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(57) Abstract: Provided herein are compositions and methods useful for the expansion of hematopoietic stem and progenitor cells, such
as those that have been genetically modified, for instance, to express a heterologous transgene. In accordance with the composition and
methods described herein, hematopoietic stem and progenitor cells may be genetically modified, for example, to express transgenes
encoding therapeutic proteins. Genetically modified hematopoietic stem and progenitor cells may be expanded, for instance, by treat-
ment ex vivo with an aryl hydrocarbon receptor antagonist, and may be infused into a patient, such as a patient in need of hematopoietic
stem cell transplant therapy. Thus, provided herein are methods for the treatment of various stem cell disorders, including hematopoietic
diseases, metabolic disorders, cancers, and autoimmune diseases, among others.
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COMPOSITIONS AND METHODS FOR THE EXPANSION OF
HEMATOPOIETIC STEM AND PROGENITOR CELLS

Cross-Reference 1o Related Applications
This application claims priority to, and the benefit of U.S. Application Nos. 62/579,803, filed
Cciober 31, 2017, 62/586,678, filed December 8, 2017, 62/613,383, filed January 3, 2018, 62/625,017,
filed February 2, 2018, 62/634 638, filed February 23, 2018, and 62/747 068, filed Qclober 17, 2018, the

entire contenis of each of which are incorporaied herein by reference.

Fiald
The present disclosure relales to compositions and methods useful for expansion, for instance,
by treatment ex vive with an aryl hydrocarbon recepior antagoenist, of hematopoietic stem and progenitor
cells, such as those that have been genetically modified, for instance, 1o express transgenes encoding
therapeutic proteins, as well as method of treating various related pathologies.

Background
Despile advances in the medicinal arts, there remains a demand for freating pathologies of the
hematopoielic system, such as diseases of a parlicular blood cell, metabolic disorders, cancers, and
autoimmune conditions, among others. While hematopoietic stem cells have significant therapeutic
potential, a limitation that has hindered their use in the dlinic has been the difficulty associated with
expanding populations of hematopoietic stem calls 10 achieve guantities sufficient for transplantation
while preserving hematopoietic stem cell functional potential. There is currently a need for compositions

and methods for effeciuating the expansion of hematopoietic stem and progenitor cells.

Summary

Provided herein are compositions and methods for expanding populations of hematopoletic stem
or pregenitor cells, such as hematopaoietic stem or progenilor cells that are genetically modified, for
instance, so as {o disrupt a gene of interest or augment the expression of a gene of inleresl.

in a first aspect, provided herein is a mathod of producing an expanded population of genetically
modified hemalopoietic siemn or progenitor cells ex vive, the method including the steps of (a) disrupting
an endogenous gene in a plurality of hemaiopoietic stem or progenitor celis, thereby producing a
population of genetically modified hematopoietic stem or progenitor cells; and (b) contacting the
population of genetically modified hematopuoistic stem or progenitor celis with an expanding amount of an
aryl hydrocarbon receptor antagonist (i.e., an amount of an aryl hydrocarbon receptor antagonist
sufficient {o increase the quantity of hematopoietic stem or progenitor cells in the population by, for
example, 1.1-fold to about 1,000-fold, about 1.1-Toid to about 5,000-fold, or more {e.g., about 1.1-fold,
1.2-fold, 1.3-fold, 1.4-fold, 1.5-fold, 1.8-fold, 1.7-fold, 1.8-fold, 1.9-fold, 2-fold, 2.1-fold, 2.2-Told, 2.3-fold,
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2.4-fold, 2.5-fold, 2.6-fold, 2.7-fold, 2. 8-fold, 2.8-fold, 3-fold, 3.1-fold, 3.2-fold, 3.3-fold, 3 4-fold, 3.5-fold,
3.8-fold, 3.7-fold, 3.8-fold, 3.5-fold, 4-fold, 4.1-fold, 4.2-Told, 4.3-Told, 4.4-Told, 4.5-fold, 4.8-fold, 4.7-fold,
4.8-fold, 4.9-fold, 5-fold, 5.1-fold, 5.2-fold, 5.3-fold, 5.4-fold, 5.5-fold, 5.8-fold, 5.7-fold, 5.8-fold, 5.9-fold, &
fold, 6.1-fold, 6.2-fuld, 6.3-fold, 6 4-fold, 6.5-fold, 6.6-10ld, 6.7-fold, 6.8-fold, 6.9-fold, 7-fold, 7.1-fold, 7.2-
fold, 7.3-fold, 7.4-fold, 7.5-fold, 7.6-fold, 7.7-fold, 7.8-fold, 7.8-fold, 8-fold, 8.1-fold, 8.2-fuld, 8.3-fold, 8.4-
fold, 8.5-fold, 8.6-fold, 8.7-fold, 8.8-fold, 8.9-fold, 9-fold, 9.1-foid, 9.2-fold, 9.3-fold, 9.4-fold, 9.5-fold, 9.6-
fold, 9.7-fold, ©.8-fold, 9.9-fold, 10-foid, 50-fold, 100-fold, 200-fold, 300-fold, 400-fold, 500-foid, 800-fold,
700-fold, 800-fold, 800-fold, 1,000-fold, or more), while maintaining hematopoiatic stem cell functienal
polential).

in some embodiments, prior to (a), the plurality of hematopoietic stem or progenitor cells is
contacied with an arvl hydrocarbon receptor antagonist.

in some embodiment, prior to (8), the plurality of hematopoietic stem or progenitor cells is
contacted with an aryl hydrocarbon receptor antagonist during a period of time sufficient {o induce cell
cyciing.

in some embodiment, prior to (a), the plurality of hematopoielic stem or progenitor cells is
contacied with an aryl hydrocarbon receptor antagonist for at least about 1 day, preferably at least about
2 days, preferably at least about 3 days, preferably at leasi about 4 days, preferably at least about 5 days.

in ancther aspect, the provided herein is a method of expanding a population of genetically
maodifiad hematopoietic stem or progenitor cells ax vivo, wherein the cells have praviously baen
genetically modified 1o disrupt an endogenous gene, the method including contacling a population of
genetically modified hematopoietic stem or progenitor cells with an expanding amount of an aryl
hydrocarbon receplor antagonist.

in yet another aspecdt, provided herein is a method of producing a population of genetically
modified hematopoietic stem or progenitor cells, wherein the cells have previously been expanded ex vivo
by contacting the population with an expanding amount of an aryl hydrocarbon receptor antagonist, the
method including disrupting an endogenous geneg in the expanded population of hematopoietic stem or
progeniior celis.

in another aspect, provided herein is a method of producing an expanded population of
genetically modified hematopoletic stem or progenitor cells &x vivo, the method including the steps of (a)
introducing a polynudiestide into a plurality of hematopoiatic stem or progenitor cells, thereby producing a
population of genetically modified hematopoielic stem or progenitor cells that express the polynucleotide;
and (b) contacting the population of genetically modified hematopoietic stem or progenitor cells with an
expanding amount of an aryl hydrocarbon receptor antagonist {i.e., an amount of an aryl hydrocarbon
seceptor antagonist sufficient o increase the quantity of hematopoietic stem or progenitor cells in the
population by, for example, 1.1-fold to about 1,000-fold, about 1.1-fold {o about 5,000-fold, or more (e.g..
about 1.1-fold, 1.2-fold, 1.3-fold, 1.4-foid, 1.5-fold, 1.8-foid, 1.7-fold, 1.8-fold, 1.9-fold, 2-fold, 2.1-fold, 2.2-
fold, 2.3-fold, 2.4-fold, 2.5-fold, 2.6-foid, 2.7-fold, 2.8-foid, 2.9-fold, 3-fold, 3.1-fold, 3.2-fold, 3.3-foid, 3.4~
fold, 3.5-fold, 3.6-fold, 3.7-fold, 3.8-fold, 3.8-foid, 4-foid, 4.1-fold, 4.2-fold, 4 .3-fold, 4.4-fold, 4.5-fold, 4.6-

fold, 4.7-fold, 4.8-fold, 4.8-fold, 5-fold, 5.1-fold, 5.2-fold, 5.3-fold, 5.4-fold, 5.5-fold, 5.6-fold, 5.7-fold, 5.8-
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fold, 8.9-fold, 6-fold, 6.1-Told, 6.2-Told, 6.3-fold, 8 4-fold, 8.5-fold, 6.68-fold, 68.7-fold, 6.8-fold, 8.8-fold, 7-
fold, 7.1-fold, 7.2-fold, 7.3-fold, 7 4-fold, 7.5-fold, 7.8-fold, 7.7-fold, 7.8-fold, 7.9-fold, 8-fold, 8.1-fold, 8.2
fold, 8.3-fold, 8.4-fold, 8.5-foid, 8.8-fold, 8.7-fold, 8.8-fold, 8.8-fold, 8-fold, 9.1-fold, 9.2-fold, 8.3-fold, 8. 4-
fold, 8.5-fold, 8.6-fold, 8.7-fold, 8.8-fold, 9.9-fold, 10-fold, 50-fold, 100-fold, 200-fold, 300-fold, 400-fold,
500-fold, 800-fold, 700-fold, 800-fold, 200-fold, 1,000-fold, or more}, while maintaining hematopoietic
stem cell functional potential).

in some embediments, pricr 1o {a), the plurality of hematopoietic stem or progeniior cells is
cantacted with an aryl hydrocarbon recaptor antagonist.

in some embediments, prior 1o {a), the plurality of hematopoietic stem or progeniior celis is
contacted with an aryl hydrocarbon receptor antagonist during a period of time sufficient 1o induce celi
cycling.

in some embodiments, prior to (a), the plurality of hematopoietic stem or progenitor celis is
contacted with an aryl hydrocarbon receptor antagonist for at least about 1 day, preferably at least about
2 days, preferably at least about 3 days, preferably at least about 4 days, preferably al least about 5 days.

in anciher aspect, provided herein is a method of expanding a population of genetically modified
hematopoielic stem or progenitor cells ex vivo, wherein the cells have previously been genetically
modified by iniroducing a polynuciectide info the cells, the method including contacting a population of
genetically modified hemalopoietic stem or progenitor celis with an expanding amount of an aryi
hydrocarbon receptor antagonist,

in yet another aspect, provided herein is a method of producing a population of genetically
modified hemalopoietic stem or progenitor celis, wherein the cells have previously been expanded ex vivo
by contacting the population with an expanding amount of an aryl hydrocarbon receptor antagonist, the
method including introducing a polynuciestide into the expanded population of hemalopoietic stem or
progenitor celis.

in some embodiments of any of the above aspecis, the population of genetically modified
hemaiopoietic stem or progenitor cells further includes hemaiopoietic stem or progenitor cells are not
ganetically modified.

The genetically modified hematopoietic stem or progenitor calis may expand at a rate thal is
proportional to the relative quantity of genetically modified hematopoietic siem or progenitor cells present
in the population upon initial contact with the aryl hydrocarbon receptor anlagonist. In some
embodiments, the genetically modified hematopoietic stem or progenitor celis and the hematopoietic stem
or progenitor cells that are not genetically modified may be expanded at a relative rate that is proportional
o the ratio of genetically modified hematopoietic stem or progenitor cells to hematopoietic stem or
progenitor celis that are not genetically modified present in the population upon initial contact with the aryl
hydrocarbon receptor antagonist.

In some embodiments, the hematopoietic stem or progenitor cells thal are not genetically
modified do not sul-compets the genetically modified hematopoietic stem or progenitor cells for
expansion by the aryl hydrocarbon receptor antagonist.
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in some embodiments, the genetically modified hematopoietic stem or progenitor cells expand
more rapidly than the hematopaoietic stem or progenitor cells that are not genelically modified.

in some embodiments of any of the above aspects, upon transplantation of the population of
genetically modified hematopoietic stem or progenitor cells into a patient, the ralio of the genetically
modified hematopoletic stem or progenitor cells, or progeny thereof, to the total quantity of hemalopoietic
stem cells in a sample {(e.g., of bone marrow or peripheral blood) isolated from the patient is at least 75%
{e.g., at least 8D%, 85%, 90%, 85%, 98%, B7%, 88%, 98%, or 100%) of the ratio of genetically modified
hematopuoietic stem or progeniior celis 1o the total quantity of hematopoielic stem or progenitor calls
presant in the population at the time of administration of the cells {o the patient.

in some embodiments, the population of hematopoeietic stem or progenitor cells that have been
genetically modified to disrupt an endogenous gene maintain disruption of the gene for at least 2 days
{e.g., from about 2 days 10 about 30 days, such as from about 2 days to about 25 days, about 2 days {o
about 20 days, about 2 days 1o about 16 days, about 3 days to about 20 days, about 3 days to about 18
days, about 4 days to about 20 days, about 4 days 1o about 18 days, about & days o about 20 days,
about 5 days 1o about 18 days, about 10 days to aboul 20 days, about 12 days {0 aboul 18 days, about
14 days io about 18 days, at least 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 8 days, 10 days, 14
days, 16 days, 18 days, 20 days, 25 days, or more) following the disrupting step and/or initial treatment
with the aryl hydrocarbon recepior antagonist.

in some embodimenis, the population of hematopoistic stem or progenitor celis that have been
genetically modified 10 express a polynuciestide continue to exhibit expression of the polynuclestide for at
least 2 days {(e.g., from aboul 2 days 1o aboul 30 days, such as from about 2 days 1o about 25 days,
about 2 days 1o about 20 days, about 2 days o about 16 days, about 3 days to about 20 days, about 3
days to about 18 days, about 4 days {0 about 20 days, about 4 days to about 18 days, aboui 5 days fo
about 20 days, about 5 days 1o about 18 days, about 10 days to about 20 days, about 12 days to about
18 days, about 14 days 1o about 18 days, at least 3 days, 4 days, 5 days, 8 days, 7 days, 3 days, § days,
10 days, 14 days, 16 days, 18 days, 20 days, 25 days, or more) foliowing the introducing step and/or
initial treatment with the aryl hydrocarbon receptor aniagonist.

in some embodimenis, the population of genetically modified hematopoietic siem or progenitor
celis exhibits a higher engraftment potential refative 1o a population of hematopoietic stem or progenitor
celis not treated with the aryl hydrocarben recepior antagonist.

in some embodiments, step {(a) includes contacting the hematopeietic stem or progenitor cells
with the polynucleotide and a nuclease that calalyzes cleavage of an endoegenous nucleic acid in the
hematopoietic stem or progenitor cell.

in some embodiments, the nuclease is a CRISPR-associated protein, such as caspase 8. The
nuciease may be, for example, a transcription aclivator-like effector nuclease, a meganuciease, or a zine
finger nuclsase.

In some embodiments, step (a) includes contacting the hemaiopoietic stemn or progenitor calls
with & vecior containing the polynucleotide o be expressed. The vecior may be, e.4., a viral vectior, such

as adenovirus (Ad), retrovirus (e.q., retrovirus is a y-retfrovirus or a lentivirus}, powirus, adeno-associated
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virus, baculovirus, herpes simplex virus, or vaccinia virus. In some embaodiments, the vectoris a
transposable element, such as piggvbac fransposon or sieeping beauty transposon.

in some embodiments, prior to expansion, the hematopoietic stem or progenitor celis are
miobilized and isolated from a donor, such as a human. The mobilization may be conducted, e.g., by
treating the donor with a mobilizing amount of a CACR4 anlagonist, such as plerixafor, and/or a CXCR2
agonist, such as Gro-B, Gro-B T, or a variant thereof. In some embodiments, the Gro-B, Gro-8 T, or
variant ihereof has a purity that is al least 5% (e.g., from about 85% to about 88.89%, about 86%. to
about 92.99%, about 87% to about 89.98%, about 98% to aboul 88.89%, about 88% io about 88.88%,
about 85% to about 99.8%, about $7% to aboui 89.9%, about 88% {0 about 98.8%, such as 85%, 86%,
97%, 98%, 88%, 98.9%, 88.88%, or more) relative 10 deamidated versions of these peptides.

in an additional aspect, provided herein is a method of treating a stem cell disorder in a patient
{e.g., a human patient) by producing an expanded population of hematopoietic siem or progeniior celis in
accordance with the method of any one of the above aspects or embodiments and infusing the resulting
celis into the patient.

in anciher aspect, provided herein is a method of treating a stem cell disorder in a patient {(e.g., a
human patient) by infusing inlo the palient an expanded population of hemalopoietic siem or progenifor
calls produced according the method of any one of the above aspecis or embodiments.

in vet another aspeact, provided herein is a method of treating a stem cell disorder in a patient
{e.g., a human patient) by contacting a population of hematopuoiatic stem or progeniior celis with an
expanding amount of an aryl hydrocarbon recepior antagonist and infusing the resulting cells inlo the
patient.

in another aspect, provided herein is a method of trealing a siem cell disorder in a patieni {(e.g., a
human patient) by infusing into the patient an expanded population of hemalopoietic stem or progeniior
cells produced by contacting a population of hematopoietic stem or progenitor celis with an expanding
amount of an aryl hydrocarbon receptor anfagonist.

in anciher aspedd, provided herein is a method of treating a disorder in a patient {(e.g., 3 human
patient) in need thereof, comprising administering an expanded population of hematopuoietic stem cells {o
the patient, wherein the expanded population of hematopoistic stem cells is prepared by contacting a first
population of hematopoietic stem calls with an aryt hydrocarbon receptor antagonist for g time sufficient o
produce the expanded population of hematopoietic stem celis.

in some embodiments, the stem cell disorder is a hemoglobinopathy disorder. The
hemoglobinopathy disorder may be, for examples, sickle cell anemia, thalassemia, Fanconi anemia,
aplasiic anemia, or Wiskott-Aldrich syndrome.

in some embodiments, the stem cell disorder is a myelodysplastic disorder. In some
embodiments, the stem cell disorder is an immunocdeficiency disorder, such as a congenital
immunodeficiency or an acquired immunodeficiency, such as human immunedeficiency virus or acquired

immune deficiancy syndrome.
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in some embodiments, the stem cell disorder is a metabolic disorder, such as glycogen storage
diseases, mucopolysaccharidoses, Gaucher's Disease, Hurler syndrome or Hurler's Disease,
sphingolipidoses, Mucolipidosis i, or metachromatic leukodystrophy.

in some embodiments, the stem cell disorder is cancer, such as leukemia, lymphoma, multiple
mysfoma, or neuroblasioma. The cancer may be, for instance, a hematological cancer. In some
embodiments, the cancer is myeloid leukemia, acute lymphoid leukemia, chronic myeloid leukemia,
chronic ymphoid leukemia, multiple myeloma, diffuse large B-cell lymphoma, or non-Hodgkin’s
lymphoma.

in some embodimeants, the stem cell disorder is adenosine deaminase deficiency and severe
combined immunodeficiency, hyper immunogliobulin M syndrome, Chediak-Higashi disease, hereditary
iymphohisticcytosis, osteopetrosis, ostecgenesis imperfecta, storage diseases, thalassemia major,
systemic sclerosis, systemic lupus erythematosus, muitiple sclerosis, or juvenile rheumatoid arthritis.

in some embodiments, the stem cell disorder is an autoimmune disorder, such as multiple
sclerasis, human systemic lupus, rheumatoid arthiitis, inflammatory bowel disease, treating psoriasis,
Type 1 diabetes mellitus, acute disseminaled sncephalomyelitis, Addison's disease, alopecia universalis,
ankylosing spondylitisis, antiphospholipid antibody syndrome, aplastic anemia, autoimmune hemolylic
anemia, autoimmune hepatitis, autoimmune inner ear disease, autsimmune lymphoproliferative
syndrome, autcimmuneg oophoritis, Balo disease, Behcoetl's disease, bullous pemphigoid, cardiomyopathy,
Chagas’ disease, chronic fatigue immune dysfunction syndrome, chronic inflammatory demyelinating
polyneuropathy, Crohn's disease, cicatrical pemphigoid, coeliac sprue-dermatitis herpetiformis, cold
aggiutinin disease, CREST syndrome, Degos disease, discoid lupus, dysautonomia, endometriosis,
essential mixed cryoglobulinemia, fibromyalgia-fibromyositis, Goodpasiure’ s syndrome, Grave's diseass,
Guillain-Barre syndrome, Hashimoto' s thyroiditis, Hidradenitis suppurativa, idiopathic and/or gcule
thrombocoyliopenic purpura, idiopathic pulmonary fibrosis, IgA neuropathy, interstitial oystitis, juvenile
arthritis, Kawasaki's disease, lichen planus, Lyme disease, Meniere disease, mixed connective tissue
disease, myasthenia gravis, neuromyotonia, opsoclonus myocionus syndrome, optic neuritis, Ord's
thyroiditis, pemphigus vulgaris, pernicicus anemia, polychondritis, polymyositis and dermatomyosilis,
primary bifiary cirrhosis, polyarierilis nodosa, polyglandular syndromes, polymyaigia rheumatica, primary
agammagicbulinemia, Raynaud phenomenon, Reiter’ s syndreme, rheumatic fever, sarcoidosis,
scleroderma, Sjdgren’s syndrome, stiff person syndrome, Takayasu's arteritis, temporal arteritis,
uicerative colitis, uveitis, vasculitis, vitiligo, vulvodynia, and Wegener's granulomatosis.

in some embodiments, the stem cell disorder is a neurclogical disorder, such as Parkinson's
disease, Alzheimer's disease, multiple sclerosis, Amyotrophic lateral sclerosis, Huntington's disease, mild
cognitive impairment, amyioidosis, AlDS-related dementia, encephalitis, stroke, head frauma, epilepsy,
mood disorders, or dementia.

in some embodiments, the hematopoistic stem celis are autclogous with respect {o the patient.
For instance, autslegous hematopoietic stem cells can be removed from a donor and the cells can
subsequently be administered {0 {e.g., infused into) the patient so as to repopulate one or more cell iypes

of the hemaiopoietic lineage.
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in some embodiments, the hematopoietic slem cells are allogeneic with respect {o the patient.
For instance, allogeneic hematopoietic stem cells can be removed from a donor, such as donorthat is
HLA-matched with respect 1o the patient, for instance, a closely related family member of the patient. In
some embodiments, the allogenic hematopoietic stemn cells are HLA-mismatched with respect o the
patient. Following withdrawal of the allogeneic hemalopoietic siem celis from a donor, the cells can
subsequently be administered to (g.q., infused inlo) the palient so as to repopulate one or more cell types
of the hematopoietic lineage.

in soms embodiments, the hematopoietic stem or progenitor cells, or progeny thereof, maintain
hematopoielic stem cell funclional potential after two or more days following infusion of the hematopoietic
stem or progenitor cells info the palient. In some embodiments, the hematopoielic stem or progenitor
cells, or progeny thereof, localize 10 hematopoietic tissue and/or reestablish hematopoiesis following
infusion of the hematopoietic stem or progenitor cells into the patient. For instance, upon infusion into the
patient, the hematopoietic stem or progenitor cells may give rise to recovery of a popuiation of celis
selected from the group consisting of megakaryocytes, thrombooyles, platelets, erythrocytes, mast ceils,
mmyeoblasts, basophils, neuirophils, eosinophils, microglia, granulocytes, monocytes, osieoclasts, antigen-
presenting cells, macrophages, dendritic cells, natural killer cells, T-lymphocytes, and B-lymphocyles.

in ancther aspedd, provided herein is a method of producing microglia in the central nervous
system of a human patient in need thersof, the method including administering an expanded population of
hematopoietic siem celis o the patient, whearein the expanded population of hemalopoietic stem celis is
prepared by contacting a first population of hematopoietic stem cells with an aryl hydrocarbon recepior
antagonist for a time sufficient to produce the expanded population of hematopeietic stem cells, and
wherein administration of the expanded population of hematopoietic stem cells resulis in formation of
microglia in the central nervous system of the patient.

in another aspect, provided herein is a kit containing a plurality of hematopoietic stem or
progenitor cefls and a package insert that instructs a user {o perform the method of any of the above
aspects or embodiments.

In some embodiments, the arvl hydrocarbon receptor antagonist is a compound represented by
formula (V)

L/R1
Row N 2N
Re
Nef o ©
R 5 \2‘
R, FRs

L))

wherein L is selected from the group consisting of -NR7{CResReo)n-, -O{CRsaRanjo-, -
C{OYNCRsaRsp)n-, ~C{SHCReaRep)n, ~S{0O)n2{CRsaRenn~, -(CRsaRsp)n-, -NR7C{OHCResReutn-, -
NR72C{SHCRsaReauin-, -OC{OHCRe:Rav-, -OC{S){CRsaRap)n~, -C{OINR7a{CR3aRsn)i, -
C(E)NR7a{CRsaRan)n-, -CO)O(TRsRsp -, ~C{SYO(CRaaRapja-, ~S{ONNR7a(CRsaRsp)n-, =
NR72S(0)2{CReaRen}a-, -NR7:C{OINR7p{CRsaRsp)n-, and -NR7.C{OHH{CReaReu -, wherain Ry, R, Rea,
7



10

15

20

28

30

WO 2019/089826 PCT/US2018/058553

and Rsp are each independently selected from the group consisting of hydrogen and optionally subsiituted
C1-4 alkyl, and each n is independently an integer from 210 86;

R1is selected from the group consisting of ~-S{O)2NReaRop, ~-NRsaC{O)Ray, ~-NRa:C({S)Rey, -
NResC{O)NRooRec, -C(O)Res, -C{S)Rea, ~S(O)o-2Res, ~C(O)ORsa, -C(S)ORes, -C{OINRzaR e, -C(SINRe:Ray, -
NF6aS{0)2R 9, ~NRsC{D)ORas, -OC(O)CRsaRoRe0, -OC(S)CReaRacRec, optionally substituted aryl,
optionally substiluted heteroaryl, optionally substituted cycloalkyl, and optionally substiluied
helerocycloalkyl, wherein Rea, Ray, and Rec are each independently selecied from the group consisting of
hydrogan, optionally substiiuied aryl, optionally substituted hetercaryl, oplionally subsiituted alkyl,
optlionally substituted heteroalkyl, optionally substiiuied cycloalkyl, and optionally subsiituted
heterocycloalkyl;

R» is selected from the group consisting of hydrogen and oplionally substituted C1-4 alkyl;

R3is selacied from the group consisting of optionally substiiuied aryl, optionally substituted
heleroaryl, optionally substifuted cycloakyi, and optionaily substituted heterocycloaiiyl;

R4 is selected from the group consisting of hydrogen and optionally substituted C1-4 alkyl;

Rsis selected from the group consisting of optionally substituted aryl, optionally substituied
heleroaryl, optionally substiluied alkyl, optionally substituted heteroalky!, optionally substituted cycloalkyl,
and optionally substituted heterocycloalkyl; and

Rsis selected from the group consisling of hydrogen, optionally substituled aryl, optionally
substituted hetercaryl, oplionally subsiiiuted alkyl, optionally substiluied heteroalkyl, optionally substituted
cycloaikyl, and optionally substituted heterocycloalkyl;

or a salt thereof.

in some embodiments, wherein the aryl hydrocarbon receptor antagonist is a compound
represented by formula (V)

Re Ny

wherein L is selected from the group consisting of -NR72(CRsaRsp)n-, ~C{CRealso)n-, -
C{O)CRsaRep)n-, ~C{EHTRaaRsuin-, -S(OD)o2{CRaaRavje-, -{CReaRepin-, -NR7aC{OHCRaaRan)n-, -
NR7:C(S)(CRaRapin-, ~OC{OCRaaRap)n-, ~OC(SHCReRao}n-, ~-C{OINR7{CReaFaoin-, -
C(E)NR7(CRe&:Repin-, ~C{OYMHCReaRap)n-, ~-C{SIO(CRe:Rst)n-, ~S(ORNR7:(CRsaRsao)n-, -
NR7aS{0)2{CRaaRapin-, -NR7aC{O)NR7{CFsaRac)n-, and -NR7aC{OYO{CRaaRap)n~, wherein Rra, Ry, Ras,
and Rey are each independently selecied from the group consisting of hydrogen and optionally substituled
C1-4 alkyl, and each n is independently an integer from 2 to 8;

K1 is selected from the group consisting of -S{0):NRgaRoy, -NReC{O)Re, -NRgC{(E)Re,, -
NRoCIOINRepR e, ~C{O)Rga, ~C{8)Hes, -S{0}0.0Raa, ~-C{O)10Rea, ~-C(S}0ORa,, -C{OINReaRop, ~-C{SINRoaRap, -
NResS{0)2R s, -NResC{O)ORas, -OC(D)CRe:RuRec, -OC{S)CReaRaRec, optionally substituted aryt,
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optionally substifuted heteroaryl, optionally substitined cycloalkyl, and optionally substituted
heterocycloalkyl, wherein Res, R, and Rgc are each independently selected from the group consisting of
hydrogen, optionally substituted arvl, optionally substituted hetercaryi, optionally substituied alkyi,
optionally substituted heteroalkyl, optionally substituted cycloalkyl, and optionally substituted
heterocycloalkyl;

R is selecled from the group consisting of oplionally substituied aryl, optionally substituted
heteroaryl, optionally substituted cycloalkyl, and optionally substituied heterocycioalkyl;

R4 is selacted from the group consisting of hydrogen and optionally substituted Ci1-4 alky!l;

Rsis selected from the group consisting of oplionally substituted aryl, optionally substifuied
heteroaryl, optionally substituted alkyl, optionally substituied heteroalkyl, optionally subsiituted cycloalkyl,
and optionally substituted heterocycloalkyl; and

Ra is selecled from the group consisting of hydrogen, optionally substituied aryi, optionaily
substituted heteroaryi, optionally substituted alkyl, optionally substiiuted hetercalkyl, optionally substituted
cycloalkyl, and oplionally substituted heterocycioalkyl;

or a salt thereof.

In another aspect, the disclosure features a composition for uses in reating a disorder in a
patient, said composition comprising hematopoistic stem or progenilor celis, or progeny thereof, prepared
according ic a methoed of any of the above aspecis or embodiments.

in ancther aspect, the disclosure features use of a composition comprising hematopoistic stem or
progenitor cells, or progeny thereof, prepared according to a method of any of the above aspecis or
embodiments in preparing & medicament for treating a disorder in a patient.

Unless otherwise defined, all technical and scientific ferms used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this disclosure belongs. In the
specification, the singular forms also include the plural unless the context clearly dictates otherwise.
Although methods and materials similar or equivalent {o those described herein can be used in the
practice or {esting of the present disclosure, suitable methods and matetials are described below. Al
publications, patent applications, patents and cther references meniioned herein are incorporated by
reference. The references cited herein are not admitied to be prior ari {0 the claimed invention. In the
case of conflict, the prasent specification, inciuding definitions, will control. In addition, the materials,
methods and examples are illustrative only and are not intended o be limiting. In the case of conilict
between the chemical structures and names of the compounds disclosed herein, the chemical structures
will control.

Other features and advantages of the disclosure will be apparent from the following detailed

description and claims.

Brief Description of the Figures
FiG. 1 is a graph illustrating the clinical evidence of aryl hydrocarbon recepior (AHR) antagonist-

mediated expansion of cord blood-derived hematopoistic stem cells. Particularly, the graph shows the
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incidence of neutrophil recovery for patients transplanted with expanded hematopoietic stem cells (n=17)
compared 1o that in the historical cohort (n=111). Neulrophil recovery was defined as the absoluie
neutrophil count greater than or equal to 0.5 x 10%L for three consecutive days.

FIGS. 24 ~ 2D are a series of graphs showing the expansion of CD34+ cells transduced with a
lentiviral vector, as described in Example 2, below. Mobilized peripheral blood (mPB) CD234+ cells were
thawed, transduced with a GFP-expressing lentivirus, and expanded for 7 days with an AHR antagonist.
Cell numbers and parcent GFP posttive cells are shown from the culiure afier expansion. Transduction
rates datarmined as %GFP positive cells. TD: transduced.

FIGS. 3A - 3E are a series of diagrams showing the expansion of lentivirally-transduced
mobilized peripheral blood (MPB) CD34+ celis for transplantation into NSG mice, as described in
Example 2, below. Mobilized peripheral blood (mPB) CD34+ cells were thawed, transduced, and
expanded for 7 days with an AHR antagonist. FIGS. 3A — 3C show the absolute numbers of celis
transplanted into each NSG mouse following mock transduction or GFP-lentiviral vector transduction as
indicated. FIGS. 3D and 3E are flow cytometry plois for vehicle-cultured or expanded celis. Transduction
rates (GFP+ cells) in the bulk, and CD34+ cell populations are shown.

FIGS. 4A — 4C are a series of graphs showing the engrafiment of lentivirally-iransduced,
expanded mPE CD34+ cells, as described in Example 2, below. Mobilized peripheral blood (mPB;)
CD34+ cells expanded as shown in FIGS, 3A — 3E were transplanted into NSG mice and evaluated at 4
weeks post-transplant. FIGS. 4A — 4C show the engrafiment and transduction rates in the peripheral
biood of NSG mice transplanted with the cells at 4 weeks post-transplant as determined by flow
cyiometry, % Engrafiment measured as %hCD45/%hCD45+%mCDE%. Editing rates determined as
%B20M- celis. Each point represents one mouse. Bars al median values. Siatislical significance was
determined based on Student’s t-lest.

FIGS. 8A ~ BE are a series of diagrams showing the expansion of edited mobilized peripheral
blood (MPB) CD34+ cells for transplantation into NG mice, as described in Example 2, below. Mobilized
peripheral blood (MPB) CD34+ cells were thawed, edited, and expanded for 7 days with an AHR
arnlagonist. FIGS. 5A — 5C show the absolute numbers of cells fransplanted into each NSG mouse
following culture and/or editing as indicaled. FIGS. 50 and 5E are flow cytometry plots for vehicle-
cultured or expanded celis. Ediling rates in the bulk, CD34+ cells, and CD34+CDB0+ cells are shown.

FIGS. 84 ~ 81 are a series of graphs showing the engrafiment of gene-ediied, expanded mPB
D34+ cells, as described in Example 2, below. Mobilized peripheral blood (mPB) CD34+ cells
expanded as shown in FIGS. 5A — 5E were fransplanted into NSG mice and evaluated at 16 weeks post-
transplant. FIGS. 8A ~ 6C show the engrafiment and editing rates in the peripheral blood of mice as
determined by flow cytometry. FIGE. 8D ~ 8F show bone marrow engrafiment and editing rates. FIGS.
8G ~ 81 show the frequency of CD34+ celis within the hCD45+ bone marrow (BM) celis and
corresponding editing rates. %Engraftment measured as %hCD45/%nhCD45+%mCD45, Editing rales
determinad as %B2M- cells. Each point reprasents one mouse. Bars at median values. Statistical
significance was delermined based on Student’s tiest.
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FiIGS. TA ~ 7N are a series of graphs showing the expansion and fransplantation of edited BM
CD34+ cells into NG mice, as described in Example 2, below. BM-derived CU34+ cells were thawed,
edited, and expanded for 7 days with an AHR antagonist. FIGS. 7A — 7C show the absolute numbers of
cells fransplanted into each NSG mouse following culture and/or editing as indicated. FiGS. 70 and 7E
are flow cylometry plols for vehicle-cultured or expanded cells. Editing rales in the bulk, CD34+ cells, and
CD34+CD20+ cells are shown. FIGS. 7F ~ 7H show the engraftment and editing rales in the peripheral
biood of mice as determined by flow cytometry at 12 weeks post-transplant. FIGS. 71 - 7K show the
engraftment and editing rates in the peripheral bicod of mice as delermined by flow cylometry at 16
weeks post-transplant. FIGS. 7L — 7N show the engraftment and editing ratas in the bone marrow of
mice as determined by flow cylometry at 16 weeks postiransplant. %Engrafiment measured as
%hCD45/%hCD45+%mCD45. Editing rates determined as %B2M- cells. Each poini represents one
mouse. Bars gt median values, Siatistical significance was determined based on Student’s t-test.

FiG. 8 is a scheme showing the design of experiments almed at investigating the ability of
hematopoietic stem cells 1o migrate 1o central nervous system tissue and engraft as microglial celis in the
brains of NSG mice, as described in Example 4, below.

FIGS. 2A and 9B are graphs showing the quantily of hCD45+ CD11b+ cells and KuB0+ ba-1+
calls, respectively, in the brains of NSG mice, upon treatment of the mice with freshly isolated
hematopeielic stem cells, vehicle, or MGTA-456, a hematopoistic stem cell composition obtained upon
expansion of cord blocd ex vivo using an aryl hydrocarbion receptor (AHR) antagonisi. The graphs show
the median valuas obtained upon observation of n=8 individual mice per group.

FIG. 10 is a graph showing the results of a second, independent experiment in which a second
flow cylomelry guantitation of micreglial engrafiment in NSG mice was conducied foliowing
transplantation of the mice with MGTA-456. Asterisk designates a p value of p<0.05 relative io freshly
isolated hematopoietic stem cells. “##" notation designates a p value of p<0.01 relative 1o vehicle-
expanded hematopoietic stem cells. Statistics were calculated using a one-tailed, two-sample equal
variance Sludent's ttesi.

FiG. 41 is a graph showing the proportion of Ku80+lbat+ microglia in the brains of NSG mice
transplanied with vehicle-expanded hematopoietic stem cells or MGTA-456. The frequency of
Kug0-+Ibat+ microglia in the brains of mice transplanted with vehicle-expanded or MGTA-456 were
guantitated by IHC from selecied sections. The majority of Ku80+ibat+ microglia are non-perivascular.
The bar graph shows the median values obtained upon observation of n=3 mice per group.

FiG. 12A i5 a graph showing the proportion of CR34+CD A0+ mobilized peripheral blood cells in
the GO phase, G1 phase, or 3-G2-M phase as a function of days in culiure in the presence of cylokines
and either vehicle (DMS0O, dashed lines) or aryl hydrocarbon recepior antagonist {Compound 28, solid
fines).

FiG. 12B is a graph showing the proportion of CD34+CD80+ cord blood cells in the GO phase,
G1 phase, or 8-G2-M phase as a function of days in culture in the presence of cylokines and either
vehicle (DMS0, dashed lines) or aryl hydrocarbon recepior antagonist (Compound 25, solid lines).
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FIG. 134 and 138 are graphs showing rates of gene correction in celis from maobilized peripheral
biood (FIG. 13A) and cord biood (FIG. 13B) when grown in culture for 1 day, 2 days, 3 days, or 4 days
prior fo electroporation in the presence of gene editing reagents and in the presence of vehicle (DMSC)
or aryl hydrocarbon receptor anfagonist (Compound 28).

FIG. 144 and 148 are graphs showing iolal number of corrected cells for mobilized peripheral
biood (FIG. 14A) and umbilical cord blood (FIG. 14B) for various combinations of days of prestimulation
{Pre-stim) and various combinations of days of post-electroporation {post EP) culture, wherein on the x-
axis the first number in each pair of numbers refers {o the number of days of prestimuiation and the

sacond number in each pair of numbers refers {o the number of days of post-eleciroporation culture.

Detalied Description

Provided herein are compositions and methods for the expansion of hematopoietic stem and
progenitor celis, such as hematopoietic stem and progenitor cells that have been genetically modified, for
instance, to disrupt an endogenous gene (2.g., a major hislocompatibility complex gene) or {o express a
gene {e.9., a therapeutic transgene). it has presently been discovered that the use of an aiyl
hydrocarbon receplior anlagonist to expand a populalion of hemalopoietic stem or progenitor cells
produces a population of celis that can be genetically modified while maintaining long-lerm engraftment
polential and sustained expression of a fransgene of interast,

Compositions and methods for expanding hematopoietic stem cells from various sources like
bone marrow (BM) mobilized peripheral biood (mPB), or cord blood (CEB) can have significant impact on
patient outcomes by leading to faster engraftment, which allows for patients to leave the hospial sooner;
allows for the expansion of usable CB inventory, which allows for more patienis (o receive a betier
matched grafl, and improves outcomes in gene therapy by improving the capabiiiies of gene therapy by
increasing the number of edifed or fransduced cells.

The sections that follow describe, in further detail, the compositions and methods that can be
used 1o effectuaie the expansion and genetic modification of hematopoietic stem and progenitor celis.

Definitions

Listed below are definitions of various terms used in this application. These definitions apply 1o
ferms as they are used throughout this spesification and claims, unless otherwise limited in specific
instances, sither individually or as part of a larger group.

As used herein, the term “about” refers 1o a value that is within 10% above or below the value
heing described. For example, the {erm “about 5 nM” indicates a range of rom 4.5 nM {0 5.5 nM.

As used harein, the terms "conservative mutation,” "consearvative substitution,” or “conservative
amino acid substitution” refer to g substitution of one or more amino acids for one or more different amino
acids that exhibit similar physicochemical properties, such as polarity, electrostatic charge, and steric
volume. These properties are surnmarized for sach of the twenty naturally-cccurring amine acids in table
1 below.

12
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Table 1. Represantative physicochemical properties of naturally-ocourring amino acids

Amino Acid 3 Letter 1 Letter Side-chain  Electrostatic Steric
Code Code Polarity character at Volume?
physiological
pH (7.4}

Alanine Ala A nonpolar neutral small
Arginine Arg R polar cationic large
Asparagine Asn N polar neutral intermediate
Aspariic acid  Asp D polar anionic intermediate
Cysteina Cys C nonpolar neuiral intermadiate
Ghiamic acid  Glu E polar anionic intermediate
Glutamine Gin Q polar neuiral intermediate
Glycine Gly G nonpolar neutral srmnall
Histidine His H polar Both neuiral large

and cationic

forms in

equilibrium at

pH 7.4
isoleucine lle i nonpolar neuiral large
Laucine Leu L nonpolar neutral large
Lysine Lys K polar cationic large
Methionine Met M nonpolar neutral large
Phenylalanine Phe F nonpolar neutral large
Proline Pro P non-polar neutral intermediate
Serine Ser s polar neutral small
Threonine Thr T polar netral intermediate
Tryptophan Tp W nonpolar neutral bulky
Tyrosine Tyr Y polar neutral large
Valine Val v nonpolar neuvtral intermediate

thased on volume in A3: 50-100 is small, 100-150 is inlermediate, 150-200 is large, and »>200 is bulky

From this table it is appreciated that the conservative amino acid families include, e.g., (N G, AV,
LELEP and M i Dand E; G C, Sand T; (v H Kand R; (v Nand @; and (vi) F, Y and W. A
conservative mutation or substitution is therefore one that subslifutes one amino acid for a member of the
same amino acid family (e.q., a substitution of Ser for Thr or Lys for Arg).

As used herein, “CRU (competitive repopulating unit)” refers 1o a unil of measure of long-term

engrafting stem cells, which can be detected afier in-vive transplaniation.
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As used herein in the conlext of Gro-8, Gro-B T, or a variant thereof, the term “deamidated
version” of one or more of these peptides refers to a form of the peptide in which the C-lerminal
asparagine residue that is localed at position €9 in the amino acid sequence of Gro-8, at position 65 in
the amino acid sequence of Gro-B T, and at equivalent positions in variant peptides, has been converted
1o an asparlic acid residue. Deamidated versions of Gro-§ and Gro-f T (Gro-p NBSD and Gro-B T NE3D,
respectively} are described in Table 2, herein.

As used harein, the term “disrupt” with respect to a gene refers to preventing the formation of a
functional gene product. A gene product is functional only if it fulfills its normal (wild-type) functions.
Disruption of the gene prevents expression of a funclional factor encoded by the gene and comprises an
insertion, deletion, or substitution of one or more bases in a sequence encoded by the gene and/or g
promoter and/or an operator that is necessary for expression of the gene in the animal. The disrupled
gene may be disrupied by, e.g., removal of al least a portion of the gene from a genome of the animal,
alteration of the gene to prevent expression of a functional factor encoded by the gene, an interfering
RNA, or expression of a dominant negative factor by an exogenous gene. Materals and methods of
genelically modifying hematopoietic stem/progenitor cells are detailed in US 8,518,701, US
2010/0251395; and US 2012/0222143, the disclosures of each of which are incorporaied hergin by
reference in their entirety (in case of conflict, the inslant specification is controfiing).

Various techniques known in the art can be used 1o inactivate genes 1o make kKnock-oul animals
and/or to introduce nucleic acid constructs into animais to produce founder animails and to make animal
fines, in which the knockout or nucleic acid construct is integrated into the genome. Such lechnigues
include, without limitation, pronuclear microinjection (J.S. Pat. No. 4,873,191), refrovirus mediated gene
transfer inio germ lines (Van der Pulien et al., Proc. Natl. Acad. Scl. USA, 82:6148-6152, 1888), gene
targeting into embryonic stem cells (Thompson et al, Cell, 56:313-321, 1988), electroporation of embryos
{L.o, Mol. Cell. Biol,, 3:1803-1814, 1683}, sperm-mediated gene transfer {Lavilrano et al., Proc. Nail.
Acad. Sci. USA, 88:14230-14235, 2002; Lavitrano et al., Reprod. Fer. Develop., 18:18-23, 2008}, and in
vitro transformation of somatic cells, such as cumulus or mammary cells, or adult, Telal, or embryonic
stemn cells, followed by nuclear transplantation (Wilmut et al., Naturs, 385:810-813, 1897; and Wakayama
et al., Nature, 384:368-374, 1898). Pronuclear microinjection, sperm mediated gene transfer, and somatic
celf nuctear transfer are particularly useful technigues. An animal that is genomically modified is an
animal wherein all of its cells have the genetic modification, including #s germ line cells. When methods
are ysed that produce an animal that is mosaic in its genetic modification, the animals may be inbred and
progeny that are gencmically modified may be selected. Cloning, for instance, may be used to make a
mosaic animal if iis cells are modified at the blasiocyst slate, or genomic modification can take place
when a single-cell is modified. Animals that are modified so they do not sexually mature can be
homozygous or heterozygous for the modification, depending on the specific approach that is used. if a
particular gene is inactivaled by a knock out modification, homozygosity would normally be required. ifa
particular gene is inactivated by an RNA interference or dominant negative strateqy, then heterozygosity
is often adequale.
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As used herein with respact {0 a hematopoietic stem cell, the term “progenitor” refers to a parent
cell or an ancestor thereof that gave rise o the hematopoietic stem cell by way of cell division. For
instance, a progenitor of a hematopoietic stem celi may be a parent cell that gave rise {o the
hematopoielic stem cell by mitotic reproduction, or an ancestor of the parent cell.

As used herein, the term “donor” refers to a subject, such as a mammalian subject {.9., a human
subject) from which one or more cells are isolated prior to administration of the cells, or progeny thereof,
into a recipient. The one or more cells may be, for example, a population of hematopoietic stem or
progeniior celis.

As used herain, the term “endogenous” describes a substance, such as a molecule, cell, tissue,
or organ {(.¢., g hematopaoietic stem cell or a cell of hematopoietic lineage, such as a megakaryocyte,
thrombocyte, platelet, ervthrocyte, mast cell, myeoblast, basophil, neutrophil, eosinophil, microglial cell,
granulocyte, monocyle, osteoclast, anfigen-presenting cell, macrophage, dendritic cell, natural killer cel,
T-iymphocyte, or B-lymphocyte) that is found naturally in a paticular organism, such 8s a human patient.

As used herein, the ferm "engraftment potential’ is used to refer to the ability of hematopoietic
stem and progenitor cells {0 repopulate a tissue, whether such cells are nalurally circulating or are
provided by {ransplaniation. The {erm encompasses all events surrounding or leading up to engrafiment,
such as tissue homing of cells and colonization of cells within the tissue of inleresl. The engraftment
efficiency or rale of engrafiment can be evaluaied or quantified using any clinically acceptable parameter
as known o those of skill in the ant and can include, for example, assassment of competitive repopulating
units (CRU); incorporation or expression of a marker in tissue(s) into which stem celis have homed,
colonized, or become engrafted; or by evaluation of the progress of a subject through disease
progression, survival of hematopoistic siem and progenitor cells, or survival of a recipient. Engraftment
can also be determined by measuring white blood cell counts in peripheral blood during a post-transplant
period. Engraftment can aiso be assessed by measuring recovery of marrow cells by donor celis in a
bone marrow aspirate sampile.

As used harein, the lerm “exogenous” describes a substance, such as a molecule, cell, tissue, or
organ (e.g., a hemaiopoietic stem cell or a cell of hematopoielic lineage, such as a megakaryocyte,
thrombocyte, platelet, erythrocyte, mast cell, myeoblast, basophil, neutrophil, seosinophil, microglial cell,
granulocyte, monocyte, osteoclast, antigen-prasenting cell, macrophage, dendritic cell, natural killer cell,
T-ivmphocyte, or B-lymphocyie) thal is not found naturally in a particular organism, such as a human
patient. Exogenous substances include those thatl are provided from an external source 10 an organism
or to cultured matier exdracted therefrom.

As used herein, the term “expanding amount” refers to a quantity or conceniration of an agent,
such as an aryl hydrocarbon receplior antagonist described herein, sufficient to induce the proliferation of
a population of CD34+ cells {e.g., a CR34+ CDB0+ cells), for example, by from about 1.1-fold {o about
1,000-fold, about 1.1-Told to about 5,000-fold, or more (e.g., about 1.1-fold, 1.2-fold, 1.3-fold, 1.4-fold, 1.5~
fold, 1.6-fold, 1.7-Told, 1.8-Told, 1.9-fold, 2-Told, 2.1-fold, 2.2-fold, 2.3-fold, 2.4-fold, 2.5-fold, 2.6-fold, 2.7-
foid, 2.8-fold, 2.8-fold, 3-fold, 3.1-fold, 3.2-fold, 3.3-fold, 3.4-fold, 3.5-fold, 3.6-fold, 3.7-fold, 3.8-fold, 3.8-

fold, 4-fold, 4.1-fold, 4.2-fold, 4.3-fold, 4.4-fold, 4.5-fold, 4.6-fold, 4.7-fold, 4.8-fold, 4.9-fold, 5-foild, 5.1-
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fold, 5.2-fold, 5.3-fold, 5.4-fold, 5.5-fold, 5.6-fold, 5.7-fold, 5.8-fold, 5.9-fold, 6-fold, 6.1-fold, 6.2-fold, 6.3-
fold, 6.4-fold, 8.5-fold, 6.6-fold, 8.7-fold, 6.8-fold, 8.8-fold, 7-fold, 7.1-fold, 7 .2-fold, 7.3-Told, 7.4-fold, 7.5-
fold, 7 8-fold, 7.7-fold, 7.8-fold, 7.9-fold, 8-foid, 8.1-fold, 8.2-fold, 8.3-fold, 8.4-fold, 8.5-fold, 8.6-fold, 8.7-
fold, 8.8-fold, 8.9-fuld, g-fold, 9.1-fold, 8.2-fold, 9.3-fold, 8.4-foid, 8.5-fold, 8.6-fold, 9.7-fold, 8.8-fold, 9.5-
fold, 10-fold, 50-foid, 100-fold, 200-fold, 300-fold, 400-fold, 500-fold, 800-fold, 700-foid, 800-fold, 900-fold,
1,000-fold, or more).

in one embodiment, the expanding amouni, refers {0 a quantily or concentration of an agent,
such as an aryl hydrocarbon receptor antagonist described hersin, sufficient {o induce the proliferation of
a popuiation of CI34+ cells (e.g., a CD34+ CDY0+ cells), for example, by from about 80-fold 1o about
900-foid, from about 80-fold to about 800-fold, from about 100-fold {0 about 700-fold, from about 150-fold
1o about 800-fold, from about 200-fold fo about 500-fold, from about 250-fold 10 about 400-fold, from
about 275-fold to about 350-fold, or about 325-foid.

As used herein, the term "hematopoietic progenitor celis” includes pluripotent cells capable of
differentiating into several cell types of the hematopoietic system, including, without limilation,
granulocytes, monocytes, erythiocyles, megakaryocytes, B-celis and T- cells, among cthers,
Hematopoistic progenitor cells are commitied to the hemaiopoietic cell linsage and generally do not self-
rensw. Hematopoietic progenitor celis can be ideniified, for example, by expression patierns of cell
surface antigens, and include celis having the following immunophenotype: Lin- KLS+ Fik2- CD34+.
Hematopoietic progeniior cells include short-term hematopoietic stem cells, multi-potent progenitor calls,
common myeioid progenitor cells, granulocyle-monocyie progenitor cells, and megakaryocyle-erythrocyie
progenitor cells. The presence of hematopoietic progenitor cells can be determined functionally, for
instance, by detecling colony-forming unit celis, e.¢., in complete methylcellilose assays, or
phenoctypically through the delection of cell surface markers using flow cytometry and cell sorting assays
described herein and known in the art,

As used herein, the term “hematopoletic stem celis” ("HSCs”) refers to immature blood cells
having the capacity to self-renew and to differentiate into mature blood cells confaining diverse lineages
including but not limiled 1o granulocyies (8.g., promyelocytes, neutrophils, eosinophils, basophils),
aryihrocytes (e.g., reticulocyies, erythrocytes), thrombocyles (£.9., megakaryoblasts, platelet producing
megakaryocytes, platelets), monocytes (8.g., manocyles, macrophages), dendritic cells, microglia,
usiecclasts, and lymphooytes {e.g., NK celis, B-calis and T-cells). Such cells may include CD34* cealls.
D34 cells are immature cells that express the CD34 cell surface marker. In humans, CD34+ cells are
believed to include a subpopulation of cells with the stem cell properties defined above, whereas in mice,
HECs are CO34-. in addition, HSCs also refer to long term repopulating HSCs (LT-HEC) and shost ferm
sepopulating HSCs (E8T-HSC). LT-HECs and ST-HSCs are differentiated, based on functional potential
and on cell surface marker expression. For example, human H3Cs are CD34+, CD38-, CD45RA-,
CD80+, CD48F+ and lin- {negative for mature lineage markers including CD2, CD3, CD4, CD7, CUS,
CD10, CO11R, CR18, CD20, CDAG, CDZ35A). in mice, bone marrow LT-HSCs are CD34-, SCA-1+, C-
kit#, CD135-, SlamiVCD 150+, CD48-, and lin- (negative for maiure lineage markers including Ter11g,

CD11b, Grt, CD3, CD4, CDE, B220, IL7ra), whereas ST-HECs are CD34+, SCA-1+, C-kit+, CD135-,
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SlamfyCD 150+, and lin- (negative for mature lineage markers including Tert19, CD11b, Gr1, CB3, CD4,
CDE, 8220, iL7ra). In addition, ST-HSCs are less quiescent and more proliferative than LT-HSCs under
homeostatic conditions. However, LT-HSC have greater seif renewal potential (i.e., they survive
throughout adulthood, and can be serially transplanted through successive reciplents), whereas ST-HSCs
have limited seif renewal (i.e., they survive for only a limited period of time, and do nol possess serial
fransplantation potential). Any of these HECs can be used in the methods described herein. ST-HSCs
are particularly useful because thay are highly proliferative and thus, can more guickly give rise to
differentiated progeny.

As uysad hersin, the term "hematopeistic stem cell funclional potential” refers to the functional
properties of hematopoietic stem cells which include 1) multi-potency (which refers {o the ability o
differentigte inlo multiple different blood lineages including, but not limited to, granulocytes (e.q.,
promyelocyies, neutrophils, eosinophils, basophils), erythrocyles (e.g., reticulocytes, erythrocytes),
thrombocytes (e.g., megakaryoblasts, platelet producing megakaryooytes, platelets), monooytes (8.g.,
monocytes, macrophages), dendritic cells, microghia, osteociasts, and lymphooyltes (e.g., NK calis, B-cells
and T-cells), 2) seif-renawal (which refers {o the ability of hematopoietic stem cells {0 give rise {o daughter
celis that have equivaleni polential as the mother cell, and further thatl this ability can repeatedly ocour
throughout the lifetime of an individual without exhaustion), and 3} the ability of hematopoietic stem cells
or progeny thereof to be reintroduced into a transplant recipient whereupon they home 1o the
hemaiopoietic siem cell niche and re-establish productive and sustained hematopoiesis.

As used herein, the terms "Major histocompatibility complex antigens” ("MHC", aiso referred 1o as
"human leukocyte antigens” {“HLA"} in the context of humans) refer to proieins expressed on the cell
suriace that confer a unigue antigenic identity 1o a cell. MHC/HLA antigens are target molecules that are
recognized by T celis and NK cells as being derived from the same source of hematopoietic stem cells as
the immune effecior cells ("self™) or as being derived from another source of hematopoietic reconstituting
cells "non-self”). Two main classes of HLA antigens are recognized: HLA class | and HLA class . HLA
class | antigens (A, B, and C in humans) render each cell recognizable as "self” whereas HLA class i
antigens (DR, DP, and DQ in humans) are invoived in reactions between lymphocytes and antigen
prasenting celis. Both have been implicated in the rejection of transplanted organs. An important aspect
of the HLA gene system is its polymaorphism. Each gene, MHC class 1 (A, B and C) and MHC class i
(OF, DG and DR) exists in different alleles. For example, two unrelated individuals may carry class |
HELA-B, genes BS, and Bw41, respedclively. Allelic gene products differ in one or more amino acids in the
a and/or B domain{s). Large panels of spacific antibodies or nucleic acld reagents are used {o type HLA
haplotypes of individuals, using leukocytes that express class | and class Il molecules. The genes
commonly used for HLA typing are the six MHC Class | and Class il proteins, two alleles for each of HLA-
A HLA-B and HLA-DR. The HLA genes are cluslered in a "super-locus” present on chromosome position
6p21, which encodas the six classical iransplantation HLA genes and at least 132 profein coding genes
that have important roles in the ragulation of the immune sysiermn as well as some other fundamental
molecuiar and callular processes. The complete locus measures roughly 3.6 Mb, with at least 224 gene

foci. One effect of this clusiering is that "haplotypes”, i.e. the set of alleles present on a single
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chromosome, which is inherifed from one parent, tend to be inherited as a group. The set of alleles
inherited from each parent forms a hapiotype, in which some alleles tend {o be associated together.
identifving a patient’s haplotypes can help predict the probability of finding matching donors and assist in
developing a search strategy, because some alieles and hapiotypes are more common than others and
they are distribuied at different frequencies in different racial and ethnic groups.

As used herein, the term "HLA-maiched” refers {0 a donor-recipient pair in which none of the HLA
anligens are mismatched belween the donor and recipient, such as a donor providing a hematopoietic
stem celt graft {o a recipient in need of hematopoistic stem cell transplant therapy. HLA-maiched {i.e.,
where all of the 6 alleles are maiched) donor-recipient pairs have a decreased risk of grafi rejection, as
endogenous T cells and NK cells are less likely 1o recognize the incoming grafl as foreign, and are thus
less likely fo mount an immune response against the transplant.

As used herein, the termn "HLA-mismatched” refers to a donor-recipient pair in which at least one
HLA antigen, in particular with respect to HLA-A, HLA-B, HLA-C, and HLA-DR, is mismatched belween
the donor and recipient, such as a donor providing a hematopoietic stem cell graft to a recipient in need of
hematopoietic stem cell transplant therapy. In some embodiments, one haplotype is matched and the
other is mismaiched. HLA-mismaiched donor-recipient pairs may have an increased risk of graft rejection
relative to HLA-matched donor-recipient pairs, as endogenous T cells and NK cells are more likely {o
recognize the incoming graft as foreign in the case of an HLA-mismaiched donor-recipient pair, and such
T celis and NK cells are thus more likely 1o mount an immuneg response against the transplant.

As used herein, the term “aryl hydrocarbon receptor (AHR) modulator” refers 1o an agent ihat
causes or facilitates a qualitative or guantiiative change, alteration, or modification in one or more
processes, mechanisms, effects, responses, functions, activities or pathways mediated by the AHR
seceptor. Such changes mediated by an AHR moduiator, such as an inhibitor or a non-constitutive agonist
of the AHR dsscribad hersin, can refer 1o a decrease or an increase in the activity or function of the AHR,
such as a decrease in, inhibition of, or diversion of, constitutive activity of the AHR.

An "AHR antagonist” refers o an AMR inhibitor that does not provoke a biological response iself
upon specifically binding 1o the AHR polypeptide or polynucieslide encoding the AR, but blocks or
dampens agonisi-mediated or ligand-meadiated responses, L.e., an AHR aniagonist can bind but does not
activate the AHR polypeptide or polynucleotide encoding the AHR, and the binding disrupts the
interaction, displaces an AHR aguonist, and/or inhibits the function of an AHR agonist. Thus, as used
herein, an AHR antagoenist does not function as an inducer of AHR activily when bound to the AHR, ie.,
they function as pure AHR inhibifors.

As used herein, patients that are “in need of’ a hamatopoietic stem cell transplant include
patients that exhibit a defect or deficiency in one or more blood cell types, as well as patients having a
stem cell disorder, autoimmune disease, cancer, or other pathology described herein. Hemalopoietic
stem cells generally exhibit 1) mulli-potency, and can thus differentiate into multiple different blood
iineages including, but not limited to, granulocytes (s.q., promyelocytes, nautrophils, sosinophils,
basophils), ervihrooytes (e.g., reticulooyles, erythrocyles), thrombocyles (e.g., megakaryoblasts, platelst

producing megakaryocyles, platelats), monocyles (e.g., monocytes, macrophages), dendritic cells,
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microglia, ostecclasts, and lymphocytes {e.g., NK celis, B-cells and T-cells), 2) self-renewal, and can thus
give rise 1o daughier cells that have equivalent potential as the mother cell, and 3) the ability 1o be
reinfroduced into a transplant recipient whereupon they home {o the hematopoistic stem cell niche and
re-establish productive and sustained hematopoiesis. Hematopoietic stem cells can thus be administered
to a patient defeclive or deficient in one or more cell iypes of the hematopoietic lineage in order o re-
constitute the defective or deficient population of cells in vivo. For example, the patient may be suffering
from cancer, and the deficiency may be caused by administration of a chemuotherapeutic agent or other
medicament that dapletes, either selectively or non-specifically, the cancerous cell population.
Additionally or alternatively, the patient may be suffering from a hemoglobinopathy {e.g., a non-malignant
hemoglobinopathy), such as sickle cell anemia, thalassemia, Fanceni anemia, aplastic anemia, and
Wiskott-Aldrich syndrome. The subject may be one that is suffering from adenosine deaminase severe
combined immunodeficiency (ADA SCID3, HIV/AIDS, metachromatic leukodystrophy, Diamond-Blackian
anemia, and Schwachman-Diamond syndrome. The subject may have or be affected by an inherited
blood disorder (e.g., sickie cell anemia) or an autoimmune disorder. Additionally or alternatively, the
subjecl may have or be affected by a malignancy, such as neuroblastoma or a hematologic cancer. For
instance, the subject may have a leukemia, lymphoma, or myeloma. In some smbodiments, the subject
has acule myeloid leukemia, acute lymphoid leukemia, chronic myeloid leukemia, chronic lymphoid
leukemia, muitiple myeloma, diffuse large B-cell lymphoma, or non-Hodgkin's lymphoma. In some
embodiments, the subject has myelodysplastic syndrome. in some embodiments, the subject has an
autolmmune disease, such as scleroderma, muttiple sclerosis, ulcerative colitis, Crohn’s disease, Type 1
diabetes, or another autoimmune pathology described herein. In some embodiments, the subject is in
need of chimeric antigen recepior T-cell (CART) therapy. In some embodiments, the subject has oris
otherwise affected by a metabolic storage disorder. The subject may suffer or otherwise be affected by a
metabolic disorder selected from the group consisting of glycogen sforage diseases,
mucopolysaccharidoses, Gaucher's Disease, Hurler syndrome or Hurler's Disease, sphingolipidoses,
Mucolipidosis i, metachromatic feukodystrophy, or any other diseases or disorders which may beneiil
from the treatmenis and therapies disclosed herein and including, without limitation, severe combined
immunodeficiency, Wiscolt-Aldrich syndrome, hyper immunoglobulin M (IgM) syndrome, Ghediak-Higashi
disease, hereditary lymphohistiocylosis, osteapetrosis, osteogenesis imperfecta, storage diseases,
thalassemia major, sickle cell disease, systemic sclerosis, systemic lupus erythematosus, multiple
sclerosis, juvenile rheumatoid anthritis and those diseases, or disorders described in "Bone Marrow
Transplantation for Non-Malignant Disease,” ASH Education Book, 1:318-338 (2000}, the disclosure of
which is incorporated herein by reference in ils entirety as it periains {o pathologies that may be treated
by administration of hematopoietic stem cell fransplant therapy. Additionally or alternatively, a patient “in
need of’ a hematopoietic stem cell transplant may one that is or is not suffering from one of the foregoing
pathologies, but nonetheless exhibits a reduced level (e.g., as compared to thal of an otherwise healthy
subject) of ong or more endogenous csll types within the hematopoietic lineage, such as
megakaryocytes, thrombogoytes, platelets, erythrocyles, mast cells, myeoblasts, basophils, neutrophils,

eosinophils, microglia, granulooytes, monocyies, esteoclasis, antigen-presenting cells, macrophages,
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dendritic cells, natural killer cells, T-lymphocoyies, and B-lymphocytes. One of skill in the art can readily
determine whether one’s level of one or more of the foregoing cell types, or other blood cell type, is
reduced with respect 10 an otherwise healthy subject, for instance, by way of flow cytometry and
fluorescence activated cell sorling (FACS) methods, among other procedures, known in the ar.

As used herein, the terms "mobilize” and "mobilization” refer 1o processes by which a population
of hematopoietic stem or progenitor cells is released from a stem cell niche, such as the bone marrow of
a subject, into circulation in the peripheral blood. Mobilization of hematopoietic stem and progenitor cells
can ba monitored, for insiance, by assessing the quantity or concentration of hematopaoistic stem or
progenitor celis in a peripheral blood sample isolaled from a subject. For example, the peripheral blood
sample may be withdrawn from the subject, and the quantity or concentration of hematopoietic stem or
progenitor cells in the peripheral blood sample may subseguently be assessed, following the
administration of a hematopoietic stem or progenitor cell mobilization regimen 1o the subject. The
mobilization regimen may include, for instance, a CXCR4 antagonist, such as a CXCR4 antagonist
described herein {e.g., plerixafor or a variant thereof), and a CXCRZ agonist, such as a CXCR2 agonist
described herein {(s.g., Gro-§ or a variant thereof, such as a truncation of Gro-B, for instance, Gro-§ T).
The quantity or concentration of hemaiopoietic stem or progenitor eells in the peripheral blood sample
isolated from the subiject following administration of the mobilization regimen may be compared {o the
guantity or cencentration of hematopaoietic stem or progeniior cells in a peripheral blood sample isolated
from the subject prior to administration of the mobilization regimen. An observation that the guaniity or
concentration of hemalopoietic stem or progenitor cells has increased in the peripheral bicod of the
subject foliowing administration of the mobilization regimen is an indication that the subject is responding
to the mobilization regimen, and that hemalopoietic siem and progenitor cells have been released from
one or more stem cell niches, such as the bone marrow, info peripheral blood circulation.

As used herein, the term “sample” refers {0 a specimen (e.g., blood, blood component (e.g.,
serum or plasma), urine, saliva, amniotic fluid, cerebrospinal fluid, tissue {e.g., placental or dermal),
pancreatic fluid, chorionic villus sample, and cells) taken from a subject.

As used herein, the phrase "stem cell disorder” broadiy refers {0 any disease, disorder, or
condition that may be ireated or cured by engrafting or transplanting a population of hematopoielic stem
or progenitor cells in a target lissue within a patient. For example, Type | diabetes has been shown to be
cured by hematopeietic stem cell transpiant, along with various other disorders. Diseases that can be
treated by infusion of hematopoietic stem or progenitor cslls into a patient include, sickle cell anemia,
thalassemias, Fancoeni anemia, aplastic anemia, Wiskolt-Aldrich syndrome, ADA SCID, HIV/AIDS,
metachromatic leukodystrophy, Diamond-Blackfan anemia, and Schwachman-Diamond syndrome.
Additional diseases thal may be treated by transplantation of hematopoietic stem and progenitor cells as
described herein include blood disorders {e.g., sickie cell anemia) and auioimmune disorders, such as
scleroderma, mulliple sclerosis, ulcerative colilis, and Chrohn’s disease. Additional dissases that may be
iragted using hematopoietic stern and progenilor call transplant therapy include cancer, such as a cancer
described herein. Stemn cell disorders include a malignancy, such as a neurgblasioma or a hematologic

cancers, such as leukemia, lymphoma, and myeloma. For instance, the cancer may be acuts myeloid
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leukemia, acuie lymphoid leukemia, chronic myelold leukemia, chronic lymphoid leukemia, multiple
myeloma, diffuse large B-cell lymphoma, or non-Hodgkin's lymphoma. Disorders thal may be treated by
transplanting a population of hematopoietic stem cells 1o a patient include neurclogical disorders, such as
Farkinson's disease, Alzheimer's disease, multiple sclerosis, Amyolrophic lateral sclerosis, Huntinglon's
disease, mild cognilive impairment, amyloidosis, AlDS-related dementia, encephalitis, stroke, head
frauma, epilepsy, mood disorders, and dementia. As described herein, withoul being limited by
mechanism, the ability of hematopoietic stem celf iransplantation to ireat such disorders may be due, in
part, o the capacity of hamatopoistic stem celis to migrale to the ceniral nervous system and differentiaie
into microglial calls, thereby repopulating a hematopoistic cell line that may be damaged or daficient in
patients having a neurclogical disorder. Additional diseases treatable using hemalopoietic stem or
progenitor cell transplant therapy include myelodysplastic syndrome. In seme embodiments, the patient
has or is otherwise affected by a melabolic siorage disorder. For example, the patient may suffer or
otherwise be affected by a metabolic disorder selected from the group consisting of givcogen slorage
diseases, mucopolysaccharidoses, Gaucher's Disease, Hurler syndrome or Hurler’s Disease,
sphingolipidoses, Mucolipidosis ll, metachromatic leukodystrophy, or any other diseases or disorders
which may benefil from the treatments and therapies disclosed herein and including, without limitation,
severe combined immunodeficiency, Wiscott-Aldrich syndrome, hyper immunoglobulin M (lgM)
syndromea, Chediak-Higashi disease, heredilary lymphohistiocytosis, osteopetrosis, osteoganesis
imperfecta, storage diseases, thalassemia major, sickle cell diseass, systemic sclerosis, sysiemic lupus
erythematosus, multiple sclerosis, juvenile rheumatoid arthritis and those diseases, or disorders
described in "Bone Marrow Transplantation for Non-Malignant Disease,” ASH Education Book, 1:318-338
{2000}, the disclosure of which is incorporated herein by reference in iis entirety as it pertains io
pathologies that may be treated by adminisiration of hematopoietic stem or progenitor cell transplant
therapy.

As used herein, the ferms “subject” and “"patient” refer to an organism, such as a human, that
receives treatment for a particular disease or condition as described herein. For instance, a palient, such
as a human patient, that is in need of hematopoietic stem cell transplantation may receive treatment that
includes a populalion of hematopoietic siem cells so as to treat a stem cell disorder, such as a cancer,
autoimmune disease, or metabolic disorder dascribed herain. A patient, such as a human patient
suffering from a stem cell disorder, may, for instance, receive treatment in the form of a population of
hematopoietic stem cells, such as a population of from about 1 x 108 to about 1 x 10° hematopoietic stem
celis.

As used herein, the term “recipient” refers to a patient that receives a fransplant, such as a
transplant containing a population of hematopoietic stem celis. The transpianted celis administered o a
recipient may be, e.g., autologous, syngeneic, or allogeneic cells.

As ussed herein, the term “transfection” refers to any of a wide variety of technigues commonly
used for the infroduction of exogenaus DNA inlo a prokaryotic or eukaryolic host cell, such a3
glectroporation, lipofection, calcium- phosphate precipitation, DEAE- dextran transfection and the like.
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As used herein, the terms “treat”, “tregting” or “treatment” refer {o a method of alleviating or
abating a disease and/or its attendant symploms. As used herein, the terms “preventing” or “prevent”
describes reducing or eliminating the onset of the sympioms or complications of the disease, condition, or
disorder. As used herein, the terms “disease(s)”, "disorder(s)”, and "condition(s)” are used
interchangeably, unless the contexi clearly dictates otherwise,

“Treating” may refer to therapeutic treatment, in which the object is to prevent or slow down
{lessen) an undesired physiolegical change or disorder or to promote a beneficial phenalype in the patient
being treated. Beneficial or desired clinical results include, bul are not limited {¢, promoting ths
engraftment of exogenous hemaiopoietic calls in a patisnt following hemalopoietic siem or proganitor call
fransplant therapy. Additional beneficial resulls include an increase in the cell count or relative
concentration of hematopoietic stem cells in g patient in need of a hematopoietic stem or progenifor cell
fransplant following administration of an exogenous hemalopoietic stem or progenitor cell grafi to the
patient. Beneficial resuits of therapy described herein may also include an increase in the cell count or
relative concentration of one or more celis of hemalopoietic lineage, such as a megakaryooyte,
thrombocyie, platelet, erythrocyte, mast cell, myeoblast, basophil, neutrophil, eosinophil, microglial call,
granulocyts, monooyle, osteoclast, antigen-preseniing cell, macrophage, dendritic cell, natural killer cell,
T-lymphocyte, or B-lymphocyte, following and subsequent hematopoietic stem cell transplant therapy.
Additional beneficial resulis may include the reduction in quantily of a disease-causing cell population,
such as a population of cancer cells or autoimmune celis.

As used herein, the terms “variant” and "derivative” are used inlerchangeably and refer io
naturally-ccourring, synthetic, and semi-synthetic analogues of a compound, peptide, protein, or other
substance described herein. A variant or derivative of a compound, peptide, protein, or other substance
described herein may retain or improve upon the biological activity of the original material.

As used harein, the term “veclor” includes a nucleie acid vecior, such as a plasmid, a DNA vactor,
a plasmid, a RNA vactor, virus, or other suitable replicon. Expression vectors described herein may
coniain a polynucleotide sequence as well as, for example, additional sequence elements used for the
exprassion of proteins and/or the inlegration of these polynucleotide sequences into the genome of a
mammalian cell. Ceriain veciors that can be used for the expression of peplides and proteins, such as
those described herein, include plasmids that contain regulatory sequences, such as promaoier and
enhancer regions, which direct gene transcription. Other useful vectors for expression of peptides and
proteins described herein contain polynuciactide sequences that enhance the rale of franslation of these
genes or improve the siability or nuclear export of the mRNA that resulls from gene transcription. Thess
sequence elements may include, for example, 5 and 3’ uniransiated regions and a polyadenylation signal
site in order o direct efficient franscription of the gene carried on the expression vectar. The expression
veclors described herein may also conlain a polynucieotide encoding a marker for selection of cells that
contain such a vector. Examples of a suitable marker include genes that encode resistance to antibistics,
such as ampicillin, chicramphenicol, kanamycin, and nourseothricin,

As used herein, the term “alkyl” refers 10 a siraight- or branched-chain alkyl group having, for

axample, from 1 to 20 carben alems in the chain, or, in certain embodiments, from 1 1o 6 carbon atoms in
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the chain. Examples of atkyl groups include, but are not limited to, methyi, ethyl, n-propyl, isopropyl,
butyl, isobuivi, sec-bulyl, tert-butyl, peniyl, isopenivi, teri-pentyl, neopentyl, isopentyl, tert-pentyl, hexyl,
isohaxyl, and the like.

As used herein, the term “alkylene” refers {o a straight- or branched-chain divalent alky! group.
The divalent positions may be on the same or different atoms within the alkyl chain. Examples of alkylene
include methylene, ethylene, propylene, isopropylene, and the like.

As used herain, the term “heteroalkyl” refers {o a straight or branched-chain atkyi group having,
for example, from 1 to 20 carbon atoms in the chain, and further containing one or more heteroatoms
{e.9., oxygen, nitrogen, or sulfur, among others) in the chain.

As used herein, the term “heteroalkylene” refers 10 a siraight- or branched-chain divalent
heteroalky! group. The divalent positions may be on the same or different atoms within the heleroalkyl
chain. The divalent positions may be one or more hetercatoms.

As used hergin, the term “alkeny!” refers 1o a straight- or branched-chain alkeny! group having, for
example, from 2 to 20 carbon atoms in the chain. i denotes a monovalent group derived from a
hydrocarbon moiely conlaining, for exampls, from two to six carbon atoms having al least one carbon-
carbon double bond. The double bond may or may not be the point of attachment 1o another group.
Examples of alkenyl groups include, but are not limited to, vinyl, propenyl, isopropenyl, butenyl, tert-
butylenyi, t-methyl-2-buten-1-vi, hexenyi, and the like.

As used herein, the term “alkenyiene” refers 10 a siraight- or branched-chain divalent alkenvi
group. The divalent positions may be on the same or different gtoms within the atkenyl chain. Examples
of alkenyiene include ethenylens, propenylene, isopropenylene, butenviene, and the like.

As used hersin, the term “heteroalkenyl” refers o a siraight- or branched-chain alkenyl group
having, for example, from 2 to 20 carbon atoms in the chain, and further containing one or more
hetercatoms (e.q., oxygen, nitrogen, or sulfur, among others) in the chain.

As used herein, the term “hetercalkenyiene’ refers 1o a siraight- or branched-chain divalent
heteroalkenyl group. The divalent posilions may be on the same or different aloms within the
hetercalkenyl chain, The divalent positions may be one or more heleroatoms.

As used herein, the term “alkynyl” refers to a straighi- or branched-chain alkynyl group having, for
exarnple, from 2 to 20 carbon atomns in the chain and at least one carbon-carbon triple bond. Examples
of alkynyl groups include, but are not limited 1o, propargyl, butynvl, pentynyl, hexynyl, and the like.

As used herein, the term “alkynylene” refers 10 & straight- or branched-chain divalent alkynyi
group. The divalent positions may be on the same or different aloms within the alkynyi chain.

As used herein, the term “heteroalkyny!” refers to a siraight- or branched-chain alkynyi group
having, for example, from 2 to 20 carbon atoms in the chain, and further containing one or more
heteroatoms (2.g., oxygen, nitrogen, or sulfur, among others) in the chain.

As ussd herein, the term “hetercalkynylene” refers 1o a straight- or branched-chain divalent
heteroalkyny! group. The divalent positions may be on the same or different atoms within the
heteroalkynyl chain. The divalent positions may be one or more heteroatoms.
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As used herein, the term “cycloalkyl” refers {0 a monocyclic, or fused, bridged, or spiro polycyclic
ring structure that is saturated and has, for example, from 3 10 12 carbon ring atoms. Examples of
cycloalkyl groups include cyciopropyi, cyclobulyl, cyclopentyi, cyciohexyl, cycloheptyl, cycloociyi,
bicyclo]3.1.0lhexane, and the like. Also contemplated is a monovalent group derived from a monocyclic
or polycyclic carboeyelic ring compound having at least one carbon-carbon double bond by the removal of
at least one or two hydrogen aloms. Examples of such groups include, but are not limited to,
cyclopropenyl, cyclobutenyl, cyclopentenyl,

As used herein, the term “cycloalkylane” refers 10 a divalent cycloalkyl group. The divalent
positions may be on the same or different atoms within the ring structure. Exampies of cycloalkylens
include cyclopropyiene, cyclobutylene, cyclopeniyiene, cyclohexyiene, and the like.

As used herein, the term “heterocyioalkyl” or “heterocyclyl” refers 10 a monocychic, or fused,
bridged, or spiro polycyclic ring structure that is saturated and has, for example, from 310 12 ring atoms
per ring structure selected from carbon atoms and heteroatoms selected from, e.g., nitrogen, oxygen, and
sulfur, among others. The ring structure may contain, for example, one or more oxo groups on carbon,
nifrogen, or sulfur ring members. Exemplary heteroceoyeloalkyl groups include, but are not limited to, [1,3]
dioxolane, pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperazinyl, piperidinyl,
oxazolidinyl, iscoxazolidinyl, morpholinyl, thiazololidinyl, isothiazolidinyl, and {etrahydrofuryl.

As used herein, the term “heterocycloalkyviene” refers to a divalent heterocyciolalkyl group. The
divalant positions may be on the same or different atoms within the ring structure.

As used herein, the term “aryt” refers 1o a monocyclic or multicyclic aromatic ring system
coniaining, for example, from 6 to 18 carbon atoms. Aryl groups include, but are not limited to, phenyl,
fluorenyl, naphthyl, {eirahydronaphthyl, indanvl, indenyl, and the like. The divalent positions may be one
or more heteroatoms.,

As used herein, the term “aryiene” refers 1o a divalent aryl group. The divalent positions may be
on the same or different atoms.

As usad herein, the term “hetercaryl” refers {o a monocyclic heteroaromatic, or a bicyclic or a
tricyclic fused-ring hetercaromatic group. In cerlain embodiments, the heleroaryl group contains five to
ien ring atoms of which one ring atom is selected from 8, O, and N; zero, one, or two ring atoms are
additional heternatoms independently selected from S, O, and N; and the remaining ring atoms are
carbon. Heteroaryl groups include, but are not limited o, pyridyl, pyrrolyl, furyt, thienyl, imidazoliyi,
oxazolyt, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, 1,2,3-triazolyt, 1,2,4-triazoiyl, 1,2, 3-oxadiazoiyl,

1.2, 4-oxadia-zolyi, 1,2,5-oxadiazolyi, 1,3 4-oxadiazolyl, 1,3,4-triazinyl, 1,2,3-triazinyl, benzofuryl, |2,3-
dihydrolbenzofuryl, isobenzofuryl, benzothienyl, benzotriazolyl, isobenzothienyl, indolyl, isoindolyi, 3H-
indolvi, benzimidarzolyl, imidazof1,2-a]pyridyl, benzothiazolyl, benzoxazolyl, quinolizinyt, quinazolinyl,
pthalazinyl, quinoxalinyl, cinnolinyl, napthyridinyl, pyride]3,4-blpyridyl, pyridof3,2-blpyridyl, pyrido{4,3-
bipyridyl, quinolyl, iscquinolyl, tetrazolyl, 5.6,7 8-tetrahydroquinelyl, 56,7 8-tetrahydroisoguinolyl, purinyl,
pteridiny!, carbazolyl, xanthenyl benzoquinclyl, and the like.
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As used herein, the ferm “heteroarylene” refers 1o a divalent heteroaryl group. The divalent
positions may be on the same or different aloms. The divalent positions may be one or more
heteroatoms,

Unless otherwise constrained by the definition of the individual substituent, the foregoing
chermical moielies, such as “alkyl”, “alkylene”, “heleroalkyl’, “hetercalkylene”, "alkenyl”, “alkenylena”,
“hetercalkeny!l”, “helercalkenylene”, “alkynyl”, “alkynylene”, "heteroalkynyl”, “heteroalkynylens”,
“eycloalkyl”, “cycloalkyieneg”, “heterocyclolalkyl”, haterocydoalkylene”, “aryl,” “arylene”, *hetercaryl’, and
“heteroarylene” groups can oplionally be substituted. As used herein, tha term “optionally substituied”
refers 1o a compound or moiety containing one or more {forexample, 1,2, 3,4, 5,86, 7, 8, 8, 10, or more}
substituents, as permitted by the valence of the compound or moiely or a site thereof, such as a
substiiuent selected from the group consisting of atkyl, alkenyl, alkvnyl, cycloalkvl, helerocycioaltkyd, alkyl
aryl, alkyl heleroaryt, alkyl cycioalkyl, alkyl heterccycloalkyl, amino, ammonium, acyl, acvioxy, acylaming,
aminocarbonyi, alkoxycarbonyl, ureido, carbamate, aryl, hetercaryl, sulfinyi, sulfonyl, alkoxy, sulfanyi,
halogen, carboxy, trihalomethyl, cyano, hydroxy, mercapto, nilro, and the like. The substitution may
include situations in which neighboring substituenis have undergone ring closure, such as ring closure of
vicinal functional subsiituenis, to form, for instance, lactams, lactonaes, cyclic anhydridses, acelals,
hemiacetals, thicacetals, aminals, and hemiaminals, formed by ring closure, for example, to furnish a
protecting group.

As used herein, the lerm “optionally substituted” refers to a chemical moiety that may have ong o
more chemical substituents, as valency permils, such as C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyi, C3-10
cycloalkyl, T3-10 heterocycloalkyl, aryl, alkylaryi, heleroaryl, alkylheteroaryl, aming, ammonium, acyl,
acyloxy, acylaming, aminocarbonyl, alkoxycarbonyl, ureide, carbamate, sulfinyl, sulfonyt, alkoxy, sulfanyi,
halogen, carboxy, trihalomethyl, cyano, hydroxy, mercaplto, nitro, and the fike. An optionally substituted
chemical moiety may contain, e.g., neighboring substituanis that have undergone ring closure, such as
ring closure of vicinal functional substiluents, thus forming, &.9., lactams, factones, cyclic anhydrides,
acetals, thinacetals, or aminals formed by ring closure, for instance, in order to generaie protecting group.

In accordance with the application, any of the aryls, substituted aryis, helercaryls and substituted
heteroaryls described herein, can be any aromatic group.

The terms "hal," "hale,” and "halogen,” as used herein, refer to an alom salecied from fluorine,
chiorine, bromine and iodine.

As described herein, compounds of the application and moieties present in the compounds may
optionally be substituted with one or more subsiituents, such as are lllustrated generally above, or as
exemplified by parficular classes, subclasses, and species of the application. it will be appreciated that
the phrase "optionally substiiuted” is used interchangeably with the phrase "substifuted or unsubstifuted.”
in general, the term "substituted®, whether preceded by the term "optionally” or not, refers fo the
replacement of hydrogen radicals in a given struciure with the radical of a specified substiluent. Unless
otherwise indicaled, an optionally substituted group may have a substituent at each substitutable position
of the group, and when more than one position in any given struciure may be substituted with more than

one substituent selected from a specified group, the substiiuent may be either the same or different at
25



10

15

20

25

30

35

WO 2019/089826 PCT/US2018/058553

every position. The terms "optionally substitited”, "optionally substitited alkyl,"” "oplionally substituted
alkenyl,” "optionally substituted alkyny!", "optionally substituied cycloalkyl,” "optionally subsiituted
cycloalkenyl,” "oplionally substituted aryl®, "oplionally substituied heteroaryl,” "optionally substituied
aralkyl", "optionally substituted heleroaralkyl,” "optionally substituted heterocycloalkyl,” and any other
oplionally subsiituted group as used herein, refer {o groups that are subsiituted or unsubstituted by
independent replacement of cne, two, or three or more of the hydrogen atoms thereon with substiiuents
including, but not limited 1o:

-F, -Cl, -Br, -1, -OH, prolected hydroxy, -NOz, -ON, -NHz, protected aming, -NH-C1-Caz-alkyl, -NH-
Cz-Cro-alkenyl, -NH-Co-Caz-alkenyl, -NH -Cs-Crz-cycloalkyl,
-NH-ayt, -NH -heteroany, -NH -heterocycloalkyl, -dialkylamino, -diarylamino,
-diheteroarylaming, -0-C4-Ciz-alkyl, -0-C2-Ciz-alkenyl, -0-C2-Ciz-alkenyl,
-(3-C3-Ciz-cycloalkyl, -O-aryl, -O-heteroaryi, -O-heterocycloatky!, ~C({O)-Ci-Ciz-alkyl, ~C{O)- Ta-Cro-
alkenyl, ~-C(O)-Co-Caralkenyl, -C(O}~-Cs-Caz-cycioalkyl, ~-C{O}aryi, -C{O}-heteroaryl,
-C{O}-heterocycloalkyl, ~-CONHz, ~-CONH-C1-Cqz-alkyl, -CONH-C2-Ciz-alkenyi,
~CONH-C2-Cz-akenyl, -CONM-C,-Crz-cycloalkyl, -CONH-aryl, ~-CONMH-hateroaryl,
-CONH-haterooycloalkyl -OC02-Ci-Crz-alkyl, -OCO,-Co-Cre-alkenyl, -OC0,-Co-Crz-alkenyl,
~OC02-Cs-Crz-cycloalkyl, -OCOz-aryl, -OC0Oz-heleroaryl, -OCOs-heterocycloalkyl, ~OCONH;,
-QCONH-C1-Ciz-aliyl, -OGONH- Ca-Caz-alkenyl, -OCONH- Co-Car-alkenyt,
~-OCONH-Ca-Crp-cycloalkyl, -OCONH-amyt, -OCONH-heleroaryl, -OCONH-helerocycloalkyl,
-NHC(N-Cr-Crp-alkyl, -NHC(O)-Co-Cro-atkenyl, -NHC{O}-Co-Crz-alkenyl,
-NHG{O)-Ca-Crz-cycloalkyl, -NHC(O)-aryl, -NHG(O)-heteroaryl, -NHC(O)-heterocycloalkyl,
~NHCG2-C1-Crz-alkyl, ~NHCO2-Co-Crz-alkenyl, -NHCO2-C2-Crz-alkenyl,
-NHCG2-Co-Crz-cycloalkyl, -NHCOz-aryl, -NHCOz-heteroaryl, -NHCO: heterooycioalkyl, NHC{OMNH;z, -
NHC(O)NH-C+-Crz-aliyl, -NHC(O)NH-C2-Caz-alkeny|,
-NHC({O)NH-C2-Cas-alkenyl, -NHC(O}NH-Cs-Crz-cycloalkyl, -NHC(O)NH-arvi,
~NHC{O)NH-heteroaryl, NHC(O)NH-heterocycloalkyl, -NHC(S)NHz,
-NHC(E)NH-C1-Crz-alkyl, -NHC(S)NH-C=-Crz-atkenyl,
-NHC{S)NH-C2-Crp-alkenyl, -NHC(S)NH-Ca-Cra-cycioalkyl, -NHG(S)NH-aryl,
-NHC(S)NH-heteroaryl, -NHC(S)NH-heterocycioaliyl, -NHCNNH)NHz,
-NHC{NHINH- C1-Crz-alkyl, -NHC(NHINH-C2-Crz-alkenyl, -NHC(NHINH-Co-Crz-alkenyl,
-NHCNHINH-Ca-Cra-cycivaliyl, -NHC{NH)NH-aryl, -NHC(NH)NH-heteroaryl,
-NHCG{NH)NHheterocydloalkyl, -NHC(NH)-C1-C-alkyl, -NHC(NH}-C2-Crz-alkenvi,
-NHC{NH)-Ca-Crz-alkenyl, -NHC(NH)-Cs-Cra-cycloalkyl, -NHC(NH)-any!,
-NHC{NH)-heteroaryl, -NHC(NH)-heterocycloalkyl, ~CNHINH-C1-Crz-alkyl,
~C{NH)NH-C2-Crz-alkenyl, ~-C{NH)NH-C2-Crz-alkenyl, CNH)NH-C3-Crz-cycloaliyl,
-C{NHYNH-aryl, -C{NH)NH-heteroaryt, -C(NH)NHheterocycloalkyl,
-S{O)-C1-Crz-alkyl,- S(0)-Co-Cro-alkenyl,- S{O)-Ca-Cra-alkenyl,
-S{0}-Cs-Crz-cycloalkyl - 3(O)-arvi, -S(C)-hetercaryl, -S{O)-heterocycloalkyl -S0NH2,

~SONH-C1-Cre-alkyl, -SCQNH-T2-Crp-alkenyl, -S0NH-Co-Crp-alkenyl,
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-S502NH-Cs-Crz-cycloalkyl, -SCNH-aryl, -S02NH-heteroaryl, -SO2NH-heterocycloalkyl,
SNHSO-Cr-Caz-alkyl, ~-NHSO2-Co-Crz-alkenyl - NHSO-Co-Crz-alkenyi,
~NHSO2-Ca-Crz-gycioalkyl, -NHSOz-aryl, -NHSO2-heteroaryl, -NHSO:=-heterocycloalkyl,
~-CHzNH2, ~-CHzE0CH:, -aryl, ~arvialkyl, -heteroarvl, -heteroarvialkyl, -heterocycloalkyl,
-Ca-Crz-cycloalkyl, polyalkoxyalkyl, polyalkoxy, -methoxymethoxy, ~-methoxyethoxy, ~SH,
-3-C1-Crz-alkyl, -5-Co-Crz-alkenyl, -S-Cp-Crz-alkenyl, -S-Cs-Coz-cycloalkyl, -S-anyl,
-S-heteroaryl, -S-heterocycloalkyl, or methyithiomethyl

Where the number of any given substifuent is not specified, there may be one or more
substiiuents prasent. For example, “hale-substituted ©1-4 alkyl” may inciude one or more of the same or
different halogens.

When the compounds described herein contain olefinic double bonds or other centers of
geometric asymmetry, and unless specified otherwise, it is intended that the compounds include both £
and Z geometric isomers. Likewise, all tautomeric forms of carbonyl-containing compounds are also
intended 1o be included.

it is to be understood that the compounds provided herein may contain chiral centers. Such chiral
centers may be of either the (R) or (5) configuration, or may be a mixture thereof. Thus, the compounds
provided herain may be enantiomerically pure, or may be sterecisomeric or diastereomeric mixiures. As
such, one of skill in the art will recognize that adminisiration of a compound in its (R) form is equivalent,
for compounds that underge epimerization in vivo, 1o administration of the compound in iis (8) form.

Compounds described herein include, but are not limited to, those set forth above, as well as any
of their isomers, such as diastereomers and enantiomers, as well as salls, esters, amides, thicesters,
solvates, and polymorphs thereof, as well as racemic mibdures and pure isomers of the compounds set
forth above.

Stem Cells

in some embodimenis, the siem cells of which the populalion is modified (e.g., expanded) with
the compositions and methods described are capable of being expanded upon contacting the aryl
hydrocarbon receptor antagonist, In some embodiments, the stem cells are genetically modified stem
celis. in some embodiments, the stem cells are not genelically modified stem cells.

in some embodiments, the stem cells are empbryonic stem cells or adult stem cells. In some
embodiments, the siem celis are totipotentent stem cslls, pluripotent stem cells, multipoteltent stem celis,
oligopotent stem celis, or unipotent stem cells. In some embodiments, the stem cells are tissue-specific
stem cells.

in some embodiments, the stem cells are hematopoietic stem cells, intestinal stem celis,
osteoblastic siem cells, mesenchymal stem celis {i.e., lung mesenchymal stem cells, bong marrow-
derived mesenchymal stromal cells, or bone marrow stromal celis), neural slem cells (i.e., neurcnal
dopaminergic stem cells or motor-neurcnal stem cells), epithelial stem cells (i.e., lung epilthslial stem
cells, breast epithelial stem cells, vascular epithedial stem cells, or intestinal epithelial stem cells), cardiac

myocyle progenitor stem cells, skin stem cells {i.e., epidermal stem celis or follicular stem cells thair
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follicle stem cells)), skeletal muscie stem celis, adipose stem cells, liver slem cells, induced pluripotent
stem cells, umbilical cord stem cells, amniotic fluid stem celis, limbal stem cells, dental pulp stem celis,
placental stem cells, myoblasts, endothelial progenitor cells, exfoliated teeth derived stem cells, or hair
follicle stem celis.

in some embodiments, the stem cells are hemalopoietic stem celis.

in some embodimenis, the stem cells are primary stem celis. For example, the stem celis are
obiained from bone marrow, adipose tissue, or bood. In some embodimeanis, the the stem cells are
cultured stem cells.

in some embodimeants, the stem cells are CD34+ calls. In some embodimenis, the siem calis are
CRod+ celis. in some embuodiments, the stem celis are CD45RA- cells. In some embodiments, the siem
celis are CD34+CDO0+ cells. In some embodiments, the stem celis are CD34+CD45RA- cells. Insome
embodiments, the stem celis are CDB0+CD45RA- cells. In some embodiments, the stem celis are
CD34+COO0+CD45RA- celis.

in some embodiments, the hemalopoietic stem cells are extracted from the bone marrow,
mobilized inlo the peripheral blood and then collecied by apheresis, or isolated from umbilical cord blood
uniis.

in some embodimenis, the hemaiopoietic stem celis are CD34+ hematopoietic stem cells. In
some embodiments, the hematopeigtic stem cells are CD80+ hematopoietic stem cells. In some
ambodiments, the hamatopoietic stem celis are CD45RA- hematopoistic stem celis. In some
embodiments, the hematopoietic siem cells are CD34+CD30+ hematopoielic stem cells. In some
embodiments, the hematopoietic stem celis are CD34+CD45RA- hematopoietic stem cells. 1n some
embodiments, the hemalopoietic stem cells are CDOL+CD45RA- hematopoistic siem cells. In some
embodiments, the hematopoietic stem cells are CD34+CRO0+CD45RA- hematopoietic stem celis.

Methods of Genetic Modification of Hematopoietic Stem and Progenitor Cells

The compaositions and methods described herein provide strategiss for disrupling a gene of
interest and for prometing the expression of target genes in populalions of hematopoietic sten and
progenitor cells, as well as for expanding these cells. For instance, a population of hematopoislic stem
celis may be expanded according to the methods described herain and may be genstically modified, e.g.,
30 as 1o exhibit an altered gene expression patiern. Aliernatively, a populalion of cells may be enriched
with hematopoietic stem cells, or a population of hematopoletic stem cells may be maintained in a multi-
potent state, and the celis may further be medified using established genome editing technigues known in
the art. Forinstance, one may use a genome editing procedure {o promote the expression of an
exogenocus gene or inhibit the expression of an endogenous gene within a hematopoietic stem cell.
Populations of hemalopoietic stem cells may be expanded, enriched, or maintained in a multi-potent state
according to the methods described herein and subsequently genetically meodified so as to express a
desired target gene, or populations of these cells may be ganetically modified first and then expanded,
enriched, or maintained in a multi-potent state.
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in some embodiments, the populations {(e.g., pluralily) of hematopoietic stem cells are expanded,
enriched, or maintained in a multi-polent state according o the methods described herein by being
contacted with an aryl hydrocarbon receptor antagonist as described herein and subsequently genetically
miodified so as to express a desired target gene and substantially maintain the engraftable properties of
the hematopoieiic stem cells cells. In some embodiments, the populations (e.g., plurality) of
hemalopoietic siem cells are expanded, enriched, or maintained in a multi-potent state according to the
methods described herain by being contacted with an aryl hydrocarbon receptor aniagonist as described
herein and subjacied to conditions during a period of lime sufficient 1o induce call cycling, and
subseguently genetically modified so as {o express a desired arget gene and substantially mainiain the
engraftable properties of the hematopoietic stem cells calls. In one non-limiting embodiment, the
condilions sufficient to induce cell cycling may comprise contacting the hematopoietic stem cells with one
or more cytokines in amounts sufficient to induce cell cycling. Mon-fimiting exampiles of cytokings include
SCF LS, TRO, FLT3L, and combinations thereof, Other agents or methods may aiso be used {o induce
cell cyaling.

in some embodiments, the period of lime sufficient to induce cell cycling may be at least aboui 1
day, at least aboui 2 days, at least aboul 3 days, at least about 4 days, or at least about 5 days. Insome
embodiments, the period of time sufficient to induce cell cycling is about 1 to about 5 days, about 1 fo
about 4 days, aboui 2 to about 4 days, about 1 to aboui 2 days, or about 210 about 3 days. In some
embodiments, the period of time sufficient to induce cell cycling may vary depending on the lineage of the
cells.

in some embodiments, contacting the hematopoietic stem cells with an aryl hydrocarbon recepior
antagonist does not affect cell cycling. Advantageously, actively cycling cells may be more easily
genetically modified so as to express a desired target gene than a non-cycling cell. Additionally, in some
embodiments, contacting the hematopoietic stem cells with an ary! hydrocarbon receptor antagonist does
not prevent stem cells from eniering the cell cycle, and allows the stem celis to remain as stem celis (e.g.,
including dividing so as to mulliply in number without substaniially differentiating), delaying diffsreniiation
and profonging engrafiment polential relative o celis {e.g., hemaiopoietic siem celis} not contacied with
an aryl hydrocarbon receptor antagonist.

in some empodiments, the populations (e.g., plurality) of hematopoletic stem cells are expanded,
enriched, or maintained in a multi-potent siate according 1o the methods described herein by being
contacted with an aryl hydrocarbon receplor antagonist as described herein during at least a period of
time sufficient {0 induce cell cycling and subsequently genetically modified 50 as to express a desired
target gene resulling in improved genetic modification relative to a comparable method wherein the
populations (e.q., plurality) of hematopoietic stem cells are not contacted with an aryl hydrocarbon
receplor antagonist as described herein during a period of time sufficient 1o induce cell cycling priorto
being subseguently genetically modified.

in some ambodiments, the populations of hamatopoislic stem cells are expanded, anriched, or
maintained in a multi-polent state according to the methods described herein by being contacied with an

aryl hydrocarbon receptor antagonist as described herein during a peried of time sufficient {o induce celi
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cycling and subsequentily genetically modified 50 as to express a desired target gene resulting in
improved engraftment potential relative to a comparabie method wherein the the populations of
hematopoietic stem cells are not contacted with an aryl hydrocarbon recepior antagonist as described
herein during a period of time sufficient (o induce cell cycling piior to being subsequently genetically
modified.

in some embodiments, hemalopoietic siem cells are expanded, enriched, or maintained in a
multi-polent siate according o the methods described herein by being contacted with an aryl hydrocarbon
receptor antagonist as described herein during a period of time sufficient to induce calf cycling in
substantially all of the hemalopoietic stem celis.

in some embodiments, the populations (e.g., plurality) of hematopoietic stem cells are expanded
subsequently to being genetically modified. For example, the hemalopoietic stem celis may be expanded
in the presence of an aryl hydrocarbon recepior antagonist subsequently to being genetically modified.
Expansion of the genetically maodified hematopoietic stem cells may be performed, for example, to
increase the number of engraftable genetically modified celis in a hematopoietic stem celi grafl.

A wide array of methods has been established for the incorporation of {arget genes into the
genome of a cell (e.g., a mammalian cell, such as a murine or human cell) so as to facilitate the

axpression of such genes.

Polynuciectides encoding fargef genes

One example of a platform thatl can be used {o facilitale the expression of atarget genein a
hematopoietic stem cell is by the infegration of the polynuciectide encoding a target gene info the nuclear
genome of the cell. A varisty of technigues have been developed for the introduction of exogenous genes
into a eukaryotic genome. One such technique involves the insertion of a target gene info a vector, such
as a viral vector. Vectors for use with the compositions and methods described herein can be infreduced
inte a cell by a varletly of methods, including transformation, transfection, direct uptake, projectiis
bombardmeni, and by sncapsuiation of the veclor in a iposome. Examples of sultabls meihods of
wransfeciing o ransiviming cells include calchim phosphate precipiiation, sleclroporation, micrainiaction,
infection, lpotaction and divect uplake. Such methods are desoribed in more detall, for example, in Green,
et al., Molecular Cloning: A Laboratory Manual, Founh Egition, Cold Spwing Harbor Unlbversity Press, New
York (2014 and Ausubsl, el al., Cuwrent Profovols in Moleoular Biology, John \Wiiley & Sons, New York
{2015}, the disclosures of sach of which are incorporaled herein by reference.

Exogencus genes can also be introduced into a mammalian cell through the use of 3 vecior
coniaining the gene of interest {o coll membrane phospholipids. For example, veciors can be {argsted to
the phospheolipids on the axdraceliular surface of the cell membrane by Hnking the vector molacule to a
VEV-G protein, a viral protein with affinity for all cell moembrane phospholipids, Viral vectors confaining the
VEV-G protein are described in further dotall, e.g., In US 5,812 421; and in US 5,670,354, the disclosures
of gach of which ars ncorporatad by rafsrence hereln.

Recognition and binding of the polynucleoctide enceding a target gene by mammalian RNA

polymerase is an important molecular event for gene exprassion {o occur. As such, one may include
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sequence elements within the polynuciedctide that exhibit a high affinity for transcription factors that recruit
RNA polymerase and promote the assembly of the transcription complex at the transcription initiation site.
Such sequence elements include, e.g., a mammalian promoter, the sequence of which can be recognized
and bound by specific transcription initiation factors and ultimalely RNA polymerase. Alternatively,
promoters derived from viral genomes can be used for the stable expression of target genes in
mammalian cells. Examples of functional viral promoters that can be used {o promote mammalian
expression of these enzymes include adenovirus lale promoter, vaccinia virus 7.5K promoter, SV40
promotar, cylomegaiovirus promatar, mouse mammary tumor virus (MMTV) promoter, LTR promaoter of
HIV, promoler of moloney virus, Epstein barr virus (EBV) promoter, Rous sarcoma virus (RSVY) promoter,
and the cytomegalovirus (CMV) promoter. Additional viral promoters include the 3V40 late promoter from
simian virus 40, the Baculovirus polyhedron enhancer/promoter element, Herpes Simplex Virus thymidine
kinase (HSV k) promoler, and the 358 promoter from Cauliflower Mosaic Virus. Sultable phage
promoters for use with the compositions and methods described herein include, but are not limited to, the
E. coli T7 and T3 phage promoters, the 3. typhimurium phage 3P6 promoter, B. subtilis SP01 phage and
B. subtilis phage phi 28 promoters, and N4 phage and K11 phage promoters as described in US
5,547,882, the disclosure of which is incorporaied hersin by reference.

Upon incorporatlion of a polynucleclide encoding a target gene has been incorporated info the
genome of a cell (8.4, the nuclear genome of a hamatopoietic stem cell), the iranscription of this
polynucteotide can be induced by methods known in the arl, For example exprassion can be induced by
exposing the mammalian cell to an exiernal chemical reagent, such as an agent that moduiales the
binding of a transcription faclor and/or RNA polymerase to the mammalian promoter and thus requlate
gene expression. The chemical reagent can serve 1o facilitate the binding of RNA polymerase and/or
transcription factors {o the mammalian promeoter, e.q., by removing a repressor protein that has bound the
promoter. Alternatively, the chemical reagent can serve to enhance the affinity of the mammalian
promoter for RNA pelymerase and/or transcription factors such that the rate of transcription of the gene
located downstraam of the promoter is increased in the presence of the chemical reagent. Examples of
chemical reagents that potentiate polynucleotide transcription by the above mechanisms include
tetracycline and doxycycline. These reagents are commercially available (Life Technologies, Carlsbad,
CA) and can be administersd {0 a mammalian cell in order {c promote gene axpression according to
established prolocols.

Other DNA sequence elementis that may be included in polynucleotides for use with the
compositions and methods described herein include enhancer sequences. Enhancers represent another
class of requiatory elements that induce a conformational change in the polynuclectide comprising the
gene of interest such that the DNA adopis a three-dimensional orientation that is favorable for binding of
transcription factors and RNA polymerase at the transcription initiation site. Thus, polynucleotides for use
with the compositions and methods described herein include those that encode a {arget gene and
additionally include a mammalian enhancer sequence. Many enhancer sequences are now known from
mammalian genes, and examples include enhancers from the genes that encode mammalian globin,

elastase, aibumin, o-fetoprotein, and insulin. Enhancers for use with the compositions and methods
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described herein also include those that are derived from the genetic material of a virus capabile of
infecting a eukaryotic cell. Examples include the SV40 enhancer on the iate side of the replication origin
{bp 100-270), the cytomegalovirus early promeoter enhancer, the polyoma enhancer on the late side of the
replication origin, and adenovirus enhancers. Additional enhancer sequences that induce activation of
eukaryolic gene transcription are disclosed in Yaniv et al. Nature 297:17 (1982), the disclosure of which is
incorporated herein by reference. An enhancer may be spliced into a vector containing a polynucileoctide
encoding a target gene, for example, at a position 5 or 3’ {o this gene. In a preferred orientation, the
anhancer is positioned at the 5 side of the promoter, which in turn is located 5’ relative to the
polynuciectide encoding the targat gene.

in addition to promoling high rates of transcription and translation, stable expression of an
exogenous gene in a hematopoietic stem cell can be achieved by integration of the polynuclectide
comprising the gene inio the nuclear DNA of the cell. A variely of vediors for the delivery and integration
of polynucleotides encoding exogenous proteins into the nuclear DNA of a mammalian cell have been
developed. Examples of expression vectors are disclosed in, e.g., WO84/110286, the disclosure of which
is incorporated herein by reference. Expression vectors for use with the compositions and methods
described herein conlain a polynucieotide sequence that encodes a target geneg, as well as, 8.9,
additional sequence elemenis used for the expression of these enzymes and/or the integration of these
polynuciectide sequences inio the genome of a mammalian cell. Certain veciors that can be usad for the
axpression of target genes include plasmids that contain regulatory sequences, such as promoter and
enhancer regions, which direct gene transcription. Other useful vectors for expression of target genes
coniain polynuclectide sequences that enhance the rale of transiation of these genes or improve the
stability or nuclear export of the mRNA that results from gene transcription. These seguence elements
often encode features within RNA transcripts that enhance the nuclear export, cytoselic half-life, and
ribosomal affinity of these molecules, e.g., 5 and 3" untransiated regions, an internal ribosomal endry site
(IRES), and polyadenylation signal site in order o direct efficient transcription of the gene carried on the
axpression vector. Exemplary expression vectors may also contain a polynucleotide encoding a marker
for selection of cells that contain such a veclor. Non-limiting examples of g suitable marker include genes
that encode resistance to antibiotics, such as ampicittin, chioramphenicol, kanamycin, or nourseothricin.

Veciors for the expression of target genes

Viral genomes provide a rich source of vectors that can be used for the efficient delivery of
axegencus genes inte a mammalian cell. Viral genomes are particularly useful vectors for gene delivery
hecause the polynucieotides contained within such genomes are typically incorporated info the nuclear
genome of a mammalian cell by generalized or specialized transduction. These processes cccur as part
of the natural viral replication cycle, and ofien do not require added proteins or reagents in order 1o induce
gene integration. Examples of viral vectors include a retiovirus, adenovirus {e.g., Adb, AdZ26, Ad34, Ad3s,
and Ad48), parvovirus {&.9., adenoc-associated viruses), coronavirus, negative strand RNA viruses such
as orthomyxovirus (e.g., influenza virus), rhabdovirus (e.g., rabies and vesicular stomatitis virus),

paramyxovirus {e.g. measles and Sendai}, positive strand RNA viruses, such as picornavirus and
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alphavirus, and double stranded DNA viruses including herpes virus {(e.g., Herpes Simplex virus types 1
and 2, Epstein-Barr virus, cviomegalovirus), and poxvirus {e.9., vaccinia, modified vaccinia Ankara
(MVA), fowlpox and canarypoxy. Other viruses include Norwalk virus, togavirus, flavivirus, reoviruses,
papovavirus, hepadnavirus, and hepatitis virus, for example. Examples of retroviruses include: avian
leukosis-sarcoma, mammalian C-lype, B-lype viruses, D-lype viruses, HTLV-BLV group, lentivirus,
spumavirus (Coffin, J. M., Relroviridae: The viruses and their replication, In Fundamental Virology, Third
Edition, B. N. Fields, st al., £ds., Lippincott-Raven Publishers, Philadelphia, 1898, the disclosure of which
is incorporaled herein by reference). Other examples of viral vactors include murine lsukemia viruses,
murine sarcoma viruses, mouse mammary tumor virus, bovine leukemia virus, feline leukamia virus,
feline sarcoma virus, avian leukemia virus, human T-cell leukemia virus, baboon endogenous virus,
Gibbon ape leukemia virus, Mason Pfizer monkey virus, simian immunodeficiency virus, simian sarcoma
virus, Rous sarcoma virus and lentiviruses. Other exampies of veciors are described in, e.g., US
5,801,030, the disclosure of which is incorporated herein by reference.

Additional transfection methods

Other technigues that can be used to introduce a polynucleotide, such as DNA or BRNA (e.g.,
MRNA, IRNA, siRNA, miRNA, shRNA, chemically modified RNA) info a mammalian cell are well known in
the art. For instance, electroporation can be used 10 permeabilize mammalian cells by the application of
an electrostatic potential. Mammalian cells, such as hemaltopoietic stem celis, subjected to an exiemal
electric field in this manner are subsequentily predisposed to the uptake of exogenous nucleic acids.
Electroporation of mammalian cells is described in detail, e.g., in Thu et al. Nucleic Acids Research
15:1311 (1887}, the disclosure of which is incorporated herein by reference. A similar technigue,
MNucleofection™, utilizes an applied electric field in order to stimulate the update of exogenous
polynuclectides into the nucleus of a sukaryotic cell. Nuclecfection™ and protocols useful for performing
this technique are described in detail, e.g., in Distler et al. Experimental Dermatology 14:315 (20085), as
well as in US 2010/0317114, the disclosures of each of which are incorporated harein by reference.

Additional techniques useful for the transfection of hemalopoietic stem cells include the squeeze-
poration methodology. This technique induces the rapid mechanical deformation of cells in order to
stimulate the uptake of exogenous DNA through membranous pores that form in response 1o the applied
stress. This technology is advantageous in that a vector is not reguired for delivery of nudleic acids inio a
cell, such as a hematopoietic stem cell. Squeeze-poration is described in detaill, e.g., in Sharei et al.
Journal of Visualized Experimenis 81:e50880 (2013}, the disclosure of which is incorporated herein by
reference,

Lipofection represents another fechnique usefui for transfection of hematopoietic stem celis. This
method involves the loading of nucleic acids into a liposome, which often presents cationic functional
groups, such as quaternary or protonated amings, towards the liposome exierior. This promotes
electrostatic interaclions belween the liposome and a cell due to the anionic nature of the cell membrane,
which ultimately leads 1o uplake of the exogenous nucleic acids, e.g., by direct fusion of the lipusome with

the cell membrane or by endocytosis of the complex. Lipofection is described in detail, e.g., in US
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7,442 388, the disclosure of which is incorporated herain by reference. Similar techniques that exploit
ionic interactions with the cell membrane io provoke the uptake of foreign nucleic acids include contacting
a cefi with a cationic polymer-nucleic acid complex. Cationic molecules that associate with
polynucieotides 50 as to impari a positive charge favorable for inferaction with the cell membrane include
activated dendrimers (described, e.g., in Dennig, Topics in Current Chemistiy 228:227 (2003), the
disclosure of which is incorporated herein by reference) and diethylaminosthyl (DEAE)-dexiran, the use of
which as g iransfection agent is described in detail, e.g., in Gulick et al. Current Protocols in Molecular
Biclogy 40:1:8.2:9.2.1 (1887}, the disclosure of which is incorporated herein by refarence. Magnetic beads
are another {ool that can be used {o transfect hematopoietic stem cells in a mild and efficient mannar, as
this methodology utilizes an applied magnetic field in order {0 direct the uptake of nucleic acids. This
technology is described in detall, e.g., in LS 2010/0227406, the disclosure of which is incorporated herein
by reference.

Anocther useful tool for inducing the uptake of exogenous nuclelc acids by hematopoietic siem
cells is laserfection, a technique that invoives exposing a cell fo electromagnetic radiation of a particular
wavelength in order 1o gently permeabilize the cells and allow polynuclectides to pensirate the cell
membrane. This technique is described in detail, e.g., in Rhodes i al. Methods in Cell Biclogy 82:309
{2007), the disclosure of which is incorporated herein by reference.

Microvesicies represent another potential vehicle that can be used 1o miodify the genome of a
hematopoietic stem cell according 1o the methods described herein. For instance, microvesicles that have
been induced by the co-overexpression of the glycoprotein V3V-G with, e.9., a genome-modifying
protein, such as a nuclease, can be used to efficiently deliver proteins info a cell that subseqguently
catabyze the site-specific cleavage of an endogencus polynuciectide sequence so as 1o prepare the
genome of the cell for the covalent incorporation of a polynucieotide of interest, such as a gene or
regulatory sequence. The use of such vesicles, also referred to as Gesicles, for the genetic modification
of eukaryolic celis is described in detail, e.g., in Quinn et al. Genetic Medification of Target Cells by Direct
Delivery of Active Prolein [abstract]. in: Methylalion changes in early embryonic genes in cancer
{abstract], in: Proceedings of the 18th Annual Meeting of the American Society of Gene and Cell Therapy;
2015 May 13, Abstract No. 122.

Modulation of Gene Expression using Gene Editing Technigues

in addition fo viral vectors, a variely of additional fools have been developed that can be used for
the incorporation of exogenous genes into hemalopoietic stem calls. One such methed that can be used
for incorporating polynuclectides encoding target genes into hematopoietic stem cells involves the use of
transposons. Transposons are polynucieotides that encode transposase enzymes and contain a
polynucieotide sequence or gene of interest flanked by & and 37 excision sites. Once a fransposon has
been delivered inlo a cell, exprassion of the transposase gene commences and results in aclive enzymes
that cleave the gene of interest from the transposon. This activity is mediatled by the site-specific
recoghition of transposon excision sites by the transposase. In certain cases, these excision sites may be

terminal repeats or inveried terminal repeats. Once excised from the fransposon, the gene of inlerest can
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be integrated into the genome of a mammalian cell by transposase-catalyzed cleavage of similar excision
sites that exist within the nuclear genome of the cell. This allows the gene of interest {o be inserted into
the cleaved nuclear DNA at the complementary excision siles, and subsequent covalent ligation of the
phosphodiester bonds that join the gene of interest to the DNA of the mammalian cell genome comipletes
the incorporation process. In cerain cases, the transposon may be a retrofransposon, such that the gene
encoding the target gene is first transcribed 1o an RNA product and then reverse-transcribed {o DNA
before incorporation in the mammatian cell genome. Transposon sysiems include the piggybac
transposon {described in detall in, e.g., WO 2010/085899) and the sleeping beauty iransposon (dascribad
in detail in, &.q., US2005/0112764), the disclosures of each of which are incorporated herein by
reference.

Another useful ool for the disruption and integration of target genes into the genome of a
hematopoietic stem celi is the clusiered regularly interspaced shori palindromic repeats (CRISPR)/Cas
systam, a sysiem that originally evolved as an adaplive defense mechanism in bacieria and archaea
against viral infection. The CRISPR/Cas system includes palindromic repeat sequences within plasmid
DA and an associated Cas® nuclease. This ensemble of DNA and protein directs site specific DNA
cleavage of a targel sequence by first incorporating foreign DNA info CRISPR locl. Polynucleciides
containing these foreign sequences and the repeat-spacer elemants of the CRISPR locus are in turn
transcribed in a host celito create a guide RNA, which can subsequently anneal to a target sequence and
focatlize the Cas9 nuclease 1o this site. in this manner, highly site-specific cas8-mediated DNA cleavage
¢an be engendered in a foreign polynuciectide because the interaction that brings cas® within close
proximity of the target DNA maolecule is govermned by RNAIDNA hybridization. As a result, ong can
theoretically design a CRISPR/Cas sysiem {o cleave any target DNA molecule of interest. This technigue
has been exploited in order to edit sukaryolic genomes (Hwang et al. Nature Biotechnology 31:227
(2013}, the disclosure of which is incorporated herein by reference) and can be used as an efficient
means of sile-specifically editing hematopoielic stem cell genomes in order {o cleave DNA prior {o the
incorporation of 3 gene sncoding a target gene. The use of CRISPR/Cas to modulaie gene expression
has been described in, e.9., US 8,687,358, the disclosure of which is incorporated herein by reference.

The CRISPR/Cas system can be used {0 create one or more double stranded breaks in a target
DNA sequence, which can then be repaired by either the homologous recombination (HR) or non-
homologous end joining (NHEJ) DNA repair pathways. The Cas8 enzyme, together with a guide RNA
specific 1o the target DNA (gRNA), can be supplied to a cell 1o induce one or more double strand breask.
The Cas® enzyme can be supplied as a protein, as a ribonuclecprotein complexed with the guide RNA, or
as an RNA or DNA encoding the Cas® protein that is then used by the cell {o synthesize the Casg protein.
The gRNA may comprise both tracrRNA and orRNA sequences in a chimeric RNA. Alternatively, orin
addition, the gRNA may comprise a scaffold region that binds 1o the Cas® protfein, and a complementary
base pairing region, also sometimes called a spacer, that targets the gRNA Cas? protein complexio a
particular DNA seguence. In some cases, the complementary bass pairing region can be about 20
nucleicdes in fength, and is complementary to target DNA sequence immediately adjacent io a

protospacer adjacent motif (e.g9., a PAM motif). In some cases, the PAM comprises a sequence of NGG,
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NGA or NAG. The complementary base pairing region of the gRNA hybridizes to the target DNA
sequence, and guides the gRNA Cas$ profein complex to the target sequence where the Casd
endonuciease domains then cut within the target sequence, generating a double strand break that may
be 3-4 nucleotides upstream of the PAM. Thus, by altering the complementary base pairing region,
almost any DNA sequence can be largeted for the generation of a8 double stranded break. Meihods for
selecting an appropriate complemeniary base pairing region will be known 1o those skilled in the ait. For
example, gRNAs can be selacted to minimize the number of oif-target binding sites of the gRNA in the
farget DNA sequence. In some cases, modifiad Casd genome editing systems may be used 1o, for
example, increase DNA targeting spacificity. An example of a modified Cas® genome editing system
comprises split Casd systems such as the Dimeric Cas8-Foki genome editing system.

The double strand break or breaks generated by CRISPR/Cas¥ genome editing system may be
repaired by the non homologous end joining pathway (NHE.J)}, which ligates the ends of the double strand
break together. NHEJ may result in deletions in the DNA around or near the site of the double strand
break. Allernatively, the double sirand break generated by CRISPR/Cas genome editing system may be
repaired through a homology directed repair, also called homologous recombination (MR) repair pathway.
in the HR pathway, the double strand break is repaired by sxchanging sequences belween two similar or
identical DNA molecules. The MR repair pathway can therefore be used to introduce exogencus DNA
saguences into the genoma. In using the HR pathway for genome ediling, a DNA templale is supplied {o
the cell along with the Cas® and gRNA. in some cases, the template may contain exegencus sequences
o be introduced info the genome via genome editing flanked by homology arms that comprise DNA
seguences on either side of the sile of the Cas8 induced doubie strand break. These homology arms may
be, for example, between about 50 or 1000 nucleotides, or in other cases up {0 several kilobases in
length or longer. The template may be g linear GNA, or a circular DNA such as a plasmid, or may be
supplied using a viral vector or other means of delivery. The template DNA may comprise double
stranded or single stranded BNA. All manner of delivering the template BNA, the gRNA and the Casd
protein to the cell o achieve the desired genome editing are envisaged as being within the scope of the
invention.

The CRISPR/Cas? and HR based genome editing systems of the disclosure provide not only
methods of introducing exogenous DNA sequencas inlo a genome or DNA sequance of interast, but also
a platform for comecting mutations in genes. An allered or correcied version of a mutated seguence, for
example a sequence changing one or more point mutations back to the wild type concensus sequence,
inserting a deleted sequence, or deleting an inserted sequence, could be supplisd to the cellas a
template sequence, and that templale sequence used by the cell {o fix 8 CRISPR/Cast induced double
strand break via the HR pathway. For example, in a patient with one or more disease causing mutations,
hematopoietic stem and/or progenitor cells such as the hematopoietic stem and/or progenitor cells of the
patieni, can be removed from the body. The mutation can then correcied by CRISPR/Cas? and HR
mediated genome editing in the genome of one or more of these hematopoietic stem and/or progentitor
cedls, the comrected hemaltopoietic stemy and/or progenitor cali{s) expanded with the methods of the

disclosure, and then the ediled cell population infused back into the patient, thereby supplying a source of
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the wild type version of the gene and curing the patient of the disease caused by the mustation or
mutations in that gene. Mulations that can cause genetic diseases include not only point mutations, but
also insertions, deletions and inversions. These mutations can be in protein coding seqguence and affect
the amino acid sequence of the protein, or they may be in non-coding sequences such as untransiated
regions, promoders, cis reguilatory elements required for gene expression, seguences required for
splicing, or sequences required for DNA structure. All mulations are potentially editable by CRISPR/Cas®
mediated genome editing methods of the disclosure. In some cases, the patient may be conditioned to
eliminate or reduce the native hematopoietic stem and/or progeniter cells that carry the mulant version of
the gene, thus enriching for the excegencusly supplied genome edited hamatopoietic stem and/or
progenitor cells. Both autologous and allogeneic genome edited hematopoietic stem and/or progenitor
cells can be used to treat a genelic disease of a patient of the disclosure.

in addition to the CRISPR/Cas sysiem, alternative methods for disruption of a target DNA by
site-specifically cleaving genomic DNA prior to the incorporation of a gene of inferest in a hemalopoietic
stem and/for progenitor cell include the use of zine finger nucleases (ZFNs) and transcription activalor-like
effector nucleases (TALENs). Unlike the CRISPR/Cas system, these enzymes do nol contain a guiding
polynucleotide 1o localize to a specific target sequence. Targel specificity is instead controlled by DNA
binding domains within these enzymes. The use of ZFNs and TALENS in genome editing applications is
describad, e.g., in Urnov et al. Nature Reviews Genetics 11636 (2010); and in Joung &t al. Nature
Reviews Molecular Cell Biology 14:49 (2013), the disclosure of both of which are incorporated harein by
reference. As with the CRISPR/Cas8 genome editing systems, double strand breaks infroduced by
TALENS or ZFNs can also repaired via the HR pathway, and this pathway can be used {o introduce
exogencus DNA sequences or repair mutations in the DNA.

Additional genome editing technigues that can be used to disrupt or incorporate polynucieotides
encoding target genes into the genome of a hematopgoietic stem cell include the use of ARCUS™
meganucieases that can be rationally designed so as {o sife-specifically cleave genomic DNA. The use of
these snzymes for the incorporation of genes encoding target genes info the genome of a mammalian
cell is advantageous in view of the defined struciure-activity refationships that have been established for
such enzymes. Single chain meganucieases can be modified at certain amino acid positions in order to
create nucleases that selectively cleave DNA at desired locations, enabling the site-specific incorporation
of a target gene into the nuclear DNA of a hematopoietic stem osil. These single-chain nucleases have
been described extensively in, e.g., US 8,021,887 and US 8,445,251, the disclosures of each of which

are incorporated herein by reference.

Methods for Expanding Hematopoietic Stem Celis

in another aspedt, the disclosure features a method of producing an expanded population of
hematopoislic stem cells ex vivo, the method including contacting a population of hematopoietic stem
ceils with the compound of any one of the above aspecis or embodiments in an amount sufficient to
produce an expanded population of hematopoistic stem cells.
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in another aspect, the disclosure features a method of enriching a popuiation of cells with
hematopoietic stem cells ex vivo, the method including confacting a population of hematopoietic stem
celis with the compound of any one of the above aspects or embodiments in an amount sufficient o
produce a population of calls enriched with hematopoietic stem cells.

in another aspect, the disclosure features a method of maintaining the hematopoielic stem cell
functional potential of a population of hematopoistic stem cells ex vivo for two or more days, the method
including contacting a first populalion of hemalopoietic siem cells with the compound of any one of the
above aspecis or embodiments, wharein the first population of hematopoistic stem celis exhibiis a
hematopoietic stem cell functional potential after two or more days that is greater than that of a control
population of hematopoietic stem cells cultured under the same conditions and for the same time as the
first population of hematopoietic stem cells but not contacted with the compound.

in one embodiment, sald method for expanding hematopoistic stem cells, comprises (a8} providing
a starting cell popuiation comprising hematopaietic slem celis and () culluring sald siaing osll
population ex vive in the presence of an AME antagaonist agent compound of any one of the above
aspeacts or ambodiments,

The starting cell populalion comprising hematopoietic stem cells will be selected by the parson
skilled in the art depending on the envisaged use. Various sources of cells comprising hematopoietic
siem celis have besn described in the an, including bone marrow, peripheral blood, neonatal umbilical
cord blood, placenia or other sources such as liver, panticularly fetal liver.

The celf population may first be subjected to enrichment or purification sieps, including negative
and/or positive selection of celis based on specific cellular markers in order to provide the starling cell
population. Methods for isolating said starting cell population based on specific cellular markers may use
fluorescent activated cell sorting (FACS) technology also called flow eytometry or solid or insoluble
substrate to which is bound antibodies or ligands that interact with specific cell surface markers. For
example, celis may be contacted with a solid subsirate (e.g., column of beads, flasks, magnetic particles)
coniaining the antibodies and any unbound cells are removed. When a solid substrale comprising
magnetic or paramagnetic beads is used, cells bound to the beads can be readily isclaled by a magnetic
separator.

in one embodiment, said starting cell population is enriched in a desirable cell marker phenotype
{e.g., CD34+, CD133+, CDY0+) or based on efflux of dyes such as rhodamine, Hoechst or aidehyde
dehydrogenase aclivity. In one specific embodiment, said starting cell population is enriched in CD34+
celis. Methods for enriching blood cell population in CD34+ cells include kits commercialized by Miltenyi
Biotec (CD34+ direct isolation ki, Miltenyi Biotec, Bergisch, Gladbach, Germany) or by Baxder (Isolex
3600).

in some embodiments, the hematopoietic stem celis are CD34+ hematopoietic stem cells. in
some embodiments, the hematopoietic stem cells are CD80+ hematopoistic stem cells. In some
smbodiments, the hematopolelic stem celis are CD45RA- hematopoietic stem cells. In some
embodiments, the hematopoietic stem cells are CD34+CD80+ hematopoistic stem cells. In some

ambodiments, the hematopoietic stem cells are CD34+CD45RA- hematopoistic stem cells. In some
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embodiments, the hematopoietic stem cells are CDOG+CD45RA- hematopoietic stem cells. In some
embodiments, the hematopoietic stem cells are CD34+CDO0+CD45RA- hemalopoietic stem cells.

in some embodiments, the hematopoietic siem cells are mammalian cells, such as human celis.
In some embodiments, the human cells are CD34+ celis, such as CD34+ celis are CD34+, CDI4+CD38-,
CD34+CD38-C0O0+, CD34+CD38-CDVO+CD45RA-, CD34+CD3S-COR0+CD45RA-CD48F+, or
CD34+CDY0+CD45RA- cells.

in some embediments, the hematopuoietic stem cells are oblained from human cord blood,
mobilized human peripheral blood, or human bone marrow. The hematapoistic stem cells may, for
example, be freshly isolated from the human or may have been praviously cryopreserved.

The amount of cord blood from a single birth is oflen inadequate to treat an adult or an older
child. One advantage of the expansion methods using the compounds of the invention, or an agent
capable of down-regquiating the activity and/or expression of aryl hydrocarbon receptor and/or a down-
stream effector of aryl hydrocarbon receptor pathway, is that i enables the production of a sufficient
amount of hematopoietic stem cells from only one cord blood unit.

Accordingly, in one ambodiment, the staning cell population s derbved from neonatal umbilical
cord Blood calls whinh have been enviched In CO34+ cells, in one related embodiment, said starling ced
popuiation is derbved from one or two umbilical cord bload units,

in another embediment, the starting cell population is derived from human mobilized peripheral
biood cells which have been enriched In D34+ calls. In related embodiment, said starting osll
popuiation is derved from buman mobilized peripheral blood cslis isolgted from only ong patient.

Said starting cell poptiation enrlched in CO34+ cells may preferably contain at least about 50%
CL34+ celis, In some smbodiments, more than aboul 80% CD34+ cells, and may compriss belween
198% and 10°% nucieated calls

The starting cell population may be usad directly for expansion or frozen and stored foruse at a
sler date.

Conditions for calturing the stadding cell populaiion for hematopaisiic stam cell expansion will vary
depending, inter alia, on the starting call population, the desired final number of cells, and desired final
proportion of HSCs.

in one embodiment, the culturing conditions comprises the use of other cyiokines and growth
factors, generally known in the art for hematopoietic stem cell expansion. Such cytokines and growth
factors include without limitation 1L-1, IL-3, IL-8, iL-11, G-C8F, GM-CSF, SCF, FiT3-L, thrombopoietin
(TPO), erythropoeitin, and analogs thereof. As used herein, “analogs” include any structural variants of
the cylokines and growth factors having the biological activity as the naturally occurring forms, including
without limitation, variants with enhanced or decreased biclogical activity when compared 1o the naturally
oceurring forms or cylokine receptor agonisis such as an agonist antibody against the TPO receptor (for
example, VB228 sc(Fv)2 as detailed in patent publication WO 2007/145227, and the like). Cyiokine and
growth factor combinations are chosen to expand HSC and progenitor cells while fimiting the production
of terminaily differentiated cells. in one specific embodiment, one or more cytokines and growth faclors

are selectad from the group consisting of SCF, Fit3-L and TPO. In one specific embodiment, at least TFO
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is used in a serum-free medium under suitable conditions for HSC expansion. In one related embodiment,
a mixture of I8, SCF, Fit3-1. and TPO is used in the method for expanding HECs in combination with the
compound of the present disclosure.

The expansion of HSC may be carried out in a basal medium, which may be supplemented wilh
mixiures of cytokines and growth factors. A basal medium typically comprises aming acids, carbon
sources, vitamins, serum proteins {(e.g. albumin), inorganic salls, divalent cations, buffers and any other
element suitable for use in expansion of HSC. Examples of such basal medium appropriate for a method
of expanding HSC includs, without limitation, StemSpan® SFEM—Sarum-Free Expansion Medium
{StemCell Technologies, Vancouver, Canada), StemSpan® H3D00—Defined Medium (StemCell
Technologies, Vancouver, Canada), CeliGro® SCGEM (CeliGenix, Freiburg Germany), StemPro®-34 SFM
{Invitrogen).

in one embodiment, the compound of the present disclosure is adminisiered during the
axpansion method of said stating cell population under a concentration appropriate for HSC expansion.
in one specific embodiment, said compound or AHR modulating agent is administered at a conceniration
comprised between 1 pM and 100 uM, for example between 10 pM and 10 pM, or between 100 pM and 1
ph

in one embodiment where starling cell population essentially consisis of CD34+ enriched cells
from one or iwo cord biood units, the cells are grown under conditions for HSC exgansion from about 3
days to about 80 days, for exampie between 7 and 2 days and/or until the indicated fold expansion and
the characleristic cell populations are obiained. In one specific embodiment, the celis are grown under
conditions for HSC expansion not more than 21 days, 14 days or 7 days.

in one embodiment, the staring cell population is culiured during a time sufficient {0 reach an
absolute number of CD34+ celis of at feast 10°%, 108, 107, 10% or 102 cells. In another embodiment, said
starting celi population is cultured during a time sufficient for a 10 to 50000 fold expansion of CD34+ cells,
for example between 100 and 10000 fold expansion, for examples between 50 and 1000 fold expansion.

The cell population obtained after the expansion method may be used without further purification
or may bhe subject to further purification or selection steps.

The celi population may then be washed to remove the compound of the present disclosure
and/or any other components of the cell culture and resuspended in an appropriate cell suspension
medium for short term use orin a long-term storage medium, for example a medium suitable for

cryopreservation.

Aryl Hydrocarbon Receptor Antagonists

Prior o infusion into a patient, hematopoletic and progenitor cells may be expanded ex vivo, for
example, by contacting the cells with an aryl hydrocarbon receplor antagonist. Aryl hydrocarbon receptor
aragonisis useful in conjunction with the compositions and methods described hergin include those
described in US Palent No. 8,580,428, the disciosure of which is incorporated herein by referance in its

entirety.
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in some embodiments, aryl hydrocarbon receptor antagonists include those represented by
formula (HD

L,/RM
N./J\N’/N\
AT
3

R N

\Rﬁ i
in which:

L i5 selected from —NR17:{CHzjz3, —NR72{CH2)2NR 170, ~NFR17:{CH2}28—, —
NR17aCH2CH{OH)— and —NR 7.CH{CH)CHa—; wherein Rqz: and Rqvp are independently selected from
hydrogen and Cq.4 alkyl;

Risis selected from thiophenyl, 1H-benzoimidazolyl, isoquinolinyl, 1H-imidazopyridinyl,
benzothiophenyl, pyrimidinyl, pyridiny!, pyrazinyl, pyridazinyl, and thiazolyt, In some embodiments,
wharein the thiophenyl, 1H-banzoimidazolyl, isoquinolinyl, 1H-imidazopyridinyl, benzothiophenyl,
pyrimidiny, pyridinyl, pyrazinyl, pyridazinyl, or thiazolyl of R.s can be optionally substifuied by 110 3
radicals independently selacted from cyano, hydroxy, Ciqaalkyl, Cqs alkoxy, halo, halo-substituted-Cq.y
alkyl, halo-substituted-Ci.aalkoxy, amine, —C{O)R20a, —S(O)o.2R20a, ~—C{() OR 204 and —C {O)NR20aRage;
wharein Rooa and Roep are independently selecied from hydrogen and Cqaalkyl;

R4 is selected from —3S({0)2NR1gaR1se, —NR182C{O}R 185, —NR12aC()NR 2R 180, phenyl, 1H-
pyrrolopyridin-3-yl, 1H-pyrrolopyridin-5-yl, 1H-indolyl thiophenyl, pyridiny], 1H-1,2 4-triazolyl, 2-
oxoimidazolidinyl, 1H-pyrazolyl, 2-ox0-2,3-dihydro-1H-benzoimidazolyl and 1H-indazolyl; wherein Ruse,
Rigp and Rase are independently selected from hydrogen and Cqsalkyl; and the phenyl, 1H-pyrrolopyridin-
3-yl, tH-pyrrolol2 3-blpyridin-5-yi, 1H-indolyl, thicpheny!, pyridinyt, 1H-1,2 4-triazolyl, 2-oxcimidazolidingl,
1H-pyrazolbyl, 2-oxo-2,3-dihydro-1H-benzoimidazolyl or 1H-indazolyl of Raais optionally substituted with 1
to 3 radicals independently selected from hydroxy, halo, methyi, methoxy, aming, —O{CH2)2NR19aR19p,
S{O)aNR19sR19n, —QOS{O)aNR12aR1sp and —NR 102 S{O)R10; wherein Rigq and Rqgp are independently
selected from hydrogen and Cosalkyl;

Risis selected from hydrogen, Cq.4 alkyl and biphenyt; and

Ruisis selected from Cao alkyl, prop-1-en-2-yi, oyclohexyl, cyclopropyl, 2-(2-oxopyrrolidin-1-
yhethyl, oxetan-2-yl, oxelan-3-yl, benzhydryl, tetrahydro-2H-pyran-2-yi, {etrahydro-2H-pyran-3-yi, phenyt,
tetrahydrofuran-3-yi, and benzyl, (4-pentylphenyl){phenyhmethy! and 1-(1-(2-0x0-8,9,12-trioxa-3-
azatetradecan-14-yi)-1H-1,2 3-triazol-4-yhethyl wherein said alkyl, cyclopropy, cyclohexyl, 2-(2-
oxopyrrolidin-1-yheihyl, oxetan-3-yi, oxetan-2-vi, benzhydryl, tetrahydro-2H-pyran-2-yi, tetrahydro-2H-
pyran-3-yi, phenyl, tetrahydrofuran-3-yi, benzyi, (4-peniviphenyl)(phenyiimethyl or 1-{(1-{2-0x0-6,9,12-
trioxa-3-azatelradecan-14-yh-1H-1,2 3-triazol-4-yljethyl can be optionally substifuted with 1 to 3 radicals
independently selecled from hydroxy, Ci4alkyl and halo-substifuied-C-.4alkyl; or a salt thereof

in some embediments, aryl hydrocarbon receptor antagonisis useful in conjunclion with the
compositions and methods described herein include SR-1, represented by formuia (1), below.

41



WO 2019/089826 PCT/US2018/058553

F OH
“ |
Hfi\i
NF N
20N
Ve N7 N
5~ )~ Q)

in some embodiments, aryl hydrocarbon receptor antagonists useful in conjunction with the
compaositions and methods described herein Compound 2, represented by formula (2), below.
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@
5 in some embodiments, aryl hydrocarbon receptor antagonists useful in conjunction with the

compositions and methods described herein inciude Compound 2-eni, represented by formula (2-ent),
below.

(2-ent)
in some embodiments, aryl hydrocarbon receptor antagonisis useful in conjunction with the
10 compositions and methods described herein include Compound 2-rac, represented by formula (2-rac),

helow.
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(2-rac)
in some embodiments, aryl hydrocarbon receptor antagonists include those represented by
formula (V)

L/ R1

Row N =N

Rg
N/ ®
Ry \?

R %5y

wherein L is a linker selecled from the group consisting of -NR7.{CReaRep)n-, ~-O{CRzaRa0)n-, -
C{OWCReaRep)n, ~C{SHTRsaRep)n-, ~S{0)0.2(CRsaRsp)n-, -{CRazRav}am ~-NR72C{O}{CRaaRav}n-, -
NR7C{EHCRaaRso)n-, ~-OC(O}{CRsaRatn-, -OC{S}HCRazRav)n-, -C{OINR7a{CRaaRas}er, -
C{SINR7:{CRsaFsoin-, ~-C{OYO{CRszRanjn-, ~-C{S)HCRsaRen)n-, ~S{O)2MNR7a{CRsaRanjn-, -
NR72a3(0)2(CReaRan)a-, ~-NR7C{ONNR{CRsaRsb)n-, -NR72(CRaaRan)nMNR7z-, -NR72{CRgaReap}nO-, -
NR72{CRsaRspinS-~, -O(CReaRep)nNF7a-, -O{CRsaRap)n0-, ~-O{CR3aRa0)nS-, -S{CReaRec)nNR7z-, -
S(CRs2Rs0)n0-, ~S(CRsaRspin3~, and -NR7C{O)O{CRsaRasin~, wherein Rra, R, Rsa, and Rsp are each
independently selected from the group consisting of hydrogen and optionally substituied C1-4 alkyl, and
each n is independently an integer from 2 {6 6;

Rs is selected from the group consisting of -S{O)aNR:Foy, -NReC{O}Rap, ~-NR2.C(SiRe, -
NRoaC{OINRauRoc, ~C{O}Rsa, -C{8)Rea, ~S{0.2Raa, ~-C{OYORea, ~G{S)ORes, ~-C{ONReaRar, ~-G{S)NRyaRay, -
NF9aS{O)zRep, ~NRgaC{O)ORan, ~-OC{O)CReaRouRec, -OC({S)CReaFoRec, optionally subsiituted aryl,
optionally substituted heteroaryl, optionally substituied cycloalkyl, and optionally substituted
heterocycloalkyl, wherein Res, Rep, and Rsc are each independently selected from the group consisting of
hydrogen, optionally substituted arvi, optionally substituted hetercaryl, optionally substituted alkyi,
optionally substiluted heteroalkyl, oplionally substituted cycloalkyi, and optionally substituled
heterocycloalkyl;

Ry is selected from the group consisting of hydrogen and optionally substituted C1-4 alky!;

Rais selected from the group consisting of oplicnally substituted aryl, optionally substifuied
heteroaryl, optionally substituted cycloalkyl, and optionally substituted heterocycloalkyl;

R. is selected from the group consisting of hydrogen and aptionally substituted C1-4 alkyl;
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Rsis selected from the group consisting of optionally substituted aryl, optionally substituted
heteroaryl, optionally substituied alkyl, optionally substituted hetercalkyi, optionally substituled cycloalkyi,
and oplionally substifuted heterccoycloalkyl, and

Rsis selected from the group consisting of hydrogen, optionally substituted aryl, optionally
substituted helercaryl, optionally substiluled alkyl, optionally substituted heteroaikyl, optionally substituted
cycloalkyl, and optionally substituted heterocycloalkyl;

of a salt thereof.

As used herein to describe linkers {represanted by “L" in formudas (IV), (V), and the liks}, the
nofation "~ (Linker} -” {wherein “linker” is represented using chemical symbols such as NR7:{CReaFachn,
O{CRzaRsapin, C{OMCRaRse)n, C{SHCReaRan)n, S{O)0.2{CRaRsn)n, (CRaaRap)n, -NR7aC{ONCRaaRaudn,
NR7.C(SHCRaxRep)n, OT{O){(CRsaRan}n, DC{SHTCReaRas)n, C{OINR7a(CRsaRan)n, C{S)NR72{CRsaRep)n,
C{OYD{CReaRas}n, C{S)C(CRaaRan)n, S{O)2NR7a(CRe:Re0)n, NR7aS{Q)2{CResRen)n, and
NR7C{O)NR{CRaaRac}n) designates that the lefl hyphen represents a covalent bond to the indicated
position on the imidaropyridine or imidazopyrazine ring sysiem, while the right hyphen represenis a
covalent bond o R-.

in some embodiments, R is selected from the group consisting of -S({0)2NRsaRay, -
NRo:C{O)Ren, -NR2C(S)Ras, ~-NReC{OINRasRac, -C(0)Rea, ~C(S)Res, -S{O)o2Rea, -C(O)OFos, -
C(8)ORaa, ~C{OMNReaRop, ~C{SINRoaRan, ~NR2:S{O)2Ran, ~NRaC(D)ORw, -OC{O)CReaRanRac, -
OC{B)CReFonkec, phenyl, 1H-pyrrolopyridingt, 1H-indolyl, thiophenvl, pyridiny, 1H-1,2 4-triazolyt, 2-
oxoimidazolidinyl, 1H-pyrazolyl, Z2-oxo-2,3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherein the
phenyl, 1H-pyrrolopyridiny, 1H-indolyi, thiophenyl, pyridinyt, 1H-1,2 4-triazoiyl, Z-oxeimidazolidiny, 1H-
pyrazolyl, 2-ox0-2,3-dihydro-1H-benzoimidazolyl, or 1H-indazolyl is optionally substifuied, for example,
with from 1 1o 3 substituents independently selected from the group consisting of cyano, hydroxy, C1-4
alkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-4 alkoxy, amino, -
O{CH2NR10aR10p, -S{O)2NR1naR1se, ~OS{ORNR10sR05, and -NR10aS{0}2R10b, wherein Rica and R are
each independently selected from the group consisting of hydrogen, oplionally subsiituted aryi, optionally
substituted helercaryl, optionally substiluied alkyl, optionally substituted heteroalkyl, optionally substituted
cycioalkyl, and optionally substituted heterocycloalkyl

in some embodiments, Ry is selected from the group consisting of -S(0)2NR2aRey, -NRa.C{O)Raen,
-NRgaC(S)Ra, -NRgC{OINRasRe:, -C{0)Rea, -C{S)Rea, ~3(0)a2zRsa, -C{OORga, -C{S)ORsa, -C{O)NRoaRes,
-C{S)NRoaRos, -NReaS(0)2Ren, -NRsaC{O)ORen, ~OC{O)CReaReRec, and -OC(S)CRexRonRec.

in some embodiments, R4 is selectad from the group consisting of phenyl, 1H-pyrrolopyridinyd,
1H-indolyl, thiophenyi, pyridiny], 1H-1,2 4-triazolyl, 2-oxoimidazolidinyl, 1H-pyrazolvi, 2-oxc-2,3-dihydro-
1H-benzoimidazolyl, and 1H-indazolvl, wherain the phenyl, 1H-pyrolopyridiny], 1H-indolyl, thiophenyi,
pyridinyi, 1H-1.2,4-trlazolyl, 2-oxoimidazolidinyt, 1H-pyrazolyi, 2-oxo-2,3-dihydro-1H-benzoimidazolyl, or
1H-indazolyl is optionally substituted, for example, with from 1 {o 3 substituents independently selected
from the group consisting of cyano, hydroxy, C1-4 alkyl, 1.4 alkoxy, hale, halo-substifuied-C1-4 alkyl,
halo-substituled-C1-4 alkoxy, amino, -O{CHz}aNR10aR1en, ~S(0)2NR10aR0p, ~OS{QO)2NR10aR 108, and -

NR102S{O)2R00.
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in some embodiments, Ry is selected from the group consisting of phenyl, 1H-indol-2-yl, 1H-indol-
3-yl, thiophen-3-yvi, pyridin-2-vi, pyridin-3-yi, pyridin-4-yi, 1H-1,2,4-triazoi-3-vi, 1H-1,2 4-triazol-5-yi, 2-
oxoimidazolidin-t-yl, 1H-pyrazol-3-yl, 1H-pyrazol-4-yi, and 2-oxo-2,3-dihydro-1H-benzojdlimidazol-5-yi,
wherein the phenyl, 1H-indok-2-yi, 1H-indol-3-yi, thiophen-3-yi, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 1H-
1.2 4-triazol-3-yi, 1H-1,2 4-triazol-5-yl, 2-oxoimidazolidin-1-yl, 1H-pyrazol-3-yi, 1H-pyrazol-4-yi, or 2-oxo-
2 3-dihydro-1H-benzojdlimidazol-3-yl is optionally substituted, for example, with from 1 to 3 substiiuents
independently selected from the group consisting of cyane, hydroxy, C1-4 alkyl, C1-4 alkoxy, halo, halo-
substitutad-C1-4 aikyl, halo-substituted-C1-4 alkoxy, aming, -O{CHzNR16:R10p, -S{0)NR102R10p, -
OB{0)2NR1caR10n, and ~-NR10aS{O)2R100.

in some embodiments, Ry is selected from the group consisting of phenyl, phenol-4-yl, 1H-indol-
Z-yl, tH-indol-3-yi, thiophen-3-yi, pyridin-2-yi, pyridin-3-vi, pyridin-4-yl, 1H-1,2 4-triazol-3-yi, 1H-1,2 4-
triazol-8-yi, Z-oxoimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-pyrazol-4-yi, and 2-ox0-2,3-dihydro-1H-
benzoldiimidazol-5-yi.

in some embodiments, Ry is selected from the group consisting of:

07000 .0 .0 .0 L

%M
o YJ iN§> ‘

in some embediments, R+ is selected from the group consisting of:

. and

/N

™, OH ;
a(; Eﬁ@
and =

in some embodiments, Ry is selected from the group consisting of phenol-4-yi and 1H-indol-3-yl.

in some embodiments, L is selecied from the group consisting of -NR7:{CReaRas} and -
O{CRsaRao}r-.

in some embodiments, L is selected from the group consisting of -NH{CHz)z- and -
O(CH2)z2-.

in some embodiments, Ry is hydrogen.

In some embodiments, Rs is selected from the group consisting of optionally substituted aryl and
optionally substituted heteroaryl.

in some embodiments, Rsis selected from the group consisting of phenyl, thiophenyl, furanyt, 1H-
benzoimidazolyl, quinolinyl, isoguinolinyl, imidazopyridinyl, benzothiophenyl, pyrimidinyl, pyridinyl, 1H-
imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolvl, and thiazolyl, wherein the phenyi, thiophenyl, furanyi, 1H-
benzoimidarzolyl, quinclinyl, soguinolinyl, imidazopyridinyl, benzothiophenyl, pyrimidinyl, pyridinyl, 1H-
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imidazolyl, pyrazinyl, pyridazinyl, tH-pyrrolyl, or thiazolyl is optionally substituted, for example, with from 1
10 3 substituenis independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4
alkenyi, C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-
4 alkoxy, amino, -C{O)R 114, ~S(O)u2R11a, -C{O}0OR 15, and -C{OINR11aR11, and wherein Ria and R are
each independently selecled from the group consisting of hydrogen and Cq.q alkyl.

in some embodiments, Rs is selected from the group consisting of thiophen-2-yi, thiophen-3-yi,
furan-3-yi, 1H-benzoldjimidazol-1-yi, isoquinclin-4-yi, 1H-imidazo{4,5-blpyridin-1-yi, imidazo{1,2-alpyridin-
3-yl, benzefbithiophen-3-yl, pyrimidin-5-yi, pyridin-2-yi, pyridin-3-yl, pyridin-4-yl, 1H-imidazol-1-vl, pyrazin-
2-yi, pyridazin-4-yt, 1H-pyrrol-2-yi and thiazol-5-yt, wherein the thiophen-2-yi, thiophean-3-yi, furan-3-yi,
1H-benzo[dlimidazol-1-vi, isoquinolin-4-yi, 1H-imidazold,5-bipyridin-1-vi, benzobithiophen-3-vi, pyrimidin-
5-vi, pyridin-2-vi, pyridin-3-yl, pyridin-4-vi, 1H-imidazol-1-yl, pyrazin-2-yi, pyridazin-4-yi, 1H-pyrrol-2-vi, or
thiazol-5-vi is optionally substiiuied, for example, with from 1 10 3 subsiituenis independently selected
from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyi, C3-6 cycloalkyl, Ci-4
atkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-4 alkoxy, amino, -C{O)R11s, -S(Q)o2R11a, -
C{OIOR 12, and ~C{OINFR1aR i 1.

in some embodiments, R is selected from the group consisting of thiophen-3-yi,
henzoiblthiophen-3-vi, pyridin-3-yl, pyrimidin-5-yl, 1H-imidazol-1-yl, 1H-benzofd]imidazol-1-yi, isoguinolin-
4-yi, 1H-imidazol4, 5-blpyridin-1-yl, and imidazo{l,2-alpyridin-3-vi, whersin the thiophen-3-vi,
benzoibjthiophen-3-vi, pyridin-3-vi, pyrimidin-5-yl, 1H-imidazok-1-yl, 1H-benzofdlimidazol-1-yi, isoguinolin-
4-yi, 1H-imidazol4,5-blpyridin-1-yi, or imidazol1,2-ajpyridin-3-yi is optionally substiluted, for example, with
from 110 3 subsiituenis independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl,
(2-4 alkenyl, ©2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyi, halo-
substituted-C1-4 alkoxy, amino, -C(O)R1a, -S{QO)o-2R11a, -C{O)OR1, and -C{OINE115R 1.

in some embodiments, Rs is selected from the group consisting of optionally substituied:

5% NN NM
f\fw g@ 9]

in some embodimeants, R, is pyridin-3-yl, whersin the pyridin-3-yl is optionally substituied at C5,

for example, with a substituent selecled from the group consisting of Ci-4 alkyl, halo, halo-substituted-
C1-4 alkyl, C2-4 glkenyl, C2-4 glkynvi, ©3-6 cycloalkyl, C1-4 alkoxy, cvano, aming, C{OR11z, -S{De2Ra4s,
-G{OY0OR 1, and -CENR11Rp.

In some embodiments, the pyridin-3-yl is subsiituted at C5 with a substituent seiected from the
group consisting of ethoxycarbonyl, methoxy, cyano, methyl, methylsulfonyi, flucro, chioro,
trifluoromethyl, ethynyl, and cyclopropyl.

in some embodiments, R; is selected from the group consisting of:
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In some embodiments, Ra is imidazof1 2-a]pyridin-3-yl, wherein the imidazo{t,2-a]pyridin-3-yl is
optionally substituted, for example, with a subsiituent selected from the group consisting of C1-4 alkyl,
halo, halo-substituted-C1-4 alkyl, C2-4 alkenyl, C2-4 atkynyl, ©3-6 cycloalkyl, C1-4 alkoxy, cyanc, amine,
C{OIR11a, ~S{D)0-2R11a, ~C{O0OR 119, and -C{O)NR11aR110.

in some embodiments, Rs is benzofbjthiophen-3-yl, wherein the benzofbjthiophen-3-yl is
optionally substituted, for example, with a substituent selecied from the group consisting of C1-4 alkyl,
fialo, halo-substituted-C1-4 alkyl, C2-4 alkenyi, C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, cyano, amino,
C{O)R1a, -S{D)0-2R115, ~-C{O)OR 115, and -C{OINR11:R115.

in some embodiments, Rs is 1H-imidazof4,5-blpyridin-1-vi, wherein the tH-imidazof4 5-bipyridin-
1-yl is opticnally subsiituted, for example, with a substituent selecled from the group consisting of Ct1-4
alkyl, halo, halo-substiluied-C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cyclnalkyl, C1-4 alkoxy, cyang,
amino, C{NR s, -S(0)eaRi1a, ~C{OYOR11a, and -C{OINR1:aR11n.

in some embodiments, Rs is isoquinolin-4-yi, wherein the isoquinolin-4-y! is optionally substiluied,
for example, with a substitueni selected from the group consisting of C1-4 alkyl, hale, hale-substituted-
C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, cyano, amino, C{O)R11a, -S(O)s2R11a,
-C{O}IR11a, and -C{OINR11aR110,

In some embodiments, Ra is hydrogen,

in some embodiments, Rs is selected from the group consisting of C1-10 alkyl, prop-1-en-2-yi,
cyclohexyl, cyclopropyl, 2-(Z-oxopyrrolidin-1-yhethyl, oxetan-2-vi, oxetan-3-yi, benzhydryl, tetrahydro-2H-
pyran-2-yi, tetrahydro-2H-pyran-3-vi, phenyl, tetrahydrofuran-3-yi, benzyl, (4-pentyiphenyh(phenylmethyl,
and 1-(1-(2-0x0-6 8, 12-ldoxa-3-azatelradecan-14-ylj- 1H-1,2, 3-lriazol-4-yHethyi, wherein the C1-10 alkyl,
prop-1-en-2-yl, cyclohexyl, cyclopropyl, 2-(2-oxopyrrolidin-1-yiethvil, oxelan-2-vi, oxelan-3-yi, benzhydryi,
tetrahydro-2H-pyran-2-yi, tetrahydro-2H-pyran-3-yi, phenyl, tetrahydrofuran-3-yi, benzyt, (4-
pentyipheny{phenylimethyl, or 1-(1-(2-0x0-6,9,12-trioxa-3-azatetradecan-14-yl}-1H-1,2,3-triazol-4-
yhethyl is optionally substiiuted, for example, with from 1 {o 3 substituenis independently selectad from
the group consisting of hydroxy, C1-4 alkyl, and halo-substifuied-C1-4alkyl

in some embaodiments, Rs is selected from the group consisting of isopropyl, methyl, ethyl, prop-
1-en-2-yl, isobutyl, cyclohexyl, sec-bulvi, {S)-sec-butyl, (R)-sec-butyl, 1-hydroxypropan-2-vl, (5)-1-
hydroxypropan-2-yi, (R)-1-hydroxypropan-2-yl, and nonan-Z2-vi.

in some embodiments, Fs is (S)-1-hydroxypropan-2-yl.

in some embodiments, Rs s (R)-1-hydroxypropan-2-yi

in some embpaodiments, Rs is (S)-sec-butyl.
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in some embodiments, Rs is (R)-sec-hutyl.
in some embodiments, Rs is selected from the group consisting of (8), (i), i), {iv), and ()

- L T, e
i %/Zi& %OM R i ﬂRp
//J\(\ 1 (i), lﬁ m(u)' \ " /n NRz(”i)’ N%;‘]\/ g (\V}‘

(iv), and
wherein n is an integer from 110 8, mis an infeger from 0 to 6, p is an integerfrom 0 1o 5, and
aach R is independently selected from the group consisting of cyano, hydroxy, Ci-4 alkyl, C2-4 alkenyl,
G 2Z2-4 alkynyl, C3-6 cycloatkyl, Ct-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-Ci-4
atkoxy, aming, -C{{O)R1za, -3{0)s-2Rz2a, ~-C{ONOR124, and -C{O)NR12aR 12, and wherein Rizaand Razp are
each independently selected from the group consisting of hydrogen and Cq.4 alkyl.
in some embodiments, Rs is selected from the group consisting of:

e e B N
’ijﬁ/%/ﬂ\i/jw\/\/m ,LOH,
j\/\/\/o\,j’vv\o/'jm\/\/\of, jﬂ\/\/o\/’,jm\ﬂﬁ)’/\

, and

in some embodiments, Rs is (i),

in some embodiments, Rs is selecied from the group consisting of 4-methoxybutan-2-yl, (3)-4-
methoxybulan-2-yl, (R)-4-methoxybutan-2-yl, 4-sthoxybutan-2-vi, (8)-4-ethoxybutan-2-vl, (R}-4-
ethoxybutan-2-yl, 5-methoxypentan-2-vi, (8)-5-methoxypentan-2-yi, (R)-§-methoxypentan-2-yi, &
sthoxypentan-2-yi, (8)-5-ethoxypentan-2-yl, (R)-5-ethoxypentan-2-yl, 6-methoxyhexan-2-yi, (8)-6-
methoxyhexan-2-yi, (R}-6-methoxyhexan-2-yl, 8-ethoxyhexan-2-yi, (8)-6-ethoxyhexan-2-yl, and (R)-6-
ethoxyhexan-2-yi.

in some embodiments, Rs is (3)-4-methoxybutan-2-yi.

in some embodiments, Rs is (R)}-4-methoxybutan-2-yi.

in some embodiments, Rs is (S)-5-methoxypentan-2-yl.

in some embodiments, Rs is (R}-5-methoxypentan-2-yi.

in some embuodiments, Rs is (8)-4-ethoxybutan-2-yl.

in some embodiments, Rs is (R)-4-ethoxybutan-2-yl.

in some embodiments, Rs is hydrogen.

in some embodiments, the disclosure fealures a compound represenied by formula (¥-a)
T
AN
AN \%ﬂaﬁ
Rs  (v-a)
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wherein L is a linker selected from the group consisting of ~-NR72{CRsaRan)n-, -({CRsaRap)n-, -
CIMNCRaaRepin-, -C{SHCR3aRap)n~, -S{0)o2{CRsaRse)n-, ~{CRsaRen}n ~-NR7:C {0} {CRsaRenda-, -
NR7:C(SHCRsaRsepn~, ~CC{OHCRs:2Rsp)n~, ~OC{SHCRezRepin-, ~-C{OINR72{CRssRenin-, -
C(S)NR72(CReaRen)n-, -C(O)O(CRe:Rev)n-, ~C(S)O(CRsaRsn)n-, -S{0)2MNR7a(CRasRao)o-, -
NR7:S(0)2(CRsaRs0)-, ~NR7C{O)NR(CResFav)e-, and -NR7aC(OYO(CRaaRer)n-, wherein Rra, Ryo, Rea,
and Rspare each independently selecied from the group consisting of hydrogen and optionally substituted
C1-4 alkyl, and each n is independently an integer from 2 {0 6;

R is selected from the group consisting of -S({)2NReaRap, ~-NRgC{D)Rep, -NReC(S)Rep, -
NRe:C{OMNRoRec, -C{)Roa, -C{S}Res, -5(0)0-2Res, -C{NOR0s, -C(S)ORea, -C{O)NReaRos, -C{SINReaRes,
-NRg3{O)2Ren, -NRaaC{HORe, -OC(O)CReaReRes, -OC{S)CRe:RanRec, optionally substituted aryl,
optionally substifuled heteroaryl, optionally substituted cycloalkyl, and optionally substituted
heterocycloalkyl, wherein Ree, Rep, and Ree are each independently selecied from the group consisting of
hydrogen, optionally substituted aryl, optionally substituted heteroaryi, optionally substituted alkyi,
optionally substituted heleroalkyl, optionally substituted cydloalkyl, and optionally substituted
heterocycloalky! (for example, R may be selecled from the group consisting of phenyl, 1H-
pyrrofopyridinyl, 1H-indolyl, thiophenyl, pyridinyt, 1H-1,2,4-triazolyl, 2-oxoimidazolidinyl, 1H-pyrazolyl, 2-
oxo-2 3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherein the phenyl, 1H-pyrrolopyridiny, 1H-
indolyl, thiophenyl, pyridinyl, 1H-1,2 4-iriazolyl, 2-oxoimidazolidinyl, 1H-pyrazolyl, 2-0x0-2,3-dihydro-1H-
benzoimidazolyl, or 1H-indazoly! is optionally substituted, for example, with from 1 {0 3 substituenis
independently selected from the group consisting of cyano, hydroxy, C1-4 atkyl, C1.¢ alkoxy, halo, halo-
substituted-C1-4 gikyl, halo-substituted-C1-4 alkoxy, aming, ~-O{CHz2NR1e:R1op, ~-S{0)NR10zRor, -
OB{ONR1eaR100, and -NR10aS{C)2R100, wherein Riea and Riop are each independently selecied from the
group consisting of hydrogen, optionally substituted aryl, optionally substiiuled hetercaryi, oplionally
substituted alkyl, oplionally substituted heteroalkyl, optionally substituted cydioaliyi, and oplionally
substituted heterocycloalkyl);

Aris selected from the group consisting of oplionally subsiituted monocyclic aryl and heteroaryl,
such as oplicnally subsiituted thiophenyl, furanyi, 1H-benzoimidazolyl, isoquinolinyl, imidazopyridinyt,
benzothiopheny!, pyrimidinyl, pyridinyl, 1H-imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolyl, and thiazoly!

Rsis selected from the group consisting of optionally substituted aryl, optionally substifuied
heteroaryl, optionally substituted alkyl, optionally substituted hetercalkyl, optionally substituted cycloalkyi,
and optionally substituted heterocycloalkyl; and

Rs Is selected from the group consisting of hydrogen, optionally substituied aryl, optionally
substifuted heteroaryi, oplionally substituted alkyl, optionally substituled heteroalkyl, optionally substifuted
cycloalkyl, and oplionally substituted heterocycloalkyl;

or a safl thereof.

In some embodiments, Ar is pyridin-3-vi, wherein the pyridin-3-yl is oplionally substituted at C5,
for example, with a substituent selected from the group consisting of ethoxycarbonyl, methoxy, cyano,
methyl, methylsulfony!, fluoro, chiore, triflucromethyl, ethynyl, and cyclopropyl

in some embodiments, the disclosure features a compound represented by formula (IV-b}
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N \/%' Re
Ar \
R

5 (V-b)

wherein A is an optionally substituted ring system selected from the group consisting of phenyl,
1H-pyrrolopyridinyl, 1H-indolyi, thiophenyl, pyridinyi, 1H-1,2 4-triazolyl, 2-oxoimidazolidinyl, 1H-pyrazolyi,
2-ox0-2,3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherein the phenyl, 1H-pyrrolepyridinyl, 1H-
indolyl, thicphenyl, pyridinyl, 1H-1,2 4-triazolyl, 2-oxoimidazolidiny], 1H-pyrazolyl, 2-oxe-2 3-dihydro-1H-
henzoimidazolyl, or 1H-indazolyl is oplionally subslituted with from 1 1o 3 subsiituents independently
salected from the group consisting of cvane, hydroxy, ©1-4 alkyl, Cr.aalkoxy, halo, halo-substituied-C1-4
atkyl, halo-substituted-C 1-4 alkoxy, aming, -O{CHz)aNF1eaRaon, ~S{0)2NR10aRios, ~OS{O)2NR10aR 100, and -
NR10a3{0) R0, wherein Rica and Riop 87e each independently selected from the group consisting of
hydrogen, optionally substituled aryl, optionally substituted hetercaryl, optionally substiluted alkyl,
optionally substituted heteroalkyl, optionally substifuied cycloalkyl, and optionally substiiuted
heterocycloalkyl;

Aris selected from the group consisting of optionally substituted monocyclic arvt and heteroaryi,
such as optionally substituted thiophenyl, furanyl, 1H-benzoimidazolyl, isoquinoliny, imidazopyridinyi,
henzothiophenyl, pyrimidiny, pyridinyl, 1H-imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolyl, and thiazolyl;

Rsis selectad from the group consisling of optionally substituted aryl, optionally substituted
heteroarvi, oplionally substituted alkyl, optionally substiluted hetercalkyi, optionally substituted cycloalkyi,
and optionally substituied hetercoycloalkyl; and

Ksis selected from the group consisting of hydrogen, optionally substituted aryt, optionally
substituted heleroaryl, optionally substiiuied alkyl, optionally substituted heteroalkyl, optionally substifuted
cycloalkyl, and optionally substiluted heterocycloalkyl;

or a salt thereof.

in some embodiments, A is selected from the group consisting of phenvi, phenol-4-vi, 1H-indol-2-
yi, TH-indoil-3-yi, thiophen-3-yi, pyridin-2-yi, pyridin-3-vi, pyridin-4-yl, 1H-1.2 4-triazol-3-yi, 1H-1,2,4-triazol-
5-yl, 2-oxoimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-pyrazol-4-yl, and 2-oxo-2,3-dihydro-1H-benzoldlimidazol-
5-yl.

in some embodiments, A is selected from the group consisting of phenol-4-yl and 1H-indol-3-yl.

in some embodiments, the disclosure fealures a compound represenied by formula (V-¢)
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(¥-c)

wherein A is an optionally substituted ring systemn selected from the group consisting of phenyl,
1H-pyrrolopyridinyl, 1H-indolyi, thiophenyl, pyridinyl, 1H-1,2 4-riazolyl, 2-oxcimidazolidinyl, 1H-pyrazoiyi,
2-ox0-2 3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherain the pheny!, 1H-pyrrolopyridinyl, 1H-
indolyl, thiophenyl, pyridinyl, 1H-1,2 4-{riazolyl, 2-oxoimidazelidinyl, 1H-pyrazolyl, 2-ox0-2,3-dihydro-1H-
benzoimidazolyl, or 1H-indazolyl is optionally substiiuted with from 1 to 3 substituents independently
selectad from the group consisting of cyano, hydroxy, C1-4 alkyl, C14 alkoxy, halo, halo-substituted-C1-4
alkyl, halo-substituled-C1-4 alkoxy, aming, -O(CH2):NR1saRop, ~S(O)NR16aR10s, -OS{O)2NFgaRaow, and -
NF10a3 ()20, wherein Rags and Rigs are each independently selected from the group consisting of
hydrogen, optionally substituted arvi, optionally subslituted heteroaryi, optionally substituted alkyl,
optionally substituted heteroalkyl, optionally substituted cycloalkyl, and optionally substituled
heterocycloalkyl;

Bis an optionally substituted ring system selected from the group consisting of thiopheny|,
furanyl, 1H-benzoimidazolvi, isoquinolinyl, imidazopyridinyl, benzothiophenyl, pyrimidinyl, pyridinyt, 1H-
imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolvl, and thiazolyl, wherein the thiophenyl, furanyl, 1H-
benzoimidazolyl, iscquincliny!, 1H-imidazopyridinyl, benzothiopheny!, pyrimidinyl, pyridinyl, 1H-imidazolyl,
pyrazinyi, pyridazinyl, 1H-pyirolyl, or thiazolyl is optionally substituted with from 1 to 3 substituents
independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl, C2-4
alkynyl, C3-6 cycloalkyt, C1-4 alkoxy, halo, halo-substituled-C1-4 alkyl, halo-substituted-C1-4 alkoxy,
amino, -C{OR114, ~8(D)02R 114, -C{O}IR11a, and -COINR11aR 110, wherein R and R are each
independently salecled from the group consisting of hydrogen and Cq.. alkyl;

5 is selected from the group consisting of optionally substitited anyl, optionally substifuted
heteroaryl, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substitutled cycloalkyi,
and optionally substituted heterocycloalkyl; and

R is selected from the group consisting of hydrogen, optionally subsiituted aryl, optionaily
substituted heteroaryl, optionally substituted alkyl, optionally substituied hetercalkyl, optionally substituted
cycloalkyl, and oplionally substituted heterocycloalkyl;

or a salt thereof.

in some embadiments, B is pyridin-3-yi, wherein the pyridin-3-y! is optionally substituled at C5, for
example, with a substiiuent selectad from the group consisting of ethoxycarbonyl, methoxy, cyano,
methyl, methylsulfonyl, fluoro, chiore, trifluoromethyl, ethynyl, and cyclopropyl

in some embodiments, the disclosure features a compound represented by formula ((V-d)
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(V)

wherein A is an optionally substituted ring system selected from the group consisting of phenyl,
1H-pyrrolopyridinyl, 1H-indolyi, thiophenyl, pyridinyi, 1H-1,2 4-triazolyl, 2-oxoimidazolidinyl, 1H-pyrazolvi,
2-ox0-2,3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherein the phenyl, 1H-pyrrolepyridinyl, 1H-
indolyl, thicphenyl, pyridinyl, 1H-1,2 4-triazolyl, 2-oxoimidazolidiny], 1H-pyrazolyl, 2-oxe-2 3-dihydro-1H-
henzoimidazolyl, or 1H-indazolyl is oplionally subslituted with from 1 1o 3 subsiituents independently
salected from the group consisting of cvane, hydroxy, ©1-4 alkyl, Cr.aalkoxy, halo, halo-substituied-C1-4
atkyl, halo-substituted-C 1-4 alkoxy, aming, -O{CHz)aNF1eaRaon, ~S{0)2NR10aRios, ~OS{O)2NR10aR 100, and -
NR10a3{0) R0, wherein Rica and Riop 87e each independently selected from the group consisting of
hydrogen, optionally substiluled aryl, optionally substituted hetercaryl, optionally substiluted alkyl,
optionally substituted heteroalkyl, optionally substifuied cycloalkyl, and optionally substiiuted
heterocycloalkyl;

B is an optionally substituted ring system selecied from the group consisting of thiosphenyi,
furanyl, 1H-benzoimidazolyl, isoquinolinyl, imidazopyridinyl, benzothiophenyl, pyrimidinyl, pyridiny, 1H-
imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolyl, and thiazolyl, wherein the thiophenyi, furanyl, 1H-
benzoimidazolyl, isoquinolinyl, 1H-imidazopyridinyl, benzothiophenyl, pyrimidiny!, pyridinyl, 1H-imidazolyl,
pyrazinyl, pyridazinyl, TH-pyrrolyl, or thiazolyl is oplionally subsiituted with from 1 {o 3 substifuenis
independently selected from the group consisting of cyano, hydroxy, ©1-4 alkyl, C2-4 alkenyl, C2-4
atkynyl, ©3-8 cycloalkyl, C1-4 alkoxy, halo, halo-substiiuted-C1-4 alkyl, halo-substiuied-C1-4 alkoxy,
aming, -C{OYR1a, -B{0O)o2R11a, -CLOYOR 114, and -C{O}NR11aR 115, wherein Riua and R are each
independently selected from the group consisting of hydrogen and Crq alkyl; and

Rsis selected from the group consisting of optionally substituted aryl, optionally substitited
hetercaryl, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substituted cycloalkyl,
and optionally substituied heterocycioalkyi;

of a salt thereol.

in some embodimenis, the disclosure fealures a compound represenied by formula (1V-e)
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Ohe
B3
Rs (iV-e)

wherein A is an optionally substituted ring systemn selected from the group consisting of phenyl,
1H-indok-2-yi, 1H-indol-3-vi, thiophen-3-yi, pyridin-2-yl, pyridin-3-yi, pyridin-4-yi, 1H-1,2 4-triazol-3-yil, 1H-
1.2 4-triazol-5-yi, 2-oxoimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-pyrazolb-4-yi, and 2-oxo-2,3-dihydre-1H-
benzo[dlimidazol-5-yl, wherein the phenyl, 1H-indol-2-yl, 1H-indol-3-yl, thicphen-3-yi, pyridin-2-yl, pyridin-
3-yl, pyridin-4-yl, 1H-1.2 4-trigzol-3-yl, 11,2 4-triazol-5-yi, 2-oxoimidazolidin-1-yi, 1H-pyrazoh-3-yi, 1H-
pyrazol-4-yi, or 2-0x0-2,3-dihvdro-1H-benzofdlimidazol-5-yl is optionally substiuted with from 110 3
substituents independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C1-4 alkoxy,
halo, halo-substituied-C1-4 alkyl, halo-substituted-C1-4 alkoxy, amino, -CG(CH2)2NR16aR0, -
S(D)2NR10aR100, ~O8{0O)2NR10aR1ge, and -NR10aS(()2R10n, wherein Rica and Rugs are each independently
selected from the group consisting of hydrogen, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substituied cycloalkyl,
and optionally substituted heterocycloalkyl;

B is an optionally substituted ring system selected from the group consisting of thiophen-2-yi,
thiophen-3-yi, furan-3-yi, 1H-benzoldjimidazol-1-yl, isoquinolin-4-yi, 1H-imidazo[4,5-blpyridin-1-yi,
imidazoft 2-alpyridin-3-yi, benzojbithiophen-3-yi, pyrimidin-5-vi, pyridin-2-yl, pyridin-3-yi, pyridin-4-yl, 1H-
imidazol-1-yl, pyrazin-Z-yl, pyridazin-4-yi, 1H-pyirrol-2-yi and thiazoi-5-yi, wherein the thiophen-2-vi,
thiophen-3-yi, furan-3-yl, 1H-benzodlimidazol-1-yl, isoquinolin-4-yl, 1H-imidazof[4,5-blpyridin-1-yi,
benzolbithiophen-3-yi, pyrimidin-5-yi, pyridin-2-yi, pyridin-3-yi, pyridin-4-vl, 1H-imidazol-1-yl, pyrazin-2-yi,
pyridazin-4-yi, 1H-pyrrol-2-yl, or thiazok-5-vi is optionally substiluted with from 1 to 3 substifuents
independently salecled from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl, C2-4
alkynyl, C3-8 cycloalkyt, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-4 atkoxy,
amino, -C{OR11z, ~85(Cjo2R11a, -C{OYOR1a, and ~C{OINR11aR11p, wherein R and Rp are each
independently selected from the group consisting of hydrogen and Cq.. alkyl; and

R is selected from the group consisting of C1-10 aliyl, prop-1-en-2-vi, cyclohaxyl, cyclopropyl, 2-
(2-oxopyrrofidin-1-yhethyl, oxetan-2-yi, oxetan-3-yi, benzhydryl, tetrahydro-2H-pyran-2-yi, tetrahydro-2H-
pyran-3-yvl, phenyl, tetrahydrofuran-3-yl, benzyl, {d-pentylphenyli{phenyhmethyl, and 1-(1-(2-0%0-6,8,12-
trioxa-3-azatetradecan-14-yh-1H-1,2 3-trlazol-4-yhethyl, wherein the C1-10 alkyl, prop-1-en-2-yl,
cyclohexyl, cyclopropyl, 2-(2-oxopyrrofidin-1-yhethyl, oxelan-2-vi, oxelan-3-yi, benzhydryl, tetrahydro-2H-
pyran-2-yi, tetrahydro-2H-pyran-3-yi, phenyl, tetrahydrofuran-3-yi, benzyl, (4-peniyiphenyh(phanyhmethyl,
or 1-{1-(2-0x0-6,8,12-{rioxa-3-azatelradecan-14-yh-1H-1,2,3-triazol-4-ylethyl is optionally substituled with
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from 1 to 3 substituents independently selected from the group consisting of hydroxy, C1-4 alkyl, and
halo-substituled-C1-4alkyl, or Fs is selected from the group consisting of (i), (if), (if), (v}, and (v}

- L T, e
i %/Zi& %OM R i ﬂRp
//J\(\ 1 (i), lﬁ m(u)' \ " /n NRz(”i)’ N%;‘]\/ g (\V}‘

(iv), and
wherein n is an integer from 110 8, mis an infeger from § to 6, p is an integer from 010 5, and
aach R is independently selected from the group consisting of cyano, hydroxy, Ci-4 alkyl, C2-4 alkenyl,
G 2Z2-4 alkynyl, C3-6 cycloatkyl, Ct-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-Ci-4
atkoxy, aming, -C{{O)R1za, -3{0)s-2Rz2a, ~-C{ONOR124, and -C{O)NR12aR 12, and wherein Rizaand Razp are
each independently selected from the group consisting of hydrogen and Cq.4 alkyl;
in some embodiments, Rs is selected from the group consisting of:

e e B N
’ijﬁ/%/ﬂ\i/jw\/\/m ,LOH,
j\/\/\/o\,j’vv\o/'jm\/\/\of, jﬂ\/\/o\/’,jm\ﬂﬁ)’/\

, and

in some embodiments, Rs is (i),

in some embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-y1, (8)-4-
methoxybulan-2-yl, (R)-4-methoxybutan-2-yl, 4-sthoxybutan-2-vi, (8)-4-ethoxybutan-2-vl, (R}-4-
ethoxybutan-2-yl, 5-methoxypentan-2-vi, (8)-5-methoxypentan-2-yi, (R)-§-methoxypentan-2-yi, &
sthoxypentan-2-yi, (8)-5-ethoxypentan-2-yl, (R)-5-ethoxypentan-2-yl, 6-methoxyhexan-2-yi, (8)-6-
methoxyhexan-2-yi, (R}-6-methoxyhexan-2-yl, 8-ethoxyhexan-2-yi, (8)-6-ethoxyhexan-2-yl, and (R)-6-
ethoxyhexan-2-yhor a salt thereof,

in some embodiments, the disclosure fealures a compound represenied by formula (V-

f@

Za)
2 )
( SR NN N ,:’
| = Rs
N (V-5

wherein A is an optionally substitited ring system selected from the group consisting of phenol-4-
vl and 1H-indol-3-yl;
g Is an integer from O {0 4;
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each Z s independently a substituent selected from the group consisting of C1-4 alkyl, halo, halo-
substituted-C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyi, C3-8 cycioalkyl, C1-4 alkoxy, cyano, amine, C{O}R;,
-5{O)o2R11a, -C{OHYOR 12, and ~C{O)NR11aR11p, wherein Ry and Raup are each independently selecled
from the group consisting of hydrogen and Cs. alkyl; and

Rsais selected from the group consisting of isopropyl, methyl, ethyl, prop-1-en-2-yi, isobutyl,
cyclohexyl, sec-butyl, (S)-sec-butyl, (R}-sec-butyl, 1-hydroxypropan-2-yl, (3)-1-hydroxypropan-2-yi, (R}-1~
hydroxypropan-2-yl, and nonan-2-yl, or Rs is selecied from the group consisting of (i), (&), (iif}, (iv), and

)

E -0 J:’\,yO
J;/)A Ow iy M ' an
om, v’\r” Mgy /\Y\%N%mi), Yin (iv}, and 7w

).
wherein nis an integer from 110 6, mis an integer from 010 6, pis an infeger from 0 to 5, and
sach R is independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substiluted-C1-4 atkyl, halo-substituted-C1-4
alkoxy, amino, ~C{O)R1za, ~-S(C)o2R1za, ~C{OYOR 125, and -C(O)NR122R120, and wherein Riz. and Riw ars
each independently selecied from the group consisting of hydrogen and Cq.4 alkyl;
in some embodiments, Bs is selected from the group consisting of:

AN 2
ol K MO/, o Ko

;EW‘O’A\\

. and

in some embodiments, Rs s (i);

in some embodiments, Fs is selecied from the group consisting of 4-methoxybutan-2-yi, (S)-4-
methoxybutan-2-yl, (R)}-4-methoxybuian-2-yl, 4-ethoxybutan-2-yi, {S)-4-ethoxybutan-2-yi, (R)-4-
ethoxybutan-2-yi, 5-methoxypentan-2-yl, (8)-5-methoxypenian-2-yl, (R)-5-methoxypentan-2-yi, 5-
ethoxypentan-2-yi, (G)-5-ethoxypenian-2-yl, (R)-5-ethoxypentan-2-yl, 8-methoxyhexan-2-yl, (8}-6-
methoxyhexan-2-yi, (R)-6-methoxyhexan-2-yl, 6-ethoxyhexan-2-yi, (8)-6-ethoxyhexan-2-yi, and (R}-6-
gihmyhexan-2-vi;

or a salt thereof.

in some embodiments, each Zis independently a substituent selected from the group consisting
of ethoxycarbonyl, methoxy, cyano, methyl, methyisulfonyl, fiuoro, chioro, triffucromethyl, ethynvl, and
cyclopropyl.

in some embodiments, the disclosure features a compound represented by formula (IV-g)
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(W-gj

wherein A is an optionally substituted ring system selected from the group consisting of phenol-4-
¥yl and 1H-indolk3-yl;

Z is a substituent selected from the group consisting of C1-4 alkyl, halo, halo-substituted-C1-4
atkyt, C2-4 glkenyl, C2-4 glkynyl, C3-8 cycloalkyl, C1-4 alkoxy, cvano, amine, C{OR11a, -S({)e2R11s5, -
C{OYOR 115, and -C{O)NR1aR 110, wherein Ria and Ry are each independently selected from the group
consisting of hydrogen and Cy.q alkyl; and

Rsis selected from the group consisling of isopropyl, methyl, elhyl, prop-1-en-2-yi, iscbutyl,
cyclohexyl, sec-bulyl, (S)-sec-butyi, (R)-sec-butyl, 1-hydroxypropan-2-yi, (3)-1-hydroxypropan-2-yi, (R)-1-
hydroxypropan-2-vi, and nonan-2-yi, or Rs is selected from the group consisting of (i), (D), (i), (iv), and

)
M T j;\/;.o .
: O \ il ]
7 T TNRe o DA "

N, ", (i), (iv),
wherein i is an integer from 1 {0 6, mis an integer from 0 10 &, p is an integer from 0 {0 §, and
each R is independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkeny|,
C2-4 alkynyi, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, balo-substituled-C1-4
atkoxy, amino, -C{O)R12a, ~S5{0)0-2R12s, -C{OYOR12a, and ~-C{O)NR12aR 120, and wherein Rize and Rasp are
each indepeandently selected from the group consisting of hydrogen and Cq.4 alkyl;

in some embodiments, Rs is selected from the group consisting of:

jN\//\/O\' K/\O/’ j&/\/\o/, jN\/\/O\/i /“t\//\o’/\\
/WJN\/\/\O/\\

in some embodiments, Rs is (i),

, and

in some embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-yi, (8)-4-
methoxybutan-2-vl, (R)-4-methoxybutan-2-yl, 4-ethoxybulan-2-vi, (8)-4-ethoxybutan-2-vi, (R}-4-
ethoxybulan-2-yl, &-methoxypenian-2-yl, (3)-5-methoxypentan-2-yl, (R)-5-methoxypenian-2-yi, 5-
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ethoxypentan-2-yi, {8)-8-ethoxypentan-2-vl, (R)-5-ethoxypentan-2-yi, 6-methoxyhexan-2-yl, (8)-8-
methoxyhexan-2-yi, (R)-8-methoxyhexan-2-yi, 6-ethoxyhexan-2-yi, (5)-8-ethoxyhexan-2-yi, and (R)-6-
ethoxyhexan-2-vi;

or a salt thereof.

In some embodiments, the disclosure Teatures a compound represented by Tormula (IV-hy)

(a)
J/\_/
HN
{W)Q{Q\ Zaa
LS Ny
‘;i j{ Rs
Ve (V-1

whereain A is an optionally substituted ring system selecied from the group consisting of phenol-4-
vl and 1H-indol-3-vi;

q is an infeger from 0 o 4;

risOort;

W and V are each independantly a substituent selected from the group consisting of C1-4 alkyl,
halo, halo-substituied-C1-4 alkyl, C2-4 alkenyl, C2-4 atkynyl, ©3-8 cycloalkyl, C1-4 alkoxy, cyano, aming,
C{OWR11a, -S{De2R41z, -C{OY0OR 115, and -C{OINR112Ri10, wherein Rz and Rae are sach independently
selected from the group consisting of hydrogen and Cq. alkyl; and

Rs is selecied from the group consisting of C1-10 alkyl, prop-1-en-2-vi, cyclohexyl, cyclopropyl, 2-
{Z-oxopyrrofidin-1-yhethyl, oxetan-2-yi, oxetan-3-yi, benzhydryl, tetrahydro-2H-pyran-2-yi, tetrahydro-2H-
pyran-3-yi, phenyl, tetrahydrofuran-3-yl, benzyl, (4-pentyiphenyl)(phenviimethyl, and 1-(1-(2-0%0-§,8,12-
trioxa-3-gzatetradecan-14-yh-1H-1,2 3-triazol-4-yhethyl, wherein the C1-10 alkyl, prop-1-en-2-yl,
cyclohexyl, cyclopropyl, 2-(2-oxopyrrolidin-1-yhethyl, oxelan-2-vi, oxelan-3-yi, benzhydryl, tetrahydro-2H-
pyran-2-yl, tetrahydro-2H-pyran-3-yi, phenyl, tetrahydrofuran-3-yl, benzyl, (4-pentyiphenyl(phenylmethyl,
and 1-(1-(2-0x0-6 8, 12-roxa-3-azatelradecan-14-yli- 1H-1,2 3-lriazol-4-yhethyl is optionally substituted
with from 1 10 3 subsiituents independently selected from the group censisting of hydroxy, C1-4 alkyl, and
halo-substituled-C1-4alkyl, or Rs is selected from the group consisting of (i), (i), (i), (iv), and (v)

T.A T T o
oA Ty Ty T,
Y o, Yn MG, Voin NR?(;;E;, n {iv), and ¥

wherein nis an integer from 1 {0 8, m is an integer rom 010 6, pis an infeger from § {o 5, and
each R is independently selecled from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, halo, halo-subsiituted-Ci-4 alkyl, halo-substiiuted-C1-4
alkoxy, amine, -C({O)R12a, -S{Ojo2Fs2s, -C{OYOR 0, and ~C{O)NR2aR 120, and wherein Riz and Rz are
each independently selected from the group consisting of hydrogen and Ci.. atkyl;

in some embodiments, Rs is selected from the group consisting of:
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PR 4
“"T”j/r\/\\«/\/t/i/\/\/\ ,XOH,
jm\/vﬂ\, X/\Ofy /j;A/\O/, ;K,/\/O\/, jN\/\O/\\
;jN\/V\()/\_

in some embodiments, Rs is (ii);

, and

in somea embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-yi, (S)-4-
methoxybutan-2-vl, (R)-4-methoxybutan-2-yi, 4-ethoxybutan-2-vi, (S)-4-ethoxybutan-2-vi, (R)-4-
ethoxybutan-2-yl, 5-methoxypentan-2-vl, (8)-5-methoxypentan-2-yi, (R)-5-methoxypentan-2-yi, 5-
ethoxypentan-2-yi, (8)-5-ethoxypenian-2-yl, (R)-5-ethoxypentan-2-yl, 8-methoxyhexan-2-yi, (5)-6-
methoxyhexan-2-yi, (R}-8-methoxyhexan-2-vi, 6-ethoxyhexan-2-yl, {8)-8-ethoxyhexan-2-yl, and {(R)-6-
sthoxyhexan-2-vl;

or a salt thereof.

in some embodimenis, the disclosure fealures a compound represenisd by formula (V-§)

(a

HN
(W e NN
Q 2 N\f?
J R,
s, Rs
Ve (V-i)

wherein A is an optionally substitited ring system selected from the group consisting of phenol-4-
vl and 1H-indol-3-yl;

g is an integer from O to 4;

risfort;

Wand V are each independently a substituent selected from the group consisting of C1-4 alkyl,
haio, halo-substituted-C1-4 alkyl, C2-4 aikenyl, ©2-4 aikynyl, C3-6 cycioalkyt, C1-4 alkoxy, cyano, aming,
C{OR11a, -S(O)o2R11a, ~C(OYOR 115, and -C{OYNR1aR1w, wherein Rera and Rawp are each independently
selected from the group consisting of hydrogen and Cq.4 alkyl; and

Rsis selected from the group consisting of C1-10 alkyl, prop-t-en-2-yl, cyclohexyl, cyclopropyt, 2-
(2-oxopyrrolidin-1-yhethyl, oxetan-2-yl, oxelan-3-yi, benzhydryl, tetrahydro-2H-pyran-2-vl, tetrahydro-2H-
pyran-3-vi, phenyi, tetrahydrofuran-3-vi, benzvi, (4-pentylphenyl){phenyhmethyl, and 1-(1-(Z-0x0-6,8,12-
frioxa-3-azatetradecan-14-yl)-1H-1.2 3-triazol-4-yhethyl, wherein the C1-10 alkyi, prop-1-en-2-vi,
cyclohexyl, cyclopropyi, 2-(Z-oxopyrolidin-1-yhethyl, oxetan-2-yl, oxelan-3-yi, benzhydryl, tetrahydro-2H-
pyran-2-vi, letrahydro-2H-pyran-3-yl, phenyl, tetrahydrofuran-3-yi, benzyl, (4-pentylphenyl(phenyhmethvi,
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or 1-(1-{2-0x0-6,9,1 2-trioxa-3-azatetradecan-14-yh-1H-1,2,3-triazol-4-ylethyl is oplionally subsiituted with
from 1 10 3 substituents independently selected from the group consisting of hydroxy, C1-4 alkyl, and
halo-substituted-C1-4ailkyl, or Rs is selecied from the group consisting of (i), (i), (i), (iv), and (v}

ToA Toew T e
0y Lol M ’”@Rp
™~ 0, n Wm (i, /\{\ T NP % w

(i), n (iv), and
wherain nis an integer from 1 10 6, m is an integer rom 0 16 6, pis an integer from 010 5, and
each R is independently selected from the group consisting of cyano, hydroxy, C1-4 atkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substituied-C1-4 alkyl, halo-substityted-C1-4
alkoxy, amino, -C{O)R12a, -S{Q)o2R12a, ~C{D)0OR 125, and -C{OYNR12aR 120, @nd wherein Rz and Rz are
each independently selecied from the group consisting of hydrogen and Ci.c alkyl;
in some embodiments, Rs is selected from the group consisting of:

Mjikj\/\wm @/\/BH
jw\/ j’“\ﬂ jv\/\/\ ;t\/\/ﬁ\/;i\/\o/\
jN\A/\O/\_

in some embodiments, Rs is (i),

, and

in some embodiments, Rs is selecied from the group consisting of 4-methoxybutan-2-yl, (S)-4-
methoxybutan-2-yl, (R)}-4-methoxybutan-2-yi, 4-ethoxybutan-2-yi, {8)-4-ethoxybutan-2-vi, (R)-4-
ethoxybutan-2-vi, 5-methoxypentan-2-yi, (8)-5-methoxypentan-2-yi, (R)-5-methoxypentan-2-vi, 5-
ethoxypentan-2-yi, (8)-5-ethoxypentan-2-yi, (R)-5-ethoxypentan-2-yl, 8-methoxyhexan-2-yl, (5)-8-
methoxyhexan-2-yi, (R)-6-methoxyhexan-2-vi, 6-ethoxyhexan-2-vi, (8)-6-ethoxyhexan-2-vi, and (R)-6-
ethoxyhexan-2-yi,

or 8 salt thereof.

in some embodiments, the disclosure Teatures a compound represented by formula (IV-)

A

‘N)c N =
/
3 (’}\!\ N
N;—:K v, Rs -
¢ (V)
wherein A is an optionally substituted ring system selected from the group consisting of phenol-4-
vl and 1H-indol-3-yi;
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g is an integer rom 0 {0 4;

risGor i,

Wand V are each independently a substituent selected from the group consisting of C1-4 alkyl,
halo, halo-substifuted-C1-4 aliyl, C2-4 alkenyl, C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, cyano, amino,
C{OR 14, ~S(OjooR11a, ~C{OYOR 15, and -C{O)NR 1R, wherein Rua and Rap are each independently
selected from the group consisting of hydrogen and Cs.4 alkyl; and

Rsis selected from the group consisling of C1-10 alkyl, prop-t-en-2-yl, cyclohexyl, cyclopropyt, 2-
(2-oxopyrrolidin-1-yhethyl, oxetan-2-yl, oxetan-3-yi, benzhydryl, tetrahydro-2H-pyran-2-yl, tetrahydro-2H-
pyran-3-yi, phenyl, tetrahydrofuran-3-yl, benzvi, (4-pentylphenyl){phenyiimethyl, and 1-{1-(2-0x0-8,9,12-
frioxa-3-azatelradecan-14-yi)-1H-1,2,3-triazol-4-yhethvil, wherain the C1-10 alkyl, prop-1-en-2-vi,
cyclohexyl, cyclopropyl, 2-(2-oxopyrolidin-1-yhethyl, oxetan-2-yl, oxetan-3-yi, benzhydryl, telrahydro-2H-
pyran-2-vi, tetrahydro-ZH-pyran-3-yi, phenyl, tetrahydroiuran-3-yi, benzyl, (4-pentylphenyl){phenyhmethvi,
or 1-{1-(2-0x0-6,9,12-trioxa-3-azatetradecan-14-yh-1H-1,2 3-triazok-4-yliethyl is optionally substituted with
from 1 to 3 substituenis independently selected from the group consisting of hydroxy, C1-4 alkyl, and
halo-substituled-C1-4alkyl, or Rs is selected from the group consisting of (i), (if), (i), (iv), and (v)

wherein n is an integer from 110 6, m is an infeger from 8 10 6, p is an integer from 010 8, and
esach R is independently selecied from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-4
atkoxy, amine, -C{O)R4za, -S{0)o-2R1z2z, -C{OOR 124, and -C{O)NR12aR 120, and wherein Rizaand Rizp are
each independently selected from the group consisting of hydrogen and Cy.4 alkyl;

in some embodiments, Rs is selected from the group consisting of:

) . , and

in some embodiments, Rz is (i);

in some embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-yi, (S)-4-
methoxybulan-2-vl, (R)-4-methoxybutan-2-v!, 4-ethoxybulan-2-vi, (8)-4-ethoxybutan-2-vi, (R)-4-
ethoxybitan-2-yl, &-methoxypentan-2-vl, (S)-5-methoxypentan-2-yi, (R)-5-methoxypentan-2-yi, &-
ethoxypentan-2-yi, (8)-5-ethoxypentan-2-yl, (R)-&-ethoxypentan-2-yl, é-methoxyhexan-2-yi, (5)-6-
methoxyhexan-2-yi, (R)-6-methoxyhexan-2-yl, 6-ethoxyhexan-2-yl, (5)-8-ethoxyhexan-2-yl, and (R)-6-

ethoxyhexan-2-yl
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or a sait thereof.
in some embodiments, the disclosure features a compound reprasenied by formula (I¥-k)

(V-
wherain A is an optionally substitited ring system selected from the group consisting of phenol-4-
5 vyl and 1H-indol-3-vi;
q is an integer from 0 1o 4;
risGort;
Wand V are each independently a substituent selecled from the group consisting of C1-4 alkyl,
halo, halo-subsiituted-C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, cyano, amino,
10 COjR 14, -B{0)0-2R 115, ~-C{OYOR 115, and -C{O}NR 1R, wherein Ruasand Rip are each independently
saiacted from the group consisting of hydrogen and Cq.4 alkyt, and
R;is selected from the group consisting of C1-10 alkyl, prop-1-en-2-yi, cyciohexyl, cyclopropyl, 2-
{(Z-oxopyrrolidin-1-yhethyl, oxetan-2-vi, oxetan-3-vi, benzhydryl, tetrahydro-2H-pyran-2-yi, tetrahydro-2H-
pyran-3-yvi, phenyl, tetrahydrofuran-3-vi, benzyl, §-pentyiphenyli{phenyhmethyl, and 1-(1-(2-0x0-6,8,12-
15 trioxa-3-azatetradecan-14-vi-1H-1,2 3-triazolk-4-yhethyl, wherein the C1-10 alkyl, prop-1-en-2-yl,
cyclohexyl, cyclopropyl, 2-(2-oxopyirofidin-1-yhethyi, oxelan-2-yi, oxetan-3-yi, benzhvydryl, tetrahydro-2H-
pyran-2-yi, tetrahydro-2H-pyran-3-yi, phenyl, tetrahydrofuran-3-vi, benzyl, (4-pentviphenyii{(phenyiimethyi,
or 1-(1-(2-0x0-6,9,12-trioxa-3-azatetradecan-14-yh-1H-1,2,3-{riazol-4-ylethyl is oplionally subslituied with
from 1 1o 3 substituents independently selected from the group consisting of hydroxy, C1-4 alkyl, and

20 halo~substituted-C1-4alkyl, or Rs is selecled from the group consisting of (i), (i), (i), (iv), and (v}

= OM = s e o +R9
nog, o e T ime In MRz Gy, T ), Z W

wherein n is an integer from 1 {0 6, m is an integer from 0 1o 8, pis an infeger from 0 to 5, and

s

each R is independently selected from the group consisting of cvano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-4
25  alkoxy, amino, -C{O)R12a, -S{0jo.2Riza, ~-C{OOR 25, and -C{O)NR12aR 120, and wherein Rizs and Rz are
each independently selected from the group consisting of hydrogen and Cq.s alkyl;
in some embodiments, Fs is selectad from the group consisting of:
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;KN\Q/\ -

in some embodiments, Rs is (ii);

in somea embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-yi, (S)-4-
methoxybutan-2-vl, (R)-4-methoxybutan-2-yi, 4-ethoxybutan-2-vi, (S)-4-ethoxybutan-2-vi, (R)-4-
ethoxybutan-2-yl, 5-methoxypentan-2-vl, (8)-5-methoxypentan-2-yi, (R)-5-methoxypentan-2-yi, 5-
ethoxypentan-2-yi, (8)-5-ethoxypenian-2-yl, (R)-5-ethoxypentan-2-yl, 8-methoxyhexan-2-yi, (5)-6-
methoxyhexan-2-yi, (R}-8-methoxyhexan-2-vi, 6-ethoxyhexan-2-yl, {8)-8-ethoxyhexan-2-yl, and {(R)-6-
sthoxyhexan-2-vl;

or a salt thereof.

in some embodimenis, the aryl hydrocarben recepior antagonist is compound (3), compound (4),
compound (8), compound (8}, compound (7}, compound (8}, compound (%), compound (18), compound
{11), compound (12}, compound (13), compound (28), compound (27}, or compound (28)

P H N H .-f-NE-{

,! f /j [ s
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{(12), (13, N (25},
,TfNH .‘—NH
S
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HN

F. N
-7 s Sy —
C NS RO
N

(27), or (28)

or salls thereof.

in some embodiments, aryl hydrocarbon receptor antagonists include those represented by
5 formula (\)
R,

N NN
Re B

wherein L is g linker selected from the group consisting of -NR7{(CRaaResp)n-, -O{CRsaRsn)n-, ~
C{ON(CRaaRap)n, ~C{SHCRaaRan)im, -S{0)o-2{CRsaReb)n-, ~(CRsaRsu)n-, -NR72C{O{CRaaRap}am, -
MNR7:C{SHCRzaRao)n-, ~-OC{OHCReaRaojn-, -OC{SH{CRsRap)n-, -C{OINR72{CRsRan)n-, -

10 C{SINR72(CRsaRsr)n-, -C{O)O(CRe:sRanin-, ~C{S)O{CRsaRanin-, -S{O)2NR7(CRs:Rap)n-, -
NR7:5(0)2{CRsaRsn}e-, ~NR72C{O}NRm(CReaRat)n-, -NR7:{CRsaFan)nNR72-, -NR72{CRsaRap}nO-, ~
NR72{CRgaRap)nS-, ~-O({CRsaRap)nNR7a-, ~-O{CRsaRapjn0-, -O{CRs:RepjnS-, -S{CRsaRsojnNR7z-, -
S{CRe:Reau)n0-, -S(CRsaRepinS~, and ~NR7C{O)O{CRsaRsp)n-, wherein Rra, Ry, Rea, and Rep are each
independently selected from the group consisting of hydrogen and optionaily substituted C1-4 alkyl, and

15 each n is independently an integer from 2 to 6;

R is selecied from the group consisting of -S{(0)2NRe:Rap, ~-NReC{)Rep, -NReC{S)}Rep, -
NRosC{OMNRwRes, ~C{)Raa, -C{SIRes, ~S(0)0-2Res, -C{HORe:, -C(S)ORa, ~C{O)NRosRos, -C{S)NResRos, -
MNReS{O)2Rep, ~NR2aC{O)ORep, -OC{OYCR:RaoRec, ~OC(S)TReaRenRoec, optionally substituted aryl,
optionally substifuled heteroaryl, optionally substituted cycloalkyl, and optionally substituted

20 heterocycloalkyl, wherein Ree, Res, and Rec are each independently selecied from the group consisting of
hydrogen, optionally substituted aryl, optionally substituted heteroaryi, optionally substituted alkyi,
optionally substituted heleroalkyl, optionally substituted cydloalkyl, and optionally substituted
heterocycloalkyl;
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Rsis selected from the group consisting of optionally substituted aryl, optionally substituled
heleroaryi, optionally substiiuied cycloakyi, and optionally substituted heterocycloalioi;

R is selecied from the group consisting of hydrogen and optionally substituted C1-4 alkvi;

Rsis selected from the group consisting of optionally substituted aryl, optionally substiiuted
heleroaryl, optionally substiluied alkyl, optionally substituted heteroalkyl, optionally substituted cycloalkyl,
and optionally subsiituted heterocycloalkyl; and

Rsis selected from the group consisling of hydrogen, optionally substituled aryl, optionally
substituted hetercaryl, optionally substituted akyl, optionally substituted heteroalkyl, optionally substitutad
cycloalkyl, and optionally substituted heterocycloalkyl;

or a salt thereof.

in some embodiments, Ry is selected from the group consisting of -S(O)zNRaaRep, -NRaC{O)Res,
-NRe:C{S}Rer, -NReaC{CINRavRes, -C{D3)Rea, -C(S}Rea, -S(O)o-2Roea, -C{O}ORss, -C(SICORsa, -C(O)NRoaRon,
-C(S)NRgaRss, -NR3aS(O)2Rsen, -NRsaC{O)ORsn, ~-OC(O)CReaRenRes, -OC(S)CReaRepRac, phenyl, 1H-
pyrrolopyridinyl, 1H-indolyi, thiophenyl, pyridinyi, 1H-1 2 4-trlazolyl, 2-oxoimidazolidiny, 1H-pyrazoivi, 2-
oxe-2 3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherein the phenyl, 1H-pyrrolopyridinyl, 1H-
indolyl, thiophenyl, pyridinyl, 1H-1,2.4-triazolyl, 2-oxoimidazolidiny], 1H-pyrazolyl, 2-oxo-2 3-dihydro-1H-
henzoimidazolyl, or 1H-indazolyl is optionally subsiituted, for example, with from 1 o 3 substituents
independently selected from the group consisting of cyana, hydroxy, ©1-4 altkyl, C1-4 alkoxy, halo, halo-
substituted-C1-4 alkyl, halo-substituted-C1-4 alkoxy, amino, -O(CH2)2NR5aR1ob, -S{0)NR0:Riok, -
OS{0)2NR0aR1o6, and -NR10aS{O)2R100; wherein Rioa and Rigs are each independently selected from the
group consisting of hydrogen, optionally substituted aryl, optionally substituied helercaryl, aptionally
substituted alkyl, optionally substiluied heteroaltkyl, oplionally substitited cycloatkyl, and optionally
substituted heterocycloalkyl.

in some embodiments, Ry is selectad from the group consisting of -S(0)2NRsaRsp, ~-NRsaC{O)Rey,
-NRe:C{S)Ren, -NReC(OINRosRec, -C{O}Rea, -C(S)Fsa, ~S{0)0-2Rea, -C{O}ORse, ~C{SIORea, -C(O)NRoeRon,
~C(8)NRsaRas, ~-NRgaS(0)2Ran, -NR2aC{O)ORan, -OC(O)CReaRanRse., and ~-OC(S)CRa:RanRe.

in some embodiments, Ry is selected from the group consisting of phenyl, 1H-pyrrolopyridinyd,
1H-indolyi, thiophenyl, pyridinyl, 1H-1,2,4-triazolyt, 2-oxoimidazolidinyl, 1H-pyrazobyl, 2-0x0-2,3-dihydro-
1H-benzoimidazolyl, and 1H-indazolyl, whersin the phenyl, 1H-pyrrolepyridinyl, 1H-indoly!, thiophenyt,
pyridinyt, 1H-1,2 4-triazolyl, 2-oxoimidazolidinyl, 1H-pyrazolyl, 2-0x0-2,3-dihydro-1H-benzoimidazolyl, or
1H-indazolyl is optionally substituted, for example, with from 1 {o 3 substiluents independently selected
from the group consisting of cyano, hydroxy, C1-4 alkyl, Cq.4 alkoxy, halo, halo-substituted-C1-4 alkyl,
halo-substituted-C1-4 alkoxy, amino, -O{CHzj2NRwwaR10p, -5{0)2NR10aR106, -OS{0)2NR10aR400, and -
NR10aS{0)2R100.

in some embodiments, Ry is selected from the group consisting of phenyi, 1H-indol-2-vi, 1H-indol-
3-yi, thicphen-3-yi, pyridin-2-yl, pyridin-3-yi, pyridin-4-yi, 1H-1,2 4-triazol-3-yi, 1H-1,2,4-triazol-5-vi, 2-
oxcimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-pyrazob-4-yi, and 2-oxo-2,3-dihydro-1H-benzoldlimidazol-5-yi,
wherein the phenyl, 1H-indeol-2-yl, 1H-indol-3-yi, thiophen-3-yi, pyridin-2-yi, pyridin-3-yi, pyridin-4-yl, 1H-

1.2,4-triazol-3-yi, 1H-1,2,4-triazol-5-yl, 2-oxoimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-pyrazol-4-yl, or 2-oxo-
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2 3-dihydro-1H-benzojdlimidazol-5-yl is optionally substituted, for example, with from 1 1o 3 substifuents
independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C1-4 alkoxy, halo, halo-
substituted-C1-4 alkyl, halo-substituled-C1-4 alkoxy, amino, -O{CH2)2NR102R10p, ~S{0)2NR10aR10n, -
OB {C)NR1gaRa0o, and -NR10aS{O)2Ruon.

In some embodiments, By is selected from the group consisting of phenyl, phenol-4-yl, 1H-indol-
2-yl, 1H-indok3-yl, thiophen-3-yi, pyridin-2-yl, pyridin-3-vi, pyridin-4-yl, 1H-1,2,4-triazol-3-yl, 1H-1,2 4-
triazol-5-yi, 2-oxoimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-pyrazol-4-yi, and 2-oxo-2,3-dihydro-1H-
benzoldlimidazol-5-vl.

in some embediments, R+ is selectad from the group consisting of:

o O A
i/a S N .

/\NH :
1%%;\{ %N

e

. N
| =y OH T %uq
& \
and —

in some empodiments, Ry is selected from the group consisling of phenob-4-yi and 1H-indob-3-yl.

in some embodiments, L is selected from the group consisling of -NR7:{CRsaRsp)s- and -
O(CRsaRsn)n-.

in some embodiments, L is selected from the group consisting of -NH{CHz)z- and ~-O{CH2}e-.

in some embodiments, Fsis selected from the group consisting of opticnally substiluted aryt and
optionally substituted heteroaryl.

in some emboediments, Rais selected from the group consisting of phenyl, thiophenyl, furanyl, 1H-
benzoimidazolyl, quinolinyl, isoguinoclinyl, imidazopyridinyl, benzothiophenyl, pyrimidiny, pyridinyl, 1H-
imidarolyl, pyrazinyl, pyridazinyl, TH-pyrrolyl, and thiazolyl, wherein the phenyl, thiophenyl, furanyl, 1H-
benzolmidazolyl, quinolinyl, isoquinoliny!, imidazopyridinyl, benzothiopheny!, pyrimidiny!, pyridinyl, 1H-
imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolyl, or thiazolyl is oplionally subsiituted, for example, with from 1
to 3 substituents independentily selected from the group consisiing of cyano, hydroxy, C1-4 alkyl, C2-4
alkanyl, C2-4 alkynyl, C3-8 cyclealkyl, C1-4 alkoxy, halo, halo-substiiuled-C1-4 alkyl, halo-substituted-C1-
4 alkoxy, amino,  -C{OYR11s, -S{Oh2R11a, ~C{OYOR1,, and -C{OYNR11aR11p, and wherein Rz and R
are sach independently selected from the group consisting of hydrogen and C.a alkyl.

in some embediments, Ra is selected from the group consisting of thiophen-2-yi, thiophen-3-yi,
furan-3-yi, 1H-benzoldjimidazol-1-y1, isoquinokin-4-yl, 1H-imidazo[4,5-b]pyridin-1-yl, imidazo[1,2-a)pyridin-

85



10

15

20

25

30

WO 2019/089826 PCT/US2018/058553

3-yi, benzolbithiophen-3-yl, pyrimidin-5-yi, pyridin-2-yl, pyridin-3-yi, pyridin-4-yl, 1H-imidazol-1-vl, pyrazin-
2-yi, pyridazin-4-yi, 1H-pyrrol-2-yi and thiazol-5-yi, wherein the thiophen-2-vi, thiophen-3-vi, furan-3-vi,
1H-benzofdlimidazol-1-yil, isoquinolin-4-yi, 1H-imidazo4,5-bipyridin-1-vi, benzobithiophen-3-yi, pyrimidin-
S-yi, pyridin-2-yl, pyridin-3-yi, pyridin-4-yi, 1H-imidazol-1-yl, pyrazin-2-yi{, pyridazin-4-yi, 1H-pyrrok-2-yl, or
thiazol-5-yl is oplionally subslifuted, for exampile, with from 1 to 3 substiluents independently selecled
from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-4
atkoxy, halo, halo-substituied-C1-4 alkyl, halo-substituted-C1-4 alkoxy, aming, -C{IO)R 1, -S{Q)oaR11a, -
C{OYOR11a, and ~-C{OINR1aR110.

in some ambodimants, Rs is selected from the group consisting of thiophen-3-yi,
benzoblthiophen-3-vi, pyridin-3-vi, pyrimidin-5-vi, 1H-imidazok-1-vl, 1H-benzofd]imidazol-1-yl, isoguinolin-
4-yi, 1H-imidazol4,5-blpyridin-1-yl, and imidazo{l,2-alpyridin-3-vi, wherein the thiophen-3-yi,
benzobjthiophen-3-vi, pyridin-3-yi, pyrimigin-5-yi, 1H-imidazol-1-yl, 1H-benzofdlimidazol-1-yi, Boguinolin-
4-yi, 1H-imidazol4,5-blpyridin-1-yl, or imidazoi, 2-alpyridin-3-vi is optionally substituted, for example, with
from 1 to 3 substituenis independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl,
C2-4 alkenyl, C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyi, halo-
subsiituted-C1-4 alkoxy, amino, -C{O)R1a, -S5{Q)02R115, -C{O)OR 112, and -C{OINR1aF1 1.

in some embodiments, R is selectad from the group consisting of optionally subslituted:

Y e O

, , , ' , and

in some embodiments, Rs is pyridin-3-yl, wherein the pyridin-3-y! is optionally substituted at C§,
for exampile, with a substituent selected from the group consisting of C1-4 alkyl, halo, halo-substituted-
C1-4 alkyl, C2-4 alkenyl, C2-4 atkynyi, C3-8 cycloalkyl, C1-4 alkoxy, cyano, amino, C{OR11;, -S((Dea2Ri1s,
-C(O)OR 12, and -C{OINF 115 R 15,

in some embodiments, the pyridin-3-yl is substiluled at C3 with a substituent selecled from the
group consisting of ethoxycarbonyl, methoxy, cyano, methyl, methylsulfonyl, fluore, chioro,
iriffucromethyl, ethynyl, and cyclopropyl.

in some ambodimeants, R, is selected from the group consisting of:

i e
F E \i Ci ! RN NC\N W W
N i , NN N ang
Y
»
N

in some embodiments, R; is imidazo[1,2-alpyridin-3-yi, wherein the imidazo[1,2-alpyridin-3-yl is

optionally substiluted, for example, with a substituent selected from the group consisting of C1-4 alkyl,
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halo, halo-substituted-C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyi, C3-6 cycloalkyl, C1-4 alkoxy, cyang, amine,
C{NR11a, ~S{00.2R 112, ~C{OYOR 115, and ~-C{OINR112R115.

in some embodiments, Rs is benzofblthiophen-3-vi, wherein the benzofblthiophen-3-yi is
optionally substituted, for example, with a substituent selected from the group consisting of C1-4 alkyl,
halo, halo-substituled-C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, ©3-6 cycloalkyl, C1-4 alkoxy, cyano, aming,
C{OIR11a, ~S(O)0-2R 112, ~C{OI)OR 119, and ~-C{OYNR112R11p.

in some embodiments, Ha is 1H-imidazol4,5-bipyridin-1-vi, wherein the 1H-imidazol4,5-bipyridin-
1-yl is optionally substituied, for example, with a substituent selected from the group consisting of C1-4
alicyl, halo, halo-substituted-C1-4 alkyl, ©2-4 alkenyl, C2-4 alkynvl, C3-8 cycloalkyl, C1-4 alkoxy, cyane,
aming, C{OIR 11z, -S(De2Ra1z, -C{OYOR11a, and -C{OINR11aR115.

in some emboediments, Rs is isoquinolin-4-vi, wherein the isoquinolin-4-y! is optionally substituted,
for example, with a substiiuent selected from the group consisting of C1-4 alkyl, halo, halo-substituied-
Ci-4 alkyl, C2-4 alkenyi, C2-4 alkynyi, C3-6 cycloalkyl, Ci-4 alkoxy, cyano, amino, C(O)R11a, -S{O)e2R11a,
-C{OYOR11a, and ~C{O3NR11aR11b.

in some embodiments, Rq is hydrogen.

In some embodiments, Fs is seleciad from the group consisting of C1-10 alkyl, prop-1-en-2-yi,
cyclohexyl, cyclopropyl, 2-(2-oxopyrrolidin-1-yhiethyl, oxetan-2-yi, oxetan-3-yi, benzhydryl, tetrahydro-2H-
pyran-2-yl, tetrahydro-2H-pyran-3-yi, phenyl, tetrahydrofuran-3-vi, benzyl, {4-pantviphenyh{phenyhmethyi,
and 1-(1-(Z2-0x0-6,9,12-trioxa-3-azatetradecan-14-y- 1H-1,2, 3-triazol-4-yhethyi, wherein the C1-10 alkyl,
prop-1-en-2-vi, cyclohexyl, cyclopropyl, 2-(2-oxopyrrolidin-1-yiiethyl, oxetan-2-vi, oxetan-3-vi, benzhydryl,
tetrahydro-2H-pyran-2-vi, tetrahydro-2H-pyran-3-yl, phenyi, tetrahydrofuran-3-vi, benzyl, {4-
pentyiphenyh{phenyhmethyl, or 1-(1-(2-0x0-6,9,12-trioxa-3-azatelradecan-14-yi}-1H4-1,2 3-triazol-4-
yhethyl is oplionally substiluled, for example, with from 1 {0 3 substituents independently selected from
the group consisting of hydroxy, C1-4 alkyl, and halo-substituted-C1-4alkyl.

in some embodiments, Rs is selected from the group consisting of isopropyi, methyl, ethyl, prop-
1-en-2-yi, ischutyl, cyclohexyl, sec-butyl, (S)-sec-butyl, (R)-sec-butyl, 1-hydroxypropan-2-yi, (8)-1-
hydroxypropan-2-yi, (R)-1-hydroxypropan-2-yl, and nonan-2-yl.

in seme embodiments, Rs is (8)-1-hydroxypropan-2-yl.

in some empodiments, Rs is (R)-1-hydroxypropan-2-yl.

in some embodiments, Rs is (§)-sec-butyl.

in some embodiments, Rs is (R)-sec-butyl,

in some embodiments, Rs is selected from the group consisting of (3), @), (i), (v), and (v)

LY {\/K‘“(u) g 2 Gi, M Gy, and

wherein nis an integer from 1 1o 6, mis an integer rom 010 6, pis an infeger from 010 5, and

,’n N

gsach R is independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, 3-8 cycloalkyl, C1-4 alkoxy, halo, halo-substituied-C1-4 alkyl, halo-substituted-C1-4
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atkoxy, amino, -C{O)R12a, -S{0)p2R12z, -C{OYOR24, and -C{O)NR12aR 120, and wherein Rizs and Rizc are
each independantly selected from the group consisting of hydrogen and Cy.s alkyl.
in some embodiments, Rs is selected from the group consisting of:

e |
Xoo j\»o/’ j\/\/\o{ Koo b PN

oY

, and

oo

in some embodiments, Rsis (D).

in some embodiments, Rs is selecied from the group consisting of 4-methoxybutan-2-yi, (8)-4-
methoxybutan-2-vl, (R)-4-methoxybutan-2-yi, 4-ethoxybulan-2-vi, (8)-4-ethoxybutan-2-vi, (R)-4-
ethoxybutan-2-yl, &-methoxypentan-2-vl, (3)-5-methoxypentan-2-yi, (R)-&-methoxypentan-2-yi, &-
ethoxypentan-2-vi, (8)-5-ethoxypentan-2-yl, (R)-&-ethoxypentan-2-yi, 6-methoxyhexan-2-yi, (5)-6-
methoxyhexan-2-yi, (R)-6-methoxyhexan-2-yl, 6-sthoxyhexan-2-yi, (8)-6-ethoxyhexan-2-yl, and (R)-6-
sthoxyhexan-2-vi.

in some embodiments, Rs is (8)-4-methoxybutan-2-yl.

in some embodimeants, Rs is (R}-4-methoxybutan-2-yl.

in some embodiments, Rs is (8)-5-methoxypentan-2-yl.

in some embodiments, Rs Is (R}-5-methoxypentan-2-yi.

in some embodiments, Rs is (S)-4-ethoxybutan-2-yl.

in some embodiments, Rs is (R}-4-ethoxybutan-2-yl.

In some ambodiments, Rs is hydrogen.

in some embodiments, the disclosure features a compound represenied by formula (V-a)

Ar/&j\i\(%&
Rs  (v-a)
wherein L is a iinker selecied from the group consisting of -NR7a{CRszRsgjn-, ~-O(CRsaRaoje-, -
C{O)CReaRen)nm, ~C{SHTReaReu)n-, -S((De-2(CRsRsnin-, -{CReaRap)n-, -NR72C{O}CReaRspin-, -
NR7:C(S){(CRsaRap)n-, -OC{O}CRsaRap)n-, ~OC(SHCRs:Rao)n-, ~-C{OINR7{CRsaRap)n-, -
C(S)NR7{CRe&:Repin-, ~C{OYMHCReaRap)n-, ~-C{SIO(CRe:Rst)n-, ~S(O)22NR7:{CRsaRso)n-, -
NR7aS{0)2{CReaRap)n-, -NR7aC{OINR{CRaaRap)n-, and -NR7C{OYO(CRsRan)-, wherain Rys, Ry, Rea,

and Rey are each independently selected from the group consisting of hydrogen and opticnally substituted

C1-4 alkyl, and sach n is independently an integer from 2 1o 6;
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Ri is selected from the group consisting of -S{()2MRe:Roen, -NReaC{O)Rep, -NRgC{S}Rat, -
NRe2C{OMNRsnRac, -C{O)Rsa, -C{S)Rea, -B(0)0-2Rea, -C{O)ORgz, ~C(S)0ORaa, -C{O)NReaRos, ~C{S)NRsaRay,
NRa:S{O)2Rsp, ~NRgaC{O)ORgp, -OC{OYCRe:ReoRec, ~-OC(S)CRe:ReuRe:, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted cycloalkyi, and optionally substituted

heterocycloalkyl, wherein Ree, Rep, and Rec are each independently selected from the group consisting of
hydrogen, optionally substituled aryl, optionally substituted heteroaryi, optionally substiluted alkyl,
cptionally substituted heteroalkyl, optionally substituted cycloatkyl, and optionally substituted
heterocycloalky! (for example, R+ may be selecied from the group consisting of phenyl, 1H-
pyrrofopyridinyl, 1H-indolyl, thiophenyl, pyridinyt, 1H-1,2 4-triazolyl, 2-oxoimidazolidinyt, 1H-pyrazolyt, 2-
oxo-2,3-dihydio-1H-benzoimidazolyl, and 1H-indazolvl, wherein the phenyl, 1H-pyrrelopyridinyl, 1H-
indolyl, thiophenyl, pyridinvi, 1H-1,2 4-frigzolyl, 2-oxeimidazolidinyl, 1H-pyrazolyl, 2-ox0-2,3-dihydro-1H-
benzoimidarzolyl, or 1H-indazoly! is optionally substiiuted, for example, with from 1 {o 3 substituenis
independently selected from the group consisting of cyano, hydroxy, C1-4 alkyil, C1.4 alkoxy, halo, halo-
substituted-C1-4 glkyl, halo-substituted-C1-4 alkoxy, amino, ~O{CHz2NR102R10p, ~S{O)2NR10:R 108, -
CE(0)2NR1saRi0e, and -NR10aS{0)2Ro00, wherein Raos and Riee are each independently selected from the
group consisting of hydrogen, optionally substituted aryl, oplionally subsiituted helercaryi, optionally
substituted alkyl, optionally substituted hetercalkyl, optionally substituted cycloalkyl, and optionally
substiiuted haterocycloalkyl),;

Aris selected from the group consisting of oplionally subsiituted monocyclic aryl and hetercaryl,
stich as oplionally substituted thiophenyl, furanyi, 1H-benzoimidazolvl, isocquinclinyt, imidazopyridinyt,
benzothiopheny!, pyrimidinyi, pyridinyl, 1H-imidazoiyl, pyrazinyl, pyridazinyl, 1H-pyrrolyl, and thiazolyl

5 is selected from the group consisting of optionally substiiuted anyl, optionally substiiuied
heteroaryl, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substitited cydloalkyl,
and optionally substituted heterocycloalkyl; and

R is selected from the group consisting of hydrogen, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted alkyl, optionally substiitied hetercalkyl, oplionally subsiituted
cycloatkyl, and oplionally substituted helerocycloaikyt;

or a salt thereof.

in some empodiments, Ar is pyridin-3-yl, wherein the pyridin-3-yi is optionally substituted at C5,
for example, with a substiluent selected from the group consisting of ethoxycarbonyl, methoxy, cyano,
methyl, methylsulfonyl, fluoro, chiore, rifluoromethyl, ethynyl, and cyclopropyl.

in some embodiments, the disclosure features a compound represented by formula (V-b)

69



10

15

20

WO 2019/089826 PCT/US2018/058553

Rs {(V-b)

wherein A is an optionally substituted ring system selected from the group consisting of phenyl,
1H-pyrrolopyridinyl, 1H-indolyi, thiophenyl, pyridinyi, 1H-1,2 4-triazolyl, 2-oxoimidazolidinyl, 1H-pyrazolyi,
2-ox0-2,3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherein the phenyl, 1H-pyrrolepyridinyl, 1H-
indolyl, thicphenyl, pyridinyl, 1H-1,2 4-triazolyl, 2-oxoimidazolidiny], 1H-pyrazolyl, 2-oxe-2 3-dihydro-1H-
henzoimidazolyl, or 1H-indazolyl is oplionally subslituted with from 1 1o 3 subsiituents independently
salected from the group consisting of cvane, hydroxy, ©1-4 alkyl, Cr.aalkoxy, halo, halo-substituied-C1-4
atkyl, halo-substituted-C 1-4 alkoxy, aming, -O{CHz)aNF1eaRaon, ~S{0)2NR10aRios, ~OS{O)2NR10aR 100, and -
NR10a3{0) R0, wherein Rica and Riop 87e each independently selected from the group consisting of
hydrogen, optionally substituled aryl, optionally substituted hetercaryl, oplionally substiluted alkyl,
optionally substituted heteroalkyl, optionally substifuied cycloalkyl, and optionally substiiuted
heterocycloalkyl;

Aris selected from the group consisting of optionally substituted monocyclic arvt and heteroaryi,
such as optionally substituted thiophenyl, furanyl, 1H-benzoimidazolyl, isoquinoliny, imidazopyridinyi,
henzothiophenyl, pyrimidiny, pyridinyl, 1H-imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolyl, and thiazolyl;

Rsis selectad from the group consisling of optionally substituted aryl, optionally substituted
heteroarvi, oplionally substituted alkyl, optionally substiluted hetercalkyi, optionally substituted cycloalkyi,
and optionally substituied hetercoycloalkyl; and

Ksis selected from the group consisting of hydrogen, optionally substituted aryt, optionally
substituted heleroaryl, optionally substiiuied alkyl, optionally substituted heteroalkyl, optionally substifuted
cycloalkyl, and optionally substiluted heterocycloalkyl;

or a salt thereof.

in some embodiments, A is selected from the group consisting of phenvi, phenol-4-vi, 1H-indol-2-
yi, TH-indoil-3-yi, thiophen-3-yi, pyridin-2-yi, pyridin-3-vi, pyridin-4-yl, 1H-1.2 4-triazol-3-yi, 1H-1,2,4-triazol-
5-yl, 2-oxoimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-pyrazol-4-yl, and 2-oxo-2,3-dihydro-1H-benzoldlimidazol-
5-yl.

in some embodiments, A is selected from the group consisting of phenol-4-yl and 1H-indol-3-yl.

in some embodiments, the disclosure features a compound represenied by formula (V-¢)
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¥-c)

wherein A is an optionally substituted ring systemn selected from the group consisting of phenyl,
1H-pyrrolopyridinyl, 1H-indolyi, thiophenyl, pyridinyl, 1H-1,2 4-riazolyl, 2-oxcimidazolidinyl, 1H-pyrazoiyi,
2-ox0-2 3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherain the pheny!, 1H-pyrrolopyridinyl, 1H-
indolyl, thiophenyl, pyridinyl, 1H-1,2 4-{riazolyl, 2-oxoimidazelidinyl, 1H-pyrazolyl, 2-ox0-2,3-dihydro-1H-
benzoimidazolyl, or 1H-indazolyl is optionally substiiuted with from 1 to 3 substituents independently
selectad from the group consisting of cyano, hydroxy, C1-4 alkyl, C14 alkoxy, halo, halo-substituted-Ct-4
alkyl, halo-substituled-C1-4 alkoxy, aming, -O(CH2):NR1saRop, ~S(O)NR16aR10s, -OS{O)2NFgaRaow, and -
NF10a3 ()20, wherein Rags and Rigs are each independently selected from the group consisting of
hydrogen, optionally substituted arvi, optionally subslituted heteroaryi, optionally substituted alkyl,
optionally substituted heteroalkyl, optionally substituted cycloalkyl, and optionally substituled
heterocycloalkyl;

Bis an optionally substituted ring system selected from the group consisting of thiopheny|,
furanyl, 1H-benzoimidazolyl, isoquinolinyl, imidazopyridinyl, benzothiophenyl, pyrimidinyl, pyridinyt, 1H-
imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolvl, and thiazolyl, wherein the thiophenyl, furanyl, 1H-
benzoimidazolyl, iscquincliny!, 1H-imidazopyridinyl, benzothiopheny!, pyrimidinyl, pyridinyl, 1H-imidazolyl,
pyrazinyi, pyridazinyl, 1H-pyirolyl, or thiazolyl is optionally substituted with from 1 to 3 substituents
independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl, C2-4
alkynyl, C3-6 cycloalkyt, C1-4 alkoxy, halo, halo-substituled-C1-4 alkyl, halo-substituted-C1-4 alkoxy,
amino, -C{OR114, ~8(D)02R 114, -C{O}IR11a, and -COINR11aR 110, wherein R and R are each
independently salecled from the group consisting of hydrogen and Cq.. alkyl;

5 is selected from the group consisting of optionally substitited anyl, optionally substifuted
heteroaryl, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substitutled cycloalkyi,
and optionally substituted heterocycloalkyl; and

R is selected from the group consisting of hydrogen, optionally subsiituted aryl, optionaily
substituted heteroaryl, optionally substituted alkyl, optionally substituied hetercalkyl, oplionally substituted
cycloalkyl, and oplionally substituted heterocycloalkyl;

or a salt thereof.

in some embadiments, B is pyridin-3-yi, wherein the pyridin-3-y! is optionally substituled at C5, for
example, with a substiiuent selectad from the group consisting of ethoxycarbonyl, methoxy, cyano,
methyl, methyisulfonyl, fluoro, chiore, trifluoromethyl, ethynyl, and cyclopropyl.

in some embodiments, the disclosure features a compound represented by formula (Y-¢)
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(V-d)

wherein A is an optionally substituted ring system selected from the group consisting of phenyl,
1H-pyrrolopyridinyl, 1H-indolyi, thiophenyl, pyridinyi, 1H-1,2 4-triazolyl, 2-oxoimidazolidinyd, 1H-pyrazolvi,
2-ox0-2,3-dihydro-1H-benzoimidazolyl, and 1H-indazolyl, wherein the phenyl, 1H-pyrrolepyridinyl, 1H-
indolyl, thicphenyl, pyridinyl, 1H-1,2 4-triazolyl, 2-oxoimidazolidiny], 1H-pyrazolyl, 2-oxe-2 3-dihydro-1H-
henzoimidazolyl, or 1H-indazolyl is optionally substituted with from 1 1o 3 subsiituents independently
salected from the group consisting of cvane, hydroxy, ©1-4 alkyl, Cr.aalkoxy, halo, halo-substituied-C1-4
atkyl, halo-substituted-C 1-4 alkoxy, aming, -O{CHz)aNF1eaRaon, ~S{0)2NR10aRios, ~OS{O)2NR10aR 100, and -
NR10a3{0) R0, wherein Rica and Riop 87e each independently selected from the group consisting of
hydrogen, optionally substiluled aryl, optionally substituted hetercaryl, optionally substiluted alkyl,
optionally substituted heteroalkyl, optionally substifuied cycloalkyl, and optionally substituted
heterocycloalkyl;

B is an optionally substituted ring system selecied from the group consisting of thiosphenyi,
furanyl, 1H-benzoimidazolyl, isoquinolinyl, imidazopyridinyl, benzothiophenyl, pyrimidinyl, pyridiny, 1H-
imidazolyl, pyrazinyl, pyridazinyl, 1H-pyrrolyl, and thiazolyl, wherein the thiophenyi, furanyl, 1H-
benzoimidazolyl, isoquinolinyl, 1H-imidazopyridinyl, benzothiophenyl, pyrimidiny!, pyridinyt, 1H-imidazolyl,
pyrazinyl, pyridazinyl, 1H-pyrrolyl, or thiazolyl is oplionally subsiituted with from 1 {0 3 substifuenis
independently selected from the group consisting of cyano, hydroxy, ©1-4 alkyl, C2-4 alkenyl, C2-4
atkynyl, ©3-8 cycloalkyl, C1-4 alkoxy, halo, halo-substiiuted-C1-4 alkyl, halo-substiuied-C1-4 alkoxy,
aming, -C{OYR1a, -B{0O)o2R11a, -CLOYOR 114, and -C{O}NR11aR 115, wherein Riua and R are each
independently selected from the group consisting of hydrogen and Crq alkyl; and

Rsis selected from the group consisting of optionally substituted aryl, optionally substitited
hetercaryl, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substituted cycloalkyl,
and optionally substituied heterocycioalkyi;

of a salt thereol.

in some embodiments, the disclosure fealures a compound represenied by formula (V-e)
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wherein A is an optionally substituted ring systemn selected from the group consisting of phenyl,

-e)

1H-indok-2-yi, 1H-indol-3-vi, thiophen-3-yi, pyridin-2-yl, pyridin-3-yi, pyridin-4-yi, 1H-1,2 4-triazol-3-yil, 1H-
1.2 4-triazol-5-yi, 2-oxoimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-pyrazob-4-yi, and 2-oxo0-2,3-dihydro-1H-
benzo[dlimidazol-5-yi, wherein the phenyl, 1H-indol-2-yi, 1H-indol-3-yl, thicphen-3-yi, pyridin-2-yl, pyridin-
3-yl, pyridin-4-yl, 1H-1.2 4-trigzol-3-yl, 1412 4-triazol-5-yl, 2-oxoimidazolidin-1-yi, 1H-pyrazol-3-yi, 1H-
pyrazol-4-yi, or 2-0x0-2,3-dihvdro-1H-benzofdlimidazol-5-yl is optionally substiuted with from 1i¢ 3
substituents independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C1-4 alkoxy,
halo, halo-substituied-C1-4 alkyl, halo-substituted-C1-4 alkoxy, amino, -CG(CH2)2NR16aR0, -
S(D)2NR10aR100, ~O8{0O)2NR10aR1ge, and -NR10aS(()2R10n, wherein Rica and Rugs are each independently
selected from the group consisting of hydrogen, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substituied cycloalkyl,
and optionally substituted heterocycloalkyl;

B is an optionally substituted ring system selected from the group consisting of thiophen-2-yi,
thiophen-3-yi, furan-3-yi, 1H-benzoldjimidazol-1-yl, isoquinolin-4-yi, 1H-imidazo[4,5-blpyridin-1-yi,
imidazoft 2-alpyridin-3-yi, benzojbithiophen-3-yi, pyrimidin-5-vi, pyridin-2-yl, pyridin-3-yi, pyridin-4-yl, 1H-
imidazol-1-yl, pyrazin-Z-yl, pyridazin-4-yi, 1H-pyirrol-2-yi and thiazoi-5-yi, wherein the thiophen-2-vi,
thiophen-3-yi, furan-3-yl, 1H-benzodlimidazol-1-yl, isoquinolin-4-yl, 1H-imidazof[4,5-blpyridin-1-yi,
benzolbithiophen-3-yi, pyrimidin-5-yi, pyridin-2-yi, pyridin-3-yi, pyridin-4-vl, 1H-imidazol-1-yl, pyrazin-2-yi,
pyridazin-4-yi, 1H-pyrrol-2-yl, or thiazok-5-vi is optionally substiluted with from 1 to 3 substifuents
independently salecled from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl, C2-4
alkynyl, C3-8 cycloalkyt, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-4 atkoxy,
amino, -C{OR11z, ~85(Cjo2R11a, -C{OYOR1a, and ~C{OINR11aR11p, wherein R and Rp are each
independently selected from the group consisting of hydrogen and Cq.. alkyl; and

R is selected from the group consisting of C1-10 aliyl, prop-1-en-2-vi, cyclohaxyl, cyclopropyl, 2-
(2-oxopyrrofidin-1-yhethyl, oxetan-2-yi, oxetan-3-yi, benzhydryl, tetrahydro-2H-pyran-2-yi, tetrahydro-2H-
pyran-3-yvl, phenyl, tetrahydrofuran-3-yl, benzyl, {d-pentylphenyli{phenyhmethyl, and 1-(1-(2-0%0-6,8,12-
trioxa-3-azatetradecan-14-yh-1H-1,2 3-trlazol-4-yhethyl, wherein the C1-10 alkyl, prop-1-en-2-yl,
cyclohexyl, cyclopropyl, 2-(2-oxopyrrofidin-1-yhethyl, oxelan-2-vi, oxelan-3-yi, benzhydryl, tetrahydro-2H-
pyran-2-yi, tetrahydro-2H-pyran-3-yi, phenyl, tetrahydrofuran-3-yi, benzyl, (4-peniyiphenyh(phanyhmethyl,
and 1-(1-(2-ox0-8,8,12-trioxa-3-gzatetradecan-14-y- 1H-1,2,3-triazol-4-yhethyi is optionally substituted
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with from 1 1o 3 substituents independently selected from the group consisting of hydroxy, C1-4 atkyl, and
halo-substituled-C1-4alkyl, or Fs is selected from the group consisting of (i), (if), (if), (v}, and (v}

= LO N
iR
T, 0 n Mm(si), in MRa I v)

(iv), and
wherein n is an integerfrom 1106, mis an :meger from O to 6, p is an integer from 010 8, and
aach R is independently selected from the group consisting of cyano, hydroxy, Ci-4 alkyl, C2-4 alkenyl,
G 2Z2-4 alkynyl, C3-6 cycloatkyl, Ct-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-Ci-4
atkoxy, aming, -C{{O)R1za, -3{0)s-2Rz2a, ~-C{ONOR124, and -C{O)NR12aR 12, and wherein Rizaand Razp are
each independently selected from the group consisting of hydrogen and Cq.4 alkyl;
in some embodiments, Rs is selected from the group consisting of:

’ijﬁ/%mi/jw\/\/m kow
);/\/ jw\/\ jN\/\/\ MQ\/MO/\M

in some embodiments, Rs is (i),

in some embodiments, Rs is seleclted from the group consisting of 4-methoxybutan-2-y1, (8)-4-
methoxybulan-2-yl, (R)-4-methoxybutan-2-yl, 4-sthoxybutan-2-vi, (8)-4-ethoxybutan-2-vl, (R}-4-
ethoxybutan-2-yl, 5-methoxypentan-2-vi, (8)-5-methoxypentan-2-yi, (R)-§-methoxypentan-2-yi, &
sthoxypentan-2-yi, (8)-5-ethoxypentan-2-yl, (R)-5-ethoxypentan-2-yl, 6-methoxyhexan-2-yi, (8)-6-
methoxyhexan-2-yi, (R}-6-methoxyhexan-2-yl, 8-ethoxyhexan-2-yi, (8)-6-ethoxyhexan-2-yl, and (R)-6-
ethoxyhexan-2-vi;

or a salt thereof,

in some embodiments, the disclosure features a compound represanted by formula (V-f)

(s N/
! Rs
N (V)
wherein A is an optionally substituted ring system selected from the group consisting of phenol-4-

yiand TH-indok3-yvi;
g is an integer from 0 o 4;

<t
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each Z s independently a substituent selected from the group consisting of C1-4 alkyl, halo, halo-
substituted-C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyi, C3-8 cycioalkyl, C1-4 alkoxy, cyano, amine, C{O}R;,
-5{O)o2R11a, -C{OHYOR 12, and ~C{O)NR11aR11p, wherein Ry and Raup are each independently selecled
from the group consisting of hydrogen and Cs. alkyl; and

Rsais selected from the group consisting of isopropyl, methyl, ethyl, prop-1-en-2-yi, isobutyl,
cyclohexyl, sec-butyl, (S)-sec-butyl, (R}-sec-butyl, 1-hydroxypropan-2-yl, (3)-1-hydroxypropan-2-yi, (R}-1~
hydroxypropan-2-yl, and nonan-2-yl, or Rs is selecied from the group consisting of (i), (&), (iif}, (iv), and

)

E -0 J:’\,yO
J;/)A Ow iy M ' an
om, v’\r” Mgy /\Y\%N%mi), Yin (iv}, and 7w

).
wherein nis an integer from 110 6, mis an integer from 010 6, pis an infeger from 0 to 5, and
sach R is independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substiluted-C1-4 atkyl, halo-substituted-C1-4
alkoxy, amino, ~C{O)R1za, ~-S(C)o2R1za, ~C{OYOR 125, and -C(O)NR122R120, and wherein Riz. and Riw ars
each independently selecied from the group consisting of hydrogen and Cq.4 alkyl;
in some embodiments, Bs is selected from the group consisting of:

S . 2
- i
j\/\/a\y /'\/\O/’ ;t/\/\o/, jN\A/o\/t jﬁ\/\O/\, A

;EW‘O’A\\

in some embodiments, Rs s (i);

in some embodiments, Fs is selecied from the group consisting of 4-methoxybutan-2-yi, (S)-4-
methoxybutan-2-yl, (R)}-4-methoxybuian-2-yl, 4-ethoxybutan-2-yi, {S)-4-ethoxybutan-2-yi, (R)-4-
ethoxybutan-2-yi, 5-methoxypentan-2-yl, (8)-5-methoxypenian-2-yl, (R)-5-methoxypentan-2-yi, 5-
ethoxypentan-2-yi, (G)-5-ethoxypenian-2-yl, (R)-5-ethoxypentan-2-yl, 8-methoxyhexan-2-yl, (8}-6-
methoxyhexan-2-yi, (R)-6-methoxyhexan-2-yl, 6-ethoxyhexan-2-yi, (8)-6-ethoxyhexan-2-yi, and (R}-6-
gihmyhexan-2-vi;

or a salt thereof.

in some embodiments, each Zis independently a substituent selected from the group consisting
of ethoxycarbonyl, methoxy, cyano, methyl, methyisulfonyl, fiuoro, chioro, triffucromethyl, ethynvl, and
cyclopropyl.

in some embodiments, the disclosure features a compound represented by formula (V-g)
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J
HH
N&\ﬁN
i Rs
N (¥-g)

wherein A is an optionally substituted ring system selected from the group consisting of phenol-4-
¥yl and 1H-indolk3-yl;

Z is a substituent selected from the group consisting of C1-4 alkyl, halo, halo-substituted-C1-4

5 atkyt, C2-4 glkenyl, C2-4 glkynyl, C3-8 cycloalkyl, C1-4 alkoxy, cvano, amine, C{OR11a, -S{{e2R11s, -

C{OYOR 115, and -C{O)NR1aR 110, wherein Ria and Ry are each independently selected from the group
consisting of hydrogen and Cy.q alkyl; and

Rsis selected from the group consisling of isopropyl, methyl, elhyl, prop-1-en-2-yi, iscbutyl,
cyclohexyl, sec-bulyl, (S)-sec-butyi, (R)-sec-butyl, 1-hydroxypropan-2-yi, (3)-1-hydroxypropan-2-yi, (R)-1-

in hydroxypropan-2-vi, and nonan-2-yi, or Rs is selected from the group consisting of (i), (D), (i), (iv), and

W)

T, Koo, Tk =

‘ ot A Ao O
P

LUOS o T Mgy, /n NR?(E@;), n {iv), and )

wherein i is an integer from 110 6, mis an integer from 010 &, p is an integer from 8 {0 §, and
each R is independently selected from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkeny|,
15 C2-4 alkynyi, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, balo-substituled-C1-4
atkoxy, amino, -C{O)R12a, ~S5{0)0-2R12s, -C{OYOR12a, and ~-C{O)NR12aR 120, and wherein Rize and Rasp are
each indepeandently selected from the group consisting of hydrogen and Cq.4 alkyl;

in some embodiments, Rs is selected from the group consisting of:

J‘fwji/ﬁ\\\/\ﬂ/jw\/\/\/\ ,X/OH,
jN\/\/Q\,;j:/\O/,jN\*/\V/\O/,MO\J/E:i;«/\O/N
,jw\/\/\o/\‘

in some embodiments, Rs is (i),

20 , and

in some embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-yi, (8)-4-
methoxybutan-2-vl, (R)-4-methoxybutan-2-yl, 4-ethoxybulan-2-vi, (8)-4-ethoxybutan-2-vi, (R}-4-
25 ethoxybulan-2-yl, &-methoxypenian-2-yl, (3)-5-methoxypentan-2-yl, (R)-5-methoxypenian-2-yi, 5-
78
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ethoxypentan-2-yi, {8)-8-ethoxypentan-2-vl, (R)-5-ethoxypentan-2-yi, 6-methoxyhexan-2-yl, (8)-8-
methoxyhexan-2-yi, (R)-8-methoxyhexan-2-yi, 6-ethoxyhexan-2-yi, (5)-8-ethoxyhexan-2-yi, and (R)-6-
ethoxyhexan-2-vi;

or a salt thereof.

In some embodiments, the disclosure features a compound represented by formula (V-h)

A

HN

(Wl == N)\r«/fN
W N 2 N\%
\s&i f\/ e
(V) (V-

whereain A is an optionally substituted ring system selecied from the group consisting of phenol-4-
vl and 1H-indol-3-vi;

q is an integer from § to 4;

risOort;

W and V are gach indepandeantly a substitusent selected from the group consisting of C1-4 alkyl,
halo, halo-substituied-C1-4 alkyl, C2-4 alkenyl, C2-4 atkynyl, ©3-8 cycloalkyl, C1-4 alkoxy, cyano, aming,
C{OWR11a, -S{De2R41z, -C{OY0OR 115, and -C{OINR112Ri10, wherein Rz and Rae are sach independently
selected from the group consisting of hydrogen and Cq. alkyl; and

Rs is selecied from the group consisting of C1-10 alkyl, prop-1-en-2-vi, cyclohexyl, cyclopropyl, 2-
{Z-oxopyrrofidin-1-yhethyl, oxetan-2-yi, oxetan-3-yi, benzhydryl, tetrahydro-2H-pyran-2-yi, tetrahydro-2H-
pyran-3-yi, phenyl, tetrahydrofuran-3-yl, benzyl, (4-pentyiphenyl)(phenviimethyl, and 1-(1-(2-0%0-§,8,12-
trioxa-3-gzatetradecan-14-yh-1H-1,2 3-triazol-4-yhethyl, wherein the C1-10 alkyl, prop-1-en-2-yl,
cyclohexyl, cyclopropyl, 2-(2-oxopyrrolidin-1-yhethyl, oxelan-2-vi, oxelan-3-yi, benzhydryl, tetrahydro-2H-
pyran-2-yl, tetrahydro-2H-pyran-3-yi, phenyl, tetrahydrofuran-3-yl, benzyl, (4-pentyiphenyl(phenylmethyl,
or 1-{1-(2-0x0-6,2,12-trioxa-3-azaleiradecan-14-yh-1H-1 2 3-riazol-4-yleihyl is oplionally substituied with
from 1 10 3 subsiituents independently selected from the group censisting of hydroxy, C1-4 alkyl, and
halo-substituled-C1-4alkyl, or Rs is selected from the group consisting of (i), (i), (i), (iv), and (v)

T.A T T o
oA Ty Ty T,
Y o, Yn MG, Voin NR?(;;E;, n {iv), and ¥

wherein nis an integer from 1 {0 8, m is an integer rom 010 6, pis an infeger from § {o 5, and
each R is independently selecled from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, halo, halo-subsiituted-Ci-4 alkyl, halo-substiiuted-C1-4
alkoxy, amine, -C({O)R12a, -S{Ojo2Fs2s, -C{OYOR 0, and ~C{O)NR2aR 120, and wherein Riz and Rz are
each independently selected from the group consisting of hydrogen and Ci.. atkyl;

in some embodiments, Rs is selected from the group consisting of:
77
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T’“jﬂ/‘t\/\/\/t/i/\/\/\ XO*“
jm\/v ;/}N\,A M /\Wo\//'\/\o
;jN\/V\C)/\_

in some embodiments, Rs is (ii);

, and

in somea embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-yi, (S)-4-
methoxybutan-2-vl, (R)-4-methoxybutan-2-yi, 4-ethoxybutan-2-vi, (S)-4-ethoxybutan-2-vi, (R)-4-
ethoxybutan-2-yl, 5-methoxypentan-2-vl, (8)-5-methoxypentan-2-yi, (R)-5-methoxypentan-2-yi, 5-
ethoxypentan-2-yi, (8)-5-ethoxypenian-2-yl, (R)-5-ethoxypentan-2-yl, 8-methoxyhexan-2-yi, (5)-6-
methoxyhexan-2-yi, (R}-8-methoxyhexan-2-vi, 6-ethoxyhexan-2-yl, {8)-8-ethoxyhexan-2-yl, and {(R)-6-
sthoxyhexan-2-vl;

or a salt thereof.

in some embodimenis, the disclosure fealures a compound represenisd by formula (Vi)

A
A
HN

(W), ;};4}—;"\
0%
2 !; Y

/ ,

s Rs

(V) (V-i)

wherein A is an optionally substitited ring system selected from the group consisting of phenol-4-
vl and 1H-indol-3-yl;

g is an integer from O to 4;

risfort;

Wand V are each independently a subslituent selected from the group consisting of C1-4 alkyl,
haio, halo-substituted-C1-4 alkyl, C2-4 aikenyl, $2-4 aikynyl, C3-6 cycioalkyl, C1-4 alkoxy, cyano, aming,
C{OR11a, -S(O)o2R11a, ~C(OYOR 115, and -C{OYNR1aR1w, wherein Rera and Rawp are each independently
selected from the group consisting of hydrogen and Cq.4 alkyl; and

Rsis selected from the group consisting of C1-10 alkyl, prop-t-en-2-yl, cyclohexyl, cyclopropyt, 2-
(2-oxopyrrolidin-1-yhethyl, oxetan-2-yl, oxelan-3-yi, benzhydryl, tetrahydro-2H-pyran-2-vl, tetrahydro-2H-
pyran-3-vi, phenyi, tetrahydrofuran-3-vi, benzvi, (4-pentylphenyl){phenyhmethyl, and 1-(1-(Z-0x0-6,8,12-
frioxa-3-azatetradecan-14-yl)-1H-1.2 3-triazol-4-yhethyl, wherein the C1-10 alkyi, prop-1-en-2-vi,
cyclohexyl, cyclopropyi, 2-(Z-oxopyrolidin-1-yhethyl, oxetan-2-yl, oxelan-3-yi, benzhydryl, tetrahydro-2H-
pyran-2-vi, letrahydro-2H-pyran-3-yl, phenyl, tetrahydrofuran-3-yi, benzyl, (4-pentylphenyl(phenyhmethvi,
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or 1-(1-{2-0x0-6,9,1 2-trioxa-3-azatetradecan-14-yh-1H-1,2,3-triazol-4-ylethyl is oplionally subsiituted with
from 1 10 3 substituents independently selected from the group consisting of hydroxy, C1-4 alkyl, and
halo-substituted-C1-4ailkyl, or Rs is selecied from the group consisting of (i), (i), (i), (iv), and (v}

T Tomer, T e
r T Torn RO
Vi 4] (;) 41 Wm (”) *//\é N NRQ v 1] (V)

(i), (iv), and
wherain nis an integer from 1 10 6, m is an integer rom 0 16 6, pis an integer from 010 5, and
each R is independently selected from the group consisting of cyano, hydroxy, C1-4 atkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substituied-C1-4 alkyl, halo-substityted-C1-4
alkoxy, amino, -C{O)R12a, -S{Q)o2R12a, ~C{D)0OR 125, and -C{OYNR12aR 120, @nd wherein Rz and Rz are
each independently selecied from the group consisting of hydrogen and Ci.c alkyl;
in some embodiments, Rs is selected from the group consisting of:

s o e I nnde
Tl Fong g Fo Ko,

in some embodiments, Rs is (i),

in some embodiments, Rs is selecied from the group consisting of 4-methoxybutan-2-yl, (S)-4-
methoxybutan-2-yl, (R)}-4-methoxybutan-2-yi, 4-ethoxybutan-2-yi, {8)-4-ethoxybutan-2-vi, (R)-4-
ethoxybutan-2-vi, 5-methoxypentan-2-yi, (8)-5-methoxypentan-2-yi, (R)-5-methoxypentan-2-vi, 5-
ethoxypentan-2-yi, (8)-5-ethoxypentan-2-yi, (R)-5-ethoxypentan-2-yl, 8-methoxyhexan-2-yl, (5)-8-
methoxyhexan-2-yi, (R)-6-methoxyhexan-2-vi, 6-ethoxyhexan-2-vi, (8)-6-ethoxyhexan-2-vi, and (R)-6-
ethoxyhexan-2-yi,

or 8 salt thereof.

in some embodiments, the disclosure features a compound represented by formula (V)
9

N

Wy O
Chnid

o Re
' .
W) -

wherein A is an optionally substituted ring system selected from the group consisting of phenol-4-
vl and 1H-indol-3-yi;

HN
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g is an integer rom 0 {0 4;

risGor i,

Wand V are each independently a substituent seleclted from the group consisting of C1-4 alkyl,
halo, halo-substifuted-C1-4 aliyl, C2-4 alkenyl, C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, cyano, amino,
C{OR 14, ~S(OjooR11a, ~C{OYOR 15, and -C{O)NR 1R, wherein Rua and Rap are each independently
selected from the group consisting of hydrogen and Cs.4 alkyl; and

Rsis selected from the group consisling of C1-10 alkyl, prop-t-en-2-yl, cyclohexyl, cyclopropyt, 2-
(2-oxopyrrolidin-1-yhethyl, oxetan-2-yl, oxetan-3-yi, benzhydryl, tetrahydro-2H-pyran-2-vl, tetrahydro-2H-
pyran-3-yi, phenyl, tetrahydrofuran-3-yl, benzvi, (4-pentylphenyl){phenyiimethyl, and 1-{1-(2-0x0-8,9,12-
frioxa-3-azatelradecan-14-yi)-1H-1,2,3-triazol-4-yhethvil, wherain the C1-10 alkyl, prop-1-en-2-vi,
cyclohexyl, cyclopropyl, 2-(2-oxopyrolidin-1-yhethyl, oxetan-2-yl, oxetan-3-yi, benzhydryl, telrahydro-2H-
pyran-2-vi, tetrahydro-ZH-pyran-3-yi, phenyl, tetrahydroiuran-3-yi, benzyl, (4-pentylphenyl){phenyhmethvi,
or 1-{1-(2-0x0-6,9,12-trioxa-3-azatetradecan-14-yh-1H-1,2 3-triazok-4-yliethyl is optionally substituted with
from 1 to 3 substituenis independently selected from the group consisting of hydroxy, C1-4 alkyl, and
halo-substituled-C1-4alkyl, or Rs is selected from the group consisting of (i), (if), (i), (iv), and (v)

wherein n is an integer from 110 6, m is an infeger from 8 10 6, p is an integer from 010 8, and
esach R is independently selecied from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-4
atkoxy, amine, -C{O)R4za, -S{0)o-2R1z2z, -C{OOR 124, and -C{O)NR12aR 120, and wherein Rizaand Rizp are
each independently selected from the group consisting of hydrogen and Ci. alkyl;

in some embodiments, Rs is selected from the group consisting of:

, and

in some embodiments, Rz is (i);

in some embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-yi, (S)-4-
methoxybulan-2-vl, (R)-4-methoxybutan-2-v!, 4-ethoxybulan-2-vi, (8)-4-ethoxybutan-2-vi, (R)-4-
ethoxybitan-2-yl, &-methoxypentan-2-vl, (S)-5-methoxypentan-2-yi, (R)-5-methoxypentan-2-yi, &-
ethoxypentan-2-yi, (8)-5-ethoxypentan-2-yl, (R)-&-ethoxypentan-2-yl, é-methoxyhexan-2-yi, (5)-6-
methoxyhexan-2-yi, (R)-6-methoxyhexan-2-yl, 6-ethoxyhexan-2-yl, (5)-8-ethoxyhexan-2-yl, and (R)-6-

ethoxyhexan-2-yl
80
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or a sait thereof.
in some embodiments, the disclosure features a compound represented by formula (V-k)

(V-k)
wherain A is an optionally substitited ring system selected from the group consisting of phenol-4-
5 vyl and 1H-indol-3-vi;
q is an integer from 0 1o 4;
risGort;
Wand V are each independently a substituent selecled from the group consisting of C1-4 alkyl,
halo, halo-subsiituted-C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-4 alkoxy, cyano, amino,
10 COjR 14, -B{0)0-2R 115, ~-C{OYOR 115, and -C{O}NR 1R, wherein Ruasand Rip are each independently
saiacted from the group consisting of hydrogen and Cq.4 alkyt, and
R;is selected from the group consisting of C1-10 alkyl, prop-1-en-2-yi, cyciohexyl, cyclopropyl, 2-
{(Z-oxopyrrolidin-1-yhethyl, oxetan-2-vi, oxetan-3-vi, benzhydryl, tetrahydro-2H-pyran-2-yi, tetrahydro-2H-
pyran-3-vi, phenyl, fetrahvdrofuran-3-vi, benzyl, (4-pentviphenyl{phenyhmethyi, and 1-(1-(2-0x0-86,8,12-
15 trioxa-3-azatetradecan-14-vi-1H-1,2 3-triazolk-4-yhethyl, wherein the C1-10 alkyl, prop-1-en-2-yl,
cyclohexyl, cyclopropyl, 2-(2-oxopyirofidin-1-yhethyi, oxelan-2-yi, oxetan-3-yi, benzhvydryl, tetrahydro-2H-
pyran-2-yi, tetrahydro-2H-pyran-3-yi, phenyl, tetrahydrofuran-3-vi, benzyl, (4-pentviphenyii{(phenyiimethyi,
or 1-(1-(2-0x0-6,9,12-trioxa-3-azatetradecan-14-yh-1H-1,2,3-{riazol-4-ylethyl is oplionally subslituied with
from 1 1o 3 substituents independently selected from the group consisting of hydroxy, C1-4 alkyl, and

20 halo~substituted-C1-4alkyl, or Rs is selecled from the group consisting of (i), (i), (i), (iv), and (v}

T
m( ) 2(; i), n (iv), and V)

wherein n is an integer from 1 {0 6, m is an integer from 0 1o 8, pis an infeger from 0 to 5, and
each R is independently selecled from the group consisting of cyano, hydroxy, C1-4 alkyl, C2-4 alkenyl,
C2-4 alkynyl, C3-8 cycloalkyl, C1-4 alkoxy, halo, halo-substituted-C1-4 alkyl, halo-substituted-C1-4
25  alkoxy, amino, -C{O)R12a, -S{0jo.2Riza, ~-C{OOR 25, and -C{O)NR12aR 120, and wherein Rizs and Rz are
each independently selected from the group consisting of hydrogen and Cq.s alkyl;
in some embodiments, Fs is selectad from the group consisting of:
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;KN\Q/\ -

in some embodiments, Rs is (ii);

5 in somea embodiments, Rs is selected from the group consisting of 4-methoxybutan-2-yi, (8)-4-
methoxybutan-2-vl, (R)-4-methoxybutan-2-yi, 4-ethoxybutan-2-vi, (S)-4-ethoxybutan-2-vi, (R)-4-
ethoxybutan-2-yl, 5-methoxypentan-2-vl, (8)-5-methoxypentan-2-yi, (R)-5-methoxypentan-2-yi, 5-
ethoxypentan-2-yi, (8)-5-ethoxypenian-2-yl, (R)-5-ethoxypentan-2-yl, 8-methoxyhexan-2-yi, (5)-6-
methoxyhexan-2-yi, (R}-8-methoxyhexan-2-vi, 6-ethoxyhexan-2-yl, {8)-8-ethoxyhexan-2-yl, and {(R)-6-

10 sthoxyhexan-2-vl;
or a salt thereof.
in some embodimenis, the arvl hydrocarbon receplor antagonist is compound (14), compound
{18), compound (18}, compound (17), compound (18), compound (18}, compound (20}, compound (21},
compound (22}, compound (23}, compound (24}, compound (28}, compound (29), or compound {38)

!.-—-NH i~ NH F/-NH
s jas O

N,)/\I/,N N,)f\r,—w
RUSNFCN N o cl w,m 7 Faln_rp N
N g ) N (18),

15 (14), N (15),
i OH
R i
O O
HN h HN™ -
N/’I ——'N\ N/ i"’N
NC~_, :\l\[l// Faoy %\/\\/,’) Feo
T v DY ®
N (17), N (18), N (19},
oH O
N :
9l s
I IS
HN H HN =
NP N NN o~ N Y
‘\\N/ NCi\T/[\\\/Nf‘/ Q\NWN\{}
i " C P =] \
N (26, N @n, N7 T @),
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r P Y
J/A%\Q\ /’\@ A
S P e S
HIN HN HNT
NJ\\FN N \r;N N{’x\T;N
» v » o » <
i 2 N 7 @ey, W (26),
N e
ﬁ \h\ \h
IS )
HIN HI
NPz £ N
Fe A Nl o Fa NG P
S S s P
N (29), oF R (36}

or salls thareof.

CXCR4 Antagonists

Exemplary CXCR4 antagonists for use in conjunction with the compositions and methods
described herein are compounds repraesented by formula (1)

10 Z-linker-Z° (b
or a pharmaceutically acceplable sall thereof, wherein Z is:
(i} a cyclic polyamine containing from 8 10 32 ring members, wherein from 2 to & of the ring

members are nitrogen atoms separated from one another by 2 or more carbon atoms; or
(i) an amine represented by formula (A)

-
B

wherein A includes a monocychic or bicyclic fused ring sysiem including at least one

(iA)

nitrogen atom and B is H or a substituent of from 1 {0 20 aloms;
20 and wherein Z' is:
(i} a cyclic polyamine containing from 8 10 32 ring members, wherein from 2 {o 8 of the ring
members are nitrogen atoms saparated from one another by 2 or more carbon atoms;
(i) an amine represenied by formula (8}
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A
=
B

wherain A’ includes a moenocyclic or bicyalic fused ring system including at least one

(iB)

nitrogen atom and B’ is H or a substituent of from 1 to 20 atoms; or
(i) a substituent represented by formula (IC)

~N{R)} - (CR2n =X (18)
wherein each R is independently H or C1-Cs alkyl, nis 1 or 2, and Xis an aryl or
heteroaryi group or a mercaptan;
wherein the linker is a bond, optionally substituied alkylene (e.q., oplionally substituted C1-Cs
alkylene), optionally substituted heteroalkylens {(e.g., optionally substituted C.-Cs heleroalkylene),
optionally substiluled allkenviene (e.g., oplionally subsiituted C»-Cs alkenylene), optionally substiiuied
heleroalkenylens (e.9., optionally substituted C=-Cs heleroalkenylene), optionally substituied alkynylene
(e.g., optionally substituted C:-Cs alkynylene), optionally substituted heteroalkynylene (e.g., optionally
substituted G2-Ce heteroalkynylene), optionally substituted cycloalkylene, optionally substituted
hetercoycloalkylene, optionally substituted arylene, or oplionally substituted heleroarylene.
in some embodiments, Z and Z' may sach indepandently a cyclic polyamine containing from 8o
32 ring membaers, of which from 2 10 8 are nitrogen aloms separated from one ancther by 2 or more
carbon atoms. in some embodiments, Z and &7 are identical substituents. As an example, Zmay be a
cyclic polvamine including from 10 to 24 ring members. In some embodiments, £ may be a cyclic
polyamine that contains 14 ring members. In some embodiments, Z includes 4 nitrogen atoms. Insome
embodiments, Zis 1.4,8,11-tetraazocyclotetradecans.

in some embodimenis, the linker is represenied by formula (D)

Ex'{\/\}j} - (D)

wherein ring D is an optionally substituted aryl group, an optionally substituted heleroaryl group,
an optionally substituted cycloalkyt group, or an optionally substituled heterocycioalky! group; and

X and Y are each independenily optionally substituted alkylene (e.g., eptionally substituted C1-Cs
alkylene), optionally substituted heteroalkylene {(e.g., cptionally substiiuted C+-Cs heteroalkylens),
optionally substituted akenviene {e.g., optionally substituted C.-Cs alkenylene), optionally substituted
hetercalkenylene (e.g., optionally substiiuted C»-Cs helercalkenylene), optionally substituted alkynylene
{e.g., optionally substituied C2-Cs alkynylene), or optionally substituied heteroalkynyilene {e.g., optionally
substituted C2-Cs hateroalkynylene).
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As an example, the linker may be represented by formula (IE)

A

(E)

wherein ring D is an oplionally substitited aryl group, an optionally substituled heteroaryt group,
an optionally substituted cycloalkyl group, or an optionally substituted helsrocycioalkyl group; and

X and Y are each independently oplionally substituted alkviene (e.g., optionally substituted C+-Cs
alkylene), optionally substiiuted hetercalkylene (e.g., optionaily substituted C+-Cs hetercalkylene),
optionally substituted C»-Cs alkenylene (e.q., optionally substituted C»-Cs alkenylens), optionally
substituted heterocalkenylene {e.g., oplionally subsiituled C2-Cs heteroalkenyiene), optionally substituied
alkynylene (=.g., optionally substituted C»-Cs alkynylene), or optionally substituted heteroalkynylene (e.g.,
optinnally substituted Co-Cs hetervalkynylene). In some embuodiments, X and Y are each independantly
optionally substituted C+-Cs alkylene. In some embodiments, X and Y are identical substituents. in some
embodiments, X and Y may be each be methylene, ethylene, n-propylene, n-butylene, n-pentylens, or n-
hexylene groups. In some embodiments, X and Y are each methylene groups.

The linker may be, for example, 1,3-phenylene, 2, 6-pyridine, 3,5-pyridine, 2, 5-thiophene, 4,4'-
{2.2-bipyrimidine), 2,8-(1,10-phenanthroline), or the like. In some embodiments, the linkeris 1,4~
phenylene-bis-(methylene).

CXCR4 antagonists useful in conjunclion with the compositions and methods deseribed herein
include plerixafor (also referred to herein as "AMD3100” and "Mozibil”), or a pharmacsutically acceptable
sait thereof, represented by formula (i), 1,1-{1 4-phenylenebis(methylene}}-bis-1,4,8, 11 -telra-

azacyclotelradecane.

{t)

Additional CXCR4 antagonisis thal may be used in conjunction with the compositions and
methods described herein include variants of plerixafor, such as a compound described in US Patent No.
5,683,131, the disclosure of which is incorporated herein by reference as il pertains to CXCR4
antagonists. In some embodiments, the CXCR4 aniagonist may be a compound selected from the gioup
consisting of: 1,1'-[1,3-phenylenebis(methylene)i-bis-1.4,8 11-leira-azacycloletradecane; 1,1-[1.4-
phenylene-bis-(methyiene)l-bis-1,4,8,11-letraazacyciotetradecane; bis-zinc or bis-copper complex of 1,1'-
[1,4-phenyiene-bis-(methylene}i-bis-1,4,8,11-ieiraazacyciotetradecane; 1,1-[3,3"-biphenyiena-bis-
{methylene)i-bis-1,4,8 11-tetraazacyclotetradecane; 11,111 4-phenyiene-bis-(methylene)]-bis-1,4,7,11-
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{etraszacyclotelradecane; 1,11'-[1.4-phenviene-bis-(methylenea}]-1 4,8 1 1-tetraazacyciotetradecane-1,
4.7 1i-tetraazacyclotetradecane; 1,1-[2,6-pyridine-bis-(methyieneg)]-bis-1 4,8,11-
fetraazacyciotelradecane; 1,1-[3 5-pyridine-bis-(methylene)]-bis-1,4,8,11-letraazacyclotetradecanse; 1,1~
[2,5-thiophene-bis-(methylene)}-bis-1,4,8,1 1etraazacyciotetradecane; 1,1-[4,4-(2,2-bipyridine)-bis-
{methylene}}-bis-1,4,8,11-tetraazacyclotetradecane; 1,1-{2,2-(1,10-phenanthroline)-bis-(methylene}}-bis-
1,4,8,11-tetraazacyclotetradecane; 1,1'-[1,3-phenylene-bis-(methylene)]-bis-1,4,7,10-
tetraazacyclotetradecane; 1,1'-[1,4-phenylena-bis-(meathylene)l-bis-1,4,7 10-letraazacyclotetradecane; 1'-
{5-nitro-1,3-phenvienehbis{meathylene)ibis-1,4,8,11-lelraazacyclotetradecane; 1',1'-[2,4 5 B-tetrachioro-1,3-
phenylsneis(methylene}ibis-1,4 8,11-tetraazacycloteiradecans; 1,1-{2,3,5 &-tetra-fluoro-1 4-
phenyienebis{methvlene)lbis-1,4,8,11-tetraazacyclotetradecane; 1,1'-[1,4-naphihylene-bis-
{methylene)lbis-1,4,8,11-telraazacycloielradecane; 1,1-{1,3-phenylenebis-(methylene)]bis-1,5,9-
iriazacyciododecans,;

1,1-11 4-phenylena-bis-(methylene)}-1,5,9-trlazacyclododecane; 1,1-[2,8-dimethyl-1,4-phenylenebis-
{methylene)}-bis-1,4,8,11-letraazacyciotetradecane; 1,1-[2,5-dichloro-1,4-phenyienebis-{(methylene)]-bis-
1,4,8,11-tetraazacyclotetradecane; 1,1-[2-bromo-1,4-phenylenebis-(methylene)j-bis-1,4,8,11-
fetragzacyclotetradecane; and 1,1-[6-phenyl-2 4-pyridinebis-(methyiene)l-bis-1,4,8,11-
{etraazacyclolelradecans.,

in some embodimeants, the CXCR4 antagonist is a compound described in US 2006/0035829, the
disclosure of which is incorporated hergin by reference as it pertains {0 CXCR4 antagonisis. Insome
embodiments, the CXCR4 antagonist may be a compound selecied from the group consisting of:

3,7,11 17-tetraazabicycio(13.3.1)heptadeca-1(17),13,18-triene; 4,7 16,17
tetraazabicycio(13.3 . 1)hepladeca-1{17),13,15-triene; 1,4,7,10-tefraazacyclotetradecane; 1,4,7-
{rigzacyclotetradecane; and 4,7, 10-triazabicyclo{13.3 . 1)heptadeca-1{17),13,15-triene.

The CXCR4 antagoenist may be a compound described in WO 2001/044229, the disclosure of
which is incorporated herein by reference as it perlains to CXCR4 antagonists. In some embodiments,
the CXCR4 antagonist may be a compound selscted from the group consisting of: N-[4-(11-flucro-1,4,7-
triazacyclotetradecanyi)-1 4-phenyiensbis{methylene)-2-(aminomethypyridine; N-[4-(11,11-difluoro-
1,4,7-triazacyciotetradecanyi)-1,4-phenylenebis(methylene) |-2-(aminomethylpyriding; N-[4-(1,4,7-
triazacyciotetradecan-2-onyl)-1,4-phenylenebis{mathyiens)l-2-(aminomethypyriding; N-[12-(5-0xa-1,9-
diazacyclolelradecanyl-1,4-phenylenebis(methylene)]-2-(aminomethyhpyridine;

N-[4-{11-oxa-1 4, 7-triazacyciotetradecanyl)-1 4-phenylenebis(methylenea}]-2-(aminomethyhpyridine; N-[4-
(11-thia-1,4,7-triazacyclotelradecanyl)-1,4-phenylenebis(methylene)}-2-(aminomethyh pyridine; N-{4-(11-
sulfoxo-1,4,7-triazacycloletradecanyi)- 1, 4-phenylenebis(methylene)}-2-(aminomethyl) pyridine; N-[4-(11-
suifono-1.4,7-triazacyciotetradecany)-1, 4-phenvienebis{methylene)]-2-(aminomethyipyridine; and N-{4-
{3-carboxo-1,4,7-triazacyclotetradecanyh-1,4-phenyienebis{methylene)}-2-(aminomethyhpyridine.

Additional CXCR4 antagonists useful in conjunction with the compositions and methods
described herein inciude compounds described in WO 2000/002870, the disclosure of which is
incorporated herein by reference as it pertains o CXCR4 antagonists. In some embodiments, the

CXCR4 antagonist may be a compound selacted from the group consisting of: N-{1,4,8,11-
a8



15

20

25

30

WO 2019/089826 PCT/US2018/058553

tetraazacyclotetra-decanyl-1 4-phenylenabis-(methylene)]-2-(aminomethylpyridine; N-[1,4,8,11-
tetraazacyclotetra-decanyi-1 . 4-phenvienebis{methyiene)-N-methyl-2-{aminomethyl pyridine; N-[1.4,8,11-
tetraazacyclotetra-decanvi-1,4-phenvienebis{methviene)-4-(aminomethyiipyridine; N-[1,4,8,11-
tetraazacyciotetra-decanyi-1 4-phenvienebis{methylene)]-3-(aminomethylipwridine; N-[1,4,8,11-
tetraazacycloietra-decanyl-1,4-phenylenebis{methyvlene)-(2-aminomethyi-5-methyhpyrazine; N-[1.4,8,11-
fetraazacyciotetra-decanyi-1 4-phenyienebis(methylene)]-2-(aminoethyl) pyridine; N-[1.4.8,11-
tetraazacyclotetra-decanyl-1 4-phenyienebis{mathyiene)|-2-{(aminomethyljthiophene; N-{1,4,8,11-
tetraazacyclotatra-decanyl-1 4-phenyienebis{methylene)-2-(aminomethymercaptan; N-j1,4,8,11-
tetraazacyciotetra-decanyl-1 4-phenylenebis{meathylene)}-Z-aminc benzylamineg; N-[1,4,8,11-
tetraazacycliotetra-decanyi-1 4-phenylenebis{methyleng)l-4-amino benzviamine; N-[1,4,8,11-
tetraazacyciotetra-decanyl-1,4-phenvienebis{methyiene)-4-{aminoethyhimidazole; N-[1,4,8,11-
tetraazacyclotetra-decanyi-1 4-phenyienebis(methylene)]-benzylamine; N-[4-(1,4,7-triazacyclotetra-
decanyl)-1,4-phenylenebis{imethylene)}-2-(aminomethybpyridine; N-[7-{(4,7,10,17-
tetraazabicyclo]13.3.1]heptadeca-1(17),13,15-trienyl)-1 4-phenylenebis(methylene)}-2-
{(aminomethyDpyridine; N-[7-(4,7,10-triazabicyclo]13.3 1]hepladeca-1(17),13,1 5-lrienyl)-1,4-
phenylenebis(meathylene)]-2-(aminomethybpyridine; N-[1-(1 4,7-triazacyclotetra-decanyl)-1,4-
phenylenebis(methylens)]-2-(aminomethylpyridine; N-[4-[4,7 10, 17-{etraazabicyclo[13.3.1]heptadeca-
1(17},13,15-trienvi}-1.4-phenvienebis{imathviene)-2-(aminomethyiipyriding; N-[4-[4,7,10-
triazabicyclof13.3.1theptadeca-1{17),13,15-rienyl}-1 4-phenylenebis(methylensg)]-2-
{aminomethylpyridine; N-[1,4,8,11-letraazacyclotetradecanyi-1,4-phenylenebis{methylens)]-purine; 1-
i1,4,8,11-letraazacyciotetradecanyl-1,4-phenyienebix(methyiene)l-4-phenyipiperazine; N-[4-(1,7-
digzacyololetradecanyl)-1,4-phenyienebis (methylene)l-2-(aminomethy)pyridine; and N-[7-(4,10-
diazabicyclo]13.3.1]heptadeca-1(17),13,158-trienvyi}- 1 4-phenylenebis(methylene)]-2-
{(aminomethylpyridine.

In some embodiments, the CXCR4 antagonist is a compound selected from the group consisting
of 1-[2 8-dimethoxypyrid-4-yi(methylene)]-1,4,8,11-tetraazacyciotetradecane;
1-[2-chioropyrid-4-yi{methylene)]-1.4 8,1 1-lelraazacycloisiradecans; 1-[2, 6-dimethylpyrid-4-
yi(methylene)l-1,4,8,11-tetraazacyciotetradecane; 1-[2-meathyipyrid-4-yi(methylene)]-1,4,8,11-
tetraazacyclotetradecans; 1-[2 6-dichlorepyrid-4-yi(methylene)}-1,4,8,11-tetraazacyclotetradecane; 1-[2-
chioropyrid-S-yvi{methylene)}-1,4,8,1 1-tetraazacyciotetradecane; and 7-[4-methyiphenyl {(methylene)}-
4.7,10,17tetraazabicyclo[13.3.1]hepladeca-1{17),13,1 5-triene.

in some embodiments, the CXCR4 antagonist i5 a compound described in US Patent No.
5,698,548, the disclosure of which is incorporated herein by reference as il pertains to CXCR4
antagonisis. In some embodiments, the CXCR4 antagonist may he a compound selected from the group
consisting of: 7.7-{1 4-phenyiene-bis(methviene)lbis-3,7,11,17-tetraazabicycio[13 .3 . 1lhepladeca-
1(17),13,15-riene; 7,7-[1 4-phenylene-bis(methylene)]bis{15-chioro-3,7,11,17-tetraazabicyclo
[13.3.1]heptadeca-1 (17),13,15-trienz];
7.7-[1.4-phenylene-bis(methyiene)lbis[1 8-methoxy-3,7,11,17-letraazabicycie[13.3.1 | hepladeca-

1{17),13,15-triene}; 7,7'-{1 4-phenylene-bis{methylene}|bis-3,7,11,17-tetraazabicycio{13.3.1]-heptadeca-
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13,18-lriene-15-one; 7,7-[1 4-phenyiene-bis{methylenea)bis-4,7 10, 17-tetraazabicyclo{13.3 1]-hepladeca-
1{17),13,15-triene;
8,8'-{1 4-phenviene-bis{methylene)jbis-4,5,12,12-tetraazabicyclo[15 3 1lnonadeca-1(19),15,17-triene;
6,61 4-phenylene-bis(methylene)jbis-3,8,8,15-tetraazabicyclo[11.3.1]pentadeca-1 (15),11,13-triene;
§,6'-[1,3-phenylene-bis{methylene)ibis-3,6,9,15-tefraazabicyclof11.3.1]pentadeca-1 (15),11,13-triene; and
17 171, 4-phenylene-bis(methylene)ibis-3,8, 14,17,23,24-hexaazatricycio[17.3.1 .18 Jtelracosa-
1(23),8,10,12(24),19,21-hexaene.

in some embodimenis, the CXTR4 antagonist is a compound described in US Palent No.
5,021,408, the disclosure of which is incorporated herein by reference as it pertains to CXCR4
amntagonists. In some embodiments, the CXCR4 antagonist may be a compound selected from the group
consisting of: 2,2-bicyclam, 6,6-bicyclam; 3,3-(bis-1,5,8,13-{elraaza cyciochexadecane); 3,3-(bis-
1.5,8,11 14-pentaazacyciochexadecane); methyiene (or polymethylene) di-1-N-1,4 8,1 1-tetraaza
cyclotetradecane,; 3,3-bis-1,5,9,13-tetraazacyclohexadecane; 3,3-bis-1,5,8,11,14-
pentaazacyclohexadecane; 5,5 -bis-1,4,8,11-tetraazacycloietradecans; 2,5-bis-1,4,8,11-
fetraazacycloleiradecane; 2,6-bis-1,4 .8 11-tetraazacycloleiradecane; 11,11'-(1,2-ethanediyl)bis-1,4,3,11-
tetraazacyciotetradecane; 11,1 1-(1,2-propanadiylbis-1.4,8,11telraazacycloletradecans; 11,11-(1,2-
hutanediyhbis-1,4,8,11 tetraazacycloletradecans; 11,11-(1,2-pentanediyibis-1,4,8,11-
tetraazacyclotetradecane; and 11,11'-(1 2-hexanedivi)bis-1,4,8,11-lelraazacyclotetradecane.

in some embodimenis, the CXTR4 antagonist is a compound described in WO 2000/056729, the
disclosure of which is incorporated herein by reference as it pertains to CXCR4 antagonists. in some
embodiments, the CXCR4 antagonist may be a compound selected from the group consisting of N-(2-
pyridinyimethy}-N'-{8,7 8, 9-tetrahydro-5H-cyciohepta[blpyridin-8-vi- 1, 4-benzenedimethanaming; N-(2-
pyridinvimethy}-N'-(5,67 8-telrahydro-8-guinolinyl)-1,4-benzenadimethanamine; N-(2-pyridinyimethyh)-N*-
(8,7-dihydro-5H-cyclopenta[blpyridin-7-yi)- 1, 4-benzenedimathanamine; N-(2-pyridinyimethyh-N'-{(1,2,3 4-
fetrahydro-1-naphthalenyi}-1 4-benzenedimethanamine; N-(2-pyridinylmethy)-N'-(1-naphihalenyi)-1,4-
henzenedimethanamine; N-(2-pyridinylmethy)-N'-(8-quinclinyl)-1 4-benzenedimethanamine; N-{2-
pyridinyimethyl-N'-[2-{(2-pyridinyimethyDaminojethy-N-(1-methyi-1,2,3 4-tetrahydro-8-quinolinyl)-1 .4-
benzenedimethanamine; N-(2-pyridinyimethyl)-N-{2-{(1 H-imidazoi-2-yimethy)amino]ethyl}-N'-(1-methyl-
1,2,3 4-tetrahydro-8-quincliny-1,4-benzenedimathanamine; N-(Z-pyridinyimethyl}-N'-(1.2,3 4-tetrahydro-
8-quinclinyl}-1,4-benzenedimethanamineg; N-(Z-pyridinylmethy-N'-[2-[{1H-imidazol-2-
yimethyhaminolethyl]-N'-(1,2,3 4-tetrahydro-1-naphthalenyl}-1 4-benzenedimethanamine; N-(2-
pyridinyimethy)-N'-(2-phenyl-5,6,7 8-tetrahydro-8-quinoliny-1,4-benzenedimethanaming; N,N'-bis{2-
pyridinyimethy)-N'-(2-phenyl-5,6,7 8-tetrahydro-8-quinolinyl}-1,4-benzenedimethanamine;
N-(2-pyridinylmethyl)-N'-(5,8,7 B-tetrahydro-5-quinolinyl)-1,4-benzenadimethanamine; N-(2-
pyridinyimethy-N-(1H-imidazol-2-vimethyl)-N'-(5,8,7, 5-tetrahydro-5-quinolinyi)-1.4-
benzenedimethanaming; N-(Z-pyridinyimethyh-N-(1H-imidazol-2-vimethyl}-N'-(5,8,7 8-tetrahydro-8-
guinocliny)-1,4-benzenedimethanamine; N-(2-pyridinyimethy)-N-[(2-amino-3-phenylpropyll-N-(5,8,7 8-
tetrahydro-8-quinolinyl)- 1, 4-benzenedimethanamine; N-(2-pyridinyimethy)-N'-(1 H-imidazol-4-yimethyi)-N'-

(5,8,7 8-tetrahydro-8-quinclinyl}-1,4-benzenedimethanamine; N-(2-pyridinyimethyl)-N'-{2-
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guinolinylmethy)-N'-(5,6,7 8-tetrahydro-8-quinolinyl)-1 4-benzenedimethanamine; N-(Z-pyridinyimethyi}-

N'-(2-(Z-naphthoylaminoethvl}-N'-(5,6,7,8-tetrahydio-8-quinclinyl}- 1 4-benzenedimethanamine;

N-(2-pyridinvimethyl}-N-[(S)-(2-acetviamino-3-phenylpropyli-N'-(5,8,7 8-{etrahydro-8-quinolinyf-1,4-

benzenedimethanamine: N-(2-pyridinylmethyl)-N-[(S)-(Z-acetylamino-3-phenyhpropyl-N'-(5,6,7.8-

tetrahydro-8-quinclinyl)-1,4-benzenedimethanamine;

N-(2-pyridinyimethyD-N'-[3-{(2-naphthalenylmethylamino)propyll-N'-(5,6,7 8-tetrahydro-8-quinolinyl- 1,4~

benzenedimethanamine; N-{2-pyridinytmethyh)-N'-[2-(&}-pyrollidinyimeathyl]-N'-{(5,8,7 8-tetrahydro-8-

guinolinyl)-1,4-benzenadimethanamine; N-(2-pyridinylimathyl)-N'-[2-(R}-pyrollidinyimethyl}-N'-{5.6,7 8-

tetrahydro-8-guinoliny-1,4-banzenedimsthanamineg;

N-(2-pyridinyimethyh-N'-[3-pyrazolylmethyll-N'-(5,8,7 8-letrahydro-8-quinoliny-1,4-

benzenedimethanamine; N-(Z-pyridinyimethyh-N"-[2-pyrrolyimethyl]-N'-(5,8,7 8-tetrahydro-8-quinolinyh-

1. 4-benzenedimethanamine; N-(2-pyridinyimethyh-N'-{2-thiopheneyimethyll-N'-{(5,6,7 8-tetrahydro-8-

guinoliny-1,4-benzenedimethanamine; N-(2-pyridinyimethyl)-N'-[2-thiazolylmethyl-N'-(5,6,7 ,8-tetrahydro-

3-quinalinyi)-1,4-benzenedimethanamine; N-(Z-pyridinyimethyl)-N'-[2-furanyimethy{}-N-(5,8,7 5-

tefrahydro-8-quinolinyl)-1,4-benzenedimethanamine; N-(2-pyridinylmethyh-N'-[2-

[{phenylmethylaminolethyi]-N'-(5,6,7 8-letrahydro-8-quinoliny)-1 4-benzensdimethanamine; N-{2-

pyridinyimethyl)-N'-(2-aminoethyl-N'-(5,8,7 8-tetrahydro-8-quinolinyl}- 1 4-benzenadimethanamine; N-(2-

pyridinyimethyD-N'-3-pyrolidinyl-N'- (5,87 8-tetrahydro-8-guinolinyl)-1 4-benzenadimethanamine
N-(2-pyridinyimathyh-N'-4-piperidinyi-N'-(5,8,7 8-letrahydro-8-quinolinyh-1 4-benzenedimethanamine; N-
(Z-pyridinyimethy-N"-[2-[(phenylaminojethyl-N'-(5,8,7 8-letrahydro-8-guinolinyi-1,4-

benzenedimethanamine, N-{2-pyridinyimethyl}-N'-(7-methoxy-1,2,3 4-tetrahydro-2-naphthalenyl-1 4~

benzenedimethanamine; N-{Z-pyridinyimethy)-N"-(6-methoxy-1,2,3 4-telrahydro-2-naphthalenyi-1 4-

benzenedimethanamine; N-{2-pyridinyimethyD-N'-(1-methyi-1,2,3,4-tetrahydro-2-naphthalenyi)-1.4-

benzenedimethanamine;

N-(2-pyridinvimethyl}-N-(7-meihoxy-3 4-dihydronaphthalenyi)-1-(aminomethyl-4-benzamide;

N-(2-pyridinylmethyl)-N'-(B-methoxy-3 4-dihydronaphthalenyl-1-(aminomethyl-4-benzarmide;

N-(2-pyridinyimethyi-N'-(1H-imidazol-2-yimethy-N'-(7-methoxy-1,2,3 4-telrahydro-2-naphthalenyh-1 4-
benzenedimethanamineg; N-(2-pyridinyimethy))-N-(8-hydroxy-1,2,3 4-ietrahydro-2-naphihalenyl-1,4-

benzenedimethanamine; N-(2-pyridinyimethyl}-N-(1H-imidazol-2-yimethy)-N'-(8-hydroxy-1,2,3.4-

tetrahydro-2-naphthalenyl)-1,4-benzenedimethanamine; N-(2-pyridinyimethy}-N'-(8-Fluoro-1,2,3 4-

tetrahydro-2-naphthalenyl)-1,4-benzenedimethanamine; N-(2-pyridinvimethy)-N'-(1H-imidazol-2-

yimethyl)-N'-(8-Fluoro-1,2,3 4-tetrahydro-2-naphihalenyl-1,4-benzenedimethanamine; N-{2-

pyridinyimethyl)-N'-(5,8,7 8-tetrahydro-7-quinoliny)~-1,4-benzenadimethanamineg; N-{Z-pyridinyimethyi-N'-

{1H-imidazol-2-yimethy)-N'-(5,6,7 8-tetrahydro-7-quinclinyl)-1 4-benzenedimethanamineg; N-(2-

pyridinyimethyl)-N'-[2-[(2-naphthalenyimethyhaminojethvi]-N'-(5,8,7 B-ietrahydro-8-quinoliny)-1.4-

benzensdimethanamine; N-{2-pyridinyimethyl)-N'-[2-(isobutylamino)ethyi-N'-(5,8,7 ,8-telrahydro-8-

guinoliny-1,4-benzenadimethanamine;
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N-(2-pyridinylmethy)-N-[2-[(2-pyridinvimethyhaminolethyl]-N'-(5 8,7 B-tetrahydro-8-quinolinyl}-1.4-
henzenedimethanamine; N-(2-pyridinyimethyl)-N-{2-[(Z2-furanyimethyaminolethyl]-N'-(5,6,7 8-tetrahydro-
3-quinolinyl)-1,4-benzenedimethanamine;

N-{2-pyridinyimethyl)-N'-(2-guanidinoethyl)-N'-(5.8,7 8-tetrahydro-8-quinoliny))-1 4-
benzenedimeihanamineg; N-(Z2-pyridinyimethy-N'-[2-[bis-[(Z-methoxy)phenyimethyi]lamino]ethyl}-N*-
(56,7 8-tetrahydro-8-quinolinyl}-1 4-benzenedimethanamine; N-(2-pyridinylimethyl-N"-[2-[(1H-imidazol-4-
yimethyhaminolethyl]-N'-{5 8.7 8-tetrahydro-8-quinolinyl)- 1, 4-benzenedimethanamine; N-(2-
pyridinyimethy)-N'-[2-{(1 H-imidazol-2-yvimethylaminojethyi]-N'-(5,8,7 .B-tetrahydro-8-quinolinyl)-1,4-
benzenedimethanaming; N-(Z-pyridinyimethyD-N'-[2-(phenylureido)ethyi]-N'-(5,8,7  8-ietrahydro-8-
quinclinyh-1,4-benzenedimethanamine; N-(Z-pyridinyimethyD-N-[[N"-(n-butylicarboxamidoimethyil-N'-
{5,6,7 8-tefrahvdro-8-quinoliny)-1 4-benzenedimethanamine;
N-(2-pyridinylmethyl)-N-(carboxamidomethy-N'-(5.6,7 8-tetrahydro-8-quinolinyd-1,4-
benzenedimethanamine,; N-(2-pyridinyimethy)-N-[{(N°-phenylicarboxamidomethyil-N'-(5,6,7 8-ietrahydro-
S-quinolinyl)-1 4-benzenedimethanamine; N-(Z-pyridinylmethyi)-N'-(carboxymethyh-N-(5,6,7, B-tetrahydro-
8-quinolinyl)-1,4-benzenedimethanamine;
N-(2-pyridinylmethyl)-N'-(phenyimethyl)-N'-(5 8,7 8-tetrahydro-8-quinolinyl}- 1 ,4-benzenedimethanaming;
N-2-pyridinyimethy-N'-(1H-benzimidazol-2-yimethyl)-N'-(5,8,7 B-tetrahydro-8-quinoliny-1,4-
benzenedimethanaming; N-(Z-pyridinyimethyD-N'-(5,6-dimethyl- 1H-banzimidazol-2-vimethvi-N'-(5,6,7 8-
{etrahydro-8-guinolinyh)-1.4-benzensdimethanamine (hydrobromide sally; N-(2-pyridinyimethyl)-N'-(5-nitro-
1H-benzimidazol-2-yimethyh-N'-(5,68,7 8-tetrahydro-8-quinolinyl -1, 4-benzenedimethanamine; N-(2-
pyridinyimethyl)-N-{(1H)-5-azabenzimidazol-2-yimethyll-N'-(5,8,7 8-tetrahydro-8-quinolinyl}-1 4-
benzenedimethanamineg;

N-(2-pyridinyimethy-N-(4-phenyl-1H-imidazok-2-yimeathyh-N-(5,8,7 8-tetrahydro-8-quinolinyi)-1,4-
henzenedimethanamine; N-(2-pyridinyimethy)-N-{2-2-pyridinyhethyil-N'-(5,6 7 8-lelrahydro-8-quinolinyh)-
1,4-benzenedimethanamine; N-(Z-pyridinylmethyh-N'-(2-benzoxazolyl)-N'-(5,8,7,8-tetrahydro-8-
quinclinyh)-1 4-benzenedimethanamine;

N-(2-pyridinyimethy-N'-{irans-2-aminocyclohexyl}-N'-(5,6,7 8-tetrahydro-8-quinolinyl-1,4-
penzenedimethanamine; N-(2-pyridinyimethyl)-N-(2-phenyiethyl)-N'-(5,8,7 5-tetrahydro-B-quinolinyi}-1,4-
benzenedimethanaming; N-(Z-pyridinylimethyl-N'-(3-phenyipropyl)-N'-(5,6,7 8-tetrahydro-8-guinolinyl)-
1.4-benzenedimethanaming; N-(Z-pyridinylmethy-N'-(frans-2-aminocyclopenty-N'-(5,6,7 8-fetrahydro-8-
quinoliny)-1,4-benzenedimethanamine;

N-[[4-[[(2-pyridinyimethyhaminolmethyiiphenvimethyll-N-(5,8,7, 8-tetrahydro-8-quinolinyl)-glycinamide; N-
{14-[[(Z-pyridinyimethyhaminojmethyilphenylimethyl]-N-(5,8,7 8-tetrahydro-8-quinolinyh-(L}-alaninamide;
N-[[4-[I(2-pyridinvimethyhamino]methyiiphenvimethyi-N-(5,8,7,B-tetrahydro-8-quinolinyl)-(L)-
aspartamide; N-[[4-{[(2-pyridinyimethyaminolmethyilphenylimethvil-N-(5,6,7 ,8-tetrahydro-B-quinolinyl)-
pyrazinamide; N-[[4-[[{2-pyridinylimethyDaminoimethyiiphenylimethyll-N-(5,8,7 8-tetrahydro-8-quinolinyl}-
(L)-profinamide; N-[j4-[[(2-pyridinyimethyhaminc]methyljphenylimethyi]-N-(5,6,7 8-tetrahydro-8-
guinofiny-(L)-lysinamide; N-[[4-[[@-pyridinyimethylaminolmethyl]phenylimethyl]-N-(5,6 7 8-telrahydro-8-

quinclinyh-benzamide; N-[[4-[[{Z-pyridinylimethyhamino]methyilphenyi]methyll-N-{5,6,7 8-tetrahydro-8-
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guinolinyD-picolinamide; N'-BenzylN-{{[4-[[(2-pyridinyimethyaminoimethyiphenyllmethyi]-N-(5,6,7 8-
tetrahydro-8-quinolinyh-urea;
N-phenyl-N-[[4-[{(2-pyridinyimethyhaminoimethviiphenylimethyll-N-(5,8,7 . 8-letrahydro-8-quinoliny-urea;
N-{6,7,8,9-tetrahydro-5H-cycloheptajbacteriapyridin-9-y)-4-{[{2-pyridinyimethy)aminomethyibenzamide;
N-(5,8,7 8-tetrahydro-8-guinol inyh-4-[[(2-pyridinylmethyDhaminoimethylibenzamide; N, N'-bis{2-
pyridinyimethyl)-N'-(5,8,7 8-tetrahydro-8-quinoliny)-1,4-benzenedimethanamine; N,N'-bis{2-
pyridinylmethyl)-N'-(8,7,8,8-tetrahydro-5H-cydclcheplafbacteriapyridin-8-yi}-1 4-benzenedimethanamineg;
N, N'-bis(2-pyridinyimsathyh)-N'-(6,7-dihydro-5H-cyclopentaibacieriapyridin-7-yi)-1 ,4-
banzenedimethanamine; N N'-bis(2-pyridinyimethyl}-N'-{1 2 3 4-tetrahydro-1-naphthalenyl}-1 4-
benzenedimethanamine; N, N-bis(2-pyridinvimethy])-N'-[(5,8,7,8-tetrahydro-8-quinolinyimethvi]-1 4-
benzenedimethanamine,; N, N'-bis(Z-pyridinyimethy]-N'[(8,7-dihydro-5H-cyclopentalbacteriapyridin-7-
yhmethyil-1 4-benzenedimethanamine; N-(2-pyridinyimethy)-N-{2-methoxyethyl}-N'-(5 8,7, 3-ietrahydro-8-
guinolinyD-1,4-benzenedimethanamine; N-{Z-pyridinyimethvi-N-[2-(4-methoxyphenylethyil-N-(5,8,7 3-
tetrahydro-8-quinolinyl)-1,4-benzenedimethanamine; N,N-bis(Z-pyridinyimethyl)-1,4-(5,6,7 8-tetrahydro-8-
guinolinyhbenzenedimethanamine; N-[{2,3-dimethoxyphenylymethyl]-N-{2-pyridinylmethy)-N-(5.86,7 8-
tetrahydro-8-quincliny-1,4-benzenedimethanamine; N,N-bis(2-pyridinyimethyl)-N-{1-(N"-phenylN"-
methylureido)-4-piperidinyi]-1,3-benzenedimethanamine; N N-bis(Z2-pyridinyimeihy-N-[N"-p-
toluenesuifonyiphenylalanyh-4-piperidinyi}-1,3-benzenedimethanamine; N N'-bis{Z-pyridinyimethyi}-N-{ 1-
{3-(Z2-chiorophenyl)-5-methyl-isoxazol-4-oyil-4-piperidinyt]-1,3-benzenedimethanaming; N-{{2-
hydroxyphenyhmethyi-N'-(2-pyridinvimethyl)-N-(6,7,8,8-tetrahydro-5H-cycloheptabacteriapyridin-9-yii-

1 4-benzenedimethanamine; N-{(4-cyanophenyhmethyl]-N'-(2-pyridinyimethy-N-(8,7,8,9-tetrahydro-5H-
cycloheptafbacieriapyridin-8-yh-1,4-benzenedimethanamine; N-[(4-cyanophenyhmethyll-N'-(2-
pyridinyimethy)-N-(5 6,7 &-tetrahydro-8-quinoliny)-1,4-benzenedimethanamine; N-[{4-
acetamidophenylymethyil-N-(Z-pyridinyimethy)-N-(5,6,7 8-letrahydro-8-quinolinyh-1,4-
benzenedimethanamine; N-{{4-phenoxyphenylmethyll-N'-(2-pyridinyimethy)-N-(6,7,8,8-tetrahydro-5H-
cycloheptalbacteriapyridin-2-yh-1 4-benzenedimethanamineg; N-[(1-methyi-2-carboxamido)ethyll-N, N~
bis(2-pyridinyimethyi)-1,3-benzenedimethanamineg; N-[(4-benzyloxyphenyhmethyl]-N-(2-pyridinvimethyl-
N-(6,7,8,8-tetrahydro-5H-cyclohepiajpacteriapyridin-8-vi}-1,4-benzenedimethanamine; N-f(thiophene-2-
yhmethyl]-N-(2-pyriginyimeathy-N-(6,7,8,8-tetrahydro-5H-cycioheptalbacteriapyridin-9-yi)-1,4-
benzenedimethanamine; N-{1-(banzyl)-3-pyrrofidiny]-N,N-bis(Z2-pyridinylmethyl-1,3-
benzenedimethanamine; N-{[1-methyl-3-(pyrazol-3-vh]propyll-N N'-bis (Z2-pyridinyimethyh-1,3-
benzenedimethanamine; N-{1-(phenybethyll-N,N-bis(2-pyridinylimethyi)-1,3-benzenedimethanamine; N-
(3 4-methyienadioxyphenyhmethyll-N'-(2-pyridinyimethy-N-(6,7 8,9-tetrahydro-3H-cycioheptaib]pyridin-
S-yii-1,4-benzenadimethanamine; N-[1-benzyl-3-carboxymethyi-4-piperidinyl]-N,N'-bis(Z-pyridinylmethyl)-
1.3-benzenedimethanamine; N-[(3,4-methylenedioxyphenyhmethyl]-N-(2-pyridinvimethyl-N-(5 6.7 .8~
tetrahydro-8-quinclinyl}-1 4-benzenedimsthanamine; N-(3-pyridinyimethy)-N'-(2-pyridinyimethyl}-N-
(6,7,8,9-tetrahydro-5H-cycloheptalblpyridin-S-yh-1.4-benzenedimethanamine; N-{[1-methyl-2-(2-
tolyhcarbmamidojethyll-N N'-bis(Z-pyridinyimethyi}-1,3-benzenedimethanamine; N-[(1,5-dimsthyl-2-

phenyl-3-pyrazolinone-4-yymethyil-N'-(Z-pyridinyimethyl}-N-{5,8,7 8-tetrahydro-8-quinoliny}- 1 4-
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benzenedimethanamine; N-[{4-propoxyphenyhmethyl]-N-(Z-pyridinylmethyh-N-(8,7 8 8-tetrahydro-5H-
cycloheptalblpyridin-2-vi)-1,4-benzenedimethanamine; N-(1-phenyl-3,5-dimethvipyrazolin-4-yimethyl-N'-
(2-pyridinyimethy)-N-~(8,8,7 8-tetrahvdro-8-quinolinyi)-1,4-benzenadimethanamine; N-[H-imidazol-4-
yimethyll-N,N-bis(2-pyridinyimethyl)-1,3-benzenedimethanamine; N-[(3-methoxy-4,5-
methylenedioxyphenymethyi]-N'-(Z-pyridinyimethy)-N-(86,7,.8, 9-tetrahydro-5H-cycloheplajblpyridin-8-yi)-
1,4-benzenedimethanamine; N-[(3-cyanophenylmethyl]-N'-(2-pyridinylimethyl)-N-(6,7,8,8-tetrahydro-5H-
cycloheptalblpyridin-8-yh-1 4-benzenedimethanamine; N-[(3-cyanophenylmethyl-N'-2-pyridinylmethyl)-
N-(5,8,7 8-tetrahydro-8-quinolinyl}-1,4-benzenedimethanaming; N-(5-ethylthiophene-2-yimethyl)-N'-(2-
pyridinyimethyh-N-{6.7 8 9-tetrahydro-5H-cyciocheptalblpyridin-9-yi)- 1 4-henzenedimethanaming; N-(5-
ethylthiophene-2-vimethy}-N'-(2-pyridinylimethy)-N-(5,8,7 8-tetrahydro-8-quinolinyi)-1 .4-
benzenedimethanamine; N-[(2 8-diflucrophenylmethvil-N'-(2-pyridinvimethy-N-(6,7,8 ,8-tetrahydro-SH-
cyciohepta{blpyridin-8-yh-1,4-benzenedimethanamine; N-{(2 B-diflucrophenyljmethyl]-N'-(2-
pyridinyimethy}-N-{5,6,7 8-tetrahydro-8-quinolinyl)- 1 4-benzenedimeathanamine; N-{{2-
difiuoromethoxyphenylmethyli-N'-(2-pyridinyimethyl-N-(8,7,8,9-tetrahydro-5H-cycloheplalblpyridin-8-yi-
1,4-benzenedimethanamine; N-(2-diflusromethoxyphenylmethyl-N'-(2-pyridinyimethyl)}-N-(5,6,7 8-
tetrahydro-8-quinolinyl)-1,4-benzenedimethanamineg; N-(1,4-benzodioxan-6-yimethyl}-N'-(2-
pyridinyimethy)-N-(8,7 8 8-tetrahydro-SH-cyciohepia[bipyridin-8-y)- 1 4-benzenedimethanamine; N,N'-
bis(Z2-pyridinylmethyD-N-{1-(N"-phenyi-N"-methyiureido)-4-piperidinyll-1,4-benzenedimethanamine;

N N-bis{2-pyridinylmethy)-N-IN"-p-tciuensesulionyiphenyialanyl)-4-piperidinyl}- 1,4~
benzenedimethanamine; N-[1-(3-pyridinecarboxamido)-4-piperidinyi]-N N'-bis{(Z-pyridinyimethvi}-1,4-
benzenedimethanamine; N-[1-(cyclopropyicarboxamido)-4-piperidinyi]-N,N'-bis(Z2-pyridinyimethyh-1,4-
benzenedimethanaming; N-[1-(1-phenyloyclopropyicarboxamido)-4-piperidinyll-N N'-bis(2-
pyridinvimethyli-1 4-benzenedimethanamine; N-(1,4-benzodioxan-8-yimethy)-N'-(2-pyridinyimethyl)-N-
(5,6,7 8-tefrahydro-8-quinolinyl)-1 4-benzenedimethanamine; N-[1-[3-(Z-chiorophenyl)-5-methyl-isoxazol-
4-carboxamido]-4-piperdinyl]-N,N-bis@2-pyridinyimethyi}-1,4-benzenedimethanamine; N-[1-(2-
thicmethylpyridine-3-carboxamido)-4-piperidinyl]-N, N'-bis{2-pyridinyimethyi}-1,4-benzenedimeihanamineg;
N-[(2. 4-difluorophenyDmethyl-N'-(2-pyridinylmethy-N-(5,8,7, 8-lelrahydre-8-quinoliny-1 4-
penzenedimethanamine; N-(1-methyipyrrok-2-yimethyh-N'-(2-pyridinylmethy))-N-(5,8,7 B-tetrahydro-8-
guinofinyl}-1,4-benzenedimethanamine; N-[(2-hydroxyphenylimethyl]-N'-(2-pyridinylmethyb-N-(5,8,7 8-
tetrahydro-8-guinolinyi)-1,4-benzenedimathanamine; N-[{3-methoxy-4,5-methylenedioxyphenyimethyvi]-
N'-(2-pyridinyimethyl)-N-(5,6,7 8-tetrahydro-8-quinolinyl)-1,4-benzenaedimethanamine; N-(3-
pyridinyimethy-N'-(2-pyridinylmethyD-N-(§,6,7 .8-telrahvdro-8-quinaliny}-1,4-benzenedimethanamine; N-
[2-(N"-morpholinomethyl-1-cyclopentyl]-N, N'-bis(Z-pyridinyimethyi)- 1, 4-benzenedimethanamine; N-[{1-
methyi-3-piperidinypropyil-N,N-bis(2-pyridinylmethy-1 4-benzenedimethanamine; N-(1-
methyibenzimidazol-Z-yimethy-N-(2-pyridinylmethyD-N-(5,6,7 .8-tetrahvdro-8-quinolinyl-1,4-
benzenedimethanaming; N-[1-(benzyh-3-pyrrol idinyll-N,N'-bis(2-pyridinyimethyi-1 4-
bhenzenedimethanamine; N-[[{1-phenyl-3-(N"-morpholino)jpropyi]-N,N-bis(Z2-pyridinyimethy)-1 4-
benzenedimethanaming; N-[1-(iso-propyl}-4-piperidinyl}-N,N'-bis 2-pyridinylmethyi)-1 4~

benzenedimethanamine; N-{1-(ethoxycarbonyl-4-piperidinyl]-N'-2-pyridinylmethy)-N-(5,8,7 B-tetrahydro-
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8-guinolinyl)-1,4-benzenadimethanamine; N-{(1-methyl-3-pyrazolypropyl]-N'-(2-pyridinyimethyh-N-
(5,6,7 8-tetrahydro-8-quinclinyl)-1,4-benzenedimethanamine; N-[1-methyi-2-(N",N”-
disthylcarboxamido)sthvi]-N N-bis(2-pyridinyimethyh-1,4-benzenedimethanamine; N-[{1-methyl-2-
phenylsuifonyl)ethyll-N'-(2-pyridinyimethyl)-N-(5,6,7 8-tetrahydro-8-quinolinyh-1,4-
benzenedimethanamine; N-{{2-chioro-4,5-methylenedioxyphenylimethyl]-N'-(2-pyridinyimethyl)-N-

(5,6,7 8-tetrahydro-8-quincliny-1,4-benzenedimethanamine; N-[1-methyl-2-[N"-(4-
chiorophenyljcarboxamidojethyl]-N'-(2-pyridinyimethyl}-N-(5,8,7 8-tetrahydro-8-quinoliny)-1 4~
benzenedimethanamine; N-(1-acetoxyindol-3-yimethyh-N'-(2-pyridinyimethyh-N-{8.7.8,8-tetrahydro-5H-
cycloheptafblpyridin-8-yli-1 4-benzenedimethanamine; N-{{3-banzyloxy-4-methoxyphenyhmethy-N'-(2-
pyridinyimethyD-N-(6,7,8,8-letrahydro-5H-cycloheptafblpyridin-8-y))-1 4-benzenedimethanamineg; N-(3-
guinolyimethyh-N-(2-pyridinyimethy}-N-(5,8,7 8-tetrahydro-8-guincliny-1 4-benzenedimethanamine;
N-{{B-hydroxy)-2-quinolyimethyi]-N-(2-pyridinylmethy})-N-(6,7 8, 8-tetrahydro-5H-cycleheptalbipyridin-g-
yii-1,4-benzenedimethanamine; N-(2-quinolylmethy)-N-2-pyridinyimethyi)-N-{8,7 8, 9-tetrahydro-5H-
cycloheptalblpyridin-8-yi-1 4-benzenedimethanamine; N-[{(4-acetamidophenylimethyi-N-(2-
pyridinylmethyl)-N-(8, 7.8 8-tetrahydro-5H-cycicheplia[blpyridin-8-yi)-1 4-benzenedimethanamine; N-[1H-
imidazol-2-yimethyll-N, N-bis(2-pyridinylimethyl}-1,4-benzenedimsihanamine; N-(3-quinolylmethyh-N'-(2-
pyridinyimethyl)-N-(8,7,8 8-lelrahydro-SH-cycloheptalblpyridin-8-yl}-1 4-benzenedimethanamine; N-(2-
thiazolyimethyl)-N'-(Z-pyridinyimethy}-N-(8,7 8, 8-teirahydro-5H-cycloheptalblpyridin-8-yh-1,4-
benzenedimethanamineg,; N-{4-pyridinyimethyh-N'-(Z2-pyridinyimethyD-N-(8,7 8, 8-tetrahydro-5H-
cycloheptafblpyridin-g-vi-1,4-benzenedimethanamine; N-{{5-benzyioxy)benzolbipyrrol-3-vimethyl}-N,N'-
bis{2-pyridinyimethyh-1 4-benzenedimethanamine; N-(t-methylpyrazol-Z-vimethy-N-(2-pyridinylmethyl-
N-{(6,7,8, 9-tetrahydro-5H-cycloheptafblpyridin-8-vi-1,4-benzenedimethanamine; N-[(4-methy)-1H-
imidazol-&-yimethyll-N, N-bis(2-pyridinyimethyl)-1 4-benzenedimethanamine; N-[[{(4-dimethylamine)-1-
napthalenyilmethyil-N N-bis(2-pyridinyimethyh-1 4-benzenedimethanamineg; N-[1,5-dimethyl-2-phenyl-3-
pyrazolinone-4-yimethyi]-N,N'-bis(2-pyridinylmethyi)-1 . 4-benzenedimethanamine; N-[1-[(1-acetyl-2-(R)-
profinyl]-4-piperidinyl]-N-[2-(2-pyridinyRethyi]-N'-(2-pyridinvimethyl-1,3-benzenedimethanamine; N-[1-{2-
acetamidobenzoyl-4-piperidinyl-4-piperidiny}-N-[2-(2-pyridinyDethyl]-N'- (2-pyridinylimethyi-1,3-
benzenedimethanamine: N-{(2-cyano-2-phenyhethyll-N-(2-pyridinyimethyl)-N-(6,7,8,8-tetrahydro-5H-
cyclohepta[bipyridin-2-vi)-1,4-benzenedimethanamine; N-J(N"-acetyltryptophanyl)-4-piperidinyl}-N-[2-(2-
pyridinybethyll-N'-(2-pyridinylmethyD-1,3-benzenedimethanamine; N-[{(N"-benzoylvalinyf)-4-piperidinyl-N-
[2-(2-pyridinyhiethyl]-N-(2-pyridinyimethyl-1,3-benzenedimethanamine; N-{{4-
dimethviaminophenyhmethyll-N'-(2-pyridinyimethy}-N-(6,7,8,8-tetrahydre-5H-cycloheplalblpyridin-8-yi}-
1 4-benzenedimethanamine; N-(4-pyridinylmethyh-N-{Z-pyridinyimethyi}-N-(5,6,7 8-tetrahydro-8-
quinoliny-1.4-benzenedimethanamine; N-(1-methylbenzimadazol-2-yimethyD-N-(2-pyridinyimethyh-N-
(6,7,8,9-tetrahydro-5H-cycloheptablpyridin-8-yi-1,4-benzenedimethanamine; N-[1-butvi-4-piperidinyi]-N-
[2-(2-pyridinyhiethyl]-N'-(2-pyridinylmethyi-1,3-benzenadimethanamine; N-[1-benzoyk-4-piperidinyi]-N-{2-
(2-pyridinyDethyl-N'-(2-pyridinylmethy])-1,3-benzenadimethanamine; N-[1-(benzy)-3-pyrrolidinyi-N-[2-(2-
pyridinyhethyll-N'-(2-pyridinylmethyl-1,3-benzenedimathanamine;
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N-[{1-methyhbenzolblpyriol-3-yimethyil-N-[2-(Z2-pyridinyliethyi]-N- (Z2-pyridinyimethyh-1,3-
henzenedimethanamine; N-[1H-imidazol-4-yimethyl]-N-[2-(2-pyridinyhethyl]-N-2-pyridinylmethy-1,3-
benzenedimethanaming; N-[1-(benzyh-4-piperdinyi]-N-[2-(2-pyridinyhethyl]-N'-(Z-pyridinylmethy-1 ,4-
henzenedimethanamine; N-[1-methylbenzimidazok2-yimethyl]-N-{2-(2-pyridinyhethyl-N'-(2-
pyridinyimethyl)-1,4-benzenedimethanamine; N-[(Z-phenylbenzo[blpyriok3-yimethyl]-N-[2-(2-
pyridinyhethyl]-N-(2-pyridinyimethyl)-1 4-benzenedimethanamine; N-[{(6-methylpyridin-2-yimethyl}-N-{2-
pyridinyimethyh-N-{5.8,7 8-tetrahydro-8-quinolinyl)- 1,4-benzenedimethanamine; N-(3-methyl-1H-pyrazol-
5-yimathyh-N'-(2-pyridinyimethyl)-N-(5,8,7 8-tetrahydro-8-quinolinyl}-1,3-benzenadimethanamine; N-{{2-
methoxyphenyhmethyl]-N'-(2-pyridinyimethyl)-N-(5,6,7 8-tatrahydro-8-quinolinyh-1,3-
benzenedimethanamine; N-[{Z-ethoxyphenyhmethyil-N-(Z-pyridinyimethyi)-N-(8,7,8,9-tetrahydro-5H-
cycloheptalblpyridin-2-vi)-1,3-benzenedimethanamine,; N-(benzvioxyethy)-N'-(Z-pyridinvimethyh-N-
(5,8,7 B-ietrahydro-8-guinolinyl}-1,3-benzenedimethanaming; N-[(2-ethoxy-1-naphthalenylimethvi-N'-{2-
pyridinyimethyl}-N-{5,6,7 8-tetrahydro-8-quinolinyl)- 1, 3-benzenedimeathanamine; N-{{G-methylpyridin-2-
yhmethyl-N'-(2-pyridinylmethyl)-N-(5 6,7 &8-tetrahydro-8-quinolinyl)-1,3-benzenedimethanamine; 1-f[4-{I(2-
pyridinyimethyhamino]methyliphenyiimethyllguanidine; N-(2-pyridinyimethyl)-N-(8-meihyl-8-
azabicyclo]3.2.1]octan-3-yi)-1.4-benzensdimethanamine; 1-[4-{[{2-
pyridinyimethyhamine]methyljphenyiimethyllhomopiperazine; 1-[{3-[[(2-
pyridinvimethyhaminoimethvliphenvijmeathylihomopiperazine; trans and cis-1-{{4-{{(2-
pyridinyimethyhaminolmethyliphenyiimethvi}-3,5-piperidinediamine; N,N'-[1 4-
Phenylenebis(methylene)]bis-4-(2-pyrimidylipiperazine; 1-{[4-[{(2-
pyridinvimethyhaminolmethyliphenviimethyll-1-(2-pyridinyDmethylamine; 2-(2-pyridinyh-5-[{(2-
pyridinyimethyllamino]methyll-1,2,3 4-tetrahydroisoquinoline; 1-[[4-{{(2-
pyridinyvimethyhamino]methyliphenyijmethyl]-3 4-diaminopyrrolidine; 1-[[4-[{(2-
pyridinyimethyhamino]methyliphenyilmethyll-3,4-diacetylaminopyrrolidine; 8-{[4-[i(2-
pyridinvimethyhaminolmethyiiphenyiimethyi]-2,5,8-friaza-3-oxabicycio [4.3.0]nonane; and
8-[[4-[[(Z2-pyridinyimeihyhaminolmethyliphenylimethyl]-2,.5 8-triazabicyclol4 .3 Olnonane.

Additional CXCR4 antagonists that may be used to in conjunclion with the compositions and
methods describad herein include those described in WO 2001/085186, WO 1898/050461, WO
2001/084420, and WO 2003/080512, the disclosures of aach of which are incorporated herein by
reference as they pertain to compounds that inhibit CXCR4 activity or exprassion.

CXCR2 Agonists
Gro-B, Gro-B T, and variants thersof

Exemplary CXCRZ agonists that may be used in conjunction with the compositions and methods
described herein are Gro-§ and variants thereof. Gro-B (also referred {0 as growth-regulaied protein 8,
chemokine (C-X-C maiif) ligand 2 {CXCL2), and macrophags inflammalory protein 2-a (MiP2-a)) is a
cyloking capable of mobilizing hematopoietic stem and progenitor cells, for example, by stimulating the
release of proteases, and particularly MMPS, from peripheral neutrophils. Without being limited by

mechanism, MMP9 may induce mobilization of hematopoietic stem and progenitor cells from stem celi
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niches, such as the bone marrow, 1o circulating peripheral blood by stimulating the degradation of
proteins such as stem cell factor, its corresponding receptor, CD117, and CXCL12, all of which generally
maintain hematopoietic stem and progenitor cells immobilized in bone marmrow.

in addition to Gro-B, exemplary CXCR2 agonists that may be used in conjunclion with the
compositions and methods described herein are runcated forms of Gro-B, such as those that fealure a
deletion al the N-terminus of Gro-§ of from 1 to 8 amino acids {&.9., peptides that feature an N-terminal
deletion of 1 amino acids, 2 amino acids, 3 amino acids, 4 amino acids, 5 aminoc acids, 8 amino acids, 7
amino acids, or 8 amino acids). In soms ambodiments, CXCRZ agonists that may be used in conjunction
with the compositions and methods described herein include Gro-8 T, which is characterized by a
deletion of the first four amino acids from the N-ferminus of Gro-. Gro-p and Gro-B T are described, for
example, in US Palent No. 6,080,388, the disclosure of which is incorporated herein by reference in iis
entirety.

in addition, exemplary CXCRZ ggonists that may be used in conjunction with the compositions
and methods described herein are variants of Gro-p containing an aspartic acid residue in place of the
asparagine residue at position 69 of SEQ ID NO: 1. This peptide is referred 1o herein as Gro-f NESD.
Similarty, CXCRZ2 agonisis thal may be used with the compositions and methods described herein include
variants of Gro-B T containing an aspartic acid residue in place of the asparagine residue at position 65 of
SEG D NO: 2. This peptlide is referred to herein as Gro-§ T NG5D T, Gro-f N68D and Gro-§ T N&5D
are described, for exampie, in US Paltent No. 6,447,766,

The aminc acid sequences of Gro-B, Gro-B T, Gro-B N69D, and Gro-8 T N850 are set forth in
Table 2, below.

Table 2. Amino acid sequences of Gro-B and select variants thereof

SEQ D NO. Bescription Amino Acid Sequence
APLATELRCQCLATLOGIHLKNIQEVK
1 Gro-B VKSPGPHCAQTEVIATLKNGQKACLN

PASPMVKKHIEKMLKNGKSN
TELRCQCLOTLQGHHLKNIQEVKVKE
2 Gro-g-T PGPHCAQTEVIATLEKNGGKACLNPAS
PMVKKHEKMLKNGEEN
APLATELRCQCLOTLAGIHLKNIQSVK
Gro-p NB9D VKSPGPHCAQTEVIATLKNGQKACLN
PASPMVKKIEKMLKDGKSN
TELRCQCLATLQGIHLKNIQSVKVKS
4 Gro-B-T N8SD POPHCAQTEVIATLKNGQKACLNPAS
PMVKKHEKMLKDGKSN

L&)
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Additional CXCR2 agonisis that may be used in conjunclion with the composiions and methods
described herein include other variants of Gro-§, such as peptides that have one or more amino acid
substitutions, insertions, and/or deletions relative 1o Gro-B. In some embodiments, CXCRZ agonists that
may be used in conjunction with the compositions and methods described herein include peptides having
at leasi 85% sequence identity to the amino acid sequence of SEQ 1D NO: 1 {e.g., a peplide having at
leasi 85%, 90%, 85%, 96%, 87%, 88%, 88%, ©9.5%, or 100% sequence identily to the amino acid
sequence of SEQ 1D NC: 1), In some embodiments, the amino acid sequence of the CXCRZ agonist
differs from that of SEQ ID NO: 1 only by way of one or more conservative amino acid substifutions. In
some embodimeants, in some embodiments, the amino acid sequence of the CXCR2 agonist differs from
that of SEQ ID NO: 1 by no more than 20, no more than 15, no more than 10, no more than 5, or no more
than 1 nonconservative amine acid substitutions.

Additional examples of CXCRZ agonists useful in conjunction with the compositions and methods
described herein are variants of Gro-B T, such as peptides that have one or more amine acid
substitutions, insertions, and/or deletions relative {o Gro-B T. In some embodiments, the CXCR2 agonist
may be a peptide having at least 85% sequence ideniily to the amino acid sequence of SEQ ID NO: 2
{s.0., a peptide having al least 85%, 80%, 85%, 96%, 87%, 98%, 88%, 98.5%, or 100% sequence identity
o the amino acid sequence of SEQ 1D NO: 2). In some embodiments, the amino acid sequence of the
CHXCR2Z agonist differs from that of SEQ D NO: 2 only by way of one or more conservative amino acid
substitutions. in somes embodiments, in some embodiments, the amino acid sequence of the CXCR2
agonist differs from that of SEQ 1D NO: 2 by no more than 20, no more than 15, no more than 10, no
more than 5, or no more than 1 nonconservative amino acid substitutions.

Additional examples of CXCR2 agonists useful in conjunction with the compositions and methods
described herein are variants of Gro-B N68D, such as peptides that have one or more amino acid
substitutions, inserlions, and/or deletions relative to Gro-B NB8D. In some embodiments, the CXCR2
agonist may be a peptide having at least 85% sequence identity io the amino acid sequence of SEQ D
NG: 3 (&.9., a peplide having at least 85%, 80%, 95%, 96%, 97%, 98%, 89%, 28.5%, or 100% sequence
identity to the amino acid sequence of SEQ 1D NG: 3). In some embodiments, the amino acid sequence
of the CXCR2 agonist differs from that of SEQ (D NO: 3 only by way of one or more conservalive amino
acid substitutions. In some embodiments, in some embadiments, the amino acid sequence of the
CACRZ agonist differs from that of SEQ D NO: 3 by no more than 20, no more than 15, no more than 10,
no more than 5, or no more than 1 nonconservative amino acid substitutions.

Additional examples of CXCRZ agonists useful in conjunction with the compositions and methods
described herein are variants of Gro-f T NB5D, such as peplides that have one or more amino acid
substitutions, insertions, and/or deletions relative {o Gro-f T NE5D. In some embodiments, the CXCR2
agonist may be a peptide having at least 85% sequence identity {o the amino acid sequence of SEQ 1D
NQO: 4 (e.g., a peptide having at least 85%, 90%, 85%, 98%, B7%, 98%, 88%, 89.5%, or 100% ssquence
identity ic the amino acid sequence of SEQ 1D NQO: 4). In some embodiments, the amino acid sequence
of the CKXCRZ agonist differs from that of SEQ 1D NO: 4 only by way of ong o more conservative amino

acid substitutions. In some embodiments, in some embodiments, the amino acid sequence of the
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CXCR2 agonist differs from that of SEQ 1D NO: 4 by no more than 20, no more than 15, no more than 10,
no more than 5, or no more than 1 nonconsarvative amino acid substitutions.

Agonistic anti-CXCRZ2 antibodies and anfigen-binding fragments thereof

In some embodiments, the CXCR2Z agonist is an antibody or antigen-binding fragment thereof
that binds CACRZ and aclivates CXCRZ signal transduction. in some embodiments, the CACRZ agonist
may be an aniibody or antigen-binding fragment theraof that binds the same epiiope on CXCR2 as Gro-§
or a variant or truncation thereof, such as Gro-B T, as assessad, for example, by way of a competitive
CXCRZ binding assay. in some embodiments, the CXCRZ agonist is an antibody or an antigen-binding
fragment thereof that competes with Gro-f or a variant or truncation thereof, such as Gro-B T, for binding
to CXCR2.

in some embodiments of any of the above aspecis, the antibody or antigen-binding fragment
thereof is selected from the group consisting of a monoclonal antibody or antigen-binding fragment
thereof, a polyclonal antibody or antigen-binding fragment thereof, a humanized antibody or antigen-
binding fragment thereof, a bispecific antibody or antigen-binding fragment thereof, a dual-variable
immunoglobulin domain, a single-chain Fv molecule (scFv), a diabedy, a triabody, a nanobody, an
antibody-like protein scafiold, a Fv fragment, a Fab fragment, a F(ab')s molecule, and a tandem di-scFv.
in some embodiments, the antibody has an isotype selected from the group consisting of IgG, IgA, IgM,
g, and gk,

Synthetic CXCRZ Agonists

The peptidic CXCR2 agonists described herein, such as Gro-§, Gro-f T, and varianis thereof,
may be prepared synthelically, for instance, using solid phase peptide synihesis technigques. Systems
and processes for performing solid phase peplide synthesis include those that are known in the art and
have been described, for instance, in US Patent Nos. 8,169,287, 9,388,212; 9,206,222, 8,028,172; and
5,233,044, among others, the disclosures of each of which are incorporated herein by reference as they
periain 1o protocols and technigues for the synthesis of peplides on solid suppori. Solid phase peptide
synthesis is a process in which aming acid residuss are added o peptides that have been immobilized on
a solid support, such as a polymeric resin (e.¢., a hydrophiiic resin, such as a polyethylene-glycol-
containing resin, or hydrophobic resin, such as a polystyrena-based resin).

Peptides, such as those containing protecting groups at amino, hydroxy, thiol, and carboxy
substiiuents, among others, may be bound {0 a solid support such that the peptide is effectively
immobilized on the solid support. For example, the peptides may be bound to the solid support via their C
termini, thereby immobilizing the peplides for subsequent reaction in at a resin-liquid interface.

The process of adding amino acid residues to immaobilized peptides can include exposing a
deprotection reagent {0 the immobilized peptides to remove atl least a portion of the protection groups
from at least a portion of the immobilized peplides. The deproteclion reagent exposure step can be
configurad, for instancs, such that side-chain proteclion groups are preserved, while N-terminal protection
groups are removed. For instance, an exemplary aming protecting contains a fluorenyimethyloxycarbonyl

{Fmoc) subsiftuent. A deprotection reagent containing a strongly basic substancs, such as piperidine
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{2.9., a piperidine solution in an appropriate organic solvent, such as dimethyl formamide (OMF)) may be
exposed {o the immobilized peplides such that the Fmoc profecting groups are removed from at least a
portion of the immobilized peptides. Other protecting groups suilable for the protection of amino
substituents include, for instance, the teri-butyloxycarbonyl (Boc) moiety. A deprotection reagent
comprising a strong acid, such as trifluorcacetic acid (TFA) may be exposed o immobilized peplides
coniaining a Boo-prolected amino substituent so as to remove the Boc protecting group by an ionization
process. in this way, peptides can be protected and deprotected at spacific sites, such as at one or more
side-chains or at the N- or C-lerminus of an immobilized peptide so as to append chemical functionalily
ragioselectively al ong or more of thase positions. This can be used, for instance, to derivatize a side-
chain of an immobilized peptide, or to synthesize a peptide, e.g., from the C-terminus {0 the N-terminus.

The process of adding amino acid residues 1o immobilized peptides can include, for instance,
exposing protected, activated amino acids to the immobilized peptides such that at least a portion of the
activated amino gcids are bonded to the immobilized peptides o form newly-bonded amino acid residues.
For example, the peptides may be exposed to activated amino acids that react with the deprotected N-
termini of the peplides so as o elongals the peptide chain by one amino acid. Amino acids can be
activated for reaction with the deprotected peplides by reaction of the amino acid with an agent that
enhances the electrophilicity of the backbone carbonyl carbon of the amino acid. For example,
phosphonium and yronium salis can, in the presence of a tediary base (e.g., diisopropylethyiamine
(DIPEA) and tristhviaming (TEA), among others), convert protecied amino acids into aclivated speciss
{for example, BOP, PyBOP, HBTU, and TBTU all generate HOB esters). Other reagents can be used to
help prevent racemization that may be induced in the presence of a base. These reagents include
carbodiimides (for example, DCC or WSCDI) with an added auxiliary nucleophile (for example, 1-hydroxy-
benzotriazole (HOBY), 1-hydroxy-azabenzotriazole (HOAL, or HOSu) or derivatives thereof. Ancther
reagent that can be utilized fo prevent racemization is TBTU. The mixed anhydride methaod, using
isobutyl chloroformate, with or without an added auwxiliary nucleophile, can also be used, as well as the
azide method, due to the low racemization associated with this reagent. These types of compounds can
also increase the rate of carbodiimide-mediaied couplings, as well as prevent dehydration of Asn and Gin
residues. Typical additional reagents include also bases such as N N-diisopropylethylamine (DIPEA),
triethylamine (TEA) or N-methyimorpholine (NMM). These reagenis are described in detail, for instance,
in US Patent No. 8,546,350, the disclosure of which is incorporated herein in iis entirety.

During the recombinant expression and folding of Gro-§ and Gro-§ T in agueous solution, a
particular C-terminal asparagine residue (Asn88 within Gro-B and Asné5 within Gro-B T) is prone o
deamidation. This process effectuates the conversion of the asparagine residue 1o aspartic acid. Without
wishing to be bound by any theory, the chemical synthesis of Gro-f and Gro-f T may overcome this
problem, for instance, by providing conditions that reduce the exposure of this asparagine residue {o
nuclecphilic solvent. When prepared synihetically (i.e., chemically synihesized), for inslance, using, e.g.,
tha solid phase peptide synthesis tachniguss described above, synthetic Gro-f, Gro-g8 T, and varianis
theraof thal may be used in conjunction with the compositions and methods described hersin may have a

purity of, e.g., at least about 85% relative {0 the deamidated versions of these peptides (i.e., contain less
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than 5% of the corresponding deamidated peptide). For instance, synthetic Gro-B, Gro-8 T, and variants
thereof that may be used in conjunction with the compositions and methods described herein may have a
purity of aboul 95%, 85.5%, 96%, 96.5%, 97%, 87.5%, 98%, 98.5%, 89%, 99.5%, 99.6%, 98.7%, 95.8%,
99.9%, 99.89%, or more, relative {o the deamidated versions of these peplides(e.g., the Asn8g
deamidaied version of SEQ ID NO: 1 or the AsnS5 deamidaled version of SEQ 1D NO: 2). For instance,
s\Synthetic Gro-f, Gro-B T, and varianis thereof may have, for instance, a purily of from about 95% to
about 98.88%, such as a purity of from about 85% 1o about 98.98%, about 856% to about 89.98%, about
87% to about 88.898%, about 88% 1o about 89.88%, about 98% 1o about 98.99%, about 98.9% to about
99.98%, about 95% 1o about 89.5%, about 86% 1o about 88.5%, about 95% 10 about 99%, or about 87%
to about 89% relative 1o the deamidated versions of these peptides (e.g., the Asn88 deamidated version
of SEQ 1D NG: 1 or the Asné5 deamidated version of SEQ 1D NO: 2).

Cell Population with Expanded Hematopoietic Stem Celis as Obtained by the Expansion Method
and Therapeutic Compositions

in anciher aspecl, the disclosure features a composition comprising a population of
hematopoistic stem cells, wherein the hematopoielic stem cells or progeniiors thereof have been
contacted with the compound of any one of the above aspects or embodiments, thereby expanding the
hematopoistic stem cells or progenitors thereot.

Thea invention further provides a cell population with expanded hamapostic stem celis obtainable
or abtained by the expansion method described above. in one embodiment, such cell population is
resuspended in a pharmaceutically acceptable medium suliable for administration to a mammatian host,
thereby providing a therapeutic composition.

The compound as defined in the present disclosure enables the expansion of HSCs, for example
from only one or two cord blood units, {o provide a cell population quantitatively and qualitatively
appropriate for efficient shorl and long term engrafiment in a human patient in nead thereof. inone
embodiment, the present disclosure relaies to a therapeutic composition comprising a cell population with
expanded HSCs derived from not more than one or two cord blood units. In one embodiment, the
prasent disclosure relales {0 a therapeutic composition containing a total amount of ceils of at least about
10°, at least about 18°, at ieast about 107, at least about 10% or at least about 10° celis with about 20% 1o
about 100%, for example between about 43% 10 about 80%, of {olal celis being CD34+ cells. In certain
embodiments, said composition contains between 20-100%, for example between 43-50%, of {otal celis
being CD34+CDB0+CD45RA-.

in some embodiments, the hematopoletic siem cells are CD34+ hematopoietic stem celis. In
some embodiments, the hematopoietic stem cells are CDB0+ hematopoietic stem celis. In some
embodiments, the hematopoietic stem cells are CD45RA- hematopoietic stem cells. In some
embodiments, the hematopoietic stem cells are CD34+CDB0+ hematopoiatic stem celis. In some
embodiments, ihe hematopoietic stem cells are CD34+CD45RA- hematopoistic stem celis. In some
embpodiments, the hematopoietic siem cells are CDI0+CD45RA- hemalopoietic stem cells. In some

embodiments, the hematopoietic stem cells are CD34+CDB+CD45RA- hematopoietic stem cells.
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in some embodiments, the hemalopoietic stem cells of the therapeutic composition are
mammalian cells, such as human cells. In some embodiments, the human cells are CD34+ cells, such as
CD34+ celis are CD34+, CD34+CD38-, CD34+CO33-CD80+, CD34+CD38-CDY0+CD45RA-,
CD34+C038-CDYO+CD45RA-CD40F+, or CD34+CDOM+CD4ERA- cells.

in some embodiments, the hematopoielic stem celis of the therapeutic composition are oblained
from human cord blood, mobilized human peripheral blood, or human bone marrow. The hematopoistic
siem cells may, for example, be freshly isolated from the human or may have been previously

cryopresarved.

Methods of Treaiment

As described herein, hematopoietic stem celf transplant therapy can be administered 1o a subject
in need of ireatment so as 1o populate or repopulate one or more biood cell types, such as a blood cell
lineage that is deficient or defective in a patient suffering from a stem cell disorder. Hematopoietic stem
and progenitor celis exhibit multi-potency, and can thus differentiate into multiple different blood lineages
including, but not limited {o, granulocyles (e.g., promyelocytes, neutrophils, essinophils, basophils),
erythrooytes (e.q., reticulocytes, eryihrocytes), thrombocyles (e.g., megakaryoblasts, platelet producing
megakaryocytes, plaleleis), monocytes (e.g., monocytes, macrophages), dendiitic cells, microglia,
osteoclasts, and lymphocyies (e.g., NK celis, B-celis and T-celis). Hemalopoietic stem calls are
additionally capable of self-renewal, and can thus give rise {0 daughter cells that have eguivalent polential
as the mother cell, and also feature the capacity to be reinfroduced into g iransplant recipient whereupon
they home o the hematopoietic stem cell niche and re-establish productive and susiained hematopoiesis.
Thus, hematopoietic stem and progenitor celis represent a useful therapeutic modality for the treatment of
a wide array of disorders in which a patient has a deficiency or defect in a cell type of the hematopoietic
lineage. The deficiency or defect may be caused, for example, by depiletion of a popuiation of
endogenous cells of the hematopoietic sysiem due to administration of a chemotherapeutic agent (e.g., in
the case of a palient suffering from a cancer, such as a hemaiologic cancer described herein). The
deficiency or defect may be caused, for sxample, by deplelion of a population of endogencus
hematopaietic cells due to the activity of self-reactive immune celis, such as T lymphocytes or B
tymphocytes that cross-react with self antigens (2.9., in the case of a patient suffering from an
autoimmune disorder, such as an autoimmune disorder described herein). Additionally or aliernatively,
the deficiency or defect in cellular activity may be caused by aberrant expression of an enzyme (8.9, in
the case of a patient suffering from various metabolic disorders, such as a metabolic disorder described
herein).

Thus, hematopoietic stem cells can be administered to a patient defective or deficient in one or
more cell types of the hematopoietic lineage in order {o re-constitute the defective or deficient population
of celis in vivo, thersby trealing the pathology associated with the defect or depletion in the endogenous
plood celf populalion. Hemalopoietic stem and progenitor cells can be used to traat, e.g., a non-
malignant hemoglobinopathy (8.g., a hemoglobinopathy selecied from the group consisting of sickle cadi

anemia, thalassemia, Fanconi anemia, aplastic anemia, and Wiskoit-Aldrich syndrome). In these cases,
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for example, a CXCR4 antagonist and/or a CXCR2 agonist may be administered to a donor, such as a
donor identified as likely to exhibit release of a population of hematopoietic stem and progenitor cells from
a stem cell niche, such as the bone marrow, into circulating peripheral biood in response 1o such
freatment. The hematopoietic stem and progenitor celis thus mobilized may then be withdrawn from the
donor and administered 1o a palien, where the cells may home to a hematopoietic sterm cell niche and re-
constitute a populalion of cells that are damaged or deficient in the patient.

Hematopoietic stem or progenitor cells mobilized o the peripheral blood of a subject may be
withdrawn (e.g., harvested or collecied) from the subject by any sultable technigue. For example, the
hematopeielic stem or progenitor celis may be withdrawn by a blood draw. In some embodiments,
hematopoietic stem or progenitor cells mobilized 10 a subject’'s peripheral blood as contemplated herein
may be harvested {i.e., collected) using apheresis. In some embodiments, apheresis may be used {0
enrich a donor's blood with mobilized hematopoietic stem or progenitor celis.

A dose of the expanded hematopoletic stem cell composition of the disclosure is deemed {o have
achieved a therapeutic benefit if § alleviates a sign or a symplom of the disease. The sign or symptom of
the disease may comprise one or more biomarkers associaled with 1he disease, or one or more clinical
symploms of the disease.

For example, administration of the expanded hemalopoietic stem cell composition may resull in
the reduction of a biemarker that is elevated in individuals suffering from the disease, or elevaie the {evel
of a biomarker that is reduced in individuals suffering from the disease.

For example, administering the expanded hematopoietic stem cell composition of the disclosure
may elevaie the level of an enzyme that is reduced in an individual suffering from a metabolic disorder.
This change in biomarker level may be partial, or the level of the biomarker may return io levels normally
seen in healthy individuals.

in one embodiment, when the diseass is, for example, an inherited metabolic disorder with a
neurological component, the expanded hematopoietic siem cell composition may partly or fully reduce
one of more clinical symptoms of the inherited metabolic disorder. Exemplary but non-limiling symploms
thal may be affecied by administration of the expanded hematopoietic stem cell composition of the
disclosure comprise alaxias, dystonia, movement, disorders, apilepsies, and peripheral neuropathy.

in some cases, the sign or sympiom of the inherited metabolic disorder with a neurological
component comprises psychological signs or symploms. For example, the sign or symptom of the
disorder may comprise acute psychotic disorder, hallucinations, depressive syndrome, other symptoms or
combinations of symploms. Msthods of evaluating psychological signs or sympioms assodciated with
metabolic disorders with a neurological component will be known o one of ordinary skill in the art.

The onset of the inherited metabolic disorder may be adult or pediatiic.

The inherited metabolic disorder may lead {o degeneration of the nervous system.

Alleviating a sign or a symptom of the disorder may comprise slowing the rate of
newrodagenearation or the rate of the prograssion of the disease.

Alleviating a sign or a symptom of the disorder may comprise reversing neurodegensration or

reversing the progression of the disease. Exemplary symptoms of neurodegeneralion comprise memory
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loss, apathy, anxiety, agitation, loss of inhibition and mood changes. Methods of evaluating
neurodegeneration, and the progression thereof, will be known to one of ordinary skill in the arl.

For example, in a patient suffering from Hurler syndrome, heparan and dermatan sulfale
accurnulation follows from o-L-iduronidase deficiency. Treatments that better clear these accumulated
subsirates will belter corract the underlying disorder.

Additionally or alternatively, hemalopoietic siem and progenifor cells can be used to treat an
immunocdeficiency, such as a congenilal immunodeficiency. Additionally or alternatively, the compositions
and methods described harein can be used to treat an acquired immunodsiiciency (8.9., an acquired
immunodeficiency selected from the group consisting of HIV and AIDS). In these casas, for example, a
CACR4 antagonist and/or a CXCRZ agonist may be administered to a donor, such as a donor identified
as likely to exhibit release of a population of hemalopoietic stem and progenitor cells from a stem cell
niche, such as the bone marrow, info circulating peripheral blood in response 1o such treatment. The
hematopoietic stem and progenitor cells thus maobilized may then be withdrawn from the donor and
administered to a patient, where the cells may home to a hematopoistic stem cell niche and re-constifute
a population of immune cells {e.g., T lymphocyies, B lymphocytes, NK celis, or other immune celis) that
are damaged or deficient in the patisnt.

Hematopoietic siem and progenitor cells can also be used to treat a metabolic disorder (e.g., 8
metabalic disorder selacied from the group consisting of glycogen storage diseases,
mucopolysaccharidoses, Gaucher's Disease, Hurler syndrome or Hurler's Disease, sphingolipidoses, Sly
Syndromme, alpha-Mannosidosis, X-ALD, Aspariylglucosaminuria, Wolman Disease, late infantile
metachromatic leukodystrophy, Niemann Pick Type C disease, Niemann Pick Type B disease, Juvenile
Tay Sachs, Infantile Tay Sachs, Juvenile Sandhoff, Infantile Sandhoff, GM1 gangliosidosis, MP3IV
{(Morquio)}, Presymptomatic or milder forms of globoid cell leukodystrophy, infantile Krabbe when newbom
and asymptomatic, early diagnosis fucosidosis, Fabry, MPSIS, MPSIH/S, MPSH, MPSVI in conjunction
with ERT or where alloantibodies attenuate efficacy of ERT, Pompe where alloantibodies attenuate
efficacy of ERT, Mucolipidosis ll, and metachromatic leukodystrophy). in these cases, for exampls, a8
CACR4 antagonist and/or a CXCR2 agonist may be administerad to a donor, such as a donor identified
as likely to exhibil release of a population of hematopoietic stem and progenitor cells from a slem cell
niche, such as the bone marrow, into circulating paripheral blood in response to such treatment. The
hematopuoietic stem and progenitor cells thus mobilized may then be withdrawn from the donor and
administered to a patient, where the cells may home {0 a hematopoietic stem cell niche and re-constitute
a popuiation of hematopoietic cells that are damaged or deficient in the patient.

Additionally or alternatively, hematopoietic stem or progenitor cells can be used {o treat a
malignancy or proliferative disorder, such as a hematologic cancer or myeloproliferative disease. In the
case of cancer treatment, for example, a CXCR4 antagonist and/or a CXCR2 agonist may be
administered {o a donor, such as a donor identified as likely to exhibil release of a population of
hematopoietic stem and progenitor cells from a stem cell niche, such as the bone marrow, inlo circulating
peripheral blood in response 0 such treatment. The hematopoielic stem and progeniior cells thus

mobilized may then be withdrawn from the donor and administered {0 a patieni, where the cells may
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home to a hematopoietic stem cell niche and re-constitute a population of cells thal are damaged or
deficient in the patient, such as a population of hematopeietic cells that is damaged or deficient due to the
administration of one or more chemotherapeutic agenis {0 the patient. In some embodiments,
hematopoielic stem or progenitor cells may be infused into a patient in order {o repopulate a population of
celis depleted during cancer cell eradication, such as during systemic chemotherapy. Exemplary
hemaiological cancers that can be trealed by way of adminisiration of hematopoietic stem and progenitor
cells in accerdance with the compositions and methods described herein are acute myeloid leukemia,
acuts lymphoid leukemia, chronic mysloid leukemia, chronic lymphoid teukemia, multiple myeloma,
diffuse largs B-cell lymphoma, and non-Hodgkin's fymphoma, as well as other cancerous conditions,
including neuroblastoma.

Additional diseases that can be freated by the administration of hematopoietic slem and
pragenitor cells to a patient include, without limitation, adenosine deaminase deficiency and severe
combined immunodeficiency, hyper immunoglobulin M syndrome, Chediak-Higashi disease, hereditary
iymphohistiocyiosis, osteopetrosis, osteogenesis imperfecta, storage diseases, thalassemia major,
systemic scolerosis, systemic lupus erythematosus, multiple sclerosis, and juvenile rheumatoid arthrilis.

In addition, adminisiration of hematopoietic stem and progenitor cells can be used to ireat
autoimmune discrders. In some embodiments, upon infusion into a patient, transplanted hematopoietic
stem and progenitor cells may home to a stem cell niche, such as the bone marrow, and establish
productive hematopoiesis. This, in turn, can re-constitule a population of cells depleted during
autoimmune cell eradication, which may occur due to the activity of seli-reactive lymphooyies (&8.g., seli-
reactive T lymphocytes and/or seif-reactive B iymphocytes). Autoimmune diseases thal can be treated by
way of administering hematopoietic stem and progenilor celis 10 a patient include, without limitation,
paoriasis, psoriagtic arthritis, Type 1 diabetes mellitus (Type 1 diabeles), rheumatoid arthritis (RA), human
systemic lupus (SLE), mulliple sclerosis (MS), inflammatory bowel diseass (IBD), iymphocytic coiitis,
acute disseminated encephalomyelitis (ADEM), Addison’s disease, alopecia universalis, ankylosing
spondylitisis, antiphospholipid antibody syndrome (AP8), aplasiic anemia, autoimmune hemolytic anemia,
autolmmune hepatilis, autcimmune inner ear disease (AIED), aulcimmune lymphoproliferative syndroms
(ALPS), autoimmune oophoritis, Balo disease, Behcet's disease, bullous pemphigoid, cardiomyopathy,
Chafjas' disease, chronic fatigue immune dysfunclion syndrome (GFIDS), chronic inflammatory
demyelinating polyneuropathy, Crohn's disease, cicatrical pemphigoid, cosliac sprue-dermatitis
herpetiformis, cold agghutinin disease, CREST syndrome, Degos disease, discoid lupus, dysauionomia,
endometriosis, essential mixed cryogiobulinemia, fibromyalgia-fibromyositis, Goodpasture' s syndreme,
Grave's disease, Guillain-Barre syndrome (GBS), Hashimoto' s thyroiditis, Hidradenitis suppurativa,
idiopathic and/or acute thromboceyiopenic purpura, idiopathic pulmonary fibrosis, IgA neuropathy,
interstitial cystitis, juvenile arthritis, Kawasaki's disease, lichen planus, Lyme disease, Meniere disease,
mixed connective tissue disease (MCTD), myasthenia gravis, neuromyoionia, opsccionus myocionus
syndrome (OMS), optic neuritis, Ord's thyroiditis, pemphigus vulgaris, pernicious anemia, polychondritis,
polymyositis and dermatomyositis, primary billary cirrhosis, polyarieritis nodosa, polyglandular

syndromes, polymyalgia rheumatica, primary agammaglobulinemia, Raynaud phenomenon, Reiter' s
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syndrome, rheumatic fever, sarcoidosis, scleroderma, Sjdgren's syndrome, stiff person syndrome,
Takavasu's arterttis, temporal arteritis (also known as "giant cell arteritis™), ulcerative colitis, collagenous
colitis, uveitis, vascuiitis, vitiligo, vublvodynia ("vulvar vestibulitis™, and Wegener s granulomatosis.

Hematopoietic stem cell transplant therapy may additionally be used {o treat neurclogical
disorders, such as Parkinson's disease, Alzheimer's disease, mulliple sclerosis, Amyotrophic 1ateral
sclerosis, Huntington's disease, mild cognitive impairment, amyloidosis, AlDS-related dementia,
encephalitis, stroke, head trauma, epilepsy, mood disorders, and dementia. As described herein, upon
ransplantation into a patient, hamatopoistic stem cells may migrate to the central narvous system and
differentiaie into, for example, microglial cells, thereby re-constituting a population of cells that may be
damaged or deficient in a patient suffering from a neurclogical disorder. In these cases, for example, a
popuiation of hematopaoietic stem cells may be administered to a patient suffering from a neurological
disorder, where the celis may home 1o the central nervous system, such as the brain of the patient, and
re-constituie a population of hematopoietic cells {8.g., microglial celis) that are damaged or deficient in
the patient.

Methods of Treating Inherited Metabolic Disorders - Administration of Expanded CD80+ Stem
Celis for Microglial Engraftment in the Brain

As described herein, hematopoistic stem celt transplant therapy can be administered 1o a subject
in need of ireatment so as {0 populate or repopulate one or more blood cell types, such as a bieod cell
lineage that is deficient or defective in a patient suffering from a stem cell disorder. Hematopoietic stem
and progenitor celis exhibit multi-potency, and can thus differentiate into multiple different blood lineages
including, in one embodiment, microglia.

in one embodiment, hematopoietic stem cell transplant therapy or hematopoietic stem celi
transplantation of inherited metabolic disorders may be accomplished using cross-correction. (Wynn, R,
‘Stem Cell Transplantation in Inherited Metabolic Disorders” Hematology 2041, pp. 285-281) Cross
correction involves angrafiment of expanded HSCs in the patient or host lissue, where the implanted cells
secrete the deficient enzyme and said deficient enzyme is then taken up by cells in the patient which are
deficient in that enzyme.

in one embodiment, the inheriied metabolic disorder to be freated is selected from Hurler
syndrome (Hurler's Disease), mucopolysaccharide disorders {g.g., Marcteaux Lamy syndrome},
lysosomal siorage disorders, and peroxisomal disorders (e.g., X-linked adrencieukodystrophy), glycogen
storage diseases, mucopolysaccharidoses, Mucolipidosis i, Gaucher's Disease, sphingolipidoses, and
metachromatic leukodystrophy.

in cerfain embodiments, HSCs in the patient or in a healthy donor are mobilized using a CXCR2
agonist and/or CXCR4 antogonist of the disclosure. The CXCR4 antagonist may be plerixafor or a variant
thereof, and a CXCR2 agonist may be Gro-§ or a variani thereof, such as a truncation of Gro-j, for
instance, Gro-f T. Mobilized HSCs are then isolated from a peripheral binod sample of the subject.
Methods of isolating HSCs will be readily apparent to one of ordinary skill in the art. If the H3Cs were

isolated from the subject with the inherited metabolic disorder, the HSGs can then be genetically modified
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to correct the genetic defect leading to the disorder, expanded using the methods of the disclosure, and
the corrected, expanded cells then transplanted back inlo the patient (an autologous transplantation).
Optionally, HSCs may be expanded prior to genetic modification. Alternatively, HSCs may be mobilized
using a CXCRZ agonist and/or CXCR4 antogonist of the disclosure in a8 healthy individual who (1) does
not suffer from an inherited melabolic disorder and (2) is a compatible donor for the subject who does
suffer from the inherited metabolic disorder. HSCs can be isolated from a blood sample taken from this
healthy individual collected following mobilization, the HSCs can then be expanded using the expansion
methods of the disclosure, and the expanded cells transplanted into the subject with the inherited
metabolic disorder.

it has been found that HSCs prepared with the methods of the disclosure lead to more microglia
engrafiment than fresh cells or cells culiured in the presence of cylokines. This is due 1o the presence of
more CD80+ celis in expanded cell populations.

The methods disclosed herein for treating inherited metabolic disorders in a subject in need
thereof comprise the administration of an expanded population of hematopoietic stem celis to a subject in
need thereof. In one embodiment, the number of expanded hematopoielic stem cells administered {o the
subject is equal to or greater than the amount of hemalopoietic siem cells nesded fo achieve a
therapeutic benefil. In one smbodiment, the number of expanded hematopoielic stem cells administered
1o the subiject is greater than the amount of hemaiopoietic siem celis nesded to achieve a therapeutic
benefil. in one embodiment, the therapeutic benefit achisved is proportional 1o the number of expanded
hematopoielic stem cells that are adminisiered.

Adose of the expanded hematopoietic stemn cell composition of the disciosure is deemed 1o have
achieved a therapeutic benefit it # alleviates a sign or a symiptom of the disease. The sign or symptom of
the disease may comprise one or more biomarkers associated with the disease, or one or more dlinical
sympioms of the disease.

For example, administration of the expanded hematopoietic stem cell composition may resul in
the reduction of a biomarker thal is elevated in individuals suffering from the disease, or elevate the level
of a biomarker that is reduced in individuals suffering from the disease.

For exampie, administering the expanded hematopoietic stem cell composition of the disclosure
may elevate the level of an enzyme that is reduced in an individual suffering from a metabolic disorder.
This change in biomarker level may be pariial, or the level of the blomarker may return o levels normally
seen in healthy individuals.

in one embodiment, when the disease is, for example, an inheriled metabolic disorder with a
neurclogical component, the expanded hematopoietic siem cell composition may partly or fully reduce
ane or more clinical symptoms of the inherited metabolic disorder. Exemplary but non-limiting sympioms
that may be affected by adminisiration of the expanded hematopoietic stem celi composition of the
disclosure comprise ataxias, dystonia, movement, disorders, epilepsies, and peripheral neurgpathy.

in some cases, the sign or symptom of the inherited metabolic disorder with a neurclagical
component comprises psychological signs or symptoms. For example, the sign or sympiom of the

disorder may comprise acute psychotic disorder, hallucinations, depressive syndrome, other symptoms oy
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combinations of symptoms. Methods of evaluating psychological signs or symptoms associated with
metabolic disorders with a neurciogical component will be known o one of ordinary skill in the arl.

The onset of the inherited melabolic disorder may be aduit or pediatric.

The inherited metabolic disorder may lead to degeneration of the nervous system.

Alleviating a sign or a symptom of the disorder may comprise slowing the rate of
neurcdegeneration or the rate of the progression of the disease.

Alleviating a sign or a symptoem of the disoerder may comprise reversing neurcdegeneration or
reversing the progression of the disease. Examplary symptoms of neurodegensaration comprise memory
loss, apathy, anxiely, agitation, loss of inhibition and mood changes. Mathods of evaluating
neurodegeneration, and the prograssion thereof, will be known {o one of ordinary skill in the art.

For example, in a patient suffering from Hurler syndrome, heparan and dermatan sulfale
accumulation follows from a-L-iduronidase deficiency. Treatmenis that better clear these goccumulated

substrates will belter correct the underlying disorder.

Selection of donars and patients

in some embodiments, the patient is the donor. In such cases, withdrawn hematopoietic stem or
progenitor celis may be re-infused inlo the palient, such that the cells may subsequently home
hematopoietic tissue and establish productive hemaiopoiesis, thereby populating or repopulating a line of
celis that is defective or deficient in the patient (e.g., a population of megakaryocytes, thrombocytes,
piatelets, erythrocytes, mast cells, myeoblasts, basophils, neutrophils, eosinophils, microglia,
granulocytes, monocytes, osieociasts, antigen-presenting cells, macrophages, dendritic cells, natural
killer celis, T-lymphooyies, and B-lymphooyies). In this scenario, the tfransplanied hematopoietic stem or
progenitor cells are least likely to undergo grafl rejection, as the infused cells are derived from the patient
and exprass the same HLA class | and class 1 antigens as expressed by the patient.

Alternatively, the patient and the donor may be distincl. In some embodiments, the patient and
the donor are related, and may, for example, be HLA-maiched. As described herein, HLA-maiched
donor-recipient pairs have a decreased risk of graft rejection, as endogencus T celis and NK cells within
the transplant recipient are less likely to recognize the incoming hematopoietic stem or progenitor cell
grafi as foreign, and are thus less likely o mount an immune response againsi the transplant. Examplary
HLA-malched donor-recipient pairs are donors and recipients that are genetically related, such as familial
donor-recipient pairs {e.g., sibling donor-recipient pairs).

in some embodiments, the patient and the donor are HLA-mismatched, which occours when at
least one HLA antigen, in particular with respect to HLA-A, HLA-B and HLA-DR, is mismaiched between
the donor and recipient. To reduce the likelihood of graft rejection, for exampile, one haplotype may be

matched between the donor and recipient, and the other may be mismatched.

Administration and Dosing of Hematopoietic Stem or Progenitor Celis
Hematopoistic sterm and progenitor cells described herein may be adminisiered {o a subject, such

as a mammalian subject {e.g., 8 human subject) suffering from a disease, condition, or disorder described
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herein, by one or more routes of administration. For instance, hematopoietic stem celis described herein
may be administered {0 a subject by infravenous infusion. Hematopoietic stemn cells may be administered
at any suitabls dosage. Non-limiting examples of dosages include about 1 x 10° CD34+ celis/kg of
recipient 1o about 1 x 107 CD34+ celis/kg (.0., from about 2 x 10° CD34+ cells/kg 1o about 8 x 10° CD34+
celis/kg, from about 3 x 10° CD34+ calls/kg 1o about 8 x 108 TD34+ celis/ky, from about 4 x 105 CD34+
celis/kg to about 7 x 108 CO34+ cells/kg, from aboul & x 10° CD34+ celis/kg to aboul 8 x 10° CD34+
cells/kg, from about 5 x 105 CD34+ calls/kg {0 about 1 x 107 CD34+ cells/ky, from about § x 105 CD34+
celis/kg to about 1 x 107 CD34+ celis/kg, from about 7 x 10° CD34+ celis/kg to about 1 x 107 CD34+
celis/kg, from about 8 x 10° CD34+ calls/kg 1o about 1 x 107 ©D34+ celis/ky, from about 8 x 10° CTD34+
cells/kg to about 1 x 107 CD34+ celis/kg, or from about 1 x 10° CD34+ celis/kg io about 1 2 107 CD34+
cells/kg, among others).

Hematopoeietic stem or progenitor cells and pharmaceutical compositions described herein may
be administered o g subject in one or more doses. When multiple doses are administered, subseqguent

doses may be provided one or more days, weeks, months, or years following the initial dose.

Examples
The following examples are put forth so as to provide those of ordinary skilf in the art with a
description of how the compositions and methods described herein may be used, made, and evaluated,
and are intended 1o be pursly exemplary of the invention and are not intended to limit the scope of what
the inventors regard as their invention.

Example 1. Expansion of gene-modified hematopoietic stem or progenitor cells by treatment with
an aryl hydrocarbon receptor antagonist

Methods. A series of aryl hydrocarbon receptor antagonists, including SR1, along with histone
deacetyiase (HDAC) inhibitors, and UM171 [Formula (V1)) were evaluaied in the presence of cytokines 1o
expand primary human CD34+ cells ex vive. Ceall number and immunophenotype were assessed by flow
cytomelry, and HSC function was evalualed by cell and molecular assays in vilro. The expanded cells
were transplanted into sub-lethally irradiated NSG mice {0 evaluate engrafiment potential in vivo. For
editing studies, mPB and BM CD34+ cells ware electroporaled with CRISPR/Cas8 RNPs targeting the
beta-2 micreglobulin (B2M) celi surface protein. Editing rates were evaluated by flow cytometry based on
ioss of protein expression and TIDE analysis. Edited cells wers expanded in the presence of AHR
antagonist or vehicle and transplanted into NSG mice. The AHR antagonist used in the experiments
described in this Example is Compound 26 herein. Engraftment and editing rales were evaluated by flow

cytometry of the peripheral blood and bone masrow.
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M

Formuia (V1), UM171

Results. Based on the results of these expeariments, cultures expanded with an AHR antagonist
showed the largest improvement in N3G engraftment levels compared to unmanipulated celis. Culiure of
D34+ celis with SR1 or another AHR antagonist, Compound 26, led {o a 8-fold increase in CD34+ number
and a significant increase in engraftment in NSG mice relative to vehicle-cultured CB derived CD34+ celis.
The aryl hydrocarbon receplior antagonist, A, displayed complete AHR antagenism in the dioxin response
element luciferase reporter assay and was a more potent antagonist compared to SR1 {a 12-fold increase
in potency). To evaiuate the ability ofthe AHR antagonist compound {o effectively expand gene edited cells,
mPB and BM derived CD34+ cells were treated with either vehicle or AHR antagonist and the following day
edited with CRISPR/Cas? RNPs targeting B2M. Following 7 days of expansion, the vehicle or AHR
anlagonisi-treated cells showed 87% and 84% loss of the target protein, respectively. The expanded cullure
contained 3.4-fold more CD34+CD80+ cells than the vehicle-treated cells. Upon fransplant, mice receiving
the expanded cells showed greater than 2-fold increase in engraftmeant compared 1o those receiving
vehicle-treated cells. Importantly, the editing rales of the expanded cells are maintained in vivo with an
average of >75% of the human celis in the periphery of the mice showing loss of target protein.

Conciusions. These studies demonsirate that AHR antagonism is an effective sirategy to expand
functional HSCs and that small molecules inhibiting AHR can expand gene maodified HSC from mPB and
BM.

Example 2. Expansion and transplantation of hematopoietic stem or progenitor calis modified by
CRISPR/Cas%-mediated gene silencing and lentivirus-mediated gene exprassion

Achieving a high dosage of hematopoielic stem celis, such as genelically modified hematopoietic
stem cells, is important for successful gene therapy. Ex vive expansion of hematopoletic stem cells
represents a method by which elevated quantities of cells may be oblained for therapeutic applications. A
clinical trial in which patients received cord biood (CB)-derived hematopoietic stem cells that had been
expanded ex vivo by culturing the cells in the presence of an AHR anfagonist demonsirated an
improvement in time 1o engrafiment, as shown in FIG. 1. This example demonstrates the ability of AHR
antagonists o expand genetically modified hematopoietic stem celis ex vivo, and 1o promote the
engrafiment and retention of genetic modification of such cells in vivo.

To investigate these aclivities, a series of experiments was conducted in which hemalopoistic
stemn and progenitor cells were genetically allered, either by lentiviral transduction or CRISPR/Cast-
mediated gene editing, Tollowed by expansion ex vivo by trealment with an AHR antagonist. The AHR
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antagonist used in the axperiments describad in this Example is Compound 26 herein. The cells were
then infused into N3G mice, and engrafiment rates and retention of genetic modifications were assessed.
The sections that follow explain the methods utilized for these studies and detail various findings from
these experiments.

Methods

Lentiviral Transduction: Cryopreserved CD34+ cells from mobilized peripheral blood (mPB) were
thawed and cultured overnight in madia with cylokines and either vehicle (DMSO) or the AHR antagonist
{expanded). The following day, cells were plated on retronactin-coated plates and iransduced with a
lentiviral vector, containing a green fluorescent protein (GFP) transgene under the control of the MND
promoter, at an MOI of 50 in the presence of vehicle or the AHR antagonist. 24 hours later, cells were
harvested, washed, and resuspended in media with cytokines and the appropriate compound.

CRISPR/Cas? Editing and Expansion: Cryopreserved CD34+ cells from mPB and bone marrow
(BM) were thawed and cuitured overnight in media with cytokines and either vehicle or the AHR
antagonisi. Cells were electroporated with Casg prolein (Aldevron) and synthetic, chemically-modified
gRNA (Synthego) targsting bela-2-microglobulin (B2M) as a ribonuclectide protein (RNP).

Transplant into NSG mice: Al of the progeny from cultured celis were fransplanied inlo sub-
kethally irradiated, female, 8-8 week old N3G mice. Engrafiment and transduction/editing rates were
monitored monthly by flow cytometry, “Minimally manipulated” confrols were transplanted one day after
editing for a iotal culiure time of 2 days.

Results

Foilowing mobilization and cryopreservation of CD34+ cells from peripheral blood, the cells wers
fransduced with a lentiviral GFP-MND veclor or subjecled o CRISPR/Cas9-mediated silencing of the
B2M cell surface protein. The cells were then cultured in the presence of an AMR anfagonist for 7 days,
at which point the cells were quantified and rsiention of genetic modification was assessed. As shown in
FIGS. 2A-2D, treatment with the AHR antagonist resulted in an increase in the {olal quantity of cells
relative {0 vehicle-treated cells. Furiher, ireatment with the AHR antagonist promoted a substantial
increase in the quantity of CD34+ CD90+ cells relative 1o vehicle-trealed cells and untreated cells.
Expansion with the AHR antagonist also increased the quantity of GFP+ CD34+ CDY0+ cells to a greater
exient than vehicle treatment or lack of treatment altogether. Turmning to celis that were subject to
lentiviral fransduction, treatment with the AHR aniagonist resulied in subsiantially higher quantiiites of
total cells, CD34+ cells, and CD34+ CDO0+ cells relative {o vehicle-ireated cells and unireated celis, as
shown in FIGS. 3A ~ 3E. Turning o cells that were subject to CRISPR/Casg-meadiated B2M aditing,
treatment with the AR antagonist resulied in substantially higher quantities of {olal cells, CD34+ cells,
and CD34+ CDY0+ cells relative to vehicle-lreated cells and untreated cells, as shown in FIGS. 5A-8E.
These figures also demonstrate that transduced/edited, expanded mPB cells provide higher engraftment
rates than vehicle-cultured cells.
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Following genetic modification and expansion, CD34+ cells were fransplanied into NSG mice,
and engrafiment of the cells was assessed monthly post-transplani. As shown in FIGS. 4A-4C and FIGS.
A ~ 8, cells treated with the AHR anlagonist for ex vivo expansion prior to transplantation generally
exhibited higher engrafiment rales relative {o vehicle-treated celis. Further, AHR antagonist-treated cells
exhibited greater retention of B2M- phenolype relative to vehicle-ireated celis following transplantation.
Expanded, edited mPB and BM cells additionally were found to exhibit higher engraftment rates than
minimally-manipulated cells, as shown in FIGE. 7A-TN.

Conclusions

Taken together, the data gathered from these experiments demonstrale that expansion of mPB
and BM hematopoietic stem cells with an AHR antagonist resulis in increased engrafiment compared 1o
minimally manipulated and vehicle controls following transplantation into NSG mice. Editing rates of 80%
ware achieved in both mPB and BM CD34+ cells and maintained following transplantation into NSG mice.
Additionally, transplantation of edited, expanded celis resulted in a greater than 2-fold improvement in
engrafiment compared to vehicle-cultured cells in both the PB and BM of mice after 16 weeks. Thus,
expansion of gene-modified celis by treatment with an AHR anlagonist simullanecusly allows for

increased engraftment rates while maintaining high gene ediling and transduction efficiencies.

Example 3. Treatment of a hematologic disorder by administration of a hematopoietic stem or
progenitor cell graft

Using the compositions and methods described herein, a stem cell disorder, such as a
hematologic pathology described herein, can be trealed by administering to a patient a hematopoietic
stem or progenitor celf grafl. For example, a population of hematopoietic stem or progenitor cells can be
isolated from a donor. Following the isolation process, a patient may then receive an infusion (8.g., an
intravenous infusion) of the mobilized and isolated hematopoietic slem or progenitor cells. The patient
may be the donor, or may be a patient that is HLA-matched with respect to the donor, thereby reducing
the likelihood of graft rejection. The patieni may be one that is suffering, for inslance, from a cancer, such
as a hematlologic cancer described herein. Additionally or alternalively, the patient may be one that is
suffering from an auioimmune disease or metabolic disorder described herein.

The engraftment of the hematopoietic stem cell transplant can be monitored, for example, by
withdrawing a blood sample from the patient and determining the increase in concentration of
hematopoietic stem cells or cells of the hematopoietic lineage (such as megakaryocytes, thrombocytas,
platelets, erythrocytes, mast cells, myeoblasts, basophils, neutrophils, eosinophiis, microglia,
granulocyies, monocytes, osteoclasts, antigen-presenting cells, macrophages, dendritic cells, natural
killer cells, T-lymphocyies, and B-lymphocytes) following adminisiration of the transplant. This analysis
may be conducted, for exampls, from 1 hour {6 6 months, or more, following hemaiopoietic siem cali
transplant therapy (e.g., 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 8 hours, 7 hours, 8 hours, 9 hours, 10
hours, 11 hours, 12 hours, 13 howrs, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 18 hours, 20

hours, 21 hours, 22 hours, 23 hours, 24 hours, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 2 weeks, 3
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weeks, 4 weeks, 5 weaeks, B weeks, 7T weeks, 8 weeks, § weeks, 10 weeks, 11 weeks, 172 weeks, 13
weeks, 14 weeks, 15 weeks, 16 weeks, 17 weeks, 18 weeks, 19 weeks, 20 weeks, 21 weeks, 22 weeks,
23 weeks, 24 weeks, or more). A finding that the concentration of hematopoietic stem cells or cells of the
hematopoietic lineage has increased (e.d., by 1%, 2%, 3%, 4%, &%, 6%, 7%, 8%, 9%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 80%, 100%, 200%, 500%. or more) following the transplant therapy relative
fo the concentration of the corresponding cell type prior to transplant therapy provides one indicalion that
the heamatopoietic stem or progenitor celf transplant therapy is efficacious in treating the stem cell
disorder,

Example 4. Engraftment of microgiial celis in the brains of NSG mice following hematopoisetic
stem cell transplantation

Approximately 1,000 allegeneic hematopoietic cell transplantations (HSCTs) have been
performed over the last three decades for treatment of different inherited metabolic disorders o prevent
symplom onset, suppress disease progression, and improve patient cutcomes. The goal of HSCT in
these diseases is to provide cells that produce functional enzymes otherwise deficient in patients with
inherited metabolic disorders. Mechanistically, this is accomplished through repopulation of the myeloid
compariment, including brain microglia, by donor derived cells. Microglia catabolize storage material in
tissues; reptacement of defective microglia by normal celis reestablishes an imporiant scavenging
function defective in patients with inherited metabolic disorders. Further, these normal cells secrele
fysosomal enzymes, which can be taken up by neighboring cells, and thereby cross coirect the metabolic
disorder. Although HSCT effectively halts disease progression, central nervous system stabilization takes
6-12 months post-HSCT, perhaps reflecting the slow kinetics of microglia replacement by donor-derived
celis.

We compared the ability of unmanipulated cord blood or cord blood expanded ex vive using an
aryl hydrocarbon receptor (AHR) antagonist to engraft the brain microglia compartment, MGTA-456. The
design of the experiments described in this Example is shown in FIG. 8. The AHR antagonist used in the
expariments described in this Example is Compound 2, represented by Formuia (2}, herein. AHR
antagonism is an effective strategy to expand cord blood-derived CD34+ cells that reduces grafl failure,
accelerates neutrophil recovery and provides stable long-term engraftmeant (Wagner e al, Cell Stem Celi,
2016).

in this study, mice transplanted with MGTA-456 showed 2.8-fold higher human CD45 engrafiment
in the peripheral blood at week 13 compared to mice ransplanted with non-expanded fresh cord blood or
vehicle frealed CD34+ cells (FIGS. 8A and 8B). As shown in FIG. 10, we observed an approximately 10-
fold increase in human CD45+CD11b+ myeloid cells in the brains of transplanted N8G mice with MGTA-
458 (n=15, p<0.0001). To confirm microglia engrafiment in the brain, we also assessed the presence of
Kudd+ihati+ microglia in brain sections by morphological assessment and immunchistochemistry
following transplantation, the results of which are shown, e.g., in FIG. 11,

These data demonsirate that ex vive expanded human cord blond CD34+ celis, MGTA-456,

significantly improves engraftment of human microglia in the brain of NSG mice. These findings
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demonstrate that hematopoiatic stem celis expanded ax vive with an aryl hydrocarbon receptor
antagonist, e.g., MGTA-456 expanded with Compound 2, are an effective method {o accelerale recovery
in patients with neurologic and inherited metabolic disorders.

Materials and Methods
Cord Blood Expansion and Transplaniation

Approximately 60,000 cord blood CD34+ cells were seeded in T25 flasks at a final volume of 12
mb in HSC growth media (SFEM supplemanted with Pan/Strep, 50 ng/mb FLT3L, TRO, 8CF, and IL-6).
Flasks were incubated for 10 days at 37°C/5% COs. Cells were cultured in the presence of 500 nM of
AHR antagonist, where indicated. Cells were transferrad to a larger flask when needed {0 maintain cells
at a density less than 1108 cells/mb throughout the culture period.

At the lime of thaw, an equal number of celis to the starting cell cultures were injecied inlo NSG
mice, sublethally irradiated (200 ¢Gy) 24 hours prior to injection. After 10 days of culture, the entire
progeny of the cullures was injected into NSG mice. Peripheral blood was harvested by retro-orbital
hleeding at approximately weeks 4 and 8 or by cardiac puncture at week 12 and chimerism was assessed
by flow cylomeliry using antibodias against hCD45, mCD45, hCD33, hCD19, hCD3J and a viability dys.

Brain Harvesting and Frocessing

Al 3 months, brains were harvested. 1 hemispheare was fixed in formalin, embedded, and used for
immunochistochemistry. The other hemisphere was crushed in Dounce buffer (15 mM HEPES/0.5%
glucose in phenol red-free HBSS) and filtered through a 40 pM filter to create a single celf suspension
and resuspended in 800 pb 0.5% BSA/PBS. Myelin was depileted from brain samples, per manufaciurer’s
instructions, by incubating with 100 pul mvelin removal beads (Miltenyi Biotec), incubating for 15 minules
at 4°C, washing with PBS, and resuspending in 1 mL MACS Buffer prior to deletion on an AutoMACs Pro.

Fiow Cytometric Detection of Micioglia

Myelin-depleied samples were resuspended in 100 pl PES and stained with antibodies against
hCB45, mCD45, CD11h, CD19Y, CD3, and 7-AAD viability dye. Cells were washed once in PBS and
resuspended in 300 yb final volume. The entire sample was acquired by flow cylometry (BD Celesla) to
guantitate the number of microglia per brain hemisphere.

immunohistochemical Detection of Microgiia

Embedded brains were sectioned at approximately 5 microns and stained with KuB0 {brown) and
iha-1 (red) primary antibodies). Mouse brains were analyzed from each transplanted mouse and five
levels were analyzed each. Glass slides were scanned af 20X using an Aperio AT2 whole slide scanner.
image analysis was performed on the digilal slide Images using Visiopharm software.

Example §. Expansion of Gene Corrected, Engrafiable Cells

Resuits
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FIG. 12A shows the proportion of CD34+CDY0+ in mobilized peripheral blood cells in the GO
phase, G1 phase, of 5-G2-M phase as a function of days in culture in the presence of cyiokines, with or
without the aryl hydrocarbon antagonist (AHR antfagonist) Compound 26. The data demonstrate that
substantially all CD34+CDo0+ cells in mobilized peripheral blood exit the GO phase and enter the
replicative cell cycle afler aboul 3 days in culiure both in the presence or absence of an aryl hydrocarbon
receplor antagonist.

FIG. 12B shows the propottion of CD34+CD80+ in cord blood cells in the GO phase, G1 phase, of
S-2-M phase as a function of days in culture in the presence of cytokines, with or without the aryl
hydrocarbon antagonist (AHR antagonist) Compound 28. The data demonsirate that substantially alf
CD34+Ch80+ cells in cord blood exit the G0 phase and enter the replicative cell cycle after about 3 days
in culture both in the presence or absence of an aryl hydrocarbon receptor antagonist.

FIG. 13A shows that higher rates of gene correction were obtained when mobilized peripheral
blood celis were prestinulated (Pre-stim) {i.e., grown in culture) Tor 4 days {(4-day) in the presence of
Compound 26 prior to electroporation with gene ediling reagents in comparison to mobilized peripheral
blood celis prestimulaied for 1 day (1-day) prior to electroporation with gene editing reagenis. Comparing
the dala in FIG. 13A with the data in FiG. 12, these resulls suggest that higher rates of gene correction
can be obtained with actively cycling celis.

FIG. 13B shows that similar rates of gene correction were obtained when umbilical cord blood
cells were prestimulated for 4 days prior to electroporation with gene editing reagents in comparison 1o
umbilical cord blood cells prestimulated for 1 day prior to eleciroporation with gene editing reagents.
Comparing the data in FIGs. 13A and 13B, a higher rate of gene correction was observed afier 1 day of
prestimuiation of umbilical cord blood cells as compared 1o 1 day of prestimulation of mobilized peripheral
blood cells. These dala suggest that as compared 1o mobilized peripheral biood celis, a higher proportion
of umbilical cord blood cells are actively cycling after 1 day of prestimulation.

In FiGs. 14A and 14B, comparing the data for 2+2 (Pre-stim days + post EP culture days) {o 4+4,
a significant increase in the total number of gene-corrected calis was observed for both correcied

mohilized peripheral blood cells and corrected umbilical cord blood celis.

Materials and Methods

Mobilized peripheral blood (mPB) CD34+ or cord blood (CB) CD34+ cells were thawed and pre-
stimulated, i.e., cultured, in serum-free media (SFEM media supplemented with cylokines 8CF, 1L, TPO,
and FLT3L) in the presence or absence of Compound 26 (500 nM). Celis were pre-stimulated 1, 2, 3, or 4
days prior to electroporation with gRNA/Cas8 and oligonuciesiide donor. Cells were culiured for an
additional 8 days after electroporation and profiled at 2, 4, 8, or 8 days post-electroporation using a
Trucount-based method of HSC quantification of CD34, CDS0, and CD45RA. Cells were subcultured {o
mainiain cell density at less than 1x10° celis/mb. On day 8, genomic DNA was extracted from bulk cell
cuifures, and correction rate was assessad by gPCR. Number of corrected cells was delermined by
number of total cells at the indicated timepoint multiplied by the correction rate for that pre-stimulation

condition.
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Other Embodiments

All publications, patenis, and patent applications mentioned in this specification are incorporated
herein by reference to the same exient as if each independent publication or patent application was
specifically and individually indicated to be incorporaled by reference.

While the invention has been described in connection with specific embodiments thereof, it will be
understood that it is capable of futher maodifications and this application is intended to cover any
variations, uses, or adaptations of the invention following, in general, the principles of the invention and
including such departures from the invention that come within known or customary practice within the ant
{0 which the invention pertains and may be applied 10 the essential features hereinbefore set forth, and
follows in the scope of the claims.

Other embodiments are within the claims.
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CLAIMS
What is claimed is:

1. A method of producing an expanded population comprising genetically modified
hematopoielic stem or progenitor cells ex vivo, the method comprising:

a. disrupting an endogenous gene in a plurality of hematopoietic stem or progeniior
cells, thereby producing a population comprising genstically modified
hematopeietic stem or progeniior cells; and

b.  contacting the population comprising genetically modified hematopoietic stem or
progenitor celis with an expanding amount of an aryl hydrocarbon recepior
antagonist.

2. The method of claim 1, wherein prior o (a), the plurality of hematopoietic stem or
progenitor cells is contacted with an aryl hydrocarbon receptor antagonist.

3. A method of expanding a population comprising genetically modified hematopoietic
stem or progenitor cells ex vivo, wherein the cells have previously been genetically modified
o disrupl an endogenous gene, the method comprising contacting a population of genetically
modified hematopeietic stem or progenitor celis with an expanding amount of an aryl
hydrocarbon receptor antagonist.

4. A meihod of producing a population comprising genetically modified hematopoietic
stem or progenitor cells, wherein the celis have previously been expanded ex vivo by
contacting the population with an expanding amount of an aryl hydrocarbon receplor
antagonist, the method including disrupt an endogenous gene in the expanded population of
hemalopoietic slem or progenitor cells.

5. The method of any one of claims 1-4, wherein step {8) comprises contacting the
hematopoietic stem or progenilor cells with a nuclease that catalyzes cleavage of an
endogenous nucleic acid in the hematopoietic stem or progenitor cell.

8. The method of claim 5, wherein the nuclease is a CRISPR-associated protein.

7. The method of claim 6, wherein the nuclease is caspase 9.

8. The method of claim 5, wherein the nuclease is a transcription aclivator-like effector

nuclease, a meganuciease, or a zinc finger nuclease.
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9. The method of any one of claims 1-8, wherein upon transplaniation of the population
comprising geneatically modified hematopeietic stem or progenitor celis 1o a patient, the
hematopoietic stem or progenitor cells, or progeny thereof, maintain disruption of the
endogenous gene for at least 2 days.

10. The method of claim 9, wherein upon fransplantation of the population comprising
genetically modified hematopoistic stem or progenitor celis to a patient, the hematopoietic
stem or progenitor cells, or progeny thereof, maintain disruption of the endogenous gene for
at least 3 days.

11. The method of claim 10, wherein upon transpianiation of the population
comprising genetically modified hemalopoietic siem or progenitor cells {o a patient, the
hemalopoietic siem or progenitor cells, or progeny thereof, maintain disruption of the
endogenous gene for at least 4 days.

12. The method of claim 11, wherein upon transplantation of the population
comprising genetically modified hemalopoietic stem or progenitor cells {o a patient, the
hematopoietic stem or progenitor cells, or progeny thereof, maintain disruption of the

endogenous gene for al least 5 days.

13. The method of claim 12, wherein upon transplantation of the population
comprising geneatically modified hematopeietic stem or progenitor celis 1o a patient, the
hematopoietic stem or progenitor cells, or progeny thereof, maintain disruption of the

endogenous gene for at least 8 days.

14. The method of claim 13, wherein upon transplantation of the population
comprising genetically modified hemalopoietic stem or progenitor cells {o a patient, the
hematopoietic stem or progenitor cells, or progeny thereof, maintain disruption of the

endogenous gene for at least 7 days.

15. The method of claim 14, wherein upon transpianiation of the population
comprising genetically modified hemalopoietic slem or progenitor cells {o a palient, the
hemalopoietic siem or progenitor cells, or progeny thereof, maintain disruption of the

endogenous gene for at least 14 days.

18. The method of claim 15, wherein upon transplantation of the population

comprising genetically modified hemalopoietic stem or progenitor celis to a patient, the
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hematopoietic stem or progenitor cells, or progeny thereof, maintain disruption of the

endogenous gene for at least 16 days.

17. A method of producing an expanded population comprising genetically modified
hematopoietic stem or progeniior cells ex vivo, the method comprising:

a. introducing a polynucieotide info a plurality of hematopoietic stem or
progenitor celis, thereby producing a population comprising genetically
modified hematopoietic stem or progenitor cells that express the
polynucieotide; and

b. contacling the population comprising genetically modified hemalopoietic stem
or progenitor cells with an expanding amount of an aryl hydrocarbon receptor
antagonist.

18. The method of claim 17, wherein prior {o (@), the plurality of hematopoietic stem
or progenitor cells is contacted with an aryl hydrocarbon recepltor antagonist,

19. A method of expanding a population comprising genetically modified
hematopoietic stem or progenitor cells ex vivo, wherein the celis have previously been
genetically modified by infroducing a polynucieoctide into the cells, the method comprising
contacting a population comprising the genetically modified hematopoistic stem or progeniior
celis with an expanding amount of an aryl hydrocarbon receptor aniagonist.

20. A method of producing a population comprising genetically modified
hemalopoietic stem or progenitor cells, wherein the cells have previously been expanded ex
vivo by contacting the population with an expanding amount of an ary! hydrocarbon receptor
antagonisi, the method comprising introducing a polynucleotide info the expanded population
of hematopoietic stem or progenitor cells.

21. The method of any one of claims 1-4, wherein the introducing comprises
contacting the hematopoietic stem or progenilor celis with a vector containing the

polynuclectide.
22 The method of claim 21, wherein the vector is a viral vector.
23. The method of claim 22, wherein the viral vecior is selected from the group

consisting of adenovirus (Ad), retrovirus, poxvirus, adenoc-associated virus, baculovirus,

herpes simplex virus, and a vacginia virus,
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24, The method of claim 23, wherein the retrovirus is a lentivirus or a y-retrovirus.
25, The method of claim 21, wherein the veclor is a transposable element.
26, The method of claim 25, wherein the transposable element is a piggybac

transposon or sleeping beauty transposon.

27. The method of any one of claims 17-26, wherein upon transplaniation of the
population comprising genetically modified hematopoietic siem or progenitor celis to a patient,
the hematopoietic stem or progenitor cells, or progeny thereof, continue 10 express the
polynucleotide for at least 2 days.

28. The method of claim 27, wherein upon transplantation of the population
comprising genetically modified hemalopoietic stem or progenitor celis to a patient, the
hematopoietic stem or progeniior cells, or progeny thereof, continue {o express the
polynucleotide for at least 3 days.

29. The method of claim 28, wherein upon transplantation of the population
comprising genetically modified hematopoietic stem or progenitor celis o a patient, the
hematopoielic stem or progenitor cells, or progeny thereof, continue to express the
polynucleotide for at least 4 days.

30. The method of claim 28, wherein upon transpianiation of the population
comprising genetically modified hemalopoietic siem or progenitor cells o a patient, the
hemalopoietic siem or progenitor cells, or progeny thereof, continue 1o express the
polynuclectide for at least § days.

31. The method of claim 30, wherein upon franspiantation of the population
comprising genetically modified hemalopoietic slem or progenitor cells {o a palient, the
hemalopoietic stem or progenitor cells, or progeny thereod, conlinue {o express the

polynucleotide for at least 6 days.

32. The method of claim 31, wherein upon transplantation of the population
comprising genetically modified hemalopoietic stem or progenitor celis to a patient, the
hematopoietic stem or progeniior cells, or progeny thereof, continue {o express the

polynucleotide for at least 7 days.
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33. The method of claim 32, wherein upon transpianiation of the population
comprising genetically modified hemalopoietic siem or progenitor cells {o a patient, the
hemalopoietic siem or progenitor cells, or progeny thereof, conlinue 1o express the
polynucleotide for at least 14 days.

34. The method of claim 33, wherein upon franspiantation of the population
comprising genetically modified hemalopoietic stem or progenitor cells {o a patient, the
hemalopoietic stem or progenitor cells, or progeny thereof, conlinue {o express the
polynucleotide for at least 16 days.

35. The method of any one of claims 1-34, wherein the population comprising
genetically modified hematopoistic stem or progeniior cells further comprises hematapoietic
stem or progenitor celis that are nol genetically modified.

36. The method of claim 35, wherein the genetically modified hematopoietic stem or
progenitor cells are expanded al g rate that is proportional to the relative quantity of
genetically modified hematopoietic stem or progenitor celis present in the population prior fo
treatment with the aryt hydrocarbon receptor antagonist.

37. The method of claim 35, wherein the hematopoietic stem or progenitor celis that
are not genetically modified do not out-compete the genetically modified hematopoletic stem
or progenitor cells for expansion by the aryl hydrocarbon receptor antagonist.

38. The method of claim 35, wherein the hematopoietic stem or progenitor cells that
are genetlically modified are expanded more rapidly than the hematopoietic stem or progenifor
celis that are not genetically modified.

38. The method of any one of claims 1-38, wherein upon transplantation of the
population comprising genetically modified hemalopoietic stem or progenitor cells into a
patient, the ratio of the hematopoietic stem or progenitor cells, or progeny thereof, thai are
genetically modified to the total quaniity of hematopoietic stem cells in a sample bone marrow
or peripheral blood sample isolated from the patient is at least 75% of the ratio of genestically
modified hematopoistic stem or progeniior cells 1o the tolal quantity of hematopoietic stem or
progenitor celis present in the population al the time of administration of the celis to the

patient.
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40. The method of claim 39, wherein upon transplantation of the population
comprising geneatically modified hematopuoietic stem or progenitor cells into a patient, the ratic
of the hematopoietic stem or progenitor cells, or progeny thereof, that are genetically modified
1o the total quantity of hematopoietic stem cells in a sample bone marrow or peripheral blood
sample isolated from the patient is at least 80% of the ratio of genetically modified
hematopoietic stem or progenitor cells to the total guantity of hematopoietic stem or
progenitor cells present in the population at the time of adminisiration of the celis {o the
patient.

41. The method of claim 40, wherein upon transplantation of the population
comprising genetically modified hematopoistic stem or progenitor cells into g patient, the ratio
of the hematopoietic stem or progenitor cells, or progeny thereof, that are genetically modified
1o the total quantity of hematopoietic stem cells in a sample bone marrow or peripheral biood
sample isolated from the patient is at least 85% of the ratio of genetically modified
hemalopoietic stem or progenitor cells to the total guantity of hematopoietic stem or
progenitor cells present in the population at the time of administration of the cells 1o the
patient.

42. The method of claim 41, wherein upon transplantation of the population
comprising genetically modified hematopoistic stem or progenitor cells into g patient, the ratio
of the hematopoietic stem or progenitor cells, or progeny thereof, thal are genetically modified
to the total quantity of hematopuoietic stem cells in a sample bone marrow or peripheral blood
sample isolated from the patient is at least 90% of the ratio of genetically modified
hemalopoietic stem or progenitor cells o the total gquaniity of hematopoietic stem or
progenitor cells present in the population at the time of administration of the cells 1o the
patient.

43. The method of claim 42, wherein upon transplantation of the population
comprising genetically modified hemalopoietic stem or progenitor cells into a patient, the ratio
of the hematopoietic stem or progenitor cells, or progeny thereof, thal are genetically modified
to the total quaniity of hematopoietic stem cells in a sample bone marrow or peripheral blood
sample isolated from the patient is at least 95% of the ratio of genetically modified
hemalopoietic stem or progenitor cells o the total gquaniity of hematopoietic stem or
progenitor celis present in the population at the time of administration of the celis 1o the
patient.
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44, The method of claim 43, wherein upon transplantation of the population
comprising geneatically modified hematopuoietic stem or progenitor cells into a patient, the ratic
of the hematopoietic stem or progenitor cells, or progeny thereof, thal are genetically modified
1o the total quantity of hematopoietic stem cells in a sample bone marrow or peripheral blood
sample isolaled from the patient is the same as the ratio of genetically modified hematepoietic
stem or progenitor cells {o the total quantity of hematopoietic stem or progenitor cells present
in the population at the time of adminisiration of the celis 1o the patient.

45. The method of any one of claims 1-44, wherein the population comprising
genetically modified hematlopoietic siem or progenitor cells exhibits a higher engrafiment
potential relative {o a population of hemaiopoietic siem or progenitor cells not treated with the
aryl hydrocarbon receptor antagonist.

48, The method of any one of claims 1-45, wherein prior {0 expansion, the
hemalopoietic stem or progenitor cells are mobilized and isolaied from a donor.

47, The method of claim 48, wherein the donor is a human.

48. The method of claim 46 or 47, wherein the hematopoietic stem or progenitor celis
are mobilized by contacting the hemalopoietic siem or progenitor celis with a mobilizing
amount of a CXCR4 anlagonist and/or a CXCR2Z agonist.

48, The method of claim 48, wherein the CXCR4 antagonist is plerixafor or a
pharmaceutically acceptable salt thereof.

50. The method of claim 48 or 49, wherein the CXCR2 agonist is Gro-B, Gre-B T, ora
variant thereof.

51. The method of claim 50, wherein the Gro-B, Gro-§ T, or variant thereof has a
purity of al least about 5% relative to deamidated versions of these peptides.

2. The method of any one of claims 1-51, wherein prior to disrupting an endogencus
gene in a plurality of hematopuoietic stem or progenitor cells, thereby producing a population
comprising genetically modified hematopoietic stem or progenitor cells, the plurality of
hemalopoietic stem or progenitor cells is contacted with an aryl hydrocarbon receptor
antagonist of any one of the preceding claims during a period of time sufficient {o induce cell

cycling.
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53. The method of any one of dlaims 1-51, wherein prior to introducing a
polynucleotide into a plurality of hematopoietic stem or progenitor cells, thereby producing a
population comprising genetically modified hematopoietic stem or progenitor celis that
express the polynuciectide, the pluralily of hemalopoietic stem or progenitor cells is contacted
with an aryl hydrocarbon receptor antagonist of any one of the preceding claims during a

period of time sufficient 1o induce cell cycling.

54. The method of claim 52 wherein prior to disrupting an endogenous gene in a
plurality of hematopoietic stem or progeniior cells, thereby producing a population comprising
genstically modified hematopoistic stem or progenitor celis, the pluralily of hematopoietic
stem or progenitor cells is contacted with an aryt hydrocarbon receptor antagonist of any one
of the preceding claims for at least 1 day, preferably at least 2 days, preferably at least 3
days, preferably at least 4 days, preferably at least 5 days.

85, The method of claim 83, wherein prior {o intreducing a polynucleotide into a
plurality of hematopoietic stem or progenitor cells, thereby producing a population comprising
genetically modified hematopeistic stem or progenitor celis that express the polynuciectide,
the plurality of hematopeietic stem or progenitor celis is contacted with an aryl hydrocarbon
receplor antagonist of any one of the preceding claims for al least 1 day, preferably al least 2
days, preferably at leasi 3 days, preferably at least 4 days, preferably at leasi 5 days.

56. The method of any one of claims 52-55, wherain the plurality of hemaiopoistic
stem or progenitor cells are contacted with an agent in an amount sufficient {o induce cell
cycling during the period of time.

57. The method of claim 56, wherein the agent is one or more cytokines.

58. The method of claim 57, wherein the cylokines are selecied from the group
consisting of SCF, IL8, TPO, FLTIL, and combinations thereof,

58. The method of any one of claims 52-58, wherein the period of time is sufficient to
to induce cell cycling in substantially all of the plurality of hematopoiatic stem or progeniior

cells.

&0. A human blood cell preparation comprising hematopoietic stem or progeniior

cells, or progeny thereof, prepared according 1o the method of any one of claims 1-58.
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81. A method of treating a disorder in a patient, the method comprising producing an
expanded population of hematopoietic stem or progenitor calls in accordance with the method
of any one of claims 1-58 and infusing the resulting cells into the patient.

B82. A method of freating a disorder in a patient, the method comprising infusing an
expanded population of hematopoietic stem or progenitor cells produced in accordance with
the method of any one of claims 1-58 info the patient.

83. A method of trealing a disorder in a patient, the method comprising infusing the
human blood cell preparalion of claim 60 into the patient.

64. A method of freating a disorder in a patient, the method comprising contacting a
population of hemalopoietic stem or progenitor celis with an expanding amount of an aryl
hydrocarbon receptor antagonist and infusing the resulting celis into the patient.

85, A method of freating a disorder in a patient, the method comprising infusing into
the patient an expanded population of hematopoietic stem or progenitor celis produced by
contacting a population of hematopoietic stem or progenitor celis with an expanding amount
of an aryl hydrocarbon recepior antagonist.

86. A method of ireating a disorder in a patient in need thereof, compiising
administering an expanded population of hemalopoietic stem cells to the patient, wherein the
expanded population of hematopuoietic stem cells is prepared by contacting a first population
of hemalopoietic stem celis with an aryl hydrocarbon receptor antagonist for a fime suflicient
to produce the expanded population of hematopoietic siem celis.

87. The method of any one of claims 81-86, wherein the patient is a human.

88. The method of any one of claims 61-87, wherein the disorderis a

hemogiobinopathy disorder.
69. The method of claim 68, wherein the hemoglobinopathy disorder is selectad from

the group consisting of sickle cell anemia, thalassemia, Fanconi anemia, aplastic anemia, and
Wiskott-Aldrich syndrome.
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70. The method of any one of claims 81-67, wherain the disorder is a myelodysplastic
disorder.
71. The method of any one of claims 81-87, wherein the disorder is an

immunodeficiency disorder.

72. The method of claim 71, wherein the immunodeficiency disorder is a congenital
immunodeficiency.
73. The method of claim 71, wherein the immunodeficiency disorder is an acquired

immunodaeficiency.

74. The method of claim 73, wherein the acquired immunodeficiency is human
immunodeficiency virus or acquired immune deficiency syndrome.

75. The method of any one of claims §1-67, wherein the disorder is a melabolic
disorder.
76. The method of claim 75, wherein the metabolic disorder is sslected from the

group consisting of glycogen storage diseases, mucopolysaccharidoses, Gaucher's Disease,
Hurlers Disease, sphingolipidoses, and metachromatic leukodystrophy.

77. The method of claim 78, wherein the disorder is cancer.
78. The method of claim 77, wherein the cancer is a hematological cancer.
79. The method of claim 77, wherein the cancer is selected from the group consisting

of leukemia, lymphoma, multiple myeloma, and neuroblastoma.

80. The method of claim 77, wheregin the cancer is acute myeloid lsukemia, acute
fymphoid leukemia, chronic myeloid leukemia, chronic lymphoid leukemia, multiple myeloma,
diffuse large B-cell lymphoma, or non-Hodgkin's lymphoma.

81. The method of any one of claims 81-67, wherain the disorder is a disorder
selecied from the group consisting of adenosine deaminase deficiency and severe combined
immunodeficiency, hyper immunoglobulin M syndrome, Chediak-Higashi disease, hereditary

iymphohistiocyiosis, osteopetrosis, ostecgenesis imperfects, storage diseases, thalassemia
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major, systemic sclerosis, systemic lupus eryvthematosus, multiple scleresis, and juvenile
rheumatoid arthritis.

82. The method of any one of claims 81-87, wherein the disorder is an autoimmune
disorder.
83. The method of claim 82, wherein the autoimmuns disorder is selected from the

group consisting of multiple sclerosis, human systemic lupus, rheumatoid arthritis,
inflammatory bowel disease, {reating psoriasis, Type 1 diabeies mellifus, acule disseminated
encephalomyelitis, Addison's disease, alopecia universalis, ankylosing spondylilisis,
antiphospholipid antibody syndrome, aplastic anemia, auloimmune hemolytic anemia,
aytoimmune hepatitis, aulcimmune inner ear disease, autoimmune lymphoproliferative
syndrome, autoimmune cophoritis, Balo disease, Behcel's disease, bullous pemphigoid,
cardiomyopathy, Chagas’ disease, chronic fatigue immune dysiunction syndrome, chronic
inflammatory demyelinating polyneuropathy, Crohn's disease, cicatrical pemphigoid, coeliac
sprue-dermalitis herpetiformis, cold aggiutinin disease, CREST syndrome, Degos disease,
discoid lupus, dysautonomia, endometriosis, essential mixed cryoglobulinemia, fibromyaigia-
fibromyositis, Goodpasture’ s syndrome, Grave's disease, Guillain-Barre syndrome,
Hashimoto' s thyroiditis, Hidradenitis suppurativa, idiopathic and/or acute thrombocylopenic
purpura, idiopathic pulmonary fibrosis, IgA neuropathy, intersiitial cystitis, juvenile arthritis,
Kawasaki's disease, lichen planus, Lyme disease, Meniere diseass, mixed conneclive tissue
disease, myasthenia gravis, neuremyotionia, opsoclonus myocionus syndrome, optic neuritis,
Ord's thyroiditis, pemphigus vulgaris, permicious anemia, polychondritis, polymyositis and
dermatomyositis, primary hiliary cirrhosis, polyarteritis nodosa, polyglandular syndromes,
polymyalgia rheumatica, primary agammaglobulinemia, Raynaud phenomenen, Reiler' s
syndrome, rheumatic fever, sarcoidesis, scleroderma, Sjdgren's syndrome, stiff person
syndrome, Takavasu's arteritis, temporal arleritis, ulcerative colitis, uveitis, vasculilis, vitiligo,
vulvodynia, and Wegener's granulomatosis.

84, The method of any one of claims 61-87, wherein the disorder is a neurological
disorder.
85. The method of claim 84, wherein the neurclogical disorder is selecied from the

group consisting of Parkinson's disease, Alzheimer's disease, mulliple sclerosis, Amyotrophic
lateral sclerosis, Huntingion's disease, mild cognitive impairment, amyloidosis, AlDS-related
dementia, encephalilis, siroke, head frauma, epilepsy, mood disorders, and dementia.
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86. The method of any one of claims 61-85, wherain the hematopuoiatic stem or

pragenitor celis are autclogous with respect to the patient.

87. The method of any one of claims 81-85, wherein the hemalopoietic stem or

progenitor cells are allogeneic with respect 1o the patient.

88. The method of claim 87, wherein the hematopoietic stem or progenitor cells are

HELA-matched with respect to the patient.

89. The method of any one of claims 81-88, wherein the hematopuoietic stem or
progenitor celis, or progeny thereof, mainiain hematopoielic stem cell functional potential after
wo or more days following infusion of the hematopoietic stem or progenitor cells into the

patient.

80, The method of any one of claims 81-89, wherein the hemalopoietic stem or
progenitor cells, or progeny thereof, localize to hematopoietic lissue and/or reesiablish
hematopoiesis following infusion of the hematopoietic stem or progenitor celis into the patient.

91. The method of any one of claims 61-80, wherein upon infusion into the patient,
the hematopoietic stem or progenitor cells give rise to recovery of a population of celis
selectad from the group consisling of megakaryoeytes, thrombooeyles, platelets, eryihrocyles,
mast cells, myecblasts, basophils, neutrophils, ecsinophils, microglia, granulocytes,
monocytes, osteoclasts, antigen-prasenting cells, macrophages, dendritic cells, natural killer

cells, T-lymphocytes, and B-lymphooyles.

92. A method of producing microglia in the ceniral nervous system of a human
patient in need thereof, comprising administering an expanded popuiation of hematopoietic
stem celis {o the patient, wherein the expanded population of hematopoietic stem celis is
prepared by contacting a first population of hematopoietic stem cells with an aryi hydrocarbon
receplor antagonist for a time sufficient 1o produce the expanded population of hematopuoietic
sterm cells, and wherein administration of the expanded population of hematopoietic stem
celis resuils in formation of microglia in the ceniral nervous system of the patient.

93. A kit comprising a plurality of hematopoietic stem or progeniior cells and a
package insert, wherein the package insert instructs a user o perform the method of any one
of claims 1-59.
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94, The method or the kit of any one of claims 1-83, whearein the aryl hydrocarbon
receplior antagonist is SR-1 or Compound 2.

85. The method or the kit of any one of claims 1-83, wherein the aryl hydrocarbon
recepior antagonist is a compound represented by formula (V)

Ry

N

i Rg
N
R \ \(¥

Re  Rs

wherein L is selected from the group consisting of ~-NR7(CRaaRao)n-, -O{CRszRap)a-,
-C{O}CRsaRao)n, ~C{SHCRsaRan)n-, ~S{0)0.2{CRsaReu}n-, -{CRsaRan)r~. ~-NR7aC{O}(CRa:Ranjn-,
-NR7C{8}{CReaRsojn-, ~OC{OH{CResaRao)n-, ~-OC{E}{LRsaRap)n-, ~-CIOINR72{C RaaRap)n-,
~C{SINR7a{CRsaRap)n~, ~-C{OYO{CReRan)n~, -C{SYO{CRsaRap)n-, ~S{0O)2NR72{CRsaRab)n-,
NR7:S{O)A{CRe:Renin-, ~NR7aCIOINR{ICRsRan)~, and ~NR7aC{O)O{CResRenin-, whersin Rya,
Rru, Rea, and Rep are each independenily selected from the group consisting of hydrogen and
optionally substituted C1-4 alkyl, and each n is independently an integer from 210 8;

R1is selecied from the group consisting of -S{0)NRgaRay, -NReC ()R, -
NRgaC{8)Rop, -NReaC{OINRoRec, ~-C{O)Res, ~C{S)Rea, -S{(N0-2Rea, ~C{O)ORsa, -C{8)ORg:, -
C{O}NRgaRaep, -C{S)NRgaRep, -NRea8{0)2Rer, ~-NReaC{NOR g, -OC{OYEReaRenRae, -
OC{8)CReaRanRec, optionally subsiituted aryl, optionally substituled heteroaryl, optionally
substituted cycloalkyl, and optionally substituted heterocycloalkyl, wherein Ros, Rop, and Rsc
are each independently selected from the group consisting of hydrogen, optionally substifuied
aryl, optionally substituted heteroaryl, oplionally substifuted alkyi, optionally substituted
heteroalkyl, optionally substiluted cycloalkyl, and oplionally substituted heterocycloalkyl;

Rz is selected from the group consisting of hydrogen and optionally substituted C1-4
alkyl;

Rais selected from the group consisting of optionally substituted aryi, optionally
substitutad heteroaryl, optionally substituted cycloalkyl, and optionally substituted
heterocycloalkyl;

R4 is selected from the group consisting of hydrogen and optionally substituted C1-4
alkyl

Rsis selected from the group consisting of optionally substituted aryi, optionally
substitidted heteroaryl, optionally substituted alkyl, optionally substituted heteroalkyl, oplionally
substituted cycloalkyl, and oplionally substituted helerocycioalkyl; and
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Reis selected from the group consisting of hydrogen, optionally substituted aryi,
optionally substituted heteroaryl, optionally substituted alkyl, optionally substituied hetaroalkyl,
optionally substituted cycloalkyl, and optionally substituted heterocycloalkyl;

or a sall thereof,

96. The method or the kit of any one of claims 1-83, wherein the aryl hydrocarbon
recepior antagonist is compound (3)

of a salt thereof.

g7. The method or the kit of any one of claims 1-83, wherein the aryl hydrocarbon
receptor antagonist is compound (4)

of a salt thereof.

88. The method or the kit of any one of claims 1-83 wherein the aryl hydrocarbon
receplor antagonist is compound (§)
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of a salt thereof.

99. The method or the kit of any one of claims 1-83, wherein the arvl hydrocarbon
receplor antagonist is compound (6)

or a salt thereof.

100, The method or the kit of any one of claims 1-93, wherein the aryl hydrocarbon
receptor anfagonist is compound (7)

or & salt thereof.

101.  The method or the kit of any one of claims 1-93, wherein the aryi hydrocarbon

recepior antagonist is compound (8)
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or a salt thereof.

102. The method or the kit of any one of claims 1-83, wherein the arvi hydrocarbon
recepior antagonist is compound (9)

OH
HN
£ N
y
SN N
| 4
N 9

of a salt thereof.

103, The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplor antagonist is compound (18}

or a salt thereof.
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104.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplior antagonist is compound {(11)

—NH

\“Jj/
‘4\

(i)
or a salt thereof.

105. The method or the kit of any one of claims 1-93, wherein the aryl hydrocarbon
receptor antagonist is compound (12}

of a salt thereof.

106.  The method or the kit of any one of claims 1-93, wherein the aryi hydrocarbon
receplor antagonist is compound (13)

T-NH

or a salt thereof.
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107.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplior antagonist is compound (25)

or a salt thereof.

108.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplor antagonist is compound (27)

(27)
of a salt thereof.

108,  The method or the kit of any one of claims 1-83, wherein the arvi hydrocarbon
recepior antagonist is compound (28)

{28)

or a salt thereof.
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110.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplor antagonist is a compound represented by formula (V)
L/ R1
N - N

o R.
Ny O
" )\r \87

Re Ry

wherain L is selected from the group consisting of -NR7(CRe:Rav)e-, -O{CR32Rsp)n-,
~-C{OMCResRav)n-, -C{EHCRsaRep)n-, ~S{O)o-2{CRsaRsn}n-, «(CRaaRapjr-, “NR7aG({OY(CRs2Rsn)n-,
-NR7C{S}CRsaRan)-, ~OC{ONCRsaRap)n-, ~-OC BT RaaRsp)n-, ~C{O)NR7:(CRaaRsp)n-,
~CASINR72(CReaRapja~, ~CIONO(CRaaRan)e-, ~C{SYH{CRaaRep)n, ~S{O)2NR72(CRaaRab)r-,
-NR72a3{0}2(CRszRap)n-, -NR7aC(O)NR7{CRsaRab)n-, and -NR7aC(O)O(CRsaRen)n-, wherein Rya,
R7u, Raa, and Rep are each independently selecied from the group consisting of hydrogen and
optionally substituted C1-4 alkyl, and each n is independently an integer from 210 6;

R4 is selected from the group consisting of -S{0)2NRgaRes, ~-NRe2C{O)Rsp, -
NRe:C(S)Reb, ~NRsaC(O)NReoRac, ~C{O)Rez, ~C(S)Res, -S{0)u-2Rea, ~C(O)ORsa, -C(S)ORee, -
C{OINFReaRen, ~-C{S)NRsaRap, ~-NRaaS{0O)2R a5, ~-NRgC{O)ORes, -OC{O)CReaReRse, -
QC(E)CRe:RwRec, oplionally subsiituted aryl, optionally substiluted heterocaryl, optionally
substituted cycloalkyl, and optionally substituied heterocycioalkyl, wherein Roa, Rep, and Rec
are each independently selecied from the group consisting of hydrogen, optionally substiluted
aryl, optionally substituted heteroaryl, optionally substiiuted alkyl, optionally substituted
heteroalkyl, optionally substituted cycloalkyl, and optionally substituied heterocycioalkyl;

Rsis selected from the group consisting of optionally substituled aryi, optionally
substitidted heteroaryl, optionally substituted cycloalkyl, and optionally substifuied
heterocycloalkyl;

R4 is selected from the group consisting of hydrogen and optionally substituted C1-4
alkyl:

Rsis selected from the group consisting of optionally substituled aryl, optionally
substituted heteroaryl, optionally substituted alkyl, oplionally substituted heteroalkyl, optionally
substitutad cycloalkyl, and optionally substituied hetarocycioalkyl; and

Reis selected from the group consisting of hydrogen, optionally substituted aryi,
optionally substituted heteroaryl, optionally substituted alkyl, optionally substiiuied heteroalkyi,
optionally substituted cycloalkyl, and oplionally substituted heterocycioalkyl;

or a salt thereof.
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111.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplior antagonist is compound {(14)

or a salt thereof.

112.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplor antagonist is compound (15)

NH

3
7\
\e

HN
!
® v

113.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon

(18)

of a salt thereof.

receplor antagonist is compound (16}

or a salt thereof.
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114.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplior antagonist is compound (17}

\ \N/
g

115.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon

an

or a salt thereof.

receplor antagonist is compound (18)

N
f/,\

HN
/
pean®
P
N

116.  The method or the kit of any one of claims 1-83, wherein the arvi hydrocarbon

(18)

of a salt thereof.

receplor antagonist is compound (19)

(1%

or a salt thereof.
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117.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplior antagonist is compound (28}

N (28)
or a salt thereof.

118.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplor antagonist is compound (21)

OH

HN

119.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon

@1

or a salt thereof.

recepior antagonist is compound (22)
,,!—»NH
4 / \‘

s

HN
(22)
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120. The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplior antagonist is compound (23}

or a salt thereof.

121.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplor antagonist is compound (24)

NH
3

(24)
of a salt thereof.

122.  The method or the kit of any one of claims 1-83, wherein the arvi hydrocarbon
receplor antagonist is compound (26}

N"k&N
PN N y
» 0
N

or a salt thereof.

(26)
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123.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplior antagonist is compound (2%9)

(28)
or a salt thereof.

124.  The method or the kit of any one of claims 1-83, wherein the aryi hydrocarbon
receplor antagonist is compound (38)

of a salt thereof,

125. A composition for use in treating a disorder in a palient, said composition
comprising hematopoietic stem or progenitor cells, or progeny thereof, prepared according to
the method of any one of the preceding claims.

126.  Use of a composition comprising hematopoietic stem or progenitor cells, or
progeny thereof, prepared according o the method of any one of the preceding claims in
preparing a medicament for ireating a disorder in a patient.

127.  The composition of claim 125 or use of claim 128, wherein the patientis a
human.

128.  The composition of claim 125 or use of claim 128, wherein the disorderis a
hemoglobinopathy disorder.
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128.  The composition or use of claim 128 wherein the hemoglobinopathy disorder is
selected from the group consisting of sickle cell anemia, thalassemia, Fanconi anemia,
aplastic anemia, and Wiskott-Aldrich syndrome.

130.  The composition of claim 125 or use of claim 126, wherein the disorder is an
immunodeficiency disorder.

131.  The composition or use of claim 130 wherein the immunodeficiency disorder is a
congenital immunodeficiency.

132.  The composition or use of claim 130, wherein the immunodeficiency disorder is
an acquired immunodeficiency.

133.  The composition of use of claim 132, wherein the acquired immunodeficiency is

human immunocdeficiency virus or acquired immune deficiency syndrome.

134.  The composition of claim 125 or use of claim 128, wherain the disorder is a
metabolic disorder.

135. The composition or use of claim 134, wherein the metfabolic disorder is selecied
from the group consisting of glveogen storage diseases, mucopolysaccharidoses, Gaucher's
Disease, Hurlers Disease, sphingolipidoses, and metachromatic leukodysirophy.

138.  The composition of claim 125 or use of claim 128, wherein the disorder is cancer.

137.  The composition or use of claim 138, wherein the cancer is a hemalological

cacner.

138.  The composition or use of claim 138, wherein the cancer is selected from the
group consisling of leukemia, lymphoma, multipie myeloma, and neuroblastoma.

138. The composition or use of claim 136, wherein the cancer is acute myeloid
leukemia, acute lymphoid leukemia, chronic myeloid leukemia, chronic lymphoid leukemia,
muitiple myeloma, diffuse large B-cell lymphoma, or non-Hodgkin's lymphoma.

140.  The composition of claim 125 or use of claim 126, wherein the disorder is a
disorder selected from the group consistiong of adenosine deaminase deficiency and severe
combined immunodeficiency, hyper immunocglobulin M syndrome, Chediak-Higashi disease,
heredilary lymphohistiocytosis, osteopetrosis, ostesgenesis imperfecta, storage diseases,
thalassemia major, systemic sclerosis, systemic lupus erythematosus, multiple sclerosis, and

juvenile rheumaloid arthritis.
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141.  The composition of claim 125 or use of claim 126, wherein the disorder is an
autcimmune disorder.

142.  The composition or use of claim 141, wherein the autoimmune disorderis
selected from the group consisting of muitiple sclerosis, human systemic lupus, rheumatloid
arthritis, inflammatory bowel disease, treating psoriasis, Type 1 diabetes mellitus, acute
disseminated encephalomyelitis, Addison's disease, alopecia universalis, ankylosing
spondyiitisis, antiphospholipid anlibody syndrome, aplastic anemia, auloimmune hemolytic
anemia, autoimmune hepatitis, autoimmune inner ear disease, autoimmune
tymphoproliferative syndrome, autcimmune oophoritis, Balo disease, Behcet's disease,
bullous pemphigoid, cardiomyopathy, Chagas’ disease, chronic fatigue immune dysfunction
syndrome, chronic inflammatory demyelinating polyneuropathy, Crohn's disease, cicatrical
pemphigoid, coeliac sprue-dermatitis herpetiformis, cold agglutinin disease, CREST
syndrome, Degos disease, discoid lupus, dysauionomia, endomelriosis, essential mixed
cryogiobulinemia, fibromyaligia-fibromyositis, Goodpasture’ s syndrome, Grave's disease,
Guillain-Barre syndrome, Hashimoto' s thyroiditis, Hidradenitis suppurativa, idiopathic and/or
acute thrombocytopenic purpura, idiopathic pulmonary fibrosis, igA neuropathy, interstitial
cystitis, juvenile arihritis, Kawasaki's disease, lichen planus, Lyme disease, Meniers disease,
mixed conneclive lissue disease, myasthenia gravis, neuromyotonia, opsoclonus myoclonus
syndrome, oplic neuritis, Ord's thyroiditis, pemphigus vulgaris, pernicious anemia,
polychondritis, polymyositis and dermatomyositis, primary biliary cirrhosis, polyarteritis
nodosa, polyglandular syndromes, polymyalgia rheumatica, primary agammaglobulinamia,
Kaynaud phenomenon, Reiter' s syndrome, rheumalic fever, sarcoidosis, scleroderma,
Sjtgren's syndrome, stiff person syndrome, Takayasu's arieritis, temporal arteritis, uiceralive

colitis, uveitis, vasculitis, vitiligo, viubodynia, and Wegener's granulomatosis.

143.  The composition of claim 125 or use of claim 126, wherein the disorder is a
neurclogical disorder.

144.  The composition or use of claim 143, wherein the neurclogical disorder is
selectad from the group consisiing of Parkinson's disease, Alzheimer's disease, multiple
sclerosis, Amyoirophic laleral sclerosis, Huntinglon's disease, mild cognitive impairment,
amyloidosis, AlDS-related dementia, encephalilis, siroke, head trauma, epilepsy, mood
disorders, and dementia.

145.  The composition of claim 125 or use of claim 128, whersein the hematopoistic

stem or progenitor cells are autologous with respect {o the palient.
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146.  The composition of claim 125 or use of claim 126, wherein the hematopoietic
stem or progenitor cells are allogenic with respect to the patient.

147.  The composition or use of claim 148, wherein the hematopoietic stem or
progenitor cells are HLA-matched with respect {o the patient.

148.  The composition or use of any one of the preceding claims, wherein the
hematopoielic stem or progenitor cells, or progeny thereof, maintain hematopoietic stem cell
functional potential after iwo or more days following infusion of the hematopoietic stem or
progenitor cells into the patient.

148.  The composition or use of any one of the preceding claims, wherein the
hematopoietic stem or progenitor cells, or progeny thereof, localize to hematopoietic tissue
and/or reestablish hematopoiesis following infusion of the hematopoietic stem or progenitor
cells into the patient.

150.  The composition or use of any one of the preceding claims, whersin upon
infusion into the patient, the hematopoietic stem or progenitor celis give rise to recovery of a
population of cells selected from the group consisting of megakaryocyies, thrombocytes,
platelets, erythrocyles, mast celis, mysoblasts, basophils, neutrophils, eosinophils, microglia,
granulogytes, monocyies, osteociasts, antigen-presenting cells, macrophages, dendritic celis,
natural killer cells, T-lymphocyies, and B-lymphooytes,
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FIG. 6E
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FIG. 66
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FIG. 7TA
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FIG. 7F
In Vivo Engraftment and Editing Rates
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FIG. 71

In Vivo Engraftment and Editing Rates
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FIG. 7L

in Vivo Engraftment and Editing Rates
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