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MODIFIED mRNA ENCODING A URIDINE DIPHOPSPHATE GLUCURONOSYL
TRANSFERASE AND USES THEREOF

BACKGROUND

Crigler-Najjar syndrome is a severe condition characterized by high levels of a
toxic substance called bilirubin in the blood (hyperbilirubinemia). Bilirubin is produced
when red blood cells are broken down. This substance is removed from the body only
after it undergoes a chemical reaction in the liver, which converts the toxic form of
bilirubin (unconjugated bilirubin) to a nontoxic form (conjugated bilirubin). Patients
with Crigler-Najjar syndrome have a buildup of unconjugated bilirubin in their blood
(unconjugated hyperbilirubinemia).

Bilirubin has an orange-yellow tint, and hyperbilirubinemia causes yellowing of
the skin and whites of the eyes (jaundice). In Crigler-Najjar syndrome, jaundice is
apparent at birth or in infancy. Severe unconjugated hyperbilirubinemia can lead to a
condition called kernicterus, which is a form of brain damage caused by the accumulation
of unconjugated bilirubin in the brain and nerve tissues. Babies with kernicterus are
often extremely tired (lethargic) and may exhibit weak muscle tone (hypotonia). These
babies may experience episodes of increased muscle tone (hypertonia) and arching of
their backs. Kernicterus can lead to other neurological problems, including involuntary
writhing movements of the body (choreoathetosis), hearing problems or intellectual
disability.

As there is currently no effective treatment for the underlying genetic defect that
leads to Crigler-Najjar and related diseases and disorders, development of a targeted

therapeutic agent is needed.

SUMMARY

Specific embodiments of the invention will become evident from the following
more detailed description of certain embodiments and the claims.

In one embodiment, the disclosure is directed to a method of treating a disease or
disorder associated with a uridine diphosphate glucuronosyltransferase family 1
deficiency in a subject comprising administering to the subject a therapeutically effective

amount of a composition comprising a modified mRNA molecule encoding a uridine
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diphosphate glucuronosyltransferase 1 polypeptide or active fragment thereof. In a
particular embodiment, the uridine diphosphate glucuronosyltransferase family 1
polypeptide is encoded by UGT1A1. In a particular embodiment, the uridine diphosphate
glucuronosyltransferase family 1 polypeptide comprises an amino acid sequence that is at
least about 80% identical to SEQ ID NO:4, at least 85% identical to SEQ ID NO:4, at
least 90% identical to SEQ ID NO:4, at least 95% identical to SEQ ID NO:4, or an amino
acid sequence identical to SEQ ID NO:4. In a particular embodiment, the modified
mRNA molecule comprises a sequence complementary to a nucleotide sequence that is at
least about 80% identical to SEQ ID NO:2, at least 85% identical to SEQ ID NO:2, at
least 90% identical to SEQ ID NO:2, at least 95% identical to SEQ ID NO:2, or a
sequence complementary to the nucleotide sequence of SEQ ID NO:2. In a particular
embodiment, the uridine diphosphate glucuronosyltransferase family 1 deficiency is type
1 Crigler-Najjar syndrome, kernicterus or hyperbilirubinemia. In a particular
embodiment, the modified mRNA molecule comprises at least one modified nucleoside
selected from the group consisting of: pseudouridine, 1-methyl pseudouridine, N1-methyl
pseudouridine, 5-methylcytidine, S-methyluridine, 2'-O-methyluridine, 2-thiouridine and
N°-methyladenosine. In a particular embodiment, the modified mRNA molecule
comprises a poly(A) tail, a Kozak sequence, a 3' untranslated region, a 5' untranslated
region or any combination thereof.

In one embodiment, the disclosure is directed to a pharmaceutical composition
comprising a therapeutically effective amount of a modified mRNA molecule encoding a
uridine diphosphate glucuronosyltransferase family 1 polypeptide or active fragment
thereof, and a pharmaceutically acceptable carrier, diluent or excipient.

In one embodiment, the disclosure is directed to a pharmaceutical composition
comprising a therapeutically effective amount of a modified mRNA molecule encoding a
uridine diphosphate glucuronosyltransferase family 1 polypeptide or active fragment
thereof formulated in a lipid nanoparticle carrier.

In one embodiment, the disclosure is directed to a method of reducing
unconjugated bilirubin levels in a subject comprising administering a therapeutically
effective amount of a modified mRNA capable of expressing a uridine diphosphate

glucuronosyltransferase family 1 polypeptide or biologically active fragment thereof. In

2



10

15

20

25

30

WO 2017/100562 PCT/US2016/065814

a particular embodiment, the uridine diphosphate glucuronosyltransferase family 1
polypeptide is encoded by UGT1A1. In a particular embodiment, the uridine diphosphate
glucuronosyltransferase family 1 polypeptide comprises an amino acid sequence that is at
least about 80% identical to SEQ ID NO:4, at least 85% identical to SEQ ID NO:4, at
least 90% identical to SEQ ID NO:4, or an amino acid sequence that is at least 95%
identical to SEQ ID NO:4.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawings will be
provided by the Office upon request and payment of the necessary fee.

FIG. 1 shows expression of human and rat UGT1A1 modRNAs in HeLa cells.
The presence of human and rat UGT1A1 protein was detected with a cross-reactive
anti-UGT1A1 antibody from cell lysates prepared 6, 24, 48 and 72h after HeLa cells were
transfected with hUGT1A1 modRNA or rtUGT1A1 modRNA. As loading control,
immunoblot analysis was performed using an anti-f3-actin antibody. Recombinant human
UGT1A1, human liver lysate and rat microsome preparation were used as positive
control.

FIGS. 2A and 2B show expression and UGT1A1 enzyme activity of Gunn rat
primary hepatocytes transfected with human and rat modRNA. FIG. 2A shows
immunoblot analysis of cell lysates prepared 24h after Gunn rat primary hepatocytes
were transfected with hUGT1A1 modRNA (untagged and C-terminal FLAG) or
rUGT1A1 modRNA(untagged and C-terminal FLAG). The presence of human and rat
UGT1AL1 protein was detected with human and rat selective anti-UGT1A1 antibodies.
An anti-FLAG antibody was used to confirm the molecular weight and the presence of
FLAG on the human and rat UGT1A1 constructs. Anti-f-actin antibody was used as
loading control. Immunoblot results represent 1 out of 2 reproducible experiments. FIG.
2B shows enzyme activity- measured as the area under the peaks corresponding to mono-
and di-glucuronides obtained from HPLC-UV chromatogram elution profiles after
incubation of bilirubin with cell lysates after transfection. As mock control, cells were

transfected with eGFP-modRNA.
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FIGS, 3A and 3B show UGT1A1 expression and activity in CN1 patient-derived
cells. FIG. 3A shows expression across three different lots of modRNA in fribroblasts
derived from two different CN1 patients (UGT1A1 is present in both cells when
transfected with any of the three different modRNA lots. No UGT1A1 expression was
detected in the mock transfected cells. GAPDH was used as an expression control.

FIG. 3B is a plot showing UGT1A1 expression in CN1 patient-derived fibroblasts
transfected buffer or three different lots of h(UGT1A1 modRNA.

FIG. 4 shows hUGT1AL1 protein expressed from modRNA targets the
endoplasmic reticulum (ER). Immunocytochemistry against calnexin and human
UGT1AL proteins with Clone 9 cells transfected with hUGT1A1-modRNA. Clone 9
(K-9) is an epithelial cell line isolated from normal liver taken from a young male rat.
Immunostainings were analyzed by fluorescent microscopy. hUGT1A1-modRNA
transfected cells were fixed and incubated with corresponding primary antibodies.
Immunoreactivity was visualized using Alexa Fluor® 488 anti-rabbit antibody solution
(green) and Alexa Fluor® 594 anti-mouse antibody solution (red). The merge image with
co-localization is showing in yellow. Cell nuclei are stained using DAPI (blue). Bar
scale: 10 um.

FIGS. SA-D show expression, activity and localization of UGT1A1 in a Gunn rat
model after administration of modRNA. FIG. 5A is a plot showing normalized levels of
UGT1AL after administration (0.2 mg/kg i.v.), which indicates a half-life of
approximately 10 days post treatment. FIG. 5B shows UGT1A1 activity with regard to
monoglucuronide levels (MGR) following administration of modRNA. FIG. 5C shows
the activity of UGT1AL1 in Gunn rats with respect to total plasma bilirubin levels
following administration of modRNA. FIG. 5D shows localization of UGT1AT1 in Gunn
rats following administration of modRNA.

FIGS. 6A-C show hUGT1A1-modRNA chronic treatment results in sustained
reduction of hyperbilirubinemia in Gunn rats. Three week old animals were dosed with
modRNA at Ty, 14, 28, 42 and 58 days after the first dose. Arrows below graphs indicate
time points of injections. Blood was collected once a week and one day before and one
day after each subsequent dosing. FIG. 6A shows total plasma bilirubin levels in Gunn

rats after Q2W injection (i.v.) of 0.1, 0.2 and 0.5 mg/kg hUGT1A1-modRNA. The range
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in wild-type rats treated with either PBS (n = 6) or Luciferase-modRNA (n = 6) is

0.129 £ 0.313 mg/dL and 0.121 + 0.0095 mg/mL respectively. FIG. 6B is a comparison
of the dose frequency effect on total plasma bilirubin levels in Gunn rats after Q2W and
Q4W injection (i.v.) of 0.5 mg/kg hUGT1A1-modRNA. Red arrows below the graph
indicate time points for modRNA treatment. FIG. 6C shows total bilirubin decay in naive
animals and Luciferase-treated Gunn rats. For naive group, blood was collected once a

week (n = 14).

DETAILED DESCRIPTION

Compositions and methods are described herein to treat or ameliorate a disease,
disorder or condition associated with a uridine diphosphate glucuronosyltransferase
family 1 (UGT1) deficiency, elevated unconjugated bilirubin, and elevated or deficient
levels of molecular markers associated with a UGT1 deficiency, comprising
administering to a subject a composition comprising a nucleic acid, e.g., a messenger
RNA molecule, e.g., modified or unmodified, encoding a UGT]1 polypeptide. As used
herein, the term “messenger RNA” (mRNA) refers to a polynucleotide that encodes a
polypeptide of interest and is capable of being translated to produce the encoded
polypeptide of interest in vitro, in vivo, in situ or ex vivo. As used herein, “disease” refers
to any deviation from the normal health of a subject and includes a state when disease
symptoms are present, as well as conditions in which a deviation has occurred, but
symptoms are not yet manifested (e.g., a predecease condition). As used herein,
“treatment” or “treat” refer to both therapeutic treatment and prophylactic or preventative
measures. Those in need of treatment include those having a disorder as well as those at
risk for a disease or disorder, or those in whom the disorder is to be prevented.

Provided herein are nucleic acid molecules, including modified nucleic acid
molecules, and methods of using the same. The nucleic acid molecules, including RNAs
such as mRNAs, can comprise, for example, one or more modifications that improve
properties of the molecule. Such improvements include, but are not limited to, increased
stability and/or clearance in tissues, improved receptor uptake and/or kinetics, improved
cellular access by the compositions, improved engagement with translational machinery,
improved mRNA half-life, increased translation efficiency, improved immune evasion,

improved protein production capacity, improved secretion efficiency, improved
5
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accessibility to circulation, improved protein half-life and/or modulation of a cell’s status,
improved function and/or improved activity.

The present disclosure provides compositions of nucleic acids capable of expressing
or regulating protein expression of UGT1 or a biologically active fragment thereof in a
target cell. Methods and processes of preparing and delivering such nucleic acid to a target
cell are also provided. Kits and devices for the design, preparation, manufacture and
formulation of such nucleic acids are also included in the instant disclosure.

The compositions provided herein are useful for treating a disease or disorder
associated with a deficiency of UGT1 activity, such as, for example, Crigler-Najjar
syndrome Type I (CN1). Crigler-Najjar syndrome is divided into two types. Type 1 (CN1)
is very severe, and affected individuals can die in childhood due to kernicterus, although
with proper treatment, they may survive longer. Type 2 (CN2) is less severe. People with
CN2 are less likely to develop kernicterus, and most affected individuals survive into
adulthood.

Preferred nucleic acids include, for example, polynucleotides, which further include,
for example, ribonucleic acids (RNAs), deoxyribonucleic acids (DNAs), threose nucleic
acids (TNAs; Yu, H. et al., Nat. Chem., 4:183-7, 2012), glycol nucleic acids (GNAs, for
reviews see Ueda, N. et al., J. Heterocyclic Chem., 8:827-9, 1971; Zhang, L. et al., J. Am.
Chem. Soc., 127:4174-5, 2005), peptide nucleic acids (PNAs, see Nielsen, P. e al., Science,
254:1497-500, 1991), locked nucleic acids (LNAs; Koshkin, A. et al., Tetrahedron,
54:3607-30, 1998), and other polynucleotides known in the art.

The nucleic acid molecule can be a messenger RNA (mRNA), e.g., a modified
mRNA (“modRNA), which encodes, for example, a UGT1 (e.g., encoded by the UGT1A1
gene) or a biologically active fragment thereof. The mRNA can be delivered into a target
cell, for example, to express a UGT1 or a biologically active fragment thereof. The mRNA
can be translated in vivo, in situ or ex vivo.

The mRNA can be administered to an animal, e.g., a mammal (such as a human), to
express a uridine diphosphate glucuronosyltransferase family 1 polypeptide or a biologically
active fragment thereof. The mRNA provided is capable, for example, of treating or
alleviating a symptom, a disease or a disorder associated with a deficiency of UGT1 activity,

such as, for example, CN1.
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RNA Structure

Modified mRNA molecules are described herein that provide for a therapeutic tool
for use in enzyme replacement therapy (ERT), e.g., for treating CN1 or a disease or
condition associated with UGT1 deficiency. The terms “modified” or “modification” as
used herein refer to an alteration of a nucleic acid residue that can be, for example,
incorporated into a polynucleotide, e.g., an mRNA molecule, that can then be used for a
therapeutic treatment. Modifications to an mRNA molecule can include, for example,
physical or chemical modifications to a base, such as, for example, the depletion of a base or
a chemical modification of a base, or sequence modifications to a nucleic acid sequence
relative to a reference nucleic acid sequence.

Described herein are compositions for modulating the expression of a UGT1 or a
biologically active fragment thereof in vitro or in vivo, e.g., in a target cell. The mRNA
molecule can, for example, replace, increase or promote expression of such a UGT1 or
biologically active fragment thereof. In some embodiments, the composition comprises an
artificially synthesized or isolated nature RNA molecule with or without a transfer vehicle.
An RNA molecule can comprise, for example, a sequential series of sequence elements,
wherein, for example, sequence C comprises a nucleic acid sequence encoding a UGT1 or a
biologically active fragment thereof. C may comprise, with or without a bridging linker
(such as a peptide linker comprising at least one amino acid residue), one or more 5' signal
sequence(s). A sequence B, upstream of C, can comprise an optional flanking region
comprising one or more complete or incomplete 5' untranslated region (UTR) sequences. A
sequence A, upstream of B, can comprise an optional 5' terminal cap. A sequence D,
downstream of C, can comprise an optional flanking region comprising one or more
complete or incomplete 3' UTR sequences. A sequence E, downstream of D, can comprise
an optional flanking region comprising a 3' tailing sequence. Bridging the 5' terminus of C
and the flanking sequence B is an optional first operational region. This first operational
region traditionally comprises a start codon. The operational region can also comprise, for
example, a translation initiation sequence or signal sequence. Bridging the 3' end of C and
the flanking region D is an optional second operational region. This second operational

region can comprise, for example, a stop codon. The operational can also comprise a
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translation termination sequence or signal sequence. Multiple, serial stop codons can also
be used. Sequence E can comprise a 3' tail sequence, e.g., a poly-A tail.

UTRs 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. Natural 5' UTRs help translation initiation, and they
comprise features such as, for example, Kozak sequences, which facilitate translation
initiation by the ribosome for many genes. Kozak sequences have the consensus
CCR(A/G)CCAUGQG, where R is a purine (adenine or guanine) three bases upstream of
the start codon (AUG), which is followed by another G.

3' UTRs are rich in adenosines and uridines. These AU-rich signatures are
particularly prevalent in genes with high rates of turnover. Based on their sequence
features and functional properties, the AU-rich elements (AREs) can be separated into
three classes- Class I AREs (such as those in c-Myc and MyoD) contain several dispersed
copies of an AUUUA motif within U-rich regions; Class Il AREs possess two or more
overlapping UUAUUUA(U/A)(U/A) nonamers (molecules containing this type of ARE
include GM-CSF and TNFa); Class III ARES are less well defined (these U-rich regions
do not contain an AUUUA motif, c-Jun and myogenin are two examples of this class).
Most proteins binding to the AREs destabilize the messenger, whereas members of the
ELAYV family, most notably HuR, increase the stability of mRNA. Engineering HuR
specific binding site(s) into the 3' UTR of the mRNA leads to HuR binding and thus,
stabilization of the mRNA.

Introduction, removal or modification of 3' UTR AREs can be used to modulate
the stability of mRNA. When engineering specific mRNA, one or more copies of an
ARE can be introduced to make such mRNA less stable and thereby curtail translation
and decrease production of the resultant protein. Likewise, AREs can be identified and
removed or mutated to increase the intracellular stability and thus increase translation and
production of the resultant protein.

The 5' cap structure of an mRNA is involved in nuclear export and mRNA
stability in the cell. The cap binds to Cap Binding Protein (CBP), which is responsible

for in vivo mRNA stability and translation competency through the interaction of CBP
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with poly-A binding protein to form the mature cyclic mRNA species. The cap further
assists the removal of 5' proximal introns during mRNA splicing. The mRNA molecules
of the instant disclosure may be 5' end capped to generate a 5'-ppp-5'-triphosphate
linkage. The linkage site is between a terminal guanosine cap residue and the 5'-terminal
transcribed sense nucleotide of the mRNA molecule. This 5'-guanylate cap may then be
methylated to generate an N'-methyl-guanylate residue. The ribose sugars of the
terminal and/or anteterminal transcribed nucleotides of the 5' end of the mRNA may
optionally also be 2'-O-methylated. 5'-decapping through hydrolysis and cleavage of the
guanylate cap structure may target a nucleic acid molecule, such as an mRNA molecule,
for degradation.

mRNA can be capped post-transcriptionally, for example, using enzymes to
generate more authentic 5' cap structures. As used herein, the phrase “more authentic”
refers to a feature that closely mirrors or mimics, either structurally or functionally, a
naturally occurring feature. That is, a “more authentic” feature is better representative of
physiological cellular function and/or structure as compared to synthetic features or
analogs. Non-limiting examples of more authentic 5' cap structures are those that, among
other things, have enhanced binding of CBPs, increased half-life, reduced susceptibility
to 5' endonucleases and/or reduced 5' decapping, as compared to synthetic 5' cap
structures. Recombinant Vaccinia virus capping enzyme and recombinant
2'-O-methyltransferase, for example, can create a canonical 5'-5'-triphosphate linkage
between the 5' terminal nucleotide of an mRNA and a guanine cap nucleotide wherein the
cap guanine contains an N7 methylation and the 5' terminal nucleotide of the mRNA
contains a 2'-O-methyl. Such a structure is termed the “Cap1” structure. This cap results
in a higher translational competency and cellular stability and a reduced activation of
cellular pro-inflammatory cytokines, as compared, for example, to other 5'-cap analog
structures. Because the mRNA of the instant disclosure may be capped
post-transcriptionally, and because this process is more efficient, nearly 100% of the
mRNA may be capped. This is in contrast to the ~80% capping rate when a cap analog is
linked to an mRNA in the course of an in vitro transcription reaction.

Cap analogs can be used to modify the 5' end of an mRNA molecule. Cap

analogs, synthetic cap analogs, chemical caps, chemical cap analogs, or structural or
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functional cap analogs, differ from natural 5' caps in their chemical structure, while still
retaining cap function. Cap analogs can be chemically or enzymatically synthesized
and/or linked to the mRNA, e.g., modRNA, described herein. The Anti-Reverse Cap
Analog (ARCA), for example, contains two guanines linked by a 5'-5'-triphosphate
group, wherein one guanine contains an N’ methyl group as well as a 3'-O-methyl group.
Another exemplary cap is mCAP, which is similar to ARCA but has a 2'-O-methyl group
on guanosine. Cap structures include, but are not limited to, 5' triphosphate cap (5’-ppp),
Guanosine-triphosphate Cap (5'-Gppp), 5' N'-methylguanosine-triphosphate Cap (5'
N'-MeGppp, 7TmGppp), 5' Adenylated cap (rApp), 7TmG(5”)ppp(5°)N, pN2p (cap 0),
TmG(5")ppp(S)NImpNp (cap 1), and 7TmG(5")-ppp(5)NImpN2mp (cap 2) (Konarska, M.
etal., Cell, 38:731-6, 1984, the entire contents of which are incorporated by reference).
A 5'terminal cap can further comprise a guanine analog. Useful guanine analogs
include, but are not limited to, inosine, Nl-methyl-guanosine, 2'-fluoro-guanosine,
7-deaza-guanosine, 8-oxo-guanosine, 2-amino-guanosine, LNA-guanosine and

2-azido-guanosine.

RNA sequence

Described herein are modRNA sequences encoding a UGT1 or a biologically
active fragment thereof, which is useful for, among other things, treating a disease or
disorder associated with a deficiency of UGT1 activity, such as, for example, CN1. As
used herein, a “biologically active fragment” refers to a portion of a molecule, e.g., a
gene, coding sequence, mRNA, polypeptide or protein, which has a desired length or
biological function. A biologically active fragment of a protein, for example, can be a
fragment of the full-length protein that retains one or more biological activities of the
protein. A biologically active fragment of an mRNA, for example, can be a fragment
that, when translated, expresses a biologically active protein fragment. A biologically
active mRNA fragment, furthermore, can comprise shortened versions of non-coding
sequences, e.g., regulatory sequences, UTRs, etc. In general, a fragment of an enzyme or
signaling molecule can be, for example, that portion(s) of the molecule that retains its
signaling or enzymatic activity. A fragment of a gene or coding sequence, for example,
can be that portion of the gene or coding sequence that produces an expression product
fragment. As used herein, “gene” is a term used to describe a genetic element that gives

10
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rise to expression products (e.g., pre-mRNA, mRNA, polypeptides etc.). A fragment
does not necessarily have to be defined functionally, as it can also refer to a portion of a
molecule that is not the whole molecule, but has some desired characteristic or length
(e.g., restriction fragments, amplification fragments, etc.).

Additional sequence modification, for example to the 3' UTR, include the
insertion of, for example, viral sequences such as the translation enhancer sequence of the
barley yellow dwarf virus (BYDV-PAYV), the Jaagsiekte sheep retrovirus (JSRV) and/or
the Enzootic nasal tumor virus (PCT Pub. No. W02012129648; herein incorporated by
reference in its entirety).

modRNA described herein can comprise an internal ribosome entry site (IRES).
IRESs play an important role in initiating protein synthesis in absence of the 5' cap
structure. An IRES can act as the sole ribosome binding site, or serve as one of multiple
ribosome binding sites of an mRNA. An mRNA containing more than one functional
ribosome binding site can encode several peptides or polypeptides that are translated
independently by the ribosomes (“multicistronic nucleic acid molecules”). A modRNA
can thus encode, for example, multiple portions or fragments of a UGT1 or a biologically
active fragment thereof. Examples of IRES sequences that can be used include IRESs
derived from, for example, picornaviruses (e.g., FMDV), pest viruses (CFFV), polio
viruses (PV), encephalomyocarditis viruses (ECMYV), foot-and-mouth disease viruses
(FMDYV), hepatitis C viruses (HCV), classical swine fever viruses (CSFV), murine
leukemia virus (MLV), simian immune deficiency viruses (SIV) and cricket paralysis
viruses (CrPV).

During RNA processing, a long chain of adenine nucleotides (poly-A tail) can be
added to the mRNA molecule. The process, called polyadenylation, adds a poly-A tail
that can be between, for example, about 100 and 250 residues long. In some
embodiments, unique poly-A tail lengths provide certain advantages to the mRNA of the
instant disclosure. Generally, the length of a poly-A tail is greater than 30 nucleotides in
length (e.g., at least or greater than about 30, 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 nucleotides). In

some embodiments, the mRNA comprises a poly-A tail of a length from about 30 to
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about 3,000 nucleotides (e.g., from 30 to 50, from 30 to 100, from 30 to 250, from 30 to
500, from 30 to 750, from 30 to 1,000, from 30 to 1,500, from 30 to 2,000, from 30 to
2,500, from 50 to 100, from 50 to 250, from 50 to 500, from 50 to 750, from 50 to 1,000
from 50 to 1,500, from 50 to 2,000, from 50 to 2,500, from 50 to 3,000, from 100 to 500,
from 100 to 750, from 100 to 1,000, from 100 to 1,500, from 100 to 2,000, from 100 to
2,500, from 100 to 3,000, from 500 to 750, from 500 to 1,000, from 500 to 1,500, from
500 to 2,000, from 500 to 2,500, from 500 to 3,000, from 1,000 to 1,500, from 1,000 to
2,000, from 1,000 to 2,500, from 1,000 to 3,000, from 1,500 to 2,000, from 1,500 to
2,500, from 1,500 to 3,000, from 2,000 to 3,000, from 2,000 to 2,500, and from 2,500 to

2

3,000). In some embodiments, the poly-A tail is designed relative to the length of the
overall mRNA. This design may be based on the length of the coding region, the length
of a particular feature or region (such as the first or flanking regions), or based on the
length of the ultimate product expressed from the mRNA. The poly-A tail can be, for
example, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100% greater in length than the rest of the
mRNA sequence. The poly-A tail can also be designed as a fraction of such mRNA.

mRNA can be linked together to the PABP (Poly-A binding protein) through the
3' end using modified nucleotides at the 3' terminus of the poly-A tail. In one
embodiment, mRNA can include a poly-A tail-G-quartet. The G-quartet is a cyclic
hydrogen bonded array of four guanine nucleotides that can be formed by G-rich
sequences in both DNA and RNA. In this embodiment, the G-quartet is incorporated at
the end of the poly-A tail.

Other RNA sequence modification elements and methods include a combination
of nucleotide modifications abrogating mRNA interaction with Toll-like receptor 3
(TLR3), TLR7, TLR8 and retinoid-inducible gene 1 (RIG-1), resulting in low
immunogenicity and higher stability in mice (Kormann, M. et al., Nat. Biotechnol.,

29:154-7, 2011, the content of which is incorporated by reference herein in its entirety).

UDP Glucuronosyltransferase Family 1
UGTT1AL1 is expressed from the UGT1A1 gene in humans. This gene encodes a
UDP glucuronosyltransferase, an enzyme of the glucuronidation pathway that transforms
small lipophilic molecules, such as steroids, bilirubin, hormones and drugs, into
water-soluble, excretable metabolites. This gene is part of a complex locus that encodes
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several UDP-glucuronosyltransferases. The locus includes thirteen unique alternate first

exons followed by four common exons. Four of the alternate first exons are considered

pseudogenes. Each of the remaining nine 5' exons may be spliced to the four common

exons, resulting in nine proteins with different N-termini and identical C-termini. Each

first exon encodes the substrate binding site, and is regulated by its own promoter. The

preferred substrate of this enzyme is bilirubin, although it also has moderate activity with

simple phenols, flavones, and C,5 steroids. Mutations in this gene result in Crigler-Najjar

syndromes types I and II and in Gilbert syndrome.

Exemplary UGT1 sequences are shown below (including UTRs, cDNAs for

ORFs and amino acid sequences from both human and rat). Modifications to the

sequences can occur as described herein, for example, by using modified or non-naturally

occurring uracil residues throughout the mRNA sequence.

hUGT1Al modRNA

mRNA Construct

Human WT UGT1Al with G5, Cl1 and T100

description

57 UTR GGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGAGCC
ACC (SEQ ID NO:1)

Corresponding ATGGCTGTGGAGTCCCAGGGCGGACGCCCACTTGTCCTGGGCCT

nucleotide sequence

GCTGCTGTGTGTGCTGGGCCCAGTGGTGTCCCATGCTGGGAAGA
TACTGTTGATCCCAGTGGATGGCAGCCACTGGCTGAGCATGCTT
GGGGCCATCCAGCAGCTGCAGCAGAGGGGACATGAAATAGTTGT
CCTAGCACCTGACGCCTCGTTGTACATCAGAGACGGAGCATTTT
ACACCTTGAAGACGTACCCTGTGCCATTCCAAAGGGAGGATGTG
ARAGAGTCTTTTGTTAGTCTCGGGCATAATGTTTTTGAGAATGA
TTCTTTCCTGCAGCGTGTGATCAAAACATACAAGAAAATAANARN
AGGACTCTGCTATGCTTTTGTCTGGCTGTTCCCACTTACTGCAC
AACAAGGAGCTCATGGCCTCCCTGGCAGARAGCAGCTTTGATGT
CATGCTGACGGACCCTTTCCTTCCTTGCAGCCCCATCGTGGCCC
AGTACCTGTCTCTGCCCACTGTATTCTTCTTGCATGCACTGCCA
TGCAGCCTGGAATTTGAGGCTACCCAGTGCCCCAACCCATTCTC
CTACGTGCCCAGGCCTCTCTCCTCTCATTCAGATCACATGACCT
TCCTGCAGCGGGTGAAGAACATGCTCATTGCCTTTTCACAGAAC
TTTCTGTGCGACGTGGTTTATTCCCCGTATGCAACCCTTGCCTC
AGAATTCCTTCAGAGAGAGGTGACTGTCCAGGACCTATTGAGCT
CTGCATCTGTCTGGCTGTTTAGAAGTGACTTTGTGAAGGATTAC
CCTAGGCCCATCATGCCCAATATGGTTTTTGTTGGTGGAATCAA
CTGCCTTCACCAAAATCCACTATCCCAGGAATTTGAAGCCTACA
TTAATGCTTCTGGAGAACATGGAATTGTGGTTTTCTCTTTGGGA
TCAATGGTCTCAGAAATTCCAGAGAAGAAAGCTATGGCAATTGC
TGATGCTTTGGGCAAAATCCCTCAGACAGTCCTGTGGCGGTACA
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CTGGAACCCGACCATCGAATCTTGCGAACAACACGATACTTGTT
AAGTGGCTACCCCAAAACGATCTGCTTGGTCACCCGATGACCCG
TGCCTTTATCACCCATGCTGGTTCCCATGGTGTTTATGAAAGCA
TATGCAATGGCGTTCCCATGGTGATGATGCCCTTGTTTGGTGAT
CAGATGGACAATGCAAAGCGCATGGAGACTAAGGGAGCTGGAGT
GACCCTGAATGTTCTGGAAATGACTTCTGAAGATTTAGAAAATG
CTCTAAAAGCAGTCATCAATGACAAAAGTTACAAGGAGAACATC
ATGCGCCTCTCCAGCCTTCACAAGGACCGCCCGGTGGAGCCGCT
GGACCTGGCCGTGTTCTGGGTGGAGTTTGTGATGAGGCACAAGG
GCGCGCCACACCTGCGCCCCGCAGCCCACGACCTCACCTGGTAC
CAGTACCATTCCTTGGACGTGATTGGTTTCCTCTTGGCCGTCGT
GCTGACAGTGGCCTTCATCACCTTTAAATGTTGTGCTTATGGCT
ACCGGAAATGCTTGGGGAAAARAAGGGCGAGTTAAGAAAGCCCAC
AAATCCAAGACCCAT (SEQ ID NO:2)

37 UTR

UGAUAAUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUG
GGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCC
GUGGUCUUUGAAUAAAGUCUGAGUGGGCGGC (SEQ ID

NO: 3)

Corresponding amino
acid sequence

MAVESQGGRPLVLGLLLCVLGPVVSHAGKILLIPVDGSHWLSML
GAIQQLOORGHEIVVLAPDASLYIRDGAFYTLKTYPVPFQREDV
KESEFVSLGHNVEFENDSFLORVIKTYKKIKKDSAMLLSGCSHLLH
NKELMASTAESSFDVMLTDPFLPCSPIVAQYLSLPTVFFLHALP
CSLEFEATQCPNPEFSYVPRPLSSHSDHMTEFLORVKNMLIAEFSQON
FLCDVVYSPYATLASEFLOREVTVODLLSSASVWLERSDEVKDY
PRPIMPNMVEVGGINCLHONPLSQEFEAYINASGEHGIVVESLG
SMVSEIPEKKAMATADALGKIPQTVLWRYTGTRPSNLANNTILV
KWLPONDLLGHPMTRAFITHAGSHGVYESICNGVPMVMMPLEGD
OMDNAKRMETKGAGVTLNVLEMTSEDLENATKAVINDKSYKENT
MRLSSLHKDRPVEPLDLAVFWVEEFVMRHKGAPHLRPAAHDLTWY
QYHSLDVIGFLLAVVLTVAFITFKCCAYGYRKCLGKKGRVKKAH
KSKTH (SEQ ID NO:4)

Play tail

100 nt

hUGT1A1-FLAG (C-terminal) modRNA

mRNA Construct
description

Human WT UGT1A1+FLAG tag at the C-terminal
with G5, Cl1 and T100

Corresponding
nucleotide sequence

ATGGCTGTGGAGTCCCAGGGCGGACGCCCACTTGTCCTGGGCCT
GCTGCTGTGTGTGCTGGGCCCAGTGGTGTCCCATGCTGGGAAGA
TACTGTTGATCCCAGTGGATGGCAGCCACTGGCTGAGCATGCTT
GGGGCCATCCAGCAGCTGCAGCAGAGGGGACATGAAATAGTTGT
CCTAGCACCTGACGCCTCGTTGTACATCAGAGACGGAGCATTTT
ACACCTTGAAGACGTACCCTGTGCCATTCCAAAGGGAGGATGTG
ARAGAGTCTTTTGTTAGTCTCGGGCATAATGTTTTTGAGAATGA
TTCTTTCCTGCAGCGTGTGATCAAAACATACAAGAAAATAANARN
AGGACTCTGCTATGCTTTTGTCTGGCTGTTCCCACTTACTGCAC
AACAAGGAGCTCATGGCCTCCCTGGCAGARAGCAGCTTTGATGT
CATGCTGACGGACCCTTTCCTTCCTTGCAGCCCCATCGTGGCCC
AGTACCTGTCTCTGCCCACTGTATTCTTCTTGCATGCACTGCCA
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TGCAGCCTGGAATTTGAGGCTACCCAGTGCCCCAACCCATTCTC
CTACGTGCCCAGGCCTCTCTCCTCTCATTCAGATCACATGACCT
TCCTGCAGCGGGTGAAGAACATGCTCATTGCCTTTTCACAGAAC
TTTCTGTGCGACGTGGTTTATTCCCCGTATGCAACCCTTGCCTC
AGAATTCCTTCAGAGAGAGGTGACTGTCCAGGACCTATTGAGCT
CTGCATCTGTCTGGCTGTTTAGAAGTGACTTTGTGAAGGATTAC
CCTAGGCCCATCATGCCCAATATGGTTTTTGTTGGTGGAATCAA
CTGCCTTCACCAAAATCCACTATCCCAGGAATTTGAAGCCTACA
TTAATGCTTCTGGAGAACATGGAATTGTGGTTTTCTCTTTGGGA
TCAATGGTCTCAGAAATTCCAGAGAAGAAAGCTATGGCAATTGC
TGATGCTTTGGGCAAAATCCCTCAGACAGTCCTGTGGCGGTACA
CTGGAACCCGACCATCGAATCTTGCGAACAACACGATACTTGTT
AAGTGGCTACCCCAAAACGATCTGCTTGGTCACCCGATGACCCG
TGCCTTTATCACCCATGCTGGTTCCCATGGTGTTTATGAAAGCA
TATGCAATGGCGTTCCCATGGTGATGATGCCCTTGTTTGGTGAT
CAGATGGACAATGCAAAGCGCATGGAGACTAAGGGAGCTGGAGT
GACCCTGAATGTTCTGGAAATGACTTCTGAAGATTTAGAAAATG
CTCTAAAAGCAGTCATCAATGACAAAAGTTACAAGGAGAACATC
ATGCGCCTCTCCAGCCTTCACAAGGACCGCCCGGTGGAGCCGCT
GGACCTGGCCGTGTTCTGGGTGGAGTTTGTGATGAGGCACAAGG
GCGCGCCACACCTGCGCCCCGCAGCCCACGACCTCACCTGGTAC
CAGTACCATTCCTTGGACGTGATTGGTTTCCTCTTGGCCGTCGT
GCTGACAGTGGCCTTCATCACCTTTAAATGTTGTGCTTATGGCT
ACCGGAAATGCTTGGGGAAAARAAGGGCGAGTTAAGAAAGCCCAC
AAATCCAAGACCCATGACTACAAAGACGATGACGACAAG (SEQ
ID NO:5)

Corresponding amino
acid sequence

MAVESQGGRPLVLGLLLCVLGPVVSHAGKILLIPVDGSHWLSML
GAIQQLOORGHEIVVLAPDASLYIRDGAFYTLKTYPVPFQREDV
KESEFVSLGHNVEFENDSFLORVIKTYKKIKKDSAMLLSGCSHLLH
NKELMASTAESSFDVMLTDPFLPCSPIVAQYLSLPTVFFLHALP
CSLEFEATQCPNPEFSYVPRPLSSHSDHMTEFLORVKNMLIAEFSQON
FLCDVVYSPYATLASEFLOREVTVODLLSSASVWLERSDEVKDY
PRPIMPNMVEVGGINCLHONPLSQEFEAYINASGEHGIVVESLG
SMVSEIPEKKAMATADALGKIPQTVLWRYTGTRPSNLANNTILV
KWLPONDLLGHPMTRAFITHAGSHGVYESICNGVPMVMMPLEGD
OMDNAKRMETKGAGVTLNVLEMTSEDLENATKAVINDKSYKENT
MRLSSLHKDRPVEPLDLAVFWVEEFVMRHKGAPHLRPAAHDLTWY
QYHSLDVIGFLLAVVLTVAFITFKCCAYGYRKCLGKKGRVKKAH
KSKTHDYKDDDDK (SEQ ID NO:6)

rUGT1Al1 modRNA

mRNA Construct
description

rat WT UGT1Al with G5, Cl and T100

Corresponding
nucleotide sequence

ATGTCCGTGGTGTGCCGGAGCTCATGTTCGCTTCTGCTTCTTCC
GTGCCTTCTGCTGTGTGTGTTGGGTCCCTCTGCGTCCCATGCTG
GGAAGCTGTTAGTGATCCCCATAGATGGCAGCCACTGGCTGAGT
ATGCTCGGAGTTATTCAGCAGCTCCAGCARAAAGGGGCACGAAGT
GGTGGTCATAGCACCTGAAGCTTCGATACACATAAAAGAAGGAT
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CATTTTACACTATGAGGAAGTACCCTGTGCCATTCCAAAATGAA
ARACGTGACAGCTGCTTTTGTGGAACTTGGGCGGAGTGTCTTTGA
TCAAGATCCTTTTCTGCTGCGTGTGGTTAAAACATACAACARAG
TCAAAAGGGACTCCAGTATGCTGCTGTCTGGCTGCTCCCACCTT
CTGCACAATGCCGAGTTTATGGCCTCTCTGGAACAAAGCCACTT
TGATGCTCTGCTGACAGACCCTTTCCTTCCGTGTGGCTCCATTG
TGGCCCAGTACCTGTCTCTGCC