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(57) Abstract: The present invention is directed to a chimeric antigen receptor (CAR) fusion protein comprising from N-terminus to
C-terminus: (i) a single-chain variable fragment (scFv) comprising VH and VL, wherein scFv binds to human PLAP (placental alkaline
phosphatase), (ii) a transmembrane domain, (iii) a co-stimulatory domain of CD28, OX-40, GITR, or 4-1BB, and (iv) CD3 an activating
domain. The present invention is also directed to T cells, natural killer (NK) cells, or macrophages, modified to express the CAR of
the present invention. The present invention is further directed to a method for treating PLAP-positive cancer cells by administering
PLAP-CAR-T cells, PLAP-CAR-NK cells, or PLAP-CAR-macrophages to the patients.
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PLAP-CAR-EFFECTOR CELLS

REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM
The Sequence Listing is concurrently submitted herewith with the specification as an
ASCIH formatted text file via EFS-Web with a file name of Sequence Listing txt with a
creation date of May 23, 2019, and a size of 66.1 kilobytes. The Sequence Listing filed via
EFS-Web is part of the specification and 1s hereby incorporated in its entirety by reference

herein.

FIELD OF THE INVENTION
The present invention relates to PLAP (placental alkaline phosphatase}-CAR. The
present invention is also directed to a method for treating PLAP-posttive cancer cells by
administering PLAP-CAR-T cells, PLAP-CAR-natural killer cells, or PLAP-CAR-

macrophages to the patients.

BACKGROUND OF THE INVENTION

Immunotherapy is emerging as a highly promising approach for the treatment of
cancer. T cells or T lymphocytes, the armed forces of our immune system, constantly look for
foreign antigens and discriminate abnormal {cancer or infected cells) from normal cells.
Genetically modifying T cells with CARs is the most common approach to design tumor-
specific T cells. CAR-T celis targeting tumor-associated antigens {(TAA} can be infused into
patients {called adoptive cell transfer or ACT) representing an efficient immunotherapy
approach. The advantage of CAR-T technology compared with chemotherapy or antibody is
that reprogrammed engineered T cells can proliferate and persist in the patient (“a living
drug”}.

CARs (Chimeric antigen receptors} usually consist of a monoclonal antibody-derived
single-chain variable fragment (scFv) linked by a hinge and transmembrane domainto a
variable number of intracellular signaling co-stimulatory domains: (1) CD28, Ox-40, C3137
(4-1BB), GITR or other co-stimulatory domains; and (i1} a single, cellular activating, CD3-
zeta domain after co-stimulatory domains (FIG. 1). The evolution of CARSs went from first
generation {with no co-stimulatory domains) to second generation (with one co-stimulatory
domain) to third generation CAR (with several co~-stimulatory domains). Generating CARs

with multiple costimulatory domains (the so-called 3™ generation CAR) have led to increased
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cytolytic activity, and signiticantly improved persistence of CAR-T cells that demonstrate
augmented antitumor activity.

Natural-killer (NK} cells are CDS6+CD3— large granular lymphocytes that can kill
virally infected and transformed cells, and constitute a critical cellular subset of the innate
immune system. Unlike cytotoxic CD8+ T lymphocytes, NK cells launch cytotoxicity against
tumor cells without the requirement for prior sensitization, and can also eradicate MHC-1
negative cells.

CAR-T cell therapy had successful clirucal results in the treatment of hematological
cancer patients [1-5]. Chimeric antigen receptor contains single chain fragment variant
(ScFv) of antihody targeting cancer cell surface antigen fused to a hinge, transmembrane
domain, co-stimulatory (CD28, 41-BB or other domains) and CD3 activation domain
11,61,17,8]1 Recently two CD19-CAR-T cell therapies (Kymriah and Yescarta) were approved
by FDA for the treatment of hematological cancers based on their high response rate in acute
lymphoblastic leukemia and other hematological cancers in clinical trials [3], [9-11]. There
are also several other CAR-T cells that are tested in clinical trials such as CD22-CAR-T cells
{121 for B-cell lymphoma, BCMA-CAR-T celis for multiple myeloma [13-14].

In terms of solid tumors, CAR-T cell therapy still has many challenges for targeting
solid cancers due to on-target off~tumor effects, suppressive tumor microenvironment,
decreased CAR-T cell access to the tumor, T cell exhaustion and low persistency {157, [16-
18] The main challenge with CAR-T cells targeting solid tumors is that most tumor solid

tumor antigens are expressed in normal tissues.

PLAP

PLAP 15 a placental alkaline phosphatase that is encoded by ALPP gene. PLAP is a
metalloenzyme enzyme that catalyzes the hydrolysis of phosphoric acid monoesters. PLAP 13
expressed mainly in placental and endometnial tissues, it is not expressed in normal tissues.

PLAP has high expression in placenta [19], and it is not expressed in most normal
tissues except of testis [20]. It was found to be overexpressed in malignant seminoma,
teratoma [20], [21], ovarian and cervical carcinoma {22}, [23], [24], and colon
adenocarcinoma {25} PLAP was detected in lung, pancreas, stomach tumors [39]. PLAP was
also detected among several other membrane-bound proteins in exosomes of non-stall cell
lung cancer patients with a potential to be prognostic marker [26].

Human PLAP is a 535 amino-acid glycosylated protein encoded by 42PF gene with
1-22 signaling peptide, then extracellular domain (23-506), 513-529 transmembrane domain

Z
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(sequence is shown below, transmembrane domain is underlined) Uniprot database

{www uniprot.org uniprot/PO5187; NM_001632). Its sequence is shown below (SEQ 1D NG:
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There are four distinct but related alkaline phosphatases: intestinal (ALPI
(NM_001631); placental; placental-like (ALPPL2) (NM_031313) which are all encoded by
gene on at chromosome 2 and liver/bone/kidney (ALPL) {tissue-nonspecific} (NM_000478)

encoded by gene on chromosome 1.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structure of CAR. On the left panel: the structure of first generation
{(no co-stimulation domains), on the middle panel: second generation (one co-stimulation
domain CD28 or 4-BB) and on the right panel: third generation of CAR (two or several co-
stimulation domains) are shown {71

FIG. 2 shows the structure of mouse and humanized PLAP-CAR coustructs.

FIG. 3 shows relapse free survival probability vs. months in follow up in patients with
high and low PLAP expression.

FIG. 4A shows expression of PLAP in several colon cancer cell lines by FACS
analysis. PLAP-negative and PLAP-positive cell lines are shown. MFI (Mean fluorescent

intensity}/tsotype ratio is shown for each cell line. FIG. 4B shows three positive and three
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negative cell lines by mRNA and protein. PLAP-negative: HCT116, SW620 and HT-29 cell
lines; and PLAP-positive: Lovo, Caco-2, L5123 cell lines.

FIG. SA shows that PLAP-CAR-T cells specifically killed PLAP-positive colon
cancer cells more significantly compared to T and Mock-CAR-T cells. Real-time cytotoxicity
assay (RTCA) was used as described in Materials and Methods. CAR-T cells to target cells
ratio (E:T) 1s10:1. FIG. 5B shows that PLAP-CAR-T cells had significant killing activity
compared with normal T cells against Lovo and L8-123 colon cancer target cells but did not
have significant killing activity with PLAP-negative HCT116 and HT29 colon cancer cell
lines. FIG. SC shows that CAR-T secreted significant Jevel of IFN-gamma against PLAP-
positive cells. Bars show average level of IFN-gamma from three independent experiments.
p<0.05, Student’s i-test.

FIG. 6A shows that PLAP h2- and PLAPh4-CAR-T positive cells were detected with
FAB antibody by FACS FIG. 6B shows that PLAP CAR-T positive cells were detected by
FACS with biotinylated recombinant PLAP protein. FIGs. 6C(1} and 6C(2) show
quantification of real-time cytotoxicity as described in Materials and Methods. Humanized
PLAP-CAR-T specifically killed PALP-positive colon cancer cells, but not PALP-negative
colon cancer cells. P<0.06, Student’s t-test, increased cytotoxicity of PLAP-CAR-T celis
versus Mock-CAR-T cells. FIGs. 613(1) and 6D(2) show that PLAP-CAR-T cells secreted
significant level of IFN-gamma, TL-2 and IL-6 versus Mock-CAR-T cells against PLAP-
positive colon cancer cell lines and not against PLAP-negative colon cancer cell lines.
p<0.05, Student’s t ~test.

FIG. 7A shows that humanized PLAP-CAR-T cells significantly decreased Lovo
xenograft tumor growth. The volume of CAR-T cell-treated tumors was significantly less
than with Mock control treated cells. p<0.03, Student’s t-test. FIG. 7B shows that the size of
humanized PLAP-CAR-T cell treated tumors was significantly less than in control mice.
p<0.05, Student’s t-test. FIG. 7C shows that tumor weight was significantly less in hPLAP-
CAR-T treated mice than in control mice. P<0.05, Student’s t-test. FIG. 7D shows that AST,
ALT, and amylase levels were not significantly affected in blood serum of humanized PLAP-
CAR-T cell treated mice. The samples were analyzed as described 1n Materials and Methods.

FiGs. 8A(1-8A(3) show that PLAP h5-CAR-T cells significantly killed PLAP-
positive colon cancer cells (Caco-2 cells and Lovo cells), but not PLAP-negative colon
cancer cells (HCT116). FIG. 8B shows that PLAP h5-CAR-T cells secreted significant
higher level of IFN- v, against PLAP-positive colon cancer cells (Caco-2 cells and Lovo

cells), but not PLAP-negative colon cancer cells (HCT116)

4
“+



10

15

[SN]
<o

WO 2019/240934 PCT/US2019/033953

FIG. 9A is the quantification of FACS data, which shows the PDL-1 expression in
colon cancer cell lines before and after PLAP-CAR-T-treatment by FACS analysis. Addition
of IFN-gamma (20/ng/ml} was used as a positive control for PDL-1 induction. PLAP-positive
Lovo cells significantly induced PDL-1 expression compared with T and Mock-CAR-T cells
in response to hPLAP-CAR-T cells while Caco-2, HCT116, HT29 cells did not. FIG. 9B
shows the response of PDL-1 up-regulation to different doses of CAR-T cells. FIG. 9C
shows the time and dose-dependent induction of PDL-1 in Lovo cancer cells induced by
hPLAP-CAR-T cells. FIG. 9D shows that PD-1 expression was induced in CAR-T cells after
co-incubation with PLAP-positive target cells. FACS analysis is shown with PD-1 antibody
before and after co-incubation with target cells. PD-1 level 1s significantly increased. p<0.05,
Student’s t-test. FIG. 9 shows that LAG-3 expression was upregulated after co-incubation
with PLAP-positive cells. LAG-3 level is significantly up-regulated versus Mock or CAR-T
cells without target cells. p<0.05, Student’s t-test. FIG. 9F shows that the combination of
PLAP-CAR-T cells with PD-1 or LAG-3 antibody increases cytotoxicity of CAR-T cells
against target cells. RTCA assay was performed with PLAPhZ-CAR-T cells at 3:1 either
alone or in combination with PD-1 or PDL-1 antibody. Quantification of RTCA is shown
after overnight co-incubation with Lovo target cells. FIG. 9G shows that the secretion of IFN-
gamma by PLAP-CAR-T cells in combination with PD-1 or LAG-3 antibody significantly
increased versus PLAP-CAR-T cells alone or antibodies alone. *p<t0.05, Student’s one-tailed

t-test va PLAP-CAR-T cells plus isotype antibody.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

As used herein, “adoptive cell therapy” (ACT) is a treatment that uses a cancer
patient's own T lymphocytes, or NK cells, or other hematopoietic cells such as macrophages,
induced pluripotent cells, with anti-tumor activity, expanded in vitro and reinfused into the
patient with cancer.

As used herein, “affinity” is the strength of binding of a single molecule to its ligand.
Affinity 18 typically measured and reported by the equilibrium dissociation constant (Kp or
Kd), which is used to evaluate and rank order strengths of bimolecular interactions.

As used herein, a "chimeric antigen receptor (CAR)" means a fused protein
comprising an extracellular domain capable of binding to an antigen, a transmembrane
domain derived from a polypeptide different from a polypeptide from which the extraceliular

omain is derived, and at least one intracellular domain. The "chimeric anticen receptor
d i d, and at least tracellular d The "ch tig i

—-
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(CAR)" is sometimes called a "chimeric receptor”, a "T-body", or a "chimeric immune

~

receptor {CIR}." The "extracellular domain capable of binding to an antigen” means any
oligopeptide or polypeptide that can bind to a certain antigen. The "intracellular domain”
means any oligopeptide or polypeptide known to function as a domain that transmits a signal
to cause activation or inhibition of a biological process in a cell.

As used herein, a "domain” means one region 1o a polypeptide which is folded into a
particular structure independently of other regions.

As used herein, a "single chain variable fragment {scFv)" means a single chain
polypeptide derived from an antibody which retains the ability to bind to an antigen. An
example of the scFv includes an antibody polypeptide which is formed by a recombinant
DINA technique and in which Fv regions of immunoglobulin heavy chain (H chatn) and light
chain (L chain) fragments are linked via a spacer sequence. Various methods for preparing an
scFv are known to a person skilled in the art.

As used herein, a "tumor antigen" means a biclogical molecule having antigenicity,

expression of which causes cancer.

The inventors have discovered that PLAP 1s a unique tumor marker and that PLAP can be
advantageously used to prepare PLAP-CAR T cells or PLAP-NK cells, which can be used for CAR-
T cell therapy or CAR-NK cell therapy, because PLAP is not expressed in normal tissues. Unlike
other tumor markers that are expressed in low levels in normal tissues, the advantage of PLAP target
not expressed in most normal tissues but only in placenta and testis is that PLAP-CAR-T
cells/PLAP-NK cells do not react against normal tissues and thus they are safe and have low toxicity.

The present invention provides CAR-T cells and NK cells that target PLAP tumor antigen
which 1s hughly overexpressed 1o many types of cancer such as ovarian, seminoma, and colon cancer.
The PLAP-CAR-T cells and PLAP-NK cells of the present invention have high cytotoxic activity
against several cancer cells: colon and ovarian cancer cell lines.

The present invention is directed to a chimeric antigen receptor fusion protein
comprising from N-terminus to C-terminus: (1) a single-chain variable fragment (scFv)
comprising Va and Vi, wherein scFv binds to human PLAP, (ii) a transmermbrane domaiun,

(111} a co-stimulatory domain of CD28, and (iv) an activating domain.

Tn one embodiment, the PLAP antibody 15 a mouse antibody, and Vi has the amino
acid sequence of SEQ ID NO: 5 and VL has the amino acid sequence of SEQ ID NO: 6.

In one embodiment, the PLAP antibody 1s a humanized antibody, and Vu has the

amino acid sequence of SEQ 1D NO: 16, 21, 26, 30, or 34, and Vi has the amino acid

[9)}
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sequence of SEQ ID NO: 22,

In one embodiment, the scFv comprises the amino acid sequence of SEQ ID N §,
18,23, 27, 31, or 35; or an amino acid sequence having at least 95%, 96%, 97%, 98%, or
99% sequence identity thereof, provided that the sequence variation is in the non-CDR
tramework regions.

In one embodiment, the CAR comprises the amino acid sequence of SEQ D NO: 5,
15, 20, 25, 29, or 33; or an amino acid sequence having at least 95%, 96%, 97%, 98%, or
99% sequence identity thereof, provided that the sequence variation 15 not in the CDR
regions.

The sequence variation, 1.¢, the amino acid changes are preferably of a minor amino
acid change such as a conservative amino acid substitution. A conservative aming acid
substitution is well-known to a person skilled in the art.

The present invention is directed to an adoptive cell therapy method for treating
cancer, comprising the step of administering PLAP CAR-T cells, PLAP CAR-NK cells, or
PLAP CAR-macrophages to a subject suffering from cancer, wherein the cancer is selected
from the group consisting of colon cancer, lung cancer, pancreatic cancer, stomach cancer,
testicular cancer, teratoma, seminoma, ovarnan cancer, and cervical cancer, and the cancer is
PLAP-positive.

Suitable antibody useful for PLAP CAR includes mouse PLAP antibody against
PLAP and humanized PLAP antibody against PLAP. In one embodiment, the antibody has a
high affinity against PLAP.

The CAR of the present invention comprises a single chain vanable fragment (scFv)
that binds specifically to PLAP. The heavy chain (H chain) and light chain (L chain}
fragments of an anti-PLAP antibody are linked via a hinker sequence. For example, a linker
can be 5-20 amino acids. The scFv structure can be VIL-linker-VH, or VH-linker-VL, from
N-terminus to C-terminus.

The CAR of the present invention comprises a transmembrane domain which spans
the membrane. The transmembrane domain may be derived from a natural polypeptide, or
may be artificially designed. The transmembrane domain derived from a natural polypeptide
can be obtained from any membrane-binding or transmembrane protein. For example, a
transmembrane domain of a T cell receptor o or B chain, a CD3 zeta chain, CD28, CD3-
epsilon, CDM45, CD4, CDS, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CDS0, CDS6,
CD134, CDI37, ICOS, CD154, or a GITR can be used. The artificially designed

transmembrane domain is a polypeptide mainly comprising hydrophobic residues such as

-
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leucine and valine. It is preferable that a triplet of phenylalanine, tryptophan and valine is
found at each end of the synthetic transmembrane domain. In preferred embodiments, the
transmembrane domain is derived from CD28 or CD8&, which give good receptor stability.

In the present invention, the co-stimulatory domain is selected from the group
consisting of human CD28, 4-1BB (CD137), ICCS-1, CD27, OX 40 (CD137), DAP10, and
GITR (AITR).

The endodomain (the activating domain) is the signal-transmission portion of the
CAR. After antigen recognition, receptors cluster and a signal 1s transmitted to the cell. The
most commonly used endodomain component ts that of CD3-zeta (CD3 7 or CD3L), which
contains 3 ITAMSs. This transmits an activation signal to the T cell after antigen is bound.
CD3-zeta may not provide a fully competent activation signal and additional co-stimulatory
signaling may be needed. For example, one or more co-stimulating domains can be used with
CD3-Zeta to transmit a proliferative/survival signal.

The CAR of the present invention may comprise a signal peptide N-terminal to the
ScFv so that when the CAR 1s expressed inside a cell, such as a T-cell, NK cells, or
macrophages, the nascent protein is directed to the endoplasmic reticulum and subsequently
to the cell surface, where it is expressed. The core of the signal peptide may contain a long
stretch of hydrophobic amino acids that has a tendency to form a single alpha-helix. The
signal peptide may begin with a short positively charged stretch of amino acids, which helps
to enforce proper topology of the polypeptide during transtocation. At the end of the signal
peptide there is typically a stretch of amino acids that is recognized and cleaved by signal
peptidase. Signal peptidase may cleave either during or after completion of translocation to
generate a free signal peptide and a mature protein. The free signal peptides are then digested
by specific proteases. As an example, the signal peptide may derive tfrom human CDS or
GM-CSF, or a vanant thereof having 1 or 2 amino acid mutations provided that the signal
peptide still functions to cause cell surface expression of the CAR.

The CAR of the present invention may comprise a spacer sequence as a hinge to
connect scFv with the transmembrane domain and spatially separate antigen binding domain
from the endodomain. A flexible spacer allows to the binding domain to orient in ditferent
directions to enable its binding to a tumor antigen. The spacer sequence may, for example,
comprise an IgG1 Fe region, an IgG1 hinge or a CD8 stalk, or a combination thereof A
human CD28 or CD8 stalk is preferred.

The present invention provides a nucleic acid encoding the CAR described above.
The nucleic actd encoding the CAR can be prepared from an amino acid sequence of the

o
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specified CAR by a conventional method. A base sequence encoding an amino acid sequence
can be obtained from the aforementioned NCBI RefSeq [Ds or accession numbers of
GenBenk for an amino acid sequence of each domain, and the nucleic acid of the present
invention can be prepared using a standard molecular biological and/or chemical procedure.
For example, based on the base sequence, a nucleic acid can be synthesized, and the nucleic
acid of the present invention can be prepared by combining DNA fragments which are
obtained from a cDNA library using a polymerase chain reaction (PCR).

The nucleic acid encoding the CAR of the present invention can be inserted into a
vector, and the vector can be introduced into a cell. For example, a virus vector such as a
retrovirus vector (including an oncoretrovirus vector, a lentivirus vector, and a pseudo type
vector), an adenovirus vector, an adeno-associated virus {AAV) vector, a simian virus vector,
a vaccinia virus vector or a Sendai virus vector, an Epstein-Barr virus (EBV) vector, and a
HSV vector can be used. As the virus vector, a viras vector lacking the replicating ability so
as not to self-replicate in an infected cell is preferably used.

For example, when a retrovirus vector 15 used, the process of the present invention can
be carried out by selecting a suitable packaging cell based on a LTR sequence and a
packaging signal sequence possessed by the vector and preparing a retrovirus particle using
the packaging cell. Examples of the packaging cell inchude PG13 (ATCC CRL-10686),
PA31T7 (ATCC CRL-9078), GP+E-86 and GP+envAm-12, and Psi-Crip. A retrovirus particle
can also be prepared using a 293 cell or a 2937 cell having high transfection efficiency.
Many kinds of retrovirus vectors produced based on retroviruses and packaging cells that can
be used for packaging of the retrovirus vectors are widely commercially available from many
companies.

The present invention provides T cells, or NK cells, or macrophages, modified to
express the chimeric antigen receptor fusion protein as described above. CAR-T cells, CAR-
NK cells, or CAR-macrophages of the present invention bind to a specific antigen via the
CAR, thereby a signal is transmitted into the cell, and as a result, the cell is activated. The
activation of the cell expressing the CAR 1s varied depending on the kind of a host cell and an
intracellular domain of the CAR, and can be contirmed based on, for example, release of a
cytokine, improvement of a cell proliferation rate, change in a cell surface molecule, or the
itke as an index.

T cells, or NK cells, or macrophages, modified to express the CAR can be used as a
therapeutic agent for a disease. The therapeutic agent comprises the T cells expressing the
CAR as an active ingredient, and may further comprise a suitable excipient. Examples of the

9
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excipient include pharmaceutically acceptable excipients known to a person skilled in the art.

This application demonstrates the efficacy of CAR-T cells targeting PLAP antigen that
is overexpressed in colon cancer tumors. This application demonstrates that PLAP-CAR-T
cells specifically decreases viability of PLAP-positive colon cancer cells but not PLAP-
negative cancer cells. PLAP-CAR-T cells secrets significant level of IFN-gamma after co-
incubation with PLAP-positive colon cancer cells but not after co-incubation with PLAP-
negative cancer cells. This application demonstrates that PLAP-CAR-T cells significantly
decreases Lovo (positive PLAP-colon cancer cells) xenograft tumor growth in vive. There are
no increase of AST, ALT or amylase enzyme ievels in mouse blood and no decrease of
mouse body weight after treating mice with hPLAP-CAR-T cells demonstrating no toxic
effect of hPLAP-CAR-T cells in vive. In addition, combination of hPLAP-CAR-T cells with
PD-1 or LAG-3 antibodies increased efficacy of CAR-T cells against colon cancer cells.

The inventors found that PLAP-CAR-T cells significantly killed all PLAP-positive
cancer cells, and did not kill PLAP-negative colon cancers. This implies high specificity of
PLAP-CAR-T cells. In addition, Lovo and Caco-2 colon cancer cells differed in up-
regulation of PDL-1 by CAR-T cells. Lovo colon cancer cell induced PDL-1 in response to
PLAP-CAR-T cells, while Caco-2 cells did not. Both of cell lines were effectively killed by
hPLAP-CAR-T cells independently of induction of PDL-1 expression. The humanized
PLAP-CAR-T cells killed faster Lovo cells than Caco-2 cells and secreted more IFN-gamma
against Lovo colon cancer cells than against Caco-2 cells. In addition, T cells and Mock
CAR-T cells had more activity in Lovo cells that in Caco-2 cells. This show that hPLAP-
CAR-T cells can overcome PDL-~1 up-regulation in Lovo celis. This was shown when Lovo
cells were pretreated with IFN-gamma to up-regulate PDEL-1, PLAP-CAR-T cells effectively
killed Lovo cells. Colon cancer with Kras mutations were shown to be resistant to therapies
such as Cetuximab (Erbitux) [40], while hPLAP-CAR-T cells effectively killed two different
colon cancer cell lines: Lovo (codon 13 mutation: GI3D) and LS123 (codon 12 mutation:
G12D3). This is another advantage of hPLAP-CAR-T cells against solid tumors with Kras
mutations responsible for resistance to other therapies.

PLAP-CAR-T cells up-regulated PD-1 and LAG-3 after co-culturing with PLAP-
positive colon cancer cell lines but did not increase with PLAP-negative colon cancer cell
iines. The inventors have found dose-dependent up-regulation of PDL-1 in response to
PLAP-CAR-T cells in Lovo colon cancer cell lines. PD-1, PDL-1 or LAG-3 antibody in

combination with PLAP-CAR-T cells significantly increased CAR-T induced cytotoxicity

10
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and IFN-gamma secretion against Lovo cancer cells. Thus, checkpoint inhibitors can
decrease exhaustion of CAR-T cells and provide basts for combination therapy.

PLAP scFv-(CD28, OX-40, 4-1BB, or GITR}-CD3 zeta CAR-T cells, CAR-NK cells,
inhibitors; targeted therapies, small molecule inhibitors, and antibodies.

Tags (Flag tag or other tags) conjugated PLAP scFv can be used tfor CAR generation.

Third generation CAR-T or other co-activation signaling domains can be used for the
PLAP-scFv inside CAR.

Bispecific PLAP- and other antigens (EGFR, HER-2, VEGFR, NGFR) CAR-T cells,
CAR-NK cells, or CAR-macrophages can be used for immunotherapy. The construct of the
bispecific CAR-T celis contain a first scFv against PLAP, and a second scFv against a second
tumor antigen. CAR-T cells with bispecific antibody can target cancer cells that overexpress
two tumor antigens more effectively and specifically.

Combination of PLAP-CAR-T cells, CAR-NK cells, or CAR-macrophages with
CAR-T cells, CAR-NK cells, or CAR-macrophages targeting other tumor antigens or tumor
microenvironment {e.g. VEGFR-1-3}, t.e, dual CAR-T cells, CAR-NK cells, or CAR-
macrophages, can be used to enhance activity of monotherapy PLAP-CAR.

PLAP-CAR-T cells, CAR-NK cells, or CAR-macrophages can be used {0 activaie
phagocytosis and block “don’t eat” signaling.

PLAP-CAR-NK cells are safe effector cells, as they may avoid the potentially lethal
complications of cytokine storms, tumor lysis syndrome, and on-target, off-tumor effects.

Anti-PLAP antibody h2, b4 and hS VH and VL sequences can be used as one arm of a
bi-specific antibody.

Both PLAP-CAR-T cells and bi-specific antibodies containing anti-PLAP VH and VL
can be used in combination with checkpotnt inhibitors (PDL-1 antibody, PD-1 antibody,
LAG-3 antibody, TIM-3 antibody, TIGIT antibody, and other antibodies), and with
chemotherapies to improve efficacy against cancer cells.

The following examples further itlustrate the present invention. These examples are
intended merely to be illustrative of the present invention and are not to be construed as being

limiting.
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EXAMPLES

Example 1. Materials and Methods
Cells and culture medium

HEKZ293FT cells from A/Stem (Richmond, CA) were cultured in Bulbecco's Modified
Bagle's Medium (DMEM) plus 10% FBS and 1% penicillin/streptomycin. Human peripheral
blood mononuclear cells (PBMC) were 1solated from whole blood obtained from the Stantord
Hospital Blood Center, Stanford, CA according to IRB-approved protocol using Ficoll-Paque
solution (GF Healthcare). Colon cancer cell lines: PLAP-negative: SW620, HT29, HCT116
and PLAP-positive: Lovo, Caco-2, L5123 were obtained from Dr. Walter Bodmer (Oxtord,
UK), whose laboratory authenticated cell lines using SNPs, Sequenom MassARRAY iPLEX
and HumanOmmniExpress-24 BeadChip arrays, and tested for the absence of Mycoplasma as
described [28-29]. The cell lines were cultured in DMEM plus 10% FBS and
penicillin/streptomycin. The hist of 117 colon cancer cell lines from W. Bodmer laboratory
which were used for PLAP mRNA level detection is shown in supplementary

The cell lines were additionally authenticated by FACS using cell-specific surface

markers and cultured in a humidified 586 CO; incubator.

Antibodies

Monoclonal PD-1 (EH122H7), PDL-1 (clone 29E2A3), TIGIT (clone AIS152G),
LAGS (clone TH2C6S5), CD62L (clone DREG-56), CDM4SRO {clone UCHLI1), CD4 (clone
RPA-T4) and CD8 (clone RPA-TS) antibodies antibodies were from FBiolegend PLAP
antibody (clone H17E2) was obtained from Thermo Fisher. Other antibodies were described

in [30].

CAR constructs

The second generation CAR with CDS alpha signaling peptide, PLAP Ab ScFv [21],
CD8 hinge, CD28 co-stimulatory domain and CD3 activation domain was cloned down-
stream of EF 1 promoter into modified lentiviral vector pCDS 10 (Systems Bioscience). The
same construct was generated with humanized PLAP ScFv (called humanized PLAP or
PLAPR2, h4d (clone 2 or 4), and Mock control with either ScFv of intracellular protein or
Mock control with 45 amino-acid sequence containing three epitopes of transferrin antibody,
called (Mock-CAR). The mouse PLAP-CAR was generated by Synbio. The humanized PLAP

ScFv sequences was synthesized by /D7 as gBlock sequence with Nhe T and Xho T restriction
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sites flanking ScFv, and sub-cloned into these sites in lentiviral vector between CDS alpha

signaling peptide and CD8 hinge sequences.

Humanization of PLAP

Humanization of PLAP was performed as described in [31]. The human frames from
human antibody clones with highest homology were used for huranized pairs using
bioinformatics in siflico methods as described [32,33] Mouse CDR were inserted into these
clones and different humanized ScFv variants were used for generating CAR constructs and

performing CAR-T cell functional tests.

Lentivirus preparation in 293FT cells

The lentiviral CAR constructs were used for generation of lentivirus by transfecting
293 FT cells using transfection agent (A/stem) and Lentivirus Packaging Mix as described
{341 The lentiviral titers in pfu/rol were detected by RT-PCR using the Lenti-X gRT-PCR kit
{Takara) according to the mamufacturer’s protocol and the 7900HT thermal cycler (Thermo

Fisher).

Transduction with CAR lentivirus and CAR-T cell expansion

PBMC were resuspended at 1 x 10° cells/ml in AIM V-AlbuMAX medium ( Thermo
Fisher) containing 10% FBS with 300 U/ml IL-2 (Z7hermo Fisher). PBMC were activated
with CD3/CD28 Dynabeads ({avitrogen), and cultured 1n 24-well plates. CAR lentivirus was
added to the PBMC cultures at 24 and 48 hours using TransPlus transduction enhancer
(AlStem), as described [30,31,34]. The CAR-T cells were cultured and expanded for 14 days

by adding fresh medium to maintain the cell density at 1 x 10° cells/ml.

Fluorescence-activated cell sorting (FACS) analysis

To detect CAR expression, 5x10° cells were suspended in 1xPBS plus 0.5% BSA
buffer and incubated on ice with human serurn (Jackson Immunoresearch, West Grove, PA)
for 10 min. Then allophycocyanin (APC)-labeled anti-CD3 (efioscience, San Diego, CA), 7-
aminoactinomycin D (7-AAD, Biol egend, San Diego, CA), anti-F(ab)2 or its isotype control
were added, and the cells were incubated on ice for 30 min. Then cells were rinsed with
bufter, and analyzed on a FACSCalibur (BD Biosciences) first for light scatter versus 7-AAD
staining, then the 7-A AD-negative live gated cells were plotted for CD3 staining versus

i3
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F(ab)2 staining or isotype control staining. For FACS with colon cancer cell lines to detect
PLAP levels mouse monoclonal PLAP antibody (H17E2) from Ximbio (London, UK) was

used, and analysis was performed on FACSCalibur.

Blitz ForteBio binding assay

The binding of PLAP antibody with recombinant PLAP extracellular domain protein
from Sino Biological was performed using Blitz ForteBio system as described {30]. In brief,
anti-mouse-capture (AMC) biosensors were soaked in kanetics buffer (PBS, 0.1% Tween,
0.05%BSA) for 10 min and then with mouse anti-PLAP antibody at 0. 1mg/mL in same buffer
for 30 min. After washing, biosensors were used to bind the PLAP antigen at different
concentrations. The Kd was detected with Blitz system software.

Real-time cytotoxicity assay (RTCA)

Adherent colon cancer target cells (10,000 cells per well) were seeded into 96-well E-
plates (Acea Biosciences, San Diego, CA} and cultured overnight using the impedance-based
real-time cell analysis (RTCA) 1CELLigence systern (4cea Biosciences). Atter 20-24 hours,
the medium was replaced with 1 x 10° effector cells (CAR-T cells, Mock CAR-T celis or
non-transduced T cells) in AIM V-AlbuMAX medium containing 10% FBS, in triplicate. In
some experiments checkpotnt protetn antibodies PD-1, LAG-3 or isotype at 10 pg/mi were
added to the effector cells either alone or in combination with CAR-T cells. In some series of
experiments target cells were pre-treated with 20 ng/ml of IFN~y for 24 h. The cells were
monitored for 1-2 days with the RTCA system, and impedance {(proportional to cell index}
was plotted over time. Cytotoxicity was calculated as (impedance of target cells without
effector cells — impedance of target cells with effector cells) x100 /impedance of target celis

without effector cells.

ELISA assay for cytokine secretion

The target cells were cultured with the effector cells (CAR-T cells or non-transduced
T cells} at in U-bottorm 96-well plates with AIM V-AlbuMAX medium plus 10% FBS, in
triplicate. After 16 h the supernatant was removed and centrifuged to remove residual cells.
In some experiments, supernatant after RTCA assay was used for ELISA cytokine assays.
The supernatant was transferred to a new 96-well plate and analyzed by ELISA for human

cvitokines using kits from Thermo Fisher according to the manufacturer’s protocol.
Y 2 g
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Mouse in vivo xenograft study

Stx-week old male NSG mice (Jackson Laboratories, Bar Harbor, ME) were housed
in accordance with the Institutional Animal Care and Use Commuttee (TACUC) protocol.
Fach mouse was injected subcutanecusly with 2 x 10° colon cancer cells in sterile 1x PBS.
The CAR-T cells (1x107 CAR-T cells/mice) were injected intravenously into mice at days 1,
7 and 13. Tumor sizes were measured with calipers twice-weekly and tumor volume (in mm®)
was determined using the formula W?L/2, where W is tumor width and L is tumor length. At

the end 0.1 ml of blood was collected and used for analysis of toxicology markers.

Toxicology markers.

Mouse serum samples were processed with clinical chemistry analyzer (Beckman-
Coulter AU680) by IDEX Bioanalytics {West Sacramento, CA) for detection levels of
toxicology markers: ALT (alamine aminotransterase), AST (aspartate arminotransferase),

amylase in U/ml.

Primary tumor samples

Samples with different types of normal fissues or tumor tissues were obtained from archived
slides of Promab (Richmond, CA) The TMA shde with 106 primary colon cancer
adenocarcinoma was obtained from Biomax {(Rockville, MD} and used for IHC with PLAP

antibody.

Immunohistochemistry (IHC) staining

The primary tumor tissue or normal tissue section slides or primary TMA slides were
incubated in xylene twice for 10 min, then hydrated in alcohol and rinsed in IxPBS. Heat-
induced antigen retrieval was performed using a pressure cooker for 20 min in 10 mM citrate
buffer, pH 6.0. The slides were rinsed with PBS, incubated in a 3% H>O» solution for 10 min,
then rinsed agatn with 1XPBS, and incubated in goat serum for 20 min. The tissue section
slides were incubated with mouse monoclonal PLAP (H17E2) primary antibody overnight at
4 °C or 1.5 hours at 37°C. The slides were rinsed 3 times with PBS, incubated with biotin-
conjugated secondary antibody for 10 min, rinsed with PBS, incubated with sireptavidin-
conjugated peroxidase for 10 min, and rinsed 3 times with 1xPBS buffer. The slides were
incubated in DAB substrate solution for 2-5 min under the microscope. The reaction was

stopped by washing in water, counterstained with hematoxylin, rinsed with water, and
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dehydrated in 75%, 80%, 95% and 100% ethanol and xylene. For negative control isotype
antibody was used, and for positive control placenta samples were used. Images were
acquired on the Motic DMBS-2231PL microscope using Images Plus 2.0, software (Mofic,
Xiamen, China}. PLAP expression correlation with survival free prognosis was performed
using R2 Genomics Analysis and Visualization platform (http://r2platform.com /

http://r2.amcnl).

Example 2. The sequence of mouse PLAP-CD238-Ch3zeta CAR

The CAR structures were: Human CDS8 signaling peptide, mouse scFv or humanized
derived from antibody H17E2 (Vy-Linker- 3x{GGGGS) -Vy), CD8 hinge, CD28
transmembrane, co-activation domain, CD3 zeta activation domain (FIG. 2). The sequence
of lentiviral vector with CAR construct inside Eco R1 and Xho I site is shown below. The
schv is flanked with Whe I and Xho I sites for potential re~cloning to other constructs. The

nucleotide sequence of PLAP-CD28-CD3 is shown below,

SEQ ID NO: 2, tcfagagecgecace-flanking vector sequence starting with Xba I site (italics):

SEQ ID NO: 3 (Mouse PLAP CAR, called PMC262), starting with ATG and ending with a
stop codon TAA (underlined), signaling peptide 1s in bold, VH with CDRs 1, 2, 3, bold
underlined; linker in 1talics, VL with CDR 1,23 in bold, underlined); ScFV is flanked by 5’
Nhe and 3° Xho sites, small font

ATGGCCTTACCAGTGACCGCCTTECTCCTGLCGCTGGCCTTECTGCTCCACGLCGCCAGGLCGgctagc
CAGGTGCAGCTGAAGGAGTCAGGACCTGGUCTGGTGGUGCCCTCACAGAGECTG
TCCATCACATGCACTOTCTCAGGOITCTICATTAACCAGTTATGGIGTAAGCTGE
GITCGCCAGCCTCCAAGAAAGGGTCTGGAGTGOCTGOGAGTAATATGGGAAGA
COGGAGUACAAATTATCATICAGUTCTCATATCOAGACTGAGCATCAACAAGD
ATAACTCCAAGAGCCAAGTTTTICTTAAAACTGAACAGTCTGCAAACTGATGACAC
AGCCACGTACTACTGTGCCAAALCCCACTACGGTAGCAGCTACGTIGLGLGGOT
ATGGAATACTCGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA
GGTGECECETEETTCT GETGGCGETGEETITCT GGTGECEETGETTCT

GACATC CAGATGACT CAGTCT CCA GCC TCC CTA ACT GCA TCY GTIG
GGA GAAACT GTC ACCATC ACCTGT CGA GUAAGT GAA AATATT TAC
AGTTAT GTA GCA TGG TAT CAG CAG AMA CAGGGA AAMA TCT CCT CAG
TPCCTG GTCTAT AAT GUCA AAA TCC TTA GUA GAG GGT GTG CCA
TCAAGG TTCAGT GGCAGY GGATCA GGUACA CAGTITTICY CTG AAG
ATC AACAGU CTG CAG CCTGAA GAT TTT GGG AAT TAT TAC TGT CAA
CATCATTATGITAGT CCG TGGACG TTC GGT GGAGGL ACC AAG CTG
GAA ATC AGA CGG




10

40

WO 2019/240934 PCT/US2019/033953

ctegagAAGCCCACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCAT
CGCOTCGCAGCCCCTGTCCCTGUGCCCAGAGGCGAGCCGGCCAGCGGLGEGHGH
CGCAGTGCACACGAGGGGGCTGGACTTCGCCAGTGATaageccttttgggtactggtagteattes
tggagtectgactigetatagetigctagtaacagtgecctitatiatttictgggtgaggagtaagaggageaggcicctgeacagtgac
tacatgaacatgactcceegecgeeecgggeccaccegeaageattaccageectatgecccaccacgegacticgeageetatege
teccAGAGTGAAGTTCAGUAGGAGUGCAGACGUUCUCGUGTACCAGUAGGLEC
AGAACCAGUTCTATAACGAGUTUAATUTAGGACUGAAGAGAGGAGTACGATYG
TYITGGACAAGAGACGTGOGUOGGGACCOTGAGATGOGGGGGAAAGUUCGUAGA
GAAGGAAGAACCUTCAGGAAGGUUTGTACAATGAACTGUAGAAAGATAAGA
THHUGGAGGUUTACAGTCAGATTGGGATGAAAGGUGAGUGUCGGAGGGGL
AAGGGGCACCATGOUOTTTACCAGOOTUOTCAGTACAGUUACCAAGGACALC
TACGACGUOOTTCACATGUAGGUUOCTGUOCCUTOGUTAA

SEQ ID NO: 4 taggaaric tlanking vector with EcoR 1 site {ifafics)

SEQ ID NO: 5 15 the amino acid sequence of SEQ ID NG: 3 (mouse PLAP-CD28-
CD3zeta CAR): signaling peptide-VH-linker (in italics smaller font GSSSSx3)-VL-h-CD28 -
CD3. Sequence in bold is mouse PLAP scFv; CDR 1,23 underlined; VH-linker in italics-VL.

MALPVTALLLPLALLLHAARPASQVOQLEKESGPGLVAPSQSL
SITCTVSGESLTISYGYVSWVROPPREKGLEWLGVIWEDGSTHN
YHSALISRLSINKDNSKSOVFLKLNSLOQTDDTATYYCAKP

BYGSSYVGAMEYWGQOGTSYTVSSOGOGGSGGGGSGEGGSDIOM
TOSPASLTASVGETVTITCRASENIVYSYVAWYQOQKQGKS?P
QFLVYNAKSIAEGVYVPSRFSGXGSGTQOQFSLKINSLQOQPEDYG

NYYCOHHYVSPWTFGGGTRKLEIRRLEKPTTTPAPRPPTPAP
TIASQPLSLRPEASRPAAGGAVHTRGLDFASDKPFWVLVVY

GGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPG

PTREKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLY
NELNLGRREEYDVILDEKRRGRDPEMeaGGKPORRKNPQEGLY

NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR(SEQIDNG: 5)

Mouse VH (with underlined CDR 1, 2, 3}, SEQ ID NG 6
QVOQLKESGPGLVAPSQSLSITCTVSGFSLTISYGVSWYVYRQP
PREGLEWLGYIWEDGSTNYHSALISRLSINKDRNSKRSQGVYFL
KLNSLOTPRBDTATYY CAKPHYGSSYVOCGAMEYWGOGTSVTEY
I

Mouse VL {(with underlined CDR 1, 2, 3), SEG ID NO: 7

.

i/
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BIOMTQOSPASLTASVGETVTITCRASENIVYSYVAWYQQKQ
GEKSPOFLYVYNARSLAEGYPSREFSGXGSGTQOQFSLEKINSLOP
EDFGNYYCQHBYVSPWTFGGGTEKLEIRR

Mouse PLAP scFv, SEQ ID NG: 8
QVOQLEKESGPGLVAPSOSLSITCTVSGFESLISYGVSWYVREP
PREGLEWLGVYVIWEDGSTNYHSALISRLSINKDNSKSQVEL
KILNSLOTDDTATYYCAKPHYGOGSSYVGAMEYWGGQGTSYTY
S8GGGGRSGGEGEESGGGGESDIQMTOSPASLTASVGETVTITCRAS
ENIYVSYVAWYQOQOQKQOQGEKSPOFLYVYNAKSLAEGYPSRFSGX
GSGTOQFSLEKINSLOQPEDFGNYYCOHHYVSPWTFGGGTERL
EIRR

The scheme of CAR construct is shown below, which shows the sub-domain sequences of

SEQ 1D NO: 3.

<huCD8 signal peptide> SEQ ID NG: 9
ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCG
CCAGGCCG

<Nhef restriction site>
GCTAGC

< Mouse PLAP scFv (VH-linker-VL}> SEQ 1D NG: 10

ATGGCCTTACCAGTGACCGCLTTGCTCCTGLLGCTGGUCTTECTGCTCCACGCLGLCAGGC G ctage
CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTGOTGGCGCCCTCACAGAGCCTG
TCCATCACATGCACTOGTCTCAGGUITCTCATTAACCAGTTATGGIGTAAGLTGE
GTTCGCCAGCCTCCAAGAAAGGGTCTOGGAGTOGUTOGOAGTAATATGGGAAGA
CGGGAGLACAAATTATCATICAGUTCTCATATCUCAGACTGAGCATCAACAAGD
ATAACTCCAAGAGCCAAGTTTTCTTAAAACTGAACAGTCTGCAAACTGATGACAL
AGCCACGTACTACTGTGCCAAACCCCACTACGGTAGCAGUTACGTGGGGGOT
ATGGAATACTGOGOTCAAGGAACCTCAGTCACCGTCTCCTCA

GCTCCECGETEETTOT GETCECGETEETTCT GGITGCECEETEETTCT

GACATC CAGATG ACT CAGTCT CCA GCC TCC CTA ACT GCA TCY GG
GGA GAAACT GTC ACCATC ACCTGT LCGA GCAAGT GAA AATATT TAC
AGT TAT GTA GUA TGG TAT CAG CAG AAA CAGGGA AAA TCT CCT CAG
TICCTIGGTCTATAAT GCA AAATCC TTA GCA GAGGGT GTG CCA
TCAAGG TTC AGT GGUC AGY GGA TCA GGC ACA CAG TIT TCT CTG AAG
ATC AACAGUC CTG CAG CCTGAA GATTTT GGG AAT TAT TAC TGT LAA
CATCATTATGITAGT CCG TGGACG TTC GGT GGAGGL ACC AAG CTG
GAA ATC AGA CGG

<Xhol restriction site>
CTCGAG

<CD8> SEQ ID NO: 11



11y

15

20

25

30

40

45

WO 2019/240934 PCT/US2019/033953

AAGCCCACCACGACGCCAGCGCCGCGACCACCAACACCGOGUCGCCCACCATCGCG
TCGCAGCCCCTGTCCCTGCGCCCAGAGGCOGAGCCGGUCCAGUGHGLGHGHGHCGLA
GTGCACACGAGGGOGOGCTGGACTTCGCCAGTGATaageee

<CD28 TM/activation> SEQ 1D NG 12
TTTTGGGTGCTGGTGGTGOTTGOGTGGAGTCCTGGUCTTGCTATAGCTTGCTAGTAA
CAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCACAG
TGACTACATGAACATGACTCCCCGCCGCCCCGGHGCCCACCUGUAAGCATTACCAG
CCCTATGCCCCACCACGCGACTTICGCAGCCTATCGCTCC

<CD3zeta> SEQ ID NOG: 13
AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGLGTACCAGCAGGGCCAGAAC
CAGUCTCTATAACGAGUTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGALC
AAGAGACGTGGUCGGGACCCTGAGATGOGGGGGAAAGCCGAGAAGGAAGAACCC
TCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGUCTACAG
TGAGATTGOGATGAAAGGCGAGLGUUGGAGGGGUCAAGGOGUACGATGGCCTITA
CCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTITCACATGCAGGC
CCTGCCCCOCTCGCTAATAG

<EcoRI restriction site>
Gaatic

Example 3. PLAP CAR with humanized antibody hl.

SEQ ID NO: 14 (human h1 PLAP CAR), starting with ATG and ending with a stop
codon TAA (underlined}. The sequence starts with a signaling peptide, then the humanized
PLAP scFv h1. The nucleotide sequence has the same structure as SEQ ID NO: 2 except the
scFv portion. The bold sequence is humanized hl PLAP-1 scFv (CBRs 1, 2, 3 are
underlined). Different nucleotides in humanized frame regions compared with mouse are
underlined but not bolded.

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCECTGLGCCTTGCTGCTCCACGCCGCCAGECCGg tage
CAGGTCCAACTGCAGGAGAGCGGICCAGGTICTIGTGAGACCTAGCCAGACC
CTGAGCCTGACCTGCACCGTGTCTGGOTTCACCTICACCAGTTATGGTGTAA
GCTGGGTGAGACAGCCACCTGGACGAGGTCTIGAGTGGATTGGAGTAATAT
GGGAAGACGGGAGCACAAATTATCATICAGCTCTCATATCCAGAGTGACAAT
GCTG GTAGACACCAGCAAGAACCAGTTCAGCCTGAGACTC
AGCAGCGTGACAGCCGCCGACACCGCGGTCTATTATTGTGCAAGACCCCACT
ACGGTAGCAGCTACGTGGGGGCTATGGAATACTGGGGTCAAGGCAGCCTCG
TCACAGTCTCCTCA

GGTEGCGETGETTICT GGTGEGLGETGETICT GGTGEGLGETGETTICT

GAC ATC CAG ATG ACC CAG AGC CCA AGC AGC CTG AGC GCC AGC GTG GGT
GAC AGA GTG ACC

ATC ACC TGT CGA GCA AGT GAA AAT ATT TAC AGT TAT GTA GCA TGG
TAC CAG CAG AAG

CCA GGT AAG GCT CCA AAG CTG CTG ATC TAC AAT GCA AAA TCC TTA GCA
GAG GGT GTG CCA AGC

AGA TTC AGC GGT AGC GGT AGC GGT ACC GAC TTC ACC TIC ACC ATC AGC
AGC CTC.CAG
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CCAGAGGACATC GCCACCTACTACTOGC CAA CAT CATTAT GTTAGT CCG
TG ACG TTC GGL CAA

GGG ACC AAG QTG GAA ATC AAA CGT

ctegag AAGCCCACCACGACGCCAGCGCOGCGACCACCAACACCGGCGCCCACCATCGCOT
CGCAGCCCCTOTCCCTGUGUCCAGAGGCGAGCCOGCCAGCGOCGOOGGHGLGCAGTGCAC

ACGAGGGGGCTGGACTTUGUCAGTGA Taagecctittgggtoctgatpatostipotooagticciggotigetatagetty

[=hig =t

ctagtaacagtggccittatiatiticigggtgaggagtangaggageaggctcctgeacagigactacalgaacalgacticocegergeoceggss
ceaccegeaageattaccagecctatgecceaccacgegacticgeagectategetccCAGAGTGAAGTTCAGCAGGAGCG
CAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGA
CGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGG
GAAAGCCGCAGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGA
TAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAG
GGGCACGATGGCCTTITACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCT

SEQ ID NG: 15 is humanized h1 PLAP-1 CAR amino-acid sequence; it has the same
structure as mouse PLAP-CAR except the scFv portion; sequence in bold is humanized hi
PLAP-1 ScFv, CDR 1, 2, 3 are in italics and underlined; linker are in a smaller font; different
amino-actds in CDR regions in regular font; different amino-acids from mouse sequence in
frame region are underlined.
MALPVTALLLPLALLLHAARPASQVOQLOQESGPGLVRPSQTL
SLTCTVSGEFIFTSYGVSWYROPPGRGLEWIGIYIWEDGSTN
YHSALISRYTMLVDBTSKNOFSLRLSSVTAADTAVYYCARP
HYGSSYVGAMEYWGOGSLYTVSSGGGGSGGEGEGEIGGGGSDIQM
TOSPSSLSASVGBRVTITCRASENIVAYVAWYOQOQKPGKAPK
LLUIYNAKSILAEGVPSREFSGSGSGTDFIFTISSLOPEDIATYY
COHHYVSAPWTFGOQGTKVYVEIKRLEKPTTTPAPRPPTPAPTIAS
JQPLSLRPEASRPAAGGAVHTRGLDFASDEKPFWYVLVVVGGVL
ACYSLLVTITVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRK
HYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYNELN
LGRREEYDVLDKRRGRDPEMGGKPOQRRKNPOQEGLYNELQK
DKMAEAYSEIGMEKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR (SEQIDNO: 15)

Humanized h1 PLAP-1 VH (SEQ ID NO: 16)

20
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QVQLOQESGPGLVRPSQTLSLTCTVSGFIFTSYG VSWVRQP
PGRGLEWIGVIWEDGSTNYHSALISRYVTMLYDBTSKNQFSL
RLSSVTAADTAVYYCARPHYGSSYVGAMEYWGQGSLYTVS
g

Humanized ht PLAP-1 VL (SEQ ID NG: 17)
PIOMTOQSPSSLSASVGDRVYVTITCRASENIYSYVAWYQQKPG
KAPKLLIYNAKSLAEGVPSRFSGSGSGTDFTFTISSLOPED
FATYYCQHHEYVSPWTFGOQGTEKVEIKR

Humanized ht PLAP-1 scFv (SEQ D NG: 18)

QVOQLOESGPGLVRPSQTYLSLTCTVYVSGFTITSYG VEWYRQP
PGRGLEWIGVIWEDGSTNYHSALISRYVTIMLVYVDTSKNQGQFSL
RLSSVTAADTAVYYCARPHYGSSYVGAMEYWGQGSLVYTVYS
SCGEGESGGGGECGEGGSDIQMTOSPSSLSASYVGDRYVYVTITCORASE
NIYSYVAWYQQOQKPGKAPKLLIYNAKSLAEGVYVPSRFSGSGS
GTBFTFTISSLOPEDIATYYCQHHYVSPUWTFGQGTRVEIKR

Example 4. PLAP CAR with humanized antibody h2.
The bioinformatics approach was performed to generate additional humanized
versions of PLAP CAR. The sequences were codon-optimized for higher expression of CAR.
The sequence starts with a signaling peptide (underlined, codon optimized), then the
humanized PLAP scFv (bold). The nucleotide sequence has the same structure as SEQ ID
N 3, except the scFv portion. The bold sequence is humanized PLAP-h2 (PMC409) scFv,
the rest is same structure as mouse PLAP-CAR (SEQ 1D NO: 5).

Humanized PLAP h2- CAR. Nuclectide sequence (codon optimized), SEQ ID NO: 19
ATGGCCTTACCAGTGACCOGCCTITGCTICCTGCCOCTGOCCTTIGCTGCTCCACGCCG
CCAGOHGCCGgctage
CAG GTG CAG CTIT CAG GAAAGT GGACCG GGC CTT GTC AAA CCG TCA
GAGACCCITTCACTG ACT TGC ACTGTA AGT GGT TTC TCC CTG ACA
AGC TAC GGA GTCTCC TGG ATACGC CAG CCA GCG GGG AAA GGG CTT
GAGTGG ATC GGT GTG ATC TGG GAA GAC GGG AGT ACA AACTAT CAC
21
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TCA GCA CTCATT AGT CGA GTA ACAATGTCC GTT GAC ACT TCC AAG
AAT CAATTCAGTTTG AAACTG TCTAGT GTG ACG GCT GCG GAT ACA
GCG GTTTATTACTGT GCCAGG CCT CAT TAC GGA AGT TCT TAT GTT
GGT GCA ATG GAGTAT TGG GGA GUC GG ACAACT GTCACT GTG AGC
TCC GG GGG GG GGA AGT GGG GGA GGA GGU TCA GG GGA GGT GGA
AGT GATATACAGATCGACC CAGAGT CCTAGC TCACTCTCT GCG TCC
GTA GGG GACCGG GTAACCATCACA TGO CGU GUCAGU GAG AAT ATA
TAC AGT TAC GTT GCA TGG TAC CAG CAA AAA CCT GGC AAG GCG CCG
AAGUCTG TTG ATCTAC AAC GCC AAA AGT CTC GCY TCC GGG GTC CCC
AGC CGATTT TCT GGC TCA GGTAGT GGC ACA GAT TTICACACTCACA
ATA AGCTCY CTC CAG CCC GAA GACTTT GCG ACG TACTAC TGC CAG
CAT CAT TAT GTTAGTCCT TGG ACG TTT GGC GGA GGU ACA AAATTG
GAA ATA AAA

ctegag AAGCCCACCACGACGCCAGCGCCGUCGACCACCAACACCGGCGCCCACCAT
CGCGTCGCAGCCCCTGTCCCTGCGCCCAGAGGLCGAGCCGGCCAGCOGLGGGHGGE
CGCAGTGCACACGAGGGGOGCTGGACTTCGUCCAGTGA Taageccttttgggtactggtagtgatiee
tggagtectggottactatagetigetagtaacagtggectitatiattitetgggtgaggagtaagaggeageaggctectgeacagtgac
tacatgaacatgaciccecegecgeeecgggeccaccegeaageattaccageectatgecccaccacgegacticgeageetatege
tecAGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGA
ACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGG
ACAAGAGACGTGGCCGGGACCCTGAGATGGOGGGAAAGCCGCAGAGAAGGAAG
AACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCC
TACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGLCACGATGG
CCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATG
CAGGCCCTGCCCCCTCGCTAA

The humanized PLAP h2 CAR aminoc-acid sequence 15 shown in SEQ ID NO: 20 It
has the same structure as Mouse PLAP-CAR except the scFv portion; sequence in bold is
humanized PLAP ScFV consisting from VL-linker-VL.
MALPVTALLLPLALLLHAARPASQVQLOESGPGLYVEKPSETL
SLTCTVSGFSLTSYGVSWIRQPAGKGLEWIGVIWEDGSTN
YHSALISRVTMSVDTSKNQFSLKLSSVTAADTAVYYCARP
HYGSSYVGAMEYWGAGTTVTIVSSGGGGESGGEGGSGGGEES
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DIQMTQSPSSLSASVGDRVTITCRASENIYSYVAWYQQKPG
KAPKLLIYNAKSLASGVPSRFSGSGSGTDFTLTISSLOQPED
FATYYCQHHYVSPWTFGGGTKLEIKLEKPTTTPAPRPPTPA
PTIASQPLSLRPEASRPAAGGAVHTRGLDFASDKPFWVYLVY
VGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRP
GPTRKHYOQPYAPPRDFAAYRSRVKFSRSADAPAYQQGQNQL
YNELNLGRREEYDVLDKRRGRDPEMGGKPQRRKNPQEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR (SEQ ID NO: 20)

Humanized PLAP b2 VH (SEQ ID NG: 21)
QVOQLOESGPGLVKPSETLSLTCTVSGFSLTSYGVYVSWIRQP
AGKGLEWIGVIWEDGSTNYHSALISRVYVTMSVDTSKNQFSL
KLSSVTAADTAVYYCARPHYGSSYVGAMEYWGAGTTVTY
SS

Humanized PLAP h2 VL (S8EQ ID NO: 22), CDR 1, 2, 3, underlined

DIQMTOSPSSLSASYGDRVTITCRASENIVSYVAWYQQOQKPGRKAPKLLIYNAKSLA
SGVPSRESGSGSGTDFTLTISSLOPEDFATYYCOHHYVSPWTFGGGTRLEIK

Humanized PLAP h2 scFv (SEQ ID NO: 23}
QVQLOESGPGLVEKPSETLSLTCTVSGFSLTSYGVYVSWIRQP
AGRGLEWIGVIWEDGSTNYHSALISRYVTMSYVDTSKNGQFSL
KLSSVTAADTAVYYCARPHYGSSYVGAMEYWGAGTTVTVY
SEGGGGSGGGESGGOGGSDIQMITQOSPSSLSASVGBRYTITC
RASENIVYSYVAWYQOQOQKPGRAPKLLIYNAKSLASGVPSRFEFS
GSGSGTDBFTLTISSLOPEDFATYYCQHHEBYVSPWTFGGOGTK
LEIK

Example 8. PLAP CAR with humanized antibody h4.

The humanized PLAP b4 CAR (PMC410) codon optimized nucleotide sequence starts
with a signaling peptide (underlined, SEQ ID NO: 9, codon optimized), then the humanized
PLAP scFv (bold). The bold sequence is humanized PLAP-h4 (PMC410) sclv,

23
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SEQ ID NO: 24 1s the humanized PLAP h4-CAR nucleotide sequence {codon
optimized).
ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCG
CCAGOHCCGgctage
CAG GTT CAA CTT CAA GAATCA GGA CCG GGCTTG GTT AAMACCT TCC
GAA ACTCTGAGC CTTACT TGT ACAGTG TCT GGT GGA TCT ATT ACG
AGC TAC GGA GTA AGT TGG ATC CGG CAA CCA CCC GGG AAA GGG CTC
GAATGG ATA GGG GTG ATATGG GAG GAT GGT TCA ACC AACTACCAT
AGCGUT CTGATCAGUCCGG GTG ACCATTAGY GTC GACACT TCC AAA
AACCAGTTITTCATTIG AAGCTC TCA AGC GTA ACT GCG GCG GAT ACC
GOC GTATACTATTGT GCG CGG CCA CAT TAC GGG TCC TCT TAT GTTY
GGG GCG ATG GAA TAT TGG GGG GCA GGT ACAACG GTCACG GTG TCT
TCA GGA GGA GGA GGG TCA GGT GGT GGT GGT TCA GGA GGC GGG GGT
AGC GAC ATACAG ATG ACT CAAAGC CCCICT TCA CIGTCT GCA TCA
GTC GGG GAC AGA GTC ACA ATA ACC TGC AGA GUGAGUC GAG AATATC
TAC TCT TAT GTA GCC TGG TAT CAG CAA AAA CCC GGC AAG GCG CCG
AAATTIG CTCATCTAT AAT GCG AAA TCC TTG GCCAGT GGG GTC CCA
TCACGGTTCAGT GGUTCC GGC TCT GGAACC GATTICACA CTC ACA
ATCTCT AGCCTC CAG CCC GAA GACTTC GCC ACATACTATTGC CAaa
CAT CACTAT GTC AGCCCATGGACATTT GGG GGA GGT ACG AAA CTT
GAA ATT AAA
ctegagAAGCCCACCACGACGCCAGCGCCGUGACCACCAACACCGGCGCCCACCAT
COGCGTCGCAGCCCCTGTCCCTGCGLCCAGAGGLGAGCCGGLCAGCGGCOGEGHEG
CGCAGTGCACACGAGOGGOGLCTGOACTTCGCCAGTGA Taageectittgggtect ggtagtagtigg

tggagicctggettgctatagetigetagtaacagtggectitattatttictggotoagoagtaagaggageaggcteetecacagigac
tacatgaacatgactecccgeogeoccgggeccaccegeaageattaceagecctatgececaceacgegacttegeagectatege
tccAGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGUGTACCAGCAGGGCCAGA
ACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTITGG
ACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGCAGAGAAGGAAG
AACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCC
TACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGG
CCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATG
CAGGCCCTGCCCCCTCGCTA Atag

24
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SEQ ID NO: 25 is the humanized PLAP h4 CAR amino-acid sequence: ScFv sequence is in
bold.
MALPVTALLLPLALLLHAARPASQVOQLOQESGPGLVYVKPSETL
SETCTVSGGSITSYGVYVSWIRQPPGRKGLEWIGVYVIWEDGSTNHN
YHSALISRYTISVDTSENQFSLEKLSSYTAADTAVYYCARPH
YGSSYVGAMEYWGAGTTIVTIVSESSGGGGSGGGGSGGGGSDY
OMTOSPSSLSASVGDRYTITCRASENIYSYVAWYQQRKPGK
APKLLIYNAKSLASGVPSRFSGSGSGTDFTLTISSLOPEDF
ATYYCQHBYVSPWTIFGGGTKLEIKLEKPTTTPAPRPPTPAP
TIASGQPLSLRPEASRPAAGGAVHTRGLDFASDKPFWVLVVY
GOVLEACYSLLVTVAFIIFWVRSKRSRELHSDYMNMTPRRPG
PTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOQGONQLY
NELNLGRREEYDVLDKRRGRDPEMGGKPOQRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR

Humanized PLAP-h4 VH (SEQ ID NO: 26). CDR 1, 2, 3 underlined
QVOQLOESGPGLVYVEKPSETLSLTCTVSGOGSITSYGCVSWIERQPP
GKGLEWIGVIWEBGSTNYHSALISRVYVTISVDTSKNQFSLEK
LSSYVTAADTAVYYCARPHYOCSSYVGCGAMEYWGAGTTVTVS
S

Humanized PLAP-h4 VL (SEQ ID NO: 22}

Humanized PLAP-h4 scFv (SEQ 1D NO: 27)
QVOQLOESGPGLVEKPSETLSLTCTVYVSGGSITSYGVYVSWIRQPP
GEKGLEWIGVIWEDGSTNYHSALISRVYVTISVDTSKNQFSLK
LSSVTAADTAVYYCARPHYGSSYVGAMEYWGAGTTVTVS
SGGGGRSGGGGSCGGGGSPDIQOMTOSPSSLSASVGDRVTITCR
ASENIYSYVAWYQOKPGKAPKLLIYNAKSLASGVPSRFSG
SCSGTDFTLTISSLOPEDFATYYCOQHHYVSPWTFGGGTKL
EIK
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Example 6. PLAP CAR with humanized antibedy h3.

SEQ D NG: 28 15 the humanized PLAP-h3 (PMC407) nucleotide sequence:
ATGGCCTTACCAGTGACCGCCTTGCTICCTGCCGCTOGCCTTIGCTGCTCCACGCCG
CCAGOGCCGactage
CAG GTT CAA TYG CAA GAATCAGGC CCY GGG CTT GTT AAG CCG TCA
GAG ACGCTT TCA CTG ACCTGT ACCGTG AGUC GGG TTCAGC CTC ALY
TCC TAT GGY GTY TCT Y66 ATA CGA CAA CCA CCC GGA AAG GGU CTIG
GAATGG ATC GGG GTCATTTGG GAA GAT GGATCC ACA AACTAC AATY
CCTTCACTT AAATCC CGA GTT ACTATCTCT GTT GAC ACC AGT AAA AAT
CAATTC AGT CTC AAACTG TCC AGT GTG ACA GCC GCC GAC ACA GCA
GTCTAC TATTGC GCT CGU CCA CAT TAC GGC TCC AGC TAC GTY GGG
GCG ATG GAA TAT TGG GGA GCT GGT ACCACA GTC ACG GTT AGT AGT
GGA GGA GGT GGT TCC GGG GGA GGG GGG AGC GGC GGA GGT GGATCT
GAT ATCCAGATG ACT CAGTCT CCAAGT TCC CTT TCT GCA AGC GTA
GGT GAT CCGA GTCACTATC ACATGUC AGG GCGTCC GAG AACATATAC
AGT TAT GTT GCA TGG TAC CAA CAG AAG CCA GGT AAA GCG CCT AAG
CTGCTTATTTAT AACGCT AAATCT CTT GCT TCY GGG GTA CCA TCC
CGA TTCTCA GGG TCT GGA AGT GGC ACT GATTTCACG TTG ACT ATY
TCCTCC CTT CAA CCG GAG GAT TTT GCA ACG TACTACTGT CAG CAT
CATTAT GTC AGCCCG TGG ACG TTC GGT GGU GGC ACG AAA CTT GAG
ATT AAA
ctegagAAGCCCACCACGACGCCAGCGCCGCGACCACCAACACCGOGCGUCCACCAT
COGCGTCGCAGCCCCTGTCCCTGCGLCCAGAGGLGAGCCGGLCAGCGGCOGEGHEG
CGCAGTGCACACGAGOGGOGLCTGOACTTCGCCAGTGA Taageectittgggtect ggtagtagtigg

tggagicctggettgctatagetigetagtaacagtggectitattatttictggotoagoagtaagaggageaggcteetecacagigac
tacatgaacatgactecccgeogeoccgggeccaccegeaageattaceagecctatgececaceacgegacttegeagectatege
tccAGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGUGTACCAGCAGGGCCAGA
ACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTITGG
ACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGCAGAGAAGGAAG
AACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCC
TACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGG
CCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATG
CAGGCCCTGCCCCCTCGCTA Atag
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SEQ D NO: 29is the PLAP h3 CAR amino-acid sequence (ScFv sequence bold).
MALPVTALLLPLALLLHAARPASQVOQLOQESGPGLYVEKPSETL
SLTCTVSGFSLTSYGVSWIRQPPGKGLEWIGVIWEDGSTN
YNPSLEKSRVYVTISVDBDTSKNQFSLKLSSVTAADTAVYYCARP
HYGSSYVGAMEYWGAGTTVTVSSGGGGSGGGGSGGGGSD
FOMTOSPSSLSASVOGDRYVTITCRASENIYSYVAWYQOQKPG
KAPKLLIYNAKSLASGVPSREFSGSGSGTDRFTLTISSLOPED
FATYYCOQHHYVSPWTFGGGTEKLEIKLEKPTTTPAPRPPTPA
PTIASQPLSLRPEASRPAAGGAVHTRGLDFASDKPFEFWVLVYVY
VGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRP
GPTREKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQOQGONQL
YNELNLGRREEYDVLDKRRGRDPEMGGKPQRRKNPQEGLY
NELOQKDKMAFEAYSEIGMKGERRRGKGHDGLYQGLSTATED
TYDALHMQALPPR

Humanized PLAP-h3 VH, SEQ ID NO: 30.
QVOQLOESGPGLVKPSETLSLTCTVSGESLTISYGYSWIRQP
PCGRGLEWIGVIWEBGSTNYNPSLESRYVTISVDTSKNQFSL
KLSSVTAADTAVYYCARPHYGSSYVGAMEYWGAGTTVTY
SS

Humanized PLAP h3 VL, SEQ ID NG: 22

Humanized PLAP b3 scFv, SEQ 1D NO: 31
PQVOQLOESGPCGLVKPSETLSLTCTVYVSGYFSLTSYGVYSWIRQP
PGKGLEWIGVIWEDGSTNYNPSLESRVTISVDTSKNQFSL
RLSSVTAADTAVYYCARPHYGSSYVGAMEYWGAGTTVTY
SSGGGGSGGGGSGGGGSDIQOQMTOSPSSLSASYVGBRVTITC
RASENIYSYVAWYQOQEKPGKAPKLLIYNAKSLASGVYPSRFS
GSGSGTDFTLTISSLOQPEDFATYYCOQHHYVSPWTIFGGGTK
LEIK
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Example 7. PLAP CAR with humanized antibedy hS5.
SEQ 1D NG: 32 1s the humanized PLAP-h5 scFv nucleotide sequence, which is
inserted between Xho and Nhel sites:

CAG GTC CAGUTG CAA GAATCA GGA CCA GUA CTG GTA AAG CCG TCC GAA
ACG CTC AGT TTG ACG TGU ACCGTG TCA GG GGC AGT ATA ACATCC TAC G
GGGICAGUTGGATCCOGU CAACCG COT GGG AAA GGU CTC GAATGG ATA G
GO OTG ATT TEG GAA GAU GOG AGT ACA AAU TAU AAT CCG AGT TTG AAG A
GCOCGU GTGACGATAAGU GTT GAC ACA AGT AAG AAC CAGTTITAGT CTC AA
ACTCTCOAGTGTAACAGUT GCT GAT ACA GUA GIGTAC TAC TGC GCT CGA
CCTCACTATGOC TOT AGT TAC GTC GGA GUT ATG GAA TAU TGG GGG GOT G
GO ACTACA GTT ACT GTG AGT TCC GGT GGL GGA GGA TCT GGT GGC GGT GG
TTCC GGT GOG GOA GGA TCC GAC ATACAG ATG ACG CAGTCLC CCA AGT AGC
TTGAGU GUA TCA GTA GUA GAU AGA GTC ACC ATT ACA TG CGA GUTTICC &
AGAACATC TAC AGTTAC GTAGCT TGG TAT CAG CAA AAACCG GGG AAAG
CACCT AAACTT CTC ATCTAC AAC GCA AAAAGT CTG GCG AGY GGG GTT OO
CTCA AGGTTC TCT GGA AGL OGO AGU GGA ACG GAT TTTACT CTG ACT ATT
AGTAGTTTGCAACCAGAA GACTIT GCC ACGTACTACTGT CAGCATCACT
AT GIC TCCCCT TGG ACG TTC GGA GGA GGG ACC AAG CTC GAA ATC AAA
(SEQ HING: 31

Humanized PLAP-hS CAR aminec-acid sequence (SEQ D NO: 33}

MALPVTALLLPLALLLHAARPASOVOLQESGPGLYVKPSETLS
LiCl‘v"%h(I‘SEI%YG\’ s WIRQPPGKGLEWIGVIWEDGSTNYNP
SLEKSRVYTISVDTSKNQOQFSLELSSVTAADTAVYYCARPHYGSS
YVOCAMEYWGOGAGTIVIVSSGGGGHOGOGSGGGOGSDIOMTOS
PSSLSASVOGDRVTITUORAS EI\EY‘%Y\’%V\v‘yQQKP&KL&PKLLE%
NAKSLASGVPSRFSGSGSOGTDBRFTLTISSLOPEDFATYYCQOQHH
YV“P‘WTFGGGTKLEH\,LERPTTTPAPRPPTPAPTIASQPLSLR
PEASRKPAAGGAVHTROLDFASDKPFWVLVVVGOGOGVLACYSLL
VIVAFHFWVRSKRSRLLHSDYMNMTPRRPOGPTREKHYQPRY A
PPEDFAAYRSRVKFSRSADAPAYOQOGONQLYNELNLGRREE
YRVLDKRRGRDPEMGGKPORREKNPGEGLYNELQKDKMAEA
YSEIGMKGOGERRRGKGHDGOGLYQGLSTATKDTYDALHMQALP
PR

Humanized PLAP-hS VH, SEQ ID NG: 34. CDR 1, 2, 3, underlined.
QVOLOESGPGLVKPSETLSLTCTVSGGSITSYGVSWIRQPPGRGLEWIGVIWEDGS
TNYNEPYLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARPHYGSSYVGAMEYW
GAGTTVYTVSS

Humanized PLAP hS VL, SEQ ID NG: 22

28
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Humanized PLAP hS scFv, SEQ ID NO: 33
QVOQLOESGPGLVKPSETLSLTCTVSGGSITSYGVRISWIRQGPP
GEKGLEWIGVIWEDGSTNYNPSLKSRVTISYVDTSKNQFSLEK
LSSVTAADTAVYYCARPHYGSSYVGAMEYWGAGTTVTVYS
SCCGEGCSGCGOGOESGOEGESDIOMTOSPSSLSASYVGDBRYTITCR
ASENIVYSYVAWYQOQKPGKAPKLLIYNAKSLASGVPSRFSG
SGSGTDFTLTISSLOPEDFATYYCQHHYVSPWITFGGGTKL
EIK
Example 8. PLAP has negative expression in most normal tissues and expressed in
gastro-intestinal cancers

We pertormed THC staining with PLAP antibody on placenta, testis, colon cancer,
ovarian cancer and other normal or malignant tissues from different types of cancer. Placenta
had highest staining, testis, colon and ovarian cancer were positive, while other type of
cancer (breast, lung, prostate cancer) were negative as well as normal fissues: pancreas,
tonsil, rectum, muscle, esophagus, brain and other tissues. In addition, we evaluated mRNA
expression of PLAP expression in sifico across 1457 different malignant cell lines, including
63 colon cancer cell lines using the Cancer Cell Line Encyclopedia (CCLE). Expression of
PLAP was high in gastro-intestinal {GI) cancers: cancers of esophagus, upper aercdigestive
organs, stomach, pancreatic and colon cancers. We also performed analysis using Genotype-
Tissue Expression (GTEx) database of PLAP expression in nonmalignant normal tissues.
PLAP mRNA had ninimal expression in many normal tissues {many had 0 TMP (transcript
per million kb)) mRNA level. In contrast when we analyzed EpCAM as a posttive control, its
expression was medium-high in many normal tissues with medium expression in colon 445
TMP (transcript per million kb), small intestine 391 and in thyroid 259, Thus, PLAP has

negative expression in most normal tissues in contrast to other tumor-associated markers.

Example 9. PLAP is expressed in primary colon tumors and colon cancer cell lines

We performed THC staining with mouse PLAP antibody using 106 prirnary colon
cancer tumors, and found PLAP expression in 25 of 106 samples that 1s 23.8% of all colon
cancer tumors. We also tested PLAP expression by R2 genomics analysis and visualization
platform in 557 primary colon cancer tumors and performed correlation with patient cutcome
(FIG. 3). Patients with high PLAP expression had shorter survival than patients with low
PLAP expression demonstrating that PLAP expression can correlate with poor prognosis in

colon cancer. These data show that PLAP is overexpressed in primary colon cancer tumors,



10

15

[SN]
<o

WO 2019/240934 PCT/US2019/033953

In addition, we tested PLAP mRNA level in 117 colon cancer cell lines using
microarray assay, and detected that 21.3% of colon cancer cell lines expressed PLAP mRNA.
We performed FACS assay and detected PLAP in colon cancer cell lines with high PLAP
mRNA expression: Lovo, Caco-2 and L8123 cell hines (FIG. 4A). We detected minimal
PLAP expression in PLAP-negative colon cancer cell lines such as HCT116, HT-29 and
SW620 cell lines (FIG. 4B). Thus, PLAP mRNA and PLAP protein levels corresponded to
each other (FIG. 4B). To confirm specificity of PLAP antibody H17E2 we detected that it
recognized purified recombinant PLAP protein with Kd=3.2 nM by BLI BLITZ analysis.
PLAP antibody H17E2 also recognized PLAP protetn expressed in 293 cells. Thus, PLAP 1s
expressed in colon cancers and PLAP antibody detects PLAP antigen suggesting that it can

be used for CAR-T therapy.

Example 10, PLAP-CAR-T celis specifically kill PLAP-positive cells but not PLAP-
negative cells,

We designed second generation CAR construct using mouse monocional PLAP
antibody ScFv, CD8 alpha hinge, CD28 transmembrane and co-stimulatory domain and CD3
activation domain (FIG. 2). We prepared lentiviral PLAP-CAR and Mock CAR with
intracellular protein ScFv, and transduced T cells to generate CAR-T cells. The PLAP-CAR-
T cells had >200-fold expansion that was similar as Mock-CAR-T cells or T cells. CAR-T
positive cells were detected by FACS with mouse FAB antibody (FIG. 3A).

PLAP-CAR-T cells were used in a Real-time cytotoxicity assay (RTCA) with PLAP-
positive target colon cancer cell lines: Lovo, and L8-123; and with PLAP-negative colon cancer
cell lines: HT29, and HCT116. PLAP-CAR-T cells had significant killing activity compared
with normal T cells against Lovo and 1.S-123 colon cancer target cells but did not have
significant killing activity with PLAP-negative HCT116 and HT29 colon cancer cell lines
(FIG. SB). In addition, all CAR-T cells cell lines secreted significant level of IFN-gamma
against PLAP-positive target colon cancer cells but not against PLAP-negative colon cancer
cells (FIG. 5C). There were also no significant secretion of IFN-gamma against normal 293
and CHO cell lines (FIG. 5C). These data show specific functional activity of PLAP-CAR-T

cells against PLAP-positive colon cancer cell lines.
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Example 11. Humanized PLAP-CAR-T cells (k2 and h4) specifically kill PLAP-positive
cells

To improve mPLAP-CAR-T cells, we humanized mouse PLAP ScFv, and generated
humanized PLAP-CAR cells (FIG. 2). The humanized PLAP h2 had 44.1% and PLAP b4
CAR-T cells had 50.6 % of CAR-positive cells which were detected by FACS with FAB
antibody (FIG. 6A). To confirm specificity of PLAP-CAR-T cells to PLAP antigen, we
performed FACS using biotinylated PLAP recombinant protein (FIG. 6B). Biotinvlated PLAP
protein recognized PLAP-CAR as well as FAB antibody demoustrating specific binding of
humanized PLAP-ScFv to PLAP antigen (FIG. 6B).

PLAP-CAR-T cells (h2 and h4) significantly killed PLAP-positive cells compared to
Mock control CAR-T cells and did not kill significantly PLAP-negative cells in RTCA assay
(FIG. 6C). In addition, PLAP-CAR-T cells secreted significant level of IFN-gamma, IL-2 and
IL-6 against PLAP-positive colon cancer cells but not against PLAP-negative colon cancer
cells (FIG. 6D} These data show that humanized PLAP-CAR-T cells specifically and

effectively killed PLAP-positive colon cancer cells,

Example 12. Humanized PLAP-CAR-T cells (b2 and h4) significantly decrease ceolon
cancer xenograft tumor growth.

We analyzed PLAP-CAR-T cell efficacy in Lovo xenograft mouse model i vive (FIG.
7). Lovo cancer cells were injected subcutaneously into NSG mice, and then CAR-T cells were
injected at days 1, 7 and 13. Humanized PLAP h2 and PLAPh4-CAR-T cells significantly
decreased Lovo xenograft tumor growth (FIG. 7A). The tumor size (FIG. 7B) and tumor weight
(FIG. 7C) were significantly reduced by humanized PLAP-CAR-T cells. The mice body weight
did not decrease by PLAP-CAR-T cells suggesting negative toxicity of CAR-T cells. Human
T cells and CAR-T cells were detected in mouse blood with anti-human CD3 antibody at day
16 demonstrating persistence of humanized PLAP-CAR-T cells in vivo.

To test toxicity of CAR-T cells, we performed analysis of several enzymes from mouse
blood serum: AST, ALT and amylase (FIG. 7D). There were no toxic effects of PLAP-CAR-
T cells on these enzymes (FIG. 7D) suggesting no toxicity of PLAP-CAR-T cells in vivo. Thus,

PLAP-CAR-T cells have high efficacy with no toxicity in vive.

Example 13. Humanized PLAP-CAR-T cells (h5) specifically kill PLAP-positive celis
Real-time cytotoxicity assay (RCTA) and IFN-y assay were performed according to
Hxample 1.
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FIG. 8A shows that PLAP h5-CAR-T cells significantly killed PLAP-positive colon
cancer cells {Caco-2 cells and Lovo cells) compared to T cells and target cells alone. PLAP
h5-CAR-T cells (h5) did not kill PLAP-negative colon cancer cells (HCT116) by RTCA.
FIG. 8B shows that PEAP hS-CAR-T cells secreted significant higher level of IFN- v, against
PLAP-positive colon cancer cells (Caco-2 cells and Lovo cells), but not against PLAP-
negative colon cancer cells (HCT116).

These data show that humanized PLAP h3-CAR-T cells specifically and effectively
killed PLAP-positive colon cancer cells and specifically secreted IFN-gamma against PLAP-

positive colon cancer cell line.

Example 14. Combination of PLAP-CAR-T cells with checkpoint inhibitors increased
activity of CAR-T celis.

We tested expression of PDL-1 on colon cancer target celis in respouse to hPLAP-
CAR-T cells when we co-cultured them for 24 hours (FIG. 9A). We also used IFN-y, a
known agent to induce PDL-~1 in cancer cells [35] as a positive control for PDL-1 induction.
The PLAP-negative cells HT29 and HCT116 cells activated PDL-1 in response to hPLAP-
CAR-T cells similarly in response to T cells, Mock-CAR-T cells and IFN-y (FIG. 9A). In
contrast, PLAP-positive Lovo cells significantly up-regulated PBL-1 in response to CAR-T
cells versus T and Mock CAR-T cells and more than in response to IFN-gamma (FIG. 9A).
Caco-2 cells did not activate PBL-1 tn response to [FN-gamma and also to PLAP-CAR-T
cells (FIG. 9A). These data show that CAR-T cells caused significant up-regulation of PDL-1
in PLAP-positive cancer cells and that PLAP-positive cancer cells differ in their up-regulated
PDL-1 levels, and that PLAP-CAR-T cells did not cause significant up-regulation of PDL-1
in PLAP-negative target colon cancer cells compared with Mock-Car-T cells and non-
transduced T cells.

Since Lovo cells activated PDL-1 significantly more in response to PLAP-CAR-T
cells than in response to IFN-gamma (FIG. 9A), we focused on PDL-1 up-regulation in this
cell line in more detail. The expression of PDL-1 was low at one and 4 hours after addition of
CAR-T cells and resulted in significant up-regulation of PDL-1 at 24 hours (FIG. 9B), and its
fevel did not increase more at 49 hours (not shown). We added different doses of PLAP-
CAR-T cells to Lovo cells, co-cultured for 24 hours, and detected dose-dependent response in
terms of PDL-1 up-regulation in Lovo colon cancer target cells in response to hPLAP CAR-T
cells (FIG. 9C). PDL-1 was sigruificantly up-regulated even at small dose of PLAP-CAR-T
cells added to target cancer cells (Effector to target cell ratio, E:T=0.3:1) (FIG. C).

29
34



10

15

N2
L

30

WO 2019/240934 PCT/US2019/033953

To evaluate up-regulation of checkpoint proteins in CAR-T cells after co-incubation
with colon cancer cells, we tested several checkpoint proteins: PD-1, TIM-3, TIGIT and
LAG-3. Only PD-1 was significantly up-regulated in CAR-T cells after co-culture with
PALP-positive colon cancer target cells than before co-culture (FIG. 913). PD-1 protein level
was up-regulated in co-culture with PLAP-positive cells (Caco-2 and Lovo cells) but not with
PLAP-negative HCT116 and HT29 celis (F1G. 9D). LAG-3 was also significantly
upregulated after co-culture with Lovo cancer cell line (FI(GG. 9E). Thus, PLAP-positive target
cells up-regulated PDL-1, and PLAP-CAR-T cells up-regulated PD-1 or LAG-3 expression.

To test checkpoint inhibitors in combination with PLAP-CAR-T cells, we used PLAP-
h2-CAR-T cells in combination with either PD-1 antibody or LAG-3 antibody and performed
RTCA assay with Lovo target cells (FIG. 9F) There was significant up-regulation of
cytotoxicity PLAP-CAR-T cells in combination with PD1 or LAG3 antibody versus PLAP-
CAR-T cells alone with 1sotype antibody or versus PD-1 or LAG3 antibody alone (FIG. 9F).
The combination of PLAP-CAR-T cells with either PD-1 antibody, or LAG-3 antibody
significantly increased secretion of IFN-gamma versus each treatment alone in Lovo cells (FIG.
9G). The increased secretion of IFN-gamma was also observed when PLAP-CAR-T cells with
PD-1 antibody were co-cultured with pre-treated IFN-g to up-regulate PDL-1 before treatment
confirming data above (not shown) Thus, combination of hPLAP-CAR-T cells with
checkpoint inhibitors (PD1 or LAG3 antibodies) can be an effective approach to induce

efficacy of PLAP-CAR-T cells with increased IFN-gamma secretion against colon cancers.
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WHAT IS CLAIMED I5:

L. A chimeric antigen receptor (CAR) comprising from N-terminus to C-terminus:

(1} a single-chain variable fragment {scFv) comprising Vy and Vi, wherein scFv binds
to PLAP (placental atkaline phosphase},

(11) a transmembrane domain,

{1ii} a co-stimulatory domain of CD28, OX-40, GITR, or 4-1BB, and

{(iv) an activating domain.

2. The CAR of Claim 1, wherein the Vy has the amino acid sequence of SEQ ID NO: 5

and the V1 has the amino acid sequence of SEQ ID NGO 6.

3. The CAR of Claim 1, wherein the Va has the amino acid sequence of SEQ ID NG:
21, 26, 30, or 34, and the Vi has the amino acid sequence of SEQ [D NG: 22

4. The CAR of Claim 3, wherein the Vu has the amino acid sequence of SEQ ID NO:

21, 26, or 34.

5. The CAR of Claim 1, wherein the scFv comprises SEQ ID NO: 8, 18,23, 27, 31, or
35, or an aminc actd sequence having at least 95% sequence identity thereof, provided that

the sequence variation is in the non-CDR framework regions.

6. The CAR of Claim 1, wherein the scFv comprises SEQ ID NO: §, 23, 27, or 35 or an
amino acid sequence having at least 95% sequence identity thereof, provided that the

sequence variation is in the non-CDR framework regions.

7. The CAR of Claim 1, wherein the activating domain ts CD3 zeta,
8. The CAR of Claim 1, wherein the co-stimulatory domain 15 CD28.
g, The CAR of Claim 1, having the amino acid sequence of SEQ ID NO: 5, 15, 20, 25,

29, or 33, or an amino acid sequence having at least 95% identity thereof, provided that the

sequence varation is not in the CDR regions.
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10. A nucleic acid sequence encoding the CAR of Claim 1.
11 T cells, nature-killer cells, or macrophages modified to express the CAR of Claim 1.
12. A method for treating cancer, comprising the step of administering the T cells, nature-

killer cells, or macrophages of Claim 11 to a patient suffering from cancer selected from the
group consisting of colon cancer, lung cancer, pancreatic cancer, stomach cancer, testicular
cancer, teratoma, seminoma, ovarian cancer, and cervical cancer, wherein the cancer is

PLAP-positive.

3. The method of Claim 12, further compnising administering to the patient a checkpoint

inhibitor selected from the group consisting oft PD-1 antibody, PDL-1 antibody, and LAG-3

antibody.
14. An antibody or antigen-binding fragment thereof comprising VL having the amino

acid sequence of SEQ 1D NG: 22, and VH having the amino acid sequence of SEQ ID NO:
21, 26, or 34.
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