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(57) ABSTRACT

A method of preventing a hematopoietic disorder or malig-
nancy in a high risk subject, the subject being positive for
one or more mutation in a splicing factor, is disclosed. The
method comprising administering to the subject an agent
capable of inhibiting spliceosomal activity, with the proviso
that said agent does not inhibit RBM39 activity.

Specification includes a Sequence Listing.
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PREVENTION OF AGE RELATED CLONAL
HEMATOPOIESIS AND DISEASES
ASSOCIATED THEREWITH

RELATED APPLICATIONS

[0001] This application is a Continuation of PCT Patent
Application No. PCT/IL.2019/051165 having International
filing date of Oct. 28, 2019, which claims the benefit of
priority of Israel Patent Application No. 262658 filed on Oct.
28, 2018. The contents of the above applications are all
incorporated by reference as if fully set forth herein in their
entirety.

SEQUENCE LISTING STATEMENT

[0002] The ASCII file, entitled 86876Sequencel.isting.txt,
created on Apr. 28, 2021, comprising 110,606 bytes, sub-
mitted concurrently with the filing of this application is
incorporated herein by reference.

FIELD AND BACKGROUND OF THE
INVENTION

[0003] The present invention, in some embodiments
thereof, relates to the prevention of leukemia in high risk
subjects carrying spliceosome machinery mutations, and,
more particularly, but not exclusively, to the prevention of
leukemia by the use of agents capable of inhibiting spli-
ceosomal activity.

[0004] Acute myeloid leukemia (AML) and myelodys-
plastic syndromes (MDS) are hematological malignancies in
great need for improved outcomes. Recent studies have
changed the understanding of the pathogenesis of these
disorders with the discovery that pre-leukemic hematopoi-
etic stem and progenitor cells (preLHSPCs) carrying pre-
leukemic mutations (pLMs) are the cells of origin in AML
and MDS. preLHSPCs acquire leukemia-related mutations
years before diagnosis and maintain almost normal function
for years before transformation to overt disease. While
pLMs can be found among individuals destined to develop
AML and MDS, they are also present in 20-30% of healthy
individuals, the majority of who will not develop AML/
MDS in their lifetime. The presence of pLLMs with no overt
disease is termed age related clonal hematopoiesis (ARCH).
[0005] The role of ARCH somatic events in the early
stages of AML was recently studied [Abelson et. al, Nature
(2018) 559: 400-404 (2018)]. To understand whether spe-
cific mutations can predict AML years before diagnosis,
peripheral blood (PB) was taken on average seven years
before AML diagnosis, was sequenced and ARCH events
were compared to those found in aged matched controls.
While it was identified that the most commonly mutated
genes in both pre-AML cases and controls were DNMT3a
and TET2 mutations, it was surprisingly uncovered that
spliceosome machinery mutations (SMMs) were almost
exclusive to pre-AML. Nearly every individual carrying
SMMs at the age of 50-60 developed AML. SMMs tended
to occur at younger age among pre-AMLs versus controls.
SMMs in overt MDS/AML mostly affect SF3B1, SRSF2,
and U2AF1 at specific “hotspot” residues with mutations in
SRSF2 and U2AF1 associated with adverse outcome in
overt MDS/AML [Yoshida, K. et al. Nature (2011) 478:
64-69; Papaemmanuil, E. et al. N Eng/ J Med (2011) 365:
1384-1395; Graubert, T. A. et al. Nat Gener (2012) 44:
53-57]. In the pre-leukemic setting, SRSF2 mutations at
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codon P95 and in U2AF1 at codons S34 and Q157, were
found predominantly in pre-AML cases. Carriers of U2AF1
mutations all developed AML.

[0006] SMMs in SF3B1, SRSF2, and U2AF1 are consis-
tently heterozygous and occur as point mutations at highly
restricted residues, suggesting that these are oncogenic
change-of-function alterations. Consistent with this, tran-
scriptomic analysis of cells bearing each of these alterations
have identified that mutations in each of these factors alter
splicing in a manner distinct from loss-of-function. For
example, mutations affecting SRSF2, an auxiliary splicing
factor that binds to exonic splicing enhancers to promote
splicing, alter its RNA binding preferences in a sequence-
specific manner and thereby alter the efficiency of exon
inclusion. Mutations affecting U2AF1, the small subunit of
the U2AF heterodimer which binds the AG dinucleotide at
the 3'ss, promote or repress 3'ss based on sequences flanking
the AG dinucleotide.

[0007] The effects of SF3B1, U2AF1, and SRSF2 muta-
tions on splicing mechanisms are distinct, however, it is
unclear why mutations affecting these three factors are
mutually exclusive with one another. Evaluation of mice
with inducible expression of mutations in Srsf2 or Sf3bl,
alone or together, definitively demonstrated that each muta-
tion affects RNA splicing in a distinct manner. Nonetheless,
these two mutations were not tolerated when co-expressed in
the same cell. Similarly, expression of mutant Srsf2 in a
hemizgous)(Srsf277*#%) or homozygous (Srsf2 737 F93H)
state resulted in a complete failure of hematopoiesis.
Together, these data indicate that cells bearing SMMs are
intolerant of further genetic perturbations to the splicing
process [Kim et al., Cancer Cell (2015) 27(5): 617-630].

[0008] As SMM cells are dependent on expression of the
remaining WT allele and co-existing spliceosomal gene
mutations are synthetic lethal, it was further tested whether
cells expressing SMMs might be sensitive to compounds
that impair spliceosome function. Various compounds which
impair spliceosome function were tested for AML treatment,
including the drugs E7107 and H3B-8800, which bind
SF3B1 and disrupt activity of the U2 snRNP component of
the spliceosome. The anti-leukemic effects of E7107 was
illustrated in isogenic MLL-AF9 murine AML models, with
or without SRSF2 mutations, wherein it was identified that
spliceosomal-mutant AML are differentially sensitive to
inhibition of splicing in vivo over isogenic spliceosomal-
WT counterparts [Lee et al. Nat Med (2016) 22: 672-678].
In AML patient-derived xenograft (PDX) models, with or
without SF-mutations, it was illustrated that spliceosomal-
mutant leukemias had a greater reduction in human leuke-
mic cell burden in response to E7107 than their WT coun-
terparts, however complete eradication could not be
achieved [Lee et al., Nat Med (2016), supra]. An orally
bioavailable analogue of E7107, termed H3B-8800, also
induced dose-dependent reductions in splicing fidelity and
exhibited preferential effects in SF3B1 as well as SRSF2-
mutant AML and chronic myelomonocytic leukemia
(CMML) [Seiler et al., Nature Medicine (2018) 24(4):497-
504].

[0009] Additional Background Art Includes:

[0010] U.S. Patent Application no. 20150025017 discloses
compositions and methods for treating cancer with antago-
nists of one or more spliceosome proteins PHFSA, U2AF1,
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or DDX1. Such spliceosome inhibitors include sudemycin,
spliceostatin, FR901464, pladienolide, E7107, herboxidiene
and meayamycin.

[0011] U.S. Patent Application no. 20140364439 discloses
treatment of chronic lymphocytic leukemia (CLL) by
administration of a compound that modulates SF3B1, e.g.
spliceostatin, E7107, or pladienolide.

[0012] U.S. Patent Application no. 20160271149 discloses
therapeutic compounds that suppress protein arginine meth-
yltranstferase activity to reduce tumor growth.

[0013] U.S. Patent Application no. 20180140578 discloses
methods for treating cancer in a subject, wherein the subject
displays a mutation in a splicing factor (i.e. U2AF1, SF3B1,
SRSF2, and ZRSR2) and/or has an increased amount of
DCAF15 compared to a control. Treatment is carried out by
inhibiting an activity of RBM39 in the subject, such as by
the use of an aryl sulfonamide (e.g. indisulam, tasisulam,
chloroquinoxaline sulfonamide).

SUMMARY OF THE INVENTION

[0014] According to an aspect of some embodiments of
the present invention there is provided a method of prevent-
ing a hematopoietic disorder or malignancy in a high risk
subject, wherein the subject is positive for one or more
mutation in a splicing factor, the method comprising admin-
istering to the subject an agent capable of inhibiting spli-
ceosomal activity, with the proviso that the agent does not
inhibit RBM39 activity.

[0015] According to an aspect of some embodiments of
the present invention there is provided an agent capable of
inhibiting spliceosomal activity, with the proviso that the
agent does not inhibit RBM39 activity, for use in preventing
a hematopoietic disorder or malignancy in a high risk
subject, wherein the subject is positive for one or more
mutation in a splicing factor.

[0016] According to some embodiments of the invention,
the agent capable of inhibiting spliceosomal activity is an
agent capable of inhibiting a protein arginine methyltrans-
ferase (PRMT) as set forth in EC numbers 2.1.1.319, 2.1.
1.320 or 2.1.1.321.

[0017] According to some embodiments of the invention,
the agent capable of inhibiting spliceosomal activity is a
splicing inhibitor.

[0018] According to some embodiments of the invention,
the agent capable of inhibiting spliceosomal activity is a
proteasomal degradation compound.

[0019] According to some embodiments of the invention,
the PRMT is selected from the group consisting of a protein
arginine methyltransferase 1 (PRMT1), a protein arginine
methyltransferase 3 (PRMT3), a protein arginine methyl-
transferase 4 (PRMT4), a protein arginine methyl transfer-
ase 5 (PRMTS), a protein arginine methyltransferase 6
(PRMT6) and a protein arginine methyltransferase 9
(PRMT9).

[0020] According to some embodiments of the invention,
the agent capable of inhibiting the PRMT is a polypeptide,
a polynucleotide, or a small molecule.

[0021] According to some embodiments of the invention,
the agent is a type I PRMT inhibitor MS-023 dihydrochlo-
ride, or a derivative or analog thereof.

[0022] According to some embodiments of the invention,
the PRMT comprises PRMTS, the agent comprises GSK591
dihydrochloride or GSK3326595, or a derivative or analog
thereof.
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[0023] According to some embodiments of the invention,
the PRMT comprises PRMT1, the agent comprises C-21,
Furamidine dihydrochloride or TC-E 5003, or a derivative or
analog thereof.

[0024] According to some embodiments of the invention,
the PRMT comprises PRMT3, the agent comprises SGC707
or UNC2327, or a derivative or analog thereof.

[0025] According to some embodiments of the invention,
the PRMT comprises PRMT4, the agent comprises MS049
oxalate salt or TP064, or a derivative or analog thereof.
[0026] According to some embodiments of the invention,
the PRMT comprises PRMT6, the agent comprises MS049
oxalate salt, or a derivative or analog thereof.

[0027] According to some embodiments of the invention,
the splicing inhibitor is a polypeptide, a polynucleotide, or
a small molecule.

[0028] According to some embodiments of the invention,
the splicing inhibitor is selected from the group consisting of
a Sudemycin, a Spliceostatin, a FR901464, a Pladienolide, a
Herboxidiene, a Meayamycin, an Isoginkgetin, a Madrasin,
a Tetrocarcin, a N-palmitoyl-L-leucine, a Psoromic acid, a
Clotrimazole, a NSC635326, a Napthazarin, an Erythromy-
cin, a SAHA, a Garcinol, an Okadaic acid, a NB-506, a
Ubistatin, a G5, or a derivative or analog thereof.

[0029] According to some embodiments of the invention,
the splicing inhibitor is selected from the group consisting of
a E7107, H3B-8800, FD-895, GEX1QI1-5, RQN-18690,
NSC659999, BN82865, NSC95397, tetracycline, strepto-
mycin, splitomicin, tautomycin, microcystin, siospyrin,
chlorhexidine, or a derivative or analog thereof.

[0030] According to some embodiments of the invention,
the proteasomal degradation compound targets a spli-
ceosome associated protein selected from the group consist-
ing of a core member of the SF3b complex, a U2AF
complex, or a PRMT enzyme and a RNA binding protein.
[0031] According to some embodiments of the invention,
the proteasomal degradation compound targets a spli-
ceosome associated protein selected from the group consist-
ing of SF3B1, SF3B2, SF3B3, PHFS5a, U2AF1, U2AF2,
PRMTS, PRMT1, PRMT2, PRMT3, PRMT4, PRMT6,
PRMTS, SUPT6H, hnRNPH, and SRSF10.

[0032] According to some embodiments of the invention,
the mutation is in a splicing factor selected from the group
consisting of U2AF1, SF3B1, SRSF2, and ZRSR2.

[0033] According to some embodiments of the invention,
the mutation is a point mutation.

[0034] According to some embodiments of the invention,
the point mutation is an insertion, a deletion or a substitu-
tion.

[0035] According to some embodiments of the invention,
the mutation is a mutation in S34 or Q157 in the U2AF1
polypeptide.

[0036] According to some embodiments of the invention,
the mutation is a R625L, a N626H, a K700E, a G740E, a
K741N, a Q903R, a E622D, a R625G, a Q659R, a H662Q),
a H662D, a K666Q, a K666E, a K666N, a K666T, a K666R
or a G742D mutation in the SF3B1 polypeptide.

[0037] According to some embodiments of the invention,
the mutation is a mutation in P95 in the SRSF2 polypeptide.
[0038] According to some embodiments of the invention,
the mutation is detected in pre-leukemic hematopoietic stem
and progenitor cells.

[0039] According to some embodiments of the invention,
the mutation is detected in a biological sample of the subject.



US 2021/0251955 Al

[0040] According to some embodiments of the invention,
the hematopoietic disorder or malignancy is a leukemia.
[0041] According to some embodiments of the invention,
the hematopoietic disorder or malignancy is a myelodys-
plastic syndrome (MDS).

[0042] According to some embodiments of the invention,
the subject is a human subject.

[0043] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In
case of conflict, the patent specification, including defini-
tions, will control. In addition, the materials, methods, and
examples are illustrative only and are not intended to be
necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0044] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0045] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown
are by way of example and for purposes of illustrative
discussion of embodiments of the invention. In this regard,
the description taken with the drawings makes apparent to
those skilled in the art how embodiments of the invention
may be practiced.

[0046] In the drawings:

[0047] FIGS. 1A-E illustrate the effects of PRMT inhibi-
tion on splicing. (FIG. 1A) Diagram of the role of PRMTS
and the type I PRMTs in splicing regulation. PRMTs meth-
ylate arginines on splicing proteins to promote spliceosome
assembly and are required for proper splicing function. IC50
curves of spliceosomal mutant acute myeloid leukemia cells
or their WT counterparts exposed to (FIG. 1B) the PRMTS
inhibitor GSK591 or (FIG. 1C) the PRMT1 inhibitor
MS-023. Western blots of (FIG. 1D) symmetric dimethyl
arginine (SDMA) or (FIG. 1E) asymmetric dimethyl argi-
nine (ADMA) from the cells in (FIG. 1B) and (FIG. 1D)
respectively.

[0048] FIG. 2 illustrates drug sensitivity of AML cells
with SMMs or partial loss of PRMTS to inhibitors of
splicing, PRMTs, or LSD1. MLL-AF9 Srsf2”7"7; MLL-
AF9 Srsf2775# 7T or MLL-AF9 Prmt5*~ cells were treated
for 7 days with the indicated compounds in 384 wells (5
increasing concentrations per compound). Viability at day 7
was scored by MTS assay and reported as the ratio over
control treated cells (with equivalent dilution of DMSO).
The experiment was conducted in biological triplicate, and
each individual run was repeated in technical triplicate.
[0049] FIG. 3 illustrates that SMM AMLs are preferen-
tially sensitive to inhibition of type I or type II PRMTs.
Kaplan-Meier curves of recipient mice engrafted with MLL-
AF9/Srsf2WT (black) or MLL-AF9/Srsf2 mutant (red) cells
followed by treatment with the PRMTS5 inhibitor GSK591
(left) or the type I PRMT inhibitor MS-023 (right).
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[0050] FIGS. 4A-D illustrates that sulfonamides exhibit
preferential effects on SMM cells through degradation of
RBM39. (FIG. 4A) Sulfonamides bridge RBM39 to the
CUL4-DDBI1-DDA1-DCAF15 E3 ubiquitin ligase complex,
leading to polyubiquitination and proteasomal degradation
of RBM39. IC50 curves of the sulfonamide E7820 in
isogenic (FIG. 4B) K562 and (FIG. 4C) NALM6 WT or
mutant for SF3B1. (FIG. 4D) Western blots of RBM39
levels+1 mM of the sulfonamides Indusulam or E7820 from
the cells in (FIG. 4C).

[0051] FIGS. 5A-D illustrate the preferential response of
spliceosomal mutant hematopoietic cells to indisulam. (FIG.
5A) IC50 plots of isogenic K562 (left) and NALM-6 (right)
cells to indisulam. These are cell with introduction of a
spliceosomal gene mutation into the endogenous locus.
(FIG. 5B) Western blots of RBM39 in the K562 cells from
(FIG. 5A) at increasing doses of indisulam. (FIG. 5C) Log10
IC50 waterfall plots of response of AML cell lines with
naturally occurring mutations in splicing factors to indisu-
lam. Red bars represent cells with naturally occurring muta-
tions in splicing factors. (FIG. 5D) Bar plot of number of
differential splicing events across parental, SFE3B157°°%' 77
and SRSF2773# 71K 562 cells. The numbers above each bar
indicate number of differentially spliced events.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

[0052] The present invention, in some embodiments
thereof, relates to the prevention of leukemia in high risk
subjects carrying spliceosome machinery mutations, and,
more particularly, but not exclusively, to the prevention of
leukemia by the use of agents capable of inhibiting spli-
ceosomal activity.

[0053] The principles and operation of the present inven-
tion may be better understood with reference to the drawings
and accompanying descriptions.

[0054] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention
is not necessarily limited in its application to the details set
forth in the following description or exemplified by the
Examples. The invention is capable of other embodiments or
of being practiced or carried out in various ways. Also, it is
to be understood that the phraseology and terminology
employed herein is for the purpose of description and should
not be regarded as limiting.

[0055] Recent studies have changed the understanding of
the pathogenesis of AML and MDS with the discovery that
pre-leukemic hematopoietic stem and progenitor cells
(preLHSPCs) carrying pre-leukemic mutations (pL.Ms) are
the cells of origin in AML and MDS. preLHSPCs acquire
leukemia-related mutations years before diagnosis and
maintain almost normal function for years before transfor-
mation to overt disease. While pLMs can be found among
individuals destined to develop AML and MDS, they are
also present in 20-30% of healthy individuals, the majority
of who will not develop AML/MDS in their lifetime. Iden-
tification of those individuals with age related clonal hema-
topoiesis (ARCH) who are at risk for AML/MDS represents
a major challenge which could have important implications
on the prevalence and therapy of MDS and AML.

[0056] While reducing the present invention to practice,
the present inventors have uncovered means to treat patients
with ARCH destined to develop pre-leukemia based on
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clinical parameters and have thus have uncovered means to
prevent the development of pre-leukemia in these patients.
[0057] Specifically, the present inventors identified that
the presence of spliceosome machinery mutations (SMMs)
are highly predictive for pre-leukemia and can be used to
identify and treat high-risk individuals with ARCH, at a time
point before they have developed disease. Furthermore, the
present inventors illustrated that splicing inhibitors, includ-
ing spliceosome inhibitors (e.g. E7101, H3B-8800), com-
pounds that suppress protein arginine methyltransferase
activity (e.g. GSK591, GSK3326595) and/or proteasomal
degradation compounds (e.g. sulfonamide drugs) can be
used to target pre-leukemic cells carrying SMMs (e.g. car-
rying SRSF2 or U2AF1 hot spot mutations in their periph-
eral blood) in high-risk healthy individuals, thereby reduc-
ing clone size of cells carrying the SMMs, preventing their
further outgrowth and preventing or delaying disease onset.
[0058] Thus, according to one aspect of the present inven-
tion there is provided a method of preventing a hematopoi-
etic disorder or malignancy in a high risk subject, wherein
the subject is positive for one or more mutation in a splicing
factor, the method comprising administering to the subject
an agent capable of inhibiting spliceosomal activity, with the
proviso that the agent does not inhibit RBM39 activity.
[0059] According to one aspect of the present invention
there is provided an agent capable of inhibiting spliceosomal
activity, with the proviso that the agent does not inhibit
RBM39 activity, for use in preventing a hematopoietic
disorder or malignancy in a high risk subject, wherein the
subject is positive for one or more mutation in a splicing
factor.

[0060] According to a specific embodiment, the agent
does not directly inhibit RBM39 activity

[0061] The phrase “directly inhibit” as used herein refers
to an agent which interacts with RBM39 and inhibits its
biological activity.

[0062] According to one embodiment, the agent does not
directly promote RBM39 degradation.

[0063] The term “spliceosome’ as used herein refers to the
macromolecular complex responsible for removing intron
sequences that interrupt many eukaryotic gene transcripts.
The spliceosome is composed of five small nuclear ribo-
nucleoproteins (snRNPs), known as U1, U2, U3, U4, US and
U6, and more than 100 additional proteins.

[0064] As used herein, the term “splicing factor” refers to
any of the proteins involved in the splicing of pre-mRNA on
the spliceosome. Exemplary splicing factors include, but are
not limited to, U2AF1 (U2 small nuclear RNA auxiliary
factor 1, also known as U2AF35, having e.g. accession
numbers NM_001025203.1 (SEQ ID NO: 1),
NM_001025204.1 (SEQ ID NO: 2) or NM_006758.2 (SEQ
ID NO: 3) (mRNA), or NP_006749.1 (SEQ ID NO: 4),
NP_001020375.1 (SEQ ID NO: 5) or NP_001020374.1
(SEQ ID NO: 6) (protein)), a component of the U2 snRNP
complex of the spliceosome; SF3B1 (splicing factor 3b
subunit 1, also known as SF3B155 or SAP155, having e.g.
accession numbers NM_001005526.2 (SEQ ID NO: 7),
NM_001308824.1 (SEQ ID NO: 8) or NM_012433.3 (SEQ
ID NO: 9) (mRNA), or NP_001295753.1 (SEQ ID NO: 10),
NP_001005526.1 (SEQ ID NO: 11) or NP_036565.2 (SEQ
ID NO: 12) (protein)); SRSF2 (serine and arginine rich
splicing factor 2, also known as SC35 or SFRS2, having e.g.
accession numbers NM_001195427.1 (SEQ ID NO: 13),
NM_003016.4 (SEQ ID NO: 14) or XM_017024942.2
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(SEQ ID NO: 15) (mRNA), or NP_003007.2 (SEQ ID NO:
16), NP_001182356.1 (SEQ ID NO: 17) or
XP_016880431.1 (SEQ ID NO: 18) (protein)); and ZRSR2
(U2 small nuclear ribonucleoprotein auxiliary factor 35 kDa
subunit-related protein 2, also known as URP, having e.g.
accession numbers NM_005089.3 (SEQ ID NO: 19),
XM_005274597.3 (SEQ ID NO: 20), XM_011545589.3
(SEQ ID NO: 21), XM_017029881.2 (SEQ ID NO: 22) or
XM_017029882.2 (SEQ ID NO: 23) (mRNA), or
XP_024308223.1 (SEQ ID NO: 24), XP_016885371.1
(SEQ ID NO: 25), XP_016885372.1 (SEQ ID NO: 26),
NP_005080.1 (SEQ ID NO: 27), or XP_005274654.2 (SEQ
ID NO: 28) (protein)).

[0065] In some embodiments, mutation/s in splicing fac-
tors, referred to as spliceosome machinery mutations
(SMMs), can be used for the detection and prevention of
hematopoietic disorders or malignancies. Such mutations
typically affect spliceosomal gene products (e.g. spli-
ceosomal proteins), result in defective cellular splicing
machinery and consequently in defective RNA splicing of
messenger RNA precursors (pre-mRNAs) into protein cod-
ing RNAs.

[0066] According to one embodiment, the mutation is a
somatic mutation.

[0067] According to one embodiment, the mutation is a
point mutation.
[0068] According to one embodiment, the point mutation

is an insertion, a deletion or a substitution.

[0069] According to one embodiment, the mutation is of a
single nucleotide (e.g. an insertion, deletion or substitution).
Alternatively, the mutation may be of at least 2, 3, 4, 5, 10
or more nucleotides.

[0070] According to one embodiment, the mutation results
in a missense mutation.

[0071] According to a specific embodiment, the mutation
is a mutation in residues S34 or Q157 in the U2AF1
polypeptide. Thus, for example, the mutation may be a
substitution from S to F or Y at amino acid 34 of a protein
translated from the U2AF1 gene (e.g. as set forth in SEQ ID
NOs: 4 and 6). According to another example, the mutation
may be a substitution from Q to P or R at amino acid 157 of
a protein translated from the U2AF1 gene (e.g. as set forth
in SEQ ID NOs: 4 and 6).

[0072] According to a specific embodiment, the mutation
is a mutation in residues R625, N626, K700, G740, K741,
Q903, E622, R625, Q659, H662, K666 or G742 in the
SF3B1 polypeptide. Thus, for example, the mutation may be
a substitution from R to L at amino acid 625 (e.g. as set forth
in SEQ ID NO: 12); a substitution from N to H at amino acid
626 (e.g. as set forth in SEQ ID NO: 12); a substitution from
H to Q or D at amino acid 662 (e.g. as set forth in SEQ ID
NO: 12); a substitution from K to E at amino acid 700 (e.g.
as set forth in SEQ ID NO: 12); a substitution from G to E
at amino acid 740 (e.g. as set forth in SEQ ID NO: 12); a
substitution from K to N at amino acid 741 (e.g. as set forth
in SEQ ID NO: 12); a substitution from Q to R at amino acid
903 (e.g. as set forth in SEQ ID NO: 12); a substitution from
E to D at amino acid 622 (e.g. as set forth in SEQ ID NO:
12); a substitution from R to G at amino acid 625 (e.g. as set
forth in SEQ ID NO: 12); a substitution from Q to R at
amino acid 659 (e.g. as set forth in SEQ ID NO: 12); a
substitution from K to N, T, E, R or Q at amino acid 666 (e.g.
as set forth in SEQ ID NO: 12); a substitution from G to D
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at amino acid 742 (e.g. as set forth in SEQ ID NO: 12), of
a protein translated from the SF3B1 gene.

[0073] According to a specific embodiment, the mutation
is a mutation in residue P95 in the SRSF2 polypeptide. Thus,
for example, the mutation may be a substitution from Pto H,
L, or R at amino acid 95 of a protein translated from the
SRSF2 gene (e.g. as set forth in SEQ ID NOs: 16-18).
[0074] In some embodiments, the subject displays an
increased level of DCAF15 as compared to a healthy subject
[0075] The term “healthy subject” as used herein refers to
a subject who does not have the mutation in a splicing factor,
has not been diagnosed with a hematopoietic disorder or
malignantly, does not suffer from the symptoms of a hema-
topoietic disorder or malignantly, and is not at high risk of
developing a hematopoietic disorder or malignancy (as
discussed below).

[0076] As used herein, the term “DCAF15” refers to the
DDB1 And CUL4 Associated Factor 15 from Homo sapiens,
having accession number NP_612362.2 (SEQ ID NO: 30)
(protein) or NM_138353.3 (SEQ ID NO: 29) (mRNA).
[0077] In a specific embodiment, the subject displays a
mutation in a splicing factor (e.g. U2AF1, SF3B1, SRSF2,
and ZRSR2) has an increased level of DCAF15 as compared
to a healthy subject.

[0078] Any method known in the art may be used to detect
a mutation. For example, chromosomal and DNA staining
methods may be carried out including, but not limited to:
[0079] Fluorescence in situ Hybridization (FISH) analysis
on interphase chromosomes as taught e.g. Quijada-Alamo
M. et al. J Hematol Oncol. 2017; 10: 83);

[0080] PRINS analysis employed in the detection of gene
deletion (Tharapel S A and Kadandale J S, 2002. Am. J.
Med. Genet. 107: 123-126), in determination of fetal sex
(Orsetti, B., et al., 1998. Prenat. Diagn. 18: 1014-1022), and
in identification of chromosomal aneuploidy (Mennicke, K.
et al., 2003. Fetal Diagn. Ther. 18: 114-121);

[0081] High-resolution multicolor banding (MCB) on
interphase chromosomes, as described in detail by Lemke et
al. (Am. J. Hum. Genet. 71: 1051-1059, 2002), which uses
YAC/BAC and region-specific microdissection DNA librar-
ies as DNA probes for interphase chromosomes;

[0082] Quantitative FISH (Q-FISH), by which chromo-
somal abnormalities are detected by measuring variations in
fluorescence intensity of specific probes. Q-FISH can be
performed using Peptide Nucleic Acid (PNA) oligonucle-
otide probes as previously described (Pellestor F and Pau-
lasova P, 2004; Chromosoma 112: 375-380). Alternatively,
Q-FISH can be performed by co-hybridizing whole chro-
mosome painting probes (e.g., for chromosomes 21 and 22)
on interphase nuclei as described in Truong K et al, 2003,
Prenat. Diagn. 23: 146-51.

[0083] Additionally or alternatively, to determine
sequence alterations, e.g., a single nucleotide polymorphism
(SNP), in the splicing factor gene, a variety of methods may
be employed including, but not limited to:

[0084] Restriction fragment length  polymorphism
(RFLP)—This method uses a change in a single nucleotide
(the SNP nucleotide) which modifies a recognition site for a
restriction enzyme resulting in the creation or destruction of
an RFLP. Single nucleotide mismatches in DNA heterodu-
plexes are also recognized and cleaved by some chemicals,
providing an alternative strategy to detect single base sub-
stitutions, generically named the “Mismatch Chemical
Cleavage” (MCC) (Gogos et al., Nucl. Acids Res., 18:6807-
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6817, 1990). However, this method requires the use of
osmium tetroxide and piperidine, two highly noxious chemi-
cals which are not suited for use in a clinical laboratory.
[0085] Sequencing analysis—The isolated DNA is sub-
jected to automated dideoxy terminator sequencing reac-
tions using a dye-terminator (unlabeled primer and labeled
di-deoxy nucleotides) or a dye-primer (labeled primers and
unlabeled di-deoxy nucleotides) cycle sequencing protocols.
For the dye-terminator reaction, a PCR reaction is performed
using unlabeled PCR primers followed by a sequencing
reaction in the presence of one of the primers, deoxynucle-
otides and labeled di-deoxy nucleotide mix. For the dye-
primer reaction, a PCR reaction is performed using PCR
primers conjugated to a universal or reverse primers (one at
each direction) followed by a sequencing reaction in the
presence of four separate mixes (correspond to the A, G, C,
T nucleotides) each containing a labeled primer specific the
universal or reverse sequence and the corresponding unla-
beled di-deoxy nucleotides.

[0086] Microsequencing analysis—This analysis can be
effected by conducting microsequencing reactions on spe-
cific regions of the splicing factor gene which may be
obtained by amplification reaction (PCR) such as mentioned
hereinabove. Microsequencing protocol are described e.g.
by Nyren et al. (1993) Anal Biochem 208(1):171-175 and
Pastinen et al. (1997) Genome Research 7:606-614.

[0087] Mismatch detection assays based on polymerases
and ligases—The “Oligonucleotide Ligation Assay” (OLA)
uses two oligonucleotides which are designed to be capable
of hybridizing to abutting sequences of a single strand of
target molecules. One of the oligonucleotides is biotinylated,
and the other is detectably labeled. OLA is capable of
detecting single nucleotide polymorphisms and may be
advantageously combined with PCR as described by Nick-
erson et al. (1990) Proc. Natl. Acad. Sci. U.S.A. 87:8923-
8927.

[0088] Ligase/Polymerase-mediated Genetic Bit Analy-
sis™—another method for determining the identity of a
nucleotide at a preselected site in a nucleic acid molecule
(discussed in WO 95/21271).

[0089] Hybridization Assay Methods—Hybridization
based assays which allow the detection of single base
alterations rely on the use of oligonucleotide which can be
10, 15, 20, or 30 to 100 nucleotides long. U.S. Pat. No.
5,451,503 provides several examples of oligonucleotide
configurations which can be utilized to detect SNPs in
template DNA or RNA.

[0090] Hybridization to oligonucleotide arrays—The
chip/array technology as described e.g. for screening of
mutations in the BRCA1 gene, in S. cerevisiae mutant
strains, and in the protease gene of HIV-1 virus [see Hacia
etal., (1996) Nat Genet 1996; 14(4):441-447; Shoemaker et
al., (1996) Nat Genet 1996; 14(4):450-456; Kozal et al.,
(1996) Nat Med 1996; 2(7):753-759].

[0091] Integrated Systems—Another technique which
may be used to analyze sequence alterations includes mul-
ticomponent integrated systems, which miniaturize and
compartmentalize processes such as PCR and capillary
electrophoresis reactions in a single functional device. An
example of such technique is disclosed in U.S. Pat. No.
5,589,136, which describes the integration of PCR amplifi-
cation and capillary electrophoresis in chips.

[0092] Allele specific oligonucleotide (ASO)—In this
method an allele-specific oligonucleotides (ASOs) is
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designed to hybridize in proximity to the polymorphic
nucleotide, such that a primer extension or ligation event can
be used as the indicator of a match or a mis-match. Hybrid-
ization with radioactively labeled allelic specific oligonucle-
otides (ASO) also has been applied to the detection of
specific SNPs (Conner et al., Proc. Natl. Acad. Sci., 80:278-
282, 1983).

[0093] Additional sequencing methods which may be
employed include, e.g. Pyrosequencing™ analysis (Pyrose-
quencing, Inc. Westborough, Mass., USA), Acycloprime™
analysis (Perkin Elmer, Boston, Mass., USA), the sequenc-
ing methods described in U.S. Patent Application No.
20150025017 (incorporated herein by reference), RNA
sequencing (RNA-seq), microarray analysis, serial analysis
of gene expression (SAGE), MassARRAY® technique, or
any combination thereof.

[0094] Additionally or alternatively, detection of a muta-
tion may be carried out at the polypeptide level, for example,
using amino acid sequence analysis of the peptide, such as
gas-phase sequencer, the Edman method utilizing immuno-
logical specificity reactions such as Enzyme Immunoassay
(EIA)/Enzyme-Linked Immunosorbent Assay (ELISA), or
by mass spectrometry, such as Q-TOF/MS method.

[0095] As used herein, the term “preventing” refers to
keeping a disease, disorder or condition from occurring in a
subject who may be at risk for the disease or disorder, but
has not yet been diagnosed as having the disease or disorder,
e.g. a hematopoietic disorder or malignancy (e.g., a leuke-
mia or MDS).

[0096] As used herein, the term “subject” or “subject in
need thereof” refers to animals, including mammals, pref-
erably human beings, at any age or any gender that are at risk
of developing a pathology, e.g. a hematopoietic disorder or
malignancy (e.g., a leukemia or MDS).

[0097] According to one embodiment, the subject is
undergoing a routine well-being check-up.

[0098] According to one embodiment, the subject is under
70 years old, under 65 years old, under 60 years old, under
55 years old, under 50 years old, under 45 years old, under
40 years old, under 35 years old, under 30 years old, under
25 years old or under 20 years old.

[0099] According to one embodiment, the subject is at risk
of developing a hematopoietic disorder or malignancy (e.g.,
a human who is genetically or otherwise predisposed to
developing a hematopoietic disorder or malignancy) and
who has not been diagnosed with the hematopoietic disorder
or malignancy (e.g. leukemia or MDS).

[0100] According to a specific embodiment, the subject
has at least one mutation in a splicing factor but does not
suffer from symptoms of the hematopoietic malignancy, e.g.
assembly of any of the following symptoms: larger cell
clones (measured by peripheral blood variant allele fraction
(PB-VAF)), more than one ARCH defining event, increased
red cell distribution width (RDW), reduced monocyte cell
counts, reduced platelet cell counts, reduced red blood cell
counts, reduced white blood cell counts, reduced hemoglo-
bin levels, reduced cholesterol levels, prolonged fever,
enlarged lymph nodes and/or spleen.

[0101] As used herein, a “high risk subject” is a subject
who is likely to develop a hematopoietic disorder or malig-
nancy (e.g., a leukemia or MDS) due to one or more
so-called risk factors, which are measurable parameters that
correlate with development of the hematopoietic disorder or
malignancy, such as described herein. A subject having one
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or more of these risk factors has a higher probability of
developing the hematopoietic disorder or malignancy as
compared to an individual without these risk factor(s).
[0102] According to one embodiment, the subject has not
been diagnosed as having the disease or disorder, e.g.
hematopoietic disorder or malignancy, e.g., a leukemia or
MDS.

[0103] According to one embodiment, the subject is posi-
tive for one or more mutation in a splicing factor (as
discussed above).

[0104] As used herein, the term “positive” refers to a
genome of the subject that displays at least one mutation in
a splicing factor as determined by any method known in the
art (discussed in detail hereinabove).

[0105] Additional risk factors may include, for example,
age, gender, race, diet, weight, history of a previous disease,
presence of a precursor disease (e.g. pre-leukemia), genetic
(e.g., hereditary) considerations, and environmental expo-
sure (e.g. radiation or chemical exposure). In some embodi-
ments, a subject at high risk of developing a hematopoietic
disorder or malignancy (e.g., a leukemia or MDS) include,
for example, a subject whose relatives have experienced this
disease, and whose risk is determined by analysis of genetic
or biochemical marker/s. Such subjects may be identified by
the presence of certain genetic aberrations, as discussed in
detail below.

[0106] In some embodiments, a subject at high risk of
developing a hematopoietic disorder or malignancy (e.g., a
leukemia or MDS) if they exhibit any of, but not limited to,
larger cell clones (measured by peripheral blood variant
allele fraction (PB-VAF)), more than one ARCH defining
event, increased red cell distribution width (RDW), reduced
monocyte cell counts, reduced platelet cell counts, reduced
red blood cell counts, reduced white blood cell counts,
reduced hemoglobin levels, reduced cholesterol levels, pro-
longed fever, enlarged lymph nodes and/or spleen, or any
combination thereof, as compared to subject not at high risk
of developing a hematopoietic disorder or malignancy (e.g.,
a leukemia or MDS), e.g. a healthy subject.

[0107] Determination of risk factors may be carried out by
any person of skill in the art, such as by the use of
questionnaires, by physical examination and using standard
blood tests (e.g. CBC).

[0108] According to one embodiment, the high risk sub-
ject has a single SMM mutation.

[0109] According to one embodiment, the high risk sub-
ject has 2, 3, 4, 5 or more SMM mutations (as discussed
above).

[0110] According to one embodiment, the subject has a
combination of risk factors (e.g. a SMM mutation along with
any of the risk factors discussed above, e.g. age, gender,
race, cell counts, hemoglobin levels, etc.).

[0111] Thus, it is understood that methods of prevention as
detailed herein may, in some instances, employ selecting a
subject who is at high risk by detecting the presence or
absence of one or more SMM mutation, e.g. a U2AF1 and
SRSF2 mutation, or any combination thereof. Additionally,
the methods of the invention may, in some instances, employ
selecting a subject who is at high risk by assessing any of the
above described risk factors (e.g. age, gender, race, cell
counts, hemoglobin levels, or any combination thereof).
[0112] According to one embodiment, the mutation and/or
other risk factor is detected in hematopoietic stem and
progenitor cells.
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[0113] According to one embodiment, the mutation and/or
other risk factor is detected in pre-leukemic hematopoietic
stem and progenitor cells.

[0114] According to one embodiment, the mutation and/or
other risk factor is detected in a biological sample of the
subject.

[0115] As used herein “biological sample” refers to a
sample of tissue or fluid isolated from a subject, including
but not limited to, whole blood, plasma, serum, blood cells,
spinal fluid, lymph fluid, the external sections of the skin,
respiratory, intestinal, and genitourinary tracts, tears, saliva,
sputum, milk, tumors, cysts, neuronal tissues, organs, and
also samples of in vivo cell culture constituents.

[0116] According to a specific embodiment, the biological
sample comprises pre-leukemic hematopoietic stem and
progenitor cells.

[0117] Numerous well known tissue or fluid collection
methods can be utilized to collect the biological sample from
the subject in order to determine the presence of a mutation.
Collections methods include, but are not limited to, fine
needle biopsy, needle biopsy, core needle biopsy and surgi-
cal biopsy (e.g., brain biopsy), buccal smear and lavage.
Regardless of the procedure employed, once a biopsy/
sample is obtained the level of the variant can be determined
and a selection can thus be made.

[0118] A number of diseases and conditions, which
involve a mutation in a splicing factor, can be prevented
using the present teachings. The most prevalent conditions
involving a mutation in a splicing factor are hematopoietic
disorders or malignancies.

[0119] The term “hematopoietic disorder” refers to any
blood disorder including but not limited to hematopoietic
malignancy, hemoglobinopathy, and immunodeficiency.
[0120] The term “hematopoietic malignancy” (also named
hematological malignancies) as used herein refers to any
blood cell cancer, characterized by uncontrolled, abnormal
growth of blood cells. The term “hematopoietic malig-
nancy” includes but is not limited to, leukemia, myelodys-
plastic syndrome (MDS), lymphoma, and plasma cell
dyscrasia.

[0121] The term “leukemia” refers to a disease of the
blood forming tissues characterized by an abnormal increase
in the number of leukocytes in the tissues of the body with
or without a corresponding increase of those in the circu-
lating blood. Leukemia of the present invention includes
lymphocytic (lymphoblastic) leukemia and myelogenous
(myeloid or nonlymphocytic) leukemia. Exemplary types of
leukemia include, but are not limited to, chronic lympho-
cytic leukemia, (CLL), chronic myelocytic leukemia (CML)
[also known as chronic myelogenous leukemia (CML)],
acute lymphoblastic leukemia (ALL) and acute myeloid
leukemia (AML) [also known as acute myelogenous leuke-
mia (AML), acute nonlymphocytic leukemia (ANLL) and
acute myeloblastic leukemia (AML)].

[0122] The term “acute leukemia” means a disease that is
characterized by a rapid increase in the numbers of imma-
ture blood cells that transform into malignant cells, rapid
progression and accumulation of the malignant cells, which
spill into the bloodstream and spread to other organs of the
body.

[0123] The term “chronic leukemia” means a disease that
is characterized by the excessive build up of relatively
mature, but abnormal, white blood cells.
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[0124] According to one embodiment, the leukemia is an
acute myeloid leukemia (AML).

[0125] The term “myelodysplastic syndrome” or “MDS”
refers to a condition in which the bone marrow shows
qualitative and quantitative changes suggestive of a pre-
leukemic process, but having a chronic course that does not
necessarily terminate as acute leukemia.

[0126] The term “lymphoma” refers to a malignant tumor
of lymphoblasts derived from B lymphocytes. Exemplary
types of lymphoma include, but are not limited to, Hodgkin
lymphoma (HL), non-Hodgkin lymphoma (NHL), mature
B-cell lymphoma, mature T-cell and natural killer cell lym-
phomas, and immunodeficiency-associated lymphoprolif-
erative disorders.

[0127] The term “plasma cell dyscrasia” refers to plasma-
cytosis due to plasma cell proliferation. Exemplary types of
plasma cell dyscrasia include, but are not limited to, multiple
myeloma (MM) and plasma cell leukemia (PCL).

[0128] The term “hemoglobinopathy” as used herein
refers to disorders involving the oxygen-carrying compo-
nent of blood known as hemoglobin. Exemplary types of
hemoglobinopathy include, but are not limited to, sickle cell
anemia, Fanconi anemia and thalassemia.

[0129] The term “immunodeficiency” as used herein
refers to the inability to mount a normal immune response.
The term “immunodeficiency” encompasses both inherited
(genetic) and acquired immunodeficiencies. Exemplary
types of immunodeficiencies include, but are not limited to,
severe combined immunodeficiency (SCID), X-linked
agammaglobulinemia (XLLA), common variable immunode-
ficiency (CVID), immune-complex diseases (e.g. viral hepa-
titis) and AIDS.

[0130] As mentioned hereinabove, the methods of the
present invention are performed by administering to a sub-
ject in need thereof a therapeutically effective amount of an
agent capable of inhibiting spliceosomal activity, with the
proviso that the agent does not inhibit RBM39 activity. Such
agents are lethal to cells already comprising a spliceosome
machinery mutation (e.g. pre-leukemic cells) as these cells
are dependent on expression of the remaining wild type
allele.

[0131] The term “inhibiting spliceosomal activity” refers
to decreasing splicing activity in a cell by at least about 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or
100% as compared to a cell not contacted with the agent.

[0132] Decreasing splicing activity can be effected by
downregulating the expression, assembly or activity of a
spliceosome protein (e.g. splicing factor). Accordingly,
downregulating a spliceosome protein (e.g. splicing factor)
can be effected at the genomic level (e.g. by homologous
recombination and site specific endonucleases) and/or the
transcript level using a variety of molecules which interfere
with transcription and/or translation (e.g., RNA silencing
agents) and/or on the protein level (e.g., aptamers, small
molecules and inhibitory peptides, antagonists, enzymes that
cleave the polypeptide, antibodies and the like).

[0133] For the same culture conditions the expression is
generally expressed in comparison to the expression in a cell
of the same species but not contacted with the agent or
contacted with a vehicle control, also referred to as control.

[0134] Downregulation of expression may be either tran-
sient or permanent.
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[0135] According to specific embodiments, downregulat-
ing expression refers to the absence of mRNA and/or
protein, as detected by RT-PCR or Western blot, respec-
tively.

[0136] According to other specific embodiments down-
regulating expression refers to a decrease in the level of
mRNA and/or protein, as detected by RT-PCR or Western
blot, respectively. The reduction may be by at least a 10%,
at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%
or at least 99% reduction.

[0137] Non-limiting examples of agents capable of inhib-
iting spliceosomal activity by downregulating expression of
spliceosome proteins (e.g. splicing factors) are described in
details hereinbelow.

[0138] According to one embodiment, the agent directly
downregulates an activity or expression of a splicing factor.
The term “directly” means that the agent acts upon and/or
directly interacts with the splicing factor nucleic acid
sequence or protein and not on a co-factor, an upstream
activator or downstream effector of the splicing factor. Such
an agent typically blocks splicing.

[0139] According to one embodiment, inhibition of spli-
ceosomal activity is effected by a splicing inhibitor.

[0140] According to one embodiment, the splicing inhibi-
tor interferes with spliceosome assembly such that no splic-
ing complex formation occurs.

[0141] According to one embodiment, the splicing inhibi-
tor interferes with acetylation state of a spliceosome protein.
[0142] According to one embodiment, the splicing inhibi-
tor targets kinases and phosphatases linked to spliceosome
activity.

[0143] According to one embodiment, the agent inhibits a
splicing factor including, but not limited to, U2AF1, SF3B1,
SRSF2, and ZRSR2.

[0144] Exemplary splicing inhibitors include, but are not
limited to, Sudemycin, Spliceostatin, FR901464, Pladieno-
lide, Herboxidiene, Meayamycin, Isoginkgetin, Madrasin,
Tetrocarcin, N-palmitoyl-L-leucine, Psoromic acid, Clotri-
mazole, NSC635326, Napthazarin, Erythromycin, SAHA,
Garcinol, Okadaic acid, NB-506, Ubistatin, G5, or a deriva-
tive or analog thereof.

[0145] According to a specific embodiment, the splicing
inhibitors include, but are not limited to, E7107, H3B-8800,
FD-895, GEX1Q1-5, RQN-18690, NSC659999, BN82865,
NSC95397, tetracycline, streptomycin, splitomicin, tauto-
mycin, microcystin, siospyrin, chlorhexidine, or a derivative
or analog thereof.

[0146] Additional splicing inhibitors which can be used in
accordance with the present teachings are disclosed in
Kerstin A. Effenberger, Veronica K. Urabe, and Melissa S.
Jurica, “Modulating splicing with small molecular inhibitors
of the spliceosome”, Wiley Interdiscip Rev RNA. Author
manuscript; PMC 2018 Mar. 1, incorporated herein by
reference in its entirety.

[0147] According to one embodiment, the agent indirectly
downregulates an activity or expression of a splicing factor.
The term “indirectly” means that the agent acts upon a
co-factor, an upstream activator or downstream effector of
the splicing factor.

[0148] According to one embodiment, inhibition of spli-
ceosomal activity is effected by perturbing splicing through
proteasomal degradation.
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[0149] According to a specific embodiment, the agent
does not inhibit RBM39 activity.

[0150] According to one embodiment, the agent does not
alter the biological activity of RBM39.

[0151] According to one embodiment, the agent does not
lead to RBM39 ubiquitination as determined by In Vivo
Polyubiquitination Assay.

[0152] According to one embodiment, the agent does not
lead to RBM?39 degradation, as determined by e.g. Western
blot assay, C-terminal tagging of endogenous RBM39 assay,
Auxin induced degradation of RBM39 assay and/or Immu-
noprecipitation of RBM39 Complex.

[0153] According to one embodiment, the agent does not
lead to RBM39 ubiquitination and degradation.

[0154] The term “RBM39” refers to RNA binding motif
protein 39. In some embodiments, the RBM39 is from Homo
sapiens, having accession number NM_004902 (SEQ ID
NO: 31) (mRNA) or NP_004893 (SEQ ID NO: 32) (pro-
tein).

[0155] According to one embodiment, the agent is not an
aryl sulfonamide.

[0156] According to a specific embodiment, the agent is
not indisulam.

[0157] According to a specific embodiment, the agent is
not tasisulam.

[0158] According to a specific embodiment, the agent is
not chloroquinoxaline sulfonamide (CQS).

[0159] According to one embodiment, the agent promotes
degradation of a spliceosome protein comprising, but not
limited to, core members of the SF3b complex (e.g. SF3B1,
SF3B2, SF3B3, and PHF5a), U2AF complex (e.g. U2AF1,
U2AF2), PRMT enzymes (e.g. PRMTS, PRMT1, PRMT2,
PRMT3, PRMT4, PRMT6, and PRMTS8) or RNA binding
proteins (RBPs, e.g. SUPT6H, hnRNPH, and SRSF10).

[0160] According to a specific embodiment the agent is
capable of proteasomal degradation of core members of the
SF3b complex (e.g. SF3B1, SF3B2, SF3B3, and PHF5a),
U2AF complex (e.g. U2AF1, U2AF2), PRMT enzymes (e.g.
PRMTS, PRMT1, 2, 3, 4, 6, and 8) or RNA binding proteins
(RBPs, e.g. SUPT6H, hnRNPH, and SRSF10) can be used
in accordance with the present teachings.

[0161] According to one embodiment, inhibition of spli-
ceosomal activity is effected by inhibition of a protein
arginine methyltransferase (PRMT).

[0162] As used herein, “protein arginine methyltransfer-
ase” or “PRMT” refers to the family of proteins which
regulate expression of a wide spectrum of target genes
through their ability to catalyze symmetric or asymmetric
methylation of histones and non-histone proteins.

[0163] Exemplary PRMTs include, but are not limited to,
protein arginine methyltransferase 1 (PRMT1, e.g. as set
forth in EC number 2.1.1.319), protein arginine methyltrans-
ferase 2 (PRMT2, e.g. as set forth in EC number 2.1.1.319),
protein arginine methyltransferase 3 (PRMT3, e.g. as set
forth in EC number 2.1.1.-), protein arginine methyltrans-
ferase 4 (PRMT4), protein arginine methyl transferase 5
(PRMTS, e.g. as set forth in EC number 2.1.1.320), protein
arginine methyltransferase 6 (PRMT6, e.g. as set forth in EC
number 2.1.1.319), protein arginine methyltransferase 7
(PRMT7, e.g. as set forth in EC number 2.1.1.321), protein
arginine methyltransferase 8 (PRMTS, e.g. as set forth in EC
number 2.1.1.-), and protein arginine methyltransferase 9
(PRMT?Y, also referred to as 4q31).
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[0164] According to one embodiment, the agent inhibits a
methyltransferase activity of the protein arginine methyl-
transferase.

[0165] According to a specific embodiment, the agent is a
type I PRMT inhibitor MS-023 dihydrochloride, or a deriva-
tive or analog thereof.

[0166] According to a specific embodiment, when the
PRMT comprises PRMTS5, the agent comprises GSK591
dihydrochloride or GSK3326595, or a derivative or analog
thereof.

[0167] According to a specific embodiment, when the
PRMT comprises PRMT1, the agent comprises C-21, Fur-
amidine dihydrochloride or TC-E 5003, or a derivative or
analog thereof.

[0168] According to a specific embodiment, when the
PRMT comprises PRMT3, the agent comprises SGC707 or
UNC2327, or a derivative or analog thereof.

[0169] According to a specific embodiment, when the
PRMT comprises PRMT4, the agent comprises MS049
oxalate salt or TP064, or a derivative or analog thereof.
[0170] According to a specific embodiment, when the
PRMT comprises PRMT6, the agent comprises MS049
oxalate salt, or a derivative or analog thereof.

[0171] Additional PRMT inhibitors which can be used in
accordance with the present teachings are disclosed in H.
Umit Kaniskan, Michael L. Martini, and Jian Jin, “Inhibitors
of Protein Methyltransferases and Demethylases”, Chem.
Rev. (2018) 118: 989-1068; and Hao Hu, Kun Qian, Meng-
Chiao Ho, and Y. George Zheng “Small Molecule Inhibitors
of Protein Arginine Methyltransferases”, Expert Opin Inves-
tig Drugs. (2016) 25(3): 335-358, both incorporated herein
by reference in their entirety.

[0172] In addition to the agents discussed above, agents
capable of downregulating a spliceosome protein (e.g. splic-
ing factor) may be any molecule which binds to and/or
cleaves the spliceosome protein (e.g. splicing factor). Such
molecules can be small molecules, antagonists, or inhibitory
peptides.

[0173] It will be appreciated that a non-functional ana-
logue of at least a catalytic or binding portion of a spli-
ceosome protein (e.g. splicing factor) can be also used as an
agent which inhibits spliceosome activity.

[0174] Alternatively or additionally, small molecule or
peptides can be used which interfere with a spliceosome
protein (e.g. splicing factor) protein function (e.g., catalytic
or interaction).

[0175] Another agent which can be used along with some
embodiments of the invention to downregulate a spli-
ceosome protein (e.g. splicing factor) is a molecule which
prevents a spliceosome protein (e.g. splicing factor) activa-
tion or substrate binding.

[0176] Additional agents capable of inhibiting spli-
ceosomal activity at the polypeptide level include antibod-
ies, antibody fragments, and aptamers.

[0177] According to specific embodiments the agent
capable of downregulating a spliceosome protein (e.g. splic-
ing factor) is an antibody or antibody fragment capable of
specifically binding the spliceosome protein (e.g. splicing
factor). Preferably, the antibody specifically binds at least
one epitope of a spliceosome protein (e.g. splicing factor).
As used herein, the term “epitope” refers to any antigenic
determinant on an antigen to which the paratope of an
antibody binds. Epitopic determinants usually consist of
chemically active surface groupings of molecules such as
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amino acids or carbohydrate side chains and usually have
specific three dimensional structural characteristics, as well
as specific charge characteristics.

[0178] As the spliceosome protein (e.g. splicing factor) is
localized intracellularly, an antibody or antibody fragment
capable of specifically binding the spliceosome protein (e.g.
splicing factor) is typically an intracellular antibody.
[0179] Methods of producing polyclonal and monoclonal
antibodies as well as fragments thereof are well known in the
art (See for example, Harlow and Lane, Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, New
York, 1988, incorporated herein by reference).

[0180] Another agent which can be used along with some
embodiments of the invention to downregulate a spli-
ceosome protein (e.g. splicing factor) is an aptamer. As used
herein, the term “aptamer” refers to double stranded or
single stranded RN A molecule that binds to specific molecu-
lar target, such as a protein. Various methods are known in
the art which can be used to design protein specific aptam-
ers. The skilled artisan can employ SELEX (Systematic
Evolution of Ligands by Exponential Enrichment) for effi-
cient selection as described in Stoltenburg R, Reinemann C,
and Strehlitz B (Biomolecular engineering (2007) 24(4):
381-403).

[0181] Down-regulation at the nucleic acid level is typi-
cally effected using a nucleic acid agent, having a nucleic
acid backbone, DNA, RNA, mimetics thereof or a combi-
nation of same. The nucleic acid agent may be encoded from
a DNA molecule or provided to the cell per se.

[0182] Thus, downregulation of a spliceosome protein
(e.g. splicing factor) can be achieved by RNA silencing. As
used herein, the phrase “RNA silencing” refers to a group of
regulatory mechanisms [e.g. RNA interference (RNAI),
transcriptional gene silencing (TGS), post-transcriptional
gene silencing (PTGS), quelling, co-suppression, and trans-
lational repression] mediated by RNA molecules which
result in the inhibition or “silencing” of the expression of a
corresponding protein-coding gene. RNA silencing has been
observed in many types of organisms, including plants,
animals, and fungi.

[0183] As used herein, the term “RNA silencing agent”
refers to an RNA which is capable of specifically inhibiting
or “silencing” the expression of a target gene. In certain
embodiments, the RNA silencing agent is capable of pre-
venting complete processing (e.g., the full translation and/or
expression) of an mRNA molecule through a post-transcrip-
tional silencing mechanism. RNA silencing agents include
non-coding RNA molecules, for example RNA duplexes
comprising paired strands, as well as precursor RNAs from
which such small non-coding RNAs can be generated.
Exemplary RNA silencing agents include dsRNAs such as
siRNAs, miRNAs and shRNAs.

[0184] In one embodiment, the RNA silencing agent is
capable of inducing RNA interference.

[0185] Inanother embodiment, the RNA silencing agent is
capable of mediating translational repression.

[0186] According to an embodiment of the invention, the
RNA silencing agent is specific to the target RNA (e.g.,
splicing factor) and does not cross inhibit or silence other
targets or a splice variant which exhibits 99% or less global
homology to the target gene, e.g., less than 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%,
85%, 84%, 83%, 82%, 81% global homology to the target
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gene; as determined by PCR, Western blot, Immunohisto-
chemistry and/or flow cytometry.

[0187] RNA interference refers to the process of sequence-
specific post-transcriptional gene silencing in animals medi-
ated by short interfering RNAs (siRNAs).

[0188] Following is a detailed description on RNA silenc-
ing agents that can be used according to specific embodi-
ments of the present invention.

[0189] DsRNA, siRNA and shRNA—The presence of
long dsRNAs in cells stimulates the activity of a ribonu-
clease III enzyme referred to as dicer. Dicer is involved in
the processing of the dsRNA into short pieces of dsRNA
known as short interfering RNAs (siRNAs). Short interfer-
ing RNAs derived from dicer activity are typically about 21
to about 23 nucleotides in length and comprise about 19 base
pair duplexes. The RNAi response also features an endonu-
clease complex, commonly referred to as an RNA-induced
silencing complex (RISC), which mediates cleavage of
single-stranded RNA having sequence complementary to the
antisense strand of the siRNA duplex. Cleavage of the target
RNA takes place in the middle of the region complementary
to the antisense strand of the siRNA duplex.

[0190] Accordingly, some embodiments of the invention
contemplate use of dsRNA to downregulate protein expres-
sion from mRNA.

[0191] According to one embodiment dsRNA longer than
30 bp are used. Various studies demonstrate that long
dsRNAs can be used to silence gene expression without
inducing the stress response or causing significant off-target
effects—see for example [Strat et al., Nucleic Acids
Research, 2006, Vol. 34, No. 13 3803-3810; Bhargava A et
al. Brain Res. Protoc. 2004; 13:115-125; Diallo M., et al.,
Oligonucleotides. 2003; 13:381-392; Paddison P. J., et al.,
Proc. Natl Acad. Sci. USA. 2002; 99:1443-1448; Tran N., et
al., FEBS Lett. 2004; 573:127-134].

[0192] According to some embodiments of the invention,
dsRNA is provided in cells where the interferon pathway is
not activated, see for example Billy et al., PNAS 2001, Vol
98, pages 14428-14433. and Diallo et al, Oligonucleotides,

Oct. 1, 2003, 13(5): 381-392. doi: 10.1089/
154545703322617069.
[0193] According to an embodiment of the invention, the

long dsRNA are specifically designed not to induce the
interferon and PKR pathways for down-regulating gene
expression. For example, Shinagwa and Ishii [ Geres & Dev.
17 (11): 1340-1345, 2003] have developed a vector, named
pDECAP, to express long double-strand RNA from an RNA
polymerase II (Pol II) promoter. Because the transcripts
from pDECAP lack both the 5'-cap structure and the 3'-poly
(A) tail that facilitate ds-RNA export to the cytoplasm, long
ds-RNA from pDECAP does not induce the interferon
response.

[0194] Another method of evading the interferon and PKR
pathways in mammalian systems is by introduction of small
inhibitory RNAs (siRNAs) either via transfection or endog-
enous expression.

[0195] The term “siRNA” refers to small inhibitory RNA
duplexes (generally between 18-30 base pairs) that induce
the RNA interference (RNAi) pathway. Typically, siRNAs
are chemically synthesized as 21mers with a central 19 bp
duplex region and symmetric 2-base 3'-overhangs on the
termini, although it has been recently described that chemi-
cally synthesized RNA duplexes of 25-30 base length can
have as much as a 100-fold increase in potency compared
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with 21mers at the same location. The observed increased
potency obtained using longer RNAs in triggering RNAI is
suggested to result from providing Dicer with a substrate
(27mer) instead of a product (21mer) and that this improves
the rate or efficiency of entry of the siRNA duplex into
RISC.

[0196] It has been found that position of the 3'-overhang
influences potency of a siRNA and asymmetric duplexes
having a 3'-overhang on the antisense strand are generally
more potent than those with the 3'-overhang on the sense
strand (Rose et al., 2005). This can be attributed to asym-
metrical strand loading into RISC, as the opposite efficacy
patterns are observed when targeting the antisense tran-
script.

[0197] The strands of a double-stranded interfering RNA
(e.g., an siRNA) may be connected to form a hairpin or
stem-loop structure (e.g., an shRNA). Thus, as mentioned,
the RNA silencing agent of some embodiments of the
invention may also be a short hairpin RNA (shRNA).

[0198] The term “shRNA”, as used herein, refers to an
RNA agent having a stem-loop structure, comprising a first
and second region of complementary sequence, the degree
of complementarity and orientation of the regions being
sufficient such that base pairing occurs between the regions,
the first and second regions being joined by a loop region,
the loop resulting from a lack of base pairing between
nucleotides (or nucleotide analogs) within the loop region.
The number of nucleotides in the loop is a number between
and including 3 to 23, or Sto 15, or 7 to 13, or 4 t0 9, or 9
to 11. Some of the nucleotides in the loop can be involved
in base-pair interactions with other nucleotides in the loop.
Examples of oligonucleotide sequences that can be used to
form the loop include 5'-CAAGAGA-3' and 5'-UUACAA-3'
(International Patent Application Nos. W02013126963 and
W02014107763). It will be recognized by one of skill in the
art that the resulting single chain oligonucleotide forms a
stem-loop or hairpin structure comprising a double-stranded
region capable of interacting with the RNAi machinery.

[0199] Synthesis of RNA silencing agents suitable for use
with some embodiments of the invention can be effected as
follows. First, the spliceosome protein (e.g. splicing factor)
mRNA sequence is scanned downstream of the AUG start
codon for AA dinucleotide sequences. Occurrence of each
AA and the 3' adjacent 19 nucleotides is recorded as
potential siRNA target sites. Preferably, siRNA target sites
are selected from the open reading frame, as untranslated
regions (UTRs) are richer in regulatory protein binding sites.
UTR-binding proteins and/or translation initiation com-
plexes may interfere with binding of the siRNA endonu-
clease complex [Tuschl ChemBiochem. 2:239-245]. Tt will
be appreciated though, that siRNAs directed at untranslated
regions may also be effective, as demonstrated for GAPDH
wherein siRNA directed at the 5' UTR mediated about 90%
decrease in cellular GAPDH mRNA and completely abol-
ished protein level (www(dot)ambion(dot)com/techlib/tn/
91/912(dot)html).

[0200] Second, potential target sites are compared to an
appropriate genomic database (e.g., human, mouse, rat etc.)
using any sequence alignment software, such as the BLAST
software available from the NCBI server (www(dot)ncbi
(dot)nlm(dot)nih(dot)gov/BLAST/). Putative target sites
which exhibit significant homology to other coding
sequences are filtered out.
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[0201] Qualifying target sequences are sclected as tem-
plate for siRNA synthesis. Preferred sequences are those
including low G/C content as these have proven to be more
effective in mediating gene silencing as compared to those
with G/C content higher than 55%. Several target sites are
preferably selected along the length of the target gene for
evaluation. For better evaluation of the selected siRNAs, a
negative control is preferably used in conjunction. Negative
control siRNA preferably includes the same nucleotide
composition as the siRNAs but lack significant homology to
the genome. Thus, a scrambled nucleotide sequence of the
siRNA is preferably used, provided it does not display any
significant homology to any other gene.

[0202] For example, suitable siRNAs directed against a
spliceosome protein (e.g. splicing factor) can be the com-
mercially obtained from Santa Cruz Biotechnology, Inc.

[0203] It will be appreciated that, and as mentioned here-
inabove, the RNA silencing agent of some embodiments of
the invention need not be limited to those molecules con-
taining only RNA, but further encompasses chemically-
modified nucleotides and non-nucleotides.

[0204] miRNA and miRNA mimics—According to
another embodiment the RNA silencing agent may be a
miRNA.

[0205] The term “microRNA”, “miRNA”, and “miR” are
synonymous and refer to a collection of non-coding single-
stranded RNA molecules of about 19-28 nucleotides in
length, which regulate gene expression. miRNAs are found
in a wide range of organisms (viruses.fwdarw.humans) and
have been shown to play a role in development, homeosta-
sis, and disease etiology.

[0206] Below is a brief description of the mechanism of
miRNA activity.

[0207] Genes coding for miRNAs are transcribed leading
to production of an miRNA precursor known as the pri-
miRNA. The pri-miRNA is typically part of a polycistronic
RNA comprising multiple pri-miRNAs. The pri-miRNA
may form a hairpin with a stem and loop. The stem may
comprise mismatched bases.

[0208] The hairpin structure of the pri-miRNA is recog-
nized by Drosha, which is an RNase III endonuclease.
Drosha typically recognizes terminal loops in the pri-
miRNA and cleaves approximately two helical turns into the
stem to produce a 60-70 nucleotide precursor known as the
pre-miRNA. Drosha cleaves the pri-miRNA with a stag-
gered cut typical of RNase III endonucleases yielding a
pre-miRNA stem loop with a §' phosphate and ~2 nucleotide
3' overhang. It is estimated that approximately one helical
turn of stem (~10 nucleotides) extending beyond the Drosha
cleavage site is essential for efficient processing. The pre-
miRNA is then actively transported from the nucleus to the
cytoplasm by Ran-GTP and the export receptor Ex-portin-5.

[0209] The double-stranded stem of the pre-miRNA is
then recognized by Dicer, which is also an RNase III
endonuclease. Dicer may also recognize the 5' phosphate
and 3' overhang at the base of the stem loop. Dicer then
cleaves off the terminal loop two helical turns away from the
base of the stem loop leaving an additional 5' phosphate and
~2 nucleotide 3' overhang. The resulting siRNA-like duplex,
which may comprise mismatches, comprises the mature
miRNA and a similar-sized fragment known as the
miRNA*. The miRNA and miRNA* may be derived from
opposing arms of the pri-miRNA and pre-miRNA. miRNA*
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sequences may be found in libraries of cloned miRNAs but
typically at lower frequency than the miRNAs.

[0210] Although initially present as a double-stranded
species with miRNA*, the miRNA eventually becomes
incorporated as a single-stranded RNA into a ribonucleo-
protein complex known as the RNA-induced silencing com-
plex (RISC). Various proteins can form the RISC, which can
lead to variability in specificity for miRNA/miRNA*
duplexes, binding site of the target gene, activity of miRNA
(repress or activate), and which strand of the miRNA/
miRNA* duplex is loaded in to the RISC.

[0211] When the miRNA strand of the miRNA:miRNA*
duplex is loaded into the RISC, the miRNA* is removed and
degraded. The strand of the miRNA:miRNA* duplex that is
loaded into the RISC is the strand whose 5' end is less tightly
paired. In cases where both ends of the miRNA:miRNA*
have roughly equivalent 5' pairing, both miRNA and
miRNA* may have gene silencing activity.

[0212] The RISC identifies target nucleic acids based on
high levels of complementarity between the miRNA and the
mRNA, especially by nucleotides 2-7 of the miRNA.
[0213] A number of studies have looked at the base-
pairing requirement between miRNA and its mRNA target
for achieving efficient inhibition of translation (reviewed by
Bartel 2004, Cell 116-281). In mammalian cells, the first 8
nucleotides of the miRNA may be important (Doench &
Sharp 2004 GenesDev 2004-504). However, other parts of
the microRNA may also participate in mRNA binding.
Moreover, sufficient base pairing at the 3' can compensate
for insufficient pairing at the 5' (Brennecke et al, 2005 PLoS
3-e85). Computation studies, analyzing miRNA binding on
whole genomes have suggested a specific role for bases 2-7
at the 5' of the miRNA in target binding but the role of the
first nucleotide, found usually to be “A” was also recognized
(Lewis et at 2005 Cell 120-15). Similarly, nucleotides 1-7 or
2-8 were used to identify and validate targets by Krek et al.
(2005, Nat Genet 37-495).

[0214] The target sites in the mRNA may be in the 5' UTR,
the 3' UTR or in the coding region. Interestingly, multiple
miRNAs may regulate the same mRNA target by recogniz-
ing the same or multiple sites. The presence of multiple
miRNA binding sites in most genetically identified targets
may indicate that the cooperative action of multiple RISCs
provides the most efficient translational inhibition.

[0215] miRNAs may direct the RISC to downregulate
gene expression by either of two mechanisms: mRNA
cleavage or translational repression. The miRNA may
specify cleavage of the mRNA if the mRNA has a certain
degree of complementarity to the miRNA. When a miRNA
guides cleavage, the cut is typically between the nucleotides
pairing to residues 10 and 11 of the miRNA. Alternatively,
the miRNA may repress translation if the miRNA does not
have the requisite degree of complementarity to the miRNA.
Translational repression may be more prevalent in animals
since animals may have a lower degree of complementarity
between the miRNA and binding site.

[0216] It should be noted that there may be variability in
the 5' and 3' ends of any pair of miRNA and miRNA*. This
variability may be due to variability in the enzymatic
processing of Drosha and Dicer with respect to the site of
cleavage. Variability at the 5' and 3' ends of miRNA and
miRNA* may also be due to mismatches in the stem
structures of the pri-miRNA and pre-miRNA. The mis-
matches of the stem strands may lead to a population of
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different hairpin structures. Variability in the stem structures
may also lead to variability in the products of cleavage by
Drosha and Dicer.

[0217] The term “microRNA mimic” or “miRNA mimic”
refers to synthetic non-coding RNAs that are capable of
entering the RNAi pathway and regulating gene expression.
miRNA mimics imitate the function of endogenous miRNAs
and can be designed as mature, double stranded molecules
or mimic precursors (e.g., or pre-miRNAs). miRNA mimics
can be comprised of modified or unmodified RNA, DNA,
RNA-DNA hybrids, or alternative nucleic acid chemistries
(e.g., LNAs or 2'-0,4'-C-ethylene-bridged nucleic acids
(ENA)). For mature, double stranded miRNA mimics, the
length of the duplex region can vary between 13-33, 18-24
or 21-23 nucleotides. The miRNA may also comprise a total
of atleast 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39 or 40 nucleotides. The sequence of the
miRNA may be the first 13-33 nucleotides of the pre-
miRNA. The sequence of the miRNA may also be the last
13-33 nucleotides of the pre-miRNA.

[0218] Preparation of miRNAs mimics can be effected by
any method known in the art such as chemical synthesis or
recombinant methods.

[0219] It will be appreciated from the description provided
herein above that contacting cells with a miRNA may be
effected by transfecting the cells with e.g. the mature double
stranded miRNA, the pre-miRNA or the pri-miRNA.
[0220] The pre-miRNA sequence may comprise from
45-90, 60-80 or 60-70 nucleotides.

[0221] The pri-miRNA sequence may comprise from
45-30,000, 50-25,000, 100-20,000, 1,000-1,500 or 80-100
nucleotides.

[0222] Antisense—Antisense is a single stranded RNA
designed to prevent or inhibit expression of a gene by
specifically hybridizing to its mRNA. Downregulation of a
spliceosome protein (e.g. splicing factor) can be effected
using an antisense polynucleotide capable of specifically
hybridizing with an mRNA transcript encoding spliceosome
protein (e.g. splicing factor).

[0223] Design of antisense molecules which can be used
to efficiently downregulate a spliceosome protein (e.g. splic-
ing factor) must be effected while considering two aspects
important to the antisense approach. The first aspect is
delivery of the oligonucleotide into the cytoplasm of the
appropriate cells, while the second aspect is design of an
oligonucleotide which specifically binds the designated
mRNA within cells in a way which inhibits translation
thereof.

[0224] The prior art teaches of a number of delivery
strategies which can be used to efficiently deliver oligo-
nucleotides into a wide variety of cell types [see, for
example, Jadskeldinen et al. Cell Mol Biol Lett. (2002)
7(2):236-7; Gait, Cell Mol Life Sci. (2003) 60(5):844-53;
Martino et al. J Biomed Biotechnol. (2009) 2009:410260;
Grijalvo et al. Expert Opin Ther Pat. (2014) 24(7):801-19;
Falzarano et al, Nucleic Acid Ther. (2014) 24(1):87-100;
Shilakari et al. Biomed Res Int. (2014) 2014: 526391;
Prakash et al. Nucleic Acids Res. (2014) 42(13):8796-807
and Asseline et al. ] Gene Med. (2014) 16(7-8):157-65].
[0225] In addition, algorithms for identifying those
sequences with the highest predicted binding affinity for
their target mRNA based on a thermodynamic cycle that
accounts for the energetics of structural alterations in both
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the target mRNA and the oligonucleotide are also available
[see, for example, Walton et al. Biotechnol Bioeng 65: 1-9
(1999)]. Such algorithms have been successfully used to
implement an antisense approach in cells.

[0226] In addition, several approaches for designing and
predicting efficiency of specific oligonucleotides using an in
vitro system were also published (Matveeva et al., Nature
Biotechnology 16: 1374-1375 (1998)].

[0227] Thus, the generation of highly accurate antisense
design algorithms and a wide variety of oligonucleotide
delivery systems, enable an ordinarily skilled artisan to
design and implement antisense approaches suitable for
downregulating expression of known sequences without
having to resort to undue trial and error experimentation.
[0228] Nucleic acid agents can also operate at the DNA
level as summarized infra.

[0229] Downregulation of spliceosome protein (e.g. splic-
ing factor) can also be achieved by inactivating the gene
(e.g. splicing factor) via introducing targeted mutations
involving loss-of function alterations (e.g. point mutations,
deletions and insertions) in the gene structure.

[0230] As used herein, the phrase “loss-of-function altera-
tions” refers to any mutation in the DNA sequence of a gene
(e.g., splicing factor) which results in downregulation of the
expression level and/or activity of the expressed product,
i.e., the mRNA transcript and/or the translated protein.
Non-limiting examples of such loss-of-function alterations
include a missense mutation, i.e., a mutation which changes
an amino acid residue in the protein with another amino acid
residue and thereby abolishes the enzymatic activity of the
protein; a nonsense mutation, i.e., a mutation which intro-
duces a stop codon in a protein, e.g., an early stop codon
which results in a shorter protein devoid of the enzymatic
activity; a frame-shift mutation, i.e., a mutation, usually,
deletion or insertion of nucleic acid(s) which changes the
reading frame of the protein, and may result in an early
termination by introducing a stop codon into a reading frame
(e.g., a truncated protein, devoid of the enzymatic activity),
or in a longer amino acid sequence (e.g., a readthrough
protein) which affects the secondary or tertiary structure of
the protein and results in a non-functional protein, devoid of
the enzymatic activity of the non-mutated polypeptide; a
readthrough mutation due to a frame-shift mutation or a
modified stop codon mutation (i.e., when the stop codon is
mutated into an amino acid codon), with an abolished
enzymatic activity; a promoter mutation, i.e., a mutation in
a promoter sequence, usually 5' to the transcription start site
of a gene, which results in down-regulation of a specific
gene product; a regulatory mutation, i.e., a mutation in a
region upstream or downstream, or within a gene, which
affects the expression of the gene product; a deletion muta-
tion, i.e., a mutation which deletes coding nucleic acids in a
gene sequence and which may result in a frame-shift muta-
tion or an in-frame mutation (within the coding sequence,
deletion of one or more amino acid codons); an insertion
mutation, i.e., a mutation which inserts coding or non-
coding nucleic acids into a gene sequence, and which may
result in a frame-shift mutation or an in-frame insertion of
one or more amino acid codons; an inversion, i.e., a mutation
which results in an inverted coding or non-coding sequence;
a splice mutation i.e., a mutation which results in abnormal
splicing or poor splicing; and a duplication mutation, i.e., a
mutation which results in a duplicated coding or non-coding
sequence, which can be in-frame or can cause a frame-shift.



US 2021/0251955 Al

[0231] According to specific embodiments loss-of-func-
tion alteration of a gene may comprise at least one allele of
the gene.

[0232] The term “allele” as used herein, refers to any of
one or more alternative forms of a gene locus, all of which
alleles relate to a trait or characteristic. In a diploid cell or
organism, the two alleles of a given gene occupy corre-
sponding loci on a pair of homologous chromosomes.
[0233] According to other specific embodiments loss-of-
function alteration of a gene comprises both alleles of the
gene. In such instances the e.g. spliceosome protein (e.g.
splicing factor) may be in a homozygous form or in a
heterozygous form.

[0234] Methods of introducing nucleic acid alterations to
a gene of interest are well known in the art [see for example
Menke D. Genesis (2013) 51:-618; Capecchi, Science
(1989) 244:1288-1292; Santiago et al. Proc Natl Acad Sci
USA (2008) 105:5809-5814; International Patent Applica-
tion Nos. WO 2014085593, WO 2009071334 and WO
2011146121; U.S. Pat. Nos. 8,771,945, 8,586,526, 6,774,
279 and UP Patent Application Publication Nos.
20030232410, 20050026157, US20060014264; the contents
of which are incorporated by reference in their entireties|
and include targeted homologous recombination, site spe-
cific recombinases, PB transposases and genome editing by
engineered nucleases. Agents for introducing nucleic acid
alterations to a gene of interest can be designed publically
available sources or obtained commercially from Transposa-
gen, Addgene and Sangamo Biosciences.

[0235] Following is a description of various exemplary
methods used to introduce nucleic acid alterations to a gene
of interest and agents for implementing same that can be
used according to specific embodiments of the present
invention.

[0236] Genome FEditing using engineered endonu-
cleases—this approach refers to a reverse genetics method
using artificially engineered nucleases to cut and create
specific double-stranded breaks at a desired location(s) in
the genome, which are then repaired by cellular endogenous
processes such as, homology directed repair (HDS) and
non-homologous end-joining (NHEJ). NHEJ directly joins
the DNA ends in a double-stranded break, while HDR
utilizes a homologous sequence as a template for regener-
ating the missing DNA sequence at the break point. In order
to introduce specific nucleotide modifications to the
genomic DNA, a DNA repair template containing the
desired sequence must be present during HDR.

[0237] Genome editing cannot be performed using tradi-
tional restriction endonucleases since most restriction
enzymes recognize a few base pairs on the DNA as their
target and the probability is very high that the recognized
base pair combination will be found in many locations
across the genome resulting in multiple cuts not limited to a
desired location. To overcome this challenge and create
site-specific single- or double-stranded breaks, several dis-
tinct classes of nucleases have been discovered and bioen-
gineered to date. These include the meganucleases, Zinc
finger nucleases (ZFNs), transcription-activator like effector
nucleases (TALENs) and CRISPR/Cas system.

[0238] Meganucleases—Meganucleases are commonly
grouped into four families: the LAGLIDADG family, the
GIY-YIG family, the His-Cys box family and the HNH
family. These families are characterized by structural motifs,
which affect catalytic activity and recognition sequence. For
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instance, members of the LAGLIDADG family are charac-
terized by having either one or two copies of the conserved
LAGLIDADG motif. The four families of meganucleases
are widely separated from one another with respect to
conserved structural elements and, consequently, DNA rec-
ognition sequence specificity and catalytic activity. Mega-
nucleases are found commonly in microbial species and
have the unique property of having very long recognition
sequences (>14 bp) thus making them naturally very specific
for cutting at a desired location.

[0239] This can be exploited to make site-specific double-
stranded breaks in genome editing. One of skill in the art can
use these naturally occurring meganucleases, however the
number of such naturally occurring meganucleases is lim-
ited. To overcome this challenge, mutagenesis and high
throughput screening methods have been used to create
meganuclease variants that recognize unique sequences. For
example, various meganucleases have been fused to create
hybrid enzymes that recognize a new sequence.

[0240] Alternatively, DNA interacting amino acids of the
meganuclease can be altered to design sequence specific
meganucleases (see e.g., U.S. Pat. No. 8,021,867). Mega-
nucleases can be designed using the methods described in
e.g., Certo, M T et al. Nature Methods (2012) 9:073-975;
U.S. Pat. Nos. 8,304,222; 8,021,867, 8,119,381, 8,124,369,
8,129,134, 8,133,697, 8,143,015; 8,143,016; 8,148,098; or
8, 163,514, the contents of each are incorporated herein by
reference in their entirety. Alternatively, meganucleases with
site specific cutting characteristics can be obtained using
commercially available technologies e.g., Precision Biosci-
ences’ Directed Nuclease Editor™ genome editing technol-
ogy.

[0241] ZFNs and TALENs—Two distinct classes of engi-
neered nucleases, zinc-finger nucleases (ZFNs) and tran-
scription activator-like effector nucleases (TALENS), have
both proven to be effective at producing targeted double-
stranded breaks (Christian et al., 2010; Kim et al., 1996; Li
et al., 2011; Mahfouz et al., 2011; Miller et al., 2010).
[0242] Basically, ZFNs and TALENs restriction endonu-
clease technology utilizes a non-specific DNA cutting
enzyme which is linked to a specific DNA binding domain
(either a series of zinc finger domains or TALE repeats,
respectively). Typically a restriction enzyme whose DNA
recognition site and cleaving site are separate from each
other is selected. The cleaving portion is separated and then
linked to a DNA binding domain, thereby yielding an
endonuclease with very high specificity for a desired
sequence. An exemplary restriction enzyme with such prop-
erties is Fokl. Additionally Fokl has the advantage of requir-
ing dimerization to have nuclease activity and this means the
specificity increases dramatically as each nuclease partner
recognizes a unique DNA sequence. To enhance this effect,
Fokl nucleases have been engineered that can only function
as heterodimers and have increased catalytic activity. The
heterodimer functioning nucleases avoid the possibility of
unwanted homodimer activity and thus increase specificity
of the double-stranded break.

[0243] Thus, for example to target a specific site, ZFNs
and TALENSs are constructed as nuclease pairs, with each
member of the pair designed to bind adjacent sequences at
the targeted site. Upon transient expression in cells, the
nucleases bind to their target sites and the Fokl domains
heterodimerize to create a double-stranded break. Repair of
these double-stranded breaks through the nonhomologous
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end-joining (NHEJ) pathway most often results in small
deletions or small sequence insertions. Since each repair
made by NHEJ is unique, the use of a single nuclease pair
can produce an allelic series with a range of different
deletions at the target site.

[0244] The deletions typically range anywhere from a few
base pairs to a few hundred base pairs in length, but larger
deletions have successfully been generated in cell culture by
using two pairs of nucleases simultaneously (Carlson et al.,
2012; Lee et al., 2010). In addition, when a fragment of
DNA with homology to the targeted region is introduced in
conjunction with the nuclease pair, the double-stranded
break can be repaired via homology directed repair to
generate specific modifications (Li et al., 2011; Miller et al.,
2010; Urnov et al., 2005).

[0245] Although the nuclease portions of both ZFNs and
TALENs have similar properties, the difference between
these engineered nucleases is in their DNA recognition
peptide. ZFNs rely on Cys2-His2 zinc fingers and TALENs
on TALEs. Both of these DNA recognizing peptide domains
have the characteristic that they are naturally found in
combinations in their proteins. Cys2-His2 Zinc fingers typi-
cally found in repeats that are 3 bp apart and are found in
diverse combinations in a variety of nucleic acid interacting
proteins. TALEs on the other hand are found in repeats with
a one-to-one recognition ratio between the amino acids and
the recognized nucleotide pairs. Because both zinc fingers
and TALEs happen in repeated patterns, different combina-
tions can be tried to create a wide variety of sequence
specificities. Approaches for making site-specific zinc finger
endonucleases include, e.g., modular assembly (where Zinc
fingers correlated with a triplet sequence are attached in a
row to cover the required sequence), OPEN (low-stringency
selection of peptide domains vs. triplet nucleotides followed
by high-stringency selections of peptide combination vs. the
final target in bacterial systems), and bacterial one-hybrid
screening of zinc finger libraries, among others. ZFNs can
also be designed and obtained commercially from e.g.,
Sangamo Biosciences™ (Richmond, Calif.).

[0246] Method for designing and obtaining TALENSs are
described in e.g. Reyon et al. Nature Biotechnology 2012
May; 30(5):460-5; Miller et al. Nat Biotechnol. (2011) 29:
143-148; Cermak et al. Nucleic Acids Research (2011) 39
(12): e82 and Zhang et al. Nature Biotechnology (2011) 29
(2): 149-53. A recently developed web-based program
named Mojo Hand was introduced by Mayo Clinic for
designing TAL and TALEN constructs for genome editing
applications (can be accessed through www(dot)talendesign
(dot)org). TALEN can also be designed and obtained com-
mercially from e.g., Sangamo Biosciences™ (Richmond,
Calif.).

[0247] CRISPR-Cas system—Many bacteria and archaea
contain endogenous RNA-based adaptive immune systems
that can degrade nucleic acids of invading phages and
plasmids. These systems consist of clustered regularly inter-
spaced short palindromic repeat (CRISPR) genes that pro-
duce RNA components and CRISPR associated (Cas) genes
that encode protein components. The CRISPR RNAs (crR-
NAs) contain short stretches of homology to specific viruses
and plasmids and act as guides to direct Cas nucleases to
degrade the complementary nucleic acids of the correspond-
ing pathogen. Studies of the type II CRISPR/Cas system of
Streptococcus pyogenes have shown that three components
form an RNA/protein complex and together are sufficient for
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sequence-specific nuclease activity: the Cas9 nuclease, a
crRNA containing 20 base pairs of homology to the target
sequence, and a trans-activating crRNA (tracrRNA) (Jinek
et al. Science (2012) 337: 816-821.).

[0248] It was further demonstrated that a synthetic chime-
ric guide RNA (gRNA) composed of a fusion between
crRNA and tracrRNA could direct Cas9 to cleave DNA
targets that are complementary to the crRNA in vitro. It was
also demonstrated that transient expression of Cas9 in
conjunction with synthetic gRNAs can be used to produce
targeted double-stranded brakes in a variety of different
species (Cho et al., 2013; Cong et al., 2013; DiCarlo et al.,
2013; Hwang et al., 2013a,b; Jinek et al., 2013; Mali et al.,
2013).

[0249] The CRIPSR/Cas system for genome editing con-
tains two distinct components: a gRNA and an endonuclease
e.g. Cas9.

[0250] The gRNA is typically a 20 nucleotide sequence
encoding a combination of the target homologous sequence
(crRNA) and the endogenous bacterial RNA that links the
crRNA to the Cas9 nuclease (tracrRNA) in a single chimeric
transcript. The gRNA/Cas9 complex is recruited to the target
sequence by the base-pairing between the gRNA sequence
and the complement genomic DNA. For successful binding
of Cas9, the genomic target sequence must also contain the
correct Protospacer Adjacent Motif (PAM) sequence imme-
diately following the target sequence. The binding of the
gRNA/Cas9 complex localizes the Cas9 to the genomic
target sequence so that the Cas9 can cut both strands of the
DNA causing a double-strand break. Just as with ZFNs and
TALENS, the double-stranded brakes produced by CRISPR/
Cas can undergo homologous recombination or NHEJ.
[0251] The Cas9 nuclease has two functional domains:
RuvC and HNH, each cutting a different DNA strand. When
both of these domains are active, the Cas9 causes double
strand breaks in the genomic DNA.

[0252] A significant advantage of CRISPR/Cas is that the
high efficiency of this system coupled with the ability to
easily create synthetic gRNAs enables multiple genes to be
targeted simultaneously. In addition, the majority of cells
carrying the mutation present biallelic mutations in the
targeted genes.

[0253] However, apparent flexibility in the base-pairing
interactions between the gRNA sequence and the genomic
DNA target sequence allows imperfect matches to the target
sequence to be cut by Cas9.

[0254] Modified versions of the Cas9 enzyme containing
a single inactive catalytic domain, either RuvC- or HNH-,
are called ‘nickases’. With only one active nuclease domain,
the Cas9 nickase cuts only one strand of the target DNA,
creating a single-strand break or ‘nick’. A single-strand
break, or nick, is normally quickly repaired through the
HDR pathway, using the intact complementary DNA strand
as the template. However, two proximal, opposite strand
nicks introduced by a Cas9 nickase are treated as a double-
strand break, in what is often referred to as a ‘double nick’
CRISPR system. A double-nick can be repaired by either
NHEJ or HDR depending on the desired effect on the gene
target. Thus, if specificity and reduced off-target effects are
crucial, using the Cas9 nickase to create a double-nick by
designing two gRNAs with target sequences in close prox-
imity and on opposite strands of the genomic DNA would
decrease off-target effect as either gRNA alone will result in
nicks that will not change the genomic DNA.
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[0255] Modified versions of the Cas9 enzyme containing
two inactive catalytic domains (dead Cas9, or dCas9) have
no nuclease activity while still able to bind to DNA based on
gRNA specificity. The dCas9 can be utilized as a platform
for DNA transcriptional regulators to activate or repress
gene expression by fusing the inactive enzyme to known
regulatory domains. For example, the binding of dCas9
alone to a target sequence in genomic DNA can interfere
with gene transcription.

[0256] There are a number of publically available tools
available to help choose and/or design target sequences as
well as lists of bioinformatically determined unique gRNAs
for different genes in different species such as the Feng
Zhang lab’s Target Finder, the Michael Boutros lab’s Target
Finder (E-CRISP), the RGEN Tools: Cas-OFFinder, the
CasFinder: Flexible algorithm for identitying specific Cas9
targets in genomes and the CRISPR Optimal Target Finder.
[0257] Inorder to use the CRISPR system, both gRNA and
Cas9 should be expressed in a target cell. The insertion
vector can contain both cassettes on a single plasmid or the
cassettes are expressed from two separate plasmids.
CRISPR plasmids are commercially available such as the
px330 plasmid from Addgene.

[0258] “Hit and run” or “in-out”—involves a two-step
recombination procedure. In the first step, an insertion-type
vector containing a dual positive/negative selectable marker
cassette is used to introduce the desired sequence alteration.
The insertion vector contains a single continuous region of
homology to the targeted locus and is modified to carry the
mutation of interest. This targeting construct is linearized
with a restriction enzyme at a one site within the region of
homology, electroporated into the cells, and positive selec-
tion is performed to isolate homologous recombinants.
These homologous recombinants contain a local duplication
that is separated by intervening vector sequence, including
the selection cassette. In the second step, targeted clones are
subjected to negative selection to identify cells that have lost
the selection cassette via intrachromosomal recombination
between the duplicated sequences. The local recombination
event removes the duplication and, depending on the site of
recombination, the allele either retains the introduced muta-
tion or reverts to wild type. The end result is the introduction
of the desired modification without the retention of any
exogenous sequences.

[0259] The “double-replacement” or “tag and exchange”
strategy—involves a two-step selection procedure similar to
the hit and run approach, but requires the use of two different
targeting constructs. In the first step, a standard targeting
vector with 3' and 5' homology arms is used to insert a dual
positive/negative selectable cassette near the location where
the mutation is to be introduced. After electroporation and
positive selection, homologously targeted clones are iden-
tified. Next, a second targeting vector that contains a region
ot homology with the desired mutation is electroporated into
targeted clones, and negative selection is applied to remove
the selection cassette and introduce the mutation. The final
allele contains the desired mutation while eliminating
unwanted exogenous sequences.

[0260] Site-Specific Recombinases—The Cre recombi-
nase derived from the P1 bacteriophage and Flp recombi-
nase derived from the yeast Saccharomyces cerevisiae are
site-specific DNA recombinases each recognizing a unique
34 base pair DNA sequence (termed “Lox” and “FRT”,
respectively) and sequences that are flanked with either Lox
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sites or FRT sites can be readily removed via site-specific
recombination upon expression of Cre or Flp recombinase,
respectively. Basically, the site specific recombinase system
offers means for the removal of selection cassettes after
homologous recombination. Transposases—As used herein,
the term “transposase” refers to an enzyme that binds to the
ends of a transposon and catalyzes the movement of the
transposon to another part of the genome. As used herein the
term “transposon” refers to a mobile genetic element com-
prising a nucleotide sequence which can move around to
different positions within the genome of a single cell. In the
process the transposon can cause mutations and/or change
the amount of a DNA in the genome of the cell.

[0261] A number of transposon systems that are able to
also transpose in cells e.g. vertebrates have been isolated or
designed, such as Sleeping Beauty [Izsvak and Ivics
Molecular Therapy (2004) 9, 147-156], piggyBac [Wilson et
al. Molecular Therapy (2007) 15, 139-145], Tol2
[Kawakami et al. PNAS (2000) 97 (21): 11403-11408] or
Frog Prince [Miskey et al. Nucleic Acids Res. December 1,
(2003) 31(23): 6873-6881]. Generally, DNA transposons
translocate from one DNA site to another in a simple,
cut-and-paste manner.

[0262] Genome editing using recombinant adeno-associ-
ated virus (rAAV) platform—this genome-editing platform
is based on rAAV vectors which enable insertion, deletion or
substitution of DNA sequences in the genomes of live
mammalian cells. The rAAV genome is a single-stranded
deoxyribonucleic acid (ssDNA) molecule, either positive- or
negative-sensed, which is about 4.7 kb long. These single-
stranded DNA viral vectors have high transduction rates and
have a unique property of stimulating endogenous homolo-
gous recombination in the absence of double-strand DNA
breaks in the genome. One of skill in the art can design a
rAAV vector to target a desired genomic locus and perform
both gross and/or subtle endogenous gene alterations in a
cell. rAAV genome editing has the advantage in that it
targets a single allele and does not result in any off-target
genomic alterations. rAAV genome editing technology is
commercially available, for example, the rAAV GEN-
ESIS™ system from Horizon™ (Cambridge, UK).

[0263] Methods for qualifying efficacy and detecting
sequence alteration are well known in the art and include,
but not limited to, DNA sequencing, electrophoresis, an
enzyme-based mismatch detection assay and a hybridization
assay such as PCR, RT-PCR, RNase protection, in-situ
hybridization, primer extension, Southern blot, Northern
Blot and dot blot analysis.

[0264] Sequence alterations in a specific gene can also be
determined at the protein level using e.g. chromatography,
electrophoretic methods, immunodetection assays such as
ELISA and western blot analysis and immunohistochemis-
try.

[0265] Inhibition of spliceosomal activity can be assessed
using any method known in the art, such as using growth
inhibition or cytotoxicity of cells in culture. Additionally or
alternatively, in vitro assays measuring splicing of select
endogenous gene transcripts can be carried out. Such meth-
ods are discussed in Kerstin A. Effenberger, Veronica K.
Urabe, and Melissa S. Jurica, “Modulating splicing with
small molecular inhibitors of the spliceosome”, Wiley Inter-
discip Rev RNA. Author manuscript; PMC 2018 Mar. 1,
incorporated herein by reference in its entirety.
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[0266] The agents of some embodiments of the invention
can be administered to an organism per se, or in a pharma-
ceutical composition where it is mixed with suitable carriers
or excipients.

[0267] As used herein a “pharmaceutical composition”
refers to a preparation of one or more of the active ingre-
dients described herein with other chemical components
such as physiologically suitable carriers and excipients. The
purpose of a pharmaceutical composition is to facilitate
administration of a compound to an organism.

[0268] Herein the term “active ingredient” refers to the
agent capable of inhibiting spliceosomal activity account-
able for the biological effect.

[0269] Hereinafter, the phrases “physiologically accept-
able carrier” and ‘“pharmaceutically acceptable carrier”
which may be interchangeably used refer to a carrier or a
diluent that does not cause significant irritation to an organ-
ism and does not abrogate the biological activity and prop-
erties of the administered compound. An adjuvant is
included under these phrases.

[0270] Herein the term “excipient” refers to an inert
substance added to a pharmaceutical composition to further
facilitate administration of an active ingredient. Examples,
without limitation, of excipients include calcium carbonate,
calcium phosphate, various sugars and types of starch,
cellulose derivatives, gelatin, vegetable oils and polyethyl-
ene glycols.

[0271] Techniques for formulation and administration of
drugs may be found in “Remington’s Pharmaceutical Sci-
ences,” Mack Publishing Co., Easton, Pa., latest edition,
which is incorporated herein by reference.

[0272] Suitable routes of administration may, for example,
include oral, rectal, transmucosal, especially transnasal,
intestinal or parenteral delivery, including intramuscular,
subcutaneous and intramedullary injections as well as
intrathecal, direct intraventricular, intracardiac, e.g., into the
right or left ventricular cavity, into the common coronary
artery, intravenous, intraperitoneal, intranasal, or intraocular
injections.

[0273] Conventional approaches for drug delivery to the
central nervous system (CNS) include: neurosurgical strat-
egies (e.g., intracerebral injection or intracerebroventricular
infusion); molecular manipulation of the agent (e.g., pro-
duction of a chimeric fusion protein that comprises a trans-
port peptide that has an affinity for an endothelial cell
surface molecule in combination with an agent that is itself
incapable of crossing the BBB) in an attempt to exploit one
of the endogenous transport pathways of the BBB; pharma-
cological strategies designed to increase the lipid solubility
of'an agent (e.g., conjugation of water-soluble agents to lipid
or cholesterol carriers); and the transitory disruption of the
integrity of the BBB by hyperosmotic disruption (resulting
from the infusion of a mannitol solution into the carotid
artery or the use of a biologically active agent such as an
angiotensin peptide). However, each of these strategies has
limitations, such as the inherent risks associated with an
invasive surgical procedure, a size limitation imposed by a
limitation inherent in the endogenous transport systems,
potentially undesirable biological side effects associated
with the systemic administration of a chimeric molecule
comprised of a carrier motif that could be active outside of
the CNS, and the possible risk of brain damage within
regions of the brain where the BBB is disrupted, which
renders it a suboptimal delivery method.
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[0274] Alternately, one may administer the pharmaceuti-
cal composition in a local rather than systemic manner, for
example, via injection of the pharmaceutical composition
directly into a tissue region of a patient.

[0275] The term “tissue” refers to part of an organism
consisting of cells designed to perform a function or func-
tions. Examples include, but are not limited to, brain tissue,
retina, skin tissue, hepatic tissue, pancreatic tissue, bone,
cartilage, connective tissue, blood tissue, muscle tissue,
cardiac tissue brain tissue, vascular tissue, renal tissue,
pulmonary tissue, gonadal tissue, hematopoietic tissue.
[0276] Pharmaceutical compositions of some embodi-
ments of the invention may be manufactured by processes
well known in the art, e.g., by means of conventional
mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping or lyophilizing pro-
cesses.

[0277] Pharmaceutical compositions for use in accordance
with some embodiments of the invention thus may be
formulated in conventional manner using one or more
physiologically acceptable carriers comprising excipients
and auxiliaries, which facilitate processing of the active
ingredients into preparations which, can be used pharma-
ceutically. Proper formulation is dependent upon the route of
administration chosen.

[0278] For injection, the active ingredients of the pharma-
ceutical composition may be formulated in aqueous solu-
tions, preferably in physiologically compatible buffers such
as Hank’s solution, Ringer’s solution, or physiological salt
buffer. For transmucosal administration, penetrants appro-
priate to the barrier to be permeated are used in the formu-
lation. Such penetrants are generally known in the art.
[0279] For oral administration, the pharmaceutical com-
position can be formulated readily by combining the active
compounds with pharmaceutically acceptable carriers well
known in the art. Such carriers enable the pharmaceutical
composition to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions, and the
like, for oral ingestion by a patient. Pharmacological prepa-
rations for oral use can be made using a solid excipient,
optionally grinding the resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries if
desired, to obtain tablets or dragee cores. Suitable excipients
are, in particular, fillers such as sugars, including lactose,
sucrose, mannitol, or sorbitol; cellulose preparations such
as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carbomethylcellu-
lose; and/or physiologically acceptable polymers such as
polyvinylpyrrolidone (PVP). If desired, disintegrating
agents may be added, such as cross-linked polyvinyl pyr-
rolidone, agar, or alginic acid or a salt thereof such as
sodium alginate.

[0280] Dragee cores are provided with suitable coatings.
For this purpose, concentrated sugar solutions may be used
which may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, titanium
dioxide, lacquer solutions and suitable organic solvents or
solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize
different combinations of active compound doses.

[0281] Pharmaceutical compositions which can be used
orally, include push-fit capsules made of gelatin as well as
soft, sealed capsules made of gelatin and a plasticizer, such
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as glycerol or sorbitol. The push-fit capsules may contain the
active ingredients in admixture with filler such as lactose,
binders such as starches, lubricants such as talc or magne-
sium stearate and, optionally, stabilizers. In soft capsules,
the active ingredients may be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilizers may be added.
All formulations for oral administration should be in dos-
ages suitable for the chosen route of administration.
[0282] For buccal administration, the compositions may
take the form of tablets or lozenges formulated in conven-
tional manner.

[0283] For administration by nasal inhalation, the active
ingredients for use according to some embodiments of the
invention are conveniently delivered in the form of an
aerosol spray presentation from a pressurized pack or a
nebulizer with the use of a suitable propellant, e.g., dichlo-
rodifluoromethane, trichlorofluoromethane, dichloro-tet-
rafluoroethane or carbon dioxide. In the case of a pressurized
aerosol, the dosage unit may be determined by providing a
valve to deliver a metered amount. Capsules and cartridges
of, e.g., gelatin for use in a dispenser may be formulated
containing a powder mix of the compound and a suitable
powder base such as lactose or starch.

[0284] The pharmaceutical composition described herein
may be formulated for parenteral administration, e.g., by
bolus injection or continuous infusion. Formulations for
injection may be presented in unit dosage form, e.g., in
ampoules or in multidose containers with optionally, an
added preservative. The compositions may be suspensions,
solutions or emulsions in oily or aqueous vehicles, and may
contain formulatory agents such as suspending, stabilizing
and/or dispersing agents.

[0285] Pharmaceutical compositions for parenteral admin-
istration include aqueous solutions of the active preparation
in water-soluble form. Additionally, suspensions of the
active ingredients may be prepared as appropriate oily or
water based injection suspensions. Suitable lipophilic sol-
vents or vehicles include fatty oils such as sesame oil, or
synthetic fatty acids esters such as ethyl oleate, triglycerides
or liposomes. Aqueous injection suspensions may contain
substances, which increase the viscosity of the suspension,
such as sodium carboxymethyl cellulose, sorbitol or dextran.
Optionally, the suspension may also contain suitable stabi-
lizers or agents which increase the solubility of the active
ingredients to allow for the preparation of highly concen-
trated solutions.

[0286] Alternatively, the active ingredient may be in pow-
der form for constitution with a suitable vehicle, e.g., sterile,
pyrogen-free water based solution, before use.

[0287] The pharmaceutical composition of some embodi-
ments of the invention may also be formulated in rectal
compositions such as suppositories or retention enemas,
using, e.g., conventional suppository bases such as cocoa
butter or other glycerides.

[0288] Pharmaceutical compositions suitable for use in
context of some embodiments of the invention include
compositions wherein the active ingredients are contained in
an amount effective to achieve the intended purpose. More
specifically, a therapeutically effective amount means an
amount of active ingredients (agent capable of inhibiting
spliceosomal activity) effective to prevent, alleviate or ame-
liorate symptoms of a disorder (e.g., leukemia or MDS) or
prolong the survival of the subject being treated.
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[0289] Determination of a therapeutically effective
amount is well within the capability of those skilled in the
art, especially in light of the detailed disclosure provided
herein.

[0290] Animal models for pre-leukemia are described for
example in Maggio et al., Yale J Biol Med. (1978) 51(4):
469-76 and Cook et al., Cancer Metastasis Rev. (2013) June;
32(0): 63-76.

[0291] For any preparation used in the methods of the
invention, the therapeutically effective amount or dose can
be estimated initially from in vitro and cell culture assays.
For example, a dose can be formulated in animal models to
achieve a desired concentration or titer. Such information
can be used to more accurately determine useful doses in
humans.

[0292] Toxicity and therapeutic efficacy of the active
ingredients described herein can be determined by standard
pharmaceutical procedures in vitro, in cell cultures or
experimental animals. The data obtained from these in vitro
and cell culture assays and animal studies can be used in
formulating a range of dosage for use in human. The dosage
may vary depending upon the dosage form employed and
the route of administration utilized. The exact formulation,
route of administration and dosage can be chosen by the
individual physician in view of the patient’s condition. (See
e.g., Fingl, et al., 1975, in “The Pharmacological Basis of
Therapeutics”, Ch. 1 p. 1).

[0293] Dosage amount and interval may be adjusted indi-
vidually to provide pre-leukemic cells (e.g. hematopoietic
stem and progenitor cells) levels of the active ingredient
sufficient to induce or suppress the biological effect (mini-
mal effective concentration, MEC). The MEC will vary for
each preparation, but can be estimated from in vitro data.
Dosages necessary to achieve the MEC will depend on
individual characteristics and route of administration. Detec-
tion assays can be used to determine plasma concentrations.

[0294] Depending on the severity and responsiveness of
the condition to be prevented, dosing can be of a single or
a plurality of administrations, with course of treatment
lasting from several days to several weeks or until cure is
effected or diminution of the disease state is achieved.

[0295] The amount of a composition to be administered
will, of course, be dependent on the subject being treated,
the severity of the affliction, the manner of administration,
the judgment of the prescribing physician, etc.

[0296] Compositions of some embodiments of the inven-
tion may, if desired, be presented in a pack or dispenser
device, such as an FDA approved kit, which may contain one
or more unit dosage forms containing the active ingredient.
The pack may, for example, comprise metal or plastic foil,
such as a blister pack. The pack or dispenser device may be
accompanied by instructions for administration. The pack or
dispenser may also be accommodated by a notice associated
with the container in a form prescribed by a governmental
agency regulating the manufacture, use or sale of pharma-
ceuticals, which notice is reflective of approval by the
agency of the form of the compositions or human or vet-
erinary administration. Such notice, for example, may be of
labeling approved by the U.S. Food and Drug Administra-
tion for prescription drugs or of an approved product insert.
Compositions comprising a preparation of the invention
formulated in a compatible pharmaceutical carrier may also
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be prepared, placed in an appropriate container, and labeled
for treatment of an indicated condition, as is further detailed
above.

[0297] According to another embodiment, in order to
enhance prevention of the hematopoietic disorder or malig-
nancy, the present invention further envisions administering
to the subject an additional therapy which may benefit
treatment. One of skill in the art is capable of making such
a determination.

[0298] Thus, for example, the compositions described
herein may be administered in conjunction with dietary
supplements, hormonal therapy, targeted therapy, immuno-
therapy, chemotherapy, radiation therapy or surgical proce-
dures. Such anti-cancer therapies and methods of utilizing
same are well known to one of skill in the art.

[0299] It is expected that during the life of a patent
maturing from this application many relevant agents capable
of inhibiting spliceosomal activity will be developed and the
scope of the term agents is intended to include all such new
technologies a priori.

[0300] As used herein the term “about” refers to +10%.
[0301] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”.

[0302] The term “consisting of” means “including and
limited to”.
[0303] The term “consisting essentially of” means that the

composition, method or structure may include additional
ingredients, steps and/or parts, but only if the additional
ingredients, steps and/or parts do not materially alter the
basic and novel characteristics of the claimed composition,
method or structure.

[0304] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0305] Throughout this application, various embodiments
of this invention may be presented in a range format. It
should be understood that the description in range format is
merely for convenience and brevity and should not be
construed as an inflexible limitation on the scope of the
invention. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
subranges as well as individual numerical values within that
range. For example, description of a range such as from 1 to
6 should be considered to have specifically disclosed sub-
ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from
2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual
numbers within that range, for example, 1, 2, 3, 4, 5, and 6.
This applies regardless of the breadth of the range.

[0306] Whenever a numerical range is indicated herein, it
is meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate
number and “ranging/ranges from” a first indicate number
“to” a second indicate number are used herein interchange-
ably and are meant to include the first and second indicated
numbers and all the fractional and integral numerals ther-
ebetween.

[0307] As used herein the term “method” refers to man-
ners, means, techniques and procedures for accomplishing a
given task including, but not limited to, those manners,
means, techniques and procedures either known to, or read-
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ily developed from known manners, means, techniques and
procedures by practitioners of the chemical, pharmacologi-
cal, biological, biochemical and medical arts.

[0308] As used herein, the term “treating” includes abro-
gating, substantially inhibiting, slowing or reversing the
progression of a condition, substantially ameliorating clini-
cal or aesthetical symptoms of a condition or substantially
preventing the appearance of clinical or aesthetical symp-
toms of a condition.

[0309] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable subcombination or as suitable in any other
described embodiment of the invention. Certain features
described in the context of various embodiments are not to
be considered essential features of those embodiments,
unless the embodiment is inoperative without those ele-
ments.

[0310] Various embodiments and aspects of the present
invention as delineated hereinabove and as claimed in the
claims section below find experimental support in the fol-
lowing examples.

EXAMPLES

[0311] Reference is now made to the following examples,
which together with the above descriptions, illustrate the
invention in a non-limiting fashion.

[0312] Generally, the nomenclature used herein and the
laboratory procedures utilized in the present invention
include molecular, biochemical, microbiological and recom-
binant DNA techniques. Such techniques are thoroughly
explained in the literature. See, for example, “Molecular
Cloning: A laboratory Manual” Sambrook et al., (1989);
“Current Protocols in Molecular Biology” Volumes I-1I1
Ausubel, R. M., ed. (1994); Ausubel et al., “Current Proto-
cols in Molecular Biology”, John Wiley and Sons, Balti-
more, Md. (1989); Perbal, “A Practical Guide to Molecular
Cloning”, John Wiley & Sons, New York (1988); Watson et
al., “Recombinant DNA”, Scientific American Books, New
York; Birren et al. (eds) “Genome Analysis: A Laboratory
Manual Series”, Vols. 1-4, Cold Spring Harbor Laboratory
Press, New York (1998); methodologies as set forth in U.S.
Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 and
5,272,057; “Cell Biology: A Laboratory Handbook”, Vol-
umes [-III Cellis, J. E., ed. (1994); “Current Protocols in
Immunology” Volumes I-I1I Coligan J. E., ed. (1994); Stites
et al. (eds), “Basic and Clinical Immunology” (8th Edition),
Appleton & Lange, Norwalk, Conn. (1994); Mishell and
Shiigi (eds), “Selected Methods in Cellular Immunology”,
W. H. Freeman and Co., New York (1980); available immu-
noassays are extensively described in the patent and scien-
tific literature, see, for example, U.S. Pat. Nos. 3,791,932;
3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517,
3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345,
4,034,074, 4,098,876, 4,879,219; 5,011,771 and 5,281,521,
“Oligonucleotide Synthesis” Gait, M. J., ed. (1984);
“Nucleic Acid Hybridization” Hames, B. D., and Higgins S.
J., eds. (1985); “Transcription and Translation” Hames, B.
D., and Higgins S. J., Eds. (1984); “Animal Cell Culture”
Freshney, R. 1., ed. (1986); “Immobilized Cells and
Enzymes” IRL Press, (1986); “A Practical Guide to Molecu-
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lar Cloning” Perbal, B., (1984) and “Methods in Enzymol-
ogy” Vol. 1-317, Academic Press; “PCR Protocols: A Guide
To Methods And Applications”, Academic Press, San Diego,
Calif. (1990); Marshak et al., “Strategies for Protein Puri-
fication and Characterization—A Laboratory Course
Manual” CSHL Press (1996); all of which are incorporated
by reference as if fully set forth herein. Other general
references are provided throughout this document. The
procedures therein are believed to be well known in the art
and are provided for the convenience of the reader. All the
information contained therein is incorporated herein by
reference.

GENERAL MATERIALS AND EXPERIMENTAL
PROCEDURES

[0313] Cells

[0314] Samples from autologous stem cell transplantation
were identified and sequenced for SMMs. These samples
contained high frequency of human prel.-HSPCs which
could be studied in xenograft models.

[0315] Animals

[0316] Prel-HSPCs from carriers of SMMs were injected
to the right femur of NSG mice or NSG-SGM3. The injected
mice and control group were treated with a spliceosome
inhibitor. Human engraftment was assessed after 8 weeks by
harvesting bone marrow cells and estimating the fraction of
human cells by anti-human CD45.

[0317] Inhibition of Protein Arginine Methyltransferases
(PRMTs)
[0318] Isogenic murine Srsf2”7 and mutant (Srsf27°>%

wr) MLL-AF9 AML cells were treated with several meth-
yltransterase/demethylase inhibitors (chemical probe collec-
tion from the Structural Genomics Consortium Toronto),
including a PRMTS inhibitor (GSK591) and the pan-PRMT
type I inhibitor (MS-023) in vitro. The SF3B1 inhibitor,
E7107, was used in the same assays as a positive control.

[0319] Proteosomal Degradation of RBM39

[0320] The effects of indisulam and the sulfonamide ana-
logue, E7820, were first examined across a panel of 18
genetically diverse AML cell lines.

[0321]

[0322] Samples carrying SMMs capable of engrafting
both myeloid and lymphoid cells (multi-lineage xenograft-
ing) which carry SMMs following engraftment were used.
To test whether any treatment modulating SMMs is selec-
tively targeting the prel.-HSPCs, the total human engraft-
ment was measured in treated and untreated control groups.
In addition, variant allele fraction (VAF) of SMMs in human
cells extracted from mice, were measured in treated versus
non-treated mice. CD34* cells (10,000-50,000) were
injected intrafemorally (IF) to 5 treated mice and 5 untreated
mice. On day 35 post-injection mice were treated with the
following compounds: H3B-8800, GSK3326595, MS-023,
E7820, or vehicle control. On day 56 following cells injec-
tion, mice were sacrificed. Other control experiments
included the same experiments, using CD34* cells derived
from human cord blood and from elderly people with no
recurrent pre-leukemic mutations. To provide evidence that
targeting pre[.-HSPCs is more favorable than treating full-
blown leukemia, AML samples with SMMs were also
injected to NSG and SGM3 mice and leukemic engraftment
(CD33") was identified.

In Vivo Drug Studies
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[0323] Administration of Spliceosome Modulator E7107
In Vitro and In Vivo

[0324] For all in vitro experiments E7107 was dissolved in
DMSO. For drug sensitivity studies, cells were exposed to
E7107 from a range of 10 uM to 0.05 nM. For in vivo
administration, E7107 was dissolved in vehicle (10% etha-
nol and 4% Tween-80 in sterile PBS) and administered via
1.V. injection at 4 mg/kg/day. For drug efficacy studies,
randomization was done by conducting complete blood
count (CBC) analysis prior to the start of drug administra-
tion and confirming that WBC count averages were equiva-
lent in treatment and vehicle groups. All mice received 10
consecutive doses of E7107. No blinding was done in the in
vivo drug studies or data analysis. For RNA-seq analysis in
mouse MLL-AF9 leukemia model, 5 consecutive doses of
E7107 were administered, and mice were sacrificed 3 hours
after the last dose and BM Macl1*GFP™ cells were purified
by flow cytometry.

[0325] RNA-Seq Read Mapping

[0326] All human and mouse samples were processed
using the same pipeline.

[0327] Step 1: The reads were mapped to their respective
genome assembly, using Bowtie v1.0.0 and RSEM v.1.2.4.
The latter was internally modified to call Bowtie with -v 2,
and was run on the gene annotation file with the parameters
—bowtie-m 100 —bowtie-chunkmbs 500 —calc-ci —out-
put-genome-bam.

[0328] Step 2: BAM files from step 1 were filtered to
remove reads where (i) the alignment mapq score was 0, and
(ii) the splice junction overhang was less than 6 nucleotides.
[0329] Step 3: All remaining unaligned reads were
mapped to the splice junction annotation files using TopHat
v2.0.8b called with the parameters —bowtiel —read-mis-
matches 3 —read-edit-dist 2 —no-mixed —no-discordant
—min-anchor-length 6 —splice-mismatches 0 —min-in-
tron-length 10 —max-intron-length 1000000 —min-iso-
form-fraction 0.0 —no-novel-juncs —no-novel-indels
—raw-juncs. The —mate-inner-dist and —mate-std-dev
arguments were calculated using the MISO exon_utils.py
script, which maps reads to constitutively spliced exon
junctions.

[0330] Step 4: The reads aligned to splice junctions were
filtered as in step 2.

[0331] Step 5: All resulting BAM files were merged to
create a combined file of all aligned RNA-seq reads.

[0332] Identification and Quantification of Differential
Splicing
[0333] Isoform ratios for all alternative splicing events

were quantified using MISO v2.0. Constitutively spliced
exons and introns were quantified using junction-spanning
reads. The conditional knockin and knockout mice were
compared in a pair-wise manner, and for each pair the
analysis was restricted to splicing events with 20 or more
reads supporting either or both isoforms, and where the
event was alternatively spliced in the sample pair. From that
subsets of events, those that fulfilled the following criteria
were defined as differentially spliced: (i) they had at least 20
relevant reads in both samples, (ii) the change in absolute
isoform ratio was =10%, and (iii) the statistical analysis of
isoform ratios had a Bayes factor greater than or equal to 5,
when calculated using Wagenmakers’s framework. The
human AML samples were analyzed by calculating the
median isoform ratios across all 28 SRSF2 wildtype
samples, and comparing that in a pair-wise manner to each
SRSF2 mutant sample, using the same methodology as for
the knockin and knockout mice. The Mx1-Cre*Srsf2*"* or
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Mx1-Cre*Srsf27°>#*E7107-treated mice were compared in
a pair-wise manner against the median isoform ratios of their
vehicle-treated counterparts, using the same methodology.
For the MLL-AF9 AML transformed mice there were suf-
ficient replicates to do a group-based comparison within the
Srsf2P95H and wildtype genotypes individually (N=5 for
each genotype-treatment combination). E7107- and vehicle-
treated mice were compared in a two-sided Wilcoxon rank-
sum test, using the total number of isoform reads within each
treatment group. Events were categorized as being differ-
entially spliced if they fulfilled the following criteria: (i)
they had at least 20 relevant reads in both samples, (ii) the
change in median absolute isoform ratio was =10%, and (iii)
they had a P-value<0.01.

Example 1

Therapeutic Targeting of Cells Exhibiting
Spliceosome Machinery Mutations (SMM)

[0334] The present inventors have examined new means to
alter splicing fidelity prior to disease onset. To this end, the
following approaches were identified as means to target
splicing which exhibit preferential effects in SMM leuke-
mias.

[0335] Reducing Splicing Fidelity Through Inhibition of
Protein Arginine Methyltransferases (PRMTs):

[0336] It has been reported that inhibiting spliceosomal
assembly through inhibition of protein arginine methylation
of Sm proteins provides an alternate means of therapeutic
splicing inhibition [Koh, C. M. et al., Narure (2015) 523:
96-100]. Specifically, genetic deletion or pharmacologic
inhibition of PRMTS, reduced symmetric dimethylation of
Sm proteins, a process required for small nuclear Ribo-
NucleoProtein (snRNP) and spliceosome-assembly [Koh, C.
M. et al. Nature (2015), supra]. Based on these results, the
present inventors have now discovered that reducing splic-
ing fidelity by inhibiting arginine methylation results in
strong preferential killing of SF-mutant leukemia cells over
their wildtype counterparts.

[0337] These studies revealed that Srsf2-mutant cells were
more sensitive to the PRMTS inhibitor (GSK591) and the
pan-PRMT type I inhibitor (MS-023) (FIGS. 1A-E). Of
note, the SF3B1 inhibitor, E7107, was used in the same
assays as a positive control. Similar mutant selective effects
were seen in in vivo testing of GSK591 and MS-023 (FIG.
3). Of note, both Type I (PRMT1, PRMT4 and PRMT6) as
well as type II PRMT enzymes (PRMT5 and PRMTY),
which catalyze asymmetric and symmetric dimethylation of
arginines respectively, methylate components of the spli-
ceosome. As shown in FIG. 2, AML cells with SMMs or
partial loss of PRMTS5 to inhibitors of splicing, PRMTs, or
LSD1. MLL-AF9 Srsf27777, MLL-AF9 Srsf27257 77T o
MLL-AF9 Prmt5*~ cells were treated for 7 days with the
indicated compounds in 384 wells (5 increasing concentra-
tions per compound). Viability at day 7 was scored by MTS
assay and reported as the ratio over control treated cells
(with equivalent dilution of DMSO). The experiment was
conducted in biological triplicate, and each individual run
was repeated in technical triplicate.

[0338] Perturbing Splicing Through Proteasomal Degra-
dation of RBM39:

[0339] It was previously discovered that a class of sulfo-
namide drugs with known anti-cancer properties inhibit
splicing as their dominant mechanism of anti-tumor action
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[Uehara, T. et al., Nat Chem Biol (2017) 13: 675-680].
Interestingly, these drugs utilize the cellular ubiquitin ligase
machinery to promote proteosomal degradation of the key
spliceosomal protein RBM39. Based on these observations,
the present inventors have identified that sulfonamides
exhibit preferential effects on cells bearing SMMs (FIGS.
4A-D). This includes data demonstrating preferential effects
of indisulam on isogenic cells with or without mutations in
RNA splicing factors as well as on AML cells with naturally
occurring mutations in RNA splicing factors (FIGS. 4A-D
and FIGS. 5A-C). These experiments were performed using
both indisulam and the sulfonamide analogue E7820.

[0340] The effects of indisulam and the sulfonamide ana-
logue, E7820, were first examined across a panel of 18
genetically diverse AML cell lines. Measurement of cell
viability upon sulfonamide exposure revealed broad anti-
leukemic effects with potent inhibitory activity across many
AML subtypes, with most cell lines exhibiting sub-micro-
molar sensitivity. It was found that leukemia cells bearing
mutations in leukemia-associated mutations in splicing fac-
tors were amongst the most sensitive cells to sulfonamides.
In addition, a number of AML cell lines without spli-
ceosomal gene mutations also exhibited sensitivity to the
sulfonamides. Evaluation of relative DCAF15 mRNA
expression revealed that the highest and lowest relative
levels of DCAF15 mRNA correlated with greatest and worst
response to E7820 respectively. The preferential effects of
sulfonamides on leukemia cells bearing spliceosomal gene
mutations was further confirmed in a series of isogenic AML
lines (K562 and TF-1) engineered to express hotspot muta-
tions in SF3B1, SRSF2, and U2AF1 from their endogenous
loci and B-cell acute lymphoblastic leukemia (NALM-6
cells) with exposure to E7820 and indisulam. In each
instance, spliceosomal mutant cells were preferentially sen-
sitive to growth inhibition to sulfonamides over spli-
ceosomal wild-type cells. In isogenic cells, E7820 exposure
led to similar dose-dependent degradation of RBM39 in
leukemia cell lines.

[0341] To understand the basis for the preferential effects
of sulfonamides on spliceosomal mutant cells, RBM39
protein levels across a panel of isogenic AML cells—with or
without knockin of spliceosomal gene mutations—were
evaluated. This showed that degradation of RBM39
occurred in a comparable dose-dependent fashion across cell
lines regardless of spliceosomal gene mutation status (FIG.
5B), suggesting that a greater dependency on residual wild-
type splicing function may be the basis for increased sen-
sitivity of spliceosomal mutant cells to sulfonamides. Given
that spliceosomal mutant cells are preferentially sensitive to
alterations in splicing over their wild-type counterparts,
RNA-sequencing was performed of parental K562 and iso-
genic lines expressing SF3B157°°F and SRSF277*¥ muta-
tions treated with 1 uM of E7820 (which represents the ICs,,
of parental K562 cells to E7820; FIG. 5D). In parallel,
RNA-seq was carried out of the same cell lines treated with
E7107, a small molecule that inhibits splicing through
impeding binding of SF3B1 to the branch point [Finci et al.,
Genes & Dev. (2018) 32: 309-320]. Treatment with either
E7820 or E7107 at the IC, of each drug in parental K562
cells resulted in increased cassette exon skipping and intron
retention relative to DMSO treatment regardless of spli-
ceosomal gene mutation status. Interestingly, however, at
equipotent non-toxic doses, E7820 resulted in greater
changes in splicing within each cell type and across each
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category of splicing versus E7107 at this dose. Moreover, a
greater number of differential splicing events were identified
within each type of splicing in SF3B1%7°°F cells treated with
E7820 versus SF3B1 wild-type counterparts. These data
suggest that at least one reason for the preferential effects of
sulfonamides on SF3B1l-mutant over wild-type cells is a
difference in splicing response of SF3B1-mutant cells to
RBM39 degradation.

[0342] The present inventors also noticed that a number of
differentially spliced events upon sulfonamide exposure
involved mRNAs encoding RNA binding proteins (RBPs)
upregulated and required for AML cell survival. These
included SUPT6H, hnRNPH, and SRSF10, where E7820
exposure resulted in intron retention that was most pro-
nounced in spliceosomal mutant cells. In addition, RBM39
degradation also resulted in enhanced aberrant splicing of
the HOXA9 target genes BMI-1 and MYB and a number
RBPs in spliceosomal mutant AML over WT counterparts,
including aberrant splicing events in U2AF2 and RBM3.
Moreover, gene set enrichment analysis of differentially
spliced events in response to E7820 also revealed down-
regulation of targets of MYC and PI3K-AKT-mTOR sig-
naling as well as mRNAs involved in response to inflam-
mation all known to be important in AML pathogenesis or
progression. Thus, both genetic as well pharmacologic deg-
radation of RBM39 disrupts splicing as well as other path-
ways required for leukemogenicity. Overall, these data sug-
gest that the presence of spliceosomal gene mutations as
well as DCAF15 expression may serve as important predic-
tors of response to RBM39 degradation in AML.

Example 2

Therapeutic Targeting of SMM Cells Before
AML/MDS Diagnosis

[0343] Each of the above therapeutic approaches has been
evaluated in the context of overt MDS, AML, and related
myeloid malignancies, and has demonstrated preferential
effects on cells carrying SMMs. The present inventors are
testing the effect splice inhibitors, e.g. PRMT inhibitors and
sulfonamides, in the pre-leukemic phase and in preclinical
models of ARCH as well as in vitro and in vivo on
preL.-HSPCs carrying SMMs.

[0344] The Efficacy of Spliceosome Modulatory Com-
pounds on Pre-AML Bearing SMMs In Vitro:

[0345] To determine responsiveness of prel.-HSPCs to
spliceosome modulatory compounds, the present inventors
are co-culturing CD34% prel-HSPCs carrying SMMs
together with MSS5 cells. The drugs being tested include
clinical-grade SF3b modulatory compound (H3B-8800), a
Type II PRMT inhibitor (GSK3326595), a Type I PRMT
inhibitor (MS-023), a sulfonamide compound (E7820), or
vehicle control treatment. 10,000 prel.-HSPCs per well (6
well plate) are cultured for 72 hours before adding the drugs
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for another 72 hours. Cells post exposure undergo FACS
analysis and are analyzed for allelic burden of SMMs as well
as splicing and gene expression by RNA-seq. These in vitro
tests allow to better understand the mechanisms of cell death
and survival under the various therapies, and to test different
drug combinations.

[0346] Study the Efficacy of Spliceosome Modulatory
Compounds on Pre-AML Bearing SMMs In Vivo:

[0347] Samples capable of engrafting both myeloid and
lymphoid cells (multi-lineage xenografting) which carry
SMMs following engraftment are used in these studies,
together with the auto-transplant bags from AML patients at
remission capable of multi-lineage xenografting. To test
whether any treatment modulating SMMs is selectively
targeting the prel.-HSPCs, the total human engraftment is
measured in treated and untreated control groups. In addi-
tion, VAF of SMMs in human cells extracted from mice, are
measured in treated versus non-treated mice. CD34* cells
(10,000-50,000) are injected intrafemorally (IF) to 5 treated
mice and 5 untreated mice. On day 35 post-injection mice
are treated with the following compounds: H3B-8800,
GSK3326595, MS-023, E7820, or vehicle control. On day
56 following cells injection, mice are sacrificed. Other
control experiments include the same experiments, using
CD34* cells derived from human cord blood and from
elderly people with no recurrent pre-leukemic mutations. To
provide evidence that targeting prel.-HSPCs is more favor-
able than treating full-blown leukemia, the present inventors
are also injecting all the AML samples with SMMs to NSG
and SGM3 mice and identifying leukemic engraftment
(CD33"). After leukemic engrafting samples are identified,
they are injected and analyzed again now with therapy
versus vehicle as proposed above for prel.-HSPCs.

[0348] Although the invention has been described in con-
junction with specific embodiments thereof; it is evident that
many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, it is
intended to embrace all such alternatives, modifications and
variations that fall within the spirit and broad scope of the
appended claims.

[0349] It is the intent of the applicant(s) that all publica-
tions, patents and patent applications referred to in this
specification are to be incorporated in their entirety by
reference into the specification, as if each individual publi-
cation, patent or patent application was specifically and
individually noted when referenced that it is to be incorpo-
rated herein by reference. In addition, citation or identifica-
tion of any reference in this application shall not be con-
strued as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as neces-
sarily limiting. In addition, any priority document(s) of this
application is/are hereby incorporated herein by reference in
its/their entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 32

<210> SEQ ID NO 1

<211> LENGTH: 971

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
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-continued

<400> SEQUENCE: 1

gtcegggtga cgtctceccga gggegtegge agggteggeg gegteggeag cagtgtegac 60

ggcageggeyg geggegggtyg ggaaatggeyg gagtatctgg cctecatctt cggeaccgag 120

aaagacaaag tcaactgttc attttattte aaaattggag catgtegtca tggagacagg 180
tgctcteggt tgcacaataa accgacgttt agecagacca tcettgattca aaacatctat 240
cgtaatccce aaaacagtge acagacggct gacggctcac actgtgeegt gagegatgtg 300
gagatgcagg aacactatga tgagtttttt gaggaggttt ttacagaaat ggaggagaag 360
tatggggaag tagaggagat gaacgtctgt gacaacctgg gagaccacct ggtggggaac 420
gtgtacgtca agtttcgceg tgaggaagat gcggaaaagg ctgtgattga cttgaataac 480
cgttggttta atggacagcce gatccacgece gagctgtcac cegtgacgga cttcagagaa 540
gectgetgee gtcagtatga gatgggagaa tgcacacgag geggettcetyg caacttecatg 600
catttgaage ccatttecag agagetgegg cgggagetgt atggeegecg tcegcaagaag 660
catagatcaa gatccecgate cecgggagegt cgtteteggt ctagagacceg tggtegtgge 720

ggtggcggtg gcggtggtgg aggtggegge ggacgggage gtgacaggag gcggtcgaga 780

gatcgtgaaa gatctgggceg attctgagcec atgccatttt taccttatgt ctgctagaaa 840
gtgttgtagt tgattgacca aaccagttca taaggggaat tttttttaaa aaacaacaaa 900
aaaaaaaaca tacaaagatg ggtttctgaa taaaatttgt agtgataaca gtaaaaaaaa 960
aaaaaaaaaa a 971

<210> SEQ ID NO 2

<211> LENGTH: 1038

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 2

gtcegggtga cgtctceccga gggegtegge agggteggeg gegteggeag cagtgtegac 60

ggcageggeyg geggegggtyg ggaaatggeyg gagtatctgg cctecatctt cggeaccgag 120

aaagacaaag tcaactgttc attttattte aaaattggag catgtegtca tggagacagg 180
tgctcteggt tgcacaataa accgacgttt agecagacca tcettgattca aaacatctat 240
cgtaatccce aaaacagtge acagacggct gacggctcac actaccattg ccctettgaa 300
catttaccgt aaccctcaaa actctteeca gtetgetgac ggtttgeget gtgcegtgag 360
cgatgtggag atgcaggaac actatgatga gttttttgag gaggttttta cagaaatgga 420
ggagaagtat ggggaagtag aggagatgaa cgtctgtgac aacctgggag accacctggt 480
ggggaacgtg tacgtcaagt ttcgcegtga ggaagatgeg gaaaaggctyg tgattgactt 540
gaataaccgt tggtttaatg gacagccgat ccacgccgag ctgtcacceyg tgacggactt 600
cagagaagcce tgctgecgte agtatgagat gggagaatge acacgaggeg gcettcetgcaa 660
cttcatgecat ttgaagcecca tttecagaga getgeggegg gagetgtatg gecgecgteg 720
caagaagcat agatcaagat cccgatceceg ggagegtegt teteggteta gagaccegtgg 780

tegtggeggt ggeggtggeg gtggtggagg tggcggegga cgggagegtg acaggaggeg 840
gtcgagagat cgtgaaagat ctgggcgatt ctgagccatg ccatttttac cttatgtetg 900

ctagaaagtyg ttgtagttga ttgaccaaac cagttcataa ggggaatttt ttttaaaaaa 960
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caacaaaaaa aaaaacatac aaagatgggt ttctgaataa aatttgtagt gataacagta 1020
aaaaaaaaaa aaaaaaaa 1038
<210> SEQ ID NO 3

<211> LENGTH: 971

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 3

gteecgggtga cgtcecteccga gggegtegge agggteggeyg gegtceggeag cagtgtcgac 60

ggcageggeyg geggegggtyg ggaaatggeyg gagtatctgg cctecatctt cggeaccgag 120

aaagacaaag tcaactgttc attttattte aaaattggag catgtegtca tggagacagg 180
tgctcteggt tgcacaataa accgacgttt agecagacca ttgecctett gaacatttac 240
cgtaacccte aaaactctte ccagtetget gacggtttge getgtgeegt gagegatgtg 300
gagatgcagg aacactatga tgagtttttt gaggaggttt ttacagaaat ggaggagaag 360
tatggggaag tagaggagat gaacgtctgt gacaacctgg gagaccacct ggtggggaac 420
gtgtacgtca agtttcgceg tgaggaagat gcggaaaagg ctgtgattga cttgaataac 480
cgttggttta atggacagcce gatccacgece gagctgtcac cegtgacgga cttcagagaa 540
gectgetgee gtcagtatga gatgggagaa tgcacacgag geggettcetyg caacttecatg 600
catttgaage ccatttecag agagetgegg cgggagetgt atggeegecg tcegcaagaag 660
catagatcaa gatccecgate cecgggagegt cgtteteggt ctagagacceg tggtegtgge 720

ggtggcggtg gcggtggtgg aggtggegge ggacgggage gtgacaggag gcggtcgaga 780

gatcgtgaaa gatctgggceg attctgagcec atgccatttt taccttatgt ctgctagaaa 840
gtgttgtagt tgattgacca aaccagttca taaggggaat tttttttaaa aaacaacaaa 900
aaaaaaaaca tacaaagatg ggtttctgaa taaaatttgt agtgataaca gtaaaaaaaa 960
aaaaaaaaaa a 971

<210> SEQ ID NO 4

<211> LENGTH: 240

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (34)..(34)

<223> OTHER INFORMATION: Xaa can be Ser, Phe or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (157)..(157)

<223> OTHER INFORMATION: Xaa can be Gln, Pro or Arg

<400> SEQUENCE: 4

Met Ala Glu Tyr Leu Ala Ser Ile Phe Gly Thr Glu Lys Asp Lys Val
1 5 10 15

Asn Cys Ser Phe Tyr Phe Lys Ile Gly Ala Cys Arg His Gly Asp Arg
20 25 30

Cys Xaa Arg Leu His Asn Lys Pro Thr Phe Ser Gln Thr Ile Ala Leu
35 40 45

Leu Asn Ile Tyr Arg Asn Pro Gln Asn Ser Ser Gln Ser Ala Asp Gly
50 55 60

Leu Arg Cys Ala Val Ser Asp Val Glu Met Gln Glu His Tyr Asp Glu
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65 70 75 80

Phe Phe Glu Glu Val Phe Thr Glu Met Glu Glu Lys Tyr Gly Glu Val
85 90 95

Glu Glu Met Asn Val Cys Asp Asn Leu Gly Asp His Leu Val Gly Asn
100 105 110

Val Tyr Val Lys Phe Arg Arg Glu Glu Asp Ala Glu Lys Ala Val Ile
115 120 125

Asp Leu Asn Asn Arg Trp Phe Asn Gly Gln Pro Ile His Ala Glu Leu
130 135 140

Ser Pro Val Thr Asp Phe Arg Glu Ala Cys Cys Arg Xaa Tyr Glu Met
145 150 155 160

Gly Glu Cys Thr Arg Gly Gly Phe Cys Asn Phe Met His Leu Lys Pro
165 170 175

Ile Ser Arg Glu Leu Arg Arg Glu Leu Tyr Gly Arg Arg Arg Lys Lys
180 185 190

His Arg Ser Arg Ser Arg Ser Arg Glu Arg Arg Ser Arg Ser Arg Asp
195 200 205

Arg Gly Arg Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Arg
210 215 220

Glu Arg Asp Arg Arg Arg Ser Arg Asp Arg Glu Arg Ser Gly Arg Phe
225 230 235 240

<210> SEQ ID NO 5

<211> LENGTH: 167

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 5

Met Gln Glu His Tyr Asp Glu Phe Phe Glu Glu Val Phe Thr Glu Met
1 5 10 15

Glu Glu Lys Tyr Gly Glu Val Glu Glu Met Asn Val Cys Asp Asn Leu
20 25 30

Gly Asp His Leu Val Gly Asn Val Tyr Val Lys Phe Arg Arg Glu Glu
35 40 45

Asp Ala Glu Lys Ala Val Ile Asp Leu Asn Asn Arg Trp Phe Asn Gly
50 55 60

Gln Pro Ile His Ala Glu Leu Ser Pro Val Thr Asp Phe Arg Glu Ala
65 70 75 80

Cys Cys Arg Gln Tyr Glu Met Gly Glu Cys Thr Arg Gly Gly Phe Cys
85 90 95

Asn Phe Met His Leu Lys Pro Ile Ser Arg Glu Leu Arg Arg Glu Leu
100 105 110

Tyr Gly Arg Arg Arg Lys Lys His Arg Ser Arg Ser Arg Ser Arg Glu
115 120 125

Arg Arg Ser Arg Ser Arg Asp Arg Gly Arg Gly Gly Gly Gly Gly Gly
130 135 140

Gly Gly Gly Gly Gly Gly Arg Glu Arg Asp Arg Arg Arg Ser Arg Asp
145 150 155 160

Arg Glu Arg Ser Gly Arg Phe
165

<210> SEQ ID NO 6
<211> LENGTH: 240
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<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (34)..(34)

<223> OTHER INFORMATION: Xaa can be Ser, Phe or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (157)..(157)

<223> OTHER INFORMATION: Xaa can be Gln, Pro or Arg

<400> SEQUENCE: 6

Met Ala Glu Tyr Leu Ala Ser Ile Phe Gly Thr Glu Lys Asp Lys Val
1 5 10 15

Asn Cys Ser Phe Tyr Phe Lys Ile Gly Ala Cys Arg His Gly Asp Arg
20 25 30

Cys Xaa Arg Leu His Asn Lys Pro Thr Phe Ser Gln Thr Ile Leu Ile
35 40 45

Gln Asn Ile Tyr Arg Asn Pro Gln Asn Ser Ala Gln Thr Ala Asp Gly
50 55 60

Ser His Cys Ala Val Ser Asp Val Glu Met Gln Glu His Tyr Asp Glu
65 70 75 80

Phe Phe Glu Glu Val Phe Thr Glu Met Glu Glu Lys Tyr Gly Glu Val
85 90 95

Glu Glu Met Asn Val Cys Asp Asn Leu Gly Asp His Leu Val Gly Asn
100 105 110

Val Tyr Val Lys Phe Arg Arg Glu Glu Asp Ala Glu Lys Ala Val Ile
115 120 125

Asp Leu Asn Asn Arg Trp Phe Asn Gly Gln Pro Ile His Ala Glu Leu
130 135 140

Ser Pro Val Thr Asp Phe Arg Glu Ala Cys Cys Arg Xaa Tyr Glu Met
145 150 155 160

Gly Glu Cys Thr Arg Gly Gly Phe Cys Asn Phe Met His Leu Lys Pro
165 170 175

Ile Ser Arg Glu Leu Arg Arg Glu Leu Tyr Gly Arg Arg Arg Lys Lys
180 185 190

His Arg Ser Arg Ser Arg Ser Arg Glu Arg Arg Ser Arg Ser Arg Asp
195 200 205

Arg Gly Arg Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Arg
210 215 220

Glu Arg Asp Arg Arg Arg Ser Arg Asp Arg Glu Arg Ser Gly Arg Phe
225 230 235 240

<210> SEQ ID NO 7

<211> LENGTH: 665

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 7

agagtgcage ccccagcetat tttteteegt ggeggeggeg acgageggaa gttettggga 60
gegecagtte cgtcetgtgtg ttcegagtgga caaaatggceg aagatcgeca agactcacga 120
agatattgaa gcacagattc gagaaattca aggcaagaag gcagctcttg atgaagctca 180
aggagtggge ctcgattcta caggttatta tgaccaggaa atttatggtg gaagtgacag 240

cagatttgct ggatacgtga catcaattge tgcaactgaa cttgaagatg atgacgatga 300
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ctattcatca tctacgagtt tgcttggtca gaagaagcca ggatatcatg cccctgtgge 360
attgcttaat gatataccac agtcaacaga acagtatgat ccatttgctg agcacagacce 420
tccaaagatt gcagaccggg aagatgaata caaaaagcat aggcggacca tgataattte 480
cccagagegt cttgatcctt ttgcagatgg cttcectattet getgettgaa gtcagaactg 540
ctgatggaga caaaggcacg aaagtgtacg tattccggat tagcaaccca ggaacccate 600
acttctgaag actctaaact gtgctgtcat tttgttttta tatgcattaa aatatttgtt 660
ttaaa 665
<210> SEQ ID NO 8
<211> LENGTH: 2141
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 8
agagtgcagce ccccagetat ttttcteegt ggeggeggeg acgagceggaa gttcettggga 60
gegecagtte cgtetgtgtyg ttcgagtgga caaaatggceg aagatcgeca agactcacga 120
agatattgaa gcacagattc gagaaattca aggcaagaag gcagctcttyg atgaagctca 180
aggagtgggce ctcgattcta caggttatta tgaccaggaa atttatggtyg gaagtgacag 240
cagatttgct ggatacgtga catcaattge tgcaactgaa cttgaagatg atgacgatga 300
ctattcatca tctacgagtt tgcttggtca gaagaagcca ggatatcatg cccctgtgge 360
attgcttaat gatataccac agtcaacaga acagtatgat ccatttgctg agcacagacce 420
tccaaagatt gcagaccggg aagatgaata caaaaagcat aggcggacca tgataattte 480
cccagagegt cttgatcett ttgcagatgg taattcttte ccacttttet ataagtattce 540
agaaatttat ttgtattaag ttgtctttag ccctttgatt ttttttggca tgcttctgaa 600
tttgcttttce tttttaaaaa tcccecttac tatagatttg tatagatgtg gttgaagtca 660
cagatgccat attcttcatc tttataatge aagttttcett tccaggtaga aggacaagaa 720
aaaaatgagc caatgccata gaaacgcaaa gggttaaagyg ttttactttt acttttgttt 780
tgggtacgct ttctatactt ggatcaaatg tatttttcetg ctcaaaatac tttcaaatta 840
ttgaaagttt tcattccaaa tcctagattt ttaggattgt tacccttgag aaactgtttce 900
tcacactaga gctcccccca tagtgctcta aatatagett agtaaaggca cctactttge 960

tctaagcata cttaaagtta aaacaaaagt atgtatacga agagtttgat atttttaata 1020
gttggagtct gttttgctaa ttttagtgtg caagtcagca caaggggcat agtgagectg 1080
atggaagctt tcctcaggtg agtgagtttc acaatcaaaa ttaggtgcct gtttcttaaa 1140
attagattct gectgcaggtt tacatactag acttttcagce ctgcatgaat tagtagggat 1200
attctttttt tacttgcata attgtaattg atttaaacat gtatgccaga attcacaggc 1260
ccatactaac tgtccttaat ttectttecta cagcagtact gectatatgcce agtcecctgtcet 1320
gcattcttaa gggtgcagtt caacacatcc tctctagatt atggtgaaaa agtattccaa 1380
aggaagtctt atcagagcta gtgtcagaaa gaatgacact accaattggg catgatcttce 1440
agcataggaa atgtcttaga attttattat tttttcctaa attgtgatgce tatactactt 1500
gtatagctag ttaccacatt tctaaagcat agtgtgcctce tgtgaatctt gttatatact 1560

gtttgggcett ctgtaagata ttttgaagtt tgaaaagcaa atactgaaac tttaaccaag 1620
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agactgacac atctctttgt acaccacgtt gcttctgtgt gcatcataat aactggtaga 1680
agtaatatat ttaaagtaat atgtttccag ttttaattta tgctttctaa gaaataaaaa 1740
tatgttttct gggtcaacaa aacttaaagc atgaagccect ttttagtaac gtgacatcag 1800
aataagatta taggtatatt tttaaaatca gattttctaa actacaattg ttttagaaca 1860
ctgtatgaag aacttatcta gtcatagtta tttgtagtca ggattttaac agcttgcaac 1920
aggtaatgtt ttgaatataa atatctttcc aaagtgttac taatggtaaa gagataattt 1980
tctaggcectte tattctgetg cttgaagtca gaactgctga tggagacaaa ggcacgaaag 2040
tgtacgtatt ccggattagc aacccaggaa cccatcactt ctgaagactc taaactgtgce 2100
tgtcattttg tttttatatg cattaaaata tttgttttaa a 2141
<210> SEQ ID NO 9

<211> LENGTH: 4338

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 9

agagtgcage ccccagcetat tttteteegt ggeggeggeg acgageggaa gttettggga 60
gegecagtte cgtcetgtgtg ttcegagtgga caaaatggceg aagatcgeca agactcacga 120
agatattgaa gcacagattc gagaaattca aggcaagaag gcagctcttg atgaagctca 180
aggagtggge ctcgattcta caggttatta tgaccaggaa atttatggtg gaagtgacag 240
cagatttgct ggatacgtga catcaattge tgcaactgaa cttgaagatg atgacgatga 300
ctattcatca tctacgagtt tgcttggtca gaagaagcca ggatatcatg ccectgtgge 360
attgcttaat gatataccac agtcaacaga acagtatgat ccatttgetg agcacagacce 420
tccaaagatt gcagaccggg aagatgaata caaaaagcat aggeggacca tgataattte 480
cccagagegt cttgatcctt ttgcagatgg agggaaaacce cctgatccta aaatgaatge 540
taggacttac atggatgtaa tgcgagaaca acacttgact aaagaagaac gagaaattag 600
gcaacagcta gcagaaaaag ctaaagctgg agaactaaaa gtcgtcaatg gagcagcagce 660
gtcccagect ccatcaaaac gaaaacggeg ttgggatcaa acagetgatce agactectgg 720
tgccactcce aaaaaactat caagttggga tcaggcagag accectggge atactcctte 780
cttaagatgg gatgagacac caggtcgtge aaagggaagce gagactcetg gagcaacccce 840
aggctcaaaa atatgggatc ctacacctag ccacacacca gegggagetg ctactccetgg 900
acgaggtgat acaccaggcece atgcgacacce aggccatgga ggcgcaactt ccagtgeteg 960

taaaaacaga tgggatgaaa cccccaaaac agagagagat actectggge atggaagtgg 1020

atgggctgag actcctcgaa cagatcgagg tggagattct attggtgaaa caccgactcce 1080

tggagccagt aaaagaaaat cacggtggga tgaaacacca getagtcaga tgggtggaag 1140

cactccagtt ctgacccetg gaaagacacc aattggcaca ccagccatga acatggctac 1200

ccectacteca ggtcacataa tgagtatgac tcectgaacag cttcaggctt ggcggtggga 1260

aagagaaatt gatgagagaa atcgcccact ttctgatgag gaattagatg ctatgttccce 1320

agaaggatat aaggtacttc ctcctceccage tggttatgtt cctattcgaa ctccagetceg 1380

aaagctgaca gctactccaa cacctttggg tggtatgact ggtttccaca tgcaaactga 1440

agatcgaact atgaaaagtg ttaatgacca gccatctgga aatcttccat ttttaaaacc 1500
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tgatgatatt caatactttg ataaactatt ggttgatgtt gatgaatcaa cacttagtcc 1560
agaagagcaa aaagagagaa aaataatgaa gttgctttta aaaattaaga atggaacacc 1620
accaatgaga aaggctgcat tgcgtcagat tactgataaa gctcgtgaat ttggagectgg 1680
tcetttgttt aatcagattce ttectcetgcet gatgtctect acacttgagg atcaagagceg 1740
tcatttactt gtgaaagtta ttgataggat actgtacaaa cttgatgact tagttcgtcc 1800
atatgtgcat aagatcctcecg tggtcattga accgctattg attgatgaag attactatgc 1860
tagagtggaa ggccgagaga tcatttctaa tttggcaaag gctgctggte tggctactat 1920
gatctctacc atgagacctg atatagataa catggatgag tatgtccgta acacaacagce 1980
tagagctttt gectgttgtag cctctgecct gggcattect tetttattge ccecttcttaaa 2040
agctgtgtge aaaagcaaga agtcctggca agcgagacac actggtatta agattgtaca 2100
acagatagct attcttatgg gcectgtgccat cttgccacat cttagaagtt tagttgaaat 2160
cattgaacat ggtcttgtgg atgagcagca gaaagttcgg accatcagtg ctttggccat 2220
tgctgecttyg gectgaagcag caactcectta tggtatcgaa tettttgatt ctgtgttaaa 2280
gcctttatgg aagggtatce gccaacacag aggaaagggt ttggctgett tcttgaagge 2340
tattgggtat cttattcctce ttatggatgc agaatatgcc aactactata ctagagaagt 2400
gatgttaatc cttattcgag aattccagtc tcctgatgag gaaatgaaaa aaattgtgcet 2460
gaaggtggta aaacagtgtt gtgggacaga tggtgtagaa gcaaactaca ttaaaacaga 2520
gattcttecet ccecctttttta aacacttcectg gcagcacagg atggctttgg atagaagaaa 2580
ttaccgacag ttagttgata ctactgtgga gttggcaaac aaagtaggtg cagcagaaat 2640
tatatccagg attgtggatg atctgaaaga tgaagccgaa cagtacagaa aaatggtgat 2700
ggagacaatt gagaaaatta tgggtaattt gggagcagca gatattgatc ataaacttga 2760
agaacaactg attgatggta ttctttatgc tttccaagaa cagactacag aggactcagt 2820
aatgttgaac ggctttggca cagtggttaa tgctcttggce aaacgagtca aaccatactt 2880
gcctcagate tgtggtacag ttttgtggeg tttaaataac aaatctgcta aagttaggca 2940
acaggcagct gacttgattt ctcgaactgce tgttgtcatg aagacttgtc aagaggaaaa 3000
attgatggga cacttgggtg ttgtattgta tgagtatttg ggtgaagagt accctgaagt 3060
attgggcagc attcttggag cactgaaggc cattgtaaat gtcataggta tgcataagat 3120
gactccacca attaaagatc tgctgcctag actcacccec atcttaaaga acagacatga 3180
aaaagtacaa gagaattgta ttgatcttgt tggtcgtatt gctgacaggg gagctgaata 3240
tgtatctgca agagagtgga tgaggatttg ctttgagcett ttagagctct taaaagccca 3300
caaaaaggct attcgtagag ccacagtcaa cacatttggt tatattgcaa aggccattgg 3360
ccetcatgat gtattggecta cacttctgaa caacctcaaa gttcaagaaa ggcagaacag 3420
agtttgtacc actgtagcaa tagctattgt tgcagaaaca tgttcaccct ttacagtact 3480
ccetgectta atgaatgaat acagagttcce tgaactgaat gttcaaaatg gagtgttaaa 3540
atcgctttece ttecttgtttyg aatatattgg tgaaatggga aaagactaca tttatgccegt 3600
aacaccgtta cttgaagatg ctttaatgga tagagacctt gtacacagac agacggctag 3660
tgcagtggta cagcacatgt cacttggggt ttatggattt ggttgtgaag attcgctgaa 3720

tcacttgttg aactatgtat ggcccaatgt atttgagaca tctcctcatg taattcaggce 3780
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agttatggga gccctagagg gectgagagt tgctattgga ccatgtagaa tgttgcaata 3840
ttgtttacag ggtctgtttc acccagcccg gaaagtcaga gatgtatatt ggaaaattta 3900
caactccatc tacattggtt cccaggacgc tctcatagca cattacccaa gaatctacaa 3960
cgatgataag aacacctata ttcgttatga acttgactat atcttataat tttattgttt 4020
attttgtgtt taatgcacag ctacttcaca ccttaaactt gectttgattt ggtgatgtaa 4080
acttttaaac attgcagatc agtgtagaac tggtcataga ggaagagcta gaaatccagt 4140
agcatgattt ttaaataacc tgtctttgtt tttgatgtta aacagtaaat gccagtagtg 4200
accaagaaca cagtgattat atacactata ctggagggat ttcattttta attcatcttt 4260
atgaagattt agaactcatt ccttgtgttt aaagggaatg tttaattgag aaataaacat 4320
ttgtgtacaa aatgctaa 4338
<210> SEQ ID NO 10

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

Met Ala Lys Ile Ala Lys Thr His Glu Asp Ile Glu Ala Gln Ile Arg
1 5 10 15

Glu Ile Gln Gly Lys Lys Ala Ala Leu Asp Glu Ala Gln Gly Val Gly
20 25 30

Leu Asp Ser Thr Gly Tyr Tyr Asp Gln Glu Ile Tyr Gly Gly Ser Asp
35 40 45

Ser Arg Phe Ala Gly Tyr Val Thr Ser Ile Ala Ala Thr Glu Leu Glu
50 55 60

Asp Asp Asp Asp Asp Tyr Ser Ser Ser Thr Ser Leu Leu Gly Gln Lys
65 70 75 80

Lys Pro Gly Tyr His Ala Pro Val Ala Leu Leu Asn Asp Ile Pro Gln
Ser Thr Glu Gln Tyr Asp Pro Phe Ala Glu His Arg Pro Pro Lys Ile
100 105 110

Ala Asp Arg Glu Asp Glu Tyr Lys Lys His Arg Arg Thr Met Ile Ile
115 120 125

Ser Pro Glu Arg Leu Asp Pro Phe Ala Asp Gly Asn Ser Phe Pro Leu
130 135 140

Phe Tyr Lys Tyr Ser Glu Ile Tyr Leu Tyr
145 150

<210> SEQ ID NO 11

<211> LENGTH: 144

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 11

Met Ala Lys Ile Ala Lys Thr His Glu Asp Ile Glu Ala Gln Ile Arg
1 5 10 15

Glu Ile Gln Gly Lys Lys Ala Ala Leu Asp Glu Ala Gln Gly Val Gly
20 25 30

Leu Asp Ser Thr Gly Tyr Tyr Asp Gln Glu Ile Tyr Gly Gly Ser Asp
35 40 45

Ser Arg Phe Ala Gly Tyr Val Thr Ser Ile Ala Ala Thr Glu Leu Glu
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50 55 60

Asp Asp Asp Asp Asp Tyr Ser Ser Ser Thr Ser Leu Leu Gly Gln Lys
65 70 75 80

Lys Pro Gly Tyr His Ala Pro Val Ala Leu Leu Asn Asp Ile Pro Gln
85 90 95

Ser Thr Glu Gln Tyr Asp Pro Phe Ala Glu His Arg Pro Pro Lys Ile
100 105 110

Ala Asp Arg Glu Asp Glu Tyr Lys Lys His Arg Arg Thr Met Ile Ile
115 120 125

Ser Pro Glu Arg Leu Asp Pro Phe Ala Asp Gly Phe Tyr Ser Ala Ala
130 135 140

<210> SEQ ID NO 12

<211> LENGTH: 1304

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (622)..(622)

<223> OTHER INFORMATION: Xaa can be Glu or Asp
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (625)..(625)

<223> OTHER INFORMATION: Xaa can be Arg or Leu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (626) ..(626)

<223> OTHER INFORMATION: Xaa can be Asn or His
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (659) .. (659)

<223> OTHER INFORMATION: Xaa can be Arg or Gln
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (662)..(662)

<223> OTHER INFORMATION: Xaa can be His , Gln or Asp
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (666) .. (666)

<223> OTHER INFORMATION: Xaa can be Lys, Asn, Thr, Glu, Arg or Gln
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (700)..(700)

<223> OTHER INFORMATION: Xaa can be Lys or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (740)..(740)

<223> OTHER INFORMATION: Xaa can be Gly or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (741)..(741)

<223> OTHER INFORMATION: Xaa can be Lys or Asn
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (742)..(742)

<223> OTHER INFORMATION: Xaa can be Gly or Asp
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (903)..(903)

<223> OTHER INFORMATION: Xaa can be Gln or Arg

<400> SEQUENCE: 12

Met Ala Lys Ile Ala Lys Thr His Glu Asp Ile Glu Ala Gln Ile Arg
1 5 10 15

Glu Ile Gln Gly Lys Lys Ala Ala Leu Asp Glu Ala Gln Gly Val Gly
20 25 30

Leu Asp Ser Thr Gly Tyr Tyr Asp Gln Glu Ile Tyr Gly Gly Ser Asp
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35 40 45

Ser Arg Phe Ala Gly Tyr Val Thr Ser Ile Ala Ala Thr Glu Leu Glu
50 55 60

Asp Asp Asp Asp Asp Tyr Ser Ser Ser Thr Ser Leu Leu Gly Gln Lys
65 70 75 80

Lys Pro Gly Tyr His Ala Pro Val Ala Leu Leu Asn Asp Ile Pro Gln
Ser Thr Glu Gln Tyr Asp Pro Phe Ala Glu His Arg Pro Pro Lys Ile
100 105 110

Ala Asp Arg Glu Asp Glu Tyr Lys Lys His Arg Arg Thr Met Ile Ile
115 120 125

Ser Pro Glu Arg Leu Asp Pro Phe Ala Asp Gly Gly Lys Thr Pro Asp
130 135 140

Pro Lys Met Asn Ala Arg Thr Tyr Met Asp Val Met Arg Glu Gln His
145 150 155 160

Leu Thr Lys Glu Glu Arg Glu Ile Arg Gln Gln Leu Ala Glu Lys Ala
165 170 175

Lys Ala Gly Glu Leu Lys Val Val Asn Gly Ala Ala Ala Ser Gln Pro
180 185 190

Pro Ser Lys Arg Lys Arg Arg Trp Asp Gln Thr Ala Asp Gln Thr Pro
195 200 205

Gly Ala Thr Pro Lys Lys Leu Ser Ser Trp Asp Gln Ala Glu Thr Pro
210 215 220

Gly His Thr Pro Ser Leu Arg Trp Asp Glu Thr Pro Gly Arg Ala Lys
225 230 235 240

Gly Ser Glu Thr Pro Gly Ala Thr Pro Gly Ser Lys Ile Trp Asp Pro
245 250 255

Thr Pro Ser His Thr Pro Ala Gly Ala Ala Thr Pro Gly Arg Gly Asp
260 265 270

Thr Pro Gly His Ala Thr Pro Gly His Gly Gly Ala Thr Ser Ser Ala
275 280 285

Arg Lys Asn Arg Trp Asp Glu Thr Pro Lys Thr Glu Arg Asp Thr Pro
290 295 300

Gly His Gly Ser Gly Trp Ala Glu Thr Pro Arg Thr Asp Arg Gly Gly
305 310 315 320

Asp Ser Ile Gly Glu Thr Pro Thr Pro Gly Ala Ser Lys Arg Lys Ser
325 330 335

Arg Trp Asp Glu Thr Pro Ala Ser Gln Met Gly Gly Ser Thr Pro Val
340 345 350

Leu Thr Pro Gly Lys Thr Pro Ile Gly Thr Pro Ala Met Asn Met Ala
355 360 365

Thr Pro Thr Pro Gly His Ile Met Ser Met Thr Pro Glu Gln Leu Gln
370 375 380

Ala Trp Arg Trp Glu Arg Glu Ile Asp Glu Arg Asn Arg Pro Leu Ser
385 390 395 400

Asp Glu Glu Leu Asp Ala Met Phe Pro Glu Gly Tyr Lys Val Leu Pro
405 410 415

Pro Pro Ala Gly Tyr Val Pro Ile Arg Thr Pro Ala Arg Lys Leu Thr
420 425 430

Ala Thr Pro Thr Pro Leu Gly Gly Met Thr Gly Phe His Met Gln Thr
435 440 445
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Glu Asp Arg Thr Met Lys Ser Val Asn Asp Gln Pro Ser Gly Asn Leu
450 455 460

Pro Phe Leu Lys Pro Asp Asp Ile Gln Tyr Phe Asp Lys Leu Leu Val
465 470 475 480

Asp Val Asp Glu Ser Thr Leu Ser Pro Glu Glu Gln Lys Glu Arg Lys
485 490 495

Ile Met Lys Leu Leu Leu Lys Ile Lys Asn Gly Thr Pro Pro Met Arg
500 505 510

Lys Ala Ala Leu Arg Gln Ile Thr Asp Lys Ala Arg Glu Phe Gly Ala
515 520 525

Gly Pro Leu Phe Asn Gln Ile Leu Pro Leu Leu Met Ser Pro Thr Leu
530 535 540

Glu Asp Gln Glu Arg His Leu Leu Val Lys Val Ile Asp Arg Ile Leu
545 550 555 560

Tyr Lys Leu Asp Asp Leu Val Arg Pro Tyr Val His Lys Ile Leu Val
565 570 575

Val Ile Glu Pro Leu Leu Ile Asp Glu Asp Tyr Tyr Ala Arg Val Glu
580 585 590

Gly Arg Glu Ile Ile Ser Asn Leu Ala Lys Ala Ala Gly Leu Ala Thr
595 600 605

Met Ile Ser Thr Met Arg Pro Asp Ile Asp Asn Met Asp Xaa Tyr Val
610 615 620

Xaa Xaa Thr Thr Ala Arg Ala Phe Ala Val Val Ala Ser Ala Leu Gly
625 630 635 640

Ile Pro Ser Leu Leu Pro Phe Leu Lys Ala Val Cys Lys Ser Lys Lys
645 650 655

Ser Trp Xaa Ala Arg Xaa Thr Gly Ile Xaa Ile Val Gln Gln Ile Ala
660 665 670

Ile Leu Met Gly Cys Ala Ile Leu Pro His Leu Arg Ser Leu Val Glu
675 680 685

Ile Ile Glu His Gly Leu Val Asp Glu Gln Gln Xaa Val Arg Thr Ile
690 695 700

Ser Ala Leu Ala Ile Ala Ala Leu Ala Glu Ala Ala Thr Pro Tyr Gly
705 710 715 720

Ile Glu Ser Phe Asp Ser Val Leu Lys Pro Leu Trp Lys Gly Ile Arg
725 730 735

Gln His Arg Xaa Xaa Xaa Leu Ala Ala Phe Leu Lys Ala Ile Gly Tyr
740 745 750

Leu Ile Pro Leu Met Asp Ala Glu Tyr Ala Asn Tyr Tyr Thr Arg Glu
755 760 765

Val Met Leu Ile Leu Ile Arg Glu Phe Gln Ser Pro Asp Glu Glu Met
770 775 780

Lys Lys Ile Val Leu Lys Val Val Lys Gln Cys Cys Gly Thr Asp Gly
785 790 795 800

Val Glu Ala Asn Tyr Ile Lys Thr Glu Ile Leu Pro Pro Phe Phe Lys
805 810 815

His Phe Trp Gln His Arg Met Ala Leu Asp Arg Arg Asn Tyr Arg Gln
820 825 830

Leu Val Asp Thr Thr Val Glu Leu Ala Asn Lys Val Gly Ala Ala Glu
835 840 845
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Ile Ile Ser Arg Ile Val Asp Asp Leu Lys Asp Glu Ala Glu Gln Tyr
850 855 860

Arg Lys Met Val Met Glu Thr Ile Glu Lys Ile Met Gly Asn Leu Gly
865 870 875 880

Ala Ala Asp Ile Asp His Lys Leu Glu Glu Gln Leu Ile Asp Gly Ile
885 890 895

Leu Tyr Ala Phe Gln Glu Xaa Thr Thr Glu Asp Ser Val Met Leu Asn
900 905 910

Gly Phe Gly Thr Val Val Asn Ala Leu Gly Lys Arg Val Lys Pro Tyr
915 920 925

Leu Pro Gln Ile Cys Gly Thr Val Leu Trp Arg Leu Asn Asn Lys Ser
930 935 940

Ala Lys Val Arg Gln Gln Ala Ala Asp Leu Ile Ser Arg Thr Ala Val
945 950 955 960

Val Met Lys Thr Cys Gln Glu Glu Lys Leu Met Gly His Leu Gly Val
965 970 975

Val Leu Tyr Glu Tyr Leu Gly Glu Glu Tyr Pro Glu Val Leu Gly Ser
980 985 990

Ile Leu Gly Ala Leu Lys Ala Ile Val Asn Val Ile Gly Met His Lys
995 1000 1005

Met Thr Pro Pro Ile Lys Asp Leu Leu Pro Arg Leu Thr Pro Ile
1010 1015 1020

Leu Lys Asn Arg His Glu Lys Val Gln Glu Asn Cys Ile Asp Leu
1025 1030 1035

Val Gly Arg Ile Ala Asp Arg Gly Ala Glu Tyr Val Ser Ala Arg
1040 1045 1050

Glu Trp Met Arg Ile Cys Phe Glu Leu Leu Glu Leu Leu Lys Ala
1055 1060 1065

His Lys Lys Ala Ile Arg Arg Ala Thr Val Asn Thr Phe Gly Tyr
1070 1075 1080

Ile Ala Lys Ala Ile Gly Pro His Asp Val Leu Ala Thr Leu Leu
1085 1090 1095

Asn Asn Leu Lys Val Gln Glu Arg Gln Asn Arg Val Cys Thr Thr
1100 1105 1110

Val Ala Ile Ala Ile Val Ala Glu Thr Cys Ser Pro Phe Thr Val
1115 1120 1125

Leu Pro Ala Leu Met Asn Glu Tyr Arg Val Pro Glu Leu Asn Val
1130 1135 1140

Gln Asn Gly Val Leu Lys Ser Leu Ser Phe Leu Phe Glu Tyr Ile
1145 1150 1155

Gly Glu Met Gly Lys Asp Tyr 1Ile Tyr Ala Val Thr Pro Leu Leu
1160 1165 1170

Glu Asp Ala Leu Met Asp Arg Asp Leu Val His Arg Gln Thr Ala
1175 1180 1185

Ser Ala Val Val Gln His Met Ser Leu Gly Val Tyr Gly Phe Gly
1190 1195 1200

Cys Glu Asp Ser Leu Asn His Leu Leu Asn Tyr Val Trp Pro Asn
1205 1210 1215

Val Phe Glu Thr Ser Pro His Val Ile Gln Ala Val Met Gly Ala
1220 1225 1230

Leu Glu Gly Leu Arg Val Ala Ile Gly Pro Cys Arg Met Leu Gln
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1235

Tyr Cys Leu Gln Gly

1250

Val Tyr Trp Lys Ile

1265

Ala Leu Ile Ala His

1280

Thr Tyr 1Ile Arg Tyr

1295

<210> SEQ ID NO 13
<211> LENGTH: 2008

<212> TYPE:

DNA

<213> ORGANISM: homo

<400> SEQUENCE: 13

agaaggtttc

cagaggcecgy

getgttetge

geggegtege

cactcagage

aggtggacaa

anggCgCgt

tcgecttegt

gggCCgtht

actcacacca

gccggagcecg

ggtctegeag

cteggtegac

ccagatcteg

agagggaatc

gagcggtgte

aaaaaggacc

aggttatttt

acttcatttt

aacgacttca

tagtgctgac

acttttaagg

cggcattgee

gttatttacc

gtgaaaagac

tatgtatttt

aaggtggcgt

atttccgggt

ctgecegece

ggcaaggect

accgeccaga

tatgagctac

cctgacctac

cggcgacgtg

tcgettteac

ggacggccgce

cagcegeagyg

cagcectagg

ccgatetege

ctccaagtec

ttcegeggtec

caaatccagg

ctcttaagaa

acatagtcca

gtaacatttg

atgtgccatt

gatttcatta

ttctetegtt

aaaacgtgtyg

ttcattcctt

ttcagatcta

ttgatttttt

tgtgcactag

gttgcagtge

1240

1245

Leu Phe His Pro Ala Arg Lys Val Arg Asp

1255

1260

Tyr Asn Ser Ile Tyr Ile Gly Ser Gln Asp

1270

1275

Tyr Pro Arg Ile Tyr Asn Asp Asp Lys Asn

1285

1290

Glu Leu Asp Tyr Ile Leu

1300

sapiens

ggegegggceg
agttgttact
ttceccagtgt
gectgaggaag
ggcegeccce
cgcacctege
tacatccege
gacaagcgcg
gagctgceggg
ggaccgccac
cggegtegea
tacagccget
agatccgeac
aggtcceggt
tcgegatega
aatgatgtat
tcgaagaaga
tctaactttt
ttgttgetgt
ttggatttygg
tgaaattaaa
cagccattac
aaaattaaaa
aatggtaatc
gaaaggattyg
gegeagttgt

agagtgcttg

ccattttgtyg

caggtgcget

cceccacgegy

ceggegecag

ctceccgatgt

ccgacacget

gggaccgceta

acgctgagga

tgcaaatgge

ccegcaggta

gcagccgate

cgaagtcteg

gaaggtccaa

ctcggtecag

agagtccece

cggcaagcag

gtcettggaa

tacttgttta

tattcaaatt

atatttgagg

cagattggta

acacagccta

acctacaaaa

tgaacccaaa

tttatcaaac

gtagcagttyg

getgtttect

aggagcgata taaacgggcg

agcctgegga geccgteegt

aaggcaactyg cctgagagge

ttcgegggge tccegggecge

ggagggtatg acctcectea

gaggcgegte ttcgagaagt

caccaaggag tccecgegget

cgctatggat gccatggacyg

gegetacgge cgeccceegg

cgggggeggt ggetacggac

ccggagtegg agecgtteca

gtcecgecact cgttetegat

gtccaagtcee tegteggtet

gagtcctece ccagtgtcca

caagtctect gaagaggaag

tgtaaacgga ggacttgggyg

caagcaactyg gctattgaaa

agctttgect cagttggcaa

tcttgtaatt tagtgaggtyg

taaaatttca ttttgttata

acctaatttyg tggcctectyg

aagctgtcaa gagattgact

gttggtgtaa atttgtatat

tttgtataaa gacttttcag

acaattctaa tctcttctet

agtaatgctyg gttagetgtt

gttttetece gattgetect

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



US 2021/0251955 Al Aug. 19,2021
35

-continued

gtgtaaagat gccttgtcgt gcagaaacaa atggctgtcec agtttattaa aatgcctgac 1680
aactgcactt ccagtcaccc gggccttgca tataaataac ggagcataca gtgagcacat 1740
ctagctgatg ataaatacac ctttttttce ctecttcecccce taaaaatggt aaatctgatce 1800
atatctacat gtatgaactt aacatggaaa atgttaagga agcaaatggt tgtaactttg 1860
taagtactta taacatggtg tatctttttg cttatgaata ttctgtatta taaccattgt 1920
ttctgtagtt taattaaaac attttcttgg tgttagettt tctcagaaaa aaaaaaaaaa 1980
aaaaaaaaaa aaaaaaaaaa aaaaaaaa 2008
<210> SEQ ID NO 14

<211> LENGTH: 3003

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 14

agaaggttte atttcegggt ggegegggeg ccattttgtg aggagegata taaacgggeg 60
cagaggcegg ctgcccgece agttgttact caggtgeget agectgegga geccegteegt 120
getgttetge ggcaaggect ttcccagtgt ccccacgegg aaggcaactyg cctgagagge 180

geggegtege accgeccaga gcetgaggaag ccggegecag ttegegggge teegggecge 240

cactcagage tatgagctac ggeccgecccee cteccgatgt ggagggtatg acctcecctca 300
aggtggacaa cctgacctac cgcacctege ccgacacget gaggegegte ttcegagaagt 360
acgggcegegt cggcgacgtg tacatccege gggaccgcta caccaaggag tcccegegget 420
tcgecttegt tegetttecac gacaagegeg acgctgagga cgctatggat gecatggacg 480

gggcegtget ggacggecge gagetgeggyg tgcaaatgge gegctacgge cgecccccgg 540

actcacacca cagccgecgg ggaccgecac cccgeaggta cgggggeggt ggctacggac 600
gecggagecg cagcecctagg cggegtegee gecagcecgate ceggagtegyg agecgtteca 660
ggtctegeag ccgatctege tacagecget cgaagtcteg gteccgeact cgttetegat 720
cteggtegac ctccaagtece agatccgeac gaaggtcecaa gtccaagtcee tegteggtet 780
ccagatcteg ttegeggtee aggtcceggt cteggtecag gagtcectece ccagtgteca 840
agagggaatc caaatccagg tcgegatcga agagtcccece caagtctect gaagaggaag 900
gagcggtgte ctcttaagaa aatggtaatyg tctgggaatce cgagacacat aaccctaatt 960

cataaatggg atttggggta ggtctttttg agtcgtgtta atgtaagaat gactcctatc 1020
attaggagtg ctgctcggag gttactcacc tttgggagta atactgaaga gaggggtctg 1080
cagaaaggat gtgtatgaag cttagataat aatggctgtt tcgtaaactg tttgagacct 1140
attaatgaaa atgactattt cttgctgttt ttatccaacg tctgcatttt ccccctttaa 1200
agctgcggtce tecctgtttga taaaagaata ttggccagta ttgcagattt taactgattt 1260
ggctgatcecct ccagggacca gtttcectgtgg gegtgtattg gagcaggttt gtctttaaat 1320
gttaaagatg cactatcctc ttagagaaac aatcagttca actattgttg tactgactgg 1380
gacttcatat tctaatggat gtggcaaaag aattgcaata agaagcagtg aacatttgga 1440
accccaaaag aaagttacag gtattgcact gggtggggaa aggatagtgt gtctttaact 1500
cttaaattgt ttggtcctat tttttaaaaa ggaaagggcc ctaagtagct cagatattaa 1560

agtagtattc tcaattacca aatgtttcat ttgaaacaat ttatcttaat gaaatataga 1620
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ccaattctct gatctcgagt tgtttttgtt tggatacagce cctttttttt ttettttttt 1680
ttecttececct tacctttett caccttggtt atttggceccag gaatacgtaa attcaaactt 1740
gtacatgctg atggtagcct ttgtgaaatt ttcctaattg ggccttttaa aaacatggcet 1800
gggtggaaca tttctgtacce ctactggttt gaccagagcc ttagtaagta cgtgcctgaa 1860
actgaaacca tgtgcacttt aatggaaggt aagctgaact tctttctttt caaacctaga 1920
tgtatcggca agcagtgtaa acggaggact tggggaaaaa ggaccacata gtccatcgaa 1980
gaagagtcct tggaacaagc aactggctat tgaaaaggtt attttgtaac atttgtctaa 2040
ctttttactt gtttaagctt tgcctcagtt ggcaaacttc attttatgtg ccattttgtt 2100
gctgttatte aaatttcttg taatttagtg aggtgaacga cttcagattt cattattgga 2160
tttggatatt tgaggtaaaa tttcattttg ttatatagtg ctgacttttt ttgtttgaaa 2220
ttaaacagat tggtaaccta atttgtggcc tcctgacttt taaggaaaac gtgtgcagcce 2280
attacacaca gcctaaagct gtcaagagat tgactcggca ttgccttcat tcecttaaaat 2340
taaaaaccta caaaagttgg tgtaaatttg tatatgttat ttaccttcag atctaaatgg 2400
taatctgaac ccaaatttgt ataaagactt ttcaggtgaa aagacttgat tttttgaaag 2460
gattgtttat caaacacaat tctaatctct tctcttatgt atttttgtgc actaggcgca 2520
gttgtgtagce agttgagtaa tgctggttag ctgttaaggt ggcgtgttgc agtgcagagt 2580
gcttggetgt ttectgtttt cteccgattg ctectgtgta aagatgecctt gtegtgcaga 2640
aacaaatggc tgtccagttt attaaaatgc ctgacaactg cacttccagt cacccgggcece 2700
ttgcatataa ataacggagc atacagtgag cacatctagc tgatgataaa tacacctttt 2760
tttcectett ceccectaaaa atggtaaatc tgatcatatc tacatgtatg aacttaacat 2820
ggaaaatgtt aaggaagcaa atggttgtaa ctttgtaagt acttataaca tggtgtatct 2880
ttttgcttat gaatattctg tattataacc attgtttcetg tagtttaatt aaaacatttt 2940
cttggtgtta gecttttctca gaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 3000
aaa 3003
<210> SEQ ID NO 15

<211> LENGTH: 2606

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 15

cagttgttac tcaggtgege tagectgegg agecegteeg tgetgttetyg cggcaaggece 60
tttcccagtyg tccccacgeg gaaggcaact gectgagagg cgeggegteg caccgeccag 120
agctgaggaa gccggegeca gttegegggg ctecgggeeg ccactcagag ctatgageta 180
cggecgecce ccteecgatg tggagggtat gaccteecte aaggtggaca acctgaccta 240
ccgcaccteg cccgacacge tgaggegegt cttegagaag tacgggegeg teggegacgt 300
gtacatcceg cgggaccget acaccaagga gtcccgegge ttegectteg ttegetttea 360

cgacaagcge gacgctgagg acgctatgga tgecatggac ggggeegtge tggacggecg 420

cgagetgegyg gtgcaaatgg cgegetacgg ccgecceceg gactcacace acagecgecg 480

gggaccgeca ccccgcaggt acgggggcegyg tggctacgga cgccggageco gcagecctag 540

geggegtege cgcagecgat cecggagteg gagtegttee aggtctegea gecgatceteg 600
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ctacagccgce tcgaagtctce ggtcccgcac tcegttcectega tceteggtcga cctecaagtce 660
cagatccgca cgaaggtcca agtccaagtce ctegteggte tccagatctce gttegeggte 720
caggtccegg tcteggtcca ggagtcctee cccagtgtee aagagggaat ccaaatccag 780
gtcgcgateg aagagtccce ccaagtctcec tgaagaggaa ggagcggtgt cctcttaaga 840
aaatgctgeg gtctcectgtt tgataaaaga atattggcca gtattgcaga ttttaactga 900
tttggctgat cctccaggga ccagtttctg tgggegtgta ttggagcagg tttgtcttta 960

aatgttaaag atgcactatc ctcttagaga aacaatcagt tcaactattg ttgtactgac 1020
tgggacttca tattctaatg gatgtggcaa aagaattgca ataagaagca gtgaacattt 1080
ggaaccccaa aagaaagtta caggtattgce actgggtggg gaaaggatag tgtgtcttta 1140
actcttaaat tgtttggtcc tattttttaa aaaggaaagg gccctaagta gctcagatat 1200
taaagtagta ttctcaatta ccaaatgttt catttgaaac aatttatctt aatgaaatat 1260
agaccaattc tctgatcteg agttgttttt gtttggatac agcccttttt tttttetttt 1320
tttttettee ccttaccttt cttcaccttg gttatttgge caggaatacg taaattcaaa 1380
cttgtacatg ctgatggtag cctttgtgaa attttcctaa ttgggccttt taaaaacatg 1440
gctgggtgga acatttcectgt accctactgg tttgaccaga gcecttagtaa gtacgtgect 1500
gaaactgaaa ccatgtgcac tttaatggaa ggtaagctga acttctttct tttcaaacct 1560
agatgtatcg gcaagcagtyg taaacggagg acttggggaa aaaggaccac atagtccatc 1620
gaagaagagt ccttggaaca agcaactggc tattgaaaag gttattttgt aacatttgtce 1680
taacttttta cttgtttaag ctttgcctca gttggcaaac ttcattttat gtgccatttt 1740
gttgctgtta ttcaaatttc ttgtaattta gtgaggtgaa cgacttcaga tttcattatt 1800
ggatttggat atttgaggta aaatttcatt ttgttatata gtgctgactt tttttgtttg 1860
aaattaaaca gattggtaac ctaatttgtg gcctcctgac ttttaaggaa aacgtgtgca 1920
gccattacac acagcctaaa gctgtcaaga gattgactca gcattgecctt cattcecttaa 1980
aattaaaaac ctacaaaagt tggtgtaaat ttgtatatgt tatttacctt cagatctaaa 2040
tggtaatctg aacccaaatt tgtataaaga cttttcaggt gaaaagactt gattttttga 2100
aaggattgtt tatcaaacac aattctaatc tcttctcectta tgtatttttg tgcactaggce 2160
gcagttgtgt agcagttgag taatgctggt tagctgttaa ggtggcgtgt tgcagtgcag 2220
agtgcttgge tgtttcctgt tttcecteccga ttgctecctgt gtaaagatge cttgtcegtgce 2280
agaaacaaat ggctgtccag tttattaaaa tgcctgacaa ctgcacttcecce agtcacccgg 2340
gccttgcata taaataacgg agcatacagt gagcacatct agctgatgat aaatacacct 2400
ttttttecect cttceecceccta aaaatggtaa atctgatcat atctacatgt atgaacttaa 2460
catggaaaat gttaaggaag caaatggttg taactttgta agtacttata acatggtgta 2520
tctttttget tatgaatatt ctgtattata accattgttt ctgtagttta attaaaacat 2580

tttcttggtg ttagectttte tcagaa 2606

<210> SEQ ID NO 16

<211> LENGTH: 221

<212> TYPE: PRT

<213> ORGANISM: homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (95)..(95)
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<223> OTHER INFORMATION: Xaa can be Pro, His , Leu or Arg
<400> SEQUENCE: 16

Met Ser Tyr Gly Arg Pro Pro Pro Asp Val Glu Gly Met Thr Ser Leu
1 5 10 15

Lys Val Asp Asn Leu Thr Tyr Arg Thr Ser Pro Asp Thr Leu Arg Arg
20 25 30

Val Phe Glu Lys Tyr Gly Arg Val Gly Asp Val Tyr Ile Pro Arg Asp
35 40 45

Arg Tyr Thr Lys Glu Ser Arg Gly Phe Ala Phe Val Arg Phe His Asp
50 55 60

Lys Arg Asp Ala Glu Asp Ala Met Asp Ala Met Asp Gly Ala Val Leu
65 70 75 80

Asp Gly Arg Glu Leu Arg Val Gln Met Ala Arg Tyr Gly Arg Xaa Pro
85 90 95

Asp Ser His His Ser Arg Arg Gly Pro Pro Pro Arg Arg Tyr Gly Gly
100 105 110

Gly Gly Tyr Gly Arg Arg Ser Arg Ser Pro Arg Arg Arg Arg Arg Ser
115 120 125

Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Tyr
130 135 140

Ser Arg Ser Lys Ser Arg Ser Arg Thr Arg Ser Arg Ser Arg Ser Thr
145 150 155 160

Ser Lys Ser Arg Ser Ala Arg Arg Ser Lys Ser Lys Ser Ser Ser Val
165 170 175

Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Pro
180 185 190

Pro Pro Val Ser Lys Arg Glu Ser Lys Ser Arg Ser Arg Ser Lys Ser
195 200 205

Pro Pro Lys Ser Pro Glu Glu Glu Gly Ala Val Ser Ser
210 215 220

<210> SEQ ID NO 17

<211> LENGTH: 221

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (95)..(95)

<223> OTHER INFORMATION: Xaa can be Pro, His , Leu or Arg

<400> SEQUENCE: 17

Met Ser Tyr Gly Arg Pro Pro Pro Asp Val Glu Gly Met Thr Ser Leu
1 5 10 15

Lys Val Asp Asn Leu Thr Tyr Arg Thr Ser Pro Asp Thr Leu Arg Arg
20 25 30

Val Phe Glu Lys Tyr Gly Arg Val Gly Asp Val Tyr Ile Pro Arg Asp
35 40 45

Arg Tyr Thr Lys Glu Ser Arg Gly Phe Ala Phe Val Arg Phe His Asp
Lys Arg Asp Ala Glu Asp Ala Met Asp Ala Met Asp Gly Ala Val Leu
65 70 75 80

Asp Gly Arg Glu Leu Arg Val Gln Met Ala Arg Tyr Gly Arg Xaa Pro
85 90 95
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Asp Ser His His Ser Arg Arg Gly Pro Pro Pro Arg Arg Tyr Gly Gly
100 105 110

Gly Gly Tyr Gly Arg Arg Ser Arg Ser Pro Arg Arg Arg Arg Arg Ser
115 120 125

Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Tyr
130 135 140

Ser Arg Ser Lys Ser Arg Ser Arg Thr Arg Ser Arg Ser Arg Ser Thr
145 150 155 160

Ser Lys Ser Arg Ser Ala Arg Arg Ser Lys Ser Lys Ser Ser Ser Val
165 170 175

Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Pro
180 185 190

Pro Pro Val Ser Lys Arg Glu Ser Lys Ser Arg Ser Arg Ser Lys Ser
195 200 205

Pro Pro Lys Ser Pro Glu Glu Glu Gly Ala Val Ser Ser
210 215 220

<210> SEQ ID NO 18

<211> LENGTH: 221

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (95)..(95)

<223> OTHER INFORMATION: Xaa can be Pro, His , Leu or Arg

<400> SEQUENCE: 18

Met Ser Tyr Gly Arg Pro Pro Pro Asp Val Glu Gly Met Thr Ser Leu
1 5 10 15

Lys Val Asp Asn Leu Thr Tyr Arg Thr Ser Pro Asp Thr Leu Arg Arg
20 25 30

Val Phe Glu Lys Tyr Gly Arg Val Gly Asp Val Tyr Ile Pro Arg Asp
35 40 45

Arg Tyr Thr Lys Glu Ser Arg Gly Phe Ala Phe Val Arg Phe His Asp
50 55 60

Lys Arg Asp Ala Glu Asp Ala Met Asp Ala Met Asp Gly Ala Val Leu
65 70 75 80

Asp Gly Arg Glu Leu Arg Val Gln Met Ala Arg Tyr Gly Arg Xaa Pro
85 90 95

Asp Ser His His Ser Arg Arg Gly Pro Pro Pro Arg Arg Tyr Gly Gly
100 105 110

Gly Gly Tyr Gly Arg Arg Ser Arg Ser Pro Arg Arg Arg Arg Arg Ser
115 120 125

Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Tyr
130 135 140

Ser Arg Ser Lys Ser Arg Ser Arg Thr Arg Ser Arg Ser Arg Ser Thr
145 150 155 160

Ser Lys Ser Arg Ser Ala Arg Arg Ser Lys Ser Lys Ser Ser Ser Val
165 170 175

Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg Ser Pro
180 185 190

Pro Pro Val Ser Lys Arg Glu Ser Lys Ser Arg Ser Arg Ser Lys Ser
195 200 205

Pro Pro Lys Ser Pro Glu Glu Glu Gly Ala Val Ser Ser
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210 215 220
<210> SEQ ID NO 19
<211> LENGTH: 1512
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 19
cgecctttee tgccagacct ggaggggegyg ggcggtgeceyg gcaagatgge tgcgeccgag 60
aagatgacgt ttcccgagaa accaagcecac aaaaagtaca gggccgccect gaagaaggag 120
aaacgaaaga aacgtcggca ggaacttget cgactgagag actcaggact ctcacagaag 180
gaggaagagyg aggacacttt tattgaagaa caacaactag aagaagagaa gctattggaa 240
agagagaggc aaagattaca tgaggagtgg ttgctaagag agcagaaggc acaagaagaa 300
ttcagaataa agaaggaaaa ggaagaggcg gctaaaaaac ggcaagaaga acaagagaga 360
aagttaaagg aacaatggga agaacagcag aggaaagaga gagaagagga ggagcagaaa 420
cgacaggaga agaaagaaaa agaggaagct ttgcagaaga tgctggatca ggctgaaaat 480
gagttggaaa atggtaccac atggcaaaac ccagaaccac ccgtggattt cagagtaatg 540
gagaaggatc gagctaattg tcccttctac agtaaaacag gagcttgcag atttggagat 600
agatgttcac gtaaacataa tttcccaaca tccagtccta ccecttcettat taagagcatg 660
tttacgacgt ttggaatgga gcagtgcagg agggatgact atgaccctga cgcaagectg 720
gagtacagcyg aggaagaaac ctaccaacag ttcctagact tctatgagga tgtgttgecce 780
gagttcaaga acgtggggaa agtgattcag ttcaaggtca gctgcaattt ggaacctcac 840
ctgaggggca atgtatatgt tcagtaccag tcggaagaag aatgccaagce agccctttet 900
ctgtttaacg gacgatggta tgcaggacga cagctgcagt gtgaattctyg cccegtgace 960
cggtggaaaa tggcgatttg tggtttattt gaaatacaac aatgtccaag aggaaagcac 1020
tgcaactttc ttcatgtgtt cagaaatccc aacaatgaat tctgggaagce taatagagac 1080
atctacttgt ctccagatcg gactggctce tcectttggga agaactccga aaggagggag 1140
aggatgggcee accacgacga ctactacagce aggcetgeggg gaaggagaaa ccctagtcca 1200
gaccactcct acaaaagaaa tggggaatcc gagaggaaaa gtagtcgtca cagggggaag 1260
aaatctcaca aacgcacatc aaagagtcgg gagaggcaca attcacgaag cagaggaaga 1320
aatagggacc gcagcaggga ccgcagecgg ggccggggca gecggagecyg gagecggage 1380
cggagecgcea ggagecgecg cagccggage caaagttect ctaggtcceg aagtegtgge 1440
aggaggaggt cgggtaatag agacagaact gttcagagtc ccaaatccaa ataaactagt 1500
tttgttctta aa 1512
<210> SEQ ID NO 20
<211> LENGTH: 3987
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 20
gaggggcegygy geggtgccegg caagatggcet gegceccgaga agatgacgtt teccgagaaa 60
ccaagccaca aaaagtacag ggccgcecectg aagaaggaga aacgaaagaa acgtcggcag 120
gaacttgcte gactgagaga ctcagaagga ggaagaggag gacactttta ttgaagaaca 180
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acaactagaa gaagagaagc tattggaaag agagaggcaa agattacatg aggagtggtt 240
gctaagagag cagaaggcac aagdaagaatt cagaataaag aaggaaaagg aagaggcggc 300
taaaaaacgg caagaagaac aagagagaaa gttaaaggaa caatgggaag aacagcagag 360
gaaagagaga gaagaggagg agcagaaacg acaggagaag aaagaaaaag aggaagcttt 420
gcagaagatg ctggatcagg ctgaaaatga gttggaaaat ggtaccacat ggcaaaaccc 480
agaaccaccc gtggatttca gagtaatgga gaaggatcga gctaattgtc ccttctacag 540
taaaacagga gcttgcagat ttggagatag atgttcacgt aaacataatt tcccaacatc 600
cagtcctacc cttcttatta agagcatgtt tacgacgttt ggaatggagc agtgcaggag 660
ggatgactat gaccctgacg caagcctgga gtacagcgag gaagaaacct accaacagtt 720
cctagacttc tatgaggatg tgttgcccga gttcaagaac gtggggaaag tgattcagtt 780
caaggtcagc tgcaatttgg aacctcacct gaggggcaat gtatatgttc agtaccagtce 840
ggaagaagaa tgccaagcag ccctttcetet gtttaacgga cgatggtatg caggacgaca 900
gctgcagtgt gaattctgce cecgtgacceg gtggaaaatg gecgatttgtg gtttatttga 960

aatacaacaa tgtccaagag gaaagcactg caactttcectt catgtgttca gaaatcccaa 1020
caatgaattc tgggaagcta atagagacat ctacttgtct ccagatcgga ctggctecte 1080
ctttgggaag aactccgaaa ggagggagag gatgggccac cacgacgact actacagcag 1140
gectgegggga aggagaaacce ctagtccaga ccactcectac aaaagaaatg gggaatccga 1200
gaggaaaagt agtcgtcaca gggggaagaa atctcacaaa cgcacatcaa agagtcggga 1260
gaggcacaat tcacgaagca gaggaagaaa tagggaccgce agcagggacc gcagcecgggyg 1320
ceggggeage cggagecgga gecggagecg gagecgcagg agcecgecgcea gccggagceca 1380
aagttcctcet aggtcccgaa gtegtggcag gaggaggtcg gagacagggt cttgctatgt 1440
tgcccagact ggagggcagt ggctgttcac atgatcattg tgcactgtag cctcaaactce 1500
ctgggctcaa gcgatcttet tggctcagce tcectgaatat ctgaaactac aggtgagcecce 1560
tgcttgtttg ccttttatta ataatctatt ggatttttcect atatgtaata gctgaacagce 1620
ttttttgctt taaagttcat tttctcagtt ttaaagtact gatgggcaaa gtccattttt 1680
tttcctecta ctettcaget gggggctgte gtgtactttt ttaaatagtg tgttggaaag 1740
ttctttatat aggagtaaag tttatttttg tcatttccag gaatattagg gtcattggta 1800
ctaaatatgc ctagtgttaa agcaatcctg gtataaaaat ctcaacagaa tggtcagaga 1860
atagaaccta atgcagaaaa agcttcaggc aaaatattat acctagattt ctgatcataa 1920
ataagatgct ctccagcttt atcaattttt tgtcgctttce tttccattga catatttggg 1980
atctagaatt ttggagtatg tgacattttt caatttgaga tttgggaata aggacttaaa 2040
acatacgtaa aatactgaaa cgttaacgaa atttaagtag gaagaaagtt tcctcaaaat 2100
tggaatttct gcatgatatc tgttaaggat gagagttcectt tcatgtgtag tcaataaaag 2160
aaatcatgca tgtggcccag gataatttca ctttaaaaag ttggatttgt tccagactct 2220
aaatgcctgce ttcaccctga aaatgattga cctagaacta tctactgatt tcagtaacgce 2280
cgagtaatta tcattaaatt cagtattttt taatactttt ctaaatacag tcaagatata 2340
tgcaattaaa tgtggtctgc aaagctgaaa tcttaataaa tcatggaggc taagaaagaa 2400

aaccaccatc ttgagctcag gacaactgag atattgatga ctttccccte aaatgttaat 2460
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aggcagggta gaagggcagg aagtttttaa accactgact ggttcattat cctgataaat 2520
gtccatcttyg aacttaaatt tattagtttt ttttaatata tattgcctga ttactattta 2580
tgtttcaaaa attccaacta tacattgcta gcagaaaccc acaggcctgt tttcagtgaa 2640
tagctagctg catgttggag gcetttttaaa cctataaacg tettttttte cagtagacta 2700
gcaacttaat ttgatggtag ttcctgectce cttcttaaat agcccagttt tagaatgtaa 2760
catttcctat ctgtagtaat aggaggtccce ttaactatca tgattaccat agatttgatt 2820
tgttgcatag gttaggtagt acagtctgca agtattagtc cctttcectgtt gcatgtgcta 2880
gcaccttcag ttcacaaggg ggtaagagga atccagttga tttgaaatac cttttgagta 2940
acagtctaag ttgttcattc agaaagagta gaaaagtcaa ctgcatcaag gttttaaaag 3000
cagcatttat tgattgaaaa taaatgtgta gataggctct cagtatggaa tccatgttat 3060
tttttaatga agtacatgaa gactccttag atcttccacc atgtatcttg tgtgtgctta 3120
taacaaccac catattcaaa tggaggggaa ttttcaacat tttactgaaa aaaaaatgag 3180
aaattcttcce ttcagcagcect ctgcatagtt tgacaaactt ttggaaagag ataaaaacac 3240
actccagtgt ttgtacgttg aacgtttatt acaactaatt ggcgatgtga taagacagtg 3300
ctcacgtggce ctgaatgttg gtcacaatca caacaaagct taatccagcc cagcatatat 3360
aagtgaaaat ataaaccatg aagacatgtt tagatatgta taagtactta gaaaagtgac 3420
gctgaacaat tacatagctt taaaaaatat agagccatct aatgccattt tacctcattce 3480
aactcttttt tgtaagaaat gtgtcttttt aaatttttat aagacttctg ttaactaggc 3540
agtgccatgg aaagaaagga agctgctgta aagtgtgcag cacttctaag tggagggaag 3600
caaaataaat ttagctttaa caagtacccc agagggaaca ttcgtgcttt aaacaatgac 3660
tttacacata atactgtgaa gagagcaaca cgttttttgt aagatactgt tatgaagaat 3720
tcetggcaaa ttaccattet cactttattt tggggcatca aaaacaacta agtatttgat 3780
tatgaccaca aaaaattcat ctcaggagtc aaatgtgcct tggccttaaa aattatgtgce 3840
ttactattgt gaaacaatcc tgtttctcat cccagattca gaatgcctaa gaaataattt 3900
ttagtgtaag aagtatcact ccaatttagt cattaaaaat aatctgtagt cctttaaaaa 3960
aaaaaaaaaa aggtatgtaa tttccaa 3987
<210> SEQ ID NO 21

<211> LENGTH: 3951

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 21

cctecagecte cagagtagtt gggattacag acacgcacca cegegecegg ccatcatgac 60
ttttctetge ttettgagag cacttcecage ategetagte geactttgta aggaggaaga 120
ggaggacact tttattgaag aacaacaact agaagaagag aagctattgyg aaagagagag 180
gcaaagatta catgaggagt ggttgctaag agagcagaag gcacaagaag aattcagaat 240
aaagaaggaa aaggaagagg cggctaaaaa acggcaagaa gaacaagaga gaaagttaaa 300
ggaacaatgg gaagaacagc agaggaaaga gagagaagag gaggagcaga aacgacagga 360
gaagaaagaa aaagaggaag ctttgcagaa gatgctggat caggctgaaa atgagttgga 420

aaatggtacc acatggcaaa acccagaacce acccgtggat ttcagagtaa tggagaagga 480
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tcgagctaat tgtcccttcect acagtaaaac aggagcttge agatttggag atagatgttce 540
acgtaaacat aatttcccaa catccagtcc tacccttcett attaagagca tgtttacgac 600
gtttggaatg gagcagtgca ggagggatga ctatgaccct gacgcaagcc tggagtacag 660
cgaggaagaa acctaccaac agttcctaga cttctatgag gatgtgttgce ccgagttcaa 720
gaacgtgggg aaagtgattc agttcaaggt cagctgcaat ttggaacctc acctgagggg 780
caatgtatat gttcagtacc agtcggaaga agaatgccaa gcagcccttt ctctgtttaa 840
cggacgatgg tatgcaggac gacagctgca gtgtgaattc tgcccecgtga ccceggtggaa 900
aatggcgatt tgtggtttat ttgaaataca acaatgtcca agaggaaagc actgcaactt 960

tcttcatgtg ttcagaaatc ccaacaatga attctgggaa gctaatagag acatctactt 1020
gtctccagat cggactggct cctectttgg gaagaactec gaaaggaggg agaggatggg 1080
ccaccacgac gactactaca gcaggctgeg gggaaggaga aaccctagtce cagaccacte 1140
ctacaaaaga aatggggaat ccgagaggaa aagtagtcegt cacaggggga agaaatctca 1200
caaacgcaca tcaaagagtc gggagaggca caattcacga agcagaggaa gaaataggga 1260
cecgecagcagg gaccgcagcece ggggcecgggg cagecggage cggagecgga gcecggagecg 1320
caggagccge cgcagecgga gccaaagtte ctetaggtece cgaagtcegtyg gcaggaggag 1380
gtcggagaca gggtcttgct atgttgccca gactggaggg cagtggctgt tcacatgatce 1440
attgtgcact gtagcctcaa actcctgggce tcaagcgatc ttcttggcte agectcectga 1500
atatctgaaa ctacaggtga gccctgecttg tttgectttt attaataatc tattggattt 1560
ttctatatgt aatagctgaa cagctttttt gctttaaagt tcattttcte agttttaaag 1620
tactgatggg caaagtccat tttttttcct cctactcecttce agctgggggce tgtcgtgtac 1680
ttttttaaat agtgtgttgg aaagttcttt atataggagt aaagtttatt tttgtcattt 1740
ccaggaatat tagggtcatt ggtactaaat atgcctagtg ttaaagcaat cctggtataa 1800
aaatctcaac agaatggtca gagaatagaa cctaatgcag aaaaagcttc aggcaaaata 1860
ttatacctag atttctgatc ataaataaga tgctctccag ctttatcaat tttttgtcegce 1920
tttcttteca ttgacatatt tgggatctag aattttggag tatgtgacat ttttcaattt 1980
gagatttggg aataaggact taaaacatac gtaaaatact gaaacgttaa cgaaatttaa 2040
gtaggaagaa agtttcctca aaattggaat ttctgcatga tatctgttaa ggatgagagt 2100
tctttcatgt gtagtcaata aaagaaatca tgcatgtggc ccaggataat ttcactttaa 2160
aaagttggat ttgttccaga ctctaaatgc ctgcttcacc ctgaaaatga ttgacctaga 2220
actatctact gatttcagta acgccgagta attatcatta aattcagtat tttttaatac 2280
ttttctaaat acagtcaaga tatatgcaat taaatgtggt ctgcaaagct gaaatcttaa 2340
taaatcatgg aggctaagaa agaaaaccac catcttgagc tcaggacaac tgagatattg 2400
atgactttcce cctcaaatgt taataggcag ggtagaaggg caggaagttt ttaaaccact 2460
gactggttca ttatcctgat aaatgtccat cttgaactta aatttattag ttttttttaa 2520
tatatattgc ctgattacta tttatgtttc aaaaattcca actatacatt gctagcagaa 2580
acccacaggce ctgttttcag tgaatagcta gctgcatgtt ggaggctttt taaacctata 2640
aacgtctttt tttccagtag actagcaact taatttgatg gtagttcctg cctecttett 2700

aaatagccca gttttagaat gtaacatttc ctatctgtag taataggagg tcccttaact 2760
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atcatgatta ccatagattt gatttgttgc ataggttagg tagtacagtc tgcaagtatt 2820
agtcccttte tgttgcatgt gctagcacct tcagttcaca agggggtaag aggaatccag 2880
ttgatttgaa ataccttttg agtaacagtc taagttgttc attcagaaag agtagaaaag 2940
tcaactgcat caaggtttta aaagcagcat ttattgattg aaaataaatg tgtagatagg 3000
ctctcagtat ggaatccatg ttatttttta atgaagtaca tgaagactcc ttagatcttce 3060
caccatgtat cttgtgtgtg cttataacaa ccaccatatt caaatggagg ggaattttca 3120
acattttact gaaaaaaaaa tgagaaattc ttccttcagce agctctgcat agtttgacaa 3180
acttttggaa agagataaaa acacactcca gtgtttgtac gttgaacgtt tattacaact 3240
aattggcgat gtgataagac agtgctcacg tggcctgaat gttggtcaca atcacaacaa 3300
agcttaatcc agcccagcat atataagtga aaatataaac catgaagaca tgtttagata 3360
tgtataagta cttagaaaag tgacgctgaa caattacata gctttaaaaa atatagagcc 3420
atctaatgcce attttacctc attcaactct tttttgtaag aaatgtgtct ttttaaattt 3480
ttataagact tctgttaact aggcagtgcce atggaaagaa aggaagctgc tgtaaagtgt 3540
gcagcacttc taagtggagg gaagcaaaat aaatttagct ttaacaagta ccccagaggg 3600
aacattcgtg ctttaaacaa tgactttaca cataatactg tgaagagagc aacacgtttt 3660
ttgtaagata ctgttatgaa gaattcctgg caaattacca ttctcacttt attttggggce 3720
atcaaaaaca actaagtatt tgattatgac cacaaaaaat tcatctcagg agtcaaatgt 3780
gccttggect taaaaattat gtgcttacta ttgtgaaaca atcctgtttce tcatcccaga 3840
ttcagaatgc ctaagaaata atttttagtg taagaagtat cactccaatt tagtcattaa 3900
aaataatctg tagtccttta aaaaaaaaaa aaaaaggtat gtaatttcca a 3951
<210> SEQ ID NO 22

<211> LENGTH: 3986

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 22

ggtgceggea agatggetge geccgagaag atgacgttte ccgagaaacc aagccacaaa 60
aagtacaggg ccgccctgaa gaaggagaaa cgaaagaaac gtcggcagga acttgcetcega 120
ctgagagact caggactcte acagaaggag gaagaggagg acacttttat tgaagaacaa 180
caactagaag aagagaagct attggaaaga gagaggcaaa gattacatga ggagtggttg 240
ctaagagagc agaaggcaca agaagaattc agaataaaga aggaaaagga agaggcggcet 300
aaaaaacggc aagaagaaca agagagaaag ttaaaggaac aatgggaaga acagcagagg 360
aaagagagag aagaggagga gcagaaacga caggagaaga aagaaaaaga ggaagctttg 420
cagaagatgce tggatcagge tgaaaatgag ttggaaaatg gtaccacatg gcaaaaccca 480
gaaccaccceg tggatttcag agtaatggag aaggatcgag ctaattgtece cttctacagt 540
aaaacaggag cttgcagatt tggagataga tgttcacgta aacataattt cccaacatcc 600
agtcctacce ttettattaa gagcatgttt acgacgtttg gaatggagca gtgcaggagg 660
gatgactatg accctgacgc aagcctggag tacagcgagg aagaaaccta ccaacagttce 720
ctagacttct atgaggatgt gttgcccgag ttcaagaacg tggggaaagt gattcagtte 780

aaggtcagcet gcaatttgga acctcacctyg aggggcaatg tatatgttca gtaccagtceg 840
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gaagaagaat gccaagcagce cctttcetetg tttaacggac gatggtatgce aggacgacag 900
ctgcagtgtyg aattctgcce cgtgaccegg tggaaaatgg cgatttgtgg tttatttgaa 960
atacaacaat gtccaagagg aaagcactgc aactttcttc atgtgttcag aaatcccaac 1020

aatgaattct gggaagctaa tagagacatc tacttgtcectc cagatcggac tggctcectcece 1080
tttgggaaga actccgaaag gagggagagg atgggccacce acgacgacta ctacagcagg 1140
ctgcggggaa ggagaaaccce tagtccagac cactcctaca aaagaaatgyg ggaatccgag 1200
aggaaaagta gtcgtcacag ggggaagaaa tctcacaaac gcacatcaaa gagtcgggag 1260
aggcacaatt cacgaagcag aggaagaaat agggaccgca gcagggaccyg cagccgggge 1320
cggggcagee ggagecggag ccggagecgg agecgcagga gecgecgceag ccggagcecaa 1380
agttcctecta ggtcccgaag tegtggcagg aggaggtcegg agacagggtce ttgctatgtt 1440
gcccagactyg gagggcagtg gctgttcaca tgatcattgt gcactgtagce ctcaaactcce 1500
tgggctcaag cgatcttett ggctcagcect cctgaatatc tgaaactaca ggtgagccect 1560
gcttgtttge cttttattaa taatctattg gatttttcta tatgtaatag ctgaacagcet 1620
tttttgcttt aaagttcatt ttctcagttt taaagtactg atgggcaaag tccatttttt 1680
ttectectac tettcagetyg ggggctgtceg tgtacttttt taaatagtgt gttggaaagt 1740
tctttatata ggagtaaagt ttatttttgt catttccagg aatattaggg tcattggtac 1800
taaatatgcc tagtgttaaa gcaatcctgg tataaaaatc tcaacagaat ggtcagagaa 1860
tagaacctaa tgcagaaaaa gcttcaggca aaatattata cctagatttc tgatcataaa 1920
taagatgctc tccagcttta tcaatttttt gtcgectttet ttccattgac atatttggga 1980
tctagaattt tggagtatgt gacatttttc aatttgagat ttgggaataa ggacttaaaa 2040
catacgtaaa atactgaaac gttaacgaaa tttaagtagg aagaaagttt cctcaaaatt 2100
ggaatttctyg catgatatct gttaaggatg agagttcttt catgtgtagt caataaaaga 2160
aatcatgcat gtggcccagg ataatttcac tttaaaaagt tggatttgtt ccagactcta 2220
aatgcctget tcaccctgaa aatgattgac ctagaactat ctactgattt cagtaacgcce 2280
gagtaattat cattaaattc agtatttttt aatacttttc taaatacagt caagatatat 2340
gcaattaaat gtggtctgca aagctgaaat cttaataaat catggaggct aagaaagaaa 2400
accaccatct tgagctcagg acaactgaga tattgatgac tttcccecctca aatgttaata 2460
ggcagggtag aagggcagga agtttttaaa ccactgactg gttcattatc ctgataaatg 2520
tccatcttga acttaaattt attagttttt tttaatatat attgcctgat tactatttat 2580
gtttcaaaaa ttccaactat acattgctag cagaaaccca caggcctgtt ttcagtgaat 2640
agctagcetge atgttggagg ctttttaaac ctataaacgt ctttttttecce agtagactag 2700
caacttaatt tgatggtagt tcctgcctce ttcecttaaata gecccagtttt agaatgtaac 2760
atttcctatce tgtagtaata ggaggtccct taactatcat gattaccata gatttgattt 2820
gttgcatagg ttaggtagta cagtctgcaa gtattagtcc ctttctgttg catgtgctag 2880
caccttcagt tcacaagggg gtaagaggaa tccagttgat ttgaaatacc ttttgagtaa 2940
cagtctaagt tgttcattca gaaagagtag aaaagtcaac tgcatcaagg ttttaaaagc 3000
agcatttatt gattgaaaat aaatgtgtag ataggctctc agtatggaat ccatgttatt 3060

ttttaatgaa gtacatgaag actccttaga tcttccacca tgtatcttgt gtgtgcttat 3120
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aacaaccacc atattcaaat ggaggggaat tttcaacatt ttactgaaaa aaaaatgaga 3180
aattcttecct tcagcagctce tgcatagttt gacaaacttt tggaaagaga taaaaacaca 3240
ctccagtgtt tgtacgttga acgtttatta caactaattg gcgatgtgat aagacagtgc 3300
tcacgtggcce tgaatgttgg tcacaatcac aacaaagctt aatccagccc agcatatata 3360
agtgaaaata taaaccatga agacatgttt agatatgtat aagtacttag aaaagtgacg 3420
ctgaacaatt acatagcttt aaaaaatata gagccatcta atgccatttt acctcattca 3480
actctttttt gtaagaaatg tgtcttttta aatttttata agacttctgt taactaggca 3540
gtgccatgga aagaaaggaa gctgctgtaa agtgtgcagc acttctaagt ggagggaagce 3600
aaaataaatt tagctttaac aagtacccca gagggaacat tcgtgcttta aacaatgact 3660
ttacacataa tactgtgaag agagcaacac gttttttgta agatactgtt atgaagaatt 3720
cctggcaaat taccattctce actttatttt ggggcatcaa aaacaactaa gtatttgatt 3780
atgaccacaa aaaattcatc tcaggagtca aatgtgcctt ggccttaaaa attatgtgcet 3840
tactattgtg aaacaatcct gtttctcatc ccagattcag aatgcctaag aaataatttt 3900
tagtgtaaga agtatcactc caatttagtc attaaaaata atctgtagtc ctttaaaaaa 3960
aaaaaaaaaa ggtatgtaat ttccaa 3986
<210> SEQ ID NO 23

<211> LENGTH: 3941

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 23

ggattacaga cacgcaccac cgcgcccgge catcatgact tttetetget tettgagage 60
acttccagca tcgctagteg cactttgtga ctetcacaga aggaggaaga ggaggacact 120
tttattgaag aacaacaact agaagaagag aagctattgg aaagagagag gcaaagatta 180
catgaggagt ggttgctaag agagcagaag gcacaagaag aattcagaat aaagaaggaa 240
aaggaagagg cggctaaaaa acggcaagaa gaacaagaga gdaaagttaaa ggaacaatgg 300
gaagaacagc agaggaaaga gagagaagag gaggagcaga aacgacagga gaagaaagaa 360
aaagaggaag ctttgcagaa gatgctggat caggctgaaa atgagttgga aaatggtacc 420
acatggcaaa acccagaacc acccgtggat ttcagagtaa tggagaagga tcgagctaat 480
tgtcccttet acagtaaaac aggagcttge agatttggag atagatgtte acgtaaacat 540
aatttcccaa catccagtece tacccttett attaagagea tgtttacgac gtttggaatg 600
gagcagtgca ggagggatga ctatgaccct gacgcaagcce tggagtacag cgaggaagaa 660
acctaccaac agttcctaga cttctatgag gatgtgttge cegagttcaa gaacgtgggg 720
aaagtgattc agttcaaggt cagctgcaat ttggaacctce acctgagggg caatgtatat 780
gttcagtace agtcggaaga agaatgccaa gcagcccttt ctetgtttaa cggacgatgg 840
tatgcaggac gacagctgca gtgtgaatte tgeccegtga cecggtggaa aatggegatt 900
tgtggtttat ttgaaataca acaatgtcca agaggaaagc actgcaactt tcttcatgtg 960

ttcagaaatc ccaacaatga attctgggaa gctaatagag acatctactt gtctccagat 1020

cggactgget cctectttgg gaagaactce gaaaggaggg agaggatggg ccaccacgac 1080

gactactaca gcaggctgceg gggaaggaga aaccctagte cagaccactce ctacaaaaga 1140
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aatggggaat ccgagaggaa aagtagtcgt cacaggggga agaaatctca caaacgcaca 1200
tcaaagagtc gggagaggca caattcacga agcagaggaa gdaaataggga ccgcagcagg 1260
gaccgcagee ggggccgggg cagecggage cggagecgga gecggagecg caggagcecge 1320
cgcagecgga gccaaagttce ctcectaggtece cgaagtegtyg gcaggaggayg gtcggagaca 1380
gggtcttget atgttgccca gactggaggg cagtggctgt tcacatgatc attgtgcact 1440
gtagcctcaa actcctggge tcaagcgatce ttcecttggcte agectcectga atatctgaaa 1500
ctacaggtga gccctgcttg tttgcectttt attaataatc tattggattt ttctatatgt 1560
aatagctgaa cagctttttt gcectttaaagt tcattttcectc agttttaaag tactgatggg 1620
caaagtccat tttttttect cctactectte agetggggge tgtcgtgtac ttttttaaat 1680
agtgtgttgg aaagttcttt atataggagt aaagtttatt tttgtcattt ccaggaatat 1740
tagggtcatt ggtactaaat atgcctagtg ttaaagcaat cctggtataa aaatctcaac 1800
agaatggtca gagaatagaa cctaatgcag aaaaagcttc aggcaaaata ttatacctag 1860
atttctgatc ataaataaga tgctctccag ctttatcaat tttttgtcge tttetttceca 1920
ttgacatatt tgggatctag aattttggag tatgtgacat ttttcaattt gagatttggg 1980
aataaggact taaaacatac gtaaaatact gaaacgttaa cgaaatttaa gtaggaagaa 2040
agtttcctca aaattggaat ttctgcatga tatctgttaa ggatgagagt tcectttcatgt 2100
gtagtcaata aaagaaatca tgcatgtggc ccaggataat ttcactttaa aaagttggat 2160
ttgttccaga ctctaaatgce ctgcttcacce ctgaaaatga ttgacctaga actatctact 2220
gatttcagta acgccgagta attatcatta aattcagtat tttttaatac ttttctaaat 2280
acagtcaaga tatatgcaat taaatgtggt ctgcaaagct gaaatcttaa taaatcatgg 2340
aggctaagaa agaaaaccac catcttgagc tcaggacaac tgagatattg atgactttcc 2400
cctcaaatgt taataggcag ggtagaaggg caggaagttt ttaaaccact gactggttca 2460
ttatcctgat aaatgtccat cttgaactta aatttattag ttttttttaa tatatattgc 2520
ctgattacta tttatgtttc aaaaattcca actatacatt gctagcagaa acccacaggc 2580
ctgttttcag tgaatagcta gctgcatgtt ggaggctttt taaacctata aacgtctttt 2640
tttccagtag actagcaact taatttgatg gtagttcctg cctcecttctt aaatagccca 2700
gttttagaat gtaacatttc ctatctgtag taataggagg tcccttaact atcatgatta 2760
ccatagattt gatttgttgc ataggttagg tagtacagtc tgcaagtatt agtcccttte 2820
tgttgcatgt gctagcacct tcagttcaca agggggtaag aggaatccag ttgatttgaa 2880
ataccttttg agtaacagtc taagttgttc attcagaaag agtagaaaag tcaactgcat 2940
caaggtttta aaagcagcat ttattgattg aaaataaatg tgtagatagg ctctcagtat 3000
ggaatccatg ttatttttta atgaagtaca tgaagactcc ttagatcttc caccatgtat 3060
cttgtgtgtg cttataacaa ccaccatatt caaatggagg ggaattttca acattttact 3120
gaaaaaaaaa tgagaaattc tteccttcagce agctctgcat agtttgacaa acttttggaa 3180
agagataaaa acacactcca gtgtttgtac gttgaacgtt tattacaact aattggcgat 3240
gtgataagac agtgctcacg tggcctgaat gttggtcaca atcacaacaa agcttaatcce 3300
agcccagcat atataagtga aaatataaac catgaagaca tgtttagata tgtataagta 3360

cttagaaaag tgacgctgaa caattacata gctttaaaaa atatagagcc atctaatgcec 3420
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attttacctc attcaactct tttttgtaag aaatgtgtct ttttaaattt ttataagact 3480
tctgttaact aggcagtgcc atggaaagaa aggaagctgc tgtaaagtgt gcagcacttce 3540
taagtggagg gaagcaaaat aaatttagct ttaacaagta ccccagaggg aacattcgtg 3600
ctttaaacaa tgactttaca cataatactg tgaagagagc aacacgtttt ttgtaagata 3660
ctgttatgaa gaattcctgg caaattacca ttctcacttt attttggggc atcaaaaaca 3720
actaagtatt tgattatgac cacaaaaaat tcatctcagg agtcaaatgt gccttggect 3780
taaaaattat gtgcttacta ttgtgaaaca atcctgtttc tcatcccaga ttcagaatgc 3840
ctaagaaata atttttagtg taagaagtat cactccaatt tagtcattaa aaataatctg 3900
tagtccttta aaaaaaaaaa aaaaaggtat gtaatttcca a 3941
<210> SEQ ID NO 24

<211> LENGTH: 348

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 24

Met Leu Asp Gln Ala Glu Asn Glu Leu Glu Asn Gly Thr Thr Trp Gln
1 5 10 15

Asn Pro Glu Pro Pro Val Asp Phe Arg Val Met Glu Lys Asp Arg Ala
20 25 30

Asn Cys Pro Phe Tyr Ser Lys Thr Gly Ala Cys Arg Phe Gly Asp Arg
35 40 45

Cys Ser Arg Lys His Asn Phe Pro Thr Ser Ser Pro Thr Leu Leu Ile
50 55 60

Lys Ser Met Phe Thr Thr Phe Gly Met Glu Gln Cys Arg Arg Asp Asp
65 70 75 80

Tyr Asp Pro Asp Ala Ser Leu Glu Tyr Ser Glu Glu Glu Thr Tyr Gln
85 90 95

Gln Phe Leu Asp Phe Tyr Glu Asp Val Leu Pro Glu Phe Lys Asn Val
100 105 110

Gly Lys Val Ile Gln Phe Lys Val Ser Cys Asn Leu Glu Pro His Leu
115 120 125

Arg Gly Asn Val Tyr Val Gln Tyr Gln Ser Glu Glu Glu Cys Gln Ala
130 135 140

Ala Leu Ser Leu Phe Asn Gly Arg Trp Tyr Ala Gly Arg Gln Leu Gln
145 150 155 160

Cys Glu Phe Cys Pro Val Thr Arg Trp Lys Met Ala Ile Cys Gly Leu
165 170 175

Phe Glu Ile Gln Gln Cys Pro Arg Gly Lys His Cys Asn Phe Leu His
180 185 190

Val Phe Arg Asn Pro Asn Asn Glu Phe Trp Glu Ala Asn Arg Asp Ile
195 200 205

Tyr Leu Ser Pro Asp Arg Thr Gly Ser Ser Phe Gly Lys Asn Ser Glu
210 215 220

Arg Arg Glu Arg Met Gly His His Asp Asp Tyr Tyr Ser Arg Leu Arg
225 230 235 240

Gly Arg Arg Asn Pro Ser Pro Asp His Ser Tyr Lys Arg Asn Gly Glu
245 250 255

Ser Glu Arg Lys Ser Ser Arg His Arg Gly Lys Lys Ser His Lys Arg
260 265 270
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Thr Ser Lys Ser Arg Glu Arg His Asn Ser Arg Ser Arg Gly Arg Asn
275 280 285

Arg Asp Arg Ser Arg Asp Arg Ser Arg Gly Arg Gly Ser Arg Ser Arg
290 295 300

Ser Arg Ser Arg Ser Arg Arg Ser Arg Arg Ser Arg Ser Gln Ser Ser
305 310 315 320

Ser Arg Ser Arg Ser Arg Gly Arg Arg Arg Ser Glu Thr Gly Ser Cys
325 330 335

Tyr Val Ala Gln Thr Gly Gly Gln Trp Leu Phe Thr
340 345

<210> SEQ ID NO 25

<211> LENGTH: 348

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 25

Met Leu Asp Gln Ala Glu Asn Glu Leu Glu Asn Gly Thr Thr Trp Gln
1 5 10 15

Asn Pro Glu Pro Pro Val Asp Phe Arg Val Met Glu Lys Asp Arg Ala
20 25 30

Asn Cys Pro Phe Tyr Ser Lys Thr Gly Ala Cys Arg Phe Gly Asp Arg
35 40 45

Cys Ser Arg Lys His Asn Phe Pro Thr Ser Ser Pro Thr Leu Leu Ile
50 55 60

Lys Ser Met Phe Thr Thr Phe Gly Met Glu Gln Cys Arg Arg Asp Asp
65 70 75 80

Tyr Asp Pro Asp Ala Ser Leu Glu Tyr Ser Glu Glu Glu Thr Tyr Gln
85 90 95

Gln Phe Leu Asp Phe Tyr Glu Asp Val Leu Pro Glu Phe Lys Asn Val
100 105 110

Gly Lys Val Ile Gln Phe Lys Val Ser Cys Asn Leu Glu Pro His Leu
115 120 125

Arg Gly Asn Val Tyr Val Gln Tyr Gln Ser Glu Glu Glu Cys Gln Ala
130 135 140

Ala Leu Ser Leu Phe Asn Gly Arg Trp Tyr Ala Gly Arg Gln Leu Gln
145 150 155 160

Cys Glu Phe Cys Pro Val Thr Arg Trp Lys Met Ala Ile Cys Gly Leu
165 170 175

Phe Glu Ile Gln Gln Cys Pro Arg Gly Lys His Cys Asn Phe Leu His
180 185 190

Val Phe Arg Asn Pro Asn Asn Glu Phe Trp Glu Ala Asn Arg Asp Ile
195 200 205

Tyr Leu Ser Pro Asp Arg Thr Gly Ser Ser Phe Gly Lys Asn Ser Glu
210 215 220

Arg Arg Glu Arg Met Gly His His Asp Asp Tyr Tyr Ser Arg Leu Arg
225 230 235 240

Gly Arg Arg Asn Pro Ser Pro Asp His Ser Tyr Lys Arg Asn Gly Glu
245 250 255

Ser Glu Arg Lys Ser Ser Arg His Arg Gly Lys Lys Ser His Lys Arg
260 265 270

Thr Ser Lys Ser Arg Glu Arg His Asn Ser Arg Ser Arg Gly Arg Asn
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275 280 285

Arg Asp Arg Ser Arg Asp Arg Ser Arg Gly Arg Gly Ser Arg Ser Arg
290 295 300

Ser Arg Ser Arg Ser Arg Arg Ser Arg Arg Ser Arg Ser Gln Ser Ser
305 310 315 320

Ser Arg Ser Arg Ser Arg Gly Arg Arg Arg Ser Glu Thr Gly Ser Cys
325 330 335

Tyr Val Ala Gln Thr Gly Gly Gln Trp Leu Phe Thr
340 345

<210> SEQ ID NO 26

<211> LENGTH: 348

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 26

Met Leu Asp Gln Ala Glu Asn Glu Leu Glu Asn Gly Thr Thr Trp Gln
1 5 10 15

Asn Pro Glu Pro Pro Val Asp Phe Arg Val Met Glu Lys Asp Arg Ala
20 25 30

Asn Cys Pro Phe Tyr Ser Lys Thr Gly Ala Cys Arg Phe Gly Asp Arg
35 40 45

Cys Ser Arg Lys His Asn Phe Pro Thr Ser Ser Pro Thr Leu Leu Ile
50 55 60

Lys Ser Met Phe Thr Thr Phe Gly Met Glu Gln Cys Arg Arg Asp Asp
65 70 75 80

Tyr Asp Pro Asp Ala Ser Leu Glu Tyr Ser Glu Glu Glu Thr Tyr Gln
85 90 95

Gln Phe Leu Asp Phe Tyr Glu Asp Val Leu Pro Glu Phe Lys Asn Val
100 105 110

Gly Lys Val Ile Gln Phe Lys Val Ser Cys Asn Leu Glu Pro His Leu
115 120 125

Arg Gly Asn Val Tyr Val Gln Tyr Gln Ser Glu Glu Glu Cys Gln Ala
130 135 140

Ala Leu Ser Leu Phe Asn Gly Arg Trp Tyr Ala Gly Arg Gln Leu Gln
145 150 155 160

Cys Glu Phe Cys Pro Val Thr Arg Trp Lys Met Ala Ile Cys Gly Leu
165 170 175

Phe Glu Ile Gln Gln Cys Pro Arg Gly Lys His Cys Asn Phe Leu His
180 185 190

Val Phe Arg Asn Pro Asn Asn Glu Phe Trp Glu Ala Asn Arg Asp Ile
195 200 205

Tyr Leu Ser Pro Asp Arg Thr Gly Ser Ser Phe Gly Lys Asn Ser Glu
210 215 220

Arg Arg Glu Arg Met Gly His His Asp Asp Tyr Tyr Ser Arg Leu Arg
225 230 235 240

Gly Arg Arg Asn Pro Ser Pro Asp His Ser Tyr Lys Arg Asn Gly Glu
245 250 255

Ser Glu Arg Lys Ser Ser Arg His Arg Gly Lys Lys Ser His Lys Arg
260 265 270

Thr Ser Lys Ser Arg Glu Arg His Asn Ser Arg Ser Arg Gly Arg Asn
275 280 285
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Arg Asp Arg Ser Arg Asp Arg Ser Arg Gly Arg Gly Ser Arg Ser Arg
290 295 300

Ser Arg Ser Arg Ser Arg Arg Ser Arg Arg Ser Arg Ser Gln Ser Ser
305 310 315 320

Ser Arg Ser Arg Ser Arg Gly Arg Arg Arg Ser Glu Thr Gly Ser Cys
325 330 335

Tyr Val Ala Gln Thr Gly Gly Gln Trp Leu Phe Thr
340 345

<210> SEQ ID NO 27

<211> LENGTH: 482

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 27

Met Ala Ala Pro Glu Lys Met Thr Phe Pro Glu Lys Pro Ser His Lys
1 5 10 15

Lys Tyr Arg Ala Ala Leu Lys Lys Glu Lys Arg Lys Lys Arg Arg Gln
20 25 30

Glu Leu Ala Arg Leu Arg Asp Ser Gly Leu Ser Gln Lys Glu Glu Glu
35 40 45

Glu Asp Thr Phe Ile Glu Glu Gln Gln Leu Glu Glu Glu Lys Leu Leu
50 55 60

Glu Arg Glu Arg Gln Arg Leu His Glu Glu Trp Leu Leu Arg Glu Gln
65 70 75 80

Lys Ala Gln Glu Glu Phe Arg Ile Lys Lys Glu Lys Glu Glu Ala Ala
85 90 95

Lys Lys Arg Gln Glu Glu Gln Glu Arg Lys Leu Lys Glu Gln Trp Glu
100 105 110

Glu Gln Gln Arg Lys Glu Arg Glu Glu Glu Glu Gln Lys Arg Gln Glu
115 120 125

Lys Lys Glu Lys Glu Glu Ala Leu Gln Lys Met Leu Asp Gln Ala Glu
130 135 140

Asn Glu Leu Glu Asn Gly Thr Thr Trp Gln Asn Pro Glu Pro Pro Val
145 150 155 160

Asp Phe Arg Val Met Glu Lys Asp Arg Ala Asn Cys Pro Phe Tyr Ser
165 170 175

Lys Thr Gly Ala Cys Arg Phe Gly Asp Arg Cys Ser Arg Lys His Asn
180 185 190

Phe Pro Thr Ser Ser Pro Thr Leu Leu Ile Lys Ser Met Phe Thr Thr
195 200 205

Phe Gly Met Glu Gln Cys Arg Arg Asp Asp Tyr Asp Pro Asp Ala Ser
210 215 220

Leu Glu Tyr Ser Glu Glu Glu Thr Tyr Gln Gln Phe Leu Asp Phe Tyr
225 230 235 240

Glu Asp Val Leu Pro Glu Phe Lys Asn Val Gly Lys Val Ile Gln Phe
245 250 255

Lys Val Ser Cys Asn Leu Glu Pro His Leu Arg Gly Asn Val Tyr Val
260 265 270

Gln Tyr Gln Ser Glu Glu Glu Cys Gln Ala Ala Leu Ser Leu Phe Asn
275 280 285

Gly Arg Trp Tyr Ala Gly Arg Gln Leu Gln Cys Glu Phe Cys Pro Val
290 295 300
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Thr Arg Trp Lys Met Ala Ile Cys Gly Leu Phe Glu Ile Gln Gln Cys
305 310 315 320

Pro Arg Gly Lys His Cys Asn Phe Leu His Val Phe Arg Asn Pro Asn
325 330 335

Asn Glu Phe Trp Glu Ala Asn Arg Asp Ile Tyr Leu Ser Pro Asp Arg
340 345 350

Thr Gly Ser Ser Phe Gly Lys Asn Ser Glu Arg Arg Glu Arg Met Gly
355 360 365

His His Asp Asp Tyr Tyr Ser Arg Leu Arg Gly Arg Arg Asn Pro Ser
370 375 380

Pro Asp His Ser Tyr Lys Arg Asn Gly Glu Ser Glu Arg Lys Ser Ser
385 390 395 400

Arg His Arg Gly Lys Lys Ser His Lys Arg Thr Ser Lys Ser Arg Glu
405 410 415

Arg His Asn Ser Arg Ser Arg Gly Arg Asn Arg Asp Arg Ser Arg Asp
420 425 430

Arg Ser Arg Gly Arg Gly Ser Arg Ser Arg Ser Arg Ser Arg Ser Arg
435 440 445

Arg Ser Arg Arg Ser Arg Ser Gln Ser Ser Ser Arg Ser Arg Ser Arg
450 455 460

Gly Arg Arg Arg Ser Gly Asn Arg Asp Arg Thr Val Gln Ser Pro Lys
465 470 475 480

Ser Lys

<210> SEQ ID NO 28

<211> LENGTH: 348

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 28

Met Leu Asp Gln Ala Glu Asn Glu Leu Glu Asn Gly Thr Thr Trp Gln
1 5 10 15

Asn Pro Glu Pro Pro Val Asp Phe Arg Val Met Glu Lys Asp Arg Ala
20 25 30

Asn Cys Pro Phe Tyr Ser Lys Thr Gly Ala Cys Arg Phe Gly Asp Arg
35 40 45

Cys Ser Arg Lys His Asn Phe Pro Thr Ser Ser Pro Thr Leu Leu Ile
50 55 60

Lys Ser Met Phe Thr Thr Phe Gly Met Glu Gln Cys Arg Arg Asp Asp
65 70 75 80

Tyr Asp Pro Asp Ala Ser Leu Glu Tyr Ser Glu Glu Glu Thr Tyr Gln
85 90 95

Gln Phe Leu Asp Phe Tyr Glu Asp Val Leu Pro Glu Phe Lys Asn Val
100 105 110

Gly Lys Val Ile Gln Phe Lys Val Ser Cys Asn Leu Glu Pro His Leu
115 120 125

Arg Gly Asn Val Tyr Val Gln Tyr Gln Ser Glu Glu Glu Cys Gln Ala
130 135 140

Ala Leu Ser Leu Phe Asn Gly Arg Trp Tyr Ala Gly Arg Gln Leu Gln
145 150 155 160

Cys Glu Phe Cys Pro Val Thr Arg Trp Lys Met Ala Ile Cys Gly Leu
165 170 175
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Phe Glu Ile Gln Gln Cys Pro Arg Gly Lys His Cys Asn Phe Leu His
180 185 190

Val Phe Arg Asn Pro Asn Asn Glu Phe Trp Glu Ala Asn Arg Asp Ile
195 200 205

Tyr Leu Ser Pro Asp Arg Thr Gly Ser Ser Phe Gly Lys Asn Ser Glu
210 215 220

Arg Arg Glu Arg Met Gly His His Asp Asp Tyr Tyr Ser Arg Leu Arg
225 230 235 240

Gly Arg Arg Asn Pro Ser Pro Asp His Ser Tyr Lys Arg Asn Gly Glu
245 250 255

Ser Glu Arg Lys Ser Ser Arg His Arg Gly Lys Lys Ser His Lys Arg
260 265 270

Thr Ser Lys Ser Arg Glu Arg His Asn Ser Arg Ser Arg Gly Arg Asn
275 280 285

Arg Asp Arg Ser Arg Asp Arg Ser Arg Gly Arg Gly Ser Arg Ser Arg
290 295 300

Ser Arg Ser Arg Ser Arg Arg Ser Arg Arg Ser Arg Ser Gln Ser Ser
305 310 315 320

Ser Arg Ser Arg Ser Arg Gly Arg Arg Arg Ser Glu Thr Gly Ser Cys
325 330 335

Tyr Val Ala Gln Thr Gly Gly Gln Trp Leu Phe Thr
340 345

<210> SEQ ID NO 29

<211> LENGTH: 2314

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 29

aggggceggt tgctecggaa gtggagggag ggggtgaaaa tggegeccag ctcegaaatceg 60
gagcggaaca gcggggcetgg gagcggegge ggcggceccceg ggggagcecgg agggaagcegg 120

gecagcaggge ggceggcggga gcacgtecte aagcagcetgg agegggtcaa gatcagegga 180

cagctetece ctegectett ceggaagetyg cctecceggg tgtgegtgte cctcaagaac 240
attgtggatg aggacttcct ctatgcagga catatcttec tgggetttte caaatgegge 300
cgctacgtee tctectacac cagcagcagt ggggatgacg acttcteett ctacatctac 360
catctgtact ggtgggagtt caacgttcac agcaagetca agetggtecg gcaggttegg 420
ctattccagg acgaggagat ctacagegac ctgtacctga cegtatgega gtggeccage 480
gacgccteca aggtcatcegt ctteggette aacacceget cggecaacgyg gatgetcatg 540
aacatgatga tgatgagtga cgagaaccac cgtgacatct acgtcagcac cgtggeegtg 600
ccaccgecag geogetgtge tgettgecag gatgecagece gageccacce aggagaccceg 660
aatgcacagt gcctacggea tggcettecatg ctgcacacca agtaccaggt ggtctaccce 720
ttccccacct tccagecege cttecagete aagaaggace aggtggtget gcetcaacacce 780
agctactcce tggtggectyg cgecgtetee gtecactegg caggtgacag gagtttetge 840
caaatcctgt atgaccacag cacctgecce ctggegectg cecageccece tgagecccag 900
agcccagage tgcccectge cctecccage ttetgeectg aggeggecce ageccegttet 960

tctgggtete ctgagccecte geccgcecatt gccaaageca aggagtttgt ggctgacatce 1020



US 2021/0251955 Al Aug. 19,2021
54

-continued

ttecegeeggg ccaaagaggce caagggeggg gtecctgagyg aageccggece tgcectgtge 1080
ccaggaccct ctggcageceg ctgccecgtgceg cactctgage cecctagcecct gtgtggagag 1140
acggcacccee gggacagecce ccctgecteg gaggcacctyg cctecgagece tggetatgte 1200
aactacacca agctgtacta tgtgctggag tccggagagg ggacggagece ggaggatgag 1260
ttggaggacg acaagatctc cctgccectte gtggtgactg atcttegtgg ccgcaacctg 1320
cggeecatge gggageggac tgctgtecag ggecagtace tgacagtgga gcagcetcaca 1380
ctagacttcg aatatgttat caatgaggtc atccgccacg acgctacctg gggccatcag 1440
ttetgttett tcagcgacta tgacatcgtce attctggagg tcectgcccaga aaccaaccag 1500
gtcctcatca acattggcect gctgctectg gecttecegt cecccactga ggagggecag 1560
cteccgaccaa agacctatca caccagectce aaggtggcat gggacctcaa cacagggatce 1620
ttcgagacag tcagtgtagg cgacctgact gaggtcaaag ggcagaccag cggcagtgtce 1680
tggagctect accgcaagag ctgcgtggac atggtcatga agtggctggt gecggagagce 1740
agcggecget acgtcaacag gatgaccaat gaggcgcetge acaaagggtyg ctccectgaag 1800
gttctggegyg acagcgagcg atatacgtgg atcgtgctgt gagggccagg ccgeccccegga 1860
cactgactcc aactacctcecc gtggectggg accggcccecce ttcecctggggt ggcctcettece 1920
tggcecggetyg geccaccgac tgatgaccgg cactagtgtt agcecctgcgga acggggctgg 1980
gcagggcagce ctcectgttgge ctgagggtct ggacgctttt tatttatgec tatttaagtt 2040
gggaagggygc agagagaggg cgcccectge cccaccagece tgagtgeccce gecttcacce 2100
cgagctgggce atgggcctgg cccctegtge atttgcectt ttcecteggcta cagectgtgga 2160
cgttgcecte ggggaggteg aatggaccce attcecccectg cectgeccge ceccagecte 2220
cccacccagg ccggcaacct ggccatccce attceccgttet tettcatgta ataaatgttt 2280
taatttctga acctcaaaaa aaaaaaaaaa aaaa 2314
<210> SEQ ID NO 30

<211> LENGTH: 600

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 30

Met Ala Pro Ser Ser Lys Ser Glu Arg Asn Ser Gly Ala Gly Ser Gly
1 5 10 15

Gly Gly Gly Pro Gly Gly Ala Gly Gly Lys Arg Ala Ala Gly Arg Arg
20 25 30

Arg Glu His Val Leu Lys Gln Leu Glu Arg Val Lys Ile Ser Gly Gln
35 40 45

Leu Ser Pro Arg Leu Phe Arg Lys Leu Pro Pro Arg Val Cys Val Ser
50 55 60

Leu Lys Asn Ile Val Asp Glu Asp Phe Leu Tyr Ala Gly His Ile Phe
65 70 75 80

Leu Gly Phe Ser Lys Cys Gly Arg Tyr Val Leu Ser Tyr Thr Ser Ser
Ser Gly Asp Asp Asp Phe Ser Phe Tyr Ile Tyr His Leu Tyr Trp Trp
100 105 110

Glu Phe Asn Val His Ser Lys Leu Lys Leu Val Arg Gln Val Arg Leu
115 120 125
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Phe Gln Asp Glu Glu Ile Tyr Ser Asp Leu Tyr Leu Thr Val Cys Glu
130 135 140

Trp Pro Ser Asp Ala Ser Lys Val Ile Val Phe Gly Phe Asn Thr Arg
145 150 155 160

Ser Ala Asn Gly Met Leu Met Asn Met Met Met Met Ser Asp Glu Asn
165 170 175

His Arg Asp Ile Tyr Val Ser Thr Val Ala Val Pro Pro Pro Gly Arg
180 185 190

Cys Ala Ala Cys Gln Asp Ala Ser Arg Ala His Pro Gly Asp Pro Asn
195 200 205

Ala Gln Cys Leu Arg His Gly Phe Met Leu His Thr Lys Tyr Gln Val
210 215 220

Val Tyr Pro Phe Pro Thr Phe Gln Pro Ala Phe Gln Leu Lys Lys Asp
225 230 235 240

Gln Val Val Leu Leu Asn Thr Ser Tyr Ser Leu Val Ala Cys Ala Val
245 250 255

Ser Val His Ser Ala Gly Asp Arg Ser Phe Cys Gln Ile Leu Tyr Asp
260 265 270

His Ser Thr Cys Pro Leu Ala Pro Ala Ser Pro Pro Glu Pro Gln Ser
275 280 285

Pro Glu Leu Pro Pro Ala Leu Pro Ser Phe Cys Pro Glu Ala Ala Pro
290 295 300

Ala Arg Ser Ser Gly Ser Pro Glu Pro Ser Pro Ala Ile Ala Lys Ala
305 310 315 320

Lys Glu Phe Val Ala Asp Ile Phe Arg Arg Ala Lys Glu Ala Lys Gly
325 330 335

Gly Val Pro Glu Glu Ala Arg Pro Ala Leu Cys Pro Gly Pro Ser Gly
340 345 350

Ser Arg Cys Arg Ala His Ser Glu Pro Leu Ala Leu Cys Gly Glu Thr
355 360 365

Ala Pro Arg Asp Ser Pro Pro Ala Ser Glu Ala Pro Ala Ser Glu Pro
370 375 380

Gly Tyr Val Asn Tyr Thr Lys Leu Tyr Tyr Val Leu Glu Ser Gly Glu
385 390 395 400

Gly Thr Glu Pro Glu Asp Glu Leu Glu Asp Asp Lys Ile Ser Leu Pro
405 410 415

Phe Val Val Thr Asp Leu Arg Gly Arg Asn Leu Arg Pro Met Arg Glu
420 425 430

Arg Thr Ala Val Gln Gly Gln Tyr Leu Thr Val Glu Gln Leu Thr Leu
435 440 445

Asp Phe Glu Tyr Val Ile Asn Glu Val Ile Arg His Asp Ala Thr Trp
450 455 460

Gly His Gln Phe Cys Ser Phe Ser Asp Tyr Asp Ile Val Ile Leu Glu
465 470 475 480

Val Cys Pro Glu Thr Asn Gln Val Leu Ile Asn Ile Gly Leu Leu Leu
485 490 495

Leu Ala Phe Pro Ser Pro Thr Glu Glu Gly Gln Leu Arg Pro Lys Thr
500 505 510

Tyr His Thr Ser Leu Lys Val Ala Trp Asp Leu Asn Thr Gly Ile Phe
515 520 525

Glu Thr Val Ser Val Gly Asp Leu Thr Glu Val Lys Gly Gln Thr Ser
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530 535 540

Gly Ser Val Trp Ser Ser Tyr Arg Lys Ser Cys Val Asp Met Val Met
545 550 555 560

Lys Trp Leu Val Pro Glu Ser Ser Gly Arg Tyr Val Asn Arg Met Thr
565 570 575

Asn Glu Ala Leu His Lys Gly Cys Ser Leu Lys Val Leu Ala Asp Ser
580 585 590

Glu Arg Tyr Thr Trp Ile Val Leu
595 600

<210> SEQ ID NO 31

<211> LENGTH: 5042

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 31

atgtgtgctyg gtgaatgtga gtacagggaa gcagcggceceyg ccatttcagyg gagettgteg 60
acgctgtege aggggtggat cctgagetge cgaagcecgece gtectgetet cccegegtggyg 120
cttctctaat tccattgttt tttttagatt ctctcecgggcce tagccgtcect tggaacccga 180
tatteggget gggeggttcee geggectggg cctagggget taacagtage aacagaagcg 240
geggeggegy cagcagcage agcagcagca gcaatctcett cecgaacacg agcaccacag 300
gegeccgaayg gcecggaacag gcegtttagag aaaatggcag acgatattga tattgaagea 360
atgcttgagg ctccttacaa gaaggatgag aacaagttga gcagtgccaa cggccatgaa 420
gaacgtagca aaaagaggaa aaaaagcaag agcagaagtc gtagtcatga acgaaagaga 480
agcaaaagta aggaacggaa gcgaagtaga gacagagaaa ggaaaaagag caaaagccgt 540
gaaagaaagc gaagtagaag caaagagagg cgacggagcc gctcaagaag tcgagatcga 600
agatttagag gccgctacag aagtccttac tccggaccaa aatttaacag tgccatccga 660
ggaaagattyg ggttgcctca tagcatcaaa ttaagcagac gacgttcccg aagcaaaagt 720
ccattcagaa aagacaagag ccctgtgaga gaacctattg ataatttaac tcctgaggaa 780
agagatgcaa ggacagtctt ctgtatgcag ctggcggcaa gaattcgacce aagggatttg 840
gaagagtttt tctctacagt aggaaaggtt cgagatgtga ggatgatttc tgacagaaat 900
tcaagacgtt ccaaaggaat tgcttatgtg gagttcegteg atgttagetce agtgectcta 960

gcaataggat taactggcca acgagtttta ggcgtgccaa tcatagtaca ggcatcacag 1020
gcagaaaaaa acagagctgc agcaatggca aacaatttac aaaagggaag tgctggacct 1080
atgaggcttt atgtgggctc attacacttc aacataactg aagatatgct tcgtgggatc 1140
tttgagcctt ttggaagaat tgaaagtatc cagctgatga tggacagtga aactggtcga 1200
tccaagggat atggatttat tacattttct gactcagaat gtgccaaaaa ggctttggaa 1260
caacttaatg gatttgaact agcaggaaga ccaatgaaag ttggtcatgt tactgaacgt 1320
actgatgctt cgagtgctag ttcatttttg gacagtgatg aactggaaag gactggaatt 1380
gatttgggaa caactggtcg tcttcagtta atggcaagac ttgcagaggg tacaggtttg 1440
cagattccge cagcagcaca gcaagctcta cagatgagtg gectctttgge atttggtget 1500
gtggcagatt tgcaaacaag actttcccag cagactgaag cttcagcttt agctgcaget 1560

gcctetgtte ageccacttge aacacaatgt ttccaactcect ctaacatgtt taaccctcaa 1620
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acagaagaag aagttggatg ggataccgag attaaggatg atgtgattga agaatgtaat 1680
aaacatggag gagttattca tatttatgtt gacaaaaatt cagctcaggg caatgtgtat 1740
gtgaagtgcc catcaattgc tgcagctatt gectgctgtca atgcattgca tggcaggtgg 1800
tttgctggta aaatgataac agcagcatat gtacctcttc caacttacca caacctgttt 1860
cctgattecta tgacagcaac acagctactg gttccaagta gacgatgaag gaagatatag 1920
tcecttatgt atatagcttt ttttetttcet tgagaattca tecttgagtta tettttattt 1980
agataaaaat aaagaggcaa ggatctactg tcatttgtat gcaatttcct gttaccttga 2040
aaaaataaaa atgttaacag gaatgcagtg tgctcattct ccctaaatag taaatcccac 2100
tgtatacaaa actgttctct tgttctgcct tttaaaatgt tcatgtagaa aattaatgaa 2160
ctataggaat agctctagga gaacaaatgt gctttctgta aaaaggcaga ccagggatgt 2220
aatgttttta atgtttcaga agcctaactt tttacacagt ggttacattt cacatttcac 2280
taatgttgat atttggctga tggttgagca gtttctgaaa tacacattta gtgtatggaa 2340
atacaagaca gctaaagggc tgtttggtta gcatctcatc ttgcattctg atcaattggce 2400
aagaaaggga gatttcaaaa ttatatttct tgatggtatc ttttcaatta atgtatctgt 2460
aaaagtttct ttgtaaatac tatgtgttct ggtgtgtcett aaaattccaa acaaaatgat 2520
ccetgecattt cctgaagatg tttaaacgtg agagtctggt aggcaaagca gtctgagaaa 2580
gaaataggaa atgcagaaat aggttttgtc tggttgcata taatctttgc tctttttaag 2640
ctctgtgage tctgaaatat atttttgggt tacttcagtg tgtttgacaa gacagcttga 2700
tatttctatc aaacaaatga ctttcatatt gcaacaatct ttgtaagaac cactcaaata 2760
aaagtctctt aaaaaggcca caggagatct tcatttttca aatgttttaa agttacagaa 2820
atttgagaac agaattagct tcttttagtc tcaattcagt acttgecctcect tgggaaaatg 2880
ttccgagtcet geggaaactt gecctcacgt tgtccccecat gaattceccttt attctattag 2940
agtctagccce tgtgtatttt agaagaatgt atcaaaactg aggggtttac caaaaagaaa 3000
aggaaacagc ctggccttaa aacctgggca ttettggtet cctgcattgt ctgggcatat 3060
ttatgaagaa attttcacca tttacaatac atacttaaca aaatggctta acttcaaact 3120
ggtttccaaa attgatttat atattaatat attaaataag gtgcatatat tactgtatta 3180
aggggttttg agctttcata ctagttggga agcaagctgt caccatttat actcaattct 3240
cttcaactgt ttatctcttg gtaaatcttt tgagtaggaa atgctgctcce tagcttatct 3300
tcaaatactg agttccttac ctcatttgtt caactttttt ttttgttagc attgaagcac 3360
aagttttaca ggcttattca gaatttcata tcagtcgttt tgtttgacat ttatcccaat 3420
aattgttcta gtgatttaat ttgtatggaa actcccaagg ttcaatttcect ttttettttt 3480
gagatggagt cttgctcttt ggcccaggct ggagtgcagt gatgtgatct cagctccatce 3540
tceccaggtte aagcaattcet cccacctcag tctectgaag agctgggaca ggtgcgcacce 3600
accgtgcecca gectaattttt gtatttttag cagagacggt gttagcccgg ctggtctcac 3660
actgacctca agtgatctgt ccgccttgge ctcecccaaagt geccgggatta caggcatgag 3720
ccaccgcegece cagcctcatt gaaaatttac ttttcaatac cagactgcag agttctttgg 3780
ggcagagaca ctctgtcagt gtgctctttt tccaaagtat ctecctgctat cagtttttece 3840

ccttgaacca agtcttccta acaaatttgt tgtgtcattg ctttctaggg aactggacca 3900



US 2021/0251955 Al Aug. 19,2021
58

-continued

gcaaatgtgg cctttagtgg ttaatctcat ctgtgccaaa atttagttgc taccagagtg 3960
aaatttggtg tgtaaataat gttcagagga aatgtggttg gagtgtagta acttgaatag 4020
tgtcgtgcat agaaaacagc tcattctgag tgaaactgtt tatgtccaat cagttcecctga 4080
gtcagcatcc cactggttcg aaaatctgta actaatctgg taatgtcctt aatttcectece 4140
tgcctgtcag tgttccaaag tgttcatcta gttttcectttt atctttataa taattactac 4200
catctttgaa agttctgttt aagaaatgct taatgggcaa tgcgggttag taactccagg 4260
gtctgegtgg cctgggcagg tgagatggac aactgcctca ttacagaagc tttttatcat 4320
caaactagta agttttgtgg agggcaagct atatagattg ttgatgagtg gttagaaaat 4380
catctggaat ttagccagtt gagaagctac agaagtttct attttttttt acagtggatg 4440
aactgttttg ctttttctga taaagccact aggtatatct aaataacaac ctcgggctgg 4500
acgtggtgcce ttatgcctgt atatgtgaac actgggaggce ggaggcgggt ggatcatgag 4560
gtcaagagtt tgagaccagc ctggccaaca cagtgaaacc ccgtctctac taagaataca 4620
aatttttttt gttttgagac agagtctcgce tctgtcgecce aggctggagt gcaatggcetce 4680
gatctcagcet cactgcaacc tccaccttcect gggttcaage gattctectg cctcecagecte 4740
ccgagtagcet gggaatacag gegcgtgtca acacacccegg cttaagtttt tgtattttta 4800
gtagagacgg ggtgtcaccg tgttacccaa gatggtctec atctcectgac cttgtgatcce 4860
accagcecttt gectecccaaa gtgctgggat tacaggcata agccaccgceg cccagcectaa 4920
caatacaaaa tttagctagg catggtggca cgtgcctgtt atcacagcta ctcgggaggce 4980
tgaggcagga gaaacgcttg aacacaggag gcagaagttyg cggtaagccyg agatcgtgece 5040
ac 5042
<210> SEQ ID NO 32

<211> LENGTH: 524

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 32

Met Ala Asp Asp Ile Asp Ile Glu Ala Met Leu Glu Ala Pro Tyr Lys
1 5 10 15

Lys Asp Glu Asn Lys Leu Ser Ser Ala Asn Gly His Glu Glu Arg Ser
20 25 30

Lys Lys Arg Lys Lys Ser Lys Ser Arg Ser Arg Ser His Glu Arg Lys

Arg Ser Lys Ser Lys Glu Arg Lys Arg Ser Arg Asp Arg Glu Arg Lys
50 55 60

Lys Ser Lys Ser Arg Glu Arg Lys Arg Ser Arg Ser Lys Glu Arg Arg
65 70 75 80

Arg Ser Arg Ser Arg Ser Arg Asp Arg Arg Phe Arg Gly Arg Tyr Arg
85 90 95

Ser Pro Tyr Ser Gly Pro Lys Phe Asn Ser Ala Ile Arg Gly Lys Ile
100 105 110

Gly Leu Pro His Ser Ile Lys Leu Ser Arg Arg Arg Ser Arg Ser Lys
115 120 125

Ser Pro Phe Arg Lys Asp Lys Ser Pro Val Arg Glu Pro Ile Asp Asn
130 135 140

Leu Thr Pro Glu Glu Arg Asp Ala Arg Thr Val Phe Cys Met Gln Leu
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145 150 155

Ala Ala Arg Ile Arg Pro Arg Asp Leu Glu Glu Phe Phe
165 170

Gly Lys Val Arg Asp Val Arg Met Ile Ser Asp Arg Asn
180 185

Ser Lys Gly Ile Ala Tyr Val Glu Phe Val Asp Val Ser
195 200 205

Leu Ala Ile Gly Leu Thr Gly Gln Arg Val Leu Gly Val
210 215 220

Val Gln Ala Ser Gln Ala Glu Lys Asn Arg Ala Ala Ala
225 230 235

Asn Leu Gln Lys Gly Ser Ala Gly Pro Met Arg Leu Tyr
245 250

Leu His Phe Asn Ile Thr Glu Asp Met Leu Arg Gly Ile
260 265

Phe Gly Arg Ile Glu Ser Ile Gln Leu Met Met Asp Ser
275 280 285

Arg Ser Lys Gly Tyr Gly Phe Ile Thr Phe Ser Asp Ser
290 295 300

Lys Lys Ala Leu Glu Gln Leu Asn Gly Phe Glu Leu Ala
305 310 315

Met Lys Val Gly His Val Thr Glu Arg Thr Asp Ala Ser
325 330

Ser Phe Leu Asp Ser Asp Glu Leu Glu Arg Thr Gly Ile
340 345

Thr Thr Gly Arg Leu Gln Leu Met Ala Arg Leu Ala Glu
355 360 365

Leu Gln Ile Pro Pro Ala Ala Gln Gln Ala Leu Gln Met
370 375 380

Leu Ala Phe Gly Ala Val Ala Asp Leu Gln Thr Arg Leu
385 390 395

Thr Glu Ala Ser Ala Leu Ala Ala Ala Ala Ser Val Gln
405 410

Thr Gln Cys Phe Gln Leu Ser Asn Met Phe Asn Pro Gln
420 425

Glu Val Gly Trp Asp Thr Glu Ile Lys Asp Asp Val Ile
435 440 445

Asn Lys His Gly Gly Val Ile His Ile Tyr Val Asp Lys
450 455 460

Gln Gly Asn Val Tyr Val Lys Cys Pro Ser Ile Ala Ala
465 470 475

Ala Val Asn Ala Leu His Gly Arg Trp Phe Ala Gly Lys
485 490

Ala Ala Tyr Val Pro Leu Pro Thr Tyr His Asn Leu Phe
500 505

Met Thr Ala Thr Gln Leu Leu Val Pro Ser Arg Arg
515 520

Ser

Ser

190

Ser

Pro

Met

Val

Phe

270

Glu

Glu

Gly

Ser

Asp

350

Gly

Ser

Ser

Pro

Thr

430

Glu

Asn

Ala

Met

Pro
510

160

Thr Val
175

Arg Arg

Val Pro

Ile Ile

Ala Asn

240

Gly Ser
255

Glu Pro

Thr Gly

Cys Ala

Arg Pro
320

Ala Ser
335

Leu Gly

Thr Gly

Gly Ser

Gln Gln
400

Leu Ala
415

Glu Glu

Glu Cys

Ser Ala

Ile Ala
480

Ile Thr
495

Asp Ser

What is claimed is:

1. A method of preventing a hematopoietic disorder or
malignancy in a subject at risk of developing the hematopoi-
etic disorder or malignancy due to one or more mutation in

a splicing factor, wherein the subject has not been diagnosed
as having the hematopoietic disorder or malignancy, and
wherein the subject is positive for said one or more mutation
in said splicing factor, the method comprising administering
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to said subject an agent capable of inhibiting spliceosomal
activity, with the proviso that said agent does not inhibit
RBM39 activity.

2. The method of claim 1, wherein said agent capable of
inhibiting spliceosomal activity is an agent capable of inhib-
iting a protein arginine methyltransferase (PRMT) as set
forth in EC numbers 2.1.1.319, 2.1.1.320 or 2.1.1.321.

3. The method of claim 1, wherein said agent capable of
inhibiting spliceosomal activity is a splicing inhibitor.

4. The method of claim 1, wherein said agent capable of
inhibiting spliceosomal activity is a proteasomal degrada-
tion compound.

5. The method of claim 2, wherein the PRMT is selected
from the group consisting of a protein arginine methyltrans-
ferase 1 (PRMT1), a protein arginine methyltransferase 3
(PRMT?3), a protein arginine methyltransferase 4 (PRMT4),
a protein arginine methyl transferase 5 (PRMT5), a protein
arginine methyltransferase 6 (PRMT6) and a protein argi-
nine methyltransferase 9 (PRMT9).

6. The method of claim 2, wherein said agent capable of
inhibiting said PRMT is a polypeptide, a polynucleotide, or
a small molecule.

7. The method of claim 2, wherein said agent is a type |
PRMT inhibitor MS-023 dihydrochloride, or a derivative or
analog thereof.

8. The method of claim 5, wherein when said PRMT
comprises:

PRMTS, said agent comprises GSK591 dihydrochloride

or GSK3326595, or a derivative or analog thereof; or

PRMT1, said agent comprises C-21, Furamidine dihydro-

chloride or TC-E 5003, or a derivative or analog
thereof;, or

PRMT3, said agent comprises SGC707 or UNC2327, or

a derivative or analog thereof; or
PRMT4, said agent comprises MS049 oxalate salt or
TP0O64, or a derivative or analog thereof; or

PRMT6, said agent comprises MS049 oxalate salt, or a

derivative or analog thereof.

9. The method of claim 3, wherein said splicing inhibitor
is a polypeptide, a polynucleotide, or a small molecule.

10. The method of claim 3, wherein said splicing inhibitor
is selected from the group consisting of a Sudemycin, a
Spliceostatin, a FR901464, a Pladienolide, a Herboxidiene,
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a Meayamycin, an Isoginkgetin, a Madrasin, a Tetrocarcin,
a N-palmitoyl-L-leucine, a Psoromic acid, a Clotrimazole, a
NSC635326, a Napthazarin, an Erythromycin, a SAHA, a
Garcinol, an Okadaic acid, a NB-506, a Ubistatin, a G5, or
a derivative or analog thereof.

11. The method of claim 3, wherein said splicing inhibitor
is selected from the group consisting of a E7107, H3B-8800,
FD-895, GEX1Q1-5, RQN-18690, NSC659999, BN82865,
NSC95397, tetracycline, streptomycin, splitomicin, tauto-
mycin, microcystin, siospyrin, chlorhexidine, or a derivative
or analog thereof.

12. The method of claim 4, wherein said proteasomal
degradation compound targets a spliceosome associated
protein selected from the group consisting of a core member
of'the SF3b complex, a U2AF complex, or a PRMT enzyme
and a RNA binding protein.

13. The method of claim 12, wherein said proteasomal
degradation compound targets a spliceosome associated
protein selected from the group consisting of SF3BI,
SF3B2, SF3B3, PHF5a, U2AF1, U2AF2, PRMTS, PRMT1,
PRMT2, PRMT3, PRMT4, PRMT6, PRMTS8, SUPT6H,
hnRNPH, and SRSF10.

14. The method of claim 1, wherein said mutation is in a
splicing factor selected from the group consisting of U2AF1,
SF3B1, SRSF2, and ZRSR2.

15. The method of claim 1, wherein said mutation is a
point mutation.

16. The method of claim 14, wherein said mutation is a
mutation in S34 or Q157 in said U2AF1 polypeptide.

17. The method of claim 14, wherein said mutation is a
R625L, a N626H, a K700E, a G740E, a K741N, a Q903R,
aE622D, a R625G, a Q659R, a H662Q), a H662D, a K666Q,
aK666E, a K666N, a K666T, a K666R or a G742D mutation
in said SF3B1 polypeptide.

18. The method of claim 14, wherein said mutation is a
mutation in P95 in said SRSF2 polypeptide.

19. The method of claim 1, wherein said mutation is
detected in pre-leukemic hematopoietic stem and progenitor
cells.

20. The method of claim 1, wherein the hematopoietic
disorder or malignancy is a leukemia or a myelodysplastic
syndrome (MDS).



