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COMPOSITIONS AND METHODS FOR PRODUCING MOBDBIFIED
GLYCOPROTEINS

CROSS REFERENCE TO RELATED APPLICATIONS

1606061 This application claims the benefit of U.S. Provisional Application No.
61/510,437, filed July 21, 2011, and U.S. Provisional Application No. 61/617,322, filed March

29, 2012, cach of the foregoing applications 1s meorporated by refercnce in its entirety.
ACKGROUND OF THE INVENTION

(80062} Glycosylation 1s the enzymatic process that attaches glycans to proteins,
lipids, or other organic molecules. Glycosylation is a form of co-translational or post-
translational modification. Glycans serve a variety of structural and functional roles in

membrane and secreted

1606063] N-glycans are covalently attached to protein at asparagine residues (Asu;
particularty an Asp which occurs in the sequence Asn-Xaa-Ser/Thr/Cys, where Xaa represents
auny amino acid) by an N-glycosidic bond. Following attachment of the saccharide moiety,
further modifications may oceur i vive. Typically these modifications occur via an ordered

sequence of enzymatic reactions, known as a cascade,

18004} AH N-glyeans share a common core sugar sequence, Manai-6(Manal-
INManB1-4GIcNAcBI-4GIcNAcB - Asn-X-Ser/Thr/Cys], and are classified into three types: (1)
oligomannose, in which only mannose residues are attached to the core; (2) complex, in which
“antennae” initiated by N-acetylglucosaminyltransferases {GieNAcTs) are attached to the core;
and (3} hybrid, in which only mannose residues are attached to the Mangl-6 arm of the core and

ong or two anlennae are ou the Manal-3 arm.

160065] Complex N-glycauns often also coruprise galactose, fucose, and terminal sialic
acid residues. In humans, macleotide sugar precursors {e.g., UDP-N-acetylglucosamine, UDP-
N-acetylgalactosamine, CMP-N-acetyneurarmnic acid, UDP-galactose, GDP-fucose, efc.} are
generally synthesized in the cytosol and transported into the Golgi, where they are attached to
the core oligosaccharide by glycosyitransferases. See, e.g., Sommers and Hirschberg, 1981 J.
Cell Biol. 91(2): A406-A406; Sommers and Hirschberg 1982 1. Biol. Chem . 257(18): 811-817;

Perez and Hirschberg 1987 Methods in Enzymology 138: 709-715. Glycosyl transfer reactions
-1-
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typically vield a side product which is a nucleoside diphosphate or monophosphate. While
monophosphates can be directly exported i exchange for nucleoside triphosphate sugars by an
antiport mechanism, diphosphonucleosides {e.g., GDP) have to be cleaved by phosphatases
{e.g., GDPase) to yield nucleoside monophosphates and morganic phosphate prior to being

exported.

18006] Glycosyltransferases and manunosidases are located in the inner (luminal)
surface of the ER and Golgt apparatus, which provides a catalytic surface for sequential
processing of glycoproteins as they proceed through the ER and Golgi network., Asa
glycoprotein proceeds from synthesis 1o the ER to full mataration in the late Golgi or trans Golgi
Network (TGN}, it 18 sequentially exposed to different glycosidases, mannosidases and

glycosyitransterases such that a specific N-glycan structure may be synthesized.

{8007] The modification of serine or threonine residues on proteins by addition of a
GalNAc residue results in an O-linked oligosaccharide or O-glycan. O-glycan biosynthesis is
initiated by the addition of the monosaccharide GallNAc¢ (from UDP-GalNAc) to serine and
threonine residues catalyzed by a polypeptide GalNAc transferase (GalNAcT). Many O-glycans
are extended into long chains with variable termini that may be similar to the termini of N-
glycans, However, O-glycans are less branched than most N-glycans and are coramonly

biantennary structures.

16008 Many therapeutic proteins are glycosylated, including, for example,
interferons (IFNs}, ervthropoietin (EPCO}, tissue plasminogen activator (tPA), antithrombin,
granulocyte-macrophage colony stimulating factor (GM-CSF), and therapeutic monocional
antibodies. The structures of N-glycans can affect therapeutic efficacies of glycoproteins in
many ways, such as pharmacokinetics (e.g., half life), physical stability, protein folding,
solubility, susceptibility to proteases, trafficking, transport, compartmentalization, secretion,
recognition by other proteins or factors, or immunogenicily. See, e.g., Jenkins ot al. (1996)

Nature Biotechnololy, 14:975-981; Ghaderi et al. (2010} Nantwre Biotechnololy, 28:863-867.

{8009] For many antibodies, the N-glycosylation status of the Fe region of the
antibody heavy chain (H-chain) plays an imporiant role in antibody dependent dell mediated

cytotoxicity (ADCC) and complement dependent cytotoxicity (CDC). The structure and extent
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of heterogeneity of these N-glycans are among the considerations in selecting a protein

expression platform for a therapeutic antibody.

160610} Accordingly, there 1s a need for improved methods for making glycoproteius,

and for therapeutic glycoproteins that contain glycans that provide improved properties,
SUMMARY OF THE INVENTION

8011} The invention generally relates to compositions and methods for producing
glycoproteins that have alter glyvean structure and improved properties. The glycoproteins are
produced by modifying the glycosylation pathways in a host cell using an RNA effector
molecule, such as an siRNA. Glycan-modified proteins produced using the methods described
herein have inproved properties, such as improved effector activity, improved pharmacokivetic

properties, reduced immunogenicity in humans and the like.
BRIEF DESCRIPTION OF THE FIGURES

18612} Figure | shows examples of GO, G, and G2 N-glycans. In this figure, the
glycans are fucosylated.

{8013} Figure 2 provides a schematic iltustration of the glycosvylation pathway in

CHO cells,

{8314 Figure 3 provides a schematic illustration of fucosylation pathway in CHO

cells,

[8015] Figure 4 shows the growth curve and cell viability of an exemplary 3L

bioreactor. siRNA dosiug days are indicated by the blue arrows,

[6616] Figure 5 shows the qPCR results that confirmed both Fut8 and GMD
stiencing over the time course of the bioreactor. Arrows indicate siRNA dosing days. RNAi-
treated sample mRNA levels were normalized to the mRNA levels i the untreated control

bioreactor,

180171 Figare 6 shows the detection of the conversion of fucosylated glycans to their

a~-fucosylated forms by CE-LIF. RNAi-treated antibody sarples are indicated 1n light blue and
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the untreated control antibody samples in dark blue. The structures of the indicated glycoforms

are represented below the graph. Each autibody sample was analyzed four times by CE-LIF.

[6018] Figure 7 shows the detection of the conversion of fucosylated glycans to their
a-fucosylated forms by LC-MS. RNAi-treated antibody samples are indicated in light blue and
the unireated control antibody samples in dark blue. The siructures of the indicated glveoforms

are represented below the graph. Hach antibody sample was analyzed three times by LC-MS.

[8019] Figure 8 shows that RNAi-treated CD20 antibody has improved FeyRila
binding affinity and capacity. Aun approximate two-fold improvement in both affintty and
binding capacity was observed with the a-fucosylated CD20 antibody {square) compared to the
non-RINAI treated control (triangle) and to rituximab {(inverted triangle; Mabthera). The CD20
control antibody and rituximab (a commercially available anti-CDZ20 antibody) had sinular
FeyRlilla characteristics. Figure to the right of the curve is a schematic representation of the

ELISA with expected results. Labels are indicated in figure.

18026] Figure 9 shows that RNA-treated CD20 antibody has improved ADCC
activity. An approximate three-fold improvement in specific cell lysis was observed with the a-
fucosylated CD20 antibody {square) compared to the nou-RNAI treated control (triavgle) and
approximately a two-fold improvement over rituximab {(inverted triangic; Mabthera). The CD20
control antibody and rituximab (a commercially available anti-CD20 antibody) had similar
ADCC activity. Figure to the right of the curve is a schematic representation of the ADCC.

Labels are indicated in figure,
DETAILED DESCRIPTION OF THE INVENTION
i. OVERVIEW

{8021 As described herein, glycoproteins that have altered glycan structures can be
produced on a commercial scale by transiently reducing the expression of target genes that
encode enzymes or transporters that are involved in glycosylation pathways. Transient
reduction of target genes in commercial scale bioreactors cau be accomplished using RNA
effector molecules, such as an siRNA. Glycoproteins produced in this way have improved
properties.  For example, as described and exemplified herein, siRNAs were used to transiently

reduce the expression of enzymes and/or transporters that are involved in the fucosylation

-4 -
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pathway in CHO cells. Significantly higher amount of afucosylated monoclonal antibodies were
produced upon addition of siIRNAs to the cell enlture, and the afucosylated antibodies showed

improved ADCC activity as compared to the corresponding fucosylated antibodies.

10022] RINA effectors, such as siRNAs, can also be used to reduce the expression
ievels of enzymes or transporters that are imvolved in the production of tmmunogenic epitopes
on glycans. Examples of epitopes on glycans that are immunogenic in humans inchade, e.g., N-
glycans that comprise a N-glycolylncuraminic acid (NeuSGe) residue, and the aGal epttope
{galactose-alpha(l,3)-galactose-beta(1,4)N-acetylghucosamine-R; or Gal-a{1,3}-Gal-B(1,4)-
GleNAc-R; where R 1s the glycan-protein structure), Epitopes on glycans that are ymrounogenic
in humans are often present on glycoproteins that are produced in non-human host cells, such as
CHO celis. Glycoproteins that lack NeuSGe or aGal epitope can reduce the likelthood of
adverse immune responses (such as anaphylactic responses) when a glycoprotein is admimstered
to a human patient, and facilitate the clinical application of many therapeutic glycoproteins.
Reducing immunogenicily can also preserve efficacy and potency of the glycoprotein, especially

when the glycoprotein 1s intended for repeated (e.g., chronic) use.

{8023] The serum half life of glycoproteins is also influenced by the composition and
structure of 1ts N-glycans, and RNA effectors, such as siRNAs, can also be used to improve
pharmacokinetic properties of glycoproteins. In general, maximal serum half life of a
glycoprotein requires that its N-glycans terminate with a sialic acid cap {¢.g., N-
acetylueuraminic acid (NeuSAc)). RNA effectors can be used to transiently reduce the
expression of sialidases, which remove the terminal sialic acid {¢.g., Neu5Ac) cap from
glycoprotein-glycans, thereby stabilizing the caped glycan and promoting a longer serur half
iife. By reducing the hydrolysis of terminal sialic acid from N-linked N-glycans, therapeutic

ctficacics of glycoproteins can be improved.

[0024] Accordingly, i one aspect, the invention provides glycan-modified
antibodies, or fusion proteins that comprise an Fe domain of an antibody, that have improved

effector activities (such as ADCC),

18023} In another aspect, the invention provides glycan-modified glycoproteins that

have reduced immunogenicity in humans.
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[8026] In another aspect, the invention provides glycan-modified glycoproteins that

have an increased serum half' life,

180627} A single species of RNA effector muolecule can be used to reduce the
expression of a single gene that encodes a protein involved n a desired glycosylation reaction.
Alternatively, two or more different species of RNA effector molecules may be used, to reduce
expression of two or more genes that encode a proteins involved in a desired glycosylation

reaction{s}.

18028} The glycan-modified glycoproteins described herein can be formulated into a
pharmaceutical formulation that is saitable for in vive admimistration. The invention also relates
to the use of the glycoproteins described herein, or pharmaceutical compositions comprising the
glycoproteins, 1u therapy, and to the use of the glycoproteins, or pharmaceutical corupositions

comprising the glycoproteins, for the manufacture of @ medicament for use in therapy.

10029] Also provided are methods for producing glycan-modified glycoproteins, by

ireating a large scale host cell culture with RNA effector molecules.

2. DEFINITIONS
[6038] The term “about”, as used here, refors to +/- 10% of a value.
9031} The term “antibody” covers fully assembled imumunoglobulins that coraprise

two heavy chains and two hight chains {e.g., human, humanized, chimeric antibodies), as well as
an antigen-binding fragment of an antibody {(e.g., Fab, Fab', F{(ab"}2, Fv, scFv, single domain

auntibody) that may contain natoral or introduced glycosylation site{s).

s

3 6%

180321 The terms “complementary,” “tully corplementary” and “substantially
complementary” are used herein to describe the base matching between the sense strand and the
antisense strand of a double-stranded RNA (dsRNAJ, or between the antisense strand of a RNA
effector molecule and a target sequence. A nuclestide sequence 18 “fully complementary™ to
another nucleotide sequence when there are no mismatched base pairs across the length of the
shorter sequence. A nucleotide sequence is “substantially complementary™ to another nuclectide
sequence when there are no more than 20% of the mismatched base pairs across the length of the
shorter sequence {e.g., no more than 5, 4, 3, 2, or 1 mismatched base pair(s} upon hybridization

for a duplex up to 30 base pairs). Where two oligonucleotides are designed to form, upon
-6 -
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hybridization, onc or more single-stranded overhangs, such overhangs shall not be regarded as
mismatches with regard to the determination of complementanity. For example, a dsRNA
comprising one oligonucieotide 21 nucleotides in length and another oligonuclectide 23
nucleotides 1o length, wherein the longer oligonucleotide comprises a sequence of 21
nucleotides that is fully complementary to the shorter oligonucleotide, can yet be referred to as

“fully complementary.”

18033} The term “Fe domain” refers to the Fe region of an antibody, 1.e., the
antibody fragment that comprises the heavy-chain constant region 2 (Cp2} and the heavy-chain
constant region (Cy3) of an IgA, IgD, and 1gG, and heavy-chain constant regions 2, 3, and 4
{(Cu2-Ci3-Cpd) of Igl and IgM. Typically, the Fe region of an antibody comprises a dimer of
two Ci2-Cy3 (or Cy2-Cy3-Cpd) chains. The Fe region does not include the variable regions of
the heavy and light chains, the heavy-chain constant region 1 (Crl), and the hight-chain constant
region 1 {C; 1) of the immunoglobulin. An Fc domain may further inclade the hinge region at
the heavy-chain constant region. The term “Fc domain” also compasses fragments of the Fe

region of an antibody, such as the CH» domain, or the Cp3 domain.

19034] The tern "fusion polypeptide” refers 1o a single polypeptide in which the
amino acid sequence 1s dertved from at least two difterent naturally occurring proteins or

polypeptide chains.

16035] The term “glycoform” of a protein refers to a protein comprising a particular
glycan structure or structures. It is recognized that a glycoprotein having more than one
glycosylation site can have the same glycan species attached to each glycosylation site, or can
have different glycan species attached to different glycosylation sites. In this manner, different

patterns of glycan attachment yield different glycotorms of a glycoprotein,

8036} A “GU glveoform” refers to a ghyeoform in which the N-glycan has the core
structure of GleNAco:MansGleNAc,, wherein no terminal galactose (Gal) residue s attached to
cither the two mannose arms, A “Gl glycoform” or “G 1 glycotorm™ refers to a glycoform in
which the N-glyean has the core structure of GleNAc,Man;GlcNAc,, wherein one terminal
galactose (Gal) residue 1s attached to one of the mannose arms, A “G2 glycoform” refers o a

glycoform in which the N-glycan has the core structure of GleNAc,Man;GleNAc,, wherein one
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terminal galactose (Gal) residuc is attached to cach of two mannose arms. Examples of GO, G1

{17}, and G2 N-glycans are shown in Figure 1.

1606371 The “imrounogenicity” of a molecule refers to the ability of the molecule to
induce a response by the immune system. The immune response may be a cell or antibody-
rediated response. Iromunogenicity may be determined by use of any suitable method known
in the art, e.g. in vivo or n vitro immunogenicity test that quantifying the presence of antigen-
specific antibodies or T-cells, The term “reduced immunogenicity”, when referring to
composition, means that the composition gives rise to a measurably lower immune response
than a reference composttion, as determined under comparable conditions. Reduced
immunogenicity can be demonstrated by showing, e.g., decreased amount of an imunogenic
epitope {e.g., an o-Gal epitope) that is present in the composition; decreased binding affinity for
an antibody; or lower antibody titers induced by the composition; as compared to a reference
composition, determined under comparable conditions. The refereuce composition may be a

commercially available product (such as Rituximab, Cetuximab, Trastuzumab, Abatacept etc.).

100381 A “large scale culture” refers to a culture that s at least about a 10 liter in
size, {e.g., a volume of at least about 101, least about 201, least about 30L, least about 401, at
icast about 501, least about 601, least about 70L, least about 80L, least about 901, at least about
100L, least about 1501, least about 2001, at lcast about 2501, least about 300L, least about
4001, at least about 5001, least about 6001, least about 700L., least about R8O0GL, least about
900L, at least about 1000 L, at least about 2000 L, at least about 3000 L, at least about 4000 L,
at least about 5000 L, at least about 6000 L, at least about 10,000 L, at least about 15,000 L, at
icast about 20,000 L, at least about 25,000 L, at least about 30,000 L, at least about 35,600 L, at
icast about 40,000 L, at least about 45,000 L, at least about 58,000 1, at least about 55,000 L, at
least about 60,000 L, at least about 65,000 L, at least about 70,000 L, at least about 75,000 L, at
least about 80,000 L, at least about 85,000 L, at least about 90,000 L, at least about 95,000 L, at
icast about 100,000 L, etc.).

[8039] The expression of the target gene in a host cell is “transiently” reduced by an
RNA effector molecule when the RNA effector molecule reduces the expression level of the
target gene for a defined period of time {e.g., at least about 24 hours, at least about 48 hours, at

icast about 72 hours, at least about 96 hours, ctc), but the reduction in the expression level 1s not

-8
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permanent. In other words, the RNA effector, or a nucleic acid construct encoding the RNA

effector, does not integrate 1uto the genome of the host cell.
3. GLYCAN-MODIFIED PROTEINS

160640] In one aspect, the invention provides glycan-modified proteins that have
improved effector activity, improved pharmacokinetic properties, or reduced immunogenicity in
humans, “Glycan-modified” or “glyean modification” refer to a change in the glycan structure
of a glycoprotein produced by a host cell in the presence of an RNA effector molecule that
iransiently reduces the expression of a target gene that encodes an enzyme or a transporier
protein that is involved in a glycosylation pathway, as compared the glycan structare of the
glycoprotein produced by the host cell under substantially the same conditions but in the

absence of the RNA effecior.

A Glyvean-Modified Proteins That Have Improved Effector Activily
18041} In one aspect, the invention provides glycan-modified antibodies, or fusion

proteins that comprise the Fe domain of an antibody {Fe-fusion proteins), that have improved
effector activity. For example, the invention provides a coraposition comprising an antibody or
a fusion protein that comprises the Fc domain of an antibody, wheretn the composition is
characterized by: (a) at lcast about 70% of the antibody molecules, or the fusion protein
molecules, comprise a complex N-glyean; and (b} about 20% to about 100% of the N-glycans
are atucosyl glycans. Preferably, about 25% to about 100%, about 30% to about 100% , about

35% to about 100% , about 40% to about 100%, about 45% to about 100%, or about 50% to

about 100% of the N-glycans are afucosy! glycans,

16042} In certain embodiment, the composition comprises an antibody. The
auntibodies described herein are preferably monoclonal antibodies. The antibodies can be
monospecific, or polyspecific {e.g., bispecific). The anttbodies can be from any species, but

preferably are humanized, human, or chimerie, all of which are well-known in the art.

[8043] In other embodiments, composttion comprises a fusion protein that comprises
the Fc domain of an antibody. For example, the Fc domain may be fused with an enzyme, a
toxin, a ligand (e.g., a growth factor), a cvtokine (e.g., 2 chemokine), etc. The Fe fusion proteins

may optionally comprise a linker.
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{8044 Preferably, the N-glycan is linked to the Fc domain of the antibody or the Fe-
fusion protein. Naturally~occurring antibody molecules have conserved N-linked glyvcosylation
at the Fc region of each of the two heavy chains. For example, an IgG molecule contains an N-
iinked glycan covalently attached at the conserved Asn297 (Kabat numbering) in each of the
CHZ domains in the Feregion. The glveans found in the Fe region of serum 1gGs are mostly
biantcunary complex glyeans, Variations of IgG glycosylation patterns include attachment of
terminal sialic acid, a third GleNAc arm (bisecting GlcNAc), terminal galactosylation, and o-
1,6~-linked core fucosylation. The N-glycans can contain zero (G0}, one (Gl and G17), or two
(G2} galactoses (see Figure | for examples of GO, G1, and G2 glycans). The exact pattern of
glycosylation depends on the structural properties of Ig(G subcomponents, in particular, Cy2 and

{3 domains (see, ¢.g., Lund et al. (2000) Eur. J. Biochem., 267:7246-7257).

[6045] In addition, about 15%-20% polyclonal IgG molecules bear N-linked glycans
in the variable regions of the light and/or heavy chains. There N-linked glycans are attached at
the Asn residue of the consensus motif Asn-Xaa-Ser/Th/Cys, where Xaa represents any amino
acid). The glycans in the Fab region of serum IgGs are mostly bantennary oligosaccharides that
are extensively galactosylated, fucosylated, and substantially sialylated. See, e.g., Gary Walsh
{ed.), Post-translational Modification of Protein Biopharmaceuticals, Wiley-VCH, st edition
(2009), Chapter 4, Antibodies. For example, Cetuximab {Erbitux®) contains an N-glycan at
Asn 99 of the VH region. N-glycosylation at the Fab region can mflucnce antigen binding

affinity of the antibody.

[8046] The compositions described herein may comprise a mixture of glycosylated
and aglycosylated antibodies, or Fe-fusion proteins. Preferably, at least about 50%, and
preferably, at feast about 70% of antibody molecules, or Fe-fusion proteius, comprise a complex
N-glycan, For example, at least about 50%, at least about 55%, at least about 60%, at least
about 65%, at least about 70%, at least about 75%, or at least about 80% of the antibody
molecules, or Foe-fusion proteins, comprise a complex N-glycan. Preferably, the N-glycan is

linked to the Fe domain of the antibody or the Fe-fusion protein.

100471 The Fe domain of the antibodies or Fe-fusion proteins described herein can be
a naturally occurring Fe region of an antibody, which may optionally include the hinge region.
Alternatively, the Fc domain can a truncated form of a naturally occurring Fe region {e.g., T2
domain only}; a fusion form that comprising a naturally ocowrring Fe region fused with a

- 10 -
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heterologous sequence; a mutated form of a naturally occurring Fe domain (e.g., a Fc region
having amino acid substitution(s}, addition{s), or deletion(s)}}; or a combination thercot. For
example, Fc variants T256A, K290A, S298A, H333A, K334A, A339T have been described as
having enhanced ADCC activity as compared to naturally occurring Fe sequences (see, e.g.,
Shields et al. (2001} J, Biol Chem., 276:6591-6604). Additional nmitation variants of Fe regions
are disclosed in U.S. Patent Application No. 2004/0228856,

08048} The Fe domain can be derived from the Fe region of 1gG, 1gA, IgD, IgE and
1gM (including various isotypes, such as, 1gGl, 1gG2, 1gG3, 1G4, IgAl, 1gAZ ete). Preferably,

the Fc domain is derived from IgGl

[6049] As described herein, reducing or inhibiting N-glycan fucosylation of
antibodies, or Fe-fusion proteins, can enhance the antibody dependent cell-mediated cytotoxicity
(ADCC). ADCC typically involves the activation of natural killer (NK) celis and 1s dependent
on the recoguition of antibody-coated cells by Fe receptors, most commonty CD 16 (FeyRIID) ou
the surface of the NK cell. Binding of the Fe domain to Fe recepiors on the NK cells 1s affected
by the glycosylation state of the Fc domain. In addition, the type of the N-glycan at the Fe
domain also affects ADCC activity., Therefore, for an autibody composition, or a Fe-fusion
protein composition, increasing the relative amount of afucosyl N-glycans can increase the

binding affinity for an FeyRIU, or ADCC activity, of the composition.

19050} The N-glycosylated antibodies, or Fe-fusion proteins, as described herein,
may comprise a mixture of fucosylated and afucosylated molecules, For example, from about
20% to about 100%, preferably, from about 40% to about 80% of the glycans are afucosyl
glycans. For example, from about 20% to about 100%, from about 25% to about 100%, from
about 30% to about 10096, from abowt 35% to about 100%, from about 40% to about 100%,
from about 45% to about 100%, or from about 20% to about 100% of the N-glycans are afucosyl
glycans, It is not vequired that all, or substantially all, of the N-glycosylated antibodies, or Fe-
fusion proteins arc afucosylated. In fact, as shown in Example 1, significant enhancement in
ADCC activity of a monoclonal antibody that binds to CD20 was achieve when about 48% of

the N-glycans were afucosvlated.

{8051 The anttbody composition, or Fe-fusion protein composition described herein

may comprise a mixture of GO, GI, G1’and G2 glycoforms {e.g., at the Fe-linked N-glycan).
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For example, from about (56 to about 70%, from about 0% to about 65%, from about 0% to
about 60%, {rom about 0% to about 5539, from about 8% to about 50%, from about (% to about
45%, trom about 0% to about 40%, from about 0% to about 35%, from about 0% to about 3094,
of the N-glycans may be GO glycans. Altervatively or i addition, from about 0% to about 70%
from about 0% to about 65%, from about 0% to about 60%, from about 0% to about 55%, from
about 0% to about 50%, from about 0% to about 45%, from about (% to about 40%, from about
3% to about 35%, from about 8% to about 30%, of the N-glycans may be G1 and G1’ glycans.
Alternatively or in addition, from about 0% to about 70%, from about 0% to about 65%, from
about 0% to about 60%, from about 0% to about 55%, from about 0% to about 50%, from about
0% 1o about 45%, from about 0% to about 40%, from about 0% to about 35%, from about 0% 1o
about 30%, of the N-glycans may be G2 glycans, The N-glycans of the autibody composition,
or Fe-fusion protein composition may also be any combination of the GO, G1, G1°, G2 profiles

described above.

{88521 Preferably, from about 20% to about 100%, such as from about 25% to about
100%, from about 2(3% to about 100%, from about 40% to about 100%, from about 20% to
about 95%, {from about 20% 1o about 90%, from about 209 to about 85%, from about 20%

about 80%, from about 25% to about 95%, from about 30% to about 90%, from about 35% to

about 83%, or from about 40% to about 0%, of the GO N-glycans are atucosyl GO glycans.

[0053] Alternatively or in addition, from about (0% to about 100%, such as from
about 1% to about 90%, from about 1% to about 80%, from about 1% to about 78%, from about
1% to about 60%, from about 1% to about 55%, from about 1% to about 50%, from about 1% to
about 45%, from about 1% to about 40%, from about 35%, of the G1 and G117 N-glycans are

afucosyl G1 and G’ glycans.

10654] Alternatively or in addition, from about 0% to about 100%, such as from
about 196 to about 90%, from about 1% to about 80%, from about 1% to about 70%, from about
1% to about 60%, from about 1% to about 55%, from about 1% to about 53(%, from about 1% to
about 45%, from about 1% to about 40%, from about 35%, of the G2 N-glveans arc afucosyl G2

glycans,

[8055] The afucosyl N-glycans of the antibody composition, or Fe-fusion protein

composition may also be any combination of the GO, G1, GU’, G2 profiles described above,
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18056} The glycan structure of the antibodics or Fe-fusion proteins described herein
can be determined using art-known methods for analyzing glyean structures of glycoproteius, as

described below,

[B057] Antibodies or Fe-fusion proteins having improved ADCC activity are useful
for treating or preventing various diseases including cancers, inflaromatory diseases, tvurune
discases such as autoimmune diseases, allergies and the like, circulatory organ diseases {(e.g.,
artertosclerosisy and viral or bacterial infections. Preferably, the antibody or Fe-fusion protein
binds to a cell-surface molecule, or a cell-surface associated molecule, such as a transmembrane
receptor, If desired, the antibody or Fe-fusion protein may bind to a soluble molecule that can
associate with the cell surface, for example, with a cell-surface molecule, such as a ligand that

binds to a transmembrane receptor.

{8058 Examples of the antibody which recognizes a tumor-related antigen include
anti-GD2 antibody (Ohta et al,, Anticancer Res,, 13, 331-336, 1993}, anti-GD3 antibody (Ohta
et al., Cancer Immunol. Immunother., 36, 260-266, 1993}, anti-GM2 antibody (Nakamura et al.,
Cancer Res,, 54, 1511-1516, 1994}, anti-HERZ2 antibody (Carter et al,, Proc. Natl. Acad, Sc1,
USA, 89, 4285-4289, 1992}, anti-C352 antibody (Carter et al., Proc. Natl, Acad. Sci. USA, 9,
4285-4289, 1992}, anti-MAGE antibody (Jungbluth et al., British J, Cancer, 83, 493-497, 2000),
anti-HM 124 antibody (Uno et al., Molecular Immunol, 36, 387-393, 1999}, anti-parathyroid
hormone-related protein (PTHrP) antibody (Ogata et al,, Cancer, 88, 2909-2911, 2000), anti-
basic {ibroblast growth factor antibody and anti-FGFR antibody (Matsuzaki et al., Proc. Natl,
Acad. Sci, USA, 86, 9911-9915, 1989), anti-basic fibroblast growth factor receptor antibody and
anti-FGFR receptor antibody (Kuo et al,, 1. Biol. Chem,, 265, 16455-16463, 1990), anti-insulin-
itke growth factor antibody (Yao ¢t al,, J. Neurosci. Res., 40, 647-659, 1995), anti-insulin-like
growth factor receptor antibody (Yao et al,, I, Neurosci. Res,, 40, 647-659, 1995), anti-PMSA
antibody {(Murphy et al., J. Urology, 160, 2396-2401, 1998}, anti-vascular endothelial cell
growth factor antibody (Presta et al,, Cancer Res., 57, 4593-4599, 1997), anti-vascular
endothelial cell growth factor receptor antibody (Kanno et al., Oncogene, 19, 2138-2146, 2000)

and the like.

[8059] Examples of the antibody which recognizes an allergy- or inflarnmation-
related antigen include anti-interleukin 6 antibody (Abrams et al,, Immunol. Rev,, 121, 5-24,
1992}, anti-intericukin 6 receptor antibody (Sato et al., Molecular Immumnol,, 31, 371-381, 1994),
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anti-interleukin 5 antibody (Abrams et al., Imnunol. Rev,, 127, 5-24, 1992), anti-interleukin 5
receptor antibody and anti-interleukin 4 antibody (Biord et al., Cytokine, 3, 562-367, 1991},
anti-tumor necrosis factor antibody (Tempest et al., Hybridoma, 13, 183-190, 1994}, anti-tumor
necrosis factor receptor anttbody (Amrani et al., Molecular Pharmacol., 58, 237-245, 20303,
anti-CCR4 antibody (Campbell et al., Nature, 400, 776-780, 1999), anti-chemokine antibody
(Pert et al., J, Immauno, Meth., 174, 249-257, 1994}, anti-chemokine receptor antibody (Wu et
al., J. Exp. Med., 186, 1373-1381, 1997} and the like. Examples of the antibody which
recognizes a circulatory organ discase-related antigen include anti-Gplib/Ha antibody (Co et al.,
J. Immunol., 152, 2968-2976, 1994}, anti-platelet-derived growth factor antibody (Ferns et al,,
Science, 253, 1129-1132, 1991}, anti-platelet-derived growth factor receptor antibody (Shulman
et al., J. Biol. Chem., 272, 17400-17404, 1997} and anti-blood coagulation factor antibody (Peter
et al., Circulation, 101, 1158-1164, 2000) and the like.

[6060] Examples of the antibody which recognizes a viral or bactenial infection-
related antigen include anti-gp 120 antibody (Tugarinov et al,, Structure, 8, 385-3935, 2000}, anti-
CD4 antibody (Schulze-Koops et al., J. Rheumatology, 25, 2065-2076, 1998}, anti-CCR4
antibody and anti-Vero toxin antibody (Karnah et al,, J, Chin, Microbiol,, 3, 396-399, 1999} and

the like.

8061 Several therapeutic antibodies and Fe fusion proteins are commercially
availabie, such as antibodics that bind to VEGF (¢.g., Bevacizumab (Avastin}), EGFR (¢.g.,
Cetwamab (Exbitux®)), HER2 {(e.g., Trastuzuroab (Herceptin®)), and CD20 {e.g., Rituximab
(Rituxan®}}), and Fe-fusion proteins that bind to TNFa {¢.g., Etanecept {(Enbrel), which
comprises the receptor-binding domain of a TNF receptor {(p75)), CD2 (e.g., Alefacept
{Amevive), which contains the CD2-binding domain of LFA-3}, or B7 {(Abatacept {Orencia®},

which comprises the B7-binding domain of CTLA4).

[6062] All of the antibodies above can be moditied according to the invention to

improve ADCC activities.
{1},  Glycap-modified anti-CD20 antibodies

{8063 In one aspect, the invention provides a composition comprising an antibody

that binds to CD20, wherein the composttion is characterized by: (a) at least about 70% ot the
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antibody molecules comprise a complex N-ghycan {e.g., linked to the Fc domain of the

antibody}); and (b) about 40% to about 100% of the N-glycaus are afucosylated.

16064] CD20 1s a transmembrane protein with a molecular weight of approximately
35 kD located on pre-B and mature B lymiphocytes (Valentine ot al. (1989) J. Biol. Chem.
264(19311282-11287; and Einfield et al. (1988) EMBO 1. 7(3%:311-717). D20 1s found on the
surface of greater than 90% of B cells from peripheral blood or lymphoid organs and is
expressed during carly pre-B cell development and remains until plasma cell differentiation.
Although CD20 is expressed on normal B cells, this surface antigen is usually expressed at very
high levels on neoplastic B cells, More than 90% of B-cell lvmphomas and chronic lymaphocytic
ieukemias, and about 30% of pre-B-cell acute lymphoblastic leukemias express this surface
antigen. D20 is not found on hematopoietic stem cells, pro-B cells, normal plasma cells, or

other normal tissue {Tedder et al. (1985} I, Tmmunol, 135(2):973-979).

16065] CI329 1s expressed by mahiguant cells of B-cell origin, mcluding B-cell
iymphoma and chronic lymphocytic leukemia (CLL}. CD20 is not expressed by malignancies
of pre-B-cells, such as acute lymphoblastic loukemia. CD20 1s therefore a good target for
therapy of B-cell tymphoma, CLL, and other diseases in which B-cells are involved in the
disease ctiology. Other B-cell disorders include autoimmunc diseases in which auto-antibodics

are produced during the differentiation of B-cells into plasma cells.

16066] In addition, 320 has also been targeted by radiotmrounotherapeutic agents
to treat B-cell related discases. One treatment consists of anti-CD20 antibodies prepared in the
form of radionuclides for treating B-cell Iymphoma (e.g., P -labeled anti-CD20 antibody), as

83 ~ . . . P
well as a *’Sr-labeled form for the palliation of bone pain caused by prostate and breast cancer

metastases {Endo, Gan To Kagaku Ryoho 1999, 26: 7T44-748).
18067} Rituximab (Rituxan®) is a commercially available recombinant

mouse/human [gG1 chimerie monoclonal antibody (imAb) in which variable domains of the
heavy and hight chains of & murine anti-CD20 mAb are fused to the human constant regions of

IgG1.

{B06X] In certain embodiments, the light chain of the antibody comprises a sequence
that is at least 75%, at lcast 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% identical to the hight chain of Ritwamab, Alternatively
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or in addition, the heavy chain of the antibody comprises a sequence that is at least 75%, at least
8%, at least 85%, at least 90%, at least 939, at least 96%, at least 97%, at least 98%, at least

99%, or 100% identical to the heavy chain of Rituximab.

[60669] Preferably, the light chain of the antibody comprises a sequence that is at
feast 75%, at least 80%, at least 8394, at feast 90%, at least 959, at least 96%, at least 97%, at
least 98%;, at least 99%, or 100% identical {0 the light chain of Rituximab; and the heavy chain
of the antibody comprises a sequence that is at least 75%, at least 80%, at least §5%, at least
0%, at lcast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to

the heavy chain of Rituximab.

18676} The anti-CD20 antibody composition may comprise a mixture of GO, Gl,

G17, and G2 glycoforms {e.g., at the Fe-linked N-glycan), as described above.

18071 As deseribed above, an antibody comprising an afucosylated N-glycan at the
Fe region has an increased binding affinity for FeyRIIL, as compared to a corresponding antibody
{antibody having the same amino acid sequence} comprising a fucosylated N-glycan. Therefore,
the antibody composition as described herein has an increased auntibody-dependent cellular
cytotoxicity {ADCC) activity, as compared to a composition comprising the same amount of the
glycosylated antibody, but less than 40% of the N-glycans are afucosylated. Preferably, the anti-
D20 composition described herein has an increased antibody-dependent celiular cytotoxicity

{ADCC) activity as corapared to Rituximab under substantially the sarue conditions.

10072] The anti-CD20 antibodies described herein may be used for treating Non-

Hodgkins lymphoma.
(2}, Glycan-modified anti-EGFR antibodies

180731 In one aspect, the invention provides a composition coruprising an antibody
that binds to EGFR, wherein the composition is characterized by: (a} at least about 70% of the
antibody mwolecules comprise a complex N-glycan {e.g, linked to the Fc domain of the antibody);

and (b} about 40% to about 100% of the N-glycans are afucosylated.

[6674] EGFR (also known as ErbB-1 and HER 1 in humans) is the cell-surface
receptor for members of the epidermal growth factor farmly (EGF-family) of extraceliular

protein ligands (Herbst, 2004, Int. I. Radiat. Ouncol. Biol. Phys. 59 (2 Suppl;:21-6). Mutations
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affecting EGFR cxpression or activity can result in cancer. EGF receptors are over expressed in
most epithelial moalignancies inchuding those of the colon and the rectums. The EGFR is

constitutively expressed in many normal epithelial tissues, including the skin and hair follicle.

{0075] Cetuximab (Erbitux®} 15 a commercially available recombinant
roouse/bhuman IgG1 chimeric monoclonal antibody (ruAb) 1n which variable domains of the
heavy and light chains of a murine anti-EGFR mAb (known as 225} are fused to the human
constant regions of IgG1. Cetuximab has been approved for use in combination with radiation
therapy for treating squanous cell carcinoma of the head and neck (SCCHN} or as a single agent
in paticnts who have had prior platinum-based therapy. Cetuximab 1s also indicated for
treatruent of metastatic colon cancer in combination with wrinotecan {Camptosar) a DNA
topoisomerase blocker. Cetuximab is believed to function mainly by blocking the EGF binding

to EGFR, therchy starving the turoor of needed growth factor,

16076] In certain embodiments, the light chain of the antibody corprises a sequence
that is at least 75%, at least 80%, at lcast 85%, at least 90%, at least 95%;, at least 96%, at least
7%, at least 98%, at least 99%, or 100% identical to the light chain of Cetuximab,
Alternatively or in addition, the heavy chain of the antibody comprises a sequence that is at least
75%, at lcast 80%, at least 85%, at least 90%, at least 95%, at least 26%, at least 97%, at least

88%, at least 99%, or 10(% identical to the heavy chain of Cetuximab.

[8677] Preferably, the light chain of the antibody comprises a sequence that s at
lcast 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at lcast 97%, at
icast 98%, at least 99%, or 100% identical to the light chain of Cetuximab; and the heavy chain
of the antibody comprises a sequence that is at least 75%, at least 80%, at least 85%, at least
9(%, at lcast 95%, at least 96%, at least 97%, at least 98%%, at least 99%, or 100% identical to

the heavy chain of Cetuximab.

[8078] The anti- HGFR antibody composition may comprise a mixture of GO, G1,

G1’, and G2 glycoforms (e.g, at the Fe-linked N-glycan}, as described above,

{8679} As described herein, an antibody comprising an afucosylated N-glycan at the
Fcregion has an increased binding affinity for FeyRII, as compared to a corresponding antibody
{antibody having the same amino acid sequence) comprising a fucosylated N-glycan. Therefore,
the antibody composition as described herein has an increased antibody-dependent cellular
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cytotoxicity {ADCC) activity, as compared to a composition comprising the same amount of the
glycosylated antibody, but less than 40% of the N-glycans are atucosylated. Preferably, the anti-
EGFR composition described herein has an increased antibody-dependent cellular cytotoxicity

{ADCC) activity as corapared to Cetwiimab under substantially the same conditious.

{B080] The anti-EGFR antibodies described herein may be used for treating

colorectal cancer or head and neck squamous cell carcinoma.
{3).  Glycap-modified anti-HERZ antibodies

{8081 In one aspect, the invention provides a composition comprising an antibody
that binds to HERZ2, wherein the composition i1s characterized by: (a) at least about 70% of the
antibody mwolecules comprise a complex N-ghycan {e.g, livked to the Fc domain of the antibody);

and (b} about 40% to about 100% of the N-glycans arc afucosylated.

[6082] HER?Z (also known as ErbB-2) is a 185 kD transmembrane glycoprotein
receptor that 1s encoded by the erbB2 gene. HERZ is related to the epidermal growth factor
receptor {EGFR, or HER! in human), and is over expressed in about 25% to 30% of human
breast cancer (Slamon et al., Science 235:177-182 , (1987); Slamon et al,, Science 244:,707-712
{1989}). HER2 overexpression 13 commonly regarded as a predictor of a poor prognosis,
espectally in patients with primary discase that involves axillary lymph nodes (Slamon et al,,
(1987} and (1989}, supra; Ravdin and Chammness, Gene 159:19-27 (1995); and Hynes and Stern,
Biochim Biophys Acta 1198:165-184 (1994}}, and has been linked to sensitivity and/or
resistance to hormone therapy and chemotherapeutic regimens, including CMF
{cyclophosphamide, methotrexate, and fluoruracil) and anthracyclines (Baselga et al., Oncology

11(3 Supp! 1):43-48 (1997)).

{8083] Trastuzumab (Herceptin®}) 18 a humanized anti-ErbB2 monoclonal antibody
{a humanized version of the murine anti-ErbB2 antibody 4D35, referred to as rhuMAb HER2).
Trastuzumab has been clinically active in patients with ErbB2-overexpressing metastatic breast
cancers that had received extensive prior anti~cancer therapy (Baselga et al., J. Clin, Uncol.

14:737-744 (1996)).

[8084] In certain cmbodiments, the light chain of the antibody comprises a sequence

that is at least 75%, at least 8(%, at least 85%, at least 90%, at least 93%, at least 96%, at least
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97%, at least 98%, at least 99%, or 100% identical to the light chain of Trastuzumab.
Alternatively or in addition, the heavy chaiu of the antibody comprises a sequence that is at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at lcast 97%, at least

9R%%, at least 99%, or 100% identical 1o the heavy chain of Trastuzumab,

{8085] Preferably, the light chain of the antibody comprises a sequence that is at
least 75%, at least 80%, at least ¥3%, at least 90%, at least 95%, at least 96%, at least 97%, at
icast 98%, at least 99%, or 100% identical to the hight chain of Trastuzumab; and the heavy
chain of the antibody comprises a sequence that is at least 75%, at least 80%;, at least 85%, at
icast 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 999, or 100% 1dentical

to the heavy chain of Trastuzumab.,

18086] The anti-HER2 antibody composition may comprise a mixture of GO, G1,

G1, and G2 glycoforms {e.g, at the Fe-linked N-glycan), as described above.

10087} As described above, an antibody comprising an afucosylated N-glycan at the
Fe region has an inereased binding affinuty for FoyRHI, as compared to a correspouding antibody
{antibody having the same amino acid sequence) comprising a fucosylated N-glycan. Therefore,
the antibody composition as described herein has an increased antibody-dependent cellular
cyvtotoxicity (ADCC) activity, as compared to a composition coraprising the same amount of the
glycosylated antibody, but less than 40% of the N-glycans are afucosylated. Preferably, the anti-
HER2 composition described herein has an increased antibody-dependent cellular eytotoxicity

{ADCC) activity as compared to Trastuzumab under substantially the same conditions.

{B08R] The anti-HER?2 antibodies described herein may be used for treating breast

cancer.
{4). Glycap-modified B7-Binding Molecule

{8089 In one aspect, the invention provides a composition comprising a Fe-fusion
protein that binds to B7, wherein the composition is characterized by: (a) {a) at least about 70%
of the antibody molecules comprise a complex N-ghycan {e.g., linked to the ¥c domain of the

fusion protein), and (b) about 40% to about 100% of the N-glycans are afucosylated.

[0056] B7 is a peripheral membrane protein found on activated antigen presenting

cells (APC) that, when paired with either a CD28 or CD152 (CTLA-4} surface proteinona T
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cell, can produce a costimulatory signal to enhance or decrease the activity of a MHC-TCR
signal between the APC and the T cell, respectively (see, e.g., Coico, et al. (2003) fmmunology:
A Short Course; Wiley-Liss. p. 131}, Besides being present on activated APCs, B7 is also found
on T-celis themselves (see, e.g., Taylor et al., J fasmunel 172 (1) 34-39), Binding of the B7 on
T-cells to CTLA-4 causes inhibition of the activity of T-cells. There are two major types of B7

proteins, B7.1 and B7.2 or CD80 and CD86 respectively.

18091} In certain embodiments, the Fe-fusion protein comprises the extraccliular

domain of Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4).

[8092] CTLA4 (Cytotoxic T-Lymphocyie Antigen 4) also known as CD152 (Cluster
of differentiation 152} is a protein that plays an important regulatory role in the immune system.
In hurans, the CTLA4 protein s encoded by the CTLA4 gene (Dariavach P, et al,, Fur. J
fmmunol 18 (12): 1901-5). CTLA4 1s a member of the immunoglobulin superfamily, which is
expressed ou the surface of Helper T cells and transmits aun inhibitory signal to T cells. CTLA4
is similar to the T-cell costimulatory protein CD28, and both molecules bind to CD80 and CDES
(B7) on antigen-presenting cells. CTLA4 transmits an wnhibttory signal to T cells, whereas
CD28 transmits a stimulatory signal. Intraceliular CTLA4 is also found in regulatory T cells
and may be important to thewr function. T cell activation through the T cell receptor and CD2§
leads to increased expression of CTLA-4, an inhibitory receptor for B7 molecules {CDRO and

CDS86).

[6093] In certain embodiments, the fusion protein comprises a sequence that is at
feast 75%, at least 80%, at least 8394, at feast 90%, at least 959, at least 96%, at least 97%, at

least 98%,, at least 99%, or 100% identical to Abatacept.

{8094 Orencia® (Abatacept) is a soluble fusion protein that consisting of the
extracellular domain of human cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) hinked to
the modified Fe (binge, CH2, and CH3 domains) portion of buman immunoglobulin G (IgG1).
Abatacept can bind to B7 and 1s a sclective costimulation modulator as 1t inhibits the

costimulation of T cells.

{8095] The Fe~fusion protein composition may comprise a mixture of GO, G1, G17,

and G2 glycoforms {e.g, at the Fe-linked N-glycan), as described above.
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10096} As described above, an Fe-fusion protein comprising an afucosylated N-
glycan at the Fc region has an jucreased binding atfinmity for FoyRHI, as compared to a
corresponding fusion protein {(fusion protein having the same amino acid sequence) cotaprising
a fucosylated N-glycan. Therefore, the Fe-fusion protein composition as described herein has an
increased antibody-~dependent cellular cytotoxicity (ADCC) activity, as compared to a
composition comprising the same amount of the glycosylated Fe-fusion protein, but less than
40% of the N-glycans are afucosylated. Preferably, the Fe-fusion protein composition described
herein has an increased antibody-~-dependent cellular cytotoxicity {ADCC) activity as compared

to Abatacept under substantially the same conditions.
B. Glycan-Maodified Proteins That Have Reduced Immunogenicity in Human

100971 As described herein, RNA cffectors, such as siRNAs, can also be used to
reduce the expression levels of enzymes or transporters that are involved in the production of
imnunogenic epitopes. Examples of immunogenic epitopes in humans include, e.g., glycans,
such as N-glycauns, that comprise a N-giyveolylneuraminic acid (Nea3Ge) residue, and the aGal
epttope {galactose-alpha(1,3}-galactose-beta(i 4 )N-acetylghicosamine-R; or Gal-o(1,3)-Gal-

B(1.4)-GleNAc-R; where R s the glycan-protein structure).

{0098} The compositions described hercin may comprise a muxture of glycosylated
and aglycosylated proteins. Preferably, at least about 53%, and preferably, at least about 70% of
the proteins comprise a glycan., For example, at least about 50%, at least about 55%, at least
about 60%, at least about 63%, at least about 70%, at least about 75%, or at least about 80% of

the protein molecules comprise a glycan. Preferably, the glycan 1s a complex N-glycan.

(1.  aGal Epitope

16099] In another aspect, the invention provides a composition comprising a protein,
wherein at least about 70% of the protein molecules comprise a glyean (e.g., a complex N-
glycan); and wherein (a). the protein s produced by a cell that is vot a human, ape, or Old World
monkey cell; and at least about 40% of the glycosylated molecules do not comprise the o-Gal

epitope.

180168] Mammalian cells, such as Chinese haruster ovary (CHO) cells, and rodent

myeloma derived NS/0 and SP2/0 cells, are widely used for producing therapeutic
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glycoproteins. However, glycoproteins produced by these cells often contain oligosaccharides
terminated with -galactose residues. The a-galactose residues are linked to the penultimate
galactose residues at a hydroxyl of the third sugar carbon position, a1-3) lnkage. Human,
apes, and old-world monkey cells, however, do not express functional a-~galactosyltransferase
{a1-3GT}, which participates in the glycosylation of cell membrane glycoconjugates in
nonprimate mamimals, prosinnans, and New World monkeys. The absence of o 1-3Gal epitopes
from: human cells s due to silencing of the gene for the enzyme 11,3 galactosyliransferase
(GGTAT gene). As a result, bumans have up to 1% of circulating antibodies {such as anti-a(al
1g4, Ig(s, and 1gM) directed against the enzymatic product of ¢1,3-galactosyltransferase {Gal

o 1-3GalB1-4GlecNAcy, also called Galili antigen (Galily, U, Clark, M. R., Shohet, S. B,
Buchler, J,, and Macher, B. A, (1987} Proc. Natl. Acad. Sci. U.S.A. 84, 1369-1373), or a(al
epitope. As such, there is a potential risk for clinical application of glycoprotein that are

produced by non-human, non-ape, and non-Old World monkey cells.

[00161]  Accordingly, the invention provides compositions of glycoproteins in which
at least about 20% of the glycosylated molecules do not comprise the o-Gal epitope. Preferably,
at least about 25%, at least about 30%, at least about 35%, at least about 40%, at lcast about

45%, at least about 5(0%, of the glycosylated molecules do not comprise the a-Gal epitope.

[86162]  Preferably, the compositions described herein corprises glycoproteins n
which at least about 40% of the glycans do not comprise the a-Gal epitope, and the composition
has reduced iromunogenicity i human, as corapared to a composition comprising the same
amount of the glycosylated protein in which more than 40% of the glycans comprise the u-Gal

epitope.
{2y, N-glyeolylneuraminic acid

[80103]  In another aspect, the invention provides a composition comprising a protein,
wherein at least about 70% of the protein molecules comprise a glycan (e.2., a complex N-
glycan); and wherein () the protein 1s produced by a non-human cell; and; (b) the glycans {e.g.,
complex N-glycans) of said protein molecules are characterized by a total sialic acid content that

s

contain no more than about 20% of N-glycolylneuraminic acid (Neu5Ge).
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[00104]  Sialic acids are 9-carbon backbone acidic sugars terminating the glycan
chaius of various glycoproteins and glycolipids at vertebrate cell surfaces. N-acetylneurarinic
acid {NeuSAc) and its hydroxylated form NeuSGe are the two major Sialic acids in mammals,
with the activated form CMP-Neu5Ac serving as the precursor for syuthesis of CMP-NeuSGe,
catalyzed by the enzyme CMP-NeuSAc hydroxylase (CMAH), encoded by the CMAH gene.
This cnzyme 1s specifically inactivated in hurnans, in contrast to other mammals studied to date,
including old world primates and pigs (Varki A., Proe. Natl. Acad. Sci. USA 2010; 107(Suppl.
2y 8939-8946). In addition, hurnans lack an alternative pathway tfor NeuSGe synthesis.
Accordingly, human imimune system recognizes Neu3(Gc as foreign, resulting in a bumoral

response involving a polyclonal highly diverse antibody profile in all humans.

100105]  Accordingly, the invention provides compositions of glycoproteins in which
the total stalic acid content of the glycans (e.g., complex N-glycans) contain no roore than about
40% of Neu5Ge. Preferably, the total sialic acid content of the glycans (e.g., complex N-
glycans) contain no more than about 35%, no more than about 30%, no more than about 25%,

no more than about 20%, no more than about 13%, or no more than about 10% of NeudGe,
M

[00106]  Preferably, the compositions described herein comprises glycoproteins in
which the total sialic acid content of the glycans (e.g., complex N-glycans) contain no more than
about 20% of NeuSGe, and the composition has reduced immunogenicity in human, as
compared to a composition comprising the same amount of the glycosylated protein, but the
total sialic acid content of the ghycaus {e.g., coraplex N-glycans) contain more than about 20%

of NeusGe.

{3). Glycan-modified antibodies and Fe-fusion proteins that have reduced
frmmunogenicity in bumans

[86167]  Any suaitable glycoprotein may be modified according to the teachings of the
invention to reduce the amount of immunogenic epitopes, such as the oGal and NeuSGe
epitopes described above, Preferred classes of glycoproteins include, e.g., antibodics or Fe-
fusion proteins. Therefore, in certain erbodiments, the composition described herein comprises
a protein that is an antibody or a fusion protein that comprises the Fe domain of an antibody; and
wherein said N-glycan 1s linked to the F¢ domaim of the antibody molecules or the fusion

protein.
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[00108]  As described above, the antibody composition, or Fe-fusion protein
composition described herein may comprise a mixture of GO, G1, G17, and G2 glyeoforms (e.g.,
at the Fe-linked N-glvean). For example, from about 0% to about 70%, from about 0% to about
65%, from about $% to about 60%, from about 0% to about 55%, {rom about 8% to about 50%,
from about 0% to about 45%, from about 0% to about 40%, from about 0% 1o about 35%, from
about 0% to about 30%, of the N-glycans may be GO glycans. Alternatively or in addition, from
about 0% to about 70%, from about 0% to about 65%, from about (% to about 60%, from about
0% to about 535%, from about 0% to about 50%, from about 0% to about 45%, from about 0% 1o
about 40%, from about 0% to about 35%, from about (% to about 30%, of the N-glycans may be
Gl and GI7 glycans. Alternatively or in addition, from about 0% to about 70%, from about 8%
o about 63%, from about §% to about 60%, {rom about 0% to about 55%, from about 0% to
about 50%, from about 0% to about 45%, from about 0% to about 40%, from about 0% to about
35%, from about (% to about 30%, of the N-glycans may be G2 glycans. The N-glycans of the
antibody composition, or Fe-fusion protein composition may also be any combination of the GO,

Gl, GI', G2 profiles described above.

[8010%]  In addition, an antibody or Fe-tusion protein may be moditied such that it has
both improved effector activity {e.g., ADCC activity}, and reduced immunogenicity in humans.
For exarple, two or more different species of RNA offector molecules may be added to a host
cell enlture. At least one RNA effector targets the fucosylation pathway to increase the amouut
of afucosylated antibody or Fe-fusion protein that is produced by the host cells, and at least
another RNA effecior targets a-~galactosyliransterase or CMAH to reduce the amount of

immunogenic epiiopes produced by the host cells,

{801108]  The glycan structure of the antibodies or Fe-fusion proteins described herein
can be determined using art-known methods for analyzing glycan structures of glycoproteins, as

described below.

180111}  In certain embodiments, the composition described herein comprises a protein
that is an anti-EGFR antibody. Preferably, the light chain of the antibody comiprises a sequence
that 1s at least 75%, at least 80%, at least 85%, at least 90%, at least 959%, at least 9694, at least
97%, at least 98%, at least 99%, or 100% identical to the light chain of Cetuximab; and/or the
heavy chain of the antibody comprises a sequence that 1s at lcast 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%,, at least 97%, at least 98%, at least 99%, or 100%

-4 .
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identical to the heavy chain of Cetuximab. Preferably, the anti-EGFR antibody composition
described herein has reduced runogenicity as compared to Cetuxivoab under substantially the
same conditions (for example, as a result of reduced amount of oGal epitope, Neu5Ge epitope,

or both).

[00112]  One study reported that among 76 Cetuximab -treated subjects, 25 had a
hyperseusitivity reaction to the drug. In most subjects who had a bypersensitivity reaction, Igh
antibodies that are specific for the aGal epitope were detected. Therefore, preferably, the anti-
EGFR antibody composition described herein has reduced imnmunogenicity in human, as
compared Cetuximab to under similar conditions, In addition, it has been reported that NeuSGe
is present in Cetuximab (see, e.g. Ghaderi et al., Nature Biotechnology Vol. 28, 863-867
(2010,

[00113] In certain embodiments, the composition described herein comprises a protein
that 1s an anti~CE20 antibody. Preferably, the light chain of the antibody comprises a sequence
that is at least 75%, at lcast 80%, at least 85%, at least 90%, at least 935%, at least 96%,, at least
97%, at least 98%, at least 99%, or 100% identical to the hight chain of Ritwamab; and/or the
heavy chain of the antibody comprises a sequence that is at least 75%, at least 809%, at least
85%, at least 90%, at lcast 939, at least 96%, at least 97%, at least 9895, at least 99%, or 100%
identical to the heavy chain of Rituximab, Preferably, the anti-CD20 antibody composition
described herein has reduced tmmunogenicity as compared to Rituximab under substantially the
same conditions (for example, as a result of reduced amount of wGal epitope, Neu5Gc epitops,

or both).

[90114]  In certain embodiments, the composition described herein comprises a protein
that 1s an anti-HERZ2 antibody. Preferably, the hight chain of the antibody comprises a sequence
that is at lgast 75%, at least 80%, at lcast 85%, at least 90%, at feast 95%, at least 96%, at lgast
97%, at least 98%, at least 99%, or 100% identical to the light chain of Trastuzumab; and/or the
heavy chain of the antibody comprises a sequence that is at least 753%, at least 80%, at least
85%, at lcast 90%, at least 93%, at least 96%;, at least 97%, at least 98%, at least 99%, or 100%
identical to the heavy chain of Trastuzamab. Preferably, the anti-HER2 antibody composition
described herein has reduced immunogenicity as compared to Trastuzumab under substantially
the sawe conditions (for example, as a result of reduced amount of aGal epitope, NeuSGe

epitope, or both).

[

]

N
'
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180115] In certain embodiments, the composition described herein comprises a Fe-

fusion protein that binds to B7.

[86116]  In certain embodiments, the Fe-fusion protein comprises the extracellular

domain of Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4).

{86117}  In certain embodiments, the fusion protein comprises a sequence that is at
icast 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 969, at least 97%, at

least 98%;, at least 99%, or 100% identical to Abatacept.

[00118]  Preferably, the Fe-fusion protein composition deseribed herein has reduced
immunogenicity as compared to Abatacept under substantially the same conditions (for
example, as a result of reduced amount of oGal epitope, Neu3(G¢ epitope, or both). The Fe-

fusion proteins described herein may be used to for treating rheumatoid arthritis.
L 0N Glyvean-Modified Proteins That Have Increased Sevum Half Life

{80119]  As described herein, RNA effectors, such as siRNASs, can also be used (o
improve pharmacokinetic properties of glycoproteins. In another aspect, the invention provides
a composition comprising a protein, wherein oue or more glycans comprise a sialic acid cap

{e.g., N-acetylncuraminic acid {(NeuSAc)).

[66128]  The serum half life of glycoproteins is dependent on the composition and
structure of its N-glycans. In gencral, maximal serurn half life of a glycoprotein requires that its
N-glycans terminate with a sialic acid cap (e.g., N-acetylneuraminic acid (NeuSAc)). RNA
effectors can be used to transicntly reduce the expression of sialidases that remove the terminal
stalic acid {e.g., NeuSAc) cap from a glycoprotein. By reducing the hydrolysis of terminal sialic

acid from N-linked N-glycans, therapeutic efficacies of glycoproteins can be improved.

{80121}  Preferably, the composition described herein has an increased serum half-life
in human, as compared 1o a composition comprising the same amount of the glycosylated

protein in which the N-glycans does not comprise NeuSAc.

1001221  In addition, a glycoprotein may be modified such that it has both reduced
immunogenicity in humans, and increased serum half-life, For example, two or more different
species of RNA effector molecules may be added to a host cell culture. At least one RNA

- 26 -
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ctfector targets a-galactosyliransterase or CMAH to reduce the amount of immunogenic
epitopes produced by the host cells, and at least ansther RNA effector targets a sialidase to

increase the amount of sialic acid-capped N-glycaus that are produced by the host cell.

1901231 Any suitable glycoprotein may be modified accordingly to reduce the amount
of immunogenic epitopes, such as the aGal and Neu5Ge epitopes described above, Preferred
classes of glycoproteins inchude, ¢.g., antibodies or Fe-fusion proteins. Therefore, in certain
embodiments, the composition described herein coruprises a protein that is an antibody or a
fusion protein that comprises the Fe domain of an antibody; and wherein said antibody or tusion
protein comprises a glycan. Preferably, the glycan is an N-glycan. Preferably, the N-glycan 1s

linked to the antibody or Fe-fusion protein at the Fe domain.

[64124]  As described above, the antibody composition, or Fe-fusion protein
composition described herein may comprise a mixture of GO, G1, G, and G2 glycoforms {e.g.,
at the Fe-linked N-glycan). For example, from about (% to about 70%, from about 0% to about
65%, from about 0% to about 60%, from about 0% to about 55%, from about 0% to about 50%,
from about (% to about 45%, from about 8% to about 40%, {rom about 0% to about 35%, from
about 0% to about 30%, of the N-glycans may be GO glycans. Alternatively or in addition, from
about (% 1o about 70%, from about §% to about 65%, from about 0% to about 60%, from about
0% to about 55%, from about (% to about 50%, from about 0% to about 45%, from about 0% to
about 40%, from about 0% to about 353%, from about 0% to about 30%, of the N-glycans may be
Gl and GI” glycans. Alternatively or in addition, from about (% to about 70%, from abowut 8%
to about 65%, from about 8% to about 60%,. from about 0% to about 55%, from about 8% {0
about 50%, from about 8% to about 45%, from about (% to about 40%, from about 8% to about
35%, from about (% to about 30%, of the N-glycans may be G2 glycans. The N-glycans of the
antibody composition, or Fe-fusion protetn composition ruay also be any combination of the G0,

G1, GY°, GZ profiles described above.

[801258] The glycan structure of the antibodies or Fe-fusion proteins described herein
can be determined using art-known methods for analyzing glycan structures of glycoproteins, as

described below.

{98126  In addition, an antibody or Fe-fusion protein may be modified such that it has

any combination of improved effector activity (e.g., ADCC activity), reduced immunogenicity

-7 -
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in humans, or increased serum half life. For example, two or more different species of RNA
effector molecules may be added to a host cell cultare. At least oue RNA effector targets the
fucosylation pathway to increase the amount of afucosylated antibody or Fo-fusion protein that
is produced by the host cells, and at least another RNA effector targets a sialidase to increase the
amount of stalic acid-capped N-glycans that are produced by the host cell, or targets «-
galactosyltransterase or CMAH to reduce the amount of immunogenic epitopes produced by the
host cells. If desired, three or more differcut species of RNA effector molecules may be added
to a host cell culture, at least one targets the fucosylation pathway, at least one targets a

stalidase, and at least one targets a-galactosyliransterase or CMAH.

[86127]  In certain embodiments, the composition described herein comprises a protein
that 1s an anti-EGFR antibody. Preferably, the light chain of the antibody compriscs a sequence
that is at least 75%, at least 8(%, at least 85%, at least 90%, at least 953%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% identical to the hight chain of Cetinamab; and/or the
heavy chain of the antibody comprises a sequence that 19 at least 75%, at least 83%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to the heavy chain of Cetuximab. Preferably, the anti-EGFR antibody composition
described herein has an increased serum half life as compared to Cetuximab under substantially

the same conditions (for cxample, as a result of reduced hydrolysis of the sialic acid cap).

180128] In certain embodiments, the composition described herein comprises a protein
that is an anti-CP20 antibody. Preferably, the light chain of the antibody comprises a sequence
that 1s at least 75%, at least 80%, at lcast 85%, at least 90%, at least 939, at least 9694, at least
97%, at least 98%, at least 99%, or 1030% identical to the light chain of Rituximab; and/or the
heavy chain of the antibody comprises a sequence that is at least 75%, at lcast 80%, at least
85%, at least 90%, at least 95%, at least 96%,, at least 97%, at least 98%, at least 99%, or 100%
identical to the heavy chain of Rituximab. Preferably, the anti-CD20 antibody composition
described herein has an 1ncreased serum half life as compared to Ruuximab ander substantially

the same conditions (for example, as a result of reduced hydrolysis of the sialic acid cap).

[90129]  In certain embodiments, the composition described herein comprises a protein
that 1s an anti-HERZ2 antibody. Preferably, the hight chain of the antibody comprises a sequence
that is at lgast 75%, at least 80%, at lcast 85%, at least 90%, at feast 95%, at least 96%, at lgast
7%, at least 98%, at least 99%, or 100% wdentical to the light chain of Trastuzumab; and/or the
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heavy chain of the antibody comprises a sequence that is at least 75%, at lcast 80%, at least
85%, at least 90%, at least 95%, at least 96%,, at least 97%, at least 98%, at least 99%, or 100%
identical to the heavy chain of Trastuzumab. Preferably, the anti-HER2 antibody composition
described herein has an increased serum half life as compared to Trastuzamab under
substantially the same conditions (for example, as a result of reduced hydrolysis of the sialic

acid cap).

180138]  In certain embodiments, the composition described herein comprises an Fe-
fusion protein that binds to B7. In certain embodiments, the Fe-fusion protein comprises the
extracellular domain of Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4). Preferably, the fusion
protein comprises a sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to Abatacept.
Preferably, the Fe-fusion protein composition described herein has an jncreased seram half life
as compared to Abatacept under substantially the same conditions (for example, as a result of

reduced hydrolysis of the sialic acid cap).
4. METHODS FOR MODIFVING PROTEIN GLYCOSYLATION

[00131]  Iu onc aspect, the invention provides methods for producing glycan-modified
glycoproteins, in particular on a large or commercial scale. The method comprises culturing a
host cell in a large scale cell culture in the presence of an RNA effector that targets a gene that
encodes an enzyme or a transporter protein that is involved in a glycosylation pathway. The
RNA effector transiently reduces the expression level of the target gene, thereby altering the

glycosylation profile of a glycoproteim.

801321 Examples of commercially available glycoproteins that can be modified using

the methods described herein ave listed in Table 1,

Table 1
Product Class Mode of action Indication Cell Company
fine
Aranesp Erythropoiesis | Regulates red blood Anemia CHO Amgen
{Darbepoetin stimmlating cell production
alfa) protein
Arcalyst H-1 Trap Binds IL-18 fo prevent | Cryoporin-associated CHO Regeneron
(Rilonacept) the ateraction to cell periodic syndromes
surface veceptors
Avastin rMab Binds to the vascular Colorectal cancer CHO Genentech
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Product

Class

Mode of action

Indication

Cell
line

Cempany

{Bevacizumab)

endothelial growth
factor (VEGF) to
inhibit angiogenesis

Avonex
{(Interferon
p-1a)

Interferon

Binds to type 1
interferon receptors to
activate two Jak
tyrosine kinases

Multiple sclerosis (M5)

CHO

Biogen Idec

Cerezyme
(Imighicerase)

Engineered to have
mannose-termnated
ohgosaccharide chains
that are recognized by
endocytic
carbohydrate receptors
on macrophages.
Catalyzes hydrolysis
of ghycobipid
glucocerebroside to
glucose and cerammide
i those macrophages
which accumulate
{ipids 1 {Gaucher
disease

Gaucher Disease

CHO

Genzyme

Elaprase
(Iduronate
sulfatase)

Enzyme

Hydrolyzes the 2-
sulfate esters of
terminal iduronate
sulfate residues from
the
glycosaminoglycans
dermatan sulfate and
heparan suifate in the
{ysosomes of varioas
cell types

Hunter syndrome

HT-
1680

Shire

Enbrel
{Etancrcept)

Fusion protein

Mimics inhibitory
effects of naturally
occurring sohuble TNF
receptors to reduce
milammatory response

Rheunwatoid artheitis

CHO

Amgen

Epogen
{Epoctin alfa)

Erythropoiesis
stimalating
protern

Recombrnant human
erythropoictin
mteracts with
erythropoietin (EPO)
receptors to stimulate
production of red
blood cells from bone
marrow stern cells

Anerma

CHO

Arogen, Kinp

Erbitux
{Cetuximab)

Mab

Binds to the
extracellular domain
of the epidermal
growth factor {EGFR)
preventing activation
of EGFR to impair cell
growth and
profiferation

Colorectal cancer

Imclone/BMS

Herceptin
{Trastuzumab)

rMab

Binds to HER2+
tumor cells, blocks
downstream HERZ

Breast cancer

CHO

Genentech
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Product

Class

Mode of action

Cell
line

Indication Cempany

signaling to inhibit
proliferation of cells

Weliferon
(Faterferon o)

Cytokine

Binds to type T
wterferon receptors
{IFNARI and
IFNARZ2c) which,
upon dimerization,
activate two Jak
{(Janus kinase) tyrosine
kinases {Jakl and
Tvk2). Upregulates
expression of MEC 1
oroteins

Human | Wellcome
fyropho-

blastoid

Chironic hepatitis C

Mircera
(Methoxy
polyethylene
glycol-epoctin
heta)

Erythropoiesis
stimulating
protem

Recombinant huyman
erythropoietin
nteracts with
erythropoistin (EPO)
receptors &0 stiraulate
production of red
blood cells from bone
marrow stem cells

CHO Hoffinann-La

Roche

Anemia

Myozyme
{Alglucosidase
alfa)

Recombinant acid a-
glicosidaze (GAA) to
replace GAA
deficiencies

Pompe disease CHO Genzyme

Naglazyme
{Cralsulfase)

Enzyme

Recombinant form of
polyrmorphic human
enzynwe N-
acetylgalactosanune 4-
sulfatase which
catabolizes
glycosaminoglycans
{(GAG)

Mucopolysaccharidosis | CHO Biomarin

VI{MPS VI

MeoRecormon
{Epoctin beta)

Erythropoiesis
stimulating
protern

Recombmant hgman
erythropoictin
nderacts with
erythropoietin (EPO)
receptors to stimulate
production of red
blood cells from bone
marrow sterm cells

Anemia CHO Roche

Urencia
{Abatacept)

Fusion Protein

CTLA4-Igacts as a
selective modulator of
the costimalatory
signal required for full
T-cell activation

Rheumatoid arthritis CHO Bristol-Myers

Squibb

Procrit/Eprex
(Epoetin alfa)

Erythropoiesis
stunmlating
protemn

Recombinant human
erythropoistin
interacts with
erythropoictin (EPO)
receptors to stimulate
production of red
blood cells from bone
marrow stent cells

CHO Johnson &
Johnson,

Schering-Plough

Anemia

Rebif
(Interferon §-

Cytokine

Imuncmodudation
thropgh the induction

Moultiple sclerosis (MS) | CHO Merck Serono
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Product Class Muode of action Indication Cell Company
line

la} of cell membrane

components of the

major

histocompatibifity

complex
Remicade Mab Binds to TNF and Crohm's disease & SP2/0 Centocor/Johnson
(Infliximalb) inhibits TNF action Rhecumatoid arthritis & Johuson
Ritaxan rMab Binds {o the cluster of | Non-Hodgkins CHO Genentech
(Rituximal) differentiation 20 tymphoma (IDEC)

(CD28) which is

expressed on B-cells,

Fe portion mediates

ADCC and CDC
Soliris hiab Binds to the Paroxysmal nocturnal CHO Alexion
{Eculizumab) complement protein hemoglobinuria

CS, inhibiting terminal

complement mediated

ntravascular

hemolysis
Synagis Mab Targets an epitope in Respiratory syncytial NS@ Medlmmune
{Palivizamab) the A antigenic site of | virus

the F protein of

respiratory syneytial

virus (RSV)
ThKase Enzyme Recombinant fibrin- Acute myocardial CHO Genetech
{Tenecteplase) specific plasminogen infarction
{(iPA) activator
Tysabri Mab Binds to o4 mtegrin of | Multiple sclerosis (MS) | CHO Biogen idec
{(Nataliznmab) adhesion molecule

VLA-4 and sterically

inhibits binding of

VLA-4 to VCAM-]
Vectibix rMab Binds to EGFR Colorectal carcinoma CHO Amgen
(Panitumumab)
Zenapax hiab Binds to the o subunit | Acute organ rejection SP2/ Hoffmamn-La
{Daclizumab) {p35 a, C235, or Tac Roche

subunit) of hurean -
2 receptor expressed
on the surface of
activated lymphocytes

A

[90133]

Target Proteins for Modifving Glycosylation

The biosynthesis of all eukaryotic N-glycans begins on the cytoplasinic face

of the ER membrane with the transfer of GleNAc-P from UDP-GIcNAc to the lipid-like

precursor dolichol phosphate (Dol-P) to generate dolichol pyrophosphate N-acetyighucosamine

{Dol-P-P-GlcNAc). Fourteen sugars are sequentially added to Dol-P before en bloc transfer of

the entire glycan to an Asn-X-Ser/Thr/Cys motif 1 a protein that 1s being synthesized and

translocated through the ER membrane. The protein-bound N-glycan is subsequently remodeled

-3




WO 2013/013013 PCT/US2012/047346

in the ER and Golgi by a complex series of reactions catalyzed by membrane-bound
glycosidases and glycosyltransferases. Many of these enzymes are exquisttely sensitive to the
physiological and biochemical state of the cell in which the glycoprotein is expressed. Thus, the
populations of sugars attached to each glycosylated asparagine in a wature glycoprotein will
depend on the cell type in which the glycoprotein is expressed and on the physiological status of
the cell, a status that may be regulated duning development and differentiation and altered in

discase.

[86134]  Glycosylation is a nonlinear non-template driven process. Regulation ofa
particular glycan may be duc to a number of orthogonal inputs such as precursor levels, donor
ievels, transferase levels ete, Figure 2 provides a schematic tlustration of the glvcosylation

pathway in CHO cell line. Each one of the enzymes may be targeted by RNA effectors.

100135]  In one aspect, the invention provides a method for producing a composition
comprising a glycoprotein, the method comprises: (a) culturing a host cell in a large scale cell
culture, wherein (i) said host cell cxpresses the glycoprotein; and (i) said host cell comprises a
target gene that encodes a protein that 1s selected from the group consisting of! GDP-tucose
transporter (GFT), sohute carrier-35CT (SLC35C1), solute carrier-35C2 (SLC33C2), MPDUT,
and Ggtal; and (b} adding an cffective amount of an RNA cffector molecule to said large scale
cell culture, wherein said RNA effector is substantially complementary to a target gene of (8},

and reduces or prevents the expression of said target gene.

[80136]  If dewred, two or more genes may be targeted. For example, the host cell
roay further comprises a second target gene that eucodes a protein that 1s selected frova the group
consisting of! dolichyl-diphosphooligosaccharide-protein glycosyltransferase, UDP
glycosyliransterase, UDP-Gal:BGlcNAc)H 4-galaciosyltransferase, UDP-galactose~-ceramde
galactosyltransferase, fucosyltransferase, protein O-fucosyliransferase, N-
acetylgalactosaminyitransferase, O-GlcNAce transferase, oligosaccharyl transferase, O-linked N-
acetylgrucosamine transferase, a-galactosidase, B-galactosidase, sialyliransferase, GMD
dehydratase, FX cpimerase, a-1,3-galactosyltransferase, mannosyl (a-~1,3-)-glycoprotein beta-
1,2-N-acetylglucosarmnyliransferase (MGATL), MGAT4B, SLC3SDI, ST6GALNACS, and
glucosarmne (UDP-N-acetyl}-2-cpimerase; and step (b) may further comprise adding an
sffective amount of a second RNA effector molecule to the large scale cell culture, wherein the
RNA effector is substantially complementary to a target gene that encodes a protein that is
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selected from the group consisting of: dolichyl-diphosphooligosaccharide-protein
glycosyliransferase, UDP glyvcosyitransferase, UDP-Gal:BGlcNAcB1 4-galactosyltransferase,
UDP-galactose-ceramide galactosyltransterase, fucosyliransiferase, protein O-fucosyltransferase,
N-acetylgalactosaminyltransferase, O-GleNAc¢ transierase, oligosaccharyl transferase, O-hinked
N-acetylgrucosamine transferase, g-galactosidase, -galactosidase, sialyltransferase, GMD
dehydratase, FX cpimerase, a-1,3-galactosyltransferase, mannosyl (a-~1,3-)-glycoprotein beta-
1,2-N-acetylghicosaminyltransferase (MGATL), MOAT4RB, SLC35D1, STOGALNACS, and
glucosarmine (UDP-N-acetyl}-2-epimerase, and wherein said RNA effector reduces or provents

the expression of said second target gene.

{80137]  Iu one aspect, the invention provides a method for producing a coruposition
comprising a glycoprotein, the method comprises: {(a} culturing a host cell in a large scale cell
culture, wherein (1) said bost cell expresses the glycoprotein: and (11) said host cell comprises at
icast two target genes, the target genes independently encode a protein selected from the group
cousisting of: dolichyl-diphosphooligosaccharide-protein glycosyliransterase, UDP
glycosyltransferase, UDP-Gal:BGlcNAcB1 4-galactosyltransferase, UDP-galactose-ceramide
galactosyltransferase, fucosyliransferase, protein O-fucosyltransferase, N-
acetylgalactosaminyitransferase, O-GlcNAc transferase, oligosaccharyl transferase, O-linked N-
acetylgrucosamine transforase, u-galactosidase, f-galactosidase, sialyliransterase, GMD
dehydratase, FX epimerase, o-~1,3-galactosyliransterase, mannosyl (o-1,3-)-glycoprotein beta-
1,2-N-acetylglucosaminyliransterase (MGATT), MGAT4RB, SLC35D1, ST6GALNACS, and
glucosamine (UDP-N-acetyl}-2-epimerase; and (b) adding an effective amount of two or more
RNA ctfector molecules to said large scale cell culture, wherein each of said RNA effector is
substantially coroplementary to a target gene of (8, and reduces or prevents the expression of its

target gene. In certain embodiments, the host cell is a rodent cell, such as a CHO cell.

{83138} Table 2 provides exemplary target genes that encode an enzyme ora

transporter protein of the glycosylation pathway,

Table 2
Protein Name Gene Name
stalidase NELZ
o-N-acetyb-neuraminyl-2,3-beta-galactosyl-1,3-N- STOGALNACS
acetylgalactosarcimde o-2,6-stalyliransferase 6
CMP-N-acetylneuraminic acid hyvdroxylase CMAH
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1,3 galactosvitransferase ABG
GDP-mannose 4,6-dehydratase GMB
GDP-4-keto-6-deoxy-D-manuose epimerase-reductase FX
GDP-fucose transporter GFT
Fucosyltransferase FUT (e.g, FUTL to FUTI2)
solote carrier-35C1 SLC35¢C1
solute camier-35C2 SLC35C2

delichyi-diphosphooligosaccharide-protein ghycosyliransferase

DADL, RPNZ, RPNI, STT34, STT3R, OST4,
DDOST

UDP glycosyltransferase

UGT (e.q., UGTIal, UGT1a2, UGT1a5, etc.)

UDP-Gal:BGIcNACB] 4-galactosyltransferase

B4AGALTI, BAGALT2, B4GALTS, B4GALTY,
B4GALTS, B4GALTGO

UDP-galactose-cerarmde galactosyliransferase

UGTRA

protein O-fucosyltransferase

POFUTI, POFUT2

N-acetylgalactosaminyhransferase

MGATI, MGAT4B

O-GleNAc transferase OGT
oligosacchary! transferase STT3A, STT3B, DADI, DBOST
O-hinked N-acetylglucosamine transferase OGT
g~galactosidase GLA
f3-galactosidase GLBL
sialyltransforase CMAH
GDP-fucose transporter GFT

GMI} dehydratase GMDBS

FX epimerase FX
a-1,3-galactosyltransferase A3GALT2
a-1,6-mannosyl-glyeoprotein 2-beta-N- MGAT?2
acetylplycosaminyltransferase

o-1, 3-manposyl-glycoprotein 2-beta-N- MGAT!
acetylglucosaminyhtransferase

g~1,3-mannosyl-glycoprotein 4-beta-N- MGAT4B
acetylglucosaminyhransferase B

Ste35d1 solute carrier famity 35 SLC35D1
o-N-acetyigalactosaminide alpha-2,6-sialyltransferase 6 STOGALNACG
mannose-P-dolichol utilization defect 1 MPDUL
N-acetyllactosaminide a-1,3-galactosyltransferase Ggtal

100139]

Preferred genes that may be targeted for modifying the glycosylation include

FUTS, GMDS, TSTA3, ABO, CMAH, MGATIL, MGAT4B, SLC35D1, TSTA3, SLC35(,

SLO35C2, NEUZ, ST6GALNACE, and UGGTI.

[00149]

In certain embodiments, the RNA effector transiently reduces the expression

of its target gene. The nucleotide scquences of exemplary target genes from Chinese hamster
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and siRNA molecules that modulate the expression of these genes, are provided in the

Appendices.

[86141]  In certain embodiments, the method further comprising harvesting said

glycoprotein from said large scale culture,
(1), Moedification of Fucesylation pathways

[66142]  In one aspect, the invention provides a method for producing a compaosition
comprising an afucosylated glycoprotein, comprising: {(a) culturing a host ccll 1 a large scale
cell culture, wherein (1) said host cell expresses the glycoprotein; and (it} said host cell
compriscs a target gene that cncodes a protein that 1s selected from the group consisting ofd
GDP-fucose transporter (GFT), solute carrier-35CT (SLC35CT), and solute carrer-35C2
{(SLC35C2); and (b} adding an effective amount of an RNA effector molecule to said large scale
cell enlture, wherein said RNA effector 1s substantially coruplementary to said target gene, and

reduces or prevents the expression of said target gene.

[00143]  If desired, two or more genes may be targeted. For example, the host cell
may further comprises a second target gene that encodes a protein that s selected from the group
consisting oft GDP-mannose 4,6-dehydratase {GMD), GDP-4-keto-6-deoxy-D-mannose
eptmerase-reductase (FX), and Fucosyltransferase (Fut); and wherein step (b) further comprises
adding an effective amount of a second RNA effector molecule to said large scale cell culture,
wherein said RNA effector is substantially complementary to a target gene that encodes a
protein that is selected from the group consisting of: GDP-manuose 4,6-dehydratase (GMD3),
GDP-4-keto-6-deoxy-D-mannose epimerase-reductase {FX), and Fucosyltransferase (Fut), and

whereim said RNA effector reduces or prevents the expression of said second target gene.

{00144]  Iu one aspect, the nvention provides a method for producing a coruposition
comprising an afucosylated glycoprotein, the method comprises: (a) culturing a hostcell in a
large scale cell culture, wherein (1) said host coll expresses the glycoprotein; and (i1} said host
cell comprises at least two target genes that independently encode a protein that is selected from
the group consisting of: GDP-mannose 4,6-dehydratase (GMD), GDP-4-keto-6-deoxy-D-
mannose epimerase-reductase (FX), and Fucosyltransferase (Fut); and (b} adding an effective

amount of two or more RNA effector molecules to said large scale cell culture, wherein cach of
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satd RNA effector 1s substantially complementary to a target gene of (a}, and reduces or prevents

the expression of is target gene,
[80145]  Preferably, at least one of the target genes encodes a fucosyltransferase.

[80146]  In certaim embodiment, the target gene 18 selecied from the group consisting

of: Futg, GMD, and TSTA3.

[66147] Figure 3 provides a schematic llustration of fucosylation pathway in CHO
cells. Each one of the enzymes may be targeted by RNA effectors. Preferably, two or more of
the enzymes or transporter proteins are targeted. When two or more enzymes transporter
proteins are targeted, it may be desirable that at least two enzymes or transporter proteins act
sequentially along a roetabolic pathway. For exaruple, GMD, FX, GTF, and Fui (Figure 3) are
considered act sequentially along a metabolic pathway. Sinularly, Fucose kinase, GFPP, GTF,
and Futd (Figure 3) are also considered act sequentially along a metabolic pathway. As such,
any two of these four proteins may be targeted. By “sequentially,” the two enzymes or
transporter proteins do not have Lo act immediately one after another, as long as they align a
metabolic pathway, such that a molecule is sequentially processed by the two enzymes or
protein transporters (e.g., GMD and Fut§ are two enzymes act sequentially). By targeting two
enzymes of fransporter proteins act sequentially along a metabolic pathway, potential synergistic

effect may be achieved.

[00148] Alternatively, it may be desirable that to target two or more enzymes or
transporter proteins, each is iovolved in an alternative metabolic pathway that leads to the same
product (see e.g., Figure 3, GMD in the de novo pathway, and fucose kinase in the salvage
pathway). By targeting two enzymes or transporter proteins are involved in aliernative

metabolic pathways that lead to the same product, potential synergistic effect may be achieved.

[00149]  In certain embodiments, the glycoprotein is an antibody or a fusion protein

that comprises the Fo domain of an antibody,

[80130]  Genes that may be targeted for modifying the fucosylation of N-glycans

include, e.g., Fut8 {encodes Fucosyltransferase}, GMD, TSTAZ, SLC3SCT, SLC35(2, etc.

{23, Reduction of Immunogenic Epitopes
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[001351]  In one aspect, the invention provides a method for producing a composition
comprising a glycoprotein, the method comprises: (a) culturing a host cell in a large scale cell
culture, wherein (i) said host cell cxpresses the glycoprotein; and (i) said host cell comprises a
target gene that encodes ABO «-1,3 galactosyliransterase; and (b) adding an effective amount
an RNA effector molecule to said large scale cell culture, wherein said RNA effector is
substantially compiementary to said target gene, and reduces or prevents the expression of the
target gene. Preferably, said glycoprotein has reduced immunogenicity in a human when

compared to the same glycoprotein produced in the absence of said RNA effector molecule.

1901521  In one aspect, the invention provides a method for producing a composition
comprising a glycoprotein, the method comprises: (a) culturing a host cell in a large scale cell
culture, with the proviso that said bost cell is not a human, ape, or Old World mounkey cell;
wherein (1) said host cell expresses the glycoprotein; and (i1) said host cell comprises a target
gene that encodes a protein selected froro the group consisting of ABO a-1,3
galactosyltransferase and Ggtal; and (b) adding an effective amount an RNA effector wolecule
to said large scale cell culture, wherein said RNA effector is substantially complementary to said

target gene, and reduces or prevents the expression of the target gene.

{B0153]  Iu one aspect, the invention provides a method for producing a coruposition
comprising a glycoprotein, wherein said glycoprotein comprises a N-glyean, the method
compriscs: {(a) culturing a host cell in a large scale cell culture, with the proviso that said host
cell 1s not a buman cell; wherein: (i} said host cell expresses the glycoprotein; and (i1) said host
cell comprises a target gene that encodes CMP-N-acetylneuranunic acid hydroxylase (CMAH);
and (b} adding an effective amount of an RNA effector molecule to said large scale cell culture,
wherein said RNA effector is substantially complementary to said gene, and reduces or prevents

the expression of said target gene.
{3). [Increasing Seruwm Half-Life

[86154]  In one aspect, the invention provides a method for producing a composition
comprising a glycoprotein, wherein said glycoprotein comprises a N-glycan, the method
comprises: {a) culturing a host cell in a large scale cell culture; wherein (1) said host cell
expresses the glycoprotein; and (i1} said host cell comprises a target gene that encodes a

stalidase; and (b) adding an RNA effector molecule to said large scale cell culture, wherein said
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RNA effector is substantially complementary to said gene, and reduces or prevents the

expression of said target gene,

[80155]  Preferably, the sialidase 1s NEUZ2 sialidase or a-N-acetyl-neuraminyl-2,3-

beta-galactosyl-1,3)-N-acetylgalactosaminide u-2,6-sialyltransferase 6 (STOGALNACE).

[80156] Two or more RNA effectors may be used, such as the glycan medified
glycoproteins show a combination of improved effector activities (such as ADCC), reduced
immunogenicity in humans, or increased serum half life. For example, one RNA effector may
target fucosyltransferase to reduce the level of tucosylation, and is used in combination with
another RNA effector that targets a sialidase to reduce the hydrolysis of terminal sialic acid.
Alternatively, onc RNA effector may target ABO al,3 galactosyltransferase or CMAH to
reduce the level of immunogenic epitope, and is used in combination with another RNA effector

that targets a sialidase to reduce the hydrolysis of terminal sialic acid,

[86157]  In avother aspect, the invention provides a raethod for producing a
glycoprotein, comprising: {a) culturing a host cell that expresses said glycoprotein in a large
scale cell culture, wherein said host cell expresses target genes that are necessary for the
glycosylation of said glycoprotein with two or more of N-glycolylneuraminic acid, fucose and
galactose-a-1,3-galactose; (b) adding two or more RNA effector molecules to said large scale
cell culture, wherein cach of said RNA effectors are substantially complementary to said target
genes, and cultivating the large scale culture for a sufficient period of time such that the
expression of the target genes are reduced or inhibited in said host cell, thereby producing a
glycoprotein with reductions in two or more of N-glyeolylneuraminic acid, fucose and
galactose-c-1,3~-galactose as compared 1o a ghycoprotein expressed under the same conditions

but in the absence of said two or more RNA effector molecules.
B. RMNA effector molecules

[80158] RNA effector molecules that are suitable for moditying glycosylation process

of a host cell has been disclosed in detail in WO 201 1/0057R86, and is described brief below.

[86159] RNA cffector molecules are ribonucleotide agents that are capable of
reducing or preventing the expression of a target gene within a host cell, or riborucieotide agents
capable of forming a molecule that can reduce the expression level of a target gene within a host
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cell. A portion of a RNA cffector molecule, wherein the portion is at least 10, at least 12, at
least 15, at least 17, at least 1§, at least 19, or at least 20 nucleotide long, is substantially
complementary to the target gene. The complementary region may be the coding region, the
promoter region, the 37 antransiated region (37-UTR), and/or the 57-UTR of the target gene.
Preferably, at least 16 contiguous nucleotides of the RNA effector molecule are complementary
to the target sequence (e.g., at least 17, at least 18, at least 19, or more contiguous nuclootides of
the RNA effector molecule are complementary to the target sequence)}. The RNA effector
molccules mteract with RNA transcripts of target genes and mediate their selective degradation

or otherwise prevent their transiation,

[00160]  RNA cffector molecules can comprise a single RNA strand or more than one
RNA strand. Examples of RNA effector molecules include, e.g., double stranded RNA
{(dsRNA), microRNA (miRNA), antisense RNA, promoter-directed RNA (pdRNA), Piwi-
interacting RNA {piRNA), expressed interfering RNA {eiRNA), short hairpin RNA (shRNA),
antagomirs, decoy RNA, DNA, plasmids and aptaroers. The RNA effector molecule can be
single-stranded or double-stranded. A single-stranded RNA effector molecule can have double-
stranded regions and a double-stranded RINA cffector can have single-stranded regions.
Preferably, the RNA effector molecules are double-stranded RNA, wherein the antisense strand

comprises a sequence that 1s substantially complementary to the target gene.

(88161} Complomentary sequences within a RNA effector molecule, ¢.z., within a
dsRNA (a double~-stranded ribonucleic acid) may be fully complementary or substantially
complementary. Generally, for a duplex up to 30 base pairs, the dsRNA comprises no more than
5,4, 3 or 2 nmsmatched base pairs upon hybridization, while retaining the ability to regulate the

expression of its target gene.

[86162]  In some embodiments, the RNA effector molecule comprises a single-
stranded ohigonucleotide that interacts with and directs the cleavage of RNA transcripts of a
target gene. For example, single stranded RNA effector molecules comprise a 3” modification
including one or more phosphate groups or analogs thereof to protect the effector molecule from
nuclease degradation. The RNA effector molecule can be a single-stranded antisense nucleic
acid having a nucleotide sequence that 1s complernentary to a “sense” nucletc acid of a target

gene, €.2., the coding strand of a double-stranded ¢DNA molecule or a RNA seguence, e.g., a
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pre-mRNA, mRNA, miRNA, or pre-miRNA. Accordingly, an antisense mucleic acid can form

hydrogen bonds with a sense nucleie acid target.

[86163]  Given a coding strand sequence {e.g., the sequence of a sense strand of a
cDNA molecule), antisense nucleic acids can be designed according to the rules of Watson-
Crick base pairing. The antisense nucleic acid can be complementary to the coding or
noncoding region of a RNA, e.g., the region surrounding the translation start site of a pre-mRNA
or mRINA, ¢.g., the 5° UTR. An antisense oligonucleotide can be, for example, about 10 to 25
nucleotides in length {e.g., 160, 11, 12, 13, 14, 15, 16, 17, 1§, 19, 20, 21, 22, 23, or 24 nucleotides
in length). In some embodiments, the antisense ohigonucleotide comprises one or more modified
nucleotides, e.g., phosphorothicate dertvatives and/or actidine substituted nucleotides, designe
to increase its biological stability of the molecule and/or the physical stability of the duplexes
forrued between the antisense and target nucleic acids. Antiscunse oligonucleotides can comprise
ribornucleotides only, deoxyribonucleotides only {e.g., oligadeoxynucleotides), or both
deoxyribonuclectides and vibonucleotides. For exariple, an antisense agent consisting only of
ribonucleotides can hybridize to a complementary RNA and preveunt access of the translation
machinery to the target RNA transcript, thereby proventing protein synthesis. An antisense
molecule including only deoxyribonucleotides, or deoxyribonucleotides and ribonueleotides, can
hybridize to a complementary RNA and the RNA target can be subsequently cleaved by an
cuzyme, e.g., RNAse H, to prevent translation. The flanking RNA sequences can include
2"-O-methylated nucleotides, and phosphorothioate linkages, and the internal DNA sequence
can wnchude phosphorothioate intermucleotide linkages. The internal DNA sequence is preferably

at least five nucleotides in length when targeting by RNAseH activity is desired.

[80164] In certain embodiments, the RNA effector comprises a double-stranded
riborueleic acid (dsRNAJ, wherein said dsRNA (a) comprises a sensce strand and an antisense
strand that are substantially complementary to each other; and (b} wherein said antisense strand
compriscs a region of complementarity that s substantially complementary to onc of the target

genes, and wherein said region of complementarity is from 10 to 30 nucleotides in length.

[86165] In some embodiments, RNA effector molecule 1s a double-stranded
oligonucleotide . Typically, the duplex region formed by the two strands 1s small, about 30
nucleotides or less n length, Such dsRNA 1s also referred to as siRNA. For example, the
siRNA may be from 15 to 30 nucleotides in length, from 10 to 26 nucleotides in length, from 17
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to 28 nucleotides in length, from 18 to 25 nucleotides in length, or from 19 to 24 nucleotides in

length, ete.

[86166] The duplex region can be of any length that permits specific degradation of a
desired target RNA through a RISC pathway, but will typically range from 9 to 36 base pairs in
iength, e.g., 1S to 30 base pairs in length. For exaruple, the duplex region may be 9, 10, 11, 12,
13,14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, or 36 base
pairs in length, or any sub-range there between, including, ¢.g., 15 to 30 base pairs, 15 to 26 base
pairs, 15 to 23 base pairs, 15 to 22 base pairs, 15 to 21 base pairs, 15 to 20 base pairs, 15 to 19
base pairs, 15 to 18 base pairs, 15 1o 17 base pairs, 18 to 30 base pairs, 18 to 26 base pairs, 18
to 23 base pairs, I8 to 22 base pawrs, 18 to 21 base patrs, 18 to 20 base pairs, 19 to 30 base paurs,
19 to 26 base pairs, 19 to 23 base pairs, 19 to 22 base pairs, 19 to 21 base pairs, 19 to 20 base
pairs, 20 to 30 base pairs, 20 Lo 26 base pairs, 20 to 25 base pairs, 20 1o 24 base pars, 20 to 23
base pairs, 20 to 22 base pairs, 20 to 21 base pairs, 21 to 30 base pairs, 21 to 26 base pairs, 21

to 25 base pairs, 21 to 24 base pauwrs, 21 to 23 base pawrs, or 21 to 22 base pairs,

[00167]  The two strands forming the duplex structure of a dsRNA can be from a
single RNA molecule having at jeast one self-complementary region, or can be formed from two
or more separate RNA molecules, Where the duplex region is tormed from two strands of a
single molecule, the molecule can have a duplex region separated by a single stranded chain of
nucleotides (a “hairpin loop”) between the 3'-end of one strand and the 5’-end of the respective
other strand forming the duplex structure. The hairpin loop can comprise at least one unpaired
nucleotide; in some embodiments the hairpin loop can comprise at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, at least 20, at least 23 or more unpaired
nucleotides. Where the two substantially complementary strands of a dsRNA are formed by
separate RNA strands, the two strands can be optionally covalently linked. Where the two
strands are connected covalently by means other than a hairpin loop, the connecting structure is

referred to as a “linker)”

[00168] It 1s known that dsRNAs having a duplex structure of between 20 and 23, but
specifically 21, base pairs have been hailed as particularly effective in inducing RNA

mterference. Elbashir ot al., 20 EMBO 6877-88 (2001).
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[00169] A double-stranded oligonucleotide can include one or more single-stranded
nucleotide overhangs, which are one or more uupaired nucleotide that protrudes frow the
terminus of a duplex structure of a double-stranded oligonuclectide, e.g., a dsRNA. A double-
stranded ohigonucleotide can comprise an overhang of at least one nucleotide; aliermatively the
overhang can comprise at least two nucleotides, at least three nucleotides, at least four
nucleotides, at least five nucleotides or more. The overhang(s) can be on the sense strand, the
antisense strand or any combination thereof. Furthermore, the nucleotide(s) of an overhang can

be present on the §' end, 3' end, or both ends of cither an antisense or sense strand of a dsRNA.

{80176}  In ounc cmbodiment, at least one end of a dsRNA has a single-stranded

nucleotide overbang of 1 10 4, generally 1 or 2 nucleotides.

{80171}  The overhang can comprise a deoxyribonucleoside or a nucleoside analog,
Further, one or more of the internucloside linkages in the overhang can be replaced with a
phosphorothnoate. In sowe ewbodiments, the overhang comprises one of more
deoxyribonucleoside or the overhang comprises one or more dT, ¢.g.,the sequence 57-dTd1-3" or
S-dTdTdT-3". In some embodiments, overhang comprises the sequence 5°-dT*dT-3, wherein *

is a phosphorothioate internucleoside linkage.

881721 An RNA effector molecule as described herein can contain one or more
mismatches to the target sequence. Preforably, a RNA effector molecule as deseribed herein
contains no more than three mismatches. If the antisense strand of the RNA effector molecule
contains one or more mismatches to a target sequence, it is preferable that the mismatch(s) is
{are) not located in the center of the region of complementanity, but are restricted to be within
the last 5 nucleotides from either the 5° or 37 end of the region of complementarity. For
example, for a 23-nuclectide RNA effector molecule agent RNA, the antisense sirand generally

does not contain any mismaich within the central 13 nucleotides.
¥

(66173}  The dsRNA can be synthesized by standard methods known in the art as
further discussed below, e.g., by use of an automated DNA synthesizer, such as are

commercially available from, for example, Biosearch Technologies (Novato, CA).

881741  In some embodiments, the RNA effector molecule is a promoter-directed
RNA (pdRNA) which is substantially complementary to a noncoding region of an mRNA
transcript of a target gene. In one erubodiment, the pdRNA s substantially complementary to
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the promoter region of a target gene mRNA at a site located upstream from the transcription start
stte, e.g., more than 100, more than 200, or more than 1,000 bases upstream from the
transcription start site. In another cmbodiment, the pdRNA 1s substantially complementary to
the 37-UTR of a target gene mRNA transcript. To one embodiment, the pdRNA comprises
dsRINA of 18-28 bases optionally having 3° di- or tri-nucleotide overhangs on each strand. In
another cmbodiment, the pdRNA comprises a gapmer consisting of a single stranded
polynucleotide comprising a DNA sequence which is substantially complementary to the
promoter or the 3’-UTR of a target gene mRNA transcript, and flanking the polynucleotide
sequences {e.g., comprising the 5 terminal bases at each of the 5" and 3' ends of the gapmer)
comprises one or more modified nucleotides, such as 2' MOE, 2'0OMe, or Locked Nucleic Acid

bases (LNA), which protect the gapmer from cellular nucleases.

[86175] pdRNA can be used to selectively werease, decrease, or otherwise modulate
expression of a target gene. Without being limited to theory, it 1s believed that pdRNAs
raodulate expression of target genes by binding to endogenous antisense RNA transcripts which
overlap with noncoding regions of a target gene mRNA transcript, and recrutting Argonaute
proteins {in the case of dsRNA) or host cell nucleases {e.g., RNase H) (in the case of gapmers)
to selectively degrade the endogenous antisense RNAs. In some embodiments, the endogenous
antisense RNA negatively regulates expression of the target gene and the pdRNA effector
riolecule activates expression of the target geve. Thus, in some embodiments, pdRNAs can be
used to selectively activate the expression of a target gene by inhibiting the negative regulation
of target gene expression by endogenous antisense RNA. Methods for identifying antisense
transcripts encoded by promoter sequences of target genes and for making and using promoter-

directed RNAs are known, see, e.g., WO 2009/046397.

[00176]  Iu some embodiments, the RNA effector molecule comprises an aptamer
which binds to a non-nucleic acid ligand, such as a small organic molecule or protein, e.g., a
transcription or translation factor, and subsequently modifies (e.g., inhibits) activity. An
aptamer can fold into a specific structure that directs the recognition of a targeted binding site on

the non-nucleic acid ligand. Aptamers can contain any of the modifications described herein.

901771 In some embodiments, the RNA effector molecule comprises an antagonmr.
Antagomurs are single stranded, double stranded, partially double stranded or hairpin structores
that target a microRNA. An antagomir consists essentially of or comprises at least 10 or more
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contiguous nucleotides substantially complementary to an endogenous miRNA and more
particularly a target sequence of an miRNA or pre-tmiRNA nucleotide sequence. Auntagomirs
preferably have a nucleotide sequence sufficiently complementary to a miRNA target sequence
of about 12 to 25 nucleoctides, such as about 15 to 23 nucleotides, to allow the antagomir to
hybridize to the target sequence. More preferably, the target sequence differs by no more

than 1, 2, or 3 nucleotides from the sequence of the antagomir. In some embodiments, the
antagomir inchides a non-nucleotide moiety, e.g., a cholesterol moiety, which can be attached,

e.g., to the 37 or 57 end of the oligonucicotide agent,

[90178]  In some embodiments, antagomirs are stabilized against nucleolytic
degradation by the jncorporation of a modification, ¢.g., a nucleotide modification. For
example, in some embodiments, antagomirs contain a phosphorothiocate comprising at least the
first, second, and/or third 1nternucleotide hinkages at the 57 or 37 end of the nucleotide sequence.
in further embodiments, antagomirs include a 2"-medified nucleotide, e.g., a 2"-deoxy, 2°-
deoxy-2 ~fluoro, 2°-O-methyl, 27~-O-methoxyethyl (27-0-MOE), 27-O-aminopropyl (2°-0-AP),
27-O-dimethylaminoethyl (2°-C-DMAOQOE), 2°-O-dimethylaminopropyl (27-0-DMAP), 2°-0O-
dimethylaminoethyloxyethyl (27-0-DMAEOE), or 2°-O-N-methylacetamido (2°-0-NMA). In

some embodiments, antagomirs inchude at least one 27-O~methyl-modified nucleotide.

[86179]  In some embodiments, the RNA effector molecule is a promoter-directed
RNA (pdRNA} which is substantially complementary to a noncoding region of an mRNA
transcript of a target gene. The pdRNA can be substantially complernentary to the prowoter
region of a target gene mRINA at a site located upstream from the transcription start site, ¢.g.,
more than 100, more than 200, or more than 1,800 bases upstream from the transcription start
stte. Also, the pdRNA can substantially complementary to the 3°-UTR of a target gene mRNA
transcript. For example, the pdRNA comprises dsRNA of 18 to 28 bases optionally having 37
di- or tri-nucleotide overbangs on each strand. The dsRNA is substantially complementary to
the promoter region or the 3'-UTR region of 4 target gene mRNA transcript. In another
embodiment, the pdRNA comprises a gapmer consisting of a single stranded polynucleotide
comprising a DNA sequence which is substantially complementary to the promoter or the 3°-
UTR of a target gene mRNA transcript, and flanking the polynucleotide sequences (e.g.,
comprising the five terminal bases at each of the 5 and 37 ends of the gapmer) comprising one
or more modified nucleotides, such as 2"MOE, 2°0OMe, or Locked Nucleic Acid bases (LNA},

which protect the gapmer from cellular mucleases.
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[00180] Expressed interfering RNA (eiRNA) can be used to selectively increase,
decrease, or otherwise modulate expression of a target gene. Typically, eiRNA, the dsRNA is
expressed in the first transfected cell from an expression vector. In such a vector, the sense
strand and the antisense sirand of the dsRNA cau be transcribed from the same nucleic acid
sequence using ¢.g., two convergent promoters at either end of the nucleic acid sequence or
separate promoters transcribing cither a sensc or antisense sequence. Alternatively, two
plasmids can be cotransfected, with one of the plasmids designed to transcribe one strand of the
dsRNA while the other is designed to transcribe the other strand. Methods for making and using
eiRNA cffector molecules are known in the art. See, ez, WO 2006/033756; U.S. Patent Pubs.

No. 2005/0239728 and No. 2006/0035344.

[00181]  In some embodiments, the RNA effector molecule comprises a small single-
stranded Piwi-interacting RNA (piRNA effector molecule) which is substantially
complementary to a target gene, and which selectively binds to proteins of the Piwi or
Aubergine subelasses of Argonaute proteins. A piIRNA effector molecule can be about 10 to 50
nucleotides in length, about 25 to 39 nucleotides in length, or about 26 to 31 nucleotides in

length. See, e.g., U.S, Patent Application Pub, No. 2009/0062228,

[00182] MicroRNAs are a highly conserved class of small RNA molecules that are
transcribed from DINA in the genomes of plants and animals, but are not translated into protein.
Pre-microRINAs are processed into miRNAs. Processed microRNAs are single stranded ~17
to 25 nucleotide (ut) RNA molecules that become incorporated into the RNA-induced silencing
complex (RISC) and have been identified as key regulators of development, cell proliferation,
apoptosis and differentiation. They are believed to play a role in regulation of gene expression
by binding to the 3 -untranslated region of specitic mRNAs. MicroRNAs cause post-
transcriptional silencing of specific target genes, ¢.¢., by inhibiting translation or initiating
degradation of the targeted mRNA. In some embodiments, the miRNA is completely
complementary with the target nucleic acid. In other embodiments, the nuRNA has a region of
noncomplementarity with the target nucleie acid, resulting in a “bulge” at the region of non-~
complementarity. In some embodiments, the region of noncomplementarity {(the bulge} is
flanked by regions of sufficient complementarity, e.g., complete complementarity, to allow
duplex formation. For example, the regions of complementarity are at least 8 to 10 nucleotides

long {e.g., 8, 9, or 10 nucleotides long).
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[00183] miRNA can inhibit gene expression by, ¢.g., repressing translation, such as
when the tmiiRNA 1s not completely complernentary to the target nucleic acid, or by causing
target RINA degradation, when the niRINA binds its target with perfect or a high degree of
complementarity In further erobodiments, the RNA effector molecule can include an
oligonucleotide agent which targets an endogenous miRNA or pre-miRNA. For example, the
RNA effector can target an endogenous miRNA which negatively regulates oxpression of a

target gene, such that the RNA effector alleviates miRNA-based inhibition of the target gene.

[66184] The miRNA can comprise naturally occurring nucleobases, sugars, and
covalent internucleotide (backboune) linkages, or comprise one or more non-naturally-occurring
featares that confer desirable properties, such as enhanced cellular uptake, cobavced affinity for
the endogenous miRNA target, and/or increased stability in the presence of nucleases. In some
embodiments, an miRNA designed to bind to a specific endogenous miRNA has substantial
complementarity, e.g., at least 70%, 80%, 90%, or 100% complementary, with at least 10, 20, or
25 or more bases of the target miRNA. Exewmplary oligonucleiotde agents that target muiRNAs
and pre-miRNAs are described, for example, in U.S. Patent Pubs, No. 20090317907,

No. 20090298174, No. 20090291907, No. 20090291906, No. 20090286969, No. 20090236225,
No. 20090221685, No. 20090203893, No. 20070049547, No. 20050261218, No. 20090275729,
No. 20090043082, No. 20070287179, No. 20060212950, No. 20060166910, No. 20050227934,
No. 20050222067, No. 20050221490, No. 20050221293, No. 200501820035, and

No. 20050059005,

[00185] A nuRNA or pre-miRNA can be 10 to 200 nucleotides in length, for example
from 16 to 80 nucleotides in length. Mature miRNAs can have a length of 16 1o 30 nucleotides,
such as 21 to 25 nucleotides, particularly 21, 22, 23, 24, or 25 nucleotides in length, miRNA
precursors can have a length of 70 to 100 nucleotides and can have a hairpin conformation. In
some embodiments, miRNAs are generated in vive from pre-miRNAs by the enzymes clicer
and Drosha. miRNAs or pre-nuRNAs can be synthesized im vive by a cell-based system or can
be chemically synthesized. miRNAs can comprise modifications which impart one or more
desired properties, such as superior stability, hybridization thermodynamics with a target nucleic
acid, targeting to a particular tissue or cell-type, and/or cell permeability, e.g., by an
endocytosis-dependent or -independent mechanism, Modifications can also increase sequence

specificity, and consequently decrease off-site targeting,
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[00186] Upon contact with a cell expressing the target gene, the RNA effector
molecule 1nhibus the expression of the target gene by at least 10%, as assayed by, {or exaniple, a
PCR or branched DNA (bDNA-based miethod, or by a protein-based method, such as by
western blot, Expression of a target gene in cell culture can be assayed by weasuring target gene
mRMNA levels, e.g., by bDNA or TAQMAN® assay, or by measuring protein levels, e.g., by

mmmunofluorescence analysis or quantitative immunobiot.
RNA Effector Modification

[00187] Optionally, an RNA effector may bechemically modified to enhance stability

or other beneficial characteristics.

[86188] Oligonucleotides can be modified to prevent rapid degradation of the
oligonucleotides by endo- and exo-nucieases and avoid undesirable off-target effects. The
nucleic acids featured 1o the invention can be synthesized and/or modified by methods well
established mn the art, such as those described in CURRENT PROTGCOLS IN NUCLEIC ACID
CHEMISTRY (Beauncage et al., eds., John Wiley & Sons, luc., NY). Modifications melude, for
example, (a} end modifications, e.g., 37 end modifications {phosphorylation, conjugation,
inverted hinkages, ctc.), or 37 end modifications {conjugation, DNA nucleotides, inverted
linkages, etc.}; (b} base modifications, e.g., replacement with stabilizing bases, destabilizing
bases, or bases that base pair with an expanded repertoire of partners, removal of bases (abasic
nucleotides), or conjugated bases; (¢} sugar modifications {e.g., at the 27 position or 4° position)
or replacement of the sugar; as well as (d} internucleoside linkage modifications, including
rodification or replacement of the phosphodiester linkages. Specific examples of
oligonucleotide compounds useful in this invention inchade, but are not limited to RNAs
containing modified backbones or no natural fnternucleoside linkages. RNAs having modified
backbones include, among others, those that do not have a phosphorus atom in the backbone.
Specific examples of oligonucleotide compounds useful in this invention mnclude, but are not
limited to oligonueleotides containing modified or non-natural internucleoside linkages.
Oligonucleotides having modified internucloside hnkages include, among others, those that do

not have a phosphorus atom in the nternucleoside linkage.

[66189] Modified internucleoside hinkages include (e.g., RNA backbones) include, for

example, phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters,
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aminocalkylphosphotriesters, methyl and other alkyl phosphonates including 3’-alkylene
phosphonates and chiral phosphonates, phosphinates, phosphoramidates including 37-amino
phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, thionoalkyiphosphotriesters, and boranophosphates having normal
3'-5" linkages, 2'-5" linked analogs of these, and those) having inverted polarity wherein the
adjacent pairs of nucleoside units are linked 3°-57 to 57-37 or 2°-57 to 57-2°. Various salts, mixed

salts and free acid forms are also included.

[66198] Representative patents that teach the preparation of the above phosphorus-
containing linkages include, ¢.g., U.S. Patents No. 3,687,808; No. 4,469,863; No. 4,476,301;
No. 5,023,243: No. 5,177,195: No. 5,188,897; No., 5,264,423; No. 5,276,019: No. 5§,278,302;
No. 5,286,717; No. 5,321,131; No. 5,399,676; No. 5,405,939; No. 5,453.,496; No. 5,455,233;
No. 5,466,677; No. 5,476,925, No. 5,519,126; No. 5,536,821 No. 5,541,316; No. 3,550,111;
No. 5,563,253; No. 5,571,799; No. 5,587,361; No. 5,625,050; No. 6,028,188; No. 6,124,445;
No. 6,160,109 No. 6,169,170: No. 6,172,209:; No., 6, 239,265, No. 6,277,603; No. 6,326,199;
MNo. 6,346,014; No. 6,444,423, No. 6,531,590: No. 6,534,639; No. 6,608,035; No. 6,683,167
No. 6,858,715; No. 6,867,294; No. 6,878,805, No. 7,015,315; No. 7.041,816; No. 7,273,933;
No. 7,321,029; and No. RE3%464.

[66191] Additionally, both the sugar and the internucleoside linkage may be modified,
i.e., the backbone, of the nucieotide units are replaced with novel groups. One such oligomeric
compound, a RNA mimetic that has been shown to have excellent hybridization properties, 18
referred to as a peptide nucleic acid (PNA}. See, e.g., U.S. Patents No. 5,536,082;
No. 5,714,331; and No. 5,719,262, Further teaching of PNA compounds can be found, for

example, in Nielsen et al., 254 Science 1497-1500 (1991).

[66192] Modified oligonucleotides can also contain one or more substituted sugar
moieties. The RNA effector molecules, ¢.g., dsRNAs, can include one of the following at the 2
position: H {deoxyribose}; OH (ribose); F; (-, S+, or N-alkyi; O-, S-, or N-alkenyl; (-, S- or N-
alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl can be substituted or
unsubstituted Cy 1o Cip alkyl or Cs to Cyp alkeny! and alkynyl, Exemplary saitable modifications
include Of(CH2), 01 CH;, O(CH,),OCH,, O(CH ), NH,, O(CH 3, CH;, O(CH,),ONH,, and
O{CH L ONJ(CH ) CHi ) b, where noand m are from 1 to 10, inclusive. In some embodiments,
oligonucleotides include one of the following at the 2° position: C; to Cyg lower alkyl,
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substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or G-aralkyl, SH, SCH;, OCN, Cl, Br, CN,
CFs, OCF;, SOCH;, SO:CH;, ONGy, NG», Ns, NHy, heterocyeloalkyl, heterocycloalkaryl,
aminoalkylamino, polyalkylamino, substituted silyl, a RNA cleaving group, a reporter group, an
intercalator, a group for improving the pharmacokinetic properties of an oligonucleotide (e.g., &
RNA effector molecule), or a group for improving the pharmacodynamic properties of an
oligonucleotide {c.g., a RNA effector molecule), and other substituents having simmilar
properties. In some embodiments, the modification includes a 2™-methoxyethoxy (2°-0-
CH,CH,OCH,, also known as 2'-O-(2-methoxyethyl) or 2-MOE) (Martin et al., 78 Helv, Chum.
Acta 486-504 (1995}, 1.e., an alkoxy-alkoxy group. Another exemplary modification is 2'-
dimethylaminooxyethoxy, i.¢., a O{CH LON(CH;}, group, also known as 2-DMAOQOE, as
described 1o examples herein below, and 2'-diruethylaminocthoxyethoxy {(also known n the art

as 2-O-dimethylaminoethoxyethyl or 2-DMAEOE}, 1.¢., 2'-0O-CH,-O-CH-N{CH; )u.

180193}  Other modifications include 2'-methoxy (2'-OCH;), 2'-aminopropoxy
(2-OCHCHCHNH, ) and 2'-fluore (2'-F). Stmilar modifications can also be made at other
positions on the oligonucieotide, particularly the 3' position of the sugar on the 3" terminal
nucleotide or in 25" linked oligonucieotide and the 5 position of §' terminal nucleotide.
(Oligonucleotides can also have sugar mimetics such as cyciobutyl moieties in place of the
pentofuranosyl sugar, Represeutative patents that teach the preparation of such modified sugar
structures wchude, but are not limited to, U5, Patents No, 4,981,957 No. 5,118,800;

No. 5,319,080; No. 5,359,044 No. 5,393,878; No. 5,446,137; No. 5,466,786; No. 5,514,785;
No. 5,519,134; No. 5,567,811, No. 5,576,427; No. 5,591,722; No. 5,587,%09; No. 5,610,300;
No. 5,627,053; No. 5,639,873; No. 5,646,265, No. 5,658,873; No. 5,670,633; and

No. 5,700,920, certain of which are comruonly owned with the instant application.

[00194]  An ohgonucleotide (e.g., a RNA cffector molecule) can also melude
nucleobase {often referred to in the art simply as “base”} modifications or substitutions. As used
herein, “unmodified” or “natural” nucleobases include the purine bases adenine (A} and guanine
{(3}, and the pyrimidine bases cytosine () and uracil (U). Modified nucleobases inchude other
synthetic and natural nuclecbases such as inosine, xanthine, hypoxanthine, nubularine,
isoguanisine, tubercidine, 2-(halo)adenine, 2-(alkyliadenine, 2-(propvljadenine, 2
{aminojadenine, 2-{aminoalkylljadenine, 2 (aminopropyijadenine, 2 (methylthio)} N6
(isopentenyladenine, 6 (alkvijadenine, 6 (methyhadenine, 7 (deaza)adenine, 8 (alkenyladenime,

8-{alkyladenine, 8 {alkynyl)adenine, 8 (amino)adenine, 8-(halojadenine, 8-(hydroxyljadenine,
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8 (thicalkyliadenine, 8-(thioljadenine, No-(isopentyliadenine, N& {methyljadenine, N6, N6

{dimethyhadenine, 2-(alkylyguanine,2 {propyhguanine, 6-(alkyhguanmne, 6 (methylguanine,

7 (alkylyguanine, 7 (methyliguanine, 7 {deazajgnanine, 8 (alkylyguanine, 8-(alkenyl}guanine,

8 {(alkynyDguanine, §-(amino)jguanine, 8 (halojguanive, 8-(hydroxyl)guanine,

8 {thicalkylignanine, 8-(thiol)guanine, N {methyl)guanine, 2-(thio}cytosine, 3 {deaza} 5

{azajcytosing, 3-(alkyheytosine, 3 (methylcytosine, S-(alkylicytosine, 5-(alkynyhicytosing,

5 ¢halojeytosine, 5 {methyljcytosine, 5 (propynylicytosine, 5 (propynylicytosine,

S (trifluoromethyleytosine, 6-{azo)cytosine, N4 (acetylicytosine, 3 (3 amino-3

carboxypropyluracil, 2-(thicracil, 5 (methyl) 2 (thioyuracil, 5 (methylaminomethyl}-2

{(thicpracil, 4-(thio)uracil, 5 (imethyl} 4 (thiojraci], 5 (methylaminomethyl}-4 (thiojuracil,

3 {(methyl) 2,4 (dithioyuraci, 5 (methylaminomethyl}-2.4 (dithicuracil, 5 (Z-arminopropyljuracii,

5-(alkyuracil, 5-(alkynyvlyracil, 5-(aliylaminojuracil, 5 (aminoallyturacil,

S (aminealkyluract, 5 (guanidimumalkyburacil, 3 (1,3-diazole-1-alkylyuracil,

S-(cyanoalkylyracil, 5-{(dialkylamincalkyljuracil, 5 {dimethylaminoalkyluracil, S-(halojuraci],

S-(methoxyuracil, uractl-5 oxyacetic acid, 5 (methoxycarbonylmethyl)-2-(thio yuracil,

5 (methoxycarbonyl-methyhuracil, 5 {(propynyburacil, 3 (propyayihuracil, 5

{tritluoromethylyuracil, 6 (azoyuracil, dihydrouraci, N3 {methyDuracil, S-uracil (i.e.,

pseudouracil}y, 2 (thio)pseudouracil, 4 (thio)pseudouracil,?, 4-(dithiopsuedouraci,5-

(alkyvhpscudouracil, S-(methyDpseudouracil, 3-(alkyl)-2-{thio)pseudouracil, 5-(methyl)-2-

{thio}pseudouraci], 5-(alkyl}-4 (thio)pseudouraci, S-(methyi)}-4 (thio)pseudouract], 5-(alkyl}-2,4

{dithio}pseudouracil, 5-{methyl}-2,4 (dithio)pseudouracil, | substituted pscudouracil,

1 substituted 2(thio}-pseudouracil, 1 substituled 4 (thio)pseudouracil, 1 substituted 2.4~

{dithio)pseudouracil, 1 {aminocarbonylethylenyl}-pseudouracil, 1 (aminocarbonylethylenyl)-

2(thio}-pscudouracil, 1 {aminocarbonylethylenvly-4 (thio)pseudouracil,

1 {(aminocarbonylethylenyl-2,4-(dithio}pseudouracil, 1 (aminoalkylaminocarbonyiethylenyl)-

pseudouracil, 1 {aminoalkylamino-carbonylethylenyi-2(thio)-psendouracil,

I {aminoalkylaminocarbonylethylenyh-4 (thio)pseudouracil,

I {aminocalkylaminocarbonylethylenyl)-2,4-(dithio)pseudouracil, 1,3~{diaza)-2-(ox0})-

phenoxazin-1-yl, 1-{(aza}-2-(thio}-3~(azaj-phenoxazin-1-vl, 1,3-{(diaza}-2-(oxo}-phenthiazin-1-vi,

t-(aza)-2-{thio}-3-{aza}-phenthiazin-1-yl, 7-substituted 1,3-(diaza)-2-{oxo)-phenoxazin-1-yl,

7-substituted 1-(aza)-2-(thio)-3-(aza}-phenoxazin-1-yl, 7-substituted 1,3-(diaza}-2-{ox0}-

phenthiazin-1-vl, 7-substituted 1-{aza}-2-(thio}-3-{aza}-phenthiazin-1-yi,

7-{aminoalkylhydroxy)-1,3-(diazay-2~{oxo}-phenoxazin-1-yl, 7-(aminoalkylhydroxy)-1-(aza)-2-
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(thio}-3-(aza)-phenoxazin-1-vl, 7-(amincalkylhydroxy)-1,3-(diaza)-2-(oxo}-phenthiazin-1-vl,
7-{aminealkylhydroxy)-1-(aza)-2-(thio)-3-(aza)-phenthiazin~-1-yl, 7-(guanidimiumalkyihydroxy -
1,3-(diaza}-2-(oxo)-phenoxazin-1-yl, 7-(guanidintumalkylhydroxy}-1-(aza}-2-(thic}-3-(aza)-
phenoxazin-1-yl, 7-(guanidintursalkyl-hydroxy)-1,3~(diaza)-2-(oxo)-phenthiazin-1-yl,
7-(guanidiniumalkylhydroxy}-1-{aza}-2-(thio}-3-{(aza}-phenthiazin-1-yi, 1,3,5-(triaza}-2,6~
{dioxa)-naphthalene, mosine, xanthine, hypoxanthine, nubularine, tubercidine, 1soguanisine,
inosinyl, 2-aza-inosinyl, 7-deaza-inosinyl, nitroimidazolyl, nitropyrazolyl, nitrobenzimidazolyl,
nitroindazolyl, armminoindolyl, pyrrolopyrimidinyl, 3-(methylyisocarbostyrilyl,
S-(methyisocarbostyrilyl, 3-(methvl}-7-(propynyllisocarbostyrilyl, 7-(azajndolyl, 6-(methyl)-
7-(azayndolyl, imidizopyridinyl, 9-(methy)-mmidizopyridinyl, pyrrolopyrizinyl, 1socarbostyrilyl,
T-{propynyhisocarbostyrilyl, propynyl-7-(azayndolyl, 2.4,5-(trimethylphenyl,
4-(methylhindolyl, 4,6-(dimethyl)indolyl, phenyl, napthalenyl, anthracenyl, phenanthracenyl,
pyrenyl, stilbeuyl, tetracenyl, pentacenyl, difluorotolyl, 4-(fluocroi-6-(methylbenzimidazole,
4-(methyhbenzimidazole, 6-(azojthymine, 2-pyridinone, 5 nitroindole, 3 nitropyrrole,
6-(azaypyrimidine, 2 (aminojpurine, 2,6-{(diamno)purine, 5 substituted pyrumidines,
N2-substituted purines, N6-substituted purinegs, O6-substituted purines, substituted 1,2,4-
triazoles, pyrrolo-pyrimidin-2-on-3-yl, 6-phenyl-pyrrolo-pyrirmdin-2-on-3-vl, para-substituted-
6-phenyl~-pyrrolo-pyrimidin-2~-on-3-yi, ortho-substinted-6-phenyl-pyrrolo-pyrimidin-2-on-3-yi,
bis-ortho-substituted-6-phenyl-pyrrolo-pyrimidin-2-on-3-yl, para-{aminocalkylhydroxy}- 6-
phenyl-pyreolo-pyrimidin-2-on-3-y1, ortho-{aminoalkythydroxy)- 6-phenyl-pyrrolo-pyrimudio-2-
on-3-yl, bis-ortho-{aminocalkylhydroxy}- 6-phenyl-pyrrolo-pyrimidin-2-on-3-yi,
pyridopyrimidin-3-yl, 2-oxo-7-amno-pyridopyrimidin-3-yl, 2-oxo-pynidopyrimmdine-3-vi, or
any O-alkylated or N-alkylated derivatives thereof, Modified nuclecbases also include natural

bases that comprise conjugated mocties, ¢.g., 4 ligand.

180195} The oligonucleotides can also be modified to include one or more locked
nucleic acids {LNA}. A locked nucleic acid is a nucleotide having a modified ribose motety in
which the ribose moiety comprises an extra bridge connecting the 2' and 4' carbons. This
structure effectively “locks” the ribose 1u the 3-endo structural conformation. The addition of
locked nucleic acids to oligonucieotide molecules has been shown to increase oligonucleotide
molecule stability in serum, and to reduce off-target effects. Elmeun et al., 33 Nucl, Acids Res.

439-47 (2005); Mook et al., 6 Mol. Cancer Ther. 833-43 (2007); Grunweller et al., 31 Nucl.
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Acids Res. 3185-93 (2003); U.S. Patents No. 6,268,490; No. 6,670,461; No. 6,794,499;
No. 6,998,484; No. 7,053,207; No. 7,084,125; and No. 7,399,845,

[80196]  In certain instances, the oligomucleotides of a RNA effector molecule can be
modified by a non-ligand group. A number of non-ligand molecules have been conjugated to
ohigonucleotides 1o order to enhance the activity, cellular distribution or cellular uptake of the
oligonucleotides, and procedures for performing such conjugations are available in the scientific
iiterature. Such non-ligand moietics have mcluded lipid moicties, such as cholesterol (Kubo et
al., 365 Biochem. Biophys. Res. Comm. 54-61 (2007)); Letsinger et al., 86 PNAS 6553 (1989));
cholic acid (Manoharan ot al., 1994); a thicether, ¢.g., hexyl-S-tritylthiol (Manoharan et
al., 1992; Manoharan et al., 1993}; a thiocholesterol (Oberhauser et al., 1992); an aliphatic chain,
e.g., dodecandiol or undocyl residues (Saison-Behmoaras et al., 1991; Kabanov et al., 259 FEBS
Lett. 327 (1990); Svinarchuk et al., 75 Biochuwie 75 (1993)); a phospholipid, e.g., di-hexadecyl-
rac-glycerol or tricthylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate
{Manoharan et al,, 1995); Shea et al,, 18 Nucl. Acids Res, 3777 (1990)); a polyamine or a
polyethylene giveol chain (Manoharan et al., Nucleosides & Nucleotides, 1995); or adamantane
acetic acid (Manoharan ¢t al., Tetrahedron Lett., 1995); a palmityl motcty (Mishra et al,, 1995);
or an octadecylamine or hexylamino-carbonyl-oxycholesterol moiety (Crooke et al., 1996).
Representative United States patents that teach the preparation of such RNA conjugates have
been histed herein. Typical conjugation protocols involve the synthesis of an olhigonucieotide
bearing an aminolinker at one or more positions of the sequence. The amino group is then
reacted with the wolecule being conjugated using appropriate coupling or aclivating reagents.
The conjugation reaction can be performed either with the RINA still bound to the solid support
or following cleavage of the RNA, i solution phase. Purification of the RNA conjugate by

HPLLC typically affords the pure conjugate.
Delivery Methods of RNA Effector Molecules

1881971 The delivery of RNA effector molecules to cells can be achieved in a number
of differcnt ways. Several suttable delivery methods arc well known 1o the art. For example,
the skilled person 1s directed to WO 2011/8035786, which discloses exemplary delivery methods
can be used n this mvention at pages 187-219, the teachings of which are incorporated herein by
reference. For example, delivery can be performed directly by admimstering a composition
comprising a RNA effector molecule, ¢.g., an siRNA, into cell culture. Alternatively, delivery
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can be performed indirectly by administering into the cell one or more vectors that encode and

direct the expression of the RNA effector molecule.

[86198] A reagent that facilitates RNA effector molecule uptake may be used. For
example, an emulsion, a cationic lipid, a non-cationic lipid, a charged lipid, a liposome, an
auntounic hipid, a pevetration enhancer, a transfection reagent or a modification to the RNA
sffector molecule for attachment, e.g., a ligand, a targeting moiety, a peptide, a lipophillic group,

etc,

180199]  For example, RNA effector molecules can be delivered using a drug delivery
systems such as a nanoparticle, a dendrimer, a polymer, a liposome, or a cationic delivery system.
Positively charged cationic delivery systems facilitate binding of a RNA effector molecule
{negatively charged) and also enhance interactions at the negatively charged cell membrane to
permit efficient celiular uptake. Cationic lipids, dendrimers, or polymers can cither be bound to
RNA effector molecules, or induced to form a vesicle, liposome, or micelle that encases the
RINA effector molecule. See, e.g., Kim et al, 129 J. Contr. Release 107-16 (2008). Methods for
making and using cationic-RNA effector molecule coraplexes are well within the abilities of
those skilled in the art. See e.g., Sorensen et al 327 J. Mol Biol. 761-66 (2003); Verma et al,, 9

Clin, Cancer Res. 1291-1300 (2003); Amold et al,, 25 J. Hypertens, 197-205 (2007).

[80200] In one embodiment, the reagent that facilitates RINA cffector molecule uptake
used herein comprises a charged hipid as deseribed in U.S. Application Ser. No. 61/267,419,

filed 7 December 2009,

[80261] The RNA effector molecules described herein can be encapsulated within
itposomes or can form complexes thereto, in particular to cationic hiposomes, Alternatively, the
RNA effector molecules can be complexed to lipids, in particular to cationic lipids. Suitable
fatty acids and esters include but are not limtled to arachidonic acid, oleic acid, cicosanoic acid,
lauric actd, caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid,
linolenic acid, dicaprate, tricaprate, monoolein, dilaurin, glyceryl 1-monocaprate,
I-dodecylazacycisheptan-2-oue, an acylcamiting, an acylcholine, or a C'1-20 alkyl ester (e.g.,

isopropyhmyristate IPM), monoglyeeride, diglyceride, or acceptable salts thercof

[80202]  In one embodiment, the RNA cffector muolecules are fully encapsulated in the
lipid formuldation (e.g., to form a SPLP, pSPLP, SNALP, or other nucleic acid-hipid particle).
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The term “SNALP” refers to a stable nucleic acid-lipid particle: a vesicle of lipids coating a
reduced aqueous mterior comprising a nucleic acid such as a RNA effector molecule or a
plasmid from which a RNA effector molecule is transcribed. SNALPs are described, e.g., in
U.R. Patent Pubs. No, 2006/0240093, No, 2007/0135372; No. 2009/0291131; U.S. Patent
Applications Ser. No. 12/343,342; No.12/424,367. The term “SPLP” refers to a nucleic acid-
lipid particle comprising plasmid DNA cncapsulated within a lipid vesicle. SNALPs and SPLPs
typically contain a cationic lipid, a non-cationic lipid, and a lipid that prevents aggregation of the
particle {¢.g., a PEG-lipid conjugate). SPLPs mclude “pSPLP,” which include an encapsulated
condensing agent-nucleic acid complex as set forth in W 00/03683, The particles in this
embodiment typically have a mean diameter of about 50 nim to about 150 nm, or about 60 nm to
about 130 wrn, or about 70 niw to about 110 nim, or typically about 70 vro to about 90 nm,
inclusive, and are substantially nontoxic. I n addition, the nucleic acids when present in the
nucleic acid- lipid particles of the present inveuntion are resistant n agueous solution to
degradation with a nuclease. Nucleic acid-lipid particles and their method of preparation are
reported in, ¢.g., U.S, Patenis No. 5,976,567; No. 5,981,501; No. 6,534,484; No. 6,586,410;

No. 6,815,432; and WO 96/40964.

[66263]  The lipid to RNA ratio (mass/mass ratio) {¢.g., lipid to dsRNA ratio} can be in
ranges of from about 111 to about 50:1, from about 1:1 to about 25:1, from about 3:1 to
about 15:1, from about 4:1 to about 10:1, from about 5:1 to about 9:1, or about 6:1 o

about 9:1, inclusive,

100204 A cationic lipid of the formulation can comprise at least one protonatable
group having a pKa of from 4 to 15. The cationic hipid can be, for example, N,N-dioleyl-N,N-
dimethylammonium chioride (BODAC), N N-distearyl-N,N-dimethylammonium bromide
(DDAB), N-(1-(2,3~ dioleoyloxypropy-N, N, N-trimethylammoniurm chloride (DOTAP), N-(I-
(2.3~ dioleyloxy)propyl}-N, N, N-trimethylammonium chioride (DOTMA), N,N-dimethyi-2,3-
dioleyloxypropylamine (DODMA), 1 ,2-Dilinoleyloxy-N,N-dimethylaminopropane
{DLinBMA), L2-Dilinolenyloxy-N,N-dimethylaminopropane (DLenDMA}, 1,2~
Dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-Dilinoleyoxy-3-
{dimethylaminojacetoxypropane (BLin-DAC), 1,2-Bilinoleyoxy-3-morpholinopropane {DBLin-
MA), 1,2-Dilinoleoyl-3-dimethylaminopropane {DLinDAP), 1,2-Dilinoleyithio-3-
dimethylaminopropane (DLin-S-DMA), I-Lwnoleoyl-2-linoleyloxy-3-dimethylamivopropane

{DLin-2-DMAP), 1,2-Dilinoleyloxy-3-trimethylaminopropane chloride salt (DLin-TMA.CY),
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1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (DLin-TAP.CH, 1,2-Dilinoleyloxy-3-{N-
methylpiperazinojpropane (DLin-MPZ), or 3-(N,N-Dilinoleylamino)-1,2-propanediol
{DLinAP}, 3-(N,N-Dioleylamino)-1,2-propancdio {DOAP), 1,2-Dilinoleyloxo-3-(2-N,N-
dimethylarmnolethoxypropane (BLin-EG-DMA), 2,2-Dilinoleyl-4-dimethylaminomethyi-{ 1,3}
dioxolane (BLin-K-DMA}, 2,2-Dilincleyi-4-dimethylaminocthyi-[1,3]-dioxolane, or a mixture
thereof. The cationic hipid can comprise from about 20 mol% to about 70 mol%, nchusive, or
about 40 mol% to about 60 mol%, inclusive, of the total lipid present in the particle. In one

embodiment, cationic lipid can be {further conjugated to a ligand.

[002058] A non-cationic lipid can be an antonic lipid or a neutral lipid, such as
distearoyi-phosphatidylcholine (DSPC), dicleoylphosphatidyicholine (DOPC), dipalmitovi-
phosphatidyicholine (DPPC), dioleoyliphosphatidylgiveerol (DOPG), dipalnutoyl-
phosphatidylglycerol (DPPG), dioleoyl-phosphatidylethanolamine (DOPE), palmitoyloleoyi-
phosphatidylcholine (POPC), palmitovioleoyl- phosphatidylethanclamine (POPE), dicleoyl-
phosphatidviethanolamine 4-(N-maletmidoruethylj~cyclohexane-i- carboxylate (DOPE-~-mal},
dipalmitoyl phosphatidyl ethanclamine (IBPPE), dimyristoyiphosphosthanolamine (DMPE),
distearoyi-phosphatidyl-ethanolamine (DSPE), 16-O-monomethyl PE, 16-O-dimethyl PE, 18-1-
trans PE, 1 -stearoyl-2-oleoyl- phosphatidyethanolamine {SOPE)}, cholesterol, or a mixture
thereot. The non-cationic lipid can be from about 5 mol% to about 90 mol%, inclusive, of
about 18 mol¥, to about 58 mol%, inclusive, if cholesterol 18 ncluded, of the total lipid present

in the particle.

[00206] The lipid that inhibits aggregation of particles can be, for example, a
polyethyleneglycol (PEG-hipid 1nclading, without lirpitation, a PEG-diacylglycerol (DAG), a
PEG-dialkyloxypropyl (DAA}, a PEG-phospholipid, a PEG-ceramide (Cer), or a mixture
thercot. The PEG-DAA can be, for example, a8 PEG-dilauryvloxypropyl (C12), a PEG-
dinyristyloxypropyl (C14), a PEG-dipalmityloxypropyl (C16), or a PEG- distearvioxypropyl
(C18). The lipid that prevents aggregation of particles can be from 0 mol % to about 20 mol %
or about 2 mol % of the total lipid present in the particle. In one embodiment, PEG lipid can be

further conjugated to a ligand.

[00207]  In some embodiments, the nucleic acid-lipid particle further includes a steroid
sach as, cholesterol at, e.g., about 10 mol% to about 60 mol%, inclusive, or about 48 mol% of
the total lipid present in the particle.
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[00208] In one embodiment, the lipid particle comprises a steroid, a PEG lipid and 2

cationic tipid of formouda (I

el Xb

RNTTNTTNR,

n
formula (D

wherein each Xa and Xb, for each occurrence, is independently C1-6 alkylene;

nis G, 1,2, 3, 4, or 5; each R 1s independently H,

o s ‘. 0P \ -
gwﬁk\,ﬁ f}fi\/ﬁi\yﬁ Ao SeyR SR o sy

mis0, 1,2, 3or4d; Yisabsent, O, NR%, or S; R' is alkyl alkenyl or alkynyl; each of
which is optionally substituied with one or more substituents; and R? is H, alkyl alkenyl or
alkynyl; each of which is optionally substituted each of which is optionally substituted with one

or more substituents,

[00209]  In onc example, the lipidoid ND98-4HCH (MW 1487} (Formula 2),
Cholestersl (Sigma-Aldrich), and PEG-Ceramide C16 (Avanti Polar Lipids) can be used to
prepare lipid RNA effector molecule nanoparticles {e.g., LNPO! particles). Stock solutions of
each in ethanol can be prepared as follows: ND98, 133 mg/mL; Cholesterol, 25 mg/ml., PEG-
Ceramide C16, 100 mg/mL. The ND98, Cholesterol, and PEG-Ceramide C16 stock solutions
can then be combined 1u, €.g., 8 42:48:10 molar ratio. The combined lipid solution can be roixed
with aqueous RNA effector molecule (e.g., in sodium acetate pH 5} such that the final cthanol
concentration is about 35% to 45% and the final sodiurn acetate concentration is about 100 roM
to 300 mM, inclusive. Lipid RNA effector molecule nanoparticles typically form spontaneously
upon muixing, Depending on the desired particle size distribution, the resultant nanoparticle
mixture can be extruded through a polycarbonate membrane (e.g., 100 nm cut-off) using, for
example, a thermobarrel extruder, such as Lipex Extruder (Northern Lipids, Inc). In some cases,
the extrusion step can be omiited. Ethanol removal and simulianeous buffer exchange can be
accomplished by, for example, dialysis or tangential flow filtration. Buffer can be exchanged
with, for example, phosphate buffered saline (PBS) at about pH 7, e.g., about pH 6.9, about
pH 7.0, about pH 7.1, about pH 7.2, about pH 7.3, or about pH 7.4
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Formula 2

[90219]  In some embodiments, the nucleic acid-hipid particle further inchudes a steroid
such as, cholesterol at, e.g., about 18 mol% to about 60 moi%, inclusive, or about 48 nol® of

the total lipid present in the particle,
{80211} LNPO! formulations are described elsewhere, e.g., WO 2008/042673.

[80212] In onc embodiment, the reagent that facilitates RNA effector molecule uptake
used herewn comprises a cationic lipid as described 10 e.g., U.S. Application Ser. No. 61/267,419,
filed 7 Diecember 2009, and U.S. Application Ser. No. 61/334,39§, filed 13 May 20610, In
various embodiments, the RNA effector molecule composition described herein
comprisescomprises a cationic lipid selected from the group consisting of: “Liptd H”, “Lipid K™

“Lipid L7, “Lipid M”; “Lipid P7; or “Lipid R”, whose formulas are indicated as follows:

“ Lipid ¥

?\AEBNI ' xq m
o e e e Lipid K
@ O
MegNi- CE ><>/\/\/\/\/\/\/\/\/

Lipid P
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above, such as, e.g., K&, P§ and LE which refer to formulations comprising Lipid K, P, and L,

respectively. Some exemplary hipid formulations for use with the methods and compositions

described herein are found in ¢.g., Table 3:

PCT/US2012/047346

Lipid R

Also conterplated herein are various formulations of the lipids described

Table 3. Example lipid formulations
Formulation | Cationic Lipid | Cationic Lipid | DOPE Cholesterol
Number Number Mol % % Yo
I 200 (Lipid Hy | 48.08 51.92 -
2 200 (Lipid Hy 1 47.94 47.06 5
3 201 {Lipid K} 1 45.56 54,44 -
4 (K8) 201 (Lipid Ky 1 47.94 47.06 5
S{L&) 202 (Lipid Ly 147.94 47.06 5
& 203 (Lipid M) | 53.01 44.49 2.5
7 203 (Lipid M) 1 47.94 47.06 5
8 (PR} 204 (Lipid P 47.94 47.06 5
g 205 (Lipid R}y 1 47.94 47.06 5
{80214]  In another embodiment, the RNA effector molecule composition described

herein further comprises a lipid formmlation comprising a lipid selected from the group

consisting of Lipid H, Lipid K, Lipid L, Lipid M, Lipid P, and Lipid R, and further comprises a
neutral lipid and a sterol. In particular embodiments, the lipid formulation comprises between
approximately 25 mol % - 100 moi% ot the lipid. In another embodiment, the hipid formulation

comprises between 0 moi% ~ 50 mol% cholesterol. In still another embodiment, the lipid

formulation comprises between 30 mol% - 65 mol% of a neutral hipid. In particular

embodiments, the lipid formulation comprises the relative mol% of the components as listed in

Table 4 as follows:

Tabie 4. Exarople hipid formulae
Series Lipid (Mol%) DOPE Chol
I 45.56 54.44 0
2 48.08 51.92 {
3 50.60 49.40 0
4 53.10 46.90 0
5 52.7. 37.27 10
6 52.92 42.08 5
7 53.01 44.49 2.5
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| 8 | 4794 | 47.06 |

LA

[00218]  Additional exemplary lipid-siRNA formmulations are as shown below in Table

TABLE 5: lipid-siRNA formulations

cationic lipid/non-catipnic
Cationic Lipid fipid/cholesterol/PEG-lpid conjugate | Process
Lipid:siRNA ratie

BLinDMA/DPPC/Cholesterol/PEG-
SNALP L,2-Dilinolenyloxy-N,N- cDMA
7 dimethylaminopropane (DLmDMA) {57.1/7.1/34.4/1.4)
LipidisiRINA ~ 7:1
SNALP- | 2,2-Enbaclevi-4-dimethylaminocthyl- P}TC//DP/E‘Q"(;31('3¥estet’oL’PEb-cD?\x{A
XTC | [13}dipxolane (XTC) STAT3/384/1.4
B - o B HipidisiRNA ~ 711
CTO/DSPC/Cholestotol PEG-LIMG
o 2,2-Dnhnoleyl-4-dimethylaminoethyl- XEE,' DP,E ( (h\ﬁ sterolPEG-DMG . .
ENPGS (13 ]diog 1;116_ (XTC) - 7 57.5/7.58/31.5/3.5 Extrusion
2 JaloR0Iane LA AL lipid:siRNA ~ 6:1
X TC/DSPC/CholesterolV PEG-DMG
2,2-Bilinoleyl-4-dimethylaminoethyl- Y:,F {",N,D, ,PE (EE olesterol PEG-DMG .
LNPO6 1.3 ]-dioxolans (XTC) M 57.5/7.5/31.5/3.5 Extrusion
AT HIOXOIANE LA LE lipid:siRNA ~ 11:1
XTC/DBSPC/CholesteroV/PEG-DMG .
I NPOT 2,2-Dilincleyi-4-dimethylaminocthyi- ;(UT,S 3;5 /?; folesterol PEG-DMG Tn-line
[1,3]-droxolane (XTC} ipid:siENA e mixing
L NPOS 2,2-Dilinoleyi-4-dimethylaminoethyl- ?;ji;;%&s}?;?;ﬁhoiestemb?h(:—l)i‘vi(x‘ In-line
[1.3]-dioxolane (XTC) fipid:siRNA 11 mixing
i 2,2-Erbnoleyvi-4-dimethylaminoethyl- 2&?9@283@’(}1{3?{fSiEE’OL’PEU-D]\/EU In-line
LNPOS il 3]-—';1&')%*1;;{1‘ XTO) . ’ SO/LGI38. 5715 mIKing
Lo -dioxolane (A0 Lipid:siRNA 10:1 g
(3aR,58,6a5 )N N-dimethyl-2,2-
di{(97, 122y -octadeca-9,12- ALN16O/DSPC/Cholesterol/PEG-DIMG Tn-line
ENPIS | dicaylyetrahydro-3aH- S0/30/38.5/1.5 m'jﬁé;
cyclopentaid}i 1,3 ldioxol-5-amine LapidisiRNA 101 e
(ALN1GH)
(67,972,287 31 7)-heptatriaconta- MC-3/DSPC/Cholesterol/PEG-DIMG In-tine
ENPIL | 6,928 3 -tetraen-19-y1 4- S50/10/38.5/1.5 it
{dimethylaminobutanoate (MC3) LipidisiBNA 10:1 xng
LU 2-(4-(2-((2-{bis(2-
bydroxydodecyljaminojethyh(2- Tech GI/DSPC/Cholesterol/ PEG-DMG In-line
LNP1Z | bydroxydedecyDaminojethyDpiperazin- | 50/10/38.5/1.5 mixin:
1-yhethylazanediyvididodecan-2-of LipidisiRNA 101 ©
{Tech G1)
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100216] LNPO9 formulations and XTC comprising formulations are described, e.g., in
U.S. Provisional Serial No. 61/239,686, {iled September 3, 2009, which is hereby ncorporate

by reference.

1802177 LNPI formulations and MC3 comprising formulations are described, e.g., in
U.S. Provisional Serial No. 61/244,834, filed Septeraber 22, 2009, which 1s bereby incorporated

by reference.

[90218]  LNPIZ formulations and TechG1 comprising formulations are described, e.g.,
in U.S. Provisional Serial No. 61/175,770, filed May 3, 2009, which 1s hereby mcorporated by

reference.

[86219] Formulations prepared by either the standard or extrusion-free method can be
characterized in similar manners. For example, formulations are typically characterized by
visual inspection. They should be whitish translucent solutions free frow aggregates or
sediment. Particle size and particle size distribution of lipid-nanoparticles can be measured by
light scattering using, for example, a Malvern Zetasizer Nano ZS (Malvern, PA). Particles
should be about 20-300 nm, such as 40-100 nm in size. The particle size distribution should be
unimodal. The total dsRNA cffector molecule concentration in the formulation, as well as the
entrapped fraction, ts estimated using a dye exclusion assay. A sample of the formulated RNA
effector molecule can be incubated with a RNA-binding dye, such as Ribogreen (Molecular
Probes) 1u the presence or absence of a formulation distupting surfactant, e.g., 0.5% Triton-
X100. The total RNA effector molecule in the formulation can be determined by the signal from
the sample contaimng the surfactant, relative to a standard curve. The entrapped fraction is
determined by subtracting the “free” RNA effector molecule content {(as measured by the signal
in the absence of surfactiant) from the total RNA effector molecule content. Percent entrapped
RNA effector molecule is typically >85%. For liptd nanoparticle formulation, the particle size is
at lcast 30 nm, at least 40 num, at least 50 nm, at least 60 nin, at least 70 nm, at least 80 nm, at
least 90 um, at least 100 om, at least 110 nm, or at least 120 nm. The suitable range 1s typically
about at lcast 58 nm to about at least 110 nm, about at least 60 nm to about at least 100 nm, or

about at least 80 nm to about at least 90 nm, mclusive,

[66228] Liposomes are untlamellar or multilamellar vesicles which have a membrane

formed from a lipophilic material and an aqueous interior. The aqueous portion contains the

-61 -



WO 2013/013013 PCT/US2012/047346

composition to be delivered. Cationic liposomes possess the advantage of being able to fuse to
the cell wall. Nou-cationic Hposomes, although not able to fuse as efficicutly with the cell wall,
are taken up by macrophages in vivo. In order to cross intact cell membranes, lipid vesicles must
pass through a series of fine pores, cach with a diameter less than 50 nm, under the influence of
a suttable transdermal gradient. Therefore, it is desirable to use a liposome which is highly

deformable and ablc to pass through such fine pores.

[80221]  Further advantages of liposomes mclude: hiposomes obtained from natural
phospholipids are biocompatible and biodegradable; liposomes can incorporate a wide range of
water and lipid soluble drugs; and Hposomes can protect encapsulated drugs in thewr internal
compartments from metabolisto and degradation. See, e.g., Wang et al,, DruG DeLiv.
PRINCIPLES & APPL. (John Wiley & Sons, Hoboken, NI, 2005); Rosoff, 1988, Important
considerations in the preparation of liposome formulations are the lipid sarface charge, vesicle

size and the aqueous volume of the liposomes.

[80222] Liposomes are useful for the transfer and delivery of active ingredients to the
stte of action. Because the liposomal membrane is structurally sirntlar to biological membranes,
when liposomes are applied to a tissue, the liposomes start to merge with the cellular membranes
and as the merging of the liposome and cell progresses, the liposomal contents are emptied into
the cell where the active agent may act. Liposomal formuilations have been the focus of
extensive investigation as the mode of delivery for many drugs. There is growing evidence that
for topical admunistration, liposorues present several advantages over other formulations, Such
advantages include reduced side-effects related to high systemic absorption of the administered
drug, 1ncreased accumulation of the admunistered drug at the desired target, and the ability to

administer a wide variety of drugs, both hydrophilic and hydrophobic, into the skin.

[66223] Liposomes fall into two broad classes. Cationic liposomes are positively
charged liposomes which mnteract with the negatively charged polynucleotide molecules to form
a stable complex. The positively charged polynucleotide/liposome complex binds to the
negatively charged cell surface and 1s mternalized in an endosome. Due to the acidic pH within
the endosome, the liposomes are ruptured, releasing their contenis into the cell cytoplasm. Wang

et al., 147 Biocherm. Biophys. Res. Commun., 980-85 (1987).
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100224} Liposomes which are pH-sensitive or negatively-charged, entrap
polynucleotide rather than complex with it. Because both the polynuclectide and the lipid are
stimilarly charged, repulsion rather than complex formation cccurs. Nevertheless, some
polynucleotide s entrapped within the agueous intetior of these liposomes, pH-seusitive
liposomes have been used to deliver DNA encoding the thynudine kinase gene to cell
monolavers in culture. Expression of the exogenous gene was detected in the target cells. Zhou

et al., 19 J. Controlled Rel. 269-74 (1992},

[86225]  Oune major type of liposomal composition includes phospholipids other than
naturally-derived phosphatidylcholine. Neutral liposome compositions, for example, can be
formed frow dimyristoyl phosphatidylcholine (DMPC) or dipalmitoy! phosphatidyicholine
(DPPC). Anionic liposome compositions generally are formed from dimyristoyl
phosphatidylglycerol, while amomnic fusogenic liposorues are formed primarily from dicleoyt
phosphatidylethanclamine (DOPE). Another type of liposomal composition is formed from
phosphatidvicholine (PC) such as, for example, soybean PC, and egg PC. Another type s

formed from mixtures of phospholipid and/or phosphatidylcholine and/or cholesterol.

[90226]  Liposomes also include “sterically stabilized” liposomes, a term which, as
used herein, refers to liposomes comprising one or more specialized hipids that, when
incorporated into liposomes, result in enhanced circulation lifetimes relative to liposomes
lacking such specialized lipids. Examples of sterically stabilized liposomes are those in which
part of the vesicle-forrmng lipid portion of the liposome (A) comprises one or more glycolipids,
such as monosialoganglioside GM 1, or (B) is derivatized with one or more hydrophilic
polymers, such as a polyethylene glycol (PEG) moiety. While not wishing to be bound by any
particular theory, it is thought in the art that, at least for sterically stabilized liposomes
containing ganghosides, sphingomychin, or PEG-derivatized lipids, the enhanced circulation
half-life of these sterically stabilized liposomes derives from a reduced uptake into cells of the
reticuloendothelial system (RES). Allen et al., 223 FEBS Lett, 42 (1987); Wu et al,, 533 Cancer
Res. 3765 (1993).

(802271 Various liposomes comprising one or more glycolipids are known 1n the art.
Papahadjopoulos et al, (507 Ann, NY Acad. Sci, 64 (1987)}), reported the ability of
roonosialoganghoside GM1, galactocerebroside sulfate and phosphatidylinositol to improve
blood half-lives of liposomes. These findings were expounded upon by Gabizon et al. (85
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PNAS 6949 (1988}). U.5. Patent No. 4,837,028 and WO 88/04924, both to Allen et al,, disclose
liposomes comprising (1) sphingomyelin and (2} the ganghioside GM1 or a galactocerebroside
sulfate ester. U.8. Patent No. 5,543,152 (Webb ot al.) discloses liposomes comprising
sphingomyelin. Liposomes comprising 1,2~sn~dimyristoviphosphatidylcholine are disclosed in

WO 97/13499 (Lim et al.).

[00228] Many liposomes comprising lipids derivatized with one or more hydrophilic
polymers, and methods of preparation thereof, are known in the art, Sunamoto ¢t al, (53 Bull
Chem. Soc. Jpn. 2778 (1980)) described liposomes comprising a nontonic detergent, 2C1215G,
that contains a PEG moicty. Wum et al. (167 FEBS Lett, 79 (1984)), noted that hydrophilic
coating of polystyrene particles with polymeric glyeols results 1a significantly enhanced blood
half-lives. Synthetic phospholipids modified by the attachment of carboxylic groups of
polyalkylene glycols {e.g., PHG) are described by Sears (U.S. Patent No. 4,426,330 and
No. 4,534,899). In addition, antibodies can be conjugated to a polyakylene derivatized liposome
{see e.g., PCT Application US 2008/0014255). Klhibanov et al. (268 FEBS Lett, 235 (1990}),
described experiments demonstrating that liposomes comprising phosphatidylethanolamine (PE)
dertvatized with PEG or PEG stearate have significant increases in blood circulation half-lives.
Blume et al. {1029 Biochim. Biophys. Acta 1029, (1990}}, extended such observations to other
PEG-derivatized phospholipids, e.g., DSPE-PEQG, formed from the combination of
distearoyiphosphatidylethanolamine (DSPE) and PEG. Liposores having covalently bound
PEG motetics on their external surface are described in European Patent No. 0445131 Bl and

WO 90/04384 1o Fisher,

[86229]  Liposome compositions contaiming 1-20 mol% of PE dervatized with PEG,
and methods of use thereof, are described by Woodle et al. (U.S. Patents No. 5,013,556
No. 5,356,633) and Martin et al. (U.S, Patent No., 5,213,804; European Patent
No. 1 496813 B1). Liposomes comprising a number of other lipid-polymer conjugates are
disclosed in WO 91/05545 and U.S. Patent No. 5,225,212 and in WO 94/20073. Liposomes
comprising PEG-modified ceramide lipids are deseribed in WO 96/10391. U.S. Patents
WNo. 5,540,935 and No. 5,556,948 describe PEG-containing hposomes that can be further
derivatized with functional moieties on their surfaces. Methods and compositions relating to
liposomes comprising PEG can be found in, e.g., U.S, Patents No. 6,049,094; No. 6,224,903,
No. 6,270,806, No. 6,471,326; No. 6,958,241,
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100230]  As noted above, liposomes can optionally be prepared to contain surface
groups, such as antibodies or antibody fragments, small effector roolecules for interacting with
cell-surface receptors, antigens, and other like compounds, and these groups can factlitate
delivery of liposomes and their countents to specilic cell populations. Such ligands can be
included in the liposomes by including in the liposomal lipids a lipid derivatized with the
targeting molecule, or a lipid having a polar-head chenucal group that can be derivatized with
the targeting molecule in preformed Hiposomes. Alternatively, a targeting moiety can be inserted
into preformed liposomes by incubating the preformed liposomes with a ligand-polymer-lipid

conjugate.

[90231]  Lipids can be derivatized using a variety of targeting moieties, such as
ligands, cell surface receptors, glycoproteins, vitamins {e.z., riboflavin) and monoclonal
antibodies by covalently attaching the ligand to the free distal end of a hydrophilic polymer
chain, which is attached at its proximal end to a vesicle-forming lipid. There are a wide variety
of technigues for attaching a selected hydrophihic polymer to a selected lipid and activating the
free, unattached end of the polymer for reaction with a selected ligand, and as noted above, the
hydrophilic polymer polyethyleneglyeol (PEG) has been studied widely. Allen ot al., 1237
Biochem. Biophys. Acta 99-108 (1995); Zalipsky, 4 Bioconj. Chem. 296-99 (1993}, Zalipsky et
al., 353 FEBS Lett. 1-74 (1994); Zalipsky et al,, Bioconi. Chem. 705-08 (1995); Zalipsky, in

StTEALTH Lpasomns (Lasie & Martin, eds. CRC Press, Boca Raton, FL, 1993},

902321 A vursber of liposomes coruprising nucleic acids are knowu in the art, such as
methods for encapsulating high molecular weight nucleic acids in liposomes. WO 96/40062.
U.S. Patent No. 5,264,221 to Tagawa et al. discloses protein-bonded liposomes and asserts that
the contents of such Hposomes can include a dsRNA. U.S. Patent No. 5,665,710 to Rahman et
al. describes certain mcthods of encapsulating oligodeoxynucleotides in liposomes.

WO G7/64787 to Love et al. discloses liposomes comprising dsRNAs targeted to the rgf gene. In
addition, methods for preparing a liposome composition comprising a nucletc acid can be found
in, e.g., U.S. Patents No. 6,011,020; No. 6,074,667, No. 6,110,490, No. 6,147,204,

No. 6,271,206; No. 6,312,956; No. 6,465,188; No. 6,506,564; No. 6,750,016; No., 7,112,337,

[00233]  Transfersomes are yet another type of hiposomes, and are highly deformable
iipid aggregates which are attractive candidates for drug delivery vehicles. Transfersomes can be
described as lipid droplets which are so highly deformable that they are casily able to penctrate
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through pores which are smaller than the droplet. Transfersomes are adaptable to the
environment in which they are used, e.g., they are self~optimizing, self-repatring, frequently
reach their targets without fragmenting, and often selt-loading. To make transfersomes it is

possibie to add surface edge-activators, usually surfactants, to a standard hiposomal composition.

190234]  Encapsulated nanoparticles can also be used for delivery of RNA effector
molecules, Examples of such encapsulated nanoparticles include those created using veast cell
wall particles {YCWP), For exaraple, glucan-encapsulated siRNA particles (GeRPs) are payload
delivery systems made up of a yeast cell wall particle (YCWP) exterior and a multilayered
nanoparticle interior, wherein the multilayered nanoparticle interior has a core comprising a
payload complexed with a trapping agent. Glucan-encapsulated delivery systems, such as those
described in U.S. Patent Applications Ser. No. 12/260,998, filed October 29, 200%, can be used

to deliver siRNA duplexes to achieve silencing in vitro and in vive..
C. Cell Cultures

[86235] Moethods described herein use host cells to produce glycoproteins haviong
modified glycans. A host cell can be derived from a yeast, insect, amphibian, fish, reptile, bird,
mammal or human, or can be a hybridoma cell. Host celis can be unmodified cells or cell lines,
or cell lines which have been genctically modified (e.g., to facilitate production of a biological
product}. In some embodiments, the host cell is a cell line that has been modified to allow for
growth under desired conditions, such as 1u serum-~-free media, in cell suspension culture, or n

adherent cell culture.

[00236] A mammalian host cell can be advantageous where the glycoprotein is a
rammalian glycoproten, particularly if the glycoprotein is a biotherapeutic agent or is
otherwise intended for adpunistration to or consumption by humans. In some embodiments, the
host cell 1s a CHO cell, which 1s a cell line used for the expression of many recombinant
proteins. Additional mammalian cell tines used commonly for the expression of recombinant
proteins include 293HEK cells, HeLa cells, COS cells, NIH/3T3 cells, Jurkat Cells, NSO cells,
and HUVEC cells.

1902371 In some cmbodiments, the host cell 1s a CHO cell derivative that has been
maodified genetically to facilitate production of recombinant proteins, For example, various CHO
cell sirains have been developed which permit stable insertion of recombinant DNA wnlo a

- 66 -



WO 2013/013013 PCT/US2012/047346

specific gene or expression region of the cells, amplification of the inserted DNA, and selection
of cells exhibiting high level expression of the recombinant protein. Examples of CHO cell
derivatives useful in methods provided herein include, but are not limited to, CHO-Kl cells,
CHO-DUKX, CHO-DUKX B1, CHO-DG44 cells, CHO-ICAM-1 cells, and CHO-hIFNy cells,
Methods for expressing recombinant proteins in CHO cells are known in the art and are

described, e.g., m U.S, Patents No. 4,816,567 and No. 5,981,214,

[00238] Examples of human cell lines useful in methods provided herein inchude the
cell lines 2937 (embryonic kidney), 786-0 (renal), A498 (renal), A549 (alveolar basal
eptthelial), ACHN (renal), BT-5349 (breast), BxPC-3 (pancreatic), CAKI-1 {renal), Capan-1
{pancreatic), CCRF-CEM (leukemia), COLO 205 (colon), DLD-1 {(colon), DMS 114 (small cell
lung), BU145 (prostate), EKVX (non-small cell lung), HCC-2998 (colony, HCT-15 (colon),
HCT-116 (colony, HT29 {(colon}, HT-1080 (fibrosarcoma}, HEK 293 {embrvonic kiduey), Hel.a
{cervical carcinoma), Hep(G2 (hepatocellular carcinoma}, HL-60(TH) (leukemia), HOP-62 (non-
small cell lung), HOP-92 (nop-small cell lung), HS 5787 (breast), HT-29 (colon
adenocarcinoma}, IGR-OV1 (ovarian), IMR3Z (neuroblastoma), Jurkat (T lymphocyte)}, K-562
(leukerma}, KM12 (colon), KM2Z0L2 (colon), LANS (neuroblastoma), LNCap. FGC (Caucasian
prostate adenocarcinoma), LOX IMVI (melanoma), LXFL 529 {(non-small cell lung), M14
{melanoma), M19-MEL (melanoma), MALME-3M (mclanoma), MCFIOA (manunary
eptthelialy, MCF7 (maromary}, MDA-MB-453 (mammary epithelial), MDA-MB-468 (breast),
MDA-MB-231 (breast), MDA-N (breast), MOLT-4 (leukemia), NCVADR-RES (ovarian}, NCI-
H226 (non-stall cell lung), NCI-H23 (von-smali cell lung), NCI-H322M (non-stoall cell lung ),
WNCI-H460 (non-small cell lung}, NCI-H522 (non-small cell lung}, OVCAR-3 {ovarian),
OVCAR-4 (ovanan), OVCAR-5 (ovarian), OVCUCAR-R (ovarian), P388 (leukerma}, P38R/ADR
(leukenua), PC-3 {prostate), PERCO® (El-transformed embryonal retina), RPMI-7951
(melanoma), RPMI-8226 (leukemia), RXF 393 (vrenal), RXF-631 (venal), Saos-2 (bone), SF-268
{CNS), SF-295 (CNS}, SF-539 (UNK), SHP-77 (small cell lung), SH-SYSY (neuroblastoma},
SK-BR3 (breast), SK-MEL-2 {melanoma}, SK-MEL-S (melanoma), SK-MEL-28 {melanomay},
SK-OV-3 {ovarian), SN12ZK1 {renal}, SN12C (renal), SNB-19 (CNS), SNB-75 (CNS) SNB-78
{CNS), SR (leukemia), SW-620 {(colon), T-47D (breast), THP-1 {monocyte-derived
macrophages), TK-10 (renal}, UR7 (ghioblastoma}, U293 (kidney), U251 (CNS), UACC-257
{melanoma), UACC-62 (melanoma), UO-31 (renal), Wi38 (lung), and XF 498 (CNS).
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100239)  Examples of non-human primate cell lines useful in methods provided herein
include the cell hines monkey kidney (CVI-76), Aftican green monkey kiduey (VERO-76),
green monkey fibroblast (COS-1), and monkey kidney (CV) cells transformed by SV40 (COS-
73. Additional mammmalian cell hines are knowu to those of ordinary skill in the art and are

catalogued at the American Type Culture Collection catalog (Manassas, VA}.

1002407 Examples of rodent cell Hines useful in methods provided herein include the
cell lines baby hamster kidney (BHK) {e.g., BHK21, BHK TK), mouse Sertoh (TM4), buffalo
rat liver (BRL 3A), mouse mammary tumor (MMT), rat hepatoma (HTC), nouse myeloma
(NSO}, murine hybridoma (Sp2/0), mouse thymoma (EL4), Chinese Hamster Ovary (CHO) and
CHO cell derivatives, murine exnbryonic (NTH/3T3, 373 L), rat royocardial (HS9¢2), mouse

myoblast (C2C12), and mouse kidney (muMCD-3).

100241]  In some embodiments, the host cell is a multipotent stem cell or progenitor
cell. Examples of multipotent cells useful in methods provided herein inchude murine embryonic
stern {(ES-D3) cells, human umbilical vein endothelial (HuVEC) cells, human umbilical artery
smooth muscle (HuASMC) cells, human differentiated stom (HKB-11) cells, human

mesenchymal stem (RMSC) cells, and induced phuripotent stem (iPS) cells.

1802427  In some embodiments, the host cell 19 an insect cell, such as 89 cell line
{(derived from pupal ovarian tissuc of Spodoprera frugiperday;, Hi-5 (derived trom Trichoplusia

ni egg cell homogenatesy; or S2 cells (from Drosophila melanogaster).

[86243]  In some embodiments, the host cells are suitable for growth 1n suspension
cultures. Suspension-competent host cells are generally monodisperse or grow in loose
aggregates without substantial aggregation. Suspension-competent host cells include cells that
are suitable for suspension culture without adaptation or manipulation {(¢.g., hematopoietic cells,
ivmphoid cells) and cells that have been made suspension-competent by modification or

adaptation of attachment-dependent cells {e.g., epithelial cells, fibroblasts).

[66244]  In some embodiments, the host cell is an attachment dependent cell which is
grown and matntained in adherent culture. Examples of human adherent cell hnes usetul in
methods provided herein include the cell lines human neuroblastoma (SH-8YSY, IMR32, and
LANS), human cervical carcinoma (Hela), human breast epithelial (MCFIOA), human
embryonic doey (2937T), and human breast carcinoma (SK-BR3).
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[00245]  In some cmbodiments, the host cell is a cell line that has been modified to
allow for growth under desired conditions, such as in serum-free media, i cell suspension
culture, or in adherent cell culture. The host cell can be, for example, a human Namalwa Burkitt
iymphoroa cell (BLcl-kar-Namabwa), baby hamster kidney fibroblast (BHK), CHO cell, Murine
myeloma cell (NSO, SP2/0), hybridoma cell, human embryonic kidney cell (293 HEK), human
retina-derived cell (PER.CO6® cells, UK, Patent No. 7,550,284}, msect cell line (S19, derived
from pupal ovarian tissue of Spadopiera frugiperda; or Hi-S, derived from Trichopiusia ni egg
cell homogenates; see also U.S, Patent No. 7,041,500}, Madin-Darby canine kidney cell
(MDBCK), primary mouse brain cells or tissue, primary calf lyoph cells or tissue, primary
monkey kidney cells, embryonated chicken egg, primary chicken embryo fibroblast (CEF},
Rhesus fetal lung cell (FRBL-2}, Human fetal tang cell (WI-38, MRC-5), African green wounkey
kidney epithelial cell {Vero, CV-1}, Rhesus monkey kidney cell (LLC-MKZ2), or yeast cell.
Additional mammalian cell lines coramonly used for the expression of recombinant proteins
include, but are not limited to, Hela cells, COS cells, NIH/3T3 cells, Jurkat Cells, and human

umbilical vein endothelial celis (HUVEC) cells.

[00246] Host cells can be unmodified or genctically modified (c.g., a cell from a
transgenic animal}. For example, CEFs from transgenic chicken eggs can have one or more
genes ossential for the IFN pathway, ¢.g..interferon receptor, STATI, ete., has been disrupted,
1.e., 15 a “knockout.” See, e.g., Sang, 12 Treuds Biotech. 415 (1994); Pervy et al., 2 Transgenic
Res. 125 (1993); Stern, 212 Curr Top Micro. Imymunol. 195-206 (1996); Shuman, 47
Expericutia 397 (1991). Also, the cell can be modified to allow for growth under desived

conditions, ¢.g., incubation at 30°C.

[80247] The host cells may express the giycoprotein of interest endogenously, or
alternatively, the host cell may be engineered to express an exogenous glycoprotein, For
example, a host cell may be transfected with one or more expression vectors that encode the
glycoprotein. The muecleie acid molecule encoding the glycoprotein may be transiently
introduced into the host cell, or stably integrated into the genome of the host cell. For example,
in case of an antibody, one or more recombinant expression vectors encoding the light and/or
heavy chains of the antibody {or an antigen-binding fragment of the antibody} may be
transfected, such that the light and/or heavy chains are expressed in the host cell. 1t desired, the
glycoprotein may be secreted into the medium io which the host cell is cultured, from which

medium the glycoprotein can be recovered.
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[00248] Standard recombinant DNA methodologies may be used to obtain a nucleic
acid that encodes a glycoprotein, jncorporate the nucleic acid nto aun expression vector and
introduce the vector into a host cell, such as those described in Sambrook, et al. (eds}, Molecular
Cloning; A Laboratory Manual, Third Editton, Cold Spring Harbor, (2001); Ausubel, F. M, et al.
{eds. } Current Protocols in Molecular Biology, John Wiley & Sons (1995} A nucleic acid
encoding the glycoprotein may be nserted into an expression vector or vectors such that the
nucleic acids are operably linked to transcriptional and translational control sequences. The
expression vector and expression control sequences are generally chosen to be compatible with

the expression host cell used.

1802497 For example, (o express an antibody, or an antigen-binding fragment thereof,
nucleic acids encoding the light and heavy chain variable regions may be first obtained. These
nucleic acids can be obtained by amplification and modification of uruan germline light and
heavy chain variable region genes using PCR. Germibine DNA sequences for human heavy and

iight chain variable region genes are known 1o the art.

{00250  In addition to the nucleic acid that encodes the glycoprotein, the expression
vector may additionally carry regulatory sequences that control the expression of the
glycoprotein in a host cell, such as promoters, enhancers or other expression control clements (¢,
g. ., polyadenylation signals} that control the transcription or translation of the nucleic acid(s).
Such regulatory scquences are known in the art (see, ¢.g., Goeddel, Gene Expression
Technology: Methods in Enzymology 185, Acadernic Press (1990)). It will be appreciated by
those skilled in the art that the design of the expression vector, including the selection of
regulatory sequences may depeund ou such factors as the choice of the host cell to be
transformed, the level of expression of protein desired, etc. Exemplary regulatory sequences for
mammalian host cell expression include viral elements that direct high levels of protein
expression in mammalian cells, such as promoters and/or enhancers derived from
cytomegalovirus (CMV) (such as the CMV promoter/enhancer), Stmian Virus 40 (SV40) (such
as the SV40 promoter/enhancer),adenovirus, {e. g. , the adenovirus major late promoter

{AdMLP} } and polyoma virus.

[0025Y]  In addition o sequences encoding the glycoprotein and regulatory sequences,

the recornbinant expression vectors of the invention may carry additional sequences, such as
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sequences that regulate replication of the vector in host cells {¢. g. , origins of replication) and

selectable marker geunes.

[80252] The expression vector{s) encoding the glvcoprotein may be transfected nto a
host cell by standard techniques, such as clectroporation, calcium-phosphate precipitation, or
DEAE-dextran transfection. If desired, vival vectors, such as retro-viral vectors, may also be

used to generate stable cell lines (as a source of a continuous supply of the glycoprotein).

002531  The methods described herein can be applied to any size of cell culture flask
and/or biorcactor. For exaruple, the methods can be applied in bioreactors or cell cultures of
105,301,501, 100 L, 1501, 200 1, 300 L, 500 L, 10060 L, 2000 L, 3000 L, 4000 L, 5000 L,
10,000 L or larger. In some embodiments, the cell culture size can range from 10 L to 5000 L,
from 10 L to 16,000 L, from 1¢ L to 20,800 L, from 14 L to 56,800 L, from 40 L to 59,000 1,
from 100 L to 50,000 L, from 500 L to 56,600 L, from 1000 L to 50,000 L, from 2000 L
o 50,000 L, from 3000 L to 58,800 L, from 4000 L to 50,000 L, from 4300 L to 34,000 L, from
1000 L 1o 10,000 L, from 10600 L to 20,000 L, from 1000 L to 25,000 L, from 1000 L to
30,000 L, from 15 Lo 2000 L, rom 40 L to 1000 L, from 100 L 1o 500 L, from 200 L t0 400 L,

or any integer there between.

{80254 Media components include, e.g., buffer, amino acid content, vitamin content,
salt content, mineral content, serum content, carbon source content, lipid content, nucleic acid
content, hormone content, trace element content, ammonia content, co-factor content, wndicator
content, small molecule content, hydrolysate content and enzyme modulator content.
Preferably, the growth medium is a chenucally defined roedia such as Biowhittaker®
POWERCHO® (Lonza, Basel, Switzerland), HYCLONE PF CHO™ (Thermo Scientific, Fisher
Scientific), GisCo® CD DG44 (Tuvitrogen, Carlsbad, CA), Mediam M199 (Sigmua-Aldrich),
OPTPRO™ SFM {Gibeo), etc.)

B. Regulation of Host Cell Gene Expression.

{80255 One or more RNA effector molecules are added to the cell culture to regulate
the expression level(s) of target gene(s). If more than two or more RNA effector molecules are
used, they may be provided at the same concentration, or different concentrations, The RNA
effectors may be added simultaneously into the cell culture, or added at different times into the

cell culture.
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{00286  An effective amount of an RNA effector is added to the cell culture to allow
sufficient reduction of the expression of a target gene. For example, an effective amount of ap
RINA effector is added to the cell culture such that the expression level of 115 target gene 18
reduced by 10%, 15%, 20%., 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%, 70%, T73%,

88%, or 85%.

{88287 In general, a suitable dose of RNA effector molecule will be in the range of
0.001 to0 200.0 milligrams per unit volume per day. For exaruple, the RNA cffector molecule
may be provided in the range of 0.001 nM to 200 mM per day, geverally in the range of 0.1 sM
to 500 nM. For example, a dsRNA can be administered at 0.01 ndM, .05 nM, 0.1 nM, 0.5 nM,
0,75 nM, 1 oM, 1.3 nM, 2 oM, 3 oM, 18 oM, 20 oM, 30 oM, 40 nb, 50 nM, 100 oM, 200 oM,
400 oM, or 500 nM per single dose. In one embodiment, the RNA effector molecule is

administered a cell culture at a concentration less than aboui 30nM,

[86238] The composition can be added to the cell culture once daily, or the RNA
effector molecule can be added as two, three, or more sub-doses at appropriate intervals
throughout the day or delivery through a controlled release formulation. In that case, the RNA
sffector molecule contained in each sub-dose must be correspondingly smaller in order to
achicve the total daily dosage. The dosage unit can also be compounded tor delivery over
several days, e.g., using a conventional sustained release formulation, which provides sustained

release of the RNA effector molecule over a several-day-period.

[80259]  The effect of a single dose on target gene transcript levels can be long-lasting,
such that subsequent doses are administered at vot more than 3-, 4, or 5~day mtervals, or at not

more than 1-, 2-, 3-, or 4-week intervals,

180260 The administration of the RNA effector molecule may be ceased at least 6 hr,
at least 12 hr, at least 18 hr, at Icast 36 hr, at least 48 hr, at least 60 hr, at least 72 hr, at
icast 96 hr, or at least 120 hr, or at least 1 week, before isolation of the biological product. Thus
in one embodiment, contacting a host cell {c.g., 1n a large scale host cell culture) with a RNA
etfector molecule is complete at least 6 hr, at least 12 hy, at least I8 br, at least 36 hr, at least
48 hr, at least 60 hr, at least 72 hr, at least 96 hr, or at least 120 hr, or at least 1 week, before

isolation of the biological product.
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100261]  Somctimes, it may be beneficial to provide a RNA effector molecule to the
host cell cultures in a way that a constant nurber (or at least a minirour number) of RNA
effector molecules per cach cell i1s maintained. Maintaining the levels of the RNA effector
raolecule as such caun ensure that modulation of target gene expression is maintained even at

high cell densities.

(882621  The amount of a RNA effector molecule can also be administered according
to the cell density, In such embodiments, the RNA effector molecule(s) 1s added at a
concentration of at least 0.01 fmol/10° cells, at least 0.1 fimol/] 0° cells, at least 0.5 fmol/10°
cells, at least 0.75 fimol/10% cells, at least 1 fimol/10° cells, at least 2 fmol/10° cells, at least 5
fmol/10° ceils, at least 16 fimol/1 0% cells, at feast 20 fmol/10° cells, at feast 30 fmol/10° cells, at
least 40 fmol/10° cells, at least 50 fmol/| 0° cells, at least 60 fmol/} 0° cells, at least 100 fmol/] 0°
cells, at least 200 fraol/10° cells, at least 3060 fmol/10° cells, at least 400 fmol/10° cells, at least
500 fmol/10° cells, at least 700 fimol/10° cells, at least 800 finol/10° cells, at least 900 finol/10°

1y b
cells, or at least 1 pmol/107 cells, or more,

{80263} For example, the RNA effector molecule may be administered at a dose of at
least 10 molecules per cell, at least 28 molecules per cell (imolecules/cell), at least 30
molecules/cell, at least 40 molecules/cell, at least 530 molecules/cell, at least 68 molecules/celd, at
icast 70 molecules/cell, at least 80 molecules/cell, at least 90 molecules/cell at least 100
molecules/cell, at least 200 molecules/celi, at least 300 molecules/cell, at least 400
molecules/cell, at least 500 molecules/cell, at least 600 molecules/cell, at least 700
molecules/cell, at least 800 molecules/cell, at least 900 molecules/cell, at least 1000

molecules/cell, at least 2000 molecules/cell, at least 5000 molecules/cell or more, inclusive.

[806264] In some embodiments, the RNA effector molecule 1s adminisiered at a dose
within the range of 10-100 molecules/celi, 10-90 molecules/cell, 10-80 molecules/cell, 13-70
molecules/cell, 10-60 molecules/cell, 10-50 molecules/cell, 10-40 molecules/cell, 10-30
molecules/cell, 10-20 molecules/cell, 90-100 molecules/cell, 88-100 molecules/cell, 70-100
molecules/cell, 60-100 molecules/cell, 50-100 molecules/cell, 40-100 molecules/cell, 30-100
molecuies/cell, 20-100 molecules/cell, 30-60 molecules/cell, 30-530 molecuies/cell, 43-50

molecules/cell, 40-60 molecules/cell, or any range there between.
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180265] In one cmbodiment, the RNA effector molecule is administered as a sterile
agueous solution. In one embodiment, the RNA effector moolecule 18 formulated in a non-lipid
formulation. In another embodiment, the RNA effector molecule is formulated in a cationic or
non-~cationtc lipid formulation. In still another embodiment, the RNA effector molecule 1s

forrmulated in a cell medium suitable for culturing a host cell {¢.g., a scrum-free medium).
E. Parification of Glycoproteins

[00266]  The glycoproteins produced in accordance with the methods described herein
can be harvested from host cells, and puritied using any suitable methods. For example,
methods for purifying polypeptides by immune-affinity chromatography are known in the art.
Ruiz-Arguello et al., J. Gen. Virol,, §5:3677-3687 (2004). Suitable methods for purifying
desired glycoprotein including precipitation and various types of chromatography, such as
hydrophobic interaction, ion exchange, atfinity, chelating and size exclusion are well-known in
the art. Suitable purification schewes can be created using two or more of these or other suitable
methods. If desired, the glycoprotein can include a “tag” that facilitates purification, such as an
epttope tag or a HIS tag. Such tagged polypeptides can conveniently be purified, for example
from conditioned media, by chelating chromatography or affinity chromatography. Optionally,

the tag sequence may be cleaved post-purification.

[80267] For cxample, normal phase higoid chromatography can be used to separate
glycans and/or glycoproteins based on polarity. Reverse-phase chromatography cau be used,
e.g., with derivatized sugars. Anion-exchange colunns can be used to purify sialylated,
phosphorylated, and sulfated sugars. Other methods include high pH anion exchange

chromatography and size cxclusion chromatography can be used and is based on size separation.

[00268]  Affinity based methods can be selected that preferentially bind certain
chernical units and glycan structures. Matrices such as m-aminophenylboronic acid,
immobilized lectins and antibodies can bind particular glycan structures. M-
aminophenyiboronic acid matrices can form a temporary covalent bond with any molecule (such
as a carbohydrate) that contains a 1,2-cis-diol group. The covalent bond can be subsequently
disrupted to clute the protein of interest. Loctins are a famuly of carbohydrate-recognizing
proteins that exhibit affinities for various monosaccharides. Lectins bind carbohydrates

specifically and reversibly. Primary monosaccharides recognized by lectins include
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mannose/ghucose, galactose/N-acetylgalactosamine, N-acetylglucosamine, fucose, and sialic
acid {QProteome Glycoarray Handbook, (hiagen, September 2005, available at:

http://wolfson. hujt.ac.il/urification/PDF/Lectins/QIAGEN GlycoArrayHa-ndbook. pdf) or
similar references. Lectin matrices (e.g., colurnus or arrays) can cousist of a nuraber of lecting
with varying and/or overlapping specificities to bind glycoproteins with specific glycan
compostiions, Some lectins commonly used to purify glycoproteins inchude concavalin A (often
coupled to Sepharose or agarose) and Wheat Gern. Anti-glycan antibodies can also be generated

by methods known in the art and used in atfinity columns to hind and purify glycoproteins.

[00269]  The interaction of a lectin or antibody with a ligand, such as a glycoprotein,
allows for the formation of cross-linked complexes, which are often insoluble and can be
identified as precipitates (Varki et al,, ed., "Protein-Glycan Interactions” in Essentials of
Glycobiology available at world wide web at
http://www.ncbi.nlm.nih.gov/books/bv.fegifrid=glyco.section.269) or sinular references. In this
technique, a fixed amoount of lectin or antibody (veceptor) s titrated with a glycoproten or a
glycan, and at a precise ratio of ligand to receptor, a precipitate is formed (Varki et al.). Such
precipitation is highly specific to the affinity constant of the ligand to the receptor (Varki et al),
Another precipitation approach takes advantage of the fact that a complex between a lectin and a

glycan can be "salted” out or precipitated by ammonium sultate (Vark: et al.),
F. Analysis of Glycoproteins
{1},  Analysis of the structure and composition of N-linked glycans

{80278} The glycan structure of the glycoproteins {such as antibodies or Fe-fusion
proteins) described herein can be determined using art-kuown methods for analyzing glycan
structures of glycoproteins, such as chromatography, mass spectrometry (MS), chromatography
followed by MS, clectrophoresis, electrophoresis followed by MS, nuclear magnetic resonance
{NMR}, and any combinations thereof, A preferred technique is Liguid chromatography-mass

spectrometry {LC-MS, or alternatively HPLC-MS).

[0027¥] For cxample, an enzyme, such as an N-glycanase {e.g, N-glycanase F, N-
glycanase-A}, can be used to cleave the N-glvean moiety from a glycoprotein. Further,
exoglyeosidases (¢.g., sialidase, galactosidase, hexosaminidase, fucosidase, mannosidase efc.)

can be used cleave terminal glycosidic bonds from the non-reducing end of glycans.
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Alternatively, acid hydrolysis {e.g., triflucrcacetic acid) can be used to release neutral
saccharides {e.g., galactose, mannose, fucose) or amino saccharides (¢.g., N-acetylglucosamine)
from a glycan. The cleaved or hydrolyzed saccharides can be analyzed using chromatography

spectroruetry, or electrophoresis wethods described above.

1902721 For example, glycan structure and composition can be analyzed by
chromatography, including, e.g., liquid chromatography (L.C), high performance liguid
chromatography (HPLC), ultra performance liguid chromatography (UPLC), thin layer

chromatography (TLC), amide column chromatography, or combinations thereof.

[86273]  Another method to analyze glycan structure and composition 18 mass
spectrometry (MS}, including, e.g., tandem MS, LC-MS, LC-MS/MS, matrix assisted laser
desorption 1ouisation mass spectrometry (MALDI-MS), Fourier transform mass spectrometry
(FTMS), ionn mobility separation with mass spectrometry (IMS-MS), electron transfer

dissociation (ETD-MS}, or combinations thereof.

[86274]  Avother method to analyze glycan stracture and composition is
electrophoresis, including, e.g., capillary electrophoresis (CE}, CE-MS, gel electrophoresis,
agarose gel clectrophoresis, acrylamide gel electrophoresis, SDS-polyacrylamide gel
slectrophoresis {SDS-PFAGE) followed by Western blotting using antibodies that recognize
specific glyean structures, or combinations thereof. For example, the structure of an N-glycan
can be determined by two dunensional sugar chain mapping (see, e.g., Anal. Biochem,, 171,73
{1988}; Biochemical Experimentation Methods 23-Methods for Studying Glycoprotein Sugar
Chains (Japan Scientific Societies Press) edited by Reiko Takahashi (1989)). Two dimensional
sugar chain mapping is 2 method for deducing the structure of a saccharide chain by plotting the
retention time or elution position of the sacchande chain by reverse phase chromatography as
the X axis, and the retention time or elution position of the saccharide chain by normal phase
chromatography as the Y axis, respectively, and comparing them with such results of known
sugar chains. The structure deduced by two dimensional sugar chain mapping can be confirmed

by miass spectrometry.

[80275]  Another method to analyze glycan structure and composition is nuclear
magnetic resonance (NMR), including, e.2., one-dimensional NMR (1D-NMR}, two-

dimensional NMR (2D-NMR), correlation spectroscopy magnetic-angle spinning NMR (COSY-

-6 -



WO 2013/013013 PCT/US2012/047346

NMR), total correlated spectroscopy NMR {(TOCSY-NMR), heteronuclear single-quantum
coherence NMR (HSQC-NMR}, heteronuclear roultiple guantum coherence ( HMQC-NMR),
rotational nuclear overhauser effect spectroscopy NMR (ROESY-NMR), nuclear overhauser

etfect spectroscopy (NOESY-NMR), or corabinations thereof.

{80276]  Saccharide composition of a ghycan can also be analyzed by fluorescence
labeling. For example, acid-hydrolyzed glycans can be labeled with 2-aminopyridine and then

analyzed by HPLC.

[90277]  Inununological methods (e.g., antibody staining, lectin staining) may also be
used to determine the structures of N-glyean. For example, lectin molecules can bind to the
carbohydrate moicties of glycoproteins. Thercfore, a lectin that binds to a specific N-glycan can
be used to identify the presence and quantity of such glycoforrus in a composition {e.g., by
determining the amount of glycan-bound lectin using a secondary antibody). Examples of
lectins that can be used for wdentifyimg the glycan structure of an antibody, or a Fe-fusion
protein, inchude, e.g., WGA (wheat-germ agglutinin derived from T. vuigaris), ConA
{cocanavalin A derived from C, ensiformus), RIC (4 toxan derived from R. comumunis), L-PHA
(leucoagglutinin derived from P. vulgaris), LCA (lentil agghutinin derived from L. culinaris},
PSA (pea lectin derived from P, sativum), AAL (Aleuria aurantia lectin}, ACL (Amaranthus
caudatus lectin}, BPL (Bauhinia purpurea lectin}, DSL {(Datura stramonium lecting, DBA
{Dolichos biflorus agglutinin}, EBL (elderberry balk lectin}, ECL (Erythrina cristagalli lectin},
EEL (Buonymus eoropaeus lecin), GNL (Galanthus nivalis lecting, GSL (Griffonia simplicifolia
lectiny, HPA (Helix pomatia agglutinin}, HHL (Hippeastrum hybrid lectin}, Jacalin, LTL {Lotus
tetragonolobus lecting, LEL (Lycopersicon esculentum lectin}, MAL (Maackia amurensis lecting,
MPL (Maclura pomifera lectin}, NPL {Narcissus pscudonarcissus lectin}, PNA (peanut
agglutinin}, E-PHA (Phascolus vulgaris erythroagghutining, PTL (Psophocarpus tetragonolobus
lectiny, RCA {Ricinus communis agglutinin}, STL (Solanum tuberosum lectin), SIA (Sophora
japonica agglutinin}, SBA (soybean agglutinin), UEA (Ulcx curopaeus agglutinin}, VVL (Vicia

villosa lectin) and WFA (Wisteria floribunda agglutinin},

[86278] For example, a lectin that specifically recognizes a complex N-glycan in
which a fucose residue 1s Huked to the N-acetylglucosamine in the reducing ond of the N-glycan
ray be used. Exemplary lectins include, e.g., Leuns culinaris lectin LCA (lentil agglutinin
derived from Lens culinaris), pea lectin PSA (pea lectin derived from Pisum sativum}, broad
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bean lectin VFA (agglutinin derived from Vicia faba} and Aleuria aurantia lectin AAL (lectin

derived from Aleuna aurantia},

[86279]  Avother method to analyze glycan stracture and corposition is by capillary
electrophoresis (CE}, which is described ¢.¢., in 8zabo et al,, Electrophoresis, 2010 April; 31(8):

13861395, doi:10.1002/elps. 201000037,

[00280]  Tochnigues described horein may be combined with one or more other
technologies for the detection, analysis, and or isolation of glycans or glycoproteins. For
exammple, any combination of NMR, mass spectrometry, hiquid chromatography, 2-dimensional
chromatography, SDS-PAGE, antibody staining, lectin staining, monosaccharide quantitation,
capitlary electrophoresis, fluorophore-assisted carbohydrate electrophoresis {FACE), micellar
slectrokinetic chromatography (MEKC), exoglycosidase or endoglycosidase treattoents may be
used. See, ¢.g., Anumula, Anal. Biochem. 350(1): 1, 2006; Klein ¢t al., Anal. Biochem,,
179:162, 1989; Townsend, R.R. Carbohydrate Analysis, High Performance Liquid
Chromatography and Capillary Electrophoresis, Ed. Z. El Rassi, pp 181-209, 1995, For
example, Quan et al. (Analytical Biochermistry 364 (2007) 8-18) discloses a method for
determining the structures of glycans using orthogonal matrix-assisted laser
desorption/ionization hybrid quadrupole-quadrupole time-of-fight mass spectrometry (oMALDI
(2g-TOF MS) and tandem mass spectrometry (MS/MS} in combination with exoglycosidase
digestion. The N-linked glycans are released by treatment with N-glycanase ¥, reductively
aminated with anthranilic acid, and fractionated by normal phase high-performance liquid
chromatography (NP-HPLC). The Xuorescent-labeled oligosaccharide pool and fractions are
then analyzed by oMALDI Qg-TOF MS and MS/MS in negative ion mode. Each fraction is
further digested with an array of exoglycosidase mixtures, and subsequent MALDI TOF MS

analysis of the resulting products yiclds information about structural features of the glyean.

[00281]  One cxemplary saccharide composition analyzer 1s BioLC, manufactured by
Dionex, which analyzes saccharide composition by HPAEC-PAD ¢high performance anion-

exchange chromatography-pulsed amperometric detection),
{2).  Analysis of the activity of glycoproteins

[86282] The biological activity of the glycoprotein compositions described herein may
be assessed using any art known method. Such biological activities mclude, e.g., binding
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affinity or specificity of a glycoprotein {e.z., antibody, or a ligand for a receptor), bioavailability,
pharmacokinetics, pharmacodynamics, etc, Additionally, therapeutic activity of a glycoprotein
may be assessed (e.g., ADCC activity of an antibody, efficacy of a glycoprotein in decreasing
severity or sympiom of a discase or condition, or i delaying appearance of a symptom of a

discasc or condition),

[90283]  Methods of analyzing bicavailability, pharmacokinetics, and
pharmacodynamics of glycoprotein therapeutics have been described. See, e.g., Weiner et al,, /.
Pharm. Biomed. Anal. 15(5):571-9, 1997; Srinivas et al,, /. Pharm, Scl. 85(1ni-4, 1996; and
Srinivas ct al., Pharm. Res. 14(71:911-6, 1997, Assays for measuring ADCC activity mediated
by therapeutic autibodies are also known. See, e.g., Schinueriger A. et al., Mol. Immunol. (2011)
A8(12-13%:1512-7; Cancer Immunology Immunotherapy, 36, 373 (1993 }); Cancer Research, 5A,
1511 {1994y . As would be understood to one of skill 1n the art, the particular biological activity
or therapeutic activity that can be tested will vary depending on the particular ghycoprotein or

glycan structure.

[00284]  The potential adverse activity or toxicity {e.g., propensity to cause
hypertension, immunogenicity/allergic reactions, thrombotic events, seizures, or other adverse
events) of glycoprotein preparations can be analyzed by any available method. For example,
immunogenicity of a glycoprotein composition can be assessed, e.g., by determining in vitro by
imnrunoassay {¢.g2., using an antibody that binds to a recognized immunogenic epitope, such as
the aGal epitope, or NeuSGe epitope), or by in vivo admunistration to determine whether the

composition elictts an antibody respounse in a subject.
5. PHARMACEUTICAL COMPOSITIONS, METHODS OF ADMINISTRATION, AND KiTS
A Pharmaceutical Compositions

[00285]  In one aspect, the invention relates to pharmaceutical compositions

comprising the glycoproteins (such as antibodies or Fe-fusion proteins) described herein.

[66286] The pharmaceutical compositions usually one or more pharmaceutical
carrier(s) and/or excipient(s). A thorough discussion of such components 1s available in

Gennaro (2000) Remington: The Science and Practice of Pharmacy (20th edition}. Examples of

such carriers or additives inchude water, a pharmaceutical acceptable organic solvent, collagen,

-79 -



WO 2013/013013 PCT/US2012/047346

polyvinyl alcohol, polyvinylpyrrolidone, a carboxyviny! polymer, carboxymethyleellulose
sodiur, polyacrylic sodium, sodium alginate, water-soluble dextran, carboxymethyl starch
sodium, pectin, methy! celiulose, ethyl cellulose, xanthan gum, gum Arabic, cascin, gelatin,
agar, diglycerin, glycenn, propylene glycol, polyethylene glycol, Vaseline, paraftin, stearyl
alcohol, stearic acid, human serum albumin (HSA), mannitol, sorbitol, lactose, a
pharmaceutically acceptable surfactant and the hike. Formulation of the pharmaceutical

composition will vary according to the route of administration selected.

[66287] Optionally, the glycoprotein can be lyophilized for storage and reconstituted
in a suitable carrier prior to use. This technique has been shown to be effective with
conventional immunoglobulins. Any suitable lyophilization and reconstitution technigues can
be employed. It will be appreciated by those skilled in the art that lyophilization and
reconstitution can lead to varying degrees of activity loss and that use levels may have to be

adjusted to compensate.

[00288] A variety of agueous carriers can be used to fornwulate suitable
pharmaceutical compositions for administration, such as plain water {e.g. w.i)ora buffereg a
phosphate buffer, a Tris buffer, a borate buffer, a succinate buffer, a histidine buffer, or a citrate

buffer, Butter salts will typically be included in the 5-20mM range.

[0028%] The pharmaceutical compositions are preferably sterile, and may be sterilized

by conventional sterifization techmques.

[86290] The compositions may contain pharmaceutically accepiable auxiliary
substances as required to approximate physiclogical conditions such as pH adjusting and
bufferimg agents, aud tonicity adjusting agentis and the like, for exaruple, sodium acetate, sodium
chloride, potassium chloride, calcium chloride, sodium lactate and the like. Preferably, the
pharmaceutical compositions of the invention may have a pH between 5.0 and 9.5, e.g. between

5.0 and .0,

[66291] Pharmaceutical composttions of the invention may include sodinm salts (e.g.
sodium chloride) to give tonicity, A concentration of 10+2 mg/mi NaCl is typical e.g. about 9

mg/mil.
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1002921  Pharmaceutical compositions of the invention may have an osmolarity of
between 200 w(Osnvkg and 400 mOsmvkg, e g between 240-360 mGOsm/kg, or between 290-310

mOsm/kg,
B. Methods of Administration

[80293] In another aspect, the invention provide a method for treating Non-Hodgkins
iymphoma, comprising adnunistering to a subject in need thercot a therapeutically effectively

amount of an anti-CD20 antibody as described herein. The subject is preferably human.

100284]  In another aspect, the invention provide a method for treating cancer or head
and neck squamous cell carcinoma, comprising administering to a subject in need thereot a
therapeutically effectively amount of an anti-EGFR antibody as described herein. The subject is

preferably human.

[80295]  In another aspect, the mvention provide a method for treating breast cancer,
comprising administering to a subject in need thereot a therapeuntically effectively amount of an

anti-HER?2 antibody as described hercin. The subject is preferably human.

100286]  In another aspect, the invention provide a methed for treating breast cancer,
comprising administering to a subject in need thereof a therapeutically effectively amount of an

B7-binding Fe-fusion protein as described herein. The subject is preferably human.

{66297} The compositions described herein may be administered to a subject orally,
topically, transdermally, parenterally, by inhalation spray, vaginally, rectally, or by infracranial
injection. The term parenteral as used herein includes subcutaneous wnjections, intravenous,
intramuscular, imtracisternal injection, or infusion techniques. Administration by intravenous,
intraderroal, intrarousclar, intramaromary, wiraperitoveal, intrathecal, retrobubbar,
intrapulmonary injection and or surgical implantation at a particular site is contemplated as well.

In certain embodiments, injoction, especially intravenous, 18 preferred.

[00298]  Thoe amounts of a glycoprotein in a given dosage will vary according to the
size of the individual to whom the therapy is being administered as well as the characteristics of
the disorder being treated. In exemplary treatments, 1t may be necessary to adminster about |
mg/day, about 5 mg/day, about 10 mg/day, about 20 mg/day, about 50 mg/day, about 75

mg/day, about 100 mg/day, about 150 mg/day, about 200 mg/day, about 250 mg/day, about 400
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mg/day, about 500 mg/day, about 800 mg/day, about 1000 mg/day, about 1600 mg/day or about
2000 mg/day. The doses may also be administered based on weight of the patient, at a dose of
0.01 to 50 mg/kg. The glycoprotein may be administered in a dose range of 0.015 to 30 mg/ke,

such as in a dose of about 8.015, about 0.05, about §.15, about 0.5, about 1.5, about §, about 15

or about 30 mg/kg.

1002891 Dosage can be by a single dose schedule or a multiple dose schedule.
Multiple doses will typically be adrministered at least 1 weck apart (e.g., about 2 weeks, about 3
weeks, about 4 weeks, about 6 weeks, about 8 weeks, about 10 weeks, about 12 weeks, about 16

weeks, cie ).

[80360]  Standard dose-response studies, first in animal models and then in clinical

testing, can reveal optimal dosages for particular diseases and patient populatious.

{80361]  The glycoprotein compositions described herein may be administered in
combination with a sccond therapeutic agent. For example, for cancer treatment, a
chemotherapeutic agent may be used as the second agent. For treatment of autoimmune
diseases, non-steroidal anti-inflammatory drugs (NSADs), analgesises, glucocorticoids, disease-
modifying antitheumatic drugs (DMARDs), may be used as the sccond agent. Examples of such

therapeutic agents can be found, e.g., in WO 2008/156713.
. Kits

19030621  In another aspect, the invention provides kits that comprise the glycoprotein
compositions described herein packaged in a manner that facilitates their use for therapy. For
example, such a kit includes a glycoprotein {e.g., an antibody or au Fe-fusion proten) as
described herein, packaged in a container such as a sealed bottle or vessel, with a label affixed to
the contatner or included 1o the package that describes use of the corposition in practicing the
method. The kit can further comprise another container comprising a pharmaceutically-
acceptable butter, such as phosphate-buffered saline, Ringer's solution, or dextrose solution.
Preferably, the composition is packaged in a unit dosage form. The kit may further include a
device suitable for administering the composition according to a specific route of administration
or for practicing a screening assay. Preferably, the kit contains a label that describes use of the

compostiion.
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100303]  In another aspect, the invention provides kits for testing the effect of a RNA
effector molecule or a series of RNA effector molecules on the production of a glycoprotein by
the host cell, where the kits comprise a substrate having one or more assay surfaces suitable for
cultaring cells under conditions that allow production of the glycoprotein. Tu sorue
embodiments, the exterior of the substrate comprises wells, indentations, demarcations, or the
itke at positions corresponding to the assay surfaces. In some embodiments, the wells,
indentations, demarcations, or the like retain fluid, such as cell culture media, over the assay

surfaces,

[90304]  In some embodiments, the assay surfaces on the subsirate are sterile and are
suitable for culturing host cells under conditions representative of the culture conditions during
large-scale (e¢.g., industrial scale) production of the glycoprotein. Advantageously, kits provided
herein offer a rapid, cost-etlective means for testing a wide-range of agents and/or conditions on
the production of the glycoprotein, allowing the cell eulture conditions to be established prior to

fuli~scale production of the glycoprotein.

[80305] In some embodiments, one or more assay surfaces of the substrate comprise a
concentrated test agent, such as a RNA effector molecule, such that the addition of suitable
media to the assay surfaces results 1 a desired coneentration of the RNA effector molecule
surrounding the assay surface. In some embodiments, the RNA effector molecules may be
printed or ingrained onto the assay surface, or provided in a lyophilized form, o.g., within wells,
such that the effector molecules can be reconstituted upon addition of an appropriate amount of
media, In some embodiments, the RNA effector molecules are reconstituted by plating cells

onto assay surfaces of the substrate.

[86366]  In some embodiments, kits provided herein further comprise cell culture
media suttable for culturing a cell under conditions allowing for the production of the
glycoprotein of wnterest. The media can be i a ready to use form or can be concentrated (e.g., as

a stock solution}, lyophilized, or provided in another reconstitutable form.

1903071 In further embodiments, kits provided herein further comprise one or more
reagents suitable for detecting production of the glycoprotein by the cell, cell culture, or tissue
culture. In further embodiments, the reagent(s) are suitable for detecting a property of the cell,

such as maxinmum cell density, cell viability, or the like, which is indicative of production of the
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desired glycoprotein. In some embodiments, the reagent(s) are suitable for detecting the
glycoprotein or a property thereof, such as the in vitro or in vivo biological activity,

homogeneity, or structure of the glycoprotein.

[80368]  In some embodiments, one or more assay surfaces of the substrate further
comprise a carrier for which facilitates uptake of RNA effector molecules by cells. Carrters for
RNA effector molecules are known in the art and are described herein. For example, in some
embodiments, the carricr 1s a lipid formulation such as Lipofectamine™ transfection reagent
{Invitrogen: Carlsbad, CA} or a related formulation. Examples of such carrier formulations are
described herein. In some embodiments, the reagent that facilitates RNA effector molocule
uptake comprises a charged lipid, an emulsion, a liposome, a cationic or non-cationic lipid, an
antonic lipid, a transfection reagent or a penetration enhancer as described throughout the
application herein. In particular embodimeuts, the reagent that facilitates RNA effector
molecule uptake comprises a charged lipid as described in U.S. Application Ser.

No. 61/267,419, filed on December 7, 2009,

[80309]  In some embodiments, one or more assay surfaces of the substrate comprise a
RNA effector molecule or series of RNA effector molecules and a carrier, each in concenirated
{form, such that plating test cells onto the assay surface(s) results in a concentration the RNA
effector molecule{s) and the carrier effective for facilitating uptake of the RNA effector
molecule(s) by the cells and modulation of the expression of one or more genes targeted by the

RNA effector molecules.

1803161 In some embodiments, the substrate further comprises a matrix which
facilitates 3-dimensional cell growth and/or production of the glycoprotein by the celis. In
further embodiments, the maltrix facilitates anchorage-dependent growth of celis, Non-hmiting
examples of matrix materials suitable for use with various kits described herein inchude agar,
agarose, methyleellulose, alginate hydrogel (e.g., 5% alginate + 5% collagen type 1), chitosan,
hydroactive hydrocolloid polymer gels, polyvinyl alcchol-hydrogel (PVA-H}, polylactide-co-
glycolide (PLGA), collagen vitrigel, PHEMA (poly(2-hydroxylmethacrylate}) hydrogels,
PVP/PEQO hydrogels, BD PuraMatrix™ hydrogels, and copolymers of Z-methacryloyloxyethyl

phophoryicholine (MPC).
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180311}  In some embodiments, the substrate comprises a microarray plate, a biochip,
or the like which allows for the hugh-throughput, automated testing of a range of test agents,
conditions, and/or combinations thereof on the production of a glycoprotein by cultured celis.
For example, the substrate may comprise a 2-dimensional microarray plate or biochip having m
columins and n rows of assay surfaces {¢.g., residing within wells) which allow for the testing of
m x 1 combinations of test agents and/or conditions {e.g., on a 24-, 96- or 384-wel microarray
plate}. The microarray substrates are preferably designed such that all necessary positive and

negative controls can be carried out in parallel with testing of the agents and/or conditions.

{80312}  In some embodiments, kits provided herein allow for the selection or
optimization of at least one factor for enhancing production of the biological prodact. For
example, the kits may allow for the sclection of a RNA effector molecule from among a series of
candidate RNA effector molecules, or for the selection of a concentration or concentration range
from a wider range of concentrations of a given RNA effector molecule. In some embodiments,
the kits allow for selection of oue or raore RNA effector molecules from a series of candidate
RNA effector molecules directed against a common target gene. In further embodiments, the kits
allow for selection of one or more RNA eftector molecules trom a series of candidate RNA
effector molecules directed against two or more functionally related target genes or two or more

target genes of a common host cell glycosylation pathway.

[86313] In another aspect, the invention provides kits that comprise one or more
countainer that independently contain oue or raore RNA effector molecules and one or more

suitable host cells,
EXEMPLIFICATION

100314 The invention now being generally described, it will be more readily
understood by reference to the following examples, which are included merely for purposes of
ithustration of certain aspects and embodiments of the present invention, and are not intended to

fimit the invention.
EXAMPLE §. GLYCAN-MODIFIED ANTI-CB 23 ANTIBODY

[003158]  In this Example, glycan-modified anti-CD20 antibody, based on Rituximab,

was produced in a large scale culture using RNAI techoology. The glycan-modified antibody
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showed enhanced ADCC activity as compared to Rituxamb under substantially the same

conditions.

[80316] Rituximab (Rituxan®j} is a chimenie anti-C20 mounoclonal antibody for
treating non-Hodgkin's B-cell lymphoma (WHL). Rituximab is recombinantly produced in CHO

cells, and has a heterogeneous mxture of glycoforrus.

[00317]  The response rate for Rituxiruab in NHL patients is about 50-60% and is
stgnificantly correlated with a FeyRlila receptor polymorphism (Cartron et al. (2002} Blood
99:754-758). About 90% of patients homozygous for valine at position 158 respond to
Rituximab treatment, whercas paticnts hetero- or homozygous for phenylalanine at position 158
have a considerably lower response rate. It is believed that a lower affinity for FeyRHIa F158
than for FeyRIfla V158 leads to lower ADCC activity. It has been shown that afucosylated 1gGl
has a higher affinity for FeyR1la FI58 (consequently higher ADCC activity) than the
corresponding fucosylated 1gG1 (Shields et al. (20023 1. Biol. Chem. 277: 26733-26740). An
atucosylated Rituximab therefore would be a more potent therapeutic product regardless of the

FeyRlilla genotype.

180318} In addition to ADCC, Rituximab also mediates tumor cell killing through
CDC (Cragg and Glennie (2004) Blood 103: 2738-2743). A correlation between the galactose
content of Rituximab N-glycans and CDC activity has been documented. As the number of
galactose residues increases from 0 to 2 moles/mole of heavy chain, the level of CDC activity
increases from S0% to 150% of the maximum CDC activity of the antibody having | mole
galactose/mole of heavy chain (FDA, 1997; see, IDEC BLA 97-0260 at

www.fda.gov/Cder/biologics/review/ritugen! 12697},
1. Bioreactor operation and dosing for medifving a-Tucosylation
Bioreactor preparation for cell seeding & growth

[66319]  Inoculate bioreactor with exponentially growing Anti-CD20 CHO cells to an

initial sceding density of approximately 0.6 x 10° cells/mL.

[00320]  Sample biorcactor cultures daily for the following: 1) Growth (Viable Cell

Density, Viability (Figare 4), and Total Cell Density) - ImlL, 2) Metabolism (Glucose,

- RG -



WO 2013/013013 PCT/US2012/047346

ghitamine, glitamate, pH, and lactate)- Imb, 3) mRNA analysis (furs, GMD)- 0.5mL (Figure

5), and 4) Titer, product gquality analysis (fucosylation)- 30-60 mL afler Day 6.

(803211  On day 3 and 6 feed with 5% each of CHO CD Efficient Feed media A and
B, (Invitrogen, Catalog#’s A10234-01 and A10240-01, respectively). Starting daily on Day 7,
add 1% RPMI anuno acid solution (Sigma, Catalog# R7131). Add 1M glucose and glutamax
{Invitrogen, Catalog# 35050-061) as necessary to maintain ~2-62/L glucose and >0.5 mmol/L

glutarnine.
2. Culture harvest & protein purification

[80322]  Harvest culture at < 70% viability. Clarified culture supernatant is passed
through a 50 mL Protein A Sepharose {GE Biosciences) coluron. The resin washed with 20 mM
phosphate buffer (pH 7.} and the protein eluted with 0.1 M citrate (pH 3.0). Eluted protein is
dialyzed against 20 miM phosphate (pH 6.5) and 100 oM NaCl. Protein is sufficiently pure at
this point for glycan analysis. When further polishing of the protein product is desired, the
Protein A eluate s dialyzed against 50 M NaAcetate (pH 5.0) and apphied to a 50 wl. 8P
Sepharose column {(GE Biosciences) that was pre-equilibrated using the same buffer. The
column 1s washed with 10-15 colurmmn volumes using 50 mM NaAcetate (pH 5.0) and the proten
cluted with 250 mM NaCl in the same buffer. Eluted protein is dialyzed against 20 mM
phosphate (pH 6.5) and 100 mM Na(Cl, The protein concentration is determined at UV 280 using
a scanning spectrophotometer ranging from OD240 to OD320. Protein samples are aliguoted

and stored at -20 degree Celsius until needed.
3. Glvean characterization of CDI0 meonoclenal antibedy

{80323}  Purified CD20 monocional antibody from siRMNA-treated or untreated cells
was subjected to both LO/MS and Capiliary Electrophoresis — Laser-induced Fluorescence (CE-
LIF) to determine the extent of fucose knockdown. Both detection methods yielded similar
results with an approximate 70% increase in a-fucosylated glycans. Using CE-LIF detection, the
(30 glycoform had the largest increase with approximately 64% conversion from GO with fucose

to without followed by G1 and G2 (Figure 6).

[00324]  Similar results were obtained using the LC-MS method to quantitate the

glycoforms (Figure 7). A 70% increase in the a-fucosylated glycans was observed. Again, a-
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fucosylated GO had the largest increase with approximately 60% followed by G1 at 10%. A-

fucosylated G2 was not detected by this method.
4, CD20 monoclonal antibody bioassays
RNAI improves FeyRIHa binding to CD28 monocional antibody

[003258] A soluble HiS-tagged FeyRilla was utilized in a CD20 MAb binding ELISA
to demonstrate RINAI targeting both fucosyltransferase and GMD-Dichydratase significantly
decreases fucosylated CD20 MAD (Figure 6 & 7) and improves both maximum receptor

binding and receptor affinity (Figure 8) by approximately two-fold.

BNA§ improves CD28 antibody Antibady-Dependent Cellular Cyivtoxicity (ADCC)

aCiivity

[90326]  Antibody-Dependent Cellular Cytotoxicity (ADCC) is a cell-based tmmunity
mechanism that promotes the specific lyses of target ceils bound with antibody (CDZ0 MADb) by
etfector cells (NK) through binding interactions with FoyRIHa on the surface of effector cells.
The target Cell fine used 1u this study was Jeko-1 (Mantle cell lymphoma). Rituximab was used
as a positive control. Freshly-isolated human PBMCs were used as effector cells at an Effector
to Target (E/T) cell ratio of 25:1. The antibodies were tested in triplicate at R concentrations.
The RNAi-treated CI328 antibody gave approximately 70% specific cell lysis compared to 20~

30% lysis for both the control CD20 antibody and rituximab (Figure 9).
5. Conclusion

[00327] RNA1 s an effective means to modulate the glycan profile of therapeutic
biologics to improve activity and decrease potential immunogenicity. Targeting key enzymes
required for de novo GDP-tucose synthesis, GDP-fucose transport, and/or fucosylation with
siRNA duplexes added directly to bioreactors gives the bioprocessing engineer highly specific
control over the amount of fucose present on therapeutic monoclonal antibodics improving

product quality that is currently unavailable today.
EXAMPLE 2. SIRNAS THAT TARGET FUTE, GMDS anp NEU2

1803281 In this Example, activities of siRNAs targeting Fut8, GMDS, and Neu2 were
determined. Table 6 shows the results.
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Table &

Target | Fold Change Antisense Seg Dose SEQ ID NC
Futg 0.71082¢ AMAUCGACCACCUAUAUAAA 10 1554
Futs 0.340191 AUCUGUCAUGAUAGACCUU 10 1555
Futsg 0.273006 AUGAGUGUUCGCUEGEGEUGE 10 1556

Fut8’ 0.256985

Fut8’ 0.226638

Y
[&2]
]
~J

10
10

Y
)]
93]
0

Futg 0.22144 AUAAUTGEAGUACTTUGUC 10 1559
Futg 0.197256 UUAUUCUCCGECUGEACTCAT 10 1560
Futs 0.182816 UAAUGGEAGUACTTUGICU 10 15671
Futs 0.182563 AAGUGUAUAUCCAGGAUCA 10 1562
Futs 0.161942 ACCAAAUGACCACCUAT 10 1563
Futs 0.156642 AACUGGAUGTUUGARAGCCA 10 1564
Futs 0.134462 UTIGGAGUACTTIUGUCUTTG 19 1565

Futg 0.121371 UUAUCUCGAACCAAAUGAC 19

=
1 Ul

Y Oy OY
[o)}

Futs 0.0800275 UUGCAAGAAUCUUGCACA 10 1567
Futs 0.0698774 AARAGAAUGAGCAUAAUCT 10 1568
Futs 0.0676092 AACCAGAGCUCUUUAGCUC 10 1569
Fut.8 0.0668146 AAAACACGGACUCTIUCCUG 10 1570
Fut.8 0.0566435 UAUCTICGARCCARATGACE 10 1571
Fut.8 0.0518515 AUGCCCECAUUUTICAGAGU 10 1572
Fut8 0.0335188 UAAUCCAACGCCAGGAACC 10 1573
Gds 0.26970% UUGECAUGGCCCCAGUCTC 10 1574
amd 0.226638 JGUCCARGGUAAAUCUUAG 10 1575
Gmds 0.211225 UUCAUGUULCCUUCAAUAY 10 1576
Grds 0.191 TUCCCCAGUAGCUAUGAC 10 1577

Gmds 0.13110 10 1578
Gmds 0.1864¢61 190 1573
Gmds 0.166711 10 1580
Omds 0.1453004 ) GEUCUCUUTACA! 1581

10

Gmds 0.128617 UUGUCUAGUGACAUAATTU 10 1582
21371 AUAGUCCUUGGCAUGECCT 10 1583
Gmds 0.102414 AGUGCAACUUCAUGIUUCT 10 1584

1
1
Gmds 0.1
1
1

—
Ut
[o¢]
2]

Gmds 0.100¢ CCCACRCARUGGT 10

0.0539335 UCCAAGGUAAAUCTUIAGCU 10

RN

Y
=)
20
63}

Gnds 0.0%170234 UCUCUTTACAUCTGCCCAL 10 1587
Gnds 0.087858 AAAAACRAUCUCAAGACUC 10 1588
Grds 0.087352 UAUAAAUGUUCAATUCEAC 10 1589
Grds 0.0731123 UAGUGACAUAAUTTCAAGY 10 1590
Grds 0.0730004 ARGUAAAATIGAGUAUGUGEA 10 1591
Grds 0.0685559 UUCGACCUGTAUUAAATIGA 19 1592

3
Ul
(K]
w2

Gmds 0.0612937 AATUCCGACCUGUATUAAAT 10
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Neuz ¢.388030164 AGGACUUUGUGCCUGGACT o 1594
NeuZ2 G.21861854¢6 AGAUAGACCACCCUCUCAG 2 1595
NeuZ2 G.307893119 AACCGAAGCACUUUGEGCT 2 1596
Neu2 G ) CUGATTUGAGGUACACACCT 2 1597
Neu2 UUUAUTAAGACUCATUCCAA 2 1598
Neu2 UCUCCUGUCTUGGAATAGCG 2 1599
Neu2 UCUGCTTIGUCAUACARAGG 2 1600
Neu2 0.231697907 AAGQUUUACUCACUACCUGG > 1601
Neuz 3.104061837 UUUACUCACUACCUGEUUG > 1602
Neuz 3.48730062¢65 UGAUAUUUGCCCACGGACA 2 1603
Neul G.183124124 UCGUAGGACAAACAAATICT 7 1604
Neul G.108973778 AGCAUUGAGAUAGACCACC 5 1605
Neu2 C.436004637 UACAAGUUUACUCACUACC o 1606
Neuz C.1911713874 GAUAUUUGCCCACGEACAG o 1607
Neuz C.444654675 UGCAGGACAGGGCAAGUCS o 16038
Neuz G.160G850087 AGCCGUGUGACATUAACCC o 1609
Neuz G.376798761 AUAGUGACAGCCGACACAL 2 1610
Neu2 0.284464194 GGAUAAUUUAUUAAGACTC 2 1631
Neu2 ¢.37115929¢ CUAGCAUUGAGAUIAGACCA 2 1612
Neu2 C.171466235 ARAUAGCGUCTCCUTCUGCA 2 1613
Neuz 0.452536463 UCCGCAAAGGCCAGCAGGG 2 1614

[86329]  The specification 1s wost thoroughly understood wn light of the teachings of
the references cited within the specification. The embodiments within the specification provide
an illustration of embodiments of the invention and should not be consiraed to limit the scope of
the invention. The skilled artisan readily recognizes that many other embodiments are
encompassed by the mvention. All publications, patents, and sequences cited wn this disclosure
are incorporated by reference in their entirety. To the extent the material incorporated by
reforence contradicts or 18 inconsistent with this specification, the specification will supersede
any such material. The citation of any references herein is not an admission that such references

are prior art to the present invention.

100330] Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the jovention
described herein. Such equivalents are intended to be encompassed by the following

embodiments.
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Appendix 1: nucieotide sequences of exemplary target genes from Chinese Hamster

Table 7

Protein Name Gene CHO puomber | SEQ ID Ne
Symbol

stalidase Neu2 CHO36727.1 1
g-N-acetyl-neuwraminyl-2,3-beta-galactosyl-1,3-N- Stogalnac | CHOS57849.1 2
acetylgalactosaminide g-2,6-sialyltransferase 6 6
CMP-N-acetylnevraminic acid hydroxylase Crnah CHO69319.1 3
al,3 galactosyltransferase Abo CHOS52173.1 4
GDP-maonose 4,6-dehydratase Grods CHO73348.1 5
GDP-4-keto-6-deoxy-D-mannose epimerase-reductase [FX Tsta3 CHO73063.1 6
epimerase}
solute carrier-35C1 [GDP-fucose transporter} Sle35c¢t CHO63353.1 7
solute carrier-35C2 Sle35¢2 CHO73461.1 bt
UDP-galactose-ceraraide galactosyliransferase Ugtha CHGS5897. 1% 9
O-hinked N-acetylglocosamine transferase Cgt CHO71360.1 10
a-galactosidase Gla CHO64021 1 i1
B-galactosidase Gibl CHOS3%916.1 iz
o-1,3-galactosyhiransferase Algali? CHO71928.1%* i3
roannosyl {a-1,3-)-ghycoprotein beta-1,2-N- Mgat? CHO68241.1 14
acetylglucosaminyhtransferase
solute carrier family 35 (UDP-glucuronic acid/UDP-N- Sic3sdi CHOS1082.1 15
acetylgalactosamine dual transporter), member 1}
glycoprotein galactosyliransferase alpha 1, 3 Ggtal CHOS7755.1% i6
fucosyltransferase 8 Fui® CHO70008.1 17

SEQID NO: 1 CHO56727.1
NNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNNSNNNNNNNNNNNNNNN
NNNNNNNNNNMNNNNNNNNNNSNNNNNNNNNNSNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
MNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGATCTCAGGCCCATGGL
GACTTGCCCTGTCCTGCAGAAGGAGACGCTATTCCAGACAGGAGACTATGCTTACAGAATCCOTGCTCTGATCTACCTGTCAA
AGCAGAAGACCCTGCTGGCCTTTGLOGARAAGCGTCTGACCAAGACAGATGAGLATGCAGATTTGTTTGTCCTACGAAGAGE
AAGCTACAATGCAGACACCCATCAGGTCCAGTGGCAAGLTGAGGAGGTGETGACCLAAGLLTACCTGGAGGGCCALCGLTCC
ATCAGCCCATGTCCTTTGTATQACAARCAGACAAGGACCOYTTTTCCTTITCTTCATCGCTGTCLGT GGG CAAATATCAGAACAL
CACCAGCTCCAGACTGGGOTTAATGTCACACGGCTATGCCACATCACCAGTACTCACCATGGGAAGACCTGGAGCGLTGTCCA
GGACCTTACAGATACCACCATTGGCAGCACCCATCAAGATTGGGCCACATTTGGLGTGGRTCCTGGG CACTGTCTG CAGLTGL
GAAACACAGCTRGGAGLCTGCTGCTCCCTGCTTATGCCTATCG GAAACAACCLCCTATCCATACACCTG CCCLOTCTGCCTTCY
GOTTCCTCAGCCATGACCATGGGAGLACATGGGAGCTGGGCCACTTTGTCTCCCAGAACTCGCTGGAGTGLCAGGTGGLTGA
GGTTGGCACTGGCGCTGAGAGGGTGGTCTATCTCAATGLTAGGAGCTGCCTGGGAGCCAGGGTCCAGGCACAAAGTCCTAA
CAGTGGCCTGOATTTCCAGGACAACCAGGTAGTGAGTAAACTTGTAGAGCCTCCCAAAGGLTCCLATGGAAGTOTGATTGCY
TTCCCCAACCCCACCTCAAAGGCAGATRCCTTAGATGTGTGGCTGCTCTATACCCACCCTACAGALTCCCGGAAGAGGACCAA
CCTCGGTGTGTACCTCAATCAGAAGCCACTGCACCCCACCALCTOGTCAGRCTCCCACCCTRTTGGCAACAGGCATCTGTGCCT
ACTCGGACTTGCAGAACATGGGGLACGGLCCTGATGOITCCCLGLAATTTGGETGTCTGTATGAGTCAAATAALTATGAAGA
GATTGTTTTCCTCATGTTCACCCTGAAGCAAGCTTTCCCAGCAGTGTTTGGTGCCCAGTGATCTTGCTGCATGCGGLCCAAAGT
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GOTCTGTGCTCAAAACACCCATCTCTCTTTGCTTCCACCATCCTCTGOACTITTGAGT CCAGCTOYTGGGTAACTTCCTCAGGA
GAGCAGAGAATTTGGTCTCTTGACTCTCTGCAGCCTTATTGTTTCAGLCTCTGGTTCTCTTITCAGCCCAGAAATCAAAGGAGC
CTGCCTTICCTCAGCCTOTTGGLAGLGCAGGTGG GGACAGTATATATAGAGGCTGCCATTCTGCATATCGOTTGTCACTATGE
TAGTTTAACCTGCCTGTTTCCCCATGCCTAGTGTTTGAATGAGTATTAATAAAATATCCAACCCAGCONNNNNNNNNNNNNN

NNNNNN

SEQUID NO: 2. CHO57849.1
NNNNNNNNNNMNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNCGGLGRGGCCTRGGIGHLCAGARLGGLG
CGGALCCCOGTTCTCGGITCCCOGOIGCCATGTGACGGLETELGEGHELIGLEGELAGLCGGEGLELTCCCCOGLGGAGHTA
TGACCCCACAACCCTGLOCCCCG GG LCACCTGLAGRACGCTGRCCTCTACCONTCAGCAGALGLCGGAGAGAGATGAGTAGT
AACAAAGAGCAGCGGTCAGCAGTOTITRTGGTCCTCTTTGCTCTCATCACCATCOTCATCCTCTACAGCTCCAACAGTRLCAAC
GAGGTCTTCCACTATGGCTCLCTGAGGGGLCGLACGLGTCOGLCTGTCAACCTCAAGAAGTGGAGTTTCTCCAGCGCLTALTT
CCCTATCCTCGGCAACAAGACGCTGCONNCCAGETGCAACCAATGTGTGATCATCACCAGCTCCAGCCACCTGCTRGGCACCA
AACTAGGCCCTGAGATTGAGLGGGCTGAGTCCACCATCLGCATGAACGATGCTCCCACCTOTGGUTACTCGOUNGACGTOGG
CAACAAAACCACCTTCCGOGTAGTGGCCLATTCCAGTGTGTTCCGTOTGLTGLGGAAGCLCCAGGAATTTGTCAACCGGALCE
CTGAARACGGTRTTCATCTTCTOGGGACCCCLAAACAAGATGCAGAAGLCACAG GG CAGCCTCCTGLGTGTCATCCAGCGG QL
GGGLCTCATGTTCCCTAACATOGAGGLCTATGLCGTCTCTCCCACCCGCATGCAGCAGTTTGACGACCTCITCCC GGG TGAGA
CGEGCAAGGACAGGGAAAAGTCCCATTCCTGGTTGAGCACAGGCTGGTTTACCATGGTCATTGCGGTGRAGTTIGTGTGACCA
TOTGCACGTGTATGGCATGGTCCCTCCTGACTATT GLAGLCAGCGLLCCCECOTGCAACGCATGCCATACCALTACTATGAGC
CCAAGGGGCCTGACGAGTGCGTCACCTACATCCAGAATGAGCACAGLLGTAAGGGCAATCACCACCGCTTCATCACCGAGAA
GAGGGTCITCTCATCCTGGGCCCAGCTCTACGGCATCACCTTCTCCCACCCCTCCTQLACCTAGCCATCCTGTCCACCGATCNTG
CGAGAGATAAAGGCAAAGTGGCTCTGGGLCGAACCATTTGACCTTGGCCATCTTCCAGCCAGTTCAGGTTOGCTGRAGTATTTC
CCAGCCAATCAAATCAGGGCCTTGATGAGGGTTTTTTTCCTTCCAGCCAGTGAGGGLTGGGETTATCTCTTGTCCAATCAGEG
ATTTGRAATCCTOTATGGTITAATCGRETGTCAGLGGGETCITTICTTRTGTAATCAGGGTCTAAGCAAAGTCAATCAGRGTATA
GGGGGCTTTCTGAGTCAGTCTAAGACTCGGGTACTATCCTTTCCCAAAAGGLOTTGTGLCCGAACCCCAGGAATCGGLCCCAA
ATCATTTCCTCCTTAGCTGGGACAAAGAGGTCCTATCACAAGGATCTGGGGACTTGGTGTTGLCCCCACAGTTCCAGAATCAG
AGATACAGTACGGGGTAGCGAACTGLCTGGAGGCCAGGCCAGAGAGTTTGTGGAGTTCTAGAAGTTGTAGGAAGLGCTGGG
AGGTGGAGGCGTETGTCCAGGTCCTGGLTTCTTCCTGAGTCACCTTGAGCAAGCCCTCCTCTTTCTGGUGTGCTATAATGACAT
CACATTCCTGAGTGCAGACAGAGACCCTCACTCTATATTGTACTTAAGTGTAATTCCCCCATCGATCATCCCTCACTG LG GRAL
TCAGCTCCCTGLGAATGGGEAGCCTGLGGLGCCCTTATCCACCTT CTAGAAACTTTAGGGTATTTTTGYGCAAGTGCCCLCAT
GGTTGGGGGATCCTGACAGAAATG GGG CAAACATGAAGCTRTTTCTCTAGCCCCTCAATCCAGCTGLOGTTAGCCTGGLTCTA
GAAAGCCCAGGCACCTOTTCCTACCLTCCAGCAGCAGGCATTCCCGCTGLCCAAGGAGLCTTTGGOATGAGGAAGGG GTATC
CCAGCCACACCAGGGONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNN
NNNNNNNNNNMNNNNNNNNNNSNNNNNNNNNNSNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNN
NNNTGCGGGGAGCTAGCCAGCACTGAGCCCTGCACAGCAAGGTAATGGGEGGGECAGTGACAGCCCTAGATCTGGTITTIGTA
ATGATTTATACAGAAATAAACACACCTAAGCCC

SEQ D NO: 3: CHOG9318.1

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNCAACCTCAAGGAAGGGATCAATTITTTTCGAAATAANNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNMNNMNNNNNNNNNNNNNNNNNNNNAAGAACCTOTGLAAGCACCAGGGAGGCCTGTTCATNNAAGACATCGAGGATT
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TAGATGGAAGGTCCGTTAAATNNNMNNNNNNNNNNNNNNNNNNNMNNNNNNNMNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTG
AACCCTCOTAACCOCTGGGACTCTGATCCCAGON NNNNNNNNNNNNNNNNNNNMNNMNNNNNNNNNNNNNNNNNNN
NNNNNNNTGCCTGCATGGACCTCAAGTTGGGAGACAAGCGAATGGTATTTGACCCTTGGTTAATTGGCONNNNNNNNNNN
ANNNNNNNNNNNNNGCTACATGAGCCTCCATCTGACTGGTTGGAGAGGCTGTGCAAAGCAGACCTCATTTATATCAGCCAC
ATGCACTCAGNNNNNNNNNNNNNNNNNNNNNNMNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
NNNNNAMNNNNNSNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNMNNNNSNNNNNNNNNNNNGGCGTTCATCOTGAG
ATGGACACATGCATTATCOGNNNNNNNCAAAGGTCATAAAATACTCAACACAGTGGACTGCACCAGACTCAATCGGLGAAGH
CTTCOTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNATGACTTTCAGTGGET
QGAAAATTTACTGAGCAATGCAAAGCCCANNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNGACCCGATTGCTGCGGCACCCTGATATATACCATCATCTGTTTTGGAATCATTTTCAGATAAAACTCCCTCTAAL
ACCACCCAACTGGAAGTCOTTCCTAATGCACTGTGATTAGTCTG GACCTRGTAAGTCCCAGGACCLCAGLCCAGAGRATGGTG
CCTGAACATTCAAGATGGOTCTCCCCTGLTTCGATAAACCTTTCTGGAAACACTTTCATAGACACAGCCATAACTACCATTATTC
ATTGGCAGTGTCTTTTATTCAGAGATGGCAAACAATGCCCCCAAATCAAGAATTTGCTCTTAAATCTTGAACANNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PMNNNNNMNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTGGCTTGGTAGTATAGC
ATGTGCTTAGAGCATATGAGGCCOTGGETTCCAACACACACACACACACACACACACACACACACACACACACACACCTGTAT
AACCCTAAATTCANNNNNNNNNNNNNNNNNNNNNNNNNNNACCAAGCGAAAGCCAAGAATCGAGNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGGATGTCAGCGCCATCTTGTAACGGTGAATGTGAGG
QCGGCTCCCCACATNNNNNNMNNNNNNNNAMNNNNNNNAMNNNNNMNNNNNNNNNNNNNNNNNNMNNNNNNNNNNS
PRNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNCATAAGTTCTGTGACTCTAGAGAACCCTGACTAATACANNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
MNNMNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCAAATTTGAAATACACTTTATTAAGAATAAN
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
NNNNNNTAATCTTAATTAACAATATATGGGTGAGTAGAAAATCTTAAATTTNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PRNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTCCTCCCTCATGATGCAGTTTTNNNNNNNNNNNNNNNMNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNN

SEQID NO: 4: CHOB2173.1
NNNMNNNNNNNNNNNNNNNNNNTCTCCTGTGTGCOTGAGACCTNNNNMNNNNNNNNMNNNNNNNNMNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
MNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNACCCAGTAGGAACGATGTTOYTGTCTTGA
CTCCTTGGCTGGUTCCTATCATCTGGGANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNSNNNNNNNNNNNTTTGCTATCAAAAAGTATGTGGTOTTCCTTAAGCTGTTCCTNNNNNNNNNNNNNNN
NNNCTTCATGGTGGGACACAAGGTCACCTACTATGTCTTCACTGACCGTCCAGCCGATGTGCCNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCGATGGCAGGATGTGTCCATGCACAGGATGGAGAT
GATCAGCCGCTTCTCAGAGCGACGNTTTCTACGTGAGGTGGATTACCTGGTGTGTGCAGATGTGGACATGAAGTTCAGTGAL
CACGTGGGTGTGGAGATTCTCTCANNNNNNNNNNNNNNNCTGCACCCTGGLTTCTACAGTAGCAGCCGAGAGGCCTTTACC
TATGAGCGCCOGONNNNNNNNNNNNNNNMNNNNNNNNNNNSNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNN
NTGGGGOGTCAGTGITAGAAGTGTACCATCTCACCAAGGCCTGLCATGAAGCTATGATGGAGCGACAAGGLCAACGGLATTG
AGCCTGTGTGGCATGATGAGAGCTATTTGAACAAATACCTGCTTTACCATAAGCCAACAAAGGTRCTGTCCCCAGAGTATGTG
TRGGACCAGAAGCTGCTGGGITGGCCCTCCATCATGAAGAAGTTRAGATATGTGGUTGTACCCAAGAACCATCAGGRCAATCA
GAAACTAATAGCTAAATTCCTATTGGAGAGGACAGGNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNNNCCCACCTCAGAGTCCAGCAGACCCAGTATCACTTGGCTTACCACACACLT
GAGCCCTGGAGTGGCAACCACCTTCAGUTCONNNNNNNNNNNNNNNNMNNNNNNNMNNNNNNNNMNNNNNNNNNNN

- 95 .



WO 2013/013013 PCT/US2012/047346

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNN

SEQ D NO: 5 CHO73348.1
NNNMNNNNNNNNNNNNCACTCCGCCTTCCTCTCGGCCGCACGCTCACCCGCONNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNMNNNNNNNNNNSNNNNNNNNNNSNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNTACTTGGCAGAATTCCTGTTGGAGAAAGGGTACGAGGTCCATGGAATTGTACGGLG
ATCCAGTTCATTTAATACAGGTCGAATTGAACATTTATATAAGAATCCACAGGCTCATATTGAAGGAAACATGAAGTTGCALTA
TGGTGACCTCACCGACAGCACCTGCCTAGTAAAAATCATCAATCAAGTCAAACCTACAGAGATCTACAATCTTGGTGLCCAGA
GCCATGTCAAGATTTCCTITGACTTAGCAGAGTACACTGCAGATGTTGATCGAGTTGGCACCTTGLGGCTTCTGGATGCAATT
AAGACTTIGTGGCCTTATAAATTCTGT GAAGTTCTACCAGGCCTCAACTAGTGAACTGTATGGAAAAGTGCAAGAAATALCCCA
GAAAGAGACCACCCOTTTCTATCCAAGOTCGCCOTATGGAGCAGLCAAACTITATGLCTATTGGATTGTAGTGAACTTTCGAGA
GGCTTATAATCTCTTTGCGGTGAACGGCATTCTCT TCAATCATGAGAGTCCTAGAAGAG GAGCTAATTTTGTTACTCGAAAAAT
TAGCCGOTCAGTAGCTAAGATTTACCTTGGACAALTGGAATGTTTCAGTTTCGGAAATCTGGACGCCAAALGAGACTGRGGE
CATGCCAAGGACTATGTCGAGGITATGTGGCTGATGTTACAAAATGATGAACCAGAGGACTTTGTCATAGCTACTGGGGAAG
TTCATAGTGTCCGTGAATTTGTTGAGAAATCATTCATGCACATTRCAAAGACCATTGTG TGO GAAGGAAAGAATGAAAATCA
AGTGGOCAGATOTAAAGAGACCOGGTAAAATTCATGTGACTCTOCATITGAAATACTACCGACCAACTGAAGTGGALTTCCTAG
CAGGGAGACTGCTCCAAGGLGCAGCAGAAACTGAACTGGAAGCCCCGCGTTGLOTTTGACGAGLTGGTGAGG GAGATGRTG
CAAGLCGATGTGGAGCTCATGAGAACCAALCCCAACGCCTCAGCACCTCTACAAAAATTCGCGAGACATG GACTATLGTGCA
GAGCLAGCCAACCAGAGTCCAGLCACTCLTGAGACCATCGACCATAAALCOTCGACTGCCTGTETCGTCCCCACAGLTGGGLC
ACAGGTTTGTGGGCACCAGGACGGGGACACTCCAGAGLTAAGGCCACTTCGCTTTTGTCAAAGGCTCCTCTGAATGATTTIGE
GAAATCAAGAAGTTTAAAATCACATACTCATTTTACTTGAAATTATGTCACTAGACAACTTAAATTTTITCGAGTCTTGAGATTGTT
TITCTCTTITCTTATTAAATGATCTTTCTATGAACCA

SEQUID NO: 6 CRO73003.1
PANNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNBMNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNN
NNNNNNGTGCAGCAACAATGGGTOAGCCCCACGGATCCAGGAGGATCCTAGTGACAGGOGOLITCTGCACTGLTOGGCAGA
GCTATCCAGAAGGTGOTCGCAGATGELGCTGGLTTACCCGLAGAGGAATGGGETCTTTOTCTCCTCCAAAGATGLAGATCTGA
CGOATGCARCACAAACCCAAGCCCTGTTCCAGAAGGTACAGCCCACCCATOTCATCCATCTTGCTGLAATG GTAGGAGGCOTT
TTCCGGAATATCAAATACAACTTGGATTTCTGGAGGAAGAATGTGCACATCAATGACAALGTCCTGCACTCAGOTTTCGAGGT
GGGCACTCGCAAGGTGGTCTCCTGCCTGTCCACCTGTATCTTCCCTGACAAGACCACCTATCCTATTGATGAAACAATGATCCA
CAATGGTCCACCCCACAGCAGCAATTTTGGGTACTCGTATGCCAARAGGATGATTGALGTGLAGAACAGLGCCTACTTCCAGC
AGCATGGCTGCACCTTCACTGCTGTCATCCCTACCAATOTCTTTGGACCTCATGACAACTTCAACATTGAAGATGGLCATGTGL
TGCCTGGUCTCATCCATAAGGTGCATCTGGLCAAGAGTAATGGTTCAGLCTTGACTGTTTGGGGTACAGGGAAACCACGGAG
GCAGTTCATCTACTCACTGGACCTAGCCCGGITCTTCATCTGOGT COTGLGLEGAGTACAATGAAGTTGAGLCCATCATCITCYC
AGTGGGCGAGGAAGATGAAGTCTCCATTAAGGAGGCAGCTGAGGITGTAGTGGAGGCCATGGALTTCTGTGGGGAAGTCAL
TITTGATTCAACAAAGTCAGATCGGLAGTATAAGAAGACAGCCAGCAATGGCAAGCTTCGGGLCTACTTGCCTGATTTCLGYT
TCACACCCTTCAAGCAGGLTGTGAAGGAGACCTGTGCCTGOTTCACCGACAACTATGAGCAGGCLCGLAAGTGAAGCATGGG
ACAAGCGCGTGCTCAGCTGGLAATGCCCAGTCAGTAGGCTGCAGTCTCATCATTITGCTTGTCAAGAACTGAGGACAGTATCCA
GCAACCTGAGCCACATGCTGLTITCTCTGLCAGGGGGUTTCATGCAGCCATCCAGTAGGGLCCATGTCCATCCTTGGRGAAAG
GCCAGACCAACATTTTGCTTGTCTGCTTCTGCCCAACCTCCATGTGTCCOTGUTGGNCTAGAAACCAATAAAATGGATTTTCAT
GAAAAAAAAAAAAAAAAAA
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SEQIDNO:7: CHO63353.1
PANNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNBMNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNSNNNNNNNNNNNNNSNNNNNNNNNNNGACGGGCCCOTCTGAAGCGGTCCAGGATICTGCGCA
TGGCGCTGACTGRAGGLTCTGLTGTCTCCCAGGAGTCAGAGAGCGGGAACAAGCCATTTCTGCTCCGGGLGLTGCAGATLGL
GCTGGTCGTCTCTCTCTACTGGGTCACCTCCATCTCCATGGTATTCCTCAACAAGTACCTGCTGGACAGCCCCTCCCTGCAGCTG
GATACCCCTATCTTTGTCACTTTCTACCAATGCOTGATGACCTCTCTGCTGTGCAAGGGCCTCAGCALTCTGGCCALCTGLTGEC
CTGGCATGGTAGACTTCCCCACCCTGAACCTGGALCTTAAGGTGGCCCGAAGTGTGOTGLCGCTGTCAGTGGTCTTTATCGGL
ATGATAAGTTTCAATAACCTCTRCCTCAAGTALGTAGGCGTGGLCTTCTACAACGTGGGGCOCTCGITCACCACCRTRTTCAA
TETTCTTCTGTCCTACCTGOTGUTCAAACAGACCACTTCCTTCTATGCCCTGCTCACATGTGGCATCATCATTGGTGGTTTICTGE
CTGGGTATAGACCAAGAGGGAGCTCGAGGGAACCNNNNNNNNNNNNGGCACCATOTTCGGGETGCTGGCCAGCLTCTGLGT
CTCCCTCAATGCCATCTATACCAAGAAGGTGCTCCCAGLAGTGGACAACAGCATCTGRCOCCTAACCTTCTATAACAATGTCAA
TGCCTGTETGUTCTTCTTGCCCCTGATGATAGTGLTGGGLGAGCTCCGTGCCCTCCTGGLCTTCACTCATCTGTACAGTGLCLA
CTTCTGGCTCATGATGACGLTGGRTGGCOTCTTCOGCTTTGCCATTGGCTATGTGACAGGACTGCAGATCAAATTCACCAGTCC
CCTGACCCACAATGTATCAGGCACAGCCAAGGCCTOTGLGLAGACAGTGCTGGLCGTGCTCTACTATGAAGAGALTAAGAGE
TTCCTGTGGTGGACAAGCAACCTGATGGTGITGGETGRCTCCTCAGCCTATACCTGGRTCAGGGGLTGGGAGATGCAGAAGA
CCCAAQAGGACCCCAGLTCCAAARAGGETGAGAAGAGTGCTATTGGGLTGTGAGCTTCTTCAGRGACCTGRGACTGAALLC
AAGTGCGGGCCTACACAGCACTGAAGGCTTCCCATGGAGCTAGCCAGTGTGGLCCTGACGCAATACTGTTTACATCCTCLTTGGA
ATATGATCTAAGAGGAGCCAGGGTCTTTCCTGGTAATGTCAGAAAGCTGCCAAATCTCCTGTCTGCCCCATCTTGTTTTGGGAA
AACCCTACCAGCAATGGCACCLCTACCTGCOTCCTCCT AGAGCCTGTCTACCTCCATATCATCTCTGGGETTGGCACCAGOTGL
AGCCTTAAGGGGCTGGATTGATGAAGTGATGTCTTCTACACAAGGGAGATGGGTTIGTGATCCCACTATAGITAGTGAAGGGA
GGGTAACCCCACATCTCTGGONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNN
MNNMNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNATGGCCATTCTGCCCTOTTOTGTGTGGATGGGTA
TENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNNSNNNNNNNNNN
NNNNNNNNNNMNNNNNNNNNNSNNNNNNNNNNSNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PMNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCCCCAACACCTCCATCTGCAGGCAGGAAGTGGAGTCCACTNN
NNNNNNNNNNNNNNNNNNNNNMNNNNNMNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PMNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNASNNNNSNNNNNNNNNN
NNNNNNNNNNNNNNNCTGTCCATATCCTCATGLTGCAGAAGTACAGGCAAGLTCCTTTAAGCCTCATATAGGAACALCTAGC
CTCACTCATGAGGGTTTTACTCCATGACCTGTCAACCTCAAAGCCTTCAACATCGAGGACTCCAACGTAAATTTGGGGACAGAA
GCACTCAGACCATAACCCCAGCACCACACCLTCOTAACCTCAGG GTAGCTGTCATTCTCCYAGTCTCCTCTCTTRGGCCTTTAGA
ACCCCCATTTCOTTGGGOTAATGTCTGATGTTTTTGTCCCTGTCATAAAAGATGGAGAGACTGTGTCCAGCCTTTGATTCCTALT
TCCTACAATCCCAGGTTCTAATRAAGTITOTGGGGLCTCATGCLCTCAGTTOTATGTGATT TAATAATAAAA AR AATATAATAA
AAAAAAAAAAAAAAAAAAALAA

SEQID NO: 8 CHO73401.1
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCTGCGTC
CAGCTAACCATGGGACAGTTTGGCTCTGGCCATCAGCCCCTTAGCCACCTTCAAGAGAAGCTCCTGTTCCTGCTGGLCCALGS
ATGGGGAGLTGEECCYGGACOTCGCCTTTGTGTGLAAGGCAGCTCTGACCCT GGG CCTGOTCCTCCTCTACTACTGLTTCTC
TATAGGCATCACCTTCTACAACAAATGGCTGACAAAGAGCTTCCACTTTCCCCTCTTCATGACCATGCTGCACCTGGLCGTGAT
CITCCTCTTCY CAGCCCTGTCCAGEGCGCTGETTCAGTGCTCCAGCCACAG GG LLCGCGTEGTGCTCAGLTGGACTGATTACCY
CAGCAGAGTGGLCCCCACAGCACTGGCAACAGCACTTCGATGTGGGCTTGTCCAACTCGAGCTTTCTTTACATCACTGTCTCAC
TGTACACAATGACCAAATCATCTGCCGTGCTCTTCATCCTGATCTTCTCTCTGATCTTCAAGCTGRAGGAGCTGCGTGCAGECC
TRGETCCTGGTGETCCTTCTCATCGCT GGG RGCCTCTTCATGTTITACCTATAAGTCCACACAGTTCAACGTGCAGRGCTTTRLCTY
TAGTGCTGGGGGUCTCGTTCATCGOTGGLATCCGOTGGACCCTTACACAGATGLUTTCTGCAGAAAGCTGACTTGGGLCTTCAG
AACCCTATCGACACCATGTTCCACCTGCAGCCGCTCATGTTTCTGGETCTCTTCCCGCTCTTTGCCOTATITGAAGGTCTCCATTT
GTCCACCTCAGAGAAAATCTTCCGCTTCCAAGATGLAGGGCTGOTCCTGLGGETTCTTGGCAGCCTCTTCCTTGGCGGGATTCT
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AGCCTTTGGYCTOCGCTT CTCTGAGTTCCTCCTTGTGTCCAGAACATCCAGCCTCACT CTCTCCATCOLCGECATCTTTAAGGAA
GTCTGCACCCTGCTGTTGGCGGCTCACCTGCTGGGTCATCAGATCAGCCTCCTGAACTGGUTGGGCTTTGCCCTCTGCOTCTCT
GGCATCTCCCYGLATETROCCCTCAAGGCCCTGLATTCCAGAGRTGATGRTGRCCCTAACCTCCCCAAGGRUCTGG RLLCCA
GCGITGACCTCGAGCTGLTGCTCCAGAGCAGLCCAGLGGRAGGAAGAAGALGATGATTATTTTGTGACCTAGGGGUAACAAT
GACCAGTCCGGGAGCAGCAGAAGCAGGLCGCACTGCTGGCAACTCTTGGTGGNNNNNNNMNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGGAGTCGAGGCTCCTGOTCTTTCCT
GTGGETGOITGETCCAAAAAGTGAATGACAGGLTCACCAGGAGCTGAALTGGCAGTGAAGGGAGCLGGTGACCTITTCTCCAL
TCTCACTCTGROTCTRAGAGGLAGATALAATTTGACGTC TG TAGATCTCAGGTTATTGRGTTCAGALTGCAGGRUITCTGGAA
GGAGTCACGGAGAGACTOGRCCTCATCALCTCGACCGCAGCTTCCYTCAGAGAGTAGATTTATTTATAGTTGAAGTAATGATIT
CCTCCTCCACTGCCCAGTRTTGCCTGAGGCATGAGCACAAGGCAAGCCCTGRGGCCTGGCOTCTCCTCCGTTCCOTNNNMNNN
NNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNATGCTCCTGTTTGTGCCCCAGACCCCATCCTTGGRGCCACALTATGG
ACCCACCNNNNNNAATAAATGGTGTTTGCTCAGAAAAAAAAAAAAAAALAAAAAALAAAAAAAAAAAAAAAAAAAAAALALA

SEGID NO: 9: CHO55887.1

ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNTTTTTGTATTTITGTTTATTATAGACATTITITATTTTATITITATITITTGTANNNNNNNNNNNNNNMNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

SEQID NO: 10: CHO71860.1

NNNNNNNNNNNNNNNNNGCCCTCGCCGCCATTTCAAGACAGGCAGAGGTAGATGTCTANNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNTAGAACCATTOYTTRCCAGTAGTG UGG CAGTAGAAGTCAATTACCCCTTGTTCTATATCAAGAAGCTCCAGATGGCGTCYT
CCOTAGGCAACGTCECCGACAGCACAGAACCAACGAAACGTATGCTTTCCTTCCAAGGGTTAGCTGAGTTGGLACATCGAGA
ATATCAGGCAGGAGATTTTGAGGCAGCTGAGAGACACTGCATGCAGCTCTGCAGACAAGAGCCTGACAATACTGGTGTCCTT
TTATTACTITCATCTATACATTTCCAGTGTCRAAGGUTGGACAGATCTGCTCACTTTAGCACCTTGG CAATTAAACAGAATCLCC
TTCTAGCAGAAGCCTATTCGAATTTGGGGAATGTGTACAAGGAAAGAGGGLACTTGCAGGAACCGATTGAGCATTATCGACA
TRCCTTGCGGCTCAAGCCTGATTTCATTGATGGTTATATTAACCTGGCAGCAGCTTTGG TAGCAGCAGGTGACATGGAAGRAG
CAGTACAAGCTTACGTCTCTGOTCTTCAGTACAATCCTGATITCTALTGTGTTCGCAGTGACCTG GG AACCTOITCAAAGCLC
TGGGTCECTTGGAAGAAGCCAAGGCATGTTATTIGAAAGCAATTGAGACGCAACCAAACTTTGCAGTAGCTTGGAGTAATCTC
GGCTCTGITITCAATOCACAAGGGGARATTTQGCTGGCAATTCATCACTTTGAAAAGGCTGTCACCCTTRACCCCAATTTIICTG
GATGCTTATATCAATTTAGGAAATGTCTTGAAAGAGGCACGCATTITTGACAGAGCTGTGGCAGCTTATCTTCGTGCCTTAAGT
TTGAGCCCAAATCACGCTGTGGTGCANGGCAACCTGGLTTGTGTATACTATGAGCAAGGCCTAATAGACTTGGCCATCGATAL
CTACAGGAGANNNNNNGAACTGCAGCCACATTTCCCCGATGOTTACTGCAACCTAGCAAATGITCTCAAAGAGAAGGGLAGL
GTTGCTGAAGCAGAAGATTGTTATAACACAGCTCTTCOTCTGTGTCCTACCCATGCAGACTOTTTGAATAACCTTGCCAATATC
ALACGGGAACAGGGCAATATTGAARAGGCAGTCCRCCTATATCGCAAAGCATTAGAAGTCTTCCCAGAGTITGLCTGUTGCAC
ATTCCAATTTAGCAAGTGTACTGCAACAACAGGGCAAGCTGLAGGAAGCACTGATGCATTATAAGGAAGUCATAAGAATCAG
TCCTACATTTIGCTGATGCTTACTCTAATATGCGAAACACTCTAAAGGAGATGCAAGATGTTCANGGAGCTTTGCAGTGTTATAL
TCGTGCCATTCAGATTAATCCTGUCTTTC CAGATGCACACAGLAATCTGCCTTCCATTCACAAGGATTCAGGGAATATCCCAGA
AGCAATAGCTTCTTACCGCACAGCTCTGAAACTTAAGCCTGACTTTCCTGATGCCTATTGTAACTTGGLTCATTGCTTGCAGATT
GTCTGTGATTGGACAGACTATGATGAGCGAATGAAGAAATTGGTTAGTATTGTAGCTCAACAGCTAGAGAAGAATAGGLITGL
CTTCTCTCCATCCTCANNNNAGTATGOTGTACCCTOYTTCTCATGGCTTCAGGAAGGCTATTGCAGAGAGGLACGHGAATCTC
TGCTTGGATAAGATTAATGTCCTTCATAAACCACCATATGAACATCCAAAAGACTT GAAACTCAGTGATGGACGATTGCGTGT
NNNNTATGTQAGTTCTRACTTTGGRAACCACCCTACTTCTCACCTTATGCAGTCTATTCCAGG CATGCACAATCCTGATAAGTT
TEAGCTOTTCTGCTATGLCCTGAGCLLOGATOATGGTACAAACTYCCCGAGTGAAGGTGATGGCAGAAGCCAATCATTTCATTG
ATCTTTCTCAGATTCCATGCAATGGAAAAGCAGONGACCGCATCCACCAGGATGGAATTCACATCCTTGTAAATATGAATGGG
TATACCAAGGGTGCTCGAAATGAGCTGTITGLTCTTAGGCCAGCTCCTATTCAGRCCATGTGRETGRENTACCCTGGAALTAG
TGGTCCACTGTTCATGOATTATATCATCACTGATCAGGAAACTTCCCCAGCTGAAGTTGCAGAGCAGTATTCTGAAAAALTGG
CTTACATGCCCCANNNNNNNNNNNNNNNNNNNNNNNNNAACATGTTCCCTCACCTAAAGAAAAAAGCAGTCATCGATTTT
AAATCCAATGGGCACATTTATGACAATCCGATAGTCCTGAATGGCATCGATCTCAAAGCATTTCTTGATAGTCTACCAGATGTG
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AAGATTGTCAAGATGAAATGTCOTGATGGAGGTGACAATGCAGACAGCAGTAACACAGCTITTAATATGCCTGTCATTCCCAT
GAACACGATTGCAGAAGCAGTTATTGAAATGATTAACAGAGGACAGATTCAGATAACAATTAATGGGTTCAGTATTAGCAAT
GGACTGGCAACTACACAGATCAATAATAAGGUTCCAACCORGAGAGCAGGTTCCCCOTACCATTATTGTAACCACCCGTTCCCA
GTACGGGCTACCAGAAGATGCCATTGTGTACTGTAACTITAATCAGTTATATAAAATTGACCCTTCTACCCTACAGATGTGGGL
AAATATTCTGAAACGTGTACCTAATAGCGTGCTTTGGCTGTTGCGTT T TCCAGCAGTAGGAGAACCTAATATTCAACAATATGC
ACAAAATATGGGCCTTCCCCAGAACCOTATAATTTITTITCACCCGT GG UTCCTAAAGAGHRAGCATOTCAGGAGAGGTCAGCTGE
CTGATGTCTGCCTGGACACTCCCTTGTGTAATGGGCACACTACAGGGATGGATGTTCTCTGGGCAGGAACACCCATGCETGALT
ATGCCAGGAGAGACTCTGGCCTCTCGGGTTRCAGCTTCTCAGCTTACTTCCCTAGGATGTCTTGAGCTCATTGCTAALAGLAG
ACAAGAATATGAAGACATAGCTGTGAAATTGGGAACCGATTTAGAATACCTGAAGAAAATTCGTGGCAAAGTTTGGAAACAG
AGAATATCTAGCLCTTTGTTCAACACCAAACAATACACAATGGAATTAGAGCGACTCTATCTGCAGATGTGGGAGCATTATGE
AGCTGGCAACAAACCTGACCACATGATTAAGCCTGT TCAAGTCACTGAGTCAGCCTRAATAAAGATTGCGCACAGGAGAATT
NNNNNNNNNNNNNNNNTCAACCTTCTGGCGGAAAGGGAACTAGATAACATGCTTTIGTGTGTATCTGTGTAGTTCTGTIGTTG
CAGACGGATGATATATAATGATAATAGAATAGCACATTCAGACTTGCTTCCTGCATGATGGGGAGAGACAAGAAAGAAGAAA
TGCTATTCCACAAGOAATCTCTTAGAGTTTT GLAGCAAACAGATGGTGCAGAGETCTGGAAGETITGGTCTCCLTTGGETCTTC
CACGGGATGCTTAATGTGGAGGCGAGATAGAGATTAACCAGCCGTTTIGTGATGCCGTGGATIGATCGAGTCTTCTGATLOTY
P TTIT T T T TATATTTTGGGTAT TEGAGCTTTTAAAAATGTITGCT T TCAGETATTTTTACTCATGTCAAGTGATCTTRATTCYT
CTGAGGTTTTAAACTAAAATGTTGCTTCCTGTTTTAGTGTCTGAACTCTGACAGGGCGACAGGGALCTTGLTGGTGTAGTCYT T
TATAGGTTTTATAAACCACTTGAGCCTATATCAGTCATTTTAGTGTTTGACCTAATGCTTGGCACTGTCAGTGCTTTGTTTAGAT
GATGACTTAAGACTTTTCAGLCTGTITTACACALCCCAGCTCCLOTTAAATTCTCCTGTGACTGCTAACAAACCCATGTCTGCYT
TCAGACATCCCAGAGTOTTTCTCTTGAACACGCCATCTGGTGCCAAATGAAAATTCTTAGGAGTGAATATTAATCATGAAGGG
CACAGTTGTGRTACTGTTGTTGATAATAATTAGTTCITTGTCTAATTITTACCTATTTCACCAGTGTTTAAGCCCTTGALTGCCCC
TCCTATGCTGCTTCCAAAAGTGCTAGTGTGCTAAGATTITTACCTTCCTTTCTAAAGTTTGTTITITITTTAAAGTGAGTCCTGTT
CITCCTATTTCTTTCAGCAGAAATGAAATCCCAGGTAAGTATATAAGTATTCAAATGTTTGGTTAGTAAATTACAGTTCTCTCCG
TACCTTAAATGGTGTTCACNNNNNNNNNNNNNNNNMNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNTCTGGACTTAGCTTCAAACTCTATGGATTCGGCCTTGGTAGGGAATTGTATTACTACTTGGTTTAGAGTACAAGTTAGGC
TITATTTACCCTCCTGGAGCTTGAATTCTTGRTGGTTAAAAAAATGCATTTCAACATAGAGGGCTTGAGGCTTAAACAAACAAG
CCQACATATGACTOTGTTTGTACTGLTCTACTOCACTTGGACTCTCCAGTCACAGATCAGTTTTCTCTGTTTGTAGTGCTCTATAT
TATCTTTCCAAAGCACCTAGGCAGTGCACCTATTCT GTAGTTGCAGCTCTTIGCCTGAATGTACCTTAGCT GACAAGTTATTGATA
ATTAAGACCTTGAATTTCTGATTCTTACTGLTATT TAAAACCTAAGCAAGGAGTCTCATETGTRATTCTGAAGCAGAATTACAT
TATAATGAACTGTGTACCTITAGTAATGTAAATCAAGGAACACCAGGGATTTCTTAATTTATTTTTAACTGAATAAATATCAGTT
AAAGGTTGCCAGCATCGTTACAGGTAAACTGATTTTCAAAATTCACTGAACTACTAAATGTGGGCTTGGATAATAGACCTCCA
GTGCCGUTATGGLTGTOATCTCTOGCCATTTTACATAGCACATCATTCCTCCTATAGGCATGAACTTITITCCLGGLALGAAAA
GTAGCCACTCTGGTTGTAGCTITOCTTATTGTAACAGGCTTTTATITCCAGGTAACATGTCTGT GGAAGACTTAATTCAGATAG
TTATAGATATTATTGRAAACTAATTTGTRTTITITITCTATTATACTCTGCTT TATTGAAAAAGTAAAGCATTTAAATTRTGUTCC
AGATATTCAGATGTTGTCTTGCGATCTTTAAACAATAAATGGATGATTTCCCCTTAA

SEQUD NO: 11 CHO64621.1
GATTGGTCCGLCCCGAGOGTAAACTTAAAAGCCCAGCTTAACTCGGTAAACTGAAGCAAAGAATTTCTATGACCATGAAGCTT
TTAAGTGGGGATCCGCGGCTGRTCTETGAGCTTGCGCTTCGTCCCCTAGTCTTAGTTTTCTGGAGTATTCTTGGGACCAAAGCA
CTGGACAACGGITTGGCGCGGACTCCTACTATGGGLTGGITGCALTGLEAACGTTTCATGTGCAACCTCOACTGLCAAGAAG
AGCCTGATGLCTGCATCAGTOAGCAGLTGTTCATGCAGATGGCAGACCTTATGGTCTCTGAGGGLTGGAAGGACGCAGSTTA
TRAATACCTCTGCATAGATGACTGTTGRATGLLTCCTGAAAGG GALTCAAAGG GLCGALTTCAGGCAGATCCCLAGLGITTTC
CTAGTGGAATCCAGCACCTAGCTAATTATGTCCACAGCAAAGGATTGAAGCTAGGAATTTATGCAGATGTTGGGAATAAAACC
TGTGCAGGTTTCCCTGGRAGTTTTGGGTACTATGATATTGATGLCCAGACATTTGLTGACTGGGGTGTAGATCTGCTAAAATTT
CGATGGTTOTCACTOTGACAGTGTGACGTCCTTRGCAGATCGTTATAAGTACATGTCOTTRGCCTTCAATAGGACTRGCAGAAG
CATTGTATACTCCTGTGAGTGGLCGCTTTATATGAGACCCTTTCATAAGCCCAATTATACAGATATCCAATATTATTGCAATTAC
TGGAGCAAATTATGATGATATTTATGATTCCTGGGAAAGCATAAAGAATATCTTGGCCTGGACAACAGATAACCAGAAGGAGA
TIGTTGAAGTCGLUTGGALCAGGEGGTTOGAATCACCCAGATATGTTAGTGATTGGCAALTTTGGLCTGAGTTGGGACCAGCA
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GGTAACACAGATGGLCCTCTGGOLTATCATGGCAGCTCOTCTACTCATGTCCAATCATCTCCGACAAATCAGCTCCCAAGCCAA
AGCTCTCCTTCAGAATGAAGATOTAATTGCTGTCAACCAAGACCCCTTGGGCAAGCAGGGGTACTGTTTITAGAAAGGAAAACA
AAATCRAAGTITGGGAALGACCACTCTCAAATTTAGCCTGGGCTETGGCTGTGAGAAACCTGCAGG AAATTGETGGALCTCG
TTCTTACACCATCCAGGTGGCTTCCCTTGGTCAAGGAATAGCCTGCAATCCTGGT TGCATCATCACACAGCTCCTCCCTGAGAA
AGTACAGCTAGGCTTCTATGAATGGACCGTAACCTTAAAAACTCGAATAAATCCCTCAGGCACTRTTCTGCTTCGACTAGAAA
GATAAACTANNNMNNNNNNNNAMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PMNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCAAGACAGGGTTTCTCCATATAGCCCTGGCTGTCOTGGAACLT
CACTCTRTAGACCAGRATGRCCTTGAATTTAGNNNNNCGCCTGCCTCAGCCTCCAAAGTGCTGGGATTAAAGGCCTGCGCCA
CCAACGCCCAGCOTTTITNNNNNNMNNNNNNNNNNMNNNNNNNNNNNNNNNNNNMNNNNNNNNMNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNMNNNNNNNNNNNMNNNNNNNNNNNNNNNNNGCATTGGTAGCACACGCOTTTAATCCTAGCACTTAGGAGHECA
GAGGCAGCCGGNNNNNNTCTGAATTTGAGGCCAGCCTGGTCTACAGAGTTCCAGGACAGCCAGGGCTATACAGAGAAACCC
TGTCTCAGGGGAAAAAAANNNNNNNNNNNNNNNNNNNNNCAGCGGTTAAGAGGATTGACTGCTCTTCCAGAGRTCATGA
GTTCAAGTCCCAGCAACCACATGGTGGCTCACAATAATCTGTAATGAGATCTGATGCCCTCTTCTGNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

SEQUD NO: 12: CHO53816.1
PANNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNBMNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGACTACAGCCGGGACCGCTTCCTCAAGGATGGACAGCCATTCC
GOTACATCTCTRCAAGCATTCATTACTTCCGGATACCTCOOTTCTATTGGRAGGALCGGUTGCTGAAGATCAAGATGGLTGGE
CTGAACGCCATCCAGATGTACGTGLLCTGGAACTTTCATGAACCCCAGCCAGCACAATATGAGTTTTCTGGGCACCGTGACGT
GGAATATTTCATTCACCTGGCTCACAAGCTGGGGCTCCTGGTGATCCTGAGGCCAGGACCCTACATCTGTGCAGAGTGGGACA
TCGCAGGOTTACCTGCTTGRCTGCTAGAGAAAGAATCTATTGTTCTTCRQATCTTCTRACCCAGACTACCTTGCAGCTGTCGATA
AATGGCTGACAGTCCTTCTGCCCAAGATGAAGLCTCTGCTCTACCAGAATGGAGGGLCRATTATAACTGTGLAGGTTGAGAAT
GAGTACGGLTCCTACTTTGCCTGTGATTATGACTACCTGLGTTITCCTG GCACACCGCTTCCOTTACCATCTGGGCAATGALGTC
CTTCTCTTCACCACCGATGO GG LGAAT GAAAACTTCCTTCGGTETOGCACCLCTGCAGGGLCTCTATGCCACAGTGGATTITGG
AGCAGTCAAGAATATCACACAGGCTTTCCTAATCCAGAGGAAATTCGAACCCAAAGGACCTTTGATCAATTCTGAGTTCTATAC
TRGCTGCCTAGACCACTRGGOTGAALCCCATTACACAGTGAAGACTGAAATAGTCGCTRCCTCTCTCTATGALCTGCTTGECC
GTGCGGLCAGTGTCAACTTGTACATGTITATAGGTGGGACCAATTTTGLCTATTCGAATCGGTGCCAACATTCCCTATGCAGCA
CAGCCCACCAGCTATCGACTACGACGCCCCGCTGAGTGAGGCAGGGCACCTCGACTGAGAAGTATTTITGCTCTTCGAAATGTCAT
CCARAAGTTTAAAGATGTCCCAAAAGGTCCTATCCCTCCATCAACTCCCAAGTTCGCCTATGLAAAAGTT GUTCTGAGARAGTT
CAAGACAGTGGCAGAAGCTCTGRALGTCOTGTGTCCCAATGRCCCCGTGAGAAGCCCGCTACCCGOTGACATTCATCCAAGTTA
AACAGTATTTTGGGTATGTGCTGTACCGAACAACACTTCCTCAAGAATGCAATGGCTCGATGCCCATCTTCTCCTCACCCTTCA
ATGGTCTCCOTGACCGGGITTATGTGGLTGTGGACGGOGTCCCCCAAGGAATCCTTGAGCCGAAACCOTGTGATATLCCTGGA
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CATACAGGGOAAAGCTGGAGCCGTTICTGGACATTCTGLTGGAGAACATCGEGALGTGTGAACTATGGLAGAGGCATAAATGA
TITTAAGGGTTTGATTTCTAACATGACTCTTAACTTCAGTATTCTCACCAATTGGACAATCTTTCCACTGGACACTGAGGCTGLA
GTACGCACCCATCTTGCGGLCTLOGARGCCLOGTGATGAGGGCCACCACGATGGALGCTTRACCTTTGGCTCYTCRAACTTITAC
GCTCCCCACGTTTTATGTGGGCAACTTCTCCATTCOCTCGGGCATCCCAGATCTGCCGCAGGATACCTTCATTCAGTTTCCTGGA
TGGACCAAGGGTCAGGTOTGGATCAACGGCTTTAACCTTGGCCGATACTGGLCTGLACGGGGLCCACAGGTGACCTTGTTTG
TOCCCAGGCALATTCTGACCGACGTCAGCCCCAAACAACAT CACCETGCTGCGAGCTGGAACGCTCACCCTGCAGTGATGGGAL
CTCAGAGCTGTGTACCGTGGAGTTTGTCCGACAGGCCGATTATTGGCAGORTCCCTGGCCATCAGCGGCCCTTTTCCAGATCGET
CTGGCCAAGACTGETRGCTGAACCCCCTGTGATGACTGAGCCTCTAGGATCACAGLCCTGCACTG GLCAAATGGRTCATCLG
TOTCTCOATACAGTGGAAGGTCGGATTTATCAGOTGTGTGTATCCTACCGGTGTCCCTACAGCAGTAGAGACATTGCOTGGLCY
CCCACTCCTGTGGCCACCAGGAAGGLTGAAGGGAGTGGACATCACAGGAACACACANNNNNNNNNNNNNNNNNNNNNN
NNNNNANNNNNMNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNNNNNNSNN

SEQ D NO: 13: CHO71928.1

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PMNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNAGCAGCCCTTCCCTGGCCAAGCAGGOGCCAACNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NN

SEQID NO: 14: CHO6&B241.1
NNNNNNNNNNNGCCGGAGGGCCLREGLGITCLCAGGCCAGTLOUGGCTTCTCAGNNNNNTCGCCGCCLGAGLGHEGLG
AGGCTOGCOGCECTLGOTOTCGCCOGNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
ANMNNNMNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGGETGCTGCATGGA
GAGGACCOAGGLGACGLTGAGCCGCGGITCETAGCOGLGGLELGRITCITGLAGCTGLAALTC CCAGAGAGRATGLGLGG
AGCCCGEECEELGLGAGGCCGTTGAGAGCOTTCGGGCCCCAGGACGLLGE GG LLLGGGATGAGTTAGCGAGGGCLGLLGT
GGGEECCAGTTCCTAGGLUTACAGGLCAAGRLAALGGCGCCLLCCGLCCECCCCTTCCOTC CAGAGQLLGLCAGCTGLTTIC
CGCECOCOOITCCCOGCULCGHAGACCATGAGETTCLCOCATCTACAAACGOHAACGTGCTGATCCTGALGLTCGTGGTGGEC
GCCTGLGGCTTCLTCCTCTGGAGLAGCAATGGGCCACAAAGGAAGAACCACGLOCTTGGCCCGLCGCTGCTGGACGLGGAG
CCCGTACGGGGETGLGRGCCACCITGLTCTGTLCGTAGGCATCLGLAGGGTCTCAAACGAATCGRCLAUTCCTCTGGTTCCLGE
GGTCCCGOGELICGAGGTEGACAACCTAACGCTGCGGTACCGGTLGCTOGGTGTALCAGTTGAACTTCGATCAGATGLTGAGG
AACGTCGGTEATGACGGCACCTGGLGCCCLEGGGAGCTGLTGLTGGTGETCCAGGTGCATAACCGGCCGGAATACCTCAGE
CTGCTOCTAGACTCGOTTCGCAAAGCCCAGGGTATTCAGCAAGTCLTAGTCATCTTCAGCCATGACTTCTGGTCLGCAGAGAT
CAACAGTCTGATCTCCAGGGTGAACTTCTGCCCGGTTCTGCAAGTETTCTTTCCATTCAGCATTCAGCTGTACCCGAGTGAGTT
TCCGROTAGTGACCCCAGAGACTOCCCCAGAGALCTAAAGAAGAATCCAGCTCTGAAGTTRGGGTGLATCAATGLCGAATAC
CCYCACTCCTTTGGCCATTALAGAGAGGLCAAATTCTCGCAAACCAAACATCATTGGYGLTGCAAGCTGCACTTTGTGTGGGA
GAGAGTCAGAGTTCTTCAGGATTACACTGGCCTTATACTTTICCTGGAAGAGGACCACTACTTAGCCCCAGACTTTTACCATGT
CITCAAAAAGATOTGCAAGTTGAAGCAGCAGGAGTGTCCTGGETGYGATGTCCT CTCCOTAGGGACCTACACTGLCAGTCCG
AGTTTCTATGGCATTGCTGACAAGGTAGATGTGAAAACTTGGAAATCCACAGAGCACAATATGGCGTTAGCCTTGACCCGAG
ATGCCTATCAGAAGTTGATCGAGTGCACAGACACTITCTGTALTTATGATGATTATAACTGGGACTGCACTCTTCAATATTTGA
CIGTATCTTOTCTTCCTAAATTCTGGAAAGTCTTAGTTCCTCAAGCTCCGAGGATTTTTCATGLTGGAGACTGTGGTATGCATCA
CAAGAAAACATGTAGGCCATCCACCCAGAGTGCCCAGATCGAGTCATTCTTAAATAATAACCAACAGTACATGTTTCCAGAAA
CTCTAGTTATCAGTGAGAAATTTTCTATGRCAGCCATTTCCLCACCTAGGAAAAATRG TGO GTGGGGAGATATTAGGGACCATY
GAACTCTGTAAAAGTTATAGAAGACTGCAGTGAAAACAAAAATCACAATTGCAAAAGAAAGATGACAGTCTTCTGTITTTTAT
ATTTCTTTCAATGGGATATACAATTGAATAAAGGTATAGGAACTGGTTTCTGCTTTAATACACAGATTTCTTGTAACAGGTGTC
CAAATATATAGTAATCCTATTCAGTTACTCTGATTAAAATTTCAAACTGAAATTTTCATTTTGGGTCTTGGGTIT TAAAATTCAG
TCTATCTGCTTAAGGGTAATGATTTGATAATTATTGATTAGAAAAGGAAATTTTATTTAAATCGCATCTGTTAATCTTTCTATCT
AAAACTTTOTATACTTTTCCACTTITCAGAACTTATTTTAAGTACARCAAGACTTATTTAAAACTGTCACAACAGTAAAAAGTATT
ACAAGACTATTAGAGTATTGATGGGACAAACCCAGTETCACTATTGACTTITATTTGCAGGAATTGTCTGALCGGTTTAATCAL
TCAGAAGTTCCGTTTGTTAAACGCCCTGTCAGAAGAGTCATTTCAGTATTGCTGATTCCTGTGLTATTGTGTTAAGATITGCCTG
TRCTTTCAGCCTTCATACTACATGATTTATGTTGGAATGTATTTGGTTAATAAGAAAGTT TAAACACTGTTTTCACCTCAATGTA
GAAATACAGTGGTTTTITTTTTTTTITITTTTAGTGCTGCCAAAATAAAATACTCATTTTTTCATAAAATTCCCTAATCATTTTGCAG
AATCTTCTATTTGTATCAATAAAGGCATTCTAGGAGTTTTGAGAATGAAAAA
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SEQID NO: 15 CHOB1082.1
GCCGGLGUCACCGLLGCLATCGUGRAACTCCACAGACGTCAGCATGITCCOGTTAAAGGAGAAGCCCLCGLGAAATCLTCCA
CACACAGAGATGAGGAGGAGCTGGGGATGGCGLCGGLCGAAACGLTGACGGTGTTCCTGAAGCTGLTGGLOGCCGGLTTCT
ACGGCOTRAGCTCCTTCCTCATCGTGGETGGETCAACAAGAGLGTGCTCACCAACTACAGATTTCCGTCCTCGCTATGTGT TGRS
CITGGLCAGATGGTGGLCACGGTAGCAGTTICTOTGGGTGGGAAAGGCACTCAGNNNNNNNAAGTTTCCTGACTTTGACAGA
AATGTACCTCGAAAGACGTTTCCACTACCTCTACTATATTTTGGGAACCAAATCACCGGACTGTTCAGCACAAAGAAACTGAAC
TTGCCCATETITACAGTTICTGAGAAGGTTCTCCATTCTGTTTACAATGTTTGCTGAAGGAGETCTACTCAAGAAGACTTTTICTT
GGOGTATTAAGATCACTGTATTTGCAATGATTATCGGAGCOTTIGTAGCTGCLAGCTCTGACTTGGCATTTGATCTGGAAGGA
TATGTTTITATTTTGATCAATGATGTCCTGACAGCAGCAAATGGTGCATATGTGAAACAGAAGTTAGATTCGAAAGAGLTGES
ARAGTATGGLCTGCYCTATTACAATGCACTGITCATGATCOTTCCCACCATCGCCATTGCGTATTTCACAGRAGATGCACAALA
GAATATATTAATAACTTATATTGGAATGGTCTTTGGTGGAGATTATATTTTCACATGGACAAATTITATTGGCCTAAATATAAGT
ATTGCTGGAAGCCTGGTGTATTCTTACATCACTTTCACTGAAGAGCAGCTGAGCAAACAGTONNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
PRNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNATGCTAAC
TATGTTTGAATTAATTTATATCAGACTGGAAAATGTTCTGGOTCGGTTTTAATTTATTTTTNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
MNNNNNNNNNNNCTTTTCI T T T Ty T OOy Ty Ty rOT Iy r Oy Iy rCy T ey T Ty T Ty reTiveyyery
TTCTTCTTCTTCCTCCTCCTCCTCCTTCTTCTTCT CCTCCTCCTCTTCCTCCTTCTCNNCCTCCTCCTRCTCTTCCTCCTCCTTCTCTTC
CTCOTNANNNNNNNNNNNNNMNNNNNNNNMNNNNNSNNNSNNNNNNNSNNNNNNNNNNNNNNNNNNNNNNNNNNNS
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNNSEG D NO: 16 CHOS7755.1

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNMNNNNNNNNNNNNNNNGTGACCCCOTOGAAGOCGCLGATTGTETGCGAAGGCACTTATGACACAGCTONNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNATCCTGGCCCACATCCAGCAC
GAGGTCGACTTCCTCTTCTGCATCGACGTGGATCAAGTCTTTCAANNNNNNNNNNNNMNNNNNNNNMNNNNNNNNNNNN

ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCCTACTCACAT
TCTCAACCTCANNNNNNNNMNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
MNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNGTGGTTCTCAACCTGTGGGTCGCGACCCCTTTGGGGEGNNNNNNNNNNNNMNNNNNNNNNNN

ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PNANNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN
ANMNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNN
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

SEQHID NO: 17 CHOT70008.1

GCTGTCAGCOTCTGLCTGGLTCGCGLCGLCTTGLGUTTTCCCTCAGTCAGTGGLGLLGAAGGLTCLCGTTAAGCAGLGGLCGLG
GTTCCTGTTTCOGTTTCTTCCTCTCCCTTCAGTCGGGGAGTAGCATCCTCCACN NN NNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNGGCGOLOGCGACGGLEEACGGLGLCGALCGLCTCGITCLCGLCTCGOLETIGLTG
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CTCTGOCTCGAGGCCATCTANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNMNNNNNMNNNNNNNNNNNNNNNNAGACCCAGATTCAAGCAATAAAACATTTCTCTGCAATACCATGTGGTTTTCTT
CAACATCATAATICTATGGGGAGGAAGLATCTAGGATCCATCAAGCACAGGACATTCAAGLCTLCCECCLRUGTCACCAGGA
AGATCTCTTTGTAAGAATAACCACAGTATTCCAGAGAGATTAGCCTGTCTGAAGCATTATGTGTTGAAGCAAAAGAAACTTATT
TTCCTGTGTGGCTAACTAGAACCAGAGTACAATGTTTCCAATTCTTTGAGCTCCAGGAAGATAGAACAGAGTTGAAACTCTGA
AAATCLGGGCATGGACTGGETTCCTGGCETTGGATTATGCTCATTCYTTTTTGCCTGGGGGACCTTATTGITTTATATAGETGGTC
ATTTGGTTCGAGATAATGACCACCCTGACCATTCTAGCAGAGAALTCTCCAAGATTCTTGCAAAGITGGAGCCCTTAAAALAA
CAAAATGAAGACTTGAGGAGAATGGCTGAGTCTCTCLGAATACCAGAAGGCCCTATTOATCAG GG GACAGCTACAGGAAGA
GTCCGTGYTTTAGAAGAACAGCTTGTTAACGCCAAAGAACAGATTGAAAATTACAAGAAACAAGCTAGLAATGATCTGGGAA
AGGATCATGAAATCTTAAGGAGGAGGATTGAAAATGGAGCTAAAGAGLTCTGGTTTTITCTACAAAGTGAATTGAAGAAATT
ALAGAAATTAGAAGGAAACGAACTCCAAAGACATOCAGATOAAATTCTTITGGATTTAGGACATCATGAAARGTCTATCATG
ACAGATCTATACTACCTCAGTCAAACAGATOGAGCAGGTGAGTGGLGEGAAAAAGAAGCCAAAGATCTGACAGAGLTGGTC
CAGCGGAGAATAACATATCTGCAGAATCCCAAGGACTGCAGCAAAGCCAGAAAGCTGCTATGTAATATCAACAAAGGCTGTG
GCYATGGATGTCAACTCCATCATGTGGTITACTGOTTCATGATTGCTTATGGLACCCAGCGAACACTCATOTTGGAATCTCACGA
ATTGGCGCTATGLTACTGGAGGATGGGAGACTGTGTTTAGACCTGTAAGTGAGACATGCACAGACAGGTCTGGLCTCTCCAL
TRGACACTGOTCAGGTGAARTOAAGGACAAAAATCTT CAAGTCETCRAGCTCCCCATTOTAGACARCCTCCATCCYCGTICTC
CTTACTTACCOTTGGCTOTACCAGAAGACCTTGCAGATCGACTCCTGAGAGTCCATGGTGATCCTGCAGTGTGGTGGLTATCC
CAGTTTGTCAAATACTTGATCCGTCCACAACCTTOGLTGLAAAGGGAAATAGAAGAAACCACCAAGAAGCTTGGCTTCAAACA
TCCAGTTATTGGAGTCCATGTCAGACGCACTGACAAAGTGLGAACAGAAGCAGLCTTCCATCCCATTOAGGAATACATOGTAL
ACGTTCAAGAACATTTTCAGCTTCTCGAALGCAGAATGAAAGTGGATAAAAAAAGAGTGTATCTGGCCACTGATCACCCTTCT
TTGTTAAAGGAGGCAAAGACAAAGTACTCCAATTATGAATTTATTAGTGATAACTCTATTTCTTG GTCAGLTGGACTACACAAC
CGATACACAGAAAATTCACTTCGGGGCEGTGATCCTGOATATACACTTTCTCTCCCAGGCTGACTTCCTTGTGTGTACTTT T CAT
CCCAGGTCTGTAGGGTTGCTTATGAAATCATGCAAACACTGCATCCTGATGCCTCTGCAAACTTCCATTCTTTAGATGACATCT
ACTATTTTGGAGGCCAAAATGLCCACAACCAGATTCCAGTITATCCTCACCAALCTCRAACTAMAGAGGAAATCCCCATGRAA
CCTGGAGATATCATTGGTGTGGLTGGAAACCATTGGAATGGTTACTCTAAAGGETGTCAACAGAAAACTAGGAAAAACAGGLC
TGTACCCTTCCTACAAAGTCCGAGAGAAGATAGAAACAGTCAAATACCCTACATATCCTGAAGCTGAAAAMATAGAGATGGAGT
GTAAGAGATTAACAACAGAATTTAGTTCACGACCATCTCAGLCAAGCAGAAGACCCAGALTAACATATGGTTCATTGACAGALA
TGCTCCGCACCAAGAGCAAGTOEGAACCCTCAGATGCTGCACTGGTGGAACGLCTOTTTGTGAAGGGLTGLTGTGCOCTCAA
GCCCATGCACAGTAAAATAATGTACTCACACATAACATACAAATCGATTATITTCTACTITQLCCTTTAAATATTCTRTCCCCAY
GAAACAAACACTGCCACATTATGTAATTTAAGTGACACAGACGTTTTGTGTGAGACTTCAAACATGGTGLCTATATCTGAGAG
ACCTCTGTGATTTACTGAGAAGATGAGAACAGCTCCCTTCTGTCGGGAAGTTGGTGG TG GACTGGCCACTGAATTCACTGCAA
TCAACAGATTCAGAATGAGAATGRATGTTTTTCCTTTATATCGTTGTCTGGATTTTTTTTAAAGTAATTTCATCAGTTCAGTTCA
TCCACCTCATTAATAAATGAAGGAATATACCAATAAAATCAAATGAAATATTCACTGTCCATTAGGAAGTTTTATARAACAATG
CCATGAACAAAAAATTCTTTAGTACTCAATGTTTCTGGACATTCTCTTTGATAACAAAAATAAATTTTAAAAAGG
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Appendix

Table 8.1

PCT/US2012/047346

2: nucleotide sequences of exemplary siRINAs

Target g

)

(93]

&3]
)

No.

AntisSeqg

o

[&x)

<%

o

Neu2 AGUAAA 18 UUUACUCACUACCUGGUUG 19
JICUAUCUCAATGGTU 20 AGCAUUGAGAUAGACCACC 21

AAUGUCACACGGCU

GCCGUGUGACAUUARACC

AGAAGGAGACGCUAUU

AAUAGCGUCUCCUUCUGCA

AGAUTUGUUIUGUCCUACGE 26 UCGUAGGACAAACAARUCT 7
CUGACGAGGEUGGUCUATCY 28 AGAUAGACCACCCUCUCAG 29
JAUGACAAGCAGA 20 JCUGCUUGUCAUACAARGE 31

CGGUCTIAUCUCAATGCTUAG 32 CUAGCAUUGAGAUAGACCA 33
GGUCCAGGCACAAAGUCCU 34 AGGACUUUGUGCCUGGACC 35
GGUAGUGAGUAAACUUGUA 36 UACAAGUUUACUCACUACC 37
CGACUUGCCCUGUCCUGLA 38 UGCAGGACAG 39
GGGUGUGUACCUCAAUCAG 40 CUGAUUGAGGUACACACCC 41

PP P o~
[s1018 ARGG CAGGG

- ‘3\,1

44 AUAGUUAUUUGACUCAUAC 45
CAAGAUUGGGCCACATIUG 46 CAAAUGUGGCCCAAUCUUG 47
WGGGUGGTICUATUCUCAAT 48 AUUGAGAUAGACCACCCUC 4

—iw

CCUGCUGGUCCCUGCuUAly 50 AUAAGCAGGGACCAGCAGE 5}
GCUCCAGACUGE 52 AUUAACCCCAGUCUGGA

ACUAUGAAGAGATUGUTUU 54 AAAACAAUCUCTUCAUAGY 55
UGAGCAUGCAGATUUGTUU 56 AAACAAAUCUGCAUGCUCA 87
GCAUGUCGGUUGUCACTAU 58 AUAGUGACAACCGACATUGC 59
GCUCAAAACACCCAUCTCY &0 AGAGAUGGGUGUUUUGAGT 6l
CAGGCACAAAGUCCUAACA 62 UGUUAGGACUTJUGUGCCUG 63
CCUAGUGUUUGAAUGAGUA o4 UACUCAUUCAAACACUAGG 5
CCUCAAAGGECAGAUGCCUU 606 AAGGCAUCUGCCUUUGAGG &7
CUCARAAGGCAGAUGCCUTA 68 UAAGGCAUCUGCCUD 59

GCAAUTUUGGGUGUCUGUAL 70 AUACAGACACCCAAAUUGC 71

COCUAGUGUUUGAAUGASU 72 ACUCAUUCAAACACUAGGS 73
GUUARUGUCACACGGCUAU 74 AUAGCCGUGUGACAUUARC 75
GOUTAUGCCUATCGEARAC 76 GUUUCCGAUAGGCA: 77
AGACACGAUGAGCAUGCAGA 78 UCUGCAUGCUCAUCY 73
CUCUGAUCUACCUGUCARA 80 UUUGACAGGUAGAUCAGASL 81
G JGGUCCCCR 82 AUCACUGGGUACCARALAL 83
GCEUCUGACCARGACA 84 elo 85
GUUGUCACUAUGCUAGUIUU 86 AAACUAGCAUAGUGACAAC 87
CAAGCACCCUUUUC £8 AAARGGAARAGEEUCCTUG §9
n ,

CORAGACUATGCUUACAG?
GGAGACUATUGCUUACAGAA

CUCUGUAAGCAUAGUCUCC

&
—
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GGUUGUCACUAUGCUAGUU 9z AACUAGCAUAGUGACAACC 93
UGGCCGACAGUAUAUATAG 94 uc UGUCCCCA 55
ACAACCAGGUAGUGAGTAA 96 DUACUCACUACCUGGULGY 57

GGCACARAGUCC

ACAGU 98 ACUGUUAGGACUUUGUGCT 99

CAUGUCCUUUGUAUGACAA 100 UUGUCAUACAAAGGACAUG 101

UGAUCUACCUGUCAAAGCA 1¢2 iGCUUUGACAGGUAGAUCA 103
AGUGUUUGAAUGAGUATUTIA 104 UAAUACUCAUJCAAACACT 105
UGUCACUAUGCUAGUTTAA i0o DUAAACUAGCAUAGUGACA 07
ACCUCAAAGGCAGA UCUGCCUUUGAGGUGEEET 109
CCUGAUGGCUCCCCGCAAD AUTGCGGGEGAGCCAUCAGG 11
AGGAAGCUACAAUGC 112 UCUGCAUUGUAGCUUICCUC 113
CCUACAGACUCCCEGEARAG 114 UCUUCCGGGAGUCUGUAGG 115

CCUUAUUGUUUCAGCCUCY ile AGAGGCUGAAACAAUAAGG 117

Target ge

P
N
o

o

JAAAGUUUCTUAGAAG

Steogalina

JoTal: lelalala
GGAAUGGGCC

GCAU 129 AUGAUUUGG

CCUAGAUCT UGUAA

T AR e TATTR P a4
UUACAARACCAGAUCUAGSG L

CAGUCUARACGACUCGGGUAC 124 GUACCCGAGUCUTAGACUG 125

-]

GAAUGGGCCCCAAAUCAUU 126 AAUGAUTUUCGEGGCCCAUUC iz

CCCUCACUCUAUAUUGUAC 128 GUACAAUAUAGAGUGAGGG 129
GGCUGGGGUUADCUCTUGY 130 ACAAGAGAUARACCCCAGCC 121
GGGATTUGGAAUCCUGTAU 133

GEGACAAACGAQGUCCUAUC

-
2J

&
iy
-
T
<
o
6]
)
b
O
Ie]
<
[P
-2

UAAUCAGGGUCUAAGCAAA 136 UUUGCUUAGACCCUGAUUA 137
GCCUCAUGUUCCCUAACAU 1 AUGUUAGGGAACAUGAGGC 139

CUGGCGUGCUALTAAUGACA 149 OGUCAUUAUDAGCACGCCAG 141
UGECGUGCTAUAATGACAU 14z AUGUCAUUAUAGCACGCCA 143
CCCUGRAACGGUGUUICAUC 144 GAUGRACACCGUUUCAGGG 145

-
fin
5

-]

ATCCTC

AUGGUUUAAU AUUAAACCAUACAGGAU 14

o
A
w0

‘!

GACUCGGGUACUAUCCTUU AAAGGAUAGUACCCGALUC 149

GGCUCUGGGCCGAACCAUY 150 AAUGGUUCGGCCCAGAGCC i51

CUAGAAACTUUUAGGGUAUU AAUACCCUARAGUUUCUAG 153
CCEURAAGGGCARUCACCAC 154 GUGGUGAUUGCCCUUACGG 155
AUAUUTGUACTUAAGUGUAA 156 UUACACUUAAGUACAAUAU 157

GOGCOGAACCATTUGACCY leelolole

AGACUCGGGUACUAUCCUY 100

GAGUCU

CCUTAG 162 VAUGAUUUG 183

1.2
-
5}
[
G
<
(@]
b
(o)
iy
G
T
<
,C'\‘
=
O3
@
el
']
35
2
i
[
O3
&
(o)
I

o<
@)
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ACAAAGAGGUCCUAUCACA

UGUGAUAGGACCUCUUUGU

\JUGUACTUJAAGUGUA

AUUACACUUAAGUAC

GACAGAAATGEG

UGUUUGCCCCAUUUCUGEC

GCUGGUUUACCA 17z AUCACCAUGGUAARCCAGC 173
CUACAUUGUACUURAGUGU 174 ACACUUAAGUACAARUAUAG 175
AGAGACCCUCACUCUAUAU 176 AUAUAGAGUGAGGGUCUCU 177
UCUAGARACTUTUA 178 AUACCCUAAAGUUUCUAGA 179

CAUACCACUACUATGA 180 UCAUAGUAGUGGUAUGGCA ig1
JUCAGGUUGGCUGHE CCAGCCAACCUGARCUGEC 183

CCAGGUGCAACCARAUGTCU 184 ACACATUGGUUGCACCUGG 185
CGAGAGACGAUGAGUAGCAA 186 UUGCUACUCAUCTCUCUCC 187
GCCCUGCACAGCAAGGTAA 188 UUACCUUGCUGUGCAGEEC 189
GCAUGCAGCAGUUUGACGA 190 DCGUCAAACUGCUGCAUGC 181

CAUGGUCCCUCTUGACUAT 192 AUAGUCAGGAGGGACCAUG 193
CEEGCUGAGUGCACCATCC 154 GGAUGGUGCACUCAGCCCG 155
196 UAAGUACAAUAUAGAGUGA 197

CUGAGUCAGUCUAAGACTC 198 GAGUCUUAGACUGACUCAG 199
AGCAAAGUCAAUCAGGGUA 200 DACCCUGARUGACUUUGCY 201
GGAGUUCUAGAAGUUGUAG 202 CUACAACUUCUAGARACUCC 203
GCAGCCUCCUGCGUGUCAU 204 AUGACACGCAGGAGGCUGC 205
GCGUCGECCUGUCAACCUC 2G6 GAGGUUGACAGGCCGACGC 207

CCUUUCCCAA

AGUACCC

CUGUAUGGUUUAAUCGGEU

ACCCGAUUARACCAUACA

CUAGAUCUGET AUUACAAAACCAGAUCUAG 213
CAGAGACCCUCACUCUAUA 214 UAUAGAGUGAGGGUCUCUG 215
CUCUAUATTGUACUUAAGU 216 ACUUAAGUACAAUAUAGAG 217

Table 8.3

Iy
[cnd

get

agene

SenseSeq

SEQ ID

No.

Ant lsqu

SEQ

1D

No.

Cr

mak

AAUUAACAAUAUA

UATAUUGUUAATUAAG

218

TUUGCUCUTAAATCUU

AAGATUUGA GCAAAUUC

DAGH

LR i

GCAUGUGCUUAGAGCATUAU

AUATGCTC

UAAGCACA

CUGUAUAACCCURRAAUUCA

UUAUACAG

GUGAGUAGAAAATUCUUAAA 226 UCUACUCAC 227
GCGGGACCCUGAUAUAUAC 228 GUAUAUAUCAGGGUCCCGE 229
AAUAUAL 23¢€ UCUACUCACCCATAUAUTUG 231
AUCUUAATIAACAATUATAU 232 233
UCAAGAATTIUGCUCUTAAA 234 235
236 237

AAGCAGACCUCATUUUA
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GGUGAGUAGAAARTCUUS 242 UUAAGAUUUUCUACUCACC 243
GCCAUAACUACCAUUATUC 244 GAAUAAUGGUAGUUAUGGC 245

GGGUCUCCCCUGCUUCGAU 246 AUCGAAGCAGGGGAGACCC 247

GGUCAUAAAAUACUCAR 248 UGUUGAGUAUTUUATGACC

CRUC

UGUUTTUGGAA

JCCAAARACAGAUG

SGAGACAAGCGAAUGGTUAUT

AUACCATUICGLUUGHICUCT

CAGAUAAAACTCCCUC 254 UUAGAGGGAGUUUUATCUG 255
CUGGAAACACUUUCAU? 256 UCUAUGRARAAGUQUUTCCAG 257

GUGUCUUTTATUCE 258 AUCUCUGAATAAAAGACAC 259
GAAAAUUTACUGAGG? 260 CAUUCCUCAGUAAATUIIUC 201
GAGACAAGCGAAUG 262 AAUACCAUUCGCUUGUCHC 263
CCUGUAUAACCCUAAATUC 264 GAAUUUAGGGUUAUACAGG 265
CCAUCTG 266 UCTCCAACCAGUCAGAUGE 267
AUAACUACCAUUAUUCAUU 268 AAUGAAUAAUGGUAGUUAT 269
CUUAAUUAACAAURAUATGG 2790 CCAUAUAUUGUUAAUUAAG 271
CACACCUGUAUAACCC 272 UUAGGGUUATUACAGGUGUG 273
CCUGCUUCGAUAAACCUUN 274 AAAGGUUUAUCGAAGCAGG 275
GGACCCUGAUAUAUA 276 AUGGUAUAUATCAGGGUCC 277
AUAUAUGGGUGAGUAGA? 278 UUTCCUACUCACCCATAUAT 279
GUGCAAAGCAGACCUCAUU AATUGAGGEUCUGECUT 281
AAAGGUCATAAAAUA 287 UGAGUAT 28
CUUCGAUAAACCUUUCTGG 284 CCAGAAAGD 285

UOARUAGAR

ViaAlzUAGas

VAATCUUAAAT

AUUUAAGATIUUCUACUCA

GAUAAAACTCCCUC UGUUAGAGGGAGUUTUALC
AGGUCAUAAAATIR 20 GAGUAUTT 91

GUAGTUAUA

(NOYRT
Tkl

JEU

UAAGCACAUGCUAUACUAC

AGAATUUGCUCTUAAZ

AGATUTUAAGAGCAAAUUCY

CAAGGRAGGGEAUCAA 296 CCUTCCUUG 297
UGGGUGAGUAGAARA 298 UACUCACCCA 299
AUUCACUGAGGAAUGGAAA 300 UCAGUAAAT 301
ACAAGCGAAUGGUAL 302 UCAAAUACCATUUCGCUUGT 303
GUUCCAACACACACACACE 304 UGUGUEEGUCUGUIEGAAC 3065
CGUUCCUAAUGCACUG 306 UCACAGUGCAUUAGGEAACG 3C7

310 AUGAUGGUAUAUAUCAGGG 311
317 AUGAAUARUGCUAGTUA 31:

ACACCUGU?

pa

UAACCCU

UUTAGGGUUAUACAGGUGU

GAUGGAAG

SN

SN\T

UCCEuUUAALD

- COOACOTTOORIC
AUUUAACGGACCUUCCALC
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AGAGCUALTUUGAACAAAUA

GUUCAAAUAGCUCU
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GCAUGAUGAGAGCUAT]

1
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i

GAACGAUGUIUCTUGH 326 AAGACAAGAACAUCGUUCC 327
CCAUCAUGAAGAAGUUGAG 328 CUCAACUUICTUCE 329

GACAAGGCCAACGGCATT 330 ARUGCCGUUGE 331
GAACCAUCAGGCAAUCAGA 332 UCUGATUGCCUG! 333

w
(€]

w
iy

CURAUAGCUAAAUUCCUAY AUAGGAAUUUAGCUATUAG

w W
[N
[o)}
w W
[N

AGGCCUGCCAUGAAGCUAD AUAGCUUCAUGGCAGECCU

TUUACCATAAGCCAL 338 GGC 339
AGGUCACCUACUAU 340 AGU. 341
CCEAGAGGCCUUTACCTAU 347 G 343
CUAAUAGCUARAUICCUA 344 UAGGAAUUUAGCUAUUAGU 345
UCAGAAACUAAUAGCUAAA 346 AGUTUCEG 247
CAAGAAGUUGAGAUATCGUG 348 CACAUAUCUCAACTUCTUC 349
AGGCAAUCAGAANCUAAUA 350 UAUTAGUUUCUGATUGCCU 351
GAAACUAATAGCUAAATUC 352 AGCUAUTAGUUTC 353
CCUACUAUGUCUUCACTG 364 IAAGACATTAGUAGE 355
GAGCUA C 356 357
CCAUCAGGCAAUCAGAAAC 358 358

GGGACACAAGGUCACCTAL GUAGGUGACCUUGCTGUCCC

GGCUGUACCCAAGAACCAL 362 AUGGUUCUUGGGUACAGCC
GAUGAGAGCUAUUUGAACA 364 UGUUCAAAUAGCUCUCAUC
CCCAAGAACCAUCAGGCAA 366 TUGCCUGATGGUUCUUGEG 367

GCUAAAUUCCUAUUGGAGA 368 UCUCCAAUTAGGAATUUAGC 369

CUUGACUCCUU 370 AAGGAGUCAAGACAAGAAL
CEAUGUUCTUGUCTIUGACTU 372 AGUCAAGACAAGAACAUCG 373
UCAGGCAAUCAGAAACUAA 374 AGUUUCUGAUUGCCUGA 375

GUCAGUGCUAGAAGUGUAC 376 UACACUUCUAGCACUGAC 377
ACUAUGUCUU 278 AXAGACAUAGUAGGUGACCU 379
UAGCUAAATUCCUAUTGEGE 380 38l
AAUACCUGCUUUACC 382 FGUARAAGCAGGUATU 383
ACCAUCAGGCAAUCAGARA 384 CCUGAUGGU 385
AGUAUGUGGUGUUCCUUARAA 386 A CRUAC 387
UGGACAUGAAGUUCAG 388 UCACUGAACUUCATUGUCCA 389
AGUUCGAGATAUGUGGECUGU 390 ACAGCCACAUAUCUCAACU 391
GAG VACAAATT VAUAGC 393
AAGCUAUGAUGGAGGACAA 394 TUGUCCUCCATUCATAGCUU 395

ACAAAUACCUGCUUUACCA 396 HUGGUAAAGCAGGUAUUUGU 387

CUGCCAUGAAGCTAUGAUG 398 ATUCATAGCTUUCAUGGCAG 399

JGUGGCAUGAUGA 0 TCTICAUCATIGCCACACAGE

CCAGCAGACCCAGUAUCAC AUACUGGGUCUGCTRS
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UGAACAAAUACCUGCUUUA 404 UAAAGCAGGUAUUCGUUCA 405
UGAUGAGAGCUATUUUGAAC 406 GUUCAAAUAGCUCUCAUCA 407
CCAGUAGGAACGAUGUUCU 408 AGAACAUCGUUCCUACUGS 4009
UGAAGAAGUUGAGAUATUGU 410 417
GUAGGAACGAUGUUCTUGU 412 413
ATUCCUAUUGGAGAGGACA 414 415
GGCAUGAUGAGAGCUALUU 416 417

Target gene SEQ ID No. AnitisEeq SEQ ID No.
Gmds AUUTAAUACAGGUCGAAUU 418 AAUUCGACCUGUAUTAAAT 419
UCAUUTUAAUACAGGUCCGAA 420 UCCGACCUGUAUUAAAUGA 421
UCA CUUUACUU 422 ARCGUAAAAUGAGUAUGUGA 423
GUCGAAUUGAACAUUUJAUA 424 UAUAAAUGUUCAATUCGEAC 425
AGCUAAGATUUACCUUG 426 UCCAAGGUAARUCUUAGCT 427
GEAAACATIGAAGUUGCALCU 428 AGUGCAACUUCAUGTUUCT 429
GAUGUAAAGAGACCGEECAA 430 UUGCCEGEUCUCUUBACAUC 4370
UACAGGUCGAAUUGAACAU 437 AUGUUCAAUUCGACCUGUA 43z
GAAGCCCCGIGUTECCUUY 4734 AAAGGCAACGUEGGEGECUUC 435
CUAAGAUUTACCUUGGA 436 UGUCCAAGCUAAAUCUUAG 437
GGUCGAAUUGAACAUTTUAL 438 AUAAAUGUUCAAUUCGACC 439
ARUCAUCAAUGAAGUCAAA 440 UUUGACUUCAUUGATGATU 4471

AUUGAACAUUUAUAUAAGA 442 UCTUAUAUAAAUGUUCAAT 443

CEAUCCAGUUCATTIUARAUA 444 UATUAAAUGAACUGGAUCSE 445

CEGCATUCTCUUCAAUCAU 446 AUGAUUGAAGAGAAUGCCE 447
CUAUUGGAUUGUAGUGAAC 448 GUUCACUACAATUCCAAUAG 449
CAUACUCAUUUGACUUGAR 450 UGCAAGUAAAATUGAGUATG 451
CUUGAAAAUCACAUACUCA 452 UGAGUAUGUGAUUUUAAAC 453
GUACGAGGUCCAUGGAAUU 454 AAUUCCAUGGACCUCGUAC 455
CCGECARAATUCAUGUGAC A58 GUCACATUGAAUUUIGECCGG 457
GAGACCGECAARAUUCA 458 SAUGAATTUUUGCCGEUCTC
CCACUUCGCUUUTGEUCAAR 460 UUCGACAAARAGCGAAGUGG 461
AGCUAAUUTUGUUACUCGA 467 UCCGAGURAACAAAATTUAGCU 4063
ACUUGUGGCCUUAUAAATU 404 AAUUUAURAGGCCACRAAGU 455
AAGACUUGUGGECCUUATAA 456 UUAUAAGGCCACAAGUCTU 467
CGGCGAUCCAGUUCATUUA 408 UAAAUGAACUGGAUCGCCG 469

CUAATUUUGUUACUCGAAA 479 UTICGAGUAACAAMATUUAG 471
UUGAAAUTUAUGUCACUAGA 472 UCTAGUGACATUAAUTUUCAA 473

BN
-3
[N
BN
-3
e

GGACUUUGUCAUAGCUACU AGUAGCUAUGACAAAGUCC

ACUTUAUGCCUATTIGGAUU 476 BATCCAAUAGGCAUAAAGT 477
UAAUUUUGUUACUCGAAARD 478 UUUUCCACUAACAAAAUTA 479
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CUAAGGCCACUUCGCTUU 4890 AAGCGAAGUGGCCUUAGT 481
CUUCTGEALC JA 482 UCUUAATUGCAU GAAG 483
CGGUCAGU! 484 AAAUCUUAGCUACUGACCG 485
AAUCAUGAGAGUCCUAGAA 486 UUCUAGGACUCUCATGAUT 487

D
o0
oo

GGAGCUAATJUUCUUACUC GAGUAACAAAAUUAGCUCC 489

GGAUGCAATTIAAGACT 490 ACAAGUCTUUAAUUGCAUC 4970
GUAGCUAAGAUUTACCTIG 497 CAAGGUAAAUCUUAGCUAL 493
GCCCUAUGGAGCAGCCARA 494 UUTGEECUGCUCCATAGGGE 495
CAAUCAUGAGAGUCCUAGA 496 UCAUGAUUG 497
GAUGUUACAAAAUGAUGAA 498 UUCAUCAUUUUGUAACALC 499

SUUCAUAGUGUCCGUGAA 5C0 UHCACGGACACUAUC 501
GCGATCCAGUUCAUUTAAT ARAUGAACUGGAUC 503

CCAAACUUUAUGCCUATUG 504 CAAUAGGCAUAAAGUUUGE 505
CUACAAUCUUGGUGCCCAG 506 CUGGGCACCAAGAUUGUAG 507
GUUCAUAGUGUCCGUGAAU 508 AUUCACGEACACUAUGANC 509
GEUCAGUAGCUAAGATTUUA 510 UAAAUCTUUAGCUACUGACT 511

UGUCACUA

UGUCUAGUGACA

1
TACAACUUARA 512 UUTAAGU
AATTUUUGTUIA 5l

(&}
R
i

4 UAACAAAAUUAGCUCCUCT

(&}

CUGAAAUACUACCGACCAA 516 [9}8 GUAGUALIGUCAG
Table 8.6
Target gene SenseSeq SEQ ID No. .’f_ntis\}eq SEQ ID
Tstal GGECCUACTUUGCCUGATUU 518 AAAUCAGGCAAGUAGECCC 518

CCAACRU JGUCUE

YNV R AT
GEEGAAGU

CCCACAGCAGCAAUIUTGG 524 CCRRAAUUGCUGCUGUGGE 525
GGGAAGUCACUUTUGAUUC 526 CAAUCAAAAGUGACUUCCC 527
GCUGCAGUCUCAUCALTUG 528 CAAAUGAUGAGACUGCAGC 529
CCAUCUUGCUGCAAT 530 UACCATUGCAGCAAGAUGG 531

CCUAUUGATGAAACAATGA 532 UCAUUGUUUCAUCAAUAGG 532

ACUUUUGAT AUCAAAAGUGACUTICCCCA

CRAGCUUCGGGCLUACTTIG CAAGUAGGCCCGAAGCUUG 7
GAGUAAUGGUUCAGCCTUG CAAGGCUGAAL 539

AUGCCAAGAGGAUGAUUGA 5490 UCAAUCAUCCUCUUGGCAU 541
CAACAAAGUCAGAUGGGCA 5472 UGCCCATCUGACTUUUGT 543
GGAAAGGCCAGACCAACAU 544 AUGUUGGUCUGECCUUUCC 545
CAUCCAUCTUGCUGCAAUG 546 \TUGCAGCAAGAUGGAG 547
CAGUCUCATCAL 548 CAAGCAAAUGAUGAGACUG 549

CGGAATAUC
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AUGAAACAAUGAUCCAC 556 UUGUGCGAUCATUGUUUCAT 557
CAUCAAUGACAACGUCCUG 558 CAGGACGUUGUCATUGAUG 559
GGCCUACUUGCCUGALTUC 56¢ GAAAUCAGGCAAGUAGGCC 561
CGGAGAGGAAUGGEUGTUUT 562 AAACACCCAUUCCUCUCCG 563
GGAGUACAAUGAAGUUGA CUCAACTICAUUGUACTCT
GCGGCGAGUACAAUGAAGTU AACUUCATUGUACUCCCGE
GGCCAAGAGUAATGGEUTCA 568 UGAACCAUUACUC 569
AGUCAGAUGGGCAGUATAA 570 UUAUACUGCCCAUCUGACT 571
CCCCACAGCAGCAAUTUUG 572 CAAAAUUGGCUGCUGUGEGEE 573
GCAAUUUUGGGUACUCGUA 574 UACGAGUACCCAAMATUGC 8575
GGACCUCAUGATAACUUCA 576 UGAAGUUGUCAUGAGGUCC 577
UGCCUGATUUCCEU 578 ACGGAAAUCAGGCAAGUAG 579
CECAGRUGGCG 580 UAAGCCAGCGCCAUCUGCG 581
GAUGAAACAAUGA 582 UGUGGAUCA
UUGATUUCAACA 584 585
GCUUCGGECCUAC 586 AGGCAAGU 587
CAAGAGGAUGAUTUGACGUG 588 CACGUCAAUCAUC 589
GCAGAACAGGGCCUACTUC 59¢ GAAGUAGGCCCUGUUCUGT 591
CCAGGAGGAUCCUAGUGAC 592 GUCACTUAGGAUCCUCCUGG 593
CAGUAGGGCCCAUGUCCAT 594 595
GAUGCAGCACAAACCCAAG 596 597
CGGAAGUGAAGCAUGGGAC 598 599
CAGCAGCAAUUIUGGGUAC cCo UACCCAAAAUUIGCUGCUG 601
UGGUUCACCGACAACTUAD oz AUAGUUGUCGGUGAACCAG cC3
CCACGGAGGCAGUUCATCU cC4 AGAUGAACUGCCUCCGUGEE G5
SUUCAUCUACUCACUGGA 5006 607
GGAAGUCACUUY 508 UGAAUCAAAAGUGACUUCC 509
AAACCACGGAGEC 510 UGAACUGCC 611

CAAUGAUCCACARUGGUCC

N
J

GGACCAUUGT

CCCUACCAAUGUCUUUGEA

UCCAAAGACAYT

ST

AUCATUUG SUCAR

o
[ RS R
i

o
(s

JUCUUGACAAGCAAAU

ASANTLE

Table R.7

Target gens Sensebeq SEQ ID No AntisSeq SEQ ID No
Sle3scl GUUGUAUGUGAUUUARTAA 18 UUAUUARAUCACAUACAAL cl9
CCUCAUAUAGGAACACUAG ez UAGUGUUCCUAUAUGAGG ezl
CGECUUUGCCATUGGCUAU czz AUAGCCRAUGGCARAGCCG 623
GGCCCUGAGCAATACUGUU 624 AACAGUAUUGCUCAGGGEIC
UUATCGGCAUGAUA 526 AUGCCGAUAAAGACT

, ACCCACAAUGUAU AUACAUUGUGGGUCAGE 629
CCRAUCUUGUUUUGGGAAAR 530 UCCCARAACAAGAUGE 631
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GGAAUAUGAUCUAAGAGGA 32 UCCUCUCAGAUCAUAUUCC £33
GACAGAAGCACUCAGAC 634 GUCUGAGUGCUU ucce 35
CCUCCAUCUCCAUGEUAUT 636 AAUACCAUGGAGAUGGAGG 637
UGUAUGUGATUUAAUTAATUA 638 UAUUATTAAAUCACAUACA 639
SCAUGAUAAGUUUCAATAA 640 UUAUUGAAACUUAUCAUGT 64l
GGCAUGAUAAGUUUCAATA 64z 643
GGGGUAATUGUICUGAUGTUU 644 845
GCUGGAUUGAUGAAGUGAU 46 c47
GCAUCAUCAUUGEUGGUUY 048 AAACCACCAAUGAUGAUGC 49
GCUCCUUTAAGCCUCATAL ©50 UAUGAGGCUUAAAGGAGC 651
CCCUGACCCACAAUGUAUC 52 GATACAUUGUEGGUCAGGSE 653
WGACUT AAGUCUACCAUGCCAGH 655
CCACAAUGUAUCAGGCACA 656 UGUGCCUGATACAUUGEUGE 657
558 CATUAGAAGGAAGUGGUCT 559
GCAUCUGGCCECCTAACCUU 660 AAGGUUAGGCGCCAGAUGT ool
CGUAAATUUGGGGACAGAR o2 JUCUGUCCCCAAATUUACG 663
CCCuGGea AGACUUC cod GAAGUCUACCAUGCCAGGG 66h
GGGUGAGAAGAGUGCUIAUU 6606 AAUAGCACUCUUCHICACCT a6’
CCUACUUCCUACAAUCCCR 668 UGGGATTIGUAGGAAGUAGG 668
GCGCCUAACCUUCUAUARC 670 GUUAUAGAAGGUUAGGCGC &7l
GUCUTUAUCGGCAUGATIAA 872 UUAUCATGCCCGAUAAAGALC 873
GGCGCCUAACCUUCUATRA 6874 UUAUAGAAGGUUAGGCGCC
CUUCUAUAACAAUGUCAAT 876 AUUGACAUUX 77
AAUCCCAGGUUCUAATGAA 78 UUCAUUAGAACCUGGGALT 679
CCUACCUGCUG ©80 UGETTUGAGCAGCAGGUAG 681
AGGACUCCAACGE 682 AAAUTUUACEIIUGGAGUCCT 683
AUGACCUGUCAACCUCAAR 684 UUUGAGCGUUGACAGGUCA 585
CUGGATACCCCUATICTTUG LEG CAAAGAUAGGGGUAUCCAG 587
UUUUGUCCCUGUCAUAAMA 5ES UAUGACAGGGACAARNRD 5ES
CUAACCUUCUAUGAACAAUG £930 GUUAUAGRAGGUUAG 91

&)
O
N
>
=

o
o
o

CCUTGGEGGUAATGGUCUGAD

CCAGACAUTACCCCAAGEG

GCCUCACUCAUGAGHEC 694 UGAGGC 95
AUAACAAUGUCAAUGCCUG 696 CAGGCAUUGACAUTIGUUAT 697
AACCCUACCAGGAAUGECA 698 699
CUUCTAT TG0 701

sUCCUAC 707 TG
GGACAAGCAACCUGAUGGU 704 ACCAUCAGGUUGECTUGUCC 705
IGATUUA 706 AUCACAUACAACUC 707

UCCCACUATAG 708 UCACCAGCTIAUAGUGEGA 708

GGGUCTUUUCCUGEUAATGU 710 CAUUACCAGGAAAGACCC 711

CCAUATCATCUC 712 AACCCCAGAGATIGATAUGE 713
AAGGG 714 CAAUCCAGCCCCUURAAGEC 715

CCEUGUUC 716 AGAAGAACAUUGAACACGE 717




WO 2013/013013 PCT/US2012/047346

‘arget gene SenseSeq SEQ ID No. AntisSeq SEQ 1D
S8lciscz AAUAAAUGGUGUUUGCUCA 718 UGAGUCAAACACCAUUUATU 719
GACGAUGAUUAUTUUGTHG! 720 UCACAAAAUAAUCAUCGUC 721
GCAUCUUTAAGGAAGUCUG 722 JUCCUUAAAGAUGE 723

UUUAUUUATAGUUGRAAGT ARUAAR 725

CCUCAGAGAGUAGAUU CUCUGAGE Tz
GAUCAGCCUC 728 GAUCACCC 728
ACACAAUGACCARA 730 UUUGGUCAUUGUGUACAGU 731
CCAUCAGCCCCUUAGCCAL 732 GUGGCUAAGGGGCUGAUGGE 733
CCUCTUCATG ACCUAU 734 ATAGGUAAACAUGAAGAGG 735
GGCUCUGAGAGGCAGATAA 736 AUCUGCCUCUCAGAGCC 737
UCCUCAGAGAGUAGAUTUA 738 CUGAGGA 739
740 UCAAAUACGGCAAAGAGCS 74

ACUGCUUCUCUATAGGCAU 742 AUGCCUAUAGAGAAGCAGU 743
GCUCUGAGAGGCAGAUAAA 744 UUUAUCUGCCUCUCAGAGT 745
GGCCCUGGACGUCGCoUUU 746 AAAGGCGACGUC GGCC 747
CAACAAATGGCUGACAAAG 748 CUUUGUCAGCCATTUGUUG 748
GGAGCUUUCUUUACANICAC CUGAUGUAAAGAAAGCUCT 751

GUACACAATG

CUUCCUUGECGGEAUTCTIA 755
GCUUCCACTUUCCCCTCUU 757
GAUCUCAGGUUAUUGGGUU 758 755
CGGGAUUCTAGCCUUNGEY 760 ACCAAAGGCUAGAZ 7601
CCCGCUCUUTUGTCGUATUT 702 AAAUACGGCAAAGA 763
UUACCUAUAAGUCCACACA 704 765
GGECCUGGUCCUCCUCTAC 766 GGACCAGGCCC 767
GGEUCUCUTCCCElucTuU 768 AARGAGCGGGAAGAGACCC 769
CGCCGGCAUCUUURAAGGAR 770 UUCCUCAAAGAUGCCGEGLG 7L
CUACTACUGCUUGCUCUAUA 772 UAUAGAGAAGCAGUAGUAS 773
AUUUAUAGUUGAAGUAAUG 774 CAUUACUUCAACUAUAAAT 775
CAUCCUUGGGGCCACACUA 776 UAGUGUGGCCCC 3G 777
CUCCAUCGCCGGCAUCTUIT 778 ARAGAUGCCGGCGAUGGAG 778
GCCCCAGACCCCAUCCTIG 780 CAAGGAUGGCGEUCTGGGEET 781
GGCAGAUAAAUUUTGACGUG 782 CACGUCAAAUUUATLCUGCC 783
c /84 785

786 787

AGCUAACCAUGGGA 788 UCCCAUGGUUAGCUGGACG 785
GGAGCUUUCUTUTAL 790 AAAGAAAGCUCCAGH 791
GAACCCUAUCGACACCAUG 792z CAUGGUGUCGAUAGGEIIC 793
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GACAAAGAGCUUCCACTUU 794 ABRAGUGGEAL 795
AGGCAUGAGCACAAGGECAA 796 UUGCCUUGUGIUCAUGCCU 797
GCAACARIGACCAGUCCGEG 798 CCEEACUGGUCATUGUUGT 799

GUUGAAGUAAUGAUULCCU 300 AGGAAAUCAUUACUUCAAC 801

GACACAGUGAUGU 803

GUUCCUCCT UCCAG g4 UCUGGACACAAGGAGGAAC 305

CARG ga CACACGUCAAAUUTAUCUG 807
GUGCUCAGCUGGACUGAUU 208 AAUCAGUCCAGCUGAGCAC 208
CCEQUCUUUGCCGUATTUG 2810 CAAAUACGCCAAAGAGCGG 811
CURACCAUGGGACAGUUUG g8lz CAAACUGUCCCAUGGUUAG 813
GGUGECUCAGCUGGEACUGAT g8l4 CAGUCCAGCUGAGCACC 215
( AGA 816 UCUGAUCACCCAGCAGGUG 817
{able 8.9

Target gene SEQ 1D Neo. AntisSeq SEQ ID
dgt8a 3le AAAAUGUCUATAATAAACA g1o
820 ARAUGUCUAUAAUAAACAA 821

UUUUCGUUUATIUATUAGACAU Q22 AUGUCUAUAAUAAACAARA 823
UUGUUUATUATUAGACATU Qz4 AAUGUCUAUAAUARACARRL 825

gene SEQ ID No. SEQ ID
Ogt GCAa G 826 827
SCAGARAGATUUGY 828 UGUUATAACAAUCUUCUGC 829
GAUUCUUACUGCUAUUTAA 830 UURAAAUAGCAGUAAGAATC 831
GGAACUAGAUAACATGCUU 832 ANGCE JUAUCTAGUTCC 833
GGAUGAUAUAUAAUG? 334 UUAUCAUUATUAUAUCAUCC 835
GGAUGAUGGUACAAACTUC 336 GAAGUTUGUACCATGCAUCT 337
CCAGGUAAGUAUAULAAGTA 838 UACUUATUAUACUUACCUGG 339
CGGAUGAUATUAUAAUGATA 840 UAUCATUTUATUAUAUCAUCCG 341
CCUAUGAUCAGUCAUUUUAG 847 AARAUGACUGAUAUAGS 343
AGCAGUCAUCGATUUUUAAA 244 UUUAAAAUCGAUGACUGLU 845
CAAUUGAGACGCAACCAAA 246 GGUUGCGEUCUCAATTG 847
GACGGAUGAUAUAUAATUGA 248 DCAUCAUATAUCATUCCGEUC 248
GCACCUUGGCAATUARAALE 850 UEUUUAAUTIGCCAAGEIGEC 851
GCATICGAUCUCAAAGCAUU ARUGCUUUGA 853
GGGAUGAACUUUU g54 AAAAGUUCATUCC siole
GCAGRAGCCUAUUCGAAUU 856 AAUUCCGAAUAGGCUUCUGT 857
GGUAGGGAAUUGUAUUACU 858 AGUAAUACAAUUCCCUACC 859

1
[
prmi
~

i
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GAAGAAAAUUCGUGGCAAA 860 UUUGCCACGAAUUTUCTTC 861
AAGUUAULUGAUAAUTAAGA 862 UCUUAAUUATUCAAUAACTU 863

ACGGAUGAUAUAUAAUGAU 364 AUCAUUAUATAUCAUCCGU

o0
N
S}

UGAAGAAATUUGGUUAGUAU 366 AUACUAACCAAUL 86
CCCCGUACCAUUAUUGTAA 368 UTACA GG 869
AGGAGAACCUAAUAUUCAA 870 UitGaa 871
CAUUUAUGACAAUCGGATA 877 UAUCCE 873
CUAUUUAAAACCUAAGCAA 874 TUGCT 875
GAGAUUAACCAGCCGUUUY 876 AAAACGGCUGGUUAAICU 877
GAUTUGGCUGGTCAAUTCAL 878 AUGAAUUGCCAGCCAAATUC 279

GAUGCUUACUCTIAAUATUGE 280 CCAUAUUAGAGUAAGCALC 281

AUCGCAAAGCATUA AUGCUUTNIGCGATATA 883
GUACCUAATUAGC yuu 884 885
GGAAUUAGAGCGACUCTAU 8Eo6 887
ACACCAGGGAUUTCUUAAU 888 889

SUGCCCCGUACCATTUATT 880 AAUAAUGGUACGGGGAACT 891
CACUGAUGCAUUAUAA 392 UCCUUAUAATUGCAUCAGUG 893

GGAAGCGATUGAGCATIUAU 394 AUAAUGCUCAAUCECUUCT SEN]

ACUGUUCAUGGAUUATAU 896 AUAUAAUCCAUGAACAGUG 897

GAUUGAGCAUUAUCGACAU 3898 AUGU CAATC 899
AAACAAACAAGCCGACATIA 1 UAU JGUTU 901
CCAACGAAACGUAUGCTUY a0z AAAGCAUACGUUUCGUUGGE 903
AGCAAGGCCUAATUAGACUU o904 AAGUCUAUUAGGCCU 905b

GUUUGUAGUGCUCUATAUY SRS AAUAUAGAGCACUACAAAC 907
CUGGCUUGUGUATACUAUG 208 CAUAGUAUACACAAGCCAG 208

GAACCGAUUUAGAAUACCU 910 AGGUATUCTAAAUCGEETUC 9
o] UCTAAGAGATUCCUUGT 913
514 GAGGUCUAUUAUCCRAAGCC 915
216 CGAUAUAGGTS 917
C 518 AAUACCUCAARGCAAACAT 919
GCCAAGGCAUGUUAULUGA 520 UCAAAUAACAUGCIUUGGE 921
GFUUGCAGACGGAUGA 822 UAUAUCAUCCGUCTGCRAAL 923
CGUUAAAL gZ4 UAACG 925

Table 8.11

roet gene SenseSeq SEQ ID No. AntisSeq SEQ ID

Gla CAATUAUACAGATAUCCA 9zZ6 UUGGAUAUCTIGUAUAATUG 9z7

CGACCACUCUCAAATTUAG 28 CUAAAUUUGAGA 929
AGCCCAAUTAUACAGATUAU 930 ATATCUGUATAATT 931

WO

CGUGAGUGG TJUATGAU

3z AUATJAARGCEGECCACUCAC 833

O

GCUUCGACUAGAAAGAUAA 2324 UUAUCUCUCUAGUCGAAGT 535

- 118 -
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GUUUTGGGUACUAUGATUAU 536 AUAUCAUAGUACCCAARAC 537
CAGCUAGGCUUCUAL 538 539
AGUACAGCUAGGCUUCUAU 940 AUAGAAGCCUAGCUGUACT 941
GUCCUUGGECAGAUGGUUAU 842 AUAACCAUCUGCCAAGGAC 843
CCCCCGAGGGUAAACUTUAAA 944 945
GCACUGGEGAACGUUUCATG 946 947
CUAGCURATTJAUGUCCACA 948 UGUGGACAUAAUUAGCUAG 949
GGGAGUUUTGGGUACTUAU 250 CAUAGUACCCAAARNCTCCC o951
GGAACGACCACUCUCAAAL 952 AUUUGAGAGUGGUCGUUCC 953
UUUCAUAAGCCCAAUTATUA 954 UAUAATUGGGCUUATUGAAR 955
CAGGEGGUACUGUUUUAGAA 956 UUCUARAACAGUACCCCUG 957
\IA JIGAUUG CARUCACUAACAUAUCUGE 959
GCUAGGAAUUUATUGCAGAU 200 AUCUGCAUAAATUICCUAGT 961
GCAACUUUGGECCUGAGUUG 202 CAACUCAGGCCAAAGUUGE 503
GUUATAAGUACATGUCCUU o4 AAGGACAUGUACUUAUAAC 565
JUAUAAGUACAUGUCCU 566 AGGACAUGUACUUAUAACC 5o7
CCCGAGGGUAAACUUAAAR 568 JUTUAAGUUUACCCUCGEGE 569
CAAUAUUATUGCAAUTACT 870 871
AUAUCCAATAUUAUUGCAA 972 973
ATUACAGATUATCC 974 975
CGCCCCGAGGGU 976 977
CUAUGAUAUUGATUGCCCAG 9’
CCCUAGUCTUAGUUUTCUG 280 CACGAAMACUAAGACUAGGG 281
UGCAGAUGUUGGGAATAAA o8z UUUAUUCCCAACATCUGCA 983
CUUCGACUAGAAAGAUAAA 984 ULUAUCUUUC CGAAG 985
CGCAGGUUAUGAAUACCUC GAGGUATUCATAACCUGG 987
GACUCAAAGGGCCGACUUC GAAGUCGGCCCUUUGAGUC 989
AUAUGUUAGUGATTIGGCAR 280 UUGCCAAUCACTAACAUAT 591
GUUGGAAUGACCCAGAUAU 292 AUVAUCUGEGUCAUUCCAAC 593
GCUUAACUCGGUARACUGA 594 UCAGUUTACCGAGUUAAGC 595
CCAAUUAUACAGAUAUCCA 596 UGGAUAUCUGUATAAUUGG 587
UAGAUCUGCUAAAATUTUIGA 898 UCAAATTIUUAGCAGAUCUA 899
UAAAAGCCCA 1000 ucGaae
SCCCAAUUATUACAGATATC 1002 GAUAUC
FCCCLGAGGGUARAACTTUAA 1004 UUAAGUUUACCCUCEGGGT 1005
UUAGAAAGGRA 100¢ UUCCUTTCUAAAACAGUAL 1007
UGCAAUUACUG 1008 CAGUAATUGCAAUAATAUT 1009
AGAUAUGUUAGUGA 1010 CUAACAUAUCTGGEU 1011
ACAGCUAGGCULCTATUGA. 1¢1z2 UHCAUAGAAGCCUAGCUGT 1613
CAGCACCUAGCUAAUTAUG 1¢1leé AAUUAGCUAGGCUGCNG 1G15
UAUACAGAUAUCCAAUAUU 1018 UGGATATCUGUATA 1617
GGCAGCUCCUCUACUCAUG 1018 CAUGAGUAGAGGAGCUGCC 1018
GCUUTAUAUGAGACCCUUU 1020 AAGGGUCUCAUAUAAAGC
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Table 8.12

Target gens Sengefeq SEQ ID No. AntisSaq SEQ ID No
Gibl GGCAGAGGCAUAAAUGAUT 1026 CCUCuGee 1027
CCGUGACGUGGAAUATTUC 1028 GAAAUATUC JCACGGE 1029
GUUUAAAGAUGUCCCAARML 1030 UUUUGGGACAUCUUTAAAC 1031
CUACTUUGCCUGUGATUAU 1632 AUAAUCACAGGCAAAGUAG 1633
GACATTICAUCCAAGUUAAL 1634 ACUUGGAUGARAUGUC 1635
CGGATUACCUCGCUUCUAUU 1036 AAUAGAAGCGAGGUAUCCE 1037
GCCGCAGGAUACCUUCAUU 1038 ARUGAAGEUAUCCUGCGEGT 1038
CCAAGUUCGCCUAUGGARAR 1040 UUUCCAUAGGCGAACUUGE 1041
CCAATUUIUGCCUAU AX 1042 UGCCAAUAGGCAAAAUUGE 1043
CCACCACGAUGGATZGCUUG 1044 CAAGCGUCCAUCGUGGUGG 1045
CUUAACUUCAGUAUUCTC 1046 UGAGAATACUGAAGUUAAG 1047
CCGAUGEGEECGAAUGAAAR 1048 JOUUCATUCGCCCCATUCGE 1049
1050 AUCGAAGRACAAUAGAUTC 10561
UGATUAD 1052 AUCACACGEUUY 1063
CUUGTUU 1054 AAACAAGGUCACCUGUGGE 1055
GAACUAUGGCAGAGGCAUA 1056 UAUGCCUCUGCCATAGUTC 1057
GGCACAUUCUGALGACGUC 1G58 ACGUCGUCAGARTGUGECC 1G59
AGAATCUATT GA 1060 UCGAAGAACAAUAGAUUCT 1061
GCUACCCGCUGACAUUCAU 1062 WVAUCGUCAGCGCGUAGT 1
GUGACGUGGAAUATUUUCAU 1064 AUGAAAUAUUCCACGUCALC 1065
GCCAGGACAAUAUGAGUUU 1066 ARACUCAUAUUGUCCUGGET 1067
AGUUUAAAGAUGUCCCAAAN 1068 1069
GEGGUGAACCCCAUUACAC 1070 GUGUAAUGGEGGUUCALCCCC 1071
GCAAUGGCUCGATUGCCCAU 1072 SAG 5C 1073
CCAGGACAAUAUGAGUITIUU 1074 AAAACUCAUATUGICCUGE 1075
GGEGUCAUCCGUGUCUCGAU 1276 AUCGAGACACGEANIGACCC 1077
CUGCUUGGCUGCUAGAGAA 1078 UUCUCUAGCAGCCAAGCAG 1279
ACCGUCGACGUGGAAUATULT 1080 AAAUAUUCCACCGUCACGGU 1081
GGGUUUGATUUUCTAACAUG 1082 CAUGUUAGAAAUCAAACCC 1083
CCUACUUUGCCUGUGATUA 1084 UAAUCACAGGCAAAGUA 1085
GGUGGGACCAAUTUUGCCY 108k AGGCAMMAUUGEUCCTACC 1087
GGACCGUGACGUIGGAATAU 1¢es AUAUUCCACGUCACGGEUCC 1¢eo
GGACCUUUGAUCAAUTCUG 1690 CAGAAUUGAICARRGEUCC 109:
1092 UUCAUUCGCCCCAUCEEUG L
AUGGCAGAGE 1094 UCATUUCAUGCCUCUGCCE 1095
AGCCAGGACAAUAUGAGUU 1096 AARCUCATAUUGUCCUGEGECT 1097
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UGGCCAAGCAGGCGCCAAC 1138 TJGGOGCT 1139
CCUGGCCAAGCAGGCGCCA 1140 UGGCCGOCUGCUUGGLCAGS 1141
AGCAGCCCUUCCCUGGCCA 1142 UGGCCAGGGAAGGGECUGCU 1143
CCCUTCCCUGGCCRAGCAG 1144 UGGCCAGGGAAGGS 1145
CUUCCCUGGCCAAGCAGGC 1146 GCCUGCUUGGCCAGGGAAG 1147
AGCCCUUCCCUGGLCAAGC 1148 GCUUGGCCAGGGAAGGGCU 1148
UCCCUGHCCAAGCAGELGC 1150 GCGCT UGGCCAGGGA 1151
TUCCCUGECCAAGCAGECG 1152 CGCCUGCUUGEITAGGGAA 1153

Table 8.14

Target gene Sengeleq SEQ ID No. AntisSeq SEQ ID No.
Mgatz2 GAUAAUUATUUGATUAGALA 1154 CURAUCAAUAAUUALC 1155
CUUUCAAUGGGAUAUACAA 1156 11
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CAUUCUUAAAUAATAACCA 1164 UGGUUACUAUTUAAGAATG 1

AAATUUUATUUAAATCGCA 1le6 UGCGATTUAAAUAANAUTT 1

ACCUCAAUGUAGABAUACA 1168 UGUAUUUCUACAUUGAGEY 1

70 UUAACAAACGGAAC

CRGA CUOCAT T T
CAGRAGUIICCGUTUG

CCUCAAGCUCCGA 1172 L1973
AAGACUAUTAGAG 1174 1175
CAUARAAAUTUCCCUAAUCAT 117e AUGAUUAGGGAAU 1177

CUUCAAUATUUGACUGUAT 1178 AUACAGUCAAAUAUUGAAG 1179

AGACACUUGUCUGUACUTAD 1180 GAAAGUGU 118l
AAACUGUCACAACAGUAAA 11e2 UUUACUGUUGUGACAGUUU 11e3
CUGUGCUATUGUGUUAAGA 11gé JAACACAAUAGCACAG 1185
UUUUCAUAAAATTTCCCTUAR 1186 GCAAUUTUAUGAAAA 1187

AACUUCGAUCAGAU 1

GACUAUUAGAGUAUUGAUG 1190
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R i
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I 7
GAACAC

CCCCGUUCTGCAAGUGTUC i

QCACAACCORGE
IGCAGAALCCGGG

UGUATUUGGUUAAUAAGAA 1200 JUCUUATUAACCAAAUACA
GCCCGEUUCTUGCAAGUGUT 1202
AGACUAUUAGAGUAUUGAU 1204 1205
CAAUUCAATUAAAGGOUATAG 120¢ 1207
UUUGGUUA 1208 UAACCARAUACAUUCCAAC 12009
GUGUCCGUA 1210 UACGGACACAGCAAGGUGE 1211
UGATAAUUAUUGATUAGA. 1212 UUCUAAUCAAUAAUUAUCA 1213

FCAGAGAU 1214 ACCAGAAL 5
GGAGATUAUTAGGGACCAUG 121¢ 1217
CCAGUGUCACUATTIGACUU 1218 1219
CAAGRARACAUGUAGGCCA 1220 UGGCCUACAUGUUUUCUTG 1221
AARACUGUCACARTCAGUAA 1222 ACUGUUGUGA 1223
CCUAGUCAUCTUCAGCCAU 1zz4 AUGGCUGAAGAUGACUAGG 1225
UCCCTAAUCAUUTUGIAGA 1226 UCUGCAAAAUGATUTAGGGA iz2z7
GCUGAUUCCUGUGCUATUG 1228 CAAUAGCACAGGAATCAGC 1229
CAGUUGAACUUCGAUCAG? 1230 UCUGATUCGAAGUUCAACUG 1231
GUGGGUGGGGAGAUAUTAG 1232 CUAAUATICUCCCCACCCAL 1233
GGGAGAUA 1234 AUGEUCCCUAAUATCUCCC 1235
UAUUCAGU 123¢ AAUCAGACUAACUGAAUA 1237
ACACUUUCUGUACUUATGA 1228 UCAUAAGUACAGAAAGUGU 12329
AGGCCAAAUUCUCGCARAL 1240 GUUTUGCGAGAATUTC 1241
GCGACARAGGAAGAACGAC 1242 GUCGUUCUUCCUUTGEUCGT 1243
CECAAACCAAACATICATUG 1244 CAATGAUGUUUGGUUUGCE 1245
1246 UAAGCACGAUAGACUGAAU 1247

1248 UGuG 1249
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CCUUAUA 1250 UATAAGGCCAGUGUAAUCT 1251
GAAUAAAGGUATUAGGAACU 1252 AGUUCCUAUACCUUUAUTC 1253
Table 8.15
Target SenseSaeqg SEQ ID No. AntisSeqg SEQ ID Nao.

S1lc3541 GCACAAAAGAATUAUAUUAA 1254 UUAAUAUATUCUUUUGDGE 1255
UGAAUUAAUUUATAUCAGA 1z5¢ UCUGAUAUAAAUUAAUUCA 1257
CAUUCUGUUUACAAUGUNT 1258 AAACAUUGUARACAGAAUG 1259
GGUCUJUGGUGGAGAUURAT 1260 AUAAUCUCCACCARAAGACC izel
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GACUGUAUUUGCCAAUGAUU 1274 AAUCAUUGCAAAUACAGUC 1275
CUUUCUIUUUCUuuuCcCtuyy 127¢% ARAAGALAAGAARAAGAARG 1277
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ADY 1282 1283
SAA 1284 1285
UJAAUARACUNAGAUUGGAA 1z28¢ UUCCAAUAUARAGUUAUUAA 1287
CAGACUGGAAARUGUUCUG 1288 CAGAACAUUUUCCAGUCUG 1289
ACAGAAGUUAGAUUCGAAA 1290 UUUCGAAUCUAACUUCK 1291
GCCUG 292 AUGUAAGAAUACACCAGGT 1293
GAAGCC 294 UAAGAAUACACCAGGCUUC 1
GCUGGAASG 96 JCCAGC 1297
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DUUAUUGGCCUAAATATAA 326 UUAUAUDUUAGGCCAAUAAA 1327
AG AGAUUCGRRAGA UCUUDCGAAUCTAACUUCU 9

UGUAUUCUUACAUCACUU

AAGUGAUGUAAGAAUACAL

GAAGGUUCUCCAUUCUGUY 332 ARCAGRAUGGAGARCCUUC 1333
GAUCUGGARGGAUAUGUIY 1334 ARRCAURUCCUUCCAGATC 1335
1335 AGCAAURCUUAUAUUUAGS 1337

CAGGAGAUGCACARAAGRA 1338 GCA 1339
GAGAUUAUAUUUUCACAUG 1340 CAUGUGAARRUA 1341
SGCCURRRUA 134 URUUUAGGCCAL 1343
CGUGCUCACCARCUACAGA 1344 UCUGUAGUUGGUGAGCACS 1345
GCCAGAGCUGGGUGGECAUG 13456 CAUGCCACCCAGCUCUGET 1347
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ACUCACAUUCUCAACCUCA 1380 UGAGGUUGAGAAUGUGAGY 1381
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GGUUCUCAACCUGUGGGUC GACCCACAGGUUGAGAACC 391
GGCGCCGAUUNGUGUGGGAA 1392 UUCCCACACAAUCGECGCC 1393

CGAGGUCGACUUTCCUCUUC 1394 GAAGAGGAAGUCGACCUCG 1395
CAUCCAGCACGAGLUCGAC 1396 GUCGACCUCGUGCUGGAUG 1397
CCCC GAAGGCGCCGAU 1398 AUCGGCGCCUUCCACGE 1399
UCG? CCUCUUCUGCAY 1400 AUGCAGRAGAGGAA 1401
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GGUCGACTUCCUCUTCUGC 1402 GCAGAAGAGGAAGUCGACC 1403
UGUGGGAAGGCA UGA 1404 UCAUVAAGUGCCUUCCCACA 1405
GACGUGGAUCAAGUCUUUC 1406 GAAAGACUUGAUCCACGHC 1407
GUGUGGGAAGGCACUUAUG 1408 AUAAGUGCCUUCCCACAC 1409
CAUGGACGUGGAUCAAGUC 1420 GACUUGAUCCACGUCCAUG 1411
CCGAUIGUGUGGEGAAGEHCA 1412 JGCCUUCCCACACARAUCGG 1413
GAAGGCACUTAUGACACAG 1414 CUGUGUCAUAAGUGCCUUC 1415
UCUGCAUGGACGUGGAUCA 1416 UGAUCCACGUCCAUGCAGA 1417

GCGCCGAUUGUGUGGLAAG 1418 CUUCCCACACAARUCGGELGC 1415
ACGUGCAUCAAGUCUUUCA 1420 UGAAAGACUUGAUCCACGU 1421
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32 ACCUCGUGCUGCAUGIGGE

ACAUCCAGUCACGAGGUCGA 1434 UCGACCUCGUGECUGGAUGY 1435
AGGUCGACUUCCUCTUCUG 1436 CAGAAGAGGAAGUCGACCY 1437
GAUUGUGUGGGAAGGCACTY 1438 AGUGCCUUCCCACACAAUC 1439
ACUUCCUCUUCUGCAUGGA 1440 UCCAUGCAGAAGAGGAAGY 1441
ACGAGGU 14472 AAGAGGAAGUCGACCUCGET 1443

AGGACGUGGA 1444 UCCACGUCCAUGCAGAAGA 1445
GUGGAAGGECGCCGAUUGUG 1446 CACAAUCGGECGCCUUCCAC 1447
CUACUCACAUUCUCAACCY 1448 AGGUUGAGAAUGUGAGUAG 1449
UGUGGGUCGCGACCCCUUT 1450 AAAGGGGUUGCGACCCACA 1451

CCUGUGEGUCGCHEACCCCY 1452

COCACCOOAC
GCGACCCACAGG

rget gene SenseSe SEQ ID No. AntisSeqg SEQ ID No.

ks GGEUUCCUGGECEUUGGATUA 1454 UJAAUCCAACGCCAGGAALC 1455
CAGGAAGAGUCCGUGUUYU 1456 AARACACGGACUCUUCCUG 1457
CUCUCCAAGAUUCUUGCAA 1458 UUGCAAGAAUCUUGGAGAG 1459

1460 1461

UAUAGGUGEGUCAUUUGEGEUU 1462 1462
UGAUCCUGGATUAUACACUYU 1464 1465
GUAAAAUAAUGUACUCACA 1466 UGUGAGUACATUUAUUTNZ 1467
CUCUAAAGGUGUCAACAGA 1468 UCUGUUGACACCUUUAGASG 1469
CAACCAGAUUGCAGUUUAY 147¢C AURZAACUGCARAUCUGGCUTG 1471
CUCACACAURACAUACARA 14772 UUUGUAUGUUAUGUGUGAG 1473

¥ 1474 UAGAAUUAUGAUGUUGARLG 1
JUGUUUUAAGCGCU
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CCCAUGCACAGUAAAAUAA 1478 UUAUDUUACUGIGCAUC 1479
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CLAIMS
What is claimed is:

I. A composition comprising an antibody or a fusion protein that comprises the Fc domain

of an antibody,

{(a) wherein at least about 70% of the antibody or the fusion protein molecules

comprise a complex N-glycan; and
{1} wherein about 43% to about 100% of the N-glycans are afucosyl glycans.

2. The composition of claim I, wherein said N-glycans comprise a niuxture of glycoforms,

and wherein
1 about 20% to about 100% ot the GO glycans are afucosyl GO glycans; or

it about 1% to about 80% of the G and G1’ glycans are afucosyl G1 and

G1’ glyeans; or
it about 1% to about 80% of the G2 glycans are afucosyl G2 glycaus; or
tv acombination of (3}, (i1}, or (11}
3. The composition of claim 1 or 2, wherein:

1 about 20% to about 100% of the GO glycans are afucosyl GO glyeans; and

it about 1% to about 80% of the Gl and G117 glycans are afucosyl G1 and

G1’ glycans.
4. The composition of any one of claims 1-3, wherein:
1 about 20% to about 100% of the GO glyeans are afucosyl GO glycans;

it about 1% to about 80% of the Gl and G17 glycans are afucosyl G1 and

G1’ glycans; and
it about 1% to about 80% of the G2 glycans are afucosyl G2 glycans.
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The composition of any one of claims 1-4, wherein said N-giycan is linked to the Fc

domaiu of the antibody or the fusion protein,

The composition of any one of claims 1-5, wherein said composition comprises an

antibody and wherein said antibody is an IgG.

The composition of claim 6, wherein said 1gG is IgG1L.

~

The composition of any one of claims 3-7, wherein satd composition comprises an

antibody, and wherein said antibody s an anti-CD20 antibody.

The composition of claim §, wherein the light chain of said antibody compriscs a

sequence that is at feast 90% identical to the light chain of Rituximab.

The composition of claim § or 9, wherein the heavy chain of said antibody comprises a

scquence that is at least 90% identical to the heavy chain of Rituximab.

The composition of any one of claims 8-10, wherein said composition has an increased
binding affinity for an FeyRIUH or increased antibody-dependent cellular cytotoxicity
{ADCC) activity as compared to a composition comprising the same amount of the
glycosylated anti-CD20 antibody in which less than 40% of the N-glycans are afucosyl

glycauns.

The composition of any one of claims 5-7, wherein said composition cComprises an

anttbody, and wherein satd antibody is an anti-EGFR antibody.

The composition of claim 12, wherein the light chain of said antibody comprises a

sequence that is at least 90% 1dentical to the light chaim of Cetuximab.

The composition of claim 12 or 13, wherein the heavy chain of said antibody comprises

a sequence that is at least 90% identical to the heavy chain of Cetuxiruab,

The composition of any oune of claims 12-14, wherein said antibody has an increased
binding affinity for an FeyRIH or increased antibody-dependent cellular cytotoxicity
{ADCC) activity as compared to a composition comprising the same amount of the
glycosylated anti-EGFR antibody i which less than 40% of the N-glycaus are afucosyl
glycans.
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16.  The composition of any one of claims 5-7, wherein said composition comprises an

antibody, and wherein satd antibody is an anti-HERZ2 antibody.

17. The composttion of claim 16, wheren the Hght chain of said antibody comprises a
sequence that is at least 90% identical to the light chain of Trastuzumab.

18.  The composition of claim 16 or 17, wherein the heavy chain of said antibody comprises
a sequence that is at least 90% identical to the heavy chain of Trastuzumab,

19, The composition of any onc of claims 16-18, wherein said antibody has an increased
binding affinity for an FeyRHI or increased antibody-dependent cellular cytotoxicity

ol y { J
{ADCC) activity as compared to a composition comprising the same amount of the
glycosylated anti-HERZ2 antibody 1n which less than 40% of the N-glycans are atucosyl
glycans.

20, The composition of any one of claims 1-19, wherein at least about 40% of the glycans of
said antibody or fusion protein do not comprise the a-Gal epitope.

21, The composition of any one of claims 1-20, wherein the glycans of said antibody or
fusion protein are characterized by a total sialic acid content that contain no wore than
about 20% of N-glycolylncuraminic acid (Neu5Gce).

22.  The composition of any one of claims 1-21, wherein one ore more of glycan molecules
comprise N-acetylncuraminic acid (NeuSAc),

23, A composition comprising a protein, wherein at least about 70% of the protein molecules

comprise a glycan;

{(a) wherein satd protein is produced by a cell that is not a human, ape, or Old

World monkey cell; and

(b}  wherein at lcast about 40% of the glycosylated molecules do not comprise the

o-Gal epitope.
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The composition of claim 23, wherein said composition has reduced immunogenicity in
human, as corapared to a coruposition comprising the same amount of the glycosylated
protein in which more than 4056 of the glycosylated molecules comprise the o-Gal

epitope.

The composition of claim 23 or 24, wherein said glycan is an N-glycan.

The composition of any one of claimus 23-25, wherein said protein is an antibody.
The composition of claim 26 wherein said antibody 1s an IgG.

The composition of claim 27, wherein said IgG s IgGlL.

The composition of any one of claims 26-28, wherein said antibody is an anti-CD20

antibody.

The composition of claim 29, wherein the light chain of said antibody comprises a

scquence that is at least 90% identical to the light chain of Rituximab.

The composition of claim 29 or 30, wherein the heavy chain of said antibody comprises

a sequence that is at least 90% identical to the heavy chain of Rituxumab.

The composition of any one of claim 29-31, whercin said cornposition has reduced
imnunogenicity in human, as compared to a composition comprising the same amount
of the glycosylated anti-CD20 antibody in which more than 40% of the glycosylated

molecules comprise the g-Gal epitope.

The composition of any one of claims 26-28, wherein said antibody is an anti-EGFR

antibody.

The composition of claim 33, wherein the light chain of said antibody comprises a

sequence that is at least 90% identical to the hight chawn of Cetiximab.

The composition of claim 33 or 34, wherein the heavy chain of said astibody comprises

a sequence that is at least 90% identical to the heavy chain of Cetuximab.

o 3e]
>

The composition of any one of claim 33-33, wherein said composition has reduced

immunogenicity in human, as compared to a composttion comprising the same amount
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of the glycosylated anti-EGFR antibody in which more than 40% of the glycosylated

molecules comprise the a-Gal epitope.

The composition of any one of claims 26-28, wherein said antibody 1s an anti-HERZ2

antibody.

The composition of claim 37, wherein the light chain of said antibody comprises a

sequence that is at least 90% 1dentical to the light chain of Trastuzumab.

The composition of claim 37 or 38, wherein the heavy chain of said antibody comprises

a sequence that is at least 90% identical to the heavy chain of Trastuzumab.

The composition of any one of claim 37-39, wherein said composition has reduced
immunogenicity in human, as compared to a composition comprising the same amount
of the glycosylated anti-HERZ2 antibody in which more than 40% of the glycosylated

molecules comprise the a-Gal epitope.

The composition of any one of claims 23-25, wherein said protein is a fusion protein that

binds to B7.

The composition of claim 41, wherein said fusion protein comprises the extracelular

domain of Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4).

The composition of claim 41 or 42, wherein said fusion protein comprises a sequence

that 1s at least 90% 1dentical to Abatacept.

The composition of any one of claim 41-43, whercin said cornposition has reduced
fomunogenicity in human, as compared 1o a composition comprising the same amount
of the glycosylated fusion protein in which more than 40% of the glycosylated molecules

comprise the o-Gal epitope.

A composition comprising a protein, wherein at least about 70% of the protein molecules

comprise a glycan;

{(a) wherein said protein is produced by a non-human cell; and
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(b}  wherein the glycans of said protein molecules are characterized by a total
sialic acid content that contain no more than about 20% of N-

glycolylneuraminic acid (NeuSGe).

46.  The composition of claim 45, wherein said composition has reduced immunogenicity in
hurnan, as compared to a composition comprising the same aroount of the glycosylated

protein in which the total sialic acid content of the glycans contain more than about 20%

of Neu5Ge,

47, The composition of claim 45 or 46, wherein at least about 40% of the glycans do not
comprise the a-Gal epitope.

48, The composition of any one of claims 45-47, wherein said glycans are N-glycans.

49, The composition of any one of claims 45-48, wherein said protein is an antibody.

50, The composition of claim 49 wherein said antibody 1s an 1gG.

51 The composition of claim 50, wherewn said 1gG s IgG1.

52, The composttion of any one of claims 49-51, wherein said antibody 1s an anti-CD20
antibody,

53 The composition of claim 52, wherein the light chain of said antibody comprises a
sequence that is at least 90% 1dentical to the light chain of Rituximab.

54.  The composition of claim 52 or 53, whercin the heavy chain of said antibody comprises
a sequence that is at least 90% identical to the heavy chain of Rituximab.

55.  The composition of any one of claim 52-54, wherein said composition has reduced
immunogenicity in human, as compared to a composition comprising the same amount
of the glycosylated anti-CD20 antibody 1 which the total sialic acid content of the
glycans contain more than about 20% of Neu5Ge.

56.  The composition of any one of claims 49-51, wherein said antibody is an anti-EGFR

antibody,
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57, The composition of claim 56, wherein the light chain of said antibody comprises a
sequence that is at least 90% identical to the hight chawn of Cetiximab.

38, The composition of claim 56 or 57, wherein the heavy chain of said astibody comprises
a sequence that is at least 90% identical to the heavy chain of Cetuximab.

539.  The composition of any one of claim 56-58, wherein said composition has reduced
immunogenicity i human, as compared to a composition comprising the same amount
of the glycosylated anti-EGFR antibody in which the total sialic acid content of the
glycans contain more than about 20% of NeuSGe,

64, The composition of any one of claims 49-51, wherein said antibody 1s an anti-HERZ
antibody.

61, The composition of claim 60, wheren the Hght chain of said antibody comprises a
sequence that is at least 90% identical to the light chain of Trastuzumab.

62.  The composition of claim 60 or 61, wherein the heavy chain of said antibody comprises
a sequence that is at least 90% identical to the heavy chain of Trastuzumab,

63. The composition of any one of claim 60-62, wherein said composition has reduced
ummunogenicity in human, as compared to a composition comprising the same amount
of the glycosylated anti-HERZ antibody in which the total sialic acid content of the
glycans contain more than about 20% of NeuSGe.

64.  The composttion of any one of claims 45-48, wherein said protein is a fusion protein that
binds to B7.

65.  The composttion of claim 64, wherein said fusion protein comprises the extraceliular
doroain of Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4),

66.  The composition of claim 64 or 63, wherein said fusion protein comprises a sequence
that is at least 90% identical to Abatacept.

67.  The composition of any one of claim 64-66, wherein said composition has reduced

imunogenicity in human, as corapared to a composition comprising the same amount
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of the glycosylated fusion protein in which the total sialic acid content of the glycans

contain more than about 20% of NeudGe.

68, The composition of any one of claims 43-67, wherein one or more of said glycan

molecules comprise N-acetylneuraminic acid (NeuSAc).

69.  The composttion of any one of claims 45-68, wherein said protein is an antibody or a
tusion protein that cornprises the Fo domain of an antibody, and wherein said glyean 1s

an N-linked complex glycan.

78, The composition of claim 69, wherein about 40% to about 100% of the complex N-

glycans are atucosyl glycans,

71 A method for producing a composition comprising an afucosylated glycoprotein,
comprising:
{(a) culturing a host cell in a large scale cell culture, wherein
i sard host cell expresses the glycoprotein; and
11 sard host cell comprises a target gene that encodes a protein that is
selected from the group consisting oft GDP-fucose transporter (GFT),
solute carrier-35C1 (SLC35C1), and solute carrier-35C2 (SLT35C2); and
(b} adding an cffoctive amount of an RNA effector molecule to said large scale
cell culture, wherein said RNA effector is substantially complementary to
said target gene, and reduces or prevents the expression of said target gene,
72, The method of claim 71, wherein said host cell further comprises a target gene that

encodes a proteiu that is selected from the group counsisting of! GDP-mannose 4,6-
ichydratase {GMD), GDP-4-keto-6-deoxy-D-mannose epimerase-reductase (FX), and

Fucosyliransterase (Fut); and wheretn step (b) further comprises;

adding an effective amount of an RNA cffector molecule to said large scale cell

culture, wherein said RNA effector is substantially complementary to a target gene
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that encodes a protein that is selected from the group consisting of: GDP-mannose
4,6-dehydratase (GMD), GDP-4-keto-6-deoxy-Di-mannose epimerase~-reductase (FX),
and Fucosyltransferase (Fut), and wherein said RNA effector reduces or prevents the

expression of said target gene.

73. A wmethod for producing a composition comprising an afucosylated glycoprotein,

comprising:
{(a) cultaring a host cell in a large scale cell culture, wherein
i said host cell expresses the glycoprotetn; and

it said host cell comprises at least two target genes that independently
encode a protein that is selected from the group consisting of: GDP-
mannose 4,6-dehydratase (GMD), GDP-4-keto-6-deoxy-D-mannose

epimerase-reductase (FX), and Fucosyltransferase (Fut); and

{b} adding an cffective amount of two or more RNA effector molecules to said
farge scale cell culture, wherein each of said RNA effector s substantially
complementary to a target gene of (a), and reduces or prevents the expression

of its target gene.

~
7
7

74, The method of any one of claims 71-73, wherein said RNA cffector transicntly reduces

the expression of its target gene.

75. The method of anv one of claims 71-74, further comprising harvesting said glvcoprotein
J o ol 54

from said large scale culture.

7

76.  The method of any one of claims 71-75, wherein said glycoprotein is an antibody or a

fusion protewn that coruprises the Fo domain of an antibody.

77. The method of any one of clairns 72-76, wherein at least one of the target genes encodes
a fucosyltransferase.
78, The method of any one of claims 72-76, wherein the target gene is selected from the

group consisting of: Fut, GMD, and TSTAZ.
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The method of any one of claims 71-7§, wherein said RNA effector molecule is an

$iRNA.

80, The method of any one of clavms 71-78, wherein said RNA effector molecule is a

shRNA.

81.  The method of any one of claims 71-78, wherein said RNA cffector molecule is an

antisense molecule.

82.  The method of any one of clairus 71-78, wherein said RNA cffector molecule comprises

a sequence selected from the group consisting of SEQ [D NOs: 23-2358.

9]
{ad

A method for producing a composition comprising a glycoprotein, comprising:
{(a) cultaring a host cell in a large scale cell culture, wherein
v said host cell expresses the glycoprotein; and

i sard host cell comprises a target geue that encodes an al,3

galactosyltransferase; and

(b adding an effective amount an RNA effector molecule to said large scale cell
culture, wherein said RNA effector is substantially complomentary to said

target gene, and reduces or prevents the expression of the target gene.

84. The mcthod of claim 83, wherein said glycoprotein has reduced imymunogenicity in a
human when compared to the same glycoprotein produced in the absence of said RNA

effector molecule.
85, A method for producing a composition comprising a glycoprotein, comprising:

(a) culturing a host celi in a large scale cell culture, with the provise that said

host cell is not a human, ape, or Old World monkey cell, wherein

i sard host cell expresses the glycoprotein; and
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it said host cell comprises a target gene that encodes a protein selected from

the group consisting of ABO « 1,3 galactosyliransterase and Ggtal; and

{1} adding an cffective amount of an RNA effector molecule to said large scale
cell culture, wherein said RNA effecior is substantially complementary 1o

said target gene, and reduces or prevents the expression of said target gene,

86.  The method of any one of claims 83-85, wherein said RNA cffector transiently reduces

the expression of its target gene.

0
-3

The method of any one of claims 83-86, further comprising harvesting said glycoprotein

from said large scale culture.

88.  The method of any one of claums 83-87, wherein said RNA effector molecule is an

siRNA.

89.  The method of any one of claims 83-87, wherein said RNA cffector molecule is a

shRNA.

90.  The method of any oue of claivus 83-87, wheren said RNA effector molecule 1s an

antisense molecule,

91, The method of any one of claims 83-87, wherein said RNA effector molecule comprises

a sequence selected from the group consisting of SEQ 1D NOs: 23-2358,

92, A method for producing a composition comprising a ghycoprotein, cormprising:

(a} culturing a host cell in a large scale cell culture, with the proviso that said

host cell 1s not a human cell, wherein:
i sard host cell expresses the glycoprotein; and

i sard host cell comprises a targel geoe that encodes CMP-N-

acetylneuraminic acid hydroxylase (CMAH); and

1
[
(8]
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(b} adding an effective amount of an RNA effector molecule to said large scale
cell culture, wherein said RNA effector is substantially complementary to

said gene, and reduces or prevents the expression of said target gene.

93, The method of claim 92, wherein said RNA effector transiently reduces the expression of

is target gene.

94, The mcthod of claim 92 or 93, further comprising harvesting said glycoprotein from said

farge scale culture.

95.  The method of any one of claims 71-92, wherein said host cell further comprises a target
gene that encodes a sialidase, and wherein step (b} further comprises: adding an RNA
effector molecule to said large scale cell culture, wherein said RNA effector is
substantially complementary to said gene, and reduces or prevents the expression of said

target gene.

96.  The method of claim 93, wherein said sialidase 1s NEU? sialidase or o-N-acetyl-
neuraminyl-2,3-beta-galactosyl-1,3 -N-acetylgalactosaminide a-2,6-stalyltransferase 6

(ST6GALNACS).

\»)
-3

A method for producing a composition comprising a glycoprotein, comprising:

(a} culturing a host cell in a large scale cell culture, with the proviso that said

host cell 1s not a human cell, wherein:
i sard host cell expresses the glycoprotein; and
i sard host cell comprises a target geoe that encodes a sialidase; and

(b adding an effective amount of an RNA effector molecule to said large scale
cell culture, wherein said RNA effector is substantially complementary to

said gene, and reduces or prevents the expression of said target gene.
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98,  The method of claim 97, wherein said sialidase 1s NEU2 sialidase or g-N-acetyi-
neuraminyi-2,3-beta-galactosyl-1,.3)-N-acetylgalactosaminide a-2,6-s1alyltransferase 6

(STOGALNACG).

99, The method of claim 97 or 98, wherein said RNA effector transiently reduces the

expression of s target gene.

100, The method of claim 97 or 98, further comprising harvesting said glycoprotein from sawd

farge scale culture.

181, The method of any one of claim 92-100, wherein said RNA effector molecule is an

s1IRNA.

182, The method of any one of claim 92-100, wherein said RNA effector molecule is a

shRNA.

103, The method of any one of claim 92-100, wherein said RNA effector molecule 15 an

antisense molecule.

104,  The method of any one of claim 92-100, wherein said RNA effector molecule comprises

a sequence sclected from the group consisting of SEQ 1D NOs: 23-2358.

185, A method for producing a composition comprising a glycoprotein, comprising:
{(a) culturing a host ccll in a large scale cell culture, wherein
1 said host cell expresses the glycoprotein; and

it said host cell comprises a target gene that encodes a protein that is
selected from the group cousisting oft GDP-fucose transporter (GFT),
solute carrier-35C1 (SLC35C1), solute carrier-35C2 (SLC35C2), MPDUL,

and Ggtal; and

(b adding an effective amount of an RNA effector molecule to said large scale
cell culture, wherein said RNA effector is substantially complementary to a
target gene of (a), and reduces or provents the cxpression of said target gene,
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186.

167.

The method of claim 105, wherein said host cell further comprises a target gene that
encodes a protein that is selected from the group cousisting of: dolichyi-
diphosphooligosaccharide-protein glycosyltransferase, UDP glycosyltransferase, UDP-
Gal:pGlcNAcBl 4-galactosyltransferase, UDP-~galactose-ceramide galactosyltransferase,
fucosyltransferase, protein O-fucosyltransferase, N-acetylgalactosaminyltransferase, O-
GleNAc transferase, oligosaccharyl transferase, O-linked N-acetylgrucosamine
transferase, o-galactosidase, B-galactosidase, sialyltransferase, GMD debydratase, FX
cpimerase, o-1,3-galactosyltransferase, mannosyl (o-1,3-)-glycoprotein beta-1,2-N-
acetylglucosaminyltransferase (MGATI), MGAT4B, SLC35D1, ST6GALNACS, and

glucosamine (UDP-N-acetyl}-2-cpimerase; and wherein step (b} further comprises:

adding an effective amount of an RNA effector molecule to said large scale cell
culture, wherein said RNA effector is substantially complementary to a target gene
that encodes a protein that is selected from the group consisting of: dolichyl-
diphosphooligosacchanide-protein glycosyltransferase, UDP glycosvitransferase,
UDP-Gal: BGIcNAcBl 4-galactosyltransferase, U P-galactose-ceramide
galactosyltransferase, fucosyliransterase, protein O-fucosyltransferase, N-
acetylgalactosaminyltransferase, (-GlcNAc transferase, oligosaccharyl transferase,
O-linked N-acetylgrucosamine transferase, a~-galactosidase, B-galactosidase,
sialyliransferase, GMD dehydratase, FX epimerase, o-1,3-galactosyliransferase,
mannosyl (a-1,3-}-glycoprotein beta-1,2-N-acetylglucosaminyltransferase (MGATH),
MGAT4R, SLC35DIL, ST6GALNACS, and glucosamine (UDP-N-acetyl)-2-
epimerase, and wherein said RNA effector reduces or prevents the expression of said

target gene.
A method for producing a composition comprising a glycoprotein, comprising
{(a) culturing a host ccll i a large scale cell culture, and wherein
1 said host cell expresses the glycoprotein; and

it said host cell comprises at least two target genes that independently
encode a protein that is selected from the group consisting oft dolichyl-
diphosphooligosaccharide-protein glycosyliransterase, UDP
glycosyltransferase, UDP-Gal:BGlcNAcB 4-galactosyltransferase, UDP-
- 140 -
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108,

169,

HO.

112,

113,

14,

galactose-coramide galactosyltransferase, fucosyliransferase, protein O-
fucosyltransferase, N-acetylgalactosarmnyliransterase, O-GleNAc
transferase, oligosaccharyl transferase, O-linked N-acetylgrucosamine
transf{erase, u-galactosidase, P-galactosidase, sialyltransferase, GMD
dehydratase, FX epimerase, g-1,3-galactosyliransferase, mannosyl (g-1,3-
glycoprotein beta-1,2-N-acetylglucosammyliranstorase (MGATI),
MGAT4B, SLC35D1, ST6GALNACS, and glucosamine (UDP-N-acetyl)-

2-epimerase; and

{b) adding an effective amount of two or more RNA effector molecules to said
farge scale cell culture, wherein each of said RNA effector s substantially
complomentary to a target gene of (a), and reduces or prevents the expression

of its target gene.

The method of any one of claams 105-107, wherein the target gene is selected froro the
group consisting of: FUTE, GMDS, TSTA3, ABO, CMAH, MGATI, MGATYB,
SLC35D1L, TSTA3Z, SLC35CH, SLC35C2, NEUZ, and ST6GALNACSE.

The mcthod of any one of claims 105-108, wherein said RNA effector transiently

reduces the expression of its target gene.

The method of any one of claims 105-109, further comprising harvesting said

glycoprotein from said large scale culture.

The method of any one of claims 71-110, wherein in step (b), the RNA effector, or at
least one of the RNA effectors is added 1o the large scale cell culture two or more tirnes

before harvesting the glycoprotein.

The method of any one of claims 72-78, 95-96, and 106-111, wherein at least two of the

RNA effectors are added simuliancously 1nto the cell culture.

The method of any one of claims 72-78, 95-96, and 106-111, wherein at least two of the

RNA effectors are added at different times inte the cell culture,

The method of any one of claims 71-113, wherein step (b} comprises cultivating the cell

culture for at least about 6 hours afier the addition of the BNA effectors.
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116.

117

118.

119.

120.

124,

The method of any one of claims 71-114, wherein the expression level{s) of the target

gene(s) is {are) reduced from about 10% to about 85%.

The method of any one of claims 71-78, 83-87, 92-100, and 105-115, wherein the RNA
ctfector, or at least one of the RNA effectors comprises a double-stranded riborucleic

acid {dsRNA), wherein said dsRNA:

{(a) comprises a sense sirand and an antisense strand that arc substantially

complementary to each other; and

(b}  wherein said antisense strand comprises a region of complementarity that is
substantially compleraentary to one of the target genes, and wherein said

region of complerentarity is from 10 to 30 nucleotides 1u length.

The method of any one of claims 71-78, 83-87, 92-100, and 105-116, wherein the RNA

etfector, or at least one of the RNA effectors is an siRNA.
The method of claim 117, wherein the siRNA is from 15 to 30 nuclectides inn length.

The method of claim 117 or 118, wherein the siRNA is from 17 to 28 nucleotides in

length.

The mcthod of any one of claims 117-119, wherein the siRNA 1s from 19 to 23

nucleotides in length.

The method of any one of claims 71-120, wherein the RNA effector, or at least one of

the RNA effectors 1s formulated with a lipid,

The method of any one of claims 71-121, wherein the RINA effector, or at least one of

the RNA effectors comprises a modified nucleotide.
The method of any one of claims 71-122 wherein said bost cell is a mammalian cell.

The method of claim 123, wherein the maramalian cell is a rodent cell selected from the
group consisting oft BHK21 cell, BHK{TK-} cell, NSO cell, Sp2/0 cell, EL4 celi, CHO
cell, CHO-K1 cell, CHO-DUKX cell, CHO-DURKX Bl cell, CHO-DG44 cell, NIH/3T3
cell, 3T3-L1 cell, ES-D3 cell, H9¢Z cell, C2C12 cell, YB2/0 and oniMCD 3 cell.
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125, The method of claim 71-84 and 97-124, wherein the host cell 1s a2 human cell,

126, The method of claim 125, wherein the human cell is selected from the group consisting
of) SH-SYSY cell, IMR32 cell, LANS cell, Hela cell, MCFIOA cell, 2937 cell, SK-BR3
cell, HuVEC cell, HuASMC cell, HKB-1 cell, hMSC cell, U293 cell, HEK 293 cell,
PERCH® cell, Jurkat cell, HT-29 cell, LNCaP FGC cell, A549 cell, MDA MBA4S3 cell,
HepG2 cell, THP-I cell, MCF7 cell, BxPC-3 cell, Capan-1 cell, DU145 cell, and PC-3

cell.

127, The method of claim 123, wherein the cell 1s selected from the group consisting ofd
PERCS cell, HT-29 cell, LNCaP-FGC cell A549 cell, MDA MB453 cell, HepG2 cell,
THP-1 cell, muMCD-3 cell, HEK 293 cell, HeLaS3 cell, MCF7 cell, Cos-7 cell, BxPC-3
cell, DU14S cell, Jurkat cell, PC-3 cell, EB66 and Capan-1 cell,

128, A method for producing a glycoprotein, comprising:

{(a) cultaring a host cell that expresses said glycoprotein in a large scale cell
culture, wherein said host cell cxpresses target genes that are necessary for
the glycosylation of said glycoprotein with two or more of N-

glycolylneuraminic acid, fucose and galactose-a~1,3-galactose;

(b} adding two or more RNA effector molecules to said large scale cell culture,
wherein each of said RNA effectors are substantially complementary to said
target genes, and cultivating the large scale culture for a sufficiont period of
timie such that the expression of the target genes are reduced or inhibited in
said host cell, thereby producing a glycoprotein with reductions in two or
more of N-glycolylneuraminic acid, fucose and galactose-a-1,3-galactose as
compared to a glycoprotein expressed under the same counditions but 1o the

absence of said two or more RNA effector molecules,

129, The method of claim 128, further comprising harvesting said glycoprotein from said

large scale cell cultwre,

130, A composition comprising a glycoprotein produced according to any one of claims 71-

129,
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133.

139.

140,

A cell comprising an RNA cffector molecule substantially complementary to a target
gene encoding a protein selected from the group consisting of: GDP-mannose 4,6-
dehydratase (GMD), GDP-4-keto-6-deoxy-D-mannose epimerase-reductase (FX), GDP-
fucose transporter {GFT), Fucosyltransferase (Fut), solute carrier-35CT (SLC35CT), and

solute carrter-35C2 (SLC35C2).

An RNA effector molecule substantially complementary 1o a target gene encoding a
protein sclected from the group consisting oft GDP-mannose 4,6-dehydratase (GMD),
GBP-4-keto-6-deoxy-D-mannose epimerase-reductase (FX), GDP-fucose transporter
(GFT), Fucosyltransterase (Fut), solute carrier-35C1 (SLC35C1), and solute carrier-
35C2 (SLC35C2),

The BNA effector molecule of ¢laim 132, wherein said RNA effector molecule is an

siRNA.

The RNA effector molecule of claim 132, wherein said RNA effector molecule is a

shRNA.

The RNA effector molecule of claim 132, wheremn said RNA effector molecule is an

antisense molecule.

The RNA effector molecule of claim 132, wherein said RNA effector molecule

comprises a sequence sclected from the group consisting of SEQ ID NO: 18-1553.

A cell comprising an RNA effector molecule substantially complementary to a target

gene encoding ABO a~1,3 galactosyltransferase.

An RNA effector molecule substantially complementary to a target gene encoding ABO

o~1,3 galactosyltransferase or Ggtal.

The RNAT1 effector agent of claim 138, wherein the RNATI cffector agent comprises a

sequence selected from the group cousisting of: SEQ ID NO: 18-1553.

An RNA effector molecule substantially complementary to a target gene encoding CMP-

N-acetyineuraminic acid hydroxylase (CMAH).
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141, The RNA effector molecule of claim 140, wherein the RNAI effector agent comprises a
sequence selected from the group consisting oft SEQ 1D NO: 18-1553.

142, A cell comprising an RNA effector molecule substantially complementary to a target

gene encoding CMP-N-acetylneuraminic acid hydroxylase (CMAH).
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