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CHEMICALLY MODIFIED OLIGONUCLEQTIDES

RELATED APPLICATIONS
This application claime the benefit under 35 U.8.C. § 119{e) of United States provisional
application seral number 63/229,438, filed August 4, 2021, entitled "CHEMICALLY
MODIFIED OLIGONUCLEQTIDES,” the entire disclosure of which is incorporated herein by

reference in its entirety.
REFERENCE TO AN CLECTRONIC SEQUENCE LISTING

The countentts of the electronic sequence listing (RO6S970038WO00-SEQ-IXV xml; Size:
103,856 bytes; and Date of Creation: August 4, 2022} 1s herein incorporated by reference in iis

entirety.

FIELD
In some aspects, the disclosure relates to chemucally-modified double stranded nucleic
acid molecules that are directed against a gene encoding T cell Immunoreceptor with Ig and

ITIM domains (TIGIT).

BACKGROUND

A physiologic function of the immune systern s to recognize and eliminate neoplastic
cells. Therefore, an aspect of turnor progression 1s the development of immume resistance
mechanisms. Unce developed, these resistance mechanisms not only prevent the natural immune
svstem from affecting the tumor growth, but also limit the efficacy of anv immunotherapeutic
approaches to cancer. An immune resistance mechanism involves imunune-inhibiiory pathways,
sometimes referred 1o as invnune checkpoints. The immune-inhibiiory pathways play a
particularly important role in the interaction between tumor cells and D8+ eytotoxic T-
lvmphocytes, including Adoptive Cell Transfer (ACT) therapeutic agents.

Various methods of adoptive cell transtfer (ACT) involve ex vivo treatment of cells
collected from a patient’s samples, such as blood or tumor material. Common steps involved in
the preparation of cell-based treatments are isolation of cells from the primary source {e.g.,
peripheral blood), gene editing (e.g., engineering of chimeric antigen receptor (CAR} T-cells or
engineerad T-cell receptor {TCR) cells), activation, and expansion.

During the ex vivo processing the cells undergo certain phenotypic changes that may
affect their therapeutic properties, such as trafficking to the twmor, proliferative ability and
longevity n vivo, and their efficacy in the immunosuppressive environment, among others. For

example, the state of T-cell differentiation and maturation typically progresses through the
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following sequence of sublypes: naive {TN) — stem cell memory (TSCM) — central memory
{(TCM} ~ effector memory {TEM} — terminally differentiated effector T cells (TEFF). It has been
observed that phenotypic and functional attributes of early memory T-cells (TSUM/TCM} among
CD8+ T cells demonsirate superior in vivo expansion, persistence, and aniitumor efficacy than
more differentiated effecior cells {e.g., TEM, TEFF, etc).

Immmunotherapy of cancer has become increasingly important in clinical practice.
Immunotherapies designed {o elicit or amphiy an immume response can be classified as
activation immunotherapies, while tmmunotherapies that reduce or SuUppress Iramune respouse
can be classified as suppression immumnotherapies. One activation immunactherapeutic sirategy 1o
combat cancer immune resistance mechanisms is inhibiting imumune checkpoints {e.g., by using
checkpoint-targeting monoclonal antibodies) in order to stimulate or maintain a host immune
TESpPOnSe.

However, there are a number of drawbacks of using cancer immunotherapeutic agents in
combination with checkpoint inhibitors. For example, immune checkpoint blockade can lead to
the breaking of immune self-tolerance, thereby inducing a novel syndroroe of autoimmune/auto-
inflanwnatory side etfects, designated “inunune related adverse events.” Additionally, toxicity
profiles of checkpoint inhibitors are reportedly different than the toxicity profiles reported for
other classes of oncologic agents, and may mduce inflammatory evenis in mudtiple organ
svstems, including skin, gastrointestinal, endocrine, pulmonary, hepatic, ocular, and nervous

svstem.

SUMMARY
The disclosure, in some aspects, provides a chemically-modified double siranded nucieic
actd molecule that 1s directed against a gene encoding T cell Immumoreceptor with Ig and TTIM
domains {TT1GIT}, wherein the chenmicallv-modified double stranded nucleic acid molecule

comprises at feast 12 contiguous micleotides of a sequence selecied from SEQ 1D NOs: 1-6 and

1

s

)

In some embodiments, the chenucally-roodified double stranded nucleic acid molecule
comprises a sequence selected from SEQ 1 NOs: 1-6 and 27.

Another aspect of the disclosure provides a chemically-modified double siranded nucieic
actd molecule that is directed against a gene encoding T cell Immumoreceptor with Ig and ITIM
domains (TTGIT), wherein the chenucally-modified double stranded nucleic acid molecule is
directed against a sequence comprising at least 12 contiguous nucleotides of SEQ ID NG: 2&,

In some embodiments, the chemically-modified double siranded nucleic acid molecule s

directed against SEQ 1D NO: 28.
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In some ernbodiments, the chemically-moditied double stranded nucleic acid molecule
comprises an INTASYL ™. In some embodiments, the chemically-modified double stranded
nucleic acid molecule is hydrophobically modified. In some embodiments, the chemically -
modified double stranded nucleic acid molecude 15 linked to one or more hydrophobic conjugates.
I some embodiments, the hvdrophobic conjugate is cholesterol. In some embodiments, the
chemically-modified double stranded mucleic acid molecule comprises at least one 2°-O-methyl
modification and/or at least one 2°-0~ Fluoro modification, and at least one phosphorothioate
madification.

Inn some embodiments, the chemically-modified double stranded nucleic acid molecule
comprises a sequence selected from TIGIT 22 (SEQ 1D NOs: 1-2), TIGIT 23 (8EQ 1D NQOs: 3-4)
and TIGIT 24 (SEQ ID NQOs: 5-6).

In some embodiments, the chenucally-roodified double stranded nucleic acid molecule
comprises a sense strand having the sequence set forth in SEQ D NG 1 {(TIGIT 22 sense
strand} and/or an antisense strand having the sequence set forth in SEQ ID NG: 2 (THGIT 22
artisense strand).

Inn some embodiments, the chemically-modified double stranded nucleic acid molecule
comprises a sense strand having the sequence set forth in SEQ [D NO: 3 (TIGIT 23 sense
strand) and/or an antisense strand having the sequence set forth in SEQ 1D NOG: 4 (TIGIT 23
antisense sirand).

In some embodiments, the chenmically-modified double stranded nucleic acid molecule
comprises a sense strand having the sequence set forth in SEQ ID NO: 5 {TIGIT 24 sense
strand) and/or an antisense strand having the sequence set forth in SEQ ID NO: 6 (TIGIT 24
antisense strand).

in some embodiments, the disclosure provides a composition comprising a chemically-
modified double stranded nucleic acid molecule described herein and a pharmaceuatically
acceptable excipient.

Aspects of the disclosure provide an immunogenic composition comprising a host cell
comprising a chemically-modified double stranded nucleic acid molecule that comprises at feast
12 contiguous nucleotides of SEQ ID NOs: 1-6 and 27, wherein the host cell 15 selected from the
group consisting of T-cell, antigen-presenting cell (APC), dendritic cell (DT}, stem cell (8C),
induced pluripotent stem cell (PSC), and stem cell memory T-cell.

In some embodiments, the chemically-modified double stranded nucleic acid molecule
comprises a sequence selected from SEQ ID NQs: 1-6 and 27,

Aspects of the disclosure provide an immunogenic composition comprising a host cell

comprising chemically-meodified double stranded nucleic acid molecule that is directed against a
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gene encoding T cell Fromunoreceptor with Ig and ITEM domains (TIGIT), wherein the

chemically-modified double stranded nucleic acid molecule 15 directad against a sequence

comprising at feast 12 contiguous nucleotides of SEQ 1D NG 28, and wherein the host cell is

selected from the group consisting of T-cell, antigen-presenting cell (APC), dendutic cell (DC),

stem cell (8C), induced pluripotent stem cell GPSC), and stern cell memory T-cell.

In some embodiments, the chenically-modified double stranded nucleic acid molecule is
directed against SEQ 1D NO: 238,

In some ernbodiments, the chemically-moditied double stranded nucleic acid molecule
comprises an INTASYL ™. In some embodiments, the chemically-modified double stranded
nucleic acid molecule is hydrophobically modified. In some embodiments, the chemically -
modified double stranded nucleic acid molecude 15 linked to one or more hydrophobic conjugates.
I some embodiments, the hvdrophobic conjugate is cholesterol. In some embodiments, the
chemically-modified double stranded mucleic acid molecule comprises at least one 2°-O-methyl
modification and/or at least one 27-0- Fluore modification, and at least one phosphorothioate
madification.

Inn some embodiments, the chemically-modified double stranded nucleic acid molecule
comprises an INTASYL™. In some embodiments, the chemically-modified double stranded
nucleic acid molecule s hydrophobically modified. Tn some embodiments, the chemically-
modified double stranded nucleic acid molecule is linked to one or more hydrophobic conjugates.
I some embodiments, the hydrophobic conjugate 1s cholesterol. In some embodiments, the
chemically-modified double stranded mucleic acid molecule comprises at least one 2°-O-methyl
modification and/or at least one 2°-0~ Fluoro modification, and at least one phosphorothioate
modification.

in some embodiments, the hosi cell is a T-cell. In some embodiments, the T-cell
cOmprises one or more transgenes expressing a high atfinity T-cell receptor (TCR) and/or a
chimeric antibody receptor (CAR). In some ermnbodiments, the host cell 1s denved {rom a healthy
donor.

In some embodiments, the chemically-modified double stranded nucleic acid molecule
mnduces at least 50% inhibition of TIGIT in the host cell.

The disclosure, in another aspect, provides a method for producing an wwnmunogenic
composition, the method comprising introducing into a host cell one or more chemically-
modified double stranded nucleic acid molecudes, at teast one of which comprises at least 12
contiguous nucleotides of SEQ ID NQOs: 1-6 and 27 wherein the one or more chemically-
modified double stranded nucleic acid molecules target T cell Inununoreceptor with Ig and ITIM

domains (TIGIT), thereby producing a host cell, and wherein the host cell is selected from the
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group consisting of T-cell, antigen-presenting cell (APC), dendritic cell (DT}, stem cell (8C),

induced pluripotent stem cell (PSC), and stem cell memory T-cell.

in some embodiments, at least one of the one or more chemically-modified double
stranded nucleic acid molecules comprises a sequence selected from SEQ 1D NOs: 1-6 and 27.

Another aspect of the disclosure provides a method for producing an iromunogenic
composiiion, the method comprising introducing into a host cell one or more chenucally-
modified double stranded nucleic acid molecules, at least one of which is divected against a
sequence comprising at least 12 contiguous nucieotides of SEQ 1D NO: 28, wherein the one or
more chemically-modified double stranded nucleic acid molecules target T cell Invmunoreceptor
with {g and ITIM domains (TIGIT), thereby producing a host cell, and wherein the host cell 13
selected from the group consisting of T-cell, antigen-presenting cell (APC), dendnitic cell (BC),
stem cell (8C), induced pluripotent stem cell GPSC), and stern cell memory T-cell.

In some embodiments, at least one of the one or more chenucally-modified double
stranded nucleic acid molecules 1s directed against SEQ 1D NO: 28

Aspects of the disclosure relaie to methods for producing an immunogenic composifion,
the method comprising introducing into a host cell the chenucally-modified double stranded
nucleic acid molecules described herein, wherein the host celi is selected from the group
consisting of T-cell, antigen-presenting cell (APC), dendritic cell (DC), stemn cell (8C), induced
plunipotent stern cell (PSC), and stem cell memory T-cell 1s provided.

In some embodiments, the cell is a T-cell. In some embodiments, the T-cell compriges
one or more transgenes expressing a high affimty T-cell receptor {TCR) and/or a chimeric
antibody receptor {CAR). In some embodiments, the cell is derived from a healthy donor.

In some embodiments, the methods provided herein further comprise resuspending the
host cell in a washout media thai does not comprise the one or more chemically-modified double
stranded nucleic acid molecules for 24 hours to 6 days. In some embodiments, the host cell is
resuspended in the washout media for 24 hours 1o 96 hours. In some embodiments, the host cell
is resuspended in the washout media for 48 hours. In some embodiments, the host cell 15
resuspended in the washout media for 96 hours,

In some embodiments, the host cell 18 not resuspended 1 a washout media that does not
caormprise the one or more chemacally-modified double stranded nucleic acid molecules.

Aspects of the disclosure relate to methods for treating a subject suffering from a
proliferative disease or infectious disease, the method comprising admunistering (o the subject a
composition or imyrinogenic composition described herein.

In some embodiments, the proliferative disease i1s cancer.
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Each of the hmitations of the 1ovention can encompass various ernbodiroents of the
mvention. It is, therefore, anticipated that each of the imutations of the invention nvolving anv
one element or combinations of elements can be included in each aspect of the invention.  This
invention 1s not limited in its application to the details of consiraction and the arrangement of
components set forth in the following description or ustrated in the drawings. The invention is
capable of other embodiments and of being practiced or of being carried out in various ways.

Also, the phraseology and terminology used herein 1s for the purpose of descriplion and

22

should not be regarded as limuting. The use of “ncluding,” “comprising,” or “having,

5y

“containing,” “involving,” and vanations thereof herein, 1s meant to encompass the items listed

thereafier and equivalents thereof as well as additional items.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are nol intended (o be drawn o scale. Tn the drawings, each
identical or nearly identical componenti that 1s iHlusirated in various figures is represented by a
{ike numeral. For purpoeses of clanity, not every component may be labeled in every drawing. In
the drawings:

FI1G 1 provides an overview of the experimental setup utilized to test the ability of
INTASY L™ compounds targeting TIGHT to enhance the activity of NK cells.

F1G. 2 shows tumor cell killing by NK cells treated with the TIGIT-targeting
INTASYLE™ compound. TIGIT mRNA levels are shown on the left and percent specific lysis s
shown on the right.

Fi(z. 3 shows tumor cel killing by NK cells treated with the TIGITtargeting
INTASYL™ compound following a 96 howr washout period. TIGIT surface protein expression
1s shown ou the left and percent specific ysis 1s shown on the right. UTC=un-transfected
control, NTCU=non-targeting control,

F1G. 4 shows tumor cell killing by NK cells treated with the TIGIT-targeting
INTASYL™ compound following a 6 day washout period. TIGIT surface protein expression is
shown on the left and percent specific lysis 1s shown on the right. UTC=un-transfected control,

NTC=non-targeting control.

DETAILED DESCRIPTION
In some aspects, the disclosure relates to chemically modified double-stranded nucleic
actd molecuales {e.2., INTASYL™) targeting T-cell Immumoreceptor with Ig and ITIM domains
{(TIGIT). The chemically modified double-stranded nucleic acid molecules disclosed herein can

be used for immunotherapy.
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INTASYL™ technology 1s particularly suitable for modulating genes of interest for
unmunotherapy, such as in host cells (e g., T cells). Several advantages of INTASY L™ include:
(1) INTASYL™ can be developed in a short period of time and can silence virtually any target
including “non-druggable™ targets, e g., those that are difficult {0 inhibit by small molecules,
e.g., transcription factors; (1) coropared fo altemative ex vivo siRNA transfection techriques
{e.g.. ipid mediated transfection or electroporation), INTASYL ™ can transfect a variety of cell
types, including T cells with high transfection efficiency retaining a high cell viability; (111) when
added to cell culture media at an early expansion stage, INTASYL™ compounds provide
transient silencing of targets of interest during 8-10 division cycles; (iv) INTASY L™ can be
used in combination to simultaneously silence muldtiple targets, thus providing considerable
flexibility for the use in different types of cell treatment protocols.

Described heremn are INTASYL™ compounds durected to TIGIT

As used heremn, “nucleic acid molecule” includes but (5 not limited to; INTASYL™ gd-
mRNA, rxRNAor, oligonucieotides, ASQ, siRNA, shRNA, muRNA, ncRNA, cp-lasiRNA,
aRNA, single-stranded nucleic acid molecules, double-siranded nucleic acid molecules, RNA
and DNA. In some embodiments, the nucleic acid molecule is a chenucally-modified nucleic
actd molecule, such as a chemically-modified ohigonuclestide. In some embodiments, the
nucleic acid molecule is double stranded. In some embodiments, chemicallyv-modified double
stranded nucleic acid molecules as described heretn are INTASYL™ {also known as sd-rxBNA}

molecules.

INTASYL™ (5d-rxRNA) Molecules

Aspects of the invention relate to INTASYL™ molecules that target TIGIT. In some
erubodiments, an INTASYL™ molecule described herein comprises or consists of, or 1s targeted
to or directed against, a sequence set forth in Table 1, or a fragment thereof.

As used hereiny, an “sd-rxRNA” or an “sd-rxRNA molecule™ or an “INTASYL™" or an
“INTASYL™ molecule” or an “INTASYL™ compound” refers (o a self-delivering RNA
molecule such as those desceribed in, and mcorporated by reference from, US Patent No.
8,796,443, granted on August 3, 2014, entitied “REDUCED SIZE SELF-DELIVERING RNAI
COMPOUNDS”, US Patent No. 9,080,171, granted on July 14, 2015, entitled “REDUCED 517E
SELF-DELIVERING RNAI COMPOUNDS”, US Patent No. 9,175,289, granted on November
3, 2015, entitled “"REDUCED SIZE SELF-DELIVERING RNAI COMPOUNDS”, US Patent
No. 10,240,149, granted on March 26, 2019, entitled “"REDUCED SIZE SELF-DELIVERING
RNAT COMPOUNDS™, US Patent No. 10,774,330, granied on September 15, 2020, entitled
“REDUCED SIZE SELF-DELIVERING RNAT COMPOUNDS™, US Patent No. 11,118,178,
granted on September 14, 2021, entitled “"REDUCED SIZE SELF-DELIVERING RNAI
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COMPOUNDS”, PCT Publication No. WO2010/033247 (Application No.
PCT/US2009/005247), filed on September 22, 2009, and entitled “"REDUCED SIZE SELF-
DELIVERING RNAI COMPOUNDS”™, and PCT Publication No. WO2011/119852 {Application
No. PCT/US2011/029824), filed on March 24, 2011, and entitled “"REDUCED SIZE SELF-
DELIVERING RNAT COMPOUNDS.” Briefly, an INTASY L™ {also referred to as an sd-
RNAY™Y 15 an 1solated asynumetric double stranded nucleic acid molecule comprising a guide
strand, with a minimal fength of 16 nucleotides, and a passenger strand of 818 nucleotides in
length, wherein the double stranded nucleic acid molecule has a double stranded regionand a
single stranded region, the single stranded region having 4-12 nucleotides in length and having at
ieast three nucieotide backbone modifications. In preferred embodiments, the double stranded
nucleic acid molecule has one end that is blunt or includes a one or two nucleotide overhang,
INTASYL™ molecules can be optinuzed through chenucal modification, and in soroe instances
through attachment of hvdrophobic conjugates. Each of the above-referenced patents and
publications are incorporated by reference herein in their entireties.

In some ernbodiments, an INTASYL™ coroprises an 1solated double stranded nucleic
acid molecule comprising a guide strand and a passenger sirand, wherein the region of the
molecule that is double stranded 15 from 3-15 nucleotides long, wherein the guide strand containg
a single stranded region that 1s 4-12 nucleotides long, wherein the single stranded region of the
guide strand contams 3, 4, 5,6, 7, 8,9, 10, 11 or 12 phosphorothioate modifications, and wherein
at least 40% of the nucleotides of the double stranded nucleic acid are modified.

In some embodiments, an INTASYL™ comprises an isolated double stranded nucieic
actd molecuale comprising a guide strand and a passenger strand, wherein the region of the
molecule that is double stranded 15 from 8-15 nucleotides long, wherein the guide strand contains
a single stranded region that is 4-12 nucleotides long, wherein the single stranded region of the
guide strand contains 3, 4, 5,6, 7, 8, 9, 10, 11 or 12 phosphorothioate modifications, and whergin
at teast 40% of the nucleotides of the double stranded nucleic acd are modified, whersin one
strand, is conjugated to cholesterol at the 57 or 3° end of the strand. In some embodiments, the
passenger strand is conjugated cholesterol at the 57 o1 37 end of the strand.

In some embodiments, an INTASYL™ comprises an 1solated double stranded nucleic
actd molecule comprising a guide strand and a passenger strand, wherein the region of the
molecule that is double stranded 15 from 8-15 nucleotides long, wherein the guide strand contains
a single stranded region that 1s 4-12 nucleotides long, wherein the single stranded region of the
guide strand contains 3, 4, 5,6, 7, 8, 9, 10, 11 or 12 phosphorothioate modifications, and whergin

at least 40% of the nucleotides of the double stranded nucleic acid are modified, wherein one
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strand, e.¢., the passenger strand, contains a hvdrophobic motety conjugated to the 37 end of the

passenger sirand, wherein the hydrophobic moiety 15 cholesterol,

Nucleic acid molecules associated with the disclosure are referred o herein as isolated
double stranded or duplex nucleic acids, chemically-modified double stranded or duplex nucleic

s acids, oligonucleotides, polynuclectides, nano molecules, nano RNA, sd-rxRNA™M™ sd-rxRNA,
INTASYL™ or RNA molecules of the mvention.

INTASYL™ molecules are much more effectively taken up by cells compared to
conventional siRNAs. These molecules are highly efficient in silencing of target gene expression
and offer significant advantages over previcusly described RN A1 molecules including high

16 activity in the presence of serum, efficient seif-delivery, compatibility with a wide variety of
inkers, and reduced presence or complete absence of chemical modifications that are associated
with toxicity.

In contrast to single-stranded polynucieotides, duplex polynucleouides have traditionally
been difficult to deliver 1o a cell as they have rigid structures and a farge number of negative

15 charges which makes membrane transfer difficult. INTASYL™ molecules however, alithough
partiatly double-stranded, are recognized in vivo as single-stranded and, as such, are capable of
efficiently being delivered across cell membranes. As a result, the polynucleotides of the
invention are capable in many instances of self~delivery. Thus, the polvnucleotides of the
rovention may be formulated in a manver similar to conventional RNA agents or they may be

20 delivered to the cell or subjact alone {or with non-dehivery type carriers) and allowad 1o self-
deliver. In one embodiment of the present invention, seif-delivering asvmmeiric double-stranded
RNA molecules are provided in which one portion of the molecule resembles a conventional
RNA duplex and a second portion of the molecule is single stranded.

The oligonucieotides of the invention in some aspects have a combination of asymmetric

28 structures including a double stranded region and 3 single stranded region of 5 nucleotides or
longer, specific chemical modification patterns and are conjugated to lipophilic or hydrophobie
molecules. In some embodiments, this class of RNA1 like compounds have superior efficacy in
vitro and in vivo. It 1s believed that the reduction in the size of the ngid duplex region in

combination with phosphorothioate modifications applied to a single stranded region contribute

ot
i)

to the observed superior efficacy.

In some embodiments, the RNAI compounds of the invention comprise an asynumetric
compound comprising a duplex region {required for efficient RISC entry) of 8-15 bases long and
a single stranded region of 4-12 nucleotides long. In some embodiments, the duplex region is 13

or 14 nucleotides long, and inn some embodiments, the since stranded region i1s 6-7 nucleotides

(%)
()

fong. The single stranded region of the RNA1 compounds {e.g., INTASYL™ molecules} also
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comprises 2-12 phosphorothioate intermucleotide linkages {referred to as phosphorotiuoate
modifications). In some embodiments, the single stranded region comprises 6-8
phosphorothioate mternuclestide linkages. Additionally, the RNAi compounds of the invention
also include a unigue chemical modification pattern, which provides stability and is compatible
with RISC entry. n some embodiments, the combination of these elements has resulied 1o
unexpected properties which are highly useful for delivery of RNAI reagents in virro and in vivo,

The chemical modification pattem, which provides stabilitv and is compatible with RISC
entry can include modifications to the sense, or passenger, sirand as well as the antisense, or
guide, strand. For instance, the passenger strand can be modified with any chemical entities
which confirm stability and do not interfere with activity. Such modifications inchade 2° ribo
modifications (O-methyvl, 27 F, 2 deoxy and others) and backbone modifications, such as
phosphorothicate modifications. In some embodiroents, the chemical modification pattern in the
passenger strand includes O-methyi modification of C and U nuclectides within the passenger
strand or altematively, the passenger strand may be completely G-methyl modified.

The guide strand, in some embodiments, may also be modified by any chemical
modification which confirms stability without interfering with RISC entry. In some
embodiments, the chemical modification patiern in the guide strand includes the majority of C
and U nucleotides being 27 F modified and the 57 end being phosphoryiated. In some
embodiments, a chemical modification pattemn in the guide strand includes 2°O-methyl
modification of position 1 and C/U 1 positions 11-18 and 57 end chenucal phosphorylation. In
some embodiments, a chemical modification pattern in the guide strand includes 2°0-methyl
modification of position 1 and C/U m positions 11-18 and 57 end chemical phosphorylation and
2°F modification of C/U in positions 2-10. In some embodiments, the passenger strand and/or
the guide strand containg at least one S-methyl € or U modification.

In some embodiments, at least 30% of the nucleotides in the sd-rxRNA {e.g.,

36%, 37%. 38%, 39%, 40%. 41%, 42%, 43%, 44%. 45%, 46%, 47%. 48%, 49%, 50%, 51%.
2%, 53%, S4%. 55%, 56%, ST%., 58%, 59%., 60%, 61%, 62%, 63%. 64%, 65%, 66%, 67%.

68%, 69%, T0%, 71%, 72%, T3%, T74%, 75%, T6%, TT%, T8%, T9%, B0%, 81%, 82%, 83%,

B

INTASYL™ comnpound}) are modified. For example, at least 30%, 31%, 32%, 33%, 34%, 35%

849, 85%, 86%, §7%, 8%, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%% or 99% of
the nucleotides in the INTASYL™ cm‘npound are modified. In some embodiments, 100% of the
nucleotides in the INTASYL™ compound are modified.

The above-described chemical modification patterns of the oligonucleotides of the
mvention are well tolerated and improve efficacy of asymmetric RNA1 compounds. In some

embodiments, elimination of any of the described components (guide strand stabilization,
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phosphorothioate stretch, sense strand stabilization, hydrophobic conjugate and/or targeting

ligand} or increase in size, can result in sub-optimal efficacy and, in some mstances, complete

oss of efficacy. The combination of elements results in development of a compound, which is

fully active following passive delivery to cells,

The INTASYL™ can be further improved in some mnstances by improving the
hydrophobicity of compounds using novel types of chemistries. For example, one chemistry is
related to use of hydrophobic base modifications. Any base in any posttion might be modified, as
long as modification results in an increase of the pariion coeflicient of the base. The preferred
locations for modification chemuistries are positions 4 and 5 of the pyrirmdines. The major
advantage of these positions is {a) ease of synthesis and (b} lack of interference with base-pairing
and A form helix formation, which are essential for RISC complex loading and target
recogrution. In some erobodiments, INTASYL™ coropounds where multiple deoxy unidines are
present without interfering with overall compound efficacy are used. In addition, major
improvement in tissue distribution and cellular uptake might be obtained by modifying the
structure of the hvdrophobic conjugate. In some embodiments, the structure of sterol 18 modified
1o alter (increase/decrease) (17 attached chain. This type of modification results in significant
increase in cellular uptake and improvement of tissue uptake prospenities in vivo.

In some embodiments, a chemically-modified double stranded mucleic acid molecule is a
hydrophobically roodified siRNA-antisense hybnid molecule, coroprising a double-strande
region of about 13-22 base pairs, with or without a 37- overhang on each of the sense and
antisense strands, and a 3° single-stranded tail on the antisense strand of about 2-9 nuclestides.
In some embodiments, the chemicallv-modified double stranded nucleic acid molecule contains
at feast one 2°-O-Methyl modification, at least one 2'-Fluoro modification, and at least one
phosphorothioate modification, as well as at least one hydrophobic modification selected from
sterol, cholesterol, vitamin D, napthvl, 1sobutyl, benzvl, indol, tryptophane, phenvi, and the fike
hydrophobic modifiers. In some erobodiments, a chemmcally-modified double stranded nucleic
acid molecule comprises a plurality of such modifications.

In some embodiments, a chemically-modified double stranded mucleic acid molecule
targets a gene encoding TIGIT. As used herein, “TIGIT” refers to T-cell Iimmunoreceptor with
Ig and ITIM domains, which 1s an ironune receptor that down-regulates T-cell mediated
immunity via the CD226/TIGIT-PVR pathway, for example by increasing interfeukin 10 (IL-10)
production. In some embodiments, TIGIT 15 encoded by a nucleic acid sequence represented by
NCBI Reference Sequence Number NM_ 173799 3. Non-limiting examples of TIGIT sequences
that may be targeted by chemically-modified double stranded nucleic acid molecules of the

disclosure are listed in Tables 1-2. In some embodiments, a chemicallv-modified double
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stranded nucleic acid molecule, such as an INTASYL™, targets any one of SEQ 1D NQOs: 28-48
or a portion thereof.

in some embodiments a chemically-modified double stranded nucleic acid molecule, such
as an INTASYL™ comprises at least 12 contiguous nucleotides of a sequence within Table 1 or
2. In soroe embodiments, a chenucally~-modified double stranded nucleic acid molecule such as
an INTASYL™, comprises af least one sequence within Table | or 2. In some embodiments a
chemically-modified double stranded nucleic acid molecule such as an INTASYL™, comprises
at least 12 contiguous nucleotides of a sequence selected from SEQ 1D NOs: 1-48. In soroe
embodiments a chemically-modified double stranded nucleic acid molecule comprises at least 12
contiguous nucleotides of a sequence selected from SEQ 1D NQGs: 1-27. In some embodimenis, a
chemically-modified double stranded nucleic acid molecule comprises a sequence selected from
SEQ D NOs: 1-48. In sore embodiments, a chemucally-roodified double stranded nucleic acid
molacule comprises a sense strand having the sequence set forth in SEQ 1D NO: 1 and/or an
antisense strand having the sequence set forth in SEQ ID NO: 2. In some embodiments, a
chemically-modified double siranded nucleic acid molecule comprises a sense strand having the
sequence set forth in SEQ 1D NO: 3 and/or an antisense strand having the sequence set forth in
SEQID NG 4. In some embodiments, a chemically-modified double stranded nucleic acid
molecule comprises a sense strand having the sequence set forth in SEQ ID NG: 5 and/or an
antisense sirand having the sequence set forth 1 SEQ 1D NO: 6

Thus, aspects of the invention relate {o isolated double stranded nucleic acid molecules
comprising a guide {antisense) strand and a passenger (sense) strand.  As used herein, the term
“double-siranded” refers 1o one or more nucleic acid molecules in which at least a portion of the
nucleomonomers 1s complementary and hydrogen bond to form a double-stranded region. In
some embodiments, the length of the guide strand ranges from 16-29 nucleotides long. In certain
embodiments, the guide strand 1s 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, o1 29
nucleotides long, The guide strand has coroplementanity to atarget gene. Complementanity
hetween the guide strand and the target gene may exist over any poriion of the guide strand.
Complementarity as used herein may be perfect complementarity or less than perfect
complementarity as long as the guide strand is safficiently complementary to the target that it
mediates RNAL In soroe embodiments complementarity refers to less than 25%, 20%, 15%,
10%, 5%, 4%, 3%, 2%, or 1% mismatch between the guide strand and the target. Perfect
complementarity refers to 100% complementanty. In some embodiments, siRNA sequences with
insertions, deletions, and single pomt mutations relative to the {arget sequence have also been
found to be effective for inhibition. Moreover, not all positions of a siRNA contribute equally to

target recognition. Mismaiches in the center of the siRNA are most critical and esseniially
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abolish target RNA cleavage. Mismatches upsiream of the center or upstream of the cleavage site
referencing the antisense strand are tolerated but signmficantly reduce target RNA cleavage.
Mismaiches downstream of the center or cleavage site referencing the antisense strand,
preferably located near the 3" end of the antisense strand, e.g.. 1, 2, 3, 4, S or 6 nuclectides from
the 3' end of the antisense strand, are tolerated and reduce target RNA cleavage only shghily.

While not wishing t¢ be bound by any particular theory, in some embodiments of double
stranded nucleic acid molecules described herein, the guide strand i3 at least 16 nucleotides in
length and anchors the Argonaute protein in RISC. fn some embodiments, when the guide sirand
loads into RISC it has a defined seed region and target mRNA cleavage takes place across from
position 10-11 of the guide sirand. In some embodiments, the 537 end of the guide strand is oris
able to be phosphorylated. The nucleic acid molecules deseribed herein may be referred to as
ronimum frigger RNA.

In some embodiments of double stranded nucleic acid molecules described herein, the
fength of the passenger strand ranges from 8-15 nucleotides long. In some embodiments of
double stranded nucleic acid molecules described herein, the length of the passenger strand
ranges from 8-16 nucleotides long. In certain embodiments, the passenger strand 1s 8, 9, 10, 11,
12, 13, 14, 15, or 16 nucleotides long. The passenger strand has complementarity to the guide
strand. Complementarity between the passenger strand and the gaide strand can exist over any
portion of the passenger or guide strand. To some embodiments, there 1s 100% corplementanty
hetween the guide and passenger strands within the double stranded region of the molecule.

Aspects of the invention relate to double stranded nucleic acid molecules with minmmal
double stranded regions. In some embodiments the region of the molecule that is double stranded
ranges from 8-15 nucleotides long. In some embodiments the region of the molecule that is
double stranded ranges from 8-16 nucleotides long. In certain embodiments, the region of the
molecule that is double stranded 15 8, 9, 10, 11, 12, 13, 14, 15, or 16 nucleotides long. In certain
embaodiments the double stranded region 15 13 or 14 nucleotides tong. In some embodiments, the
region of the molecule that 1s double stranded 1s 13-22 nucleotides long. In certain
embodiments, the region of the molecule that is double stranded is 16, 17, 18, 19, 20, 21 or 22
nuclectides long.

There can be 100% complementarity between the guide and passenger strands, or there
may be one of more mismatches between the guide and passenger strands. In some
embodiments, on one end of the double stranded moleculs, the moleculs 1s either bhunt-ended or
has g one-nucleotide overhang. The single stranded region of the molecule is in some
embodiments between 4-12 nucleotides long. For example, the single stranded region can be 4,

5,6,7, 8,9, 10, 11 or 12 nucleotides long. However, in certain embodiments, the single stranded
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region can also be less than 4 or greater than 12 nucleotides long. In certain embodiments, the

single stranded region is at least 6 or at least 7 nuclectides long. In some embodiments, the

single stranded region is 2-9 nucleotides long, including 2 or 3 nucleotides long.

RMAI1 constructs associated with the invention can have a thermodynamie stability (AG)
of less than ~13 kkal/mol. In some embodiments, the thermodynanuc stability (AG) is less than -
20 kkal/mol. In some embodiments there is a loss of efficacy when (AG) goes below ~21
kkal/mol. In some embodiments a (AG) value higher than -13 kkal/mol 1s compatible with
aspects of the invention. Without wishing to be bound by any theory, in some embodiments a
molecule with a relatively higher {AG) value mav become active at a relatively higher
conceniration, while a molecule with a relatively lower {AG) value may become active at a
relatively lower concentration. In some embodiments, the (AG) value may be higher than -9
kkcal/mol. The gene silencing effects mediated by the RNA1 constructs associated with the
invention, contatning minimal double stranded regions, are unexpected because molecules of
almost identical design but lower thermodynamic stability have been demonstrated to be inaciive
{Rana et al 2004).

Without wishing to be bound by any theory, results described herain suggest that a streich
of 8-10 bp of dsRNA or dsDNA will be structurally recognized by protein components of RISC
or co~factors of RISC. Additionally, there is a free energy requirement for the friggening
compound that it may be either sensed by the protein components and/or stable encugh to
interact with such components so that it may be loaded into the Argonaute protein. If acceptable
thermodynarmics are present and there 1s a double stranded portion that 1s preferably at least 8
nucleotides, then the duplex will be recognized and loaded into the RN A1 machunery.

In some embodiments, thermodynamuic stability is increased through the use of LNA
bases. In some embodiments, additional chemical modifications are introduced. Several non-
limiting examples of chemical modifications include: 57 Phosphate, S Phosphonate, 37 Vinyl
Phosphonate, 2°-O-methyl, 27-O-ethyl, 2°-fluoro, ribothymidine, C-5 propynyl-dC {(pdCland -3
propvavi-dU (pdUy; C-5 propynvi-C (pC) and C-5 propynyi-U {pU); S-methyl C, S-methyvl U, §-
methvl dC, S~-methyl dU methoxy, (2,6-diaminopurine), S'-Dimethoxy trityl-N4-ethyl-2'-
deoxyCyiidine and MGB (minor groove binder). It should be appreciated that more than one
chemical modification can be combined withun the same molecule.

In some embodiments, molecules associated with the disclosure are optimized for
inereased potency and/or reduced toxicity. For exarople, nucleotide length of the guide and/or
passenger sirand, and/or the number of phosphorothicate modifications in the guide and/or
passenger strand, can in some aspects influence potency of the RNA molecule, while replacing

27 -flyero (2°F) modifications with 27-O-methyvl (270Me) modifications can n some aspects
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influence toxicity of the molecule. Specifically, reduction 10 2°F content of a molecule s
predicted to reduce toxicity of the molecule. Furthermore, the number of phosphorothioate
modifications in an RNA molecule can mfluence the uptake of the molecule into a cell, for
example the efficiency of passive uptake of the molecule into a cell. Preferred embodiments of
molecules described herein have no 2°F modification and vet are charactenized by equal efficacy
in cellular uptake and tissue penetration. Such molecules represent a sigrificant improvement
over prior art, such as molecules described by Aceell and Woltrum, which are heavily modified
with extensive use of 2°F.

In some embodiments, a guide strand 1s approximately 18-20 nucleotides 1n length and
has approximately 2-14 phosphate modifications. For example, a guide strand can contain 2, 3,
4,5,6,7,8,9 10, 11, 12, 13, 14 or more than 14 nucleotides that are phosphate-modified. The
guide strand may contain one or more modifications that confer jucreased stability without
iterfering with RISC entry. The phosphate modified nucleotides, such as phosphorothicate
modified nucleotides, can be at the 3” end, 5° end or spread throughout the guide strand. In some
embodiments, the 3" ternunal 10 nucleotides of the guide strand contamn 1, 2,3, 4,5, 6,7, 8, 9or
10 phosphorothioate modified nucleotides. The guide strand can also contain 2°F and/or 2°0Me
modifications, which can be located throughout the molecule. In some embodiments, the
nucleotide in position one of the guide strand (the nucleotide in the most $° position of the puide
strand) 1s 2°0OMe modified and/or phosphorylated and/or contains a vinyl phosphonate. € and U
nucleotides within the guide strand can be 2°F modified. For example, € and U nucleotides in
positions 2-10 of a 20 nucleotide guide strand {or corresponding positions in a guide strand of a
different length) can be 2°F modified. € and U nucleotides within the guide strand can also be
2’0OMe modified. For example, € and U nucleotides in positions 11-18 of a 19 nucleotide guide
strand (or corresponding positions in a guide strand of a different length) can be 2"0OMe
modified. In some embodiments, the nucleotide at the most 37 end of the guide strand s
unmodified. In certain embodiments, the mgjority of Cs and Us within the guide strand are 2°F
modified and the 3° end of the gunde strand 1s phosphorviated. In other embodiments, posttion 1
and the Cs or Us in positions 11-18 are 2°0OMe modified and the 57 end of the guide strand is
phosphorylated. In other embodiments, posttion 1 and the Cs or Us in positions 11-18 are
27OMe modified, the 57 end of the guide strand 15 phosphorylated, and the Cs or Us in position 2-
10 are 2°F modified.

In some aspects, a passenger strand is approximately 11-14 nucleotides in tength. The
passenger strand may contain modifications that confer increased stability. One or more
nucleotides in the passenger strand can be 2'0OMe modified. In some embodiments, one or more

of the € and/or U nucleotides in the passenger strand 1s 2°OMe modified, or all of the Cand U
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nucleotides in the passenger strand are 2’0OMe modified. In certain ernbodiments, ali of the
nucleotides in the passenger sirand are 2°0OMe modified. One or more of the nucleotides on the
passenger strand can also be phosphate-modified such as phosphorothioate modified. The
passenger strand can also contamn 27 ribo, 2°F and 2 deoxy modifications or any combination of
the above. Chemical modification patterns on both the guide and passenger strand can be well
tolerated and a combination of chemical modifications can lead to increased efficacy and self-
delivery of RNA molecules.

Aspects of the invention relate to RN A constructs that have extended single-stranded
regions relative to double stranded regions, as compared to molecules that have been used
previousty for RNAi. The single siranded region of the molecules may be modified to promote
celludar uptake or gene silencing. In some embodiments, phosphorothioate modification of the
single stranded region influences cellular uptake and/or gene silencing. The region of the guide
strand that 1s phosphorothioate modified can include nucleotides within both the single stranded
and double stranded regions of the molecule. In some embodiments, the single siranded region
ncludes 2-12 phosphorothicale modifications. For example, the single stranded region can
melude 2, 3,4, 5,6, 78,9, 10, 11, or 12 phosphorothicate modifications. In some instances, the
single stranded region contains 6-8 phosphorothioate modifications.

Molecules associated with the mvention are also designed for cellular uptake. In RNA
molecules describad herein, the guide and/or passenger strands can be attached fo a conjugate. In
certain embodiments the conjugate is hydrophobic. The hydrophobic coniugate can be a small
molecuie with a partition coefficient that is higher than 10. The conjugate can be a sterol-tvpe
molecule such as cholesterol, or a molecule with an increased length polycarbon chain atiached
to C17. and the presence of a comjugate can influence the ability of an RN A molecule to be taken
into a cell with or without a lipid transfection reagent. The conjugate can be attached to the
passenger or gutde strand through a hydrophobic linker. In some embodiments, a hydrophobic
finker is 5-12C n length, and/or 1s hvdroxypyrrolidine-based. Tn some embodiments, a
hydrophobic conjugate is attached to the passenger strand and the CU residues of either the
passenger and/or guide strand are modified. In some embodiments, at feast 50%, 55%, 60%,
65%, T0%, 75%, 80%, 853%, 90% or 95% of the CU residues on the passenger strand and/or the
guide sirand are modified. In some aspecis, molecules associated with the invention are self~
delivering {sd). As used herein, “self-delivery”™ refers to the ability of a molecule to be delivered
into a cell without the need for an additional delivery vehicle such as a transfection reagent.

Molecules associated with the invention are designed for targeted delivery to the liver. In
RNA molecules described herein, the guide and/or passenger strands can be attached o a

conjugate. In certain embodiments the conjugate ts a targeting ligand. The targeting ligand
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corgugate can be a saccharide such as N-acetyl galactosarnine {GalNac) moieties and derivatives

thereof. The RNA molecules, in some embodiments, may comprise 1, 2, 3, 4, 5 or more GalNac

moieties. The {argeting higand conjugate(s} can be attached {o the passenger or guide strand

through a hinker or incorporated into the passenger or guide strand as a phosphoramidite, for

example.

Aspects of the invention relate fo selecting molecules for use i RNAtL In some
embodiments, molecules that bave a double stranded region of 8-15 nucleotides can be selected
for use 1o RNAL In some embodiments, molecules are selected based on their thermodynamic
stability {A(G). In some embodiments, molecules will be selected that have a {AG) of less than -
13 kkal/mol. For example, the (AG) valoe may be -13, <14, -15, -16, -17, -18, -19, -21, 22 or
less than -22 kkal/mol. In other embodiments, the (AG) value may be higher than ~13 kkal/mol.
For example, the (AG) value may be -12, -11, ~10, -9, -8, -7 or more than -7 kkal/mol. It should
be appreciated that AG can be calculated using any method known 1o the art. In some
embodiments AG is calcudated using Miold, available through the Mfold intemet site
{rnfold bioinfo rpt edw/cgi-bin/ma-formi.cgi). Methods for calculating AG are described in, and
are incorporated by reference from, the following references: Zuker, M. (2003) Nucleic Acids
Res., 31{(13):3406-15; Mathews, D. H, Sabing, 1., Zuker, M. and Tumer, I3 H. (1999 | Mol.
Biol. 288:911-940; Mathews, D, H., Disney, M. D, Childs, 1. L., Schroeder, 8.}, Zuker, M., and
Tumer, D. H. {2004) Proc. Natl. Acad. Sci. 101:7287-7292; Duan, S, Mathews. 3. H., and
Turner, B H. {2006} Biochemistry 45:9819-0832; Wuchty, §., Fontana, W., Hofacker, . L., and
Schuster, P. (1999) Biopolymers 49: 145165

In certain ernbodiments, the polynuclectide contains 5'- and/or 3'~end overhangs. The
number and/or sequence of nucleotides overhang on one end of the polynuclestide may be the
same or different from the other end of the polynucleotide. In certaim embodiments, one or more
of the overhang nucleotides may contain chemical modification(s), such as phosphorothicate or
2’-0OMe modification,

in certain embodiments, the polynucleotide s unmodified. In other embodiments, at least
one nucieotide 1s modified. In {urther embodiments, the modification includes a 2°-H or 27~
modified ribose sugar at the 2nd nucleotide from the 57-end of the guide sequence. The “2nd
nucleotide™ is defined as the second nucleotide from the 5'-end of the polvnucleotide.

As used herein, "2 -modified ribose sugar” includes those ribose sugars that donot have g
27-0H group. "2 -modified ribose sugar” does not include 27-deoxyribose (found m unmodified
canonical DNA nucleotides). For example, the 2" -modified ribose sugar may be 2'-O-alkyl
nucleotides, 2'-deoxy-2"-fluoro nucleotides, 2'-deoxy nucleotides, or combination thereof.

In certain embodiments, the 27-modified nucleotides are pynimidine nucleotides (e g., C



20

25

ot
i)

(%)
()

WO 2023/015265 PCT/US2022/074555
-18 -

/Uy Examples of 2°-0O-alkyl nucleotides include 2°-O-methyl nucleotides, or 2'-O-allyl

nucleotides.

in certain embodiments, the sd-rxRNA polynucleotide of the invention with the above-
referenced 5-end modification exhibits significantly {e.g., at least about 25%, 30%, 35%, 40%,
45%, 30%, 55%, 60%, 65%. T0%, 75%, 80%, 85%. 90% or more} less “ofl-target” gene
stiencing when compared to similar constructs without the specified 5'-end modification, thus
greatly improving the overall specificity of the RNA1 reagent or therapeutics.

As used herein, “off-target” gene silencing refers to urintended gene silencing due to, for
example, spuricus sequence homology between the antisense {guide) sequence and the
unintended target mRNA sequence.

According to this aspect of the invention, certain gwide strand modifications further
increase nuclease stability, and/or tower interferon induction, without significantly decreasing
RNA1 activity {or no decrease in RNAi# activity at ail},

Certain combinations of modifications may result in further unexpecied advantages, as
partly manifesied by enhanced ability to inhubut target geve expression, enhanced serum stability,
and/or increased target specificity, efc.

in certain embodiments, the guide strand comprises a 27-0-methyl modified nucleotide at
the 2 nucleotide on the 5" -end of the guide strand and no other modified nucleotides.

In other aspects, the chenucally modified double siranded nucleic acid molecule
structures of the present invention mediate sequence-dependent gene silencing by a nucroRIN/
mechanism. As used herein, the term “microRINA™ ("nuRNA™), also referred to in the art as
“small temporal RNAs” (“siRNAs™), refers to a small (10-50 nuclectide} RNA which are
genetically encoded {e.g . by viral, manmmalian, or plant genomes} and are capable of directing or
mediating RNA silencing. An “miRNA disorder” shall refer to a disease or disorder
characterized by an aberrant expression or activity of an miRNA

microRMNAs are jovolved 1o down-regulating target genes in entical pathways, such as
development and cancer, in mice, worms and mammals. Gene silencing through a nucroRNA
mechanism s achieved by spectfic vet timperfect base-pairing of the muRNA and s target
messenger RNA (mRNA). Various mechanisms may be used in microRNA~-mediated down-
regulation of target oRNA expression.

miRNAs are noncoding RNAs of approximately 22 nucleotides which can regulate gene
expression at the post transeriptional or translational level during plant and animal development.
One common {eatore of miRNAs 15 that they are all excised from an approximately 70 nucleotide
precursor RNA stem-loop termed pra-miRNA, probably by Dicer, an RNase lHi-type enzvme, or

a homolog thereof. Naturally-occurring miRNAs are expressad by endogenous genes iz vivo and
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are processed from a hairpin or stern-loop precursor (pre-muRNA or pri-muBNAs}) by Dicer or

other RNAses. miRNAs can exist transiently i vivo as a double-stranded duplex but only one

strand is taken up by the RISC complex 1o direct gene silencing,

In some embodiments, a version of chemically modified double siranded nucleic acid
compounds, which are effective in cellular uptake and inhibition of nuRNA activity, are
described. Essentially, the compounds are similar to RISC entering versions, but large sirand
chemical modification patterns are made to block cleavage and act as an effective inhibitor of the
RISC action. For example, the coropound might be completely or roostly O-methvl moditied
with the phosphorothicate content described previously. For these types of compounds, the 57
phosphorviation is not necessary in some embodiments. The presence of a double stranded
region is preferred as it promotes celhilar uptake and efficient RISC loading.

Another pathway that uses sroall RNAs as sequence-specific regulators s the RNA
interference (RN A1} pathway, which is an evolitionarily conserved response to the presence of
double-stranded RNA (dsRNA) in the cell. The dsRNAs are cleaved mto ~20-base pair (bp)
duplexes of small-interfering RNAs (siRNAs) by Dicer. These small RNAs get assembled o
nwltiprotein effector complexes called RN A-induced silencing complexes {(RISCg). The siRNAs
then guide the cleavage of target mRNAs with perfect complementarity.

Some aspects of biogenesis, protein complexes, and function are shared between the
siRNA pathway and the miRNA pathway. Single-stranded polynucleotides may mimic the
dsRNA in the siRNA mechanism, or the microBRNA in the miBNA mechanism.

In certain embodiments, the modified RNAI constructs may have improved stability 1n
serum and/or cerebral spinal fluid compared to an unmodified RNA1 constructs having the same
sequence.

in certain embodiments, the structure of the RINAI constrnict does not induce mierferon
response 1o primary cells, such as mammalian primary cells, including privwary cells from
human, mouse and other rodents, and other non-human mammals. In certain embodiments, the
RNA1 construct may also be used to inhibit expression of a target gene in an invertebrate
organism.

To further increase the stability of the subject consiructs i vive, the 37-end of the
struciure may be blocked by protective group(s). For example, protective groups such as
mverted nucleotides, inverted abasic moieties, or amino-end modified nuclectides mav be used.
Inverted nuclestides may comprise an inverted deoxynuclestide. Tnverted abasic moteties may
comprise an inverted deoxyabasic motety, such as a 3',3linked or 5, 5"linked deoxyabasic
moigty.

The RNAI constructs of the invention are capable of inhibiting the synthesis of any targe
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protein encoded by target gene(s). The mvention includes methods to intubif expression of a
target gene either in a cell in vifro, or in vivo. As such, the RNAi constructs of the invention are
useful for treating a patient with a disease characterized by the overexpression of a target gene.

The target gene can be endogenous or exogenous {e.g., introduced into g cell by a virus or
using recombinant DNA technology) to a cell. Such methods may 1oclude introduction of RNA
inte a cell in an amount sufficient to inhibit expression of the target gene. By way of example,
such an RNA molecule may have a guide strand that is complementary to the nucleotide
sequence of the target gene, such that the composition inhibits expression of the target gene.

The invention also relates to veciors expressing the nucleic acids of the invention, and
cells comprising such vectors or the nucleic acids. The cell may be a mammalian cell in vive or
in culture, such as a human cell.

The invention further relates to compositions comprising the subject RNAJ constructs,
and a pharmaceutically acceptable carrier or diluent.

The method may be carried out in vifro, ex vive, or in vive, in, for example, mammalian
cells in culture, such as a human cell in culiure.

The target cells {e.g . mammalian cell) may be contacted in the presence of a delivery
reagent, such as a lipid {e.g., a cationic lipid) or a liposome.

Anocther aspect of the invention provides a method for inhibiting the expression of a
farget gene in a mammalian cell, comprising contacting the maromalian cell with a vector
expressing the subject RNAL constructs.

In one aspect of the invention, a longer duplex polynucleotide is provided, including a
first polynucleotide that ranges in size from about 16 {o about 30 nuclectides; a second
polyrniucleotide that ranges in size from about 26 to about 46 nucleotides, wherein the first
polvnuciectide {the antisense strand) is complementary to both the second polynuclectide (the
sense sirand) and a target gene, and wherein both polvnucleotides form a duplex and wherein the
first polynucteotide contaius a single siranded region longer than 6 bases in length and s
modified with alternative chemical modification pattem, and/or includes a conjugate moiety that
facilitates cellular delivery. In this embodiment, between about 40% to abowt 90% of the
nucleotides of the passenger strand between about 40% to about 90% of the mucleotides of the
guide strand, and between about 40% to about 90% of the mucleotides of the single stranded
region of the first polynuclectide are chemically modified nucleotides.

In an embodiment, the chemically modified nuclectide in the polynuclectide duplex may
be any chemically modified nucieotide known in the art, such as those discussed in detail above.
In a particular embodiment, the chemically modified nucleotide is selected from the group

consisting of 27 F modified nudlectides, 2'-O-methyl modified and 2 deoxy nucleotides. In
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another particular embodument, the chemically modified nucleotides results from “hydrophobic
modifications” of the nucleotide base. In another particular embodiment, the chemically
modified nucleotides are phosphorothicates. In an additional particular embodiment, chemically
modified nucleotides are combination of phosphorothioates, 27-G-methyl, 2 deoxy, hydrophobic
modifications and phosphorothicates. As these groups of modifications refer to modification of
the rihose ring, back bone and nucleotide, it is feasible that some modified nucleotides will canry
a combination of all three modification types.

In another embodiment, the chemical modification 1s nof the same across the various
regions of the duplex. In a particular embodiment, the first polynuclectide (the passenger
strand}, has a large number of diverse chamical modifications in various positions. For this
polynucleotide up to 90% of nucleotides might be chemically modified and/or have mismatches
mtroduced.

In another embodiment, chemical modifications of the first or second polynuciectide
mclude, but not limited to, 57 position modification of Uridine and Cytosine {(d-pyridvl, 2-
pyridyl, indolvl, phenyvl (CsHsOH); tryptophanyl {CaHsNICH CH{NHCO), isobutyl, buiyl,
aminochenzyvl; phenvl; naphthvl, efc.), where the chenucal modification might alter base pairing
capabilities of a nucleotide. For the guude strand an important feature of this aspect of the
invention 1s the position of the chemical modification relative to the 57 end of the antisense and
sequence. For example, chemical phosphorviation of the 57 end of the guide strand is usually
beneficial for efficacy. O-methvl moditications in the seed region of the sense strand {position 2-
7 relative to the 57 end) are not generally well tolerated, whergas 2°F and deoxy are well
tolerated. The mud part of the guide strand and the 37 end of the guide strand are more
permissive in a type of chemical modifications applied. Deoxy modifications are not tolerated at
the 3° end of the guide strand.

A unigue feature of this aspect of the invention nvolves the use of hydrophobic
modification on the bases. In one embodiment, the hvdrophobic modifications are preferably
positioned near the 5 end of the guide strand, in other embodiments, thev localized 1n the nuiddle
of the guides strand, in other embodiment they localized at the 3° end of the guide strand and vet
in another embodiment they are distributed thought the whole length of the polvnucleotide. The
same {ype of paitems 1¢ applicable {o the passenger strand of the duplex.

The other part of the molecule 15 a single stranded region. The single stranded region is
expected to range from 7 {0 40 nucleotides.

In one embodiment, the single stranded region of the first polvnucleotide contains

modifications selected from the group consisting of between 40% and 90% hydrophobic base
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madifications, between 40%-90% phosphorothicates, between 40% ~90% modification of the

ribose motety, and any combination of the preceding.

Efficiency of gunde strand {first polvnucleotide} loading into the RISC complex might be
altered for heavily modified polvnucleotides, so in one embodiment, the daplex polynuclectide
mcludes a mismatch between nucleotide 9, 11, 12, 13, or 14 on the guide sirand (first
polynucilectide) and the opposite muclectide on the sense strand (second polynucleotide) to

promote efficient guide sirand loading,

Duplex Characteristics

Double-stranded ohigonuclestides of the invention may be formed by two separate
complementary nucleic acid strands. Duplex formation can occur erther inside or outside the cell
containing the target gene.

As used herein, the term “duplex” includes the region of the double-stranded nucleic acid
molecule(s) that is (are) hydrogen bonded to a complementary sequence. Double-stranded
oligonucleotides of the invention may comprise a nucleotide sequence that 1s sense to a target
gene and a complementary sequence that 15 antisense to the target gene. The sense and antisense
nucleotide sequences correspond 1o the target gene sequence, e.g., are identical or are sufficiently
wdentical to effect target gene infubition {e.g., are about at least about 98% identical, 96%
wdentical, 94%, 90% identical, 5% identical, or 80% identical) to the target gene sequence.

In certain embodiments, the double-stranded oligonucleotide of the invention is double-
stranded over s entive length, i.e., with no overhanging single-stranded sequence at either end of
the molecule, i.¢., 1s blunt~ended. In other embodiments, the individual nucleic acd moleculss
can be of different lengths. In other words, a double-stranded oligonucleotide of the invention is
not double-stranded over its entire length. For instance, when two separate nucleic acid
molecules are used, one of the molecules, e.g., the first molecule comprising an anfisense
sequence, can be longer than the second molecule hybndizing thereto (leaving a portion of the
molecule single-stranded). Likewise, when a single nucleic acid molecule is used a portion of the
molecule at either end can remain single-stranded.

In one embodiment, a double~-stranded oligonucleotide of the mvention cortains
mismatches and/or loops or bulges. but s double-stranded over at least about 70% of the length
of the oligonucleotide. In another embodiment, a double-stranded oligonucleotide of the
mvention is double-stranded over at least about 80% of the length of the oligonucieotide. Tn
another embodiment, a double-stranded ohigonucleotide of the invention 1s double-stranded over
at feast about 90%-95% of the length of the oligonuclectide. In another embodiment, a double-

;

stranded oligonuclectide of the invention is double-stranded over at least about 96%-98% of the
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length of the oligonucleotide. In certain embodiments, the double-stranded oligonucleotide of

the invention contamns at leastorup to 1,2, 3,4, 5,6, 7, 8,9, 10, 11,12, 13, 14, 01 15

mismatches.

Modifications

The nucleotides of the invention may be modified at vanous locations, including the
sugar moiety, the phosphodiesier linkage, and/or the base.

In some embodiments, the base moisty of a nucleoside may be modified. For example, a
pyrimidine base may be modified at the 2, 3, 4, §, and/or 6 position of the pyrnmidine ring. In
some ernbodiments, the exocvehic amne of cviosine roay be modified. A purine base may also
be modified. For exarmple, a purine base may be modified at the 1, 2, 3, 6. 7, or 8 position. In
some embodiments, the exocychic amine of adenime may be modified. In some cases, a nifrogen
atom in aring of a base moiely may be substituied with another atom, such as catbon. A
modification to a base moiety may be any suitable modification. Examples of modifications are
known to those of ordinary skill in the art. In some embodiments, the base modifications include
alkviated purines or pyrimidines, acviated purines or pyrimidines, or other heterocycles.

In some ernbodiments, a pynimidine may be modified at the 5 position. For example, the
5 position of a pyrimidine mav be modified with an alkyi group, an alkyny! group, an alkenyl
group, an acvi group, or substituted denvatives thereof. In other examples, the S position of a
pyvrimidine may be modified with a hvdroxyl group or an alkoxyl group or substituted denvative
thereof  Also, the N* position of a pyrimidine may be alkviated. Yo still further examples, the
pyrimidine 5-6 bond may be saturated. a nitrogen atom within the pynimidine ring may be
substituted with a carbon atom, and/or the 07 and 0" atoms may be substituted with sulfur atoms.
i should be undersiood that other modifications are possible as well,

in other examples, the N’ position and/or A* and/or N° position of a purine mayv be
modified with an alkvl group or substituted derivative thereof. In fiwther examples, a third ring
may be fused to the purine bicyclic ring system and/or a nitrogen atom within the purine ring
systern may be substituted with a catbon atom. | should be understood that other modifications
are possible as well.

Non-limiting examples of pyrinudines modified at the S position are disclosed in U.S.
Patent 5591843, U S, Patent 7,205,297, U.S. Patent 6,432,963, and U 5. Patent 6,020 483, non-
limiting exarnples of pyrimidines modified at the N position are disclosed in U.S. Patent
5,380,731 non-limiting examples of purines modified at the 8 position are disclosed in U.S.
Patent 6,355,787 and U.5. Patent 5,580,972; non-limiting examples of purines modified at the N°

position are disclosed in U.S. Patent 4,853,386, U.S. Patent 5,789,416, and U.S. Patent
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7.041,824; and non-limiting examples of purines modified at the 2 position are disclosed in U.S.
Patent 4,201 860 and U.S. Patent 5,587,469, all of which are incorporated herein by reference.
Non-flimiting examples of modified bases include N* M-sthanocytosine, 7-
deazaxanthosine, 7-deazaguanosine, 8-oxo-No-methyladenine, 4-acetylcyviosing, 5-

5 {carboxvhydroxvimethvl) uracil, S-fluorouracy, S-bromouracil, S-carboxymethylaminomethyi-2-
thiouracil. S-carboxymethylaminomethy! uracil, dihydrouracil, inosine, N°-isopentenyi-adenine,
I-methyladenine, -methylpsendouractl, -methviguanine, T-methylinosine, 2,2~
dimethylguanine, 2-methyladenine, 2-methyiguanine, 3-methylcytosine, S-methylcytosing, N -
methyladerune, 7-methylguanine, 5-methylaminomethy! uracil, S-methoxy aminomethyvi-2-

16 thiouracil, 5-methoxyuracil, 2-methylthio-N®-isopentenyiadenine, pseudouracil, 5-methy}-2-
thiowuracil, 2-thiouracil, 4-thiouracil, S-methviuracil, 2-thiocviosing, and 2,6-diaminopunne. In
some embodiments, the base moiety may be a heterocyclic base other than a purine or
pyrimiding. The heterocyclic base may be optionally modified and/or substituted.

Sugar moteties inciude natural, unmodified sugars, e.g., monosaccharnide {such as

13 pentose, e g, ribose, deoxyribose), modified sugars and sugar analogs. In general, possible
modifications of nucleomonomers, particularly of a sugar motety, include, for example,
replacement of one or more of the hydroxy! groups with a halogen, a heteroatom, an aliphatic
aroup, or the functionalization of the hvdroxyl group as an ether, an amine, a thiol, or the hike.

One useful group of modified nucleomonorers 1s 2°-O-methy! nucleotides. Such 27-O-

20 methyl nucleotides may be referred to as “methylated,” and the corresponding nucleotides may
be made from unmethylated nucleotides followed by alkylation or directly from methylated
nucleotide reagents. Modified nucleomonomers may be used in combination with unmodified
nucleomonomers. For example, an oligonucleotide of the mvention may contain both methylated
and unmethylated nucleomonomers.

25 Some exemplary modified nucleomonomers inclade sugar- or backbone~modified
ribonucleofides. Modified nbonuclectides may contain a non-naturally occurring base (instead
of a naturally occurring base), such as uridines or cyvtidines modified at the 5" -position, e g, 5°-
(2-amuinopropvi wridine and 5 -bromo uridine; adenosines and guanosines modified at the 8-

posttion, e.g., 8-bromo guanosine; deaza nucleotides, e g., 7-deaza-adenosine; and N-alkylated

ot
i)

nucleotides, e.g., No-methyl adenosine.  Also, sugar-modified nbonucleotides may have the 2°-
OH group replaced by a H, alxoxy {or OR}, R or alkvi, halogen, SH, SR, amino {such as NH:,
NHR, NR2), or CN group, wherein R 1s lower alkyl, alkenvl, or alkynyl

Modified ribonucleotides may also have the phosphodiester group connecting o adjacent

ribonuclectides replaced by a modified group, e.g . of phosphorothioate group. More generally,

(%)
L

the various nucleotide modifications mav be combined.



2

2

(3]
i)

[UA]

<

¢

5

L

WO 2023/015265 PCT/US2022/074555
-95 .

Although the antisense {guide) strand may be substantially 1dentical to at least a portion
of the target gene {or genes), at least with respect to the base pairing properties, the sequence
need noi be perfectly identical to be useful, e g, to inhibit exprassion of a target geneg's
phenotvpe. Generally, higher homology can be used to compensate for the use of a shorter
antisense gene. In some cases, the antisense strand generally will be substantially 1dentical
{(although 1n antisense orientation} to the target gene.

The use of 2'-O-methyl modified RNA may also be beneficial in civcomstances in which
it is desirable to nuninuze cellular stress responses. RNA having 2'-O-methyl nucleomonomers
may not be recognized by cellilar machinery that is thought to recognize unmodified RNA. The
use of 2'-G-methviated or partially 2'-O-methylated RNA may avoid the interferon response {o
double-stranded nucleic acids, while maintaining target RNA inhibition. This may be useful, for
exarmple, for avoiding the iterferon or other cellular stress respounses, both i short RNAi {e.g.,
stRNA}) sequences that induce the interferon response, and in longer RNAI sequences that may
mduce the interferon response.

Overall, modified sugars roay include D-nibose, 2'-O-alkyl (including 2'-O-methy! and 2'-
O-ethyl}, 7.e., 2'-alkoxy, 2'-anuno, 2'-S-alkyl, 2'-halo (including 2'-fluoro}, 2'- methoxyethoxy,
2-allyloxy ((OCHCH=CH:), 2'-propargyl, 2'-propyl, ethynyl, ethenyl, propenyl, and cyano and
the like. Tn one embodiment, the sugar moiety can be a hexose and incorporated o an
oligonucleotide as described (Augustyns, K., et af., Nucl Acids. Bes. 18:4711 (1992}
Exemplary nucleomonomers can be found, e g, in U.S. Pat. No. 5,849,902, mcorporated by
reference herein.

Definitions of specific functional groups and chemical terms are deseribed in more detail
below. For purposes of this invention, the chemical elements are identified in accordance with
the Periodic Table of the Elements, CAS version, Handbook of Chemistrv and Physics, 75" Ed .
inside cover, and specific functional groups are generally defined as described therein.
Additionally, general principles of organic chemistry, as well as specific functional moteties and
reactivity, are described in Organic Chemistry, Thomas Sorrell, University Science Books,
Sausalito: 1999, the entire contents of which are incorporated herein by reference.

Certamn compounds of the present invention may exist i particular geomeiric or
stereotsomeric forms. The present invention couternplates all such compounds, including cis-
and rans-1somers, 8- and S-enantiomers, diastereomers, {D)-1somers, (L}-isomers, the racemic
mixtures thereot, and other mixtures thereof, as falling within the scope of the invention.
Additional asymmetric carbon atoms may be present in a substituent such as an alkyl group. Al
such isomers, as well as mixtures thereof, are intended to be included in this invention.

Isomeric mixtures containing any of a variety of isomer ratios may be utthized in
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accordance with the present invention. For example, where only two isomers are combined,
nuxtures containing 30:50, 60140, 70:30, 80:20, 90:10, 95:5, 96:4, 97:3, 98.2, 991, or 106:0
isomer ratios are all contemplated by the present invention. Those of ordinary skill in the art will
readily appreciate that analogous ratios are conternplated for more complex isomer mixtures.

It, for instance, a particular enantiomer of a compound of the present invention 18 desired,
it may be prepared by asymmetric synthesis, or by derivation with a chiral auxiliary, where the
resulting diastereomeric mixture 15 separated and the awxdliary group cleaved to provide the pure
desired enantiomers. Altematively, where the molecule contains a basic functional group, such
as amino, or an acidic functional group, such as carboxyi, diastereomeric salts are formed with an
appropriate opticallv-active acid or base, followed by resoluiion of the diastereomers thus formed
by fractional crvstallization or chromatographic means well known in the art, and subsequent
recovery of the pure enantiomers,

In certain embodiments, oligonucleotides of the invention comprise 3’ and 5 termin
{except for circular oligonuclestides). In one embodiment, the 3" and 5" termini of an
oligonucieotide can be substantially protected from nucleases e g, by modifving the 3" ot §'
linkages (e.g., U.S. Pat. No. 5,449 902 and WO 98/13526). For example, oligonucleotides can
be made resistant by the inciusion of a “blocking group.” The term “bocking group™ as used
herein refers to substituents {e.g., other than OH groups) that can be atiached (o ohigonucleotides
or nucleornonomers, either as protecting groups ot coupling groups for synthesis {e. g., FITC,
propyl {CH-CHL-CH3), glycol (-0-CH:-CH:-O-) phosphate (POs™), hydrogen phosphonate, or
phosphoranudite}. “Blocking groups™ also include “end blocking groups™ or “exonuclease
blocking groups” which protect the 5" and 3" termim of the oligonucleotide, including modified
nucleotides and non-nucleotide exonuclease resistant structures.

Exemplary end-blocking groups inchide cap siructures {e.g., a 7-methyiguanosine cap),
inverted nucleomonomers, e g, with 3'-3" or §'-5" end inversions {see, e.g., Ortiagao ef al. 1992,

O
non-nucleotide linkers, anino linkers, conjugates) and the like. The 3’ terminal nucleomonomer
can comprise a modified sugar moiety. The 37 terminal nucleomonomer comprises a 3'-0 that
can optionally be substituted by a blocking group that prevenis 3'-exonuclease degradation of the

o 3

oligonucleotide. For example, the 3'-hydroxvl can be esterified {0 a nucleotide through a 33
mtermucieotide hinkage For example, the alkyloxy radical can be methoxy, ethoxv, or
isopropoxy, and preferably, ethoxy. Optionally, the 3'—3"Tinked nucleotide at the 3" terminus
can be linked by a substitute hinkage. To reduce nuclease degradation, the 5 most 3’5 linkage
can be a modified linkage, ¢.g . a phosphorothicate or a P-alkvioxyphosphotriester linkage.

Preferably, the two 5" most 3'—35" linkages are modified linkages. Optionally, the 5’ terminal
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hydroxy moiety can be esterified with a phosphorus containing motety. e.g., phosphate,

phosphorothioate, or P-ethoxyphogphate.

One of ordinary skill in the art will appreciate that the synthetic methods, as described
herein, utihize a variety of protecting groups. By the term “protecting group,” as used herein, it is
meant that a particular functional moiety, e.g., O, 8, or N, is temnporartly blocked so that a
reaction can be carried out selectively at another reactive site 1n a multifunctional compound. In
certain embodiments, a protecting group reacts selectively in good vigld (o give a protected
substrate that is stable to the projected reactions; the protecting group should be selectively
removable in good yield by readily available, preferably non-toxic reagents that do not attack the
other functional groups; the protecting group forms an easily separable derivative {more
preferably without the generation of new stereogenic centers); and the protecting group has a
roinimum of additional functionality to avod further sites of reaction. As detaled herein,
oxygen, sulfur, nitrogen, and carbon protecting groups may be utilized. Hydroxy! proteciing
groups include methvi, methoxvimethyl (MOM), methylthiomethvl (MTM), ~-butvithiomethyl,
(phenyldimethvisdyvDmethoxymethyt (SMOM), benzyloxymethyl (BOM), p-
methoxybenzyloxymethyl (PMBM), {(4-methoxyphenoxy imethyl (p-AOM), guaiacolmethyl
{(GUM), r-butoxymethyl, d-pentenyloxymethyi (POM), siloxymethyl, Z-methoxyethoxymethyl
{(MEM}, 2.2, 2-trichloroethosymethyl, bis(Z-chloroethoxy ymethyl, 2-(rimethyisilyDethoxymethyl
(SEMOR}, tetrahvdropyranyl (THP), 3-bromotetrahydropyranyl, tetrahvdrothiopyranyl, 1-
methoxycvelohexyl, 4-methoxyvtetrahvdropyranyl (MTHP), 4-methoxytetrahydrothiopvranyl, 4-
methoxyteirahydrothiopyranyi 5, S-dioxide, 1-j{2-chloro-4-methviyphenvi|-4-methoxypiperidin-
4-91 {CTMP), 1, 4-dioxan-2~v], tetrahydrofuranyl, tetrahvdrothuofuranyl, 2,3,.32.4,5,6,7,7a-
octahydro-7 8 8-trimethyl-4, 7-methanobenzofuran-2-yl, I-ethoxyethvl, 1-{2-chloroethoxy)ethyi,
I-methvi-1-methoxyethvi, 1-methyl-1-benzyloxyethyl, 1-methyl-1-benzyloxy-2-fluoroethyi,
2,2, 2-grichloroethyl, 2-trimethyisilviethvl, 2-(phenviselenvhethyl, ~~butyl, alivl, p~chlorophenyl,
p-roethoxyphenvl, 2,4-dinitrophenvl, benzvl, p-methoxybensyl, 3,4~-dirnethoxybenzyl, o-
nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2, 6-dichlorobenzyl. p-cvanobenzyl, p-phenvibenzyl, 2-
picolyl, 4-picolvl, 3-methyi-2-picolyvl N-oxido, diphenylmethyl, p p'-dinitrobenzhydryi, 5-
dibenzosubervl, triphenvimethyl, e-naphthvidiphenylmethvl, p-methoxyphenyldiphenvimethyl,
di{p-roethoxvphenvhphenvimethyl, tm{p-methoxyphenyvlmethyl, 4-(4'-
bromophenacyloxyphenylidiphenvimethyl, 4.4',4"-tris(4, 5-dichlorophthalimidophenyDmethy
44" 4"-tris(levalinoyloxyphenyDmethyl, 4.4°,47-tris(benzovioxy phenylimethyl, 3~(imidazol-1-
yhbis(4",4"-dimethoxyphenyymethyl, 1,1-bis(d-methoxyphenvi)-1"-pyrenvimethyl, S-anthryl, 9-
{9-phenvhxanthenyl, 9-{9-phenyi-10-oxojanthrvl, 1,3-benzodithiolan-2-vl, benzisothiazolyl 5,8~

dioxido, trimethylsilyl (TMS), triethyisilyl {TES), trisopropylsilyl {TIPS),
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dimethvlisopropyisilyl (IPDMS), dicthyvlisopropyisdyl (DEIPS), dimethylthexylsilyvi, ¢~
butyidimethyistiyl (TBDMS), #-butyidiphenvisiiyl (TBDPS), tnbenzyisilyl, tri-p-xyivisilyi,
triphenvisilyl, diphenyimethyisitvl (DPMS), r-butvlmethoxyphenylsilyl (TBMPS), formate,
benzoyiformate, acetate, chlorcacetate, dichloroacetate, trichloroacetate, triffuorcacetaie,
methoxyacetate, triphenyimethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, 3-
phenvipropionate, 4-oxopentanoate {levulinate), 4, 4-(ethyvienedithiolpentanoate
(levulingyldithicacetal}, pivaloate, adamanioate, crotonate, 4~-methoxycrotonate, benzoate, p-
phenyibenroate, 2.4, 6-irimethylbenroate (mesifoate), alkyl methy! carbonate, 9-fluorenylmethyl
carbonate (Fmoc}, alkyl ethyl carbonate, alkvl 2.2, 2-trichioroethyl carbonate (Troc), 2-
{(trimethyisilylethvi carbonate (TMSEC), 2-(phenvisulfonyl) ethyvl carbonate (Psec), 2-
{(triphenylphosphonio} ethyl carbonate (Peoc), alkyl isobutyl carbonate, alkyl viny! carbonate
alky! allyl carbonate, alkyl p-nitrophenyl carbonate, alkyl benzyl carbonate, alkyvl p-
methoxybenzyl carbonate, alkyl 3 4-dimethoxvbenzyl carbonate, alkyl o-nitrobenzyl carbonate,
alkvi p-nitrobenzvl carbonate, alkvi S-benzyl thiocarbonate, 4-ethoxy-1-napththyl carbonate,
methyl dithiocarbonate, 2-wodobenzoate, 4-azidobutyrate, 4-nitro-4-methyipentanoate, o-
{dibromomethylYbenzoate, 2-formvlibenrenesulfonate, 2-{methyvithiomethoxy)ethyi, 4-
{methvithiomethoxybutyrate, 2-(methvithiomethoxymethvibenzoate, 2, 6-dichioro-4-
methviphenoxyacetate, 2,6~dichioro-4-(1,1,3, 3-tetramethvibutyDphenoxvacetate, 2,4-bis(1,1~
dimethvipropyliphenoxvacetaie, chlorodiphenylacetate, isobutyrate, monosuccinoate, (F3-2-
methyl-2-butencate, o-{methoxycarbonyvlybenzoate, g-naphthoate, nitrate, alkyl NN N N -
tetramethviphosphorodiamidate, alkyl N-phenvicarbamate, borate, dimethylphosphinothiovi,
alkyl 2 4-dinitrophenylsulfenate, sulfate, methanesulfonate {mesvlate), benzylsulfonate, and
tosvlate (Ts). For protecting 1,2- or 1.3-diols, the protecting groups include methylene acetal,
ethylidene acetal, 1-r-butylethylidene ketal, 1-phenviethylidene ketal,
{4-methoxyphenvhethyvlidene acetal, 2,2, 2-trichlorosthylidene acetal, acetonide,
cyvclopentvlidene ketal, cyelohexyhdene ketal, cvcloheptyhdene ketal, benzvlidene acetal, p-
methoxybenzylidene acetal, 2,4-dimethoxybenrylidene ketal, 3. 4-dimethoxybenzyvlidene acetal,
2-nitrobenzylidene acetal, methoxvmethylene acetal, ethoxymethyviene acetal,
dimethoxymethylene ortho ester, 1-methosvethylidene ortho ester, 1-ethoxvethvlidine ortho
ester, |,2-dimethoxyethylidene ortho ester, a~-methoxybenzylidene ortho ester, 1-{(NN-
dimethylaminojethvhidene denvative, a-(N N -dimethylaminojhenzyvlidene derivative, 2-
osacyclopentyhdene ortho ester, di-#~butylsilviene group (DTBS), 1,3-(1,1.3,3-
tetraisopropyldisiioxanylidene) derivative (TIPDS), tetra-r-butoxydisiioxane-1,3-diviidene
denivative (TBDS), cyclic carbonates, cvclic boronates, ethyl boronate, and phenyl boronate.

Amino-protecting groups inciude methyl carbamate, ethyl carbamante, 9-fluorenyimethyl
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carbamaie (Fmoc), 9-(2-sulfo)fluorenvimethy! carbamate, 9-(2,7-dibromo){luorcenylmethyi
carbamate, 2.7-di--butyl-{9-(10,10-dioxo-10,10,10,10-tetrahy drothuoxanthyl)|methyl carbamate
{(DBD-Tmoc), 4-methoxyphenacyi carbamate (Phenoc), 2.2,2-trichloroethyl carbamate (Troc), 2-
trimethyleilylethyt carbamate (Teoc), 2-phenylethyl carbamate (b7), 1-{1 -adamaniyi}-1-
methvlethyl carbamate {Adpoc), 1.1-dimethyl-2-haloethy! carbamate, 1, 1-dimethvi-2,2-
dibromoethy! carbamate (DB--BOC), 1, I-dimethyi-2.2, 2-trichloroethyl carbamate (FCBOC), 1-
methyl-1-(4-biphenvivlethyvl carbamate (Bpoc), 1-(3,5-di~r-butyiphenvl}-L-methylethyl
carbamate (-Bumeoc), 2-(2'~ and 4'-pynidyDethyl carbamate (Pyvoc), 2-{N N~
dicyclohexvicarboxamidolethyl carbamate, r-butyl carbamate (BOC), 1-adamanty} carbamate
{Adoc), vinyl carbamate (Voc}, allyl carbamate (Alloc), T-isopropyviallvl carbamate (Ipaoc),
cinnamyl! carbamate (Coc), 4-nitrocinnamyl carbamate (Noc), 8-gquinolvl carbamate, N-
hydroxypipendinyl carbamate, alkyldithuo carbamate, benzyl carbamate (Cbz}, p-roethoxybenzyl
carbamate (Moz), p-nitobenzy} carbamate, p-bromobenzyl carbamate, p-chlorobenzyl carbamate,
2,4-dichlorobenzyl carbamate, 4-methylsulfinylbenzyl carbamate (Msz), 9-anthryimethvi
carbamate, diphenylmethy! carbamate, 2-roethyliluoethyl carbamate, 2-methylsulfouylethyl
carbamate, 2-{(p-toluenesulfonyvhethyl carbamate, [2-(1,3-dithiany1}imethyl carbamate (Dmoc),
4-methvithiophenyl carbamate {Mipc), 2. 4-dimethylthiopheny! carbamate (Bmpe), 2-
phosphomoethyl carbamate (Peoc), 2-iriphenyiphosphonioisopropyl carbamate (Ppoc), 1,1-
dimethyl-2-cvanoethyl carbamate, m-chloro-p-acyloxybenzyl carbamate, p-
{dihvdroxyhoryhibenzyl carbamate, 5-benzisoxazolyvimethyl carbamate, 2-(trifluoromethyl}-6-
chromonylmethyvi carbamate (Tcroc), m-nitrophenv! carbamate, 3, 5-dimethoxybenzyi carbamate,
o-nitrobenzyl carbamale, 3 4-dimethoxy-G-nitrobenzyl carbamate, phenvl{o-nitrophenyiimethyl
carbamate, phenothiazinyi-(10}-carbonyv! dertvative, N-p-toluenesulfonylaminocarbonyl
denvative, N'-phenyiaminothiocarbonyl denivative, 7~amyl carbamate, S-benzyl thiocarbamate, p-
cyanobenzyl carbamate, cvclobutyl carbamaie, cyclohexyl carbamate, cyvclopentvl carbamate,
cyclopropylimethyl carbamate, p-decyloxybensyl carbamate, 2.2-dimethoxycarbonylvinyl
carbamate, o-(N, N-dimethylcarboxamido)benzyl carbamate, 1,1-dimethyl-3-{N N-
dimethvicarboxamidolpropvi carbamate, 1,1-dimethyipropynvi carbamate, di(2-pyridviymethyl
carbamaie, 2-furanvimethyl carbamate, 2-iodoethyvl carbamate, isoborynl carbamate, 1sobuty!
carbamate, 1sonicotinvl carbamate, p-(p-methoxvphenviazoybenzyl carbamate, 1-
methvicyclobutyl carbamate, 1-methvicyclohexyl carbamate, |-methyi-1-cyvclopropvimethyl
carbamate, T-methyl-1-(3,5-dimethoxyphenyhethyl carbamate, t-methyvl-1-(p-
phenviazophenyllethyl carbamate, 1-methyl-1-phenyiethyl carbamate, 1-methyi-1-(4-
pyridvhethyl carbamate, phenyl carbamate, p-(phenylazo)benzyl carbamate, 2,4,6-tri-¢-

butyiphenyl carbamate, 4-(fnimethylammoniunybenzyl carbamate, 2,4, 6-trimethytbenzyvi
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carbamate, formamide, acetamude, chloroacetamude, trichloroacetamide, trifluoroacstanuds,
phenviacetamide, 3-phenvipropanamide, picolinamide, 3-pvridylcarboxamide, V-
benzoyiphenvialanyl derivative, benzamide, p-phenvibenzamide, o-nitophenylacetamide, o-
nitrophenoxyacetamide, acetoaceiamide, (N -dithiocbenzyloxy carbonylaminojacetamide,
3-{p-hydroxyvphenybpropananude, 3-(¢-nitrophenyhpropanamide, 2~-methyl-2-{o-
nitrophenoxy ypropanamide, Z-methyi-2-{o-phenylazophenoxy jpropanamide,
4-chiorobutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-acetylmethionine
denvative, o-mitrobenzamide, o-{benzoyvioxymethvhbenzamide, 4,5-diphenvl-3-oxazolin-2-one,
N-phthalimide, N-dithiasuccininude (Dts), N-2,3-diphenyimaleinude, N-2,5-dimethylpyirole, N-
1.1,4 4-tetramethyldisilylazacyclopentane adduct (STABASE), S-substituted 1,3-dimethyl-1,3,5-
trazacyclohexan-2-one, S-substituted 1 3-dibensyi-1,3 5-triaracyclohexan-2-one, 1-substituled
3 5-dimtro-4-pvridone, N-methvlianioe, N-allvlamine, N-[2-(trimethyisilyDethoxy froethvlamine
(SEM)}, N-3-acetoxypropylamine, N-(1-isopropyi-4-nifro-2-oxo-3-pyroolin-3-vijamine,
quaternary ammonium salts, N-benzvlanune, N-di{4-methoxyphenyiymethylamine, N-5-
dibenzosuberviaroine, N-triphenyhmethylamine (T}, N-[{4-
methoxyphenylydiphenyimethyHamine (MMTr), N-9-phenylfluorenvianune (PhF), N-2,7-
dichloro-9-fluorenyimethviensamine, N-ferrocenylmethylamino (Fem), N-2-picolylamino N'-
oxide, N-1,1-dimethvithiomethyleneamine, N-benzylideneamine, N-p-
methoxyberwylideneamine, M-diphenylmethyieneamine, N-{{(2-pyridyUmestivlimethyleneamine,
N-(N N -dimethviaminomethylenejamine, NN -isopropylidenediamine, N-p-
mitrobenzyvlideneamine, V-salicylideneamine, N-53-chlorosalicylidensamine, N-(5-chloro-2-
hydroxyphenviphenvimethyvieneamine, N-cyclohexviideneamine, N-(5,5-dimethyl-3-oxo0-1-
cyclohexenvlyanune, N-borane derivative, N-diphenvlbonnic acid derivative, N-
{phenyi{pentacarbonylchromium- or fungstenicarbonyljamine, N-copper chelate, N-zinc chelate,
N-nttroamine, M-nitrosoamine, amine N-oxide, diphenviphosphinamide (Dpp),
dimethylthiophosphinanude (Mpt), diphenyithiophosphunarmide (Ppt), dialkyl phosphoranudates,
dibenzyl phosphoramidate, diphenv! phosphoramidate, benzenesulfenamide,
o-nitrobenzenesulfenamide (Nps), 2 4-dinitrobenzenesul fenamids,
pentachlorobenzenesutfenamide, 2-nitro-4-methoxybenzenesulfenamide,
triphenyimethyisulfenamnde, 3-nitropyridivesulfenanude (Npys), p-toluenesulfonamude (Ts),
benzenesulfonamide, 23,6 -trimethyl-d-methoxybenzenesuifonamide (Mir}, 2.4,6-
trimethoxybenzenesulfonamide (Mth), 2,6-dimethyi-d-methoxybenzenesulfonamide (Pme},
2,3,5 Gstramethyl-4d-methoxybenzenesutfonamide (Mie), 4-methoxybenzenesulfonamide (Mbs},
2,4, 6-trimethylbenzenesulfonamide (Mis), 2,6-dimethoxy-d-methylbenzenesulfonamide (iMds),

2,2.5.7 8-pentamethyichroman-6-sulfonamide (Pmgc), methanesuifonamide (Ms), 8-
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tnmethyisilylethanesulfonamide (SES), 9-anthracenesulfonamide, 4-(4',8'-
dimethoxynaphthylmethyilbenzenesuifonamide (DNMBS), benzyisulfonamide,
mifluoromethylsutfonamide, and phenacyisulfonamide. Exemplary protecting groups are
detatled herein. However, i will be appreciated that the present invention is not intended to be
fimited to these protecting groups; rather, a variety of additional equivalent protecting groups can
he readily identified using the above criteria and utilized in the method of the present invention.
Additionally, a variety of protecting groups are described in Profective Groups in Organic
Synthesis, Third Ed. Greene, T.W. and Wuts, P.G., Eds., John Wiley & Sons, New York: 1999,
the entire contents of which are hereby incorporated by reference,

it will be appreciated that the compounds, as described herein, may be substituted with
any nunber of substituents or functional moieties. In general, the term “substituted” whether
preceded by the term “optionally” or not, and substituents contained in formulas of this
mvention, refer (o the replacement of hydrogen radicals in a given structure with the radical of a
specified substituent. When more than one postiion in any given structure may be substituied
with more than one substituent selected from a specified group, the substituent may be either the
same or different at every position. As used herein, the term “substituted”™ is contemplated to
include all permissible substituents of organic compounds. In a broad aspect, the permigsible
substituents include acyclic and cvehie, branched and unbranched, carbocyclic and heterocyclic,
aromatic and nonaromatic substituents of orgaruc compounds. Heteroatoms such as nitrogen
may have hydrogen substituents and/or any permissible substituents of organic compounds
described herein which satisty the valencies of the heteroatoms. Furthermore, this invention is
not intended to be Iimited in any manner by the permissible substituents of organic compounds.
Combinations of substituents and varnables envisioned by this invention are preferably those that
result in the formation of stable compounds useful in the treaiment, for example, of infectious
diseases or proliferative disorders. The term “stable”, as used herein, preferably refers to
compounds which possess stability sufficient to allow manufacture and which maintain the
integrity of the compound for a sufficient period of time to be detected and preferably for a
suificient period of time to be useful for the purposes detailed herein.

The term “aliphatic,” as used herein, includes both saturated and unsaturated, straight
chain (7.e., unbranched), branched, acvchic, cychic, or polyevclic aliphatic hydrocarbouns, which
are optionally substituted with one or more functional groups. As will be appreciated by one of
ordmary skill 1o the art, “aliphatic” is intended herein o include, but is not timited to, alkvl,
alkenyl, alkynyl, cvcloalkyl, evcloalkenyl, and cvcloalkynyl moieties. Thus, as used herein, the
term “alky!” includes straight, branched and cyclic alkyl groups. An analogous convention

applies to other generic terms such as “alkenvi” “alkynyl,” and the like. Furthermore, ag used



20

25

o)
L

WO 2023/015265 PCT/US2022/074555
-32 -

heren, the terros “alkyl.” “alkenvl,” “alkvnvl,” and the hike encompass both substituted and

unsubstituted groups. In certain embodiments, as used herein, “lower altky!” is used to indicate

those atkyi groups {cyclic, acvehic, substituted, unsubstitited, branched, or unbranched} having

-6 carbon atoms.

In certain ernbodiments, the alkyl, alkenyl, and alkvuoyl groups emploved n the invention
contain 1-20 aliphatic carbon atoms. In certain other embodiments, the altkyl, alkenyl, and
alkvnyl groups emploved in the invention contain 1-10 aliphatic carbon atoms. Tn yet other
ernbodiments, the alkyi, alkenyl, and alkvoyl groups eraploved 1o the invention contain 1-8
aliphatic carbon atoms. In still other embodiments, the alkyl, alkenyl, and alkynyi groups
emploved in the invention contain 1-6 aliphatic carbon atoms. In yet other embodiments, the
alkyl, alkenvl, and alkynvi groups employed in the invention contain 1-4 carbon atoms.
Mustrative aliphatic groups thus include, but are not hmited to, for example, methvl, ethyl, #-
propvl, isopropvl, cyclopropyl, -CHo-cyvelopropyl, vinyl, allvl, n-butyvl, sec-butvl, 1sobutyl, rert-
butyl, cyclobutyl, -CHo-cvclobutyl, #-pentyl, sec-peniyl, isopentvl, tert-pentyl, cyclopentyl, -
CHa-cyclopentyl, n-hexyl, sec-hexvl, cyclohexyl, -CHu-cyclohexyl moieties and the hike, which
again, may bear one or more substituents. Alkenyl groups include, but are not limited 1o, for
example, ethenyl, propenyl, butenyi, I-methyl-2-buten-1-yl, and the like. Representative alkynyl
groups include, but are not himited to, ethynyl, 2-propynyl (propargyly, L-propynyl, and the like.

Sorne examples of substituents of the above-described aliphatic (and other) rooieties of
compounds of the invention include, but are not limited to aliphatic; heteroaliphatic; arvl;
heteroarvl; arvialkvl; heteroarvialkyi; alkoxy; arvioxy; hetercalkoxy; hetercaryloxy: alkylthio;
arylthio; hetercalkylthio; heteroarvithio: -F; -Cl: -Br; -I; ~-OH; -NO»; -CN, -CF5; -CHuCF3; -
CHClL; -CHROH; -CHYCHOH; -CHoNH:: -CH2SOCH;; -C{OIR . -COR); -CON(R ;-
OC{OR,; -OLOR, -OCON{R 2, -NROz, -S{OpR -NRJCOIR, wherein each cecurrance of
R» independently inchuades, but is not limited to, aliphatic, heteroaliphatic, aryl, heteroaryi,
arviatkyl, or heteroarviatkyl, wherein any of the aliphatic, heteroaliphatic, arvlalkyl, or
heteroarviaiky] substituents described above and herein may be substituted or unsubstituted,
branched or unbranched, cvclic or acyclic, and wherein any of the ary] or hetercaryl substituents
described above and herein may be substituted or unsubstituied. Additional examples of
generally applicable substituents are illustrated by the specific embodiments described hersin

The term “hetercaliphatic.” as used herein, refers to aliphatic moieties that contain one or
more oxygen, sulfur, nitrogen, phosphorus, or sthicon atoms, e.g., in place of carbon atoms.
Heteroaliphatic moieties may be branched, anbranched, cyclic or acyehic and include sathurated
and unsaturated heterocvcles such as morpholine, pyvrrolidinyl, efc. In certain embodiments,

heteroaliphatic moieties are substituted by independent replacement of one or more of the
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hydrogen atoms thereon with one or roore moieties including, but not linuted to aliphatic;
hetercaliphatic; arvl; heteroaryl; arvialkyl; heteroarvialkyl; alkoxy; aryloxy; hetercalkoxy;
hetercaryloxy; altkyithio, arylthio; heteroalkylthio, heteroarylthio; -F; -Cl; -Br. -1, -OH; -NO»; -
CN; -CFs; ~CHLCFa -CHCD; ~CHYOH, -CHCHLOH, -CHNH,, -CHRS O CHs, -C{O)R -
COR,}; ~-COMN(R G2 ~OC(OIR -OC R, -OCONR G, -N{R Gz -S(ORR -NRACOR,,
wherein each occurrence of R, independently includes, but 1s not himited to, aliphatic,
heteroaliphatic, arvl, heteroarvl, arvialkyl, or hetercarvlallkyl, wherein any of the aliphatic,
heteroaliphatic, arvialkyl, or heteroarvialkyl substituents described above and herein may bhe
substituted or unsubstituted, branched or imbranched, cvclic or acyclic, and wherein any of the
aryl or heteroaryl substituents described above and herein may be substituted or unsubstituted.
Additional examples of generally applicable substituenis are Hustrated by the specific
embodiments described herein.

The terms “halo™ and “halogen™ as used herein refer to an atom selected from fluorine,
chlorine, broming, and iodine.

The terro “alkyl” includes saturated aliphatic groups, mcluding straight-chain alkvl
groups {e.g., methyl, ethyl, propyl, butyl, penivl, hexyl, heptyl, octyl, nonvl, decyl, erc.},
branched-chain alkvi groups (isopropyi, tert-butvi, isobutvl, erc ), cycloaliyl {alicychic) groups
{cyclopropyl, cyelopentyvl, evclohexyl, cvelohepivl, eyclooctyly, alkyl subsiituied cveloalkyl
groups, and cvcloalkyl substituted alkyl groups. In certain embodiments, a straight cham or
branched chain atkvl has 6 or fewer carbon atoms in 1S backbone (e g, C1-Ce for straight chain,
{5-Cs for branched chain), and more preferably 4 or fewer. Likewise, preferred cvcloalkyls have
from 3-8 carbon atoms in their ring structure, and more preferably have S or 6 carbons in the ring
struciure. The term C1-Cs includes alkyl groups containing 1 to 6 carbon atoms.

Moreover, unless otherwise specified, the term atkyl includes both “unsubstituied alkyls™
and “substituted alkyls,” the latter of which refers to alkyl moieties having independently
selected substituents replacing a hyvdrogen on one or more carbons of the hydrocarbon backbone.
Such substituents can include, for example, alkenyl, alkynyl, halogen, hyvdroxyl,
alkvicarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, arvioxycarbonyloxy, carboxylate,
alkvicarbonyl, arvicarbonyvi, alkoxvcarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkviaminocarbonyl, alkylthiocarbonyl, alkoxvl, phosphate, phosphonato, phosphinato, cyano,
amino {including alkyl anuno, diatkylamino, arvlamino, diarvlianuno, and alkviarviamino),
acylamino (including alkvicarbonvlamino, arvicarbonvlamino, carbamoy! and ureido), amidino,
iming, suithydryl, alkyvithio, arylthio, thiocarboxylate, sulfates, alkyisulfinyl, sulfonato,
sulfamovl, sulfonamido, nitro, trifluoromethyl, cvano, azido, heterocyelyl, alkyiarvl, or an

aromafic or heleroaromatic moeiely. Cycloalkvis can be further substituied, e. g, with the
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substituents described above. An “alkylarvl” or an “arvlalkyl” rooiety 15 an alkyl substituted with

an aryl {e.z., phenylmethvl (benzv)). The term “alky1” also includes the side chains of natural

and wnnatural amino acids. The term “n-alky!” means a straight chain (7.¢., unbranched)

unsubsiituied alkyl group.

The term “alkenvl” includes unsaturated aliphatic groups analogous in length and
possible substitition to the alkyls described above, but that contain at least one double bond. For
example, the term “alkenyl” incluodes straight-chain alkenvl groups {e.g., ethvlenvi, propenvi,
butenyl, pentenyl, hexenyl, heptenvi, octenyl, nonenyl, decenvl, esc.), branched-chain alkenyl
groups, cveloalkenyl {alicychic) groups {cyclopropenyl, cyclopentenyi, cyclohexenvl,
cycloheptenyl, cyclooctenvyl), alkyl or alkenyl substituted cvcloalkenyl groups, and cycloalky] or
cycloalkenyl substituted alkeny! groups. In certain embodiments, a straight chain or branched
chain alkenyl group has 6 or fewer carbon atoms 1u its backbone {e. g, C2~Ce for straight cham,
{5-Cs for branched chain). Likewise, cveloalkeny! groups may have from 3-8 carbon atoms in
their ring structure, and more preferably have 5 or 6 carbons in the ring structure. The term C2-Cs
includes alkenvl groups containing 2 to 6 carbon atoms.

Moreover, unless otherwise specified, the term alkenyi includes both “unsubstituted
alkenvls™ and “substituted alkenvls,” the latter of which refers to atkenyl moieties having
independently selected substituents replacing a hvdrogen on one or more carbons of the
hydrocarbon backbone. Such substituents can include, for exarople, alkyl groups, alkynyl
groups, halogens, hydroxyl, alkyvicarbonyloxy, aryicarbonyioxy. alkoxvcarbonyioxy,
aryloxycarbonyloxy, carboxvlate, alkylcarbonvl, arvicarbonyl, alkoxycarbonyi, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxvl, phosphate, phosphonato,
phosphinato, cvano, amino {(including alky!l amino, dialkylamino, arvianmine, diarylamine, and
alkylarylaming), acvlianino {including alkylcarbonviamino, arvicarbonylamine, carbamoy! and
ureido), amidine, imino, salthydryl, alkylthio, arvlthio, thiocarboxylate, sulfates, alkvisulfinyi,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cvavo, azido, heterocvelvl, alkylaryl,
or an aromatic or heteroaromatic moiety.

The term “alkynvl” includes unsaturated aliphatic groups analogous in length and
possible substitution 1o the alkyls described above, but which contain at least one triple bond.
For example, the term “alkyovl” includes stranghi-chain alkyny! groups (e.g., ethynyl, propynyl,
butynvl, pertynyh, hexynvl, heptynvl, octynyl, nonynyl, decynyvl, efc.), branched-chain alkynyl
aroups, and cveloalkyvl or eveloalkeny! substituted alkvoyl groups. In certain embodiments, a
straight chain or branched chamn alkynyl group has 6 or fewer carbon atoms in its backbone {(e.g..
{r-{Us for straight chain, {3-Ce for branched chamn). The term C2-Cs includes alkynyl groups

containing 2 to 6 carbon atoms.
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Moreover, unless otherwise specified, the term alkynyl mcludes both “insubstituted
alkynyls™ and “substituted alkynyls,” the latter of which refers to alkynyl moieties having
independently selected substituents replacing a hvdrogen on one or more carbons of the
hydrocarbon backbone. Such substituents can include, for example, alkyl groups, alkynyl
groups, halogens, hydroxyl, alkylcarbouvioxy, arvilcarbonyloxy, alkoxvearbonvioxy,
arvloxycarbonvioxy, carboxvlate, alkvicarbonvl, arvicarbonyl, alkoxycarbonyi, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxvl, phosphate, phosphonato,
phosphinato, cyvano, amino {(including alkyl amino, dialkylamino, arviamivno, diarviaming, and
alkylarvlaming), acvlanune {including alkvlcarbonviamino, aryicarbonylamine, carbamov! and
ureido}, amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, aikvisulfinyi,
sulfonato, sulfamovl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylarvl,
or an aromatic or heteroaromatic moiety.

Unless the number of carbons is otherwise specified, “lower alkyl” as used herein means
an alkyvi group, as defined above, but having from one to five carbon atoms in 1{s backbone
structure. “Lower alkenyl” and “lower alkvoyl” have chain lengths of, {or exaruple, 2-3 carbon
atoms.

The term “alkoxy™ includes substituted and unsubstituted alkyl, atkenyl, and atkynyl
groups covalently linked to an oxygen atom. Examples of alkoxy groups include methoxy,
ethoxy, 1sopropyloxy, propoxy, butosy, and perdoxy groups. Examples of substituted alkoxy
groups include halogenated alkoxy groups. The alkoxy groups can be substituted with
mdependenily selected groups such as alkenvi, alkynyl, halogen, hydroxyl, alkylcarbonyioxy,
arylcarbonyvloxy, alkoxycarbonvioxy, arvioxycarbonyloxy, carboxyiate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, anunocarbonyl, alkylanunocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonvi, alkoxyl, phosphate, phosphonaio, phosphinato, cyano, amino (including alkyi
amino, dialkvlamine, arvlamino, diarvlamine, and alkvlarviaminoe), acvlamino (inchuding
alkylcarbonylaming, arvlcarbonylamano, carbaroovl and ureido), arvidino, tnmuno, sulffivdyl,
alkylthio, arvithio, thiocarboxylate, sulfates, alkylsuifimyl, sulfonato, sulfamoyvl, sulfonamido,

nitro, trifluoromethyl, cyano, azido, heterocyclhyl, alkylaryl, or an aromatic or heteroaromatic

moigties. Examples of halogen substituted alkoxy groups include, bul are not Limited {o,
fHuoromethoxy, diffuoromethoxy, trifluoromethoxy, chlororsethoxy, dichloromethoxy,
trichloromethoxy, efc.

The term “hetercatom” includes atoms of any element other than carbon or hydrogen.
Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus.

The term “hydroxy™ or “hydroxyl™ includes groups with an ~OH or -0 {with an

appropriate counterion}.
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The terro “halogen” includes fluorine, bromine, chlorine, todine, efc. The term
“perhalogenated” generally refers to a moiety wherein all hydrogens are replaced by halogen
atoms.

The term “substituted” includes independently selected subsiituents which can be placed
on the motety and which allow the molecule to perform its intended function. Examples of
substituents include alkyl, alkenyl, alkynyi, arvl, (CR'R" 3 aNRR”, {(CR'R")e2CN, NO3, halogen,
{(CR'R"YosClhalogen)s, (CR'R s CHhalogen )z, (CRR o CHothalogen), (CR'R"p2CONR'R",
{(CRR3s8(03aNRR" (CRR)esCHO, (CRR300(CR'R " psH, (CR'RMeaS(0)2R,
(CRR" 2 O(CRR g 3H, (CRRMo3COR, (CR'RMesCO0R, or (CR'R")20R’ groups; wherein
each R' and R" are each independently hydrogen, a {-Us alkyl, C:-Csalkenyl, C2-Cs alkynvl, or
aryl group, or R" and R" taken together are a benzvlidene group or a —{CH» pO(CH o~ group.

The term “amine” or “amino” includes coropounds or moieties in which a nitrogen atorm
is covalently bonded to at least one carbon or heteroatom. The term “alkyl amino” includes
groups and compounds wherein the nitrogen is bound o at least one additional alkyl group. The
term “dialky! amino” includes groups wherein the nitrogen atom is bound to at least two
additional alkyl groups.

The term “ether” includes compounds or moieties which contain an oxygen bonded {o
two different carbon atoms or heteroatoms. For example, the term includes “alkoxyvalkyvl,” which
refers to an alkyl, alkenvl, or alkyny! group covalently bonded 1o an oxygen atom which is
covalently bonded to another alkyl group.

The terms “polynucieotide,” “nuclestide sequence,” “nucleic acid,” “nucleic acid
molecule,” “nucleie acid sequence,” and “oligonucleotide” refer to a polvmer of two or more
nucleotides. The polynucleotides can be DNA, RNA, or denivatives or modified versions
thereof. The polynuclestide may be single-stranded or double-siranded. The polvnucleotide can
be modified at the base motety, sugar moiely, or phosphate backbone, for example, to improve
stability of the molecule, 1ts hybnidization parameters, ef¢. The polvnucleotide may coroprise a
modified base moiety which is selected from the group including but not himited to 5-
fluorouracil, 5-bromouracil, S-chiorouracil, S-<iodouracil, hypoxanthine, xanthine, 4-
acetvicytosine, S-(carboxvhvdroxyvimethyvl) uracil, S-carboxymethviaminomethyvi-2-thiousidine,
5~ carboxvmethylaminomethyluracil, dihyvdrouract], beta-D-galactosylqueosine, mosine, N6-
isopentenyiadenine, 1-methylguanine, I-methvlinosine, 2,2~ dimethylguanine, 2-methyladenine,
Z-methylguanine, 3-methyicytosine, 5~ methylcvtosine, No-adenine, 7-methyliguamne, S-
methviaminomethviuraci, 5- methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5'-
methoxycarboxymethyluracil, 5-methoxyuracy, Z-methylthio-N6- 1sopentenviadenine,

wyvbuioxosine, pseudouracil, queosing, 2-thiocviosine, S-methyl-2-thiouracil, 2-thiouracil, 4-
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thiouractl, S-methvluracil, uraci- 5-oxyacetic acid methylester, uracil-5-oxyacetic acid, 5-
methyl-2- thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uractl, and 2,6~-dianminopurine. The
olynucleotide may comprise a modified sugar moiety {(e.g., 2"-fluororibose, ribose, 2'-
deoxyribose, 2'-O-methyvlcyiidine, arabinose, and hexose), and/or a modified phosphate moiety
{e.g.. phosphorothioates and §' ~-N-phosphoranudite linkages). A nucleotide sequence typically
carries genetic information, including the information used by cellular machinery to make
proteins and enzymes. These terms include double- or single-stranded genomic and ¢DNA,
RNA, any synthetic and genetically manipulated polvoucleotide, and both sense and antisense
polynucleotides. This includes single~ and double-stranded molecules, 7.e., DNA-DNA, DNA-
RNA, and RNA-RNA hybrids, as well as “protein nucleic acids™ (PNA) formed by conjugating
bases to an amino acid backbone.

The term “targeting motety” or “targeting higand” includes, but 15 not limuted to, N-
acetviglucosamine or N-acetyl galactosamine {GalNac).

The term “base” includes the known purine and pyrimidine heterocvclic bases,
deazapurines, and analogs (including heterocvclic substituted analogs, e. g, aminoethyvoxy
phenoxazine}, derivatives {e.g., 1-alkyl-, 1-alkenyl-, hetercaromatic- and 1-alkynyl derivatives)
and tautomers thereof. Examples of purines include adenine, guanine, inosine, diaminopuring,
and xanthine and analogs {e.g., 8-ox0-N-methyladenine or 7-diazaxanthing) and derivatives
thereof. Pyrimidines mclude, for example, thyroine, uracd, and cviosine, and thetr analogs {e.g..
S-methyleytosine, S-methviuracil, 5-(1-propynyhuracil, 5-(1-propynviicytosine and 4.4~
ethanocytosine}. Other examples of suitable bases include non-purinyi and non-pyrimidinyt
bases such as 2-aminopyvridine and triazines,

In some embodiments, the nucleomonomers of an oligonucleotide of the invention are
RNA mucleotides. In another preferred embodiment, the nucleomonomers of an shigonuclestide
of the invention are modified RNA nucleotides. Thus, the oligonucleotides contain modified
RNA nucleotides.

The term “nucleoside” includes basas which are covalently atiached to a sugar moiety,
preferably ribose or deoxvribose. Examples of preferred nuciecsides include ribonucleosides and
deoxyribonucieosides. Nucleosides also include bases inked (o amine acids or amino acid
analogs which may comprise {ree carboxyl groups, free amano groups, ot protecting groups.
Suitable protecting groups are well known in the art (see P. G M. Wuts and T. W Greene,
“Protective Groups in Organic Synthesis”, 2% Ed., Wiley-Interscience, New York, 1999},

The term “nucleotide” includes nucleosides which further comprise a phosphate group or

a phosphate analog,
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The nucleic acid molecules may be associated with a hydrophobic motety for targeting
and/or delivery of the molecule to a cell. In certain embodiments, the hvdrophobic moisty is
associated with the nucleic acid molecule through a linker. In certain embodiments, the
association 1s through non-covalent interactions. In other embodiments, the assoctation is
through a covalent bond. The nucleic acid molecules may be associated with a targeting ligand
moiety for targeting and/or delivery of the molecule to a cell. In certain embodiments, the
targeting ligand moiety is associated with the nucleic acid molecule as a phosphoroamidite or
alternatively through a hinker. In certain embodiments, the association 1s through non-covalent
teractions. In other embodiments, the association is through a covalent bond. Any linker
known in the art may be used to associate the nucleic acid with the hydrophobic moisty. Linkers
known in the art are described in published nternational PCT applications, W0 92/03464, WO
95/23162, WO 2008/021157, WO 2009/021 187, WO 2009/134487, W0 2009/126933, U S,
Patent Application Publication 2005/0107325, U.S. Patent 5,414,077, U.S. Patent 5,419,966,
LLE. Pateni 5,512,667, U.8. Patent 5,646,126, and ULS. Patent 5,652,359, which are incorporated
herein by reference. The linker may be as sivaple as a covalent bond to a multi-atoro linker. The
linker mav be cyciic or acyclic. The linker may be optionally substituted. In certain
embodiments, the hinker is capable of being cleaved from the nucleic acid. In certain
embodiments, the hinker 15 capable of being hydrolyzed under physiclogical conditions. In
certain ernbodiments, the linker 1s capable of being cleaved by an enzyme (e g., an esierase or
phosphodiesterase). In certain embodiments, the linker comprises a spacer element to separate
the nucletc acid from the hydrophobic moiety. The spacer element may include one to thirty
carbon or heteroatoms. In certain embodiments, the linker and/or spacer element comprises
protonatable functional groups. Such protonatable functional groups may promote the
endosomal escape of the nucleic acid molecule. The protonatable functional groups may also aid
in the delivery of the nucleic acid to a cell, for example, neutralizing the overall charge of the
molecule. In other embodiments, the hinker and/or spacer elernent is bologically inert (that s, o
does not impart biological activity or funciion to the resulting nucleic acid molacule}.

In certain embodiments, the nucleic acid molecule with a targeting moiety and/or a linker
and hydrophobic moiety 15 of the formulae described herein. In cerfain embodiments, the nucleic

acid molecules ts of the formula;
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wherein

Xis Nor CH;

A 15 a bond,; substituted or unsubsiituted, cyclic or acyclic, branched or unbranched

s aliphatic; or substituted or unsubsiituied, cyclic or acvcelic, branched or unbranched

heteroaliphatic;

R is a hyvdrophobic moiety:

R’ is hydrogen; an oxygen-protecting group; cvclic or acyclic, substituted or

unsubstituted, branched or unbranched aliphatic; cyclic or acyelic, substituted or unsubstituied,

16 branched or unbranched heteroaliphatic; substitined or unsubstituted, branched or unbranched
acyl; substituted or unsubstituied, branched or unbranched arvl; substituted or unsubstituted,
branched or unbranched heteroaryl; and

R* 15 a nuclete acid.
In certain embodiments, the molecule is of the formula:
R3
G
Y A R
S
£5 e

In certain embodiments, the molecule is of the formula;

R3

/

Oy
v

X A OR1

R

In certain embodiments, the molecule is of the formula:
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In certaim embodiments, the molecule is of the formula:
R3

/

;ui(/;”\\
o]

N\

)\ / e

R20

In certain embodiments, X is N, In certain embodiments, X is CH.
In certain embodiments, A 1s a bond. In certain embodiments, A 15 substituted or

S
unsubstituted, cvelic or acvelic, branched or unbranched aliphatic. In certain erubodiments, A 1s
acvelic, substituted or unsubstitited, branched or unbranched aliphatic. In certain embodiments,
A is acychie, substituted, branched or unbranched aliphatic. In certain embodiments, A is
acvelie, substituied, unbranched aliphatic. In certain embodiments, A is acvelic, substituted,

unbranched altkyi. In certain embodiments, A is acvclic, substituted, unbranched (1.0 alkvl In
certain embodiments, A is acyciic, substituted, unbranched Ci.1z alkvl In cerfain embodiments,

s
<

A is acyclic, substituted, unbranched Croo altkvl To certain embodiments, A 1s acyelic,
substituted, imbranched Ciz alkyl. In certain embodiments, A is acyclic, substituted, unbranchec

(i alkyl In certain embodiments, A is substituted or unsubstituted, cyclic or acyelic, branched

or unbranched heteroaliphatic. In certain embodiments, A is acyclic, substituted or
unsubstituted, branched or unbranched hetercaliphatic. In certain embodiments, A s acyclic,

substituted, branched or unbranched heteroaliphatic. In certain embodiments, A is acvchic,

substituted, unbranched heteroaliphatic.
In certain embodiments, A 1s of the formuda:
0

20
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In certain embodiments, A is of one of the formulae:
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In certain embodiments, A is of one of the formulae:

I3
H

o
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w(O\/\O/’\\/OW
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In certain embodiments, A is of one of the formulae:
H
N
kg “&
N
ke
N
% Ty
N \v//\\ /BQ’L
! N
‘2{/ H H
‘;{‘ \\//N\N /"\\;}&
i H
N \//’**\ /\/}L
N
A N
H ; H
H ; H
§ \\/’/\\f //\\\/ g \//\\
N
‘2( H H H N
o ; ;
H H H H
N\\/’/\ /\\\// N\\//\\
k' g e
» H " H
kY ; :
H H
In certain embodiments, A 1s of the formula:
H H
%‘&{/ N N
H H

3 In certain embodiments, A is of the formula;
H
N\/’/\\w/\ //\\///\ }Q’
“’l{ N N
H H ,

In certain embodiments, A is of the formula:

R G
N
N
]

each occwrrence of R is independently the side chain of a natural or unnatural
amino acid; and

wherein
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0 is an integer between 1 and 20, inclusive. In certain embodiments, A is of the

formula:

O

In certain embodiments, each occurrence of R s independently the side chain of a natural
s amino acid. In certain embodimenis, n 1s an integer between 1 and 15, inclusive. In certain
embodiments, n is an integer between 1 and 10, inclusive. In certain embodiments, nis an
integer between 1 and 5, inclusive,

In certain embodiments, A 1s of the formula:

10 wherein it 15 an integer between | and 29, inclusive. In certain embodiments, A is of the

formula;

In certain embodiments, n is an integer between 1 and 15, inclusive, In certain
embodiments, n is an infeger between 1 and 10, inclusive. In certain embodiments, n is an
15 joteger between 1 and 5, juclusive.

In certain embodiments, A is of the formula;
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wherein n 1s an integer between 1 and 20, inclusive. In certain embodiments, A is of the

formula;
NH,

izl

G

In certain embodiments, n is an integer between 1 and 15, inclusive. In certamn
embodiments, n is an infeger between 1 and 10, inclusive. In certain embodiments, n is an
integer between 1 and 5, inclusive.

In certam embodiments, the molecule is of the formula:

RIB

/

)

Mﬁ“oﬁ'

R20
wherein X, R} R%, and R are as defined herein: and
A’ is substituted or unsubstituied, cychic or acvelic, branched or unbranched aliphatic; or

substituted or unsubstituted, cyclic or acyclic, branched or unbranched hetercaliphatic,
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In certaim embodiments, A’ 15 of one of the formulas:
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In certain embodiments, A is of one of the formulae:

I3
H

o

Cu
‘z{o\/\>ﬁ
g 0
NS
O/\/Q\?ﬁ
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In certain embodiments, A is of one of the formulae:
H
N
XS
N
ke
N
EZ{/' ) W
N \v//\\ }?’L
’ N
‘2{/ H H
i H
: ~ N /\//}1
N

H ; H

H ; H

N \,/\\\ﬁ //\\/' N \//\
N

‘2( H H H N

o ; s
H H H H
N\\/’/\ /\\\// N\\//\\

k' N iy
» H " H
\E\\v/\\ /\\\// N\/\ /\//31

kY ; :

H H
In certain embodiments, A 1s of the formula:
H H
%‘z{/ N N
H H

3 In certain embodiments, A is of the formula;
H
N\/’/\\w/\ //\\///\ }Q’
“’l{ N N
H H

In certain embodiments, R’ is a steroid. In certain embodiments, R is a cholesterol. In
certain embodiments, RY is a lipophilic vitamin, Tn certain embodiments, R is a vitamin A, In
certain embodiments, R is a vitamin B

16 In certain embodiments, R' is of the formula;
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wherein R® is substituted or unsubstituted, cyclic or acyclic, branched or unbranched aliphatic;
or substituted or unsubstituied, cyclic or acyelic, branched or unbranched heterpaliphatic.
In certain embodiments, R' is of the formula;

/!ix, ",
g

In certain embodiments, R is of the formula;

//:‘,’, s,

In certain embodiments, RYis of the formula:

K N N NP N NG N N N

A

10 In certain embodiments, R’ is of the formula:

In certain erubodiments, R is of the formula:
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In certain embodiments, the nucleic acid molecule 15 of the formula:

OR?®

Yoarwu Aviu OR1

ORe
wherain

XisNorCH;

Ais a bond; substituted or unsubstituted, cvclic or acvclic, branched or unbranched
aliphatic; or substituted or unsubstituted, cyclic or acyclic, branched or unbranched
heteroaliphatic:

R!is a hydrophobic motety:

R” is hydrogen; an oxygen-protecting group; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substitined or unsubstituted,
branched or unbranched heteroaliphatic; substitited or unsubstituted, branched or unbranched
acyl; substituted or unsubstituted, branched or unbranched arvl; substituied or unsubstituted,
branched or unbranched heteroaryl; and

R? is a nucleic acid.

In certain embodiments, the nucleic acid moleculs 135 of the formuda:

OR?

OR?
'\J"J\s

A

Sl

wherein

XisNorCH;

A is a bond; substituted or unsubstitited, cyclic or acyclic, branched or unbranched
aliphatic, or substituted or unsubstituted, cvclic or acyclic, branched or unbranched
hetercaliphatic;

R' is a hydrophobic motety;



WO 2023/015265 PCT/US2022/074555
1-

¥4

R* is hydrogen; an oxy gen-protecting group; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substitined or unsubstituted,
branched or unbranched heteroaliphatic; substitited or unsubstituted, branched or unbranched
acyl; subsiituied or unsubstituded, branched or unbranched aryl; substituled or unsubstituted,

s hranched or unbranched heteroarvl; and

R? is a nucleic acid.

In certain embodiments, the nucleic acid moleculs 135 of the formuda:

~~

R3G

o) Koww A OR?

whersin
io XisNorCH;

Ais abond; substituted or unsubstitited, cyclic or acyclic, branched or unbranched
aliphatic, or substituted or unsubstituted, cvclic or acyclic, branched or unbranched
hetercaliphatic;

R' is a hydrophobic motety;

is R? is hvdrogen: an oxygen-protecting group; cyclic or acyclic, substituted or
mnsubstituted, branched or unbranched aliphatic; cvelic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphanic; substituted or unsubstituted, branched or unbranched
acvl; substituted or unsubstituted, branched or unbranched arvl; substituted or unsubstitutad,

branched or unbranched heteroaryl: and

o3, R’ is a nucletc acid. In certain erobodiments, the nucleic acid molecule is of the formula:
R3Q )
‘ K fenn ORF

In certain embodiments, the nucleic acid molecule 15 of the formula:

R
XV AL OR

&
o~
%)

RZ

In certain embodimenis, the nucleic acid molecule 15 of the formula:
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wherein R” 1s a nucleic acid.
In certain embodiments, the nucleic acid molecule 15 of the formula:

/il/, 15,
2 o

HORe

5 wherein R’ is a nucleic acid; and
1 is an mteger between 1 and 20, 1woclusive.
In certaimn embodiments, the nucleic acid molecule 15 of the formula:

f/fi, e,

OR?®

O

AN JL e
\[(\/\\/\N e A:::ﬁ
H
j ©
HO

In certain embodiments, the nucleic acid molecule 15 of the formula:

Yirt, ‘.

Ot

ol T1TT), u—

/O\V/”\O/’\v/o\\,/\o/\\,/’“\N.J\Q ANy
H

0 OR?

In certain embodiments, the nucleic acid moleculs 135 of the formuda:
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In certain embodiments, the nucleic acid molecule 15 of the formula:

!fif,, 5y

OR?

In certain embodiments, the nucleic acid molecule 15 of the formula:

l!;,‘,i"

B

L
X

As used herein, the term “linkage” includes a naturally occurring, unmodified

2

phosphodiester moiety (-O-{P(°71-0-) that covalently couples adjacent nucleomonomers. As
used herein, the term “substitute linkage” includes any analog or derivative of the native
phosphodiester group that covalently couples adjacent nucleomonoroers. Substitute linkages

10 include phosphodiester analogs, e.g, phosphorothicate, phosphorodithioate, and P-
ethyoxyphosphodiester, P-ethoxyphosphodiaster, P-alkyloxyphosphotriester,
methylphosphonate, and nonphosphorus containing hinkages, e g., acetals and amudes. Such
substitute linkages are known i the art {e. g, Bjergarde er /. 1991, Nucleic Acuds Res. 19:5843;
Caruthers ef o/ 1991, Nucleosides Nucleotides. 10:47}. In certain embodiments, non-

15 hvdrolizable linkages are preferred, such as phosphorothicate linkages.
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In certain embodiments, oligonucleotides of the mvention comprise hvdrophobically
modified nucleotides or “hyvdrophobic modifications.” As used herein “hydrophobic
modifications” refers 1o bases that are modified such that (1) overall hydrophobicity of the base
is significantly increased, and/or (2} the base is still capable of forming close to regular Watson —
Crick interaction. Several non-limniting examples of base modifications include S-position uridine
and cytidine modifications such as phenvl, 4-pyridyl, 2-pyridyl, indolvl, and 1sobutyl, phenvl
(COHSOH), tryptophany] (CsHeNICHCH{NH)CO), Isobutyl, butyl, aminobenzyl; phenvl; and
naphithyl

(Other types of conjugates that can be attached to the end (3° or 5° end), a loop region, or
any other parts of a chemically modified double stranded nucleic acid molecule include a sterol,
sterol type molecule, peptide, small molecule, protein, efe. In some embodiments, a chemically
modified double stranded nucleic acid molecule, such as an sd-roxRNA (INTASYL™), may
contain more than one conjugate (same or different chemical nature). In some embodiments, the
conjugate is cholesterol. Alternatively, in some embodiments, the conjugate is GalNac

In some embodiments, the first nucleotide relative to the 5 end of the guide strand has a
2'-O-methvl modification, optionally wherein the 2'-O-methyl modification is a 5P-2'O-methyl U
modification, or a 57 vinyl phosphonate 2°-O-methyl U modification. Anocther way 1o increase
target gene specificity, or to reduce off-target silencing effect, is to introduce a 27 -modification
{such as the 2°-0 methvi modification) at a position corresponding to the second 57-end
nucleotide of the guide sequence. Antisense {guide} sequences of the inveniion can be “chimeric
oligonucleotides™ which comprise an RNA-like and a DNA-like region.

The language “RNase H activating region” includes a region of an oligonucleotide, e.g., a
chimeric oligonucieotide that 1s capable of recruting RNase H o cleave the target RNA strand to
which the oligonucleotide binds. Typically, the RNase activating region contains a minimal core
{of at Teast about 3-5, typically between about 3-12, more typically, between aboui 5-12, and
more preferably between about 5-10 contiguous nucleornonomers) of DNA or DNA-like
nucleomonomers. (See, e.g, U S, Pat. No. 5,849,902). Preferably, the RNase H activating ragion
comprises about nine contiguous deoxyvribose containing nucleomonomers.

The language “non-activating region” includes a region of an antisense sequence, .., a
chimeric oligonucieotide that does not recruit or activaie RNase H. Preferably, a nou-activating
region does not comprise phosphorothicate DNA. The oligonucleatides of the invention
comprise at least one non-activating region. In one embodiment, the non-activating region can
be stabilized against nucleases or can provide specificily for the target by being complementary
1o the target and formung hvdrogen bonds with the target nucleic acid molecule, which is to be

bound by the oligonucleotide.
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In one embodiment, at least a portion of the contiguous polynucleotides are linked by a
substitute linkage, e g, a phosphorothioate linkage.

in certain embodiments, most or all of the nucleotides beyvond the guide sequence (2°-
modified or not) are linked by phosphorothicate linkages. Such constructs tend to have
improved pharmacokinetics due to their higher affimity for serum proteins. The phosphorotiuoate
linkages in the non-guide sequence portion of the polynucleotide generally do not interfere with
suide sirand activity, once the latter is loaded into RISC. Tn some embodiments, high levels of
phosphorothuoate modification can lead to iroproved delivery. In some embodiments, the guide
and/or passenger strand is completely phosphorothioated.

Antisense {guide) sequences of the present invention may include “morpholing
oligonuclectides.” Morpholino oligonucleotides are non-ionic and function by an RNase H-
mdependent mechanism. Each of the 4 genetic bases {Aderune, Cvtosine, Guanine, and
Thymine/Uracil} of the morpholino oligonucleotides is linked to a 6-membered morpholine ring.
Morpholine oligonucleotides are made by joining the 4 different subumit types by, e g, non-ionic
phosphorodianudate inter-subunit linkages. Morpholino oligonucleotides have many advantages
ncluding: complete resistance to nucieases (Antisense & Nucl Acid Drug Dev. 1996 6:267);
predictable targeting (Biochemica Biophvsica Acta. 1999, 1489:141); reliable activity in cells
{Antisense & Nucl. Acad Drag Dev. 1997, 7.63); excellent sequence specificity {Antisense &
Nucl Acid Drug Dev. 1997, 7:151); miumal non-antisense activity (Biochenuca Biophysica
Acta. 1999, 1489:141); and stmple osmotic or scrape delivery {Antisense & Nucl. Acid Drug
Dev. 1997 7.291). Morpholing oligonucieotides are also preferred because of their non-toxicity
at high doses. A discussion of the preparation of morphohino cligonucleotides can be found in
Antisense & Nucl Acid Drug Dev. 1997 7187,

The chemical modifications described herein are believed to promoie single stranded
polynucleotide loading into the RISC. Single stranded polynucleotides have been shown to be
active in loading into RISC and inducing gene siencing. However, the level of activity for single
stranded polvnucleotides appears to be 2 to 4 orders of magnitude lower when compared {o a
duplex polynucleotide.

The present invention provides a deseription of the chemical modification patterns, which
may {a} sigmficantly mcrease stability of the single stranded polynucleotide (b} promote efficient
loading of the polvnucleotide into the RISC complex and (¢} improve uptake of the single
stranded nucleotide by the cell. The chemical modification patterns may inchude a combination
of ribose, backbone, hydrophobic nucleoside and conjugate type of modifications. In addition, in
some of the embodiments, the 5° end of the single polvnucleotide may be chenucally

phosphoryviated.
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In vet another exnbodirvendt, the present invention provides a description of the chernical
modification patiems, which improve functionalily of RISC inhibiting polyvnucleotides. Single
stranded polynucleotides have been shown to inhubit activity of a preloaded RISC complex
through the substrate competition mechanism. For these types of molecules, conventionally
called antagomers, the activity usually requires high concentration and in vive delivery is not
very effective. The present invention provides a description of the chemical modification
patterns, which may {3} significantly increase stability of the single siranded polvnucleotide (b)
promote efficient recoguition of the polvnucleotide by the RISC as a substrate and/or (¢} improve
uptake of the single stranded nucleotide by the cell. The chemical modification patierns may
include a combination of ribose, backbone, hvdrophobic nuclecside and conjugate type of
modifications.

The modifications provided by the present mvention are applicable to all polvoucieotides.
This includes single stranded RISC entering polynucleotides, single stranded RISC inhibiting
polynuciestides, conventional duplexed polynuclectides of variable length {15- 40 bp),
asynoettic duplexed polynucleotides, and the hike. Polyvuucieotides roay be modified with wide
variety of chemical modification patterns, including 5° end, ribose, backbone and hydrophobic

nucieoside modifications.

Synthesis

Oligonucleotides of the nvention can be synthesized by any method known in the art,
e.g., using enzvmatic synthesis and/or chemucal synthesis. The oligonucleotides can be
synthesized i vitro {e. g, using enzymatic synthesis and chemucal synthesis} or iz vivo (using
recombinant DNA technology well known in the art).

In some embodiments, chemical synthesis is used for modified polvnucleotides.
Chernical syothesis of linear oligonucleotides 1s well known in the art and can be achieved by
solution or solid phase techniques. Preferably, svnthesis is by solid phase methods.
Oligonucleotides can be made by any of several different synthetic procedures inchuding the
phosphoranidite, phosphite triester, H-phosphonate, and phosphotriester methods, typically by
automated synthesis methods.

Oligonucleotide synthesis protocois are well known in the art and can be found, e g, in
U.S. Pat. No. 5,830,653, W 98/13526; Stec et af. 1984, J Am. Chem. Soc. 106:6077; Stec ef ol
1983, J. Org Chem. 50:3908; Stec et al. §. Chromatog. 1985, 326:263; LaPlanche ef af. 1986,
Nucl Acid Res. 1986, 14:9081; Fasman G. [, 1989, Practical Handbook of Biochemistry and
Molecular Biology. 1989, CR{ Press, Boca Raton, Fla.; Lamone. 1993, Biochem. Soc. Trans.

20 %, US. Pat No. 5,013,830; US. Pat. No, 5.214,135; U5, Pat. No. 5,525,719; Kawasaki ef af.
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1993, 7 Med. Chem. 36:831; WO 92/035068; U.S. Pat. No. 5,276,019; and U.S. Pat. No.
5,264,423,

2

The synthesis method selected can depend on the length of the desired oligonuciestide
and such choice 15 within the skill of the ordinary artisan. For exarple, the phosphoramidite and
phosphite triester method can produce oligonucleotides having 175 or more nucleotides, while
the H-phosphonate method works well for ohigonucleotides of less than 100 nucleotides. ¥
modified bases are incorporated inio the oligonuclestide, and particularly if modified
phosphodiester inkages are used, then the synthetic procedures are altered as needed according
to known procedures. In this regard, Uhlmann er af. (1990, Chemical Reviews 90:543-584)
provide references and outline procedures for making oligonucleotides with modified bases and
modified phosphodiester inkages. Other exemplary methods for making oligonucleotides are
taught in Sonveaus. 1994 “Protecting Groups in Oligonucieotide Synthesis™, Agrawal. Methods
in Molecular Biclogy 26:1. Exemplary synthesis methods are also taught in “Oligonucleotide
Synthesis - A Practical Approach™ (Gait, M. J. IRL Press at Oxford University Press. 1984).
Moreover, hnear oligonucleotides of defined sequence, including some sequences with modified
nucleotides, are readily available from several comyercial sources.

The oligonucleotides may be purified by polyacrylamide gel electrophoresis, or by any of
a number of chromatographic methods, including gel chromatography and high pressure hiquid
chromatography. To confirro a nucleotide sequence, especially unmodilied nucleotide
sequences, cligonucleotides may be subjected to DNA sequencing by any of the known
procedures, including Maxam and Gilbert sequencing, Sanger sequencing, capiliary
electrophoresis sequencing, the wandering spot sequencing procedure, or by using selective
chemical degradation of ohigonucleotides bound to Hyvbond paper. Sequences of short
oligonucleotides can also be analyzed by laser desorption mass spectroscopy or by fast atom
bombardment {(McNeal, ef af | 1982, J. dm. Chem. Soc. 104.976; Vian, ef al., 1987, Biomed.
Fnviron. Mass Spectrom. 14:83; Grotjahn ef /., 1982, Nuc. Acid Res. 10:4671). Sequencing
methods are also available for RNA oligonucieotides,

The quality of oligonucleotides synthesized can be verified by testing the oligonucleotide
by capillary electrophoresis and denaturing strong anion HPLC (SAX-HPLC) using, e.g., the
method of Bergot and Egan. 1992, J. Chrom. 399:35,

Other exeraplary synthesis techiuques are well known in the art (see, e g., Sambrook e/
al., Moelecuiar Cloning: a Laboratory Manual, Second Edition (1989}, DNA Cloning, Volumes |
and H (DN Glover Ed. 1985); Oligonucleotide Synthesis (M J Gait Ed, 1984; Nucleic Acid
Hybridisation (B D Hames and § J Higgins eds. 1984); A Practical Guide to Molecular Cloning

{1984); or the series, Methods in Enzymology {Academic Press, Inc.)).
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In certain embodiments, the subject RNAIL constructs or at least portions thereof are
transcribed from expression vectors encoding the subject constructs. Any art recognired vectors
may be use for this purpose. The transcribed RNAt constructs may be isolated and purified,
before desired modifications (such as replacing an unmodified sense strand with a modified ong,

eic.} are carried out,

Delivery Carrier

Without wishing {0 be bound by any particular theory, the inventors believe that the
particular patterns of modifications on the passenger strand and goide strand of the double
stranded nucleic acid molecules described herein (e g, INTASYL™) facilitate entry of the guide
strand inio the nucleus, where the guide strand mediates gene silencing {e.g . silencing of target
genes, such as THGIT).

Without wishing to be bound by any theory, several potential mechanisms of action could
account for this activity. For example, in some embodiments, the guide strand {e. 2., anfisense
strand} of the nucleic acid molecule (e g, INTASYL™) may dissociate from the passenger
strand and enter into the mucleus as a single strand. Once in the nucieus the single stranded guide
strand may associate with RNAse H or another ribonuclease and cleave the target (e.g., TIGIT)
(" Amtisense mechamism of action™). In some embodiments, the guide strand (e g., antisense
strand) of the nucleic acid molecule (e. g, INTASYL™) may associate with an Argonaute (Ago)
protein in the cytoplasm or outside the nucleus, forming a loaded Ago complex. This loaded Ago
complex may translocate into the nucleus and then cleave the target (e.g., TIGIT). Insome
embodiments, both strands {e.g. a duplex) of the nucleic acid molecule {e.g, INTASYL™) may
enter the nucleus and the guide strand may associate with RNAse H, an Ago protein or another
nbonuclease and cleaves the target {e.g, TGIT)

The skilled artisan appreciates that the sense strand of the double stranded molecules
described herein {e. g, INTASYL™ sense strand) is not limited {o delivery of a guide strand of
the double stranded nuciei¢ acid molecule described hersin. Rather, 1n some embodiments, a
passenger strand described herein s joined {e.g., covalently bound, non-~covalently bound,
conjugated, hybridized via a region of complementarity, efc.) to certain molecules (e z., antisense
oligonucleotides, ASQ} for the purpose of targeting said other molecule to the nucieus of a cell.
In some embodiments, the molecule joined o a sense strand described herein 15 a synthetic
anfisense oligonucleotide (ASO). In some embodiments, the sense strand joined {0 an anti-sense
oligonuclentide is between 8-15 nucleotides long, chemically modified, and comprises a
hydrophobic conjugate.

Without wishing to be bound by any particular theory, an ASO can bejoined to a

complementary passenger strand by hvdrogen bonding. Accordingly, in some aspects, the
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disclosure provides a method of delivering a nucleic acid molecule 1o a cell, the method
comprising administering an isclated nucleic acid molecule to a cell, wherein the 1solated nucleic
acid comprises a sense strand which 1S compiementary 1o an anti-sense oligonucleotide (ASO),
wherein the sense strand is between 8-135 nucleotides in length, comprises at least two
phosphorothioate modifications, at least 30% of the pyrinudines in the sense strand are modified,

and wherein the molecule comprises a hvdrophobic conjugate.

Uptake of Oligonucleotides by Cells

Oligonuclestides and oligonucleotide compositions are contacted with (7.e., brought into
coniact with, also veferred to heren as administered or delivered to) and taken up by one or more
cells or a cell lvsate. The term “cells” includes prokaryotic and eukaryotic cells, preferably
vertebrate cells, and, more preferably, mammalian cells. In some embodiments, the
oligonucleotide compositions of the invention are contacted with bactenial cells. In some
embodiments, the cligonucieotide compositions of the invention are conlacied with eukarvotic
celis {e.g . plant cell, mammalian cell, arthropod cell, such as insect cell). In some embodiments,
the oligonucleotide compositions of the invention are contacted with stem cells. In some
embodiments, the oligonucleotide compositions of the invention are contacted with liver cells,
such as hepatocyies and are taken up via receptor mediated uptake. In some embodiments, the
oligonucleotide compositions of the inveniion are contacted with human cells {e.¢.. neutrophils,
T cells, B cells, monocyies/macrophages, and combinations thereof ) or human cell lines fe.g., T
cell lines, such as Jurkat cells),

Oligonucleotide compositions of the invention can be contacted with celis in vifro, e g, in
a test tube or culture dish, (and mav or mayv not be introduced info a subject) or in vive, e g, in a
subject such as a mammalian subject, or ex vive. In some embodiments, oligonucleotides are
admanistered topically or through electroporation. Oligonucieotides are taken up by cells at a
stow rate by endocytosis, but endocytosad cligonucleotideas are generally sequestered and not
available, e g, for hvbridization to a target nucleic acid molecule. In one embodiment, celluar
uptake can be facilitated by electroporation or calcium phosphate precipitation. However, these
procedures are only useful for in vifro or ex vive embodiments, are not convenient and, in some
cases, are associated with cell toxicity.

In another embodiment, delivery of oligonucleotides into cells can be enhanced by
suitable art recognized methods 1acluding calcium phosphate, DMSO, glycerol or dextran,
elactroporation, or by transfection, e.g., using cationic, anionic, or newiral lipid compositions or
liposomes using methods known in the art (see e.g., WO 90/14074; WO 91/16024; WO
91/17424, U.S. Pat. No. 4,897,355, Bergan ef al. 1993, Nucleic Acids Research. 21:3567).
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Enhanced delivery of ohigonucleotides can also be mediated by the use of vectors (See ez, Shu,
Y. 2003, Trends Genet 2003 Jan. 19:9; Reichhart § M er g/, Genesis. 2002, 34(1-2).1604, Yu et
af. 2002. Proc. Natl. Acad Sci. USA 99:6047; Sui ef ¢/ 2002. Proc. Natl. Acad Sci. USA
99:5515) viruses, polvamine or polvcation conjugates using compounds such as polylysine,
protarone, or Ni, N12-bis {ethyi} spernmune (see, e.g., Bartzati, R. ef al 1989, Riotechnol Appl
Biochem. 11:133; Wagner E eral 1992 Proc. Natl Acad. Sci. 8842553,

The protocol used for uptake of oligonucleotides will depend upon a number of {actors,
the most crucial being the tyvpe of cells that are being used. Other factors that are important in
uptake include, but are not limited to, the nature and concentration of the oligonuciectide, the
confluence of the cells, the type of culture the cells are in (e g., a suspension culture or plated)

and the type of media in which the cells are grown.

Tmmnogenic compositions and methods of producing the same

In some embodiments, chemically-modified double stranded nucleic acid molecules
descrnibed herein are useful for producing immunogenic composttions. As used herein, an
“mmunogenic composition” i a compostiion comprising a host cell comprising a chemically-
maodified nucleic acid molecule as described herein, and optionally one or more pharmaceutically
acceptable excipients or carriers. Without wishing to be bound by any particular theory,
immunogenic compositions as desciibed by the disclosure are characterized by reduced (e g..
inhibited) expression or activily of one or more immune checkpoint proteins (e.g., TIGIT) and
are thus usetul, in some embodiments, for stimulating the invoune response of a subject.

As used herem, a “host cell” is a cell to which one or more chemically-modified double
stranded nucleic acid molecules have been introduced. Typically, a host cell is a mammalian
cell, for example a human cell, mouse cell, rat cell, pig cell, etc. However, in some
embodiments, a host cell is a non-mammalian cell, for example a prokaryotic cell (e g, bacterial
cell}, yeast cell, insect cell, etc. Generally, a host cell is derived from a donor, such as a healthy
donor {e.g., the cell to which the chemicaliy-modified double stranded nucleic acid is introduced
1s taken from a donor, such as a healthy donor). For example, a cell or cells may be isolated
from a biclogical sample obtained from a donor, such as a healthy donor, such as bone marrow
or blood. As used herein “healthy donor”™ refers to a subject that does not have, or is not
suspected of having, a proliferative disorder or an infectious disease {(e.g., a bactenial, viral, or
parasttic infection). However, in some embodiments, a host cell is derived from a subject having
{or suspected of having} a proliferative disease or an infectious disease, for exampie in the
coniext of autologous cell therapy.

In some embodiments a cell (e.g., a host cell} 1s an immune cell, for example a T-cell, B-

cell, deniritic cell (DC). granulocyte, macrophage, etc. In some embodiments, a cell {e g., a host
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cell} is a cell that is capable of differentiating into an immune cell, such as a stem cell (8C) or

mduced pluripotent stem cell (iPSCY. In some embodiments, a cell {e.g., a host cell) is a stem

cell memory T-cell, for example as described in, and incorporated by reference from, Gattinoni

et al. (2017) Nature Medicine 23; 18-27.

In some embodiments, a cell {e.g., a host cell) 15 a T-cell, such as a killer T-cell, helper T-
cell, or aregulatory T-cell. In some embodimends the T-cell is a killer T-cell (e.g., a D&+ T-
celly. In some embodiments, the T-cell is a belper T-cell (e.g., a CD4+ T-cell). In some
embodiments, a T-cell 1s an activated T-cell {e.g., a T~cell that has been presented with a peptide
antigen by MHC class Il molecules on an antigen presenting cell).

in some embodiments, a T-cell comprises one or more transgenes expressing a high
affinity T~cell receptor (TCR) and/or a chimenic antibody receptor {CAR).

In some aspects, the disclosure relates to the discovery that miroducing one or more
chemicallv-modified double stranded nucleic acid molecules of the disclosureto acell (e g, an
immune cell obtained from a donor) to produce a host cell results in a significant reduction of
immune checkpoint protein {e.g., TIGIT) expression or activity 1n the host cell. To some
embodiments, a host cell is characterized by between about 5% and about 50% reduced
expression of an immume checkpoint protein relative to a cell {e.g., an immune cell of the same
cell type} that does not comprise the chemicaliv-modified double stranded nucleic acid
molecules. In some embodiments, a host cell 15 characterized by greater than 50% {(e.g., S1%,

52%, 53%, 54%, 55%, 60%. 70%, 75%, 80%, 85%, 90%, 35%, 99%. 100%, or about any

percentage between 51% and 100%) reduced expression of an immmune checkpoint protein
relative (o a cell {e.g., an mymune cell of the same cell type) that does not comprise the
chemically-modified double stranded nucleic acid molecules (e g, an immune cell of a subject
having or suspected of having a proliferative disease or an infectious disease}.

In some embodiments, an immunogenic compostiion as described by the disclosure
comprises a plurality of host cells. In some embodiments, the plurahity of host cells is about
10,000 host cells {e.g., 10,000 host cells/kg of a subject), about 50,000 host cells {e.g., 50,000
host cells/kg of a subject}, about 100,000 host cells {e.g, 100,000 host cells/kg of a subject},
about 250,000 host cells {e.g., 250,000 host cells/kg of a subject), about 500,000 host cells (e g,
500,000 host cells/kg of a subject), about 1x10° host cells (e.g., 1x10° host cells/kg of a subject),
about about 5x10° host cells {e.3., 5x10° host cells/kg of a subject), about 1x107 host cells {e.g.,
1x107 host cells/kg of a subject), about Ix10® host cells (e.g., 1x10® host cells/kg of a subject),
about 1x107 host cells {e.g.. Ix10” host cells/kg of a subject), or more than 1x10° host cells {e.g.,

more than 1x10° host cells/kg of a subject). In some embodiments, the plurality of host cells is
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between about 1x10° and 1x10" host cells (e.g., between 1x10° and 1x10™ host cells/kg of a

subject).

In some aspects, the disclosure provides methods for producing an immunogenic
compaosifion as described by the disclosure. In some embodiments, the methods comprise,
motroducing nito a cell one or more chenmmcally-modified double stranded nucleic acid molecules,
wherein the one or more chemically-modified double stranded nucleic acid molecules target
TIGIT, thereby producing ahost cell.

Methods of producing wwnunogenic compositions {e.g., producing a host cell) may be
carried out in vifFe, ex vivo, or in vivo, in, for example, mammalian cells in culture, such as a
human cell in cuiture. In some embodiments, target cells {e.g , cells abtained from a donor} mayv
be contacted in the presence of a delivery reagent, such as alipid (e g, a cationic ipidy or a
liposome to facilitate entry of the chemically-modified double stranded nucleie acid molecules
into the cell, as described in further detail elsewhere in the disclosure.

In some embodiments, the method of producing immunogenic compositions {(e.g.,
producing a host cell} may further comprise subjecting the host cell {e.g., a cell comprising one
or more chemically-modified double stranded nucleic acid molecules) to a washout period. As
used herain, a “washout period” refers o a time during which the host cell is suspended in
washout media (media that does not comprise the one or more chemicallyv-modified dogble
stranded nucleic acid molecules). In some embodiments, the washout peniod is 24 hours — 6 days
{e.g.. 24 hours, 36 hours, 4% hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, 120 hours,
136 howrs, or 144 hours). In some embodiments, the washout period 13 24 hows. In some
embodiments, the washout period 13 48 hours. In some embodiments, the washout period is 96
hours. In some embodiments, the washout penod is 6 days.

in some embodiments, the method of producing immmnogenic compositions (e.g.,
producing a host cell} does not comprise subjecting the host cell {e.g., a cell comprising one or

more chemicallv-modilied double stranded nucleic acid molecules) to a washout period.

Carriers and Complexing Agents

The disclosure further relates to compositions comprising RNAI consiructs as described
herein, and a pharmaceutically accepiable carnier or diluent. In some aspects, the disclosure
relates to immuonogenic compositions comprising the RNAI constructs described herein, and a
pharrnaceutically acceptable camer.

As used herein, “pharmaceutically accepiable carrier” includes appropriate solvents,
dispersion media, coatings, antibacterial and antifungal agents, 1sotonic and absorption delaying
agents, and the like. The use of such media and agents for pharmaceutical active substances is

well known in the art. Except insofar as any conventional media or agent is imcompatible with
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the active ingredient, it can be used 1o the therapeutic compositions. Supplementary active

mgredients can also be incorporated into the compositions.

For exampie, in some embodiments, oligonucleotides may be incorporated into liposomes
or liposomes modified with polvethviene glyvcol or admixed with cationic lipids for parenteral
adommstration. Incorporation of additional substances into the liposome, for exarople, anttbodies
reactive against membrane proteins found on specific target cells, can help target the

., tmmune cells, such as NK-cells}.

oligonucieotides to specific cell types {e.g,

Encapsulating agents entrap oligounucieotides within vesicles. In another ermnbodument of
the invention, an ohigonucieotide may be associated with a carrier or vehicle, e.g | liposomes or
micelles, although other carriers could be used, as would be appreciated by one skilled in the art.
Liposomes are vesiclies made of a lipid bilayer having a stracture similar to biological
membranes. Such carriers are used to facilitate the cellular uptake or targeting of the
cligonucleotide. or improve the oligonucleotide’s pharmacokinetic or foxicologic properties.

For example, the oligonucleotides of the present invention may also be adnunistered
encapsulated in liposomes, pharmaceutical compositions wherein the active mgredient is
contained either dispersed or variously present in corpuscles consisting of agueous concentric
layers adherent to lipidic layers. The oligonucieotides, depending upon solubility, may be present
both in the aqueous layer and in the hipidic layver, or in what 1s generally termed a liposomic
suspension. The hydrophobic laver, generally but not exclusively, comprises phospholipids such
as lecithin and sphingomyelin, steroids such as cholesterol, more or less 1onic surfactants such as
diacetyiphosphate, stearviamine, or phosphatidic acid, or other materials of a hvdrophobic
nature. The diarseters of the liposomes generally range from about 15 nim to about 5 microns.

The use of liposomes as drug delivery vehicles offers several advantages. Liposomes
increase infracetlular stability, increase uptake efficiency and improve biological activity.
Liposomes are hollow spherical vesicles composed of hpids arranged in a similar fashion as
those lipids which make up the cell membrane. They have an internal agueous space for
entrapping water soluble compounds and range n size from 0.05 to several microns in diameter.
Several studies have shown that liposomes can deliver nucleic acids to cells and that the nucleic
acids remain biologically active. For example, a lipid delivery vehicle originally designed as a
research tool, such as Lipofectin or LIPOFECTAMINE™ 2000, can deliver intact nucleic acd
maolecules to cells.

Specific advantages of using liposomes include the following: they are non~toxic and
biodegradable in composition; they display long circulation halt-lives; and recognition molecules

can be readily aitached to their surface for targeting to tissues. Finally, cost-effective
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manufacture of liposome-based pharmaceuticals, etther o a hiquid suspension or lyophilized
product, has demonsirated the viability of this technology as an acceptable drug delivery system.

in some aspects, formulations associated with the invention might be selected for a class
of naturally occurring or chemically synthesized or modified saturaied and unsaturated fatty acid
restdues. Fatty acids nught exust 1o a formo of triglyeerides, diglveendes or individual fatty acids.
In another embodiment, the use of well-validated nuxtures of fatty acids and/or fat emulsions
currently used in pharmacology for parenteral nutrition mayv be atilized.

Liposome based formulations are widely used for ohigonucleotide delivery. However,
most of commercially available lipid or liposome formulations contain at least one positively
charged lipid {e.g. a cationic lipid). The presence of this positively charged lipid is believed to
be essential for obtaining a high degree of oligonucleotide loading and for enhancing liposome
fusogenic properties. Several methods have been performed and published to identify funciional
positively charged lipid chemistries. However, the comnmercially available hiposome
formulations containing cationic lipids are characterized by a high level of toxicity. n vivo
limited therapeutic indexes have revealed that iposome formulations containing positive charged
lipids are associated with toxicity {e.g., elevation in liver enrymes) at concentrations only
shighily higher than concentration required to achieve RNA silencing.

Nugleic acids associated with the invention can be hydrophobically modified and can be
encompassed within neutral nanotransporters. Further description of neutral nanotransporters is
imcorporated by reference from PCT Application PCT/US2009/005251, filed on September 22,
2009, and entitled “Newiral Nanotransporters.” Such particles enable quantitative
oligonucleotide incorporation inio non-charged lipid mixtures. The lack of toxic tevels of
cationic lipids in such neutral nanotransporter compositions s an important feature.

As demonstrated in PCT/USZ009/005251, oligonucieotides can effectively be
incorporated into a lipid mixiure that is free of cationie ipids and such a compostiion can
effectively deliver a therapeutic oligonucleotide to a cell in a manner that it is functional. For
example, a high level of actuivity was observed when the fatty mixture was composed of a
phosphatidylicholine base fatty acid and a sterol such as a cholesterol. For instance, one preferred
formulation of neutral fatty mixture i1s composed of at feast 20% of DOPC or DSPC and at least
209% of sterol such as cholesterol. Even as low as 1.5 lipid to ohigonucieotide ratio was shown to
be sufficient to get complete encapsulation of the oligonucleotide in a non-charged formulation.

The neutral nanotransporters compositions enable efficient loading of oligonucleotide
into neutral fat formulation. The composition includes an oligonucleotide that s modified in a
manner such that the hydrophobicity of the molecule s increased {for example a hydrophobic

molecule is attached {covalently or no-covalently) 1o a hydrophobic molecule on the
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oligonucleotide terminus or a non-terminal nucleotide, base, sugar, or backbone), the modified
oligonuclestide being mixed with a neutral fat formmlation (for example contairung at least 25 %
of cholesterol and 25% of DOPC or analogs thereof). A cargo molecule, such as another lipid
can also be included in the composition. This composttion, where part of the formulation is built
moto the oligonucleotide itself, enables efficient encapsulation of oligonucleotide i neutral hipid
particles,

In some aspects, stable particles ranging in size from 50 to 140 nm can be formed upon
caomplexing of hydrophobic oligonuclentides with preferred tormulations. The formulation by
tiself typically does not form small particles, but rather, forms agglomerates, which are
transformed into stable 50-120 nm particles upon addition of the hydrophobic modified
oligonuclestide.

In some embodiments, neutral nanotransporter compositions nclude a hvdrophobic
modified polvnucleotide, a neutral fatty mixture, and optionally a cargo molecule. A
“hydrophobic modified polynucleotide™ as used herein is a polynucleotide of the invention {e.g.
sd-rxRNA) that has at least one roodification that renders the polvoucieotide more hvdrophobic
than the polvnucleotide was prior to modification. The modification may be achieved by
attaching {covalently or non-covalentiy) a hydrophobic molecule to the polynucleotide. In some
instances the hydrophobic molecule is or includes a lipophilic group.

The term “lipophilic group” rueans a group that has a higher affimaty for lipids than its
affinity for water. Examples of lipophilic groups include, but are not limited to, cholesterol, a
cholestervl or modified cholesteryl residue, adamantine, dihvdrotesterone, long chain alkvi, long
chain alkenvl, fong chain alkynyl, olely-hithocholic, cholenic, oleovi-cholenic, palmityi,
heptadecvl, mynsiivl, hile acids, cholic acid or taurocholic acid, deoxycholate, oleyl litocholic
actd, oleovl cholenic acid, glveolipids, phospholipids, sphingolipids, isoprenoids, such as
steroids, vitamins, such as vitamin E, fatty acids either saturated or unsaturated, fatty acid esters,
such as trighveenides, pvrenes, porphyvrines, Texaphyvrine, adarnantane, acridines, biotin,
coumarin, fluorescein, thodamine, Texas-Read, digoxygenin, dimethoxyirityl, t-
butyldimethyisilyl, t-butvidiphenylsilvi, cvanine dyes {e.g., €y3 or Cv5), Hoechst 33258 dye,
psoralen, or thuprofen. The cholesterol moiety may be reduced {e.g., as in cholestan) or may be
substituted (e.g., by halogen). A combination of different hpophilic groups n one molecule s
also possible.

The hydrophobic molecule may be attached at various posttions of the polymucleotide,
As described above, the hydrophobic molecule may be linked o the terminal residue of the
polynuclectide such as the 37 of 3-end of the polynuclectide. Altematively, it may be linked to

an internal micleotide or a nucleotide on a branch of the polvnucieotide. The hydrophobic
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maolecule may be attached, for instance to a 2'-position of the nucleotide. The hydrophobic

molecule may also be linked to the heterocyclic hase. the sugar or the backbone of a nucleotide

of the polynucleotide.

The hydrophobic molecule may be comnected 1o the polynucieotide by a linker moiety,
Optionally the hnker moiety 15 a non-nucleotidic linker motety. Nov~-nucleotidic linkers are ez
abasic residues {dSpacer), oligoethyleneglyveol, such as triethvlenegiveol (spacer 9) or
hexaethylenegylcol (spacer 18}, or alkane-diol, such as butanediol. The spacer units are
preferably linked by phosphodiester or phosphorothicate bonds. The linker units may appear just
once in the molecule or mayv be incorporated several times, ¢.g . via phosphodiester,
phosphorothioate, methyiphosphonate, or amide Hinkages.

Typical conjugation protocols involve the synthesis of polynucleotides bearing an
aminolinker at one or more positions of the sequence, however, a linker is not required. The
amino group is then reacted with the molecule being conjugated using appropriate coupling or
activating reagents. The conjugation reaction may be performed either with the polynuclectide
still bound 1o a solid support or following cleavage of the polynucleotide in solution phase.
Purification of the modified polynucleotide by HPLC typically resulis in a pure material.

in some embodiments the hydrophobic molecule is a sterol type conjugate, a PhytoSterol
conjugate, cholesterol conjugate, sterol lype conjugate with aliered side chain length, fatty acid
conjugate, any other hydrophobic group conjugate, and/or hydrophobic modifications of the
ternal nucleoside, which provide sufficient hydrophobicity to be incorporated into micelles.

For pwrposes of the present invention, the term “sterols”, refers or steroid aicohols are a
subgroup of steroids with a hydroxyl group at the 3-position of the A-ring. They are amphipathic
lipids synthesized from acetvi-coenryme A via the HMG-CoA reductase pathway. The overall
molecule 15 quite flat. The hydroxyvl group on the A ring is polar. The rest of the aliphatic cham 18
non-polar. Usually sterols are considered 1o have an 8 carbon chain at position 17,

For purposes of the present invention, the term “sterol type molecules”, refers {o steroid
alcohols, which are similar in structure to sterols. The main difference is the structure of the nng
and number of carbons in a position 21 attached side chain.

For purposes of the present invention, the term “PhyioSterols™ (also called plant sierols)
are a group of steroid aleohols, phytochenucals naturally occurning in plants. There are more than
200 different known PhytoSterols.

For purposes of the present invention, the term “sterol side chain™ refers to a chemical
compaosifion of a side chain atiached at the posttion 17 of sterol-type molecule. Tn a siandard

definition, sterols are linmted to a 4 ring structure carrving an & carbon chain at position 17. In
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this invention, the sterol tvpe molecules with side chan longer and shorter than conventional are

described. The side chain may branched or contain double back bonas,

Thus, sterols useful in the invention, for example, include cholesterols, as well as unique
sterols ny which position 17 has attached side chain of 2-7 or longer than 9 carbons.  In some
embaodiments the length of the polycarbon tail 1s vaned between 3 and 9 carbons. Such
conjugates may have significantly better in vive efficacy, in particular delivery to liver. These
types of molecules are expecied to work at concentrations 5 to 2 fold lower then oligonucieotides
comugated to conventional cholesterols.

Altematively the polvnucleotide may be bound to a protein, peptide or positively charged
chemical that functions as the hydrophobic molecule. The proteins may be selected from the
aroup consisting of protamine, dsRNA binding domain, and arginine rich peptides. Exermnplary
positively charged chemicals include spermine, spermidine, cadaverine, and putrescine.

In another embodiment hydrophobic molecule conjugates may demonstrate even hugher
efficacy when it 1s combined with specific chemical modification patterns of the polynucleotide
{as described herein in detail), containing but not hiouted to hydrophobic modifications,
phosphorothioate modifications, and 2 ribo modifications.

in another embodiment the sterol tvpe molecule may be a naturally occurring
PhytoSterols. The polyearbon chain may be longer than 9 and may be linear, branched and/or
coniain double bonds. Some PhytoSterol-containing polynucleotide conjugates may be
sigriticantly more potent and active in delivery of polynuclestides to various tissues. Some
PhvtoSterols may demonstrate tissue preference and thus be used as a way 1o delivery RN A1
specifically to particular tissues.

The hydrophobic modified polvnucleotide 1s mixed with a neutral fatty mixture to forma
micelle. The neutral fatiy acid mixture is a mixture of fais that has a net neutral or slightly net
negative charge at or around physiological pH that can form a micelle with the hydrophobie
modified polynuclectide. For purposes of the present invention, the term “muacelle” refersto a
small nanoparticle formed by a mixture of non-charged fatty acids and phospholipids. The
neutral fatty mixture may include cationic lipids as long as they are present in an amount that
does not cause toxicity. In some embodiments the neutral fatty mixture 15 free of cationic hipids.
A muxture that is free of cationic lipids 15 one that has less than 1% and preferably 0% of the total
lipid being cationic lipid. The term “cationic lipid” mcludes lipids and synthetic lipids having a
net posiiive charge at or around phystological pH. The term “antonic hpid” includes lipids and
synthetic lipids having a net negative charge at or around physiological pH.

The neutral fats bind to the oligonucleotides of the invention by a strong but non-covalent

attraction {e.g., an electrostatic, van der Waals, pi-stacking, erc. imteraction).
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The neutral fat nuxiure roay include fornulations selected from a class of naturally
occurring or chemically synthesized or modified saturated and unsaturated fatty acid residues.
Fatty acids might exist in a form of triglycerides, diglveendes or individual fatty acids. In
another embodiment the use of well-validated mixtures of faity acids and/or fat emulsions
currently used in pharmacology for parenteral nutrition may be utilized.

The neutral fatty nixture is preferably a mixture of a choline based fatty acid and a sterol.
Choline based {fatty acids include for mstance, svnthetic phosphocholine derivatives such as
DDPC, DLPC, DMPC, DPPC, DSPC, DOPC, POPC, and DEPC. DOPC (chemical registry
number 4235-95-4} 1s dioleoyiphosphatidvicholine {also known as
dielaidoyiphosphatidylcholine, dicleovi-PC, dioleoyiphosphocholine, dioleovl-sn-glveero-3-
phosphocholine, dioleviphosphatidylcholine). DSPC (chemical registry number 816-94-4} 13
distearoviphosphatidyicholine (also known as 1,2-Distearoyl-sn-Glveero-3-phosphocholine).

The sterol in the neutral fatty mixture may be for instance cholesterol. The neutral fatty
mixture may be made up completely of a choline based fatty acid and a sterol or it may
optionally include a cargo molecule. For instance, the neutral fatty mixture may have at least
20% or 25% fatty acid and 20% or 25% sterol.

For purposes of the present invention, the term “faity acids™ relates to conventional
description of fatty acid. They may exast as individual entities or in a form of two-and
triglycerides. For purposes of the present invention, the term “fat emulsions” refers to safe {at
formulations given intravenousty to subjects who are unable to get enough fat in their diet. It is
an emuudsion of soybean oil {or other naturally occurring oils} and egg phospholipids. Fat
emudsions are being used for formulation of some insoluble anesthetics. Tn this disclosure, fat
emulsions might be part of commercially available preparations like Intrahipid, Liposyn,
Nutrilipid, modified commercial preparations, where they are enriched with particular fatty acids
or {ully de novo- formulated combinations of fatty acids and phospholipids.

In one embodiment, the cells to be contacted with an ohigonucleotide composition of the
invention are contacted with a mixture comprising the oligonucleotide and a mixture compnsing
alipid, e.g, one of the lipids or lipid compositions described supra for between abowt 12 hours to
about 24 hours. In another embodiment, the cells 1o be contacted with an oligonuclestide
caomnposttion are contacted with a mixture coraprising the oligonucleotide and a maxture
comprising a lipid, e g, one of the lipids or lipid compositions described supra for between about
I and about five days. In one embodiment, the cells are contacted with a mixture comprising a
hipid and the oligonucleotide for between about three days {o as long as about 30 days. In another

embodiment, a nuxture comprising a lipid is left in contact with the cells for at least about five to
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about 20 days. In another embodiment, a roixture comprising a lipid 15 left in contact with the

cells for at least about seven to about 15 davs.

509%-60% of the formulation can optionally be any other hipid or molecule. Such a kipid
or molecule is referred to herein as a cargo lipid or cargo molecule. Cargo molecules include but
are not lirnited to ntralipid, small molecules, fusogenic peptides ot lipids or other small
molacules mught be added to alter cellular uptake, endosomal release or tissue distribution
properties. The ability to tolerate cargo mwolecudes 15 important for modulation of properties of
these particles, if such properties are desirable. For instance the presence of some tissue specific
metabolites might drasticallv alter tissue distribation profiles. For example use of Intralipid type
formulation enriched in shorter or longer fatty chains with various degrees of saturation affects
tissue distribution profiles of these type of formulations {and their loads).

An example of a cargo lipid useful according to the rovention s a fusogenic ipnd. For
instance, the rwiterionic lipid DOPE {chemical registry number 4004-5-1, 1 2-Dicleoyl-sn-
Glycero-3-phosphosthanclamine) is a preferred cargo hipid.

Intralipid may be comprised of the following composition: 1 000 mL contain: purified
sovbean oil 90 g, purified egg phospholipids 12 g, glveerol anhydrous 22 g, water for injection
q.s. ad 1 000 mL. pH is adjusted with sodium hydroxide to pH approximately 8. Energy
content/L: 4.6 MJ (190 keal). Osmolality (approx. ) 300 mOsimv/kg water. In another embodiment
fat emwulsion 1s Liposyn that contains 5% safflower oil, 3% sovbean oil, upto 1.2% egg
phosphatides added as an emulsifier and 2.5% glycenn in water for injection. B may also contain
sodium hydroxide for pH adjustment. pH 8.0 (6.0 - 9.0). Liposyn has an osmolarity of 276 m
Oamol/hter (actual),

Variation in the identity. amounts and ranos of cargo lipids affects the cellular uptake and
tissue distribution charactenistics of these compounds. For example, the length of lipid tails and
level of saturability will affect differential uptake to liver, lung, fat and cardiomyocytes. Addition
of special hydrophobic molecules like vitamins ot different forms of sterols can favor
distribution to special tissues which are involved in the metabolism of particular compounds. In
some embodiments, vitamin A or E is used. Complexes are formed at different oligonucleotide
concentrations, with higher concentrations favoring more efficient complex formation.

In another embodiment, the fat emulsion is based on a roixture of lipids. Such lipids may
melude natural compounds, chenically synthesized compounds, purified fatty acids or any other
lipids. In vet another embodiment the composition of {at emulsion is entirely artificial. Ina
particular embodiment, the fat enuidsion is more than 70% linolete acid. In vet another particular

embodiment the fat emulsion 15 at least 19 of cardiolipin. Linoleic acid (LA} 1s an unsaturated



2

2

ot
i)

[UA]

<

¢

5

L

WO 2023/015265 PCT/US2022/074555
- 70 -

omega-~6 fatty acid. Itis a colorless hiquid made of a carboxylic acid with an 18-carbon chamn

and two cis double bonds.

in vet another embodiment of the present invention, the alteration of the composition of
the fat emulsion is used as a way to alter tissue distribution of hydrophobically modified
polynucieotides. This methodology provides for the specific delivery of the polvoucleotides to
particular tissues,

In another embodiment the fat emulsions of the carge molecule contain more than 70% of
Linoletc actd (CisH320:) and/or cardiolipin,

Fat emulsions, like intralipid have been used before as a delivery formulation for some
non-water soluble drugs {such as Propofol, re-formulated as Diprivan). Unique features of the
present invention inchuade (a) the concept of combining modified polyvnuclectides with the
hydrophobic compound(s), 50 it can be incorporated in the fat micelles and (b) muxing it with the
fat emulsions fo provide a reversibie carrier. After injection into a blood stream, micelies usually
bind to serum proteins, including altbumin, HDL, LDL and other. This binding is reversible and
eventually the fat is absorbed by cells. The polvnuclectide, mcorporated as a part of the micelle
will then be delivered closelv to the swrface of the cells. After that cellular uptake mught be
happening though variable mechanisms, including but not limited to sterol type delivery.

Complexing agenis bind to the oligonucleotides of the invention by a strong but non-
covalent attraction {e. g, an electrostatic, van der Waals, pi-stacking, efc. interaction). In one
embodiment, ohigonuclentides of the invention can be complexed with a complexing agent to
imcrease cellular uptake of oligonuciectides. An example of a complexing agent inchudes
cationie liptds. Cationie liptds can be used to deliver oligonucleotides to cells. However, as
discussed above, formulations free in catioruc lipids are preferred in some embodiments.

The term “cationic hipid” inchudes lipids and synthetic hipids having both polar and non-
polar domains and which are capable of being positively charged at or around physiological pH
and which bind to polvanions, such as nucleic acids, and facilitate the delivery of nucleic acids
into cells. In general cationic lipids include saturated and unsaturated alkvl and alicychic ethers
and esters of amines, amides, or derivatives thereof Siraight-chain and branched alkyi and
alkenyl groups of cationic hipids can contain, e.g., from 1 (o about 25 carbon atoms. Preferred
straight chain or branched alkyl or alkene groups have six or more carbon atoms. Alicyclic
groups include cholesterol and other steroid groups. Cationic lipids can be prepared with a
variety of counterions (amons) including, e.g., CU, Br, I, F, acelate, trifluoroacetate, sulfate,
nitrite, and nitrate.

Examples of cationic lipads include polyethyleninmine, polyamidoamine (PAMAM)

starburst dendrimers, Lipofectin (a combination of BOTMA and DOPE), Lipofectase,
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LIPOFECTAMINE™ (e g, LIPOFECTAMINE™ 2000}, DOPE, Cvtofectin (Gilead Sciences,
Foster Cuv, Calif), and Eufecting (JBL, San Luis Obispo, Calif ) Exemplary cationic liposomes
can be made from N-{1-(2,3-diclesloxy}-propyi-N,N, N-trimethy iammonium chloride
{(DOTMA), N-{1 -(2,3-diclesloxy-propy =N N N-trimethylammoniom methvisulfate (BOTAP),
3R-IN-(N' N'~dimethvlaminoethanejearbamovljcholesterol (DC-Chol), 2,3, -diolevioxy-N-
{Z2{sperminecarboxamido)ethyi|-N,N-dimethyl-1-propananinium triffucroacetate (DOSPA)Y, 1.2-
dimyristyloxypropyl-3-dimethyl-hyvdroxyethyl ammonium bromide; and
dimethyldioctadecyliammonium bromide (3DAB). The cationic liptd N-(1-(2,3-
diolevioxy ypropyvh-N,N, N-trimethylammonium chioride (BOTMA), for example, was found to
increase 1000-fold the antisense effect of a phosphorothioate oligonucleotide. (Viassov efal,,
1994, Biochimica et Biophysica Acta 1197:95-108). Oligonucleotides can also be complexed
with, e.g., poly (L-lysine) or avidin and hpids may, or may vot, be included in this mixture, e.g.,
steryi-poly (L-lysine}.

Cationic lipids have been used in the art to deliver oligonucleotides to celis {see, e g,
LS. Pat. Nos. 5,855,910; 5,851,548; 5,830,430; 5,780,053, 5,767,099; Lews ef al. 1996, Proc
Natl Acad Sci. US4 93:3176; Hope ef al. 1998 Molecular Membrane Biology 15:1}. Other
lipid compositions which can be used to facilitate uptake of the instant oligonucleotides can be
used in connection with the claimed methods. In addition {0 those listed supra, other lipd
compositions are also known 1o the art and include, e.g , those taught o U.S. Pat. No. 4,235871;
U.S. Pat Nos. 4.501,728: 4.837.028: 4,737.323.

In one embodiment lipid compositions can further comprise agents, e.g., viral proteins {o
enhance hipid-mediated transfections of oligonucleotides (Kamata, ef o/, 1994, Nucl Acids. Res.
22:536). In another embodiment, oligonuclaotides are contacied with cells as part of a
composition comprising an oligonucleotide, a peptide, and a lipid as taught, e g, in U.S. patent
5,736,392, Tmproved hipids have also been described which are serum resistant {(Lewis, ef al.,
1996, Proc. Natl. Acad Sci. 93:3176). Cationic hipids and other complexing agents act to
increase the number of oligonucleotides carried into the cell through endocyiosis.

In another embodiment N-substituted glycine oligonucieotides {(peptoids) can be used to
mprove uplake of oligonucleotides. Peptoids have been used to create cationic ipid-like
compounds for transfection (Murphy, e al, 1998, Proc. Notl 4cad. Sci, 95:1517). Peptoids can
be synthesired using standard methods (e g., Zuckermann, R N, er af. 1992, J. d4m. Chem. Soc.
114:10646; Zuckermann, RN, ef ol 1992, Int. J. Peptide Profein Res. 40:497). Combinations
of cationic liptds and pepioids, hiptoids, can also be used (o improve uptake of the subject

oligonucleotides (Hunag, er a/., 1998, Chemistry and Biology. 5:345). Liptoids can be
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svothesized by elaborating peptoid oligonucleotides and coupling the anuno terminal
submonomer to a lipid via its anuno group (Hunag, ef al.. 1998, Chemistry and Biology. 5345},
it is known in the art that positively charged amino actds can be used for creating highly
active cationic lipids {Lewis ef ¢f. 1996, Proc. Natl. Acad Sci US4, 93:3176). In one
embaodiment, a coraposition for delivering oligouucleotides of the invention comprises a nurober
of arginine, lysine, histiding or omithine residues linked 1o a lipophilic moiety (seee g, U.S Pat.
N, 5.777,153).

In another embodiment, a compasition for delivering ohigonucleotides of the invention
comprises a peptide having from between about one to about four basic residues. These basic
residues can be located, e.g, on the amino terminal, C-ternunal, or intemal region of the peptide.
Families of amino acid residues having sinular side chains have been defined in the art. These
famlies include amino acids with basic side chains {e. g, Ivsing, arginine, histidine), acidic side
chains (e g., aspartic acid, ghutamic acid), uncharged polar side chains {e. g, glvcing {can alsc be
considered non-polar), asparagine, ghutamine, serine, threonine, tyrosine, cysteine}, nonpolar side
chains {e.g., alanine, valine, leucine, isoleucine, proline, phenvialanine, methioniue, tryptophan),
beta-branched side chams {(e.g , threcnine, valine, isoleucine} and aromatic side chains (e g.,
tyrosine, phenylalanine, tryptophan, histidineg). Apart from the basic amino acids, a majority or
all of the other residues of the peptide can be selected from the non-basic aminoe acids, e.g.,
amino acids other than lysine, arginine, or histidine. Preferably, a preponderance of neutral
amino acids with long neutral side chains is used.

In one embodiment, a composition for delivering oligonucleotides of the invention
comprises a natural or synthetic polypeptide having one or more gamma carboxyglutamic acid
residues, or y-Gla residues. These ganuma carboxy glutamic acid residues may enable the
polypeptide to bind to each other and to membrane swrfaces. In other words, a polvpeptide
having a serigs of y~Gla may be used as a general delivery modality that helps an RNAJ construct
1o stick to whatever membrane to which it comes in contact. This may slow RNA: constructs
from being cleared from the blood stream and enhance their chance of homing to the target.

The gamma carboxyglutamic acid residues may exist in natural proteins (for example,
prothrombin has 10 v-Gla residues). Altematively, they can be introduced into the purified,
recombinantly produced, or chenucally synthesized polypeptides by carboxylation using, for
example, a vitamin K-dependent carboxylase. The ganuna carboxyglutanic acid residues may
be consecutive or non-consecutive, and the total number and location of such gamma
carboxyglutamic acid residues in the polypeptide can be regulated / fine-tuned to achieve

different levels of "stickiness” of the polvpeptide.
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In one embodiment, the cells to be contacted with an oligonucleotide composition of the
mvention are contacted with a mixture comprising the cligonucleotide and a mixiure comprising
a lipid, e.g., one of the hipids or lipid compositions described supra for between about 12 hows to
aboui 24 howurs. In another embodiment, the cells to be contacted with an oligonucleotide
composition are contacted with a mixture comprising the oligonucleotide and a mixture
comprising a lipid, e g, one of the lipids or lipid compositions described supra for between about
I and aboui five days. In one embodiment, the cells are contacied with a mixture comprising a
Iipid and the oligonucleotide for between about three days to as long as about 30 days. In another
embodiment, a mixture comprising a lipid 1s left in contact with the cells for at least about five to
about 20 days. In another embodiment, a mixture comprising a lipid 1s left in contact with the
cells for at least about seven to aboul 15 days.

For example, 10 one embodiment, an oligonucleotide composttion can be contacted with
cells in the presence of a lipid such as cviofectin C8 or GSV (available from Glen Research;
Sterling, Va.), G83815, (352888 for prolonged incubation periods as described hersin,

In one erobodiment, the incubation of the cells with the mixture comprising a hipid and an
oligonucieotide composition does not reduce the viability of the cells. Preferably, after the
transfection period the cells are substantially viable. In one embodiment, after transfection, the
cells are between at least about 70% and at least about 160% viable. In another embodiment, the
cells are between at least about 80% and at least about 95% viable. In vet another embodiment,
the cells are between at least about 85% and at {east about 20% viable.

In one embodiment, oligomucleotides are modified by attaching a peptide sequence that
transports the oligomicleotide info a cell, referred to herein as a “fransporting peptide.” In one
embodiment, the composition includes an oligonucleotide which i1s complementary to a target
nucleic acid molecule encoding the protein, and a covalenily attached transporiing peptide.

The language “transporting peptide” includes an amino acid sequence that facilitates the
transport of an oligonucleotide nto a cell. Exemplary peptides whach facilitate the transport of
the moieties to which they are linked into cells are known in the art, and include, 2.g., HIV TAT
transcription factor, lactoferrin, Herpes VP22 protein, and fibroblast growth factor 2 (Poogaef al.
1998 Nature Biotechnology. 16:857; and Derossi ef al. 1998, Trendy in Cell Biology. 8.84;
Elliott and O'Hare. 1997 Cell 88:223),

Oligonucieotides can be attached to the transporting peptide using known technigues,
e.g., (Prochiantz, A, 1996 Curr. Opin. Neurobiofl. 6:629, Derossi ef al. 1998, Trends Cell Riol.
8:84; Troy ef af. 1996, J Newroscl. 1V6:253), Vives ef af 1997 J. Biol Chem. 27216010}, For
example, in one embodiment, oligonuclectides bearing an activated thiol group are linked via

that thiol group to a cysteine present in a iransport peptide {e.g., 1o the cysteine present in the
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turn between the second and the third helix of the antennapedia homeodomain as taught, e g, in
Derosst ef af. 1998, Trends Cell Biol 8:84; Prochuantz. 1996, Current Opinion in Neurobiol
6:629; Allinguant ef gl 1995 J Celi Biol. 128:919). In another embodiment, a Boe-Cys-
{(Npys3OH group can be coupled to the transport peptide as the last (N-terminal) amino acid and
an oligonucleotide bearing an SH group can be coupled to the peptide (Trov er al 1996, J.
Neurosci. 16:253),

In one embodiment, a linking group can be attached to a nucleomonomer and the
transporting peptide can be covalently attached to the linker. In one embodiment, a inker can
function as both an attachment site for a transporting peptide and can provide stability against
nucleases. Examples of suttable linkers include substituted or wnsubstituted Ci-Cop alkyl chains,
Cr-Cao alkenyl chains, Cr-Cop alkynyl chains, peptides, and heteroatoms {e.g., §, O, NH, efc.).
Other exerplary linkers include bifunctional crosshinking agents such as sutfosuccinimidy-4-
{maletmidophenyl)-butvrate (SMPB) (see, e 2., Smitth e7 @/ Biochem J 1991 276: 417-2).

In one embodiment, oligonucleotides of the invention are svnthesized as molecular
corgugates which utihize receptor-mediated endocyiotic mechanisms for delivering genes into
cells {see, e g.. Bunnell ef g/, 1992, Somatic Cell and Molecular Genetics. 18:559, and the
references cited thersin).

Other carriers for in vitro and/or in vive delivery of RN A1 reagents are known in the art,
and can be used to deliver the subject RN A1 constructs {e.g., to ahost cell, such as a T cell). See,
for example, U S. patent application publications 20080152661, 20080112916, 20080107694,
20080038296, 20070231392, 20060240093, 20060178327, 20060008910, 20050265957,
20050064598, 20050042227, 20050037496, 20050026286, 20040162235, 20040072785,
20040063654, 20030157030, WO 2008/036825, W04/065601, and AU2004206255B2, just to

name a few (all incorporated by reference).

FTherapeutic Methods

In some aspects, the disclosure provides methods of treating a proliferative disease or an
mfectious disease by administering to a subject (e.g., a subject having or suspected of having a
proliferative disease or an infectious disease) an immunogenic corposition as described by the
disclosure. Without wishing to be bound by any particular theory, immunogenic compositions as
described herein are characterized, in some embodiments, by reduced expression of immune
checkpoint proteins and are thus useful for stimulating the wunune svstem of a subject having
certain proliferative diseases or infectious diseases characterized by increased expression of
immane checkpoint proteins.

As used herein, a “proliferative disease” refers to diseases and disorders charactenized by

excessive proliferation of cells and twrnover of cellular matrix, including cancer,
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atherlorosclerosis, rheumatoid arthritis, psoriasis, idiopathic pulmonary fibrosis, scleroderma,
cirthosis of the liver, efc. Examples of cancers include but are not limited to small cell lung
cancer, colon cancer, breast cancer, fung cancer, prostate cancer, ovarian cancer, pancreatic
cancer, melanoma, hemalological malignancy such as chronic myeloid levkemia (CML), et

Examples of subjects include mammals, e.g., humans and other primates; cows, pigs,
horses, and farming (agricultural} amimals; dogs, cats, and other domesticated pets; nice, rats,
and transgenic non-human animals.

In some embodiments, immunogenic compositions as described by the disclosure are
administered 1o a subject by adoptive cell transfer (ACT) therapeutic methods. Examples of
ACT modalities include but are not linuted to autologous cell therapy {e.g., a subject’s own cells
are removed, genetically-modified, and retumed to the subject) and heterologous cell therapy
{e.g.. cells are removed from a donor, geneticallv-maodified, and placed into a recipient). In some
embodiments, the ACT is performed with human cell lines {e.g., Jurkat cells).In some
embodiments, cells utilized in ACT therapeutic methods may be geneticaily-modified to express
chimeric anhigen recepiors {CARs), which are engineered cell receptors displaving specificity
against a target antigen basad on a selected antibody moiety. Accordingly, in some
embodiments, CAR T-cells {e.g CARTs} may be transfected with a chemically-modified double
stranded nucleic acid using methods deseribed herein for the purpose of ACT therapy. Other
immane cells, such as neutroplhuls, B cells, monocytes/macrophages, and combinations thereof]
may be used in addition to, or in place of T cells for the ACT therapies disciosed herein,

With respect to i vivo applications, the formulations of the present invention can be
admanistered 10 a patient in a variety of forms adapted to the chosen roule of administration, e.g.,
parenterally . orally, or intraperitoneally. Parenteral admunistration, which is preferred, includes
administration by the following routes; intravenous; intramuscular; intratumorally | interstiially;
intraarterially; subcutaneous, intra ocular; infrasynovial, trans epithehial, including transdermal,
pulmonary via inhalation; ophthalmic; sublingual and buccal; topically, including ophthalmic;
dermal; ocular; rectal; and nasal inhalation via insufflation.

Pharmaceutical preparations for parenteral administration include aqueous solutions of
the active compounds in water-soluble or water-dispersible form. In addition, suspensions of the
active compounds as appropriate oily injection suspensions may be administered. Suitable
lipophilic solvents or vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid
esters, for example, ethyl cleate or triglycerides.  Aqueouns mjection suspensions may conlain
substances which increase the viscosity of the suspension include, for example, sodium
carboxymethyl celluloge, sorbitol, or dextran, optionally, the suspension may also contain

stabilizers. The oligonuciectides of the invention can be formulated in hiquid soluiions,
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preferably 1o physiologically compatible buffers such as Hank's solution or Ringer's solution. In
addition, the oligonuclectides may be formulated i solid form and redissoived or suspended
immediately prior to use. Lyvophilized forms are also included m the invention.

Drrug delivery vehicles can be chosen e.g., for in virro, for systersic administration.

These vehucles can be designed to serve as a slow release reservoir or to deliver thewr contents
directly to the target cell. An advantage of using some direct delivery drug vehicles is that
multiple molecules are delivered per uptake. Such vehicles have been shown to increase the
circulation half-hife of drugs that would otherwise be rapidly cleared from the blood stream.
Some examples of such specialized drug delivery vehicles which fall into this category are
liposomes, hvdrogels, cyclodextrins, biodegradable nanocapsules, and bicadhesive microspheres.

Administration of an active amount of an oligonucleotide of the present invention is
defined as an amount effective, at dosages and for periods of ime necessary 1o achieve the
desired result. For example, an active amount of an oligonucleotide may vary according o
factors such as the tvpe of cell, the oligonucleotide used, and for in vivo uses the disease siate,
age, sex, and weight of the mdividual, and the ability of the oligonucleotide to elicit a desived
response in the individual. Establishment of therapeutic levels of oligonucleotides within the ceil
is dependent upon the rates of uptake and efflux or degradation. Decreasing the degree of
degradation prolongs the intracellular half-life of the oligonucleotide. Thus, chemically-
modified oligonucleotides, e.g., with modification of the phosphate backbone, mav require
different dosing.

The exact dosage of an immunogenic composition and number of doses administered will
depend upon the data generated experimentally and in clinical trals. Several factors such as the
desired effect, the delivery vehicle, disease indication, and the rouie of administration, will affect
the dosage. Dosages can be readily determined by one of ordinary skill in the art and formulated
into the subject pharmaceutical compositions. Preferably, the duration of treatment will extend
at least through the course of the disease symptoms.

Dosage regimens may be adjusted to provide the optiraum therapeutic response. For
example, the immunogenic composition may be repeatedly administered, e.g., several doses may
be administered daily or the dose may be proportionally reduced as indicated by the exigencies
of the therapeutic situation. One of ordinary skill in the art will readily be able to deternune
appropriate doses and schedules of adnunistration of the subjact chemically-modified double
stranded nucleic acid molecules or immunogenic composttions, whether they are o be
administered to cells or to subjects.

Admirstration of immunogenic compositions, such as through intradermal imnjection or

subcutaneous delivery, can be optimized through testing of dosing regimens. In some



2

(U]

<

¢

<

WO 2023/015265 PCT/US2022/074355
-77 -

embodiments, a single adnunistration is sufficient. To further prolong the effect of the
administered immmunogenic compositions, the compositions can be administered i a slow-release
formulation or device, as would be familiar to one of ordinary skill in the art.

In other embodiments, the chemically-modified double stranded nucleic acid molecules
oF munagenic compositions is adrotnistered mubtiple times. In soroe instances i 15
admmnistered daily, bi-weekly, weekly, every two weeks, every three weeks, monthly, every two
months, every three months, every four months, every {ive months, every six months or less
frequently than every six months. In some instances, it 1s admitustered roultiple times per day,
week, month and/or vear. For example, it can be admirustered approximately every hour, 2
hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours 10 howrs, 12 hours or more
than twelve howrs. It can be admimstered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more than 10 times per
day.

Aspects of the invention relate Yo administering inimunogenic compositions to a subject.
In some instances the subject is a patient and administering the IMMuNogenic composiion
mvolves adoynistering the coraposition in a doctor’s office.

In some embodiments, more than one immunogenic composition 15 adnunistered
simngtaneously. For example, a composition may be administered that contains 1, 2,3, 4,5, 6, 7,
8, 9, 10 or more than 10 different compositions. In cerfain embodiments, a composition

comprises 2 or 3 different immunogenic compositions.

Self-delivering RNAI Immunotherapeutic Agents

As described m U.S. Patent No. 10,934,550, the entire contents of which are incorporated
herein by reference, immunotherapeutic agents were produced by treating cells with particular
INTASYL ™ agents designed to target and knock down specific genes involved i inyoune
suppression mechamisms. Several cells and cell lines have been successfully treated with
INTASYL™ compounds and have been shown to knock down at least 70% of targeted gene
expression in the specified hurman cells,

These studies demonstrated uhility of these immunogenic agents to suppress expression of
target genes in cells normally very resistant to transfection, and suggested the agents are capable

of reducing expression of target cells in any cell type.

For the purposes of the invention, ranges may be expressed herein as from "about” one
particular value, and/or to "about" another particular value, When such a range 18 expressed,
another embodiment includes from the one particular value and/or to the other particular value.
Similarty, when values are expressed as approximations, by use of the antecedent "about,” it will

be understood that the particular value forms another embodiment. Tt will be further understiood
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that the endpoinis of each of the ranges are significant both 1o relation to the other endpoint, and
independently of the other endpoint.

Moreover, for the purposes of the present invention, the term “a” or “an” entity refers to
one or more of that entity; for example, “a protein” or “a nucleic acid molecule” refers to one or
more of those compounds or at least one compound. As such, the terms “a” {or “an™), “one or
more” and “at least one” can be used interchangeably herein. 1t is also 10 be noted that the terms
“comprising”, “including”, and “having™ can be used interchangeably. Furthermore, a
compound “selected from the group consisting of ™ refers to one or ruore of the compounds in the
list that follows, including mixtures (i.¢., combinations} of two or more of the compounds.

According to the present invention, an isolated, or biologically pure, protein or nucleic
acid molecule 15 a compound that has been removed from its natural milieuw. As such, “isolated”
and “biologically pure” do not necessanly reflect the extent to which the compound has been
purtfied. An isolated compound of the present invention can be obtained from its natural source,
can be produced using molecuiar biology techniques or can be produced by chemical synthesis.

Cormposttions and methods described herein are {urther dlustrated by the following
Examples, which in no way should be construed as further limiting. The entire contents of all of
the references {including literature references, issued patents, published patent applications, and
co~-pending patent applications} cited throughout this application are hereby expressly

mcorporated by reference.

EXAMPLES

Example {: Self-delivering RNAI Immunotherapeutic Agents

The gene encoding TIGIT (NCBI GenBank Accession No. NM 173799} was analvzed
using a proprietary algorithm to wdentify preferred INTASY L™ fargeting sequences and target
regions. {Table 1.}

The sequences for Tigit 1-Tigit 20 were praviously disclosed in, and are incorporated by
reference from, US Patent Publication No. 2020/0215113, which is incorporated by reference
herein 1u its entirety.

Tigit 21 was identified herein as an additional preferred INTASYL™ targeting sequence,

Table 1 TIGIT-Targeting Sequences and Gene Regions

TIGIT
. SEG SEQ
.?;lgg Sequence HL Gene region D
’ NO: NG:

Tipit 1 TIGIT NM_1737%9 | CUUUUGUCUTUUGCY - CTTCTGGAAGATACACTTTITGTOTTTG 3

= human 840 AUUAUA ) CTATTATAGATGAATATA o
Tigit 2 TIGIT NM 173799 | UAAUUGGUAUAAGC % L AAGATGTGCTGTTATAATTGGTATAA 29

= hugnan 2827 AUAAAA GUATAAAATCACACTAGA
Tigit & TIGIT NM_173799 CAAAUUGGAA GUGA o ATAGAACACAATTCACAAATTGGAAG 30

o human 2436 ACUAAA . TGAACTAAAATGTAATGAC
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Tipita | TIGTT NM_173769 | GUUUGCUGUGGCAG [ |, CGTAAAAATGTTGTTGTTTGCTGTGOC | o)
£ fman, 2364 UUUACA Y AGTTTACAGCATTTTITCT ?
Tigits | LIGIT_NM_173759 [ GAUCAUAAAUGCAA | || AGTAACGTGGATCTTGATCATAAATG |,
B hnman 1039 AAUTTAA CAAAATTAAAAAATATCTT i
Tigite TIGIT_NM_173799 | CGCGUUGACUAGAA | |, AGTCATCGTGGTGGTCGCGTTGACTA |,

| toman 539 AGAAGA GAAAGAAGAAAGCCCTCAG -
Tigit7 | TIGUT MM 173789 T UUUAAAUAGAACUC | |y TTTGAAAAAAATTTITTTAAATAGAAC |
EN human 2666 ACUGAA ’ TCACTGAACTAGATICTC i
- TIGIT NM 173799 | GLAAAUCUGUUGGA TOTTGCAAAATTAGTGCAAATCTIGTTG | . .
Tt& § y van 2406 AATTAGA B G AAATAGAACACAATTICA 3
Tigit TIGIT_NM_173799 | UCUUGCAAAAUGUAG | AGTTTACAGCATITTTCTTGCAAAATT |
tman 2391 UGCAAA AGTGCAAATCTGTTGGAA ot
Tigit | TIGIT_NM 173799 [ ACAUAGGAAGAAUG | TCTACCAAATGGGTTACATAGGAAGA |
10 human 2284 AACUGA N ATGAACTGAAATCTGTCCA
Tigit | TIGIT_NM_i73759 | UCACUUUUCUACCA | |5 ATTATTATTATTTTTTCACTITICTACC | o
11 human 2262 AAUGGG ‘ AAATGGATTACATAGGA
Tigit | TIGIT_NM_173799 | GUGUUAUUUAACAU |, TGGACTGAGAGTTOGGTGTIATITAAC |
12 human 2531 AAUUALL ’ ATAATTATGGTAATTGGG Y
Tigit | TIGIT_NM_173799 | UGUGUGHUCAGUUG | GTGTGTGTATGTGTGTGTGTGTICAGT | o
13 hwman 924 AGUGAA ' TGAGTGAATAAATGTCAT
Tigit | TIGIT_NM_i73799 | CUUUGCUAUUAUAG |, AAGATACACTTTIGTCTTIGUTATTAT | )
14 fuman 847 AUGAAU v AGATGAATATATAAGCAG
Tigat | TIGIT_NM_173799 | GAAAUGGGAUUCAA |, ATGGGTCAGGTTACTGAAATGGGATT |
18 human 2637 UUUGAA * CAATTTGAAAAAAATTTTT *
Tigit | TIGIT_NM_i73799 | AAAAUGHAAUGACG | AATTGGAAGTGAACTAAAATGTAATG |,
16 buman 2453 AAAAGG o ACGAAAAGGGAGTAGTGTT )
Tigit | TIGIT_NM_173799 | GGUUACAUAGGAAG | CTTTTCTACCAAATGGGTTACATAGGA |
17 hman 2280 AAUGAA ’ AGAATGAACTGAAATCTG
Tigit | TIGIT_NM_173799 | UUUAGCAACAAGAT |, GGGGTTGACAATTGTTITAGCAACAA | o
i3 human 2206 AAUUCA = GACAATTCAACTATITCIC |
Tigit | TIGIT_NM_i73799 | UGCUAUVAUAGAUG | ,, ATACACTTTIGTCTTTGCTATTATAGA |
19 fuman 830 AAUAUA TGAATATATAAGCAGCTS
Tigit | TIGIT MM 173799 | GAGAULUAAUAUGA | TCACACTAGATTCTGGAGATTTAATAT | .
20 human 2867 AUAAUA =0 GAATAATAAGAATACTAT 47
Tigit | TIGIT _NM_ 173799 | UCUAUCAUCUUACA | . GCAGAGAAAGGTGGUTCTATCATCTT |
21 buman 171 AUGUCA = ACAATGTCACCTCTCCTCC )

Fxampie 2. Chemical modifications and Structure of INTASYL™ compounds evaluated

reduce gene expression levels in the hver {ollowing systemic adounistration. Non-limtting

INTASYL™ compounds were designed and synthesized to evaluate their ability to

5 examples of INTASYL™ sequences are shown in Table 2.
Table 2, TIGIT INTASYL™ Sequences (passenger/sense strand; guide/antisense strand)
Duoplex | Swand | o ?L‘Q
D D Sequence D
- N

TFigit 22915 | fCmA U mC iU mU fA mC LA mA fUmGIU*mCHA TEG-Chl i
22” 22916 Pl G mACmA Ul fG ) £4 mA fG A fURmGH AU A mG* A 2
Tigit 22915 | IO mA U mC AU U TA mC TA A U G AU mCH A TEG-Chl 3
23 22917 | VPmU fGmA fC mA fU.nll fG il fA mA fGmA fUmGHAYmUSA*mG*A | 4
Tigit 27384 | fUmG FA C U mA G mA LA mA G mA fA*mG* A TEG-CH] 5
24 27385 | Pl fC U U o U mU U mC U mA G mU fIC*mAMA*mCHG*mCHG 6

16 Key

A = adenosine
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G = guanosine

U = uridine

C = ¢ytodine

w = 2-O-methyl nucleotide

{=Z2Tlnore mucleotide

Y = 5 methyl uridine

X =5 methyl cvtodine

* = phosphorothioate lokage

. = phosphodiester linkage

TEG-Chi = clolesterol-TEG-Glyceryl

P = 3"1porganic Phosphate

VP - $Vinyl Phosphonate

Example 3: Silencing of TIGIT protein in KHYG-T cells by Flow Cytometry

KHY G cells were cultured in RPMI + 10% FBS + 100 [U/mL rhiL-2 (Peprotech). Cells
were collected for transfection at a densuty of 0.3¢6 cells/mi. in culture media. Cells were added
directly to a 24-well plate containing INTASYL™ compounds for final concentration of 2 pM, 1
uM, 0.5 uM, and .25 pM. Plates were rocked gently to ensure thorough mixing of cells and
compound. Transfections were performed in duplicate for each condition. Cells were kept at 37°C
and 5% €O, for the duration of the experniment. After 96 hours, cells were collected for analysis
of surface TIGIT protein by flow cytometry.

Cells were collecied for flow cytometry analysis in 96-well V-bottom plates and stained al
4°C following wanufacturer’s recommendations. Brieflv, 30ul of cell suspension for each
condition was pelieted in a 96-well V-bottom plate. Cells were resuspended in cell staining buffer
coniaining the TIGIT-APC antibody (R&D Systems) and incubated for 1 hour on ice. Cells were
washed twice with cell staining buffer and resuspended in a final volume of 80ul. Cells were
analvzed using a NovoCyie flow cviometer {ACEA) and analyzed using NovoExpress software
{ACEA). A cell suspension of 25ul. was collected for each sample.

As shown in FIG. 1, TIGIT expression was downregulated on KHYG-1 cells after

ncubation with INTASYL™-Tigit (UTC represents an untreated control).

Fxampie 4. Enhanced Tumor Cell Killing by TIGITtreated Natural Killer Cells

KHY G nataral killer (NK) cells were trealed with the TIGIT-22 INTASYL™
compound for 72 hours in culture. After 72 hours, the cells were pelleted and resuspended in
fresh media in the absence of the INTASYL™ compound for an additional 48 hours. The
KHYG1 cells were then analyred for TIGIT mRINA levels (FIG. 2, left graph) and their tumor
killing activity (K562 cells) determined using the DELFIA ovtotoxicity assay (ata 5.1 E:T ratio)
(FIG. 2, right graph). The KHYG! cells treated with the TIGIT-22 INTASYL™ compound

demonstraied enhanced tumor cell activity compared {o controls.
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KHY G NK cells were treated with the TIGIT 22 INTASYL™ compound for 48 hours
m culture. After 48 hours, the cells were pelleted and resuspended in fresh media in the absence
of the INTASYL™ compound for a washout period (96 hours or 6 davs). After the washout
period, the KHY G cells treated with the TIGIT 22 INTASYL™ compound were analvzed for
surface TIGIT protein levels (FIGs. 3 and 4, left graph) and thewr tumor killing activity (K562
cells) was determined using the DELFIA cyvtotoxicity assay (5.1 E/T ratio} (F1Gs. 3 and 4, night
graph). The KHYG1 cells treated with the TIGIT 22 INTASYL™ compound demonstrated

erthanced tumor cell killing activity compared to countrols.

EQUIVALENTS
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific ernbodiments of the invention described
herein. Such equivalents are intended to be encompassed by the following claims. All

references, including patent documents, are incorporated by reference in their entirety.
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CLAIMS
What is claimed 1s:
I A chemically-modified double stranded nucleic acid molecule that is directed against a

5 gene encoding T cell Immumnoreceptor with Ig and TIM domains (TIGIT), wherein the
chemically-modified double stranded mucleic acid molecule comprises at least 12 contiguous

nuclectides of a sequence selected from SEQ 1D NOs: 1-6 and 27,

2. The chemically-modified double stranded nucleic acid molecule of claim 1, wherein the
16 chemucallv-modified double stranded nucleic acid molecule comprises a sequence selected from

SEQ D NOs: 1-6 and 27.

3. A chemically-modified double stranded nucleic acid molecule that s directed against a
gene enceding T celi Immunoreceptor with Ig and ITIM domains (TIGIT), wherein the

13 chemically~-modified double stranded nucleic acid molecule is directed against a sequence

comprising at least 12 contiguous nucleotides of SEQ 1D NO- 28,

4. The chemically -modified double stranded nucleic acid molecule of claim 3, wherein the

chemicallv-modified double stranded nucleic acid molecule 15 directed against SEQ ID NQO: 28,

20
5. The chemically-modified double stranded nucleic acid molecule of any one of claims 1-4,
wheretn the chemically~modified double stranded nucleic acid molecule comprises an
INTASY L™

25 6, The chemically -modified double stranded nucleic acid molecule of any one of claims 1-5,

wherein the chemicallv-modified double stranded nucleic acid molecule 1s hydrophobically

modified.
7. The chemically-modified double stranded nucleic acid molecule of any one of claims 1-5,

36 wherein the chemicallyv-modified double stranded nucleic acid molecule 15 linked to one or more

hydrophobic conjugates.

8. The chemically -modified double stranded nucleic acid molecule of claim 7, wherein the

hydrophobic conjugate is cholesterol.

(%)
L
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9. The chemicallv-modified double stranded nucleic acid molecule of any one of clairos 1-8,
wherein the chemically-modified double stranded nucleic acid molecule comprises at least one
2°-G-methyl modification and/or at least one 2°-0- Flooro modification, and at 1east one

phosphorothioate modification

10.  The chenucally-modified double stranded nucleic acid molecule of any one of claims 1-9,
wherein the chemically~-modified double stranded nucleic acid molecule comprises a sequence
selected from TIGIT 22 (SEQ ID NQs: 1-2), TIGIT 23 (SEQ ID NOs: 3-4) and TIGIT 24 (SEQ
D NQOs: 5-6).

Il The chemucally-modified double stranded nucleic acid molecule of any one of claims 1-9,
wherein the chenucallv-modified double stranded nucleic acid molecule comprises a sense strand
having the sequence set forth in SEQ ID NG: 1 (TIGIT 22 sense strand} and/or an antisense

strand having the sequence st forth in SEQ 1D NG: 2 (TIGIT 22 antisense strand).

12, The chemically-modifiad double stranded nucleic acid molecule of any one of claims 1-9,
wherein the chemicallv-modified double stranded nucleic acid molecule comprises a sense strand
having the sequence set forth in SEQ TD NO: 3(TIGIT 23 sense strand) and/or an antisense

strand having the sequence set forth in SEQ ID NG 4 (TIGIT 23 antisense strand).

13.  The chenucally-modified double stranded nucleic acid molecule of any one of claims 1-9,
wheretn the chemically~-modified double stranded nucleic acid molecule comprises a sense sirand
having the sequence set forth in SEQ D NG: 5 (TIGIT 24 sense strand) and/or an antisense

strand having the sequence set forth in SEQ ID NO: 6 {TIGIT 24 antisense sirand).

14, A compostiion comprising a chemicallv-modified double stranded nucleic acid molecule

of any one of claims 1-13 and a pharmaceutically acceptable excipient.

15, Apimmunogenic composition comprising a host cell comprising a chemically-modified
double stranded nucleic acid molecule that comprises at least 12 contiguous nucleotides of SE(
D NQOs: 1-6 and 27, wherein the host cell 15 selected from the group consisting of T-cell,

antigen-presenting cell {APC), dendritic cell (DCY, stem cell (SC), induced plunipotent stem cell

(PS8CY, and stem cell memory T-cell.
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f6. The inynunogenic composition of clairo 15, wherein the chemically-modified double

-
R

stranded nucleic acid molecule comprises a sequence selected from SEQ 1D NOs: 1-6 and 2

17. An immunogenic composifion comprising a host cell comprising a chemically-modified
double stranded nucleic acid molecule that 1s divected agamnst a gene encoding T cell
Irnmunoreceptor with Ig and I'TIM domains (TIGIT), wherein the chemically-modified double
stranded nucleic acid molecule 15 directed against a sequence comprising at least 12 configuous
nuclectides of SEQ 1D NO: 28, and wherein the host cell is selected from the group consisting of
T-cell, antigen-presenting cell (AP(C), dendnitic cell (DC), stem cell (SC), induced pluripotent

stem cell (IPSC), and stem cell memory T-cell.

18,  Theirmunogenic composition of claim 17, wherein the chemically-modified double

stranded nucleic acid molecule 1s directed against SEQ D NG: 28

19 The twounogeric composition of any one of claims 15-18, wherein the chenucally-

modified double stranded nucleic acid molecule 1s an INTASYL'™,

20. The immunogenic composition of any one of claims 15-19, wherein the chemically-

modified double stranded nucleic acid molecule 1s hydrophoebically modified.

21, The immumogenic composition of any one of claims 15-20, wherein the chemically-

modified double stranded nucleic acid molecule is hinked 1o one or more hydrophobic conjugates.

22. The immunogenic composition of any one of claims 15-21, wherein the chemically-
modified double stranded nucleic acid molecude comprises at least one 27-O-methyl modification

and/or at least one 2°-0~ Fluoro modification, and at least one phosphorothicate modification.

23. The immunogenic composition of any one of claims 15-19, wherein the host cell isa T-
cell.
24 The immunogenic composition of claim 23, wherein the T-cell comprises one or more

{ransgenes exprassing a high affinity T-cell receptor (TCR) and/or a chimeric antibody recepior
£ £ g ) >

(CAR).
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25 The wwounogenic composition of any one of claims 15-24, wherein the host cell 15
denived from a healthy donor.

26, The immunogenic compaosition of any one of claims 15-25, wherein the chemically-

modified double stranded nuclsic acid molecule induces at least 50% mhibition of TIGIT inthe

host cell.

27 A method for producing an tmmunogenic coroposttion, the method comprising
introducing into a host cell one or more chemically-modified double stranded nucleic acid
molecules, at least one of which comprises at feast 12 contiguous nucleotides of SEQ ID NGs: 1-
6 and 27 wherein the one or more chemically~-modified double stranded nucleic acid molecales
target T cell fmnumoreceptor with Ig and TTIM domaios (TIGIT), thereby producing a host cell,
and wherein the host cell is selected from the group consisting of T-cell, antigen-presenting cell
{APC}, dendritic cell (BC), siem cell (8C), induced pluripotent stem cell (iIPSC), and stem cell

memory T-cell.

28. The method of claim 27, wherein at least one of the one or more chemically-modified
double stranded nucleic acid molecules comprises a sequence selected from SEQ ID NOs: 1-6

and 27

29. A wmethod for producing an immunogenic composition, the method comprising
mtroducing into a host cell one or more chemmcally-modified double stranded nuclete acid
molecules, at least one of which is ditected against a sequence comprising af least 12 contiguous
nucleotides of SEQ ID NO: 28, wherein the one or more chemically-modified double stranded
nucleic acid molecules target T cell mmunorecepior with Ig and TTIM domaing (TIGIT), thereby
producing a host cell, and wherein the host cell is selected from the group consisting of T-cell,
antigen-presenting cell (APC). dendritic cell (DO, stem cell (8C). induced pluripotent stem cell

(iPSC), and stem cell memory T-cell.

30, The method of claim 29, wherein at least one of the one or more chemicallv-modified

double stranded nucleic acid molecules is directed against SEQ 1D NO: 28

31 A method for producing an immunogenic composition, the method comprising
mtroducing wnto a host cell the chenucally-modified double stranded nucleic acid molecules of

claims 1-13, wherein the host cell s selected from the group consisting of T-cell, antigen-
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presenting cell {APC), dendritic cell (DC), stem cell (8C), induced pluripotent stem cell GPSC),

and stem cell memory T-cell.

32. The method of ¢laum 31, wherein the cell 15 2 T-cell.

33. The method of claim 32, wherein the T-cell comprises one or more transgenes expressing

a high affinity T-cell receptor (TCR) and/or a chimeric antibody receptor (CAR).

34, Themethod of any one of claims 27-33, wherein the cell 1s derived from a healthy donor,
35, The method of any one of claims 27-34, fusther comprising resuspending the host cell in

a washout media that does not comprise the one or more chemically-modified double stranded

nucleic acid molecules for 24 hours to 6 days.

36, The method of claim 35, wherein the host cell 1s resuspended in the washout media for 24

hours 1o 96 howrs.

37, The method of claim 36, wherein the host cell 15 resuspended in the washout media for 48

hours.

38.  The method of claim 37, wherein the host cell 1s resuspendad in the washout media for 96

hours.

39, The method of any one of claims 27-34, wherein the host cell 1s not resuspended in a
washout media that does not comprise the one or more chemicallv-modified double stranded

nucleic acid molecules.
40. A method for treating a subject for suffering from a proliferative disease or infectious
disease, the method comprising administering to the subject the composition of claim 14 or the

immunogenic composition of any one of clairos 15 10 26,

41, Themethod of claim 40, wherein the proliferative disease is cancer.
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