US 20240024359A1
a9y United States

a2y Patent Application Publication o) Pub. No.: US 2024/0024359 A1

Chen et al. 43) Pub. Date: Jan. 25, 2024
(54) BISPECIFIC OR-GATE CHIMERIC ANTIGEN Publication Classification
RECEPTOR RESPONSIVE TO CD19 AND
D20 (51) Inmt. Cl
A61K 35/17 (2006.01)
(71) Applicants: The Regents of the University of g%lzfr gg‘;g 3 888288
California, Oakland, CA (US); Seattle CO7K 16/28 (2006.01)
Children’s Hospital DBA Seattle COTK 14725 (2006.01)
Children’s Research Institute, Seattle, )
WA (US) CO7K 14/705 (2006.01)
(52) US. CL
(72) Inventors: Yvonne Y. Chen, Los Angeles, CA CPC ...ccccee. AG61K 35/17 (2013.01); CO7K 16/46
(US); Eugenia Zah, Los Angeles, CA (2013.01); CI2N 5/0636 (2013.01); CO7K
(US); Michael C. Jensen, Seattle, WA 16/2803 (2013.01); CO7K 16/2887 (2013.01);
(US) CO7K 14/7051 (2013.01); CO7K 14/70521

(2013.01); CO7K 14/70596 (2013.01); 461K

(21) Appl. No.: 18/238,210 38/00 (2013.01)

57 ABSTRACT
(22) Filed: Aug. 25, 2023 G7
A CD19-OR-CD20 chimeric antigen receptor (CAR) protein
Related U.S. Application Data construct is provided. Also provided are nucleic acids

encoding the CD19-OR-CD20 CAR; and methods of use,

(63) Continuation of application No. 17/569,107, filed on  e.g. in the treatment of B cell malignancies. The CD19-OR-
Jan. 5, 2022, which is a continuation of application CD20 CAR of the invention is a bispecific CAR that can

No. 15/535,972, filed on Jun. 14, 2017, now Pat. No. trigger T-cell activation upon detection of either CD19 or
11,253,546, filed as application No. PCT/US2015/ CD20 (or both). It is a single molecule that confers two-

065620 on Dec. 14, 2015. input recognition capability upon human T cells engineered
(60) Provisional application No. 62/091,854, filed on Dec. to stably express this CAR.
15, 2014. Specification includes a Sequence Listing.
A o1y
EIA
; oS
LBERLE Py e Wb
% ~ 7 s . T
5 0 omany 24 Ve Shor
P8t st & ¥ YO i i
N A B P
13- B W £3 e i
a2,
B 6.2 e
ik ’
e i 455
’% G Eneg »;/2 3 %3
5, b B 4 RV AL
Bkt i 4
RNy 1 o
i v Ay
By ;fé
3




US 2024/0024359 A1l

LD

5%

ADE B YL

Seas | 9ty mw WRE wm sazeds || 4495 6100 mw BT mm 45 7O WW bog jeusis

Jan. 25,2024 Sheet 1 of 6

Patent Application Publication




Patent Application Publication  Jan. 25, 2024 Sheet 2 of 6 US 2024/0024359 A1

NI QL IENEN
OF 8%
v‘ Ay
E
¥
RN ——
& o \ - FR
3 & % § >
§ R 3
ao§ Py \:
™ ?3 ‘\-.3 §.§ i:s e o
h ATHY o "ty & o
P R RN &
2 R R Tl
3 LSy - LR
e £
& %
% sisd 5
3 jooe
3 N H X ¥
DU e S o S LI S NN DU by
Lo P L3 Wy =F % O o N
~ A s
N o peee 3
RO o “\“\Q\“\ QRRRARgARRARAR ~
{ Ty v ¥ \...\..\j\k“
i S i B SN N .
e I § & e N
Fwd i i S S Wt it
P §*~‘5:§§ M gos o 7 B Rt ..yz(::
s;\i} Lo ,.-’ o N s\’-"\\ g <
AN SN o i
£ 3\\«..“.“&\“2«“&\ B p
£33 sy
T R
k«
A 83 2 > 3 >
> o s ey e - SR ] v
e 5 = L3 wOW w8 oW
W L &l G N R P
S, \A; L3 i‘:é\ gy i‘:”; W
‘;\*’} N e N N NN
A s AN
IERETTITG AR e
N £ N + 8 Ny Ty Ry
i Neoiainnninsindd i T BT S
5o o e 5 ‘
Wl g FE ;
MY F TS ST
RO : RE :
(§§ L :'%\\ R
Ly e 3
Y N
2 & N
R
¥ 3 ¥
e o = - oy o e ANy e
- o - o SO0 DD OO
S R P Gy OF 9y o i3
e e vy SR o g RN
o3 £2 o] S 83 LS
% % - d N . N
&8 % Pt L NN I A
N
3. 5% T T
R ot R

“\"{ : &



US 2024/0024359 A1l

Jan. 25,2024 Sheet 3 of 6

Patent Application Publication

Qe 103

e Old

o 105

oBs 10

2y s e o9 py o pe o A%y pg pm AU
b : 0 ; . ¢
mﬁﬁ#. . T o N 0 PR oz

% AMHN O %ﬁ&ﬁ,ﬁ,«% Ry 7 q&ﬁﬂz Ry

(3% % R TI R e

B Lom O

(6 0D Erald

byl

DRE 109
13 T %A )}

Rt 6L -3
12 LAA

spnl

bt b Lk

.

wEr)

Bl 10

b3
]
&
;

e, s
&f.« 0¥ -
N 4
FA .(! SMW.,\MW ﬁ

[

£
&

5
m,
v

HOUE G0



US 2024/0024359 A1l

w0 G i

A {M\»\\\\V\

N M\\M\ 4 \“\\\\\\\\\\»\\» :
7 & g oz ]
M‘M&w/ ;

gy ey 9.4

¥
H
z

] w\\\\\\k \\\\\\\M

A\
§ N

Y

N

N
§

u\m\\\\\\\\\i\\\\

gl

Jan. 25,2024 Sheet 4 of 6

Patent Application Publication

Wx\\\mv\\\\\\\\\ n oo \\“N\N\:.\.\S et
rsinfinnrsgarsnngarspsnen %
P | A\ - : 5
@0 I e, \ N %
g I %
b Z :
g \\\\\\\\ s e \a\\\\ ﬁn\\\\\\\\\\\\ et i
% ﬁ,,» 2 BENG T
R4 m\\ oo e o0 ?\?\v BT NS M B % St -3

§, w1 9 70 90 9 T T
- di

Y % T BL5 A Y Y

A
S\

oy
o

pesgeeeesgeeeesgeeeesgecencs e e poossgencsgseessgorentoes
“ S vm. »..,« K e o,
w.t\\»mwks\x oo s \&:\\\ \\\\V\\\\\\\\\\.v\\\\\ by n\\;v\\\s\ ICT Y
\
t\\\\\«\\\\\\ gpooess

mwA::A::%EAEEE

s

i %

e

w«/ NS

s‘\
;
s

A4

N
-
AR
N
+ RN
Ji P
: S
SRR
SRR
8
A

L
iy
¥
hE
x
3
a0
o
S
o8
&
ES
o
=
w
B
e
£
3

X
){(WN

N
S W
=

FIG. 4A-4B



Patent Application Publication  Jan. 25, 2024 Sheet 5 of 6 US 2024/0024359 A1

N
3
R
> ) W2 e ¥
3 Wp W >
s: SO e T
Sy \-.v; T T
N ¥ Ry o)
p RN

]
o Y g
*\_‘;5 R >
B o
> KX
WS sy &
\\{\.m RPN N ¢§§
RN 3 A >
SHuy N « 5
WA S o S
¥ e N Q AR ey
§ < ¥ 3% 3 8 NG w2
g 3¢ 3 : 3 oy 8]
: ) § H e R
o R s R
Pl 3 I RN
A ¥ i & S
e xoeea N :-i; v
g e o agmena TN R
i o Wenn iy e N9
¥ 1 N Y
s DR 1 D X &
g} AN T S
PRI FERN N e
S LR st
Fownd X N S
X o X
3 e e &8
2 Aoowe
el A
R0 SO RN O RRK K MR RN SR o '\\§ '
§ e AR
W §
AR oy . N P P N S N
A8 OR HMNRBEEREY =&
g ) e M L WY RS Y X Y
b % Y
AR AR RS & @ o &
I ﬁ%;k\cﬁﬁ&\ Y §i\‘\§&&3§$ &:&\E %
WYy ¥y 3
R

e >
X X
& N 3
S, g;: R .
$oe =g \S-E‘ Ry ] o
Q-g: SR % 3
: o Doy §§ w3 i
& X S AR N PRRRRRRR.
& ¥ MR v%\ X Ve .
N \ SR s PRy :
3 ¥\ \\\\\\\\ } & N {:\} S\\\\\\\\\\\\\\V % é‘:‘ . i ot
DR = Sk 3§ R )
H L e 3 "
&\\\\\\\\\. L S8 N Do H R
3R N X H o 3 ®
e 3 X By T D 3 2
e { N =X o8
(¢\ t K H e A an % XY
* N 3 EI N 3
*'\:\{ w3 ’ 3 20 0 ‘.Q\ o g w
N 3 o
h goomd 3 y &“ ROt 2 K A e
N s
sm SR & s;-;\: e EReEY
e v\\\\“m\\\\\\\\vxw B A A
K any e
e N L LR R
3




Patent Application Publication  Jan. 25, 2024 Sheet 6 of 6 US 2024/0024359 A1

{BHEA) SnalBY i
o > BaeHI (347
878 ?ésﬁ&i»\ 3 H
R S N T N8l {797)
a2 {{3“ ¥ (_s‘

BHvCE (1122)
<

~Hrul {1520}
‘(‘ s s
{mBISE (1538)
Ntigel {1815)

%

Ttz 2073y

Lo
25 e PR
3¢ LR R RN

:)1:

i

FahaL (2084}

5 R,

o (5a0s) Semak e P
{5404 Topll - ¥rwal ™ | i ‘s;
(G308 el HEN0T Aarty S s
pbaie s & 085 AwTy S L OTH $4T 14080
(GRO1 BaglNetl ¢y e TR0
BarnBE (4850

FYLOR3E CORsrPedBARAR Bdintay SN BerPV-1eB4 Hinge a8 ind 1 BB Suta TRA-ERFRE opHIVY

2

Fi. 6



US 2024/0024359 Al

BISPECIFIC OR-GATE CHIMERIC ANTIGEN
RECEPTOR RESPONSIVE TO CD19 AND
CD20

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/569,107 filed on Jan. 5, 2022, which
is a continuation of U.S. patent application Ser. No. 15/535,
972 filed on Jun. 14, 2017, now U.S. Pat. No. 11,253,546,
which is a national phase application under 35 U.S.C. § 371
of International Application No. PCT/US2015/065620, filed
Dec. 14, 2015, which claims the benefit of U.S. Provisional
Application No. 62/091,854, filed Dec. 15, 2014. The con-
tents of these applications are incorporated into the present
application by reference. U.S. patent application Ser. No.
17/028,701, filed Sep. 22, 2020, now U.S. Pat. No. 11,160,
833, is a related divisional application of U.S. patent appli-
cation Ser. No. 15/535,972, filed Sep. 14, 2017, now U.S.
Pat. No. 11,253,546.

GOVERNMENT SUPPORT

[0002] This invention was made with Government support
under ODO012133, awarded by the National Institutes of
Health. The Government has certain rights in the invention.
This work was supported by the U.S. Department of Veter-
ans Affairs, and the Federal Government has certain rights in
the invention.

SEQUENCE LISTING

[0003] This application contains a Sequence Listing in
computer readable form. The computer readable form is
incorporated herein by reference. Said ASCII copy, created
on Oct. 11, 2023, is named UCH-37604 SL.xml and is
18,665 bytes in size.

BACKGROUND OF THE INVENTION

[0004] Chimeric antigen receptors (CARs) are artificial
molecules that redirect the specificity of T cells to prede-
termined antigens. These receptors are frequently used to
graft the specificity of a monoclonal antibody onto a T cell;
with transfer of their coding sequence facilitated by retro-
viral or lentiviral vectors. Using adoptive transfer, autolo-
gous T cells can be genetically modified ex vivo to express
a CAR specific for a cancer cell of interest. The T cells,
which can then recognize and kill the cancer cells, are
reintroduced into the patient. Phase I clinical studies of this
approach have shown efficacy.

[0005] The most common form of CARs are fusions of
single-chain variable fragments (scFv) derived from mono-
clonal antibodies, fused to CD3-zeta signaling domain,
which contains 3 ITAMs. CD3-zeta may not provide a fully
competent activation signal and additional co-stimulatory
signaling is needed. For example, chimeric CD28 and OX40
can be used with CD3-Zeta to transmit a proliferative/
survival signal, or all three can be used together. Such
molecules result in the transmission of a zeta signal in
response to recognition by the scFv of its target.

[0006] Multiple clinical trials have reported remarkable
therapeutic efficacy of anti-CD19 CAR-modified T cells
against both acute and chronic B-cell malignancies. How-
ever, multiple cases have also been reported of patients
relapsing with the emergence of CD19-negative leukemia or
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lymphoma (Maude et al. 2014). This problem of antigen
escape, i.e., tumor cells evading treatment by losing the
antigen targeted by the T-cell therapeutic, is addressed by
this invention.

SUMMARY OF THE INVENTION

[0007] CD20 and CD19 are both pan-B-cell markers pres-
ent on the vast majority of malignant B cells. An OR-gate
CAR that triggers tumor killing as long as either CD20 or
CD19 is present reduces the probability of antigen escape,
by requiring that tumor cells lose both antigens to escape
targeting, an event that happens with a significantly lower
probability than single-antigen mutations. Therefore, this
invention has a strong competitive advantage compared to
the conventional, single-input anti-CD19 CAR T-cell
therapy.

[0008] A CD19-OR-CD20 chimeric antigen receptor
(CAR) protein construct is provided. Also provided are
nucleic acids encoding the CD19-OR-CD20 CAR; and
methods of use, e.g. in the treatment of B cell malignancies.
The CD19-OR-CD20 CAR of the invention is a bispecific
CAR that can trigger T-cell activation upon detection of
either CD19 or CD20 (or both). It is a single molecule that
confers two-input recognition capability upon human T cells
engineered to stably express this CAR. The CD19-OR-
CD20 CAR consists of the following (from N- to C-termi-
nus): signal sequence; anti CD20 scFv; linker; anti-CD19
scFv; spacer domain; transmembrane domain; zero, one, or
more cytoplasmic co-stimulatory signaling domains; CD3
zeta signaling domain. In some embodiments the spacer
domain is an immunoglobulin hinge domain, including
without limitation the human 1gG4 hinge.

[0009] In some embodiments the transmembrane domain
is CD28 transmembrane domain. In some embodiments the
cytoplasmic co-stimulatory signaling domain is CD28 and/
or 4-1 BB. In some embodiment the construct further
comprises T2A ribosomal skipping peptide, which can be
used to link the CAR to a protein or peptide of interest, e.g.
an epitope tag. In some embodiment a sortable tag is
included, e.g. truncated epidermal growth factor receptor
(EGFRt) or fluorescent proteins, which can be used to
separate T cells expressing the CAR.

[0010] In some specific embodiments the linker joining
the two scFv sequences is a rigid linker. In some specific
embodiments, a rigid linker has the sequence SEQ ID NO:1
(EAAAK)n, wherenis 1, 2,3, 4,5, 6, etc. (SEQ ID NO: 14).
In some specific embodiments, n is 3.

[0011] In some embodiments the CAR construct is pack-
aged into a lentiviral vector, which includes, without limi-
tation, a third-generation lentiviral vector. Primary human T
cells can be lentivirally transduced to stably integrate and
express the OR-gate CAR. CAR-expressing cells can be
enriched by fluorescence- or magnetism-activated cell sort-
ing and expanded by antigen stimulation or stimulation with
CD3/CD28 antibodies or antibody-coated microbeads.
[0012] In some embodiments of the invention, an expres-
sion vector encoding the CD19-or-CD20 CAR is provided,
where the vector may be a lentiviral vector, a retroviral
vector, an adenoviral vector, an adeno-associated viral vec-
tor, a plasmid, or RNA.

[0013] Insome embodiments, a method of killing a cancer
cell in an individual is provided, comprising the step of
providing to the individual a therapeutically effective
amount of a therapeutic cell of the invention, including an
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effector cell, such as a T cell, NK cell, NKT cell, etc., for
example. The individual may have a B-cell malignancy,
expressing on or both of CD20 and CD19. Any method of
the invention may further comprise the step of delivering to
the individual an additional cancer therapy, such as surgery,
radiation, hormone therapy, chemotherapy, immunotherapy,
or a combination thereof, for example.

[0014] In embodiments of the invention, a kit is provided
comprising cells comprising a CD19-or-CD20 CAR and/or
expression vector encoding a CD19-or-CD20 CAR.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the present
invention, reference is now made to the following descrip-
tions taken in conjunction with the accompanying drawing.
[0016] FIG. 1. Schematic of bispecific, CD20-OR-CD19
CAR. The bispecific CAR is composed of (from N to C
terminal): A signal sequence that directs CAR localization to
the cell membrane, the CD20 scFv, a peptide linker (e.g.,
(G4S)1 (SEQ ID NO: 15), (G4S)3 (SEQ ID NO: 16), SEQ
ID NO:1 (EAAAK)L, or SEQ ID NO:17 (EAAAK)3), the
CD19 scFv, followed by a spacer (e.g., the IgG4 hinge
domain), a transmembrane domain (e.g., the transmembrane
domain of CD28), one or more co-stimulatory domains (e.g.,
the cytoplasmic domain of 4-1 BB or CD28), and the
cytoplasmic domain of CD3 € chain. To facilitate identifi-
cation of CAR-expressing T cells by antibody staining,
truncated epidermal growth factor receptor (EGFRt) can be
linked to the CAR via a self-cleaving peptide (e.g., T2A).

[0017] FIG. 2A-2B. OR-gate CARs but not single-input
CD19 CARs respond to Raji lymphoma cells that have
undergone antigen escape. (A) CD69, CD137, and CD107a
surface expression (in median fluorescence intensity; MFI)
by CAR-T cells after a 24-hour co-incubation with CD19-
Raji cells. (B) IFN-y, TNF-a, and IL-2 production by the
CAR-T cells in (A) as measured by cytometric bead array
assay. Mock: T cells that have been mock transduced and do
not express CARs. CD19 Short: single-input CD19 CAR
with IgG4 hinge as spacer. CD20 Long: single-input CD20
CAR with Ig(G4 hinge-CH2-CH3 as spacer. (G4S)1 (SEQ ID
NO: 15), (G4S)4 (SEQ ID NO: 16), SEQ ID NO:1
(EAAAK)1, and SEQ ID NO:17 (EAAAK)3 indicate the
linker sequence of CD20-OR-CD19 CARs, all of which
contain the IgG4 hinge as spacer. Reported values are the
mean of triplicates, with error bars indicating one standard
deviation. P-values were calculated by two-tailed Student’s
t test; *: p<0.05; **: p<0.01.

[0018] FIG. 3. Cell lysis by single-input and OR-gate
CAR-T cells after 4-hour co-incubation with wildtype (WT;
CD19+/CD20+) or CD19- Raji (CD19-/CD20+) cells.
Reported values are the mean of triplicates, with error bars
indicating one standard deviation. CAR identities are as
described in FIG. 2.

[0019] FIG. 4A-4B. Bispecificity is not compromised
CD19 detection by OR-gate CARs. CAR-T cells were
co-incubated with wildtype Raji or CD19+ K562 targets for
24 hours. (A) CD69, CD137, and CD107a surface expres-
sion was quantified by flow cytometry. (B) IFN-y, TNF-c,
and IL-2 production was quantified by cytometric bead array
assay. Reported values are the mean of triplicates, with error
bars indicating one standard deviation. CAR identities are as
described in FIG. 2.

[0020] FIG.5A-5E. OR-gate CARs abrogate the effects of
antigen escape in vivo. (A) Tumor progression in NSG mice
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bearing wildtype (WT) or mixed (75% wildtype; 25%
CD19-) Raji xenografts. Bioluminescence imaging was
performed on days 6, 18, and 21 post tumor injection (T cells
were injected on day 7). (B) Survival of mice bearing WT or
mixed Raji tumor xenografts and treated with T cells
expressing no CAR or the single-input CD19 CAR. Results
indicate single-input CD19 CAR is able to significantly
extend the survival of animals engrafted with WT Raji
tumors. (C) Survival of mice bearing WT Raji tumor xeno-
grafts and treated with T cells expressing the single-input
CD19 CAR or OR-gate CARs. Results indicate OR-gate
CARs are as efficient as single-input CD19 CAR in targeting
wildtype Raji lymphoma. (D) Survival of mice bearing
mixed Raji tumor xenografts and treated with T cells
expressing no CAR, the single-input CD19 CAR, or OR-
gate CARs. Results indicate only OR-gate CARs are able to
significantly extend survival of animals bearing CD19-
mutant tumors. (E) Survival of mice bearing WT or mixed
Raji tumor xenografts and treated with T cells expressing
OR-gate CARs. Results indicate OR-gate CARs are equally
efficient against WT and CD19- mutant Raji tumors, thus
rendering the T cells insensitive to antigen loss by target
cells. N=5 in all test groups. P-values were calculated by
log-rank test analysis; n.s.: not significant (p>0.1); *: p<0.1;
*%: p<0.05. CAR identities are as described in FIG. 2.
[0021] FIG. 6. Representative plasmid map of a bispecific,
CD20-OR-CD19 CAR.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0022] In keeping with long-standing patent law conven-
tion, the words “a” and “an” when used in the present
specification in concert with the word comprising, including
the claims, denote “one or more.” Some embodiments of the
invention may consist of or consist essentially of one or
more elements, method steps, and/or methods of the inven-
tion. It is contemplated that any method or composition
described herein can be implemented with respect to any
other method or composition described herein embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.
[0023] The term “genetic modification” means any pro-
cess that adds, deletes, alters, or disrupts an endogenous
nucleotide sequence and includes, but is not limited to viral
mediated gene transfer, liposome mediated transfer, trans-
formation, transfection and transduction, e.g., viral mediated
gene transfer such as the use of vectors based on DNA
viruses such as lentivirus, adenovirus, retroviruses, adeno-
associated virus and herpes virus.

[0024] “Variant” refers to polypeptides having amino acid
sequences that differ to some extent from a native sequence
polypeptide. Ordinarily, amino acid sequence variants will
possess at least about 80% sequence identity, more prefer-
ably, at least about 90% homologous by sequence. The
amino acid sequence variants may possess substitutions,
deletions, and/or insertions at certain positions within the
reference amino acid sequence.

[0025] “Antibody-dependent cell-mediated cytotoxicity”
and “ADCC” refer to a cell-mediated reaction in which
nonspecific cytotoxic cells that express Fc receptors, such as
natural killer cells, neutrophils, and macrophages, recognize
bound antibody on a target cell and cause lysis of the target
cell. ADCC activity may be assessed using methods, such as
those described in U.S. Pat. No. 5,821,337.
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[0026] “Effector cells” are leukocytes which express one
or more constant region receptors and perform effector
functions.

[0027] To “treat” a disease or a disorder, such as cancer,
means to take either therapeutic measures or preventative
measures to lessen or abate the disease or disorder. Such
treatment includes prevention, alleviation of symptoms,
diminishment or stabilization of scope, and/or remission.
[0028] The term “therapeutically effective amount” refers
to an amount of a compound or molecule effective to treat
a disease or disorder.

[0029] “Cancer” refers to cells undergoing uncontrolled
cellular growth. Examples of cancer include colorectal can-
cer and head and neck cancer. A “chemotherapeutic agent”
is a chemical compound useful in the treatment of cancer.
[0030] A “cytokine” is a protein released by one cell to act
on another cell as an intercellular mediator.

[0031] “Non-immunogenic” refers to a material that does
not initiate, provoke or enhance an immune response where
the immune response includes the adaptive and/or innate
immune responses.

[0032] The term “gene” means the segment of DNA
involved in producing a polypeptide chain; it includes
regions preceding and following the coding region “leader
and trailer” as well as intervening sequences (introns)
between individual coding segments (exons). Some genes
may be developed which lack, in whole or in part, introns.
Some leader sequences may enhance translation of the
nucleic acid into polypeptides.

[0033] The term “isolated” means that the material is
removed from its original environment (e.g., the natural
environment if it is naturally occurring). For example, a
naturally-occurring polynucleotide or polypeptide present in
a living animal is not isolated, but the same polynucleotide
or polypeptide, separated from some or all of the coexisting
materials in the natural system, is isolated. Such polynucle-
otides could be part of a vector and/or such polynucleotides
or polypeptides could be part of a composition, and still be
isolated in that such vector or composition is not part of its
natural environment.

[0034] As used herein, a “vector” may be any agent
capable of delivering or maintaining nucleic acid in a host
cell, and includes viral vectors (e.g. retroviral vectors,
lentiviral vectors, adenoviral vectors, or adeno-associated
viral vectors), plasmids, naked nucleic acids, nucleic acids
complexed with polypeptide or other molecules and nucleic
acids immobilized onto solid phase particles. The appropri-
ate DNA sequence may be inserted into the vector by a
variety of procedures. In general, the DNA sequence is
inserted into an appropriate restriction endonuclease site(s)
by procedures known in the art. Such procedures and others
are deemed to be within the scope of those skilled in the art.
Transcription of the DNA encoding the polypeptides of the
present invention by higher eukaryotes is increased by
inserting an enhancer sequence into the vector. Enhancers
are cis-acting elements of DNA, usually about from 10 to
300 by that act on a promoter to increase its transcription.
Examples including the SV40 enhancer on the late side of
the replication origin by 100 to 270, a cytomegalovirus early
promoter enhancer, the polyoma enhancer on the late side of
the replication origin, and adenovirus enhancers.

[0035] “Receptor” means a polypeptide that is capable of
specific binding to a molecule. Whereas many receptors may
typically operate on the surface of a cell, some receptors
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may bind ligands when located inside the cell (and prior to
transport to the surface) or may reside predominantly intra-
cellularly and bind ligand therein.

[0036] The term “antibody” includes monoclonal antibod-
ies, polyclonal antibodies, dimers, multimers, multispecific
antibodies and antibody fragments that may be human,
mouse, humanized, chimeric, or derived from another spe-
cies. A “monoclonal antibody” is an antibody obtained from
a population of substantially homogeneous antibodies that is
being directed against a specific antigenic site.

[0037] “Antibody or functional fragment thereof” means
an immunoglobulin molecule that specifically binds to, or is
immunologically reactive with a particular antigen or
epitope, and includes both polyclonal and monoclonal anti-
bodies. The term antibody includes genetically engineered
or otherwise modified forms of immunoglobulins, such as
intrabodies, peptibodies, chimeric antibodies, fully human
antibodies, humanized antibodies, and heteroconjugate anti-
bodies (e.g., bispecific antibodies, diabodies, triabodies, and
tetrabodies). The term functional antibody fragment
includes antigen binding fragments of antibodies, including
e.g., Fab', F(ab'),, Fab, Fv, rlgG, and scFv fragments. The
term scFv refers to a single chain Fv antibody in which the
variable domains of the heavy chain and of the light chain
of a traditional two chain antibody have been joined to form
one chain.

[0038] The use of a single chain variable fragment (scFv)
is of particular interest. scFvs are recombinant molecules in
which the variable regions of light and heavy immunoglobu-
lin chains encoding antigen-binding domains are engineered
into a single polypeptide. Generally, the V, and V,
sequences are joined by a linker sequence. See, for example,
Ahmad (2012) Clinical and Developmental Immunology
Article ID 980250, herein specifically incorporated by ref-
erence.

[0039] The length of the DNA linker used to link both of
the domains is important for proper folding. It has been
estimated that the peptide linker must span 3.5 nm (35 A)
between the carboxy terminus of the variable domain and
the amino terminus of the other domain without affecting the
ability of the domains to fold and form an intact antigen-
binding site. Many such linkers are known in the art, for
example flexible linkers comprising stretches of Gly and Ser
residues. The linkers used in the present invention include,
without limitation, a rigid linker. In some specific embodi-
ments of the invention, a rigid linker has the sequence SEQ
ID NO:14 (EAAAK)n, wherenis 1,2, 3,4, 5, 6, etc. In some
specific embodiments, n is 3.

[0040] Spacer. A spacer region links the antigen binding
domain to the transmembrane domain. It should be flexible
enough to allow the antigen binding domain to orient in
different directions to facilitate antigen recognition. The
simplest form is the hinge region from an immunoglobulin,
e.g. the hinge from any one of IgG1, 1gG2a, IgG2b, 1gG3,
IgG4, particularly the human protein sequences. Alterna-
tives include the CH2CH 3 region of immunoglobulin and
portions of CD3. For many scFv based constructs, an IgG
hinge is effective.

[0041] T2A peptide. T2A peptide can be used to link the
CAR of the invention to an epitope tag or other protein or
peptide, including without limitation a sortable tag. T2A-
linked multicistronic vectors can be used to express multiple
proteins from a single open reading frame. The small T2A
peptide sequences, when cloned between genes, allow for
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efficient, stoichiometric production of discrete protein prod-
ucts within a single vector through a novel “cleavage” event
within the T2A peptide sequence. Various 2A peptide
sequences are known and used in the art, for example see
Szymczak-Workman et al. (2012) Cold Spring Harb Protoc.
2012(2):199-204, herein specifically incorporated by refer-
ence. They are small (18-22 amino acids) and have divergent
amino-terminal sequences, which minimizes the chance for
homologous recombination and allows for multiple, differ-
ent 2A peptide sequences to be used within a single vector.

[0042] As used herein, the term “tumor microenviron-
ment” refers to any and all elements of the tumor milieu that
creates a structural and or functional environment for the
malignant process to survive and/or expand and/or spread.

[0043] CD20 is a cell surface protein present on most
B-cell neoplasms, and absent on otherwise similar appearing
T-cell neoplasms. CD20 positive cells are also sometimes
found in cases of Hodgkins disease, myeloma, and thy-
moma. CD20 is the target of the monoclonal antibodies
(mAb) rituximab, ofatumumab, ocrelizumab, genmab,
obinutuzumab, Ibritumomab tiuxetan, AME-133v, IMMU-
106, TRU-015, and tositumomab, which are all active agents
in the treatment of all B cell lymphomas and leukemias. For
the purposes of the present invention, any of these antibodies
may be converted into a scFv and used in the CAR. In some
embodiments, the scFv is derived from Leul6 monoclonal
antibody.

[0044] Cancers that may be treated with anti-CD20
reagents, e.g. antibodies and CARs, include without limita-
tion B-cell lymphomas and leukemias, for example B-cell
non-Hodgkin lymphomas (NHL), e.g. follicular lymphoma;
hairy cell leukemia, and B-cell chronic lymphocytic leuke-
mia (CLL). Anti-CD20 reagents are also useful in treating
melanoma, e.g. targeting melanoma cancer stem cells.

[0045] CD19 expression is a hallmark of B cells. CD19
antigen is a type I transmembrane glycoprotein belonging to
the immunoglobulin Ig superfamily. CD19 is specifically
expressed in normal B cells and neoplastic B cells. It is
considered a pan B-cell marker expressed throughout B-cell
development but with threefold higher expression in mature
cells as compared to immature B cells. CD19 expression
however, is lost in the terminally differentiated plasma cells.
During lymphopoiesis, CD19 directs B-cell fate and differ-
entiation by modulating B-cell receptor signaling. It is
critically involved in establishing the optimal immune
response through its roles in the antigen-independent devel-
opment as well as the immunoglobulin-induced activation of
B cells. CD19 deficiency in humans and mice leads to an
overall impaired humoral response with increased suscepti-
bility to infection.

[0046] The pattern of CD19 expression is maintained
among B-cell malignancies where it is expressed in indolent
and aggressive subtypes of B cell lymphomas and leuke-
mias, including NHL, B-cell CLL, and non-T acute lym-
phoblastic leukemia (ALL). CD19 is expressed in the B-cell
lineage at an earlier stage compared with CD20. This fact
therefore, may provide an advantage to CD19 targeted drugs
over rituximab, especially for early B-cell neoplasms like
acute lymphoblastic leukemia. Moreover, CD19 is shown to
be internalized efficiently in lymphoma tumor models with
the use of different monoclonal antibodies (huB4, hBU12).
Various anti-CD19 antibodies can be formatted for use in the
constructs of the present invention, including without limi-
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tation huB4, which is a humanized anti-CD19 antibody. In
some embodiments of the invention, the anti-CD19 scFv is
the FMC63 antibody.

[0047] Highly selective targeted T cell therapies are
emerging as effective non-toxic modalities for the treatment
of cancer. Malignancies are complex diseases where mul-
tiple elements contribute to the overall pathogenesis through
both distinct and redundant mechanisms. Hence, targeting
different cancer-specific markers simultancously could
result in better therapeutic efficacy. However, developing
two separate cellular products for clinical use as combina-
tion therapy is impractical, owing to regulatory hurdles and
cost. In contrast, rendering an individual T cell bispecific
offsets tumor escape because of antigen loss.

[0048] In one embodiment, the bispecific CAR comprises
a modified endogenous cell-surface molecule that may be
used as a non-immunogenic selection epitope compatible
with immunomagnetic selection. Non-immunogenic
epitopes are those that normally do not raise an immune
response in humans, and are usually proteins normally
expressed in humans, or fragments thereof. Such a non-
immunogenic selection epitope may {facilitate immuno-
therapy in cancer patients without undesirable immunologic
rejection of cell products. The endogenous cell surface
molecule may be modified or truncated to retain an extra-
cellular epitope recognized by a known antibody or func-
tional fragment thereof, and to remove any signaling or
trafficking domains and/or any extracellular domains unrec-
ognized by said known antibody. A modified endogenous
cell surface molecule which lacks a signaling or trafficking
domain and/or any extracellular domains unrecognized by
said known antibody is rendered inert. In some embodi-
ments a truncated EGFR is used for this purpose.

[0049] The modified endogenous cell-surface molecule
may be, but is not limited to, any non-immunogenic cell-
surface related receptor, glycoprotein, cell adhesion mol-
ecule, antigen, integrin or cluster of differentiation (CD) that
is modified as described herein. Modification of such cell-
surface molecules is accomplished by keeping an epitope
that is recognized by a known antibody or functional frag-
ment thereof; and removing any signaling or trafficking
domains and/or any extracellular domains unrecognized by
a known antibody. Removal of the signaling or trafficking
domains and/or any extracellular domains unrecognized by
a known antibody renders the endogenous cell-surface mol-
ecule non-immunogenic and/or inert.

[0050] Thus, embodiments of the invention utilize an OR
gate CAR as an artificial molecule that enables immune cells
(T cells) to specifically and distinctly recognize and attack
two cancer target molecules simultaneously, or to attack a
cancer cell that has lost expression of either CD20 or CD19.
The CAR is an artificial molecule that can be grafted onto T
cells using genetic engineering technology to render them
specific to a target of interest. This ability has substantial
therapeutic implications, in that escape from single activity
CARs has been reported.

[0051] The CAR architecture may be any suitable archi-
tecture, as known in the art. In certain embodiments, a
cytoplasmic signaling domain, such as those derived from
the T cell receptor C-chain, is employed as at least part of the
chimeric receptor in order to produce stimulatory signals for
T lymphocyte proliferation and effector function following
engagement of the chimeric receptor with the target antigen.
Examples would include, but are not limited to, endodo-
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mains from co-stimulatory molecules such as CD28, 4-1
BB, and OX40 or the signaling components of cytokine
receptors such as IL.7 and IL.15. In particular embodiments,
co-stimulatory molecules are employed to enhance the acti-
vation, proliferation, and cytotoxicity of T cells produced by
the CAR after antigen engagement. In specific embodi-
ments, the co-stimulatory molecules are CD28, OX40, and
4-1BB and cytokine and the cytokine receptors are 1.7 and
IL15. The CAR may be first generation, second generation,
or third generation CAR, in which signaling is provided by
CD3C together with co-stimulation provided by CD28 and a
tumor necrosis factor receptor (TNFr), such as 4-1 BB or
0X40), for example.

[0052] Embodiments of the invention include cells that
express an OR-gate CAR of the invention. The cell may be
of any kind, including an immune cell capable of expressing
the OR-gate CAR of the invention for cancer therapy or a
cell, such as a bacterial cell, that harbors an expression
vector that encodes the OR-gate CAR of the invention. As
used herein, the terms “cell,” “cell line,” and “cell culture”
may be used interchangeably. All of these terms also include
their progeny, which is any and all subsequent generations.
It is understood that all progeny may not be identical due to
deliberate or inadvertent mutations. In the context of
expressing a heterologous nucleic acid sequence, “host cell”
refers to a eukaryotic cell that is capable of replicating a
vector and/or expressing a heterologous gene encoded by a
vector. A host cell can, and has been, used as a recipient for
vectors. A host cell may be “transfected” or “transformed,”
which refers to a process by which exogenous nucleic acid
is transferred or introduced into the host cell. A transformed
cell includes the primary subject cell and its progeny. As
used herein, the terms “engineered” and “recombinant™ cells
or host cells are intended to refer to a cell into which an
exogenous nucleic acid sequence, such as, for example, a
vector, has been introduced. Therefore, recombinant cells
are distinguishable from naturally occurring cells which do
not contain a recombinantly introduced nucleic acid. In
embodiments of the invention, a host cell is a T cell,
including a cytotoxic T cell (also known as TC, Cytotoxic T
Lymphocyte, CTL, T-Killer cell, cytolytic T cell, CD8+ T
cells or killer T cell); NK cells and NKT cells are also
encompassed in the invention.

[0053] The cells can be autologous cells, syngeneic cells,
allogeneic cells and even in some cases, xenogeneic cells. In
many situations one may wish to be able to kill the modified
CTLs, where one wishes to terminate the treatment, the cells
become neoplastic, in research where the absence of the
cells after their presence is of interest, or other event. For
this purpose one can provide for the expression of certain
gene products in which one can kill the modified cells under
controlled conditions, such as inducible suicide genes.

[0054] By way of illustration, cancer patients or patients
susceptible to cancer or suspected of having cancer may be
treated as follows. Cancers include particularly B-cell leu-
kemias and lymphomas. CTLs modified as described herein
may be administered to the patient and retained for extended
periods of time. The individual may receive one or more
administrations of the cells. In some embodiments, the
genetically modified cells are encapsulated to inhibit
immune recognition and placed at the site of the tumor. The
cells may be injected at the tumor site or injected intrave-
nously, for example.
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[0055] In particular cases the individual is provided with
therapeutic CTLs modified to comprise an OR-gate CAR of
the invention. The cells may be delivered at the same time
or at different times as another type of cancer therapy. The
cells may be delivered in the same or separate formulations
as another type of cancer therapy. The cells may be provided
to the individual in separate delivery routes as another type
of cancer therapy. The cells may be delivered by injection at
a tumor site or intravenously or orally, for example. Routine
delivery routes for such compositions are known in the art.
[0056] Expression vectors that encode the OR-gate CAR
of the invention can be introduced as one or more DNA
molecules or constructs, where there may be at least one
marker that will allow for selection of host cells that contain
the construct(s). The constructs can be prepared in conven-
tional ways, where the genes and regulatory regions may be
isolated, as appropriate, ligated, cloned in an appropriate
cloning host, analyzed by restriction or sequencing, or other
convenient means. Particularly, using PCR, individual frag-
ments including all or portions of a functional unit may be
isolated, where one or more mutations may be introduced
using “primer repair”, ligation, in vitro mutagenesis, etc., as
appropriate. The construct(s) once completed and demon-
strated to have the appropriate sequences may then be
introduced into the CTL by any convenient means. The
constructs may be integrated and packaged into non-repli-
cating, defective viral genomes like Adenovirus, Adeno-
associated virus (AAV), or Herpes simplex virus (HSV) or
others, including retroviral vectors or lentiviral vectors, for
infection or transduction into cells. The constructs may
include viral sequences for transfection, if desired. Alterna-
tively, the construct may be introduced by fusion, electropo-
ration, biolistics, transfection, lipofection, or the like. The
host cells may be grown and expanded in culture before
introduction of the construct(s), followed by the appropriate
treatment for introduction of the construct(s) and integration
of'the construct(s). The cells are then expanded and screened
by virtue of a marker present in the construct. Various
markers that may be used successfully include hprt, neomy-
cin resistance, thymidine kinase, hygromycin resistance, etc.
[0057] In some instances, one may have a target site for
homologous recombination, where it is desired that a con-
struct be integrated at a particular locus. For example, one
can knock-out an endogenous gene and replace it (at the
same locus or elsewhere) with the gene encoded for by the
construct using materials and methods as are known in the
art for homologous recombination. For homologous recom-
bination, one may use either omega or O-vectors. Vectors
containing useful elements such as bacterial or yeast origins
of replication, selectable and/or amplifiable markers, pro-
moter/enhancer elements for expression in prokaryotes or
eukaryotes, etc. that may be used to prepare stocks of
construct DNAs and for carrying out transfections are well
known in the art, and many are commercially available.

[0058] The CTLs that have been modified with the con-
struct(s) are then grown in culture under selective conditions
and cells that are selected as having the construct may then
be expanded and further analyzed, using, for example; the
polymerase chain reaction for determining the presence of
the construct in the host cells. Once the modified host cells
have been identified, they may then be used as planned, e.g.
expanded in culture or introduced into a host organism.

[0059] Depending upon the nature of the cells, the cells
may be introduced into a host organism, e.g. a mammal,
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including humans, in a wide variety of ways. The cells may
be introduced at the site of the tumor, in specific embodi-
ments, although in alternative embodiments the cells hone to
the cancer or are modified to hone to the cancer. The number
of cells that are employed will depend upon a number of
circumstances, the purpose for the introduction, the lifetime
of the cells, the protocol to be used, for example, the number
of administrations, the ability of the cells to multiply, the
stability of the recombinant construct, and the like. The cells
may be applied as a dispersion, generally being injected at
or near the site of interest. The cells may be in a physiologi-
cally-acceptable medium.

[0060] The cells may be administered as desired. Depend-
ing upon the response desired, the manner of administration,
the life of the cells, the number of cells present, various
protocols may be employed. The number of administrations
will depend upon the factors described above at least in part.
[0061] In some embodiments AAV, retroviral or lentiviral
vectors are used to deliver the OR-gate CAR of the invention
toaT cell

[0062] Adeno associated virus (AAV) is an attractive
vector system for use in the cells of the present invention as
it has a high frequency of integration and it can infect
nondividing cells, thus making it useful for delivery of genes
into mammalian cells, for example, in tissue culture or in
vivo. AAV has a broad host range for infectivity. Details
concerning the generation and use of rAAV vectors are
described in U.S. Pat. Nos. 5,139,941 and 4,797,368, each
incorporated herein by reference.

[0063] Retroviruses are useful as delivery vectors because
of their ability to integrate their genes into the host genome,
transferring a large amount of foreign genetic material,
infecting a broad spectrum of species and cell types and of
being packaged in special cell lines.

[0064] Lentiviruses are complex retroviruses, which, in
addition to the common retroviral genes gag, pol, and env,
contain other genes with regulatory or structural function.
Lentiviral vectors are well known in the art. Some examples
of lentivirus include the Human Immunodeficiency Viruses:
HIV-1, HIV-2 and the Simian Immunodeficiency Virus: SIV.
Recombinant lentiviral vectors are capable of infecting
non-dividing cells and can be used for both in vivo and ex
vivo gene transfer and expression of nucleic acid sequences.
In some embodiments the lentiviral vector is a third gen-
eration vector (see, for example, Dull et al. (1998) J Virol.
72(11):8463-71). Such vectors are commercially available.
2nd generation lentiviral plasmids utilize the viral LTR
promoter for gene expression, whereas 3rd-generation trans-
fer vectors utilize a hybrid LTR promoter, see, for example
Addgene for suitable vectors.

[0065] Any of the compositions described herein may be
comprised in a kit. In a non-limiting example, one or more
cells for use in cell therapy and/or the reagents to generate
one or more cells for use in cell therapy that harbors
recombinant expression vectors may be comprised in a kit.
The kit components are provided in suitable container
means. Some components of the kits may be packaged either
in aqueous media or in lyophilized form. The container
means of the kits will generally include at least one vial, test
tube, flask, bottle, syringe or other container means, into
which a component may be placed, and preferably, suitably
aliquoted. Where there are more than one component in the
kit, the kit also will generally contain a second, third or other
additional container into which the additional components
may be separately placed. However, various combinations
of components may be comprised in a vial. The kits of the
present invention also will typically include a means for
containing the components in close confinement for com-
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mercial sale. Such containers may include injection or blow
molded plastic containers into which the desired vials are
retained.

[0066] In certain embodiments of the invention, methods
of the present invention for clinical aspects are combined
with other agents effective in the treatment of hyperprolif-
erative disease, such as anti-cancer agents. An “anti-cancer”
agent is capable of negatively affecting cancer in a subject,
for example, by killing cancer cells, inducing apoptosis in
cancer cells, reducing the growth rate of cancer cells,
reducing the incidence or number of metastases, reducing
tumor size, inhibiting tumor growth, reducing the blood
supply to a tumor or cancer cells, promoting an immune
response against cancer cells or a tumor, preventing or
inhibiting the progression of cancer, or increasing the lifes-
pan of a subject with cancer. More generally, these other
compositions would be provided in a combined amount
effective to kill or inhibit proliferation of the cell. This
process may involve contacting the cancer cells with the
expression construct and the agent(s) or multiple factor(s) at
the same time. This may be achieved by contacting the cell
with a single composition or pharmacological formulation
that includes both agents, or by contacting the cell with two
distinct compositions or formulations, at the same time,
wherein one composition includes the expression construct
and the other includes the second agent(s).

[0067] Cancer therapies also include a variety of combi-
nation therapies with both chemical and radiation based
treatments. Combination chemotherapies include, for
example, abraxane, altretamine, docetaxel, herceptin,
methotrexate, novantrone, zoladex, cisplatin (CDDP), car-
boplatin, procarbazine, mechlorethamine, cyclophosph-
amide, camptothecin, ifostamide, melphalan, chlorambucil,
busulfan, nitrosurea, dactinomycin, daunorubicin, doxoru-
bicin, bleomycin, plicomycin, mitomycin, etoposide
(VP16), tamoxifen, raloxifene, estrogen receptor binding
agents, taxol, gemcitabien, navelbine, farnesyl-protein tans-
ferase inhibitors, transplatinum, S5-fluorouracil, vincristin,
vinblastin and methotrexate, or any analog or derivative
variant of the foregoing and also combinations thereof.
[0068] Although the present invention and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine,
manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill
in the art will readily appreciate from the disclosure of the
present invention, processes, machines, manufacture, com-
positions of matter, means, methods, or steps, presently
existing or later to be developed that perform substantially
the same function or achieve substantially the same result as
the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

[0069] All references cited in this specification are hereby
incorporated by reference in their entirety. The following
examples are solely for the purpose of illustrating one
embodiment of the invention.

EXPERIMENTAL

Bispecific CD20-OR-CD19 CAR

[0070] A bispecific CAR was constructed to have, from N
to C terminal, a signal sequence that directs CAR localiza-
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tion to the cell membrane, the CD20 scFv, a peptide linker,
the CD19 scFy, followed by a spacer (e.g., the 1gG4 hinge
domain), a transmembrane domain (e.g., the transmembrane
domain of CD28), none or one or more co-stimulatory
domains (e.g., the cytoplasmic domain of 4-1BB or CD28),
and the cytoplasmic domain of CD3 chain. To facilitate
identification of CAR-expressing T cells by antibody stain-
ing, truncated epidermal growth factor receptor (EGFRt) can
be linked to the CAR via a self-cleaving peptide (e.g., T2A).

[0071] The amino acid sequence of various components is
as follows:

GMpCSF signal sequence,

(SEQ ID NO: 2)
METDTLLLWVLLLWVPGSTG
CD20 scFv

(SEQ ID NO: 3)
DIVLTQSPAILSASPGEKVTMTCRASSSVNYMDWYQKKPGSSPKP
WIYATSNLASGVPARFSGSGSGTSYSLTISRVEAEDAATYYCQOW
SFNPPTFGGGTKLEIKGS TSGGGSGGGSGGGGSSEVQLQQSGAEL
VKPGASVKMSCKASGYTFTSYNMHWVKQTPGQGLEWIGAIYPGNG
DTSYNQKFKGKATLTADKSSSTAYMQLSSLTSEDSADYYCARSNY
YGSSYWFFDVWGAGTTVTVSS
CD19 scFv

(SEQ ID NO: 4)
DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVK
LLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQ
GNTLPYTFGGGTKLEI TGSTSGSGKPGSGEGSTKGEVKLQESGPG
LVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSE
TTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYY
YGGSYAMDYWGQGTSVTVSS
IgG4 Hinge

(SEQ ID NO: 5)
ESKYGPPCPPCP
CD28 transmembrane domain

(SEQ ID NO: 6)
MFWVLVVVGGVLACYSLLVTVAFIIFWV
CD28 cytoplasmic domain

(SEQ ID NO: 7)
RSKRSRGGHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
4-1BB cytoplasmic domain

(SEQ OD NO: 8)
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL
CD32 cytoplasmic domain

(SEQ ID NO: 9
RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEM

GGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLY
QGLSTATKDTYDALHMQALPPR
T2A self-cleaving peptide

(SEQ ID NO: 10)
LEGGGEGRGSLLTCGDVEENPGPR
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-continued

IgG4 CH2
(SEQ ID NO: 11)
APEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF

NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKGLPSSIEKTISKAK

IgG4 CH3
(SEQ ID NO: 12)
GQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNG

QPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLGK

Truncated epidermal growth factor
receptor (EGFRt)

(SEQ ID NO: 13)
MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLSINATNI

KHFKNCTSISGDLHILPVAFRGDSFTHTPPLDPQELDILKTVKEI
TGFLLIQAWPENRTDLHAFENLEITIRGRTKQHGQFSLAVVSLNIT
SLGLRSLKEISDGDVIISGNKNLCYANTINWKKLFGTSGQKTKII
SNRGENSCKATGQVCHALCSPEGCWGPEPRDCVSCRNVSRGRECV
DKCNLLEGEPREFVENSECIQCHPECLPQAMNITCTGRGPDNCIQ
CAHYIDGPHCVKTCPAGVMGENNTLVWKYADAGHVCHLCHPNCTY

GCTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFM

[0072] OR-gate CARs but not single-input CD19 CARs
respond to Raji lymphoma cells that have undergone antigen
escape, as shown in FIG. 2 by expression of CD69, CD137
and CD1-7a on the surface of the CAR-expressing T cells,
and by the release of cytokines. The controls include a CD19
Short single-input CD19 CAR with IgG4 hinge as spacer;
and CD20 Long single-input CD20 CAR with 1gG4 hinge-
CH2-CH3 as spacer. Various linkers were tested, including
(G4S)1 (SEQ ID NO: 15), (G4S)4 (SEQ ID NO: 16), (SEQ
ID NO:1, EAAAK)], and (SEQ ID NO:17, EAAAAK)3.

[0073] A comparison of cell lysis by single-input and
OR-gate CAR-T cells after 4-hour co-incubation with wild-
type (WT; CD19+/CD20+) or CD19- Raji (CD19-/CD20+)
cells is shown in FIG. 3. The bispecificity was not compro-
mised in OR-gate CARs. CAR-T cells were co-incubated
with WT Raji or CD19+ K562 targets for 24 hours, and the
expression of relevant activation-induced antigens and
release of cytokines are shown in FIG. 4.

[0074] Invivo data, shown in FIG. 5, show OR-gate CARs
abrogate the effects of antigen escape. In the survival of mice
bearing WT or mixed Raji tumor xenografts and treated with
T cells expressing no CAR or the single-input CD19 CAR,
the results showed that single-input CD19 CAR was able to
significantly extend the survival of animals engrafted with
WT Raji tumors, and that OR-gate CARs are as efficient as
single-input CD19 CAR in targeting WT Raji lymphoma.
However, only OR-gate CARs were able to significantly
extend survival of animals bearing CD19- mutant tumors.
OR-gate CARs are equally efficient against WT and CD19-
mutant Raji tumors, thus rendering the T cells insensitive to
antigen loss by target cells.
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SEQUENCE LISTING

Sequence total quantity: 18

SEQ ID NO: 1 moltype = AA length = 5
FEATURE Location/Qualifiers
source 1..5

mol type = protein
organism = Homo sapiens
SEQUENCE: 1

EAAAK

SEQ ID NO: 2 moltype = AA length = 20
FEATURE Location/Qualifiers
source 1..20

mol type = protein
organism = Homo sapiens
SEQUENCE: 2
METDTLLLWV LLLWVPGSTG

SEQ ID NO: 3 moltype = AA length = 246
FEATURE Location/Qualifiers
source 1..246

mol type = protein
organism = Homo sapiens
SEQUENCE: 3

DIVLTQSPAI LSASPGEKVT MTCRASSSVN YMDWYQKKPG SSPKPWIYAT
FSGSGSGTSY SLTISRVEAE DAATYYCQQOW SFNPPTFGGG TKLEIKGSTS
GGSSEVQLQQ SGAELVKPGA SVKMSCKASG YTFTSYNMHW VKQTPGQGLE
DTSYNQKFKG KATLTADKSS STAYMQLSSL TSEDSADYYC ARSNYYGSSY

TVTVSS

SEQ ID NO: 4 moltype = AA length = 245
FEATURE Location/Qualifiers

source 1..245

mol type = protein
organism = Homo sapiens
SEQUENCE: 4

DIQMTQTTSS LSASLGDRVT ISCRASQDIS KYLNWYQQKP DGTVKLLIYH
RFSGSGSGTD YSLTISNLEQ EDIATYFCQQ GNTLPYTFGG GTKLEITGST
GSTKGEVKLQ ESGPGLVAPS QSLSVTCTVS GVSLPDYGVS WIRQPPRKGL
TTYYNSALKS RLTIIKDNSK SQVFLKMNSL QTDDTAIYYC AKHYYYGGSY

VTVSS

SEQ ID NO: 5 moltype = AA length = 12
FEATURE Location/Qualifiers
source 1..12

mol type = protein
organism = Homo sapiens
SEQUENCE: 5
ESKYGPPCPP CP

SEQ ID NO: 6 moltype = AA length = 28
FEATURE Location/Qualifiers
source 1..28

mol type = protein
organism = Homo sapiens
SEQUENCE: 6
MFWVLVVVGG VLACYSLLVT VAFIIFWV

SEQ ID NO: 7 moltype = AA length = 41
FEATURE Location/Qualifiers
source 1..41

mol type = protein
organism = Homo sapiens
SEQUENCE: 7
RSKRSRGGHS DYMNMTPRRP GPTRKHYQPY APPRDFAAYR S

SEQ ID NO: 8 moltype = AA length = 42
FEATURE Location/Qualifiers
source 1..42

mol type = protein
organism = Homo sapiens
SEQUENCE: 8
KRGRKKLLYI FKQPFMRPVQ TTQEEDGCSC RFPEEEEGGC EL

SEQ ID NO: 9 moltype = AA length = 112
FEATURE Location/Qualifiers

SNLASGVPAR
GGGSGGGESGG
WIGAIYPGNG
WFFDVWGAGT

TSRLHSGVPS
SGSGKPGSGE
EWLGVIWGSE
AMDYWGQGTS

20

60

120
180
240
246

60

120
180
240
245

12

28

41

42
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source

SEQUENCE: 9
RVKFSRSADA PAYQQGONQL
ELQKDKMAEA YSEIGMKGER

SEQ ID NO: 10
FEATURE
source
SEQUENCE: 10

LEGGGEGRGS LLTCGDVEEN

SEQ ID NO: 11
FEATURE
source
SEQUENCE: 11

APEFLGGPSV FLFPPKPKDT
PREEQFNSTY RVVSVLTVLH

SEQ ID NO: 12
FEATURE
source
SEQUENCE: 12

GQPREPQVYT LPPSQEEMTK
DGSFFLYSRL TVDKSRWQEG

SEQ ID NO: 13

FEATURE

source

SEQUENCE: 13
MLLLVTSLLL CELPHPAFLL
LPVAFRGDSF THTPPLDPQE
QHGQFSLAVV SLNITSLGLR
SNRGENSCKA TGQVCHALCS
NSECIQCHPE CLPQAMNITC
DAGHVCHLCH PNCTYGCTGP
SEQ ID NO: 14

FEATURE

source

VARIANT

SEQUENCE: 14

EAAAKEAAAK EAAAKEAAAK

SEQ ID NO: 15
FEATURE

source

SEQUENCE :
GGGGS

15

SEQ ID NO:
FEATURE
source

16

SEQUENCE: 16
GGGGSGGGGS GGGGS

SEQ ID NO:
FEATURE
source

17

-continued
1..112
mol type = protein
organism = Homo sapiens

YNELNLGRRE EYDVLDKRRG RDPEMGGKPR RKNPQEGLYN
RRGKGHDGLY QGLSTATKDT YDALHMQALP PR

moltype = AA length = 24
Location/Qualifiers

1..24

mol type = protein
organism = Homo sapiens
PGPR

moltype = AA length = 110
Location/Qualifiers
1..110

mol type = protein
organism = Homo sapiens

LMISRTPEVT CVVVDVSQED PEVQFNWYVD GVEVHNAKTK

QDWLNGKEYK CKVSNKGLPS SIEKTISKAK

moltype = AA length = 107

Location/Qualifiers

1..107

mol type = protein

organism = Homo sapiens
NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS
NVFSCSVMHE ALHNHYTQKS LSLSLGK

moltype = AA length = 357

Location/Qualifiers

1..357

mol type = protein

organism = Homo sapiens

IPRKVCNGIG IGEFKDSLSI NATNIKHFKN CTSISGDLHI
LDILKTVKEI TGFLLIQAWP ENRTDLHAFE NLEIIRGRTK
SLKEISDGDV IISGNKNLCY ANTINWKKLF GTSGQKTKII
PEGCWGPEPR DCVSCRNVSR GRECVDKCNL LEGEPREFVE
TGRGPDNCIQ CAHYIDGPHC VKTCPAGVMG ENNTLVWKYA
GLEGCPTNGP KIPSIATGMV GALLLLLVVA LGIGLFM
moltype = AA length = 30

Location/Qualifiers

1..30

mol type = protein

organism = synthetic construct

6..30

note = EAAAK repeats may be deleted
EAAAKEAAAK

moltype = AA length = 5

Location/Qualifiers

1..5

mol type = protein

organism = synthetic construct

moltype = AA length = 15

Location/Qualifiers

1..15

mol type = protein

organism = synthetic construct

moltype = AA length = 15

Location/Qualifiers

1..15

mol type = protein

60
112

24

60
110

60
107

60

120
180
240
300
357

30

15
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-continued

organism = synthetic construct

SEQUENCE: 17
EAAAKEAAAK EAAAK

SEQ ID NO: 18 moltype = AA length = 50

FEATURE Location/Qualifiers
source 1..50

mol type = protein

organism = synthetic construct
VARIANT 6..50

15

note = EAAAK repeats may be deleted

SEQUENCE: 18

EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK

50

1-16. (canceled)

17. A polypeptide comprising a CD19-OR-CD20 chime-
ric antigen receptor (CAR), wherein the CAR comprises in
order:

a) an anti-CD20 scFv converted from ofatumumab;

b) a (G,S),, linker, wherein n is 1, 3, or 4;

¢) an anti-CD19 scFv comprising a variable heavy domain

from SEQ ID NO:4 and a variable light domain from
SEQ ID NO:4;

d) a spacer of SEQ ID NO:5;

e) a transmembrane domain of SEQ ID NO:6;

) a co-stimulatory domain of SEQ ID NO:8; and

g) a CD3-zeta cytoplasmic signaling domain of SEQ ID

NO:9.

18. The polypeptide of claim 17, wherein the (G,S),
linker is (G,S);.

19. The polypeptide of claim 17, wherein the (G,S),
linker is (G,S);.

20. The polypeptide of claim 17, wherein the (G,S),
linker is (G,S),.

21. A nucleic acid encoding the polypeptide of claim 17.

22. A viral vector comprising the nucleic acid of claim 21.

23. The viral vector of claim 22, wherein the vector is a
lentiviral vector.

24. A cell comprising the polypeptide of claim 17.

25. The cell of claim 24, wherein the cell is a T cell, a NK
cell, or a NKT cell.

26. A method of treating a B-cell leukemia or lymphoma
in a patient comprising administering to the patient a popu-
lation of cells expressing a polypeptide comprising a CD19-
OR-CD20 chimeric antigen receptor (CAR), wherein the
CAR comprises in order:

a) an anti-CD20 scFv converted from ofatumumab;

b) a (G,S),, linker, wherein n is 1, 3, or 4;

¢) an anti-CD19 scFv comprising a variable heavy domain

from SEQ ID NO:4 and a variable light domain from
SEQ ID NO:4;

d) a spacer of SEQ ID NO:5;

e) a transmembrane domain of SEQ ID NO:6;

) a co-stimulatory domain of SEQ ID NO:8; and

g) a CD3-zeta cytoplasmic signaling domain of SEQ ID

NO:9;
wherein the B-cell leukemia or lymphoma is selected from
B-cell non-Hodgkin lymphomas (NHL), acute lymphoblas-

tic leukemia (ALL), hairy cell leukemia, and B-cell chronic
lymphocytic leukemia (CLL).

27. The method of claim 26, wherein the (G,S),, linker is
(G,S),.

28. The method of claim 26, wherein the (G,S),, linker is
(G,S);.

29. The method of claim 26, wherein the (G,S),, linker is
(GS),.

30. The method of claim 26, wherein the population of
cells is a population of autologous cells.

31. The method of claim 26, wherein the population of
cells is a population of T cells, NK cells, or NKT cells.

32. The method of claim 26, wherein the lymphoma is
follicular lymphoma.

33. The method of claim 26, wherein the B-cell leukemia
or lymphoma is B-cell chronic lymphocytic leukemia
(CLL).

34. The method of claim 26, wherein the population of
cells abrogates antigen loss by the B-cell leukemia or
lymphoma cells.

35. The method of claim 26, further comprising treating
the patient with radiation, hormone therapy, chemotherapy,
immunotherapy, or a combination thereof.

36. A method of treating melanoma in a patient compris-
ing administering to the patient a population of cells
expressing a polypeptide comprising a CD19-OR-CD20
chimeric antigen receptor (CAR), wherein the CAR com-
prises in order:

h) an anti-CD20 scFv converted from ofatumumab;

1) a (G,9),, linker, wherein n is 1, 3, or 4;

j) an anti-CD19 scFv comprising a variable heavy domain
from SEQ ID NO:4 and a variable light domain from
SEQ ID NO:4;

k) a spacer of SEQ ID NO:5;

1) a transmembrane domain of SEQ ID NO:6;

m) a co-stimulatory domain of SEQ ID NO:8; and

n) a CD3-zeta cytoplasmic signaling domain of SEQ ID
NO:9.

37. The method of claim 36, wherein the (G,S),, linker is

(G.S),.

38. The method of claim 36, wherein the (G,S),, linker is
(G.S),.

39. The method of claim 36, wherein the (G,S),, linker is
(GaS)a



