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DBESCRIPTION

METHODS FOR PRODUCING REGULATORY IMMUNE CELLS AND USES
THEREOF

{0001] The present application claims the priority benefit of United States Provisional
Application Serial No. 62/523,637, filed Junc 22, 2017, the entire contents of which are herchy

meorporated by reference.
INCORPORATION OF SEQUENCE LISTING

{0002] The sequence listing that is contained in the file named “UTFCPI31ZW0 xt”,
which 15 2 KB {as measured in Microsoft Windows) and was created on June 22, 20138, is filed

herewith by electronic submission and is incorporated by reference herein.
BACKGROUND

{0003] This mvention was made with government support under Grant Nos.
HHSH234200737001C and HHSH230201000011C awarded by the Health Resources and

Services Administration. The government has certain rights in the invention.

i. Field
{0004] The present invention relates generally to the fields of medicine and
mmunology. More particularly, it concerns regulatory B ccll and regulatory T cell production

and uses thereof,

2. DBescription of Related Art

{0035] Regulatory T cells (Tregs) and regulatory B cells {(Bregs) can suppress immune
responses and play an important role against autoimmune discases and provide transplantation
tolerance. As peripheral blood ondy comprises a small percentage of these suppressive tmmune
cells, ex vive methods of expansion are used to generate sufficient numbers of the suppressive
cells for in vive treatment or prevention of immune-associated diseases. Current protocols for
expansion of Tregs comprise TCR ligation and [L-2 (He er a/, 2016) while methods for

expansion of Bregs include BCR ligation and CD40 hgand (Tattano ef /., 2016).

{0006] However, immune therapies, such as for inflammatory conditions, generally

require a large number of cells and, thus, it is vital to optimize the methods of inducing 71 virro
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T or B cell proliferation in order to maximize the nomber of Treg or Bregs produced and
minimize the time required to produce the suppressive cells in sufficient numbers. Therefore,
there is an unmet need for methods of efficient isolation and expansion methods to generate
Tregs or Bregs for use in the treatment of various immune diseases including antoimmunity,

mfection, cancer, and cGVHD.
SUMMARY

{0007] Accordingly, certain embodiments of the present disclosure provide methods
and compositions concerning the expansion of Tregs or Bregs as well as methods for the use
of these suppressive immune cells in the wreatment and/or prevention of immune-mediated

diseases.

{0008] In a first embodiment, there is provided an in virro method of expanding Trogs
coraprising obtaining a population (e.g. isolated population) of CD4T T cells; cultuning the
popalation of D47 T cells under Treg expansion conditions, thereby producing expanded
Tregs: and selecting for £D97 cells from the expanded Tregs, thereby obtaining a population
of CD9" Tregs. In some aspects, the CD4™ T cells are further defined as CD47CD25™ T cells,
such as CD4TCD25+CD9 T cells.

[0009] In certain aspects, selecting 15 further defined as positive selection. In other
aspects, selecting is further defined as negative selection. In some aspects, sclecting comprises
sorting for £D9 Tregs. In particular aspects, sorting is further defined as antibody bead
selection, fluorescence associated cell sorting (FACS), or magnetic-activated cell sorting

(MACS).

{0010] In some aspects, Treg expansion conditions comprise culturing the CD47 T cells
in the presence of TCR Higation, IL-2, and an mTOR inhibitor. In specific aspects, TCR ligation
comprises an anti-CD3 antibody and an anti-CD28 antibody. In certain aspects, the mTOR
mhibitor is rapamycin. In some aspects, the Treg expansion conditions further comprise
culturing the CD4" T cells m the presence of a tumor necrosis factor receptor 2 {TNFR2)
agonist, all-trans retinoic acid (ATRA}, adenosine receptor (AZAR), and/or an AZAR agonist.
In particular aspects, culturing is for 10-14 days, 8-10 days, 9-15 days, or 12-16 days, such as

3,9,10,11, 12, 13, 14, 15, or 16 days.
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{001 1] In certan aspects, obtaining the population of CD47 T cells comprises isolating
T cells from stem cells, bone marrow, peripheral blood, or cord blood. In particular aspects,
obtaining the population of CD4" T cells comprises isolating the T cells from pooled cord
blood, such as pooled cord blood. In some aspects, 1solating comprises performing antibody

bead selection or FACS.

[0012] In additional aspects, the CD4™ T cells or Tregs are engimecred to have
decreased or essentially no expression of glucocorticoid receptor. In some aspects, the (D47 T

cells or Tregs are enginecred using one or more guide RNAs and a Cas9 enzyme.

{0013] In further aspects, the CD4™ T celis or Tregs are engincered to express a
chimeric antigen receptor (CAR) and/or a T cell receptor (TCR).
{0014] In some aspects, the CD47 T cells or Tregs are cngincered to express a suicide

gene. In certain aspects, the suicide gene 1s CD20, CD32, EGFRV3, or inducible caspase 9.

{0015} In a further erbodiment, there is provided a population of CDY* regulatory T
cells produced according to the above embodiments and aspects or any of the methods

described in the present disclosure.

[0016] In another embodiment, there i3 provided a pharmaceutical composition
comprising the population of CDY9" regulatory T cells of the embodiments and a

phamaceutically acceptable carrier,

{0017] In vet another embodiment, there is provided an in vifro method of expanding
suppressive regulatory B cells (Bregs) comprising obtaining a population (e.g., 1solated
population) of B cells; culturing the B cells in the presence of IL-4, CpG oligodeoxynucieotides
{ODNs), and CD40 Hgand {CD40L); and further expanding the B ¢elis in the presence of fL-
21, CD40L, and at least one mhibttor selected from the group counsisting of a FOXO1 inhibitor,

amTOR inhabitor, and a STAT6 mhibitor, thereby producing suppressive Bregs.

{0018] In some aspects, the expansion culture may comprise one or more additional

cytokines at one or more of the culture steps. In some aspects, the additional cvtokine 1s IL-33.

{0019] In certain aspects, the culturing in the presence of [L-4, CpG, and CD40L
further comprises the presence of a FOXO! intubitor, an mTOR inhibitor, and/or a3 STAT6

mhibitor.
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{0028] In some aspects, the method further comprises washing the B cells prior to the
expanding step. In cortain aspects, the media may be replaced with fresh media, such as a half
media replacement at any stage of the cxpansion. In some aspects, the media replacement is
between the culturing and expanding steps, such as media comprising 1L-4 and a signaling

nhihitor.

(]

{0021] In particular aspects, the CD40L 13 sohuble CD40L (sCD40L). In some aspects,
the FOXO01 mhibiior is AS1842856 or AS1708727. In particular aspects, the FOXO1 mhibitor
is ASI842856. In some aspects, the mTOR inhibitor is torkiub, rapamycin, everolimus,
temsirolimus, deforolimus, BGT226, SF1126, BEZ235, Gedatohisib, or SF1101. In particular

10 aspects, the mTOR inhibitor s torkinib. In some aspects, the STATS inhibitor 13 AS1517499
or leflunomide. In particular aspects, the STAT6 mhibitor is AS1517499.

{0022] In additional aspects, the method further comprises contacting the Bregs with
anti-miR-155. The Bregs may be contacted with anti-nuR-155 at any stage of the expansion
method. In some aspects, the Bregs are contacted with anti-nuR-155 after the expansion in the

15 presence of IL-21, CD40L, and at least one whibitor.

{0013} In some aspects, obtaiming the population of B cells comprises isolatmg B cells
from a blood sample. In certain aspects, isolating comprises performing antibody bead
selection or FACS. In some aspeats, the blood sample is peripheral blood or cord blood. In
some aspects, the cord blood is pooled from 2 or more individual cord blood units, such as

20 from 3, 4, or 5 individeal cord blood units. In some aspects, the population of B cells arg CB
mononuclear cells (CBMCs). In certain aspects, the population of B cells are CD5"CDIdM B

cells. In particular aspects, the population of B cells are total B cells.

10024] In certain aspects, the Bregs have the capacity to sappress the proliferation of
CD4" T cells (e.g, activated CD47 T cells), such as suppression by at least 10%, 15%, 209%,
25 25%, 30%, 40%, 30%, 60%, 65%, T0%. 75%, &80%, 90%, 91%, 92%, 93%, 94%, or 95%. In

particular aspects, the Bregs are human Bregs.

{0025] In some aspects, the culturing 15 for | to S davs, such as 2, 3, or 4 days. In certain

aspects, the expanding is for 5to 10 days, such as 6, 7. 8, 9, or 10 days.

{0026] In a further embodiment, there is provided a population of regulatory B cells

30 produced according to the methods of the cimbodiments described herein.
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{0027] Also provided herein is a pharmaceutical composition comprising the
population of regulatory B cells of the embodiments described herein and a pharmaceutically

acceptable carrier,

[0028] In another embodiment, there 18 provided a method of treating an immune

5 disorder in a subjoct comprising administering a therapeutically effective amount of the
suppressive Tregs of the embodiments and/or the suppressive Bregs of the embodiments to the
subject. In some aspects, the subject is administered suppressive Tregs. In some aspects, the
subject 1s administered suppressive Tregs. In certain aspects, the the subject is adonunistered

suppressive Tregs and Bregs. In particular aspects, the subject 13 a human.

10 {0029] In certain aspects, the subjoct has been or is currently being administered a

glucocorticord therapy.

{0038] In some aspects, the Tregs and/or Bregs are allogeneic. In other aspects, the

Tregs and/or Bregs are autologous.

{0031} In certain aspects, the subject has been previously been administered a cord
15 blood transplantation {CBT). In some aspects, the Tregs and/or Bregs are administered
concurrently with the CBT. In other aspects, the Tregs and/or Bregs are administered prior to

or after the CBT.

{0032] In some aspects, the immune disorder is inflaramation, graft versus host discase,

transplant rejection, or an autowmmune disorder. In particular aspects, the immune disorder is

20 graft versus host disease (GVHD). In specific aspects, the GVHD 1s chronie GVHD (¢GVHD),
In some aspects, the immune disorder is transplant rejection, and wherein the transplant is an
organ transplant, bone marrow or other cell transplant, composite tissue transplant, or a skin

graft. In certain aspects, the immune disorder is multiple sclerosis, inflammatory bowel disease,

rheumatoid arthritis, type | diabetes, systemic lupus ervthrematosus, contact hypersensitivity,

[
L

asthma or Siogren's syvadrome.

{8033] In additional aspects, the method further comprises administering at least a
second therapeutic agent. In some aspecis, the at least a sccond therapeutic agent is a
therapeutically effective amoont of an immunomodulatory or an immunosuppressive agent. In
certain aspects, the immunosuppressive agent is a calcineurnn inhibitor, an mTOR inbibitor, an

30 antibody, a chemotherapeutic agent trradiation, a chemokine, an interleukins or an inhibitor of

(]
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a chemokine or an interleokin. In some aspects, Tregs, Bregs, and/or the at least a second
therapeutic  agent are  administered intravenously, intraperitoneally, intratracheally,
mtratumorally,  intramuscularly,  cndoscopically,  intralesionally,  percutaneously,

subcutancously, regionally, or by direct mjection or perfusion.

{0034] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detatled description and the specific examples, while indicating preferred embodiments of the
mvention, are given by way of illustration only, since various changes and moditfications withm
the spirit and scope of the invention will become apparent to those skilled in the art from this

detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

{0035] The following drawings torm part of the present specification and are included
to further demonstrate certain aspects of the present disclosure. The present disclosure may be
better understood by reference to one or more of these drawings in combination with the

detailed description of specific embodiments presented herein.

{0036] FIGS. 1A-1D: CDS 1s more highly expressed on cord blood T cells as compared
to peripheral blood T celis. (14 CDY expression on resting TD47 T cells isolated from cord
blood. (1B} CD9 expression on expanded Tregs. (1{-1D} Suppressive activity of Tregs
expanded from cord blood (1) or peripheral blood (114, 1:1 or 1:5 ratio indicates Treg/CD4™
T cells.

{0037] FIGS. 2A-2D: (2A) CDY9" Tregs have higher expression of markers of
suppressive activity mclude CD39, CD73, CD1Ss, Neurophibing, TIGIT, and FOXP3. (2B)
Suppressive activity of CD9™ versus CD9 Tregs expanded from peripheral blood. (2C)
Suppressive activity of CD9" versus CDY Tregs expanded from cord blood. (2B CD9" Tregs

arc more suppressive than CD9 Tregs expanded from cord biood.

{0038 FIGS. 3A-3C:; {3A) Suppressive function of fresh cord blood Tregs generated
by TCR higation and 1L-2. (3B) Suppressive function of fresh cord blood Tregs expanded with

TCR ligation, IL-2 and rapamycin. (3C) Negative control of T cells prior to expansion.

6
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{0039] FIGS, 4A-4D: (4A) Suppressive function of regulatory B cells expanded with
1E-4-+1-33-HL-2 or $L-21+FOX 01 mhibitor as indicated. (4B} Suppressive function of Bregs
cxpanded with IL.2Z 1+8TATG inhubitor. (4C) Suppressive function of Bregs expanded with 1L~
4+IL-21+FOX 01 mhibitor or IL-4+L-2 I+8TATGS inhibitor. (4D) Cell number over 14 days

of Breg expansion with indicated supplementation.

{0048] FIGS, 53A-5C: (8A) CFSE assay of regulatory B cells expanded from cord
blood. (8B) CFSE assay of CDB47 cord blood-derived B cells with 25, 50, or 100 yg of miRNA-
155 mhibitor at different effector ratios. (5C) CDA™ B cells with 25, 50, or 100 ug of ;uRNA-

155 mhubitor.
DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

{0041] Certain embodiments of the present disclosure provide efficient methods of
generating highly suppressive regulatory B cells (Bregs) and regulatory T celis (Tregs).
Specifically, the immune cells produced by the present methods can be highly suppressive and

of sufficient quantity for treatment of inflammatory conditions.

{0042] In one method, a starting population of T cells are isolated from a sample, such
as peripheral blood, bone marrow, or cord blood. The T cells are expanded in the presence of
TCR ligation and co-stimulation, IL-2, and an mTOR mhibitor, such as rapamvein. The TCR
higation and co-stimulation may comprise stimulation with anti-UD3 and anti-CD28 antibodies,
such as antibodies on beads. Further, the Treg expansion may comprise TNFR2 agonist, ATRA
or adenosing receptor agomist. Interestingly, the mventors have discovered a subset of Tregs
defined phenotypically as CD4"CD257CD9 T cells that are lughlv suppressive. These T cells
are present at higher frequencies in cord blood and may be selected for expansion to provide
an gven more suppressive Treg population. In certain aspects, the method for producing
suppressive Tregs comprises selecting for CD9" Tregs afier expansion. Thus, the present
methods may be significantly more efficient at producing large numbers of Tregs as compared

o previous protocols.

{0043] Bregs may be cxpanded by culturing B cells {e.g, total B cells or a punfied
CD57CD14"s? population of B cells) in the presence of CpG oligonucleotides, (D40 ligand
(CD40L), and 1L-4. The expansion culture may further comprise one or more signaling
mhibitors, such as a FOX01 mhibitor, mTOR inhibitor, and/or a STATG inhibitor. The starting

population of B cells may be isolated from peripheral blood or cord blood. The initial expansion
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culture may be for about 3 to 10 days, such as 4 to 5 days. The Bregs may be further expanded,
such as at day 3, in the presence of [L-21, UD40L and ecither 1L-33 or a signaling inhibitor,
such as a FOXO1 imhibitor, mTOR mnhibitor, and/or a STATS inlubitor, such as for an

additional 1 to 4 weeks, particularly 2 to 3 weeks. In addition, the inventors have found that

(]

exposure of B cclls to anti-miR 153 {e.g., pharmacologic inhibition or genetic manipulation}
further increases their suppressive function. Thus, in some embodiments, the B cells or

expanded Bregs are contacted with anti-miR1335 1o further enhance their suppressive activity.

{3044] The Tregs or Bregs may he genctically modified {e.g., before expansion or after

expansion) to sifence the expression of glucocorticord receptor (GR), such as by using RNA-

10 guided endonuclease CRISPR and (as9, to render them resistant to corticosteroids. The Treg
or Bregs may be engineered to express a chimeric antigen receptor (CAR) and/or a T cell
receptor (TCR). Further modifications may include a suicide switch that aliows deletion of the

cells to prevent any undue toxicity,

{0045] Accordingly, methods are also provided for hamessing this regulatory cell

15 subsets for the mampulation of the immune and inflammatory responses, and for the treatment
of immung-related diseases, disorders and conditions including mflammatory and autcimmune
discases, as well as immunosuppression and cancer in humans and other mammals. For
example, these stimulated Bregs can be used to treat autoimmune or alloimmune disorders,

such as graft versus host disorder (GVHD). Thus, the present disclosure provides compositions

20 of expanded Tregs and Bregs which can be used for tmmunomodulation 1 a varety of

immune-related disorders.
i. Definitions

{0046] As used herein, “essentially free,” in terms of a specified component, is used

herein to mean that none of the specified component has been purposefuily formulated into a

25 composition and/or is present only as a contaminant or n trace amounts. The total amount of
the specified component resolting from any wnintended contamination of a composition is
therefore well below 0.05%, preferably below 0.01%. Most preferred is a composition in which

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

{0047] As used heren the specification, “a” or “an” may mean one or more. As used
30 herein in the claim(s), when used in companction with the word “comprising,” the words “a” or

“an” may mean one of more than one.
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{0048] The use of the term “or” m the claims 1s used to mean “and/or” unless explicitly
mdicated to refer to altematives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and “and/or.” As used herein

“another” may mean at least a second or more.

{0049] Throughout this application, the torm “about” 18 used to indicate that a value
mcludes the inherent variation of error for the device, the method being emploved to determine

the value, or the vanation that exists among the study subiects.

{0030] The term “cell” is hergin used m its broadest sense in the art and refers to a
living body that is a structural vait of tissue of a multicellular orgamism, is surrounded by a
membrane structure that isclates it from the outside, has the capability of self-replicating, and
has genetic information and a mechanism for expressing it. Cells used herein may be naturally-

occurring cells or artificially modified cells {e.g., fusion cclls or genctically modified cells).

[0051] The term T cell” refers to T lvmphocytes, and mchides, but 15 not limited to,
v&™ T cells, NK T cells, CD4™ T cells and CD8™ T ceils. CD47 T cells include Tu0, Tul and
Tu2 cells, as well as regulatory T cells (Trg). There are at least three types of regulatory T cells:
CD47 CD257 Treg, CD25 Tu3 Treg, and CD25 Tri Treg. “Cyiotoxic T cell” refers to a T cell that
can kill another cell. The majority of evtotoxic T cells are CE 8+ MHC class -restricted T cells,

however some cytotoxic T cells are CD4™,

{0052] The term “B ¢ell(s)” refers to a lymphocvte, a type of white blood cell
{leukocyie) that expresses immunoglobulin on s surface and can ultimately develop into an
antibody secreting a plasma cell. In one example, 3 B cell expresses CDI9 (CD197). An
“immature B cell” 15 a cell that can develop into a mature B cell. Generally, pro-B cells (that
express, for example, D45 or B220) undergo immunoglobulin heavy chain rearrangement to
become pro B pre B cells, and further undergo tmmunoglobulin light chain rearrangement to

become an immature B cells. Immature B cells include T1 and T2 B cells.

{0053] A “regulatory B cell” (Breg) 15 a B cell that suppresses the immune response.
Regulatory B cells can suppress T cell activation either directly or indirectly, and may also
suppress antigen presenting cells, other innate immune cells, or other B cells. Regulatory B
cells can be CD197 or express a number of other B cell markers and/or belong to other B ccll
subsets. These cells can also secrete IL-10 which 1s enhanced by the stimulation methods

provided herein.



CA 03068286 2019-12-20

WO 2018/237300 PCT/US2018/039059

{0054] A “B cell antigen receptor” or “BCR” refers to the B cell antigen receptor, which
meludes a membrane immvmoglobulin antigen binding component, or a biologically active
portion thereof (7. e, a portion capabie of binding a ligand and/or capable of associating with a

transducer component). The B cell receptor 1s generally composed of a surface bound IgM or

(]

Igl antibody associated with Ig-o and Ig-p heterodimers which are capable of signal
transduction. The term “ransmembrane domain of a B ¢cll receptor” preferably refers to the
transmembrane domain of the anttbody part of the B cell receptor, ie., the transmembrane
domain of the IgM or IgD heavy chain. In some embodiments, the term “B cell receptor” or
“BCR™ preferably refers to a mature BCR and preferably excludes the pre-BCR which

10 compnses a surrogate light chain,

{00551 A “CpG oligonucicotide” or “CpG oligodeoxynucieotides (ODNY” is an
oligonucleonide which includes at least one unmethyvlated CpG  duwmcieotide. An
oligonucleotide containing at feast one unmethviated CpG
dinuclectide 18 a nucleic acid molecule which contains an wnmethylated cvtosme-guanine

15  dinucleotide sequence (Fe. "CpG DNA" or DNA contaiming a §' cvtosine followed by 3
guanosine and linked by a phosphate bond) and activates the mmmune svstem. The CpG
cligonucleotides can be double-stranded or single-stranded. Generally, double-stranded
molecules arc more stable /i vivo, while single-stranded molccules have mcreased immune

activity.

20 {3056] The torms "nucleic acid” and "oligonucleotide” arc used interchangeably to
mean multiple nucleotides (Fe. molecules comprising a sugar (e.g. nibose or deoxyribose)
linked to a phosphate group and to an exchangeable organic base, which is either a sabstihited
pyrimidine {e.g. cytosing ()}, thyvoune (T} or uracil {U)} or a substitted puring {e.g.
adenine (A) or guanine (G}). As used herein, the terms refer to oligonibonuclieotides as well as

25 ohgodeoxyribonucleotides. The terms shall  also  mclude polynucleosides (e
apolvnucleotide minus the phosphate) and any other organic base containing polymer. Nucleic
acid molecules can be obtained from existing nucleic acid sources {e.g. genomic or cBNAJ,

but are preferably synthetic {e.g. produced by oligonucleotide synthesis).

{0057] As used herein, the torm “antigen™ is a molecule capable of being bound by an
30 antibody or T-cell recepior. An antigen may generally be used to induce a humoral immune
response and/or a cellolar immume response leading to the production of B and/lor T

ymphocytes.

10
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{0058] An “mmume disorder,” “immune-related disorder,” or “immune-mediated
disorder” refers to a disorder in which the immune response plavs a key role in the development
or progression of the discase. Immune-mediated disorders include autoinunune disorders,

allogratt rejection, graft versus host discase and inflammatory and allergic conditions.

{0059 An “vomune response” 1s a response ot a cell of the tmnmune system, such as a
B cell, or a T cell, or innate immune cell to a stimulus. In one embodiment, the response is

specific for a particular antigen {an “antigen-specific response™).

[0068] An “epitope” 1s the site on an antigen recognized by an antibody as determined
by the specificity of the amine acid scquence. Two antibodies are said to bind {o the same
epitope if cach competitively inhibits (blocks) binding of the other to the antigen as measured
m a competitive binding assay. Alternatively, two antibodies have the same epitope if most
aming acid mutations in the antigen that reduce or eliminate binding of one antibody reduce or
chminate binding of the other. Two antibodies are said to have overlapping epitopes if cach
partially inhibits binding of the other to the antigen, and/or if some amino acid mutations that

reduce or eliminate binding of one antibody reduce or eliminate binding of the other.

{0061] An “autoimmune disease” refers to a disease m which the immune system
produces an immune response {for example, a B-cell or a T-cell response) against an antigen
that is part of the normal host {that is, an autoantigen), with consequent injury to tissues. An
autoantigen may be derived from a host cell, or may be derived from a commensal organism
such as the micro-organisms (known as commensal organisms) that normally colonize mucosal

surtaces.

{0062] The term “Graft-Versus-Host Discase (GYHD) refers to a common and serious
complication of bong marrow or other tissue transplantation wherein there is a reaction of
donated immunoclogically competent lvmphoceytes against a transplant recipient's own tissue.
GVHD is a possible complication of any transplant that uses or contains stem cells from either

arelated or an unrelated donor. In some embodiments, the GVHD is chronic GYHD (cGVHD).

{0063] A “parameter of an immune response” 18 any particular measurable aspect of an
immune response, including, but not limited to, cytokine secretion (1L-6, 1L-10, IFN-y, gtc.),
chemoking secretion, altered migration or cell accumulation, immunoglobulin production,
dendritic cell maturation, regulatory activity, nuomber of regulatory B cells and proliferation of

any cell of the immune system. Another parameter of an immune response is structural damage

1
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or functional deterioration of any organ resulting from impnunological attack. One of skill in
the art can readily determine an increase in any one of these parameters, using known
laboratory assavs. In one specific non-limiting cxample, to assess ccll proliferation,

meorporation of “H-thymidine can be assessed. A “substantial” increase in a parameter of the

(]

Hmnune response is a significant increase in this parameter as compared to a control. Specific,
non-limiting exampics of a substantial increase are at least about a 30% mcrease, at least about
a 75% increase, at least about a 90% increase, at least about a 100% increase, at least about a
200% mcrease, at least about a 300% increase, and at least about a 500% increase. Simularly,
an inhibition or decrease in a parameter of the immune response is a significant decrease in this
10 parameter as compared to a control. Specific, non-limiting examples of a substantial decrease
are at least about a 50% decrease. at feast about a 75% decrease, at least about a 90% decrease,
at least aboot a 100% decrease, at least about a 200% decrease, at least about a 300% decrease,
and at least about a 500% decrease. A statistical test, such as a non-parametric ANOVA ora
T-test. can be used to compare differences 1n the magnitude of the response induced by one
15 agent as compared to the percent of samples that respond using a second agent. In some
examples, p=0.05 1s signmificant, and indicates that the chance that an increase or decrease
any observed parameter is due to random variation is less than 3%. One of skill in the art can

readily identify other statistical assays of use.

{0064] “Treating” or treatment of a disease or condition refers to executing a protocol,

20 which may mclude administering one or more drugs to a paticnt, in an effort to alleviate signs
or symptoms of the disease. Desirable effects oftreatment include decreasing the rate of disease
progression, ameliorating or palliating the discase state, and remission or improved prognosis.
Alleviation can occur prior to signs or symptoms of the disease or condition appearing, as well

as after their appearance. Thus, “treating” or “treatment” may include “preventing” or

25 “prevention” of disease or undesirable condition. In addition, “treating” or “treatment” does
not require complete alleviation of signs or symptoms, does not require a cure, and specifically

mchudes protocols that have only a marginal effect on the patient,

{8065] The term “therapeutic benefit” or “therapeutically effective” as used throughout

this application refers to anything that promotes or enhances the well-being of the subject with

30 respect to the medical treatment of this condition. This mcludes, but is not hinuted 1o, a
reduction in the frequency or severity of the signs or symptoms of a discase. For example,

treatment of cancer may involve, for example, a reduction in the size of a tumor, a reduction

12
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the invastveness of a tumor, reduction in the growth rate of the cancer, or prevention of

metastasis. Treatment of cancer may also refer to prolonging survival of a subject with cancer.

[0066] “Subject” and “patient” refer to etther a human or non-human, such as primates,

mammals, and vertebrates. In particular embodiments, the subject is a human

{8067 The term "antibody" herein is used in the broadest sense and specifically covers
monoclonal antibodies (including full length monocional antibodies), polyclonal antibodies,
multispecitic antibodics {e.g., bispecific antibodies), and antibody fragments so long as they

gxhibit the desired biological activity.

{0068] The term "monoclonal antibody" as used herem refers to an antibody obtained
from a population of substantially homogencouns antibodies, e.g., the mdividual antibodies
corpnsing the population are identical except for possible mutations, e.g., naturally occurring
mutations, that may be present in minor amounts. Thus, the modifier "monoclonal” indicates
the character of the antibody as not being a mixture of discrete antibodies. In certan
embodiments, such a monoclonal antibody typically includes an antibody comprising a
polypeptide sequence that binds a target, wherein the target-binding polypeptide sequence was
obtained by a process that includes the selection of a single target binding polvpeptide sequence
from a plorality of polypeptide sequences. For example, the selection process can be the
selection of a unique clone from a plurality of clones, such as a pool of hybridoma clones,
phage clones, or recombinant DNA clones. It should be understood that a sclected target
binding sequence can be further altered, for example, to improve affinity for the target, to
humanize the target binding sequence, to improve its production in cell culture, to reduce its
mnunogenicity i vivo, to create a multispecific antibody, efe., and that an antibody
comprising the altered target binding sequence 1s also a monoclonal antibody of this mvention.
In contrast to polyclonal antibody preparations, which typically mclude different antibodies
directed against different determinants {epitopes), cach monocional antibody of a monoclonal
antibody preparation is directed against a singie determunant on an antigen. In addition to their
specificity, monoclonal antibody preparations are advantageous in that they are typically

uncontaminated by other immunogiobulins.

{0069] The phrases “pharmaccutical or pharmacologically acceptable”™ refers to
molecular entities and compositions that do not produce an adverse, allergic, or other untoward

rcaction when adminisicred to an apimal, such as a hwman, as appropriate. The preparation of
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a pharmaceutical composition comprising an antibody or additional active mgredient will be
known to those of skill in the art in Hght of the present disclosure. Morcover, for animal (e.g.,
human) administration, it will be understood that preparations should meet sterility,
pvrogenictty, general safety, and purity standards as required by FDA Otfice of Biological

Standards.

(]

{0078] As used herein, “pharmaceutically acceptable carrier” mcludes any and all
aqueous solvents {e.g., water, alcoholic/aguecus solutions, saline solutions, parenteral vehicles,
such as sodium chlonde, Ringer's dextrose, ¢tc. ), non-aqueous solvents {e. g.. propyienc glycol,
polvethylene glveol, vegetable oil, and imjectable orgamic esters, such as cthvloleate),

10 dispersion media, coatings, surfactants, antioxidants, preservatives (e.g., antibacterial or
antifungal agents, anti-oxidants, chelating agents, and inert gases), isotonic agents, absorption
delaying agents, salts, drugs, drug stabilizers, gels, binders, excipients, disintegration agents,
lubricants, sweetening agents, flavonng agents, dyes, fluid and mutnient replenishers, such like
materials and combinations thereof, as would be known to one of ordinary skill in the art. The

15  pH and exact concentration of the various components in a pharmaceutical composition are

adjusted according to well-known parameters.

{0071] The term “haplotyping or tissuc tvping” refers to a method used to identify the
haplotype or tissue types of a subject, tor example by determuning which HLA locus (or loct)
is expressed on the lvmphocytes of a particular subject. The HLA genes are located in the major

20 histocompatibility complex (MHC), a region on the shoit amm of chromosome 6, and are
mvolved in cell-cell interaction, mmmune response, organ transplantation, development of
cancer, and susceptibility to disease. There are six genetic loct important in transplantation,
designated HLA-A HLA-B, HLA-C, and HLA-DR, HLA-DP and HLA-DQ. At cach locus,

there can be anv of several different alleles.

N
(4

18072] A widely used method for haplotyping uses the polymerase chain reaction
(PCR) to compare the DNA of the subject, with known segments of the genes encoding MHC
antigens. The variability of these regions of the genes determines the tissue type or haplotype
of the subject. Serologic methods are also used to detect serclogically defined antigens on the
surfaces of cells. HLA-A, -B, and -C deternvnants can be measured by known serologic
30 techmiques. Brieflyv, lvmphocyvies from the subject (isolated from fresh peripheral blood) are
mecubated with antisera that recognmize all known HLA antigens. The cells are spread i a tray

with microscopic wells containing various kinds of antisera. The cells are incubated for 30

14
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manutes, followed by an additional 60-minute complement incubation. Ifthe lvmphocytes have
on their surfaces antigens recognized by the antibodies in the antiserum, the tymphocyites are
lvsed. A dve can be added to show changes in the permeability of the cell membrane and cell

death. The pattern of cells destroved by lysis indicates the degree of histologic mcompatibility .

(]

If, for example, the lymphocytes from a person being tested for HLA-AJ are destroyed in a

well containing antisera for HLA-A3, the test is positive for this antigen group.

{8073} “Interforon~-gamma {(IFN-v)” refers o a protein produced by T lymphocytes in
response to specific antigen or mitogenic stunulation. The term includes naturally occurring
IFN-y peptides and nucleic acid molecules and IFN-y fragments and variants that retain full or

10 partial IFN-y biological activity. Sequences for IFN-y are publicly available (for example,
exermplary FFN-y mRNA sequences are available from GenBank Accession Nos: BCO70256;
AF506749; and JO0219, and exemplary IFN-v protein scquences arc available from GenBank

Accession Nos: CAAQ0226; AAAT2254; and 08093 16A).

{0074] “Interleukin (1L)-27 refers to a growth factor for all subpopulations of T-

15 bymphocoytes. It 1s an antigen-unapecific proliferation factor for T-cells that indaces cell eycle
progression in resting cells, and allows clonal expansion of activated T-lymphoeytes. The term
mchudes naturally occurring {1.-2 peptides and nucleic acid molecules and #.-2 fragments and
variants that retain full or partial 1L-2 biological activity. Sequences for TL-2 are publicly
available (for example, exemplary IL-2 mRNA sequences arc available from GenBank

20 Accession Nos: BC066254; BCO6623T, F00978; and NM 053836, and exemplary DL-2
protein sequences are available from GenBank Accession Nos: AAD14263; AAGS3575; and

AAKS52604).

{0075] The term “culturing” refers to the in vifro mamtenance, differentiation, and/or

propagation of cells in suitable media. By “enriched” 15 meant a composition comprising cells

N
(4

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

I an organism.

{0076] An “isolated" biological component (such as a portion of homatological
material, such as blood components) refers to a component that has been substantially separated
or purified away from other biological components of the organism in which the component

30 naturally occurs. An isolated cell is one which has been substantially separated or purified away

from other biological components of the organism in which the cell naturally occurs.
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{00771 As used herein, the term “substantially” is used to represent a composition
comprising at least R0% of the desired component, more preferably 90% of the desired
component, or most preferably 953% of the desired component. In some embodiments, the

composition comprises at least 80%, 82%, 84%, 86%, 8895, 90%, 1%, 92%, 93%, 94%, 95%,

(]

96%, 97%, or 98% of the desired component.
. Regulatory B Cells

[0078] Some embodiments of the present disclosure concern the isolation and
gxpansion of regulatory B cells (Breg). Accordingly, populations of highly suppressive Bregs
are disclosed herein. The Bregs can be characterized by the capacity to inhibit the proliferation

10 ofeffector T cells, such as CD4* T cells, inhibit the production of inflammatory cytokines {e.g.,

TNy and TNFa) by effector T cells, and to produce mterleukin-10 (IL-10).

A Isolation of Population of B Cells

{0079] The isclated population of B cells may be obtaned from subjects, particudarly

human subjects. The B cells can be obtained from a subject of interest, such as a subject

15 suspected of having a particular discase or condifion, a subject suspected of having a
predisposition to a particular discase or condition, or a subject who 18 undergoing therapy for

a particular discase or condition. B cells can be coliected from any location in which they reside

m the subject including, but not himited to. blood, cord blood, spleen, thymus, lvmph nodes,

and bone marrow. The isolated B cells may be analyzed directlv, or they can be stored until the

20 assay is performed, such as by ficezing.

[0080] In particular embodiments, the B cells are isolated from blood, such as
peripheral blood, bone marrow or cord blood, or derived from stem cells or 1PSCs. In some
aspects, B cells isolated from cord blood have enhanced invnunomodulation capacity, such as

measured by CD4- or CD8-posttive T cell suppression. In specific aspects, the B cells are

o
[

tsolated from pocled blood, particularly pooled cord blood, for enhanced mmmunomodulation
capacity. The pooled blood may be from 2 or more sources, such as 3, 4,5, 6,7, 8,9, 10 or

more sources {e.g., donor subjects).

{0081] The population of B cells can be obtained from a subject in need of therapy or

suffering from a discase associated with reduced regulatory B cell activity. Thus, the cells will

16
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be autologous to the subject in need of therapy. Alternatively, the population of B cells can be

obtained from a donor, preferably a histocompatibility matched donor.

[0082] When the population of regulatory B cells 1s obtamed from a donor distinct from

the subject, the donor is preferably allogencic, provided the cells obtained are subject-

5 compatible in that they can be introduced into the subject. Allogencic donor cells may or may
not be homan-leukocyte-antigen (HLA-compatible. To be rendered subject-compatible,

allogeneic cells can be treated to reduce immunogenicity {(Fast ef af., 2004),

{0083] Methods for the isolation and quantitation of populations of celis are well

known in the art, and the isolation and quantitation of regulatory B cells, such as CD19" cells

10 can be accomplished by any means known to one of skill in the art. Magnetic beads directed
against D19 or fluorescence activated cell sorting (FACS), or other cell 1solation methods,

can be used to isolate cells that are CD197, and particularly that also produce IL-10. Regulatory

B cells can also be isolated that express CD19 and are CD38MCD24M [oMIgDCDIOCD2T,
CD38HCD24 M or IgM™gD™CDI0"CD27 or that belong to any other B cell subpopulation.

15 In particular aspects, the B cells are CD3CDId"Y B cells. In one embodiment, labeled
antibodies specifically directed to one or more cell suwrface markers are used fo identify and
guantity regulatory B cells, such as CD197 cells. The antibodies can be conjugated to other
compounds including, but not linuted 1o, enzymes, magnetic beads, colloidal magnetic beads,
haptens, fuorochromes, metal compounds, radicactive compounds or drugs. The enzymes that

20 can be comjugated to the antibodies mclude, but are not limited to, alkaline phosphatase,
peroxidase, urcase and B-galactosidase. The fluorochromes that can be conjugated to the
antibodies include, but are not limited to, fluorescein tsothiocyanate, tetramethylrhodamine

isothiocyanate, phycoerythrin, allophycocvaning and Texas Red.

{0084] Regulatory B cells can be enriched by selecting cells having the CD19" surface

N
(4

marker and separating using automated cell sorting such as fluorescence-activated cell sorting
(FACS). To enhance ennichment, positive selection may be combined with negative selection;
i.e.. by removing cells having surface markers specific to non-B cells and/or those specific to
non-reguiatory B cells. Exemplary surface markers specific to non-regulatory B cells inclade
CD3, CD4, CD7. CDR, CDI15, CDI6, CD34, CD56, CDS7, CDo4, CDY%4, CD116, D134,
306 CDIS7, CDl63, CD208, F4/80, Gr-1, and TCR.

17
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{0085] In some examples, regulatory B cells, such as CD197 cells, are isolated by
contacting the cells with an appropriately labeled antibody to identify the cells of mterest
followed by a separation technigque such as FACs or antibody-binding beads. However, other

techniques of differing efficacy may be emploved to purify and isolate desired populations of

(]

cells. The separation technigues emploved should maximize the retention of viability of the
fraction of the cells to be collected. The particular technique emploved will, of course, depend
upon the efficiency of separation, cviotoxicity of the method, the case and speed of separation,

and what equipment and/or technical skill is requured.

{0086] Additional separation procedures may mclude magnetic separation, using

10 antibody-coated magnetic beads, affinity chromatography, cytotoxic agents, either joined to a
monoclonal antibody or used in conjunction with complement, and “panning,” which vtilizes

a monoclonal antibody attached to a solid matrix, or another convenient technique. Antibodies
attached to magnetic beads and other solid matrices, such as agarose beads, polystyrene beads,
hollow fiber membranes and plastic Petri dishes, allow for direct separation. Cells that are

15  bound by the antibody can be removed from the cell suspension by simply physically
separating the solid support from the cell suspension. The exact conditions and duration of
mcubation of the cells with the sohd phase-linked antibodics will depend upon several factors
specific to the svstem emploved. The selection of appropriate conditions, however, is well

known 1o the art.

20 {0087] Unbound celis then can be cluted or washed away with phvsiclogic buffer after
sufficient time has been allowed for the cells expressing a marker of interest {for example,
CP197) to bind to the sclid-phase linked antibodies. The bound cells are then separated from
the solid phase by any appropiiate method, depending mainly vpon the nature of the solid phase
and the antibody emploved, and quantified using methods well known in the art. In one specific,

25 non-limiting example, bound cells separated from the solid phase are quantified by flow

cviometry.

{0088] Regulatory B cells, such as CB197 B cells, can also be 1solated by negatively

selecting against cells that are not regelatory B cells. This can be accomplished by performing

a lincage deplction, wherein cells arc labeled with antibodies for particular lineages such as the

30 T boeage, the macrophage/monocyte lineage, the dendntic cell lineage, the granulocvie
hneages, the ervthrocvies lineages, the megakarvocyies lineages, and the hike. Cells labeled

with one or more lineage specific antibodies can then be removed cither by affinity column

18
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processing (where the lincage marker positive cells are retained on the colaomn), by affinity
magnetic beads or particles {where the lincage marker positive cells are attracted to the
separating magnet}, bv “paoning” {where the lincage marker positive cells remain attached to

the secondary antibody coated surtace), or by complement-mediated lvsis (where the lincage

(]

marker positive cells are lysed in the presence of complement by virtue of the antibodies bound
to their cell surface). Another lincage depletion strategy inmvolves ietrameric compiex
formation. Cells are isolated using tetrameric anti-human antibody complexes (for exanple,
complexes specific for multiple markers on multiple cell types that are not markers of
regulatory B cells, and magnetic colloid i conjunction with STEMSTEP™ colomns (Stem
10 Cell Technologies, Vancouver, Canada). The cells can then optionally be subjected to

centrifugation to separate cells having tetrameric complexes bound thereto trom all other cells.

{0089] In a certain embodiment, the isolated B cells from a single donor or pooled
donors can be stored for a future use. In this regard, the 1solated B cell population can be
cryvopreserved. Cryvopreservation is a process where cells or whole tissues are preserved by

15 cooling to low sub-zero temperatures, such as 77 K or —196° €. in the prescnce of a
crvoprotectant. Storage by cryopreservation includes, but is not imited to, storage in liquid
nitrogen, storage in freezers maintained at a constant temperature of about 0° €. storage in
freczers maintained at a constant temperatare of about ~20° €., storage in freezers maintained
at a constant temperature of about —80° ., and storage in freczers maintained at a constant

20 temperature of lower than about —80° C. In one aspect of this embodiment, the cells may be
“flash-frozen,” such as by using in ethancl/dry ice or in liguid mitrogen prior to storage. In
another aspect of this embodiment, the cells can be preserved in mediom comprising a
cryoprotectant ncluding, but not imited to dimethyl sulforade (BMSO), giveerol, ethviene
glycol, propylene glyeol, sucrose, and trehalose. Other methods of storing biological matter are

25 well known to those of skill in the art, see for example US. Patent Poblication No.

2007/0078113, incorporated by reference herein,

B. Expansion of Regulatory B Cells

{0096] The 1solated populated of B cells may then be expanded to increase the number

of cells and/or 1o increase the suppressive capacity of the regulatory B cells. Expansion of the

30 regulatory B cell population can be achieved by contacting the population of regulatory B cells
with stimulatory composition sufficient to causc an increase in the number of regulatory 8

cells. This may be accomplished by contacting the isolated CD19™ B cells with a mitogen,
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cytokine, growth factor, or antibody, such as an antibody that specifically binds to the B cell
receptor or feeder cells. The regulatory B cells can be expanded at feast 2-fold, 5-fold, 10-fold,

such as at feast 50, 100, 200, 300, 500, 800, 1000, 10,000, or 100,000-fold.

{0091] The present disclosure provides methods for the expansion of the isolated B
cells by treating the cells with one or more expansion agents to enhance their suppressive
capacity. The expanded regulatory B cell population can include at least 5%, at least 10%, at
least 20%. at least 30%, at least 40%, at least 50%, at least 60%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at lcast 99%, or 100% regulatory B cells

that produce TL-10 or exert their suppressive function through other mechanisms.

{0092] The cxpansion agents may include CD40 agonist, such as CD40 ligand
{CD40L), particularty soluble CD40 and CpG nucleotides. Further expansion agents can
mehude cyvtokines such as IL-4, 1L-21, IL-33 or a combination thereof. The culture may also

comprise 1L-2.

{0093] In some aspects, the isolated population of B cells are first cultured in the
presence of -4, CUpG, and CD40L, such as for about 3-4 days. The media may further
comprise one or more signaling mhibitors. For example, the B cells may be cultured m the
presence of IL-4, CpG, CD40L, and a signaling inhibitor, such as a FOXO1 inhibitor, a STAT6
mhibitor. and/or an mTOR nhibitor. During the first expansion step, the media of the B cell
culture may be replaced with fresh media. The fresh media may comprise one or more of 1L-
4, CpG, CD40L, and a signaling inhibitor. In some aspects, the fresh media may comprise 1L-
4 and a signaling inhibitor. Next, the B cells are then washed and further cultured in the
presence of 1L-21 11 combination with a signaling inhibitor, such as a FOXO1 inhibitor, a
STAT6 inhibitor, and/or an mTOR inhibitor. This second step of expansion may comprise

CD40L 1n the presence or absence of CpG.

[0094] The expansion culture may further comprise one or more additional cytokines,
such as 1L.-33. For example, the second culturing step may comprise 1L-21, CB40L, and 1L33.
In another cxample, the second culture step may comprise 1L-21, CH40L, and a FOXO1
mhibitor. The total expansion culture may be performed for about 8-15 days, such as 10-14

days.

{0095] The suppressive function of the Bregs may be enhanced by the addition of anti-

miR-155, The anti-miR-135 may be added to the expansion culture at any step of the process.

20
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However, in particular aspects, the anti-miR-155 15 added to the Breg culture after expansion
to further enhance the suppressive activity of the Bregs. For example, the anti-muR-155 may
be added to the culture of Bregs at day 12-20 of expansion culture, such as day 13, 14, 15, or

16.

1. CDh40 Ligand

[0096] In certain embodiments, the isolated B cells are cultured with a CD40 agonist,
such as sohible CD40L. alone or in combination with other expansion agents. The term “CD40”
refers to any, preferably naturally occurning, CD40 protein. CD40 is a transmembrane
glvcoprotein cell surface receptor that shaves sequence homology with the tumor necrosis
factor o (TNF-0) receptor family and was initially identified as a B cell surface molecule that

mduced B ccll growth upon ligation with monoclonal antibodies.

{0097] Its ligand CD4OL, alsc termed €D 154, 15 a 34-39 kDa type H integral
membrane protein belonging to the TNF gene superfamily and is mainly expressed on activated
T cells. Engagement of CDM40 by its ligand leads to tnimenic clustering of CD40 and the
recruitment of adaptor proteins known as TNF receptor-associated factors (TRAFs) to the
cvitoplasmic tail of CD40. CD40L, also known as CD154, TNFSFS, TRAP, and gp39, is a
member of the TNF superfamily which may trimenize to bind and activate CD40, as well as
alpha llb-beta3 mtegrin. CB40L is about 30-kDa, the full-length version has 261 amino acids
of which the Extra Cellular Domain (ECD) s amino acids 45-261). It is a type I membrane
glvcoprotein. In some physiological contexts, CDM40L 15 processed to yield a soluble form

comprised of amino acids 113-261.

{0098] As used heren, the term “CD40-L7 includes soluble CD406-L polvpeptides
lacking transmembrane and mtracellular regions, mammalian homologs of human CD40-L,
analogs of human or murnne {D40-L or denvatives of human or murine CD40-L. A CD40-L
analog, as referred to herein, is a polypeptide substantially homologous to a sequence of human
or muring CD40-L but which has an amuno acid sequence different from native sequence
CD40-L ¢human or murine species) polypeptide because of one or a plorality of deletions,
msertions or substitutions. Analogs of CD40-L can be synthesized from DNA constructs

prepared by oligonucleotide synthesis and ligation or by site-specific mutagenesis technigues.

{0099] In some embodiments, one or more CD40 agonists, such as CD40 ligands and/or

agonistic anti-CP40 antibodies, may be used in combination with one or more other expansion
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agents to enhance expansion of Bregs. For example, the CD40 agonist is an agonistic anti-
D40 antibody, or antigen-binding fragment thereof, including, but not limited to, at least a
first scFv, Fv, Fab', Fab or F(ab"); antigen-binding region of an anti-C40 antibody. In certain
aspects, the CD40 agonist is a human, humanized or part- human chimeric anti-CD40 antibody
or antigen-binding fragment thercof. In other aspects, the CDM4O agonist 15 an anti-CD40
monoclonal antibody, including, but not limited to, the G2¥-5, mAbRYS, EA-3 or 52(6

monocional antibody, or an antigen-binding fragment thereof

{00100} In particular embodiments, the CD40 agonist is soluble CD40L
(sCD40L). Soluble CD40-L comprises an extracellular region of CD40-L or a fragment
thereof. For example, soluble monomeric CD40L s described in U8, Patent No. 6,264 951
and variants are described in International Publication No. W{(2005/035570. {D40-L may also
be obtained by mutations of nucleotide scquences coding for a CD40-L polypeptide. The B
celis may be contacted with soluble CD40L. at a concentration of about 10 to 500 ng/mL, such
as about 20 to 200 ng/mL, such as about 30 to 150 ng/mL., such as about 30, 75, 80, 90, 95,
100, 1190, or 120 ng/mlk., particularly about 100 ng/mlk.. In some aspects, the B cells are culinred
mn the presence of CD4OL at a concentration of 100-500 ng/mL, such as 130, 200, 250, 300,

350, 400, or 450 ng/ml.,

2. Cyiokines

{00101 The expansion of the isolated B cells to highly suppressive Bregs may
also comprise contacting the B celis with one or more cytokines, such as, but not limited to,
-4, 1L-21, 1L-33, TL-2, TL-7, HL-10, IL-21, [L-35, and BAFF. In some aspects, the B cells are
first contacted with 1L-4 and then coltured in the presence of IL-21. The cvtokines may be
present at a concentration of about 10 to 500 AL, such as about 30 to 200 1WU/mL, such as
about 75 to 150 TU/mL, particularly about 100 [U/mL. In some aspects, the IL-4 is present at a
concentration of about 0.1 to 10 ng/mL in the expansion culture, such as about 1 to 5 ng/mlL,
for example 2, 2.5, 3, 3.5, 4, or 4.5 ng/mL or any range dertvable therein. In specific aspecis,
the [L-21 is present in the cxpansion culture at a concentration of about 10 to 250 ng/ml., such

as 25-50, 50-75, 75-125, 125-150, 150-175, 173-225, or 223-250 ng/mL.

3. mTOR Inbibitor

[00162] mTOR nhibitors are a class of drugs that mhibit the mechanistic target

of rapamycin {mTOR), which is a serine/threonine-specific protein kinase that belongs to the
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family of phosphatidvhnositol-3 kinase (PI3K) related kinases (PIKKs). Exemplary mTOR
mhibitors that may be used in the present methods include, but are not Himited to, rapamycin,
everolimus, temsirolimus, deforolimus, BGT226, SF1126, BEZ235, Gedatolisib, and SF1101.
In some aspects, the mTOR inhibitor is PP42 (also known as torkinib), The mTOR inhibitor
may be present at a concentration of about 50 to 500 nM, such as 100 to 400 nm, particularly

150, 200, 250, 300, or 350 nM.

4. FOXO1 Ishibitor

{00163] Forkhead box protein O1 (FOXOGI1) also known as forkhead
rhabdomyosarcoma is a protein that in humans is encoded by the FOXOI gene. FOXOl s a
transcription  factor that plays important roles in regulation of gluconeogenesis and
glvcogenolysis by insulin signaling, and is also central to the decision for a preadipocyte to
coromit to adipogenesis. Exemplary FOXO1 mhibitors that may be used 1 the present methods
mclude, but are not limited to, AS1842856 and AS1708727. The FOXO1 mhibitor may be
present at a concentration of about 50 to 500 ng/ml., such ag 100-200, 200-300, 300-400, or

400-500 ng/ml.

5. STATG inhibitor
[00164] STATG inhibitors that may be used in the present methods include, but
are not limited to, AS1517499 and leflunomide {ALX-430-0953. Small molecule peptide
mimetics that target the SH2 domain of STATS are disclosed i U.S. Patent No. 6,426,331 and
PCT Patent Publication No. W0O2001/083517; both incorporated heremn by reference. The
STATG mnlubitor may be present at a concentration of about 10 to 250 ng/mL, such as 20-30,

50-75, 75-100, 1060-150, 150-200, or 200-250 ng/mL.

6. {pG Oligodeoxynuclestides

{00165] In certain embodiments, the B cells are expanded with CpG nucleotides.
CpG oligodeoxynucleotides {ODN) are short single-stranded synthetic DNA molecules that
contain a coytosine {riphosphate deoxynucleotide followed bv a guanine triphosphate
deoxyanucleotide which can act as mmmunostimulants. The CpG motifs are considered
pathogen-associated molecular patterns (PAMPs) which are recogmized by the pattern
recognition receptor (PRR) Toll-like receptor 9 (TLRO} expressed on B cells and dendritic

cells.

o]
(7S]
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{00106} For facilitating uptake mto cells, Cp(G containing oligonucleotides are
preferably in the range of 8 to 100 bases in length. However, nucleic acids of any size greater
than & nuclectides (cven many kb long) are capable of inducing an inunune response according

to the invention if sufficient immunostimulatory motifs are present, smcee larger nucleic acids

(]

are degraded into oligonucleotides mside of cells. Preferably, the Cp( oligomucleotide 1s in the
range of between 8 and 100 and 10 some embodiments between 8 and 30 nucicotides i size.
The CpG nucleic acid sequences may be as disclosed 1 International Publication Nos.
WO2000/06588 and WO2000/06388 as well as UK. Patent No. 7,488,490, all mcorporated
herein by reference. The entire Cps oligonuckeotide can be unmethylated or portions may be
10 unmethylated but at least the C of the 5" CG 3" must be unmethyvlated. One exemplary CpG
oligonucleotide represented by at least the formula: 5'NIX,CGXoN23" wherein at least one
nucleotide separates consecative Cp(Gs; X 15 adenine, guanine, or thvmine; Xz is cytosine,
adenine, or thymine; N is any nucleotide and N:and Nz are nucleic acid sequenaces composed
of from about 0-235 N's cach. An exemplary CpG ODN has the sequence 3" TCCAT-
15 GACGTTCCTGATGCT 3" (SEQ 1D NG ). An additional exemplary CpG ODN 15 a 24-mer
ODN 2006 that is able to modulate the inmmune response in both human and mice and has the
sequence: S'-tegtogtitigtegtitigtcett-3' (SEQ D NO:2) where regular letters represent PS

linkage and bold letters represent CpG dinucieotides.

{00107} The expansion culture may comprise one or more distinet Cp&G ODN
20 seguences at a concentration of 0.1 to 10 pg/mi., such as around 0.5, 1, 1.5, 2,25, 3,35, 4,
45,5,45,6,7,8,9, or 10 ug/mL of CpG ODNs, such as 0.1-2, 1-3, 2-4, 3-6, 4-7, 5-8, 7-9, or
8-10 pg/ml of Cpg ODNs. In particular aspects, the B celis are treated with about 3 pg/mb of
CpG ODNs.

HE.  Regulatory T Cells

N
(4

A, Starting Population of T Cells

{00168] The starting population of T cells may be isolated from subjects,
particoelarly buman subjects. The starting population of T ¢cells can be isolated and expanded
from a donor sample, such as an allogeneic sample, or from the sabject who will receive the
cells (i.e., autologous). The starting population of T cells can be obtained from a subject of

30 wterest, such as a subject suspected of having a particular discase or condition, a subject
suspected of having a predisposition 1o a particular disease or condition, or a subject who is

undergoing therapy for a particular discase or condition. The starting population of T cells can

24
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be collected from any location in which they reside i the subject including, bat not limited to,
blood, cord blood, spleen, thyvmus, lymph nodes, and bone marrow. The isolated starting
population of T cells may be used directly, or they can be stored for a period of time, such as

by freczing.

{00109} The starting population of T cells may be enriched/purified from any
tissue where they reside including, but not hmited to, blood (including blood collected by blood
banks or cord blood banks}, spleen, bone marrow, tissues removed and/or exposed during
surgical procedures, and tissues obtained via biopsy procedures. Tissues/organs from which
the immune cells are enriched, isolated, and/or punfied may be isolated from both living and

non-living subjects, wherein the non-living subjects are organ donors.

{00110} In particular embodiments, the starting population of T cells are isolated
from blood, such as peripheral blood or cord blood. In some aspects, starting population of T
cells isolated from cord blood have enhanced immunomaodulation capacity, such as measured
by CD4- or CD8-positive T cell suppression. In specific aspects, the starting population of T
cells are wsolated from pooled blood, particularly pooled cord blood, for enhanced
immunomodulation capacity. The pooled blood may be from 2 or more sources, such as 3, 4,

5,6,7.8,9, 10 or more sources {e.g., donor subjects).

{00111} When the population of tmmune cells is obtained from a donor distinct
from the subject, the donor 1s preferably allogeneic, provided the cells obtained are subject-
compatible 1n that they can be miroduced mnio the subject. Allogeneic donor cells may or may
not be human-levkocyie-antigen (HLA)-compatible. To be rendered subject-compatible,

allogeneic cells can be treated to reduce immunogenicity.

{00112} In some aspects, the cells are human cells. The cells typically are
primary cells, such as those isolated directly from a subject and/or isolated from a subject and
frozen. In some embodiments, the cells inclade one or more subsets of T cells or other cell
types, such as whole T cell populations, CD47 cells, CD8™ cells, and subpopulations thereof,
such as those defined by function, activation state, matunity, potential for differentiation,
expansion, recirculation, localization, and/or persistence capacitics, antigen-specificity, type of
antigen receptor, presence in a particular organ or compartment, marker or cytokine secretion
profile, and/or degree of differentiation. With reference to the subject to be treated, the cells

may be allogenecic and/or autologous. In some aspects, such as for off-the-shelf technologics,

e
W
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the cells are plurnipotent and/or multipotent, such as stem cells, such as indaced pluripotent stem
cells (iPSCsy. In some embodiments, the methods mclude isolating cells from the subject,
preparing, processing, culturing, and/or engineering them, as described hercin, and re-

miroducing them mto the same patient, before or afier crvopreservation.

{00113} Among the sub-~types and subpopulations of T cells {(e.g, CD4" and/or
CD8™ T cells} are naive T (Tn) cells, effector T cells (Terr), memory T cells and sub-types
thereof, such as stem cell memory T {TSCum), central memory T {TCw), effector memory T
{Tem), or terminally differentiated effector memory T cells, tumor-infilirating lvmphocytes
(TIL), mmmature T cells, mature T cells, helper T cells, cyvtotoxic T celis, mucosa~-associated
mvariant T (MAIT} cells, naturally occurring and adaptive regulatory T (Treg) cells, helper T
cells, such as THI cells, TH2 cells, TH3 cells, TH17 cells, THY cells, TH22 cells, follicular

helper T cells, alpha/beta T cells, and delta/gamma T cells.

{00114] In some embodiments, one or more of the T cell populations is enniched
for or depleted of cells that are positive tor a specific marker, such as surtace markers, or that
arc negative for a specific marker. In some cases, such markers are those that are absent or
expressed at relatively fow levels on certain populations of T cells {e.g., non-memory cells) but
arc present or expressed at relatively higher levels on certain other populations of T celis {(e. g,

memory celis).

[00115] In particular embodiments, the solated T cell population 15 a CDO™ T
cell population. The present studies have shown that CD9 may be used as a marker for 1solating
and expanding T cells which are highly suppressive. In some aspects, the CD9" T cell

population 1s CD4" and/or CD257, particularly a CD4™CD257CDY" T cell population.

{00116} In some embodiments, T cells are separated from a PBMC sample by
negative selection of markers expressed on non-T cells, such as B cells, monocytes, or other
white blood cells, such as CD14. In some aspects, a CB4™ or UDR selection step is used to
separate £D47 helper and CD8™ cviotoxic T cells. Such UD47 and CD8™ populations can be
further sorted into sub-populations by positive or negative selection for markers expressed or
expressed to a relatively higher degree on one or more naive, memory, and/or effector T cell

subpopulations.

[00117] Generally, the starting cell populations are 1solated from blood drawn

from a subject, for example using apheresis {e.g., leukapheresis) or venous puncture. In one

26
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example, blood is obtained from a donor subject, such as an HLA-matched donor or the same
subject who 1s to receive the antigen-specific T cells {recipient subject). In one example, an
HiA-matched donor is one that matches at least 1/6, such as 2/6, 3/6, 4/6 or particularly 5/6 or

6/6, of the HLA loci (such as the A, B, and DR loct). In particular examples, the HLA-maiched

(]

donor 13 a first degree relative. Monocytes can be isolated from blood obtamed from the subject
using methods known in the art. In one example, monocytes are obtained by clutnation of
monocvies. In another example, monocytes arc obtamed from peripheral blood mononuciear
cells (PBMCs) using a kit to deplete non-monocytic cells (for example from Miltenyt Biotec,
Awburmn, CA) or by posttive selection using anti-CD 14 magnetic beads as recommended by the
10 manutacturer {(Miltenyi Biotec). In another example, PBMCs are prepared by centrifugation
over a Ficoll-Pagque (Pharmacia, Uppsala, Sweden) density gradient and the monocyies
separated from lymphocvtes by counterflow centrifugation (for example using the J6-MC
chitriator system; Beckman Instruments, Palo Aklo, CA) or centrifugation on a continuous

Percoll (Pharmacia, Piscataway, NJ) density gradient.

I5 {00118} Simiarty, tymphocytes can be isolated from blood obtained from the
subject using methods known in the art. In one example, lymphocvtes are collected by
clutriation of the lymphocytes. B cells can also be depleted. In ancther example, PBMCs are
prepared by centrifugation over a Ficoll-Paque density gradient and the lvmphocytes separated

from monocyvies as described above.

20 {00119] In some examples, a monocyte/lymphocyie population (a leukocyte
pack or peripheral blood leukocytes (PBL)) is 1solated from a subject. PBLs can be obtamed
by incubation of citrated blood in a medium that tyses ervthrocytes, and removal of the lysed
cells, thereby generating a PBL population. In one example, blood is incubated i NH.Cl buffer
{0.15 M NH4CL 10 oM NaHCOs [pH 7.4]) for 5 mumutes at 4°C {this can be repeated three

25 umes), followed by a wash in Ca’-Mg’'-free phosphate-buffered saline (PBS-A)
supplemented with 0.035% (wt/vol) EDTA and centrifugation to remove the lysed
ervthrocytes. However, this method is exemplary, and other methods known to those of skill
mn the art can also be utilized. The resultant monocyte, lvmphocyie, or monocyte/tvmphocyte
product can be crvopreserved prior to use, using standard methods (for example vsing a

30 combination of Pentastarch and DMSO). In some examples, cells are cryopreserved in aliquots
of 5 to 200 x 10° cells/vial, such as 6-10 x 10° monocytes/vial, such as 30-200 x 10°

fymphocytes/vial, such as 10-50 x 10° PBL/vial. To qualify for cryopreservation, the cell
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culture ideally contains predominately monocyie, lymphocvie, or monocvie/lymphocyte cells
by flow cyvtometry. Sterility of the population need not be determuined at this stage of the target
antigen-specific T cells generation procedure; such a deternmunation can occur after the final

co-culiure of cells. Methods for obtamning other APC populations, such as dendritic and B

(]

tymphoblastoid cells, are known in the art. For example, the Blood Dendntic Cell Isolation Kit
1 {Miltenyi Biotec Inc., Aubum, CA) can be used to obtain dendritic cells from blood
according to the manufacturer's instructions or by culture from blood colls using the method of
Wong ef af., 2002, herein mcorporated by reference. B lymphoblastoid cells can be cultared
from peripheral blood, for example using the method of Tosato (Coligan ef @/, 1994, herein

10 meorporated by reference).

B. Expansion of Regulatory T Celis

00126} The expansion method for Tregs may comprise contacting the cells with

a T cell receptor (TCR) activator {e.g., anti-CD3 antibody), a TCR co-stimulator {e.g., anti-
CD28 antibody), -2, and an mTOR inhibitor {e.g., rapamycin}. The combination of the TCR

15 activator and TCR co-stimulator are referred to as TCR higation. The expansion culture mav be

for about 8-15 davs, such as about 10-14 days, such as 10, 11, 12, 13, or 14 days.

00121} The TCR co-stimulator may be an antibody or higand for CD28, CD137

{4-1BB), GITR, B7-172, CD3, IC0S, OX40 or CP40. The TCR activator and TCR c¢o-
stimulator may be immobilized to a solid phase. The antibodies may be provided at variable

20 councentration on the solid support {e.2., beads), such as at a ratio of about 1:10 to about 10:1
of CD28 antibody to TCR/CD3 antibody. More than one of the TCR/CD3 activators and/or

more than one of the TCR co-stimulators may be used in the present methods.

j003122] Rapamvycin 15 contacted with the cells prior to, simultangously with,

and/or subsequent to contact of the celis with the activators. Rapamycin is preferably present

25 throughout the Treg expansion. The rapamycin may be added in one or more steps. Thus, for
example, as described in the examples herein, isolated T cells may be stimulated with activators

{(CD3 antibodics and D28 antibodics) and rapamycin at the same time. In this method,
subsequent growth and passaging may be performed o the presence of rapamycin, but not the

activators.

30 {00123} Rapamvcin may be used at a concentration of from about 0.01 uM to

about 10 uM, such as about 0.5 pM to about 2 pM, or about 1 pM. Rapamyein 1s a protem
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kinase inhibitor with a molecular weight of 914.2, also referred to as Sirolimus, Rapamune,
AY-22989 RAPA and NSC-226080, available from Sigma, Calbio Chem, LC Labg ctc.
Rapamycin is avauable from a vancty of commercial sources, such as A.G. Scientific, Inc.
{San Diego, Calif., USA). In particular aspects, the rapamvcein is present m the culture at a
concentration of about 10 to 500 ng/ml, such as about 50 to 150 ng/mb., such as about 50, 75,

100, 125, or 150 ng/mb.,

{00124} The Treg expansion culture may comprise IL-2 at a concentration of
about 50 to 1000 1U/mL, such as about 100 to 250 TU/mL, 200 to 400 [U/ml., 300 to 400
TU/mL, 350 10 450 TU/mL, 400 to 600 1U/mL, 450 to 550 TU/mL, 500 to 750 TU/mL, or 700 to

1000 IU/mL.

{001 25] The expansion culture may comprise adenosine receptor {A2AR) or 1is
agonist, TNFR2 or tts agonist, and/or all-trans retinoic acid {ATRA) for further enhancement
of Treg expansion. The A2AR, TNFR2, or their agonists may be present in the culture at a
concentration of about 0.5 to 3 pg/ml, such as about 1.0 t0 3.0 pg/mL, 2.010 2.5 pg/ml, 2.2
to 2.8 ug/mb, 3.0 to 3.5 gg/mL, 3.5 to 4.0 ug/ml, or 4.0 to 5.0 pg/mL. The ATRA mav be
present in the culture at a concentration of about 1 to 30 nM, such as about 5 to 15 oM, 10 (o

20 nM, 1510 25 nM, 2010 30 nM, 30 10 40 nM, or 40 to0 50 nM.

{00126} Expanded Tregs, such as those expanded by the methods provided m the
present disclosure or by other methods known m the art, may be subjected to a selection step
for the solation of CD9 Tregs with suppressive activity. The selection of CD9" Tregs may be
performed by methods known m the art. For example, positive or negative selection may be
employed for the selection of CPDY9™ Tregs. Selection may comprise centrifugation, cell

clutnation, magnetic separation, adhesion, complement lysis or flow cytometry. In one method,

cell sorting, such as FACS or MACS, 15 used to 1solate CDO™ T cells or remove CD9 T cells,

[00127] The Tregs produced herein are able to suppress proliferation of
syngengic T cells in vire. Ata 1.1 ratio of the test T cells, with, for example, T cells prior o
expansion, mmmunosuppressive cells preferablv achieve at least 50, 60, 70, 80 or 90%

suppression of proliferation, i.¢. reduction in cell numbers relative to control.
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C. Genetically Engineered T Cells
[00128] The Tregs may be genctically engineered to express antigen receptors
such as engineered TCRs and/or chimeric antigen receptors (CARs). For example, the host

cells {e.g, autologous or allogeneic T-cells) are modified to express a T cell receptor (TCR)

(v

having antigenic specificity for a cancer antigen. Multiple CARs and/or TCRs, such as to
different antigens, may be added to the T cells.

{00129] Suitable methods of modification are known in the art. See, for instance,
Sambrook and Ausubel, supra. For example, the cells may be transduced to express a T cell
receptor { TCR) having antigenic specificity for a cancer antigen using transduction techniques

10 described m Heemskerk ef o/, 2008 and Johnson ef af., 2009.

001 30] Electroporation of RNA coding for the full length TCR ¢ and B {or v and

&y chains can be used as alternative to overcome long-term problems with autoreactivity caused

by pairing of retrovirally transduced and endogenous TCR chains. Even if such altemative
pairing takes place in the transient transfection strategy, the possibly generated autoreactive T

15 celis will lose this autoreactivity after some time, because the introduced TCR o and B chain
arc only transiently expressed. When the introduced TCR o and B chain expression is
diminished, only normal auwtologous T cells are left. This is not the case when full length TCR
chains are mtroduced by stable retroviral transduction, which will never lose the mtroduced

TCR chains, causing a constantly present autoreactivity in the patient.

20 {00131} In some embodiments, the cells comprise one or more nucleic acids
mtroduced via genetic engincering that encode one or more antigen receptors, and genetically
enginecred products of such nucleic acids. In some embodiments, the nucleic acids are
heterologous, i.e., normally not present m a cell or sample obtained from the cell, such as one

obtained from another organism or cell, which for example, 1s not ordimanily found in the cell

[
L

being engineered and/or an organism from which such cell 15 derived. In some embodiments,
the nucleic acids are not naturallv occurmng, such as a nucleic acid not tound in nature {e.g.,

chimeric).

[00132] In some embodiments, the CAR contains an extracellular antigen-
recognition domain that specifically binds to an antigen. In some embodiments, the antigen is
30 aproteimn expressed on the surface of cells. In some cmbodiments, the CAR 1s a TCR-like CAR

and the antigen is a processed peptide antigen, such as a peptide antigen of an intracellular
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protein, which, like a TCR, is recognized on the cell surface 1n the context of a major

histocompatibility complex (MHC) molecule.

00133} Exemplary antigen receptors, including CARs and recombinant TCRs,
as well as methods for engineering and introducing the receptors into cells, include those
desenibed, for cxample, i infernational patent application publication vumbers
WO2Z00014257, WO2013126726, W02012/129514, WO2014031687, WO2013/166321,
WOZ013/071154, WO2013/123061  U.S. patent application  publication  numbers
US2002131960, US2013287748, US20130149337, U.S. Patent Nos.: 6,451,995, 7,446,190,
8,252,592, 8.339,645, 8,398,282, 7,446,179, 6,410,319, 7.070,995, 7,265,209, 7,354,762,
7,446,191, 8,324,353, and 8,479,118, and European patent application number EP2537416,
and/or those described by Sadelain ef ol Cancer Discov. 2013, 3{4): 388-39%; Davila er af.
(2013} PLoS ONE 8(4): ¢61338; Turtle et af., Curr. Opin. fmmurnol., 2012; 24(5): 633-39; Wu
et al., Cancer, 2012, 18(2): 160-75. In some aspects, the genctically enginecred antigen
receptors include a CAR as described m ULS. Patent No.: 7,446,190, and those described n

International Patent Application Publication No. W(/2014035668 Al

2. Chimeric Antigen Recepiors

431 34 In some embodiments, the chimeric antigen receptor comprises: a) an
mtracellnlar signaling domain, b} a transmembrane domain, and ¢} an extracellular domain

comprising an antigen binding region.

{001 35] In some embodiments, the enginecred antigen receptors include CARs,
mcluding activating or stimulatory CARs, costimulatory CARs (see W(02014/055668), and/or
mhibitory CARs (CARs, see Fedorov er al, 2013). The CARs generally include an
extraceliular antigen {or ligand} binding domain linked to one or more intracellolar signaling
components, in some aspects via linkers and/or transmembrane domaind{s). Such molecules
typically mimic or approximate a signal through a natural antigen receptor, a signal through
such a receptor in combmation with a costimulatory veceptor, and/or a signal through a

costimulatory receptor alone.

001 36] Certain embodiments of the present disclosure concern the use of
nucleic acids, including nucleic acids encoding an antigen-specific chimeric antigen receptor
{CAR) polvpeptide, mmcluding a CAR that has been humanized to reduce mumunogenicity

(hCAR), comprising an intraccllular signaling domaimn, a transmembrane domain, and an
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extraccthilar domain comprising one or more signaling motifs. In certain embodiments, the
CAR may recognize an epitope comprising the shared space between one or more antigens. fn
certain crobodiments, the binding region can comprise complementary determining regions of

a monoclonal antibody, vanable regions of a monoclonal antibody, and/or antigen binding

(]

fragments thereof. In another embodiment, that specificity is denived from a peptide {e.g.,

cytokine) that binds to a receptor.

{60137] It is conternplated that the human CAR nucleic acids may be human
genes used to enhance celiular immunotherapy for human patients. In a specific ecmbodiment,
the mvention includes a full-length CAR ¢DNA or coding region. The antigen binding regions
10 or domaim can comprise a fragment of the Vu and Vi chains of a single-chain variable fragment

{scFv) derived from a particular human monoclonal antibody, such as those described 10 U S,
Patent 7,109,304, incorporated herein by reference. The fragment can also be any number of
different antigen binding domains of a human antigen-specific antibody. In a more specific
embodiment, the fragment 1s an antigen-specific scFv encoded by a sequence that is optimized

15 for buman codon usage for expression i human cells.

{00138] The arrangement could be multimeric, such as a diabody or sultimers.

The suitimers are most likely formed by cross pairing of the variable portion of the light and
heavy chams mto a diabody. The hinge portion of the construct can have multiple altermatives

from being totally deleted, to having the first cysieine maintained, to a proline rather than a

20 scune substitution, to being truncated up to the first cysteine. The Fe portion can be deleted.
Anv protem that is stable and/or dimerizes can serve this purpose. One could use just one of

the Fo domains, ¢. 2., either the CH2 or CH3 domain from human immunoglobulin, One could

also use the hinge, CH2 and CH3 region of a human immunoglobulin that has been modified

to tmprove dimenization. One could also use just the hinge portion of an immunoglobulin. One

25 could also use portions of CD8alpha.

{43139 In some embodiments, the CAR nucleic acid comprises a sequence
encoding other costimnidatory receptors, such as a transmembrane domain and a modified CD28
mitracellnlar signaling domain. Other costimulatory receptors include. but are not himited to
one or more of CD28, CD27, 0X-40 (CD134), DAPIO, and 4-1BB (CD137). Inadditionto a

30 primary signal initiated by CD3C, an additional signal provided by a heman costimulatory
receptor inserted 1 a human CAR 1s mmportant for full activation of NK cells and could help

mprove in vive persistence and the therapeutic success of the adoptive immunotherapy.
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{00140} In some embodiments, CAR is constructed with a specificity for a
particelar antigen {or marker or ligand}, such as an antigen expressed in a particular cell type
to be targeted by adoptive therapy, e.g., a cancer marker, and/or an antigen ttended to induce

a dampening response, such as an antigen expressed on a normal or non-diseased cell type.

(]

Thus, the CAR typically includes in its extracellolar portion one or more antigen binding
molecules, such as ong or more antigen-binding fragment, domain, or portion, or one or more
antibody vanable domains, and/or antibodv molecules. in some embodiments, the CAR
mehides an antigen-binding portion or portions of an antibody molecule, such as a single-chain
antibody fragment (scFv) derived from the variable heavy (VH) and vanable light (VL) chains

10 of a monoclonal antibody (mAb).

{00141} In certain embodiments of the chimeric antigen receptor, the antigen-
specific portion of the receptor (which may be referred to as an extraceliular domain comprising
an antigen binding region) comprises a tumor associated antigen or a pathogen-~-specific antigen
binding domain. Antigens include carbohydrate antigens recognized by pattern-rocognttion

15 receptors, such as Dectin-1. A tumor associated antigen may be of any kind so long as it is
expressed on the cell surface of tumor cells. Exemplary embodiments of tumor associated
antigens include CD19, CI¥20, carcinoembryonic antigen, alphafetoprotein, CA-125, MUC-1,
Ch56, EGFR, ¢-Met, AKT, Her2, Her3, epithehial tumor antigen, melanoma-associated
antigen, mutated p53, mutated ras, and so forth. In certain cmbodiments, the CAR may be co-

20 expressed with a cviokine to improve persistence when there is a low amount of tamor-

associated antigen. For example, CAR may be co-expressed with HL-15,

[00142] The sequence of the open reading frame encoding the chimeric receptor
can be obtained from a genomic BNA source, a cDNA source, or can be synthesized {e. g, via
PCR), or combinations thereof. Depending upon the size of the genomic DNA and the number

25 ofintrons, it may be desirable to use cDNA or a combination thereof as 1t is found that introns
stabilize the mRNA_ Alse, it may be further advantagecus o use endogenous or exogenous

non-coding regions to stabilize the mRNA.

[00143] It is contemplated that the chimeric construct can be miroduced indo
mmmune colis as naked DNA or in a suitable vector. Methods of stably transfecting cells by
30 electroporation using naked DNA are known in the art. See, e.g., U.S. Patent No. 6,410,319,

Naked DNA generally refers to the DNA encoding a chimeric receptor contained n a plasnud

expression vector in proper ornientation for expression.

(5]
(7S]
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[00144] Alternatively, a viral vector (e.g., a retroviral vector, adenoviral vector,
adenc-associated viral vector, or lentiviral vector) can be used to introduce the chimeric
construct info immune cells. Suitable vectors for use in accordance with the method of the

present disclosure are non-replicating in the wmune cells. A large number of vectors arc

(]

known that are based on viruses, where the copy mumber of the virus maintained n the cell is
low enough to maintain the viability of the cell, such as, for example, vectors based on HIV,

SY40, EBY., HSV, or BPV.

{00145] In some aspects, the antigen-specific binding, or recognition component

is linked to one or more transmembrane and miracellular signaling domains. In some

10 embodiments, the CAR includes a transmembrane domain fused o the extracellular domain of
the CAR. In one embodiment, the transmembrane domain that natarally is associated with one

of the domains in the CAR is used. In some instances, the transmembrane domain is selected

or modified by amino acid substitution to avoid bmding of such domains to the transmembrane
domains of the same or different sarface membrane proteins to minmimize interactions with other

15 members of the receptor complex.

{001 406] The transmembrane domain o some embodiments is derived cither from

a natural or from a synthetic source. Where the source is natural, the domain in some aspects

is derived from any membrane-bound or transmembrane protein. Transmembrane regions
mclude those derived from (e, comprise at least the transmembrane regionds) of} the alpha,

20 beta or zeta chain of the T- cell receptor, CD28, CD3 zeta, D3 epsilon, D3 gamma, CD3
delta, CD435, CD4, CD3, CDE, CD9, CD 16, CD22, CD33, CD37, €4, CD80, CDxgs, Ch

134, D137, D154, ICOS/CD278, GITR/CD357, NKG2B, and DAP molecules.
Alternatively the transmembrane domain in some embodiments is synthetic. In some aspecis,

the synthetic transmembrane domain comprises predominantly hydrophobic residues such as

25 leucine and valine. In some aspects, a triplet of phenvialanine, trypiophan and valine will be

found at each end of a synthetic transmembrane domain,

[00147] In certain embodiments, the platform technologics disclosed herein to
genctically modify immmune cells comprise (i) non-viral gene transfer using an electroporation
device {e.g., a nucleofector), (i) CARs that signal through endodomains {(e.g., CD28/CD3-{,

30 CDI137/CD3-L, or other combinations), (111} CARs with vanable lengths of extracellular

domains connecting the antigen-recognition domain to the cell surface, and, in some cases, {(iv)
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artificial antigen presenting cells (@APC) dertved from K362 to be able to robustly and

pumerically expand CAR™ immune cells.

3. T Cell Receptor (TCR)

{00148] In some cmbodiments, the genctically engineered antigen receptors
melude recombinant T cell receptors (TCKs) and/or TCRs cloned from naturally occurring T
cells. A "T cell receptor” or "TCR” refers to a molecule that contains a vanable a and B chaing
{also known as TCRg and TCRB, respectively) or a variable v and § chains {also known as
TCRy and TCRY, respectively) and that is capable of specifically binding to an antigen peptide

bound to a MHC receptor. In some embodiments, the TCR 18 in the off form.

00149} Typically, TCRs that exist in off and v8 forms are generally structurally
similar, but T cells expressing them may have distinet anatomical locations or functions. A
TCR can be found on the surface of a cell or m soluble form. Generally, a TCR is found on the
surface of T cells (or T Ivmphocyvies) where it is generallv responsible for recognizing antigens
bound to major histocompatibility complex (MHC) molecules. In some embodiments, a TCR
also can contain a constant domain, a transmembrane domain and/or a short cytoplasmic tail
{sce, e.g., Jancway er al, 1997). For cxample, in some aspects, cach chain of the TCR can
possess one N-termmal immunoglobulim vaniable domain, one immunoglobulin constant
domain, a transmembrane region, and a short cvioplasmic tail at the C- termmal end. In some
embodiments, a TCR is associated with invariant proteins of the €D3 complex imvolved in

mediating signal transduction.

{00150} Thus, for purposes herein, reference to a TCR includes any TCR or
functional fragment, such as an antigen-binding portion of a TCR that binds to a specific
antigenic peptide bound m an MHC molecule, 7 e. MHC-peptide complex. An "antigen-binding
portion" or antigen- binding fragment” of a TCR, which can be used interchangeably, refers to
a molecule that contains a portion of the structural domains of a TCR, but that binds the antigen
{e.g. MHC-peptide complex} to which the full TCR binds. In some cases, an antigen-binding
portion contains the variable domains of a TCR, such as variable a chain and vanable 8 chain
of a TCR, sufficient to form a binding site for binding to a specific MHC-peptide complex,

such as generally where cach chain contains three complementarity determining regions.

{00151} In some embodiments, the variable domains of the TCR chains associate

to form loops, or complementanty determuning regions {CDRs)  analogous to

2
W
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mnmunoglobuling, which confer antigen recognition and deternmine peptide specificity by
forming the binding site of the TCR molecule and determing peptide specificity. Typically, like
mmmunoglobuling, the CDRs are separated by framework regions (FRs) (Letranc er af., 2003).

In some embodiments, CDR3 15 the main CDR responsible for recognizing processed antigen,

(]

although CDRI1 of the alpha chain has also been shown to mteract with the N-terminal part of
the antigenic peptide, whercas CDR1 of the beta chain interacts with the C-terminal part of the
peptide. CDIR2 is thought to recognize the MHC molecule. In some embodiments, the variable

region of the P-chain can contain a further hypervariability (HV4) region.

00152} In some embodiments, the TCR chains contain a constant domain. For

10 example, like immunoglobuling, the extracellular portion of TCR chains (e. g, a-chain, B-cham)
can contain two immunoglobulin domains, a vanable domain {e.g., Vs or Vp; typically amino

acids I to 116 based on Kabat numbering Kabat er /., "Sequences of Proteins of
Immunological Interest, US Diept. Health and Human Services, Public Health Service National
Institutes of Health, 1991, 5% ed ) at the N-terminus, and one constant domain {e.g., a-chain

15 constant domain or C,, typically amino acids 117 to 239 based on Kabat, B-chain constant
domain or Cp, typically amino acids 117 to 295 based on Kabat) adjacent to the cell membrane.

For example, i some cases, the extracellular portion of the TCR formed by the two chains
contains two membrang-proximal constant domains, and two membrane-distal variable
domains containing CDRs. The constant domain of the TCR domain contains short connecting

20 seguences in which a cvsteine residue forms a disulfide bond, making a hink between the two
chains. In some embodiments, a TCR may have an additional cysieing residue in each of the ¢

and P chains such that the TCR contains two disulfide bonds in the constant domains.

LU ER] In some embodiments, the TCR chains can contam a transmembrane

domain. In some embodiments, the transmembrane domain is positively charged. In some

25 cases, the TCR chams contains a cvtoplasmic tail. In some cases, the structure allows the TCR
to associate with other molecules like CD3. For example, a TCR contaming constant domains

with a transmembrane region can anchor the protein in the cell membrane and associate with

mvariant subunits of the CD3 signaling apparatus or complex.

[00154] Generally, CD3 is a multi-protem complex that can possess three
30 distinct chains {y, , and &) in mammals and the (-chain. For example, in mammals the complex
can contain a CD3y chain, a D38 chain, two CD3e chains, and a homodimer of CB3{ chains.

The CD3y, CD36, and CD3e chains are highly related cell surface proteins of the
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mnmunoglobulin superfamuly  containing a  single  immunoglobulin  domam.  The
transmembrane regions of the CD3y, CD35, and CH3s chains are negatively charged, which is
a characteristic that allows these chaing to associate with the positively charged T cell receptor
chains. The mtraceliular tails of the CD3y, CD38, and CD3s chains cach contain a single
conserved motif known as an immunoreceptor tyrosine -based activation motif or TAM,
whereas each CD3( chain has three. Generally, ITAMs are mvolved in the signaling capacity
of the TCR complex. These accessory molecules have negatively charged transmembrane
regions and playv a role in propagating the signal from the TCR into the cell. The {D3- and (-

chains, together with the TCR, form what is known as the T cell receptor complex.

{00155] In some embodiments, the TCR mayv be a heterodimer of two chains ¢
and P (or optionally vy and 8) or 1t may be a single chain TCR construct. In some embodiments,
the TCR is a heterodimer containing two separate chains (o and P chains or v and & chains} that
are linked, such as by a disulfide bond or disulfide bonds. In some embodiments, a TCR for a
target antigen {e.g., a cancer antigen) is identified and miroduced mto the cells. In some
embodiments, nucleic acid encoding the TCR can be obtained from a varniety of sources, such
as by polvmerase chain reaction (PCR) amplification of publicly available TCR DNA
sequences. In some embodiments, the TCR is obtained from a biclogical source, such as from
cells such as from a T cell {e.g. cytotoxic T cell), T-cell hybridomas or other publicly available
source. In some embodiments, the T-cells can be obtained from in viveo 1solated celis. In some
embodiments, a high-affinity T cell ¢lone can be isolated from a patient, and the TCR isolated.
In some cmbodiments, the T- cells can be a cultured T-cell hyvbridoma or clone. In some
embodiments, the TCR clone for a target antigen has been generated in transgenic mice
engineered with luman immme system genes {e.g., the homan leukocyte antigen svstem, or
HLA). See, e.g., tumor antigens (see, e.g., Parkhurst ef al, 2009; Cohen ef o/, 2005}, In some
embodiments, phage display is used to isolate TCRs against a target antigen (see, e.g., Varcla-
Rohena ef of, 2008, Li, 20053, In some embodiments, the TCR or antigen-binding portion

thereof can be synthetically generated from knowledge of the sequence of the TCR.

4. Suwicide Genes
{00156] The CAR and/or TCR ofthe T celis of the present disclosure may comprise
one or more suicide genes. The term “suicide gene” as used herein 1s defined as a gene which
may be used to selectively target cells for killing. For example, as suicide gens may, upon

administration of a prodoug, effect transition of a gene product to a compound which kifls its
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host cell. Examples of suicide gene/prodrug combinations which may be used are Herpes
Simplex  Virus-thymidine kinase {(HSV-tky and ganciclovir, acvelovir, or FIAU;
oxidoreductase and cvcloheximide; cyvtosine deaminase and S-fluorocyiosing; thymidine
kinase thyvoudilate kinase (Tdk::Tmk) and AZT, and deoxyveviidine kinase and cviosine

arabinoside.

(]

{00157  The . coli punne nucleoside phosphorylase, a so-called stncide gene which
converts the prodrug 6-methyvipunne deoxyriboside to toxic purine 6-methylpurine. Other
cxamples of suicide genes used with prodrug therapy are the £, coli cviosing deaminase gene

and the HSV thymidine kinase gene.

16 {00158} Exemplary suicide genes include CD20, CD32, EGFRV3, or inducible
caspase 9. In one embodiment, a truncated version of EGFR vanant [T (EGFRv3) may be used
as a suicide antigen which can be ablated by Cetuximab. Further suicide genes known in the
art that may be used in the present disclosure include Punne nucleoside phosphoryiase (PNP),
Cytochrome p430 enzymes (CYP), Carboxvpeptidases (CP), Carboxyvlesterase (CE),

15 MNitroreductase (NTR), Guanine Ribosyltransferase (XGRTP), Glycosidase enzymes,

Methionine-a.y-lvase (MET), and Thvmidine phosphorylase (TP}

5. Modification of Gene Expression

{00159] In some embodiments, the cells of the present disclosure are modified

to have altered expression of certain genes such as glucocorticoid receptor, TGFB receptor (e.g.,

20 TGFB-RIY, and/or CISH. In one embodiment, the cells may be modified to express a domunant

negative TGFR receptor {1 (TGFPRIIDNY which can function as a eytokine sink to deplete
endogenous TGFR.

{30160} In some embodiments, the altered gene expression is carried out by

effecting a disruption n the gene, such as a knock-out, msertion, nussense or frameshift

o
[

mutation, such as biallelic frameshift mutation, deletion of all or part of the gene, e.g., one or
more exon or portion therefore, and/or knock-in. For example, the altered gene expression can
be cffected by sequence-specific or targeted nucleases, mcluding DNA-binding targeted
nucleases such as zinc finger nucleases (ZFN) and transcription activator-hike effector
nucleases {TALENs), and RNA-goided nucleases such as a CRESPR-associated nuclease (Cas),

30 specifically designed to be targeted to the sequence of the genc or a portion thereof,
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{00161} Exemplary gRNA sequences for CRISPR-Cas mediated knockdown of
NR3CS {glucocorticoid receptor) include Ex3 NR3CI sG1 5-TGC TGT TGA GGA GCT
GGA-3 (SEQ ID NO:3) and Ex3 NR3C1 sG2 5-AGC ACA CCA GGC AGA GTT-3(SEQ ID
NG:4). Exemplary gBRNA sequences tor TGF-beta receptor 2 include EX3 TGFBR2 sG1 S-
CGG CTG AGG AGC GGA AGA-3 (SEQ 1D NO:5) and EX3 TGFBR2 G2 S-TGG-AGG-
TGA-GCA-ATC-CCC-3 (SEQ 1D NO:6). The T7 promoter, target sequence, and overlap
sequence may have the sequence TTAATACGACTCACTATAGG (SEQ D NG!T) + target
sequence + gttitagagctagaaatage {SEQ 1D NO:§).

iv. Methods of Use

[00162] Certain embodiuments of the present disclosure concern methods for the
use of the Breg and/or Treg populations provided herein for treating or preventing an
mflammatory or immane-mediated disorder. The method includes administering to the subject
a therapeuticallv effective amount of the Bregs and/or Tregs, therchy treating or preventing the

mflammatory or immune-mediated disorder in the subject.

[00163] The Tregs and/or Bregs gencrated according to the present methods have
many potential uses, including experimental and therapeutic uses. In particular, it 13 envisaged
that such cell populations will be extremely usefid in suppressing undesirable or mappropriate
immune responses. In such methods, a small number of T cells and/or Beells are removed from
a patient and then manipulated and expanded ex vivo before remfusing them into the patient.
Examples of diseases which may be treated in this way are autoimmune diseases and conditions
m which suppressed immune activity is desirable, e.g., for allo-transplantation tolcrance. A
therapeutic method could comprise providing a mammal, obtaining T cclis and/or B cells from
the mammal; expanding the T cells and/or B cells ex vivo in accordance with the methods of
the present methods as described above; and admimstering the expanded T regs and/or Bregs

to the mammal to be treated.

[00164] In one embodiment, a subject suffering from an autcimmung disease or
an nflamomatory discase (e.g., associated with diminished levels of {L.-10} s administered a
population of T regs and/or Bregs. In one aspect of this embodiment, the B cell and/or T cell
population 1 1solated from the patient themselves, 7e., the subject is the donor. In another
aspect of this embodiment, the B cell and/or T cell population is isclated from a donor that is

not the subject. In an aspect of this embodiment, the B cell and/or T cell population is pooled
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from several donors, such as from the cord blood of several donors. According to this
embodiment, administration of aregulatory B cell population to a subject in need thereof results
i an increased level of TL-10 production inthe patient sufficient to control, reduce, or eliminate

sympioms of the disease being treated.

5 [00165] In some embodiments, the Treg and/or Breg populationg is contacted
with an antigen specific to a disorder, such as an autoimmune disorder, prior to introducing
them to a subject. For example. the regulatory cells may be exposed to an autoantigen such as

msufin or GAD-65 prior to administration 1o a subject to prevent or treat diabetes.

{00166] In one embodiment, the subject has an autoimmune disgase. Non-

10 hmiting examples of autoimmune discases include: alopecia arcata, ankvlosing spondviitis,
antiphospholipid syndrome, autoimmune Addison's disease, autommune discases of the
adrenal gland, astoimmune hemolytic anemia, autoimmaune hepatitis, avtoimmune cophoritis

and orchitis, autoimmune thrombocytopenia, Beheet's discase, bullous pemphigoid,
cardiomvopathy, celiac spate-dermatitis, chromic fatigue immune dyvsfunction syndrome

15 (CFIDS), chronic inflammatory demyelimating polyneuropathy, Churg-Strauss syndrome,
cicatrical pemphigoid, CREST syndrome, cold agglutinin disease, Crohn's disease, discoid
fupus, essential nuxed crvoglobulinemia, fibromyalgia-fibromyositis, glomerulonephritis,
Graves' disease, Gullam-Barre, Hashimoto's thyroiditis, wdiopathic pulmonary fibrosis,
iiopathic thrombocviopenta purpura (ITP}, IgA neuropathy, puvenile arthritis, bichen planus,

20 lupus erthematosus, Meniere's disease, mixed connective tissue disease, multiple sclerosis, type
1 or immune-mediated diabetes mellitus, myasthema gravis, nephrotic syndrome (such as
mimimal change discase, focal glomenilosclerosis, or mebrancus nephropathy}, pemphigus
vulgaris, pernicious anemia, polyarteritis nodosa, polychondritis, polyglandolar syndromes,
polymyalgia rheumatica, polvmvositis and dermatomyositis, primary agammaglobulinemia,

25 primary biliary cirthosis, psoriasis, psonatic arthritis, Raynaud's phenomenon, Reiter's
syndrome, Rheumatoid arthritis, sarcoidosis, scleroderma, Sjogren's syndrome, stiff-man
syndrome, systemic lupus erythematosus, hupus ervthematosus, ulcerative colitis, uveitis,
vasculitides {(such as polvarteritis nodosa, fakavasu arteritis, temporal arterifis/giant cell
arteritis, or dermatitis herpetiformis vasculitis), vitiligo, and Wegener's granulomatosis. Thus,

30 some examples of an autoimmune discase that can be treated using the methods disclosed
herein mclude, but arc not limited to, multiple sclerosis, rtheumatoid arthritis, systemic lupus

ervthematosis, tvpe 1 diabetes mellitus, Crohn's disease; ulcerative colitis, mvasthenia gravis,
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glomervlonephritis, ankylosing spondylitis, vasculitis, or psoniasis. The subject can also have

an allergic disorder such as Asthma.

[00167] In vet another embodiment, the subject is the recipient of a transplanted

organ or stem cells and expanded regulatory cells (e.g., Tregs and/or Bregs) are used to prevent

5 and/or treat rejection. In particular embodiments, the subject has or is at tisk of developing
graft versus host disease. GYHD 15 a possible complication of any transplant that uses or
contains stem cells from either a related or an unrelated donor. There are two kinds of GVHD,

acute and cluonic. Acute GVHID appears within the first three months followmg
transplantation. Signs of acute GVHD include a reddish skin rash on the hands and feet that

10 may spread and become more severe, with peeling or blistering skin. Acute GVHD can also
affect the stomach and intestines, in which case cramping, nausea, and diarrhea are present.
Yellowing of the skin and eves (Jaundice) indicates that acute GVHID has affected the liver,
Chronic GVHD is ranked based on its severity: stage/grade 1 1s mild; stage/grade 4 13 severe.
Chronic GVHD develops three months or later following transplantation. The symptoms of

15 chronic GYHD arc similar to those of acute GYHD, but in addition, chronic GYHD may also
affect the mucous glands in the eyes, salivary glands in the mouth, and glands that lubnicate the
stomach hining and intestines. Any of the populations of regulatory B cells disclosed herein can

be utilized. Hxamples of a transplanted organ include a solid organ transplant, such as kidney,

liver, skin, pancreas, lung and/or heart, or a cellular transplant such as islets, hepatocvtes,

20 myoblasts, bone marrow, or hematopoictic or other stem cells. The transplant can be a
composite transplant, such as tissues of the face. Regulatory B cells, sach as
immunosuppressive CD19" cells, can be administered prior to transplantation, concurrently

with transplantation, or following transplantation. In some embodiments, the regulatory B cells

are administered prior to the transplant, such as at least 1 hour, at least 12 hours, at least 1 day,

25 atleast 2 davs, at least 3 days, at least 4 days, at least 5 days, at feast 6 days, at feast 1 week, at
least 2 wecks, at least 3 weeks, at least 4 weeks, or at least T month prior to the transplant. In

one speeific, non-himiting example, adnunistration of the therapeutically effective amount of

regulatory B cells occars 3-5 days prior to transplantation.

[00168] A regulatory cell subset admimistered to a patient that 1S receiving a
30 wansplant can be sensitized with antigens specific to the transplanted material prior 1o
administration. According to this embodiment, the transplant recipient will have a decreased

mmune/inflammatory response to the transplanted matenal and, as such, the likelihood of

41
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rejection of the transplanted tissoe 1s mmmized. Similarly, with regard to the treatment of graft
versus host disease, the regulatory cell subset can be sensitized with antigens specific to the
host. According to this embodiment, the recipient will have a decreased immune/nflammatory

response to self-antigens.

3 [00169] In a further embodiment, administration of a therapeutically effective
amount of regulatory cells (e g, Tregs and/or Bregs) to a subject treats or inhibits inflammation

i the subject. Thus, the method includes administering a therapeutically effective amount of
regulatory cells to the subject to nhibit the mflanvmatory process. Exampies of mflammatory
disorders mclude, but are not limited 1o, asthma, encephalitis, inflammmatory bowel disease,

10 chronic obstructive pulmonary disease (COPD), allergic disorders, septic shock, pulmonary
fibrosis, undifferentiated spondyloarthropathy, andifferentiated  arthropathy,  arthris,
mflanunatory osteolysis, and chronic inflammation resulting from chronic viral or bacterial

mfections. The methods disclosed herein can also be used to treat allergic disorders.

{00176} Administration  of regulatory cells can be utilized whenever

15 immunosuppression or imhibttion of inflammation is desired, for example, at the first sign or
symptoms of a disease or inflammation. These may be general, such as pain, edema, elevated
temperature, or may be specific signs or symptoms related to dystunction of aftfected organds).

For example in renal transplant rejection there may be an elevated serum creatinine level,
whereas in GVHD, there may be a rash, and 10 asthma, there may be shortness of breath and

20 wheezing.

{00171 Adwministration of regulatory cells can alsc be utilized to prevent
mmmune-mediated discase in a subject of imterest. For example, regulatory cells can be
adnunistered to a subject that will be a transplant recipient prior to the transplantation. In

another example, regulatory cells are administered to a subject receiving allogeneic bone

N
(4

marrow transplants without T cell depletion. In a further example, regulatory cells can be
administered to a subject with a family history of diabetes. In other example, regulatory cells
are administered to a subject with asthma in order to prevent an asthma attack. In some
embodiments, a therapeutically effective amount of regulatory cells {5 administered to the
subject in advance of a symptom. The admimstration of the regulatory cells results in decreased
30 madence or severity of subsequent mmmunological event or sympiom (such as an asthma
attack}, or mmproved patient survival, compared to patients who received other therapy not

mehuding regulatory cells,

42
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{00172] The effectiveness of treatment can be measured by many methods

known to those of skall in the art. In one embodiment, a white blood cell count (WBC) is used
to determine the responsiveness of a subject's immune svstem. A WBC measures the number

of white blood cells in a subject. Using methods well known in the art, the white blood cells in

(]

a subject's blood sample are separated from other blood cells and counted. Normal values of
white blood cells are about 4,500 to about 10,000 white blood cells/id. Lower numbers of white

blood cells can be mdicative of a state of immunosuppression in the subject.

{00173 In another embodiment, immunosuppression i a subject may be

determined using a T-lymphocyie count. Using methods well known in the art, the white blood

10 ¢elis in a subject's blood sample are separated from other blood cells. T-lymphocytes are
differentiated from other white blood cells using standard methods in the art, such as, for
example, immunofiuorescence or FAUS. Reduced numbers of T-cells, or a specitic population

of T-celis can be used as a measurement of immunosuppression. A reduction in the number of
T-cells, or in a specific population of T-cells, compared to the number of T-cells (or the number

15 of cells in the specific population} prior to treatment can be used to indicatc that

mmunosuppression has been mduced.

{00174} In additional cmbodiments, tests to measure T cell activation,
profiferation, or cytokine responses including those to specific antigens are performed. In some
examples, the number of Treg or Breg cells can be measured in a sample from a subject. In

20 additional examples, cytokines arc measured in a sample, from a subject, such as 1L-10.

{00175] In other examples, to assess inflammation, neutrophi! infiltration at the
site of inflammation can be measured. In order to assess neutrophil nfiliration
mveloperoxidase activity can be measured. Myeloperoxidase is a hemoprotein present in

azurophilic granules of polyvmorphomuclear leukocyies and monocytes. It catalyzes the

N
(4

oxidation of halide ions to their respective hypohalous acids, which are used for microbial
killing by phagocyvtic cells. Thus, a decrease in myeloperoxidase activity in a fissue retlects

decreased neutrophil nfiltration, and can serve as a measure of mhibition of mflammation.

{00176} In another example, effective treatment of a subject can be assayed by
measuring cviokine levels in the subject. Cyiokine levels in body fluids or cell samples are
30 determined by conventional methods. For example, an immunospot assay, such as the enzyme-

linked tmmunospot or “ELISPOT” assay, can be used. The mumunospot assay 1s a highly

.
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sensitive and quantitative assay for detecting cytokine secretion at the simgle cell level
Immunospot methods and applications are well known in the art and are described, for
cxample, in EP 937359, Varations of the standard mmunospot assay are well known in the
art and can be used to detect alterations n cyiokine production in the methods of the disclosure

(see, for example, U.S. Patent No. 5,939 281 and U5, Patent No. 6,218,132}

(]

{00177} In another embodiment, administration of a therapeutically effective
amount of stimulated regulatory B cells to a subject induces the production or activity of
regulatory T cells, such as CD47CD25" of CD4-+Foxp3+ suppressive T cells. In further
embodiments, administration of a therapeutically etfective amount of stimulated regulatory B

10 cells decreases the proliferation of D47 and/or CDE™ T cells. In further embodiments,
administration of a therapeutically effective amount of stimulated regulatory B cells reduces
production of antibodics produced by the subject's non-regulatory B cells that are involved in
the mmune-mediated discase. In further embodiments, regulatory B cells may inhibit mflux of
mflammatory cells or damage mediated by imate immune cclls. Thus, all of these cell types

15 can be measured. In a further embodiment, cytokine production can be measured.

{00178] Suppression of proliferation ¢can be evaluated using many methods well
known in the art. In onc embodiment, cell proliferation is quantified by measuring [*H}-
thvmidine mcorporation. Proliferating cells mcorporate the labeled DNA precursor into newly
synthesized DNA, such that the amount of incorporation, measured by liquid scintilation

20 counting, is a relative measure of ccllular proliferation. In another embodiment, ccli
proliteration 1s quantified using the thynudine analogue S-bromo-2'-deoxyuridine (BrdU) in a
proliferation assay. BrdU is incorporated into ccllular DNA i a mamer similar to thymidine,

and is guantified using anti-BrdU mAbs by flow cyvtometry.

{00179] Therapeutically effective amounts of regulatory B cells can be

N
(4

administered by a mumber of rouies, including parenteral adwunistration, for example,

miravenous, intraperitoneal, intramuscular, ntrasternal, or intraarticular injection, or infusion.

{00180} The therapeutically effective amount of regulatory cells for use m
mducing immunosuppression or freating or inhibiting inflanymation 1s that amount that
achieves a desired effect in a subject being treated. For instance, this can be the amount of

30 regulatory cells necessary to nhibit advancement, or to cause regression of an autoimumine of

alloimmune discase, or which is capable of relieving symptoms caused by an autoimmune
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disease, such as pain and mflammation. It can be the amount necessary to relieve symptoms
associated with wflammation, such as pain, edema and clevated temperature. It can also be the

amount necessary to diminish or prevent rejection of a transplanted organ.

{00181} The regulatory cell population can be administered in treatment

5 regimens consistent with the disease, for example a single or a fow doses over one fo several
davs to amcliorate a discase state or periodic doses over an extended time to inhibit discase
progression and prevent disease recurrence. The precise dose to be employed in the formulation

will also depend on the route of administration, and the sericusness of the disease or disorder,

and should be decided according to the judgment of the practitioner and cach patient's

10 circumstances. The therapeutically effective amount of regulatory cells will be dependent on
the subject being treated, the severity and type of the affliction, and the manner of
adounistration. In some embodiuments, doses that could be used 1n the treatment of human
subjects range from at least 3.8x10% atJeast 3.8x10°, at least 3.8x10°, at least 3 810, at least
3.8x10%, atleast 3.8 10°, or at least 3.8x10Y regulatory cells/m’. In a certain embodiment, the

15 dose used m the treatment of human subjects ranges from about 3.8x10” to about 3.8<101°
regulatory  cells/m®. In additional embodiments, a therapeutically effective amount of
regulatory cells can vary from about 5x 108 cells per kg body weight to about 7.5210% cells per

kg body weight. such as about 2x107 cells to about 5x10° cells per kg body weight, or about

5% 107 cells to about 2x10% cells per kg body weight. The exact amount of regulatory cells is

20 readily determined by one of skill in the art based on the age, weight, sex, and physiological
condition of the subject. Effective doses can be extrapolated from dose-response curves derived

from i vitro or amimal mode! test sysiems,

{00182} The expanded regulatory T and/or B cells may be administered in

combination with onc or more other therapeutic agenis for the treatment of the imnmunc-

25 mediated disorder. Combination therapies can include, but are not limited to, one or more anti-
microbial agents {for example, antibiotics, anti-viral agents and anti-fungal agents), anti-tumor
agents {for example, fluorouracil, methotrexate, paclitaxel, fludarabine, ¢toposide,
doxorubicin, or vincristing), immune-depleting agents {(for example, fludarabine, etoposide,
doxorubicin, or vincristine), immunosuppressive agents (for example, azathioprine, or

30 glucocorticoids, such as dexamcthasone or prednisone), anti-inflammatory agents {for
example, ghicocorticoids such as hydrocortisone, dexamethasone or prednisone, or non-

steroidal anti-inflammatory agents such as acetyisalicvlic acid, tbuprofen or naproxen sodium),
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cytokines (for example, interleukin-10 or transforming growth factor-betal, hormones (for
example, estrogen), or a vaccine. In addition, immunosuppressive or tolerogenic agents
mcluding but not limited to calcincurin inhibitors {e.g. cvclosporin and tacrolimus); mTOR

mhibitors {e.g. Rapamvcin);, mycophenolate mofeti], antibodies {e.g. recognizing CD3, CD4,

(]

Ch40, CD154, CD45, WVIG, or B cells); chemotherapeutic agents {(e.g. Methotrexate,
Treosulfan, Busulfan), trradiation; or chemckines, interfeukins or their inhibitors {e.g. BAFF,
1L-2, anti-IE-2R, 1L-4, JAK kinase inhibitors) can be administered. Such additional
pharmaceutical agents can be administered before, during, or afier admunistration of the
regulatory B cells, depending on the desired effect. This admunistration of the cells and the
10 ageunt can be by the same route or by different routes, and cither at the same site or at a different

site.
¥, Kits

{00183] In some embodiments, a kit that can include, for example, one or more

media and components for the production of regulatory mmmune celis 15 provided. Such

15 formulations may comprise a cocktail of factors, in a form suitable for combining with B celis
or T celis. The reagent system may be packaged either in aqueous media or in lvophilized form,
where appropnate. The container means of the kits will gencrally include at least one vial, test

tube, flask, bottie, syringe or other container means, into which a component may be placed,

and preferably, suitably aliguoted. Where there is more than one component in the kit, the kit

20 also will generally contain a sccond, thud or other additional container into which the
additional components may be separately placed. However, various combmations of
components may be comprised in a vial. The components of the kit may be provided as dried
powder{s} When reagents and/or components are provided as a dry powder, the powder can

be reconstituted by the addition of  suitable solvent. It is envisioned that the solvent may also

25 be provided in another container means. The kits also will typicaily mclude a means for
containing the kit component(s} in close confinement for commercial sale. Such contamers

may include injection or blow molded plastic contamners into which the desired vials are
retained. The kit can also include instructions for use, such as m printed or electronic format,

such as digital format,
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VI  Examples

[00184] The tollowing examples are included to demonstrate preferred embodiments
of the mvention. It should be appreciated by those of skill in the ast that the techniques
disclosed in the examples which follow represent techniques discovered by the inventor to

5 funcuon well in the practice of the invention, and thus can be considered to constitute preferred
modes for its practice.  However, those of skill in the art should, in Light of the present
disclosure, appreciate that many changes can be made in the specific embodiments which are
disclosed and still obtain a like or similar result without departing from the spinit and scope of

the mvention.
10 Example | — Expansion of Regulatory T Cells

{00185] The expression of CDY was evahluated in resting CD47 T cells isolated
from cord blood or peripheral blood. Both T cells populations had a small percentage of
CD47CBY T cells. However, the T cells isolated from cord blood had a higher percentage of
CD47CH9™ T cells at 9.61% as compared to T cells isolated from peripheral blood at 6 40%

15 (FIG. 1A). Afier expansion of the CD4™ T cells with [L-2, CD3/CD28 beads, and rapamycin,
the Tregs were analvzed for CDO expression. It was again found that Tregs expanded from cord
blood had a higher percentage of CD4™CDO™ T cells (54.5%) as compared to those expanded

from peripheral blood (25.6%) (F1G. 1B).

{00186] In addition, CD4 T cells were activated with CD3/CD28 beads to

20 produce effector T cells for measurement of Treg suppressive ability. In a CFSE assay, the
positive control showed almost 95% of the effector CD4 T cells proliferating. However, the
addition of Tregs at a ratio of 1.5 or 1.1 of Tregs to CD4 T cells was able to suppress the
proliferation of the T4 T cells (FIG. IC). The addition of cord blood Tregs decreased
proliteration of activated CPM4 T cells from about 94.8% 10 33.9% ata 'S ratioand 13. 1% at a

25 1.1 ratio. While the peripheral blood Tregs also showed suppressive function {(from 80.2 to
63.8% at 1.5 and 35.3% at 1.1}, their suppression level was lower than the cord blood Tregs.
These data suggested that CDY" Tregs arc more tmmunosuppressive than CDY Tregs as the

cord blood had a higher percentage of CD' T cells,

[00187] To further evaluate the effect of CDY expression on Treg suppressive
30 function, the expanded Tregs were assaved for expression of several markers of sappressive

activity. Comparison of CD9" Tregs and D9 Tregs showed that CD9™ Tregs have a higher
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expression of markers of suppressive activity include CB39, CD73, CD15s, Neurophiline, and

TIGIT (FIG. ZA).

[00188] In addition, the CD9" Tregs have higher suppressive activity when
expanded from cord blood or peripheral blood as compared to CD9- Tregs {(FIGS. 2B-2D).
Specificallv, the CD9™ peripheral blood Tregs suppressed proliferation of activated CD4 T cells
at 46.5% at 11 and 22.6% at 1.5 while the CDO- peripheral blood Tregs only suppressed
proliferation at 41.3% and &.5%, respectively (FIG. 2B). The Tregs expanded cord blood
showed an even more pronounced difference between the suppressive function of CDO” of
CD9 Tregs. The CDO™ Tregs suppressed proliferation of activated CD4 T eells at 89.0% at 111
and 51.2% at 15, while the D9 Tregs suppressed proliferation at 79.5% and 31.6%,
respectively (FIG. 20}, Thus, the £D9" Tregs expanded from cord blood had almost two times

the suppressive capacity as the CDY Tregs.

{00189] T cells were expanded by TCR hgation, IL.-2, and rapamvycin. Their
suppressive etfect on the prohiferation of CFSE labeled CD4+ T cells and wnflaromatory
cytokine production was measured. It was observed that Tregs expanded from fresh cord blood
and expanded with TCR ligation and 1L-2 had almost no suppressive function (FIG. 3A).
However, Tregs expanded from tresh cord blood and expanded with TCR ligation, 1L-2, and
rapamycin were highly suppressive as observed by mhubition of the production of IFNy and

TNFa as well as decrease in the proliferation of effector T cells (FIG. 3B).

Example 2 — Expansion of Regulatory B Cells

{00190 The suppressive function of regulatory B cells expanded by vanous
methods was analvzed by measuring the levels of IFNy, TNFa, and the proliferation of CFSE
labeled CD4+ T cells. First, the B cells are 1solated from a blood sample. Cord blood or
peripheral blood is collected and Ficoll separation is performed. The cells are then stained for
D19, CD5, CDId, and aqua live/dead dye. The cells are mcubated with cach of the
monoclonal anfibodies for 15-20 munutes m the dark at room temperature. Nexi, 7 mL of lvsis
buffer (BD Bioaciences) is added and the cells are incubated for 3-5 at room temperature. T
cells are then centrifuged at 1500 rpm for 5 mun, the supernatant is discarded, 2 mb of PBS is
added, and the cells centrifuged again at 1500 rpm for 5 nun before discarding the supematant.
Sorting is then performed to select CD197 or CD19TCD 1Y CD3™ cells. Expansion may also
be performed from whole B cells. The cells are counted and the appropriate cell culture plate

or tlask 1s selected.
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{00191} For expansion, total B cells or B cell subsets were cultured in media with
CD40L, 1L-4, CpG as well as one signaling inhibitor. The signaling inhibitor was a FOX01
inhibitor, an mTOR inhibitor, or a STAT6 inhubitor. After a fow days, half of the media was
replaced with tresh media contaiming {1.-4 and a signaling inhibitor. In another 2-3 days, half
of the media was again replaced with media containing IL-21, CD40L, and a signaling
mwhibitor. In addition, in some assays 11-33 was added to the media with 1L-21. The
combinations of IL-21+H1L-33, IL-21+FOX01 mnhubitor, and 1L-21+8TATS inhubitor were all

observed to produce highly suppressive Bregs (FEGS. 2A-2C).

[00192] Next, the effect of nuRNA-135 mhibitor on the activated Bregs was
determined. The Bregs were incubated with muRNA-155 inhibitor for 1-2 hours. The Bregs
were then cocultured with £D4 T cells that had been activated with CD3/CD28 beads to
measure their suppressive activity. The Bregs were incubated with nuRNA-155 inhibitor at a
concentration of 25, 30, or 100 ug. As observed in FIG. 5B, the incubation with nuRNA-i53

mhibitor further increased the suppressive activity of the Bregs.

{00193] Al of the methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill m the art that variations may be applied fo the methods and n the
steps or in the sequence of steps of the method described hercin without departing from the
concept, spirit and scope of the invention. More specifically, it will be apparent that certain
agents which are both chemically and physiologically related may be substituted for the agents
described herein while the same or similar results would be achieved. A6l such similar
substitutes and modifications apparent to those skilled in the art are deemed to be within the

spirit, scope and concept of the invention as defined by the appended claims.
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CLAIMS

WHAT IS CLAIMED IS

3

10.

An in vitro method for expanding CD9" regulatory T cells (Tregs) comprising:

{(a) obtaining a population of CD4™ T cells;

(b} culturing the popelation of CD4™ T cells under Treg expansion conditions, thereby
producing expanded Tregs; and

(¢} selecting for CD9" cells from the expanded Tregs, therchy obtaining a population
of CDY™ Tregs.

The method of claim 1, wherein the CD4™ T cclls are further defined as CD4TCD25' T
cells.

The method of claim 1 or 2, wherein selecting is further defined as positive selection.
The method of claim 1 or 2, wherein selecting is further defined as negative selection.
The method of claim 1 or 2, wherein selecting comprises sorting for CD9™ Tregs.

The method of claim 5, wherein sorting 15 further defined as antibody bead selection,
fluorescence associated cell sorting (FACS), or magnetic-activated cell sorting
(MACS).

The method of claim 1, wherein Treg expansion conditions comprise culturing the
CP47 T cells in the presence of TCR ligation, IL-2, and an mTOR inhibitor.

The method of claim 7, wherein TCR ligation comprises an anti-CB3 antibody and an
anti-CD28 antibody.

The method of claim 7, wherein the mTOR inhibitor is rapamycin.

The methed of any one of claims 7-9, wherein the Treg expansion conditions further
comprise culturing the CD4" T cells in the presence of a tumor necrosis factor receptor
2 {TNFRZ) agonist, all-trans retinoic acid (ATRA), adenosine receptor {AZAR), and/or

an AZAR agontst,
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it The method of any one of claims 1-9, wherein colturing 1s for 10-14 days.

12, The method of claim 1, wherein obtaining the population of CD4™ T cells comprises
isolating T cells from stem cells, bone marrow, peripheral blood, or cord blood.

13. The method of claim 1, wherein obtaining the population of CD4™ T cells comprises
1solating the T cells from pooled cord blood.

4. The method of claim 12 or claim 13, wherein 1solating comprises performing antibody
bead selection or flucrescence associated ol sorting (FACS).

i5. The method of claim {, wherein the CD4™ T cells or Tregs are engineered to have
decreased or essentially no expression of glucocorticoid receptor.

16. The method of claim 15, wherein the CD47 T cells or Tregs are engineered using one
or more guide RNAs and a Cas? enzyme.

17 The method of claim 1, wherein the CD47 T cells or Tregs are engineered to express a
chimeric antigen receptor (CAR) and/or a T cell receptor (TCR).

18. The method of claim 1, wherein the CD4™ T cells or Tregs are engincered to express a
suicide gene.

19, The method of claim 18, wherein the suicide gene is CD20, CD52, EGFRVS, or
inducible caspase 9.

20. A population of CD9" regulatory T cells produced according to the methods of any one
of claims 1-19,

21 A pharmaceutical composition comprising the population of CD9" regulatory T cells
of claim 20 and a pharmaceutically acceptable carrier.

22, Aninvitro method of expanding suppressive regulatory B cells (Bregs) compnsing:

{a) obtaining a population of B cells;
(b} culturing the B cells in the presence of 1L-4, CpG oligodeoxynuclentides (ODNs),

and CD40 ligand (CD40L); and

(9]
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34.

35.

5]

-3

{c) further expanding the B cells in the presence of 1L-21, UD40L, and at least one
mbibitor sclected from the group consisting of a FOXO1 mnhibitor, a mTOR inhibitor,
and a STAT6 inhibitor, thereby producing suppressive Bregs.

The method of claim 22, wherein step (b} and/or step (¢} further comprises one or more
additional cytokimes.

The method of claim 23, wherein the additional cytokine is 1L-33.

The methed of claim 22 or claim 23, wherein the culturing of step (b) further comprises
the presence of a FOX 01 mhibitor, a mTOR inhibitor, and/or a STAT6 mhibitor.

The method of claim 22, further comprising washing the B cells prior to the expanding

172

tep.

The method of claim 22, wherein CD40L s soluble CD40L (sCD40L}.

The method of claim 22, wheremn the FOXO1 inhibitor 1s ASI842856 or AS1708727.
The method of claim 22, wherein the FOXO1 inhibitor is AS1842856.

The method of claim 22, wherein the mTOR inhibitor is torkimub, rapamycim,
everolunus, temsirohimus, deforohmus, BGT226, SF1126, BEZ235, Gedatolisib, or
SFLIOL

The method of claim 22, wherein the mTOR mhibitor is torkinib.

The method of claim 22, wherein the STATG inhibitor 1s AS1517499 or leflunomide.
The method of claim 22, wherein the STATG inhibitor 1s AS1517499,

The method of claim 22, further compnsing contacting the Bregs with anti-miR-153.
The method of claim 22, wherein obtaining the population of B cells comprises
1solating B celis from a blood sample.

The method of claim 35, wherein isolating comprses performing antibody bead
selection or fluorescence associated celf sorting (FACS).

The method of claim 35, wherein the blood sample 1s peripheral blood or cord blood.
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38. The method of claim 35, wherem the blood sample i cord blood (CB).

39.  The method of claim 38, wherein the cord blood is pooled from 2 or more individual
cord blood units.

40, The method of claim 38, wherein the cord blood 15 pooled from 3, 4, or § individual
cord blood units.

4}, The method of claim 22, wheremn the population of B cells are CB mononuclear cells
(CBMCs).

42, The method of claim 22, wherein the population of B cells are CDS™CDIdY B celis.

43, The method of claim 22, wherein the population of B cells arc total B cells.

44, The method of claim 22, wherein the Bregs have the capacity to suppress the
proliferation of CB47 T cells.

45, The method of claim 22, wherein the Bregs are human Bregs.

46.  The method of claim 22, wherein the cultunng is for 1 to 5 davs.

47, The method of claim 22, wherein the expanding is for 5 t¢ 10 days.

48. A population of regulatory B cells produced according to the methods of any one of
claims 22-47.

49, A pharmaceutical composition comprising the population of regulatory B cells of claim
48 and a pharmaceutically acceptable carner.

50 A method of freating an immune disorder in a subject comprising admimsiering a
therapeutically effective amount of the suppressive Tregs of claim 20 and/or the
suppressive Bregs of claim 48 to the subject.

51. The method of claim 30, wherein the subject has been or 1s currently being administered
a glucacorticoid therapy.

52. The method of claim 50, wherein the mmune disorder i mflammation, graft versus

host disease, transplant rejection, or an autoimmune disorder.
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53, The method of claim 50, wherein the Tregs and/or Bregs are allogenegic,

54. The method of claim 50, whercin the Tregs and/or Bregs are autologous.

55. The method of claim 30, wherein the mmune disorder is graft versus host discase
(GVHD).

36, The method of claim 55, wheremn the GVHD 15 chronic GVHD {cGVHD).

57. The method of claim 56, wherein the subject has been previously been administered a
cord blood transplantation (CBT}.

58. The method of claim 57, wherem the Tregs and/or Bregs 1s adounistered concurrently
with the CBT.

59.  The method of claim 57. wherein the Tregs and/or Bregs is administered prior to or
after the CBT.

60 The method of claim 50, wherein the immune disorder is transplant rejection, and
wherein the transplant is an organ transplant, bonc marrow or other cell transplant,
composite tissue transplant, or a skin graft.

61. The method of claim 50, wherein the immune disorder 1s multiple sclerosis,
wnflammatory bowel discase, rheumatoid arthritis, tvpe 1 diabetes, systemic hupus
erythrematosus, contact hypersensitivity, asthma or Sjogren's syndrome.

62. The method of claim 50, wherein the subject is a human.

63. The method of claim 50, further comprising adounistering at least a second therapeutic
agent.

64. The method of claim 63, wherein the at least a second therapeutic agent is a

therapeutically effective amount of an immunomodulatory or an immunosuppressive
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The method of claim 64, wherein the immuonosuppressive agent is a calcineunn
mhibitor, an mTOR inhibitor, an antibody, a chemotherapeutic agent irradiation, a
chemokine. an interleukins or an inhubitor of a chemokine or an interleukin,

The method of claim 63, wherein Tregs, Bregs, and/or the at least a second therapeutic
agent are adnunistered intravenously, intrapenionegally, mtratracheally, mtratumorally,
miramuscularly, endoscopically, intralesionally, percutancously, subcutancously,

regionally, or by direct injection or perfusion.
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