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MIR-155 INHIBITORS FOR TREATING CUTANECQUS T CELL LYMPHOMA (CTCL)

CROSS REFERENCE TO RELATED APPLICATIONS
{3001} The present Application claims the benefit of priority to U.S. Provisional Application
No. 62/171,758, filed on June 5, 2015, the contents of which are hereby incorporated by

reference in their entirety

FIELD OF THE INVENTION

{0002} The present invention relates to oligomicleotide mmhibitors of miR-155 and
corapositions thercof. The invention also provides methods for treating or preventing cancer
m a subject i need thereof by administering an oligonucleotide inhubitor of miR-155. The
activity or fumction of miR-135 is reduced in cancer cclis of the subject following

administration of the oligonuclectide inhibitor,

BACKGROUND

{8603} MicroRNAs (miBRNAs) are small, endogenous, noncoding RNAs that act as
postiranscriptional repressors of gene expression. MiRNAs act as repressors of target mRNAs
by promoting their degradation, when their sequences are perfectly complementary, or by

mhibiting translation, when their sequences contain mismatches.

{0004} MiRNAs are transcribed by RNA polvoerase 1T (pol 1) or RNA polvmerase 1 {pol
L see (h er al. 2006) Cellular & Mbolecular Immunology, Vol. 3:411-419) and arise from
mittal transcripts, termed primary miRNA transcripis (pri-muRNAs), that are generally
several thousand bases long. Pri-miRNAs are processed in the nucleus by the RNase Drosha
mto about 70- to about 100-nucleotide hairpin-shaped precursors (pre-miRNAs). Following
transport to the cvtoplasm, the hairpin pre-miRNA s further processed by Dicer to produce a
double-stranded niRNA. The mature miRNA strand is then incorporated into the RNA-
mduced silencing complex (RISC), where it associates with its target mRNAs by base-pair
complementarnity. In the relatively rare cases in which a miRNA base pairs perfectly with an
mBNA target, if promotes mRNA degradation. More commonly, miRNAs form imperfect
heteroduplexes with target mRNAs, affecting either mRNA stability or inhibiting mRNA

translation.
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18603} MicroRNAs have been implicated in several discases including cancer. For example,
human miRNA genes miR15a and miR16-1 are deleted or down-regulated in approximately
60% of B-cell chronic lvmphocytic leukemia (CLL) cases (Calin et al,, Proc Natl Acad Sci,
2002; 99:15524-15529). Similarly, dvsregulation of miR-155-5p has been hinked to signaling
gvents that are implicated in the pathogenesis of cutanecus T cell lymphoma (CTCL). H has
been shown that malignant T-cells constitutively express an {L-2 receptor complex and
assoctated Janus kinases (JAKs) that activate transcription via signal transducers and
activators of transcription (STAT) proteins.  Chromatin immuno-precipitation experiments
showed that STAT-5 was associated with the promoter of MIR/55HG, a host gene for miR-
155-5p. This suggests that miR-155-5p may regulate the STAT-5 signaling pathway in
CTCL malignant T-cells.  Inhibition of the JAK/STAT pathway resulted in the down-
regulation of miR-155-3p expression whereas treatment of cells with cytokines that activate
STAT-5 resulted in mercased nuR-1535-5p levels (Kopp ot al. 2013}, These results suggest

that miR-155-5p may play a role in the pathogencsis of CTCL.

{8606} Currently there are no therapies that cure or prolong the survival of late-stage CTCL
patients {Prince ot al., 2009). Treatments for CTCL patients at an carly-stage of disease are
palbative and non-aggressive with careful physician monitoring.  More advanced-stage
CTCL patients are typically treated with systemic drugs, such as retinoids (bexarotene) or
histone deacetylase inhibitors {vorinostat}. Radiotherapy is typically the last line of defense
and can result in partial discase regression but not full cradication. Manyv treatments have
serious side effects or result in resistance over time. Thas, there remains an unmet medical

need for new therapies o treat cutancous T-cell lymphoma.

SUMMARY OF THE INVENTION

{8807} The present invention provides oligonucleotide mhuibitors for modulating the activity
or function of muiR-155 in cells of a subject. fn one embodiment, administration of an
oligonucleotide mhibitor of miR-155 down-regulates the activity or function of miR-155 in
cancer cells of the subject following administration. In certain embodiments, cancer cells are
malignant T cells including cutaneous T cell lymphoma (CTCL) cells, CD4™ T eells, CD8™ T

cells, afp T cells, y6 T cells and memory T cells.

{8808} In one embodiment, the oligonucleotide mhibitor of miR-155 comprises a sequence of

11 to 16 nucleotides, wherein the oligonucleotide inhibitor s fully complementary to a
P
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mature sequence of miR-155 and has a full phosphorothioate backbone; and wherein at least
the first three nuclestides from the 37 end of the oligonucicotide inhibitor are locked
nucleotides and at least the second nucleotide from the 5° end of the oligonucieotide inhibitor
is a deoxyrbonucieic acid (BNA) nucleotide. In some of these embodiments, the fourth
nucleotide from the 37 end of the oligonucleotide mhibitor 15 also a locked nucleotide. In
some of these embodiments, the first nucleotide from the 57 end of the oligonucleotide

whibitor is a locked nucleotide.

{8609} In another embodiment, the oligonucleotide inhibitor of miR-1535 comprises a
sequence of 11 to 14 nucleotides, whercin the oligonucleotide inbibitor 15 fully
coraplementary o a mature sequence of miR-155 and has a full phosphorothioate backbone;
and wherein at least the first three nucleotides from the 37 end of said oligonucleotide
mwhibitor are modified nuclectides and at least the second nucleotide from the 5 end of
the oligonucleotide inhibitor 15 a deoxynbonucleic acid (DNA) nucleotide.  In these
embodiments, the oligonucleotide mhibitor may contain at least 5, 6, 7, &, 9, or 10 modified
nucleotides. In some of these embodiments, the oligonucleotide nhibitor contains 7. 8, 9, or
10 modified nucleotides. In some of these embodiments, 7. 8. 9, or 10 modified nucleotides
present m the oligonucleotide mhibitor are all locked mucleotides. In vet some other
embodiments, 7, 8, 9, or 10 modified nucleotides present in the oligonuaclestide inhibitor are a
combination of locked nucleotides and other modifications such as ethyleng-bridged
nucleotides, 2°-C-bridged bicvclic nucleotides, and sugar modifications such as 2" -substituted
nucleotides. In some of these embodiments, the second DNA nucleotide from the 5° end of
the oligonuclestide inhibitor could be an unmodified DNA nucicotide. In some of these
embodiments, the first three modificd nucleotides from the 37 end of the oligonucleotide

mhibitor are Jocked nucleotides.

106190} In yet ancther embodiment, the oligonucleotide inhibitor of miR-155 comprises a
sequence of 11 to 14 nucleotides, wherein the oligonucleotide mlubitor is fully
complementary to a mature sequence of miR-1355 and has a full phosphorothioate backbone;
and wherein at least 7 nucleotides of said oligonucleotide inhibitor are modified nucleotides
and at least the second nucleotide from the 57 end of the oligonucleotide inhibitor s 2
deoxyribonucleic acid (DNA) nucleotide. In these embodiments, the oligonucleotide
ihibitor may contain at least 7, §, 9, or 10 modified nuclectides. In some of these

embodiments, 7, 8, 9, or 10 modified nucleotides present in the cligonucleotide inhibitor are

~

3
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all locked nucleotides. In yet some other embodiments, 7, 8, 9, or 10 modified nucleotides
present in the oligonuclectide inhibitor are a combination of locked nuclectides and other
maodifications such as ethviene-bridged nucleotides, 2°-C-bridged bicvelic nucleotides, and
sugar modifications such as 2" -substituted nucleotides. In some of these embodiments, the
first three nucleotides from the 37 end of the oligonuclestide inhibitor are modified
nuclectides. In some of these embodiments, the first three modified nucleotides from the 37
end of the oligonucleotide inhibitor are locked nucleotides. In some of these embodiments,
the second or the third nucleotide from the 37 end of the oligonucleotide mhibitor is a DNA
nucleotide. In some of these embodiments, the second DNA nucleotide from the 57 end of

the oligonucleotide inhibitor could be an unmodified DNA nucleotide.

{8611} In yet another embodiment, the oligonuclestide inhibitor of miR-155 comprises a
sequence of 11 to 14 noclestides, wherein the oligomucleotide inhibitor is fully
complementary to a mature sequence of miR-155 and has a full phosphorothioate backbone;
and wherein at least the first three nucleotides from 37 end of said oligonuclectide inhibitor
are modified nucleotides and at least the fourth and fifth nucleotides from the 5° end of the
oligonucleotide inhibitor are deoxynbonucleic acid (DNA) nucleotides.  In these
embodiments, the ohigonuciecotide mhibitor may contain at least 7, 8, 9, or 10 modified
nucleotides. In some of these embodiments, 7, 8, 9, or 10 modified nucleotides present in the
oligonucleotide inhibitor are all locked nucleotides. In some of these embodiments, the first
three modified nucleotides from the 37 end of the oligonucleotide mhibitor are locked
nucleotides. In some of these embodiments, the fourth and/or the fifth BDNA nucleotide from

the 57 end of the oligonucleotide inhibitor could be an unmodified DNA nuclectide.

{88612} The modified nucleotides that may be present in the oligonucleotide intubitors of the
present invention include, but are not limited to, locked nucleotides, ethylene-bridged
nucleotides, 2°-C-bridged bicyclic nucleotides, 2 -substitiied nucleotides, and other sugar
and/or base modifications described hercin. In some embodiments, all modified nucleotides
present in the oligonucleotide inhibitors of the present invention are locked nucleotides. In
some other embodiments, modified nucleotides present in the oligonucleotide inhibitors are a
combination of locked nuclectides and other modifications such as ethylene-bridged
nucleotides, 2°-C-bridged bicvelic nucleotides, and 27-substituted nucleouides, and other

sugar and/or base modifications described herein.
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{8013} In onc embodiment, the oligonucleotide inhibitor of miR-155 has a length of 12 10 14
nucleotides. In some embodiments, the oligonucleotide inhibitor contains at keast 5,6, 7,8, 9
or 10 locked mucleotides. In some other embodiments, the oligonucleotide inhibitor contains
at least 1, 2, 3, 4, 5, or more DNA nucleotides. In certain embodiments, at least the second
nucleotide from the 537 end of the oligonucleotide mhibitor 13 a DNA nuclectide. In certain
additional embodiments, at least the second and fourth nuclestides from the 57 end of the
oligonucicotide inhibitor are DNA nucleotides.  In further embodiments, at least the sixth
and/or the eighth noclectide from the 57 end of the ohigomucleotide inhibitor is a DNA
nucleotide. In yet further embodiments, the oligonucieotide inhibitor comprises DNA

nucleotides at the second, sixth, and the cighth position from the 5 end.

{8814} In some embodiments, the oligonucleotide inhibitor of miR-155 has a sequence
selected from SEQ 1D NOs: 3-27 and 29-1200  In an exemplary embodiment, the
oligonucleotide inhibitor of nuK-155 has a sequence of SEQ > NO: 25, In another
exemplary embodiment, the oligonuclestide inhibitor of miR~155 has a sequence of SEQ ID
NG: 22 or 23, In vet another exemplary embodiment, the oligonucleotide inhibitor of miR-
155 has a sequence selected from SEQ 1D NO: 33, 39, 43, 44, 47, 58, 84, 99, 111, 115, and
120,

10615} In one embodiment, oligonucleotide inhibitors of tuR-155 according 1o the present
mvention reduce or inhibit proliferation of cancer cells and/or induce apoptosis of cancer
cells. In another embodiment, oligonucleotide inhibitors up-regulate one or more target

genes of miR-155 in cancer cells.

[B0316] The present mvention also provides compositions compnsing ohigonucleotide
inhibitors of miR-155 and uses thereof. In one embodiment, the nvention provides methods
for treating cancer in a subject in need thereof, comprising administering to the subject a
therapeutically effective amount of an oligonucieotide mhibitor of miR-135 of the present
mvention. The activity or function of miR-153 1is reduced in cancer cells following
administration of the ohigonucleotide inhibitor. In one embodiment, the cancer is a cutaneous
T cell lymphoma (CTCL). In some embodiments, methods for treating cancer comprise
administering to a subject a therapeutically effective amount of an oligonucieotide mhibitor
of miR-155 of the invention and a therapeutically effective amount of a second therapeutic

agent such as a retinoid or a histone deacetylase (HDAC) inhubiior.
5
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18617} In one embodiment, the invention provides methods for redocing or inhibiting the
prolifcration of malignant T cells, comprising administering the oligonucleotide inhibitor of
miR-155 according to the mvention. The activity or function of niR-155 1s reduced in

malignant T cells following administration of the oligonucleotide mhibitor.

BRIEF DESCRIPTION OF THE DRAWINGS
{0018} Figure | shows the absolute cxpression of miR-155-5p in various CTCL cell lines
compared to normal peripheral CD4™ T helper cells as measured by quantitative real time

PCR.

$019] Figure 2 shows a “heat map” representation of gene expression changes in 9 target
: & o S
genes of miR-1533 n various CTCL cells in response to treatment with 10 uM of one of four

antiniR-155 compounds for 72 hours.

{8628} Figure 3A shows a fold-change i the expression of four miR-155 target genes n
response to treatment with 2 M antimiR-155 compounds for 72 hours in HuT102 cells.
Figure 3B shows a fold-change in the expression of four miR-~155 target genes n response to
treatment with 10 M antimR-155 compounds for 72 hours in HuT102 cells. Figure 3C
shows a fold-change in the expression of four miR-155 target genes in response to treatment
with 30 uM antiuR-155 compounds for 72 hours in HuT1062 cells. Figure 3B shows a fold-
change in the expression of four miR-1535 target genes in response to treatment with 2 uM
antimiR-~135 compounds for 96 hours in HaT102 cells. Figure 3E shows a fold-change in the
expression of four miR-155 target genes in response to freatment with 10 uM antimiR-155
corapounds for 96 hours in HuT102 cells. Figure 3F shows a fold-change m the expression
of four miR-135 target genes in response to treatment with 50 pM antimiR-155 compounds
for 96 hours in HuT102 cells. * p-value < 0.0001 compared to untreated by nonparametric

Mann-Whitney test,

{8621} Figure 4A shows a fold-change i the expression of four miR-155 target genes n
response to treatment with 2 pM antimiR-155 compounds for 72 hours in MI cells. Figure
4B shows a fold-change in the expression of four miR-155 target gencs in response to
treatment with 10 uM antimiR-135 compounds for 72 hours m M cells. Figure 4C shows a
fold-change in the expression of four miR-155 target genes in response to treatment with 30

uM antinuR-155 compounds for 72 hours in MJ cells. Figure 4D shows a fold-change in the
6
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expression of four miR-155 target genes in response to treatment with 2 M antimiR-155
compounds for 96 hours in M cells. Figure 4E shows a fold-change in the expression of four
miR-155 target genes in response to treatment with 10 uM aotioiR-155 compounds for 96
hours m MJ cells. Figure 4F shows a fold-change n the expression of four nuR-155 target
genes in response to treatment with 50 pM antimiR-155 compounds for 96 hours in M cells.

* p-value < 0.0001 compared to untreated by nonparametric Manan-Whitney test.

18622} Figure 5A shows a fold-change m the expression of four miR-155 target genes n
response to treatment with 2 1M antinuR-155 compounds for 72 hours in HH celis. Figure
5B shows a fold-change in the expression of four miR-135 target genes in response 1o
treatment with 10 pM antioiR-1355 compounds for 72 hours in HH cells. Figure 5C shows a
fold-change 1n the expression of four miR-155 target genes in response to treatment with 50
uM antiniR-155 compounds for 72 bours in HH cells. Figure 5B shows a fold-change in the
expression of four miR-155 target genecs in response to treatment with 2 pM antimiR-155
compounds for 96 hours 1n HH cells. Figure 5E shows a fold-change in the expression of
four miR-155 target genes in response to treatment with 10 uM antimiR-155 compounds for
96 hours in HH cells. Figure 5F shows a fold-change in the cxpression of four miR-158
target genes in response to treatment with 50 uM antimiR-155 compounds for 96 hours

HH cells. * p-value <0.0001 compared to unireated by nonparametric Mann-Whitney test.

{8023} Figure 6A shows a told-change in the expression of four miR-155 target genes in
response to treatment with 2, 10, and 50 pM antimiR-155 compounds for 72 hours in My-LA
cells. Figure 6B shows a fold-change in the expression of four nuR-155 target genes
response to treatment with 2, 10, and 50 uM antimiR-155 compounds for 96 hours in My-La
cells. * p-value < 0.0001 compared to untreated by nonparametric Mann-Whitney test.

[8024] Figure 7A shows a fold-change in the expression of four miR-155 target genes in
response to treatment with 2 pM antimiR-155 compounds for 72 hours in HuT78 cells.
Figure 7B shows a fold-change in the expression of four miR-155 target genes i response to
treatment with 10 pM antimiR-155 compounds for 72 hours in HuT78 cells. Figure 7C
shows a fold-change in the expression of four miR-155 target genes 1n response to treatment
with 50 M antimiR-155 compounds for 72 hours in Hu'T78 cells. Figure 7D shows a fold-
change n the expression of four muR-155 target genes in response to treatment with 2 uM
antiniR-155 compounds for 96 hours in Hu'T78 cells. Figure 7E shows a fold-change 1n the

expression of four miR-155 target genes in response to treatment with 10 uM antimiR-155
7
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compounds for 96 hours i HuT78 cells. Figure 7F shows a fold-change in the expression of
four miR-155 target genes in response to treatment with 50 uM antimiR-155 compounds for

96 hours 1o HuT78 celis.

[0025] Figure 8A shows a fold-change in the expression of four miR-155 target genes in
response to treatment with 10 uM antimiR-155 compounds or control oligos in Ho'T102 cells.
Figure 8B shows a fold-change in the expression of four miR-155 target genes o response to
treatment with 10 gM antinmuiR-135 compounds or control oligos in M cells. ¥ p-value <

0.0001 compared to untreated by nonparametric Mann-Whitney test.

{8026} Figure 9 shows a heat map of the differential gene expression signature in M cells
treated with antimiR-155 compounds for 4 or 8 davs. MU cells treated with antimiR-153 were
subjected to whole genome expression profiling. The differential expression signature was
filtered for genes that were signiticantly changed with a false discovery rate corrected p-value

of £0.05.

{0027} Figure 10 shows a heat map of the differential gene expression signature in HuT102
cells treated with antimiR-155 compounds for 4 or 8 days. HuTi02 cells treated with
antiniR-155 were subjected to whole genome eoxpression profiling. The differential
expression signature was filtered for genes that were sigmificantly changed with a false

discovery rate corrected p-value of <0.05.

{0628} Figure 11A shows the annotation of the gene expression profile of genes upregulated
i response to antiniRs-135 m both M and HuT1902 cells. The gene signature is enriched for
miR~155 sced~matched direct targets with a hypergeometric p-value for ennichment of 1.6¢-
25. The genes identified here were significantly changed with antimiR-155 treatment
compared to the untreated group with a false discovery rate corrected p-value of < (.05
Figure 118 shows a cumulative distribution function graph of the differential expression of
miR-155 direct target genes contaming 8-, 7-, or 6-nucleotide sceds sequences, compared to
non-sced containing transcripts. The p-valacs shown are the result of the Kolmogorov-

Smirnov test to determine the sigmificant difference between two datasets..
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18629} Figure 12 shows an annotated geneg expression profile of genes up-regulated or down-
regulated in response to treatment with antimiR-155 compounds for § days in both MJ and
HuT102 celis.

{8830} Figure 13 shows an expression profile of genes upregulated or downregulated in
response 1o 8 days of treatment with the antimiR-155 having a sequence of SEQ ID NO: 25

i CTCL cells.

18031} Figure 14A shows the effect of antimiR-155 compounds on proliferation of HuT102
cells. Figure 14B shows the effect of antimiR-155 compounds on caspase 3/7 activity n

HuT102 cells.

188632} Figure 15A shows proliferation of HuT102 cells in response to various concentrations
of antimiR-155 compounds at day 8 of treatment. Figure 15B shows caspase 3/7 activity in
HuT102 cells in response to various concentrations of antimiR-~155 compounds at day 8§ of

treatment.

{0033] Figure 16A shows the effect of antimiR-155 compounds on proliferation of HuT102
cells. Figure 16B shows the effect of antimiR-155 compounds on caspase 3/7 activity in

HuT102 celis.

10034} Figure 17A shows the effect of antimiR-155 compounds on proliferation of My-La
cells. Figure 178 shows the effect of antimiR-155 compounds on caspase 3/7 activity in My-

La cells.

{8835} Figure 18A shows proliferation of My-La cells in response to various concentrations
of antimiR-155 compounds at day 8 of treatment. Figure 18B shows caspase 3/7 activity in
My-La cells in response to various concentrations of antimiR-135 compounds at day 8 of

treatment.
18036} Figure 19A shows the effect of 10 uM antimiR-155 compounds and 0.25 M HDAC

inhibitor on proliferation of HuT102 cells. Figure 19B shows the effect of 10 pM antimiR-

153 compounds and 0.50 uM HDAC inhibitor on proliferation of HuT102 cells.

9
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18037} Figure 20A shows the effect of 10 uM antimiR-155 compounds and 0.25 M HDAC
mhibitor on caspase 3/7 activity in Ho'T102 cells. Figure 20B shows the effect of 10 uM
antimiR-135 compounds and 0.50 uM HDAC mhibitor on caspase 3/7 activity in HuT102

cells.

10638} Figure 21 shows a heat map of expression changes in 587 genes up-regulated or
down-regulated 1 all three mycosis fungoides cell lines at day 4 or day 8 in response to

compound 4 (SEQ ID NO: 25).

{0039 Figure 22 shows the antinuR-155 activity of oligonucieotide inlubitors of different
lengths measured using a dual luciferase reporter plasmid containing the miR-155 binding

sife.

100640} Figures 23A, 23B, 23C, and 23D show the antimiR-135 activity of oligonucleotide
mhibitors containing varying noember of locked nacleotide modifications measured using a

dual fuciferase reporter plasmid containing the miR-155 binding site.

[B041] Figures 244, 248, 24C, and 240 show the antinuR-135 activity of oligonucleotide
mhibitors containing locked nucleotide modifications at various positions, measured using a

dual luciferase reporter plasmid containing the miR-135 binding site.

18042} Figure 25 shows the antimiR-153 activity of oligonucleotide inhibitors containing
various nucleotide modifications, measured using a dual luciferase reporter plasmd

containing the miR-155 binding site.

{0043} Figure 26 shows the antimiR-135 activity of various ld-nucleotide long
cligonuclectide inhibitors, measured using a dual hiciferase reporter plasmid containing the

miR-155 binding site.
18044} Figure 27 shows the antimiR-155 activity of oligonucleotide inhibitors of SEQ ID

NQs: 25 and 23, measured using a dual luciferase reporter plasmid containing the miR-153

binding site.

10
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{8045} Figure 28 shows the fold-change in the expression of miR-155 target genes in

response to treatment with oligonmucleotide inhibitors of SEQ 1D NOs: 25 and 120,

DETAILED DESCRIPTION
[00846] All patent and non-patent documents referenced throughout this disclosure are

meorporated by reference herein o their entirety.

{8047} The present invention provides oligonucleotide mhibitors that inhibit the activity or
function of miR-155 in cancer cells. In humans, nuR-155 is encoded by the MIRISS host
gene or MIR135HG and is located on human chromosome 21, Since both arms of pre-miR-
153 can give rise to mature miRNAs, processing products of pre-miR-135 are designated as
miR-155-5p (from the 57 arm} and miR-135-3p (from the 3” arm}. The mature sequences for

human miR-155-5p and miR-155-3p are given below:

Homan mature miR-155-5p (SEQ ID NG 1)
5-UUAAUGCUAAUCGUGAUAGGGGU-3

Human mature nuR-155-3p (SEQ 1D NG 2)
5-CUCCUACAUAUUAGCAUUAACA-Y

10048} miR-155-5p is expressed in hematopoietic cells mehuding B-cells, T-cells, monocyies
and granulocytes (Landgraf et al. 2007). muR-~155-5p is an essential molecule in the control
of both myclopotesis and ervthropotesis. This miRNA is highly expressed in hematopoictic
sterm-progenitor cells at an carly stem-progenitor stage, and blocks their differentiation into a
more mature hematopoictic cell {e.g.. lymphocyie, ervthrocvte). puR-155-5p expression
progressively decreases as cells mature along these lineages, and is ~200-fold lower in

mature hematopoictic cells (Masaki et al. 2007; Gerloffet al. 2015).

{0049] miR-155-5p plays an tmportant role in mediating inflammatory and tmoune
responses.  Mice lacking miR-155-5p show normal number and distribution of T- and B-
lymphocyte subpopulations, but display a deficient immune response, specifically n
regulating T helper cell differentiation and the germinal conter reaction to produce an optimal
T-cell dependent antibody response (Rodriguez et al. 2007; That et al. 2007). miR-135-5p
controls differentiation of CD4+ T-cells into the T helper type 1 (Thl), Th2, and Thi7
subsets of T helper cells, and affects the development of regulatory T-cells {Treg)
3
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{Baumjohann and Ansel 2013). ouR-155-53p also regulates effector and memory CD8+ T-
cell responses to viral infection (Budda et al. 2013, Gracias et al. 2013}, as well as normal B-
cell differentiation and antibody production. In humans, miR-155-5p cxpression is low 1
nonlymphoid organs as well as m resting, naive CD4+ T-cells. miR-155-3p expression is
greatly enhanced by antigen receptor stimulation of B- and T-cells (Tam 2001; Haasch et al.
2002; van den Berg et al. 2003; Rodriguez et al. 2007, Thai et al. 2007; Vigorito ¢t al. 2007,
Banerjee ot al. 2010), and by Toll-like receptor agonist stimulation of macrophages and
dendritic cells (Taganov et al. 2006; O'Connell ¢t al. 2007, Ceppi et al. 2009; Mao ¢t al.
2011y, MIRI155HG activation involves both AP - and NF-kB-mediated mechanisms,

{0050} Cutancous plagucs or tumors in paticnts diagnosed with mycosis fungoides (MF)
subtype of CTCL, have clevated levels of miR-155-3p. Increased miR-155-5p in MF patient
skin biopsies compared to control skin biopsies has been reported by several groups {van
Kester etal 2011, Maj et al. 2012; Kopp et al. 2013b; Moyal et al. 2013}, In one study, miR-
155-5p levels were 4.16-fold higher in tumor-stage biopsies compared to carly MF biopsics
(Moval et al. 2013}, suggesting that muR-155-5p levels may be comrelated with discase
progression.  In a second study directed to identifying specific cell types that express muR-
155-5p, the miRNA was found to be expressed in both malignant and non-malignant T-cells

i the CTCL lesions (Kopp et al. 2013b).

{8051} Mycosis fungoides (MF} is the most prevalent sub-type of UTCL, accounting for 50-
70% of all primary cutancous lymphomas. The second most prevalent sub-tvpe is Sézary
syndrome (88), comprising 15% of CTCL cases. MF is characterized by proliferation of
atypical small- to medivm-sized T lymphocyvtes with cergbriform nuclei that form patches,
plagues, or nodular tumors in the epidermis. MF typically affects older adults {median age of
diagnosis: 55-60) and has an mdolent chinical course where paiches and plagues precede or
are concurrent with the formation of tumors. In some late tumor-stage cases, lymph node and
visceral organ involvment are observed. During tumor-stage MF, the dermal infiltrates
become more ditfuse and the cpidermotropism of the atypical T-cells mav be lost. In
contrast, S5 1s a more aggressive, leukemic form of CTCL, characterized by widespread
redness and scaling of the skin (ervthroderma}, enlarged lymph nodes, and malignant cells in

the peripheral circulation {Yamashita et al., 2012; Jawed et al. 2014},
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18652} Molecular analvses of tumor stage MF have revealed significant changes in gene
expression compared to normal skin, inflamed skin and normal T-cells {van Kester ¢t al.
2012}, although the genctic or epigenetic origin of these differences in gene expression are
unknown. Early skin lesions contain numerous inflammatory cells, including T cells with a
normal phenotvpe as well as a smaller population of T cells with an abnormal morphology
and a malignant phenotype. The infiltrate primanly cousists of non-malignant Thl cells,
regulatory T cells, and cyiotoxic CDE+ T ceils. The malignant T cells are typically CD4+
memory T cells of clonal onigin. During discase development, epidermotropiam is gradually
lost, comcomitant with an increase in malignant CB4+ T cells and a decrease i non-

malignant CD8+ T cells.

{08633} CTCL i charactenized by aberrant expression and function of transcription factors
and regulators of signal transduction. It has been hypothesized that dysfunctional regulation
of signal molecules and cyiokines plays a key role m the malignant transformation and
pathogenesis of CTCL ({nrardi et al | 2004; Zhang ¢t al., 2006; van Boorn et al, 2009; Kadin
and Vonderheid, 2010}, Significant differences in the gene expression profiles of MF and 55
cells have been observed, consistent with a distinet pathogenesis for these variants of CTCL
{van Doom ¢t al., 2009, Campbell et al,, 2010). Recently, microRNAs {miRNAs) have been
reported to be differentially expressed and potentially involved in the pathogenesis of CTCL.
miR-155-5p is among the nuRNAs most up-regulated in mycosis fungoides (Kopp et al,
2013a; Kopp ot al, 2013b), while a distinct subset of dysregulated miRNAs distinguishes
Sezary syndrome, and miR-155-5p is not up-regulated in this subtype of CTCL (Ballabio ot
al., 20103

[30354] The present invention provides oligonucicotide mhibitors that reduce or mhibit the
activity or function of human miR-155. In the context of the present invention, the term
“ohigonucleotide imhubitor”, “antimiR” {e.g, antimiR-135}, “antagonist”, “aotisense
oligonucleotide or ASO7, “oligomer”, “anti-microRNA oligonucleotide or AMO”,  or
“mixmer” 15 used broadly and encompasses an oligomer comprising ribonucleotides,
deoxyribonuclestides, modified rnbonucleotides, modified deoxynbonucleotides or a
combination thereof. that inhibits the activity or function of the target microRNA (miRNA)
by fully or partiallv hybrdizing to the miRNA thereby repressing the function or activity of

the target miRNA.
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8655} The term “miR-1557 as used herein includes pri-miR-155, pre-miR-155, miR-155-5p,

and hsa-miR-155-5p.

{88536} In one embodiment, the present invention provides an oligonucieotide mhibitor of
miR-155 that has a length of 11 to 16 nucleotides. In some other embodiments, the present
mvention provides an oligonucleotide inhibitor of miR-155 that has a length of 11 to 14
nucleotides. In various embodiments, the oligonucleotide inhibitor targeting muiR-155 15 11,
12, 13, 14, 15, or 16 nucleotides in length. In one embodiment, the oligonucleotide inhibitor
of miR-155 has a length of 12 nucleotides. In another embodiment, the oligonuclestide

mhibitor of miR-135 has a length of 14 nucleotides.

{80571 The sequence of an oligonucleotide inhibitor of miR-155 according to the mvention is
sufficiently complementary to a mature sequence of miR-155-5p to hybridize to niR-155-5p
under phvsiological conditions and inhibit the activity or function of miR-155-3p in the cells
of a subject. For instance, in some cmbodiments, oligonucleotide mhibitors comprise a
sequence that is at least partially complementary to a mature sequence of miR-155-5p, e. g at
least about 75%, 80%, 85%, 90%, 93%, 96%, 97%, 98%, or 99% complementary to a mature
sequence of miR-~155-5p. In some embodiments, the oligonucleotide mhibitor can be
substantially complementary to a mature sequence of miR-153-3p, that 1s at least about 90%,
95%, 96%, 97%, 98%, or 99% complementary to a mature sequence of miR-155-5p. In one
embodiment, the oligonuclcotide inhibitor comprises a sequence that is 100% or fully
complementary to a mature sequence of nuR-155-3p. It is understood that the sequence of
the oligonucieotide mhibitor is considered to be complementary to miR-155 even if the
oligonucicotide sequence includes a modified nucleotide instead of a naturally-occurring
nucleotide. For example, 1t a mature sequence of miR-155 comprises a guanosine nucleotide
at a specific position, the oligonucleotide mhibitor may comprise a modified cytidine
nucleotide, such as a locked cytidine nucleotide or 27-fluoro-cytidine, at the corresponding

position.

{8658} The term “about” as used hercin encompasses varations of +/~ 10% and more

preferably +/- 3%, as such variations are appropriate for practicing the present invention.

{3039] In some embodiments, the entire sequence of the oligonucleotide mhibitor of miR-155

15 fully complementary to a mature sequence of human muR-155-5p.  In various
14
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embodiments, the mature sequence of human miR-155-5p to which the sequence of the
oligonucleotide 1inhibitor of the present invention is partially, substantially, or fully
complementary to inchides nucleotides 1-17, or nucleotides 2-17, or nucleotides 2-16, or
nuclestides 2-15, or nucleotides 2-14, or nucleotides 2-13, or nucleotides 2-12 from the §°
end of SEQ ID NO: 1. In ong embodiment, the mature sequence of human muR-155-5p 1o
which the sequence of the oligonucleotide mhibitor of the present invention is partially,
substantially, or fully complementary to includes nucleotides 2-15 from the 57 end of SEQ 1D
NO: 1. In another embodiment, the mature sequence of human miR-155-3p to which the
sequence of the oligonucleotide inhibitor of the present imvention is partially, substantially,

or fully complementary to includes nucleotides 2-13 from the 57 end of SEQ 1D NO: 1

{8860} In one embodiment, the oligonucleotide inhibitor of miR-155 contains at least one
backbone wmodification, such as af least onc phosphorothicate, morpholino, or
phosphonocarboxyiate mtermucleotide hinkage (sce, for example, U.S. Patent Nos. 6,693,187
and 7,067,641, which are hergin meorporated by reference in their entireties). In certain

embodiments, the oligonucleotide mhibitor of miR-155 is fully phosphorothicate-linked.

{3061} In one embodiment, the oligonucleotide nhibitor of miR-155 contains at least one
modified nucleotide. In some embodiments, the oligonucleotide inhibitor contains at least 3,
6. 7. 8,9, 10, or more modified nucleotides. The ferm “modified nucleotide™ as used hercin
encompasses nucleotides with sugar, base, and/or backbone modifications. Examples of
modified nucleotides include, but are not limited to, locked nucleotides (LNA), ethylene-
bridged nucleotides (ENA), 2’-C-bridged bicyehc nuclestide (CBBN), 2/, 4'-constrained ethyl

nucleic acid called 5-cEt or ¢Et, 2'-4'~carbocychic ENA, and 2° substituted nucleotides.

[80862] The terms “locked mucleotide,” “locked nucleic acid wnit,” “locked nucleic acid
residug,” or “LNA unit” may be used interchangeably throughout the disclosure and referic a
bicvclic nucleoside analoguc.  For instance, suitable oligonucleotide inbibitors can be
comprised of one or more “conformationally constrained” or bicyclic sugar nucleoside
modifications (B5N} that confer enhanced thermal stability to complexes formed between the
cligomucleotide containing BSN and their complementary target strand. In one embodiment,
the ohigonucleotide inlubitors contain locked nucleotides or LNAs containing the 27-0, 4°-C-
methylene ribonocleoside (structure A} wherein the nbose sugar motety 15 m a “locked”

conformation. In ancther embodiment, the cligonucleotide mmhibitors contain at least one 2°-
15



WO 2016/197024 PCT/US2016/035865

C, 4 -C-bridged 27 deoxyribonucleoside (structure BY. See, e.g., U.S. Patent No. 6,403 566
and Wang ef ¢/, (1999} Bioorganic and Medicinal Chenustry Letters, Vol. 9. 1147-1150, both
of which are herein incorporated by reference in their entircties. In vet another cmbodiment,
the oligonucleotide inlibitors contam at least one modified nucleoside having the structure
shown m structure €. The oligonucleotide inhubitors targeting miR-155 can contain
combinations of BSN (LNA, 27-C, 4’-C-budged 2° deoxyribonucleoside, and the like) or

other modified nucleotides, and ribonucleotides or deoxyribonucleotides.

10663] The terms “non-LNA nucleotide”, and “non-LNA modification” as used herein refer
to a nucleotide different from a LNA nucleotide, t.¢. the terms include a BNA nucleotide, an
RNA nucleotide as well as a modified nucleotide where a base and/or sugar is modified

exeept that the modification is not a LNA modification.

[3064] In some embodiments, the oligonucleotide inhibitor of miR-~153 contains at least one
nucleotide contaiming a non-LNA modification.  For example, in one embodiment, the
cligonucleotide whibitor of miR-155 contains at least one 2'-{-bridged bicyclic nucleotide
{CBBN) as described in U.S. Pre-Grant Publication No. Z016/6010090A1 (“the 090
publication™), which s herebv incorporated by reference herein n its entirety. The 090
publication describes a variety of CBBN modifications such as 2°-CBBN, oxoCBBN, amino
CBBN, thioCBBN, etc. All CBBN modifications described in the “090 publications could be
used in the oligomuclcotide inhibitors of the present invention. In ancother embodiment, the

non-LNA modification present in the oligonucleotide inhibitor of muR-135 could be an
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cthyvlene-bridged nucleic acid (ENA) modification. For example, in one embodiment, the
cligonucleotide inhibitor of miR-155 contains at least one ¢thylene-bridged nucleic acid
{ENA), also referred to herein as ethvlene-bridged nucleotide. Other bridged modifications
melude 2] 4'-constraimed ethy! nucleic acid called S~cEt or cEt and 2'-4'-carbocyclic ENA
{carba-LNA).

> R & &
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[80665] When referring to substituting a DNA or RNA nucleotide by its corresponding locked
nucleotide in the context of the present mvention, the term “corresponding locked nmucleotide”
is intended to mean that the DNA/RNA nucleotide has been replaced by a locked nuclectide
containing the same naturally-occurming nitrogenous base as the DNA/RNA nucleotide that
has replaced or the same nitrogenous base that 15 chemically modified. For example, the
corrgsponding locked nuclectide of a DNA nucleotide containing the nitrogenous base € may
contain the same nitrogenous base C or the same mirogenous base € that 1s chemically

modified, such as S-methyleyiosine.

[3066] In certain embodiments, the oligonucleotide mhibitor of miR-155 contains at least 5,
6,7, 8,9, 10, or 11 locked nucleotides. In one embodiment, the ohigonucieotide mhubitor of
miR-155 contaims at least 7, 8, 9, or 10 locked nucleoudes. In one embodiment, at lcast the
first three nuclectides from the 37 end of the oligonucleotide inhibitor are locked nucleotides.
In another embodiment, at least the first four nucleotides from the 37 end of the
oligonucleotide mhibitor are locked nucleotides. In vet another embodiment, the first

nucleotide from the 537 end of the chigonucleotide inhibitor 13 2 locked nucleotide.

[B867] In certain embodiments, the oligonucieotide inhibitor contains at least 1, at least 2, at
feast 3, at least 4, or at least 5 DNA nucleotides. In one embodiment, at least the second

nucleotide from the 537 end of the oligonuclestide inhibitor (s 2 DNA nucleotide.  In ancther
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embodiment, at least the second and fourth nuclectides from the 57 end of the oligonucleotide

mhibitor are DNA nucleotides.

{8068} Oligonucleotide inhibitors of the present invention may include modified nucleotides
that have a base modification or substitution. The nataral or vmmodified bases in RNA are
the purine bases adenine (A} and guanine (&), and the pyrimiding bases cytosine (L) and
uracil (U} (DNA has thvoune (1)), Modified bases, also referred to as heterocyclic base
moicties, include other synthetic and natural nucleobases such as 5-methylcviosine (5-me-C},
5-hvdroxymethyl cviosine, xanthine, hypoxanthine, Z-aminocadenine, 6-methyl and other
alkyl derivatives of adenine and guaninge, 2-propvl and other alkyl denivatives of adenine and
guanme, 2-thiouracil, 2-thiothvmine and 2-thiocytosine, S-halouracil and cytosine, S-
propynyl uracil and cytosine and other alkyny! derivatives of pyrimudine bases, 6-azo uractl,
cytosine and thynune, S-uracil {pscudouraci), 4-thiouractf, 8-hals, 8-amino, 8-thici, 8-
thicalkyl, 8-hvdroxyl and other §-substituted adenines and guanines, 5-halo (including 5-
bromo, S-trifluoromethyl and other S-substituted wracils and cytosines), 7-methylguaning and
T-methyladenine, 2-F-adenine, 2-amino-adenine, 3-azaguanine and 8-azaademine, 7-
deazaguanine and 7-deazaadenine and 3-deazaguanine and 3-deazaadenine. In certamn
embodiments, oligonucleotide inhibitors targeting miR-155 comprise one or more BSN

modifications in combination with a base modification {e.2. S-methyleytosing).

{0669} Oligonucleotide inhibitors of the present invention may nclude nucleotides with
modified sugar moictics. Representative modified sugars include carbocyclic or acyclic
sugars, sugars having substituent groups at one or more of their 2°, 37 or 47 positions and
sugars having substituents in place of one or more hydrogen atoms of the sugar. In certain
embodiments, the sugar is modified by having a substituent group at the 27 position. In
additional embodiments, the sugar i1s modified by having a sabstituent group at the 37
position. In other cmbodiments, the sugar is modified by having a substituent group at the 47
position. It 15 also contemplated that a sugar may have a modification at more than one of
those positions, or that an ohgonucleotide mhibitor may have one or more nucleotides with a
sugar modification at one position and also ong or more nucleotides with a sugar modification

at a different position.

{80870} Sugar modifications contemplated 10 the oligonucleotide inhibitors of the present
myention include, but are not Himited to, a substituent group selected from: OH; F; O~ §5- or
18
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N-alkyl, O S~ or N-alkenvl; O- §- or Nealkyvnyl, or G-alkyi-O-alkyl, wherem the alkyl,
atkeny! and alkyvnyl may be substituted or unsubstituted with C; to Ty alkvl or C; 10 iy
alkeny! and alkyoyl. In one embodiment, the modification includes 2’ -methoxvethoxy (2°-0-
CH,CHROCH:, which 1s also known as 2°-O-(Z-methoxyethvly or 2°-MOE), that is, an
alkoxvalkoxy group. Another modification includes 27 -dimethylaminooxyethoxy, that is, a
G{CHhON{CHs)» group, also known as 2°-DMAOE and 2 -dimethyvlaminoethoxyethoxy
{also known in the art as 2°-O-dimethyl-amino-ethoxy-cthyl or 2°-DMAEQE), that 15, 2°-0-
CH-0-CH-N(CH;),.

{0071} Additional sugar substituent groups include allvl (-CH,-CH=CH,), -0-allyl, methoxy
{-0-CH3), aminopropoxy (~-OCH,CH,CH,;NH;), and fluore (F). Sugar substituent groups on
the 2° position (2°-) may be mn the arabine (up} position or ribo (down} position. One 27-
arabino modification is 2°-F. Other simiar modifications may alsc be made at other positions
on the sugar moicty, particularly the 37 position of the sugar on the 37 terminal macleoside or
m 2°-5" linked oligonucleotides and the 37 position of 57 terminal nucleotide. In certam
embodiments, the sugar modification 1s a 27-0-alkyl {¢.g. 2°-C-methyl, 2°-C-methoxyethyl},

27-halo {e.g., 2 -fluoro, 2 ~chloro, 2°-broma), and 4° thio modifications.

{6672} Other modifications of cohgonucleotide inhibitors to enhance stability and improve
efficacy, such as those described in U.S. Patent No. 6,838,283, which is herein incorporated
by reference 1n 1S entirety, arc known in the art and are suitable for use i the methods of the
mvention. For mstance, to facilitate in vive deliverv and stability, the oligonucleotide
mhibitor can be linked to a stercid, such as cholesterol moiety, a vitamin, a fatty acid, a

carbohvdrate or glvcoside, a peptide, or other small molecule ligand at s 3” end.

18873} In some embodiments, the oligonucleotide mhibitors of the present invention may be
conjugated to a carrier molecule such as a steroid {(cholestercl). The carrier molecule is
attached to the 37 or 537 end of the oligonucleotide inhibitor either directly or through a linker
or a spacer group. In various embodiments, the carner molecule s cholesterol, a cholesterol
denvative, cholic acid or a cholic acid denvative. The use of carrier molecules disclosed in
U.S. Patent No. 7,202,227, which is mcorporated by reference herein in its entirety, is also
envisioned. In certain embodiments, the carner molecule 15 cholesterol and 1t 1s attached to
the 37 or 537 end of the oligonucleotide inhibitor through at least a six carbon hinker. In some

embodiments, the carder molecule s attached to the 37 or 57 end of the oligonucleotide
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mhibitor through a six or nine carbon linker. In some embodiments, the hinker 13 a cleavable
kinker. In various embodiments, the linker comprises a substantially linear hydrocarbon
maoicty. The hydrocarbon moiety may comprise from about 3 to about 15 carbon atoms and
may be conjugated to cholesterol through a relatively non-polar group such as an ether or a
thioether linkage. In cerfain embodiments, the hydrocarbon linker/spacer comprises an
optionally substituted C2 to C15 saturated or unsaturated hydrocarbon chain {¢.g. alkyleng or
alkenylene). A variety of linker/spacer groups described in U.S. Pre-grant Publication No.
2012/0128761, which is incorporated by reference herein in s entirety, can be used in the

present invention.

{8874} In one embodiment, the oligonucleotide nbubitor of miR-155 comprises a sequence of
11 to 16 nucleotides, wherein the oligonucleotide inhibitor i1s fully complementary to a
mature sequence of miR-155 and has a full phosphorothicate backbone; and wherein at least
the first three nucleotides from the 37 end of the oligonuclectide inhibitor are locked
nucleotides and at least the second nucleotide from the 57 end of the oligonucleotide inhibitor
is a deoxyribonucieic acid (BNA) nucleotide. In some of these embodiments, the fourth
nucleotide from the 37 end of the oligonucleotide nhibitor is also a locked nucleotide. In
some of these emboduments, at least the second and fourth nucleotides from the 57 end of the
oligonaclectide mhibitor are DNA nucleotides. In certain embodiments, the oligonucleotide
mhibitor of miR-155 has a length of 12 or 14 nucleotides. In some cmbodiments, the
oligonucleotide mhibitor contains at least 5, 6, 7, 8, 9, or 10 locked nucleotides. In further
cmbodiments, at least the sixth and/or the eighth nucleotide from the 37 end of the
oligonucleotide imhibitor is a DNA nucleotide. In yet further embodiments, the
oligonucleotide inhibitor comprises DNA nucleotides at the second, sixth, and the cighth

posttion from the 57 end.

10675} In another embodiment, the oligonucleotide mhibitor of miR-155 comprises a
sequence of 11 to 14 nucleotides, wherein the oligonucleotide mlubitor is fully
complementary to a mature sequence of miR-1355 and has a full phosphorothioate backbone;
and wherein at least the first three nucleotides from the 37 end of said oligonucleotide
imhibitor are modified nocleotides and at least the second nucleotide from the 37 end of
the oligonucleotide mhibitor 18 a modified or an unmodified deoxynbonucleic acid (DNA)

nucleotide.
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18675} In vet another embodiment, the oligonucleotide mhibitor of miR-155 comprises a
sequence of 11 to 14 nucleotides, wherein the oligonucleotide inhibitor s fully
complementary to a mature sequence of muR-155 and has a full phosphorothicate backbone;
wherein at least 7 nucleotides of said ohgomucleotide inhibitor are modified nucleotides and
at least the second nucleotide from the 57 end of the ohigonucleotide inhibitor is a modified or

an unmodified deoxyribonucieic acid (DNA) nucleotide.

18677} In vet another embodiment, the oligonucleotide mhibitor of miR-155 comprises a
sequence of 11 to 14 nucleotides, wherein the oligonucleotide inhibitor 5 fully
complementary to a mature sequence of nuR-155 and has a full phosphorothioate backbone;
and wherein at least the first three nucleotides from 37 end of said oligonucleotide imhibitor
arc modified nucleotides and at least the fourth and fifth nucleotides from the 57 end of the
cligonuclectide inhibitor are modified or unmodified deoxyribonucleic acid (DNA}
nucleotides. {n some of these embodiments, the fourth and/or the fifth DNA nucleotide from

the 57 end of the oligonucleotide imhibitor are unmodified DNA nucleotides.

{0078} In some embodiments where the oligonuclectide inhibitor is 11 to 14 nucleotides
tong, said inhubitor contains at least 3, 6, 7, 8, 9, or 10 modified nucleotides. In some of these
embodiments, the oligonucleotide mhabitor contains 7, 8, 9, or 10 modified nucleotides. In
some embodiments where the cligonucieotide inhibitor is 11 to 14 nucleotides long, at least
the first three nucleotides from the 37 end of said oligonucieotide inhibitor are modified
nucleotides. In some embodiments, all modified nucleotides are locked nucleotides. In some
embodiments, the 5, 6, 7, 8, 9, or 10 modified nucleotides present in the oligonucleotide
inhibitors arc a combination of locked nucleotides and nucleotides containing non-LNA
modifications such as ethylene-bridged nucleotides, 27-C-bnidged bicvelic nucleotides, 27-

substituted nucleotides, and other sugar and/or base modifications described herein.

16679} In some cmbodiments, the second nucleotide from the 57 end of the oligonucleotide

ihibitor 1s an unmodified deoxyrnbonucleic acid (DNA) nucleotide.

{0088} In onc embodiment, the oligonucleotide inhibiior of miR-155 comprises a sequence of
SEQ D NG: 25, In another embodiment, the oligonucleotide inhubitor of miR-1533 comprises
a sequence of SEQ 1D NG: 22, In vet another embodiment, the oligonucleotide inhibitor of
miR-1355 comprises a sequence of SEQ 1D NG 23,
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{0681} In some other embodiments, the oligonucleotide inhibitor of muR-155 comprises a

sequence selected from the group consisting of SEQ 1D NOs: 33, 39, 43, 44, 47, 58, 84, 99,

111, 115, and 120.

13682} In various embodiments, the oligonuclestide inhibitor of 0uR-155-3p has a sequence

selected from Table 1.

Table 1
SEQ ID NG, Sequence (3'-3") with modifications’
SEQID NG 3 3-1A5.dTs.dCs dAs s 1Gs. dAs ITs.dTs.1As 1Gs. dCs A dTs 1Ts 1A-3'

SEQ ID NO: 4

§1As.dTs.dCs.dAs ICs 1Gs dAs.dTs 1Ts 1A 1Gs.dCs A dTs 1Ts JA-F

W

SEQID NO:

3-JASITS.dCs.dAs.dCs 1Gs. dAs ITs. dTs 1As 1Gs.dCs 1As.dTs ITs 1A-3°

SEQ ID NO: 6

S1AsITs.dCs dAs dCs 1G5 1As.dTs.dTs 1A 1Gs 1Cs dAs ITs . dTs 1A

SEQ ID NO:

-~

53As dTs.dCs dAs ICs 1Gs . dAs IT5.dTs 1As 1Gs. dCs JAs I Te.dTs 1A-3

SEQ ID NO: 8

§jAsITe dCs dAs ICs dGs dAs.dTs I Ts 1A 4G ICs 1A dTs 1Ts JA3]

SEQID NGO 9

5-1A8.d7s.dCs.dAs IC3.dGs 1A dTs ITs 1As dGs ICs 1A dTs i Ts 1A-3

SEQ D NO: 10

§jAs.dTs.dCs 1A dCs.d0Gs 1A ITs . dTs 1As 1Gs.dCs 1A dTs 1T s A3

SEQ ID NO: 11

5'1As.dTs 1Cs dAs. dCs 1Gs dAS ITs.1Ts.dAs.dGs 1Cs JAs dTs 1 Ts 1A-3

SEQ ID NO: 12

5 As1Te dCs.1As 10s.dGs.dAs dTe 1T 1As. dGs 1Cs 1As dTs.dTs A3

SEQ ID NO: 13

5'1As.dTs 1Cs dAs. dCs.dGs JAS dTs 1Ts 1A dGs 1Cs JAs dTs 1T 1A-3

SEQID NO: 14

5 As. dTs10s.dAsIC8.3Gs 1As dTe 1T dAs 1Gs.dCs 1As.dTs 1 Ts A3

SEQ D NO: 15

5°-1Ts.dCs.dAs 1Cs.dGs dAs 1Ts.dTs.dAs 1Gs.dCs 1As I Ts.dTs A3

SEQID NG: 16

3Ts.dCs 1As.dCs . dGs 1As 1Ts.dTs.dAs 1Gs. dCs JAs 4T 1T 1A-3

SEQ ID NG: 17

5°-1Ts.dCs.dAs dCs1Gs 1A8.1Ts.dTs.dAs 1Gs. dCs 1As.dTs I Ts 1A -3

SEQTD NO:- 18

3 Ts1Cs 1As.dCs 1Gs.dAs.dTs 1 T8 1As.dGs 1Cs . dAs . dTs 1Ts.1A-3

SEQ ID NO: 19

5°4Ts.dCs.dAs 1Cs.dGs.dAs. dTs 1Ts 145 1Gs 1Cs. 1A 1T I Ts JA-S

SEQID NO: 20

3 Ts.dCs JAs.dCs 1Gs 1A 1 Ts dTs.dAs 1Gs 1Cs [As.dTs 1Ts.1A-3

SEQ ID NO: 21

£ -1Gs JAs 1T ITs 1A 1Gs dCs iAs 1Ts . d T JA-3!

SEQID NO: 22

3-1Cs.dGs iAS 1T 1 Ts 1As 1Gs.dCs 1A I T 1 Ts A3

SEQID NOG: 23

31Cs.dGs  As I Te 0Ts . dAs 1Gs.dCs 1As 1 Ts 1T 1A-3"

SEQID NO: 24

33Cs 1AS.dCs 1Gs.dAs I T 1 Ts.dAs 1Gs.dCs 1As. 1T5.1Ts.1A-3

SEQID NO. 25

537-1Cs.dAsICs. dGs.dAs ITs I Ts.dAs 1Gs.dCs 1As 1Ts 1Ts.1A-3
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SEQ ID NG, Sequence (3-3") with modifications’
SEQ 1D NO: 26 3iTs.dCs JAs mdCs 1G5 1As.1Ts.dTs.dAs 1Gs 1Cs 1As . dTs 1 TS 1A-3'
SEQ ID NO: 27 5-1Ts1A51Gs 1Cs 1A ITs 1T 1A-3'
SEQID NG: 29 3Cs dAsICs dGs IASITs I Ts dAs 1Gs dCs IAs 1T 1 Ts 1A-3
SEQ 1D NG: 30 31Cs.dAs ICs . dGs.1As.dTs 1 Ts.dAs 1Gs. dCs 1As 1T 1Ts 1A-3
SEQ ID NO: 31 5-1Cs . dAs ICs. dGs. dAs ITs [T 1A 1G5 dCs 1AS.dTs 1T JA-3!
SEQ ID NO: 32 5'-dCs.dAs 1Cs.dGs.dAs 1 Ts 1Ts dAs 1Gs.dCs 1As I Ts [ Ts [A-3'
SEGQID NG: 33 315 1A 10s.dGs dAS T 1 Ts.dAs 1Gs.dCs TAs.1Ts.1Ts . 1A-3
SEQ 1D NO: 34 5iCs. dAs.dCs. dGs.dAs ITs 1T5.dAs 1Gs. dCs JAs 1T 1T TA-3'
SEQID NO: 35 §1Ce.dAs I 1Gs dAs ITs 1T5.dAs IGs dCs 1A 1T 0T JA-S
SEGID NG: 36 5YCs dAs1Cs.dGs 1AS I TS TS dAs IGs dCs JAs 1T 1 Ts 1A-3
SEQ 1D NG: 37 31Cs.dAs ICs . dGs.dAs.dTs.1Ts.dAs 1Gs dCe 1AS ITs 1Ts 1A-3
SEQ ID NO: 38 5-1Cs.dAs ICs. dGs dAs ITs.dTs dAs 1Gs.dCs A 1T 1T A3
SEQ ID NO: 39 5-1Cs.dAs 1Cs.dGs. dAs TS 1Ts.1A5.1Gs . dCs 1A T 1T A
SEQ ID NG: 40 31Cs. dAsICs dGs dAS 1T 1T dAS . dGs dCs JAs [T ITs A3
SEQ D NO: 41 5iCs. dAs JCs.dGs.dAs I Ts. i Ts.dAs1Gs 1Cs 1As 1 Ts. 0TS JA-3'
SEQID NO: 42 5-1Cs.dAS ICs.dGs.dAs ITs.1T5.dAs 1Gs.dTs.dAs I Ts i Ts 1A-3
SEQ ID NO: 43 51Cs. dAs 1Cs.dGs. dAS I Ts 1Ts.dAs 1Gs.dCs 1As.dTs [ Ts [A-3'
SEQID NGO 44 3-1Cs.dAs ICs . dGs.dAs I Ts I Ts.dAs 1Gs.dCs 1As 1 Ts.dTs 1A-3
SEQ ID NO: 45 5-1Cs.dAs ICs. dGs. dAS ITs 1T dAs 1Gs. dCTs 1A 1T 1Ts dA-3
SEQ ID NO: 46 5-dCs. 1A 1Cs.dGs. dAS TS 1Ts.dAs 1Gs.dCs. 1As I Ts 1T 1A-3
SEGQID NO: 47 3-1Cs 1A dCs dGs . dAS 1Ts 1T dAS 1Gs dCs JAs ITs 1Ts 1A-3
SEQ ID NO: 48 31Cs.dAs dCs 1Gs.dAs 1T ITe.dAs 1Gs.dUs JAS ITs 1T 1A-3!
SEQ ID NO: 49 5-1Cs.dAs ICs.dGs JAs.dTs.1T5.dAs 1Gs.dCs 1A 1 TS 1T 1A-3]
SEQ 1D NO: 50 3-1Cs. dAs 1Cs.dGe dAs I Ts dTs 1A 1Gs dCs 1As 1 Ts 1T 1A-3
SEQID NG: 31 3'-1Cs.dAs 105 dGs.dAS I Ts 1 Te 1A dGs. dCs 1As ITs ITs. 1A-3"
SEQ ID NO: 52 5-1Cs.dAs ICs. dGs. dAs 1T 1T5 dAs.dGs 10s 1A ITs 1T JA-3'
SEQ ID NO: 53 5-1Cs.dAs 1Cs.dGs. dAs TS 1Ts.dAs 1Gs 1Cs.dAs I Ts I Ts 1A-3]
SEGQ ID NO: 54 54A8 1Ce.dGs.dAs ITs I Ts. dAs 1Gs. dCTs 1A I Ts 1 Ts A3
SEQID NO: 55 3-1Cs.dGs.dAs I Te I Te.dAs 1Gs.dCs 1As I Ts 1Ts.1A-3"
SEQ ID NO: 36 §-1Gs.dAs I Ts 1Ts.dAs 1Gs dCs JAs I Ts A Ts 1A-3
SEQ ID NO: 57 5'-dAs1Cs.dGs.dAsITs.0Ts. dAs IGs.dCs [As ITs 1T 1A 3

SEQID NO: -

3-1AS. dCs.dGs.dAs ITs 1Ts dAs 1Gs.dCs 1A 1Ts. 1Ts.1A-3

SEQ B NO: 59 $iAsICe 1Gs dAS ITs 1Ts. d A IGs dCs 1As T ITs 1A-3
SEQ ID NO: 60 5-1A5.1Cs.dGs 1A 1T 1Ts.dAs 1Gs.dCs 1As. TS 1Ts.1A-3
SEGQID NO: 61 5-1AS1Cs . dGs . dAs dTs AT dAs 1Gs. dCs JAs I Ts 1T 1A -3
SEQ 1D NG: 62 1A 1Ce.dGs. dAsITs.dTs.dAs1Gs dCs 1As i Ts 1Ts JA-3!
SEQ ID NO: 63 5-1Ac1Cs dGs. dAS I TS 1T TAS 1Gs. dCs JAs I Te I Ts 1A-3
SEQ ID NO: 64 5-1As1Cs. dGs. d AR I T8 I Ts.dAs.dGs dCs JAs 1T I Ts 1A-3
SEQID NO: 65 3-1As e dGs. dAs ITs ITs.dAs 1Gs ICs A ITs 1T JA-3
SEQ 1D NOG: 66 51As1Cs. dGs. dAS I Ts 1 Ts.dAs 1Gs.dCs . dAs. I Ts ITs JA-3!
SEQ ID NO: 67 3-1As.1Cs.dGs.dAsITs I Ts.dAs1Gs.dCs 1As.dTs ITs TA-3!
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SEQ ID NG, Sequence (3-3") with modifications’

SEQ 1D NO: 68 51As1Cs. dGs. dAs I Ts 1 Ts.dAs 1Gs.dCs 1As 1 Ts.dTs JA-3!
SEQ ID NO: 69 5-1As1Cs.dGs.dAs I Ts I Ts.dAs1Gs.dCs 1As 1T 1Ts.dA-3'
SEGID NO: 70 51As.dCs 1Gs.dAs I Ts i T5.dAs 1Gs.dCs 1AS 1T 1 TS 1A-3
SEQID NG: 71 5-1A81Cs.dGe 1As.dTs 1Ts.dAs 1Gs.dCs 1As. 1 Te 1 Ts 1A-3
SEQID NO: 72 $-1AsICs dGs. dAs TS 1Ts.dAs 1Gs dCs 1As ITs ITs IA-3!
SEGQID NOG: 73 3-1As.1Cs.dGs.dAs I Ts.dTs.1A81Gs.dCs JAS 1T I Ts 1A-3
SEQID NG: 74 5-1A81Cs. dGs . dAs ITs ITs A dGs.dUs 1A I T 1T TA-3
SEQ 1D NO: 75 SiAs 108 dGs dAs ITs 1 Ts.dAS.dGs ICs 1As [ Ts I Ts JA-3!
SEQID NO: 76 §-1As1Cs dGs. dAs I T I Ts . dAs 1Gs Is.dAs ITs 1Ts 1A
SEQ ID NO: 77 5'-dCs.dGs dAs I Ts 1 Ts.dAs 1Gs dCs 1As [ Ts I Ts (A3
SEGQID NG 78 345 1Gs. dAS TS 1T5.dAs 1Gs.dCs JAs ITs.Ts 1A-3"
SEQ ID NO: 79 5-1Cs.dGs JAs 1Ts AT dAs 1G5 dCs 1A T T8 1A-3'
SEQ ID NO: 80 5-1Cs.dGs.dAs.dTs 1 Ts.dAs 1Gs.dCs 1As I Ts I Ts 1A-3
SEGID NO: 81 54105, dGs dASITs.dTs dAS 1Gs dCs A ITs ITs TA-3
SEQ 1D NO: 82 31Cs.dGs.dAs I Te. 1T 1As 1Gs dCs 1A 1Ts.1T5.1A-3"
SEGQ 1D NO: 83 5-1Cs.dGs. dAs 1 Ts.1T5.dAs.dGs.dUs 1As 1T 1 T 1A-3
SEQID NOG: 84 3 1Cs.dGs dAs T 1 Ts dAs IGe ICs JAs 1Ts ITs JA-S
SEQ D NO: 25 3408, dGs dAs 1T ITe.dAs 1G5 dCs . dAs I Ts 1T TA-3
SEQ 1D NO: 86 $Cs.dGs.dAs 1T ITe dAs 1Gs dCs AR dTs I Ts A3
SEG ID NO: §7 5-1Cs.dGs.dAs ITs. 1Ts.dAs1Gs.dCs 1As 1 Ts.dTs 1A-3
SEG ID NO: 88 341Cs.dGs dAS TS ITs.dAs 1Gs.dCs JAs Ts i Ts . dA-
SEQ 1D NO: 89 3dCs 1Gs.dAs 1T 1Ts.dAs 1Gs.dCs 1A 1Ts 1T5.1A-3
SEQ D NO: 90 5iCs. dGs JAs.dTs 1 Ts. dASIGS. dCs 1A 1T ITs JA-3'
SEQ 1D NO: 91 31Cs.dGs dAs I Ts dTs 1As 1Ge dCs JAs I Ts ITs 1A-3"
SEQID NG 92 3'-1Cs.dGs . dAs I Ts ITs 1 A5 dGs.dCs 1A I Ts 1Ts 1A-3'
SEQ IB NG: 93 $Cs.dGs.dAs T ITe dAs dGs s JAS 1T 1T 1A-3"
SEQ ID NO: 94 5-1Cs.dGs dAs I Ts1T5.dAs1Gs ICs . dAS T 1Ts 1A-3
SEQID NO: 95 5-dGs. dAs IT8 ITs.dAs 1Gs.dCs [As I Ts FTs JA-3!

SEQ 1D NO: 96 3G As TS 1T5.dAs IGs dCs 1A TS TS 1A-3

SEQ D NO: 97 $1Gs.dAs dTs ITs. dAs 1Gs dCs TAs FTs ITs A-3

SEQ ID NO: 98 5-1Gs8.dAsTe.dTs.dAsIGs dCe JAS ITs 1Ts TA-3
SEQID NG 99 3-1Gs.dAs I Ts 1Ts 1A 1Gs dCs 1A 1T ITs A3

SEQ IBNO: 100 | 8-Gs. dAsITs1Ts . dAs.dGs dCs 1As T ITs A3

SEQ ID NG: 101 | 5-1Gs.dAs.ITs. 1 Ts.dAs 1Gs 15 1As. Ts iTs. 1A-3

SEQID NO: 102 | 5Gs.dAs ITs ITs.dAs 1Gs dCs . dAs ITs 1 Ts 1A-3!
SEQID NG 103 | 3-1Gs.dAsITs1Ts.dAsIGe dCs 1As. dTs I Ts 1A-3
SEQID NO: 184 | 5-Gs.dAsITs ITs.dAs 1Gs dCs JAsiTs.dTs A3
SEQID NO: 105 | 5-1Gs.dAsITe 1 Te.dAs 1Gs.dCs 1A ITs I Ts. A3
SEQID NO: 106 | 5'-dGsJAsITs 1 Ts.dAs 1Gs . dCs 1As 1T 1 Ts 1A-3

SEQ IBNOG: 107 | 3MGs 1As.dTs 1 Ts dAs Ge dCs JAs ITs I Ts 1A-3

SEQID NO: 108 | 5-1Gs.dAsITs.dTs JAs 1Gs dCs 1 As 1 Ts 1 Ts 1A-3'
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SEQ ID NG, Sequence (3-3") with modifications’

SEQ ID NG: 109 | 5-1Gs.dAsITs1Ts.1As.dGs.dCs JAs I Ts 1 Ts 1A

SEQID NO: 110 | 5-1Gs.dAsITs 1Ts.dAs dGs 1Cs JAs 1 Ts 1 Ts 1A-3

SEGID NG: 111 | 3-1Gs.dAs I Te 0 Ts.dAs 1Gs. 10s dAs 175 175 1A-3!

SEQIDNQO: 112 | 3-¢Cs.dAs.e(s.dGs.dAs.cTs.cTs.dAs.eGs dCs.cAscTs.eTs.cA-3

SEQID NOG: 113 | 5-1Cs.dAs ICs.dGs. dAs ITs 115 dAs 1Gs.dUs.e As 1 TS 1T e A-3

SEGID NO: 114 | 5-¢Cs.dAs.eCs.dGs.dAsITs.1Ts.dAs 1Gs.dCs 1A ITs 1T 1A-3

SEGID NO: 115 | 3105 dAsICs dGs.dAS 1Ts 1Ts.dAs eGs dCs 1As 1Ts 1Ts 1A -3

SEQID NO: 116 | 3%ICs.dAsICs.dGs.dAs e T e Ts dAs1Gs.dCs 1As.eTa.eTe 1A-3

SEQID NO: 117 | $-iCe.dAs 1Cs dGs dAs I Ts.eTs.dAs 1Gs dCs A ITs 1T 1A-3

SEGID NG: 118 | 5-1Cs.dAsICs.dGs dAS 1T 1 Ts.dAs 1Gs . dCs 1As 1 Ts.c T 1A-3

SEQIDNO: 119 | 3%-10s.dAs 105 dGs.dAs T i Ts.dAs 1Gs.dCs .abAs 1T I Ts.ab A3

SEQ ID NOG: 120 | 5-abCs dAs.abCs.dGs.dAs.abTs.abTs dAs.abGs.dCs.abAs.abTs abTs.abA-3'

"I = locked nucleic acid modification; d = deoxyribonucleotide; s = phosphorothioate linkage:
md = 3-Methvleviosine; ¢ = ethylene-bridged nucleotide (ENA); ab = amino-2"-C-Bridged
Bicvchic Nucleotide {(CBBN).

10083} Admiustration of an oligonucleotide inhibitor of the present wmvention to a subject
reduces or inhibits the activity or fanction of miR-135 in cells of the sabject. In one
embodiment, the oligonucleotide inhibitor inhibits the activity or function of nuR-155 in
cancer cells, cells of the immune system including B and T lymphocytes, monocytes,
macrophages, microgha, NK cells, and inflammatory cells. In one embodiment, the cancer
cells are malignant T cells. Malignant T cells that can be treated with ohgonucleotide
inhibitors of the invention include cutancous T cell lymphoma (CTCL) cells, CD4™ T cells,
CDR™ T eells, off T cells, v8 T cells and memory T cells. n one embodiment, the malignant

T cells are cutancous T cell bymphoma (CTCL) cells.

{0084} In some cmbodiments, certain oligonucicotide inhibitors of the present invention may
show a greater mhibition of the activity or function of miR-155 in cancer cells, such as
malignant T cells, compared to other miR-155 inhibitors. The term “other miR-155
mwhibitors” includes nucleic acid inhibitors such as antisense oligonucleotides, antimiRg,
antagomiRs, mixmers, gapmers, aptamers, ribozymes, small interfering RNAs, or small
hatrpin RNAg; antibodies or antigen binding fragments thereof, and/or drugs, which inhibit
the activity or function of miR-135. It is possible that a particular ohigonucleotide inhubitor of
the present inverdion may show a greater inhibition of miR-155 in cancer cells, such as
malignant T cells, compared to other oligonucleotide mhibitors of the present mvention. The

term “greater” as used herein refers to quantitatively more or statistically significantly more.
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{80683} Admunistration of an oligonucleotide mhibitor of the present mvention up-regulates
the expression or activity of ouR-155 tareet genes in cells of the subject. Target genes for
miR-155 include, but are not lunited to, INPP30O/SHIPI, Janid2, Picalm, Bachl, Weel,
CUX1, Cebpb, SPIB/PUL, and IL7R. In one embodiment, oligonucleotide inhibitors of the
present mvention up-regulate the expression or activity of at least four target genes of miR-
155 in cancer cells, cells of the immune system including B and T ymphocyies, monocytes,
magcrophages, microglia, NK cclls, and inflanunatory cells.  In some cmbodiments, four
target genes wp-regulated by oligonucleotide inhibitors of the present invention include
Bachl, Jand2, Picalm, and SHIP1. The invention encompasses using the changes in the
cxpression of these four genes {gene expression signaturc} as means to determine the activity
of miR-~155 mhibitors. In some embodiments, there is about 1.25-fold, 1.5-fold, 2-fold, 3-
fold, 4-fold, 3-fold, 6-fold, 7-fold, or 8-fuld, including values therebetween, change in the
expression or activity of miR-155 target genes upon adounistration of oligonucleotide
mhibitors of the present invention. In one embodiment, there is at least about 2-fold, 3-fold,
4-fold, or 3-fold, including values therebetween, change in the expression or activity of miR-

155 target genes upon administration of oligonucleotide inhibitors of the present invention.

[B086] In one embodiment, the oligonucleotide inhibitor of the present invention shows a
greater up-regulation of miR-155 target genes in cancer cells, such as malignant T cells,
compared to other miR-135 inhibitors. In certain embodiments, the oligonucleotide
mhibitors of the present invendion show a greater up-regulation of at least four target genes of
miR-155 m cancer cells compared to other miR-155 inhubitors. In one embodiment, the
chigomucleotide inhibitors of the present mmvention show a greater up-regulation of the
expression or activity of four genes, namely, Bachl, Jand?, Picalm, and SHIPL, in cancer
cells compared to other miR-155 mhibitors. In varnous embodiments, “greater up-regulation”
mcludes about 2-fold, 3-fold, 4-fold, or 5-fold, including values therebetween, increase in the

expression or activity of miR-155 target genes compared to other miR-155 inhibitors.

{8687} In some embodiments, oligonucleotide inhibitors of the present invention reduce or
ithibit proliferation of cancer cells and/or induce apoptosis of cancer cells, such as malignant
T cells including cutaneous T cell lvmphoma (CTCL) cells.  Administration of
oligonucleotide mhibitors of the present mvention may provide up to about 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%. 45%. 30%, 55%. 60%, 65%, 70%, 80%, 90% or 100%,

> >

mcluding valoes therebetween, reduction in the mumber of cancer celis. In some
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embodiments, ohigonucleotide inhibitors of the present invention may provide at least about

5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 453%, or 50%, including values therchetween,

reduction i the number of cancer cells.

3088} In some embodiments, ohigonucieotide inhibitors of the present invention may show a
greater mhibition of proliferation of cancer cells and/or a greater induction in apopiosis of
cancer cells compared to other miR-155 inhibitors. For example, an  oligonucleotide
mthibitor of the present invention may show ap to about 10%, 15%, 209, 25%, 30%, 35%, or
40%, mncluding values therebetween, more reduction in the sumber of cancer cells compared

to other miR-155 inhibitors.

{8089 The present mvention provides methods for treating cancer in a subject in need
thereof, comprising administering to the subject an ohigonucleotide inhibitor of miR-155
according to the invention. The activity or function of miR-155 is reduced in cancer cells of

the subject following administration of the oligonucleotide inhibitor.

{0090} In onc cmbodiment, the method for treating cancer comprises administering an
oligonucleotide mhibitor of nuR-155 that has a sequence of 11 to 16 nucleotides, wherein the
oligonuclectide inhibitor 1s fully complementary to a mature sequence of miR-155 and has a
full phosphorothicate backbone; and wherein at least the first three nucleotides from the 37
end of said oligonucleotide inhibitor are locked nucleotides and at lcast the sccond
nucleotide from the 57 end of the oligonucleotide mhibitor 15 a deoxynbonucleic acid (DNA)

nucleotide.

{3091 In another embodiment, the method for treating cancer comprises administering an
oligonuclectide inhibitor of miR-155 that has a seqaence of 11 to 14 nucleotides, wherein the
cligonuclectide indubitor i3 fully complementary to a matire sequence of miR-155 and has a
full phosphorothioate backbone; and wherein at least the first three nucleotides from the 37
end of said oligonucieotide nhibitor are modified nucleotides and at least the second
nucleotide from the 57 end of the ohigonucieotide inhibitor 15 a deoxyribonucleic acid (BNA)

nucleotide.

{0092] In another embodiment, the method for treating cancer comprises administering an

oligonucleotide inhibitor of miR-155 that has a sequence of 11 to 14 mucleotides, wherein the
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oligonucleotide inhibitor 1s fully complementary to a matore sequence of miR-155 and has a
full phosphorothioate backbone; and wherein at least 7 nucleotides of said oligonucleotide
mhibttor are modified nucleotides and at least the sccond nucleotide from the 5° end of the

oligonuclieotide mhibitor 1s a deoxyribonucleic acid (DNA) nucleotide.

10693} In vet another embodiment, the method for treating cancer comprises administering an
oligonucleotide mhbibitor of miR-1535 that has a sequence of 11 to 14 mucleotides, wherein the
oligonucleotide inhibitor is fully complementary to a matare sequence of miR-155 and has a
full phosphorothivate backbone; and wherein at least the first three nucleotides from 3™ end of
said oligonucleotide mhibitor are modified nuclootides and at least the fourth and fifth
nucleotides from the 57 end of the oligonucleotide inhibitor arc deoxyribonucleic acid (DNA)

nucleotides.

{6694} Cancers that can be treated according to the mvention include lvmphomas including a
T cell lymphoma, such as cutancous T cell lvmphoma (CTCL), and 3 B cell lymphoma and a
skin cancer. In certain embodiments, the method for treating cancer comprises administering
an oligonucleotide inhibitor of miR-1535 selected from the group consisting of SEQ 1D NG:
22, SEQ ID NO: 23, and SEQ ID NG: 25, In some other embodiments, the method for
treating cancer comprises administering an oligonucleotide inhibitor of miR-155 selected

from the group consisting of SEQ 1D NQOg: 33, 39, 43, 44, 47, 58, 84,99, 111, 115, and 120,

{8695} In onc embodiment, the mvention provides methods for treating the mycosis
fungoides {MF) form of CTCL by administering to the subject an oligonucleotide mhibitor of
miR-155 according to the mmvention. In one cmbodiment, the method for treating the MF
form of CTCL comprises administering an oligonucleotide whibitor of miR-155 that has a
sequence of 11 to 16 nucleotides, wherein the  oligonucieotide mhibitor is fully
complementary to a mature sequence of miR-155 and has a full phosphorothicate backbone;
and wherein at least the first three nucleotides from the 37 end of said  oligonucleotide
mhibitor are locked nucleotides and at least the second nucleotide from the 5” end of the

oligonucleotide mhibitor is a deoxyribonucleic acid (DBNA} nacleotide.

{8096} In another embodiment, the mvention provides methods for treating the mycosis

fungotdes (MF)} form of CTCL comprising administering an ohgonucleotide inhibitor of

miR-155 that has a sequence of 11 o 14 nucleotides, wherein the oligonucieotide nhibitor is
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fully complementary to a mature sequence of miR-153 and has a full phosphorothicate
backbone; and whercin at least the first three nucleotides from the 37 end of said
oligonucleotide mhibitor are modified nucleotides and at least the second nucleotide from the

57 end of the oligonucieotide inhibitor is a deoxyribonucleic acid {DNA) nucleotide.

10697} In another embodiment, the invention provides methods for treating the mycosis
fungoides (MF) torm of CTCL comprising administering an ohigonucleotide inbibitor of
miR-155 that has a sequence of 11 to 14 nucleotides, wherein the oligonucleotide mhibitor is
fully complementary to a mature sequence of miR-155 and has a full phosphorothicate
backbone; and wherein at least 7 nucleotides of said oligonucleotide inhibitor are modified
nucleotides and at least the second nucleotide from the 57 end of the oligonucleotide inhibitor

is a deoxyribonucleic acid (BNA) nucleotide.

10698} In vet another embodiment, the mvention provides methods for treating the mycosis
fungoides (MF} form of CTCL comprising admimstering an oligonucleotide inhibitor of
miR-155 that has a sequence of 11 to 14 nucleotides, wherein the oligonucleotide mhibitor is
fully complementary to a mature sequence of miR-155 and has a full phosphorothicate
backbone; and wherein at least the first three nucleotides from 37 end of said oligonucleotde
mhibitor are modified nuclectides and at least the fourth and fifth nucleotides from the 537 end

of the oligonucleotide mhibitor are deoxyribonucleic acid (DNA) nuclectides.

18699} In certain embodiments, the method for treating the MF form of CTCL comprises
administering an oligonucleotide mhibitor of nuR-155 selected from the group consisting of
SEQ ID NO: 22, 8EQ ID NGO: 23, and SEQ ID NO: 25, In some other embodiments, the
method for treating the MF form of CTCL comprises admimsiering an oligonucleotde
inhibitor of miR-135 selected from the group consisting of SEQ ID NQOs: 33, 39, 43, 44, 47,
5%, 84,99, 111, 115, and 120,

{00190} The invention also encompasses methods for treating CTCL  comprsmg
administering an oligonuclestide mhibitor of miR-155 according to the invention in
combination with a second therapeutic agent.  Current treatments for CTCL include skin-
directed therapies such as topical steroids, topical nitrogen mustard (mechlorethamine HCL),
topical retinoids, phototherapy, ultraviolet light treatment, psoralen wltraviolet light treatment,

radiotherapy, electron beam therapy. etc. and systemic therapies such as administration of
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histone deacetvlase (HDAC) mhibitors, retinoids (bexarotene), interferon, and low dose
antifolates {¢.g. methotrexate and pralatrexate}. Additional treatment options such as anti-
D30 antibody (¢.g. Brentuximab), anti-CCR4 antibody (¢.g. mogamulizomab), and anti-PD-
1 or anti-PD-L1T antibody are currently being tested. The second therapeutic agent generally
comprises an agent or a therapy selected from one of these treatments. For example, the
myention encompasses methods for treating CTCL by administering the oligonucleotide
mhibitor of miR-155 in combination with a sccond therapy such as treatment with HDAC
mhibitors, retinoids, interferon, antifolates, topical steroids, topical retinoids, topical nitrogen
mustard, phototherapy, ultraviolet light, psoralen and ultraviolet light, radiotherapy, clectron
beam therapy, ant-CD30 antibody (cg Brentuxamab), anti-CCR4  antibody {eg.

mogamulizumab}, and anti-PD-~1 or anti-PD-L1 antibody.

{00181} A variety of HDAC inhibitors are known, some of which are approved by FDA for
clinical use and some are being tested in clinical trials. The methods for treating cancer
according to the invention encompass the use of HDAC mnhabitors including, but not hmited
to, voringostat, romidepsin, panobmostat {(LBH389), mocetinostat, belinostat (PXD101),
abexinostat, CI-994 (tacedinaling), and MS-273 {entinostat). In embodiments where a second
therapy/agent 1s included, the second therapy/agent may be administered at different umes
prior to or after admunistration of the oligonucleotide inhibitor of miR-153.  Pror
adounistration includes, for instance, adouunistration of the first agent within the range of
about onc week to up to 30 mimutes prior to adminastration of the second agent.  Prior
administration mayv also inclade, for instance, administration of the first agent within the
range of about 2 weeks to up to 30 minutes prior to administration of the second agent. After
or later administration includes, for instance, administration of the second agent within the
range of about one week to up to 30 minutes afier adnunistration of the first agent. Afier or
later administration may also include, for instance, administration of the second agent within

the range of about 2 weeks to up to 30 minutes after administration of the first agent.

{86102} The nvention also provides methods for reducing or inhibiting proliferation of
cancer cells, particularly malignant T cells, by administering an  oligonucleotide inhibitor of
miR-155 that has a sequence of 11 1o 16 nuclectides, wherein the oligonucleotide mmhibitor is
fully complementary to a mature sequence of miR-155 and has a full phosphorothioate

~

backbone: and wherein at least the first three nucleotides from the 37 end of said
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oligonucleotide inhibitor are locked nucleotides and at least the second nucleotide from the 57

end of the oligonuclectide inhibitor is a deoxyribonucleic acid (DNA) micleotide.

{30103} In another embodiment, the mmvention provides methods for reducing or inhibiting
proliferation of cancer cells, particularly malignant T cells, comprising admimistering an
cligonuclectide inhibitor of miR-155 that has 3 sequence of 11 to 14 nucleotides, wherein the
oligonucleotide inhibitor is fully complementary to a mature sequence of nuK-155 and has a
full phosphorothioate backbone; and wherein at least the first three nucleotides from the 37
end of said oligonuclectide inhibitor are modified nuclectides and at least the second
nucleotide from the 37 end of the oligonucleotide inhibitor 15 a deoxyribonucleic acid (DNA)

nucleotide,

106104} In another embodiment, the invention provides methods for reducing or inhibiting
proliferation of cancer cclls, particularly malignant T cells, comprising administering an
oligomicleotide mhibitor of miR-153 that has a sequence of 11 to 14 nucleotides, wherein the
oligonucleotide inhibitor 1s fully compiementary to a mature sequence of miR-155 and has a
full phosphorothioate backbone; and wherein at least 7 nucleotides of said oligonucleonde
mhibitor are modified nucleotides and at least the second nucleotide from the 57 end of the

oligonuclectide inhibitor 1s a deoxyribonucleic acid {DNA) nucleotide.

[66105] In vet another embodiment. the invention provides mcthods for reducing or
mhibiting proliferation of cancer cells, particularly malignant T cells, comprising
administering an oligonucleotide inhibitor of miR-155 that has a sequence of 11 to 14
nucleotides, wherein the oligonucleotide inhibitor 1s fully complementary to a mature
sequence of miR-~135 and has a full phosphorothioate backbone; and wherein at least the first
three nucleotides from 37 end of said ohgomucleotide inhibitor are modified nucleotides and
at least the fourth and fifth nucleotides from the 57 end of the oligonucleotide inhibitor are

deoxyribonucleic acid (DNA) nucleotides.

[86186] In certarn embodiments, methods for reducing or inhibiting proliferation of cancer
cells, particularly malignant T cells, comprises adnunistering an oligonuclectide inhibitor of
miR-135 sclected from the group consisting of SEQ ID NG: 22, SEQ 1D NG: 23, and SEQ
D NG: 25, In some other embodiments, methods for reducing or inhibiting proliferation of

cancer cells, particularly maligoant T cells, comprises administering an oligonucleotide
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ithibitor of miR-155 selected from the group consisting of SEQ 1D NQGs: 33, 39, 43, 44, 47,
38,84, 99 111,115, and 120.

{08107] Malignant T cells include cutaneous T cell tvmphoma (CTCL) cells, CD4™ T cells
and memory T cells.  Administration of an oligonacleotide inhibitor of the present mvention
reduces the activity or function of miR-155 and/or up-regulates one or more target genes of
miR-155 in mahignant T cells following administration. Methods for reducing or inhibiting
proliferation of cancer cells also include the use of second therapy/agents described above

along with administration of the present oligonucleotide wnhibitors.

[B03108] In certain embodiments, the methods encompassed by the invention comprise
administering 18.75, 37.5, or 75 mg of the oligonucleotide inhibitor of the mvention per skin
lesion of the patient. In other embodiments, the methods of the invention comprise
systemically administering a total of about 37.5, 75, 150, 300, 660, 960, or 1200 mg,
mchuding values therebetween, of the oligonucleotide inhibitor of the invention to the patient.
In vet some other embodiments, the methods of the mvention comprse systemically
admuustering a total of about 350, 700, 1050, 1400, 1750, 2100, 2450, 2800, 3150, or 3500
mg, including values therebetween, of the oligonucieotide inhibitor of the mvention to the

patient.

[06109] Preferably, adminmistration of an oligonucieotide mhibitor of the present invention to
the subject results 10 the improvement of one or more symptoms or pathologies associated
with cancer. For instance, in one embodiment, admimistration of an cligonucleotide wnhibitor
of the present ivention alone or in combination with a second therapeutic agent such as a
HDAC whibitor reduces the number of skin lesions; number of red, nichy patches or plagues
on skin; and/or formation of new skin lesions/patches/plagues associated with CTCL. In one
embodiment, administration of an oligonucleotide inhibitor of the present mvention alone or
m combination with a second therapeutic agent such as a HDAC inhibitor reduces or inhibits
migration of malignant T lvmphocytes to the skin. In another embodiment, administration of
an oligonuclestide mhibitor of the present invention alone or 1n combination with a second
therapeutic agent reduces total malignant T lymphocvies m the skin.  In vet another
embodiment, administration of an oligonucleotide inhibitor of the present mvention alone or
in combination with a second therapeutic agent reduces the number of malignant T cells that

may escape or migrate from the skin into the periphery.
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{86118} As used herein, the term “subject” or “patient” refers to any vertebrate mchuding,
without hmitation, humans and other primates {(e.g., chimpanzees and other apes and monkey
species), tarm animals {e.g., catile, sheep, pigs, goats and horses), domestic mammals {e.g.,
dogs and cats), laboratory animals (e.g., rodents such as mice, rats, and guinea pigs), and
birds {e.g., domestic, wild and game birds such as chickens, turkeys and other gallinaceous
birds, ducks, geese, and the like). In some ecmbodiments, the subject is a mammal. in other

embodiments, the subject is a human,

{00111} Any of the oligonucleotide inhibitors of miR-~153 described hercin can be delivered
to the target cell {e.g malignant T cells) by delivering to the cell an expression vector
encoding the miR-155 ohgonucleotide inhibitor. A “vector” is a composition of matter which
can be used to dehiver a nucleic acid of interest to the intenor of a cell. Numerous vectors are
known in the art including, but not linuted to, lincar polynucleotides, polynucleotides
associated with ionic or amphiphilic compounds, plasmuds, and viruses. Thus, the term
“vector” includes an autonomously replicating plasmid or a virus. Examples of viral vectors
nclude. but are not limited to, adenoviral vectors, adeno-associated virus vectors, retroviral
vectors, and the like. In one particular embodiment, the viral vector 1s a lentiviral vector or
an adenoviral vector. An expression construct can be replicated in a living cell, or it can be
made syathetically. For purposes of this application, the terms “expression construet,”
“expression vector,” and “vector,” are used mterchangeably to demonstrate the apphication of

the wvention 1n a general, Hlustrative sense, and are not mtended to bt the invention,

{66112} In one cmbodiment, an expression vector for expressing an ohigonucleotide inhibitor
of miR-155 comprises a promoter operably linked to a polvnucieotide sequence encoding the
oligonaclectide inhibitor. The phrase "operably hinked” or "onder transcriptional control” as
used herein means that the promoter is in the correct location and orientation in relation to a
polynucleotide to control the tnitiation of transeription by RNA polymerase and expression of

the polynucieotide.

{86113} As used herein, a "promoter” refors to a DNA sequence recognized by the synthetic
machinery of the cell, or introduced svnthetic machinery, required to mitiate the specific
transcription of a gene. Switable promoters include, but are not limited to RNA pol I, pol 11,

pol 1L, and viral promoters {e.g human cyviomegalovirus (CMVY) mmmediate early gene
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promoter, the SV40 carly promoter, and the Rous sarcoma virus long terminal repeat). Inone
embodiment, the promoter is a T-cell specific promoter such as the proximal and distal

promoters of the /ck gene or promoter and enbancer sequences of the CD4 gene, cte.

{88114} In certain embodiments, the promoter operably linked to a polvnucleotide encoding a
miR-155 oligonucieotide mmhibitor can be an inducible promoter. Inducible promoters are
known in the art and include, but are not limited to, tetracycline promoter, metallothionein
HA promoter, heat shock promoter, steroid/thyroid hormone/retinoic acid response elements,

the adenovirus late promoter, and the inducible mouse mammary tomor virus LTR.

{88115} Methods of dehivering expression constructs and nucleic acids to cells are known in
the art and can include, for example, calcium phosphate co-precipitation, clectroporation,
microinjection, DEAE-dextran, lipofection, transfection employing polyvamine transfection
reagents, cell sonication, genc bombardment using high velocity microprojectiles, and

receptor-mediated transfection.

{86116 The present invention also provides methods for diagnosing CTCL and methods for
momitoring clinical status of a patient undergoing the treatment for CTCL. The mvention
shows that administration of antimiR-155 compounds of the invention up-regulates and/or
down-regulates a unique set of genes in all three MF cell hnes (HuT102, M, and MyLa}
compared to control-treated cells or Sézary syndrome cells. The invention contemplates
using a gene expression signature based on this unique set of genes to diagnose MF subtype
of CTCL as well to monitor progress of the CTCL treatment with miR-155 inhibitors. For
mstance, the invention shows that a set of genes listed in Table 2 are up-regulated or down-
regulated m all three MF cell lines m response fo antimiR-153 compounds of the invention.
In one embodiment, the invention provides methods for diagnosing CTCL by measuring the
expression levels of one or more genes listed in Table 2 in a subject suspected of suffering
from CTCL, comparing the expression levels to reference levels {e.g. cxpression levels in a
healthy subject or expression levels in non-cancer cells of the CTCL subject), and diagnosing
the subject as having CTCL if the expression levels i the subject are down-regulated or up-

regulated compared to reference levels.
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Table 2
List of genes significantly up-reguiated or down-regulated in all thrae MF cell lines in response to
present antimiR-155 compounds
CFLAR GALC SMARCA2 HIF1IA FSDiL CLINTL
CIAPINT TAB2 O5TM1 CCNBLIPL TLE4 SUB1L
GCFC2 TRAFL UBAS BRMSI1L GATA3 ST8SIA4G
LAMP2 RC3H2 APLP2 TMBSF1 OBFCL GNPDAL
KDM7A PITHD1 SCAMPL NELFCD DNAJC12 HZAFRY
GGCT SLC2A2 WOFY1 PRPFG TSPANLA SMADS
JARID2 ASUN DIMTL TCFLS RADS1C CSNKIAL
MBTD1 [POS SEPHS1 AHCY DHX40 NIT2
COX15 DGKA ZFANDS DNTTIPL RPSEKBL KPNAL
ZMYND11 FAM1078B UIMCL TiMPL PiGL TUSC2
ZDHHCe TRMT11 GMCLL NDFIP2 CPD NCBP2
BIRC3 SP1OG KLHL42 SLC25A15 PEX12 HEMKL
DEPDCL TRAM1 DNMIL ARL2BP RABSC MAPKAPK3
MNRIH3 CBFB TGDS HSDL1 MLX COMMD2
TRPLL TGFBR3 FKBP1A UsPio UNC119 ACTRIB
PiAS1 GBA2 TRMTS Ts8C2 TMEM33 GTF3C2
TBC1D23 HLTF PEBPL EIF3) CLCN3 GCA
GOPC MPPS GANAB OlPs GALNT7 STATL
VAMP3 PDEBA MAEA BLOCLSE KLHLS MOB4
HOMER3 PTGS2 GLGL NCALD ZPR1 GORASP2Z
AKR7A2 PICALM pk TSTA3 HIPK3 SLC1AS
APSML NUAKL GEMIN2 ASAH1 SLC35F2 NFE2L2
KiFiB DFEPE RFFL RELB ELK3 PLEKHA3
FAM163A SR CDC7 FAM324 VP529 EDEM3
FOXO3 TUBA3D ERMP1 TBCB COPS7A CDE8
UCHLE EX0OSC7 HSD1787P2 PRKD2 BTN3A3 WARS2
ITGBLBP1 TPDS2 CIRBP CDC37 ASF1A SLAMFL
CPSF3 TOP2B MAPKL ARRDC2 STK38 SSX2HP
TRIM32 TMOSF3 MFNG NAMPT MRPL1S NENF
PPP6EC UBEZT KIAAGS30 WDRSL ALDHSAL RCM2Z
HSDL2 DYNC1i2 CSF2RB GARS ACOT13 CTSD
VPS4B UBE2K SDR39UL RPA3 GMANN KMT2A
RBM25 {i2orfs CNiHL GLCCIL TRIM38 PLAGLL
SLC17A5 KEAPL TIMMS PSMAZ PHACTR2 MYB
TAF12 RAB21 CEP128 RHEB KIF204 TMEMS
HSPH1 RBCK1L IMPAL FAMSAL ATG12 Msi2
DUSP4 RRBPL RRAS2 5DCBP DDX46 ZUFSP
NAASD PDCD2ZL SARAF FXYD2 G3BP1 PITPNCL
CDB0 RAP1B ARLEB TUBGCP4 FARS2 FAMETA
LRIFL SMARCA4 NAPG ADAMIO MUT BTG3
FYTTDL 757 MNARS HADHB DYNLTL XPC
ACOTY CALU CCNH ATADL WTAP ATPEVICL
CDK2 MTX2 DDR2 ABI2 C7orf55- SAMSN1
LUC7L2
FAM199X GAD1 ETS1 BMP2K SH3KBP1 SLC26A2
LPGATL SNRPN RFK FAMEOA TERFL DCK

35



WO 2016/197024

PCT/US2016/035865

List of genes significantly up-regulated or down-regulated in all three MF cell lines in response to
D D s s

present antimiR-155 compounds

FAMZ210B PSMG2 UBGOLNL ZCRB1 AUH BACHL
SpCa EIF2AK4 ANXAL COMMD4 STOM SFXN2
CSELL CALMLA4 HILPDA SCAPER POLES EEF1IAL
TMEM185- PSMAL TES FANCI GLUD1 WDYHVL
UBE2V1
STAUL DCTD MAP3K? TXNLAB ADD3 BUBLB
KPOS5 COKNZD PRADCL RANBPLO BTBD1G GATADL
OARD1 PARP2 NTPCR RPRDIA S5RP1 PINK1
GLOL ARHGEF6 TAFSL ITGB3EP CELF1 RAPGEF6G
RIOKL ZSWiMe SP110 CTTNBP2NL TMEM133 MRPL1O
5LC3583 ATXN1O MRPSS PSMAS Ei24 CChCil7
ATANL UBE2M VP536 ALDHSAL PDCD4 GNE
RAPZA LRRC47 BORA CREG1L ITPR1 CALM3
CLpp COX78 PHF11 RGLL TMEMZ263 TMPRSS3
ATPLAL 5H3BP5 NUDT1S PYCRZ TWFL SQSTML
PRKC NDFIPL LG CHACZ SREBP1 CYBS61A3
AlM2 ViMP TiC5 ClIADL GUF1 EXTLZ
EIF5AZ CHSY1 VEZF1 TPRKB TMEM1I23 DENND2D
SNHG1e ACTR1O RPSEKCL RALB GPDIL IERS
COX13 DNAJBL C9orf78 ZC3HB PELC BPNT1
GYG1 T8CiD14 STX17 KIAALTLS CENPH TYWS
IMYMbB HRSP12 ATPEVIGE SUMF1 ANAPCL H3F3A
TKT SYT1L ENPP2 FAM134A CETN3 RNF149
ZNF6381 SERINC3 APTX ARLGIPS RASSF3 CDC42EP3
METAPL RFXAP TCF19 KLHL8 RPIA S100ALL
RNF123 CSNK1G2Z FLOT1 TBCK ARFiPL CCONYLL
ABCEL BAGS TBCA PRKRA YRDC CCPGL
MOCS2 WEBPIL RNASEH1 SLC26ALL C6orf106 NUDCD2
WDR4L AKIPL PRNP FRAT2 SLC39A10 CHCHD?
GRPEL2 ATMIN ZNF217 YIPFG WDR4S AC083323.3
SLC35AL TMEMALB KRCC1 C50rf24 GMFB FEZ2
CAMLG WEEL MRPLL3 DEXI IGF2R PPID
HEY1 APLG1L I5G20 P2RY8 PSMD12 SEPW1
CTS8 FAMBGA RASGRP1 C8orf33 FAR1 TMTC2
RAD21 TMEM1S4A MIR4435-1HG | ADIL MRPL42Z TCAIM
C7orf55 HDHD2 TADAZB ANXA2 TUBA3L PACS2
YWHAZ GPX4 NOC3L 5RPR MAK16 SEPHSZ
KIAADL96 T5R1 58SCAL DAZAP2 TCAF1 FAM72B
NFIL3 FTHL CXorf23 BCOR TANRDL ARID2
GKAPL RAB4A RBM4B TMEM186 STK3S BLOC1S2
MIDLIPL DDIT4 FBX045 RADS1D GRK5S ACADSB
PMPCA IRF2BP2 DENND4A SDHAP1 PRCL SUPT3H
HPRTL BMIL AKIRIN1 BRWD1 Clorfi74 ATANIL
TRUB1 ARF4 KIAALSS] MORFALL COX20 RPil-
175018.4
FRATL CMAHP 5RP72 LAMPL MICB MCT51
PTPLA POLR3D DENNDGA BICD2 TRIM27 AC0O93673.5
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List of genes significantly up-regulated or down-regulated in all three MF cell lines in response to
present antimiR-155 compounds

ARL5B STAT3 PDEL2 POLRLD ZBTB10 LINCO0657
IKBIP LDLRAD4 YIFLA MIKL2 LINS2 HNRNPA3
ASH1L-AS1 SNTB2 CUNEZ TAFSGR DNAJCLS NTSDCL
PLGLA MAPZKL RABBSA SECISBPR2 ANKRD238 DCUNID3
AP001258.4 | CSNKIGL CDC26 SEMA4D SACMIL KANSLL-AS1
CCbC71L NMD2 EID2 ZFP638B TSN PTGER4
OTUDAB- CRADD DNAIC30 EIF4EBPL ARHGAP19 IARS
ASL
CUX1 ARL13B RPSGKA3 TPRGL IRFS

{88117} In additional embodiments, the invention provides a method for selecting a subject
for treatment of CTCL comprising determining a lovel of expression of one or more genes in
CTCL cells of the subject, wherein the one or more genes are selected from a set of genes
modulated 1o all MF cells, e.g. Table 2; comparing the level of the one or more genes in the
CTCL celis of the subject to a reference level of the one or more genes; and selecting a
subject having an increase or a decrease in the level of the one or more genes in the CTCL
cells compared to the reference level for treatment of CTCL. In another embodiment, a
method for selecting a subject for treatment of CTCL comprises determiming a fevel of
expression of 4 or more genes selected from the group consisting of INPP30/SHIP1, Jand2,
Picalm, Bachl, Weel, CUX1, Cebpb, SPIB/PU 1, and IL7R, m CTCL cells of the subject;
comparng the level of the 4 or more genes in the CTCL cells of the subject to a reference
fevel of the 4 or more genes; and selecting a subject having a decrease n the level of the 4 or
more genes in the CTCL cells compared to the reference level for treatment of CTCL. Inone
embodiment, the method for selecting a subject for treatment of UTCL comprses
determining the level of 4 genes, Bachl, Janid2, Picalm, and SHIPI, in CTCL cells of the
subject in comparison 1o a reference level of the 4 genes. In certamn embodiments, the
method for selecting a subject for treatment of CTCL comprises determining the level of 4
genes, Bachl, Jarid?, Picalm, and SHIPI, in CTCL cells of the subject in comparison 1o a
reference level of the 4 gencs; and selecting a subject having at least 2-fold decrease in the
level of the 4 genes in the CTCL cells compared to the reference level for treatment of CTCL.
In one embodiment, the reference level is the level of expression of the same genes in control
oligonucleotide-treated cells.  In another embodiment, the reference level is the level of
expression of the same genes n Sézary syndrome cells.  In vet another embodiment, the

reference level 1s the level of expression of the same genes in a healthy subject {e.g., a subject
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that does not present with two or more symptoms of a skin cancer, a subject that has not been

diagnosed with a skin cancer, and/or a subject that has no family history of skin cancer).

{30118} The wvention also provides methods for assessmg the efficacy of a treatment with
antimiR-155 compounds comprising determining a level of expression of one or more genes
mn cells of a subject prior to the treatment with antivuR-155 compounds, wherein the one or
more genes are sclected from a set of genes modulated in all MF cells, e.g Table 2;
determining the level of expression of the same one or more genes in cells of the subject after
treatment with antimiR-155 compounds; and determining the treatment to be effective, less
cffective, or not effective based on the expression levels prior to and after the treatment. That
is, in one embodiment, the genes listed i Table 2 serve as a biomarker for clinical efficacy of

the antimiR-155 treatment.

{66119} In some embodiments, the nvention provides methods of diagnosing CTCL by
measuring the level of miR-135 i a subject suspected of soffering from CTCL in comparison
to a reference level, wherein the higher expression of miR-155 in the subject indicates the
subject 18 suffering from CTCL. The level of expression of miR-155 m the subject suspected
of suffering from CTCL may be determined usmg cells isolated from skin lesions of the
subject, plasma, serum, white blood cells, or PBMCs. In certain embodiments, the invention
provides methods of diagnosing mycosis fungoides form of CTCL by measuring the level of
miR-155 mn a subject 1n comparison to a reference level, wherein the higher expression of
miR-155 in the subject mdicates the subject is suffering from the MF form of CTCL. In
some other embodiments, the invention provides methods for assessing the response (o an
amtimiR-135 treatment by determuning a level of expression of miR-155 in the subject
undergoing the treatment in comparison to a reference level of nuR-155. The reference level
can be the level of miR-155 in a healthy subject or the mean or median level of miR-155
from a group of healthv subjects or the level of miR-155 m a subject having Sczary

syndrome.

{86128 The present invention also provides pharmaceutical compositions comprising an

oligonucleotide inhibitor of miR-155 as disclosed herein and a phamnaceutically acceptable

carner or excipient. In one embodiment, the pharmaceutical composition comprises an

effective dose of an oligomucleotide mhibitor of miR-155 having a sequence of 11 to 16

nucleotides, wherein the oligonucleotide inhibitor is fully complementary to a mature
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sequence of miR-155 and has a full phosphorothicate backbone; and wherein at least the first
three nucleotides from the 37 end of the oligonucleotide inhibitor are locked nuclectides and
at lecast the second nucleotide from the 5 end of the oligonucleotide inhibitor is a

deoxyrbonucleic acid (DNA} nucleotide.

1036121} In ancther embodiment, the phamaceutical composition comprises an effective dose
of an oligonucleotide mhibitor of muR-155 that bas a sequence of 11 to 14 nucleotides,
wherein the oligonuacleotide inhibitor is fully complementary to a mature sequence of miR-
155 and has a full phosphorothioate backbone; and wherein at ieast the first three nucleotides
from the 3° end of said oligonucleotide inhibitor are modified nucleotides and at least the
second nucleotide from the 57 end of the oligonucleotide nhibitor is a deoxyribonucieic acid

(DNA} naclestide,

166122} in another embodiment, the pharmaceutical composition comprises an effective dose
of an oligonucleotide inhibitor of muR-155 that has a sequence of 11 to 14 nucleotides,
wherein the oligonucleotide inhibitor is fully complementary to a mature sequence of miR-
155 and has a full phosphorothioate backbone; and wherein at least 7 nucleotides of said
oligonucleotide mhibttor are modified nucleotides and at least the second nucleotide from the

57 end of the oligonucleotide inhibitor 1s a deoxvribonucleic acitd (BNA} nucleotide.

{00123} In vet another embodiment, the pharmaceutical composition comprises an effective
dose of an cligonucleotide inhibitor of miR-155 that has a sequence of 11 to 14 nucleotides,
wherein the oligonuclestide inhibitor is fully complementary to a mature sequence of miR-
155 and bas a full phosphorothioate backbone; and wherein at feast the first three nucleotides
from 37 end of said oligonucleotide inhibitor are modified nucleotides and at least the fourth
and fifth nucleotides from the 57 end of the ohgonucleotide inhibitor are deoxyribonucleic

acid (BNA} nucleotides.

[86124] In certain embodiments, pharmaceutical compositions comprise an effective dose of
an ohigonucleotide mhubitor having a sequence selected from the group consisting of SE(Q ID
NG: 22, SEGQ ID NO: 23, and SEQ 1D NO: 25 In some other embodiments, pharmaceutical
compositions comprige an effective dose of an oligonucleotide mhibitor having a sequence

9. 43, 44, 47,58, 84, 99, 111, 115,

[9%]

selected from the group consisting of SEQ 1D NQs: 33,
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and 120, In yet other embodiments, the pharmaceutical composition comprises an

oligonucleotide mhibitor having a sequence selected from the sequences listed in Table 1.

[B8125] An “effective dose” is an amount sufficient to effect a beneficial or desived clinical
result. An effective dose of an oligonucleotide whibitor of miR-155 of the invention may be
from about 1 mg/kg to about 100 mg/kg, about 2.5 mg/kg to about 50 mg/kg, or about 5
mg/kg to about 25 mg/kg. In some embodiments, an effective dose may be about 18.75, 37.5,
or 75 mg of the oligonuclectide inhibitor per skin lesion of the patient. The precise
determination of what would be considered an effective dose may be based on factors
mdividual to cach paticnt, mcluding their size, age, type of disorder, and form of inhibitor
{e.g. naked oligonucieotide or an expression construct efe.). Therefore, dosages can be
readily ascertamned by those of ordinary skill in the art from this disclosure and the

knowledge in the art.

[86126] In certain embodiments, the invention contermplates the use of a HDAC inlibitor in
combination with the oligonucleotide inhibitors of the invention. In embodiments where a
HBAC inhibitor is included, the HDAC mhubttor may be adounistered concurrently but in
separate formulations or sequentially.  In other embodiments, the HDAC inlubitor may be
administered at different times prior to or after administration of a miR-155 mhubitor. Where
chnical apphications are contemplated, pharmaceutical composttions will be prepared in a
form appropriate for the intended application. Generally, this will entail preparing
compositions that are essentially free of pyrogens, as well as other impurities that could be

harmaful to humans or animals.

[B8127] In one embodiment, the mvention provides topical compositions comprnising the
oligonuclectide inhibitors of miR-155 and one or more cosmetically or pharmaceutically
acceptable carriers or excipients. The term “cosmetically acceptable” as used herein means
that the carriers or excipients are suitable for use in contact with tissues {c.g., the skin)

without undue toxicity, incompatibility, instabilitv, irritation, allergic response, and the like.

{86128} Cosmetic or pharmaceutical carriers or excipients can be liguids, such as water and
oils, mcluding those of petroleum, animal, vegetable or synthetic ongin, such as peanut oil,
sovbean otl, mineral o1l, sesame oil and the like. Topical compositions often comprise an oil-

m-water or a water-in-oil emulsion. The nvention encompasses using such emulsions for
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preparing topical composition of antimiR-135 compounds. Suitable pharmaceutical carriers
are described in “Remington's Pharmaceutical Sciences™ by E. W, Martin., Switabke cosmetic

carriers are described below.

[88129] In one embodiment, the cosmetically acceptable topical carrter 1s from about 50% to
about 99.99%, by weight, of the composition {e.g., from about 80% to about 99%, by weight,
of the composition}. The topical compositions mclude, but are not limited to, solutions,
lotions, creams, gels, sticks, sprays, oimtments, cleansing liguid washes, sobd bars, shampoos,
pastes, foams, powders, mousses, shaving creams, wipes, patches, nail lacquers, wound
dressing, adhesive bandages, hyvdrogels, and films. These product types may comprise several
types of cosmetically acceptable topical carriers including, but not hmited to solutions,
emulsions {(e.g., microemulsions and nanoemulsions), gels, solids and liposomes. Certain
non-limitative examples of such carriers are set forth hereinbelow. Other suitable carriers

may be formulated by those of ordmary skill i the art.

{80136} Topical compositions useful in the present invention may be formulated as a solution
corprsing an emolliont. Such compositions preferably contain from about 1% to about 50%
of an emollient{s). As used hercin, the term “emollient” refers to matenals used for the
prevention or relief of dryness, as well as for the protection of the skin. A number of suitable
emollients are known and may be used in the present invention. For example, Sagarin,
Cosmetics, Science and Techuoology, 2nd Edition, Vol 1, pp. 32-43 (1972) and the
Intemational Cosmetic Ingredient Dictionary and Handbook, eds. Wennimger and McEwen,
pp. 1656-61, 1626, and 1654-55 (The Cosmetic, Tailetry, and Fragrance Assoc., Washington,
DB.C., 7th Edition, 1997) (heremafter “ICI Handbook™) contains numerous oxamples of

suttable matenals.

1061311 A lotion can be made from such a solution. Lotions typically comprise from about
1% to about 20% {c.g., from about 5% to about 10%) of an emolhient(s} and from about 50%

to about 90% (e.g., from about 60% to about 30%6) ot water.

180132} Another type of product that may be formulated from a sohution is a cream. A cream
typically comprises from about 3% to about 30% {e.g., from about 10% to about 20%) of an

emolhient{s) and from about 45% to about 85% (¢.g., from about 50% to about 75%:;} of water.
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180133} Yet another type of product that may be formulated from a solution is an ointment.
An ointment may comprise a simple base of animal or vegetable oils or semi-solid
bvdrocarbons. An omtment may comprise from about 2% to about 10% of an emollicnt{s)
plus from about 0.1% to about 2% of a thickening ageni(s). A more complete disclosure of
thickening agents or viscosity mwreasing agents uscful heremn can be found in Sagarin,
Cosmetics, Science and Technology, 2nd Edition, Vol 1, pp. 72-73 (1972} and the ICI
Handbook pp. 1693-1697,

{86134} The topical compositions useful 1n the present invention may be formulated as
cmulsions. if the carrier is an emulsion, from about 1% to about 10% (c.g., from about 2% to
about 5%) of the carrier comprises an emulsifier(s). Emulsifiers may be nonionic, amonic or
cationic. Suitable emulsifiers are disclosed in, for example, m McCutcheon's Detergents and
Emulsificrs, North Amenican Edition, pp. 317-324 (1986}, and the ICT Handbook, pp.1673-
1686.

{86135] Lotions and creams can be formulated as emulsions. Typically such lotions comprise
from 0.5% to about 5% of an emulsifier(s). Such creams would typically comprise from
about 1% to about 20% (e.g., from about 5% to about 10%) of an emollient(s). from about
20% to about 80% {¢.g., from 30% to about 70%) of water; and from about 1% to about 10%

{e.g.. from about 2% to about 3%} of an emulsifier(s).

180136} Single emulsion skin care preparations, sach as lotions and creams, of the oil-in-
water type and water-in-oil type are well known i the cosmetic art and are usefid in the
present mvention. Multiphase enwulsion composttions, for example the water-in-oil-in-water
type, as disclosed m U.S. Pat. Nos. 4,254,105 and 4,960,764, may also be useful mn the
present invention. In general, such single or multiphase emulsions contain water, emollients,

and emulsifiers as essential ingredients.

[86137] The topical compositions of this invention can also be formulated as a gel (c.g., an
agueous, alcohol, alcchol/iwater, or oil gel using a suitable gelling agent(s)). Suitable gelling
agents for aqueous gels include, but are not limited to, natural gums, acryvlic acid and acrvlate
polymers and copolymers, and ceilulose denvatives {e.g., hyvdroxymethyl cellulose and
hydroxypropyl cellulose}. Swuitable gelling agents for oils {such as mineral oil} mclude, but

are not lmited to, hydrogenated butylenc/ethylene/styrene copolymer and hyvdrogenated
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cthylenc/propvlene/styrene copolvmer. Such gels tvpically comprise between about 0.1% and

5%. by weight, of such gelling agents.

{36138} Liposomal formulations are also useful compositions of the subject invention. In one
embodiment, the oligonucleotides are contained within the liposome. Examples of liposomes
are unilamellar, mulilamellar, and paucilamellar liposomes, which may or may not contain
phospholipids. Such compositions can be prepared by combining the oligonucleotide
mhibitor with a phospholipid, such as dipalmitoviphosphatidyl choline, cholesterol and water.
Commercially available fat emulsions that may be soitable for delivering the nucleic acids of
the mvention to cancer cells or the skin tissue include Intralipid®, Liposyn®, Liposyn® i,
Liposyn® I, Nutrilipid, and other similar lipid emulsions. A preferred colloidal system for
use as a debivery vehicle in vivo 1s a liposome (i¢., an artificial membrane vesicle). The
preparation and use of such systems is well known in the art.  Exemplary formulations are
also disclosed m US 5,981,305, US 6,217,900; US 6,383,512, US 5,783,565, US 7,202,227,
US 6,379,965 US 6,127 170, US 5,837,533; US 6,747,014; and W003/093449, which are

herein incorporated by reference in their entircties.

{30139} The liposome preparation may then be incorporated into one of the above carriers
{e.g., a gel or an oil-in-water cmulsion} in order to prodace the liposomal formmuation. Other
compositions and uses of topically applied hposomes are described in Mezer, M,
“Liposomes as a Skin Drug Delivery System”, Topics i Pharmaccutical Sciences (D
Breimer and P. Speiser, eds. ), Elsevier Science Publishers B, V., New York, N.Y ., 1985, pp.
345-358, PCT Patent Application No. WO056/31194, Niemuec, et al.,, 12 Pharm. Res. 1184-88
(1995), and U.8. Pat. No. 5,260,065,

{00140} In one embodiment, the liposomes are present in the topical composition in an
amount, based vpon the total vohume of the composition, of from about 5 mg/ml to about 100

mg/ml such as from about 10 mg/md to about 50 mg/ml.

[86141] In addition to the above carners and excipients, other emollients and surface active
agents can be incorporated in the emulsions, including glycero! tricleate, acetylated sucrose
distearate, sorbitan trioleate, polvoxyethylene (1) monostearate, glvcerol monooleate, sucrose
distearate, polyethvlene glyeol (50} monostearate, octylphenoxypoly (ethylencoxy) ethanol,

decaglveerin  penta-isostcarate, sorbitan  sesquuoleate, hydroxylated lanolin, lanolin,
43



WO 2016/197024 PCT/US2016/035865

triglveeryl diisostearate, polvoxyethylene (2} oleyl cther, calcium stearoyl-2-lactylate, methyl
glucoside sesquistearate, sorbitan monopalmutate, methoxy polyethylene glveol-22/dodecyl
glycol copolymer {Elfacos E200), polvethylene glycol-45/dodecyl glveol copolymer {Elfacos
579}, polvethviene glycol 400 distearate, and lanohin derived sterol extracts, giveol stearate
and glycerol stearate; alcohols, such as cetyl alcobol and lanolin alcohol; myristates, such as
isopropyl myristate; cetyl palmitate; cholestercl; stearic acid; propylene glvcol, glycering,

sorbitod and the like.

{86142} In certain embodiments, liposomes used for delivery are amphoteric liposomes such
SMARTICLES® (Marina Biotech, Inc) which are described in detail in U.S. Pre-grant
Publication No. 20110076322, The surface charge on the SMARTICLES® 1s fully reversible
which make them particulardy suitable for the delivery of nucleic acids. SMARTICLES®
can be delivered via injection, remain stable, and aggregate free and cross cell membranes o

deliver the nucleic acids.

{86143} One will generally desire to employ appropnate salts and buffers to render delivery
vehicles stable and allow for uptake bv target cells. Phammaceutical compositions of the
present invention comprise an effective amount of the delivery vehicle comprising the
mhibitor polynucleotides (e.g. liposomes or other complexes or expression vectors) dissolved
or dispersed in a pharmaceutically acceptable carrier or aqueous medium.  The phrases
“pharmaceutically acceptable” or “pharmacologically aceeptable” refers to molecular entities
and compositions that do not produce adverse, allergic, or other untoward reactions when
administered to an animal or a human. As used herein, “pharmaceutically acceptable carrier”
ncludes solvents, buffers, solutions, dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents and the Iike acceptable for use mn formulating
pharmaceuticals, such as pharmaceuticals suitable for administration to humans. The use of
such media and agents for pharmaceutically active substances is well known i the art
Except insofar as anv conventional media or agent is incompatible with the active ingredients
of the present invention, its use in therapeutic compositions is contemplated. Supplementary
active ingredients also can be incorporated into the compositions, provided they do not

mactivate the vectors or polynuclectides of the compositions.

{88144 The active compositions of the present invention may include classic pharmaceutical

preparations.  Administration of these compositions according to the present mvention may
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be via any common rouie so long as the target tissue 1s available via that route. This inchudes
oral, topical, parenteral, imtradermal, subcutancous, or intravenous injection. In another
cmbodiment, compositions comprising oligonucicotide inhibitors of miR-155 as described
herein may be formulated in the form switable for a topical application such as a cream,

gintment, paste, lotion, or gel.

[06145] The active compounds may also be administered parenterally. By way of
tHustration, solutions of the active compounds as free base or pharmacologically acceptable
salts can be prepared in  water suitably mixed with a surfactant. such as
hydroxypropvicelivlose. Dispersions can also be propared in glveerol, liquid polyethyiene
glycols, and mixtures thereof and m ois. Under ordinary conditions of storage and use, these

preparations generally contain a preservative to prevent the growth of microorgamsms,

[06146] The phammacentical forms suitable for injectable use include, for example, sterile
agueous solutions or dispersions and sterile powders for the extemporancous preparation of
sterile injectable sohutions or dispersions. Generally, these preparations are sterile and fhud
to the extent that casy injectability exists. Preparations should be stable under the conditions
of manufacture and storage and should be preserved agamst the contanunating action of
microorganisms, such as bacteria and fungi. Appropriate solvents or dispersion media may
contain, for example, water, ethanol, polyol (for example, glvcerol, propylene glycol, and
ligud polvethylene glveol, and the like), suitable mixtures thereof, and vegetable otls. The
proper fluidity can be maintained, for example, by the use of a coating, such as lecithin, by
the maintenance of the required particle size in the case of dispersion and by the use of
surfactants. The provention of the action of microorganisms can be brought about by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
thimerosal, and the hke. In many cases, it will be preferable to include 1sotonic agents, for
example, sugars or sodium chloride. Prolonged absorption of the injectable compositions can
be brought about by the use in the compositions of agents delaying absorption, for example,

aluminum monostearate and gelatin.

{86147 Steride injectable sclutions may be prepared by incorporating the active compounds

m an appropriate amount mto a solvent along with anv other ingredients {for example as

enumerated above) as desired, followed by filtered stenlization.  Generally, dispersions are

prepared by incorporating the varnous sterilized active ingredients into a sterile vehicle which
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contains the basic dispersion medium and the desired other ingredients, e.g., as enumerated
above. In the case of sterile powders for the preparation of sterile injectable sohutions, the
preferred methods of preparation include vacuum-drving and trecze-dryving technigues which
vield a powder of the active ingredient(s) plus any additional desired ingredient from a

previously stenile-filtered sohution thergof

{00148} The compositions of the present invention generally may be formulated m a neutral
or salt form. Phamaceutically-acceptable salts include, for example, acid addition salts
{formed with the free amino groups of the protein} derived from inorganic acids {(e.g.,
bydrochloric or phosphoric acids), or from orgamic acids (eg., acetic, oxalic, tartaric,
mandelic, and the fike). Salis formed with the free carboxyl groups of the protein can also be
dertved from inorganic bases (e.g., sodiom, potassium, ammonium, calcium, or feric
hydroxides) or from organic bases {¢.g., isopropylamine, trimethylamine, histidine, procaine

and the like).

{86149} Upon formulation, compositions are preferably administered in a manner compatible
with the dosage formulation and in such amount as is therapeutically effective.  The
formulations may easily be administered 1 a varety of dosage forms such as njectable
solutions, cream, omtment, paste, lotion, or gel and the like. For parenteral administration in
an agueous solution, for example, the solotion generally is suitably buffered and the liquid
diluent first rendered isotonic for example with sufficient saline or glucose. Such aqueous
solutions may be used, for example, for intravenous, subcutancous, and intradermal
administration. Preferably. sterile agueous media are emploved as is known to those of skill
m the art, particulardy in light of the present disclosure. Some variation in dosage will
necessarily occur depending on the condition of the subject being treated. The person
responsible for administration will, in any event, determine the appropriate dose for the
mdividual subject. Moreover, for human administration, preparations should meet steridity,

pvrogenicity, general safety and purity standards as required by regulatory agencics.

[8613¢] In certain embodiments of the invention, the pharmaceutical compositions of the
mvention are packaged with or stored within a device for administration. Devices for
mjectable formulations include, but are not limited to, pre-filled svringes, injection ports,
agtoinjectors, njection pumps, and injection pens. Devices for acrosolized or powder

formudations mchade, but are not limited to, imhalers, insufflators, aspirators, and the like.
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Bevices for dermal delivery of compositions of the present invention also mchide dermal
microneedle injection or patches. Thus, the present invention includes administration devices
compnsing a pharmaceutical composition of the invention for treating or preventing one or

more of the disorders deseribed herein.

106151] This mvention is further dlustrated by the following additional examples that should
not be construed as bmiting.  Those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made to the specific embodiments which are
disciosed and still obtain a like or similar result without departing from the spirit and scope of

the invention.

EXAMPLES:

Example 1. Olisonucleotide inhibitors of nuR-155 (FantimuiR-1557) are active i mveosis

fungoides cell lines which show increased miR-155 expression

106152] To characterize miR-155-5p expression o cell Hnes derived from CTCL patients, the
absolute levels of miR-155-5p in mycosis fungoides (MF), S¢zary syndrome (58), and a
CTCL cell line classified as neither MF nor 85 were measured. The cellular, pathological,

and molecular characteristics of the cell lines examined are shown in Table 3.

Table 3. Characteristics of CTCL Cell Lines

Name Disease Age Tissue source Expressed Molecular
Antigens Characteristics

HuT78 Sézary 53 Peripheral CD4+ HTLV-
syndrome blood

MJ Mycosis 56 Peripheral CDd+, CD3+, HTLV+
fungoides blood D2+

My-La Mycosis &2 Skin plaque CD4+, CD3+, HTLV-
fungomdes D2+

HeT102 Mycosis 26 Lymph node Chd+ HTLV+
fungoides

HH Neither 61 Penpheral CD4+, CD3+, HTLVY-
Mycosis blood CD2+, CD30+

fungoides nor
Sézary

syndrome
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[86133] The absolute expression of miR-155-5p in the CTCL cell lines compared to normal
peripheral CD4+ helper T-cells was measured by real time PUR. using total RNA isolated
from each cell tvpe as a template. Standard curves correlating Ct value to miR-155-5p copy
number were generated using a synthetic nuR-155-5p RNA template. The copy number per
cell of miR-155-5p was extrapolated from the Ct values determined for CTCL RNA samples
or normal CD4+ T-cell RNA sample using the standard corve gengrated with the synthetic
template, assuming 10 pg of total KNA per cell (Figure 1). The mycosis fungoides cell lines
(Huo'T102, MJ, and My-La}, as well as the idiopathic cell line (HH), showed high expression
of miR-155-5p compared to normal CD4+ T-cells, while the cell hine derived from a Sézary

syndrome patient (HuT78) did not overexpress nmuR-~1535-5p.

[008154] CTCL cell lines were cultured in complete growth medium with the addition of
antioiR-155 compound 1 (SEQ 1D NG: 273, compound 2 (SEQ ID NO: 22}, compound 3
(SEQ 1D NO: 23), and compound 4 (SEQ 1D NO: 25) at concentrations ranging from 2 uM
to 50 uM. The antimiRs were added to the medivm without any additional components to
enhance ccliular uptake. Cells were harvested after 72 hours of treatment and total RNA was
purified. Real time PCR was performed for 13 direct gene targets of muiR-155 (Worm ¢t al.
2009; O’ Connell et al. 2010; Zhang et al. 2012; and miRagen unpublished data). The relative
fold-change m the expression of the 13 genes in the antimiR-treated cells compared to the
unireated cells was calculated.  Figure 2 shows a “heat map” representation of gene
expression changes in response to 72 hours of treatment with 10 pM of the indicated antimiR.
Four predicted direct targets that lacked expression in at least one cell line were omitted. The
gene expression fold-changes were loglU-transformed, plotied on a red to blue colorimetric
scale, where the most intense red represents the highest relative increase in gene expression,
and conversely, the most intense blue is the greatest reduction in gene expression. The heat
map showed that the expression of sgveral of the miR-155-5p target genes was modulated
upon exposure to the miR-155-5p antagonists in three mycosis fungoides cell lines (M,
HuT102, and My-La). Similar, but more modest genc expression changes were observed in
the idiopathic cell bine (HH) that cxpresses high levels of nuR-155-3p. In contrast,
expression of these genes was not significantly altered in the Sézary syndrome cell lne
{Hu'T78) that expresses low levels of miR-135-5p, indicating that the changes in the gene
expression levels in mycosis fungoides cell bines and HH cell line are mediated by

antagomsm of miR-155-5p.
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Example 2. AntimiR-155 compounds 2 (SEQ 1D NG: 22} and 4 (SEQ 1D NO: 253 show

oreater activity in myceosis funsoides cells lines compared to other antmiR compounds

{O0155] Four ducct gene targets of miR-155-5p (Bachl, Jand2, Picalm, and Shipl) were
chosen for additional analysis, as these four genes were modulated by antiniR-155 i all
three myeosts fungoides cell ings (M, HuT102, and My-La}. These genes were chosen o
represent the gene expression signature for antimiR activity in vitro. Additionally, the four-
gene signature was used to compare the activity of the antimuR compounds. These gene
changes were reproducible over three independent experiments with cells of varving passage
numbers. Figures 3, 4, 5, 6, and 7 show the fold-change results of this four-gene signature in
the HuT102, MJ, HH, My-La, and Hut78 cell lines, respectively. * p-value < 0.0001 vs
unireated by nonparametric Mann-Whitney test. The Mann-Whitnev fest was chosen because

the variances are unequal between the treatments compared to untreated cells.

[06136] The cumulative data across three doses (2 uM, 10 uM, and 50 uM) and three
mveosis fungoides cell ines showed that compounds 2 (SEQ 1D NG: 22) and 4 (SEQ 1D NO:
23} were more active than compounds 1 (SEQ ID NO: 27y and 3 (8EQ 1D NO: 23}, As
shown m Figure 7, all four antimiR-155-5p compounds showed no statistically significant
activity m the Sézary syndrome hine (Hu'T78), which is consistent with the lower expression

levels of miR-155 in this cell line as shown in Figure 1.

Example 3. Gene expression chanszes mnduced by antimiB-155 treatment are specific 1o the

whibition of muR-135

{80157} To test the specificity of the gene expression changes induced by antimiR-155
compounds of the invention, mycosis fungoides cell lines were treated with oligos that do not
target miR-155 {control oligos). The control oligonucleotide was a I4-nucleotide antimiR
targeting a (. elegans miRNA not expressed m mammals (control 1). The second oligo is a
scramble of the 14-nucleotide sequence of antimiR-155 compound 4 (control 2}. The M and
HuT102 cell lines were incubated with 10 M antimiR-155 compounds 3 (SEQ 1D NGO: 23)
or 4 (SEQ ID NG: 25) or the two control oligos for 72 hours. Figure 8 shows the fold-change
i gene expression for the four divect targets of muR-153-5p as measured by PCR. The gene
expression signature in cells treated with antiniR-155 compounds 3 (SEQ 1D NO: 23) or 4
(SEQ D NO: 25) was statistically significantly ditferent from that of untreated cells. In
contrast, genc expression in cells treated with control compounds was not different from that

of untreated cells. These results show that the miR-155 direct targets were de-repressed in
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response to the miR-155 mhibition, and not due to non-specific effects of oligo treatment. *

prvalue < 0.0001 vs gatreated by nonparametric Mann-Whiiney test.

Examuple 4. Whole senome expression profiling of CTCL cell lines treated with antinuR-155

confirm target ensagement and provide mechanistic mgight

{00158} To gain a more complete understanding of the molecular consequences of miR-155
mhbibition in mycosis fungoides cell lines, whole genome transcriptome profiling was
performed on MJI and HuT102 cell hines treated with antimiR-155 compounds 3 (SEQ ID
NG: 233 or 4 (SEQ 1D NO: 25) for 4 days (96 hours) or 8 days. The statistically-significant
gene expression signature was defined by one-way ANOVA for antimiB-treated cells
compared to untreated cells at the same time point. Data were filiered for genes that were
significantly changed with a false discovery rate corrected p-value of £ 0.03. The fold-change

results are shown in Figures 9 and 10 as heat maps, as described for Figure 2.

[86139] Examimnation of the global gene expression signatures at Day 4 and Day 8 suggested
a time course for the gene expression changes in response to the antimiR-155 treatment:
unigue gene sets were identified that were regulated at the carly time point (4 davs), or at the
late time point (8 days), as well as some genes that were changed at both time points (Figure
S for the MJ profile, Figure 10 for the HaT102 profile). Furthermore, the expression profiling
identified unique gene sets regulated m cach cell line, as well as some genes regulated in both
cell lines. Compound 4 (SEQ ID NO: 25) demonstrated a greater magnitude of genc
regulation i both cell ines and at both time points, as demonstrated by the greater intensity

of blue and red colors across the Compound 4 (SEQ 1D NO: 25) heat map.

{30160} The gene expression profile common to both cell ines and both compounds at Day 4
was analyzed for the enrichment of miR-155-5p seed-matched gene targets (8-, 7-, and 6-
nucleotide binding sites}. The fold-change of these genes is represented i a heat map n
Figure 11, This signature of 150 up-regulated genes was significantly enriched for miR-155-
5p seed-matched targets (8-, 7-, and 6-nucleotide binding sites), with a hypergeometric p-
value of 1.6 x 107 (Figure 11A). Analysis by cumulative distribution function confirmed
enrichment for sced-matched targeis, and demonstrated enrichment for 8mer>7mer>tmer
binding sites (Figure 11B). The genc signature was also analyzed using the DAVID

bicinformatic rescurce for functional gene annotation enrichment (Huang da et al., 2009).
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There was no significant enrichment of Gene Ontology database terms as defined by a

Benjamini-corrected p-value of <0.01.

{30161} The gene expression signature coromon to both cell Iines and both compounds at
Day 8 (677 genes in total) was subjected to analysis for ennchment of seed-maiched gene
targets and for functional gene annotation. The up-regulated gene signature was significantly
enriched for sced-matched targets with a hypergeometric p-value of < 10, Unlike the Day 4
signature, the Day & signature also showed strong enrichment of two functional annotation
terms: antigen presentation in the up-regulated signature, and mitotic cell cycle 1n the down-
regulated signature (Figure 12). Together, these rosults confirm that the effect of the antimiR
compounds 1s mediated by the inhibition of miR-~-155-5p and its direct gene targets, and that
phenotypes elicited by the mhibition of miR-155-5p function may include enhanced antigen

presentation and reduction in proliferation.

[86162] The activity of antimiR-155 compound 4 (SEQ ID NG: 25} was further investigated
by treating the third mycosis fungoides cell ine, MyLa, with compound 4 (SEQ ID NO: 25)
for 4 days and 8 days and profiling the changes in genc expression. To test the spectficity of
compound 4 (SEQ 1D NO: 25), cells of the Sézary syndrome cell hine (Hu'T78) were treated
with compound 4 (SEQ 1D NO: 23) for & days and the changes in gene expression were
profiled. These results are shown in Figure 13, Genes that are statistically changed with a
false discovery rate (FDR) corrected p-value of <G.05 in response to compound 4 (SEQ 1D
NO: 25) in three mycosis fungoides cell ings, HuT102, MI, and My-La, are depicted in the
heat map as described above. The total number of genes in the heat map 15 324, Figure 13
shows that the treatment of Sézary syndrome ccll line HuT78 with compound 4 (SEQ 1D NO:
25) did not show much change in the gene expression indicating that the gene expression
changes m mycosis fungoides cell lines are indeed due to the mhibition of miR-155-3p by

compound 4 (SEQ 1D NG 25).

{00163} Additionally, genes regulated by compound 4 (SEQ [D NO: 25) in all three mycosis

fungoides cell lines were identified as a biomarker signatore that could be used for clinical

assessment of treatment with antimiR-155 compounds, such as compound 4 (SEQ ID NO:

25}, of the mvention. The identified set of genes was up-regulated in all three cell hines or

down-regulated in all three cell lines. Common signatures for each time point {Day 4 and

Day 8) were identified and then combined into a single gene list {Table 23 No filter was
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placed on the magnitude of gene expression. Therefore, Table 2 contains genes that are
regulated only at Bay 4, or only at Day &, or regulated at both time points. Table 2 contains
587 genes comprising carly (direct) targets and downstream (indirect) targets regulated by
corapound 4 (SEQ ID NO: 25) (Figure 21). The gene hist in Table 2 mcludes the direct
targets Bachl, Picalm, and Jarid2, demonstrating that these genegs are robust markers of the

compound 4 (SEGQ 1D NO: 23) activity across multiple cell lines and time points.

Example 5 AntimuR-155 compounds of the invention inhibits cell proliferation and increases

apoptosis i CTCL cells

[00164] Passive uptake of antimiR-~155 compounds by CTCL cells produced a significant
reduction in cellular proliferation and induced programmed cell death. These effects were
observed n two CTCL cell lines, HuT102 and MyLa. AntimiR-153 compounds 2 (SEQ 1D
NG 22y and 4 (SEQ 1D NO: 25} that demonstrated a greater target de-repression than
antiniR~155 compound 3 (SEQ 1D NG: 23) in both HuT102 and MyLa cell lines, showed a

greater inlubition of proliferation and greater apoptotic activity.

180165} Figure 14A shows the effect of antimiR-155 compound 4 (SEQ ID NO: 25} on
proliferation of HuT-102 cells over ime. Since the level of ATP correlates directly with cell
number, ATP was measured to determine the cell number. The effect of compound 4 (SEQ
1D NG: 253 on cell number was comparable to that scen with bexarotene, a standard-of-care
therapy for CTCL (Figure 14A}. The reduction in cell mumber was accompanied by an
mcrease in apoptosis as measured by caspase 3/7 activity (Figure 14B). The caspase 3 and 7
proteins are members of the cystemne aspartic acid-specific protease {caspase) family. The
caspase family plays key effoctor roles in apoptosis tn mammalian cells. Caspase activity was
normalized to ATP levels, as all cells have a low level of basal caspase activity that can
confound the results if not normalized appropriately. Compound 4 (SEQ 1D NO: 25) showed

greater indoction of apoptosis than bexarotene (Figure 14B).

{06166} In addition to a time course, a dose titration of antimiR-155 compounds in HuT102
cells was performed with ATP and caspase 3/7 measurements performed after eight days of
treatment (Figures 15A and 15B, respectively}. These results confirm the mhibitory potential

of compound 4 {(SEQ 1D NO: 25).
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[86167] Smmilar effects on proliferation and caspase 3/7 activation were observed with
antimiR-155 compound 2 (SEQ 1D NG 22) at day 8 in HuT-102 cells (Figures 16A and 16B,

respectively).

[08168] Compound 4 (SEQ ID NO: 25} showed similar activity in a second mycosis
fungoides cell line, My-La cells. Figures 17A and 178 show proliferation and activation of
caspase 3/7 over time with compounds 3 (SEQ 1D NG: 23) and 4 (SEQ 1D NO: 25). Similar
to HuT102 cells, compound 4 (SEQ ID NO: 253 showed greater activity compared to
compound 3 {(SEQ ID NG: 23}

{80169 In addition to a time course, a dose fitration of antinuR-~155 compounds in My-La
cells was performed with ATP and caspase 3/7 measuwrements after eight days of treatment
(Figures 18A and 18B, respectively). These results further confirm the inhibitory potential of

compound 4 (SEQ 1D NG: 25).

Example 6 AntimiR-153 treatment combined with an HDAC inhibitor enhances the effect on

cell proliferation and apopiosis achivity.

{30170} Vormostat {(chemical name: SAHA) 18 a standard-of-carc epigenctic therapy for
patients with advanced myveosis fimgoides. However, the side-effects of pan-HDAC
mwhibitors are well-described. To determine whether a combination therapy might show
enhanced activity compared to treatment with individual compounds, HuT102 cells were
treated with a sub-efficacious dose of SAHA combined with antimiR-155.

[86171] HuT102 cells were treated with 0.25 uM SAHA and 10 uM compound 3 (SEQ ID
NG: 23) or 4 (SEQ 1D NO: 235), individually or in combination. Cells were harvested daily to
measure ATP levels and caspase 3/7 activity.  ATP levels are shown in Figure 19A. A
similar experiment was performed with 0.50 gM SAHA. Figwre 19B shows ATP levels
obtained when HuT102 cells were treated with 0.50 uM SAHA and 10 M compound 3
(SEQ 1D NO: 23) or 4 (SEQ ID NG: 25), individually or in combination.

[86172] Figures 20A and 20B show the effect on caspase 3/7 activity. Compound 4 (SEQ ID
NG: 25) when combined with 0.25 or 0.5 uM of SAHA wesulted in increased apoptosis
compared to each treatment alone. This data suggests that antinuR-~155 ohigos can be used in

combination with low doses pan-HDAC mhibitor.
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Example 7: AntimiR-155 activity of oliconucleotides of different lensths

{86173} To assess the activity of a miR-155 inhibitor, a dual luciferase reporter assay svstem
was used. In brief, the binding site for miR-135 was cloned into the 37 UTR of the Renilia
luciferase gene located within the commercially-available psiCHECK-2 vector system
{Promega}. In the absence of a miR-~135 mhibitor, the expression of Renilla luciferase protein
1s repressed by a miR-155 mimic. In the presence of a miR-155 inhibitor, the expression of
Renilla luciferase protein is de-repressed. To control for transfection of the plasmud, the
vector contains a firefly luciferase gene that does not contain the miR-155 binding
site. Expression of either Rewilla or firefly luciferase is measured through detection of light

cmitted by the lnciferase protein.

[08174] 50 ng of the dual luciferase reporter plasmid containing the miR-155 binding site
was transfected into Hela cells without a miR-155 mumic ("Reporter” only), with 10 oM
miR-155 mimic ("Reporter + mimic”), with 10 oM miR-155 mimic and 2 nM of the control
oligomicleotide, or with 10 nM miR-155 mimic and 2 oM of a test miR-155 oligonuclectide
mhibitor of 11-14 nucleotide fengths (Table 4). The muR-155 mimic was purchased from
Dharmacon {(ouRIDIAN microRNA Human hsa-miR-155-5p mimic; Accession number
MIMATO0000646; catalog # C-300647-03-0005) and contains the mature miRNA sequenee: -
UUAAUGCUAAUCGUGAUAGGGGU- (SEQ ID NO: 1213 The control oligonucleotide
used i1} the experiment had the following sequence: 5-

ICs.dTs.dAs 1Gs.dAs 1A dAs 1Gs 1As dGs I Ts dAs 1Gs IA-37 (SEQ [D NO: 122).

Table 4
NO. Modified Seguence LNA # Length
25 5-10s,dAs;1Cs;dGs,0A5,iTs1Ts,dAs;1Gs,dCs;1AS;iTsITsIA-3 9 14
54 5~ 1AsICs;,dGs;dAs; [Ts,[Ts,dAs; IGs;dCs,1As,[Ts,iTs; A3 g 13
55 5'-1Cs;dGs;dAS;ITS; i Ts;dAs; IGs;dCs;iIAS 1TS TS IA-3 8 12
58 5-1Gs,;dAs;ITs;1Ts,dAs; I8s;dCs; 1As; TSI T3 IA-3 8 11

{00175} FIG. 22 shows that transfection of the reporter plasmid and the mimic resulted in the
maximal repression of luciferase; transtection of the reporter plasmud alone resulied in the
maximum expression of luciferase; transfection of the control oligonucicotide with the
reporter and the minmic did not de-repress the expression of Juciferase; and transfection of the
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test miR-155 oligonuclestide inhibitors with the reporter and the mimic de-repressed the
expression of huciferase to differing extents.
Example 8 AntimiR-133 activity of ohigonucleotides contaning varving number of locked

nucleotides {(LINAS)

106176] The eoxpenment was performed as described 1n Hxample 7 Tost muR-155
oligonucleotide inhibitors used in this expeniment differed in the number of LNAs contained
{Tables 5-8). The results are shown in FIGs, 23A (Table 5), 23B (Table 6}, 23C (Table 7),
and 23D {Table ).

Table 8
SEQ
[ NO. Modified Sequence LNA # Length
25 5-ICs;dAs;ICs,dCs;dAs;ITs,ITs;dAs; IGs,dCs;iAs;ITs;1Ts 1A-3 g 14
32 5-dCs;dAs;ICs;dGs;dAs;iTS;ITs;dAs IGs;dCs;1As;iTs; I Ts |A-3 8 14
33 5-iCs;iAs; s dCs;dAs;ITs; [Ts;dAs1Gs,dls 1As;ITs; i Ts;1A-3 10 14
34 5.ICs;dAs;dCs;dGs;dAs;ITs; I Ts;dAs IGs,dCs;1AsITs TS IA-F 8 14
35 5-iCs;dAs;ICs;IGs;dAs;ITs;Ts,dAs;1Gs;dCs 1As TSI Ts; 1A-3 10 14
38 5-ICs;dAs;ICs,d0Gs;1As;ITs; I Ts;dAs; IGs,dCs 1As;ITs,Ts 1A-3 10 14
37 5-ICs;0As;1Cs;,dGs dAs;dTs; I Ts;dAs; IGs;0Cs;1As; I Ts; T IA-F 8 14
38 5-iCs;dAs;ICs;dGs;dAs;ITs;dTs;dAs,1Gs dCs; lAs; TSI Ts |A-3 ] 14
39 5-ICs;dAs;ICs;dGs;dAs; TSI Ts;1As;1Gs,dCs 1As 1T Ts IA-3 10 14
40 5-iCs;dAs;ICs;,dGs;dAs;ITs I Ts;dAs,dGs;dCs;1As;ITs;[Ts IA-3 8 14
41 5-ICs;dAs;ICs,dGs dAs; Ts,ITs;dAs;IGs;ICs;1AsITs; I Ts; 1A-3' 10 14
42 5-ICs;dAs;ICs,dGs;dAs; TSI Ts;dAs IGs,dCsdAs; ITs; I Ts 1A-3 8 14
43 5-iCs;dAs;ICs;dGs;dAs;ITs I Ts;dAs1GS,dCs;iAs;dTs; TS 1A-3 8 14
44 5.iCs;dAs;iCs ,dGs dAs;ITs I TsdAs;IGs dCs;iAs; ITs;dTs 1A-3 8 14
45 5-Cs;dAs;ICs;dGs;dAs ITs;ITs;dAs;IGs;d0s;IAs;ITs; TS0 A-3 8 14

W
(]
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Table &

I NO. | Modified Seguence LNA # Length

25 5-iCs;dAs;ICs;dCs;dAs;ITs;ITs;dAs IGs;dCs|1AsITs [T iIA-Y g 14

54 | 5-IASICsidGs;dAS TSI TS dAS G dCS;AS TS, TS A3 g 13

57 5-dAs;iCs;dGs;dAs;[Ts,iTs,dAs;IGs,dCs; 1As;ITsiTs IA-3 3 13

58 5-iA5,dCsdGs dAsITsiTs,dAs;IGsdCs; IAs 1T TS IA-3 8 13

59 | 5-1ASICSIIGS;dAS;ITS TS dAS Gs;dCs IAS TSI Ts; A3 10 13

80 5.lAs[Cs:dGs;1As [ TsITs;dAsiGs dCs 1ASITs[Ts ) IA-Y 10 13

81 5-1A5;1Cs;dGs;dAs,dTsITs ,dAs; IGs,dCs;iAs; TS I Ts A3 8 13

g2 5-iAs1Cs ,dGs;dAs; I Ts,dTs;dAsIGs;dCsHAs TS, iTs; A3 8 13

63 5-iAs;10s,dGs;dAs; ITs;iTs, 1As; 1Gs;,dCs;lAs; TS, iTs IA-F 10 13

64 5-1A81CsdGs dAs; ITs;[Ts,dAs dGs dCs;lAs;iTsTs A3 8 13

85 5-1As;1Cs,dGs;dAs;ITs; i Ts;dAs;1Gs; 1Cs;1As; TSI TS 1A 10 13

&6 5-iAsiCs,dGs,dAs;ITs,Ts,dAs 1Gs,dCs, dAs [ Ts,iTs; IA-3 & 13

87 5-iAs1Cs;dGs 0As;ITs;ITs,dAs, 1Gs;d0s;I1As dTs:iTs IA-3 3 13

68 5-1As;1Cs,dGs;dAs;ITs;ITs;dAs 1Gs;dCs;lAsITs dTs IA-3 8 13

&9 5-iAsiCs dGs,dAs; I Ts;[Ts,dAs 1Gs,dCs; 1A ITs; I Ts,dA-3’ 8 13

Table 7

I3 NO. | Modified Seguence LNA # Length

25 5-iCs,dAs;ICs;dGs;dAs; TS Ts;dAsIGs dCs 1AsTs[Ts A3 9 14

55 5-10s,dGs,dAsITs,1Ts,dAs; IGs;dTs; IAs TsiTsIA-3 8 12

77 5-¢Cs,dGs,dAs;T5;1Ts,dAs;1Gs,dTs;1As; TS Ts IA-3 7 12

78 5-1Cs;1Gs;0As;ITs;ITs;dAs; 1Gs dCs 1As I Ts;iTs A3 9 12

79 5-iCs,dGs;lAsITs;ITs,dAsIGs,dCslAs T, iTs1A-3 9 12

80 5-iCs;dGs;dAs,dTs;1Ts,dAs;IGs.dTs; A TS 1Ts IA-3 7 12

81 5-1Cs,dGs dAs;ITs;dTs,dAs;IGsdCs IAs; 15T IA-3 7 12

82 5-iCs,dGs;dAs;ITs,1Ts1AsiGs,dCslAsITs; TS IA-F 9 12
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83 5-1Cs;dGs;dAs;ITs;iTsdAs;dGs;dCs1AsITs; T IA-3 7 12

84 5-ICs;0Gs;dAsITs;ITs;dAs;I3s,1Cs;IAs; I Ts;iTs 1A-3 9 12

85 5-Cs;dGs;dAs;ITs; I Ts;dAsIGs,dCs;dAs;Ts;Ts1A-3 7 12

86 5-ICs,dGs dAs;ITs;iTs;dAs;IGs;dCs; 1A dTs; i Ts IA-3' 7 12

87 5.ICs;0Gs;dAs I Ts;ITs;dAs I3s,d0s;1As;[Ts,d T IA-3 7 12

88 5-ICs;dGs,dAs;ITs;iTs;dAs;IGs,dCs;iAsTs;iTs,dA-3 7 12

Table 8

SEQ D
NO. Modified Sequence LNA# Length
25 5-iCs:dAs;ICs;dGs dAs;iTs ITs,dAs IGs;dCs;1As; I Ts; TS 1A-3 9 14
56 5.-1Gs;dAs;ITs;ITs;dAs;1Gs,dCs;lAs;ITs;iTs;1A-3 8 11
95 8-dGs;dAs;ITs;iTsdAs;iGs;dCs;1AsITs; Ts;1A-3' 7 11
28 5-iGs;1AsTs [T dAs iGs;dCs;lAs;I T8I Ts; IA-Y 9 11
a7 5-iGs;dAs,dTs;iTs;dAs;3s;dCs;1AsITs;iTs;IA-3' 7 11
98 5-iGs;dAs; | Ts:dTs;0As;IGs;dCs;1As [ Ts;iTs;1A-3' 7 11
99 51350451 TsITs;1As;IGs;dCs;|As;ITs I Ts; IA-Y 9 11
100 5-iGs;dAs;ITs;ITs;dAs;dGs;dCs;lAs; I Ts;iTs IA-3 7 11
161 8-1Gs;dAs; | TsITs;dAs;IGs;iCs; lAs;ITs; I Ts; A3 9 11
102 5-iGs;0AsITsITs;dAs;iGs;0Cs,dAs;ITs;iTs IA-3 7 11
103 5-iGs;dAs; | Ts;ITs;dAs;I1Gs,dCs;IAs;dTs;iTs;1A-3’ 7 11
104 5-1Gs;dAs; | TsITs dAs; 1Gs,dCs;lAs; | Ts;dTs;IA-3 7 11
105 51350451 TsITs;0As; (53,605, 1As; TSI TS, dA-3’ 7 11

Example 9: AntnmuR-153 activity of olisonucleotides containing LNA modifications at

Various posifions

{86177} The experniment was performed as described m Example 7. Test miR-155
oligonucleotide inhibitors used m this experiment differed 1 the posttion of LNA
modifications (Tables 9-12). The results are shown in FIGs. 24A (Table 9), 24B (Table 10},
24C (Table 11}, and 24D (Table 12,
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Table 8

I NO. | Modified Seguence LNA# | Length

25 5-iCs;dAsICs;dCs;dAs;ITs;ITs;dAs IGs;dCs1AsITs [T IA-Y g 14

48 5’-4Cs;1As;1Cs,;dGs;dAs; TS, [Ts;dAs;IGs dCs;1As T Ts A3 9 14

47 5-iCs;1A5,dCs,dGs dAs;iTs;Ts,dAs;IGs dCs; As; TS T A3 g 14

43 5-1Cs,dAs;dCs; ICs;dAs;ITs;ITs;dAs IGs,dC s IAsSITs; TS IA-F ¢ 14

49 | 5-ICs;dAS;ICs0GS 1A dTS; TS dASIGS 0CS 1AS; TS TS 1A-2 9 14

50 5.iCs:dAs;ICs,0Gs,0As,iTs:dTs1AsIGs;dCs 1As TSI TsiA-3 g 14

51 5'-iCs;dAsICs,dGs;dAs; TS 1Ts1As,dGs,dCs 1As,ITs; I Ts; 1A ¢ 14

52 5-iCs,dAs;ICs;dGs;dAs; TS [Ts;dAs;dGs ICs 1AsiTs [TsIA-F 9 14

53 5-i0s,dAs;1Cs,dGs;0As,ITs ITs,0A8,1Gs, ICs,0A8,1Ts,Ts; IA-3 g 14

Table 10

SEQ
1D NO. | Modified Sequence LNA# | Length

25 5-iCs,dAs;ICs;dGs;dAs; TS Ts;dAsIGs dCs;1As TS Ts A3 9 14

54 5-1As1Cs;dGs;dAs; TS, ITs dAs; 1Gs;dCs; 1As TS, TS A3 g 13

70 5-1A5,dCs;1Gs dAs;ITs;ITs;dAsIGs; dCs;lAsITsITs IA-3 g 13

71 5-iAs1Cs,dGs lAs;dTs {Ts,dAs;1Gs,dCs;lAs; ITs;iTs A3 9 13

72 5-1As1Cs:dGs;dAs; ITs;ITs dAs; 1Gs dCs;lAs;ITs; TS A3 g 13

73 5'-1A8,1Cs;dGs;dAsITs dT s iAsiGs dCs;lAsITs;ITs A5 g 13

74 5-iAs1Cs,dGs dAs;ITs s 1As dGs,dCs;lAs; ITs;iTs A3 9 13

75 5-As 10 dGs,dAs; TS ITs dAS; dGs;ICs; 1A ITs; T8 A3 g 13

76 5-1As1Cs;dGs;dAs; TS, ITs,dAs 1Gs;ICs, dAs; ITs; TS A3 g 13

Table 11

SEQ
I3 NO. { Modified Sequence LNA # Length

25 5-1Cs;dAs;1Cs,dGs;dAs;ITs;[Ts,dAs;IGs, dCs;lAs; TS [Ts |A-3 g 14

55 5-1Cs;dGs;dAs;ITs;Ts;dAs1Gs;dCs;iAsTs;iTs; IA-3 8 12
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89 5-dCs;|Gs;dAs;ITs;iTs;dAs;IGs,dCs; A, Ts;iTs 1A-3 8 12
20 5-ICs;0Gs;|As;dTs;iTs;dAs; 1Gs,d0s;As; [Ts;Ts1A-3' 8 12
81 5-1Cs;dGs dAs;Ts;dTslAs;1Gs,dCs;lAs 1T iTs IA-Y 3 12
82 5-ICs,dGs:dAs;ITs;iTs14s,dGs dCs;IAs;ITs;Ts A3 8 12
93 5-ICs;0Gs;dAsITs; i Ts;dAs dGs; ICs;lAs; [Ts;iTs1A-3' 8 12
94 5-ICs;dGs,dAs;ITs;iTs;dAs; IG5, ICs;dAs; [ Ts;iTs;1A-3 8 12
Table 12

SEQ

[ NO. | Modified Sequence LNA # Length
25 5.ICs;dAs;iCs dGs;dAs;ITs I Ts dAs IGs dCs;iAs;ITs; i Ts  1A-3 9 14
56 5'-iGs;dAs;ITs;iTs;dAs;IGs;dCs;1AS TS, Ts; IA-3 8 11
106 | 5-dGs;lAs;iTsiTs;dAs;IGs;dCTs;iAs;ITs; I TsIA-3 8 11
107 | 5-IGs;lAsdTs;ITs;dAsIGs;dCs; IAsITs; I Ts; 1A-3 8 11
108 | 5-IGs;dAs;iTs;dTs;lAsIGs;dCs;iAs;ITs; I Ts;1A-3 3 11
108 | 5-IGs;dAs;iTsTs;lAs;dGs dCs;lAs;ITs; Ts 1A 8 11
110 | 5-IGs;dAsITs;ITs;dAs;dGs;ICs;iAs;ITs; TS IA-3 8 11
111 5-1(3s,dAs;ITs,iTs;dAsIGs; ICs,;dAs;ITs; I Ts |A-3 8 11

Example 10: AntiouR-155 activity of oliconucleotides contamung varnous nucleotide

modifications

106178] The eoxpenment was performed as described 1n Hxample 7. Tost muR-155
oligonucleotide inhibitors used in this expeniment were 14 mucleotides in length and cach
contamed 9 nucleotide modifications {(Table 13}, The nucleotide modifications included
locked nucleotides (ENAs), sthylene-bridged nucleic acids/ ethylene-bridged onucleotides

{ENAs}, and 27-C-Bridged Bicvelic Nucleotide (CBBN}. The results are shown n FIG. 25.

Table 13
SEGQ
D
N, Modified Sequence Mod # Length
25 5-1Cs,0As;iICs,dGs,dAs;ITs;[Ts,dAs;IGs;dCs 1A I TS ITs; A3 9 14
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112 5-eCs;dAseCs,0Gs 0AseTseTs;dAs;eGs.dCs eAs eTs 2Ts A3 @ 14
113 | 5-iCs,dAs;ICs;dBs,dAs; I TsiTs;dAs;3s;,0Cs5;eAs1Ts;iTs,8A-3 9 14
114 5-aCs;dAs;eCs;dGs dAs TS ITsdAs: IGsdCs 1AsTs I Ts IA-Z 9 14
115 | 5-1Cs,0As;iCs,dGs dAs; Ts;iTs;dAs;eBs,dCs;lAsiTs;Ts; IA-3 g 14
116 5-Cs:dAs;ICs;d3s;dAs; eTs;eTs dAs;ICs dCs iAseTseTs A3 9 14
117 | 5-iCs,dAs;ICs,d3s,0As;Ts;eTs,dAs;1Gs;dCs;IAs IT5;iTs; IA-3 9 14
118 | 5-1Cs,0As;ICs,dGs dAs; I Ts;iTs;dAs;iGs;dCs;lAs;Ts;eTs;IA-3' g 14
118 | 5-iCs dAs;ICs;dGs dAs;ITsiTs;dAs;IGs;dCs,;abAs;iTs;ITs;abA-3' 9 14

I = locked nucleotide; d = deoxyribonucleotide; s = phosphorothioate linkage; ¢ = ethylene-

bridged nucleotide; ab = aminoe-2"-C-Bridged Bicvclic Nuclgotide (CBBN).

Example 11 AntimuR-155 activity of {4-nucleotide lonz oliconucleotides

{00179} The expenment was performed as deseribed m Example 7. Test miR-155
oligomicleotide inhibitors used in this experiment were 14 nacleotides m length and

comtained 9 or 10 LNA modifications (Table 14). The results are shown in FIG. 26,

Table 14
SEQID
NQ. Modified Sequence LNA # Length
25 5-1Cs;dAs;ICs;dGs;dAS;Ts;ITsdAs; IGs,dCs; |As TS, TS IA-Y 9 14
28 5-iCs;dAs;ICs;dGs;1As;iTs;ITs dAs IGs dCs;iAs,iTs; I Ts A3 10 14
30 5.iCs:0As 105,665 1As,0Ts:1Ts,6As;IGs,dCs 1As TS ITs1A-3 @ 14
31 54iCs;dAs;ICs;dGs;dAs;iTs; Ts IAsIGs,dCs;1As;d Ts; T 1A-§ 9 14

Example 12: AntinuR-155 activity of olisonucleotide inhibitors containine SEQ 1D NQGs: 25

and 23
{0G18¢] The experiment was performed as described 1in Example 7. Test muR-155
oligonucleotide inhibitors used in this experiment were oligonucicotide inhibitors of SEQ 1D

WNGs: 25 and 23, The results are shown in FIG. 27,

Example 13: AntinuR-1535 activity of olisonucieotide inhibitors containine SEQ 1D NQs: 25

and 120,
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{80181} miR-155 oligonucleotide inhibitors of SEQ ID NOs: 25 and 120 were passively
transfected in the Ooi-Ly3 cell line. mRNA was isolated on Day 4 and was analyzed by
gPCR for the expression of nuR-155 target genes (Bachl, CEBPB, CUX 1, INPPSD/SHIPI,
Jand2, Picalm, and Weel). FIG. 28 shows the fold-change n the expression of these genes
upon transtection of the oligonucleotide inhibitors of SEQ 1D NOs: 25 and 126, The order of
genes from left to right in cach data pomt in FIG. 28 i1s Bachl, CEBPB, (CUXI,
INPPSD/SHIPL, Jand?, Picalm, and Weel, SEQ ID NO: 120 contams CBBN nucleotides in
the same positions as the ENA 10 SEQ IDNO: 25,
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CLAIMS:

L An oligonucleotide mhibitor of miR-155 comprsing a sequence of 1l o 16
nucleotides, wherem

said oligonucleotide mhibitor is fully complementary to a mature sequence of miR-
155 and has a full phosphorothicate backbone; and

wherein at feast the first three nucleotides from the 37 end of said oligonucleotide
mhibitor are locked nucleotides and at least the second nucleotide from the 5° end of the

cligonucleotide mhibitor is a deoxyribonucleic acid (DNA} nucleotide.

2. The oligonucleotide mhibitor of claim 1, wheren the fourth nucleotide from the 37

end of said oligonucleotide mhubitor is a locked nucleotide.

3. The oligonucleotide mhibitor of claim 1, wherein said oligonucleotide inhibitor

contains at least nine locked nucleotides.

4, The oligonucleotide inhibitor of claim 1, wherein said oligonucicotide inhibitor has a

length of 12 nucleotides.

5. The oligonuclestide inhibitor of claim 1, wherein said oligonucleotide inhibitor has a

length of 14 mucleotides.

6. The oligonucleotide inhibitor of claim 1, wherein said oligonucieotide inhibitor has a

sequence of SEQ 1D NO: 25,

7. The oligonucleotide inhibitor of claim 1, wherein said oligomucleotide inhibitor has a

sequence of SEQ 1B NO: 22,

8. The oligonucleotide inhibitor of claim 1, wherein said oligonucleotide inhibitor has a

sequence of SEQ D NQO: 23

9. The oligonucleotide mhibitor of claim 1, wherein said oligonucleotide inhibitor

reduces the activity or function of miR-155.
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10.  The oligonuclectide inhibitor of anv one of claims 1-9, wherem said oligonucleotide

imhibitor reduces proliferation of cancer cells.

11 The oligonucleotide inhibitor of any one of claims 1-10, wherein said oligonucleotide

mhibitor induces apoptosis of cancer cells,

i2. The oligonucieotide inhibitor of any one of claums §-11, wherein said cancer cells are
e o >

malignant T eells.

13, The ohgonucleotide inhibitor of any one of claims 10-12, wherein said cancer cells

are cutaneous T cell lvmphoma (CTCL) cells.

14.  The ohigonucieotide mhibitor of anv one of claims 1-13, wherein said oligomicleotide
mhibitor up-regulates the expression or activity of one or more target genes of miR-155 n

malignant T eells.

15 A phammacecutical composition compnsing the oligonucleotide mhibitor of nuK-~155

of anv one of claims 1-14 and a pharmaceutically acceptable carner or excipient.

16 The pharmaceutical composition of claim 15, further comprising a second therapeutic
agent, wherein the sccond therapeutic agent is a retinoid or a histone deacetviase (HDAC)

inhibitor.

17, An oligonucieotide mhibitor of niR-~155 comprismg a sequence of 11 to 14
nucleotides, wherem

said oligonucieotide imhibitor is fully complementary to a mature sequence of miR-
155 and has a full phosphorothicate backbone; and

wherein at least the first three nucleotides from the 37 end of said oligonucleotide
mhibitor are modified nuclecotides and at least the second nucleotide from the 3° end of

the oligonucleotide mhibitor is a deoxyribonucleic acid (BNA) nucleotide.

18. The oligonucleotide inhibitor of miR-155 of claim 17, wherein said inhubitor contains

at least 7 modified nucleotides.
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9. The oligonucleotide inhubitor of miR-155 of claim 17 or 18, wherein the modified
nucleotides are selected from the group consisting oft locked mucleotides, ethylene-bridged

nucleotides, 2°-C-bridged bicyclic nucleotides, and 27 -substituted nucleotides.

20, The oligonucleotide inhibitor of miR-135 of claim 17, wherein the second mucleotide
from the 5° end of the oligonucleotide inhibitor is an unmodificd DNA nucleotide.
21 The oligonuclectide inhibitor of miR-155 of claim 17, wherein the first three

nucleotides from the 3 end of said oligonucleotide inhibitor are locked nucleotides.

22, The olhigonucleotide inhubitor of miR-155 of claim 17, wherein said oligonucleotide
mhibitor has a sequence selected from the groop consisting of SEQ ID NQOs: 39, 38, 84, 99,

111, 115, and 120

23, An oligonucleotide inhibitor of miR-1535 comprising a sequence of 11 1o 14
nucleotides, wherein

said oligonucleotide inhibitor is fully complementary to a mature sequence of miR-
155 and has a full phosphorothioate backbone; and

wherein at least 7 nucleotides of said oligonucleotide mhibitor are modified
nucleotides and at feast the second nucleotide from the 57 end of the oligonucleotide inhibitor
1s a deoxyribonucieic acid {DNA) nucleotide.
24, The oligomucleotide inhibitor of miR-155 of claim 23, wherein at least the first three

nucleotides from the 3° end of said oligonucieotide inhibitor are modified nucleotides.

2

(]

The oligonucleotide inhibitor of miR-155 of claim 23, wheren the second or third

nucleotide from the 37 end of said oligonucleotide inhibitor is a DNA nucleotide.

26.  The oligonucleotide inhibitor of muR-155 of claim 23, wherein the modified
nucleotides are selected from the group consisting of: locked nucleotides, ethvlene-bridged

nucleotides, 2°-C-bridged bicyclic nucleotides, and 2 -substituted nuclectides.

27.  The oligonucleotide inhibitor of miR-135 of claim 23, wherein the second mucleotide

from the 5° end of the oligonucleotide inhibitor is an unmodificd DNA nucleotide.
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28. The oligonuclectide inhibitor of miR-155 of claim 23, wherein the first three

nucleotides from the 3 end of said oligonucleotide inhibitor are locked nucleotides.

29, The oligonucleotide inhubitor of miR-155 of claim 23, wherein said oligonucleotide
mhibitor has a sequence selected from the groop consisting of SEQ ID NQOs: 39, 43, 44, 538,

84,99, 111, 115, and 120.

30. A methed for treating cancer in a subject mn need thereof, comprising admintstering to

the subject the oligonucleotide inhibitor of claim 1, 17 or 23,

31 The method of claim 30, wherein the cancer 1s a lymphoma.
32. The method of claim 30, wherein the cancer s a cutancous T cell tymphoma {CTCL).
33. The method of claom 30, wherein the fourth nucleotide from the 37 end of said

oligomucleotide inhibitor is a locked nuclestide.

34, The method of any one of claims 30-33, wherein said oligomucleotide inhibitor

contains at least nine locked nucleotides.

35, The method of any one of claims 30-34, whercin said oligomucleotide inhibitor has a

length of 12 nucleotides.

36. The method of any one of claims 30-35, wherein said oligonucicotide inhibitor has a

length of 14 nucleotides.

37.  'The method of claim 30, wherein said oligonucieotide whibitor has a sequence of

SEQ 1D NO: 25,

38. The method of claim 30, wherein said oligonucleotide inhibitor has a sequence of
SEQ D NO: 22

39. The method of claim 30, wherem said oligonucieotide inhibitor has a sequence of
SEQ 1D NO: 23,
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40, The method of claim 30, wherein said oligonucleotide inhibitor has a sequence

selected from the group cousisting of SEQ 1D NOs: 39, 43, 44, 58,84, 99, 111, 115, and 120

41, The method of anv one of claims 30-40, further comprising administering a second

therapy or agent to the subjeet.

42. The method of claim 41, wherein the second therapy or agent 1s selected from the
group consisting of HBAC inlibitors, retimoids, mterferon, antifolates, topical steroids,
topical retinoids, topical nitrogen mustard, phototherapy, ultraviolet hght psoralen and
ultraviolet light, radiotherapy, clectron beam therapy, anti-CD30 antibody, anti-CCR4

antibody, anti-PD-1 antibody and anti-PD-L1 antibody.

43 The method of claim 41, wherein the second therapy or agent i a retinoid or a HDAC
mhibitor,
44 The method of claim 43, wherein the retinoid is bexarotenc.

45, The method of claim 43, wherein the HDAC inhibitor is selected from the group
consisting of vorinostat, romidepsin, panobinostat (LBHS89), mocetinostat, belinostat

(PXD101)}, abexinostat, CI-994 (tacedinaline), and MS-275 {entinostat).

46. The method of any one of claims 30-45, wherein the activity or function of miR-135
is reduced in cancer cells of the subject following adouunistration of the oligonucleotide

ihubitor.

47. The method of any one of claims 30-43, wherein said oligonmucleotide mhibitor

reduces proliferation of cancer celis.

48, The method of anyv onc of claims 30-45, wherem said oligonucleotide inlubitor

mduces apoptosis of cancer cells.

49, The method of claim 30, wherein said oligonucleotide inhibitor mhibits the function

or activity of miR-135 in malignant T cells.
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50. The method of claim 30, wherein said oligonucleotide inhibitor up-regulates the

expression or activity of one or more target genes of nuR-155 in malignant T cells.

51 A method for reducing or inlubiting the proliferation of mahgnant T cclls, comprising
administering the oligonucleotide inhibitor of claim 1, 17, or 23.
52. The method of claim 51, wherein said malignant T cells are cutancous T cell

bvmphoma cells.

53, The method of claim 51, wherein said malignant T cells are CD4+ T cells.
54, The method of clamm 31, wherein the fourth nucleotide from the 37 end of said

oligonuclectide inhibitor 1s a locked nucleotide.

35. The method of any one of claims 531-34, wheremm said oligonucleotide inhibitor

contains at least nine locked nucleotides.

56.  The method of anv one of claims 31-55, wherem said oligonucleotide inhibitor has a

length of 12 nucleotides.

57.  The method of any one of claims 51-55, whercin said oligomucleotide inhibitor has a

length of 14 nucleotides.

58, The method of claimm 51, wherem said oligonucleotide inhibitor has a sequence of

SEQ ID NO: 25,

59.  The method of claim 51, wherein said oligonucieotide whibitor has a sequence of

SEQ 1D NO: 22,

60.  The method of claim 31, wherein said oligonucleotide inhibitor has a sequence of

SEQ 1D NO: 23.

61 The method of claim 31, wherein said oligonucleotide inhibitor has a sequence

selected from the group consisting of SEQ 1D NQGs: 39, 43, 44, 58, 84,99 111, 115 and 120
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62, The method of any one of claims 51-61, further comprising administering a second

therapy or agent to the subject.

63. The method of claim 62, wherein the second therapy or agent 1s selected from the
group consisting of HDAC inhibitors, retinoids, mterferon, antifolates, topical steroids,
topical retinoids, topical mitrogen mustard, phototherapy, ultraviclet hight, psoralen and
ultraviolet light, radiotherapy, eclectron beam therapy, anti-CD30 antibody, anti-CCR4
antibody, anti-PD-1 antibody and anti-PD-L.1 antibody.

64, The method of claim 63, wherein the second therapy or agent is a retinoid or a HDAC
mhibitor.
65, The method of claim 64, wherein the retinoid is bexarotenc.

66. The method of claim 64, wherein the HDAC inhibitor 1s selected from the group
consisting of vorinostat, romidepsin, pancbinostat (LBH389}) mocetinostat, belinostat

{(PXD101), abexinostat, CI-994 (tacedinaline), and M5-275 (entinostat).

67. The method of any one of claims 51-66, wherein the activity or function of miR-155

is reduced 1o malignant T cells following administration of the oligonucleotide mhibitor.

68. The method of any one of claims 531-66, wherem said oligonucleotide inhibitor

mduces apoptosis of cancer cells.

69.  The method of claim 51, wherein said oligonucleotide mhibitor mhibits the function

or activity of miR-135 i malignant T cells.

70. The method of claim 51, wherein said oligonucleotide inhibitor up-regulates the

expression or activity of one or more target genes of miR-155 in malignant T cells.

71, A method for selecting a subject for treatment of CTCL, comprising determining a
tevel of expression of one or more genes selected from the genes listed m Table 2, m cells of
the subject; comparing the level of the one or more genes in the cells of the subject o a

reference level of the one or more genes; and selecting a subject having an increase and/or
68
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decrease in the level of the one or more genes in the cells compared to the reference level for

treatment of CTCL.
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