wo 2017/053887 A1 [N I 00000 OO0 OO0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

30 March 2017 (30.03.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/053887 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)

1

(72

International Patent Classification:
CI2N 5/074 (2010.01) AG61P 35/00 (2006.01)
GOIN 33/574 (2006.01)

International Application Number:
PCT/US2016/053575

International Filing Date:
23 September 2016 (23.09.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/222,421 23 September 2015 (23.09.2015) US
62/232,414 24 September 2015 (24.09.2015) US

Applicant: THE REGENTS OF THE UNIVERSITY
OF CALIFORNIA [US/US]; 1111 Franklin Street, 5th
Floor, Oakland, CA 94607-5200 (US).

Inventor; and
Applicant : BURKART, Michael, D. [US/US]; 9500 Gil-
man Drive #6100d, La Jolla, CA 92093 (US).

Inventors: JAMIESON, Catriona, H.m.; 9500 Gilman
Drive #0695, La Jolla, CA 92093 (US). ROBERTSON,
Leslie, C.; 3108 Morning Way, La Jolla, CA 92037 (US).

(74

(8D

(84)

Agents: KOERBER, Steven, C. et al.; Mintz Levin Cohn
Ferris Glovsky and Popeo, P.C., 3590 Carmel Mountain
Road, Suite 300, San Diego, CA 92130-6768 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

BALAIAN, Larisa; 8178 Avenida Navidad #31, San Published:

Diego, CA 92122 (US). LA CLAIR, James, J.; P.O. Box
3052, San Diego, CA 92163 (US). VILLA, Reymundo;
724 Laurel Ave, Apt. 610, San Mateo, CA 944401 (US).
LEU, Heather; 817 Winding Brook Lane, Walnut, CA
91789 (US). SANTOS, Nathaniel, Delos; 11345 Affinity
Court, Apt. 172, San Diego, CA 92131 (US).

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with sequence listing part of description (Rule 5.2(a))

(54) Title: METHODS FOR DETECTION AND ERADICATION OF MYELOID LEUKEMIA STEM CELLS

FIG. 11F

Common differentially expressed
isoforms in human HSPC aging

(FDR<5%)
i"’m~ e,
” Aging
HPC
179
ZFP36-201
TSC22D3-006 N\ v
HISTIHIC001 e

(57) Abstract: There are provided, inter alia, methods and compositions for diagnosis and treatment of acute myeloid leukemia
(AML), secondary acute myeloid leukemia (sAML), and age-related diseases.



WO 2017/053887 PCT/US2016/053575

METHODS FOR DETECTION AND ERADICATION OF
MYELOID LEUKEMIA STEM CELLS

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This applications claims the benefit of U.S. Provisional Application No. 62/222,421,
filed September 23, 2015, and U.S. Provisional Application No. 62/232,414, filed September 24,
2015, the content of each of which is incorporated herein by reference in its entirety and for all

purposes.

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED AS AN ASCII FILE
[0002] The Sequence Listing written in file 48537-568001WO_ST25 TXT, created on
September 22, 2016, 5,274 bytes, machine format IBM-PC, MS Windows operating system, is

hereby incorporated by reference.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT
[0003] This invention was made with government support under grant W81XWH-14-1-0121
awarded by the Department of Defense, grant CA023100 awarded by the National Institutes of
Health, and grant P30-CA-023100 awarded by the National Institutes of Health. The government

has certain rights in the invention.

BACKGROUND
[0004] Recent evidence suggests that mutations in RNA splicing genes occur in a variety of
human cancers. These mutations are particularly prevalent in hematopoietic malignancies such as
acute myeloid leukemia (AML) (Hahn and Scott, Nat Genetics 2012; Yoshida et al., Nature
2011), which arises de novo or secondary to myeloproliferative neoplasms (MPNs) or
myelodysplastic syndromes (MDS). However, the role of RNA splicing alterations and targeted
modulation of splicing activity in maintenance of leukemia stem cells (LSC), which contribute to
disease relapse and drug resistance, has been unclear. To address these questions, we performed
comparative splice isoform profiling of FACS-purified hematopoietic progenitors from
secondary AML (sAML) and normal bone marrow. We then investigated the LSC inhibitory
efficacy of a stable and potent splicing modulatory agent, 175-FD-895.
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[0005] There are provided herewith solutions and these and other problems in the art.

SUMMARY
[0006] In a first aspect, there is provided a for treating acute myeloid leukemia in a subject in
need thereof, the method comprising administering to the subject an effective amount of a

splicing modulator, thereby treating the acute myeloid leukemia.

[0007] In another aspect, there is provided a method for modulating acute myeloid leukemia
stem cells, the method comprising contacting the acute myeloid leukemia stem cells with an
effective amount of a splicing modulator, thereby modulating the acute myeloid leukemia stem

cells.

[0008] In another aspect, there is provided a method of detecting a protein level in a subject
having acute myeloid leukemia, the method comprising (i) obtaining a biological sample from
the subject; (i1) contacting the biological sample with a detection agent capable of binding at least
one protein encoded by at least one RNA set forth in Table 13A and/or Table 13B, thereby
forming a detectable complex; (ii1) detecting and quantitating the detectable complex; and (iv)

comparing to a standard control, thereby detecting the protein level of the protein in the subject.

[0009] In another aspect, there is provided a method of detecting an RNA level in a subject
having acute myeloid leukemia, the method comprising (i) obtaining a biological sample from
the subject; (i1) contacting the biological sample with a probe capable of hybridizing to the RNA
set forth in Table 13A and/or Table 13B, thereby forming a hybridized complex; (iii) detecting
and quantitating the hybridized complex; and (iv) comparing to a standard control, thereby

detecting the protein level of the protein in the subject.

[0010] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a protein encoded by the RNA set forth in Table 13A and/or 13B.

[0011] In another aspect, there is provided a solid support comprising one or more probes that
hybridize to one or more RNA sequences selected from the group consisting of Table 13A and/or

Table 13B.

[0012] In another aspect, there is provided a method for modulating stem cells and progenitor
cells, the method comprising contacting stem cells and progenitor cells with an effective amount

of a splicing modulator, thereby modulating the stem cells and progenitor cells.
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[0013] In another aspect, there is provided a method for treating an age-related disease in a
subject in need thereof, the method comprising administering to the subject an effective amount

of a splicing modulator, thereby treating the age-related disease.

[0014] In another aspect, there is provided a method of detecting a protein level in a subject
having an age-related disorder, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a detection agent capable of binding a protein
encoded by at least one RNA set forth in Table 12A and/or Table 12B, thereby forming a
detectable complex; (iii) detecting and quantitating the detectable complex; and (iv) comparing to

a standard control, thereby detecting the protein level of the protein in the subject.

[0015] In another aspect, there is provided a method of detecting an RNA level in a subject
having an age-related disease, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a probe capable of hybridizing to the RNA set
forth in Table 12A and Table 12B, thereby forming a hybridized complex; (iii) detecting and
quantitating the hybridized complex; and (iv) comparing to a standard control, thereby detecting

the protein level of the protein in the subject.

[0016] In another aspect, there is provided a method of detecting a long-coding RNA level in a
subject having an age-related disease, the method comprising (i) obtaining a biological sample
from the subject; (i1) contacting the biological sample with a probe capable of hybridizing to the
RNA set forth in Table 7A and/or Table 7B and/or Table 10, thereby forming a hybridized
complex; (ii1) detecting and quantitating the hybridized complex; and (iv) comparing to a

standard control, thereby detecting the protein level of the protein in the subject.

[0017] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a protein encoded by the RNA set forth in Table 12A and/or 12B.

[0018] In another aspect, there is provided a solid support comprising one or more probes that
hybridize to one or more RNA sequences selected from the group consisting of: Table 12A

and/or Table 12B.

[0019] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a protein encoded by the RNA set forth in Table 7A and/or Table 7B
and/or Table 10.

[0020] In another aspect, there is provided a solid support comprising one or more probes that
hybridize to one or more RNA sequences selected from the group consisting of: Table 7A and/or

Table 7B and/or Table 10.
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[0021] In another aspect, there is provided a method for modulating bone marrow stromal cells,
the method comprising contacting bone marrow stromal cells with an effective amount of a

splicing modulator, thereby modulating the bone marrow stromal cells.

[0022] In another aspect, there is provided a method of correcting human stem cell function in
an aged microenvironment, the method comprising increasing production of one or more proteins
encoded by the RNA in Table 15B in bone marrow stromal cells; and optionally further

administering an effective amount of a splicing modulator to the aged microenvironment.

[0023] In another aspect, there is provided a method of detecting a protein level in a subject
having an age-related disorder, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a detection agent capable of binding a protein
encoded by an RNA in Table 15A and/or Table 15B, thereby forming a detectable complex; (iii)
detecting and quantitating the detectable complex; and (iv) comparing to a standard control,

thereby detecting the protein level of the protein in the subject.

[0024] In another aspect, there is provided a method of detecting an RNA level in a subject
having an age-related disease, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a probe capable of hybridizing to the RNA set
forth in Table 15A and/or Table 15B, thereby forming a hybridized complex; (iii) detecting and
quantitating the hybridized complex; and (iv) comparing to a standard control, thereby detecting

the protein level of the protein in the subject.

[0025] In another aspect, there is provided a method of detecting a protein level in a subject
having an age-related disorder, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a detection agent capable of binding a
cytokines selected from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1,
Eotaxin-1, B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4, thereby forming a
detectable complex; (iii) detecting and quantitating the detectable complex; and (iv) comparing to

a standard control, thereby detecting the protein level of the protein in the subject.

[0026] In another aspect, there is provided a method of correcting human stem cell function in
an aged microenvironment, the method comprising increasing production of one or more
cytokines selected from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1,
Eotaxin-1, B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4 in bone marrow stromal
cells; and optionally further administering an effective amount of a splicing modulator to the

aged microenvironment.



WO 2017/053887 PCT/US2016/053575
5

[0027] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a protein encoded by the RNA set forth in Table 15A and/or Table 15B.

[0028] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a cytokines selected from the group consisting of BDNF, IL-17, IL-
12p40, IL-23, ICAM-1, Eotaxin-1, B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4.

[0029] In another aspect, there is provided a solid support comprising one or more probes that
hybridize to one or more RNA sequences selected from the group consisting of: Table 15A

and/or Table 15B.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] FIGS. 1A-1B. Global disruption of spliceosome gene expression in AML. For FACS-
purified hematopoietic progenitors (CD34"CD38" Lin’) from 7 secondary (s)AML and 6 age-
matched normal bone marrow (BM) samples, gene expression data in FPKM was obtained from
RNA-sequencing data by aligning paired end unstranded 100bp poly-A reads using STAR and
quantifying transcripts using Cufflinks [56]. The resulting gene expression data was submitted to
GSEA to determine significant KEGG pathways and enrichment plots describing ranked gene
expression in those pathways. (FIG. 1A) Top gene sets deregulated in sSAML versus normal
progenitors (false discovery rate, FDR <25%). NES = normalized enrichment score. (FIG. 1B)
Relative expression of SF3B/ by qRT-PCR in FACS-purified AML versus normal progenitors
(p<0.05 by unpaired, two-tailed Student’s t-test; § = primary sample harboring a point mutation

in exon 14 of SF3B1).

[0031] FIGS. 2A-2C. Splice isoform expression signature distinguishes SAML progenitors. For
FACS-purified hematopoietic progenitors (CD34 CD38" Lin") from 7 secondary (s)AML and 6
normal age-matched BM samples, isoform expression data in FPKM was obtained from RNA-
sequencing data by aligning paired end unstranded 100bp poly-A reads using STAR and
quantifying transcripts using Cufflinks [56]. Log 2 fold change (L2FC) and p values for
comparison between SAML and normal progenitors were computed from gene and isoform
expression data (FPKM+1). (FIG. 2A) A heat map was made using GENE-E and expression data
for the top 50 isoforms ranked by absolute Log 2 fold change for transcripts with a median
FPKM of at least 10 in one condition, p value <0.01, and absolute Log 2 fold change > 1.
Transcript names correspond to the identifiers used in Ensembl GRCh37. (FIG. 2B) Volcano plot
analysis using isoform Log 2 fold change and p values for all isoforms with FPKM>1,

highlighting transcripts with absolute Log 2 fold change > 1 and p value < 0.05. (FIG. 2C)
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Expression levels (FPKM) of top significantly differentially expressed isoforms generated from
AML-associated genes. p<0.01 compared to normal bone marrow (BM) controls by unpaired,

two-tailed Student’s t-test.

[0032] FIGS. 3A-3G. Chemical structures, splicing reporter and AML LSC assays. (FIG. 3A)
Chemical structures of FD-895 and 175-FD-895. (FIG. 3B) Left: summary of the predicted
fluorescence readout using a dual fluorescence (RFP and GFP) alternative splicing reporter
(pFlare) assay in HEK293 cells [42]. Middle and right: live-cell confocal microscopy images
showing increased RFP/GFP expression in reporter-transfected, 175-FD-895-treated (10 uM)
HEK?293 cells. Scale bar = 50 um. (FIG. 3C) RT-PCR analysis of HEK293 and MOLM-13 cells
treated with 175-FD-895 for 4 hrs. Gel analysis of PCR products amplified using primers
flanking MCL 1 exon 2 show increased intron retention predominantly in sSAML cells (MOLM-
13). L=100-bp ladder (L); arrowhead represents 500 bp. (D-G) CD34" AML (n=4), normal bone
marrow (BM, n=3) or cord blood (CB, n=3) cells were co-cultured with SL/M2 stroma for two
weeks in the presence of FD-895, 175-FD-895 or vehicle controls (DMSO), then plated in
methylcellulose. Colony formation assays (FIG. 3D and FIG. 3E) after treatment with FD-895 or
175-FD-895 showed reduced AML LSC survival that was significantly lower with 175-FD-895
than FD-895 at the 1 uM dose (p=0.020). Individual colonies were transferred to fresh
methylcellulose and counted after an additional 14 days as a measure of normal or leukemic
progenitor self-renewal (FIG. 3F and FIG. 3G). Colony replating assays showing reduced AML
LSC self-renewal that was significantly lower with 175-FD-895 than FD-895 at the 0.1 and 1 uM
doses (p=0.001). Statistical values represent comparisons between each dose and the next lowest
dose for each compound (*p<0.001 by one-way ANOVA). In addition, at all doses tested for
each compound, AML LSC survival and self-renewal were significantly less than DMSO-treated
controls. #p<0.001 for AML compared with 1 and 10 pM-treated normal controls (one-way
ANOVA).

[0033] FIGS. 4A-4H. In vivo splicing modulation and splice isoform switching in AML
PRIMAGRAFT™ assays. (FIG. 4A) Schematic diagram showing in vivo 175-FD-895 treatment
regimen, tissues analyzed (spleen; bone marrow, BM; peripheral blood, PB), and analytical
endpoints of the study. (FIG. 4B) FACS analysis of human CD45" cell engraftment in
hematopoietic tissues from mice transplanted with AML-37 and treated with vehicle (DMSO,
n=5), 175-FD-895 (5 mg/kg, n=4; 10 mg/kg, n=5). (FIG. 4C) Frequency of human stem
(CD347CD38" Lin’) cell engraftment in 17S-FD-895-treated AML-37 mice compared with
vehicle-treated controls. (FIG. 4D) Frequency of human progenitor (CD34 CD38" Lin") cell
engraftment in 175-FD-895-treated AML-37 mice compared with vehicle-treated controls.
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(FIG. 4E) Human CD45" cell engraftment in serial transplant recipients of CD34" cells from
17S-FD-895-treated mice compared with vehicle controls. One additional mouse in the vehicle
group was excluded from this analysis because of development of a femoral mass not typical of
AML PRIMAGRAFT™ models, but suggestive of an infection occurring in the context of the
immunocompromised status of the mouse. (FIG. 4F-4H) For qRT-PCR analysis of in vivo
splicing alterations, single cell suspensions from hematopoietic tissues of 175-FD-895-treated
mice were CD34-selected and processed for RNA extraction and cDNA preparation.
Quantification of DNAJB/ intron 2 retention (FIG. 4F) and MCL1-L/S (FIG. 4G) and BCL2-L/S
(FIG. 4H) ratios in CD34" cells from the spleens of individual AML-37 mice treated with vehicle
or 178-FD-895. All graphs show mean values and statistical analysis by unpaired, two-tailed

Student’s t-test (p<0.05 compared to vehicle-treated controls).

[0034] FIGS. 5A-5C. Gene expression changes in spliceosome machinery, mutational analyses
in SF3B1, and PTK2B isoform expression. For FACS-purified hematopoietic progenitors
(CD34°CD38" Lin’) from 7 secondary (s)AML and 6 normal age-matched bone marrow (BM)
samples, gene expression data in FPKM was obtained from RNA-sequencing data by aligning
paired end unstranded 100bp poly-A reads using STAR and quantifying transcripts using
Cufflinks. The resulting gene expression data was submitted to GSEA to determine significant
KEGG pathways and enrichment plots describing ranked gene expression in those pathways.
Additional targeted analysis was performed to search for single nucleotide variants (SNV) in
spliceosome gene products in which mutations have been previously described in hematopoietic
malignancies and pre-malignant bone marrow disorders (e.g. MDS) [17]. (FIG. 5A) A heat map
was made using GENE-E for analysis of significantly differentially expressed genes (p<0.05) in
sAML versus normal progenitors for the KEGG Spliceosome gene set. (FIG. 5B) Sanger
sequencing-based verification of one coding SNV in $F3B/ in leukemic progenitors from one
sAML patient sample. (FIG. 5C) qRT-PCR analysis of P7TK2B-202 isoform
(ENST00000420218) expression in FACS-purified normal BM versus AML progenitors. Graphs
shows mean values and statistical analysis by unpaired, two-tailed Student’s t-test (p<0.01

compared to normal BM controls).

[0035] FIGS. 6A-6G. Splicing reporter and RT-PCR assays in HEK293 and sAML MOLM-13
cells treated with FD-895 or 175-FD-895. (FIG. 6A) Dynamic range of the splicing reporter
assay. HEK293 cells were transfected with GFP (pFlare5SA) or RFP (pFlareSG) vector controls,
or the pFlare reporter vector (n=2-3 separate wells per condition). Forty-eight hours after
transfection, cells were dissociated and analyzed by flow cytometry to determine the transfection

efficiency and mean fluorescence intensity (MFI) of transfected cells. (FIG. 6B) Fluorescent
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microscopy images of HEK293 cells transfected with pFlare vectors (no treatment). pFlareSA
represents the GFP-expressing control, while pFlare5G represents the RFP-expressing control.
Cells were imaged 24 h after transfection. Scale bar = 75 um. (FIG. 6C) For in vitro fluorescence
reporter-based validation of splicing attenuation, HEK293 cells were treated with 175-FD-895 at
doses from 0.01 — 10 uM starting 24 h after transfection with the pFlare splicing reporter [42].
After 24 hrs of treatment with 175-FD-895, cells were analyzed by flow cytometry and splicing
activity was calculated as the ratio of RFP/GFP MFI. (FIG. 6D) HEK293 and MOLM-13 cells
treated with increasing doses of 175-FD-895 and analyzed by qRT-PCR to assess relative
DNAJBI intron 2 expression levels. (FIG. 6E) RT-PCR analysis using primers flanking DNAJB 1
intron 2 showed a dose-dependent increase in intron 2 retention after treatment with 175-FD-895
as visualized by gel analysis. 100-bp ladder (L) shows estimated length of PCR products, with
the arrowhead representing 500 bp. (FIG. 6F) qRT-PCR analysis using splice isoform-specific
primers detecting MCL/ exon 2 skipping showed an increase in MCL [-S transcripts at low doses
of 175-FD-895. (FIG. 6G) Splice isoform-specific qRT-PCR analysis of P7TK2B-202 expression
in MOLM-13 cells (n=2) after 175-FD-895 treatment as for (F). PTK2B-202 was undetectable in
HEK?293 cells.

[0036] FIGS. 7A-7C. Validation, time course and hematopoietic progenitor cell fate studies in
bone marrow stromal co-cultures treated with 175-FD-895. (FIG. 7A) Reduced AML LSC
survival and self-renewal compared to normal controls in a validation cohort of separate patient
samples treated with the optimal dose and time of the compound that was functionally more
potent in dose response assays (1 uM 175-FD-895). (FIG. 7B) Survival and self-renewal assays
for CD34-selected normal cord blood (CB, n=3) and AML LSC (n=4) after one or two weeks of
co-culture with SL/M2 bone marrow stroma and treatment with 175-FD-895 (1 uM, p<0.01
compared to one week co-cultures by one-way ANOVA). (FIG. 7C) Hematopoietic progenitor
assays showing that FD-895 and 17S-FD-895 reduces myeloid colony formation, with no effect
on erythroid colonies (p<0.05 for CFU-GM compared to DMSO-treated controls by one-way
ANOVA).

[0037] FIGS. 8A-8D. Serially transplantable AML PRIMAGRAFT™ models. (FIG. 8A)
Summary of AML patient samples used to establish AML PRIMAGRAFT™ models in
immunocompromised mice (n=136 mice transplanted). All primary and serial transplantations
were performed using 1-2 x 10° CD34" (LSC-enriched) cells. (FIG. 8B) FACS plots showing
live, lineage-negative stem (CD34 CD38) and progenitor (CD34"CD38") cell populations in
AML-37. (FIGS. 8C-8D) Representative FACS plots showing robust primary engraftment
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(FIG. 8C) and serial transplantation (FIG. 8D) capacity of AML LSC into immunocompromised

mice.

[0038] FIGS. 9A-9H. Engraftment analysis in AML PRIMAGRAFT™ mouse models after
splicing modulation and serial transplantation. (FIG. 9A) Mouse weights over the two-week
treatment period. (FIGS. 9B-9D) FACS analysis of human GMP
(CD34"CD38"CD123"CD45RA™, FIG. 9B), CMP (CD34 CD38 CD123"CD45RA", FIG. 9C),
and MEP (CD34"CD38"CD123'CD45RA’", FIG. 9D) engraftment in mouse hematopoietic tissues
following treatment of AML-37 mice with vehicle (DMSO, n=5) or 175-FD-895 at 5 mg/kg
(n=4) or 10 mg/kg (n=5). All graphs show mean values and statistical analysis by Student’s t-test.
(FIG. 9E) FACS analysis of human CD45" cell engraftment in hematopoietic tissues from mice
transplanted with AML-08 and treated with vehicle (DMSO, n=5), 175-FD-895 (5 mg/kg, n=4;
10 mg/kg, n=5). (FIG. 9F) Frequency of human stem (CD34 CD38 Lin’) cell engraftment in
178-FD-895-treated AML-08 mice compared with vehicle-treated controls. (FIG. 9G) Frequency
of human progenitor (CD34"CD38" Lin") cell engraftment in 175-FD-895-treated AML-08 mice
compared with vehicle-treated controls. (FIG. 9H) For serial transplantation experiments, CD34-
selected cells from AML-08 PRIMAGRAFT™ assays were pooled from the individual
hematopoietic tissues from mice in each treatment group (n=4-5 per group) and transplanted
intravenously into serial transplant recipients. Human cell engraftment (CD45") was analyzed by
flow cytometry 11 weeks after transplant. All graphs show mean values and statistical analysis

by unpaired, two-tailed Student’s t-test (p<0.05 compared to vehicle-treated controls).

[0039] FIGS. 10A-10H. Quantitative RT-PCR analysis and RT-PCR in AML PRIMAGRAFT™
mouse models after splicing modulation. (FIG. 10A-10C) For qRT-PCR analysis of in vivo
splicing alterations, single cell suspensions from hematopoietic tissues of 175-FD-895-treated
mice were CD34-selected and processed for RNA extraction and cDNA preparation.
Quantification of DNAJB/ intron 2 retention (FIG. 10A) and MCL/-L/S (FIG. 10B) and BCL2-
L/S (FIG. 10C) ratios in CD34" cells from the spleens of individual AML-08 mice treated with
vehicle or 175-FD-895. All graphs show mean values and statistical analysis by unpaired, two-
tailed Student’s t-test (p<<0.01 compared to vehicle-treated controls). (FIGS. 10D-10E) qRT-PCR
analysis of SF3B/ mRNA expression in 175-FD-895-treated AML PRIMAGRAFT™ samples.
(FIGS. 10F-10H) Aliquots of pooled CD34" cells prepared for serial transplantation studies were
analyzed by RT-PCR to evaluate ML/ exon 1-3 splicing patterns (FIG. 10F) or qRT-PCR to
verity MCL-L/S (FIG. 10G) and SF3B1 expression levels (FIG. 10H) in transplanted cells. For
RT-PCR analyses, 1000-bp ladder (L) shows estimated length of PCR products, with the

arrowhead representing 500 bp.
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[0040] FIGS. 11A-11H. Splice Isoform Signatures of Human Hematopoietic Stem and
Progenitor Cell Aging. Whole transcriptome sequencing was performed on RNA from FACS-
purified HSC (CD34"CD38" Lin") and HPC (CD34"CD38™ Lin’) cells from normal young and
aged samples (HSC: n=4 young, n=4 aged; HPC: n=6 per group plus a validation set of 2
additional samples per group). Gene and isoform expression data in FPKM were used to
calculate average log 2 fold change (L2FC) and p values and FDR correction. (FIG. 11A)
Schematic diagram of pre-mRNA splicing, adapted from the KEGG splicing pathway.

(FIG. 11B) GSEA spliceosome enrichment plots for human aged versus young HSC and HPC.
(FIG. 11C) Volcano plot analysis of all transcripts (FPKM>1) in aged versus young HSC (upper
panel) or HPC (lower panel). L2FC was calculated for each transcript using FPKM+1 values.
(FIGS. 11D-11E) Splice isoform heat maps (not shown) were made using GENE-E and
expression data (Ensembl GFCh37) for the top differentially expressed isoforms (FPKM>1,
FDR<5%, absolute L2FC>1) comparing samples in each discovery sample set, ranked by
Volcano Vector Value. (FIG. 11D) Tabulation of significantly differentially expressed isoforms
(FDR<5%) in aged versus young normal HSC (n=4 per group). Log 2 fold change (L2FC) values
are calculated from FPKM values for all isoforms with average FPKM>1 in aged or young HSC,
absolute L2ZFC>1, FDR<5% (q<0.05). (FIG. 11E) Tabulation of top 100 significantly
differentially expressed isoforms (FDR<5%) in aged versus young normal HPC (n=6 per group).
Log 2 fold change (L2FC) values are calculated from FPKM values for all isoforms with average
FPKM>1 in aged or young HPC, absolute L2ZFC>1, FDR<5% (q<0.05). (FIG. 11F) Intersection
of FDR-corrected differentially expressed isoforms in aging HSC and HPC. (FIG. 11G) All
significantly differentially expressed genes (FPKM>1, p<0.05, L2FC>1) in discovery sets of
normal aged versus young HSC and HPC were probed for human transcription factors, and
commonly DE transcription factors were identified. (FIG. 11H) LncRNA signatures of human
HSC (upper) and HPC (lower) aging (FPKM>1, p<0.05, L2FC>1).

[0041] FIGS. 12A-12K. Splicing Deregulation Distinguishes SAML, MDS and Normal Aged
Progenitors. Whole transcriptome sequencing data (gene and isoform FPKMs) was analyzed for
FACS-purified progenitors from 7 secondary (s)AML, 2 de novo AML, 5 MDS patients, and 6
normal age-matched control samples (aging HPC discovery sample set). (FIG. 12A) GSEA
spliceosome enrichment plot showing significant disruption of splicing genes in SAML.

(FIG. 12B) Waterfall plot showing average L2FC of all significantly differentially expressed
(FDR<5%) KEGG spliceosome components comparing RNA-Seq data from sAML versus
normal age-matched HPC. (FIG. 12C) Volcano plot analysis of all transcripts (FPKM>1) in

sAML or normal age-matched progenitors. L2ZFC was calculated for each transcript using
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FPKM+1 values. (FIG. 12D) Tabulated are top significantly differentially expressed isoforms
(FDR<5%) in SAML LSC (n=7) versus aged normal HPC (n=6). Log 2 fold change (L2FC)
values are calculated from FPKM values for all isoforms with average FPKM>1 in normal or
sAML progenitors, absolute L2FC>1, FDR<5% (q<0.05). Using these data, a heat map (not
shown) was made using GENE-E for the top isoforms (SAML versus aged normal HPC) ranked
by Volcano Vector Value for transcripts with FPKM>1, FDR<5%, p<0.05, and absolute
L2FC>1. Comparative expression profiles in MDS progenitors were obtained for clustering
analysis. (FIG. 12E) Cytoscape network analysis of gene interactions between the top
differentially expressed (DE) isoforms (p<0.05) in sAML LSC versus aged normal HPC. (FIG.
12F) RNA-Seq-based quantification of CD44-012 expression levels (FDR<5%). (FIGS. 12G-
12H) RNA-Seq-based (FIG. 12G, FDR<5%) and splice isoform-specific qRT-PCR (FIG. 12H)
quantification of PTK2B-202 expression levels. **p<0.01 by unpaired, two-tailed Student’s t-
test. (FIG. 12I) Overall survival (OS) of AML patients (n=156) separated into six subgroups
based on expression profiles of SAML splice isoform signature transcripts that mapped to UCSC
identifiers in TCGA isoform datasets from RNA-Seq studies performed on unsorted AML
leukemic cells. *p=0.0045 (log rank test for trend). (FIG. 12J) All significantly differentially
expressed genes in SAML versus normal age-matched HPC were probed for human transcription
factors, and the most common families are shown. Differential expression of additional
transcription factors is calculated. (FIG. 12K) LncRNA signature of sSAML (FPKM>1, p<0.05,
L2FC>1).

[0042] FIGS. 13A-13F. Splice Isoform Switching Distinguishes Malignant from Normal
Progenitor Aging. Gene and isoform expression data in FPKM were obtained from sAML LSC,
MDS progenitors, and normal aged and young HPC RNA-Seq datasets using Cufflinks. GSEA
was performed using all KEGG pathways plus custom gene sets including genes associated with
the top differentially expressed transcript signatures in aged versus young HPC, and sAML
versus aged HPC. Specifically, the sets of genes associated with isoforms that were enriched
(AGED_VS YOUNG SPLICE ISOFORM SIGNATURE GENES AGED_UP) or depleted
(AGED_VS YOUNG SPLICE ISOFORM SIGNATURE GENES YOUNG UP)in HPC
aging were used to query the sSAML versus aged normal progenitor datasets for GSEA. Similarly,
the sSAML signature was used to generate a custom gene set representing genes associated with
isoforms enriched

(SAML_VS AGED_SPLICE ISOFORM_SIGNATURE GENES SAML _UP) or depleted
(SAML_VS AGED SPLICE ISOFORM SIGNATURE GENES AGED UP)in sAML. (FIG.

13A) Enrichment plot showing disruption of HPC aging-associated transcript genes
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(AGED_VS YOUNG SPLICE ISOFORM SIGNATURE GENES AGED UP)in sAML
progenitors. (FIG. 13B) Principal components analysis showing separation of all samples on the
basis of expression values (log2 (FPKM+1)) of aged versus young HPC splice isoform signature
transcripts. (FIG. 13C) GSEA KEGG apoptosis pathway enrichment plot showing disruption of
apoptosis regulatory genes in SAML. (FIG. 13D) RNA-Seq-based analysis (Log2 (FPKM+1))
showing increased expression of pro-survival BCL2L/-00/ (BCL-XL) in AML (p<0.05 by two-
tailed, unpaired Student’s t-test). (FIGS. 13E-13F) RNA-Seq-based (FIG. 13E) and splice
isoform-specific qRT-PCR (FIG. 13F) quantification showing decreased expression of the pro-
survival BCL2-001 long isoform (BCL2-L) in normal progenitor aging (p<0.01 by unpaired, two-
tailed Student’s t-test).

[0043] FIGS. 14A-14E. Selective Spliceosome Modulation Reverses SAML Splicing
Deregulation /n Vitro. (FIG. 14A) Time course (hrs) of MOLM-13 (sAML, n=2) cells treated
with 175-FD-895 for 30 mins — 24 hrs and analyzed by qRT-PCR for DNAJB/ intron 2 retention
(EC50 of the 1 uM treatment condition at 4.5 hrs was 3.2 — 6.5 hrs, with a 95% C.1.). (FIG. 14B)
HEK293 (n=2), MOLM-13 (sAML, n=2) and KGla (AML, n=3) cells treated with increasing
doses of 175-FD-895 for 4 hrs and analyzed by qRT-PCR for DNAJB/ intron 2 retention.

(FIG. 14C) RT-PCR analysis of HEK293 and MOLM-13 cells using primers flanking DNAJB/
intron 2, or MCL 1 exon 2 (FIG. 3C), after 4 hrs of 175-FD-895 treatment. 100-bp ladder (L)
shows estimated length of PCR products; arrowhead = 500 bp. (FIG. 14D) MCL /-S§ isoform-
specific qRT-PCR analysis of 175-FD-895-treated HEK293, MOLM-13 and KGla cells.

(FIG. 14E) Splice isoform-specific qRT-PCR analysis of P7K2B-202 expression in MOLM-13
cells (n=2) and KG1la (n=3) cells after 175-FD-895 treatment as for FIGS. 14B-14D. PTK2B-202
was undetectable in HEK293 cells. *p=0.004 (unpaired, two-tailed Student’s t-test) for KGla

cells compared to DMSO-treated control at 1 uM.

[0044] FIGS. 15A-15B. Splicing Modulation Impairs LSC Maintenance in Stromal Co-
cultures. (FIG. 15A) Schematic cartoon diagram of co-culture assay using mouse SL/M2 bone
marrow stromal cells that express human interleukin-3 (IL-3), granulocyte colony stimulating
factor (G-CSF) and stem cell factor (SCF). (FIG. 15B) Reduced LSC survival and self-renewal
compared to normal controls in a validation cohort including relapsed de novo AML and sAML

samples treated with 1 uM 175-FD-895 (*p<0.001 by one-way ANOVA).

[0045] FIGS. 16A-16D. Splicing Modulation Impairs LSC Maintenance in AML
PRIMAGRAFT™ Models. Histograms depict FACS analysis of human hematopoietic cell (CD45™,
FIG. 16A), progenitor (CD34"CD38" Lin", FIG. 16B), and granulocyte macrophage progenitor
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(GMP, FIG. 16C) cell engraftment in hematopoietic tissues from mice transplanted with AML-37
and treated with vehicle (DMSO, n=5) or 175-FD-895 (5 mg/kg, n=4; 10 mg/kg, n=5). (FIG.
16D) Human CD45" cell engraftment in serial transplant recipients of CD34" cells from 17S-FD-
895-treated mice. For statistical analyses in all graphs, p<0.05 by unpaired, two-tailed Student’s
t-test compared to vehicle-treated controls. Histogram bins in order left to right: FIGS. 16A and
16D (spleen, bone marrow, peripheral blood); FIGS. 16B-16C (spleen, bone marrow).

[0046] FIGS. 17A-17H. Splicing Modulation Reverses sAML Splicing Deregulation in
PRIMAGRAFT™ Models. (FIGS. 17A-17D) Quantification of DNAJB! intron 2 retention (FIG.
17A) and MCL1-L/S (FIG. 17B), BCLX-L/S (FIG. 17C) and BCL2-L/S (FIG. 17D) expression
ratios in CD34™ cells isolated from the spleens and bone marrows of individual AML-37 mice
treated with vehicle or 175-FD-895. p<0.05 by unpaired, two-tailed Student’s t-test compared to
vehicle-treated controls. (FIGS. 17E-17G) Aliquots of pooled CD34" cells prepared for serial
transplantation studies were analyzed by RT-PCR to evaluate ML/ exon 1-3 splicing patterns
(FIG. 17E) or RNA-Seq-based splice isoform expression profiles (FIGS. 17F-17G). In FIG. 17E,
1000-bp ladder (L) shows estimated length of PCR products, arrowhead = 500 bp. (FIG. 17F)
Cytoscape network analysis showing reversion of aberrant expression patterns of genes
associated with SAML signature transcripts quantified by RNA-Seq in human CD34" cells
pooled from the bone marrow (BM) of 17S5-FD-895 versus vehicle-treated mice (compare to FIG.
12E showing sAML versus aged normal BM). (FIG. 17G) RNA-Seq-based analysis showing
expression of SAML-associated splice isoforms in human CD34" fractions pooled from
hematopoietic tissues after in vivo treatment of AML-37 xenografted (X) mice with vehicle
(Veh) or 175-FD-895 (5 or 10 mg/kg, n=4-5 mice pooled per tissue, per condition). (FIG. 17H)
Overall survival (OS) of AML patients (n=84) separated into two subgroups based on high
(upper quartile of 168 samples) and low (bottom quartile of 168 samples) expression of PTK2B-
001 (UCSC transcript uc003xfp.1, GRCh37) in publicly available TCGA isoform datasets from
RNA-Seq studies performed on unsorted AML leukemic cells (*p<0.05 by Gehan-Breslow-

Wilcoxon test).

[0047] FIGS. 18A-18G. Primary Samples, Gene Set Enrichment Analyses and Whole Gene
Expression Signatures of Human HSC and HPC Aging. (FIG. 18A) Primary patient bone marrow
samples used in RNA-sequencing studies of normal HSC and HPC. “"Used in HPC RNA-Seq,
§Used in HSC RNA-Seq, *Validation cohorts, N/A = not available. (FIGS. 18B-18C) For FACS-
purified hematopoietic stem (CD34+CD38- Lin-, n=4 per group) and progenitor (CD34+CD38+
Lin-, n=6 per group) cells from normal young and aged BM samples, gene and isoform

expression data in FPKM was obtained from RNA-Seq datasets. Gene set enrichment analyses



WO 2017/053887 PCT/US2016/053575
14

(GSEA) were performed to identify significant KEGG pathways. Top gene sets deregulated in
aged versus young normal HSC (FIG. 18B) and HPC (FIG. 18C) are shown (false discovery rate,
FDR<1%). NES=normalized enrichment score. (FIGS. 18D-18E) FIG. 18D tabulates
significantly differentially expressed genes in aged versus young normal HSC (n=4 per group).
Log 2 fold change (L2FC) values are calculated from FPKM values for all genes with average
FPKM>1 in aged or young HSC, absolute L2ZFC>2. FIG. 18E tabulates significantly
differentially expressed genes in aged versus young normal HPC (n=6 per group). Log 2 fold
change (L2FC) values are calculated from FPKM values for all isoforms with average FPKM>1
in aged or young HPC, absolute L2ZFC>2. Profiles of all differentially expressed genes (p<0.05)
in human HSC (FIG. 18D) and HPC (FIG. 18E) aging (absolute L2FC>1) were calculated.

(FIG. 18F) Heatmap depicting comparison of HPC aging isoform signature with transcript
expression levels in cord blood (CB) progenitors (n=3) (Jiang et al., 2013). (FIG. 18G) Figures
depicts validation of common isoforms in HSC and HPC. Histograms depict validation across all
sequenced patient samples showing relative expression levels (log2 FPKM+1) of abundant
transcripts that were commonly differentially expressed in young versus aged HSC and HPC in
the discovery sample sets. For this analysis, three additional HSC samples were included (run on
NextSeq platform as compared to HiSeq platform used in discovery sets), and four additional
HPC samples were used for validation (*p<0.05). Histogram order (left to right): ZFP36-201,
TSC22D3-006, and HIST1IH1C-001.

[0048] FIGS. 19A-19B. Whole Gene Expression Signatures of SAML LSC. For FACS-
purified SAML and normal progenitor (CD34+CD38+ Lid) cells, gene expression data in FPKM
was obtained from RNA-sequencing data by aligning paired end unstranded 100bp poly-A reads
using STAR and quantifying genes using Cuftlinks. (FIG. 19A) The figure tabulates
significantly differentially expressed genes in SAML LSC (n=7) versus aged normal HPC (n=06).
Log 2 fold change (L2FC) values are calculated from FPKM values for all isoforms with average
FPKM>1 in normal or sSAML progenitors, absolute L2ZFC>2. (FIG. 19B) The gene expression
data was submitted for gene set enrichment analysis (GSEA) to determine enriched KEGG
pathways in benign versus malignant progenitor cell aging. Venn diagram summarizes the unique
and intersecting enriched KEGG pathways (FDR<25% for gene sets with positive normalized
enrichment scores) in aged versus young normal progenitors and SAML versus aged progenitors.
Relative expression of SF3B1 was assessed by qRT-PCR in FACS-purified AML versus normal
progenitors (p<0.05 by unpaired, two-tailed Student's t-test; §=primary sample harboring a point
mutation in exon 14 of SF3B1). Sanger sequencing (FIG. 5B) verified one coding SNV in SF3B1

in progenitors from AML-41. sAML-specific splice isoform expression patterns were evaluated
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in an additional cohort of aged and young progenitors (n=2 per group) and cord blood
progenitors (n=3), and a heatmap (not shown) was calculated. Expression profiles of sSAML
splice isoform signature transcripts that mapped to UCSC identifiers in publicly available TCGA
isoform datasets from RNA-Seq studies were conducted on unsorted AML leukemic cells (n=164
samples), and a heatmap (not shown) was calculated. Samples (n=156) clustered into six
dominant subgroups (n=9-55 per group) based on sAML-associated transcript expression (log2

TPM+1).

[0049] FIGS. 20A-20C. Gene set enrichment analyses of normal, MDS and sAML
progenitors. Gene set enrichment analyses (GSEA) were performed using all KEGG pathways
plus custom gene sets including genes associated with the top differentially expressed transcript
signatures in aged ("aged up") versus young ("young up") HPC, and sAML ("sAML up") versus
aged ("aged up") HPC to identify significant pathways enriched in MDS versus age-matched
control HPC, and in sAML versus MDS progenitors. (FIG. 20A) Enrichment plot showing
moderate disruption of spliceosome components in MDS progenitors versus aged HPC.

(FIG. 20B) Enrichment plot showing that genes associated with upregulated splice isoforms in
sAML represents the top enriched gene set in MDS progenitors versus aged HPC. (FIG. 20C)
Top gene sets deregulated in SAML versus MDS progenitors are shown (false discovery rate,

FDR<1%). NES=normalized enrichment score.

[0050] FIGS. 21A-21C. Splicing Reporter Assays in HEK293 Treated with 17S-FD-895.
(FIG. 21A) Dynamic range of the splicing reporter assay. HEK293 cells were transfected with
GFP (pFlareSA) or RFP (pFlareSG) vector controls (Stoilov et al., 2008), or the pFlare reporter
vector (n=2-3 separate wells per condition). Forty-eight hours after transfection, cells were
dissociated and analyzed by flow cytometry to determine the transfection efficiency and mean
fluorescence intensity (MFI) of transfected cells. (FIG. 21B) Fluorescent microscopy images of
HEK?293 cells transfected with pFlare vectors (no treatment). pFlare5SA represents the GFP-
expressing control, while pFlare5G represents the RFP-expressing control. Cells were imaged 24
h after transfection. Scale bar = 75 um. (FIG. 21C) For in vitro fluorescence reporter-based
validation of splicing attenuation, HEK293 cells were treated with 17S- FD-895 at doses from
0.01 - 10 uM starting 24 h after transfection with the pFlare splicing reporter. After 24 hrs of
treatment with 17S-FD-895, cells were analyzed by flow cytometry, and splicing activity was
calculated as the ratio of RFP/GFP MF1L

[0051] FIGS. 22A-22G. Time Course and Hematopoietic Progenitor Cell Fate Studies in Bone
Marrow Stromal Co- Cultures Treated with 17S-FD-895. (FIG. 22A) Viability of CD34-selected
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normal cord blood (CB, n=3) and AML LSC (n=4) after two weeks of co-culture with SL/M2
bone marrow stroma in the presence of DMSO control, FD-895 or 17S-FD-895 (0.1 - 10 uM).
(FIG. 22B) Survival and self-renewal assays for CD34-selected normal cord blood (CB, n=3) and
AML LSC (n=4) after one or two weeks of co-culture with SL/M2 bone marrow stroma and
treatment with 17S-FD-895 (1 uM, p<0.01 compared to one week co-cultures by one-way
ANOVA). (FIG. 22C) Hematopoietic progenitor assays showing that FD-895 and 17S-FD-895
reduces myeloid colony formation of normal aged bone marrow samples (n=3), with no effect on
erythroid colonies (p<0.05 for CFU-GM compared to DMSO-treated controls by one-way
ANOVA). (FIGS. 22D-22G) Lentiviral-shRNA knockdown of SF3B1 in aged bone marrow
samples, SAML, or MOLM-13 cells. For in vitro survival and self-renewal assays, CD34+ cells
from primary patient samples or unselected MOLM-13 cells were transduced with lentiviral
vectors (shCtrl-GFP or shSF3B1-GFP, MOI=100) and subsequently transferred to MethoCult for
replating assays. (FIG. 22D) Fluorescence microscopy images of lentivirally-transduced normal
aged bone marrow (n=4) and sSAML (n=1) samples. Scale bar = 200 um. (FIGS. 22E-22F)
Survival and self-renewal of normal HSPC (FIG. 22E) and AML LSC (FIG. 22F) in replating
assays. (FIG. 22G) Fluorescence microscopy images of lentivirally-transduced MOLM-13 cells
(48 hrs after transduction, upper panels) and overall reduction in cell viability (lower panel, left)
5 days after transduction with shSF3B1 lentivirus (n=2) and cell survival in colony formation

assays (lower panel, right). Scale bar = 200 um.

[0052] FIGS. 23A-231. Normal HSPC In Vivo Models, Serially Transplantable AML
PRIMAGRAFT™ Models, and Human Stem and Progenitor Cell Analyses After /n Vivo 17S-FD-
895 Treatment. (FIG. 23A) Representative FACS plots showing engraftment of normal cord
blood-derived hematopoietic cells in immunocompromised mice. (FIG. 23B) Figure depicts
histograms of results of FACS analysis of human total CD45+ cells and hematopoietic stem and
progenitor cell engraftment in hematopoietic tissues from mice transplanted with CD34+ cord
blood cells followed by treatment with vehicle (DMSO, n=4), 17S-FD-895 (10 mg/kg, n=4).
Histogram bins for FIG. 23B (left to right): Normal HSPC transplant - CD45+ cell engraftment
(spleen, bone marrow, peripheral blood); Normal HSPC transplant - CD34+ cell engraftment
(spleen, bone marrow); Normal HSPC transplant - frequency of progenitors (spleen, bone
marrow). (FIG. 23C) Summary of AML patient samples used to establish AML PRIMAGRAFT™
models in immunocompromised mice (n=136 mice transplanted). All primary and serial
transplantations were performed using 1-2 x 105 CD34+ (LSC enriched) cells. (FIG. 23D) FACS
plots showing live, lineage-negative stem (CD34+CD38-) and progenitor (CD34+CD384) cell
populations in AML-37. (FIG. 23E) Representative FACS plots showing robust engraftment of
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AML LSC in immunocompromised mice. (FIG. 23F) Mouse weights over the two-week
treatment period in AML PRIMAGRAFT™ studies. (FIG. 23G) FACS analysis of human
hematopoietic stem (CD34+CD38- Lin), CMP (CD34+CD38+CD123+CD45RA), MEP
(CD34+CD38+CD123-CD45RA-) cell engraftment, and leukemic blast burden (CD45+CD334)
in hematopoietic tissues of mice transplanted with AML-37 and treated with vehicle (DMSO,
n=5) or 17S-FD-895 (5 mg/kg, n=4; 10 mg/kg, n=5). All graphs show mean values and statistical
analysis by Student's t-test. (FIG. 23H) FACS analysis of human total CD45+ cells and
hematopoietic stem and progenitor cell engraftment in hematopoietic tissues from mice
transplanted with AML-08 and treated with vehicle (DMSO, n=5), 17S-FD-895 (5 mg/kg, n=4;
10 mg/kg, n=5). (FIG. 231) For serial transplantation experiments, CD34-selected cells from
AML-08 PRIMAGRAFT™ results were pooled from the individual hematopoietic tissues from
mice in each treatment group (n=4-5 per group) and transplanted intravenously into serial
transplant recipients. Human cell engraftment (CD45+) was analyzed by flow cytometry 11
weeks after transplant. All graphs show mean values and statistical analysis by unpaired, two-

tailed Student's t-test (p<<0.05 compared to vehicle-treated controls).

[0053] FIGS. 24A-241. Quantitative RT-PCR Analysis and RT-PCR in AML PRIMAGRAFT™
Models After Splicing Modulator Treatment. For qRT-PCR analysis of in vivo splicing
alterations, single cell suspensions from hematopoietic tissues of 17S-FD-895-treated mice were
CD34-selected and processed for RNA extraction and cDNA preparation or RNA-Seq analysis.
(FIGS. 24A-24C) Quantification of DNAJBI intron 2 retention (FIG. 24A) and MCL1-L/S
(FIG. 24B) and BCL2-L/S (FIG. 24C) ratios in CD34+ cells from the spleens of individual
AML-08 mice treated with vehicle or 17S-FD-895. (FIGS. 24D-24F) Aliquots of pooled CD34+
cells prepared for serial transplantation studies were analyzed by qRT-PCR and RNA-Seq.

(FIG. 24D) Reduced MCL1-L/S expression ratios in pooled CD34+ cells from 17S-FD-895-
treated mice, (FIG. 24E) GSEA enrichment plot showing genes associated with upregulated
splice isoforms in sSAML ("sAML up") and downregulated splice isoforms in SAML ("aged up")
were depleted and enriched, respectively, in the 10mg/kg 17S- FD-895 treated mice compared
with vehicle-treated controls. The "aged up" genes represented the third most enriched gene set in
the spleens of pooled CD34+ cells from mice that received splicing modulator treatment. (FIG.
24F) RNA-Seq-based splicing factor gene expression changes in the spleens of treated mice.
(FIGS. 24G-241) gRT-PCR analysis of SF3B1 mRNA expression in 17S-FD-895-treated AML

PRIMAGRAFT™ models (individual mice, FIG. 24G, 24H) or pooled cells used in serial
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transplantation assays (FIG. 241). All graphs show mean values and statistical analysis by

unpaired, two-tailed Student's t-test (p<<0.01 compared to vehicle-treated controls).

DETAILED DESCRIPTION
[0054] Definitions

[0055] The abbreviations used herein have their conventional meaning within the chemical and
biological arts. The chemical structures and formulae set forth herein are constructed according

to the standard rules of chemical valency known in the chemical arts.

[0056] Where substituent groups are specified by their conventional chemical formulae, written
from left to right, they equally encompass the chemically identical substituents that would result

from writing the structure from right to left, e.g., -CH20- is equivalent to -OCHa-.

[0057] The term “alkyl,” by itself or as part of another substituent, means, unless otherwise
stated, a straight (i.e., unbranched) or branched carbon chain (or carbon), or combination thereof,
which may be fully saturated, mono- or polyunsaturated and can include mono-, di- and
multivalent radicals, having the number of carbon atoms designated (i.e., C;-C1o means one to ten
carbons). Examples of saturated hydrocarbon radicals include, but are not limited to, groups such
as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, (cyclohexyl)methyl,
homologs and isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An
unsaturated alkyl group is one having one or more double bonds or triple bonds. Examples of
unsaturated alkyl groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl,
2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and
the higher homologs and isomers. An alkoxy is an alkyl attached to the remainder of the

molecule via an oxygen linker (-O-).

[0058] The term “alkylene,” by itself or as part of another substituent, means, unless otherwise
stated, a divalent radical derived from an alkyl, as exemplified, but not limited by,
-CH,CH,CH;CH;-. Typically, an alkyl (or alkylene) group will have from 1 to 24 carbon atoms,
with those groups having 10 or fewer carbon atoms being preferred in the present invention. A
“lower alkyl” or “lower alkylene” is a shorter chain alkyl or alkylene group, generally having
eight or fewer carbon atoms. The term “alkenylene,” by itself or as part of another substituent,

means, unless otherwise stated, a divalent radical derived from an alkene.

[0059] The term “heteroalkyl,” by itself or in combination with another term, means, unless
otherwise stated, a stable straight or branched chain, or combinations thereof, including at least

one carbon atom and at least one heteroatom selected from the group consisting of O, N, P, Si,
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and S, and wherein the nitrogen and sulfur atoms may optionally be oxidized, and the nitrogen
heteroatom may optionally be quaternized. The heteroatom(s) O, N, P, S, B, As, and Si may be
placed at any interior position of the heteroalkyl group or at the position at which the alkyl group
is attached to the remainder of the molecule. Examples include, but are not limited to:
-CH,-CH;-0-CH3;, -CH,-CH,-NH-CHj3;, -CH,-CH,-N(CHj3)-CH3;, -CH,-S-CH,-CH3;, -CH,-CHj,
-S(0)-CH3;, -CH,-CH,-S(0),-CHj3;, -CH=CH-0O-CHj3, -Si(CH3);, -CH,;-CH=N-OCHj,
-CH=CH-N(CHj;)-CHj3;, -O-CHj3;, -O-CH,-CHjs, and -CN. Up to two or three heteroatoms may be
consecutive, such as, for example, -CH,-NH-OCHj3 and —CH,-O-Si(CHs);.

[0060] Similarly, the term “heteroalkylene,” by itself or as part of another substituent, means,
unless otherwise stated, a divalent radical derived from heteroalkyl, as exemplified, but not
limited by, -CH,-CH,-S-CH;,-CH;- and -CH,-S-CH,-CH,-NH-CH;-. For heteroalkylene groups,
heteroatoms can also occupy either or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy,
alkyleneamino, alkylenediamino, and the like). Still further, for alkylene and heteroalkylene
linking groups, no orientation of the linking group is implied by the direction in which the
formula of the linking group is written. For example, the formula -C(O),R'- represents both
-C(O);R'- and -R'C(O),-. As described above, heteroalkyl groups, as used herein, include those
groups that are attached to the remainder of the molecule through a heteroatom, such as -C(O)R,
-C(O)NR', -NR'R", -OR', -SR', and/or -SO;R'. Where “heteroalkyl” is recited, followed by
recitations of specific heteroalkyl groups, such as -NR'R" or the like, it will be understood that
the terms heteroalkyl and -NR'R" are not redundant or mutually exclusive. Rather, the specific
heteroalkyl groups are recited to add clarity. Thus, the term “heteroalkyl” should not be

interpreted herein as excluding specific heteroalkyl groups, such as -NR'R" or the like.

[0061] The terms “cycloalkyl” and “heterocycloalkyl,” by themselves or in combination with
other terms, mean, unless otherwise stated, cyclic versions of “alkyl” and “heteroalkyl,”
respectively. Additionally, for heterocycloalkyl, a heteroatom can occupy the position at which
the heterocycle is attached to the remainder of the molecule. Examples of cycloalkyl include, but
are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 1-cyclohexenyl,
3-cyclohexenyl, cycloheptyl, and the like. Examples of heterocycloalkyl include, but are not
limited to, 1-(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl,
4-morpholinyl, 3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl,
tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl, and the like. A “cycloalkylene” and a
“heterocycloalkylene,” alone or as part of another substituent, means a divalent radical derived

from a cycloalkyl and heterocycloalkyl, respectively.
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[0062] The terms “halo” or “halogen,” by themselves or as part of another substituent, mean,
unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally, terms such as
“haloalkyl” are meant to include monohaloalkyl and polyhaloalkyl. For example, the term
“halo(C;-Cy)alkyl” includes, but is not limited to, fluoromethyl, difluoromethyl, trifluoromethyl,
2,2 2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the like.

[0063] The term “acyl” means, unless otherwise stated, -C(O)R where R is a substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heteroaryl.

[0064] The term “aryl” means, unless otherwise stated, a polyunsaturated, aromatic,
hydrocarbon substituent, which can be a single ring or multiple rings (preferably from 1 to 3
rings) that are fused together (i.e., a fused ring aryl) or linked covalently. A fused ring aryl refers
to multiple rings fused together wherein at least one of the fused rings is an aryl ring. The term
“heteroaryl” refers to aryl groups (or rings) that contain at least one heteroatom such as N, O, or
S, wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are
optionally quaternized. Thus, the term “heteroaryl” includes fused ring heteroaryl groups (i.e,,
multiple rings fused together wherein at least one of the fused rings is a heteroaromatic ring). A
5,6-fused ring heteroarylene refers to two rings fused together, wherein one ring has 5 members
and the other ring has 6 members, and wherein at least one ring is a heteroaryl ring. Likewise, a
6,6-fused ring heteroarylene refers to two rings fused together, wherein one ring has 6 members
and the other ring has 6 members, and wherein at least one ring is a heteroaryl ring. And a 6,5-
fused ring heteroarylene refers to two rings fused together, wherein one ring has 6 members and
the other ring has 5 members, and wherein at least one ring is a heteroaryl ring. A heteroaryl
group can be attached to the remainder of the molecule through a carbon or heteroatom. Non-
limiting examples of aryl and heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 4-
biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-
oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl,
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-
isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl.
Substituents for each of the above noted aryl and heteroaryl ring systems are selected from the
group of acceptable substituents described below. An “arylene” and a “heteroarylene,” alone or
as part of another substituent, mean a divalent radical derived from an aryl and heteroaryl,

respectively. A heteroaryl group substituent may be a —O- bonded to a ring heteroatom nitrogen.
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[0065] A fused ring heterocyloalkyl-aryl is an aryl fused to a heterocycloalkyl. A fused ring
heterocycloalkyl-heteroaryl is a heteroaryl fused to a heterocycloalkyl. A fused ring
heterocycloalkyl-cycloalkyl is a heterocycloalkyl fused to a cycloalkyl. A fused ring
heterocycloalkyl-heterocycloalkyl is a heterocycloalkyl fused to another heterocycloalkyl. Fused
ring heterocycloalkyl-aryl, fused ring heterocycloalkyl-heteroaryl, fused ring heterocycloalkyl-
cycloalkyl, or fused ring heterocycloalkyl-heterocycloalkyl may each independently be
unsubstituted or substituted with one or more of the substituents described herein. Spirocyclic
rings are two or more rings wherein adjacent rings are attached through a single atom. The
individual rings within spirocyclic rings may be identical or different. Individual rings in
spirocyclic rings may be substituted or unsubstituted and may have different substituents from
other individual rings within a set of spirocyclic rings. Possible substituents for individual rings
within spirocyclic rings are the possible substituents for the same ring when not part of
spirocyclic rings (e.g. substituents for cycloalkyl or heterocycloalkyl rings). Spirocylic rings may
be substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkylene, substituted
or unsubstituted heterocycloalkyl or substituted or unsubstituted heterocycloalkylene and
individual rings within a spirocyclic ring group may be any of the immediately previous list,
including having all rings of one type (e.g. all rings being substituted heterocycloalkylene
wherein each ring may be the same or different substituted heterocycloalkylene). When referring
to a spirocyclic ring system, heterocyclic spirocyclic rings means a spirocyclic rings wherein at
least one ring is a heterocyclic ring and wherein each ring may be a different ring. When
referring to a spirocyclic ring system, substituted spirocyclic rings means that at least one ring is

substituted and each substituent may optionally be different.

[0066] The term “oxo0,” as used herein, means an oxygen that is double bonded to a carbon

atom.

[0067] Each of the above terms (e.g., “alkyl,” “heteroalkyl,” “aryl,” and “heteroaryl”) includes
both substituted and unsubstituted forms of the indicated radical. Preferred substituents for each

type of radical are provided below.

[0068] Substituents for the alkyl and heteroalkyl radicals (including those groups often referred
to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl,
cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of groups selected from,
but not limited to, -OR', =0, =NR', =N-OR', -NR'R", -SR', -halogen, -SiR'R"R"', -OC(O)R’,
-C(O)R', -CO,R’, -CONR'R", -OC(O)NR'R", -NR"C(O)R', -NR'-C(O)NR"R", -NR"C(O);R/,
-NR-C(NR'R"R")=NR"", -NR-C(NR'R")=NR", -S(O)R', -S(O),R’, -S(0),NR'R", -NRSO,R/,
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—NR'NR"R"', -ONR'R", -NR'C=(0O)NR"NR"R"", -CN, -NO,, -NR'SO,R", -NR'C=(O)R",
-NR'C(O)-OR", -NR'OR", in a number ranging from zero to (2m'+1), where m' is the total
number of carbon atoms in such radical. R, R, R", R", and R"" each preferably independently
refer to hydrogen, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl (e.g.,
aryl substituted with 1-3 halogens), substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkyl, alkoxy, or thioalkoxy groups, or arylalkyl groups. When a compound of the
invention includes more than one R group, for example, each of the R groups is independently
selected as are each R', R", R", and R"" group when more than one of these groups is present.
When R' and R" are attached to the same nitrogen atom, they can be combined with the nitrogen
atom to form a 4-, 5-, 6-, or 7-membered ring. For example, -NR'R" includes, but is not limited
to, 1-pyrrolidinyl and 4-morpholinyl. From the above discussion of substituents, one of skill in
the art will understand that the term “alkyl” is meant to include groups including carbon atoms
bound to groups other than hydrogen groups, such as haloalkyl (e.g., -CF3 and -CH,CF3) and acyl
(e.g., -C(O)CH3;, -C(O)CF3, -C(O)CH,0CH3;, and the like).

[0069] Similar to the substituents described for the alkyl radical, substituents for the aryl and
heteroaryl groups are varied and are selected from, for example: -OR', -NR'R", -SR', -halogen,
-SiR'R"R", -OC(O)R', -C(O)R', -CO,R', -CONR'R", -OC(O)NR'R", -NR"C(O)R!,
-NR'-C(O)NR"R", -NR"C(O);R', -NR-C(NR'R"R")=NR"", -NR-C(NR'R")=NR", -S(O)R’,
-S(O);R!, -S(0);NR'R", -NRSO;R', -NR'NR"R", —ONR'R", -NR'C=(O)NR"NR"'R"", -CN,
-NO3,, -R', -N3, -CH(Ph),, fluoro(C;-C4)alkoxy, and fluoro(C,-Cs)alkyl, -NR'SO,R",
-NR'C=(O)R", -NR'C(0)-OR", -NR'OR", in a number ranging from zero to the total number of
open valences on the aromatic ring system; and where R', R", R"', and R"" are preferably
independently selected from hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl.
When a compound of the invention includes more than one R group, for example, each of the R
groups is independently selected as are each R', R", R"', and R"" groups when more than one of

these groups is present.

[0070] Substituents for rings (e.g. cycloalkyl, heterocycloalkyl, aryl, heteroaryl, cycloalkylene,
heterocycloalkylene, arylene, or heteroarylene) may be depicted as substituents on the ring rather
than on a specific atom of a ring (commonly referred to as a floating substituent). In such a case,
the substituent may be attached to any of the ring atoms (obeying the rules of chemical valency)

and in the case of fused rings or spirocyclic rings, a substituent depicted as associated with one
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member of the fused rings or spirocyclic rings (a floating substituent on a single ring), may be a
substituent on any of the fused rings or spirocyclic rings (a floating substituent on multiple rings).
When a substituent is attached to a ring, but not a specific atom (a floating substituent), and a
subscript for the substituent is an integer greater than one, the multiple substituents may be on the
same atom, same ring, different atoms, different fused rings, different spirocyclic rings, and each
substituent may optionally be different. Where a point of attachment of a ring to the remainder of
a molecule is not limited to a single atom (a floating substituent), the attachment point may be
any atom of the ring and in the case of a fused ring or spirocyclic ring, any atom of any of the
fused rings or spirocyclic rings while obeying the rules of chemical valency. Where a ring, fused
rings, or spirocyclic rings contain one or more ring heteroatoms and the ring, fused rings, or
spirocyclic rings are shown with one more floating substituents (including, but not limited to,
points of attachment to the remainder of the molecule), the floating substituents may be bonded
to the heteroatoms. Where the ring heteroatoms are shown bound to one or more hydrogens (e.g.
a ring nitrogen with two bonds to ring atoms and a third bond to a hydrogen) in the structure or
formula with the floating substituent, when the heteroatom is bonded to the floating substituent,
the substituent will be understood to replace the hydrogen, while obeying the rules of chemical

valency.

[0071] Two or more substituents may optionally be joined to form aryl, heteroaryl, cycloalkyl,
or heterocycloalkyl groups. Such so-called ring-forming substituents are typically, though not
necessarily, found attached to a cyclic base structure. In one embodiment, the ring-forming
substituents are attached to adjacent members of the base structure. For example, two ring-
forming substituents attached to adjacent members of a cyclic base structure create a fused ring
structure. In another embodiment, the ring-forming substituents are attached to a single member
of the base structure. For example, two ring-forming substituents attached to a single member of
a cyclic base structure create a spirocyclic structure. In yet another embodiment, the ring-forming

substituents are attached to non-adjacent members of the base structure.

[0072] Two of the substituents on adjacent atoms of the aryl or heteroaryl ring may optionally
form a ring of the formula -T-C(O)-(CRR'")4-U-, wherein T and U are independently -NR-, -O-,
-CRR'-, or a single bond, and q is an integer of from O to 3. Alternatively, two of the substituents
on adjacent atoms of the aryl or heteroaryl ring may optionally be replaced with a substituent of
the formula -A-(CH,),-B-, wherein A and B are independently -CRR'-, -O-, -NR-, -S-, -S(O) -,
-S(0);-, -S(O);NR'-, or a single bond, and r is an integer of from 1 to 4. One of the single bonds
of the new ring so formed may optionally be replaced with a double bond. Alternatively, two of

the substituents on adjacent atoms of the aryl or heteroaryl ring may optionally be replaced with a
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substituent of the formula -(CRR');-X'- (C"R"R"")¢-, where s and d are independently integers of
from 0 to 3, and X' is -O-, -NR'-, -S-, -S(O)-, -S(O);-, or -S(O),NR'-. The substituents R, R', R",
and R" are preferably independently selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted

heteroaryl.

[0073] As used herein, the terms “heteroatom” or “ring heteroatom” are meant to include,

oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), Boron (B), Arsenic (As), and silicon (Si).

[0074] A “substituent group,” as used herein, means a group selected from the following

moieties:

(A) oxo, halogen, -CF3;, -CN, -OH, -NH,, -COOH, -CONH,, -NO,, -SH, -SO,Cl, -SO3H, -
SO,H, -SO,NH,, -NHNH,, -ONH,, -NHC=(O)NHNH,, -NHC=(0) NH,, -NHSO,H, -
NHC= (O)H, -NHC(0O)-OH, -NHOH, -OCFs3, -OCHF,, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl,

unsubstituted heteroaryl, and

(B) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, substituted with at
least one substituent selected from:
(1) oxo, halogen, -CF3, -CN, -OH, -NH,, -COOH, -CONH,, -NO,, -SH, -SO,Cl, -SO3H, -
SO4H, -SO,NH,, -NHNH,, -ONH,, -NHC=(O)NHNH,, -NHC=(0) NH,, -NHSO:H, -
NHC= (O)H, -NHC(0O)-OH, -NHOH, -OCFj3, -OCHF,, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl,
unsubstituted heteroaryl, and
(11) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, substituted with
at least one substituent selected from:
(a) oxo, halogen, -CF3;, -CN, -OH, -NH,, -COOH, -CONH,, -NO,, -SH, -SO,(l, -
SO;H, -SO,H, -SO,NH,, -NHNH,, -ONH,, -NHC=(O)NHNH,, -NHC=(0) NH,, -
NHSO;H, -NHC= (O)H, -NHC(O)-OH, -NHOH, -OCF3;, -OCHF,, unsubstituted
alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, and
(b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, substituted
with at least one substituent selected from: oxo, halogen, -CF3, -CN, -OH, -NH,
-COOH, -CONHj,, -NO,, -SH, -S0O,(Cl, -SOsH, -SO4H, -SO,NH,, -NHNH,, —ONH,,
—NHC=(O)NHNH,, -NHC=(0) NH,, -NHSO,H, -NHC= (O)H, -NHC(O)-OH,
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-NHOH, -OCF;, -OCHF,, unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, and

unsubstituted heteroaryl.

[0075] A “size-limited substituent” or “ size-limited substituent group,” as used herein, means
a group selected from all of the substituents described above for a “substituent group,” wherein
each substituted or unsubstituted alkyl is a substituted or unsubstituted C;-Cyg alkyl, each
substituted or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 20 membered
heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or unsubstituted C;-Cg
cycloalkyl, and each substituted or unsubstituted heterocycloalkyl is a substituted or

unsubstituted 3 to 8 membered heterocycloalkyl.

[0076] A “lower substituent” or “ lower substituent group,” as used herein, means a group
selected from all of the substituents described above for a “substituent group,” wherein each
substituted or unsubstituted alkyl is a substituted or unsubstituted C;-Cg alkyl, each substituted or
unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 8 membered heteroalkyl, each
substituted or unsubstituted cycloalkyl is a substituted or unsubstituted C;-C; cycloalkyl, and
each substituted or unsubstituted heterocycloalkyl is a substituted or unsubstituted 3 to 7

membered heterocycloalkyl.

[0077] In some embodiments, each substituted group described in the compounds herein is
substituted with at least one substituent group. More specifically, in some embodiments, each
substituted alkyl, substituted heteroalkyl, substituted cycloalkyl, substituted heterocycloalkyl,
substituted aryl, substituted heteroaryl, substituted alkylene, substituted heteroalkylene,
substituted cycloalkylene, substituted heterocycloalkylene, substituted arylene, and/or substituted
heteroarylene described in the compounds herein are substituted with at least one substituent
group. In other embodiments, at least one or all of these groups are substituted with at least one
size-limited substituent group. In other embodiments, at least one or all of these groups are

substituted with at least one lower substituent group.

[0078] In other embodiments of the compounds herein, each substituted or unsubstituted alkyl
may be a substituted or unsubstituted C,-Cyg alkyl, each substituted or unsubstituted heteroalkyl
is a substituted or unsubstituted 2 to 20 membered heteroalkyl, each substituted or unsubstituted
cycloalkyl is a substituted or unsubstituted C;-Cg cycloalkyl, and/or each substituted or
unsubstituted heterocycloalkyl is a substituted or unsubstituted 3 to 8 membered
heterocycloalkyl. In some embodiments of the compounds herein, each substituted or

unsubstituted alkylene is a substituted or unsubstituted C,-C,¢ alkylene, each substituted or
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unsubstituted heteroalkylene is a substituted or unsubstituted 2 to 20 membered heteroalkylene,
each substituted or unsubstituted cycloalkylene is a substituted or unsubstituted C;-Cg
cycloalkylene, and/or each substituted or unsubstituted heterocycloalkylene is a substituted or

unsubstituted 3 to 8 membered heterocycloalkylene.

[0079] In some embodiments, each substituted or unsubstituted alkyl is a substituted or
unsubstituted C;-Cs alkyl, each substituted or unsubstituted heteroalkyl is a substituted or
unsubstituted 2 to 8 membered heteroalkyl, each substituted or unsubstituted cycloalkyl is a
substituted or unsubstituted C;-C- cycloalkyl, and/or each substituted or unsubstituted
heterocycloalkyl is a substituted or unsubstituted 3 to 7 membered heterocycloalkyl. In some
embodiments, each substituted or unsubstituted alkylene is a substituted or unsubstituted C;-Cg
alkylene, each substituted or unsubstituted heteroalkylene is a substituted or unsubstituted 2 to 8
membered heteroalkylene, each substituted or unsubstituted cycloalkylene is a substituted or
unsubstituted Cs-C- cycloalkylene, and/or each substituted or unsubstituted heterocycloalkylene

is a substituted or unsubstituted 3 to 7 membered heterocycloalkylene.

[0080] The term “pharmaceutically acceptable salts” is meant to include salts of the active
compounds that are prepared with relatively nontoxic acids or bases, depending on the particular
substituents found on the compounds described herein. When compounds of the present
invention contain relatively acidic functionalities, base addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired base,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable base addition
salts include sodium, potassium, calcium, ammonium, organic amino, or magnesium salt, or a
similar salt. When compounds of the present invention contain relatively basic functionalities,
acid addition salts can be obtained by contacting the neutral form of such compounds with a
sufficient amount of the desired acid, either neat or in a suitable inert solvent. Examples of
pharmaceutically acceptable acid addition salts include those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts derived from relatively nontoxic organic acids
like acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, fumaric, lactic,
mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric, oxalic, methanesulfonic, and
the like. Also included are salts of amino acids such as arginate and the like, and salts of organic
acids like glucuronic or galactunoric acids and the like (see, for example, Berge et al.,

“Pharmaceutical Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
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compounds of the present invention contain both basic and acidic functionalities that allow the

compounds to be converted into either base or acid addition salts.

[0081] Thus, the compounds of the present invention may exist as salts, such as with
pharmaceutically acceptable acids. The present invention includes such salts. Examples of such
salts include hydrochlorides, hydrobromides, sulfates, methanesulfonates, nitrates, maleates,
acetates, citrates, fumarates, tartrates (e.g., (+)-tartrates, (-)-tartrates, or mixtures thereof
including racemic mixtures), succinates, benzoates, and salts with amino acids such as glutamic

acid. These salts may be prepared by methods known to those skilled in the art.

[0082] The neutral forms of the compounds are preferably regenerated by contacting the salt
with a base or acid and isolating the parent compound in the conventional manner. The parent
form of the compound differs from the various salt forms in certain physical properties, such as

solubility in polar solvents.

[0083] In addition to salt forms, the present invention provides compounds, which are in a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the
present invention. Additionally, prodrugs can be converted to the compounds of the present
invention by chemical or biochemical methods in an ex vivo environment. For example, prodrugs
can be slowly converted to the compounds of the present invention when placed in a transdermal

patch reservoir with a suitable enzyme or chemical reagent.

[0084] Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are encompassed within the scope of the present invention. Certain
compounds of the present invention may exist in multiple crystalline or amorphous forms. In
general, all physical forms are equivalent for the uses contemplated by the present invention and

are intended to be within the scope of the present invention.

[0085] As used herein, the term “salt” refers to acid or base salts of the compounds used in the
methods of the present invention. Illustrative examples of acceptable salts are mineral acid
(hydrochloric acid, hydrobromic acid, phosphoric acid, and the like) salts, organic acid (acetic
acid, propionic acid, glutamic acid, citric acid and the like) salts, quaternary ammonium (methyl

iodide, ethyl iodide, and the like) salts.

[0086] Certain compounds of the present invention possess asymmetric carbon atoms (optical

or chiral centers) or double bonds; the enantiomers, racemates, diastereomers, tautomers,
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geometric isomers, stereoisometric forms that may be defined, in terms of absolute
stereochemistry, as (R)-or (S)- or, as (D)- or (L)- for amino acids, and individual isomers are
encompassed within the scope of the present invention. The compounds of the present invention
do not include those which are known in art to be too unstable to synthesize and/or isolate. The
present invention is meant to include compounds in racemic and optically pure forms. Optically
active (R)- and (S)-, or (D)- and (L)-isomers may be prepared using chiral synthons or chiral
reagents, or resolved using conventional techniques. When the compounds described herein
contain olefinic bonds or other centers of geometric asymmetry, and unless specified otherwise,

it is intended that the compounds include both E and Z geometric isomers.

[0087] As used herein, the term “isomers” refers to compounds having the same number and
kind of atoms, and hence the same molecular weight, but differing in respect to the structural

arrangement or configuration of the atoms.

[0088] The term “tautomer,” as used herein, refers to one of two or more structural isomers

which exist in equilibrium and which are readily converted from one isomeric form to another.

[0089] It will be apparent to one skilled in the art that certain compounds of this invention may
exist in tautomeric forms, all such tautomeric forms of the compounds being within the scope of

the invention.

[0090] Unless otherwise stated, structures depicted herein are also meant to include all
stereochemical forms of the structure; i.e., the R and S configurations for each asymmetric
center. Therefore, single stereochemical isomers as well as enantiomeric and diastereomeric

mixtures of the present compounds are within the scope of the invention.

[0091] Unless otherwise stated, structures depicted herein are also meant to include compounds
which differ only in the presence of one or more isotopically enriched atoms. For example,
compounds having the present structures except for the replacement of a hydrogen by a
deuterium or tritium, or the replacement of a carbon by C- or "*C-enriched carbon are within

the scope of this invention.

[0092] The compounds of the present invention may also contain unnatural proportions of
atomic isotopes at one or more of the atoms that constitute such compounds. For example, the
compounds may be radiolabeled with radioactive isotopes, such as for example tritium (CH),
iodine-125 (**I), or carbon-14 (**C). All isotopic variations of the compounds of the present

invention, whether radioactive or not, are encompassed within the scope of the present invention.
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[0093] The symbol “..-” denotes the point of attachment of a chemical moiety to the

remainder of a molecule or chemical formula.

[0094] It should be noted that throughout the application that alternatives are written in
Markush groups, for example, each amino acid position that contains more than one possible
amino acid. It is specifically contemplated that each member of the Markush group should be
considered separately, thereby comprising another embodiment, and the Markush group is not to

be read as a single unit.

[0095] The terms "a" or "an," as used in herein means one or more. In addition, the phrase
"substituted with a[n]," as used herein, means the specified group may be substituted with one or
more of any or all of the named substituents. For example, where a group, such as an alkyl or
heteroaryl group, is "substituted with an unsubstituted C,-C, alkyl, or unsubstituted 2 to 20
membered heteroalkyl," the group may contain one or more unsubstituted C,-C,¢ alkyls, and/or
one or more unsubstituted 2 to 20 membered heteroalkyls. Moreover, where a moiety is
substituted with an R substituent, the group may be referred to as “R-substituted.” Where a
moiety is R-substituted, the moiety is substituted with at least one R substituent and each R
substituent is optionally different. Where a particular R group is present in the description of a
chemical genus (such as Formula (I)), a Roman alphabetic symbol may be used to distinguish
each appearance of that particular R group. For example, where multiple R" substituents are

13A 13B 13 13D .
CRPB RBC RBP etc wherein each of

present, each R" substituent may be distinguished as R
R4 RPB RYC RPP etc. is defined within the scope of the definition of R" and optionally

differently.

[0096] Description of compounds of the present invention is limited by principles of chemical
bonding known to those skilled in the art. Accordingly, where a group may be substituted by one
or more of a number of substituents, such substitutions are selected so as to comply with
principles of chemical bonding and to give compounds which are not inherently unstable and/or
would be known to one of ordinary skill in the art as likely to be unstable under ambient
conditions, such as aqueous, neutral, and several known physiological conditions. For example, a
heterocycloalkyl or heteroaryl is attached to the remainder of the molecule via a ring heteroatom
in compliance with principles of chemical bonding known to those skilled in the art thereby

avoiding inherently unstable compounds.

[0097] The term "biological sample" refers to a material of biological origin (e.g., blood,

plasma, cells, tissues, organs, fluids).
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[0098] “Detection agent” refers to (i) a compound that is capable of binding (covalently or
non-covalently) a protein and (i1) a detectable label. The “detection agent” can be an “indirect
detection agent” or a “direct detection agent.” An "indirect detection agent" refers to a
compound that is capable of binding (covalently or non-covalently) a protein that cannot be
detected itself, but is detected using a separate, distinct detectable label that specifically binds
(covalently or non-covalently) to the compound that is capable of binding the protein. A “direct
detection agent” refers to a compound that is capable of binding (covalently or non-covalently) a
protein and is also a detectable label (e.g., whether the compound and detectable label are the
same compound or whether the compound and detectable label are separate, bound compounds).
Exemplary detection agents that can interact with a protein include antibodies (monoclonal or
polyclonal), RNA, DNA, biotin, and the like. In one embodiment, the detection agent that
interacts with the protein is, or includes, an antibody. In embodiments, the detection agent
comprises an antibody bound to an enzyme. In embodiments, the detection agent includes a
primary antibody bound to a secondary antibody that is bound to an enzyme. In embodiments,
the detection agent comprises biotin and streptavidin. In embodiments, the detection agent
comprises biotin, streptavidin, and an enzyme. In embodiments, the detection agent comprises

biotin and avidin. In embodiments, the detection agent comprises biotin, avidin, and an enzyme.

[0099] '"Detectable label" refers to a moiety that indicates the presence of a corresponding
molecule (e.g., probe) to which it is bound. A “detectable label” can be an indirect or direct
label. An "indirect label" refers to a moiety, or ligand, that is detected using a labeled secondary
agent, or ligand-binding partner, that specifically binds to the indirect label. A "direct label"
refers to a moiety that is detectable in the absence of a ligand-binding partner interaction.
Exemplary labels include fluorescent labels (including, e.g., quenchers or absorbers), non-
fluorescent labels, colorimetric labels, chemiluminescent labels, bioluminescent labels,
radioactive labels (such as *H, 35S, P, 'L, “'Co or 14C), mass-modifying groups, antibodies,
antigens, biotin, haptens, digoxigenin, enzymes (including, e.g., peroxidase, phosphatase, etc.),

and the like.

[0100] “Detectable complex” refers to a composition comprising (i) a detection agent and (ii) a
protein bound, where the detection agent and protein are bound (covalently or non-covalently)
together, and where the detectable complex can be identified and/or quantified by methods

known in the art.

[0101] “Hybridization complex” refers to a composition containing (i) a probe and (ii) a target

nucleic acid, where the probe and target nucleic acid are bound (e.g., hybridized) together, and
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where the hybridization complex can be identified and/or quantified by methods known in the

art.

[0102] “Probe" refers to a nucleotide that includes a target-binding region that is substantially
complementary to a target sequence in a target nucleic acid (e.g., RNA) and, thus, is capable of
forming a hydrogen-bonded duplex with the target nucleic acid. Typically, the probe is a single-
stranded probe, having one or more detectable labels to permit the detection of the probe

following hybridization to its complementary target.

[0103] "Complementary" refers to sequence complementarity between two different nucleic
acid strands or between two regions of the same nucleic acid strand. A first region of a nucleic
acid is complementary to a second region of the same or a different nucleic acid if, when the two
regions are arranged in an anti-parallel fashion, at least one nucleotide residue of the first region
is capable of base pairing (i.e., hydrogen bonding) with a residue of the second region, thus

forming a hydrogen-bonded duplex.

[0104] "Substantially complementary" refers to two nucleic acid strands (e.g., a strand of a
target nucleic acid and a complementary single-stranded oligonucleotide probe) that are capable
of base pairing with one another to form a stable hydrogen-bonded duplex under stringent
hybridization conditions, including the isothermal hybridization conditions described herein. In
general, "substantially complementary" refers to two nucleic acids having at least 75%, for
example, about 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% complementarity. The term
"stringent" refers to hybridization conditions that affect the stability of hybrids, e.g., temperature,
salt concentration, pH, formamide concentration, and the like. These conditions are empirically
optimized to maximize specific binding, and minimize nonspecific binding, of a probe to a target

nucleic acid (e.g., RNA).

[0105] Hybridization assays are well known in the art, and include, for example, sandwich
hybridization assays, competitive hybridization assays, hybridization-ligation assays, dual
ligation hybridization assays, nuclease hybridization assays, and the like. Nucleic acids
"hybridize" when they associate, typically in solution. Nucleic acids hybridize due to a variety of
well-characterized physicochemical forces, such as hydrogen bonding, solvent exclusion, base
stacking and the like. In certain embodiments, hybridization occurs under conventional
hybridization conditions, such as under stringent conditions as described, for example, in
Sambrook et al., in "Molecular Cloning: A Laboratory Manual" (1989), Eds. J. Sambrook, E. F.
Fritsch and T. Maniatis, Cold Spring Harbour Laboratory Press, Cold Spring Harbour, N.Y ,

which is incorporated by reference. Such conditions are, for example, hybridization in 6xSSC,
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pH 7.0/0.1% SDS at about 45° C. for 18-23 hours, followed by a washing step with 2xSSC/1%
SDS at 50° C. In order to select the stringency, the salt concentration in the washing step can, for
example, be chosen between 2xSSC/0.1% SDS at room temperature for low stringency and
0.2xSSC/0.1% SDS at 50° C. for high stringency. In addition, the temperature of the washing
step can be varied between room temperature (ca. 22° C.), for low stringency, and 65° C. to 70°
C. for high stringency. Also contemplated are polynucleotides that hybridize at lower stringency
hybridization conditions. Changes in the stringency of hybridization and signal detection are
primarily accomplished through the manipulation of, e.g., formamide concentration (lower
percentages of formamide result in lowered stringency), salt conditions, or temperature. For
example, lower stringency conditions include an overnight incubation at 37° C. in a solution
comprising 6xSSPE (20xSSPE=3M NaCl; 0.2M NaH,PO,; 0.02M EDTA, pH 7.4), 0.5% SDS,
30% formamide, 100 mg/mL salmon sperm blocking DNA, followed by washes at 50° C. with
1xSSPE, 0.1% SDS. In addition, to achieve even lower stringency, washes performed following
stringent hybridization can be done at higher salt concentrations (e.g., 5xSSC). Variations in the
above conditions may be accomplished through the inclusion and/or substitution of alternate
blocking reagents used to suppress background in hybridization experiments. The inclusion of
specific blocking reagents may require modification of the hybridization conditions described
herein, due to problems with compatibility. An extensive guide to the hybridization of nucleic
acids is found in Tijssen (1993) Laboratory Techniques in Biochemistry and Molecular Biology--
Hybridization with Nucleic Acid Probes part I chapter 2, "Overview of principles of
hybridization and the strategy of nucleic acid probe assays," (Elsevier, New York), as well as in
Ausubel (Ed.) Current Protocols in Molecular Biology, Volumes I, II, and II1I, (1997), which are
each incorporated by reference. Hames and Higgins (1995) Gene Probes 1 IRL Press at Oxford
University Press, Oxford, England, (Hames and Higgins 1) and Hames and Higgins (1995) Gene
Probes 2 IRL Press at Oxford University Press, Oxford, England (Hames and Higgins 2) provide
details on the synthesis; labeling, detection and quantification of DNA and RNA, including

oligonucleotides. Both Hames and Higgins 1 and 2 are incorporated by reference.

[0106] "Nucleic acid" refers to a polymer having multiple nucleotide monomers. A nucleic
acid can be single- or double-stranded, and can be DNA (e.g., cDNA or genomic DNA), RNA, or
hybrid polymers (e.g., DNA/RNA). Nucleic acids can be chemically or biochemically modified
and/or can contain non-natural or derivatized nucleotide bases. Nucleic acid modifications
include, for example, methylation, substitution of one or more of the naturally occurring
nucleotides with an analog, internucleotide modifications such as uncharged linkages (e.g.,

methyl phosphonates, phosphotriesters, phosphoamidates, carbamates, and the like), charged
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linkages (e.g., phosphorothioates, phosphorodithioates, and the like), pendent moieties (e.g.,
polypeptides), intercalators (e.g., acridine, psoralen, and the like), chelators, alkylators, and
modified linkages (e.g., alpha anomeric nucleic acids, and the like). Nucleic acids also include
synthetic molecules that mimic nucleic acids in their ability to bind to a designated sequence via
hydrogen bonding and other chemical interactions. Typically, the nucleotide monomers are
linked via phosphodiester bonds, although synthetic forms of nucleic acids can comprise other
linkages (e.g., peptide nucleic acids (also referred to herein as "PNAs. Nucleic acids can also
include, for example, conformationally restricted nucleic acids (e.g., "locked nucleic acids" or

"LNAs."

[0107] The terms “DNA” and “RNA” refer to deoxyribonucleic acid and ribonucleic acid,

respectively.

[0108] Where a method disclosed herein refers to "amplifying" a nucleic acid, the term
"amplifying" refers to a process in which the nucleic acid is exposed to at least one round of
extension, replication, or transcription in order to increase (e.g., exponentially increase) the
number of copies (including complimentary copies) of the nucleic acid. The process can be
iterative including multiple rounds of extension, replication, or transcription. Various nucleic
acid amplification techniques are known in the art, such as PCR amplification or rolling circle

amplification.

[0109] A "primer" as used herein refers to a nucleic acid that is capable of hybridizing to a
complimentary nucleic acid sequence in order to facilitate enzymatic extension, replication or

transcription.

[0110] The terms "identical" or percent "identity," in the context of two or more nucleic acids,
refer to two or more sequences or subsequences that are the same or have a specified percentage
of nucleotides that are the same (i.e., about 60% identity, preferably 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher identity over a specified
region, when compared and aligned for maximum correspondence over a comparison window or
designated region) as measured using a BLAST or BLAST 2.0 sequence comparison algorithms
with default parameters described below, or by manual alignment and visual inspection. See e.g.,
the NCBI web site at ncbi.nlm.nih.gov/BLAST. Such sequences are then said to be "substantially
identical." This definition also refers to, or may be applied to, the compliment of a test sequence.
The definition also includes sequences that have deletions and/or additions, as well as those that

have substitutions. As described below, the preferred algorithms can account for gaps and the



WO 2017/053887 PCT/US2016/053575
34

like. Preferably, identity exists over a region that is at least about 25 amino acids or nucleotides

in length, or more preferably over a region that is 50-100 amino acids or nucleotides in length.

[0111] A variety of methods of specific DNA and RNA measurements that use nucleic acid
hybridization techniques are known to those of skill in the art (see, Sambrook, /d.). Some
methods involve electrophoretic separation (e.g., Southern blot for detecting DNA, and Northern
blot for detecting RNA), but measurement of DNA and RNA can also be carried out in the

absence of electrophoretic separation (e.g., quantitative PCR, dot blot, or array).

[0112] The sensitivity of the hybridization assays may be enhanced through use of a nucleic
acid amplification system that multiplies the target nucleic acid being detected. Amplification
can also be used for direct detection techniques. Examples of such systems include the
polymerase chain reaction (PCR) system and the ligase chain reaction (LCR) system. Other
methods include the nucleic acid sequence based amplification (NASBA, Cangene, Mississauga,
Ontario) and Q Beta Replicase systems. These systems can be used to directly identify mutants
where the PCR or LCR primers are designed to be extended or ligated only when a selected
sequence is present. Alternatively, the selected sequences can be generally amplified using, for
example, nonspecific PCR primers and the amplified target region later probed for a specific
sequence indicative of a mutation. It is understood that various detection probes, including
TAQMAN® and molecular beacon probes can be used to monitor amplification reaction products

in real time.

[0113] “Solid support” refers to a physical structure which can bind detection agents, probes,
analytes, and/or reagents, covalently or non-covalently, in a device or method disclosed herein
and embodiments thereof. Use of solid supports can facilitate detection and/or separation of
analytes, e.g., splice isoforms, proteins coded by splice isoforms, RNA., nucleic acids, and the
like. The choice of solid support for use in the present devices and methods is based upon the
desired assay format and performance characteristics. Acceptable solid supports for use in the
present devices and methods can vary widely. A solid support can be porous or nonporous. It
can be continuous or non-continuous, and flexible or nonflexible. A solid support can be made
of a variety of materials including ceramic, glass, silicon, metal, organic polymeric materials, or
combinations thereof. In embodiments, the solid support is a resin or a bead. In embodiments,
an antibody can be immobilized on a solid support, e.g., magnetic or chromatographic matrix
particles, the surface of an assay plate (e.g., microtiter wells), pieces of a solid substrate material
or membrane (e.g., plastic, nylon, paper), and the like. In embodiments, the solid support is a

micro-titer plate. In embodiments, the micro-titer plate is a polystyrene micro-titer plate. In
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embodiments, the solid support can be a microchip upon which nucleic acid reagent is affixed.
In embodiments, binding of a portion of an analyte (e.g., splice isoform sample) to a nucleic acid
reagent affixed on a microchip results in formation of a detectable duplex nucleic acid. In
embodiments, the solid support is a nitrocellulose or PVDF membrane. In embodiments, the
solid support includes a protein binding surface which can be a microtiter plate, a colloidal metal
particle, an iron oxide particle, a latex particle, a polymeric bead, and any combination thereof.
In embodiments, antibodies or other polypeptides can be immobilized onto a solid support for
use in assays. Solid phases that may be used to immobilize specific binding members include
those developed and/or used as solid phases in solid phase binding assays. Examples of suitable
solid phases include membrane filters, cellulose-based papers, beads (including polymeric, latex
and paramagnetic particles), glass, silicon wafers, microparticles, nanoparticles, TENTAGEL®,

AGROGEL®, PEGA gels, SPOCC gels, and multiple-well plates.

[0114] The terms “spliceosome” or “spliceosomal” are used according to their common and
ordinary meaning and refer to the process or complex involved in removal of introns from
transcribed pre-mRNA. A spliceosome may include a complex of small nuclear RNA (snRNA)

and protein subunits.

[0115] The terms “treating”, or “treatment” refers to any indicia of success in the treatment or
amelioration of an injury, disease, pathology or condition, including any objective or subjective
parameter such as abatement; remission; diminishing of symptoms or making the injury,
pathology or condition more tolerable to the patient; slowing in the rate of degeneration or
decline; making the final point of degeneration less debilitating; improving a patient’s physical or
mental well-being. The treatment or amelioration of symptoms can be based on objective or
subjective parameters; including the results of a physical examination, neuropsychiatric exams,
and/or a psychiatric evaluation. The term "treating" and conjugations thereof, include prevention

of an injury, pathology, condition, or disease.

[0116] “Diagnosis” as used herein generally includes determination of a subject's susceptibility
to a disease or disorder, determination as to whether a subject is presently affected by a disease or
disorder, prognosis of a subject affected by a disease or disorder (e.g., identification of cancerous
states, stages of cancer, or responsiveness of cancer to therapy), and use of therametrics (e.g.,

monitoring a subject's condition to provide information as to the effect or efficacy of therapy).

[0117] A “therapeutically effective amount” or “an effective amount” is an amount sufficient
for a compound to accomplish a stated purpose relative to the absence of the compound (e.g.

achieve the effect for which it is administered, treat a disease, reduce enzyme activity, increase
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enzyme activity, reduce a signaling pathway, or reduce one or more symptoms of a disease or
condition). An example of an “effective amount” is an amount sufficient to contribute to the
treatment, prevention, or reduction of a symptom or symptoms of a disease, which could also be
referred to as a “therapeutically effective amount.” A “reduction” of a symptom or symptoms
(and grammatical equivalents of this phrase) means decreasing of the severity or frequency of the
symptom(s), or elimination of the symptom(s). A “prophylactically effective amount” of a drug
is an amount of a drug that, when administered to a subject, will have the intended prophylactic
effect, e.g., preventing or delaying the onset (or reoccurrence) of an injury, disease, pathology or
condition, or reducing the likelihood of the onset (or reoccurrence) of an injury, disease,
pathology, or condition, or their symptoms. The full prophylactic effect does not necessarily
occur by administration of one dose, and may occur only after administration of a series of doses.
Thus, a prophylactically effective amount may be administered in one or more administrations.
An “activity decreasing amount,” as used herein, refers to an amount of antagonist required to
decrease the activity of an enzyme relative to the absence of the antagonist. A “function
disrupting amount,” as used herein, refers to the amount of antagonist required to disrupt the
function of an enzyme or protein relative to the absence of the antagonist. The exact amounts will
depend on the purpose of the treatment, and will be ascertainable by one skilled in the art using
known techniques (see, e.g., Lieberman, Pharmaceutical Dosage Forms (vols. 1-3, 1992); Lloyd,
The Art, Science and Technology of Pharmaceutical Compounding (1999); Pickar, Dosage
Calculations (1999); and Remington: The Science and Practice of Pharmacy, 20th Edition, 2003,
Gennaro, Ed., Lippincott, Williams & Wilkins).

[0118] “Control” or “control experiment” or “standard” is used in accordance with its plain
ordinary meaning and refers to an experiment in which the subjects or reagents of the experiment
are treated as in a parallel experiment except for omission of a procedure, reagent, or variable of
the experiment. In some instances, the control is used as a standard of comparison in evaluating
experimental effects. In some embodiments, a control is the measurement of the activity of a
protein in the absence of a compound as described herein (including embodiments and

examples).

[0119] A “test compound” as used herein refers to an experimental compound used in a
screening process to identify activity, non-activity, or other modulation of a particularized

biological target or pathway.

[0120] The term “modulation”, “modulate”, or “modulator” are used in accordance with their

2

plain ordinary meaning and refer to the act of changing or varying one or more properties.
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“Modulator” refers to a composition that increases or decreases the level of a target molecule or
the function of a target molecule or the physical state of the target of the molecule. “Modulation”
refers to the process of changing or varying one or more properties. For example, as applied to
the effects of a modulator on a biological target, to modulate means to change by increasing or

decreasing a property or function of the biological target or the amount of the biological target.

[0121] “Contacting” is used in accordance with its plain ordinary meaning and refers to the
process of allowing at least two distinct species (e.g. chemical compounds including
biomolecules or cells) to become sufficiently proximal to react, interact or physically touch. It
should be appreciated; however, the resulting reaction product can be produced directly from a
reaction between the added reagents or from an intermediate from one or more of the added

reagents which can be produced in the reaction mixture.

[0122] The term “contacting” may include allowing two species to react, interact, or physically
touch, wherein the two species may be a compound as described herein and a protein or enzyme.
In some embodiments contacting includes allowing a compound described herein to interact with

a protein or enzyme that is involved in a signaling pathway.

[0123] “Patient” or “subject” in need thereof refers to a living organism suffering from or
prone to a disease or condition that can be treated by administration of a pharmaceutical
composition as provided herein. Non-limiting examples include humans, other mammals,
bovines, rats, mice, dogs, monkeys, goat, sheep, cows, deer, and other non-mammalian animals.

In some embodiments, a patient is human.

[0124] “Disease” or “condition” refer to a state of being or health status of a patient or subject

capable of being treated with the compounds or methods provided herein.

[0125] “Pharmaceutically acceptable excipient” and “pharmaceutically acceptable carrier”
refer to a substance that aids the administration of an active agent to and absorption by a subject
and can be included in the compositions of the present invention without causing a significant
adverse toxicological effect on the patient. Non-limiting examples of pharmaceutically
acceptable excipients include water, NaCl, normal saline solutions, lactated Ringer’s, normal
sucrose, normal glucose, binders, fillers, disintegrants, lubricants, coatings, sweeteners, flavors,
salt solutions (such as Ringer's solution), alcohols, oils, gelatins, carbohydrates such as lactose,
amylose or starch, fatty acid esters, hydroxymethycellulose, polyvinyl pyrrolidine, and colors,
and the like. Such preparations can be sterilized and, if desired, mixed with auxiliary agents such
as lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic

pressure, buffers, coloring, and/or aromatic substances and the like that do not deleteriously react
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with the compounds of the invention. One of skill in the art will recognize that other

pharmaceutical excipients are useful in the present invention.

[0126] The term "preparation" is intended to include the formulation of the active compound
with encapsulating material as a carrier providing a capsule in which the active component with
or without other carriers, is surrounded by a carrier, which is thus in association with it.
Similarly, cachets and lozenges are included. Tablets, powders, capsules, pills, cachets, and

lozenges can be used as solid dosage forms suitable for oral administration.

[0127] Asused herein, the term "administering" means oral administration, administration as a
suppository, topical contact, intravenous, intraperitoneal, intramuscular, intralesional, intrathecal,
intranasal or subcutaneous administration, or the implantation of a slow-release device, e.g., a
mini-osmotic pump, to a subject. Administration is by any route, including parenteral and
transmucosal (e.g., buccal, sublingual, palatal, gingival, nasal, vaginal, rectal, or transdermal).
Parenteral administration includes, e.g., intravenous, intramuscular, intra-arteriole, intradermal,
subcutaneous, intraperitoneal, intraventricular, and intracranial. Other modes of delivery include,
but are not limited to, the use of liposomal formulations, intravenous infusion, transdermal
patches, efc. By "co-administer" it is meant that a composition described herein is administered at
the same time, just prior to, or just after the administration of one or more additional therapies.
The compounds of the invention can be administered alone or can be coadministered to the
patient. Coadministration is meant to include simultaneous or sequential administration of the
compounds individually or in combination (more than one compound). Thus, the preparations
can also be combined, when desired, with other active substances (e.g. to reduce metabolic
degradation). The compositions of the present invention can be delivered by transdermally, by a
topical route, formulated as applicator sticks, solutions, suspensions, emulsions, gels, creams,

ointments, pastes, jellies, paints, powders, and aerosols.

[0128] The term “associated” or “associated with” in the context of a substance or substance
activity or function associated with a disease means that the disease is caused by (in whole or in
part), or a symptom of the disease is caused by (in whole or in part) the substance or substance

activity or function.

[0129] “Leukemia" refers broadly to progressive, malignant diseases of the blood-forming
organs and is generally characterized by a distorted proliferation and development of leukocytes
and their precursors in the blood and bone marrow. Leukemia is generally clinically classified on
the basis of (1) the duration and character of the disease-acute or chronic; (2) the type of cell

involved; myeloid (myelogenous), lymphoid (lymphogenous), or monocytic; and (3) the increase
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or non-increase in the number abnormal cells in the blood-leukemic or aleukemic (subleukemic).
Leukemias are generally classified into four different groups or types: acute myeloid (AML),
acute lymphatic (ALL), chronic myeloid (CML) and chronic lymphatic leukemia (CLL). These
different categories of leukemia are associated with varying clinical outcomes and therefore can

serve as guides to the selection of different treatment strategies.

[0130] Blood cancers such as acute myeloid leukemia (AML) are particularly heterogeneous,
and represent a collection of hematopoietic malignancies characterized by clonal diversity,
chromosomal abnormalities, DNA mutations, and widespread epigenetic alterations. Acute
myeloid leukemia arises de novo or secondary to myeloproliferative neoplasms (MPNs) or
myelodysplastic syndromes (MDS). A myeloid leukemia that arises secondary to MPNs or MDS
is referred to as a secondary acute myeloid leukemia (SAML). Despite extensive clinical use of
DNA-modifying hypomethylating agents in the treatment of AML, bone marrow transplantation
remains the only potential cure for this aggressive disease. A major clinical obstacle in the
treatment of patients with SAML is that many individuals are ineligible for hematopoietic stem
cell (HSC) transplantation procedures due to advanced age. Moreover, disease relapse, the
leading cause of death in SAML, is driven in part by a dormant leukemia stem cell (LSC)
population that harbors enhanced survival and self-renewal capacity. Studies involving mouse
transgenic AML models and in human intermediate and high-risk MDS demonstrate that
hematopoietic stem cells (HSC) have a myeloid lineage bias that leads to expansion of the
granulocyte-macrophage progenitor (GMP) population that can give rise to self-renewing LSC.
Frequent activation of stem cell regulatory pathways, combined with mutations in splicing
regulatory genes and alterations in the epigenetic landscape, influence clinical outcomes in
sAML. Consequently, a central goal of therapeutic strategies is to eradicate LSCs by selectively
targeting molecular pathways that typify LSC expression patterns and are essential to their

function.

[0131] “Age-related disease” refers to any disease associated with the aging process, and that is
more frequently seen in elderly patients. Exemplary age-related diseases include atherosclerosis,
cardiovascular disease, cancer (e.g., AML, sAML), arthritis, cataracts, osteoporosis, type 2
diabetes, hypertension, Alzheimer’s disease, and bone marrow failure. In embodiments, the
“age-related disease” is AML or sSAML. In embodiments, the “age-related disease” is bone

marrow failure.

[0132] “Bone marrow failure” refers to diseases of the hematopoietic stem cells and occur

when the body is incapable of making enough blood, such as red cells, white cells, or platelets.
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Exemplary diseases of bone marrow failure are aplastic anemia, myelodysplastic syndrome, and

paroxysmal nocturnal hemoglobinuria.
[0133] Rationale and Experimental Description

[0134] Through whole transcriptome analyses, we identified a splicing profile that
distinguishes secondary acute myeloid leukemia (AML) stem cells from normal progenitors.
Pharmacological spliceosome modulation disrupted AML leukemia stem cell (LSC) maintenance
in humanized LSC stromal co-culture and PRIMAGRAFT™ assays by promoting intron retention
and altering splicing of pro-survival and other AML-associated transcripts. Thus, detection and
targeted modulation of aberrant splicing provides an innovative strategy for AML LSC

eradication with implications for treatment of other aggressive malignancies.

[0135] Thus, we have identified the first hematopoietic progenitor-cell-specific splice isoform
signature that discriminates SAML LSC from normal progenitors. This signature is based on
whole transcriptome analyses to identify splice isoforms that are differentially expressed in
sAML compared with normal controls. Previous studies have evaluated whole gene expression in
related premalignant disorders (MDS, Dolatshad et al., Leukemia 2015) and differential exon
usage in de novo AML (Adamia et al., Clin Cancer Res 2014), but none have specifically
identified sSAML biomarkers at the isoform level. SAML is typified by complex cytogenetics and
is notoriously difficult to treat with current therapies. Therefore, new strategies to diagnose and

treat this disease will have significant clinical impact.

[0136] Although the spliceosome has emerged as a promising target of novel anti-tumor drugs
that include several families of splicing modulatory agents derived from natural products (Bonnal
et al., Nat Rev Drug Discov 2012), structural complexity and poor compound stability under
biological conditions has constrained clinical research and development. For example, the
macrolide pladienolide B targets splicing factor 3b (SF3B) — a core component of the U2 pre-
mRNA splicing complex — but this, along with its analogues including FD-895, demonstrate poor
stability in aqueous and biological media, with short half-lives (#1,<15 min) and potential oft-
target toxicity arising from hydrolyzed seco-acids. These decomposition products have been
implicated in the discontinuation of clinical trials with the pladienolide B analogue E7107 in
solid tumors (Hong et al., Invest New Drugs 2014), highlighting the need for development of

stabilized and selective spliceosome-targeted compounds with reduced toxicity.

[0137] Our collaborative team recently described a series of synthetic derivatives of FD-895
that demonstrate enhanced activity and metabolic stability, including one analogue, 175-FD-895,

that exhibited 25-fold increased activity over FD-895 (Villa et al., Org Lett 2012). Therefore, we
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evaluated this splicing modulatory agent in humanized AML LSC stromal co-culture and
PRIMAGRAFT™ assays. Our results show for the first time that splicing modulation reverts
sAML-specific and stem cell regulatory splice isoform expression patterns. Moreover, 175-FD-
895 treatment impaired AML LSC survival and self-renewal in AML PRIMAGRAFT™ models and
in humanized stromal co-cultures at doses that spared normal hematopoietic progenitors. Thus,
splicing modulation provides a viable approach to reprogramming sAML splicing activity and

targets AML LSC with a favorable therapeutic index.

[0138] Leukemia relapse is driven, at least in part, by malignant reprogramming of pre-
leukemic progenitors into self-renewing LSC[1-3]. Previously, we showed that RNA editing-
induced mis-splicing of a stem cell regulatory gene, GSK3f3, promoted therapy-resistant LSC
generation in chronic myeloid leukemia (CML)[4-7]. In addition, MDS[8] and de novo AML][9]
gene expression studies demonstrate differential exon usage of epigenetic modifier and tumor
suppressor transcripts, including £ZH 1 and TP53. Here we sought to establish global gene and
splice isoform expression signatures that distinguish sAML from normal age-matched
progenitors. Comparative RNA-Seq and gene set enrichment analyses of FACS-purified sSAML
and normal progenitors revealed significant alterations in splicing factor expression. While one
sAML sample had a mutation in the splicing factor SF3B/, numerous spliceosome-related genes
were transcriptionally deregulated in SAML, and quantitative real-time (qQRT)-PCR showed
increased SF'3B1 expression in AML progenitors.

[0139] To further examine splice isoform changes associated with SAML, an isoform-specific
alignment algorithm was applied[5]. Analysis of moderate-to-highly expressed isoforms, and
transcripts with a median FPKM>1, revealed a splice isoform expression signature that included
genes associated with AML (NPM1, TP53, CDS82 and PTK2B) [10,11]. Nucleophosmin (NPM1)
is an AML prognostic marker, and the tumor suppressor 7P53 has been widely studied in cancer.
Integrins — key regulators of tumor progression — interact with select CD82 (KAI1) isoforms[12]
and regulate cell-adhesion associated activation of the focal adhesion kinase-related tyrosine
kinase PTK2B (PYK?2)[13]. These transcripts — in particular P7TK2B-202, which was upregulated
in AML progenitors — may represent prognostic isoform-specific biomarkers and therapeutic

targets.

[0140] Considering the splice isoform expression patterns that distinguished sAML LSC from
normal progenitors, we hypothesized that pharmacological spliceosome modulation might have
LSC inhibitory effects. The SF3B subunit of the spliceosome is a target of several natural

products with anti-tumor properties, including the macrolide pladienolide B[14]. However,
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structural complexity has to date constrained clinical research and development. The natural
product pladienolide B and related analogues including FD-895 [15] demonstrate poor stability in
aqueous and biological media, with short half-lives (#,,2,<15 min) and potential off-target toxicity
arising from hydrolyzed seco-acids. These decomposition products have been implicated in the
discontinuation of clinical trials with the pladienolide B analogue E7107 in solid tumors[16],
highlighting the need for development of stabilized and selective spliceosome-targeted
compounds with reduced toxicity. We recently described a series of synthetic analogues of FD-
895 that demonstrate enhanced activity and metabolic stability [15]. Here we evaluated FD-895
and 1785-FD-895[15], a stereoisomer with 25-fold higher activity, in splicing reporter activity,

PCR, and functional hematopoietic progenitor assays[4,5].

[0141] To assess the splicing modulatory activity of 175-FD-895, cell-based assays were
performed using a dual fluorescence splicing reporter (pFlare [17]). Analysis showed a dose-
dependent increase in RFP/GFP ratios in HEK293 cells. Time-lapse confocal fluorescence
microscopy confirmed an increase in RFP fluorescence following 175-FD-895 treatment. In
keeping with previous work showing that pladienolide B derivatives alter intron retention of
DnaJ (Hsp40) homolog, Subfamily B, Member 1 (DNA.JB/)[14], PCR analyses demonstrated a
rapid and dose-dependent increase in DNAJB/ intron 2 retention following 175-FD-895
treatment of MOLM-13 sAML cells. These data suggest that SAML cells harbor marked

sensitivity to splicing modulation.

[0142] Previous studies involving genetic and pharmacologic modulation show that SF3B/
inhibition alters splicing and pre-mRNA nuclear retention[19] of vital cancer-related transcripts,
including cell-cycle, angiogenesis and apoptosis[20] (e.g. MCL/[18]). Quantitative RT-PCR
studies in HEK293 and MOLM-13 cells revealed that while low doses of 175-FD-895 increased
MCLI-S expression, this effect was reversed at high doses. Additional RT-PCR analysis revealed
that splicing modulation triggered MCL/ exon 2 skipping (producing MCL [-S) as well as
production of an array of other intron-retained and completely unspliced products specific to
sAML cells. In addition, short-term 175-FD-895 treatment reduced expression of the sSAML-
associated transcript PTK2B-202, suggesting that splicing modulation could normalize AML-

specific splice isoform expression patterns.

[0143] Previous studies identified a therapeutic index for FD-895 in primary chronic
lymphocytic leukemia cells compared with normal B cells, which was independent of SF35/
mutational status[18]. However, LSC inhibitory efficacy had not been established. Thus, we
evaluated FD-895 and 175-FD-895 in a LSC-supportive stromal co-culture model that
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recapitulates key aspects of the human bone marrow microenvironment[4,6] and in newly-
established AML PRIMAGRAFT™ models. Since 175-FD-895 showed a favorable therapeutic
index and greater functional potency than FD-895 in in vitro LSC assays, we performed
additional pre-clinical 175-FD-895 studies in AML PRIMAGRAFT™ assays. Transplantation of
CD34" LSC-enriched fractions from three patient samples resulted in engraftment of serially
transplantable human LSC after 7-28 weeks. Two sets of engrafted mice were treated with 175-
FD-895 or vehicle control, followed by FACS and splice isoform analyses in CD34~ LSC-

enriched fractions. The treatment was well tolerated, with no significant weight changes detected.

[0144] Self-renewing AML LSC reside in the hematopoietic stem (CD34 CD38") or progenitor
(CD34°CD38") compartments[21], and resemble multipotent hematopoietic progenitors
including granulocyte-macrophage progenitors (GMP), which are the dominant CD34 CD38"
population in 80% of SAML cases[ 1]. Therefore, we analyzed the hematopoietic stem and
progenitor cell frequencies in a SAML PRIMAGRAFT™ model treated with 5 or 10 mg/kg of 175-
FD-895. Flow cytometry revealed a dose-dependent decrease in human stem
(CD45"CD34"CD38" Lin", 68% reduction in the spleens of the 10 mg/kg group versus vehicle
controls, p<0.05) and progenitor cells (CD45 CD34 CD38" Lin", 80% reduction to nearly zero in
the spleens of the 10 mg/kg group versus vehicle controls, p=0.08) in the hematopoietic tissues of
treated mice. Among progenitor cell subpopulations, there was reduced GMP frequency and a
slight increase in common myeloid progenitor (CMP) frequency in 175-FD-895-treated mice. In
an AML PRIMAGRAFT™ model with high disease burden, serial transplantation studies showed a
49% decrease (p=0.07) in circulating leukemic burden in secondary recipients of CD34" cells

from 175-FD-895-treated mice.

[0145] Notably, AML LSC functional capacity to propagate leukemia is dictated by stem cell
gene expression[21]. We hypothesized that stem cell isoform-specific expression profiles could
be reprogrammed through splicing modulation. To assess in vivo splice isoform-targeted activity
of 178-FD-895, CD34-selected human cells from treated mice were analyzed by PCR. Consistent
with our in vitro studies, there was increased DNAJB/ intron 2 expression in human CD34" cells
from 175-FD-895-treated mice. Notably, splice isoform-specific qRT-PCR showed a significant
reduction in MCL[-L/§ and BCL2-1/§ expression ratios compared to vehicle-treated controls.
Consistent with a functional reduction in activity of SF3B1 — the putative target of FD-895,
SI3B1 mRNA expression was unchanged after 175-FD-895 treatment. Pooled CD34" cells from
178-FD-895-treated mice displayed MCL/ exon skipping and intron inclusion, along with
dramatically reduced MCLI-L/S expression ratios, and, as expected, SF3B/ expression was

unaffected. Together, pharmacological splicing modulation with 175-FD-895 restored normal
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ratios of MCL I-L/S and BCL2-L/S expression, suggesting that reprogramming splicing of stem
cell pro-survival genes may contribute to this agent’s functional impact on AML LSC

maintenance.

[0146] Here we provide the first evidence that splicing modulation impairs AML LSC
maintenance in part by promoting pro-apoptotic splice isoform expression and intron inclusion in
MCLI. Our RNA-Seq results suggest that widespread changes in spliceosome components
sensitize self-renewing AML LSC to pharmacological splicing modulation by 175-FD-895. This
potent and stable FD-895 analogue reverted sAML-specific splice isoform (P7K2B-202)
expression patterns and MCLI-L/S and BLC2-L/S ratios, and impaired AML LSC survival and
self-renewal. Notably, drug resistance in AML has been attributed to high levels of MCL1[22],
and genetic and epigenetic alterations typical of AML can induce dependence on BCL2 pro-
survival activity[23]. Because splicing modulation effectively reduced sAML-associated and
stem cell pro-survival splice isoform expression and impaired LSC maintenance, it may represent
a key component of combination therapeutic strategies aimed at eradicating therapy-resistant
AML LSC. This will be highly relevant to other hematopoietic malignancies and solid
tumors[24,25] typified by cancer stem cell-associated aberrant RNA splicing.

[0147] Accordingly, in a first aspect, there is provided a for diagnosis of secondary acute
myeloid leukemia (sSAML). The method includes obtaining a splice isoform signature from a
subject, and comparing the splice isoform signature with a normal control, thereby providing

diagnosis of sSAML.

[0148] In another aspect, there is provided a method for treating secondary acute myeloid
leukemia (SAML). The method includes administering to a subject in need an effective amount

of a splicing modulator, thereby treating SAML.

[0149] In embodiments, the splicing modulator is 17S-FD-895, which is a compound of
Formula (XI).
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[0152] Methods and Compositions

[0153] In a first aspect, there is provided a for treating acute myeloid leukemia in a subject in
need thereof, the method comprising administering to the subject an effective amount of a

splicing modulator, thereby treating the acute myeloid leukemia.

[0154] In another aspect, there is provided a method for modulating acute myeloid leukemia
stem cells, the method comprising contacting the acute myeloid leukemia stem cells with an
effective amount of a splicing modulator, thereby modulating the acute myeloid leukemia stem

cells.
[0155] In embodiments, normal progenitor cells are not substantially modulated.

[0156] In another aspect, there is provided a method of detecting a protein level in a subject
having acute myeloid leukemia, the method comprising (i) obtaining a biological sample from
the subject; (i1) contacting the biological sample with a detection agent capable of binding at least
one protein encoded by at least one RNA set forth in Table 13A and/or Table 13B, thereby
forming a detectable complex; (ii1) detecting and quantitating the detectable complex; and (iv)

comparing to a standard control, thereby detecting the protein level of the protein in the subject.

[0157] In embodiments, the protein is PTK2B, CD44, or a combination thereof. In
embodiments, the method further includes detecting additional protein levels for a plurality of
additional proteins encoded by RNA set forth in Table 13A and/or Table 13B by further
contacting the biological sample with a plurality of additional different detection agents, each
additional different detection agent capable of binding to one of the plurality of additional
proteins to form a plurality of additional different detectable complexes; and further detecting
and quantitating the plurality of additional different detectable complexes and comparing to a
standard control, thereby detecting additional protein levels the protein in the additional proteins

in the subject.

[0158] In embodiments, the protein and the plurality of additional proteins comprise all the
proteins encoded by RNA set forth in Table 13A and/or Table 13B.
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[0159] In embodiments, the protein and the plurality of additional proteins comprise at least 50
of the proteins encoded by RNA set forth in Table 13A and/or Table 13B. In embodiments, the
protein and the plurality of additional proteins comprise at least 5, 10, 15, 20, 25, 30, 35, 40, 45
or even 50 of the proteins encoded by RNA set forth in Table 13A and/or Table 13B.

[0160] In embodiments, the protein levels of the proteins encoded by the RNA set forth in
Table 13B are lower than in a subject that does not have acute myeloid leukemia; and the protein
levels of the proteins encoded by the RNA set forth in Table 13A are higher than in a subject that

does not have acute myeloid leukemia.

[0161] In another aspect, there is provided a method of detecting an RNA level in a subject
having acute myeloid leukemia, the method comprising (i) obtaining a biological sample from
the subject; (i1) contacting the biological sample with a probe capable of hybridizing to the RNA
set forth in Table 13A and/or Table 13B, thereby forming a hybridized complex; (iii) detecting
and quantitating the hybridized complex; and (iv) comparing to a standard control, thereby

detecting the protein level of the protein in the subject.

[0162] In embodiments, the method further includes detecting additional RNA levels for a
plurality of additional RNAs set forth in Table 13A and/or Table 13B by further contacting the
biological sample with a plurality of additional different probes, each additional different probe
capable of hybridizing to one of the plurality of additional RNAs to form a plurality of additional
different hybridized complexes; and further detecting and quantitating the plurality of additional
different hybridized complexes and comparing to a standard control, thereby detecting additional

RNA levels in the additional RNAs in the subject.

[0163] In embodiments, the RNA and the plurality of additional RNAs comprise all the RNA
set forth in Table 13A and Table 13B.

[0164] In embodiments, the RNA and the plurality of additional RNAs comprise at least 50 of
the RNA set forth in Table 13A and/or Table 13B. In embodiments, the RNA and the plurality of
additional RNAs comprise at least 5, 10, 15, 20, 25, 30, 35, 40, 45 or even 50 of the RNA set
forth in Table 13A and/or Table 13B.

[0165] In embodiments, the RNA levels of the RNAs set forth in Table 13B are lower than in a
subject that does not have acute myeloid leukemia; and the RNA levels of the RNAs set forth in

Table 13A are higher than in a subject that does not have acute myeloid leukemia.

[0166] Further to any method above and embodiments thereof, in embodiments the acute

myeloid leukemia is secondary acute myeloid leukemia. In embodiments, the acute myeloid
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leukemia is refractory acute myeloid leukemia. In embodiments, the acute myeloid leukemia is

relapsed acute myeloid leukemia.

[0167] Further to any method above and embodiments thereof, in embodiments the method

further includes administering to the subject an effective amount of a splicing modulator.

[0168] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a protein encoded by the RNA set forth in Table 13A and/or 13B.

[0169] In another aspect, there is provided a solid support comprising one or more probes that
hybridize to one or more RNA sequences selected from the group consisting of Table 13A and/or

Table 13B.

[0170] In another aspect, there is provided a method for modulating stem cells and progenitor
cells, the method comprising contacting stem cells and progenitor cells with an effective amount

of a splicing modulator, thereby modulating the stem cells and progenitor cells.

[0171] In another aspect, there is provided a method for treating an age-related disease in a
subject in need thereof, the method comprising administering to the subject an effective amount

of a splicing modulator, thereby treating the age-related disease.

[0172] In another aspect, there is provided a method of detecting a protein level in a subject
having an age-related disorder, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a detection agent capable of binding a protein
encoded by at least one RNA set forth in Table 12A and/or Table 12B, thereby forming a
detectable complex; (iii) detecting and quantitating the detectable complex; and (iv) comparing to

a standard control, thereby detecting the protein level of the protein in the subject.

[0173] In embodiments, the method further includes detecting additional protein levels for a
plurality of additional proteins encoded by at least one RNA set forth in Table 12A and/or Table
12B by further contacting the biological sample with a plurality of additional different detection
agents, each additional different detection agent capable of binding to one of the plurality of
additional proteins to form a plurality of additional different detectable complexes; and further
detecting and quantitating the plurality of additional different detectable complexes and
comparing to a standard control, thereby detecting additional protein levels the protein in the

additional proteins in the subject.

[0174] In embodiments, the protein and the plurality of additional proteins comprise all the
proteins encoded by the RNA set forth in Table 12A and Table 12B.
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[0175] In embodiments, the protein and the plurality of additional proteins comprise at least 50
of the proteins encoded the RNA set forth in Table 12A and/or Table 12B. In embodiments, the
protein and the plurality of additional proteins comprise at least 5, 10, 15, 20, 25, 30, 35, 40, 45
or even 50 of the proteins encoded the RNA set forth in Table 12A and/or Table 12B.

[0176] In embodiments, the protein levels of the proteins encoded by at least one RNA set
forth in Table 12B are lower than in a subject that does not have acute myeloid leukemia; and the
protein levels of the proteins encoded by at least one RNA set forth in Table 12A are higher than

in a subject that does not have acute myeloid leukemia.

[0177] In another aspect, there is provided a method of detecting an RNA level in a subject
having an age-related disease, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a probe capable of hybridizing to the RNA set
forth in Table 12A and Table 12B, thereby forming a hybridized complex; (iii) detecting and
quantitating the hybridized complex; and (iv) comparing to a standard control, thereby detecting

the protein level of the protein in the subject.

[0178] In embodiments, the method further includes detecting additional RNA levels for a
plurality of additional RNAs set forth in Table 12A and Table 12B by further contacting the
biological sample with a plurality of additional different probes, each additional different probe
capable of hybridizing to one of the plurality of additional RNAs to form a plurality of additional
different hybridized complexes; and further detecting and quantitating the plurality of additional
different hybridized complexes and comparing to a standard control, thereby detecting additional

RNA levels in the additional RNAs in the subject.

[0179] In embodiments, the RNA and the plurality of additional RNAs comprise all the
proteins set forth in Table 12A and Table 12B.

[0180] In embodiments, the RNA and the plurality of additional RNAs comprise at least 50 of
the RNA set forth in Table 12A and Table 12B. In embodiments, the RNA and the plurality of
additional RNAs comprise at least 5, 10, 15, 20, 25, 30, 35, 40, 45 or even 50 of the RNA set
forth in Table 12A and Table 12B.

[0181] In embodiments, the RNA levels of the RNAs set forth in Table 12B are lower than in a
subject that does not have acute myeloid leukemia; and the RNA levels of the RNA set forth in

Table 12A are higher than in a subject that does not have acute myeloid leukemia.

[0182] In another aspect, there is provided a method of detecting a long-coding RNA level in a

subject having an age-related disease, the method comprising (i) obtaining a biological sample
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from the subject; (i1) contacting the biological sample with a probe capable of hybridizing to the
RNA set forth in Table 7A and/or Table 7B and/or Table 10, thereby forming a hybridized
complex; (ii1) detecting and quantitating the hybridized complex; and (iv) comparing to a

standard control, thereby detecting the protein level of the protein in the subject.

[0183] In embodiments, the method further includes detecting additional RNA levels for a
plurality of additional RNAs set forth in Table 7A and/or Table 7B and/or Table 10 by further
contacting the biological sample with a plurality of additional different probes, each additional
different probe capable of hybridizing to one of the plurality of additional RNAs to form a
plurality of additional different hybridized complexes; and further detecting and quantitating the
plurality of additional different hybridized complexes and comparing to a standard control,

thereby detecting additional RNA levels in the additional RNAs in the subject.

[0184] In embodiments, the RNA and the plurality of additional RNAs comprise all the RNAs
set forth in Table 7A, Table 7B, and Table 10.

[0185] In embodiments, the RNA and the plurality of additional RNAs comprise at least 25 of
the RNAs set forth in Table 7A and/or Table 7B and/or Table 10.

[0186] In embodiments, the age-related disease is bone marrow failure. In embodiments, the
age-related disease is aplastic anemia, myelodysplastic syndrome, paroxysmal nocturnal

hemoglobinuria, or large granular lymphocytic leukemia.

[0187] Further to the method, in embodiment the method further includes administering an

effective amount of a splicing modulator.

[0188] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a protein encoded by the RNA set forth in Table 12A and/or 12B.

[0189] In another aspect, there is provided a solid support comprising one or more probes that
hybridize to one or more RNA sequences selected from the group consisting of: Table 12A

and/or Table 12B.

[0190] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a protein encoded by the RNA set forth in Table 7A and/or Table 7B
and/or Table 10.

[0191] In another aspect, there is provided a solid support comprising one or more probes that
hybridize to one or more RNA sequences selected from the group consisting of: Table 7A and/or

Table 7B and/or Table 10.
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[0192] In another aspect, there is provided a method for modulating bone marrow stromal cells,
the method comprising contacting bone marrow stromal cells with an effective amount of a

splicing modulator, thereby modulating the bone marrow stromal cells.

[0193] In another aspect, there is provided a method of correcting human stem cell function in
an aged microenvironment, the method comprising increasing production of one or more proteins
encoded by the RNA in Table 15B in bone marrow stromal cells; and optionally further

administering an effective amount of a splicing modulator to the aged microenvironment.

[0194] In another aspect, there is provided a method of detecting a protein level in a subject
having an age-related disorder, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a detection agent capable of binding a protein
encoded by an RNA in Table 15A and/or Table 15B, thereby forming a detectable complex; (iii)
detecting and quantitating the detectable complex; and (iv) comparing to a standard control,

thereby detecting the protein level of the protein in the subject.

[0195] In embodiments, the method further includes detecting additional protein levels for a
plurality of additional proteins encoded by RNA in Table 15A and/or Table 15B by further
contacting the biological sample with a plurality of additional different detection agents, each
additional different detection agent capable of binding to one of the plurality of additional
proteins to form a plurality of additional different detectable complexes; and further detecting
and quantitating the plurality of additional different detectable complexes and comparing to a
standard control, thereby detecting additional protein levels the protein in the additional proteins

in the subject.

[0196] In embodiments, the protein and the plurality of additional proteins comprise all the
proteins encoded by RNA in Table 15A and Table 15.

[0197] In embodiments, the protein levels of the proteins set forth in Table 15B are lower than
in a subject that does not have acute myeloid leukemia; and the protein levels of the proteins set

forth in Table 15A are higher than in a subject that does not have acute myeloid leukemia.

[0198] In another aspect, there is provided a method of detecting an RNA level in a subject
having an age-related disease, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a probe capable of hybridizing to the RNA set
forth in Table 15A and/or Table 15B, thereby forming a hybridized complex; (iii) detecting and
quantitating the hybridized complex; and (iv) comparing to a standard control, thereby detecting

the protein level of the protein in the subject.
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[0199] In embodiments, the method further includes detecting additional RNA levels for a
plurality of additional RNAs set forth in Table 15A and/or Table 15B by further contacting the
biological sample with a plurality of additional different probes, each additional different probe
capable of hybridizing to one of the plurality of additional RNAs to form a plurality of additional
different hybridized complexes; and further detecting and quantitating the plurality of additional
different hybridized complexes and comparing to a standard control, thereby detecting additional

RNA levels in the additional RNAs in the subject.

[0200] In embodiments, the RNA and the plurality of additional RNAs comprise all the RNA
set forth in Table 15A and Table 15B. In embodiments, the RNA and the plurality of additional
RNAs comprise at least 20 of the RNA set forth in Table 15A and/or Table 15B. In
embodiments, the RNA and the plurality of additional RNAs comprise at least 5, 10, 15 or even
20 of the RNA set forth in Table 15A and/or Table 15B.

[0201] In embodiments, the RNA levels of the RNAs set forth in Table 15B are lower than in a
subject that does not have acute myeloid leukemia; and the RNA levels of the RNAs set forth in

Table 15A are higher than in a subject that does not have acute myeloid leukemia.

[0202] In another aspect, there is provided a method of detecting a protein level in a subject
having an age-related disorder, the method comprising (i) obtaining a biological sample from the
subject; (i1) contacting the biological sample with a detection agent capable of binding a
cytokines selected from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1,
Eotaxin-1, B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4, thereby forming a
detectable complex; (iii) detecting and quantitating the detectable complex; and (iv) comparing to

a standard control, thereby detecting the protein level of the protein in the subject.

[0203] In embodiments, the age-related disease is bone marrow failure. In embodiments, the
age-related disease is aplastic anemia, myelodysplastic syndrome, or paroxysmal nocturnal

hemoglobinuria.

[0204] In another aspect, there is provided a method of correcting human stem cell function in
an aged microenvironment, the method comprising increasing production of one or more
cytokines selected from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1,
Eotaxin-1, B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4 in bone marrow stromal
cells; and optionally further administering an effective amount of a splicing modulator to the

aged microenvironment.
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[0205] In embodiments, the aged microenvironment is the area adjacent to the bone marrow

stromal cells and/or the area in which the bone marrow stromal cells originate and grow.

[0206] In embodiments, the method further includes administering to the subject an effective

amount of a splicing modulator.

[0207] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a protein encoded by the RNA set forth in Table 15A and/or Table 15B.

[0208] In another aspect, there is provided a solid support comprising a plurality of detection
agents that each bind to a cytokines selected from the group consisting of BDNF, IL-17, IL-
12p40, IL-23, ICAM-1, Eotaxin-1, B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4.

[0209] In another aspect, there is provided a solid support comprising one or more probes that
hybridize to one or more RNA sequences selected from the group consisting of: Table 15A

and/or Table 15B.

[0210] Further to any aspect above and embodiments thereof, in embodiments the splicing

@
wherein, X'is N, O, or CH,; X? is O or CR®)R"); R® and R” are independently hydrogen,
halogen, substituted or unsubstituted alkyl, substituted or unsubstituted aryl, -OR", -OC(O)R"?,
-OC(0)OR", or -OC(O)NR"R™; R is hydrogen, -C(O)R?, -OC(O)R®, -OC(0O)OR®, or
-NHC(O)NHR® R? R’ R", and R’ are each independently selected from hydrogen, substituted or
unsubstituted alkyl, -OR’, -OC(O)R’, -OC(0O)OR’, or -OC(O)NR'R';; R® R, R" R'! R'? R"

modulator is a compound of Formula (I):

and R'* are independently hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl; and

R" is hydrogen, halogen, CF3, CCls, CBr3, Cls, substituted or unsubstituted alkyl.

[0211] In embodiments, X* is O and the chiral carbon at R has (R) stereochemistry and the
chiral carbon at R* has (S) stereochemistry. In embodiments, X” is O and the chiral carbon at R
has (S) stereochemistry and the chiral carbon at R* has (R) stereochemistry. In embodiments,
when R? is attached to a chiral carbon having (S) stereochemistry, R* is attached to a chiral

carbon having (S) or (R) stereochemistry. In embodiments, X is C(R®)(R") and the chiral carbon
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at R” has (R) stereochemistry and the chiral carbon at R* has (S) stereochemistry. In
embodiments, X* is C(R®)(R") and the chiral carbon at R* has (S) stereochemistry and the chiral

carbon at R* has (R) stereochemistry.

[0212] In embodiments, the compound of Formula (I) is a compound selected from the group

WOR!

“‘OH

(11D), and (IV).

[0213] In embodiments, the compound of Formula (I)

LWOR’

“OH
is:. OH (av).

[0214] In embodiments, the compound of Formula (I) is a compound selected from the group

R7 R®
Vv

consisting of’

R’ R®

“‘OH
OH (VD), OH (VID),

and
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R\7/R6 R15

1,
OR'
.‘\

“/OH
OH (VIII).

[0215] In embodiments, R" is hydrogen or C;-C unsubstituted alkyl.

[0216] In embodiments, R" is hydrogen or methyl. In embodiments, R" is methyl.
[0217] In embodiments, R’ is hydrogen.

[0218] In embodiments, X*is O. In embodiments, X* is C(R®)R").

[0219] In embodiments, R® and R’ are independently hydrogen, halogen, or methyl. In

embodiments, R® and R” are hydrogen. In embodiments, R® and R’ are fluoride.

[0220] In embodiments, the compound of Formula (I) is selected from the group consisting of’

WOAc

“‘OH

(IX), OH (X), and

WOAC

“/OH
OH (XD).

[0221] In embodiments, the compound of Formula (I) is:

OH (XI).
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[0222] In embodiments, the compound of Formula (I) is selected from the group consisting of’

WOAc WOAc

“‘OH
(XID), OH (XIID),

“‘OH

OAc WOAC

O "OH

OH (XIV), and OH
[0223] Further to any aspect above or embodiment thereof, the compounds used in the methods
of the invention are splicing modulators. A "splicing modulator” refers to an agent (e.g., small
molecule, peptide, protein) that modulates (e.g., increases or decreases) the production of full-
length mRNA undergoing splice processing. In embodiments, a splicing modulator can interact
with a spliceosome, or components thereof, to increase production of mRNA, which after release
of the mRNA leads to increased protein synthesis encoded by the mRNA. In embodiments, a
splicing modulator can decrease production of mRNA, leading to decreased protein synthesis. In
embodiments, a splicing modulator is a compound of formula (I), and all the variations,

embodiments, and derivatives thereof, as described herein.

[0224] In embodiments, a splicing modulator useful in the methods disclosed herein, and

embodiments thereof, is a compound having formula (I):

@

wherein X' is N, O, or CH,. X*is O or C(R®)(R"). R® and R’ are independently hydrogen,
halogen, substituted or unsubstituted alkyl, substituted or unsubstituted aryl, -OR", -OC(O)R"?,
-OC(0)OR", or -OC(O)NR"R™. R! is hydrogen, -C(O)R®, -OC(O)R?, -OC(O)OR?, or
-NHC(O)NHR®. R?, R’ R*, and R are each independently selected from hydrogen, substituted or
unsubstituted alkyl, -OR’, -OC(O)R’, -OC(0O)OR’, or -OC(O)NR'R'. R® R’ R" R'" R" R"
and R'* are independently hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
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heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl. R"

is hydrogen, halogen, CF;, CCl;, CBrj3, CI;, or substituted or unsubstituted alkyl.

[0225] In embodiments X' is O. In certain embodiments R? is methyl. In certain embodiments
R*is —~OR’ where R’ may be hydrogen or C;-C, unsubstituted alkyl. R’ may be hydrogen. When
X'is O, R? is attached to a chiral carbon having (S) stereochemistry, and R* may be attached to a
carbon having (S) or (R) stereochemistry. When R” is attached to a carbon having (S)
stereochemistry, R* may be attached to a carbon having (S) stereochemistry. The compound may
have formula (IT). When R” is attached to a carbon having (S) stereochemistry, R* may be
attached to a carbon having (R) stereochemistry. The compound may have formula (III). When
X' is O, R* may be attached to a chiral carbon having (R) stereochemistry, and R* may be

attached to a carbon having (S) stereochemistry. The compound may have formula (IV).

[0226] In embodiments, a splicing modulator useful in the methods disclosed herein and

embodiments thereof, has the formula:

LWOR!

“/OH

(1D), OH (11D),

LWOR!

“‘OH

Iv), OH V),

OR! LOR!

“’OH
(VD), OH (VID),

“’OH

WOR!

“OH
or OH (VIID),
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- 5l p6 p7? 15 .
wherein R*, R”, R’, and R are as defined herein.

[0227] R'may be acetyl or hydrogen. R' may be acetyl. R"> may be hydrogen or C,-C4
unsubstituted alkyl. R"> may be C,-C, unsubstituted alkyl. R” may be C;-C4 unsubstituted alkyne
or C;-Cy4 alkene. R" may be methyl. R may be hydrogen. R’ may be hydrogen or C,-C,
unsubstituted alkyl. R’ may be hydrogen. R’ may be acetyl. X* may be C(R°)(R”), as exemplified
by formula (V), (VI), (VII), or (VII). R® and R” may independently be hydrogen, halogen, or
methyl. R® and R” may both be hydrogen. R® and R’ may both be fluoride.

[0228] When X* is C(R®)R), R* may be attached to a chiral carbon having (S)
stereochemistry, and R* may be attached to a carbon having (S) or (R) stereochemistry. R* and R*
may both be attached to a chiral carbon having (S) stereochemistry. The compound may have
formula (V). When R is attached to a carbon having (S) stereochemistry, R* may be attached to
a carbon having (R) stereochemistry. The compound may have formula (VI). When X is
C(R®)R"), and R” is attached to a chiral carbon having (R) stereochemistry, R* may be attached
to a carbon having (S) or (R) stereochemistry. Both R” and R* may be attached to a chiral carbon
having (R) stereochemistry. When R is attached to a carbon having (R) stereochemistry and R*
may be attached to a carbon having (S) stereochemistry. The compound may have formula

(VIID).

[0229] The splicing modulator of formula (I) may have formula:

WOAc WOAc

“‘OH
(IX), OH (X), or

"‘OH

_‘\OAC

“/OH
OH (XD).

[0230] The splicing modulator may have formula:
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[0231] In embodiment, the splicing modulator of formula (I) has formula:

WOAc WOAc

“‘OH
(X10), OH (XI1D),

“‘OH

WOAc

“‘OH

(XIV), or

WOAc

““OH
OH (XV).

[0232] The splicing modulator may have formula:

OH (XII).
[0233] In embodiments, a splicing modulator useful in the methods disclosed herein and
embodiments thereof has formula:
RZO =
O X! OR!

OH
OR?! (X VD).

X! and R! are defined herein. R*®is halogen, SO;CF;, or SO3(CsHg)CHs. R*!is hydrogen,
C(O)R®, OCO(O)R®, OC(0)OR®, NHC(O)NHR®.

[0234] The splicing modulator of formula (XVI) may have formula:
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WOAc

“/OH
OH (XVIa).

[0235] In another aspect is a splicing modulator having formula:

A Ra (XVII).
X', R% and R* are as defined herein.

[0236] X* may be O. In such instances, when R” is attached to a chiral carbon having (S)
stereochemistry, R* may be attached to a carbon having (S) or (R) stereochemistry. When R” is
attached to a carbon having (S) stereochemistry, R* may be attached to a carbon having (S)
stereochemistry. When R” is attached to a carbon having (S) stereochemistry, R* may be attached
to a carbon having (R) stereochemistry. In another embodiment, when X' is O, R* is attached to a
chiral carbon having (R) stereochemistry, and R* is attached to a carbon having (S)

stereochemistry. R* and R* may be methyl.

[0237] A splicing modulator may be a compound have formula:

(XVIIc), or (XVIId).

[0238] In embodiments, X* may be C(R®)R”). In such instances, R® and R’ may independently
be hydrogen, halogen, or methyl. Both R® and R’ may be hydrogen. Both R® and R’ may be
fluoride. When X* is C(R®)(R), R* may be attached to a chiral carbon having (S)
stereochemistry, and R* may be attached to a carbon having (S) or (R) stereochemistry. Both R*
and R* may be attached to a chiral carbon having (S) stereochemistry. When R? is attached to a
carbon having (S) stereochemistry, R* may be attached to a carbon having (R) stereochemistry.
In another embodiment, when R” is attached to a chiral carbon having (R) stereochemistry, R*
may be attached to a carbon having (S) or (R) stereochemistry. Both R* and R* may be attached
to a chiral carbon having (R) stereochemistry. When R” is attached to a carbon having (R)
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stereochemistry and R* may be attached to a carbon having (S) stereochemistry. R* and R* may

be methyl.

[0239] A splicing modulator may be a compound have formula:

X R
A O xvie), ~© O (xv),
: N YN
A O (xvig), -° O (xvim),
A O xvm), ° O  (xvip),
A OH  (xvIk),or ~° O (xvm).

[0240] Pharmaceutical Compositions

[0241] In another aspect is provided a pharmaceutical composition. The composition includes a
splicing modulator, which is a compound having formula (I), (II), (IIT), (IV), (V), (VI), (VID), or
(VIII), and a pharmaceutically acceptable excipient. The compound may have formula (IX), (X),
or (XI). Alternatively the compound may have formula (XII), (XIII), (XIV), or (XV). The
pharmaceutical composition may include more than one compound having formula (1), (II), (III),
(IV), (V), (VI), (VII), or (VIII). The pharmaceutical composition may contain dosages of the
compounds in a therapeutically effective amount. The pharmaceutical composition may include
one amount of a compound having formula (I), (II), (I1D), (IV), (V), (VI), (VII), or (VIII) and a
second amount of a second compound having (I), (II), (IIT), (IV), (V), (VI), (VII), or (VIII). The
pharmaceutical composition may include at least one compound having formula (IX), (X), (XI),
(X1II), (XIID), (XIV), or (XV). The pharmaceutical composition may include one amount of a
compound having formula (IX), (X), (XI), (XII), (XIII), (XIV), or (XV) and a second amount of
a second compound having formula (IX), (X), (XI), (XII), (XIII), (XIV), or (XV).

[0242] Formulations

[0243] The pharmaceutical composition may be prepared and administered in a wide variety of

dosage formulations. Compounds having formula (I), (IL), (IIT), (IV), (V), (VD), (VII), or (VIII)
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may be administered orally, rectally, or by injection (e.g. intravenously, intramuscularly,

intracutaneously, subcutaneously, intraduodenally, or intraperitoneally).

[0244] For preparing pharmaceutical compositions from compounds having formula (I), (II),
(III), (IV), (V), (VD), (VID), or (VIII), pharmaceutically acceptable carriers can be either solid or
liquid. Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories,
and dispersible granules. A solid carrier may be one or more substance that may also act as
diluents, flavoring agents, binders, preservatives, tablet disintegrating agents, or an encapsulating

material.

[0245] In powders, the carrier may be a finely divided solid in a mixture with the finely divided
active component. In tablets, the active component may be mixed with the carrier having the

necessary binding properties in suitable proportions and compacted in the shape and size desired.

[0246] The powders and tablets preferably contain from 5% to 70% of the active compound.
Suitable carriers are magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin,
dextrin, starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low
melting wax, cocoa butter, and the like. The term “preparation” is intended to include the
formulation of the active compound with encapsulating material as a carrier providing a capsule
in which the active component with or without other carriers, is surrounded by a carrier, which is
thus in association with it. Similarly, cachets and lozenges are included. Tablets, powders,
capsules, pills, cachets, and lozenges can be used as solid dosage forms suitable for oral

administration.

[0247] For preparing suppositories, a low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter, is first melted and the active component is dispersed homogeneously
therein, as by stirring. The molten homogeneous mixture is then poured into convenient sized

molds, allowed to cool, and thereby to solidify.

[0248] Liquid form preparations include solutions, suspensions, and emulsions, for example,
water or water/propylene glycol solutions. For parenteral injection, liquid preparations can be

formulated in solution in aqueous polyethylene glycol solution.

[0249] Aqueous solutions suitable for oral use can be prepared by dissolving the active
component in water and adding suitable colorants, flavors, stabilizers, and thickening agents as
desired. Aqueous suspensions suitable for oral use can be made by dispersing the finely divided
active component in water with viscous material, such as natural or synthetic gums, resins,

methylcellulose, sodium carboxymethylcellulose, and other well-known suspending agents.
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[0250] Also included are solid form preparations that are intended to be converted, shortly
before use, to liquid form preparations for oral administration. Such liquid forms include
solutions, suspensions, and emulsions. These preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

[0251] The pharmaceutical preparation is preferably in unit dosage form. In such form the
preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing discrete
quantities of preparation, such as packeted tablets, capsules, and powders in vials or ampoules.
Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the

appropriate number of any of these in packaged form.

[0252] The quantity of active component in a unit dose preparation may be varied or adjusted
from 0.1 mg to 10000 mg according to the particular application and the potency of the active

component. The composition can, if desired, also contain other compatible therapeutic agents.

[0253] Some compounds may have limited solubility in water and therefore may require a
surfactant or other appropriate co-solvent in the composition. Such co-solvents include:
Polysorbate 20, 60, and 80; PLURONIC® F-68, F-84, and P-103; cyclodextrin; and polyoxyl 35
castor oil. Such co-solvents are typically employed at a level between about 0.01 % and about
2% by weight. Viscosity greater than that of simple aqueous solutions may be desirable to
decrease variability in dispensing the formulations, to decrease physical separation of
components of a suspension or emulsion of formulation, and/or otherwise to improve the
formulation. Such viscosity building agents include, for example, polyvinyl alcohol, polyvinyl
pyrrolidone, methyl cellulose, hydroxy propyl methylcellulose, hydroxyethyl cellulose,
carboxymethyl cellulose, hydroxy propyl cellulose, chondroitin sulfate and salts thereof,
hyaluronic acid and salts thereof, and combinations of the foregoing. Such agents are typically

employed at a level between about 0.01% and about 2% by weight.

[0254] The pharmaceutical compositions may additionally include components to provide
sustained release and/or comfort. Such components include high molecular weight, anionic
mucomimetic polymers, gelling polysaccharides, and finely-divided drug carrier substrates.
These components are discussed in greater detail in U.S. Pat. Nos. 4,911,920; 5,403,841;
5,212,162; and 4,861,760. The entire contents of these patents are incorporated herein by

reference in their entirety for all purposes.
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[0255] The pharmaceutic composition may be intended for intravenous use. The
pharmaceutically acceptable excipient can include buffers to adjust the pH to a desirable range
for intravenous use. Many buffers including salts of inorganic acids such as phosphate, borate,

and sulfate are known.
[0256] Effective Dosages

[0257] The pharmaceutical composition may include compositions wherein the active
ingredient is contained in a therapeutically effective amount, i.e., in an amount effective to
achieve its intended purpose. The actual amount effective for a particular application will
depend, inter alia, on the condition being treated. For example, when administered in methods to
treat AML, sAML, and aging-related diseases, such compositions will contain amounts of active
ingredients effective to achieve the desired result (e.g. increasing the extent of cancer cell death

in the patient).

[0258] The dosage and frequency (single or multiple doses) of compounds administered can
vary depending upon a variety of factors, including route of administration; size, age, sex, health,
body weight, body mass index, and diet of the recipient; nature and extent of symptoms of the
disease being treated; presence of other diseases or other health-related problems; kind of
concurrent treatment; and complications from any disease or treatment regimen. Other
therapeutic regimens or agents can be used in conjunction with the methods and compounds

disclosed herein.

[0259] For any compound described herein or combination thereof, the therapeutically
effective amounts can be initially determined from cell culture assays. Target concentrations will
be those concentrations of active compound(s) that are capable of increasing the extent of cancer

cell death as measured, for example, using methods known in the art.

[0260] Therapeutically effective amounts for use in humans may be determined from animal
models. For example, a dose for humans can be formulated to achieve a concentration that has
been found to be effective in animals. The dosage in humans can be adjusted by monitoring
response of the AML, sAML, or age-related disease to the treatment and adjusting the dosage

upwards or downwards, as described above.

[0261] Dosages may be varied depending upon the requirements of the subject and the
compound being employed. The dose administered to a subject, in the context of the
pharmaceutical compositions presented herein, should be sufficient to effect a beneficial

therapeutic response in the subject over time. The size of the dose also will be determined by the
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existence, nature, and extent of any adverse side effects. Generally, treatment is initiated with
smaller dosages, which are less than the optimum dose of the compound. Thereafter, the dosage

is increased by small increments until the optimum effect under circumstances is reached.

[0262] Dosage amounts and intervals can be adjusted individually to provide levels of the
administered compounds effective for the particular clinical indication being treated. This will
provide a therapeutic regimen that is commensurate with the severity of the individual's disease

state.

[0263] Utilizing the teachings provided herein, an effective prophylactic or therapeutic
treatment regimen can be planned that does not cause substantial toxicity and yet is entirely
effective to treat the clinical symptoms demonstrated by the particular patient. This planning
should involve the careful choice of active compound by considering factors such as compound
potency, relative bioavailability, patient body weight, presence and severity of adverse side

effects, preferred mode of administration, and the toxicity profile of the selected agent.
[0264] Toxicity

[0265] The ratio between toxicity and therapeutic effect for a particular compound is its
therapeutic index and can be expressed as the ratio between LDs, (the amount of compound
lethal in 50% of the population) and EDs (the amount of compound effective in 50% of the
population). Compounds that exhibit high therapeutic indices are preferred. Therapeutic index
data obtained from cell culture assays and/or animal studies can be used in formulating a range of
dosages for use in humans. The dosage of such compounds preferably lies within a range of
plasma concentrations that include the EDs, with little or no toxicity. The dosage may vary
within this range depending upon the dosage form employed and the route of administration
utilized. See, e.g. Fingl et al., In: THE PHARMACOLOGICAL BASIS OF THERAPEUTICS,
Ch.1, p.1, 1975. The exact formulation, route of administration, and dosage can be chosen by the
individual physician in view of the patient's condition and the particular method in which the

compound is used.

[0266] When parenteral application is needed or desired, particularly suitable admixtures for
the compounds included in the pharmaceutical composition may be injectable, sterile solutions,
oily or aqueous solutions, as well as suspensions, emulsions, or implants, including suppositories.
In particular, carriers for parenteral administration include aqueous solutions of dextrose, saline,
pure water, ethanol, glycerol, propylene glycol, peanut oil, sesame oil, polyoxyethylene-block
polymers, and the like. Ampoules are convenient unit dosages. Pharmaceutical admixtures

suitable for use in the pharmaceutical compositions presented herein may include those
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described, for example, in Pharmaceutical Sciences (17th Ed., Mack Pub. Co., Easton, PA) and
WO 96/05309, the teachings of both of which are hereby incorporated by reference.

EXAMPLES
[0267] Example 1. RNA Splicing Modulation Impairs Acute Myeloid Leukemia Stem Cell

Maintenance

[0268] Abstract. Mutations in pre-mRNA splicing regulatory genes and alterations in the
epigenetic landscape predict poor clinical outcomes in several human malignancies including
acute myeloid leukemia (AML), however whether aberrant splicing contributes to cancer
progression and relapse, and if splicing-targeted treatments may have therapeutic efficacy, has
been unclear. Acute myeloid leukemia arises de novo or secondary to myeloproliferative
neoplasms (MPNs) or myelodysplastic syndromes (MDS). Disease relapse is the leading cause of
death in secondary AML (sAML) and is driven, in part, by therapy-resistant leukemia stem cells
(LSC) harboring enhanced survival and self-renewal capacity. To identify alternative splicing
patterns that distinguish SAML LSC, here we performed comparative splice isoform profiling of
purified hematopoietic progenitors from sAML and normal bone marrow. We then investigated
the LSC inhibitory efficacy of a stable and potent analogue of a splicing modulatory agent, FD-
895, in humanized LSC stromal co-culture and primary xenograft assays. Whole transcriptome
analyses revealed a splice isoform expression profile that distinguished SAML LSC from normal
progenitors. Pharmacological spliceosome modulation disrupted AML LSC maintenance by
promoting intron retention and altering splicing of pro-survival and other AML-associated
transcripts. Thus, detection and targeted modulation of aberrant splicing provides an innovative
strategy for AML LSC eradication with implications for treatment of a variety of human

malignancies and other age-related disorders.
[0269] Introduction.

[0270] Rapid advances in next-generation sequencing technologies in recent years have
dramatically increased the known catalog of molecular abnormalities occurring in human
malignancies. Blood cancers such as acute myeloid leukemia (AML) are particularly
heterogeneous, and represent a collection of hematopoietic malignancies characterized by clonal
diversity [1], chromosomal abnormalities, DNA mutations [2], and widespread epigenetic
alterations [3]. Acute myeloid leukemia arises de novo or secondary to myeloproliferative
neoplasms (MPNs) or myelodysplastic syndromes (MDS) [4-6]. It is estimated that there will be
over 20,000 new cases of AML in the U.S. in 2015 (SEER Fact Sheets). Despite extensive
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clinical use of DNA-modifying hypomethylating agents [4,7,8] in the treatment of AML, bone
marrow transplantation remains the only potential cure for this aggressive disease. A major
clinical obstacle in the treatment of patients with SAML is that many individuals are ineligible for
hematopoietic stem cell (HSC) transplantation procedures due to advanced age. Moreover,
disease relapse, the leading cause of death in SAML, is driven in part by a dormant leukemia
stem cell (LSC) population that harbors enhanced survival and self-renewal capacity [9-11].
Studies involving mouse transgenic AML models and in human intermediate and high-risk MDS
demonstrate that hematopoietic stem cells (HSC) have a myeloid lineage bias that leads to
expansion of the granulocyte-macrophage progenitor (GMP) population that can give rise to self-
renewing LSC [12,13]. Frequent activation of stem cell regulatory pathways [10,14], combined
with mutations in splicing regulatory genes and alterations in the epigenetic landscape
[2,6,10,15-17], influence clinical outcomes in SAML. Consequently, a central goal of future
therapeutic strategies is to eradicate LSCs by selectively targeting molecular pathways that typify

LSC expression patterns and are essential to their function.

[0271] Transcriptomic analyses reveal widespread splice isoform alterations in splicing factor-
mutated cancers [ 18] and MPN progenitors [19,20]. Together with deregulated RNA editing
[21,22] and non-coding RNA expression [23,24], transcriptome remodeling has emerged as a
hallmark of leukemic transformation and therapeutic resistance. Previously, we showed that
RNA editing-induced missplicing of a stem cell regulatory gene, GSK 33, promoted therapy-
resistant LSC generation [19-22]. In addition, MDS [25] and de novo AML [26] gene expression
studies demonstrate differential exon usage of epigenetic modifier and tumor suppressor
transcripts, including £ZH/ and 7P53. However, the splice isoform expression profiles of SAML
LSC had not been established.

[0272] Alternative splicing occurs in up to 95% of human multi-exon genes during human
development and aging [27,28]. Widespread changes in pre-mRNA splicing have been
implicated in a variety of age-related disorders including neurological diseases and cancer [29],
however regulation of pre-mRNA splicing is a highly intricate process that remains rather poorly
defined. Numerous multi-protein complexes participate in post-transcriptional processing of
RNA to form mature spliced transcripts. However, the functional effects of imbalances in the
expression and activity of splicing factors remains unclear. Seminal DNA sequencing and
microarray gene expression studies suggest risk for transformation to AML is governed by
mutations in splicing-related genes (SF3B1, U2AF1[15,30,31]) and epigenetic modifiers of gene
expression (RPS14, TET2, EZH2, ASXL1, DNMT3A [31]) [17]. Recently, the presence of
mutations in SF3B1, SRSF2, U2AF1, ZRSR2, ASXL1, EZH2, BCOR, or STAG2 was shown to be
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>95% specific for diagnosis of SAML [6]. Four of these eight genes are key regulators of RNA
splicing function, suggesting a common theme of splicing de-regulation occurring during the

initiation and progression of leukemia.

[0273] Whether aberrant RNA splicing promotes LSC generation, and whether RNA splicing
modulation may represent a viable therapeutic strategy for sSAML and other hematopoietic
malignancies that respond poorly to current treatments is unknown, and is currently a subject of
great interest for cancer treatment development [32,33]. To address these questions, we
performed comparative splice isoform profiling of FACS-purified hematopoietic progenitors
from SAML and normal bone marrow. We then investigated the LSC inhibitory efficacy of a
stable and potent analogue [34] of a splicing modulatory agent, FD-895, in humanized LSC
stromal co-culture and PRIMAGRAFT™ assays. Global gene and whole transcriptome expression
signatures distinguished sSAML from normal progenitors and revealed sAML-specific splice
isoform biomarkers. Pre-clinical spliceosome modulation studies in primary AML models
demonstrated LSC inhibitory efficacy with a favorable therapeutic index. Thus, detection and
targeted modulation of aberrant splicing provides an innovative strategy for AML LSC
eradication with broad implications for treatment of other therapy-resistant cancers [18] and a
variety of other age-related diseases typified by aberrant RNA splicing [29]. Effective therapeutic
modulation of pre-mRNA splicing would provide new clinical tools for correcting malignant
gene expression programs, as a powerful complement or alternative strategy to existing cancer

treatment regimens.
[0274] Results.

[0275] Global disruption of splicing factor gene expression in SAML LSC. We performed
whole transcriptome analyses of FACS-purified hematopoietic progenitor cells

(CD34"CD38 Lin") to analyze overall patterns of gene expression in SAML LSC compared with
normal controls. Comparative RNA-Seq and gene set enrichment analyses of purified progenitor
cells isolated from seven sAML patient samples (see Table 1 for patient clinical characteristics)
and six normal age-matched controls (average age = 63 y/o) revealed significant alterations in
splicing factor expression (FIGS. 1A, SA). Notably, spliceosome-associated pathways
represented the most significantly de-regulated gene set in SAML progenitors compared with
normal controls (see e.g., FIG. 11A). While one SAML sample had a mutation in the splicing
factor SF3B/ (FIG. 5B), numerous spliceosome-related genes were transcriptionally deregulated
in SAML (FIG. 5A). Furthermore, quantitative real-time (QRT)-PCR showed increased SF3B1

expression in AML progenitors.
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Table 1. AML and MDS patient samples used for RNA-sequencing, qRT-PCR,

functional studies and to establish in vivo AML PRIMAGRAFT™ models.

Sample | Gen Cell o . . Prior .
Code der Age Source Blast % | Diagnosis Discase Treatment | Cytogenectics
M=88% 46, XY del(7)(
AML-04 | M 76 BM cos AML AML None q22)[3)/46,XY
F=95% (6]
*AML- M=37%,
03 F 52 BM F=42 1% AML AML None 46,XX[20]
*AML- M=385%,
12 M 51 BM F=31% AML AML None 46,XY[20]
M=145%, AML
AML-22 F 60 BM C=7% (NOS) Ist relapse N/A N/A
M=50%, AML
AML-23 | M 66 BM C=70% (MO) Ist relapse N/A N/A
—130
AML-24 | M 70 BM M=13%, AML Ist relapse N/A N/A
C<5%
M<5%, AML
AML-25 | M 66 BM C=0 (M1) Ist relapse N/A N/A
R N{)=60.3 AML
ML-26 F 47 BM %, C Ist relapse N/A N/A
<1% (NOS)
M=0% -
relapse
B quantifie AML
AML-27 F 73 BM d by (M5b) Ist relapse N/A N/A
monocyt
oid cells
M=41%, AML
AML-28 | M 72 PB C=6% (NOS) Ist relapse N/A N/A
—0)°
AML-29 | M 61 PB %—2(5)0//0 ’ ?1\1/\[/111)4 Ist relapse N/A N/A
— [}
AML-31 | M 59 PB PB=10% sAML MDS None N/A
*AML- o 47.XY ,+8[2]/4
3 M 68 PB 50% sAML MDS None 6.XY[18]
47 XX+21[14]
* _ —910 .
A,;\,;I L F 63 BM 1}/[: 52 ;0//0’ sAML MDS None /46 XX +marl
o [2]/46,XX[4]
*AML- M=12%,
35 M 82 BM F=28 2% sAML MDS None 45.X,-Y[20]
46, XX, 1,inv(3
)q21q26.2).de
1(5)(q14q34).d
er(12)t(1;12)(
q21;p11.2),20,
£ AML- +r,+marl[9]/
37 F 72 PB PB=63% sAML MDS None 46,sl.der(7)t(7

9(pl3:ql3)[4
1/46.s1i21)(q
10)[3]/46,slad
d2)(q31)[2)/4
6,sl,add(2)(q3
3)[2]
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Sample | Gen Cell o . . Prior .
Code der Age Source Blast % | Diagnosis Discase Treatment | Cytogenectics
£ S - et
Aé\;[ L F 69 PB PB (y7 08 sAML MPD None 46,XX[10]
o
5%
CD34+
* - > -
AML- g 63 | pp 19% SAML MDS None 39 +8,
40 promono possible 7q-
cytes
*AML- MDS Hydroxyu
A1 M 32 BM N/A sAML (RARS) e N/A
AML-42 | M 73 BM 92% sAML CMML None N/A
14% in sAML-
AML-43 | M 72 PB BM M6 MDS None N/A
AML-44 | M 74 BM N/A sAML MF Revlimid N/A
5q deletion;
*MDS- M=<5%, None ’
06 F 62 PB F=149% MDS/MF Known None J AK2V§ 17F
negative
Normal FISH
M=4.5% results in bone
% _ >
1\%17)5 M | 74 PB F=1.7- | MDS/MF kﬁgnen G-CSF marrow,
2.3% W JAK2V617F
negative
Normal FISH
« ) results in bone
Mllgs M | 71 | BM | M=<I% | MDS kﬁgaen None marrow,
JAK2V617F
negative
45~47 X add(
Y)(q11.23),ad
d(4)(q12).der(
5:17)(p10;q10
)
* "MDS- oo MDS- Newly 6.del(7)(q22q3
12 M| a8 PB F=9% RAEB2 | diagnosed None 4).+8.-
18.add(18)(q1
1.2),-20,-
22 +1~3r,+ma
rl,+2~4mar[c
p20]
45~47 X add(
Y)(q11.23),ad
d(4)(q12).der(
5:17)(p10;q10
)
*"MDS- M=13%, MDS- Newly 6.del(7)(q22q3
13 M |48 BM | p_s4% | RAEB2 | diagnosed | \O"° 4)+8 -
18.add(18)(q1
1.2),-20,-
22 +1~3r,+ma
rl,+2~4mar[c
p20]
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M = morphology, F = flow (peripheral blood), C = circulating blasts (peripheral
blood), BM = bone marrow, PB = peripheral blood, NOS = not otherwise specified,

N/A = not available. *Samples used in RNA-seq studies; “from same sample donor

[0276] Identification of an AML LSC-specific splice isoform expression signature. Next,
we examined splice isoform changes associated with sSAML using an isoform-specific alignment
algorithm that incorporates known transcript sequences from UCSC, NCBI, and Ensembl
[21,35]. Analysis of moderate-to-highly expressed isoforms (FPKM>10), and all transcripts with
a median FPKM>1, revealed a splice isoform expression signature that included specific
transcripts of genes associated with AML (NPM1, TP53, CDS82 and PTK2B) [36,37] (FIGS. 2A-
2C). Nucleophosmin (NPM1) is an AML prognostic marker, and the tumor suppressor 7P53 has
been widely studied in cancer. Integrins, key regulators of tumor progression, interact with select
CD82 (KAIN) isoforms [38] and regulate cell adhesion-mediated activation of the focal adhesion
kinase-related tyrosine kinase PTK2B (PYK2) [39]. These transcripts may represent splice
isoform-specific diagnostic biomarkers and therapeutic targets. RNA-Seq based analysis showing
increased expression of PTK2B-202 in AML progenitors (FIG. 2C) was validated by splice
isoform-specific qQRT-PCR (FIG. 5C), suggesting that AML-specific transcripts could be

translated into clinical assays for LSC detection.

[0277] Rapid and potent alterations in splicing following 175-FD-895 treatment.
Considering the alterations in splicing factor gene expression and de-regulated splice isoform
expression patterns that distinguished sAML LSC from normal progenitors, we hypothesized that
pharmacological spliceosome modulation might have LSC inhibitory effects. The SF3B subunit
of the spliceosome is a target of several natural products with anti-tumor properties, including the
macrolide pladienolide B [40]. However, structural complexity has to date constrained clinical
research and development. The natural product pladienolide B and related analogues including
FD-895 (FIG. 3A) [34] demonstrate poor stability in aqueous and biological media. The short
half-lives (#,,2,<15 min) of these compounds and potential off-target toxicity [41] arising from
hydrolyzed seco-acids highlights the need for development of stabilized and selective
spliceosome-targeted compounds. We recently described a series of synthetic analogues of FD-
895 that demonstrate enhanced activity and metabolic stability [34]. Here we evaluated FD-895
and 175-FD-895 [34] (FIG. 3A), a stereoisomer with 25-fold higher activity, in splicing reporter

activity, PCR, and functional hematopoietic progenitor assays [19,21].

[0278] To assess the splicing modulatory activity of 175-FD-895, cell-based assays were
performed using a dual fluorescence splicing reporter (pFlare [42], FIG. 3B, FIGS. 6A-6B).
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Analysis showed a dose-dependent increase in RFP/GFP ratios in HEK293 cells (FIG. 3B,

FIG. 6C). Time-lapse confocal fluorescence microscopy confirmed an increase in RFP
fluorescence following 175-FD-895 treatment. In keeping with previous work showing that
pladienolide derivatives alter intron retention of DnaJ (Hsp40) homolog, Subfamily B, Member 1
(DNAJB1) [40], PCR analyses demonstrated a rapid and dose-dependent increase in DNAJB/
intron 2 retention following 175-FD-895 treatment of MOLM-13 sAML cells (FIGS. 6D-6E).
Notably, previous studies involving genetic and pharmacologic modulation show that SF35/
inhibition alters splicing and pre-mRNA nuclear retention [43] of vital cancer-related transcripts
regulating cell-cycle, angiogenesis and apoptosis [44], such as MCL/ [45]. Interestingly,
quantitative RT-PCR analyses of HEK293 and MOLM-13 cells revealed that while low doses of
178-FD-895 increased MCL [-S expression, this effect was reversed at high doses (FIG. 6F).
Additional RT-PCR analysis revealed that splicing modulation triggered ML/ exon 2 skipping,
producing MCL1-§, as well as production of an array of other intron-retained and completely
unspliced products specific to SAML cells. These data suggest that SAML cells harbor marked
sensitivity to splicing modulation. In addition, short-term 175-FD-895 treatment reduced
expression of the sSAML-associated transcript P7K2B-202 (FI1G. 6G), suggesting that splicing

modulation could restore normal splice isoform expression patterns.

[0279] Impaired AML LSC maintenance with in vitro pharmacological splicing
modulation. Previous studies identified a therapeutic index for FD-895 in primary chronic
lymphocytic leukemia cells compared with normal B cells, which was independent of SF35/
mutational status [45]. However, LSC inhibitory efficacy had not been established. Thus, we
evaluated FD-895 and 175-FD-895 in a LSC-supportive stromal co-culture model that
recapitulates key aspects of the human bone marrow microenvironment [19,22]. In hematopoietic
progenitor assays, performed following stromal co-culture of CD34" cells from AML, cord blood
(CB) and normal bone marrow with FD-895 or 175-FD-895, there was a dose-dependent
reduction in AML LSC survival and self-renewal (FIGS. 3D-3G, FIG. 7A) with a favorable
therapeutic index. Notably, effects were more pronounced with 175-FD-895. In keeping with
reduced LSC maintenance, significantly fewer colonies formed after two weeks of stromal co-
culture (FIG. 7B). While there was a slight decrease in granulocyte-macrophage colony survival
in aged bone marrow samples treated with FD-895 or 175-FD-895, erythroid colony formation
and self-renewal were not significantly changed (FIG. 7C).

[0280] Splicing modulation impairs AML LSC maintenance in vivo. Since 175-FD-895
showed a favorable therapeutic index and greater functional potency than FD-895 in LSC assays,

we performed pre-clinical 175-FD-895 studies in AML PRIMAGRAFT™ assays. Transplantation
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of CD34™ LSC-enriched fractions from three patient samples (Table 1, FIGS. 8A-8B) resulted in
engraftment (n=136 mice) of serially transplantable human LSC after 7-28 weeks (FIGS. 8C-
8D). Two sets of engrafted mice were further treated with 175-FD-895 (n=13) or vehicle control
(n=9), followed by FACS and splice isoform analyses in CD34" LSC-enriched fractions (FIG.
4A). The treatment was well tolerated, with no significant weight changes detected (FIG. 9A).

[0281] Self-renewing AML LSC reside in the hematopoietic stem (CD34 CD38") or progenitor
(CD34"CD38") compartments [10], which are comprised of expanded granulocyte-macrophage
progenitor (GMP) populations [9]. Therefore, we analyzed the hematopoietic stem and
progenitor cell frequencies in a SAML PRIMAGRAFT™ model treated with 5 or 10 mg/kg of 175-
FD-895. Flow cytometry analyses revealed a decrease in human stem and progenitor cells (80%
reduction to nearly zero in the 10 mg/kg group versus vehicle controls) in the spleens of treated
mice (FIGS. 4B-4D). Among progenitor cell subpopulations, there was reduced GMP frequency
and a slight increase in common myeloid progenitor (CMP) frequency in 175-FD-895-treated
mice (FIGS. 22B-22D). Notably, these effects occurred after only three doses of 175-FD-895.
Consistent with a reduction in functional LSC burden after 175-FD-895 treatment, subsequent
serial transplantation studies revealed a marked reduction in human leukemic burden in the
hematopoietic tissues of recipients of CD34" cells from mice in the 10 mg/kg treatment group
versus vehicle controls (FIG. 4E). In a de novo AML PRIMAGRAFT™ model with high disease
burden (FIGS. 9E-9G), there was a similar trend towards decreased circulating leukemic cells in
secondary recipients of CD34" cells from mice treated with a lower dose of 175-FD-895

(FIG. 9H). Together, these data demonstrate that short-term treatment with a pharmacological
splicing modulator compound reduces LSC survival and self-renewal in AML PRIMAGRAFT™
models. These data provide a strong rationale for expanding pre-clinical studies of 175-FD-895
to investigate longer dosing regimens and establish a therapeutic index compared with normal

hematopoietic stem and progenitor cells (HSPC) in validated in vivo models [19].

[0282] [In vivo splicing modulation disrupts AML LSC pro-survival splice isoform
expression. AML LSC functional capacity to propagate leukemia is dictated by stem cell gene
expression [ 10]. Therefore, we hypothesized that stem cell isoform-specific expression profiles
could be reprogrammed through splicing modulation. To assess in vivo splice isoform-targeted
activity of 175-FD-895, CD34-selected human cells from treated mice were analyzed by PCR.
Consistent with our in vitro studies, there was increased DNAJB1 intron 2 expression in human
CD34" cells from 175-FD-895-treated mice (FIG. 4F, FIG. 10A). Notably, splice isoform-
specific QqRT-PCR showed a significant reduction in MCL/-L/§ and BCL2-1/S expression ratios
compared to vehicle-treated controls (FIGS. 4G-4H; FIGS. 10B-10C). Consistent with a
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functional reduction in activity of SF3B1, the putative target of FD-895, SF3B/ mRNA
expression was unchanged after 175-FD-895 treatment (FIGS. 10D-10E). Pooled CD34" cells
from 175-FD-895-treated mice displayed MCL/ exon skipping and intron inclusion (FIG. 10F),
along with dramatically reduced MCL1-L/S expression ratios, and as expected, SF3B/ expression
was unaffected (FIGS. 10G-10H). Together, pharmacological splicing modulation with 175-FD-
895 restored normal ratios of MCL[-1/§ and BCL2-1/§ expression, suggesting that
reprogramming stem cell pro-survival gene splicing may contribute to this agent’s functional

impact on AML LSC maintenance.
[0283] Discussion

[0284] The heterogeneity of molecular abnormalities in SAML, along with a lack of effective
treatment options for this predominantly older patient population, has hampered improvement in
clinical outcomes. In addition to clinical therapies such as the DNA-modifying agents 5-
azacytidine and decitabine, many experimental agents including clofarabine and vorinostat tested
in recent clinical trials for sSAML also target epigenetic pathways that regulate gene expression
[46]. However, several of these agents failed to improve patient survival [47], suggesting that
epigenetic modifier therapies may be sufficient to reduce leukemic burden but may not
effectively target a subpopulation of drug-resistant LSC that contribute to disease progression
and relapse. Hence, there is a need for clinical candidates that operate through different modes of
action. Here, we demonstrate that splicing modulation impairs AML LSC maintenance and
promotes pro-apoptotic splice isoform expression and intron inclusion. Our RNA-Seq analyses
suggest that widespread changes in spliceosome components sensitize self-renewing AML LSC
to pharmacological splicing modulation. The potent and stable FD-895 analogue, 175-FD-895,
reverted sSAML-specific splice isoform (P7K2B-202) expression patterns and MCL /-L/S and
BLC2-L/§ ratios, and reduced AML LSC survival and self-renewal in a dose-dependent manner
in in vitro and in vivo pre-clinical models. Moreover, 175-FD-895 exhibited a favorable
therapeutic index, impairing LSC maintenance while sparing cord blood or normal bone marrow-

derived HSPC survival and self-renewal in humanized bone marrow stromal co-culture assays.

[0285] Notably, drug resistance in AML has been attributed, in part, to high levels of MCL1
[48]. Genetic and epigenetic alterations typical of AML can induce dependence on BCL2 pro-
survival activity [49]. Splicing modulation effectively reduced pro-survival splice isoform
expression and impaired LSC maintenance while sparing normal stem and progenitor cells. Thus,
it may represent a key component of combination therapeutic strategies aimed at eradicating

therapy-resistant AML LSC. While the results of the present study suggest that splicing
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modulation impairs 7n vivo LSC maintenance primarily through reducing LSC self-renewal, we
predict that more frequent dosing over longer periods of time in these pre-clinical models may
reveal more robust effects on LSC survival and tumor burden after treatment. The small molecule
treatment conditions used in the PRIMAGRAFT™ models were limited to few doses due to current
availability of the compound, but are consistent with weekly intravenous dosing regimens used in
clinical trials of less stable spliceosome inhibitory agents in patients with solid tumors [41].
Future expansion of these studies using longer treatment regimens and other pre-clinical models
will be relevant to the treatment of a variety of advanced stage hematopoietic malignancies and
solid tumors [18,35,50,51] typified by tissue-specific and cancer stem cell-associated aberrant
RNA splicing. Notably, increased total pre-mRNA synthesis associated with oncogenic MYC
activation has been recently linked to spliceosome stress in MY C-driven cancers, and these
malignant cells can be therapeutically targeted by spliceosome inhibition [52]. Prior to the
initiation of clinical trials with splicing modulators including 175-FD-895 and future application
of these findings to cancer treatment in the clinic, pharmacokinetic studies including in vivo
monitoring of the compound and potential generation of breakdown products will provide
important information on the stability and distribution of this compound compared with previous
less stable spliceosome-targeted small molecules [41]. It will also be important to perform pre-
clinical combination treatment studies in AML PRIMAGRAFT™ models to assess the efficacy of
178-FD-895 in comparison to, and in combination with, current standard of care epigenetic

modifier therapies.

[0286] In addition to establishing the LSC inhibitory efficacy of splicing modulatory agents,
identification and validation of tumor-specific isoforms is a subject of great interest for cancer
diagnosis and therapy [35]. Our results revealed select transcripts of genes that have been
previously implicated in AML pathogenesis, such as 7P53, NPM1, CDS82 and PTK2B, that were
differentially expressed in leukemic versus normal progenitors, suggesting that putative
translated protein products of these transcripts may play a greater functional role in AML
initiation or progression than other alternative isoforms, and could provide unique antigens for
translational development. Moreover, overexpressed transcripts such as CD82-004 and PT1K2B-
202 may represent important LSC-specific biomarkers of disease initiation or progression,
functionally relevant therapeutic targets for small molecule or antibody-mediated inhibition
strategies, and potential companion diagnostics for splicing modulator therapies or other AML
LSC-targeted agents. Moreover, tumor-specific isoform-targeted therapies might synergize with
splicing modulator treatments and other current standards of care for therapy-resistant AML

patients. Together, these results suggest that development of splicing-targeted monotherapy and
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new combination strategies hold great potential for reducing LSC burden. Furthermore, rapid
clinical development of LSC-targeted strategies will be an important step forward in preventing
disease relapse in AML and other recalcitrant malignancies, with relevance to a variety of other

age-related diseases associated with changes in alternative splicing [29].
[0287] Materials and Methods

[0288] Study design. The overall research objectives of this study were to both discover new
splice isoform biomarkers specific to SAML LSC, and evaluate the potent and stable
spliceosome-targeted small molecule compound 175-FD-895 in AML LSC survival and self-
renewal assays in pre-clinical models. In controlled laboratory experiments, research samples
included primary peripheral blood or bone marrow samples from consenting AML patients
(n=22) and age-matched normal control bone marrow samples (n=12) obtained from healthy
volunteer individuals undergoing hip replacement therapy for reasons other than leukemia, or
normal cord blood (n=6) controls obtained from a commercial source (AllCells, Alameda, CA).
For experiments using primary samples, the sample size of each experiment is limited by the
availability of rare and valuable samples specific for disease and stage from patients. To discover
new splice isoform biomarkers specific to SAML LSC, primary AML and normal control
samples were FACS-purified and analyzed by RNA-Seq, and whole transcriptome analyses and
hierarchical clustering analyses were utilized to establish a splice isoform expression signature.
We use a definition of significance as a two-sided alpha level of 0.05 and aim to have power of
0.80. Based on an expected effect size that is twice the standard deviation we can achieve 0.79
power with five samples per arm based on a normal distribution. The goal of each experiment is
to get close to five or more samples per arm depending on clinical sample availability and
viability. The effect size we are able to detect with this power is variable based on intra-arm
sample variability via standard deviation. Consistent with AML genetic heterogeneity, there was
some variability in primary patient sample analyses by RNA-Seq and qRT-PCR. Therefore, more
than five samples per group were included for these analyses. When considering sequencing of
multiple genes it is assumed that a much larger effect size will be required due to appropriate

adjustment for multiple comparisons.

[0289] In hypothesis-driven experiments, the splicing modulatory compound 175-FD-895 was
tested to determine efficacy in altering splicing activity in cell lines, and to evaluate effects on
AML LSC survival and self-renewal capacity in humanized bone marrow stromal co-cultures and
in PRIMAGRAFT™ AML LSC models. Cell culture experiments were performed using 293T and
sAML (MOLM-13) cell lines, and SL and M2 bone marrow stromal cell lines. Animal studies
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were performed using immunocompromised Rag2-/- y.-/-[20] or NOD/SCID-IL2RG mice
(Jackson Laboratory, Bar Harbor, ME) [53]. Primary AML and normal control samples were
used in in vitro hematopoietic stem and progenitor assays after bone marrow stromal co-culture
and treatment with splicing modulatory compounds (FD-895 or 17S5-FD-895) or vehicle control
(DMSO). Colony formation potential and self-renewal capacity were assessed by counting
colony numbers (survival) after two weeks of growth in semi-solid (methylcellulose) media, and
subsequent replating capacity (self-renewal) was assessed after transfer to fresh methylcellulose
for an additional two weeks of culture. Three primary AML samples were utilized to establish
PRIMAGRAFT™ models in immunocompromised mice, and mice engrafted with cells from two of
these models (AML-37 and AML-08) were treated with 175-FD-895 or vehicle (DMSO) to
evaluate changes in AML LSC survival and self-renewal capacity in vivo. Data were collected by
flow cytometry and qRT-PCR analysis of CD34-selected human LSC-enriched cells from

engrafted mice.

[0290] In in vivo experiments, before initiation of treatment, AML-engrafted mice were
randomized according to human cell engraftment rates (CD45” cell frequency) in peripheral
blood, and total body weights. Inclusion/exclusion criteria were pre-established based on
minimum CD45" cell engraftment rates of 1% in peripheral blood, and endpoints included human
stem and progenitor engraftment analyses as establish by previous PRIMAGRAFT™ experiments
[20,54]. For AML-37 treatment, one additional transplanted mouse was treated with vehicle
control (total n=6), however leukemic burden was 0.2% before treatment, and because this value
was >2 standard deviations lower in spleen and bone marrow than all other vehicle-treated
controls (n=5) at the end of the experiment, this animal was excluded from FACS and PCR
analyses. All reported » represent individual experimental replicates (either individual patient
samples for primary sample analyses or in vitro studies, or individual animals for in vivo studies).
All qRT-PCR analyses were performed using two technical replicates for each sample, with the
average of the two replicates shown in all graphs. For in vifro experiments, the same investigator
performed treatments and all analyses. For in vivo experiments, investigators performing FACS
and qRT-PCR analyses were blinded to each animal’s treatment status until after all data were

collected.

[0291] Patient samples. A collection of leukemia patient samples from peripheral blood or
bone marrow (Table 1) and normal age-matched control bone marrow samples were obtained
from patients who gave their informed consent in accordance with Institutional Review Board-
approved protocols at UCSD (Human Research Protections Program) and the Fred Hutchinson

Cancer Research Center’s Leukemia Repository.
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[0292] Whole transcriptome sequencing and determination of gene and splice isoform
expression values. Gene and isoform expression data in FPKM was obtained for seven sAML
and six normal bone marrow samples by aligning paired end unstranded 100bp poly-A reads to
the human reference genome (GRCh37/hg19) using STAR [55] and quantifying transcripts using
Cufflinks [56] (FIGS. 18D, 18E, 19A). Datasets from RNA-Seq analyses are available through
the NIH Sequence Read Archive (SRA), Biosample ID #SUB985785, BioProject ID
#PRINA287527.

[0293] Chemical synthesis and preparation of splicing modulatory compounds. Synthesis
of FD-895 and 17S8-FD-895 compounds was performed essentially as previously described [34].
For in vivo studies, 10 mg of 175-FD-895 was prepared in DMSO at a concentration of 10
mg/mL.

[0294] In vitro stromal co-culture and splicing modulation. Bone marrow SL/M2
monolayers were established from freshly inactivated (irradiated) cells and then human

CD34" cells selected from AML primary samples (n=8) and normal controls (CD34" cells from
cord blood, CB, n=6; or aged bone marrow, n=6) were added. Survival and self-renewal of the
CD34" cells were investigated by methylcellulose-based colony and replating assays. Two
SF3B1-targeted splicing modulators, FD-895 or 175-FD-895, were added at the initiation of co-

culture at concentrations ranging from 0.1 to 10 uM.

[0295] AML LSC PRIMAGRAFT™ assays and in vivo 17S-FD-895 treatment. All animal
studies were performed in accordance with UCSD and NIH-equivalent ethical guidelines and
were approved by the Institutional Animal Care and Use Committee (IACUC protocol #S06015).
For all in vivo experiments, animals of both genders were utilized. Three AML PRIMAGRAFT™
models were established by transplanting AML LSC-enriched cell fractions (either CD34-
selected or FACS-purified stem or progenitor cell fractions from primary patient samples) into
immunocompromised Rag2”y.” [20] or NOD/SCID-IL2RG mice (Jackson Laboratory)
constitutively expressing human SCF, GM-CSF and IL-3 (NSGS) [53] (FIGS. 8 A-8D). For all
transplantations into Rag2”y.”" animals, neonatal mice were transplanted with human cells
intrahepatically as previously described [21], and for all transplantations into NSGS animals,
sublethally irradiated (300 Rad) adult (6-8 weeks old) mice were transplanted intravenously with
1-2x 10° CD34" human cells.

[0296] For in vivo treatments, a 10 mg/mL stock solution of 175-FD-895 solubilized in DMSO
was used. After randomization, AML-engrafted mice were dosed intravenously with 175-FD-895

(5-10 mg/kg) or vehicle (for AML-08, vehicle control = 15% DMSO in PBS; for AML-37,
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vehicle control = 20% DMSO in PBS) three times over a two-week period, with the first dose
given on day 1, the second on day 7, and the third on day 14. For preparation of RNA from
human LSC-enriched populations, single cell suspensions from spleen and bone marrow were
CD34 double-selected (over two LS selection columns, Miltenyi) and 1-2 x 10° cells were

collected in lysis buffer or pooled according to treatment group for serial transplantation assays.

[0297] Statistical analyses. For AML LSC survival and self-renewal assays, differences
among groups were assessed using one-way ANOVA with values expressed as means = SD (for
in vitro hematopoietic progenitor assays where comparisons were made among multiple sample
types and treatment groups), or Student’s t-test with values expressed as means = SEM (for in
vitro splicing reporter assays) or as means of individual data points representing biological
replicates (for in vivo engraftment and qRT-PCR analyses). Quantitative RT-PCR data were
measured as a continuous outcome and each group was assessed for distribution and variance.
For normally distributed data, unpaired two-tailed Student’s t-tests were applied to determine
differences in mRNA expression, and values were expressed as individual data points or means
(= SEM) from a minimum of two independent experiments. All experiments were performed on
blind-coded samples, with the experimental group allocation identified after data collection. All
statistical analyses were performed using Microsoft Excel, SigmaPlot, or GraphPad Prism (San

Diego, CA).

[0298] Additional reagent information and detailed procedures for sample processing, PCR,
gene set enrichment and pathway analyses, spliceosome component mutational analyses, splicing
reporter assays, bone marrow stromal cell co-culture methods, and in vivo study design and

analyses are described following.
[0299] Reagents

[0300] Antibodies — For primary sample FACS purification of hematopoietic stem and
progenitor cell populations, CD34-selected (Miltenyi) primary samples were stained with a panel
of well-validated human-specific antibodies [19-21,54] was utilized. Antibodies included human
CD34-APC and CD38-PECy7 (BD Biosciences, San Diego, CA) and lineage markers (cocktail,
all antibodies from Life Technologies, Carlsbad, CA). For flow cytometric analyses of
PRIMAGRAFT™ models, the same panel of antibodies was used for analysis of spleen and bone
marrow-derived cells, with the addition of CD45-V450, CD123-PE (both from BD Biosciences),
and CD45RA-FITC (Life Technologies) for further visualization of progenitor cell
subpopulations. Due to background autofluorescence in blood, for flow cytometric analysis of

peripheral blood from treated mice, the CD34 and CD45 antibodies were replaced with
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alternative antibodies to exclude FITC labeled reagents (CD34-PE, BD Biosciences and CD45-
APC, Life Technologies).

[0301] RNA and PCR reagents — All RNA samples were prepared after lysis of live cells in

RLT buffer (Qiagen, Germantown, MD) followed by RNA extraction using RNEASY® kits

according to the manufacturer’s instructions (Qiagen). cDNA was synthesized using the First-

Strand SUPERSCRIPT™ III Reverse Transcriptase Supermix (Life Technologies) and gRT-PCR
was performed using SYBR® GREENER™ Super Mix (Life Technologies). All primers (Table 2)

were synthesized by ValueGene (San Diego, CA).

Table 2. Primers used for qRT-PCR, RT-PCR, and direct sequencing analyses.

Gene Primer set Forward (5°-37) Reverse (5°-37) Ref.
Human Total (QRT- | TCAGGGATTTGAATCA | CGATGTCAATAGGACTCC | Crews et
HPRT PCR) TGTTTGTG AGATG al., 2015
(SEQID NO:1) (SEQ ID NO:2)
SE3B1 Total (QRT- | AGCTTTTGCTGTTGTA | GCTTGCCAGGACTTCTTG | Jeromin et
(ex14) PCR) GCCTCTG CT al., 2013
(SEQ ID NO:3) (SEQID NO:4)
BCL2-L Isoform- ATGTGTGTGGAGAGC | TTCAGAGACAGCCAGGA | Goffet
specific GTCAA GAAA al., 2013
(qRT-PCR) | (SEQID NO:5) (SEQ ID NO:6)
BCIL2-§ Isoform- ATGTGTGTGGAGAGC | CTCAGCCCAGACTCACAT | Goffet
specific GTCAA CA al., 2013
(qRT-PCR) | (SEQID NO:7) (SEQ ID NO:8)
MCLI-L Isoform- AGACCTTACGACGGG | AATCCTGCCCCAGTTTGT | Goffet
specific TTGG TA al., 2013
(qRT-PCR) | (SEQID NO:9) (SEQ ID NO:10)
MCLI-S Isoform- GAGGAGGACGAGTTG | ACTCCACAAACCCATCCT | Goffet
specific TACCG TG al., 2013
(qRT-PCR) | (SEQID NO:11) (SEQ ID NO:12)
BCLX-L Isoform- CATGGCAGCAGTAAA | GAAGGAGAAAAAGGCCA | Goffet
specific GCAAG CAA al., 2013
(qRT-PCR) | (SEQID NO:13) (SEQID NO:14)
PTK2B- Isoform- CTGCAGTTCCAGGAG | CTGTGAACTCCAGGTAGC | New
202 specific GAG C
(qRT-PCR) | (SEQID NO:15) (SEQ ID NO:16)
DNAJBI Intronic GGCCTGATGGGTCTTA | TTAGATGGAAGCTGGCTC | Kotake et
(in2) (qRT-PCR) | TCTATGG AAGAG al., 2007
(SEQID NO:17) (SEQ ID NO:18)
SE3B1 Sequencing | TGACCAGCCATCTGGA | CACCATCTGTCCCACAAC | Jeromin et
(ex10-17) | (PCR) AATC AC al., 2013
(SEQID NO:19) (SEQ ID NO:20)
DNAIJB1 | RT-PCR GAACCAAAATCACTTT | AATGAGGTCCCCACGTTT | Kotake et
CCCCAAGGAAGG CTCGGGTGT al., 2007
(SEQ ID NO:21) (SEQ ID NO:22)
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MCLI RT-PCR CTCGGTACCTTCGGGA | CCAGCAGCACATTCCTGA | Kashyap
GCAGGC TGCC etal.,
(SEQ ID NO:23) (SEQ ID NO:24) 2015

[0302] Cell culture reagents — All media (DMEM, RPMI) and supplements (GLUTAMAX™,
penicillin-streptomycin) used in cell culture were from Corning (Manassas, VA) or Life
Technologies. Fetal bovine serum (FBS) was from Gemini Bio-Products (Sacramento, CA). For
experiments involving transfection of reporter vector plasmids [42], HEK293 cells were

transiently transfected using Lipofectamine (Life Technologies).

[0303] Sample processing and primary HSC and AML LSC purification. Peripheral blood
or bone marrow samples were processed by Ficoll density centrifugation and viable cells stored
in liquid nitrogen. Mononuclear cells from AML patients or normal controls were then further
purified by magnetic bead separation of CD34" cells (MACS; Miltenyi, Bergisch Gladbach,
Germany) essentially as previously described [21] for subsequent FACS-purification of
hematopoietic stem (CD34 CD38" Lin’) and progenitor (CD34"CD38" Lin") cell fractions. For
the majority of AML patient samples utilized, only very few purified viable HSC were obtained
(<5,000 cells on average). Therefore the progenitor fractions were utilized for subsequent RNA-
Seq and qRT-PCR analyses as these represent the majority of cells present in LSC-enriched

fractions prepared for functional in vifro and in vivo assays using CD34 selection.

[0304] For primary hematopoietic progenitor cell purification, CD34-selected cells were
stained with fluorescent antibodies against human CD34 and CD38 (BD Biosciences) and lineage
markers (cocktail, all antibodies from Life Technologies) and propidium iodide as previously
described [20,21,54]. Following staining, cells were analyzed and sorted using a FACS Aria Il
(Sanford Consortium Stem Cell Core Facility), and hematopoietic stem (CD34"CD38" Lin’) and
progenitor (CD34"CD38" Lin") populations were isolated. Freshly-sorted cells were collected in
lysis buffer (Qiagen) for RNA extraction followed by RNA-Seq (The Scripps Research Institute
Next Generation Sequencing Core) or qRT-PCR analyses as previously described [21].

[0305] Nucleic acid isolation and PCR (qRT-PCR and RT-PCR). Primary CD34 CD38"
Lin cells or enriched human CD34" cells from mouse tissues were isolated using FACS
purification or CD34 microbead-selection, and 2-10 x 10* cells were harvested in lysis buffer
(Qiagen). RNA was purified using RNEASY® micro RNA purification kits with a DNase
(Qiagen) incubation step to digest any trace genomic DNA present. RNA was stored at -80°C.
Immediately prior to reverse transcription of RNA samples, nucleic acid concentrations were

quantified on a NANODROP™ 2000 spectrophotometer (Thermo Scientific), and purity was
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considered acceptable if A260/A280 values were >1.8. Samples submitted for RNA-Seq were
further subjected to quality control assessment on an Agilent Bioanalyzer (The Scripps Research
Institute Next Generation Sequencing Core). Samples with RNA integrity (RIN) values > 7 were
used for RNA-Seq.

[0306] For qRT-PCR analysis of relative total mRNA expression levels or splice isoform-
specific expression analyses, cDNA was synthesized using 50 ng - 1 pg of template RNA in 20
uL reaction volumes using the First-Strand SUPERSCRIPT™ III Reverse Transcriptase Supermix
(Life Technologies) followed by incubation with RNase H according to the manufacturer’s
protocol and as described previously [20,22]. All cDNA products were stored at -20°C. Splice
isoform-specific primers for PTK2B-202 were designed to bind to unique exon junctions for this
transcript, which lacks exon 24. All primers (Table 2) were diluted to 10 uM working dilutions in
DNase/RNase-free water. qRT-PCR was performed in duplicate using cDNA (1 pL reverse
transcription product per reaction) on an iCycler (Bio-Rad, Hercules, CA) using SYBR®
GREENER™ Super Mix (Life Technologies) in 25-uLL volume reactions containing 0.2 uM of
each forward and reverse primer. Cycling conditions were as follows: 50°C for 2 minutes, then
95°C for 8 minutes and 30 seconds, followed by 40 cycles of 95°C for 15 seconds and 60°C for
60 seconds. Melting curve analysis was performed on each plate according to the manufacturer’s
instructions. For standard qRT-PCR, human HPRT mRNA transcript levels were used to
normalize Ct values obtained for each gene, and relative expression levels were calculated using

the 2794

method. To ensure validity of results, only Ct values <35 were used in gene expression
analyses. All primer sets were tested in a no-template control (NTC) reaction containing only

water instead of cDNA, and all gave Ct values >35 in NTC reactions.

[0307] Gene set enrichment and pathway analyses. Gene expression data in FPKM was
submitted to GSEA to determine significant KEGG pathways, and enrichment plots describing
ranked gene expression in those pathways. We acknowledge our use of the gene set enrichment

analysis, GSEA software, and Molecular Signature Database (see website: broad. mit.edu).

[0308] Log 2 fold change (L2FC) and p values for comparison between sAML and normal
bone marrow were computed from this gene and isoform expression data. Heat maps were
generated using GENE-E default settings and gene expression data for the intersection of genes
with L2FC > 0.5 and genes in the KEGG Spliceosome gene set. A volcano plot was made using
isoform L2FC and p values for all transcripts with a minimum median FPKM of 1 in one
condition, highlighting genes with absolute L2ZFC > 1 and p value > 0.05. A heat map was made

using GENE-E default settings and expression data for moderate to highly expressed transcripts
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with a median FPKM of at least 10 in one condition, p value <0.01, and absolute L2FC > 1,

displaying the top 50 isoforms ranked by absolute L2FC.

[0309] Mutational analysis of SF3B1 and other spliceosome genes. RNA-Seq reads were
aligned with the genomic coordinates of known mutations in SF3B1, U2AF 1, SRSF2 and ZRSF2
to assess potential somatic mutations in these splicing factor genes that are highly specific for
diagnosis of SAML [6]. For RNA-Seq reads from sAML and normal bone marrow progenitors,
100bp reads were obtained. These were cleaned of adapters and primers using cutadapt, then
aligned using STAR. REDItools [57] was used to identify putative somatic mutations at loci
previously described in MDS or AML samples [6,17]. One out of seven sAML patient samples in
the RNA-Seq dataset harbored a single G>C mutation in exon 14 of SI"3B/ (538 G reads versus
520 C reads), corresponding to an aa change of K666N in SF"3B/. For validation by PCR and
targeted Sanger sequencing analysis of SF3B1, 1 uL of first-strand cDNA templates was
prepared for PCR in 25-uL reaction volumes using the high-fidelity KOD Hot Start DNA
Polymerase kit according to the manufacturer’s instructions (EMD Millipore, Temecula, CA).
PCR primers for sequencing SF3B/ in cDNA were located in exon 10 (forward, FW) and exon
17 (reverse, REV, Table 2) [40]. PCR cycling conditions were as follows: 95°C for 2 minutes,
followed by 35 cycles of 95°C for 20 seconds, 62°C for 10 seconds and 70°C for 10 seconds,
with a final extension step of 70°C for 30 seconds. Amplicons of the predicted size were verified
for each outer primer set by DNA gel electrophoresis using 10-20 uL. of the completed reaction
mixture separated on 2% agarose gels containing ethidium bromide and visualized under UV
light. Then, 15 uL of each reaction was processed within 24 hrs for PCR purification, and
sequencing was performed on ABI 3730xI DNA Sequencers (Eton Bioscience, San Diego, CA).
Sanger sequencing was carried out using two primers, a FW and REV primer each localized to

exon 14 (Table 2). Sequence chromatograms were analyzed using 4Peaks.

[0310] Splicing reporter assay and in vitro splicing analyses. For evaluation of in vitro
splicing activity using a two-color fluorescent splicing reporter system [42], HEK293T cells
(mycoplasma-free authenticated cell lines obtained from ATCC) were grown in complete media
(DMEM + 10% FBS) and transfected with a series of fluorescent protein-expressing plasmids.
Vector controls include pFlare5A, which expresses solely GFP, and pFlare5G, which expresses
maximal RFP. The pFlare reporter contains microtubule-associated protein tau (MAPT) exon 10
as an indicator of alternative splicing. Under physiological conditions, the pFlare conditional
reporter vector allows in-frame expression of GFP but not RFP. In the presence of splicing
inhibitors, exon skipping favors production of RFP over GFP. Twenty-four hours after

transfection with the three plasmids in separate wells of a 24-well plate, 175-FD-895 or
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equivalently diluted DM SO vehicle controls (<1%) were added to the media for an additional 24
hrs, to allow sufficient time for translation of the alternatively spliced transcripts driving
expression of RFP or GFP protein products. Fluorescence was evaluated on a Leica fluorescent
microscope (Sanford Consortium Stem Cell Core facility) and then analyzed by flow cytometry
on a Miltenyi MACSQUANT® to assess transfection efficiency (ranging from over 70% at 24 hrs
after transfection to approximately 20% at 48 hrs after transfection) and mean fluorescence
intensity (MFI) of RFP and GFP in positive cells. In HEK293 cells transiently transfected with
control GFP or RFP vectors, or the pFlare splicing reporter vector, the dynamic range of the
assay as measured by MFI of GFP and RFP 48 hours after transfection ranged from 0.41-1.69 for
RFP/GFP ratios (FIG. 6A). For time-lapse imaging, splicing reporter-transfected cells were
transferred to glass-bottom 35-mm dishes and treated with 1-10 uM of 175-FD-895, followed by
sequential imaging on an Olympus FV10i confocal microscope equipped with a 5 % CO, cell

culture incubation chamber (Tokai Hit, Japan) for up to 24 hrs.

[0311] For evaluation of in vitro splicing activity of endogenous transcripts in HEK293 or a
sAML cell line, MOLM-13 (mycoplasma-free and cytogenetically-authenticated cell lines
obtained from DMSZ), cells were plated in complete media (DMEM containing 10% FBS for
HEK?293 and RPMI containing 20% FBS for MOLM-13). The next day, FD-895, 175-FD-895 or
DMSO vehicle controls were added at doses ranging from 0.01 — 10 uM for 4 hrs of treatment.
Cells were lysed in RLT buffer (Qiagen) and processed for RNA extraction and subsequent PCR
analyses using primers specific for DNAJB1 or MCL1 (Table 2). For all experiments in cell line,
cells obtained from the vendors were frozen down in bulk at low passage numbers and used
within 20 passages to minimize risk of cell line misidentification or acquisition of additional

chromosomal abnormalities.

[0312] Bone marrow stromal cell culture. Mouse bone marrow stromal cell lines (SL and M2
mycoplasma-free authenticated cells obtained from ATCC) expressing human interleukin-3 (IL-
3), stem cell factor (SCF) and granulocyte-colony stimulating factor (G-CSF), which support
erythroid and myeloid cell expansion and differentiation, were maintained under standard culture
conditions, as previously described [19]. Briefly, SL cells were grown in complete medium
containing DMEM (Corning), 10% FBS, 1% Glutamax, and 1% penicillin-streptomycin (Life
Technologies), while M2 cells were grown in complete medium containing RPMIL, 10% FBS, 1%
Glutamax, and 1% penicillin-streptomycin (all from Life Technologies). Every four passages,
cells were selected by addition of G418 and hygromycin to the culture media for one passage (3-

4 days), to maintain human cytokine expression. All cell lines were maintained in T-25 or T-75
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culture flasks and were passaged at dilutions of 1:5-1:10 every 2-4 days. Low passage aliquots of

cells were thawed every two months to ensure consistency of experiments.

[0313] PRIMAGRAFT™ models and analyses. Mice transplanted with 1-2 x 10° CD34" AML
LSC-enriched fractions or no-transplant controls were screened for human hematopoietic cell
engraftment (CD45" cells) in peripheral blood by FACS starting at 7-10 weeks post transplant.
At 7-28 weeks post-transplant (7-36 weeks old), mice were euthanized, and peripheral blood and
single cell suspensions of hematopoietic organs were analyzed for human cell engraftment by
FACS. Total cell suspensions from bone marrow and spleen were either transplanted
immediately or CD34-selected for transplant into secondary recipient mice (1-2 x 10> cells per
animal) to expand the cells in vivo. Both mouse strains were found to support serial
transplantation of all three patient samples, however for subsequent experiments, AML-37 was
maintained in Rag2”y.” mice and AML-08 was maintained in NSGS mice. Secondary recipient
mice were euthanized after 8-23 weeks, and cell suspensions from bone marrow and spleen were

CD34-selected for transplant into tertiary recipients for 175-FD-895 treatment.

[0314] In vivo 178-FD-895 treatment, tissue analysis and serial transplantation. The 175-
FD-895 dosing regimen was selected as the maximum number of doses possible for the treatment
of three experimental groups with the amount of synthesized compound that was available, and is
consistent with weekly IV dosing regimens used in clinical trials of spliceosome inhibitory
compounds in patients with solid tumors [41]. Animals were euthanized within two hours after
delivery of the final dose of 175-FD-895, and peripheral blood, spleens and bone marrows were
collected for analysis of total human cell and stem and progenitor cell engraftment, and for RNA

extraction for splice isoform-specific qRT-PCR.

[0315] Flow cytometric analysis was performed on single cell suspensions from each
hematopoietic tissue essentially as for primary patient samples, and frequencies of total live
human CD45" cells, and CD45"CD34"CD38" Lin’ (stem) and CD45°CD34 CD38" Lin’
(progenitor) cells were determined in each tissue. Analysis of progenitor cell subpopulations was
performed for AML-37, with GMP identified as CD123"CD45RA", CMP as CD123"CD45RA"
and megakaryocyte-erythroid progenitors (MEP) as CD123"CD45RA". Inclusion/exclusion
criteria were pre-established based on minimum CD45™ cell engraftment rates of 1% in
peripheral blood, as determined by previous PRIMAGRAFT™ experiments [20,54]. For AML-37
treatment, one additional transplanted mouse was treated with vehicle control (total n=6),

however leukemic burden was 0.2% before treatment, and because this value >2 standard
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deviations lower in spleen and bone marrow than all other vehicle-treated controls (n=5) at the

end of the experiment, this animal was excluded from FACS and PCR analyses.

[0316] For serial transplantation of LSC-enriched fractions from treated mice (AML-37), cells
from individual mice were pooled according to treatment group for each hematopoietic tissue.
For AML-08, after 175-FD-895 treatment, fresh spleen and bone marrow-derived CD34" cells
were pooled (1:1 ratio per tissue and equivalent numbers of cells from each treated mouse). For
both models, 2 x 10° cells were transplanted intravenously into adult (6-8 weeks old) NSGS

mice.
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[0319] Example 2. RNA Splicing Modulation Selectively Impairs Leukemia Stem Cell

Maintenance in Secondary Human AML.
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[0320] Abstract. Age-related human hematopoietic stem cell (HSC) exhaustion and myeloid-
lineage skewing promote oncogenic transformation of hematopoietic progenitor cells into
therapy-resistant leukemia stem cells (LSC) in secondary acute myeloid leukemia (SAML).
While acquisition of clonal DNA mutations have been linked to increased rates of sSAML for
individuals over 60, the contribution of RNA processing alterations to human hematopoietic stem
and progenitor aging and LSC generation remains unclear. Comprehensive RNA-sequencing and
splice isoform-specific PCR uncovered characteristic RNA splice isoform expression patterns
that distinguished normal young and aged HSPCs, compared with malignant MDS and AML
progenitors. In splicing reporter assays and in pre-clinical patient-derived AML models,
treatment with a pharmacologic splicing modulator, 175-FD-895, reversed pro-survival splice
isoform switching and significantly impaired LSC maintenance. By comparing splice isoform
biomarkers of normal HSPC aging with those of LSC generation, splicing modulation may be
employed safely and effectively to prevent relapse — the leading cause of leukemia-related

mortality.
[0321] Introduction

[0322] Age-related defects in hematopoietic stem cell (HSC) function (Essers et al., 2009) are
typified by myeloid lineage bias (Pang et al., 2011), altered survival, dormancy and regenerative
capacity. Microenvironmental alterations (Rossi et al., 2008) and clonal DNA mutations in HSCs
are acquired during aging and may set the stage for hematopoietic malignancy development
(Corces-Zimmerman et al., 2014; Genovese et al., 2015; Jaiswal et al., 2014; Shlush et al., 2014).
Notably, myelodysplastic syndromes (MDS), myeloproliferative neoplasms (MPNs) and therapy-
resistant secondary AML (sAML) harbor characteristic splicing factor mutations suggesting that
the accumulation of DNA mutations over time is a major determinant of lifetime leukemia risk
(McKerrell et al., 2015). However, these observations do not completely explain the exponential
increase in leukemia incidence with advanced age (Adams et al., 2015), in part because they do
not take into account microenvironment-responsive RNA processing events that promote

leukemic transformation.

[0323] Recent RNA-sequencing (RNA-Seq) studies comparing aged versus young mouse HSC
identified changes in TGF-[ signaling, epigenetic regulator expression and alternative splicing
(Sun et al., 2014). Although disruption of cell cycle and differentiation programs were identified
by RNA-seq at the single cell level during mouse HSC aging (Kowalczyk et al., 2015),
fundamental differences in mouse and human stem and progenitor cell (HSPC) pre-mRNA

splicing regulation (Abrahamsson et al., 2009; Crews et al., 2015; Goff et al., 2013; Han et al .,
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2013; Holm et al., 2015; Jiang et al., 2013; Pan et al., 2005) preclude a direct extrapolation of
these data to human HSPC. Thus, a comparative RNA-seq analysis of RNA processing
alterations governing human HSPC aging and LSC generation will be required to identify

mechanisms of therapeutic resistance in SAML.

[0324] Seminal studies have shown that subversion of stem cell regulatory pathways (Bonnet
and Dick, 1997, Eppert et al., 2011), combined with epigenetic alterations and mutations in
splicing regulatory genes (Bartholdy et al., 2014; Eppert et al., 2011; Lindsley et al., 2015;
Shlush et al., 2014; Yoshida et al., 2011), portends a poor prognosis in sSAML. Recently, pre-
mRNA splicing alterations (Abrahamsson et al., 2009; Adamia et al., 2014; DeBoever et al.,
2015; Goff et al., 2013; Holm et al., 2015), together with RNA editing and IncRNA deregulation,
were associated with therapeutic resistance in leukemia (Crews et al., 2015; Jiang et al., 2013;
Trimarchi et al., 2014). With regard to the functional impact of RNA processing alterations on
therapeutic resistance, we discovered that malignant reprogramming of human pre-leukemic
progenitors into self-renewing LSC was enhanced by missplicing of a stem cell regulatory
transcript, GSK3p (Abrahamsson et al., 2009), through RNA editing (Crews et al., 2015; Jiang et
al., 2013; Zipeto et al., 2016) and pro-survival BCL2 family splice isoform switching in CML
(Goff et al., 2013). Moreover, reversion to an embryonic splicing program by MBNL3
downregulation also promoted acute leukemic transformation (Holm et al., 2015) and

underscored the importance of splicing deregulation in human LSC generation.

[0325] Recent MDS (Dolatshad et al., 2015) and de novo AML (Adamia et al., 2014) studies
demonstrate that differential exon usage in epigenetic modifier and tumor suppressor transcripts
contribute to myeloid malignancy pathogenesis. However, whether differences exist in
alternative splicing regulation between aged human HSPC and LSC, and whether RNA splicing
alterations selectively sensitize LSC to splicing modulator therapy had not been determined
(Bonnal et al., 2012). Thus, we sought to identify RNA processing signatures of malignant versus
benign HSPC aging and to evaluate the LSC-selective efficacy of a pharmacological splicing
modulator, 175-FD-895.

[0326] Results

[0327] Splice Isoform Signatures of Human Hematopoietic Stem and Progenitor Cell
Aging. Mutations in various components of the human RNA splicing machinery (FIG. 11A)
have been associated with age-related hematopoietic malignancies. However, whether normal
aging sets the stage for RNA processing deregulation in cancer, and whether non-mutation-based

splicing alterations are associated with human stem cell aging or malignant stem cell generation
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has not been established. To generate a comprehensive transcriptome expression map of human
HSPC aging, we performed RNA-Seq of highly purified normal young and aged HSC
(CD34"CD38'Lin") and hematopoietic progenitor cells (CD34"CD38 Lin" HPC) from human
bone marrow (FIG. 18A) followed by whole gene, splice isoform, transcription factor and
IncRNA analyses. In FACS-purified HSC from aged versus young adults, gene set enrichment
analyses (GSEA) revealed disruption of vital stem cell regulatory pathways such as oxidative
phosphorylation, DNA replication, and proteostasis (Signer et al., 2014) (FIGS. 18B, Table 3). In
aged versus young HPC, deregulation of DNA mismatch repair and recombination and
inflammation-associated pathways was observed (FIG. 18C). Genes encoding signal transduction
molecules such as protein phosphatases (DUSP 1) were commonly upregulated during human
HSC and HPC aging. Additionally, in aging human HPC, expression of DNA damage
(GADD454, GADD45B) and pro-inflammatory genes (CXCL2) was increased (FIG. 18D-18E).
Notably, KEGG spliceosome pathway genes revealed distinctive expression changes between
HSC compared with HPC suggestive of differential splicing regulation during aging (FIGS. 11B;
Table 3).

[0328] Next, we evaluated splice isoform profiles of aged versus young human HSC and HPC.
Utilizing an isoform-specific alignment algorithm that incorporates all known transcript
sequences from Ensembl (GRCh37) (Barrett et al., 2015; Jiang et al., 2013) and a false discovery
rate (FDR) of <5% (FIGS. 11D, 11E, 1D), we identified splice isoform signatures of human HSC
and HPC aging (FIGS. 11C-11E) that were distinct from normal young and cord blood (CB)
progenitors (FIGS. 11E, 18F). Commonly upregulated transcripts during HSC and HPC aging
included isoforms of transcription factors and histone regulatory gene products (FIG. 11F),
indicative of a prominent epigenetic contribution to HSPC aging. These transcripts were
abundant in both aged HSC and HPC, as confirmed in validation cohorts of additional young and
aged HSC and HPC (FIG. 18G).

[0329] To investigate the mechanisms governing cell fate commitment during human HSC and
HPC aging, we utilized a human transcription factor database (Supplemental Experimental
Procedures) to analyze RNA-seq data. Significantly upregulated transcription factors
distinguished both aged HSC and aged HPC from their younger counterparts (FIGS. 11G; FIGS.
18D, 18E, 19A). Consistent with a role for inflammation in human aging and myeloid lineage
skewing of hematopoiesis, we found increased expression of inflammation-responsive (NVFIL3,
IRF 1) and myeloid lineage-directing (2773, CEBPB) transcription factors in the HPC

compartment.
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[0330] Long non-coding RNAs (IncRNAs) have emerged as key determinants of mouse HSC
cell fate commitment (Luo et al., 2015) and alternative splicing. LncRNA profiling revealed
upregulation of the nuclear transcriptional regulator NEAT! in HSC and HPC, along with HPC-
specific upregulation of MALAT! (also known as NEAT2, FIG. 11H), which influences
alternative splicing through regulation of serine/arginine (SR) splicing factors (Tripathi et al.,
2010). Together, these whole gene and splice isoform expression signatures of human HSC and

HPC aging identify pathways that are deregulated during stem cell aging.
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[0331] Splicing Deregulation Distinguishes sAML, MDS and Normal Aging Progenitors.
To determine if SAML evolves as a result of splicing deregulation in aged and MDS progenitors,
we performed whole transcriptome analyses of FACS-purified progenitors (CD34 CD38 Lin’)
isolated from sSAML samples along with de novo AML and MDS samples (Table 1).
Comparative RNA-Seq and GSEA of purified SAML progenitors revealed that the spliceosome
was the top disrupted KEGG gene set compared with age-matched progenitors (FIG. 12A;
Table 3). Additionally, in SAML there was enrichment of genes involved in hematopoiesis, cell
adhesion, and signal transduction (FIGS. 18D, 18E, 19A-19B; Table 3). Similar to our previous
findings of inflammatory mediator upregulation in CML LSC (Jiang et al., 2013), GSEA
(FDR<25%) of sSAML LSC showed upregulation of pro-inflammatory signaling and anti-viral
response pathways (FIG. 19B; Table 3). Together, these results suggest that deregulation of pro-
inflammatory cytokine signal transduction mechanisms represents a common feature of HSPC

aging and LSC generation.

[0332] While mutations in splicing factor genes have been associated with transformation to
sAML, the role of non-mutation driven splicing alterations has been less extensively studied.
Thus, we further examined spliceosome components in SAML LSC. Single nucleotide resolution
analysis of our RNA-Seq datasets for known mutations in MDS/sAML associated loci in splicing
regulatory genes (Lindsley et al., 2015; Yoshida et al., 2011) revealed only one sSAML sample
harboring a heterozygous mutation in the U2 splicing factor SF 381, as validated by PCR and
Sanger sequencing (FIGS. 1B, 5B). Quantitative real-time (QRT)-PCR analysis of a subset of
wild-type SF3B1 samples showed increased SF351 expression in AML LSC (FIGS. 1B, 5B),
suggesting that splicing factor gene expression alterations in MDS/sAML may occur in a
mutation-independent manner. Interestingly, GSEA of purified progenitors from MDS samples
revealed similar disruption of the spliceosome compared with normal age-matched controls
(FIG. 13A). Pathway-specific analyses of RNA-Seq data revealed significant alterations in gene
expression of many splicing factors in SAML, including upregulation of PRPF6, SF3B2, and
ACIN1, and downregulation of the SRSF family of splicing regulatory gene products (FIG. 12B).
Among the upregulated transcripts, SF3B52 is a component of the U2 complex that promotes
splicing, and ACIN/ participates in the exon junction complex (EJC) where it regulates
production of the pro-survival splice isoform of the BCL2 family member BCL2L/ (BCL-XL)
(Michelle et al., 2012), which contributes to LSC generation (Goff et al., 2013). Together, these
data suggest that spliceosome disruption is prevalent in SAML and may drive splicing alterations

of stem cell regulatory genes contributing to LSC generation.
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[0333] A splice isoform signature of SAML LSC was identified by ranking all significantly
differentially expressed transcripts (L2ZFC>1, FDR<5%) from greatest to least distance from the
origin on a volcano plot (FIG. 12C). A complete list of all significantly differentially expressed
transcripts is provided in FIGS. 11D, 11E, 12D. The top 75 splice isoform signature of sAML
LSC was typified by several alternatively spliced signal transduction (P7PN6, PTK2B) and cell
adhesion gene products (e.g. CD44 and /7GB2; FIGS. 11D, 11E, 12C,12D). Notably, misspliced
gene products of the non-receptor protein tyrosine phosphatase PTPN6 (also known as SHP-1)
and the focal adhesion kinase (FAK)-related tyrosine kinase PTK2B (PYK?2) have been
associated with AML (Beghini et al., 2000; Despeaux et al., 2012; Weis et al., 2008) or other
hematological malignancies (Salesse et al., 2004). Cytoscape analysis of the gene networks
associated with the top differentially expressed splice isoforms revealed inflammatory signaling
genes including hubs at P7K2B and the stem cell regulatory factor and adhesion molecule CD44,
linked by transcription factors such as S7A73 and NIFKB! (FIGS. 12E-12F). Consistent with the
hypothesis that global spliceosome disruption alters pre-mRNA processing in SAML LSC,
enriched splice isoforms in SAML included transcripts with retained introns (non protein-coding
PTPN6-003) and protein-coding transcripts with exon skipping (P7K2B5-202; FIGS. 12G-12H).
In a validation cohort of additional young, aged, and cord blood HPC, the sSAML LSC splice
isoform signature also distinguished between normal and cord blood HPC, and MDS progenitors

clustered with sSAML LSC when compared with age-matched HPC (FIG. 12D).

[0334] To explore the potential clinical relevance of this splice isoform signature, SAML-
associated transcripts were quantified in TCGA isoform datasets from RNA-Seq studies
performed on unsorted leukemic cells from 164 AML samples. Unsupervised clustering using the
sAML LSC splice isoform expression signature revealed six distinct subgroups. One group,
consisting of 19 samples (12%), displayed significantly reduced overall survival compared with a
favorable expression profile observed in a separate group of 10 samples (6%), with an overall
hazard ratio of 4.26 between these two groups (FIG. 12I). These TCGA RNA-seq data highlight
the potential clinical relevance of LSC splice isoform patterns and suggest that they may have

utility as prognostic biomarkers.

[0335] Recently, MY(C-driven cancers were reported to exhibit a high degree of splicing due to
global upregulation of transcription (Hsu et al., 2015). We hypothesized that a similar mechanism
may disrupt spliceosome function and promote transcriptome instability in SAML. Thus, we
established a transcription factor signature of SAML LSC compared with normal young and aged
progenitors (FIG. 12]). Differential gene expression of inflammation-responsive transcription

factors including STAT6, IRF4, IRF'5, and IRFS typified sAML progenitors, along with
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deregulation of several zinc-finger transcription factors (FIGS. 18D, 18E, 19A). Notably,
decreased expression of tumor suppressor genes, such as 7P53 and /RFS (Will et al., 2015),
could lead to widespread upregulation of transcription, thus increasing pre-mRNA burden on the
spliceosome. Moreover, IncRNA profiling revealed an SAML LSC-specific IncRNA, MEG3
(FIG. 12K), which interacts with pS3 and regulates p53 target gene expression.

[0336] Pro-survival Splice Isoform Switching Distinguishes Malignant from Normal
Progenitor Aging. To further explore the relationship between malignant and normal HPC
aging, we utilized custom gene sets developed from the splice isoform signatures of HPC aging
and sAML. Notably, GSEA revealed a negative enrichment score (NES -2.59) of aged HPC-
associated transcripts in SAML progenitors (FIG. 13A). In contrast, select young HPC-associated
transcripts, such as LAIR/-001, were among the increased transcripts in SAML progenitors
(FIGS. 11D, 11E, 12D). In keeping with our previous findings of a reversion to a more
embryonic transcriptome signature in advanced stage leukemias (Goff et al., 2013; Holm et al.,
2015), LAIR1-001 was also highly expressed in cord blood progenitors (FIG. 18F). Moreover, a
principal components analysis (PCA) demonstrated that expression of HPC aging-associated
isoforms distinguished young and aged HPC from sAML and MDS progenitors (FIG. 13B).
Additionally, genes associated with sSAML-enriched isoforms were highly enriched in MDS
progenitors (FIG. 13B). Other enriched genes sets in SAML versus MDS progenitors included

several inflammation-associated pathways, along with HPC aging-associated genes (FIG. 13C).

[0337] Alternative splicing has been implicated as a crucial mechanism regulating cell survival
and LSC generation (Goff et al., 2013; Schwerk and Schulze-Osthoff, 2005). Long isoforms of
the Bcl2 family of apoptosis regulatory genes, including BCL2, BCL2L1 (BCLXL), BCL2A1
(BFL1), and MCL1, promote cell survival, while short isoforms are pro-apoptotic (Goff et al,
2013). Notably, GSEA revealed that apoptosis regulators were among the most enriched gene
sets in SAML compared with normal age-matched controls (FIG. 13C). In particular, expression
of a pro-survival isoform, BCL2L1-00/ (BCL-XL), was increased in sSAML (FIG. 13D). In
contrast, aged HPC had decreased pro-survival BCL?2 isoform expression (FDR<10%; FIGS.
13E-13F). Hence, pro-survival splice isoform switching may have clinical utility in predicting

malignant HPC aging.

[0338] Selective Spliceosome Modulation Reverses sSAML Splicing Deregulation In Vitro.
Based on spliceosome deregulation patterns in SAML LSC and a recent report showing that
aberrant splicing represents a therapeutic vulnerability in MYC driven solid tumors (Hsu et al,

2015), we hypothesized that pharmacological spliceosome modulation might have potent LSC
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inhibitory effects. Several natural products with anti-tumor properties, including the macrolide
pladienolide B, target the SF3B subunit of the spliceosome (Kotake et al., 2007). Until recently,
structural complexity constrained development. The natural product pladienolide B and
derivatives, including FD-895 (Villa et al., 2012), demonstrate poor stability in aqueous and
biological media. The short half lives (#;,<15 min) of these compounds and toxicity (Hong et al,
2014) arising from hydrolyzed seco-acids highlight the need for development of stabilized and
selective spliceosome-targeted compounds. We previously described a series of synthetic
analogues of FD-895 that demonstrate enhanced activity and metabolic stability, including a
stereoisomer (175-FD-895) with 25-fold higher activity (Villa et al., 2012). Thus, we evaluated
FD-895 and 175-FD-895 (FIG. 3A) in splicing reporter activity, PCR, and functional

hematopoietic progenitor assays.

[0339] In a dual fluorescence splicing (pFlare) reporter assay (Stoilov et al., 2008) (FIGS. 3B,
21A, 21B), there was a dose-dependent increase in RFP/GFP ratios in HEK293 cells (FIGS. 3B
and 21C) indicative of potent spliceosome disruption. Time-lapse confocal fluorescence
microscopy confirmed increased RFP fluorescence following 175-FD-895 treatment. In keeping
with previous research showing pladienolide derivatives alter intron retention of DNAJB/
(Kotake et al., 2007), PCR demonstrated a time- and dose-dependent increase in DNAJB/ intron
2 levels following 17S5-FD-895 treatment of MOLM-13 sAML cells, which occurred as rapidly as
30 minutes after the initiation of treatment (FIG. 14A) and to a lesser extent in KGla AML cells
and HEK?293 cells (FIGS. 14B-14C). Because previous studies involving genetic and
pharmacologic modulation show SF3B/ inhibition alters splicing and pre-mRNA nuclear
retention (Kaida et al., 2007) of vital cancer-related and cell survival transcripts (Wang et al.,
2011), such as MCL1 (Kashyap et al., 2015), we analyzed MCL1 isoform expression.
Quantitative RT-PCR analyses revealed that pharmacologic splicing modulation triggered MCL 1
exon 2 skipping, producing MCL[-S. At high concentrations, 175-FD-895 treatment induced an
array of other intron-retained and unspliced products specific to SAML cells (FIGS. 3G, 14D),
suggesting that SAML cells harbor marked sensitivity to splicing modulation. In addition, 175-
FD-895 reduced expression of the sAML-associated transcript PTK2B5-202 (FIG. 14E), indicating
splicing modulation could suppress sSAML splice isoform expression patterns, or favor survival

of cells with less-perturbed spliceosome function.

[0340] Splicing Modulation Impairs LSC Maintenance in Stromal Co-cultures. Previous
studies identified an in vifro therapeutic index for FD-895 (the parent compound for 17S-FD-
895), in CLL cells compared with normal B cells (Kashyap et al., 2015). However, the LSC

inhibitory efficacy of FD-895 was not established. Moreover, decreased in vivo stability limited
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potential clinical utility. Thus, we compared FD-895 with the more stable analogue, 175-FD-895,
in LSC-supportive stromal co-culture assays (FIG. 15A) (Crews et al., 2015; Goff et al., 2013).
Hematopoietic progenitor assays demonstrated a dose-dependent reduction in AML LSC
clonogenicity and self-renewal (FIGS. 3D-3G, 22A) with a favorable therapeutic index after two
weeks of stromal co-culture (FIG. 22B) with 175-FD-895 (FIGS. 3E, 3G) compared with
vehicle-treated and normal controls. Notably, SAML samples were more sensitive to splicing
modulation than relapsed de novo AML (FIG. 15B). In normal bone marrow HSPC, minimal
changes were observed in myeloid colony survival, with no significant effects on erythroid
colony maintenance (FIG. 22C). Normal CB samples were unaffected by splicing modulator
treatment even at high doses, possibly due to differences in their splice isoform expression

profiles compared with aged normal controls (FIGS. 15B, 18F).

[0341] Because SF3BI1 has been implicated as a target of 175-FD-895, we performed lentiviral
shRNA SF3B1 knockdown studies in MOLM-13 cells, primary CD34" HSPC and AML samples.
Colony formation and serial replating assays revealed that aged HSPC survived lentiviral-shRNA
SF3B1 knockdown while AML samples and MOLM-13 cells were exceptionally sensitive

(FIGS. 22D-22(G), indicating that the spliceosome represents a therapeutic vulnerability in AML.

[0342] Splicing Modulation Impairs LSC Maintenance While Sparing Normal
Hematopoietic Cells In Vivo. Since the 175-FD-895 analogue showed a favorable therapeutic
index and greater functional potency than FD-895 in LSC assays, we performed pre-clinical 175-
FD-895 efficacy studies in normal HSPC and AML PRIMAGRAFT™ models (FIG. 4A).
Consistent with in vitro normal HSPC assays, 175-FD-895 treatment of normal cord blood
CD34" cell engrafted mice showed no effect on total human hematopoietic cell or HSPC survival
(FIGS. 23A-23B). Transplantation of CD34" LSC-enriched fractions from three AML patient
samples (Table 1; FIGS. 23C-23D; n=25 mice transplanted with primary human cells) serially
engrafted human LSC (n=111 mice) after 7-28 weeks (FIG. 23E). Because of relatively high
human engraftment, two sets of engrafted mice were deemed to be amenable to statistically
quantifiable treatment with 175-FD-895 (n=13) or vehicle control (n=9), followed by FACS,
RNA-Seq, and splice isoform PCR analyses. The treatment was well tolerated, with no
significant weight changes detected (FIG. 23F). In contrast to the in vivo normal HSPC model
(FIG. 23B), FACS analysis revealed a decrease in human HSPC frequency in the spleens of
AML PRIMAGRAFT™ treated mice treated with 10 mg/kg of 175-FD-895 compared with vehicle
(FIGS. 16A-16B, 23G). Because LSC have been detected in CD34 CD38" or CD34 CD38"
compartments (Eppert et al., 2011), which are comprised of an expanded granulocyte-

macrophage progenitor (GMP) population (Goardon et al., 2011; Jamieson et al., 2004), we
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analyzed these subpopulations in hematopoietic tissues of treated mice. In 175-FD-895 treated
mouse bone marrow, leukemic GMP frequency was significantly reduced resulting in reversion
to normal progenitor frequencies (FIGS. 16E, 23G). Consistent with the impaired LSC replating
potential observed after 175-FD-895 treatment, serial transplantation studies revealed a marked
decrease in human leukemic cells in recipients of CD34" cells from mice in the 10 mg/kg
treatment group versus vehicle controls (FIG. 16D) in all hematopoietic tissues analyzed. In a de
novo AML PRIMAGRAFT™ model with high disease burden (FIG. 23H), there was a similar trend
towards decreased circulating leukemic cells in secondary recipients of CD34" cells from mice
treated with a lower dose of 175-FD-895 (FIG. 231I). Taken together, these data demonstrate that
short-term treatment with a pharmacological splicing modulatory compound reduced AML LSC

burden and self-renewal potential in serial transplantation assays.

[0343] To quantify splice isoform modulation by 175-FD-895 in the PRIMAGRAFT™ setting,
human CD34-selected cells from treated mice were analyzed by RNA-seq, PCR and splice
isoform-specific QRT-PCR. Consistent with in vitro 17S-FD-895 mechanism of action studies,
PCR analyses demonstrated increased DNAJB/ intron 2 retention and a significant reduction in
BCL2L1-L/S or BCL2-L/S and MCLI-L/S expression ratios in CD34" cells from 175-FD-895-
treated compared with control mice (FIGS. 17A-17D, 24A-24C). Pooled CD34" cells from 175-
FD-895-treated mice used for serial transplantation assays displayed MCL/ exon skipping and
intron inclusion, along with significantly reduced MCL /-L/§ expression ratios (FIG.S 17E; 24D).
Comparative RNA-Seq analysis was performed on CD34" cells pooled from the spleens and
bone marrow of each group of treated AML PRIMAGRAFT™ assays. GSEA included all KEGG
pathways and custom gene sets comprising genes related to overexpressed splice isoforms in
sAML versus normal progenitors (“sAML up”), and the genes associated with decreased
isoforms in SAML vs normal age-matched progenitors (“aged up”). As expected, the “sAML up”
signature was enriched in cells isolated from vehicle-treated mice (FIG. 24E). Conversely, the
“aged up” signature was enriched in the 10mg/kg 175-FD-895 treated mice (FIG. 24E),
suggesting that reversion to an aged splice isoform signature is a biomarker of LSC eradication.
Moreover, expression profiles of genes associated with differentially expressed transcripts
identified in the SAML versus normal bone marrow HPC signature (FIG. 12E) showed opposite
trends in bone marrow from treated mice (FIG. 17F), supporting a trend towards reversion to a

normal bone marrow transcriptome profile.

[0344] To further investigate specific molecular signatures of in vivo response to 175-FD-895,
sAML-associated transcripts (e.g., FIGS. 11D, 11E, 12D) were assessed to identify those that

changed (absolute L2ZFC>0.5) in response to the higher treatment doses in both bone marrow and
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spleen. Notably, sAML-specific transcripts, such as S7TA76-016 and I7GB2-201, reverted to a
normal expression pattern (FIG. 17G). Notably, PTK2B transcripts were decreased after
treatment in both spleen and bone marrow (FIG. 17G). Notably, TCGA splice isoform analyses
revealed that low AML LSC splice isoform levels were associated with improved overall
survival (FIG. 17H). Moreover, RNA-Seq data from PRIMAGRAFT™ analyzed mice showed
normalization of expression levels of several splicing factor genes that were disrupted in SAML
(FIG. 24F), further supporting the possibility that splicing modulation can restore HSPC splicing
patterns by favoring survival of cells with more normal spliceosome function and splice isoform
expression profiles. SF3B1 expression levels were unchanged after treatment in individual mice
and in pooled samples utilized for serial transplantation studies (FIGS. 24G-241). Thus,
pharmacological splicing modulation with 175-FD-895 promoted reversion to a normal splicing
pattern typified by a reduction in sSAML-specific transcripts and pro-apoptotic BCLX-L, BCL2
and MCLI splice isoform switching. Cumulatively, these data suggest that inhibition of pro-
survival gene splicing may contribute to the impairment of AML LSC maintenance by 17S8-FD-

895.

[0345] In vivo molecular response to therapeutic splicing modulation. RNA-seq analysis was
performed in human CD34+ cell fractions isolated from spleens and bone marrow of 17S-FD-
895-treated sAML-engrafted mice. Among splice isoforms that showed significant changes in
expression in SAML versus normal aged HPC, the isoforms shown were restored to more normal
aged HPC-like expression patterns in spleens and bone marrow in 17S-treated mice compared
with vehicle controls. The data are set forth in Table 4 following, which formed the basis for

calculation of FIG. 17G.

Table 4. In vivo molecular response to therapeutic splicing modulation.

(Erfsr:ii)(;rg)l;é& 7) transcript name L2FC BM 10 L2FCsp 10 Average L2FC
ENST00000426951 RBM39-039 2.701 3.541 3.121
ENST00000596102 AL353354.2-201 3.801 1.976 2.888
ENST00000360385 ZNF317-002 3.274 2,127 2.700
ENST00000461326 CLK1-013 3.722 0.840 2.281
ENST00000428863 MDM2-204 2.293 1.906 2.100
ENST00000495394 RPSA-004 2.430 1.656 2.043
ENST00000579996 DDX5-007 2.553 1.451 2.002
ENST00000577787 DDX5-019 2.845 1.136 1.991
ENST00000533161 RPS2-002 2.826 1.136 1.981
ENST00000548363 TUBATA-015 1.877 2.062 1.970
ENST00000409817 CXCR4-003 2.913 0.999 1.956
ENST00000489149 DTL-003 1.698 2.082 1.890
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(Erfsr:ii)(;rg)l;é& 7 transcript name L2FC BM 10 L2FCsp 10 Average L2FC
ENST00000583894 DDX5-017 2.895 0.853 1.874
ENST00000510864 PRIMPOL-010 1.100 2.343 1.722
ENST00000576274 NDC80-013 0.851 2.280 1.566
ENST00000514518 CAMLG-002 0.540 2.424 1.482
ENST00000557134 MNATI1-008 1.739 1.212 1.475
ENST00000402105 HPS4-008 1.915 0.932 1.423
ENST00000492674 STAG3-018 1.407 1.428 1418
ENST00000327898 AFMID-001 1.761 1.055 1.408
ENST00000590308 LDLRAD4-005 1.233 1.090 1.162
ENST00000553494 PRCI1-011 0.974 1.298 1.136
ENST00000222597 CBLL1-014 0.696 1.140 0918
ENST00000435634 EXO0SC6-001 0.653 0.545 0.599
ENST00000416501 AC015987.2-201 0.646 0.544 0.595
ENST00000279247 CAPNI1-003 -0.661 -0.567 -0.614
ENST00000314830 SH2D3C-004 -0.516 -0.725 -0.620
ENST00000509198 LRPAP1-002 -0.566 -0.731 -0.648
ENST00000158762 ACAP1-001 -0.803 -0.505 -0.654
ENST00000556363 MCTP2-005 -0.645 -0.663 -0.654
ENST00000380870 ZNF738-002 -0.708 -0.618 -0.663
ENST00000258412 TMBIM1-001 -0.553 -0.780 -0.667
ENST00000394957 C100rf54-001 -0.620 -0.737 -0.678
ENST00000608424 WDR6-024 -0.657 -0.713 -0.685
ENST00000338257 MY OIF-001 -0.626 -0.753 -0.689
ENST00000532402 GANAB-004 -0.784 -0.599 -0.691
ENST00000258362 PNKD-002 -0.519 -0.871 -0.695
ENST00000345728 FERMT3-002 -0.758 -0.694 -0.726
ENST00000406520 COMT-001 -0.681 -0.771 -0.726
ENST00000548410 RP11-571M6.8-001 -0.568 -0.891 -0.729
ENST00000430629 WASF2-001 -0.593 -0.923 -0.758
ENST00000308436 TUTI1-201 -0.949 -0.597 -0.773
ENST00000307768 JAGN1-001 -0.879 -0.759 -0.819
ENST00000293379 ITGAS5-001 -0.988 -0.669 -0.828
ENST00000492819 CCDC12-005 -0.831 -0.829 -0.830
ENST00000346213 RAB5C-001 -0.911 -0.783 -0.847
ENST00000457928 TBLIXRI1-002 -1.066 -0.641 -0.854
ENST00000374296 PAQR7-001 -0.682 -1.047 -0.864
ENST00000548273 NAPILI1-016 -0.890 -0.843 -0.867
ENST00000254806 WBP2-201 -0.785 -0.972 -0.879
ENST00000279392 HIRIP3-001 -0.992 -0.790 -0.891
ENST00000570382 ACTG1-014 -0.529 -1.269 -0.899
ENST00000373166 TRAPPC3-001 -0.863 -0.945 -0.904
ENST00000418929 PRR12-001 -0.589 -1.242 -0.916
ENST00000429426 MLLT3-202 -1.097 -0.762 -0.930
ENST00000227155 CD82-001 -0.733 -1.170 -0.952
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(Erfsr:ii)(;rg)l;é& 7 transcript name L2FC BM 10 L2FCsp 10 Average L2FC
ENST00000599461 ZNF493-007 -0.592 -1.332 -0.962
ENST00000325207 RIC8A-001 -0.805 -1.123 -0.964
ENST00000299299 PCBDI1-001 -0.599 -1.338 -0.968
ENST00000258947 CALCOCO02-001 -0.776 -1.203 -0.990
ENST00000382280 ZG16B-001 -1.221 -0.761 -0.991
ENST00000483519 USP40-006 -1.153 -0.831 -0.992
ENST00000360439 SIN3A-002 -0.892 -1.105 -0.999
ENST00000375464 C90r1f89-001 -0.867 -1.176 -1.022
ENST00000269919 PGPEP1-001 -0.884 -1.172 -1.028
ENST00000204679 GNPTG-001 -1.457 -0.651 -1.054
ENST00000394729 PRKCD-001 -0.746 -1.375 -1.061
ENST00000341183 MKNKI1-201 -0.531 -1.603 -1.067
ENST00000531709 NXF1-006 -0.705 -1.432 -1.069
ENST00000215838 TCN2-001 -1.199 -0.953 -1.076
ENST00000535358 Clorf228-201 -1.353 -0.867 -1.110
ENST00000275635 LAT2-009 -0.920 -1.319 -1.119
ENST00000302347 ITGB2-201 -1.140 -1.175 -1.157
ENST00000248901 CYTH4-001 -0.798 -1.536 -1.167
ENST00000354434 ZYX-006 -1.819 -0.536 -1.178
ENST00000367279 PTPN7-003 -1.342 -1.042 -1.192
ENST00000322354 SERTAD3-001 -0.858 -1.587 -1.222
ENST00000508045 LUC7L3-003 -1.043 -1.531 -1.287
ENST00000356151 PXK-001 -1.478 -1.102 -1.290
ENST00000346049 PTK2B-001 -1.296 -1.303 -1.300
ENST00000485708 RPS24-002 -0.741 -1.867 -1.304
ENST00000493903 GTF3A-008 -0.931 -1.723 -1.327
ENST00000440963 APOPT1-005 -0.553 -2.110 -1.331
ENST00000337130 UGP2-001 -0.733 -1.984 -1.358
ENST00000557781 STAT6-016 -1.456 -1.327 -1.391
ENST00000312726 GUKI1-001 -1.456 -1.334 -1.395
ENST00000471726 1QCB1-007 -1.074 -1.741 -1.407
ENST00000586476 U2AF1L4-001 -1.791 -1.049 -1.420
ENST00000311337 GNPDA1-001 -2.115 -0.776 -1.445
ENST00000381125 PFKP-003 -0.763 -2.237 -1.500
ENST00000330188 TPM3-009 -0.574 -2.459 -1.516
ENST00000574024 PDE6G-003 -0.965 -2.105 -1.535
ENST00000268099 SCAMP2-001 -1.250 -1.865 -1.558
ENST00000375792 DDAH2-001 -1.257 -1.881 -1.569
ENST00000455895 BSDC1-001 -1.445 -1.847 -1.646
ENST00000369124 PLEKHO1-001 -1.399 -1.938 -1.669
ENST00000322310 SSNA1-001 -1.291 -2.091 -1.691
ENST00000569495 Clorf63-016 -2.297 -1.091 -1.694
ENST00000548390 LETMDI1-018 -1.841 -1.576 -1.709
ENST00000512234 SQSTM1-011 -2.830 -0.600 -1.715
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(Erfsr:ii)(;rg)l;é& 7 transcript name L2FC BM 10 L2FCsp 10 Average L2FC
ENST00000372115 MUTYH-001 -2.213 -1.265 -1.739
ENST00000530003 RPS6KA1-003 -0.558 -2.996 -1.777
ENST00000590720 PSME3-001 -0.701 -2.932 -1.817
ENST00000216155 SYNGR1-006 -1.260 -2.525 -1.893
ENST00000519882 ZNF706-003 -2.177 -1.626 -1.902
ENST00000409240 DCTN1-006 -0.826 -2.995 -1.911
ENST00000371514 SCP2-001 -1.218 -2.609 -1.914
ENST00000466877 NAA10-003 -2.033 -2.136 -2.084
ENST00000238823 FAM98A-001 -1.203 -3.017 -2.110
ENST00000504689 PLXNDI1-018 -3.107 -1.345 -2.226
ENST00000248450 AAMP-001 -3.757 -0.903 -2.330
ENST00000606454 MIR3916-003 -3.866 -0.988 -2.427
ENST00000407877 LPAR2-002 -4.170 -0.740 -2.455
ENST00000467943 COMT-009 -1.054 -4.152 -2.603
ENST00000429586 ABCF3-001 -2.3717 -2.990 -2.683
ENST00000491935 ADRMI1-002 -4.924 -0.750 -2.837
ENST00000264080 GPR108-001 -2.672 -3.020 -2.846
ENST00000344995 LAT2-001 -2.304 -3.573 -2.938
ENST00000381480 DENND1C-001 -2.977 -2.926 -2.951
ENST00000542902 TAOK3-010 -3.604 -2.3717 -2.990
ENST00000393710 NAA10-017 -4.818 -1.179 -2.999
ENST00000357355 CD97-002 -3.353 -2.743 -3.048
ENST00000429120 LY6E-002 -5.018 -1.187 -3.102
ENST00000262629 TYROBP-001 -3.955 -2.933 -3.444
[0346] Discussion
[0347] The heterogeneity of molecular abnormalities in SAML combined with a paucity of

effective treatment options has resulted in high relapse-related mortality rates. In addition to

approved therapies, such as the DNA-modifying agents 5-azacytidine and decitabine, many

experimental agents also target epigenetic regulators of gene expression in clinical trials for

sAML (Kantarjian et al., 2010). However, most of these agents fail to improve patient survival

(Burnett et al., 2013), suggesting that epigenetic modifier therapies may reduce leukemic burden

but may not effectively target a subpopulation of therapy resistant LSC that drive relapse. Hence,

there is a critical need for developing clinical candidates with different modes of action.

[0348]

Here, we demonstrate that selective splicing modulation impairs AML LSC

maintenance and promotes splicing patterns more typical of normal aged HPC expression

profiles. Comparative RNA-Seq analyses demonstrate that aging human progenitors display pro-

apoptotic BCL2 splice isoform switching, while SAML LSC favor pro-survival expression of
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BCL2L1 (Bcl-xL). Notably, global spliceosome deregulation sensitizes therapy-resistant AML
LSC to pharmacological splicing modulation. In particular, a potent and stable FD-895 analogue,
178-FD-895, reverted sSAML isoform expression and pro-survival BCL2 family splicing patterns,
and reduced AML LSC survival and self-renewal in a dose-dependent manner in pre-clinical
models. Moreover, 175-FD-895 exhibited a favorable therapeutic index, impairing LSC

maintenance while sparing normal HSPC in humanized hematopoietic progenitor assays.

[0349] Alternative splicing occurs in up to 95% of human multi-exon genes during human
development and aging (Johnson et al., 2003; Pan et al., 2005), and widespread changes in pre-
mRNA splicing have been implicated in various age-related disorders (Mazin et al., 2013).
Seminal DNA sequencing and microarray gene expression studies suggest that the risk for
transformation to AML is governed by mutations in splicing-related genes (Graubert and Walter,
2011; Li et al., 2011) and epigenetic modifiers of gene expression (Graubert and Walter, 2011;
Yoshida et al., 2011). However, the contribution of mutation-dependent or independent
spliceosome alterations and other primate-specific RNA processing alterations to LSC generation

has not been elucidated.

[0350] Here, we provide RNA-Seq based whole transcript, IncRNA and splice isoform
expression signatures of human HSC and progenitor aging. Together, these whole gene and
splice isoform expression signatures of identify key pathways that are deregulated during human
stem cell aging. Unlike HSC, HPC harbor select alterations in inflammatory pathways and
alternative splicing of pro-survival genes during aging that may be utilized as biomarkers of

premature aging and to identify the therapeutic index provided by splicing modulator therapy.

[0351] In contrast to normal aging, widespread disruption of splicing factor gene expression
and alternative splicing was observed in sSAML LSC and MDS progenitors. Recent studies
implicate the spliceosome as a therapeutic vulnerability in solid tumors (Hsu et al., 2015), and
here we show that pharmacological splicing modulation with a potent and stable SF3B1-targeted
agent selectively eradicated SAML LSC and promoted BCL2 family splice isoform switching,
while sparing normal stem and progenitor cells. Notably, genetic and epigenetic alterations
typical of AML can induce dependence on BCL2 pro-survival activity (Chan et al., 2015).
Moreover, a recent study demonstrated that BCL2-targeted small molecules have the capacity to
rejuvenate aged HSC in mice, and may represent a new class of anti-aging molecules (Chang et
al., 2016). Thus, splicing modulation leading to BCL2 family splice isoform reprogramming may
represent a key component of therapeutic strategies aimed at inducing selective clearance of

senescent HSC during normal aging, and eradicating therapy-resistant AML LSC. The results of
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the present study indicate splicing modulation impairs LSC maintenance primarily through
reducing LSC self-renewal, which has direct relevance to the treatment of a variety of advanced
stage hematopoietic malignancies and cancer stem cell-driven solid tumors (Barrett et al., 2015;
DeBoever et al., 2015; Ferrarese et al., 2014; Salton et al., 2015). Additionally, these studies
provide the necessary rationale for carrying out pharmacokinetic analyses including in vivo
monitoring of 175-FD-895 and potential generation of breakdown products, to provide important
information on the stability and distribution of this compound compared with less stable

spliceosome-targeted small molecules (Hong et al., 2014).

[0352] In addition to establishing the in vifro and in vivo LSC inhibitory efficacy of a potent
splicing modulatory agent, 175-FD-895, at doses that spare normal hematopoietic cells, RNA-seq
analyses distinguished sAML LSC-specific splice isoforms that may represent predictive
biomarkers of disease progression that would enable early intervention. Furthermore, normal
versus malignant aging splice isoform switching profiles could be exploited in companion
diagnostics to evaluate the efficacy of splicing modulators or other LSC-targeted agents.
Together, these results support further development of splicing-targeted LSC eradication
strategies, representing an important step forward in preventing disease relapse in AML and other

recalcitrant malignancies typified by splicing deregulation (Mazin et al., 2013).
[0353] Experimental Procedures

[0354] Patient Samples and HSPC Purification. A collection of AML and MDS patient
samples from peripheral blood or bone marrow (Table 1) and normal age-matched controls (FIG.
18A) were obtained from patients who gave informed consent in accordance with Institutional
Review Board-approved protocols at UCSD (Human Research Protections Program) and the
Fred Hutchinson Cancer Research Center’s Leukemia Repository. Bone marrow samples from
young donors (FIG. 18A) and CB were obtained from AllCells (Alameda, CA). Purified human
HSPC and LSC were isolated by FACS and processed for RNA extraction as previously
described(Jiang et al., 2013).

[0355] Whole Transcriptome Sequencing Analyses. Gene and isoform expression values in
FPKM were obtained from RNA-Seq data essentially as previously described (Jiang et al., 2013)
and as detailed in the Supplemental Experimental Procedures. Similar to previous reports
(Kirschner et al., 2015), for each comparison, positives for differentially expressed transcripts
were identified by the L2FC of the per-group average FPKM+1, then a Benjamini-Hochberg
FDR correction was applied using the p.adjust method in the R statistical package.
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[0356] Chemical Synthesis and Preparation of Splicing Modulatory Compounds.
Synthesis of FD-895 and 17S5-FD-895 compounds was performed as previously described(Villa
et al., 2012). For in vivo studies, 175-FD-895 was prepared in DMSO at a concentration of 10
mg/mL.

[0357] In vitro Stromal Co-Culture and Splicing Modulation. As previously described
(Goff et al,, 2013), humanized bone marrow SL/M2 monolayers were inactivated (irradiated) and
then human CD34" cells selected from AML primary samples and normal controls were added
for two weeks of co-culture, followed by methylcellulose-based colony and replating assays. FD-

895 or 175-FD-895 were added at the initiation of co-culture, with DMSO as a vehicle control.

[0358] The top 50 significantly differentially expressed isoforms ranked from most increased
to most decreased expression in aged (n=4) versus young (n=4) human normal bone marrow
stromal cells grown in stromal monolayers, are set forth in Table 5 following. Log 2 fold change
(L2FC) values are calculated from FPKM values for all isoforms with average FPKM>1 in aged

or young bone marrow stromal cells, absolute L2ZFC>1, p<0.05.

Table 5. Top significantly differentially expressed isoforms ranked from most
increased to most decreased expression in aged (n=4) versus young (n=4) human

normal bone marrow stromal cells grown in stromal monolayers.

(Enzrea;‘f)(lng)lgcli3 7) transcript_name L2FC PVAL
ENST00000492229 SON-011 3.878 | 0.034
ENST00000459155 SCARNA12-201 3.798 | 0.028
ENST00000518678 TRAM1-004 2.940 | 0.043
ENST00000497055 SGIP1-008 2709 | 0.000
ENST00000537041 QKI-016 2707 | 0.049
ENST00000534733 ST3GALA4-015 2.664 | 0.003
ENST00000506409 MED28-003 2.534 | 0.009
ENST00000515114 CCDC109B-005 2496 | 0.023
ENST00000490253 PLCG1-006 2481 | 0.002
ENST00000368961 CD164-201 2424 | 0.004
ENST00000260702 LOX14-001 2300 | 0.042
ENST00000533234 OSBPL5-014 2270 | 0.047
ENST00000394353 GSN-203 2235 | 0.049
ENST00000574151 HCFCI1R1-004 1.829 | 0.010
ENST00000511186 HSD17B4-015 1.568 | 0.006
ENST00000419703 FNDCI-IT1-001 1.489 | 0.002
ENST00000473202 SERPINE2-004 1.265| 0.001
ENST00000578991 ELAC2-019 1.051 | 0.001
ENST00000589416 ILF3-019 1.045 | 0.004
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ENST00000354503 MFF-022 1.023 | 0.001
ENST00000335327 WASF3-001 1.022 | 0.004
ENST00000567999 DEF8-009 -1.170 | 0.001
ENST00000393108 STEAP3-202 -1.184 | 0.004
ENST00000297620 FAM219A-008 -1.399 | 0.006
ENST00000379772 C200rf27-001 -1452 | 0.003
ENST00000451354 PLEKHG2-006 -1478 | 0.006
ENST00000428228 EMD-007 -1.681 0.009
ENST00000332298 RGS19-001 -1.701 0.002
ENST00000362068 ADM2-201 -1.712 | 0.010
ENST00000552775 C170rf49-005 -1.846 [ 0.011
ENST00000536752 AACS-007 -1.850 [ 0.001
ENST00000356488 SPATA20-004 -1.874 | 0.015
ENST00000216780 PCK2-002 -1.907 | 0.014
ENST00000434436 MBD3-001 -1.913 | 0.003
ENST00000400890 AC011043.1-201 -1.933 | 0.014
ENST00000413016 AK1-011 -1.942 | 0.003
ENST00000592528 PLIN3-007 -2.064 | 0.014
ENST00000590869 ILF3-023 -2.081 0.013
ENST00000549775 RNASEK-C170rf49-001 -2.095 | 0.005
ENST00000548577 RNASEK-001 -2.121 0.012
ENST00000395648 TP53111-006 -2.140 | 0.024
ENST00000498491 FLNA-008 -2.164 | 0.004
ENST00000541435 FXYD5-013 -2.193 | 0.043
ENST00000565223 ATP6VO0C-004 -2.241 0.003
ENST00000526395 SIGIRR-023 -2.338 | 0.008
ENST00000485803 FHL3-002 -2.339 | 0.035
ENST00000495313 SWI5-004 -2.392 | 0.013
ENST00000550925 SH2B3-003 -2.630 | 0.030
ENST00000594568 TRPM4-010 -3.189 | 0.020
ENST00000345517 ACTG2-001 -3.291 0.018
[0359] AML LSC PRIMAGRAFT™ Assays and In Vivo 175-FD-895 Treatment. All animal

PCT/US2016/053575

studies were performed in accordance with UCSD and NIH-equivalent ethical guidelines and

were approved by the Institutional Animal Care and Use Committee. Three AML PRIMAGRAFT™

models were established from AML LSC-enriched cell fractions (1-2 x 10° CD34" cells)

transplanted intrahepatically into neonatal Rag2”y.”" as previously described (Abrahamsson et
al., 2009), or intravenously into sublethally irradiated adult (6-8 weeks old) NOD/SCID-IL2RG
mice (NSGS, Jackson Laboratory). AML-engrafted mice were dosed intravenously with 175-
FD-895 (5-10 mg/kg) or vehicle (15-20% DMSO in PBS) three times over a two-week period

(day 1, day 7, and day 14). After treatment, hematopoietic tissues were analyzed as described

following.
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[0360] Reagent and data summary

[0361] Table 6 following tabulates transcription factors useful in the methods disclosed herein

by Ensembl GRCh37 gene ID and gene-name.

Table 6. Transcription factors

gene ID (Ensembl GRCh37) | gene name
ENSG00000186951 PPARA
ENSG00000204519 ZNF551
ENSG00000120738 EGRI1
ENSG00000120738 HLF
ENSG00000125740 FOSB
ENSG00000102804 TSC22D1
ENSG00000162772 ATF3
ENSG00000177606 JUN
ENSG00000170345 FOS
ENSG00000157514 TSC22D3
ENSG00000125968 ID1
ENSG00000171223 JUNB
ENSG00000117036 ETV3
ENSG00000173875 ZNF791
ENSG00000102984 ZNF821
ENSG00000106004 HOXAS
ENSG00000123358 NR4A1
ENSG00000172216 CEBPB
ENSG00000165030 NFIL3
ENSG00000115738 1D2
ENSG00000125347 IRF1

[0362] Tables 7A-7B tabulate IncRNAs useful for the methods disclosed herein by Ensembl
GRCh37 gene ID and gene-name, for HSC (Table 7A) and HPC (Table 7B). Also tabulated are
the L2FC values for each IncRNA.

Table 7A. HSC IncRNAs

gene ID (Ensembl GRCh37) | gene name L2FC

ENSG00000231721 LINC-PINT 2.7
ENSG00000214548 MEG3 1.8
ENSG00000206344 HCG27 1.7
ENSG00000234883 MIR155HG 14
ENSG00000239213 RP11-85F14.5 14
ENSG00000245532 NEATI 13
ENSG00000236333 TRHDE-AS1 1.2
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RP11-
ENSG00000238113 262H14.1 1.1
ENSG00000260924 AC004463.6 1
RP11-
ENSG00000232104 509J21.1 -1.7
ENSG00000223837 BRD2-IT1 -2.6
Table 7B. HPC IncRNAs
gene ID (Ensembl GRCh37) | gene name L2FC
ENSG00000257242 Cl120rf79 2.8
ENSG00000251992 SCARNA17 2.4
ENSG00000188825 LINC00910 2.3
ENSG00000245532 NEATI 1.7
ENSG00000239569 KMT2E-AS1 1.2
ENSG00000225442 MPRIP-AS1 1.1
MALATI
ENSG00000251562 (NEAT2) 1
ENSG00000218510 LINC00339 -1.3

[0363] Table 8 tabulates spliceosome genes useful in the methods disclosed herein by Ensembl

GRCh37 gene ID and gene-name.

Table 8. Spliceosome genes

gene ID (Ensembl GRCh37) | gene name L2FC PVAL QVAL

ENSG00000101161 PRPF6 0.80310461 | 0.01135946 | 0.02408806
ENSG00000087365 SF3B2 0.74775823 0.0121265 [ 0.02419781
ENSG00000100813 ACIN1 0.72369451 | 0.01344323 | 0.02419781
ENSG00000147144 CCDCI12 0.63074694 | 0.00925191 | 0.02408806
ENSG00000141759 TXNL4A -0.5043694 | 0.03814817 | 0.04928551
ENSG00000170144 HNRNPA3 -0.5047599 | 0.03384457 | 0.04887085
ENSG00000135486 HNRNPAI1 -0.5083236 | 0.00020676 | 0.00372166
ENSG00000139675 HNRNPAIL2 | -0.5091854 | 0.01583795 | 0.02715076
ENSG00000125743 SNRPD?2 -0.5162715 | 0.03833318 | 0.04928551
ENSG00000165630 PRPF18 -0.5165423 | 0.03402466 | 0.04887085
ENSG00000060688 SNRNP40 -0.5488529 | 0.03529562 | 0.04887085
ENSG00000147274 RBMX -0.6109845 | 0.00650762 | 0.02342745
ENSG00000100650 SRSF5 -0.6375131 | 0.01339621 | 0.02419781
ENSG00000144028 SNRNP200 -0.6423808 | 0.00085565 | 0.00694006
ENSG00000100138 NHP2L1 -0.655293 | 0.01137492 | 0.02408806
ENSG00000167088 SNRPDI1 -0.6746622 | 0.02440908 | 0.03994214
ENSG00000169976 SF3B5 -0.7212635 | 0.00833504 | 0.02408806
ENSG00000086589 RBM22 -0.8236023 0.0009639 | 0.00694006
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ENSGO00000131795 RBMSA -0.8522745 | 0.00540306 | 0.02161224
ENSG00000141543 EIF4A3 -0.9176155 | 0.03341139 | 0.04887085
ENSGO00000116752 BCAS2 -1.0168843 | 0.00943553 | 0.02408806
ENSGO00000161547 SRSF2 -1.0197975 | 0.00302536 | 0.01361412
ENSG00000112081 SRSF3 -1.023265 | 0.00164531 | 0.00987185
ENSG00000132792 CTNNBLI1 -1.0273536 | 0.01047858 | 0.02408806
ENSGO00000115875 SRSF7 -1.0368379 | 0.00980652 | 0.02408806
ENSG00000162385 MAGOH -1.0569937 | 0.00082472 | 0.00694006
ENSG00000108654 DDX5 -1.1476375 | 0.00277436 | 0.01361412
ENSG00000124193 SRSF6 -1.4551226 | 0.00017567 | 0.00372166
Table 9 tabulates additional transcription factors useful in the methods disclosed herein,

[0364]

by Ensembl GRCh37 gene ID and gene-name.

[0365]

Table 9. Additional transcription factors

gene ID (Ensembl GRCh37) | gene name | L2FC

ENSG00000141905 NFIC 1.5
ENSG00000166888 STAT6 1.4
ENSG00000169083 AR 1.3
ENSG00000189067 LITAF 1.2
ENSG00000128604 IRF5 1.2
ENSG00000204859 ZBTB438 1.2
ENSG00000143390 RFX3 1.1
ENSG00000124766 SOX4 -1.3
ENSG00000029993 HMGB3 -1.3
ENSG00000119508 NR4A3 -14
ENSG00000140968 IRFS8 -1.4
ENSG00000007968 E2F2 -1.5
ENSG00000162599 NFIA -1.5
ENSG00000141510 TP353 -1.5
ENSG00000185630 PBX1 -1.5
ENSG00000147862 NFIB -1.7
ENSG00000117036 ETV3 -2
ENSG00000153234 NR4A2 2.2
ENSG00000117318 ID3 -2.3
ENSG00000123358 NR4A1 -3
ENSG00000137265 IRF4 -3.2
ENSG00000164330 EBF1 -39

Table 10 tabulated additional IncRNAs useful in the methods disclosed herein, by

Ensembl GRCh37 gene ID and gene-name.
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Table 10. Additional IncRNAs.
gene 1D (Ensembl GRCh37) | gene name L2FC
ENSG00000214548 MEG3 3.9
ENSG00000204625 HCG9 2.7
ENSG00000227502 RP1-249H1 .4 2.1
ENSG00000229989 MIR181ATHG 1.7
ENSG00000242258 LINC00996 1.6
ENSG00000246263 KB-431C1.4 1.5
ENSG00000252122 SNORA76 1.5
ENSG00000256007 ARAPI-ASI 13
RP11-
ENSG00000260260 304L19.5 13
ENSG00000233429 HOTAIRM1 13
RP11-
ENSG00000227953 439E19.3 1.2
CTC-
ENSG00000245937 228N24 3 1.2
ENSG00000236709 DAPKI-IT1 1.1
ENSG00000269220 LINC00528 1
ENSG00000227028 SLC8A1-AS1 -1.2
ENSG00000182648 LINC01006 -1.2
ENSG00000249859 PVTI1 -1.3
ENSG00000187621 TCL6 -1.3
ENSG00000230945 RP11-39409.1 -1.4
ENSG00000247774 PCED1B-ASI1 -1.8
ENSG00000228495 LINC01013 2.4
ENSG00000214049 UCAI1 -3.6

[0366] Tables 11A-11B tabulate the results disclosed in FIG. 11D for L2FC greater than zero,

and less than zero, respectively.

Table 11A. Tabulation of data from FIG. 11D wherein L2FC is greater than zero.

transcript_id transcript name L2FC é?:sc PVAL | QVAL \s;z?(r)lro
ENST00000486554 TSC22D3-006 2.847 2847 0.000 | 0.039 4591
ENST00000248673 ZFP36-201 2.842 2842 0.000 | 0.041 4363
ENST00000586113 FOSB-009 2744 27441 0.000 | 0.039 4,672
ENST00000343677 HISTIH1C-001 2.183 2.183 | 0.000 | 0.039 4.129
ENST00000555242 FOS-008 2.031 2.031| 0.000| 0.039 4.029
ENST00000592811 FOSB-008 1.985 1.985| 0.000| 0.039 4.090
ENST00000528443 TOR1AIP1-001 1.564 1.564 | 0.000| 0.039 3.785
ENST00000554617 FOS-005 1.390 1390 | 0.001| 0044 3451
ENST00000499732 NEATI1-002 1.297 1.297 | 0001 | 0044 3411
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Table 11B. Tabulation of data from FIG. 11D wherein L2FC is less than zero.

transcript_id transcript name L2FC é?:sc PVAL | QVAL \s;z?(r)lro
ENSTO00000379953 LY86-001 -1.112 1.112| 0.000 | 0.039 3.538
ENSTO00000495215 TRNAUIAP-008 -1.327 1.327 ] 0.000 | 0.039 3.723
ENSTO00000354291 DDX55-012 -1.363 1.363 | 0.000 | 0.039 4.158
ENSTO00000429859 RP4-717123.3-011 -1.414 1.414 ] 0.000 | 0.036 43812
ENSTO00000375972 YMEILI1-201 -1.423 1.423 1 0.000 | 0.039 3.671
ENSTO00000462189 MOGS-004 -1.448 1.448 | 0.001 0.047 3.425
ENSTO00000481007 LYPLAL1-012 -1.477 1.477 1 0.000 | 0.039 4.029
ENSTO00000359301 Z(C3H14-201 -1.439 1.489 | 0.000 | 0.039 3.698
ENSTO00000607660 INTS10-019 -1.494 1.494 1 0.000 | 0.039 3.882
ENSTO00000569770 MBTPSI1-015 -1.495 1.495 | 0.001 0.041 3.554
ENSTO00000506789 CDK7-010 -1.509 1.509 | 0.001 0.041 3.595
ENSTO00000561855 MAZ-012 -1.690 1.690 | 0.000 | 0.039 4.077
ENSTO00000447713 ANKRD44-012 -1.956 1.956 | 0.000 | 0.039 4.019
ENSTO00000447740 CARDS-204 2212 2212 | 0.001 0.041 3913
ENSTO00000552606 CCDC59-005 -2.341 2341 | 0.001 0.041 3.995
[0367] Tables 12A-12B tabulate the data of FIG. 11E for L2FC greater than zero, and less than

zero, respectively.

Table 12A. Tabulation of data from FIG. 11E wherein L2FC is greater than zero.

transcrg)lt{_éc}ié];l;l sembl transcript_name L2FC LAZI;SC PVAL | QVAL V\?ézigf
ENSTO00000365645 VTRNA1-3-201 4.223 4223 | 0.003 | 0.032 4.912
ENST00000364931 RNUSE-4P-201 3.797 3.797 | 0.003 | 0.030 4.586
ENST00000307365 DDIT4-001 3.615 3.615| 0011 ] 0.046 4.112
ENST00000242152 NPY-001 3.535 3.535| 0.008 | 0.043 4.115
ENST00000314332 HIST1H2BC-003 3.449 3.449 | 0.002 | 0.029 4.372
ENST00000462639 SATI1-007 3.393 3.393 | 0.002 ] 0.028 4.372
ENST00000548363 TUBA1A-015 3.316 3.316 | 0.009 | 0.044 3.906
ENST00000244601 HIST1H2BG-001 3.168 3.168 | 0.001 | 0.028 4.552
ENST00000303910 HIST1H2AE-001 3.053 3.053 | 0.001] 0.028 4.362
ENST00000508487 CXCL2-001 3.042 3.042 | 0.002 | 0.030 4.011
ENSTO00000379251 SATI1-004 2.957 2957 | 0.002| 0.028 4.062
ENST00000588696 SEC14L1-007 2.884 2884 | 0.012| 0.048 3.459
ENST00000248673 ZFP36-201 2.861 2.861 | 0.008 | 0.043 3.544
ENST00000396984 HIST1H2BC-002 2.798 2798 | 0.002 | 0.028 3.962
ENST00000474223 SATI1-006 2.698 2.698 | 0.004 | 0.033 3.590
ENSTO00000365574 RNUSE-6P-201 2.696 2.696 | 0.008 | 0.044 3.400
ENSTO00000356476 HIST1H3D-001 2.616 2.616 | 0.001 | 0.028 3.899
ENST00000534719 FTH1-009 2.602 2.602 | 0.005| 0.034 3.465
ENSTO00000365626 RNVUI1-20-201 2.555 2.555 | 0.007 | 0.040 3.350
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transcrg)lt{_éc}ié]%l sembl transcript_name L2FC LAZI;SC PVAL | QVAL V\?ézigf
ENSTO00000364688 RNVUI1-6-201 2.522 2522 | 0.004 | 0.032 3.506
ENST00000602277 RP6-99M1.3-001 2.389 2389 | 0.003 | 0.032 3.456
ENST00000228434 CD69-001 2.387 2387 | 0.001 | 0.028 3.918
ENST00000377777 HIST1H2BD-002 2.341 2341 | 0.002 | 0.028 3.661
ENST00000607315 RP11-51J9.5-001 2.286 2286 | 0.004 | 0.033 3.314
ENST00000379253 SATI1-003 2.280 2280 | 0.010 | 0.044 3.043
ENST00000608684 RP11-386114.4-001 2218 2218 | 0.000 | 0.024 4.142
ENST00000416624 CD69-002 2.201 2201 | 0.000 | 0.028 3.984
ENST00000536709 CD69-003 2.190 2.190 | 0.000 | 0.016 4.450
ENST00000370986 GADD45A-001 2.181 2.181 | 0.006 | 0.039 3.096
ENST00000495813 SLC2A3-002 2.150 2.150 | 0.005 | 0.034 3.162
ENSTO00000369155 HIST2H2BE-001 2.136 2136 | 0.001 | 0.028 3.662
ENST00000289577 TMED4-005 2.115 2.115 | 0.000 | 0.020 4.203
ENST00000411315 RNU2-64P-201 2.096 2.096 | 0.010 | 0.045 2.896
ENST00000367577 IER5-001 2.092 2.092 | 0011 | 0.045 2.879
ENST00000589949 H3F3B-008 2.068 2.068 | 0.004 | 0.032 3.204
ENST00000239223 DUSP1-001 2.064 2.064 | 0.001 | 0.028 3.579
ENST00000520420 CREBRF-004 2.032 2.032 | 0.009 | 0.044 2.872
ENST00000601309 HNRNPUL1-019 2.018 2.018 | 0.010| 0.045 2.838
ENST00000509150 ATP2C1-023 2.011 2.011 | 0.009 | 0.044 2.877
ENST00000357647 HIST1H3A-001 1.958 1.958 | 0.001 | 0.028 3.694
ENST00000343677 HIST1H1C-001 1.950 1.950 | 0.009 | 0.044 2.813
ENST00000482091 IDI1-001 1.930 1.930 | 0.007 | 0.040 2.902
ENST00000507022 MRPS36-006 1.927 1.927 | 0.004| 0.032 3.120
ENST00000369163 HIST1H3H-001 1.891 1.891 | 0.005| 0.034 2.972
ENST00000515833 MATR3-036 1.797 1.797 | 0.003 | 0.030 3.150
ENST00000511207 CCNH-009 1.795 1.795 | 0.002 | 0.029 3.212
ENST00000409769 CLK1-005 1.780 1.780 | 0.004 | 0.033 2.990
ENST00000560274 RPLP1-006 1.779 1.779 | 0.001 | 0.028 3.411
ENST00000377364 HIST1H4B-001 1.757 1.757 | 0.001 | 0.028 3.504
ENST00000534470 EIF4G2-032 1.739 1.739 | 0.002 | 0.030 3.132
ENST00000421512 TBP-004 1.736 1.736 | 0.002 | 0.029 3.205
ENST00000409685 FAM124B-003 1.722 1.722 | 0.006 | 0.039 2.801
ENST00000545027 ETV6-004 1.713 1.713 | 0.004 | 0.032 2.986
ENST00000377831 HIST1H3D-201 1.616 1.616 | 0.004 | 0.033 2.857
ENST00000438169 KRR1-003 1.575 1.575| 0.005| 0.034 2.807
ENST00000459299 SNORD13-201 1.568 1.568 | 0.005| 0.034 2.816
ENST00000369159 HIST2H2AA4-001 1.527 1.527 | 0.001 | 0.028 3.351
ENST00000476634 SLC2A3-004 1.484 1.484 | 0.002 | 0.028 3.173
ENST00000486554 TSC22D3-006 1.483 1.483 | 0.000 | 0.024 3.774
ENSTO00000590335 FOSB-006 1.473 1.473 | 0.003 | 0.031 2.936
ENSTO00000377745 HIST1H4F-001 1.457 1.457 | 0.000| 0.016 4.163
ENSTO00000554988 RPPH1-001 1.435 1.435| 0.002 | 0.028 3.106
ENST00000243806 FAM124B-001 1.421 1.421 | 0.001 | 0.028 3.179
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tansertpt 44 Ensembl | panseript name | 1260 | ABS | pvaL | Quar | Volene
ENST00000511865 REEP5-006 1.411 1.411 | 0.002 | 0.029 3.046
ENST00000549490 UBE2N-005 1.391 1.391 | 0.001| 0.028 3.396
ENST00000565108 CMC2-021 1.377 1.377 | 0.002| 0.028 3.137
ENST00000377401 HIST1H2BL-001 1.339 1.339 | 0.002 | 0.029 2.993
ENST00000321356 CLK1-001 1.334 1.334 | 0.001 | 0.028 3.183
ENST00000484921 ARLG6IP5-006 1.285 1.285| 0.002| 0.028 3.051
ENST00000520618 SNX16-012 1.260 1.260 | 0.000 | 0.016 4.396
ENST00000541694 AC084018.1-011 1.228 1.228 | 0.001 | 0.028 3.268
ENST00000601837 EID2B-002 1.197 1.197 | 0.002 | 0.028 3.031
ENST00000282388 ZFP361.2-001 1.193 1.193 | 0.002 | 0.029 2.923
ENST00000465085 ABCD4-017 1.175 1.175 | 0.002 | 0.030 2.857
ENST00000453677 KMT2E-AS1-001 1.168 1.168 | 0.003 | 0.030 2.833
ENST00000596355 RP11-315120.1-018 1.163 1.163 | 0.001 | 0.028 3.066
ENST00000460600 PNISR-004 1.157 1.157 | 0.000 | 0.020 3.833
ENST00000243189 Clorf63-001 1.148 1.148 | 0.003 | 0.030 2.825
ENST00000517805 RPL30-012 1.145 1.145| 0.002 | 0.028 2.979
ENST00000202017 PDRG1-001 1.141 1.141 | 0.001 | 0.028 3.161
ENST00000431446 RBMX-003 1.019 1.019 | 0.001| 0.028 3.301
ENST00000453018 HGF-006 1.013 1.013 | 0.000| 0.016 4.043
ENST00000521889 C8orf44-005 1.001 1.001 | 0.002 | 0.029 2.838
Table 12B. Tabulation of data from FIG. 11E wherein L2FC is less than zero.
transcrg)lt{_éc}ié]%l sembl transcript_name L2FC LAZI;SC PVAL | QVAL \ség‘?cl)lro
ENST00000423368 CNOT4-001 -1.023 1.023 | 0.000 | 0.027 3.518
ENST00000580571 MIF4GD-005 -1.025 1.025| 0.001 | 0.028 3.407
ENST00000462069 C3orf14-004 -1.032 1.032 | 0.000| 0.016 4.417
ENST00000574128 MED31-004 -1.107 1.107 | 0.003 | 0.030 2.827
ENST00000391742 LAIR1-001 -1.184 1.184 | 0.001 | 0.028 3.129
ENST00000361785 RNF13-002 -1.219 1.219 | 0.002 | 0.029 2910
ENST00000367367 PTPRC-005 -1.290 1.290 | 0.001 | 0.028 3.334
ENST00000376557 PRR3-002 -1.374 1.374 | 0.003 | 0.032 2.822
ENST00000355499 YY1AP1-034 -1.446 1.446 | 0.002 | 0.028 3.170
ENST00000420503 LINC00339-003 -1.524 1.524 | 0.001 | 0.028 3.525
ENST00000509081 RASGEF1B-002 -1.534 1.534 | 0.000 | 0.016 4.156
ENST00000479041 AOX3P-002 -1.589 1.589 | 0.003 | 0.032 2.927
ENST00000436911 TRGC2-001 -1.625 1.625 | 0.005| 0.034 2.827
ENST00000243347 TNFAIP6-001 -1.680 1.680 | 0.002| 0.028 3.214
ENST00000325074 RUNX1-201 -1.970 1.970 | 0.005| 0.034 3.015
ENST00000394223 NDUFC1-004 -2.010 2.010| 0.003| 0.032 3.222
ENST00000410457 RNU2-28P-201 -2.226 2226| 0.001]| 0.028 3.658
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[0368] Tables 13A-13B tabulate the data of FIG. 12D for L2FC greater than zero, and less than

zero, respectively.

Table 13A. Tabulation of data from FIG. 12D wherein L2FC is greater than zero.

transcript_id ) ABS Volcano
(Ensembl GRCh37) | anscriptname | L2FC | "pr | PVAL | QVAL | (o
ENSTO00000586925 | FXYD5-009 4439 | 4439 | 0.000]| 0.005 5.559
ENSTO00000525690 | RPS3-023 4299 | 4299 | 0.001 0.007 5.170
ENSTO00000485708 | RPS24-002 4065 | 4.065| 0.001 0.007 4973
ENSTO00000547479 | NAP1L1-018 4018 | 4.018| 0.000| 0.001 6.303
ENSTO00000436911 | TRGC2-001 3869 | 3.869| 0.001 0.007 4816
ENSTO00000528086 | CD44-012 3815| 3.815| 0.003 0.011 4.557
ENSTO00000570382 | ACTG1-014 3278 | 3278 | 0.000 | 0.005 4.688
ENSTO00000368811 | S100A10-001 3.071 3.071 0.000 | 0.004 4.652
ENSTO00000541549 | EIF3A-201 2910 2910| 0.000| 0.003 5.009
ENSTO00000576544 | ACTG1-006 2895 2.895| 0.001 0.006 4221
ENSTO00000491410 | NRD1-005 2855 2.855| 0.000] 0.000 6.840
ENSTO00000302347 | ITGB2-201 2848 | 2.848 | 0.001 0.005 4347
ENSTO00000416215 | PTPN6-003 2.623 | 2.623 0.000 | 0.003 4915
ENSTO00000589517 | TYROBP-002 2616 | 2616| 0.000]| 0.005 4219
ENSTO00000252725 | ARPC1B-001 2269 | 2269 | 0.000]| 0.004 4.290
ENSTO00000300060 | ANPEP-001 2212 2212| 0.000]| 0.004 4.265
ENSTO00000587561 | LMANI-005 2136 | 2.136 | 0.000| 0.003 4.595
ENSTO00000415231 | TAC3-010 2.052 | 2.052| 0.000]| 0.000 7.670
ENST00000568406 | Clorf228-020 2.034 | 2.034| 0.000]| 0.004 4371
ENSTO00000541365 | CEP57-011 2019 2019| 0.000]| 0.003 4.597
ENSTO00000305533 | TWF2-001 2.013 | 2013 0.000 | 0.004 4226
ENSTO00000572457 | ARRB2-003 1.940 1.940 | 0.000 | 0.003 4514
ENSTO00000420218 | PTK2B-202 1912 1.912 | 0.000| 0.003 4.536
ENST00000427321 | Clorf228-011 1.863 1.863 0.000 | 0.003 4.539
ENSTO00000502635 | DCP2-008 1.807 1.807 | 0.000 | 0.004 4.235
ENST00000488324 | PPP1R18-003 1.769 1.769 | 0.000 | 0.003 4.469
ENSTO00000472498 | RPL37P2-001 1.762 1.762 | 0.000| 0.000 6.418
ENSTO00000319511 | TMUB2-002 1.723 1.723 0.000 | 0.004 4.148
ENSTO00000326005 | OAZ2-001 1.718 1.718 | 0.000 | 0.003 4.459
ENSTO00000346049 | PTK2B-001 1.663 1.663 0.000 | 0.004 4.134
ENSTO00000441658 | RP11-7707.1-001 1.624 1.624 | 0.000| 0.002 4.691
ENSTO00000511155 | XPC-007 1.619 1.619 | 0.000| 0.004 4224
ENSTO00000544691 | SDR39U1-003 1.551 1.551 0.000 | 0.002 4764
ENSTO00000480624 | MACF1-014 1.504 1.504 | 0.000| 0.002 5.006
ENSTO00000312423 | SWSAP1-001 1.443 1.443 0.000 | 0.003 4.404
ENSTO00000563576 | MGA-002 1.443 1.443 0.000 | 0.003 4327
ENSTO00000485803 | FHL3-002 1.438 1438 | 0.000| 0.001 5.726
ENSTO00000496289 | ZC3H15-005 1.404 1.404 | 0.000| 0.004 4.157
ENSTO00000375040 | GPSM3-001 1.380 1.380 | 0.000| 0.002 4797
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transcript_id . ABS Volcano
(Ensembl GRCh37) | franseript name | L2FC | o’ | PVAL | QVAL | 'y i
ENSTO00000459726 | RBM28-003 1.378 1.378 | 0.000| 0.002 4.802
ENSTO00000584294 | LPIN2-002 1.372 1.372 | 0.000| 0.001 5.720
ENSTO00000424649 | PXN-002 1.292 1.292 | 0.000| 0.000 6.531
ENSTO00000430629 | WASF2-001 1.270 1.270 | 0.000| 0.001 5.366
ENSTO00000293831 | EIF4A1-001 1.175 1.175| 0.000 | 0.003 4171
ENSTO00000496499 | RN7SL182P-201 1.161 1.161 0.000 | 0.001 5.470
ENSTO00000600628 | SSBP4-008 1.120 1.120 | 0.000 | 0.001 5.192
ENSTO00000418929 | PRR12-001 1.084 1.084 | 0.000| 0.002 4.793
ENSTO00000450863 | GOLGA4-004 1.063 1.063 0.000 | 0.001 5.577
ENSTO00000330736 | ANKRD11-011 1.021 1.021 0.000 | 0.003 4.175
ENST00000357508 | Clorf228-005 1.017 1.017 | 0.000| 0.001 5410

Table 13B. Tabulation of data from FIG. 12D wherein L2FC

is less than zero.

transcript id ) ABS Volcano
(Ensembl GROR3 7y | transeript_name | L2FC | p g | PVAL | QVAL | g 00
ENST00000550146 | TMEM106C-007 -1.061 1.061 0.000 | 0.002 4.600
ENST00000498704 | RABL5-007 -1.087 1.087 | 0.000| 0.003 4363
ENSTO00000532152 | EIF4G2-022 -1.110 1.110 | 0.000 | 0.003 4331
ENSTO00000521273 | HNRNPA1P7-001 -1.119 1.119 | 0.000| 0.001 5815
ENST00000546989 | RPLP0-008 -1.257 1.257 | 0.000 | 0.003 4389
ENSTO00000452673 | CANX-005 -1.316 1.316 | 0.000| 0.002 4617
ENSTO00000548355 | TMEM106C-020 -1.316 1.316 | 0.000 | 0.003 4.345
ENSTO00000374594 | CTNNAL1-003 -1.319 1.319 | 0.000| 0.003 4212
ENST00000502784 | NPM1P27-001 -1.366 1.366 | 0.000| 0.003 4.175
ENSTO00000522304 | NCAPH2-016 -1.399 1.399 | 0.000| 0.003 4.204
ENST00000461768 | SRRM1-017 -1.410 1.410 | 0.000| 0.003 4261
ENSTO00000600519 | FAM129C-007 -1.515 1.515 0.000 | 0.003 4.268
ENST00000405805 | HMGB1-012 -1.554 1.554 | 0.000| 0.004 4.175
ENST00000258349 | RC3H1-201 -1.588 1.588 0.000 | 0.003 4414
ENSTO00000282507 | UGT3A2-001 -1.702 1.702 | 0.000 | 0.003 4362
ENST00000409290 | WIPF3-002 -1.777 1.777 | 0.000 | 0.004 4.147
RP11-315A17.1-
ENSTO00000505636 | 001 -1.815 1.815 0.000 | 0.004 4315
ENSTO00000431467 | ING3-006 -1.843 1.843 0.000 | 0.003 4.628
ENSTO00000427726 | ING3-005 -1.868 1.868 0.000 | 0.003 4.520
ENST00000520990 | CA1-009 -1.871 1.871 0.000 | 0.004 4238
ENSTO00000450948 | IGHV5-78-001 -2.035 2.035 0.000 | 0.004 4386
ENSTO00000503828 | CAST-038 -2.320 | 2.320| 0.000| 0.004 4303
ENST00000261769 | CDH1-001 -2.359 | 2.359| 0.000| 0.002 5.210
ENSTO00000339121 | ING3-002 -2.360 | 2.360| 0.000| 0.002 5.103
ENST00000284878 | CXADR-001 2412 2412 | 0.000| 0.004 4.390
ENST00000289448 | HMHB1-001 2439 2439 | 0.000 | 0.004 4415
ENST00000416501 | AC015987.2-201 -2.465 2.465 0.000 | 0.001 5.488
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transcript_id . ABS Volcano
(Ensembl GRCh37) | franseript name | L2FC | o’ | PVAL | QVAL | G i
ENSTO00000323224 | TYMS-002 -2.570 | 2570 | 0.000| 0.005 4.190
ENST00000282388 | ZFP36L2-001 27241 2724 | 0.000| 0.001 6.090
ENSTO00000509259 | CAST-039 2780 | 2.780 | 0.001 0.006 4.199
ENSTO00000302273 | VPREB1-002 2817 | 2817 | 0.001 0.006 4.235
ENSTO00000360091 | EWSR1-019 -2.827 | 2.827| 0.000| 0.004 4.550
ENSTO00000420189 | FAM134A-004 -2.830 | 2.830| 0.000| 0.005 4369
ENSTO00000430694 | AC096579.7-001 -2.964 | 2964 | 0.000| 0.005 4.485
ENSTO00000391248 | RNU1-78P-201 2977 2977| 0.000| 0.004 4.703
ENSTO00000368868 | SELENBP1-001 -3.017 | 3.017| 0.000| 0.002 5.577
ENSTO00000335295 | HBB-001 -3.091 3.091 0.002 | 0.008 4.157
ENSTO00000313708 | EBF1-001 -3.209 | 3.209| 0.001 0.006 4411
ENSTO00000221804 | CLC-001 -3.247 | 3.247| 0.001 0.007 4413
ENSTO00000235382 | RGS2-001 -3.298 | 3.298 | 0.001 0.007 4.430
ENSTO00000397381 | UCA1-001 -3.481 3.481 0.000 | 0.001 6.067
ENSTO00000534180 | FTH1-002 -3.547 | 3547 | 0.002 | 0.008 4515
ENSTO00000302312 | AHSP-001 -3.563 3.563 0.000 | 0.004 5.051
ENSTO00000383907 | SNORA22-201 -3.631 3.631 0.000 | 0.000 7.088
ENSTO00000547798 | TMBIM6-006 -4.629 | 4.629| 0.000| 0.002 6.381
ENSTO00000242152 | NPY-001 4888 | 4888 | 0.001 0.006 5.780
ENSTO00000367459 | RGS1-001 -5.000 | 5.000| 0.002 | 0.008 5.719
ENSTO00000548925 | BLOC1S1-001 -5.755 5755 0.000| 0.001 7.877
ENST00000248948 | VPREB3-001 -6.280 | 6.280 | 0.000| 0.000 8.639
ENSTO00000479563 | RPL14-003 -7.357 | 7.357| 0.000| 0.005 8.135

[0369] Table 14A-14B tabulate the data of Table 4 for L2FC greater than zero, and less than

zero, respectively.

Table 14A. Data of Table 4 re-tabulated wherein L2FC is greater than zero.

(EHZZ?IZTrgI%éi3 7 transcript name | L2ZFCBM 10 | L2FC sp 10 | Average L2FC
ENST00000426951 | RBM39-039 2.701 3.541 3.121
ENST00000596102 | AL353354.2-201 3.801 1.976 2.888
ENSTO00000360385 | ZNF317-002 3.274 2.127 2.700
ENST00000461326 | CLK1-013 3.722 0.840 2.281
ENST00000428863 | MDM2-204 2.293 1.906 2.100
ENST00000495394 | RPSA-004 2.430 1.656 2.043
ENST00000579996 | DDX5-007 2.553 1.451 2.002
ENSTO00000577787 | DDX5-019 2.845 1.136 1.991
ENST00000533161 | RPS2-002 2.826 1.136 1.981
ENST00000548363 | TUBA1A-015 1.877 2.062 1.970
ENST00000409817 | CXCR4-003 2.913 0.999 1.956
ENST00000489149 | DTL-003 1.698 2.082 1.890
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(Enzre?l:)(;rg)l%éi3 7 transcript name | L2ZFCBM 10 | L2FC sp 10 | Average L2FC
ENST00000583894 | DDX5-017 2.895 0.853 1.874
ENST00000510864 | PRIMPOL-010 1.100 2.343 1.722
ENST00000576274 | NDC80-013 0.851 2.280 1.566
ENST00000514518 | CAMLG-002 0.540 2.424 1.482
ENST00000557134 | MNAT1-008 1.739 1.212 1.475
ENST00000402105 | HPS4-008 1.915 0.932 1.423
ENST00000492674 | STAG3-018 1.407 1.428 1.418
ENST00000327898 | AFMID-001 1.761 1.055 1.408
ENST00000590308 | LDLRAD4-005 1.233 1.090 1.162
ENST00000553494 | PRCI1-011 0.974 1.298 1.136
ENST00000222597 | CBLL1-014 0.696 1.140 0.918
ENST00000435634 | EXOSC6-001 0.653 0.545 0.599
ENST00000416501 | AC015987.2-201 0.646 0.544 0.595

Table 14B. Data of Table 4 re-tabulated wherein L2FC is less than zero.

(Enzre?l:)(;rg)l%éi3 7 transcript name | L2ZFCBM 10 | L2FC sp 10 | Average L2FC
ENST00000279247 | CAPN1-003 -0.661 -0.567 -0.614
ENST00000314830 | SH2D3C-004 -0.516 -0.725 -0.620
ENST00000509198 | LRPAP1-002 -0.566 -0.731 -0.648
ENSTO00000158762 | ACAP1-001 -0.803 -0.505 -0.654
ENST00000556363 | MCTP2-005 -0.645 -0.663 -0.654
ENST00000380870 | ZNF738-002 -0.708 -0.618 -0.663
ENST00000258412 | TMBIM1-001 -0.553 -0.780 -0.667
ENSTO00000394957 | C100rf54-001 -0.620 -0.737 -0.678
ENST00000608424 | WDR6-024 -0.657 -0.713 -0.685
ENST00000338257 | MYOI1F-001 -0.626 -0.753 -0.689
ENST00000532402 | GANAB-004 -0.784 -0.599 -0.691
ENST00000258362 | PNKD-002 -0.519 -0.871 -0.695
ENST00000345728 | FERMT3-002 -0.758 -0.694 -0.726
ENST00000406520 | COMT-001 -0.681 -0.771 -0.726

RP11-571M6.8-
ENST00000548410 | 001 -0.568 -0.891 -0.729
ENST00000430629 | WASF2-001 -0.593 -0.923 -0.758
ENST00000308436 | TUT1-201 -0.949 -0.597 -0.773
ENST00000307768 | JAGN1-001 -0.879 -0.759 -0.819
ENST00000293379 | ITGAS5-001 -0.988 -0.669 -0.828
ENST00000492819 | CCDC12-005 -0.831 -0.829 -0.830
ENST00000346213 | RAB5C-001 -0.911 -0.783 -0.847
ENST00000457928 | TBL1XR1-002 -1.066 -0.641 -0.854
ENST00000374296 | PAQR7-001 -0.682 -1.047 -0.864
ENST00000548273 | NAP1L1-016 -0.890 -0.843 -0.867
ENST00000254806 | WBP2-201 -0.785 -0.972 -0.879
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(Enzre?l:)(;rg)l%éi3 7 transcript name | L2ZFCBM 10 | L2FC sp 10 | Average L2FC
ENST00000279392 | HIRIP3-001 -0.992 -0.790 -0.891
ENST00000570382 | ACTG1-014 -0.529 -1.269 -0.899
ENST00000373166 | TRAPPC3-001 -0.863 -0.945 -0.904
ENST00000418929 | PRR12-001 -0.589 -1.242 -0.916
ENST00000429426 | MLLT3-202 -1.097 -0.762 -0.930
ENST00000227155 | CD82-001 -0.733 -1.170 -0.952
ENST00000599461 | ZNF493-007 -0.592 -1.332 -0.962
ENST00000325207 | RIC8A-001 -0.805 -1.123 -0.964
ENST00000299299 | PCBD1-001 -0.599 -1.338 -0.968
ENST00000258947 | CALCOCO2-001 -0.776 -1.203 -0.990
ENST00000382280 | ZG16B-001 -1.221 -0.761 -0.991
ENST00000483519 | USP40-006 -1.153 -0.831 -0.992
ENST00000360439 | SIN3A-002 -0.892 -1.105 -0.999
ENSTO00000375464 | C90rf89-001 -0.867 -1.176 -1.022
ENST00000269919 | PGPEP1-001 -0.884 -1.172 -1.028
ENST00000204679 | GNPTG-001 -1.457 -0.651 -1.054
ENST00000394729 | PRKCD-001 -0.746 -1.375 -1.061
ENST00000341183 | MKNK1-201 -0.531 -1.603 -1.067
ENSTO00000531709 | NXF1-006 -0.705 -1.432 -1.069
ENST00000215838 | TCN2-001 -1.199 -0.953 -1.076
ENSTO00000535358 | Clorf228-201 -1.353 -0.867 -1.110
ENST00000275635 | LAT2-009 -0.920 -1.319 -1.119
ENST00000302347 | ITGB2-201 -1.140 -1.175 -1.157
ENST00000248901 | CYTH4-001 -0.798 -1.536 -1.167
ENST00000354434 | ZY X-006 -1.819 -0.536 -1.178
ENST00000367279 | PTPN7-003 -1.342 -1.042 -1.192
ENST00000322354 | SERTAD3-001 -0.858 -1.587 -1.222
ENST00000508045 | LUC7L3-003 -1.043 -1.531 -1.287
ENST00000356151 | PXK-001 -1.478 -1.102 -1.290
ENST00000346049 | PTK2B-001 -1.296 -1.303 -1.300
ENST00000485708 | RPS24-002 -0.741 -1.867 -1.304
ENST00000493903 | GTF3A-008 -0.931 -1.723 -1.327
ENST00000440963 | APOPT1-005 -0.553 -2.110 -1.331
ENST00000337130 | UGP2-001 -0.733 -1.984 -1.358
ENSTO00000557781 STAT6-016 -1.456 -1.327 -1.391
ENST00000312726 | GUK1-001 -1.456 -1.334 -1.395
ENST00000471726 | IQCB1-007 -1.074 -1.741 -1.407
ENST00000586476 | U2AF11L4-001 -1.791 -1.049 -1.420
ENST00000311337 | GNPDA1-001 -2.115 -0.776 -1.445
ENST00000381125 | PFKP-003 -0.763 -2.237 -1.500
ENST00000330188 | TPM3-009 -0.574 -2.459 -1.516
ENST00000574024 | PDE6G-003 -0.965 -2.105 -1.535
ENST00000268099 | SCAMP2-001 -1.250 -1.865 -1.558
ENST00000375792 | DDAH2-001 -1.257 -1.881 -1.569
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(Enzre?l:)(;rg)l%éi3 7 transcript name | L2ZFCBM 10 | L2FC sp 10 | Average L2FC
ENST00000455895 | BSDC1-001 -1.445 -1.847 -1.646
ENST00000369124 | PLEKHO1-001 -1.399 -1.938 -1.669
ENST00000322310 | SSNA1-001 -1.291 -2.091 -1.691
ENSTO00000569495 | Clort63-016 -2.297 -1.091 -1.694
ENST00000548390 | LETMDI1-018 -1.841 -1.576 -1.709
ENST00000512234 | SQSTM1-011 -2.830 -0.600 -1.715
ENST00000372115 | MUTYH-001 -2.213 -1.265 -1.739
ENSTO00000530003 | RPS6KA1-003 -0.558 -2.996 -1.777
ENST00000590720 | PSME3-001 -0.701 -2.932 -1.817
ENST00000216155 | SYNGR1-006 -1.260 -2.525 -1.893
ENST00000519882 | ZNF706-003 -2.177 -1.626 -1.902
ENST00000409240 | DCTN1-006 -0.826 -2.995 -1.911
ENST00000371514 | SCP2-001 -1.218 -2.609 -1.914
ENST00000466877 | NAA10-003 -2.033 -2.136 -2.084
ENST00000238823 | FAM98A-001 -1.203 -3.017 -2.110
ENST00000504689 | PLXNDI1-018 -3.107 -1.345 -2.226
ENST00000248450 | AAMP-001 -3.757 -0.903 -2.330
ENST00000606454 | MIR3916-003 -3.866 -0.988 -2.427
ENST00000407877 | LPAR2-002 -4.170 -0.740 -2.455
ENST00000467943 | COMT-009 -1.054 -4.152 -2.603
ENST00000429586 | ABCF3-001 -2.377 -2.990 -2.683
ENST00000491935 | ADRM1-002 -4.924 -0.750 -2.837
ENST00000264080 | GPR108-001 -2.672 -3.020 -2.846
ENST00000344995 | LAT2-001 -2.304 -3.573 -2.938
ENST00000381480 | DENNDI1C-001 -2.977 -2.926 -2.951
ENST00000542902 | TAOK3-010 -3.604 -2.377 -2.990
ENST00000393710 | NAA10-017 -4.818 -1.179 -2.999
ENST00000357355 | CD97-002 -3.353 -2.743 -3.048
ENST00000429120 | LY6E-002 -5.018 -1.187 -3.102
ENST00000262629 | TYROBP-001 -3.955 -2.933 -3.444

[0370] Table 15A-15B re-tabulate the data of Table 5 for L2FC greater than zero, and less than

zero, respectively.

Table 15A. Data of Table S re-tabulated wherein L2FC is greater than zero.

(EHZZﬁZTrg)I%éi3 7 transcript_name L2FC PVAL
ENST00000492229 SON-011 3.878 | 0.034
ENSTO00000459155 SCARNA12-201 3.798 | 0.028
ENST00000518678 TRAM1-004 2.940 | 0.043
ENST00000497055 SGIP1-008 2.709 | 0.000
ENST00000537041 QKI-016 2.707 | 0.049
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ENSTO00000534733 ST3GAL4-015 2.664 | 0.003
ENST00000506409 | MED28-003 2.534 | 0.009
ENST00000515114 | CCDC109B-005 2.496 | 0.023
ENST00000490253 | PLCG1-006 2.481 | 0.002
ENST00000368961 CD164-201 2.424 | 0.004
ENST00000260702 | LOXL4-001 2.300 | 0.042
ENST00000533234 | OSBPL5-014 2.270 | 0.047
ENST00000394353 GSN-203 2.235 | 0.049
ENSTO00000574151 HCFC1R1-004 1.829 | 0.010
ENSTO00000511186 | HSD17B4-015 1.568 | 0.006
ENST00000419703 | FNDC1-IT1-001 1.489 | 0.002
ENST00000473202 SERPINE2-004 1.265 | 0.001
ENSTO00000578991 ELAC2-019 1.051 | 0.001
ENST00000589416 | ILF3-019 1.045 | 0.004
ENST00000354503 | MFF-022 1.023 | 0.001
ENST00000335327 | WASF3-001 1.022 | 0.004

Table 15B. Data of Table 5 re-tabulated wherein L2FC is less than zero.

(EHZZﬁZTrg)I%éi3 7 transcript_name L2FC PVAL
ENST00000567999 | DEF8-009 -1.170 | 0.001
ENST00000393108 STEAP3-202 -1.184 | 0.004
ENST00000297620 | FAM219A-008 -1.399 | 0.006
ENST00000379772 C200rf27-001 -1.452 | 0.003
ENST00000451354 | PLEKHG2-006 -1.478 | 0.006
ENST00000428228 EMD-007 -1.681 | 0.009
ENST00000332298 RGS19-001 -1.701 | 0.002
ENST00000362068 ADM?2-201 -1.712 | 0.010
ENSTO00000552775 C170rf49-005 -1.846 | 0011
ENST00000536752 AACS-007 -1.850 | 0.001
ENST00000356488 SPATA20-004 -1.874 | 0.015
ENST00000216780 | PCK2-002 -1.907 | 0014
ENST00000434436 | MBD3-001 -1.913 | 0.003
ENST00000400890 ACO011043.1-201 -1.933 | 0014
ENST00000413016 AK1-011 -1.942 | 0.003
ENST00000592528 PLIN3-007 -2.064 | 0014
ENST00000590869 ILF3-023 -2.081 | 0.013
ENSTO00000549775 RNASEK-C170rf49-001 -2.095 | 0.005
ENST00000548577 | RNASEK-001 -2.121 | 0.012
ENST00000395648 TP53111-006 -2.140 | 0.024
ENST00000498491 FLNA-008 -2.164 | 0.004
ENSTO00000541435 FXYDS5-013 -2.193 | 0.043
ENST00000565223 ATP6V0C-004 -2.241 | 0.003
ENSTO00000526395 SIGIRR-023 -2.338 | 0.008
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transcript_id transcript_name L2FC PVAL

(Ensembl GRCh37) —
ENSTO00000485803 FHL3-002 -2.339 | 0.035
ENST00000495313 SWI5-004 -2.392 | 0.013
ENSTO00000550925 SH2B3-003 -2.630 | 0.030
ENSTO00000594568 TRPM4-010 -3.189 | 0.020
ENSTO00000345517 ACTG2-001 -3.291 | 0.018
[0371] Tables 16A-16B re-tabulate the data of Table 7A for L2FC greater than zero, and less

than zero, respectively.

Table 16A. HSC IncRNAs of Table 7A re-tabulated wherein L2FC is greater than

Z€ro.

gene ID (Ensembl GRCh37) | gene name L2FC

ENSG00000231721 LINC-PINT 2.7
ENSG00000214548 MEG3 1.8
ENSG00000206344 HCG27 1.7
ENSG00000234883 MIR155HG 14
ENSG00000239213 RP11-85F14.5 14
ENSG00000245532 NEATI 13
ENSG00000236333 TRHDE-AS1 1.2

RP11-

ENSG00000238113 262H14.1 1.1
ENSG00000260924 AC004463.6 1

Table 16B. HSC IncRNAs of Table 7A re-tabulated wherein L2FC is greater than

Z€ro.
gene ID (Ensembl GRCh37) | gene name L2FC
RP11-
ENSG00000232104 509J21.1 -1.7
ENSG00000223837 BRD2-IT1 -2.6

[0372] Tables 17A-17B re-tabulate the data of Table 7B for L2FC greater than zero, and less

than zero, respectively.

Table 17A. HPC IncRNAs of Table 7B re-tabulated wherein L2FC is greater than

Z€ro.

gene 1D (Ensembl GRCh37)
ENSG00000257242

gene_name L2FC
Cl120rf79 2.8
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ENSG00000251992 SCARNAL17 2.4
ENSG00000188825 LINC00910 23
ENSG00000245532 NEATI 1.7
ENSG00000239569 KMT2E-AS1 1.2
ENSG00000225442 MPRIP-ASI 1.1
ENSG00000251562 MALATI (NEAT2) 1

Table 17B. HPC IncRNAs of Table 7B re-tabulated wherein L2FC is less than zero.

gene 1D (Ensembl GRCh37)

gene_name

L2FC

ENSG00000218510

LINC00339

-1.3

[0373]

than zero, respectively.

Tables 18 A-18B re-tabulate the data of Table 8 for L2ZFC greater than zero, and less

Table 18A. Spliceosome genes of Table 8 re-tabulated for L2FC greater than zero.

gene ID (Ensembl GRCh37) | gene name L2FC PVAL QVAL

ENSG00000101161 PRPF6 0.80310461 | 0.01135946 | 0.02408806
ENSG00000087365 SF3B2 0.74775823 0.0121265 | 0.02419781
ENSG00000100813 ACIN1 0.72369451 | 0.01344323 | 0.02419781
ENSG00000147144 CCDCI12 0.63074694 | 0.00925191 | 0.02408806

Table 18B. Spliceosome genes of Table 8 re-tabulated for L2FC less than zero.

gene ID (Ensembl GRCh37) | gene name L2FC PVAL QVAL
ENSG00000141759 TXNL4A -0.5043694 | 0.03814817 | 0.04928551
ENSG00000170144 HNRNPA3 -0.5047599 | 0.03384457 | 0.04887085
ENSG00000135486 HNRNPAI1 -0.5083236 | 0.00020676 | 0.00372166
ENSG00000139675 HNRNPAIL2 | -0.5091854 | 0.01583795 | 0.02715076
ENSG00000125743 SNRPD?2 -0.5162715 | 0.03833318 | 0.04928551
ENSG00000165630 PRPF18 -0.5165423 | 0.03402466 | 0.04887085
ENSG00000060688 SNRNP40 -0.5488529 | 0.03529562 | 0.04887085
ENSG00000147274 RBMX -0.6109845 | 0.00650762 | 0.02342745
ENSG00000100650 SRSF5 -0.6375131 | 0.01339621 | 0.02419781
ENSG00000144028 SNRNP200 -0.6423808 | 0.00085565 | 0.00694006
ENSG00000100138 NHP2L1 -0.655293 | 0.01137492 | 0.02408806
ENSG00000167088 SNRPDI1 -0.6746622 | 0.02440908 | 0.03994214
ENSG00000169976 SF3B5 -0.7212635 | 0.00833504 | 0.02408806
ENSG00000086589 RBM22 -0.8236023 0.0009639 | 0.00694006
ENSG00000131795 RBMSA -0.8522745 | 0.00540306 | 0.02161224
ENSG00000141543 EIF4A3 -09176155 | 0.03341139 | 0.04887085
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gene ID (Ensembl GRCh37) | gene name L2FC PVAL QVAL
ENSG00000116752 BCAS2 -1.0168843 | 0.00943553 | 0.02408806
ENSGO00000161547 SRSF2 -1.0197975 | 0.00302536 | 0.01361412
ENSG00000112081 SRSF3 -1.023265 | 0.00164531 | 0.00987185
ENSG00000132792 CTNNBLI1 -1.0273536 | 0.01047858 | 0.02408806
ENSGO00000115875 SRSF7 -1.0368379 | 0.00980652 | 0.02408806
ENSG00000162385 MAGOH -1.0569937 | 0.00082472 | 0.00694006
ENSG00000108654 DDX5 -1.1476375 | 0.00277436 | 0.01361412
ENSG00000124193 SRSF6 -1.4551226 | 0.00017567 | 0.00372166
[0374] Tables 19A-19B re-tabulate the data of Table 9 for L2FC greater than zero, and less

than zero, respectively.

Table 19A. Transcription factors of Table 9 re-tabulated for L2FC greater than

Z€ro.

gene ID (Ensembl GRCh37) | gene name | L2FC

ENSG00000141905 NFIC 1.5
ENSG00000166888 STAT6 14
ENSG00000169083 AR 13
ENSG00000189067 LITAF 1.2
ENSG00000128604 IRF5 1.2
ENSG00000204859 ZBTB48 1.2
ENSG00000143390 RFX35 1.1

Table 19B. Transcription factors of Table 9 re-tabulated for L2FC less than zero.

gene ID (Ensembl GRCh37) | gene name L2FC
ENSG00000124766 SOX4 -1.3
ENSG00000029993 HMGB3 -1.3
ENSG00000119508 NR4A3 -1.4
ENSG00000140968 IRF8 -1.4
ENSG00000007968 E2F2 -1.5
ENSG00000162599 NFIA -1.5
ENSG00000141510 TP53 -1.5
ENSG00000185630 PBX1 -1.5
ENSG00000147862 NFIB -1.7
ENSG00000117036 ETV3 -2
ENSG00000153234 NR4A2 2.2
ENSGO00000117318 1D3 -2.3
ENSG00000123358 NR4Al -3
ENSG00000137265 IRF4 -3.2
ENSG00000164330 EBF1 -3.9
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[0375] Tables 20A-20B re-tabulate the data of Table 10 for L2FC greater than zero, and less

than zero, respectively.

Table 20A. IncRNAs of Table 10 re-tabulated for L2FC greater than zero.

gene ID (Ensembl GRCh37) | gene name L2FC
ENSG00000214548 MEG3 3.9
ENSG00000204625 HCG9 2.7
ENSG00000227502 RP1-249H1 4 2.1
ENSG00000229989 MIR181ATHG 1.7
ENSG00000242258 LINC00996 1.6
ENSG00000246263 KB-431C1 .4 1.5
ENSG00000252122 SNORA76 1.5
ENSG00000256007 ARAP1-ASI 13
RP11-
ENSG00000260260 304L.19.5 1.3
ENSG00000233429 HOTAIRMI1 13
RP11-
ENSG00000227953 439E19.3 1.2
CTC-
ENSG00000245937 228N24 3 1.2
ENSG00000236709 DAPKI-IT1 1.1
ENSG00000269220 LINC00528 1

Table 20B. IncRNAs of Table 10 re-tabulated for L2FC less than zero.

gene 1D (Ensembl GRCh37) | gene name L2FC
ENSG00000227028 SLC8A1-AS1 -1.2
ENSG00000182648 LINCO01006 -1.2
ENSG00000249859 PVTI1 -1.3
ENSG00000187621 TCL6 -1.3
ENSG00000230945 RP11-39409.1 -1.4
ENSG00000247774 PCED1B-ASI -1.8
ENSG00000228495 LINCO01013 -2.4
ENSG00000214049 UCAI1 -3.6

[0376] Supplemental Experimental Procedures.

[0377] Study Design. The overall research objectives of this study were to both discover new
splice isoform biomarkers specific to human hematopoietic stem and progenitor cell (HSPC)
aging and SAML LSC, and evaluate the potent and stable spliceosome-targeted small molecule

compound 17S-FD-895 in AML LSC survival and self-renewal assays in preclinical models. In
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controlled laboratory experiments, research samples included primary peripheral blood or bone
marrow samples from consenting AML patients (n=22) and age-matched normal control bone
marrow samples (n=14) obtained from healthy volunteer individuals undergoing hip replacement
therapy for reasons other than leukemia, or normal cord blood (n=6) or young bone marrow
(n=8) controls obtained from a commercial source (AllCells, Alameda, CA). For experiments
using primary samples, the sample size of each experiment is limited by the availability of rare
and valuable samples specific for disease and stage from patients. To discover new splice
isoform biomarkers specific to human HSPC aging compared with sAML LSC, primary AML
and normal control (age-matched or young) samples were FACS-purified and analyzed by RNA-
Seq, and whole transcriptome analyses and hierarchical clustering analyses were utilized to
establish unique splice isoform expression signatures. We use a definition of significance as a
two-sided alpha level of 0.05 and aim to have power of 0.80. Based on an expected effect size
that is twice the standard deviation we can achieve 0.79 power with five samples per arm based
on a normal distribution. The goal of each experiment is to get close to five or more samples per
arm depending on clinical sample availability and viability. The effect size we are able to detect
with this power is variable based on intra-arm sample variability via standard deviation.
Consistent with AML genetic heterogeneity, there was some variability in primary patient sample
analyses by RNA-Seq and qRT-PCR. When considering sequencing of multiple genes it is
assumed that a much larger effect size will be required due to appropriate adjustment for multiple

comparisons. For this reason, a false-discovery rate (FDR) correction was applied.

[0378] In hypothesis-driven experiments, the splicing modulatory compound 17S-FD-895 was
tested to determine efficacy in altering splicing activity in cell lines, and to evaluate effects on
AML LSC survival and self-renewal capacity in humanized bone marrow stromal co-cultures and
in PRIMAGRAFT™ AML LSC models. Cell culture experiments were performed using 293T and
sAML (MOLM-13) cell lines, and SL and M2 bone marrow stromal cell lines. Animal studies
were performed using immunocompromised Rag2-/- y.-/- (Abrahamsson et al., 2009) or
NOD/SCID-IL2RG mice (Jackson Laboratory, Bar Harbor, ME) (Wunderlich et al., 2010).
Primary AML and normal control samples were used in in vitro hematopoietic stem and
progenitor assays after lentiviral-S/3B/ knockdown, or bone marrow stromal co-culture and
treatment with splicing modulatory compounds (FD-895 or 17S-FD-895) or vehicle control
(DMSO). Colony formation potential and self-renewal capacity were assessed by counting
colony numbers (survival) after two weeks of growth in semi-solid (methylcellulose) media, and
subsequent replating capacity (self-renewal) was assessed after transfer to fresh methylcellulose

for an additional two weeks of culture. Three primary AML samples were utilized to establish
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PRIMAGRAFT™ models in immunocompromised mice, and mice engrafted with cells from two of
these models (AML-37 and AML-08) were treated with 17S-FD-895 or vehicle (DMSO) to
evaluate changes in AML LSC survival and self-renewal capacity in vivo. One primary normal
cord blood (CB) sample was used to establish a PRIMAGRAFT™ model to evaluate 17S-FD-895
effects on normal HSPC survival and self-renewal potential. Data were collected by flow
cytometry, qRT-PCR and RNA-Seq analysis of CD34-selected human LSC-enriched cells from

engrafted mice.

[0379] In in vivo experiments, before initiation of treatment, CB or AML-engrafted mice were
distributed among treatment groups according to human cell engraftment rates (CD45+ cell
frequency) in peripheral blood, and total body weights (average engraftment and body weights
for each treatment were equal at the initiation of treatment). Inclusion/exclusion criteria for AML
PRIMAGRAFT™ models were pre-established based on minimum CD45+ cell engraftment rates of
1% in peripheral blood, and endpoints included human stem and progenitor engraftment analyses
as established by previous PRIMAGRAFT™ experiments (Abrahamsson et al., 2009; Jamieson et
al., 2004). All gRT-PCR analyses were performed using two technical replicates for each sample,
with the average of the two replicates shown in all graphs. For in vitro experiments, the same
investigator performed treatments and analyses. For in vivo experiments, investigators
performing FACS and qRT-PCR analyses were blinded to each animal’s treatment status until

after all data were collected.
[0380] Reagents

[0381] Antibodies. For primary sample FACS purification of hematopoietic stem and
progenitor cell populations, CD34-selected (Miltenyi) primary samples were stained with a panel
of well-validated human-specific antibodies (Abrahamsson et al., 2009; Goff et al., 2013;
Jamieson et al., 2004, Jiang et al., 2013) was utilized. Antibodies included human CD34-APC
and CD38-PECy7 (BD Biosciences, San Diego, CA) and lineage markers (CD2, CD3, CD4,
CDS8, CD14, CD19, CD20 and CD56 cocktail, all antibodies PECyS5.5 conjugated, from Life
Technologies, Carlsbad, CA). For flow cytometric analyses of PRIMAGRAFT™ models, the same
panel of antibodies was used for analysis of spleen and bone marrow-derived cells, with the
addition of CD45-V450, CD123-PE (both from BD Biosciences), and CD45RA-FITC (Life
Technologies) for further visualization of progenitor cell subpopulations, or CD45-APC (Life
Technologies) and CD33-PE (BD Biosciences), for leukemic blast populations. Due to

background autofluorescence in blood, for flow cytometric analysis of peripheral blood from
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treated mice, the CD34 and CD45 antibodies were replaced with alternative antibodies to exclude

FITC labeled reagents (CD34-PE, BD Biosciences and CD45-APC, Life Technologies).

[0382] RNA and PCR reagents. All RNA samples were prepared after lysis of live cells in
RLT bufter (Qiagen, Germantown, MD) followed by RNA extraction using RNEASY® Kkits
according to the manufacturer’s instructions (Qiagen). cDNA was synthesized using the First-
Strand SUPERSCRIPT™ III Reverse Transcriptase Supermix (Life Technologies) and gRT-PCR
was performed using SYBR® GREENER™ Super Mix (Life Technologies). All primers were
synthesized by ValueGene (San Diego, CA).

[0383] Cell culture reagents. All media (DMEM, RPMI, IMDM) and supplements
(Glutamax, penicillinstreptomycin) used in cell culture were from Corning (Manassas, VA) or
Life Technologies. Fetal bovine serum (FBS) was from Gemini Bio-Products (Sacramento, CA).
For experiments involving transfection of reporter vector plasmids (Stoilov et al., 2008),
HEK?293 cells were transiently transfected using Lipofectamine (Life Technologies) according to

the manufacturer’s instructions.

[0384] Sample Processing and Primary HSPC and AML LSC Purification. Peripheral
blood or bone marrow samples were processed by Ficoll density centrifugation and viable cells
stored in liquid nitrogen. Mononuclear cells from AML patients or normal controls were then
further purified by magnetic bead separation of CD34+ cells (MACS; Miltenyi, Bergisch
Gladbach, Germany) essentially as previously described (Jiang et al., 2013) for subsequent
FACS-purification of hematopoietic stem (CD34+ CD38- Lin-) and progenitor (CD34+ CD38+
Lin-) cell fractions. For the majority of AML patient samples utilized, only very few purified
viable HSC were obtained (<5,000 cells on average). Therefore the progenitor fractions were
utilized for subsequent RNA- Seq and qRT-PCR analyses as these represent the majority of cells
present in LSC-enriched fractions prepared for functional in vitro and in vivo assays using CD34

selection.

[0385] For primary hematopoietic progenitor cell purification, CD34-selected cells were
stained with fluorescent antibodies against human CD34 and CD38 (BD Biosciences) and lineage
markers (cocktail, all antibodies from Life Technologies) and propidium iodide as previously
described(Abrahamsson et al., 2009; Jamieson et al., 2004; Jiang et al., 2013). Following
staining, cells were analyzed and sorted using a FACS Aria II (Sanford Consortium Stem Cell
Core Facility), and hematopoietic stem (CD34+ CD38- Lin-) and progenitor (CD34+ CD38+
Lin-) populations were isolated. Freshly-sorted cells were collected in lysis buffer (Qiagen) for

RNA extraction followed by RNA-Seq (The Scripps Research Institute Next Generation
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Sequencing Core) on Illumina HiSeq (all discovery sample sets) or NextSeq (xenograft samples
and some validation sample sets) platforms, or qRT-PCR analyses as previously described (Jiang

etal., 2013).

[0386] Nucleic Acid Isolation and PCR (qRT-PCR and RT-PCR). Primary CD34+CD38+
Lin- cells or enriched human CD34+ cells from mouse tissues were isolated using FACS
purification or CD34 microbead-selection, and 2-10 x 104 cells were harvested in lysis buffer
(Qiagen). RNA was purified using RNEASY® micro RNA purification kits with a DNase
(Qiagen) incubation step to digest any trace genomic DNA present. RNA was stored at -80°C.
Immediately prior to reverse transcription of RNA samples, nucleic acid concentrations were
quantified on a NanoDrop 2000 spectrophotometer (Thermo Scientific), and purity was
considered acceptable if A260/A280 values were >1.8. Samples submitted for RNA-Seq were
further subjected to quality control assessment on an Agilent Bioanalyzer (The Scripps Research
Institute Next Generation Sequencing Core). Samples with RNA integrity (RIN) values > 7 were
used for RNA-Seq.

[0387] For qRT-PCR analysis of relative total mRNA expression levels or splice isoform-
specific expression analyses, cDNA was synthesized using 50 ng - 1 oy of template RNA in 20
oA reaction volumes using the First- Strand SUPERSCRIPT™ III Reverse Transcriptase Supermix
(Life Technologies) followed by incubation with RNase H according to the manufacturer’s
protocol and as described previously (Abrahamsson et al., 2009; Crews et al., 2015). All cDNA
products were stored at -20°C. Splice isoform-specific primers for PTK2B-202 were designed to
bind to unique exon junctions for this transcript, which lacks exon 24. All primers (Supplemental
Experimental Procedures Table) were diluted to 10 ocM working dilutions in DNase/RNase-free
water. qRT-PCR was performed in duplicate using cDNA (1 o«cA reverse transcription product
per reaction) on an iCycler (Bio-Rad, Hercules, CA) using SYBR® GREENER™ Super Mix (Life
Technologies) in 25-ccA volume reactions containing 0.2 ocM of each forward and reverse
primer. Cycling conditions were as follows: 50°C for 2 minutes, then 95°C for 8 minutes and 30
seconds, followed by 40 cycles of 95°C for 15 seconds and 60°C for 60 seconds. Melting curve
analysis was performed on each plate according to the manufacturer’s instructions. For standard
gRT-PCR, human HPRT mRNA transcript levels were used to normalize Ct values obtained for
each gene, and relative expression levels were calculated using the 2- wc:method. To ensure
validity of results, only Ct values <35 were used in gene expression analyses. All primer sets
were tested in a no-template control (NTC) reaction containing only water instead of cDNA, and

all gave Ct values >35 in NTC reactions.
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[0388] Whole Transcriptome Sequencing and Determination of Gene and Splice Isoform
Expression Values. Gene and isoform expression data in FPKM was obtained from RNA-
sequencing data (sequencing performed at The Scripps Research Institute Next Generation
Sequencing Core, San Diego, CA) for young (average 66M input reads per HPC sample) and
aged (average 73M reads per HPC sample) normal samples, and sSAML LSC (average 73M reads
per sample) by aligning paired end unstranded 100bp poly-A reads to the human reference
genome (GRCh37/hg19) using STAR (Dobin et al., 2013). Transcripts were quantified using
Cufflinks to generate FPKM values (Trapnell et al., 2010), and average log2 fold change (L2FC)
and p values for genes and isoforms were obtained as previously described (Kirschner et al.,
2015; Kumar et al ., 2014) (FIGS. 18D, 18E, 19A, 1D, 11E, 12D). All gene and transcript names
correspond to the identifiers used in Ensembl GRCh37.

[0389] Xenograft sequencing data of 2x150 bp paired end reads were trimmed using cutadapt
1.8.1, aligned using STAR 2.5.0b against the GRCh37 reference FASTA sequence with the
Ensembl GRCh37.75 GTF as a splice junction source. Strandedness was inferred using modulate
“infer_experiment.py” from the RSeQC package (Wang et al., 2012). Then, transcripts were
quantified using Cufflinks v2.2.1 (Trapnell et al., 2010) against the Ensembl GRCh37.75 GTF
reference with bias correction against the GRCh37 reference FASTA. This yielded Cufflinks
FPKM values. Isoforms sharing gene names were summed to yield gene FPKMs. FPKM values
were transformed to generate log2(FPKM+1) for all transcripts in the sSAML isoform signature
(FIGS. 11D, 11E, 12D), comparing vehicle versus 10 mg/kg treatment groups for spleen and
bone marrow. Then, a heatmap was generated using all transcripts showing a L2ZFC>0.5 in both
tissues, occurring in the opposite direction of the L2FC transcript expression values in SAML
versus normal age-matched controls (i.e. L2ZFC>1 in sAML, L2FC<-0.5 in 10 mg/kg-treated

spleen and bone marrow).

[0390] RNA-Seq Based Gene Set Enrichment, Gene Ontology, Network Analyses,
Generation of Splice Isoform Signatures, and Principal Components Analysis. Gene
expression data in FPKM was submitted to GSEA to determine significant KEGG pathways, and
enrichment plots describing ranked gene expression in those pathways. Additional analyses were
performed using custom gene sets including genes associated with the top differentially
expressed transcript signatures in aged (“aged up”) versus young (“young up”’) HPC and sAML
(“sAML up”) versus aged (“aged up”) HPC (FIGS. 11D, 11E, 12D). We acknowledge our use of
the gene set enrichment analysis, GSEA software, and Molecular Signature Database (see
website: broad.mit.edu). Network analyses were performed on top differentially expressed

isoforms by inputting their corresponding gene identifier names into Cytoscape's Reactome FI
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plugin. All significantly differentially expressed genes in normal aged versus young HSC and
HPC, or aged versus sSAML samples, were probed for human transcription factors (Zhang et al ,

2012), and commonly DE transcription factors were identified.

[0391] After FDR correction (FDR<5%, as described in main Experimental Procedures), to
identify the top differentially expressed splice isoforms in aged versus young HSC, aged versus
young HPC, and sAML LSC versus normal age-matched HPC, a calculation was performed to
generate a composite value reflecting both the significance of the difference between groups (p
value) and the magnitude of the difference (fold change). Graphical representations of p values
versus fold change for large expression datasets are often visualized as volcano plots, however
most selection criteria for identifying the top differentially expressed factors rely on dual cutoffs
such as p<0.05 or L2ZFC>1, or manual selection of transcripts which relies on subjective criteria
(as described for microarray data visualized by volcano plot on the NCI Genomics and
Bioinformatics group website: discover.nci.nih.gov. To alleviate any manual bias of selecting
“top differentially expressed transcripts”, we generated volcano plots for all transcripts with an
average FPKM>1 in one condition of the comparison, and applied p-value (<0.05) and L2FC
(>1) cutoffs. Then, the remaining transcripts were ranked by quantifying the relative Cartesian
distance from the origin on a volcano plot, where the average L2FC of each transcript is
displayed on the x-axis and the —log10(p value) on the y-axis. The formula applied for
calculating the composite values was: SQRT((L2FC? )+(-log10(p value))?). We then selected the
top transcripts for the splice isoform signatures and associated heat maps using the highest-
ranking (high to low values) transcripts according to this composite value, which we termed the
“Volcano Vector Value”. For isoform analyses, these values produced a list of transcripts that
was similar to the top transcripts ranked by FDR, but included additional transcripts displaying a
large magnitude of fold change. The complete sets of transcripts that passed p-value, FDR, and
L2FC cutoffs are provided in FIGS. 18D, 18E, 19A, 11D, 11E and 12D, to allow for analysis of

all transcripts that were differentially expressed in compared groups.

[0392] Generation of heatmaps and clustering analyses were performed using GENE-E
(available at website broadinstitute.org). Gene and isoform expression heat maps were generated
using GENE-E default settings and gene expression data for transcripts selected from the list of
significantly differentially expressed genes/isoforms with p< 0.05 absolute L2FC>1. For whole
gene analyses, log2 (FPKM+1) values for features that passed specified p value, Q-value
(FDR<5%), and log 2 fold change cutoffs were clustered on heatmaps using the GENE-E default

hierarchical clustering method and one minus pearson correlation distance metric.
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[0393] For principal components analysis (PCA), FPKM values for the top 75 aged vs young
HPC signature isoforms in aged and young HPC and sAML, AML, and MDS progenitor samples
were annotated and transformed using the expression log2 (FPKM+1). The transformed values
were submitted to the R function prcomp and visualized using ggbiplot (available at github.com

website).

[0394] Analysis of TCGA AML Datasets. Survival data and RSEM gene and transcript
quantifications were downloaded from TCGA for all AML (TCGA Disease Code LAML)
samples for which this data was available. Top differentially expressed sSAML LSC splice
isoforms (FIG. 12D) were identified, then mapped from Ensembl transcript names to UCSC
known transcript IDs using the MySQL interface to UCSC knownGene tables. Of the 75
transcripts in the SAML splice isoform signature, 28 corresponded to known transcripts in the
UCSC database (with some of these having two UCSC identifiers that were associated with a
single ensembl transcript). The UCSC-mapped sAML LSC transcript IDs were then used to
retrieve the "scaled_estimate" value for that transcript and sample, multiplied by 106 to yield
TPM quantifications. Transcripts with a mean TPM of at least 1 were selected. These were then
transformed using log2(TPM+1) to yield logTPM quantifications for clustering in a heatmap
using GENE-E. Six Groups were identified manually from the GENE-E clustering by selecting
entire dendrogram branches, and these were used to segment the survival data into different
curves, visualized using Prism. For the purposes of the survival data, the days to the last known
checkup were used as the study dropout date for the patient in lieu of the patient days to death,
while living patients were listed as dropping out at the study's end. For PTK2B transcript
analysis, expression values (TPM) of the PTK2B transcript uc003xfp.1 (mapped to ensembl
transcript PTK2B-001, GRCh37) in all AML patient samples were ranked from high to low
expression. The patient samples corresponding to the upper and lower quartiles of expression
were compared for overall survival. The results shown here are in part based upon data from
primary AML patient samples generated by the TCGA Research Network (see
cancergenome.nih.gov website) (TCGA 2013).

[0395] Mutational Analysis of SF3B1 and Other Spliceosome Genes. RNA-Seq reads were
aligned with the genomic coordinates of known mutations in SF3B1, U2AF1, SRSF2 and ZRSF2
to assess potential somatic mutations in these splicing factor genes that are highly specific for
diagnosis of SAML (Lindsley et al., 2015). For RNA-Seq reads from SAML and normal bone
marrow progenitors, 100bp reads were obtained. These were cleaned of adapters and primers
using cutadapt, then aligned using STAR. REDItools (Picardi and Pesole, 2013) was used to

identify putative somatic mutations at loci previously described in MDS or AML samples
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(Lindsley et al., 2015; Yoshida et al., 2011). One out of seven SAML patient samples in the
RNA-Seq dataset harbored a single G>C mutation in exon 14 of SF3B1 (538 G reads versus 520
C reads), corresponding to an aa change of K666N in SF3B1. For validation by PCR and targeted
Sanger sequencing analysis of SF3B1, 1 uL of first-strand cDNA templates was prepared for
PCR in 25-pL reaction volumes using the high-fidelity KOD Hot Start DNA Polymerase kit
according to the manufacturer’s instructions (EMD Millipore, Temecula, CA). PCR primers for
sequencing SF3B1 in cDNA were located in exon 10 (forward, FW) and exon 17 (reverse, REV,
Supplemental Experimental Procedures Table) (Jeromin et al., 2013). PCR cycling conditions
were as follows: 95°C for 2 minutes, followed by 35 cycles of 95°C for 20 seconds, 62°C for 10
seconds and 70°C for 10 seconds, with a final extension step of 70°C for 30 seconds. Amplicons
of the predicted size were verified for each outer primer set by DNA gel electrophoresis using
10-20 uL of the completed reaction mixture separated on 2% agarose gels containing ethidium
bromide and visualized under UV light. Then, 15 pL of each reaction was processed within 24
hrs for PCR purification, and sequencing was performed on ABI 3730x] DNA Sequencers (Eton
Bioscience, San Diego, CA). Sanger sequencing was carried out using two primers, a FW and
REYV primer each localized to exon 14 (Supplemental Experimental Procedures Table). Sequence
chromatograms were analyzed using 4Peaks (by A. Griekspoor and Tom Groothuis, at website:

nucleobytes.com).

[0396] Splicing Reporter Assay and In Vitro Splicing Analyses. For evaluation of in vitro
splicing activity using a two-color fluorescent splicing reporter system (Stoilov et al., 2008),
HEK293T cells (mycoplasma-free authenticated cell lines obtained from ATCC) were grown in
complete media (DMEM + 10% FBS) and transfected with a series of fluorescent protein-
expressing plasmids. Vector controls include pFlareSA, which expresses solely GFP, and
pFlare5G, which expresses maximal RFP. The pFlare reporter contains microtubule-associated
protein tau (MAPT) exon 10 as an indicator of alternative splicing. Under physiological
conditions, the pFlare conditional reporter vector allows in-frame expression of GFP but not
RFP. In the presence of splicing inhibitors, exon skipping favors production of RFP over GFP.
Twenty-four hours after transfection with the three plasmids in separate wells of a 24-well plate,
17S-FD-895 or equivalently diluted DMSO vehicle controls (<1%) were added to the media for
an additional 24 hrs, to allow sufficient time for translation of the alternatively spliced transcripts
driving expression of RFP or GFP protein products. Fluorescence was evaluated on a Leica
fluorescent microscope (Sanford Consortium Stem Cell Core facility) and then analyzed by flow
cytometry on a Miltenyt MACSQUANT® to assess transfection efficiency (ranging from over

70% at 24 hrs after transfection to approximately 20% at 48 hrs after transfection) and mean
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fluorescence intensity (MFI) of RFP and GFP in positive cells. In HEK293 cells transiently
transfected with control GFP or RFP vectors, or the pFlare splicing reporter vector, the dynamic
range of the assay as measured by MFI of GFP and RFP 48 hours after transfection ranged from
0.41-1.69 for RFP/GFP ratios (FIG. 20A). For time-lapse imaging, splicing reporter transfected
cells were transferred to glass-bottom 35-mm dishes and treated with 1-10 uM of 17S-FD-895,
followed by sequential imaging on an Olympus FV10i confocal microscope equipped with a 5 %

CO2 cell culture incubation chamber (Tokai Hit, Japan) for up to 24 hrs.

[0397] For evaluation of in vitro splicing activity of endogenous transcripts in HEK293, KGla,
or a sSAML cell line, MOLM-13 (mycoplasma-free and cytogenetically-authenticated cell lines
obtained from ATCC or DMSZ), cells were plated in complete media (DMEM containing 10%
FBS for HEK293, IMDM containing 10-20% FBS for KG1la, and RPMI containing 20% FBS for
MOLM-13). The next day, FD-895, 17S-FD-895 or DMSO vehicle controls were added at doses
ranging from 0.01 — 10 ocM for 4 hrs of treatment. For time course experiments in MOLM-13
SAML cells, 17S-FD-895 was added to the media at a dose of 0.1 or 1 «M, for 30 mins — 24 hrs
of culture. Cells were lysed in RLT buffer (Qiagen) and processed for RNA extraction and
subsequent PCR analyses using primers specific for DNAJB1 or MCL1 (Supplemental
Experimental Procedures Table). For all experiments in cell lines, cells obtained from the
vendors were frozen down in bulk at low passage numbers and used within 20 passages to
minimize risk of cell line misidentification or acquisition of additional chromosomal

abnormalities.

[0398] For genetic SF'3B/ down-modulation studies, an additional set of normal (n=4) and
sAML (n=8) samples were CD34-selected and then cultured for 24 hrs in STEMPRO® media
containing human cytokines, as previously described (Jiang et al., 2013). Cells were transduced
with lentiviral vectors (multiplicity of infection = 100) expressing GFP and an shRNA targeting
human SF3B/ or a non-targeting control (Genecopoeia, Rockville, MD). In parallel, MOLM-13
cells were transduced and cultured in complete media. Cell viability was assessed by trypan blue
exclusion after 48 hrs of treatment, and fluorescent images were acquired immediately prior to
transferring cells to methylcellulose for colony and replating assays. While the viability of the
majority of AML samples (7/8) was low following lentiviral transduction with either vector
control or shSF3B1, one sAML sample was sufficiently viable after lentiviral transduction to

permit colony and replating assays, and showed a reduction in colony survival and self-renewal.

[0399] Bone Marrow Stromal Cell Maintenance for Co-Culture Assays. Mouse bone

marrow stromal cell lines (SL and M2 mycoplasma-free authenticated cells obtained from
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ATCC) expressing human interleukin-3 (IL-3), stem cell factor (SCF) and granulocyte-colony
stimulating factor (G-CSF), which support erythroid and myeloid cell expansion and
differentiation (Hogge et al., 1996), were maintained under standard culture conditions, as
previously described(Goff et al., 2013). Briefly, SL cells were grown in complete medium
containing DMEM (Corning), 10% FBS, 1% Glutamax, and 1% penicillin-streptomycin (Life
Technologies), while M2 cells were grown in complete medium containing RPMI, 10% FBS, 1%
Glutamax, and 1% penicillin-streptomycin (all from Life Technologies). Every four passages,
cells were selected by addition of G418 and hygromycin to the culture media for one passage (3-
4 days), to maintain human cytokine expression. All cell lines were maintained in T-25 or T-75
culture flasks and were passaged at dilutions of 1:5-1:10 every 2-4 days. Low passage aliquots of

cells were thawed every two months to ensure consistency of experiments.

[0400] PRIMAGRAFT™ Models and Engraftment Analyses. All animal studies were
performed in accordance with UCSD and NIH-equivalent ethical guidelines and were approved
by the Institutional Animal Care and Use Committee (IACUC protocol #S06015). For all in vivo
experiments, animals of both genders were utilized. For all transplantations into Rag2-/- y.-/-
animals, neonatal mice were transplanted with human cells intrahepatically as previously
described (Abrahamsson et al., 2009, Jiang et al., 2013), and for all transplantations into NSGS
animals, which constitutively express human stem cell supportive cytokines SCF, GM-CSF and
IL-3 (Wunderlich et al., 2010), sublethally irradiated (300 Rad) adult (6-8 weeks old) mice were
transplanted intravenously with 1-2 x 105 CD34+ human cells. Mice transplanted with 1-2 x 105
CD34+ AML LSC-enriched fractions or no-transplant controls were screened for human
hematopoietic cell engraftment (CD45+ cells) in peripheral blood by FACS starting at 7-10
weeks post-transplant. At 7-28 weeks post-transplant (7- 36 weeks old), mice were euthanized,
and peripheral blood and single cell suspensions of hematopoietic organs were analyzed for
human cell engraftment by FACS. Total cell suspensions from bone marrow and spleen were
either transplanted immediately or CD34-selected for transplant into secondary recipient mice (1-
2 x 105 cells per animal) to expand the cells in vivo. Both mouse strains were found to support
serial transplantation of all three patient samples, however for subsequent experiments, AML-37
was maintained in Rag2-/- y.-/- mice and AML-08 was maintained in NSGS mice. Secondary
recipient mice were euthanized after 8-23 weeks, and cell suspensions from bone marrow and
spleen were CD34-selected for transplant into tertiary recipients for 17S-FD-895 treatment. For
gqRT-PCR analysis of in vivo splicing alterations, single cell suspensions from hematopoietic
tissues of 17S-FD-895- treated mice were CD34-selected and processed for RNA extraction and

cDNA preparation. As a normal HSPC in vivo control, 1 x 105 CD34+ cells from a mixed donor
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CB (AllCells, Alameda, CA) were injected intrahepatically into neonatal Rag2-/-y.-/- mice.
Transplanted mice and no-transplant controls were screened for human CD45+ cells engraftment
in peripheral blood by FACS starting at 5 weeks post-transplant. Treatment was initiated at 8
weeks post-transplant, and at 10 weeks post-transplant, mice were euthanized, and peripheral
blood and single cell suspensions of hematopoietic organs were analyzed for human cell

engraftment by FACS.

[0401] In Vivo 17S-FD-895 Treatment, Tissue Analysis and Serial Transplantation. The
17S-FD-895 dosing regimen was selected as the maximum number of doses possible for the
treatment of normal and AML PRIMAGRAFT™ experimental groups with the amount of
synthesized compound that was available, and is consistent with weekly IV dosing regimens used
in clinical trials of less stable spliceosome inhibitory compounds in patients with solid tumors
(Hong et al., 2014). For in vivo treatments, a 10 mg/mL stock solution of 17S-FD-895
solubilized in DMSO was used. Vehicle control for AML-08 was 15% DMSO in PBS, for AML-
37 and CB 20% DMSO in PBS was used. Animals were euthanized within two hours after
delivery of the final dose of 17S-FD-895, and peripheral blood, spleens and bone marrows were
collected for analysis of total human cell and stem and progenitor cell engraftment, and for RNA

extraction for splice isoform-specific qRT-PCR.

[0402] Flow cytometric analysis was performed on single cell suspensions from each
hematopoietic tissue essentially as for primary patient samples, and frequencies of total live
human CD45+ cells, CD45+ CD34+ CD38- Lin- (stem) cells, CD45+ CD34+ CD38+ Lin-
(progenitor) cells, and CD45+/CD33+ (leukemic blasts) were determined in each tissue. Analysis
of progenitor cell subpopulations was performed for AML-37, with GMP identified as CD123+
CD45RA+, CMP as CD123+ CD45RA- and megakaryocyte-erythroid progenitors (MEP) as
CD123+ CD45RA-. For AML-37 treatment, one additional transplanted mouse was treated with
vehicle control (total n=6), however this animal was excluded from FACS and qRT-PCR
analyses because of development of a femoral mass not typical of AML PRIMAGRAFT™ models,
but suggestive of an infection occurring in the context of the immunocompromised status of the

mouse.

[0403] For preparation of RNA from human LSC-enriched populations, single cell suspensions
from spleen and bone marrow were CD34 double-selected (over two LS selection columns,
Miltenyi) and 1-2 x 105 cells were collected in lysis buffer or pooled according to treatment
group for serial transplantation assays. For serial transplantation of LSC-enriched fractions from

treated mice, cells from individual mice were pooled according to treatment group for each
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hematopoietic tissue, and 2 x 105 cells were transplanted intravenously into adult (6-8 weeks old)

NSGS mice.

[0404] Statistical Analyses. For RNA-seq based comparisons between groups, average log2
fold change (L2FC) and p values for genes and isoforms were obtained as previously described
(Jiang et al., 2013; Kirschner et al., 2015). Because raw FPKM values are not normally
distributed, p values were calculated following log2 transformation of the FPKM values (plus 1
to allow log2 transformation of zero values). Quantitative RT-PCR data were measured as a
continuous outcome and each group was assessed for distribution and variance. For normally
distributed data, unpaired two-tailed Student’s t-tests were applied to determine differences in
mRNA expression, and values were expressed as individual data points or means (+ SEM) from a
minimum of two independent experiments. For AML LSC survival and self-renewal assays,
differences among groups were assessed using one-way ANOVA with values expressed as means
+ SD (for in vitro hematopoietic progenitor assays where comparisons were made among
multiple sample types and treatment groups), or Student’s t-test with values expressed as means
+ SEM (for in vitro splicing reporter assays) or as means of individual data points representing
biological replicates (for in vivo engraftment and qRT- PCR analyses). All experiments were
performed on blind-coded samples. All statistical analyses were performed using Microsoft

Excel, SigmaPlot, or GraphPad Prism (San Diego, CA).
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[0479] Embodiments
[0480] Embodiments disclosed herein include embodiments P1 to P3 following.

[0481] Embodiment P1. A method for diagnosis of secondary acute myeloid leukemia
(sAML), said method comprising obtaining a splice isoform signature from a subject, and
comparing said splice isoform signature with a normal control, thereby providing diagnosis of

SAML.

[0482] Embodiment P2. A method for treating secondary acute myeloid leukemia (SAML),
said method comprising administering to a subject in need an effective amount of a splicing

modulator, thereby treating said SAML.

[0483] Embodiment P3. The method of embodiment P2, wherein said splicing modulator is
17S-FD-895.

[0484] Further embodiments include embodiments Q1 to Q10 following.

[0485] Embodiment Q1. A method of determining physiological age of a progenitor cell, the
method comprising measuring expression of one or more gene or splice isoform identified herein,
wherein the progenitor cell is physiologically young if the expression of the one or more genes is
more similar to the young expression level than the aged expression level shown herein, and the
progenitor cell is physiologically aged if the expression of the one or more genes is more similar

to the aged expression level than the young expression level shown herein.

[0486] Embodiment Q2. The method of embodiment Q1, wherein the progenitor cell is a

hematopoietic progenitor cell.

[0487] Embodiment Q3. The method of embodiment Q1 or Q2, wherein the progenitor cell is

from a subject that has a disease, disorder or condition that affects aging.

[0488] Embodiment Q4. The method of any one of embodiments Q1-Q3, used to diagnose a

disease, disorder or condition that affects aging.

[0489] Embodiment Q5. The method of embodiment Q3, used to determine whether a

treatment for the disease, disorder or condition is effective.

[0490] Embodiment Q6. The method of embodiment Q5, wherein the treatment is a

pharmaceutical administration.

[0491] Embodiment Q7. The method of embodiment Q5, wherein the treatment is exercise-

based.
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[0492] Embodiment Q8. The method of any previous embodiment, wherein expression of one

or more splice variant is determined.

[0493] Embodiment Q9. A method of determining whether a treatment of a subject for a
disease, disorder or condition that affects aging is effective, the method comprising measuring
expression of one or more gene or splice isoform identified herein in a progenitor cell from the
subject both (a) before the treatment, and (b) during or after the treatment, and determining
whether the expression of (b) is more like expression from progenitor cells from young people
than the expression of (a), wherein such an expression pattern indicates that the treatment is

effective.

[0494] Embodiment Q10. A method to correct human stem cell function in aged
microenvironments comprising increasing protein production of the proteins identified herein
that are produced in lower concentrations from aged stromal cultures compared with young bone

marrow.
[0495] Further embodiments include embodiments 1 to 85 following.

[0496] Embodiment 1. A method for treating acute myeloid leukemia in a subject in need
thereof, the method comprising administering to the subject an effective amount of a splicing

modulator, thereby treating the acute myeloid leukemia.

[0497] Embodiment 2. A method for modulating acute myeloid leukemia stem cells, the
method comprising contacting the acute myeloid leukemia stem cells with an effective amount of

a splicing modulator, thereby modulating the acute myeloid leukemia stem cells.

[0498] Embodiment 3. The method of embodiment 2, wherein normal progenitor cells are not

substantially modulated.

[0499] Embodiment 4. The method of embodiment 2 or 3, wherein the method is in vitro or in

vivo.

[0500] Embodiment 5. A method of detecting a protein level in a subject having acute myeloid
leukemia, the method comprising (1) obtaining a biological sample from the subject; (i1)
contacting the biological sample with a detection agent capable of binding at least one protein
encoded by at least one RNA set forth in Table 13A and/or Table 13B, thereby forming a
detectable complex; (iii) detecting and quantitating the detectable complex; and (iv) comparing to

a standard control, thereby detecting the protein level of the protein in the subject.
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[0501] Embodiment 6. The method of embodiment 5, wherein the protein is PTK2B, CD44, or

a combination thereof.

[0502] Embodiment 7. The method of embodiment 5, further comprising detecting additional
protein levels for a plurality of additional proteins encoded by RNA set forth in Table 13A and/or
Table 13B by further contacting the biological sample with a plurality of additional different
detection agents, each additional different detection agent capable of binding to one of the
plurality of additional proteins to form a plurality of additional different detectable complexes;
and further detecting and quantitating the plurality of additional different detectable complexes
and comparing to a standard control, thereby detecting additional protein levels the protein in the

additional proteins in the subject.

[0503] Embodiment 8. The method of embodiment 5, wherein the protein and the plurality of
additional proteins comprise all the proteins encoded by RNA set forth in Table 13A and/or
Table 13B.

[0504] Embodiment 9. The method of embodiment 5, wherein the protein and the plurality of
additional proteins comprise at least 50 of the proteins encoded by RNA set forth in Table 13A
and/or Table 13B.

[0505] Embodiment 10. The method of any one of embodiment 5-9, wherein the protein levels
of the proteins encoded by the RNA set forth in Table 13B are lower than in a subject that does
not have acute myeloid leukemia; and the protein levels of the proteins encoded by the RNA set

forth in Table 13A are higher than in a subject that does not have acute myeloid leukemia.

[0506] Embodiment 11. A method of detecting an RNA level in a subject having acute
myeloid leukemia, the method comprising (i) obtaining a biological sample from the subject; (i)
contacting the biological sample with a probe capable of hybridizing to the RNA set forth in
Table 13A and/or Table 13B, thereby forming a hybridized complex; (iii) detecting and
quantitating the hybridized complex; and (iv) comparing to a standard control, thereby detecting

the protein level of the protein in the subject.

[0507] Embodiment 12. The method of embodiment 11, further comprising detecting
additional RNA levels for a plurality of additional RNAs set forth in Table 13A and/or Table 13B
by further contacting the biological sample with a plurality of additional different probes, each
additional different probe capable of hybridizing to one of the plurality of additional RNAs to
form a plurality of additional different hybridized complexes; and further detecting and
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quantitating the plurality of additional different hybridized complexes and comparing to a

standard control, thereby detecting additional RNA levels in the additional RNAs in the subject.

[0508] Embodiment 13. The method of embodiment 11, wherein the RNA and the plurality of
additional RNAs comprise all the RNA set forth in Table 13A and Table 13B.

[0509] Embodiment 14. The method of embodiment 11, wherein the RNA and the plurality of
additional RNAs comprise at least 50 of the RNA set forth in Table 13A and/or Table 13B.

[0510] Embodiment 15. The method of any one of embodiment 11-14, wherein the RNA
levels of the RNAs set forth in Table 13B are lower than in a subject that does not have acute
myeloid leukemia; and the RNA levels of the RNAs set forth in Table 13A are higher than in a

subject that does not have acute myeloid leukemia.

[0511] Embodiment 16. The method of any one of embodiments 1-15, wherein the acute

myeloid leukemia is secondary acute myeloid leukemia.

[0512] Embodiment 17. The method of any one of embodiments 1-16, wherein the acute

myeloid leukemia is refractory acute myeloid leukemia.

[0513] Embodiment 18. The method of any one of embodiments 1-17, wherein the acute

myeloid leukemia is relapsed acute myeloid leukemia.

[0514] Embodiment 19. The method of any one of embodiments 5-18, further comprising

administering to the subject an effective amount of a splicing modulator.

[0515] Embodiment 20. A solid support comprising a plurality of detection agents that each
bind to a protein encoded by the RNA set forth in Table 13A and/or 13B.

[0516] Embodiment 21. A solid support comprising one or more probes that hybridize to one
or more RNA sequences selected from the group consisting of: Table 13A and/or Table 13B.

[0517] Embodiment 22. A method for modulating stem cells and progenitor cells, the method
comprising contacting stem cells and progenitor cells with an effective amount of a splicing

modulator, thereby modulating the stem cells and progenitor cells.

[0518] Embodiment 23. A method for treating an age-related disease in a subject in need
thereof, the method comprising administering to the subject an effective amount of a splicing

modulator, thereby treating the age-related disease.

[0519] Embodiment 24. A method of detecting a protein level in a subject having an age-

related disorder, the method comprising (1) obtaining a biological sample from the subject; (i1)
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contacting the biological sample with a detection agent capable of binding a protein encoded by
at least one RNA set forth in Table 12A and/or Table 12B, thereby forming a detectable
complex; (ii1) detecting and quantitating the detectable complex; and (iv) comparing to a

standard control, thereby detecting the protein level of the protein in the subject.

[0520] Embodiment 25. The method of embodiment 24, further comprising detecting
additional protein levels for a plurality of additional proteins encoded by at least one RNA set
forth in Table 12A and/or Table 12B by further contacting the biological sample with a plurality
of additional different detection agents, each additional different detection agent capable of
binding to one of the plurality of additional proteins to form a plurality of additional different
detectable complexes; and further detecting and quantitating the plurality of additional different
detectable complexes and comparing to a standard control, thereby detecting additional protein

levels the protein in the additional proteins in the subject.

[0521] Embodiment 26. The method of embodiment 24, wherein the protein and the plurality
of additional proteins comprise all the proteins encoded by the RNA set forth in Table 12A and
Table 12B.

[0522] Embodiment 27. The method of embodiment 24, wherein the protein and the plurality
of additional proteins comprise at least 50 of the proteins encoded the RNA set forth in Table
12A and/or Table 12B.

[0523] Embodiment 28. The method of any one of embodiment 24-27, wherein the protein
levels of the proteins encoded by at least one RNA set forth in Table 12B are lower than in a
subject that does not have acute myeloid leukemia; and the protein levels of the proteins encoded
by at least one RNA set forth in Table 12A are higher than in a subject that does not have acute

myeloid leukemia.

[0524] Embodiment 29. A method of detecting an RNA level in a subject having an age-
related disease, the method comprising (1) obtaining a biological sample from the subject; (i1)
contacting the biological sample with a probe capable of hybridizing to the RNA set forth in
Table 12A and Table 12B, thereby forming a hybridized complex; (iii) detecting and quantitating
the hybridized complex; and (iv) comparing to a standard control, thereby detecting the protein

level of the protein in the subject

[0525] Embodiment 30. The method of embodiment 29, further comprising detecting
additional RNA levels for a plurality of additional RNAs set forth in Table 12A and Table 12B
by further contacting the biological sample with a plurality of additional different probes, each
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additional different probe capable of hybridizing to one of the plurality of additional RNAs to
form a plurality of additional different hybridized complexes; and further detecting and
quantitating the plurality of additional different hybridized complexes and comparing to a

standard control, thereby detecting additional RNA levels in the additional RNAs in the subject.

[0526] Embodiment 31. The method of embodiment 29, wherein the RNA and the plurality of
additional RNAs comprise all the proteins set forth in Table 12A and Table 12B.

[0527] Embodiment 32. The method of embodiment 29, wherein the RNA and the plurality of
additional RNAs comprise at least S0 of the RNA set forth in Table 12A and Table 12B.

[0528] Embodiment 33. The method of any one of embodiment 29-32, wherein the RNA
levels of the RNAs set forth in Table 12B are lower than in a subject that does not have acute
myeloid leukemia; and the RNA levels of the RNA set forth in Table 12A are higher than in a

subject that does not have acute myeloid leukemia.

[0529] Embodiment 34. A method of detecting a long-coding RNA level in a subject having
an age-related disease, the method comprising (i) obtaining a biological sample from the subject;
(i) contacting the biological sample with a probe capable of hybridizing to the RNA set forth in
Table 7A and/or Table 7B and/or Table 10, thereby forming a hybridized complex; (iii) detecting
and quantitating the hybridized complex; and (iv) comparing to a standard control, thereby

detecting the protein level of the protein in the subject

[0530] Embodiment 35. The method of embodiment 34, further comprising detecting
additional RNA levels for a plurality of additional RNAs set forth in Table 7A and/or Table 7B
and/or Table 10 by further contacting the biological sample with a plurality of additional
different probes, each additional different probe capable of hybridizing to one of the plurality of
additional RNAs to form a plurality of additional different hybridized complexes; and further
detecting and quantitating the plurality of additional different hybridized complexes and
comparing to a standard control, thereby detecting additional RNA levels in the additional RNAs

in the subject.

[0531] Embodiment 36. The method of embodiment 34, wherein the RNA and the plurality of
additional RNAs comprise all the RNAs set forth in Table 7A, Table 7B, and Table 10.

[0532] Embodiment 37. The method of embodiment 34, wherein the RNA and the plurality of
additional RNAs comprise at least 25 of the RNAs set forth in Table 7A and/or Table 7B and/or
Table 10.
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[0533] Embodiment 38. The method of any one of embodiments 23-37, wherein the age-

related disease is bone marrow failure.

[0534] Embodiment 39. The method of any one of embodiments 23-37, wherein the age-
related disease is aplastic anemia, myelodysplastic syndrome, paroxysmal nocturnal

hemoglobinuria, or large granular lymphocytic leukemia.

[0535] Embodiment 40. The method of any one of embodiments 22-39, further comprising

administering an effective amount of a splicing modulator.

[0536] Embodiment 41. A solid support comprising a plurality of detection agents that each
bind to a protein encoded by the RNA set forth in Table 12A and/or 12B.

[0537] Embodiment 42. A solid support comprising one or more probes that hybridize to one
or more RNA sequences selected from the group consisting of: Table 12A and/or Table 12B.

[0538] Embodiment 43. A solid support comprising a plurality of detection agents that each
bind to a protein encoded by the RNA set forth in Table 7A and/or Table 7B and/or Table 10.

[0539] Embodiment 44. A solid support comprising one or more probes that hybridize to one
or more RNA sequences selected from the group consisting of: Table 7A and/or Table 7B and/or

Table 10.

[0540] Embodiment 45. A method for modulating bone marrow stromal cells, the method
comprising contacting bone marrow stromal cells with an effective amount of a splicing

modulator, thereby modulating the bone marrow stromal cells.

[0541] Embodiment 46. A method of correcting human stem cell function in an aged
microenvironment, the method comprising increasing production of one or more proteins
encoded by the RNA in Table 15B in bone marrow stromal cells; and optionally further

administering an effective amount of a splicing modulator to the aged microenvironment.

[0542] Embodiment 47. A method of detecting a protein level in a subject having an age-
related disorder, the method comprising (1) obtaining a biological sample from the subject; (i1)
contacting the biological sample with a detection agent capable of binding a protein encoded by
an RNA in Table 15A and/or Table 15B, thereby forming a detectable complex; (ii1) detecting
and quantitating the detectable complex; and (iv) comparing to a standard control, thereby

detecting the protein level of the protein in the subject.

[0543] Embodiment 48. The method of embodiment 47, further comprising detecting
additional protein levels for a plurality of additional proteins encoded by RNA in Table 15A
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and/or Table 15B by further contacting the biological sample with a plurality of additional
different detection agents, each additional different detection agent capable of binding to one of
the plurality of additional proteins to form a plurality of additional different detectable
complexes; and further detecting and quantitating the plurality of additional different detectable
complexes and comparing to a standard control, thereby detecting additional protein levels the

protein in the additional proteins in the subject.

[0544] Embodiment 49. The method of embodiment 47, wherein the protein and the plurality
of additional proteins comprise all the proteins encoded by RNA in Table 15A and Table 15.

[0545] Embodiment 50. The method of any one of embodiment 47-49, wherein the protein
levels of the proteins set forth in Table 15B are lower than in a subject that does not have acute
myeloid leukemia; and the protein levels of the proteins set forth in Table 15A are higher than in

a subject that does not have acute myeloid leukemia.

[0546] Embodiment 51. A method of detecting an RNA level in a subject having an age-
related disease, the method comprising (1) obtaining a biological sample from the subject; (i1)
contacting the biological sample with a probe capable of hybridizing to the RNA set forth in
Table 15A and/or Table 15B, thereby forming a hybridized complex; (iii) detecting and
quantitating the hybridized complex; and (iv) comparing to a standard control, thereby detecting

the protein level of the protein in the subject

[0547] Embodiment 52. The method of embodiment 51, further comprising detecting
additional RNA levels for a plurality of additional RNAs set forth in Table 15A and/or Table 15B
by further contacting the biological sample with a plurality of additional different probes, each
additional different probe capable of hybridizing to one of the plurality of additional RNAs to
form a plurality of additional different hybridized complexes; and further detecting and
quantitating the plurality of additional different hybridized complexes and comparing to a

standard control, thereby detecting additional RNA levels in the additional RNAs in the subject.

[0548] Embodiment 53. The method of embodiment 51, wherein the RNA and the plurality of
additional RNAs comprise all the RNA set forth in Table 15A and Table 15B.

[0549] Embodiment 54. The method of embodiment 51, wherein the RNA and the plurality of
additional RNAs comprise at least 20 of the RNA set forth in Table 15A and/or Table 15B.

[0550] Embodiment 55. The method of any one of embodiment 51-54, wherein the RNA
levels of the RNAs set forth in Table 15B are lower than in a subject that does not have acute
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myeloid leukemia; and the RNA levels of the RNAs set forth in Table 15A are higher than in a

subject that does not have acute myeloid leukemia.

[0551] Embodiment 56. A method of detecting a protein level in a subject having an age-
related disorder, the method comprising (1) obtaining a biological sample from the subject; (i1)
contacting the biological sample with a detection agent capable of binding a cytokines selected
from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1, Eotaxin-1, B2M, AAT,
SCF, MCP-1, VEGF, C3, RANTES, and IL-4, thereby forming a detectable complex; (iii)
detecting and quantitating the detectable complex; and (iv) comparing to a standard control,

thereby detecting the protein level of the protein in the subject.

[0552] Embodiment 57. The method of embodiment 47-56, wherein the age-related disease is

bone marrow failure.

[0553] Embodiment 58. The method of embodiment 47-56, wherein the age-related disease is

aplastic anemia, myelodysplastic syndrome, or paroxysmal nocturnal hemoglobinuria.

[0554] Embodiment 59. A method of correcting human stem cell function in an aged
microenvironment, the method comprising increasing production of one or more cytokines
selected from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1, Eotaxin-1, B2M,
AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4 in bone marrow stromal cells; and optionally

further administering an effective amount of a splicing modulator to the aged microenvironment.

[0555] Embodiment 60. The method of any embodiment 46 or 59, wherein the aged
microenvironment is the area adjacent to the bone marrow stromal cells and/or the area in which

the bone marrow stromal cells originate and grow.

[0556] Embodiment 61. The method of any one of embodiments 45-60, further comprising

administering to the subject an effective amount of a splicing modulator.

[0557] Embodiment 62. A solid support comprising a plurality of detection agents that each
bind to a protein encoded by the RNA set forth in Table 15A and/or Table 15B.

[0558] Embodiment 63. A solid support comprising a plurality of detection agents that each
bind to a cytokines selected from the group consisting of BDNF, 1L-17, IL-12p40, IL-23, ICAM-
1, Eotaxin-1, B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4.

[0559] Embodiment 64. A solid support comprising one or more probes that hybridize to one
or more RNA sequences selected from the group consisting of: Table 15A and/or Table 15B.
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[0560] Embodiment 65. The method of any one of embodiments 1, 2, 19, 22, 23, 40, 45, 46,

59, and 61, wherein the splicing modulator is a compound of Formula (I):

OH (I) wherein, X' is N, O, or CHy; X*is O or
C(R®)R"); R® and R’ are independently hydrogen, halogen, substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, -OR", -OC(O)R"?, -OC(O)OR ", or -OC(O)NR"R™; R is
hydrogen, -C(O)R®, -OC(O)R®, -OC(O)OR®, or -NHC(O)NHR?; R*, R’ R, and R’ are each
independently selected from hydrogen, substituted or unsubstituted alkyl, -OR’, -OC(O)R’,
-OC(O)ORg, or -OC(O)NRIORH; R® R’, R R'" R" R" and R" are independently hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl; and R" is hydrogen, halogen, CF3,

CCl;, CBrs;, ClI3, substituted or unsubstituted alkyl.

[0561] Embodiment 66. The method of embodiment 65, wherein X* is O and the chiral carbon

at R” has (R) stereochemistry and the chiral carbon at R* has (S) stereochemistry.

[0562] Embodiment 67. The method of embodiment 65, wherein X* is O and the chiral carbon
at R” has (S) stereochemistry and the chiral carbon at R* has (R) stereochemistry.

[0563] Embodiment 68. The method of embodiment 65, wherein when R” is attached to a
chiral carbon having (S) stereochemistry, R* is attached to a chiral carbon having (S) or (R)

stereochemistry.

[0564] Embodiment 69. The method of embodiment 65, wherein X” is C(R®)(R") and the

chiral carbon at R” has (R) stereochemistry and the chiral carbon at R* has (S) stereochemistry.

[0565] Embodiment 70. The method of embodiment 65, wherein X” is C(R®)(R") and the

chiral carbon at R” has (S) stereochemistry and the chiral carbon at R* has (R) stereochemistry.

[0566] Embodiment 71. The method of embodiment 65, wherein the compound of Formula (I)

is a compound selected from the group consisting of’
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LWOR’

“'OH
OH (ID), OH (II),

WOR!

“’OH
and OH (av).

[0567] Embodiment 72. The method of embodiment 65, wherein the compound of Formula (I)

LOR!

“OH
is:. OH (Iv).

[0568] Embodiment 73. The method of embodiment 65, wherein the compound of Formula (I)

is a compound selected from the group consisting of’

R’ r6
VR
WOR!
“/OH
(VD),
LOR! WOR!
“/OH “’OH
OH (VII), and OH (VIID).

[0569] Embodiment 74. The method of any one of embodiments 65-73, wherein R" is
hydrogen or C;-C4 unsubstituted alkyl.

[0570] Embodiment 75. The method of any one of embodiments 65-73, wherein R" is
hydrogen or methyl.

[0571] Embodiment 76. The method of any one of embodiments 65-73, wherein R" is methyl.
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[0572] Embodiment 77. The method of any one of embodiments 65-73, wherein R’ is
hydrogen.

[0573] Embodiment 78. The method of any one of embodiments 65, 68, and 74-77, wherein
X*is O.

[0574] Embodiment 79. The method of any one of embodiments 65, 68, and 74-77, wherein
X is CROR).

[0575] Embodiment 80. The method of any one of embodiments 65, 68-70, 73-77, and 79,

wherein R® and R” are independently hydrogen, halogen, or methyl.

[0576] Embodiment 81. The method of any one of embodiments 65, 68-70, 73-77, and 79,

wherein R® and R” are hydrogen.

[0577] Embodiment 82. The method of any one of embodiments 65, 68-70, 73-77, and 79,

wherein R® and R” are flyoride.

[0578] Embodiment 83. The method of embodiment 65, wherein the compound of Formula (I)

is selected from the group consisting of

. \\OAC . \\OAC

“'OH
(IX), OH (X), and

"‘OH

WOAc

“/OH
OH (XD).

[0579] Embodiment 84. The method of embodiment 65, wherein the compound of Formula (I)

is:. OH (XD).
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[0580] Embodiment 85. The method of embodiment 65, wherein the compound of Formula (I)

(XIID),

W~OAC

“‘OH
and OH
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WHAT IS CLAIMED IS:

1. A method for treating acute myeloid leukemia in a subject in need thereof,
the method comprising administering to the subject an effective amount of a splicing modulator,

thereby treating the acute myeloid leukemia.

2. A method for modulating acute myeloid leukemia stem cells, the method
comprising contacting the acute myeloid leukemia stem cells with an effective amount of a

splicing modulator, thereby modulating the acute myeloid leukemia stem cells.

3. The method of claim 2, wherein normal progenitor cells are not

substantially modulated.
4. The method of claim 2 or 3, wherein the method is in vitro or in vivo.

5. A method of detecting a protein level in a subject having acute myeloid
leukemia, the method comprising (i) obtaining a biological sample from the subject; (ii)
contacting the biological sample with a detection agent capable of binding at least one protein
encoded by at least one RNA set forth in Table 13A and/or Table 13B, thereby forming a
detectable complex; (iii) detecting and quantitating the detectable complex; and (iv) comparing

to a standard control, thereby detecting the protein level of the protein in the subject.

6. The method of claim 5, wherein the protein is PTK2B, CD44, or a

combination thereof.

7. The method of claim 5, further comprising detecting additional protein
levels for a plurality of additional proteins encoded by RNA set forth in Table 13A and/or Table
13B by further contacting the biological sample with a plurality of additional different detection
agents, each additional different detection agent capable of binding to one of the plurality of
additional proteins to form a plurality of additional different detectable complexes; and further
detecting and quantitating the plurality of additional different detectable complexes and
comparing to a standard control, thereby detecting additional protein levels the protein in the

additional proteins in the subject.

8. The method of claim 5, wherein the protein and the plurality of additional
proteins comprise all the proteins encoded by RNA set forth in Table 13A and/or Table 13B.
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0. The method of claim 5, wherein the protein and the plurality of additional
proteins comprise at least 50 of the proteins encoded by RNA set forth in Table 13A and/or
Table 13B.

10. The method of any one of claim 5-9, wherein the protein levels of the
proteins encoded by the RNA set forth in Table 13B are lower than in a subject that does not
have acute myeloid leukemia; and the protein levels of the proteins encoded by the RNA set

forth in Table 13A are higher than in a subject that does not have acute myeloid leukemia.

11. A method of detecting an RNA level in a subject having acute myeloid
leukemia, the method comprising (i) obtaining a biological sample from the subject; (ii)
contacting the biological sample with a probe capable of hybridizing to the RNA set forth in
Table 13A and/or Table 13B, thereby forming a hybridized complex; (iii) detecting and
quantitating the hybridized complex; and (iv) comparing to a standard control, thereby detecting

the protein level of the protein in the subject.

12. The method of claim 11, further comprising detecting additional RNA
levels for a plurality of additional RNAs set forth in Table 13A and/or Table 13B by further
contacting the biological sample with a plurality of additional different probes, each additional
different probe capable of hybridizing to one of the plurality of additional RNAs to form a
plurality of additional different hybridized complexes; and further detecting and quantitating the
plurality of additional different hybridized complexes and comparing to a standard control,

thereby detecting additional RNA levels in the additional RNAs in the subject.

13. The method of claim 11, wherein the RNA and the plurality of additional
RNAs comprise all the RNA set forth in Table 13A and Table 13B.

14.  The method of claim 11, wherein the RNA and the plurality of additional
RNAs comprise at least 50 of the RNA set forth in Table 13A and/or Table 13B.

15.  The method of any one of claim 11-14, wherein the RNA levels of the
RNAs set forth in Table 13B are lower than in a subject that does not have acute myeloid
leukemia; and the RNA levels of the RNAs set forth in Table 13A are higher than in a subject

that does not have acute myeloid leukemia.

16.  The method of any one of claims 1-15, wherein the acute myeloid

leukemia is secondary acute myeloid leukemia.
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17.  The method of any one of claims 1-16, wherein the acute myeloid

leukemia is refractory acute myeloid leukemia.

18.  The method of any one of claims 1-17, wherein the acute myeloid

leukemia is relapsed acute myeloid leukemia.

19. The method of any one of claims 5-18, further comprising administering

to the subject an effective amount of a splicing modulator.

20. A solid support comprising a plurality of detection agents that each bind to
a protein encoded by the RNA set forth in Table 13A and/or 13B.

21. A solid support comprising one or more probes that hybridize to one or

more RNA sequences selected from the group consisting of: Table 13A and/or Table 13B.

22. A method for modulating stem cells and progenitor cells, the method
comprising contacting stem cells and progenitor cells with an effective amount of a splicing

modulator, thereby modulating the stem cells and progenitor cells.

23. A method for treating an age-related disease in a subject in need thereof,
the method comprising administering to the subject an effective amount of a splicing modulator,

thereby treating the age-related disease.

24, A method of detecting a protein level in a subject having an age-related
disorder, the method comprising (i) obtaining a biological sample from the subject; (i)
contacting the biological sample with a detection agent capable of binding a protein encoded by
at least one RNA set forth in Table 12A and/or Table 12B, thereby forming a detectable
complex; (ii1) detecting and quantitating the detectable complex; and (iv) comparing to a

standard control, thereby detecting the protein level of the protein in the subject.

25.  The method of claim 24, further comprising detecting additional protein
levels for a plurality of additional proteins encoded by at least one RNA set forth in Table 12A
and/or Table 12B by further contacting the biological sample with a plurality of additional
different detection agents, each additional different detection agent capable of binding to one of
the plurality of additional proteins to form a plurality of additional different detectable
complexes; and further detecting and quantitating the plurality of additional different detectable
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complexes and comparing to a standard control, thereby detecting additional protein levels the

protein in the additional proteins in the subject.

26.  The method of claim 24, wherein the protein and the plurality of
additional proteins comprise all the proteins encoded by the RNA set forth in Table 12A and
Table 12B.

27. The method of claim 24, wherein the protein and the plurality of
additional proteins comprise at least 50 of the proteins encoded the RNA set forth in Table 12A
and/or Table 12B.

28.  The method of any one of claim 24-27, wherein the protein levels of the
proteins encoded by at least one RNA set forth in Table 12B are lower than in a subject that does
not have acute myeloid leukemia; and the protein levels of the proteins encoded by at least one
RNA set forth in Table 12A are higher than in a subject that does not have acute myeloid

leukemia.

29. A method of detecting an RNA level in a subject having an age-related
disease, the method comprising (i) obtaining a biological sample from the subject; (ii) contacting
the biological sample with a probe capable of hybridizing to the RNA set forth in Table 12A and
Table 12B, thereby forming a hybridized complex; (iii) detecting and quantitating the hybridized
complex; and (1v) comparing to a standard control, thereby detecting the protein level of the

protein in the subject.

30. The method of claim 29, further comprising detecting additional RNA
levels for a plurality of additional RNAs set forth in Table 12A and Table 12B by further
contacting the biological sample with a plurality of additional different probes, each additional
different probe capable of hybridizing to one of the plurality of additional RNAs to form a
plurality of additional different hybridized complexes; and further detecting and quantitating the
plurality of additional different hybridized complexes and comparing to a standard control,

thereby detecting additional RNA levels in the additional RNAs in the subject.

31 The method of claim 29, wherein the RNA and the plurality of additional
RNAs comprise all the proteins set forth in Table 12A and Table 12B.

32. The method of claim 29, wherein the RNA and the plurality of additional
RNAs comprise at least 50 of the RNA set forth in Table 12A and Table 12B.
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33.  The method of any one of claim 29-32, wherein the RNA levels of the
RNAs set forth in Table 12B are lower than in a subject that does not have acute myeloid
leukemia; and the RNA levels of the RNA set forth in Table 12A are higher than in a subject that

does not have acute myeloid leukemia.

34. A method of detecting a long-coding RNA level in a subject having an
age-related disease, the method comprising (i) obtaining a biological sample from the subject;
(11) contacting the biological sample with a probe capable of hybridizing to the RNA set forth in
Table 7A and/or Table 7B and/or Table 10, thereby forming a hybridized complex; (iii) detecting
and quantitating the hybridized complex; and (iv) comparing to a standard control, thereby

detecting the protein level of the protein in the subject.

35. The method of claim 34, further comprising detecting additional RNA
levels for a plurality of additional RNAs set forth in Table 7A and/or Table 7B and/or Table 10
by further contacting the biological sample with a plurality of additional different probes, each
additional different probe capable of hybridizing to one of the plurality of additional RNAs to
form a plurality of additional different hybridized complexes; and further detecting and
quantitating the plurality of additional different hybridized complexes and comparing to a

standard control, thereby detecting additional RNA levels in the additional RNAs in the subject.

36. The method of claim 34, wherein the RNA and the plurality of additional
RNAs comprise all the RNAs set forth in Table 7A, Table 7B, and Table 10.

37.  The method of claim 34, wherein the RNA and the plurality of additional
RNAs comprise at least 25 of the RNAs set forth in Table 7A and/or Table 7B and/or Table 10.

38.  The method of any one of claims 23-37, wherein the age-related disease is

bone marrow failure.

39.  The method of any one of claims 23-37, wherein the age-related disease is
aplastic anemia, myelodysplastic syndrome, paroxysmal nocturnal hemoglobinuria, or large

granular lymphocytic leukemia.

40. The method of any one of claims 22-39, further comprising administering

an effective amount of a splicing modulator.
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41. A solid support comprising a plurality of detection agents that each bind to
a protein encoded by the RNA set forth in Table 12A and/or 12B.

42. A solid support comprising one or more probes that hybridize to one or

more RNA sequences selected from the group consisting of: Table 12A and/or Table 12B.

43, A solid support comprising a plurality of detection agents that each bind to
a protein encoded by the RNA set forth in Table 7A and/or Table 7B and/or Table 10.

44, A solid support comprising one or more probes that hybridize to one or
more RNA sequences selected from the group consisting of: Table 7A and/or Table 7B and/or
Table 10.

45. A method for modulating bone marrow stromal cells, the method
comprising contacting bone marrow stromal cells with an effective amount of a splicing

modulator, thereby modulating the bone marrow stromal cells.

46. A method of correcting human stem cell function in an aged
microenvironment, the method comprising increasing production of one or more proteins
encoded by the RNA in Table 15B in bone marrow stromal cells; and optionally further

administering an effective amount of a splicing modulator to the aged microenvironment.

47. A method of detecting a protein level in a subject having an age-related
disorder, the method comprising (i) obtaining a biological sample from the subject; (i)
contacting the biological sample with a detection agent capable of binding a protein encoded by
an RNA in Table 15A and/or Table 15B, thereby forming a detectable complex; (ii1) detecting
and quantitating the detectable complex; and (iv) comparing to a standard control, thereby

detecting the protein level of the protein in the subject.

48.  The method of claim 47, further comprising detecting additional protein
levels for a plurality of additional proteins encoded by RNA in Table 15A and/or Table 15B by
further contacting the biological sample with a plurality of additional different detection agents,
each additional different detection agent capable of binding to one of the plurality of additional
proteins to form a plurality of additional different detectable complexes; and further detecting
and quantitating the plurality of additional different detectable complexes and comparing to a
standard control, thereby detecting additional protein levels the protein in the additional proteins

in the subject.
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49.  The method of claim 47, wherein the protein and the plurality of
additional proteins comprise all the proteins encoded by RNA in Table 15A and Table 15.

50.  The method of any one of claim 47-49, wherein the protein levels of the
proteins set forth in Table 15B are lower than in a subject that does not have acute myeloid
leukemia; and the protein levels of the proteins set forth in Table 15A are higher than in a subject

that does not have acute myeloid leukemia.

51. A method of detecting an RNA level in a subject having an age-related
disease, the method comprising (i) obtaining a biological sample from the subject; (ii) contacting
the biological sample with a probe capable of hybridizing to the RNA set forth in Table 15A
and/or Table 15B, thereby forming a hybridized complex; (iii) detecting and quantitating the
hybridized complex; and (iv) comparing to a standard control, thereby detecting the protein level

of the protein in the subject.

52. The method of claim 51, further comprising detecting additional RNA
levels for a plurality of additional RNAs set forth in Table 15A and/or Table 15B by further
contacting the biological sample with a plurality of additional different probes, each additional
different probe capable of hybridizing to one of the plurality of additional RNAs to form a
plurality of additional different hybridized complexes; and further detecting and quantitating the
plurality of additional different hybridized complexes and comparing to a standard control,

thereby detecting additional RNA levels in the additional RNAs in the subject.

53. The method of claim 51, wherein the RNA and the plurality of additional
RNAs comprise all the RNA set forth in Table 15A and Table 15B.

54.  The method of claim 51, wherein the RNA and the plurality of additional
RNAs comprise at least 20 of the RNA set forth in Table 15A and/or Table 15B.

55. The method of any one of claim 51-54, wherein the RNA levels of the
RNAs set forth in Table 15B are lower than in a subject that does not have acute myeloid
leukemia; and the RNA levels of the RNAs set forth in Table 15A are higher than in a subject

that does not have acute myeloid leukemia.

56. A method of detecting a protein level in a subject having an age-related
disorder, the method comprising (i) obtaining a biological sample from the subject; (i1)

169
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contacting the biological sample with a detection agent capable of binding a cytokines selected
from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1, Eotaxin-1, B2M, AAT,
SCF, MCP-1, VEGF, C3, RANTES, and IL-4, thereby forming a detectable complex; (iii)
detecting and quantitating the detectable complex; and (iv) comparing to a standard control,

thereby detecting the protein level of the protein in the subject.

57. The method of claim 47-56, wherein the age-related disease is bone

marrow failure.

58. The method of claim 47-56, wherein the age-related disease is aplastic

anemia, myelodysplastic syndrome, or paroxysmal nocturnal hemoglobinuria.

59. A method of correcting human stem cell function in an aged
microenvironment, the method comprising increasing production of one or more cytokines
selected from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1, Eotaxin-1,
B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4 in bone marrow stromal cells; and
optionally further administering an effective amount of a splicing modulator to the aged

microenvironment.

60. The method of any claim 46 or 59, wherein the aged microenvironment
is the area adjacent to the bone marrow stromal cells and/or the area in which the bone

marrow stromal cells originate and grow.

61. The method of any one of claims 45-60, further comprising administering

to the subject an effective amount of a splicing modulator.

62. A solid support comprising a plurality of detection agents that each bind to
a protein encoded by the RNA set forth in Table 15A and/or Table 15B.

63. A solid support comprising a plurality of detection agents that each bind to
a cytokines selected from the group consisting of BDNF, IL-17, IL-12p40, IL-23, ICAM-1,
Eotaxin-1, B2M, AAT, SCF, MCP-1, VEGF, C3, RANTES, and IL-4.

64. A solid support comprising one or more probes that hybridize to one or

more RNA sequences selected from the group consisting of: Table 15A and/or Table 15B.

65. The method of any one of claims 1, 2, 19, 22, 23, 40, 45, 46, 59, and 61,

wherein the splicing modulator is a compound of Formula (I):
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wherein,
X'isN, O, or CHy;
X*is O or CR(R);

R® and R’ are independently hydrogen, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted aryl, -OR'%, -OC(O)R"2, -OC(O)OR", or -OC(O)NR"’R";

R'is hydrogen, -C(O)R®, -OC(O)R®, -OC(O)OR®, or -NHC(O)NHR?;

R% R’ R* and R are each independently selected from hydrogen, substituted or
unsubstituted alkyl, -OR’, -OC(O)R’, -OC(0O)OR’, or -OC(O)NR'R';

R®, R’ R R'" R'>, R" and R" are independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heteroaryl; and
R is hydrogen, halogen, CF3, CCl3, CBr3, Cl3, substituted or unsubstituted alkyl.

66. The method of claim 65, wherein X? is O and the chiral carbon at R* has

(R) stereochemistry and the chiral carbon at R* has (S) stereochemistry.

67. The method of claim 65, wherein X? is O and the chiral carbon at R* has

(S) stereochemistry and the chiral carbon at R* has (R) stereochemistry.

68. The method of claim 65, wherein when R? is attached to a chiral carbon

having (S) stereochemistry, R* is attached to a chiral carbon having (S) or (R) stereochemistry.

69. The method of claim 65, wherein X” is C(R®)(R") and the chiral carbon at
R?” has (R) stereochemistry and the chiral carbon at R* has (S) stereochemistry.
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70. The method of claim 65, wherein X” is C(R®)(R") and the chiral carbon at
R? has (S) stereochemistry and the chiral carbon at R* has (R) stereochemistry.

71. The method of claim 65, wherein the compound of Formula (I) is a

compound selected from the group consisting of’

LWOR!
“/OH
OH (Im),
WOR!
“OH
and OH (Iv).
72. The method of claim 65, wherein the compound of Formula (I) is:.
WOR!
“OH
OH (IV).
73. The method of claim 65, wherein the compound of Formula (I) is a
compound selected from the group consisting of’
R\7/R6 R15
WOR! OR!
“OH “OH

OH V), OH (VI),



WO 2017/053887

74.

unsubstituted alkyl.

75.
methyl.

76.
77.
78.

79.
CROHR.

80.

PCT/US2016/053575
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WOR!

“/OH

(VID), and

LWOR!

“'OH
OH (VIII).

The method of any one of claims 65-73, wherein RY s hydrogen or C;-C,4

The method of any one of claims 65-73, wherein R" is hydrogen or

The method of any one of claims 65-73, wherein R" is methyl.
The method of any one of claims 65-73, wherein R’ is hydrogen.
The method of any one of claims 65, 68, and 74-77, wherein X?is O.

The method of any one of claims 65, 68, and 74-77, wherein X is

The method of any one of claims 65, 68-70, 73-77, and 79, wherein R®

and R are independently hydrogen, halogen, or methyl.

81.

and R” are hydrogen.

82.

and R’ are fluoride.

83.

The method of any one of claims 65, 68-70, 73-77, and 79, wherein R®

The method of any one of claims 65, 68-70, 73-77, and 79, wherein R®

The method of claim 65, wherein the compound of Formula (I) is selected

from the group consisting of



WO 2017/053887 PCT/US2016/053575

174

WOAc

“‘OH
OH (IX), OH (X), and

WOAC

“‘OH
OH (X1).

84. The method of claim 65, wherein the compound of Formula (I) is:. .

WOAc
“OH
OH (XI).
85. The method of claim 65, wherein the compound of Formula (I) is selected

from the group consisting of

WOAc

“OH
OH (XID), OH (XI1D),

WOAc

“OH
OH (XIV), and OH




WO 2017/053887 PCT/US2016/053575

1/83
FIG. 1A
SF3BT expression - ¢PCR
g
9 =0.024
AN ~d AL
GSEA o0 2y L
oL
T a2
\§§§ 5"
vg
KEGH SPLOEOSONE Hoawfs %8 104
KEGA RNA DEGRATATON | 30{-16%]acoo]ase YN
T
KEGS PROTEN SxPoRt | 2] Lrisfosw st ; g E
KEGG CEIL OYULE o B L) B 2 &
KEGS DA RERICATION | se]-tamslosss]s i %5 04 : e
KEGG PROTEASOME ] -Lasf o o2 4 §3q’ \nq}p%;‘} }1&?‘ ﬁbi\{fb% :\% tq
HEGG JATuRITY ONET_ | d o 'é\ @ *é" W %M‘ X W
DIRSETES OF THE YOUNG Iy 120008 0210 \(b ?‘ FEEY
i B
N
KEGG RBOSOE 5] 1 350 o psaf e é\ 6‘
e $0& % $0§ @SAML
KEGG LYSOS0HE o] 14sstoan oz .
N de novo AL

FIG. 1B

SF3B1 expression - gPCR
n, PO

sz_&f{.é__&tu AT
{836 PROTER BIBORT | e}l
KRG CELL CYV0E
kg O RPN | e eslosalots
fos RO | alatoonlo

(G LAY TRGE

{ryormafizect to HEPPFRT )

FReiative IMIFRNAC a2 rexssicon

W@“y@ﬂ@wx

W \{t«
PR

‘@“ B st
dlg novo AML

®Q§*




WO 2017/053887 PCT/US2016/053575
2/83

FIG. 2A
Differentially exprassad
isoforms (FPKM 2 10)

R TREN R

el ot .
&5 5 Enseobl
transcript D

CLEC-201
VERESSI-G
DY SLZ-008
TREIQOR
FARMI34AG04
LCAT-G01
ARDBRBRTE. 7001
SYNGRIGOS
ARSR4G1
SWSER{-01¢
CASTAO3%
CAST-O35
QXATHR-GT
AROC 201
RGE01
FTHIG02
INF33.2
ZHRF33L-007 i
CKORA-GGY
SRRY 1002
EREG-01
ZERRELEG0
NG 02
SGK1G08
ACTEIG
CiRorfd 3008
DRGP 001
ANXA1-005
NRD1-G05
ANPEPD0Y
EIF3A-301
ARPUARDGE
GYPO-20
ACTEIIRG
BTRER-20
DCR2.007
EIF4AT-O%1
SYRA0T
NUCE1-201
WIIRE-034
BREIR1AOOY
REPVL-FFIHE -0
MAM2AZ-(13Y
CRIP-G02
Cad00d
GPIOG2
THROGR- 0G4
REPFSIRD03




WO 2017/053887 PCT/US2016/053575
3/83

FIG. 2B
sAML. versus normal -
isoform expression (FPKM 2 1)

SREFE-001 u
FHIMGRE-00 1 & EHMT =008
CART-030 g ®
90} - ADTGH-D0u®
CAST-0384
NP0
Ew\;mw{}mﬁg
CWSR1-0194
15 - SYNGR1-D0SH
OPYSLI-005e #

TREAR @§ '
3 - - g '
VPRERI-G4 )

8 PXN-00Z

<5 ¥ . RSF1-004
; CEPS?-D11

g SCTOT-0O0

y PTICER-202

-Log (p value)

1 most-om
D GtVI-14-001a

B SR

L 3 A * i

~10 8 0 & 10
L2FC {(sAML/normal)



WO 2017/053887

FIG. 2C

TP53-008

p=0.0005
80 - :
£
*
403 - e
.
204
& v
%55@%@ e;;?\?\\
CD82-004
40 - p=0.00099
30 &
20 - *a
10 4 a X
* g :
8 “M

SRS
S

PCT/US2016/053575
4/83
NPAT-003
£<G.0001
P50~ -
2004
§ Y
¢ 150 . .
Q- 1004 .
50 - fas
0 L §
& Dot
PTKZ2B-202
30 5=0.0003
A:
= 20
X "
& &
L. 104 :
0 :‘ :
& Y
%ﬁ&%‘.@ %®



WO 2017/053887 PCT/US2016/053575
5/83

FIG. 3A
Chemical structures

. {%} R

:
\
‘ QAL
:

175-FD-895 jOH

FIG. 3B
Splicing reporter assay - 17S8-FD-885

{Basal splicingy N = <4 -
GFpP " ‘
REpR
Splicing
moetulation
. RFP

FIG. 3C o g s o g
MCLTRT-PCR




PCT/US2016/053575

FIG. 3E

6/83

WO 2017/053887

FIG. 3D

175-FD-805
B

&8
o

(100400 10 %) BAKING

FD-895

FIG. 3G

FD-895

A
3
Q~

& 88

{onuns 1o %) prnng

£8888°

(OB J0 %) (RIRIB 4195

FIG. 3F

2
e AML {r1=d}

&

L
&
of

- = Nommal BM {(n=3}

cgl‘}

o



WO 2017/053887

7/83

FIG. 4A

oo of colls B
hamalipaisth Hansse

AR 2 Transplant o
'§W§W‘¥¥\ 5

&i{} :ﬁgﬁi‘s\

LR

PCT/US2016/053575

nal and AML primagralt m&ﬁ&i& ad 175-FBRS §mm§m

t | FACY soprativent ansiysis | §

Sorle! mwpdetaherad

BNAasang wm w&m
PO RO ol

B Stens
% m TR

FIG. 4B

FIG. 4C

Higvan hematopoiatio cell sngrafimeng

Spioen 8 PR
% $i0 oLt
& s &%
MO o SIS
& ¢ R
st
N oandgtr e v & 3
::: - N N !
; s
B A0 iat X .
& T oas § Ya, %
o 20 Wt S sl
R Tt Ve Loy
N ; _ :
{3 ¥ ¥ x Aoy X ¥ ¥ ¥ Y
- . s ~ 0
R R P SRS P
S “3\*’ & ST e
\kﬁ Q:’ov '6 273} ;.\-%\0 &. \&?\Q “;\} 5:@.»
& N RO R e M
st )\"M (NS o ENG

17 $-FD-495 dose

. A4+ L0

Fre

Fragienay of stem oolis

Spleen 828

P04

SR Y
3 -
A
B A
W &
S -
b i A
e *
N I ok "N
Pt 1 L&
-~ FR
£} Y Y ¥ ¥
> . R ™
P SO & NS" N
N & & I 2 3
%\ &8 Ok &
% (N(Qv s’\\ Q;%
A N A
X ¥ «
VS-FD-BES dose



PCT/US2016/053575

WO 2017/053887

8/83

FIG. 4E

FIG. 4D

fransplant

i

B

X

¥
[ R
.ss

B G

L
£4

<3

FIGF. 4G

FIG. 4F

TR

fAJ

&

e

WK

o
~
4

3 3 ?
- o« bt
i w [

3

2
2%
3

4

32y

33
.

y

3B

TYRFL

Saw

a

%

SFD

378

FIG. 4H

2
&

350t waa

179-FD -85 duse



WO 2017/053887 PCT/US2016/053575
9/83

FIG. S5A

T - o
NN WA A
N A, N
B 3 Y AY RS
AR X x,“\}‘\i».\\g RSN
A% s & S

GRS

il ol

RN

o

P
%

ih

Y

LI FELE o -
GG ke




WO 2017/053887

FIG. 5B
Normal BM
TTAAGADT G

* 3 o
&4

PCT/US2016/053575
10/83

FIG. 5C

PTK2B-202 - gPCR
8 «

ke

£ o

4 - e

{(normalized to HPRT)

Relative mRNA expression

4 sSAML, p=0.0023
» de novo AML, p=0.0026



PCT/US2016/053575

WO 2017/053887

11/83

FIG. 6A

oo tﬁ E 4 % ¥ 4
AW g s w W 4m
< S 2 B

ORI d4D / dAu

. 6B

FIG

FIG. 6C

orier assay

¥

2

¥

1

3

8

L

+ 175-FD-885

-

icing rep

¥ ¥
= \y
vvvvv e ot

& ORI dA© / ol

-

1

a0

42

Log [concentration, uM]



WO 2017/053887

FIG. 6D

DNAJBY intron 2
refention - gPCR

T o RO
e HERRNE %
: &

&

26 i HPRT
srpnind ourral)

B M A e R ssnn

ino
ang

#a tatiy

32 8
Log [concentration, (M}

FIG. 6F

MCL1-S - gPCR

v JAOQLM-13
™ HERINS

o
3

3.

ke
1

gtive mRkA expression
Mwmaizz% o’ ?«mf’%"“ y
<
]
'3

gé {}‘i}':"! " ) !‘Vl

PCT/US2016/053575
12/83

FIG. 6E

DNAJBT intron 2- RT-PCR

SE LA LENG 88 A
HERKIS MOLAM3

L
e

HERZSS ofd

‘:3 @ ‘%‘\” @ \%3‘ @‘

&mmmm?ztm

MOLM-13 oirf & § D0 dopoy

S D VOt v
-

Concentration, pM
FIG. 6G

PTKZ2B-202 - qPCR

;:} g\:ﬁ s
s

MOIM-13
ool

Vo' N0 00F oo B0 e B6K

104

054

stive mRbA exprassion
zem m T md aon

Concentration



WO 2017/053887

FIG. 7A

usrlygl (% of sanial

SN

t3
|3

% utzon

Lol ranen g

120
100
g{}.
3
40

AR
B

£

120
100

48

%

17 SFD-885
AT S U

Nomsal BM AML
EEE gl

178FD-895

PU

&k

Mo B AML
R awd)

I0M0 WIS FDans

FIG. 7C

g

g

% 0f cunirly

7%
5

vt gl

-

13/83

PCT/US2016/053575

FIG. 7B

;
200k

sy
Do
=
=
o
£%
Fgn
o
£
S
=
&
Y
As,
S
ey
23
“‘\.7 .
o
=
%
%
&
©
n
L o8
o
K
¥

wh
g g

23

Buryival (% of conirel

o BB BB EY

Betlranew s % of corirod

frengwal (% of cantroh

Ze

-

cB828E8 2888

Go-Cillure
fime course

CB 3] AM {nd)

CB{wd) AN (g}

ok SLAR2 co-onfluve
2 ks SLAR co-cullum
e PR M restnd oontrnd

D-895




WO 2017/053887 PCT/US2016/053575
14/83

FIG. 8A

Sunmary of AML primagreft models

a‘%s‘ § \\H\

RS

SHL3T PBY

AR (R

£ REE >‘;3§ N@ LS {}*m,;}

= & Fa s e e eN ik < & . e o
™ FRR avloe O Ragd®® - Kot wsed fnp forther componnd

§ mios {IP Rag
NGRS}

AL BN

FIG. 8B

AML-37 primary sample
Live cells Live Lin{-) cells

FSC-A

CD34 (Bv421)

8K 3
K
3
5
Iseh . 359
N 3388, )
B pcorpomgrnpony ey cacs T ey NACES WL Can e 23 v ) KA A ¢
e % ol 2 " 3 8
S R oW g oud W W

Lineage {(PE-Cy5.5) CD38 (PE-Cy?)



WO 2017/053887 PCT/US2016/053575
15/83

FIG. 8C

Primary Transplant

Live cells

vvw‘\ + v-,g Py
o a3

‘Das vab o)

a‘




WO 2017/053887 PCT/US2016/053575
16/83

FIG. 8D

Serial Transplant




WO 2017/053887 PCT/US2016/053575
17/83
FIG. 9A FIG. 9B
con AMLIT weights (means) s s o .
iy B9 e Viehtiche Frequency GMP
= 1o e 5 gy ,
S5 K ; S es o
g 80 by ' . s i
®E ) e » T g g
*2? Q?* @9 5 1 &
AML-08 weights S e T
& 120, weights (means) = | st e
o - Yeiicie g . . Lol a Ry
3] e Sy o . &
gi} 3
P LSS ELSE
~§ »»3& *93 ,\q;
SN 8 R4 AMLST (5, 10 mghkg
NP SR -3 (0, 10meka) 175 FD-895 dose
F IS . AML08 (5 mgkg)
FIG. 9C FIG. 9D
Frequency CMP Frequency MEP
Splesn BM Spleen 3
R} {3 P33 3
80 sl Qo ROB \
o T ...‘f,,;_ w o ;
5 g S . =:
s 1, . N s * ! *
i:} *i?}' & 4 w:“ *g«%&* ii o N i * Nr &‘
& A4 & i x & bR &7 g7
Py ' ¥ H * s
{}‘ T b X . k E ¥ '§} ¥ k] ] 4 f £ 3
Ry ,@i}*‘* & §° S ® © @@ 3¢ o®
W& 3 R X & : R ;
S8 :&& SIS @‘5\ RPN !\Q@ SUEN \_@-\

175 FD-885 dose

175-FD-895 dose



WO 2017/053887 PCT/US2016/053575

18/83
FIG. 9E FIG. 9F
Human hematopoistic call engraftiment Frequency of stem cells
Spleen BM PR Splesn BM
w Y00 , , B :
§ an i g FR e g} ] .
P i , U, . A4 i
& R et & w10 ;
& B0 yoe Ty o ¢
O ® ; a PN -
g 38 - "ﬁ" ""%‘g‘” { 1 2 j} H4 ¥ & 3 * T
= o § 1 o ok MG N
8 1 * b * = »
Ei\‘ {} ¥ ¥ : x L) i ¥ E & X ¥ ; R § ]
v B G S S T
A & # & @
S %i\ S5 & S8 %{\ S &:‘a\ & W8
17 &F-895 doss TIS-FD-895 dose
FIG. 9G FIG. 9H
Frequency of progenitor cells Senal ransplant
Spleen BM Spleen M PB
40 , « 100- , , P06
4 3 ® { i1 ®
o » ; : T W o
8 3 ! v % ' :
b ) bl i R
$2 \ . " 60 -
x 8 :"'r“ *e §§ ! ? v
£ {“: ‘ - 4“ " i H *
L% t e 2= ¥ ol !
o 184, i . - * 3 hd
- , o 20 - \ »
K ...Rx.« . : g H
8 ‘I + ﬁ £) ‘ ¥ a ¥ L3
w& &ﬁ \% :»s» N Qg» N
F ST @ @\& 5 &

1 ?&FMQ& 17&-FD-895 dose



WO 2017/053887

FIG. 10A

19/83

FIG. 10B

DNAJBT intron 2 retention

PCT/US2016/053575

MCL1-1/5 ratio

&

‘@*@

ﬁ&&@

és"’
ﬁ&

175-FD-895 dose

g 5. Spleen BM 5. Opleen BM
B O 1 » t - 1 pgo0l ! p=0000%
o t i
§.%4ﬂ t §§ *e i *
§(} - * ¢ @5@’“ ' -
<35> | g XX
&:32.. » s ! o® '

ER - P § § 5 §
SE1. o 8 *

= o | B Lo i

§ {} ¥ ¥ ¥ ¥ a ¥

R O P O
P E IS

175-FD-895 dose

FIG. 10C FIG. 10D
BCLALAS ratio SF381T expression
Spl BM $ AN Spieen BM
. 1«‘&« Ei § § g :}{}n Sp )
N ® % & L »
=L ‘§ 34 - ¥ . g% A : _ &
Z 9 TR o 20 NV T
gl - B A § . ol N
o ® 2 * 3 . 28 “ *
R . ﬁ‘) i !
5 1 ) By 10 \
& § i 8
WS - '
{} T : 3 & T : 4 § f"# {} ‘*ﬁ -*:- “r ¥ E £
L @ ® oo T F O O F e
& R %) ) AR
175-FD-885 dose 175 FD-895 dose



WO 2017/053887 PCT/US2016/053575
20/83
FIG. 10E

- SF3B1 expression

5 3. Spleen BM
2k ' .
::i{}“ ﬁw _ g“"‘*:‘“ sl
x:{t ““ . g‘
@ o w— ¥

Q pt 3 3 * *‘ ;

z % 4

£s *

ERoa £

B E 24 :

w® e f

R { I - :

£y ' ¥ Pr———

F $° F §°

175-FD-895 dose

FIG. 10F




PCT/US2016/053575

WO 2017/053887

21/83

FIG. 10G

yhigidl ofigy

sy

g€ & & =°©
Uois s8Idxe LWIojos]

FIG. 10H

K

B W M M N B W s s .

R
¥ ¥ ¥ g4 1
D W oW oW O
(12 dM 0} peziBLLL o)
U01880i0%8 WML 248




PCT/US2016/053575

WO 2017/053887

22/83

FIG. 11A

Remyyed stosoaoydg

YNEW-.d




PCT/US2016/053575

WO 2017/053887

23/83

FIG. 11B

sttt ittt it
s s

A RERE AR AR

L A———.
i

..A o Y eereererorrerree, \.

Frorgathondy sunetalad}

Foung Stea’

R L Lk ra s

PP RIR)

L wnnsamsniasansnsnsan,

2828:583838

5 GOYE WP

Rank iy Grgersd Datieat

FER IO TLA0N IR WA RO R

PR R o

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\Mmim

b o
o v e o

SR TREIE) MR S DA

saekie senras

- Sgnking

el prolily Ml

Enrithm

HaEn oam s

oM WO

ok in Ordaead Datasat

PRI

it RS R R s

; Mmmggg&\\\x\\m.mf b R

7

BRG] Ba O PRAE

S%i‘iz‘§§§

- R Gking i

£




WO 2017/053887 PCT/US2016/053575

24/83
FIG. 11C
LAFGe -2 @ R e
* - a
8oy -
= o
g Q@ o IREREDO
Y ah
. NDUFER KGN0 o
Y N " el &}mgw@gfn\wzm@s
= COPNNLAON. o - ; £ “;’
EENNEANER : : ok oye b ERET-00S
NERT- RIS § RE : %5‘ ﬁ‘um&wm
pysiues BOS )
R
¥ ] ¥ H 3
ol i -2 8 2 4 §
Log? fold change {Aged HECHYoung HBC)
LR @ 2 LA R
m e
S
aﬁ
R+
- o
« ¢ o % ¢ e
8 o ‘ig@ 33§
@ “ &, e G HRETIHIBG.001
o = oy : " gy {5;;3 %@é}g}?y
K2 NDUFOTOMY, R | B! o R e a0
2 “ - = S RNRI-0-20
o ¥ ' g NEYIOY rumataois
g} . . 53 . o o %gm“ﬂz
PO, {7 \' D i
o o
ooV b
Q o
3 ¥ b H
-t g & P &

Log? fold change {(Agad HRGHNoung HPG)



WO 2017/053887 PCT/US2016/053575
25/83
FIG. 11D
ABS Volcano

transcript_id transcript name L2FC | L2FC PVAL | QVAL | Vector

ENST00000486554 TSC22D3-006 2.847 2847 | 0.000 | 0.039 4591
ENST00000248673 ZFP36-201 2.842 2.842 | 0.000 | 0.041 4.363
ENST00000586113 FOSB-009 2.744 2.744 | 0.000 | 0.039 4.672
ENST00000343677 HIST1IH1C-001 2.183 2.183 | 0.000 | 0.039 4.129
ENST00000555242 FOS-008 2.031 2.031 | 0.000 | 0.039 4.029
ENST00000592811 FOSB-008 1.985 1.985 | 0.000 | 0.039 4.090
ENST00000528443 TORI1AIP1-001 1.564 1.564 | 0.000 | 0.039 3.785
ENST00000554617 FOS-005 1.390 1.390 | 0.001 | 0.044 3451
ENST00000499732 NEAT1-002 1.297 1.297 | 0.001 | 0.044 3411
ENST00000379953 LY86-001 -1.112 1.112 | 0.000 | 0.039 3.538
ENST00000495215 TRNAUIAP-008 -1.327 1.327 | 0.000 | 0.039 3.723
ENST00000354291 DDX55-012 -1.363 1363 | 0.000 | 0.039 4.158
ENST00000429859 RP4-717123.3-011 -1.414 1414 | 0.000 | 0.036 43812
ENST00000375972 YMEIL1-201 -1.423 1.423 | 0.000 | 0.039 3.671
ENST00000462189 MOGS-004 -1.448 1.448 | 0.001 | 0.047 3.425
ENST00000481007 LYPLAL1-012 -1.477 1.477 | 0.000 | 0.039 4.029
ENST00000359301 ZC3H14-201 -1.489 1.489 | 0.000 | 0.039 3.698
ENST00000607660 INTS10-019 -1.494 1.494 | 0.000 | 0.039 3.882
ENST00000569770 MBTPS1-015 -1.495 1.495 | 0.001 | 0.041 3.554
ENST00000506789 CDK7-010 -1.509 1.509 | 0.001 | 0.041 3.595
ENST00000561855 MAZ-012 -1.690 1.690 | 0.000 | 0.039 4.077
ENST00000447713 ANKRD44-012 -1.956 1.956 | 0.000 | 0.039 4.019
ENST00000447740 CARDS-204 -2212 2212 0.001 | 0.041 3913
ENST00000552606 CCDC59-005 -2.341 2341 0.001 ] 0.041 3.995
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FIG. 11E

transcript_id (Ensembl ABS Volcano
GRCh37) transcript_name L2FC L2FC PVAL | QVAL | Vector
ENST00000365645 VTRNA1-3-201 4223 4223 0.003 0.032 4912
ENST00000364931 RNUSE-4P-201 3.797 3.797 | 0.003 0.030 4.586
ENST00000307365 DDIT4-001 3.615 3.615 0.011 0.046 4.112
ENST00000242152 NPY-001 3.535 3.535 0.008 | 0.043 4.115
ENST00000314332 HIST1H2BC-003 3.449 3449 | 0.002 | 0.029 4372
ENST00000462639 SAT1-007 3.393 3.393 0.002 [ 0.028 4372
ENST00000548363 TUBAIA-015 3.316 3316 | 0.009| 0.044 3.906
ENST00000244601 HIST1H2BG-001 3.168 3.168 0.001 0.028 4.552
ENST00000303910 HISTIH2AE-001 3.053 3.053 0.001 0.028 4362
ENST00000508487 CXCL2-001 3.042 30421 0.002] 0.030 4.011
ENST00000379251 SAT1-004 2.957 29571 0.002]| 0.028 4.062
ENST00000588696 SECI14L1-007 2.884 2884 | 0.012]| 0.048 3.459
ENST00000248673 ZFP36-201 2.861 2.861 0.008 [ 0.043 3.544
ENST00000396984 HISTIH2BC-002 2.798 2.798 0.002 | 0.028 3.962
ENST00000474223 SAT1-006 2.698 2.698 0.004 | 0.033 3.590
ENST00000365574 RNUSE-6P-201 2.696 2696 | 0.008 | 0.044 3.400
ENST00000356476 HIST1H3D-001 2.616 2616 | 0.001 0.028 3.899
ENST00000534719 FTH1-009 2.602 2602 |  0.005 0.034 3.465
ENST00000365626 RNVUI1-20-201 2.555 2.555 0.007 | 0.040 3.350
ENST00000364688 RNVUI1-6-201 2.522 2522 0.004] 0.032 3.506
ENST00000602277 RP6-99M1.3-001 2.389 2389 | 0.003 0.032 3.456
ENST00000228434 CD69-001 2.387 2387 | 0.001 0.028 3.918
ENST00000377777 HIST1H2BD-002 2.341 2341 0.002 [ 0.028 3.661
ENST00000607315 RP11-51J9.5-001 2.286 2286 0.004 | 0.033 3314
ENST00000379253 SATI1-003 2.280 2280 0.010] 0.044 3.043
ENST00000608684 RP11-386114.4-001 2218 2218 0.000 | 0.024 4.142
ENST00000416624 CD69-002 2.201 2201 0.000 | 0.028 3.984
ENST00000536709 CD69-003 2.190 2190 | 0.000| 0.016 4.450
ENST00000370986 GADD45A-001 2.181 2.181 0.006 | 0.039 3.096
ENST00000495813 SLC2A3-002 2.150 2.150 | 0.005 0.034 3.162
ENST00000369155 HIST2H2BE-001 2.136 2.136 | 0.001 0.028 3.662
ENST00000289577 TMED4-005 2.115 2.115 0.000 [ 0.020 4203
ENST00000411315 RNU2-64P-201 2.096 209 | 0.010]| 0.045 2.896
ENST00000367577 IER5-001 2.092 2092 | 0.011 0.045 2.879
ENST00000589949 H3F3B-008 2.068 2.068 0.004 [ 0.032 3.204
ENST00000239223 DUSP1-001 2.064 2.064 | 0.001 0.028 3.579
ENST00000520420 CREBRF-004 2.032 2032 0.009]| 0.044 2.872
ENST00000601309 HNRNPUL1-019 2.018 2.018 0.010 [ 0.045 2.838
ENST00000509150 ATP2C1-023 2.011 2011 0.009 | 0.044 2.877
ENST00000357647 HIST1H3A-001 1.958 1.958 0.001 0.028 3.694
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FIG. 11E - cont.
transcript_id (Ensembl ABS Volcano
GRCh37) transcript_name L2FC L2FC | PVAL | QVAL Vector
ENST00000343677 HISTIHIC-001 1.950 1.950 | 0.009 | 0.044 2813
ENST00000482091 IDI1-001 1.930 1.930 | 0.007 | 0.040 2.902
ENST00000507022 MRPS36-006 1.927 1.927 | 0.004 | 0.032 3.120
ENST00000369163 HIST1H3H-001 1.891 1.891 0.005 0.034 2972
ENST00000515833 MATR3-036 1.797 1.797 | 0.003 0.030 3.150
ENST00000511207 CCNH-009 1.795 1.795 0.002 | 0.029 3212
ENST00000409769 CLK1-005 1.780 1.780 | 0.004 | 0.033 2.990
ENST00000560274 RPLP1-006 1.779 1.779 | 0.001 0.028 3411
ENST00000377364 HIST1H4B-001 1.757 1.757 | 0.001 0.028 3.504
ENST00000534470 EIF4G2-032 1.739 1.739 | 0.002 | 0.030 3.132
ENST00000421512 TBP-004 1.736 1.736 | 0.002 | 0.029 3.205
ENST00000409685 FAM124B-003 1.722 1.722 | 0.006 | 0.039 2.801
ENST00000545027 ETV6-004 1.713 1.713 0.004 | 0.032 2.986
ENST00000377831 HIST1H3D-201 1.616 1.616 | 0.004 | 0.033 2.857
ENST00000438169 KRR1-003 1.575 1.575 0.005 0.034 2.807
ENST00000459299 SNORD13-201 1.568 1.568 0.005 0.034 2.816
ENST00000369159 HIST2H2AA4-001 1.527 1.527 | 0.001 0.028 3.351
ENST00000476634 SLC2A3-004 1.484 1484 | 0.002 [ 0.028 3.173
ENST00000486554 TSC22D3-006 1.483 1.483 0.000 | 0.024 3.774
ENST00000590335 FOSB-006 1.473 1.473 0.003 0.031 2.936
ENST00000377745 HIST1H4F-001 1.457 1457 | 0.000| 0.016 4.163
ENST00000554988 RPPHI1-001 1.435 1.435 0.002 | 0.028 3.106
ENST00000243806 FAM124B-001 1.421 1.421 0.001 0.028 3.179
ENST00000511865 REEP5-006 1.411 1411 0.002 | 0.029 3.046
ENST00000549490 UBE2N-005 1.391 1.391 0.001 0.028 3.396
ENST00000565108 CMC2-021 1.377 1377 | 0.002 | 0.028 3.137
ENST00000377401 HIST1H2BL-001 1.339 1339 | 0.002 | 0.029 2.993
ENST00000321356 CLK1-001 1.334 1334 | 0.001 0.028 3.183
ENST00000484921 ARLG6IP5-006 1.285 1.285 0.002 | 0.028 3.051
ENST00000520618 SNX16-012 1.260 1.260 | 0.000 | 0.016 4.396
ENST00000541694 AC084018.1-011 1.228 1.228 0.001 0.028 3.268
ENST00000601837 EID2B-002 1.197 1.197 | 0.002 [ 0.028 3.031
ENST00000282388 ZFP36L.2-001 1.193 1.193 0.002 | 0.029 2.923
ENST00000465085 ABCD4-017 1.175 1.175 0.002 | 0.030 2.857
ENST00000453677 KMT2E-AS1-001 1.168 1.168 0.003 0.030 2.833
ENST00000596355 RP11-315120.1-018 1.163 1.163 0.001 0.028 3.066
ENST00000460600 PNISR-004 1.157 1.157 | 0.000 | 0.020 3.833
ENST00000243189 Clorf63-001 1.148 1.148 0.003 0.030 2.825
ENST00000517805 RPL30-012 1.145 1.145 0.002 | 0.028 2.979
ENST00000202017 PDRG1-001 1.141 1.141 0.001 0.028 3.161
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FIG. 11E - cont.
transcript_id (Ensembl ABS Volcano
GRCh37) transcript_name L2FC L2FC | PVAL | QVAL Vector
ENST00000431446 RBMX-003 1.019 1.019 | 0.001 0.028 3.301
ENST00000453018 HGF-006 1.013 1.013 0.000 | 0.016 4.043
ENST00000521889 C8orf44-005 1.001 1.001 0.002 | 0.029 2.838
ENST00000423368 CNOT4-001 -1.023 1.023 0.000 | 0.027 3.518
ENST00000580571 MIF4GD-005 -1.025 1.025 0.001 0.028 3.407
ENST00000462069 C3orf14-004 -1.032 1.032 | 0.000 | 0.016 4.417
ENST00000574128 MED31-004 -1.107 1.107 | 0.003 0.030 2.827
ENST00000391742 LAIRI1-001 -1.184 1.184 | 0.001 0.028 3.129
ENST00000361785 RNF13-002 -1.219 1.219 | 0.002 | 0.029 2.910
ENST00000367367 PTPRC-005 -1.290 1.290 | 0.001 0.028 3.334
ENST00000376557 PRR3-002 -1.374 1.374 | 0.003 0.032 2.822
ENST00000355499 YY1AP1-034 -1.446 1.446 | 0.002 | 0.028 3.170
ENST00000420503 LINC00339-003 -1.524 1.524 | 0.001 0.028 3.525
ENST00000509081 RASGEF1B-002 -1.534 1.534 | 0.000 | 0.016 4.156
ENST00000479041 AOX3P-002 -1.589 1.589 | 0.003 0.032 2.927
ENST00000436911 TRGC2-001 -1.625 1.625 0.005 0.034 2.827
ENST00000243347 TNFAIP6-001 -1.680 1.680 | 0.002 | 0.028 3.214
ENST00000325074 RUNX1-201 -1.970 1.970 | 0.005 0.034 3.015
ENST00000394223 NDUFC1-004 -2.010 2.010 | 0.003 0.032 3.222
ENST00000410457 RNU2-28P-201 -2.226 2226 | 0.001 0.028 3.658
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FIG. 12D

transcript_id ABS Volcano
(Ensembl GRCh37) transcript_name L2FC L2FC PVAL | QVAL | Vector

ENST00000586925 FXYD5-009 4.439 4439 | 0.000 | 0.005 5.559
ENST00000525690 RPS3-023 4.299 4299 | 0.001 0.007 5.170
ENST00000485708 RPS24-002 4.065 4.065 0.001 0.007 4.973
ENST00000547479 NAPI1L1-018 4.018 4.018 0.000 [ 0.001 6.303
ENST00000436911 TRGC2-001 3.869 3.869 | 0.001 0.007 4816
ENST00000528086 CD44-012 3.815 3.815 0.003 0.011 4.557
ENST00000570382 ACTG1-014 3.278 3.278 0.000 [ 0.005 4.688
ENST00000368811 S100A10-001 3.071 3.071 0.000 [ 0.004 4.652
ENST00000541549 EIF3A-201 2.910 2910 [ 0.000 | 0.003 5.009
ENST00000576544 ACTG1-006 2.895 2.895 0.001 0.006 4221
ENST00000491410 NRDI1-005 2.855 2.855 0.000 [ 0.000 6.840
ENST00000302347 ITGB2-201 2.848 2.848 0.001 0.005 4.347
ENST00000416215 PTPN6-003 2.623 2.623 0.000 [ 0.003 4915
ENST00000589517 TYROBP-002 2.616 2616 0.000 | 0.005 4219
ENST00000252725 ARPCIB-001 2.269 2269 0.000]| 0.004 4.290
ENST00000300060 ANPEP-001 2212 2212 0.000 | 0.004 4.265
ENST00000587561 LMANI1-005 2.136 2,136 [ 0.000 | 0.003 4.595
ENST00000415231 TAC3-010 2.052 2052 0.000 | 0.000 7.670
ENST00000568406 Clorf228-020 2.034 2034 0.000] 0.004 4371
ENST00000541365 CEP57-011 2.019 2019 0.000 ]| 0.003 4.597
ENST00000305533 TWEF2-001 2.013 2.013 0.000 | 0.004 4226
ENST00000572457 ARRB2-003 1.940 1.940 | 0.000 | 0.003 4514
ENST00000420218 PTK2B-202 1.912 1912 | 0.000 | 0.003 4.536
ENST00000427321 Clorf228-011 1.863 1.863 0.000 [ 0.003 4.539
ENST00000502635 DCP2-008 1.807 1.807 | 0.000 | 0.004 4.235
ENST00000488324 PPP1R18-003 1.769 1.769 | 0.000 | 0.003 4.469
ENST00000472498 RPL37P2-001 1.762 1.762 | 0.000 | 0.000 6.418
ENST00000319511 TMUB2-002 1.723 1.723 0.000 | 0.004 4.148
ENST00000326005 0AZ2-001 1.718 1.718 0.000 [ 0.003 4.459
ENST00000346049 PTK2B-001 1.663 1.663 0.000 [ 0.004 4.134
ENST00000441658 RP11-7707.1-001 1.624 1.624 | 0.000 | 0.002 4.691
ENST00000511155 XPC-007 1.619 1.619 | 0.000 | 0.004 4224
ENST00000544691 SDR39U1-003 1.551 1.551 0.000 | 0.002 4.764
ENST00000480624 MACF1-014 1.504 1.504 | 0.000 | 0.002 5.006
ENST00000312423 SWSAPI1-001 1.443 1.443 0.000 [ 0.003 4.404
ENST00000563576 MGA-002 1.443 1.443 0.000 [ 0.003 4327
ENST00000485803 FHL3-002 1.438 1.438 0.000 [ 0.001 5.726
ENST00000496289 ZC3H15-005 1.404 1.404 | 0.000 | 0.004 4.157
ENST00000375040 GPSM3-001 1.380 1.380 | 0.000 | 0.002 4.797
ENST00000459726 RBM28-003 1.378 1.378 0.000 | 0.002 4.802
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FIG. 12D - cont.

transcript_id ABS Volcano
(Ensembl GRCh37) transcript_name L2FC L2FC PVAL | QVAL | Vector

ENST00000584294 LPIN2-002 1.372 1.372 | 0.000 | 0.001 5.720
ENST00000424649 PXN-002 1.292 1.292 | 0.000 | 0.000 6.531
ENST00000430629 WASF2-001 1.270 1.270 | 0.000 | 0.001 5.366
ENST00000293831 EIF4A1-001 1.175 1.175 0.000 | 0.003 4.171
ENST00000496499 RN7SL182P-201 1.161 1.161 0.000 | 0.001 5.470
ENST00000600628 SSBP4-008 1.120 1.120 | 0.000 | 0.001 5.192
ENST00000418929 PRR12-001 1.084 1.084 | 0.000 | 0.002 4.793
ENST00000450863 GOLGA4-004 1.063 1.063 0.000 [ 0.001 5.577
ENST00000330736 ANKRDI11-011 1.021 1.021 0.000 | 0.003 4.175
ENST00000357508 Clorf228-005 1.017 1.017 | 0.000 | 0.001 5.410
ENST00000550146 TMEM106C-007 -1.061 1.061 0.000 | 0.002 4.600
ENST00000498704 RABL5-007 -1.087 1.087 | 0.000 | 0.003 4.363
ENST00000532152 EIF4G2-022 -1.110 1.110 | 0.000 [ 0.003 4331
ENST00000521273 HNRNPA1P7-001 -1.119 1.119 | 0.000 | 0.001 5.815
ENST00000546989 RPLP0-008 -1.257 1.257 | 0.000 | 0.003 4.389
ENST00000452673 CANX-005 -1.316 1316 | 0.000 | 0.002 4.617
ENST00000548355 TMEM106C-020 -1.316 1.316 | 0.000 | 0.003 4.345
ENST00000374594 CTNNAL1-003 -1.319 1.319 | 0.000 [ 0.003 4212
ENST00000502784 NPM1P27-001 -1.366 1.366 | 0.000 | 0.003 4.175
ENST00000522304 NCAPH2-016 -1.399 1.399 | 0.000 [ 0.003 4.204
ENST00000461768 SRRM1-017 -1.410 1410 | 0.000 | 0.003 4261
ENST00000600519 FAM129C-007 -1.515 1.515 0.000 | 0.003 4.268
ENST00000405805 HMGBI1-012 -1.554 1.554 | 0.000 | 0.004 4.175
ENST00000258349 RC3H1-201 -1.588 1.588 0.000 | 0.003 4414
ENST00000282507 UGT3A2-001 -1.702 1.702 | 0.000 [ 0.003 4362
ENST00000409290 WIPF3-002 -1.777 1.777 | 0.000 | 0.004 4.147
ENST00000505636 RP11-315A17.1-001 -1.815 1.815 0.000 | 0.004 4315
ENST00000431467 ING3-006 -1.843 1.843 0.000 | 0.003 4.628
ENST00000427726 ING3-005 -1.868 1.868 0.000 | 0.003 4.520
ENST00000520990 CA1-009 -1.871 1.871 0.000 | 0.004 4238
ENST00000450948 IGHV5-78-001 -2.035 2.035 0.000 | 0.004 4.386
ENST00000503828 CAST-038 -2.320 2320 | 0.000 | 0.004 4.303
ENST00000261769 CDHI1-001 -2.359 2359 0.000| 0.002 5210
ENST00000339121 ING3-002 -2.360 2360 | 0.000 | 0.002 5.103
ENST00000284878 CXADR-001 2412 2412 | 0.000 | 0.004 4.390
ENST00000289448 HMHB1-001 -2.439 24391 0.000| 0.004 4415
ENST00000416501 AC015987.2-201 -2.465 2.465 0.000 | 0.001 5.488
ENST00000323224 TYMS-002 -2.570 2570 | 0.000 | 0.005 4.190
ENST00000282388 ZFP36L.2-001 -2.724 2724 | 0.000 | 0.001 6.090
ENST00000509259 CAST-039 -2.780 2780 | 0.001 0.006 4.199
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FIG. 12D - cont.

transcript_id ABS Volcano
(Ensembl GRCh37) transcript_name L2FC L2FC PVAL | QVAL | Vector

ENST00000302273 VPREB1-002 -2.817 2817 | 0.001 0.006 4.235
ENST00000360091 EWSRI1-019 -2.827 2827 | 0.000| 0.004 4.550
ENST00000420189 FAM134A-004 -2.830 2830 | 0.000| 0.005 4.369
ENST00000430694 AC096579.7-001 -2.964 2964 | 0.000| 0.005 4.485
ENST00000391248 RNUI1-78P-201 -2.977 2977 | 0.000 | 0.004 4.703
ENST00000368868 SELENBP1-001 -3.017 3.017 | 0.000 | 0.002 5.577
ENST00000335295 HBB-001 -3.091 3.091 0.002 | 0.008 4.157
ENST00000313708 EBF1-001 -3.209 3.209 | 0.001 0.006 4411
ENST00000221804 CLC-001 -3.247 3.247 | 0.001 0.007 4413
ENST00000235382 RGS2-001 -3.298 3.298 0.001 0.007 4.430
ENST00000397381 UCA1-001 -3.481 3.481 0.000 [ 0.001 6.067
ENST00000534180 FTH1-002 -3.547 3.547 | 0.002 | 0.008 4515
ENST00000302312 AHSP-001 -3.563 3.563 0.000 | 0.004 5.051
ENST00000383907 SNORA22-201 -3.631 3.631 0.000 | 0.000 7.088
ENST00000547798 TMBIM6-006 -4.629 4629 | 0.000 | 0.002 6.381
ENST00000242152 NPY-001 -4.888 4.888 0.001 0.006 5.780
ENST00000367459 RGS1-001 -5.000 5.000 | 0.002 | 0.008 5.719
ENST00000548925 BLOC1S1-001 -5.755 5.755 0.000 [ 0.001 7.877
ENST00000248948 VPREB3-001 -6.280 6.280 | 0.000 [ 0.000 8.639
ENST00000479563 RPL14-003 -7.357 7.357 | 0.000 | 0.005 8.135
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12N 5/074, GO1N 33/574, A61P 35/00 (2016.01)

CPC - C12N 5/0607, CO7K 14/4702
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8): C12N 5/074, GO1N 33/574, A61P 35/00 (2016.01)

CPC: C12N 5/0607, CO7K 14/4702

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched :
USPC: 435/377, 424/174.1, 435/7.24

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

PatBase, Google Patents, Google Scholar, Google Web, search terms: acute myeloid leukemia, splicing modulator, administer, splicing
factor, ACL, leukemia, acute myeloid leukemia stem cells, normal progenitor cells, bone marrow stromal cells, resistant, apoptosis, “FD-_.
895", Pladienohde B, CD34+, effective amount, stem cells, modulate splicing

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X — | Balaian et al. A Highly Selective SF3B1-Targeted Splicing Inhibitor Reduces Human CD34+ Cell | 1-4, 22
Survival and Self-Renewal In Acute Myeloid Leukemia. Blood (5 December 2013) vol 122, no
21, abstract no. 1653; para 1-3

X ~ | Kashyap et al.Targeting the spliceosome in chronic lymphocytic leukemia with the macrolides 45 -
FD-895 and pladienolide-B. Haematologica (July 2015) vo! 100, ppp 945-954; . -
Do0i:10.3324/haematol.2014.122069, pg 948 col 2, para 3, pg 953, col 1, para 5, Fig. 4E

D Further documents are listed in the continuation of Box C. D .
Special categories of cited documents: “T” later document published afier the international filing date or priority’

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E” earlier application or patent but published on or afier the international  “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

glt:g;loree:;zﬁh(i\}; ;hzc?ft_:gg)cauon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

P 'S Sp . e considered to involve an inventive step when the document is

“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means heing obvious to a person skilled in the art

“P” document published prior to the international filing date but later than

the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
16 January 2017 0 3 F E B 20]7
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young . t
P.O. Box 1450, Alexandria, Virginia 22313-1450
o PCT Helpdesk: 571.272-4300 &
Facsimile No.  571-273-8300 PCT OSP: 571-272-7774 A
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item L.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. m forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ter. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file. -~

C. D furnished subsequent to the international filing date for the purposes of international search only:
|:| in the form of an Annex C/ST.25 text file (Rule 13zer. 1(a)). -

D on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L__I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.: -

because they relate to parts of the intemnational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 16-19, 38-40, 57, 58, 61, 65-85
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable™
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. IZ No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restnctedsto the invention first mentioned in the claims; it is covered by cla|ms Nos.:
1-4,22, 4

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the-
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation. ;

D No protest accompanied the payment of additional search fees.
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PCT/US 16/53575

Continuation of Box No. Ill, Observations where unity of invention is lacking:

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

~

Group I: Claims 1-4, 22, 45, directed to a method for treating acute myeloid leukemia or modulating stem cells, comprising administering
to the subject a splicing modulator. -

Group II: Claims 5-15, directed to a method of detecting a protein or an RNA level in a subject having acute myeloid leukemia.

Group IlI: Claims 20-21, 41-44, 62-64, directed to a solid support comprising a plurality of detection agents that each bind to a protein or”
one or more probes that hybridize to one or more RNA sequences.

Group IV: claims 23, 46, directed to a method for treating an age-related disease or stem cell function in aged microenvironment,
comprising administering to the subject a splicing modulator. PO

Group V: Claims 24-37, 47-56, 59-60, directed to a method of detecting a protein, an RNA level, or a long-coding RNA level, in a subject
having an age-related disorder. -

The inventions listed as Groups | through V do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group | includes the special technical feature of a method for treating acute myeloid leukemia or modulating leukemia stem cell, not
required by Groups II-V.

o

Group Il includes the special technical feature of a method of detecting a protein or an RNA level in a subject having acute myeloid
leukemia, not required by Groups | and 1lI-V.

Group |1l includes the special technical feature of a composition comprising a solid support, not required by Groups |, Il, IV and V.

Group |V includes the special technical feature of a method for treating an age-related disease or stem cell function in aged
microenvironment, not required by Groups I-lll and V. .
Group V includes the special technical fealure of a method ot detecting a protein, an RNA level, or a long-coding RNA level, in a subject:
having an age-related disorder, not required by Groups I-IV.

Common Technical Features
The inventions of Groups | and Il share the technical feature of acute myeloid leukemia.

The inventions of Groups | and IV share the technical feature of a method of treating a disorder in a subject in need thereof, the method
comprising administering to the subject an effective amount of splicing modulator. [
However, these shared technical features do not represent a contribution over prior art in view of the article "Optimization of Antitumor
Modulators of Pre-mRNA Splicing" by Lagisetti et al. (hereinafter ‘Lagisetti") [J Med Chem. 2013 December 27; 56(24): 10033710044.]
Lagisetti teaches a method of treating a disorder in a subject in need thereof, the method comprising administering to the subject an
effective amount of splicing modulator (abstract, Previously natural product antitumor agents have been shown to interact with one of the
proteins that is subject to recurrent mutations (SF3B1). We report the optimization of a class of tumor-selective spliceosome modulators,
which demonstrate significant in vivo antitumor activity; page 2, para 2, Subsequent to the characterization of FR and PD as
spliceosome modulators, recurrent mutations in SF3B1 were independently identified in myelodysplastic syndromes (MDS), chronic
lymphocytic leukemia (CLL), acute myeloid leukemia (AML)).

The inventions of Groups |l and V share the technical feature of a method of detecting a protein or an RNA level in a subject having an;
disorder.

The inventions of Groups | and IV share the technical feature of stem cells.

Form PCT/ISA/210 (extra sheet) (January 2015)
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Continuation of Box No. Ill, Observations where unity of invention is lacking:

However, these shared technical features do not represent a contribution over prior art in view of US 2014/0274788 A1 to RIKEN
(hereinafter 'RIKEN'). RIKEN teaches a method of detecting a protein or an RNA level in a subject having an disorder, the method
comprising (i) obtaining a biological sample from the subject; (ii) contacting the biological sample with a detection agent capable of
binding at least one protein encoded by at least one RNA, thereby forming a detectable complex; (i} detecting and quantitating the
detectable complex; and (iv) comparing to a standard control, thereby detecting the protein level of the protein in the subject (abstract, a
test method for predicting the initial onset or a recurrence of acute myeloid leukemia (AML) comprising (1) measuring the expression
level of human leukemic stem cell (LSC) marker genes in a biological sample collected from a subject for a transcription product (i.e.,
RNA) or translation product (i.e., protein) of the gene as an analyte and (2) comparing the expression level with a reference value; para
[0047), The immunohistochemical method comprises detecting the expression using an antibody specific for each marker gene
product.). RIKEN further teaches contacting the biological sample with a probe capable of hybridizing to the RNA, thereby forming a
hybridized complex (para [0045), "Microarray analysis can be performed using the Affymetrix GeneChip technique.").

The inventions of Groups IV and V share the technical feature of age-related disorder.

However, these shared technical features do not represent a contribution over prior art in view of US 2015/0011019 A1 to NESTEC S.A._
(hereinafter 'NESTEC'). NESTEC teaches a method for predicting the risk of acquiring an age-related low-grade inflammation for a
subject, said method comprising a) providing a biological sample from a subject, b) determining in said sample the level of at least one
biomarker (abstract).

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

Groups | through V therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical .
feature.

Form PCT/ISA/210 (extra sheet) (January 2015)
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