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METHODS AND COMPOSITIONS FOR TREATING SICKLE CELL DISEASE AND
THALASSEMIA

BAUKGROUND OF ISCLOSURE

Field of Invention

jB0a1} This disclosure relates to methods for eatment of sickle cell anemia and

thalassenyia,

Technical Backeround

{6002} Genetic {inherited) blood disorders are blood diseases that are passed from
chromosomes of parents to those of thetr childen. Some such discases are severe and can
cause life-long bealth challenges. Disorders affecting hemoglobin, a protein in red blood cells
that carries oxygen throughout the body, can be particularly challenging (¢ address, A
deficiency or mutation in hemoglobin often leads to anemia, a condition in which a patient
can feel tired, weak, or short of breath. Sovere anomia can cause organ damage and death.
{0003 Nickle cell disease (SCD)Y 18 a group of inhenited red blood cell disorders. In
patients with SCD, the hemoglobin 1s mutated and fonms into still rods within the red blood
cells. This changes the shape of the red blood cells that carry the protein: healthy cells are
disc-shaped, but SCh-affected hemoglobin causes cells to be g crescent (stckle) shape.

{0004 The sickle-shaped ¢

colly are not Hexible, and many of thent burst apart as they
move through bloed vesssls. Sic

ckie cells usually only last 10 to 20 days, mstead of the
normal 90-120 day lifespan of red blood cells. The patient’s body miay have trouble making
encugh new cells to replace the ones that are lost prematurely. The resulting deficiency of red
blood cells canses anemia. The sickle~-shaped cells can also stick to vessel walls, causing a
blockage that slows or stops the How of blood. When this happens, oxygen cannot reach
nearby tissues, The lack of oxygen can cause attacks of sudden, severe pain called pain crises
andior strokes when the bram is deprived of oxvgen. These attacks can occur without
warning, and paticats are often hospitalized for these pain enisis events, Bong marrow
fransplants offer the only opportumity for cure and are usually reserved for young patients.
jB005] Thalassemia is another inherited bleod disorder in which the body is unbalanced
in its production of the hemoglobin chains. Because of this imbalance, the hemoglobin
protein does not form normally, causing red blood cells to not function properly and last for

shorter peniods of time, eading to anemida. The disorder can cause the bone marrow to
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expand, leading to bone deformitics. Some thalassomia paticats reguire regudar blood
transfusions.

{BOG6] In light of the continued burden of inherited blood disorders on families, there is a
need for new treatments to address inherited blood disorders, such as sickie cell ancmis and

thalassemia.
SUMMARY OF THE DISCLOSURE

{8007]  This disclosure describes methods and compoesitions for treating inherited blood
disorders, mcluding sickle cell anemia and thalassemia.

{008 As deseribed below, inoa first aspect the present disclosure provides a method of
treating an inherited blood disorder i a subject in need thereof, comprising administering to
the subject a therapeutically effective amount of g bromodoman and extra~terminal motif
(BET) protein inhibitor.

16009} in one cobodinsent of the first aspect, the inherited blood disorder is thalassemia.
fn one embaoediment, the thalassemia is alpha thalassemia. In one embuodinent, the thalassemia
15 beta thalasseria

LU in one eovbodiment of the first aspect, the inherited blood disorder is sickle cell
anemia. In one enbodiment, the sickle cell anemia is type HBSK, In one embodiment, the
sickle cell anemia is type HBSC. In one embodiment, the sickie cell anenna is type HbS beta
thatassenvia. In one cmbodiment, the sickle cell anemia 18 type HbSD, HBSE, or HbSQ.
L8] I one embodiment of the first gspect or embodiments thereof, the BET mdubitor
is MO L

{8012} In one embodiment of the Tirst aspect or embodiments thereot, the BET inhibitor
is CPI-0610.

0013} In one embodiment of the first aspect or embodiments thereof, the BET mhubitor
s PLXS1107,

{014} in one embodiment of the first aspect or embodiments thereof, the BET protein
mbibior whibils bromodomain-conigiing protein 4 {BRD4).

A In one embodiment of the first aspect or embodiments thereof, the BET mrotein
inhibitor inhibits bromodoma-contatning protein 2 (BRI2), bromodomain-contaning
protein 3 {BRD3I), bromodomain-containing protein 4 {BRD4), andfor romodonun testis-

spectiic protein (BRDT)

ot
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{0161  In one cobodiment of the first aspect or embodiments thereof, the BET inhibitor
1s administered to the subyect orally.

8017} In one embodiment of the first aspect or embodiments thereof| the BET mhibitor
15 admmistered to the subject intravenously.

{0181 In one ebodiment of the first aspect or embodiments thereof, the BET inhibitor
is administered o the subject in conjunction with a second therapy. In one embodiment, the
second therapy comprises a histone deacetylase (HDAC) inhibiior. In one embodiment, the
second therapy comprises an antincoplastic agent. In one embodimeny, the antineoplastic
agent comprises hydroxyurea. In one embodiment, the second therapy comprises an HbS
polymerization inhibitor. In one embodiment, the HbS polymerization inhibitor is voxelotor,
In one embodiment, the second therapy s a gene therapy approach. In one embadiment, the
gene therapy approach comprises a lentiviral vector. In one embodiment, the gene therapy
approach comprises gene editing.

{019 Inasecond aspect, the present disclosure provides a method of inducing
expression of fetal and/or embryonic hemoglobin in a subject, comprising adnunistering 8
bromodomain and extra~terminal motit (BET) protein inhibitor to the subject.

{024} In one embodiment of the second aspect, the fetal hemoglobin is homoglobin F
{HbF),

{021} In one covbodiment of the second aspect, the fetal hemoglobin is embryonic
hemoglobin (HbE).

{8022} In one embodiment of the second aspect, the BET indubitor 15 M1,

{00234 In one embodiment of the second aspect or embodiments thereol, the BET
inhibitor is CPLO61C.

{6024} In one entbodiment of the second aspect or embodiments thereof, the BET
nhibifor s PLXS1107,

IDO25] In one embediment of the second aspect or emshodiments thereof, the BET protemn
inhibitor inhibits bromodomain-containing protein 4 (BRD4).

{0261  In one ebodiment of the second aspeet or embodiments thereef, the BET protein
mnhibiior inhibits bromodomain~-containing protein 2 {BRD2), bromodomain-containing
profein 3 {BRD3), bromodomain-containing protein 4 {BRIM), and bromodomain testis-
specific protem (BRDT).

{027} in one eanbodiment of the second aspect or embodiments thereof, the BET

mhibiior s administered to the subject orally.
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{60281 In one cmbodiment of the sceond aspect or embodiments thereof, the BET
mhibior 1 administered to the subject intravenously,

{0294 In one embodiment of the first aspeet, the therapeutically effective amount of the
BET protein mbibitor induces exprossion of fotal and/or embryonic hemoglobin in the
subject. In one embodiment, the expressed fetal and/or embryonic hemoglobin alleviates one

ar more sympions of an inherited blood disorder in the subject. In one embodiment, the one

1%

or more syimptoms of the inherited blood disorder comprises reduced clotting, excessive
bleeding, fatigue, dizziness, malaise, anemia, joint pain, chest pain, delayed development,
jaundice, or dactyliis,

{038]  Inathird aspect, the present disclosure provides 8 methed of inducing
erythropoiesis n 8 subject, comprising administering to the subject a therapeutically effective
amount of a bromodomain and exira-terminal motif {BET) profein imhibitor to the subject.
{0031} In one embeodiment of the first, second, or third aspest, the BET nhibltor 1s one or
more of JOI, I-BET 151, LBET 762, OTX-015, TEN-Q10, CPL203, CPL0614, olinong,
RVYX-208, LY 204002, AZDSIS3 MT-1, MB645, RVX-297, PLX31107, BMS-986138, F1-
0T, INCROA4329, INCBOI7643, and ZEN-3694.

{80324 These and other features and advantages of the present invention will be more

fully undesstond from the following detstled description taken together with the
accompanying claims. It is noted that the scope of the claims 15 defined by the rectiations
therein and not by the specific discussion of features and advantages set forth i the present

description.

BRIEF DESCRIPTION OF THE DRAWINGS

{8033} The accompanying drawings are inchuded fo provide a further understanding of
the methods and compositions of the disclosure, and are weorporated in and constitute a part
of this specification. The drawings Hlustrate one or more embaodiment(s) of the disclosure,
and together with the description serve {o explain the principles and operation of the
disclosure, For all figures, * p<Q.08, ¥ p<QL01, *** p<Q.001,

j0034] Figures 1A-11, Effects of bromedomain and extra-terminal motif

{BET) inhibitor JQT on cell growth and viability in ervthroleukemia cell Hnes. Results
for Davs (D) 0, 1, 2, and 3 are shown, (1A) Cell growth of K562 cells with 200 nM JQ1T or

dimethyl sulfoxide {DMSO) conirol. H1 slightly suppresses celf growth, but this effect was

2
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not statistically significant (n=3). (1B) Viability of K362 cells with 200 aM JQ1 or control.
IO did not affect cell viability in K562, (10) Cell growth of HEL cells with 200 aM JQ1 or
control. Q1 significantly suppress cell growth by Day 3 {(n=3). {1D) Viability of HEL cells
with 208 nM Q1 or control. JQT did not affect cell viability m HEL.

{8035]  Figures 2A-2C, JOT treatment induces hemoglobin (HBG) expression
{ervthropoiesis) in K562 cells, Benzidine-hematoxylin staining was used to detect
hemoglobin. Arrows indicate cells positive for HBG expression. {2A) Representative image
of day 3 DMSO treated cells. (2B) Representative image of day 3 JOQ1 wreated cells. (200
Quantification of percent positive for benzidine-hematoxyhin {observed a3 red cells at Days
{1} 3and § of JOQI treatment (white} versus PMSO control (black ). N=3 for all data shown.
{6036] Figures 3A-3B. Effects of JQ1 on cell growth and viability in K562 cells. (3A)
Cell growth of K362 cells with 200 aM JO1 or contrel. JO1 shightly suppress cell growth, but
this effect was not statistically significant. (2B} Viabiliy of K562 colls with 200aM JQ1 or
control. JOQT did not affect cell viability in K362, N=3 for all data shows.

{0037 Figure 4, RT-qPCR quantification of MY expression in JQ1 (206 uM) or
DMSO treated K562 cells. The DMSO control results are shown in black (diamonds); the
J03T results are shown i grey {squares). Results for Days (D) 1, 2, 3, 4, and § are shown.
{0038} Figures SA-8B, DMSO alone doees pot signilicantly change pene expression.
{3A) Voloano plot of gene expression in day 0 vs. day 3 DMSQ (N=2). {3B) Volcano plot of
gene expression in day Ovs, day 3 DMSO (N=23).

{8039 Figures 6A-6F. JOQI induces ervthropolests in K562 cells, {64) Velcano plot of
gene expression at day 3, K1 vs. DMSO freagtment. (6B-60) GO enrichment clusters of
significantly upregulated (6B) and downrcgulated (60) genes at day 3. {6D) Volcanu plot of
gene expression at day 5, JQ vs, DMSO treatment. {(6E-6F) GO eénrichment clasters of
significantly upregulated (6L} and downregulated (6F) genes at day 5. N=2 for all data
shown,

{8040} Figares 7TA-TH. JOI treatment induces fetal and embryonic hemoglobin
genes in ervthireld cell ines, (TASTC) RT-qPUR quantification of HAB (TA), HBG L2 {(78),
and HBET (7C) expression in K362 cells. (TD-TE) RT-gPCR quantification of HBB (7D,
HEBGA2 (TE), and HBEI (TF) expression in TF-1 cells, {7G) Percentage of HBR, HBG /2,
and ABET transcripts relative 1o total Bglobin transeripis in K562 cells. (TH) Percentage of
HBE HBGIA2, and HBE! transcripts relative to total B-globm transcripts in TE-1 cells. N=3

for all data shown.
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{6041} Figures BA-BD. Baseline gene expression in K562 cells {8A), HEL cells (88),
TE-1 cells (83C), and HL-68 {(8D) vells as a percentage of 188 ribusomal RNA (log scale)
MYC, HBB, HBG1H2, and HBE are shown.

18042} Figures 9A-9K, JQ1 induces fetal and embryonic hemoglobin in erythroid,
but not myeloid eell Hnes. (9A-90) Expression of HRB {9A), HBG /2 (9B, and HBET {9C)
w HEL cells. (9197 Expression of HEE (QD), HBG T2 (9E), and HBE! (9F) in HL~60
cedls, N=3 for all data shown.

043} Figures 10A-10C, HBGT and HBG2 expression was ppregulated equally in
response to JQ L (10A) Differences in HBG/ and HBG2 sequences covered by the PCR
amplicon. Stars indicate sites of base difference between the two genes. Three difforent sites
of modified bases are shown: oytosine (C)thyonne {T) at Base 1, ovtosime {C)goanine (G) at
Base 2, aud thymine (T goanine () al Base 3. For the region surrounding and mcluding
Base 1, the sequence of HBGT 8 TGCCACAAAGC (SEQ 1D NG: 1), and the sequence of
HBGZ is TGCCATAAAGC (SEQ ID NO: 2). For the region surrounding and including Base
2, the sequence of HBGH 15 GACTGCAGTGE (SEQ D NO: 33, and the sequence of HBG2
15 GACTGOAGTGG (SEQ Y NO: 4). For the region surrounding and including Base 3, the
sequence of HBGH 18 ATGATTCAGAG (SEQ 1D NO: 5), and the sequonce of HBGR
ATGATOCAGAG (SEQ ID NO; 6); (10B) Sequencing results showing PCR product from
both HBGT and HBG2 in K362, The ratio of the signal peak height was quantified and used
as an approximation of expression ratios. (100} Scquencing resalts showing PCR prodact
from both HBGT and HBG2 in HEL. Rase 1 of HBGT 1 evidently nnutated from Cto T,
which made the twe transeripts indistinguishable. The other two bases were ysed {o quantily
HBGUHBG? vatios,

04 Figures 11A-TID, JOQT induces ervthropoietic genes in K562 and TH-1 cells,
{11A) Expression of alpha- and beta-cluster hemoglobin genes in K562 cells. Insett HED and
HBG expression, adjusted y-axis. (11B) Expression of genes involved i home biosynthesis

in K362 cells, (11C) Expression of alphar and beta-cluster homoglobin genes in TH-1 cells,

{11D)) Expression of genes involved in heme biosynthesis in TF-1 celis, N=2 for all data
shown.

D043} Figures 12A-12L. Other BET inhibitors exhibited effects similar to JQL in
ervihroleakemin coll Hnes, (12A-12CY HBB (128), HBG L2 (128, and HBEI {120
expression in K362 cells treated with CPE0610. (12D12F) HRB (120, HBGE2 (128}, and
HBET {(12F) expression in K362 cells freated with PLXITT07. (12G-121) HBB (120},
HBGL2 (12H), and HEET (121) expression in TE-1 cells treated with CPI-0610. (125-12L1)

e
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HBE (121, HBG 2 (18K, and HBE! (181 expression in TF-1 cells treated with
PLXS1L07. N=3 for all data shown.

{046} Figures 13413, JQ1 downregulates known inhibitors of fetal hemoglobin,
{(13A) MYE expression in K362 and TT-1 cells. (13B)y miR-154 expression in K562 and TF-!
celle (13C) miR-16~7 expression in K362 and TF-1 celis. (13D BCLT L4 expression in K562
and TF-1 cells. (13E) HEMGN cxpression i K362 and TF-1 cells. (13F) BCLI 1A cxpression
m K562 and TF-1 cells. N=3 forall data shown,

{047} Figures 14A-T4N, Expression of known fetal hemoglobin regulators. (14A-
14E)Y RNA-seq quantification of NR2F2, BCLIIA, KLFI, GATAL, and HEMGN expression in
K362 cells. (14F-141) RNA-seq quantification of NR2F2, BCLIIA, KEFI, GATAL, and
HEMGN expression m TH-1 cells, {14K) RNA-seq quantification of MYB expression in K562
cedls, (1410 RT-gPCR guantification of miR-134 and suiR-16-1 in K362 cells. (14M) RNA~
seq quantification of MYE expression in TF-1 cells, (14N RT-qPCR quantification of miR-
154 and miR-16-1 in TE-1 cells, Ne=3 for niR-154 and miR-16-7 (141, 14N N=2 for all
ather data shown,

{048} Figures 15A-13C. JO1 changes interaction frequencies between the LUR and
the P-globin gepes, (15A) 30-qPUR quantification of intoraction frequencies between the
LUR and segments of the 3~globin locus tn DMSO vs. JOI treated K362 cells. (18B) 3¢-
gPCR guantification of interaction frequencies between the LCR and segments of the -
globin locus i DMSQO v JQT treated TE-1 cells. (15C) 3C-qPCR quantification of
interaction frequencies between the LOR and segments of the f-globin locus in EPO vy
EPOHIQT treated TF-1 cells, Track on top indicates the position of genes and the DNA
fragments from BcoR1 digestion. LCR: locus control region. HS: DNase hypesensitivity site.
Anchor symbol indicate the fragment containing the bait primer (H-5432} N=3 for all data
shown.

10049} Figures 16A-16B. The LOR interaciion with beta-globin genes was not
changed by EPO treatment. 3C-gPCR guantification of the LOR intersction frequency with
various sites in beta-globin cluster, N=3,

[0S0} Figures 17A-17C, JO1 changes interaction frequencies between BGLTS and
the fetal homoglobin genes, (17A) 3C-gPCR gquantification of interaction frequencies
between BGLTS and the folal hemoglobi genes in DMSO v JO1 tregted K562 cells. (178)
IC-qPCR quantification of interaction frequencies between BGLTS and the fetal hemoglobin
genes in DMSO vs. JQ1 treated TF-1 cells. (17C) 3C-qPCR guantification of interaction

frequencies hetween BGLTY and the fetal hemoglobin genes in BPO vs, EPO+IQ treated
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TE-1 cells. Track on top indicates the position of genes and the DNA fragments from EcoRl
digestion, LOR: locus control region. HS: DNase hypersensitivily site. Anchor symbaol
indicate the fragment containing the bait primer (H-5432) N=3 for all data shown,

{0051 Figures 18A-18C. JO1 does not affect GATAL acebviation. (18A) 10% 1P input
from K362 nuclear fysate along with positive and negative controls for GATAT antibody.
TOPT was used as foading control. Positive control: K362 nuclear lysate. Negative control:
HEK-293T nuclear lysate. (188} Anti-acetyb-lysine staining on immunoprecipretated K362
nuclear hysate, Normal rat-1g( was used for the Ig control. (18C) Total and acetyl-GATAL
guantification in DMSO or JO1 treated K562 colls, Signal intensity was measured by magel

and normalized to corresponding TOP! staining (N=3). n.s. not significant.

DETAILED DESCRIPTION
[BOS2] Provided herein are methods and compositions for treatment of sickle cell anemia
and thalassemia,

{BU53] 1118 to be understood that the particalar aspects of the specification are described
herein are not limited to specific embodiments presented, and can vary, It also will be
understood that the ternmnotogy used herein is for the purpose of descnibing particular aspedts
only and, unless specificatly defined berein, 13 not intended to be Bmiting. Moreover,
particudar embodiments disclosed herein can be combined with other embodiments disclosed
herein, as would be recognized by a skilled person, without hmitation.

{B034]  Throughout this speciication, unless the context specifically mdicates otherwise,

L,

the terms “comprise” and “include”™ and variations thereof {e.g., “comprises,” “comprising,”

“includes,” and “including™) will be understood to indicate the inclusion of a stated
component, feature, element, or step or group of components, foatures, clements or steps but
not the oxclusion of any other component, feature, eloment, or step or group of componeids,
features, clements, or steps. Any of the terms “comprising”™, “cousisting essentially of”, and
“eonsisting of " may be replaced with either of the other two rms, while retainiag thewr
ordinary meamngs.

Y e

{B055] As osed herein, the singular forms “a,” “an.” and “the” include ploral referents
uniess the context clearly indictates otherwise,
[BO36]  Percentages disclosed herein can vary i amount by 14, 20, or 30% from values

P

disclosed and remain within the scope of the contemplated disclosure.
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{8057 Unless otherwise indicated or otherwise evident from the context and
understanding of one of ordinary skilf in the anl, values berein that are expressed as ranges
can assume any specific value or sub-range within the stated ranges in different embodiments
of the disclosure, o the tenth of the unit of the lower limit of the range, unless the context
clearly dictates otherwise.

{6058] As nsed herein, ranges and amounts can be exprossed as “about”™ & particular value
or range. About also includes the exact amount. For example, “ashout $%™ means “about 857
and alse “$%.” The term “about™ can also refer to = 10% of a given value or range of values.
Theretore, about 5% also means 4.5% ~ 5.53%, for example.

T As used herein, the terms “or” and “and/or” are utilized 10 describe nultiple
components in combination or exchusive of one ancther. For example, s, v, andfor 27 can

b B

referfo “x7 alone, “y" alone, "M alone, "y, and 27 " and yyor 2" xoor {y and 2),7 or
oryore”

{060} “Pharmaceutically acceptable” refers to those compounds, majerials,
compositions, and/or dosage forms which are, within the scope of sound medieal judgment.
suitable for contact with the tissues of human beings and animals withowt excessive toxicily,
irritation, allergic response, or other problems or complications componswrate with a
reasonable benelit/nsk ratio or which have otherwise been approved by the United States
Food and Drog Administration as being acceptable for use in numans or domestic aninls.
{8061} “Therapeutically effective amount”™ or “effective amount™ refors 1o thal amount of
& therapeutic agent, such as a BET inhibifor, which when administered to 8 subject, is
sufficient o effect treadment {2, unprove symptoms} for a disesse or disorder desentbed
herein, such as sickle cell disease. The amount of a compound which constitutes a
“therapeaticatly effective amount”™ or “effective amount” can vary depending on the
compound, the disorder and s severity, and the age, weight, sex, and genetic background of
the subjeet to be troated, but can be determined by one of crdinary skill i the art

{0621  “Treating” or “ireatment” a5 used herein refers to the tregtment of & disease or
disorder desertbed herein, iy a subject, preforably a human, and inclades inhibiting, relieving,
ameliorating, ot slowing progression of the disease or disorder or one or more symptoms of
the disease or disorder.

{8063} “Subject” refers to a warm blooded animal such as a mammal, preferably a
Ieman, which is afflicted with, or bas the potential to be afflicted with one or more discases

and disorders deseribed herein,
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{064]  “Pharmacentical composition™ as used herein refers to a composition that includes
one of more therapeutic agents disclosed heren, such as a BET protein inhibitor, &
pharmaceutically acceptable carrier, a solvent, an adjuvant, and/or a diluent, or any
combination thereof,

[065]  In view of the present disclosure, the methods and compositions described herein
can be configured by the person of ordinary skitl in the art to meet the desired need. In
general, the disclosed materialy and methods provide improvements i treating stekle cell
anenya and thalassemia and similar blood disorders.

{066} fnhented blood disorders manilest with a vaviely of symptoms. Some affect
clotiing (by reducing or effectively climinated clotting) leading to casy brutsing andéor
excessive bieeding (o.g.. froquent nosebleeds or excessive bleeding duning or after invasive
procedures). Hemophilia and von Willebrand Disease are examples of these clotting
discrders. Other disorders affect the preduction or maintenance of red blood cells, and a
mmber of these disorders affect hemoglobin, Additional sympioms associated with inheriied
blood disorders include fatigue, dizziness, malaise, ancnia, jomnt pamn, chest pain, delayed
development, jaundice, and dactylitis.

{0671 Hemoglotun s an iron-rich protein i red blood cells. Oxygen entering the lungs
attaches to the hemoglobin in the blood, which carries it {o the tissues i the body The oxygen
is released from the hemoglobin in tissues throughout the body, allowing for acrobic
respiration, When a subject has insufficient red blood cells or red blood cells that do not work
properly, the body is Jeft short of the oxygen it needs to function.

jBU6S] Human hemoglobin is a tetramer consists of two g-like globins and two B-like
globins. The f-like globing are encoded by a cluster of genes tocated on chromosome

Hipls4 (HBB cluster). The HBE cluster consists of five genes! 3HBEI-HBG2-HRG -
HBD-HBE-3". These genes are expressed during differemt stages of human development and
underge a series of epigenetic switches, HBET 15 expressed in the carly embryonic stage ad
makes up the embryonic hemoglobing (Hb-Gower 1, Digr, and Hb-Gower 2, wesa(1-3). HBGT
and HBG T expression surpass HEET in the carly fotal stage to make fetal bemoglobin (HbE,
aayz ), which is the predominant form of hemoglobin until months after birth. The switch from
fetal to adult hemoglobin (HbA, i) starts soon after birth, where HBE expression overtakes
HBG L2 10 become the predominant foom of hemoglobin (1.4}, This switch does not
completely shut down HbF production, and novmal adults have HbF consisting ~1% of all

hemoglobin.
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{069 Expression of f-globin locus geney 15 under the contral of locus control region
{LOR), an enhancer-rich region § of the gene cluster. Previous studies bave shown thal
transcription factors { TEs) binding LOR promote looping and bring the enhancers in contact
with promoters of feglobin geney {2}, Forced looping of LOR  HBG/ and HBG2 keadste
reactivation of HbF in adult €34+ hematopoietic stem cells (HSCS) during ervthropoiesis
{3,8). In particular, the ervthroid-lincage TFs GATA T and KUFI promote looping of LCR to
the promoter of HEE (7-9). Notably, GATAL requires the assistance of BET bromodomain
profeins {e.z., BRD2, BRI, BRI, and BRDT) to bind to the feglobin locus (10,11}
{00701 The bromoedomain (BRD) is a 110 amino acid protein domain that can recognize
monoacetviated tysine residues. The recogaition is a prerequisite for chromatin remodetling,
and BRD-contaimng proteins play su important role m directing chromatin remodeliing
enzymes to specific sites. The BET funily of proteins 1 characterized by the presence of two
tandem bromodamaing plus an extra-térmnal (BT} donain. The ET domain 15 a conserved
region of ~80 amino acids that performs 8 regulatory function by recrulting specific effector
proteins. The manunalian BET family of proteins comprises bromodomain-containing
profeins 2, 3, and 4 (BRD2, BRD3, and BRD4} and bromodomain testis-specific protein
(BROT).
{8071}  BUT bromodomain inhibitors can cause reversion of the fetal-adult hemoglobin
switch and increase the proportion of HbF in adult ervthrocvtes. Sickle cell anemia and
thalassemia are genetic disorders that affect hemoglobin, There 1s 3 vaniety of subtypes of
sickle cell anemia {alse known as sickle cell discase, or SCIY with different genetic
components, Iy the HbSS subtype, the subject inherits two sickle cell genes (°87), one from
sach parent. This subtype s usnally the most severe foras of the discase. Subjects with HhSC
inhert a sickle cell gene (57} from one parent gad & gene for an abnomal hemoglobin called
“C™ from the other parent. This subtype is usually a milder form of SCD. Subjects who have
HBS beta thalassamia inhenit one sickle cell gene (87} front one parent and one gene for beta
thalassenyia from the other parent. There are two fypes of beta thalassemia: "07 and ¥+
Those with HbS beta O-thalassemia usually have a severs form of SCIY People with HbS beta
+~thalassemia tend to have a milder form of SCD. There also are a fow rarer types of SCD:
HBSD, HbSE, and HbSO. People who have these forms of SCD inherit one sickle cell gene
{87 and one gene foran abnormal type of hemoglobin (D7, “E”, 08 07} The severity of
these raver types of SCID varies.
{8072} In individuals who have sickle coll rait {(SCT), or HbAS, one sickle cell gene

{“87}is inherited from one parenf and one normal gene (UAT) from the other parent. People
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with SCT psually do not have any of the signs of the disease and live a normal fife, bt they
can pass the frait on {o thew children. Additionally, there are @ few uncommon health
problems that may be related to sickle cell trait.

{88731  Thalassomia has bwo main types: alpha thalassemis and beta thalassemia. In alpha
thalassemia, the hemoglobin does not contain snough alpha protein. To make alpha-globin
wotein chams, four genes are needed: two on cach chromosome 16, ane or more of these

enes is missing, alpha thalassensa will vesadt. Two globin genes are needed to make be

=

globin chains - one on cach chromosome 11, I one or both genes are fanlty, beta thalassemia
will oceur, The severity of thalassemia in each case depends on how many genes are faulty,
ar mutated. The words “trait,” “minor,” “intermedia,” or “major” are used o describe the
severity of thalassema. For example, a person who has thalassenia trail may not have any
symptoms at all or way have ouly nmuld anemia, while a person with thalassenia major ay
have severe symptoms and may need regular bloed transfusions.
{074} Based on the present disclosure, it 18 beheved that inhabitors of bromodomain and
extra-terminal motif (BET) proteins {referred o as “BET protein whibutors™ or “BET
inhibiors”™) can be effective for treating different subtypes of sickle cell disease and vanous
types and severities of thalassemia, While not wishing to be bound by theory, it is believed
that BET protetn inhibitors can be used to induce andfor enhiance the expression of normial
fetal andior em b'ry{mic hemoglobin genes m individuals having mutated adolt hemoglobin
genes to alleviate sympions of different subtypes of sickle cell disease andior various types
and severtties of thalassemia.
{8075 Induibitors of BET proteins prevent the protein-protein interactions between BET
proteins and acetylated lstones and transcription factors. A BET inhibitor can modulate
activity of one or more of BRD2, BRD3, BRDM, and BRDT. Non-limiting examples of BET
ihibitors contemplated for use in the present disclosure include one or more of Q1 (&
thienotniazolodiazepine: svailable from Stema-Aldrich), FBET 1531 {(GlaxoSmithKline), I
BET 762 (also known as GSKI23762, mohibresib; GlaxoSmithKline), OTX-015 {(also known
as MK-8628; Merck Sharp & Dohme Corporation), TEN-010 also known as ROSSTOR10
{Hottiman La-Roche), CPE-203 (Constellation Pharmacenticals), CPL06 10 (Constellation
Pharmaceuticals), olinone, RVX-208 (alse known as RVX(G00222 apabetalone; Resverlogin
Corporation), LY 294002, AZDS 153 (AstraZeneca), MT-1, M3645, and RVX-297
{Resverlogix Corporation), PLXS1IO7 (Plexxicon), BMS-OR&138 (Hristol-Myers Squibly),
FT-1101 {Forma Therapeuties), INCUBU54329 {InCyie Corporgtion), INCBOSTH43 (InCyte

Corporation}, ZEN-3694 (Zenith Epigenetics), and combinations thereof,
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{8876]  Compositions
077 In some embodiments, pharmscottical compositions contemplated heremn include
a therapeutically effective amount of one or more BET mbhibitors. Such compositions may
further nclude an appropriate pharmacoutically accepiable carrier, solvent, adjuvant, diluent,
ar any combination thereof. The exact nature of the carricr, solvent, adjuvant, or diluent will
depend upon the desired nse (e.g., route of administration) for the composttion, and may
range from being suitable or acceptable for veterinary uses to being suitable or acceptabie for
human use,
{H078) BET inlubttors of the present disclosure can be administered through g variety of
routes and in various compositions. For example, compositions containing BET inhibitors
can be formulated for oral, intravenous, topical, ocular, buccal, systomie, pasal, mjection,
fransdermal, rectal, or vaginal adninistration, or formulated 1 a form suitable for
admipistration by inhalation or insuffiation. In some cmbodiments of the present disclosure,
scministration 13 oral or intravenous:
16079 A variety of desage schedules is contemplated by the present disclosure. For
example, a subject can be dosed mowthly, every other week, weekly, datly, or multiple times
per day. Dosage amounts and dosing frequency can vary based on the dosage forny and/or
route of adminisiration, and the age, weight, sex, andfor severtly of the subject’s disease. In
some embodiments of the present disclosure, one or more BET inhibitors is administersd

orally, and the subject is dosed on a daily basis.

[B080]  The therapeutic agenis (also referred to as “compounds™ herein) described herein
{£.g., BET mnlubitors and secondary therapeutic agents), or composittens thereof, will
generally be used in an amount effective to achieve the intended result, for example, i an
amount etfective to provide a therapeutic benefit to subject having the particular discase
being treated. As used heretn, thergpeutic benefit refers to the eradication or amelioration of
the underlving disease being treated andlor eradication or amelioration of one ormore of the
symptoms associated with the undertying discase soch that a subject being treated with the
therapeutic agent reports an improvement in feeling or condition, notwithstanding that the

subjoct may still be afflicied with the underlving disease.

{081} Nop-hmiting exampies of contemplated sccondary therapeutic agents melude one
or more histone deacetylase (HDAC) minbitors, Examples of bistone deacetylase mbibitors
include panobinostat, entinestat, romidepsin, and vorinestat, Other therapies can comprise an

anfineoplastic agent. In some embodiments, the antineoplastic agent is hydroxyurea. Other



WO 2021/062238 PCT/US2020/052842

therapies can also inclade an HbS polymerization inhibitor. In some smbodiments, the HbS

potymerization iphibitor 1 voxelotor. Other therapies can include administration of a

hematopoicte stem cell mobilizer. The stem celt mobilizer can be plerixafor.

{0821 Determination of an effective dosage of compound(s) for a particnlar disease

and/or mode of admimstration 18 well known. Effective dosages can be estimated imtially

fron in vitrp activity and metabolism assays, For example, an inigial dosage of compound for
use i a subject can be foomulated o achieve a circulating blood or sexum concentration of
the metabolite active compound that 8 at or above an s of the particular compound ag
measared in an i virro assay. Calculating dosages to achieve such circulating blood or serum
concentrations taking into account the bioavailability of the particular compound viz a given
route of administration is well within the capabilities of a skilled artisan. Initial dosages of
compound can also be estimaled from i vive datg, such as from an appropriate animal
model,

jOUR3] Dosage amounts of BET mhibiors and secondary thergpeutic agents can be in the
range of from about 0.0001 mgrkgdday, about 0.001 mg/kg/day, or about 0.01 mpikg/day to
about 100 mg/kg/dav, but may be higher or ower, depending upon, among other factors, the
activity of the active compound, the bioavailability of the compound, its metabolism kinetics
and other pharmacokinetic propertios, the mode of adiministration and various other factors,
meluding particular condition bemng treated, the severity of existing or anticipated
phyvsinlogical dysfunction, the genctic profile, age, health, sex, diet, andfor weight of the
subject. Dosage amounts and dosing intervals can be adjusted individually 1o maintain a
desired therapeutic effect over tme. For exataple: the compounds may be administered onee,
or once per week, several times per week {e.g., every othor day), once per day or mudliple
times per day, depending upon, among other things, the mode of administration, the speeific
mdication being treated and the judgment of'the prescribing physician. In cases of local
adminisiration or selective uptake, such as local topical administration, the effective Iogal
concentration of compound(s) and/or active metabolite compound(s) may not be related to
plasma concentration. Skilled artisans will be able to optimize effective dosages without
undue cxperimentation.

{084} For example, a dosage contemplated herein can include a single volume of about
.1,02,03,04,05,06,07, 08,09, 18, 1.5, 2.0, 2.5, or 3.0 mL of a pharoacentical

composition having g concentration of a BET inlabilor at about 0.001, 0.01, 0.053, 0.1, 0.2,

14
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0.3,04,0.5,06,0.7,08,09,1.0,1.5,2.0,2.5,3.0,3.5,4.0,45,5.0, 10, 15, 20, 30, 100,

200, 300, or 1000 uM i a pharmaceutically acceptable carrier.

{085 In some embodiments, the subject is tested betore treatment {o determine which
BET mmhibitor will be most effective. This testing can be performed by isolating primary
hematopoietic stem cells from the subject and perfonming an in vire drug sereening. The
BET inhibitor found to be most effective in the solated homatopoietic stem cells of the
subject, for example, resulting in the most desirable gene expression in the cells, can be used

to freat the subject
{BORG] Methods

087  In some ambedunents, methods of treating an inherited blood disorder in a subject
in need thereof include administering fo the subiect a therapeutically effective amount of one
ar more bromodomain and extra-ferminal mottf (BET) protein inhibitors and optionally a
second therapy andfor secondary therapeutic agent. Treatable inherited blood disorders can
include thalassensias (alpha thalassenia and beta thalassemia) and sickle cell apemia {type
HBSS, HBSC, HbS beta thalassemia, HBSD, HBSE, or HHS(Q,

{O08E] i some exbodiments, the therapeutic methods contemplated herein include
mhibiting bromodomain-containing protein 4 (BROY), bromodonuain-containiog protein 2
{BRD2}, bromodomain-containing protein 3 (BRD3), bromodomain-containing protein 4

(BRI}, andfor bromodomain testis-specific protein {HRDT).

jOU8Y] In some embodinents, the therapeutic methods contemplated herein include
administering to the subject a pharmaceutical composition to the subject orally andéor
miravenously.

{000} o some cmbadiments, the thergpeutic methods conterplated berein include
adnuinistering to the subject a pharmaceutical composition including both one or more BET
protein inhibitors and one or more secondary therapeutic agents. In other emboduments, the
therapeutic methods include adminusterning a first pharmaceutical composition including one
armore BET protein inhibitors and a seeond phanmaceatical composition including one or

more secondary therapeutic agents,

{B091 In some emboduments, the thergpeutic methods contemplated heretn nclude
administening to the subject @ pharmaceutical composition including one or more BET
protein inhibitors and adminisiering a gene therapy approach fo treat the inherited hlood

disorder i the subject. For example, the gene therapy approach can be administration of 8
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lfentiviral vector 1o the subject and/or ex vive gene editing of hematopoietic tissues taken from

the subject.

{80924 In some embodiments, the therapeutic methods contemplated herein include
inducing expression of fetal andfor embrvonic hemoglobin in a subject by adniinistering a
bromodomain and exirg-terminal motif{BET) profein inhibitor o the subject. For example,
the hemoglobin can be fetal hemoglobin F (HbF) andfor embryonic hamoglobin (HBE) and
the expressed fetal and/or cmabryonic hemoglobin can alleviate one or more symptoms of an
inherited blood disorder in the subject. In some embodiments, the one or more syaptoms of
the inherited blood disorder comprises reduced clotting, excessive bleeding, fatigue,
dizziness, malaise, anemia, joint pain, chest pain, delayed development, jaundice, or

dactylitis,

{6093} In some embodiments, the thergpeutic methods contemplated herein inclade a
method of inducing ervthropotesis in a subject inchuding administering o the subject a
therapeutically effective amount of & romedomain and extra<terminal motf (BET) protein

mhibitor

{0094] in some embodiments, the therapeutic methods contemplated herem melude
treating a subject having or suspected of having a hemoglobin-related disorder, such s sickle

cell anemia, thalassemia, and simvilar blood disorders, with a therapeutic amount of one or

CRI-0610, olinone, RVXS20R, LY294002, AZDSIS3, MT-1, MS6ds, RVXL297, PLXS51107,
BMSO8615K, FT-LHG, INCBOSMI20, INCBO57643, and ZEN-3694.

{095} in some embadiments, & therapeutic method confemplated herem includes treating
a subjeet having an abnormal hemoglobin by obtaining a sample from the subject (e.g., blood,
plasma, urine, saliva, or tissue), detecting an sbnormal hemeoglobin in the sample, and
adminisiering a therapentic amount of one or more BET inhibitors andfor a secondary
therapentic agont 1o the subject. In this context, the term “abnormal hemoglobin™ refers
any abnormality defected in the subject’s hemoglobin such as those that adversely allect
hemoglobin structure or homeglobin function, shnormal hemoglobin expression levels,
abnormal hemoglobin clesrance rates, abnormal types of hemoglobin expressed, and the like,
{8096} in some embodiments of the present disclosure, the response of a subject to BET
wibibiior admunistration 1s used {o diagnose an HEB-related disorder. For example, a method

of treating a subject for an HBB-~related disorder car include administering a therapeutically
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effective amoeunt of a BET miubitor 1o a subject suspected of having HER-related disorder,
and alleviating one or more symptoms associaied with the HBR-related disorder, wherein the
alleviation of the one or more symptons by administration of the BET inhibitor is indicative
of the subject having an inherited blood disorder.
{80971 1 some embodiments, ong or more BET inhibitors can be administered in
conjunction with another therapy or therapies for an inherited blood disorder {a second
therapy or secondary therapentic agent). In some embodinents, the BET inhiibifor 18 debivered
concurrently with the other therapy or therapies or administration can be in segies {e.g., 2
BET inlubitor 1s administered before or aller a secondary therapeatic agent).
098] In some embodiments, the BET inhibitor treatment s accompanied by a pene
therapy approach. The gene therapy can be performed ex vive, and the subject can be treated
with avtologous hematopoietic cells. The gene therapy approaches can function, for example,
by adding a cassetie to dnive expression of a normal beta chain, The gene therapy approach
can comprise a lentiviral therapy. The lentiviral vector can comprise, Tor example, a human
B-A-TR7Q) globin pene (LentiGlobin BH3DS, bluchird bio)
{8099} Alfermatively or in addition, the gene therapy approach can function through gene
editing, For example, the gene therapy approach can use clustered regularly interspaced short
palindromic repeats (CRISPR) and CRISPR associated protein B (Cas9), zine finger nuclease,
ar related technologies (o correct one or more defective genes, or alter expression of
compensatory genes. For example, the gene therapy approach can mvelve engineenng
hematopoictic stem cells to produce high levels of fetal hemoglobin by editing the RCLI 1A

gene {CTXO01, Verlex/CRISPR Therapeutics; BIVVOUS, Bioverativ/Sangamao).

EXAMPLES
{010B]  The Examples that follow are illustrative of specific embodiorents of the
disclosure, and various uses thereof. They are set forth for explanatory purposes only and

should not be construed as Tovating the scope of the disclosure 1 any way.

Example 1: BET bromodomain inhibiters enhance the expression of fetal and

emberyvonic hemoglobin genes

Sumnary
{00101} The human hemoglobin genes consist of three distinet fypes of hemoglobin
expressed at different developmental stages. The tiimhi‘yi‘}nit? hemoglobin is preduced at the

gariiest stages of embryonic development gnd 18 seon replaced by etal hemoglobin (HbF),
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HbF persists throughont prenatal dovelopment and 15 overfaken by the produaction of adaht
hemoglobm (HbA) after a fow months glier birth, The mechanisms resulting in the fetal o
adult hemoglobin switch at the B-globin Iocus involves numerous protein complexes and
relies on proper chromatin looping. In inhentted blood disorders that invelve nnutations in the
aduli bemoglobin gene, such as sickle cell anemia (SCAY, a major treatoient strategy 1§ 0
reactivate fetal hemoglobin to partially replace the mutated sickle hemoglobin (HHS)
However, options for phanmacoelogical inducers of fetal hmwgiubin remain few beyond
hydroxvurea. Here, it is reported that BET inhibitors induced specific upregulation of fetal
and embryonic hemoglobin production i vitre. In cells expressing the adult hemoglobin gene
HBB, IQT treatment reduces the proportion of adult hemoglobin transeripts 1o favor of fetal
and eothryonic hemoglobin genes. Mechamisticatly, JOQ1 freatment redoces the expression of
fetal bomoglobin inhibitors AMYR and BOLH A In TE-1 cells, 30T also upregudnies the
ICRNA gene BGLTS, which leads to inereased enhancer contact with the HbF genes. These
results suggest that small molecule BET mhibitors could have clindeal utility in the treatment
af SCA and other inherited hemoglobmopathies by upregulating H5F and embrvonic

hemoglobin genes,

Introduction

{EOH2]  Provious studies have shown that BET mhibttors induce differentiation of
erythroid cell lines UT7, but they did not characterize which hemoglobin genes were
expressed (12}, Although some studies bave performed RNA-seq on JQ1-treated K362 cells,
none has focused on the differentistion properties of JQ1, and the length of the trestment was
generally foo short to characterize erythropoietic phenotypes (13-18). Here, how BET
inhibiors affect the inferaction between the LOR and ifs target hemoglobin genes and the
expression of genes regulating ervthropolesis was examined. I was bypothesized that BET
inhibitors would promote sxpression of erythropoietic genes and suppress genes involved in
myeleid diftforentiation. In addition, since BET proteins are heavily involved in the looping
between LOR and the adult hemoglobin genes, it was reasoned that BET romodomain
inhibiors would &iismpi this interaction and increase the expression of fetal and embryonic

hemoglobing, suggesting likely chinical utility,

Materiels and Sethods
H0103]  Cell lines and BET tnhibitor freatmenis
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{00104] K862, HEL, and HL-60 cells were coltured in RPMI 1640 medium supplemented
with 0% FBS, TF-1 cells were caliured in RPMI 1640 mediom supplemented with 10%
FRS and 4 ng/mi. GM-CSF. Before treatment, THE-1 cells were washed dx with RPMT 1640
without supplements, and cultured i RPMI 1640 medim with 10% FBS but oo GM-CSF for
24 howrs. 4 ngfml GM-CSE or 3 aniis/imb. BEPO were added at the time of treatmont set up.
K362, HEL, and HL-60 cells were cultured as normal uoti! troatment setop. JQ1T (Sdgma-
Aldrich, SML1524), CPLU610 {Selleck Chemicals, 87853, and PLXS1107
{MedChemExpress, HY~111422) were dissolved in DMSO to 10 miM concentration and
stored in -807C, All three inhibitors were applied to cells at 200 oM, with parallel DMRO
treatment {0.002% ) as control. 3T and PLXS1 107 were added to cell cultwre at day ©
without additional treatments up to day 3. CPLO610 was reapplied to the colls on g daily
basig.

{BOL0R]  Cyiospin and benzidine-hematorylin staining

H0106] K562 cells were cowted, and 200,000 cells were collected by spinning at 400 g
Culture media was discarded, and cells ware re-suspended in 100 ul. of PBS. The cells were
spun onto glass shides at 600 rpm, which were allowed to dry for ~20 minutes before staining.
The shdes were stained in 0.2% benziding solution i 0.5 M acetic acid for 4 minutes,
followed by 2 minutes tn 2% HaOs in 70% ethanel, and 3 minutes washing in ronning tap
water, After the wash, the slides were further stained in 1x hematoxyvlin selution for 1 mimse,
followed by another 3 minutes wash in running tap water. The shides were then air-dried and
mounted.

{80107}  Microscepy and quantification of benzidine staining

[00H08] At least three mandomly selected fields of stawned cells were imaged at 40x
magmiication. Images were processed asing the Color Degonvolution plugin in Imagel
software to separate hematoxylin and benzidine staining to different channels (37). The
nunbers of benzidine-positive cells and the intensity of benzidine staining were quantified in
the benzidine channel, whereas the total cell munber and abnonmal nuclear morphology were
quantificd in the hematoxylin chanpel. Results of @l fields from each slide were sunnmed for
the final quantification.

80109}  gPCR guantification of gene expression

[BOLI0]  cDNA hibraries for mRNAs were made from | ug mput RNA using High-
Capacity ¢DNA Reverse Transcription Kit { ThennoFisher, 4368814}, Gene expressions were

guantified using Power SYBR Green PCR Master Mix { ThermoVFisher, 4367659). Primer
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with Tagman Advanced miRNA ¢cDNA Syathesis Kit (ThermoFisher, AZ8007). miR-15A
and miR-16-1 were quaniiied using the Tagman Advanced miRNA Assays {ThermoFisher,
AZ3576) specifie to hsa-miR-15a-5p (assay 1 477838 mir) and hsa-miR~16-3p {assay 1
477860 _mir).
{011} BNA-seq and data processing
{80112]  Sample RNA Lbraries were prepared using the KAPA mRNA HyperPrep Kt
{Roche, KKRSR{H) with 1 pg nput RNA and submitted for sequencing. Raw reads in fasty
format were aligned to the bgl9 reference genome using HISAT2{38) with Gencode gene
and transcript annotation (GROCR37.p13)39). Gene expression was quantified and compared
by tools in the Cufflinks package (40}, GO analysis and term clustering was performed using
g:Profiler and Cytoscape following the protocols published by Reimand ot gl (41).
0113} 3CqPCR guantification of LUR interaction freguency
{B0114]  Meatheds for chromatin conformation capture (3C) gPCR was adapted from
Hagége et al. (42). Briefly, 10 million cells were collected and fixed with 1% formaldehyde
for 5 minmutes in PBS with 10% FBS for § minuotes, then quenchied by 124 M glyeme on s
The fxed cells were then tysed and digested by 400 units of EcoRI {(NER, R3101}, Small
aliquots of the samples were taken before and after the digestion as digestion controls,
Following the digestion, the samples were diluted and ligated by T4 DNA higase (NEB,
MO202). The samples were then reverse-crosstinked, and DNA was purified by phenole
chiorotorm exiraction. The digestion efficiency, sample purity, and DNA concentration of
cach sample were assessed by gPCR 1o exclude low-quality sanmples prior to the 3C
quantification. Previously published 3C primers were used (43.44), histed m Table 1. Prower
patrings for all processes in 3CqPCR are listed n Table 2. Caloulated quantity of cach
primer pairs was normalized as number of templates per muthion B13 control site template.
Additionally, because the Gg primer anneals to both HBG and HBG2 {ragments, while the
Ag priner anneals (o only HBG2 fragment, the Gg primer signal was subtracted by Ag
primer signal to quantify the HBG wteraction frequency. Al 3C-qPCR was performed using
Power SYBR Green POR Master Mix (ThermoFisher, 4367639,
{H0115] Immunoprecipitation (IP) and quantification of acety-GATAL
{80116}  Nucloar protein was extracted according to previously deseribed protocol (45}
10% of the nuclear protein exirsetion was saved &s wput. The remaining nuclear extract was
dituted with non-denaturing [P buffer (20 mM Tris~HC pH 8, 137 mM Nal, 10% glyeeral,
1% Tridon X-100, 2 mM EDTA) and pre-cleared with normal rat IgG (Santa Cruz, s¢2026)

and Dvnabeads Protein G (ThermoFisher, 10004D). Pre-cleared solutions were split into two
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equal portions, and 3 pg ol anti-GATAL antibedy (Santa Cruz, se266) or normad rat gl were
added to cither portion and incubated overnight at 4°C overnight, Anlibodies were then
pulled-down using Dynabeads Protein G, and washed Ix with the IP butfer and 2x with PBS
contaiming 1% Triton X-100. The beads were boiled in 2x protein loading buffer to dissociate
the protemns. fnput and IP-cd proteins were ran on SDS-PAGE gels and transferred to PVDF
membranes. The input samples were blotted using anti-topoisomerase 1 {Abcam, abl{9374)
and ant-GATAT antibodies, and the Ped samples were blotted with anti-aeetyl-lvsine
antibody {Abcam, ab21623}. Quantification of signal intensity was done by Imageld, and
GATAL and acetylFGATAL signals were normatized o the topoisomerase | signals fn cach

sample.

Results

{80117} BET Inhibitor JQU Upregulates Fetal and Embrvenic Hanogleobin in K862
cells

{00118} BET inhibitors are known to suppress MY expwession. To test whether MYC
inhibiion feads to enbanced erythroid gene expression, erythroleukenna cell lines were
treated with 200 aM Q1 or DMSO control and incubated for up Yo § days. JQ1 treatment
caused K362 and HEL cells to grow stower, but cell viability was unaffected in either cell
tine {Figures 1A-ID). The pereentage of cells that aceumulated bemoglobin by benzidine-
hemaloxylin staining were quantified (Figares 2A-20). By day 3, JQ1 {reated K362 cells
{Figure 2B} have more hemoglobin producing cells {(~6%) compared to confrol {~2%,
Figure 2A). By day 5, over 109 of JQT treated K562 cells were producing hemoglobin
{Figures 3A-3B).

{80119} Cuantitative real-time PCR {gPCR) showed that MTC expression was

consistently suppressed up (o 4 days after the mitial treatment {Figure 4).

B0 126} To deline the transcnptomic changes that accompany ervthropoiesis, RNA-
sequencing (RNA-~seq) was performed throughout erythrold differentiation. Although DMSO

alone did not induce changes 10 gene expression (Figures SA-8R), K31 substantially changed
the transcriptome on both day 3 and day 5 {Figure 64, 6D). Geoe ontology (GO) analysis
was performed on up- or down-regulated genes at both ime points, followed by clustering of
the GO feros by similarity. Labeling of sach oluster was automatically generated by
displaymg the top 3 common words from all GO terms within the cluster. Notably, muliiple

clusters of upregulated GO terms at day 3 (Figure 6B) are related to erythropotesis, including
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‘celtular response erythropoietin”, “transifion metal bomeostasis™ (fron transport),
“erythrocyte maluration homeostasis™, and “etrapyrrole porphyrin metabolie” (heme
biosyithesish. In contrast, the downregulated GO terms at day 3 included the cluster “tmmne

LSS

activation involved” (Figure 160, which consists of many genes tnvolved in myelond
differentiation. Simiarly, day $ upregulated clusters included “protoporphyrinogen IX
biosynthesis” (heme biosynthesis), “mvelowd cell ervthroeyie”, and “transition on
homeostasss™ (iron transport) {(Figure 6K, whereas the downregalated cluster inchuded
“aetivation inmune leukooyte” (Figure 6F). These resulis indicate that JQI speaifically
promotes erythrodd, but not myveloid differentiation in K362 cells.

[00121] BET Inhibitors Induce Fetal and Embryonic, but Not Adult Hemoglobin
01221 To characterize the tvpes of hemoglobin genes ypregalated by IQ1, RT-qPCR
primers were designed to quantify the expression of HBB, HBGIA2 and HBET ina S-day
tine course. Only HBG2 and HBE D were upregalated by JQ 1, whorsas HER expression
was surprisingly unaffected (Figures 7A-TC) However, the base expression of adult
hemoglobm penes iy K362 cells 1s very low compared to HBET and HBG 2 (Figure 7G),
therciore it is possible that the effects of JQ on HEE and HBRD were undeteciable. To
address this tssue, TF-1 cells were troated with JO1, TF-1 cells require the oytokine GM-CSF
to survive (proliferative condition). These cells can also undergo eryihroid differentiation
when stripped of GM-CSF and provided with eryvilropoietin (EPO) (erythropoietic
condition}. In TF-1 cells, EPO stimulation led te upregulation of all three types of
hernoglobin, whereas JQ treatment only upregulated the embryonic bemoglobm HBEY
{(Figures 7D-7F). Strikingly, when TF-1 cells were treated with both EPO and JQ1, HBE/
expression wereased over 200-fold by day §, and HBE expression was significantly
decreased (Figures 7D-7F). Together, under both proliferation and erythropotetic conditions,
31 treatment significantly deereased the proportion of HEE transcripts and mereased HBEY
transeripts {(Figure TH). This weatment was repeated on two other cell ines, HEL and Hl-
60, HEL i an erythrowd leukemia cell hine similar to K562 (having a low B8 base
expression {Figures 8A-8D)), whereas HEL~60 is a promyveloeyvtic feukemia cell line. JQI
significantly upregulated both HBG /2 and HBET while suppressing HB8 i HEL cells
{Figures 9A-9C), but had no offect on these genes in HL-60 cells (Figures 9D-8F),
suggesting that this effect 1s erythrowd specific

{81231 Next, it was determined whether HBG T and HBG2 were differentially upregulated
m K562 and HEL cells. Because the HBG 2 pnimers could not distingnish between the two

fetal homoglobin genes, a sepment of the HBG2 DNA containing 3 differential bases was
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amplitied and Sanger sequencing was used to measure the difference in signal intensity at
each of these base (Figure 10A). By measuring the peak heights of the signals corresponding
to either HBG! or HBG2, no significant changes in the vatio of HBGT va, HBG2 comparing
DMSO vs JQ treatment were observed (Figures 108 and 18C). This was confirmed by
RNA~seq data ol K562 cells (Figure 11A).

{00124] BNA-seq data were pext examingd for both the K362 and TF-1 colls to validate
the gPOUR results (Figures 1A In K362 cells, JQT treatment increased the expression
of all - and -globin hemoglobin genes except HBB and HBD (Figare 114} 1 also
upregulated multiple genes encoding engymes i the heme biosyathesis pathway, notably
AL452, which encodes the rate-limiting enyyme M-Aminolevulinate Synthase 2 (Figure
HB). In TE-1, JOI speaifically induced the enbryonic homoglobin gene HBET in the §-
globimn locus, but ppregulated the adult hemoglobin genes HB412 In the a-globin locus
{Figwre 11C). Compared o the selective upregulation by JQ1, EPO treatment led o
apregulation of all hemoglobin genes {Figure 100). Similar to that in K362 cells, ALAN? wag
upregulated by )1 in TE-1 cells, especially under ervthropotetic conditions {Figure 11D),
{80128}  Other BET Inhibitors Showed Similar Effects in Erythroleukemia Cell Lines
{80126} To ensure that the upregulation of fetal/embryonic bemoglobin observed is not
grigue to JO1, two additional BET inhibitors, CPI-0610 and PLXS 1T, were tested. Unlike
JOI, which bas a higher affinity for BRI and BRD4 (173, CPIO61¢ binds o BRD3, BRD3,
BRDM, and BRDT with comparable affinity with a preference for the second bromodomain
(BD2) of the BET profeins {18). In contrast, PLXS31107 preforentially binds to B and has a
somewhat lower affingty for BRDT. CPI-0610 s currently in phase H chinical irials for those
with myvelofibrosis or mvelodysplastic syndronse (MDS) in combination with sixolifingb.
PLXS1IO7 s currently i phase T elimeal irfals for individuals with scute myelowd leukemia
or MDS in combination with azacitidine. Ervthroid cell lines were treated with these drugs to
measure their effects on the expression of adult, fotal, or conbryonic bamoglobin genes. CPI-
0610 has g shor! lifespan in colture medium, and was reapplied datly, whereas PLXS1107
was added once at day 0 without additional treatment. Both CPEG610 and PLXSTI07 were
ohserved to mimic the effects of JQ T in K362 and TF-1 cells (Figures 12A-121L). In
particular, PLXS1107 significantly suppressed HBB expression in TF-1 cells under
profiferstive condition (Figures 1243, which was not observed under JO1 treatinent. These
results sugpest that BET inhibitors In gencral have the potential to specifically upregulate
fetal and embrvonic hemoglobin genes.

90127 JQI Downregulates Known Inhibitors of Fetal Hemoglobin
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{00128]  To pndersiand the mechanisms by which BET inlubitors upregulate fotal and
embryenic hemoglobin genes, the expression of known {efal hemoglobin mhibitor genes was
exanined via RT-gPCR. M¥8 is ap inhibitor of fetal hemoglobin, and is doworepulated by
the mictoRNAs piR-154 and siR16-7 {3, 20-23). In both K562 and TF-1, MYE expression
was significantly suppressed by K1 as well as by EPO (Figure 1340 Consistent with this
ghservation, the microRNAs miR-134 and siR-16-§ were significantly upregulated by both
IO and BEPO, showing an inverse correlation with MYE expression {(Figures 13B-13C).
BCL1TA 13 a well established inhibitor of fetal bemoglobin, and deletion of its binding site
such as in patients with Corfu deltabeta thalassemia exhibit hereditery persistence of fetal
hemoglobin (1, 3, 24). While BCLI T4 was not expwessed in K362, i was significantly
suppressed by JQ1 but not EPO in TF-1 cells (Figare 13D} HEMGN encodes the protein
EDAG, which promotes GATAT acelylation by recruiting BEP300 (25). 1t was found that
HEMGN was significantly suppwessed by JOU in botl cel Hnes, especially m TH-1 cells
wrder ervthropoietic condition (Figure 13E). Lastly, BGLT3 is known to promote fetal
hemoglobm expression by promoting looping of RG22 and the LUR (26}, 1t was observed
that JQ1 treatment increased BGLTI expression by 6-fold in K562 cells, but not TF-1 cells,
which explains in part why HBG L2 were not induced by JQT in T cells.

JRO129]  These resalis were validated with RNA-seq and additioned genes mvolved in fetal
hemoglobin suppression were examined {Figures 14A-14N). COUP-THI {encoded by
NR2F2 geney had been shown to inhibit fetal hemoglobin genes (27). Although JQI did not
change NRIFZ expression in KS62 cells, i did significantly suppressed VRIF2 expression in
profiferative TF-1 colls (Figures 14A, 14F), KLF! had beon shown {o activate the expression
of RCLI T4, and subsequently fetal hemoglobin (2, 3, 28). Since K362 cells do not express
BCLIA changes in KLFT expression would not atfect Tetal hemoglobin through this
pathway {Figures 14B-140). In TF-1 cells, however, KLFT was significantly suppressed by
30 in proliferative condition, and slightly decreased in ervthropoietic condition, which may
in part account for the decrease in BCLI LA expression (Figures 14G-14H). GATAIL binds o
BCLITA and NoRD complex to inhibit fetal hemoglobin expression (3). GATAT was also
shown to mawntain the spatial organization of the chromatin around the B-globu locus (R).
Additionally, GATAT franscriptional activity 1s dependent on BET proteins, which binds to
acetylated GATAL (10, 11, 29}, JOQI treatment did not change GATAL expression in either
K562 or TE-1 cells, but significantly suppresses #EMGY in both cell Boes (Figures 14D
14E and 141- 14D, sugpesting polential change in scetylation of GATAL

[00134)  JOQI Medulates Chromatin Spatial Organization at f-Globin Locus
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{0131} Provious studics showed that expression of different B-globin genes is dependent
ot the contact frequency between the prometer of cach gene and the LUR enhancers (8, 6).
Here, chromatin conformation capture (30) was performed o examine how the spatial
structare of this locus changes in response to 72 hours of JQ1 treatment. In K862 cells, JQI
led to over 2-fold increase i interaction frequency between the LOR and the HBG promoter
region, while causing slight increases all throughout the rest of the Jocus {Figure 1843 This
observation correlates well with the increased expression of HBG A2 m K62 cells (Figure
1SB, Figure 11A) In TF-1 cells, 31 caused modest decrease in mieraction with LOR across
the entire locus in both proliferative and ervthropoietic conditions, except at the HBE!
promoter region (Figures 18B-15C). This shift in relative interaction freguency towards
HBEI, combined with the near proximity of H#BE/ to the LUR cobancers, counld explain the
specific upregulation of embryonic but not fetal and adolt hemoglobing by H3 L In contrast,
EPO trestment bad only minor effect on chromatin conformation at the locus (Figures 16A~
16B).
{0132] A recent study showed that the BGLT3 IncRNA promotes looping between fetal
hemoglobin genes and the LUR {26). Therefore, the interaction between the STBGLTI
{3'BG} fragment and its upstream ot was examined. 1o K362 cells, JOI signtficantly
mncrease the interaction frequency of BO with the HBGHZ reglon, as well a5 with the LCR
{Figure 174), consistent with the increase in BGLEY expression (Figure 13F) and the
mcreased intoraction between the LOR and HBG promoter region (Figure 158A). In TF-
cells, JO1 only caused slight decrease in the interaction between 5RO and upstrcam
fragments, which is more promineni in the ervilropoietic condition (Figures 17B-17C). This
1 again consistent with the changes in BGLTS expression (Figare 13F) and the lack of fetal
hemoglobin upregulation in TF-1 cells (Figures TE, 11O}
[00133]  GATAL Protein Level and Acetylation is Not Affected by JOI
D034} Totest whether HEMGN downregulation led to decreased acetylation of GATAL,
immuneprecipitation (P was performed on nuclear protein tysates from JOQI treated cells
along with controls. In K862 cells, JOI treatment did not affect the total GATAL level
{Figures 184, 18C), consistent with the observation fromy RNA-~seq {Fignre 14D,
Surprisingly, GATAL acetylation also remained unchanged by JG1 treatment (Figures 188-
18C). Since GATAL activity 15 dependent on the associgtion of BET proteins {10,11,.29), this
result suggests that inhibition of BET recognition of acetyl-lysine, rather than the loss of

GATATL acetviation, was responsible for the changes in chrematin conformation and -globin

k513
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Discussion

{8135]  Hemoglobin switch iny hutnan development is a well-studied topic and have
mense olinteal inmplications. Within the f-globm locus, five bamoglobin gones are
expressed under the control of LUR enhancers. Various studies have established that the LCR
looping and physical proximity to each hemoglobin gone determine the oxpression level of
these genes (1,23 In faet, forced contact between LOR and the fetad hemoglobins was shown
to reactivate fetal hemoglobin expression i adult mice evvihroblast (5,6}, The 3D structure of
the Bglobin locus s maintained by many different factors. GATAL playsarole in
maintaining the overall 3D structure of the B-globin locus (R), and is the key wranscription
factor that promotes LOR binding to adult hemoglobin genes (7). Recent stadies have shown
that GATAT binding to ervthrowd {arget genes 18 dependent on tls acetylation and association
with BET proteins (10,11.29). This raises the possibility of altering the 3D structure B-globin
locus by targeting BET proteins. Indeed, previoos study has demonsteated that the BET
mbthitor JO1 can promote ervithropoiesis i vifro {12}, suggesting that BET inhibators arg
promisimg drugs mn treating varous blood disorders that involve anemia,

{80136}  In this study, it was discovered that BET inhibitors specifically upregulate fotal
and embryoenic hemoglobin genes, but had no ¢ffect on or even suppressed adult hemoglobin
mn nuultiple ervthroid cell lines. The findings bere has great implications in treating inherited
blood disarders involving mutations of the adull bemoglobin genes, notably sickle cell
anenua {SCA Y and B-thalassemia, SCA 18 the most common inherited disorder in the United
States, and is especially provalent iy many parts of Africa where malaria is common, The
most common freatment for SCA Is hydroxyurea, which elevates fetal hemoglobin production
to glleviate the symptoms. In lade 2019, two additional drugs were FRA-approved to treat
Sﬁ&vmmmmmm§QRMMEmmh¥%x(mwmmﬁu&ﬁwﬁﬂmW\mhmmmmman“mm
reducing the risk of sickle hemoglobin polvmerization in low-oxygen pasts of the body (30},
Crizanhizamab s an moenoeclonal antibody against Peselectin, which plavs 4 major part in
inttiating vaso-occlusive crisis, 8 common clinical manifestation of SCA (30}, Both of thes
drugs fackle the symptoms caused by sickie cell hemeglobin without reducing the mutant
hemoglobin. Although the recent advances in gene therapies made ¥ possible to cure SCA,
the high costs for such procedures make them analfordable for may low-income families. The
current findings suggest that the various BET inhibitors, many of which already m clinical
trial for blood related disorders, may be sustable gddition o the oplions i1 treating SCA and

other disorders capsed by mutations of the HAEE gene.
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{01371 In TF-1 cells, it was found that JQ1 only upregulates the embryonic bemoglobin
gene HBE{, One important question with clinical implication 15 whether the HBET encoeded
e-globin can be a reasonable substitute for normal f-globin, Biochemical analysis on the
semi-embryonic hemoglobin Hb-Gower 2 {aen) showed that this s Pw for oxygen, affinity
to 2, 3-BRG, Bohr Coefficient, and Hill Coefficient are comparable 10 thosg of HbA

{eafh }3 1) Hb-Gower 2 alse has a comparable fetramer-dimer disassociation constant o that
of HbA {32). A study in transgenic o/B-thalassenia mice found that bumen erabryonic
hemoglobins HBZ1 ({-globin) and HBE] (s-globin) rescue the lethal phenotvpe of /-
thalussemia (33}, Similarly, a study tnosickle cell mice found that the presence of human Hb-
Gower 2 greatly alleviated sickle cell phenotypes, and found that Hb-Gower 2 inhibits HbS
polymertzation {34), Taken together, these studies indicate that reactivation of either fetal or
entbryonic hemoglobin is beneficial in treating SCA and  J-thalassemia.

{B0138] In conclusion, this study demopstrates that the pharmacological inlubition of BET
proteins could significantly alter the composition of hemoglobing, skewing from adult-
towards fetal~'ombrvonic-hemoglobin, Multiple BET inhibitors of different structures were
shown to produce similar clfeels in erythroid cell lines, which suggest that the elffects may
apply o most, if pot all, members in the BET whibitor fanuly. There are many ditforent BET
inhibitors currently under clintcal teigls for varions diseases (3§, 36}, and the corvent results

showed that patients with SCA or fi~thalassemia may benefit from BET inhubition.

{B0139)  The embodiments tustratively described herein suitably can be practiced 1o the
absence of any clement or elements, lmitation or hmitations that are not specifically
disclosed herein. The terrs and expressions which hiave been employved are used as terms of
description and not of limitation, and there 15 no inlention that in the yse of such terms and
expressions of excluding any equivalents of the features shown and described or portions
thereof, but it 15 recognized that various modifications are possible within the scope of the
embodiments claimned. Thag, it should be undersiood that although the present description hag
been specifically disclosed by embodiments, optional features, modification and vatiation of
the concepts herein disclosed may be resorted 1o by those skilled in the art, and that such
modifications and variations are considerad to be within the scope of these sabodiments as
defined by the deseription and the appended claims. Although some aspects of the present
disclosure can be identified herein as particularly advantageous, it is contenaplated that the

present disclosure i not Bmited © these particular aspects of the disclosure.
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[60140]  Claims or descriptions that include “or” between one or more members of & group
are considered satisfiad if one, more than one, or all of the group members are present in,
emploved in, o otherwise relevant to & given product or process unless indicated to the
contrary or otherwise evident from the context. The disclosure mehudes embodiments in
which exactly one member of the group is present i, employed in, or otherwise relevant to a
given product or process. The disclosure includes embodiments in which more than one, or
atl of the group members gre present in, eployed in, or otherwise relevant Lo a given product
OF Process,

{0141}  Furthermore, the disclosure encompasses all vanations, combinations, and
permutations in which one or more Himitations, elements, clavses, and deseriptive terms from
one o more of the listed claims is introduced into another claim. For example, any claim that
18 dependent on another claim can be modified to include one or more imitations found in
any other claim that is dependeat on the same base claim. Where elements are presented as

.., i Markush group format, each subgroup of the clements is also disclosed, and any

fisis, eg
element{s} can be removed from the group.

001421 I should # be understood that, 1o general, where the disclosure, or aspects of the
disclosure, 1s/are referred to as comprising particalar clements andfor features, cortain
embodiments of the disclosure or gspects of the disclosure consist, or consist essentially of)
such elements andfor features. For purposes of simplicity, those cotbodiments bave not begn

spectfically sl forth in hage verda herein.
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Table 1. Seguences.

Name Sequence SEQID
N{»
HBGT partial sequence 1 | TGCCACAAAGC !
HBG2 partial sequence 1 | TGCCATAAAGC 2
HBGY partial sequence 2 | GACTGCAGTGG 3
HBG2 partial sequence 2 | GACTGGAGTGG 4
HBGT partial sequence 3 | ATGATTCAGAG 5
HBG2 partial sequence 3 | ATGATGCAGAG 6
HBE forward GGCTCACCTGGACAACCTCA 7
HEBHB reverse AAAGTGATGGGCCAGCACACAG 8
HBGL? forward (gPCR)Y | AAAGCACCTGGATGATCTCA 9
HBGL reverse (gPCRY | AAAACGGTCACCAGCACATTT 10
HBGL forward CACATGGCAAGAAGGTGCT 11
{sequencing}
HBGL reverse GCAGAATAAAGCCTATCCTTGAAA 12
{sequencing)
HBEI forward CAAGCCCGCCTTTGCTAAGCT 13
HBET reverse CTCCTTGCCAAAGTGAGTAGCCAG 14
188 forward GAGGGAGCCTGAGAAACGG 15
188 reverse GTCGGGAGTGGGTAATTTGC 16
MYBFE TCCCAAGTCTGGAAAGCGTC 17
MYBR GCACATCTGTTCGATTCGGG 18
BCLIIAF TGCCCCAAACAGGAACACAT 19
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BCLIIAR ATTCTGCACTCATCCCAGGC 20
HEMGN F AAGTCATTGGAACCTGGAGTTTG 21

HEMGNR GTTCTCTGCTGCTTGCGTTT 22
BGLTIF TCACTGGTACGCAGGGTTTT 23
BGLTIR TATTGAGTTGTGGGGACTGGC 24
FHS ATTCCCGTTTTTATGAAATCAACTTT 25
BHS TCTTAGAAAGCCTTTACAATTTCCTTTATC |26
FHeta AGCTTAGTGATACTTGTGGGCCA 27
Reta GCTCGGCACATGTCCCATCCAG 28
DB GTCAGTGAGTCTAGGCAAGATGTTGGCC | 29
Delta AAAAAATGTGGAATTAGACCCAGGAATG | 30
$Delia GGGTGTGTATTTGTCTGCCA | 31
RGL3 TTGCCATACCTCATATCCTTAG 32
FBRGL3 CTTAGGCATCCACAAGGG 33
G/BGLA AGCAAGGATGGTTCTTAAGGAAGGG 34
Ag ATCCATGATCTCTAACCTTGC 35
GiA AATTTGAAGATACAGCTTGCCTCCGATAAG | 36
g GGGTTCATCTTTATTGTCTCCT a7
FAG CCACCCCGATAAAGATTTTTCTCCATCA i8

Epsilon ATTAACCAATGGTATCTTTCTGAGCA | ¥

HSAE CCAAATGGGTGACTGTAGGGTTGAGA 40
BI3F CGTGAGAGCATACTTCCTGGTTC 4
BI3 R ACACCAGAGAGGTCTTGCCCT 42

Table 2. 3C-gPCR primer pairs,

Digestion efficiency primer pairs
Name Forward | Reverse
No digestion control | BI3F BI3R
3'HS site FHSI B/HS
HBBsite | Bets | pDBL
HBD site Delta 5'Delta
33
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BGLTA site

G/BGLS

HBG1/2 siie

GIA

Puarity test

primwr pairs

Name

Forward

Reverse

No digestion control

BI3Fr

Bi3R

Concentration primer pairs

Nanse

Faerward

Reverse

No digestion control

BI3F

BI3R

3¢ primer pairs

Name

Forward

Reverse

No digestion control

BI3F

BI3R

HS432

FHSI

HS432

FBeta

BetaDelta

Delia

Dela

Sixlia

HS432

3'Delta

BGLT3

HS432

BGL3

SBOLTS

HS432

FBGL3

3'CGammal

HS432

G/BGL3

Gammal

HS432

Ag

IGammal

HS432

(A

Gammal/2

HS432

Gg

FEpsilon

H5432

E--;{:}

Epstion

HS432

Epstion

BGLT3HS

SBGL3

3'HSY

BGLTI-Gammal

BOGETI-3Gamima?

BOGLT3-Gammalf2

-hi

BGLT3-3Epsilon

BOGLT3-Epsilon

Epsilon
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What is elaimed is:

i A method of treating an inherited blood disorder in a subjeet v need thercof]
comprising administering to the subject a therapeutically effective amount of a bromodomain

and extra-terminal motf (BET) protein inhibitor.

2 The method of claim 1, wherein the inherited blood disorder is thalassemia.

3. The method of claim 2, wherein the thalassemia is alpha thalassenma,

4. The method of claim 2, wherein the thalassemia is beta thalassentia.

S, The method of claim 1, wherem the inberited blood disorder 1s sickle cell snemia,

&, The method of claim 3, wherein the sickie cell anemua 1s type HbSS.

7. The mothod of claim 3, wherem the sickie cell anemu s type HbSCL

& The method of claim 5, wheretn the sickie cell apemia 1s type HbS bota thalassemia.
Q. The method of claim 3, wherein (he sickle cell anemia 1s type HbSD, HbSE, or HbRO.

1, The method of any of claims 1-9, wherein the BET mbibuor i JQ1.
1. The method of anv of claims 1-8, wherem the BET mhibitor 8 CPRO610.
{2, The method of any of claims 1-9, wherem the BET mbibitor 15 PLX3 QT

13, The method of any of claims 1-12, wherein the BET protein inhibitor inhibits

bromodomain-containing profein 4 (BRD4E).

T4, The method of any of clams 1-12, wherein the BET protein inhibitor inhibits
bromodomain-containing protem 2 (BRIXY, bromoedomain-containing protetn 3 (BRI3)Y,
bromodomain-contagining protein 4 (BRD4), andfor bromodomain testissspecific protein
{BRDTYL

15, The method of any of claims 14, wheretn the BET inhibitor 15 administered to the

subject orally.
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16, The method of any of claims 1~14, wherein the BET inhibttor 15 adounistered to the

subject intravenously.

17, The method of any of claims 1-16, wherein the BET inhibitor 1s admmnistered {o the

subject in conjuncion with a second therapy.

18 The method of claim 17, wherein the second therapy comprises a histone deacetylase

{HDAC) mhubnior.

19, The method of claim 17, wherem the sceond therapy comprises an antincoplastic

agent
20, The method of claim 19, wherein the antincoplastic agent comprises hydrosyured.

21, The method of clamm 17, wherein the second therapy comprses an HbS

polymerization inhibitor,
22, The method of claim 21, wherein the HbS polvmerization inhibitor is voxelotor.
23, The method of claim 17, wheremn the second therapy 18 a gene therapy approach.

24, The method of claim 23, wherein the gene therapy approach comprises a lentiviral

vector,
25, The method of claim 23, wheren the gene therapy approach comprises gene editing.

26, A method of inducing expression of fetal and/or earbryonic hemoglobin 1 8 subject,
comprising adnunistering to the subject a bromodomain and exta<termunal moif (BET)

protein inhibitor to the sulject.
27, The method of claim 26, wherein the fetal homoglobin is hamoglobin F (HbE).

2R, The method of claim 26, wherein the felal hemoglobin i embryonic hemoglobin
{HbE}.

29, The method of any of clauns 26-28, wherein the BET inhubstor 1s JQ1.
30, The method of any of claims 2628, wherein the BET wnhbstor s CPI-0610.

31, The method of any of clotms 25-27, whereln the BET inhubsor 1s PLXSHIOT.
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32, The method of any of claims 26-31, wherein the BET protein inhibitor inlibits

bromodomain-containing profein 4 {BRD4 ).

33 The method of any of claims 26-31, wherein the BET protein inhibiter inhibits
bromoedomain-containing protein 2 (BRI}, bromoedomain-containing protetn 3 {BRI3),
bromodomain-containing protein 4 (BRD4), and womodomain  festis-specific protein
{BRDT).
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34, The method of any of claims 26-3

subject orally,

35, The method of any of claims 26-33, wherein the BET iphibitor 1s administered to the

subject intravenously.

3. The methed of clatim 1, wheren the therapeutically effective amount of the BET

profein inhibitor induces expression of fetal and/or embryonic hemoglobin in the subject.

37, The method of claim 36, wherein the expressed fetal and/or embryonic hemoglobin

alleviates one or more symptoms of an inherited blood disorder in the subject.

38, The method of claim 37, wherem the one or more symploms of the inherited blood
disorder comprises reduced clotiing, excessive bleeding, faligue, dizziness, malaise, anemia,

jomnt pain, chest patn, defayved developiment, jaundice, or dactylitis,

390 A method of inducing ervthropoiesis i a subject, comprising administering to the
subject g therapeatically effvctive amount of & bromodomain and exira-termingl motif (BET)

proten inhibitor © the subyest,

40, The method of any of claims 1, 26, or 39, wherein the BET inhibitor is one or more of
JQU LBET 151, IFBET 762, OTX-013, TEN-GLO, CPI203, CPI-0610, olinone, RVX-20§,
LY294002, AZDSIS3, MT-1, MS645, RVX-297, PLXSLIO7, BMS-O861SR, FT-1101,
INCBO54329, INUBOST7643, and ZEN-3694,
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