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SIGNAL-SENSOR POLYNUCLEOTIDES FOR THE ALTERATION OF
CELLULAR PHENOTYPES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] Thas application claims priority to U.S. Provisional Application No. 61,753,661,
filed January 17, 2013, entitled Signal-Sensor Polynucleotides for the Alternation of
Cellular Phenotypes and Microenvironments; U.S. Provisional Application No.
61/754,159, filed January 18, 2013, entitled Signal-Sensor Polynucleotides for the
Alternation of Cellular Phenotypes and Microenvironments; U.S. Provisional Application
No. 61/781,097, filed March 14, 2013, entitled Signal-Sensor Polynucleotides for the
Alternation of Cellular Phenotypes and Microenvironments; U.S. Provisional Application
No. 61/829,334, filed May 31,2013, entitled Signal-Sensor Polynucleotides for the
Alternation of Cellular Phenotypes and Microenvironments; U.S. Provisional Application
No. 61/839,893, filed June 27, 2013, entitled Signal-Sensor Polynucleotides for the
Alternation of Cellular Phenotypes and Microenvironments; U.S. Provisional Application
No. 61/842,733, filed July 3, 2013, entitled Signal-Sensor Polynucleotides for the
Alternation of Cellular Phenotypes and Microenvironments; and U.S. Provisional
Application No. 61/857,304, filed July 23, 2013, entitled Signal-Sensor Polynucleotides
for the Alternation of Cellular Phenotypes and Microenvironments; the contents of each

of which 1s herein incorporated by reference 1n its entirety.

REFERENCE TO SEQUENCE LISTING

[0002] The present application 1s being filed along with a Sequence Listing 1n
clectronic format. The Sequence listing file, entitled M37PCT .txt, was created on
September 30, 2013 and 1s 9,748,473 bytes 1n size. The information 1n electronic format
of the Sequence Listing 18 incorporated herein by reference in 1ts entirety.

FIELD OF THE INVENTION

[0003] The invention relates to compositions, methods, processes, kits and devices for
the design, preparation, manufacture and/or formulation of signal-sensor polynucleotides,
primary constructs and mRNA molecules for the alteration of cellular phenotypes and

microcnvironments.
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BACKGROUND OF THE INVENTION

[0004] Cancer 1s a disease characterized by uncontrolled cell division and growth
within the body. In the United States, roughly a third of all women and half of all men
will experience cancer 1n therr lifetime. Polypeptides are involved 1n every aspect of the
disease including cancer cell biology (carcinogenesis, cell cycle suppression, DNA repair
and angiogenesis), treatment (immunotherapy, hormone manipulation, enzymatic
inhibition), diagnosis and determination of cancer type (molecular markers for breast,
prostate, colon and cervical cancer for example). With the host of undesired
consequences brought about by standard treatments such as chemotherapy and
radiotherapy used today, genetic therapy for the manipulation of disease-related peptides
and their functions provides a more targeted approach to disease diagnosis, treatment and
management.

[0005] To this end, 1t has been previously shown that certain modified mRNA
sequences have the potential as therapeutics with benefits beyond just evading, avoiding
or diminishing the immune response. Such studies are detailed 1in published co-pending
International Publication No WO2012019168 filed August 5, 201, International
Publication No W0O2012045082 filed October 3, 2011, International Publication No
W02012045075 filed October 3, 2011, International Publication No W02013052523
filed October 3, 2012, and International Publication No W02013090648 filed December
14, 2012 the contents of which are incorporated herein by reference 1n their entirety.
[0006] The use of modified polynucleotides in the fields of antibodies, viruses,
veterinary applications and a variety of 1in vivo settings have been explored and are
disclosed 1n, for example, co-pending and co-owned U.S. Provisional Patent Application
No 61/618,862, filed April 2, 2012, entitled Modified Polynucleotides for the Production
of Biologics; U.S. Provisional Patent Application No 61/681,6435, filed August 10, 2012,
entitled Modified Polynucleotides for the Production of Biologics; U.S. Provisional
Patent Application No 61/737,130, filed December 14, 2012, entitled Moditied
Polynucleotides for the Production of Biologics; U.S. Provisional Patent Application No
61/618,866, filed April 2, 2012, entitled Modified Polynucleotides for the Production of
Antibodies; U.S. Provisional Patent Application No 61/681,647, filed August 10, 2012,
entitled Modified Polynucleotides for the Production of Antibodies; U.S. Provisional
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Patent Application No 61/737,134, filed December 14, 2012, entitled Moditied
Polynucleotides for the Production of Antibodies; U.S. Provisional Patent Application No
61/618,868, filed April 2, 2012, entitled Modified Polynucleotides for the Production of
Vaccines; U.S. Provisional Patent Application No 61/681,648, filed August 10, 2012,
entitled Modified Polynucleotides for the Production of Vaccines; U.S. Provisional Patent
Application No 61/737,135, filed December 14, 2012, entitled Modified Polynucleotides
for the Production of Vaccines; U.S. Provisional Patent Application No 61/618,870, filed
April 2, 2012, entitled Modified Polynucleotides for the Production of Therapeutic
Proteins and Peptides; U.S. Provisional Patent Application No 61/681,649, filed August
10, 2012, entitled Modified Polynucleotides for the Production of Therapeutic Proteins
and Peptides; U.S. Provisional Patent Application No 61/737,139, filed December 14,
2012, Modified Polynucleotides for the Production of Therapeutic Proteins and Peptides;
U.S. Provisional Patent Application No 61/618,873, filed April 2, 2012, entitled Modified
Polynucleotides for the Production of Secreted Proteins; U.S. Provisional Patent
Application No 61/681,650, filed August 10, 2012, entitled Modified Polynucleotides for
the Production of Secreted Proteins; U.S. Provisional Patent Application No 61/737,147,
filed December 14, 2012, entitled Modified Polynucleotides for the Production of
Secreted Proteins; U.S. Provisional Patent Application No 61/618,878, filed April 2,
2012, entitled Modified Polynucleotides for the Production of Plasma Membrane
Protems; U.S. Provisional Patent Application No 61/681,654, filed August 10, 2012,
entitled Moditied Polynucleotides for the Production of Plasma Membrane Proteins; U.S.
Provisional Patent Application No 61/737,152, filed December 14, 2012, entitled
Modified Polynucleotides for the Production of Plasma Membrane Proteins; U.S.
Provisional Patent Application No 61/618,885, filed April 2, 2012, entitled Modified
Polynucleotides for the Production of Cytoplasmic and Cytoskeletal Proteins; U.S.
Provisional Patent Application No 61/681,658, filed August 10, 2012, entitled Modified
Polynucleotides for the Production of Cytoplasmic and Cytoskeletal Proteins; U.S.
Provisional Patent Application No 61/737,155, filed December 14, 2012, entitled
Modified Polynucleotides for the Production of Cytoplasmic and Cytoskeletal Proteins;
U.S. Provisional Patent Application No 61/618,896, filed April 2, 2012, entitled Modified

Polynucleotides for the Production of Intracellular Membrane Bound Proteins; U.S.
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Provisional Patent Application No 61/668,157, filed July 5, 2012, entitled Modified
Polynucleotides for the Production of Intracellular Membrane Bound Proteins; U.S.
Provisional Patent Application No 61/681,661, filed August 10, 2012, entitled Modified
Polynucleotides for the Production of Intracellular Membrane Bound Proteins; U.S.
Provisional Patent Application No 61/737,160, filed December 14, 2012, entitled
Modified Polynucleotides for the Production of Intracellular Membrane Bound Proteins;
U.S. Provisional Patent Application No 61/618,911, filed April 2, 2012, entitled Modified
Polynucleotides for the Production of Nuclear Proteins; U.S. Provisional Patent
Application No 61/681,667, filed August 10, 2012, entitled Modified Polynucleotides for
the Production of Nuclear Proteins; U.S. Provisional Patent Application No 61/737,168,
filed December 14, 2012, entitled Modified Polynucleotides for the Production of
Nuclear Proteins; U.S. Provisional Patent Application No 61/618,922, filed April 2, 2012,
entitled Moditied Polynucleotides for the Production of Proteins; U.S. Provisional Patent
Application No 61/681,675, filed August 10, 2012, entitled Modified Polynucleotides for
the Production of Proteins; U.S. Provisional Patent Application No 61/737,174, tiled
December 14, 2012, entitled Modified Polynucleotides for the Production of Proteins;
U.S. Provisional Patent Application No 61/618,9335, filed April 2, 2012, entitled Modified
Polynucleotides for the Production of Proteins Associated with Human Discase; U.S.
Provisional Patent Application No 61/681,687, filed August 10, 2012, entitled Modified
Polynucleotides for the Production of Proteins Associated with Human Disease; U.S.
Provisional Patent Application No 61/737,184, filed December 14, 2012, entitled
Modified Polynucleotides for the Production of Proteins Associated with Human Disease;
U.S. Provisional Patent Application No 61/618,9435, filed April 2, 2012, entitled Modified
Polynucleotides for the Production of Proteins Associated with Human Discase; U.S.
Provisional Patent Application No 61/681,696, filed August 10, 2012, entitled Modified
Polynucleotides for the Production of Proteins Associated with Human Discase; U.S.
Provisional Patent Application No 61/737,191, filed December 14, 2012, entitled
Modified Polynucleotides for the Production of Proteins Associated with Human Disease;
U.S. Provisional Patent Application No 61/618,953, filed April 2, 2012, entitled Modified
Polynucleotides for the Production of Proteins Associated with Human Discase; U.S.

Provisional Patent Application No 61/681,704, filed August 10, 2012, entitled Modified
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Polynucleotides for the Production of Proteins Associated with Human Disease; U.S.
Provisional Patent Application No 61/737,203, filed December 14, 2012, entitled
Modified Polynucleotides for the Production of Proteins Associated with Human Disease;
US Provisional Patent Application No 61/681,720, filed August 10, 2012, entitled
Modified Polynucleotides for the Production of Cosmetic Proteins and Peptides; US
Provisional Patent Application No 61/737,213 , filed December 14, 2012, entitled
Modified Polynucleotides for the Production of Cosmetic Proteins and Peptides; US
Provisional Patent Application No. 61/681,742, filed August 10, 2012, entitled Moditied
Polynucleotides for the Production of Oncology-Related Proteins and Peptides;
International Application No PCT/US2013/030062, filed March 9, 2013, entitled
Modified Polynucleotides for the Production of Biologics and Proteins Associated with
Human Disease; US Patent Application No 13/791,922, filed March 9, 2013, entitled
Modified Polynucleotides for the Production of Biologics and Proteins Associated with
Human Disease; International Application No PCT/US2013/030063, filed March 9, 2013,
entitled Modified Polynucleotides; International Application No. PCT/US2013/030064,
entitled Modified Polynucleotides for the Production of Secreted Proteins; US Patent
Application No 13/791,921, filed March 9, 2013, entitled Modified Polynucleotides for
the Production of Secreted Proteins; International Application No PCT/US2013/030059,
filed March 9, 2013, entitled Modified Polynucleotides for the Production of Membrane
Proteins; International Application No. PCT/US2013/030066, filed March 9, 2013,
entitled Modified Polynucleotides for the Production of Cytoplasmic and Cytoskeletal
Proteins; International Application No. PCT/US2013/030067, filed March 9, 2013,
entitled Modified Polynucleotides for the Production of Nuclear Proteins; International
Application No. PCT/US2013/030060, filed March 9, 2013, entitled Modified
Polynucleotides for the Production of Proteins; International Application No.
PCT/US2013/030061, filed March 9, 2013, entitled Modified Polynucleotides for the
Production of Proteins Associated with Human Disease; US Patent Application No
13/791,910, filed March 9, 2013, entitled Modified Polynucleotides for the Production of
Proteins Associated with Human Disease; International Application No.
PCT/US2013/030068, filed March 9, 2013, entitled Modified Polynucleotides for the

Production of Cosmetic Proteins and Peptides; and International Application No.
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PCT/US2013/030070, filed March 9, 2013, entitled Modified Polynucleotides for the
Production of Oncology-Related Proteins and Peptides; International Patent Application
No. PCT/US2013/031821, filed March 15, 2013, entitled In Vivo Production of Proteins;
the contents of cach of which are herem incorporated by reference 1n their entireties.
[0007] Formulations and delivery of modified polynucleotides are described 1n, for
example, co-pending and co-owned International Publication No W02013090648, filed
December 14, 2012, entitled Modified Nucleoside, Nucleotide, Nucleic Acid
Compositions and US Publication No US20130156849, filed December 14, 2012,
entitled Modified Nucleoside, Nucleotide, Nucleic Acid Compositions; the contents of
cach of which are herein incorporated by reference 1n their entireties.
[0008] The next generation of therapeutics must also address the complex cellular
microenvironment of the cancer and have the capacity for cell, tissue, organ or patient
stratification, whether structurally or functionally.
[0009] The present invention addresses this need by providing nucleic acid based
compounds or polynucleotide-encoding nucleic acid-based compounds (¢.g., signal-
sensor polynucleotides) which encode a polypeptide of interest and which have
structural and/or chemical features that allow for greater selectivity, profiling or

stratification along defineable disease characteristics or metrics.

SUMMARY OF THE INVENTION

[0010] Described herein are compositions, methods, processes, kits and devices for the
design, preparation, manufacture and/or formulation of signal-sensor polynucleotide
molecules encoding at least one oncology-related polypeptide of interest. Such signal-
sensor polynucleotides may be chemically modified mRNA (mmRNA) molecules.
[0011] The present mvention provides an 1solated signal-sensor polynucleotide
comprising a region encoding an oncology-related polypeptide of interest that functions,
when translated, to send a death or survival signal. Such death or survival signals
include those which (1) alter (increase or decrease) the expression of one or more
proteins, nucleic acids, or non-coding nucleic acids, (11) alter the binding properties of
biomolecules within the cell, and/or (111) perturb the cellular microenvironment 1n a

therapeutically benificial way.



CA 02897%41 2015-07-10

WO 2014/113089 PCT/US2013/062531

[0012] Optionally, the signal-sensor polnucleotide may also encode 1n a flanking
region, one or more sensor sequences. Such sensor sequences function to “sense’” the
cell, tissue or ogan microenvironment and confer upon the signal-sensor polynucleotide
an altered expression or half life profile (increased or decreased) depending on the
interactions of the sensor sequence with the cell, tissue or organ microenvironment.
[0013] In one aspect, provided herein are signal -sensor polynucleotide comprising, a
first region of linked nucleosides, a first flanking region located 5° relative to said first
region and a second flanking region located 3’ relative to said first region. The first
region may encode an oncology-related polypeptide of interest such as, but not limited
to, SEQ ID NOs: 1321-2487, 6611-6616 and 7355-7361, 7490, 7492, 7493, 7512, 7514,
7516 and 7517 and the first flanking region may include a sequence of linked
nucleosides such as, but not limited to, the native 5° untranslated region (UTR) of any of
the nucleic acids that encode any of SEQ ID NOs: 1321-2487, 6611-6616, 7355-7361,
7490, 7492, 7493, 7512, 7514, 7516, 7517, SEQ ID NO: 1-4 and functional variants
thercof. The first region may comprise at least an open reading frame of a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 2488-2496, 6617-6621,
7348-7354, 7362-7489, 7491, 7494, 7506, 7511 and 7513.

[0014] The second flanking region may include a sequence of linked nucleosides such
as, but not limited to, the native 3° UTR of any of the nucleic acids that encode any of
SEQ ID NOs: 1321-2487, 6611-6616, 7355-7361, 7490, 7492, 7493, 7512, 7514, 7516,
7517, SEQ ID NO: 5-21 and functional variants thercof, and one or more sensor
sequences located such as, but not limited to, SEQ ID NOs: 3529-4549, SEQ ID NOs:
5571-6591 and functional variants thercof. The signal-sensor polynucleotide may also
include a 3’ tailing sequence of linked nucleosides.

[0015] In another aspect, provided herein 1s a signal-sensor polynucleotide which
comprises an mRNA encoding an oncology-related polypeptide of interest and one or
more sensor sequences such as, but not imited to, SEQ ID NOs: 3529-4549, SEQ ID
NOs: 5571-6591 and functional variants thercof. The oncology-related polypeptide of
interest may be, but 1s not limited to, SEQ ID NOs: 1321-2487, 6611-6616, 7355-7361,
7490, 7492, 7493, 7512, 7514, 7516 and 7517. The mRNA may include at least one

open reading frame of a nucleic acid sequence selected from the group consisting of
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SEQ ID NOs: 2488-2496, 6617-6621, 7348-7354, 7362-7489, 7491, 7494, 7506, 7511
and 7513.

[0016] The signal-sensor polynucleotides may comprise one, two, three or more than
three stop codons. In one aspect, the signal-sensor polynucleotides comprise two stop
codons. As a non-limiting example, the first stop codon 1s “TGA” and the second stop
codon 1s selected from the group consisting of “TAA,” “TGA” and “TAG.” In another
aspect, signal-sensor polynucleotides comprise three stop codons.

[0017] The signal-sensor polynucleotides may have a 3’ tailing sequence of linked
nucleosides such as, but not limited to, a poly-A tail of at least 140 nucleotides, a triple
helix, and a poly A-G quartet.

[0018] The signal-sensor polynucleotides may have a 5°cap such as, but not limited to,
Cap0, Capl, ARCA, mnosine, N1-methyl-guanosine, 2'fluoro-guanosine, 7-decaza-
guanosine, 8-0x0-guanosine, 2-amino-guanosine, LNA-guanosine, and 2-azido-
guanosine.

[0019] In one aspect, the signal-sensor polynucleotides may include at least one
chemical modification such as, but not limited to, modifications located on one or more
of a nucleoside and/or the backbone of the nucleotides. In one embodiment, the signal-
sensor polynucleotides comprise a pseudouridine analog such as, but not limited to, 1-
carboxymethyl-pseudouridine, 1-propynyl-pscudouridine, 1-taurinomethyl-
pseudouridine, 1-taurinomethyl-4-thio-pseudouridine, 1-methyl-pseudouridine (m'y), 1-
methyl-4-thio-pseudouridine (m's*y), 4-thio-1-methyl-pseudouridine, 3-methyl-
pseudouridine (m’v), 2-thio-1-methyl-pseudouridine, 1-methyl-1-deaza-pseudouridine,
2-thio-1-methyl-1-deaza-pseudouridine, dihydropseudouridine, 2-thio-
dihydropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-uridine, 4-methoxy-
pscudouridine, 4-methoxy-2-thio-pseudouridine, N1-methyl-pseudouridine, 1-methyl-3-
(3-amino-3-carboxypropyl)pseudouridine (acp” ), and 2’-O-methyl-pseudouridine
(ym). In another embodiment, the signal-sensor polynucleotides comprise the
pscudouridine analog 1-methylpseudouridine. In yet another embodiment, the signal-
sensor polynucleotides comprise the pseudouridine analog 1-methylpseudouridine and

the modified nucleoside S-methylcytidine.
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[0020] In another aspect, the signal sensor-polynucleotides may include at least two
chemical modifications such as, but not limited to, moditications located on one or more
of a nucleoside and/or the backbone of the nucleotides. As a non-limiting example, the
signal-sensor polynucleotide comprises the chemical modifications 1-
methylpseudouridine and 5-methyleytidine.

[0021] The signal-sensor polynucleotides may comprise at least one translation
enhancer element (TEE) such as, but not limited to, TEE-001 — TEE-705.

[0022] In one aspect, the signal-sensor polynucleotide encodes a factor modulating the
affinity between HIF subunits and/or HIF-dependent gene expression such as, but not
limited to, SEQ ID NO: 6611-6616.

[0023] The signal-sensor polynucleotides may be purified and/or formulated.

[0024] Employing the signal-sensor polynucleotides, the present invention provides a
method of treating a disease, disorder and/or condition 1n a subject in need thereof by
increasing the level of an oncology-related polypeptide of interest comprising
administering to said subject an 1solated signal-sensor polynucleotide encoding said
oncology-related polypeptide. The disease, disorder and/or condition may include, but
1s not limited to, adrenal cortical cancer, advanced cancer, anal cancer, aplastic anemia,
bileduct cancer, bladder cancer, bone cancer, bone metastasis, brain tumors, brain
cancer, breast cancer, childhood cancer, cancer of unknown primary origin, Castleman
disease, cervical cancer, colon/rectal cancer, endometrial cancer, esophagus cancer,
Ewing family of tumors, eye cancer, gallbladder cancer, gastrointestinal carcinoid
tumors, gastrointestinal stromal tumors, gestational trophoblastic discase, Hodgkin
disease, Kaposi sarcoma, renal cell carcinoma, laryngeal and hypopharyngeal cancer,
acute lymphocytic leukemia, acute myeloid leukemia, chronic lymphocytic leukemia,
chronic myeloid leukemia, chronic myelomonocytic leukemia, liver cancer, non-small
cell lung cancer, small cell lung cancer, lung carcinoid tumor, lymphoma of the skin,
malignant mesothelioma, multiple myeloma, myelodysplastic syndrome, nasal cavity
and paranasal sinus cancer, nasopharyngeal cancer, neuroblastoma, non-Hodgkin
lymphoma, oral cavity and oropharyngeal cancer, ostcosarcoma, ovarian cancer,
pancreatic cancer, penile cancer, pituitary tumors, prostate cancer, retinoblastoma,

rhabdomyosarcoma, salivary gland cancer, sarcoma 1n adult soft tissue, basal and
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squamous cell skin cancer, melanoma, small intestine cancer, stomach cancer, testicular
cancer, throat cancer, thymus cancer, thyroid cancer, uterine sarcoma, vaginal cancer,
vulvar cancer, Waldenstrom macroglobulinemia, Wilms tumor and secondary cancers
caused by cancer treatment.

[0025] The present invention provides a method of reducing, eliminating,or preventing
tumor growth 1n a subject in need thercof by increasing the level of an oncology-related
polypeptide of interest comprising administering to said subject an 1solated signal-sensor
polynucleotide encoding said oncology-related polypeptide. The tumor growth may be
assoclated with or results from a disease, disorder and/or condition such as, but not
limited to, adrenal cortical cancer, advanced cancer, anal cancer, aplastic anemia,
bileduct cancer, bladder cancer, bone cancer, bone metastasis, brain tumors, brain
cancer, breast cancer, childhood cancer, cancer of unknown primary origin, Castleman
disease, cervical cancer, colon/rectal cancer, endometrial cancer, esophagus cancer,
Ewing family of tumors, eye cancer, gallbladder cancer, gastrointestinal carcinoid
tumors, gastrointestinal stromal tumors, gestational trophoblastic disecase, Hodgkin
disease, Kaposi sarcoma, renal cell carcinoma, laryngeal and hypopharyngeal cancer,
acute lymphocytic leukemia, acute myeloid leukemia, chronic lymphocytic leukemia,
chronic myeloid leukemia, chronic myelomonocytic leukemia, liver cancer, non-small
cell lung cancer, small cell lung cancer, lung carcinoid tumor, lymphoma of the skin,
malignant mesothelioma, multiple myeloma, myelodysplastic syndrome, nasal cavity
and paranasal sinus cancer, nasopharyngeal cancer, neuroblastoma, non-Hodgkin
lymphoma, oral cavity and oropharyngeal cancer, ostecosarcoma, ovarian cancer,
pancreatic cancer, penile cancer, pituitary tumors, prostate cancer, retinoblastoma,
rhabdomyosarcoma, salivary gland cancer, sarcoma 1n adult soft tissue, basal and
squamous cell skin cancer, melanoma, small intestine cancer, stomach cancer, testicular
cancer, throat cancer, thymus cancer, thyroid cancer, uterine sarcoma, vaginal cancer,
vulvar cancer, Waldenstrom macroglobulinemia, Wilms tumor and secondary cancers
caused by cancer treatment.

[0026] The present invention provides a method of reducing and/or ameriorating at
least one symptom of cancer 1n a subject in need thereof by increasing the level of a

polypeptide of interest comprising administering to said subject an 1solated signal-sensor
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polynucleotide encoding said oncology-related polypeptide. Non-limiting examples of
symptoms include weakness, aches and pains, fever, fatigue, weight loss, blood clots,
increased blood calcium levels, low white blood cell count, short of breath, dizziness,
headaches, hyperpigmentation, jaundice, erthema, pruritis, excessive hair growth,
change 1n bowel habaits, change in bladder function, long-lasting sores, white patches
inside the mouth, white spots on the tongue, unusual bleeding or discharge, thickening
or lump on parts of the body, indigestion, trouble swallowing, changes in warts or
moles, change 1n new skin and nagging cough and hoarseness.

[0027] The present invention provides a method of preferentially inducing cell death 1n
cancer cells 1n a tissue or organ comprising contacting the tissue or organ with a signal-
sensor polynucleotide encoding an oncology-related polypeptide whose expression
triggers apoptosis or cell death and at least one microRNA binding site of a microRNA
where the expression of the microRNA 1n the cancer cell 1s lower than the expression of
the mircroRNA 1n normal non-cancerous cells.

[0028] The signal-sensor polynucleotide may be administered at a total daily dose of
between 0.001 ug and 150 ug. Administration of a signal-sensor polynucleotide may be
by 1njection, topical administration, ophthalmic administration or intranasal
administration. In one aspect, administration may be by injection such as, but not
[imited to, intradermal, subcutancous and intramuscular. In another aspect,
administration may be topical such as, but not limited to, using creams, lotions,
ointments, gels, sprays, solutions and the like.

[0029] 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
[0030] The foregoing and other objects, features and advantages will be apparent from

the following description of particular embodiments of the invention, as illustrated 1n 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 1llustrating the principles of various embodiments of the

1nvention.
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[0031] FIG. 1 1s a schematic of a primary construct of the present invention.

[0032] FIG. 2 1s an expanded schematic of the second flanking region of a primary
construct of the present invention 1llustrating the signal-sensor elements of the
polynucleotide.

[0033] FIG. 3 1s a gel profile of Apoptosis-Inducing Factor short (AIFsh) protein from
AIFsh modified mRNA 1n mammals. Figure 3A shows the expected size of AIFsh.
Figure 3B shows the expected size of AlIFsh.

[0034] FIG. 4 1s a gel profile of Siah E3 ubiquitin protein ligase 1 (SIAH]1) protein
from SIAH1 modified mRNA 1mn mammals. Figure 4A shows the expected size of
SIAHI. Figure 4B shows the expected size of SIAHI.

[0035] FIG. 5 1s a gel profile of constitutively active (C.A.) caspase 3 (also known as
reverse caspase 3 (Rev-Caspase 3)) protein from C.A. caspase 3 modified mRNA 1n
mammals. Figure SA shows the expected size of C.A. caspase 3. Figure 5B shows the
expected size of C.A. caspase 3.

[0036] FIG. 6 1s a gel profile of Granulysin protein from granulysin modified mRNA 1n
mammals. Figure 6A shows the expected size of granulysin. Figure 6B shows the
expected size of granulysin.

[0037] FIG. 7 1s a western blot of C.A. caspase 3 and C.A. caspase 6. Figure 7A shows
protein from C.A. caspase 3 modified mRNA fully modified with 5-methylcytidine and
1-methylpseudouridine or fully modified with 1-methylpseudouridine. Figure 7B shows
protein from C.A. caspase 6 modified mRNA fully modified with 5-methylcytidine and
1-methylpseudouridine or fully modified with 1-methylpseudouridine.

DETAILED DESCRIPTION
[0038] It 1s of great interest in the fields of therapeutics, diagnostics, reagents and for

biological assays to be able to deliver a nucleic acid, e.g., a ribonucleic acid (RNA) inside
a cell, whether in vitro, in vivo, in situ or ex vivo, such as to cause intracellular translation
of the nucleic acid and production of an encoded polypeptide of interest. Of particular
importance 18 the delivery and function of a non-integrative polynucleotide.

[0039] Described herein are compositions (including pharmaceutical compositions) and
methods for the design, preparation, manufacture and/or formulation of polynucleotides

encoding one or more polypeptides of interest. Also provided are systems, processes,
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devices and kits for the selection, design and/or utilization of the polynucleotides
encoding the polypeptides of interest described herein.

[0040] To this end, polypeptides of the present invention are encoded by a new class
of polynucleotide therapeutics, termed “‘signal-sensor polynucleotides™ which are
particularly useful in the stratification, profiling and/or personalization of the
polynucleotide therapeutice (¢.g., mRNA) and which are tailored to a particular cell type,
discase or cell microenvironment or biological profile.

[0041] It 1s known that cancers exhibit diverse gene expression patterns,
physicochemical environments and metastatic or motility behaviors and according to
Hanahan and Weinberg (Cell, 2011, 144:646-674) there are six hallmarks of cancer.
These include sustaining a proliferative signaling, evading growth suppressors, resisting
cell death, enabling replicative immortality, inducing angiogenesis, and activating
invasion and metastasis. These hallmarks or functions of cancer allow the cancer to
survive, proliferate and disseminate and each arises at different times and 1n different
patterns depending on the cancer type.

[0042] The development of cancer therapeutics which to selectively target the cancer
cells while sparing normal cells dominates ongoing efforts in every area of oncology. The
polynucleotides of the present invention represent such therapeutics; having the ability to
selectively stabilize or destabilize cell systems, signal proliferation (survival) or death,
trigger the cell cycle or senescence and/or activate or avoid the immune response
depending on the cell type, ¢.g., cancer or normal cell.

[0043] According to the present mnvention, signal-sensor polynucleotide therapeutics
may be used to destabilize the survival advantages or hallmarks of a cancer cell (hence
they would be cytotoxic). In one embodiment diagnostic efforts would include the
profiling of the cancer (although this would not be required a priori) including including
metabolic state (hypoxic, acidotic), apoptotic vs. survival gene profiles, cell cycle vs.
senescent stage, immune status, and stromal factors present.

[0044] In one embodiment the signal-sensor polynucleotide disrupts the transcriptome
of the cancer cell. The disruption may affect one or more signaling or expression events.
For example the encoded oncology-related polypeptide may act upstream of a

transcription factor known to induce or enhance the expression of genes associated with a
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cancer. Delivery of the signal-sensor polynucleotide encoding the oncology-related
polypeptide which inhibits such a transcription factor (either by binding or sequestration
or degradation) would thereby alter the transcriptome of the cancer cell and have a
therapeutic benefit. One such transcription factor 1s HIF-1alpha. A signal-sensor
polynucleotide encoding a protein which 1s capable of binding HIF-1alpha or whose
expression results in lower HIF-1alpha, would effectively turn down HIF-1alpha
regulated genes, ¢.g., VEGFA or SLC2A1, and destabilize the cancer.

[0045] In one embodiment, the profile of the cancer may be evaluated before the
signal-sensor polynucleotide 1s selected. Such profiling data would inform the selection
of which oncology-related polypeptide to be delivered. The profile of gene expression,
categorized by hallmark class such as apoptosis, replicative capacity or metabolic
signature would allow dynamic instability scoring for a polypeptide and an optimization
of therapeutic window for the signal-sensor polynucleotide. As used herein, a “dynamic
instability index™ refers to a dose of signal-sensor polynuclotide sufficient to induce 50%
increase of the oncology-related target protein in vitro 1n a cancer cell as compared to a
normal matched cell.

[0046]  Profiling may also be done within hallmark classes such as the distinction
between caspase-dependent and caspase independent gene expression for the apoptosis
class. Alternatively, profiling could be conducted across classes such as gene profiling of
apoptosis, senescence (replicative capacity), and metabolic classes.

[0047] In onc embodiment, the signal-sensor polynucleotides described herein may be
used to reduce the expression and/or amount of a polypeptide in a cell. As a non-limiting
example, MY C imnhibitor A, MY C inhibitor B, MY C mhibitor C or MY C mhibitor D may
be used on Hep3B cells in order to determine the potentcy of MY C inhibitor A, MYC
inhibitor B, MY C 1nhibitor C or MYC inhibitor D at various concentrations (see ¢.g.,
Example 55).

[0048] In one embodiment, the signal-sensor polynucleotides described hereim may
direct either cytotoxic or cytoprotective therapeutic benefit to specific cells, e.g., normal
VS. Cancerous.

[0049] In one embodiment signal-sensor polynucleotides would not only encode an

oncology-related polypeptide but also a sensor sequence. Sensor sequences include, for
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example, microRNA binding sites, transcription factor binding sites, artificial binding
sites engineered to act as pseudo-receptors for endogenous nucleic acid binding
molecules. A ““sensor region” 1s a region of linked nucleosides of the signal-sensor
polynucleotide comprising at least one sensor sequence. The signal-sensor
polynucleotides of the present invention may have one or more sensor regions.

[0050] In onec embodiment, one or more sensor regions may be located in the first
flanking region. As a non-limiting example, the sensor region in the first flanking region
may comprise at least one sensor sequence. The sensor sequence may be, but 1s not
[imited to, mir-122, mir-142-3p, mir-142-5p, mir-146, fragments or variants thercof. As
another non-limiting example, the sensor region 1n the first flanking region may comprise
at least one sensor sequence such as a mir-122 sequence. The mir-122 sequence may be,
but 1s not limited to, a mir-122 binding site, mir-122 seed sequence, mir-122 binding site
without the seed sequence or a combination thereof.

[0051] In another embodiment, one or more sensor regions may be located 1n the
second flanking region. As a non-limiting example, the sensor region in the second
flanking region may include a sensor sequence such as mir-122, mir-142-3p, mir-142-5p,
mir-146, fragments or variants thercof. As another non-limiting example, the sensor
region 1n the second flanking region may include three sensor sequences. The sensor
sequences may be, but are not limited to, mir-122 sequences such as mir-122 binding
sites, mir-122 seed sequences, mir-122 binding sites without the seed sequence or a
combination thercof. As yet another non-limiting example, the sensor region in the
second flanking region 1s located in the 3’UTR and the sensor region may include a
sensor sequence which 1s a mir-122 sequence. The mir-122 sequence may be, but 1s not
[imited to, a mir-122 binding site, mir-122 seed sequence, mir-122 binding site without
the seed sequence or a combination thereof.

[0052] In one embodiment, two or more sensor regions may be located 1n the same
region of the signal-sensor polynucleotide such as, but not limited to, a first region first
region of linked nucleotides, the first flanking region and/or the second flanking region.
As a non-limiting example, the two or more sensor regions are located 1n the second
flanking region. As yet another non-limiting example, three sensor regions are located 1n

the 3° UTR 1n the second flanking region. The three sensor regions may include, mir-122
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binding sites, mir-122 seed sequences, mir-122 binding sites without the seed sequence or
a combination thercof

[0053] In another embodiment, two or more sensor regions may be located in different
regions of the signal-sensor polynucleotide such as, but not limited to, the first region of
linked nucleotides, the first flanking region and/or the second flanking region. As a non-
[imiting example, a first sensor region 1s located in the first flanking region and a second
sensor region 1s located in the second flanking region. The sensor regions may comprise
the same sensor sequence or different sensor sequences.

[0054] In onec embodiment, a start codon 1s located within a sensor region.

[0055] In onc embodiment, a sensor region may comprise two or more Sensor
sequences. The sensor sequences may be the same or different.

[0056] In onc embodiment, the sensor region may comprise two or more Sensor
sequence which are different from each other but they may be based on the same mir
binding site. As a non-limiting example, the sensor region may include at least one miR
binding site sequence and at least one mir binding site sequence with the seed removed.
As another non-limiting example, the sensor region may include at least one miR binding
site sequence and at least one miR seed sequence. As yet another non-limiting example,
the sensor region may include at Ieast one miR binding site sequence with the seed
removed and at least one miR seed sequence.

[0057] In another embodiment, the sensor region may comprise two or more sensor
sequences which are 1n a pattern such as ABABAB or AABBAABBAABB or
ABCABCABC or variants thercof repeated once, twice, or more than three times. In
these patterns, each letter, A, B, or C represent a different miR sequence.

[0058] In yet another embodiment, the signal-sensor polynucleotide may include two or
more sensor regions with each sensor region having one or more sensor sequences. As a
non-limiting example, the sensor sequences may be 1n a pattern such as ABABAB or
AABBAABBAABB or ABCABCABC or variants thercof repeated once, twice, or more
than three times 1n each of the sensor regions. As another non-limiting example, the
sensor sequences may be in a pattern such as ABABAB or AABBAABBAABB or
ABCABCABC or variants thercof repeated once, twice, or more than three times across

the entire signal-sensor polynucleotide. In these patterns, each letter, A, B, or C represent
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a different miR sequence. As a non-limiting example, the first sensor region may have
sensor sequences 1n the pattern ABA and the second sensor region may have sensor
sequences in the pattern BAB so the overall pattern of the sensor sequences 1n the signal-
sensor polynucleotide 1s ABABAB. As another non-limiting example, the first sensor
region may have sensor sequences AA, the second sensor region may have sensor
sequences BB, the third sensor region may have sensor sequences AA and the fourth
sensor region may have sensor seugences BB so the overall pattern of the sensor
sequences 1n the signal-sensor polynucleotide 1s AABBAABB.

[0059] The sensor sequences 1n the signal-sensor polynucleotides of the present
invention may include one or more regulatory sequences in the 3-UTR and/or S’UTR of
natural mRNAs, which regulate mRNA stability and translation in different tissues and
cells. Such cis-regulatory elements may include, but are not limited to, Cis- RNP
(Ribonucleoprotein)/RBP (RNA binding protein) regulatory elements, AU-rich element
AUE, structured stem-loop, constitutive decay elements (CDEs), GC-richness and other
structured mRNA motifs (Parker BJ et al., Genome Research, 2011, 21, 1929-1943,
which 1s herein incorporated by reference 1n its entirety.). For example, CDEs are a class
of regulatory motifs that mediate mRNA degradation through their interaction with
Roquin proteins. In particular, CDEs are found in many mRNASs that encode regulators of
development and inflammation to limit cytokine production in macrophage (Leppek K et
al., Cell, 2013, 153, 869-881, which 1s herein incorporated by reference 1n 1ts entirety.).
[0060] In one embodiment, a particular CDE can be introduced to the signal-sensor
polynucleotide when the degradation of polypeptides 1n a cell or tissue 1s desired. A
particular CDE can also be removed from the signal-sensor polynucleotide in order to
maintain a more stable mRNA 1n a cell or tissue for sustaining protein expression.

[0061] In onc embodiment, microRNA (miRNA) profiling of the cancer cells or
tissues may be conducted to determine the presence or absence of miRNA 1n the cells or
tissues to determine the appropriate microRNA to use as sensor sequences 1n the signal
sensor polynucleotides.

[0062] MicroRNA gene regulation may be influenced by the sequence surrounding the
microRNA such as, but not limited to, the species of the surrounding sequence, the type

of sequence (¢.g., heterologous, homologous and artificial), regulatory elements in the
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surrounding sequence and/or structural elements in the surrounding sequence. The
microRNA may be mfluenced by the 5S’UTR and/or the 3’'UTR. As a non-limiting
example, a non-human 3’UTR may 1ncrease the regulatory effect of the microRNA
sequence on the expression of a polypeptide of interest compared to a human 3’UTR of
the same sequence type.

[0063] Other regulatory elements and/or structural elements of the 5’-UTR can
influence microRNA mediated gene regulation. One such example 1s a structured IRES
(Internal Ribosome Entry Site) in the S’UTR, which 18 necessary for the binding of
translational elongation factors to initiate protein translation. EIF4A2 binding to this
secondarily structured element in the 5’UTR 1s necessary for microRNA mediated gene
expression (Meyer HA et al., Science, 2013, 340, 82-85, herein incorporated by reference
in 1ts entirety). The sensor-signal polynucleotide can further be modified to include this
structured 5’-UTR 1n order to enhance microRNA mediated gene regulation.

[0064] At least one microRNA site can be engineered into the 3° UTR of the signal-
sensor polynucleotides of the present invention. In this context, at least two, at lecast
three, at least four, at least five, at least six, at least seven, at least eight, at least nine, at
least ten or more microRNA sites may be engineered 1nto the 3° UTR of the signal-sensor
polynucleotides of the present invention. In one embodiment, the microRNA sites
incorporated nto the signal-sensor polynucleotides may be the same or may be different
microRNA sites. In another embodiment, the microRNA sites incorporated into the
signal-sensor polynucleotides may target the same or different tissues in the body. As a
non-limiting example, through the introduction of tissue-, cell-type-,or disease-specific
microRNA binding sites 1n the 3° UTR of a signal-sensor polynucleotide, the degree of
expression 1n specific cell types (e.g. hepatocytes, myeloid cells, endothelial cells, cancer
cells, etc.) can be reduced.

[0065] In one embodiment, a microRNA site can be engineered near the 5° terminus
of the 3’'UTR, about halfway between the 5° terminus and 3 terminus of the 3’UTR
and/or near the 3’terminus of the 3’UTR. As a non-limiting example, a microRNA site
may be engineered near the 5° terminus of the 3’UTR and about halfway between the 5°
terminus and 3 ’terminus of the 3’'UTR. As another non-limiting example, a microRNA

site may be engineered near the 3’terminus of the 3’UTR and about halfway between the
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5’ terminus and 3 ’terminus of the 3’'UTR. As yet another non-limiting example, a
microRNA site may be engineered near the 5° terminus of the 3’UTR and near the 3°
terminus of the 3’UTR.

[0066] In another embodiment, a 3’'UTR can comprise 4 microRNA sites. The
microRNA sites may be complete microRNA binding sites, microRNA seed sequences
and/or microRNA binding site sequences without the seed sequence.

[0067] In onc embodiment, a signal-sensor polynucleotide may be engineered to
include microRNA sites which are expressed in different tissues of a subject. As a non-
[imiting example, a signal-sensor polynucleotide of the present invention may be
engineered to include miR-192 and miR-122 to regulate expression of the signal-sensor
polynucleotide 1n the liver and kidneys of a subject. In another embodiment, a signal-
sensor polynucleotide may be engineered to include more than one microRNA sites for
the same tissue. For example a signal-sensor polynucleotide of the present invention may
be engineered to include miR-17-92 and miR-126 to regulate expression of the signal-
sensor polynucleotide in endothelial cells of a subject.

[0068] In one embodiment, the therapeutic window and or differential expression
associlated with the oncology-related polypeptide encoded by the signal-sensor
polynucleotide of the invention may be altered. For example, signal-sensor
polynucleotides may be designed whereby a death signal 1s more highly expressed 1n
cancer cells (or a survival signal in a normal cell) by virtue of the miRNA signature of
those cells. Where a cancer cell expresses a lower level of a particular miRNA, the
signal-sensor polynucleotide encoding the binding site for that miIRNA (or miRNAS)
would be more highly expressed. Hence, the oncology-related polypeptide encoded by
the signal-sensor polynucleotide 1s selected as a protein which triggers or induces cell
death. Neigboring noncancer cells, harboring a higher expression of the same miRNA
would be less affected by the encoded death signal as the signal-sensor polynucleotide
would be expressed at a lower level due to the affects of the miRNA binding to the
binding site or “sensor’ encoded 1n the 3’UTR. Conversely, cell survival or
cytoprotective signals may be delivered to tissues containing cancer and non cancerous
cells where a miRNA has a higher expression 1n the cancer cells—the result being a

lower survival signal to the cancer cell and a larger survival signature to the normal cell.
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Multiple signal-sensor polynucleotides may be designed and administered having
different signals according to the previous paradigm.

[0069] In onc embodiment, the expression of a signal-sensor polynucleotide may be
controlled by mcorporating at least one sensor sequence 1n the signal-sensor
polynucleotide and formulating the signal-sensor polynucleotide. As a non-limiting
cxample, a polynucleotide may be targeted to an orthotopic tumor by having a
polynucleotide incorporating a miR-122 binding site and formulated 1n a lipid
nanoparticle comprising the cationic lipid DLin-KC2-DMA (see¢ ¢.g., the experiments
described in Example 56A and 56B).

[0070] Through an understanding of the expression patterns of microRNA 1n different
cell types, signal-sensor polynucleotides can be engineered for more targeted expression
in specific cell types or only under specific biological conditions. Through introduction
of tissue-specific microRNA binding sites, signal-sensor polynucleotides could be
designed that would be optimal for protein expression 1n a tissue or 1n the context of a
biological condition such as cancer.

[0071] Transfection experiments can be conducted 1n relevant cell lines, using
engineered signal-sensor polynucleotides and protein production can be assayed at
various time points post-transfection. For example, cells can be transfected with different
microRNA binding site-engineering nucleic acids or signal-sensor polynucleotides and
by using an ELISA kit to the relevant protein and assaying protein produced at 6 hr, 12
hr, 24 hr, 48 hr, 72 hr and 7 days post-transfection. In vivo experiments can also be
conducted using microRNA-binding site-engineered molecules to examine changes in
tissue-specific expression of formulated signal-sensor polynucleotides.

[0072]  In one embodiment, the signal-sensor polynucleotides of the invention may
include at least one microRNA 1 order to dampen the antigen presentation by antigen
presenting cells. The microRNA may be the complete microRNA sequence, the
microRNA seed sequence, the microRNA sequence without the seed or a combination
thercof. As a non-limiting example, the microRNA 1ncorporated into the signal-sensor
polynucleotide may be specific to the hematopoietic system. As another non-limiting
example, the microRNA mcorporated into the signal-sensor polynucleotides of the

invention to dampen antigen presentation 1s miR-142-3p.
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[0073] In one embodiment, the signal-sensor polynucleotides of the invention may
include at least one microRNA 1 order to dampen expression of the encoded polypeptide
in a cell of interest. As a non-limiting example, the signal-sensor polynucleotides of the
invention may include at least one miR-122 binding site in order to dampen expression of
an encoded polypeptide of interest in the liver. As another non-limiting example, the
signal-sensor polynucleotides of the invention may include at least one miR-142-3p
binding site, miR-142-3p seed sequence, miR-142-3p binding site without the seed, miR-
142-5p binding site, miR-142-5p seed sequence, miR-142-5p binding site without the
seed, miR-146 binding site, miR-146 seed sequence and/or miR-146 binding site without
the seed sequence (see €.g., the experiment outlined in Example 47 and Example 60).
[0074] According to the present invention, the signal-sensor polynucleotides described
herein may be modified as to avoid the deficiencies of other polypeptide-encoding
molecules of the art. Hence, 1n this embodiment the signal-sensor polynucleotides are
referred to as modified signal-sensor polynucleotides or primary constructs, modified
MRNA or mmRNA.

[0075] Provided herein, in part, are signal-sensor polynucleotide polynucleotides,
primary constructs and/or mmRNA encoding oncology-related polypeptides of interest
which have been designed 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, mRNA 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.
I. Compositions of the Invention

[0076] The present invention provides nucleic acid molecules, specifically signal-
sensor polynucleotides, primary constructs and/or mmRNA which encode one or more
oncology-related polypeptides of interest. Specifically the invention contemplates signal-
sensor polynucleotides which are useful in cancer or cancer related discases, disorders.
As used herein, “signal-sensor polynucleotides™ are nucleic acid transcripts which encode
on¢ or more oncology-related polypeptides of mterest that, when translated, delivers a
“signal” to the cell (cancer or noncancerous) which results 1 the therapeutic benefit to

the organism of either being detrimental to the cancer cell or beneficial to normal cells or
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both detrimental to cancer cells and advantageous to normal cells. The signal-sensor
polynucleotides may optionally further comprise a sequence (translatable or not) which
“senses’’ the microenvironment of the polynucleotide and alters (a) the function or
phenotypic outcome associated with the peptide or protein which 1s translated, (b) the
expression level of the signal-sensor polynucleotide, and/or both.

[0077] The term “nucleic acid,” 1n 1ts broadest sense, includes any compound and/or
substance that comprise a polymer of nucleotides. These polymers are often referred to as
polynucleotides. Exemplary nucleic acids or polynucleotides of the invention include,
but are not limited to, ribonucleic acids (RNAs), deoxyribonucleic acids (DNAS), threose
nucleic acids (TNASs), glycol nucleic acids (GNASs), peptide nucleic acids (PNAs), locked
nucleic acids (LNAs, including LNA having a - D-ribo configuration, a-LNA having an
o-L-ribo configuration (a diastercomer of LNA), 2'-amino-LNA having a 2'-amino
functionalization, and 2'-amino- a-LNA having a 2'-amino functionalization) or hybrids
thereof.

[0078] In preferred embodiments, the signal-sensor polynucleotide or nucleic acid
molecule 1s a messenger RNA (mRNA). As used herein, the term “messenger RNA™
(mRNA) refers to any 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. Signal-sensor polynucleotides of the invention may be mRNA or
any nucleic acid molecule and may or may not be chemically modified.

[0079] Traditionally, the basic components of an mRNA molecule include at least a
coding region, a S'UTR, a 3'UTR, a 5’ cap and a poly-A tail. Building on this wild type
modular structure, the present mnvention expands the scope of functionality of traditional
mRNA molecules by providing signal-sensor polynucleotides or primary RNA
constructs which maintain a modular organization, but which comprise one or more
structural and/or chemical modifications or alterations which impart useful properties to
the polynucleotide including, in some embodiments, the lack of a substantial induction of
the mnate immune response of a cell into which the signal-sensor polynucleotide 1s
introduced. As such, modified mRNA molecules of the present invention, which may be
synthetic, are termed “mmRNA.” As used herein, a “structural” feature or modification 18

on¢ 1n which two or more linked nucleotides are inserted, deleted, duplicated, inverted or
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randomized 1n a signal-sensor polynucleotide polynucleotide, primary construct or
mmRNA 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 in a different sequence of
nucleotides. For example, the polynucleotide “ATCG” may be chemically modified to
“AT-5meC-G”. The same polynucleotide may be structurally modified from “ATCG” to
“ATCCCG”. Here, the dinucleotide “CC” has been inserted, resulting 1n a structural
modification to the polynucleotide.

Signal-sensor polynucleotide, primary construct or mmRNA Architecture

[0080] The signal-sensor polynucleotides of the present invention are distinguished
from wild type mRNA 1n their functional and/or structural design features which serve to,
as evidenced herem, overcome existing problems of effective polypeptide production
using nucleic acid-based therapeutics.

[0081] Figure 1 shows a representative signal-sensor primary construct 100 of the
present invention. As used herein, the term “primary construct” or “primary mRNA
construct” refers to a signal-sensor polynucleotide transcript which encodes one or more
polypeptides of interest and which retains sufficient structural and/or chemical features to
allow the polypeptide of interest encoded therein to be translated. Signal-sensor primary
constructs may be polynucleotides of the invention. When structurally or chemically
modified, the signal-sensor primary construct may be referred to as a mmRNA.

[0082] Returning to FIG. 1, the primary construct 100 here contains a first region of
linked nucleotides 102 that 1s flanked by a first flanking region 104 and a second flaking
region 106. As used herein, the “first region” may be referred to as a “coding region” or
“region encoding” or stmply the “first region.” This first region may include, but 1s not
limited to, the encoded oncology-related polypeptide of interest. The oncology-related
polypeptide of interest may comprise at 1ts 5’ terminus one or more signal peptide
sequences encoded by a signal peptide sequence region 103. The flanking region 104
may comprise a region of linked nucleotides comprising one or more complete or
incomplete 5" UTRSs sequences. The flanking region 104 may also comprise a 5’ terminal

cap 108. The second flanking region 106 may comprise a region of linked nucleotides
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comprising one or more complete or incomplete 3" UTRs. The flanking region 106 may
also comprise a 3’ tailing sequence 110 and a 3’'UTR 120.

[0083] Bridging the 5’ terminus of the first region 102 and the first flanking region 104
1s a first operational region 105. Traditionally this operational region comprises a start
codon. The operational region may alternatively comprise any translation initiation
sequence or signal including a start codon.

[0084] Bridging the 3’ terminus of the first region 102 and the second flanking region
106 1s a second operational region 107. Traditionally this operational region comprises a
stop codon. The operational region may alternatively comprise any translation initiation
sequence or signal including a stop codon. According to the present invention, multiple
serial stop codons may also be used. In one embodiment, the operation region of the
present invention may comprise two stop codons. The first stop codon may be “TGA”
and the second stop codon may be selected from the group consisting of “TAA,” “TGA”
and “TAG.” The operation region may further comprise three stop codons. The third
stop codon may be selected from the group consisting of “TAA,” “TGA” and “TAG.”
[0085] Turning to Figure 2, the 3’UTR 120 of the second flanking region 106 may
comprise on¢ or more sensor sequences 130. A region comprising at least one sensor
sequence 18 referred to as a “sensor region.” These sensor sequences as discussed herein
operate as pseudo-receptors (or binding sites) for ligands of the local microenvironment
of the primary construct or signal-sensor polynucleotide. For example, microRNA bindng
sites or mIRNA seeds may be used as sensors such that they function as pseudoreceptors
for any microRNAS present 1in the environment of the polynucleotide.

[0086] Generally, the shortest length of the first region of the signal-sensor primary
construct 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, €.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,
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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.

[0087] Generally, the length of the first region encoding the oncology-related
polypeptide of interest of the present invention 1s greater than about 30 nucleotides 1n
length (¢.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, 40,000, 50,000, 60,000, 70,000,
80,000, 90,000 or up to and including 100,000 nucleotides). As used herein, the “first
region’” may be referred to as a “coding region” or “region encoding” or simply the “first
region.”

[0088] In some embodiments, the signal-sensor polynucleotide polynucleotide, primary
construct, or mmRNA includes from about 30 to about 100,000 nucleotides (¢.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, from 100 to 10,000, from 100 to 25,000, from 100 to 50,000, from 100 to 70,000,
from 100 to 100,000, from 500 to 1,000, from 500 to 1,500, tfrom 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,
from 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, from 1,000 to 70,000, from
1,000 to 100,000, from 1,500 to 3,000, from 1,500 to 5,000, from 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, tfrom 2,000 to 25,000, tfrom 2,000 to 50,000, from 2,000 to 70,000, and
from 2,000 to 100,000).

[0089] According to the present invention, the first and second flanking regions may

range independently from 15-1,000 nucleotides 1n length (e.g., greater than 30, 40, 435,
50, 55, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 450, 500, 600,
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700, 800, and 900 nucleotides or at least 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, and 1,000 nucleotides).
[0090] According to the present invention, the tailing sequence may range from absent
to 500 nucleotides 1n length (e.g., at least 60, 70, 80, 90, 120, 140, 160, 180, 200, 250,
300, 350, 400, 450, or 500 nucleotides). Where the tailing region 1s 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. As such, 1t has been observed that polyA tails of about 80 nucleotides and
160 nucleotides are functional.

[0091] According to the present invention, the capping region may comprise a single
cap or a scries of nucleotides forming the cap. In this embodiment the capping region
may be from 1 to 10, e.g. 2-9, 3-8, 4-7, 1-5, 5-10, or at least 2, or 10 or fewer nucleotides
in length. In some embodiments, the cap 1s absent.

[0092] According to the present invention, the first and second operational regions may
range from 3 to 40, ¢.g., 5-30, 10-20, 15, or at least 4, or 30 or fewer nucleotides 1n length
and may comprise, 1n addition to a start and/or stop codon, one or more signal and/or
restriction sequences.

Cyclic signal-sensor polynucleotides

[0093] According to the present invention, a signal-sensor primary construct or
mmRNA may be cyclized, or concatemerized, to generate a translation competent
molecule to assist interactions between poly-A binding proteins and 5'-end binding
proteins. The mechanism of cyclization or concatemerization may occur through at least
3 different routes: 1) chemical, 2) enzymatic, and 3) ribozyme catalyzed. The newly
formed 5'-/3'-linkage may be intramolecular or intermolecular.

[0094] In the first route, the 5'-end and the 3'-end of the nucleic acid may contain
chemically reactive groups that, when close together, form a new covalent linkage
between the 5'-end and the 3'-end of the molecule. The 5'-end may contain an NHS-¢ster
reactive group and the 3'-end may contain a 3’-amino-terminated nucleotide such that in

an organic solvent the 3'-amino-terminated nucleotide on the 3'-end of a synthetic mRNA
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molecule will undergo a nucleophilic attack on the 5'-NHS-ester moiety forming a new
5'-/3"'-amide bond.

[0095] In the second route, T4 RNA ligase may be used to enzymatically link a 5'-
phosphorylated nucleic acid molecule to the 3'-hydroxyl group of a nucleic acid forming
a new phosphorodiester linkage. In an example reaction, 1ug of a nucleic acid molecule
1s incubated at 37°C for 1 hour with 1-10 units of T4 RNA ligase (New England Biolabs,
Ipswich, MA) according to the manufacturer’s protocol. The ligation reaction may occur
in the presence of a split oligonucleotide capable of base-pairing with both the 5'- and 3'-
region 1n juxtaposition to assist the enzymatic ligation reaction.

[0096] In the third route, either the 5'-or 3'-end of the cDNA template encodes a ligase
ribozyme sequence such that during in vitro transcription, the resultant nucleic acid
molecule can contain an active ribozyme sequence capable of ligating the 5'-end of a
nucleic acid molecule to the 3'-end of a nucleic acid molecule. The ligase ribozyme may
be derived from the Group I Intron, Group I Intron, Hepatitis Delta Virus, Hairpin
ribozyme or may be selected by SELEX (systematic evolution of ligands by exponential
enrichment). The ribozyme ligase reaction may take 1 to 24 hours at temperatures
between 0 and 37°C.

Signal-Sensor Polynucleotide Multimers

[0097] According to the present invention, multiple distinct signal-sensor
polynucleotides, primary constructs or mmRNA may be linked together through the 3'-
end using nucleotides which are modified at the 3'-terminus. Chemical conjugation may
be used to control the stoichiometry of delivery into cells. For example, the glyoxylate
cycle enzymes, 1socitrate lyase and malate synthase, may be supplied into HepG2 cells at
a 1:1 ratio to alter cellular fatty acid metabolism. This ratio may be controlled by
chemically linking signal-sensor polynucleotides, primary constructs or mmRNA using a
3’-azido terminated nucleotide on one signal-sensor polynucleotide, primary construct or
mmRNA species and a C5-ethynyl or alkynyl-containing nucleotide on the opposite
signal-sensor polynucleotide, primary construct or mmRNA species. The modified
nucleotide 1s added post-transcriptionally using terminal transferase (New England
Biolabs, Ipswich, MA) according to the manufacturer’s protocol. After the addition of

the 3’-modified nucleotide, the two signal-sensor polynucleotide, primary construct or
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mmRNA species may be combined 1n an aqueous solution, 1n the presence or absence of
copper, to form a new covalent linkage via a click chemistry mechanism as described in
the literature.

[0098] In another example, more than two signal-sensor polynucleotides may be linked
together using a functionalized linker molecule. For example, a functionalized
saccharide molecule may be chemically modified to contain multiple chemical reactive
oroups (SH-, NH;-, N3, etc...) to react with the cognate moiety on a 3'-functionalized
signal-sensorpolynucleotide molecule (1.¢., a 3’-maleimide ester, 3'-NHS-ester, alkynyl).
The number of reactive groups on the modified saccharide can be controlled 1n a
stoichiometric fashion to directly control the stoichiometric ratio of conjugated signal-

sensor polynucleotide, primary construct or mmRNA.

Signal-sensor polynucleotide Conjugates and Combinations

[0099] In order to further enhance oncology-related protein production, signal-sensor
polynucleotide primary constructs or mmRNA of the present invention can be designed
to be conjugated to other polynucleotides, oncology-related polypeptides, dyes,
intercalating agents (e.g. acridines), cross-linkers (e.g. psoralene, mitomycin C),
porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic aromatic hydrocarbons (e.g.,
phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA), alkylating agents,
phosphate, amino, mercapto, PEG (e.g., PEG-40K), MPEG, [MPEG],, polyamino, alkyl,
substituted alkyl, radiolabeled markers, enzymes, haptens (e.g. biotin),
transport/absorption facilitators (e.g., aspirin, vitamin E, folic acid), synthetic
ribonucleases, proteins, ¢.g., glycoproteins, or peptides, ¢.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type
such as a cancer cell, endothelial cell, or bone cell, hormones and hormone receptors,
non-peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors, or a drug.
[00100] Conjugation may result in increased stability and/or half life and may be
particularly useful 1n targeting the signal-sensor polynucleotides, primary constructs or
mmRNA to specific sites 1n the cell, tissue or organism.

[00101] According to the present invention, the signal-sensor polynucleotide mmRNA
or primary constructs may be administered with, or further encode one or more of RNA1

agents, SIRNAS, sShRNAs, miRNAs, miRNA binding sites, antisense RNAS, ribozymes,
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catalytic DNA, tRNA, RNASs that induce triple helix formation, aptamers or vectors, and
the like.

[00102] In one embodiment, the signal-sensor polynucleotides described herein may be
conjugated with a moiety to target various cancer cells such as, but not limited to, the
moicties described in US Patent Application No. US20130216561, the contents of which
are herein incorporated by reference 1n its entirety. The linkage between the signal-
sensor polynucleotides and the cancer targeting moiety may be an acid cleavable linkage
that can increase the efficacy of the conjugate such as, but not limited to, the linkages

described in US Patent Application No. US20130216561, the contents of which are

herein incorporated by reference in 1ts entirety.

Bifunctional signal-sensor polynucleotide

[00103] In one embodiment of the mvention are bifunctional signal-sensor
polynucleotides (¢.g., bifunctional primary constructs or bifunctional mmRNA). As the
name 1mplies, bifunctional signal-sensor polynucleotides are those having or capable of
at least two functions. These molecules may also by convention be referred to as multi-
functional.

[00104] The multiple functionalities of bifunctional signal-sensor polynucleotides may
be encoded by the RNA (the function may not manifest until the encoded product 1s
translated) or may be a property of the polynucleotide itself. It may be structural or
chemical. Bifunctional modified signal-sensor polynucleotides may comprise a function
that 1s covalently or electrostatically associated with the polynucleotides. Further, the two
functions may be provided 1in the context of a complex of a signal-sensor polynucleotide
and another molecule.

[00105] Bifunctional signal-sensor polynucleotides may encode oncology-related
peptides which are anti-proliferative. These peptides may be linear, cyclic, constrained or
random coil. They may function as aptamers, signaling molecules, ligands or mimics or
mimetics thereof. Anti-proliferative peptides may, as translated, be from 3 to 50 amino
acids 1n length. They may be 5-40, 10-30, or approximately 15 amino acids long. They
may be single chain, multichain or branched and may form complexes, aggregates or any

multi-unit structure once translated.

Noncoding Signal-Sensor Polynucleotides
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[00106] As described herein, provided are signal-sensor polynucleotides and primary
constructs having sequences that are partially or substantially not translatable, ¢.g.,
having a noncoding region. Such noncoding region may be the “first region” of the
signal-sensor primary construct. Alternatively, the noncoding region may be a region
other than the first region. Such molecules are generally not translated, but can exert an
cttect on protein production by one or more of binding to and sequestering one or more
translational machinery components such as a ribosomal protein or a transfer RNA
(tRNA), thereby effectively reducing protein expression 1n the cell or modulating one or
more pathways or cascades 1n a cell which 1n turn alters protein levels. The signal-sensor
polynucleotide and/or primary construct may contain or encode one or more long
noncoding RNA (IncRNA, or lincRNA) or portion thercof, a small nucleolar RNA (sno-
RNA), micro RNA (miRNA), small interfering RNA (siRNA) or Piwi-interacting RNA
(p1IRNA).

Auxotrophic Signal-Sensor Polynucleotides

[00107] In one embodiment, the signal-sensor polynucleotides of the present invention
may be auxotrophic. As used herein, the term “auxotrophic” refers to signal-sensor
polynucleotides that comprise at least one feature that triggers, facilitates or induces the
degradation or inactivation of the itself in response to spatial or temporal cues such that
oncology-related protein expression 1s substantially prevented or reduced. Such spatial or
temporal cues include the location of the signal-sensor polynucleotide to be translated
such as a particular tissue or organ or cellular environment. Also contemplated are cues
involving temperature, pH, 1onic strength, moisture content, and the like.

[00108] In onc embodiment, the feature 1s located 1n a terminal region of the signal-
sensor polynucleotides of the present invention. As a non-limiting example, the
auxotrophic mRNA may contain a miR binding site in the terminal region which binds to
a miR expressed 1n a selected tissue so that the expression of the auxotrophic mRNA 18
substantially prevented or reduced 1n the selected tissue. To this end and for example, an
auxotrophic mRNA containing a miR-122 binding site will not produce protein 1f
localized to the liver since miR-122 1s expressed in the liver and binding of the miR
would effectuate destruction of the auxotrophic mRNA. As a non-limiting example,

HEK?293 cells do not express miR-122 so there would be little to no downregulation of a
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signal-sensor polynucleotide having a miR-122 sequence in HEK293 but for hepatocytes
which do expression miR-122 there would be a downregulation of a signal-sensor
polynucleotide having a miR-122 sequence 1in hepatocytes (see ¢.g., the study outlined
Example 19). As another non-limiting example, the miR-122 level can be measured in
HeLa cells, primary human hepatocytes and primary rat hepatocytes prior to
administration with a signal-sensor polynucleotide encoding having at least one miR-122
binding site, miR-122 binding site without the seed sequence or a miR-122 binding site
After administration the expression of the signal-sensor polynucleotide can be measured
to determine the dampening effect of the miR-122 1n the signal-sensor polynucleotide
(see ¢.g., the studies outlined 1n Examples 41, 42, 43 57, 58 and 59). As yet another non-
[imiting example, the effectiveness of the miR-122 binding site, miR-122 seed or the
miR-122 binding site without the seed 1n different 3’UTRS may be evaluated in order to
determine the proper UTR for the desired outcome such as, but not limited to, the highest
dampening effect (see ¢.g., the study outlined in Example 46).

[00109] In one embodiment, the degradation or mactivation of auxotrophic mRNA may
compris¢ a feature responsive to a change in pH. As a non-limiting example, the
auxotrophic mRNA may be triggered 1in an environment having a pH of between pH 4.5
to 8.0 such as at a pH of 5.0 to 6.0 or a pH of 6.0 to 6.5. The change in pH may be a
change of 0.1 unit, 0.2 units, 0.3 units, 0.4 units, 0.5 units, 0.6 units, 0.7 units, 0.8 unaits,
0.9 units, 1.0 units, 1.1 units, 1.2 units, 1.3 units, 1.4 units, 1.5 units, 1.6 units, 1.7 units,
1.8 units, 1.9 units, 2.0 units, 2.1 units, 2.2 units, 2.3 units, 2.4 units, 2.5 units, 2.6 units,
2.7 units, 2.8 units, 2.9 units, 3.0 units, 3.1 units, 3.2 units, 3.3 units, 3.4 units, 3.5 units,
3.6 units, 3.7 units, 3.8 units, 3.9 units, 4.0 units or more.

[00110] In another embodiment, the degradation or inactivation of auxotrophic mRNA
may be triggered or induced by changes in temperature. As a non-limiting example, a
change of temperature from room temperature to body temperature. The change of
temperature may be less than 1°C, less than 5°C, less than 10°C, less than 15°C, less than
20°C, less than 25°C or more than 25°C.

[00111] In yet another embodiment, the degradation or inactivation of auxotrophic

mRNA may be triggered or induced by a change 1n the levels of 1ons in the subject. The
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ions may be cations or anions such as, but not limited to, sodium ions, potassium 1ons,
chloride 10ns, calcium 10ns, magnesium 1ons and/or phosphate 1ons.

[00112]
Oncology-related polypeptides of mterest

[00113] According to the present invention, the signal-sensor primary construct 1s
designed to encode one or more oncology-related polypeptides of interest or fragments
thercof. An oncology-related polypeptide of interest may include, but 1s not limited to,
whole polypeptides, a plurality of polypeptides or fragments of polypeptides, which
independently may be encoded by one or more nucleic acids, a plurality of nucleic acids,
fragments of nucleic acids or variants of any of the aforementioned. As used herein, the
term “oncology-related polypeptides of interest” refers to any polypeptide which 1s
selected to be encoded 1n the signal-sensor primary construct of the present invention. As
used herein, “polypeptide” means a polymer of amino acid residues (natural or unnatural)
linked together most often by peptide bonds. The term, as used herein, refers to proteins,
polypeptides, and peptides of any size, structure, or function. In some instances the
polypeptide encoded 1s smaller than about 50 amino acids and the polypeptide 1s then
termed a peptide. If the polypeptide is a peptide, 1t will be at least about 2, 3, 4, or at least
5 amino acid residues long. Thus, polypeptides include gene products, naturally occurring
polypeptides, synthetic polypeptides, homologs, orthologs, paralogs, fragments and other
cquivalents, variants, and analogs of the foregoing. A polypeptide may be a single
molecule or may be a multi-molecular complex such as a dimer, trimer or tetramer. They
may also comprise single chain or multichain polypeptides such as antibodies or insulin
and may be associated or linked. Most commonly disulfide linkages are found 1n
multichain polypeptides. The term polypeptide may also apply to amino acid polymers in
which one or more amino acid residues are an artificial chemical analogue of a
corresponding naturally occurring amino acid.

[00114] The term “polypeptide variant”™ refers to molecules which differ in their amino
acid sequence from a native or reference sequence. The amino acid sequence variants
may possess substitutions, deletions, and/or msertions at certain positions within the
amino acid sequence, as compared to a native or reference sequence. Ordinarily, variants

will possess at Ieast about 50% 1dentity (homology) to a native or reference sequence,
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and preferably, they will be at least about 80%, more preferably at least about 90%
identical (homologous) to a native or reference sequence.

[00115] In some embodiments “variant mimics’™ are provided. As used herein, the term
“variant mimic”’ 18 on¢ which contains one or more amino acids which would mimic an
activated sequence. For example, glutamate may serve as a mimic for phosphoro-
threonine and/or phosphoro-serine. Alternatively, variant mimics may result in
deactivation or in an inactivated product containing the mimic, ¢.g., phenylalanine may
act as an 1nactivating substitution for tyrosine; or alanine may act as an inactivating
substitution for serine.

[00116] “Homology” as 1t applics to amino acid sequences 1s defined as the percentage
of residues 1n the candidate amino acid sequence that are 1dentical with the residues 1n the
amino acid sequence of a second sequence after aligning the sequences and introducing
gaps, 1f necessary, to achieve the maximum percent homology. Methods and computer
programs for the alignment are well known 1n the art. It 1s understood that homology
depends on a calculation of percent identity but may differ in value due to gaps and
penalties introduced 1n the calculation.

[00117] By “homologs” as 1t applies to polypeptide sequences means the corresponding
sequence of other species having substantial 1dentity to a second sequence of a second
Species.

[00118] ““‘Analogs” 1s meant to include polypeptide variants which differ by one or more
amino acid alterations, ¢.g., substitutions, additions or deletions of amino acid residues
that still maintain one or more of the properties of the parent or starting polypeptide.
[00119] The present invention contemplates several types of compositions which are
polypeptide based including variants and derivatives. These include substitutional,
insertional, deletion and covalent variants and derivatives. The term “derivative™ 1s used
synonymously with the term “variant” but generally refers to a molecule that has been
modified and/or changed 1n any way relative to a reference molecule or starting molecule.
[00120] As such, signal-sensor polynucleotides encoding oncology-related polypeptides
containing substitutions, insertions and/or additions, deletions and covalent modifications
with respect to reference sequences, 1n particular the oncology-related polypeptide

sequences disclosed herein, are included within the scope of this invention. For example,
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sequence tags or amino acids, such as one or more lysines, can be added to the peptide
sequences of the invention (e.g., at the N-terminal or C-terminal ends). Sequence tags can
be used for peptide purification or localization. Lysines can be used to increase peptide
solubility or to allow for biotinylation. Alternatively, amino acid residues located at the
carboxy and amino terminal regions of the amino acid sequence of a peptide or protein
may optionally be deleted providing for truncated sequences. Certain amino acids (e.g.,
C-terminal or N-terminal residues) may alternatively be deleted depending on the use of
the sequence, as for example, expression of the sequence as part of a larger sequence
which 1s soluble, or linked to a solid support.

[00121] ““Substitutional variants” when referring to polypeptides are those that have at
least one amino acid residue 1n a native or starting sequence removed and a different
amino acid inserted 1n its place at the same position. The substitutions may be single,
where only one amino acid in the molecule has been substituted, or they may be multiple,
where two or more amino acids have been substituted in the same molecule.

[00122] As used herein the term “conservative amino acid substitution” refers to the
substitution of an amino acid that 1s normally present in the sequence with a different
amino acid of similar size, charge, or polarity. Examples of conservative substitutions
include the substitution of a non-polar (hydrophobic) residue such as 1soleucine, valine
and leucine for another non-polar residue. Likewise, examples of conservative
substitutions include the substitution of one polar (hydrophilic) residue for another such
as between arginine and lysine, between glutamine and asparagine, and between glycine
and serine. Additionally, the substitution of a basic residue such as lysine, arginine or
histidine for another, or the substitution of on¢ acidic residue such as aspartic acid or
glutamic acid for another acidic residue are additional examples of conservative
substitutions. Examples of non-conservative substitutions include the substitution of a
non-polar (hydrophobic) amino acid residue such as 1soleucine, valine, leucine, alanine,
methionine for a polar (hydrophilic) residue such as cysteine, glutamine, glutamic acid or
lysine and/or a polar residue for a non-polar residue.

[00123] “Insertional variants” when referring to polypeptides are those with one or more

amino acids inserted immediately adjacent to an amino acid at a particular position in a
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native or starting sequence. “‘Immediately adjacent” to an amino acid means connected to
cither the alpha-carboxy or alpha-amino functional group of the amino acid.

[00124] “‘Deletional variants” when referring to polypeptides are those with one or more
amino acids 1n the native or starting amino acid sequence removed. Ordmarily, deletional
variants will have one or more amino acids deleted 1n a particular region of the molecule.
[00125] “Covalent derivatives” when referring to polypeptides include modifications of
a native or starting protein with an organic proteinaceous or non-protemaceous
derivatizing agent, and/or post-translational modifications. Covalent modifications are
traditionally introduced by reacting targeted amino acid residues of the protein with an
organic derivatizing agent that 1s capable of reacting with selected side-chains or terminal
residues, or by harnessing mechanisms of post-translational modifications that function in
selected recombinant host cells. The resultant covalent derivatives are useful in programs
directed at 1dentifying residues important for biological activity, for immunoassays, or for
the preparation of anti-protein antibodies for immunoaffinity purification of the
recombinant glycoprotein. Such modifications are within the ordinary skill in the art and
are performed without undue experimentation.

[00126] Certain post-translational modifications are the result of the action of
recombinant host cells on the expressed oncology-related polypeptide. Glutaminyl and
asparaginyl residues are frequently post-translationally deamidated to the corresponding
oglutamyl and aspartyl residues. Alternatively, these residues are deamidated under mildly
acidic conditions. Either form of these residues may be present in the oncology-related
polypeptides produced in accordance with the present invention.

[00127] Other post-translational modifications include hydroxylation of proline and
lysine, phosphorylation of hydroxyl groups of seryl or threonyl residues, methylation of
the alpha-amino groups of lysine, arginine, and histidine side chains (T. E. Creighton,
Proteins: Structure and Molecular Properties, W.H. Freeman & Co., San Francisco, pp.
79-86 (1983)).

[00128] “‘Features” when referring to polypeptides are defined as distinct amino acid
sequence-based components of a molecule. Features of the polypeptides encoded by the

mmRNA of the present invention include surface manifestations, local conformational
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shape, folds, loops, half-loops, domains, half-domains, sites, termini or any combination
therecof.

[00129] As used herein when referring to polypeptides the term “surface manifestation™
refers to a polypeptide based component of a protein appearing on an outermost surface.
[00130] As used herein when referring to polypeptides the term “local conformational
shape” means a polypeptide based structural manifestation of a protein which 1s located
within a definable space of the protein.

[00131] As used herein when referring to polypeptides the term “fold” refers to the
resultant conformation of an amino acid sequence upon energy minimization. A fold may
occur at the secondary or tertiary level of the folding process. Examples of secondary
level folds include beta sheets and alpha helices. Examples of tertiary folds include
domains and regions formed due to aggregation or separation of energetic forces.
Regions formed 1n this way include hydrophobic and hydrophilic pockets, and the like.
[00132] As used herein the term “turn”™ as 1t relates to protein conformation means a
bend which alters the direction of the backbone of a peptide or polypeptide and may
involve one, two, three or more amino acid residues.

[00133] As used herein when referring to polypeptides the term “loop” refers to a
structural feature of a polypeptide which may serve to reverse the direction of the
backbone of a peptide or polypeptide. Where the loop 1s found 1n a polypeptide and only
alters the direction of the backbone, 1t may comprise four or more amino acid residues.
Oliva et al. have 1dentified at least 5 classes of protein loops (J. Mol Biol 266 (4): 814-
830; 1997). Loops may be open or closed. Closed loops or “cyclic” loops may comprise
2,3,4,5,6,7,8,9, 10 or more amino acids between the bridging moieties. Such bridging
moieties may comprise a cysteine-cysteine bridge (Cys-Cys) typical in polypeptides
having disulfide bridges or alternatively bridging moicties may be non-protein based such
as the dibromozylyl agents used herein.

[00134] As used herein when referring to polypeptides the term “half-loop™ refers to a
portion of an 1dentified loop having at least half the number of amino acid resides as the
loop from which 1t 18 derived. It 1s understood that loops may not always contain an even
number of amino acid residues. Therefore, 1n those cases where a loop contains or 18

identified to comprise an odd number of amino acids, a half-loop of the odd-numbered
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loop will comprise the whole number portion or next whole number portion of the loop
(number of amino acids of the loop/2+/-0.5 amino acids). For example, a loop 1dentified
as a 7 amino acid loop could produce half-loops of 3 amino acids or 4 amino acids
(7/2=3.5+/-0.5 being 3 or 4).

[00135] As used herein when referring to polypeptides the term “domain” refers to a
motif of a polypeptide having one or more 1dentifiable structural or functional
characteristics or properties (¢€.g., binding capacity, serving as a site for protein-protein
interactions).

[00136] As used herein when referring to polypeptides the term “half-domain™ means a
portion of an 1dentified domain having at least half the number of amino acid resides as
the domain from which 1t 1s derived. It 1s understood that domains may not always
contain an even number of amino acid residues. Therefore, 1n those cases where a domain
contains or 18 identified to comprise an odd number of amino acids, a half-domain of the
odd-numbered domain will comprise the whole number portion or next whole number
portion of the domain (number of amino acids of the domain/2+/-0.5 amino acids). For
cexample, a domain 1dentified as a 7 amino acid domain could produce halt-domains of 3
amino acids or 4 amino acids (7/2=3.5+/-0.5 being 3 or 4). It 1s also understood that sub-
domains may be 1dentified within domains or half-domains, these subdomains possessing
less than all of the structural or functional properties identified in the domains or half
domains from which they were derived. It 1s also understood that the amino acids that
comprise any of the domain types herein need not be contiguous along the backbone of
the polypeptide (1.¢., nonadjacent amino acids may fold structurally to produce a domain,
half-domain or subdomain).

[00137] As used herein when referring to polypeptides the terms “site” as 1t pertains to
amino acid based embodiments 1s used synonymously with “amino acid residue” and
“amino acid side chain.” A site represents a position within a peptide or polypeptide that
may be modified, manipulated, altered, derivatized or varied within the polypeptide based
molecules of the present invention.

[00138] As used herein the terms “termini” or “terminus™ when referring to polypeptides
refers to an extremity of a peptide or polypeptide. Such extremity 1s not limited only to

the first or final site of the peptide or polypeptide but may mclude additional amino acids
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in the terminal regions. The polypeptide based molecules of the present invention may be
characterized as having both an N-terminus (terminated by an amino acid with a free
amino group (NH2)) and a C-terminus (terminated by an amino acid with a free carboxyl
oroup (COOH)). Proteins of the invention are in some cases made up of multiple
polypeptide chains brought together by disulfide bonds or by non-covalent forces
(multimers, oligomers). These sorts of proteins will have multiple N- and C-termina.
Alternatively, the termini of the polypeptides may be modified such that they begin or
end, as the case may be, with a non-polypeptide based moiety such as an organic
conjugate.

[00139] Once any of the features have been 1dentified or defined as a desired component
of a polypeptide to be encoded by the signal-sensor primary construct or mmRNA of the
invention, any of several manipulations and/or modifications of these features may be
performed by moving, swapping, inverting, deleting, randomizing or duplicating.
Furthermore, 1t 18 understood that manipulation of features may result 1n the same
outcome as a modification to the molecules of the invention. For example, a manipulation
which mvolved deleting a domain would result in the alteration of the length of a
molecule just as modification of a nucleic acid to encode less than a full length molecule
would.

[00140] Modifications and manipulations can be accomplished by methods known 1n the
art such as, but not limited to, site directed mutagenesis. The resulting modified
molecules may then be tested for activity using in vitro or in vivo assays such as those
described herein or any other suitable screening assay known 1n the art.

[00141] According to the present invention, the oncology-related polypeptides may
comprise a consensus sequence which 1s discovered through rounds of experimentation.
As used herein a “consensus” sequence 18 a single sequence which represents a collective
population of sequences allowing for variability at one or more sites.

[00142] As recognized by those skilled 1n the art, protein fragments, functional protein
domains, and homologous proteins are also considered to be within the scope of
oncology-related polypeptides of interest of this invention. For example, provided herein
1S any protein fragment (meaning an oncology-related polypeptide sequence at Ieast one

amino acid residue shorter than a reference oncology-related polypeptide sequence but
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otherwise 1dentical) of a reference oncology-related protein 10, 20, 30, 40, 50, 60, 70, 80,
90, 100 or greater than 100 amino acids 1n length. In another example, any oncology-
related protein that includes a stretch of about 20, about 30, about 40, about 50, or about
100 amino acids which are about 40%, about 50%, about 60%., about 70%, about 80%,
about 90%, about 95%, or about 100% 1dentical to any of the sequences described herein
can be utilized in accordance with the invention. In certain embodiments, a polypeptide
to be utilized 1n accordance with the invention includes 2, 3, 4. 5, 6,7, 8,9, 10, or more
mutations as shown 1n any of the sequences provided or referenced herein.

Encoded Oncology-Related Polypeptides

[00143] The signal-sensor primary constructs or mmRNA of the present invention may
be designed to encode oncology-related polypeptides of interest such as oncology-related
peptides and proteins.

[00144] In onc embodiment, signal-sensor primary constructs or mmRNA of the present
invention may encode variant polypeptides which have a certain 1identity with a reference
oncology-related polypeptide sequence. As used herem, a “reference oncology-related
polypeptide sequence” refers to a starting oncology-related polypeptide sequence.
Reference sequences may be wild type sequences or any sequence to which reference 1s
made 1n the design of another sequence. A “reference polypeptide sequence” may, ¢.g.,
be any one of the protein sequence listed in Table 6.

[00145] The term “identity’ as known 1n the art, refers to a relationship between the
sequences of two or more peptides, as determined by comparing the sequences. In the art,
1dentity also means the degree of sequence relatedness between peptides, as determined
by the number of matches between strings of two or more amino acid residues. Identity
measures the percent of 1dentical matches between the smaller of two or more sequences
with gap alignments (1f any) addressed by a particular mathematical model or computer
program (1.¢., “algorithms™). Identity of related peptides can be readily calculated by
known methods. Such methods include, but are not limited to, those described 1in
Computational Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York,
1988; Biocomputing: Informatics and Genome Projects, Smith, D. W, ed., Academic
Press, New York, 1993; Computer Analysis of Sequence Data, Part 1, Griffin, A. M., and

Griffin, H. G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in Molecular
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Biology, von Heinje, G., Academic Press, 1987; Sequence Analysis Primer, Gribskov, M.
and Devereux, J., eds., M. Stockton Press, New York, 1991; and Carillo et al., STAM J.
Applied Math. 48, 1073 (1988).

[00146] In some embodiments, the polypeptide variant may have the same or a similar
activity as the reference oncology-related polypeptide. Alternatively, the variant may
have an altered activity (e.g., increased or decreased) relative to a reference oncology-
related polypeptide. Generally, variants of a particular signal-sensor polynucleotide or
oncology-related polypeptide of the invention will have at least about 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% but less than 100% sequence 1dentity to that particular reference signal-sensor
polynucleotide or oncology-related polypeptide as determined by sequence alignment
programs and parameters described herein and known to those skilled 1n the art. Such
tools for alignment include those of the BLAST suite (Stephen F. Altschul, Thomas L.
Madden, Alejandro A. Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.
Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of protein database
scarch programs”, Nucleic Acids Res. 25:3389-3402.) Other tools are described herein,
specifically in the definition of “identity.”

[00147] Default parameters in the BLAST algorithm include, for example, an expect
threshold of 10, Word size of 28, Match/Mismatch Scores 1, -2, Gap costs Linear. Any
filter can be applied as well as a selection for species specific repeats, €.g., Homo sapiens.
[00148] In onc embodiment, the signal-sensor polynucleotides, primary constructs
and/or mmRNA may be used to treat a disecase, disorder and/or condition 1n a subject.
[00149] In one embodiment, the polynucleotides, primary constructs and/or mmRNA
may be used to reduce, eliminate or prevent tumor growth in a subject.

[00150] In one embodiment, the signal-sensor polynucleotides, primary constructs
and/or mmRNA may be used to recude and/or ameliorate at least one symptom of cancer
in a subject. A symptom of cancer may include, but 1s not limited to, weakness, aches
and pains, fever, fatigue, weight loss, blood clots, increased blood calcium levels, low
white blood cell count, short of breath, dizziness, headaches, hyperpigmentation,
jaundice, erthema, pruritis, excessive hair growth, change in bowel habits, change 1n

bladder function, long-lasting sores, white patches inside the mouth, white spots on the
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tongue, unusual bleeding or discharge, thickening or lump on parts of the body,
indigestion, trouble swallowing, changes 1n warts or moles, change 1n new skin and
nagging cough or hoarseness. Further, the signal-sensor polynucleotides, primary
constructs and/or mmRNA may reduce a side-effect associated with cancer such as, but
not limited to, chemo brain, peripheral neuropathy, fatigue, depression, nausea, vomiting,
pain, ancmia, lymphedema, infections, sexual side effects, reduced fertility or infertility,

ostomics, insomnia and hair loss.

Oncology-related proteins or oncology-related peptides

[00151] The signal-sensor primary constructs or mmRNA disclosed herein, may encode
one or more validated or “in testing” oncology-related proteins or oncology-related
peptides.

[00152] According to the present invention, one or more oncology-related proteins or
oncology-related peptides currently being marketed or in development may be encoded
by the oncology-related signal-sensor polynucleotide, primary constructs or mmRNA of
the present invention. While not wishing to be bound by theory, 1t 1s believed that
incorporation 1nto the signal-sensor primary constructs or mmRNA of the invention will
result in improved therapeutic efficacy due at least i part to the specificity, purity and
selectivity of the construct designs.

[00153] The signal-sensor polynucleotides, primary constructs and/or mmRNA may
alter a biological and/or physiolocial process and/or compound such as, but not limited
to, the cell cycle, the DNA damage response (¢.g., DNA damage repair), apoptosis,
anglogenesis, cell motility, the epithelial to mesenchymal transition 1n epithelial cells, the
phosphatidyl 1nositol 3 (PI13) kinase/Akt cellular signaling pathway, telomerase activity
and/or expression, tumor metastasis, tumorigenesis, cathepsins, cell senescence, receptor
tyrosine kinase signaling, metabolism and drug metabolism, G protein signaling, growth
factors and receptors, heat shock proteins, histone deacetylases, hormone receptors,
hypoxia, poly ADP-ribose polymerases, protein kinases, RAS signaling, topisomerases,
transcription factors and tumor suppressor activity in cancerous, precancerous and/or

other cells.
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[00154] In one embodiment, the signal-sensor polynucleotides, primary constructs
and/or mmRNA may used to express a polypeptide in cells or tissues for the purpose of
replacing the protein produced from a deleted or mutated gene.

[00155] Further, the polynucleotides, primary constructs or mmRNA of the invention
may be used to treat cancer which has been caused by carcinogens of natural and/or
synthetic origin. In another embodiment, the use of the polynucleotides, primary
constructs and/or mmRNA may be used to treat cancer caused by other organisms and/or
cancers caused by viral infection.

Sensors 1n the flanking regions: Untranslated Regions (UTRS)

[00156] Untranslated regions (UTRS) of a gene are transcribed but not translated. The
5'UTR starts at the transcription start site and continues to the start codon but does not
include the start codon; whereas, the 3'UTR starts immediately following the stop codon
and continues until the transcriptional termination signal. There 1s growing body of
evidence about the regulatory roles played by the UTRSs 1n terms of stability of the
nucleic acid molecule and translation. The regulatory features of a UTR can be
incorporated 1nto the signal-sensor polynucleotides, primary constructs and/or mmRNA
of the present invention to enhance the stability of the molecule. The specific features can
also be 1ncorporated to ensure controlled down-regulation of the transcript in case they
are misdirected to undesired organs sites. The untranslated regions may be incorporated
into a vector system which can produce mRNA and/or be delivered to a cell, tissue and/or
organism to produce a polypeptide of interest.

[00157] In one embodiment, the signal-sensor polynucleotides, primary constructs
and/or mmRNA of the present may comprise at least one terminal modification. Non-
[imiting examples of terminal modifications are described in US Provisional Patent
Application No US 61/729,933, filed November 26, 2012, entitled Terminally Optimized
Modified RNAs, US Provisional Patent application No US 61/737,224, filed December
14, 2012, entitled Terminally Optimized RNAs, US Provisional Patent Application No
US 61/758,921, filed January 31, 2013, entitled Differential Targeting Using RNA
Constructs, US Provisional Patent Application No. US 61/781,139, filed March 14, 2013,
entitled Differential Targeting Using RNA Constructs, US Provisional Patent
Application No US 61/829,359, filed May 31, 2013, entitled Differential Targeting Using
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RNA Constructs, US Provisional Patent Application No. 61/839,903, filed June 27, 2013,
entitled Differential Targeting Using RNA Constructs, US Provisional Patent Application
No. 61/842,709, filed July 3, 2013, entitled Differential Targeting Using RNA
Constructs, and US Provisional Patent Application No. 61/857,436, filed July 23, 2013,
entitled Differential Targeting Using RNA Constructs, the contents of each of which are
herein incorporated by reference 1n their entireties. These terminal modifications include,
but are not limited to, 5’caps, microRNA binding sites in the terminal region, chain
terminating nucleosides, translation enhancer elements in the terminal region and tailing

sequences including a polyA-G quartet and stem loop sequences.

5" UTR and Translation Initiation

[00158] Natural 5S'UTRSs bear features which play roles m for translation initiation. They
harbor signatures like Kozak sequences which are commonly known to be involved in the
process by which the ribosome initiates translation of many genes. Kozak sequences have
the consensus CCR(A/G)CCAUGG, where R 1s a purine (adenine or guanine) three bases
upstream of the start codon (AUG), which 1s followed by another 'G'. 5'UTR also have
been known to form secondary structures which are involved 1n elongation factor
binding. For example, one of the secondary 5’-UTR structures 18 the structured IRES for
cIF4A2 clongation factor binding, which 1s necessary for the microRNA mediated gene
repression at 3°-UTR.

[00159] 5°UTR secondary structures involved 1n elongation factor binding can interact
with other RNA binding molecules in the S’UTR or 3’UTR to regulate gene expression.
For example, the elongation factor EIF4A2 binding to a secondarily structured element 1in
the 5S’UTR 18 necessary for microRNA mediated repression (Meyjer HA et al., Science,
2013, 340, 82-85, herein incorporated by reference in 1ts entirety). The different
secondary structures in the 5’UTR can be incorporated into the flanking region to either
stabilize or sclectively destalized mRNAS 1n specific tissues or cells.

[00160] By engineering the features typically found in abundantly expressed genes of
specific target organs, one can enhance the stability and oncology-related protein
production of the signal-sensor polynucleotides, primary constructs or mmRNA of the
invention. For example, introduction of 5" UTR of liver-expressed mRNA, such as

albumin, serum amyloid A, Apolipoprotein A/B/E, transferrin, alpha fetoprotein,
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erythropoietin, or Factor VIII, could be used to enhance expression of a nucleic acid
molecule, such as a mmRNA, 1n hepatic cell lines or liver. Likewise, use of 5" UTR from
other tissue-specific mRNA to improve expression 1n that tissue 1s possible — for muscle
(MyoD, Myosin, Myoglobin, Myogenin, Herculin), for endothelial cells (Tie-1, CD36),
for myeloid cells (C/EBP, AML1, G-CSF, GM-CSF, CD11b, MSR, Fr-1, 1-NOS), for
leukocytes (CD45, CD18), for adipose tissue (CD36, GLUT4, ACRP30, adiponectin) and
for lung epithelial cells (SP-A/B/C/D).

[00161] Other non-UTR sequences may be incorporated into the 5’ (or 3’ UTR) UTRs.
For example, introns or portions of introns sequences may be incorporated into the
flanking regions of the signal-sensor polynucleotides, primary constructs or mmRNA of
the mvention. Incorporation of intronic sequences may increase protein production as
well as mRNA levels.

Translation Enhancer Elements (TEEs)

[00162] In one embodiment, the 5’UTR of the signal-sensor polynucleotides, primary
constructs, modified nucleic acids and/or mmRNA may include at least one translational
enhancer polynucleotide, translation enhancer element, translational enhancer elements
(collectively referred to as “TEE”s). As a non-limiting example, the TEE may be located
between the transcription promoter and the start codon. The signal-sensor
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