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DESCRIPTION

METHODS FOR PRODUCTION OF TISSUE RESIDENT MEMORY-LIKE T
CELLS AND USE THEREQ¥

{001} This application claims the benefit of United States Provisiopal Patent
5 Application Nos. 62/747,523, filed October 18, 2018 and 62/846,270, filed May 10, 2019, the

entirety of both of which are incorporated herein by reference.

INCORPORATION OF SEQUENCE LISTING

{0027 The sequence listing that 1s contained in  the file named
10 “UTFCPI4A08WO ST2S oxt”, which is 8 KB {(as measured in Microsoft Windows®) and was
created on October 17, 2019, 15 filed herewith by electromc submission and 1s incorporated by

reference heremn.
BACKGROUND

1. Field

{803] The present mvention relates geperally o the fields of medicine and

et
(4]

moonuneology.  More particulady, it concemns methods for the prodoction of tissue resident

memory-like T cells and uses thereof.

2. Bescription of Related Art
{004] Tissue resident memory cells {Trow) are a recently wdentified subset of memory
20 T cells that are important in local fronthne defense agamst viral diseases. Recent reports have
also suggested that cells with this phenotype play an important rele in anti-twmor munumnity.
Relatively hittle 1s known regarding Trv diffcrentiation and endogenous tissue resident memory
cells are difficult to isolate, impeding their study in basic rescarch and their apphcation in
adoptive eclular therapies. Thus, there s an wrunet need for methods to produce tissue resident

25 memory cells.
SUMMARY

{005 In one embodiment, the present disclosure provides an in vitre method for
producing tissue resident memory-like T cells (Ten-like T cells) comprising: {2} obiaining a

starting population of T cells; (b) culturing the starting population of T cells in hypoxic
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conditions or in the presence of a hypoxia-inducing agent to generate carly effector cells; and
{c} further culturing the early effector cells in the presence of transforming growth factor beta

L {(TGF-31} to produce Tru-like T cells.

{0061 In ancthor embodiment, the present disclosure provides an i vifro method for
producing tissue resident memory-like T cells (Ten-like T cells) comprising: {2} obiaining a
starting population of T cells; (b) culturing the starting population of T cells in hypoxic
conditions or in the presence of a hypoxia-inducing agent to generate carly effector cells; and
{c} further culturing the cady effector cells 1n the presence of transforming growth factor beta
P{TGE-B), transfoming growth factor beta 2 (TGF-B2) ransforming growth factor beta 3
{TGEF-B3) or transforming growth factor beta 4 (FGF-B4} to produce Trv-like T cells. In some
embodiments, culturing comprises activating the starting population of T cells to generate carly

effector cells.

{071 In vet another embodiment, the present disclosure provides an i vifro method
for producing Truw-like T cells comprising: (a) obtaiming a starting population of T cells; (b}
culturing the starting population of T cells in hypoxic conditions or in the presence of a
hvpoxia-inducing agent; and (¢} further culturing the starting population of T cells in the

presence of TGF-BI to produce Trwm-like T celis.

{008} In some aspects, the starting population of T cells are CD8” peripheral blood T
cells. In specific aspects, the CBE peripheral blood T cells are human CDR™ peripheral blood
T cells. In certain aspects, obtaining the human UD&" peripheral blood T celis comprises
sclecting for CD43RATCCRT'CDS” naive T cells from a peripheral blood sample. In some
aspects, the peripheral blood sampie is obtained from a healthy subject. In some aspects, the
peripheral blood sample is obtained from a subject diagnosed with cancer or suspected of
having cancer. In some aspects, the peripheral blood sample is obtamed from a subject
diagnosed with a viral disease or is suspected of having a viral disease. In certain aspects, the
starting population of T cells were generated by stimulation of naive T cells by antigen
presenting cells pulsed with peptide, full length antigen or cell lysate. In particalar aspects, the
T cells arc obtamed from a tomor siie or are tumor infilirating lymphbocvies. In some aspects,
T cells arc naive T cells. For example, the coll lysate 15 a tumor lysate. In specific aspects, the
anfigen 18 a cancer antigen. In some aspects, the peptide is a peptide from a protem that s
differentially expressed in or highly expreased by cancer cells. In some aspects, the peptide is

a peptide from a peoantigen or from a protein comprsing & mutation. In certain aspects, the

N
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starting population of T cells is enriched for T cells specific for an antigen of mterest. In certam
aspects, the starting population of T cells are purified to enrich for CD¥-positive peptide MHC

totramer-posiitve eclis. In some aspects, the starting population of T cells are punified by

743

fluoresconce activaied cell sorting. In certain aspects, the starting population of T cells are
engineered T cells. In some aspects, the engimecred T cells are generated by introduction of a
cioned T cell receptor (TCR) into a population of host cells. In cortain aspects, the population
of host cells are peripheral blood mononuciear celis. In some aspects, the cloned TCR i
mtroduced mito the population of host cells by non-viral methods, such as an episomal vector
or transposon-transposase system. In particuiar aspects, the cloned TCR 15 introduced o the
population of host cells by transduction. In some aspects, the population of host cells are
transduced by a vital vector comprising TCR alpha and TCR beta chains. [n certain aspects,
the viral vector is a lentiviral vector. In some aspects, the transduced popuiation of host cells
are punfied to enrich for CD8-positive peptide MHC tetramer-positive cells. In particular
aspects, the engineered T cells expressed a chimerne antigen receptor. In specific aspects, the
chimeric anfigen recepior comprises a cloned TCR. In some aspects, the staring population of

T cells are tumor mfiltrating lymphocvies obtained from a subject.

{0091 In certain aspects, hypoxic condiions are further defined as less than 5%
oxyeen, such as 4%, 3%, 2%, 1%, or less oxygen. In some aspects, the hyvpoxia-inducing agent
1s a hypoxia numetic. In particular aspects, the hypoxia-inducing agent or hypoxia moimgiic 18
cobalt chlonide {CoClz), deferoxamme mesylate (DFOM), dimethvioxalyglyeine (BMOG), or
a profyl hydroxvlase inhubitor, such as a 2-0G analog. In some aspects, the prolyl hydroxylase

mhubitor 1s Roxadustat (FG-4592).

{0018} In some aspects, the cultoring of step () 1s in the presence of TCR stimulation
and co-stivuiation. In certain aspects, the TCR stinulation and co-stimulation comprises anti-
CD3 and anti-CD28 anttbodies, anti-CD3 and anti-CD2E beads, feeder cells, antigen presenting
cells, artificial antigen presenting cells, peptide and/or protein antigens, or a combimation
thereof. In some aspeets, the TCR stumulation and co-stumuolation comprises  anti-CD3 and
anti~CH28 beads. In particular aspects, the culturing of step (b) 18 for 3-5 days, such as for 4
days. In certain aspects, the culiuning of step (b} 1s performed at normoxaa, such as 20% oxygen.
In certain aspects, the stop of culturmg of step (b} i3 performed 1o the presence of IL-2, such as
25-100 Wik, such as 23, 30, or 75 IU/mL. In some aspects, the culturing of step (b} 15

performed in hypoxae conditions, such as 2% oxygen. In particular aspects, the culturing 15 n
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the presence of H-15. In some aspects, the IL-13 15 present at a concentration of 3-20 ng/ml,

such as 7-12 ng/mkL, specifically 7, 8,9, 10, 11, or 12 ng/mL.

{0011} In certain aspects, TGF-B1 1s further defined as recombinant human TGF-p1
(thTGF-f1}. In some aspeats, the thTGF-BT is present at a concontration of 0.1 to 5 ng/ml,
such as 1 10 1.5 ng/mk, specificallv 1.1, 115, 1.2, 125, 1.3, 135, 1.4, 145, or 1.5 ng/mi. In
some embodiments, thTGF-B1 is present at a concentration of about 2, 3,4, 5,6, 7, 8, 9, 10
ng/mb. In still other embodiments thTGF-BI 1s present at a concentration of about 13, 20, 25,
30, 35, 40, 45 or 50 ng/ml. In some aspects, the culturmg of step (¢} 15 in hypoxic conditions
ot in the presence of a hypoxia-inducing agent. In particular aspects, the culturing of step (¢}

ts for 1-3 davs, such as for 2 days.

{0012] In some aspects, the Teae-like T cells are CDSYCDI037 In particular aspects,
at least 30%, such as 40%, 45%, 50%, 35%. 60% or lgher, of the cclls produced in step (¢}
are CD6Y™CDI03" cells. In some aspects, the Tem-like T cells express PDB-1, D101, and/or
CD49a. In particular aspects, the Trw-hike T cell expression PD-1, CDOY, and/or CD4Ya 15
measured as cell surface exprossion {e. g, via flow cviometry}. In certam aspects, the Traelike
T cells have higher expression of CD69, ITGAE, PRCD, and/or CD101, as compared to cells
cultured 1o atreospheric oxygen conditions. In certain aspects, higher expression of D69,
ITGAE, PDCD, and/or CD101 18 lugher expression of CD69, ITGAE, PDUDI, and/or CD10Y
protein as compared to cells cultured in atmospheric oxygen conditions. In other aspects, higher
expression of CB69, ITGAE, PDCDI, and/or CD 101 i3 higher expression of CD6Y, ITGAE,
POCDY, and/or CD10T mRNA transcripts as compared o cells cultured in atmospheric oxygen

conditions.

{0013] In certain aspects, the Tru-hike T cells have higher expression of TNFA,
GEAMEB, SLCZAL, and/or VEGE as compared to cells cultured in atmospheric oxygen
conditions. In certain aspects, higher expression of TNFA, GZME, SLCZAL, and/or VEGF 15
higher expression of TNFo, GZMRB, GLUTIL, and/or VEGYE protemn as compared to cells
cultured in atmospheric oxygen conditions. In other aspects, higher expression of TNFA,
GZMB, SLCZAL, and/or VEGF s higher expression of TNFA, GZMRB, SLL2AL, and/or

VEGEF mRNA transcripts as compared to cells cultured 1n atmospheric oxvgen conditions.

{8014} In some aspects, the Tww-like T cells have decreased expression of SIPRI,

KLF2, and/or SELL as compared to cells cultured in atmospheric oxygen conditions. In some
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aspects, the Tra-like T cells have decreased expresmion of SIPRI, KLF2, and/or CD62L
protein as compared to cells cultured in atmospheric oxygen conditions. In some aspects, the
Teni-like T cells have decreased oxpression of SIPRI, KLEZ, and/or SELL mRNA transcripts

as compared to cells cultured 10 atmospheric oxygen conditions.

{0015] In specific aspects, the Tasm-like T cells have csscotially no oxpression of
CXCRS protein. In particular aspects, the Tru-like T cells have essentially no detectable cell

surface expression of CXCRS protein.

[0016] In some aspects, the Trw-hke T cells have higher expression of GNLY,
MYQT7A, ITGAE, EGR2, CCL20, ATPIBIL, NR4A3, PERP, RASGEFIB, NR4A1, BMF,
EGRIL, CXCLI3, PDCDI, ITGAL CCL22, CALG, RGSL, TTGAL CDIOE, TNFRSFO (4-
iBB), CCL4, CCLS, NOTCHIL, RBPI STRIP2, ARHGEF40, DBH, SRGAPS,
CSGALNACTIL, GPR25, RGS16, DAPK2, NCSH, COLSAR, GDPD4, SLCIA4, CDKIi4,
LMCDI, ILDR2, and/or ADCY3 as compared to cells cultured in atmospheric oxygen
conditions. In cortain aspects, higher expression of GNLY, MYQO7A, ITGAE, EGR2, CCL20,
ATPIBI, NR4A3, PERP, RASGEFIB, NR4AL, BMF, EGRI, CXCL13, PDCDI, ITGAL,
CCL22, CAL0, RGSL ITGAL CDIOL, TNFRSFO (4-1BB), CCL4, CCLS, NOTCHI, RBPY,
STRIP2, ARHGEF40, DBH, SRGAP3, CSGALNACTL, GPR25, RGS16, DAPK2, NCSH,
COLSAS, GDPDM, SLCIA4, CDKH4, LMCDY, ILDR2, and/or ADCY3 protemn. In cortam
aspects, higher expression of GNLY, MYQTA, ITGAE, EGR2, CCL2Z6, ATPIBL, NR4A3,
PERP. RASGEF1B, NR4AL, BMF, EGRIL, CXCLI3, PDCDIE ITGAL CCL22Z, CA10, RGS|,
ITGAL CDI01, TNFRSFS (4-1BB), CCL4, CCLS, NOTCHI, RRBPJ, STRIP2, ARHGEF40,
DBH, SRGAPY, CSGALNACTI, GPR2S, RGSI6, DAPR2, NCSL, COL6A3, GDPD4,
SLCTA4, CDK 4, LMCDE ILDR2, and/or ADCY3 mRNA transcrpts.

{0017 In some aspects, the Tme-like T colls have higher expression of GNLY,
MYOTA, ITGAE, EGR2, CCLZO, ATPIBL, NR4A3, PERP, RASGEFIB, NR4AL, BMF,
EGRY, CXCLI3, PDCD ITGAL, CCL22, CAL0, and/or RGST as compared 1o celis cultured
m atmosphernic oxygen conditions. In certain aspects, hagher expression of GNLY, MYO7A,
ITGAE, EGRZ, CCL20, ATPIBI, NR4A3, PERP, RASGEFIE, NR4Al, BMF, EGRL
CXCLI3, PDCDY, ITGAL, CCL22, CALQ, and/or RGST 15 higher expression of GNLY,
MYOTA, TTGAE, EGR2Z, CCL20, ATPIBI, NR4A3, PERP, RASGEFIB, NR4AlL, BMF,
EGRI, CXCL13, PDRODL, ITGAL, CUL22, CALS, and/or RGST protemn. In cortain aspects,
higher expression of GNLY, MYQO7A, ITGAE, EGR2, CCL20, ATPIBI, NR4A3, PERP,

(]
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RASGEFIB, NR4A 1, BMF, EGRI, CXCLI3, PRCDL ITGAL, CCL22, CA LD, and/or RGSH
is lngher expression of GNLY, MYO7A, ITGAE, EGR2, CCL20, ATPIBI, NR4A3, PERP,
RASGEFIB, NR4AL, BMF, EGRI, CXCL13, PBCD, ITGAL CCL22, CALG, and/or RGS1
mRNA transcripts.

{0018} In some aspects, the Trw-like T cells have higher expression of FTGAE, ITGAL,
PDRCY, CDI0L, TNFRSFS (4-1BB), CXCL13, CCL20, NOTCHI, RBPI, NR4Al, EGR2,
and/or RGST as compared to cells cultured in atmospheric oxvgen conditions. In certam
aspects, higher exprossion ITGAE, ITGAL PDCDY, CBI101, TNFRSFS (4-1BB), CXCLI3,
CCL2G, NOTCHY, RBPI, NR4AL, EGR2, and/or RGSI 18 higher expression of ITGAE,
fTGAL PDCDI, CDIOL TNFRSFS (4-1BB), CXCL1I3, CCL20, NOTCHI, RBPRJ, NR4ATL,
EGR2, and/or RGST protein. In certain aspocts, higher expression of ITGAE, ITGAL, PDCDI,
CDI01L, TNFRSFY (4-1BB), CXCLI3, CCL20, NOTCHI, RBPI, NR4AY, EGR2, and/or
RGSY is higher expression of ITGAE TTGAL PRCDL, CBI0L, TNFRSFS (4-1BB), CXCL 3,
CCL20, NOTCHI, RBP, NR4AL EGR2, and/or RGS1 mRNA transcripts,

[0019] In some aspects, the Tras-like T cells have higher expression of MYQTA,
STRIF2, ARHGEF40, ITGAE, DBH, SRGAP3, CSGALNKACTI, GPRZ3, RGSis, DAPK2,
NCK1, COLSAS, GDPD4, SLCIA4, CXCLI3, CDEI4, LMCDL, ILDR2, and/or ADCY3 as
compared to cells cubured m atmospheric oxygen conditions. In certain aspects, higher
expression MYOT7A, STRIP2, ARHGEF40, ITGAE, DBH, SRGAP3, CSGALNACTI,
GPR23, RGS16, DAPKZ, NCS1, COLAAS, GDPD4, SLCIA4, CXCLIS, CDK 14, LMCD,
TEDRZ, and/or ADCY3 is higher expression of MY O7A, STRIPZ, ARHGEF40, ITGAE, DBH,
SRGAP3, CSGALNACTLE, GPR25, RGS16, DAPKZ, NCUST, COL6A3, GDPD4, SLC1A4,
CXCLI3, CDKI4, LMCDI, ILDRZ, and/or ADCY3 protein. In certain aspects, higher
expression of MYQOTA, STRIP2, ARHGEF40, ITGAE, DBH, SRGAP3, CSGALNACTL,
GPR2S, RGS16, DAPK2, NCS1, COL6A3, GDPDA4, SLCTA4, CXCLI3, CDK 4, LMCD L,
ILDR2 and/or ADCY S is hagher expression of MY O7A,) STRIP2, ARHGEF40, ITGAE, DBH,
SRGAP3, CSGALNACTL, GPRZS, RGS16, DAPK2, NCSI, COL6A3, GDPDY, SECIA4,
CXCLIZ, CDE 4, LMCD ILDR2, and/or ADCY3 mENA transcripts.

{0028] In some aspects, the Tru-like T cells have lower expression of CH3E, NR3(CH,
RAPIGAP2, SELP, CXCR2, TBX21, ITGAL, SELL, KLF3, KLF2, RASGRP2, FAMGSE,
SERPINE2, ITGAM, KLRBI, TGFBR3, SMAD3, TNFSF8, DUSP2, PLEK, GOLGAZPT,
FOSEB, PLCGZ, SLAMFE7, SLCAAR, SOCS3, and/or FTGER? as compared o cells cultured i

6
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atmospheric oxygen conditions. In cerfain aspects, lower expression of (D53, NR3(CH,
RAPIGAPZ, SELP, CXCR2, TBX21, ITGAL, SELL, KLF3, KLF2, RASGRPZ, FAMGSH,
SERPINEZ, TTGAM, KLRBI, TGFBR3, SMAD3Z TNFSF8, BUSP2, PLEK, GOLGAZP7,
FOSB, PLCGZ, SLAME7, SLC6AS, SOUS3, and/or PTGER2 15 lower expression of CD3§,
NR3(1, RAPIGAPZ, SELP, CXCR2, TBX21, ITGAL, SELL, KLF3, KLF2, RASGRP2,
FAMSSE, SERPINE2, ITGAM, KLRB1, TGFBR3, SMADZ, TNFSFE DUSPZ, PLEK,
GOLGAZP?, FOSE, PLCG2, SLAME?, SLU6AR, SOCS3, and/or PTGER? protein. In cortain
aspects, lower expression of CDSE, NR3CL, RAPIGAP2, SELP, CXUR2, TBX21, ITGAL,
SELL, KLF3, KLF2, RASGRPZ, FAMGSE, SERPINE2, ITGAM, KLRE1, TGFBR3,
SMAD3, TNFSFR, DUSP2, PLEK, GOLGA2PT, FOSB, PLOG2Z, SLAME?, SLCGAS,
SOCS3, and/or PTGER? 18 lower expression of CDB38, NR3CH, RAPIGAP2, SELP, CXCR2,
TBX21, ITGAL, SELL, KLF3, KLF2, RASGRPZ, FAMGSB, SERPINE2, ITGAM, KLREI,
TGFBR3, SMAD3, TNESES, DUSP2, PLEK, GOLGA2P7, FOSB, PLCGZ, SLAMF7,
SLLBASE, SOCS3, and/or PTGER2 mRNA transcrpts.

{8021} In some aspects, the Tam-like T cells have lower expression of CD5% NR3CH,
RAPIGAPZ, SELP, CXCR2, TBX21, ITGAL, SELL, KLF3, RASGRPZ, ITGAM, KLRE1,
TGFBR3, SMAD3S, and/or TNFSFS as compared to cells cultured i atmospheric oxveen
conditions. In ceortain aspects, lower expression of CDSE, NR3CI, RAPIGAPZ, SELP,
CXCR2, TRX2I, ITGAL, SELL, KLF3, RASGRP2, ITGAM, KLRBI, TGFBR3, SMAD3,
and/or TNFSFS is lower exprossion of CD58, NR3CL, RAPIGAPZ, SELP, CXCR2, TBXZ1,
ITGAL, SELL, KLF3, RASGRP2, ITGAM, KLRBI, TGFBR3, SMAD3, and/or TNFSFR
protein, In certain aspects, lower expression of CDS8, NR3CE RAPIGAPRZ, SELP, UXCURZ,
TBX21, ITGAL, SELL, KLF3, RASGRP2, ITGAM, KLREI, TGFBR3, SMAD3, and/or
TNFSFS 1s lower expression of CDSE, NR3CT, RAPIGAPZ, SELP, CXCRZ, TBXZ21 ITGAL,
SELL, KLF3, RASGRPZ, ITGAM, KLREL TGFBR3, SMAD3, and/or TNFSFE mRNA

Lranscripts.

{9022} In some aspects, the Tew-hlke T cells bave higher expression of GNLY,
MYQOTA, ITGAE, EGR2, CCL20, ATPIBI, NR4A3, PERP, RASGEFIR, NR4AL, BMF,
EGRY, CXCLIZ, PRCDL, ITGAL, CCL22, CALD, and/or RGST as compared to cells cultured
i atmospheric oxygen conditions. fn cortain aspects, higher expression of GNLY, MYO7A,
ITGAE, EGR2, CCL20, ATPIBI, NR4A3, PERP, RASGEFIB, NR4Al, BMF, EGRL
CXCLL3, PDODIE, ITGAL, CCLE2, CATQ, and/or RGST 15 higher expression of GNLY,

~3
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MYQOTA, TTGAE, EGR2, CCL20, ATPIBIL, NR4A3, PERP, RASGEFIB, NR4AL, BMF,
EGRI, CXCL13, PDRODL, ITGAL, CUL22, CALD, and/or RGST protein. In cortain aspects,
higher expression of GNLY, MYQTA, ITGAE, EGR2, CCL20, ATPIBI, NR4A3, PERP,
RASGEFIB, NR4A1, BMF, EGRI, CXCL13, PBCDL ITGAL CCL22, CALO, and/or RGSI
1s higher expression of GNLY, MYQTA, ITGAE, EGR2Z, CCL20, ATPIBI, NR4A3, PERP,
RASGEFIB, NR4A1 BMF EGRI, CXCL13, PDCDIITGAL CCL22, CALQ, and/or RGS1
mENA transcripts.

{0023] In some aspects, the Tau-like T cells have higher expression of MYOTA,
STRIP2, ARHGEFA40, ITGAE, DBH, SRGAP3, CSGALNACTI, GPR23, RGS16, DAPK2,
NCSI, COL6A3, GDPD4, SLC1A4, CXCLI3, CDK 14, LMCD, ILDR2, and/or ADCY3 as
compared to cells coltured 1n atmospheric oxygen conditions. In certain aspects, higher
expression of MYQOTA, STRIP2, ARHGEF40, ITGAE, DBH, SRGAP3, CSGALNACTL,
GPR2S, RGS16, DAPK2, NCS1, COL6A3, GDPDA4, SLCTA4, CXCLI3, CDK 4, LMCD L,
ILDR2 and/or ADCY R is hagher expression of MY O7A,) STRIP2, ARHGEF40, ITGAE, DBH,
SRGAP3, CSGALNACTL, GPRZS, RGS16, DAPK2, NCSI, COL6A3, GDPDY, SECIA4,
CXCLI3, CDKi4, LMCDE, ILDR2, and/or ADCY3 protein. In certain aspects, higher
expression of MYO7A, STRIP2, ARHGEF40, ITGAE, DBH, SRGAP3, CSGALNACTL,
GPRZS5, RGS16, DAPK2, NCSI, COL6A3, GDPD4, SLC1A4, CXCLI3, CDKI4, LMUDL
ILDR2, and/or ADCY 3 ishigherexpression of MYOTA, STRIP2, ARHGEF40, [TGAE, DBH,
SRGAP3, CSGALNACTIE, GPRIS, RGSI6, DAPK2, NCS1, COLAA3Z, GDPD4, SLL1A4,
CXCL13, CDKI4, LMUDI, ILDR2, and/or ADCY3 mRNA transcripts.

{0024] In additional aspects, the method further comprises producing Trae-like T cells
with specificity for an antigen of mterest. In some aspects, the Tra-like T cclis with specificity
for an antigen of interest are engincered o by transduciag the Trm-like T colls with a T cell
receptor (TOR) specific for the antigen of uderest. In other aspects, the Treor-like T cells with
specificity for an antigen of interest are produced by using a starting population of T cells with
specificity for an antigen of mterest. In some aspects, Trw-like T cells are activated by cultunng
the starting population of T cells with peptide-pulsed antigen presenting celis (APCs), such as
artificial APCs (aAPCs), during step (b}, In some aspects, the APCs are mature dendritic cells.
In specific aspects, steps (b} and {(c) are repeated at least once. In some aspects, the Tru-bike T
cells are cultured in the presence of a histone deacetvlase (HDAC) ohibuior dunng step (b}

and/or step {¢). In particular aspects, the HDAC inlubitor is selected from the group consistimg
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of trichostatin A, trapoxin B, phenyibutyrate, valproic acid, vorinostat (subgramilobvdroxamic
acid or SAHA, marketed as Zolinza®), behnostat (PXD101, marketed as Beleodag®3,
panobinostat {marketed as Farvdaq®), dacioostat (LAQHE24), entinostatr (SNDX-275 or MS-

275}, vacedinaling {CI994), and mocetinostat (MGCDO103).

{025] In some aspects, the antigen of interest is for targeting or treating fung cancer
{including smali-cell lung cancer, non-small celi lung cancer, adenocarcinoma of the lung, and
squamous carcinoma of the hmg), cancer of the perttoncum, gastric or stomach cancer
{including gastrointestinal cancer and gastrointestinal stromal cancer), pancreafic cancer,
cervical cancer, ovanan cancer, hiver cancer, bladder cancer, breast cancer, colon cancer,
colorectal cancer, endomeirial or uterine carcinoma, salivary gland carcinoma, kidney or renal
cancer, prostate cancer, volval cancer, thyroid cancer, various types of head and neck cancer,

or melanoma.

{9026} Further provided herein is a Tam-fike T cell with no expression, substandially no
expression, or essentially no expression of CXCRS protem. In some aspects, the no expression
of CXCRS protemn 1s no cell surface expression of CXCRS protein. In other aspects, the Trm-
ke T cell expresses CXCRSE mRNA transcript but does not express UXURS protein or exprass
CXCRS protein on the cell surface. In some aspects, the Tes-like T celis are specific for an
antigen of mierest. In another embodiment, there 1s provided a pharmaceutical composition
comprising a population of Tra-ike T cells as provided above. In ancther embodiment, there
is provided a pharmaceutical composition comprising a population of Tew-like T cells with
essentially no expression of CXCRS proten and a pharmaccutically acceptable carier. In some
aspects, the Trar-like T cells are produced by the methods of the present embodiments. In some
aspects, the Tav-like T coll{s) express PD-1, CD101, and/or D48, In particular aspects, at
feast 40%, at least 45%, at lcast 3095, at least 55%, at lcast 609% or more, of the cells are
CDEOCDIN3" cells. Tn certain aspects, Trv-like T celi(s) are (DGO CDI03  cells. In some
aspects, the Trvlike T cells have higher expression of GNLY, MYQO7A, ITGAE, EGRZ,
CCL20, ATPIBL NR4A3Z, PERP, RASGEFIB, NR4AL, BMF, EGRL, CXCLI3, PRCD,
ITGAL CCL22, CAIO, RGST ITGAL CDIOL, TNFRSFO (4-18BB), CCL4, CCLS, NOTCHU,
RBPI, STRIP2, ARHGEF4{, DBH, SRGAP3, CSGALNACTE, GPR23, RGS16, DAPK2,
NCS1, COLSAZ, GDPD4, SLCIA4, CDK 4, LMD, ILDRZ, and/or ADCY 3 as compared
to cells cultured 10 atruospheric oxvgen conditions. In some aspects, the Tru-like T cells have

higher expression of GNLY, MYOTA, ITGAE, EGR2Z, CCLZ0, ATPIBL, NR4A3, PERP,
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RASGEF1B, NR4Al, BMF, EGRIL, CXCLI3, PRDCDL ITGAL, CCL22, CA LD, and/or RGS
as compared to cells cultured i atmosphernic oxygen conditions. In some aspects, the Tanv-like
T celis have higher expression of ITGAE, ITGAL, PDCI, CDIOY, TNFRSF9 (4-18BB),
CXCLI3, CCL2G, NOTCHI, RBPI, NR4Al, BEGR2, and/or RGST as compared o celis
cultured n atmosphenc oxygen conditions. In some aspects, the Tra-like T cells have higher
expression of MYOTA, STRIP2, ARHGEF40, ITGAE, DBH, SRGAP3, CSGALNACTIL,
GPR2ZS, RGS16, DAPKZ, NCS1, COL6AZ, GDPD4, SLC1A4, CXCLI3, CDK 4, LMCDL
ILDR2, and/or ADCYS as compared to cells cultured in atmospheric oxygen conditions. In
some aspects, the Taa-like T cells have lower expression of CDSE, NR3C1, RAPIGAPZ,
SELP, CXCR2, TBX21, ITGAL, SELL, KLF3, KLF2, RASGRP2Z, FAMSSR, SERPINEZ,
ITGAM, KLRBI, TGFBR3, SMAD3, and/or TNFSFR, BUSP2, PLEK, GOLGAZPT, FOSB,
PLUG2, SLAME7, SLUGAS, SOCS3, and/or PTGER2Z as compared to cells coltured m
atmospheric oxygen conditions. In some aspects, the Tru-like T cells have lower expression
of CDE8, NR3ICL, RAPIGAP?, SELP, CXCRZ, TBX21, ITGAL, SELL, KLF3, RASGRPZ,
ITGAM, KLRBI, TGFBR3, SMAD3, and/or TNFSFS as compared o cells cultured m
atmospheric oxygen conditions. In some aspects, the Tra-like T cells have lower expression
of KLFZ, KLF3, SELL, FAM®O3B, and/or SERPINE2 as compared to colls cultwred
atmospheric oxvgen conditions. In some aspects, the Truv-like T cells have lower expression
of DUSPZ, PLEK, GOLGAZP7, FOSB, PLCG2, ITGAM, FOS, KLF3, SLAMF7, TNFSFS,
SLUGAS, KLF2, SOCS3, and/or PTGER? as compared to cells cudtured in atruospheric oxygen

conditions.

{8027} In ancther embodiment, there is provided a composition comprising an effective
amount of Trv-like T cells with essentially no expression of CXCRS protein, such as Tras-like
T cells produced by the methods of the present embodiments, for the treatment an immune-
related disorder i a subject. In particular aspects, the Trw-like T cells bave specificity foran

antigen of interest.

{0028} Further provided herein 15 the use of an effective amount of Tam-like T cells
with essentially no expression of CXUCRS protein, such as Trw-like T cells produced by the
methods of the present embodiments, for the treatment of an mamune-related disorder n a

subject. In particular aspects, the Tru-like T cells have specificity for an antigen of inferest.

{80291 In some aspects, the antigen of nterest 1s for targeting or treating lung cancer

{including smali-cell lung cancer, non-srall cell lvng cancer, adencearcinoma of the lung, and
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squamous carcinoma of the lung), cancer of the perttoneum, gasiric or stomach cancer
{including gastrointestingl cancer and gastrointestinal stromal cancer), pancreatic cancer,
cervical cancer, ovanan cancer, liver cancer, bladder cancer, breast cancer, colon cancer,
colorectal cancer, endometnial or uterine carcinoma, salivary gland carcinoma, kidoey or renal
cancer, prostate cancer, valval cancer, thyroid cancer, various types of head and neck cancer,

or melanoma.

{80381 In a further embodiment, there 1s provided a method of treating an immune-
rclated disorder 1n a subject comprsing admunistering an offective amount of Tenm-like T celis
with essentially no expression of CXUCRS protein, such as Trw-like T cells produced by the

methods of the present embodiments, to the sabject. In some aspects, the subject 1s homan,

{8031} In some aspects, the immune-related disorder is a cancer, autoimumune disorder,
graft versus host discase, allograft rejection, or inflammatory condition. In certain aspects, the

subject has received a tissuc or organ transpiant.

{0032} In additional aspects, the method further comprises administering at least one
therapeutic agent. In some aspects, the at least one second therapeutic agent comprises
chemotherapy, immunotherapy, surgery, radiotherapy, or biotherapy. Tn some aspects, the Tru-
ke T cells and/or the at least one second therapeutic agent are admimistered ntravenously,
miraperitoneally,  indratracheally,  intratumorally,  intramuscolardly,  endoscopically,
miralesionally, percutancously, subcutancously, regionally, or by divect injection or perfusion.
In certain aspects, the Tra-like T colls are administered prior to the second therapeutic agent.
In some aspects, the Tra-like T cells are administered after the second therapeutic agent. In
particular aspects, the Tes-like T cells are admimstered concurrently with the second
therapeutic agent. fn speaific aspects, the mmmunotherapy 18 a 4-1B8B agonist. In particnlar
aspects, the 4-1BB agonistis a 4-1BB antibody. In other aspects, the second therapeutic agent
is an mmune checkpoimt inhibitor. In particular aspect, the immune checkpoint inhibitor is

anti~CTLA-4, anti-PD or anti-PD-L1 inhubitor.,

{0033] In another erbodiment, there 1s provided a method of treating a viral miection
in a subject comprising adnunistering an effective amount of Tro-like T cells with essentially
no CXCRS expression, such as Trvelike T cells produced by the present methods, such as Tru-

hike T cells with specificity for one or more viral antigens.

1
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{8034} Other objects, features and advantages of the present nvention will become
apparent from the following detaled deseription. It should be understood, however, that the
detailed deseription and the specific examples, while indicating preferred embodiments of the

mvention, are given by way of iHlustration only, since vanous changes and modifications within

(]

the spirit and scope of the invention will become apparent to those skilled 1n the art from this

detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

{0035] The following drawings form part of the present specification and are included
to further demounstrate certain aspects of the present disclosure. The present disclosure may be
10 betier understood by reference to one or more of these drawings o combination with the

detarled description of specitic embodiments presented herein

{0836] FIG. 1: Schematic depicting method for producing tissne resident memory

{8037] FIGS, 2A-2E: Human CDR™ T-cells exposed to hvpoxia and TGF-B1 have a

et
(4]

Tra-like transcriptional profile. Nafve CD8" T-cells isolated from pernpheral blood were
activated in 20% or 2% Oz (hypoxia) for 4 davs and then for an additional 2 days with the
addition of thTGF-$1. Expression levels of gones associated with Tam wore analyzed via
guantitative real-time PCR. {A-E}) Fold change of gene transeript levels in hypoxia (2% (h)+
TGF-B1 over Atmosth (~20% Oz} + TGQF-B1. Canonical hypoxia responsive genes are shown
206 1o (K} as a condrol to mndicate activation of cellufar hyvpoxia response. UX3CR1 expression was

not detectable. » = 6, 3 ndependent expeniments; Paired t-test with Benjamim, Kncger and

Yekutiel gorrection for multiple COMPAnisons; *pP < .05,

P QO L Q001 FDOR <0.05, data are mean +/- SEM.

{00381 FIGS. 3A-3C: Hypoxia in combination with TGF-B1 induces a CDYCHI03”

o]
(4]

population that expresses human Tru-associated markers. Naive UD8" T-cells isolated from
peripheral blood of healthy human dopors were activated 1n atrmoosphenie oxygen
{approximately 20%) or hypoxia (2% oxygen} for 4 davs and then for an additional 2 davs with
the addition of thTGF-81. {A) The frequency of the CD69TCDI03™ Tru-like population and
(B and €} oxpression of Tru-associated markers was then assessed by flow oyiometry.

30 Representative results from 1 donor are shown in (B}, gray histograms represent floorescence



WO 2020/081987 PCT/US2019/057016

minus one (FMO) control. n = 7, 3 independent experiments; ratio paired {~tost {A) or ANGVA

(), P <005, ¥%P <001, ¥¥FP <C0.001, ¥*%* P <0.0001.

[(039] FIGS. 4A-4B: Hypoxia and TGF-B1 svanergize to induce CDE9CDI03™ eells.

Naive CD8" T cells were activated as described in FIG. 2 with or without the addition of

(3]

fHTGF-B1. {A) Freguency of the CDSY"CDI03™ population and (B} expression of Tem-
associated markers was assessed by flow cviometry, representative results shown for {A) |

dongr. 7 = 4, two-way ANOVA (A) or ong-way ANOVA (B}, ¥F < 0.05, #¥F <001

[0040] FIGS. 5A-5F: Hypoxia and TGE-B1 mduced Traephenotype cells show
transcriptional  differences similar to those reporied for endogenous Trm. CDREYUDICS,

10 CDs9"CHI03, and CDEYTCDIN3T CD]™ T-rells were generated as described eardier and sorted
betore 1solation of RNA for transcriptome analysis via RNA-sequencing (7 =3). {A} Principal-
component analysis (PCA)Y of pared CDEYCDI03, DS CDIOY, and CDEY DI DR T-

cells based on the giobal transcriptome. (B) Unsupervised clustoring of the top 150 differentially
expressed genes for CD6Y CD 103 (Jeft), CDEYCDIOT (middle), and CDEYCDI03™ (right) cells

15 generated m 20% (g, 2% (o, and 2% 02 + TGF-BI, respectively. Difforential oxpression

determined by Jlog2FC

> 1 and FDR <0.05. {(C) Expression levels of selected differentially
expressed Tenv-associated genes. GSEA of gene signatures derved from endogenous Tra and
Tilrv in the transcriptome of (B) CDSSCDIO3T vs. CRSYTDINY and (E) CDOYTCDINZT vs.
CDEYCDINT cells, presented as nomnalized enrichment score (NES). (F) Top 34 differentially

20 oxpressed genes from THoou GSEA shown in (B}

[00341] FIGS. 6A-6B: Pathways nvolved in metabolism, sugration, and Tem

generation and maintenance are differentially regulated in hypoxia and TGF-f1 mduced Tru.

{A) Top 30 canonical pathwavs from the Ingenuity Pathway Analysis (IPA) database that are enriched

i CDESTCDI03T in vitro induced Try, shown as the frequency of differentially expressed genes

25 encoding conmponents of cach pathovay that are upregulated or downregilated in CDEYCDI037 cells
relative to their expression in CD6Y D037 cells, and negative-log-transformed F values (right vertical

axis; Fisher's exact tost); numbers above bars represent total genes in cach pathway, bars are presented

in the oxder of significance. (B) Differentially regulated 1PA canonical pathways in hypoxia + TGF-Ri

in vitro induced Twv and endogenons hnman T,

30 {0042] FIGS, TA-TD: Differentiation of lnuman CD8” T-cells in hypoxia and TGF-$1
results i induction of a CDGY™CDIG37 population. (A) Gating strategy used in flow cytometry

analysis. {B) Cell viability determimed by fixable viability dve (Invitrogen) in tlow cytometry
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analysis. (C and D) Changes m population frequencies comparing 20% (Or + TGF-B1 and 2%
Gn -+ TGE-B1 conditions determmned by flow cyvtometry. n =7, 3 independen‘t experiments;
paired t-test (B), ratio pared t-test (C), or ANOVA (1), *P <005, ¥FP <0 01, *%¥P < 0.001,

FREED <G OO0

{0043 FIGS, 8A-8F; Human CD8™ T-cells differentiated in 10% 02 and TGF-B1 do
not have a Trv-like transeriptional profile. Naive CDR™ T-cells 1solated from perpheral blood
were activated 1n 20% O (AtmosOry or 10% 02 {circolationOn) for 4 days and then for an
additional 2 days with the addiion of thTGF-f1. Expression levels of Trav-associated genes
were analyzed via quaniitative real-ime PCR. {A-E) Fold change of gene transeript levels in
109 O + TGF-B1 over 20% Gz + TGF-H1 (F) The frequency of the CD69"CD103™ Tru- like
population was then assessed by flow ovtometry. Representative results from 1 donor are
shown i (F}. » = 3, 2 independent experiments; {A-E) Paired t-test with Bomgamin, Krieger
and Yekutich correction for multiple companisons; FRIR < 0.03, data are mean +/~ SEM; (F}

unpaired t-test, ¥ <0.05.

[0044] FIGS. 2A-9B. Hypoxia and TGF-BI indoeced Teaephenotype cells show
transcriptional differences similar to those reported for endogenous Trv. CDSSCDIG3,
CHOOTCDIN, and CDOYCDI03T Tocells were generated as described in FYG. 4 and sored
betore isolation of RNA for transcriptome analysis via RNA-sequencing {(# = 3} {A} Heatmap
showing exprossion of selected genes commonly reported 1 transeriptome analyses of
endogenous homan Trw (B} Heatmap comparing transcriptional differences (log2FChy in
CDECDEY" versus CDRCDGY T cells from human lung (see Kamarer af, 2017, incorporated
herein by reference} and CD6Y"CDI03" hypoxia and TGF-B1 in-vitro mduced Tem (-Tam)
versus CDOYCDI03 cells from normal cell colture conditions (209 (s without TGFE-$1).

Differential expression deterouned by log2FC 2 {1 and FDR <9.05.

{0045] FIGS, 10A-10C: {A) Naive CD8" T-cclis isolated from peripheral blood were
activated in 20% Oz (Atmos(2) m the presence of the HIF proiyl hydroxvlase mhibitor FG-
4592 (Roxadusiat}) for 4 days and then for an additional 2 days with thTGEF-B1. Cells activated
i 2% O (hypoxia) with addition of thTGF-f1 on day 4 are shown for comparison. Frequency
of the CD69CDI037 population was assessed by flow cviometry, representative results shown
i FACS plots for 1 donor. # = 3 (B) Stimualation with MART-1 peptide-pulsed autologous
dendritic cells. Naive (D8 T-cells were stinndated with autologous monocevie-derived

dendritic cells pulsed with MART-1 {M27} peptide for 7 days in 20% O (Atmos(h) or 2% O

14
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with the addition of fHTGF-BI on day 4 to generate CDEOCDIORT antigen-specific
{Tetramer "} T-cells detected by flow cvtometry. Representative results shown in FACS plots
for 1 donor. 1 = 4, unpaired t-test, ¥¥F < 0.01. Data are mean +/- SEM. () Modified rapid
gxpansion protocol induces Trw phenotype in antigen-speaific T colls. Hypoxia and thTGF-f
were used 10 a modified rapid expansion protocol to mduce TRM phenotype m antigen-specific
T cells. Auntigen-specific T-cells were generated via stimmdation with autologous MART-1
peptide-pulsed dendritic cells (ETC) or transduction of gpl00-specific TCR (TCRT), labeled
with fluorochrome-~-conjugated tetramer, and sorted. The sorted antigen-specific T cells were
then stimulated with anti-CD3 {OK'T3) and irvadiated feeder cells in 20% (o and supplemented
with 1L-2 {conventional REP} or 2% O: supplemented with §L-15 and the addition of thTGF-
Bl from day 4 onwards. Bar graph shows results for MART-1 ETC, data are mean +/- SEM, »

=3, unpaired {test, ¥¥ P < §.01
DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

{046] Tissue resident memory cells (Tro) are nov-recirculating memory T cells that
reside 1n tissues, lack the molecules enabling egress from tissues and migration to lymph nodes,
and act as frontline responders {Mami-Chouatb and Tartour, 2019}, Relatively lutle is known
about Tem differentiation. Effector T cells that enter tissue can become Trm by up- or
downregulatmg genes allowing tissue retention. In the present studies, 1t was found that
hypoxia and TGF-B1 can indace a Trae-like phenotype in human peripheral blood CDS™ T-
cells. The present studies showed that when human peripheral blood T celis, such as CD8™ T
celis or CD47 T cells, are differentiated in hypoxia and TGF-R1 in visre they develop a T
phenotype and express protein markers and genes commonly associated with tissue resident
memory cells (Table 1} These findings tdentfy a previously unreported cue for Tam
differcntiation and enable a facile means of generating Try-phenotype cells for basic studies

and translational applications such as adoptive cellular therapies.

{047] Accordingly, certain embodiments of the present disclosure provide methods
for the production of Tru-phenotype cells. The terms “Trav-phenotype cells” and “Tras-hke
cells” are used interchangeably herein o refer (o the cells provided by the present methods.
The method can comprise culturing peripheral blood T celis v hvpoxic conditions or 1o the
presence of agents which mduce or momic hypoxia, exemplary hvpoxia mimetics nclude but

are not hmited to  cobalt chionde {CoCly)

s

deferoxamine wmesviate (DFOM),

dimethyloxalyelyveine (BMOG), or a prolvl hvdroxylase inhibitor, such as Roxadustat. During

p—
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this period, the cells can be polvclonally activated, such as by anti~CB3 and anti-CD28 beads,
to produce early gffector cells. The term “carly sffector cell” refers to colls that are within one
week of activation from the naive state. The activation may comprise culturing in the presence
of TCR stimulation and co-stimulation, including but not limited to anti-CD3/ani-CD23
antibodies, anti-CD3/anti-CD28 beads, fecder cells, antigen presenting cclls, artificial antigen
presenting cells, peptide and/or protein antigens, or combinations of these. After the activation
to produce carly effector cells, the cells arc further cultured 1o the presence of TGEF-B o
produce the Trae-phenotype cells, Thus, hvpoxia and TGF-BL can be used to induce a
CDRCDEY CDI03T cell population that expresses human Tem-associated markers. Human

CDE™ T-cells differentiated in hypoxia and TGF-B1 have a Tru-like transcriptional profile.

{0348} The Try-like cells may be rendered antigen-specific. One method may comprise
poivclonal activation of naive T cells under the conditions described berein to generate Tem-
ke cells followed by transduction to express an antigen-specific TCR. In a moodified version
of ETC stimulation method, the naive T cells may be activated via peptide-pulsed antigen
presenting cells {or artificial antigen presenting cells) in hypoxia followed by further cultare in
the presence of vh TGF-B1. This activation may be performed for 2 rounds to generate the
antigen-specific cells. I another method, the antigen-specific Tru-like cells may be produced
by combination of hypoxia and TGF-81 with epigenctic modifying agents such as HDAC

mhibitors to difforentiate already expanded antigen-specific cells to the Trv phenctype.

{9049} The present T cells, sach as the starting population of T cells, may be engineered
T cells. In certain embodiments, the enginecred T celis comprise T cells expressing a chimeric
antigen receptor (CAR T cells). In certain embodiments, the engineered T cells comprise T
cells expressing a recombinant T cell receptor capable of binding tumor-specific epitopes or
neoepitopes.  fo sowe embodiments, the engineered T cells are constructed using any of the
many well-cstablished gene transfer methods known to those skilled m the art.  Tn certan
embodiments, the enginecred cells are congstracted usimg viral vector-based gene transfer
methods to introduce mucleic acids encoding a chimeric antigen receptor specific for a desirad
target tumor antigen or encoding a recombinant TCR specific for a desired tumor-specific
epitope or neoepitope. In certain embodiments, the enginecred cells are constructed using non-
viral vector-based gene transfer methods 1o introduce nucleic acids encoding a chimeric antigen
receptor specific tfor a desired target tumor antigen or encoding a recombinant TCR specific

for a desired tumor-specific epitope or neoepitope. In certain embodiments, the viral vector-
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based gene transfer method comprises a lentiviral vector. Tn certain embodiments, the viral
vector-based gene trapsfor method comprises a retroviral vector. In certain embodiments, the
viral vector-based gene transfer method comprises an adenoviral or an adeno-associated vival
vector. The non-vital vector-based gene transfer method may comprise an episomal vector or
a trangposon-fransposase system, For example, the transposon-transposase system could be the
well-known Sleeping Beauty. the Frog Prince transposon-transposase system, or the TTAA-
specific transposon PiggyvBac system. In certain embodimends, the non-viral vector-based gone
iranster method comprises a gene-editing method selected from the group consisting of a zine-
finger nuclease (FFN}, a transcription activator-like effector nuclease {TALENs), and a
clustered regularly inderspaced short palindromic repeats (CRISPRY/CRISPR-associated
protein 9 {Cas%) nuclease. In ceriain embodiments, the non-viral vector-based gene editing
method comprises a transfection or transformation method selected from the group consisting
of lipofection, nuclecfection, hiolistics, virosomes, Hposomes, polveation or lipidioucieic acid

conjugaies, naked DNA, artificial virions, and agent-enbanced uptake of DNA.

{0058} In cortain embodiments, the CAR T cell expresses a CAR constract comprising
an extracelivlar antigen-binding domain, an optional spacer sequence, a transmembrane
domain, one or more intraccliular signaling domains, and ove or more optional regulatory

sequences for activating or inactivating the CAR T ecll

{00511 In certain embodiments, the extraceliular antigen-binding domain comprises a
moicty capable of specifically binding a desived target. In certain embodiments, the mowety
capable of specifically binding a desired target comprises a monoclonal antibody or antigen-
binding fragment thereof  In certain embodiments, the antigen-binding fragment thereof
coroprises a single-chain vanable fragment (scFv) of a monoclonal antibody capable of
specifically binding a desired target. In certain embodiments, the desired target is a tumor-
specific antigen. o certain embodiments, the tumor-specific antigen is selected from the group
consisting of CD319, €20, €D, carcimoembryonie antigen, alphafetoprotein, CA-123,
MUC-1, epithehal tumor antigen, melanoma-associated antigen (MAGE) (e.g, MAGE-1,
MAGE-11, or MAGE-A}, mutated p53, mutated ras, HERZ?/Neu, ERBB2, folate binding
protein, HIV-1 envelope glycoprotein gpl20, HIV-1 envelope glycoprotein gpdl, GDRIZ,
Ch123, D23, T30, €D, ¢-Met, mesothelin, GD3, HERV-K, IL-1 1 Ralpha, kappa cham,
tambda chain, CSPG4, ERBB2, EGFRvIL, VEGEFR2, and homan papilloma virus (HPV). In
certain  embodiments, the desired target 8 a tumor-spocific neoepitope.  In certain

embodiments, the tumor-specific neoeptiope s wdentified by i silice analysis.  In cortain
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embodiments, the tumor-specific neoepiiope 18 dentified and punified from a population of

autologous Tils denved from a human subject.

{0052] In certain embodiments, the transmembrane doram comprises any synthetic or
natural amine acid sequence capable of forming a structure able 1o span a cell membrane. In
certain embodiments, the structure able to span a cell membrane comprises an alpha helix. In
certaiy embodiments, the transmembrane region 15 derived from a naturally occurring
transmembrane protem selected from the group conmsting of CD3L, CD3e, CD4, CBS, CDs,
CD9, Chbis, CD22, CD28, CD33, D37, €43, Chid, DR, CD8s, CD134, 4-1BB/CDI3T,
D154, mducibie T cell costimulator (ICOSYCD278, slucocorticoid-indoced TNFR-related
protein (GITRYCD3587, NEKG2D, TCRa and TCRB  In certain embodiments, the
transmombrane region dertved from a naturally oceurring transmembrane protein comprises
one oF more amino acid substitutions i sequences known 0 be wvolved in interactions with

other signaling proteins.

{8053 In certain embodiments, the one or more intracelludar signaling domaing
comprise one or more mtracelivlar tyrosine-based activation motifs ("ITAMs™}.  In cortain
embodiments, the one or more [TAMSs are present on a CD3-zeta (CD30) molecule. In certan
embodiments, the one or more mwiracellular signaling domains further comprise a costimulatory
signaling domain sclected from the group consisting of CD28, 4-1BB/CD 137, IC0S, (0X40,

D2, Ch40L, CB27, Light-R, GITR, or combinations thereof

{0354] In certain embodiments, the T cells comprise a recombinant T cell receptor
capable of binding tumor-specific epitopes or neoepitopes. In certain embodiments, the
recombinant T cell receptor comprises a naturally occurring TCR cloned from a T cell isolated
from a subject.  fn cerfain embodiments, the recombinant TCR comprises a heterodimer
comprising a TCR alpha {(TCRa) polypeptide and a TCR beta (TCRP) polypeptide {ie, a
TCRop). In certain embodiments, the recombinant TCR comprises a heterodimer comprising

a TCR ganwna {TCRy) polvpeptide and a TCR delta {TCRS) polypeptide (e, a TCRya).

{0055] In cortan embodiments, the recombinant TCRaP comprises a cloned TCRoB
isolated from a subject and specific for a peptide antigen derived from a desired target. in
certain embodiments, the subject 15 a manumal,  In certain embodiments, the mammal s a
human. In certain embodiments, the desired target is a tumor-specific antigen selected from
the group consisting of CD19, CD20, CB22, carcincembryvonic antigen, alphafetoprotein, CA-

125, MUC-1, eptthelial tumor antigen, mclanoma-associated antigen, outated p33, mutated
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ras, HER2/Neu, ERBB2, folate binding protein, HIV-1 envelope glveoprotein gpl20, HIV-]
envelope glveoprotein gpdl, GD2, CD123, CD23, CD30, CDS56, o-Met, mesothelin, GD3,
HERV-K, 1L-ilRalpha. kappa chain, lambda chamm, CSPG4, ERBB2Z, EGFRvIL and
VEGFR2. In certain embodiments, the recombinant TCRyS comprises a cloned TCRyS solated
from a subject and specific for a peptide antigen derived from a desired target. In certain
embodiments, the subject 1s a manmumal. In corain embodiments, the manumal is a human, In
cortain erbodiments, the desired target 15 a tumor-specitic antigen selected from the group
consisting of CD19, CD20, CD2Z, carcnoembryonic antigen, alphafetoprotein, CA-125,
MUC-1, epithehial tumor antigen, melanoma-associated antigen, mutated pS3, mutated ras,
HERZ/Neu, ERBRZ, folate binding protein, HIV-1 cuvelope glycoprotein gpl20, HIV-1
envelope glycoprotern gpdl, GD2, CDI23, CDRI3, CD30, CD36, o-Met, mesothelin, GD3,
HERV-K, IL-1iRalpha, kappa chamn, lambda chain, CSPG4, ERBB2Z, EGFRvEH] and
VEGFR2.

{8056} Further provided herein are methods for the use of the Truv-like cells provided
herein for adoptive celhidar therapies, such as for treating cancer or viral discase. The cells may
be used for immunosuppression, such as for subjects with grafi versus host disease (GVHD),

tissue o organ rejection, or an avtoimmune condition,

{0057 Table 1. Tissue resident memory cell-associated genes assessed  in

transcriptional analysis,

Gene Expression in | Significance/ References
Trm Proposed
Function
Choo upreglated Constitutively {3, 4, 5}

expressed by Trm;
may promote tssue
retention via
S1PR1 antagonism
ITGAE upregulated Constitutively {3, 4, 5}
{CD103) expressed by Trwm;
mnduced by TGF-f;
nay promote ussue
refention via
interaction with e-

cadherin
Human Tam TTGAY upregulated May promote tissue | |3, 4, 5
{Core Signature | {CD49a) retention via

mteraction with
coliagen IV
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I Definitions

{058] As used herein, “essentially free,” in terms of a specified component, 15 used
herein to mean that none of the specified component has been purposefully formulated into a

composition and/or is present only as a contaminant or in trace amounts. The total amount of

(3]

the specified component resulting from any uwnintended contamination of a compostiion is
thercfore well below 0.05%, preferably below 0.01%. Most preferred s a composition in which

no amount of the specified component can be detected with standard analytical methods.

{06591 As used heren the specification, “a” or “an” may mean one or more. As used
heretn 1n the claimds), when used 1o comjunction with the word “comprising,” the words "2 or

10 “an” may mean one of more than one.

{0060 The use of the term “or” 1n the claims 15 used to mean “and/or” unless explicitly
mdicated to refer to aliematives only or the alternatives are mutually exclusive, although the
disclosure supports a defimtion that refers to only alternatives and “and/or.” As used herein
“another” may mean at least a second or more. The terms “about”, “substantially”™ and

15 “approximately” mean, o general, the stated value plus or munus 5%.

{8061] An “autormmune disease” refers {0 a discase in which the mmune svstem
produccs an nunune response {for example, a B-cell or a T-ccll response} against an antigen
that 13 part of the normal host {that 1s, an astoantigen), with consequent inpury 0 tigsues. An
autoantigen may be derived from a host cell, or may be derived from a comumensal organism

26 such as the micro-organismas (known as convmensal organisms) that normally colonize mucosal

surfaces.

{0362] The torm “Grafl-Versus-Host Disease (GVHD) refers to a common and serious
complication of bone marrow or other fissue transplantation wherein there is a reaction of

donated mmmunclogically competent lvmphoovies against a transplant recipient's own fissug.

[
[

GVYHD 15 a possible complication of any transplant that uses or contamns stem cells from either

arelated or an unrelated donor. In some embodiments, the GVHD 15 chrome GVHD (cGVHDY),

{03631 As used herein, the terms “chimeric antigen receptor”, “CAR”, “climeric T cell
receptor”, “artificial T cell receptor” or “chimeric immunoreceptor” refer {0 an engineered
chimeric receptor construct grafting a desired non-MHC-restricted antigen-binding specificity

30 onto an immune cffector cell, e.g., an effector T cell. CARs may comprse, for example, an
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extracchular antigen-binding domain {e.g , an antibody or an antibody fragment such as, for
example, a simgle-chain vanable fragment (scFv) having the desired antigen specificity}, a
spacer sequence, a transmembrane domain, and one or more miracellular signaling domains.

Exemplary intracelular signalmg domains may comprse one or more intracellular tyrosme-

(¥4

based activation motifs "TTAMs™), sach as CD3-zeta ({D3(). and/or one or more
costimudaiory signaling domaing, such as, for example, CD28, 4-1BB/CDI37, ICGS, OX40,

or combinations thereof.

{064] As used horein, the torms “treat”, “treatment”, “treating’, and the ke refer to
the process of ameliorating, lessening, or otherwise mitigating the syraptoms of a disease or
10 condition in a subject by, for example, administering a therapeutic agent 1o the subject, or by

performing a surgical, chimcal, or other medical procedure on the subject.

{0065 As used herein, the terms “subject” or “patient” are used interchangeably herein
to refer to an mdividual, e g, a human or a pon-human organism, such as a pumate, amammal,

or a vertehrate.

15 j0666] The teom “therapeutic benefit” or “therapautically effective” as used throughout this
application refers to anything that promotes or enhances the well-being of the subject with respect to
the medical treatment of this condition. This inclades, but1s not hmuted to, a reduction o the frequency
or severity of the signs or symptoms of a discase. For example, treatment of cancer may involve, for
cxample, a reduction in the size of a tumor, a reduction in the invasiveness of a tumor, reduction 1o the
gPdwih tate of the cancer, or prevention of metastasis.  Treatment of cancer may also refer 1o

prolonging survival of a subject with cancer.

{80671 As generally wsed herein “pharmaceutically acceptable” refers to those
compounds, matertals, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use i contact with the tissues, organs, and/or bodily fluids of

25  human bemgs and animals without excessive foxicity, uritation, allergic response, or other

problems or complications commensurate with 8 reasonable benefit/risk ratio.

{8068} “Pharmaceutically acceptable salts” means salts of compounds disclosed herein
which arc pharmaccutically acceptable, as defined above, and which possess the desired
pharmacological activity. Such salts include acid addition salts formed with inorganic acids

30 such ashvdrochloric acid, hydrobromic acid, sulfuric acid, mitric acid, phosphoric acid, and the

like; or with organic acids such as 1 2-gthanedisulfomic acid, Z-hvdroxyethanesuifonic acid,

e
o
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Z-naphthalencsulforuc acid, 3-phenvipropionic acid, 4,4 -methylenebis(3-hvdroxy-2-ene-
I-carboxylic acid}, 4-methyvibicvelo]2.2 2loct-2-ene-1carboxylic acd, acetic acid, abphatic
mono- and dicarboxvlic acids, aliphatic sulfuric acids, aromatic sulfuric acids, benzenesulfonic
acid, benzoic acid, camphorsuiforue acid, carbomic acid, cinmamic acid, ciiric acid,
cyclopentancpropiomc acid, sthanesulfonic acid, fumaric acid, glucoheptomie acid, gluconic
acid, glutamic acid, glyeolic acid, heptanoic acid, hexanoic acid, bydroxynaphthoic acid, lactic
acid, lavrvisuifuric acid, maleic acid. malic acid, malonic acid. mandelic acid, methanesulfonic
acid, muconic-  acid,  o-{d-hvdroxybenzovlbenzoic  acid, oxalic  acd, p-
chlorchenzencaudfonic~  acid, phenyl-substituted  alkanoic  acids, propionic  acud, p-
toluenesulfome acid, pyruvic acid, salicylic acid, stearic acid, succinic acid, tartaric acid,
tertiarvbutvlacetic acid, trimethylacetic- acid, and the hike. Pharmaceutically acceptable salts
also include base addition salts which may be formed when acidic protons present are capable
of reacting with inorganic or organic bases. Acceptable morganic bases include sodium
hydroxide, sodium carbonate, potassimn hydroxide, aluminum hydroxide and calcium
hvdroxide. Acceptable organic bases include cthanoclamme, dicthanolamine, tricthanolamine,
tromethamine, MN-methylglocanmine- and the ke, ¥t should be recogmzed that the particolar
anion or cation forming a part of any salt of this invention 15 not critical, so long as the salt, as
awhole, 1s pharmacologically acceptable. Additional examples of pharmaceutically acceptable
salts and their methods of preparation and use are presented in Hawndbook of Pharmaceutical
Scdis: Properties, and Use (P H. Stald & C. G, Wernuth eds |, Verlag Helvetica Chinuca Acta,

2002).

{8068] A “pharmaceutically acceptable carner,” “drug carrier,” or simply “carrier” is a
pharmaceutically accepiable substance formulated along with the active mgredient medication
that 15 involved in carrving, delivermg and/or transporting a chemical agent. Divug carriers may
be used to improve the delivery and the effectiveness of drugs, including for example,
controlled-release technology to modulate drug bicavailability, decrease drug metabolism,
and/or reduce drug toxicity. Some drug carmers may increase the effectiveness of drug delivery
to the specific target sites. Examples of carriers include: liposomes, microspheres {e. g, made
of poly{lactic-co-glveolic) acid), albumin oucrospheres, synthetic polymers, nancfibers,

protein-DNA complexes, protein conjugates, ervthrocytes, virosomes, and dendrimers.

{00749] The torm “culturing” refers to the in vifro mammtenance, differentiation, and/or

sropagation of cells in suitable media. By “enriched” 1s meant a composttion compnsing cells
PAag 3 g

o]
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present 1 a greater percentage of total cells than is found in the tissues where they are present

M an organism

{0671] An “isolated” biclogical component {such as a portton of hematological
matenal, such as blood components} refers to a component that has been substantially separated
or purified away from other biological components of the organism i which the comaponent
naturally occurs. An isolated cell 15 one which has been substantially separated or purified away

from other biological components of the organism in which the cell naturally cecurs.
ii. Methods of Use

{8072} In some embodiments, the present disclosure provides methods for adopuve cell
therapy comprising admimstering an effective amount of the Tem cells of the present
disciosure. fn cortain embodiments of the present disclosure, cancer or viral disease is treated
by adoptive transfor of g Tam cell population that clicits an vomune response. In some
embodiments, Trv cell population itself will mediate an immune response. Once activate in
vivo the Tem cells may produce various pro-inflammatory factors, such as chemokines and
cvtokines, that would clicit an immune response. the Provided hercin are methods for treatimg
or delaving progression of cancer in an mdivideal comprising administering to the rodividual
an cffective amount a Tem cell population. The present methods may be applied for the
treatment of tumune disorders, solid cancers, hematologic cancers, and viral infections. For
example, a viral infection for {reatment according to the embodiments mav be an HIV, HBY

or Herpes virus infection.

{0073] Tumors for which the present treatment methods are usetul include any
mahgnant cell type, such as those found 1n a solid tumor or a hematological tumor. Exemplary
solid tumors can mchide, but are not Hoated to, a tomeor of an organ selected from the group
consisiing of pancreas, colon, cecum, stomach, brain, head, neck, ovary, kidney, larynx,
sarcoma, lung, bladder, melanoma, prostate, and breast. Exemplary hematological tumors
mciude tomors of the bone marrow, T or B cell malignancies, levkemias, bvmphomas,
blastomas, mvelomas, and the like. Further examples of cancers that may be treated using the
methods provided herein include, but are not lmited to, lung cancer (including small-cell lung
cancer, non~small cell tung cancer, adenocarcinoma of the lung, and squamous carcinoma of
the hing), cancer of the peritoneum, gastric or stomach cancer (including gastrointestinal cancer

and gastromntestinal stromal cancer), pancreatic cancer, cervical cancer, ovanian cancer, hiver
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cancer, bladder cancer, breast cancer, colon cancer, colorectal cancer, endometrial or uternine
carcinoma, salivary gland carcinoma, kidoney or renal cancer, prostate cancer, vulval cancer,

thyroid cancer, various tvpes of head and neck cancer, and melanoma.

{3374} The cancer may specifically be of the following histological type, though it is
nok himuted to these: neoplasm, malignant; carcinoma; carcinoma, undifferenéiated; gant and
spindle cell carcinoma; small cell carcinoma; papillary carcinoma; squamous cell carcinomas
vmphoepithelial carcimoma; basal cell carcinoma; pilomatrix carcinoma, transitional cell
carcinoma; papiilary transitional ccli carcinoma; adepocarcinoma; gastrinoma, malignant
cholangiocarcinoroa; hepatocelllar carcimoma; combined hepatocellular carcinoma and
cholangiocarcinoma; trabecular adenccarcinoma; adenoid cystic carcinoma; adenccarcinoma
i adenomatous polyp. adenocarcinoma, familial polyposis coli; solid carcinoma: carcinoid
twmor, malignant;  branchiolo-alveolar adenocarcinoma; papillary  adenocarcinoma;
chromophobe  carcinoma; acidophil  carcinoma;  oxyphilic  adenocarcinoma;  basophil
carcinoma, clear cell adenccarcinoma; granular cell carcmoma, follicuiar adenccarcinoma;
papillary and follicular adenocarcinoma; nonencapsulating sclerosing carcinoma; adrepal
corfical carcinoma; endometroid  carcinoma; skin  appendage  carcinoma;  apocrng
adenocarcinoma; sebaceous adenocarcinoma; ceruminous adenocarcinema; mucoepidermoid
carcimoma,  ovstadencearcinoma;  papillary  cystadenocarcinoma;  papillary  serous
cvstadenocarcinoma; vwicinous cvsiadenocarcinoma; mucinous adenocarcinoma; signet g
cell carcmoma; mfiltrating duct carcinoma; medullary carcinoma; lobular carcinoma;
mflammatory carcinoma; paget's disease, mammary; acinar cell carcinoma; adenosquamons
carcinoma; adenocarcinoma w/squamouns metaplasia; thymoma, malignant, ovarian stromal
tumor, malignant; thecoma, malignant; granulosa cell tumor, malignant; androblastoma,
malignant; sertoli cell carcinoma; levdig ccll tumor, malignant, lipid cell tumor, malignant;
paraganglioma, malignant; extra-mammary paraganglioma, malignant; pheochromocyioma;
glomangiosarcoma; malignant melanoma; amelanotic melanoma; superficial spreadmg
melanoma; lentigo malignant melanoma; acral lentiginous melanomas; nodular melanomas;
mahgnant melanoma in giant pigmented nevus, epithelioid cell melanoma; blue novus,
malignani; sarcoma; f{ibrosarcoma; fibrous histiocvioma, malignant; myxosarcoma;
Liposarcoma, leiomyosarcoma; thabdomyosarcoma; embryonal thabdomyosarcoma; alveolar
rhabdomyosarcoma,; stromal sarcoma; mixed tumor, mabignant; mullerian mixed tumor;
nephroblastoma; hepatoblastoma; carcinosarcoma; mescuchvmora, malignant; brenner

wmor, malignant; phyllodes tumor, malignant; synovial sarcoma; mesothchioma, malignant;

o]
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dysgermunoma; embrvonal carcinoma; teratoma, maliguant; struma ovani, malignant
choriocarcinoma; mesonephroma, malignant; hemangicsarcoma; hemangicendothelioma,
malignant; kaposi's sarcoma; bhomangiopericvioma, mabignant,  Ivmphangiosarcona;
osteosarcoma; juxtacortical osteosarcoma, chondrosarcoma; chondroblastoma, mabignant;
mesenchymal chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; odontogenic tumor,
malignant; amcloblastic  odomtosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pincaloma, malignant; chordoma; ghioma, wmalignandt;  ependymoma;
astrocytoma; protoplasmic astrocvioma; fibnflary astrocytoma; astroblastoma; glioblasioma;
ohgodendroglioma, oligodendroblastoma; primitive neurcectodermal;, cerebellar sarcoma;
ganglioncuroblastoma; nocuroblastoma;  retinoblastoma;  olfactory  neurogenic  twmor,;
meningioma, malignant; neurofibrosarcoma; neurilemmoma, malignant, granular cell tumor,
malignant; malignant lymphoma; hodgkin's disease; hodgkin's; paragranuloma; malignant
fvmphoma, small lymphocviic; malignant lvmphoma, large cell, diffuse; malignant lymphoma,
follicular; mycosis fungoides; other specified non-hodgkin's ivmphomas; B-cell lvmphoma;
low grade/follicular non-Hodgkm's lymphoma (NHL); small lymphoceytic (SLy NHL;
mtermediate grade/follicolar NHL; intermediate grade diffuse NHL; high grade immunoblastic
NHL; bigh grade lymphoblastic NHL; high grade small non-cieaved cell NHL; bulky disease
NHL; mantle cell lymphoma; AlDS-related lymphoma; Waldenstrom's macrogiobulinemia;
malignant histiocytosis, maultiple myeloma; mast cell sarcoma; immumoproliforative small
mntestinal disease; leukemia; lvmphoid leukemia; plasma cell levkemia; ervthroleokemia;
vmphosarcoma cell leukemia; myveloid leukenya; basophilic leukemia; eosinophilic leukemia;
monocytic leukemia; mast cell levkemia; megakarvoblastic leukemia; mveloid sarcoma; hanry
cell levkemia: chronic lymphocyiic leukemia (CLL), acute lymphoblastic leukemia (ALL);

acote myeloid lenkemia {AML}; and chronic myeloblastic feukenua.

{0475] Particolar embodiments concemn methods of treatment of leukemia. Leukenua
1s a cancer of the blood or bone marrow and is characterized by an abnormal proliferation
{production by multiphication) of blood cells, usually white blood cells {eukocyies). Itis part
of the broad group of discases called hematological neoplasms. Leakemia 18 a broad term
covering a spectrom of discases. Eeukemia is clinically and pathologically classified as acote

and chronic disease.

00761 In certain enbodimentds of the present disclosure, Trv cells are delivered to an
8

mdividual i need thereof, such as an individual that has cancer or an mfection, such as a
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bacterial or viral infoction. The cells then enhance the individual’s immune system o attack
the respective cancer or pathogemie cells, In some cases, the mdividual 18 provided with one
or more doses of the celis. In cases where the individual 1s provided with two or more doses
of the mnoume colls, the duration between the admunistrations should be sufficient o allow
time for propagation in the individual, and in specific embodiments the duration between doses

1s1,2, 3.4, 5,6, 7. or more days.

{8077] Cortain embodiments of the present disclosure provide methods for treating or
preventing an immnwne-maediated disorder. In one embodiment, the subject has an autoiounune
disease. Non-limiting examples of autormmune discases include: alopecia arcata, ankylosing
spondyiitis, antiphospholipid syndrome, autoimmune Addison's disease, autoimmune diseases
of the adrenal gland, astoimmune hemolvtic ancmia, awlcimmune hepatilis, autolmmune
caphortiis and orchitis, autormumune thrombocviopenia, Behceet's disease, bullous pemphigoid,
cardiomyopathy, celiac spate-dermatitis, chronic fatigue imwmune dysfunction syndrome
{CHFIDS), chrome inflammatory demyelinating polvncuropathy, Churg-Strauss syndrome,
cicatrical pemphigoid, CREST syndrome, cold agghitinin disease, Crobu's discase, discoid
tupus, essential mixed crvoglobulinenua, fibromvalgia-fibromyositis, glomerulonephnitis,
Graves' discase, Goilam-Barre, Hashimoto's thyraditis, wdiopathic pulmonary  fibrosis,
wdispathic thrombooytopenia purpura (ITP), IgA ncuropathy, juvenile arthritis, lichen planus,
fupus erthematosus, Meniere's disease, mixed connective tissue disease, multiple sclerosis, type
I or mmmune-mediated diabetes mellitus, mvasthenia gravis, nephrotic syndrome (such as
manimal change disease, focal glomerulosclerosis, or mebranous nephropathy), pemphigus
vulgaris, pernicious ancnma, polvarteritis nodosa, polychondritis, polvglandular syvadromes,
polymyalgia theumatica, polymyositis and dermatomyositis, primary agamynaglobulinemia,
primary biliarv cirrhosis, peonasis, psonatic arthritis, Raynaed's phenomenon, Reiter's
syndrome, Rheumatoid arthritis, sarcoidosis, scleroderma, Sjogren's syndrome, stiff-man
syndrome, systemuc iupus eryvihematosus, lupus erythematosus, ulcerative colifis, uvettis,
vasculitides {such as polyarieritis nodosa, fakavasu arierifis, temporal arteritis/giant cell
artenitig, or dermatitis herpetiformis vasculditis}, vitiligo, and Wegener's granulomatosis. Thus,
some examples of an avtoinunune discase that can be treated using the methods disclosed
heremn mclude, but are not bmited to, multiple scleroms, rheumatoid arthritis, systemic lupus
erythematosts, type I diabetes mellitas, Crohn's discase; uleerative colitis, myasthenia gravis,
glomenilonephritis, ankviosing spondvlitis, vasculitis, or psoriasis. The subject can also have

an allergic disorder such as Asthma.
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{0078] In vet another embodiment, the subject 15 the recipient of a transplanted organ
or stem cells and Ty cells are vsed to provent and/or treat rejection. In particuiar embodiments,
the subjoct bas or 18 at risk of developing graft versus bost discase. GVHID 15 a possible
coraplication of any transplant that uses or contains siem cells from cither a related or an
wnrelated donor. There are two kinds of GVHD, acute and chromie. Acute GVHD appears
within the first three months following transplantation. Signs of acute GVHD inciude a reddish
skin rash on the hands and fect that may spread and become more severe, with peeling or
blistering skin. Acute QGVHD can also affect the stomach and intestimes, i which case
cramping, nausea, and diarrhes are present. Yellowing of the skin and eves (jaundice) indicates
that acute GVHD has affected the liver. Chronic GVHD 1s ranked based on its severity:
stage/grade 119 muld; stage/grade 4 15 severe. Chrome GVHD develops three months or later
following transplantation. The symptoms of chronic GVHD are similar to those of acuie
GYHD, but in addition, chronic GVHD may also affect the mucous glands in the eves, salivary
glands 10 the mouth, and glands that hubricate the stomach lining and mitestines. Any of the
populations of immune celis disclosed herein can be uiilized. Examples of atransplanted organ
mehude a sohid organ transplant, such as kidney, fiver, skin, pancreas, hung and/or heart, or a
celiular transplant sach as islets, hepatocytes, myoblasts, bone marrow, or hematopoictic or
other stern cells. The transplant can be a composite transplant, such as tissues of the face.
Immune cells can be admimistored prior fo transplantation, concurrently with transplantation,
or following transplantation. In some embodiments, the tmuwne celis are administered prior to
the transplant, such as at least | hour, at least 12 hours, at least | day, at least 2 days, at least 3
davs, at least 4 davs, at least 5 days, at least 6 days, at least | week, at least 2 weeks, at least 3
weeks, at least 4 weeks, or at least 1 month prior to the transplant. In one specific, non-hmiting
example, administration of the therapeutically effective amount of unune cells socurs 3-5

days prior to fransplaniation,

{0079 In some cmbodiments, the subject can be admuustered nonmyeloablative
lvmphodepleting chemotherapy prior to the Traw cell population. The nonmyveloablative
Ivmphodepleting chemotherapy can be any suitable sach therapy, which can be administered
by any sutable route. The nonmyeloablative bymphodepleting chemotherapy can comprise, for
example, the administration of cyclophosphanide and fludarabine, particularly if the cancer 18
melanoma, which can be metastatic. An exemplary route of admunistering cyclophosphamide
and fludarabine is mtravenously. Likewise, any suitable dose of cyclophosphamide and

fludarabine can be adnunistered. In particular aspects, around 60 mg/kg of cyclophosphamide
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is admimistered for two days after which around 25 mg/m’ fludarabing is administered for five

davs.

{0080] In cortain embodiments, a growth factor that promotes the growth and activation
of the Tru cell population s administered to the subject either concomitantly with the Trw cell
population or subsequently o the immune cells. The growth factor can be any suitabie growth
factor that promotes the growth and activation of the Trw cell population. Examples of suitable
mmme ool growth factors mehude wnterdeokin (1132, IL-7, 1L-15, and IL-12, which can be
used alone or in vartous combinations, such as H-2 and 1L-7, 1L-2 and H~15, 1L-7 and 1L-13,

1L-2, 1L-7 and H-15, IL-12 and 1L-7, H-12 and H-13, or IL-12 and T2

{0081} Therapeutically effective amounts of Trw cells can be adminustered by a number
of routes, mclading parenteral admiustration, for oxarople, miravenous, intraperntoneal,

mtramuscudar, intrasternal, or mtraarbicudar iection, or mfusion.

{3082] The therapeutically effective amount of Try cells for use in adoptive cell
therapy is that amount that achieves a desired effect in a subject being treated. For iustance,
this can be the amount of Trs cells necessary to inhibit advancement, or to cause regression of
an autoimmune or alloimmume disease, or which is capable of rehigving symptoms caused by
an agtoimmune discase, such as pain and inflammation. It can be the amount necessary to
relieve symptors associated with inflammation, such as pain, edema and clevated teraperature.

1t can also be the amount necessary to dimimish or prevent rejection of a transplanted organ.

{0083} The Trv cells can be admuustered in treatment regimens consisient with the
standard of care for treating the discase, for example a single or a fow doses over one 1o several
days to ameliorate a discase state or periodic doses over an extended time to inhibnt discase
progression and prevent disease recurrence. The pracise dose to be emploved i the formulation
will also depend on the route of adnunisiration, and the sertousness of the disease or disorder,
and should be decided according to the judgment of the practitioner and each patient's
circomstances. The therapeuntically effective amount of townune cells will be dependent on the
subject being treated, the severty and tvpe of the affliction, and the manner of adminmistration.
In some embodiments, doses that could be used m the treatment of human subjects range from
at least 3.8x10% at least 3.8<10°, at least 3.8x10°% at least 3.8x107, at least 3.8+ 10°, at least
3.0, or at feast 2.8x10" immune cells/m?. In a certain embodiment, the dose used in the

treatment of human subjects ranges from about 3.8<10” to about 38710 tmpume cells/im®. In
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additional embodiments, a therapeutically effective amount of mmune cells can vary from
about 3x10° cells per kg body weight to about 7.57 1P cells per kg body weight, such as about
2x 17 cells to about 3210% cells per kg body weight, or about 5x 107 cells to about 2x10% cells
per kg body weight. The exact amount of munune cells 1s readily deterouned by one of skill in
the art based on the age, weight, sex, and physiclogical condition of the subject. Effective doses
can be extrapolated from dose-response curves dertved from in vitro or animal model test

systems.

{0084} The Tru cells mav be administered in combination with one or more other
therapeutic agents for the treatment of the immmune-mediated disorder. Combination therapies
can include, but are not himted to, one or more anti-microbial agents (for example, antibiotics,
anti-viral agents and anti-fungal agents), anti-tumor agenis (for example, fluorouract,
methotrexate, pachitaxel, fludarabine, ctoposide, doxorubicin, or viscristing), ummune-
depleting agents (for oxample, fludarabine, eloposide, doxorubicin, or vincristine),
mmunosuppressive  agents  {for example, azathioprine, or ghicocorticoids, sach as
dexamethasong or prednisone}, anti-inflammatory agents {for example, ghucocorticoids such
as hvdrocortisone, dexamethasone or prednisone, or non-steroidal anti-imflammatory agents
such as acctylsalicyhic acid, thuprofen or naproxen sodinum}, covickines (for example,
mterlenkin-10 or transforning growth factor-beta), hormones {(for example, estrogen), or a
vaccing. In addition, imnwnosuppressive or tolerogenic agents mchuding but not Houted to
calcingurin mhibitors {e.g., cvclosporin and tacrolimus); mTOR mhibitors {e.g.. Rapamycin;
myvcophenolate mofeti], antibodies {e.g.. recognizing CD3, CB4, CD40, CD 154, CD45, IVIG,
or B cells); chemotherapeutic agenis {e. g., Methotrexate, Treosulfan, Busalfan); wradiation; or
chemokmes, mterleuking or their inhibitors {e. g, BAFF, IL-2, anti-IL-2R, 1L-4, JAK kinasc
mhibitors) can be admnistered. Such addittonal pharmaceutical agents can be administered
before, during, or after adounistration of the immmumne cells, depending on the desired effect.
This administration of the cells and the agent can be by the same route or by different routes,

and either at the same stie or at a different site.

A, Combination Therapies

{0085} In ceriain embodiments, the methods provided herem further comprise a step of
administering at least one additional therapeutic agent to the subject. All additional therapeutic

agents disclosed herein will be administered to a subject according o good chnical practice for

340
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cach specific compostiion or therapy, taking nto account any potential toxicity, likely side

effects, and any other relevant factors.

[0086] In certain embodiments, the additional therapy mav be imununotherapy,
radiation therapy, surgery {e.g., surgical resection of a tumor), chemotherapy, bone marrow
transplantation, or a combination of the foregoing. The additional therapy may be targeted
therapy. fn certain embodiments, the additional therapy s admuaistercd before the primary
treatment (e, as adjuvant therapy). In certain embodiments, the additional therapy is

adminisigred after the primary treatment {i.e., as neoadjuvant therapy.

[O087] In cortain emboduments, the additional therapy comprises an invnunotherapy.
In certain embodiments, the immunoctherapy comprises an immme checkpoint inhibitor. In
certain embodiments, the immune checkpoint inhibitor inhibits an immune checkpoint protein
selected from the group consisting of programamed cell death pathway § (PD-1/CD279) and s
hgands (PD-LI/CD274 and PD-L2/CD273), cviotoxic T ivimphocyte-associated antigen 4
{(CTLA-/CD152), ymphoovie-activation gene 3 {(LAG-3/CUD2233 B and T lvmphoovte
atienvator {(BTLAY T cell inunumoreceptor with Ig and immunoreceptor tyrosing-based
mhibitory mottf {({TIM} domams (TIGIT), T cell immumoglobulin domam and mucin domain
3 (TIM-3/HAVerZ), killer mmmunoglobulin-like  receptor (KIR/CDI5E),  V-domam
mmunoglobulin suppressor of T ecl activation (VISTA), and the adenosine A2a recepior
{AZaR} In some aspects, the immunotherapy ts a 4-18B agonist. Exemplary 4-18B agonists
meclude but are not hmited to 4-1BB agonist antibodies {¢.g., Utomilumab), recombinant 4-
IBEB (ncluding but not limited to soluble, matrix-bound, scaffold bound forms), and 4-1BB

aptamors.

{0088] In certain embodiments, the immume checkpomt inhubitor 18 2 PD-1 binding
antagonist. In certain embodiments, the PD-1 binding antagouist is an anti-PE-1 antibody . In
certaiy embodiments, the anti-PD-1 anmttbody is sclected from the group consisting of
nivolumab, pembrolizumab, and CT-011, In cortain embodiments, the PD-1 binding antagomst
i3 an immmunoadhesin {e.g., an immunocadhesin compnsing an extracelhddar or PB-1 binding
portion of FDLI or PDLZ fused to an wimmunoglobulin constant region {¢.g., an Fc region of

an yomunoglobulin sequenee}.

{0089 In certain ernbodiments, the imonune checkpoint inhibitor 1s a CTLA-4 binding

antagomist. In certain cmobodiments, the CTLA-4 binding antagonist is an anti-CTLA-
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4 antibody. In certain embodiments, the anti-CTLA-4 antibody 18 selected from the group

consisting of iphmumab and tremelimomab.

{090] In certain embodiments, the additional therapeutic agent comprises treatment
with radiotherapy. In certain embodiments, the radiotherapy 15 selected from the group
consisting of gamma rays (y-rays), X-rays, microwaves, proton beam irradiation, uliraviolet
wradiation, and the directed delivery of radioisotopes to the tumor. In cortain embodiments,
the radiotherapy comprises treatment with X-tays. In certain embodiments, the X-rays are
administered 1 daily doses of 50 to 200 roentgens over a period of threg to four weeks. In
certain embodiments, the X-rays are admipistered in a single dose of 2000 to 6006
roendgens.  In certam embodiments, the radiotherapy comprises directed debivery of
radioisotopes o the tumor. Dosage ranges for radicisotopes vary widely depending on the half-
fife of the isotope, the sirength and type of radiation eonitted, and the degree of uptake by tumor
cells, but determination of an appropriate therapeutically effective dose i1s withun the level of

ordmary skill i the art.

{0091 In  certain embodiments, the additional therapeutic agent comprises
adminstration of agents for the treatment of side-effocts associated with the primary freatment
{e.&., nausea, cachexia, and the Hike). I certain embodiments, the additional therapy comprises
an immunotherapy. In cerfain embodiments, the additional therapy comprises radiation
therapy. In somoe embodiments, the radictherapy comprises gamma irradiation.  In certan
embodiments, the addinonal therapy comprises surgery.  In ceriain embodiments, the
additional therapy comprises a combination of radiation therapy and surgery. In certam
crabodiments, the additional therapy comprises treatment with a class of chemotherapeutic
agent selected from the group consisting of alkyvlating agents, anthracvelines, cytoskeletal
disraptors, epothilones, histone deacctvlase inhibitors, topoisomerase [ inlubitors,
topotsomerase I nhubitors, kinase mhibitors, nucleotide analogs and nucleotide precursor
analogs, peptide antibiotics, platinum-based compounds, retimoids, vinea alkalowds and

derivatives thereof

{0092} The additional therapies contemplated herein may be adminmistered before, after,
or concurrently with adounisiration of the compositions provided hercin.  fo cortamn
embodiments, the additional therapy 1s admnistered before the compositions provided herein.
In contain embodiments, the additional therapy is administered after the compositions provided
herein. In certain embodiments, the additional therapy is administered at one or nore udervals

before or afier administration of the compositions provided herein.  Deterounation of an

53
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appropriate mterval for adnunistranion of an additional therapy such that the subject bemg

treated benefits from the combination therapy is within the level of ordinary skl in the art.
B. Pharmaceutical Compositions

{80931 In another aspect, provided herem are phammaccutical composttions and

formulations comprising Trv cells and a pharmaceutically acceptable camier.

{34194] Pharmaceutical compositions and formudations as descnibed herein can be
prepared by guxing the active ingredicnts (such as an antibody or a polvpeptide) having the
desived degree of punity with one or more optional phammaceutically acceptable carriers
{Remingion's Pharmaceutical Sciences 22™ edition, 2012}, in the form of agueous solutions,
such as normal saline {e.g., 0.9%} and human serum albumin {e.2, 109}, Pharmaceutically
acceptable carriers are generally nonfoxic o recipients at the dosages and concentrations
emploved, and include, but are not hinuted to: buffers such as phospbate, citrate, and other
orgamc acids, antioxidants including ascorbic acid and methionine; preservatives {such
as octadecyidimethyibenzyl ammoninun  chloride; hexamethonnum chionde; benzalkonium
chloride; benzethonium chioride; phenol, butyl or benzyl alcohol; alkyl parabens such as
methvl or propyl paraben; catechol; resorcinol; eyelohexanol; 3-pentanol; and m-cresol); low
molocolar weight (less than about 10 residucs) polypeptides; proteins, such as serom albumin,
gelatin, or immunoglobuling; hydrophilic polymers such as polvvimvipyrrolidone; amino acids
such as glyeme, glutamane, asparagive, histdine, arginme, or lvsine; monosacchandes,
disaccharides, and other carbohyvdrates including glucose, mannose, or dextning; chelating
agents such as EDVTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming
counter-ions such as sodunn; metal complexes {¢.g. Zinc-protein complexes); and/or non-ionic

surfactants such as polvethviene glycol (PEG).

HE Kits

{395] In some embodiments, a kit that can include, for example, one or more media
and components for the production of Taum cells 1s provided. Such formulations may comprise
a cocktail of factors, in a form surtable for combining with Trum cells. The reagent system may
be packaged cither in agueocus media or in vophilized form, where appropriate. The container
means of the kits will generally include af least one vial, test tube, flask, botte, syringe or other
cordainer means, ttto which a component may be placed, and preferably, sustably aliguoted.
Where there 1s more than one component in the kit, the kit alse will generally contain a second,

third or other additional container into which the additional components may be separately

o
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placed. However, various combinations of coroponents may be comprised n a vial. The
components of the kit may be provided as dried powder{s). When reagents and/or components
arc provided as a drv powder, the powder can be reconstituted by the addition of a suitable

solvent. Itis envisioned that the solvent may also be provided 1o another contamer means. The

(]

kits also will typically include a means for contaning the kit component{(s} m close
confinement for commercial sale. Such containers may mchide injection or blow molded
plastic containers into which the desired vials are retained. The kit can also include instructions

for use, such as m prinded or electronic format, such as digital format.
IV, FExamples

16 {0096} The following examples are included to demonstrate proforced embodiments of
the mvention. It should be appreciated by those of skill in the art that the techniques disclosed
i the examples which follow represent techmgues discovered by the inventor to fumction well
in the practice of the invention, and thus can be considered to constituie preferced modes for
s practice. However, those of skill m the art should, i light of the present disclosure,
15  appreciate that many changes can be made in the specific embodiments which are disclosed
and stifl obtain a hike or similar result withouot departing from the spirit and scope of the

IVeTEIon,
Example 1 — Preduction of Tissue Resident Memory T Celis

{0097 Penpheral blood samples were obtained from healthy human subjects. The

23 blood was sorted using FACS to isolate naive (CD4SRAFCCRTY CDR™ T cells. The T cells
were then polyelonally activaied for 4 davs 1n atmosphenic oxvgen {approximately 20%) or
hypoxia (2% (2) to generate “early effectors”. The carly effectors were then cultured for an
additional Z days in the presence of 125 ng/mi thTGF-B1. The ccls were then harvesied and

analvzed for expression of Tan-associated genes and surface markers.

[
[

{00981 It was found that hypoxwia in combinafion with TGF-Bl mduced a
CDE9 CDO3™ population that expressed human Tru~associated markers, including CD69 and
CD103 (FIG. 3} The Trw-bke T cells were finther analyzed for changes i expression of
additional gencs. It was found that the cells coliured in hvpoxia versus atmospheric oxygen

conditions had changes in gene expression associated with the Trvphenotype (FIG. 2).
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{80991 Naive CD8” T-cells were activated by hypoxia with or without the addition of
thTGF-B1. The frequency of the CD6YCDI037 population was assessed by flow cytometry,

it was obscrved that hypoxia and TGF-B1 svnergize to induce CDEYTCDI03T cells (FIG. 4).

{0100} Further, it was found that hypoxia and TGF-B1 mduced Trm-phenotype
cells show transcriptional differcnces similar to those reported for endogenous Trv. CH6Y

CD103, CD6YCDI03, and CDEOCDI103™ Tocells were generated and sorted before isolation

showing expression of sclected genes commonly reporied in transcruptome analyses of
endogenous buman Trae FIG. 9B shows a heatmoap comparing transcriptional differences
(fogZFC) in CDECDEY" versus CDECD6Y T-cells from human hung and CD6Y°CDI03T
hypoxia and TGF-B1 m-vitro induced Tem (1-Tom} versus CO6UCDIN3 cells from normal cell
culture conditions (20% O without TGF-R1). Dhfferential expression deternuined by |log2FC

> 1 and FDR < .08,

{0101 The present studies showed that hypoxia and TGF-B1 svnergize 1o
mnduce a CDRTUDGYCDI03" cell population that expresses muman Trav-assoctated markers
and has a transcriptional profife similar to that of endogenous buman Trem. This work reveals
another possible cue for Tem differentiation i vive, and provides the basis for an i virre
method to generate antigen-specific Truw-like cells that would enable the development of
adoptive cellular therapics wtilizing this umigue cell type. Thus, the present methods can be

used to produce cells with a Tem phenotype.

Example 2 ~ Materials and Methods

{01 02] Cell isolation and i vitre cell culture: Healthy donor peripheral blood
mononuclear cells (PBMCUs) were collected by leukapheresis and stored 10 Hquid mitrogen antil
use. All homan sample collection was performed with informed consent and approved by the
institutional review board (IRB) of UT MD Anderson Cancer Center. CD8™ T cells were
enriched from healthy donor PBMCs using StemCell FasySep™ kits. Cells were then stained
with fluorochrome-conjugated antibodies agamnst €DR, CD43RA, and CCR7. Naive
CD8+CD4SRAHCCRT+ cells were sorted using a FACSAna™ [T or Fusion cell sorter (BD
Biosciences). Sorted naive cells were resuspended i cell culture media (RPMI with 10% FBS,
L-ghitamine, and penicilim-streptomyein} with 10 IU/md I-2 (Prometheus) and equubibrated
overmight to 2% oxygen i a hypoxic chamber {Cov Laboratory Products) or atmospheric

oxygen fapprox. 209} in a standard cell culture incubator (Thermo Fisher). After equulibration

]
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cells were activated with anti-CID3/anti-CID28 beads ( D}ﬂﬁb@ﬁd‘s@, Gibeo) for four days. On
day four 1.25 ng/ml recombinant human TGF-81 (Biolegend) was added and eclls were
caltured for an additional two days. Antigen-specific CD8" T cells generated via stinnglation
with autologous pepide pulsed dendritic cells or TCR transduction followed by tetramer-based
sorting were expanded using a conventional Rapid Expansion Protocol (REP) or a TRM
modifymg REP. Tetramer-posttive cells were expanded for 10-14 days using 30 ng/mb anti-
CD3 {OKT3) and 200x irradiated allogeneic PBMCs and LULs as feeder cells 1n etther 1) 209
oxvgen and supplemented with -2 (50 TU/ml) in the case of conventional REP or 11} v 2%
oxygen and supplemented with IL-15 (10 ng/mi} and thTGF-B1 {1.23 ng/ml, beginning on day

4} in the case of modified REP to induce TRM phenotype.

[O8103] Flow cytometry: For analyvsis ofhuman TRM-associated markers beads
were removed from cells and colls were washed once in stamning buffer and stained with
Live/Dead Fixable Aqua (Life Technologies} and fluorochrome-conjugated antibodies against
CDR, C69, CH103, PD-1, CDI10L, CXCRS, and CD49a (all Biolegend). After statiung cells
were fixed m 4% paraformaldehvde Fixation Buffer (Biolegend), washed, and stored n
staining buffer antil analysis. Stained cells were analvzed using an ACEA Novoeyte® 3000
flow  cytometer. Single fluorochrome-stained compensation beads (UltraComp™,
eBioscience) and fluorescence mnus one (FMQO) samples were used as controls. Data were

analyzed using Flowlo software (BD Biosciences}.

{00164} Quantitative real-time PCR (gRT-PUR or gPCR): For analysis of
human Tra-associated gene expression beads were removed from celis and cells were washed
once in PRS. RNA was isolated using the Qiagen RNeasy® Plus Mini Kit according to
manufacturer’s instructions. When necessary RNA was further punified and/or concentrate
using the Qlagen RNeasy® MinElute Cleanup Kit according to mamifacturer’s instructions.
First strand cDNA was svnthesized using M-MLV Reverse Transcriptase (Thermo Fisher).
Quantitative real-time PCR was performed using the QuantStudio® 5 Real-Time PCR System
and PowerUp™ SYBR® Green Master Mix {(Applied Biosystems, ThermoFisher Scientific).
Relative mRNA gene expression was normalized to the housekeeping gene RFLI3A. Primers

used are listed n the table below.
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{00105} Table 2: Primer sequences.
Gene Primer SEQ ID KO
CDEO ¥ ATTGTCCAGGCCAATACACATT i
CDGO R CCTCTCTACCTGCGTATCGTTIT 2
ITGAER | AGUCATGCAACACGTCTTAGA 3
ITGAEF | TCCTCGAATATGUCACCATCG 4
ITGAL R | CTGGACATAGTCATAGTIGCTGGA |5
ITGAIF | ACCTGTGTCTGTITAGGACCA 6
CXCR6 F | CAAGAGCCTACTGGGCATCTACAC |7
CXOR6 R | TGGCUTTAACCACTACAATGAAAL | 8
CX3CR1 9
F TCACCGTCATCAGCATTGATAGG
CX3CRI 10
R GTTICCACATIGCGGAGCAC
PDCDEF | ACGAGGGACAATAGGAGCCA bl
PO R | GGCATACTCCGTCTGCUTCAG 12
CDMGIF | CAGCCAGTGACGTACAGCTC 3
CDIOI R | CCATTCCGTTGOCTCACAGAA td
SIPRIF | GCCTCTTCCTGCTAATCAGCG £5
SIPRI R | GCAGTACAGAATGACGATGGAG 16
KLF2F CATCTGAAGGCGCATCTS 17
KLF2 R COTGTOCTTICGGTAGTGE 18
FOMESF | GCCCACGTCTACCTGTGCAA 14
EOMES R | GGGCAGTGGGATTGAGTCCG 20
TBX21 F | CAACACAGGAGCGCACTGGA 21
TBX21 R | GIGTTGGAAGCGTTGCAGGC 22
TCF7 ¥ TGCAGCTATACCCAGGOTGE 23
TCFTR CCTCGACCGOCTCTTCTIC 24
IRF4F CCCGTACCAATGTCCCATGA 25
IRFAR CCTGTCACCTGGUAACCATTT 26
RUNX3F | AGCACCACAAGCCACTTCAG 27
RUNX3 R | GGGAAGGAGCGGTCAAACTG 23
CCRT F CAAGCTGTCCTGIGTGGGCA 29
CCR7TR | CGOTCAAAGTIGUGTGCCTG 30
SELLF ATGGAACGATGACGCCTGCLC 31
SELL R | OGCCTCCAAAGGCTCACACT 32
IFNGF TGGAAAGAGGAGAGTGACAGAAA | 33
{FNG R TCCTTGATGGTCTCCACACTC 34
TNFAF | GGCGCTCCCCAAGAAGACAG 35
TNFAR | CAGGCTIGTCACTCGGGGET 36
GZMBF | CAACCAATCCTIGCTYTCIGCT 37
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GZMBR | CCGCACCTCTTCAGAGACTT 33
CTLA4F | TGCGACACGGGACTCTACATCT 39
CTLA4 R | GGCACGGTTCTGGATCAATTACA |40
SLC2ALF | TCTGGCATCAACGCYGTCYTC 41
SLCZALR | COATACCGGAGCCAATGGT 42
VEGEF | AAATGCTTICTCCGCTCTGA 43
YVEGER | CCCACTGAGGAGTCCAACAT 44
RPLIBAF | CCTCAAGGTCGTGCGTCTGA 45
RPLI3A R | TCCACGTTCTICTCGGOCTG 46
{60166} RNA-sequencing iranscriptome analysis: Cells were sorted using a

TACSAria™ Hlu cell sorter (BD Biosciences) before RNA isolation using the Qiagen

RNeasy" Plus Mini Kit followed by the Qiagen RNeasy™ MinElute Cleanup Kit. The Hbrary

(]

was constructed using the Hlumina TraSeq Stranded mRNA kit RNA sequencing was carned
out using the Hiumina NextSeq 300 platform. The raw reads were mapped to the Homio sapiens
reference genome and transcriptome (GRERIZ, GENCODEV23) by HISATZ {version: 2.1.0).
Hiseg-count {version: 2.1 .0} was used to get the counts for genes. R and Biocounductor packages
DESeq? (version 1.14.1} was used to wdentify the differentially expressed genes. The genes
10 {(mRNA only, taking the protein-coding genes for p-value adjostment} with FDR < 0.05 and
[fold-change! > 2 were considered differentially expressed. R and Bioconductor package fosea
{version 1.10.0} was used to detenmime whether an g priori defined set of genes shows
statistically significant, concordant differences between two bislogical states {e g. phenotypes).
Gene sets were derived from several previously published T cell signatures. The Try signature
15 was constructed from scveral studies. Lung Tem and Breast Cancer THL signatures were
downloaded from the Gene Expression OUmnibus (GEQ), GSE61397 and GSEIID93E,
respectively. False-discovery rate {(FDR} adjusted p-values less than 0.05 were considered

signtficant or “trug”

{0107} Functional analysis of significantly differcntially expressed genes (FRR

2¢ < 0.05 and [fold-change| > 2) was done with Ingenuity™ Pathway Analvsis (IPA) software
{version 48207413, Quagen) using ali genes in the Ingenuity Knowledge Base as the reference

set and night-taled Fisher’s exact test 1 a core analysis to determmne if pathways are

significantly altered between conditions {(—log16]p value] > 1.3},

H0168) Statistical analysis: Graphical presentation and statistical analysis of

25 the data was performed using GraphPad Prisme (Version 7, GraphPad software, San Dhiego,
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CA}. Data arc displaved as mean + SEM. Resulis between experimental groups were compared
psing statistical tests described in the figure legends (ANOVA alwavs followed by Tukey’s

mmltiple comparisons test). p < .05 was considered statistically significant.

Example 3 - Hypoxia acts as an environmenial cue for human tissue resident
memory T-cell differentiation

(4]

{00169) Human CDRT T-cells differentiated in hyvpoxia and TGF-81 acguire a

Tru-like phenotvpe: Given the relative hypoxia m inflamed tissues, 1t was postulated that low

oxygen tension could provide additional cues to Tru differgntiation. To determme whether
hypoxia can contribute to induction of a Tru phenotype naive (CD45RA™ CCRTT) CD8+ T-
10 celis were sorted from human peripheral blood, activated them for 4 days m hyvpoxia (29 Oz)
or normal cell culture conditions {atmosphenc oxygen, approximately 20% Oz} to generate

“carly effectors™ and then cultured an additional 2 days in the presence of thTGF-B1.

{60114} Cuantitative real-time PCR (qPCR) was used to assess the bulk

populations for expression of a panel of genes associated with Ty transenptional profile. Cells

15 differentiated m 2% O: + TGF-BI showed upregulation of most of the genes identified by
Kumar ef of. 2017 (which is meorporated herein by reference} as the core transcriptional
signature of human Ten, namely C69, [TGAR (CDI03), FDCHIPD-1), CDIG! and CXCRS

{(F1G. 2A). Notably, no difference was observed in transcript levels of I7G4/7 (CD49a). In
addition, transcnpts of genes mportant i T-cell recirculation (STPR/I, KLF2 SELE (CD62L))

20 were downregulated, further seggesting a resident memory phenotype (FIG. 2B}, Previous
reports in mouse models have demonstraied that downregulation of S/PRI and KLF2 are
critical 1o Trw differentiation, and decreased levels of these genes have also beon observed in
endogenous human Tea Transcripts for the transenption factor Homes were dramatically

decreased (FIG. 20, Studies in mice have demonstrated that extmguishment of Eomes is

[
[

necessary for TGF-B1 responsiveness and establishment of Try IRFY and RUNXS were
upregulated. The specific role of JRFY m Trm remains undefined but its upregulation has been
reported in human Tra. The transcription factor RUNXT has recently been identified as a key
regulator of Tem differentiation. Finally, clovated levels of transcripts encoding cffector
molecules TNF-¢ and granzyme b were observed, sumtlar to findings reporied m human lung
30 Tew {(FIG. 2. Elevated expression of the canonical hypoxia responsive genes SLCZA 7 (Glot-

D and VEGF confirmed the cells were responding to hypoxie conditions (FIG. 1E}. In totahty,
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these resufts indicate that when human CDR7 T-cells are differentiated in hypoxia in

combination with TGF-B1 they acquire a tissue resident memory-hike transeriptional profile.

{00111} Flow cyvtometric analysis to evaluate proteim-lfevel expression of markers
considered to be the core signature of human Tes. In all healthy donors tested there was an
increase in CD6Y™CDI037 cells in the 2% Gr + TGF-B1 condition compared to 20% G2 + TGF-
B1{FIG. 24). Cell viability was comparable or better in the 2% 02+ TGF-B1 cells versus the
20% O + TGF-BI cells (FIG. 7B). These CD6YCDI037 cells expressed PD-1, D101, and
Ch49a (FIG. 38). Notably, CXCRS surface profein expression was not observed despite
transeriptional upregulation. Although expression of both €69 and CD103 18 now commonly
used to define Trw there 18 still debaie regarding which of these surface markers 18 best 1o use
to identity Tem, 10 past duc o heterogeneous expression of CI¥Y and CDIO3 in endogencus
resident maemory cells, Thus, the expression lovels of the Trw-associated markers PD-1,
CD10L, and (D493 were compared among the CDeYCDH03T, CDsS"CDI03T, and
CDe9"CRI03 populations from the 2% O + TGF-B1 condition. As expected, the
CDo9-+-CD103" population had the highest levels of PD-1 and CD101 surface expression (FIG.
3¢, HExpresston of UD49a was also lugh but equivalent to expression levels observed in the
CDEYCDI03 population. In comparing different oxvgen conditions, the most dramatic
increase in population fold change was found to be in the CDEY CDI03T population (FIG. 7C,
7133 On the basis of these results, 1 was chosen to focus further analysis on the CDOO™CDIG3T

population as the 7 vitro mduced Trw cells.

{0112 Hypoxia and TGF-B1 exposure are svoergistic cues for Trv phenotvpe

acguisition; Since the atmospheric oxygen levels in normal tissue culture conditions are higher
than that expenenced by T celis inm vive the effect of 10% Or was evalvated, which is a
physiologically relevant, son-hypoxic oxygen level T-cells are cxposed 1o m circulation.
Although there was a slight increase in CDEYTCDIN3™ T-cells in 10% Oz + TGF-B1 compared
t6 20% (h + TOF-PL, correcting for multiple comparnsons uncovered no significant differences
between the two conditions in expression of Trv signature genes (FIG. 8A-H). In addition, the
fold-increase of the DY CDIO3™ population (over 20% O + TGF-H1) was significantly

greater in the 2% On + TGF-B1 condition versus 16% Oq+ TGF-B1 (FIG. 3F).

{00113} To assess the individual contributions of hypoxia and TGF-PL to
mduction of Trmphenotype cells in vifro differentiation experiments were performed in 2% or

20% Oz with or without the addition of thTGF-B1. Hypoxia primanly induced CD6Y™ cells
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whereas TGF-B1 induced CD1037 cells, in congruence with published reports that hypoxia and
TGF-B can drive expression of these markers, respoctively. Although hyposia or TGF-BI alone
does induce a modest population of CDEYTCID037 cells, the combination of hypoxia and TGF-

Bl appears to synergize mduction of the resident phenotype as the combination effect was

(]

markedly greater than the additive effects of ecither condition alone (FIG. 4A3 The
CDAO D037 cells induced by hypoxia and TGF-B1 expressed high lovels of the Tra markers
PD-1, CDIOY, and CD49a, compared to the majority populations 1o the 20% Oz and 2% O:
conditions (CD6YCDI03 and CDeOCDRI03, vespecnvely) (FIG. 48},

{01144 In vifro mduced Teum show enrchiment for endogencus human Tru gene

10 signatures: Since differences m Tewm marker expression among the CD69CD103 (20% On),
CHAYCDI03 (2% O and CDEYCDIO3T (2% O + TGF-B1) cells suggested that these
represent distinet populations, cach phenotype was sorted and thetr transcriptional profie
analyzed via RNA sequencing. Prmeipal coroponent analysis (PCA) confirmed that these three

populations are distinet from one another (FIG. 5A). Unsupervised hierarchical chustering

Pt
(¥4

showed distinct gene signatures for CDEYCDRI03 and CDSOIDIOZT colls, whercas
CD6YCDI03 cells had a somewhat intermediate transcriptional profile {(FIG. 3B, 5C)
Comparison of the top differentially expressed genes between CD6SCDI03™ and CD6Y
C103" cells rovealed gene expression pattoms consistent with those reported for endogenous
human Try, mehiding increased expression of [TGAE, EGR2, GNLY, RBMF, RASGEFIB, and
3 NR4A4/, and decreased expression of SELL, KLF2, and KLF3, mdicating a non-recireulating
transcriptional program (FIG. 3B, 5C). S/PRJ, a KLF2-target gene, was also downregolated
but did not meet the threshold for fold change. CD6SCDI03T cells demonstrated increased
expression of JTGAT, PDCDI, CDIGI and INFRSFS, all of which are consistently reported

as upregulated i endogenous human Tem Elevated levels of the transenption factor NOTCH1

[Nl
LA

werce observed, which is knows fo contribute to matntenance of endogenous hung Try in vivo,

as well as 8PS, which plavs a contral role in Notch signaling (FIG. 3C).

{00115} Eandogenous Tas often express various chemokines, bkely as part of
thetr “alarm function” 1 recruiting other immune cells to local tissues. Consistent with the
chemokine profile of endogenous Try, i vitro induced CDGSCDI03T cells in the study

36 wupregulated CXCLI3 and CCULZ0, as well as CCL4, CCLS, and CCOLZE (FIG. 3C). Changes in

expression of genes that have undefined roles but are consistently reported o endogenous

4i
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human Trw were also observed, such as upregulation of MY 074 and KRGS/ and downregulation

of SERPINEZ, RAFIGAFZ, RASGRP2, and FAMGSE

{00116} To gaim insight on the physiological relevance of the findings Gene Set
Enrichment Analysis {GSEA} was performed using gene signatures from published analyse
on endogenous human CD1037 Trv compared with D103 effector memory cells from
peripheral blood or CD 03" T-cells within the same tissue site. The results revealed that the
transcriptional profile of CDEYTCDO3T cells compared to UD69TD103 cells is similar to the
signature of Trv compared to blood Tem and local CDI03" T-cells, whereas CDB6OTCDIOT
cells compared to CDGYCI03 18 only simidar to the signature of Tru versus D103 T-cells
within the same tissue (FIG. 5D, These results reflect the degree of difference m oxygen
tension in circulation versus local tissue. TIL within the same tumor would also experience
more similar oxygen levels than T cells in tissues versus those in cireulation. and multiple
recent profiles of TIL in various sobid tumor types have reported the presence of CDI037
resident memory-like TIL (TILrv). Thus, CD6YCDI037 cells induced in hypoxia + TGF-B1
were compared with CDES"CDI03 cells induced in hypoxia alone and observed enrichment
of the gene signature reported for CDECDESCDI03™ versus CDECDSYCDI03 breast
cancer TIL (FIG. 3E, 5F). As hypoxia and TGF-f are common features of the tumor
microenvironment, the results indicate that these conditions may contribute to generation of

C03" TIL i vivo,

{90117} Ingenuity Pathway Analysis (IPA) comparing CD697CD1037 cells with
Cho9 D103 cells revealed that many of the differentially oxpressed genes are components
sf glyeolysis, gluconeogenesis, and TGF-B signaling pathways (FI1G. 6A). Given that the cells
were exposed o hypoxia and TGF-§ and that hypoxia is 2 major regulator of celhular
metabolism, those resulis were expected. There was also an ennichument of geunes in the Notch
Signaling pathway, which has been reported in endogenous human lung T (FIG. 64). These
findings raise questions regarding the role of metabolism in Tras differentiation. Hombrink ef
af. suggested that a major role of Noteh signaling in lung Trw is regulation of metabolic
programs, as chemical mhibition of Notch signaling affected genes imvolved in glveolysis,
oxidative phosphorviation, and fatty acid metabolism pathways. It has also been suggested that
deletion of the purinergic receptor P2RX7, which, like hypoxia, 13 a known modelator of

acrobic glveolysis, impairs Tru formation via dysregulation of metabalism, as P2RXT deficient
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cells displaved decreased mitochondnial mass and function, defective acrobic glveolysis, and

mnpaired glacose uptake.

{00118} Enrichment of differentially expressed genes involved in Leukocyte
Extravasation Signaling, Epithelial Adherens hunction Signaling, Integnn Signaling, and
Paxilin Signaling was observed, all mvolved in focal adhesion signaling and suggesting
changes 1 wugratory progranmming (FIG. oB). Multple pathways jovolved m mositol
phosphate  signaling were also ennched, namely 3-phosphoinositide  Biosynthesis,
Superpathway of Inositel Phosphate Compounds, D-myvo-mositol {1,4.5,6)-Tetrakisphosphate
Biosynthesis, and D-mvo-inositol (3,4,5 6)-tetrakisphosphate Biosvnthesis; consistent with a
previous report that PIGM {phosphatdylinositol-3-0H kinase} signaling 13 implicated

cytokine-mduced downregulation of K142 and may play a role in generation of Tewss i vive.

{80119} To better understand the functional relevance of the hypoxia + TGE-R
mduced Try transcriptional profile pathway analysis was afso min on transcrptional data
published by Kumar ¢f o/, and 1t was found that changes in the Thi and Th2 activation and
Granulocyte Adbesion and Diapedesis pathways were common to their endogenous lung Tru
and the in virre induced Tram Remarkably, the Axonal Guidance pathway was alsc highly
significantly differentially regulated 1o all of the datasets. Axonal guidance, while at first
seemingly unrelated to resident memory T-cells and unreported in current Tru literature, 18 a
process whereby environmental cues influence migratory patterns of cells. Many of the same
factors governing axon guidance are alse known to reguiate immune cell trafficking and can

be regulated by hvpoxia and/or TGF-S.

{001 24 A further study was conducted fo assess the effect of the HIF prolvl
hydroxviase intubitor FG-4592 (Roxadustat) in combination with TGFBIL Najve CDR Tcells
isolated from peripheral blood were activated in 209 O: (AtmosGr) in the presence of the HIF
prolyl hydroxylase mhibitor FG-4592 (Roxadustat) for 4 days and then for an additional 2 days
with thTGF-B1. Cells activated i 29 Oz (hypoxia) with addition of thTGF-BI on day 4 are
shown for comparison in FIG 10A. The combination was cbserved to induce CD69CDIO3T

cells (FIG. 10A).

{80121} Next, naive UD8” T-cells were stimulated with astologous monocyte-
derived dendritic cells pulsed with MART-1 (M27} peptide for 7 days in 20% (s {AtroosOn)

or 2% (s with the addition of thTGF-B1 on dav 4 to generate CDEOTCDHN3T antigen-specific
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{Tetramer "} T-cells detected by flow eytometry (FIG. 10B). Hypoxia and rhTGF-f1 were used
m a modified rapid expansion protocol to induce TRM phenotype m antigen-specific T
cells. Asntigen-specific T-celis were gencrated via stimudation with autologous MART-1
peptide-pulsed dendnitic cells (ETC) or transduction of gplOt-specific TCR (TCRT), labele

with flaorochrome-conjugated tetramer, and sorted. The sorted antigen-specific T cells were
then stivuudated with anti-CD3 (OKT3) and irradiated foeder celis in 20% Gr and supplemented
with -2 {conventional REP) or 2% (2 supplemented with H.-15 and the addition of thTGF-
B1 from day 4 onwards. Thus, i was also shown that the modified rapid expansion protocol

mduces Tay phenotype m antigen-specific T cells (FIG. 100}

{00122} Thus, the present shudies recapitulated the Tru phenotvpe in vifro from
human peripheral blood derived T cells, as well as identified hypoxia as a potential cue for Tam
differenuiation. While there are obvious hmtiations to expeniments that can be conducted in
humans, the studies described provide compelling evidenes that hypoxia is an environmental
cue that can contribute to acquisition of a Trum phenotype, supported by the observation that
hypoxia + TGF-§ mduced Tww recapitulate the transcriptional and proteomic landscape of

endogenous Truv as well as pathways associated with nugration and metabolism,

{00123] Al of the methods disclosed and claimed herein can be made and executed
without undue expernimentation n light of the present disclosure. While the compositions and
methods of this invention have been described 1n terms of preferred embodiments, 1t will be
apparent to those of skill in the art that variations may be applied o the methods and in the
steps or in the sequence of steps of the method described herein without departing from the
concept, spirtt and scope of the mvention. More specifically, it will be apparent that certam
agents which are both chemmcally and physiologically related may be substituted for the agents
described herein while the same or similar results would be achieved. Al such sinular
substitutes and modifications apparent 1o those skilled m the art are deemed to be within the

spirit, scope and concept of the invention as defined by the appended clamms.
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CLAIMS
WHAT IS CLAIMEDR IS

1. Axn in vitre method for producing tissue resident memory-tike T colls (Tem-like T

cells) comprising:

(]

{a) obtaining a starting population of T cells;

{b} culturing the starting population of T cells s hypoxie conditions or 1n the presence
of a hypoxia-inducing agent to gencrate early effector cells; and

{c} further culturing the early effector cells in the presence of transforming growth
factor beta 1 (TGEF-B1) 1o produce Trve-hike T cells.

2 The method of claim 1, wherein the T cells of the starting population are CDE™

peripheral blood T cells.

53

The method of claim 2, whercin the CD8" peripheral blood T eells are human CD8”
peripheral blood T cells.

4. The method of claim 3, wherein obtaining the human CDE” peripheral blood T cells

et
(4]

comprises selecting for CBASRATCCRTCDS naive T cells from a peripheral blood

sampie.

[

The method of claim 4, wherein the penpheral blood sample 1s obtained from a

healthy subject.

N

The method of claim 4, wherein the peripheral blood sample 1s obtained from a

20 subject diagnosed with cancer or suspecied of having cancer.

~3

The method of claim 4, wherein the peripberal blood sample is obtamed from a
subject diagnosed with a viral disease or 13 suspected of having a viral diseasc.
8. The method of claim 1, wherein the T cells of the starting population are stimulated

by antigen presenting celis pulsed with peptide, full length antigen or cell lysate pror

[Nl
LA

to culturing.
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15

The method of claim §, wherein the T cells are obtamed from a tumor site or are
tumor mfiitrating lymphocyies.

The method of claim 9, wherein the T cells are naive T cells.

The method of claim 8, wheremn the cell Iyvsate 15 a tomor fysate,

The method of clawm &, wherein the antigen is a cancer antigen or a viral antigen.

The method of claim %, wherain the peptide s a peptide from a protein that is
differentially expressed w or highly expressed by cancer cells.

The method of claim 8, wherein the peptide 15 a peptide from a neoantigen or from a
profein comprising a rouiation.

The method of claim 8, wherein the starting population of T cells is enriched for T
cells specific for an antigen of interest.

The method of claim 8, wherein the starting population of T cells s purified to corich
for cells that are CD8-positive and peptide MHC tetramer-positive.

The method of claim 16, wherein the starting population of T cells 1 punified by
Huorescence activated cell sorting,

The method of claim §, wherein the starting population of T cells is a population of
engineered T cells.

The method of claim 18, whercin the enginecred T cells are generated by introduction
ofacloned T cell receptor {TCR) into a population of host cells.

The method of claim 19, wherein the host cells are peripheral blood mononuciear
cells.

The method of claim 19, wherein the cloned TCR 15 introduced into the population of
host cells by non-viral methods.

The method of claim 21, wherein the cloned TCR is introduced into the population of

host cells by an episomal vector or transposens.

47
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The method of claim 19, wherein the cloned TCR 1s introduced mio the population of
host cells by transduction,

The method of claim 23, wherein the population of host cells are transduced by a viral
vector comprising TCR alpha and TCR beta chains.

The method of claim 24, wheren the viral vector 1s a lentiviral vector.

The method of claim of claim 24, wherein the transduced population of host cells is
purified to enrich for CD8-positive/peptide MHU tetramer-positive celis.

The method of claim 18, wherein the engineercd T cells express a chimeric antigen
feceptor.

The method of claim 27, wherein the chimeric antigen receptor comprises an antigen
recognition domain that specifically binds a peptide from a cancer antigen, a vival
antigen, a peoantigen or a protein comprising a nuHation.

The method of claim 1, wherein the T cells of the starting population are tumor
mfiltrating lymphocovtes obtamed from a subjoct.

The method of claim 1, wherein hypoxic conditions are further defined as less than
3% oxyegen.

The method of claim 1, wherein hyvpoxic conditions are further defined as 2% oxyvgen.
The method of claim 1, wherein the hypoxia-inducing agent 1s a hvpoxia mimstic.
The method of clawm 32, whercin the hypoxia~-inducing agent or hypoxia numetic is
cobalt chloride (CoCh), deferoxamine mesviate (BFOM), dimethyloxalvglyeme
{DMOG), or a prolyvl hvdroxylase mhibitor.

The method of claim 33, wherein the prolyvl hydroxylase inhibitor is a 2-0G analog,.
The method of claim 33, wherein the prolvl hvdroxyviase mhibitor is Roxadustat (FG-

4592).

PCT/US2019/057016
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47,

43,

49,

The method of claim 1, wherein the culturing of step (b} is n the presence of TCR
stivutation and co-stimufation.

The method of claim 36, wherein the TCR stimulation and co-stimulation comprises
anti-{UD3 and anti-CR2E anttbodies, anit-CD3 and anti-CD2ZE beads, feeder cells,
antigen presenting cells, artificial antigen presenting cells, peptide and/or proten
antigens, or a combination thereof.

The method of clamm 36, wheremn the TCR stimndation and co-stimulation comprises
anti-CD3 and anti-CD28 beads.

The method of claim §, wherecin the culturing of step (b} is for 3-5 days.

The method of claim 1, wherein the culturing of step (b) is for 4 days.

The method of claim 36, whercin the culturing of step (¢} 18 in the presence of IL-15.
The method of claim 41, wherein the {L.-13 15 present at a concentration of 3-20
ng/ml.

The method of claim 41, wherein the IL-15 1s present at a concentration of 10 ng/mL.
The method of claim 1, wherein TGF-B1 s further defined as recombimant human
TGF-BE (hTGF-31}.

The method of claim 44, wheretn the th TGF-B1 is present at a concentration of 0.1 to
Sng/mb.

The method of claim 45, wherein the thTGEF-B1 1s present at a concentration of 1 o
L5 ng/ml.

The method of claim 43, wherein the thTGF-B1 1s present at a concentration of 1.25
ng/ml.

The method of claim 1, wherein the culturing of step (¢} i1s 1 hypoxic conditions or in
the presence of a hyvpoxia-inducing agent.

The method of clamm 48, whercin the culturing of step (¢} 18 in the presence of IL-15.

49
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The method of claim 49, wherein the 1L-15 15 present at a concentration of 5-20
ng/ml.

The method of claim 49, wherein the 1L-15 13 present at a concentration of 10 ng/ml.
The method of claim 1, wherein the culturing of step {¢) 15 for 1.3 days.

The method of claim 1, wheremn the culivring of stop {¢) 1s for 2 days.

The method of claim 1, wherein the Trw-like T cells are CD6S"CDIN3™,

The method of claim 34, wherein at least 30% of the cells produced n step {¢} are
CDeO ChI03 eells.

The method of claim 34, wherein at least 40% of the cells produced in step (¢} are
CH69"CHI03  cells.

The method of claim 1, wherein the Tra-like T cells express PD-1, CBI0L, and/or
D49z,

The method of claim 1, wherem the Tru-like T cells have higher expression of CD6Y,
ITGAE, PBCDI and/or CRO1 as compared to cells coltured in atmosphernic oxygen
conditions.

The method of claim 38, wherein the higher expression of C169, FTGAE, PDCD!
and/or CIMOL, 15 higher expression of CHe9, ITGAE, PDUD and/or CD101 mRNA
transcripts.

The method of claam 58, whercin the lugher expression of CD69, ITGAL, PDCDI
and/or U101 is higher expression of CD69, ITGAE, PDUDT and/or CD 0T protein.
The method of claim 1, wherein the Twu-like T cells have higher expression of TNFg,
GZMB, SLC2A1, and/or VEGF as compared to cells cultured in atmospheric oxvgen
conditions.

The method of claim 1, wherein the Tru-like T cells have higher expression of

GNLY, MYOTA, ITGAE, EGR2, CCL20, ATPIB1, NR4A3, PERP, RASGEFIE,
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NR4AL BMF, EGRI, CXCLI3, PBCDL ITGAL CCL22, CALD, RGSE ITGAL,
CDI0L, TNFRSFY (4-1BB), CCL4, CCLS, NOTCHI, RBPJ, STRIP2, ARHGEF44,
DBH, SRGAP3, CSGALNACTL, GPR2ZS, RGS1s, DAPKZ, NCSI, COLGAS,
GDPD4, SLCLA4, CDK14, EMODL ILDR2, and/or ADCY 3 as compared to ¢ells
cultured 1o atmeospheric oxygen conditions.

The method of claim 62, wherein the Tru-bike T cells have higher expression of
GNLY, MYO7A, ITGAE, EGR2, CCL20, ATPIBI, NR4A3, PERP, RASGEFIB,
NR4AL BMF, EGRI, CXCLI3, PDCDL, ITGAL, CCL22, CALY, and/or RGSH as
compared to cells cultured in atmospheric oxvgen conditions.

The method of claim 62, wherein the Trav-like T cells have lugher expression of
ITGAE, ITGAL PDCL, CDIOL, TNFRSF9 (4-1BBj, CXCLI5, CCL20, NOTCHI,
RBPJ, NR4A 1 EGR2, and/or RGS1 as compared to celis cultured 1o atmospheric
oxygen conditions.

The method of claim 62, wherein the Tenm-like T cclis have ligher expression of
MYOTA, STRIPZ, ARHGEF40, ITGAE, DBH, SRGAP3, CSGALNACTI, GPR23,
RGS16, DAPK2, NCSI, COL6AS, GDPD4, SLCIHA4, CXCLA3, CDK 4, LMCD L
ILDR2 and/or ADCYS as compared to cells cultured in atmospheric oxygen
conditions.

The method of claim 1, wheren the Twu-like T cells have lower expression of CDSE,
NR3CH RAPIGAP2, SELP, CXCRZ, TBXZE, ITGAL, SELL, KLF3, KLF2,
RASGRP2, FAM6G3B, SERPINE2, ITGAM, KLRBI, TGFBR3, SMAD3, TNFSFS,
DUSP2Z, PLEK, GOLGAZPT, FOSB, PLCG2, SLAMF7, SLC6AS, SOCS3, and/or
PTGER2 as compared to cells cultured 1o atmospheric oxygen conditions.

The method of claim 66, wherein the Tru-like T cells have lower expression of

CD5% NR3CT, RAPIGAP?, SELP, CXCR2, TEX21, ITGAL, SELL, KLF3,

5
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RASGRP2, ITGAM, KLRB1I, TOGFBR3, SMADS, and/or TNFSFS as compared to
cells cultured w1 atmospheric oxvgen conditions.

The method of claim 66, wherein the Tra-like T cells have lower expression of
KLFZ, KLF3, SELL, FAMSSE, and/or SERPINE? ag compared to colls coltured in
atreospheric oxygen condifions.

The method of claim 66, wherein the Tam-like T colls have lower expression of
DUSP2, PLEK, GOLGAZPR7, FOSB, PLUG2, ITGAM, FOS, KLF3, SLAMF7,
TNFSER, SLUsAS, KLF2Z, SOCS3, and/or PTGER? as compared to cells culiured in
atmospheric oxygen conditions.

The method of claim 1, wherein the Try-like T cells have decreased expression of
S1PRI, KLF4 and/or SELL as compared to cells cultared in atmospheric oxvgen
conditions.

The method of claim 1, wherem the Tru-like T cells have essentially no expression of
{UXCRS protein.

The method of claim 1, wherein the Tau-like T cells are antigen specifie.

The method of claim §, further comprising producing antigen-specific Tav-hike T
cells.

The method of claim 73, wherein producing antigen-specific Tru-like T cells
comprises transducing the Tre-hike T cells with an antigen-specific T cell receptor
{TCR).

The method of claim 73, wheremn producing antigen-specific Trm-like T cells
comprises culturing the starting population of T cells with peptide~-pulsed antigen
presenting cells (APCs) durng step (b).

The method of claim 75, wherein the APCs are mature dendritic cells.

The method of clanm 75, wherein the APCs are artihicial APCs (APCs).

PCT/US2019/057016
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The method of claim 77, wherein steps (b) and (¢} are repeated at least once.

The method of claim 73, wherein producmg antigen-specific Trv-tike T cells
comprises cultunng the cells in the presence of a histone deacetvlase (HDAC)
inhibitor duning stop (b) and/or step {c}.

The method of claim 79, whercin the HDAC indubitor 15 selected from the group
consisting of trichostatin A, trapoxin B, phenyvibutyrate, vaiproic acid, vonnostat
{subcranilohydroxamic acid or SAHA, marketed as Zolinza®}, belinostat (PXDGE,
marketed as Beleodag®), panobinostat (marketed as Farydag®), dacinostat
{LAGQRZ4), entinostat (SNDX-275 or ME-273), tacedinaline (C1994), and
mocetinostat (MGCDG1063).

A Tem-like T ccll, wherem the T cell has essentially no expression of CXCR6 protein.
The Tras-like T eell of clamm 81, wherein the Tra-like T cell is produced by the
method of any one of claims 1-30.

The Tra-hike T cell of claim 81, wherein the Tra-bike T cell expresses PD-1, CRHOI,
and/or CD4%a.

The Taw-like T cell of clatm 81, wherein the Tew-like T cell ts CDs9 CDO3T

The Trw-like T cell of claim 81, wherein Tru-like T cell expresses GNLY, MYOQ7A,
ITGAE, EGR2, CCL20, ATPIBI, NR4AS, PERF, RASGEFIB, NR4AL, BMF,
EGRIL, CXCLI3, PDCDL, ITGAL CCL22, CALO, RGSE ITGAL CDI0Y, TNFRSFO
(4-1BB), CCL4, CCLS, NOTCHI, RBP, STRIPZ, ARHGEF40, DBH, SRGAFPS,
CSGALNACTL, GPR25, RGS16, DAPK2, NCS1, COL6A3, GDPD4, SLC1A4,
CDK 4, LMCD], ILDR2, and/or ADCY3.

The Tawm-like T cell of claim 81, wherein Trv-like T cell oxpresses GNLY, MYOTA,
ITGAE, EGR2, CCL20, ATPIBL, NR4A3, PERP, RASGEF 1B, NR4A1, BMF,

EGRI, CXCLI3, PDCDL, TGAL CCL22, CALD, and/or RGSL

PCT/US2019/057016
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BE.

84,

G0,

G1.

93,

The Tryv-like T cell of claim 81, wherein Tan-bike T cell expresses ITGAE, ITGAT,
PDCDE CDI0Y, TNFRSFD (4-1BB), CXCL3, CCL20, NOTCHY, RBPI, NR4AL,
EGR2, and/or RGS1.

The Tras-like T cell of claim 81, wherein Tra-like T cell expresses MYOTA, STRIPZ,
ARHGEF40, ITGAE, DBH, SRGAP3, CSGALNACTIL, GPR25, RGS16, DAPK2,
NCSL, COLAASZ, GRPD4, SLCTA4, CXCLI3, CDK14, LMCDI, HLDRZ, and/or
ADCY3.

The Tewm-like T cell of claim 81, wherein Tra-like T cell does not express or has
essentially no expression of CISE, NR3CH, RAPIGAPZ, SELP, CXCR2, TBX21,
ITGAL, SELL, KLF3, KLF2, RASGRPZ, FAMG3B, SERPINE2, I'TGAM, KLRBI,
TGFBR3, SMAD3, TNFSFE, DUSP2, PLEK, GOLGAZPT, FOSRE, PLCG2,
SLAMFET, SLC6AR, SOCS3, and/or PTGERZ.

The Tros-like T cell of claim 81, wherein Tam-like T cell does not express or has
essentially no expression of D58, NR3C1, RAPIGAP2, SELP, CXURZ, TBXZ1,
ITGAL, SELL, KLF3, RASGRP2 ITGAM, KLRBI, TGFBR3, SMADS, and/or
TNFSES.

The Trwv-like T cell of claim 81, wherein Tru-like T cell does not express or has
gssentially no expression of KLF2, KLE3, SELL, FAMG3B, and/or SERPINE2.
The Trw-like T cell of claim 81, wherein Trav-hike T cell does not express or has
essentially no expression of DUSPZ, PLEK, GOLGAZP7T, FOSE, PLUG2, I'TGAM,
FOS, KLF3, SLAMF7, TNFSES, SLC6AS, KLF2Z, SOCS3, and/or PTGER2.

A pharmaceutical composition comprising a population of Tra-bike T cells with
essentially no expression of CXCRS protein and a pharmaceutically acceptable

camer.
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86,

87,

98.

89,

100.

101

102.

The composition of claim 93, wherein the Ten-like T cells are produced by the
method of any one of claims 1-80.

The composition of claim 93, whercin the Tru-ltke T cells express PB-1, D101,
and/or CD40a.

The composition of claim 93, wherein at least 40% of the cells are CDSS D037
cells.

The composition of claim 93, wherein Traelike T cells are CD69 CD1037 cells.

The composition of claim 93, wherein Tror-bike T cell expresses GNLY, MYOT7A,
ITGAE, BGR2, CCL20, ATPIRL, NR4A3, PEHRP, RASGEFIB, NR4AL, BMFE,
EGRY, CXCLIZ, PDCDE ITGATL CCL22, CALO, RGSL ITGAL, CD1I0L TNFRSFO
(4-1BB), CCL4, CCL5, NOTCHI, RBPJ, STRIP2, ARHGEF4{, DBH, SRGAP3,
CSGALNACTL, GPRIZS, RGS16, DAPK2, NCSL, COLSA3Z, GDPD4, SLCIA4,
CDK 4, LMCD1, ILDR2, andfor ADCY3.

The composition of claim 93, wherein the Trww-like T cells express GNLY, MYQO7A,
ITGAE, EGR2, CCL20, ATPIBL, NR4A3, PERP, RASGEFIB, NR4AL, BMFE,
EGRL CXCLZ, PRCDL ITGAL, CCL22, CALY, and/or RGSL

The composition of claim 93, wherein the Tru-like T cells express ITGAE, ITGAL,
PDCE CDI0T, TNFRSFO (4-1BR), CXCL13, CCL20, NOTCH!I, RBPJ, NR4ATL,
EGR2, and/or RGSIL

The composition of clam 93, whergin the Trow-like T cells expross MYGTA, STRIPZ,
ARHGEF40, ITGAE, DBH, SRGAPR3, CSGALNACTI, GPR25, RGS16, DAPKZ,
NCSE COLSAS, GDPD4, SLCTA4, CXCLI3, CDE 14, LMD, ILDR2, and/or
ADCYS

The composition of claim 93, wherein the Tru-like T cells express do not express or

have cssentially no gxpression of CDSE, NR3(C1, RAPIGAP2, SELP, CXCR2,
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104.

105.

106.

107,

108,

109

110

TBX21, ITGAL, SELL, KLF3, KLF2, RASGRP2, FAMGSE, SERPINEZ?, ITGAM,
KLRBL, TGFBR3, SMAD3, TNFSFE, DUSP2, PLEK, GOLGAZP?, FOSE, PLCG2,
SLAMET, SLC6AS, SOCS3, and/or PTGERZ.

The composition of claim 93, wherein the Tra-like T celis express do not express or
have essentially no expression of CDSE, NR3C1, RAPIGAP2, SELP, CXCR2,
TBXZ1, ITGAL, SELL, KLF3, RASGRPZ, ITGAM, KLRB1, TGFBR3, SMAD3,
and/or TNESFE.

The composition of claim 93, wherein the Tan-like T celis express do not express or
have cssertially no expression of KLFZ, KLF3, SELL, FAMGSE, and/or SERPINEL
The composition of claim 93, wherein the Tru-like T cells express do not express or
have cssentially no expression of BUSP2, PLEK, GOLGAZP7, FOSB, PLCGZ,
{TGAM, FOS, KLF3, SLAMF7, TNFSFR, SLC6AR, KLF2, SOCS3, andfor PTGER2.
A composition comprising an effective amount of Trw-like T cells with essentially no
expression of CXCURE protein for the treatment an immune-related disorder in a
subject.

The composition of claim 106, wherein the Tra-like T cells are produced by the method
of any one of claims 1-30.

The use of an effective amount of Ten-like T cells with essentially no expression of
CXCR6 protein for the treatment of an mmune-related disorder in a subject.

The use of claim 108, wherein the Trm-like T cells are produced by the method of any
one of claims 1-80.

A method of treating an tomune-related disorder m a subject comprising administermg
an effective amount of Taw-like T cells produced by the method of anv one of claims

1-80 to the subject.
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114

1i6.
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~

118,

123.

The method of claim 118, wheremn the mmune-related disorder 18 a cancer,
autoinvnuee disorder, graft versus host disease, allograft wjection, or inflammatory
condition.

The method of claim 111, wherein the subject has received a tissue or organ transplant.
The method of claim 110, further comprising administering at least a second therapeutic
agent.

The method of claim 113, wherein the at least a sscond therapeutic agent comprises
chemotherapy, immunoctherapy, surgery, radiotherapy, or biotherapy.

The mothod of claim 113, wherein the Taw-like T cells and/or the at least a sccond
therapewutic agent are administered intravenously, miraperitoncally, intratracheally,
intratumorally,  mtramuoscudarly,  endoscopically,  mtralesionally,  percutancousiy,
subcutancoushy, regionally, or by direct mjection or perfusion.

The method of claim 113, wherein the Ten-like T cells are admunistered prior to the
second therapeutic agent.

The method of claim 113, wherein the Trarlike T cells are adnunistered afier the second
therapeutic agent.

The method of claim 113, wherein the Tuw-like T cells are administered concurrently
with the sccond therapeutic agent.

The method of claim 114, wherein the immunotherapy is a 4~-1BB agonist.

The method of claim 120, wherein the 4-1BB agontst is a 4-1BB antibody.

The method of claim 114, wherein the mmmunotherapy is an wmmune checkpoint
therapy.

The method of claim 121, wherein the tumune checkpoint therapy s CTLA-4, PD-1,
or PD-L1 blockade or mhibition.

The method of clasm 110, wherein the subject 18 human,
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124, A method of treating a viral infection in a sabject comprising administering an
effective amount of Tram-like T cells produced by the method of any one of clamms 1-

8¢ to the subject.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Groups I+: Claims 1-80, drawn to an in vitro method for producing tissue resident memory-like T cells (Trm-like T cells). The method will
be searched to the extent that the T cells of the starting population are CD8+ peripheral blood T cells (see instant claim 2). It is believed
that claims 1-8, 11-17, 30-72 encompass this first named invention, and thus these claims will be searched without fee to the extent that
they encompass CD8+ peripheral blood T cells. Additional T cells of the starting population will be searched upon the payment of
additional fees. Applicants must specify the claims that encompass any additionally elected T cells of the starting population. Applicants
must further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for
this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first
claimed invention to be searched. An exemplary election would be wherein the T cells of the starting population comprising engineered
T cells (see instant claim 18) (Claims 1, 8, 11-28, 30-80). Another exemplary election would be wherein the T cells of the starting
population comprising tumor infiltrating lymphocytes (see instant claims 9 and 29) (Claims 1, 8-17, 28-72).

Groups |I: Claims 81, 83-93, 95-106, drawn to a Trm-like T cell, wherein the T cells has essentially no expression of CXCR6 protein, and
a pharmaceutical composition thereof.

Groups lil: Claims 108, 110-124, drawn to a method of treating an immune-related disorder in a subject.

The inventions listed as Groups I+, Il and 11l do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Groups I+ and Il include the special technical feature of a method which differs from the special technical feature of a composition, as
disclosed by Group Il

Group I+ includes the special technical feature of a method comprising culturing the starting population of T cells in hypoxic conditions
and transforming growth factor beta 1, not required by Group Il

Group Il includes the special technical feature of a method comprising administering an effective amount of Trm-like T cells, not
required by Groups |+.

Common Technical Features

The inventions of Groups 1+, |1 and lll share the technical feature of Trm-like T cells.
The inventions of Groups I+ and Ill share the technical feature of Trm-like T cells produced by the method of Claim 1.

However, these shared technical features do not represent a contribution over prior art in view of WO 2017/079113 A1 to The United
States Of America, As Represented By The Secretary, Department Of Health And Human Services (hereinafter "HHS").

HHS teaches (instant claim 1) an in vitro method for producing tissue resident memory-like T cells (Trm-like T cells) comprising:

(a) obtaining a starting population of T cells (para [0027], For example, the T cells can be obtained from the mammal by a blood draw or
a leukapheresis. In an embodiment of the invention, the method comprises isolating peripheral blood lymphocytes (PBL) or a peripheral
blood mononuclear celis (PBMC) from a mammal.);

(b) culturing the starting population of T cells in hypoxic conditions or in the presence of a hypoxia-inducing agent to generate early
effector cells (Claim 1, A method of producing an isolated population of T cells for adoptive cell therapy, the method comprising
culturing isolated T cells having antigenic specificity for a cancer antigen in vitro in the presence of a prolyl hydroxylase domain-
containing protein (Phd) inhibitor.); and

(c) further culturing the early effector cells in the presence of transforming growth factor beta 1 (TGF-B I) (para [0089], For human in vitro
iTreg induction assays, naive CD4+CD45RA+CD45R0O-CD62L+CCR7+ cells were FACS purified from three biologically independent
healthy donor buffy coats and activated with plate-bound human anti-CD3 and soluble anti-CD28......with human TGF-beta1 (5 ng per
mL, R&D Systems).....Mouse and human cells were cultured under standard incubator conditions or 5% or 2% oxygen as
indicated.....through the entire duration of culture. Where indicated, the PHD protein inhibitor DMQG....., Rapamycin....., or 2-
deoxyglucose.....was added for the duration of in vitro culture.) to produce Trm-like T cells (para [0024], CD8+ T cells that have been
cultured in the presence of one or both of (i) a Phd inhibitor and (ii) a low-oxygen atmosphere.; [0089), naive CD4+CD45RA+CD45RO-
CD62L+CCR7+ cells were FACS purified.; Note, A Trm-like T cells comprises CD45RA+CCR7+CD8+, see instant claim 4).

The inventions of Groups |l and Il share the technical feature of Trm-like T cells with essentially no expression of CXCR6 protein.

However, these shared technical features do not represent a contribution over prior art in view of the article "Down-regulation of cell
surface CXCR6 expression during T cell activation is predominantly mediated by calcineurin” by Koprak et al. (hereinafter "Koprak").

Koprak teaches (instant claim 81) a Trm-like T cell, wherein the T cell has essentially no expression of CXCR6 protein (abstract,
CXCRS,the receptor for the membrane-anchored chemokine, CXCL16, is expressed on a subset of CCR5-bearing memory T cells, and
may play a role in recruiting these cells to sites of inflammation. Here, we set out to determine the effect of T cell activation on CXCR6
expression. Highly purified human peripheral blood T cells were cultured for 7?8 days in presence of IL-2 (400 U/ml) to enhance CXCR6
expression. Overnight stimulation with anti-CD3 mAb+ anti-D28 mAb, which resulted in CD6 induction and cytokine (IL-2 and IFN-
gamma) production, reduced cell surface expression of CXCR6 by 85% and that of CCRS by 76%n.....CCR7 whose expression was low
on CXCR6+ T cells, was little affected by any of these modes of activation.) (Note, Trm-like T cells comprising CCR7 and CD69 (see
instant Specification Claim 4 and 54.).

----continued on next sheet----
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As said technical features were known in the art at the time of the invention, these cannot be considered special technical features that
would otherwise unify the groups.

Groups I+, |l and lll therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical
feature.
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