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CIRCULAR POLYNUCLEOTIDES

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/025,390, filed July 16, 2014, entitled Circular Polynucleotides, and to U.S. Provisional
Patent Application No. 62/045,4235, filed September 3, 2014, entitled Circular Polynucleotides
the contents of each of which are herein incorporated by reference 1n its entirety.
SEQUENCE LISTING

[0002] The present application 1s being filed along with a Sequence Listing 1n electronic
format. The Sequence Listing 1s provided as a file entitled M 136SL.txt created on July 16,
2015 which 1s 53,271 bytes 1n size. The information in the electronic format of the sequence
listing 1s incorporated herein by reference 1n its entirety.

FIELD OF THE INVENTION

[0003] The 1invention relates to compositions, methods, processes, kits and devices for the
design, preparation, manufacture and/or formulation of single stranded circular
polynucleotides (circP).

BACKGROUND OF THE INVENTION

[0004] Circular RNA was first discovered in1979 by electron microscope (Hsu et al.,
Nature (1979) 280:339-340; herein incorporated by reference 1n 1ts entirety). With its 5° and
3’ ends joined together, circRNA has no free ends and has extraordinary long half-life
(Harland & Misher, Development (1988) 102:837-852; herein incorporated by reference in 1ts
entirety). Recent studies have confirmed that circRNA 1s resistant to digestion with RNase R
exonuclease and turns over more slowly than 1ts counterpart linear RNA 1n vivo (Memczak et
al. Nature (2013) 495:333-338; herein incorporated by reference 1n 1ts entirety). An analysis
of circRNA and their associated lincar mRNASs revealed that the circRNA 1soforms were
highly stable, with transcript half-lives exceeding 48 hours, while the associated linear
transcripts exhibited half-lives of less than 20 hours (Jeck et al.,, RNA (2013) 19:141-157;
herein incorporated by reference 1n its entirety).

[0005] Since their initial discovery circRNASs have been developed for various uses. In
US Patent No. US5766903 to Sarnow et al., herein incorporated by reference in its entirety,
circRNAs comprise an internal ribosome entry site (IRES) element that engages a eukaryotic
ribosome and an RNA sequence element encoding a polypeptide operatively linked to the
IRES. The circRNA described by Sarnow can then be inserted into cells in order to produce a
polypeptide of interest. US Patent No. US5580859 to Felgner et al., herein incorporated by
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reference 1n 1ts entirety, describes polynucleotide sequences, which may be circularized,
which may be administered directly to tissues in order to produce proteins. CircRNAS for
vascular disease are described 1n International Publication No. WO2012050975, herein
incorporated by reference 1n 1ts entirety, where Sharpless et al. described circRNAS
comprising one or more ANRIL exons which play an active role in atherosclerotic vascular
disease. US Patent No. US5426180 to Kool et al., herein incorporated by reference in 1ts
entirety, discloses single-stranded circular oligonucleotides that bind to both single-stranded
and double-stranded target nucleic acids.

[0006] The production of circRNASs has been attempted by various methods such as the
method described in US Patent No. US6210931 to Feldstein et al., herein incorporated by
reference 1n 1ts entirety, which teaches a method of synthesizing circRNAs by mserting DNA
fragments 1nto a plasmid containing sequences having the capability of spontancous cleavage
and self-circularization. Another method 18 described in US Patent No. US5773244 to Ares Jr.
et al. which teaches producing circRNAs by making a DNA construct encoding an RNA
cyclase ribozyme, expressing the DNA construct as an RNA, and then allowing the RNA to
self-splice, which produces a circRNA free from intron iz vitro. International Publication No.
WO01992001813 to Ruth et al., herein incorporated by reference 1n 1ts entirety, teaches a
process of making single strand circular nucleic acids by synthesizing a linear polynucleotide,
combining the linear nucleotide with a complementary linking oligonucleotide under
hybridization conditions, and ligating the linear polynucleotide.

[0007] However, the synthetic circRNA molecules are still susceptible to the pitfalls of
their linear counterparts including, but not limited to, reduced structural and functional
integrity and/or triggering bio-responses such as the immune response and/or degradation
pathways.

[0008] It has been previously shown that certain linear modified mRNA sequences have
the potential as therapeutics. Such studies are detailed 1n International Publication No.
WO02012019168, filed August 5, 2011, International Publication No. W02012045075, filed
October 3, 2011, International Publication No. W0O20121358035, filed April 2, 2012,
International Publication No. W0O2012045082, filed October 3, 2011, International
Publication No. W02013052523, filed October 3, 2012, and International Publication No.
W02013090648, tiled December 14, 2012, the contents of each of which are herein
incorporated by reference 1n its entirety.

[0009] The present invention provides single stranded circular polynucleotides (circP)

which may comprise structural and/or chemical features such as, but not limited to, features
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which are useful for optimizing formulation and delivery of nucleic acid-based therapeutics
while retaining structural and functional mtegrity, overcoming the threshold of expression,
improving expression rates, half-life and/or protein concentrations, optimizing protein
localization, and avoiding deleterious bio-responses such as the immune response and/or
degradation pathways. The circular polynucleotides which may comprise the structural
and/or chemical features described herein may have potential in the fields of therapeutics,

diagnostics, reagents and for biological assays.

SUMMARY OF THE INVENTION

[00010] Described herein are compositions, methods, processes, kits and devices for the
design, preparation, manufacture and/or formulation of circular polynucleotides.

[00011] In one aspect, a circular polynucleotide (circP) comprises a first region of linked
nucleosides, a first flanking region located 5° relative to said first region of linked nucleosides
and a second flanking region located 3’ relative to said first region of linked nucleosides. The
first and/or second flanking region may comprise a first region of polarity.

[00012] The circPs of the present invention may comprise at least one modification
described herein such as, but not limited to, a structural and/or chemical modification. As a
non-limiting example, the chemical modification may be a nucleotide and/or nucleoside
modification including a nucleobase modification and/or a sugar modification. Nucleobases
include, but are not limited to, cytosine, guanine, adenine, thymine and uracil. As another
non-limiting example, the circPs of the present invention comprise at least two modifications.
The modifications may be located on one or more nucleosides and/or backbone linkage
between the nucleosides. In one aspect, at least one backbone linkage may be replaced with a
phophorothioate linkage.

[00013] The first region of linked nucleosides of a circP described herein may encode a
polypeptide of interest. The polypeptide of interest may be one known 1n the art and/or
described herein. The circPs described herein may also comprise a second region of linked
nucleosides which can encode a polypeptide of interest. The second region of linked
nucleosides may comprise a third flanking region located 5’ relative to the second region of
linked nucleosides and a fourth flanking region located 3’ relative to the second region of
linked nucleosides. The third flanking region and/or the fourth flanking region may comprise
a second region of polarity. The second region of polarity may be the same as the first region
of polarity, have at least 20% 1dentity with the first region of polarity or may be different than
the first region of polarity.
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[00014] The second region of linked nucleosides may be located within the first region of
linked nucleosides. The first region of linked nucleosides and the second region of linked
nucleosides may encode the same polypeptides of interest or different polypeptides of interest.
In one aspect, the nucleic acid sequence of the first region of linked nucleosides shares at least
20% 1dentity with the nucleic acid sequence of the second region of linked nucleosides.
[00015] The circPs of the present invention comprising at least a first region of linked
nucleosides may comprise at least one sensor region. The sensor region may be located in
any region of the circP including, but not limited to, the first region of linked nucleosides, the
first flanking region and the second flanking region. If the circP comprises a second region of
linked nucleosides the sensor region may be located 1n any region of the circP including, but
not limited to, first region of linked nucleosides, the second region of linked nucleosides, the
first flanking region, the second flanking region, the third flanking region and the fourth
flanking region. The at least one sensor region located 1n the first region of linked
nucleosides may be the same and/or different then the at least one sensor region in the second
region of linked nucleosides. A non-limiting example of sensor regions include a miR
sequence, a miR seed sequence, a miR binding site and a miR sequence without the seed.
[00016] Provided herein are compositions comprising the circPs of the present invention.
In one aspect, the circP may be formulated where the formulation may be selected from, but 1s
not limited to, nanoparticles, poly(lactic-co-glycolic acid) (PLGA) microspheres, lipidoid,
lipoplex, liposome, polymers, carbohydrates (including stmple sugars), cationic lipids, fibrin
oel, fibrin hydrogel, fibrin glue, fibrin sealant, fibrinogen, thrombin, rapidly eliminated lipid
nanoparticles (reLNPs) and combinations thereof.

[00017] Compositions of the circPs of the present invention may include pharmaceutically
acceptable excipients such as, but not limited to, a solvent, aqueous solvent, non-aqueous
solvent, dispersion media, diluent, dispersion, suspension aid, surface active agent, 1sotonic
agent, thickening or emulsifying agent, preservative, lipid, lipidoids liposome, lipid
nanoparticle, core-shell nanoparticles, polymer, lipoplex, peptide, protein, cell, hyaluronidase,
and mixtures thereof. A non-exhaustive listing of lipids which may be used with the circPs of
the present invention include DLin-DMA, DLin-K-DMA , DL1n-KC2-DMA, 98N12-5, C12-
200, DLin-MC3-DMA, reLNP, PLGA, PEG, PEG-DMA and PEGylated lipids and mixtures
thereof.

[00018] Provided herein are circular polynucleotide sponges (circSPs) comprising a first
region of linked nucleosides, a first flanking region located 5° relative to the first region and a

second flanking region located 3’ relative to the first region. The circSP comprises at least
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one sensor region and the first flanking region or the second flanking region comprises a first
region of polarity. The at least one sensor region may be selected from, but 1s not limited to, a
miR sequence, a miR seed sequence, a miR binding site and a miR sequence without the seed.
[00019] In one aspect, the first region of linked nucleosides of the circSP does not encode a
polypeptide of interest.

[00020] Provided herein are compositions comprising the circSPs of the present invention.
In one aspect, the circSP may be formulated where the formulation may be selected from, but
1s not limited to, nanoparticles, poly(lactic-co-glycolic acid) (PLGA) microspheres, lipidoid,
lipoplex, liposome, polymers, carbohydrates (including simple sugars), cationic lipids, fibrin
oel, fibrin hydrogel, fibrin glue, fibrin sealant, fibrinogen, thrombin, rapidly eliminated lipid
nanoparticles (reLNPs) and combinations thereof.

[00021] Compositions of the circSPs of the present invention may include
pharmaceutically acceptable excipients such as, but not limited to, a solvent, aqueous solvent,
non-aqueous solvent, dispersion media, diluent, dispersion, suspension aid, surface active
agent, 1sotonic agent, thickening or emulsifying agent, preservative, lipid, lipidoids liposome,
lip1d nanoparticle, core-shell nanoparticles, polymer, lipoplex, peptide, protein, cell,
hyaluronidase, and mixtures thereof. A non-exhaustive listing of lipids which may be used
with the circSPs of the present invention include DLin-DMA, DLin-K-DMA, DL1n-KC2-
DMA, 98N12-5, C12-200, DLin-MC3-DMA, reLNP, PLGA, PEG, PEG-DMA and
PEGylated lipids and mixtures thereof.

[00022] Provided herein are methods for altering the level of a polypeptide of interest in a
cell, tissue and/or organism comprising administering a composition comprising the circPs of
the present invention. The method may be used to increase, decrease and/or maintain a
desired level of a polypeptide of interest 1n a cell, tissue and/or organism.

[00023] In one embodiment, the method described herein may comprise decreasing the
level of a polypeptide of interest 1n a cell, tissue and/or organism comprising administering a
composition comprising the circSPs of the present invention.

[00024] Administration to a cell, tissue and/or organism includes, but 1s not limited to,
prenatal administration, neonatal administration, postnatal administration, oral, by 1njection
(e.g., Intravenous, intraarterial, intraperotoneal, intradermal, subcutaneous and intramuscular),
by ophthalmic administration and by intranasal administration. The circPs may be
administered at a total daily dose between 1ug and 150ug and may be administered 1n one or

more doses.
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[00025] According to the present invention are provided chimeric polynucleotides
encoding a polypeptide which may be circularized to form circular polynucleotides, where the
chimeric polynucleotide having a sequence or structure comprising Formula I,
5" [Anlx-L1-[Bo]y-L2-[C,],-L3 37

Formula 1
[00026] wherein:
[00027] cach of A and B independently comprise a region of linked nucleosides;
[00028] C 1s an optional region of linked nucleosides;
[00029] at least one of regions A, B, or C 18 positionally modified, wherein said
positionally modified region comprises at least two chemically modified nucleosides of one or
more of the same nucleoside type of adenosine, thymidine, guanosine, cytidine, or uridine,
and wherein at least two of the chemical modifications of nucleosides of the same type are
different chemical modifications:
[00030] n, o and p are independently an integer between 15-1000;
[00031] x and y are independently 1-20;
[00032] z1s 0-5;
[00033] L1 and L2 are independently optional linker moieties, said linker moieties being
either nucleic acid based or non-nucleic acid based; and
[00034] L3 1s an optional conjugate or an optional linker moiety, said linker moiety being
either nucleic acid based or non-nucleic acid based.
[00035] Also provided are methods of making and using the circular polynucleotides in
research, diagnostics and therapeutics.
[00036] In another aspect, the invention features a chimeric polynucleotide (e.g., a circular
polynucleotide) encoding a polypeptide, wherein the polynucleotide has a sequence including
Formula II:

[Au]l-L'-[Bo]

Formula 11
[00037] wherein each A and B independently includes any nucleoside (e.g., a nucleotide);
[00038] n and o are, independently 10 to 10,000, e.g., 10 to 1000 or 10 to 2000; and
[00039] L' has the structure of Formula III:

—(R"),—(R2)p—(R%);—R*~(R%)4=(R®)e~(R")—
Formula I11
[00040] wherein a, b, ¢, d, e, and f are each, independently, O or 1;
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[00041] each of Rl, R’ : R’ , and R7, 1s, independently, selected from optionally substituted
C1-Cs alkylene, optionally substituted C;-Cg heteroalkylene, O, S, and NR®:

[00042] R° and R° are each, independently, selected from carbonyl, thiocarbonyl, sulfonyl,
or phosphoryl;

[00043] R"is optionally substituted C;—Co alkylene, optionally substituted Co—Cio
alkenylene, optionally substituted C,—C,¢ alkynylene, optionally substituted C,—Co
heterocyclylene, optionally substituted Cs—Cy, arylene, optionally substituted C,-Ciog
polyethylene glycolene, or optionally substituted C1—C,¢ heteroalkylene, or a bond linking
(RNa-(RM)p-(R). to (R))¢-(R)e-(R)g, wherein if a, b, ¢, d, ¢, and fare 0, R* is not a bond; and
[00044] R° is hydrogen, optionally substituted C;—C4 alkyl, optionally substituted C,—C.
alkenyl, optionally substituted C,—C4 alkynyl, optionally substituted C,—Cg heterocyclyl,
optionally substituted Cs—C;, aryl, or optionally substituted C1—C; heteroalkyl;

[00045] wherein L' is attached to [A,] and [B,] at the sugar of one of the nucleosides (e.g.,
at the 37 position of a five-membered sugar ring or 4 position of a six membered sugar ring
of a nucleoside of [A,] and the 5" position of a five-membered sugar ring or 6" position of a
six membered sugar ring of a nucleoside of [B,] or at the 5" position of a five-membered
sugar ring or 6" position of a six membered sugar ring of a nucleoside of [A,] and the 3°
position of a five-membered sugar ring or 4” position of a six membered sugar ring of a
nucleoside of [B,]).

[00046] In some embodiments, at least one of [A,] and [B,] includes the structure of

Formula IV or Formula XVIII:

\"‘\ - N1
X1 10
| R \N/
—D— Y2 15 15
X3 . uR16 . "1R1
R . LR h
~1"¢ : N2 Q\\ b N2
X* R4 X4 R4
Formula 1V Formula XVIII

[00047] wherein each of N' and N” is independently a nucleobase;
[00048] ecach of R”,R' R'", R'*, R", R" R", and R'° is, independently, H, halo,
hydroxy, thiol, optionally substituted C;-Cgalkyl, optionally substituted C;-Cg heteroalkyl,
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optionally substituted C,-Cg heteroalkenyl, optionally substituted C,-Cg heteroalkynyl,
optionally substituted amino, azido, or optionally substituted Cs-Cy aryl;
[00049] cach of g and h 1s, independently, O or 1;
[00050] ecach X' and X" is, independently, O, NH, or S;
[00051] each X is independently O, NH, or S; and
[00052] each X is OH or SH, or a salt thereof.
[00053] In some embodiments, h 1s O; R" is H: and R is optionally substituted C;-Cs
heteroalkyl.
[00054] In other embodiments, the optionally substituted C;-Cg heteroalkyl 1s methoxy.
[00055] In certain embodiments, X" is SH.
[00056] In another aspect, the invention features a circular polynucleotide encoding a
polypeptide, wherein the polynucleotide has a sequence including Formula 1I:

[An]-L'-[Bo]

Formula 11
[00057] wherein each A and B independently includes any nucleoside (e.g., a nucleotide);
[00058] n and o are, independently 10 to 10,000, e.g., 10 to 1000 or 10 to 2000; and
[00059] L'is abond or has the structure of Formula IIT:

e—(R"a=(R2)o=(RY)e~R*-(R®)q=(R®)e~(R")—

Formula 111
[00060] wherein a, b, ¢, d, e, and f are each, independently, O or 1;
[00061] each of R' R’ R’ and R’, is, independently, selected from optionally substituted
C1-Cs alkylene, optionally substituted C;-Cg heteroalkylene, O, S, and NR®:
[00062] R* and R® are each, independently, selected from carbonyl, thiocarbonyl, sultfonyl,
or phosphoryl;
[00063] R is optionally substituted C;—Co alkylene, optionally substituted C>—Cio
alkenylene, optionally substituted C,—C,¢ alkynylene, optionally substituted C,—Co
heterocyclylene, optionally substituted Cs—Cy, arylene, optionally substituted C,-Cioo
polyethylene glycolene, or optionally substituted C—C,¢ heteroalkylene, or a bond linking
(RDa-(R)p~(R)e t0 (R7)a-(R%)e~(R ') and
[00064] R® is hydrogen, optionally substituted C;—Cy alkyl, optionally substituted C,—Cj
alkenyl, optionally substituted C,—C4 alkynyl, optionally substituted C,—Cg heterocyclyl,
optionally substituted Cs—Ci> aryl, or optionally substituted C;—C; heteroalky];
[00065] wherein L' is attached to [A,] and [B,] at the sugar of one of the nucleosides (e.g.,

at the 37 position of a five-membered sugar ring or 4 position of a six membered sugar ring
3
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of a nucleoside of [A,] and the 5" position of a five-membered sugar ring or 6" position of a
six membered sugar ring of a nucleoside of [B,] or at the 5" position of a five-membered
sugar ring or 6" position of a six membered sugar ring of a nucleoside of [A,] and the 3°
position of a five-membered sugar ring or 4” position of a six membered sugar ring of a
nucleoside of [Bo]).

[00066] wherein at least one of [A,] or [B,] includes the structure of Formula IV or

Formula XVIII:

11
— o (R )
9 “R12 N’
| R g % \ ,O\,
S T N
X1 10
| R \N/
O=P—X? R1S RS
| N\ _ O O
X° "R "R
R13 R13
h h
S T N? S T N2
X4 R4 X4 R4
Formula 1V Formula XVIII

[00067] wherein each of N' and N” is independently a nucleobase;
[00068] ecach of R”,R' R'", R"*, R", R" R", and R'® is, independently, H, halo,
hydroxy, thiol, optionally substituted C,-Cgalkyl, optionally substituted C;-C¢ heteroalkyl,
optionally substituted C,-Cg heteroalkenyl, optionally substituted C,-Cg heteroalkynyl,
optionally substituted amino, azido, or optionally substituted Cs-Cy aryl;
[00069] cach of g and h 18, independently, O or 1;
[00070] ecach X' and X" is, independently, O, NH, or S; and
[00071] each X is independently O, NH, or S; and
[00072] each X° is OH or SH, or a salt thereof:
[00073] wherein, for Formula IV, at least one of X', X*, or X*is NH or S.
[00074] In some embodiments, X' is NH. In other embodiments, X" is NH. In certain
embodiments, X*is S.
[00075] In some embodiments, the polynucleotide includes: (a) a coding region; (b)a 5°
UTR; and (¢) a 3" UTR. In some embodiments, the polynucleotide further includes (d) at
least one 5° cap structure. In other embodiments, the polynucleotide further includes (¢) a
poly-A tail.
[00076] In some embodiments, one of the coding region, the 5" UTR , the 3" UTR, the §°
cap structure, or the poly-A tail includes [A,] L'-[B,].

9
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[00077] In other embodiments, one of the coding region, the 5" UTR, the 3" UTR, the §°
cap structure, or the poly-A tail includes [A,] and another of the coding region, the 5" UTR,
the 3" UTR, the 5" cap structure, or the poly-A tail includes [B,].

[00078] In some embodiments, the 5° UTR 1ncludes at least one Kozak sequence.
[00079] In certain embodiments, the polynucleotide includes at least one moditied

nucleoside (e.g., a nucleoside of Table 4).

[00080] In some embodiments, R* is optionally substituted C,_o heterocyclylene, for

example, the heterocycle may have the structure:

N7\
N
—
SN
N W
HN
—
~sWooor Mg,

[00081] In some embodiments, L' includes the structure:

N N '\!\N N\“N
—
b : O
© N’\/ o/[( OJ<N
T : NG
NN H’\/\ :
b 5 or |

[00082] In certain embodiments, L' is attached to [A,] at the 3" position of a five-
membered sugar ring or 4 position of a six membered sugar ring of one of the nucleosides
and to [B,] at the 5" position of a five-membered sugar ring or 6" position of a six membered
sugar ring of one of the nucleosides.

[00083] In some embodiments, the polynucleotide 1s circular.

[00084] In certain embodiments, the poly-A tail terminates 1n the structure of Formula
XXI:




CA 02955238 2017-01-13

WO 2016/011222 PCT/US2015/040691

[00085]
[00086]

Formula XXI
wherein N° is a nucleobase

each of R*°, R”, R’®, and R is, independently, H, halo, hydroxy, thiol, optionally

substituted C;-Cg alkyl, optionally substituted C;-Cgheteroalkyl, optionally substituted C,-Ce

heteroalkenyl, optionally substituted C,-Ce heteroalkynyl, optionally substituted amino, azido,

or optionally substituted Cg-Cip aryl;

[00087]
[00083]
[00089]
[00090]
00091 ]

[00092]
[00093]

118 0 or 1;

X is O, NH, or S: and

X°is O or S: and

X' is OH or SH, or a salt thereof.

In some embodiments, the structure of Formula XXI 1s:

CH

HO /’/"%O
® ) e
1 \c O
i—0~h~0
OH

In other embodiments, the poly-A tail has 40 to 80 nucleosides (SEQ ID NO: 48).

In certain embodiments, the structure of Formula XXI 1s attached to two to four

2’-methoxy-adenosines and/or 2’-fluoro-adenosines.

[00094]

[000935]

In some embodiments, the poly-A tail terminates in the structure:

H,N /N\“ CHs
N N N
"Ny LN PO o\\g

TNH

~._N TR
N ocH, O~/ O © °
NG T OH
o )0-P-0
. OH
i—0—P-0
OH

In other embodiments, the poly-A tail terminates in the structure:

11
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" 0-P-0 O
' —_ -..O
N O |
S O OH
|
o ) "0—P-0
. SH
i—0—P-0
SH

[00096] In certain embodiments, the poly-A tail includes the structure:

\
\-N 0
0. ) "0-P-0
0 SH
i—0—P-0
SH

[00097] In another aspect, the invention features a method of producing a composition
including a chimeric polynucleotide encoding a polypeptide, wherein the polynucleotide

includes the structure of Formula Va or Vb:

R11 R11
I B Y
‘112 ‘7
9 R 9 R
R g | R g
N N S N
xRt S R10
:l_ 15 :‘_ 2 15
O FI’ S\/O R O Fl’ X \/O R
3 ol 3 o
X i3 R X i3 R
R h R h
N - & N - NZ
X4 |§14 X4 |§14
.N‘!N 0[‘ JU'LV
Formula Va Formula Vb

[00098] This method includes reacting (e.g., under alkylating conditions) a compound

having the structure of Formula VIa or VIb:

12



WO 2016/011222

CA 02955238 2017-01-13

R17 R17
11 11
\/O R ) \/O R )
1512 1512
RO} R7g RY } R7g
cc - N’ s - N’
x1 R0 S R10
HO—P=S HO—FI’=X2
x3 Or x3
Formula Vla Formula VI1b

with a compound having the structure of Formula VII:

[00099]

'”R1
13
LR h
S T N?
>
>|( R14
R19
Formula VII

wherein each of N' and N” is, independently, a nucleobase:

PCT/US2015/040691

[000100] ecach of R”, R'’, R R"*, R”, R" R", and R'° is, independently, H, halo,

hydroxy, thiol, optionally substituted C;-Cg alkyl, optionally substituted C;-Cg heteroalkyl,

optionally substituted C,-Cg heteroalkenyl, optionally substituted C,-Cg heteroalkynyl,

optionally substituted amino, azido, or optionally substituted Ces-C; aryl;

[000101] ecach of g and h 18, independently, O or 1;

[000102] each X' and X* 1s, independently, O, NH, or S;
[000103] each X*is O or S; and

[000104] each X is independently OH or SH, or a salt thercof;
[000105] cach of R'' and R is, independently, a region of linked nucleosides; and
[000106] R'° is a halogen,

[000107] to produce a composition comprising a chimeric polynucleotide encoding a

polypeptide, wherein the polynucleotide comprises the structure of Formula Va or Vb.

[000108] In another aspect, the invention features a method of producing a composition

including a chimeric polynucleotide encoding a polypeptide, wherein the polynucleotide

includes the structure of Formula VIlla or VIIIb:

13
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Formula VIlla Formula VI1l1Ib
[000109] This method includes reacting (e.g., under Staudinger reaction conditions) a

compound having the structure of Formula IXa or IXb:

) st/o R159

'HR1
13
I h
g S T N?
X4 R14
or R23

Formula I Xa Formula 1Xb

with a compound having the structure of Formula Xa or Xb:

R20
R21 \/ R“2>
\ O
P—sz R1 .
O g \ 'R’
R/22 13 WRQ K J
g h SN
~ - N2 >|(1 R10
X4 R4 P
R23 or R21’ R22
Formula Xa Formula Xb

[000110] wherein each of N' and N° 1, independently, a nucleobase;

[000111] ecach of R”, R'®, R'", R"*, R", R R", and R'’ is, independently, H, halo,
hydroxy, thiol, optionally substituted C,-Cgalkyl, optionally substituted C;-C¢ heteroalkyl,
optionally substituted C,-Cg heteroalkenyl, optionally substituted C,-Cg heteroalkynyl,
optionally substituted amino, azido, or optionally substituted Ces-Cio aryl;

[000112] ecach of g and h 18, independently, O or 1;

[000113] each X" is, independently, O, NH, or S; and

[000114] each X' and X* is independently O or S;

[000115] each X is independently OH, SH, or a salt thereof;

[000116] each of R*” and R™ is, independently, a region of linked nucleosides; and

14
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[000117] each of R*' and R* is, independently, optionally substituted C;-Cg alkoxy;
[000118] to produce a composition comprising a circular polynucleotide encoding a
polypeptide, wherein the polynucleotide comprises the structure of Formula VIIla or VIIIb.
[000119] In another aspect, the invention features a method of producing a composition

including a circular polynucleotide encoding a polypeptide, wherein the polynucleotide

includes the structure of Formula XIa, XIb, XIIa, or XIIb:

Formula XlIla Formula XlIIb.

[000120] This method includes reacting (e.g., under [3+2] cycloaddition conditions 1n the

presence or absence of a copper source) a compound having the structure of Formula XIlIa,

XIIIb, XIVa, or XIVb:
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Formula XIIIa Formula XIIIb

, Or
Formula XIVa Formula XIVDb
[000121] with a compound having the structure of Formula XVa or XVb:

Formula XVa Formula XVb

[000122] wherein each of N' and N” is, independently, a nucleobase;

[000123] each of R”,R', R", R"*, R", R" R", and R'® is, independently, H, halo,
hydroxy, thiol, optionally substituted C,-Cgalkyl, optionally substituted C;-C¢ heteroalkyl,
optionally substituted C,-Cg heteroalkenyl, optionally substituted C,-Cg heteroalkynyl,
optionally substituted amino, azido, or optionally substituted Ces-Cy aryl;

[000124] cach of g and h 18, independently, O or 1;

[000125] ecach X' and X" is, independently, absent, O, NH, or S or a salt thereof:

[000126] cach of R* and R*' is, independently, a region of linked nucleosides; and
16
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[000127] each of R*, R*, R*°, and R*® is absent or optionally substituted C;-Cs alkylene or
optionally substituted C;-Cg heteroalkylene or R or R*® and the alkynyl group together
form optionally substituted cycloalkynyl;
[000128] to produce a composition comprising a circular polynucleotide encoding a
polypeptide, wherein the polynucleotide comprises the structure of Formula XlIa, XIb, Xlla,
or XIIb.
[000129] In another aspect, the invention features a method of producing a composition
including a circular polynucleotide encoding a polypeptide, wherein the polynucleotide has a
sequence including Formula 11
[An]-L'-[Bo].
Formula 11
[000130] This method includes reacting (e.g., under [3+2] cycloaddition conditions in the
presence or absence of a copper source) a compound having the structure of Formula XVI:
[An]-(RDa(R)o-(R")e-N:
Formula XVI
with a compound having the structure of Formula XVII:
R™-(R*)a-(R")e-(R")-[Bo]
Formula XVI1I1
[000131] wherein each A and B 1s independently any nucleoside;
[000132] n and o are, independently 10 to 10,000, e.g., 10 to 1000 or 10 to 2000; and
[000133] L' has the structure of Formula IIT:

—(R")a— (R~ (R®)~R*-(R%)4~(R®)e~(R7)r—
Formula 111

[000134] wherein a, b, ¢, d, e, and f are each, independently, O or 1;
[000135] R' R’ R°, and R’ each, independently, 1s selected from optionally substituted C;-
Ce alkylene, optionally substituted C;-Cg heteroalkylene, O, S, and NR®:
[000136] R* and R® are each, independently, selected from carbonyl, thiocarbonyl, sultfonyl,
or phosphoryl;
[000137] R is an optionally substituted triazolene; and
[000138] R®is hydrogen, optionally substituted C;—C4 alkyl, optionally substituted C3—Cy
alkenyl, optionally substituted C,—C4 alkynyl, optionally substituted C,—Cg heterocyclyl,

optionally substituted C¢—C;, aryl, or optionally substituted C1—C; heteroalkyl; and
[000139] R*'is an optionally substituted C,-C; alkynyl or an optionally substituted Cs-Ci»

cycloalkynyl,
17
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[000140] wherein L' is attached to [A,] and [B,] at the sugar of one of the nucleosides;
[000141] to produce a composition comprising a circular polynucleotide encoding a
polypeptide, wherein the polynucleotide has a sequence comprising Formula I1.

[000142] In some embodiments, the optionally substituted triazolene has the structure:

[000143] In another aspect, the invention features a method of producing a composition
comprising a circular polynucleotide encoding a polypeptide, wherein the polynucleotide

comprises the structure of Formula XVIII:

§WOVN1

N

Formula XVIII
[000144] the method comprising reacting (e.g., under reductive amination conditions) a

compound having the structure of Formula XIX:

gj/o\,'\”

X0 o

Formula XIX

[000145] with a compound having the structure of Formula XX:
NH-

o

"!R1
13
R h

N2

X4 éM
|

At At

Formula XX
[000146] wherein each of N' and N” 1S, independently, a nucleobase;
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[000147] each of R"” R™ R andR'is, independently, H, halo, hydroxy, thiol, optionally
substituted C,-Cg alkyl, optionally substituted C;-Cgheteroalkyl, optionally substituted C,-Csg
heteroalkenyl, optionally substituted C,-Cg heteroalkynyl, optionally substituted amino, azido,
or optionally substituted Cg-Cip aryl;

[000148] hisOor 1; and

[000149] X*is O, NH, or S;

[000150] to produce a composition comprising a circular polynucleotide encoding a
polypeptide, wherein the polynucleotide comprises the structure of Formula XVIII.

[000151] In some embodiments, the method includes producing a compound of Formula

XIX from a compound of Formula XXI:

E o N

OH OH

Formula XIX
[000152] The details of various embodiments of the invention are set forth in the description
below. Other features, objects, and advantages of the invention will be apparent from the
description and the drawings, and from the claims.
BRIEF DESCRIPTION OF THE DRAWINGS
[000153] The foregoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead being placed
upon 1illustrating the principles of various embodiments of the mvention.
[000154] FIG. 1 1s a schematic of a circular primary construct of the present invention.
[000155] FIG. 2 1s a schematic of a circular primary construct of the present invention.
[000156] FIG. 3 18 a schematic of a circular primary construct of the present invention
comprising at least one spacer region.
[000157] FIG. 4 1s a schematic of a circular primary construct of the present invention
comprising at least one sensor region.
[000158] FIG. 5 18 a schematic of a circular primary construct of the present invention
comprising at least one sensor region and a spacer region.
[000159] FIG. 6 1s a schematic of a non-coding circular primary construct of the present

invention.
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[000160] FIG. 7 1s a schematic of a non-coding circular primary construct of the present
invention.

[000161] FIG. 8 1s a schematic of a linear primary construct which may be circularized.
[000162] FIG. 9 1s a gel profile showing RNA T4 ligation and PolyA polymerase treatment.
DETAILED DESCRIPTION

[000163] It 1s of great interest 1n the ficlds of therapeutics, diagnostics, reagents and for
biological assays to be able to synthesize, modify, and utilize circular polynucleotides (circP).
[000164] Described herein are compositions and methods for the design, preparation,
manufacture and/or formulation of circular polynucleotides. As used herein, “circular
polynucleotides” or “circP” means a single stranded circular polynucleotide which acts
substantially like, and has the properties of, an RNA. The term “circular” 1s also meant to
encompass any secondary or tertiary configuration of the circP.

[000165] The circPs of the present invention which encode at least one polypeptide of
interest are known as circular RNAS or circRNA. As used herein, “circular RNA” or
“circRNA” means a circular polynucleotide that can encode at least one polypeptide of
interest. It 1s well known that a nucleic acid, e.g., a messenger ribonucleic acid (mRNA), may
be delivered 1nside a cell, whether in vitro, in vivo, in situ or ex vivo, to cause intracellular
translation of the nucleic acid and production of an encoded polypeptide of interest. Because
of their unique closed circular structure, circRNAS are more resistant to the degradation by
exonuclease and have a longer half-life than their corresponding linear counterparts. As such,
it 18 desirable to develop new and improved circRNAs which are useful in the production of
polypeptides of interest.

[000166] Described herein are compositions (including pharmaceutical compositions) and
methods for the design, preparation, manufacture and/or formulation of circRNA which may
encode one or more polypeptides of interest. Also provided are systems, processes, devices
and kits for the selection, design and/or utilization of circRNA to modulate cellular processes
where no polypeptide 18 produced.

[000167] The circPs of the present invention which comprise at least one sensor sequence
and do not encode a polypeptide of interest are known as circular sponges or circSP. As used

2% ¢¢

herein, “circular sponges,” “circular polynucleotide sponges™ or “circSP” means a circular
polynucleotide which comprises at least one sensor sequence and does not encode a
polypeptide of interest. As used herein, “sensor sequence’” means a receptor or pseudo-
receptor for endogenous nucleic acid binding molecules. Non-limiting examples of sensor

sequences include, microRNA binding sites, microRNA seed sequences, microRNA binding
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sites without the seed sequence, transcription factor binding sites and artificial binding sites
engineered to act as pseudo-receptors and portions and fragments thereof.

[000168] The circPs of the present invention which comprise at least one sensor sequence
and encode at least one polypeptide of interest are known as circular RNA sponges or
circRNA-SP. As used herein, “circular RNA sponges™ or “circRNA-SP” means a circular
polynucleotide which comprises at least one sensor sequence and at least one region encoding
at least one polypeptide of interest. A circRNA sponge comprises a single-stranded non-
coding polynucleotide with repeat copies of at least one specific microRNA binding site to
hold microRNA molecules of interest and a region of linked nucleosides encoding at least one
polypeptide of interest. This artificial microRNA 1nhibitor, when expressed 1n a cell, would
decrease the cellular level of the microRNA of interest. The circP, circSP or circRNA-SP of
the invention may comprise one or more microRNA target sequences or binding sites for
microRNA molecules of iterest. In one aspect, circPs, circSPs or circRNA-SPs that act as
sponges are able to regulate expression of genes which are regulated by microRNAS.
[000169] In some embodiments, the circular polynucleotides of the present invention,
including circRNA, circSP and circRNA-SP, comprise at least one modification, as described
herein, 1n order to avoid at least one of the deficiencies of the linear polynucleotides described
and/or known 1n the art. Hence, 1n some embodiments, the circP, circRNA, circSP and
circRNA-SP of the present invention which comprise at least one modification are referred to
as modified circular polynucleotides or modified circP, modified circular RNA or modified
circRNA, modified circular sponges or modified circSP and modified circular RNA sponges
or modified circRNA-SP.

[000170] The use of modified polynucleotides, particularly modified lincar mRNA, 1n the
fields of antibodies, viruses, veterinary applications and a variety of iz vivo settings have been
explored previously and these studies are disclosed 1n for example, co-owned United States
provisional patent application serial numbers 61/470,451 filed March 31, 2011 teaching 1n
vivo applications of mmRNA; 61/517,784 filed on April 26, 2011 teaching engineered nucleic
acids for the production of antibody polypeptides; 61/519,158 filed May 17, 2011 teaching
veterinary applications of mmRNA technology; 61/533, 537 filed on September 12, 2011
teaching antimicrobial applications of mmRNA technology; 61/533,554 filed on September
12, 2011 teaching viral applications of mmRNA technology, 61/542,533 filed on October 3,
2011 teaching various chemical modifications for use in mmRNA technology; 61/570,690
filed on December 14, 2011 teaching mobile devices for use in making or using mmRNA

technology; 61/570,708 filed on December 14, 2011 teaching the use of mmRNA 1n acute
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care situations; 61/576,651 filed on December 16, 2011 teaching terminal modification
architecture for mmRNA; 61/576,705 filed on December 16, 2011 teaching delivery methods
using lipidoids for mmRNA; 61/578,271 filed on December 21, 2011 teaching methods to
increase the viability of organs or tissues using mmRNA; 61/581,322 filed on December 29,
2011 teaching mmRNA encoding cell penetrating peptides; and 61/631,729 filed on January
10, 2012 teaching methods of using mmRNA for crossing the blood brain barrier; all of which
are herein incorporated by reference in their entirety.

[000171] Provided herein, in part, are circP, circRNA, circSP and circRNA-SP which may
comprise features to improve one or more of the stability and/or clearance 1n tissues, receptor
uptake and/or kinetics, cellular access by the compositions, engagement with translational
machinery, half-life, translation efficiency, immune evasion, protein production capacity,
secretion efficiency (when applicable), accessibility to circulation, protein half-life and/or
modulation of a cell’s status, function and/or activity. Also provided herein, 1n part, are
circPs, circRNA and circRNA-SP which encode at least one polypeptide of interest and may
be capable of being translated to produce the encoded polypeptide of interest in vitro, in vivo,

In Situ Or ex vivo.

I. Composition of the invention (circP, circRNA. circSP and circRNA-SP

[000172] The present invention provides circP, circRNA, circSP and circRNA-SP. The
circP, circRNA, circSP and circRNA-SP of the present invention may contain modifications
described herein and/or known 1n the art, but it 1s not required that the circP, circRNA, circSP
and circRNA-SP contain modifications.

[000173] In one embodiment, the circP, circRNA or circRNA-SP of the present invention
may act as a messenger RNA (mRNA). As used herein, the term “messenger RNA” (mRNA)
means a polynucleotide which encodes a polypeptide of interest and which 1s capable of being
translated to produce the encoded polypeptide of interest in vitro, in vivo, in situ Or ex vivo.
circP, circRNA, circSP and circRNA-SP Architecture

[000174] The circP, circRNA, and circRNA-SP of the present invention are distinguished

from wild type linear polynucleotides in their functional and/or structural design features
which serve to, as evidenced herein, overcome existing problems of effective polypeptide
production using nucleic acid-based methodologies.
[000175] In one embodiment, the circP, circRNA, circSP and circRNA-SP may comprise at
least one flanking region which may comprise a region of polarity and/or an untranslated
region. As a non-limiting example, the region of polarity may be an internal ribosomal entry
site (IRES).
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[000176] In one embodiment, the circP, circRNA, and circRNA-SP may comprise at least
one region of linked nucleosides comprising at least one open reading frame (ORF) encoding
a polypeptide of interest. The circP, circRNA, and circRNA-SP may also comprise a region of
polarity and/or an untranslated region.
[000177] In one embodiment, one or more structural and/or chemical modifications or
alterations described herein may be incorporated into the circPs, circSPs, circRNAs, and
circRNA-SPs. These modifications and/or alteration can impart useful properties to the
polynucleotide including, in some embodiments, the lack of a substantial induction of the
innate immune response of a cell into which the polynucleotide 1s introduced. As used herein,
a “structural” feature or modification 1s one 1n which two or more linked nucleotides are
inserted, deleted, duplicated, inverted or randomized 1n a circPs, circSPs, circRNAS or
circRNA-SPs without significant chemical modification to the nucleotides themselves.
Because chemical bonds will necessarily be broken and reformed to effect a structural
modification, structural modifications are of a chemical nature and hence are chemical
modifications. However, structural modifications will result 1n a different sequence of
nucleotides. For example, the polynucleotide “ATCG” may be chemically modified to “AT-
SmeC-G”. The same polynucleotide may be structurally modified from “ATCG™ to
“ATCCCG”. Here, the dinucleotide “CC” has been inserted, resulting in a structural
modification to the polynucleotide.
[000178] Generally, the shortest length of an open reading frame (ORF) of the circPs,
circRNAs, and circRNA-SPs of the present invention can be the length of a nucleic acid
sequence that 1s sufficient to encode for a dipeptide, a tripeptide, a tetrapeptide, a
pentapeptide, a hexapeptide, a heptapeptide, an octapeptide, a nonapeptide, or a decapeptide.
In another embodiment, the length may be sufficient to encode a peptide of 2-30 amino acids,
c.g. 5-30, 10-30, 2-25, 5-25, 10-25, or 10-20 amino acids. The length may be sufficient to
encode for a peptide of at least 11, 12, 13, 14, 15, 17, 20, 25 or 30 amino acids, or a peptide
that 1s no longer than 40 amino acids, ¢.g. no longer than 35, 30, 25, 20, 17, 15, 14, 13, 12, 11
or 10 amino acids. Examples of dipeptides that the polynucleotide sequences can encode or
include, but are not limited to, carnosine and anserine.
[000179] Generally, the length of the ORF encoding the polypeptide of interest of the
present invention 1s greater than about 30 nucleotides 1n length (e.g., at least or greater than
about 35, 40, 45, 50, 55, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 450,
500, 600, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900,
2,000, 2,500, and 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 20,000, 30,000,
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40,000, 50,000, 60,000, 70,000, 80,000, 90,000 or up to and including 100,000 nucleotides).
As used herein, the ORF may be referred to as a “coding region” or “region encoding” or
simply the ORF.

[000180] In some embodiments, the circPs, circSPs, circRNAS, and circRNA-SPs includes
from about 30 to about 100,000 nucleotides (e.g., from 30 to 50, from 30 to 100, from 30 to
250, from 30 to 500, from 30 to 1,000, from 30 to 1,500, from 30 to 3,000, from 30 to 5,000,
from 30 to 7,000, from 30 to 10,000, from 30 to 25,000, from 30 to 50,000, from 30 to
70,000, from 100 to 250, from 100 to 500, from 100 to 1,000, from 100 to 1,500, from 100 to
3,000, from 100 to 5,000, from 100 to 7,000, tfrom 100 to 10,000, from 100 to 25,000, from
100 to 50,000, from 100 to 70,000, from 100 to 100,000, trom 500 to 1,000, from 500 to
1,500, trom 500 to 2,000, from 500 to 3,000, from 500 to 5,000, from 500 to 7,000, from 500
to 10,000, from 500 to 25,000, trom 500 to 50,000, from 500 to 70,000, from 500 to 100,000,
from 1,000 to 1,500, from 1,000 to 2,000, from 1,000 to 3,000, from 1,000 to 5,000, from
1,000 to 7,000, from 1,000 to 10,000, from 1,000 to 25,000, from 1,000 to 50,000, trom 1,000
to 70,000, from 1,000 to 100,000, from 1,500 to 3,000, from 1,500 to 5,000, trom 1,500 to
7,000, from 1,500 to 10,000, from 1,500 to 25,000, from 1,500 to 50,000, from 1,500 to
70,000, from 1,500 to 100,000, from 2,000 to 3,000, from 2,000 to 5,000, from 2,000 to
7,000, from 2,000 to 10,000, from 2,000 to 25,000, from 2,000 to 50,000, from 2,000 to
70,000, and from 2,000 to 100,000).

[000181] In one embodiment, the circPs, circSPs, circRNAS, and circRNA-SPs of the
present invention may comprise at least one flanking region. The flanking regions may range
independently from 15-2000 nucleotides 1n length (e.g., greater than 30, 40, 45, 50, 55, 60,
70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900,
1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800 and 1900 nucleotides or at least 30,
40, 45, 50, 55, 60, 70, 80, 90, 100, 120, 140, 160, 130, 200, 250, 300, 350, 400, 450, 500, 600,
700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800 and 1900 nucleotides).
[000182] In another embodiment, the circPs, circSPs, circRNAS, and circRNA-SPs of the
present invention may comprise a tailing sequence. The tailing sequence may range from 1 to
500 nucleotides 1n length (e.g., at least 30, 40, 50, 60, 70, 80, 90, 120, 140, 160, 180, 200,
250, 300, 350, 400, 450, or 500 nucleotides). Where the tailing region 18 a polyA tail, the
length may be determined 1n units of or as a function of polyA Binding Protein binding. In
this embodiment, the polyA tail 1s long enough to bind at least 4 monomers of PolyA Binding

Protein. PolyA Binding Protein monomers bind to stretches of approximately 38 nucleotides.
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As such, 1t has been observed that polyA tails of about 80 nucleotides and 160 nucleotides are
functional.
[000183] In one embodiment, the circPs, circSPs, circRNASs, and circRNA-SPs may
comprise a first and/or second operational region. The first and/or second operational regions
may range from 3 to 40, e.g., 5-30, 10-20, 15, or at least 4, or 30 or fewer nucleotides 1n
length and may comprise, in addition to a Start and/or Stop codon, one or more signal and/or
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