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MIR-142 AND ANTAGONISTS THEREOF FOR TREATING DISEASE

1. BACKGROUND

[001] Until recently, it had been accepted that T cell lineage commitment was fixed
during polarisation of a naive CD4" T cell and that the fate of each lineage was controlled by the
expression of a unique transcription factor. The transcription factors T-bet (Tbx21), GATA-3,
ROR-gT and FoxP3 have been shown to play key roles in T helper type 1 (Thl), Th2, Th17 and
regulatory T cell (Treg) lineages respectively (Szabo et al., 2000; Zheng and Flavell, 1997;
Zhang et al., 1997; Ivanov et al., 2006; Hori et al., 2003; Khattri et al., 2003; Fontenot et al.,
2003). However, there is increasing evidence that combinatorial expression of multiple lineage-
specific transcription factors is important in controlling T cell differentiation (O'Shea and Paul,
2010). We have recently demonstrated that T-bet and GATA-3 are co-expressed in Thl cells, and
by identifying their transcriptional targets on a genome-wide scale have revealed that they co-
ordinately bind to the promoters of many genes (Jenner et al., 2009). In addition, recent work
has uncovered a range of situations in which T cell lineage commitment can be subverted to
allow previously committed cells to switch lineages (Zhou et al., 2009). These findings have led
us and others to propose that co-ordinate binding of transcription factors may be one of the
mechanisms controlling T cell lineage specification and stability.

[002] In addition, a number of factors that regulate T cell homeostasis have been
extensively characterized, including cytokine signalling and engagement of T cell receptor
(TCR) with self-peptide/MHC complexes. Many of these have specific effects on individual
subpopulations, with naive and memory CD4+ and CD8+ cells differing in their response to such
stimuli®. Cell-intrinsic pathways include regulation of the cell cycle, cell metabolism and both
pro- and anti-apoptotic signals. However, current understanding of the regulation of these
processes at the molecular level is limited.

[003] MicroRNAs (miRNAs) are a class of short, non-coding RNAs that exhibit partial
sequence complementarity with the mRNA of multiple target genes, and are capable of
regulating expression of these genes post-transcriptionally. Multiple miRNAs are expressed in
CD4" T cells and inhibition of global miRNA expression by deletion of the endonuclease Dicer
results in a number of functional abnormalities, including default hyperproduction of interferon
(IFN)-y (Muljo et al., 2005). MicroRNAs also play important roles in cell fate specification and
plasticity of other lineages (Cordes et al., 2009).

2, SUMMARY

[004] Insome embodiments, methods of treating autoimmune diseases are provided.
In some embodiments, a method comprises increasing levels of miR-142 in a subject with an
autoimmune disease and/or administering a miR-142 mimic to a subject with an autoimmune

disease. In some embodiments, the method comprises administering to the subject a vector that

-1-



WO 2014/140856 PCT/IB2014/001012

encodes an shRNA, wherein the shRNA comprises a region that is identical to at least 8
contiguous nucleotides of miR-142. In some embodiments, a method comprises administering to
a subject with an autoimmune disease a compound comprising an oligonucleotide, wherein the
oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and wherein the
first strand comprises a region that is identical to at least 8, at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at
least 20 contiguous nucleotides of miR-142. In some embodiments, the autoimmune disease is
selected from rheumatoid arthritis, multiple sclerosis, psoriasis, and inflammatory bowel disease.

[005] Insome embodiments, methods of attenuating rejection of transplanted organs
are provided. In some embodiments, a method comprises increasing levels of miR-142 in a
subject who has received an organ transplant and/or administering a miR-142 mimic to a subject
who has received an organ transplant. In some embodiments, the method comprises
administering to the subject a vector that encodes an shRNA, wherein the sShRNA comprises a
region that is identical to at least 8 contiguous nucleotides of miR-142. In some embodiments, a
method comprises administering to a subject who has received an organ transplant a compound
comprising an oligonucleotide, wherein the oligonucleotide comprises a first strand that consists
of 8 to 200 nucleosides, and wherein the first strand comprises a region that is identical to at least
8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at
least 17, at least 18, at least 19, or at least 20 contiguous nucleotides of miR-142. In some
embodiments, the transplanted organ is selected from kidney, liver, lung, bone marrow, and
heart.

[006] Insome embodiments, methods of attenuating or preventing organ rejection soon
after transplantation are provided. In some embodiments, the method comprises administering to
a subject an oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and
wherein the oligonucleotide comprises a region that is complementary to at least 8, at least 9, at
least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least
18, at least 19, or at least 20 contiguous nucleotides of miR-142. In some embodiments, the
subject recently received the organ transplant. In some such embodiments, the subject received
the organ transplant within the previous 6 hours, 1 day, 2 days, 3 days, 4 days, | week, 10 days, 2
weeks, 1 month, 2 months, or three months. In some embodiments, the oligonucleotide is
administered prior to organ transplantation. In some such embodiments, the oligonucleotide is
administered less thanl hour, 2 hours, 4 hours, 8 hours, 1 day, 2 days, 3 days, 4 days, or | week
prior to organ transplantation.

[007] Insome embodiments, methods of enhancing IL-7 receptor signalling in a cell
are provided. In some embodiments, a method comprises increasing levels of miR-142 in the

cell and/or contacting a cell with a miR-142 mimic. In some embodiments, the method
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comprises contacting a cell with a vector that encodes an shRNA, wherein the shRNA comprises
a region that is identical to at least 8 contiguous nucleotides of miR-142. In some embodiments,
a method comprises contacting a cell with a compound comprising an oligonucleotide, wherein
the oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and wherein the
first strand comprises a region that is identical to at least 8, at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at
least 20 contiguous nucleotides of miR-142.

[008] Insome embodiments, methods of enhancing IL-7 receptor signaling in a subject
with HIV are provided. In some embodiments, a method comprises increasing levels of miR-142
in a subject with HIV and/or administering a miR-142 mimic to a subject with HIV. In some
embodiments, the method comprises administering to the subject a vector that encodes an
shRNA, wherein the shRNA comprises a region that is identical to at least 8 contiguous
nucleotides of miR-142. In some embodiments, a method comprises administering to the subject
a compound comprising an oligonucleotide, wherein the oligonucleotide consists of 8 to 200
nucleosides, and wherein the oligonucleotide comprises a region that is identical to at least 8, at
least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least
17, at least 18, at least 19, or at least 20 contiguous nucleotides of miR-142.

[009] Insome embodiments, methods of increasing regulatory T cell production in a
subject are provided. In some embodiments, a method comprises increasing levels of miR-142 in
a subject and/or administering a miR-142 mimic to a subject. In some embodiments, the method
comprises administering to the subject a vector that encodes an shRNA, wherein the shRNA
comprises a region that is identical to at least 8 contiguous nucleotides of miR-142. In some
embodiments, a method comprises administering to the subject a compound comprising an
oligonucleotide, wherein the oligonucleotide comprises a first strand that consists of 8 to 200
nucleosides, and wherein the first strand comprises a region that is identical to at least 8, at least
9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at
least 18, at least 19, or at least 20 contiguous nucleotides of miR-142.

[0010] In some embodiments, methods of increasing TgM antibody production in a
subject are provided. In some embodiments, a method comprises increasing levels of miR-142 in
a subject and/or administering a miR-142 mimic to a subject. In some embodiments, the method
comprises administering to the subject a vector that encodes an shRNA, wherein the shRNA
comprises a region that is identical to at least 8 contiguous nucleotides of miR-142. In some
embodiments, a method comprises administering to the subject a compound comprising an
oligonucleotide, wherein the oligonucleotide comprises a first strand that consists of 8 to 200

nucleosides, and wherein the first strand comprises a region that is identical to at least 8, at least
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9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at
least 18, at least 19, or at least 20 contiguous nucleotides of miR-142.

[0011] In any of the embodiments described herein, miR142 may be miR-142-5p. In
any of the embodiments described herein, miR-142 may be miR-142-3p. In some embodiments,
the first strand of the oligonucleotide comprises a region that is identical to a seed match region
of miR-142-3p or miR-142-5p. In some embodiments, the first strand consists of 8 to 100, 8 to
75, 8 to 50, 8 to 40, 8 to 30, 8 to 25, 8 to 23, 8 to 22, 8 to 21, or 8 to 20, 12 to 30, 12 t0 25, 12 to
23,12 t0 22, 12 to 21, or 12 to 20 nucleotides. In some embodiments, the oligonucleotide is an
siRNA. In some embodiments increasing levels of miR-142 comprises expressing a miR-142
coding sequence in a cell, for example, from a vector. In some embodiments, the miR-142
coding sequence is a coding sequence for pre-miR-142 or pri-miR-142. In some embodiments,
the miR-142 coding sequence codes for a siRNA. In some embodiments, a method comprises
administering a vector to a subject, or contacting a cell with a vector, wherein the vector
comprises a sequence that encodes a shRNA comprising a region that is identical to at least 8, at
least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least
17, at least 18, at least 19, or at least 20 contiguous nucleotides of miR-142. In some
embodiments, a method comprises administering a vector to a subject, or contacting a cell with a
vector, wherein the vector comprises a sequence that encodes pre-miR-142.

[0012] In some embodiments, the oligonucleotide further comprises a second strand that
is complementary to at least a portion of the first strand. In some embodiments, the second
strand comprises at least one modified nucleoside.

[0013] In some embodiments, a vector comprises a sequence that encodes a pre-miR-
142,

[0014] In some embodiments, methods of enhancing immune response in a subject are
provided. In some embodiments, a method comprises administering to the subject a compound
comprising an oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and
wherein the oligonucleotide comprises a region that is complementary to at least 8, at least 9, at
least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least
18, at least 19, or at least 20 contiguous nucleotides of miR-142.

[0015] In some embodiments, the subject has cancer. In some embodiments, the cancer
is selected from hematologic malignancies and dysplasias such as acute and chronic
myeloid leukemia, acute and chronic lymphocytic leukemia, myelodysplasia, Hodgkin’s
and non-Hodgkin’s lymphoma, multiple myeloma and Waldenstrom’s
macroglobulinemia, myeloproliferative disorders such as myelofibrosis and
polycythemia rubra vera; solid tumors such as small-cell and non-small cell lung cancer,

breast cancer, colorectal cancer, prostate cancer, ovarian cancer, gastric and esophageal
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cancer, glioblastoma multiforme, head and neck cancer, pancreatic cancer, hepatocellular
carcinoma, soft tissue sarcoma, melanoma, bladder cancer, and renal cancer. In some
embodiments, the subject has an infection.

[0016] In some embodiments, the infection is an intracellular infection. In some
embodiments, the infection is a viral infection, bacterial infection, or parasitic infection.

[0017] In some embodiments, the subject has received a vaccine before or at the same
time as administration of the compound.

[0018] In some embodiments, methods of inhibiting IL-7 receptor signaling in a cell are
provided. In some embodiments, a method comprises contacting the cell with a compound
comprising an oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and
wherein the oligonucleotide comprises a region that is complementary to at least 8, at least 9, at
least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least
18, at least 19, or at least 20 contiguous nucleotides of miR-142.

[0019] In some embodiments, methods of inhibiting IL-7 receptor signaling in a subject
with acute lymphoblastic leukemia (ALL) are provided. In some embodiments, a method
comprises administering to the subject a compound comprising an oligonucleotide, wherein the
oligonucleotide consists of 8 to 200 nucleosides, and wherein the oligonucleotide comprises a
region that is complementary to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13,
at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20 contiguous
nucleotides of miR-142.

[0020] In some embodiments, methods of reducing regulatory T cell production in a
subject are provided. In some embodiments, a method comprises administering to the subject a
compound comprising an oligonucleotide, wherein the oligonucleotide consists of 8 to 200
nucleosides, and wherein the oligonucleotide comprises a region that is complementary to at least
8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at
least 17, at least 18, at least 19, or at least 20 contiguous nucleotides of miR-142.

[0021] In some embodiments, methods of reducing IgM antibody production in a
subject are provided. In some embodiments, a method comprises administering to the subject a
compound comprising an oligonucleotide, wherein the oligonucleotide consists of 8 to 200
nucleosides, and wherein the oligonucleotide comprises a region that is complementary to at least
8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at
least 17, at least 18, at least 19, or at least 20 contiguous nucleotides of miR-142.

[0022] In any of the embodiments described herein, miR142 may be miR-142-5p. In
any of the embodiments described herein, miR-142 may be miR-142-3p. In some embodiments,
the oligonucleotide is complementary to at least 8, at least 9, at least 10, at least 11, at least 12, at

least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20
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contiguous nucleotides of pre-miR-142. In some embodiments, the oligonucleotide comprises a
region that is complementary to a seed match region of miR-142-3p or miR-142-5p. In some
embodiments, the oligonucleotide consists of 8 to 100, 8 to 75, 8 to 50, 8 to 40, 8 to 30, 8 to 25, 8
to 23, 8t0 22, 8to 21, 8 t0 20, 12 to 30, 12 to 25, 12t0 23, 1210 22, 12t0 21, or 12 to 20
nucleotides. In some embodiments, the oligonucleotide is a single-stranded oligonucleotide.

[0023] In some embodiments, an oligonucleotide comprises at least one modified
nucleoside. In some embodiments, at least one modified oligonucleotide comprises a modified
sugar moiety, a modified nucleobase moiety, or both. In some embodiments, the oligonucleotide
comprises at least one modified internucleoside linkage. In some embodiments, at least one
mternucleoside linkage is a phosphorothioate linkage. In some embodiments, each
internucleoside linkage is a phosphorothioate linkage.

[0024] In some embodiments, uses of a compound comprising an oligonucleotide,
wherein the oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and
wherein the first strand comprises a region that is identical to at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleotides of miR-142 for treating an autoimmune disorder in a
subject are provided. In some embodiments, uses of a vector that encodes an shRNA that
comprises a region that is identical to at least 8, at least 9, at least 10, at least 11, at least 12, at
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20
contiguous nucleotides of miR-142 for treating an autoimmune disorder in a subject are
provided.

[0025] In some embodiments, uses of a compound comprising an oligonucleotide,
wherein the oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and
wherein the first strand comprises a region that is identical to at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleotides of miR-142 for attenuating rejection of a transplanted
organ in a subject are provided. In some embodiments, uses of a vector that encodes an sShRNA
that comprises a region that is identical to at least 8, at least 9, at least 10, at least 11, at least 12,
at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20
contiguous nucleotides of miR-142 for attenuating rejection of a transplanted organ in a subject
are provided. In some embodiments, uses of a compound comprising an oligonucleotide,
wherein the oligonucleotide consists of 8 to 200 nucleosides, and wherein the oligonucleotide
comprises a region that is complementary to at least §, at least 9, at least 10, at least 11, at least
12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20

contiguous nucleotides of miR-142 for enhancing an immune response in a subject are provided.
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[0026] In some embodiments, a compound comprising an oligonucleotide, wherein the
oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and wherein the
first strand comprises a region that is identical to at least 8, at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at
least 20 contiguous nucleotides of miR-142, for attenuating rejection of a transplanted organ in a
subject is provided. In some embodiments, a vector that encodes an shRNA that comprises a
region that is identical to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20 contiguous
nucleotides of miR-142 for attenuating rejection of a transplanted organ in a subject are provided.

[0027] In some embodiments, a compound comprising an oligonucleotide, wherein the
oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and wherein the
first strand comprises a region that is identical to at least 8, at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at
least 20 contiguous nucleotides of miR-142, for treating an autoimmune disorder in a subject is
provided. In some embodiments, a vector that encodes an shRNA that comprises a region that is
identical to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least
15, at least 16, at least 17, at least 18, at least 19, or at least 20 contiguous nucleotides of miR-
142 for treating an autoimmune disorder in a subject is provided.

[0028] In some embodiments, a compound comprising an oligonucleotide, wherein the
oligonucleotide consists of 8 to 200 nucleosides, and wherein the oligonucleotide comprises a
region that is complementary to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13,
at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20 contiguous
nucleotides of miR-142, for enhancing an immune response in a subject is provided.

[0029] Further embodiments and details of the inventions are described below.

3. BRIEF DESCRIPTION OF THE FIGURES

[0030] FIG. 1A-C: Generation of constitutive and conditional mir-142" mice. (a)
Schematic showing method of generation of both conditional and constitutive mir-142 deficient
mice. ES=embryonic stem cell, neo=neomycin resistance cassette. (b) Schematic (left) and
Southern Blot (right) demonstrating validation of successful 5’ recombination in ES cells. (¢)
Schematic (left) and Southern blot (right) demonstrating validation of successful 3’
recombination in ES cells.

[0031] FIG. 2A-C: Genotyping of constitutive mir-142”" knockout mouse and
quantification of mir-142 expression in these mice. (a) Schematic and DNA agarose gel
electrophoresis demonstrating specific genotyping of mir-142" constitutive knockout mice. (b)
Northern Blot demonstrating absence of mir-142 expression in mir-142" splenocytes. (¢)

Quantitative PCR was performed for mir-142-3p and mir-142-5p on RNA isolated from WT,
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mir-142"" and mir-142" naive T cells. ND = not detected. Data shown as 2" relative to
endogenous U6 expression.

[0032] FIG. 3: Generation of mir-142"" conditional knockout mouse. Schematic
(left) and DNA agarose gel electrophoresis (right) demonstrating specific genotyping of mir-142"
conditional knockout mice.

[0033] FIG. 4A-B: Expression of miRNAs in naive T helper cells and activated T
helper cell subsets. (a) Heatmap of miRNA expression in naive T helper cells and polarised
subsets as indicated. miRNAs shown exhibit a fold-change of >2.0 between any two conditions.
Mean expression of 2 biological replicate arrays is shown. (b) Northern blot analysis
demonstrating mir-142-5p expression in the (lane 1-6) 10bp ladder, total thymocytes, CD4'CD8"
DP thymocytes, CD4 CD25CD44°CD62L" Thp, AE7 Thl clone, D10 Th2 clone.

[0034] FIG. 5A-F: mir-142 plays a critical role in regulating T cell homeostasis. (a)
Flow cytometric analysis of splenocytes from WT and mir-142" mice. (b) Individual absolute
numbers of CD3" T cells in spleen of mir-142", mir-142"" and WT littermate mice. (¢) Flow
cytometric analysis of splenic CD3—gated T cells. Right panel shows CD4:CDS ratio for 4
independent experiments. (d) Percentage of naive (CD4" CD62L"¢" CD44"° CD25°) and
memory (CD4" CD62L" CD44"¢" CD25") and CD4" CD62L"" CD44'" CD25" T cells. (e)
Percentage of naive (CD8" CD44'™ CD122') and memory (CD8” CD44"¢" CD122"¢") T cells.
(f) Immunofluorescence of spleen from WT and mir-142"" mice stained with anti-CD3 (green),
anti-B220 (red) and DAPI nuclear stain (blue). Magnification as indicated. ns= p>0.05 *p<0.05,
**p<0.01, ***p<0.001 (unpaired Student’s t-test).

[0035] FIG. 6: mir-142” and WT B cells and dendritic cells. Total cell counts for
MHCIT' CD11c¢" and CD19" cells. Data from 4 independent experiments.

[0036] FIG. 7A-G: The CD4" T cell homeostatic defect in mir-142"" mice is T cell
intrinsic. (a) Sublethally irradiated RAG1 deficient (RAG1™") mice were reconstituted
intravenously with mir-142"" or WT bone marrow. Representative plots show analysis of spleens
from recipient mice 4 weeks later (left). Percentage CD3" T cells in the spleen of individual
recipient mice (right). Mean CD3" percentages + SEM: WT Spleen: 11.8% = 3.15%; mir-142"
Spleen: 0.51% % 0.17%; WT LN: 27.1% = 2.1%; mir-142"7 LN: 5.2% +0.98%. (b) mir-142""
mice were bred with CD4-Cre transgenic mice. Representative plots show analysis of spleens
from CD4-Cre" and CD4-Cre” littermates (left). Right panel shows total numbers of CD3" CD4"
T cells in spleen of individual CD4-Cre" and CD4-Cre ™ littermate mice, **p<0.01 (unpaired
Student’s t-test). (¢) Total thymocyte numbers from individual WT, mir-142"", CD4-Cre” x mir-
142" and CD4-Cre" x mir-142"" mice, ns; p>0.05; WT v mir-142" (unpaired Student’s t-test),
CD4-Cre” x mir-142""v CD4-Cre” x mir-142"" mice (Mann-Whitney). (d) Flow cytometric
analysis of DN1-4 and ISP (CD8" TCR®HSA CD5'") thymocytes from individual WT and mir-

-8-



WO 2014/140856 PCT/IB2014/001012

142 mice (full gating strategy Fig. S5), ns= p>0.05 (unpaired Student’s t-test). (e) Representative
plots of CD4'CD8" (DP), CD4 " and CD8" thymocytes from WT, mir-142"", CD4-Cre x mir-
142" and CD4-Cre" x mir-142"" mice. Mean percentage + SEM: WT CD4 SP: 7.7% + 0.7%;
mir-142"" CD4 SP: 7.8% % 0.5%; CD4-Cre’ x mir-142"" CD4 SP: 9.9% + 0.4% ; CD4-Cre' x
mir-142"" CD4 SP: 6.9% + 0.3% ; WT CD8 SP: 3.2% + 0.4%; mir-142"" CD8 SP: 2.3% + 0.3%;
CD4-Cre’ x mir-142"" CD8 SP: 3.5% + 0.06% ; CD4-Cre" x mir-142"" CD8 SP: 2.4% + 0.3%;
WT CD4 CD8" (DP): 77.5%:+ 3.3%; mir-142"" DP: 74.7% + 1.8%; CD4-Cre” x mir-142"" DP:
79% % 1.3%. CD4-Cre” x mir-142"" DP: 86.2% + 1.1%. (f) Flow cytometric analysis of total
number of DP, TCR™ in the CD4" gate or TCR™ in the CD8" gate thymocytes from individual
WT, mir-142"", CD4-Cre” x mir-142"" and CD4-Cre" x mir-142"" mice, ns= p>0.05, ** p<0.01;
WT v mir-142"" (unpaired Student’s t-test), CD4-Cre” x mir-142""y CD4-Cre" x mir-142"" mice
(Mann-Whitney). (g) Flow cytometric analysis of TCRyS" and TCRB' thymocytes from WT and
mir-1427. Representative dot plots (left) and results expressed as % of total live thymocytes
(middle) and total number (right) from individual mice. ns= p>0.05 (unpaired Student’s t-test).
[0037] FIG. 8A-E: Thymic flow cytometry gating strategy. (a) Dot plots defining
DN1-DN4 thymocytes from WT and mir-142"" mice on the basis of CD25 and CD44 expression
mn lin” gate (lin: CD4'CD8 TCRyS'CD19CD11b'CD11¢cLy6GNK1.1 Terl19). (b) Flow
cytometric analysis of DN1-4 and ISP (CD§ ' TCR" CD24"CD5'") thymocytes from WT and mir-
1427, Results expressed as % of total live thymocytes in individual mice. (¢) Immature single
positive (ISP) thymocyte gating strategy. ISP; CD8 ' TCR°CD24CD5". (d) Gating strategy for
single positive (CD4 TCR™ and CD8 " TCR™) and double positive (DP; CD4 CD8") thymocytes.
(e) % total thymocytes that are DP CD4'CDS8", mature CD4 " thymocytes (% CD4 TCRb" of
gated CD4"), mature CD8" thymocytes (% CD8 TCRb™ of gated CD8") from individual thymii.
ns=p>0.05, * p<0.05; WT v mir-142"" (unpaired Student’s t-test), CD4-Cre” x mir-142"" v CD4-
Cre" x mir-142"%

[0038] FIG. 9A-F: Naive mir-142" CD4" T cells do not proliferate in vivo. (a) Thp

mice (Mann-Whitney).

from mir-142"" and WT were transferred i.p. to RAG1™". Spleen and mesenteric lymph nodes
(mLN) were analysed 4 weeks later. Representative plots (left) and percentage CD3" T cells in
the spleen of individual recipient mice (right), ***= p<0.001 (unpaired Student’s t-test). (b)
Memory CD4" T cells (CD4 CD25CD62L°"CD44"¢") from mir-142" and WT were transferred
i.p. to RAG1” mice. Spleen and mesenteric lymph nodes (mLN) were analysed 4 weeks later.
Representative plots (left) and percentage CD3" T cells in the spleen of individual recipient mice
(right). (c-f) WT and mir-142"" Thp were labelled with the cell-tracking reagent CellTrace Violet
and transferred intraperitoneally into RAG-1""mice. In (c), histograms of CellTrace Violet levels
are shown in CD3" CD4" T cells harvested from peritoneal cavity at day 5. In (d), cells were
stained with the Pan-Caspase apoptosis detection reagent VAD-FMK-Fitc. Representative FACS
histogram (left), percentage VAD-FMK-Fitc" in the CD3'CD4" gate in the spleen of individual
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recipient mice (right), ns= p>0.05 (Mann-Whitney). (e) Total number of CD3" CD4" T cells
recovered from peritoneal cavity at day 5 following injection of 2.5x10° Thp into individual
RAG-1"" mice. (f) Equal numbers of WT and mir-142"" Thp were labelled with CFSE and
CellTrace Violet, respectively, and co-transferred intraperitoneally into RAG-17". Shown is a
representative flow cytometry plot of CD3” CD4" T cells harvested from peritoneal cavity at day
5, mean percentage = SEM (n=3).

[0039] FIG. 10A-C: mir-142 deficient CD4" T cells in a T cell transfer model of
colitis. (a) Colon weight (left panel) and change in animal weight (right panel) at 4 weeks
following i.p. transfer of WT or mir-142" Thp. Control mice are RAG-1"". (b) Representative
photograph showing thickening and shortening of colon from RAG-1"" mouse 4 weeks after
transfer of WT Thp, compared with mir-142" Thp recipient. (c) Representative haematoxylin
and eosin stain of colon tissue from RAG-1"" mice that received either WT or mir-142"" Thp 4
weeks prior to dissection. Sections shown at same magnification. ** p<0.01, *** p<0.001
(unpaired Student’s t-test).

[0040] FIG. 11A-D: In vitro T cell receptor-mediated activation is unimpaired in
the absence of mir-142. (a) mir-142"" and WT Thp were labelled with CFSE and cultured in
ThoO conditions. CFSE staining was assessed at the indicated time points by flow cytometry.
Representative histograms (left) and quantification of 4 independent experiments (right). (b) mir-
142" and WT Thp were cultured in ThO conditions and stained using Annexin V and propidium
iodide (PI). Representative dot plots (left) and quantification of percentage live cells that are
Annexin V~at the indicated time points from 3 independent experiments (right). (c¢) mir-142"" and
WT Thp were cultured in vitro in ThO conditions for 7 days, then transferred intraperitoneally to
RAGI1™. Spleen and mLN were harvested 3 weeks after transfer, representative dot plots are
shown (left), percentage CD3" T cells in the spleen of individual recipient mice (right), *=

p<0.05 (unpaired Student’s t-test). (d) mir-142""

Thp were isolated, transduced with control
retrovirus (RV) or Cre-expressing retrovirus and cultured in vitro in ThO conditions. Both viruses
expressed green fluorescent protein (GFP). At day 7, GFP' cells were cell-sorted and injected i.p.
into RAG-1"" mice. Spleen and mLN were harvested 3 weeks later. Representative dot plots are
shown (left), percentage CD4" T cells in the spleen of individual recipient mice (right).

[0041] FIG. 12: Response to varying concentrations of anti-CD3 and anti-CD28
antibody stimulation in mir-142"" and WT CD4" T cells. mir-142" and WT Thp were labelled
with CFSE, then stimulated for 4 days in ThO conditions in plates coated with the indicated
concentrations of anti-CD3 and anti-CD28, and analysed by flow cytometry.

[0042] FIG. 13: In vitro deletion of mir-142 through transduction of Cre-expressing

retrovirus into conditional mir-142"" T cells. DNA agarose gel electrophoresis of PCR

genotyping performed on genomic DNA isolated from mir-142"" CD4" T cells that have been
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transduced with either control retrovirus or Cre-expressing retrovirus (both expressing GFP;
GFP’ cells flow cytometrically sorted prior to RNA extraction). Shown is genotyping performed
with primers for constitutive knockout mice.

[0043] FIG. 14A-H: mir-142"" CD4" T cells are non-responsive to IL-7. (a-b) After
72h of culture in the presence of IL-7, cells were stained with Annexin V and Aqua Live/Dead
reagent. (b) Results from 3 experiments expressed as percentage of Annexin V™ Live/Dead” after
72h of culture with or without 10ng/ml IL-7. ns= p>0.05, ** p<0.01 (unpaired Student’s t-test).
(¢) IL-7Ra and (d) common gamma chain of the IL-7R (IL-2Ry; CD132) expression in mir-142"
and WT Thp was analysed using microarray analysis (left panels) and representative flow

cytometry histograms (right panels). Microarray analysis data shown as 2™

relative to B-actin +
SEM. Results from 3 experiments, ns= p>0.05, * p<0.05 (unpaired Student’s t-test). (e) WT or
mir-142"" Thp were stimulated with 10ng/ml IL-7 for 30min on ice and IL-7Ra.
immunoprecipitates analysed by western blot. Representative blots for expression of IL-7Ro. and
coprecipitated IL-7Ry are shown. (f-g) mir-142"" and WT Thp were cultured in the presence IL-7
at the indicated concentrations. IL-7Ra expression was determined by flow cytometry after 24h.
In (g), results are expressed as change in median fluorescence intensity (MFI) of IL-7Ro,
following 24h stimulation with 10ng/ml IL-7 (n=4), * p<0.05 (Mann-Whitney). (h) Equal
numbers of WT and mir-142" Thp were differentially labelled and co-transferred into RAG-1""
IL-7Ro was analysed by flow cytometry after 20h. Results are representative flow cytometry
histograms (left panel) and MFI pre-transfer and 20h post-transfer (right panel), n=2 for each
time point.

[0044] FIG. 15: Western blot analysis of pJAK3 in resting mir-142” and WT CD4"
T cells. Representative western blots for expression of pJAK3 and beta actin from WT or mir-
1427 CD4" Thp whole cell lysates.

[0045] FIG. 16A-D: STATS phosphorylation is impaired in response to IL-7 in
mir-142" CD4"* T cells. (a) pSTAT levels in the indicated thymocyte populations stimulated
with 100ng/ml IL-7 at time given time intervals. Results are expressed at mean fluorescence
intensity (MFI) of pSTATS5 as determined by flow cytometry. (b) CD8" CD44” CD122 ¥
sorted T cells from the spleen and lymph nodes of WT or mir-142"" Thp were stimulated with
100ng/ml IL-7 at time given time intervals. Results are expressed at mean fluorescence intensity
(MFI) of pSTATS as determined by flow cytometry. **p<0.01, ns= p>0.05 (unpaired Student’s t-
test). (c) WT or mir-142"" Thp were stimulated with 10ng/ml IL-7 for the indicated time periods.
Western blots for expression of pSTATS, total STATS5 and beta actin are shown. Results are
representative of 3 experiments. (d) Intensity of western blot bands were quantified using
Genetools. Results are expressed as fold increase above basal pSTATS levels. (e) pSTATS levels

and pSTATS5 nuclear translocation were quantified using ImageStream X. Right panels show
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percentage of cells positive for pSTATS and percentage of cells that have translocated to the
nucleus (pSTAT5 DAPI") derived from ImageStream data.

[0046] FIG. 17A-D: Co-ordinate binding of T-bet and GATA-3 identifies mir-142
as a potential regulator of lineage commitment. (a) Chromatin Immunoprecipitation (ChIP)
coupled with massively-parallel sequencing (ChIP-seq) showing occupancy of T-bet, GATA3,
histone H3 trimethylated at lysine 4 (H3K4me3) and histone H3 trimethylated at lysine 36
(H3K36me3) at the mir-142 locus (region shown chr17:53,750,000-53,795,000) in human Thl
and Th2 cells, cultured from primary naive T cells. The number of sequencing reads are plotted
per million background-subtracted total reads and aligned with the human genome (hg18). ChIP-
Seq data for H3K4me3 and H3K36me3 occupancy in resting CD4+ T-cells are from (19). (b) T-
bet occupancy at the mir-142 locus (region shown chr11:87,550,000-87,590,000) in mouse Thl
cells, cultured from primary naive T cells from wild-type and T-bet” mice. The number of
sequencing reads are plotted per million background-subtracted total reads and aligned with the
mouse genome (mm9). ChIP-Seq data for GATA3 (20) and H3K4me3 and H3K36me3 (21) are
shown alongside. (c) Expression of mir-142 in Th1 cells cultured from wild-type and T-bet”
mice measured by Q-PCR and normalised to U6. (d) Intracellular staining for IFN-y and IL4 in
human in vitro—differentiated Thl cells transduced with using a lentivirus incorporating a green
fluorescent protein (GFP) marker or mir-142. Plots are gated on live GFP positive events, and are
representative of 3 independent experiments.

[0047] FIG. 18: Analysis of ChIP-chip data shows binding of T-bet and GATA-3 at
the mir-142 locus in human Th1 and Th2 cells. ChIP was performed on in vitro-polarised
human Thl and Th2 cells, and the presence of binding at promoter regions was determined
through the use of tiled promoter microarrays as we have described previously. Jenner et al.,
2009, Proc. Natl. Acad. Sci. US4, 106: 17876-17881.

[0048] FIG. 19A-H: Default Thl lineage commitment occurs in the absence of mir-
142. (a) Intracellular staining for [IFN-y versus side-scatter (SSC) of Thp cultured in non-
polarising ThO conditions for 7 days. Plots gated on live cells, n=6 mice per group. (b)
Percentage of IFN-y" cells as assessed by flow cytometry. n=6 mice per group, *P<0.05 (Mann
Whitney U test). (¢) Intracellular staining for IFN-y versus CFSE in naive Thp isolated from mir-
142" and WT littermates cultured in ThO conditions at the indicated timepoints. Plots
representative of 4 independent experiments. (d) mir-142"" and WT Thp were isolated and
cultured in ThO conditions. Cells were harvested at timepoints throughout the first 72 hours of
culture, RNA was extracted and quantitative PCR performed for IFN-y. The mean of two
replicates is shown as 2" relative to beta-actin expression. () Intracellular staining for I12
versus side-scatter (SSC) of Thp cultured in non-polarising ThO conditions for 7 days. Plots gated

on live cells, representative of 3 independent experiments. (f) Intracellular staining for IFN-y (vs
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SSC) of Thp from mir-142"" CD4-Cre" and CD4-Cre” mice cultured in ThO conditions for 7

2V mice cultured in

days. (g) Intracellular staining for IFN-y versus T-bet in Thp from mir-14
ThO conditions for 7 days. At 24 hours, cells were transduced with retrovirus expressing Cre
recombinase and GFP marker, or control retrovirus. Results are representative of 2 independent
experiments. (h) Intracellular staining for IFN-y versus SSC in Thp from mir-142"" mice cultured
in ThO conditions. At 24 hours, cells were transduced with retrovirus expressing mir-142 and
GFP marker or control retrovirus. Results are representative of 3 independent experiments.

[0049] FIG. 20: Expression of cytokines under Th0 conditions. WT and mir-142"
Thp were isolated and cultured in ThO conditions for 7 days. Intracellular staining was performed
for the indicated cytokines. Results representative of 6 independent experiments.

[0050] FIG. 21A-C: mir-142 deficient T cells are capable of normal lineage
differentiation but exhibit lineage instability and default to IFN-y production in vivo. (a)
Intracellular staining for IFN-y and IL4 in Thp from mir-142" and WT littermate mice cultured
in the indicated lineage-skewing conditions for 7 days. Results are representative of 3
independent experiments. (b) Intracellular staining of mir-142"" and WT Thyp initially cultured in
either Th2 or Th1 conditions and were then switched at day 3 to the opposing condition for 7
days. i.e. Th2 - Thl means initial Th2 conditions followed by switch to Th1 skewing. Results
are representative of 3 independent experiments. (¢) Intracellular cytokine staining for IFN-y and
IL17 in Thp harvested from spleen and mesenteric lymph nodes from mir-142" or WT littermate
mice 4-weeks after adoptive transfer into RAG-1 deficient mice. Results are representative of 2
independent experiments, with 5 mice per group in total.

[0051] FIG. 22A-E: mir-142 targets T-bet and controls a negative feedback loop in
Th1 lineage commitment. (a) Expression levels of Thl-associated transcription factors in mir-
1427 and WT Thp cultured ir vitro for 36 hours in non-polarising conditions. Data shown is the
mean of 2 biological replicate arrays. (b) Intracellular staining of T-bet and IFN- v in WT and
mir-142-/- Thp cultured irn vitro for 7 days in non-polarising conditions. Results representative of
3 independent experiments. (¢) Timecourse analysis of T-bet expression by quantitative PCR in
WT and mir-142"" Thp cultured under ThO conditions for 72 hours. The mean of two replicates is
shown as 2"*“" relative to beta-actin expression. (d) Intracellular staining for IFN-y vs SSC in
mir-142"7" Thp cultured in ThO conditions for 7 days. At 24 hours, cells were transduced with
retrovirus expressing a dominant-negative T-bet construct and GFP marker, or with control
retrovirus expressing GFP alone. Results are representative of 2 independent experiments.

[0052] FIG. 23A-C: CD8+ T cells respond normally to IL-7. (a) expression levels of
IL-7Ra in WT and mir-142-/- nafve CD8+ T cells in response to exogenous IL-7. (b) (left) After
72h of culture in the presence of IL-7, cells were stained with Annexin V and Aqua Live/Dead

reagent. (right) Results from 3 experiments expressed as percentage of Annexin V™ Live/Dead’
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after 72h of culture with or without 10ng/ml IL-7. (¢) WT or mir-142" CD8+ Thp were
stimulated with 10ng/ml IL-7 for the indicated time periods. Western blots for expression of
PSTATS, total STATS and beta actin are shown. Results are representative of 3 experiments.
Intensity of western blot bands were quantified using Genetools. Results are expressed as fold
increase above basal pSTATS levels.

[0053] FIG. 24: Transplant tolerance is induced in the absence of miR-142.
Heterotopic heart transplants from BALB/c mice were performed onto mirl42-/- mice on a
C57BL/6 background. Hearts were palpated daily and scored for graft survival if a heart-beat was
felt. Data presented are for death-censored graft survival. Survival > 100 days was considered
tolerant. This was also confirmed by transplant histology showing lack of immune cell infiltrates
or tissue damage (not shown).

[0054] FIG. 25: Antagomirs can be delivered in vivo to the rejecting allograft. Cy3
labelled antagomirs were administered to mice with heart transplants (as in FIG. 24) and
immunohistochemistry was performed on liver, spleen, native and transplant heart (upper panel).
Antagomirs were detected by fluorescence in the green (Cy3) channel. In addition, T cells were
identified by CD3 (red) staining and counterstained with DAPI (blue). Lower panel shows flow
cytometric analysis of splenocytes from antagomir treated animals. Antagomirs (Cy3) can be
detected in live cells (lower left, FSC), T cells (CD3) and B cells (CD19). No antagomir was
detected in splenic NK cells (NKp46, lower right panel).

[0055] FIG. 26A-D: miR-142 controls the Treg/Thl checkpoint-1. A) Body weight
versus age for the indicated genotypes of female (upper panel) and male (lower panel) mice.

/1l
2

Both male and female mice of the Foxp3-YFP-Cre x mir-142™" genotype lose weight indicative

of underlying autoimmune disease. B) Spleen size, spleen cell count (upper right) and peripheral
lymph node (pLN) cell counts in mice of the indicated genotypes. Foxp3-YFP-Cre x mir-142""

mice have significantly enlarged spleens and lymph nodes consistent with an underlying immune
disorder. C) Tissue sections from 12 week old mice of the indicated genotypes. Foxp3-YFP-Cre

x mir-1421

mice show massive inflammatory infiltrates in the skin, liver and lung (and in all
other tissues examined such as the colon, small bowel, pancreas, not shown). D) Increased small
and large bowel wight in Foxp3-YFP-Cre x mir-142"" mice showing that these organs are also
affected by the systemic autoimmunity observed in the other organs in C). This increased weight
is more apparent in older mice of >10 weeks of age (right hand side of each panel).

[0056] FIG. 27A-C: miR-142 controls the Treg/Thl checkpoint — II. A) Foxp3-
YFP-Cre x mir-142"" mice have normal number of different thymocyte subsets showing that the
phenotype observed in slide 9 is not due to a homeostatic defect of other developing T cells
(upper panel) or Tregs in spleen or lymph nodes (lower panel). B) The Thl transcription factor

/1l
2

T-bet is upregulated in Tregs from Foxp3-YFP-Cre x mir-142"" mice (upper panel). This is
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associated with an increased production of the canonical Thl cytokine interferon (IFN)- gamma

2" mice do not suppress the proliferation

(lower panel). C) Tregs from Foxp3-YFP-Cre x mir-14
of wild-type effector T cell in vitro as measure by cell trace violet (CTV) dilution. Representative
flow cytometric profiles (left panels) and cumulative data from replicate experiments (right

panel).

4, DETAILED DESCRIPTION

[0057] The present inventors have demonstrated that absence of miR-142 in mice
disrupts CD8+ T cell development in thymus. A lack of miR-142 also renders peripheral naive T
cells unable to signal through the IL-7 receptor due to an inability to phosphorylate STATS.
Moreover, absence of miR-142 results in a switch to Thl lineage T cells. These results suggest
that miR-142 would be therapeutically beneficial in conditions that would benefit from increased
IL-7 receptor signaling, such as autoimmune diseases, and subjects suffering from rejection of
transplanted organs. Further, it would be therapeutically beneficial to antagonize miR-142 in
conditions that would benefit from a switch to Th1 lineage T cells, such as subjects in need of an
enhanced immune response to a vaccine or intracellular infection, or subjects with cancer.

[0058] In the sequences herein, “U” and “T” are used interchangeably, such that both
letters indicate a uracil or thymine at that position. One skilled in the art will understand from
the context and/or intended use whether a uracil or thymine is intended and/or should be used at
that position in the sequence. For example, one skilled in the art would understand that native
RNA molecules typically include uracil, while native DNA molecules typically include thymine.
Thus, where a microRNA sequence includes “T”, one skilled in the art would understand that
that position in the native microRNA is a likely uracil. Further, synthetic oligonucleotides may
comprise U and/or T, and one of ordinary skill in the art can select a suitable nucleobase at each
position of the oligonucleotide.

[0059] As used herein, “miR-142-5p” refers to a microRNA having the sequence 5°-
CAUAAAGUAGAAAGCACUACU-3’ (SEQ ID NO: 1). In some embodiments, the seed match
region of miR-142-5p comprises nucleotides 1 to 9, nucleotides 1 to 8, nucleotides 1 to 7,
nucleotides 2 to 9, nucleotides 2 to 8, or nucleotides 2 to 7.

[0060] As used herein, “miR-142-3p” refers to a microRNA having the sequence 5°-
UGUAGUGUUUCCUACUUUAUGGA-3’ (SEQ ID NO: 2). In some embodiments, the seed match
region of miR-142-3p comprises nucleotides 1 to 9, nucleotides 1 to 8, nucleotides 1 to 7,
nucleotides 2 to 9, nucleotides 2 to 8, or nucleotides 2 to 7.

[0061] As used herein, “pre-miR-142" and “miR-142 precursor” refer to a stem-loop
having the sequence 5’-GACAGUGCAG UCACCCAUAA AGUAGAAAGC ACUACUAACA

GCACUGGAGG GUGUAGUGUU UCCUACUUUA UGGAUGAGUG UACUGUG-3’ (SEQ ID NO: 3).
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[0062] Unless otherwise indicated, the term “miR-142" encompasses miR-142-5p, miR-
142-3p, and pre-miR-142.

[0063] As used herein, the term “subject” means a mammal. In some embodiments, a
subject is a human.

[0064] As used herein, the term “complementary” refers to the ability of a nucleotide on
a first nucleic acid to pair with a nucleotide on a second nucleic acid. When a region of a nucleic
acid is “complementary” to a region, or set of contiguous nucleotides, of a second nucleic acid,
the region may be at least 85%, at least 90%, at least 95%, or 100% complementary to the region,
or set of contiguous nucleotides, of the second nucleic acid. Thus, for example, unless otherwise
indicated, a region of a first nucleic acid that is complementary to 10 contiguous nucleotides of a
second nucleic acid may comprise one mismatch relative to the 10 contiguous nucleotides of the
second nucleic acid. An oligonucleotide comprising that region is considered to be
complementary to 10 contiguous nucleotides of the second nucleic acid. When there are no
mismatches, in some embodiments, the first nucleic acid is said to be “100% complementary” or
“fully complementary” to the region, or set of contiguous nucleotides, of the second nucleic acid.

[0065] As used herein, the term “oligonucleotide” refers to an oligomer comprising
modified and/or unmodified nucleosides. Modified nucleosides may comprise modified sugar
moieties and/or modified nucleobase moieties. Further, an oligonucleotide may comprise
modified internucleoside linkages, unmodified internucleoside linkages, or both modified and

unmodified internucleoside linkages.

4.1. Exemplary oligonucleotides

[0066] In some embodiments, oligonucleotides are provided, wherein the
oligonucleotides comprise a region that is complementary to at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 nucleotides of miR-142. In some embodiments, oligonucleotides are provided,
wherein the oligonucleotides comprise a region that is complementary to at least 8, at least 9, at
least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least
18, at least 19, or at least 20 nucleotides of miR-142-5p. In some such embodiments, the region
is also complementary to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20 nucleotides of
pre-miR-142,

[0067] In some embodiments, oligonucleotides are provided, wherein the
oligonucleotides comprise a region that is complementary to at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 nucleotides of miR-142-3p. In some such embodiments, the region is also

complementary to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14,
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at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20 nucleotides of pre-miR-
142,

[0068] In some embodiments, oligonucleotides are provided, wherein the
oligonucleotides comprise a region that is complementary to at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at
least 60, at least 70, or at least 80 nucleotides of pre-miR-142.

[0069] In some embodiments, an oligonucleotide that comprises a region that is
complementary to miR-142 is a single-stranded oligonucleotide. In some embodiments, an
oligonucleotide that comprises a region that is complementary to miR-142 is referred to as a
miR-142 antagonist or a miR-142 antisense. Single-stranded microRNA inhibitors are
commercially available, for example, from Qiagen (miScript miRNA inhibitors), Life
Technologies (Ambion® Anti-miR™ miRNA inhibitors), and Exiqon (miRCURY LNA™
microRNA inhibitors). In some embodiments, the oligonucleotide that comprises a region that is
complementary to miR-142 is a hairpin microRNA inhibitor, which comprises a self-
complementary region such that the oligonucleotide folds into a hairpin. Commercial microRNA
hairpin inhibitors are available, e.g., from Thermo Scientific (miRIDIAN microRNA hairpin
inhibitors).

[0070] In some embodiments, oligonucleotides are provided, wherein the
oligonucleotides comprise a region that is identical to at least 8, at least 9, at least 10, at least 11,
at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at
least 20 nucleotides of miR-142. In some embodiments, oligonucleotides are provided, wherein
the oligonucleotides comprise a region that is identical to at least 8, at least 9, at least 10, at least
11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or
at least 20 nucleotides of miR-142-5p. In some such embodiments, the region is also identical to
at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least
16, at least 17, at least 18, at least 19, or at least 20 nucleotides of pre-miR-142.

[0071] In some embodiments, oligonucleotides are provided, wherein the
oligonucleotides comprise a region that is identical to at least 8, at least 9, at least 10, at least 11,
at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at
least 20 nucleotides of miR-142-3p. In some such embodiments, the region is also identical to at
least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16,
at least 17, at least 18, at least 19, or at least 20 nucleotides of pre-miR-142.

[0072] In some embodiments, oligonucleotides are provided, wherein the
oligonucleotides comprise a region that is identical to at least 8, at least 9, at least 10, at least 11,

at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at
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least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least
60, at least 70, or at least 80 nucleotides of pre-miR-142.

[0073] In some embodiments, an oligonucleotide that comprises a region that is
identical to miR-142 is a miR-142 mimic. In some embodiments, the oligonucleotide is a single-
stranded miR-142 mimic. In some such embodiments, the oligonucleotide may further comprise
a complementary strand. In some such embodiments, the oligonucleotide may be referred to as a
double-stranded miR-142 mimic. Double-stranded microRNA mimics are commercially
available, e.g., from Qiagen (miScript), Sigma Aldrich, Invitrogen (mirVana), and Thermo
Scientific (miRIDIAN microRNA mimics). In some embodiments, the strand comprising the
region that is identical to miR-142 and the complementary strand are part of a single
oligonucleotide. In some embodiments of double-stranded miR-142 mimics, the double-stranded
region of the mimic is 15 to 30 nucleotides in length.

[0074] In some embodiments, a miR-142 mimic is a sSiRNA. A siRNA, or small
mterfering RNA, is an RNA comprising a double-stranded region of 15 to 25 base pairs in
length. In some embodiments, an siRNA comprises a 5’-phosphate and a 3’-hydroxyl. In some
embodiments, an siRNA comprises a two-base overhang (i.e., single-stranded region) on the 3’
end of one or both of the RNA strands. One strand of the siRNA is an oligonucleotide (such as
an RNA oligonucleotide) that comprise a region that is identical to at least 8, at least 9, at least
10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18§, at
least 19, or at least 20 nucleotides of miR-142. The oligonucleotide, in some embodiments,
comprises a region that is identical to the seed match region of miR-142. In some embodiments,
such an siRNA targets the same site(s) in the same genes as miR-142, and is therefore considered
to be a mimic.

[0075] In some embodiments, a miR-142 mimic is a shRNA. A shRNA, or short
hairpin RNA, comprises a single RNA strand that is self-complementary over at least a portion of
the RNA. In some embodiments, an shRNA is delivered to a subject by administering a vector
comprising a coding sequence for the shRNA, such as in gene therapy. See, e.g., Xiang et al.,
2006, Nature Biotech., 24: 697-702; Senzer et al., 2012, Mol. Therap., 20: 679-686; US
2010/0299771; US 2012/0004283. In some embodiments, a vector encoding a shRNA may be
administered in order to increase miR-142 levels in a particular cell, cell type, tissue, or subject.
In some embodiments, a vector comprising the coding sequence for the miR-142 pre-miRNA or
pri-miRNA may be administered in order to increase miR-142 levels in a particular cell, cell

type, tissue, or subject.

4.1.1.Exemplary oligonucleotide modifications
[0076] In some embodiments, an oligonucleotide comprises at least one modified

nucleoside and/or modified internucleoside linkage. In some embodiments, such modifications
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may increase the binding affinity and specificity of an oligonucleotide for its target nucleic acid
as compared to oligonucleotides that contain only deoxyribonucleotides, and may allow for the
use of shorter polynucleotides or for shorter regions of complementarity between the
oligonucleotide and the target nucleic acid. In some embodiments, such modifications may (or
may also) increase the nuclease resistance of the oligonucleotide, improving the
pharmacokinetics such that lower doses of the oligonucleotide may be needed to therapeutic
effect.

[0077] In some embodiments, an oligonucleotide includes one or more modified
nucleosides, wherein each modified nucleoside comprises a modified nucleobase moiety and/or a
modified sugar moiety. In some embodiments, an oligonucleotide comprises one or more
modified internucleoside linkages, one or more unmodified internucleoside linkages, or a
combination of modified and unmodified internucleoside linkages.

[0078] Nonlimiting exemplary modified nucleosides having modified nucleobase
moieties include nucleosides comprising 5-methylcytosine, isocytosine, pseudoisocytosine, 5-
bromouracil, 5-propynyluracil, 6-aminopurine, 2-aminopurine, inosine, diaminopurine, 2-chloro-
6-aminopurine, xanthine and hypoxanthine. Nonlimiting exemplary

[0079] Nonlimiting exemplary modified nucleosides having modified sugar moieties
include nucleosides comprising 2’-substituted sugars, such as 2’-O-alkyl-ribose sugars, 2°-
amino-deoxyribose sugars, 2’ -fluoro-deoxyribose sugars, 2’-fluoro-arabinose sugars, and 2’-O-
methoxyethyl-ribose (2’MOE) sugars, and bicyclic sugars, such as locked nucleic acid (“LNA”).
In some embodiments, modified sugars are arabinose sugars, or d-arabino-hexitol sugars.

[0080] In some embodiments, an oligonucleotide comprises one or more backbone
modifications such as peptide nucleic acids (PNA; e.g., an oligomer including nucleobases linked
together by an amino acid backbone). Other backbone modifications include, but are not limited
to, phosphorothioate linkages, phosphodiester modified nucleic acids, combinations of
phosphodiester and phosphorothioate nucleic acid, methylphosphonate, alkylphosphonates,
phosphate esters, alkylphosphonothioates, phosphoramidates, carbamates, carbonates, phosphate
triesters, acetamidates, carboxymethyl esters, methylphosphorothioate, phosphorodithioate, p-
ethoxy, and combinations thereof.

[0081] One skilled in the art can design a suitable oligonucleotide for an intended
application using the knowledge in the art. Nonlimiting exemplary descriptions of
oligonucleotides that antagonize microRNASs or mimic microRNAs (such as siRNA) and
considerations for designing such oligonucleotides, including suitable modified nucleosides and
internucleoside linkages, are described, for example, in U.S. Publication No. 2011/0166198; US
Patent No.: 8,017,763; US Patent 8,173,611; WO 2005/013901; US 2012-0184596; US
2009/270481; EP 1984382; EP1824975; US Patent No.: 7,834,170; WO 2012/149646; Breving
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et al. Int J Biochem Cell Biol. 2010 Aug;42(8):1316-29; van Roojj et al., Circ Res. 2012 Feb
3;110(3):496-507; Torio et al., EMBO Mol Med. 2012 March; 4(3): 143—159; Frieden, M. et al.
(2008) Curr. Pharm. Des. 14(11):1138-1142, each of which is incorporated by reference herein in
its entirety for any purpose.

[0082] In some embodiments, an oligonucleotide is conjugated to a moiety that targets
the oligonucleotide to a desired cell type, such as T cells. In some such embodiments, the

targeting moiety may be an antibody or aptamer that binds CD4.

4.2. Methods

[0083] In some embodiments, methods of treating autoimmune diseases are provided. In
some such embodiments, a method comprises administering to a subject with an autoimmune
disease a miR-142 mimic. In some embodiments, a miR-142 mimic is a compound comprising
an oligonucleotide, wherein the oligonucleotide comprises a first strand that consists of 8 to 200
nucleosides, and wherein the first strand comprises a region that is identical to at least 8
contiguous nucleotides of miR-142. Nonlimiting exemplary autoimmune conditions that may be
treated using the methods described herein include rheumatoid arthritis, multiple sclerosis,
psoriasis, and inflammatory bowel disease.

[0084] In some embodiments, methods of attenuating rejection of a transplanted organ
are provided. In some such embodiments, a method comprises administering to a subject who
has undergone an organ transplant a miR-142 mimic. In some embodiments, a miR-142 mimic is
a compound comprising an oligonucleotide, wherein the oligonucleotide comprises a first strand
that consists of 8 to 200 nucleosides, and wherein the first strand comprises a region that is
identical to at least 8 contiguous nucleotides of miR-142. In some embodiments, the method
comprises administering to the subject a vector that encodes a miR-142 or miR-142 mimic, such
as a ShRNA, a pre-miR-142, or a pri-miR-142. As used herein, “attenuating rejection” includes
delaying the onset of organ rejection and/or lessening the severity of organ rejection. In some
embodiments, the subject has received a transplanted kidney, liver, lung, bone marrow, limb
(such as hand) and/or heart.

[0085] In some embodiments, methods of enhancing TL-7 receptor signaling in a cell are
provided. In some such embodiments, a method comprises contacting a cell with a miR-142
mimic. In some embodiments, a miR-142 mimic is a compound comprising an oligonucleotide,
wherein the oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and
wherein the first strand comprises a region that is identical to at least 8 contiguous nucleotides of
miR-142. In some embodiments, the method comprises contacting the cell with a vector that
encodes a miR-142 or miR-142 mimic, such as a shRNA, a pre-miR-142, or a pri-miR-142. In
some embodiments, the cell is in a subject. In some such embodiments, the subject is infected

with HIV. Thus, in some embodiments, methods of treating subjects with HIV are provided,
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comprising administering to the subject a miR-142 mimic. In some embodiments, the method
comprises administering to the subject a vector that encodes a miR-142 or miR-142 mimic, such
as a shRNA, a pre-miR-142, or a pri-miR-142. In some embodiment, a miR-142 mimic is a
compound comprising an oligonucleotide, wherein the oligonucleotide comprises a first strand
that consists of 8 to 200 nucleosides, and wherein the first strand comprises a region that is
identical to at least 8 contiguous nucleotides of miR-142.

[0086] In some embodiments, methods of increasing regulatory T cell production in a
subject are provided. In some such embodiments, a method comprises administering to the
subject a miR-142 mimic. In some embodiments, the method comprises administering to the
subject a vector that encodes a miR-142 or miR-142 mimic, such as a shRNA, a pre-miR-142, or
a pri-miR-142. In some embodiments, a miR-142 mimic is a compound comprising an
oligonucleotide, wherein the oligonucleotide comprises a first strand that consists of 8 to 200
nucleosides, and wherein the first strand comprises a region that is identical to at least 8
contiguous nucleotides of miR-142.

[0087] In some embodiments, methods of increasing IgM production in a subject are
provided, wherein the methods comprise administering to the subject a miR-142 antagonist. In
some embodiments, a miR-142 antagonist is a compound comprising an oligonucleotide, wherein
the oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and wherein the
first strand comprises a region that is identical to at least 8 contiguous nucleotides of miR-142.

[0088] In any of the embodiments of miR-142 mimic, the oligonucleotide may comprise
a second strand, for example, when the oligonucleotide is a double-stranded miR-142 mimic. In
some embodiments, the oligonucleotide is a hairpin, wherein the first strand and the second
strand are part of a single contiguous oligonucleotide.

[0089] In any of the embodiments described herein, miR-142 may be miR-142-5p
and/or miR-142-3p. Further, the region of the oligonucleotide first strand that is identical to
miR-142 may be identical to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least at least 19, or at least 20
contiguous nucleotides of miR-142. In some embodiments, when miR-142 is miR-142-3p, the
first strand is identical to the entire miR-142-3p sequence (23 contiguous nucleotides, SEQ ID
NO: 2). In some embodiments, when miR142 is miR-142-5p, the first strand is identical to the
entire miR-142-5p sequence (22 contiguous nucleotides, (SEQ ID NO: 1).

[0090] In some embodiments, the oligonucleotide first strand comprises a region that is
identical to a seed match region of miR-142-3p or miR-142-5p. In some embodiments, the seed
match region of miR-142-3p is nucleotides 1 to 9, nucleotides 1 to 8, nucleotides 1 to 7,
nucleotides 2 to 9, nucleotides 2 to 8, or nucleotides 2 to 7 of miR-142-3p (SEQ ID NO: 2). In

some embodiments, the seed match region of miR-142-5p is nucleotides 1 to 9, nucleotides 1 to
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8, nucleotides 1 to 7, nucleotides 2 to 9, nucleotides 2 to 8, or nucleotides 2 to 7 of miR-142-5p
(SEQID NO: 1). In various embodiments, the first strand of the oligonucleotide may consist of
810 100, 8 to 75, 8 to 50, 8 to 40, 8 to 30, 8 to 25, 8 t0 23, 8 t0 22, § to 21, or 8 to 20, 12 to 30,
12 to 25, 12 to 23, 12 t0 22, 12 to 21, or 12 to 20 nucleotides.

[0091] In any of the embodiments described herein, a vector may encode a shRNA
comprising a region that is identical to miR-142 may be identical to at least 8, at least 9, at least
10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18§, at
least at least 19, or at least 20 contiguous nucleotides of miR-142. In any of the embodiments
described herein, a vector may encode a sequence comprising pre-miR-142 or pri-miR-142. In
some such embodiments, the vector expresses the pre-miR-142 or pri-miR-142, which is then
processed by the cell to produce miR-142-5p and/or miR-142-3p. Thus, in some embodiments, a
method comprises increasing levels of miR-142-3p and/or miR-142-5p, for example, by
contacting a cell with a vector that encodes the pre-miR-142 or pri-miR-142.

[0092] In some embodiments, methods of enhancing an immune response in a subject
are provided. In some such embodiments, a method comprises administering to the subject a
miR-142 antagonist. In some embodiments, a miR-142 antagonist is a compound comprising an
oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and wherein the
oligonucleotide comprises a region that is complementary to at least 8 contiguous nucleotides of
miR-142. In some embodiments, the method comprises enhancing an immune response in a
subject with cancer. Nonlimiting exemplary cancers include hematologic malignancies and
dysplasias such as acute and chronic myeloid leukemia, acute and chronic lymphocytic
leukemia, myelodysplasia, Hodgkin’s and non-Hodgkin’s lymphoma, multiple myeloma
and Waldenstrom’s macroglobulinemia, myeloproliferative disorders such as
myelofibrosis and polycythemia rubra vera; solid tumors such as small-cell and non-
small cell lung cancer, breast cancer, colorectal cancer, prostate cancer, ovarian cancer,
gastric and esophageal cancer, glioblastoma multiforme, head and neck cancer,
pancreatic cancer, hepatocellular carcinoma, soft tissue sarcoma, melanoma, bladder
cancer, and renal cancer. In some embodiments, the method comprises enhancing an immune
response in a subject with an infection. In some such embodiments, the subject has an
mtracellular infection, such as a virus or tuberculosis. Further nonlimiting exemplary infections
include herpes virus infections (CMV, EBV, HSV 1+2) and other viral infections such as
influenza, thinovirus, echovirus, and HIV; and certain bacterial infections such as listeria,
brucella, legionella, francisella; and intracellular parasites, such as chlamydia, rickettsia.

[0093] In some embodiments, methods of enhancing an immune response to a vaccine
are provided. In some such embodiments, a method comprises administering to the subject a

miR-142 antagonist. In some embodiments, a miR-142 antagonist is a compound comprising an
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oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and wherein the
oligonucleotide comprises a region that is complementary to at least 8 contiguous nucleotides of
miR-142. The vaccine may be administered prior to administration of the miR-142 antagonist
(i.e., more than 4 hours before, more than 1 day, more than 2 days, more than 4 days, more than 1
week, or more than 2 weeks before), contemporaneously with the miR-142 antagonist (i.e.,
within 4 hours before or after administration of the miR-142 antagonist), or after the miR-142
antagonist (i.e., more than 4 hours, more than 1 day, more than 2 days, more than 4 days, more
than 1 week, or more than 2 weeks after).

[0094] In some embodiments, methods of inhibiting IL-7 receptor signaling are
provided. In some such embodiments, a method comprises contacting a cell with a miR-142
antagonist. In some embodiments, a miR-142 antagonist is a compound comprising an
oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and wherein the
oligonucleotide comprises a region that is complementary to at least 8 contiguous nucleotides of
miR-142. In some embodiments, methods of treating acute lymphoblastic leukemia (ALL) are
provided. In some such embodiments, a method comprises administering to the subject a miR-
142 antagonist. In some embodiments, a miR-142 antagonist is a compound comprising an
oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and wherein the
oligonucleotide comprises a region that is complementary to at least 8 contiguous nucleotides of
miR-142. In some embodiments, the ALL comprises hyperactivated IL-7 receptor signaling. In
some embodiments, the ALL comprises an activating mutation in IL-7 receptor.

[0095] In some embodiments, methods of reducing regulatory T cell production are
provided. In some such embodiments, a method comprises administering to the subject a miR-
142 antagonist. In some embodiments, a miR-142 antagonist is a compound comprising an
oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and wherein the
oligonucleotide comprises a region that is complementary to at least 8 contiguous nucleotides of
miR-142,

[0096] In some embodiments, methods of reducing IgM antibody production are
provided. In some such embodiments, a method comprises administering to the subject a miR-
142 antagonist. In some embodiments, a miR-142 antagonist is a compound comprising an
oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and wherein the
oligonucleotide comprises a region that is complementary to at least 8 contiguous nucleotides of
miR-142,

[0097] In any of the embodiments of a miR-142 antagonist herein, the miR-142 may be
miR-142-3p, miR-142-5p, or pre-miR-142. In some embodiments, the oligonucleotide
comprises a region that is complementary to at least §, at least 9, at least 10, at least 11, at least

12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least at least 19, or at
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least 20 contiguous nucleotides of miR-142. In some embodiments, the oligonucleotide
comprises a region that is complementary to a seed match region of miR-142-3p or miR-142-5p.
In some embodiments, the seed match region of miR-142-3p is nucleotides 1 to 9, nucleotides 1
to 8, nucleotides 1 to 7, nucleotides 2 to 9, nucleotides 2 to 8, or nucleotides 2 to 7 of miR-142-
3p (SEQ ID NO: 2). In some embodiments, the seed match region of miR-142-5p is nucleotides
1 to 9, nucleotides 1 to 8, nucleotides 1 to 7, nucleotides 2 to 9, nucleotides 2 to 8, or nucleotides
2 to 7 of miR-142-5p (SEQ ID NO: 1). In some embodiments, the miR-142 antagonist
comprises a single-stranded oligonucleotide.

[0098] In various embodiments, oligonucleotide comprises at least one modified
nucleoside and/or at least one modified internucleoside linkage. In some embodiments, a
modified nucleoside comprises a modified sugar moiety and/or a modified nucleobase moiety.
Nonlimiting exemplary modified nucleosides are known in the art. In some embodiments, a
modified internucleoside linkage is phosphorothioate. In some embodiments, each
mternucleoside linkage in the oligonucleotide are phosphorothioate. Nonlimiting exemplary

modified nucleosides and modified internucleoside linkages are known in the art.

4.3. Pharmaceutical compositions

[0099] In some embodiments, a pharmaceutical composition is formulated and
administered according to Semple et al., Nature Biotechnology advance online publication, 17
January 2010 (doi:10.1038/nbt.1602)), which is incorporated by reference herein in its entirety
for any purpose.

[00100] The terms “treat,” “treating” and “treatment” as used herein refer to
ameliorating symptoms associated with cancer, including preventing or delaying the onset of
symptoms and/or lessening the severity or frequency of symptoms of the cancer.

[00101] The term “effective amount” of a target RNA or an inhibitor of target
RNA expression or activity is an amount sufficient to treat the condition. An effective amount of
a compound for use in the pharmaceutical compositions disclosed herein may be determined by a
person skilled in the art, e.g., by taking into account factors such as the size and weight of the
individual to be treated, the stage of the disease, the age, health and gender of the individual, the
route of administration and whether administration is localized or systemic.

[00102] In addition to the oligonucleotides described herein, or a
pharmaceutically acceptable salts thereof, the pharmaceutical compositions disclosed herein may
further comprise a pharmaceutically acceptable carrier, including but not limited to, water,
buffered water, normal saline, 0.4% saline, 0.3% glycine, and hyaluronic acid. In some
embodiments, the pharmaceutical compositions comprising an oligonucleotide may be
encapsulated, e.g., in liposomes, such as stable nucleic acid-lipid particles (SNALPs). See, e.g.,

Owens, Nat. Rev. Drug Discov., 2005, 4:717 and references cited therein; Geisbert et al., Lancet,
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2010, 375: 1896-905; de Antonellis et al., Naunyn Schmiedebergs Avch Pharmacol., 2013,
PMID: 23354452, In some embodiments, the pharmaceutical compositions further comprise
pharmaceutically acceptable excipients such as stabilizers, antioxidants, osmolality adjusting
agents and buffers.

[00103] Pharmaceutical compositions can take the form of solutions,
suspensions, emulsions, tablets, pills, pellets, capsules, capsules containing liquids, powders,
sustained-release formulations, suppositories, emulsions, aerosols, sprays, suspensions, or any
other form suitable for use. Methods of administration include, but are not limited to, oral,
parenteral, intravenous, oral, and by inhalation.

[00104] Descriptions of nonlimiting exemplary formulations for compounds
comprising oligonucleotides are described, for example, in US 2011/0166198; US
2012/0183581; US 2011/0091525; US 2011/0060032; Owens, Nat. Rev. Drug Discov., 2005,
4:717 and references cited therein; Geisbert et al., Lancet, 2010, 375: 1896-905; de Antonellis et
al., Naunyn Schmiedebergs Arch Pharmacol., 2013, PMID: 23354452,

[00105] The following examples are for illustration purposes only, and are not
meant to be limiting in any way.

5. Examples
5.1 Example 1: Materials and Methods

[00106] Generation of mir-142 deficient mice. Mice were generated by
homologous recombination in 129Sv mouse embryonic stem cells using a targeted vector
conferring neomycin resistance. This vector contained both loxP and FRT sites flanking the mir-
142 locus and neomycin-resistance cassette in such a way that both conditional and constitutive
mir-142 deficient mice could be generated (Figs. 1 to 3). Chimeric offspring were then bred with
C57BL/6J-Cre deleter mice to generate mice carrying the constitutive mir-142 knockout allele, or
the C57BL/6J-Flp deleter mice to generate conditional mir-142 deficient mice (Fig. 2). Marker-
Assisted Accelerated Backcrossing (MAXBAX, Charles River) sequencing showed that the mice
were 89-95% C57B1/6. WT controls are mir-142"" littermates. All experimental protocols
involving rodents were reviewed and approved by our local ethics review committee and were
carried out in accordance with a UK Home Office Project Licence (License #: PPL/70/6792).

[00107] Naive T cell isolation and in vitro culture. CD4" T cells were isolated
from mouse lymph nodes and spleen using CD4 microbeads (Miltenyi Biotec). Cells were then
labelled with fluorochrome-conjugated antibodies to CD4, CD62L, CD44 and CD25
(eBioscience). Naive T cells were sorted using a BD FACSAria II flow cytometric cell sorter
(Becton Dickinson) to >98% purity. Cells were initially activated for three days with plate-bound
anti-CD3 (2pg/ml) and anti-CD28 (2pg/ml) antibodies (Bio X Cell), and cultured for a total of
seven days in 10% fetal calf serum-supplemented RPMI-1640 cell culture medium (PAA) under
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non-polarizing conditions in the presence of IL-2 (20ng/ml, R&D Systems). For IL-7
experiments, cells were cultured in culture medium supplemented with 10ng/ml (unless
otherwise indicated) recombinant mouse IL-7 (R&D Systems).

[00108] Bone marrow transfer. RAG-1 deficient mice were sublethally
irradiated with 3.5 Gy from a Caesium-137 source. Bone marrow (BM) was isolated by flushing
donor mouse femur and tibia with sterile phosphate buffered saline (PBS), and then mechanically
disrupting this suspension through sterile mesh. 1x10° BM cells were injected intravenously via
the tail vein immediately after irradiation. Mice were monitored for weight loss and signs of
disease throughout the course of the experiment.

[00109] T cell transfer. RAG-1"" mice were injected with cells resuspended in
sterile PBS. Mice were weighed prior to injection and monitored for weight loss and signs of
disease onset including diarrhoea, rectal bleeding, weight loss and for signs of peritonism. For
naive T cell transfer, 0.5x10° cells were injected; for transfer of in vitro activated T cells: 1x10%
for short-term (5 day) in vivo tracking experiments: 2.5x10°.

[00110] Flow Cytometry. The following anti-mouse antibodies were used for
flow cytometry; CD3 (145-2C11), CD4 (RM4.5), CDS (53-6.7), CD62L (MEL-14), CD44
(IM7), CD25 (PC61.5), CD19 (1D3), CD11c (N418), CD127 (A7R34), CD132 (TUGh4), TCRp
(H57-597), TCRy6 (Gl13). Phosphorylated STATS5 was stained using a BD Phosflow kit
according to manufacturer’s instructions and acquired using an ImageStream X (Amnis). For
CFSE and CellTrace Violet (both Invitrogen) tracking experiments, cells were isolated and then
labelled according to the manufacturer’s protocol with either CFSE (2uM) or CellTrace Violet
(2uM). In vitro apoptosis staining was performed according to the manufacturers’ instructions
with Annexin V-Pacific Blue (eBioscience) and Propidium Iodide (Invitrogen). Ex vivo apoptosis
staining was performed using VAD-FMK-Fitc (Promega). Live/Dead steaining was performed
with Live/Dead Yellow or Live/Dead Aqua (Invitrogen). Samples were acquired using BD LSR
II and Fortessa flow cytometers (Becton Dickinson). Data were analysed with FlowJo software
(Treestar, USA).

[00111] BrdU labelling. Each mouse received one i.p. injection of 1 mg BrdU
and then further exposed to BrdU (0.8 mg/ml) in their drinking water thereafter for up to 8 days.
Thymocytes were harvested and stained using a BrdU flow kit according to the manufacturer’s
instructions (BD Pharmingen) and analysed by flow cytometry.

[00112] Microarrays. Total RNA was extracted using Trizol (Invitrogen).
Protein-coding gene microarrays were performed at the King’s College London Genomics Centre
facility. RNA was labelled and hybridized to the Affymetrix Mouse Gene ST 1.0 microarray
using Nugen WT-Ovation Pico (Nugen Technologies) and Affymetrix sample preparation kits

according to the manufacturer’s instructions. Two biological replicates were performed for each
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genotype. Data were normalised using the robust multi-array average (RMA) method’’. miRNA
microarrays were performed using a Cepheid Inc. (Maurens-Scopont, France) custom microRNA
microarray platform spotted with probes designed to detect miRNAs included in miRBase
release 11 (April 2008). RNA was size-fractionated to the <40nt fraction using the Ambion
FlashPAGE fractionator (Life Technologies Inc., Carlsbad, CA). RNA was 3’ labelled by
overnight ligation of a UUUU-Cy5 fluorescent tag. Labelled RNA was hybridized overnight to
pre-prepared microarray slides, and fluorescence was then measured using the GenePix 4000A
scanner in conjunction with GenePix Pro Software (Molecular Devices, Sunnyvale, CA, USA).
Two biological replicates were performed for each genotype. Data were normalised using the vsn
bioconductor package®®, and analysed with the MayDay software analysis package™.

[00113] Real-Time RT-PCR. mRNA and miRNA expression was quantified
using Taqman assays (Applied Biosystems). Reactions were performed according to the
manufacturer’s instructions and analysed using a 7500 real-time PCR instrument (Applied
Biosystems).

[00114] Northern Blot. Northern blot was performed for the detection of miR-
142-3p and miR-142-5p RNA. Total RNA was isolated using Trizol. 40ug of total RNA in RNA
sample loading buffer (Sigma Aldrich) was loaded into each well of a 1% denaturing
formaldehyde-agarose gel. Following electrophoresis, RNA was transferred onto Hybond-N+
membrane (GE Healthcare UK Ltd., Little Chalfont, UK). Chemiluminescent miRNA Northern
Blot kits (Signosis Inc., Sunnyvale, CA, USA) specific for miR-142-3p and miR-142-5p were
used for detection of miRNA, according to manufacturer’s instructions. Briefly, hybridization
was performed by overnight incubation under rotation at 42°C in the presence of biotin-labelled
miRNA probes. After washing, membrane was incubated with streptavidin-HRP, then washed
again, and finally incubated with detection substrate. Detection was performed with the
Hyperfilm imaging system (GE Healthcare).

[00115] Western Blot. Cells were sorted as described above, and rested in serum
free medium for 2h. Cell suspensions were cultured with 10ng/ml recombinant mouse 1L-7,
washed in PBS and lysed in RIPA buffer. Samples were boiled in reducing sample buffer and
protein separated using SDS-PAGE (Biorad) before transfer to a nitrocellulose membrane. Blots
were probed with rabbit anti-mouse STATS, pSTATS, pJAK3, and B-actin (Cell Signalling). For
immunoprecipitation equal numbers of Thp were incubated for 30minutes on ice with rmIL-7.
Whole cell lysates were prepared in RIPA buffer, incubated with anti-CD127 coated DynaBeads
beads and magnetically separated. Lysates were separated by SDS/PAGE under reducing
conditions. After transfer to a nitrocellulose membrane, blocking was performed with Tris
buffered saline containing 5% (vol/vol) skim milk. Blots were then incubated with anti-CD127

and anti-CD132 overnight HRP-conjugated goat anti-rabbit IgG or rabbit anti-goat IgG were
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used for secondary detection (GE Healthcare). Blots were developed using enhanced
chemiluminescence (Pierce Biotechnology).

[00116] Immunohistochemistry. Splenic tissue was removed, snap frozen in
Jung tissue freezing medium (Leica Microsystems Nussloch GmbH). Cryostat sections were
fixed in acetone before blocking with 20% normal horse serum (PAA Laboratories Inc.).
Sections were incubated with FITC-conjugated anti-CD3 (eBioscience Ltd), biotin-conjugated
anti-B220 (eBioscience Ltd), followed by streptavidin-conjugated alexa594 (Invitrogen). Nuclei
were visualised by staining with 1pg/ml DAPI (Invitrogen). Images were acquired on an
Olympus BX51 microscope using Micro-Manager software (Vale Laboratory).

[00117] Retroviral transfections and transductions. Human 293T cells were
used as a packaging cell line to generate retroviral stocks for transduction by conventional
techniques. For transduction, CD3/CD28 activated CD4 cells were seeded at 1x10° cells per well
of a 48w plate and maintained in DMEM + 10% FCS + 20ng/ml rhIL-2 for 36 hours. At
transduction 8uM polybrene and viral supernatant were added and centrifuged at 2500rpm for
90min at 22°C. Medium was replaced after a further 12h and GFP" cell sorted using a BD
FACSAria II flow cytometric cell sorter (Becton Dickinson).

5.2 Example 2: mir-142 controls naive T cell homeostasis in vivo

[00118] In order to identify miRNAs of importance in CD4" T cell homeostatic
control we initially performed microarray profiling of miRNA expression in naive CD4" CD25
CD62L"" CD44"" T cells (Thp) and highly polarised T cell subsets derived from these cells
(Fig. 4). Bioinformatic analysis demonstrated a group of miRNAs that were highly expressed in
the naive state, but subsequently down-regulated upon differentiation (Fig. 4a). Of these, mir-
142-3p and mir-142-5p were among the most highly expressed in Thp cells. Analysis using
Northern blot confirmed the dynamic regulation of mir-142 expression between the naive and T
helper cell subsets (Fig. 4b), suggesting a potential function of mir-142 in the regulation of
processes such as homeostasis and activation.

[00119] A pivotal role for mir-142 in T cell regulation was confirmed following
the generation of constitutive mir-142 deficient mice (Figs. 1-3). Offspring of heterozygous mir-
142" mice were born at the expected Mendelian ratio and homozygous mir-142"" remained
healthy beyond one year of age (data not shown). Flow cytometric analysis revealed a striking
reduction in the total number of CD3" T cells in the absence of mir-142 when compared with
mir-142"" wild-type (WT) controls (Fig. 5a-b,f) with no alteration in the ratio of CD4":CD8" in
mir-142"7" compared to WT mice (Fig. 5¢). Although mir-142 is expressed across multiple
haematopoietic lineages®, mir-142 deficiency resulted in an exclusive reduction in the cellularity
of the T cell compartment, as the numbers of other splenic and lymph node lineages such as B

cells and dendritic cells were not significantly different in mir-142" mice (Fig. 5d-e, and Fig. 6).
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These data, however, do not exclude other defects in these and other lineages of immune cells in
mir-142"7" mice. Analysis of mir-142"" mice showed an intermediate homeostatic naive CD4" T
cell defect (Fig. 5b) associated with expression levels at 50% compared with WT mice (Fig. 2¢),
indicative of a gene dose effect for this phenotype.

[00120] Previous studies have shown a relative dominance of memory T cells in
lymphopenic mice’. In agreement with this, T cell lymphopenia in mir-142"" mice resulted in an
increased percentage of CD4" memory (CD4™ CD25CD62L"Y CD44"¢", 9.1% (WT) vs. 18%
(mir-1427) cells in comparison to naive (CD4" CD25 CD62L"¢" CD44'", 85% (WT) vs. 70%
(mir-1427) cells) (Fig. 5d). The percentage of memory CD8" T cells was also increased in mir-
1427 mice (CD8" CD44™¢" CD122"¢" 17.6% (WT) vs. 45.6% (mir-142")) and naive CD8" T
cells reduced (CD8" CD44"°" CD122°%, 65.6% (WT) vs. 34.9% (mir-142")) (Fig. 5e).

[00121] Immunohistochemistry demonstrated a marked reduction of CD3" T
cells in the mir-142" spleen when compared with WT, although splenic structural organisation
appeared grossly normal with follicular development evident (Fig. 5f). Thus mir-142 is essential
for the maintenance of T cell numbers and the absence of mir-142 results in a profound
homeostatic defect in the T cell lineage.

5.3 Example 3: The homeostatic defect in naive CD4" T cells from mir-142" mice is

post-developmental

[00122] In order to address whether this T cell homeostatic defect resulted from
lymphoid or non-lymphoid deficiency of mir-142 we generated bone marrow chimeras by
reconstitution of sublethally-irradiated RAG-1"" recipient mice with bone marrow from either
mir-142"" or WT donors. At 4 weeks post-transfer, CD3" T cells were virtually absent in the
spleen and lymph nodes of recipients of mir-142"" bone marrow, despite CD19" B cells having
reconstituted equally in recipients of both mir-142"" and WT cells (Fig. 7a). To confirm the tissue
specificity of this effect, we generated mice with a conditional allele of mir-142 (mir-142""
mice, Fig. 3). These mice were then crossed with CD4-Cre mice in order to examine the CD4"
lineage specificity of this phenotype. Conditional deletion of mir-142 in cells expressing CD4
recapitulated the defect observed in constitutive mir-142"" mice, demonstrating that the
homeostatic defect is T cell lineage-specific (Fig. 7b).

[00123] Mir-142"" and CD4-cre” x mir-142"" mice did not display significantly
reduced thymocyte cellularity (Fig. 7¢). Analysis of early thymic populations (DN1-DN4 and
immature CD8" (ISP)) and gamma delta TCR" thymocytes revealed no significant changes in
mir-142"" mice (Fig. 7d and Fig. 8b,f). The absence of mir-142 resulted in a significant reduction
in mature thymic TCR™CDS" T cells, but not mature TCR"CD4" T cells or double positive (DP)
thymocytes (Fig. 7e-f and Fig. 8¢). Interestingly, the reduction of TCRMCD8" T cells in mir-1427"

mice was partially corrected when mir-142 was deleted at a later stage of development in CD4-
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2" mice, while TCR™CD4" T cells and DP thymocytes remained comparable to

cre’ X mir-14
those in WT mice (Fig. 7f and Fig. 8e). Analysis of proliferating thymocytes by BrdU
incorporation demonstrated a tendency towards reduced proliferation in mir-142"" thymocytes
(Fig. 7g). This indicates that the absence of mir-142 results in a defect in CD8" thymocytes,
while thymic CD4" T cell development remains largely unaffected at this level of analysis.

5.4 Example 4: Mir-142 regulates CD4" T cell lymphopenia-induced proliferation

in a cell-intrinsic manner

[00124] Given that thymic development of CD4" T cells was normal in mir-142"
mice, we focused on peripheral CD4" T cell homeostasis. Transfer of naive CD4" T cells into
RAG-1"" mice results in lymphopenia-induced proliferation (LIP), a process that is dependent on
similar immunological cues as steady-state homeostasis'. In order to investigate the mechanisms
responsible for the peripheral homeostatic defect of mir-142"" naive CD4" T cells, we transferred
WT or mir-142"" CD4" CD62LM€" CD44'°" CD25 naive T cells (Thp) into RAG-1"" mice. At 4
weeks post-transfer, T cells were observed in the spleen and lymph nodes of mice that had
received WT cells, but were essentially absent in the recipients of mir-142"" T cells (Fig. 9a).
Furthermore, mir-142"" T cells were not detected in any other organs such as lung and liver,
indicating that this was not a primary defect in T cell trafficking to lymphoid tissue (data not
shown). Transfer of CD4" memory T cells also demonstrated impaired reconstitution of recipient
mice by mir-142"" cells in the spleen, although a relatively higher percentage of cells were
detected in peripheral lymph nodes. However, this was still reduced in comparison to recipients
of WT CD4" memory T cells (Fig. 9b). This finding is consistent with the higher proportion of
CD4" memory cells previously observed in the mir-142" mouse and may reflect a differential
reliance on survival factors between naive and memory CD4" T cells®.

[00125] The failure of mir-142"7" T cells to undergo LIP could be due to lack of
response to in vivo signals that result in reduced proliferation. To address this, we tracked
adoptively transferred CFSE labelled T cells and found that mir-142"" Thp had failed to divide
following transfer, in contrast to WT cells where T cell proliferation had been initiated at the
same time point (Fig. 9¢). Furthermore, mir-142" cells displayed higher levels of apoptosis than
WT in vivo, with all (n=3/3) recipients of mir-142"" Thp displaying higher numbers of
(CD3'CD4") VAD-FMK" cells (Fig. 9d). Thus, as a result of both impaired proliferation and
increased apoptosis, the number of mir-142"" T cells was dramatically reduced when compared
with WT (Fig. 9e). Failure to respond to in vivo survival signals was not restored by co-transfer
of equal numbers of WT naive T cells. Co-transferred WT cells survived and underwent robust
proliferation. In marked contrast, mir-1427 cells failed to proliferate and displayed a comparative
16-fold reduction in T cell numbers (Fig. 9f). Collectively, these data show that mir-142 controls

naive T cell homeostasis iz vivo in a T cell-intrinsic manner.
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[00126] Dysregulation of homeostasis of naive CD4 " T cells has been implicated
in a number of pathological clinical outcomes, including inhibited tumour clearance and
propagation of chronic inflammatory bowel disease’. Modulation of mir-142 in these settings
could therefore represent a novel potential treatment. To examine this possibility, we used a
naive T cell transfer model of colitis'® (Fig. 10). Thp from WT and mir-142" mice were
transferred into RAG-1"" mice. Recipients of WT cells developed fulminant colitis characterized
by weight loss, increased colon weight and characteristic remodelling of the colonic mucosa (Fig.
10a-¢). However, mice that received Thp from mir-142"" mice were completely protected from
disease induction as indicated by body and colon weight comparable to control non-colitic mice.

5.5 Example 5: CD4+ T cell activation is unimpaired in the absence of mir-142

[00127] Both homeostatic and lymphopenia-induced proliferation require TCR
signalling. To assess if the inability of mir-142" CD4" T cells to expand in the same way as WT
cells after in vivo transfer results from a defect in TCR signalling we examined the proliferation
of mir-142"" T cells during in vitro TCR stimulation. CFSE dilution demonstrated that
proliferation was comparable between WT and mir-142"" T cells activated in vitro (Fig. 11a),
even when the activation stimuli were titrated to lower levels or when antigen presenting cells
were used (Figs. 10 and 12). Interestingly, no difference in apoptosis was observed between WT
and mir-142" TCR activated T cells (Fig. 11b). Having shown that the proliferation and survival
of activated naive T cells was unaffected in vitro, we investigated whether homeostasis in vivo
was affected after optimal in vitro activation. Transfer of WT and mir-142"" T cells activated for
7 days in vitro into RAG-1"" mice showed that, despite TCR activation, long-term survival of
these mir-142"" T cells remained defective to a similar extent to naive mir-142"" CD4" T cells in
vivo (Fig. 11c).

[00128] To delineate further the stage at which mir-142 deficiency causes these
abnormalities, mir-142 was deleted in vitro at 24 hours after activation, by transduction of mir-
142" Thp with Cre-expressing retrovirus (Fig. 13). Transduced cells were then cultured for one
week in vitro, purified by sorting GFP" cells and transferred into RAG-17" mice. In vitro cell
survival was unimpaired (data not shown), however mir-142 deficient cells recovered at 3 weeks
following transfer were reduced (n= 2/2) when compared with control-transduced cells (Fig.
11d). This shows that mir-142 insufficiency in mature CD4" T cells results in marked
abnormalities of T cell homeostasis in vivo. These defects are not apparent during ir vitro
activation and culture, even at suboptimal levels of costimulation or TCR ligation.

5.6 Example 6: IL-7 responsiveness is impaired in mir-142 deficient CD4" T cells

[00129] In addition to TCR signalling, naive CD4" T cell homeostasis is
critically dependent on survival signals downstream of the IL-7 receptor (IL-7R). Given that

TCR responses of mir-142"" cells were intact, we sought to determine whether mir-142 deficient
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T cells were able to respond to IL-7. We first tested whether Thp were able to respond to
recombinant exogenous IL-7 in vitro. The survival of WT Thp was supported by IL-7 whereas
mir-142 Thp survived poorly at all doses of IL-7, even when supraphysiological levels were used
(Figs. 14a-b). Directly ex vivo, we observed that surface expression of IL-7Ro, was slightly
reduced in mir-142"" Thp, although mRNA levels were not significantly different from WT (Fig.
14¢), whilst expression of the common gamma chain (I12rg) was increased in mir-142"" Thp at
both the cell surface and mRNA levels (Fig. 14d). Ligation of IL-7 followed by
immunoprecipitation of the IL7Ra demonstrated equal amounts of coprecipitated IL-7Ry in WT
and mir142” T cells, excluding IL-7Ry sequestration by other cytokine receptors (Fig. 14e). In
addition levels of phosphorylated JAK3 were unchanged (Fig. 15), demonstrating that receptor
subunit expression and function are not deficient in the absence of mir-142. Following IL-7R
ligation, expression of the receptor complex is down-regulated in WT T cells (Fig. 14f-g).
Despite intact resting receptor expression, mir-142"- CD4" T cells failed to down-regulate IL-
7Ra expression to the same level as WT T cells, in response to IL-7 in vitro (Fig. 14f-g). IL-7—
mediated survival of peripheral naive CD8' T cells from mir-142"" mice was reduced in mir-142"
" (Fig. 23), as was pSTATS in response to IL-7 (Fig. 23b), indicating that defective thymic IL-7R
signalling is maintained in peripheral naive CD8" T cells .

[00130] In order to assess the effect of IL-7 signalling in vivo, we compared IL-
7Ra downregulation in WT and mir-1427-CD4" T cells in the same host. This was necessary
because comparing IL-7R expression in the lymphopenic mir-142"" mouse to a lymphocyte-
sufficient WT mouse, is not representative of the response of mir-142"CD4" T cells to IL-7 in
vivo, as IL-7 levels are regulated by consumption'’. In order to normalise endogenous IL-7
levels, we co-transferred equal numbers of naive T cells from WT and mir-142"" mice, labelled
with CFSE and CellTrace Violet respectively into RAG1” hosts and analysed IL-7Ro. expression
20h later'?. We found that IL-7Ro, expression levels following transfer into RAG1™ mice were
dramatically downregulated in WT Thp, whereas expression remained unchanged in mir-142"
Thp (Fig. 14h). Failure to downregulate IL-7Ro. demonstrates that IL-7 signalling in mir-142"
Thp is defective in vivo. Thus, mir-142 is critically required for responsiveness to IL-7 survival
signals in naive CD4" T cells both in vitro and in vivo.

5.7 Example 7: IL-7 induced STATS phosphorylation is defective in mir-142" T

cells

[00131] Phosphorylation of STATS5 is a proximal consequence of IL-7R ligation
(reviewed in 13 ). IL-7R signalling is also critical for normal T cell development in the thymus. In
the absence of mir-142, phosphorylation of STATS in response to IL-7 stimulation was
unaffected in early thymocytes (DN and ISP) (Fig. 16a). Consistent with the low level of IL-7R
expression on DP thymocytes, phosphorylation of pSTATS was not detected. However, pSTATS
levels in CD8+TCRhi, but not CD4+TCRhi, mir-1427" thymocytes were significantly reduced (Fig.
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16a). This defect in phosphorylation of STATS5 in response to IL-7 in mir-142" CD8" T cells was
maintained in peripheral naive CD8" T cells (Fig 16b). Similarly, STATS was phosphorylated
rapidly in peripheral WT CD4" T cells, however, pSTATS levels were markedly reduced in mir-
1427 T cells in response to IL-7 (Figs. 16¢c-e). In addition, STAT5 phosphorylation was not
maintained in mir-142"" T cells, as pSTATS was not detectable in mir-142"" CD4" T cells 2h post
IL-7 stimulation, whereas low levels could still be detected in WT CD4" T cells (Fig. 16¢). Flow
cytometric analysis confirmed that STATS phosphorylation was reduced from over 71% in WT T
cells to 8.7% in mir-142"" T cells after 30 minutes of culture in the presence of IL-7 (Fig. 16e).
However, in the small number of mir-142” T cells that had phosphorylated STATS5, comparable
levels of nuclear translocation were observed when compared with WT mice (Fig. 16¢). This
indicates that proximal IL-7R signalling is inhibited at the level of STATS phosphorylation in the
absence of mir-142. These data show that the phenotype of markedly disordered T cell
homeostasis in the absence of mir-142 is likely due to impaired IL-7R signalling caused by
failure to phosphorylate STATS. These data demonstrate that the impaired CD4" T cell
homeostasis in the absence of mir-142 is due to impaired IL-7R signalling caused by failure to
phosphorylate STATS in vivo.

5.8 Example 8: Discussion

[00132] MicroRNAs have emerged as powerful regulators of a wide range of
biological processes, including cellular homeostasis. The ability of homeostatic mechanisms to
regulate the naive T cell compartment is fundamental for the maintenance of peripheral T cell
numbers. Here we report that mir-142 is amongst the most abundantly expressed microRNA in
naive T cells, and identify mir-142 as a critical regulator of T cell development and homeostasis.
The absence of mir-142 results in aberrant CD8" development in the thymus, with CD8" T cells
unable to signal via the IL-7R. In addition, the absence of mir-142 results in a profound survival
defect in naive T cells in vivo, as evidenced by greatly reduced peripheral T cell numbers. Early
apoptosis of naive CD4" T cells in mir-142"" mice was due to inhibition of IL-7R signalling.

[00133] Thymic selection of T cells is critical for the generation of functional
non-autoreactive T cells for replenishment of the peripheral T cell pool. Although we found
significantly decreased numbers of both CD4" and CD8 lineages in the periphery of mir-142"
mice, our data supports a larger role of mir-142 in the thymic development of the CD8" lineage,
rather than the CD4" lineage. Mature CD8 TCR™ T cells were reduced and proliferated to a
lesser degree in mir-142"" mice, whereas CD4" SP thymocytes were relatively unaffected.
Thymic TCRYCD4" T cell development was comparable to WT mice even when mir-142 was
silenced at a later stage (DP) of development in CD4-cre” x mir-142"" mice, suggesting that the

CD4" homeostatic defect in mir-142"" mice is largely peripherally mediated, while CD8" T cells

233



WO 2014/140856 PCT/IB2014/001012

require mir-142 expression for IL-7 signalling and normal thymic development. However, we
cannot formally exclude more subtle defects of CD4" T cell development.

[00134] T cell homeostasis is essential to normal function of the immune system.
It is known that TCR/MHC interactions and IL-7 are non-redundant for this process'. IL-7
signalling contributes to T cell survival via the increased expression of the anti-apoptotic
molecule B-cell leukemia/lymphoma 2 (Bcl-2)". Drastically dysregulated homeostasis of the
CD4" T cell niche in the absence of mir-142 in vivo can be in large part attributed to selective
inhibition of IL-7 responsiveness, without affecting TCR signalling,.

[00135] IL-7 is known to activate multiple signalling pathways including the
PI3K/AKT pathway and the STATS pathway. IL-7R ligation results in IL-7R down-regulation, a
process controlled at a number of molecular levels. Following ligation, IL-7R is internalised
resulting in down-regulation of surface expression. This down-regulation reduces competition for
remaining cytokine in an IL-7-limited environment. In addition, IL-7R ligation modulates its
own expression at a transcriptional level in a complex negative feedback loop (reviewed in ).
Despite the absolute requirement for IL-7R signalling for survival of both subsets of T cells, a
study by Park er a/. demonstrated that cytokine-mediated transcriptional down-regulation of IL-
7Ro. was controlled by different molecular mechanisms in CD4" versus CD8" T cells*.. In CD8"
T cells, IL-7 induced down-regulation of IL7Ra was mediated by GFI1. However, GFI1 was not
involved in IL-7Ro.  down-regulation in CD4" T cells. The data presented here suggest that mir-
142 is a selective regulator of IL-7Ro, signalling in CD4" T cells.

[00136] The augmented development of memory CD4" T cells during
lymphopenia is well documented, although the mechanisms are not fully understood**. The
memory cell pool consists of antigen-specific T cells, reactive to either foreign or self-antigens
and those that arise from antigen-independent expansion of naive T cells during lymphopenia-
induced proliferation. CD4" memory T cells are also dependent on IL-7. However, the ability of
IL-15 to sustain antigen specific CD4” memory responses has also been reported®. The relative
abundance of memory CD4" T cells in mir-142”" mice may reflect a certain level of redundancy
of gamma chain cytokines in the ability to support survival of antigen-specific memory cells.

[00137] The finding that mir-142 dictates IL-7 responsiveness in CD4" T cells
reveals a previously-unknown mechanistic pathway controlling T cell survival. Our results
provide new insights into the regulation of this process. Alterations in the IL-7 response have
important pathological implications and abnormalities in this pathway have been identified in a
number of autoimmune disorders, inflammatory diseases and immunodeficiencies. For example,
increased levels of IL-7 have been found in the inflamed mucosa of patients with Crohn's
disease, and there is strong evidence to suggest that excess IL-7 in these patients results in

increased proliferation and production of IFN-y by mucosal T cells, thus contributing to
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pathology™. Additionally, genetic polymorphisms in the IL-7R are associated with human

autoimmune conditions such as multiple sclerosis and inflammatory bowel disease’'>*. I

n
contrast, impaired IL-7R signalling has been observed in HIV-infected CD4" T cells although the
mechanisms are not well understood®. The potential of IL-7 administration for immune
reconstitution in conditions where T cell homeostasis 1s disturbed has aroused intense interest
and a number of clinical studies have already been performed?®.

[00138] In summary, mir-142 is a novel regulator of IL-7 responsiveness in
naive CD4" T cells that controls the homeostatic maintenance of the T cell niche. These findings
are of profound importance for the understanding of naive CD4" T cell responsiveness to survival
cues and identify mir-142 as a target for modulation of IL-7 responsiveness in HIV, cancer and

autoimmunity.

5.9 Example 9: Materials and Methods for Example 10

[00139] Chromatin Immunoprecipitation. Naive human CD4" T-cells were
isolated and polarised as described (Jenner et al., 2009). Cells were crosslinked with
formaldehyde, lysed and sonicated at 24W for 10 x 30 second pulses using a Misonix Sonicator
3000. The resulting whole cell extract was incubated overnight at 4°C with Dynal Protein G
beads preincubated with 10 1 of purified serum (T-bet antibody 9856 *' or 10 g of anti-GATA3
(D-16, Santa Cruz). Beads were washed and bound complexes eluted and crosslinks reversed by
heating at 65°C. IP and input DNA were then purified by treatment with RNAseA, proteinase K
and phenol:chloroform extraction. ChIP-chip experiments were performed as described
previously (Jenner et al., 2009). ChIP-seq libraries were constructed from IP and input DNA by
standard Illumina protocols, except that DNA in the range 150-350bp was gel-purified after
PCR-amplification. The library was quantified using an Agilent bioanalzer and subjected to 35bp
single-end read sequencing with an Illumina Genome Analyzer I

[00140] ChIP-seq data analysis. Initial processing was performed with the
CASAVA pipeline. Reads were aligned to the hgl8 build of the human genome with ELAND
and background corrected normalised tag density calculated. Significant peaks of T-bet and
GATA3 binding were identified with MACS (Zhang et al., 2008). We generally used a p-value
threshold of 10°° but varied this to identify specific combinations of T-bet and GATA3 binding.
Distal binding sites (>4kb from TSS) were assigned to the gene with the nearest TSS that was
also bound proximally by T-bet or GATA3 (<2kb from TSS). The significance of the association
between transcription factor binding and change in gene expression was calculated using the
hypergeometric distribution. Significant motifs were identified using MEME. Significantly
enriched functional gene categories were identified using DAVID

(http://david.abcc.nciferf.gov/).
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[00141] Generation of mir-142 deficient mice. Mice were generated by
homologous recombination in 129Sv mouse embryonic stem cells using a targeted vector
conferring neomycin resistance. This vector contained both loxP and FRT sites flanking the mir-
142 locus and neomycin-resistance cassette in such a way that both conditional and constitutive
mir-142 deficient mice could be generated (Fig. 1). Chimeric offspring were then bred with
C57BL/6J-Cre deleter mouse to generate mice carrying the constitutive mir-142 knockout allele,
or the C57BL/6J-Flp deleter mice to generate conditional mir-142 deficient mice (Fig. 2). All
experimental protocols involving rodents were reviewed and approved by our local ethics review
committee and the Home Office (project code: PPL/70/6792).

[00142] Flow Cytometry. Staining performed according to manufacturers’
protocols. Samples were acquired using BD LSR II and Fortessa flow cytometers (Becton
Dickinson). Data analysed with FlowJo software (Treestar).

[00143] Naive T cell isolation and in vitro culture. Single cell suspension was
isolated from mouse lymph node and spleen. CD4" T cells were then isolated magnetically using
CD4 microbeads (Miltenyi Biotec). Cells were then labelled with fluorochrome-conjugated
antibodies to CD4, CD62L, CD44 and CD25 (all eBioscience). Naive T cells were sorted using a
BD FACSAria II flow cytometric cell sorter to >98% purity (Becton Dickinson). Cells were
mitially activated for three days with plate-bound anti-CD3 (2pg/ml) and anti-CD28 (2pg/ml)
antibodies (Bio X Cell), and cultured for a total of seven days in 10% fetal calf serum-
supplemented RPMI-1640 cell culture medium (PAA) under ThO skewing conditions in the
presence of IL-2 (20ng/ml).

[00144] T cell transfer. RAG-1 deficient mice were injected intraperitoneally
with cells resuspended in sterile phosphate buffered saline (PBS). Mice were weighed prior to
jection and monitored for weight loss and signs of disease onset including diarrhoea, rectal
bleeding, weight loss and for signs of peritonism. For naive T cell transfer, 0.5x10° cells were
jected.

[00145] CFSE cell division analysis. For CFSE (Invitrogen) tracking
experiments, cells were isolated as described and then labelled according to the manufacturer’s
protocol with CFSE (2uM).

[00146] Microarray. Total RNA was extracted using Trizol (Invitrogen), then
labelled and hybridized to the Affymetrix Mouse Gene ST 1.0 microarray according to the
manufacturer’s instructions. Data were normalised using the robust multi-array average (RMA)
method as described previously (Irizarry et al., 2003).

[00147] Real-Time RT-PCR. mRNA and miRNA expression was quantified

using Taqman assays (Applied Biosystems). Reactions were performed according to the
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manufacturer’s instructions and analysed using a 7500 real-time PCR instrument (Applied
Biosystems).

[00148] miRNA target prediction. The target analysis software packages
StaRmiR (accessed from sfold.wadsworth.org/cgi-bin/starmir.pl) (Kertesz et al., 2007) and
RNAhybrid (accessed from bibiserv.techfak.uni-bielefeld.de/rnahybrid/) (Rehmsmeier et al.,
2004) were employed in order to detect potential binding sites, and both identified multiple
partial sites for miR-142-3p in the T-bet 3’UTR.

[00149] Luciferase. PsiCHECK2 vector was obtained from Promega. 3’UTR
target sequence was cloned from murine T cell cDNA using the primers indicated in
Supplementary Table 1. For luciferase assays, 293T cells were seeded at 1x10* cells per well of a
24w plate and maintained in DMEM + 10% FCS (both supplied by PAA) for 48 hours until
approximately 50% confluent. Calcium phosphate transfection was performed with 5ng of
PsiCHECK?2 vector and 0.5ug of targeting vector. Luciferase assay was performed at 24h post-
transfection using the Promega Dual Luciferase Reporter Assay system, according to the
manufacturer’s instructions.

510 Example 10: T cell lineage commitment and plasticity is regulated by

microRNA-142

[00150] We sought to test the hypothesis that key transcription factors regulate T
helper cell lineage commitment through binding to specific miRNA loci. Using chromatin
immunoprecipitation coupled with massively-parallel sequencing (ChIP-seq) for T-bet and
GATA-3 in human Thl and Th2 cells, we identified a number of miRNAs that were bound by

either one or both transcription factors (Table 1).
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[00151] Our ChIP-seq data demonstrated binding of both T-bet and GATA-3 at
the mir-142 locus (Fig. 17a). Binding of T-bet and GATA-3 at this region was also observed
upon re-analysis of our previously published ChIP-chip datasets (Jenner et al., 2009) (Fig. 18).
mir-142 is a highly-conserved miRNA that exhibits an expression pattern restricted to
haematopoietic lineages (Landgraf et al., 2007). Analysis of histone modifications in these cell
subsets demonstrated enrichment of methylation of histone H3 at lysine 4 (H3K4me3), a
transcriptional initiation marker, across the mir-142 locus in both resting and Th1 and Th2
human T cells. Methylation of histone H3 at lysine 36 (H3K36me3) in these cell subsets
demonstrated that there is active transcriptional elongation across the mir-142 locus. To
determine if the regulation of mir-142 expression was conserved across species, we examined
transcription factor occupancy and histone marks in murine CD4" T cells. This analysis revealed
a similar pattern of transcription factor binding and active transcription at the murine mir-142
locus (Fig. 17b). These data demonstrated that mir-142 is a target of the regulatory transcription
factors that control T cell lineage commitment and that active transcription occurs in naive and
effector lineages in both human and mouse. We therefore screened for functional effects of mir-
142 as a potential component of these pathways. Mir-142 expression was increased in T-bet”
Thl cells (Fig. 17¢), suggesting that T-bet was able to repress the expression of this microRNA.
Mir-142 expression was unchanged in Thl and Th2 cells from OX40-Cre x GATA-3""mijce,
supporting a role in Th1 rather than Th2 biology (data not shown). Lentivirus-mediated
expression of mir-142 in human CD4" T cells under Th1-polarizing conditions specifically
nhibited IFN-y production (Fig. 17d), suggesting an important role of this molecule in
controlling cytokine expression.

[00152] These data show that mir-142 is capable of regulating the process of
normal T helper cell differentiation. Therefore, we further examined the role of mir-142 in T cell
development using both constitutive mir-142 deficient mice (mir-142") and conditional mir-142
deficient mice (mir-142"") in which the mir-142 locus is flanked by LoxP sites. In addition to the
phenotype described here, mir-142”" mice display a specific defect in unactivated naive T cell
homeostasis in vivo (manuscript under revision). Upon activation of mir-142" Thp under non-
polarising ThO conditions, significant hyperproduction of IFN-y was seen when compared with
WT (Fig. 19a-b). This was not accompanied by upregulation of IL-4 or IL-17, indicating default
acquisition of a Th1 phenotype (Fig. 20). IFN-y mRNA and protein were not expressed by either
WT or mir-142" Thp directly ex vivo and CFSE dilution demonstrated normal proliferation but
markedly increased IFN-y production at all divisions in vitro (Fig. 19¢-d). IL-2 production was
reduced in mir-142"" T cells (Fig. 19¢) although the survival and rates of apoptosis of mir-142" T
cells were unchanged compared to WT, even at suboptimal levels of T cell receptor and CD28
ligation (not shown). Thp purified from CD4-Cre x mir-142"" showed an identical increase in

expression of IFN-y, demonstrating a T cell-intrinsic requirement for mir-142 (Fig. 19f). To
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determine whether mir-142 was required for normal T cell function following activation, we
deleted mir-142 after in vitro stimulation of mir-142"" Thp using retroviral expression of Cre
recombinase, which resulted in elevated production of IFN-y (Fig. 19g). To confirm that this
lineage commitment abnormality was caused directly by mir-142 deficiency, we recomplemented
mir-142"" Thp by retroviral transduction of mir-142, which resulted in a marked reduction in the
expression of IFN-y (Fig. 19h).

[00153] Given this abnormal default lineage commitment under non-polarising
conditions, we performed irn vitro skewing assays and found that Thl, Th2 and Th17 cells could
all be generated from mir-142"" Thp, although IFN-y production was higher in mir-142" cells
under Th1 conditions (Fig. 21a). Expression of the lineage-defining cytokines IL4 and IL17 was
comparable in both genotypes, indicating a specific role for mir-142 in controlling Th1
differentiation. There is some evidence to suggest that microRNAs may have a role in cellular
plasticity and stability after an initial lineage choice has been made (Takahashi et al., 2012). In
order to address this hypothesis, we performed in vitro crossover experiments in which cells were
initially cultured in either Thl or Th2 skewing conditions and then switched at day 3 to the
opposing subtype conditions. Wild type cells were completely stable when sequentially cultured
in the opposite skewing conditions. In contrast, mir-142" T cells were far more unstable, being
unable to maintain their initial lineage choice (Fig. 21b). This demonstrates that mir-142
expression is necessary for the maintenance of lineage stability. To examine the effect of mir-142
on T cell lineage differentiation in vivo, we adoptively transferred WT and mir-142"" Thp into
RAG-1-deficient mice in which the cells undergo homeostatic expansion. We found that WT
cells produced both IL-17 and IFN-y at 4 weeks post-transfer whilst mir-142" cells produced
only IFN-y but no IL-17 (Fig. 21¢). These data demonstrate that the in vitro findings of default
Thl differentiation in the absence of mir-142 also occur in vivo.

[00154] To identify target genes responsible for aberrant lineage commitment,
we performed microarray profiling of WT and mir-142"" Thp that had been activated in vitro for
36 hours. Among genes known to be involved in Th1 development, we found substantially
increased Tbx21 transcript levels in the absence of mir-142 (Fig. 22a). In addition, protein levels
of Tbx21 were also markedly elevated in the absence of mir-142 (Fig. 22b). A time course
analysis by quantitative PCR demonstrated an early, accelerated rise in T-bet expression in mir-
1427 T cells compared with WT (Fig.22¢), before IFN-y was detected. This finding rules out that
the augmented induction of T-bet expression at an early time point is due to IFN-y signalling.
Mir-142 mediated suppression of a luciferase reporter gene via the T-bet 3’UTR containing these
multiple sites (Fig. 22¢). We sought to determine whether the mechanism of default Th1 lincage
commitment in mir-142" T cells was dependent on T-bet. We used a dominant negative
approach to suppress T-bet function, as described previously (Mullen et al., 2002). Expression of

dominant negative (DN)-T-bet in mir-142" T cells prevented default expression of IFN-y,
41-
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demonstrating that a regulatory axis incorporating both T-bet and mir-142 is critical for the
development of this abnormal phenotype (Fig. 22D).

[00155] In summary, these data identify a previously undescribed interaction
between transcription factors and microRNAs required for T cell lineage commitment. Mir-142
is critically important for both T cell differentiation and the stability of Thl cells. In situations
where the plasticity and lineage commitment of T cells is of pathological significance,
modulation of mir-142 activity would be expected to produce therapeutic benefit.

5.1 Example 11: Role of microRNA-142 in a balb/C into C57BL/6 acute

rejection model
Animals

[00156] MiR142" and miR 142" mice were generated by homologous
recombination in 129S mouse embryonic stem cells using a targeted vector containing both FRT
and loxP sites flanking the miR142 locus, and a neomycin resistance cassette, to enable
constitutive and conditional miR142-deficient generation. Chimeric offspring were bred with
C57BL/6J-Cre deleter mice to generate constitutive knockouts, and C57BL/6J-Flp deleter mice
to generate conditional knockouts. Both constitutive and conditional lines were fully back-
crossed onto a C57BL/6 background.

[00157] FoxP3Y""““mice were provided by A. Rudensky (University of
Washington)'. All wild-type (C57BL/6) mice were purchased from Charles River. The mice
were housed in specific pathogen-free conditions, and all experiments were performed according
to King’s College London and national guidelines, under a UK Home Office Project Licence.

[00158] Appropriate control mice were utilised, with age and sex-matched
C57BL/6 mice as controls for the miR142 7 line, and similarly matched FoxP3Y™"“*x miR142
" mice as controls for the FoxP3Y™"“®x miR142 ™" line.

Cardiac transplantation

[00159] Balb/C cardiac allografts were placed heterotopically in the abdomens of
C57BL/6 (or transgenic) mice using standard microsurgical techniques. See, e.g., Tsang et al.
2012 and Yin et al. 2010, full citations below. In brief, end-to-side anastomoses of donor to
recipient aorta and donor pulmonary artery to recipient inferior vena cava were performed. Heart
allograft function was assessed daily by direct abdominal palpation, and rejection was defined as
the complete cessation of heterotopic myocardial contraction and confirmed at explant.

[00160] In some experiments, recipient wild-type animals were treated with a
locked nucleic acid (LNA) modified antisense oligonucleotide (“Antagomir”) complementary to
the seed regions of miR142-3p and miR142-5p (Exiqon), or a Scrambled control
(“Scramblomir”). Both Antagomirs and Scramblomirs were conjugated to the fluorescent dye

Cy3 for subsequent immunohistochemical and flow cytometric detection of the oligonucleotides.
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Mice were treated with 7mg/kg intra-peritoneally at the time of transplantation and every 48
hours post-transplant.

[00161] A subset of allografts were excised at pre-determined timepoints (day 4
and day 8-9), with the remainder being excised at the time of rejection or at day 100. On
excision allografts were transected; half was fixed in 10% neutral buffered formalin for 48 hours
before paraffin-embedding and staining with Heamatoxylin & Eosin. The other half was frozen
in OCT compound (Gurr, UK) and stored at -80°C for subsequent immunohistochemistry, with a
small portion taken off and homogenised in Trisure (Bioline) and then stored at -80°C for
subsequent RNA extraction. At the time of graft excision, serum was taken and stored at -20°C
for alloantibody detection, and spleen and peripheral lymph nodes were also excised for flow

cytometric analysis.

[00162] Alloantibody responses in transplanted mice were quantified by
incubating Fc blocked and anti-CD3-PE (eBioscience) labelled donor (Balb/C) splenocytes with
3-fold serial dilutions of heat-inactivated recipient serum for 20 minutes. Cells were then
washed, incubated with FITC-labelled goat anti-mouse [gG (BioLegend) and acquired on a
FACSCanto machine (BD Biosciences). Sera from wild-type recipients of fully allogeneic
allografts and from naive animals were used as positive and negative controls respectively, and
the Mean Fluorescence Intensity (MFI) of IgG was calculated using FlowJo software (Treestar).
Immunohistochemistry

[00163] Frozen sections (7uM) of cardiac allografts were fixed in acetone and
hydrated in PBS then blocked with 20% normal horse serum (Sigma). Slides were then
incubated with biotinylated anti-CD3 (BD Biosciences), washed with PBS and incubated with
anti-biotin-Alexa Fluor 594 (Life Technologies), before being counter-stained with DAPI (Life
Technologies). Microscopy was performed with an Olympus BX51 and composite images were
created using ImageJ (NIH).

RNA extraction and RT-PCR

[00164] Total RNA was extracted using Trisure (Bioline) as per product
protocol. ¢cDNA reverse transcription and RT-PCR were performed according to the
manufacturer’s instructions using TaqgMan assays (Applied Biosystems) for miR142-3p and -5p,
with U6 small nuclear RNA as an endogenous control. PCR reactions were analysed using a
7500 real-time PCR instrument (Applied Biosystems) and results are expressed relative to U6
using the 27*“* method.

Flow cytometry and intracellular cytokine staining
[00165] Single cell suspensions were prepared from spleen and peripheral lymph

nodes by tissue disruption and filtration. Following red cell lysis of splenocyte suspensions, an
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aliquot of 5x10° splenocytes was stimulated with phorbol 12-myristate 13-acetate (PMA) at
Ing/ml (Sigma) and Ionomycin at 1pg/ml (Sigma) for 4 hours at 37°C, 5% CO,, with the
addition of Monensin at 2uM concentration (Sigma) for the last 2 hours. Stimulated and
unstimulated samples were then Fc blocked and surface stained with fluorochrome-conjugated
anti-mouse antibodies to Live/Dead (Life Technologies), and combinations of CD45, CD3, CD4,
CDg, CD25, CD44, CD62L, CD19, B220, CD38, CD95, GL7 and NKp46 (eBioscience). A
proportion of cells, including those stimulated with PMA and Ionomycin, were fixed and
permeabilised using a mouse Intracellular Staining kit (eBioscience) as per protocol, and
tracellular stains were then applied with fluorochrome-labelled anti-mouse antibodies to
FoxP3, T-bet, IFNy and IL-17 (eBioscience). Appropriate single stain controls were utilised for
all flurochromes. Cells were acquired on a Fortessa machine (BD Biosciences) and analysed
using FlowJo software (TreeStar).

[00166] For thymus flow cytometric analyses, thymocytes were harvested from
6-8 week old mice, Fc blocked and surface stained with fluorochrome-conjugated anti-mouse
antibodies to Live/Dead (Life Technologies). Half the cells were stained with a general panel
consisting of anti-mouse antibodies to CD24, CD25, CD5, TCRj, CD4 and CDS (eBioscience),
and the other half were stained with a double negative panel consisting of anti-mouse antibodies
to CD44, CD25, and primary biotinylated antibodies to CD3, CD4, CDS§, CD19, TCRys, CD11b,
CDllc¢, Ly6G, NK1.1 and Terl19, with a subsequent secondary, fluorochrome-conjugated
streptavidin step. All cells were fixed and permeabilised (as before), stained for FoxP3 and T-
bet, and acquired and analysed as before. For cells stained with the double negative panel dead
cells and streptavidin-positive cells were excluded and the remaining cells were gated into
successive double negative populations by CD44 and CD25 (DN1 CD44+ CD25-, DN2 CD44+
CD25+, DN3 CD44- CD25+, DN4 CD44- CD25-).
In vitro suppression assay

[00167] CD4+ T cells were isolated from pooled peripheral lymph nodes and
spleens of 6-8 week old mice using CD4 microbeads (Miltenyi Biotec). Cells were labelled with
fluorochrome-conjugated anti-mouse antibodies to CD4, CD62L, CD44 and CD25 (eBioscience)
and sorted using a BD FACSAria II flow cytometric cell sorter (BD Biosciences) to >95% purity
for YFP+ CD4+ cells (“Tregs”) and naive (CD25-, CD62L+, CD44-) CD4+ T cells (“Teffs”).
An aliquot of the sorted Treg population was stained with Live-Dead and anti-CD25 antibodies,
fixed and permeabilised, stained for FoxP3 and acquired on a flow cytometer (as before) to
confirm purity. The Teffs were labelled with 10uM Cell Trace Violet (Life Technologies)
according to the manufacturer’s instructions, washed and then cultured in a 96-well U-bottom
plate alone or with Tregs at ratios ranging from (Teff:Treg) 1:1 to 32:1, in triplicate, in the
presence of anti-CD3 and anti-CD28 Dynabeads (Life Technologies) at a bead:cell ratio of 2:1,
and RPMI 1640 cell culture medium (Gibco, Life Technologies) supplemented with 10% fetal
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calf serum, 50 uM 2-Mercapto-ethanol, 2 uM L-glutamine, pyruvate, HEPES, non-essential
amino acids and antibiotics at 37°C 5% CO,. All 4 possible combinations of Tregs and Teffs
from each group were utilised. After 72 hours in culture, the cells were stained with
fluorochrome-conjugated anti-mouse antibodies to Live/Dead (Life Technologies) and then
proliferation of the Teffs was assessed by flow cytometry based on Cell Trace Violet dilution
(excluding YFP+ and dead cells). The numbers of non-proliferating cells (events in the first
peak) and precursors of proliferating cells were calculated using standard formulae®. Percentage

suppression (S) of proliferation was calculated using the formula:
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where ¢ is percentage proliferating precursors in the presence of Tregs and d is percentage
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proliferating precursors in the absence of Tregs.
Histology of tissue samples from the FoxP3""° x miR142"" line

[00168] Mice were sacrificed between 6 and 18 weeks of age with age- and sex-
matched FoxP3™™ " x miR142"" controls. Samples of liver, lung and ear skin were fixed in
10% neutral buffered formalin for 48 hours before paraffin-embedding, sectioning, and staining
with Heamatoxylin & Eosin (Sigma). Microscopy was performed with an Olympus BX51.
Statistical analysis

[00169] Allograft survival was depicted using Kaplan-Meier analysis with
groups compared using the log-rank test. All other between-group differences in flow
cytometric, RT-PCR and alloantibody parameters were analysed using the Mann Whitney U test.
Statistical analysis was carried out using GraphPad Prism 6 (GraphPad Software). p<0.05 was
considered statistically significant.

[00170] As shown in FIG. 24, while the wild-type major-MHC mismatched
heterotopic heart transplants had failed by about 10 days of the transplant, recipient mice lacking
miR-142 were transplant tolerant (p<0.0001).

[00171] As shown in FIG. 25, anti-miR-142 antagomirs can be delivered in vivo
to the rejecting allograft.

[00172] As shown in FIG. 26, miR-142 controls the function of Tregs. Treg
specific deletion of miR-142 causes an autoimmune wasting disease that Affects the skin, liver,
lung and intestine.

[00173] As shown in FIG. 27, mir-142 regualtes T-bet expression in Tregs but
not Treg homeostasis. Tregs do not suppress the proliferation of effector T cells in the absence of

mir-142.
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[00174] All publications, patents, patent applications and other documents cited
in this application are hereby incorporated by reference in their entireties for all purposes to the
same extent as if each individual publication, patent, patent application or other document were
individually indicated to be incorporated by reference for all purposes.

[00175] While various specific embodiments have been illustrated and described,
it will be appreciated that changes can be made without departing from the spirit and scope of the

invention(s).
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WHAT IS CLAIMED IS:

1. A method of treating an autoimmune disease in a subject, comprising administering to
the subject a compound comprising an oligonucleotide, wherein the oligonucleotide comprises a
first strand that consists of 8 to 200 nucleosides, and wherein the first strand comprises a region
that is identical to at least 8 contiguous nucleotides of miR-142.

2. The method of claim 1, wherein the autoimmune disease is selected from rheumatoid
arthritis, multiple sclerosis, psoriasis, and inflammatory bowel disease.

3. A method of attenuating rejection of a transplanted organ in a subject, comprising
administering to the subject a compound comprising an oligonucleotide, wherein the
oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and wherein the
first strand comprises a region that is identical to at least 8 contiguous nucleotides of miR-142.

4. The method of claim 3, wherein the transplanted organ is selected from kidney, liver,
lung, one marrow, and heart.

5. A method of enhancing IL-7 receptor signaling in a cell, comprising contacting the cell
with a compound comprising an oligonucleotide, wherein the oligonucleotide comprises a first
strand that consists of 8 to 200 nucleosides, and wherein the first strand comprises a region that is
identical to at least 8 contiguous nucleotides of miR-142.

6. A method of enhancing IL-7 receptor signaling in a subject with HIV, comprising
administering to the subject a compound comprising an oligonucleotide, wherein the
oligonucleotide consists of 8 to 200 nucleosides, and wherein the oligonucleotide comprises a
region that is identical to at least 8 contiguous nucleotides of miR-142.

7. A method of increasing regulatory T cell production in a subject, comprising
administering to the subject a compound comprising an oligonucleotide, wherein the
oligonucleotide comprises a first strand that consists of 8 to 200 nucleosides, and wherein the
first strand comprises a region that is identical to at least 8 contiguous nucleotides of miR-142.

8. A method of increasing IgM antibody production in a subject, comprising administering
to the subject a compound comprising an oligonucleotide, wherein the oligonucleotide comprises
a first strand that consists of 8 to 200 nucleosides, and wherein the first strand comprises a region
that is identical to at least 8 contiguous nucleotides of miR-142.

9. The method of any one of the preceding claims, wherein the miR-142 is miR-142-5p.

10. The method of any one of claims 1 to 8, wherein the miR-142 is miR-142-3p.

11. The method of any one of the preceding claims, wherein the first strand comprises a
region that is identical to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least at least 19, or at least 20

contiguous nucleotides of miR-142.
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12. The method of any one of the preceding claims, wherein the first strand comprises a
region that is identical to a seed match region of miR-142-3p or miR-142-5p.

13. The method of any one of the preceding claims, wherein the first strand consists of 8 to
100, 8 to 75, 8 to 50, 8 to 40, 8 to 30, 8 to 25, § to 23, 8 t0 22, § to 21, or § to 20, 12 to 30, 12 to
25,12t023, 1210 22, 12 to 21, or 12 to 20 nucleotides.

14. The method of any one of the preceding claims, wherein the oligonucleotide further
comprises a second strand that is complementary to at least a portion of the first strand.

15. The method of claim 14, wherein the second strand comprises at least one modified
nucleoside.

16. A method of treating an autoimmune disease in a subject, comprising administering to
the subject a vector that encodes an shRNA, wherein the shRNA comprises a region that is
identical to at least 8 contiguous nucleotides of miR-142.

17. A method attenuating rejection of a transplanted organ in a subject, comprising
administering to the subject a vector that encodes an shRNA, wherein the sShRNA comprises a
region that is identical to at least 8 contiguous nucleotides of miR-142.

18. A method enhancing IL-7 receptor signaling in a cell, comprising contacting the cell
with a vector that encodes an shRNA, wherein the shRNA comprises a region that is identical to
at least 8 contiguous nucleotides of miR-142.

19. A method enhancing IL-7 receptor signaling in a subject with HIV, comprising
administering to the subject a vector that encodes an shRNA, wherein the sShRNA comprises a
region that is identical to at least 8 contiguous nucleotides of miR-142.

20. A method increasing regulatory T cell production in a subject, comprising administering
to the subject a vector that encodes an shRNA, wherein the shRNA comprises a region that is
identical to at least 8 contiguous nucleotides of miR-142.

21. A method increasing IgM antibody production in a subject, comprising administering to
the subject a vector that encodes an shRNA, wherein the shRNA comprises a region that is
identical to at least 8 contiguous nucleotides of miR-142.

22. The method of any one of claims 16 to 21, wherein the vector encodes a sequence
comprising pre-miR-142.

23. A method of enhancing immune response in a subject, comprising administering to the
subject a compound comprising an oligonucleotide, wherein the oligonucleotide consists of 8 to
200 nucleosides, and wherein the oligonucleotide comprises a region that is complementary to at
least 8 contiguous nucleotides of miR-142,

24. The method of claim 23, wherein the subject has cancer.

25. The method of claim 24, wherein the cancer is selected from hematologic

malignancies and dysplasias such as acute and chronic myeloid leukemia, acute and
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chronic lymphocytic leukemia, myelodysplasia, Hodgkin’s and non-Hodgkin’s
lymphoma, multiple myeloma and Waldenstrom’s macroglobulinemia,
myeloproliferative disorders such as myelofibrosis and polycythemia rubra vera; solid
tumors such as small-cell and non-small cell lung cancer, breast cancer, colorectal
cancer, prostate cancer, ovarian cancer, gastric and esophageal cancer, glioblastoma
multiforme, head and neck cancer, pancreatic cancer, hepatocellular carcinoma, soft
tissue sarcoma, melanoma, bladder cancer, and renal cancer.

26. The method of claim 23, wherein the subject has an infection.

27. The method of claim 26, wherein the infection is an intracellular infection.

28. The method of claim 26, wherein the infection is a viral infection, bacterial infection, or
parasitic infection.

29. The method of claim 23, wherein the subject has received a vaccine before or at the same
time as administration of the compound.

30. A method of inhibiting IL-7 receptor signaling in a cell, comprising contacting the cell
with a compound comprising an oligonucleotide, wherein the oligonucleotide consists of 8 to 200
nucleosides, and wherein the oligonucleotide comprises a region that is complementary to at least
8 contiguous nucleotides of miR-142.

31. A method of inhibiting IL-7 receptor signaling in a subject with acute lymphoblastic
leukemia (ALL), comprising administering to the subject a compound comprising an
oligonucleotide, wherein the oligonucleotide consists of 8 to 200 nucleosides, and wherein the
oligonucleotide comprises a region that is complementary to at least 8 contiguous nucleotides of
miR-142,

32. A method of reducing regulatory T cell production in a subject, comprising
administering to the subject a compound comprising an oligonucleotide, wherein the
oligonucleotide consists of 8 to 200 nucleosides, and wherein the oligonucleotide comprises a
region that is complementary to at least 8 contiguous nucleotides of miR-142.

33. A method of reducing IgM antibody production in a subject, comprising administering to
the subject a compound comprising an oligonucleotide, wherein the oligonucleotide consists of 8
to 200 nucleosides, and wherein the oligonucleotide comprises a region that is complementary to
at least 8 contiguous nucleotides of miR-142.

34. The method of any one of claims 23 to 33, wherein miR-142 is miR-142-5p.

35. The method of any one of claims 23 to 33, wherein miR-142 is miR-142-3p.

36. The method of any one of claims 23 to 33, wherein the oligonucleotide is complementary
to at least 8 contiguous nucleotides of pre-miR-142.

37. The method of any one of claims 23 to 36, wherein oligonucleotide comprises a region

that is identical to at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at
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least 15, at least 16, at least 17, at least 18, at least at least 19, or at least 20 contiguous
nucleotides of miR-142.

38. The method of any one of claims 23 to 37, wherein the oligonucleotide comprises a
region that is complementary to a seed match region of miR-142-3p or miR-142-5p.

39. The method of any one of claims 23 to 38, wherein the oligonucleotide consists of 8 to
100, 8 to 75, 8 to 50, 8 to 40, 8 to 30, 8 to 25, § to 23, 8 to 22, 8 to 21, § to 20, 12 to 30, 12 to 25,
12 to 23, 12 to 22, 12 to 21, or 12 to 20 nucleotides.

40. The method of any one of claims 23 to 39, wherein the oligonucleotide is a single-
stranded oligonucleotide.

41. The method of any one of claims 23 to 40, wherein the oligonucleotide comprises at least
one modified nucleoside.

42. The method of claim 41, wherein at least one modified oligonucleotide comprises a
modified sugar moiety, a modified nucleobase moiety, or both.

43. The method of any one of claims 23 to 42, wherein the oligonucleotide comprises at least
one modified internucleoside linkage.

44, The method of claim 43, wherein at least one internucleoside linkage is a
phosphorothioate linkage.

45. The method of claim 44, wherein each internucleoside linkage is a phosphorothioate
linkage.

46. Use of a compound comprising an oligonucleotide, wherein the oligonucleotide
comprises a first strand that consists of 8 to 200 nucleosides, and wherein the first strand
comprises a region that is identical to at least 8 contiguous nucleotides of miR-142 for treating an
autoimmune disorder in a subject.

47. Use of a compound comprising an oligonucleotide, wherein the oligonucleotide
comprises a first strand that consists of 8 to 200 nucleosides, and wherein the first strand
comprises a region that is identical to at least 8 contiguous nucleotides of miR-142 for
attenuating rejection of a transplanted organ in a subject.

48. Use of a compound comprising an oligonucleotide, wherein the oligonucleotide consists
of 8 to 200 nucleosides, and wherein the oligonucleotide comprises a region that is
complementary to at least 8 contiguous nucleotides of miR-142 for enhancing an immune
response in a subject.

49. A compound comprising an oligonucleotide, wherein the oligonucleotide comprises a
first strand that consists of 8 to 200 nucleosides, and wherein the first strand comprises a region
that is identical to at least 8 contiguous nucleotides of miR-142, for treating an autoimmune
disorder in a subject.

50. A compound comprising an oligonucleotide, wherein the oligonucleotide comprises a

first strand that consists of 8 to 200 nucleosides, and wherein the first strand comprises a region
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that is identical to at least 8 contiguous nucleotides of miR-142, for attenuating rejection of a
transplanted organ in a subject.

51. A compound comprising an oligonucleotide, wherein the oligonucleotide consists of 8 to
200 nucleosides, and wherein the oligonucleotide comprises a region that is complementary to at

least 8 contiguous nucleotides of miR-142, for enhancing an immune response in a subject.
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