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ABSTRACT

The present invention relates to oligomeric nucleic acid molecules and uses thereof for treating
hearing loss. The present invention relates to small activating nucleic acid molecules for treating
hearing loss. The small activating nucleic acid molecules of the present invention can be double-
stranded or single-stranded RNA molecules targeting the promoter region of an ATOHI gene
comprising a first nucleic acid strand and a second nucleic acid strand. The double-stranded RNA
molecule targeting the promoter region of the ATOH1 gene comprises two nucleic acid strands of 16
to 35 nucleotides in length, wherein one nucleic acid strand has at least 75% homology or
complementarity to a target selected from the promoter region of the ATOH! gene. The present
mvention also relates to pharmaceutical compositions comprising the small activating nucleic acid
molecules and optionally, a pharmaceutically acceptable carrier, and methods for upregulating the
expression of the ATOH I gene and ATOH 1 protein in a cell and treating diseases or conditions, related
to insufficient or decreased expression of the ATOH1 gene by using the small activating nucleic acid

molecules, or the pharmaceutical composition.
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OLIGOMERIC NUCLEIC ACID MOLECULE ACTIVATING ATOH1 GENE AND USE
THEREQOF

TECHNICAL FIELD

[0001] The present invention belongs to the technical field of nucleic acids, particularly as it relates
to oligomeric nucleic acid molecules associated with gene activation, e.g., small activating nucleic
acid molecules, a uses of small activating nucleic acid molecules in activating or upregulating the
transcription of the ATOHI gene, and uses thereof for treating diseases or conditions related to

ATOHI1 protein deficiency or insufficiency, such as for uses in treating hearing loss.

BACKGROUND

[0002] Hearing loss is a serious global disease affecting 360 million people worldwide. Hearing
loss not only affects the quality of life of patients, but is also a heavy burden on the medical system.
An effective treatment method for hearing loss is lacking and there is an urgent need to develop new

methods of treatment (WHO, 2013).

[0003] Hearing loss is a manifestation of hearing dysfunction and is clinically classified into three
types: conductive, sensorineural, and mixed hearing loss. In conductive hearing loss, lesions are
found in outer or middle ear causing an obstruction to the transmission of sound waves to the inner
car. Sensorincural hearing loss is the most common type of hearing loss and caused by the loss of
hair cells in the inner cochlea (Liberman 1990). Any factor that causes both conductive and
sensorineural hearing loss is referred to as mixed hearing loss. The human inner ear contains about
75,000 sensory hair cells which detect sound and motion through the mechanically-sensitive
stereocilia bundle which are mechanical sensors that convert motion signals into electrical signals.
The sound transmission mechanism is the adaptive amplification of sound by the inner ear through
the outer hair cells and synaptic chemical transmission of inner hair cells, converting mechanical
vibration of sound into electrical impulses on auditory nerve fibers. The electrical impulses are
further processed, encoded, and interpreted by auditory brainstem and auditory cortex, finally

presenting auditory imagery to external acoustic vibrations at a cognitive level.

[0004] The factors influencing hearing loss are classified into congenital and acquired hearing
losses. Congenital factors mainly refer to hearing loss of a newbom at or shortly after birth, which
can be caused by infection or acquired disease of a pregnant woman during pregnancy, improper use
of special drugs, the occurrence of complications during childbirth, and the like. Acquired factors
may occur at any age, including infection, head and ear trauma, prolonged exposure to environments
with excessive noise and ototoxic drugs, and aging which result in the deterioration of sensory hair
cells of cochlea (Gurtler and Lalwani 2002). In normal populations, men have hearing loss beginning

at about age 45, and women a few years later. Over 40% of the population over 50 years of age and
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70% of the population over 70 years of age have clinically significant hearing loss. As a result of an
aging of population, the incidence of deafness in the elderly has also increased. In addition, the loss
of hair cells in the vestibular epithelial cells of the inner car also leads to balance dysfunction, causing

dizziness and vertigo.

[0005] The ATOHI genes, also known as ATHI, HATHI, MATH-1 and bHIL.Hal4, encode atonal
bHLH transcription factor 1 proteins, and belong to members of the basic helix-loop-helix (bHLH)
transcription factor family. ATOH1 has a positive regulation effect in regenerative processes of inner
ear hair cell morphology and function of mammals (Zheng and Gao 2000). ATOH I was the first gene
found to be expressed in the development of the inner ear (Bermingham et al. 1999), and it regulates
the development of nerve cells, such as the spinal cord, inner ear hair cells, cerebellar neurons,
proprioceptive system neurons, and non-nerve cells. Hair cell regeneration is important during the

development of the inner car  and ATOH promotes hair cell differentiation and regeneration.

[0006] Therefore, overexpressing A7OH1 can provide a new therapy for hearing loss by promoting
the regeneration of hair cells. In addition, 47OH 1 also functions as a tumor suppressor gene. A7OH 1
is a definite tumor suppressor gene in colorectal cancer, and overexpression of ATOH1 can suppress

tumor cell proliferation and growth of transplanted tumors (Kazanjian and Shroyer 2011).

[0007] Vector-mediated, e.g., viral and liposomal,) ATOH! gene therapy has been shown to
promote hair cell regeneration and improve hearing in animal experiments (Richardson and Atkinson
2015). Some investigators have induced hair cells to differentiate and regencrate by mediating the
overexpression of ATOH I prior to the collapse of the Organ of Corti (Kawamoto et al. 2003; Gubbels
et al. 2008). The Raphael Group at The University of Michigan reported that aminoglycoside
antibiotics caused the regeneration of hair cells with partial restoration of auditory function after
overexpressing ATOH1 in the inner ear of fully deaf domesticated guinea pigs (Izumikawa et al.
2005). In neconatal mice the overexpression of ATOH1 can convert supporting cells into hair cells
which can promote the entry of other cells, ¢.g., intestinal cells, into a differentiated state (Aragaki et

al. 2008), and reduce the proliferation of colon cancer cells (Leow, Polakis, and Gao 2005).

[0008] This gene delivery method usually requires vectors, and the currently used gene transfection
vectors are viruses and liposomes. The current gene therapy product, CGF166, a recombinant
adenovirus-mediated ATOH1 gene therapy, is being tested in Phase I Clinical Trial to treat hearing
loss (Novartis, ClinicalTrials.gov Identifier: NCT02132130). Although the expression levels of the
viral-gene therapy system is high, problems with vector safety and immune response cannot be
completely overcome and the applications of a viral-gene therapy system for use in a human presents

certain challenges. Therefore, the development of new treatment method is of particular importance.
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SUMMARY

[0009] One objective of the present invention is to provide a small activating nucleic acid molecule
based on RNA activation process, which can increase the expression of ATOH1 protein by activating
or upregulating the transcription of ATOH to promote the regeneration of inner ear hair cells, restore
hearing, or treat a disease or condition related to ATOH1 protein deficiency or insufficiency, such as

tumor formation.

[0010] Another objective of the present invention is to provide a composition or a formulation

comprising a small activating nucleic acid molecule.

[0011] Another objective of the present invention is to provide a use of a small activating nucleic
acid molecule or a composition or formulation comprising the same in preparing a drug for activating

or upregulating the expression of ATOH1 in a cell.

[0012] Yet another objective of the present invention is to provide a method for activating or

upregulating the expression of ATOH1 in a cell.

[0013] Yetanother objective of the present invention is to provide a use of a small activating nucleic
acid molecule or a composition or formulation thereof in the preparation of a drug for treating a
disease or a condition related to ATOH 1 protein deficiency or insufficiency, or in a method of treating

a disease or condition such as hearing loss related to ATOH1 protein deficiency or insufficiency.

[0014] Still yet nother objective of the present invention is to provide an isolated small activating
nucleic acid molecule target site of the ATOH1 gene, wherein the target site comprises or is selected
from any continuous sequence of 16 to 35 nucleotides in length in any of sequences set forth in SEQ
ID NO: 2 to SEQ ID NO: 5.

[0015] Technical Solution

[0016] In one aspect of the present invention, a small activating nucleic acid molecule (e.g., a small
activating RNA saRNA) activating or upregulating the expression of A7OH! in a cell is provided,
wherein one strand of a small activating nucleic acid molecule has at least 75% homology or
complementarity to any nucleic acid sequence of 16 to 35 nucleotides in length in the promoter region
of ATOH 1, thereby activating or upregulating the expression of the gene, wherein the promoter region
comprises 637 nucleotides upstream of a transcription start site. Specifically, one strand of a small
activating nucleic acid molecule comprises or is selected from a nucleic acid sequence having at least
75% (c.g., at least about 79%, about 80%, about 85%, about 90%, about 95%, about 99% or 100%)
homology or complementarity to a continuous sequence of 16 to 35 nucleotides in length in positions
-578 to -386 (hotspot 1, SEQ ID NO: 2), positions -339 to -291 (hotspot 2, SEQ ID NO: 3), positions
-162 to -86 (hotspot 3, SEQ ID NO: 4) or positions -55 to -34 (hotspot 4, SEQ ID NO: 5) upstream

of the transcription start site of the ATOH1 gene promoter. More specifically, one strand of a small
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activating nucleic acid molecule of the present invention has at least 75% (e.g., at least about 79%,
about 80%, about 85%, about 90%, about 95%, about 99% or about 100%) homology or
complementarity to any nucleotide sequence selected from SEQ ID NOs: 280-416. In one specific
embodiment, one strand of a small activating nucleic acid molecule of the present invention
comprises a nucleic acid sequence having at least 75% (e.g., at least about 79%, about 80%, about
85%, about 90%, about 95%, about 99% or about 100%) homology or complementarity to any
nucleotide sequence sclected from SEQ ID NOs: 280-416. In another embodiment, one strand of a
small activating nucleic acid molecule of the present invention consists of a nucleic acid sequence
having at least 75% (e.g., at least about 79%, about 80%, about 85%, about 90%, about 95%, about
99% or about 100%) homology or complementarity to any nucleotide sequence selected from SEQ
ID NOs: 280-416. In yet another embodiment, one strand of a small activating nucleic acid molecule
of the present invention is a nucleic acid sequence having at least 75% (e.g., at least about 79%, about
80%, about 85%, about 90%, about 95%, about 99% or about 100%) homology or complementarity
to any nucleotide sequence selected from SEQ ID NOs: 280-416.

[0017] A small activating nucleic acid molecule of the present invention comprises a double-
stranded small activating nucleic acid molecule targeting the promoter region of the ATOHI gene
comprising a first nucleic acid strand and a second nucleic acid strand, wherein the first nucleic acid
strand has at least 75% (c.g., at least about 79%, about 80%, about 85%, about 90%, about 95%,
about 99% or about 100%) homology or complementarity to any continuous sequence of 16 to 35
nucleotides in length in positions -578 to -386 (hotspot 1, SEQ ID NO: 2), positions -339 to -291
(hotspot 2, SEQ ID NO: 3), positions -162 to -86 (hotspot 3, SEQ ID NO: 4) or positions -55 to -34
(hotspot 4, SEQ ID NO: 5) away from the transcription start site of the ATOH1 gene promoter, and
the first nucleic acid strand and the second nucleic acid strand can complementarily form a double-

stranded nucleic acid structure capable of activating the expression of ATOH1 in a cell.

[0018] The first nucleic acid strand and the second nucleic acid strand of a small activating nucleic
acid molecule of the present invention can be present on either two different nucleic acid strands
or on the same nucleic acid strand. When the first nucleic acid strand and the second nucleic acid
strand are located on two different strands, at least one strand of a small activating nucleic acid
molecule can have overhangs at the 5' terminus and/or the 3' terminus, e.g. overhangs of 0 to 6
nucleotides in length at 3' terminus, such that the overhangs of 0, 1, 2, 3, 4, 5 or 6 nucleotides in
length. Preferably, both strands of a small activating nucleic acid molecule of the present invention
have overhangs; more preferably, the 3' terminus of both strands of a small activating nucleic acid
molecule can have overhangs of 0 to 6 nucleotides in length, ¢.g., overhangs of 0, 1, 2,3, 4,5 0r 6
nucleotides in length; most preferably overhangs of 2 or 3 nucleotides in length. Preferably, the

nucleotide of the overhang is dT.
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[0019] A small activating nucleic acid molecule of the present invention can also comprise a small
activating nucleic acid molecule capable of forming a double-stranded region hairpin structure, ¢.g.,
a single-stranded small activating RNA molecule. In one embodiment, a small activating nucleic acid
molecule of the present invention comprises a single-stranded small activating RNA molecule
targeting the promoter region of the ATOHI gene, wherein the single-stranded small activating
nucleic acid molecule can form a double-stranded region hairpin structure. Preferably, when the first
nucleic acid strand and the second nucleic acid strand are present on the same nucleic acid strand,
a small activating nucleic acid molecule of the present invention can be a hairpin single-stranded
nucleic acid molecule, wherein the first nucleic acid strand and the second nucleic acid strand have
complementary regions capable of forming a double-stranded nucleic acid structure, and the double-
stranded nucleic acid structure can promote the expression of ATOH] in a cell with, for example, a

RNA activation mechanism.

[0020] In the aforementioned small activating nucleic acid molecule, the first nucleic acid strand
and the second nucleic acid strand can have 16 to 35 nucleotides (e.g., 16, 17, 18, 19, 20, 21, 22, 23,
24,25,26,27, 28,29, 30, 31, 32, 33, 34 or 35 nucleotides) in length.

[0021] In one embodiment, the first nucleic acid strand of a small activating nucleic acid molecule
of the present invention has at least 75% (e.g., at least about 79%, about 80%, about 85%, about 90%,
about 95%, about 99% or about 100%) identity or homology to any nucleotide sequence selected
from SEQ ID NOs: 6-142, and the second nucleic acid strand of a small activating nucleic acid
molecule has at least 75% (e.g., at least about 79%, about 80%, about 85%, about 90%, about 95%,
about 99% or about 100%) identity or homology to any nucleotide sequence selected from SEQ ID
NOs: 143-279. In one embodiment, the first nucleic acid strand of a small activating nucleic acid
molecule of the present invention comprises a nucleic acid sequence having at least 75% (e.g., at
least about 79%, about 80%, about 85%, about 90%, about 95%, about 99% or about 100%) identity
or homology to any nucleotide sequence selected from SEQ ID NOs: 6-142, or consists of a nucleic
acid sequence having at least 75% (e.g., at least about 79%, about 80%, about 85%, about 90%, about
95%, about 99% or about 100%) identity or homology to any nucleotide sequence selected from SEQ
ID NOs: 6-142; the second nucleic acid strand of a small activating nucleic acid molecule of the
present invention comprises a nucleic acid sequence having at least 75% (e.g., at least about 79%,
about 80%, about 85%, about 90%, about 95%, about 99% or about 100%) identity or homology to
any nucleotide sequence selected from SEQ ID NOs: 143-279, or consists of a nucleic acid sequence
having at least 75% (e.g., at least about 79%, about 80%, about 85%, about 90%, about 95%, about
99% or about 100%) identity or homology to any nucleotide sequence selected from SEQ ID NOs:
143-279. In a specific embodiment, the first nucleic acid strand of a small activating nucleic acid

molecule of the present invention can comprise or be selected from any nucleotide sequence set forth
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i SEQ ID NOs: 6-142, and the second strand can comprise or be selected from any nucleotide
sequence sct forth in SEQ ID NOs: 143-279. In one embodiment, a small activating nucleic acid

molecule described herein can be synthesized, transcribed in vitro or expressed by a vector.

[0022] All the nucleotides in a small activating nucleic acid molecule described herein can be
natural non-chemically modified nucleotides or can comprise at least one modification. In one
embodiment, the modification in a small activating nucleic acid molecule described hercin can
comprise chemical modification, for example, at least one nucleotide can have chemical modification,
and the chemical modification used in the present invention can comprise or be sclected from one or

more or any combination of the following modifications:

[0023] (1) modification of a phosphodiester bond of nucleotides in the nucleotide sequence of a

small activating nucleic acid molecule;

[0024] (2) modification of 2'-OH of a ribose in the nucleotide sequence of a small activating nucleic

acid molecule;

[0025] (3) modification of a base in the nucleotide sequence of a small activating nucleic acid

molecule; and

[0026] (4) at least one nucleotide in the nucleotide sequence of a small activating nucleic acid

molecule being a locked nucleic acid.

[0027] The chemical modifications described herein is well-known to those skilled in the art, and
the modification of the phosphodiester bond refers to the modification of oxygen in the
phosphodiester bond, including, but not limited to, phosphorothioate modification and
boranophosphate modification. Both modifications can stabilize an saRNA structure and maintain
high specificity and high affinity for base pairing.

[0028] The ribose modification refers to the modification of 2'-OH in pentose of a nucleotide, i.ce.,
the introduction of some substituents into hydroxyl positions of the ribose, for example, including
but not limited to 2'-fluoro modification, 2'-oxymethyl modification, 2'-oxyethylidene methoxy
modification, 2,4'-dinitrophenol modification, locked nucleic acid (LNA), 2'-amino modification, 2'-
deoxy modification, and the like.

[0029] The base modification refers to the modification of the base of a nucleotide, for example,
mcluding but not limited to 5'-bromouracil modification, 5'-iodouracil modification, N-methyluracil
modification, 2,6-diaminopurine modification, and the like.

[0030] These modifications can increase the bioavailability of a small activating nucleic acid
molecule, improve affinity to a target sequence and enhance resistance to nuclease hydrolysis in a

cell.
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[0031] In addition, in order to promote the access of a small activating nucleic acid molecule into a
cell, on the basis of the aforementioned modifications, a lipophilic group, such as cholesterol, can be
introduced on the terminus of the first nucleic acid strand and/or the second nucleic acid strand of a
small activating nucleic acid molecule to facilitate the interaction with the promoter region of a gene

in the cell nucleus, as the cell membrane and nuclear membrane are composed of lipid bilayers.

[0032] After contacting and entering a cell, a small activating nucleic acid molecule disclosed
herein can effectively activate or up-regulate the expression of ATOH1 gene in a cell, preferably up-

regulate the expression by at least 10%.

[0033] Another aspect of the present invention also relates to a nucleic acid encoding a small
activating nucleic acid molecule of the invention. In one embodiment, the nucleic acid is a DNA

molecule.

[0034] Another aspect of the present invention provides a cell comprising the aforementioned small
activating nucleic acid molecule or the nucleic acid encoding a small activating nucleic acid molecule
described herein. In one embodiment, a small activating nucleic acid molecule of the present
invention can be a double-stranded small activating nucleic acid molecule targeting the promoter
region of the ATOH1 gene, which comprises a first nucleic acid strand and a second nucleic acid
strand. In another embodiment, a small activating nucleic acid molecule of the present invention can
be a single-stranded small activating nucleic acid molecule targeting the promoter region of A7OH1

gene.

[0035] Another aspect of the present invention provides a composition (e.g., a pharmaceutical
composition). The composition comprises a small activating nucleic acid molecule of the present
mvention or a nucleic acid encoding a small activating nucleic acid molecule described herein and,
optionally, a pharmaceutically acceptable carrier. In one embodiment, the pharmaceutically
acceptable carrier can comprise or be selected from a liposome, a high-molecular polymer, and a
polypeptide.

[0036] In another aspect of the present invention, a formulation is provided which comprises a small
activating nucleic acid molecule described in the present invention, a nucleic acid encoding a small
activating nucleic acid molecule described in the present invention, or a cell comprising a small
activating nucleic acid molecule of the present invention or a nucleic acid encoding a small activating
nucleic acid molecule of the present invention, or a composition comprising a small activating nucleic

acid molecule of the present invention.

[0037] In another aspect of the present invention, a kit is provided, which comprises a small
activating nucleic acid molecule of the present invention, a nucleic acid encoding a small activating

nucleic acid molecule described herein, or a cell comprising a small activating nucleic acid molecule
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of the present invention or a nucleic acid encoding a small activating nucleic acid molecule of the
present invention, or a composition comprising a small activating nucleic acid molecule of the present

invention.

[0038] Another aspect of the present invention relates to uses of a small activating nucleic acid
molecule of the present invention, the nucleic acid encoding a small activating nucleic acid molecule
of the present invention, a cell comprising a small activating nucleic acid molecule of the present
mvention, or the nucleic acid encoding a small activating nucleic acid molecule of the present
mvention, or a composition comprising a small activating nucleic acid molecule of the present
imvention in the preparation of a drug or formulation for activating or upregulating the expression of
ATOH] in a cell.

[0039] Another aspect of the present invention also relates to a method for activating or
upregulating the expression of ATOHI in a cell. The method comprises administering a small
activating nucleic acid molecule of the present invention, the nucleic acid encoding a small activating
nucleic acid molecule of the present invention, or the composition or formulation comprising a small
activating nucleic acid molecule of the present invention to the cell. In one embodiment, the method
for activating/up-regulating the expression of ATOH]I gene in a cell comprises administering a small
activating nucleic acid molecule described in the present invention, the nucleic acid encoding a small
activating nucleic acid molecule of the present invention, or the composition or formulation
comprising a small activating nucleic acid molecule of the present invention to the cell wherein the
cell includes, but not limited to, a cancer cell, a neural cell, e.g., a spinal cord cell, an inner ear hair
cell, an inner ear support cell, a cerebellar neuron, a proprioceptive system neuron, a non-neural cell,
and the like. In one embodiment, the cancer cell can be a cell from a solid tumor, e.g., liver cancer,
lung cancer, bladder cancer, prostate cancer, and glioma. The aforementioned cell can be in vitro,

e.g., acell line or a cell strain, or can be present in a mammalian body, e.g., a human body.

[0040] A small activating nucleic acid molecule of the present invention can be directly introduced
mto a cell, or can be produced in the cell after a nucleotide sequence encoding a small activating
nucleic acid molecule of the present invention is introduced into the cell. The cell is preferably a
mammalian cell, more preferably a human cell. The aforementioned cell can be in vitro, such as a
cell line or a cell strain, or can be present in a mammalian body, ¢.g., a human body. The human body
can be a patient suffering from a disease or condition related to insufficient or decreased expression
of the ATOH1 protein. A small activating nucleic acid molecule of the present invention can be
administered at a sufficient dose to treat the disease or condition related to a deficiency of the ATOH1
protein or insufficient or decreased expression of ATOH1 protein. Specifically, the disease or
condition related to deficiency of ATOH1 protein amount or insufficient or decreased expression of

ATOHI1 protein can comprise, for example, tumors, e.g., solid tumors, and the solid tumors can
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comprise, for example, liver cancer, lung cancer, bladder cancer, prostatic cancer, glioma, and the
like.

[0041] Another aspect of the present invention provides an isolated small activating nucleic acid
molecule acting site of the ATOH1 gene, which has any continuous sequence of 16 to 35 nucleotides
in length in the promoter region of ATOHI1 gene, and preferably, the acting site comprises or is
selected from any continuous sequence of 16 to 35 nucleotides in length in any of the sequences set
forth in SEQ ID NOs: 2-5. Specifically, the acting site can comprise or be selected from any
nucleotide sequence set forth in SEQ ID NOs: 280-416.

[0042] Another aspect of the present invention relates to a method for treating a disease or condition
related to insufficient or decreased expression of the ATOH1 protein in a subject, which comprises
administering a small activating nucleic acid molecule of the present invention, a nucleic acid
encoding a small activating nucleic acid molecule of the present invention, a cell comprising a small
activating nucleic acid molecule of the present invention or a nucleic acid encoding a small activating
nucleic acid molecule of the present invention or the composition comprising a small activating
nucleic acid molecule of the present invention at a curative dose to the subject. In one embodiment,
a method for treating a disease or condition related to insufficient or decreased expression of the
ATOHI1 protein in a subject in the present invention comprises administering a small activating
nucleic acid molecule of the present invention, the nucleic acid encoding a small activating nucleic
acid molecule of the present invention, the cell comprising a small activating nucleic acid molecule
of the present invention or a nucleic acid encoding a small activating nucleic acid molecule of the
present invention or a composition comprising a small activating nucleic acid molecule of the present
mvention, and a low-molecular-weight compound, antibody, polypeptide, or protein at a curative
dose to the subject. The subject can be a mammal, e.g., as a human. In one embodiment, a discase or
condition related to insufficient or decreased expression of the ATOH1 protein can comprise, €.g.,

hearing loss and tumor diseases, ¢.g., colorectal cancer.

[0043] Another aspect of the present invention relates to a method for treating hearing loss in a
subject, which comprises administering a small activating nucleic acid molecule of the present
mvention, a nucleic acid encoding a small activating nucleic acid molecule of the present invention,
a cell comprising a small activating nucleic acid molecule of the present invention, or a nucleic acid
encoding a small activating nucleic acid molecule of the present invention, or a composition or
formulation comprising a small activating nucleic acid molecule of the present invention at a curative
dose to the subject. In one embodiment, the method for treating hearing loss in a subject comprises
administering a small activating nucleic acid molecule of the present invention, the nucleic acid
encoding a small activating nucleic acid molecule of the present invention, the cell comprising a

small activating nucleic acid molecule of the present invention, or a nucleic acid encoding a small
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activating nucleic acid molecule of the present invention, or the composition comprising a small
activating nucleic acid molecule of the present invention, and a low-molecular-weight compound,
antibody, polypeptide or protein at a curative dose to the subject. The subject can be a mammal, e.g.,
as a human. Hearing loss or hearing impairment refers to a partial or complete loss of hearing with
less sensitivity to daily speech. In 1997, the World Health Organization (WHO) issued standards that
divided the severity of hearing loss into 4 levels according to average hearing loss at four frequency
points of 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz: 26-40 dB is mild hearing loss, 41-60 dB is
moderate hearing loss, 61-80 dB is severe hearing loss, and greater than 80 dB is extremely severe

hearing loss.

[0044] Another aspect of the present invention relates to uses of a small activating nucleic acid
molecule of the present invention, a nucleic acid encoding a small activating nucleic acid molecule
of the present invention, a cell comprising a small activating nucleic acid molecule of the present
mvention or a nucleic acid encoding a small activating nucleic acid molecule of the present invention
or a composition comprising a small activating nucleic acid molecule of the present invention in the
preparation of a drug for treating a disease or condition related to insufficient or decreased expression
of the ATOH1 protein. The subject can be a mammal, e.g., a human. In one embodiment, the disease
related to insufficient or decreased expression of the ATOH1 protein can comprise, e.g.,, hearing loss

and tumor diseases, ¢.g., colorectal cancer.

[0045] In one embodiment, uses of a small activating nucleic acid molecule described in the present
mvention, a nucleic acid encoding a small activating nucleic acid molecule of the present invention,
a cell comprising a small activating nucleic acid molecule of the present invention or a nucleic acid
encoding a small activating nucleic acid molecule of the present invention, or a composition
comprising a small activating nucleic acid molecule of the present invention in the preparation of a

drug for hearing loss.

[0046] Another aspect of the present invention relates to uses of a small activating nucleic acid
molecule of the present invention, a nucleic acid encoding a small activating nucleic acid molecule
of the present invention, a cell comprising a small activating nucleic acid molecule of the present
mvention or a nucleic acid encoding a small activating nucleic acid molecule of the present invention,
or a composition or formulation comprising a small activating nucleic acid molecule of the present
invention in the preparation of a drug or pharmaceutical composition for treating a disease or

condition related to insufficient or decreased expression of ATOH1 protein.

[0047] In one embodiment, uses of a small activating nucleic acid molecule described in the present
mvention, a nucleic acid encoding a small activating nucleic acid molecule of the present invention,

a cell comprising a small activating nucleic acid molecule of the present invention or a nucleic acid
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encoding a small activating nucleic acid molecule of the present invention, or a composition or
formulation comprising a small activating nucleic acid molecule of the present invention in the

preparation of a drug or pharmaceutical composition for treating hearing loss.
[0048] Advantages of the Present Invention

[0049] A small activating nucleic acid molecule, such as a small activating RNA (saRNA) is
capable of activating or upregulating the expression of the ATOHI gene provided by the present
invention and can permanently activate the A7OHI gene, thereby efficiently and specifically
upregulating or restoring the expression of the ATOH1 gene and protein while featuring lower toxic
and side effects, which can be used in treating a discase or symptom related to insufficient or
decreased expression of the ATOH1 protein such as hearing loss, and in preparing a drug or
formulation for treating the discase or symptom related to insufficient or decreased expression of the

ATOH]1 protein.
BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1shows changes in the expression of ATOH1 mRNA mediated by ATOH1 saRNA.
HEK293T cells were transfected by 403 saRNAs targeting the ATOHI promoter and mRNA
expression of ATOHI was analyzed 72 h later using QuantiGene 2.0. Shown in the drawing are the
changes in A7TOHI mRNA expression relative to control treatment (mock) ranked from -637 to -19
according to the saRNA target positions in the ATOH1 promoter.

[0051] FIG. 2 shows the hotspot region of functional saRNA in the ATOHI promoter.
HEK?293T cells were transfected by 403 saRNAs targeting ATOH1 promoter and mRNA expression
of ATOH1 was analyzed 72 h later using QuantiGene 2.0. Shown in the drawing are changes in
ATOHI mRNA expression relative to control treatment (mock) ranked from -637 to -19 according
to the target positions of the saRNA in the ATOH1 promoter. The dotted line in FIG. 2 is the limit
of 0.5 (log») fold increase. The dotted frames show hotspot regions (H1-H4) for functional saRNAs .

[0052] FIG. 3 shows the screening results for two-step RT-PCR validated by QuantiGene in
HEK?293T cells. HEK293T cells were transfected with saRNA at a final concentration of 10 nM for
72 h. RNA was extracted using an Qiagen Rneasy kit and gPCR amplification was performed with
a 7500FAST real-time PCR system after reverse transcription. An HPRT1 gene was amplified as
iternal control. The relative mRNA expression values of ATOH] after treating cells with a single
saRNA arc shown. Mock, dsCon2, and RAG9-871i are represented as blank transfection, sequence-
independent double-stranded RNA transfection, and small interference RNA control transfection,
respectively.

[0053] FIG. 4 shows the screening results for two-step RT-PCR validated by Quantigene in
NKEK cells. Normal human epidermal keratinocytes (NHEK) cells were transfected with saRNA at
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a final concentration of 10 nM for 72 h. RNA was extracted using a Qiagen Rneasy kit and qPCR
amplification was performed with a 7S00FAST real-time PCR system after reverse transcription.
An HPRTI gene was amplified as internal control. The relative mRNA expression values of ATOH1
after treatment of cells with a single saRNA arc shown. Mock, dsCon2, and RAG9-8711 are
represented as blank transfection, sequence-independent double-stranded RNA transfection, and

small interference RNA control transfection, respectively.

[0054] FIG. S shows ATOH1 saRNA activating the expression of ATOH1 protein. HEK293T
cells were transfected with saRNA at a final concentration of 10 nM for 72 h.  After collecting the
cells and extracting total cell protein, ATOH1 protein expression was detected by Western Blot and
a/B--tubulin was used as an internal control. The relative ATOH1 protein expression values after cell
treatment with a single saRNA are shown. Mock, dsCon2, and RAG9-8711 are represented as blank
transfection, sequence-independent double-stranded RNA transfection, and small interference RNA

control transfection, respectively.

DETAILED DESCRIPTION

[0055] In the present invention, the related terms are defined as follows.

[0056] The term "complementarity” as used herein refers to the capability of forming base pairs
between two oligonucleotide strands. The base pairs are generally formed through hydrogen bonds
between nucleotides in the antiparallel oligonucleotide strands. The bases of the complementary
oligonucleotide strands can be paired in the Watson-Crick manner (such as Ato T, A to U, and C to
G) or in any other manner allowing the formation of a duplex (such as Hoogsteen or reverse

Hoogsteen base pairing).

[0057] Complementarity comprises complete complementarity and incomplete complementarity.
"Complete complementarity” or "100% complementarity” means that each nucleotide from the first
oligonucleotide strand can form a hydrogen bond with a nucleotide at a corresponding position in the
second oligonucleotide strand in the double-stranded region of the double-stranded oligonucleotide
molecule without "mispairing". "Incomplete complementarity" means that not all the nucleotide units
of the two strands arc bonded with each other by hydrogen bonds. For example, for two
oligonucleotide strands cach of 20 nucleotides in length in the double-stranded region, if only two
base pairs in this double-stranded region can be formed through hydrogen bonds, the oligonucleotide
strands have a complementarity of 10%. In the same example, if 18 base pairs in this double-stranded
region can be formed through hydrogen bonds, the oligonucleotide strands have a complementarity
0f 90%. Substantial complementarity refers to at least about 75%, about 79%, about 80%, about 85%,
about 90%, about 95%, about 99% or about 100% complementarity.
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[0058] The term "oligonucleotide" as used herein refers to polymers of nucleotides, and includes,
but is not limited to, single-stranded or double-stranded molecules of DNA, RNA, or DNA/RNA
hybrid, oligonucleotide strands containing regularly and irregularly alternating deoxyribosyl portions
and ribosyl portions, as well as modified and naturally or unnaturally existing frameworks for such
oligonucleotides. The oligonucleotide for activating target gene transcription described herein is a

small activating nucleic acid molecule.

[0059] The terms "oligonucleotide strand" and "oligonucleotide sequence” as used herein can be
used interchangeably, referring to a generic term for short nucleotide sequences having less than 35
bases (including nucleotides in deoxyribonucleic acid (DNA) or ribonucleic acid (RNA)). In the

present invention, an oligonucleotide strand can have any of 16 to 35 nucleotides in length.

[0060] As used herein, the term "first nucleic acid strand" can be a sense strand or an antisense
strand. The sense strand of a small activating RNA refers to a nucleic acid strand contained in a small
activating RNA duplex which has identity to the coding strand of the promoter DNA sequence of a
target gene, and the antisense strand refers to a nucleic acid strand in a small activating RNA duplex

which is complementary to the sense strand.

[0061] As used herein, the term "second nucleic acid strand" can also be a sense strand or an
antisense strand. If the first oligonucleotide strand is a sense strand, the second oligonucleotide strand
is an antisense strand; if the first oligonucleotide strand is an antisense strand, the second

oligonucleotide strand is a sense strand.

[0062] The term "gene" as used herein refers to all nucleotide sequences required to encode a
polypeptide chain or to transcribe a functional RNA. "Gene" can be an endogenous or fully or
partially recombinant gene for a host cell (for example, because an exogenous oligonucleotide and a
coding sequence for encoding a promoter are introduced into a host cell, or a heterogeneous promoter
adjacent to an endogenous encoding sequence is introduced into a host cell). For example, the term
"gene" comprises a nucleic acid sequence consisting of exons and introns. Protein-encoding
sequences are, for example, sequences contained within exons in an open reading frame between an
mitiation codon and a termination codon, and as used herein, "gene" can comprise such as a gene
regulatory sequence, such as a promoter, an enhancer, and all other sequences known in the art for
controlling the transcription, expression or activity of another gene, no matter whether the gene
comprises a coding sequence or a non-coding sequence. In one case, for example, "gene" can be used
to describe a functional nucleic acid comprising a regulatory sequence such as a promoter or an
enhancer. The expression of a recombinant gene can be controlled by one or more types of

heterogencous regulatory sequences.
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[0063] The term "target gene" as used herein can refer to nucleic acid sequences naturally present
in organisms, transgenes, viral or bacterial sequences, can be chromosomes or extrachromosomal
genes, and/or can be transiently or stably transfected or incorporated into cells and/or chromatins
thereof. The target gene can be a protein-encoding gene or a non-protein-encoding gene (such as a
microRNA gene and a long non-coding RNA gene). The target genc gencrally contains a promoter
sequence, and the positive regulation for the target gene can be achieved by designing a small
activating nucleic acid molecule having sequence identity (also called homology) to the promoter
sequence, characterized as the up-regulation of expression of the target gene. "Sequence of a target
gene promoter” refers to a non-coding sequence of the target gene, and the reference of the sequence
of a target gene promoter in the phrase "complementary to the sequence of a target gene promoter”
of the present invention refers to a coding strand of the sequence, also known as a non-template
strand, i.e., a nucleic acid sequence having the same sequence as the coding sequence of the gene.
"Target" or "target sequence” refers to a sequence fragment in the sequence of a target gene promoter
which is homologous or complementary with a sense oligonucleotide strand or an antisense

oligonucleotide strand of a small activating nucleic acid molecule.

[0064] As used hercin, the terms "sense strand" and "sense nucleic acid strand" can be used
interchangeably, and the sense oligonucleotide strand of a small activating nucleic acid molecule
refers to the first nucleic acid strand having identity to the coding strand of the sequence of a target

gene promoter in a small activating nucleic acid molecule duplex.

[0065] As used herein, the terms "antisense strand” and "antisense nucleic acid strand" can be used
interchangeably, and the antisense oligonucleotide strand of a small activating nucleic acid molecule
refers to the second nucleic acid strand complementary with the sense oligonucleotide strand in a

small activating nucleic acid molecule duplex.

[0066] The term "coding strand" as used herein refers to a DNA strand in the target gene which
cannot be used for transcription, and the nucleotide sequence of this strand is the same as that of an
RNA produced from transcription (in the RNA, T in DNA is replaced by U). The coding strand of
the double-stranded DNA sequence of the target gene promoter described herein refers to a promoter

sequence on the same DNA strand as the DNA coding strand of the target gene.

[0067] The term "template strand" as used herein refers to the other strand complementary with the
coding strand in the double-stranded DNA of the target gene, i.e., the strand that, as a template, can
be transcribed into RNA, and this strand is complementary with the transcribed RNA (A to U and G
to C). In the process of transcription, RNA polymerase binds to the template strand, moves along the
3'—=5' direction of the template strand, and catalyzes the synthesis of the RNA along the 5'—3'
direction. The template strand of the double-stranded DNA sequence of the target gene promoter
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described herein refers to a promoter sequence on the same DNA strand as the DNA template strand

of the target gene.

[0068] The term "promoter” as used herein refers to a sequence which plays a regulatory role for
the transcription of a protein-coding or RNA-coding nucleic acid sequence by associating with them
spatially. Generally, a eukaryotic gene promoter contains 100 to 5000 base pairs, although this length
range is not intended to limit the term "promoter"” as used herein. Although the promoter sequence is
generally located at the 5' terminus of a protein-coding or RNA-coding sequence, the promoter

sequence can also exist in exon and intron sequences.

[0069] The term "transcription start site" as used herein refers to a nucleotide marking the
transcription start on the template strand of a gene. The transcription start site can appear on the

template strand of the promoter region. A gene can have more than one transcription start site.

[0070] The term "identity" or "homology" as used herein means that one oligonucleotide strand (a
sense or an antisense strand) of a small activating RNA has similarity to a coding strand or a template
strand in a region of the promoter sequence of a target gene. As used hercin, the "identity" or
"homology" can be at least about 75%, about 79%, about 80%, about 85%, about 90%, about 95%,
about 99% or about 100%.

[0071] The term "overhang" as used herein refers to non-base-paired nucleotides at the terminus (5'
or 3") of an oligonucleotide strand, which is formed by one strand extending out of the other strand
in a double-stranded oligonucleotide. A single-stranded region extending out of the 3' terminus and/or

5'terminus of a duplex is referred to as an overhang.

[0072] As used herein, the terms "gene activation”, "activating genc expression”, "gene up-
regulation” and "up-regulating gene expression” can be used interchangeably, and mean an increase
in transcription, translation, expression or activity of a certain nucleic acid as determined by
measuring the transcriptional level, mRNA level, protein level, enzymatic activity, methylation state,
chromatin state or configuration, translation level or the activity or state in a cell or biological system
of a gene. These activities or states can be determined directly or indirectly. In addition, "gene
activation", "activating gene expression”, "gene up-regulation" or "up-regulating gene expression”
refers to an increase in activity associated with a nucleic acid sequence, regardless of the mechanism
of such activation. For example, the nucleic acid sequence plays a regulatory role as a regulatory

sequence, the nucleic acid sequence is transcribed into RNA and the RNA is translated into a protein,

thereby increasing the expression of the protein.

[0073] As used herein, the terms "small activating RNA", "saRNA", and "small activating nucleic
acid molecule" can be used interchangeably, and refer to a nucleic acid molecule that can up-regulate

target gene expression and can be composed of the first nucleic acid fragment (antisense nucleic acid
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strand, also referred to as antisense oligonucleotide strand) containing a nucleotide sequence having
sequence identity or homology with the non-coding nucleic acid sequence (c.g., a promoter and an
enhancer) of a target gene and the second nucleic acid fragment (sense nucleic acid strand, also
referred to as sense oligonucleotide strand) containing a nucleotide sequence complementary with
the first nucleic acid fragment, wherein the first nucleic acid fragment and the second nucleic acid
fragment form a duplex. A small activating nucleic acid molecule can also be composed of a
synthesized or vector-expressed single-stranded RNA molecule that can form a hairpin structure by
two complementary regions within the molecule, wherein the first region comprises a nucleotide
sequence having sequence identity to the target sequence of a promoter of a gene, and the second
region comprises a nucleotide sequence which is complementary to the first region. The length of the
duplex region of a small activating nucleic acid molecule is typically about 10 to about 50, about 12
to about 48, about 14 to about 46, about 16 to about 44, about 18 to about 42, about 20 to about 40,
about 22 to about 38, about 24 to about 36, about 26 to about 34, and about 28 to about 32 base pairs,
and typically about 10, about 15, about 20, about 25, about 30, about 35, about 40, about 45, or about
50 base pairs. In addition, the terms "saRNA", "small activating RNA", and "small activating nucleic
acid molecule" also comprise nucleic acids other than the ribonucleotide, including, but not limited

to, modified nucleotides or analogues.

[0074] As used herein, the term "hotspot" refers to a gene promoter region of at least 30 bp in length.
The gathering of targets of functional small activating nucleic acid molecules appears in these hotspot
regions, wherein at least 40% of a small activating nucleic acid molecules targeting these hotspot

regions can induce a 1.1-fold or more change in the mRNA expression of a target gene.

[0075] As used herein, the term "synthesis" refers to a method for synthesis of an oligonucleotide,
including any method allowing RNA synthesis, such as chemical synthesis, in vitro transcription,

and/or vector-based expression.

[0076] According to the present invention, the expression of the ATOH] gene is up-regulated by
RNA activation, and a related disease (particularly hearing loss) is treated by increasing the
expression of the full-length ATOH1 protein. The ATOH gene in the present invention is sometimes

also called a target gene.

[0077] The method for preparing a small activating nucleic acid molecule provided by the present
mvention comprises sequence design and sequence synthesis.

[0078] The synthesis of the sequence of a small activating nucleic acid molecule of the present
mvention can be performed by adopting a chemical synthesis or can be entrusted to a biotechnology

company specialized in nucleic acid synthesis.
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[0079] Generally speaking, the chemical synthesis comprises the following four steps: (1) synthesis
of oligomeric ribonucleotides, (2) deprotection, (3) purification and isolation; and (4) desalination

and annealing.

[0080] For example, the specific steps for chemically synthesizing the saRNA described herein are

as follows:
[0081] (1) Synthesis of oligomeric ribonucleotides

[0082] Synthesis of 1 uM RNA was set in an automatic DNA/RNA synthesizer (e.g., Applied
Biosystems EXPEDITE8909), and the coupling time of each cycle was also set as 10 to 15 min. With
a solid phase-bonded 5'-O-p-dimethoxytriphenylmethyl-thymidine substrate as an initiator, one base
was bonded to the solid phase substrate in the first cycle, and then, in the n'® (19 >n > 2) cycle, one

1th

base was bonded to the base bonded in the n-1" cycle. This process was repeated until the synthesis

of the whole nucleic acid sequence was completed.
[0083] (2) Deprotection

[0084] The solid phase substrate bonded with the saRNA was put into a test tube, and 1 mL of a
mixed solution of ethanol and ammonium hydroxide (volume ratio: 1:3) was added to the test tube.
The test tube was then sealed and placed in an incubator, and the mixture was incubated at 25-70 °C
for 2 to 30 h. The solution containing the solid phase substrate bonded with the saRNA was filtered,
and the filtrate was collected. The solid phase substrate was rinsed with double distilled water twice
(1 mL each time), and the filtrate was collected. The collected eluent was combined and dried under
vacuum for 1 to 12 h. Then the solution was added with 1 mL of a solution of tetrabutylammonium
fluoride in tetrahydrofuran (1 M), let stand at room temperature for 4 to 12 h, followed by addition
of 2 mL of n-butanol. Precipitate was collected to give a single-stranded crude product of saRNA by
high-speed centrifugation.

[0085] (3) Purification and isolation

[0086] The resulting crude product of saRNA was dissolved in 2 mL of triethylamine acetate
solution with a concentration of 1 mol/L, and the solution was separated by a reversed-phase C18
column of high pressure liquid chromatography to give a purified single-stranded product of saRNA.
[0087] (4) Desalination and annealing

[0088] Salts were removed by gel filtration (size exclusion chromatography). A single sense
oligomeric ribonucleic acid strand and a single antisense oligomeric ribonucleic acid strand were
mixed in a 1 to 2 mL of buffer (10 mM Tris, pH = 7.5-8.0, 50 mM NaCl) at a molar ratio of 1:1. The
solution was heated to 95 °C, and was then slowly cooled to room temperature to give a solution

containing saRNA.
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[0089] It was discovered in this study that after being introduced into a cell, the aforementioned

saRNA could effectively increase the mRNA and protein expression of the full-length ATOH1.

[0090] The present invention will be further illustrated with reference to specific examples and
drawings below. It should be understood that these examples are merely intended to illustrate the
present invention rather than limit the scope of the present invention. In the following examples,
study methods without specific conditions were generally in accordance with conventional conditions,
such as conditions described in Sambrook, et al., Molecular Cloning: Laboratory Manual (New Y ork:

Cold Spring Harbor Laboratory Press, 1989), or conditions recommended by the manufacturer.
EXAMPLES

Example 1: Design and Synthesis of Small Activating Nucleic Acid Molecule Targeting
ATOH 1 Promoter

[0091] To screen functional saRNAs capable of activating ATOHI gene expression, a ATOH]
promoter sequence with a length of 637 bps (-637 bp to -1 bp; SEQ ID NO:1) was used as a template
and an saRNA target with a lengths of 19 nucleotides were obtained by moving a base each time.
Target sequences were filtered and the criteria for retaining target sequences were: (1) GC content
between 30% and 80%, (2) with lIess than 5 continuous identical nucleotides, (3) with 3 or less
dinucleotide repeat sequences; and (4) with 3 or less trinucleotide repeat sequences. There were 402
target sequences remaining after filtration and these entered the screening process as candidates. In
addition, one target at the position -1407 bp of the ATOH promoter was selected as a candidate

target sequence, and the 403 target sequences were selected as candidates to enter screening process.

[0092] Each sense strand and each antisense strand in the double-stranded small activating RNAs
used in the study were 21 nucleotides in length. The 19 nucleotides in the 5' region of the first nucleic
acid strand, e.g., the sense strand of the double-stranded saRNA, had 100% identity to the target
sequence of the promoter, and the 3' terminus of the first nucleic acid strand contained a TT sequence.
The 19 nucleotides in the 5' region of the second nucleic acid strand were fully complementary with
the first ribonucleic acid strand sequence, and the 3' terminus of the second nucleic acid strand
contained a TT sequence. The aforementioned two strands of the double-stranded saRNA were mixed
at a molar ratio of 1:1, and after annealing, and a double-stranded saRNA was formed. The sequence
of the ATOH1 promoter corresponds to position 1 to position 637 from 5' to 3' of SEQ ID No: 1 in
the sequence listing:

-637 aaatgctigg gcatcagaag tgggagctgt gatcctaget tgggggcage

-587 acagggtagg cggccticte tetgetitga gtggctictg ggegectgge

-537 gggtccagaa tcgeecagag cecgeeegegg tegtgeacat ctgacccgag

-487 tcagctiggg caccagecga gageeggcic cgeaccgete cegeacceca
-437 gcegeegggg tggtgacaca caccggagic gaattacage cetgeaatta
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-387 acatatgaat ctgacgaatt taaaagaagg aaaaaaaaaa aaaaacctga
-337 gcaggcttgg gagtcctictg cacacaagaa ctitictcgg ggtgtaaaaa
-287 ctetttgatt ggctgctcge acgegectge cegegeccte catiggetga
-2377 gaagacacge gaccggegeg aggagggegt igggagagea gegeeggeag
-187 actgagtggc gegtgecgcet tittaaaggge gegecagegee ticagcaace
-137 ggagaagcat agttgcacgc gacctggtgt gtgatctecg agtgggtege
-87 ggaggetlcga ggagggaaaa aaaaataaga cgttgcagaa gagacccgga
-37 aagggccttt titttggtte agctggtotc ccagtge

Example 2: High-throughput Screening of saRNAs Targeting ATOH I Promoter

(1) Cell culture and transfection

[0093] Normal Human Epidermal Keratinocytes (NHEK) and human renal embryonic cells
(HEK293T) were cultured in DMEM media (Gibco). All the media contained 10% bovine calf
serum (Sigma-Aldrich) and 1% penicillin/streptomycin (Gibco). The cells were cultured at 37
°C under 5% COs. According to the instructions provided by the manufacturer, RNAiMax
(Invitrogen, Carlsbad, CA) was used to transfect small activating RNAs at a concentration of

10 nM (unless otherwise specified).
(2) QuantiGene 2.0 assay

[0094] Cells were plated into a 96-well plate at 4000 cells/well and transfected with
oligonucleotide duplexes, and 72 h after transfection, the mRNA levels of target genes were
quantitatively determined with a QuantiGene 2.0 kit (AffyMetrix, product numbers were QGS-
1000, ATOH1 Assay ID: SA-6000952, and HPRT Assay ID: SA-10030). QuantiGene 2.0 assay is
based on hybridization technology, wherein mRNA levels were directly quantified with gene-
specific probes. The experimental procedure was briefly described as follows: a lysis solution was
added to lyse the transfected cells, and the cell lysates were added into a capture well plate coated
with probe for ATOH1 and HPRT1 (housekeeping gene) for hybridizing overnight at 55 °C. In
order to enhance hybridization signal, hybridizations with 2.0 PreAMP Probe, 2.0 AMP Probe and
2.0 Label Probe (provided by Quantigene 2.0 kit) were conducted sequentially in 100 puL of a
corresponding buffer solution (provided by Quantigene 2.0 kit). All the hybridizations were
conducted with shaking at 50 to 55°C for 1 h. After the last wash step, 2.0 Substrate was added to
the solution and incubated at room temperature for 5 min. Optical signals were detected with an

Infinite 200 PRO plate reader (Tecan, Switzerland).
(3) Screening of functional saRNAs

[0095] In order to obtain functional saRNAs capable of activating transcription of ATOH1,
HEK?293T cells were transfected with the above 403 saRNAs at a concentration of 10 nM, and light
signals were analyzed 72 h later by the method described in QuantiGene. As shown in Table 1, 32
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(7.9%) and 105 (26.1%) saRNAs showed high and mild activating activities, and 266 (66.0%)
saRNAs had no influence on the expression of ATOH1. The maximum activation was 5.88 fold.

These saRNAs with activating activity are referred to as functional saRNA.

Table 1. High-throughput screening results of ATOH1

saRNA activity log> value (fold) of changes in Number of | Percentage
ATOH1 saRNAs
High activation | > 1.00 (2.00) ~ < 2.557 (5.883) 32 7.9%
Mild activation >0.14 (1.10) ~ < 1.00 (2.00 ) 105 26.1%
No activating <0.14 (1.10) 266 66.0%
effect
Sum 403 100%

[0096] FIG. 1 further shows the activity distribution of the ATOH1 saRNAs from high activation
to high inhibition.
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[0097] It can be clearly seen from the arrangement of activities of the 403 saRNAs according to
their positions within the ATOH promoter region that the functional saRNAs are gathered together,
that is, in certain promoter regions, the activating saRNAs gathered in specific "hotspot" regions
(FIG. 2). As shown in FIG. 2, 4 hotspot regions respectively appeared in region (H1) from -578 to
-386, region (H2) from -339 to -291, region (H3) from -162 to -86 and region (H4) from -55 to -34
of the promoter, respectively, showing high gathering of the activating saRNAs, and the proportion
of functional saRNAs was 41.0%, 51.6%, 45.6%, and 100%, respectively. These results indicate
that the functional saRNAs were not randomly distributed witin the promoter, but existed in the

specific hotspot regions.

[0098] The sequence of the hotspot H1 (5' to 3': -578 to -386) corresponds to SEQ ID NO: 2 in the

sequence listing:

gegaccttctetetgctitgagtgoctictggacgectggcgggteccagaatcgeccagagecgeccgeggtcgtgcacatetgaccegagica

gcttgggcaccagecgagagecggcetccgeaccgetcccgeaccccagecgecggggtegtoacacacaccggagtcgaattacageect

gcaattaa

[0099] The sequence of the hotspot H2 (5' to 3': -339 to -291) corresponds to SEQ ID NO: 3 in the
sequence listing:

tgcacacaagaacttttctcggggtgtaa

[0100] The sequence of the hotspot H3 (5' to 3': -162 to -86) corresponds to SEQ ID NO: 4 in the

sequence listing:

aagggocgcagegccttcagcaaccggagaagceatagttgcacgegacctggtgtetoatctccgagtoggotoooo
[0101] The sequence of the hotspot H4 (5' to 3": -55 to -34) corresponds to SEQ ID NO: 5 in the

sequence listing:
ttgcagaagagacccggaaagg

Example 3: Validation of High-throughput Screening Results
[0102] Normal Human Epidermal Keratinocytes (NHEK) cells and human renal embryonic cells
(HEK293T) were seeded into a 6-well plate with 2x10° to 3x10° cells/well and were reverse
transfected with oligonucleotide duplexes. Total cellular RNAs were extracted using an RNeasy
Plus Mini kit (Qiagen). The resulting RNA (1 ug) was reverse transcribed into cDNA using a
PrimeScript RT kit containing gDNA Eraser (Takara, Shiga, Japan). The resulting cDNA was
amplified by qPCR using an ABI 7500 fast real-time PCR system (Applied Biosystems) and SYBR
Premix Ex Taq Il reagent (Takara, Shlga, Japan). The reaction conditions were: 95°C for 3 s,
60°C for 30 s, and 40 cycles. HPRT1 was used as internal control and RAG9-8711i as inhibitory
dsRNA control. The phase expression value of the ATOH1 gene was calculated by a method of 2

AACT Al the primer sequences used are listed in Table 3.
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[0103] In order to calculate the expression value (Fre;) of ATOH]I (target gene) of an saRNA-
transfected sample relative to control treatment (mock), the Ct values of the target gene and the
internal control genes were substituted into Formula 1 for calculation.

Erep = CTm-ClIS) - [, (CiRtm-CiRs) (Formula 1)

[0104] wherein CtTm was the Ct value of the target gene from Mock sample; CtTs was the Ct
value of the target gene from the saRNA-treated sample; CtRm was the Ct value of the internal
control gene from mock-treated sample; CtRs was the Ct value of the internal control gene from the

saRNA-treated sample.

Table 3. Primer sequences for two-step gqRT-PCR analysis

Primer Sequence No. Sequence (5'-3')

ATOHI F1 SEQ ID NO: 417 CCCTTCCAGCAAACAGGTGA
ATOHI1 R1 SEQ ID NO: 418 GAACGACGGGATAACATTGCG

HPRT1 F SEQ ID NO: 419 ATGGACAGGACTGAACGTCTT
HPRTI R SEQ ID NO: 420 TCCAGCAGGTCAGCAAAGAA

[0105] As shown in FIG. 3 and FIG. 4, randomly selected functional saRNAs were verified in
HEK?293T cells and NHEK cells, and both showed up-regulation of mRNA expression of ATOH1.

Table 4. Double-stranded RNA sequences as study controls

Double-
Sequence No. Sequence (5'-3')

stranded RNA
dsCon2-sense
strand SEQ ID NO: 421 | ACUACUGAGUGACAGUAGATT
dsCon2- SEQIDNO: 422 | UCUACUGUCACUCAGUAGUTT
antisense strand
RAG9-871i-
sense strand SEQ ID NO: 423 | GCUCUGCACUUCUCGACUUTT
RAG9-871i- SEQID NO: 424 | AAGUCGAGAAGUGCAGAGCTT
antisense strand

Example 4. saRNAs Promoting ATOH1 Protein Expression

[0106] HEK293T cells were plated into a 96-well plate at a concentration of 3x10* to 5x10?
cells/well, cultured overnight, and transfected with 7 randomly selected functional saRNAs.
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Seventy two hours after transfection, cells were collected and lysed using a cell lysis buffer
(1xRIPA buffer, CST) which contained a protease inhibitor. Proteins were quantified by BCA
method (Thermo) and separated by polyacrylamide gel electrophoresis and conversion to a 0.45 um
PVDF membrane. Primary Rabbit monoclonal anti-ATOH1 (Abcam) and ao/p-tubulin antibodies
(Cell Signaling Technology) were used to detect blots and a secondary anti-rabbit I[gG, HRP-linked
antibody (Cell Signaling Technology) was used. Signals were detected using an Image Lab (BIO-
RAD, Chemistry Doctm MP imaging system).

[0107] As shown in FIG. 5, the 7 randomly selected activating saRNAs were capable of

promoting or increasing the expression of ATOH]1 protein.

[0108] Based on these results, a plurality of saRNAs capable of activating the expression of
ATOH1 gene were found through high-throughput screening of saRNAs targeting A7OH1 gene
promoter. The saRNAs can up-regulate the expression of the ATOH1 gene on mRNA and at the
protein expression level, and can be used to treat a disease or symptom caused by a decrease or
msufficient expression of the ATOH1 protein, or used in the preparation of a method or drug for

treating the disease or symptom.
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What is claimed is:

1. A small activating nucleic acid molecule, comprising a first nucleic acid strand and a second nucleic
acid strand, wherein the first nucleic acid strand has at least 75% homology or complementarity to a
continuous sequence of 16 to 35 nucleotides in length in positions -578 to -386 (SEQ ID NO: 2),
positions -339 to -291 (SEQ ID NO: 3), positions -162 to -86 (SEQ ID NO: 4) or positions -55 to -34
(SEQ ID NO: 5) upstream of the transcription start site in a promoter region of an ATOH1 gene,
wherein the first nucleic acid strand and the second nucleic acid strand complementarily form a
double-stranded nucleic acid structure capable of activating/up-regulating the expression of ATOH1
gene in a cell.

2. The small activating nucleic acid molecule of claim 1, wherein the first nucleic acid strand and the
second nucleic acid strand are present on two different nucleic acid strands.

3. The small activating nucleic acid molecule of claim 1, wherein the first nucleic acid strand and the
second nucleic acid strand are present on the same nucleic acid strand, and preferably, the small
activating nucleic acid molecule is a hairpin single-stranded nucleic acid molecule, wherein the first
nucleic acid strand and the second nucleic acid strand comprise complementary regions forming the
double-stranded nucleic acid structure.

4. The small activating nucleic acid molecule of claim 2, wherein at least one strand of the small
activating nucleic acid molecule has an overhang of 0 to 6 nucleotides in length at the 3' terminus of
the strand.

5. The small activating nucleic acid molecule of claim 4, wherein both strands of the small activating
nucleic acid molecule have overhangs of 0 to 6 nucleotides in length at the 3' terminus of each strand,
preferably the overhangs are of 2 or 3 nucleotides in length.

6. The small activating nucleic acid molecule of any one of claims 1 to 5, wherein the first nucleic
acid strand and the second nucleic acid strand independently have 16 to 35 nucleotides in length.

7. The small activating nucleic acid molecule of any one of claims 1 to 6, wherein one strand of the
small activating nucleic acid molecule comprises a nucleic acid sequence having at least 75%
homology or complementarity to a nucleotide sequence selected from the group consisting of SEQ
ID NOs: 280-416, or consists of a nucleic acid sequence having at least 75% homology or
complementarity to a nucleotide sequence selected from the group consisting of SEQ ID NOs: 280-
416.

8. The small activating nucleic acid molecule of any one of claims 1 to 7, wherein the first nucleic
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acid strand has at least 75% homology to a nucleotide sequence selected from the group consisting
of SEQ ID NOs: 6-142, and the antisense nucleic acid fragment has at least 75% homology to any
nucleotide sequence sclected from the group consisting of SEQ ID NOs: 143-279.
9. The small activating nucleic acid molecule of claims 1 to 8, wherein the first nucleic acid strand
comprises any nucleotide sequence selected from the group consisting of SEQ ID NOs: 6-142, or
consists of any nucleotide sequence selected from SEQ ID NOs: 6-142; the second nucleic acid strand
comprises any nucleotide sequence selected from the group consisting of SEQ ID NOs: 143-279, or
consists of any nucleotide sequence selected from SEQ ID NOs: 143-279.
10. The small activating nucleic acid molecule of any one of claims 1 to 9, wherein the small
activating nucleic acid molecule comprises at least one modification, preferably the modification is a
chemical modification.
11. The small activating nucleic acid molecule of claim 10, wherein the chemical modification
comprises or is selected from one or more modifications selected from the group consisting of:
(1) a modification of a phosphodiester bond connecting nucleotides in the nucleotide sequence of
the small activating nucleic acid molecule;
(2) a modification of 2'-OH of a ribose in the nucleotide sequence of the small activating nucleic
acid molecule; and
(3) amodification of a base in the nucleotide sequence of the small activating nucleic acid molecule;
and
(4) at least one nucleotide in the nucleotide sequence of the small activating nucleic acid molecule
being a locked nucleic acid.
12. The small activating nucleic acid molecule of claim 10, wherein the chemical modification
comprises or is selected from one or more modifications selected from the group consisting of: 2'-
fluoro modification, 2'-oxymethyl modification, 2'-oxyethylidene methoxy modification, 2,4'-
dinitrophenol modification, locked nucleic acid (LNA), 2'-amino modification, 2'-deoxy modification,
S-bromouracil modification, 5'-iodouracil modification, N-methyluracil modification, 2,6-
diaminopurine modification, phosphorothioate modification, and boranophosphate modification.
13. The small activating nucleic acid molecule of any one of claims 1-12, wherein the small activating
nucleic acid molecule activates or upregulates the expression of the ATOH gene by at least 10%.
14. A nucleic acid encoding the small activating nucleic acid molecule of any one of claims 1 to 9.

15. The nucleic acid of claim 14, wherein the nucleic acid is a DNA molecule.
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16. A cell comprising the small activating nucleic acid molecule of any one of claims 1 to 13 or the
nucleic acid of claim 14 or 15.

17. A composition comprising the small activating nucleic acid molecule of any one of claims 1 to
13, the nucleic acid of claim 14 or 15, or the cell of claim 16, and optionally, a pharmaceutically
acceptable carrier.

18. The composition of claim 17, wherein the pharmaceutically acceptable carrier is selected from
the group consisting of: a liposome, a high-molecular polymer, and a polypeptide.

19. A kit comprising the small activating nucleic acid molecule of any one of claims 1 to 13, the
nucleic acid of claim 14 or 15, the cell of claim 16, or the composition of any one of claims 17 to 18.
20. A use of the small activating nucleic acid molecule of any one of claims 1 to 13, the nucleic acid
of claim 14 or 15 or the composition of any one¢ of claims 17 to 18 in preparing a formulation for
activating or upregulating the expression of the ATOH] gene in a cell.

21. The use of claim 20, wherein the small activating nucleic acid molecule is directly introduced into
the cell.

22. The use of claim 20, wherein the small activating nucleic acid molecule is produced in the cell
after a nucleotide sequence encoding the small activating nucleic acid molecule is introduced into the
cell.

23. The use of any one of claims 20 to 22, wherein the cell is a mammalian cell.

24. The use of claim 20, wherein the cell is a human cell.

25. The use of claim 24, wherein the cell is present in a human body.

26. The use of claim 25, wherein the human body is a patient suffering from a discase or condition
related to insufficient or decreased expression of the ATOH1 protein, and the small activating nucleic
acid molecule is administered at a sufficient dose to treat the disease or condition.

27. The use of claim 26, wherein the disease or condition related to insufficient or decreased
expression of the ATOH1 protein comprises hearing loss and tumor.

28. An isolated target site of the small ATOH I-activating nucleic acid molecule, wherein the target
site comprises or is selected from any continuous sequence of 16 to 35 nucleotides in length from a
nucleotide sequence selected from the group consisting of: SEQ ID NOs: 2-5.

29. The small activating nucleic acid molecule target site of claim 28, wherein the target site
comprises or is selected from any of a nucleotide sequence selected from the group consisting of:

SEQ ID NOs: 280-416.
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30. A method for activating or upregulating the expression of an ATOH1 gene in a cell, comprising
administering the small activating nucleic acid molecule of any one of claims 1 to 13, the nucleic acid
of claim 14 or 15, or the composition of any one of claims 17 to 18 to the cell.

31. The method of claim 30, wherein the small activating nucleic acid molecule is directly introduced
into the cell.

32. The method of claim 30, wherein the small activating nucleic acid molecule is produced in the
cell after the nucleic acid encoding the small activating nucleic acid molecule is introduced into the
cell.

33. The method of any one of claims 30 to 32, wherein the cell is a mammalian cell.

34. The method of claim 30, wherein the cell is a human cell.

35. The method of claim 34, wherein the cell is present in a human body.

36. The method of claim 35, wherein the human body is a patient suffering from a disease or condition
related to insufficient or decreased expression of the ATOH1 protein, and the small activating nucleic
acid molecule is administered at a sufficient dose to treat the disease or condition.

37. The method of claim 35, wherein the discase or condition related to insufficient or decreased
expression of the ATOH1 protein comprises hearing loss and tumor.

38. A method for treating a disease or condition related to insufficient or decreased expression of the
ATOHI1 protein in an individual, comprising administering the small activating nucleic acid molecule
of any one of claims 1 to 13, the nucleic acid of claim 14 or 15, the cell of claim 16 or the composition
of any one of claims 17 to 18 at a curative dose to the individual.

39. The usec of claim 38, whercin the discase or condition related to insufficient or decreased
expression of the ATOH1 protein comprises hearing loss and tumor.

40. The method of claim 38 or 39, wherein the individual is a mammal.

41. The method of claim 38, wherein the individual is a human.

42. A use of the small activating nucleic acid molecule of any one of claims 1 to 13, the nucleic acid
of claim 14 or 15, the cell of claim 16 or the composition of any one of claims 17 to 18 in preparing
a drug for treating a disease or condition related to insufficient or decreased expression of the ATOH1
protein.

43. The use of claim 42, wherein the disease or condition related to insufficient or decreased
expression of the ATOH1 protein comprises hearing loss and tumor.

44. A use of the small activating nucleic acid molecule of any one of claims 1 to 13, the nucleic acid
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of claim 14 or 15, the cell of claim 16 or the composition of any one of claims 17 to 18 in preparing
a drug for treating a disease caused by insufficient expression of the ATOH1 protein, wherein the
disease comprises hearing loss.

45. The use of any one of claims 43 to 44, wherein the individual is a mammal.

46. The use of any one of claims 43 to 44, wherein the individual is a human.
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