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COMPOSITIONS AND METHODS FOR INHIBITION OF LINEAGE SPECIFIC
ANTIGENS

CRORS REFERENCE TO RELATED APPLICATIONS
This application clains the benefit of US, Provisional Application Number
62242685, filed October 16, 2018, under US.C. §119, the entire content of which is herein

wworporated by reference.

BAUKGROUND OF DISCLOSURE

Despite decades of attempts, curabive inununolouical therapy against cancer has been
vary difficalt 1o achieve, with the fundamental basis being antigen-recognition capacity,
either by antibodies or through T cells {vin the T cell receptor) (Cousin-Frankel, Science
013) M40 14323, Antibody-based inmunctherapiss have been used extansively against
capcer in instances where the targel antigen is up-regudated in tamor calls as compared to
wornnd cells (g, Her-2 fu Her-2 suoplified breast enncer), s in cases wherg the tumor cells
sxpress a antigen that can be recognized by the antihody or an antibody-toxin conjugate
(e, Rituximab againgt CD20) (Baselga et al, dowals Oneology {20013 12:533). While
chotcal trials using antibody-based nmunotherapies bove shown improved patient survival
m a limied number of cancer tvpes {nsuslly when combined with standard chemotherapy),
these effects are often scconspanied by significant safety and effivacy concerns {Cousins
Franksl Cancer, Suience (2013) 342:1432).

Eifective T coll therapies ngainst cancers bave been even move diflicult to nchieve
chinically (Schaitt et al., Maon. Gene Ther, (20093 2001101280, Aneffertive T rell therapy
against vancer relies vana T cell with a high affinity binding divected against an antigen on a
cancer cell. Chirneric antigen receplor T cells {CAR T cells) are widely used to vecogaize
antipens on colls with both high affinity and specificity and without the requivement for
accessory recognition molecnles, such as HLA antigens to “present” peptides. The T cell
receptor of 2 CAR T cells i “swapped” with an antigen-binding heavy awd light chains,
thereby obviatng the need for HLA govessory moleoudes. The recombinant CAR T recepior
i fused to signating domains leading 1o sctivation of the T cell upon binding of the CAR T
recepior to the target antigen.

The clintcal use of CAR T cells has been limited to targeting 2 sarrow range of cell
surface antigens, further supporiing the need for improved and novel approaches in the

ireatment of cancer. In particular, new approachss are needed for diseases such as acute
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mveloid feakemia (AML) v which the oitcomes in older patients who are unable o receive
fivensive chematherapy, the current standard of caive, romaing very poor, with o nedian
survival of only S o 10 months {Dohner et al, VEJMW (2015) 373:1138),

Described herein ave novel approaches to cancer immunotherapy that targsts cerfain
classes of lineage-speeific cell-surface antigens on tumor cells. The CAR T oell treatment is
then combinied with replacernent of the nontumor cells by mlusion or veinfusion of a
modified population of cells that arg deficient for the lineage-specific cell-surface antigen.
Recarrence of the umor is prevenied or decreased by nuintaining swrvetllance of the patient

I vive with the CAR T ¢cells,

SUMMARY OF DISCLOSURE

The present disclosure is based, at least in part, on the discovery that agents
comprising an antipen-binding fragment that hinds o linenge-specitic cell-surface antigen
{e.g., mumune cells expression a chimeric receptor that targets £D33) selectively cause call
death of cells expressing the lineage-specific cellstnthce antigen, whereas cells that arg
deficient for the autigen {e.g,, genetically engineered hematopoietic cells) evade cell death
caused thereby, Based on such Sudings, (U would have beew expected that imnumotherapies
involving the combmation of an agent fargeting a Hneage-specific cell-surface antigen, for
example, CAR-T cells targeting UD33, and hematopoietic cells thal are deficient {n the
lineage-specific cell-surface antigens feg, CDI3) would provide an efficacions method of
treatment for hematopoielic malignancies,

One aspect of the present disclosure provides methods for treating a hematopoistic
malipnancy, the method comprising admimstering to a sohiect tyneed thereof (1) an effective
amount of an agent targeting a lnesge-specific cell-surface antigen, wherein the agent
comprises su antigen-binding fragment that binds the lineage-specitic cell-surface antigew;
and (1) a popelation of hematopoietic cells that are deficient in the lineage-spevific cells
surface antigen, To some embodiments, the agent can be at e cell (e, 8 T eelly
expressing ¢ chimedic recepior that comprises the satigen-binding fragment that binds the
Hneage-~spectfic cell-swrface antigen. In some embodiments, the imonae cells, the
hematopoietic cells, or both, are allogeneic or autologous. In some entbodimenty, {he
hemgatopotetic cells are hematopaietic stem gells e g, CD347/CDIY HAUs). In some
cmbodiments, the hematopoistic stem cells can be obtamed from bone marrow cells or

peripheral blood meononaclear cells (PBMCs},
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1n seme embodiments, the satigen-hinding fagrment inds a Hneage-sperific vell-
sarfrce antigen that is & type T Tineage-specilic coll-surfiice antigen (e, CDA3Y Insome
gnbodiments, the sntigen-binding fragment binds a hoeage-specific cell-surfice antigen that
is & type 1 Hneage-specific vell-surface antigen {e.g., CDIY),

In some enthodimeniy, the antigen-binding fragment in the chimeric receptor is &
aingle-chain antibody fragment (scPv) that speaifically binds the lineage-specific cell-surface
antizen, which can be g human protem, such as homan CD33 or CDIY, Ty some
embodiments, the seFv binds {o human CI333 and comprizes a heavy chain variable region,
which has the same complementary determining regions {CDRs) as those in SEQ 1D NO:12,
and @ hight chain variable region, which has the same CDRs g8 those in SEQ 1D NO13. In
one example, the scFy comprises a beavy chain varighle domain having the amino acid
sequence of SEQ I NUE 12 and a hight chain variable domaln having the antino acid
sequence of SEQ 1D NO: 13,

The chimeric receptors may further comprise {a} a hinge domain, (h) a
transmembrang domain, (¢} at Teast one co-stimdatony domain, () a evtoplastaic sipnaling
donmin, or {&} & combination thereof. In some embodiments, the chimeric receptor comprises
at Teast one co-stinulgtory signaling domain, which can be derived from a co-stimulstory
racaptor of CD2T, CDIR, 4-1B8, 0X40, CO3¢, Chaa, PD-1, ICOS, lymphocyte function-
assoviated antigen- T {LFA- 13, CD2, CO7, LIGHT, NKG2C, B7-H3, GITR, HVEM, ora
cominnation thereol Tn some embodiments, the at least one co-stimudatory signaling domain
is & hybnd co-stimulatory domain conyising 2 signaling domgin of CD28 and a signaling
domain of FCOS, In one examyle, the at least one co-stimudatory signgling donain is from
(D28 and the chumeric receplor further comprises a second co-stimmulatory signaling domain
from 4-1BB or [COS.

1 some embodunnts, the chuneric receptor comprises 3 oytoplysmig sipnsling
domain, which is from (fmi; In sonie embodiments, the chimeric rsoepor comprises &
hinge domain, which s from CDRe oy CD2800 Tn sonse embodiments, the chimenie receplor
comprises o ransmembrane domain, which i from CDS, CD2R, v ICOS.

Tu some embadiments, the chimeng receplor comprises, from N termamus 0 C
ternutnuy, (1) a scFv that binds to the ineage-specific cell-surface antigen {e.g, CD33 or
CD9) a lenge domain from CD8&g, 8 transmenibrane domain from €D, a costimulatory
domain from 4-1BRB, und & cvioplasmie signaling domain from CD3E; (i) v sofv that binds o

the lngage-specilic cell-surface antigen {e.g, CD33 or CD19), a hinge donwin from CDRe, a
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transmembrane domain from CD2R, # costindatory domain from CRON, and 2 cytoplasmic
stgnating donmis Front CO3L; or () wsePy that hinds {0 the Nneage-specific coll-surface
anfigen {eg, CDA3 or CIMYY, ¢ hinge domas from CD8e, a tmnsmembrane domam from
CD2R, a Hirst costimulatory domain from UD28, a second costimulatory domam from 4-1BB,
and a cyioplasiie signaling domain from CD3L

In any of the methods described heretn, the subject may have Hodgkin’s yophoms,
non-Hodgkin’s Iyniphoma, leukemia, or multiple mysloma. {n some examples, the subject
has Jeukenna, which is acute nyveloid leakemia, chronic myelogenous leukemia, acute
tvimphohlastic lenkemia, or chronic lymphoblastic leukemia.

T another gspect, the present disclosure provides a mucleic acid congmising a
nucleotide spquence encoding any of the chimteric receplors as described herein, The
chimeric receplor may comprise an antigen-binding fragment that binds CD33, a
transmenthrane donwin, and a cytoplasmic signaling domain, such as & ovtoplasmic signaling
domain From CD3L The gntigen-binding fagment (e.g,; a seFv frngment) comprises a hegvy
chain varigble regon having the same CDRs gs those n SEQ ID NO: 12, and g light chain
variable region having the same CDRs ag those iy SEQ 1D NO 13, In some enbodiments,
the scFy contprises & heavy chain variable donsin having the anuno acid sequence of SEQ
ID NO: 12 and & light chain variable domain having the amino acid seqeesce of SEQ ID NO:
13.

Other aspects of the present disclosuve provide vectors compising any of the nucleie
actds provided herein. Also within the scope of the present disclosure are chimeric receptons
encoded by the nucleic acids deseribed herewn and wwmune cells (e g, T cells) expressing
such a chimeric receptor. In sone embodiments, the imnne cells can be obtained from a
patient having a hematopoletie malignancy.

Another aspect of the preseni disclosure provides genstivally engineered
hematopoietic cells {2z, HRCs) that are deficient na §;im:agewspeci‘f§c cell-surface antigen
{eg., CD33, CDI9), which presents on the hematopoietic call befors zenetic enginesning, In
some embodiments, the whole or a portion of an sndogenous gene encoding the Imeage-

specific cellsurface antipen is deleled, for example by genowe editing {e.g., wvolving a zine

i

finger nuckease (ZFN), a transcription gotivator-like effector-hased nuclease (TALEN), or ¢
CRISPR-Uas system}. [n some smbodiments, the lineage-specific cell-surfare antigen 1z

D33 and » portion of the tmmumoglobalin constant (IgC) donin of the CD33 15 deleted.
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In some embodingents, the hematopoietic cell is § hematopoletic stem call (2.2,
CDR4ODIY cell).

Irt somie embodiments, the hematopotetic stem cells can be obiained from hone
marrow cells or peripheral blood mononuclear cells (PEMCx).

Also provided herain are methods of producing a cal] that iy defictent in # lineage-
specific cell-surface mtigen as desortbed berein. The methods comprises providing a cell,
and introducing into the cell (i) a nucleic acid that comprises a nucleotide sequence of a
CRISPR-Cas system guide RNA (2RNA), which hybridizes to a portion of the nucleotide
sequence that encodes the Haeage-specific cellmerface antigen (e.g., CD32, CD19), and (i) a
Cas endonuclease (e g, Cas? or Cpfi). The nucleic acid that comprises a nucleotides
sequence of 8 CRISPR-Uas system gRNA and a Cas nuclease may, for example, be encoded
o the same nucleio acid or on different nuclele acids, or introduced into the cell as a pre-
formed ribonucleoprotein complex. In some embodiments, the portion of the nucleotide
sequence 10 which the sRNA hvbndizes consists of 18-22 nuclentides. In some examplss,
the pRNA comprises the nucleotide sequence of SEQ 1D NO: 1 or 28-31,

1n some embodiments, the cell i3 a hematopoietie cell, such as o hematopoiehic stem
cell (&g, CDAY,

Also within the scope of the present disclosure are kits comprising (1) an invmuneg cell
of claim B13 an agent that larget a lineage-specific, cell-surfave antigen, which comprises an
antigen binding fragment that binds the lineage-specific cell-surface antigen; and (i) a
population of hematopoiatic cells (e g hematopnietic stem cells) that are deficient in the
linenge-specific vell-swrface atigen, In soms smbodiments, the agent that targets the
hneage-specific, cell-surface antigen s an innnune cell expressing & chimeric veceptor, which
comprises the antigen-binding fragment the kogage-specific cell-surface antigen.

Further, the present disclosure provides pharmaceutical compositions comprising gny
of the swmune cells targeting a lmeage-specific cell-surface antigen andfor any of the
hemaippoetic cells that are deficient in the Tivegge-speaific celbsurface antigen foruse in
treating @ hematopoietic malignancy; a5 well a5 uges of the tmoune cells and hemalopotetic
cells for mamufacturing & medicament for ase in treating a hamatopoistic malipnaney.

The details of one of more embodimenis of the disclosure ave set forth in the
description below. Other features or advantages of the present disclosure will be apparent

froan the detatled description ol several embodiments and also from the appended claims,
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BRIER DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification sud are mcluded o
further demonstrate cortata aspects of the present disclosure, which can be better understood
by reference {o one or more of these drawings in combmation with the detailed description of
specific enbodiments presented herein.

FIGURE 1 presents an exemplary iflusivation of type 4, type 1, type 2, and type 3
lineage-specific antigans.

FIGURE 2 is a schematic showing an munune call expressing a chimerie neceptor
that largels the type © lincage-specific coll-surface antigen, CD307. Multiple myveloma (MM}
cells expressing CD307 as well other cells expressing CD307, such as plasma cells, are
targeted by the inmuns vells expressing the anti-CD307chimenc receptor,

FIGURE 3 is a schematic showing an immune cell expressing a chimeric receptor
that targets the type 2 lineage-specific cell-surface antiges, CD33. Acute myeloid leukenda
{AML) cells expressing D33, Human hoatopolstic stem cells (HSCare genetically
enutnesred to be deficient in CTA3 and therefore not vecognized by the fmmuse cells
expressing the anii-CD33 chimeric veceptor. The HSC are able to give rise to myeloid cells.

FIGURE 4 is a schematic showing penome editing using g CRISPR/Cas system. A
spRNA hybridizes to a portion of an exon of a lineage-spenific cell-swiace antigen, and the
Cas endonuclease cleaves upstream of the Protospacer Adiacent Mol (PAM) Sequence (5%
NGG-37). The sequences, fram top to bottory, correspond fo SEQ 1y NOs: 45 and 46,

FIGURE § is a schempiie showing a genonte editing sirategy using the CRISPR/Casy
systeny i dismapt CR33. A PX45E vector encoding a Casy profein and & guide RNA
targeting CD33 was nucleofected fnto K-562 cells, o human leukenne cell line. Flow
eytometry was performed on the cell populghion using an ant-CD33 antibody prior {o (lop
plot) and after {bottom plot) delivery of Casy and gude RNA 1o the cells, The genome
editing resulted in the deletion of a coding region of the pene and a sigmificent reduchion iz
T3 from the cell surface,

FIGURE 6 is 3 schematic showing a genpme editing stvatepy using the CRISPRCagy
system 1o dhsrupt CO4SRA. A PX4SE vecior envoding & Caas® protetn-and 8 guide RNA
fargeting CD4SRA was nucleofected into TIR-6T retivuhun coll sarcoma mouse macrophage-
hke cells. Flow oytometry was performed on the vell population using an anti-CD4SRA
antibody prior to {top plot} and alier {bottom plot) debivery of CasY and guide RNA to the
cells. The genome editing resulted i the deletion of a coding region of the pene and 2

signifcant reduction i CD4SRA from the cell surface.
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FIGURE 7 shows schematios of example chimeriy receplors comprising ﬂnﬁgax}a
binding fragments that target CD33. At s peneric chimenic receptor tasgeting CDR3
coxnpriﬁing an anti-CD33 scby, hinge domatn, ransmembeane domain, co-stimulatory
domain, and signaling domain. B a chimeric recepior targening CD33 comprising s antl-
CD33 soFy, hings domatn fom CDS, wansmembrane doman fromm CDE, and intracelludar
domains from CDIR and CD3L € a chumeric receptor targeting T3 comprising ab anti-
(D33 scly, hinge domain from CDE, transmentbrane domain from CDS, and wracellular
domaing from JCOS {or CD27, 4-1BB, or OX-40) and CD3L. Dr a chimeric receptor
fargeting CD33 comprising an anti-CD33 seby, hinge dowan from CDR, ransmembrane
domain frons CDR, and itracellolar domadns from QX40, CD2E, and CD3C

FIGURE 8 is a schematic of m immuncioxin.

FIGURE 9 shows expression of anti-CD33 chimeric receptors expressed m K562
cells transduced with an empty vector or vector encoding an anti-CD33 chimeric receptor. A2

q\v .--r

Western blot using a primary antibody that recognizes CD3L. The table provides the
eatimated moleculay weight of sach of the clumeric receptors tested. B: Flow evtometnic
analysis showing an merease in the population of cells that sfat posthive for the anp-UD33
¢himeric receptor,

FIGURE 18 shows the anti-CD33 chimeric receptors bind fo €D33. A Poncean
atatned protedn el Laves 13,3 :UD33 molecule. Lanes 2,46 CD33 mol + APC
Conjugate. B Western blot wsing & primary antibody that recognizes CD3L Lanes §) 3, and
§ contain the chimeric receptors co-incubated with CD33 molecules, and Isnes 2, 4, and §
contaty the chimeric receplors co-incubated with a UD33-APC conjugate. (& Flow oytometrie
analysis showing an iorease w the population of cells that express anti-CD33 chimene
recgptors and hind CD33.

FIGURE 11 shows cytotoxicity of K362 vells by NKY2 cells exprassing the indivated
chimere receptors, & CARTL and CART? compared to empty HIVasG vector. B CARTS
compared fo empty HIVesG vector,

FIGURE 12 shows eytotoxicity {expressed as percent oylotoxicity o the y-axis) of
K362 cells deficrent 1 CD3I3 by NK92 cells evpressing the indicated chimerio receptors. A:
wnsoried populgtion of K562 cells propveated with CD33-tavgeling CRISPRA Cas reagents. B:
single clones of K362 cells deficient in CD33, The coluoms, from lefi (o night, correspond 1o
empty HIVesG veotor, CARTE, CARTZ, and CARTS.
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FIGURE 13 shows flow cytometric snalysis of primany T cell populations. A
sorting of cells based on expression of T cell warkers €47, CDR', orboth CD4CDR". B
relative expression of CD33 on the indieated populations of primary T cells.

FIGURE 14 shows cytotoxicity of K562 cells by primary T cells expressing the
ndicated chimeric receptors, A CD4™ Teells. B: CD47CDR (CD 4/8) and CDE {CDR).

FIGURE 13 shows flow oytometric atalysis of €33 edsting in K362 cells using the
CRISPR/Cas® system and two different gRNAs {Crispr3, right top panel, and Crisprs, night
botton panel}.

FIGURE 16 shows KSH2 cells deficient in CD33 present normal cell probiferation
and erythropeetiie ditferentintion. A: flow eyvtometric analysis of the indicated cell
populations at day 1+ 30 pM hemine B flow eytoneiric analysis of the indicated cell
populations st day 9. C: MTT cell proliferation assay.
| FIGURE 17 shows flow cytometric amlysis of CDI33 editing in hosnan €347 cells
using the CRISPR/Cas9 system and two dilferent g RNAs (crispr3, botiom left panel, and
crisprS, bottom right panel). A; flow cytometric analysis of CDAY editing in haman D34
cells using the CRISPR/Cag® system. By crisprd. O cuisprd,

FIGURE 18 shows colony formation for human CD347/CDIY cells as compared @
human CD347/CD3I3" cells, The columms, from e 1o right, correspond o no lentivirus

wfection, empty vector control, orisprl, rispr 3, and erisprs.

DETAILED DESCRIPTION OF DISCLOSURE

Cancer immunotherapies largeting antigens present on the cell surface of & cancer cell
13 particularly challenging when the target antigen s alse present on the cell surface of
novmal, non-cancer cells that are required or eritically irvolved in the development andfor
survival of the sabject. Targeting these antigens may lead to deleterious effects in the subject
due to cyiotoxic effects of the immunotherapy toward such cells 1n addition to the cancer
cells,

The methods, nucleie seids, and cells described herein altow for targeting of antigens
(e, type Tor type 2 antigens) that are present not only on canger cells but also celly eritical
for the development andfor survival of the subject. The method invalves: (1) reducing the
nuvnber of cells carrving the target lingage-specific cell-surfice sntigen using sn sgent that
targets such an antizey; and (2) replacement of the normal cells {eg., now-canger cells) that
present the antigen and thus can be killed dee io admimistration of the agent with

hematoporetic cells that are deficient for the linenge-specific cell-surface antigen. The
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methods deseribied herein can maintain serveillasce for target celly, including cancer cells,
that exprass & lineape-specific cellsurface autiges of interest and alsomaintain the
population of non~cancer cells expressing the hneage-specific antigen, which may be critical
for development and/or survival of the subject.

Accordingly, described herein are the co-use of mmune cells expressing chimeric
receplors conprising an antigen-binding fragroent that targets a lineage~-specific cell-surface
antigen such as CD3A3 or CD19 and hematopolatic cells such as hematopoietic sten cells
{(HSCs) that are deficient in the lineage-spectfic cell-surface antigen for trealing a
hematopoietic malignancy. Also provided herein are the chmeric receptors, nucleie acids
gacoding such, veclors comprising such, and immune cells (e, T cells) expressing such g
chinteric recgptor. The prassst disclosurs slso provides genstically sngingered hematopolativ
cells that are deficient in & Hneage-specific antigen such as those described hereln, as well as

methods (2.2, penome editing methods) for making such.

Definitions

The ferms “subject,” “ndividnal,” and “patient” are ysed interchangeably, and refer o
g vertebrate, preferably g mammal such as a human, Mammals include, but are not hmited
1o, human primates, non-human primates or murine, bovine, equing, canine or feline species,
T the context of the present disclosare, the term “subject” also encompasses tissugs and cells
that can be caltured n vitro or ex vive or manipulated in vivo. The term “sabject” can be
used interchangesbly with the term “organism™.

The terms “polynucleotide”, "nuclectide™, “nucleotide sequence”, “nucleie acid™ and

“oligomucleotide”™ are used interchangeably. They vefer to a polymeric form of nucleotides of

any length, etther deoxyribonuclentides or ribonuclentides, or anglops thereof. Exanyples of
polynuclentides include, but are not limited to, codng or now-coding regions of a gens or
sene fragment, exons, mtrons, messenger RNA (mBNA), transfer RNA, sibosomad RNA,
short inlerfering RNA (3iRNA), shorthairpin RNA ShRNA), micro-RNA (miRNA),
tibooyvines, cDN&, recombinant polynucleotides, branched polynucleotides, plasmids,
veciors, solated DNA of any sequence, isolated RNA of any sequence, nuclete acid probes,
and primers. One or more sucleolides within o polynucieotide can further be modifiad, The
sequence of nuclentides may be interrapted by nenucleotide components. A pobynuclestide
may also be modified after polvmertzation, such as by conjugation with § labeling apent,

The term “hvbridization™ refers to & veaction in which one o more polyaucleotides

react to form a complex that 1§ stabilized via hydrogen honding between the bases of the
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nucleotide residues. The hydrogen bonding may occur by Watson Crick base paising,
Hoogstein binding, or s any other sequence specific manner, The complex way comprise
two strands forming a duplex structare, three or more strands fornung a muli-stranded
complex, a single seli-hybridizmg strand, or any combination of these. A Iybndization
reaction may constituls & slep i a more exiensive process, such as the matiation of PCR, or
the cleavage of a polynacleotide by an enzyine. A sequence capable of liybridizing with a
given sequence is referred {0 as the “complement” of the given sequence.

The tenm “recombinant expression vector” means & genatically-nodified
ohgonucleotide or polynucleotide construct that permits the expression of an mBNA, protem,
polypeptide, or peptide by 8 host eell, when the construct comywises g nuclentide sequence
encnding the mRNA, protein, polypeptide, tr peptide, and the vector is contacted with the
cell under conditions sutlficient to have the mRKA, protem, polypeptide, or peptide expressed
within the cell. The vectors of the present disclosire wre not naturally-occorming as o whole.
Parts of the vectors can be naturally-occurning. The non-naturally occurring recombinant
expresston vectors of the present disclosure can comprise any type of nucleolides, inclading,
bat not houted o DNA and RNA, which can be single-stranded or doyble-siranded,
synthesized or obiained i part from natural sources, and which can contain naturgd, non-
natural or altered nucleotides,

“Transfection,” “ransformation,” or “transduction.” as wsed hevein, refevio e
miroduction of one or more exogenous polynuclectides o a host cell by using physical or
chemical methods,

“Antthody,” “fragment of an antibody,” “antibody fragment,” *fanctional fragment of
an antibody.” or “antigen-binding portion” ave used 1nterchangesbly 1o mean one or more
fragments ar portions of an antibody that retas the abulity to speeifically bind to 2 specific
antigen {Holliger et al., No¢. Blorech. (20053 23(9%: 1126} The present antibodies may be
anfibodies andior fragments thergol Antibody fragments mnclede Fab, F (a2, scly,
disulfide linked Fv, Fo, or vanants snd/or mixtires, The antitbodies may be chitperie,
humanized, single chatn, o bi-specific. Al gntibody 1sotypes are encompassed by the
present disclosure, inclading, TgA, IgD I, IeG, and IgM. Suitable IpG subiypes include
G, 1eG2, TeG3and TpG4. An antibody light or heavy chain varigble region consists of
framework region nterrupted by three hypervaniable regions, referved to as complementarity
determining regions {CDRs). The CDRs of the present antibodies o antigsn-binding
portions can be fom a non-human or a human source. The framework of the present

antibodies or antigen-binding porhions can be human, humanized, son-human (e.g., a muine

SUBSTITUTE SHEET (RULE 26)



WO 2017/066760 PCT/US2016/057339
11

framework modified to decrense mtivenicity in hemans), or a synthetic famework ey, &
COnSEnsus Sequence).

The present antibodies or antigen-hinding portions can speeifically bind with a
dissociation constant (Kp) of Tess than abowt 107 M, less than dbout 15 M, fess than about

107 M, Tess than about 107

M, fexs than about 107 M, or less than abowt 107 M. Affinities
of the antibodies according 10 the present disclosure can be readily determived wsimg
conventional techniques (see, g, Scatchard et al., don MY dead Sei (1949) 51:660; and
U.K. Patent Nos. 5,283,173, 5468,614, or the equivalent),

The terms “chimeric recepior,” “Climeric Astigen Receptor,” of aliernatively a
“CAR” are used interchangeably thronghout and refer to a recownbinant polvpeptide construst
comprising at least an extracetiular antigen binding dowain, a transmenbrang dontain and a
cyioplasmic signaling domain (alse referved to Bierein as “an intraceltelar sipnaling domain™
comprising a functiong] signating domsin derived from a stimulatory molecule s defined
below. Lee et al, Clin. Cancer Bex {2012) 18(10Y.2780; Jensen ot al, Inmunol Rev. {2014)
ST 127 wyww cancer. godiabogt-cancer/tregtmentiresearchicant-cells. In one
embodiment, the stimalatory molecule is the zeta chain associated with the T cell receptor
complex. In one aspect, the cvioplasmiv sipnaling domain further comprises one or more
functional signaling domains derived from at Jeast one costimndatory molecule as defined
balow. The costinudatory molecale way also be 4-1BB (fe., CDHAT), CD27 asdior TN or
fragments of those wolecales. In sanother aspect, the CAR comprises a chimeric fusion
protein comprising an extracglular antipen recognition domain, a transmembrane domin and
an witacellular signaling domain comprising a fanctional signaling domain derived from a
stimulatory molecide. The CAR comprises a chimeric fusion protetn comprising an
gxtracellular antigen recogmition domaim, & transmembrane domain and an idracetlular
signaking domain comprising & functional signating domain dertved from a co-stimulatory
molecule and 8 functional sipnaling donain dertved Froma simulatory mislecule.
Alternaively, the CAR comprises s clumenc fusion profein comprising an exivacellulyr
antigen recognition doman, ¢ transimembrane domain and an intrgeellolar siguabing domain
comprising two fonctional sinsling domains derived from one or morg co~-stinudatory
nmolecule(s) and a fanctional sigoaling doman derived from a stinudatory molecule. The
CAR ‘¢an also comprise g chimenie fusion protetn comprising an exivaceihylar antigen
recopmition domain, a transmembrane domyn and an mtraceliular signaling domain
comprising at least two functional signaling domains derived from one or mose co-

stinnlatory molecale(s) and a finctional signaling domain devived from a stinndstory
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modecule. The antigen recognttion molity of the UAR envoded by the puclelc acid sequsnce
can contain any Hueage specific, antinen-binding antibody fragment. The antibody fragnient
can conyise one of miore CDRs, the variable region {or portions theveod}, the constant region
{ar portions thergof), or combinations of any of the foregaing.

The term “signaling domain™ refers to the functional pertion of a proteim which acis
by transmitiing mformation within the cell {o regulate cellular activity via defined signading
pathways by gensrating second messengers or functioning as effeciors by responding to such
messengens,

The term “zeta” or aiernatively “zeta chag”, "CD3=2eta”™ or “TCR~2eta” 15 defined as

.
)J‘

the protein provided as GenBank accgssion numbers NP_D32170, KP_000725, ov

XP 011508447, or the equivalent residaes from a non-human speciss, e i, mouse, rodent,
monkey, ape and the like, and 8 "zeta stimalatory domam™ or alternatively a “CD3~zeta
stinmlatory domain” of a “TCR-zeta stimulatory domain” is defined ns the smine acid
residues from the cytoplasmic domam of the zeta chain that are sufficient to functionatly
transmit ay wwitial signal necessary for T cell actvation,

The term “genetically engieered” or “genetically modified” refers to cells being
manipulaied by gevetic engineening, for example by gevome editing, That is, the cells
contain o heterologous sequence which does nol naturally neowr mosaid cells, Typically, the
heterologous sequence 1§ introduced via a veclor system or other means for introducing
necleic actd molecudes info colls including hiposomes. The heterologous muclele seid
molecule may be integrated into the genome of the cells or may be present exira-
chromosemally, ¢z, i the formvof plasmids. The terms also includes embodiments of
mtroduomg genetically engimeered, 1solated CAR polypeptides info the cell,

The term “autologous” refers to any malerial derived from the same mdividugl to
whont it 13 later 1o be re-introduced into the same individual.

The term “allogeneic” refrs to apy material derived from a different animid of the
same spectes as the individugl to whom {he waterial s introduced. Two or wore ndhviduals
are said to be slloueneic to one another when the genes at one or more lect are nod identicst,

The term “cell hneage™ refers 1o calls with a conunon ancestry and developing from
the same type of identifigble cell into speaific idennfiable/functioning cells. The cell hneages
used herein include, but are not limited to, respingiory, prostatie, pangrealic, mammary, rensl,
mitgstinal, newral, skeletal, vascular, hepatic, hematopotetic, muscle or cardiac cetl lineagss.

The term “inhibition™ when used in reference to gene expression or function of a

tinenge specific antigen refers to n decvease in the level of gene expression or fimction of the
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lineaye specific antigen, where the inhibition &5 o resull of interference with gene sxpression
or funttion. The inhthition may be complete, in witich case there i 1o detectable expression
or fanction, or © may be pariial. Partial inhibition can range from near complete inhibition to
a near absence of inhibition. By eliminating particular targed cells, CAR T cells may
affectively intibit the overall expression of particular cell lineage.

Cells such as hemptopoietic celis that are “delicient in a lineage-specific antigen”
refers tocalls having 3 substantially reduced expression level of the hngage-specilic antigen
as compuared wath thelr naturally-occuting couerpart, eg., endogenous hematopoistic cells
of the same type, or cells that do not express the lineage-specific antigen; Le., not delectable
by # routine assay such gs FACS, In some instances, she express level of o Huegee-specific
antigen of vells that arg “deficient in the ani gen” can be Tower thas sbout 40% (e, 30%,
2006, 15%, 10%, 5% or fower} of the expression level of the same Bueage-specific antigen of
the naturally-occorring counterpart. As used herein, the term “about” vefers fo a particolar
valge +/~ 3%, For example, an expression lavel of about 40% may include any amount of

expression belween 35%-45%,

Asents tarpeting Boeae-specific cell-surface gntisens

Aspacts of the disclosurs provide apants largeting 3 Hneage-specific cell-swiace
antigen, for example vn a target cancer cell. Such an agent may comprise an antigen-binding
frapment that binds and targets the Hneage-specific cell-surface antigen. In some instanees,
the antigen-binding fragment can be a single chain antibody {scFv) specifically hinding to the

Hineage-spectfic antigen.

A, Linggue-Specific Cell-Surface Antigens

Ax used hereln, the terms “linsage-specific cell-swrface antigen™ and “cell-surfacs
hineage-specific antigen™ may be wed itevchangeably and refor o any anbigen that s
sufficiently present on the surface of 2 celt and is associated with one or more populations of
cell tmeage(s). For example, the antigen may he present on one or more populstions of zell
lineagels) and absent {or at reduced levels) on the cell-surface of other cell populations,

in general, lineage-specific cell-surface antigens can be classified based on a mumber
of factors such as whether the antigen and/or the populations of vells that present the antigen
are required for survival andior development of the host organism, A swamary of exenplary

types of lineage~-speciiic antigens 18 provide 1w Table 1 below. See also FIGURE L
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Table 1. Classification of Lineage Specific Antigens

Type of Lineage Specific Antigen U Characteristies of the Lineage Specifie
| Antigent
Type a}  antigen i3 veguired fur survival of
an prganism
and

by cell type carrying ype O anligen 18
required for survival of an organism and
s not wnique {0 a4 tomor, oF BEnot-
associated virus

Type d a)  antigen is not required for survival
ol an organism
and

by cell type canrying type 1 antigen i
not respared for survival of an organisin

Type2 a)  antigen is not requived for survival
of an arganisnt
and

By cell tepe carrying type 3 antigen is
required for the survival of an organism

Typad g - antigen is not required for - the
survival of an orgavism
and

B cell iype carrving antigen is not
required for survival of aw orgamsm

¢} The antigen is unigue (o 3 tamor, of
a fumor aasociated viras

An example is the LMP-2 antigen in EBY
mfected cells, moluding BBV infecied
fumor cells {Nasopharyngeal carcinoms
and Burkius Lymphorog)

As shiown in Table 1 and FIGURE 1, type 0 linesge-specific celbsurface antigens are
wecassary for the tissue homenstasis and survival, and vell types camying type 0 lineage-
spevific cell-spriace antigen may be also necessary for survival of the subject. Thes, given
the imporiance of type O linehge-specific vell-surface antigens, of cells catrying type ¢
lineage-spexific vell-surface mniigens, In homgostasis and survival, targeting this sategory of
antigens may be challenging using comventionsl CAR T cell inmnenotherapies, g5 the
snhibition of removal of such antigens and cell carrying such antigens may be detrimental o
the survival of the subject. Consequently, lineage-specific cell-surface antigens {(such 25 typs
i Hoedge-specific antigens) and/or the cell types that carry such antigens may be requived for

the survival, for example because 1t performs a vital non-redundant function i the subject,
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theay this type of Hineage specific mtizen may be a poor tavest for CAR T cell based
fmnumotherapy.

T contrast 1o type O antigens, type 1 cellsurfice Ineage-specific sntigens and cells
carrving type | cell-surface finsage-specific antigens arg not required for issue homeostagis
ar survival of the subject. Targeting type | cellssurface lineage-specific antigens is not likely
to fead to detrimental consequences i the subject. Tor example, a CAR T cell engineered io
farget CD307, g type 1 antipen expressed uniguely on both normal plasing cells and multiple
myveloma {MM) cells would lead fo elintnation of both cell types (FIGURE 2 (Blkins et al,,
Mol Capcer Ther, 182222 (2012)). However, since the plasma cell ueage is expendable for
the survival of the organism, CD30O7 and other type 1 lincage specilic sntigens gre antigens
that are suitable for CAR T call based mwnunptherspy. Lingage specific antigens of type 1
class may be expressed in & wide variety of ditferent tissues, melading, ovaries, testes,
prostate, breast, endometrium, and pancregs. In some embodiments, the agent fargets a el
surface lineage-specific antigen that is 3 type 1 mtigen,

Targeting type 2 antigens presents a sigmficant difhculty as compared to type 1
antigens. Type 2 antigens ave those chyracterived where: (1) the antigen s dispensable for
the survival of an organism {1.¢., is not required for the survival), sud (23 the cell hneage
carrving the antigen is indispeusable for the survival of an organism {ie., the particular cell
fingage is vequired for the swrvival), Forexample, CD33 is a type & antigen expressed in both
normal myeloid cells ag well as i Acute Myegloid Lenkemia {AML} cells (Dohmer et al,
NEJM 3731136 (20150, As aresult, a CAR'T cell engineared {o target £D33 gntigen conld
izad to the killing of both normal as well as AML cslls, which may be incompatible with
survival of the subject (FIGURE 3). Tu some embodiments, the agent tavpets 8 cell-surfce
hineage-specitic antigen that 1s & type 2 antigen.

A wide variety of antigens may be targeted by the methods and compositinns of the
presens disclosure. Monoclonal aniibodies to these antigena may be purchased commerciatly
or generated using standard techniques, ncluding tnmuoniation of s ammal with the
antigen of interest followed by conventional nonocloual antibody methodologies eg., the
standard somatic cell hybridization technique of Kohler and Milstein, Naviwre (1975) 286
495 as discussed above. The antibodies or nuclele acids encoding for the antibodies may be
sequenced using sy standard DNA or protein sequencing fechmigues,

T some embaodiments, the cell-surface lineage-speetfic antigen thst 15 targeled using

the methods and vells descnibed herem is a cellsurfave lineage-specific antigen of leukoeytes
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op g subpopitation of leakocyies. In some embodiments, the cell-surface Hosage-specilic
avtigen 18 s atigen that I8 associated with myeloid cells. To some smbodiments, the cell-
surface linegge-specific antigen & a cluster of differentiation antigens (CDs), Examples of
CD antigens mclude, without Hmutation, CD a, CD1h, CDle, CDId, CDle, CD2, CD3,
CDEd, CD3e, CD3g, D4, CDS, CD6, UD7, CDRy, CD&L, CDY, CDI10, CD11a, ChIIb,
CDle, CDHA CDwi2, CDI3, CD4, CDIS, COLe, CDsb, CDT, CDIE, D19, CD),
D21, CD22, CD23, €D24, €D23, CD26, CD27, CD2R, €D, CP30, CD3Y, CD32a,
CD32b, CD32¢, CDE3, CD34, CDAS, C036, CDIT CRAN, CD39, CD40, CD4 1, CD423,
CD42b, CD420, CD42d, CD43, CD44, CD4S, CD4ARA, CDYSREB, CD4ARC, CDASRO,
CDde, CDA7, CDAR, CD49g, CD4%, CD4%¢, CD49d, T4, CD4%, CDSG, CDSL, CD32,
CDS3, CD34, CDES, CDS6, DT, CDSE, CDSY, CDalla, CD61, CDARE, Ch62L, CD2P,
C63, CD6da, CDES, UDeds, Uhohy, €D66h, Chate, (oY, CO6R, CIs, CH70, CDTL,
CD72.CD73, CD74, CD7S, CDTSS, CD77. CDT%, CD79h, CD&Y, CDS1, CDE2, CDE3,
CDE4, CDEIA, CDRSC, CDRSD, CORSE, CDESF, CDRG, UDRSH, CDRI3L CDRS,
CDSSK, CD&6, CD&7, TDES, UD&S, CDY0, CDSL, CD92, CDY3, CD94, CD8S, CDY6G,
D97, CDYR, CDYY CDOOR, CHI06, CDI6T, CIG2, CDIO3, CD 04, CTHOS. CDIO,
CDI07g, CDI07H, CDI0S, CDLD, CDL10, CDITL, CD1I2, CDII3, CD1Y, CDTIS,
COT6, COLIT, CDLIR, CDTLY, U120, CDI20b, C 218, CDI121b, CD121a, C21H,
CRI22, CRIZ3 ODI2Z4, CDI25, CDI26, TDI27, CD129, CDI30, CDI3L, €132, CDI3Y,
CDI3, CDIIS D36, CDHAT7, CDI3S, CDI39, D140, CDH40b, CD 4L CD142,
CDM3, CD144, CDw 48, CDI46, CD147, CDI4S, CR130, O A2, CD132, CD1A3,
CD154, CD1IAS, CDUS6a, L0156k, CD156e, CDISFT, CDISSHE, CDISRDI, CDISRd,
CD158el/el, CTIISRE CDiS8g, CDISRH, CDIARE CDISR) CDISSk, DI, CDI5%,
CDI60, CDT6L D163, CDI6S, CDI6S, CDI66, CDI6Ta, CD16R, CD16Y, CD170, CDITL,
CIH72a, CDIT2b, CDIT2g, CDIT3, CDI74, CRITS, CONT3s, CRIT6, CRITT, CDLTS,
CO79a, CD179, CDIS0, CRISL, CBIRY, QLIRS CIM B4, CLHES, CDMB6, CDIYL
CDIY2, CDIYI CDIB, CDI9S CDIBG, D197, CDw Vs, CDwiS9, CD200, CD01,
CDI02b, CD203¢, TD204, CD205, CDAS, CDXT CDI0E, CDIOY, CDH2E10a, COw210h,
CD212, CD213al, CD213e2, €215, CD217, C21Ra, CD218L, CD220, CD221, CD222,
CD223, CD224, CD225, CD226, CD227, CDAS, O, CDI30, CDA, €232, T2,
(D234, CD238g, CD2350, €236, CRAI6R, CD23R, D239, D230, CH241, Ch2dz,
CD243, CD244, CD245, CD246, D247, (D244, (D48, CDA52, CD253, CD254, CD236,
D287, CO2A8 U261, UD262, TD263, UD264, CD265, €D266, CD267, CDAR, CDAY,
CD70, CD2TL CD272, CD273, 00274, CD273, CB276, CD277, CD2TR, CD279, CD2RG,
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CD2RY, CD2R2, CD2RZ, CD284 €8S, CHRS CRERy D), D22, UDwivy,
CD294, CD295, CD296, CD2YT7, CD29E, CHIW, CD30t, CD300c, CD300e, CDIOL,
CD302, CD303, CDH304, CD305, 306, CD307, CH307h, CH30%¢, D30T, CD307e, CD309,
CD312, COI, CDILS, CD316, UD317, D318, CD319, CD320, CD321, CD322, D324,
CD325, CDA26, CD32T, CDA2E, CDA2Y, UD331, CD332, CD333, CD334, CD335, D33,
CDSIT, DI, COAM, D30, CD34, CD39, D330, CD331, CD332, D333, €354,
CD3335, CD337, CDA3E CDASH, CD360, CO36], CL362 and CD363, Sge

wiwye. bdbivsciences.com/documentv/BR Reagents. CDMarkerHuman  Poster pdf.

T some embodiments, the cell-surface haeage-specific antigen i CDIQ, CD20,
CDT, CD123, CD36, CD34, COI4, CP33, CD66b, CD41, CDGL, CD6L, (D235, CDI4G,
CD326, LMP2, CD22, CD32, CDIG, CDITCR, CDTYBCR, and CD26, 1o some
enbodiments, the cell-sirface lineage-specific antigen is CD33 or CDIY.

Alernatively or in addition, the cell-surface lineage-specific antigen may be a cancer
antigay, for example a cell-surlses Hneage-specific antigen that is differensially present on
cancer cells. In some embodiments, the cancer antigen 15 an antipen that s specificio a
hssve or cell liveage. Exaroples of cell-surfbce Iineage-specific antigen that are associnted
with a specific type of cancer include, withowt lmitaion, CD20, CD22 (Non-Hedgkin's
tymphoma, B-cell frmphoma, chroniv ymphoovtic lenksnia (CLLY, CDS2 {B-cell CLLY,
CIA3 {Acute myelogenous feuenna CAMLY), CDIO (gp 180 (Common {pre-B) acuts
fymphocyiic leukenua and malignant melanoma), CD3/T-cell receptor (TOR) (T-cell
tvmiphoma and leakemia), CD7TYB-cell recoptor (BCR) {B-cell lymphoms and leukenna),
CD206 {epithelial and lvmphoid malignanciesy, human leukocyie antigen (HLAMDR, HLA-
DP, and HLA-DQ (ynphoid malignancies), RCAST {gynecological carcinomas, hiliary
adenncarcinomas snd doctal adenocarcinomas of the pancreas) us well as prostate specific
mentbwang antigen. In some smbodiments, the call-surfice antigen CDNY and s sssociated
with AML calls.

B dntiven-Rinding Fragnent

Any antibody or an antigen-binding fragment thereo can be used for constructing the
agent that argels & lineage-specific cell-surface antigen as described herein. Such an
antibody or antigen-binding fragment can he prepared by a conventional method, for
example, the hybuidoma technology or recombinant technology.

For example, sntibodies specific to a lineage-specific anigen of inferest can be made

by the conventional hybndoma technology. The hngage-specific antigen, which may be
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coupled o a carier protetn such as KLH, can be used to imaize & host animal for
penerating antibodies binding to that complex. The woute and schedule of imrminization of
the host animal are generslly in keeping with established and conventionsl techiigues for
antibody stumulation and production, as further described heveln. Gengral iechniques B
production of mouse, hamanized, and human antibodizs are known {n the art and are
described berein. 1t s conternplated that any mammalian subject including bumans or
antibody producing cells therefrom can be manipulated to serve as the basis for production of
matmmakian, inchading human hybridoma cell lines. Typically, the bost animal is inoculated
mitraperitoneally, ntramuscalardy, orally, subcutaneously, niraplantar, andfor infradermally

Hybridomas gan be prepared from the lvmphocyies and immortahized myeloma vells
using the general somatic cell hybridation techimgue of Kobler, B, and Milstein, C. (1975)
Natore 256:495-497 of as modified by Buck, D W, etal, In Vitro, 1R:377-381 (1982},
Available myeloma Hnes, incliding but not Timted to X63-Ag8.633 and those from the Salk
Institete, Cell Dhstribution Center, San Prepo, Cabill, USA, may be used in the hybridization,
Generally, the techmgue involves fusing wyeloma cells and tymiphoid cells nsing a fimogen
such g3 polyethylene glveol, or by electricg] means well kngwn to those skilled in the grt,
After the fusion, the cells are separated fron the fusion medium and grown in a selective
growth medim, such as hyporanthing-aminopisrin-thymidine (HAT) medium, to elinymate
unhybridhzed pavent cells. Ay of the media deseribed herein, supplemented with or without
serum, can be used for cubtuwring hybridonias that secrete monoclonal srtibodies, As another
alternative 1o the call fusion techaique, EBV immortalized B cells may be used 1o praduce the
TCR-like monoclona! antibodies described heretn, The hvbnidomas ave expanded and
suboloned, if desired, and supernntants are sssaved for anti-bnnusiogen activity by
conventional mnmunoassay procedures (2., radioHMUNOAssay, enZyIMe HNMUNOASSEY, O
fluorescence RIMUBOASSAY ).

Hybridonas that may be wsed as sowrce of antibodies encompass all derivatives,
progeny cells of the parent hybridonas that produce monoclong! antibodies capable of
binding to a lingage-specific antigen. Hybridomas that produce such snbodiss may be
grovwn i vilre or in vivo using kaowncproceduores. The monoclonal antibodies niay be
isolnted from the culture media or body flwids, by conventional immmmoglobulin punfication
procedures such as ammoniun sulfaie pracipitation, gel electrophoresis, dialvsis,
chromatography, and altrafiliration, if desired. Undesired activity if present, can be removed,

for example, by running the preparation over adsorbents made of the inunusogen attached 1o
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a solid phase and elating or releasing the destved antibodies ofl the inumunogen.

Innnunization of 4 host anumal with a mrge-t anligeni ora ‘fm}}fmem c.immming the target srino

ez, kevhole iimpet 'hammyami‘x}, serum albumin, bovizm &hyrogiﬂghu} im or .smybem} trypsin
mhibator using a bifenctional or dertvatizing agent, {or example msleimidobenrovl
sulfosucowimide ester {conjugation through cysteme residues), Nehydroxysucomninude
(through lvsine residues), glutaraldehyde, succinic anhvdride, SOCK or RIN=U=NR, where
Rand BRI ave different alkyl groaps, can yield a population of antibodies {e.g., monoclonal
antibodies).

If destred, an antibedy of interest {e.g, produced by 3 hybridoms) nwy be sequenced
and the polvauclsotide sequence may then be cloned b 8 vectar for expression or
propagation. The sequence encoding the antibody of interest may be maintained in vector in
a host cell and the host eelf can then be expanded and frozen for future use. Tn an alternative,
the polynuclentide sequence may be used for genetiv manipulation o "humanize” the
antibody or to wprove the affinity {affinity meturation), or other charactenstics of the
antibody. For exgmple, the constant region may be engiveered to more resemble nanan
constant regions 10 avoid inunune response if the antibody 15 vsed in clinical trials and
wreatmants in humans, It mav be desirablg 10 genetically manipulase the antibody sequence o
obiain greater afftmty to the lineage-specific antigen. It will be apparent o one of skill in the
ari that one or wore polynucleotide changes can be made to the antibody and stll mpintaiy its
binding specificity lo the target antigen.

in other ambodiments, fully hunan antibodies can be abtained by using conunercially
available mice that have been enginecred to express spedific human wamuboglobulin
proteins. Transgenic animals that are designed to produce g more desirable (e.g., fully human
antibodigs) or more robust imrmune response may slso he used for genaration of humanized
or human antibodies.  Examples of such technology are XenomouseRTM from Amgen, Inc.
(Fremont, Cahl) and HaMAb-MouseRTM and TC MouseTM from Medarex, Ine.
(Princeton, N1, hoanother sltevaative, antibodies may be nade recombiuantly by phage
display or yeast technology. See, for example, U8, Pat, Nos, 5,563,332; 5,580,717
5,733,743 and 6,265,130, mud Winter et all, (1994 Anvw, Rev, unwunel, 12433455, and .
Alternatively, the phage display technology (McCafferty gt al., (1990) Nature 348:852-353)
can be used to produce human antibodiss and atibody fragments n vitre, from

wmunoglobulin variable (Vi domain gene repertoires from unimmunized donors.
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Antigen-binding frapments of an intact astibody {full-length antibody’ can be
prepared via routing methods. For exanmple, Fab)2 fragments can be produced by pepsin
digestion of an antibody molecule, ud Fab fragments that can be genersted by reducing the
disulfide bridges of F(ah"12 fragments.

Crenetically sngingered antibodies, such as humanized antthodies, chimeric
annbodies, single-chain antibodies, and bi-specific antibodies, can be produced via, ¢ g.,
convantional secombinant techuology, It one example, DNA encoding a monocional
antibodies specific to a target antigen can be readily isolated and sequenced using
gonventional procedures {e.g., by using ohigonacleotide probes that are capable of binding

specifically to genes encoding the heavy and light chaing of the monoclongl antbodies). The

¢
hybridoma cells serve as a preferred source of such DNA. Qnee isclated, the DNA may be
placed into one or more expression vectors, which are then tranafected into host cells such as
. coli cells, stmian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do
not otherwise produce immunvglobulin protein, to obtain the synthesis of monocional
antibodies w the recombinant host cells, See, eg  PCT Pablication No, WO 87/04462, The
DNA can then be modified, for exanyple, by substituting the coding sequence Yor human
heavy and light chain constant dormins in place of the homologous murine sequences,
Morrison et al, (1984) Froe. Not dead. Soi. 81:6831, or by covalently joining to the
immunoglobulin coding sequence all or part of the coding sequence for a non-
immunogiobulin polvpepiide. In that manner, genetically engincered antibodies, such as
“ehimeric” or “hvbad” antthodies; can be prepared that hive the binding specificity of a
farget anthzen,

Techbiques developed for the production of “thimeric antibodies™ are well known 1
the art. Seg, ¢ g, Morrison et al, (1984) Proc. Norl dcad Sci. US4 81, 6851 Neuberger of
al. (T9RS) Nafrre 312, 604; and Takeda et al, (1984} Nanre 3140452,

Methods for constructing hemanived antibodies are alse well knows in the ait. Ses,
e, Queen etal., Proc Nel dead, Sei US4, 861002910033 (1989), Inone example,
variable reglons of VH and YL of a parent nen-human autibedy we subjected to three-
dimensional molecudar modelng analysiy following methods known i the art. Next,
framework syning aeid residues predicisd to be important for the formation of the correct
CDR structures ave identified using the same molecular modeling anglysis. In paraliel,
human VH and VL chaing having anino acid sequences that are homeologous 1o those of the

parent non-fuman antibody are identified from any antibody gene database usiag the parent
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VH and VL sequences as seavch queries. Homan VH and VL scceplor genes ave then
sefected.

The CDR regions within the selocted human acceplor genes can be replaced with the
CDR regions from the parent pou-human anitbody or functional variants thergoll When
necassavy, residues within the framework regions of the parent chain that ave predicied to be
important w mtevacting with the CDR regions (see above description) can be used o
substitute for the corresponding resicdues in the fuman acceplor genes,

A single-chain antibody can be prepared vis recombinant technology by Hnking a
nucleotide sequence coding for a heavy cham varfable region and 2 mucleotide sequence
coding for a light chain variable region. Preferably, a flexible linker is incerporated between
the two variable regions. Alternatively, techmiques described for the production of single
chain antibodies (LS. Patent Nos. 4. 946,778 and 4,704,692) can be adapted to produce a
phage or yveast seFy Hbvary and scFv clones spectfic to a lneage-specific antigen can be
identified from the hibrary following routine procadures. Positive clones can be subjeciad to
farther screeming to identify those that bind lineage-specific antipen,

o some instances, Hueage-specific antigen of interest 15 CD33 and the anligen-
binding fragment specifically binds CD33, for example, human CD33. Amuno acid sud
nuclaic acd sequences of an exsmplary heavy chain variable region and Hght chain variable
region of an anti-haman CDAY antibody are provided below. The CTIR sequences are shown

i boldface and anderlined in the anuno acid sequences.

Aming acid sequence of anti-C33 Heavy Chain Varable Region {\EQ N 12)

NI
‘)\\'\.-

| 2BSY ;
KE ﬁ:(}‘«il"’kﬁ' CSRTTAYMOLIZLYSELEAY

N w,—‘m,-«aﬁm(w AR N I A g ‘me-;-«mwm N oy
CAGOTLEEUECCHAAGEYGRT RARGCUUEEE G Aadst el

T ) «(«mmw 3 g my 7 b P g N P e R AN
G s}&\ ATOTTEROCAGDT an\, STCCACTREATIARECAS

R Tt

g .‘A{J’:“}{ s

EIVLIGLP GERVIMESCKSSQSVIFSESQRNY LAWY QLIP ?i;‘fa*’i: LLIYWASTRES
GYPDREY ""'.‘L'.{’} SHVOFEDLATY YCHQYEGSRTFGRG LTRM
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Nuclele scld sequence of anti-UD33 Heavy Chaln Variable Region {(SEQ ID NO: 1)

PPN A SRR SR S T A e S

Ao fkat L

sSreialickys Tt

WG A SN

FREY IR
Sobe i Az

The anti-CD33 antibody hinding Tragment for use i constructing the ggent that
fargets CD33 s described herain may comprise the same heyvy chain andior Hght chain CDR
regions as those in SEQ 1D NO:12 aod SEQ ID NO:13. Such antibodies may comprise
amino goid residue variations in one or more of the framework repioms. In sonte instances,
the anti-CDA3 antibody fragment may comprise a heavy chatw viriable region that shares at
feast 7% sequence identity (e.g., 75%, 3%, 834, 90%, 93%. or higher} with SEQ 1D
NO:1 2 andfor may comprise a light chain variable region that shares at Teast 70% sequence
wlentity (e, 73%, 80%, 85%, 20%,, 95%, orhigher) with SEQ ID N3

The “percent identity” of two amino acid sequences s datormined using the algonthm
of Kadin and Altschal Proc. Natl, Acad. Sct. USA 7:2264-08, 1990, modified as 1 Karlin
and Altschul Proc. Natl Acad. Sci. USA 90:5873.77, 1993, Such an algorithm iz
mcorporated into the NBLAST and XBLAST programs (verston 2.0) of Altschul, ev gl J
Mol Biol 215:403-10, 1990, BLAST proteln searches can be performed with the XBLAST
program, score=30, wordlengite=3 (o oblain anuno acid sequesces bomologous o the proten
molecules of the present disglosure. Where gaps exist between two sequences, Gapped
BLAST can be wtikized 35 described in Altschul et al., Nucleic dodds Res, 25(1713389-34012,
1997 When utihzing BLAST and Gapped BLAST programs, the defmult parameters of the

respective programs {g.8., XBLAST and NBLAST) can be used.

L dnumune Cells Expressing Ukimeric Recepiors

Tn somie embodiments, the agent that targets & Hineage-spieific cell-surfbce anhigen 35
describad herein is an inunune call that expresses a chimeric receptor, which comprises an
antigen-binding fragment (.2, 8 single-chain antibody) capalde of bimding 1o the lingage-
specific antigen {e.g., CD3I3 or CD9). Recogition of o target cell (2.0, 2 cancer velly
having the lineage-specific antigen on is call surface by the antigen-binding fragment of the
chimeric receptor transduces an activation signal to the signaling domain(s} {eg., co-

stimulatory signaling domain andior the eyioplasnuic signaling domain) of the chimeriv
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receptor, which may activate an effecior function mthe e cell sxpressing the chimeric
receptor,

As used herein, a chimeric receptor refers 1o 8 hos-naturglly occurring malecule that
can be expressed on the surface of a host cell and comprises an antigen-binding fragment that
binds to a cell-swrface lineage-specific aniigen. In peners, chimeric veceptors comprise at
teast two dorains that are derived from different molecules. In addition to the antigen-
binding fragment described heram, the chimeric receptor may further conywise one or more
of a hinge domuin, 8 ransmembrane dormain, at least one co-stimulatory domain, and g
gvtoplasmic signating domsin. In some enmsbodiments, the chimeric recepior comprises from
N terminus to C terminus, an antigen-hinding fagment that binds o a cell-surface lineage-
speeific antigen, a hinge domain, o trapsmembrang domatn, and a cytoplasnuc signaling
domain. 1o some embodiments, the chimeric receptor further comprises at least vue co-
stinuilatory domana

n some embodiments, the chimeric receptors described hersin comprise 8 hinge
domain, which may be located between the antigen-binding fragment and 3
transmembrane domam, A hinge domain is an amimoe acld segment that is genevally found
between twe domains of § protein and may allow for flexbility of the protein and
movement of one or both of the domains relative 1 one ancther. Any aming acid
sequence that provides such fexitality and movement of the antigen-binding fragment
relative to another domain of the chimeric receptor can be ased.

The hinge domain may contain abowt 10-200 anting acids, e.g., 15-150 gming
acids, 20-100 antino acids, or 30-64 aming acids, Tn some embodiments, the hinae
dommin nay be of abowt 16, 11, 12, 13, 14,15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26,
27,38, 29,30, 35, 40, 45, 50, 55,60, 65, 70,75, 40, 85, 50, 95, 160, 110, 120, 130, 146,
156, 160, 170, 180, 194, or 200 anino acids in lenpth

It some entbodinents, the fige domain 1y & fonge domtn of g saterally occuning
proten, Hinge domains of sy profein known m the art o comprise ¢ hinge domain ave
compatible for use in the chimeric receptors described berein, In some embodiments, the
hinge domain a0 least a portion of a hinge doman of anaterally ocouring protemn and
sonfors fexibibity to the chamenie receplor. In some embodiments, the hinge domans 15 of
CD8or CH28 0. In some emibodiments, the hinge domaiy is a portion of the hinge
domain of CDRo, e.g.. & ragme containing ot lesst 13 {eg., 20, 28, 30, 35, or 40)

consecutive aming acids of the hinge domain of CD8eor CD28 ¢,
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Hinge domains of antibodies, such as an fgG, IgA, TeM, 1gE, o 1eD antibudy, are
also compatible for use in the chinwric receptors described hevem In some endodiments,
the hnge domain is the hinge domata thai joins the constant domains CHI gad CH2 of an
antibody. In some embodiments, the hinge domain is of an antibody and comprises the
hinge domain of the antibody and one of more constant regions of the antibody, In some
embodiments, {he nge domatn comprises the hinge domain of an antibody and the TH3
constant region of the antibody. In some embodiments, the hinge domain comprises the
hinge domain of an antibody and the CH2 and CH3 constant regions of the antibody. In
some embodiments, the anttbody is an TeG, A, 1eM, 1eE, or TeDy antthody. In some
smbodiments, the sntthody is an lgl antibody. In some enbodinients, the antibody 15 an
Tala), a2, TeG3, or IpG4 antibody. Tn some embodiments, the hings reglon comprises
the hinge region and the CH2 and CHI coustant regions of an JeG1 antibody. I some
enthodiments, the hinge region comprises the hinge region and the CH3 constant region of
an [gG1 antibody.

Aldso withon the scope of the present disclostre are chimeric veceptors comprising a
hinge domain that is & non-naturslly ccourning peplide. In some ensbodiments, the ange
denain between the C-lorminus of the extraceltular ligand-hinding domsin of an Fo
receptor and the N-tevminus of the transmembrang donwain is a peptide Hnker, such asa
{GlyxSerin Haker, wherein » and u, independently can be an tmteger between 3 and 12,
meluding 3, 45,6, 7, 8,9, 10,11, 12, ov more.

Additiongl peptide linkers that may be used in a hinge downsin of the chimeric
reveptors described hersin arg known in the art. See, eg., Wrizzers et al. Currend Trends

it Peptide Science {2005) 80(6): 735746 and PCT Publication WO 2012/088461

I some embodiments, the chimene receplors desentbed hevetn may comprise a
ansmembrane domain, The tansmenbrans domain for use i the chimeric receptors cau
b ia any fonm koown by the arl - As gsed heren, a “ransmembrane doman™ refers {o any
proten struchure that 1s thermodynamically stable w a cell membrane, preferably o
eukaryotic ¢ell membrane. Transmembrane domaing compatible for yse in the chimeric
receptons used herein may be oblainegd from a naturally occurning protein. Aliematively,
the ransmembrane domain may be g synthetic, non-naterally occurong profein segment,
e, & hydrophobic protein segment that is tharmodynamically stable in g cell menbrane,

Transmentdwans domains are classitfied based oo the ransmembrane doman
topology, nclading the manber of passes that the transmembrans domain niakes across the

mernbrane and the orteatation of the protein. For example, single-pass membrane proteins
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eruss the cell mambrave once, and malti-pass membrane proteins cross the cell membrane
at Teast twice {eg, 2,3, 4, 5, 6, 7Tormore imesd. In some enbodiments, the
transmembrane domain is 8 single-pass tansmembrane domain, o sone embodiments,
the transmembiang domain i a single-pass iransmembrang domain that onents the N
terminus of the chimeric recepior to the extracelular side of the cell and the C termunus of
the chiimeric receptor o the wivacellular side of the cell. In some embodiments, the
transmembrang donin s obtained from a single pass transmenibrang proteln. In some
embodiments, the ransmembrane domam 3 of CD8q. i some embodiments, the
fransmembrane domain 1 oF CDIE. In some embodiments, the ransiembrane donwain is
ot ICOS.

I sonte embodumsts, the chomeris receptors descnibed hevein comprise one or
more costimulatory signaling domains. The term “cosstimulatory signaling domain,” as
used herern, refers o at least o portion of & protein that medites signal transduction within
a cell to induce an Inunune response, such s aa effector function. The co-stimulatory
signaling domamn of the chuneric receptor described herein can be g cytoplasinic signaling
domain from a co-stinmlatory protein, whach traosduces a sigual and modulates responses
mediated by inunune gells, such gs T cells, NK gells, macrophages, neutrophuls, or
gosinophils.

In some embuodiments, the chimeric receptor comprises move thay one {a feast 3,
3.4, or more) co-stimulatory sieraling domains. It some embodinienis, the chimeric
tecepior comprises more than one co-stimulatory signeling domains obtained from
different vostipnrlatory proteins. In some embodiments, the chimeric recepior does not
comprise & co-stinmulatory signalisng domain,

Tt peneral, many e cells requirg corstimulation, i addition to stinnglation of
an antigen-spevific signal, fo promote vell profiferation, differentiation and survival, and to
activate effector fanctions of the cell. Activation of a co-stinudatory sigrshing domain i 8
host cell {e.g, an immune cell) may induce the cell {o fncrease or decregse the produchon
and secretion nf eviokimes, phagooviic properties, protifergtion, differentiation, survival,
amdor cyiotoaicity. The co-stimalatory signaling domain of any co-stingdatory protein
nray be compatible for use in the chimerio receplors deseribed berein, The tvpe(s) of o
stimulatory signaling domain is selected based on factors such a8 the type of the immuae
cells e which the chimeric receplors would b expressed {e.g., primary T cells, T cell
fines, NK cell Hines) and the desired fumune effector function {e.g., cvtotoxicity).

Examples of co-stimulatory signaling domans for use in the clameric receptors can be the
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cytoplasmic signating donsin of co-stimulatoty proteiny, Inciuding, withouwt lmitation,
CD27, CD2R, 4-1BB, OX40, CD30, Cddt, PD-1, 1C0S, lvmphocyte funchion-associnted
autigen~1 (LFA-1), €D, CD7, LIGHT, MKQ2C, B7-H3. In some embodiments, the co-
stimulatory domain is derived from 4-1BB, CD28, or ICDS. In some embodiments, the
costimalatory domain is derived {rom CD28 and chimeric receptor comprizes 8 second co-
stimutdatory domain from 44188 ar [COS

tn soine embodinents, the costimulatory domain s 8 fusion domain comprising
e than one costimulatory domaln or portious of more than vne costinulatory domains.
In some embodiments, the costimalatory domain is a fusion of costimalatery domains
from CD2R and ICOS.

In sonte enhodiments, the clumeris receptors desoribed heveln comprise a
cytoplasmic signaling domain. Any cytoplastuic signating domain can be used in the
chimeric receptors described herein. Tn general, o ovtoplasmic sipnaling domain relays a
signal, such as interaction of ai extracellular lizand-binding domain with its ligand, to
stimulate & ceBlular response, such as inducing an effector function of the cell {eg,
Cytoloxicity ),

Az will be evidenito one of ordinary skill in the wri, 8 factor involved in T cell
activation is the phosphorylation of mumunoreceptor tyrosing-hased achivatinn motif
(ITAM) of 2 evioplasmic signaling domain, Any ITAM-containing domaim known in the
arl may be used to construct the chimeric receptors deseribed herein. In general, an ITAM
metif may comprise two repeats of the amino acid sequence YxxL41 separnied by 6-8
anyne acids, wherein sach x 1 independently any amino acid, producing the conserved
motf Y xxLAx(6-8YY xxb. 1o some ewbodiments, the ovtoplasnue signaling domain 1§
fronn CD3E

Exsplary chimeric recapiors are provided in Tables 2 and 3 below.

Table 2; Exemplary components of g chimeric receptor

Chimeric receptor component Amino acid sequence

Light chain- GSTSSGSGKPGSGEGSTRG |
{SEGID NO: H)-Heavy chain

CD2R continmilatory doman TEEVMYPPPYLDNEKSNGTHHVKGKHLOPSP
LFPGPSKPFWVLVVVGOVLACYSLLVTVA
FHFWVRSKRARLLHSDYMNMTPRRPGPTR
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KHYQPYAPPRDFAAYRS (SEQID NO: &}

1008 costimulatory domain (holdface), LEDPRR PRV TLTOOY EHIVERSQLOCOLEF
ICOS transmentbrane domnin (iphics) WEPEGCAARPVFCH GURICWELETRKEYSSS
amd a portion of the extracellnlar VHDPNGEYMEFMRAVNTAKKSRLTDVTL
domain of IZOX (underlined) {SEQIDNO. T

ICOS costimuiatory domain CWLTEERKYSSSVHDPNGEYMPMRAVNTA
KKSRLETDVTL (SEG ID NO 4T

CDRYICON chimera (the TCOS portion IEPMYPPPYLDNERSNGTHHVKGKHLCPSPL
shown in underline) including the inge | FPOPAKPFWVLVVVYGGVLACYSLLVTVA
domain {(itahics) and transmembrane FHFWVRSKRSRLLHSDYMEMRBAVNTAKK
desmain (held) from CDZR SRLTDVTL {(SEQ IDNO: &

€D cytoplasnue signaling domain RYVKFSRSADAPAYQOUGONGLYNELNLGRR
EEYDVLDKRRORDPEMGGKPQRRENPQE
GLYNELOKDEMAEAYSEIGMEGERRRGK
GHDGLYQOGLSTATKDTYDALHMQALPPR
{SEQID NO: 15}

The mucleie soid sequence of exenplary components for consiruction of g chimerie

regepior gre provided below.

CD28 infracellular signaling domain~-DNA-Homan (SEQ IDNO: 3)

ATT CA}«.\
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ICOS tracellular signaling domain-DMA-Human {SEQ T NO: 4

NS PP TY N e N O ““*ﬂ‘*\f“‘l‘ﬁ“‘k ”“‘\"f‘(‘\ o~ Yl e AT aat sl "‘““f‘\ “\HMH\

T 'f* i TP EATCCTCOTCOT I T A AAGTAACTO T TACAGHAGEATAT TTECATATYTA
b ekt ai i Rt ah el W ar et tl oy G Tt cr T NV TN R s vy 3T

&ﬂf ST G TGRCAGUTRARGTTCTG TT:‘; A \n.\ﬁaﬁ& G. GTGUARCOTTTGTTG
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3

SUBSTITUTE SHEET (RULE 26)



WO 2017/066760 PCT/US2016/057339

28
RCAGARRECARTTS AGCTCARTCTASGALGARGAGAGGAGTACGATET TT TG
AL G RO A .' AGRACCCTCARGEA
AR CTGT &;;z’k“’G:s’%‘yT:Cﬁ?CF&Ab@ ”&bu AT GRAGECUTRCARGTS TTGREATEA
Al GARGLGR (’GS?’& AGLARAGHGGCACGATGGLOT TTACCAGHEY f":f” GTACAGUCARCL

b ('\ ‘[V '\.’I'\ N TR T AT l'f\Pl'\/‘P'\f" "VS"\('\"\" N
WCTALGACGUCCTTCACATRCAGEICCTRCCCICTCRC

(J}mqaosaoanhLLAIORYSKH%%JNGHEGKﬁ«ﬁM&J&mmn{SEQED?Kkﬁ}
ATTGAAGTTATGTATCCTCCTCOTTACCTAGACARTGAGAAGAGCARTGRARCCATIATCE

SANTLER AT R

ok LA

£ NS NI “\,f\ 4
o =

L4TE

™ P STIN
HLROCTTTATY

GTTCATEAGALC

. T
ABT AT AGTSAAGTTCAGUAGGA
QCTSXvACGCCu“PuVuTA CAGCAGGEC FABCGAGE CRATCTAGGR
& GTTTPGEATAAC BCOCT

5 &Y JCAGRRAT

AGGUCTACAGTGAGATTEOGATS AGGOEGCALGGGGCASGATEGICTT
A A GGG TOT AT ACAGC A A A TG ACA LT A GACEEC T TOACA TACAGAORCTERE

in some embodiments, the nucleie acid sequence eucodes an antigen binding
fragment that binds tr CD33 and comprises & heavy chady varlable region which hag the
same CDRs as the CORs in SEQ 1D NO: 12 and a light chain varisble region which has
the same CORs as the CDRein SEQ ID NO: 13, in some embodiments, the antigen-
binding fragment comprises a heavy chain variable region as prm-‘ided by SEQ ID NGO 12
and a light chain vaneble region as provided by SEQ IR NG 130 In some embodiments,
the chimeric receptor further comprises at least a transmembrane domain and a
cvioplasmic signafing domain. In some enbodimenis, the chimeric receplor farther
mmpria s 8 hinge domain andfor a co-stimulatory signating domain,

Table 3 provides exemplary chimeric receptors described herein. The exemplary
constructs have from N-ternmnus to C-lermingy, the sntigen-binding fragnent, the
transmembrane domam, and a cyloplasmic signaling domain. In some examples, the
chimeric receptor farther comprises a hinge domgin located between the antigen-binding
fragment and the tansmembrane domain. Tn some exanple, the chimene receptor further
COmMprises one oF more co-stimlatory domains., which may be located between the

ransmembrane domsain and the eytoplasnue signading domain,
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Table 3: Exemplary chimeric recepions.

Comstyugty Veolor | Antigen-- | Hinge Tovsmenbrane | Sigoaling | Sigesitng . | Signaling
i tanding 1 domiadn | dona domain 1 dompin 3 | doiwin 3

fapment
specificty

CARTI Hivze | (D3 CD8x | LD LIBR | CD3 | Noewe
SEQID | Gip
ND: 20)

CART? AiVen 1005 (Dee | CH O TTERR T None
(SEQ n;} Gifp
NG Ay

¢ a\m*:' T HIVae | CD33 CDBg | CDI% COIR | 4IBB | CD3C
(SEQID | G |
N2

TARTS “HiVzs- (0033 POy 1 1ICOST WS {44ABR R
(SEQ D Gip
W23

CARBSdual | HiVee | CD1Y D8 (CD2R T E .
(SEQ 1D ar |
N 24

CARTIdun | WiVzs | D33 | CDSa | G128 GV IT I -
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Axty of the chimeric recepiors deseribed herein con be prepared by routine

Qrs

chifveric reciy

chanlogy. Methods for praparing

wiethods, such 8s recombinant

herein involve generation of 3 nucleie acid that encodes a polypeptide comprising each of

the domains of the chinseric receptors, ncludivg the antigen-binding fragment and

optionally, the hinge domain, the transmembrane domain, at Teast one co-stimulatc

pasey
<

signating domain, and the cytopiasmic signaling domain. In some embodiments, a nucleis
acid encoding each of the components of chimeric yeceptor are joined together using

binant techuology.
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Sequences of each of the components of the chimeric receptors may be obtained
via foutine techuology, 8, POR amphiicabion from any one of a variety of sonroes
knewn i the ot i some embodiments, sequences of one or more of the componguts of
the chimeric receptors are obtained from a human call. Alternatively, the sequences of
one o more components of the chimerie recepiors can be synthesized. Sequences of sach
of the components (e.g, domains} can be joined divectly or indirectly (e, using a pucleic
acid sequence encuding a peptide Huker) to form a puclalc goid sequence encoding the
chimeric receptor, using methods such ay PCR amplification or ligation. Alternatively, the
nuclerc acid encoding the chimeric receptor may be synthesized. Tn some embodiments,
the mucleic goid is DNA, In other embadiments, the mucleic acid 15 RNA.

Mutation of one or more residues within ong or more of he compoments of the
chimeric receplor {ug., the antigen-binding fragment, etc}, prior 1o or afier joining the
sequences of each of the components. In some ensbodiments, one or more mutations is a
component of the chimers: receptor may be made to modulate (increase or decrease) the
affinity of the component for a target (g, the aptizen-binding fragment for the target
antigen} andfor modulate the activity of the component,

Any of the chimeric receptors desoribed heretn can be imtroduced inio @ sultable
imnune cell for expression via conventional technclogy. I some embodiments, the immune
cells are T cells, such as primary Teells or T eell tings, Alternatively, the imnuue cells can
be NK cells, such as established NE cell Hines (20, NK-92 cells). In some embodiments, the
nmnane cells are T cells that exprass CHR (CDRET) or CDE and CDA(CDECDAT). In some
embodiments, the T celly are T celly of an established T cell Ing, for example, 2937 cells or
Jarkat cells.

Primary T cells may be obtatned from any souree, such as periphersd Hood
mononuciear vells (PBMs), bune marrow, fissues such as spleen, lymph node, thynuus, or
tamior fissue. A source suitable for obtaining the type of e cells deswed wouldd be
avident o one of skill in the art, In sdme embodiments, the population of tmpvame cells is
derived from a buman patient having & hematopoietic mahignancy, such as from the bone
narrow or from PBMCs oblained from the patient. ln some embodiments, the popolation of
e cells s dernved from g healthy donor, In some embodunentds, e innwne cells are
ahiatned from the subjeet o whom the immune cells expressing the chimeric receptors will
e subsequently sdminstered. Immune cells that are administersd to the same subject from

which the cells were oblamned are referred to as astologous cells, whereas immune cells that
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are obtaived from a subject who s ot the subyeet 1o whom the cells will be administered are
referred 1o as allogeneic cedls.

The type of host cells desired may be expanded within the populition of vells
altained by co-incubating the cells with stivufatory molgenles, for sxanple, anti-UD3 and
apti-UD28 antibodies may be used for expansion of T cells,

To construct the tmmume cells that express any of the chumeric receptor constructs
described hergin, gxpression vectors {or stable or transiant expression of the chimeric
receptor constiuct may be consimcted via conventional methods as described herem and
mtroduced o mmene host cells. For example, nucteie seids encoding the chimeric
receplors miay be cloned into » suitable expression vecior, such as 8 viral vector in operable
{inkage (o a suitable promater. The nucleic acids and the vector may be contacted, under
sitable conditions, with 8 resttiction enzyme to create conplementary ends on each
molecule that can pair with each other and be joned with a Hgase. Alternatively, synthetic
nucleic acid linkers can be Hgated to the termint of the muclee atid enceding the chimang
receptors. The synthetic linkers may contain nucleic acid sequences that correspond fo @
particular restriction sue futhe vector, The selsction of expression vectors/plasmids/vial
veciors woulid depend on the type of host cells for expression of the chiweric recepiors, but
should be suitable for integration and replivation i exkarvolic cells.

A variety of promioters can be used for expression of the chimeric recepiors described
herem, inchuding, without Hinitation, cyfomeealovirus {OMV) intermediate early promoter,
leukenuia virus (MMUV) LTR, myecloproliferative sarcoma vims (MPSV) LTR, spleen
fovus-forming vivus (SFEVY LTR, the simian virus 40 (SV40) eady promoter, herpes simplex
th virus promoter, elongation factor T-glpha (EFL-u) promoter with or withowt the EF -
niron, Addimional promoters for expression of the chimeric reveptors iclude any
constitatively active promoter inan immone cell.  Alternattvely, any repudatable promoter
may be used, such that is expression can be modalated within an invmane cell.

Additionally, the vector may contain, for example, some or all of the following: g
selectable marker gene, sach as the neomyom gene for selection of stable or ransient
franstoctants @ host cells; enhapcer promoter soquences from the romediate carly geneof
harman CMV for lagh levels of transeription; ianseription ternination and RNA processing
signals from SV40 for mRNA stabality; §7-and 3 -untranslated regions for mBNA stability

polyonm onigins of rephication and ColET for proper episomal rephication; iternal ribosome
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birding sites {IRESes}, versatile multiple cloning sites; T7 and $P6 RNA prowoters for in
vitto trmsenpbion of sense snd antisense RNA; a “swicide switeh™ or “suicide gene™ which
when triggered canses cells carrying the vector to die {e.g., HSV thymidine kingse, an
mducible caspase such as iCasp?), and reporter gene for assessing expression of the chimeric
receplor. See section VI below. Saitable vectors and methods for producing veotors
contaimng transgenes are well known and available i the art. Examiples of the preparation of
vertors for expression of chumeric receptors can be found, for example, m US2014/0106449,
herain incorporated by reference in its entirety,

11 some embodiments, the chimenc receptor constract or the nactare aond encoding
swid chimeric receplor 18 ¢ DNA maelecyle. In some embodinients, chimeric receplor
constract or the nyclaic and encoding siid chimeric receptor 1s a DINA vector and may be
electroporated to e cells (see, e.g . THL et all Blood (2042} 11817 3940:3930). In
some erabodinents, the muclete acid encoding the chimeric receptor s an RNA molecule,
which may be electroporated to immne cells,

Aty of the vectors comprising a niclete acid sequence that encodes 4 chimene
receptor constrct described herein is also witlun the secope of the present disclosure. Sacha
vecior may be delivered into host colls such as hiost iromune cells by 2 suitable method,
Methods of delivening vectors to immune vells ave wall known in the an aed nway include
DINA, RNA, or transposon eleciroporation, transfection reagents sech as Hposowes o
nanoparticles to delivery DNA, RNA, or transposons; delivery of DNA, RNA, or transposons
or protein by mechaical deformiation {see, e.g, Shared et al. Proo. Nl dead Sci. 1784
{2013) 110063 2082-2087): ov viral transduction. Tn some embodiments, the vectors for
expression of the chimeric veceptors are delivered o host cells by viral transduction.
Exemplary viral methods for delivery include, bat gre not limbed 10, recombinant retroviruses
{see, e.g. PCT Publication Nos. WO SH/07936; W 04403622, WO 93/25598; WO
§3/25234: W 93711230, WO 93410218 WO S102805: 11S. Pat. Nos. 5219740 and
4777127, GR Pgtent No, 2,200.651; and EP Patent No, 0 348 2423, alphavirus-bused
vectors, snd adeno-pssociated virus (AAY) vectors (see, e, PCT Publivation Mos. WQ
94/ 2649, WO 93/03769 WO 0319191, WO 94728038 WO 03/ 11084 aud WO 95700655},
I some embodiments, he vectors for expression of the chumeric recepiors are relrovituses.
In some embodirnents, the vectors for expression of the ¢himeric recaptors are lentiviruses.

I some ambodirents, the vectors fior expression of the ¢himeric recaplors are adeno-

associated vivuses.
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Tn examyples in which the vectors encoding chimerie receptors wre introduced 1o the
hast cells wsing a viral vector, viral pavticles that are ;:a._paﬁbije of infecting the imnnawe cells
and carry the veetor may be produced by any method known in the art and can be found, for
example in POT Apphication No, WO 199100280542, WO 1298/009271 AL and US,
Patent 6,194,191, The vival panticles ave harvested from the cell culture seperiatant and may
be isolated sad/or purified prior 1o contacting the viral pariicles with the wnmune cells,

The methods of preparing host celly expressing any of the chimeric receptors
described herein may comprise aviivating and/or expanding the immuane celly v vive,
Activating 8 host celf means stimulating a host cell into an activate state in which the cell
may be able to perform effecior lunctions (e g., cytoloxieity). Methods of activating g host

elt will depend on the type of host cell used for exprassion of the chimeric revepics,
Expanding bost cells may involve any method that resulls in an intrease in the aumbser of
cells expressing chimeric receptors, for example, allowing the host cells o proliferate or
stimwlating the host cells (o proliferste. Methads for stimulating expansion of host cells will
depend on the tvpe of host cell used for expression of the chimeric receptors and will be
evident to one of skill 1o the wrl In some embodiments, the bost cells expressing any of the
chimeric receptors described heven are activated andior expanded ex vive priorio
adminstration to a subject.

In some entbodiments, the agents targeting » cell-surface tnsage-specific antigen iy
an anbibody-drag compugate (ADCY As will be pvidentto one of ondivary skill i the art, the
termn “anttbody-drug comagate” van be wsed interchangeably with “innnunotoxin™ and refers
tir a fusion molscule comprising an antibody (or antigen-binding frapment thereo!)
conpngated o 8 toxm or drag molecule. Binding of the anttbody {o the corresponding antigen
allows for delivery of the toxin or drug moleculeto g cell that preserts the antigen on the its

cell surfice {e.g., target coll), thereby resulting in death of the tavget call

In some embodiments, the agent 18 an anttbody-dnig conjugate. I some
embodiments, the antibody-drag confugate comprises an antigen-binding fragment and a
toxin or drug that induces cytotoxicity i g target cell, Tn some embodiments, the antibody-
drag conjugaie targets a tvpe 2 antigen. In some embodiments, the antibody-drug conjugate
fargets CR33 or CDIY.

{1 some embodiments, the sitigen-bind Gagment of the sutihody-drug conjugate has
the same heavy chain CDRs as the heavy chaim variable region provided by SEQ D NO: 12
and the same lipht chain TDRS a» the Hght chain variable region provided by SEQ ID NO:

13, tu some embodiments, the antigen-bind fragment of the antibody-drug conjugate has the
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heavy chain varable repion provided by SEQHD KO: 12-and the same heht chain variable
region provided by SEQ IDNG: 13

Toxing or drugs compatible for use i antibody-drug comjupate are well known n the
art angd will bg evident to one of ordinary skill in the art. See, ez, Peters ot al. Biosel
Rep (2015) 35(4); el1225. In scune embodiments, the antibody-drug conjugate may further
comprise a linker {e.¢., a peptide linker, such as a cleavable hinker) attaching the antibody and
drag molecule.

An ADC described hersin may be used as a follow-on treatment 1 subjexts who have

been undergone the contbined therapy as described hesein,

Hematopaoietic Cells Deficient in a Lineage-Specific Cell-Surface Antigen

The present disclosure alse provides hematopoietic cells such as HSCs that have been
senetically modified fo be deficient s & lngage-specisic cell-surface antigen. In some
enmbodiments, the hematopoietic calls are hematopoiativ stem cells. Hematopoiatic stem cells
{HSCs} are capable of giving rise to both myvelmd and lymphod progenitor cells that further
give vise fo myeloid cells (e g, movocyies, macrophages, neutrophils, basophils, dendrific
cells, erythrocytes, platelets, eic) and tynphoid cells (e g, T eells, B cells, WK ¢elis),
respectively, HSCx are chavacterized by the expression nf the vell surface marker CD3 (e.g,
D47, which can be used for the identification andvor tsolation of HSCs, and absence of
cell surface markers associated with commnutment 1o 4 cell Hoeage.

In some enabodiments, the HSCs are obtained From a subject, such as a marmmalian
subjeet. Insonse embediments, the nanumalian subject is @ non-human primate, 8 rodet
{e.g., mouse or rat), a bovine, a porcing, an eguine, or o domestic awimal. T some
gmbodiments, the HSCs are obtained from a hwwngn patiewt, such as a lwman patient having a
hematopoietic malignancy. In some smbodiments, the HSCs are obtained from a healthy
doior, T soime embodiments, the HSCs are obtained from the subtect to whots the imumuse
cells expressing the chimeric receptors will be subsequently admimstered, HSCs that ave
adnuinisiered to the same subject from which the cells were obiained are referred o ag
autologous cells, whergas HSCs that are obtained from 2 subiect who is not the sulject to
whont the cells will be administered are referved io g5 allogeneae cells,

HACs mayv be obtained frony any suliable source using convertion means knowa in
the art. In some embodinents, HSs are obtained from a sample from a subject, such as
bowe marrow sample of from a Blood swmple. Alternatively or in addition, HSCs may be

obtaned from an ambibical cord. In some embodiments, the HSCs are Fon bone marrow of
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peripheral Mood mononsclesr cells (PBMCs). o peneral, bone maswow cells may be
obtained from ae orest, Fomorg, thiag, spiue, rib or other medellary spaces o a subject
Bone murow may be taken out of the patient and tsolated through various separations snd
washing procedures known mn the art. An exemplary procedure for isolation of bone martow
cells comprises the following steps: a) extraction of a bone marrow sample; by centrifugal
separatiot of bone marrow suspension in three fractions and collecting the intermediate
fraction, or bufiveoat; ¢ the bulfycoat fraction from step (1) 15 cenmtnifuged one more thne in
a separation fwid, commonly FieolliTM), and an intermediate fraction which consains the
hone marrow celis 1 collected, and d) washing of the collected fraction from step (0 for
recovery of re-transtusable bene marmew cells,

HSCs typically reside in the bone niarrow but can be mobilized into the circulating
Blood by administering a mobilizing agent in order to harvest HSCs from the peripheral
blood. In sore embodiments, the subject frow which the HSCs are ohitained 13 administered
a mobilizing agent, such as gransloeyte colony-stuinlasing factor (G-CSFY. The number of
the HSCs collected following mobilization using a mebilizing agent 18 typically greater than
the number of cells obtamed without wse o a obilizing agent,

Ti some embodiments, 2 sanple is obtained from a subject and is then coriched for g
desired cell type {ep. CD347/CD3Y cells). For example, PRMUs andior D34
Bemalopotetic cells can be iolated from blood as described heretn. Cells can also be isolated
fromt other cells, for example by isolation andfor activation with an antibody binding to an
epitope on the cell surfhee of the desired cell fype. Ancther method that can be nsed nchudes
negative selection using antibodies to cell surface markers to selectively envich for a specific
cell type without achivating the cell by receptor engagement.

Populations of H3C can be expanded prior to or after penatically engineering the H8C
to become deficient in o lineage specific cell-surface antigen. The calls may be cultured
under conditions that comprise an expansion medim comprising oue o more cyiokines,
such as stem celt factor (SCF), FH-3 hgand (FIBL), hyombopoietin (TRO), hterleakin 3 (1L~
33, or Interleukin 6 {TL-6). The cell may be expanded for about 1,2, 3,4, 5,6, 7. 8,8, 10, 11,
12003, 1,15, 16, 17, 18,319, 20,21, 22, 23, 24, 25 davs or any range necessary. i some
gmbodiments, the H3C are expanded after isolation of g desived coll population {eg.,
CD34CDA3 from a sample obtamed from a subject and prior to genetic engingering. In
sonie embodiments, the HS sre expanded after penetic enginesring, thereby selectively
axpanding cells that have undergone the zenetic nodification and are deficient i a Husage-

spectfic cell-surface antigen. In some embodiments, a cell (Mo clone™) or several cells having
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a desired characteristic {e g, phenolype or genstype) following genetic modification may be
selected and independently expanded.

T some embadiments, the hamatopoietic cells yre genslivally sngineersd o be
deficient in & vell-surface hneage-specific antigen. In some embodiments, the hematopoistic
cells are genetically engingered to be deficient in the same cellsurface ineage-specific
anbigen that 1s fargeted by the agent. As used heretn, 8 bematopoetic cell is considered to be
deficient in a cefl-surface lineage-specific antigen if hematopoletic cell has substantiafly
reduced expression of the cell-surface lineage-specific antigen as compared o a natwally-
pcenrring hematopoietic cell of the same type as the gevetically engineered benwiopoetic
cell (a4, 15 characterived by the presence of the same cell surface markers, such as TD34),
11t some gmbodiments, the hematopoietic cell kas no detectable expression of the celbsurfave
{insage-specific antigen. The expression level of a cellsurface lineage-specific antigen can
be assessed by any means known in the . For example, the expression level of a cell-
surface Tingage-specific antigen can be gssessed by detecting the andigen with sn antigens
specific antibody (e, How cylometry methods, Western blotting).

1o some embodiments, the expression of {he cellsurfage Uneage-specific antigen on
the genetically enginecred hevomtopoietic cell is compared 10 the expressicn of the cell-
surface lineage-specifiv antigen on a naterally occurring hematnpoietic cell, In some
embodiments, the genetic engineering results i & reduction i the expression fevel of the
cell-surface Eneage-specific antigen by at least about S0%, 609, 70%, B0%, 9%, 91%, 92%,
D304, 94%e, 95%, 26%, B7%, 98%, or 99% as conparad o the expression of the coll-surlce
Hineage-spectfiv antizen on a naturally cocurring hematopoietic el

T some embodiments, the hevoatopoietic cell is deficient in the whaole endogenous
gene encoding the cell-surface lineage-specilic antigen. In some embodiments, the whole
endogencus gene sncoding the cell-surface lneage-specific antigen has besn deleted. In
some embodiments, the hematoporetic cell comprises a portion of endogenous gene sncodimy
the cellesurface hineage-specific antigen. In some embodiments, the hetnatopoistic cell
expressing & portion {¢.¢. a truncated protein of the cell-surface lineage-specific antigen, In
other eanbodiments, a portion of the endogenous gene encoding the cell-surface lineage-
specific antigen bas been deleled, Intsome embodiments, al least 10%, 20%, 30%;, 40%,
S%, BO%, 08 o more of the geni ervoding the cellsurfave lineage-specific antigan has
been deleted.

As will be appreciated by one of ordinary skill i the art, a portion of the nucleotide

sequence encodimg the cell-surface Tineage-specific antigen may he defeled or one or move
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non-coding sequences, such-that the hematopoietic cell is defivient in the antiges (e, hay
substantially reduced expression of the antigen).

T some embadiments, the cell-surface lneage-specific antigen 1s CD33, The
predicied structure of CD33 includes two mumunoplobulin domains, an VY domain and an
1972 domain. In some embodiments, a portion of the imunenoglobulin € domain of CD33 is
deleled.

Any of the genstivally engineering hematopoiatic cells, such as HS8Cs, that are
deficient in a cell-surface Hineage-specific antigen van be prepared by a routing method or by
a method deseribed herein. In somie embodiments, the genetic engineering i performed
using penoms sditing. As used herein, “genome editing” refers lo @ method of modifving the
genome, ncluding oy protein-coding or non-coding nucleotide sequence, of an crganis to
knock out the expression of & target gene. Io general, genowe editing methods involve use of
an endonuclease that is capable of cleaving the nacleic acid of the gevome, for example at a
targeted mucleotide sequenve. Repair of the double-siranded breaks in the genome may be
repaired wiroducing witations andfor sxogetous nucleid acid mny be tngerted into the
targeted site,

Cenome editing methods we generally classified based on the type of endonnclease
that is involved in gengrating double stranded breaks in the target nucleic avid. These
methods inchude use of zine finger nucleasss {ZFN), iranseription activalor-tike effector-
based vuclease {TALEN), meganucteases, snd CRISPR/Cas systens.

in one aspect of the present disclosure, the :repi.amemﬁm of the tamer cells by a
mecified population of normal cells 15 performed using normal cells in which a lineage-
specilic antigen 18 wodifled. Such wodification may ischude the depletion or nhabition of
any hneage specific antigen using 3 CRISPR-CasY system, wheve the Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR}-CasY system is an engineered, non-
nabgally occarrmg CRISPR-Cas® system {FIGURE 41

CRISPR-Cas sysiem has been successfully uitlized to edit the genomes of various
organisms, mehuding, but not inuted to hacteria, homans, fruiy thes, zebra fish and p’iz_m'i;s.
See. e.g., Hang et al, Nowre Rivtechoology QOI313N30N233: Qi et g, Celf{2013) 84
DiCarlo et gl Nuclele dofds Reg, (200133 7:43365; Hwang et al., Nat. Riotechnol (2013
3227y, Grats et al,, Geneion (2013 121029 Cong et al, Seienve (2013 6121319 Mali et
al., Scfence (20013) 6121:823; Cho et al. Not. Biotechnof (200131 3 230 and Jiang st al,
Nucleic dcidy Besearch (2013 412010188,
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The present disclosure atilizes the CRISPR/Cas9 syatem that hybeidizes with a target
sequenie 11 & nerge specific antigen polynucleotide, whers the CRISPR/ACSSY system
comgrises 8 CasY nuclease and an engineered orRNAracrRNA {or single guide RNAY.
CRISPR/Cas? complex can bind to the lineage specific antizen polynucleotide and allow the
cleavage of the antigen polynucieatide, thereby modifying the polynucleotide,

The CRISPR/Cas system of the present disclosure may bind {o andfor cleave ihe
region of ntergst within a cell-surface lineage-specific antigen i 8 coding or non-coding
region, within or adiacent (o the gene, such as, for example, a leader sequence, trailer
sequence oy intron, of within g non-franscribed region, either upstream of downstream of the
coding region, The guide RNAs (gRNAs) nsed in the preseat disclosure may be designed
such that the aRNA diverts binding of the Cas®-gRNA complexes 0 a pre-deternuned
cleavage sites (targel sile) in a penome. The cleavage sites may be chosen so as 1o release a
fragment that contains @ vegion of unknown sequetice, of 2 vegion comtainisg a SNP,
nuclentide msertion, nucleotide deletion, rearrangement, eic.

Cleavage of @ pene region may comprise cleaving one or two strands ot the location of
the target sequence by the Cas enzyme. 1o one embodiment, such, ¢cleavage can result in
decreased transenption of g targel pene. In another ewbodiment, the cleavage can further
comprise repaiving the cleaved target polynucieotide by homologons recombination with an
axogenous template polynuckeotide, wherain the repalr resulls v an insertion, deletion, or

substiution of one of move nucleotides of the tarpet polynucientide.

The terms “¢RNA.” “goide RNA” and “CRISPR guide sequence” miay be used
nterchangsably throughout and refer to & nucleic actd comprising a sequence that determines
the specificity of & Cas DNA binding protein of @ CRISPR/Coy systemn. A gRNA hybnidizes
{o {complementary to, parially or completely) a targst nucleic acid sequence in the gevome
ot a host cell. The gRNA or purtion thereol thet hybridizes to the target nucleic acid may be
between 1525 mucleotides, 18-22 nucleotides, or 19-21 nucleotides in fength. In some
embodiments, {he gRNA sequence that hybridizes to the farget nucleie acid s 15, 16, 17, 18,
19,20, 21, 22, 33, 24, or 35 nuclectides in length, In sonwe embodiments, the gRNA
sequence that hybridizes to the target mucleic actd is between 16-34; or between 15-25,
nucleotides n length.

finaddition to a sequence that binds to 2 tsrges nucleic acid, n some embodiments, the
gBNA also conymses & scaffold sequence. Expression of a gRNA envoding both g sequence
complenentary to a target nucleie acid and scaffold sequence has the dual function of both

binding (hybridixing) to the fargel nucleie acid and reenuting the endonuclease to the target
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nuicleic acid, which may result in site-specific CRISPR activity. In some smbudiments, such 8
chimeric gRNA may be veferrad to as o single gude RNA (3pRNAY

As used herein, a "scaffold sequence,” alsp referved (0 as a traoRNA, refersfo o
nuclere acid sequence that recruits 3 Cas endonuclease 10 2 target nucleic acid bound
thybridized) fo a complementary gRNA sequence. Any scallold sequence that comprises at
teast one stem loop structure and recruits an endonuciease may be used n the genelic
elements and vectors desontbed hereln. Exemplary seafiold sequences will be evident to one
of skill it the arl and can be found, for example, In Jinek, & of. Science (2012)
337(5096)816-R21, Ran, of ol Nafure Frotoepls (2013) 8:2281-2308, PCT Appheation No.
WO014/093694, and PCT Application No. WOZM 3/176772,

In somte embodiments, the sRNA sequence does not comprises a scatfiold sequencs
and a scaffold sequence is expressed as @ separate ranscript. I such embodimenty, the
gRNA sequence further comprises an additional sequence that is complernentary to a portion
of the scaftold sequence and functions te bing thybridize) the scaffold sequence and recruit
the endonnclease to the target nucleie acid.

10 some embodiments, the gRNA seguence 18 at least 30%, 353%, 60%, 658%, T0%,
T3%, 0%, 8%, 9%, 95%, 6%, 97%, 98%, Y9%, or at {zast 100% complementary 1o 9
targst nucleic acid (see also US Patent 8,697,359, which is tncorporated by reference v its
teaching of complementarity of a gRNA sequance with # farget polynucleotide sequencel. It
has been demonstrated that mismatches between 4 CRISPR guide sequence and the target
nucleic gcid near the 37 end of the trget nuclele acid may abolish nuclegse clogvage activity
{Upadhvay, et al. Gepes Genome Genetfey (20131 3(12%:2233-2238). In some embodiments,
the gRNA sequence s at least S0%, 55%, 60%, 65%, T0%, 78%, [0%, 85%, Y0%, §3%,
G, 7%, 8%, 99%, or at feast 100% complamentary o the 37 end of the target nuckeic
acid {e.2., the last 5, 6,7, 8, 9, or 10 mucleotides of the 37 end of the target nucleic acid).

The target micletc acid is flanked on the 37 side by a protospacer adjacent mohif
(PAN) that may mieract with the endonuclease and be forther mvolved in targeting the
endommclease activity 10 the target aucleicacid, 1t is generally thought that the PAM
sequence Ranking the target mucleic acid depends on the endonuclease and the souses from
which the endomielease is derived. For example, for Cas? endonucleases that wre devived
from Streplocacus progenes, the PAM sequence 18 NGG. For Casd endonucleases denved
fronn Staphyviococcys aupens, the PAM sequenve 1s NNGRRT, For Casd endomucleases that
ave derived from Neisserie sreningitidis, the PAM sequence is NNKNGATT. For Cas®

endonucteases derived from Streprococous thermophilies, the PAM sequence is NNAGAA.
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For Cas¥ endonuclease derived from Treponems donticaln, the PAM sequence s NAAAAC,
Fora Opfl nuclease, the PAM sequence is TTN,

Ir some embadiments, genetically engineering a vell also comprises mirodacing ¢ Cas
endonuclieass into the cell. In some embodiments, the Dax sndonuclesse and the nucleic and
encoding the gRNA ave provided on the same muclesic acid {e.g, a vector). Insoime
embodiments, {he Cas endonuclease and the mucleic acid encoding the gRNA ate provided on
different nucleic acids {e.g, diffevent vectors)., Allernatively or o addition, the Cas
endonuclease may be provided or introduced inte the cell i prolein form.

T somie embodiments, the Cas endonuclease i o Cas® enrving or variant thereof. In
some embodiments, the Cas? endonuclense 1 dentved from Serepivcacous mogenes,
Staphyiococcus aurens, Nelsserig meningitidix, Strepiococeus thermoplilis, ov Treponema
denticoly, In some embodinents, the nucleotide sequence encoding the Cas endonuclease
may be codon optintized for expression 1 4 host cell. In some enbodinents, the
endonuciease s 8 Cas® homolog or artholog.

In some embodiments, the nucleotide seqaence encoding the Cash endontclease is
endonnclense is a cotalvtically inpetive Cas®. For exgraple, dCas9 contains musations of
catalviically active residugs (D10 and H844) and doss not have nuclease activity,
Allernatively or m addition, the Cax® endonuctease may be fused o anothey protein or
portion thereof. In some crubodinents, dCas? i3 fused 10 2 repressor domiin, such as &
KRAB domain. In some embediments, such dCas fusion proteins are used with the
constructs described herein for multiplesed gene repression (g2, CRISPR interferance
{CRISPRi}: In sowe embodiments, dCas® 18 fused 1© an activator domain, such as VPS4 or
VPR, insome smbodiments, such dCas? Fiston profeins are used with the constructs
Jescribed herein for gene sctivation {e.g, CRISPR activation (CRISPRa}. In some
embodimns, dCas® s fised to an epigenetic modulating domain, such as g hisfone
demeihylase domain or a hstone acelyltransferse domatne. In some embodiments, dCas% 1s
fosed to a LEDT or p300, or a portion thereof. In some enbodiments, the dCas® fision is
nsed for CRISPR-based epipenstic modulation. In some embodiments, dCas? o Cas¥ is
fusedio g Fokl noclease domain, ki some emboditnents, Casd or dCas9 fused o a Fokl
nuclease domam 1z ased for genome edinng. In sone embodiments, CasY or dCas9 s fused
to a fluorescent protom (e.g, GFP, RFE, mCherry, sic.). In soms smbodiments, Cash/dCas8
proteins fused io fluorescent protelns are used for labeling andfor visuahization of genomic

focy or identifying cells expressing the Cas endonuclesse,
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Altermtivedy or in addition, the Cas endonacleass is 8 Upfl nuclease. 1o some

einbodiments, the host cel expresses a Cpft nutlease derived from Proverelly spp or

Francisella spp. In some embodiments, the nucleotide sequence encoding the Cpll nuclesse

mity be codon optimized for expression in a host cell.

In some embodimenty, the present disclosure provides composttions and methods for

mhibiting a cell-surface lineage-specific antigen in hematopoietic cells using a CRISPR/Cash

system, wherein puide RNA sequence hybridizes (o the suclectide sequence encoding the

cell-surface Hneage-specific antigen. In some smbodiments, the cell-suriace lineage-specific

autigen 15 CD33 and the gRNA hybridizes 1o a porfion of the wmucleotide sequence that

grcodes the CD33 (FIGURE %), Examples of gRNAs that farpet CD33 are provided in Table

4, although additions! pRNAs niay be developed that hybridize 1o CI¥33 and can be nsed in

the methods described herein.

Tablde 4 provides exemplary guide RNA sequences that hyleidize or are prediciad to

Bybridize 1o g porbion of CDA3,

Table 4 Guide RNA sequences targating D33

Nane

Cuide sequence

- Guide position

L4
%)

BCDA3-1eC
referred 1o heretn

as “Crigpr 17

ACCTGTCAGGTGAAGTTICGC TGG

(SEQID NG 1Y)

SO iS00

il

RCD33-IpCS
veferred o herein

as “Crispr 37

TGGCCGOGTICTAGAGTGOC AGG
(SEQ ID NO: 28)

Chri9-S1720087

PRODANI0S
referred o herein

as “Crispr 87

T OOCCOGGTTCTAGAGTOCCA

GOG
(SEQ D NO: 29)

- Chrl 931720086

hCD33 gRNA

CACCGAGOAGTGAGTAGTCC
TGG (SEQ ID NO: 30)

KCD33 gRNA

TCCAGCGAACTTCACCTGAL AGG |

(SELID NO: 31
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T some embodiments, i may be desired to further penetically enginesr the HSC,
particularly allopeneic H3Cs, to reduce the gralfversus-host effects For example, the
standird therapy for relapsed AML is hematopoietic stem cell transplantation (HSCT).
However, at least ong of the limiting factors for suctessful HSCT is wraft-versus-host disease
(GVHD), which exprassion of the cell surface molecule CD43 has bean implicated. See, e,
Yan Beswe, Hemataloge dm. Soc. Hematol Edvc Program (2003356 Mawad Curr. Hematnl,
Malig. Rep. {2013y 8211320 CD4ARA and CD4SRO arg wolorms of CD43 (found on all
hematopolatic cells except erythrocytes). In T lymphoeyies, CD4SRA Is expressed on natve
gells, while CD4ARO 15 expressed on memory cells, CD4SRA T celle have a lugh potentigl
for reactivity ggainst recipient-specific antigens following HSCT, resubiing in GVHD. Thus,
thers remains & need for efficient and safe AML treatment that would also reduce the
possibility of transplant rejection or GVHD. CD45 is atype § lineage antigen, since CD45
bearing cells are required for survival bul the antigen way be deleted from stem cells using
CRISPR.

Taking wto sccoant the complications ansing dug © the development of GyHD
following HRCTY, the present disclosyre also provides compositions and miethods for fargeting
CDE3RA, Such compositions and methads are meant 1o prevent sudfor reduee the incidence
ar extent of GvHDY

Thass, 1 the case of GVHD, the ireatment of the patient can nvalve the following
steps: (1) adnunistering a therapeutically effective amount ol a T cell w the patient, where the
T oell comprises a nuckeie actd sequenge encoding a chimeric antigen recepior (CAR)
targeting UD4SRA lineage specilic antigen: and (2} infusing the patient with hematopoistic
stew cells, where the hewatopoietic cells have reduced expression of CD43RA hineage
spacific antigen.

Additionally, the present disclosure provides compostiions sid methads for the
combined mbabition of both C33 and CD4SRA hineage specific m&tﬁge.n& Such treatment
regimen can wvolve the following steps: (1) adwminstering g therapeutically effective amowt
of a T cell to the patient, where the T cell cénnprises a vucleic acid seiuence encoding o
chimeric antigen receptor {CAR Y targeting both UD33 and CD4SRA lineage specific
antigens: and (2} fufusing or reinfusing the patient with bemalppoietic stem gells, either
autologous or alfogensiv, where the hematopotetic cells hove reduced expression of both the

CD33 and CD43RA hineage specific antipans.
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Tn some embodiments, the cefl-surfrce lneage-specific atizen CIMSRA i also
deleted or inhibited in the hematopoietic colls using 8 CRISPRCAsY systeny. In soie
canbodiments, the pRNA sequence hybridizes o o portion of the nucleotide sequence
encoding CO4SRA (FIGURE 6}, Examples of gRNAs that target CD4SRA are provided m
Table 5, although additoual gRNAs may be developed that hybridize to CDMIRA and can be
used 1 the methods described heren.

Table § provides exemplary guide RNA sequences that hybridize or arg pradicied o

hybuidize to exon 4 or exon § of haman CD4S,

Table 5: Guide RNA sequences farpeting CD4S

BODAS Target Guide RNA

Exon 4 CCAAAGAGTCCOGGGATACT TGG (SEQ ID NO: 9)
CCAAGTATCCCOGGACTCTT TOOHRED ID NO: 30)
AGCATTATCCAAAGAGTCCG GGG (SEQ D NO: 33)
ACTTGGOTGGAAGTATTOTC TGG (SEQ 1D NO: 34)
Exon 3 GTTGAGTTTTGCATTGGCGG COG (SEQ 1D NO: 10}
GTCTGCGAGTUTGCGTGOGT GGG (SEQ 1D NO: 35)
COTCTGOGAGTCTGUUTGOG TGG (SEQ 1D NO: 36)
GOGAGTCTGCGTGCGTGGOA AGG (SEQ 1D NO; 37)

Also provided herein are methods of producing a cell that s deficient in a celbsurfyes
linsape-specific antigen mvolving providing a cell and mitroducing into the cell components

af @ CRISPR Cas system for genome editing. In some enbodiments, 2 nuclee actd that

comprises a CRISPR-Cys guide RNA (¢RNA) that hybridizes o is pradicied {o hybnidize oa

portion of the nuclsetide sequence that encodes the linesge-specific cell-surface antigen is
troduced into the cell. In soroe emboduments, the gRNA iy introduced fniv the celf on a
vector,  In some emrbodiments, ¢ Cosendowuclease 1 introduced into the cell, Brsome
amboidments, the Cas endonuclzase 1x introduced wito the cell 85 ¢ nucleit acid encoding o
Cas endonuclease. In some enbodiments, the ¢RNA and a nucleotide sequence encoding a
{as endonuclease are introduced into the cell o the same nuclerc acid (e 2., the same vector).
IN some emnbodiments, the Cas shdontclease is introduced o the cell b the form of g
protemn.  In some embodiments, the Cas endonnclease and the gRNA wre pre-formed 27 vitro

and are mtroduced to the cell 1 as a complex.
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The present disclosare farthey provides enginesred, non-natwrally occurring vectors

ad veolor systenss, which can encode one or more components of 8 CRISPRACEsY complex,
wheretn the vecior comprises a polynuclectide encoding (1) ¢ {CRISPR}Cas system guide
RNA that hybridizes to the Hineage specific antigen sequense and (1) a Cas9 endonuciease.

Vectors of the present discloswre can diive the expreasion of bre or more sequences in
mammalian cells using 8 mammalian expression vecior, Examples of mammalian expression
vertors include pCDMR (Sead, Noture (1987) 329 840} and pMT2PC (Kauliman, et al,
EMBOJ 19871 60 187). When used tn manymabian cells, the exprassion vector's control
functions are lypically provided by one or move regelatory elemicnts. Forexample,
commenly used promoters are derived from polyonia, adenovirus 2, cyiomegaloviras, simian
virus 4, and others disclosed herein and known in the art. For other suitabls gxpression
systemy for both prokarvotic and enkarvotic cells seg, e, Chapters 16 and 17 of Sambrovk,
¢l al, MOLECULAR CLONING: A LABORATORY MANUAL 2ad eds., Cold Spring
Harbor Laberatory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y ., 1989,

The vectors of the present disclosire are capable of divecting expression of the nuclerc
acid preferentially i & parbronlar cell type (o2, Ussne- specitic regulatory elements are used
1o express the nuclete aeid). Such regulatory clements inchade promoters that may be tissug
specific or celt specific, The tenm “tissue spevific™ as i applies (v a promoter refers W a
promoter that is capable of directing selective expression of 2 nucleotide sequence of interest
to & specific type of tssue {e.g | soeds) 1o the relative absence of expression of the same
nucleotide sequence of interest in a different type of tissue. The term “cell type specific” as
applied 10 a promoter refers to & promoter that is capabile of divecting selective expression of
a nucleotide sequence of miterest in g specific type of cell 1n the relative absetice of
gxpression of the same nuclentide sequence of interest in g different type of cell within the
same tissue. The term “cell type specific™ when applied 1o a promoter also means a promoler
capable of promoting selechive expression of 8 nucleotide sequence of mterest i 2 region
within a single tissue, Cell type specificity of a promoter may be assessed using methods well
koown in the arl; ¢ 2, immunohistochemical staining,

Conventtongl viral and non-vired based gene wansfer methods can be used o
ntroduce mucleie seids encoding CRIBPR/Cas® o manunalisy cells or trget tissues, Such
methods can be used o administer nuclele scids encoding componenis of & CRISPR-Cys
systean 1o cells i oulture, or in & host orgamsm. Non-virsl vector delivery svstems include
DA plasmids, RNA (e 8., & transeript of & veotor described herein), naked nucleic acid, and

suclele acid complexed with a delivery velucle, Viral vector delivery systems include DNA
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ancd RNA vivuses, which bave either episomad or integrated gesomes after delivery tw the cell.
Faraveview of pene therapy procedares.

Viral vectors can be administered divectly o patients {fn vive} or they cun be used o
manipulate calls &7 viiro or ey vive, where the modified cells may be administerad to patients,
In one embodiment, the present dixclosure utilizes vival based systems ncluding, but not
tinited to vetroviml, lentivirus, adenoviral, adeno-associated and herpes simplex virus vectors
for gene transfer. Furthermore, the present disciosure provides vectors capable of lntegration
i the host genome, such as retrovines or lendivivus, Preferably, the vector used for the
gxpression of a CRISPR-Cas sysiem of the present disclosure {5 a lentiviral vector.

I one embodiment, the disclosure provides for introducing one or more veciors
encnding CRISPR-Cas into sukaryotic cell. The cell can be a vancer cell, Aliernatively, the
cell is & hematopoletic cell, such as a hematopotetic stem cell. Examples of sten cells
welude plurpotent, nudiipotent and wapotent stew cells. Examples of pluripotent stem cells
motuds embryonie stem cells, gmbryonic germ cells, smbryonic carcinoma cells and mduced
phuripotent stem cells HPSUs) In a preferred embodiment, the disclostire provides
mtrodpoing CRISPR-Cas info a hematopoietic sterm cell,

The vectors of the present disclosure are delivered to the eukaryoiic cell in a subject,
Modification of the sukaryotic cglls via CRISFR/CasY systems can takes place tn 4 call
cultare, where the method comprises isolating the eukaryotic cell from a subject prior o the
modification. Tn some embodiments, the method further compnises retirning said eukarvotic

cell andior cells derived therefrom o the subject.

Combined Therapy

As described hergmn, agents comprising an antigen-binding fragmend that binds o a
celb-surfave lineagg-specific antigen may be administered (o g subject in vombination with
hemaiopoietic cells that are deficient for the celb-sarface fineape-speoitic antipen, - As used
heren, “sabject,” “individual,” and “patient” are nsed interchangeably, and referto a
veriebrate, preferably @ mammal such a5 o hunan,  Manunals include, bot are not hmited 1o,
hivnan prinaies, son-rrean primates or mueing, bovine, equine, caning or feline species. In
some embodinents, the subject s a huroan paticat baving g hemaiopoietic malignaney.

fi1 some embodiments, the seents andior the hematopaienic cells may bemixed with g
pharmacautically acceptable carrier to form o pharmacsutival composition, which is also

within the scope of the present disclosure.
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To perfor the methods described heretn, an effoctive mnount of the agent
gomprising an siigen-binding frapment that badsto s celbssurface Tineage-spetific antigen
and an effective amonnt of herptoporetic cells can be co-adnunistered (o8 subject w need of
the treatment.  As used hergin the term “effective amount™ may be used mterchangeably with
the tenm “therapeutically effective amount™ and refiers o that quantity of an agent, cell
population, or pharmaceutical composition (2.2, a composition comprising agents andior
hematopoietic cells) that is suffictent to result it a desived activity upon adminisization o a
subject in nead therend. Within the contexi of the present disclosure, the term “eflective
amonnt” vefors 1o that quantity of a comnpound, cell popmdation, or pharmaceatical
composiiion that is suffictent o delay the manifestation, arrest the progression. relieve or
alleviate at least ong symptom of a disorder treated by the methods of the present disclosure,
Note that when a combination of active ingredients is adminisiered the effective amount of
the combination may of may not include amounts of each ingredient that would have been
effective i admuinistered mdividually.

Effective amounts vary, as recopnized by those skilled withe art, depending on the
particular condihon being ireated, the severity of the condifion, the individual patient
paranmieters inclading age, physical condition, size, gender and weight, the durstion of the
reatmant, the nature of concurrent therapy (G any), the specitic route of administration and
fike factors within the knowledgs and expertise of the health practitioner. In some
embodiments, {he effective amount alleviates, relieves, smeliomtes, improves, reduces the
svmpioms, of delays the progression of any disease or disorder in the subjoct. In some
embodiments, the subjet is a human, Iy soms smbodiments, the subjget is @ human patient
havisg o hematopoietic malignancy.

As described hergn, the hemstopotetic colls andior inmmane cells expressing chinerie
receptors may be autologous to the subject, e the cells gre obtained from the subject in
need of the treatment, censlically enginegered to be deficient for expression of the cellaurface
Hnepge-apecific antigen or for expression of the chimene receptor constrovts, and then
adnunisiered to the same sulyect, Administration of autologous cells (o a subject may result
i veduced rejection of the host cells s compared o admistration of no-autologoeus cells.
Alternatively, the host colls are allogeneic cells, 1.e., the cells are obiained from a first
subject, genetically engingered to be deficient for expression of the gell-surface lneage-
spacific antigen or for expression of the chimeric receptor constiuets, and administersd to a

second subject that is different from the first subject but of the same species. For example,
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allogeneie imimune vells miay be derived from a human donor and administered 10 2 hunsan
recipient whit s different from the donor.

In some embodiments, the immune cells sndfor henatopoiebic calls are allopeneic
cells and have been further genetically engingered 1o reduced grafi-versus-host disease. For
example, as deseribed heredn, the hematopoigtic stera cells may be genetically engineered
{e.g., using genome editing) to have reduced expression of CI4SRA.

tn sone embodiments, the inumune cells expressing any of the chimenc receplors
described herain ars administerad to 4 subject it an amount effective i o reduce the number
of target cells (e g, cancer celis) by least 209, e, S0%, 80%, 100%, 2-fold, 5-fold, 10-fold,
20-fold, S0-fold, 100-fold or morg.

A tvpical amount of vells, e, immune cells or hematopotetic cells, admimstered to a
wmarmal {e.g., a hopan} can be, for example, in the range of one mithon to Hd bilhon cells:
however, amounts below or above this exemplary range are also within the scope of the
present disclosurg. For example, the daily dose of cells can be sbout I million to abowt 30
billion cells {e.g . about $ million cells, aboat 23 million cells, about 308 million cells, about
1 bitlion cells, about § billion cells, abost 20 hallion cells, about 30 lhon cells, abowt 44
hillion ¢ells, or a range defined by any two of the foregoing values), preferably sbout 10
million fo abowt 1060 billion cells (e.g., abont 20 mitlion tells, about 30 million cells, about 40
million cells, aboul 60 milfion cells, about 70 million cells, aboul 0 million cells, abowt 90
million cells, about 10 ithon cells, about 23 hiflion cells, about 30 billion cells, about 75
billiom cells, about 90 billion cells, or a range defined by any two of the foregoing values),
mre preferably about 100 million cells to abowst 50 billion cells (e.z., about 120 million cells,
about 250 million cells, about 350 nullion cells, about 4530 yullion cells, about 650 nullion
cells, about 800 million cells, about YOO million cells, abons 3 biltion cells, shout 30 hillion
cells, about 45 billion cells, or 2 ranps defined by any two of the forepoing values),

In one embadiment, the chimerie receptor {eg, 8 mucletc acid encoding the chimeric
receplor) is mroduced into an imnune cell, and the subject (e.g., human patient) receivés an
mitial adnunistration or dose of the mmune cells expressing the chimeric receplor. One o
more subsequent administrations of the agent {e.g., immaone cells expressing the chimeric
receptor) may be provided to the patient at intervals of 15 davs, 14, 13,12, 11,10, 9, 8, 7,6,
5,4, 3, 0r 2 davs atter the previous adminishation, More than one dose of the agent can be
administered 1o the sulyect perweek, ep., 2, 3,4, or move administrations of the agent, The
subject may recelve more than one doses of the agent {eg., an inmune cell expressing a

chimeric receptor) per week, followed by a week of no admimstration of the agent, and
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finally followed by ome or more additionad doses of the agent {e.g., more than e
admimistration of imntne cells expressing ¥ chimerie reteptor per week). The innoune cells
gxpressing a chimetic receptor may be admimstered every other day for 3 adnunisizations per
week for tvo, threg, four, five, six, seven, eiglyt or more weeks,

In the context of the present diselosurs msofar as it relates to any of the disease
conditions recried hereln, the terms “treal.” “treatment,” and the Bke mean to relieve or
alleviate af least one sympions associated with such condition, or o slow or reverse the
progression of such condition. Within the meaning of the present disclosare, the term “freat”
also denotes to arrest, delay the onset (e, the period prior w clhinical manifestapon of &
disease) andfor reduce the nsk of developing av worsening g disease, For example, m
connection with vancer the term “treat” may mean eliminate or reduce a patient's tumor
Twden, or prevent, delay or mhibit metastasis, efe,

In some enbodinuents, 4 agent comprising an antigen-binding Fagment that binds &
cell-surface linesge-spectfic antigen and a population of hematopoietic cells defiient in the
celbawrface hneage-specific antigen. Accordmely, m sach therapeuatic methods, the agent
recognizes (binds) a target cell expressing the cell-siafice hneage-specilic anligen for
tarpeting killing. The hematopaietic cells that are deficient o the antigen allow for
repopulation of a cell type that is targsted by the agent. In some embodiments, the weatmant
of the patient can wnvolve the following steps: (1) admiustering a therapeatically effective
amount of an apent {argeting a cell~surface lincage-speciic antigen 1o the patient and {2)
mfusing or reinfusing the patient with hematopoistic stem cells, either antologous or
allopsic, where the hematopoigtic cells havs reduced sxpression of § lineage specific
disease-associated antigen. In some embodiments, the treatment of the patient can wvolve
the following steps: (1) administering g therapeutically effective amount of an imnwne cell
expressing a chimeric receptor to the patient, wherein the tmmune cell comprises a nucleic
acid sequence sncodmy a chimeric receptor tha binds a cellsarface Ineage-specific, disease~
associated antigen; and (2) infusing or reinfiising the patient with hematopotetic cells (e g,
henwtopoiatic stem cells), either autologous or allogenic, where the hematopoietic cells have
reduced expression of & lineage specific disease-assoviated antigen.

The efficacy of the therapentic methods using 3 ao ageni Compprisiing s antigen-
hinding fragment that binds a cell-surface lneage-specific gntigen and & population of
hematopoietic cells defictent i the cell-surface ineage-specific antipen may be assessed by
any method kaown in the art and would be evident to a skilled medical professional. For

example, the efficacy of the therapy may be gssessed by survival of the subject of cancer
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barden in the sebject o tissug o sample thersof, Ti soe smbodiments, the eflficacy of the
therapy is assessed by quantifying the siumber of cells belonging to @ parbicalar popudation or
fineage of cells. In some embodiments, the efficacy of the therapy 15 assessed by quantifving
the number of calls presenting the cell-surface hneage-specific antigen.

In some embodiments, the agent comprising an antigen-binding fragment that binds to
the cell-surface lineage-specific antigen and the pepulation of hematopoistic cells IS
administered concomitantly.

In some embodiments, the agent conywising an antigen-binding fragment that binds 8
gell-surface neage-specific anfigen {e.g., imnne cells expressing 3 chimeric recepior as
described herein) is adnunistered prior to adminisiration of the hematopotetic cells. In some
embodiments, the sgent comprising an antigen-binding fragment that binds a call-surfsce
{ingage-specific antigen (e.g., nmane cells expressing a chimeric receptor as described
herein} s adminstered at feast about 1 day, 2 days, 3 days, 4 days, § days, 6 days, 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, ¢ weeks, T weeks, 8 weeks, U weeks, 10 weeks, 11 weeks,
12 weeks, 3 months; 4 months, 5 months, 6 months or more priot to administration of the
hematopotetic cells,

1 some embodiments, the herostopoletic cells gre aduunistered prior (o the agent
comprising an antigen-binding fragment that binds a cell-surface Hneage-specific anipen
(.5, immui cells expressing a chimeric receplor as deseribed heveln). n some
entbodiments, {he population of hematopeietc cells 15 administered at least about 1 day, 2
days, 3 days, 4 days, § days, 6 days, T week, 2 weeks, 3 weeks, 4 weeks, § weeks, S wesks, 7
weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks, 3 months, 4 months, § months, 6
months of more prior to administration of the agent comprising sn antigen-binding fragment
that hinds o the cell-surface hncage-specific antigen.

In sonte embodunents, the agent targeting the cell-surface linesge-spenific antigen
and the population of hematopoietic cells are admumstered at substantially the same e, In
some embodinents, agent targehing the cellanrface bnegge-specific antigen 1 admimistered
and the patient is gesessed for @ pered of time, after which the population of hematopoietic
celle Iy administered. Tn some embodiments, the population of hematopoistic cells i
acmimistered and the patient i assessed for g pertod of time, after which agent tarpeting the
velbsurface Hneage-specific antigen is admimstered,

Also within the scope of the present disclosure are multiple adnunistrations (e g.,
duses} of the agents and/or populations of bematopoietic cells. In some smbodiments, the

agents and/or populations of hematopoiete cells are administered (o the subject once. T
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some gmbodiments, agents andior popidations of hematopoistic vells wre administered 10 the
subject mote thant ones {8g. ot lsast 2,3, 4.5, ov miove times). Tn some ewmbodiments, the
agents andior populations of hematopoletic cells sre administered to the subject at a regular
mietval, e, every six months,

In some embodiments, the subject is a haman sebject having a hematopotetic
malignancy. As used herein a hematopoietc malignancy refers to g malignant abnormabity
nvolving hematopoietic cells {e.g., blood cells, including progenitor and stem cells),
Examples of hematopolstic malignancies inclade, without limitation, Hodgkin's lymphoma,
non-Hodgksn's ymphona, leukenita, or nuudtiple myeloms. Leukenyins wclude acute
myelowd levkaenug, acute lymphoid levkemia, chronie myelogenous lecksemia, acute
fvmphoblastic leukemia or chwoniz lvmphoblastic feukemis, and chrowic lymphowd leukenua,

In some embotiments, the leakemis is acole myeloid leukasmia {AML). AML is
characterized as a heterogeneous, clonal, neoplastic disease that originates from transformed
cells that have progressively acquired critival genetic changes that distupt key differentiation
and growth-regulatory pathways. (Dohner et al,, NEJAL {20 1 5y 373: 11361 D33
glycoprotein is expressed on the majority of myelowd leukemia colls g5 well as on notmal
syeloid and monopytic precursors and has been considered o be sn sitrgetive target for
AML thevapy (Laszlo etal,, Blood Rev, (2014) 28(4%:143-53), While clinical trials using anti
CRI3 monvckomal antibody based therapy bave shows improved survival i a subsst of AML
patients when combined with standard chemotherapy, these effects were also accompanied by
safety and efficacy concerns.

Other afforts aimed at targeting AML cells have involvad the generation of T cells
gxpressing chiveeric antigen recepiors (CARs} that selectively farget CD33 in AML. Buckley
et al., Cror. Hemuatol Maliy. Rep. {2305 (2015). However, the data 1s lmited and there are
uncerininties about how effective {whether all dargeted cells are eliminated) this approach
may be in ireating the patient. Additionally, since mveloid lingage cells ave indisperisable for
tife, depleting a sebject of myeloid hneage cells conld have detrimental effects on survival of
the patient. The preseut disclosure gims at; af least 1n pard, solving such problems gssociated
with AML treatment.

Altermatively or in addition, the methods deseribed heroin may be used 1o treat negm-
hematopotetic cancers, inclading without Hmbiation, hung rancer, ear, nose and throat cancer,
cofon cancer, melannnia, pancreatic canger, Manunary Cucer, prostate cancer, breast cancer,
ovarian cancer, basal cell carcinoma, billary tract cancer; bladder cancer: bose cancer; breast

CHTCOY, cervical CANCLT, E»hﬂﬁf}@ﬁl‘{ljﬂﬁmﬁ; colon and rectum Wit connective tssue CHICEY,
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cancey of the digestive system; endomietriand tancer) exophageal vanver; eve cances; canger of
the head and neck; pastrie cancer; intra-epithebinl neoplasns; kudoey cancer; larvay cancer
hiver cancer; fibronw, neuroblastoma; oral cavity cancer (e.g., lp, tongae, mouth, and
pharynxy; ovanan Cancer; Pancreatic Caneer; prostate cancer; retinoblastona;
thabdowvosarcoma; recial canver; renal cancer; cancer of the respivatory system saveomi,
skin cancer; stontach cancer; testicular cancer; thyrowd cancer; utesine cancer; cancer of the
wrinary system, as well as other carcinomas and sarcomas.

Carcinomas are cancers of epithelial origin, Carcinomas tntended for ireatment with
the methods of the present disclosure inchude, bot ave not imied 1o, soinar carcinoms,
acinous carcinoms, alveolar adenocarcinems (alse called adenccystic carcmona,
adenomyoepithehining, cribriferm carginonia and cylindroma), carcinoms adenomatosam,
adencearcinoma, carcinoma of adrenal cortex, alveolar carcinoma, alveolar cell carcinoma
(also called brouchiolar carcinoms, alveolar cell tunor and pulmonary adenomatosis), basal
cell carcinoma, carcinoma basocetlulare (also called basaloma, or basiloma, and hair matrix
catcivomal, basalotd carcinon, basosquamons cell carcinoma, breast carcinomg,
bronchioatveolar carcinoms, bronchiolar carcinoms, brouchogenic carcinoms, cerebriform
carcinoma, cholangioceliular carcinpnia {also colled cholungioma and cholangiocarcinoma),
choriunic carcinoma, olloid carcmona, comedo carcinoma, corpus carcinoma, cribriform
CATCINONE, CAICINOIME en Cuirasse, carcinoma culaneum, cylindrical carclnoma, cyhndrical
cell carcinoma, duct carcinoma, carcinoma dunan, embrvonal carcinoma, encephaloid
carcinema, eptbulbar carcinoma, epidermoid carcinoms, carcinoma epitheliale adencides,
carciiomma exulegre, carcinoma flwosum, gelatiniform carcinoma, pelatinons carcinoma,
giant cell careinomy, croamtocellulare, glandular carcinoma, granpdosa cell carcioma, hay-
matrix carcinoma, hematoid carcinoma, hepatocellular corcinoma (also called hepatoma,
malignant hepatomy and hepatocarcinoma), Huirthle cell carcinoma, hivaline careinema,
hyperephroid carcinoma, infantile embryonal carcinoma, carcinoma m sity, intraepidermal
carcinorng, mtraepithelial cartinoma, Kromapecher's carcinoma, Kulehitdhycell carcinoms,
tenticular carcinoma, carcinomin lenticulare, Hpomatons carcinona, tymiphospithelial
carcinoma, carcinoma mastitoides, carcmoma meduliare, medullaty carcinoma, carcinoma
melanodes, melanotic carcinonia, MUCINOUS CINCINGIEA, CRICIDOMA MHUCIparum, catcinoma
mcoeeliulare, mucoepdermold carcinnma, CARINOMA MUCHSEM, MUCHUS Careinmmg,
sarcnoma myxomatodes, nasopharyngeal carcinoms, carcinoma nigni, oat cell rarcinoms,
carcinoma ossificans, osteoid carcinoma, vvarian carcimoma, papillary carinome, periportal

carcinorng, preinvasive carcinoms, prosiate carcivoma, renal cell carcinonia of kadoey (also
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called adenvvarcinoma of kidoey and hypemephoroid carcinoma), reserve cell carcinon,

carcinoma savcomatodes, scheinderios carcinoma, scirrhows carcinomsa. carcinoma seroti,
signet-ring cell carcinona, carcinoma simplex, small-cell carcinoma, solanoid carcinoma,
spheroidal cell carcinona, spindle cell carcinoma, carcinoma sponZICSUM, SqUANIGUS
carcinoma, squamous cell carcinoma, stiing carcinoma, carcinoma telangiectaticuny,
carcinoms telangiectodes, fransibional cell carcimoma, carcinoms twberosu, tuberows
carcinoma, vermcius carcinoma, carcinoma vilosum. In praferred embodiments, the methods
of the present disclosure are used to treat sabjects having cancer of the breass, cervix, ovary,
prostate, fung, colon snd rectum, pancrens, stomach or kadney,

Sarcomas gre mesenchymal nenplasms that arise in bone and sofl tissues, Different
types of sarcomas are recognized and these mclude: liposarcomas (ncluding myxoid
{ipmarcomas and plefomorphic lposarcomas), lelomyvosarcomas, thabdomyasarconas,
malignant peripheral nerve sheath tumors (also called maklignont schwanmomas,
neyrofibrosarcomss, or neyrogenic sarcomas), Ewing's wumors {including Ewing's sarcoma of
bone, extraskeletal (1.e., now-bone) Bwing's sarcoma, and primitive newroectoderinal ftumor
IPNET, synovigl ssrcoma, angiosarcomas, bemangiosarcomas, lymphangiosarcomas,
Kaposi's sarcoma, hemangioendothelioma, fibrosarcomy, desmotd tumor {also ealled
aggressive fibromatoesis), dermatofhibrosarcoma protuberans (DFSE), malignant fibrous
Bistioeyloma {MFH), hemangioperieytoma, malignant mesenchymoma, alveolar sofi-part
sarcoma, epitheliond sarcoma, clegr coll sarcoms, desmophistic snwall cell umor,
gastrointesting stremal tumor (GIST) {also known as (G stronwl sarcoma), osteosarcoma
{alsa kaown as psteogenic sarcomal-skeletsl and extraskeletal, and chondrosarcpnma,

T some embodiments, the cancer to be treated canbe & refractory cancers. A
“vefraciory cancer,” as used hersin, is a cancer that is reststant to the standard of care
prescribed. These cancars may sppear inially responsive (o a treatmens (and then recur), o
they muay be completely nonsresponsive fo the treatmient. The sedingey standard of care will
vary depending upon the cancer fype, and the degree of progression in the subject, Tt may be
# chemotherapy, of surgery, of radiation, or g combination thereof. Those of ordinary skillin
the art are aware of sech standards of care. Subjects being treated aceording to the present
disclosure for a refractory cancer therefore roay bave already beon exposed o another
trestment for thetr cancer, Alternatively, if the cancer 1 ikely to be reffactory (e.g. given an
analysis of the cancar vells or lustory of the sulject), then the subject may not have alrsady

been exposed to another freatment. Exanples of refraciory cancers inclade, but are not
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Henited 1o, fenkemia, melanomas, renad cell carclomas, colon cancer, Tiver (hepatic) cancers,
pancreatic cancer, Non-HodgRin's ,¥}?zz‘1;ﬁ}01na and hurg cancer.

Any of the immune cells expressing chimeric receplors deseribed heretn may be
adminstered in 3 pharmaceutically acceptable carrier or excipient as a pharnacsutical
conpusition.

The phrase “pharmacentically acceptable,” as used tn connection with compositions
and/or cells of the present disclosure, refers to moleulsr entities and othey ingredients of
such compositions that are physiologically tolerable and do noi typically produce ustoward
reactions when admistered to a mammal (o2, 8 haman). Preferably, a5 uwsed herein, the
ferm “pharmacgutically acceptable”™ means spproved by o regulatory agency of the Federsl or
& state govermnent or Hsted i the UUS, Pharmacopeia or other generally recopnized
pharmacopeia for use i mammals, and more particokaly in humans. “Acceptable”™ means
that the carrier is compatible with the active ingredient of the composition {e.g., the nucleic
acds, vectors, cells, ov therapeutic sniibodies) and does not negatively affect the subject
which the composition(s) are adininistered, Any of the pharmaceutical compoaitions and/or
cells {o be used m the present wethods can comprise pharmaceutically acceplable carriers,
excipients, or stabilizers in the form of tvophilized formations or agueous solutions.

Pharmaceutivally acceptable caniers, mcluding buffers, are well known in the art, and
may comptise phosphate, citrate, and other orpanic acids; antioxidants including ascorbic
acid and methionine; preservatives: tow molecalar weight polypeptides; protetns, such as
serum stbumin, gelatin, or immunoglobuling, aming acids; hydrophobic pelymers;
memnosaccharides; disaccharides; and other carbohydrates; metal complexss; andior non-ipnic
surfactants, See, ¢ g Remingtow The Science and Practfee of Pharmeocy 20th Bd. (2000)

Lippincoit Willimns and Wilking, Ed. KL E. Hoover,

Kits for Therapeutic Uses

Also within the scope of the present disclosurs are kiss for use of the sents rgeting
cellsurface lineage-specific antigens in contrination with populations of hematopoietic calls
thit are deficizut in the cell-sarface bneage-specilic antigen. Such kils may inclade one or
more cottainers comprising a first pharmaceutical composition that comprises sy sgent
comprising an antizen-binding fragment that binds a cell-surface lineage-specific antigen
{e.g., mmane cells expressing chimeric receptors described herelny, and a pharmaceutically

acceplable carrier, and a second pharmacentical composition that compnises a populabion of
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hematopoletic cells that are deficient tn the cell-surface lingage-specific sntigen {eg. 8
hematopoietic stem celly and o pharmecenticalle scceptable carner.

I some embodiments, the kit ¢an comprise instructions for use o sy of the methods
described hevein. The ncluded instructions can comprise a description of adminstration of
the first and second pharmacentical compositions 1o a subject to achieve the intended activity
g subject. The kit may further comprise a desciiphion of selecting a subject suitable for
{reatment based on identifying whethax the subject is in need of the weatment. In some
embodiments, the insiructions comprise a deseription of administering the first and second
pharmaceutical compositions to g subject who is 1 need of the treatent.

The tostructions relating o the use of the apents targeting cell-surface lnenge-specific
antigens and the first and second pharmacentics! compositions described hergin generally
include information as to dosage, dosing schedule, and route of administration for the
miended reatment. The containers nray be wnt doses, balk packages {e g, molti-dose
packapes) or sub-unit doses. Instructions supphied in the kits of the disclosure are typically
written imstructions on ¢ iabel or package insert. The tabel or package msert indicates that the
pharmaceutical compositions are used for treating, delayving the onset, andfor allevialmg 2
disense or disorder in a subjest,

The kits provided herain are in suitable packaging. Suitable packaging includes, but
is not Himited to, vials, bottles, jars, flexible packaging, and the like. Alse contemplated are
packages for use in combination with a specific device, such s an mhaler, nasal
wshsinistration device, or an mfusion device. A kit may have a slerile access port (for
example, the container may bhe an Histravenons solution bag or 8 vial having a stopper
piercenble by & hypodemic injection needle). The contaney may also have a sterile actess
port, At least one sctive agent in the pharmaceutical composition 18 8 chimeric receptor
vartants as described herein,

Kits oplionally may provide additional components such as buffers and intespretive
miformaton. Normally, the kit comprises a contaner and a Tabel or package ingert{s) on or
associated with the container. In sone embodiment, the disclosure provides urtieles of

manefacture comprising conmtents of the kits described above.

Ueneral technigues
The practice of the present disclosute will sinploy, taless stherwise mdicatad,
conventiong! techmgues of molecular biology {including recombinant techmaues),

mugrobiology, cell biplogy, binchenustry, ind snmumology, which are within the skill of

SUBSTITUTE SHEET (RULE 26)



WO 2017/066760 PCT/US2016/057339
60

the art. Such techmiques ave explained fully 1 the Brerstore, such as Molecular Cloning: 4
Laboratory Mo, second edition (Sambrook, et al, 1989 Cold Spring Harbor Presy;
Oliganucleotide Syathesis (ML L Gait, ed. 1984); Methady in Moléculor Biclogy, Humana
Prass; Cell Biology: A Laboratory Nowbook {1 E. Cellis, ad., 1989} Academic Press;
Andmal Cell Culture (R 1 Freshungy, ed. 1937); hstrouction {0 Cell and Tissue Coltuge (1.
P Mather and P, E. Roberis, 1998 Plenum Press; Cell and Tissve Calture: Laboratory
Procedures (A, Dovle, J. B. Griffiths, and D. G, Newsll, ads. 1993-8) 1. Wiley and Sons;
Methods 11 Enzymology (Academic Press, Ine);, Handbook of Experimental Immunology
(DM Weir and C. C. Blackwell, eds ¥ Gene Transfer Veotors for Mammahian Cells {1
M. Miller and M, P. Cales, eds.. 1987); Current Protocels in Molgenlar Biokagy (F. M.
Ausubel, et gl eds. 1987 PCR: The Polymerase Chain Reaction, (Mullis, et ol eds.
1994); Current Protocols in Impmology (). E. Coligan et al., eds., 1991): Short Protocols
in Molecular Biology (Wiley and Sous, 1999); Immunobiology (C. A, Janeway and P,
Travers, 19973 Antibodies (P. Finch, 1997 Amtibodies: a practice approsch (D Cativ,,
ed., IRL Press, 19%8-1989% Monoctonal antibodies: a practical approach (P. Shepherd and
C. Dean, eds,, Oxford University Press, 2000); Using antbodies; a laboratory manual (E,
Hurlow and D, Lane (Cold Spring Harbor Laboratory Press, 19993, The Antibodies (M.
Zangtsi and 1, D, Capra, eds. Harwood Academic Publishers, 1998y DNA Cloning: 4

praciad Approgch, Volames Fand 1TON. Glover od. 1983) Nucleie Acid Hybridization

3

S.1 Higpins, eds. {19840, dnimal Cell

Cidaure (R Freshney, ed. (19860, Inmobilized

Cloping (1984} F M. Ausubel eral (eds).

Cells and Engymes (IRL Press, (19860 aud B, Perbal, A pracricel Guide To Molecwdar

Withous further elaboration, #t is beheved that one skilled i the art can, based on
the above descaiption, nittize the present disclosure to is fullestaxtent, The following
specific embodinents are, therefore, 1o be comstroed ax mevely Hlostrative, and not
Hmitative of the rentainder of the disclosure in any way whatseever, All publications ciled

herein arg incorporsied by reference for the purposes of subject matter referenced hergin,

EXAMPLE 1: In vilre Deletion of CD33 in 9 Homan Leakemic Tell Line

fin orler o test the ability of CRSPR-Cas® svstem o target CDIZ drvfiew, human
fenkamic cells K-562 were co-transfected using Neon™ {Tharmo Fisher Scientific) with
Cash-GFP (PX4358, S progenes) and a guide RNA containing NGG PAM sequence

{FIGURE 4} where guide RNA was designed to target BUD33 genowic sequence. 48 hours
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posi-transfection, vells expressing Uast were identified and isolated using FACS sorting for

~~~~~~ i~

PR Cells were then incubated for 96 houts and tested for D3 expression by flow
evtomeiny (FIGURE 51 Flow eytomenry plots using gn anti-CD33 antbody show (D33
expression by the K-362 cells befove {top plot) and afler (bottom plot) delivery of Cas9
vactor and ginde RNA. As shown in FIGLIRE 5, 98% of the cells lacked the D33
expression following transfechion,

This exaniple demonstrates the efficient deletion of CD33 using CRISPR-Casd

systern ¥ human leukenic cells,

EXAMPLE 2t In virre Deletion of CD45 in Human Leukenie Cell Lines

The URISPR-Cas? system was used (o target CDISRA fn visro, Briefly, TIB-67
reticnlum cell sarcoma mouse mactophage-like cells were co-transfected asing Neon™
teagent {Thermo Fisher Scientific) with Cas9-GEP (PX458, § progenes) and CRISPRs

»

oRNAs {containing the “NGG” PAM sequence) targeting hCD4SRA genomic sequence. 48
howrs post-lransfection; cells expressing CRISPR-Cas® system were idenbified and isolated
using FACS sorting for GFP. Cells were then incubated for 86 hows and tested for CD45RA
expression (FIGURE 6). Flow oytometry plots nsing CD45RA srtibody show CD4SRA
sxpression before (iop plot) and after (bottom plot) debivery of CasY vector and guide RNA,
Sl to Example 1, where OD33 expreasion was successtully reduced i eukenue
cells, findings in this Example indicate efficient tavgeting of CD45RA using the CRISPR-

CasY system,

ENXAMPLE 3: Targeting Cell-surface Lineage-specific CD33 in Acute Myeloid
Leukemia (AML)
The present exsmple sncompasses targeting of the £D33 antigen tn AML. The

specific stepz of the example are outlined in Table &,

Table 6. Qutline of the Experimental Disign
L Auntologons CIST favgeted (CAR) T- eell
therapy

{ Generation of amti-UD33 CAR conxtrucix
, Isolation ol CDAR T Calls from a Patient
3. Preparvation of antt CRA3 CAR T Cells

]

4. Retnfusion of CD3I3 CAR T eells into a
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Patient
L Autologous Henatopotetic Stem Cell 1. Isolation of Hemuatopoietic Stem Cells

Transplant Using CD34°CDIY Cells 2. CRISPR-CasY Plasinid Targeting CD33
3. Generation of CD3CIEY cells via
CRISPR-CAS Systemn
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Pa_t.;.am

1, Continued treatment of a patient with 2
(D33 antibody attached to 3 toxin
{iununotoxm}

L CD33-targeted chimeric antigen recepior (CAR) Tocell thevapy
A. Generation of wei-CH33 CAR censiructs
The chimeric antiget receptors fargeting CD33 deseribed hereln may consist of the

fellowing cfzmpan&ms i order fiont 810 37 pHIVZ, smmni antiviral backbone

fowwaddgens org IRI2 UL peptide signal, the CD33 seFv, the hings, transmenbrang

regions of the CD2Y molecule, the intracellular domain of CD28, and the signaling domain of
TCR-{ molecule,

{nitially, peptide signal, anti-CD33 Light chain (SEQ 1D NO: 1), the flexible Hinker and
fhre anti-CD3 3 heavy chaiy (SEQ D NQ. 2} ave cloned dito the FeoR1 site of pHIV-Zsgreen,
with an optimal Kozak seguence.

The nucleic acid sequences of an exemplary chimeric receptors that binds CD33
with the basic struchure of Light cham- Haker ~Heavy chain~ Hinge-CD2SACOS ~UD3 s

provided below,

Part I Light cham- Hnksy ~Heavy chain (SEQ ID NO: 18): The Korak start site 15 shown
f boldface. The peptide signal L1 is shown tnitalic. The ant-CD33 Hght chain and
heavy chain are showit i bold and itahes, separated by 4 hoker.

A cEgBCCACCA TS GACATGAGGETCCCTGUPCAGL LT

TOTCAGHTOCCARATC TCAGATCETECTEACCCAGAGCCC
CGGCAGCCTGGCCGTﬂaGCECCGGCAAGAGG&TGACC&TGAGCTGG&AGACC&@CC&@AG
TP T T CAG AR CAGC CAGAAGRAL TACO IO CTGRTACCAGCAGATCOCCGRCCA
GAGCCCCAGECTEOTRATCTACTCEGUCAGCACCAGCGAGAGCEGUGTRUCCGACAGHTT
CACCEGCAGCECCAGCRECAGEGECACCEACTTICACCCTGACCATCAGCAGLGTGCAGLCT
CRAGGACCTRECCATCTAC TACTSCCACCAGTACCTCACCARCAGRACO TTCEBCCABEE
CACCARCCTECAGATCARGAGRIGUAGCACCABCARCALUGEC ARG CAGCAGLAECEA
SGOTARCACCRAGGHUCARE TECACUTECACIAGCLOCEELEUUGAGETEE PTEARGCCCGE
CRCCAGCEYRAAGATGAGUTECAARCCLAGCOECTACACCTTCACCAGC TACTACATCCA
CTECATCAAGCAGACUCUCHRECCAC G TRRACTEGCTORCCOTEATCTALCUCCGEUAA
CEACGACATCAGUTACARLCAGARGTTUCAGREUAAGRCCACCCTGACCOUCHRACAAGAS
CAGCACCACCOCETACATECAGCTGAGCAGCCTCACCAGCGAGEBACAGLGCCGTETACTA
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1 the next step, the hinge region, CD28 domain (SEQ 1D RO 3) and 2 evtoplasiie
component of TOR- are cloned into the Notf and BanHi sises of pHIV-Fsgreen (already
sontaming the peplide signal and the CD33 seFy. Allernatively CD28 domain can be
substituted by 1COS doman (SEQ IDNO: 4).

In addition to CD28 and 1008 domsing, a fusion domain comprising fragments of
CD2E and 1COS wntracetiular signaling domains will be engineersd (SEQ 1D NO: 5) and used
{0 generate addittonal chimene receplors. Such configuration, where the chimeric receptor
gomprises an gntigen-binding fragment, an anti-CD33 Hight chain vanable region, u linker, s
anti-07133 heavy chain varigble region, CDRYACOS hvbnid region {ncluding a T™ region of
CHIN), and signaling domain of TOR-{ molecule.

Example anuno acid sequences of compodents that way be used to generate the
chitmeric recepiors are provided heremn, suchas CD2R doman (SEQ 1D NO: 63, ICOS domain
(SEQ 1D NQx 73, CRISACON tyybrid domain {SEQ 10Nk 8, and TURS arg provided

herein, Alternatively, the chimeric receptor may be generated as well {Section B.)

B Alrernative Method for Generativn of unti-CD33 CAR constructs

Schematics of example chimeric veceptors are presented in FIGURE 7, pavels AT,
The chimeric receptor will he genersted nsing an extracellular humanized sof v recopnizing
the CD33 antigen, Hinked 10 an extracelluiar COR finge region, a transtmembrane and
cyloplasnne signaling doman, and a CD3 Lsignaling chait (FIGURE 7, panel B} DNA
encoding the anti-CH33 chimeric regeptor will be generatad by using a humanized scbv
{Essand et ., J Invern Med (20131 27321 166). Alternatives include a CAR T el that
contains OX-1 or 41-BB i place of CO28 or COZROXT or CDNERM-1-B-B hybnids
(FIGURE 7, panels Cand DY,

I grder to generate the anti-UD33 soFV sequence, the coding regions of the heavy
and Hght chains of the variable regions of the anit-CD33 antibody descnibed above (SEQ ID

NOs! { and 2"}‘ will be an‘zp-iifﬁed. with speg,iﬁt primers and cloned into a pH’iV~ngr€aﬂ vetar

ﬁ'agmemsf} to the targat ma.iigenx the scFv wiii be exmessed in Hek293T ﬁei‘is, For this
purpose, the vegtor (pHIV-Zsgreen contamning the coding areas) will be wansformed into £
cali ToplOF bacterin and the plasmids prepared. The ehinined expression vectors that code

for the scbv anubodies will be mtroduced by translection o Hek293T cells. After cultiring
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the pansfecied cells for five days, the superatant will be vemoved wnd the sntibodiss
purified.

The resulting antibodies can be humanized using framework substitutions by
protocols known m the art. See, for example, oog such protocol is provided by BioAila (San
Driegol, where synthetic CDR encoding fragment libraries derived from a template antibody
are hpated 10 fuonan fravnework region encoding fragments from a human framework poot
Himited (o germiline sequences from a fmctionally expressed antibodiss
{bivatla.comiapplications/exprass-Bumanizations).

Affinily nuturation niy be performed n order fo improve antigen binding affinity.
This can be accomplished using general techniques known in the art. such as phage display
{Schier R, J Mol Riol (1996), 263:551). The variants can be scresned-for ther biotogical
activity (e.g., binding alfinity} asing for example Biacore analysis. In ovder to identily
hypervariable region residues which would be good candidates for modification, alanine
scamnng mutagenssis can be performed to identtfy hypervaniable region residues contributing
sigriticanily to antigen binding. Additionpally, combinatonal hibranes described by can also
he used for improving the affinity of the antibodies (Rajpal of of,, PNAS (2003) 102(24);
#466). Allernatively, BioAtls has developed ¢ platform for the rapid and officient atfinity
maturation of antibodies, which can also be utihized for the purposes of antibody optinvization

(loatla.comdapplivations functional-maturation/).

(03 Assembly of CAR construct

Next, the anti-CD33 soFy will be linked to an extrsostiudar CDH hinge region, a
transmembrane and cytoplasmic CDI8 signaling domaty, and a D3 Leigualing chaiy,
Briefly, primers specific for gti-CD33 scFv sequence will be used to amplify the seFv &
Jescribed above. Plasmid (pUNT-CDR). {wiwvw. invivogen conypuno-cdia) carrving the
complete human CDR coding sequence will be vaed {o amphify € DR hinpge and
tramgmenbrane domaing fanino acids 135-2053 CD3 ¢ Fragment will be amplified from the
Invivogen plastnd pORED-hCD2A Ty (hitp:fwww invivogen.com/PDF/pORF -
hCD247a HUE26006.pd0) carrving the complete haman CIE coding sequence. Finally, the
CD2R (amuno acids 133-220, corresponding 1o THM and signaling donsaing of CD28} will be
amplified from cDNA generated using RNA collected from activated T cells by Trnizol
method. Fragments containing anti-CD33-seFv-CDE-hinget TM-CD2E-CD3L will be

assembled using splice overlap extension {(SOE} PCR. The resulting PCR fragment will then
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lentiviral vector pRRL-SIN-CMV-eGFP-WPRE in which the CMV prometer was replaced
with the EF-Lu promoter and the centrad polypusing tract of HIV was insented 5" of the
prommoter (Milone ef al., Mol Ther (3000 () 1453, Porter ot o, NEJM QULL 81725y All
constructs will be verified by sequencing.

Alternatively, CARs containing JCOS, CD27, 418R, or OX-40 sipnaling domam
mstead of CDIR domam will be generated, introduced into Tocells and tested for the ability to
eradicate CD33 positive cells (FIGURE 7, pansd ). The generation of “third-generation”
chimeric receptors are also contgmplaisd (FIGURE 7, panet [, which combine multiple
stgrabing doratns, such as CD32-CD28-41BRB or CD32-CR2E-0X40, 1o fiwther sugment

petency (Sadelain et al., Cancer Discov. (2013} 4388)

(B} Ant-CP3I3 CAR T Cell Preparation

Primary human CD#' T cells will be isolated fiom patients’ peripheral blood by
pmonomagnetic separation (Miltenyd Biotec). T cells will be caltwred in complete media
(REMI 1640 supplemenied with 10% heni-ingctivated FBS, 100 UfmL penicithing 100 pginl
streptomyein sulfate, 10mM HEPESY and stimulated with anti-CD3 and anti-CD2% mAbs-
coated beads (lavitrogen) as previondy described {(Levine et al, L Immmmol (1997)
1591235921,

A packaging cell ine will be used o generate the vival vector, that is able to fransduce
targel cells and vontains the anti-CD33 chimenic receptors. To generate lentivinal particles,
{CARs generated m section (1) of this Example will be tranafected into immortalized normal
fetal renal 293T packaging vells together with Cells will be cultured with high ehacose
DMEM, mituding 10% FRS, 1 Uiml penicilfin and 100 pg/mal straptonsycii. 48-72 hours
posi-tiansfection the suparnatant will bg codlected, and the recombmant lentivings
concentrated in DMEM without FBS, Primary CDR T cells will next be transduced at
mudiiphctty of infection (MO of >3- 1} in the presence of polvbrene. Human recomibingnt
112 (R&D Systems) will be added svery other day (30 IUmLy, T cells will be cultured for
~14 days after stinndation. Transduction efficiency of human primary T cells will be assessed

by expression of a Zslreen reporter cone {Clontech, Mowntsin View, CA).

E. Infusion of CAR ¥ celiy into ¢ Patient

Prior o the £v. mifnsion of anti-CD33 CAR'T celis into the patiznl, sells will be
washed with phosphate buifered saling and concentrated. A cell processor suchas a
Hagmonetics CeliSaver (Haemonetics Corporation, Brantree, MA), which provides g ¢losed

and sterile system, will be used for the washing and concentration steps before formulation.
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The final T cells expressing the anti-UD33 ehimerie receptors witl be forrmalated into 100 mi
af stertfe normal salive supplemented with human serurs atbarmo. Pinelly, patieatg will be
infused with 1-10X307 T cellstkg over a period of 1-3 days (Mande et al, NI (2014)
FTHIOYIS507). The number of T cells expressing anti=-CD33 chimeric receptors infused will
depend on numerous factors such as the siate of the cancer patient, patient’s age, prior
treatment, ¢,

Furthermore, also contemplated heram are immune cells expressing chimeric
reveptors that target CD4SRA in addition to chimeric receptors that targes CD33 in AML
patients. This can be accomplished by two different approaches: 1) generating imnume cells
expressing anii-CRA3 chimeric receptors and immune cells expressing anii-CDATRA
chimeric receplors separately and fusing the patient with both types of e cells
separately, o 2} genetating tumane cells that targel both D33 and CD4SRA simeltansously
(Kakarla et al, Cancer (23151 Q014)).

H. Autologons Hematopoletic Stem Cell Transplant (HSCT) Using CD3MCD3Y
Lells
1t 15 undersiood that the protocnls repseding stems cell fsolation from patients,
condiioning repimens, as well as mfusion of pattents with steny cells vary greatly depending
an the patient’s age, condition, treatment listory, avd 1nstiution where the treatment is
conducted, Thus, the protocel described below is merely an example and is subject to routine

optinuzation by a person having ordinary shill in the ait.

A Isolgrion of Hemaropoivtic Stem Cells Using Peripheral Blpod Xtem Cell
{PRSC} Mobilization Following Adopiive Transfer of anti~-CD33 CAR T Cells
AMIL patzent will be stinmlated by Ly, admimstration of granulocyte colony-
stinwdating factor (G-OSF) 10 mefke per day. CD347 cell positive selection will he
performed using immunomagnetic beads and an immunomagnetic envichment device, A
rinimmum of 2x 10° 0D cellske body weight ave expecied 1o be collected using 2 Fenwall

C8 3000+ cell separator (Park et ], Bone Marrow Transplaniation (2003 32:889),

&. Cenditioning Regimen of ¢ Patierd

The conditioning regimen for autologonus peripheral blood stem call transplant
(PBSCTY will be caried out using stoposide (VP-16} + eyclophosphamude (CY) + total body
irradigtion (TBLY. Briefly, the regimen will consists of etoposide {VP-16) a1 1.8gnv v

constant mndusion (c.av ) over 26 b as a single dose followed by cyclophosphamide (CY) at 60

SUBSTITUTE SHEET (RULE 26)



WO 2017/066760 PCT/US2016/057339
68

kg per day Ly, over 2 b for 3 davs, followed by total body irtadiation {TBI) a1 300 ¢Gy
per day for the next 3 days.

To caleulate the dose, ideal budy weight or sctasl body weight, whichever is less, will
be used. As previously mentioned, {actors such as the state of the cancer patient, patienl’s
age, prior treatient, as well as the type of institution whers the procedure i conducted will

sl be taken into consideration when determining the precise conditioning reginien,

¢ Plasmid Construction of CRISPR-Cas9 System targeting CI33

The lentiCRISPR v2 comtaiming mserts CasY and Puromyom resistance will be
obtained from Addpene (Plasmid #52961} (Sanjana et al, Nar Medhods (2014) 81 783). To
clone the single guide RNA (seRNA) CD33 puide sequence, the leniCRISPR v2 will be cut
and dephosporviated with FastDigest BamB aud FastAP (Fenmentas) at 37 °C for 2 hours,
gRNA targeting CD33 will be designed using the online optimized design tonl at

stispranivedu. Alternatively, gRNA will have a sequence depicted Jn FRIURE 13 {SEQ D

NG CD33 gBRNA eligonuctestides will be obtained fom Integrated DNA Techuologies
(IO, phosphorylated using polvnucleotide kinase (Fermentas) at 37 #C for 30 minutes and
annealed by hoating to 95 90 for § minutes and cooling 10 25 " gl L3 *Ciminute. T7 igase
will be used 1o anneal the oligos, after which the annealed oligos will be Hpated into gel
purified vecior {Qtagen) at 23 °C for § nunuies. Resulting plastd can then be amplitied
using sn endotoxin-free vudi-prep Rit ((hagen) (Semgana et al., Nat Methods (20014)(8Y.T83),

Alternatively, a two vector system may be used {where gRNA and Cas are expressed
from separate veciors) protocol described previsusly (Mandal et al, Cell Stem (el (2014)
L5(5:643). Here, Mandal et al. achieved efficient sblation of genes in lnunan hematopoietic
stem vells using CRISPR-Cas system expressed from non-viral vectors,

Briefly, human-codon-uptimized Cas? gene containing a C-terminal SV40 nuclear
lovalization signal will be cloned into a CAG expression plasmid with 2A-GFP, To direct
Cas® o clegve D33 sequences of interest. the guide RNA (gRNA (BEQ D NQ 1) will
e separately expressed from & plasmid vontaining the human US polyvmerase I promoter.
sRNA sequence oligonucleotides will be obiained from Inteerated DNA Technologies (1),
annealed, and mtroduced into the plasmid using Bbsl restriction sues. Due to the transcription
mitiation requirgment of a "G base for human U6 promoter, as well as the requirsment for
the PAM {protospacer-adiacent motif) sequence, genome target will comprise GNLGG

nucleotide sequence.
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In addition to infusing pationts with CD33 depleted hematopoietic sten vells HSCUs, a
protocol will be developed i whicl the patients are subsequently infused with CDASRA
depleted H3Cs. Alternatively, the inventors will generste CD34 CD33CD45RA  cells nsing
CRISPR-Cas¥ system io reduce both CD33 and CDASRA genes simultaneonsty. Example

guide RNA sequences for CD4SBA and UD33 are shown in Tables 4 and 53,

D. Transfection of CH34" cells HSCx to generate CH3LCD3 colls

Freshly isolated peripheral blood-derived (134" cells (from step 4) will be seeded at
1+ 10° cells/m! in serumefree CellGro SOGM Medium in the presence of cells culiure grade
SMem Cell Factor (SCF)Y 300 ng'mi, FLT3-L 3K ng/mi, Thrombopoietin (TPO) 1 ngdml
and -3 86 ng/ml. Following 24 bour of pre-stimulation, CD34" HSCs will be transfecied
with LenpBiCRISFR v2 containing Cas? and CD33 pRNA using Argxa Human 1334 cell
Nitcletfoctor kit (U-008) (FVPA-1003) {Mandal et ab, Cell Stem Coll (20143 15(33:643). 24-
48 howrs post-transtection, CD347 CDIY cells are selectad with 1.2 pg/ml paromyain,
Following the puromyein selection, CD34°CD33 cells will be maintained in puromycin-free

media for couple of days.

E. Reinfusion of CD34'CD33 colls into the patiemt

D547 cells nansfected ex wyo with CRISPR-Casd-CRII D4 TDEY cells) are
inmediately reinfused through o Hickman catheter using 2 standard blood administration set
without a filter (Hacein-Bey Abina ef al. JAMY (2018 313018 1534,

Generally, patients who have undergone the above outlined treatment protocol will be
monitored for the reappearance of eirculating blasts and oyviopenias. Additionally, depending
on the underlving mechamism of AML in 2 specific patent, the success of the treatment will
be monttored by testing for reappearance of an infornwative molecular or gytoganetic marker,
or an mibrmative flow cytometry patiem. For example, resmergence of & BCR-ABL signal
i Philadelphia chromosome-positnee AML will be detected using floosescent in sit
hybndization (FISH) with probes for BCR {on chromosome 22) and ABL (o chromosome
a3,

To evaluate the success of TR deletion via CRISPR-Cas® system, periphera] blood
€347 vells will be isolated from patients (post-transplant) and assessed for the CD33
expression, for example nsing Bow eytomenty, Wastern blotiing, or immunchistochemisiy,

As desortbed hereln, the HSCT desoribed i this Exampls can be either antologous o
allogeneie, and both approaches are suitable and can be incorporated m the metbods

described in the present disclosure.
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111, Optional Step: Continued trestment of 2 patiest with a CD33 antihody attached
0 8 toxin

A, Treatment of Patfents with CD33 Immenotoxin Gemtugumah Ologamicin (GO}

Patients will be treated with 9 mp/re’ of anti-CD33 antibody semturaniab dzopamicin
(GO a8 a 2-hour intravenous infusion i 2 doses separated by 2 weeks (Larson st gl Concer
{2005), 104(7)3:1442-52), GO 15 comprised of 2 hamanized monocional autibody sgamst
CD33 which is conjugated with a oviostatic agent, calichearcin {FIGURE 8},

Alternatively, the ant-CDAR antibodies may be conjupated to different toxins, such as
diphtheria toxin, Pseudomonas exotoxin A (FE), or ricin toxin A chain (RTA ) can be
generated {Wayne et al, Blood (014) 123016% 2470), Similarly, anti-CDASRA gmibodies

may be attached g fosin and included 1 the treatment regimen.

EXAMPLE 41 T cally and NK vell Buyes gxpressing an ami-CD33 chimeric receptor
icluce coll death of tavpet ¢ells expressing UD33

Binding of clumeric reeeptors 1o CD33

Chimerie seeeptons that bind OD33 (e g, CARTE CART2, CARTY) werg generated
psing cotvention recornbinant DNA teclmologies and tuserted fnto a pHIV-Zsgreen vector
{Addgene; Cambridge, MAJ The veciors contaiming the chumetic receplors werg used o
generaie lentiviral particles, which were used to wansduce different cell types, fw example T
cell fimes {e.g., 293 T cells) and NK cell hnes {e.g, NK92 cells). Expression of the chimeric
receptors was detected by Western blotting (FIGURE 9, panel A} and flow eytometry
(FIGURE 9, pagel B),

Cells exprassing the chimeriv recapiors were selected by Muoreseenve-activated vell
sorting (FACS) aud assessed for their ability 10 bind CD33, Briefly, Iysates of 2937 cells
expressing the chimeric receptors were coincubated with CD33 or CD33-allophycocyanin
(APCY conjugate. The samples wers subjected o protein electrophoresis and either stained
with Ponceau protein stain (FIGURE 10, pasel A) or transferred to 2 membrane and probed
with an ant-CDA privary antibody (FIGURE 10, panel B In both cases, binding between
the chimenic receptors and their target, UD33.

K562 colls expressing the chimeric receptors were also assessed for binding 10 CB33

the number of cells positive for expression of the chimeric receptor (CARTY, CART2, or
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CARTI) and UD33 binding as compared 1o cells epntaining an smpty veotor control,

ndicating the chimeric reveptars bind o €133,

Cyiotoxicity induced by cells expressing the chimeric recepions

ability t indnge cytotoxicity of target cells presenting €133 on the cell surface fe g, K362
are 2 human chronic myelogenous leukemia cell ling that are CD33+), To perform the
cylotoxicily sssays, effector cells {imomme cells, such as NK-92 cells) were jufected with
fentivires particles encoding the chimerc receplors and expanded. Seven days post wnlection,
cells expressing the chimeric receptors were selected by FACS analysis by selecting fr
furescent markers also encoded by the chimeric receptor encoding veotoy (g, GFP+or
Redt). The selected celly that express the chimeric regepiors were expanded for otie week,
Fourieen davs post infection, the cytotoxicity asssy was perfomuing involving staining the
tavget cells (vells expressing the target cell-surfacs lineage-specific antigen, CI333) with
carboyxtlvorescen succinimidy! ester (CFRE) and counting both the tavget cells and cells
expressing the chimeric receptors, Differst ratios of target calls and cells expressing the
chimeric receptars were coincubatad in round bottom 96-well plates for 4.5 by, after which
F-aminoactinomyvein D (7-AAD) way added to stain son-vigble cells. Flow cvtometry was
performed o eoumerale the population of viable and non-viable farget cells. A3 shown
FIGURE 11, panels A and B, NK92 cells expressing chumeric receptors CARTY, CARTZ, or
CARTS induced 3 substantial amount of cell death of target K562 cells at each of the cell
ratios assessed.

To determine that the cell death of K362 cells was dependent on specific targeting of
the chimeric receptor to D33, K362 were penetically engineered to be defivient in CD33
asing a CRISPR/Cas systerm. Briefly, a hunan codon-optimized Cas¥ endonuclease and a
eRNA targeting a portion of the TeC dontain o CD33 were expressed in the K562 cells,
resulting in populations of CD33-deficient K562 cells. The cells were expanded and co-
incubated with NE92 vells expressing the chimeric receptors, snd the oytotoxisity assay was
performed as described above. As shown in FIGURE 12 pangl A, the pooled CD33-deficient
K562 cells showed a modest reduction in cell death with co-incubated with the NK92 cells
expressing the chimeric receptors. Howsever, when single clones of CD33-deficient K562
culls were rolated, expanded, and wsed {o perfonin the cytoloxicity assays, 3 more significant

reduchion in cylotoxicily was observed (FIGURE 12, pasel B).
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Expression of chuneric receptors o primary T oells

Primay T cell populations were fsolated from PMBCs obtained from donors by
FACS by positively selecting CD4+, CDR+, or U4+ cells, resulting in highly pure
populations (FIGURE 13, pavels A and B). Each of the populations of primary T cells
(CD4, CDR+, or CDEHCDE cells) wers tranaduced with o lentiviral vector containing the
chimeric receplars {¢.g, CARTI and CARTS) and the resulting primary T cells expressing
chimeric receptors were used to perform cylotoxicily assays, as described above, Co-
mcabation of the popalation of TD4+ T cells expressing the chimeric receptors with K362
{1000 {arget K362 cells) did not resudt in oytotoxicity of the K362 cells (FIGURE 14, panel
Ad It contrgst, in a cytotoxicity assay using either CD& or CDMHCDR+ cells expressing
the chimeric reveptors and 1000 target K362 cells, the CD&+ or UD4+TDR+ cells were able

to indace cell death of the K562 cells at a low cellular ratio (FIGURE 14, panel By

Genetic enzineering human hematopoietic stem celly

Several gRNAs were designed w0 hybnidize to the 1gC domain of CD33 {see, for
exgmple, Table 9, SEQ 1D NOT ¥ or 28-31), Each of the gRNAS werg expressed alomg with
a CasY endoneulease in K362 cells. The expression of CR33 wis assessed by fow cyvtomslry
{FIGURE 15} As shown for Crispr 3 (SEQ ID NO: 28 and Crasprd (SEQ ID NO: 29). 8
sigriticant reduction fn CD33 was found in cells expressing the CD33argeting CRISPR/Cas
syster, as comparad to conirel cells expressing CD33,

The CO33-deficient hematopoietic stem cells were also assessed for various
characteriatics, including proliferation, erythopoeitic differentiation, and colowy formation.
Briefly, CD33-deficient hematopoietic stem cells and control cells were induced to
difYerentiate by wxposing the cells to hentin, and CD71, 3 marker of erythroid precursors, was
assessed by flow oviometry st different time points (FIGURE 16, panels A and B). CD33-
deficient hematopoigtic stem cells wuderwent grvthopoaitic differentiation and flow
gytometric profiles appeared similar to the control cells (CD33+). The cells wers also
subiected ip MTT assay to measurs the metaholic sctivity of the CD33-deficiens
henmlopoietic sten cells. As shown i FIGURE 16, panet C, the CD33-deficient
hematopotetic stem cells performed comparably to the control cells. Finally, the ability of the
cells to proliferate and form colonies of cells was observed using a microscopic colony
[ormation assav. Agam, the CD33-deficient hematopoietic stem cedls were able to fomm

colonies {o g anular extents 83 the control cells (FIGURE 18}, These resylts mdicate the
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CRISPR{Cas deletion of a portion of CD33 does et algud feantdy impact the ability of the.

¢alls o probferate, differentiate, or fovin colomes.

OTHER EMBODHMENTS

All of the featares disclosed in this specification may be combined in any
combination. Pach fegture disclosed 1n this specification may be replaced by an
alternative feature serving the same, squivaleny, or similar purpose. Thus, unless
expressly stated otherwise, sack feature disclosed 18 only an example of a generic series of
equivalent or similar features.

From the above description, one of skill in the art can easily ascertain the essential
charactertstics of the present disclosure, and without departing from the spint and scope
thereof, can make varions changes and modifications of the disclosure o adapt it lo

various usages and conditions. Thus, other embodiments ave also within the claims.

EQUIVALENTR

While several mnventive embodiments have been descetbed and Hlustrated heretn,
those of ordinary skill in the grt will readily ewvision a viuiety of othey micans andior
structures for perfornung the finction andéor obtaining the results andior one or more of' the
advantages described herem, and gach of such variations andéor modifications is deemed 10
be within the scope of the inventive embodiments described heretn. More generally, those
skilled in the st will regcily appreciate that all parsmeters, dimensions, nwaterials, and
configurations deseribed herein are meant o be exemplary and that the actual paramaters,
dumensions, mgterials, anddor configurations will depend wpon the speaific application or
applications for which the inventive teachings 1w/iare used. Those skilled in the art will
reconize, or be able fo ascertain using no more than routine experimentation, many
squivalents to the specific inventive embodiments deseribed herem. 1 s, thevefore to be
undersiood that the foregoing embodiments are presented by way of example only and that,
within the scope of the appeaded claims and eqguivalenis thereto, invemiive smbodiments may
be practiced otherwise than ax specifically described and clanned. Inventive smbodiments of
the present disclosure are divected 10 each mdividual Tealure, systens, ardicle, matenial, ki,
and/or method desertbed herein, In addition, any combination of two ov more such features,

systams, articles, materials, kits, andior methods, i such features, systems, articles, matanals,

o

N

kits, and/or methods are not mutually nconsisient, s mcladed within the nventive scope of

the present disclosure,
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All definitions, as defined and used herein, should be anderstood to comirol over

dictionary definitions, definttions in dotuments incorporated by reference, andior ordinary
meamngs of the defingd ferms,

All refevences, patents and patant applications disclosed herein are mcorporated by
reference with respect to the subject matter for which each is cied, which in some cases may
encompass the entirety of the document.

The mdetinite articles "™ and “an,” as used hersin in the specification and i the
claims, unless clearly fndicated to the contrary, should be wdersivod o mean “at feast ong.”

The phrase “andior,” as wsed herein in the specification and i the claims, should be
understood o mean “either or both™ of the elentents so conjoined, Le., eloments that we
conpunctively presant in some cases and disjenctively present in other cases. Multiphs
clements listed with “andifor” should be construed in the same fashion, 12, “one or more” of
the elements so conjoined. Other elements may optionally be present other than the elentents
specifically identified by the “and/er™ cluuse, whether related or unrelated to those elements
specifically identified. Thas, as a non-Himiting example, & reference to “A andfor B, whesn
wsed in comjunction with open-ended language sach as “comprising” can refer, inone
grnbodiment, to A only {optionally including elements other than BY, in anvther embodiment,
o B only {optionally including elements other than A); i yet another embodimant, 10 both A
and B (optionally inclading other elements); ete.

As used herein n the specification and in the clabms, “or” should be undersiood to
have the same meaning g5 “andfor” gs defined above. For exgmple, when separgting Hems in
a list, “or” pr “anddor” shall be interpreted as baing inclusive, Lg., the inclusion of ot least
one, but also meluding move than one, of a namber or hist of elements, and, ophonally,
addibiona! unlisted ftems. Only tenms cleardy indicated to the coutrary, such as “only one of”
or “exactly ong of” or, when used i the clytms, “consisting of],” will refer to the indlusion of
exactly one element of & munber or it of slements: by geperal; the term Yor” as used herain
shall only be interpreled as indicating exclusive altemaives (Le. “one or the other bul not
both™) when preceded by terms of exclusivity, soch gs “either.” “one of " “only one of " or
“axactly one of 7 “Consisting essentially of,” when used i the chums, shall have s srdinmy
megiing as used in the feld of patent law.

As ysed hevein inthe specification and in the cloims, the plyase “at east png,” in
refersnce to a list of one or more elements, should bg understood to mesn at Teast ons element
selecied from avy one or more of the slements in the st of elements, but ot necessaxily

meluding at feast one of each and every element specifically hsted within the Hst of elements
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and not excluding say combinations of elements in the st of elements. This definition also
allorws that elerents miy optionally be present other thas the elements specifically identifiad
within the hist of elemenis to which the phrase “at least one” refers, whether relgted or
urwelated to those elements specifically identified. Thus, as 3 non-limiting example, “at least
one of & and BY (or, equivalently, “at least ong of A or B,” or, squivalently “at least one of A
andior B”) can refer, in one embodiment, 1o at feast ong, optiosally including more than one,
A, with no B presant {and optionally including elements other than B); i another
embodiment, to af least one, optionatly inclading more than one, B, withno A present {and
optionally inchuding elorents other than A} 1 vet another embodiment, 10 at least one,
aptionally inchrding more than ong, A, and at least one, optionslly inclading more than one,
B (and ppionally inpluding other elaments); el

{t should also be understond that, unless clearly indivated to the contrary, in any
methods clanmed hevein that include more than one step of act, the order of the steps of acts
of the method 15 net necessarily mited to the order i which the steps or avts of the method

arerecied
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WHAT IS CLAIMED N
1. A method of treating ¢ hemgtopoietic mahpnaney, comprising sdmimstering

1o & subject in need thereol

{1} an effective amount of wy agent 1argeting a Hnsage-specific call-surface antizen,
wherein the agent comprises mit antigen-bindimng fragment that binds the lineage-specihic cell-
surface antigen; and

(it} a population of hematopoietic cells that are defivient in the lineaye-specilic call-

surface antigen.

2 The method of claim 1, wheretis the agert is an numuneg cell gxpressing a
chimeric receplor that comprises the antigen-binding fragment that binds the lineage-specific

celb-surface antigen.

3 The mwthod of clainy T or claim 2, wherein the e colls, the
hematopoietic cells, or both, are allogenesc or autologous.
4 The method of anv ong of claims -3, wherein the hematopoiatic vells are

hamatopoietic stem cells.

5. The method of any one of claims 1-4, wherein the Hineage-specific cell-surface

antipey 15 a type 2 Lineape-specific cell-surface antizen,

5. The method of claim 3, wherein the type 2 lineage-specific cell-surface

antigen 18 CRA33,

7. The method of any one of clading 146, wheretu the antigen-binding fugment in
the ehimeric receptor is g Single-chain antibody fragment (3¢Fv) thit specifically binds the

hneage-spectfic coll-ewrface antigen, which s a human protein,

%. The method of clatm 7, wheretn the sePv binds to human CD3LL

e, The method of clair §, wherein the scFv comprises o heavy chaln variable

region, which bas the same complenentary determining regions (CDRs) oy those i SEQ ID
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NOA2, and & Hight chain variable remion, which has the same UDRs a3 those i SEQ 1D
NO13

10, The method of claim 9, wherein the scPv comprises a heavy chain variable
doman having the amino acid sequence of SEC ID NO: 12 and a light chain varieble domain

having the aniino acid sequence of SEQ ID NO; 13,

1. The method of any one of claims 1-4, wherein the Hineage-specific cell-surface
autigen i & type 1 Hneage-speaitic cell-surface antigen.
12, The method of claim 11, wherein the type | lingage-specific cgll-surface

antigen 18 CRHY.

ot
Lok

The method of any one of claims 1-12, wherein the munune cells are T calls.

14, The method of any one of clains 1413, wheretn the chimeric recepior further
COMpPrises:
{a} a hinge domam
{b) 3 transmembrane doman,
{¢) at least one co-stimalatory donain,
{d) a cytoplasmic signaling domgin, or

{e} a combination thersof.

i
co-stimulatory signaling domain, which is derived from a co-stimulatory veveptor selected
from the group consisting of CD27, CD2R, 4-188, OX40, CD30, CD40, pD-1, ICOS,
fvniphocyte function-pssociated antigen~ 1 {LFA~ 13, CD2, CD7, LIGHT, NRG2(, B7-H3,
GITR, HVEM, and o combination thereof

LA

The method of claim 14, wherein the chimerie recepior comprises at least-one

16, The method of claim 15, wherewn the at least one co-stimulatory signghng
domain is derived from 4-1BB, CD2R, or ICOS.

17 The method of claim 16, wherein the at least one co-stimulaiory signaling

domain comprises 4 signaling domain oI CD2¥ aud & signaling domain oI 1008,
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18, The sethod of clatm 16 or claim 17, wheredn the at least one co-stinnudatony
stgriabing donai s from CD2EE and the chimene receptor further comprises 8 second co-

stimulatory signaling domain from 4-188 or 1008,

19 The method of any one of clatms 118, wherein the chimeric receptor

comprises @ cyloplasone signaling domadn, which 1 from CD3E

20, The method of avy ot of clanins 1-19, whetein the chimeric receptor

comprises 8 hinge dowann, which i from CORu or CD28,

21, The method of any e of olains 1-20, wherein the chimeric receptor

comprises a ransmembrane domatn, which is from CD8, CD2S, or ICOS.

32 Thenwethod of any one of clainw 1-21, whergin the chimerie receptor
comprises, from N termings o C termings,

{1} a seFv that binds to the lineage-specific cell-swface sutigen, & hinge demain from
CDEa, a transmembrane domain from CDE, 8 costimmolatory domain from 4-1BB, aind 4
cytoplastue signahing domam from CD3;

(it} a scFv that binds to the leage-specific cellsurface anligen, a hings domain from
(Deg, g transmemtwane domain from CD2R, a costirmudatory domain from CD2R, and 1
gytoplasmic signating dowem from CD3 ot

{141} @ seFv that biads o the lineage-specific cell-surfice smtigen, a inge donwnin from
CDSa, 3 transimembrane domain fom CD2E,  fivst costimulatory doman fon CD2K, a

second cosiimulatory domain from 4-1BB, and a cytoplasmic signaling domain from CD3E

23, The method of any one of claims 422, wherein the hematnpuietic stem vells
are CDICDAT

. The method of clatm 23, wherein the henlatopaiesic stem gills are Trom hone

marrow cells or peripheral blood mononuclzar cells (PEMCx).

253 The method of any one of claims 1-24, wherein the subject has Hodgkin's

hymphonma, non-Hodgkin's Iymphoma, leukemia, or muliiple mysloma.,
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36, The method of oladm 25, wheveln the sobjett has leukemig, which ¢ acule
niyeloid leukemia, chromic mvelopenous leukemis, acute lymphoblastic levkenng, or chironic
fymphoblastic leukemia.

27 A mwleic acid comprising a mucleotide sequence encoding s chimene
receptor, wherein the chimeric recepior conprises an antigen-binding frapment that binds
D33, a ransmembrang domain, and & evioplasnnie signaling domain,

wherein the antigen-binding fragment comprises a heavy chatn vaviable region, which
has the same CDRs as those in SEQ ID NO: 12, and o ight chain variable region, which has
the same CDRs g those in SEQ 1D N 13,

28 The hucleic acid of claimt 27, wherein the chineric receptor futher comprises

at least one costimulatory domain.

2%, The mucleic aoid of claim 28, wheretn the st least one co-stinmalatory signaling
deroain is derived from a co-stimulatory recepior selected from the group cousisting of
CD2T,CDR, 4-1BB, OX40, CD30, CD48, PD-1_ICOS, lymphocyte function-associated
antigen- § (LFA- 1), CD2, CD7, LIGHT, NKG20, B7-H3, GITR, HVEM, and a combination

thereof

M The nuclete actd of clabm 29, wherein the at lzast ane co-stimulatory signaling

donsain is derived from4-1RB, TD2E, or 1COS,

31 The nuclew asid of claim 36, whersm the at least one co-stimulatory signaling

domain comprises 4 signaling domain of CO and a signaling domwsin of ICD.

332, 'The nucleic acid ot claim 30 or claim 31, wherein the gt legst tne vo-

stimelatory signaling domain is from CORR and the chimeric receptor further comprises a
second co-stimulatory signabing domain from 4-188 ot ICOS.

33, The muchip acid of any e of clatms 27-32, wheretn the oytoplasmic

signating domain is from CD3L
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3 The miclerd sod of any one of clatms 27-33, whevetthe linge dontain is

from CD%a or CD28«.

35, The mucleic acd of any one of claims 27-34, whereln transmenbrane demanin

15 from CDS. CDIS, or ICOS.

36, The nucleic ackd of any one of clains 27-35 wherem the clumenic receptor
comptises, from N {erminus to O tenminus,

{1} the antigen-binding fragment, a hinge domain from CD8q, a transmembvrans
domatn from CDE, a costimulaiory donain from 4-1BB, and a evioplasmic signaling domain
from CD3G

{ii} the antigen-binding fragment, a hinge domain from CDS0, a transmembrane
domarn Som CDEE, 8 costimulatory domain from CDIE, and 2 ovioplasoe signaling domain
from CD3L; or

{ifi} the antigen-binding fragment, ¢ hinge domain from CD%0, a transmembrane
domain from CD2E, a first costiranlatory domaln from CR2R, & second costinnlatory donain

from 4-1BB, and a cytoplasmic signaling domam from CDAQ

37 The nucleic avid of any one of claims 27-36, wherein the antigen-binding
fragment comprises

& heavy cham variable domain having the amino aoid sequence of SEQ 1D NO: 12
and

3 Hight chain variable domain having the aming anid sequence of SEQ D NO: 13,

38 A vector vomprising the mucleic scid of any ove of claims 27-37,
39, A chimeric receptor encoded by the nacleie acid of any one of claims 27-38,

40 An munune cell expressing the chimeric receptor of claim 3%

41, The imnwane celbof elam 40, which 182 T oell,
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43 The e cell of claym 40 or claim 41, wherein the wimmune cell i obtained

from o patient having & hematopoietic mahignancy.

43 A penetically engineered hematopoletic cell that I deficient in 3 lineage-
specific cell-surface antigen, which presents on the hematopoistic cell before genetic

enginesring.

44, The gesedeally engineered henmiopoietic cell of claim 43, wherein the whole
or i portion of sn endogenous gene encoding the hineage-specific coll-surface antigen is

deduted.

45, The penetically enpineered hematopoietic cell of elaim 44, wherein the whole
or portion of an endogsnous gene encoding the lineage-specific cell-surface sntigen is deleted

fsing genome editing.

4. The genctically engineered honmtopoietic cell of claim 43, wherein the
genome aditing involves a Zing finger nunlesse (AN, a iranscription activator-like effector-
based nuclease (TALEN), or 8 CRISPR-Cys systen.

47, The genetically engineered hematopoietic coll of any one of ¢laims 43-46,

whergin the lineage-specific cell-surface mitigen 15 CD3I3 ar CRIY.
4%, The genetically engineered henmtopoietic cell of claim 46, wherein the
iinsage-specific cell-surfuce antigen s UD33 and ¥ portion of the mmunoghsbulin constant

(1) doman of the CB33 is deleted.

49 The genetically engineered hemnatopnietic cell of any tne of cladms 4348,

whergin the hematopodetic coll is 2 hematopotetic stem cell.

50, The genencally engineered hematopoiatic stem cell of clpim 4%, winchisa
CD3ACD3E cell,
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310 The penetically engivesred hematopotetic cell of any wie of claims 43-34,

which are from bone marrow cells or peripheral blood mopenaclear cells {(FRMCs),

52 A method of producing a cell that is deficient in a lineage-specific cell-surface
apligen, comprising:
providing a cell, and
itrpducing o the cell
{1} a nuclelc acid that comprises a nucleotide sequance of a TRISPR-Cas
systern guide RNA {gRNA)Y, wiich hybridizes toa portion of the nucleotide sequence that
gaooddes the hnvage-specific cell-surface antigen, and

(it} a Cas endonuclease,
53, The method of claim 52, wherein the Cas endonuclease i Casd or Cpfl.

34 The method of clainy 32 or 83, wheretn (1) and (3} are encoded on the sam

nuclete acid or o different nucleic acids.

55, The method of anv of claims 32-34, whereln (1) and {1i) are introduced into the

cell as a pre-formed nbonucleoprotein complex.

56, The method of any one of clatms 52-55, whetein the portion of the nucleotide

sequance 1 which the 3RNA hyvtridizes consists of 18-22 nuclentides.

87, Themethod of sny ong of claing 52-36, whersin the hnsage-specific cell-

surface antigar 1s D33 or CDIR,

58 The method of any one of clajms 52-87, wherein the cellis ¢ hemitopoietic

cell.

8 The method of claim 38, wherei the bematopaietic cell is & hematopoietic

stem call,

60, The method of claim 32, wherein the hematopoletic stems cell s CD347
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610 The method of any une of claims 52-60, wherein the gRNA comprises the

nucleotide sequence of sny one of SEQ IDNO: 11 and 2831,

61 A Ritconpuising:

(Y an i cell of any one of claims 40-42 and an agent that targets a lineage-
specific, cell-surface antigen, which comprises an antigen binding fragment that hinds the
lineage-specific cell-surface antigen; and

(i} a population of hematopoietic cells thal are deficient n the Dneags-specific

cell-surface antigen as set forth 1o any one of olaims 43-51
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US2016/057339

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the interational application as filed:

m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ser.1(a) for the purposes of international search
only in the form of an Annex C/ST.2S text file.

c. D furnished subsequent to the interational filing date for the purposes of international search only:
E] in the form of an Annex C/ST.25 text file (Rule 13¢er.1(a)).
I:I on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

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

3. Additional comments:
SEQ ID NOs: 12 and 13 were searched.

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/057339

Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

3. Claims Nos.: 4-26, 33-42, 49-51, 55-62
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

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

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

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

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

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

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)




INTERNATIONAL SEARCH REPORT - International application No.
PCT/US2016/057339

A. CLASSIFICATION OF SUBJECT MATTER

IPC(8) - CO7K 14/705; CO7K 14/725; CO7K 16/28; CO7K 19/00; C12N 5/0783 (2016.01)

CPC - A61K 35/17; CO7K 14/70521; CO7K 14/70596; CO7K 2319/03 (2016.11)

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

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC - A61K 31/436; A61K 35/17; CO7K 14/705; CO7K 14/71; CO7K 14/725; CO7K 16/28; CO7K 19/00; C12N 5/0783; C12N 9/90
CPC - A61K 31/436; A61K 35/17;, CO7K 14/7051; CO7K 14/70521; CO7K 14/70539; CO7K 14/70578; CO7K 14/71; CO7K 16/2863;
CO7K 14/70596; CO7K 2317/622; CO7K 2319/00; CO7K 2319/03; CO7K 2319/70; C12N 9/90; C12Y 502/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC - 435/23; 435/6.11; 435/7.92; 435/7.4; 435/7.23; 435/7.1; 506/9; 506/12 (keyword delimited)

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

PatBase, Google Patents, Google, PubMed
Search terms used: CD33 p67 SIGLEC-3 SIGLEC3 knockout deletion null & chimeric antigen receptor artificial t cell receptor chimeric t
cell receptor chimeric immunoreceptor engineered t cell receptor

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. ™
X WO 2015/090223 A1 (NOVARTIS AG et al) 25 June 2015 (25.06.2015) entire document 27-32
X | BRINKMAN-VAN DER LINDEN et al. "CD33/Siglec-3 Binding Specificity, Expression Pattern, 43-45, 47
- and Consequences of Gene Deletion in Mice," Molecular and Cellular Biology, 01 June 2003 emememnanae
Y (01.06.2003), Vol. 23, No. 12, Pgs. 4199-4206. entire document 46, 48
X "|ABRAHIMI et al. "Efficient Gene Disruption in Cuitured Primary Human Endothelial Cells by 52-54

CRISPR/Cas9," Circulation Research, 04 May 2015 (04.05.2015), Vol. 117, Iss. 2, Pgs.
121-128. entire document

Y TDOENCH et al. "Rational design of highly active sgRNAs for CRISPR-Cas9—mediated gene 46, 48
inactivation,” Nature Biotechnology, 03 September 2014 (03.09.2014), Vol. 32, Pgs. 1262-1267
(Pgs. 1-17 for citations). entire document

P, X ~1KIM et al. "Abstract 273: Genome Editing Using CRISPR-Cas9 to Increase the Therapeutic 1-3, 43-48, 52-54
Index of Antigen-Specific Immunotherapy in Acute Myeloid Leukemia," American Society of
Gene & Cell Therapy 19th Annual Meeting, Molecular Therapy, 04 May 2016 (04.05.2016), Vol.
24, Suppl. 1, Pg. S108. entire document
P, X ~{ SOTILLO et al. "Convergence of Acquired Mutations and Alternative Splicing of CD19 Enables {1-3, 43-48, 52-54
Resistance to CART-19 Immunotherapy," Cancer Discovery, 29 October 2015 (29.10.2015),
Vol. 5, Iss. 12, Pgs. 1282-1295. entire document
K{ Further documents are listed in the continuation of Box C. ‘:] See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” carlier application or patent but published on or after the intemational “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L™  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

gg:g;lor::;?,zh(i ;l;;c;i)fl_:gg)canon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

. . . considered to involve an inventive step when the document is

“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P™  document published prior to the international filing date but later than  «g,» ;
the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
28 December 2016 O 9 JA N 2077
Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, VA 22313-1450
.. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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C (Continuation). =~ DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

T

~

KIM et al. "Engineering Resistance to Antigen-Specific Immunotherapy in Normal
Hematopoietic Stem Celis by Gene Editing to Enable Targeting of Acute Myeloid Leukemia,”
American Society of Heamatology 58th Annual Meeting & Exposition, 05 December 2016
(05.12.2016), Pgs. 1-2. Retrieved from the Internet:
<https://ash.confex.com/ash/2016/webprogram/Paper89763.html> on 28 December 2016
(28.12.2016). entire document

1-3, 43-48, 52-54

Form PCT/ISA/210 (continuation of second sheet) (January 2015)
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