCTTCC (SEQ ID NO:
41).
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[00155] Additionally, expression plasmids containing the truncated dominant negative
form of Galectin-3, GAL3C is also constructed. The construct contains a CD8-alpha leader
peptide to direct secretion as well as a 6xHis tag for detection. The amino acid sequence of

GAL3C is listed here:

[00156] MEFGLSWLFLVAILKGVQCSRHHHHHHGAPAGPLIVPYNLPLPGGV
VPRMLITILGTVKPNANRIALDFQRGNDVAFHFNPRFNENNRR VIVCNTKLDNNWGR
EERQSVFPFESGKPFKIQVLVEPDHFKVAVNDAHLLQYNHRVKKLNEISKLGISGDID
LTSASYTMI (SEQ ID NO: 42)

[00157] The corresponding DNA sequence for the GAL 3C construct is provided here:

[00158] ATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGG
TGTCCAGTGCTCTAGACATCATCACCATCACCACGGCGCCCCTGCTGGGCCACTG
ATTGTGCCTTATAACCTGCCTTTGCCTGGGGGAGTGGTGCCTCGCATGCTGATAA
CAATTCTGGGCACGGTGAAGCCCAATGCAAACAGAATTGCTTTAGATTTCCAAAG
AGGGAATGATGTTGCCTTCCACTTTAACCCACGCTTCAATGAGAACAACAGGAG
AGTCATTGTTTGCAATACAAAGCTGGATAATAACTGGGGAAGGGAAGAAAGACA
GTCGGTTTTCCCATTTGAAAGTGGGAAACCATTCAAAATACAAGTACTGGTTGAA
CCTGACCACTTCAAGGTTGCAGTGAATGATGCTCACTTGTTGCAGTACAATCATC
GGGTTAAAAAACTCAATGAAATCAGCAAACTGGGAATTTCTGGTGACATAGACC
TCACCAGTGCTTCATATACCATGATA (SEQID NO: 43)

[00159] The CAR and ‘biologicals’ transposon plasmids will be nucleofected to
generate CAR T-cells expressing either IL-12 alone, SANT7 alone, GAL3C alone or both IL-
12 and SANT?7 or both of IL12 and GAL3C or both of SANT7 and GAL3C or all three of IL-
12. SANT7 and GAL3C. Cells successfully transduced with ‘biologicals’ constructs may be
identified by selectable marker expression for example by flow cytometry. Levels of IL-12,
SANT?7. And or GAL3C will be measured intracellularly by cytokine flow cytometry and in
supernatants of CAR T-cell cultures by ELISA using commercial kits and reagents and
compared to control T-cells expressing CAR alone. CAR T-cells will be assessed for
function by cytokine flow cytometry and cytotoxicity assays as above as well as co-culture
assays with myeloma cell lines to assess inhibition of tumour growth. Experiments will be
performed in triplicate and the 2 optimal CAR constructs identified will be chosen to be

assessed in a murine model with and without IL-12, GAL3C and/or SANT7 expression.
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[00160] Based on the previously established RPMI-Rag human myeloma murine

xenograft model, RPMI-Rag-Luc (KMA-) and JJIN3-Rag-Luc (KMA+) models will be
developed to assess the function of our CAR T-cells in-vivo. JIN3 and RPMI8226 cells will
be transfected with Luc-1 and then inoculated i.v. into Rag2-/-yc-/- (BALB/c) mice to form
the JIN3- Rag-Luc and RPMI-Rag-Luc MM models. Engraftment and disease levels will be
monitored by optical imaging following IP injection with luciferin and correlated with levels
of levels of serum human kappa (JJN3) and lambda (RPMI) light chain. Optimal time for
inoculation with candidate CAR T-cells will be established using Optical Imaging prior to the
development of hind limb paralysis, usually from weeks 5-8. Cohorts of 6 JIN3-Rag-Luc and
RPMI-Rag-Luc mice will be inoculated IV with increasing doses of CAR T-Cells (with and
without IL-12/SANT7 expression) to establish the therapeutic dose starting at 1x10° total
cells. Mice will be imaged on day O, +1, +3, +8 and weekly thereafter until the development
disease progression as determined by the development of hind limb paralysis, increasing
serum free light chains (SFLC) or other institutional guidelines. Marrow and extramedullary
tumors will be collected and examined histologically for distribution of MM cells and CAR

T-cells. Efficacy will be determined by imaging response and survival compared with

controls.
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What is claimed is:

1. A chimeric antigen receptor (CAR) comprising one or more intracellular signaling domains
and an extracellular antigen binding domain, wherein the extracellular antigen binding domain

specifically recognizes kappa myeloma antigen (KMA).

2. The CAR of claim 1, wherein the one or more intracellular signaling domains comprises one

or more co-stimulatory endodomains.

3. The CAR of claim I or claim 2, wherein the one or more co-stimulatory endodomains is one
or more of a CD28 domain, a CD3{ domain, a 4-1BB domain or OX-40 domain or combinations

thereof.

4. The CAR according to any one of claims 1 to 3, wherein the extracellular binding domain

comprises a single chain variable fragment (scFv) that specifically recognizes KMA.

5. The CAR of claim 4, wherein the scFv comprises the complementarity determining regions
(CDRs) derived from the KappaMab monoclonal antibody, wherein the KappaMAb CDRs
comprise SEQ ID NOS: 3-8.

6. The CAR of claim 4, wherein the scFv comprises the VL chain and VH chain from
KappaMab wherein the VL chain comprises SEQ ID NO: 2 and a VH chain comprises SEQ ID
NO: 1.

7. The CAR of claim 6, wherein the VL chain and the VH chain from the KappaMab are
attached via a glycine-serine linker, wherein the glycine-serine linker is a 15 amino acid linker

comprising (GlysSer)s.

8. The CAR according to any one of claims 4 to 7, wherein the scFv is attached to the one or
more intracellular signaling domains via a spacer, wherein the spacer is an immunoglobulin

constant region or a CD8a chain.

9. The CAR of claim 8, wherein the immunoglobulin constant region comprises one or more of

an IgG hinge domain, an IgG CH2 domain and an IgG CH3 domain.
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10. The CAR according to any one of claims 8 to 9, wherein the 15 amino acid linker comprises

(GlyaSer)s..
11. A genetically modified T cell engineered to express the CAR of any one of claims 1-10.

12. The genetically modified T cell of claim 11 further engineered to express one or more

additional biological molecules.

13. The genetically modified T cell of claim 11 or claim 12, wherein the one or more additional
biological molecules comprises one or more of IL-12, an hepatocyte growth factor (HGF binding

protein), Galectin-3C (GAL3C) or SANT7.

14. A method for producing a genetically modified T cell according to any one of claims 11 to
13, the method comprising introducing an expression vector encoding a CAR comprising one or
more intracellular signaling domain and an extracellular antigen binding domain, wherein the
extracellular antigen binding domain specifically recognizes kappa myeloma antigen (KMA) into

aT cell
15. The method of claim 14, wherein the expression vector is a viral vector expression system.

16. A method of treating a KMA-expressing malignancy in a subject in need thereof comprising
administering genetically modified T cells engineered to express one or more intracellular
signaling domain and an extracellular antigen binding domain, wherein the extracellular antigen

binding domain specifically recognizes kappa myeloma antigen (KMA).

17. The method of claim 16, wherein the KM A-expressing malignancy is multiple myeloma,

Waldenstroms macroglobulinemia, diffuse large B cell lymphoma (DLBCL), or amyloidosis.

18. The method of claim 16 or claim 17, wherein the method further comprises administering
one or more pharmaceutically active agents, wherein the one or more pharmaceutically active
agents comprise one or more chemotherapeutic agents, an immunomodulatory drug or a histone

deacetylase inhibitor.
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19. The method according any one of claims 16 to 18, wherein the genetically modified T cells

are derived from the subject.

20. The method according to any one of claims 16 to 19, which comprises administering a

genetically modified T-cell according to any one of claims 11 to 13.
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HMLX_002_02wO_SeqList_ST25
SEQUENCE LISTING

<110> HaemoLogiX Pty. Ltd.

Micklethwaite, Kenneth

Dunn, Rosanne

Gottlieb, David

Logan, Grant

Harrison, Simon
<120> KAPPA MYELOMA ANTIGEN CHIMERIC ANTIGEN RECEPTORS AND USES THEREOF
<130> HMLX-002/02w0 324961-2004

<150> Us 62/151,968
<151> 2015-04-23

<150> Us 62/158,407
<151> 2015-05-07

<160> 43

<170> PatentIn version 3.5

<210> 1
<211> 449
<212> PRT

<213> Artificial sequence

<220>
<223> human monoclonal antibody heavy chain

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

Ser val Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys Asp Thr
20 25 30

Tyr Met His Trp Val Lys GIn Arg Pro Glu GIn Gly Leu Glu Trp Ile
35 40 45

Gly Arg Ile Asp Pro Ala Asn Gly Asn Thr Lys Tyr Asp Pro Lys Phe
50 55 60

Gln Gly Lys Ala Thr Ile I1e Ala Asp Thr Ser Ser Asn Thr Ala Tyr
65 70 75 80

Leu GIn Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala val Tyr Tyr Cys
85 90 95

Ala Arg Gly val Tyr His Asp Tyr Asp Gly Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Thr Leu Thr val Ser Ser Ala Ser Thr Lys Gly Pro Ser Vval Phe
115 120 125
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Pro

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

val

305

Tyr

Thr

Leu

Cys

Leu

130

Cys

Ser

Ser

Ser

Asn

210

val

Thr

Glu

Lys

Ser

Lys

Pro

Leu

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

val

275

Thr

val

Cys

Ser

Pro

355

val

Pro

val

Ala

Gly

Gly

Lys

Cys

Leu

Glu

260

Lys

Lys

Leu

Lys

Lys

Ser

Lys

Ser

Lys

Leu

165

Leu

Thr

val

Pro

Phe

245

val

Phe

Pro

Thr

val

325

Ala

Arg

Gly

Ser

Asp

150

Thr

Tyr

Gln

Asp

Pro

230

Pro

Thr

Asn

Arg

val

310

Ser

Lys

Glu

Phe

Lys

Tyr

Ser

Ser

Thr

Lys

Cys

Pro

Cys

Trp

Glu

295

Leu

Asn

Gly

Glu

Tyr

HMLX_002_02wO_SeqList_ST25

Ser Thr ser Gly Gly Thr Ala Ala Leu
140

Phe

Gly

Leu

Tyr

200

Arg

Pro

Lys

val

Tyr

280

Glu

His

Lys

Gln

Met

360

Pro

Pro

val

Ser

185

Ile

val

Ala

Pro

val

265

val

Gln

Gln

Ala

Pro

345

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys

val

Asp

Tyr

Asp

Leu

330

Arg

Lys

Pro

155

Thr

val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Trp

Pro

Glu

Asn

val

Phe

val

val

Thr

val

val

Ser

300

Leu

Ala

Pro

Gln

Asp Ile Ala
Page 2

Thr

Pro

Thr

Asn

205

Ser

Leu

Leu

Ser

Glu

285

Thr

Asn

Pro

Gln

val

365

val

val

Ala

val

190

His

Cys

Gly

Met

His

270

val

Tyr

Gly

Ile

val

350

Ser

Glu

Ser

val

175

Pro

Lys

Asp

Gly

Ile

255

Glu

His

Arg

Lys

Glu

335

Tyr

Leu

Trp

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

val

Glu

320

Lys

Thr

Thr



Ser
385

Asp

Ser

370

Asn

Ser

Arg

Ala Leu

Lys

<210> 2
<211> 2

<212>
<213>

<220>

<223>

<400> 2

Gly

Asp

Trp

His
435

14

PRT_ L
Artificial Sequence

Gln

Gly

Gln

420

Asn

Asp Ile val Met

1

Asp

val

Tyr

Ser

65

Glu

Thr

Pro

Arg

Ala

Ser

50

Gly

Asp

Phe

Ser

val

Trp

35

Thr

Ser

Leu

Gly

val
115

Ser

20

Tyr

Ser

Gly

Ala

Gly

Phe

Pro

Ser

405

Gln

His

human monoclonal

Thr

5

val

Gln

Tyr

Thr

Glu

85

Gly

Ile

375

Glu Asn
390
Phe Phe

Gly Asn

Tyr Thr

Gln Ser

Thr Cys

Gln Lys

Arg Tyr

55

Asp Phe
70
Tyr Phe

Thr Lys

Phe Pro

HMLX_002_02wO_SeqList_ST25

Asn

Leu

val

Gln
440

Gln

Lys

Pro

40

Ser

Thr

Cys

Leu

Pro
120

Tyr

Tyr

Phe

425

Lys

Lys

Ala

25

Gly

Gly

Leu

Gln

Glu

105

Ser

Lys

Ser

410

Ser

Ser

Phe

10

Ser

Gln

val

Thr

Gln

90

Ile

Thr

395

Lys

Cys

Leu

antibody 1light chain

Met

Gln

Ser

Pro

Ile

75

Tyr

Lys

380

Thr

Leu

Ser

Ser

Ser

Asn

Pro

Asp

60

Ser

Asn

Arg

Asp Glu Gln

Page 3

Pro

Thr

val

Leu
445

Thr

val

Lys

45

Arg

Asn

Ser

Thr

Leu
125

Pro

val

Met

430

Ser

Ser

Gly

30

Ala

Phe

val

Tyr

val

110

Lys

val

Asp

His

Pro

val

15

Thr

Leu

Thr

Gln

Pro

95

Ala

Ser

Leu
400
Lys

Glu

Gly

Gly

Asn

Gly

Ser

80

Tyr

Ala

Gly



Thr Ala
130

Lys val
145

Glu Sser

ser Thr

Ala Cys

Phe Asn
210

<210>
<211>
<212>

Ser

Gln

val

Leu

Glu

195

Arg

3
5
PRT

val

Trp

Thr

Thr

180

val

Gly

val

Lys

Glu

165

Leu

Thr

Glu

Cys

val

150

Gln

Ser

His

Cys

Leu

135

Asp

Asp

Lys

Gln

<213> Artificial sequence

<220>
<223>

<400>

Asp Thr Tyr Met His
1

HMLX_002_02wO_SeqList_ST25

Leu Asn Asn Phe Tyr

140

Asn Ala Leu GIn Ser

155

Ser Lys Asp Ser Thr

170

Ala Asp Tyr Glu Lys

185

Gly Leu Ser Ser Pro

200

human monoclonal antibody VH CDR

3

5

<213> Artificial sequence

<210> 4
<211> 17
<212> PRT
<220>
<223>

human monoclonal antibody VH CDR

<400> 4

Pro Arg

Gly Asn

Tyr Ser

His Lys

190

val Thr
205

Glu

Ser

Leu

175

val

Lys

Ala

Gln

160

Ser

Tyr

Ser

Arg Ile Asp Pro Ala Asn Gly Asn Thr Lys Tyr Asp Pro Lys Phe Gln
1 5 10 5

Gly

<210>
<211>
<212>

5
10
PRT

<213> Artificial sequence

Page 4



HMLX_002_02wO_SeqList_ST25

<220>

<223> human monoclonal antibody VH CDR
<400> 5

Gly val Tyr His Asp Tyr Asp Gly Asp Tyr
1 5 10
<210> 6

<211> 11

<212> PRT

<213> Artificial sequence

<220>

<223> human monoclonal antibody vL CDR
<400> 6

Lys Ala Ser Gln Asn val Gly Thr Asn val Ala
1 5 10
<210> 7

<211> 7

<212> PRT

<213> Artificial sequence

<220>

<223> human monoclonal antibody vL CDR
<400> 7

Ser Thr Ser Tyr Arg Tyr Ser

1 5

<210> 8

<211> 9

<212> PRT

<213> Artificial sequence

<220>

<223> human monoclonal antibody vL CDR
<400> 8

Gln Gln Tyr Asn Ser Tyr Pro Tyr Thr

1 5

<210> 9

<211> 357

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody VH
<400> 9

gaggtgcagc tgcagcagtc aggggcggag cttgtgaagc caggggcctc agtcaagttg 60
tcctgtacag cttctggett caacattaaa gacacctata tgcactgggt gaagcagagg 120

Page 5



HMLX_002_02wO_SeqList_ST25

cctgaacagg gcctggagtg gattggaagg

gacccgaagt tccagggcaa ggccactata

ctgcagctca gcagcctgac atctgaggac

taccatgatt acgacgggga ctactggggc

<210> 10

<211> 321

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody
<400> 10

gacatcgtca tgacccagtc tcaaaaattc
gtcacctgca aggccagtca gaatgtgggt
gggcaatctc ctaaagcact gatttactcg
cgcttcacag gcagtggatc tgggacagat
gaagacttgg cagagtattt ctgtcagcaa
gggaccaagc tggaaataaa g

<210> 11

<211> 1200

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody

vector

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

misc_feature
(1D ..an
nis a, ¢, g, or t

misc_feature
(947)..(947)
nis a, ¢, g, or t

misc_feature
(998)..(998)
nis a, ¢, g, or t

misc_feature
(1009)..(1009)
n is a, ¢, g,

or t

attgatcctg cgaatggtaa cactaaatat

atagcagaca catcctccaa cacagcctac

actgccgtct attactgtgc taggggggtc

caagggacca cgctcaccgt ctcctcc

VL

atgtccacat
actaatgtag
acatcctacc
ttcactctca

tataacagct

VH DNA 1in pHCMV-Gamml-neo expression

cagtaggaga
cctggtatca
ggtacagtgg
ccatcagcaa

atccgtacac

Page 6

cagggtcagc
acagaaacca
agtccctgat
tgtgcagtct

gttcggaggg

180
240
300
357

60
120
180
240
300
321



<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

misc_feature
(1027)..(1027)
nis a, ¢, g, or

misc_feature
(1032)..(1032)
nis a, ¢, g, or

misc_feature
(1036) ..(1036)
nis a, ¢, g, or

misc_feature
(1044) ..(1044)
nis a, ¢, g, or

misc_feature
(1065) ..(1065)
nis a, ¢, g, or

misc_feature
(1085) ..(1085)
nis a, ¢, g, or

misc_feature
(1095) ..(1095)
nis a, ¢, g, or

misc_feature
(1099)..(1100)
nis a, ¢, g, or

misc_feature
(1105)..(1105)
nis a, ¢, g, or

misc_feature
(1108)..(1108)
nis a, ¢, g, or

misc_feature
(1111 ..(1111D)
nis a, ¢, g, or

misc_feature
(1127)..(1127)
nis a, ¢, g, or

misc_feature
(1134)..(1134)
nis a, ¢, g, or

HMLX_002_02wO_SeqList_ST25
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 11
caggacgatc

tataggtttg
tgagcacaca
ctacaggtaa
gacatccact
ggggcggagce
aacattaaag
attggaagga
gccactataa
tctgaggaca

tactggggcc

tctggggcag
gtggcgccag
gcggacagtt
gtcacatggc
acccctcectc
tacttccccc

caccttnccg

misc_feature
(1136)..(1136)
nis a, ¢, g, or t

misc_feature
(1157)..(1157)
nis a, ¢, g, or t

misc_feature
(1168)..(1168)
nis a, ¢, g, or t

misc_feature
(1172)..(1172)
nis a, ¢, g, or t

misc_feature
(1190)..(1190)
nis a, ¢, g, or t

ngcctccgca
tctataccac
ggacctcacc
ggggctcaca
ttgcctttct
ttgtgaagcc
acacctatat
ttgatcctgc
tagcagacac
ctgccgtcta
aagggaccac
gccaggcctg
ccaggtgcac
aagaacccag
accacctctc
caagagcacc
gaaccggtga

gntgtnctac

HMLX_002_02wO_SeqList_ST25

agcttatgaa
aaacagaaaa
atgggatgga
gtagcaggct
ctccacaggt
aggggcctca
gcactgggtg
gaatggtaac
atcctccaac
ttactgtgct
gctcaccgtc
accttggctt
acccaatgcc
gggcctctgce

ttgcagcctc

tctgggggca
cggtgtcgtg
agtnctcagg

tatgcaaatc
acatgagatc
gctgtatcat
tgaggtctgg
gtgcactccg
gtcaagttgt
aagcagaggc
actaaatatg
acagcctacc

aggggggtct
tcctccggtg

tggggcaggg
catgagccca
gccctgggcec
caccaagggc
cagcggccct
gaactcangc

actctactcc

ctctgaatct
acagttctct
cctcttettg
acatatatat
aggtgcagct
cctgtacagc
ctgaacaggg
acccgaagtt
tgcagctcag
accatgatta
agtggatccc
agggggctaa
gacactggac
cagctctgtc
ccatcggtct
gggctgncct
gccctgacna

ctcancagcg

Page 8

acatggtaaa
ctacagttac
gtagcaacag
gggtgacaat
gcagcagtca
ttctggcttc
cctggagtgg
ccagggcaag
cagcctgaca
cgacggggac
aagctagctt
ggtgaggcag
gctgaacctc
ccacaccgcg
tcccecctggce
ggtcaaggac
gcggggtgcea
tggtgaccgt

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

1020
1080



HMLX_002_02wO_SeqList_ST25

gccentcagce agctngggnn cccanachta natttgcacg ggaatchnaag cccngnaacc 1140

caaggggaaa aaaaaanttg gtgaaagncc cnccagggag ggaggggttn tgctggaaac 1200

<210> 12

<211> 1121

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody VL DNA in pHCMV-Gamml-neo expression
vector

<220>

<221> misc_feature
<222> (D..(D
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (12)..(12)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (983)..(983)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (1002)..(1003)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (1014)..(1014)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (1055)..(1055)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (1057)..(1057)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (1084)..(1084)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (1092)..(1092)
<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (1098)..(1098)
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 12
ncagggcgat

atataggttt
ctgagcacac
gctacaggta
tgacatccac
tcaaaaattc
gaatgtgggt
gatttactcg
tgggacagat
ctgtcagcaa
gggtgagtgg
cctaaagcat
aaagagctcc
actcaaaaca
aagcatgctg
caagggcaga
gctgcaccat
ctctgttgtg

aaanhccccct

<210> 13

misc_feature
(1110)..(1110)
nis a, ¢, g, or t

misc_feature
(1113)..(1113)
nis a, ¢, g, or t

misc_feature
(1119)..(1119)
nis a, ¢, g, or t

misc_feature
(1121)..(1121)
nis a, ¢, g, or t

chgcctccgce
gtctatacca
aggacctcac
aggggctcac
tttgcctttc
atgtccacat
actaatgtag
acatcctacc
ttcactctca
tataacagct
atcctagaat
tgagtttact
aacaaaacaa
tcaagatttt
ttttctgtct
actttgttac
ctgtcttcat
tgcctgctga

chatcggnaa

HMLX_OOZ_OZWO_SeqLiSt_ST25
nis a, ¢, g, or t

aagcttatga
caaacagaaa
catgggatgg
agtagcaggc
tctccacagg
cagtaggaga
cctggtatca
ggtacagtgg
ccatcagcaa
atccgtacac
tctaaactct
gcaaggtcag
tttagaactt
aaatacgctt
gtccctaaca
ttaaacacca
ctncccgeca
aaaacttcta

ctcccggaan

atatgcaaat
aacatgagat
agctgtatca
ttgaggtctg
tgtgcactcc
cagggtcagc
acagaaacca
agtccctgat
tgtgcagtct
gttcggaggg
gagggggtcg

aaaagcatgc
tattaaggaa
cttggtctcc
tgccctgtga
tcctgtttge
tctgatgagc
tcccnanagg

ggncccganc

cctctgaatc
cacagttctc
Tcctcttctt
gacatatata
gacatcgtca
gtcacctgca
gggcaatctc
cgcttcacag
gaagacttgg
gggaccaagc
gatgacgtgg
aaagccctca
tagggggaag
ttgctataat
ttatccgcaa
ttctttcctc
anntgaaatc
ccaaagtaca

n

Page 10

tacatggtaa
tctacagtta
ggtagcaaca
tgggtgacaa
tgacccagtc
aggccagtca
ctaaagcact
gcagtggatc
cagagtattt
tggaaataaa
ccattctttg
gaatggctgc
ctaggaagaa
tatctgggat
acaacacacc
aggaactgtg
tggnhaactgc

gtggaagggg

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

1020
1080
1121



HMLX_002_02wO_SeqList_ST25

<211> 15

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody VH CDR

<400> 13

gacacctata tgcac 15
<210> 14

<211> 51

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody VH CDR

<400> 14

aggattgatc ctgcgaatgg taacactaaa tatgacccga agttccaggg ¢ 51
<210> 15

<211> 30

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody VH CDR

<400> 15

ggggtctacc atgattacga cggggactac 30
<210> 16

<211> 33

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody vL CDR

<400> 16

aaggccagtc agaatgtggg tactaatgta gcc 33
<210> 17

<211> 21

<212> DNA

<213> Artificial sequence

<220>

<223> human monoclonal antibody vL CDR

<400> 17

tcgacatcct accggtacag t 21
<210> 18

<211> 27

<212> DNA

<213> Artificial sequence
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<220>
<223>

<400>

HMLX_002_02wO_SeqList_ST25

human monoclonal antibody VL CDR

18

cagcaatata acagctatcc gtacacg

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

<220>
<223>

<400>

Met Cys
1

Ala ser

val Glu

Thr Cys

50

Ser Ser

65

Glu Phe

Leu Ser

ser Thr

Leu Arg

Leu Thr

145

Gly Sser

Ala Glu

19
530
PRT

Artificial sequence

Flexi-IL12

19

His

Pro

Leu

35

Asp

Glu

Gly

His

Asp

Cys

Thr

Ser

Arg

Gln

Leu

20

Asp

Thr

val

Asp

Ser

100

Ile

Glu

Ile

Asp

val

Gln

val

Trp

Pro

Leu

Ala

85

Leu

Leu

Ala

Ser

Pro

165

Arg

Leu

Ala

Tyr

Glu

Gly

70

Gly

Leu

Lys

Lys

Thr

150

Gln

Gly

val

Ile

Pro

Glu

55

Ser

Gln

Leu

Asp

Asn

135

Asp

Gly

Asp

Ile

Trp

Asp

40

Asp

Gly

Tyr

Leu

Gln

120

Tyr

Leu

val

Asn

Ser

Glu

25

Ala

Gly

Lys

Thr

His

105

Lys

Ser

Thr

Thr

Lys

Trp

10

Leu

Pro

Ile

Thr

Cys

90

Lys

Glu

Gly

Phe

Cys
170

Phe

Lys

Gly

Thr

Leu

75

His

Lys

Pro

Arg

Ser

155

Gly

Ser

Lys

Glu

Trp

60

Thr

Lys

Glu

Lys

Phe

140

val

Ala

Glu Tyr Glu
Page 12

Leu

Asp

Met

45

Thr

Gly

Asp

Asn

125

Thr

Lys

Ala

Tyr

val

val

30

val

Leu

Gln

Gly

Gly

110

Lys

Cys

Ser

Thr

Ser

Phe

15

Tyr

val

Asp

val

Glu

95

Ile

Thr

Trp

Ser

Leu

175

val

Leu

val

Leu

Gln

Lys

val

Trp

Phe

Trp

Arg

Ser

27



Cys

Glu

Ser

225

Leu

Glu

Phe

val

Ser

305

Glu

Gly

Pro

val

Cys

385

Ser

Cys

Gln

val

210

Ser

Gln

Tyr

Cys

Phe

290

Trp

Ser

Gly

Ser

370

Thr

Thr

Leu

Glu

195

Met

Phe

Leu

Pro

val

275

Thr

Ser

Ala

Gly

Met

355

Asn

Ser

val

Asn

180

Asp

val

Phe

Lys

Asp

260

Gln

Asp

val

Ser

Gly

340

Phe

Met

Glu

Glu

Ser
420

Ser

Asp

Ile

Pro

245

Thr

val

Lys

Arg

val

325

Gly

Pro

Leu

Glu

Ala

405

Arg

Ala

Ala

Arg

Leu

Trp

Gln

Thr

Ala

310

Pro

Gly

Cys

Gln

Ile

390

Cys

Glu

Cys

val

215

Asp

Lys

Ser

Gly

Ser

295

Gln

Cys

Ser

Leu

Lys

375

Asp

Leu

Thr

HMLX_002_02wO_SeqList_ST25

Pro

200

His

Ile

Asn

Thr

Lys

280

Ala

Asp

Ser

Arg

His

360

Ala

His

Pro

Ser

185

Ala Ala Glu Glu

Lys

Ile

Ser

Pro

265

Ser

Thr

Arg

Gly

Asn

345

His

Arg

Glu

Leu

Phe
425

Leu
Lys
Arg
His
Lys
val
Tyr
Gly
3

Leu
Ser
Gln
Asp

Glu
410

Lys

Pro

235

Gln

Ser

Arg

Ile

Tyr

315

Gly

Pro

Gln

Thr

Ile

395

Leu

Thr

Tyr

220

Asp

val

Tyr

Glu

Cys

300

Ser

Gly

val

Asn

Leu

380

Thr

Thr

Asn

Page 13

Ser

205

Glu

Pro

Glu

Phe

Lys

285

Arg

Ser

Ser

Ala

Leu

365

Glu

Lys

Lys

Gly

190

Leu

Asn

Pro

val

Ser

270

Lys

Lys

Ser

Gly

Thr

350

Leu

Phe

Asp

Asn

Ser
430

Pro

Tyr

Lys

Ser

255

Leu

Asp

Asn

Trp

Gly

Pro

Arg

Tyr

Lys

Glu

415

Cys

Ile

Thr

Asn

240

Trp

Thr

Arg

Ala

Ser

320

Gly

Asp

Ala

Pro

Thr

400

Ser

Leu
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Ala Ser Arg Lys Thr Ser Phe Met Met Ala Leu Cys Leu Ser Ser Ile
435 440 445

Tyr Glu Asp Leu Lys Met Tyr Gln val Glu Phe Lys Thr Met Asn Ala
450 455 460

Lys Leu Leu Met Asp Pro Lys Arg GIn Ile Phe Leu Asp Glnh Asn Met
465 470 475 480

Leu Ala val Ile Asp Glu Leu Met Gln Ala Leu Asn Phe Asn Ser Glu
485 490 495

Thr val Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Ala
500 505 510

Phe Arg Ile Arg Ala val Thr Ile Asp Arg val Met Ser Tyr Leu Asn
515 520 525

Ala ser
530

<210> 20

<211> 21

<212> PRT

<213> Artificial sequence

<220>
<223> 1IgG heavy chain leader component of KM.CAR-hCH2CH3-28z construct

<400> 20

Met Glu Phe Gly Leu Ser Trp Leu Phe Leu val Ala Ile Leu Lys Gly
1 5 1 15

val Gln Cys Ser Arg
20

<210> 21

<211> 107

<212> PRT

<213> Artificial sequence

<220>

<223> KappaMab variable 1light chain component of KM.CAR-hCH2CH3-28z
construct

<400> 21

Asp Ile val Met Thr Gln Ser Gln Lys Phe Met Ser Thr Ser val Gly
1 5 10 15

Asp Arg val Ser val Thr Cys Lys Ala Ser Gln Asn val Gly Thr Asn
20 25 30
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val Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Ala Leu Ile
35 40 45

Tyr Ser Thr Ser Tyr Arg Tyr Ser Gly val Pro Asp Arg Phe Thr Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Asn val Gln Ser
65 70 75 80

Glu Asp Leu Ala Glu Tyr Phe Cys GIn Gln Tyr Asn Ser Tyr Pro Tyr
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

100 105
<210> 22
<211> 0
<212> PRT
<213> Artificial sequence
<220>
<223> KappaMab variable heavy chain component of KM.CAR-hCH2CH3-28z
construct
<400> 22
000
<210> 23
<211> 15
<212> PRT

<213> Artificial sequence

<220>
<223> (G4s)3 flexible 1inker component of KM.CAR-hCH2CH3-28z construct

<400> 23
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10

15
<210> 24
<211> 246
<212> PRT

<213> Artificial sequence

<220>
<223> Hinge, CH2 and CH3 components of KM.CAR-hCH2CH3-28z construct

<400> 24
Tyr val Thr val Ser Ser Gln Asp Pro Ala Glu Pro Lys Ser Pro Asp
1 5 10 15

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
20 25 30

Page 15



Pro

Ser

Asp

65

Asn

val

Glu

Lys

Thr

145

Thr

Glu

Leu

Lys

Glu
225

Ser

Arg

50

Pro

Ala

val

Tyr

Thr

130

Leu

Cys

Ser

Asp

Ser

210

Ala

Lys

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

val

35

Thr

Glu

Lys

Ser

Lys

Ile

Pro

Leu

Asn

Ser

195

Arg

Leu

Lys

25
68
PRT
Homo

Phe

Pro

val

Thr

val

100

Cys

Ser

Pro

val

Gly

Asp

Trp

His

Asp

Leu

Glu

Lys

Lys

Leu

Lys

Lys

Ser

Lys

Gln

Gly

Gln

Asn

Pro
245

sapiens

Phe

val

Phe

70

Pro

Thr

val

Ala

Arg

Gly

Pro

Ser

Gln

His

230

Lys

Pro

Thr

55

Asn

Arg

val

Ser

Lys

Asp

Phe

Glu

Phe

Gly

Tyr

HMLX_002_02wO_SeqList_ST25

Pro Lys
40

Cys val
Trp Tyr
Glu Glu
Leu His

105

Ash Lys
120

Gly GIn
Glu Leu
Tyr Pro
Ash Asnh

185

Phe Leu
200

Asn val

Thr Gln

Pro Lys Asp Thr Leu
45

val

val

Gln

90

Gln

Ala

Pro

Thr

Ser

170

Tyr

Tyr

Phe

Lys

val

Asp

75

Tyr

Asp

Leu

Arg

Asp

Lys

Ser

Ser

Ser
235

Asp

60

Gly

Asn

Trp

Pro

Glu

140

Asn

Thr

Lys

Cys

220

Leu

Page 16

val

val

Ser

Leu

Ala

125

Pro

Gln

Ala

Thr

Leu

205

Ser

Ser

Ser

Glu

Thr

Asn

110

Pro

Gln

val

val

Pro

190

Thr

val

Leu

Met

His

val

Tyr

95

Gly

Ile

val

Ser

Glu

175

Pro

val

Met

Ser

Glu

His

80

Arg

Lys

Glu

Tyr

Leu

160

Trp

val

Asp

His

Pro
240



<400>

25

Phe Trp val
1

Leu val Thr

Arg Leu Leu

35

Pro Thr Arg

Ala Tyr Arg

65

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

<400>

26
112
PRT
Homo

26

Arg val Lys
1

Gln

Asp

Pro

Asp

65

Arg

Thr

Asn

val

Arg

50

Lys

Arg

Lys

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

<220>

Gln

Leu

35

Arg

Met

Gly

Asp

27
688
PRT

Leu val val
5

val Ala

20

His

Lys

Ser

Ser

His

sapiens

Phe

Leu

20

Asp

Lys

Ala

Lys

Thr
100

Ser

Tyr

Lys

Asn

Glu

Gly

85

Tyr

Phe

Asp

Tyr

Arg

Asn

Arg

Pro

Ala

70

His

Asp

val

Tyr

Gln
55

Ser

Glu

Arg

Gln

55

Tyr

Asp

Ala

Artificial sequence

HMLX_002_02wO_SeqList_ST25

Gly Gly val Leu Ala Cys Tyr
10

ITe Phe Trp val Arg

Met
40

Pro

Ala

Leu

Gly

40

Glu

Ser

Gly

Leu

25

Asn

Tyr

Asp

Asn

25

Arg

Gly

Glu

Leu

His
105

Met Thr Pro

Ala Pro Pro

Ala Pro Ala
10

Leu Gly Arg

Asp Pro Glu

Leu Tyr Asnh
60

Ile Gly Met
75

Tyr Gln Gly
90

Met Gln Ala

Page 17

Ser
Arg

45

Arg

Tyr

Arg

Met

45

Glu

Lys

Leu

Leu

Lys
30

Arg

Asp

Gln

Glu

30

Gly

Leu

Gly

Ser

Pro
110

Ser
15
Arg

Pro

Phe

Gln

15

Glu

Gly

Gln

Glu

Thr

95

Pro

Leu

Ser

Gly

Ala

Gly

Tyr

Lys

Lys

Arg

80

Ala

Arg



<223>

<400>

Full
27

Met Glu Phe

1

val

Ser

Asn

Pro

65

Asp

Ser

Asn

val

145

val

Met

Arg

Gly

Gln
225

Gln

Thr

val

50

Lys

Arg

Asn

Ser

Gly

Gln

Lys

His

Lys
210

Leu

Cys

Ser

35

Gly

Ala

Phe

val

Tyr

115

Gly

Leu

Leu

Trp

Asp

Ala

Ser

Gly

Ser

20

val

Thr

Leu

Thr

Gln

100

Pro

Gly

Gln

Ser

val

180

Pro

Thr

Ser

Leu

Arg

Gly

Asn

Ile

Gly

85

Ser

Tyr

Ser

Gln

Cys

165

Lys

Ala

Ile

Leu

Ser

Asp

Asp

val

Tyr

70

Ser

Glu

Thr

Gly

Ser

150

Thr

Gln

Asn

Thr
230

Trp

Ile

Arg

Ala

55

Ser

Gly

Asp

Phe

Gly

Gly

Ala

Arg

Gly

Ala

215

Ser

HMLX_002_02wO_SeqList_ST25
Tength KM.CAR-hCH2CH3-28z amino acid construct

Leu

val

val

40

Trp

Thr

Ser

Leu

Gly

Gly

Ala

Ser

Pro

Asn

200

Asp

Glu

Phe

Met

25

Ser

Tyr

Ser

Gly

Ala

105

Gly

Gly

Glu

Gly

Glu

185

Thr

Thr

Asp

Leu

10

Thr

val

Gln

Tyr

Thr

90

Glu

Gly

Ser

Leu

Phe

170

Gln

Lys

Ser

Thr

val

Gln

Thr

Gln

Arg

75

Asp

Tyr

Thr

Gly

val

155

Asn

Gly

Tyr

Ser

Ala
235

Ala

Ser

Cys

Lys

Tyr

Phe

Phe

Lys

Leu

Asp

Asn

220

val

Page 18

Ile Leu Lys

Gln

Ser

Thr

Cys

Leu

125

Gly

Pro

Lys

Glu

Pro

205

Thr

Tyr

Lys

30

Ala

Gly

Gly

Leu

Gln

110

Glu

Gly

Gly

Asp

Trp

Lys

Ala

Tyr

15

Phe

Ser

Gln

val

Thr

95

Gln

Ser

Ala

Thr

175

Phe

Tyr

Cys

Gly

Met

Gln

Ser

Pro

80

Tyr

Lys

Glu

Ser

160

Tyr

Gly

Gln

Leu

Ala
240



Arg

Thr

Glu

Pro

Lys

305

val

Asp

Tyr

Asp

Leu

385

Arg

Lys

Asp

Lys

Ser

465

Ser

Gly
Leu
Pro
Glu
290
Asp
Asp
Gly
Ash
Trp
3

Pro
Glu
Ash
Ile
Thr
450

Lys

Cys

val

Thr

Lys

275

Leu

Thr

val

val

Ser

355

Leu

Ala

Pro

Gln

Ala

435

Thr

Leu

Ser

Tyr

val

260

Ser

Leu

Leu

Ser

Glu

340

Thr

Asn

Pro

Gln

val

420

val

Pro

Thr

val

His

245

Ser

Pro

Gly

Met

His

325

val

Tyr

Gly

Ile

val

405

Ser

Glu

Pro

val

Met
485

Asp

Ser

Asp

Gly

Ile

310

Glu

His

Arg

Lys

Glu

390

Tyr

Leu

Trp

val

Asp

His

Tyr

Tyr

Lys

Pro

295

Ser

Asp

Asn

val

Glu

375

Lys

Thr

Thr

Glu

Leu

455

Lys

Glu

HMLX_002_02wO_SeqList_ST25

Asp Gly Asp Tyr Trp Gly Gln

val

Thr

280

Ser

Arg

Pro

Ala

val

360

Tyr

Thr

Leu

Cys

Ser

440

Asp

Ser

Ala

Thr

265

His

val

Thr

Glu

Lys

345

Ser

Lys

Ile

Pro

Leu

425

Asn

Ser

Arg

Leu

250

val

Thr

Phe

Pro

val

330

Thr

val

Cys

Ser

Pro

410

val

Gly

Asp

Trp

His
490

Ser Ser

Cys Pro

Leu Phe
300

Glu val
315

Lys Phe

Lys Pro

Leu Thr

Lys val
380

Lys Ala
395

Ser Arg

Lys Gly

Gln Pro

Gly Sser
460

Gln Gln
475

Asn His

Page 19

Gln

Pro

285

Pro

Thr

Asn

Arg

val

365

Ser

Lys

Asp

Phe

Glu

445

Phe

Gly

Tyr

Asp

270

Cys

Pro

Cys

Trp

Glu

350

Leu

Asn

Gly

Glu

Tyr

430

Asn

Phe

Asn

Thr

Pro

Lys

val

Tyr

335

Glu

His

Lys

Gln

Leu

415

Pro

Asn

Leu

val

Gln
495

Thr

Ala

Ala

Pro

val

320

val

Gln

Ala

Pro

400

Thr

Ser

Tyr

Tyr

Phe

480

Lys
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Ser Leu Ser Leu Ser Pro Gly Lys Lys Asp Pro Lys Phe Trp val Leu
500 505 510

val val val Gly Gly val Leu Ala Cys Tyr Ser Leu Leu val Thr val
515 520 525

Ala Phe ITe ITe Phe Trp val Arg Ser Lys Arg Ser Arg Leu Leu His
530 535 540

Ser Asp Tyr Met Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys
545 550 555 560

His Tyr Gln Pro Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser
565 570 575

Arg val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly
580 585 590

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr
595 600 605

Asp val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys
610 615 620

Pro Arg Arg Lys Asn Pro GIn Glu Gly Leu Tyr Asn Glu Leu GIn Lys
625 630 635 640

Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg
645 650 655

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr GIn Gly Leu Ser Thr Ala
660 665 670

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg

675 680 685
<210> 28
<211> 2064
<212> DNA
<213> Artificial sequence
<220>
<223> Full Tength KM.CAR-hCH2CH3-28z nucleic acid construct
<400> 28
atggagtttg ggctgagctg gctttttctt gtggctattt taaaaggtgt ccagtgctct 60
agagacatcg tcatgaccca gtctcaaaaa ttcatgtcca catcagtagg agacagggtc 120

Page 20



agcgtcacct
ccagggcaat
gatcgcttca

tctgaagact

ggggggacca
ggcggatctg
gtcaagttgt
aagcagaggc
actaaatatg
acagcctacc
aggggggtct
tcctectacg
cacacatgcc
cccccaaaac
gtggacgtga
gtgcataatg
agcgtcctca
tccaacaaag
cgagaaccac
agcctgacct
aatgggcaac
Ttcttcctct
tcatgctccg
tctccgggta
tgctatagct
aggctcctgc
cattaccagc
agcaggagcg
aatctaggac

atggggggaa
gataagatgg

gggcacgatg

gcaaggccag
ctcctaaagc
caggcagtgg
tggcagagta
agctggaaat
aggtgcagct
cctgtacagc
ctgaacaggg
acccgaagtt
tgcagctcag
accatgatta
tcaccgtctc
caccgtgccc
ccaaggacac
gccacgaaga
ccaagacaaa
ccgtcctgeca
ccctcccagce
aggtgtacac
gcctggtcaa
cggagaacaa
acagcaagct
tgatgcatga
aaaaagatcc
tgctagtaac
acagtgacta
cctatgcccc
cagacgcccc
gaagagagga
agccgagaag
cggaggccta

gcctttacca

HMLX_002_02wO_SeqList_ST25

tcagaatgtg
actgatttac
atctgggaca
tttctgtcag
aaagggtggc
gcagcagtca
ttctggettc
cctggagtgg
ccagggcaag
cagcctgaca
cgacggggac
ttcacaggat
agcacctgaa
cctcatgatc
ccctgaggtc
gccgegggag
ccaggactgg
ccccatcgag
cctgccccca
aggcttctat
ctacaagacc
caccgtggac
ggctctgcac
caaattttgg
agtggccttt
catgaacatg
accacgcgac
cgcgtaccag
gtacgatgtt
gaagaaccct
cagtgagatt

gggtctcagt

ggtactaatg
tcgacatcct
gatttcactc

caatataaca

ggtggctegg
ggggcggagce
aacattaaag
attggaagga
gccactataa
tctgaggaca
tactggggcc
cccgccgagce
ctcctggggag
tcccggaccc
aagttcaact
gagcagtaca
ctgaatggca
aaaaccatct
tcccgggatg
cccagcgaca
acgcctcccg
aagagcaggt
aaccactaca
gtgctggtgg
attattttct
actccccgec
ttcgcagect
cagggccaga
ttggacaaga
caggaaggcc

gggatgaaag

acagccacca

tagcctggta
accggtacag
tcaccatcag
gctatccgta
gcggtggtgg
ttgtgaagcc
acacctatat
ttgatcctgc
tagcagacac
ctgccgtcta
aagggaccac
ccaaatctcc
gaccgtcagt
ctgaggtcac
ggtacgtgga
acagcacgta
aggagtacaa
ccaaagccaa
agctgaccaa
tcgccgtgga
tgctggactc
ggcagcaggg
cgcagaagag
tggttggtgg
gggtgaggag
gccccgggcec
atcgctccag
accagctcta
gacgtggccg
tgtacaatga
gcgagegeceg

aggacaccta
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tcaacagaaa
tggagtccct
caatgtgcag
cacgttcgga
gtcgggtggc
aggggcctca
gcactgggtg
gaatggtaac
atcctccaac
ttactgtgct
gctcaccgtc
tgacaaaact
cttcctcttc
atgcgtggtg
cggcgtggag
ccgtgtggtc
gtgcaaggtc
agggcagccc
gaaccaggtc
gtgggagagc
cgacggctcc
gaacgtcttc
cctctcecctg
agtcctggct
taagaggagc
cacccgcaag
agtgaagttc
taacgagctc
ggaccctgag
actgcagaaa

gaggggcaag

cgacgccctt

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
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cacatgcagg ccctgccccc tcgce

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

29
1727
DNA

<220>
<223>

<400> 29
tggagtttgg

gagacatcgt
gcgtcacctg
cagggcaatc
atcgcttcac
ctgaagactt
gggggaccaa
gcggatctga
tcaagttgtc
agcagaggcc
ctaaatatga
cagcctacct
ggggggtcta
cctcecggtgg
ctcctgacaa
ccccatcccg
tctatcccag
agaccacgcc
tggacaagag
tgcacaacca
tggtggttgg
tctgggtgag
gccgecccgg
cctatcgctc

agaaccagct

gctgagctgg
catgacccag
caaggccagt
tcctaaagca
aggcagtgga
ggcagagtat
gctggaaata
ggtgcagctg
ctgtacagct
tgaacagggc
cccgaagttc
gcagctcagc
ccatgattac
aggcgggtcet
aactcacaca
ggatgagctg
cgacatcgcc
tcccgtgetg
caggtggcag
ctacacacag
tggagtcctg
gagtaagagg
gcccacccgce
cagagtgaag

ctataacgag

Artificial sequence

ctttttcttg
tctcaaaaat
cagaatgtgg
ctgatttact
tctgggacag
ttctgtcagce
aagggtggcg
cagcagtcag
tctggcttca
ctggagtgga
cagggcaagg
agcctgacat
gacggggact

999gg9cggag
tgcccagggc

accaagaacc
gtggagtggg
gactccgacg
caggggaacg
aagagcctct
gcttgctata
agcaggctcc
aagcattacc
ttcagcagga

ctcaatctag

Full length KM.CAR-hCH3-28z nucleic acid construct

tggctatttt aaaaggtgtc cagtgctcta

tcatgtccac
gtactaatgt
cgacatccta
atttcactct

aatataacag

gtggctcggg
gggcggaget
acattaaaga
ttggaaggat
ccactataat
ctgaggacac
actggggcca
gttcaggcgg
agccccgaga
aggtcagcct
agagcaatgg
gctccttctt
tcttctcatg
ccctgtctec
gcttgctagt
tgcacagtga
agccctatgc
gcgcagacgc

gacgaagaga

atcagtagga
agcctggtat
ccggtacagt
caccatcagc
ctatccgtac
cggtggtggag
tgtgaagcca
cacctatatg
tgatcctgcg
agcagacaca
tgccgtctat
agggaccacg
gggtggttcc
accacaggtg
gacctgcctg
gcagccggag
cctctacagc
ctccgtgatg
gggtaaattt
aacagtggcc
ctacatgaac
cccaccacgc
ccccgcgtac

ggagtacgat
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gacagggtca
caacagaaac
ggagtccctg
aatgtgcagt
acgttcggag
tcgggtggeg
ggggcctceag
cactgggtga
aatggtaaca
tcctccaaca
tactgtgcta
ctcaccgtct
gagcccaaat
tacaccctgc
gtcaaaggct
aacaactaca
aagctcaccg
catgaggctc
tgggtgctgg
tttattattt
atgactcccc
gacttcgcag
cagcagggcc

gttttggaca

2004

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
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agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac cctcaggaag 1560
gcctgtacaa tgaactgcag aaagataaga tggcggaggc ctacagtgag attgggatga 1620
aaggcgagcg ccggaggggc aaggggcacg atggccttta ccagggtctc agtacagcca 1680
Cccaaggacac ctacgacgcc cttcacatgc aggccctgcec ccctegce 1727
<210> 30

<211> 1407

<212> DNA

<213> Artificial sequence

<220>

<223> Full Tength KM.CAR-h-28z nucleic acid construct

<400> 30

atggagtttg ggctgagctg gctttttctt gtggctattt taaaaggtgt ccagtgctct 60
agagacatcg tcatgaccca gtctcaaaaa ttcatgtcca catcagtagg agacagggtc 120
agcgtcacct gcaaggccag tcagaatgtg ggtactaatg tagcctggta tcaacagaaa 180
ccagggcaat ctcctaaagc actgatttac tcgacatcct accggtacag tggagtccct 240
gatcgcttca caggcagtgg atctgggaca gatttcactc tcaccatcag caatgtgcag 300
tctgaagact tggcagagta tttctgtcag caatataaca gctatccgta cacgttcgga 360
ggggggacca agctggaaat aaagggtggc ggtggctcgg gcggtggtgg gtcgggtgge 420
ggcggatctg aggtgcagct gcagcagtca ggggcggagc ttgtgaagcc aggggcctca 480
gtcaagttgt cctgtacagc ttctggcttc aacattaaag acacctatat gcactgggtg 540
aagcagaggc ctgaacaggg cctggagtgg attggaagga ttgatcctgc gaatggtaac 600
actaaatatg acccgaagtt ccagggcaag gccactataa tagcagacac atcctccaac 660
acagcctacc tgcagctcag cagcctgaca tctgaggaca ctgccgtcta ttactgtgct 720
aggggggtct accatgatta cgacggggac tactggggcc aagggaccac gctcaccgtc 780
tcctccggtg gaggcgggtc tgggggcgga ggttcaggcg ggggtggttc cgagcccaaa 840
tctcctgaca aaactcacac atgcccattt tgggtgctgg tggtggttgg tggagtcctg 900
gcttgctata gcttgctagt aacagtggcc tttattattt tctgggtgag gagtaagagg 960
agcaggctcc tgcacagtga ctacatgaac atgactcccc gccgccccgg gcccacccgce 1020
aagcattacc agccctatgc cccaccacgc gacttcgcag cctatcgctc cagagtgaag 1080
ttcagcagga gcgcagacgc ccccgcgtac cagcagggcc agaaccagct ctataacgag 1140
ctcaatctag gacgaagaga ggagtacgat gttttggaca agagacgtgg ccgggaccct 1200
gagatggggg gaaagccgag aaggaagaac cctcaggaag gcctgtacaa tgaactgcag 1260
aaagataaga tggcggaggc ctacagtgag attgggatga aaggcgagcg ccggaggggc 1320
aaggggcacg atggccttta ccagggtctc agtacagcca ccaaggacac ctacgacgcc 1380
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cttcacatgc aggccctgcc ccctegce

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

31
1461
DNA

<220>
<223>

<400> 31
atggagtttg

agagacatcg
agcgtcacct
ccagggcaat
gatcgcttca

tctgaagact

ggggggacca
ggcggatctg
gtcaagttgt
aagcagaggc
actaaatatg
acagcctacc
aggggggtct
tcctccacca
CCCCtgtCCC
gggctggact
tatagcttgc
ctcctgcaca
taccagccct
aggagcgcag
ctaggacgaa
gggggaaagc
aagatggcgg
cacgatggcc

atgcaggccc

ggctgagcetg
tcatgaccca
gcaaggccag
ctcctaaagc
caggcagtgg
tggcagagta
agctggaaat
aggtgcagct
cctgtacagc
ctgaacaggg
acccgaagtt
tgcagctcag
accatgatta
cgacgccagc
tgcgcccaga
tcgcctgtga
tagtaacagt
gtgactacat
atgccccacc
acgcccccgc
gagaggagta
cgagaaggaa
aggcctacag
tttaccaggg

tgcccccteg

Artificial sequence

gctttttctt
gtctcaaaaa
tcagaatgtg
actgatttac
atctgggaca
tttctgtcag
aaagggtggc
gcagcagtca
ttctggettc
cctggagtgg
ccagggcaag
cagcctgaca
cgacggggac
gccgcgacca
ggcgtgeegg
tttttgggtg
ggcctttatt
gaacatgact
acgcgacttc
gtaccagcag
cgatgttttg
gaaccctcag
tgagattggg
tctcagtaca

C

Full length KM.CAR-CD8a-28z nucleic acid construct

gtggctattt taaaaggtgt ccagtgctct

ttcatgtcca
ggtactaatg
tcgacatcct
gatttcactc

caatataaca

ggtggctegg
ggggcggagce
aacattaaag
attggaagga
gccactataa
tctgaggaca
tactggggcc
ccaacaccgg
ccageggegg
ctggtggtgg
attttctggg
cccecgecgec
gcagcctatc
ggccagaacc
gacaagagac
gaaggcctgt
atgaaaggcg

gccaccaagg

catcagtagg
tagcctggta
accggtacag
tcaccatcag
gctatccgta
gcggtggtgg
ttgtgaagcc
acacctatat
ttgatcctgc
tagcagacac
ctgccgtcta
aagggaccac
cgcccaccat
ggggcgeagt
ttggtggagt
tgaggagtaa
ccgggcccac
gctccagagt
agctctataa
gtggceggga
acaatgaact
agcgccggag

acacctacga
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agacagggtc
tcaacagaaa
tggagtccct
caatgtgcag
cacgttcgga
gtcgggtggc
aggggcctca
gcactgggtg
gaatggtaac
atcctccaac
ttactgtgct
gctcaccgtc
cgcgtcgcag
gcacacgagg
cctggcttgce
gaggagcagg
ccgcaagcat
gaagttcagc
cgagctcaat
ccctgagatg
gcagaaagat
gggcaagggyg

cgcccttcac

1407

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

1020
1080
1140
1200
1260
1320
1380
1440
1461



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

32
1410
DNA

<220>
<223>

<400> 32
atggagtttg

agagacatcg
agcgtcacct
ccagggcaat
gatcgcttca

tctgaagact

ggggggacca
ggcggatctg
gtcaagttgt
aagcagaggc
actaaatatg
acagcctacc
aggggggtct
tcctceggtg
tctcctgaca
gcttgctata
aagaaactcc
gaagatggct
aagttcagca
gagctcaatc
cctgagatgg
cagaaagata

ggcaaggggc

gcccttcaca

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

33
1464
DNA

ggctgagcetg
tcatgaccca
gcaaggccag
ctcctaaagc
caggcagtgg
tggcagagta
agctggaaat
aggtgcagct
cctgtacagc
ctgaacaggg
acccgaagtt
tgcagctcag
accatgatta
gaggcgggtc
aaactcacac
gcttgctagt
tgtatatatt
gtagctgccg
ggagcgcaga
taggacgaag
ggggaaagcc
agatggcgga
acgatggcct

tgcaggccct
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Artificial sequence

gctttttctt
gtctcaaaaa
tcagaatgtg
actgatttac
atctgggaca
tttctgtcag
aaagggtggc
gcagcagtca
ttctggettc
cctggagtgg
ccagggcaag

cagcctgaca

cgacggggac

tgggggcgga
atgcccattt

aacagtggcc
caaacaacca
atttccagaa
cgcccecgeg
agaggagtac
gagaaggaag
ggcctacagt
ttaccagggt

gccccctegce

Artificial sequence

Full length KM.CAR-h-28TM-41BBz nucleic acid construct

gtggctattt taaaaggtgt ccagtgctct

ttcatgtcca
ggtactaatg
tcgacatcct
gatttcactc

caatataaca

ggtggctcgg
ggggcggage
aacattaaag
attggaagga
gccactataa
tctgaggaca

tactggggcc

ggttcaggcg
tgggtgctgg
tttattattt
tttatgagac
gaagaagaag
taccagcagg
gatgttttgg
aaccctcagg
gagattggga

ctcagtacag

catcagtagg
tagcctggta
accggtacag
tcaccatcag
gctatccgta
gcggtggtgg
ttgtgaagcc
acacctatat
ttgatcctgc
tagcagacac
ctgccgtcta

aagggaccac

ggggtggttc
tggtggttgg
tctgggtgaa
cagtacaaac
gaggatgtga
gccagaacca
acaagagacg
aaggcctgta
tgaaaggcga

ccaccaagga
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agacagggtc
tcaacagaaa
tggagtccct
caatgtgcag
cacgttcgga
gtcgggtggc
aggggcctca
gcactgggtg
gaatggtaac
atcctccaac
ttactgtgct
gctcaccgtc
cgagcccaaa
tggagtcctg
acggggcaga
tactcaagag
actgagagtg
gctctataac
tggccgggac
caatgaactg
gcgccggagyg

cacctacgac

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

1020
1080
1140
1200
1260
1320
1380
1410



<220>
<223> Full

<400> 33
atggagtttg

agagacatcg
agcgtcacct
ccagggcaat
gatcgcttca

tctgaagact

ggggggacca
ggcggatctg
gtcaagttgt
aagcagaggc
actaaatatg
acagcctacc
aggggggtct
tcctccacca
cccctgtecc
gggctggact
tatagcttgce
ctcctgtata
ggctgtagct
agcaggagcg
aatctaggac

atggggggaa
gataagatgg

gggcacgatg

cacatgcagg

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

34
2067
DNA

<220>
<223>

Tength KM.

ggctgagcetg
tcatgaccca
gcaaggccag
ctcctaaagc
caggcagtgg
tggcagagta
agctggaaat
aggtgcagct
cctgtacagc
ctgaacaggg
acccgaagtt
tgcagctcag
accatgatta
cgacgccagc
tgcgcccaga
tcgcctgtga
tagtaacagt
tattcaaaca
gccgatttcc
cagacgcccc
gaagagagga
agccgagaag
cggaggccta
gcctttacca

ccctgccccc

HMLX_002_02wO_SeqList_ST25

CAR_8a_28TM_41BBz nucleic acid construct

gctttttctt
gtctcaaaaa
tcagaatgtg
actgatttac
atctgggaca
tttctgtcag
aaagggtggc
gcagcagtca
ttctggettc
cctggagtgg
ccagggcaag
cagcctgaca
cgacggggac
gccgcgacca
ggcgtgeegg
tttttgggtg
ggcctttatt
accatttatg
agaagaagaa
cgcgtaccag
gtacgatgtt
gaagaaccct
cagtgagatt
gggtctcagt

tcgce

Artificial sequence

gtggctattt
ttcatgtcca
ggtactaatg
tcgacatcct
gatttcactc

caatataaca

ggtggctegg
ggggcggagce
aacattaaag
attggaagga
gccactataa
tctgaggaca
tactggggcc
ccaacaccgg
ccageggegg
ctggtggtgg
attttctggg
agaccagtac
gaaggaggat
cagggccaga
ttggacaaga
caggaaggcc

gggatgaaag

acagccacca

taaaaggtgt
catcagtagg
tagcctggta
accggtacag
tcaccatcag
gctatccgta
gcggtggtgg
ttgtgaagcc
acacctatat
ttgatcctgce
tagcagacac
ctgccgtcta
aagggaccac
cgcccaccat
ggggcgeagt
ttggtggagt
tgaaacgggg
aaactactca
gtgaactgag
accagctcta
gacgtggcecg
tgtacaatga
gcgagcgecg

aggacaccta

Page 26

ccagtgctct
agacagggtc
tcaacagaaa
tggagtccct
caatgtgcag
cacgttcgga
gtcgggtggc
aggggcctca
gcactgggtg
gaatggtaac
atcctccaac
ttactgtgct
gctcaccgtc
cgcgtcgcag
gcacacgagg
cctggcttgce
cagaaagaaa
agaggaagat
agtgaagttc
taacgagctc
ggaccctgag
actgcagaaa

gaggggcaag

cgacgccctt

Full length KM.CAR_hCH2CH3mut_28TM_41BBz nucleic acid construct

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

1020
1080
1140
1200
1260
1320
1380
1440
1464



<400> 34
atggagtttg

agagacatcg
agcgtcacct
ccagggcaat
gatcgcttca

tctgaagact

ggggggacca
ggcggatctg
gtcaagttgt
aagcagaggc
actaaatatg
acagcctacc
aggggggtct
tcctccggtg
tctcctgaca
gtcttcctct
acatgcgtgg
gacggcgtgg
taccgtgtgg
aagtgcaagg
aaagggcagc
aagaaccagg
gagtgggaga
tccgacggct
gggaacgtct
agcctctccc
tgctatagct
aaactcctgt
gatggctgta
ttcagcagga

ctcaatctag

ggctgagctg
tcatgaccca
gcaaggccag
ctcctaaagc
caggcagtgg
tggcagagta
agctggaaat
aggtgcagct
cctgtacagc
ctgaacaggg
acccgaagtt
tgcagctcag
accatgatta
gaggcgggtc
aaactcacac
tccccccaaa
tggtgaacgt
aggtgcataa
tcagcgtcct
tctccaacaa
cccgagaacc
tcagcctgac
gcaatgggca
ccttcttcect
tctcatgctc
tgtctccggg
tgctagtaac
atatattcaa
gctgccgatt
gcgcagacgc

gacgaagaga
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gctttttctt
gtctcaaaaa
tcagaatgtg
actgatttac
atctgggaca
tttctgtcag
aaagggtggc
gcagcagtca
ttctggettc
cctggagtgg
ccagggcaag

cagcctgaca

cgacggggac
tgggggcgga

atgcccaccg
acccaaggac
gagccacgaa
tgccaagaca
caccgtcctg
agccctccca
acaggtgtac
ctgcctggtc
gccggagaac
ctacagcaag
cgtgatgcat
taaattttgg
agtggccttt
acaaccattt
tccagaagaa
ccccgcgtac

ggagtacgat

gtggctattt taaaaggtgt ccagtgctct

ttcatgtcca
ggtactaatg
tcgacatcct
gatttcactc

caatataaca

ggtggctegg
ggggcggagce
aacattaaag
attggaagga
gccactataa
tctgaggaca
tactggggcc
ggttcaggcg
tgcccagceac
accctcatga
gaccctgagg
aagccgeggg
caccaggact
gcccccatcg
accctgcccc
aaaggcttct
aactacaaga
ctcaccgtgg
gaggctctgc
gtgctggtgg
attattttct
atgagaccag
gaagaaggag
cagcagggcc

gttttggaca

catcagtagg
tagcctggta
accggtacag
tcaccatcag
gctatccgta
gcggtggtgg
ttgtgaagcc
acacctatat
ttgatcctgc
tagcagacac
ctgccgtcta
aagggaccac
ggggtggttc
ctccagtcgc
tcgcccggac
tcaagttcaa
aggagcagta
ggctgaatgg
agaaaaccat
catcccggga
atcccagcga
ccacgcctcc
acaagagcag
acaaccacta
tggttggtgg
gggtgaaacg
tacaaactac
gatgtgaact
agaaccagct

agagacgtgg
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agacagggtc
tcaacagaaa
tggagtccct
caatgtgcag
cacgttcgga
gtcgggtggc
aggggcctca
gcactgggtg
gaatggtaac
atcctccaac
ttactgtgct
gctcaccgtc
cgagcccaaa
gggaccgtca
ccctgaggtc
ctggtacgtg
cgccagcacg
caaggagtac
ctccaaagcc
tgagctgacc
catcgccgtg
cgtgctggac
gtggcagcag
cacacagaag
agtcctggct
gggcagaaag
tcaagaggaa
gagagtgaag
ctataacgag

ccgggaccct

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
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gagatggggg gaaagccgag aaggaagaac cctcaggaag gcctgtacaa tgaactgcag 1920

aaagataaga tggcggaggc ctacagtgag attgggatga aaggcgagcg ccggaggggce 1980

aaggggcacg atggccttta ccagggtctc agtacagcca ccaaggacac ctacgacgcc 2040

cttcacatgc aggccctgcc ccctcgce 2067

<210> 35

<211> 30

<212> DNA

<213> Homo sapiens

<400> 35

ggaggaaaaa ctgtttcata cagaaggcgt 30

<210> 36

<211> 114

<212> DNA

<213> Homo sapiens

<400> 36

acattttgac acccccataa tatttttcca gaattaacag tataaattgc atctcttgtt 60

caagagttcc ctatcactct ctttaatcac tactcacagt aacctcaact cctg 114

<210> 37

<211> 1233

<212> DNA

<213> Artificial sequence

<220> )

<223> constructed nucleic acid sequence of transposon gene expression
cassette

<400> 37

ggaggaaaaa ctgtttcata cagaaggcgt caattaggag gaaaaactgt ttcatacaga 60

aggcgtcaat taggaggaaa aactgtttca tacagaaggc gtcaattgtc ccatcgaatt 120

aggaggaaaa actgtttcat acagaaggcg tcaattagga ggaaaaactg tttcatacag 180

aaggcgtcaa ttaggaggaa aaactgtttc atacagaagg cgtcaattgt cccgggacat 240

tttgacaccc ccataatatt tttccagaat taacagtata aattgcatct cttgttcaag 300

agttccctat cactctcttt aatcactact cacagtaacc tcaactcctg aactccatgg 360

atggtgagca agggcgagga gctgttcacc ggggtggtgc ccatcctggt cgagctggac 420

ggcgacgtaa acggccacaa gttcagcgtg tccggcgagg gcgagggcga tgccacctac 480

ggcaagctga ccctgaagtt catctgcacc accggcaagc tgcccgtgcc ctggcccacc 540

ctcgtgacca ccctgaccta cggcgtgcag tgcttcagcc gctaccccga ccacatgaag 600

cagcacgact tcttcaagtc cgccatgccc gaaggctacg tccaggagcg caccatcttc 660

ttcaaggacg acggcaacta caagacccgc gccgaggtga agttcgaggg cgacaccctg 720

Page 28



HMLX_002_02wO_SeqList_ST25

gggcatcgac ttcaaggagg acggcaacat cctggggcac

gtgaaccgca tcgagctgaa

aagctggagt acaactacaa cagccacaac

ggcatcaagg tgaacttcaa gatccgccac

gaccactacc agcagaacac ccccatcgga

caagcaggag acgttgaaga aaaccccggt

ttgccagcca tctgttgttt gcccctcccc

tcccactgtc ctttcctaat aaaatgagga

Ttctattctg gggggtgggg tggggcagga

caggcatgct ggggatgcgg tgggctctat

<210> 38

<211> 218

<212> PRT

<213> Artificial sequence

<220>

<223> Mutated SANT-7 amino acid

<400> 38

Met Asn Ser Phe Ser Thr Ser Ala

1 5

Gly Leu Leu Leu Val Leu Pro Ala

20

Gly Glu Asp Ser Lys Asp Val Ala
35 40

Ser Ser Glu Arg Ile Asp Lys Gln

50 55

Ser Ala Leu Arg Lys Glu Thr Cys

65 70

Ser Lys Glu Ala Asp Ala Phe Trp

85
Glu Lys Asp Gly Cys Phe Tyr Lys
100

val Lys Ile Ile Thr Gly Leu Leu
115 120

Leu GIn Asn Arg Phe Glu Ser Ser

gtctatatca
aacatcgagg
tccggagcca
cctatttaaa
cgtgccttcc

aattgcatcg

cagcaagggg
g9c

sequence

Phe Gly Pro

10

Ala Phe

25

Pro

Ala Pro His

ITe Arg Asp

Ser
75

Ash Lys

Leu Asn

90

Ash
Phe Asn
Glu

Phe

Glu Glu Gln

tggccgacaa
acggcagcgt
cgaacttctc
tcctcgactg
ttgaccctgg

cattgtctga

gaggattggg

val Ala Phe

val
30

Ala Pro

Gln
45

Arg Pro

Ile
60

Leu Asp

Asnh Met Cys

Leu Pro Lys

Thr
110

Glu Glu

val Tyr Leu

125

Ala Arg

Page 29

Ala

gcagaagaac
gcagctcgcc
tctgttaaag
tgccttctag
aaggtgccac
gtaggtgtca

aagacaatag

Ser Leu

15

Pro Pro

Leu Thr

Phe

Glu Ser

80

Met Ala

95

Cys Leu

Glu

Tyr

val Gln

780
840
900
960
1020
1080
1140
1200
1233



130

Met Thr

145

Arg

Leu Asp Ala

Thr Lys Leu

Ile Leu

195

Leu

Leu Arg Ala

210

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

39
655
DNA

<220>

<223> Muta

<400> 39
atgaactcct

gtgttgcctg
gccccacaca
ctcgacttta
tccaaagagg
tgcttctaca
gagtttgagg
agagctgtgc
ctagatgcaa
gcacagaacc
ttcctgatcc
<210>
<211>

<212>
<213>

40
540
PRT

<220>
<223>

Lys Asp

Leu
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135

Ile Gln

150

Thr
165

Ile

Gln Ala

180

Arg Ser

Met His

ted SANT-7

tctccacaag
ctgcctteccc
gacagccact
tctcagectt
cagacgcatt
aaggattcaa
tatacctaga
agatgcgcac
taaccacccc
agtggctgca

gtagcctgag

Thr

Gln

Phe

His

Pro Asp

Gln

Asn

Glu
200

Lys

His
215

Artificial sequence

nhucleic ac

cgccttcggt
tgccccagta
cacgagctca
aagaaaggag
ctggaacctg
tgaggagact
gtacctccag
aaaagacctg
tgacccaacc
ggacatgaca

ggctcttcgg

Artificial sequence

Phe Leu
155

Thr Thr

170

Pro

Trp Leu Gln

185

Phe Leu Ile

His His

id sequence

ccagttgcct
cccccaggag
gaacgaattg
acatgtaaca
aaccttccaa
tgcctggtga
aacagatttg
atccagttcc
acaaatgcca
actcatctca

gctatgcatc

Flexi-IL-12 amino acid construct

140

Gln Lys Lys Ala

Asn Ala Ser

Asp Met Thr
190

Arg Ser Leu
205

tctccctggg
aagattccaa
acaaacaaat
agagtaacat
agatggctga
aaatcatcac
agagtagtga
tgcagaaaaa
gcctgctgac
ttctgagatc

atcaccatca

Page 30

Asn
160

Lys

Leu Leu

175

Thr His

Arg Ala

gctgctcctg
agatgtagcc
tcgggacatc
gtgtgagagc
aaaagatgga
tggtcttctc
ggaacaagcc
ggcaaagaat
gaagctgcag
ttttaaggag

ccact

60
120
180
240
300
360
420
480
540
600
655



<400>

40

Met Cys His
1

Ala

val

Thr

Ser

65

Glu

Leu

Ser

Leu

Leu

145

Ala

Cys

Glu

Ser

225

Leu

Ser

Glu

Cys

50

Ser

Phe

Ser

Thr

Arg

Thr

Ser

Glu

Gln

val

210

Ser

Gln

Pro

Leu

35

Asp

Glu

Gly

His

Cys

Thr

Ser

Arg

Glu

195

Met

Phe

Leu

Gln

Leu

20

Asp

Thr

val

Asp

Ser

100

Ile

Glu

Ile

Asp

val

180

Asp

val

Phe

Lys

Gln

val

Trp

Pro

Leu

Ala

85

Leu

Leu

Ala

Ser

Pro

165

Arg

Ser

Asp

Ile

Pro

Leu

Ala

Tyr

Glu

Gly

70

Gly

Leu

Lys

Lys

Thr

150

Gln

Gly

Ala

Ala

Arg

Leu

val

Ile

Pro

Glu

55

Ser

Gln

Leu

Asp

Asn

135

Asp

Gly

Asp

Cys

val

215

Asp

Lys
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Ile Ser Trp Phe Ser Leu val
10

Trp

Asp

40

Asp

Gly

Tyr

Leu

Gln

120

Tyr

Leu

val

Asn

Pro

200

His

Ile

Asn

Glu

25

Ala

Gly

Lys

Thr

His

105

Lys

Ser

Thr

Thr

Lys

Ala

Lys

Ile

Ser

Leu

Pro

Ile

Thr

Cys

90

Lys

Glu

Gly

Phe

Cys

170

Glu

Ala

Leu

Lys

Lys

Gly

Thr

Leu

75

His

Lys

Pro

Arg

Ser

155

Gly

Tyr

Glu

Lys

Pro
235

Lys

Glu

Trp

60

Thr

Lys

Glu

Lys

Phe

140

val

Ala

Glu

Glu

Tyr

220

Asp

Arg Gln val
Page 31

Asp
Met

45

Thr

Gly

Asp

Asn

125

Thr

Lys

Ala

Tyr

Ser

205

Glu

Pro

Glu

val

30

val

Leu

Gln

Gly

Gly

110

Lys

Cys

Ser

Thr

Ser

190

Leu

Asn

Pro

val

Phe

15

Tyr

val

Asp

val

Glu

95

Ile

Thr

Trp

Ser

Leu

175

val

Pro

Tyr

Lys

Ser

Leu

val

Leu

Gln

Lys

val

Trp

Phe

Trp

Arg

Ser

Glu

Ile

Thr

Asn

240

Trp



Glu

Phe

val

Ser

305

Glu

Pro

val

Cys

385

Ser

Cys

Ala

Tyr

Lys

465

Leu

Tyr

Cys

Phe

290

Trp

Ser

Gly

Ser

370

Thr

Thr

Leu

Ser

Glu

450

Leu

Ala

Pro

val

275

Thr

Ser

Ala

Gly

Met

355

Asn

Ser

val

Asn

Leu

val

Asp

260

Gln

Asp

val

Ser

Gly

340

Phe

Met

Glu

Glu

Ser

420

Lys

Leu

Met

245

Thr

val

Lys

Arg

val

325

Gly

Pro

Leu

Glu

Ala

405

Arg

Thr

Lys

Asp

Asp

Trp

Gln

Thr

Ala

310

Pro

Gly

Cys

Gln

Ile

390

Cys

Glu

Ser

Met

Pro

470

Glu

Ser

Gly

Ser

295

Gln

Cys

Ser

Leu

Lys

375

Asp

Leu

Thr

Phe

Tyr

455

Lys

Leu
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Thr

Lys

280

Ala

Asp

Ser

Arg

His

360

Ala

His

Pro

Ser

Met

440

Gln

Arg

Met

250

Pro His Ser Tyr

265

Ser

Thr

Arg

Gly

Asn

345

His

Arg

Glu

Leu

Phe

425

Met

val

Gln

Gln

Lys

val

Tyr

Gly

Leu

Ser

Gln

Asp

Glu

410

Ala

Glu

Ile

Ala
490

Arg

Ile

Tyr

315

Gly

Pro

Gln

Thr

Ile

395

Leu

Thr

Leu

Phe

Phe

475

Leu

Glu

Cys

300

Ser

Gly

val

Asn

Leu

380

Thr

Thr

Asn

Cys

Lys

460

Leu

Asn
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Phe

Lys

285

Arg

Ser

Ser

Ala

Leu

365

Glu

Lys

Lys

Gly

Leu

445

Thr

Asp

Phe

Ser

270

Lys

Lys

Ser

Gly

Thr

350

Leu

Phe

Asp

Asn

Ser

430

Ser

Met

Gln

Asn

255

Leu

Asp

Asn

Trp

Gly

Pro

Arg

Tyr

Lys

Glu

415

Cys

Ser

Asn

Asn

Ser
495

Thr

Arg

Ala

Ser

320

Gly

Asp

Ala

Pro

Thr

400

Ser

Leu

Ala

Met
480

Glu
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Thr val Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr

Lys Ile
515

Thr Ile
530

41
1620
DNA

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

<220>
<223>

<400> 41
atgtgtcacc

gtggccatat
gcccctggag
accttggacc
gagtttggag
ctcctgctgce
aaagaaccca
acctgctggt

ggctcttctg

agaggggaca
gctgctgagg
gaaaactaca
ttgcagctga
acctggagta
agcaagagag
cgcaaaaatg
gaatgggcat
ggcggcagca
cactcccaaa
gaattttacc

agcacagtgg

500

agcagttggt
gggaactgaa
aaatggtggt
agagcagtga
atgctggcca
ttcacaaaaa
aaaataagac
ggctgacgac
acccccaagg
acaaggagta
agagtctgcc
ccagcagctt
agccattaaa
ctccacattc
aaaagaaaga
ccagcattag
ctgtgccctg
gaaacctccc
acctgctgag
cttgcacttc

aggcctgttt

520

Artificial sequence

catctcttgg
gaaagatgtt
cctcacctgt
ggtcttaggc
gtacacctgt
ggaagatgga
ctttctaaga
aatcagtact
ggtgacgtgc
tgagtactca
cattgaggtc
cttcatcagg
gaattctcgg
ctacttctcc
tagagtcttc
cgtgcgggcec
cagtggtggc
cgtggccact
ggccgtcagc
tgaagagatt

accattggaa

505

Asp Arg val Met Ser Tyr Leu Asnh Ala Ser
535

Flexi-IL-12 nucleic acid construct

ttttccctgg
tatgtcgtag
gacacccctg
tctggcaaaa
cacaaaggag
atttggtcca
tgcgaggcca
gatttgacat
ggagctgcta
gtggagtgcc
atggtggatg
gacatcatca
caggtggagg
ctgacattct
acggacaaga
caggaccgct
ggtggaagcg
ccagacccag
aacatgctcc
gatcatgaag

ttaaccaaga

510

525

540

tttttctgge
aattggattg
aagaagatgg
ccctgaccat
gcgaggttct
ctgatatttt
agaattattc
tcagtgtcaa
cactctctgc
aggaggacag
ccgttcacaa
aacctgaccc
tcagctggga
gcgttcaggt
cctcagccac
actatagctc
gcggtggegg
gaatgttccc
agaaggccag
atatcacaaa

atgagagttg
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Lys Leu Cys Ile Leu Leu His Ala Phe Arg Ile Arg Ala val

atctcccctc
gtatccggat
tatcacctgg
ccaagtcaaa
aagccattcg
aaaggaccag
tggacgtttc
aagcagcaga
agagagagtc
tgcctgccca
gctcaagtat
acccaagaac
gtaccctgac
ccagggcaag
ggtcatctgc
atcttggagc
aagcggeggt
atgccttcac
acaaactcta
agataaaacc

cctaaattcc

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

1020
1080
1140
1200
1260



agagagacct
atggccctgt
accatgaatg
ctggcagtta
aaatcctccc

catgctttca

ctttcataac
gccttagtag
caaagcttct
ttgatgagct
ttgaagaacc

gaattcgggc

HMLX_002_02wO_SeqList_ST25

taatgggagt
tatttatgaa
gatggatcct
gatgcaggcc
ggatttttat

agtgactatt

tgcctggect
gacttgaaga
aagaggcaga
ctgaatttca
aaaactaaaa

gatagagtga

ccagaaagac ctcttttatg
tgtaccaggt ggagttcaag
tctttctaga tcaaaacatg
acagtgagac tgtgccacaa
tcaagctctg catacttctt

tgagctatct gaatgcttcc

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

<220>
<223>

<400>

42
170
PRT

Artificial sequence

GAL 3C amino acid construct

42

Met Glu Phe Gly

1

val

Pro

Arg

Ile

65

Pro

Leu

Glu

Phe

val
145

Gln

Leu

Met

50

Ala

Arg

Asp

Ser

Lys

130

Lys

Cys

Ile

35

Leu

Leu

Phe

Asn

Lys

Ser

20

val

Ile

Asp

Asn

Asn

100

Lys

Ala

Leu

Leu

Arg

Pro

Thr

Phe

Glu

85

Trp

Pro

val

Asn

ser Trp

His His

Tyr Asnh

Leu
55

Gln
70

Arg

Asn Asn

Gly Arg

Phe Lys

Asn Asp

Glu Ile

150

Leu

His

Leu

40

Gly

Gly

Arg

Glu

Ile

120

Ala

Ser

Phe

His

25

Pro

Thr

Asn

Arg

Glu

105

Gln

Lys

Leu

10

His

Leu

val

Asp

val

90

Arg

val

Leu

Leu

val

His

Pro

Lys

val

75

Ile

Gln

Leu

Leu

Gly

Ala

Gly

Gly

Pro

60

Ala

val

Ser

val

Gln

140

Ile

Page 34

Ala

Gly

45

Asn

Phe

Cys

val

Glu

125

Tyr

Ser

Leu

Pro

30

val

Ala

His

Asn

Phe

110

Pro

Asn

Gly

Lys

15

Ala

val

Asn

Phe

Thr

95

Pro

Asp

His

Asp

Gly

Gly

Pro

Arg

Asn

80

Lys

Phe

His

Arg

Ile
160

1320
1380
1440
1500
1560
1620
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Asp Leu Thr Ser Ala Ser Tyr Thr Met Ile

<210> 43

<211> 510
<212> DNA
<213>

<220>
<223>

<400> 43
atggagtttg

GAL

agacatcatc
cctttgectg
aatgcaaaca
ccacgcttca
tggggaaggg
caagtactgg
tacaatcatc

gacctcacca

165

3C nucleic

ggctgagcetg
accatcacca
ggggagtggt
gaattgcttt
atgagaacaa
aagaaagaca
ttgaacctga
gggttaaaaa

gtgcttcata

Artificial sequence

170

acid construct

gctttttctt
cggcgcccct
gcctcgcatg
agatttccaa
caggagagtc
gtcggttttc
ccacttcaag
actcaatgaa

taccatgata

gtggctattt
gctgggccac
ctgataacaa
agagggaatg
attgtttgca
ccatttgaaa
gttgcagtga

atcagcaaac

taaaaggtgt
tgattgtgcc
ttctgggcac
atgttgcctt
atacaaagct
gtgggaaacc
atgatgctca

tgggaatttc
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ccagtgctct
ttataacctg
ggtgaagccc
ccactttaac
ggataataac
attcaaaata
cttgttgcag

tggtgacata

60
120
180
240
300
360
420
480
510



