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(57) Abstract: Disclosed herein are methods and compositions for enhancing gene targeting. The method entails co-administrating
to a cell a targeting molecule and a means of enhancing the function of the targeting molecule upon delivery to the cell. The means
of enhancing the function of the targeting molecule including one or more of a stressor that induces cellular stress, a proton sponge
molecule, and an endosome or lysosome inhibitor. Compositions disclosed include a targeting molecule and one or more of a stressor
that induces cellular stress, a proton sponge molecule, and an endosome or lysosome inhibitor.
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METHODS FOR INTRACELLULAR DELIVERY AND ENHANCED
GENE TARGETING

FRIORITY CLAIM

{1} This application claims priority to U.S. Provisional Application No.
62/422.057, entitled "Methods for Intraceliular Delivery of Oligonuclectides,” filed
November 15, 2018, which is incorporated herein by reference in its entirety, as if fully

set forth herein.

BACKGROUND

21 it is well established that oligonucieotides (ONs) are highly potent in the cell
nucleus.  MiRNAs, siRNAs and chemically modified oligonudcleotides have been
employed for decades for research and therapeutic purposes (7). MiRNAs, which may
control the expression of more than half of all human genes, are active predominantly in
the cytoplasm, but they also form complexes in the cell nuclel with components of the
RNAI machinery (2). Various regulatory nuclear functions have been atiributed to
miRNAs and other non-coding RNA (ncRNAs), including the still-debated transcriptional
gene silencing (3). Similarly, oligonucieotides delivered by gymnosis are active in the
cytoplasm, but can aiso be fransported to and are effective in the nucieus (4). As used
herein, the term “gymnosis” refers to oligonucleotide delivery o cells that produces
function in the absence of any carriers or conjugations. it is unclear why and how the
gligonucieotides transiocate to the cell nucleus since they can effectively function in the
cytoplasm (4).  Though several candidate proteins have been reported o bind
oligonucleotides (4-6), the mechanism that determines whether an miRNA or an
oligonucleotide exerts its function in the cytoplasm, or shuttles {0 the nucleus and acts

at an earlier step in the gene regulation pathway, is unknown.

{31 The recent FDA approval for the marketing of eteplirsen, &
phosphoromorpholidate antisense oligonucleotide (AS0) (50,51), for the treatment of
Duchenne’'s muscular dystrophy, has propelled the dlinical development of splice-
switching oligonuclectides (880Cs) (52). At the same time, drisapersen, a
phosphorothicate (PS) SSO, which like eteplirsen was designed o produce exon

skipping in the dystrophin mRNA, did not fare as well, missing its primary endpoint (the
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6 minute walking test) (53). Though the use of §50s as therapeutic molecules is
promising and has shown ¢ be well tolerated, including after mulliple intrathecal
administrations as in the case of nusinersen (54), their potential, as for any therapeutic
antisense oligonuciectide, is hampered by substandard delivery to their targeted celis.
Attempts o improve efficacy by escalating cligonucliectide doses frequently lead o
unacceptable toxicity. Chemical modifications, such as locked nucleic acid (LNA) have
proven o increase oligonucleotide efficacy in vivo, but the required concenirations for
some therapeutic applications, depending on the oligonucleotide sequence, may also

produce toxicity (55,56).

4} intraceliular  delivery  of therapsutic agents such as antisense
oligonuclestides, siRNA, shRNA, miRNA, splice-switching oligonucieotides, or other
smali molecuies is not well understood. Thus, methods and compositions for improving

the efficacy of gene targeting would be desired.

SUMMARY

{51 In certain embodiments, methods of enhancing gene targsting is provided.
in one aspect such methods may include steps of administering a targeting molecule to
a cell, wherein the targeting molecule binds a target molecule in the cell; and
administering a stressor to the cell, wherein the stressor induces a cellular stress
response; wherein co-adminisiration of the stressor with the tfargeting molecule
enhances the function of the targeting molecule. The method may also include a step
of administering a proton sponge molecule or an endosome or lysosome inhibitor (o the
target cell, wherein co-administration of the proton sponge molecule or the endosoms
or lysosome inhibifor with the targeting molecule and the siressor further enhances the

function of the targeting molecuie.

{6} in another aspect, the method may include sieps of administering a
targeting molecule to a cell, whersin the targeting molecule binds a target molecule in
the cell; and administering a proton sponge molecule or an endosome or lysosome
inhibitor to the cell, wherein co-administration of the proton sponge or the endosome or
lysosome inhibitor with the targeting molecule enhances the funclion of the targeting
molecuie. The method may also include a step of administering a siressor {0 the target
cell, wherein the siressor induces a cellular stress response, and wherein co-

administration of the stressor with the targeling molecule and the proton sponge

2.
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molecuie or the endosome or lysosome inhibitor further enhances the function of the

targeting molecule.

71 in some embodiments, disclosed herein are compositions that include (i) a
targeting molecule, and (i) a stressor, a proton sponge molecule or an endosome or
lysosome inhibitor, both of a stressor and a proton sponge molecule, or both of a

stressor and an endosome or lysosome inhibitor.

{81 in the embodiments described herein, the targeting molecule includes an
oligonucieotide, for example, an antisense oligonuciectide (ASQO), an siRNA, an
shRNA or an miRNA. In certain embodiments, the anlisense oligonuclectide includes
a splice-switching oligonuclectide (88C). In certain embodiments, the oligonuciectide
includes a phosphorothicate oligonuclectide. In certain  embodiments, the

oligonuclectide includes a locked nucleic acid (LNA).

91 in the embodiments described herein, the stressor is capable of inducing a
cellular stress, including for example, arsenic trioxide (As H or ATQ), H20,, glutathione,

lipofectamine, or heat shock.

{103 in the embodiments described herein, the proton sponge molecule includes
an ammonium compound, such as ammonium chioride (NH4Cl, ammonium hydroxide
(NH.OH), ammonium sulfate (NH:SQ4), ammonium nitrate (NHiNQOz), ammonium
acetate (NH,CHsCO2), or ammonium bicarbonate (NHMHCO3).

[i1} In the embodiments described herein, an endosome or lysosome inhibitor

includes Ambroxol (Amb), Cyclohexylamine (CHA) or oleic acid (OA).

{12} The embodiments described hersin can be used 10 treal or research an
indication that requires the targeting molecule o be delivered to the nucleus, the
nucleolus, or the cytoplasm of a cell. As such, the methods described herein may
include in vitro, in vivo, or ex vive administration of (i) a targeting molecule, and (i) a
stressor, a proton sponge molecule or an endosome or lysosome inhibitor, both of a
stressor and a proton sponge molecule, or both of a siressor and an endosome or

lysosome inhibitor.

BRIEF DESCRIPTION OF THE DRAWINGS

{131 FIG. 1 is a diagram illustrating mechanisms for cellular delivery of

oligonucleotides. This Figure was generously provided by Dr. F. Eckstein.

-3



WO 2018/093919 PCT/US2017/061831

{14} FIGS. 2a-2d show the resulis of Flag-immunoprecipitation protein recovery
for Mass Spec Analyses. FIG. 2a illustrates the procedure of immunoprecipitation (IF)
and Mass Spec Analyses. FIG. 2b shows a Northern analysis of RNA exiracted from
the Agot-Agod Immuno-Precipitates. FIG. 2¢ shows thai Western analyses reveal the
presence of nucleclin in the Ago1-Agod immuno-precipitates. FIG. 2d shows that
Western analyses of the Agot-Agod precipitates demonstrate the presence of YB-1 in

the argonaute complexes.

{151 FIGS. 3a-3e show silencing of nucleolin decreases silencing of a targeted
{Bck-2) gene. FIG. 3a shows that the eGFP produced by the S50 when cells were
previously transfected with an anti-nucleolin siRNA (si-Ncl} was reduced when
compared o celis transfecied with a control siRNA (si-CNTR). FIG. 3b shows that this
reduction in oligonucleotide funclion was approximately 30%. FIG. 3¢ shows that an
anti-Nct siRNA effectively reduces nucieotin expression alsc when increasing amounts
of oligonucleotide are delivered to the cells, demonstrating no compelition between
siRNA and oligonucleotide function. FIGS. 3d and 3e show that silencing of nucieolin

results in decreasing Bel-2 targeting by a gymnotically delivered oligonuciectide.

{16} FIGS. 4a-4b demonstrate that Ago-2 is part of the nuclear LNA-ASO
transport complex. FiG. 4a shows that a conirol oligonucieotide was delivered to HEK-
293 cells via gymnosis. FiG. 4b shows that without doxycycline (-Dox) the LNA-ASO
was localized mostly in the nuciear and perinuciear compariments; and in the presence
of doxycyclin (+Dox}, the LNA-ASO demonstrated a decreased nuclear localization and

an increased cytoplasmic localization.

{171 FiG. 5 shows that down-regulation of Ago-2 but not Ago-1 or Ago-3 resulis

in cligonucleotide localization that favors the cyloplasmic compartment.

{18} FIGS. 6A-6B demonstrate Ago-2/YB-1 complex formation. FIGS. 8A and
88 show immunoprecipitation with Ago-1 and Agoe-2 using a YB1 antibody in the
absence of any oligonuclectide (FIG. 8A) and in the presence of an oligonuciectide
(LNA-ASQO) (FIG. 6B). In the presence of an oligonuclectide the Agoe-2/YB1 association
increases (FIG. 6B).

{191 FIGS. 7a-7¢ demonsirate Ago-2/YB-1 and Ago-2/Smadi complex co-
localization via a PLA assay using YB1 or Smad1 and Ago-1 or Ago-2 specific primer-

conjugated antibodies. FIG.7a shows that the fluorescence signal detected in the
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sample treated with the Ago-2- and YB1-specific mixed probes but not in the controls
{Flag and Lamin}. FIG. 7b shows the enlargement of two panels in FIG. 7a (Ago-2/YB1
and siCntr Ago-2/YB1). FIG. 7¢ shows the results of a PLA assay performed with
Smad-1- and Ago-2-specific mixed probes. FIG. 7¢ shows fluorescence signal detected
in the sample treated with the Ago-2- and Smad1-specific mixed probes but not in the

controt {Lamin).
{201 FiG5. 8 shows confocal sections showing Ago2/YB-1 cellular co-localization.

i211 FIGS. 9A and 9B show a Western analysis (FIG. 2A) and an RNA qPCR
analysis (FIG. 9B) of the cells treated with the specific Agod or YB-1 siRNAs or the

control non-targeting siRNA (siCtri or siCnirl).
{221 FiG. 10 shows that AgoZ2 is the primary argonaute interacting with YB-1.

{231 FIG. 118 and 11b show that lipofection increased Ago2 association with
YB-1. FIG. 11a shows the input lysates used for these experiments. FIG. 11b shows
Western blot analysis shows that the immuno-precipitated YB-1 was in a complex with
Ago-2 (Mock YB-1ab) and this association increased with stress caused by lipofection
{Cntr-Tx YB-1ab).

{24} FIG. 12 shows that the delivery of oligonucleotides by gymnosis triggered

an increase in FKR expression as a function of time and oligonucliectide concentration.

{28} FIG. 13A shows that oligonuclectide function in the nucleus increases
following transfection-induced stress. FIG. 138 shows that a stressor siRNA molecule

or uncomplexed lipofectamine can increase gymnotic oligonuclectide function with time.

{28} FIGS. 14a-14g show that stress-induced Arsenic Il {(As Hll) treatment
increases nuclear function and concomitantly decreases the cytoplasmic function of
ONs and siRNAs. FIG. 14a shows that 550-654 was delivered by gymnosis to Hela-
EGFP-654 cells with or without As Il prior to fluorescent microscopy. When As [l was
added ON splicing switch nuclear function was increased as shown by the increased
fluorescence {compare S50-854 o S50-654+As ). FIG. 14b shows Western biot
analysis of HelLa-EGFP-654 treated with $S50-654 and increasing concentrations of As
i1, demonstrating a correlation between the increased concentration of As il and the
eGFP protein produced by the S80-654. FiG. 14c¢ shows that an anti-eGFP ON (+ON-
eGFP) was delivered by gymnosis fo Hela (fop) and 293-T {(botiom) cells prior {0 the
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transfection of eGFF mRNA. In this experiment the ON silenced eGFP expression in
the cytoplasm (+ON-eGFP). The last panel shows As il (+ON-eGFP + As i) treated
cells and demonstrate that the ON, which partly moved to the nucleus because of the
As ll-induced stress signal, was less active in the cyioplasm. FIG. 14d shows that
S8si-654 was transfected to Hela-EGFP-654 cells with or without As Il (+As I} prior
to fluorescent microscopy. A control non-targeting siRNA (siRNA-Cntr} is shown.
Similar to ONs, splicing switch siRNA aclivity in the nucleus was increased by As il
treatment. FIG. 14e is the graph representing the combined analysis of three different
splicing switch siRNA experiments {(as shown in FIG. 14d) including three technical
replicates. The fluorescent signal was quantified over the entire surface of wells
containing equivalent number of cells with Image Pro Premier 9.2. FIGS. 14f and 14q
show that 293-T (top) and HT-1080 (bottom) celis were transfected with an anti-eGFP
SiRNA (siRNA-eGFP) or a non-targeting control (siRNA-Cntr). The last column shows
As [l treated cells (eGFP-mRNA+As [ll) and demonstrates that the cytoplasmic

silencing function of the siRNA was decreased by As Il treatment.

{271 FIGS. 15a-15d show that stressors such as Arsenic frioxide (As 1)
enhance oligonuclectide activity and that cellular stress increases the activity of 350-
654. Hela-EGFP-654 cells were treated with 2 uM 580-654 (550-654-2) without
(Mock) or with 1 or 2 uM As i prior fo fluorescent microscopy. 2 uM 6BIO, which was
previously shown to be an enhancer of 550 activity, was used as positive control. The
fluorescence detected via microscopy (FIG. 15a) or flow-cytometric analysis (FIG. 15¢)
shows increased ON function by As Hll treaiment. FIG. 15b shows Western analysis of
Hela-EGFP-654 cells treated 1 uM control ON {Cntr ON, +) or 1 uM or 2 uM S80-654
without (-} or with {(+) 1 uM As Ili treatment, demonstrating dose response for ON
function. FIG. 15d shows eGFP intensity of cells treated as in FIG. 15b. The graph
represents three biological replicates. The eGFP intensily was measured with a

microplate reader (Tecan infinite 200 PRO; Tecan Group).

{281 FIGS. 16A-18D show that no significant changes in oligonuclectide uptake
or cell viability were detected when cells were treated with oligonucieotides in
combination with As il As Hll does not affect the uptake of Cy5-ONs in Hela-EGFP-
654 cells (FIG. 18A) or in LNCaP cells (FIG. 16B). Cy5-ON was delivered by gymnosis
to Hel .a-EGFP-654 celis (FIG. 16A) or LNCaP cells (FIG. 16B) with or without As {li for
12 hr prior to flow cytometry assay. FIGS. 16C and 18D show that 1 uM 550-654 was

-6~
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delivered by gymnosis o Hela EGFP-854 cells with or without As il at the indicated
concentrations for 2 days. The cells were stained with DAPI prior {o flow cylometric
assay (FIG. 18C) or assayed by SRB staining (FIG. 180). The data obtained from
these assays was normalized 1o non-ireated controls as 100%. Data are represented
as the mean £ SD, n= 3. *p < 0.05 **p < 0.001, Student's t-test.

{29} FiG. 17 shows that Hx0O, Heat Shock, and NHs* also enhance

oligonudieotide activity.

{301 FIG. 18 shows PKR expression levels detecied by gRT-PCR in treated
Hel a-GFP-654 cells.

{311 FIGS. 12a-19g show that celiular stress promotes the nuclear translocation
of & YB1 complex containing miRNAs, siRNAs and ONs.  Nuclear (N¢} and
Cyioplasmic (Cy) fractions of Hel.a cells with (+) or without (-} As lil and ON treatment,
followed by Western analysis (FIG. 18a) and Northern analysis (FIGS. 19b and 19d) for
the detection of YB1 (FIG. 19a), ON (FIG. 18b) or miR16 and miR2%b (FIG. 19d)
demonstraie that YB1, ONs and miRNAs transiocated from the cyioplasm o the
nucleus after As il treatment. Antibodies specific for H2AX and GAPDH were used to
assess the purity of the protein fractions and y->?P labeled probes base-pairing to the
UB snRNA and tRNAY were used for the RNA/ON fractions. FIG. 19c shows Northern
analysis of RNA and ON extracted from YB1 Immuno-precipitated samples (YB1 IP)
that were harvested from lysales of unireated (Mock) or treated (+ON) Hela celis,
demonstrating that miRNAs (miR-16 and miR-29b) were present in the YB1 [P complex
and their association increased in the presence of an ON (or stress};, compare +ON to
Mock. The starting input for the iPs is shown. y-*?P labeled probes were used to
detect ON, miR29b and miR186 as indicated. FIG. 198 shows RT PCR detection of the
reduction of miR871- and miR9-regulated nuclear RNA targets (CDR1 and Malai-1
respectively) levels in 283-T celis treated with different concentrations of 0.5 ub, 1 uM
and 1.5 uM of As I, demonstrating that As 1 was able to direct endogenous miRNAs
to the nucleus and increase their silencing function against nuclear RNA targets.
Amplification of a miRNA-regulated cytoplasmic target (HDAC) was used as control and
showed litlle change after As lH treatment. FIG. 19f shows RT PCR detection of CDR1
and Mailat-1 expression levels in 283-T cells freated with As Il 1.5 uM and either an

miRkY or an miRG71 specific miRNA anfagomirs demonstrating that the antagomirs were
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able to revert the effects of the As HHl proving the specificity of the mechanism. FIG. 18g
shows RT PCR detection of the expression levels of the miR7 cellular targets PAXS
and COND1 in 293-T celis treated with increasing concentrations of 0.5 uM, 1 uM and
1.5 uM of As i, demonstrating that the expression of downstream genes was also
manipulaied by direcling the targeting miRNA to specific cellular compartment and/or
by targeting miRNA sponges and releasing the miRNA of interest. Graphs represent
three technical replicates. Three biclogical replicates were performed in triplicates for

each treatment. Consistent resulis were obtained.

{321 FIG. 20 shows that immuno-fluorescence demonstrates extensive

perinuclear and some nuclear localization of the oligonudieotide and YB-1.

{331 FIGS. 21A and 218 show nuclear localization of the cligonucieotide and
Ago-2 following stress. ONs co-localize with Ago-2 in perinuclear stress granules and
in the nucdleus where they translocate as a result of As Hll treatment. FIG. 21A shows
immunofluorescence (IF) assay of Hela-EGFP-654 cells treated with 1 uM S80-654
spiked with 50 nM Cy5-labeled ON, with or without 1 uM As Il treatment. Cells were
fixed prior to Ago-2 antibody staining and Confocal Z-section imaging. Treatmenis are
indicated in the left column. The right column in ali rows shows the merged images.
The top row shows Ago-2 (green) cellular distribution in absence of ON. The middle
row shows Ago-2 {green) and the ON {magenta) with mostly perinuclear co-localization.
This appears as a pink/white color in the merged image. The bottom column shows
strong nuclear co-localization in cells in which the ON delivered by gymnosis was
combined with As [l treatment. Cell nuclel were stained by DAPL The images were
taken 24 hours after ON delivery. FIG. 21B shows the perinuclear iocalization of the
ON overlaps with G3BP, a stress granule marker. The fop row shows few stress
granules (green) in untreated HT1080 cells (G3BP-Cnir). The second row shows
mostly perinuclear co-localization of 1 uM ON (magenta} with G3BP {(green). The third
row shows increased co-localization and when 2 uM ON was delivered fo the celis.
The fourth column shows the greatest ON-G3BP perinuclear and nuclear co-
jocalization (pink/white) following As Il treatment. The right column (Merged-Z) for all
rows shows a zoomed section of the merged images. All micrographs are confocal Z-

sechon images.

{34} FIG. 22 is a diagram illustrating nuclear shuttling as stress response.
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{38} FIGS. 23A and 23B demonstrates that additional proteins {(such as
transcription and splicing regulators YB1, CTCF, FUS and Smadi, 3 and 4) are present
in the Stress induced Response Complex (SIRC).

{361 FIGS. 24A and 24B show the input controls for the experiment of FIGS.
23A-238.
{371 FiG. 25 shows a model in which cell stress induced by oligonuclectides

and/or As il treatment ieads (o the formation of $G, where the interaction between the
oligonucieotides, siRNAs or miRNAs with Ago-2, YB1, FUS and TNRCBA first occurs.
This leads to the nuclear shutiling of the SIRC and aclivation (or suppression) of gene

expression.

{381 FIGS. 26a-26f demonsirate that NH4" enhances 580 activity, FIG. 26ais a
schematic representation of the Hela EGFP cell expression system used {0 moniior
S80-654 activity. FIG. 26b shows photomicrographs of Hela EGFF-854 treated with
non-targeting control oligonucleotide (Con-ASO), S50-654, NHs*, a combination of
Con-ASO/MNH," or S50-854/NH,*, as indicated. Scale Bar = 100 uM. FIG. 26¢ shows
representative Western blot assays of S8C-854-mediated GFF protein expression in
Hela EGFP-654 cells treated with 550-654 in the presence of NH," at the indicated
concentrations.  FIGS. 26d-26f show flow cytometry assays of S50-654-mediated
EGFP expression in Hela EGFP-654 cells. FIG. 26d shows the profiles typical of three
independent experiments. FIG. 26e shows the percentage of EGFP-positive Hela
EGFP-654 ceils. FIG. 26f shows the graph representing the median fluorescence of
intensity (MFD) of the Hel.a EGFP-854 cells shown in FIG. 26d. Data in FIGS. 26e and

26f are represented as the mean £ SD, n= 3. *** p < 0.001, Student's {-test.

{391 FIG. 27 shows that other ammonium compounds such as ammonium
hydroxide (NH:OH), ammonium suifate (NH:504), ammonium nifrate (NHiNOs),
ammonium acetate (NHiCHiCO2), and ammonium bicarbonate (NHsHCOs) induce
similar effects on the SSO-854-mediate EGFP expression in Hela EGFP-654 celis.

The profiles shown are typical of two independent experiments.

{401 FIGS. 28a-28c show that NH4' does not affect cell viability. FIG. 28a
shows that NH4" alone at the lower concentrations of 1 mM - 2 mM did not affect the
growth of the Hela EGFP-854 cells and at a higher concentration of & mM, NH4*
inhibited cell growth by about 15%. FIG. 28b shows that the combination of NHy and

-O-
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S80-654 did not increase growth inhibition compared with NHs" alone {(p = 0.45). Dats
are represented as the mean £ 8D, n = 3. “p < 0.01, Student's ttest. FIG. 28¢ shows
that the viability of HelLa EGFP-654 cells treated with 550-654 with or without NH4*.
The combination of NHs' and SS50-6854 increased the percentage of EGFP positive
cells (81.2% vs 14.5% for the 550-654 alone, lower right quadrants), but the
percentage of DAPl-stained dead cells (upper left quadrants) were comparable 10 the
single treatments or the conirol (3.87% vs. 4.16% for the 550-654 alone, or 4.55% for

the non-treated control).

{411 FIGS. 29A-28F show that NH4" enhances ASC aclivity in cancer cells.
FIGS. 28A-298 show that treatment with NH4" facilitated ASO silencing of targeted
gene protein expression in LNCaP cells. FIG. 29C shows that NH4 Tacilitated ASO
silencing of targeted mRNA. LNCaP celis were treated with 1 uM AR-ASCO with or
without 5 mM NHs* for 24 hr; total RNA was then harvested for AR mRNA RT-PCR.
Values were normalized to GAPDH mRNA expression and expressed as the mean %
SO, n=3 *"p<0.01, Student’s i-test. FIG. 28D shows the titration of AR-ASO from 0.1
uM to 1 uM, in the presence of 5 mM NHs* (lanes 3-8) in LNCaP cells. Lane 2 is AR-
ASQO at 1 uM without NH,*. FIGS. 29E and 29F show that NH4" enhanced the efficacy
of a B-Cat-ASQC in the colon cancer cell lines HCT 118 (FIG. 28E) and SW 480 (FIG.
29F). HCT116 ceils were treated with 1 uM B-Cat-ASO with or without 5 mM NH,  for 2
days, SW 480 cells were treated with 0.25 M B-Cal-AS0 with or without 2 mM NHy*

for 2 days. o-Tubulin was used as conirol.

{421 FIGS. 30A and 30B show that NHs" enhances ASO aclivity in fransfection-
resistant T cell lines. FIG. 30A shows that the treatment with NH4" increased the
efficacy of aBCLZ-ASQO in transfection-resistant Jurkat T cells. Cells were transfected
with 50 nM or 100 nM BCL-2-AS0 complexed with Lipofectamine® 3000 (lane 2 and 3),
or treated with 1 uM or 2 uM BCLZ-AS0 (as indicated) with or without 5 mM NH,4* (lane
4-7} for 2 days, prior to being harvested for Western blots.  o-Tubulin was used as
control. FiG. 308 shows that the treatment with NH,* increased BCL2-AS0 efficacy in
CEM T cells. The cells were treated with the indicated concentrations of the BCL2-
ASO with or without 5 mM NH,* for 2 days, prior to Western blotting. a-Tubulin was

used as confrol.
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{43} FIGS. 31a-31d show that NHs* enhances the activity of two
oligonucleotides delivered simultaneously. FIG. 31a shows that NHsY simultaneously
facilitated both BCL2-ASO-mediated BCL2 silencing and S50-854-mediated EGFP
expression in Hel.a EGFP-654 celis (compare lane 8 to lane 5 (GFP) and 6 (BCL2)).
FIG. 31b shows the effect of S50-854 titration (1 M, 2 uM, and 5 uM) on BCL2-AS0O
activity in the presence of 5 mM NH4*. FIG. 31¢ shows the effects of increasing
concentrations of BCLZ2-AS0 at 1 uM, 2 uM and 5 uM (BCL2-1, BCL2-2, and BCL2-5,
as indicated) on S80-654 activity in the presence of 5 mM NH4" in Hela EGFP-8654
cells. The upper profiles and graph represent the combined flow cytometric analyses of
three independent experiments. The y axis of the graph indicates the MF! of the celis.
Data are expressed as the mean + 8D, n = 3. *p < 0.05, **p < 0.01, **p < 0.001,
Student's ftest. FiG. 31d shows that NH,' simultaneously facilitates both 8-Cat- and
BCLZ-AS0 mediated B-catenin and BCL2Z silencing, respectively, in HCT1186 celis.

{44} FIG. 32 shows that NH4" enhancement on 550-654 activity is not
diminished when additional ASCs are simullansously delivered to cells. Profiles and
graph shown are typical of three independent experiments. Dala are expressed as the
mean £ 3D, n=3. **p <0.01, Student’s Hiest.

{458} FIG. 33A is a flow-cylometry graph showing the effect of a splice switcher
oligonudleotide (8S-AS0) delivered in combination with arsenite (AT(Q), hydrogen
peroxide {Hz0O»), or heat shock (H) on the splice switching activity Hel.a-eGFP-654
cells.  FiG. 33B shows Hela—eGFP-654 cells ireated with a splice switcher

oligonucleotide (§5-A50) alone or in combination with arsenite, As il (ATO).

{481 FIGS. 34a-34c¢ show that NH.s" modules oligonucieotide activity in a similar
fashion as other endosome/lysosome inhibitors. FIG. 34a shows that NHs™ did not
affect the upiake of a CyS-labed ASO (Cv5-AS0) in LNCaP cells. The graph
represents the Cy5 MF! from three independent experimenis; data are expressed as
the mean + SD. P =0.98, Student's test. FIG. 34b shows that NH4™ did not affect the
activity of lipofected S50-654 (Lipo-550-654) in Hel.a EGFP-654 cells. The graph
represents the EGFP MFI of Hela EGFP-654 cells from 3 independent experiments;
data are expressed as the mean £ SD. P = 0. 87; Student’s ftest. Figure 34¢ shows
that the endosome maturation and fusion inhibitors Ambroxol (Amb)}, Cyclohexylamine
(CHA) and oleic acid {OA) had similar effects on facilitating SS0-654 aclivity as NH4"
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The graph represents the MFis of the EGFP. Data are expressed as the mean 2 8D, n
=3 **p<0.01, **p < 0.001, Student’'s Hest.

{471 FIGS. 35a-35¢c show the molecular structures of Ambroxol (FIG. 35a),
Cyclohexylamine (FIG. 35b), and oleic acid (FIG. 35¢).

48} FIGS. 36a and 36b show that the activity of S80-654 can be increased by
combining As I with endosome/lyscsome inhibitors. FIGS. 36a-38b show that the
Hela EGFP-654 cells were treated with 1 uM 5350-654 and 100 uM Amb (FIG. 38a), or
200 uM OA, alone or in combination with As Il for 2 days (FIG. 36b) prior to flow
cytometry. Profiles and graphs shown are typical of three independent experiments.

Data are expressed as the mean £ 5D, n = 3. **p < 0.001, Student's #test.

{491 FIGS. 37a-37e show that NHs* and As Hl are synergistic in facilitating 350
activity. FIGS. 37a and 37b show microscopy (FIG. 37a) and Western blotting assays
(FIG. 37b) of the cells treated with 1 uM S80-654, and 0.5 uM As Il 5 mM NH4*, or
both as indicated for two days prior to microscopy and Western blofting. Scale bar =
100 uM. FIGS. 37¢ and 37d are representative experiment showing the analysis of
flow cytometric data obtained from Hela EGFP-654 cells treated as in FIGS. 37a and
37b. The profiles shown in FIG. 37¢ are typical of three independent experiments. The
y axis of the graph in FIG. 37d represents EGFP MFis. Data are represented as the
mean + 3D, n= 3. *p < 0.001; Student's i-test. FIG. 37e shows the synergistic effect
of a fixed molar ratic As [IlI/NH4" combination on S80-654-mediated EGFP expression
in Hela EGFP-654 cells. Cl = 0.34 at the 50% effect (Fa 0.5 = 0.34}; Cl = 0.20 at the
75% effect (Fa 0.5 = 0.20).

{501 FIGS. 38a-38b show that NH4™ and As 1l seem to augment oligonucieotide
activity by different mechanisms. FIG. 38a shows that As il like NH4*, enhanced S50-
B854 aclivity in Hel.a EGFP-654 celis. Scale Bar, 100 uM. FiG. 38b shows that unlike
NH4*, As Hl did not enhance the activity of ASOs in HCT118 or Jurkat T cells.

{511 FIG. 39 Hiustrates a schematic model of the mechanisms leading fo

synergistic NHs" and As 1l enhancement of cligonucleotide function.

DETAILED DESCRIPTION

{52} Methods and compositions for intraceilular delivery and enhanced gene

targeting are provided herein. The methods and compositions relaie to delivery of fwo
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or more molecules that, when co-administered to a cell, enhance celiular delivery

andior enhance the efficacy of one of the molecules.

{533 In certain embodiments, a composition is provided. The composition may
include two or more molecules that, when co-administered t0 a cell, enhance celiular

delivery and/or enhance the efficacy of one of the molecules.

{54} in one embodiment, the composition includes a targeting molecule. The
targeting molecule binds a target molecule in the cell. In certain aspects, the targeting
molecuie suppresses the franscription or translation of the targel molecule. For
example, the targeting molecule may bind an mRNA molecule 10 suppress expression
of a protein in the cyloplasm of the cell. Targeting molecules that can be used in
accordance with the embodiments described herein include, but are not limited to, an
antisense oligonucleotide (ASQO) molecule, a splicing switch oligonucleotide (850)
molecule, an siRNA molecule, an miRNA molecule, an shRNA molecuie, or any other
charged or modified small molecules. Those largeting molecules can target any
molecule in the cell—in the nucleus or the cyloplasm—inciuding, but not limifed to, an
mRNA molecule, an ncRNA molecule, a piRNA molecule, an miRNA molecule, a viral

RNA molecule, or a promotier seguence.

{583 The composition may also include a stressor. The stressor may include
any suitable molecule that induces a cellular stress response including, but not limited
to, a metabolic stressor {(e.qg., arsenite), a redox stressor of cells {e.g., hydrogen
peroxide (HxCo) or glutathione), or other stressor (e.g., 8BIO, lipofectamine). In one
embodiment, the stressor molecule may be arsenic {also referred to herein as arsenite
or arsenic trioxide or As il or "ATO”). in some embodiments, the stressor is a heat
shock.  As shown in the working examples below, the combination of a targeting
molecule and a stressor such as arsenic enhances delivery of the targeting molecule to

the nucleus and also enhances ifs nuciear function.

{56} The composition may also include a proton sponge molecule or an
endosome or lysosome inhibitor. The proton sponge molecule may include any
suitable proton sponge molecule including, but not limited to, ammonium (NH.%). Any
suitable ammonium compound can be used, such as ammonium chioride {(NH.CI),
ammonium hydroxide (NH:OH}), ammonium suifate (NHiSO4), ammonium nitrate

(NHiNGs), ammonium acetate (NHsCHLCOs), or ammonium bicarbonate (NH4HCQOs).
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in some embodiments, the endosome or lysosome inhibitor includes Ambroxol (Amb),

Cyclohexylamine (CHA) or oleic acid {OA}

{573 in certain embodiments, the two or more molecules that, when co-
adminisiered to a ceil, enhance cellular delivery and/or enhance the efficacy of one of
the molecules, are co-administered individually instead as part of a composition. In
some embodiments, a targeting molecule can be co-administered in combination with a
stressor.  In some embodiments, a targeting molecule can be co-adminisiered in
combination with a proton sponge molecule or an endosome or lysosome inhibitor. In
some embodiments, a targeting molecule can be co-administered in combination with a
stressor and a proton sponge molecule. In some embodiments, a targeting molecule
can be co-administered in combination with a stressor and an endosome or lysposome
inhibitor. Co-administration of these combinations can occur simultaneously, or may be

spared out at a predetermined time interval.

{58} In some embodiments, the compositions and combinations described
herein may be used in research siudies to treat cells in vifro. In that case, the
compositions or combinations may be administered using a pipet or any other suitable
method for treating cultured cells. The cells may be any suitable cultured cell, including

primary cultured cells, cell lines, immortal cell lines, stem cells.

[59] in other embodiments, the compositions and combinations described
herein may be used an in vivo or ex vive method for use in clinical research studies,
animal research studies, or for treatment of a therapeutic indication. in that case, the
compositions or combinations may be administered {o a cell that is part of population of
cells that make up an organ or tissue. For in vivo methods, the compositions and
combinations may be administered {o a subject {€.¢., a human or an animal) orally, via
injection, absorption, inhalation, or any cother suitable administration method. For ex

vivo methods, the cell may be found in a subject's circulation.

60} Also provided herein are methods for using the compositions and
combinations described hergin. In certain embodiments, a method of enhancing gene
targeting is provided. In one aspect the methed may include steps of administering a
targeting molecule o a cell, wherein the targeting molecule binds a iarget molecule in
the cell; and administering a stressor to the cell, wherein the stressor molecule induces

a cellular stress response; wherein co-administration of the stressor molecule with the
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targeting molecule enhances the funciion of the targeting molecule. The method may
also include a step of administering a proton sponge molecule or an endosome or
lysosome inhibitor to the target cell, wherein co-administration of the proton sponge
molecuie or the endosome or lysosome inhibitor with the targeting molecule and the

stressor further enhances the function of the targeting molecule.

[61} in another aspect, the method may include steps of administering a
targeting molecule to a cell, wherein the targeting molecule binds a target molecule in
the cell; and administering a profon sponge molecule or an endosome or lysosome
inhibitor to the cell, wherein co-administration of the proton sponge molecuie or the
endosome or lysosome inhibitor with the targeting molecule enhances the function of
the targeting molecule. The method may also include a siep of administering a siressor
to the farget cell, wherein the stressor induces a cellular siress response, and wherein
co-administration of the stressor with the targeting molecule and the proton sponge
molecule or the endosome or lysosome inhibitor further enhances the function of the

targeting molecule.

[621 in certain aspects, this disclosure relates to a mechanism of directing the
oligonuciectides such as siRNAs and miRNAs info the nucieus. The celiular
iocalization of the oligonucleotides, siRNAs (FIGS. 14d-14g) and endogencus miRNAs
(FIGS. 19e-19g) is altered by using a celiular siress signal {e.g., As lil), thereby io
manipulate gene expression. For example, endogenous miRNAs can be directed o
target miRNA sponges as shown in FIG. 18, resulting in the “release” of specific
miRNAs of interest {0 allow the manipulation of downstream genes. siRNA can be
directed to perform splice swilching as shown in FIG. 19, Thus, in ceriain
embodiments, this disclosure relates 1o a method of controlliing the localization of
siRNAs or endogencus miRNAs by administering a stressor, a proton sponge, or both
to the cell such that the sikRNAs or endogenous miRNAs transiocate from the cytoplasm

{o the nucieus, thereby increasing their functions against thelr nuclear RNA targets.

{63} This disclosure relates to compositions and methods for nuclear transport
of small molecules such as dligonucleotides, siRNAs and mikRNAs by induced cellular
stress and the presence of proton sponges such as ammonium (NHs"). Also disclosed
is a stress-induced response complex (SIRCY including one or more of following

proteing, e.g., Ago-1, Age-2, and transcription and splicing regulators such as YB1,

-15-



WO 2018/093919 PCT/US2017/061831

CTCF, FUS, Smad1, Smad3, and Smad4. The SIRC is capable of transporting the
small molecules {e.g., oligonucleotides, siRNAs, and miRNAs) o the nucleus. The
induced cellular stress can significantly increase oligonuclectide- or sikRNA-directed

splicing switch events and the miRNA targeting of nuclear RNAs.

{64} Because of their charge and their ensuing ability to bind heparin-binding
cellular proteins, phosphorothicate oligonucieotides (e.9., phosphorothicate, locked
nucleic acid oligonucleotides) can enter cells and hijack endogenous miRNA pathways
(4). MiRNAs also shuttle {0 and function in the nuclear compartment (3, 44). A small

miRNA subset has been proven 1o participate in the cellular stress response (45).

(653 As demonstrated in the working exampiles, the translocation of these small
nucleic acids into the nucleus results from a general response to cell stress, which
triggers the formation of a stress-induced response complex, the SIRC. This complex
contains both shutlling and gene expression moduiator proteins. An interaction
between Ago-2 and YEB-1 increases as a response to cell stress and leads to the
translocation of the SIRC into the nucleus. The SIRC can include miRNAs and
oligonucleotides; a surge in nuclear shuttling corresponds (o a proportional rise in the
nuclear function of oligonuclectides, siRNAs and miRNAs. The cytoplasmic function of
oligonucleotides and siRNAs decline concomitantly. The loss of cyioplasmic miRNA
potency is consistent with the previously observed nuclear re-localization of Ago-2 and
decreased cytoplasmic RNAI linked to cell stress (46). The results demonstrated in the
working examples also support the initial formation of the SIRC, including the binding to
cligonuciectides and possibly to miRNAs, o be occurring in cyioplasmic stress
granules (8G). The data disclosed herein helps explaining why the infracellular
iocalization of oligonucleotides appears 0 be different based on the mode of delivery.
Gymnosis {which by itself at lower oligonucleotide concentrations and shorter treatment
times is not a significani stressor) results in predominantly perinuciear localization of
the coligonuciectides. This is in contrast to lipofectamineg, which is a potent cell stressor,

and directs the oligonuciectides to the nucleus {(4).

{68} As illustrated in FIG. 25, cell stress induced by oligonuclectides (ON)
and/or arsenic trioxide (As Il or ATO) treatment leads to the formation of SG, where the
interaction between the oligonuciectides, sikNAs or miRNAs with Ago-2, YB1, FUS and

TNRCBA first occurs. Consistent with this model is the observation that the binding of
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FUS and TNRCBA to Ago-2 increases upon cell siress (FIG. 23). Notably, TNRC6A
has been proposed to mediate miRNA-directed nuclear silencing by transporting Agoe-2
to the nucleus (43) and its return to the cytoplasm via a CRM1 {(Exportini) interaction
(43). It was previously reported that mature, shutting miRNAs also retum fo the
cytoplasm via CRM1(44). At certain concentrations and extended time point ONs will
trigger stress. By adding ONs in combination with As {ll the concentration required fo

trigger stress is lowered due to the use of two agenis.

{671 Cell stress leads to phosphorylation of the R-Smads (Smad 1/5/8) and their
binding to Smad-4 (28) and the SIRC, followed by the nuclear re-localization of this
complex (FIG. 25). Smad-1 has also been shown to interact with CRM1 (47). Once in
the nucleus, Smad-4 binds Smad-3, normally found predominantly in the nucleus.
Subsequent to this binding, Smad-4 is retained in this compartment (28) fogether with
the SIRC (FIG. 25).

{68} Smad-1 and Smad-4 are imporiant transcription regulators that can induce
or repress a number of franscripts. These proteins together with CTCF, a master
regulator of transcription, would allow the cell to have a wide-ranging stress response,
which may include chromatin remodeling. The TNRCS family contains homologies to
domains of the S. pombe Tas3 and Chp1 proteins, which are part of the RNA-Induced
Transcriptional Silencing (RITS) complex (48).

69} MIRNAs play crucial roles in modulating gene expression.  Their
deregulation has been shown to be halimark of cancer and other diseases. As il al low
concentrations is an FDA-approved anti-laukemia drug (37, 48). As disclosed hersin,
small, clinically relevant concenirations of As il can induce SIRC formation and can
shuttle siRNAs, miRNAs and other oligonudieotides delivered by gymnosis o the cell
nucleus. The polency of nuclear targeting is significantly increased by the As i
treatment in consequence. Thus, this disclosure relaies to a combinatorial strategy

employing small nucleic acids and As [l in therapeutic applications.

{70} It was previously demonstrated that oligonuciectides delivered by gymnosis
are bound by Argonaute proteins 1-4 (4), and may hijack mulliple endogenous
mechanisms employed by cellular miRNAs. Ago-2 binding augments oligonucieotide
function, which may due to Ago-2 facilitation of oligonuclectide transport (4). Thus,

Ago-2 could be part of a transport complex that differed from RISC.
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{71} To test the hypothesis that ocligonucieotides were bound to an Ago-Z
transport complex and to identify additional proteins belonging o this compiex,
immuno-precipitations  {IPs) of Ago-t or Ago-2 were performed using cell lysates
harvested from HEK 203 cells that were 1) untreated; 2) treated with a control
oligonucleotide delivered by gymnosis; or 3) transfected with a confrol siRNA. All the
oligonuclectides used in the studies were phosphorothioate, locked nucleic acid
oligonucieotides (PS-LNA-ONs) (7, 8), which increase stability and cellular uptake by

gymnosis.

{723 A mass spectrometric analysis of the precipitates was performed and only
those proteins that were common in both lysates of cells treated with the control siRNA
and lysates treated with the oligonuciectides, but were abseni in all other samples and
controls were analyzed. Under the experimental conditions, apart from ribosomal
proteins, tubulin, and immuno-precipitated Argonautes, nucleolin, the SRSF1 and 7
splicing factors, YB-1, DbpaA, PABP1, HSP-70, KIF11 and elongation factor 1 a were
found. Nucleclin is a shuttling protein (9) that has been previously reporied o bind
oligonudleotides {(5). SRSF1 and SRSF7 are members of the SR protein family, which
has been shown to act on nuclear export factor 1 (NXF1) (7180}, The heat shock protein
HSP-70 is a chaperon, siress-response proiein which, among other funclions,
increases the stability of nucieolin during oxidalive stress (77) and it is known (o
associate with YB-1 during stress {(12). YB-1 is invoived in a myriad of cellular
functions, it is also a chaperon and a key player in the celiular stress response, which
leads to its transiocation inio the nudleus (13). YB-1 is also involved in stress granule
(8G) formation where it localizes (12). DbpA (YBX3) is also a Y-box binding protein
{14, 15) while PABP1 binds to the mRNA poly(A) tail and is important in mRNA
translation and non-sense mediated decay. PABP1 also concentrates in stress
granules (16). KIF11 is a kinesin-related protein that plays a role in cell division and
enhances the efficiency of mRNA translation {77). Elongation factor 100 also plays a
role in translation and, in addition, a central role in the nuclear export of proteins (78).
Therefore, nearly all of the proteins identified are involved in transport and in the

cellular stress response.

{733 As demonstrated in the working exampiles, nucleclin and YB1 are of

importance.  Nucleclin is known 10 bind oligonuclectides (&), bul has not been
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previously shown to bind siRNAs. However, it has been reporied o interact with the

microprocessor complex and to affect the processing of specific miRNAs (718).

{741 As shown in FIGS. 2¢ and 2d, the binding of nucleclin and YB1 fo the
Argonautes was confirmed by immuno-precipiiation and immuno-blotting with specific
antibodies. As most of the factors identified in the mass spectrometric assay, including
Ago-1 and Ago-Z, are known 1o shutlle from the cyioplasm to the nucleus {3),
tetracycline (Tet) inducible stable cell lines expressing anti-Ago-shRNAs (20) were
employed o study the effect of Argonaute (Ago-1, Ago-2 or Ago-3) depletion on
oligonudleotide cellular localization (FIG. 5). The nudlear to cytoplasmic RNA ratio can
be compared, sfier [oading the samples, either by volume or by weight (the latter is
shown in this experiment). However, it is inevitable that some of perinuciear
cytoplasmic components will be precipitaied with the nuclear fraction. Therefore, the
nuclear and cytoplasmic fractionations shown in the working example were analyzed
based on changes in the relative ratio between the two fractions, rather than on the

absolute amount of signal detected in each fraction.

{75} Down-regulation of Ago-2, but not Ago-1 or Ago-3 resulied in
oligonudieotide localization that favors the cytoplasmic compartment, as shown in FIG.
5, comparing Ago2 (Dox-} with Agoe2 knock-down (Ago2 kd) (Doxt), versus Agol or
Ago3 (Dox-) with Agot kd or Agod kd (Dox+), respectively. Downregulation of the
Argonautes following Tet induction in these cell lines has been previously validated
(20).

{761 Some reports have indicated an active role for nucleolin in the binding of
cligonuciectides (27, but others have not been able to find a functional role for it in
oligonudciectide activity (8). it is possible that nucleolin either has a redundant function,
or that its contribution to ON function is measurable only in certain cell systems and
under specific experimental conditions (22). Subsequent to down-regulating nucleclin
expression by an siRNA approach, and consistent with these observations, only a
marginal effect (up to 30%) on oligonucieotide funclion was detected and then only if
the oligonuclectides were delivered by gymnosis rather than lipofection. Therefore the
working examples focused on the role of YB1, which was also found in the Ago-ON
immuno-precipitated complexes. As demonsirated below, delivery of dligonucieotides

by gymnosis resulls in increased Ago-2/YB-1 complex formation. Moreover, Ago-2/YB-
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1 directly interact as a consequence of cellular stress and co-localize in the same

cellular compartments.

[77% YB1, Ago-2 and the miRNA machinery are involved in the cellular stress
response (25, 26). Furthermore, YB1 has been shown o be important in the regulation
of the Smad-signaling pathway (27). Smad transcription factors are a critical piece of
one of the most multifaceted cyickine signaling pathways, the transforming growth
factor-p pathway {28). Once activated by phosphoryiation, these proteins fransiocate to
the nucleus where they regulate gene expression (28). Therefore, they also can be
potential partners of the stress-induced YB1/Ago-2 complex. As demonsirated in the

working examples, Ago-2 also directly or indirectly interacts with the Smad complex.

{783 Further, as disclosed herein, NH,* potentiates oligonucleotide activity via a
different mechanism than As lll. Because two separate pathways of oligonucieotide
activation seem to exist, combining both compounds (As 1 and NH4"), resulted in a

potent synergistic increase in oligonudciectide function.

{791 Oligonucieotide concentrations employed for therapeutic applications vary
widely, but in general are high enough to raise significant concerns for off target effecis
and cellular {oxicity. However, lowering oligonuclectide concentrations reduces the
chances of a therapeulic response, since typically only relatively small amounts of
oligonucleotides are taken up by targeted cells. 1tis therefore imperative o ideniify new

strategies to improve the concentration dependence of oligonucieotide function.

{803 As disclosed herein, ammonium ion (NHs™) can be used as a non-foxic
potent enhancer of dligonuclectide activity in the nucleus and cytoplasm following
delivery by gymnosis. Enhancemeni of function can be found in atlached and
suspension cells, including difficult-to-transfect Jurkat and CEM T cells. The working
examples also demonstrate that NH,* can synergistically interact with arsenic trioxide to
further promote oligonucieotide function without vielding any apparent increased
cellular foxicity. These small, inexpensive, widely distributed molecules can be used
not only in laboratory experiments but potentially in therapeutic oligonucieotide-based

combinatorial strategy for clinical applications.

{813 The locked nudleic acid (LNA) modification was first synthesized by the
Wengel laboratory approximately 20 years ago (57,58). Phosphorothioated (PS)

oligonucieotides containing LNA moisties are not only highly resistant {0 nucleases, but
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each LNA can increase the Ty, of an RNA/PS LNA oligonucleotide duplex by up o 2-6
°C per residue (58,58). FS LNA oligonuclectides are active splice-switching
gligonudclestides, having been shown {0 induce exon skipping in vivo as well as in vitro,
especially in the colon, small inlestine and liver (80). However, for therapeutic
applications it is critically important to develop strategies that take advaniage of these
characteristics at low oligonuclectide doses so that the potential for off target effects are

reduced.

{821 The PS LNA S50 disclosed herein (880-654) is a 16mer. The LNA
moieties are interspersed in the oligonuciectide chain.  This substitution promotes
nuclease stability and increases the stability of the oligonuclestide hybrid with the
nuclear pre-mRNA. Al the same time, LNA substitution blocks the induction of RNAse
H activity, which would cleave the pre-mRNA and terminate exon skipping. To moniior
oligonuclectide efficacy, a splice-swilching model was used, in which Hela cells have
been engineered o express the enhanced green fluorescent protein (EGFP, Hela
EGFP-654) (61,62). In this model, a mutated B-globin intron has been inserted info the
EGFP coding sequence to create an internal additional exon, which prevents canonical
splicing and EGFP transiation. Treaiment of these cells with an S50 targeted to one of
the internal splice sites causes exon skipping and the reconstitution of the EGFP

correct reading frame (62).

{831 The general principle that PS5 LNA oligonuclectides and other highly
stabilized oligonuclectides such as 2'F-arabinose nucleic acids {16) can enter cells in
the absence of any transfeclion vehicles and can also silence gene expression was
previously reported (63-85). This process is called gymnosis from the Greek word for
naked, and is different from the process of “free uptake” which only refers o the
absence of transfection reagents (66), and has never been associated with silencing of
gene expression. The process of gymnosis in tissue culture more resembies in vivo
gligonudcleotide uptake in saline formulations than does the process of transfection {83},

and is often used Tor both ASO and 550 experiments.

{84} The concentrations of oligonucieotide in the media for an optimal gymnosis
experiment are often in the 250 nM - & uM range. However, while gymnotic delivery of
oligonuclestides generally results in excellent oligonucleotide function, it still can be

associated with inherent poteniial toxicity and with sub-optimal in vivo delivery. Thus,
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disclosed herein are methods of improving the activity of oligonucieotides such as PS
LNA cligonudcieotides after gymnosis in order {0 improve the concentration dependence

of oligonuclectide function.

[85] It is desirable {0 identify small molecules that are capable of enhancing
oligonuclectide functions at a low cost and that are non-toxic at the concentrations
emploved. However, there are very few such small molecules currently available. For
example, a small molecule known as Reiro-1, which reduces the toxicity of plant and
bacterial compounds (87) emerged from a high throughput screen. Retro-1 enhanced
both SSC and ASO efficacy when the oligonuclectides were delivered by gymnosis.
However, the optimal concentration of Retro-1 was approximately 50-100 M, and the
compound is also poorly water-soluble. In a subsequent high throughput screen of
>100,000 compounds, a series of 3-deazapteridine analogues were discovered (B88)
that at a concentration of 10 ub substantially increased S50 activity. Dantrolene (25-
50 uM), a drug used clinically in the treatment of malignant hyperthermia, and other
small molecuies that target the ryanodine receptor have been demonstrated o promote

S8O modulated exon skipping in myotubes in vitro and in mdx mice (69).

{883 Ammonium, aiso approved for clinical use, considerably increases the
oligonuclestides function, likely by acting as a proton sponge and aiding their
endosomal release into the cyioplasm. This greally enhances cytoplasmic gene
targeting and function of the delivered molecules. Moreover, by increasing the
cytoplasmic concentration of these molecules, the amount that translocstes into the
nucleus increases. Therefore ammonium can also increase nuclear function, although

to a lesser extent when compared (o As I

[87% As disclosed herein and demonstrated in the working examples, the
ammonium ion (NH%) can facilitate S5O activity in the Hela EGFP-854 model in vitro,
in the absence of toxicity. NH4* also improves in vifro ASO activity both in attached
suspension cells, including in Jurkat and CEM T cells, in which gene silencing has
historically been difficult.  Moreover, NHs* can interact synergistically with arsenic
trioxide (As Hl or ATO, arsenite in solution) to significantly promote oligonucleoiide
function in celis.

{38} As described heregin, the effects of NHs® on the activity of oligonucieotides

are studied because of the previcus results (79}, which highlighted the importance of
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endosomal maturation for oligonuciectide activity and because it has previously been
shown that NH.* affects the maturation and outcomes of late endosomes (73,74,80).
After cell surface adsorption, or through fluid phase endocylosis, oligonucieotides
become localized inside the cell in early endosomes. The maturation of early o late
endosomes (LEs)/multivesicuiar bodies (MVEBs) is at least in part under the control of
PKC-a. Blocking PKC-a expression by a variety methods leads {0 a marked diminution
of ASO gene silencing, suggesting that oligonucleotides, at least in part, exit the
endosomal pathway at the level of the LE/MVEBs. In this context, it is of interest that
Ago-2, one of the proteins that interacts with oligonuciectides (81) and shuttles the

oligonucleotides io the cell nucleus, can physically interact with the LE (82).

{891 LEs/MVBs can also fuse with lysosomes, and S50 accumulation in
lysosomes, a process deemed {0 be non-productive with respect to oligonucieotide
activity, was reported (81,83). The ability of NH4* to block or slow the fusion of
LEs/MLVs with lysosomes (73,74, 80) might allow the endosomal cargo to be retained
for longer times in the LE/MVB, increasing ils ability to exit the endosomal pathway.
The exit of oligonuclectides from the endosome might also be aided by the ability of
NHs" and of other lysosomotropic weak bases, to also cause endosomal swelling (84,
85). The way that endosomal swelling is produced by NH4* is complex, but cannot be
due to proton sponge effects, as the pKa of NHs* = 8.26 (78), two orders of magnitude
higher than the intracellular pH. The endosomal swelling effects of NHs™ may mimic
those of the so-called cell pensetrating peptide-cligonucieotides, in which the peptide
moieties are usually short (8-30 amino acids) polypeptides that are often repiete wilh

arginines and lysines (88), both of which are organic amines.

{903 However, the mechanism of action of NHs*, regardless of how it enhances
oligonucleotides (e.g., ASO and S80) function, appears to be different than that of As
tH (a2 mechanistic model is depicted in FIG. 39). As illustrated in FIG. 38, gymnotically
delivered oligonucleotides are taken up into cells via the process of endocylosis, and
are initially localized in early endosomes (EE). During the process of vesicular
acidification (73-75), these EEs matures into the late endosomes/multivescicular bodies
(LEs/MVBs), which will fuse with nuclease-rich lysosomes where oligonuciectides are
sequestered/degraded.  NH," inhibits endosomal acidification, causes endosomal
swelling, and inhibits fusion of LEs with lysosomes. Prolonging maturation of the

endosomes in addition 1o inhibiting fusion between later endosomes and lysosomes
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may facilitate the oligonucleotides escape from endosomes into the cytosol. As ]
which does not appear 0 affect the release of oligonucieotides from the endosomal
compartment, facilitates the entry of cytoplasmic oligonucleotides into the nuclear
compartment via inducing a cellular stress response. Through these mechanisms, the
combination of NHs* and As il are synergistic with respect to the nuclear function of a
550-654.

{913 As Il enhances oligonucleotide function in the nucleus but not in the
cytoplasm, while NHs* enhances function in both celiular compartments possibly by
increasing the total amount of oligonudiectides released info the cyioplasm. This is in
accord with the observations that As HH, through induction of celiular stress, facilifates
shuttling of oligonucieotides from the cytoplasm to the nucleus. In conirast o As i,
under the conditions of the experiments described below, NHs' at 5 mM, does not
appear to induce a cellular stress response and thus the formation of an
oligonucieotide-binding stress-induced response complex (SIRC), which consists of
Ago-2, nucleolin, and Yb-1, in addilion to other proteins. Furthermore, the working
examples demonstrating that the higher concentrations of NH4"/As I are synergistic,
as defined by the combination index (Cl) method of Chou and Talalay, also suggest
that these small molecules augment oligonucleotide activity by different mechanisms.
The possibility that the positively charged NH4* augments binding of an oligonuclectide
to its mRNA target by charge masking may be discounted, as experiments examining
the Tm of DNA/RNA duplexes in the presence or absence of 5 mM NHy* demonstrated

no difference.

{92} The combination of As I, which has previously been shown {o be 3z
potential anti-leukemia drug (87-90), and/or NHs™ {(or other organic amines such as
Amb., CHA and OA that act on the endosomal maturation pathway) is an easy,
inexpensive, non-toxic and effective way {o improve oligonucleotides, including S50
and ASQ, activities after their delivery by gymnosis, even in non-attached difficult to
transfect cells. Most likely, a synergistic increase in function is produced because
these agents appear to be aclive by two different mechanisms: NHs® seems to be
acting at the level of the endosomes, while As il induces a celiular stress reaction that
promotes cvioplasmic-nuciear oligonuclectide shuttling. These compounds and the
mechanisms disclosed herein can be used to enhance oligonuclectide activity for

therapeutic uses.
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{931 The following examples are intended to illustrate various embodiments of
the invention. As such, the specific embodiments discussed are not 1o be construed as
limitations on the scope of the invention. For example. the methods described in the
working examples below may be used to enhance the efficacy of any nuclear targeting
strategy, including si-RNA directed promoter methylation or activation. It wili be
apparent to one skilled in the art that various equivalents, changes, and modifications
may be made without departing from the scope of inveniion, and it is undersiood that
such equivalent embodiments are to be included herein. Further, all references cited in
the disclosure are hereby incorporated by reference in their entirety, as if fully set forth

herein.

(94} As discussed in the examples below, this work may be broadly applicable
for clinical applications for the infracellular delivery of therapeutic molecules, and may
aiso have application for the enhanced efficacy of any celiular targeting strategy,

including siRNA directed promoter methylation or activation.

[958} From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the scope of the invention.

Accordingly, the invention is not limited except as by the appended claims.

EXAMPLES
Materials and Methods

{961 Cell Culture: Hela EGFP-854, HCT116 and SW480 cells were cultured in
DMEM medium supplemented with 10% fetal bovine serum (FBS) and 2 mM L-
glutamine. LNCaP celis and the Jurkat and CEM T lymphocyte cell lines were
maintained in RPM! 1640 medium supplemented with 10% FBS and 2 mM L-glutamine.

Cultures of all cell lines were maintained at 37 °C in a humidifiad 5% CO- incubator.

{973 Reagents and antibodies: Ammonium chioride (NHCl), arsenic trioxide

(As205) and oleic acid (OA) were purchased from Sigma-Aldrich (Milwaukee, W),
Ambroxol hydrochioride and cyciohexylamine were from Santa Cruz Bictechnology
{Santa Cruz, CA), as were the AR (N-20) and GFF (s¢-9996) antibodies. The B-catenin
antibody (4270) was purchased from Cell Signaling Technology (Danvers, MA) and the
anti-a-tubulin antibody from Sigma-Aldrich; the anti-BCL2 antibody (clone 124) was
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from Dako (Santa Clara, CA). An arsenite solution was prepared by dissolving As0s in
minimal volumes of 1 N sodium hydroxide (NaOH). The arsenite solution was then
diluted with phosphate buffered saline to a concentration of 10 mM as a stock solution.

Other compound solutions were prepared as per the manufaciurer's recommendation.

{98} Antisense oligonucieotides: The sequences of oligonucieotides used

herein are listed in Table 1. Al are phosphorothioates, with DNA given in lower case

jetters and LNA modifications in upper case lefters. “m” = 5-methylcylosine.

Table 1 Antisense Qligonucieotides

Oligonucleotide Target Sequences
Names

550-654 Mutant g-globin 5-GeTaTtAcCiTaAcCe-3' (SEQ ID NO: 1)

Control ASQO Non Targeting 5-mCGMCAgattataaATCMCE-3 (SEQ D NO: 2)
(&FC 3046)

BCLZ-ASCO BCL-2 5-M"CTcecagegigeg™CmCa-3' (SEQ D NO: 3)
(SPC2998)

Cy5-A50 BCL-2 5-Cy5-"CTeeccagegtgeg™CMCa-3 (SEQ D NO: 4
p-Cat-ASO B-catenin 5-CCAlcttglgatcCAT-3 (SEQ 1D NO: 5)
(EZN-3889)

AR-AS0O (EZN- Androgen 5-ACCaagticticAGC-3 (SEQ 1D NO: 6)
4178) Receptor
m = mathyl

Capital letters = LNA
All oligonuclectides are all-phosphorothicate

{991 Western Blot  Cells were harvested with trypsin digestion and washed
once with PBS. Cell pellets were lysed in cold RIPA buffer containing protease
inhibitors. Cellular RIFPA lysates were sonicated for 2 seconds and then rested on ice
for & min. Cell debris was removed by centrifugation at 12,000x g for 10 min at 4°C.
Protein concentrations were determined using the Pierce® BCA Protein Assay kit
(Thermo Fisher Scientific, Waltham, MA). Aliquots of cell extracts containing 30-40 ug
of protein were resolved by SDS-PAGE gel electrophoresis, and then iransferred {o
PVDF membranes. After treatment with the appropriate primary and secondary
antibodies, enhanced chemiluminascence was performed. Protein signals on the blot
were guantified with the Image J program and protein expression was normalized to

control = 100%.
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{100} Quantitative RT-PCR: RNA was extracted from cells using RNA-STAT 60

{(AMS Biotechnology, Abingdon, UK) as recommended by the manufacturer. First-

strand cDNA was synthesized with the Super-Script® i First-Strand Synthesis System
Kit (Invitrogen, Carlsbad, CA). PCR was performed with Power SYBR GREEN PCR
Master Mix {Thermo Fisher Scientific, Waltham, MA).

{101} Flow Cytometry: Cells were harvested by trypsin digestion and re-

suspended in culfure media or PBS buffer prior to flow cytometry. Flow cyiometry data
were collected by a CyAn Flow Cytometer (Beckman Coulter, Brea, CA), and were
analyzed by the Flowdo program (Tree Star, Inc, Ashland, OR) i{o determine
fluorescence intensity vs. call number. For cell viability assays, harvesied cells were

re-suspended in PBS containing 1 pg/ml DAPI (Molecular Probes, Eugene, OR).

[162] Cell growth assays: Cell growth and proliferation were assayed by staining

with sulforhodamine B (SRB). Briefly, cells were fixed by adding an equal volume of
10% cold trichioroacetic acid (o each well. After one hour incubation at 4°C, cells were
stained with 0.06% SRB for 30 min at room temperature in the dark. Cell-bound SRB
was then solubilized in 10 mM Tris buffer (pH 10) and s absorbance determined at 510

nn by a microplate reader.

[103] Statistical analysis: Guantifying the interaction between the oligonucieotide

and ammonium and As Hl treatments was performed by a combination index (Cl} plot
using the Chou-Talalay method (70). All data are expressed as mean % standard
deviation {s.d.}; data from three or more independent experiments were analyzed with a

two-tailed, unpaired Student’s t-test. p < 0.05 was considered statistically significant.

Example 1: Stressor molecules can enhance the delivery of oligonucleotides

{104} In this example it was determined that arsenite (a metabolic stressor), heat
shock, hydrogen peroxide (a redox stressor of cells), or glutathione {a redox stressor),
causes translocation of a splice switching synthetic oligonuclectide {e.g., mixer
oligonuciectide, siRNA, or antisense oligonucieotide) from the cytoplasm to the
nucleus.  This, in the case of the splice-switching oligo, results in the increased

frequency of splice switching in human tumor cell lines.

[105] As shown in FIGS. 33A-323B, flow-cytometry analysis shows that a splice

switcher oligonuclectide (S5-AS0) increased activity when delivered to cells in
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combination with arsenite (ATO), hydrogen peroxide (HoOz), or heat shock (H). 6BIO, a
molecule that was previously found in a functional screen o strongly increase AS0
activity, was used as a positive control. In this experiment, HelLa-EGFP-854 cells were
treated with S5-AS0 (2 uM) in the presence of 1 M ATO, 100 uM H:0: (once), 42°C
heat shock (twice, 24 hr apart) and 2 uM 8BIO for two days. ASQO aclivity was
measured by the correctly spliced eGFP expression. All agents increased frequency of
splice swiiching in treaied cells. The exient of the increased frequency depended on
the type of stressor molecule that was employed, with the most effective being arsenite,

a clinical treatment for a form of human leukemia (FIGS. 33A-33B).

Example 2. ldenfification of the components of a Stress Induced Shutding Complex

(515C) that transports molecules into the nucleus

{106} A Stress Induced Shuttling Complex (SISC) was identified by the studies
described in this Exampie. The SISC can transport oligonuciectides, siRNAs,

microRNAS, and other small molecules into the nucleus,

{1071 First, an LNA-PS-dligo or an siRNA was gymnotically delivered or
transfected fo stable cell lines expressing Agol-Flag or Ago2-Flag and performed
immuno-precipitation with the anti-Flag antibodies (FIG. 2a). The proteins recovered
from the precipitates were sent for Mass Spec analyses fogether with proteins
recovered from the parenial cells transfecied with a bictinylated oligonucieotide, which
was then immuno-precipitated using the streptomycin beads (FIG. Za). Only the
proteins abundantly present and common for the samples containing the olige or the
siRNA, but absent in all other controls, were faken into consideration. Those are listed
in the box on the right (FIG. 2a). Some ribosomal proteins, which are not periinent to
this study were also found, but are not listed. The presence of the oligo in the complex
and the binding of the argonautes to some of the proteins identified in FIG. 22 was
confirmed by immuno-precipitation and Northemn or Western Blot analyses. FIG. 2b
shows a Northern analysis of RNA extracted from the Ago1-Agod Immuno-Precipitates.
The presence of the antisense oligo (AS0O) was detected in the argonautes complex.
The detection of miR16 was used as control for the immuno-precipitation. U6 was the
control for loading and integrity of the samples. Weslern analyses reveal the presence
of Nucleolin in the Agot-Ago4 immuno-precipitates (FIG. 2c). The detection of Flag

was used as the immuno-precipitation and loading control.  Western analyses of the
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Ago1-Agod precipitates show the presence of YB-1 in the argonautes complex (FIG.

2d}). HA was the immuno-precipitation and loading control.

[108] Next, it was determined that silencing of Nucleolin resulis in decreased
oligo function. The Hela 654 eGFP used in these experimentis is a siable cell line with
an integrated eGFP gene whose coding sequence is interrupted by an internal exon.
Therefore the eGFP protein is not expressed unless the splicing pattern is altered to
exclude the internal exon and reconstitute the eGFP reading frame. The splicing switch
oligo (850) may be used for this purpose, the amount of eGFP produced will be
directly proportional to the 530 function. The eGFP produced by the S50 when celis
were previously transfected with an anti-Nucleolin siRNA (si-Ncl} was reduced when
compared {o cells transfected with a control siRNA (si-CNTR) (FIG. 3a). This reduction
in oligo function was approximately 30% (FIG. 3b). An anti-Ncl siRNA effectively
reduces nucieclin expression also when increasing amounts of oligo are delivered o
the cells {demonstrating no competition between siRNA and oligo function) (FiG. 3¢).
Silencing of nucleolin results in decrease Bcl-2 targeting by a gymnctically delivered
oligo {(FIGS. 3d-3e).

{109} Because both Noi and YBX-1 are shutlling proleins it was investigated
whather this argonaute-assodiated complex was involved in transporting the oligo info
the nucieus. First, a control oligo was delivered to HEK-283 cells via gymnosis as
shown in FIG. 4a. RNA was exiracted from the nuclear and cyloplasmic fractions and
gel analyzed. The oligo (LNA-ASQO) shows to be mostly nuclear and perinuciear
localized. miR16 was used as localization conirol. The UBsnRNA (UG) and t(RNA were
used to assess the purity of the fractions. In FIG. 4b, HCT1186 cells expressing a Dox-
inducible Ago2 shRNA were used to analyze the role of AgoZ2 in the localization of the
oligo. Without Doxyeyciine (-Dox) the LNA-ASQO shows to be localized mostly in the
nuclear and perinuciear compariments. However, in presence of Doxycyclin (+Dox),
which results in the dowrregulation of Ago2, the LNA-ASO shows an increased

cytoplasmic localization.

{110} Next, inducible HCT-116 cell lines expressing anti Agot-shRNA, anti Ago2-
shRNA or anti Ago3-shRNA were used {0 assess if other argonautes had a similar

phenotype as Agoe2 (FIG. §). This fractionation in presence or absence of Dox shows
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that silencing of Agot or Ago3 does not affect the overall localization of the oligo, which

remains mostly nuclear and perinuciear.

EFxample 31 Age-2/YB-1 complex formation and ¢o-localization

{1111 Next, it was determined why the oligo induces formation of the SISC.
Additional immuno-precipitation experiments that complemented the original Ago-iPs
were performed by using HEK 293 cell lysates and a YB1 antibody to confirm 1) the
interaction of YB1 with Ago-1 and/or Ago-2 (FIG. 8A), and 2) the dependence of this
interaction on the presence of the oligonuclectide (FIG. 6B). Both Ago-1 and Ago-2
proteins [Peq with the anti-YB1 specific antibody (FIGS. 6A and 8B).  Sirikingly, the
amount of Ago-2, but not Ago-1, in the YB1 immuno-precipitates increased when celis
were treated with the oligonucieotide delivered by gymnosis (FI(G. 6A boitom, compare
Ago-1 and Ago-2, YB1 lane, with FIG. 6B bottom, Ago-1 and Ago-2, YB1 lane).

{112} Specifically, it was determined whether the complex forms as a result of a
stress signal (FIGS. 6A and 68; YB-1; Immuno-precipitation (Reverse IP}}.  Immuno-
precipitations of Ago1 and AgoZ showed the presence of YB-1 in the complex. This
“reverse” immuno-precipitation using YB-1 antibodies show the presence of Ago1 and
AgoZ in a YB-1 complex. FIG. 8A (lop) shows the relative amount of Ago1, Ago2 and
YB-1 in the lysates used for the immuno-precipitation experiments. FIG. 8B shows
lysates vielded from cells treated with an oligonuciectide (+AS0). FIGS. 6A and 6B
(botiom) show Western analysis of the immuno-precipitates that demonstrate the
presence of Agol and AgoeZ in the YB-1 complex. Furthermore, in presence of an
oligonucieotide {ASQ), the association of AgoZ with YB-1 increases. Immuno-

pracipitations with 1gG were used as controls.

[113] To determine whether a direct interaction between YB1 and Ago-Z
occurred, a proximity ligation assay (PLA) (23, 24) was conducted using YB1 and Ago-
1 or Ago-2 specific primer-conjugated antibodies (FIGS. 7a-7¢). The simultaneous
double recognition by the mixed probes required to obtain a fluorescence signal is
highly selective and specific for protein recognition and protein-protein interaction (23,
24}, The flucrescence signal in Ago2/YB-1 demonstrates the celiular co-localization of
these two proteins. The Flag antibodies and the Lamin aniibodies were used as
controls with the YB-1 and Ago-2 antibodies to demonsirate the specificity of the

detected fiucrescence signal. The fluorescence signal detected in the sample treated
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with the Ago-2- and YB1-specific mixed probes (FIG. 7a, Ago2/YB1), but not in the
controls (FIG. 7a, anti-YB1 and anti-flag antibodies (YB1/Flag), anti-Ago2 and anti-
lamin antibodies (Ago2/Lamin}, and anti-YB1 and anti-Lamin antibodies (YB1/Lamin))
supported a direct inferaction between Ago-2 and YB1 and demonstrated intracellular
co-localization in the perinuclear region and in the cell nucleus (FIGS. 7a and 7b). The
signal, when the anti-Ago-1 and anti-YB1 specific mixed-probes were employed, was
present but reduced (FIG. 7a, compare Ago2/YB1 to Ago1/YB1). This supports that
this is a close, though perhaps not a direct interaction, but one which may be bridged
by Ago-2.

[114] A more intense fluorescent signal was detected for the Ago2/YB1
interaction in the siRNA control sample (siCntr Ago2/YB1), which underwent
transfection. Following this siress signal that was triggered by lipofection, an increased
interaction between these two proteins was observed, consisient with the 1P results
(FIGS. B8a and 8b). This Ago-2/YB1 interaction also result in an increased nuclear
accumulation of this complex in nuclear speckles, as seen in FIG. 7b, which shows a
magnified view of the Ago2/YB1 PLA results with or without transfection of the siRNA
control.

[118] To determine if Ago-2 also interacts with the Smad complex, a PLA assay
was performed with Smad-1- and Ago-2-specific mixed probes. The fluorescent signal

detected (FIG. 7¢) supports that a direct or indirect interaction is occurring.

{116] Confocal sections of the celis analyzed via PLA with YB-1 and Ago2
antibodies demonstrate co-localization of these two proteinsg in the cytoplasm and in the

nuclear compartments (FiG. 8).

(1171 To further validate the specificity of the PLA assay and the reliability of
these resuits, Ago-2 and/or YBX-1 {the gene producing YB1) expression was silenced
with specific siRNAs (siAgo-2 and siYBX-1; FIGS. 8A and 9B). Downregulation of
these genes was verified by Western (FIG. 8A) and gPCR analyses (FIG. 9B) prior to
performing the PLA assay. Fluorescent signal was lost (FIG. 7a) when the expression
of either (FIG. 7¢} or both of these proteins (Ago-2 and YB1) was silenced (FIG. 7¢;
compare Ago-2/YB1 and siCnir Ago-2/YB1 with siAgo-2 Ago2/YB1, siYBX1 Ago-2/YB1
and siAgo-2/8iYBX-1, Ago-2/YB1).
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[118] Silencing of Ago2 or YBX-1 results in a loss of the fluorescent signal
generated via PLA using specific Ago2 and YB-1 antibodies. FIG. 10 shows an
additional demonstration of the specificity of the fluosrescence signal and it confirms that
these two proteins co-localize in the nuclear and cyloplasmic compartments. The lower
signal detected by using YB-1 and Ago1 antibodies indicates that the Agot antibodies
may not be as good as the Ago2 counterparts and/or that the Agot interaction with YB-

1 is not direct.

[119] To examine if the interaclion between Agod and YB1 was a general
response 1o stress or specific only to the delivery of siRNA and oligonucieotides, YB1
IPs were performed after lipofecling an empty plasmid backbone into HEK-283 cells
{(FIG. 11). Lipofection alone was sufficient to increase the association of AgoZ2 and YB1
(FIG. 11, compare the ratios between the immuno-precipitated YB1 and the amount of
bound AgoZ2 in the Mock (Mock YB-1ab) vs. the control, transfected cells (Cntr-Tx YB-
taby)).

[120] More specifically, 1o test if the intraceliular delivery of the coligonucledctide is
specificaily reguired to induce the increased association of AgoZ to the YB-1 complex
or if it is the result of a general stress signal {friggered by the cligo), a control vecior
{Cntr-Tx) was transfected and a YB-1 immuno-precipitation was performed. Similar o
what was observed in presence of the cligonucleotide, ASO, the Ago2 association 1o
YB-1 increased in the transfected (stressed) cells (See FIG. 11b, compare Mock YB-
tab and Cnir-Tx YB-1ab). Detection of YB-1 was used as control to quantify the initial
amount of YB-1 in the input lysates (FIG. 11a) and the immuno-precipitated amount of
YB-1 protein in the samples analyzed (FIG. 11b). Ago2 detection was stronger in the
transfected cells (See FIG. 11b, compare Ago2 detection in Mock YB-1ab versus Ago2
in Cntr-Tx YB-1ab) despite less YB-1 protein was immuno-precipitated from those celis
{See FIG. 11b, compare YB-1 detection in Mock YB-1 ab versus YB-1 in Cntr-Tx YB-
1ab).

[121] Then, PKR activation was examined under the experimental conditions.
The delivery of oligonuclectides by gymnosis triggered an increase in PKR expression

as a function of time and oligonucleotide concentration (FIG. 12).
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Example 4. Celivlar stress increases the oligonucleotide function in the nuclaus

{122} To establish if the increased interaction between Ago-2 and YB1 transiated
to augmented oligonucieotide function, a splice swilching oligonucleotide (S50-654)
was delivered by gymnosis 0 the Hela-EGFP-854 cell line (29), which was either
untreated or previously transfected with a stressor (in this case, a non-targeting siRNA).
550-654 was designed to induce skipping of an exon which disrupts the eGFP coding
sequence expressed in these cells; therefore the potency of this splice switching ON is
directly proportional to the signal of the eGFP thai is produced (29). The stress induced
by the siRNA-transfection resulied in more effective splicing switch activity and higher
eGFP expression at three separate S50-654 concentrations (FIG. 13A, compare 350-
854 0.5 uM, 1 uM and 2 uM in non-transfected Hela-654 cells (Mock) and Hela-854
cells transfected with a non-targeting siRNA (40 nM siCntr) prior to oligonuclectide
delivery). The improvement in S50-854 activity was also observable at an early time
point (24 hours) following SSC-654 delivered by gymnosis, and with a lower
concentration (10 nM) of the non-targeting transfected siRNA control (FIG. 13B, 10 nM
siCntr) or uncompiexed lipofectamine only (FIG. 138, Lip3K). The enhancement of

oligonucieotide function increased with time (FIG. 13B; see Gymnosis 48 hrs).

[123] The increase in oligonudleotide function could be recapitulated with arsenic
trioxide (As il or ATO), a standard cellular stressor. Although As il can cause
oxidative damage (30), at the appropriate concenirations it also has therapeutic
properties (37). 1t was found that S50-854 potency improved, as determined by eGFP
production in Hel.a-EGFP-854 cells, when low concentrations (0.5-2 uM) of As [l were
combined with S50-854 treatment (FIGS. 14A and 148).

{124] The increased production of eGFP as a function of the As Il concentration
{1 and 2 uM) was confirmed by flow-cytometry measurements (FIG. 15A). The eGFP
protein expression was also quantified by Wesiern analyses at iwo 550-8654
concentrations (FIG. 15B).  Specifically, to fest if the effects of transfection on
oligonucieotide function could be recapitulated with the use of small molecules and
compounds used in the clinic, cells were treated with the S80-854 and smali amounts
of 8-BIO or arsenite (As il or ATO), both approved for clinical use. FIG. 15A shows
Hel a-EGFP-654 celis that were treated with 2 yM 550-654 in the absence or
presence of 2 uM 6BIOC BBIC-2), 1 uM As I or 2 pM As Hi for 2 days prior to
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fluorescent microscopy assays. The analyses show that both compounds are able to
increase the oligonuclectide splice switch function (compare cells treated with 8-BIO or
As HH with Mock control). The flucrescence microscopy resulis were confirmed with
flow-cyiometry assays (shown in FIG. 15C). FIG. 15B is a Weslern Blot analysis of
eGFP expression in HelLa-EGFP-654 cells treated with the indicated oligonucieotides
and As il for 2 days, and shows greatly increased eGFP protein expression when the
oligonucieotide is combined with As Hll treatmeni. The eGFP intensily in HelLa-EGFP-
654 cells treated with the control oligonucleotide, ASO, or S50-654, with or without As
H treatment was also measured with a microplate reader and its quantification is shown
in FIG. 15D,

[125] Finally, 1o exclude the possibility that the enhanced 850-654 function was
due o changes in coligonucleotide upiake or cell viability, the following was evaluated:
(1} the efficiency of dligonucieotide delivery by gymnosis in two separate cell lines
(Hela-EGFP-654, FIGG. 16A and LNCaP, FIG. 168} in untreated cells or cells treated
with As Il (1 uM), and (2) the viability of HelLa-EGFP-654 cells treated with the SS50-
654 alone or in combination with As Il (FIGS. 16C and 16D). No significant changes in
oligonuciectide uptake or cell viability were detected when cells were treated with
oligonucieotides in combination with As Il (FIGS. 16A-16D).

[126] These data corroborated that the increased oligonucieotide potency is
related to a general celivlar stress response. Indeed, additional cell siressors, such as
hydrogen peroxide (H2Oo) or heat shock also increased §S0-854 function (FIG. 17), in
addition to increasing PKR expression (FIG. 18). Cold shock, which doss not
significantly trigger celiular stress, was used as a control and did not activate PKR (FIG.
18}, nor did it increase S5C-854 potency (FIG. 17). Notably, treatment with ammonium
ions (NH4") did not elicit a PKR response (FIG. 18), but still increased the potency of
S$80-654 (FIG. 17) and phosphorothicate LNA antisense oligonucleotides.

{127} As shown in FIG. 17, flow-cytometric analysis was used to test if other
known celiular stressor such as Heat Shock (HS) and HoO: could increase oligo
function. Cold Shock does not “stress” the celis and it was used as the control for these
experiments. Hela-EGFP-654 cells were treated with 1 uM SSO in the presence of the
indicated conditions for 2 days before subjected to flow cytometric assays. it was found
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that HS and HoO: as well as Ammonium (NH4%), a proton sponge, were all able to

increase oligonucieotide function.

[128] To verify that the varicus treatmenis that were used to increase oligo
function were working by triggering celluiar siress, which in fum resulted in the
formation of a nuclear transiocating complex, PKR activation was monitored following
the treatments. As shown in FIG. 18, real-ime PCR analysis demonstrates that PKR is
activated when the oligonucieotide is combined with As [l lipofectamine or Heat Shock
treatments. The Cold Shock, which is not expected to siress the cells was used as
control. NH4* does increase SSO activity, but it does not seem to activate the stress
gene response.  Thus, NH4" is likely working through a different mechanism as
described below.

Example 5:  Nuclear franslocation of YB1 coincides with increased RNAI and

oligonuciectide potency

{129} The increased potency of 580-8654 was a reflection of its increased
concentration in the nuclear compartment, and coincided with the nuclear translocation
of YB1. Nuclear/cytoplasmic fractionations of the Hela-654 cells treated with
oligonucieotides with or without As Hl were performed. As I induces accumulation of
YB1 in the nucleus (FIG. 184, compare the YB1 ratio between the cytoplasmic (Cyt)
and nuclear (N¢) fractions in cells treated with oligonucleotides but not As i () and the
same fractions from lysates of As Hli-treated celis {+)). The nuclear translocation of YB1
after As tH treatment corresponds with concomitant accumulation of oligonuclectide in
the nucleus (FIG. 19B). Similar results were obtained when using other “stressors”
such as lipofectamine. These data is consisient with the immunoflucrescence analysis
and shows that YB-1 and the dligo are translocating into the nucleus after As i
treatment.

{1307 it has been shown that YB1 can bind to and regulate the biogenesis of
specific miRNASg (32). As disclosed herein, the interaction of YB1 with Ago-2 increases
during cellular stress. It was previously shown that oligonuciectides behave similar to
siRNAs, and may hijack endogenous si/miRNA cellular pathways (4). Therefore,
whether the nuclear translocation and improvement in funclion observed using
oligonucleotides in stress condition could be recapitulated with si- and miRNAs was
investigated. RNA was extracted from the original input lysates (FIG. 18C, top) and the
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immuno-precipitated samples (FIG. 19C, botiom) and gel analyzed. An
imrmunoprecipitation was performed using anti-YB1 specific antibodies, the nucieic
acids were extracted from the lysale precipitates of unireated cells (Mock) or cells
treated with 1.5 uM oligonuclectide (+ON), and a gel analysis was performed. An
increased association of three separate miRNAs (two, miR-29b and miR-16, are shown.
miR-21 followed the same pattemn and it is not included in the figure) with the YB1
precipitated complex was observed when cells were previously treated with the
oligonucleotide (FIG. 19C, compare miR-29b and miR-16 in the Mock (YB1 lane) vs. in
the +ON (YB1 lane)). These results show the presence of microRNAs and
gligonudclestide in the YB-1 compilex. Moreover, the association of the miRNAs with this
complex increase in presence of the oligonuciectide (compare the miR29 or miR186
association with YB-1 immunc-precipitate without or with ASO: bottom right YB-1 and
YB-1+ ON).

{131} Then nuclear/cytoplasmic fractionations of untreated cells or cells treated
with the oligonucieotide, or with a combination of the cligonuciectide and As il were
performed. Shuttiing of the miRNAs to the nucleus increased proportionally to the
extent of the stress signal (FIG. 18D, compare the miRNA ratic of the cytoplasmic (Cyi)
and nuclear (Nc) fractions of untreated cells (first 2 lanes) to those of celis treated with
the oligonuciectide (lanes 3 and 4) and celis treated with a combination of

oligonucleotide and As ill (lanes 5 and 86)).

{132} To verify that this nuclear shutiling of miRNAs translated into an increased
activity in the nucleus, a splicing swilching siRNA (55si-854) with the same seguence
as 550-654 was designed. This is a canonical siRNA and thus functions primarily in
the cytoplasm; however, splice switching activity in the nucleus was detected (FIG.
19D, first column, compare siRNA-Cntr to §58si-854 and FIG. 19E). This nuciear
function can be increased by As {ll freatment (FIG. 18D, (+) As Il and FIG. 18E),

indicating that shuttled mature sifmiRNAs are aclive in the nucleus.

{133} The augmentation of nuclear targeting by the nudlear-transiocated siRNAs
or oligonucleotides is expeclted fo occur with a concomitant decrease of their
cytoplasmic function. Cytoplasmic gene silencing was monitored using a 5 end-
capped, 3-polyadenylated eGFP mRNA (eGFF mRNA) {(4). The transfected mRNA is
rapidly bound by the ribosome and remains localized in the cytoplasm where it is
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transcribed to rapidly generate eGFF (4). Low concentrations (10 nM) of an anti-eGFP
siRNA (siRNA-GFP) or a non-targeting control (siRNA-Cnir) were delivered to HEK
293-T or HT-1080 cells using lipofectamine 3K, which minimizes cellular stress. The
next day, cells were re-plated and As |l was added to half of the samples. The eGFP
mRNA was then delivered to the cells and fluorescence images were acquired shorily
thereafter (FIGS. 19F and 19G). Increased siRNA nuclear function (FIGS. 18D and
19E) was accompanied by decreased cytoplasmic function (FIGS. 19F and 189G,
compare eGFP silencing in As Hll-untreated celis (eGFPmMRNA, siRNA-Cnir vs. siRNA-

GFFP, first column) to As [ treated-cells, second column).

[134] The same phenomenon could be reproduced when delivering an eGFP-
targeted oligonucieotide (ON-eGFP) prior fo the eGFP mRNA in Hela cells (FIG. 14C
top row, compare +ON-eGFP to +ON-eGFP + As I} and 293-T (FIG. 14C, botiom row)
cells. As H causes nuclear transiocation of the oligonucieotide thus the eGFP mRNA
silencing is reduced (this is the transcribed RNA directly transfected into the
cyloplasm). If the oligonucleotide translocates into the nucleus after As HH treatment, its
cytoplasmic function should be reduced. Therefore, a ftranscribed capped and
polyadenyiated eGFP mRNA was transfected, which is confined to the cell cytoplasm,
and delivered an aniisense eGFP fargeting oligo. FIG. 14C shows that the
oligonucieotide was able {o silence the eGFP mRNA. However, treating the cells with
As Hl resulted in some loss of oligonuclectide funclion (comparg +ON-eGFP to +ON-
eGFP + As {H).

[135] Finally, to confirm that the increased nuclear function exiended fo
endogenous miRNAs, two separate systems that rely on miR-led target suppression in
the nucleus of the CDR-1-AS and the non-coding Malat-1 RNAs were selected. CDR-
1-AS {or ¢iRS-7} is the circular, naturally occurring antisense RNA product of the CDR-
1 gene and acts as a sponge of cellular miR-7. This leads {0 increased expression of
the miR-7 targeted transcripts (33-35). CDR-1-AS is, in turn, targeted in the nudleus by
miR-671, whose binding supports Ago-2 cleavage and the subsequent destruction of
the sponge (33). Reduction of CDR-1-AS results in destabilization of the CDR-1 sense
strand, an mRNA localized to the cytoplasm (33). Treating cells with As il could resulf
in increased migration of miR-671 to the nucleus, followed by the targeting of CDR-1-
AS and the subsequent reduction of the CDR-1 mRNA. The second system

investigated is based on miR-9 regulation of Malat1 gene expression, which has been
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shown to also occur in the nucieus (36). Similar {o the CDR-1 mRNA, the Malatt RNA
could be suppressed by treatment of celis with As I and the resultant shuttling of miR-
9 to the nucleus. As shown in FIG. 12k, both CDR-1 and Malat-1 gene expression
were silenced as a function of increasing As 1l concentrations [0.5-1.5 uM], while the
expression of HDAC-2 mRNA, which is conventionally fargeted by miRNAs in the

cytoplasm, did not significantly change.

Example §: Oligonucleotides and Ago-2 co-localize in Stress Granules (8G) and in the

nucleus

[136] FIG. 20 is an immunofluorescent assay of Hela-EGFP-654 cells treated
with Cy5-ASC with or without ATO for 24 hr., and the celiular localization of ASO and
YB-1 with and without ATO ftreaiment was detected. In absence of stress the Cy5-
oligonucleotide (Cy5-A50) mostly co-localizes with YBX-1 perinuclearly (FIG. 20,
middie row, merged image), after ATO treatment some is visible in the nucleus (FIG.
20, bottom row, merged image). The strength of the signal may not be representative
since YB-1 undergoes a proteclitic cleavage prior 0 ifs nuclear translocation. The anti-

YB-1 ab may not be as effective in recognizing the cleaved protein.

[137] The data support the occurrence of a YB1/Agoe-2 interaction that shuttles
sikRNAs and miRNAs into the nucleus, likely as a mechanism of gene regulation in
response to cellular stress. Qligonuclectides delivered by gymnosis hijack this pathway
to reach the nucleus. To examine where within the cell the interaclion between the
oligonucleotides and this endogenous cellular pathway occurs, we delivered 5-Cy5-
oligonucleotides o cells with and without As H treatment, and an immuno-fluorescence

assay was performed using anii-Ago-2 specific antibodies (FIG. 21A).

[138] FIG. 21A is an immunofluorescent assay of Hela-EGFP-654 celis treated
with CyS-oligonuclectide with or without As Hl {aka ATQ) for 24 hr., and the cellular
localization of the oligonucieotide and Ago-2 with and without As HH treatment was
detected. The CyS-oligonuciectide co-localizes with Ago-2 in the perinuclear region
and the nucleus, where nuclear speckles can be seen (FIG. 21A, middie row, merged
image, sees arrows) and this nudear co-localization of Ago-2 with the cligonuclectide is
significantly increased following As i treatment (FIG. 21A, bottom row, merged image,
see arrows). Since this complex responded o cellular stress, it was speculated that the

structures observed in the perinuclear region of the cells largely represented SG. YB1
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and Ago-2 are known {o localize with both p-bodies and SG (25, 37) and these
compartments seem to physically interact and share their contents (37, 38).
Substantial localization of oligonucleotides in p-bodies and in non-identified cytoplasmic

structures was previously demonstrated (4).

{139 The SG in HT1080 celis was visualized using a stress granule marker,
fluorescent G3BP protein, and the 5-Cy5-labeled oligonuciectide was delivered via
gymnosis. The co-localization of the 5-CyS-oligonudieotide to the 55, and its shuttling
to the nucleus, was enhanced by doubling the oligonucleotide concentration (from 1 UM
to 2 uM; FIG. 218, compare second and third rows) and by As il treatment (FIG. 21B,

compare second and forth rows).

Example 7. Additional proteins bind to YB1/Ago-2 to generate a shutlling Slress

Induced Response Complex (SIRC)

{1407 SISC includes splicing regulators, translation regulators and chromatin
remodeling factors such as CTCF, FUS, Smadt and Smad3, YB-1. These proteins can
bind RNA and DNA and have some preferential affinity for specific short nucleolide
sequences. These short sequences can be included in the site selection process 1o
increase the largeting of siRNAs-, shRNAs- miRNAs- and oligonuclectides-bound
SISC. The technology disclosed herein can be used to affect gene splicing or to target

promoter sequences and trigger gene activation or permanent silencing.

i141] The YB1/Ago-2 complex, in addition to nucleclin and Ago-1, can include
additional proteins, some of which may be involved in gene reguiation as a response o
cellular stress. Based on the known interactions of proteins with oligonucieotides
and/or YB1 and Ago-2, Ago-1 and Ago-2 immunoprecipitations from the lysates of
untreated or cligonucieotide- and As li-treated cells were analyzed for the presence of
additional proteins present in the SIRC (FIGS 23A and 23B).

[142] Cells may respond {0 stress by modulating gene expression at the
transcription and/or splicing steps. The following molecules were analyzed:. 1) YB-1,
which is known to localize in cytoplasmic nuciear speckies (mostly stress granules) and
is involved in transcription, replication and RNA processing. s patierns of localization
resembles siRNAs and oligonucieotides. 2) FUS which binds ssDNA, dsDNA, ssRNA
and Sp1. The latter in trn binds to CG promoter sequences. It's involved in pre-

miRNA splicing and export. It may also be implicated in mRNAMIRNA processing,
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regulation of gene expression and genome integrity. 3) SMAD1, which is a very
important factor for the regulation of transcription activation and repression. SMAD also
interacts with CRM-1 which in turn interacts with siRNA. We have previously shown
that CRM-1 shutlles the siRNAs between the nucleus and the cytoplasm. 4) CTCF, an
important transcriptional repressor, which plays an important role in the epigenstic

regulation.

{143} The interaction of Ago-2 with the Smad complex was confirmed by
immuno-blotting the immunoprecipitations with antibodies specific for Smad-1, 3 and 4.
The binding of Smad1 and Smad 4 to Ago-2 significantly increased upon stress (FIG.
23, compare A to B (SIRC)). The nuclear protein FUS, quickly associates with
cytoplasmic SG during cellular stress (39) and affecits miRNA biogenesis (40).
Furthermore, FUS binds to RNA and single and double stranded DNA.

{144} Under normal growth conditions, there is only a minimal asscciation of FUS
with the Argonaute complex (FIG. 23A). lis association with Ago-2 increases upon the
induction of stress (FIG. 23, compare FUS, Ago-2 [P in A, 1o FUS, Ago-2 1P in B). This
same shift in Ago-2 association could also be seen for (1) CTCF, a master reguiator of
transcription that has been shown to interact with YB1 (47) and the Smad proteins (42);
{2} Ago-1; and (3) TNRCBA, a GW182 protein that localizes to p-bodies and is capable
of shuttling active RNAI factors and miRNAs info the nucleus (2, 43). The association
of Ago-2 with Smad-3 and nucleclin was not affected by stress (FIGS. 23A and 23B).

The input controls for these experiments are shown in FIGS. 24A and 24B.

Example 8 Ammonium ion enhances therapeutic S50 function in cells

[145] The Hela EGFP-654 cell line (61,62), stably expresses an EGFP pre-
mRNA whose coding sequence is interrupted by the insertion of an additional exon.
The binding of 580-654 to the first 3 splice site causes the skipping of this internal
exon and restores the comect EGFP reading frame and EGFP protein expression (FIG.
263a). This cell model was used to see oligonucleotide efficacy could be improved. As
shown in FIGS. 26b-26f, ammonium chioride (NH") significantly enhanced the function
of an oligonuclectide, 550-654.

[146] Hela EGFP-654 celis stably express an EGFP construct whose coding
sequence has been interrupted by the insertion of an aberrant intron from the human B-

globin gene. A mutation at position 654 in this intron creates aberrant splice sites,
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preventing EGFP expression. Binding of S80-654 to the aberrant splice site restores
correct splicing and EGFP expression. In FIG. 26b the Hela EGFF-854 cells were
treated for two days with 1 uM non-targeting control oligonuclectide (Con-ASQO), 1 uM
S8C-854 (550-654), 5 mM NHs*, a combination of Con-ASC/NHs or S50-654/NH.".
In FIG. 28c Western blot assays of SSC-654-mediated GFP protein expression were
performed in HelLa EGFP-654 cells treated with 1 uM SS0G-654 in the presence of NH4F
at the indicated concentrations for two days. Flow cylomelry assays of S50-654-
mediated EGFP expression in Hela EGFP-654 cells. Hela EGFP-654 cells were
treated for two days with 1 uM 550-654 in combination with increased concenirations
of NHs*. The flow cytometric data were analyzed using the FlowJo program (Tree Star,
inc., Ashland, OR). The profiles shown in FIG. 26d are typical of three independent
experiments. The non-treated Hela EGFP-654 cells were considered EGFP-negative.
The percentage of EGFP-positive Hel.a EGFP-854 cells was determined by defining

the non-ireated control cells as EGFP-negative.

{1477} Exposure to 5 mM NH4* for 2 days increased 550-654 function and EGFP
expression in Hel.a EGFP-654 celis (FIGS. 26b-28f) a minimum of five fold compared
to 550-654 alone as demonstrated by Western analysis (FIG. 26¢) and flow cytometric
analysis (FIGS. 26d-26f). EGFP expression did not increase after treating the cells with
a combination of NH4" and a non-targeting control oligonuclectide (FIG. 28b, compare
Con-AS0 vs. NH4" Con-AS0). Atlower NHs" concentrations such as from 0.5 mM io 2
mM, 350-654-induced EGFP protein expression increased more than two-fold (FIG.
28¢, compare lane 2 to lanes 3-5 and FIGS. 26e and 261}, while freatment with 10 mM
NH.* increased the percentage of EGFP positive cells and EGFP protein expression
nearly seven-fold compared to cells treated with the SSC-654 alone (FIGS. 26d-26f).

[148] Consistent with these results, other ammonium-containing compounds
such as ammonium acetate and ammonium bicarbonate produced comparable effects
on 550-654-mediated EGFP expression (FIG. 27). Compounds include ammonium
hydroxide (NHsOH), ammonium suifate (NHsS04), ammonium nitrate  (NHsNOs),
ammonium acetate (NHiCHiCOg2), and ammonium bicarbonate (NHsHCOz). Hela
EGFP-654 cells were treated with 5 mM of each indicated compound in the presence of

1 ulM $50-654 for 2 days prior to flow cytometric analysis.
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[149] Taken together, these dala demonstirate that NH4*, at a range of clinically
relevant concentrations, significantly up-regulated S50-854 activity in a dose-

dependent manner in Hel.a EGFP-854 cells.

Exampie 9: Ammonium ion exposure does not affect Hel.a EGFP-654 call viability

[150] NH4* can be inhibitory to the growth of and toxic for mammalian cell
cultures (71,72). Therefore, whether the exposure of NHs" combined with an 8§80
oligonucieotide could affect the growth, proliferation, and viability of Hel.a EGFP-654
cells was examined. In FIGS. 28a and 28b, Hela EGFP-854 cells were treated with
the indicated concentrations of NH4*, or with 1 uM 550-654 in the presence or absence
of 5 mM NH4" for two days. Cell growth and proliferation were assayed by SRB
staining. The growth and proliferation of treated cells were normalized to non-treated
controls as 100%. In FIG. 28¢, the viability of HelLa EGFP-654 celis freated with 1 uM
S80-654 with or without 5 mM NH4" for 2 days. Cells were enzymatically harvested
and stained with DAPR! prior 1o flow cylometric assay. The flow cylometric data were

analyzed using the FlowJo program (Tree Star, inc., Ashland, OR}.

[181] As shown in FIGS. 28a and 28b, NH4* at the lower concentrations of 1 mM
- 2 mM did not affect the growth of these cells; NHs* at 5 mM inhibited cell growth by
about 15%, consistent with a previously study (71). However, the combination of
oligonucieotide 550-654 and NH4* did not increase NHs -mediated growth inhibition {p
= .45 FiG. 28b). In cell viability assays employing flow cylometry (FIG. 28c),
treatment with NH," and S80-854 increased the percentage of EGFP-positive cells by
nearty four-fold (FIG. 28c, compare the lower right quadrants of S80-854 and
NH. /5850-654), but did not increase the percentage of dead cells, which were detected
by DAPI labeling (upper left quadrants), as compared with the control treaiments (FIG.
28¢, Control and NH4Y).

Example 10: Ammonium ion also enhances ASQO actlivity in cancer cells

{152] Whether NH4* could facilitate the activity of PS LNA gapmer ASOs (AS0Os)
when delivered to a variety of cells by gymnosis was investigated. LNCaP prostate
cancer cells were freated with an ASO fargeting either the androgen receptor (AR-
ASQ), or BCL-2 (BCL2-ASQ0), or B-catenin (B-Cat-ASO) mRNAs, with or without added
NHs*.  As shown in FIG. 29A, the presence of NH4* facilitated ASC-induced gene

silencing in a target-specific manner. The combination of treatment with 5 mM NH4*
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and 1 pM AR-ASQO for three days led 1o an 80% reduction in AR protein expression
(FIG. 29A, lane 4), whereas treatmeni with the AR-ASO alone resulied in only a 40%
AR reduction (FIG. 29A, lane 3). Furthermore, treatment with 1 uM BCLZ-AS0 and 5
mM NH." led to a nearly completely depletion of BCL-2 protein expression (88% BCL2-
ASO and NH4* versus 70% with the BCL2-AS0 alone; FIG. 28A, lane 6 versus lane 5).
Similarly, treatment with 1 uM B-Cat-ASO and 5 mM NH;" led to a decrease of 90% in
B-catenin protein expression versus a 30% diminution in cells not treated with NHs*
(FIG. 29A, lane 8 versus lane 7).

{153} LNCaP cells (FIGS. 29A and 29B) were treated with indicated ASC and 5
mM NH4 for 3 days. Protein expression was guaniified with ImageJ. These data

fllustrate that NH4* enhances cytoplasmic function for different fargets and cell lines.

[184] A dose response for the AR-ASC in LNCaP cells was obtained and it was
demonstrated that 0.25 uM AR-ASC when combined with NHs" induced greater AR
reduction than 1 uM AR-ASO alone (FIG. 29D, lane 4 versus lane 2). This result was
confirmed by qRT-PCR analysis, which demonstrated that the NHs" and AR-ASO
combination significantly reduced AR mRNA expression (by about 40%, p < 0.01),
compared with the AR-ASQC alone (FIG. 29C). Furthermore, this outcome could be
recapitulated in other cells lines. NH4" increased the efficacy of the B-Cat-ASQO by
approximately two fold in SWA480 colon cancer cell lines and nearly eliminated p-catenin
gene expression in HCT 116 colon cancer cells (FIGS. 28E and 29F, lane 4 versus lane

3). Inno case did NH4* alone have any effect on gene expression.

Example 11 Ammonium ion enhances ASQO activity in transfection-resistant leukemia

cells

[1585] Whether NH4* could promote gymnosis in non-adherent leukemia cells was
examined nexi. These celis are often resistant to liposome-based transfection, a
delivery method widely employved for the manipulation of gene expression. The
experiment of Jurkat celis, a T lymphocyie cell line, confirmed that these cells were
indeed resistant to gene silencing by Lipofectamine® 3000-mediated-transfection of the
BCLZ-AS0 (FIG. 30A). This resistance was found even at high ASQ concentrations
{50-100 nM, lane 2 and 3 in FIG. 30A). Scome silencing of the BCL-2 protein expression

was obtained by delivering 1uM BCL2-AS0 via gymnosis {compare lane 4 to lane 1,
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FIG. 30A). However, when combined with 1 uM BCL2-AS0O, the presence of NH4*
facilitated BCL2-AS0O-mediated BCL2 silencing by 65% (compare lane 5 to lane 4 and
lane 1, FIG. 30A) and nearly completely depleted BCL-2 protein expression when
combined with 2 uM BCL2-AS0O (compare lane 7, lane 6 and lane 1, FIG. 30A).

[156] The effect of NHs™ on BCL2-AS0-mediated gene silencing activity in CEM
T-lymphoblastoid cells was also confirmed. These cells, like Jurkat T celis, are well-
studied and transfection-resistant. Nevertheless, NHs* was still capable of augmenting
the ASQO silencing of BCL-2 gene expression (FIG. 30B). The combination of NH4* with
1 uM BCL2-AS0 resulted in about a 50% reduction of BCL-2 protein expression (FIG.
308, lane 4), compared with only a 5% reduction obtained using 1 pM BCLZ-AS(O alone
(lane 2). The combination of NH4* with 2 uM BCL2 silenced BCL-2 protein expression
by roughly 75% (lane 6), versus 2 uM BCLZ2-ASQ alone, which only vielded a 40%

decrease (lane 5).

Example 12: Ammonium ion enhances the simullaneous activity of an SS80 and an

ASO or two ASOs targeting different genes

{1871 Whether NHs' could simultaneously facilitate the silencing ability of two
oligonucleotides in cells in cullure was investigated. As shown in FIG 313, the
combined treatment with NH" and both the $S0-654 and BCL2-AS0 increased 550-
654-mediated EGFP expression (GFP, lane 8 versus lang 3), in addition o enhancing
BCLZ silencing in Hela EGFP-654 cells (BCL2, lane 8 versus lane 4). The activity of
the 550-654 + BCLZ-AS0 + NH4* was comparable to that of the $50-654 + NH4* or
the BCL2-AS0 + NH4® treatments individually (compare lane 8 to lane 5 or 6 in FIG.
31a). In FIG. 31a, celis were treated with 0.5 uM BCL2-AS0, 0.5 uM §50-654, or a
combination of 0.5 uM of both, in the presence or absence of 5 mM NH4" for 2 days,

prior to Western blotting. o-Tubulin was used as conirol.

[158] The concentration of the S50-854 (evaluated by Westemn blotling, FIG.
31b) or the BCLZ-AS0 (evaluated by flow cytometry, FIG. 31¢) in the presence or
absence of NHs* were then titrated. In FIG. 31b, the Hela EGFP-854 cells were
treated with the indicated 3850-654 and BCL2-A50, with or without 5 mM NH.*, for 2
days prior to Western blotling. «-Tubulin was used as control. As shown in FIG. 31b,

high concentrations of the S50-654 (5 uM) could minimally affect the activity of the

-44-



WO 2018/093919 PCT/US2017/061831

BCL2-AS0 {compare lane © with lane 3), while the SS50-654 at lower concentrations 1
uM - 2 uM fully maintained the activity of both (compare lane 5 and 7 with lane 3 in FIG.
31b). In conirast, when the concentration of 850-654 was kept constant at 1 uM while
the concentration of the BCL-2 ASO was increased up to 5 uM the activity of the 850-
854 and the resulting increase in expression of EGFP was diminished {compare §50-
854/BCL2-2/NHs" and SSO-654/BCL2-5/NH" with 550-654/NH4*, FIG. 31c¢, top, and
bar 8 and 9 with bar 6, FIG. 31¢, botiom; n = 3; p < 0.001). At lower concenirations (up
to 1 uM) the BCL2 oligonucleotide did not affect 550-654 function (compare S50-
654/BCLZ 1 uM/NH,® with S50-854/NH4*, FIG. 31c, top and bar 7 with bar 6, FIG. 31c,
bottom). In FIG. 31¢, Hela EGFP-654 cells were treated for 2 days prior {o flow
cytometry. Consistently, other ASOs, including the AR-ASQ, an ASQ targeted to HER3
(HERS3-AS0), and a non-targeting control oligonudeotide (Con-ASO) all at 1 uM, when
combined with 5 mM NH.® demonstrated only slight or no inhibition of NHs* and S80-
654-mediaied EGFP expression in Hel.a EGFP-654 cells under the conditions of the
experiment (FIG. 32). In FIG. 32, the celis were freated with 1 uM SS50-854/5 mM NH4*
in the presence of 1 uM non-argeting Con-ASO (Con), BCLZ-ASC (BCLZ), AR-AB0
(AR} or HER3-AS0 (HERS3) for 2 days, prior to flow cytometric analysis. Finally, NH4"
also simultaneously enhanced the aclivity of two gapmer cligonuciectides targeting the
BCL-2 or the B-catenin expression delivered to HCT-116 celis (FIG. 31d). In FIG. 314d,
HCT118 cells were treated with 1 pM B-Cat-ASCO and 1 uM BCL2-AS0, or g

combination of both, with or without 5 miM NH4" as indicated, for two days.

Example 13:  Ammonium _ion facilitates oligonucleotides function possibly through

inhibiting endosemal maturation

[159] To understand how NHs* facilitates ASO and 550 activity, whether it
increased oligonucleotide uptake in cells was examined. In FIG. 34a, the cells were
treated with 100 nM Cy5-AS0 in the presence or absence of 5 mM NH4* for 12 hr, and
then harvested for flow cytometry. As shown in FIG. 34a, 5 mM NHs did not
significantly affect the cellular uptake of a Cy5-labeled ASO (Cy5-AS0) in LNCaP cells
(p = 0.98), suggesting that the activity of NHs* occurs intracellularty. NH4* is known to
inhibit endosomal maturation and iyscsome fusion {(73-75). These processes play a
critical role in oligonucleotide delivery within the cell after PS ON uplake via adsorptive

andfor fluid phase endocytosis, as it has been found that 50% intermnalized
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oligonucleotide is associated to lysosomes and other vesicular structures (76). In FIG.
24b, the celis were transfected with Lipofectamine® 3000 and 20 nM SS0-654 in the
presence or absence of 5 mM NHi after 2 days, cells were harvested for flow
cytometric evaluation of EGPF expression. Acting at the level of the endosome, NH4"
did not enhance the activity of the S80-854 when it was delivered by Lipofectamine®
3000-based transfection of Hela EGFP-654 cells (FIG. 34b). Lipofection is thought to
facilitate oligonuclectide delivery by affecting the integrity of the lipid bilayer. Thus,
after celiular transfection with Lipofeciamine, it is reasonable 10 postulate that release of
the oligonuclectide from the endosome would be less susceptible to any alteration in
the endosomal maturation and fusion steps. Three other inhibitors of endosomal
maturationffusion, Ambroxol (Amb), cyclohexylamine (CHA) and oleic acid (OA) (shown
in FIG. 35), also significantly enhanced SS0-654 activity in Hela EGFP-854 cells when
delivered by gymnosis and in combination with As il (FIG. 34¢ and FIGS. 36a and
38, further corroborating the notion that enhancement of oligonucleotide efficacy is
occurning at the level of the endosome. In FIG. 34¢, the Hela EGFP-654 celis were
treated with 1 uM S550-654 and 5mM NH4*, or 50 uM Amb, or 500 uM CHA or 200 uM
OA for 2 days prior fo flow cytometry assays. |t is noteworthy that the former two
compounds are organic amines, but their pKas (8.1 for Ambroxol (77}, 10.62 for
cyclohexylamine (78)) are, like ammonia's pKa (8.28){78), too high for any of these
small molecules to act as intra-endosomal profon sponges. OA may also work by an
additional mechanism: It stimulates PKCa activity, which promotes endosomal

maturation and oligonucieotide function (79).

Exampie 14: Ammonium ion and As Il synergistically enhance 5$50-854 aclivily in
Hela EGFP-854 celis

[160] As 1l and NH4' work through different mechanisms, so the two were
combined. Their function is strikingly synergistic in improving nuclear and cytoplasmic
gene targeting. This was determined by the following studies. NH4* can aid nuclear
SSC funclion since it will increase the available concentration of functional
gligonudclestide (that can shutlle into the nucleus) by increasing its endosomal releass.
Therefore, a further increase in oligonucleotide nuclear function can be induced by

combining the As Hl and NH4™ treatments.
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[161] As il facilitates SS0O activity as shown in FIGS. 37a-37d and FIG. 38a;
{compare As HI/S50-854 with SSC-654) in a dose-dependent manner (FIG. 38a). In
FIG. 38a, the Hela EGPF-654 cells were treated for two days with 1 uM 550-654 in
the presence or absence of 1 uM As [ll, or otherwise indicated, prior o microscopy and
Western blot assays. In FIG. 38b, HCT116 cells were treated with 1 pM p-Cat-ASQO, 1
UM As i 5 mM NHy®, or their combination as indicated for two days,; and Jurkat T celis
were freated with 1 uM BCL2-AS0, 1 uM As Hl, or 5 mM NH,*, or their combination as
indicated for two days. As Il uniike NH4", did not significantly increase B-catenin- or
BCLZ-ASO activity in HCT116 or Jurkat T cells (FiG. 38b, compare lane 6 with lane 4},
These findings support the observation that As il triggers the shuttling of the
oligonudleotide into the nuclear compartment. Since NH." seemed {o enhance release
of oligonuciectide into the cytoplasm, the combination of the two small molecules could

further augment the activily of the S50 in the nucleus.

[162]
EGFP, and flow cytomelry respectively), the combination of NH.*, As il and $50-654

As shown in FIGS. 37a-37d (fluorescence microscopy, Western blotting for

increased EGFP expression in Hela EGFP-854 cells compared with either the
combination of NH4* and S80-654, or of As lll and §50-654. By Western blotting,
cells treated with NHs* + As Hl manifested more than a ten-fold increase in S50-654-
mediated EGFP expression than treatment with the S50-654 alone. This is compared
to a three- to five-fold upregulation of S50-854-mediated EGFP expression by either
NHs" or As il {evaluated by Western blotling in FIG. 37b and by flow cylometry in
FIGS. 37¢c and 37d). To investigate whether these two small molecules in combination
produced a synergistic effect on §80 activity, a dose-response study was performed as

shown in Table 2 below.

Table 2 EGFP MFI increases from treatments, mean £ 3D

NHa* As il NHs*/As N
Cone. (mM) MFI Conc. (uM) MFI Conc. MFI
increase ncrease {mM/uM) increases
0.3 043023 0.06 323035 0.3/0.08 313+£025
0.83 1.03+0.38 0.125 417 £0.38 | 0.63/0125 | 4601035
1.25 320+ 1.21 0.25 68.40+0.20 1.25/0.25 8.07 127
25 6x1.11 0.5 9.77 £ 0.31 2.5/0.5 15.37 £ 0.50
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11.47 £0.21 1 17.63+0.90 5/1 32.93£2583
10 2173 £ 1.51 2 2810082 10/2 82001476
[163] Hel.a EGFP-854 cells were treated with 1 uM 850-654 in the presence of

NHs", As I, or both at fixed molar ratios for two days, prior to flow cytometry. Fiow
data from three independent experiments were analyzed with the FlowJo program
(Tree Star, inc., Ashland, OR) to obtain EGFP MFI values. The MFI from the cells
treated with 1 uM SS50-654 alone were used as the background control to calculate the
MF! increase after drug treatment. A combination index (Cl) plot was generated and Cl

values were obtained according to the method of Chou and Talalay (70).

[164] Quantitative analysis was performed by flow cytometry, which allowed the
production of a combination index (Cl) plot using the Chou-Talalay method (70}, in
which the line parallel to the x-axis (Cl = 1, FIG. 37e) represents the divide between
additivity (Cl = 1) and antagonism (Cl >1) for the two drugs being analyzed in
combination. A Cl < 1 demonstrates drug synergism, which increases as Cl decreases.
The two most relevant points in the experiment, performed at fractional activity (Fa), =
0.5 and 1.0, fall well below Cl = 1 (FIG. 37e; note that the lower ammonium + As il
concentrations produced essentially only basal 350-854 activity). Therefore, the
combination of NHs* and As Il was synergistic with respect to the facilitation of 550-
854 function in Hel.a EGFP-654 cells.

[165] in addition toc mRNA gene targeting, the single or combined use of As i
and NH4* or other stressors can be employed to improve targeting of other seguences
and molecules including, but not limited o, ncRNA, piRNA, miRNA, viral RNA and DNA

promoter sequences.

[168] Further, in presence of ASO (which causes a stress signal) there is a
higher concentration of miRNAs and digonuclectide in the YBX-1 complex. The YB-1
was immuno-precipitated using cellular lysates harvested from unireated celis or cells
treated with a gymnotic delivered oligonucleotide. The association of miRNAs with YB-
1 appears {0 increase when the oligonuclectide is present (FIG. 39a, compare lang 4 o
lane 2). A cellular nudlear cytoplasmic fractionation followed by Northern analysis
showed that, similarly to the YB-1 and oligo celiular localization, the concentration of

miRNAS increase in the nucleus when cellular stress is induced by the presence of the
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oligonucleotide and the ATO treatment (FIG. 39b, compare lanes 1 and 2 10 lanes 4

and 5 and lanes 5 and 6).

[167] All publications and patent documents cited herein are incorporated by

reference.
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CLAIMS

1. A method of enhancing gene targeting comprising:

administering a targeting molecule 1o a cell, wherein the {argeting molecule binds
a target molecule in the cell; and

administering a siressor to the cell, wherein the stressor induces a cellular stress
response;

wherein co-administration of the stressor with the targeting molecule enhances

the function of the targeiing molecuie.

2. The method of claim 1, further comprising administering a proton sponge
molecuie or an endosome or lysosome inhibitor to the target cell, wherein co-
administration of the proton sponge molecule or the endosome or lysosome inhibitor
with the targeting molecule and the stressor further enhances the function of the

targeting molecule.

3. The method of claims 1 or 2, wherein the targeting molecule includes an

oligonucieotide.

4. The method of claim 3, wherein the targeting molecule includes an antisense
oligonucieotide (ASO),a splicing switch oligonuciectide (580}, siRNA, miRNA, or
shRNA.

5. The method of claims 1 or 2, wherein the argeting molecule includes a smali
molecule.
6. The method of any of claims 1-5, wherein the stressor includes arsenic, HaOp,

glutathione, lipofectamineg, or heat shock.

7. The method of any of claims 2-8, wherein the proton sponge molecule includes
ammonium, and the endosome or lysosome inhibitor includes Ambroxol {Amb),
Cyclohexylamine (CHA) or oleic acid (OA).

8. The method of any of claims 1-7, wherein the cell is a cultured cell.

9. The method of claim 8, wherein the cell is part of a tissue or organ.

-50-



WO 2018/093919 PCT/US2017/061831

10. The method of any of claims 1-9, wherein the target molecule includes a

nuclectide sequence.

11, The method of claim 10, wherein the nucieotide sequence is found in the cell

nucieus or the call nuciecius.

12.  The method of claim 10, herein the nucleotide sequence is found in the cell

cytoplasm.

13. The method of claims 11 or 12, wherein the nuclectide sequence includes an

mRNA, ncRNA, piRNA, miRNA, viralRNA, or a promoter sequence.

14.  The method of any of claims 1-13, wherein the targeting molecule, the stressor,
the proton sponge molecule, or the endesome or lysosome inhibitor is administered as
a liquid, solid, vapor or any other formulation, or is administered orally, via injection,

absorption, or inhalation.

15, The method of any of claims 1-14, wherein the targeting molecule and the

stressor are part of a composition.

16.  The method of claim 15, wherein the composition further comprises the proton

sponge molecule or the endosome or lysosome inhibitor.

17. A method of enhancing gene targeting comprising:

administering a targeting molecule to a cell, wherein the targeting molecule binds
a target molecule in the cell; and

administering a proton sponge molecule or an endosome or lysosome inhibitor to
the cell;

wherein co-administration of the proton sponge molecule or the endosome or
lysosome inhibitor with the targeting molecule enhances the function of the targeting

molecuie.

18. The method of claim 17, further comprising administering a stressor to the target
cell, wherein co-administration of the stressor with the targeting molecule and the
proton sponge molecule or the endosome or lysosome inhibitor further enhances the

function of the targeting molecuie.
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19. The method of claims 17 or 18, wherein the targeting molecule includes an

oligonucieoctide.

20, The method of claim 19, wherein the targeting molecule includes an antisense
oligonucieotide (ASQ), a splicing switch oligonuciectide (550), siRNA, miRNA, or
shRNA.

21. The method of claims 17 or 18, wherein the targeting molecule includes a small

molecule.

22.  The method of any of claims 17-21, wherein the profon sponge moiecule
includes ammonium, and the endosome or lysosome inhibitor includes Ambroxol
{Amb), Cyclohexylamine (CHA) or oleic acid {OA).

23.  The method of any of claims 18-22, wherein the stressor includes arsenic, HaOs,

glutathione, lipofectamine, or heat shock.
24, The method of any of dlaims 17-23, wherein the cell is a cultured cell
25, The method of claim 24, wherein the celi is part of a tissue or organ.

26.  The method of any of claims 17-25, wherein the target molecule includes a

nuclectide seguence.

27.  The method of claim 28, wherein the nuclectide sequence is found in the cell

nucleus or the cell nucleolus.

28.  The method of claim 26, herein the nucleotide sequence is found in the cell

cytoplasm.

25. The method of claims 27 or 28, wherein the nucleotide sequence includes an

mRNA, ncRNA, piRNA, miRNA, viralRNA, or a promoter sequence.

30. The method of any of cdlaims 17-28, wherein the targeting molecule, the stressor,
the proton sponge molecule, or the endosome or lysosome inhibifor is administered as
g liquid, solid, vapor or any other formulation, or is administered orally, via injection,

absorption, or inhalation.
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31,  The method of any of claims 17-30, wherein the targeting molecule and the
proton sponge molecule or the endosome or lysosome inhibitor are partof a

compaosition.
32. The method of claim 31, wherein the composition further comprises the stressor.

33, A composition comprising:

a targeting molecule, wherein the targeting molecule binds a target molecule in
the cell: and

a stressor, wherein the stressor induces a cellular stress responses;

wherein the composition enhances the function of the targeting molecule when

administerad 1o a cell.

34,  The composition of claim 33, further comprising a proton sponge molecuie or an

endosome or lysosome inhibitor.

35. The composition of claims 33 or 34, wherein the stressor includes arsenic, HaOp,

glutathione, lipofectamine, or heat shocl

38.  The composiiion of claims 34 or 35, wherein the proton sponge molecule
includes ammonium, and the endosome or lysosome inhibitor inciludes Ambroxol
(Amb), Cyciohexyiamine (CHA) or oleic acid {OA).

37.  The composition of any of claims 33-36, wherein the targeting molecule includes
an antisense oligonucieotide (AS0O),a splicing switch oligonucieotide (850), siRNA,
miRNA, or shRNA.

38.  The composition of any of claims 33-37, wherein the composition is administered

to a cell in vitro.
39, The composition of claim 38, wherein the cell is a cultured cell.

40.  The composition of any of claims 33-37, wherein the composition is administered

to a cell in vivo.

41.  The composition of dlaim 40, wherein the cell is part of an organ or lissue.
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42.  The composition of claims 40 or 41, wherein the targeting molecule, the stressor,
the proton sponge molecule, or the endosome or lysosomae inhibitor is administered as
a liquid, sclid, vapor or any other formulation, or is administered orally, via injection,
absorption, or inhalation.

43,  The composition of any of claims 33-37, the composition is administered to a cell

X Vivo.
44, The composition of claim 43, whersin the cell is part of an organ or tissue.

45 The composition of claims 43 or 44, wherein the cell is found in a subjects

circulation.

45, A composition comprising:

a targeting molecule, wherein the targeting molecule binds a targef molecule in
the cell: and

a proton sponge molecule or an endosome or lyscsome inhibitor,

wherein the composition enhances the function of the targeting molecule when
administered to a cell.

47.  The composition of claim 46, further comprising a stressor, wherein the stressor
induces a celiular stress response.

48.  The composition of claims 46 or 47, wherein the proton sponge molecule
includes ammonium, and the endosome or lysosome inhibitor inciudes Ambroxol
{(Amb), Cyclohexylamine (CHA) or oleic acid (OA).

49.  The composition of claims 47 or 48, wherein the stressor includes arsenic, HxOp,
glutathione, lipofectamine, or heat shock.

50. The composition of any of claims 46-49, wherein the targeting molecule includes
an antisense oligonuclectide (ASQ), a splicing switch oligonucieotide (550), sikRNA,
MiRNA, or shRNA.

51. The composition of any of claims 46-50, wherein the compaosition is administered

{o a cell in vitro.
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52.  The composition of claim 51, wherein the cell is a cultured cell.

53.  The composition of any of claims 46-50, wherein the composition is administered

to a cell in vivo.
54.  The composition of claim &3, wherein the cell is part of an organ or tissue.

55. The composition of claims 53 or 54, wherein the targeting molecule, the siressor,
the proton sponge molecule, or the endosome or lysosome inhibitor is adminisiered as
a liquid, solid, vapor or any other formulation, or is administered orally, via injection,

absorption, or inhalation.

56.  The composition of any of claims 46-50, the composition is administerad to a cell

ex vivo.
57.  The composition of claim 56, wherein the cell is part of an organ or tissue.

58.  The composition of claims 56 or 57, wherein the cell is found in a3 subjecis

circulation.

59. A method of controlling the cellular localization of an siRNA or an endogenous
miRNA, comprising administering a stressor, a proton sponge molecule, or both o a
cell, such that the siRNA or the endogenous miRNA translocates from the cyloplasm {o
the nucleus, thereby increasing the function of the siRNA or the miRNA against its

nuclear RNA larget, wherein the stressor induces a cellular stress response.

80, The method of claim 598, wherein the stressor includes arsenic, HaOy,

glutathione, lipofectamine, or heat shock.

61.  The method of claim 58, wherein the proton sponge molecule includes

ammoniunt.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US17/61831

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a forming part of the intemnational application as filed:

[[] inthe form ofan Annex C/ST.25 text file.
on paper or in the form of an image file.

b. fumi§hed together with the international application under PCT Rule 13ter.1(a) for the purposés of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13¢er. 1(a)).
|:| on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).
2. I:] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US17/61831

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. K‘ Claims Nos.: 6-16, 22-32, 36-45, 49-58
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemnational Searching Authority found multiple inventions in this international application, as follows:

I l:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
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