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Cctober 1, 2010, the disclosure of which is considered part of (and is

I ncorporated herein by reference in) the disclosure of this application.
Background of the Invention [0002] Naturally occurring RNAs are synt hesi zed
fromfour basic ribonucleotides: ATP, CTP, UTP and GIP, but nmay contain
post-transcriptionally nodified nucleotides. Further, approximtely one
hundred di fferent nucl eoside nodifications have been identified in RNA

(Rozenski, Engineerdd NuelékiCAcidsyand Méthods ofUSN THeréofat i on
Dat abase: 1999 update. Nucl Acids Res 27: 196-197). The role of nucleoside

nodi fications on the inmunostinulatory potential and on the translation

efficiency of RNA ChgesR'Refdrente %‘RBW]@gﬁCﬂtﬂ)ﬂgl tiple problens

with prior methodologies of effecting protein essi on.
[0001] The present application claims the benefit of U.S. Provisional Application Number

61/404.,413, filed October 1, 2010, the disclosure of which is considered part of (and is

incorporated herein by reference in) the disclosure of this application.

Background of the Invention

[0002] Naturally occurring RNAs are synthesized from four basic ribonucleotides: ATP,
CTP, UTP and GTP, but may contain post-transcriptionally modified nucleotides. Further,
approximately one hundred different nucleoside modifications have been identified in RNA
(Rozenski, J, Crain, P, and McCloskey, J. (1999). The RNA Modification Database: 1999
update. Nucl Acids Res 27: 196-197). The role of nucleoside modifications on the immuno-
stimulatory potential and on the translation efficiency of RNA, however, is unclear.

[0003] There are multiple problems with prior methodologies of effecting protein expression.
For example, heterologous DNA introduced into a cell can be inherited by daughter cells
(whether or not the heterologous DNA has integrated into the chromosome) or by offspring.
Introduced DNA can integrate into host cell genomic DNA at some frequency, resulting in
alterations and/or damage to the host cell genomic DNA. In addition, multiple steps must occur
before a protein is made. Once inside the cell, DNA must be transported into the nucleus where
it is transcribed into RNA. The RNA transcribed from DNA must then enter the cytoplasm
where it is translated into protein. This need for multiple processing steps creates lag times
before the generation of a protein of interest. Further, it is difficult to obtain DNA expression in
cells; frequently DNA enters cells but is not expressed or not expressed at reasonable rates or
concentrations. This can be a particular problem when DNA is introduced into cells such as
primary cells or modified cell lines.

[0004] There is a need in the art for biological modalities to address the modulation of

intracellular translation of nucleic acids.
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herein) encoding a protein, polypeptide, or peptide of interest into a cell (e.g., a human cell),
under conditions that the protein, polypeptide, or peptide of interest is produced (e.g., translated)
in the cell. In some embodiments, the nucleic acid comprises one or more nucleoside
modifications (e.g., one or more nucleoside modifications described herein). In some
embodiments, the nucleic acid is capable of evading an innate immune response of a cell into
which the nucleic acid is introduced. In some embodiments, the protein, polypeptide, or peptide
is a therapeutic protein described herein. In some embodiments, the protein, polypeptide, or
peptide comprises one or more post-translational modifications (e.g., post-translational
modifications present in human cells). Compositions and kits for protein production are also
described herein. Further described herein are cells and cultures with altered protein levels (e.g.,
generated by a method described herein).

[0007] In one aspect, the disclosure features a method of producing a protein (e.g., a
heterologous protein) of interest in a cell, the method comprising the steps: (i) providing a target
cell capable of protein translation; and (ii) introducing into the target cell a composition
comprising a first isolated nucleic acid comprising a translatable region encoding the protein of
interest and a nucleoside modification, under conditions such that the protein of interest is
produced in the cell. In some embodiments, the method further comprises the step of
substantially purifying the protein of interest from the cell. In some embodiments, the protein of

interest is a secreted protein.
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translated in the target cell in an amount effective to increase efficiency of translation of the
recombinantly expressed protein. In some embodiments, the translation effector protein is
translated in the target cell in an amount effective to reduce efficiency of translation of proteins
in the cell other than the recombinantly expressed protein. In some embodiments, the translation
effector protein is translated in the target cell in an amount effective to reduce formation of
inclusion bodies containing the recombinantly expressed protein. In some embodiments, the
translation effector protein is translated in the target cell in an amount effective to reduce

intracellular degradation of the recombinantly expressed protein. In some embodiments, the



[ 0010] I n sone enbodi nents, the target cell is a mammalian cell. In sone
enbodi nents, the target cell is a yeast cell. In sone enbodi nents, the
target cewb2op/@sisacterial cell, an insect cell, or a plramiuse@hlos4sBer sone
enbodi ments, the protein of interest is a secreted protein. In sone
enbodi ments, the protein of interest is a transnenbrane protein. In sone
enbodi nents, the protein of interest is an antibody or an anti gen-bi ndi ng

fragment thereaf. In some enbodinents, the protein of interest is a growth
f heb oG ALt iy RIS e S e et CEHEY Bt Gt ci n of i nterest i o o

pept i decBfioPSRhé HRBMBRIahAY ek flesClBrsRdRodi Ments, the translation effector
protein is ceram de trans¥er protein (CERT). In sone enbodinents, the

t rans|[@@ildn efof anothsr agpeot, dierdiscosureaigstiuesadnéthod fre aftaringthe devel of mpmteimnount

effecti.ve to.increase..efficien of . transl ati on, .of t.he.regonbj.nant

oxpr ot A RS S s U RRE G RbireE hED PE S o PERPERRORIER bt ci n 1 s
t r ansli@dseehd tankR€oh affg@br ®6lekbule h @ tﬂ?ﬁw@ll; afd @6 tiv@irgahé edlcR sehdel ci ency

of translation of proteins in the cell other than the reconbinantly

expr esgbedimaentsethe tajegt echirgocs Aplowingath & sccopthenant Byrdtiaacidn Ipsqrec embodimeti n i s
transl i i N ; : | to reduce fornmati on of
i ncl ué?éoﬁg%lggif%@%é%%gﬁ%ﬁsggé %tﬁ&egfrlg@gﬁ]ggﬁg%{ (ﬁélﬁlg)gtﬁ)llf%%géd protein. In sone
enbodi[0@l]s, Inhaotheansieat, itenlieddsact fentupssataéthod fortnicintdtiap el leneltdia t ar get
cell in an anmount effective to reduce intracellul ar degradation of the

r econthr &R yneseptia sdwachicl: eImPrisiRe 6HePe AbOUPARHRENE PIRactiiy of atleast
2012/ Qﬁ]ig%gﬁgﬁn@?ﬁw&/ngﬁé%%ﬁﬁinttﬁ@f&?ée@%élﬂQV}%Hiﬁ?ﬁ %ocﬂﬂaf&ﬂ &niptisk ansl ated in

the target ce in an an secretion of the recor?bl nantly expressed protein.
[ 0011]introdamoigheto the et cell hérdietdtaburdei eat epmgrisingetthosatble regiber i ng t he

EERCANIEERINEIE - WERNE A WO T R R
nol ecyp@ 3N t heodeakgt, thelisclo@nd fdanirds SAdiMAI QU (he aGRhhmalith &ITRyith an
enbodi ments, the target cell does not contain a reconbi nant nucleic acid.
| n sonrdcrdipoeitindenes, centrateddylibelstepy efh) intiorpeing exo theecel g gife¢tivesmhami ng t he
ﬁ;ﬂ]gi ? ]agll;rstirir%r;%%[‘gcg {Su;[lc'r%%ilz t%%iéizcr}olgl\?)én?{r]lg;ar{%rnslgﬁg?ecr%gio% %gcgcii&gcé g2y a%iofnee elfor> @

protein and a nucleoside modification; and (ii) culturing the cell. In some embodiments, the

effective amount of the first isolated nucleic acid introduced into the cell is titrated against a

desired amount of protein translated from the translatable region.

[0014] In one aspect, the disclosure features a high density culture comprising a plurality of

the cells described herein. In some embodiments, the culture comprises a batch process. In

some embodiments, the culture comprises a continuous feed process.

[0015] In one aspect, the disclosure features a composition for protein production, the

composition comprising a first isolated nucleic acid comprising a translatable region and a

nucleoside modification, wherein the nucleic acid exhibits reduced degradation by a cellular

nuclease, and a mammalian cell suitable for translation of the translatable region of the first

nucleic acid. In some embodiments, the mammalian cell comprises a recombinant nucleic acid.

[0016] In another aspect, the disclosure features a composition for protein production, the

composition comprising: (i) a first isolated nucleic acid comprising a translatable region and a

nucleoside modification, wherein the nucleic acid exhibits reduced degradation by a cellular

nuclease; (i1) a second nucleic acid comprising an inhibitory nucleic acid; and (iii) a mammalian

cell suitable for translation of the translatable region of the first nucleic acid, wherein the
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packaging and instructions therefor.

[0020] In one aspect, the disclosure features a kit for protein production, the kit comprising a
first isolated nucleic acid comprising a translatable region and at least two different nucleoside
modifications, wherein the nucleic acid exhibits reduced degradation by a cellular nuclease, and
packaging and instructions therefor.

[0021] In another aspect, the disclosure features a kit for protein production, the kit
comprising: (i) a first isolated nucleic acid comprising a translatable region; (ii) a second nucleic
acid comprising an inhibitory nucleic acid; and (iii) packaging and instructions therefor.

[0022] In yet another aspect, the disclosure features a kit for protein production, the kit
comprising: (i) a first isolated nucleic acid comprising a translatable region and at least one
nucleoside modification, wherein the nucleic acid exhibits reduced degradation by a cellular
nuclease; (i1) a second nucleic acid comprising an inhibitory nucleic acid; and (iii) packaging and
instructions therefor.

[0023] In one aspect, the disclosure features a kit for protein production, comprising a first

isolated nucleic acid encoding a translatable region encoding a protein, wherein the first nucleic

acid comprises a nucleic acid modification, wherein the first nucleic acid displays decreased
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comprising a first isolated nucleic acid comprising i) a translatable region encoding the
immunoglobulin protein and ii) a nucleic acid modification, wherein the first nucleic acid is
capable of evading an innate immune response of a cell into which the first isolated nucleic acid
is introduced, wherein the translatable region is substantially devoid of cytidine and uracil
nucleotides, and packaging and instructions therefor.
[0026] In another aspect, the disclosure features a mammalian cell generated by use of a kit
described herein.
[0027] In yet another aspect, the disclosure features an isolated immunoglobulin protein
produced from a production cell comprising a first isolated nucleic acid comprising i) a
translatable region encoding the immunoglobulin protein and ii) a nucleic acid modification,
wherein the first nucleic acid is capable of evading an innate immune response of the cell,
wherein the translatable region is substantially devoid of either cytidine or uracil nucleotides or
the combination of cytidine and uracil nucleotides.
[0028] In one aspect, the disclosure features a pharmaceutical preparation comprising an
effective amount of a protein described herein.
[0029] In another aspect, the disclosure features a pharmaceutical preparation comprising an
effective amount of a first nucleic acid comprising 1) a translatable region encoding an
immunoglobulin protein and ii) a nucleic acid modification, wherein the first nucleic acid
exhibits reduced degradation by a cellular nuclease and is capable of evading an innate immune
response of a cell into which the first nucleic acid is introduced, wherein the translatable region
is substantially devoid of cytidine and uracil nucleotides.
[0030] Embodiments of the aforesaid methods, cells, cultures, compositions, preparations,

and kits may include one or more of the following features:
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methyl-pseudouridine, 2-thio-1-methyl-pseudouridine, 1-methyl-1-deaza-pseudouridine, 2-thio-
I-methyl-1-deaza-pseudouridine, dihydrouridine, dihydropseudouridine, 2-thio-dihydrouridine,
2-thio-dihydropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-uridine, 4-methoxy-
pseudouridine, and 4-methoxy-2-thio-pseudouridine. In some embodiments, the mRNA
comprises at least one nucleoside selected from the group consisting of 5-aza-cytidine,
pseudoisocytidine, 3-methyl-cytidine, N4-acetylcytidine, 5-formylcytidine, N4-methylcytidine,
5-hydroxymethylcytidine, 1-methyl-pseudoisocytidine, pyrrolo-cytidine, pyrrolo-
pseudoisocytidine, 2-thio-cytidine, 2-thio-5-methyl-cytidine, 4-thio-pseudoisocytidine, 4-thio-1-
methyl-pseudoisocytidine, 4-thio-1-methyl-1-deaza-pseudoisocytidine, 1-methyl-1-deaza-
pseudoisocytidine, zebularine, 5-aza-zebularine, 5-methyl-zebularine, 5-aza-2-thio-zebularine, 2-
thio-zebularine, 2-methoxy-cytidine, 2-methoxy-5-methyl-cytidine, 4-methoxy-
pseudoisocytidine, and 4-methoxy-1-methyl-pseudoisocytidine. In some embodiments, the
mRNA comprises at least one nucleoside selected from the group consisting of 2-aminopurine, 2,
6-diaminopurine, 7-deaza-adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-
aza-2-aminopurine, 7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2,6-diaminopurine, 1-
methyladenosine, N6-methyladenosine, N6-isopentenyladenosine, N6-(cis-
hydroxyisopentenyl)adenosine, 2-methylthio-N6-(cis-hydroxyisopentenyl) adenosine, N6-
glycinylcarbamoyladenosine, N6-threonylcarbamoyladenosine, 2-methylthio-N6-threonyl
carbamoyladenosine, N6,N6-dimethyladenosine, 7-methyladenine, 2-methylthio-adenine, and 2-
methoxy-adenine. In some embodiments, mRNA comprises at least one nucleoside selected
from the group consisting of inosine, 1-methyl-inosine, wyosine, wybutosine, 7-deaza-
guanosine, 7-deaza-8-aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-guanosine, 6-thio-7-
deaza-8-aza-guanosine, 7-methyl-guanosine, 6-thio-7-methyl-guanosine, 7-methylinosine, 6-

methoxy-guanosine, 1-methylguanosine, N2-methylguanosine, N2,N2-dimethylguanosine, 8-



WO 2012/ 045082PCT/ US2011/ 054636 degradation in a cell into which the first
I sol ated nucleic acid is i nucleic acid not conprising a nucleic acid

nodi f i catworepi1zzmsospackagi ng and i nstructions therefor. [POOABRIIN/O&EGE her
aspect, the disclosure features a kit for protein production, conprising a
first isolated nucleic acid encoding a translatable region encoding a
protein, mherein the first nucleic acid conprises a nucleic acid

nodi ficati on, rei e first nuc|ei id displays is nore stable in a
Col T IORpaRIsEl. TR YISExq Euae B Tiiterof £ Bier 8 s ) nt r oduced a5 conpar eq

to a nyehRik, @Qjﬁg@gimﬁﬁﬂgﬂ%&hﬂg1ﬁnegﬁé6IC acid nodi fication, and packagi ng
and instructions therefor.” [0025]1 n one aspect, the dlsclosure features a

kit for immunogl obulin proteln production, conprising a first isolated

nucl eic acid conpri si ) transl at abl on encodi ng the
i munogl obul i n prot ei ﬁgl'dﬂ(fﬁ(?ﬁci'lmwﬂ @‘?5&1 bﬂ‘)@WHE&Si on, wherein the
first nucleic_acid is capable of evading an innate inmune response of a

cel | iB9BRIwhi Ewuf%dffplfs@tbax g@phy derndinayedinked gmpenpsorbesg avsan (EMSérei n t he
trans 'd@Eegi%?ofr B0 G- ésP uestany 'tﬁhgfé(ctgc?&ﬂingse?l&arﬁﬁ/%% gbé{}? v@grgTU&ﬁNA'

nucl eot’I pac aging and instructions there I'n anot her
aspectencddigg birsal GIUSEatf RatndrEshoarnprsrahndectioal | generated by use of a kit
descr i[&?ﬁ] her ﬁ.grl]l're 2 depicts bar graphs of an Enzyme-linked immunosorbent assay (ELISA) for
Human IgG of in vitro transfected Chinese Hamster Ovary cells with the Heavy and Light
chains of modRNA encoding Trastuzumab at 12, 24, and 36 hours post-transfection.
[0034] Figure 3 depicts bar graphs of an Enzyme-linked immunosorbent assay (ELISA) for
detection of Human IgG of in vitro transfected Human Embryonic Kidneys cells (HEK293) with
Heavy and Light chains of modRNA encoding Trastuzumab at 36 hours post-transfection.
R1,R2,R3 are triplicate transfection experiments performed in a 24-well plate and normalized to
untreated samples.
[0035] Figure 4 depicts an image of a western blot detection of in vitro transfected Chinese
Hamster Ovary cells with the Heavy and Light chains of modRNA encoding Trastuzumab at 24
hours post-transfection. HC and LC indicate the Heavy Chain and Light Chain of Trastuzumab
respectively.
[0036] Figure 5 depicts images from cell immune-staining of in vitro-transfected Chinese
Hamster Ovary cells with the Heavy and Light chains of modRNA encoding both Trastuzumab
and Rituximab at 13 hours post-transfection.
[0037] Figure 6 depicts images of a binding immunoblot assay of modRNA encoding

Trastuzumab and Rituximab. The black boxes display the protein of interest.

Detailed Description of the Invention

[0038] Methods of producing proteins, polypeptides, and peptides are described herein. The
disclosure provides, at least in part, methods of producing a protein, polypeptide, or peptide (e.g.,
a heterologous protein) of interest in a cell, methods increasing the production of a protein,

polypeptide, or peptide (e.g., a recombinantly expressed protein) of interest in a cell, and



[0027] I n yet another aspect, the disclosure features an isol ated

I mmunogl obulin protein produced froma production cell conprising a first
i sol at ed wochevm@s@ei d conprising i) a translatabl e regi eaTaseadions3c he

I mmunogl obulin protein and ii) a nucleic acid nodification, wherein the
first nucleic acid is capable of evading an innate innmune response of the
cell, wherein the translatable region is substantially devoid of either

cytidine o racil nucl eotides or the copbi nation of cytidine and uraci
nucl ec?ﬁelt_ .OLfl[agm t_rll]‘ﬁ?edﬁgoé?slf)r8tf’ﬂr_}’ Ppﬁ'@eﬁiﬁg%gqpﬁléf features a pharnaceuti cal
pr eparahhpiR, G MRithsdsan aR1RkRCky 6f RIBEMinDS nac18E akRi (B gdaskédiRE sl .

[0029] I n anot her aspect, the disclosure features a pharnaceuti cal
pr eparaaidi dsscrdwrapeiesi)rgceding i pedeinveolgreptide, asfpeptidei af dnterpsicines acadldied:.. a

i Si ' .at ab ' di ' |.obul i [ d
) e o ee SRR AR, BB ar Rl AP pT LR PO 8

r educee gdaghastad) imhdelid 16 8binb kmbodiktn8a8R bkid &iCemaiivs he &Madieng an
i nnate | mmune response of a cell into which the first nucleic acid is
i nt r odueleasidemeddicationsd egr. SRS PaMANK Biclesgidg mqdifieatinss deseribgd Rerejay dingome

oot S 96 o ELEL i PO RTISHLETA AR ARSI PIEEEA

one onwltidr teobiclelactdis imviduged Batstin@sisindh 6ftR &5 08 RRETH PER0EAIDHAB36
cell. In some embodiments, the protein is a therapeutic protein described herein. In some
embodiments, the protein comprises one or more post-translational modifications (e.g., post-
translational modifications present in human cells). Compositions and kits for protein
production are also described herein. Further described herein are cells and cultures with altered
protein levels (e.g., generated by a method described herein).
[0039] In general, exogenous nucleic acids, particularly viral nucleic acids, introduced into
cells induce an innate immune response, resulting in interferon (IFN) production and cell death.
However, it is of great interest for recombinant protein production to deliver a nucleic acid, e.g.,
a ribonucleic acid (RNA) inside a cell, e.g., in cell culture, in vitro, in vivo, or ex vivo, such as to
cause intracellular translation of the nucleic acid and production of the encoded protein.
Provided herein in part are nucleic acids encoding useful polypeptides capable of modulating a
cell’s function and/or activity, and methods of making and using these nucleic acids and
polypeptides. As described herein, these nucleic acids are capable of reducing the innate
immune activity of a population of cells into which they are introduced, thus increasing the
efficiency of protein production in that cell population. Further, one or more additional
advantageous activities and/or properties of the nucleic acids and proteins of the invention are
described.

[0040] Methods of protein production.

[0041] The methods provided herein are useful for enhancing protein product yield in a cell
culture process. In a cell culture containing a plurality of host cells, introduction of the modified
mRNAs described herein results in increased protein production efficiency relative to a
corresponding unmodified nucleic acid. Such increased protein production efficiency can be

demonstrated, e.g., by showing increased cell transfection, increased protein translation from the



[0031] I n sonme enbodi nents, the first isolated nucleic acid ¢ (MRNA). In
sone enbodi nents, the nRNA conprises at | east one nucl eosi de selected from
t he groupwoanei@sisag of pyri di n-4-one ribonucl eosi de, 5PazTarSLr1LAF468¢

2-thi o-5-aza-uridine, 2- thiouridine, 4-thio-pseudouridine,

2-t hi o- pseudouri di ne, 5-hydroxyuridine, 3-nethyluridine, 5-

car boxynet hyl -uri di ne, 1-carboxynethyl - pseudouri di ne, 5-propynyl-uridine,
1- prop | pseudouri di ne, 5-taurinonethyl yridi ne,

T P oY feE b B B CeeRE T JONBE FFCSL ¢ ni our i di ne,

1-t aum Rt PYdieihprddRtibh b RemeAuPRIWEEISA, dhd Brotdin ABENN caR DWW LA ne,
4-t hi o- 1net hyl - pseudouri di ne, 2-thi o-I-nethyl - pseudouri di'ne,

1- et fhylvatiogefaneti pubadayskngwman tie arhi ‘Bie pretey profudimmznayplregatoratéddinre,
dihydrougidinef hﬂg?ro seudouri di ne, 2-thi o-di hydrouri dine,
2-thiépﬁwﬁ§ﬁ?8p%‘hdéusl Phe 2- met hoxyuri di ne, 2-net hoxy-4-thio-uridine,
4- et Heo4R)s e UCeN 4 i re @und 26wy, Met hoxy- 2- t hi o- pseudouri dine. In sone

enbodi nents, the mRNA conprises at | east one nucl eosi de selected fromthe

gr oup [BAKi st Inthe srettmdy phtheyischishes, thssellsigessliyicddCels may bacryredint i di ne,

NA- ac dine. .5 Vi di ) hy ' '
5 nyar S Eph ot Schgreh B iqels Ry SRR BbEY B8 vessels Jncluding o,

pyr r olerpapledbiosactytd, délhBags 2whvd torgs yduiltdiengate flakik O h pparidiy lhind ythiediasesls

4-t hi o- pseudoi socyti di ne, 4-thio-1nethyl -pseudoi socyt.i dine, .

4-t hi d&_/qll_l?@wQ_tllqsa 852%1-”}5’%% ﬁlﬂgil% g}f’ﬁrf o(%(eﬂlé,may be cultured in IMDM (Invitrogen,

1- et habs HGABANSLESE SACHL | A Quit AR HedaliRGudins BF@n R ARIEH el Sedi
S-HEtE%fif% u arine,@g?gza-gfg%io?gebuﬁhéfﬁe,ung %?%-zgﬁdﬁafgngim

2- met Hoooyulatycnis diAmahier -coedih oxsysubtable tfbnydellopttingti mech as temperature and atmospheric

4- met hoxypseudoi saocyti di ne, ang 4- hoxy- | - me | - pseudpi sacyiidine. In
soms. GRBBAN oL Sen e Srere denett Bl SRTRER S oehe S L IebUE TR 1 1om
the gnRUReLRNB LY bAOhAf is JuRMBIORRWES Meproin Hrodh@FhNEPURd AfbodimdaaR-@Meni ne,
7-deaza- 8- aza- adeni ne, 7-deaza-2-am nopurine, 7-deaza-8- aza-2-am nopurine,
7- deazee stl@tadi faorh tlopeionmeonsptide o anigrabeellsde.6- dicamhagpellnebacterial cells,

ﬁgf ?Z:pZ%li,gﬁ%;r& ﬁegb%lg%tnagr%i;ﬁﬂ%lgzg g:ﬁ OSZ : Inﬁlgs,bm’é@:hllbsoa ) s(? r‘&}/el caf‘:ﬂ(sa NRSh M Gimatian cells,

2- met Ry¢H MirBad\éndusé, Sath ¥6Ht oy seS Bt Biiydtdr crdeRasilfnaor NGtance, the cells may be

gl yci nyl car banoyl adeno si ne, N6-threonyl car banoyl adenosi n

2- et Kiam ppoesklishadegsHylinecinelyd gy huh aetlasiterkto Hed.andSg %%%/ﬂsliiﬁﬁé’r%a Mero,

7- met hyl i ne, H_§ hh@sé i et tﬁﬂg i €. _gome
enbod?%%ﬁgggbgg&ﬂgggﬁprlsggﬁg§%?ggggqgﬁgﬁga%Péggﬁggége ec?%gefggg%ﬁhe group
consi $hiveg ©V-1i, Hasi-neyTH3 e HEK 298 n28s, AS49 W agi2) dMRAYQWNICEH 1) &]-20S, Per.C6,

7- deazaguanosi ne, . 7- deaza- 8- aza- guanosj ne, 6-thi o-guano sihe,

6- 1 hi OF5- Hed 1 GHLHSHABSCEON MY TO) 1> alnes o5 B GRISHGEF He, he Cells are fungal

7- met : ' +& Ni-Or = L ic. et hvl i i 1Bx

e ol HOTTAT e oy TR L RPR T L EAIYLLRC1 8 s

N2, N2-Tttichreddnplhgabn dBctyestel@rm WOIs2 Cardi04 60 B2PLThiusRtdy @H4.636 oxo- guanosi ne,

7- met - 8- - ine, l-nmethyl-6-thio- I '

o i QPR et and EPReMgp £t B st ofshespoPRienfy ey

[ 0032]vhtHileells, dagh &8 B Dar BALARNS RBL2N ENZ YP@mAdyie ded HORRQSNS REBY assay
(ELI SA) detection of Human G CSF of in vitro transfected Chi nese Hanster

Ovary twhsfctad HRNE prpsotinagiod gambe cOtaBFd Gomipvaiady oUtissaesand include all cell
Post - LLANSHASH Ltk hOGATRRIONIRZ, HSPLELRIDR AR o0 AR, FIENTR:H Joikod

I nMmunosSor bent assay unman 0 transfecte I nese
Hanst ek tMaeyted BY kg prtdeht b@otieatydeditdoblaghltketdtiaboge D EpitfdRNAlISNE 2di N
Trastuzunmab at 12, 24, and 36 hours post-transfection..

mammary epithelial cells, intestinal epithelial cells), endothelial cells, glial cells, neural cells,

formed elements of the blood (e.g., lymphocytes, bone marrow cells), muscle cells and

precursors of these somatic cell types. Primary cells can be obtained from a donor of the same

species or another species (e.g., mouse, rat, rabbit, cat, dog, pig, cow, bird, sheep, goat, horse).
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[ 0034] Fi gure 3 depicts bar graphs of an Enzyne-linked i nmunosorbent assay
(ELI SA) for detection of Human IgG of in vitro transfected Human Enbryonic
Ki dneys owDI20100HEI€293) with Heavy and Light chains of mpdRNA2@no6@B3ag
Trastuzumab at 36 hours post-transfection. RL,R2,R3 are triplicate
transfection experinents perfornmed in a 24-well plate and normalized to
untreated sanples. [0035]Figure 4 depicts an inage of a western bl ot

det ect of in vitra transfected Chinese ngter Ovary cells with the
Hoavy LORBITT e Sl ioh e ormLRRAC B B RG4St trurmb ot 24 hour s

post - hafefsaehitiPBan BEp RARdlakd UBEH & By EdiRefiBshaY rdufdiof admghidd-ich. Gnad & of
Trastuzumab respectively. [0036] Figure 5 depicts inmages from cell

i munevigtoat amplgfictionthesetcelds candressiubierield la@genede cHbnstiayfoCravgstoél |'s wit h
%NA encodi ng both Trastuzumab and

t .he HFf V%:egqg Lieﬁ(hrta egﬁ'lz{ r]Sotoif o U . . . .
Ri t uxi Py R B PARYEE i on. [ 0037] Figure 6 depicts inages of a
bi ndi n@o45yunpietIvids 3f selbil nk PR deRERGY.Ng Trast uzumab and Rituxi mab. The
bl ack boxes display the protein of interest. Detailed Description of the
I nventl P01 Methods of the present disclosure enhance nucleic acid delivery into a cell
population, in vivo, ex vivo, or in culture. For example, a cell culture containing a plurality of
host cells (e.g., eukaryotic cells such as yeast or mammalian cells) is contacted with a
composition that contains an enhanced nucleic acid having at least one nucleoside modification
and, optionally, a translatable region. The composition also generally contains a transfection
reagent or other compound that increases the efficiency of enhanced nucleic acid uptake into the
host cells. The enhanced nucleic acid exhibits enhanced retention in the cell population, relative
to a corresponding unmodified nucleic acid. The retention of the enhanced nucleic acid is
greater than the retention of the unmodified nucleic acid. In some embodiments, it is at least
about 50%, 75%, 90%, 95%, 100%, 150%, 200%, or more than 200% greater than the retention
of the unmodified nucleic acid. Such retention advantage may be achieved by one round of
transfection with the enhanced nucleic acid, or may be obtained following repeated rounds of

transfection.

[0047] Introduction of modified or transient RNAs into cells for protein production.

[0048] Transiently transfected cells may be generated by methods of transfection,
electroporation, cationic agents, polymers, or lipid-based delivery molecules well known to those
of ordinary skill in the art. The modified transient RNAs can be introduced into the cultured
cells in either traditional batch like steps or continuous flow through steps if appropriate. The
methods and compositions of the present disclosure may be used to produce cells with increased
production of one or more protein of interest. Cells can be transfected or otherwise introduced
with one or more RNA. The cells may be transfected with the two or more RNA constructs
simultaneously or sequentially. In certain embodiments, multiple rounds of the methods
described herein may be used to obtain cells with increased expression of one or more RNAs or
proteins of interest. For example, cells may be transfected with one or more RNA constructs that
encode an RNA or protein of interest and isolated according to the methods described herein.

The isolated cells may then be subjected to further rounds of transfection with one or more other
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[ 0038] Met hods of producing proteins, polypeptides, and peptides are

descri bed herein. The disclosure provides, at |east in part, nethods of
produci ngwve 2praousisa, pol ypeptide, or peptide (e.g., a heCerstagoss3er ot ein)
of interest in a cell, nethods increasing the production of a protein,

pol ypeptide, or peptide (e.g., a reconbinantly expressed protein) of
interest in a cell, and WD 2012/ 045082PCT/ US2011/ 054636 net hods of

alteri t he | evel rotein pept i peptidc exanple, the

et nodbvadi ercicde v pRhot iR rSGIRINETY Ml ere acid (elo | a

nodi figgdeAHplE s RabdiAesAls WafindRh{Idk pRIGOA bIY cAmPIRLE bbtei RO IRNPLPL de, or
peptide of interest into a cell (e.g., a human cell), under conditions that

t he prpoeteins n th@lsyrpe ot fedaged buolcrgecm patway, RINAepepiotdins tbamum@sdre@@ og

transl at ed enbodi.-nents, t .el.c ac r ses
a0 Bhsteanhof Eh Sfik R ORI FTORAIEE Siodi MR B A SR IR

nodi f ifg@itiofNs estdothidrPRN AR ptd%éms {hat seeparbacineoh Sthet e fitGiogios acid is
capabl e of evading an innate inmune response of a cell into which the

nucl ei2gthei @r REAsmrmsetaioes hat shais homelogs ¢ frgsaawenast structwnle 9r Bmeonsd ei n
pr Odu%%hl%?oség? %@gex%ﬁlipeei tﬂlg'l['n% Sonee{vl[%gﬁsgglfg %ene}arﬂf % Qélpfnff‘é &}1‘[11 ?nc?ea%gf rapeutic

protein rotern conprises one or

nor e eepiesdisraofthahearyaindripdt éhamtdf(anSmﬁmngglpbmosprotdna(vsg alglmmg]]) IgE, IgG,
nodi fications present i.n human cells npositiaons, and kits for protein

pr odués deMapeandiese bising irpEpeisihsiet Ehmnﬁévn%é@%ﬁlwwe%ﬁ&wea@ Ycells
and C%Hﬁlﬁ%rﬁ‘dnﬁ da{ntﬁﬁ lpfnahﬁhalgl+tﬁlvﬁ otefis I An Igﬁ{&%ﬁtﬁga;%ec@edmﬁ{oh@&u

descr herein 0039] I n genera ogenous nuclerc aci particularly
vi ral oftiel chsaiosalm sy comprigduegdericatimt cedrl RNAnohgedingn pir(DTﬂiathf intaresneAny

response, .res tin nterfergn (I deat.h. .However,
£ o e igrER DY hipgysg R o ARANSHEN® GO RepTbaaerPG ¥ 8 atnt Vot o
nucl eipgayasd frod®eed accAdihb RRNMEhSECoARE distIBNA: lﬂdﬁﬁedemﬁo&qidmau%ngpe tigg cel |
culture, in vitro, in vivo, or ex vivo, such as to cause |ntracellular

t r ans lhatmoresdé. g4 h@uhm)c gbfiﬁ@pratﬁudhmnpsr @eﬁsc@rvﬂimmﬁetmhem@hm@dwymcwau n.

Pr ovi ded herein.in re nucl aci ds odln us fuI tides
capabl Bartoiist (A HrZafet s BT REWS G PAIE JRheaentBE RS

maki nge.gnoiwes), wd&m&ﬁuﬂa@h@o@@c el pmdulapémp&pmedﬂae R!NSA gfsaed fied herein,
these nucleic acids are capable of reducing the innate imune activity of a

popul ABFBHOgIPbEE) ProtqimppAnItERn-bHIYN Salreement thegert edich @b ag immenessh iy t he
o LCLEA P9 BSUHEALRTILR 4 bcSell R PHLghL L S 1
aci ds aaﬁdb,pl?abt e (b, of he antipeaindime fragnele e nn bethunoglobulin. In a specific
embodiment, the RNA encodes erythropoietin. In another specific embodiment, the RNA
encodes one or more immunoglobulin proteins, or fragments thereof, that bind to and, optionally,
antagonize or agonize a cell surface receptor: the epidermal growth factor receptor (EGFR),
HER?2, or c-ErbB-1, such as Erbitux™ (cetuximab).
[0049] Isolation or purification of proteins.
[0050] The methods described herein can further comprise the step of isolating or purifying
the proteins, polypeptides, or peptides produced by the methods described herein. Those of
ordinary skill in the art can easily make a determination of the proper manner to purify or isolate
the protein of interest from the cultured cells. Generally, this is done through a capture method
using affinity binding or non-affinity purification. If the protein of interest is not secreted by the

cultured cells, then a lysis of the cultured cells would be performed prior to purification or

isolation as described above. One can use unclarified cell culture fluid containing the protein of
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[ 0040] Met hods of protein production. [0041] The nmethods provided herein are
useful for enhancing protein product yield in a cell culture process. In a
cel | cul twoeoos@zni ng a plurality of host cells, intr@duatsean/osfe3¢ he

nodi fied nRNAs descri bed herein results in increased protein production
efficiency relative to a correspondi ng unnodi fied nucleic acid. Such

I ncreased protein production efficiency can be denonstrated, e.g., by
showi ng increased c g transfection, |ncre€@ed8£ otein translation fromthe

VO 201 2FAHeRrH CRL 64 e BLEBE RPN ASY reased nucl ei ¢ acid

degr aqdgdrh @m &ﬂﬂ&gthQQHﬁ@ﬁcﬂ§§ﬁdQﬁﬁﬂmn&%@%@hﬁcﬂﬁﬂQQEBhQ%OQQQHQﬁOQE@SUrEd
by ELI SA, and protein activity can be measured by various functional assays

known DMWAt ieusgs and tih dikpirothe |pr¢Spmtc§h|$s:d;qum1 Mragovge thepecetsedn bﬂ cgndclgmia ihuous
Te met hods

o B ST oL ol b B R
such as pH, temperature or other stimulus characteristic or the fluid can be conditioned upon
addition of the polymer(s) or the polymer(s) can be added to a carrier liquid that is properly
conditioned to the required parameter for the stimulus condition required for that polymer to be
solubilized in the fluid. The polymer(s) is allowed to circulate thoroughly with the fluid and then
the stimulus is applied (change in pH, temperature, salt concentration, etc) and the desired
protein and polymer(s) precipitate out of solution. The polymer and desired protein(s) is
separated from the rest of the fluid and optionally washed one or more times to remove any
trapped or loosely bound contaminants. The desired protein is then recovered from the
polymer(s) such as by elution and the like. Typically, the elution is done under a set of
conditions such that the polymer remains in its solid (precipitated) form and retains any
impurities to it during the selective elution of the desired protein. Alternatively, the polymer and
protein as well as any impurities can be solubilized in a new fluid such as water or a buffered
solution and the protein be recovered by a means such as affinity, ion exchange, hydrophobic, or
some other type of chromatography that has a preference and selectivity for the protein over that
of the polymer or impurities. The eluted protein is then recovered and if desired subjected to
additional processing steps, either traditional batch like steps or continuous flow through steps if
appropriate.

[0051] Additionally, it is useful to optimize the expression of a specific polypeptide in a cell
line or collection of cell lines of potential interest, particularly an engineered protein such as a
protein variant of a reference protein having a known activity. In one embodiment, provided is a
method of optimizing expression of an engineered protein in a target cell, by providing a
plurality of target cell types, and independently contacting with each of the plurality of target cell
types a modified mRNA encoding an engineered polypeptide. Additionally, culture conditions
may be altered to increase protein production efficiency. Subsequently, the presence and/or level
of the engineered polypeptide in the plurality of target cell types is detected and/or quantitated,
allowing for the optimization of an engineered polypeptide’s expression by selection of an

efficient target cell and cell culture conditions relating thereto. Such methods are particularly
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suspensi on or as adherent cultures. Cells may be cultured in a variety of
vessel s including, for exanple, bioreactors, cell bags, wave bags, culture
pl ates, fweskr/o4bosperfl asks and ot her vessels wel | knowRCTaS2iomH84666
ordinary skill in the art. Cells nmay be cultured in I MDM (I nvitrogen,

Cat al og nunber 12440-53) or any other suitable nedia including chemcally
defined nedia fornul ati ons. Anbient conditions suitable for cell culture,
such as%I][erTEer ture and, at noépﬁgri c_conposition, are also well known to

t hose UK VBe! ths cpiigegPd POYRPIHEBCABEWS SPC PHEH RY| osure may be used with
any cehl siR@htihiSesidly @RIcRIré, AltudBRs Whidl &l Rniplies CHi@ht ptdtei@PfokiFROHT Ment ,
the cells are select'ed fromthe group consisting of animal cells (e.g.,
mammal[0@2] cel IRpteinsat indeicst' ot éddsged pilotains” indledeotbpsel providgdheremrmadf ungal
cells... In sone odi nents, ,t.he cell.s are mal i an.cells,. such _h n,
mouse el CoBuFRRn SHEEY. B HFa i iR 80 STl B EE pkein PHETRAER e
cells di*gyot&ﬁs b @0Bréu Mreest @linipihiedt &1 1imikddne indulig)] Meliinolileudrowed fakiori ted to
HeLa, NSO SP2/0, HEK 293T, Vero, Caco, Caco-2, MDCK, COS-1, COS-7, K562,
Jur kathumepergeth ooagne Gk Svue elomgiogeppayatatPh), exipkives, NigH3F3,  HEK293,
293, - I 0; - %, 1C8, 1SE9% Skl inese
st ORGP ey dur T A sl ki Sdbontranl'e T Teelt ATty Foga
cel | s ILsl3¢cH -a8, iEeld, 3L 96| Hcil BdLf 8o intéifieog (IBM) atphasiEN baig I6N: gaGhmy, IBNpor i um
cells, Aspergillus cells, Trichoderma cells, Dictyosteliumcells, Candida

cel | s.omS8a OR N tAe BUNQrdiefrosis &aiprd Mo cwygh avy NE@lpha and TN betinehE Bpnmgm
cells. 1 i : N i . ) i lg. such as
£ col T BRE B L RS TR L a0t HGDhEIALEFRL @, Be

t r ans f(&&H) eghainylo¢ he npreepbnge cnderdyedinna atingefaciot EEMedSF), omcephagd @flgnyef ti ssues
and include all ce es which_ can be naint gi in cylture. For. exanpl e,
o ey TS TR SR TR A e QR Be PR b S 894 ¢ B sEERTHE hog
i ncl ugeo ihthabl AASE). KEktHNRRY i€ pRRIvtRS] bdry R Jofetinor@ny ofRFA&Mone.
epithelial cells, intestinal epit helpl' al cells); endotheli al cel| s, glial
cel | s gronetrfagtoselThsmethod peehréing me theslisslostteecaplabsode(ady gptagaoystphiowsyfioes, bone
marr ow cel |.s cle cells and . pre sor.s of these, somati,c.cell .types.

pri ey stiPor DR B pBlR R GRefen b B ST Pt it 1R0T e
speci &Bragfeft anti thdifg@d! Falh bfihtnts eadsist dDthe valigble €onsifibdth GhBBRvhigoat ,
horse). WD 2012/ 045082PCT/ US2011/ 054636 [ 0044] The cells of the present

di scl asuhedd gaesthgs by the adipcentipopstantyegginc f Besginahbectapmesbby piofgapealeaspn.

del i ver ; v ' : 1 0f. i Strat i j r.1 W

anpl | et TRARAREHA QRbnia ShuRlnc i Bl Fab et Iy lbhuced |
har vesii ttefmeanttiracey beredic eaginestingabedtheaulaatibqiydi@inenpriacludd Biab[)D 04 sindek hods
of cellular nucleic %g)l d deli v-erié. | 004%] Met hods of the present disclosure
_enhané’\éhlﬂh@la% & PEERREI PoI RIQAEP Y i RicaViBE v IPSBYBul ation, in vivo, ex vivo, or
in cul[?m}- Ffc SROATPD Cinice & ypfEbih HESvGON B Gulf P b6 Rin] 1Y Qlerdist
cells (e.g., eukaryotic cells ch as yeast or mammalian cells) is

cont agpbbgepiidel omit camposicovaved frhmthosoeelldy setesahexgnband sadthowtcl ecietay signilavi ng

at | east one nucl eosi nodi.fi cati on_.and,  optionally, trans| at abl e
"ol ol pRES L ey O R HERk S T ne R an i andrt EREhY et o
ot her p@&aﬂﬂ@ﬂﬂgwhgﬂ{at isﬁl?sfa@ﬁﬁ@ﬁ_h&h@ge@ﬁ)ﬁé pepadoRf oD oMined & Greaci d
uptake into the host cells. The enhanced nucleic acid exhibits enhanced

r et entobtstnadn Asretitsestep, sobuangyoranartiquédtaceli/debris age wooved fomdhagulanaodi f i ed

nucl ei ¢ achd, 1, IE TREentdon.Qf tdeqenhanced nucl g ¢ agld i grepter than
the rétention of the® dnmodi Ti'ed Rucrerc acrd. Tn 0me enbodi Rents, it is at
| east pakretub, foliepti&9an GUeleRids 1D Y and SO by 248natin ¢Diheminvarind80Scigi-eat er
than the retention of the unnodified nucleic acid. Such retention advantage
nmay bEXeMmEe cRuMpy. c8inaol BigRgitaion: FSEE PBRIedRP AR + IePhpdexehRRtegrapv| ei c

aci d, i-ne 0 1 r I

o047 Thori e e GUASE (i ith PR RE R ERUCBR AT, haPRERERIARS | |

pr oduataching a kiiRdPeisoansivantpuyifyt 4 prosdiebttenbleglub sx praysedd by hosterhs, ack vyl

met hods of .transfectjon, , , ,
nown in the art. Sucil methods are for example described by (Harris and Angal, Protein
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el ectroporation, cationic agents, polyners, or |ipid-based delivery

nol ecul es well known to those of ordinary skill in the art. The nodified

t ransi entwBNAR/@s082be i ntroduced into the cul tured cel | #Crrusedtioste3s
traditional batch |ike steps or continuous flow through steps if
appropriate. The nethods and conpositions of the present disclosure may be
used to produce cells with increased production of one or nore protein of

|nter trans cted 0 Wi se introduced with one or nore
%ﬁi‘élft%’i@"s&ﬁéﬁ?’gﬁjﬁ”&fﬂéﬁd PEO i h%?%fﬁif V&¥'Br more RNA constructs

5' nul UBDRALBLNSi Qo EAHRADIeRLhY Prdfice Bk, goddi ments, mul tiple rounds of

t he nmet hods descri bed herein nay be used to obtain cel I S Wth increased

expr ed803l of Mt@ﬂ@d@pf ﬁlerpeesmsmsum@thenwwfelq mlfédelswerymaeedhnpl e ceI S
may be tr an sfec . clonst nuchs o é encod Et

pr ot erpﬁpl(%)]‘fl Olﬁtl%r}leg’texd’ﬁvcf ngﬁ%’llé’ae act § ¥ 5ol et %gmggé) ad her e| n.
The i spk@lld (Lol tkafRyic cBRLUOR a§ yéuse@ﬁrﬁginhﬁhﬁmém?rs croﬁtaatéa vath 4 ransfecti on
with one or nore other WO 2012/ 045082PCT/ US2011/ 054636 RNA that encode an
RNA orcopwpetitipmthef conitiay exenhanerd misleis add brdpe ﬂﬁﬁa%ﬁw%ﬁosrd@rm@hﬁeat@m ng
cells t Lon . Qr ot ei ns
L WL R e e R S R e SO

upst r eeageot ordmhms:bﬁ@amcbﬂlaﬁacﬂeams ﬂ&rcfﬁm afenptigicd rnnsleichaatd Upaake iato the

nodul ating, activating or repr essr n function to each other, RNAs or

pr ot eifest €hst The elha@ifgirm!@rwc %%I’rli‘é]ilcefid?telﬁt&ﬁi’clprtB"rrCf‘éerOé’é‘HU\S’Ptfﬁlaﬂéi? RNAs
or preg elcaﬁe%eﬁalngnﬁ{nedﬂeg%agre ofcft. OFhe he BRAHENGne 8 Shifdetdi@leic Qidfiuincti onal
honol ogy) r ex e used generate a cell line

Wi th Ignﬂ:alt@ahé&dhequMEwmﬁ mhaminmdrchﬁhbmw@laaddj i[rgmn&:habwthmelﬁts,amls at least

ant | oGR8 Mt g Phgmante 1 Owe, L. 2 ot sk tfopafPersRatafe signtse rui 1y

human,of e Fltked AlclGOLAR! BcH REIANeY hoRitdoR np.ryq;eedcﬁﬁvecﬁey BMAGLR@bris
transfected into a cell of the disclosure may conprise a sequence that is

an RNAragsfeethimyitla thereohariond oficleigtagide sx manhg optated ifellaveing bepepied derndd of
accorQrangfettoont he net hods descri bed herein. Exanples of proteins that may be
produce SCCO¥ di ng the nethods of the disclosure include, wthout
i mta3gess), PpEpohfeniydiraags, tﬁ@etﬂlancddﬂﬁidldld’léc,ld gl dGOpEOtEh tirfecamnes (e. g.,
erythropoietin), antibiotics, cytokines, enz vaccines (e.g., HYV
vacci mepulppen vih oneer mep\adgiionahecleie agife a rdellﬁ%fb’a%@/thei 3 ghe @My, timayiog) |
and t t [ des an
un e Pl RlsR1red B BB o or BRI o e pMBGAERERTES 20
| rmu nagidebhe addigany oadai imprearuclemmadidghopbid inrodiﬂegrmﬁmlefwads oa uaimpgifedchai n

a fragnent of an_anti bad such as Fab,  Fab’ (FaN) 2,. or an antigen
b| ndi %C?Fﬁ}%ntt%ﬂnﬁﬁs?ﬁﬁsﬁﬁﬁgﬁedmﬁ § presenge gf eséelil%niced %%ea.aﬁ%mioew& RNA
encodesy Eikially ARREE L Mnald IRk edofRag! thd eelﬁmgﬂ%%ﬁ%d higoRAsngedes one
or nore 1 munogl obulin proteilns, gr fragments thereof, that bind to and,
optio nmialtqnmraumeargepunzewdit netgmmcneated be tHe lstar prasmce ef:élptlmmodtftee nepleder mal
grow h fac rece GFR XT
Ccot ureitRoy i Saa B ehigr: brelgh A Poatios o ar gt Ed Bt ohel st hods
descr lpb&glnf&ﬁl%dlto%rprés*éﬁtt iAehe GQAIBRESIBFopulRiohtiRaatbSRbALthOGnAGdiRA | fYi Ng
the proteins, polypeptides, or peptides produced by the methods descri bed
her ei muclelsosidsof or di nary skill in the art can easily nake a determ nation
of th per nner ur or isolate the protein of interest fromthe
cul tuig@g{’iel I‘é" “&’r’ﬁ’é’r}é’r‘ﬂ"g Etxﬁyeg % done thr ough a capture nethod using

af fi ni[ogs7i ndMeehods aﬁk@ébrﬂﬁﬁcfsﬁtfdnts Yegtiiibed he&@in @R .behked ferpdirte iproteihs ithitarest
is not secreted by the tured cells, then a lysis of the cultured cells

woul d cBRAbYRPf Bieradingrar dlockmephe prdogarqusreen sy kigogicplisspegseiaker bed above.
On WO
2012/ A1ENE SRR AR RS s b s il L R BIRD TP B BRAE R Ddnd

conponikseaptasidnalisg tednhanced in chronic autoimmune disorders such as multiple sclerosis

and inflammatory diseases such as rheumatoid arthritis, psoriasis, lupus erythematosus,
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f oam conpounds and other nutrients and supplenents, cells, cellular debris,
host cell proteins, DNA, viruses and the like in the present disclosure.
Mor eover ,wohe1pesess can be conducted, if desired, in Phe/UscanessBer
itself. The fluid may either be preconditioned to a desired stinulus such
as pH, tenperature or other stimulus characteristic or the fluid can be
condi ti oned upon addition of the polyner(s) or the polynmer(s) can be added

to acarrier liquid.that is properly condition to the required paraneter
for *t ABkupT heruEtkBiaTe Gt BebRre T EE K dt T8y mar to be sol ubi | sed i n
the flopif imbmoPAlRYBRII8.)5) In ahdRMRM BRI BN Cah@lAc hAakadaib ¥n Whith fordifigolf | Ui d

and then the stinulus is applied (change in pH, tenperature, sal '
concerhempkionreceptels. dAwntdkenedessiptas CX(dt-diand &R -paremegrifed fop HBYiepinyante out

of solution, Jhe polymer .a desi I ot eln(shol arated fromthe rest
of thélo?tlCﬁﬂﬁ(%rﬁaz%ﬁf%gsﬁﬁ?ﬁ)g f’/\t/aag’h(ggg@r{\gat%rf' tr%)z'fg!r; 2%5;9%5%6®ermve any trapped
or | oge@ss] bovnde@MRBHEANINSembdIEMERS bf 8d dRcRisBieNmbgiflel@RcleRGRUBREI from
t he polyner(s) such as by elution and the like. Typically, the elution is

done whNadedstogapress a protrin-binsiag RATERT eiteceier Pothy reragearihpgeell whichs sol i d
(precigi ' ' L ' I tF ive
Futi SReRhFRllRE B AEH & Ehfe Ale WIBHLL blifRrb Pty sSE ROy AEE 2
wel | asvoaotyn vimppurdiditable peatsindendiag phitddrg @dluda aatitrelesfandifehcsivadl fapnmwatser or a
buffered solution and the protein be recovered by a neans such as affinity,
i on exbHerfgtiRifRBisHILPICPEPEess gddiBenadly. modidicd Puelpicarids Saf BprPionsd thas a
prefer (V2 T I:0: QV, f eI Or
P S L e L L T
t o addndietoasal processing steps, either traditional batch like steps or

conti flogw t hrough S . ppr.oprj at e, O51] Addi tionally, it is
usef ulldET opt Pefmatentting b Ry RN s TP TR g
or colekgetdioninof ma@hlalihh BEFe@f coRPrBMol Alucldi £&4i@ MherdBE trh g tRB1L Yo Bbh _
engi neered protein such asa protein variant of a reference protein having
a knowncedss pptypeptide ampelypeplittis wepable pirdivdctiegisdquencergeditd hstorgdld mi zi ng
expr essi n er r.ot i et cell rovi d

of an_. in d in in atar by.. in .

o or ot afon SRR AR Bilotih B Rh8Rec e baneI R G0N Mellien o
t he pladfi@l fof the Plurpodé geiiledeink they@ds. Fonddinifl€d JARNSY-RINEOSH MPtadidn @ngieneer ed
pol ypeptide. Additionally, culture conditions may be altered to increase

pr ot eilAnysrioaaset] gane af feppnsids/for dipfamdlyeh Myeloprplifefntiovs dHecasesnd/ or | evel of

th . . e h ‘ ‘ .
L L o T
pol ypépteratdramakprseasblgnthb R Neelisdriced tramderiptiored filemicagt(RIBS g@inpted dndathel cel |

| t di ti ti theretq. Such net hqd icularly WO
2012/ %babers B0 peb osiBasomasry RO e MAGTBAS! Hobraa0bily Forer e
cont aifp$;sQ8% g&{st, MR R cdsies H&ﬁ&iﬁﬂh‘e%iRN&rbﬁﬂcﬁﬁ%/ {xg%Jnﬁ%g%rgily gfétéiﬁ_tpl#gﬁlg .

whi ch often conplicate efficient protein produc rote

i nt er esthtoroedchuhérs progedn Ehei gindslas.nthefissiothyset RIPBYI aerpldreis e@pmpased of an

frag , . mut ant vari ant s al terat t her eof . ecially, desired
br of erthUR PR Ryad g RS uldtE R Reliohst R eigihpieR nghimiEe

i m t @smip piaaHIdid 2. i Tl to &drﬁlge%sqwaﬁreft_ﬁ@ DXter riBbAReagé avd Qb arspameey hGH) ,
ti ssue plasm nogen activator (tPA), cytokines, such as interleukins (IL),
e. g., mdthyltrapsfergse for a@ivity| Together, Bgol pingls siRN/& mglgcudes gepergted throagh Dider-11,
lL-12, 1L-1 [L-14,. 1L+ 15, |1-.1 L-17, 1L-1 interferaon F al.pha,
N e B bR RN b onaty bherale RN AL B PR U S Y e
such asqukhite-adeplta dredt dhlciednaof GHYE, TayB Bl 1 TN CBY 83 RgichR0pDORA dedtinediCi Ng
ligand (TRAIL); granul ocyte colony-stimulating factor (GCSF), .

gr anulfecpedyistien aphbigene slogiicasion ad stbseryienbeanraciepinesirynscripiéiedfhage

col ony-st i i t ] t i I N=: -1),
R A e e N S L S e

pr odu@NAnseqhiereryspbrifipoet sitenoinganyossibhethrdugh ronengficotdrhwith dbasls-straued

met hod according to the disclosure can al so be advant ageously used for
production of antibodies or fragnents thereof. Such fragnments include e.qg.,
Fab fragnments (Fragnent antigen-binding). Fab fragnents consist of the

vari abl e regi ons of both chains which are held together by the adjacent
constant region. These nay be fornmed by protease digestion, e.g., with
papai n, from conventional antibodies, but simlar Fab fragnents nmay al so be
produced in the nean tinme by genetic engineering. Further antibody
fragnents include F(ab')2 fragnents, which nay be prepared by proteolytic
cleaving with pepsin. [0053] The protein of interest is typically recovered
fromthe culture nediumas a secreted



pol ypeptide, or it can be recovered fromhost cell |ysates if expressed

W thout a secretory signal. It is necessary to purify the protein of

i nt erest woam2oubese reconbi nant proteins and host cell PpPCOIUS2IL/05483@ way
that substantially honbgenous preparations of the protein of interest are
obtained. As a first step, cells and/or particulate cell debris are renoved
fromthe culture nediumor |ysate. The product of interest thereafter is

urifi from cont.anm nant bl rotein ol ypepti des and nucl ei ¢ aci ds,

Por oeimeosperhareranar PO Bn rsaiBar RNREGIE: 1 on. exchange_col e,

et hangjyoRE@&dsPIEFAL(BARLer BN A L2235, 7k GgsSephadex chromat ography,

chromat ography on silica or on a cation exchange resin such as DEAE. In
gener 40061jet hBrxdurter of pud e varéritner son how to purify a protein

het er us ressed b el | re. well kno in the art. Such

et gt o SRS AT e el tRins B8 eq Rl S e P B o o B0t v

2012/ %@5@8&&@%&4&2@1 P53 erdth bid huedid fiddMabdsde varfdhegdlySephid A Rheach,

Oxford Uni ver si tﬁ{? Protein Purification: Principles and Practice, Springer,
1988) hayposatakideadyy with ¢ Fdeigneespodypegtide pasenes. diBderak igendite| as kaepa in

deliv ' | ' ' i ' or. i:Q.C -

excanpitl e Te@psto BRI i Bk i Beclohls Py bt fhop ok e bl Byindty
eukar yotnpariegethk Sequeatesadn ieast, "entigaBb neancik ldsgret sf sout@etreldtednéd a
conposi tion that contains an enhanced nucl eic acid having_ at |east one

nucl eS§MEEN RERTdSS candelmiiTd, bydpt MuRRAG of maches Breae Abngs P, mIRe
conposjf; - N - - r

B A s it S S P
t he howt oceldrsseqlitieee phithrpapdlipuoéres Gf amy)dddrekiediblys: pantiaraedathaha@ivh] on in
the cell,  population, relative.to.a correspondin nnodi.fi ed.nucl ei c aci d.
The r Rl PO BRI REoSMAN e IR0 LR & PP PR ent i o’ of
t he uraRdiafddar HGINah&nEEs. Gucl MeSBARI RS HUBR Rt likditell $0,ahosb RR&LHROAU 50%
75% 90% 95% 100% 150% 200% or nore than 200% greater than the

r et entGasrpudftionaleMalerpldi Bicdeynlieskeirc Micedl. OSipeth Uneteemtyi Ryessativanfalyel 998y be
achieved b ne round..of transfection w.th,the,enhanced nuclei c.acid, or
my bt g O P R RARh R DM i M T Busafin sone
enbodiyeRt ©93t lempieanaSEsiPBEBejuenachata) Bartle| G@hed. Mo, endt @il Heel. )

popul ation with one or nore additional nucleic acids. Such delivery may be
at t hédsaHemappBresyNephlergnhbitdededigasetaalysp i Molegalar Beglegy. yen dleittie

del i very . i 1 . nuchei Ci itti.gnal, one or
ror o e R P b e A A B OB B R A S DA BEE e 2

aci ds.StédktarsPraskl diest Yadt, 1918t abd€arilho et 2l SpXesle Applied Malte 4@nadqeaBSHucl ei ¢

aci ds not substantially jnduce an innate inmune response of .the cell
popul é&?@i anth somﬁfé@%%meﬁtﬁéffek) ¥PSPHAGY & ITAHEC SUBH 8h EMUY AChAY e

acti V%ﬁcequé?é{néeﬁ)g#gggﬂe. pAl?éﬁﬁ%bgfthetJh?iamthait&Qd 'a&'ﬁ:\liﬁyi (9 .,qf.lccﬁaseéi Bt hi s

regard, the en nucleirc aci'd may not i1tself contain transl atabl e
r egi onlecrefisethelgpvetten refdesca pdypaptide Oeesalhy, vanartthef 4 pargetlacpilynyetgotidat i on

> Lransleted IO B MUTPUh Lo sl oS, AR s SORBLAN 2ganks, it
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence

)
Y

identity to that particular reference polynucleotide or polypeptide as determined by sequence
alignment programs and parameters described herein and known to those skilled in the art.
[0064] As recognized by those skilled in the art, protein fragments, functional protein
domains, and homologous proteins are also considered to be within the scope of this disclosure.
For example, provided herein is any protein fragment of a reference protein (meaning a
polypeptide sequence at least one amino acid residue shorter than a reference polypeptide

sequence but otherwise identical) about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or greater than
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[ 0057] Met hods and conpositions described herein can be used to produced
proteins that are capable of attenuating or bl ocking the endogenous agoni st
bi ol ogi cavonerpasse and/ or antagoni zing a receptor or sipgmaiseoig/ossBecul e in
a manmal i an subj ect. For exanple, IL-12 and IL-23 receptor signaling is
enhanced in chronic autoi nmune di sorders such as nmultiple sclerosis and

i nfl ammatory di seases such as rheumatoid arthritis, psoriasis, |upus

eryth t osus, . 012/ 045082PCT/ US2011/ 054636, ankyl osi ng spondylitis and
& ohn' D0 g R LT X XGP e Pr NG . 16 (6): 670-2). I

anot hgho @m0 dhdiR b, abduMIE bEhorrEDE aRNCRER, ARicBRAL 86%] Mout SERDIYNE
receptors. Chenokine receptors CXCR-4 and CCR-5 are required for HV entry

i nto 0%t abeut|7§%; Abewi Bia-aBeitdded abor 98th, ak abqut 906% ifentigaleto a@y pf gre 383
(6599%:49926(£8959§E?&:e%ﬂ? eNQﬁetLgs.a)ég enb&QLe pHssog hﬂgﬂgisclosure,
nodi fied AUCIEPE Aci ds are grBV|ﬁ£d fE e I A pY BT &R bihdi Ry part ner or
a r ecepitlinkhtd, APr&binfs3g@neé td Breutlipkd in ¥Mabfianédmih HRNEsd @ utdingiRbed N, gel |
to a specific tissue space or to interact with a specific noiety, either in
vi vo @ 0i'h 8Pt Hb or mgre Epladopt at shiownpn ey pigthp apqusaees provddesier rafsednsedli es and
functﬁggg{ fragnents thereof, scaffold proteins, or peptides. Additionally,
nodi fi ed nucl eic acids can be enployed to direct the synthesis and

ext r ageddnl ar Prodkuadion af padypeptidé lipnatlies. car bohydr at es, or ot her bi ol ogi cal
nDietiﬁf. [ 0059] Per manent GCene Expression_SiIencing. A et hod for

epi geh@996da) | YethodeArg erpRsHions dpicsidsd Bereinfay beaissrhlor RIPVaEeEet | conpri si ng
a nucl.gj AROE e : AR 1 I hde or

Pl b Fop B B ey A PR gl ot on
t o i nimodafientioes, evlecdin dregialynuckeotietsi iodivatudlly echigie agestenucieanasd squense ar ound

specific genes for the rpose gf silencing.the gene. exanpl e
on e GRSRREE PP vBR P AT nibogErrrsten Hide 5 et olLg B IE A afebr e
fam | yoffpeMils RRERh id Beatd VeykaRA8RSolynucleotides are mMRNA in a form suitable for

direct introduction into a target cell host, which in turn synthesizes the encoded polypeptide.

[0067] In certain embodiments, multiple variants of a protein, each with different amino acid
modification(s), are produced and tested to determine the best variant in terms of
pharmacokinetics, stability, biocompatibility, and/or biological activity, or a biophysical property
such as expression level. Such a library may contain about 10, 102, 103, 104, 105, 106, 107, 108,
109, or over 10° possible variants (including substitutions, deletions of one or more residues, and
insertion of one or more residues).

[0068] Production of polypeptide-nucleic acid complexes.

[0069] Methods and compositions described herein can be used for production of
polypeptide-nucleic acid complexes. Proper protein translation involves the physical
aggregation of a number of polypeptides and nucleic acids associated with the mRNA. Provided
by the disclosure are protein-nucleic acid complexes, containing a translatable mRNA having
one or more nucleoside modifications (e.g., at least two different nucleoside modifications) and
one or more polypeptides bound to the mRNA. Generally, the proteins are provided in an
amount effective to prevent or reduce an innate immune response of a cell into which the
complex is introduced.

[0070] Production of untranslatable modified nucleic acids.
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[ 0060] Mechani sm details. Fission yeast require two RNAI conpl exes for

si RNA- nedi at ed heterochronmatin assenbly: the RNA-induced transcri ptional

si | enci ngwORDIRBU5@eNpl ex and the RNA-directed RNA pol ynmecads2@ionploax ( RDRC)
(Motamedi et al. Cell 2004, 119, 789-802). In fission yeast, the RITS
conpl ex contains the si RNA bi nding Argonaute famly protein Ago 1, a
chronodomai n protein Chpl, and Tas3. The fission yeast RDRC conplex is
conmpo f RNA- dependent . RNA Po, rase Rdpl, a putative RNA helicase
rt TGS Bl Rds S R B PA RIS BUETTFAOaED. “These. two coml exes
requi n@urhgatB16 Blodifidaai i eas®. adiddivkdietdiRNBotBed Rt Iyt kA3 RETigE ase for
activity. Together, Agol binds si RNA nol ecul es generated through

Di cer spgputinetsghatoiresnbagetidty rdplangatableaiboch RN A medifogtigener stcsthedgdRNA
transcr,i Et.gteagqo aIHIlaowsalf or %Q:et sequence-specific direct association of

Chpl , aﬁlgng, ro 1 MeANg Efrifjt&regi ons of DNA destined for methylation and
hi st ongoTmdi f AGatprendansde salas@auailei€ QIPAGh QRAtdiMbi: di BHRGoheIdidNAkelins.
silenced heterochromatin. Wiile this nmechanismfunctions in cis- wth

cent r oveh moditeg eleicocidnge genegil b igpdated, hut aregapatde pebiafing tp angossi bl e

t hrou - 1. I ] | p- . .

2012 ueESsHRE IS IGh R oA BBl AR RN Ruch gy bosomal pygiin g
concontanstot RRNAtRNIAN cthelebp affedtBaberethidihg piBudih expredsical in tiheeddll. ZRRaGnodiA&]
873-886). . [0061] Producti on_of @;I vpepti de variants. IL0062 Met hods and
conpodUEieS DAY FORIR el Hicteahr ReNA §88- RN priseRRY 2 G Apshipbept i de
vari a ed: i e :

Y S L S R S R R PR SV
sequeh@@’3] TheModified nudeit iatids. as known in the art, refers to a relationship

bet we e seguences of t or e peptides, as determ ned by copparing
the. SSUAC e T AR RBuE oV arPa g TE s R E e 56 51s B UEise

rel at gdgs suchek WRERnREPRNAS $mRAM J &2 bR ARGDNBYr hite MoalIRY RtlcpREghes
between strings of two or nore am no acid residues. "ldentity" neasures the
per ceriteroéd idedified ahclpmaciled. whiohdare tivéulprepariéss influding thorlagloefea sequences
W SR B PRIR e AN e 50, 000ra RS S pIBINGRRL | car model
or conputer “program (i . €., ~algori YO P gent Tty of" eld pepti des can
be reaglrdduced! Betaatcetledymbdiavmnim@eibacigs efiiabe MRtehfxtdendyng Ipustein pastducaoe, not
limted to, those described in Conputational Ml ecular Biology, Lesk, A

M, edntracelular itangipy of BRaigic prids.and néahiliy ok contame! cabis rsongLias fRgsess FdBeesht i cs
d i. it ) . 1 . Y ) :
Comput it RoRr e e B aclh pliine Bigse prOGaNETME CHhRRZen iR e JASS

G, edsrein.Humana Press, New Jersey, 1994; Sequence Anal ysis in Ml ecul ar

Bi ol o on inje, G, Academ.c Press, 1987; Sequence Analysis Priner,

G i ps%QZS\fM hetcheyavetis acig.” Indgdroadgrt sepsGeREBHC PO MAMR! ¥VRT 1991; and
Cari | !szs%nc@lthazt i de ilﬁBgldrﬁgd M% bn oftSbnutRéddd éhgaﬁﬁ)Exe[nﬂ?né’?]nlugleM?ds

enbodi nents, the pol ypeptide variant has the sane or a si ar activity as
for use in accordance with the present disclosure include, but are not limited to, one or more of

DNA, RNA including messenger mRNA (mRNA), hybrids thereof, RNA interference (RNA1)-

inducing agents, RNAi agents, small interfering RNAs (siRNAs), small hairpin RNAs
(shRNAs), microRNAs (miRNAs), antisense RNAs, ribozymes, catalytic DNA, RNAs that
induce triple helix formation, aptamers, vectors, efc., described in detail herein.

[0076] Provided are modified nucleic acids containing a translatable region and one, two, or
more than two different nucleoside modifications. In some embodiments, the modified nucleic
acid exhibits reduced degradation in a cell into which the nucleic acid is introduced, relative to a
corresponding unmodified nucleic acid. For example, the degradation rate of the modified

nucleic acid is reduced by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or greater
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t he reference pol ypeptide. Alternatively, the variant has an altered
activity (e.g., increased or decreased) relative to a reference

pol ypept iwo.2008m808al | y, variants of a particul ar pol ynueCgatseaa/ 08636

pol ypeptide of the disclosure will have at |east about 40% 45% 50% 55%
60% 65% 70% 75% 80% 85% 90% 91% 92% 93% 94% 95% 96% 97% 98%
99% or nore sequence identity to that particular reference pol ynucl eoti de

or polypeptide as e seq ce al i gnnent prograns and paraneters
descr it erery2 Elwg%ga%a B’éeeo FF‘Pré?fpgﬁém%e art. [0064] As recogni zed
by t hes@npkiry hedeic '&cﬁi@ Encilde ritdhA¢18ic e fdk AANRRS, %eoiﬁ%hh&&@lacﬂg PbRiAR),domai ns,
and honol ogous proteins are al so considered to be within the scope of this

di scl dkgese. nuEkpic @idmdNeds) pelpedl dedeisercisis AGNS sarpy adrybtid |th¢r¢crfa@mremcabf a

oot agBorBhTaY MTER Bl AR BRI R CRE R TBEY (B E” ' ¢

I dent iheadin, ted@utlleid Qeid28F thd8discQure 20 nobSubsthdtialBPind € anlidRate dhm@headksBonst han
WO 2012/ 045082PCT/ US2011/ 054636 100 am no acids in length. In anot

exanploé 2 cghyntp mbic the PN Adbinods®d. about 40, about 50, or about 100 anino

aci ds, ch ar () u %
about [g%%z ab(ﬂ5l S%W%SE&% Od‘dige/ T Q{?(S’#%%cfﬁ{ eEgl s} Cﬁ%épgﬂg%é ﬁ%é%%@ggegélgg?
descr iabsdrib@eel- ﬂllO-CS&I’la-bEldUIel, Pitwiedridine, & thid- ﬁﬁmdeuwdlhds) 2tthid- pheﬁdd)umhﬂef,‘S I n
certain enbodinents, a protein sequence to be utilized in accordance wth

t he dlhélélf‘)é%lﬁ@n? remgdhaliristines 5- carbosymgthylurigyne.gl - Cafboxya?ethﬁdrpée%waﬁnsn% as
shown uuﬁe‘lm& hlepl%gﬁlt}ﬁ gﬁ&fd rafl dfga,u?ihoﬁfﬂchgfu?ﬂa %{rﬁfoﬂg:

th
[ 0065 Pr ct ion of p raries ods an (,yorrp05| tions
descr ipsadionediae - taannblaenhslea-ﬂhorurmrwd m{taumnnwthyﬂ)dktypaemﬁdide Simbthgl-iedine,

Provi ded ein. are Y, eot e | i braries gontainjng sid

gl £ 1 CRePEHE AR AR LERUh iRt B T TodhVor aRERTr i ¢ ot
nucl eipterRAl ddSLHpeARIBuSMae - NGo-- rﬁ&hylpﬁﬁ&dzdff)se&léﬁﬂdﬁ% ARy AbhAidady, protein
bi nding partner, scaffold protein, and other polypeptides known in the art.

Typi caiuhxdrousmdogaﬂynu%ﬁleoiduldelsolmdenerrﬁ&momhﬂirmﬂend@wwmb Pendthexygiridaet 2-

ngf ;ng%%ll QY. th% Qi 1ne tthoggfl pseu ur1d1ne zIHﬁP 4- 'm%tﬁo%'b ﬁXo%E‘e%ﬁb&r? 1nf§.he encoded

[0078] In some embodiments, modified nucleosides include 5-aza-cytidine,
pseudoisocytidine, 3-methyl-cytidine, N4-acetylcytidine, 5-formylcytidine, N4-methylcytidine,
5-hydroxymethylcytidine, 1-methyl-pseudoisocytidine, pyrrolo-cytidine, pyrrolo-
pseudoisocytidine, 2-thio-cytidine, 2-thio-5-methyl-cytidine, 4-thio-pseudoisocytidine, 4-thio-1-
methyl-pseudoisocytidine, 4-thio-1-methyl- 1-deaza-pseudoisocytidine, 1-methyl-1-deaza-
pseudoisocytidine, zebularine, 5-aza-zebularine, 5-methyl-zebularine, 5-aza-2-thio-zebularine, 2-
thio-zebularine, 2-methoxy-cytidine, 2-methoxy-5-methyl-cytidine, 4-methoxy-
pseudoisocytidine, and 4-methoxy-1-methyl-pseudoisocytidine.

[0079] In other embodiments, modified nucleosides include 2-aminopurine, 2, 6-
diaminopurine, 7-deaza-adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-aza-
2-aminopurine, 7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2,6-diaminopurine, 1-
methyladenosine, N6-methyladenosine, N6-isopentenyladenosine, N6-(cis-
hydroxyisopentenyl)adenosine, 2-methylthio-N6-(cis-hydroxyisopentenyl) adenosine, N6-
glycinylcarbamoyladenosine, N6-threonylcarbamoyladenosine, 2-methylthio-N6-threonyl
carbamoyladenosine, N6,N6-dimethyladenosine, 7-methyladenine, 2-methylthio-adenine, and 2-

methoxy-adenine.
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[0067] I n certain enbodinents, nmultiple variants of a protein, each with

different amno acid nodification(s), are produced and tested to determ ne

t he best wearoemisisa terns of pharmacoki netics, stabilitycThiSoeiompsss bility,

and/ or biological activity, or a biophysical property such as expression

| evel . Such a library may contain about 10, 102, 103, 104, 105, 106, 107,

108, 109, or over 109 possible variants (including substitutions, deletions
resi.dues, .and insertion o nore residues)

of on one. of, .
P b0cs ot oot SampsRa A Rl ool ko ones. T0066] bt hods and

conpoudeh8§8e, dET5(1- @Efépﬂ@sfpﬁht@) €9hidiRe, #15541-TRlopRbQAHERS- RAnSine, 5°-0O-(1-
pol ypepti de-nucleic acid conpl exes. Proper protein translation involves the

physi daliophgephatratlirshingér F- (htﬁhﬁélﬂopdibsni@w)ﬂ’ém@deélnand nucl ei ¢ aci ds
associated with the nRNA. Provided by the disclosure are protein-nucleic
aci d conpl exes, containing a transl atable nRNA having one or nore
nucl eosi de nodi ficationsite.qg., at least two different nucl eoside
nodi fications) and one \wnnre pol ypepti des bound to the mRNA. Cenerally,
the proteins are prog bd in an anount effective to prevent or reduce an

i nnat e i nmune; respons oﬂ a cell into which the conplex is introduced.
[ 0070] Pr oduttirem ofo.upt r ansl at abl e nodi fi ed nucleic acids. WO
2012/ 045082PCT/ U 7054636 [ 0071] Met hods and conpositions descri bed

herein can be th o4 o©OH )
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NH,
]
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OH OH
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untransl at abl e nodi fi ed nucl eic acids. As described herein, provided are
MRNAs havi ng sequences that are substantially not translatable. Such nRNA

i s effectWwoeomg4s08zacci ne when admi nistered to a manmral iPam/USa)1864636

[ 0072] Al so provided are nodified nucleic acids that contain one or nore
noncodi ng regions. Such nodified nucleic acids are generally not

transl ated, but are capable of binding to and sequestering one or nore

transl ational machinery conponent such as a ribosomal protein or a transfer
RNA (tR@? t hereby effectively reducing. proteln expression in the cel

The mo¥¥&liled gt é‘iﬂe SRR ARHN EBRTAMPIAY STRIPYIJAY & @O A URNAY (SHORISY)

m cr 0 %&){6\ thr l\‘%&e %Hﬁﬂr&?ﬁﬂoﬁ%hd?%l&% @wﬁ%onesl %esh @h%%ih%r ShRNA)

or Piw-i racting pi RNA Modi f1 ed nuc c aci 074]Th|s
di scl d3xNAengRNA haassa inetehed s1uoleagerrod stenaegand rsob e mentlysi lnggam]nalfdlfc 1raa:| ds,

i ncl udi such sse er that contain on nor e
i 1 el DR s diieg o dae rers ahahgbtdd & e RSu il Decs u
pr openrfiRsSiniMehdidifthsd hﬁodga%a%r Bindih ﬁakﬁmoﬁlof cafnstihefle fhmbRenonkatks

i mmune response of a cell T1nto which the nRNA is introduced. Because these
nodi f i[8@824uc| b eertaini csbaditherrie i is desirebleite uém«;lh@aﬂ}pdm%im rpo@ﬂml: nideic
|ntraceJIu t i on,of nucleic. aci.ds. and v ed cells,
s werria ek ELET G or Philb JuRFairs o iR o deln RN g “Fhese
pr opermthussh@dRclburBpebvi@RRancRdedbied@t ecidbaiGinikes 84 dradai0n d5iie whethms
"nucleic acid,” in its broadest sense, includes any conpound and/ or
subst&ﬁ@ﬁﬂQ9ﬁhmH&&QﬁdQﬁﬂﬁqﬁ@ﬁ¢ﬁ€dﬁ¥6¥hWéh“h%ﬁQﬂ an ol i gonucl eoti de chai n.

Exenp é%%ﬁnucinedtﬁerae 11%?1}#1% lﬁfo%lﬁéh rﬁ&?e%%ﬁ@é‘ﬁl%l Bﬁ& k&i ‘?@g%o ‘i'ﬁeSC' osure

inclu ut are I’lO one Oor nore
Mes s e Rg@king Rt 6FRINA)7 - deayb puahe sihb.eT-aeilza- SRl‘dArguah(miﬂee behioeguaRbiine, 6- thn;dum ng
agent SdeazF\z;Ngllangsqr?ent6sth1039%|ezl12al 8n2[12ear z<£uez1£1|osqr?f: I?Nn'ol\gthgfl gu%l%le 6- ‘crirl?ol I7 £§I|1§I; pl n RNAS
guanosine, 7-methylinosine, 6-methoxy-guanosine, 1-methylguanosine, N2-methylguanosine,
N2,N2-dimethylguanosine, §-oxo-guanosine, 7-methyl-8-oxo-guanosine, 1-methyl-6-thio-
guanosine, N2-methyl-6-thio-guanosine, and N2,N2-dimethyl-6-thio-guanosine.
[0084] Other components of nucleic acid are optional, and are beneficial in some
embodiments. For example, a 5° untranslated region (UTR) and/or a 3’UTR are provided,
wherein either or both may independently contain one or more different nucleoside
modifications. In such embodiments, nucleoside modifications may also be present in the
translatable region. Also provided are nucleic acids containing a Kozak sequence.
[0085] Additionally, provided are nucleic acids containing one or more intronic nucleotide
sequences capable of being excised from the nucleic acid.
[0086] Further, provided are nucleic acids containing an internal ribosome entry site (IRES).
An IRES may act as the sole ribosome binding site, or may serve as one of multiple ribosome
binding sites of an mRNA. An mRNA containing more than one functional ribosome binding
site may encode several peptides or polypeptides that are translated independently by the
ribosomes ("multicistronic mRNA"). When nucleic acids are provided with an IRES, further
optionally provided is a second translatable region. Examples of IRES sequences that can be

used according to the disclosure include without limitation, those from picornaviruses (e.g.

FMDYV), pest viruses (CFFV), polio viruses (PV), encephalomyocarditis viruses (ECMV), foot-
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(shRNAs), mcroRNAs (m RNAs), antisense RNAs, ribozynes, catal ytic DNA
RNAs that induce triple helix formation, aptaners, vectors, etc., described
i n det ai Iwbepeym50820076] Provi ded are nodi fied nucl ei ¢ aeciaSeanisions ng a
transl atabl e regi on and one, two, or nore than two different nucleoside
nodi fications. In sonme enbodi ments, the nodified nucleic acid exhibits
reduced degradation in a cell into which the nucleic acid is introduced,

relative to a.correspondj npodi f.i .nucl ei ¢c._acid. For exanple, the
or naatri dRes B VT Berinbe Loy BB HCY ST, Saucad by about 105 20%
30% Z%Qg’wvg,(}%n&(l%keﬁﬁ%ir&é)gmf?/@,%qm% iShRALQerici¥¥y viruses (SIV) or cricket

2012/ 045082PCT/ US2011/ 054636 than 90% conpared to the degradation rate of
t he coerabspovidisagy((BRE¥Dpl ary nucl ei ¢ acids include ribonucleic acids (RNAs),

deoxyrj ucl gi.c _aci ds cleic acids _nucleic
act oo WSy BisbelBbb3y Felichbp ot DR (i e

nucl eigodified nbdeicudal. messenger RNAs (nﬁmwsi. As describea herein, the
nucl eic acids of the disclosure do not substantially induce an innate
i mund 00883 pontle wpdidied apglejcpciiswdgseived Rareira cprpblafreyadie s @n rEE7ARHEs o e
enmbodi , ff Ldes i idin= 4- izbonuc ide, 5-
7o ultAPRe oGl E S NUELERRLE RSl S ol s Pk VRO RO e.
2- t hi pr@siaydoedictidn ivethe Bell hYhe @xiyid inndienenmarerredpoyibeliindides,a cellular response
5- car boxymet hyl - uri di ne, 1-carboxynet hyl - pseudouri di ne, 5- L
pr opy 9 FXQEENedngle stindpd Aygleis deideraispridinat visalios frstpddearigin. iy ipgolves
1- taurg NQRRL{OA 1S rxflf and AWabO RARIIMLY 2nd Mdredbdsdhfeell death.
1-taug?nonegﬁél-4?#ﬁ?%-u?#ﬁ?ﬂ%, 5-n§fﬂ%l-ur¥§’ne, 1-&%6#9%-5§Eué%bridine,
4-t hi dudteimstyhthlesip sealstoiediatidmiayin thehinoatd cetbtlimyimnpeeudgponsedi Waile it-is
met hyl - | - deaza- pseudouri di.ne, 2-thio-1-nethyl-1-deaza-pseudourj di ne,.
G hy QPOUTRECRE: TRy e B PR RO e BOR 2 aélhgla%@aﬁlgwm{w@es modified
2- t hi gnRINRY HLRIRUHOHNY FHd0E thd MBIASXKBEAL! Meluddre iMRIHBRNYsighaliRg, Qeikidudli Ne,
4- met hoxy- pseudour i di ne, and 4- et hoxy- 2-t hi o- pséudouri di ne.

entirely eliminating such a response. In some embodiments, the immune response is reduced by

about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%., 95%, 99%, 99.9%, or greater than

vV J J U U

99.9%, as compared to the immune response induced by a corresponding unmodified nucleic
acid. Such a reduction can be measured by expression or activity level of Type 1 interferons or
the expression of interferon-regulated genes such as the toll-like receptors (e.g., TLR7 and
TLRS). Reduction of innate immune response can also be measured by decreased cell death
following one or more administrations of modified RNAs to a cell population; e.g., cell death is
about 10%, 25%, 50%, 75%, 85%, 90%, 95%, or over 95% less than the cell death frequency
observed with a corresponding unmodified nucleic acid. Moreover, cell death may affect fewer
than about 50%, 40%, 30%, 20%, 10%, 5%, 1%, 0.1%, 0.01%, or fewer than 0.01% of cells
contacted with the modified nucleic acids.

[0089] The disclosure provides for the repeated introduction (e.g., transfection) of modified
nucleic acids into a target cell population, e.g., in vitro, ex vivo, or in vivo. The step of
contacting the cell population may be repeated one or more times (such as two, three, four, five,
or more than five times). In some embodiments, the step of contacting the cell population with
the modified nucleic acids is repeated a number of times sufficient such that a predetermined

efficiency of protein translation in the cell population is achieved. Given the reduced
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[0078] I n sone enbodi nents, nodified nucl eosides include 5-aza-cytidine,
pseudoi socyti dine, 3-nethyl-cytidine, N4-acetylcytidine, 5-fornylcytidine,
N4- et hy | wot2ntioaeq825- hydr oxymnet hyl cyti di ne, 1-net hyl - pseataissaapsicds ne,
pyrrol o-cytidi ne, pyrrol opseudoi socytidi ne, 2-thio-cytidine,

2-thi o-5-net hyl -cytidine, 4-thio-pseudoisocytidine,

4-t hi o- 1net hyl - pseudoi socyti di ne, 4-thio- 1-nethyl-

1- deaza- pseudoi spcyti di met hyl - ud0|socyt|d|ne zebul ari ne,
5. a5 . <TERRNSIDT e KL Ry PoR it PHAEd BY BE ARSI o pepul ar i ne, 2-

t hi 0- zgRuteadrtaSfeconTBERYEvVaYIEIiSlh BRer-tRY beXyt §paet hyl - cyti di ne,

4- nethoxypseud0|socyt|d|ne and 4- met hoxy- 1- nethyl pseudoi socyti di ne.
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2- met )
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[0092] Modified nucleic acids need not be uniformly modified along the entire length of the

molecule. Different nucleotide modifications and/or backbone structures may exist at various
positions in the nucleic acid. One of ordinary skill in the art will appreciate that the nucleotide
analogs or other modification(s) may be located at any position(s) of a nucleic acid such that the
function of the nucleic acid is not substantially decreased. A modification may also be a 5’ or 3’
terminal modification. The nucleic acids may contain at a minimum one and at maximum 100%
modified nucleotides, or any intervening percentage, such as at least about 50% modified
nucleotides, at least about 80% modified nucleotides, or at least about 90% modified nucleotides.
[0093] Generally, the length of a modified mRNA of the present disclosure is suitable for
protein, polypeptide, or peptide production in a cell (e.g., a human cell). For example, the
mRNA is of a length sufficient to allow translation of at least a dipeptide in a cell. In one
embodiment, the length of the modified mRNA is greater than 30 nucleotides. In another
embodiment, the length is greater than 35 nucleotides. In another embodiment, the length is at
least 40 nucleotides. In another embodiment, the length is at least 45 nucleotides. In another
embodiment, the length is at least 55 nucleotides. In another embodiment, the length is at least
60 nucleotides. In another embodiment, the length is at least 60 nucleotides. In another
embodiment, the length is at least 80 nucleotides. In another embodiment, the length is at least
90 nucleotides. In another embodiment, the length is at least 100 nucleotides. In another
embodiment, the length is at least 120 nucleotides. In another embodiment, the length is at least

140 nucleotides. In another embodiment, the length is at least 160 nucleotides. In another
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embodiment, the length is at least 180 nucleotides. In another er

200 nucleotides. In another embodiment, the length is at least 250 nucleotides. In another
embodiment, the length is at least 300 nucleotides. In another embodiment, the length is at least
350 nucleotides. In another embodiment, the length is at least 400 nucleotides. In another
embodiment, the length is at least 450 nucleotides. In another embodiment, the length is at least
500 nucleotides. In another embodiment, the length is at least 600 nucleotides. In another
embodiment, the length is at least 700 nucleotides. In another embodiment, the length is at least
800 nucleotides. In another embodiment, the length is at least 900 nucleotides. In another
embodiment, the length is at least 1000 nucleotides. In another embodiment, the length is at
least 1100 nucleotides. In another embodiment, the length is at least 1200 nucleotides. In
another embodiment, the length is at least 1300 nucleotides. In another embodiment, the length
is at least 1400 nucleotides. In another embodiment, the length is at least 1500 nucleotides. In
another embodiment, the length is at least 1600 nucleotides. In another embodiment, the length
is at least 1800 nucleotides. In another embodiment, the length is at least 2000 nucleotides. In
another embodiment, the length is at least 2500 nucleotides. In another embodiment, the length
is at least 3000 nucleotides. In another embodiment, the length is at least 4000 nucleotides. In
another embodiment, the length is at least 5000 nucleotides, or greater than 5000 nucleotides.

[0094] Uses of modified nucleic acids.

[0095] The proteins, polypeptides, or peptides produced by the methods described herein can
be used as therapeutic agents to treat or prevent one or more diseases or conditions described
herein.

[0096] Therapeutic Agents. Provided are compositions, methods, kits, and reagents for

treatment or prevention of disease or conditions in humans and other animals (e.g., mammals).
The active therapeutic agents of the disclosure include polypeptides translated from moditied
nucleic acids, cells containing modified nucleic acids or polypeptides translated from the
modified nucleic acids, and cells contacted with cells containing modified nucleic acids or
polypeptides translated from the modified nucleic acids.

[0097] Provided are methods of inducing translation of a recombinant polypeptide in a cell
population using the modified nucleic acids described herein. Such translation can be in vivo, ex
vivo, in culture, or in vitro. The cell population is contacted with an effective amount of a

composition containing a nucleic acid that has at least one nucleoside modification, and a
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translatable region encoding the recombinant polypeptide. The |

conditions such that the nucleic acid is localized into one or more cells of the cell population and
the recombinant polypeptide is translated in the cell from the nucleic acid.

[0098] An effective amount of the composition is provided based, at least in part, on the
target tissue, target cell type, means of administration, physical characteristics of the protein
translated from the modified nucleic acid (e.g., size), and other determinants.

[0099] Compositions containing modified nucleic acids are formulated for administration
intramuscularly, transarterially, intraperitoneally, intravenously, intranasally, subcutaneously,
endoscopically, transdermally, or intrathecally. In some embodiments, the composition is
formulated for extended release.

[00100] The subject to whom the therapeutic agent is administered suffers from or is at risk of
developing a disease, disorder, or deleterious condition. Provided are methods of identifying,
diagnosing, and classifying subjects on these bases, which may include clinical diagnosis,
biomarker levels, genome-wide association studies (GWAS), and other methods known in the
art.

[00101] In certain embodiments, the administered recombinant polypeptide translated from
the modified nucleic acid described herein provide a functional activity which is substantially
absent in the cell in which the recombinant polypeptide is administered. For example, the
missing functional activity may be enzymatic, structural, or gene regulatory in nature.

[00102] In other embodiments, the administered recombinant polypeptide replaces a
polypeptide (or multiple polypeptides) that is substantially absent in the cell in which the
recombinant polypeptide is administered. Such absence may be due to genetic mutation of the
encoding gene or regulatory pathway thereof. Alternatively, the recombinant polypeptide
functions to antagonize the activity of an endogenous protein present in, on the surface of, or
secreted from the cell. Usually, the activity of the endogenous protein is deleterious to the
subject, for example, due to mutation of the endogenous protein resulting in altered activity or
localization. Additionally, the recombinant polypeptide antagonizes, directly or indirectly, the
activity of a biological moiety present in, on the surface of, or secreted from the cell. Examples
of antagonized biological moieties include lipids (e.g., cholesterol), a lipoprotein (e.g., low

density lipoprotein), a nucleic acid, a carbohydrate, or a small molecule toxin.
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[00103] The recombinant proteins described herein are engine

cell, potentially within a specific compartment such as the nucleus, or are engineered for
secretion from the cell or translocation to the plasma membrane of the cell.

[00104] As described herein, a useful feature of the modified nucleic acids of the disclosure is
the capacity to reduce the innate immune response of a cell to an exogenous nucleic acid, e.g., to
increase protein production. Provided are methods for performing the titration, reduction or
elimination of the immune response in a cell or a population of cells. In some embodiments, the
cell is contacted with a first composition that contains a first dose of a first exogenous nucleic
acid including a translatable region and at least one nucleoside modification, and the level of the
innate immune response of the cell to the first exogenous nucleic acid is determined.
Subsequently, the cell is contacted with a second composition, which includes a second dose of
the first exogenous nucleic acid, the second dose containing a lesser amount of the first
exogenous nucleic acid as compared to the first dose. Alternatively, the cell is contacted with a
first dose of a second exogenous nucleic acid. The second exogenous nucleic acid may contain
one or more modified nucleosides, which may be the same or different from the first exogenous
nucleic acid or, alternatively, the second exogenous nucleic acid may not contain modified
nucleosides. The steps of contacting the cell with the first composition and/or the second
composition may be repeated one or more times. Additionally, efficiency of protein production
(e.g., protein translation) in the cell is optionally determined, and the cell may be re-transfected
with the first and/or second composition repeatedly until a target protein production efficiency is
achieved.

[00105] Therapeutics for diseases and conditions. Provided are methods for treating or

preventing a symptom of diseases characterized by missing or aberrant protein activity, by
replacing the missing protein activity or overcoming the aberrant protein activity.

[00106] Diseases characterized by dysfunctional or aberrant protein activity include, but not
limited to, cancer and proliferative diseases, genetic diseases (e.g., cystic fibrosis), autoimmune
diseases, diabetes, neurodegenerative diseases, cardiovascular diseases, and metabolic diseases.
The present disclosure provides a method for treating such conditions or diseases in a subject by
introducing protein or cell-based therapeutics produced by a method using the modified nucleic
acids provided herein, wherein the modified nucleic acids encode for a protein that antagonizes

or otherwise overcomes the aberrant protein activity present in the cell of the subject. Specific
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[ 0081] The a-thio substituted phosphate noiety is provided to coi ner nummy
10 rci Npvaiiu DNA pol yners through the unnatural phosphorothi oate backbone
| i nkages.wBhoplasnsot hi oat e DNA and RNA have i ncreased niclrass@a1/0ess3st ance
and subsequently a longer half-life in a cellular environnent.

Phosphor ot hi oate |inked nucleic acids are expected to al so reduce the

i nnate i mmune response through weaker binding/activation of cellular innate
i mmune nol ecu 00.82lll n certain enbodinents it is desirable to

es.
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[ 0084] O her conponents of nucleic acid are optional, and are beneficial in

some éhAGERIMER I Pretsn Ackiyip messing om ikt fagsed reltset eyt ( OPRyTiaRteRIcn
3 TR oen ey RLAUAE ol aRihe fidBRE RO iR Jf RIERRAARBILY contal n one or

nor e (?I rent nucl eoside nodi fications. I n suc I ments, nucl eosi de
nmodi f iteatmembranayoralusengeregulaee fCFTR) pére, whhpiraduab b eonfigicoenal pioson pr ovi ded

are Ny G R S Ao GRAK BRI Ce:
[00108] Thus, provided are methods of treating cystic fibrosis in a mammalian subject by
contacting a cell of the subject with a modified nucleic acid having a translatable region that
encodes a functional CFTR polypeptide, under conditions such that an effective amount of the
CTFR polypeptide is present in the cell. Typical target cells are epithelial cells, such as the lung,
and methods of administration are determined in view of the target tissue; i.e., for lung delivery,
the RNA molecules are formulated for administration by inhalation.
[00109] In another embodiment, the present disclosure provides a method for treating
hyperlipidemia in a subject, by introducing into a cell population of the subject with Sortilin (a
protein recently characterized by genomic studies) produced by a method described herein using
a modified mRNA molecule encoding Sortilin, thereby ameliorating the hyperlipidemia in a
subject. The SORT1 gene encodes a trans-Golgi network (TGN) transmembrane protein called
Sortilin. Genetic studies have shown that one of five individuals has a single nucleotide
polymorphism, rs12740374, in the 1p13 locus of the SORT1 gene that predisposes them to
having low levels of low-density lipoprotein (LDL) and very-low-density lipoprotein (VLDL).
Each copy of the minor allele, present in about 30% of people, alters LDL cholesterol by 8
mg/dL, while two copies of the minor allele, present in about 5% of the population, lowers LDL
cholesterol 16 mg/dL. Carriers of the minor allele have also been shown to have a 40%
decreased risk of myocardial infarction. Functional in vivo studies in mice describes that

overexpression of SORT in mouse liver tissue led to significantly lower LDL-cholesterol levels,

28



[ 0085] Addi tionally, provided are nucleic acids containing one or nore

I ntroni c nucl eoti de sequences capabl e of being excised fromthe nucleic
aci d. [0086]2pvisbese, provi ded are nucl ei ¢ aci ds cont ai niPRE/USBR01L054586a

ri bosone entry site (IRES). An IRES may act as the sole ribosone binding
site, or may serve as one of nmultiple ribosonme binding sites of an nRNA. An
MRNA cont ai ni ng nore than one functional ribosone binding site my encode

several | des t re tr ted i ndependently by the
ri bosd F ﬁgﬁ?.ewe Qﬁ& Hﬁﬁ%ﬁgﬂ§$gcids are provided with an
| RES, 20uet (VedsuBRilui 10 B@Al' E’roﬁf I%Hcg@iq varight 38 PRI ypeanssekabhent ggipn. Exanpl es
of | RES sequences that can be useé according to the disclosure include

wi t hogholestaiol drcueVaruiteadd 0f 4G/ p4-¢dbnavi ruses (e.g. FMDV), pest viruses

( CFFV) | OpViruses encegphal omyocarditis viruses (ECW), foot- WD
2012/ %@@@iPCﬁ?ﬁEﬂﬁTT}&gi%gg lﬁbuth di sease viruses (FMDV), hepatitis C
Vi r usggoA9tiCV) The p@&!ﬁ\/h}scmmb Peovi@islesicins Sehidisted Mol) mogifidt 2R N AR URE
deficiency viruses (SIV) or cricket paralysis viruses (CrPV)

[ 0087]Proteing REqdyrecoby the drrthadssleesibed hereen edibewsed in rhetmeccpish spmposidensvat i on

usi ng Pharmaceutical compositions may optionally comprise one or more additional therapeutically
active substances. In accordance with some embodiments, a method of administering
pharmaceutical compositions comprising one or more proteins to be delivered to a subject in
need thereof is provided. In some embodiments, compositions are administered to humans. For
the purposes of the present disclosure, the phrase “active ingredient” generally refers to a protein
or protein-containing complex as described herein.
[0080] Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions which are suitable for administration to
humans, it will be understood by the skilled artisan that such compositions are generally suitable
for administration to animals of all sorts. Modification of pharmaceutical compositions suitable
for administration to humans in order to render the compositions suitable for administration to
various animals is well understood, and the ordinarily skilled veterinary pharmacologist can
design and/or perform such modification with merely ordinary, if any, experimentation. Subjects
to which administration of the pharmaceutical compositions is contemplated include, but are not
limited to, humans and/or other primates; mammals, including commercially relevant mammals
such as cattle, pigs, horses, sheep, cats, dogs, mice, and/or rats; and/or birds, including
commercially relevant birds such as chickens, ducks, geese, and/or turkeys.
[0081] Formulations of the pharmaceutical compositions described herein may be prepared
by any method known or hereafter developed in the art of pharmacology. In general, such
preparatory methods include the step of bringing the active ingredient into association with an
excipient and/or one or more other accessory ingredients, and then, if necessary and/or desirable,
shaping and/or packaging the product into a desired single- or multi-dose unit.
[0082] A pharmaceutical composition in accordance with the disclosure may be prepared,
packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single unit doses. As

used herein, a “unit dose” is discrete amount of the pharmaceutical composition comprising a
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nodi fied nucleic acids. [0088] The nodified nucleic acids described herein

are capabl e of evading an innate i nmune response of a cell into which the
nucl ei ¢ awoas12zMe082nt r oduced, thus increasing the efficipemaps2afi/optess ei n
production in the cell. The term"innate inmune response” includes a

cellul ar response to exogenous single stranded nucleic acids, generally of
viral or bacterial origin, which involves the induction of cytokine

expressi on and rel ease articularly the interferons, and cell death.
B bt et ed e o b binatedoiats G T ke cellul ar i nmune
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decr easé durdel Hegstading Wpoh ltiesnong tonehioh theooepadition i stortetadatisistefedm®li wayeof RNAs
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1, €.9., )
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correg i ”gpwﬂﬁgéuﬁikadcoﬂ{b%ki%ﬁs ﬁﬁ/{r He tVRLEAVETY adﬁﬁiohaﬁf@&ﬁgﬁ@%ya af f ect
f ewer 't han about 50% 40% 30% 20% 10%5% 1% O0.1% ©0.01% or fewer than

0. 01%pbhirneeebhtscatip atcptabtt axictrhertt hehioindisfusethareiol iclmdecanysand[aliG8Bkitse

di scl osure.provi.des for the repeated.introduction (e.g., transfection) of
rod B B aaiead; e TREFGEHieUS! FpEHhn 3F rbRetiongids B BT ex
Vi VO, 2@nth NsotbM® agde tfibieRinf 0@l ffihHsbchRep sl atRRRWoRl bRl FRMibEBants
repeated one or nore tinmes (such as two, three, four, five, or nore than
five tandh)likel as soiee tetho pditiealar dosaghéorat dgsired. Bomingtan’ ngha hderngeland

popul g5 ion w t he ifi.ed n ic acids s repeated nbe f times
Borri Qi dhebie 2 o i & i SR Pkl BRSPS Raflpdrsn s

t he cedb, pogauibipdfattShasini gvietbrerice V@iRclbe viReLGRdipiddd used in formulating
2012/ 045082PCT/ US2011/ 054636 cytotoxicity of the target cell popul ation

provi déapAreutral prrapesitions apd kpawn tochmgresder b prepacatipaihesvelb/becent ipsofrver se
array a?tam(; Q(Ltlvefléf&ﬁ? exc[iﬁgl%%%glhfié ﬁlgo&ﬂgélﬁé GifA% s%b&Xﬁge%?%s%erivatives, such as

by producing any undesirable biological effect or otherwise interacting in a deleterious manner
with any other component(s) of the pharmaceutical composition, its use is contemplated to be
within the scope of this disclosure.

[0085] In some embodiments, a pharmaceutically acceptable excipient is at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or 100% pure. In some embodiments, an
excipient is approved for use in humans and for veterinary use. In some embodiments, an
excipient is approved by United States Food and Drug Administration. In some embodiments,
an excipient is pharmaceutical grade. In some embodiments, an excipient meets the standards of
the United States Pharmacopoeia (USP), the European Pharmacopoeia (EP), the British
Pharmacopoeia, and/or the International Pharmacopoeia.

[0086] Pharmaceutically acceptable excipients used in the manufacture of pharmaceutical
compositions include, but are not limited to, inert diluents, dispersing and/or granulating agents,

surface active agents and/or emulsifiers, disintegrating agents, binding agents, preservatives,
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[ 0091] Nucl ei ¢ acids for use in accordance with the disclosure my be
prepared according to any available technique including, but not limted to
chem cal wWonoteesEs2 enzymati ¢ synthesis, which i s gener @Cryust@nmes3é n vitro
transcription, enzymatic or chem cal cleavage of a |onger precursor, etc.
Met hods of synthesizing RNAs are known in the art (see, e.g., Git, MJ.
(ed.) dAigonucleotide synthesis: a practical approach, Oxford

[ Oxfordshi.re], Washington, DC: |IRL Press, 1984; and Herdewijn, P. (ed.)

0 gorHBrEbE Prat b RaLTCeciis: T A SHUbIICETons, Nt hods | n Mol ecul ar

Bi ol og¥arnYaced @81 ESthpdshiRhs. NxdiplentsQubNs cdlod bhtt&%ﬁﬁ@%ﬁsﬁ&@:w%@@@d&ﬁ%h_ of
whi ch are incorporated herein by reference). [0092] Modifi éd nucl eic acids
need ngentheoatmd agenisyswastining dlandiorg andier parfuntieg heengs ¢andfe présenninltbe ul e.

Di fferQ} QHCA%PtAQF qnﬂkji@gtéqg;l% Oéoﬁ>§@ckbone structures may exist at
vari od$ 58%|?Poﬁ% PREREHUSFBRTTE R Ed 80t ordinary skill in the art

wi Il goe87ci abgerhplaty difventd iedl @Rt beterr@nad 188i%edto, QllNeHm ABInhleCIdi@n(s) may be
| ocated at any position(s) of a nucleic acid such that the function of the
nucl eicarbeaite. Gaicivpphesahateadicplaiuny phpsehaasalyium syhsdp.foaleatm brdiegsh al so be a
5 or 3 ] i fi Lon. n i [ C i .2 mni mum
one e ERERETie s, pERfe Wb RS ARKEE AN E Bbid

per cemagéol, seibholamoaitoll ealdim ahlotitle, 3Dy ramdi Edrastarctcpeaicraesigaatrd, @aadfor about
80% nodi fi ed nucl eotides, or at |east about 90% nodified nucl eoti des.

[ 0093[ceREREPIytheieRk | engt h of a nodified NRNA of the present disclosure is

suita or I Hae q; I : ugGt [O1g B I g., a
g DRl i e A R P S e S S I TS

t r anslisatré¢hp nomfstath, ltgasda stardh, pegitiindearch ghycolatd, clays atgigic enidogiargnin, cittue

| ength of the nodifie IS greater than 30 nucleotides. |In another
enmbodiPHEh P h%??lawg%fﬂluﬁ; S gpd He8 Pf%i&ﬁws%atwaﬁipgag‘?,&é%?n-?’ffiaﬁ%ﬁrﬁélp&_
embodicARMm c4B8ndi€RAlcAtek Ssodfunl £886naf0 cFydshiaRed lﬂcﬁﬂ-viﬂﬁtp@ﬁ@ﬁ&tﬁ{e) embodi nent ,
the length is at |east 45 nucleotides. In another ertbodiment, the length is

at | edsosByidnne). eodinaesirbaxymgiol blerchdsdsietin neuch gly¢ndate e ggbhxymgethyl | east 60

nucl eotj des. | n an QFer.enbo iment. .the length is at | eas ucl eot i des.
' anothaF BT oL CRERDER s SRl Pk o her

enmbodipi@ielatiniZee sta@imbtardhs] 58D), nfiairySRlMech e61, iviles . indolutad o8] cdreedi ment ,
the length is at |east 100 nucl eotides. |In another enbodinent, the length
i s at p@esymethyl ¢plla]setnamssiumplynbuReyliern odieaam. sodven laang sWiate at | east

140, DGR PO SRR SIS Loast, 180, e

| engt 0089]at Eeasplad8arfaccicior agass addioramatlfiiersénclude, but are not limited to,
natural emulsifiers (e.g., acacia, agar, alginic acid, sodium alginate, tragacanth, chondrux,
cholesterol, xanthan, pectin, gelatin, egg yolk, casein, wool fat, cholesterol, wax, and lecithin),
colloidal clays (e.g., bentonite [aluminum silicate] and Veegum® [magnesium aluminum
silicate]), long chain amino acid derivatives, high molecular weight alcohols (e.g., stearyl
alcohol, cetyl alcohol, oleyl alcohol, triacetin monostearate, ethylene glycol distearate, glyceryl
monostearate, and propylene glycol monostearate, polyvinyl alcohol), carbomers (e.g. carboxy
polymethylene, polyacrylic acid, acrylic acid polymer, and carboxyvinyl polymer), carrageenan,
cellulosic derivatives (e.g., carboxymethylcellulose sodium, powdered cellulose, hydroxymethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose, methylcellulose), sorbitan
fatty acid esters (e.g., polyoxyethylene sorbitan monolaurate [Tween®20], polyoxyethylene
sorbitan [Tween®60], polyoxyethylene sorbitan monooleate [Tween®80], sorbitan

monopalmitate [Span®40], sorbitan monostearate [Span®60], sorbitan tristearate [Span®65],
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200 nucl eotides. I n another enbodinent, the length is at |east 250

nucl eotides. In another enbodinent, the length is at | east 300 nucl eoti des.
| n anot hewoentzadsosent, the length is at |east 350 nucl eeCirdsgo11ioss6adot her
enbodi ment, the length is at | east 400 nucl eotides. In another enbodi nent,
the length is at |east 450 nucl eotides. In another enbodinent, the I ength
is at least 500 nucl eotides. In another enbodinent, the length is at |east

600 nucl eoti des.. | n anot her OdiﬂFnt®(ﬁ ien th is at |east 700
nucl edtYqe" mqnﬁ‘)]&ﬁtﬁt??é]i’ltaélrm%qgﬁf@fﬁ PPRSUHLRGVAXYS at | east 800 nucl eoti des.
I'n an%[}%& @c @ﬁ’é Hi%ﬁ&steatrﬂ@ [Mi‘a[r]@hi] b&gé‘i e'tl?y@élte I%Q%g@Hﬁl:&@és'td}{%ﬂ I'n anot her

enbodi nent ; | ength is at "I'east nucl eot’i de I n anot her enbodi nent,
the | @b’@thqxslamd dagtasoil, PhO®xymethybne dtpsratd, and Sokluka’), svdvosti fatnacid esterst engt h

120 | h h |
1300 RIS ET e R GRS ot Mot e RS e foder 1300
nucl e%l;@%ethylemamm ethe[HIGHB TS, f}io;ly('fvﬁl@l Fﬁﬁl@ﬁdbnbﬁ dadth yl@Rsdlycbd ddnolaurate,

nucl eotides. 1 n another enbodi nent, ength is at | east 1600
nucl eéltlﬁ:th@‘solamme@h‘@t@hé@dl@rmmtqmﬁtassmrn@lqa@agthml plsatgt OlPléé@ld ¢tgghlaurate,

nucl eqp; ﬁlslaully['sﬁﬂl 0 MRl ofilER Brﬁﬂ xamerel 8698 ohfinfbro idinium
% % I% e % ea§t

nucl eot | Fn anot her enbo I’'men 1s a
nucIe@hkﬁﬂsAmmmﬂamﬁﬁmﬁmkﬁnhgﬁumenésmhhﬁ hengﬂhnmSm@hmhaﬁshmﬁeoo
nucleo@ides. | n anot her enbodi nent, the Iength is at | east 4000

nucl edP9s. FreraplatHuprdiagpedr meAlde. i afedioglimited e stardyé s sgpptarch and
nucl e%a’r&ﬁ?agte?rge?d' ﬁlag Flst @%ﬁ sﬁ%@e %'ﬂﬁ:lo td‘th?QQrSe cﬁe@%qrﬁéﬁgﬁcsoiacmgg'lgétﬁgl

nucl ei ¢ ac ot el ns, pept|des or peptides produced
t he nendnodsl,)destoral laecml symlnemcrgumr(e @e auzmaaad sadiumpdgiapetxit@ctagfdnsismoss, t r eat or
prevent one or nore di seas congltlons descr

[0096]P?ﬂ8?ra%’é%tgh8t%j%t1§w 5%9 H%QPl P&sc%?ﬁ]ﬁ%ﬁqt@ﬁ%e%“%?HB%‘Echﬁllhilgse’ and

r eagenrts1dePnloké, %Hfﬂ%‘(%thﬂ%ﬂhﬁl@é’ﬁeH%&@Qyﬁ%pﬁ'c%ﬁ@l%ﬁ‘e 9§d1%929ﬂbf)yl(}ﬂc§th¥1@elhﬂé‘%ns and
ot her ani mal s (e.g mahma e active therapeltic agents o

di scl mmrysw&mrtmllpbwgebmlp@e@etateapslyé‘tleﬂ Hreohd el mag@snmalemnml ds,
col 1S SRAAVMLNR TG L] MEh ShE.AEL A% 0L, ROLURSREL deS. LLAIRhAl schlom (e

nodi fie s, and C&

nucl eiigoragdiélsaleiunPalltyReiRdic aas; ﬁdlﬁﬁsth@drgaﬁtd‘srwmetshwat@pdmd‘olhsgl efé’u(‘alrl&l C acids.
[0097] Provi ded are nethods of inducing translation of a r econbi nant
ponpéB@bH@ﬂpﬁﬂam@@fl populatlon using the nodified nucleic acids described

her ei EP?ﬁgopuT&?ﬂgl&&tﬂr&ér :{)ﬁaﬁf ﬂlc Ll%i\éobut%fef Yt Rnitddo Elﬁltl%y{dgﬂts UhelaBny! LT O

The c n-I's con an effective anbun a conpo ition

contamgmﬂgzmunm@bbmbmaﬁﬂdnhhamnhﬁmgﬂqn&eamhvanaknmmheashdﬁvﬁpdmﬂmcat|on

and a preservatives, and/or other preservatives. Exemplary antioxidants include, but are not limited to,
alpha tocopherol, ascorbic acid, acorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, monothioglycerol, potassium metabisulfite, propionic acid, propyl gallate,
sodium ascorbate, sodium bisulfite, sodium metabisulfite, and/or sodium sulfite. Exemplary
chelating agents include ethylenediaminetetraacetic acid (EDTA), citric acid monohydrate,
disodium edetate, dipotassium edetate, edetic acid, fumaric acid, malic acid, phosphoric acid,
sodium edetate, tartaric acid, and/or trisodium edetate. Exemplary antimicrobial preservatives
include, but are not limited to, benzalkonium chloride, benzethonium chloride, benzyl alcohol,
bronopol, cetrimide, cetylpyridinium chloride, chlorhexidine, chlorobutanol, chlorocresol,
chloroxylenol, cresol, ethyl alcohol, glycerin, hexetidine, imidurea, phenol, phenoxyethanol,

phenylethyl alcohol, phenylmercuric nitrate, propylene glycol, and/or thimerosal. Exemplary

antifungal preservatives include, but are not limited to, butyl paraben, methyl paraben, ethyl
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WD 2012/ 045082PCT/ US2011/ 054636 transl at abl e regi on encodi ng t he

reconbi nant pol ypeptide. The r conditions such that the nucleic acid is

| ocal i zeawoOnor/ases2or nore cells of the cell popul ati onramaseée/osseeonbi nant
pol ypeptide is translated in the cell fromthe nucleic acid. [0098] An
effective anmount of the conposition is provided based, at |least in part, on
the target tissue, target cell type, neans of adm nistration, physical
characterbi stics of the protein tra%lsl %t ed.fromthe nodified nucleic acid

R
(e. g. PAEDGEPrORYA RGP HE PERA AT WX Y PP 080 EbRBbsi ti ons cont ai ni ng

nodi fisgthaRUsdBinf vREI AR, 3BuhPropibie dndRF s@HH RIS tE b My hohainuscul arl y,
transarterially, intraperitoneally, intravenously, intrahasally,

subcutpagsenaves, indndio dobpk mat limited roapthdeslnpdlysthylone glycolapheaehiphgnolicn some

enbodi nents, . the conpasition is. fornul ated for, exten rel ea 00100]
The s SETBRE 4o P RERRT ABlofrdubE Tk bl s R RIERRTPR S ity o
I s at aeidsdprefereteivel pRiUdE, But diesRASignitedits QlidBYin AQKitalRinat Bfilagis ECHSl ti on.
Provi ded are nethods of ident i{%i ng, diagnosing, and cl assi f&/i ng subjects
on t heswtmgsayic agl apetieeagid. delhyseacstis pgid.aisceipisgshk pearbidscihaner phdige| s,

genone- l.at: on: [ - in the art.
Po0108 1t R RERn A A0SR R o BB Do Lo B . Dot o
t r ansldateeskifne amast e, oadnfide dutylntddEhkiraciadisde@HA ) edtyhesEhydrptyoviveieda

functignal activity which is substantially absent in the cell in which the

r ecomSPREN CUROFRAgER nGe of SThlaHIYh et Bk S Pod i tpylether peline ¥ty
funct isgmah AGHY, Lot i SIAE R thSiun® biHES BE@lsiuR mifRGIfEIERATY 10

nat ur e.
Plus®, Phenonip®, methylparaben, Germall®1 15, Germaben®H, NeoloneTM, KathonTM, and/or

Euxyl®.

[0092] Exemplary buffering agents include, but are not limited to, citrate buffer solutions,
acetate buffer solutions, phosphate buffer solutions, ammonium chloride, calcium carbonate,
calcium chloride, calcium citrate, calcium glubionate, calcium gluceptate, calcium gluconate, D-
gluconic acid, calcium glycerophosphate, calcium lactate, propanoic acid, calcium levulinate,
pentanoic acid, dibasic calcium phosphate, phosphoric acid, tribasic calcium phosphate, calcium
hydroxide phosphate, potassium acetate, potassium chloride, potassium gluconate, potassium
mixtures, dibasic potassium phosphate, monobasic potassium phosphate, potassium phosphate
mixtures, sodium acetate, sodium bicarbonate, sodium chloride, sodium citrate, sodium lactate,
dibasic sodium phosphate, monobasic sodium phosphate, sodium phosphate mixtures,
tromethamine, magnesium hydroxide, aluminum hydroxide, alginic acid, pyrogen-free water,
isotonic saline, Ringer’s solution, ethyl alcohol, efc., and/or combinations thereof.

[0093] Exemplary lubricating agents include, but are not limited to, magnesium stearate,
calcium stearate, stearic acid, silica, talc, malt, glyceryl behanate, hydrogenated vegetable oils,
polyethylene glycol, sodium benzoate, sodium acetate, sodium chloride, leucine, magnesium
lauryl sulfate, sodium lauryl sulfate, etc., and combinations thereof.

[0094] Exemplary oils include, but are not limited to, almond, apricot kernel, avocado,
babassu, bergamot, black current seed, borage, cade, camomile, canola, caraway, carnauba,
castor, cinnamon, cocoa butter, coconut, cod liver, coffee, corn, cotton seed, emu, eucalyptus,

evening primrose, fish, flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, isopropyl
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[00102] In other enbodinents, the adm ni stered reconbi nant pol ypeptide
repl aces a pol ypeptide (or nultiple polypeptides) that is substantially
absent i rwOhle120@5082i n whi ch the reconbi nant pol ypepti dePCS/tsdotiLnssBer ed.
Such absence may be due to genetic mutation of the encodi ng gene or

regul atory pathway thereof. Alternatively, the reconbinant pol ypeptide
functions to antagoni ze the activity of an endogenous protein present in,
on the surface of, or secreted fromthe cell. Usually, the activity of the
ondog It aae B iR B BrRTlR SR T REOS BT T or exanpl o, due t o

nut at iR e8fedd &1caMPRERARSE, RPRIAK SlulmE £ DivE | AtSndeNoRhbEfRGh RGTalM] fa¥m Nernel,

| ocal i zation. Additionally, the reconbi nant polypepti de antagoni zes,

di r ectpegchdeernahdieanett pgppytshed, pomiplint spedirapespido Fiog brsal rosgrhayysapflesent in, on
t he suaf@aﬁzeo od‘ or secr %tredsfaertg)C %Qe %eslalm.e eagg{tgrs iﬁfor%ntsa}%oni zed
biOlOﬁl%avwﬁ%Vé?ﬁE% P iiciotde ?Iﬁ% %‘F@_%_, chot gr 8 f, a ?lﬁ%%rotein

(e. 9. suhfywetens ey, thisDOREUMERI, RYtived WAlGhtChd REd gerdn 614, DOPlayeilsor a snal |
nol ecul e toxin. VEZ2012/045082PCT/USZOll/QS463§ [ 00103] The reconbi nant
pr ot eilfBudfebetarpaet IHaited o, bytsl Bepsataccappilic triglyeare; eaprig tiigkyperilea specific

conpar r [ r don fromthe
col |- 5y REnTAEG, Bl MRLRL, SR REnd S OISR RSB i REIGH 08 Ao

descr ichgdddaecaion oleyl ukkehall sifieatelwile awd/oit dvenbimatiohs edrevdcl ei ¢ aci ds of the
disclogére is the capacjty to reduce the innate inmune response of a cel

to an [B9Bdenobisiuidasagectosas tpr agalgnd ppggnies pdadsttiondngiuds, SatAe neh.

Provi r .07, ] i j ACE .el.imnation
o T Sy REIRRNTLREIIRE hlch bt (AL plichy
enbodisymips.syndfon elixigd. | Iniagditiontt@edted ingredientsfliqusd deapp tsitsinory dohgtrise orettai ns a

first dose of a fjrst exogenous nucleic id including, a transl.atable

r eqr o RGS SR el ehE (aaroUd) He HaarTP Eateishor S THE e arPBf Ehe

| Nnat @gbiiHNEhesRRASRCRAs bl A&dHoL i prbiS1 hicbRAl, @tﬁggaeamgten%&pd&tae&! dis
determ ned. Subsequently, the cell is contacted with a second” composition,
whi ch benzil altebolabgegbbrhzays.epropyletreelf¢al st.3-dutyirneligcohwiemethylfemiagnide. vals
RS T Rl Bob SRR TR, Rl O] e NRAGRE NG &1 ¢, act ¢
as co Fedf 1o The st oddse Rpkérndtlyé1y, HeC eI dcted with a
first elempgdefufursEaostdl eodaenoet duadieird Reay deid ERerssEeoititas xag amittigesnuc! ei ¢
acid may contain one or nore nodified nucl eosi des, which may be the sane or
di f f erlegaeoff Bsidenmertidilyents,aigeppesiges eindnegladejadipvansy sugh aapeidrygenthe

secon i i in i f . Si .The

ot ops "M BRICHE AuRlnd BFHE TRk, AR R fel B AL ERGRRE WREal 10

c onposithodimaniyfob parceeedhéaimsation, conipsitionesre nAsted tvithsalubiliziref dgegisency of
protein productiong(e.qg., protein_translation) in the cell is optionally
det er P&, gf&ﬁ’éPPP‘Pfe’ @égfrolws,aamil@@@ PlhEEel el Nt a PalEh 84 P4 {rind/ or second
conpog%g%ggsQﬁggggggtymﬁgﬁgdwﬁbﬁarget protein production efficiency is
achi eved. [00105] Therapeutics for diseases and conditions. Provided are
met hod@096dr t ngatdbhgprepaptiensefuriergmplesstendt omeoibldngeasesr chaginatser i zed by

m ssing or .aberrant .protein activity repl aci ng . 1 SSi.n rotein

et viyPeroRvarE B Rl st ths Bt g Pelpd Suiur tieBaces

char aGlRfinZ8dnRY alySfsuBischtifRaloe®s. SR RctableirBpdtatdsils nYdytbe ddiié ude, but

not limted to, cancer and proliferative diseases, genetic diseases (e.g.,

cyst i anjfétablosplyjions sspennenseantl/ gecardsionginglpatoxss paienierote geaseiahiei diwents

di seases, .cardiovascul ar di seases. . tabol i ¢_di seases. e present

ai soi S0ue P HBRSdRls L SRRRS: pEET G ENEh Sufi BRSRE MG iGEElN .

subj egblvbyts ittt MG WRichplPfedtad WaRr, RifgdrsRakedn SIRApadtibasnip sedlumenididea

met hod using the nodi fied nucleic acids provided herein, wherein the

modi f isettintc Perite. Japdisiletie sarvangpnallyserleyad astiarlvant eigemRreAenedreditRer wi se

Quer O 5Pl o BRI Htn R o b oo fslThe LheheHe . oPlighfR@rigdl ect
Fatty acids such as oleic acid can be used in the preparation of injectables.
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WO 2012/ 045082PCT/ US2011/ 054636 exanpl es of a dysfunctional protein are the
m ssense nutation v: transnmenbrane conductance regul ator (CFTR) gene, which
produce awoysfumsiszonal protein variant of CFTR protei nPCHRUSCI105463€S
cystic fibrosis. [00107] Multiple diseases are characterized by m ssing (or
substantially di mnished such that proper protein function does not occur)
protein activity. Such proteins may not be present, or are essentially

non- f jonal . Th resent disc]osure provides a nmethod for treating such
ondi {084 or niscbible Bt ions 55 bOyeie B SRR nucei ¢ aci d or
cel | - hasedalt Rt ARE RIS andONtypinBbPOrating stRfLib @de VG @b ForafbdterE oMigled
herein, wherein the nodified nucleic acids encode for a protein that
r epl acemppsitopy which nammbe divsal yedmrskiparsed irostertlnavaterrog ethee stefile infectahle subj ect .
Speci f i c.ex%gﬁ}{ss of a dysfunctional protein are the nonsense nutation

e

vari aﬁlt‘esfhlg?l Oc‘ilsgti c fibrosis transnenbrane conductance regul ator (CFTR)

gene, [B4981h PHOsiI&So prolomnd tha GFleNElan RE@¥cEinBreddnt, ik often EEsTiZbRIOERWIthe Whi Ch
causes cystic fibrosis. [00108] Thus, provided are methods of treating
cyst i @bsqrpiieiseisthe pctiyeripgrdientnons yrheitanepys antareschlgr Hieddion. dhisyAyy _ubj ect

' h b | e . . .
Funct ReTb R DR EL St Rl RERAoR ok LIRTLAL Bl Bl el DLW ERBEA"S
of t hevdidksBlupdity p&pé¢ radeof shspirpeise bt therlriihthes dbpendIyporciad rateasfgitsongiohs ar e

epithelial cells, such as the lung, and nethods of adminjstration are

det er AVIHEY I} Y B GiPephEPesydel fresuigerystaline forgy Alterptiyelyi d&p¥ed t he RNA
nol ec ﬁﬁ@‘g : i NI I; \; latd; :

anot hglP e oﬁ?ﬁnﬁ%}%ﬂttglﬁggsgrhggnéﬁggg?s %grhrlée)&grgbél\%h%gbg drlrgegtB m)%go%(rag‘%ern ggltgi ng
hyper ltheimegnm an b1 vehislebjligettablbdepaittomuhne nde by doranisghlicrpopapatle matrwes t he

subject. with Sortilin rotein recently characteri.zed b enoni ¢ studies
o1 otucbisa et R BaEs R e P R dn e ' )
encodirfigh Slrtib td folyhbesiRve aield STRE patcdiRep YR dhRbARIMiR thit i dsib) ect .
The SORT] gene encodes a trans-CGol gi network (TGN) transnenbrane protein

cal | edelsgetcan ba comgailetli Examplds ek othan/leiodtpsadabicrpalyroers inplude) pody(pribivasicdtial s
has a _si,n ucl.eoti de pol. rrphism .rs12740374, .in the 1pl3 | ocus. of the
sorr1 DAt FudySiieh: Ena R L AMGRAGH B wil o e BByt

| i popred &lup if LiPbson@edr Hedryerh@dtode Amicdhyaré tRapatdiewih b¥ipligsuedzach copy of the
mnor allele, present in about 30% of people, alters LDL cholesterol by 8
ng/ dL,[003R]] e Eampesiersfopfectahar gy admindjtatiop aesstgpicali ynsuppetitorsypdicht he
popul at | h DL C £ . . ) 1 .0f inor._allele
have afh 80 piepfES riRins oo R 8h Shi d Qull hon LALHERRBn b MIIBROE 51 o
Funct ibanel, polyethiyleae gtyadi @ suppdditoey des ohidhese sdiatat abicx pngwsitore bof SORT]

in nmouse. Jiver tissue led to significantly |ower LDL-cholesterol |evels,
WO zoilgﬂtyfa%éeéxbmm@m?fpé ek ST S Vw%,ca&%aﬁwg[eagq Penci ng
SORT1 L i @raftnk D

[00100] Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, an active ingredient is mixed with at least one inert,
pharmaceutically acceptable excipient such as sodium citrate or dicalcium phosphate and/or
fillers or extenders (e.g., starches, lactose, sucrose, glucose, mannitol, and silicic acid), binders
(e.g., carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia),
humectants (e.g. glycerol), disintegrating agents (e.g., agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and sodium carbonate), solution retarding agents (e.g.,
paraffin), absorption accelerators (e.g., quaternary ammonium compounds), wetting agents (e.g.,
cetyl alcohol and glycerol monostearate), absorbents (e.g., kaolin and bentonite clay), and

lubricants (e.g., talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
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200% (Musunuru K et al. From noncodi ng variant to phenotype via SORT] at
the 1p13 chol esterol |ocus. Nature 2010; 466: 714-721). [00110]

Phar mnacewOcal2/@sosposi ti ons [ 0079] The present di scl osur @Cprused1d®s46ps ot ei ns
generated from nodifi ed nRNAs and proteins produced by the nethods

descri bed herein can be used in pharnmaceutical conpositions. Pharnmaceutica
conpositions may optionally conprise one or nore additional therapeutically
activ I.n accorda wWith s iments, a method of

adm n éteéﬁé}?%é%?slt %fFoggﬂﬁlbes?atS? 8§%apé‘glﬁi)rt‘? ing one or nore proteins

to ben(i’a%ldo‘ﬁﬁfrﬁgbhﬁeﬁq aRh&ct in need thereof is provided. In sone
enbodi nénts, conposi t| ons are adm nistered to humans. For the purposes of

the pl@@ddi dbeled egupositionhef @hmabetypacmaw dop) o i asritllergiarseftaind pandefildads t o
a prote n_or LOt ei n-cagnt ai. ing fh{p descrl be hgr%i N1 lgO804A}Ilthough
the dés§ "‘Pnﬁﬁ?% 18 8 Spha T aafe Conpo & {“‘6%"‘%"‘ AAE Y Tyt

pr i nCipdRlethyldhere®elotthndahdliid. Mﬂtﬂds@gﬂ foﬁﬁmp@bktsoﬂﬁgml edps@es paily, habl e for
adm nistration to humans, it will be understood by the skilled artisan that

such esissican bagreprd gareroatings agishalhy sich gp crigns Peasineatidbeiherroaiingal s of
| | f f
an nos Pl th b ok Rl PTIRERY L E S RO NP AN Bl he . ¢,

adm niagéntahndennt e Of&d’doﬁi}&smlnIﬂl’m|tﬂldyS‘el\ﬂﬁehhdJﬁtdﬁ'ESﬁgledientesl)dnlyher ordinarily
skilled veterinary pharnmacol ogi st can design and/ or perform such
modi f iPEHEEBHAIN ﬂl’ha Rt Db PR AMgstnpk traghyoptiaRai by .%H% aY§dgRannsipFeERRes o

whi ch 2 ﬁ&‘g@élcﬁﬁ &u?& stxxhﬁc é"a%%%@&‘iﬂcﬁﬂ'e gﬁﬁf%@t& sib@iel SnFRIMEMRILAY €d

i ncl ude, mte humans an pri mates; mammal s,
i ncl uctpmgomtmmmfca sauinilyr typd Hmalb'e enmtmvad 8s sllety 1msofc amd: lhaasd fmeg gﬁlahm cemsles
sheep, cats and/or . rats; an /o i

dogs ncl. 2r ¢ al |
ol oy e TS S CnRRanlk S S atbieh ol Ve b B ER ! &Y
[ 0081]oRiomtnathOrige. of the pharmaceuti cal corrp05| tions descrl bed herein may

be pr egu red by any nmet hod known or hereafter developed in the art of
phar md8®103gy . Dpwggéwmsafbr t@@@harpi/@ﬁmnaqlml wninodstiomel udenpdsdiontreqy of
bri ngi;ng, N, Cetnltsveast ngr adheNbe bt PelS oW LRLLAN AN SXG t's%%/oa”d/ or
one o for%e’'d BcceSSory i ngred%erit and T hen,> ¥ nécessary and/ o
desi r patches. s@@mal amalétbie ipaekiagip gdfhb@d mh@atseetnkt Sbrlittordesiy £d si ngl e- or
mul ti-dose unit, [0082 A phar maceutical conposition in accordance with the
di scl (pggméacwy:aﬂ§ agfep (:‘er(Clplent and/or any needed preservatives and/or buffers as may be
required. Additionally, the present disclosure contemplates the use of transdermal patches,
which often have the added advantage of providing controlled delivery of a compound to the
body. Such dosage forms may be prepared, for example, by dissolving and/or dispensing the
compound in the proper medium. Alternatively or additionally, rate may be controlled by either
providing a rate controlling membrane and/or by dispersing the compound in a polymer matrix
and/or gel.
[00103] Suitable devices for use in delivering intradermal pharmaceutical compositions
described herein include short needle devices such as those described in U.S. Patents 4,886,499;
5,190,521; 5,328,483; 5,527,288; 4,270,537, 5,015,235; 5,141,496; and 5,417,662. Intradermal
compositions may be administered by devices which limit the effective penetration length of a
needle into the skin, such as those described in PCT publication WO 99/34850 and functional
equivalents thereof. Jet injection devices which deliver liquid compositions to the dermis via a

liquid jet injector and/or via a needle which pierces the stratum corneum and produces a jet

which reaches the dermis are suitable. Jet injection devices are described, for example, in U.S.
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packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality
of single unit doses. As used herein, a "unit dose" is discrete anount of

t he phar mioeotz@ais2conposi ti on conprising a WO PCT/US2011/054636

2012/ 045082PCT/ US2011/ 054636 predeterm ned anount of the active ingredient.
The amount of tl equal to the dosage of the active ingredient which would
be adm nistered to a subject and/or a convenient fraction of such a dosage

Fooss i 8 e BE TR 4Bk OB S ERE e phar maceut  cal Iy
acceptsay3ysexsish3 89,5 AHI0E 530y, 1880,3120908; 51508686 £086419 saoplkgpmaceut i cal
conposition in accordance with the disclosure wll vary, dependi ng upon the
i dent 4390, 5026,79a8%}:ck9d it £#i940.466; and&(SllpjdicatiensedOT/SM7E5 fand MWer
ey or By Bt bR e el kBT PR P Rt o R BB
act i veatdid Bidiowder fdrR0B8AuPh @ REQULJEAbf HORPIAH tHeaRSmIVaYe hatabR! NUl ated to
additionally conprise a ' ' ' '

Alternatively or additionally, conventional syringes may be used in the classical mantoux

method of intradermal administration.

[00104] Compositions formulated for topical administration include, but are not limited to,

liquid and/or semi liquid preparations such as liniments, lotions, oil in water and/or water in oil

emulsions such as creams, ointments and/or pastes, and/or solutions and/or suspensions.

Topically-administrable compositions may be formulated, for example, to comprise from about

1% to about 10% (w/w) active ingredient, although the concentration of active ingredient may be

as high as the solubility limit of the active ingredient in the solvent. Compositions formulated

for topical administration may further comprise one or more of the additional ingredients

described herein.

[00105] A pharmaceutical composition may be formulated, prepared, packaged, and/or sold

for pulmonary administration via the buccal cavity. Such a composition may be formulated to

comprise dry particles which comprise the active ingredient and which have a diameter in the

range from about 0.5 nm to about 7 nm or from about 1 nm to about 6 nm. Such compositions

are conveniently in the form of dry powders for administration using a device comprising a dry

powder reservoir to which a stream of propellant may be directed to disperse the powder and/or

using a self propelling solvent/powder dispensing container such as a device comprising the

active ingredient dissolved and/or suspended in a low-boiling propellant in a sealed container.

Such powders comprise particles wherein at least 98% of the particles by weight have a diameter

greater than 0.5 nm and at least 95% of the particles by number have a diameter less than 7 nm.

Alternatively, at least 95% of the particles by weight have a diameter greater than 1 nm and at

least 90% of the particles by number have a diameter less than 6 nm. Dry powder compositions

may include a solid fine powder diluent such as sugar and are conveniently provided in a unit

dose form.

[00106] Low boiling propellants generally include liquid propellants having a boiling point of

below 65 °F at atmospheric pressure. Generally the propellant may constitute about 50% to
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pharmaceutically acceptabl e exci pient, which, as used herein, includes any
and all solvents, dispersion nedia, diluents, or other liquid vehicles,

di sper si omoap1284532nsi on ai ds, surface active agents, | POTAS2T1A5886 S,

t hi ckening or enul sifying agents, preservatives, solid binders, |ubricants
and the like, as suited to the particular dosage formdesired. Rem ngton's
The Science and Practice of Pharnmacy, 21st Edition, A R GCennaro

(Li ppincott, WIllians & WIkins, Baltinore, NMD, 2006; incorporated herein
by §orBPaE Gt GLRCeBRTUTE. kA SRS For i ot | ng

pharn@@@u@y@@bfagqg LitiBRS AgREpdinaVRaY BETHRE B8tRSrifcOlddidaanh SRal At sOth as
t her eof . cept insofar as any conventional excipient nediumis
i nconpdiquisl eonsionte andiulselidagenigsuifactandend/pnn selekdilusattwhagh gy pasduci ng any
undesi r bhe.biqhg i cal gffect or othermﬁsq in%eractig én a del eterious
manneP W TH> &ny PP @ S OB HE Bha hsderpiieny conposition, its
use i §06197) enphanacbutioalR®nipobifiols foRRuReRIrer PilnfoRhS ddliselyasay ®ovid@@ss] | n
sonme enbodi nents, a pharmaceutically acceptable excipient is at |east 95%
at | edstivosgsedignt indhe forgrokdraplets @48 50lggoy apd/of BISRENSBY0,Sugh CADPOARSANAY n
sone - or
vot or TR AL oAb KURLE hnd Ry BATACNER oL Sind A ATRNE $8Hod e
St at esindfoosuspadkidxsugptAanilnitstiteatdryprisingnacionen gediodd] areinhsy caiverixatilpbent i s
pharmaceuti cal grade. |In sone enpodi nents, an_excjpient neets the_ standards
of t hédwipiptegdSpRes8y PR FAUIHIE A AUBBRIOR PRyigey rBi5R SAMPAT PREIBHORTHEY EP)
the Brc'oﬁ?ﬁ@e EMr']FH&%@&i‘ti%nal‘iH%/e@Em% *ﬂ&l&cﬁﬁ% rbﬂ@ﬁétqgﬁﬂted%aé RPR@GEnt such

P bl e excipie

[ 0086] rmaceutically accept ts use n the manufacture of

phar mas sattchaal sadonposydlatda eili mbifideg dgant, asefawetactivenageet ahd/or a pesérvative
di [ uent di spersing and/ ar granul atin ents, surface.active agents
and) orvahi Bry Db R Piiers Pyt Bistinh g adBfidStipy Bl Mok fves.
WO 20124,Q45883REF I MPRdARAP 360 f If ShithebRE0G fim. | Ubri cating agents,

and/or oils. Such excipients Ehaynaceptlcal conposi tions. Excipients such
as codB@l08lit t Bermanhations dpsssibedhgreinas dsingastiv faiguligenarsdelogat amgsefgklors,

Svect S i LA, 4R R iR DN DRSO PR B ARl

di | uenftganafid lhdenistitionad £ca@ie pdwdel €6inpBsing BleGictive Bardamnab®l hAagH AHm
average particle from about 0.2 pm to 500 um. Such a composition is formulated for
administration in the manner in which snuff is taken, i.e. by rapid inhalation through the nasal
passage from a container of the powder held close to the nose.
[00109] Compositions formulated for nasal administration may, for example, comprise from
about as little as 0.1% (w/w) and as much as 100% (w/w) of active ingredient, and may comprise
one or more of the additional ingredients described herein. A pharmaceutical composition may
be formulated, prepared, packaged, and/or sold for buccal administration. Such compositions
may, for example, be formulated in the form of tablets and/or lozenges made using conventional
methods, and may contain, for example, 0.1% to 20% (w/w) active ingredient, the balance
comprising an orally dissolvable and/or degradable composition and, optionally, one or more of
the additional ingredients described herein. Alternately, compositions formulated for buccal
administration may comprise a powder and/or an aerosolized and/or atomized solution and/or
suspension comprising active ingredient. Such powdered, aerosolized, and/or aerosolized

compositions, when dispersed, may have an average particle and/or droplet size in the range
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carbonat e, cal ci um phosphate, dical cium phosphate, cal ciumsulfate, cal cium
hydr ogen phosphate, sodi um phosphate | actose, sucrose, cellul ose,

m crocryswal2bizgsasel | ul ose, kaolin, mannitol, sorbitol, PChas2e1ai05463©di um
chloride, dry starch, cornstarch, powdered sugar, etc., and/or conbinations
t hereof . [0088] Exenpl ary granul ati ng and/ or di spersing agents include, but
are not Iimted to, potato starch, corn starch, tapioca starch, sodium

starc coI cl ni c, aci uar gum citrus pul p, agar,

bent OETO?%X ld}%é%a 82%8‘6‘ @h%ﬁﬁ‘? 4i® %Sponge, cation-exchange

resi nqn C@LAts UREBEPRARIE, Sil cat es, sodium carbonate, cross-Ilinked

poly n | -pyrrolidone) (crospovi done) sodi um car boxynet hyl starch (sodi um
star c Hi0 19ii:ol étpél)irm@aumk gereponytiorcampy b¢ Bsfmula(tfrdogg‘—PhIedkngm ard/or sold

car bo

ct ar oHO(GPAPmTibB O3t e S MPryIRERuval dor aPlr B RIBrUBTERGh St ==

cal ci ld)lfne @P%Mﬁﬁidmgl feredhtbRS 0. 1Vrﬁg%e<su/wmcﬂhwﬂ MdrBrSubpeasibe of ﬂ’@%m@
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(€. 9. doSenmitabmi f@dRdse of administration and uniformity of dosage. It will be understood,
however, that the total daily usage of the compositions of the present disclosure will be decided
by the attending physician within the scope of sound medical judgment. The specific
therapeutically effective, prophylactially effective, or appropriate imaging dose level for any
particular patient will depend upon a variety of factors including the disorder being treated and
the severity of the disorder; the activity of the specific compound employed; the specific
composition employed; the age, body weight, general health, sex and diet of the patient; the time

of administration, route of administration, and rate of excretion of the specific compound
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pharmaceutical, prophylactic, diagnostic, or imaging compositions thereof, by any appropriate
route taking into consideration likely advances in the sciences of drug delivery.
[00117] In general the most appropriate route of administration will depend upon a variety of
factors including the nature of the protein or complex comprising proteins associated with at
least one agent to be delivered (e.g., its stability in the environment of the gastrointestinal tract,
bloodstream, efc.), the condition of the patient (e.g., whether the patient is able to tolerate

particular routes of administration), efc. The disclosure encompasses the delivery of the
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[ 0095delivgiy dossdeagehpeghibesegnetpd ofdeliveramempishial theysrepa o8 theatiscisurenc| ude,

but arCeOn%%tsmons can be administered concurrently with, prior to, or subsequent to, one or more
other desired therapeutics or medical procedures. In general, each agent will be administered at
a dose and/or on a time schedule determined for that agent. In some embodiments, the disclosure
encompasses the delivery of pharmaceutical, prophylactic, diagnostic, or imaging compositions
in combination with agents that improve their bioavailability, reduce and/or modify their
metabolism, inhibit their excretion, and/or modify their distribution within the body. In certain
embodiments, provided are combination therapeutics containing one or more modified nucleic
acids containing translatable regions that encode for a protein or proteins that boost a mammalian
subject’s immunity along with a protein that induces antibody-dependent cellular toxitity. For
example, provided are therapeutics containing one or more nucleic acids that encode trastuzumab
and granulocyte-colony stimulating factor (G-CSF). In particular, such combination therapeutics

are useful in Her2+ breast cancer patients who develop induced resistance to trastuzumab. (See,

e.g., Albrecht, Immunotherapy. 2(6):795-8 (2010)).
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crystalline form Alternatively, delayed absorption of a parenterally

adm ni stered drug formis acconplished by dissolving or suspending the drug
in an oil vehicle. Injectable deﬂgtfforns are made by form ng

m croencapsule matrices of the d S V%“BPSH%gradable pol ymers such as

|yl ide- I | i de, di the,rati f d t | d
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kingdom. In some embodiments, “animal” refers to humans at any stage of development. In
some embodiments, “animal” refers to non-human animals at any stage of development. In
certain embodiments, the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a rabbit,
a monkey, a dog, a cat, a sheep, cattle, a primate, or a pig). In some embodiments, animals
include, but are not limited to, mammals, birds, reptiles, amphibians, fish, and worms. In some

embodiments, the animal is a transgenic animal, genetically-engineered animal, or a clone.
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WO 2012/ 045082PCT/ US2011/ 054636 Patents 5, 480, 381; 5, 599, 302; 5, 334, 144;
5,993, 412; 5,649,912; 5,383,851; 5,893,397; 5,466, 220; 5, 339, 163;

5, 312, 335yvo2pBOB5®B27; 5, 064, 413; 5,520, 639; 4,596, 556; 2#CTAG2@2454636

4,941, 880; 4,940, 460; and PCT publications WD 97/37705 and WD 97/ 13537.

Bal listic powder/particle delivery devices which use conpressed gas to
accel erate vacci ne i n powder formthrough the outer layers of the skinto
t he derms ar it ahl e. terna or additi naIIy, conventi onal

syri ngdt lﬁ%]ya é@ lfi‘?flt]tc@e @ éb g‘H’&ﬁlt 6&? hod of intrader mal

adm ni;gdnfiakil QtrleasE 004 QddnteRMROsAd Qg%ﬁdérﬁfcﬁp bah@dast 05%tiaf tedl todABRbRES at i on
include, buf are not limted to, liquid and/or sem Ii qU| d preparations

such dssong bmbmhmentsqumsmoml quuermcmre paid halborconsdreed i 1hthgy [arecahont 3as such

as cre oi nt o tions and/ or SR si ons.
Topt camyca SRR TEDY S AL AR ShES e[ ShaRi RO LB ol 702 RRERSAOTS
conpr |a§6utf80%'fld@ﬁ@¢!ﬂl afb%’mtgmahﬁuﬁcal%ﬁv@% 1mhba4eauoﬁ199$%u@aﬁwalablt :mwgh t he
concentration of active i ngredi ent may be as hi gh as the sol ubili ty limt

of t h&Y4cideytécal ingensdineeri n the sol vent. Conpositions formulated for
f |
topi Cjilben t nE‘gﬁres% 5n°”A§”Rs3édftheﬁlggEi18%]9§l%r 02 2 AEeRac ﬁreﬁué?lcetré}&isqgghé bpna

i ngredi cribed herern har maceut1 ca ion may be
f or mulnadre df therfepewiad eveack dgedduatich oﬁarsK)NA tEmlermmaDNAeﬁéths (agtion
via the buccal cavity. Such a cgnposition may be formulated_to conprise dry
part i &Yéganmpélﬁnbé%ﬁrpgfésma@ Ak trﬁl?ﬁﬁ%b(aeé’nt y&SﬁHC% e@#l%aéecaa) di ameter in

t he r%@ﬂ&tlohoéﬁd?&%‘”en@g%cgmﬁg‘? (?P&Hﬂslazl Brah ﬁl\m 3;% L8 dr r@t@fﬁ“t 6 nm

Such conpositions ‘are tonveniently in t e formo Wder s
adm niasd (Btposntrasiatignal rded&ﬁcﬂwunmfprpo@mgﬂ@ mgrotpmmder reservoir to which a

strea f propel |l ant e le:ECtEd di spers owder and/or using a
Rt 6T g SRR A S R B e P
conpr 'o%%aﬁ'l%rﬁ he;. aiﬁto'r ¥8 tis Q18 dh gRLricel SRAtREEnR B RIE (fUSBENGRe b Nwith the
| ow-boiTing propellant in a sealed container. Such povvders conpri se

parti Gmlesnwmehenahompfm?é@l@tccgﬂ%qmﬁ the part| cl es by wei ght have a di ameter

5 h
i et R0 PR B bR R Pkl SioRRlc BB IERIEHHICY sy

wei ghtmdiasige i Dioadieh Whlcglrleaﬂﬁbltstah@ﬂpért}ﬂiiﬂcﬂtﬁlchcﬁ{q@ B@%l&Q%thaﬂab@nE@f ticles
by nunber have a dianeter |ess than 6 nm Dry powder conpositions may

i ncl ud@01334o| Hamploge: @ém@ hfd?ﬂ“u@ﬁtterguél‘?%og’uqaﬁersdﬁdhea@@r%,lbmﬂé‘?ﬂné?ﬁ |y
Pr o WS B S 0L Ll RSICRI P BN LR SPEN S pRL L

at nos{ieA im’.‘olm‘uB$ aifdFor sewednapdl ypephide pmromaelels aht somfeeyerslardsineitsltpolyaheaid  50% t o

WO 2012/ 045082PCT/ US2011/ 054636 aboyt 99. 9% ( of the conpositi and
act i véleiesdre pensidgresiem (cm}l%aw@sowhéo 88%16>§hqr lﬁ?la\elr,&ecbwa&‘éwr%& em@ %ur t her

CONDY i,8 Ra@diil iPRAL: 3'5@%9 ?Q‘a&ﬂﬂ{)% %PféQst%,%O/ﬁ al legé{'S@%" %Frehﬁ%% anRLQ60880t d
ani oni ¢ surfactant and/or a solid ['uent’ (whi ch rmay have a particle size
of t hdeast®iEh catdenst A¥o preitascl ¥s, atdmapt $Q% rg 1¢aheS et dt Veasi High edilent 93%, or at

least 99% identical. In some embodiments, polymeric molecules are considered to be

“homologous” to one another if their sequences are at least 25%, at least 30%, at least 35%, at

least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at

least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% similar. The

term “homologous” necessarily refers to a comparison between at least two sequences

(nucleotides sequences or amino acid sequences). In accordance with the disclosure, two

nucleotide sequences are considered to be homologous if the polypeptides they encode are at

least about 50% identical, at least about 60% identical, at least about 70% identical, at least about

80% identical, or at least about 90% identical for at least one stretch of at least about 20 amino
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[ 00107] Pharnmaceutical conpositions formul ated for pul nonary delivery may
provide an active ingredient in the formof droplets of a solution and/or
suspensi oNO 28als@enposi ti ons may be fornul at ed, prepar edT/gsachagsde and/ or
sol d as aqueous and/or dilute alcoholic solutions and/or suspensions,
optionally sterile, conprising active ingredient, and may conveniently be
adm ni stered using any nebulization and/or atom zation device. Such
conp05|t|o furt her rise on nore additional ingredients

el udFig, Thma GO s iRl oZts PUJBF ARG CRIRAE such as saccharin sodi um
a vol a4 hﬂl&)d@ lalsire@h RUAT 1844t 195 BRIGHELY sPectid ARiBo A6HL Y BoAARA IdenBRHNA thA
preservative such as net hyl hydroxybenzoate. Droplets provided by this route
of adrppiogimate spasingeyf thessverramp w@srra@@vdtqawm@pthenmuhtebermg@elfedém about 0.1
nmto _abaout 200 n Far, ans descr el usefu
For - patReniss Rl eribiobd Fnplsiednh, FETEEPiGriEIg: B (Rhe0
phar nagelkbiidsalin GABPORbIbRByY i ANAENBACIRNO abiirdid d‘n@éd‘éud sﬂ:@@h ot 1dabt 4-3nasal
adm nistration i s a coarse powder conpr|3|n&$the active ingredient and
havi ngmmebz\ﬁ@ﬁ@@éd pAo acids. flp aerordrmge Wathzhadiseles B (wWe ProtSRERIYENES IS t i on
IS for S
e, o QB TR o B bR D afe 1 ERRED: B WALERMER e AL HURT 1

p OWd e rldd’neﬂcd of losse albcﬁlt 1% h% 1ﬂ¢1&ﬁ:al bﬂﬁﬁ.ﬁ Qbommﬂﬁﬁjbhm@ﬂm)r fholemtladdwd0bor nasal
adnlnlstratlon may or nprise fromabout as little as 0.1%

(w w) 1%‘@”%15“%&?@%9“1@@@611( %eaétfabﬁEtt%Q/%ninH@F’éial ent, and may conprise one
or oG] thﬁleﬁﬁl}g' ';Aor rﬁ@ﬁlhér@ redicent Sld%ﬁﬁg eE@rg tchﬁ%%‘v 11'%619@?%&?%%’619‘&

conposi tion may ate prepare aged or SO bucca
adm nipstynadricanoleSued) egq rbptysaen mcﬂsmm;d, mblprulex Gng IDNA bmlé@lﬂmmaioe &NA the

formof tablets, and/ or Si nventij.onal nethods nd may
cont At BRURD i o RISTD S0y Baich OROT A IEdrtATT SRS B Mhco
conpringbRe R 4adddks, %ﬁé@h}p@é} lc§n E@?ér%mfé@%&%ﬂgﬁhg tIORNIROR b hidBs RREptimal
optionally, one or nore of the additional inhgrédients described herein.

Al ter ro;atn@mysonqnlﬂ?mss tqgar@pﬁ ormbe mtiedudedrin boe elabothéfm hirs andie senendraycleisnpr i se
a pOV\%(ca{d seque Ls B oBEhS ?1 I Z%rcll 3 dr{o%rl attl% Zealqenscgs & tnI B g‘r[c]d/ I’d IS yspensi on
conprising-ac I ve |P|gre §n{n t§ er eCfS aer 03021 | zed %

aer osebinpedschPipeses)l on SertaMﬂ eﬂﬁbddlﬁiéﬁfs§th€ ledF@Y ofh@¥guéiteaVighan®r B@hparfsbﬁ
and/or droplet size in the range WD 2012/ 045082PCT/ US2011/ 054636 from

about p@rppswm% ableagdqte. zohaﬁﬂp%aﬁaleﬁﬁ;ﬁo% at lsayt 6OFmpticad 78%: AgleetidBr: at
d I d,
escr '1&399 '1&st 640 n(ﬁol]OO% &fﬁgé ;&gﬁ%f*t{i e &QHG%%E%SAR?Q . ?ﬁ%’n&?eoft@l%gﬁ ate

prepare pac aged and/ or "sol oph mc a I on.
COﬁpO$bhtqmﬁmﬂgmudk0mkﬂXBﬂnh§mfbhmfOﬁmmﬁai@thma@bﬁﬂb@ﬁﬂ%ﬁﬁnﬂyﬁpﬂhﬂp&
i ncl udi ng,. (£or exanpl e, 1/1.0% (wW sol utian and/or suspensi on of the

act i vOSFHRIFERY BRsanR naﬂe%féﬁ&eaéa%e SHTeSPINAIng RAsTIPNER heicephd seqpiciredhebhenay
fur t heg | CQARTrS RieRYEH SF thRG RERAL thei)@fctsﬁv ld@mg BEWRES ﬂp:rtwme AEAeL ,0f any

addi tional i1ngredients described herein opt hal m cal I y-adm ni strabl e
conpoéhmnmnSfWRHRMﬂwrefu@emumpomﬂ@u@bmmﬂbseMMhnuhutmnﬁﬂngenmhgmamnhwe

i ngr edi ent nlcr i.ne form /or,in.a I rati on, Ear
ir ons Mt s G R o B wPRS ko R i BRIy nBEEREN A 2
di scl s ltl{eetwo[sg@&elqéés Gaadoat aﬁ@cﬂﬁéﬂ%%ql@énb@ﬁaﬁldl detdri@natieh @bé’&:ézrﬁ”d@ﬁ@j or
manuf act ure of pharnaceutlcal agents may be found, for exanple, in

Reni ndetreenTive sSpicaersean hel aryoaisbes mng%@amwuqai@tg%@m Epipgriampds. the

Wil %ncrrscer&ﬁ 1\cli\g:r|1thiy et’weer? Qvéo glucgeo 1 e%%c?&e%geshc%gl%l Qie%%}{mlrn%fd %El%g (%nee)thods such as
those described in Computational Molecular Biology, Lesk, A. M., ed., Oxford University Press,
New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D. W., ed., Academic
Press, New York, 1993; Sequence Analysis in Molecular Biology, von Heinje, G., Academic
Press, 1987; Computer Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. G.,

eds., Humana Press, New Jersey, 1994; and Sequence Analysis Primer, Gribskov, M. and
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[00112] Adm nistration. [00113] The present disclosure provides nethods
conprising adm nistering proteins or conpositions produced by the nethods
descri bedwbepeimas@e a subject in need thereof. ProteinsPOI/USorplosseds, or
pharmaceutical, inmaging, diagnostic, or prophylactic conpositions thereof,
may be adm nistered to a subject using any anount and any route of
adninistration effective for preventing, treating, diagnosing, or imaging a

di sease, di sorder d onditio ease, disorder, and/or
condi t1ORM& ]era’tfidﬁg]\fgto\ﬁgtpﬂ%ﬁﬁsrﬂ%%&f%ﬂégp& etagéj‘)fs’”l'he exact amount required
W T vaeyente ORdSBingRl HeQeiehi Rty BERRRAINE nBfledlR SHRGE&Ssand@e, and
general condition o f he ‘subj ect, yhe severity of the disease, the

par t i deteaminedmpiogithd agorithmsofideeroindaMitlani(€ ABAOS 0 8% ﬂd 1ﬂ]ﬂd€Wth3h hathegnt y,

7 o it Skoshe s FREREAL R bR TR 335 winbd ANTLEh REIBES Rl SRSy ¢

dosageeng pwalt;« obe2 uﬂai@@@p paRity beUETBE peicBtidédigy b&habn ead hyclatsiage of the
conpositions of the present disclosure will be decided by the attending

physi ¢PeHenagstaan mitermatiselyple drtersynestuseiihe AIAF Dogramin thyRECQ selevarec

t hera C I

| g AECHSES BN St RIPRINGP SMeBlopl oFhbBlth o e BRECERTE BhReny o
fact Oh&erltﬂﬂﬁbdldlbﬂgsei]hmcﬁs mtﬂerbmakﬂg)tﬂmﬁ&ﬁed ttane dishlesekivaTarilly, Hf, ahfie

di sorder; the activity of g§C| i c_conpound enpl oyed; the specific

conpodilPeh %nﬁwwpﬁlﬁé l\é@% B3P WEBGhincomRpuerd elﬁglatrwerw and diet of

the p and rate
b N 3 U L e
enpl oyd@mplang coupattr @ifitvaie tohdetdrmazt imemdl pgylbatgsenusedseqneresthichalej bispeci fi ¢
conmpound enp | o and |ike factors we kn in the 00114]
Pr ot T HITHEB & GEIG PRiectin AFRea |GHE IR b ean ™ i BT en 18 BgaBbe 1 o,
or i mmm gmm@ BTN heueN s TRW tReuR 8N $1.€F. 9o kO BHI rm584oss@9§o>@s
manmal's (e.g., humans, domesticated aninals, cats, dogs, mice, rats, etc.).
I n sok@03shodinfgnt @prqslwanwﬁ@e*am cAb usqdrlmmylth@phr@se dnlagﬁ@spnesﬁloro@f 4 magi ng
conp03|tlpns threo ar e ? stered %o é 9 %%kﬂErOte'Qﬁ to be
deliv edlgﬁ%¥o?c%sgﬁﬁ%é§u ?gh ea%pg% yﬁgé?PKmmgl Sng%tlc‘a%r i magi ng

ConpokpieNisn ﬁ Ret@ehn bd aRRODK dameebyd frbmtthe g@feq s @NtanhBNAYSHE Bolypyptide
adm ni stered by any route. In sone enbodi nents, proteins and/or

phar nmé@eslaiee ATom i @&M Hepsceibedifrapibe gene. prlqaﬁﬁ@r?@we@wb&lﬁtlwh ef ather eof ,
are aqﬁ@NAsljeﬁﬁﬁqn 9¥ec91@§?19 [n P ﬁe%ef)(;f ) o\{%égﬁaé( trd slz{t&y{ ro'n{.I Oi"ﬁlﬁ:dl[ r al

i ntravenous, I ntramuscu Intra-ar , rane ary, in rat] ecal
subcukap&au&;nmybeamgﬂhmhﬁuhagsmh@adsﬁﬁnmmbsﬁwnkﬁmﬂﬂ@nnRNFW@qﬂamul

intra |ntraper|t eal, topical (e.g powders, ointnents, .
cr eanﬁ@f@éﬁs ngrpons usa?ﬂvrsm Gedpyy i r\fﬁﬁoosrafers ﬁ%?éfaqlts tha, pecyy in @h@l@flawl
vitr e%hwrbrﬁﬁ&ﬁ-t é{gm)fnazl testscﬁ'll}g (')Irlgét@ilon Vgélsel Mg tat &ﬁ&l!ﬂie% a PQt?f[ dlLﬂ %Ec‘ C}thelbﬂlgﬂc hi al

instillation, Jor inhalation; as an oral spray, nasal spray, and/o
aeros(yhthuaammgantsmr(@lggrananqioplamﬂ, ovmiamolzat heter. I n sonme enbodi ments,

pr ot ei (o | exes d/ or r maceut i,cal ctic, nostic, or
gt ML OB B eSS pasdistn. & Briiam Hres SraaRis Rl bl dirhiiienous
In]ECQhQﬂﬁﬁﬁOg§p@ﬁﬁﬁ]9k@ﬂ@@ﬂh&§ﬁéﬁ proteins or conplexes and/or
pharmaceutical, prophylactic, diagnostic, or imaging conpositions thereof

may bd0RHI ni Eplyrad Amseé@emm sheytern disolategf’ asfess. to pyubysanse or entédpritedihaent s,
pr ot eIbeen @r)ms) n¥tl ons eas ep gﬁfl rr(I:aocn? Utr{eﬁf%s\)izltlpwgﬁﬂw \gacstz{ssdc V\%qec? %IHOSt ic, or

i magi ng-c RIS ere &1 ows the

pr ot eiinitigly pRARtRX whethef psstdiBer hi @pagpbﬁﬁlbﬂtabaattﬁngerandmszp;braﬁudaar rier, or
other epithelial barrier. [00116] However, the disclosure enconpasses t he

del i verspasyd. prjeisnpzy festuied |t@<1é@d of WMo IS Pfad FERSENRESSHId/or SPBRHYINAERS ¢,
di agnQsid Ged fond MAHsDEhohP WSA JuPBEt NuES %, ?%ouﬁﬁd%aﬁ%ﬁl??w a!gi%u'E BoHE

t aki ng 1 nto considerati on advances in’the sciences O del i very.
about 70%, about 80%, about 90%, or more of the other components with which they were

initially associated. In some embodiments, isolated agents are more than about 80%, about 85%,
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[00117] In general the nost appropriate route of admnistration will depend
upon a variety of factors including the nature of the protein or conplex
conpri si NyoRPYE5088 associ ated with at | east one agent wPoThsS2aelosaces ed
(e.g., its stability in the environnent of the gastrointestinal tract,

bl oodstream etc.), the condition of the patient (e.g., whether the patient
is able to tolerate particular routes of admnistration), etc. The

di scl osur C s.th | | ver f th 012/ 045082PCT/ US2011/ 054636
phar mé 8%990%1@%%?93%@3%9%2% ah?‘éfg%ggta%j@}te%%aﬁ%i ng conpositio taking into
consi geb@tggan abbi@loys, 38 WRNE Bin 1aBot 875 i8N 28 s &f hFbiJa SAstaved ¥ -plRO14B] I'n

certain embodi nent's, ‘conpositions in accordance with the disclosure may be
admi nilssubs@dtiaty ldosefgehdrevmipenents.fi ci ent to deliver from about 0.0001 ng/kg

to ab 0 [ k from about . 0..0 Lkg to. abouyt 50 / fromabout 0.1
ot ko 03 ouPPAE ) 6T PR Bt o6 P e R b0 e el Ry 1 P abou
0. 01 nmlthgtansabButpakitulm/dkgasef di@dfﬂd&b@hd/opeohdmnkEaﬁi@uyabm&nph&emdk@mgnr
fromabout 1 ng/kg to about 25 ng/kg, of subject body wei ght per day, one
or nDBSALOAEBE o WAL, SYMPLUBY Arateher dbairalanan kstipeafiapareiugydesese

Pr OPIAG: Cundly AL £ bfGo o en{RFHE B HRSRISOPYnDE: dfliuified L1 ee
ti mes a day, o Times ay, once a day, every other’day, every third day,
every pagally oevemnpletepdsiegks progvasipn tfiohe e lavee kisseaer dievidely ahd/ar comdétlos. tol n
certain enbodi nents, the desired _dosaae may be delivered using nmultiple
admi niS8PFUYS Grrasp-alisprders apg/orcRPEBONFAHEHOr dpergRsingsing risk sl derelamitrathalpse,

ten, oleVfRed \];/1\9@%1 Srtichfl 8l Q;di@cg&!éﬁ §&llor RndfiRhE adm nistrations). [00119]
Proteins or conplexes may be used in conbination with one or nore other

t her ap@Qk40¢, Prolhit:ads usd tragrbs term, “siorilarimg giefags ®gbadeeralByeldtedness
conbination with," it i not jntended to i.nply that th gents nust . be
i nPEHER Ao iR IEFHEeY Fe PANGTORSHIE AL AR e For e doPNC Py FBgS L,

al t hoyga eI LNESH @ e dYRPHIREBIM IR CalchRtiSE OPFerednt kM1 Mitp 6f OSur e.
Conposi tions can be adm nistered concurrently with, prior to, or subsequent
to, omelysrerivoneleatléteto caeshetber candepgdarmessinghe spsed wannepre e edavlaton ¢in
general , each ent will be mnjstered. a se. and/or_on a tinme
Jeneadris-Rant AT aseR cheenEp RLGLR SR Sl Dy SRR BR Bl R B o
enconpabsiesidnbas dalnd¥stopdah thehwat, maceut i cal , prophyl actic, diagnostic, or

i magi ng conpositions in conbination wWith agents that inprove their
bi oavaPORM | i $ubjedte dsisehbripiar thedeit pubisel ror npatignb] ek Lo anpiopganitmed r

excretj 0 i iLr .di i i ithin-.t. ) certain
errbodir\;]rrlgérh aswgé%\ﬁﬁd@g afgléloera%%!ﬁtg\flﬁlat? |E glr?t?ltd&ﬁerrg%oa ul%ergg 21 Jélg%{%?g%ﬁgf&gne or nore
nodi f ieeperiialtai diagiwisds, propiydactic nghdiaranahgdusiblperposgs. dpidahatbjenciadiadé or a
protein or proteins tlhat boost a ma%al ian subject's i ﬂi ty gl ong with a
pr ot et e-§ NS SHER BHBYCAEYe RRLHE: %rhqwaaﬂrprtrs%ﬁ%g{@. URARS) ARHRD| e,
provi %‘Fﬂlt@re t herapeutics containing one or nore nucl eic acids that encode
trastuzumab and granul ocyte-colony stinulating factor (GCSF). In

parti ¢001RS5] sbidhraontiy:nAs usad henan ape tering sulstantioB @t wefers o tHeiqRBalithtieast cancer

oD B BR DS, T8 SUARCE LSRR 558
2012/ GABRSZRETH M520hiACRABREHE BRIRMal hits Will bindeiihEhabifoRpRERSIdahesidahat

therapeutically, pro] i maging active agents utilized in conbination nay be
admi niphergrechatragbt, eaver. igodo spmpletior ardiosprosasd to complefenesstas pelicwepaavatdel y in
differen onposi.tions, 1o neral,.it i s ex ted that agents. u .i1'zed in
cort AReP SR TR o d T FuBSARR inrberpouf S48 T o B PR LG,
whi ch of beyipRtc@esstinhdré@dn irr[aﬂ?r\bi(ﬂbl%l:dl)énd LherbieiEplRAb@hdaENt S, the |evels
utilized in conbination will be |lower than those utilized individually.
[00126] Suffering from: An individual who is “suffering from” a disease, disorder, and/or
condition has been diagnosed with or displays one or more symptoms of a disease, disorder,

and/or condition.
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[ 00121] The particul ar conbination of therapies (therapeutics or
procedures) to enploy in a conbination reginen will take into account
conpat i biwpt2g120f4568Re desired t herapeuti cs and/ or procedecgasand/os4sa6 desi r ed
therapeutic effect to be achieved. It will also be appreciated that the

t her api es enpl oyed nmay achieve a desired effect for the same disorder (for
exanpl e, a conposition useful for treating cancer in accordance with the

di scl re. my be m ni stered concurrently wth, a chenot herapeutic agent),
or thi@ﬁﬁ§} a@ﬁ?@U@?ﬁFﬁféﬁ%%H“%W$8’ é?(%@ﬁ%?ﬁ%dﬂtro! of any adverse
ef f ectedditibPBdZedt b SiagddIOd 33th ahRr Ha§ GoPSUiISIt RIOMbAS ST the\iReh &L MisBfdeKi TS

for conveniently and/or effectively cafrying out” nethods of the present
di scl @gdioecorratione darspie embedimndntre dn sk dilval avhe ik sesseftdie foradis¢ase.shssadast i on

usi ng a,mdified nucleic,acid described herei Typi cal | i ts, W ll

oy By P e ot ATl el AP B B by HORER R A BB (Rer 1o
per f oramBeRktid infHaboh ﬁ@@&iﬁﬁﬂ&ﬁtlﬁdev@lo?ﬁﬁhﬁ@ﬂtﬁts Jisedyd/ @orti€, pRyédoniiieht i2phe
experinents. Definitions [00124] Therapeutic Agent: The term "therapeutic

agent "Zeptfcarodymeyphis asgeaiated with deyiHlepmen ol Hicsdisqase) disorder sy epndines a

t her apeut i [ ' . or l.act:| f Ickts a

dosi 1 o0 B i DA Sl BB PR B ORI B Hasfle o2 e

her ei nssoched eititheatidensd, disoelkes raad /oo camitiore riderabat atidier ldastpieb assotigedwith n

sonme enbaodi nents, "animal"” refers to hunmans_at anr stage of development. In
A/

some &RBIAPHEH S hodsfianaidisoresr g/ ar ORBHOh bk NP e BRYiIsetage of
devel Qi%?&tr; an {br%@ﬁ&iﬁbﬁ{ a%H?Qpéx{[S%mré to orriﬁﬂti:@ {th %@higﬁ%e 'a%o@iaf@%

(e.g., arodent, a nouse, a rat, a rabbit, a nonkey, a dog, a cat, a sheep,
cat t | eevdopmentat ¢he disease, pisgyder,| amdéorwend fibodinnentesmtadimaits, annedivideal but are
not limted to,. mammals, biyrds, reptiles,..anmphjhians, .fish, and rms. In
Come. cMsoa PRI BB Sonstndiscrter S lron SRR Al AR1os GesbeheathgBhor neer ed
ani malapdRF céhdkti@en s¥¥Re 2RbARARRS Pt WoRA 1003 4836pHI0L26dis ARP Tdweagt el y:

As used herein, the term "approxi ma one or nore values of interest, refers
to a aflieecerdation wilkiatiderglop thealissnse, disordef.andioceondaiere. I n certain

\e/g}jagiéﬂ%j’ f g{lﬁg'ajgeeurtlrpal}ya%%g\)fei crzrn%uenlt.y "As%rsec'il ﬁebrgllfllf "c'he rtgrfme‘ntﬁerggeu%cgl?y &?ec%f\fe
amount” means an amount of an agent to be delivered (e.g., nucleic acid, drug, therapeutic agent,
diagnostic agent, prophylactic agent, efc.) that is sufficient, when administered to a subject
suffering from or susceptible to a disease, disorder, and/or condition, to treat, improve symptoms
of, diagnose, prevent, and/or delay the onset of the disease, disorder, and/or condition.

[00129] Transcription factor: As used herein, the term “transcription factor” refers to a DNA-
binding protein that regulates transcription of DNA into RNA, for example, by activation or
repression of transcription. Some transcription factors effect regulation of transcription alone,
while others act in concert with other proteins. Some transcription factor can both activate and
repress transcription under certain conditions. In general, transcription factors bind a specific
target sequence or sequences highly similar to a specific consensus sequence in a regulatory
region of a target gene. Transcription factors may regulate transcription of a target gene alone or
in a complex with other molecules.

[00130] Treating: As used herein, the term “treating” refers to partially or completely
alleviating, ameliorating, improving, relieving, delaying onset of, inhibiting progression of,
reducing severity of, and/or reducing incidence of one or more symptoms, features, or clinical

manifestations of a particular disease, disorder, and/or condition. For example, “treating” cancer
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within 25% 20% 19% 18% 17% 16% 15% 14% 13% 12% 11% 10% 9% 8%
7% 6% 5% 4% 3% 2% 1% or less in either direction (greater than or
| ess t harvvoab1zdasosst at ed ref erence val ue unl ess ot her wi #ETAIS218054586
ot herwi se evident fromthe context (except where such nunber woul d exceed
100% of a possible val ue). [ 00127] Associ at ed vvith: As used herein, the
ter ne "associated with," "conj ugat ed," "linked," "attached," and

used wt otvvoo nore noi eties, means that the

"t et hered, gﬁsr es

moi et i"&Y rﬁ@é%ﬁﬁ}&”&% AR ea{i‘dd)tr SPSAREET Wi t h one anot her, eit her

di r eCtalibhiQbteelddo QREL;EKt WIRY cf‘oe@@lgi dxhiadigiratdifasd, BabrRe8kr @§ncﬁtléﬂ ki .ng

agent, to forma structure that is SUf%ICI ently stable so that the noieties

remsu rprlphy)sarmébmt;ﬁa@éesfb@ﬂaa@ eliboudrdeandidieonditidix pHer tor &rh]eehwtmexlsbutwlur eis
condj tion Bi oI o As used

nor e 017 HenbR S AT GRFAR Y Hefioh g by SoR AR apte Pkt "o “any

subst @@Gﬁoplhgbaﬂhaﬁ)qugsowatad Wwith alelamgah@g ti38tdes WAU/BALGRIMAH. 1akg@BI sm  For

i nstance, a substance that, when adnministered to an organi sm has a

bi ol ogMbAHineNfse Eeatgrent mprueg aelivery of spiobns pesiagd g thhetherageisiabnpetyve

activ I.C S, where a nucleic acid is biologically

acti vgmdgﬁp%ﬁttoonslﬁg C%hqjtgg ég)lgfc acid that shares at | east one bi ol ogi cal

activi[og13dq t bemeiiipls: mg(mls@i loeram ‘thininsodifyeal” cefetsyto mefueleicedid pri@o deing

"biologically active"” portion. [00129] Conserved: As used herein, the term

"consét ed.refers to nucleotides or amino acid residues of a

pol ynucl eoti de sequence or ami no acid sequence, respectively, that are

those that occur unaltered in the same position of two or nore rel ated

sequences bei ng conpared. Nucl eot Ecj@ﬁrﬂglégi no acids that are relatively
conserved are those that are conserved ‘anongst nore rel ated sequences than

nucl egoo2$ OFx&HpIBQ: g%tﬂglmnﬁ@dlflg(gnﬂdNIQMere in the sequences. In sone
enbodi nents, two or nore sequences are said to be "conpletely conserved" if

they 49@138d0oModiiedinaRNAsmeARNAvsoeeserding tp the inveahdiburivenids, usingstandaidor e
0%
o L (R IR (R R N L T G

i dent IfIaﬁkedlﬁ)y ® feunaodlied reghdsh (SIITIE) wﬂfbmdngre Rirsng KwenkorandRtiend eguenaes ar e
said to be "highly conserved” if are abhout 70% i dentical, about 80%

i dent iSR! a@ﬁ@tﬂlp@ﬁg}@bﬁénUT&tprmlggm wgg%l OLEIT) smEncs on B atehagdition
dent
card £ 5 ANETROBRIRN A lad ROBLRA PR IS il anS! ReRAQUTRGRS o7 e

2012/ Qﬁlﬁ@@?l@%ﬂ&dﬁZﬂddﬂ’lﬁlM@lﬁﬁlta ientnecabponat. KaeikotK 402 Indemtityc2d: 165875 | east

dent 015 Bar b Gl Moy BENE1ET 2oBbunEanes B < o N ABROWbodt ment s,
two OnNoe34¢ SERUADES /g A8 s$Rhékid é}ldbs%ctoﬁ;@ FMBE wab berdthi@¥edayeDRA0 W 1n30%
i dentical, about 40%identical, about 50 i dentica about "60% i denti cal ,

about (h?@%q EbghtG@hlVecwb@@ques@%and mrt@mqened}cm se@ 06 e @ cBaINOsaﬁoSJtThQS%

i denti , abou 80/ t| cal abou 0 i d one anot her

L oor 56T R RE RN e SR gl o PR AR b ORA HEERE SRR EE Lence
refer dro PRiE teQIedfFQI[Ec]DNAt ﬁl@dﬁ@kﬁa@%é&as&ﬁ@femﬂaté 1or the APURIU@MRNA an RNA
tenplate froma DNA s :&mence transcription); (2) processing of an

RNA t saEbess &act(@ yping Mpﬂaplmmgilﬁ@chmtqlmde mix ¢mpdifisd FHEi oty mapwiacored’  end
p“’ceg@t nkiaf ¢ oﬁgﬁfb m§8i AOL 88@%)@%9 pep% %Bh{ ;glcé)terpr()t ein; and

(4) p rans tron a po e or
Biotechnologies, Madison, WI) and CellScrlpt MegaScript™ (Epicenter Biotechnologies,

Madison, WI) complete mRNA synthesis kit. The in vitro transcription reaction was run for 3-4
hours at 37°C. PCR reaction used HiFi PCR 2X Master Mix™ (Kapa Biosystems, Woburn,
MA). The In vitro transcribed mRNA product was run on an agarose gel and visualized. mRNA
was purified with Ambion/Applied Biosystems (Austin, TX) MEGAClear RNA™ purification
kit. PCR used PureLink™ PCR purification kit (Invitrogen, Carlsbad, CA) or PCR cleanup kit
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[00131] Ex vivo: As used herein, "ex vivo" refers to events that which
occur outside an organism e.g., in or on tissue in an artificial

envi ronnmewo 20Yes@e t he organism e.g., with the m ni numCaliusesianssmae of
natural conditions. [00132] Functional: As used herein, a "functional"

bi ol ogi cal nolecule is a biological nolecule in a formin which it exhibits
a property and/or activi ty by V\/ni ch it is characterized. [00133] Honvol ogy:

As use& her , mebﬂ{ ref.ers t he overall rel atedness
bet wed laéﬁ?y FI?C&a e eé>§° ﬁ‘&%@ﬂoﬂ &% acid nol ecules (e.g. DNA
ol ec *rﬁénﬁ)@%@f Wi a P M&P'@@thﬁrlﬂ‘(l %so@@én‘é@%ﬂal%? |aM@6ﬂhél%t18be3ﬂ&H| ?&iucﬂ n

sone enbodlnents pol yneric nol ecul es are considered to be ' honDIogous to
one anwisiperfoirhed ¢redr 1 2épgarse gelailbe atoduetaras ReHpended iedEtbufosy at | east

35% % east 45% east 5 at | east 60%
o J0t8E5 MeegBnASBbritpiing 20 B3 3o Bl pETD B9 uhe VER5, 2

I east F0Y0A ol y @G te RA¥marix BankL@kira, ¥ IPERfea€@n uskd HIPIMECR IO sENt s

pol yneric nol ecul es are considered to be "honol ogous” to one another if

thel r Mgt ékerasBigpysteps, Velyrn, Mdy). ModifgesdsR N3gggeregpost-aanicripgopallyrcapeasis t 40%

I east (@%}%}é lﬁﬁant %;éw%()\/%uﬁaé ggﬁ%ﬁ;@ﬁlﬁt(hﬁgﬁfﬁ %@Oﬁ %ﬂ%b$tepas§ﬁ é}E)M/'& i@d | east

95% mrre@dmﬂleaﬁa’-B%ethylmﬂaheﬂf:nasél' (tpidearemBidrecimobigidss MadBog,SWaY tblggndrefeels to a
conpari, son between at |east two sequences énucl eoti des sequences or am no

aci d SedueEe)Capl strgets: daapcestimictuie prbCap S shredtiednay Mosgratehisnge
Seque%‘&ﬁn%oﬂé@ %%éﬂhgﬁfa‘ﬁgf Pa@esben{%qm tP&QM%chEedHﬁRN@P%%H&&%&!% bhey encode
are at ast about 50% i gentl ca | east about 60% 1 dentica at | east
about aza%a gdnhd eabalizzt. Mahiﬁech]bNAtwmnfwdwtlﬂcambmﬂApphddﬁstysmmut 90%

|dent| ret h .of at ast

p01/ (a0 A MBSO s iR Bt fnSh kR BhE Bhe SRS rUR AditGyay ki

nucl eqtﬂv«;teogeﬁqe@r%% Q). eNfeQitedit $tak hairRE oAtNdneash™M Y AB&&Hﬁlc}é speci fi ed
anmino acids. Both the identity and the approxi mate Spacing of these anino

aci ds (Te¢ratoFisber, 3V aiﬁerrah@the@uaimstU‘ﬁebm icd gnady fod vmu@itzeb@m deths pepsates
to be cQnal nneqdona”};bf? arase s 8&' de 264 sl gﬁ%% fpan 60

nucl eot T d&s I englt (GHD1 §y|58°t neaubi/”t |I| yto encode a
st ret ¢D01B6] at Ek@aplaryicdppinyl sitiRhes pewabpmg oali’ﬁdal(iﬁe’iiCRNA mtmb@@&ﬁq]netaace Wwith
t he disclosure, two protein sequences are considered to be honol ogous if
t he propmisngydugng e virahBaSCEDIAT WasHancsing ta@ fqlloxgeg ghsanicaldyy cap

i denti t t 0 0 2% , or

at 1 odifogy BlaehGRR me 3n hank LAPONFEL ar i hER bR B ARET TPt 20
ani no Mend&G(SDEIPpLSHE; GEoppp(BYA; B pppd")le neiGy' )ttﬁtbes 1ermYGisoeppGHG (Neef er s

to the Oié@rall rel at edness, bet ween pgﬁﬁlpngrj ¢ ol ecul es, Pé%‘?ﬂ bet ween

nucl eif8 Fi@l%‘fbéc{k’ls%{sm( MA): DRaPRipe Jéleaw%tnw}s Bt BYf and/ or
bet ween ROy, 1838%/ &ﬁlgr@k/ﬁé\dfﬁlgihm%agﬂ gtﬂn‘%gmgfto Eél{%raqgﬁfée@ i Qfhd . of two

nucl eic acid sequences, for exanpl e perforned by I'i gning the two
sequem’é(s(Sf)ppp(é'pﬁ}l(Naw ErglqndrBlebabSphszwleMAs)e (pp, 1 gapslrcmyb)e gem¢raeduced in

b d f ti |
O oorsiie bEVadinin Yo LaEp e ERERE el oS R i S S B ety Moo

pur posERy(5' )bﬁb(§%12w®n%@ﬁ3@dCH§Qts&ucthf&nh B@é&e@itecﬁfr%%@@ lfllﬂlrh&ﬂ@d for
conpari son purposes is at |east 30% at Ieast 40% at | east 50% at | east
60% dellowedshy fhe% Qamethyiasion &0 e iatante@aeltltlma%nv&teonéegsm%% Oomethgh% of t he
Iength of the grence seguence. nucl e t| res

nuct et gt B Sngiails TR SR WEr 2 STl SRR FRRRLS By
sequeng&hylati@ceiihé 8UpYintepeuliaime ﬁual:@tmenﬂﬁlgaasz thenceipf trspende.NBnA@sdst | on
in the second sequence t hen the nol ecul es are identical at that position.
The p@F%@ﬁfﬁr?@bﬁW‘teﬁ R feRGPMRAN jRrSequences is a functl on of the nunber
of |d

nunbe oll'rj‘r@l W?{%httgﬂét %té @ﬁ@ﬁh%ﬁi}e&gé: Sqﬂ%%g ﬁe% nee Shlgg(ﬁ%e ?%‘%@%&Lced
for opetwaeh IQHISQ’(U‘RIES%r mzbrett]mel I&mbtﬁe@tge,ruzle%, 4Bh 60 conparesanhaf 75kguences and
determ nation of percent identity between two sequences can be acconpli shed
using a mat hematical algorithm For exanple, the percent identity between
two nucl eoti de sequences can be determ ned using nethods such as those
descri bed in Conputational Ml ecular Biology, Lesk, A M, ed., Oford
University Press, New York, 1988; Bioconputing: Informatics and Genone
Projects, Smith, D. W, ed., Academ c Press, New York, 1993; Sequence

Anal ysis in Ml ecul ar Biology, von Heinje, G, Academ c Press, 1987,
Comput er Anal ysi s of Sequence Data, Part |, Giffin, A M, and Giffin, H
G, eds., Humana Press, New Jersey, 1994; and Sequence Anal ysis Priner,

Gi bskov M and V\D 2012/ 045082PCT/ U82011/ 054636 Devereux, J., eds., M

~ -~ A NN A



reference. For exanple, the percent identity between two nucl eotide
sequences can be determ ned using the algorithmof Meyers and M| er

( CABI OS, w02912/45@2-17), which has been incorporated i nPOTIUSR01MOS46Bb pr ogr am
(version 2.0) using a PAM 120 wei ght residue table, a gap |ength penalty of
12 and a gap penalty of 4. The percent identity between two nucleotide
sequences can, alternatively, be determ ned using the GAP programin the

e cack.o-. : i Xx. Methods commonly
enpl o%@\,ﬁ detBrit 2 CHERE L R AN sequences include, but are

not | igXiptReink PrRASE: C@F&Fs' Oﬁ%@laﬂe{]u@@&bﬁthm\/lddel Baféhckdpman, D., SIAMJ
Appl i éd Math., 48:1073 (1988); 1 ncorporated herein by reference. Techni ques

for ddO@YIN ni ng nefdgic peig sequeneofii theeatequisqueb hinwhy genaiocaislcel ooy vhmubating

progr . ar onpu re to determ ne honol ogy between two
sequeﬁ%e%r (E)(@gﬁh sgtbf% Hg?gﬁﬁoﬁb\rﬁt ed to, GCG program package, Devereux,
J., etjogd40] Wﬁg%a&abgac@aawmﬁa&&(cﬂa)ta g%&?atz( %Q daa Bd,ga EE’ 2aBAASTN,  and

FASTA At schul et al . 03 199 00135]
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expre i
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an nRNA transcribed fromthe gene. Typically a reduction in the |evel of an

RNA ﬁ%ﬁ?tfgcs:tatcagtﬁé%é@ttswgittagt%égtgevgfccagct%aﬁtspggﬁgattqt@éatt%a&%qt%&%ag
th fE
s e S S e A S S ST

the t eggmggamtggjggatggcalcecfggstgtagcecmegtaggggg:aatgmggcctttgcgfmgagttmiglcigc@glgcgggtgg

envi ronpen r reaction vessel, in cell ¢ re, ina
Petr i aétcgt‘fgfaétg?%‘:éar“&?‘?‘?étca&“rsﬂtéﬁa%“‘tt?ﬁt%céﬁg%?té%ﬁﬁc%tﬁtt%%%c@gccgtéﬁf‘%?él“gc‘ﬁ% g@ﬁgg or

M cr ok@lte c[c99%ngatgcectwttwtcc&sgdaéagtaaﬁé@gg@mugatteaatg&tgagta@gydg\g@ggcegétegégctto
events that occur within an organism(e.g., ant, or mcro
[0013&]3%!3@941%@@?33%%09@@‘@0%@&% (SE@ He N@r i | soI at ed refers to a subst ance

or en #fﬁ% ha’i’hehr?‘usclfgggad(s %u nc or@—ﬁﬁﬁné A1s set Hl%%]?%ﬁ&)hf conponent s

with Wad Ads defar en i y pro uce I'n nature or
in an agwettlggmattaﬂgu sRphd gaa,uaagadﬁ@rcuz(@gggua@@uag@ghgawagmh%ﬁhag@dgdémauaaga
manuf actured by the hand of man. |sol ated substances and/or entities may be
separ gp%cqtqg(gﬁ?%uccpcgagqccg@@gﬁccqwaa@gmgmcwggﬁuggm%ggmgggcggwggmut

50% 0

comonent e it de Rkt AOMbn e B b o IRE o Bal AR o,
i sol ataﬁdca@ggcrgaﬁg@gecgma&chi@ga@bwigcMammtuﬂﬁ%au\t@gaggagcucguacugcucgg
2012/ 045082PCT/ US2011/ 054636 about 90% about 91% about 92% about 93%
about ggWc%gg%sgﬂugg%cc%mgug%ucaucgcﬁgécqwﬁagélﬁggﬁaggg%%w%cca&gu used
her ei

componsire HpRRAE R BucltE RustbechdaceBumiRRl ANN Bl BR Bh e e

refer $ug@gpmgabg1ggyggnuum¢®a®layc1@b%cagrglggw@acmggaqggca:qccgdgamgoelg@eas e,
di sorder, and/or condition; cpartl al cy or cor&l et el %/ deI%}é onset of one
or  moIFE AR e R S S CaE S UCR g CET LSS R S ST U5 AEUF A

di seas@ugghag@dBliacc 2, @tﬁga‘g%h@bﬁdgégcz{g@c@gaag%r b@ccﬁtﬁbu@@g%g‘é&mgcﬁﬁ&lﬂggccau

di sease, di sorder, and/gor condition); partia or conpletely del ayi ng

pr ogr @@squeﬁumuelmcaml@ta@wgu%ﬂCSM@ClﬂllusW@@gcc@ﬁélﬂ@gamégmwgﬁg@ﬁc@@t ive

di sease a di sQr duerC cc%ﬂ%u%r Condéélj%??‘ﬁ ]\g(gdé or decreasing the risk of

devel opgr%g at hol ggy As56¢iAte a?rti cul ar di sease, disorder, and/or
condi [0@I42] [ ODHARclH BEill 3Eduelice #8 akl eeanlblelrye@rcSH edified MRISANoaRNW)'is I ef er s
to the overaII relatedness bet ween pol yneric nol ecul es, e.g. between

nucl eiset faEth i FBRIBUNSs3( e. g. DNA nol ecul es and/or RNA nol ecul es) and/ or

bet
pol yrary ey I I R g0 B s REC bl hiboices o a
cal cu Irm@magggqae\pmagagada@hagagwa@aawhwmgagfahe(tﬂmet@ﬁmeﬁjsnmé]aqyggﬁmec

simlarity takes_in accoun ns Sti ut| [ und ood
“n t hemeCee t@eééalr&%esﬁggmé Sttty ﬁﬁ%rfa%ﬁ a% vigESeC
"patient” refers to any organismto which a conposltlon in accordance wth
t he di sclosure may be adm ni stered, e.g., for experinental, diagnostic,
prophyl actic, and/or therapeutic purposes. Typical subjects include aninmls
(e.g., manmal s such as mce, rats, rabbits, non-human prinmates, and humans)
and/ or plants.




[ 00125] Substantially: As used herein, the term"substantially" refers to
the qualitative condition of exhibiting total or near-total extent or
degree ofweetamamsteri stic or property of interest. OnePofi/useditoatepe skil |
in the biological arts will understand that biol ogical and chem cal
phenonena rarely, if ever, go to conpletion and/or proceed to conpl eteness
or achieve or avoid an absolute result. The term"substantially"” is

therefore used herein to capture the potential |ack of conpl eteness

| nher ARETERS TR SRV e G Ve YR TR e, [ 00126] Suffering from
AN i NSRRI m AR oh Sme G A BRI d(1@ a3l T £538&5 y Sh&@S ARy S RACY SheCQRgi i ON
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susceptible to a disease, disorder, and/or condition (for exanple, cancer)

may bé-¥mrtrayemeomsonrCangeagpmabemef ey mmeor s wmnipmeCgezamgentneleags
con (Tan ey 8 et e HB OB s S B Een RO e oo
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who i s susceptible to a disease, disorder, and/or condition w |l not
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ef fecti ve anpunt: d herei t he rm"ther ut i | | fective
& oS eG AR e ol S SR R oy B i d AGH ARSI B E Sl e |
drug, ANQFARSYhAG)RAGENISMAlRABNSCHmeagen)asSniCaRaYA 640 £y Sagehyg5aleCePmehat

is sufficient, when admni stered to a subject suffering fromor susceptible

Ej 0 a &%é@@@?meﬁgwg@éﬁr}neﬁﬁaﬁﬁwg%mﬁim%wftraew&ngcgg@ﬁ?@v@wgimg@me Ij }
condi o GETRErARER TR M PP Sho iy s HEC R BEC SneC R Ske R O
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transcription o i nt for exanple, hy tivation or repression of
transcsémﬁﬁgsﬂméaﬁe%ﬁ%?é@%ga@ﬁm &y %e%w@@%cwwgéme&énﬁ@me aayy
t ransc.i ot L ] NeeGH: ¥ th other proteins. Some
tr ans?Eriiegg:sg{%c?glgpgine?g’hh’%gﬁhbg%at%ﬁ@g{eg@gﬁger eprg'sg\d transcription under

cert ai[M0kE3hdi Figoresl showsgarazaing-linked sumopesodrent asty(ELIBAndordHwpaci fi ¢
targe
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Supplement of L-Glutamine, Hypoxanthine and Thymidine. 2 x 10° Cells were transfected with

24ug modRNA complexed with RNAiMax from Invitrogen in a 75cm? culture flask from

Corning with 7ml of medium. The RNA:RNAIMAX complex was formed by first incubating

the RNA with CD CHO Medium in a 5X volumetric dilution for 10 minutes at room

temperature. In a second vial, RNAIMAX reagent was incubated with CD CHO Medium in a

10X volumetric dilution for 10 minutes at room temperature. The RNA vial was then mixed

with the RNAIMAX vial and incubated for 20-30 at room temperature before being added to the
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[00130] Treating: As used herein, the term"treating"” refers to partially
or conpletely alleviating, aneliorating, inproving, relieving, delaying
onset of ,wOrzhi2ni4s8ag progressi on of , reduci ng severity eCI/tsaad1os468€duci ng
i nci dence of one or nore synptons, features, or clinical manifestations of
a particul ar di sease, disorder, and/or condition. For exanple, "treating"
cancer WD 2012/045082PCT/ US2011/ 054636 nay refer to inhibiting survival
grow h, ~and/ or spread .of tunmo admi ni stered to.a subject who does not

i bittl g EOBReE Gy Ine HTeaiation Bt rerd BEHdi ¢ o (e. 9. prior Lo an

i dent ifid 3t afl S8RERY hdlir$ PSS eansBAMNOICHRNPEMLARL weAO bR ot 2(RCSUbj ect who
exhibits only early signs of a disease, disorder, and/or condition for the
pur posecisfion et Hamen Agantiecytd-Cklony Stiewddtogi agtop oot 0dyonassadeciedeldumian h t he
di sea di so r, apnd/or conditiaon, | .enbodi nent s,. 1reat nent

conpr U SERIOEy B 4 aGRERA b8l b RS R AT TER D b PR st ve
nucl eingana€dceliré:® récomdmiel idshubesd. tihedcanika shoQOhadudJasedhddradA (S8QUBEd
herein, "unnodified" refers to a nucleic acid prior to being nodified.

ExampNG: J00aEapleml deipedrnsiag it S eolbf sl CHErRse[0AaB ! sciell ed
_ & s _ d
abor AP ST s B A b o M S B R e e

of i ntteneBttidnsoffdeAnkéd niydRAN A'huGrRE$Rfislted pddi@pnat s¢dbiB) poaeih @hmbe grated

strong Kozak translational initiation signal and an al pha-globin 3 UTR
t er mi NRLP ARIKFIFOT 1HEF 63t S edEHYE for tenpl ated addition of a pol yA

tail. [6@4@9'5&&%&91?%? QD% Mtiof(ﬁ&gra\ﬁioh %It; QWQ@EIP dnngEEm(afc\Ql Paliction Cell Line
5- net hy -Cytl I nhe ne O reduce e ce ular 1rnnate 1 nmune response.
Kar i kExigressing Hunjammed il¢§ A2Bibddiss Thraft@A0HAb, anddRiidkkom#b)ets adlherdgohiticTAgent in

16: 18?1\%&?]3(102@93 ¢ Anderson BR et al. NAR (2010).

[00145] The nucleic acid sequence for the Heavy Chain of Rituximab is set forth in SEQ ID
NO: 4:

[00146] CTCGTACAGAAGCTAATACGACTCACTATAGGGAA
ATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAG
AGCCACCATGGCCGTGATGGCGCCGAGGACCCTGG
TGCTCTTGCTCACGGGTGCCTTGGCCCTCACGCAA
ACATGGGCGGGACAGGCGTACTTGCAGCAGTCAGG
GGCAGAACTCGTAAGGCCCGGAGCGTCGGTGAAGA
TGTCGTGTAAAGCGTCGGGCTATACTTTCACATCG
TACAACATGCACTGGGTCAAACAGACGCCCCGACA
AGGGCTGGAGTGGATTGGAGCTATCTACCCCGGTA
ACGGGGATACGTCGTACAACCAGAAGTTTAAGGGG
AAGGCGACTCTTACTGTCGACAAGTCGTCCTCCAC
CGCCTATATGCAGCTGTCGAGCCTGACTTCGGAAG
ATTCAGCGGTGTACTTTTGTGCGCGCGTGGTCTAT
TACTCAAATTCGTATTGGTATTTCGATGTGTGGGG
TACGGGGACCACTGTGACCGTGTCAGGACCCTCGG
TATTCCCCCTCGCGCCTAGCTCAAAGTCCACCTCC
GGGGGAACAGCCGCCTTGGGTTGCTTGGTAAAGGA

53



[ 00134] The cloning, gene synthesis and vector sequenci ng was perforned by
DNA2.0 Inc. (Menlo Park, CA). Vector sequences and insert sequences are set
forth in waQi2D4biB2: 5-8. The ORFs were restriction di gesrasugiong3kbal or
Hindl Il and used for cDNA synthesis using tailedPCR This tail ed-PCR cDNA
product was used as the tenplate for the nodified nRNA synthesis reaction
usi ng 25mM each nodified nucleotide mx (nodified U C was nmanufactured by

TrilLi i ] i was purchased from Epi center
Bi ot e%@é&é&cmagmcycﬁgﬁgﬂg&éﬁ%&%%gaScr| pt TM ( Epi cent er

Bi ot e¢hroGegicescTivRd SRIGGWAGTQIREGTRNACeynt hesis kit. The in vitro
transcription reaction was run for 3-4 hours at 37C. PCR reaction used Hi Fi

PCR 2XMaST&CTICAMI CRAEA GO YST e TCHHUr; MA). The In vitro transcribed

nMRNA py I r visualized. mRNA was purified
W th %ﬁgﬁﬂ%@f ?éﬁ%@@??@%@@?ﬁ?ﬂ% GACl ear RNATM purification
Kit. RCRNcECPIAECATIRTEALRGIGAATCAIANGKRCT (1 nvitrogen, Carlsbad, CA) or
PCR cl eanup kit WD 2012/ 045082PCT/ US2011/ 054636 (Q agen, Val encia, CA).

The prdduttTMECYOHTEERE NMONARSHFCOATHEF BRI sher, Wal tham MA). Quality,

UV abs h WA CBRE A PR I e product was performed on an
1.2% ﬁx@%@@%ﬂ%@ pr o[éﬁét mdg%?gg?s&%%éeg in TE buffer. [00135]

Modi f iGEGRNSE GGAGHTAICICGOGaRN0E CIGEAERGATS were poly (A) tailed using
yeast Pol,g {(ﬁ\é Pol,lyrrerase (Affynetrix, Santa Clara, CA). PCR reaction used
H Fi POR B GRACETAAGECAGH G S HGSTEAd CAbbur n, M), Modi fied RNAS wer e
post - tFrRRSeH G '@@@tb%[g@-ggg@mdj@ I fRant Vaccinia Virus Capping
Enzynme (New Engl and Bi oLabs, |psw CE, MA) and a reconbi nant

2' - 0- P EEYANGICAECAeCAENIK A AG TR AAATHRA A es, Madi son, W) to generate

gener AAATRERHE GAGRG AHCA oA TERAY aes. herin vitro o

t r ans y AGRA AGNAGRIPAGAGIRRCAET AOAATTREHK OAF gel and visualized. Mdified
RNA was I[guri fied with Anbi on/ Applied Bi osystens (Austin, TX) MEGAC ear

RNATMAS CECTEIGBAAKIGGTECRCAS G PAT EGOAKIKMEOCR puri fication kit
(I'nvi o~ Al 0, antified on NanodropTM WV
Absor%%G%QE@%%%&Q%%?&C&%@R, UV absorbance quality and

Vi sual AzEA AT A AGTA T DOCCGORCCONTTaARA AT an 1. 2% agar ose gel . The
product was resusgended in TE buffer. &00136 Exenpl ary cappi ng structures.

5' - capingCee BN RN GREADE EHPPEEdedncom tant |y during the in
Vi t ro'd/iﬁ@%ﬁ’ﬂfﬁ%@f'c’w%&b?@b SBRTEAAPW ng chemi cal RNA cap anal ogs
e

to generate t -guanosi ne cap structure accordi ng to manufacturer
pr ot 0ACCARAAACKRGU CGIFCHIPPIACATCCTAIRGPAA(S ) A, (5" ) ppp(5') G

m7 G 5' 5 A 5! ' Bi oLabs, | ich, M).

5' Géaﬁ%f?ﬁéﬁﬁ%&ﬁé%@?@@%fﬁ&mgosl E)t ?aﬁscr PFSJ}LN: gnal I y) using a
Vacci '&GYFVA%A PRICKCEPSURCARTIAETATR Adigc” Cap 0" structure:

nm7&(5" ) ppp(5' ) G (New Engl and Bi oLabs, Ipswch, MA). Cap 1 structure may be

gener &1AACUSIAYLC AOCTR TVAEEAOASCHATISCCAK T RECEnzyne and a 2' -0

nmet hyl - € . ' ')G 2" -0-nethyl. Cap 2

str uctﬁtﬁéﬁgg%@?g&ﬁ@iﬁﬂ&%%ﬁéémct ure followed by the
2" - 0- s hefd ABGET AARGPGTaTtre e G AGTRy FC el eoti de using a 2" -0

nmet hyl t ransf er ase. T&?QPA'g@St ructure may be@gener ated fromthe Cap 2

st r uctG@F ACGAHNGOWel ATFCATTAAGYCAADAGCIT the 5' -preant epenul tinmate
nucl eot i I . |~ f ~AENzynes are preferably derived
from ?¢€J§%§§F}Q§T§%g&g§é$éw%§@§%ﬁg ected into mammal i an cel | s,

t he mMuACCATTHANRSCHRT v eTe TSCHGEGCOr TafC@et ween 12-18 hours or nore than

18 hours e.%., 24, 36, 48, 60, 72 or greater than 72 hours.

TCTGGCCATGCCCTTCTTCTCTCCCTTGCAUCTGT
ACCTCTTGGTCTTTGAATAAAGCCTGAGTAGGAAG
GCGGCCGCTCGAGCATGCATCTAGA (SEQ ID NO: 4)
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WO 2012/ 045082PCT/ US2011/ 054636 [ 00138] Exanple 2: De novo Ceneration of a
Mammal i an Cc Expressi ng Human G CSF as a Therapeutic Agent in Model

Bi or eact owO[2002189(82The nucl ei ¢ aci d sequence for the precurser1of4cbanman
granul ocyte colony stinulating factor (GCSF) is set forth in SEQ 1D NO 1:
[ 00140]

agcttttggaccct cgt acagaagct aat acgact cact at agggaaat aagagagaaaagaagagt aagaagaa

o0y 07 LB EFRCCATL e g, SECERRATEF ey, coact {aaacce o

agaagqgas cStQpagacst gect cat cgt t gccgeagt cat t cct t t t gaagt gt ct ggagcaggt gcgaaa
gattcagggcgatggag
ccgcadd@ld8hgagagdi 8€HEyeAGER atldALE1ACYEALILEAT A dadét cgt act gct cgggcacagct

t ggggaft

ot c?*c‘{%éﬁé%?%@éég%é&é&%%f%%%&ﬁ%éé&@@%@% ttcooagot coactcoggt ttat ot
gt at caggoe s (A gGeaw GGG @OgU RAGGMIUTE@UGaat t gggcccg

anCt acacqgttgcaqctc acqt C atttcgc aacaaccat ct ggcagc ag a

C 00agHACt OB HEMCOGE B b R CH A6 ddaat gocagoct LT gogt cegegt &t cage
gcagg%@ﬂgkﬁﬁ}CGGGAgAGG GUACUUGCAGCAGUCAGG

agt cct cgt agcgagccaccitcaat catttttggaagt ct cgt accgggt gct gagacat ctt gcgcagecgt g
aagcgci@CAtAAQUAGUAAGGCCCGGAGCGUCGGUGAAGA

ggct 1 ggé{[ét Cct ccatqgcccttcttctctccect bga{?acct tacctctt ggt cttt gaat aaagcct gagt ag

gaagg € 2 CE]QM@GQ@&%Q Q‘%G %ttcgaagt cg (SEQ ID NG 1)
0014 ACRACHEEEAERGHELTEANRTHGACGCREEEATRW 15 set forth in SEQ 1D NO

agcuuwuﬁaﬁéﬁﬁﬂﬁgﬂﬁﬁa@A&@KﬁéAﬂ&ﬁ@hUﬁﬁhﬂﬂaﬂﬁgﬁﬂahauaagagagaaaagaagaguaagaagaa
auaua

gccac?%ﬁﬁg@%ﬁﬁgéggggagyééaﬁégg@é%ﬁﬁg&%&éﬁé&ﬂaagccugcaguugcugcuuuggcacucggcc

CUCUgYIAGGCGACUCUUACUGUCGACAAGUCGUCCUCCAC
aguccaagaagcgacuccucucggaccugccucaucguugccgcagucauuccuuuugaagugucuggagcaggu
gcgaadgoCCUAUAUGCAGCUGUCGAGCCUGACUUCGGAAG

auucag%gﬁgﬁwwgﬁmmé&%wcaaacuuugccaucccgaggagcucgua

cugcuc

gcacagrACUg9geauTCEgY PLIGGUAUTLICGACIGUCLIIGOGaggC uuugcaguuggcagggugecuuuc
ccagcu

ccacudMgusgie el o Sy e Ut feraag€eul§ 8§ gaaucucgeccagaauugggeccgacgeu

99aCaqdh yUCCCCCUCGCGCCUAGCUCAAAGUCCACCUCC
uugcagcucgacguggcggauuucgcaacaaccaucuggcagcagauggaggaacuggggauggcacccgcgcug

cagccE&aGGGGAACAGCCGCCUUGGGUUGCUUGGUAAAGGA

aaucadd SUbGRAAPA I E N ot e Lo aEde agecgug o

aagC oSG UACBRICAIUBE YA B EAGKU CGUUUCCC

gcccuucuucucucccuugcaccuguaccucuuggucuuugaauaaagccugaguaggaaggcggcecgeucgagce
augcaliCualedddoCALdulAYE AuEAMd HAAYJUTE GEEQUM NO 2) [00142] The nucleic

2019 SOUULRLR LB AL EATETERYGEA RN (modRN 15 set forth in
ag5W@G¢MGWGWQA@m@UQMW5}E@m@AYE@@E@Q5WEG vaai vasmeCga5nmeCi vomeC
a

meC valGadddEdEr b galgeiad bl 8dg st (e Ay aagatdivai vaagagsneCsmeCasneCsmeCayg
5meC
e Co gV A G A A A A S A LS U EYE S es e Come Csme Cai vgaaasmeC WO

2012/ @EG82PCUGSZCLI 06¢6:88:GGACCGAGCGUGUUC
UUGUUUCCACCUAAGCCGAAAGAUACGCUUAUGAU
CUCCCGGACCCCCGAAGUAACUUGCGUAGUAGUAG
ACGUAAGCCACGAGGACCCCGAAGUGAAAUUCAAU
UGGUACGUCGACGGAGUGGAGGUCCAUAAUGCGAA
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i vi vai ngsnmeConmeConeCi vgs5neCagi vi vg5nmeCi vgs5neCi vi vi vggbs

ConmeCi vbnmeCd vggabneCagi vbneConeCaagaagb5neCgasbneC vonmeConeC vbneC vbneCggab
meConeCi wybrmeRamedd2v5meCay5nmeCgi vi vgbneConmeCgsneCagi v5meCaivsem3me636reCi Vi Vi
%

i vgaagi vgi vbmeCyggag5nmeCaggi vg5nmeCgaaagai vi vbnmeCaggg5nmeCgayggag5meCsneCgbne

5rreO V5 nmeCai vaSnmeCaaa5neCi vi vi vgbne
oAy B e g B S A R Jo B ALTEMeC Ve Caggame CasmeCags
geCl Vi MBOGEE G B RRENE ComRtaG R e R GUGIR GonRe vonmed voneCi vomeCgi vomeCone

i vgi vEmeCEE &gV B Cg6 e @gg B OAUAWGAIEBCaVi vgg5nmeCagggi vg5nmeConedi Vi Vi
v5nme

%m%%%@@%%&%@%&%&%@ vﬁ/l vgi vi vbnmeC vi vgi vai vbnmeCaggg

agm SCG%UCUSCAAAA%CAéé\AGC(gGCéACCUCGGGA(V:JgCAO 5B Cy5TeCETECa c

e vgrre vgsnmeCaag5meConeConeCi vi vgagggaawsneC v5ne nmeCsneCagaai vi vgggbm
@3%\%66@8}%@3 bﬁ@%%g&g‘l Cag5med vsmeCgasnmeCgi vgg5meCyg

a g' I REBAINR SRABECRRTE R A BORTEL L AR TeCagSTeC ag 2709300

aaomeU vgggg a

gg5m%@@%@M@G@W%&M@@KMW%%S%@S%@gggggSW

Caai vgs5neCone 85m305m30 Vi Vviy i v5me 5meCgi vi vi vbneCags5neCg5neCag

ggsne \?gfg% ég@% meCa5meConeCi vi vonmeCaawsne

%ISVI ‘GA(C@C&Q?@QGYJ@@%&}%@Q@C(}%%@@W@CW5WO vgagaSneCay5med vi vgsme

nme
Cag5ma e CYi AgHAGG WG B G OB MEGB ARG AUCEIEEA vg5ne Cgggg5nmeCi vi vgsmeConeC

ivivh j i i Vi i, vi vbmeC v5neCi v5meComeConed vi
'V;' VORGSR RAV R E PR TCEB A AR A Ay v o el vomeQ vome e e vi
SneCagnefbrREEaC e oM ¢ AR A VAT ARRRE Y Vi vgaai vaaag5meComed vgagi v

aggaag
g5 me CgHE GBI EgB b G iGhe Oy S AMECHA VU gS e CyGAECi vagaggg5meConeCoeCaai vi v

chows G ERL e R SRS S o baman O

G anullacy Ge:CeA 0GYy Rl e Uald QUERCIn GCECCIFGUf r om Chi nese Hanster Ovary
Oel S transfected with modRNA for G CSF. The CHO cells were grown in

(%H%WWUQ@%QIA&%{*A@CGAU@A@W%A@Npoxant hi ne and Thyni di ne. 2

X 1066(‘&3 R @5%% Gcloﬁglﬁsconpl exed with RNAi Max from
I nvi trogetr;]&l n aﬁgg@ tur [:E rom Cor nl)ng with 7mL of nedium The
RNA: RIBOTMOX cﬁ]mhlﬁxelwa&dfsaqmch fmy tifel meteid mddibafueng fohthe RiightwW@taim &D CHO

Medi um.in. a 5)( v tr| dl|@al on for 10 mnutes at roomtenperature. In a
secondtifpxgnab ’IQNN ?égée@t 8 incubated with CD CHO Mediumin a 10X

vol umgpgy ]d' th@%éRGA%Q}@TR%W@ACm@Tm A'Ae The RNA vial was

t hen m xe RNAI MAX vi al and 1 ncubat ed 20-30 at room
t emerﬂ%@%ﬁ@%%ﬁ@%ﬁ@dk%A%AW 045082PCT / US2011/ 054636

cells | on of secreted huG neasured
at 12 Aa‘ﬂﬁ@&ﬁ%ﬁ@%&@fﬁ@ﬁ?@@%ﬂﬁ@ﬁ@per natants were stored at

- 20C. 18ReretrronrTefatNoenGretuiCeryAeTCAlNwASt | mul ating Factor (G CSF) from
transfected Hunman Enbé‘é/onl c Kidney cells was quantified using an ELI SA kit

from IMVITEOHELGGIC AQBTGTIE@CIWQEM}W@CQecommnded i nstructions. These

data s ,Haxﬁ? i s capabl e of being translated
in Qg(\gpﬁ%c %EWE&%}%S%@ N[ge(zjzlis‘%‘)ﬁt of the cells and rel eased
into U@AE@WE@C@G@IG@GTCCQMCGM@MH@W these data denonstrate that
transfection G CSF for the production of secreted

pr ot ei’hl €af g@@%T@G%@éAQ%W@@tC@T@@C%r ge cell culture conditions.
w““ﬁAEé@@ﬁ}éAT@% @C@%@%Iqrﬁ%giml R mral i an Commer ci al Production

Cell Line pressi ng manl Ze ies (Trastuzumab and R tuxi mab)
as a U}%@@M@@C@@QACGGTTMGGMWGG‘T([@OMS] The nucleic acid

seauengE AT T ARRK AR BRI RA LG AGaet Torth T SEQTD NO 4
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[ 00146] CTCGTACAGAAGCTAATACGACTCACTATAGGGAA
ATAAGAGAGAAAAGAAGAGT AAGAAGAAATATAAG AGCCACCAT GGCCGT GATGGCGCCGAGGACCCTGG
TGCTCTTGOVOACRAEFBECT TGECCCTCACGCAA  ACAT GGGCGGGACAGGOGT ACTISBAGTAGTCAGS
GGCAGAACT CGTAAGGCCCGGAGCGTCGGTGAAGA TGTCGTGTAAAGCGTCGGGCTATACT TTCACATCG
TACAACAT GCACT GGGTCAAACAGACGCCOCGACA  AGGGCT GGAGT GGATTGGAGCTATCTACCCCGGTA
ACGGGGATACGT CGTACAACCAGAAGT TTAAGGGG AAGGCGACTCTTACTGTCGACAAGTCGT CCTCCAC
%@&%W@M TGTGACOGT GTCAGGACCTOGE
TACT CTGTGACCGT GTCAGGACCCTCGG
TATT CEREFT CPPPRATAGET CALAC GCEERMMGAGCCGOCT TGRGT TGCT TGGTAAAGGA

CTATTTCCCCGAGCCCGT CACAGT GAGCT GGAACT CCGGGGCACT GACATCGGEGAGTGCACACGITTCCC
GCGGT ACTTCACHEXTCRCEACTAST ASTEECTORC (AXGECTCETCACGGT GCCT TCATCCTCCCTTGGAA

arcarar G AR e LR GCTTCT COGOAOACCAGTTT T TC

TTGI TKEACCHRASACCAATRTACECHIAT T TEGCTCXACCCCCGAAGTAACT TGCGTAGTAGTAG
ACGTAAGCCACGAGGACCCCCGAAGT GAAATTCAAT  TGGTACGT CGACGGAGT GGAGGT CCATAAT GCGAA

MWWMWMTW@W@@TM@GTUT@%@MT&M@G
QG e 3 : GCACTTCCGGCACCGATTGAAAAGA

{ CTCTCCCGCCGT CGCGCGATGAATT
3 (A4 mmmm@mcmmm CAGACATCGCCGT CGAGT GG
GAGT CAAACGGT CAGCCGGAGAATAACT ATAAGAC GACCCCACCAGT CTTGGACAGCGATGECTCCTTCT

TCTTGIAYT EahEeT A et S e AT A R C T A GGG T AATGTGT T TTCGT GCAGCGT CAT
@ACGWKE%%M%X@%@@M%%@%%%@W@AC@TMC@C
CACCAT TGAAGCGCT GOCT TCTGOGEEECT TGCCT T CTGGCCATGOCCTTCTTCTCTCOCT TGCACCTGT
ACUCMCEH@M@M@M@G@@@}@C@@@WCGA@CATGCATUAGA (SEQ I D NO

ID m%%%g%?gﬁ%%&ﬁ@ﬁ A[TENA for the Hea forth in SEQ

3. AA ‘ OAGCACTCAGEAUGGCCGUGAUGGOGCCGAGGACCCUGG
UGOUCUUBAUCACGABUGCEUGACOOUCACGCAA ACAUGGE0GGGACAGGCRUACUIGCAGCAGUCAGG
MWWWWMWAUAwUMMU%

X0 %&J@ JGGAUUGGAGCUAUCUACCCCGGUA
! UACUGUCGACAAGUCGUCCUCCAC
CGC&MQ@@IB\&@J@JCGAGC&GA&UCGGAAG AUUCAGCGGUGUACUUUUGUGCGCGCGUGGUCUAU

CUAUUL CAGUGAGCUGGAACU CCGGGGCACUGACAUCGCIEAGJGCACACGJUUCCC
cocey UCAGGACUCUACUCGCUGUC  AAGCGUGGEUCACGEUGCCUUCAUCCUCCCUUGGAA

WCCGA&GJ&JUC
GUAACUUGCGUAGUAGUAG
CGCGAGUGGAGGUCCAUAAUGCGAA
GCAUCUUGACAGUAUUGCAUCAG

w%@@@mf@@@@@%@e@m%m@mmmwmmmmm
UCUUGUAUUCAAAGCUGACGGUGGACAAAUCGAGA  UGGCAGCAGGGRUAAUGUGUUUUCGUGCAGCGUCAU

GCACG&@%:@A@WW GCACCAUCACCAC

WG% UCUUCUCUCCCUUGCACCUGU

' GCAUGCAUCUAGA (SEQ | D NO

5) [O@A&GCU@(BGAW@A@GGC%GU@@EAU@UUCH@GUUC| eic acid sequence for the

Light Chain of Rt mab is set forth in SEQ 1D NO 6:
CAGGGGUCCCGGCACGGUUCAGCGGAUCGGGG CG
GGUACAUCGUAUUCACUCACGAUUAGCCGCGUAGA
GGCCGAGGACGCGGCGACUUACUACUGUCAGCAAU

GGUCCUUUAAUCCACCCACGUUUGGAGCGGGCACC
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[ 00150] CTCGTACAGAAGCTAATACGACTCACTATAGGGAA
ATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAG AGCCACCATGGECTGICATGECCCCGAGAACACTTG
TGCTGTTGWCGAQREEBEGCCT CGCACTCACACAG ACTTGEGECCGEGT CAGAT TGPGIISAGTGAGICCCC
AGCGATCCTTTCGGECCTCCCCTGGT GAGAAAGTAA  CGATGACGT GCCGAGCCT CCTCAAGCGTGTCATAC
ATGCATTGGTATCAGCAGAAGCCTGGEGTCGTCGECC CAAGCCCTGGATCTACGCCCCGT CCAATCTTGCGT
CAGGGEGT CCCGECACGGT TCAGCGGATCEEEGTCG GGTACNHIH?JTCACTCACGATDMIIIIIH?&A WO

T CCTAA OGNSR

AT T AT ROR T EEACPACAETI ARTOGREGAGCCCT TCOGTGOT GT GCTTGT GAAG
AATTTCTATCCTCGGGAAGCTAAAGI GCAATGGAA AGTCGATAACGCATTGCAGAGCGGAAACTCACAAG
AGT CG@@MC@@&@AWU@@ACWWA&AC&T GACGTTGTCCAAGGC

é§§¢§$¥WTGHJWCGOJIJCNxﬁﬁA
GGCCATGCCCTTCTTCTCTCCCT
T@AC@@HGWK%@UWM§AA@U@@%WTCGA@ATmATUAGA (SEQ

| D NO 00151] The nucl eic acid sequence for the mRNA of the Light Chain
of Ri t/%& WAA G&GQA@GAU@A&@G@UUCQ@%M]

CUCGU. f (oh GAAGAGUAAGAAGAAAUAUAAG
AGCCA CAGGAGCGCUCGCACUCACACAG
ACUUGGEOCEAATACUAUSCACAXTTACALGOUGRGEIRA GAAAGUAA

CGAUGACGUGCCGAGCCUCCUCAAGCGUGUCAUAC | AUGCAUUGGUAUCAGCAGAAGCCUGGGUCGUCGCC
CAAGCEEUEAUAYA S EER BN AUEEE Y SR EASS A AGECACGRUUCAGCGGAUCGGERGUCG
GRUACAH N UG A WIACORECEAGACERRSEAGE e CCECGACUUACUACUGUCAGCAAU
GBUCCUUUAAUCCACCCACGUUUGGACCEGELACE  AAGCUCAACUUAAAAGAACGGUOGCOGCACCOUC

UUGCAGAGCGGAAACUCACAAG
GCACGCUGACGUUGUCCAAGEC

oAU A ARG GARSCARGACOCAUICUCAUCGOCGEUCACCAA
UCAUUCAACAGGUGAUAAAGCGECUGCCUUCUGCGEG  GECUUGCCUUCUGGECCAUGCCCUUCUUCUCUCCCU

UGCACASEINEZNQUIBEUCUUUGAAUAAAGCCUG AGUAGEAAGGCGGCCGCUCEAGCAUGCAUCUAGA (SEQ

G R T Y S
Trastuzumab is set forth in SEQ ID NO: 8:
[00154] CTCGTACAGAAGCTAATACGACTCACTATAGGGAA
ATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAG
AGCCACCATGGCCGTGATGGCGCCGCGGACCCTGG
TCCTCCTGCTGACCGGCGCCCTCGCCCTGACGCAG
ACCTGGGCCGGGGAGGTGCAGCTGGTCGAGAGCGG
CGGGGGCCTCGTGCAGCCGGGCGGGTCGCTGCGGC
TGAGCTGCGCCGCGAGCGGGTTCAACATCAAGGAC
ACCTACATCCACTGGGTGCGCCAGGCCCCCGGCAA
GGGCCTCGAGTGGGTCGCCCGGATCTACCCCACGA
ACGGGTACACCCGCTACGCCGACAGCGTGAAGGGC
CGGTTCACCATCAGCGCGGACACCTCGAAGAACAC
GGCCTACCTGCAGATGAACAGCCTGCGCGCCGAGG
ACACCGCCGTGTACTACTGCAGCCGGTGGGGCGGC
GACGGGTTCTACGCCATGGACTACTGGGGGCAGGG
CACCCTCGTCACCGTGAGCAGCGCGTCGACGAAGG
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[00154] CTCGTACAGAAGCTAATACGACTCACTATAGGGAA
ATAAGAGAGAAAAGAAGAGT AAGAAGAAATATAAG AGCCACCAT GGOCGT GATGGCGOCGOGGACCCTGG
TCCTCCTGOVGACRBERBCCCT CGCCCTGACGCAG  ACCT GGGCOGGGGAGGT GCRAGTISSITGAGACCGS
CGGGGGECCTCGT GCAGCCGGGOGGGTCGCTGOGGEC TGAGCT GOGCCGOGAGCGGGT TCAACAT CAAGGAC
ACCTACATCCACT GGGT GCGCCAGGCCCCCGGCAA  GGGCCT CGAGT GGGT CGCCCGGAT CTACCCCACGA
ACGGGTACACCCGCTACGOCGACAGOGTGAAGGEC CGGTTCACCAT CAGCGCGGACACCT CGAAGAACAC
M@W AOOGT CACACE BT CCACCARCE
GA CCGTGAGCAGCGCGT CGACGAAGG
CGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGT CGT GGAACAGCGGOGCGCT GACGAGCGGGGT CCAC
EEAGAGCCACCGAOCKETAT CRCEST BAGCAGCGT GGT CACCGT GCCCAGCAGCA
B M aO0e00E00CAGET O Gae00GE
GCTCCTGGGCGGG
CC@@@@TT@IG@W@WC@W@MGATCA@C@AWGGT CACCT
GCGTGGT GGT CGACGT GAGCCACGAGGACCCCGAG GTGAAGT TCAACT GGTACGT CGACGGCGT GGAGGT
GCACAAGSHARGACEAMGCETCHEHAGEAGTIX ST CAAAKETCEACGT ACCGCGT CGT GAGCGT GCTGACC
R A B A A GO T ACAGOCT GOCO0CAG
GGTGTACACCCTGOCCCCCAG
g : GARTOTGA (CTGAGKEGT GAAGGGCT TCTACCCCTCGGACATC
GCCGTGGAGTGGGAGAGCAACGGGCAGCCGGAGAA CAACT ACAAGACCACCCCGCCCGT CCTCGACAGCG
ACGGCASFPERF T oM ACKS A BEE N CABFR EAEAA G EEEGET GGCAGCAGGGCAACGT GTTCAG
CTCCAG ¢t EBHEeASEEIEE e L ACAACART NG AGHAGAGCCT GAGCCT GAGCCCCOGEGAAG

C
CATCATCATCATCATCATTGAAGCGCT QCCTTCTG COEEECTTGCCTTCTGECCATGCCCTTCTTCTCTC
CTCIRRTACAGGCOTGAGIAGGAAGCCGECCGCTCGAGCATGCATCTA GA

Gnai 1 '@&P&M&i@%@@@%ﬁ&%@é@%ﬁﬁ&e " (ootse] o 1" e

GAAGAGUAAGAAGAAAUAUAAG

AGCA AFCUGETAGCCAGACGUACAUCUGCAACGUGAAC
W@W@A@M@C@
UCCUGUUCCCGCCCAAGCCCAAGGA

RO A RSSO CR AR TSR AOGH IO COCACCACIACECOCAG
GJGAAGJUCAACIJGGUACGJCGACCIECGJGGAGGU GCACAACGCCAAGACCAAGCCECEEGAGACCATY
Wi 3 UGACTT GLUCAUBECNCCAGGACUGGCUCAACGGCAAGGAGUA

: % GACCAUCAGCAAGGCCAAGGEEECAG
CGAAGAACCAGGUCAGCCUGA

CCUCCRUUAIPARAA G WICUECECHOEAGCAEET GAGCAACGEECAGCCCGAGAA
CAACUACAAGACCACCCCCCCCRUCCUCGACAGCG . ACGECAGCUUCUUCCUGUACAGCAAGCUGACGRUG
mm@mmmmmmmmmmw

ACACCC o UCAUCAUUGAAGCGCCUGCCUUCUG
’ @%%@E IACCUCUUGGUCUUUGAAUAAAGC
mmm@mm@%@%ﬁ(@&@c@ NO 9)

ACACCCAGAAGAGCCTGAGCCTGAGCCCCGGGAAG
CATCATCATCATCATCATTGAAGCGCTGCCTTCTG
CGGGGCTTGCCTTCTGGCCATGCCCTTCTTCTCTC
CCTTGCACCTGTACCTCTTGGTCTTTGAATAAAGC
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[ 00157] The nucl eic acid sequence for the nucleic acid sequence for the
Light Chain of Trastuzumab is set forth in SEQ ID NO 10: [00158]

CTCGTACAGROGERAATIRCGACTCACTATAGCGAA ATAAGAGAGAAAAGAAGAGPAREAAGABAIBAT AAG
AGCCACCATGGCCGTGATGECGCCGCGGACCCTGG TCCTCCTGCTGACCGECECCCTCGCCCTGACGCAG
ACCT GGECCGGEEGACATCCAGATGACCCAGAGCCC GTCGAGCCT GAGCGCCAGCGT GGGCGACCGEGT CA
CGATCACCTGCCECECGAGCCAGGACGTGAACACC GCCGTGGECCTGGTACCAGCAGAAGCCCGEGAAGEC WO

e A AR (AT TOACGCT CACOAT CA
ACA EAEAGAEACT TCACGCT CACCAT CAGCAGOCT
GCA TIQEOGACCTACTACTGCCAGC AGCACTACACCACGOCCCCCACCT TOGGECAGEEC

ACCAAGGT GGAGAT CAAGCGGACCGT GBCCBCCCC  CAGCGT CTTCATCT TCCCGOCCAGCGACGAGCAGT
TWGMAM@WM@MFN@AMMWG
W&MACAGCC AGGAGAGCGT GACCGAGCAGGACT CGAAGGACAGC
GACGCTGAGCAA GGCCGACTACGAGAAGCACAAGGT CTACGCCTGCG

PCACEEELTAT GG XICCOAIAANGC ANCHCA CTIAB RO EHRAGAGT GCTGAAGCGCTGC
CTTCTGCGGGGCTTGCCTTCTGGCCATGCCCTTCT TCTCTCCCTTGCACCTGTACCTCTTGGTCTTTGAA
TAAAGESTEAGPIGRA OGRS ATA (ENVFETRIAAASEQ | D NO 10) [00159] The

?g(r:lt ﬁl&ég(fﬁgﬁeﬁé}%gfﬁ%&@éGA%éﬁ@@ Chain of Trastuzumab is set

DINCRREALEH
COCCACOGUCUUCAUCUUCCOCUOCA GOGACCAGCAGCLIGAAGLOGBACACGACC WO
2012/ CMHOELRENT MSLEIT 084688 GACAGCGUGAAGGGC

CGGUUCACCAUCAGCGCGGACACCUCGAAGAACAC
GGCCUACCUGCAGAUGAACAGCCUGCGCGCCGAGG
ACACCGCCGUGUACUACUGCAGCCGGUGGGGCGGC
GACGGGUUCUACGCCAUGGACUACUGGGGGCAGGG
CACCCUCGUCACCGUGAGCAGCGCGUCGACGAAGG
GGCCCAGCGUGUUCCCGCUGGCCCCCAGCAGCAAG
AGCACCAGCGGCGGGACCGCCGCCCUGGGCUGCCU
CGUCAAGGACUACUUCCCCGAGCCCGUGACCGUGU
CGUGGAACAGCGGCGCGCUGACGAGCGGGGUCCAC
ACCUUCCCGGCCGUGCUGCAGAGCAGCGGCCUCUA
CUCGCUGAGCAGCGUGGUCACCGUGCCCAGCAGCA
GCCUGGGGACCCAGACGUACAUCUGCAACGUGAAC
CACAAGCCCUCGAACACCAAGGUCGACAAGAAGGU
GGAGCCCCCGAAGAGCUGCGACAAGACCCACACCU
GCCCGCCCUGCCCCGCCCCCGAGCUCCUGGGCGGE
CCCAGCGUGUUCCUGUUCCCGCCCAAGCCCAAGGA
CACGCUCAUGAUCAGCCGCACCCCCGAGGUCACCU
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AGCAUGCEUGUGCCUCCUGAACAACUUCUACCCCCGECC
AGGUGGACAACGCCCUGCAGAGCGEGAACAGCCAGGAGAGCGUGACCGAGCAGA
CUCGAAGCGATOGAOEEIRCAGCCUCAGCAGCACCCUGACGCUGAGCAAGGCCGACPCT/US2011/054636
UACGAGAAGCACAAGGUCUACGCCUGCGAGGEUGACCCACCAGEGEECUCUCGAGCC
CCAUGACCAAGAGCUUCAACCGEEEECEAGUGCUGAAGCGECUGCCUUCUGCEEEEC
UUGCCUUCUGGECCAUGCCCUUCUUCUCUCCCUUGCACCUGUACCUCUUGEUCUUU

GAAU (SEQ ID NO 11) [00161] The
el o G G S A R BE AT ORG ! Lo i 10 typs CERT piot ot n
is setgighGinCRHR TEONRA CdBcd ABGE2iciatoheayat a at cagaget g gaactcgtcg

ggct cggagg aggat ccaga gacggagtct gggccgect g t ggagcget g cggggt cctc
agt aadigyaAMAact addiAt cardgot g Glelafghigt A(dhgt agt t tt gaaaaat aat

ot o AR e R B A R A e R0 Bt agtota
aatg ?t@%gmmCﬁmA$UW tggtg @A%(???@A@gt ﬁtGAGQIAtag acag f? atg ? at ag at
CCa aaC agcacaagac aal C a a alt C aat ccagc C cgaca
ggct cARAGUCREASOLH AGLAMGAMICCEE BRI GEE Cotycancat ¢ cacct ott oa
{tcaagaang goRacagt itcRpLAAIRABALOTAAIACggaaacat t tagagacatc
aag tactttgatg

ttat gt agac aagttgacac gctacag cctgtgctga tgctgtctct
aaggat@aaCGUaadgyAGEralf AR (AAGaCgany " adgat gactt tcctacaacg
Cgt tct gat tgacttctt cat agt acc aac caat a aagaaaagt t atttccacat
ot ac AedE A G A TG A AL AT HE A UGy cgat aac Lttt aaagea
act actqet @Rt GO fcaRRANtEbACEAbeR] A@apect aat ggt  t aaacgt gag

gacagct ggc agaagagact ggataaggaa actgagaaga aaagaagaac agaggaagca
t at aad#{ACGUEHa GHEHfaABtG@agad iAo c@CAGAygaggacc agatt at gaa

S acagtiaag A G A G e G R D Q0 gagatt acat tggoct
Ot gaagaes o Do R 2t 9t 200 cagagat goo
gat?gg%%gAAﬁggiggigﬂéGéﬁﬁéaégQﬁﬁﬂéﬁQ&&ﬁ@@HLT Y gagg?gg ag??gaagaa

2PCT/ US2011/ 054636
oo A B e AR b A S ottt ctg gaat gt t gac

gt t CgEAQCENGENYEAECAHCALE@OEE ACCTUGHGARNGRt ggaaac att agct gat

aatgcaatca tcatttatca aacacacaag agqgtgtggc ctgettctca gcgagacgta
ttataﬂ%%@gAéﬂ%%EQﬁ@H@AHQééHﬂaéégxagggﬁgggggcél at gaccc tgaaacttgg

t agt it t; t gt gt t
o 9t ARG BT BRaldee 8 gplari el gaacanccy alotsl oo

gccaaaataa atg t'ggt aa gcccaccaga gggaaaccag
gaaat (GQEECIYeCE6t s CCUCAIBAEG AT GaaaA g ACAYCt aat gt  gaaccct gga

aaacqtiie At ier e BdiaatEt A PRI AR ar (1 ortctag (SEQ 1D No
12) [Q94Q§h ﬁ@ngﬁggein sequence for the wild type CERT protein is set

fomhlnSéSH)M11& [00164] Met Ser Asp Asn G n Ser Trp Asn Ser Ser Gy
Ser GQ[001E71 Afhe fRradeic acid sequence for the nucleic acid sequence for the Light Chain of

Trastuzumab is set forth in SEQ ID NO: 10:

[00158] CTCGTACAGAAGCTAATACGACTCACTATAGGGAA
ATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAG
AGCCACCATGGCCGTGATGGCGCCGCGGACCCTGG
TCCTCCTGCTGACCGGCGCCCTCGCCCTGACGCAG
ACCTGGGCCGGGGACATCCAGATGACCCAGAGCCC
GTCGAGCCTGAGCGCCAGCGTGGGCGACCGGGTCA
CGATCACCTGCCGCGCGAGCCAGGACGTGAACACC
GCCGTGGCCTGGTACCAGCAGAAGCCCGGGAAGGC

O
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du
Tyr
Tyr
Al a
Ser
I'le
Ay
Ser
Asp
Al a
Phe
Lys L
Al a
Au
Lys
Ser

Arg G
Ser
Val
Al a
Au
Thr
Thr
Tyr
Val
Asn
Ile

Thr Au Ser Gy Pro Pro Val Qu Arg Cys Ay

Lys SEo2@2p488p G u Thr Gu Tyr Ay Cys Arg
Val Ile Thr Pro H's Asp Phe Asp Gu Cys Arg
Val Trp Tyr Leu Arg Ala G n Asp Pro Asp H's
GQu Gn Hs Lys Thr Au Ser Ay Tyr @y Ser

phewbe oot reBhddeariciote

' |A€CAG@C@@GT‘C@C@AG@@GG¥ECJ@CG€%‘T@}@G€Y S
Val Ser Lys Asp Qu Leu Gn Arg Asp Lys Val

PﬁdﬂﬁﬁﬁKﬁ%ﬁcﬁkﬁﬂﬁﬁﬁAﬂ¥§ TGACASD CPHKDMQGCH"S

AP Ay RGP oGP AT TG Ho¢ 8,

L%G@ACMA@@AO@@:@:@%&;CWGGG@@GG@S
Lys Ar Thr Gu Au Ala Tyr Lys Asn Al a
HACEAS (T @A PO AG GG ACET @ CCaar B o

VO 20@A%@W@A@?&é&@i@ﬁéﬁg@d‘% Rgd‘zf?y :

L@G&AGT&GG@Z%O@K@C@A@GIHBGG&GTMC’D@CTG y
Au du Mt Val H s Mt Thrél’axr Ser

Asﬁ‘rA(fAéC@WI%GCQQICG@@A@CIF@GC@W Gkt

GG‘AA@@%@!At %é@tc@@dﬁ@(%@&é@%&d&(}éta
H's u Va Cys Asn Tyr Phe Trp Asn Val

TMGGA@A@GGEQA%@AH(%G@IAQMG@(BGMAGQJ

AR TEAba A hRaaathag

me@@GA‘@tAé@ademzﬁxGGeﬂ@r&mcmd@ n
Asn Val Ala Met Ile Cys G n Thr Leu Val Ser

Val

Ay
Phe
Arg
du

y Tyr

u Al a
Tyr
Val
Ser
Ay
Al a
Arg
Met
Asn
p Ala
Val
Thr
Leu
Lys
Thr
Asp
Al a
Arg
Pro
Asn
Pro

Be &aA@@@Gﬁ§§§AGQ&§G@®ﬁﬂﬂiﬁ@AﬁCﬂﬁﬁGmGAQQ:acud
is set forth as SEQ I D NG

Leu

Asp
Gn
Ser
Ser
Au
Phe
Au
Thr
Ile
Thr
Leu
Thr
Ser
Val

H s
Gn
Val
Hi s
Val
Asp
Asp
Au
Arg
Pro

sequence for the

TRELT e S i R

?ac ? g QMTGGWTQGW%}?C@M?TTFTaQE a?gt g? ?
ca gg ca a aaaaat aat gctctga

tgaag gg 6’@2’& gégééié%%T PEEdTdGnA gt t aggaggg
acctc W@&AG@G@A@%@%@Aﬁ%éé@éc@f@(?%@}t&?@t gatagtg

tcgt gct cag gatccaga

C atagacagca a

agat gccattgaac

t gaat CADATAGAEHEQIY NaatiOgagett gcgt cgacat ggcgcaat gg
gtctg gt.gg ¢t ctgcaacatc cacctcttca ttcaagaaag
3@@&31 “g“%‘cle %aflaga%eaqfo rthegaBaéaeicthe Pé&h@@ gféeﬁﬂe

acgtg

gct acagagath $18Q

Ser

Ile
Gn
Ser
Al a
Met
Asp
Asp
Asn
Asp
Leu
Asp
du
Leu
du

Arg
Asp
Tyr
Al a
Arg
Asn
Val
Thr
Cys
du

Lys Trp Thr Asn
Be Hs Ay Trp Gn Asp Arg Trp Val Val Leu Lys Asn Asn Ala Leu Ser Tyr
Ser PCIraISeyIs/0k4586 Ser

Ser
Trp
Leu
Thr
du
Al a
Asp
Ay
Phe
Ser
Lys
Leu

Val
Ile
Arg
Ser
Thr
Cys
Au
Asn
Lys
H s
Au
Lys

Asn
Asp
Arg
Thr
Phe
Al a

Lys

Lys
Asp
Al a
Hi s
Ser

du
Ile
Au
Lys

Be Asn Au Qu
Ala Ala Leu Asp
Arg Leu H's Trp Pro Thr

Phe
Val
Arg
Val
Asn
Al a
Leu
Trp
Val
Ay

Val

Ay
Arg
Lys
Asp
Ile
Tyr
Ile
Arg
Asn

aggat ccaga
caaact acat
act acaaat c
ct gt cat cac
tttggtatct
agcacaagac
tgtccctggt

ccac

agt

ds set
tht}q@I B cctgtgctga tgctgtctct aaggatgaac ttcaaaggga

t aaagt ggt a gaagat gat g aagatgactt tcctacaacg cgttctgatg gtgacttctt
gcat agotksd] aa€ GGG ASHYSGERHAUACGACHEAC YA HACHIGAA Ad A4 B G AGAAAA

tggta
aacact

R Ak RRRBPRG AR AR A LR D Qe QE PR

Gn
Ay
du
Ay
Trp
Ile
Leu
Val
Al a
Gn

@§§§§gg§ACCC

ggat aagg@aCCUCCUGCUGACCGGCGCCCUCGCCCUGACGCAGACCUGGGCCGGGGACAU
CCAGAUGACCCAGAGCCCGUCGAGCCUGAGCGCCAGCGUGGGCGACCGGGUCACG
AUCACCUGCCGCGCGAGCCAGGACGUGAACACCGCCGUGGCCUGGUACCAGCAGA
AGCCCGGGAAGGCCCCCAAGCUCCUGAUCUACUCGGCGAGCUUCCUGUACAGCGG
CGUCCCCAGCCGGUUCAGCGGGUCGCGCAGCGGCACCGACUUCACGCUCACCAUC
AGCAGCCUGCAGCCGGAGGACUUCGCCACCUACUACUGCCAGCAGCACUACACCA
CGCCCCCCACCUUCGGGCAGGGCACCAAGGUGGAGAUCAAGCGGACCGUGGCCGC
CCCCAGCGUCUUCAUCUUCCCGCCCAGCGACGAGCAGCUGAAGUCGGGCACGGCC
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Lys
Asp
Val

Val

du
Ile
Ser
Cys
Lys
du



act gagaaga aaagaagaac agaggaagca tataaaaatg caatgacaga acttaa4 aaatcccact
tt ggaggacc agattat gaa gaaggcccta acagtctgat taatgaagaa gagttctttg

at gct gt t galoagrA(ysaset t gacagacaag at aaaat aga agaacagt ca CaFAFRGAASI636

aggt gagatt acattggcct acatccttgc cctctggaga tgecttttct tctgtgggga
cacatagatt tgtccaaaag gttgaagaga tggtgcagaa ccacatgact tactcattac
aggat gt agg cggagat gcc aattggcagt tggttgtaga agaaggagaa at gaaggt at

[t asaghagr RO e SRR R b T gac Gt t cacaat g
act g9gaaa ot AhraReceadd AGATT dGAhIdaREC CAIG AW G B ACCEAERTAGGA
tcatttatca aacacacaag agggtgtggc ctgcttctca gcgagacgta ttatatcttt

ct gt cAIUCGAMAGALAE A GESIA RO G K@t 94t cAC
attttt
at gt t

CHaaa Uy G agr@aCGAC

S Sb R B SR S R SRR Bl A R G B cce

gggac iKQ@UGA@@AQG@&%@UC@Q@@@GQ}G@@GIA@U QCUgRARGCCHYAGOaMAYIGEGCGGC

ot tot 1egrCluadiaRad BERSEdgan AgeeDEG UG AU o

NE&GCUGY Uthe

pr ot ei A%@%ﬁg@é@% PARFCAABEOTAREAGCRBGC QTR BSRIB NG, 1Y |

Met
Ser
Ay T
du
Thr
Tyr
H s
Val
Lys
Cys
Lys
Thr

2012 TP REALTOR F p P, 5 e

Ile
Gn
Asn
Ay
Au
Ay
Val

Leu
Ile
Val

Asn

tttta

Gly) Pro Pro VaI Au Arg QIS dy Vval Leu Ser Lys Trp Thr Asn Tyr

@()GnAs Trp Val Val Leu Lys Asn Asn Ala Leu Ser Tyr

el Thpe 1@ 1€r9<fld@3<ylee% OAPHC @Ptyiegéﬂuqnp% olhs

Wik typefE

Prog: 58 i QﬁhﬁNésﬁ)zGu Cys Arg Phe Asp Ile Ser Val Asn
LeuAr Ala™Gn Asp Pro Asp His Arg Gn Gn Trp Ille Asp

L)[QOIﬂiﬂ ChtptcBeata @cygdfyre daytcBep gBtogdder ageatcdagn ghvagagicy

Ser Leu Val Ser Ay Ala Ser dy Tyr Ser Ala Thr
P A SRR Y R i
A ' |
A; %ggategt‘tlg%g@at %ﬁﬁadfﬁdﬂ g%gga%a%ct;z%d'aatgh%aagé%aﬁs g
raga@gtatmg@gyggwpcanﬁet qtegeades cRseatcPRacHsired y

Ser
Thr
Cys
Au
Asn

Thr
Phe
Al a
Asp
Lys

Thr

sprg?éal Val

Be Hi s

Lys

Asp Ser Val

Al a
Hi s
Ser

WO

Pro Lys Ay

Ile
Ay
Ser
Asp
Al a
Phe

Au

Ser
I'le
Trp
Gn

Al a Met

Phe
Ile
Val

Pro

Lys
Leu
Ser
Thr

AEphe Lys Ala Thr Thr Ala Ay

L eghtAagatd Rtagh@idcSetp o dth Sat QySatiohf ddchicahgat tiRitctyad
Lys Arg Leu Asp Lys G u Thr Gu Lys Lys Arg Arg

Al @tegaictenntocag gt gealcgagal gegisatye tetractagl steragasq y

RTINSO h e e
Astpgg%k@aﬁ’@aﬁﬁatt Sengidalc t@tgtag'dmraagitgacéc gct%@aé@l

Gn Asn H's Met Thr @/ Ser Leu Gn Asp Val dy
VARCHEAE e§tgeedey tagtigfc %Pg&%%a{%a%%ﬁgg?ﬁaa&%ét%r g

\é?laa%‘ls%at%%}ga{o a@tt Itér%%lc'%g% c@'tt@tg%% gt%igﬁcﬁ?@até@gccl—ys

Phecgdicsaty/ajgavadgtt@titccatnt ngagac&haaalgpatmgnggthmgad e
tttaaagggg aagcgataac ttttaaagca actactgetg gaatccttge aacactttct
cattgtattg aactaatggt taaacgtgag gacagctggc agaagagact ggataaggaa
actgagaaga aaagaagaac agaggaagca tataaaaatg caatgacaga acttaagaaa
aaatcccact ttggaggacc agattatgaa gaaggceccta acagtctgat taatgaagaa
gagttctttg atgctgttga agctgetctt gacagacaag ataaaataga agaacagtca
cagagtgaaa aggtgagatt acattggect acatccttge cctctggaga tgecttttct
tctgtgggga cacatagatt tgtccaaaag gttgaagaga tggtgcagaa ccacatgact
tactcattac aggatgtagg cggagatgcc aattggcagt tggttgtaga agaaggagaa
atgaaggtat acagaagaga agtagaagaa aatgggattg ttctggatce tttaaaagct
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Lys

Arg
du
Pro
Arg
Thr
Lys
Asp
Val

Val

du

du
du
Asp
Gn
Ser
Val
Al a
Au
Thr
Thr

Asp
Al a
Tyr
Asp
Leu
du
Asn
du
Ay
Thr

Ser
Tyr
Au
Lys
Pro
du
Trp
Asn
Hi s
Ile

Trp
Lys
Au
Ile
Ser
Met
Gn
Ay
du
du



Ile Tyr Gn Thr H's Lys Arg Val Trp Pro Ala Ser Gn Arg Asp Val Leu Tyr Leu
Ser Val Ile Arg Lys Ile Pro Ala Leu Thr Qu Asn Asp Pro Qu Thr Trp Il e Val
Cys Asn PRNO2Bev048mk Asp His Asp Ser Ala Pro Leu Asn AsnPATQIS@YI3/0¥&B6 Arg Al a
Lys Ile Asn Val Ala Met Ile Cys Gn Thr Leu Val Ser Pro Pro Au Ay Asn Gn
G u Be Ser Arg Asp Asn Ile Leu Cys Lys Be Thr Tyr Val Ala Asn Val Asn Pro

Gy Ay Trp Ala Pro Ala Ser Val Leu Arg Ala Val Ala Lys Arg Qu Tyr Pro Lys

Phe Leu Lys Q@g Phe Thr Ser Tyr Val G n a(t)gls Thr Ala Ay Lys Pro Ile Leu
Phe (SEESAIESRER2EE5E COEEE59 %%AS%&“@HFF%%F "Sman 1 gG Anti bodi es [ 00168]
Fi gur g(Ro@Rf dotddehficIastiQBaAthcERE obitsedithgpmpposor bent assay (ELISA) for
Human%lg f%or%%l ntca:sfal I—lagrrlcxlsterC Q/%%T)g/g gg (CHO and Human Enbryoni c Ki dney

( HEK, aHERa@CdﬂegtataﬁC@eacaQMageggggtggtaﬁsﬂ@mwg%atcﬁtahuman | gG npdRNA ,

respect c_Ki 293 were grown in CD 293
Vel el e AR e Eoek b MRS hUEE  ogen unti | they reached a

confl tawg&egt@&tt&@téeggﬁtcﬂm e f thfacRIce agt@weeti N CD CHO Medi um wi th

Suppl enment of ut am ne poxant hi ne and Thymidine. In Figure 2, 2 x WO
2012/ B4STSIPCTRUS B IHFRICCHTRACIICFICCORY 222073468 ect ed Wi t h 24ug o dRNA

conpl i | | in 7mL of medium In
Fi gur %ﬂtaﬁ%& %%%C;a§?{@ta\%£%gu%t%§%t§ Stlé%ét%aqgg gtgﬁ&{at%gm)dRNA conpl exed with
RNAI Mgatep gdnc lcaydctdagggimapfieca g2decaige gpbaitace hhatt&A: RNAI MAX conpl ex was
formed by first incubating the RNA with CD 293 or CD CHO Mediumin a 5X
voI un@??qgétttélﬂtﬁﬁcétrlcc%%aa&@ 1870888 ABECR YA Y perature. In a second vi al ,
gngPt 1Y@s i ncubated with CD 293 Medium or CD CHO Mediumin a 10X
voI urretrl C uti'on for 10 mnutes at roomtenperature. The RNA vial was
t hen 06k63] wi The proeiRMAUMX foi tie vahbtypa CERAL mdtefrors s(foBD imSEQIOMNO: 13:

t enper, bef or ei ded to the,cells. i dr op- W fashion. In

Fi guréwg“ihe?\é%nggégﬁ %gflgﬂ gFr t@cé%i%e&%ﬁﬁé’hg?r% '(ﬁgﬁfgiﬁﬁl ture medi um was
measurd 1t Ghe serldly 136 PROWLBGRPAg CYRO8f @8It QMSer L§s Fi gure 3, secreted human
| gG was neasured at 36 hours. The cul ture supernafants were stored at 4

degr edgp T8edseilyoHe blis GhyabipuGinnmedy AlrgoTnPt\faéﬁ@ﬂ &ee &yls Human Enbryoni ¢ Ki dney
293 cellswa i t camfollovmngthe

manuf acstnurerlglaﬁ“ec erfrﬁ{jegu]i?%s Sﬂ]fll oRs lu% gfhﬂay show that a Humani zed | gG
ant i baty ArgrGlstSez Uealyy 1w SBNAyy SEQ 41DeNDs Pré Hag\dlsp’) i s capabl e of being
transl ated in Human Enbryoni c Kidney Cells and that Trastuzumab is secreted

out ofPhespdap(ys44d Pﬂlél/*éﬁé@oﬁerﬁ’tabAﬁlhéseﬁﬁf‘é{éleTnpﬂyar envi ronnent .
Furt hqj F%ﬁgAcblgtP?D SsM %ﬁafrptl a&ngjg&tﬂ on of cells with nodRNA
a or uc o

encodlng stuzuna e pr Ion ret ed protein can be scal ed
up tocaulohmfhahy@Thlo@hﬂmgﬁyfrgf Gl;cﬂértGmué;ecSaleréu Arns. [00169] Western
Det ectj on_.of

uced tibo [ 00170] Figure 4 shows a
west erHeslislly e%ﬁll eéée}lélaggaligii’ %f@gy%‘/’i%erl | ug each of Heavy and
Li ght Afhainpsof THrRs 912 ’%@%Hlk ReOf A @rigject translation of

protein product, cells were usi ng standard Pprotocols in 24-well
pl at edeuad CdeMetﬁlpé”hth@At§A@p Ile ékb Qyy Sag €8n Wet Asgol | ected at 24 hours

i rEeE Ciba rEnTSREThR Gf RRSalnvESer R efogen. after i ncubation-

with @1ﬁ@étaldlnmgy\%m§l\/awta1 oadxs Qsﬁ'@'ﬂ@ﬁsﬂ 3% pRepHgated to DyLight (r)

594 (abh96904, abca nbrid ) and a secondary goat pol ycl onal
ant i bddy TﬁloAmsﬁirg/@R/\ﬁchﬁsmBl@ b@rﬁm@@r dtr fen Gilk Ak h#s phosphat ase, the
antib d%e?, eﬁls%al%r éi))llglAlér?Hlnﬁe %hosphat ase chronogenic
substra e y vt y

Phe Lys Gly Glu Ala Ile Thr Phe Lys Ala Thr Thr Ala Gly Ile Leu
Ala Thr Leu Ser His Cys Ile Glu Leu Met Val Lys Arg Glu Asp Ser
Trp Gin Lys Arg Leu Asp Lys Glu Thr Glu Lys Lys Arg Arg Thr Glu
Glu Ala Tyr Lys Asn Ala Met Thr Glu Leu Lys Lys Lys Ser His Phe
Gly Gly Pro Asp Tyr Glu Glu Gly Pro Asn Ser Leu Ile Asn Glu Glu
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[00171] Cell Irmruno Staining of mbdRNA produced Trastuzumab and Rituxi mab
[00172] Figure 5 shows CHO-K 1 cells co-transfected with 500ng each of
Heavy anowbizgteo4&isai n of Trastuzunmab or Rituxi mab. Cel | $CRAIS201g/HO6WH6 i N

F- 12K Medium from G bco and 10 % WD 2012/ 045082PCT/ US2011/ 054636 FBS.
Cells were fixed wth 4% paraf ormal dehyde in PBS and pc X-100 in PBS for
5-10 mnutes at roomtenperature. Cells were then washed 3X with room

t enper BS. Tra Ri t ux st ai_ni ng was performed using

r abbi t b%ﬁ‘?@ﬁ%gﬂ’%ﬁt aﬁéﬁgxgﬁﬁ dﬁm‘g‘ﬁ dt¥ed to DyLight (r) 594
(ab96YWt GialrASkr CANYricHae.ys VA A@g?E@J ﬁhmptfqotm@saanuf acturer’'s recomended
dilutions. Nuclear DNA staining was perfornmed with DAPI dye from

| nvi t degdio Sw@lyp‘hmélarf’lfeoﬂeriﬁmagak@u@m HindrRPheXphab is translated and

| ocal i t ransf ect n The pictures were

t aken qg%@)&riagog%&%ngf%{% ﬁDs E?@] 1%' §8r§ Hhunobl ot Assay for

nMod RNA\ r\oallanyrd}lgrAaﬁtpuamﬁtrqaddqBeawﬂmtt}lﬁﬁ%mycﬁugure 6 shows a Binding
| mmunobl ot detection assay for Trastuzunab and R tuxi mab. Varying

concenfletdnisofd Tof AF&éYEGBQVﬁ]e@M =1 f(xab@bdhﬂe\’alalwaf?ﬁp Canbridge, M), [00175]
ﬁ/&;'g% L8£L§§%§&W%§%LP?G%Q1 'ﬁﬁ @094p60, abeam Canbri dge,

|gen i mab were run a ying concentrations (100ng/ul to
Ong/ uIstmBnarylmsaSRagNagahp afladAtgAasAep Mgl GanTler Bhrmenbr ane usi ng t he

i Blot from|nvitrogen menbr anes were incubated for 1 hour with their
respedlsi&Gd Ac%‘lﬁheéﬁﬁé/@hé(@aﬁ%‘émrrlc?ﬁﬁ@a@%? Asncalylle eyt r ansfected with 500ng
each qf. ¥ TRR 4—L AAp o NiASLUZH Wit uxi mab. The nenbranes
wer e b{ d@ﬁg T% ! and g sr%condary arm? uman | gG anti body conjugated

to al l{ahmyelphdspﬁaltﬁsmghbeﬁm?ro%hﬂmud@e Glﬁ/l@snwa;@ added Ant i body

det ec u vex e phosphat ase
chron?é%ﬁﬁlﬁgﬁﬁg’tnﬁﬁ (gvszgﬂ%er%\}\l?#ﬂl g that a humani zed 1gG
anti bq%ﬁ@ﬂ%ﬂ%ﬁﬁﬁ?dﬁ%1m RINAY ﬁemﬂmhmmefﬁsogm zing and binding to
their respective an ens 0176] Cell Proliferation Assay [00177] The

SK- BR(¥sé&ah|Thy LneVahﬁeraEdhé’lr@ﬁlﬂu oty Ast GieGleHl¢ SedAfgr om a human br east
adenodgﬁé Bojgﬁ thl ch overexpress the HER2/ neu receptor can be used to
conpar tiproliferative properties of nodRNA generated Trastuzumab.

Var yi ng01s3sncemhd aidl@ascidkequehtd foe thelf@iotide sajpegRnE i $&1370 DerasiRiA iand
trastuzumab can be added to cell cultures, and their effects on cell growh
can bectiesBas SHQIY N pti cate cytotoxicity and viability assays. [00178]

SKOV- :iO(Tﬂi%?r |ng(i!ceégata atcagagctg gaactcgtcg ggctcggagg aggatccaga gacggagtet

gggecgectg tggagegetg cggggtecte agtaagtgga caaactacat tcatgggtgg
caggatcgtt gggtagtttt gaaaaataat gctctgagtt actacaaatc tgaagatgaa

acagagtatg gctgcagagg atccatctgt cttagcaagg ctgtcatcac acctcacgat
tttgatgaat gtcgatttga tattagtgta aatgatagtg tttggtatct tcgtgctcag
gatccagatc atagacagca atggatagat gccattgaac agcacaagac tgaatctgga
tatggatctg aatccagcett gegtcgacat ggegcaatgg tgtecectggt gtctggagea
agtggctact ctgcaacatc cacctcttca ttcaagaaag gecacagttt acgtgagaag
ttggctgaaa tggaaacatt tagagacatc ttatgtagac aagttgacac gctacagaag
tactttgatg cctgtgctga tgetgtctct aaggatgaac ttcaaaggga taaagtggta
gaagatgatg aagatgactt tcctacaacg cgttctgatg gtgacttctt gcatagtacc
aacggcaata aagaaaagtt atttccacat gtgacaccaa aaggaattaa tggtatagac
tttaaagggg aagcgataac ttttaaagca actactgetg gaatccttge aacactttct
cattgtattg aactaatggt taaacgtgag gacagctggc agaagagact ggataaggaa
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[00179] The anti-cancer effects of nbdRNA generated Trastuzumab can be
determ ned by consecutive injections of 1) nbdRNA Trastuzumab , 2)

trast uzums,20eds@p nodRNA WO 2012/ 045082PCT/ US2011/ 05263a)ST01a®646361mab +
NMOdRNA GCSF over a period of 28 days in SKI reduction in tunor growth size
can be nmonitored over tine. [00180] Exanple 4. Overexpression of Ceram de
Transfer Protein to Increase Therapeutic Antibody Protein Production in
Est abl i shed CHO Cel |l Lines [a00181]<1 3) Bat ch Culture [00182] An anti body
pr odudf e BB UASARERS ABPEERIRS? BEAWY S &A11805%680 *d Wmani zed t herapeutic | gG

ant i baghtodchel dANSERE LEshuRd| Mgkl TRt chdrplagat | oni ¢ del i very agent
al one (control) or a Synthetic nRNA transcript encoding wild type ceram de
t r ansfgagtigite gzt ECERTICIYT 2arapanap hiospinaatcagiqa conpet ent  Ser 132A CERT

mut ant , RT i s .an essential cytosoli rotein. in mammalian cells that

U ans car e SRR R F s s PR e et Mol aomi ¢ retf cul um to the

Gol gi 1erpiFRkexcathiabft igtcchSaag @yeidaeslidotcaphi ganyet i n (Hanada et al ., 2003).
Overexpression of CERT significantly enhances the transport of secreted

pr ot eit#fECAge pERAIHPSEPER BT AT WHELCARH LELHPI8Y 8L ALABr oduct i on of proteins

t hat j f k ti |
nor cny SR RARLEER B 08 e P bl T T ot um Synt et ¢

MRNA tacevaseng phagacg cpcaggndax eghgedtpda Atatticpd ghacatgaoni ¢ del i very agent at a
2-5:1 carrier:RNA ratio. The initial seeding density is about 2x105 vi able
cel | s/BHEECFRACIRRAISIINEIARRAIAACHICARIRRI8RAGIE AHRAG8Ared after initial culture

seedi i i 0 se to achieve a final
synt hggﬁggwﬁ%%atgtgﬁ?/%ﬁ%?é E%%%}\%g%é &::L%gttlcg%a %gr%ggél&ggalos per cell. The basal

cel | culatartetgiedicgraagsaded gicttghdte phvatmscatiaaaettgg i nocul um generati on and for
grom h of cultures in bioreactors is nodified CHO nedi um cont ai ni ng

o ot et SR erloal et e IR HEHEt ot r ovat o The pr of |t ho

nedi ungckfasdh Wgtedat SittlotOract tio gadbddeaeca dNaNrEkE af ter addition of all
corrpo%nts. Cu t%re z(’?lungti rrestlfgeg%dd\%n dag% é]éﬁ 14, 21 or 28+.

Pr odughiatagteggdacBQat tchteghae tagetngriagqtantali sahecstggdt eel reactor with two

mari ne iat elalc%gs%:tcnay t?a% usC%dta%gaaakeasgqétgblag tEtgta>10’ 000 L stainless steel
r eact GF8 Sbees CrEvede & cg%%orﬁ%lg-assgl &n%cﬂ pa% St application U S. Ser. No.
60/ 4362450 1ta bitttedoRGagaddaa R0RAggANGcdhthit ofhtsia (JWD I KVO4Q,) 645) . A data
acquisition system (Intellution Fix 32) records tg@er ature, pH, and

di ssolhePregipgeaiqnpop! thaSsUGRAUEer ment East forthws SERIR M-8l | ed via
oL aTSHETe S PREAILE SPe SRl Aguirerged 1L (2 e
oxygerGlughs Gau §edGlyRroPah Vah€lis AneCys Gty VarLduBecdytrol . CO2 is sparged
e, OAE B Ao T3t BTy CBAbRCA o BPUHY H FS Lt | Counting |5 Stained
‘é\ﬂéi gr %érfllgﬁﬁozﬁﬂai%u@%} FYRTyIys $R¥1S Asplosn ThEEI THoaRt and cell viability
Cys Arg Gly Ser Ile Cys Leu Ser Lys Ala Val Ile Thr Pro His Asp
Phe Asp Glu Cys Arg Phe Asp Ile Ser Val Asn Asp Ser Val Trp Tyr
Leu Arg Ala Gin Asp Pro Asp His Arg Gin Gin Trp Ile Asp Ala Ile
Glu Gin His Lys Thr Glu Ser Gly Tyr Gly Ser Glu Ser Ser Leu Arg
Arg His Gly Ala Met Val Ser Leu Val Ser Gly Ala Ser Gly Tyr Ser
Ala Thr Ser Thr Ser Ser Phe Lys Lys Gly His Ser Leu Arg Glu Lys
Leu Ala Glu Met Glu Thr Phe Arg Asp Ile Leu Cys Arg Gin Val Asp
Thr Leu Gin Lys Tyr Phe Asp Ala Cys Ala Asp Ala Val Ser Lys Asp
Glu Leu Gin Arg Asp Lys Val Val Glu Asp Asp Glu Asp Asp Phe Pro

Thr Thr Arg Ser Asp Gly Asp Phe Leu His Ser Thr Asn Gly Asn Lys
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WO 2012/ 045082PCT/ US2011/ 054636 are performed via henocytonetry using a

m croscope. For anal: sanples are centrifuged for 20 m nutes at 2000 rpm
(4C) for wel2bizapmeat i on. Supernatant is anal yzed for tireTfuskéioms4e36
paranmeters: titer, sialic acid, glucose, lactate, glutam ne, glutamate, pH,
p02, pCO2, ammoni a, and, optionally, |actate dehydrogenase (LDH).

Addi ti onal back-up sanples are frozen at -20C. To neasure secreted

humani zed 1 gG anti bo iters, su tant js taken from seed-stock

cul Fuéﬁ%?%??ﬂgkéooﬁég %@It']ﬁ‘r%%ﬁ%s?&[}hnﬂeg&é Y{IE% i s determined by ELISA and
di vi deghe BYs 18 GIR AT NTREPHOL .y CAa ThrtThr 034 G BE Eel he specific productivity.
The hi ghest val ues are the ce¥| pools with the Ser132A CERT nutant (SEQ ID
No. 14)AlafTdl LomSer g CaisIlls Glpdeu@EeTvV{ISEOAD (N AsR.Ser n bot h, 1gG expression
is marked|.y. enhanced , ,conpajedt0 rier-alone Qr untransfected cells.
[001831i<rpg%11¥&3%{&ir%§ ‘hé%ﬂ%??%ﬁflrp‘éﬁ’%ﬁ ﬁﬁr@rg[%ﬁlﬁlzﬁé{}&n anti body produci ng
CHO cetih Alh m9r (DA S TR Glul G INSTARITASGel BIE ¥ | body is transfected
with lipid cationic delivery agent alone (control) or a synthetic nRNA

t r ans &Ly Sily Exec Oap Ay @i @hltgjﬁ’epf@éﬁfsam de transfer protein or a

non-p ' t r . qoynt hetic mMRNA
trans@?%@gbéégts (rAg'?ngﬁ}%ﬁtﬁﬁgeﬂl%@ﬁgﬁn%@%gﬁ very agent at a 2-5:1
carri &iluRNAGiaSeoGinl$ee Gloillys dal segtewndidemdirt Thwdsr about 2x105 vi abl e

cell s/ m. S\ént hetic MRNA transcript is delivered after initial culture
seedi AGUAER PRGCDasReR Bdiemer aFT ¥al Gy i dHo s Pphdk to achieve a final

synt helin JIRMGEORY, IMThET GREANCAR MR aad, LOxaRP per cel . The basal
cel | culPt a’re me |ur;11 used ¥or a?qfﬁphases ofﬁce{%gli(nocul um generation and for
gr owt MspfVa @iy e avsp AlipAon dag Gor Bewd sl Yioldiliui(@d @@PCEDHO nedi um cont ai ni ng

gl ut am, ne, Lum bi car bonat insulin t hotrexate. The pH of the
medi umd?tiyﬁyﬁgg’éé% r%’E‘%’ &iafﬁlulaﬁ] %G@m%m%% ter addition of all
conponesisu LB AlLBRt@iAIRVaPLYs 6¢pVEl TIH @sHikeaghar Wi th one marine
inmpeller) aré used to obtain fraxi'mum CERT protei n production and secreted

hunmanied\snglr &he il dpn Mat de VaFsrg domtdisploueloFhf By- bat ch cul tures, the

cul turj run &.i kS| ed by | enept i the culture nmedi um one or
nor e tqegglg Ajdséliﬁhfﬁébﬁa%gﬁf{}ﬁuﬁzlﬁrgre%A%%ﬁ% lgsrne&‘? ﬂr%:g%ﬁ umduring the run. In the

a contﬂenltg@t(ﬁnamdHﬁ@ﬂymltgcvialf'ﬁ?dir@mi 8@ GRNsrg Adspevaul tures receive feeding
medi um as_ a conti nuousl y-supE i ed infusion, or other automated addition to

t he cdienye Lep genVeliepdre k Broedyla LendlteClpAsgrisimed f ashi on so as to
achi e ot Ot i thetic mRNA: carrier in
t he c\tfjlnr? %Tnﬁt@ yglalcgfs %@ﬁ%ér?aﬁ@%?%ﬁ?gﬁ%@en of a once per day

bol us Hre&du Wsh AsheediGyy it dirgiRlchipd He Aisny as it Meet Ile nRNA: carrier on each
day of the culture n, fromthe beginni f the WO

2012/ @4&@2@95@#&?@%@@%’%%&43@3@ O Oftolle i 48y of har vest i ng the
cell S-As@%n‘i@'f’é 1. ?%%Tﬁ’{pﬂp@al&gﬂsﬁ%ﬁ ARR pho @ﬁal e reactors (stainless

steel reactor wwth two marine inpellers) were used and are scalable to
>10, 0@@y OrptAda RtoeSl et del Lewact AtsValMlddtya lagduliugiyri on system (I ntel | ution

Fix 3 ecord tepperatur . -an i.ssql ved .axygen (DO throughout runs.
Gas fﬁ%\?\éy%%e {:‘Blhﬂ?%ﬁfgeghﬁ}gp#éétﬁﬁg{tagbg? 8% ﬁysi'@‘rs/%%r ged into the reactor
via aayhrereete Led Phé ISEQMOPROE1S) ze) and through the reactor head space
for CO2 renoval . Ml ecul ar oxygen was sparged through the sane frit for DO

cont r 40016712 EEISA Dedeationtof dlghawr kgfe Antibodes used for pH control . Sanpl es

of cel e remved fromt react or on. aily hasis. AS sed for

cor | oFRIR S Ry Theh R R iR R TRl BT aay SISANETS,

Mb. ) . Heghdn lgOuidm @Hinese Hamétea D viaiyt y (CIBOREMG THRinh DIErabi§ ope 'KiahdedI PR a

henDcZLtbé)netry usi)_nzgaa m croscope.. For anal ysis_of mnetabolites, additional
[

sanpl dEBRNHYY Pdgels FarsiadivifybenanizOuodRNdm esrertivydy. &bg Human

separ atJ . 1 f i S b ber,

ot o1 rtoE ISR 2058 SFRELGRIn CIb 253 oo Ik o BRLARPL AL Sy
ammonifseym anvikrogeptundhehkl yeachatd adrgludedeyadr8dgiIvas €hd CHA) celldddtiré powal inlEa k- up
sanpl e re froze t -20C. asyre secreted hu i zed 1gG anti hody
titer @@@E@waw&ﬂ} Sirpldrangis At br il HopoeR e a0d 28varding. [Tndy gise 2 2 &l
pools, the IgGtiter is determ ned by ELI SA and di vided by the nmean nunber
of cells to calculate the specific productivity. The hi ghest values are the
cell pools with the Ser132A CERT nutant (SEQ ID NO 14), followed by wld

type CERT (SEQ ID NO 10 or 12). In both, 1gG expression is nmarkedly
enhanced conpared to carrier-alone or untransfected cells.



Equi val ents and Scope [00149] Those skilled in the art wll recognize, or
be able to ascertain using no nore than routine experinentation, many

equi val enwe 2b/tdbs2speci fi ¢ enbodi nents, descri bed her eiPeT/Usb@18664p&e of t he
present disclosure is not intended to be limted to the above Descri ption,
but rather is as set forth in the appended clains. [00150] Those skilled in
the art vm'II recogni ze, or be able to ascertain using no nore than routine

experi tion n | ent t he specifi¢ enbodi nents in accordance
with t Cf'd s"&qrﬁgrﬁgg %%Cg}%}tl‘ég ﬁgg\loﬁx CoppRicE it gf t he present disclosure

i s notyspRt eneed he ﬂ?@m'@di‘hﬂhg‘iin v&1 Bhﬁe@h&v%@%ﬁﬁé BP80 Q) cdY ek iriRecked as
set forth in the appended clains. [00151] he clainms articles such as

"a," 'vafh luganddRNAecompigrededth RNAiMex firomelnyHragen frea aﬁw@ﬂsﬂ@tndifbat ed to the

2012] SASORHM BRI SR PR BV Ik Py e KNAMIR QR aTE B COR R er s

of a QVelPmah @ 5X vdlh@abtrieriglution fail 10 ihuich et @oMupmpeRgRE. SInad.’ ﬁ:c@lﬁcﬁ&ﬁpt in,
enpl oyed in, or otherw se relevant to a given product or process unl ess

i ndi c NN X Kezeabes mcybased withédne3eMedivgent CPrdiDMedivarinaxdOX The
di scl %H{n%thé‘ﬁ 11?{90%%8?%’81%&85“%%&& e(f 1) “R’NRQ&WM& IeEi NGGhouP 1S

pr esent or otherws evant to a given duct” or
procesN AMAthleindanmmated cbnaie30 eufoonh taiﬁpélatulrmbe/ﬂaredmﬂgxrdﬂecﬂ hﬁlﬂle oslds inar al |
of the group nenbers are resent in, employed in, or otherwi se relevant to
a gi vafomPbgdethion IhFigsess t q:mnpﬁ%tpr@f S?CtretF%hwaalbéngHu@F §¥igyE Medim ¢ he

di scl %ié%?ea@ﬁl‘é@ﬁ??f%ﬁ%@héuré’ d¢ h&@éﬂon‘:qm@ﬁ ORSretAMInRRAMEBLA ONs 1N
whi ch one or nore Tinmtations, elenments, cla escr|pt|v terms, etc.,

from ommswed ab%@ham‘rs tThe clultmtee;dp@rhaialmts V\iese $tn1ted(ad4|degtecm'66cran@t der claim For
exa an i mthat depe nt on ot aimcan_.pe. nodified to
el LSt agP TP L ot SUPERE HORTHeI KRy 250 ROl KRR HE PIEE b pendent

on t herIgREiRSE AcanTollEWIHRE ARAGactHel RcbRfcRid MBri@ioh! eTHRs AMIRASK L i on,
it is to be understood that nethods of using the conposition for any of t he

pur poghks adi@namwdgﬁan@bmsaﬂéaatWMémodRM e&&%w . Ol i7h & qahd:)le of
corrpo%l bl (%ra G e8rn‘? ml%lan%]n%] 0 01]:: Iéldne rfg 11s that as uzu%[ ﬁllss é:e,lcr% ee n or
ot her S nown 1Nt are Iy Ei ess 0 erw se I ca ed or

unl es S:e]lfi aﬂ&l’dledsddﬁn@\/théi %Eacb@ul%vﬂf)nﬁhéﬁiﬂ. ff&ﬂfﬂﬁeﬁﬂdrb khelsé1dith Ge@bhstial&ﬁﬂlaﬁ
contradiction or inconsistency would arise. [00152] Were elenents are

pr eserifaggfegtion ofgeds with gnodRNA wq@u%Tr@ﬁt@@ynﬂbfome prpgugtign(o seseetedh Bt R ood

t hat | osed, and any el enent (s)
can bg%?g%gé\ég ]&?@rﬁ% }eeg"g?lg%@g%f@ C§H g%g?ﬂhi&under stood that, in general,
wher e [00169i sWes&mmDetamOa&ﬁmcﬂlNA Iirbduﬁhdsluimsm I€G antibade. referred to as

conpri partl cuﬁL r elenents, S , certain enb di rrent of the
di sol SHNT or Figupsetihovsre Vheew) REFouhE kot o TG EieT e Sl | y of,
such qie%vg BASLighPehyh@® Tr&tEunfa mRIRNPRS §Sordkr B d¥Rc} &éﬁs)’atfoﬂ%% Ero%ﬂ%()d' ment s
have not been specifically set forth in haec verba herein. Is al so noted
t hat tpheduce catls' wengrown ngjtig sendard endechls o Zsﬂewdﬂ)phteanmdgetlrsup@natbnas oncdlusi on
of adqysa €3 r\])vaélre colﬁ:n%gta% 28 EIOUI‘S pgst transfection and separated on a 12% SDS-Page gel and

transferred onto a nitrocellulose membrane using the iBlot by Invitrogen. After incubation with

a rabbit polyclonal antibody to Human IgG conjugated to DyLight ® 594 (ab96904, abcam,

Cambridge, MA) and a secondary goat polyclonal antibody to Rb IgG which was conjugated to

alkaline phosphatase, the antibody was detected using Novex ® alkaline phosphatase

chromogenic substrate by Invitrogen.

[00171] Cell Immuno Staining of modRNA produced Trastuzumab and Rituximab

[00172] Figure 5 shows CHO-KI1 cells co-transfected with 500ng each of Heavy and Light

Chain of Trastuzumab or Rituximab. Cells were grown in F-12K Medium from Gibco and 10 %
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[ 00153] Where ranges are given, endpoints are included. Furthernore, it is
to be understood that unless otherw se indicated or otherw se evident from
t he cont ewO 2ared4s08der st andi ng of one of ordinary skill iPaTiUs@01a084630al ues
that are expressed as ranges can assune any specific value or subrange
within the stated ranges in different enbodi nents of the disclosure, to the
tenth of the unit of the lower Iimt of the range, unless the context

clearly dictates otherw se. 015 In addition, it is to be understood
Chat | 45 BENTHER GedSrib B retoareede iR %8s ol osur e that falls vt hi n
the pr{eng &f PBSBY N0 XM téLdttrddm @éfﬁﬂéﬂ&lﬁfé. fPRRRY theR & aSled X &/id@frobhe

clainms. Since such enbodinents are deened to be known to on may be excl uded
even it¢émpdratuesxidBdisTowtizsmab andBitufiorabistagndpg ves péryorimedeising rabhyt prdyalomalil ar

et e do Byl BERER I PhnistE P SEOSRA st Gl ST, B

excl udeehriingmd eRym&ifac@ireMPFRofmnfndEd dil @lon@NKubleASONA sMiginBevasPerfOfhed
related to the existence of prior art. [00155] All cited sources, for

exanpvéth PaPedxnites Inpitioper: atheorrsteiniir diesseama and Baweineakis freaslatgghancar t
ci ted 1&‘&51%4% ifid Eyebplisth B@g@h‘%ﬂgi\m Raﬁs'?e%cﬁoﬂ‘.p%é g?[dé%‘rr}?/%\é t£k%Lgr3§1[%ngépo§¥ en if

not expressly e citation. 1n case ctin ments of
a citednsfoctione and the instant application, the statenent in the instant

application shall control, 0015611 O her. enbodiments are in the clains. WO
2012/ $0873» pdbmdipg) Immuneblot Assay for modRNA produced Trastuzumab and
Rituximab

[00174] Figure 6 shows a Binding Immunoblot detection assay for Trastuzumab and
Rituximab. Varying concentrations of the ErB2 peptide (ab40048, abcam, Cambridge, MA),
[00175] antigen for Trastuzumab and the CD20 peptide (ab97360, abcam, Cambridge, MA),
antigen for Rituximab were run at varying concentrations (100ng/ul to Ong/ul) on a 12% SDS-
Page gel and transferred onto a membrane using the iBlot from Invitrogen. The membranes were
incubated for 1 hour with their respective cell supernatants from CHO-K1 cells co-transfected
with 500ng each of Heavy and Light Chain of Trastuzumab or Rituximab. The membranes were
blocked with 1% BSA and a secondary anti-human IgG antibody conjugated to alkaline
phosphatase ( abcam, Cambridge, MA) was added. Antibody detection was conducted using the
Novex ® alkaline phosphatase chromogenic substrate by Invitrogen. This data show that a
humanized IgG antibodies generated from modRNA are capable of recognizing and binding to
their respective antigens.

[00176] Cell Proliferation Assay

[00177] The SK-BR-3 cell line, an adherent cell line derived from a human breast
adenocarcinoma, which overexpress the HER2/neu receptor can be used to compare the
antiproliferative properties of modRNA generated Trastuzumab. Varying concentrations of
purified Trastuzumab generated from modRNA and trastuzumab can be added to cell cultures,
and their effects on cell growth can be assessed in triplicate cytotoxicity and viability assays.
[00178] SKOV-3 Tumor Model

[00179] The anti-cancer effects of modRNA generated Trastuzumab can be determined by

consecutive injections of 1) modRNA Trastuzumab , 2) trastuzumab, and 3) modRNA
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VWhat is clainmed is: 1.A kit for immunogl obulin protein production,
conprising a first isolated nucleic acid conprising i) a translatable
regi on erwodnregp4sdse i nmunogl obul in protein and ii) a nuCEIUS2@EiI064636

nodi fication, wherein the first nucleic acid is capable of evading an

I nnate i mune response of a cell into which the first isolated nucleic acid
is introduced, wherein the translatable region is substantially devoid of

cytidine and uracil i des nd n nd instructions therefor.

2. Thejﬁ??u%ﬂn'l dmﬁ#%ﬂﬂmﬁéggoﬁﬂiﬁge? &8’&$§ “orotein conprises a

pol ypegddcflen Sl gebviih Qe he bdhRMRoLARSESHLWAY Oof a full-length antibody, a
heavy chai n pol ypeptide, a |ight chaln polypeptlde an Fab domai n, or a

si ngl d0@¥88I n EﬁmnﬁbHeOWmnqlzu \ seffhesapeitio| at ed
nucle[ctﬁﬁ d QRQ
5- met Pt of claim 1, wherein the

flrst[oanh@te@]mugigupm@C|d conprlses a.nucleotlde sequence sel ected from

t he gro consisting of: a) the nucleotide seﬂuence of SEQ ID NGs: 4
and/ ol 0®182] i t Aniapabgdy mspdusing eHO el dwedCHGEREE4hsecrasiagt omwizgdnt i cal to

the n"fﬁérgﬁétuhg Tgé gﬂt‘[’l%?i?zqs Rgns@c’ted a single time with lipid cationic delivery agent alone

(control) or a synthetic mRNA transcript encoding wild type ceramide transfer protein (CERT)

£

or a non-phosphorylation competent Ser132A CERT mutant. CERT is an essential cytosolic
protein in mammalian cells that transfers the sphingolipid ceramide from the endoplasmic
reticulum to the Golgi complex where it is converted to sphingomyelin (Hanada et al., 2003).
Overexpression of CERT significantly enhances the transport of secreted proteins to the plasma
membrane and improves the production of proteins that are transported via the secretory pathway
from eukaryotic cells thereby enhancing secretion of proteins in the culture medium. Synthetic
mRNA transcripts are pre-mixed with a lipid cationic delivery agent at a 2-5:1 carrier:RNA ratio.
The initial seeding density is about 2x107 viable cells/mL. The synthetic mRNA transcript is
delivered after initial culture seeding during the exponential culture growth phase to achieve a
final synthetic mRNA copy number between 10x10” and 10x10° per cell. The basal cell culture
medium used for all phases of cell inoculum generation and for growth of cultures in bioreactors
is modified CD-CHO medium containing glutamine, sodium bicarbonate, insulin and
methotrexate. The pH of the medium is adjusted to 7.0 with 1 N HCl or IN NaOH after addition
of all components. Culture run times end on days 7, 14, 21 or 28+. Production-level 50 L scale
reactors (stainless steel reactor with two marine impellers) may be used and are scalable to
>10,000 L stainless steel reactors (described in commonly-assigned patent application U.S. Ser.
No. 60/436,050, filed Dec. 23, 2002, and U.S. Ser. No. 10/740,645). A data acquisition system
(Intellution Fix 32) records temperature, pH, and dissolved oxygen (DO) throughout runs. Gas
flows are controlled via rotameters. Air is sparged into the reactor via a submerged frit (5 pum
pore size) and through the reactor head space for CO, removal. Molecular oxygen is sparged
through the same frit for DO control. CO, is sparged through same frit as used for pH control.
Samples of cells are removed from the reactor on a daily basis. A sample used for cell counting

is stained with trypan blue (Sigma, St. Louis, Mo.). Cell count and cell viability determination
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c) a nucl eotide sequence encodi ng the pol ypeptide of SEQ ID NGs: 5 and/or 7
[rituximb]; d) a nucleotide sequence at | east 95% i dentical to the

nucl eot i owo=etuesse of c); e) a nucl eotide sequence en®OuiusgIA/OpBBYypept i de
at |east 95% identical to SEQID NGs: 5 and/or 7 [rituximb]; Oa nucleotide
sequence at | east 95% i dentical to the nucleotide sequence of e); g) a

nucl eoti de sequence conprising a fragnment of any one of a) - f); and h) a

codon- 0 tigjfrze variant of the, nucl eotide igtﬂgue%\ce of any one of a) - Q).
4. The 3 RETEFMET XIARCEIONIRBICEY SIS PIHN B oM. prot ei n” i nunospeci fical |y

bi nds sh@pRs HLRnRELYRERE DGl frinutes at 2000 rpm (4°C) for cell separation. Supernatant is
analyzed for the following parameters: titer, sialic acid, glucose, lactate, glutamine, glutamate,
pH, pO,, pCO,, ammonia, and, optionally, lactate dehydrogenase (LDH). Additional back-up
samples are frozen at -20°C. To measure secreted humanized IgG antibody titers, supernatant is
taken from seed-stock cultures of all stable cell pools, the IgG titer is determined by ELISA and
divided by the mean number of cells to calculate the specific productivity. The highest values are
the cell pools with the Ser132A CERT mutant (SEQ ID No.14), followed by wild type CERT
(SEQ ID No.12. In both, IgG expression is markedly enhanced compared to carrier-alone or
untransfected cells.
[00183] D) Continuous or Batch-Fed Culture
[00184] An antibody producing CHO cell line (CHO DG44) secreting humanized 1gG
antibody is transfected with lipid cationic delivery agent alone (control) or a synthetic mRNA
transcript encoding wild type ceramide transfer protein or a non-phosphorylation competent
Ser132A CERT mutant. Synthetic mRNA transcripts are pre-mixed with a lipid cationic
delivery agent at a 2-5:1 carrier:RNA ratio. The initial seeding density was about 2x107 viable
cells/mL. Synthetic mRNA transcript is delivered after initial culture seeding during the
exponential culture growth phase to achieve a final synthetic mRNA copy number between
10x10* and 10x10° per cell. The basal cell culture medium used for all phases of cell inoculum
generation and for growth of cultures in bioreactors was modified CD-CHO medium containing
glutamine, sodium bicarbonate, insulin and methotrexate. The pH of the medium is adjusted to
7.0 with 1 N HCI or IN NaOH after addition of all components. Bioreactors of 5 L scale (glass
reactor with one marine impeller) are used to obtain maximum CERT protein production and
secreted humanized IgG antibody curves. For continuous or fed-batch cultures, the culturing run
time is increased by supplementing the culture medium one or more times daily (or
continuously) with fresh medium during the run. In the a continuous and fed-batch feeding
regimens, the cultures receive feeding medium as a continuously-supplied infusion, or other
automated addition to the culture, in a timed, regulated, and/or programmed fashion so as to
achieve and maintain the appropriate amount of synthetic mRNA:carrier in the culture. The
typical method is a feeding regimen of a once per day bolus feed with feeding medium

containing synthetic mRNA:carrier on each day of the culture run, from the beginning of the
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WO 2012/ 045082PCT/ US2011/ 054636 5. The kit of claim 3, wherein the

I mmunogl obulin protein 5 dependent cellular cytotoxicity of CD20+ cells
when contwioter/ibeseewi t h. 6. The kit of claim 3, wherei nPChaS2omos®gs obul i n
protein is produced for use in the treatment of a | eukem a, a | ynphoma, an
organ transplant rejection, or an autoi mmune di sease or disorder. 7.A
manmmal i an cell generated by use of the kit of claiml. 8 The kit of claim

1, wherein the first jsol ated nucleig aci. onpri ses a nucl eoti de sequence
sel ect8 mFFH%FF%Ed@¥8 TYSHAE &S G5 &o&hegﬂg”%ﬁggﬁbcleotide sequence of SEQ

| D NOgirodhcaBRUQkR] OL scale reactors (stainless steel reactor with two marine impellers) were used
and are scalable to >10,000 L stainless steel reactors. A data acquisition system (Intellution Fix
32) record temperature, pH, and dissolved oxygen (DO) throughout runs. Gas flows are
controlled via rotameters. Air is sparged into the reactor via a submerged frit (5 um pore size)
and through the reactor head space for CO, removal. Molecular oxygen was sparged through the
same frit for DO control. CO, is sparged through same frit as used for pH control. Samples of
cells are removed from the reactor on a daily basis. A sample used for cell counting is typically
stained with trypan blue (Sigma, St. Louis, Mo.). Cell count and cell viability determination are
performed via hemocytometry using a microscope. For analysis of metabolites, additional
samples are centrifuged for 20 minutes at 2000 rpm (4°C) for cell separation. Supernatant is
analyzed for the following parameters: titer, sialic acid, glucose, lactate, glutamine, glutamate,
pH, pO,, pCO,, ammonia, and, optionally, lactate dehydrogenase (LDH). Additional back-up
samples are frozen at -20°C. To measure secreted humanized IgG antibody titers, supernatant is
taken from seed-stock cultures of all stable cell pools, the IgG titer is determined by ELISA and
divided by the mean number of cells to calculate the specific productivity. The highest values are
the cell pools with the Ser132A CERT mutant (SEQ ID NO: 14), followed by wild type CERT
(SEQ ID NO: 10 or 12). In both, IgG expression is markedly enhanced compared to carrier-

alone or untransfected cells.

Equivalents and Scope

[00149] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments, described herein. The
scope of the present disclosure is not intended to be limited to the above Description, but rather
is as set forth in the appended claims.

[00150] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments in accordance with the
disclosure described herein. The scope of the present disclosure is not intended to be limited to
the above Description, but rather is as set forth in the appended claims.

[00151] In the claims articles such as “a,” “an,” and “the” may mean one or more than one

unless indicated to the contrary or otherwise evident from the context. Claims or descriptions
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b) a nucleotide sequence at |east 95%identical to the nucl eotide sequence
of a); c) a nucleotide sequence encodi ng the pol ypeptide of SEQ ID NGs: 9
and/ or 1wodp12a4msel eoti de sequence at | east 95% i dent i @QlT/USEO1LI084636

nucl eoti de sequence of c); e) a nucleotide sequence encodi ng a pol ypepti de
at least 95% identical to SEQID NGs: 9 and/or 11; Oa nucl eotide sequence
at least 95%identical to the nucleotide sequence of e); and g)a nucleotide
sequence. conpr| El&& a fragment at |east. 30 nucleotides in length of any one

e

of a) at111}c u VECTHPG qrép%egne%ésr & hePHR AWfhrunogl obul i n protein
| MU QgREsie! J)Iczﬁi MO LD rhnierHERpALBRUN 85PN in P& HRERLdedBlevant to a

given product or process unless indicated to the contrary or otherwise evident from the context.
The disclosure includes embodiments in which exactly one member of the group is present in,
employed in, or otherwise relevant to a given product or process. The disclosure includes
embodiments in which more than one, or all of the group members are present in, employed in,
or otherwise relevant to a given product or process. Furthermore, it is to be understood that the
disclosure encompasses all variations, combinations, and permutations in which one or more
limitations, elements, clauses, descriptive terms, efc., from one or more of the listed claims is
introduced into another claim. For example, any claim that is dependent on another claim can be
modified to include one or more limitations found in any other claim that is dependent on the
same base claim. Furthermore, where the claims recite a composition, it is to be understood that
methods of using the composition for any of the purposes disclosed herein are included, and
methods of making the composition according to any of the methods of making disclosed herein
or other methods known in the art are included, unless otherwise indicated or unless it would be
evident to one of ordinary skill in the art that a contradiction or inconsistency would arise.
[00152] Where elements are presented as lists, e.g., in Markush group format, it is to be
understood that each subgroup of the elements is also disclosed, and any element(s) can be
removed from the group. It should it be understood that, in general, where the disclosure, or
aspects of the disclosure, is/are referred to as comprising particular elements, features, efc.,
certain embodiments of the disclosure or aspects of the disclosure consist, or consist essentially
of, such elements, features, efc. For purposes of simplicity those embodiments have not been
specifically set forth in haec verba herein. It is also noted that the term “comprising” is intended
to be open and permits the inclusion of additional elements or steps.

[00153] Where ranges are given, endpoints are included. Furthermore, it is to be understood
that unless otherwise indicated or otherwise evident from the context and understanding of one
of ordinary skill in the art, values that are expressed as ranges can assume any specific value or
subrange within the stated ranges in different embodiments of the disclosure, to the tenth of the
unit of the lower limit of the range, unless the context clearly dictates otherwise.

[00154] In addition, it is to be understood that any particular embodiment of the present

disclosure that falls within the prior art may be explicitly excluded from any one or more of the
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10. The kit of claim8, wherein the imunoglobulin protein specifically

i nduces anti body- dependent cellular cytotoxicity, apoptosis, cell cycle
arrest orwe2emasesati on t hereof, of HER2/ neu+ cel | s whemrCTarsb@anes3e
therewith. 11.The kit of claim8, wherein the i munogl obulin proteinis
produced for use in the treatnent of a HER2/ neut+ breast cancer. WO

2012/ 045082PCT/ US2011/ 054636 12. An isol ated i munogl obul in protein produced
froma, prc |solated nucleic acid co rising}“) a transl atabl e region
encoditHYmE nSIMCARAIGEIBEUTTHS BESEETH Bt KIOPHOREI ef o aci d modi f i cation,

wher eigyt eexlcidded e G BleCex@ikdn iSnGa3PARLHE cQbLiGNAHERH. 3thy it garl MMUNE
response of the cell, wherein the translatable Tegion is substantially

devoi ¢mpodisnantef theywpingpsidony of thewdistlosiue (@ot ieprowin; ahp nedaisianial peyn  of
cytidinq nucl e Okﬁ%%d?f claim12 wherein the

€ gc{"gf l%réluccl ilo ; eq}li cgets's 13 .}he fg ront any one or'more claims
pr odudPTRA U PIYELOR g TEPAGPRYSEHF - ST 3 R y :
for any reason, whether or not related to the existence of prior art.
[00155]  All cited sources, for example, references, publications, databases, database entries,
and art cited herein, are incorporated into this application by reference, even if not expressly
stated in the citation. In case of conflicting statements of a cited source and the instant

application, the statement in the instant application shall control.

[00156] Other embodiments are in the claims.
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subj ect. 14. A pharmaceutical preparation conprising an effective anount of
the protein of claim13. 15. A pharmaceutical preparation conprising an

ef fecti vewamoiias@k a first nucleic acid conprising i) &Crrseeliassbé e
regi on encodi ng an i nmunogl obulin protein and ii) a nucleic acid

nodi fication, wherein the first nucleic acid exhibits reduced degradation
by a cellular nuclease and is capable of evading an innate i nmune response
of a cell into which the first nucleic acid is introduced, wherein the
transl atable region is substantially devoid of cytidine and uraci

nucl eoti des. 16. The pharnmaceuti cal preparation of claim 15, wherein the

first Wlthtiis daithedhisi t s reduced degradati on by a cellul ar nucl ease.
17. A nmet hod of producing a heterol ogous protein of interest in a cell,

conpri sing the step i) providing a target cell capable of protein

translatlon i) .introducing.into the target cell a conp05|t|on
conprilsi ng Aaklft i?rgmm%g%@an ARG R .Peodaeﬁlqp - COMPIIES ﬁélf%{ is9afpd puglelpreldr egi on

encod 'cBﬂllp}lg'l‘ﬁg h)e§ LRI gmn%%b&lng the 1%&%1%@[19 pfotéiH Ghe a% h d€cleic acid

modi fi cation
modification, wherein the first nucleic acid is capable of evading an innate immune response of a

cell into which the first isolated nucleic acid is introduced, wherein the translatable region is

substantially devoid of cytidine and uracil nucleotides, and packaging and instructions therefor.

2. The kit of claim 1, wherein the immunoglobulin protein comprises a polypeptide selected
from the group consisting of a full-length antibody, a heavy chain polypeptide, a light chain
polypeptide, an Fab domain, or a single chain variable fragment (ScFv) polypeptide, and the first
isolated nucleic acid comprises a messenger ribonucleic acid comprising 5-methyl-cytidine and

pseudouridine.

3. The kit of claim 1, wherein the first isolated nucleic acid comprises a nucleotide sequence
selected from the group consisting of:

a) the nucleotide sequence of SEQ ID NOs: 4 and/or 6 [rituximab];

b) a nucleotide sequence at least 95% identical to the nucleotide sequence of a);

c) a nucleotide sequence encoding the polypeptide of SEQ ID NOs: 5 and/or 7 [rituximab];
d) a nucleotide sequence at least 95% identical to the nucleotide sequence of ¢);

e) a nucleotide sequence encoding a polypeptide at least 95% identical to SEQ ID NOs: 5

and/or 7 [rituximab];

) a nucleotide sequence at least 95% identical to the nucleotide sequence of e);

g) a nucleotide sequence comprising a fragment of any one of a) — f); and

h) a codon-optimized variant of the nucleotide sequence of any one of a) — g).

4. The kit of claim 3, wherein the immunoglobulin protein immunospecifically binds to a

CD20 polypeptide.
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under conditions such that the protein of interest is produced in the cell.
18. The nmethod of claim 17, further conprising the step of substantially

puri fyi ngvohel1zpusisei n of interest fromthe cell. WO  PCT/US2011/054636
2012/ 045082PCT/ US2011/ 054636 19. The nethod of claim 17, wherein the protein
of interest i_ 20.The nmethod of claim 17, wherein the protein of interest

I's an i mmunogl obulin protein. 21. The nethod of claim 17, wherein the
rotein. 22. A nmethod of increasing

protein of interest .is an intracellular
Phe. prioductiIBHigt claime SerembierpaepRiebButPBIS & n of | nterest in

dependent cellular cytotoxicity of CD20+ cells when contacted therewith.

6. The kit of claim 3, wherein the immunoglobulin protein is produced for use in the

treatment of a leukemia, a lymphoma, an organ transplant rejection, or an autoimmune disease or

disorder.
7. A mammalian cell generated by use of the kit of claim 1.
8. The kit of claim 1, wherein the first isolated nucleic acid comprises a nucleotide sequence

selected from the group consisting of:

a) the nucleotide sequence of SEQ ID NOs: 8 and/or 10;

b) a nucleotide sequence at least 95% identical to the nucleotide sequence of a);
c) a nucleotide sequence encoding the polypeptide of SEQ ID NOs: 9 and/or 11;
d) a nucleotide sequence at least 95% identical to the nucleotide sequence of c);

e) a nucleotide sequence encoding a polypeptide at least 95% identical to SEQ ID NOs: 9

and/or 11;

f) a nucleotide sequence at least 95% identical to the nucleotide sequence of €); and

g) a nucleotide sequence comprising a fragment at least 30 nucleotides in length of any one
of a) —f).

0. The kit of claim 8, wherein the immunoglobulin protein immunospecifically binds to a

HER-2/neu receptor polypeptide.
10. The kit of claim 8, wherein the immunoglobulin protein specifically induces antibody-
dependent cellular cytotoxicity, apoptosis, cell cycle arrest or a combination thereof, of

HER2/neu+ cells when contacted therewith.

11. The kit of claim 8, wherein the immunoglobulin protein is produced for use in the

treatment of a HER2/neu+ breast cancer.
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a cell, conprising the step: 1) providing a target cell conprising a
het er ol ogous nucl eic acid encoding the protein of interest; and 1)

i nt roduciwgQ 20rv@saske target cell a conposition conprisi RgTASRIMAE46360] at ed
nucleic acid conprising a transl atable regi on encoding a transl ation
effector protein and a nucl eoside nodification under conditions such that
the effector protein is produced in the cell, thereby increasing the

production of. the reconbin ressed rotein in the cell. 23.The
e hod or | AHAGS ITGREPE R e o B PERRCSH PR oSt i 5 an_§ mmnogi obul i n

pr ot eijfplarddgudiBt hed c@fnﬁﬁkﬁg 5l ggansm%l@fégléﬁﬁcgﬂlﬁg el infhudodid®ufs brdtdina
secreted protein. e nethod of claim22, wherein the protein if

i ntereasdiis nadelcramdaneqhﬁgatmn photedi the (29 nﬁhlelqmdmdapﬁfblwfanmdmg anwketei n

t he tar et cel na Lan cel | 6,.The 2 erein the
target cer'f YCSEO%SC Oég%% Cei"g?v:h?reﬁb&?ﬁréns & ‘P%Sdie%?n bs Sﬁgsta%ﬁy\%ﬁ%‘“é ioh e emé t ar get
cel | ic§tiginbactREil ﬂhcl@&ﬁdes oftheldEBEtati6f bf cytfinedand uracil nucleotides.

13. The protein of claim 12, wherein the production cell is a cell isolated from a human
subject.

14. A pharmaceutical preparation comprising an effective amount of the protein of claim 13.
15. A pharmaceutical preparation comprising an effective amount of a first nucleic acid

comprising i) a translatable region encoding an immunoglobulin protein and ii) a nucleic acid
modification, wherein the first nucleic acid exhibits reduced degradation by a cellular nuclease
and is capable of evading an innate immune response of a cell into which the first nucleic acid is
introduced, wherein the translatable region is substantially devoid of cytidine and uracil

nucleotides.

16. The pharmaceutical preparation of claim 15, wherein the first nucleic acid exhibits

reduced degradation by a cellular nuclease.

17. A method of producing a heterologous protein of interest in a cell, comprising the step:
1) providing a target cell capable of protein translation; and
i1) introducing into the target cell a composition comprising a first isolated nucleic acid
comprising a translatable region encoding the heterologous protein of interest and a nucleoside
modification,

under conditions such that the protein of interest is produced in the cell.

18. The method of claim 17, further comprising the step of substantially purifying the protein

of interest from the cell.
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plant cell. 28. The nmethod of claim 22, wherein the translation effector
protein is ceramde transfer protein (CERT). WO

2012/ 045080RCID/04SBO11/ 054636 29. A net hod for nodul at i ngPChaASb@vmb4666 a
protein of interesi steps of: i) nmodul ating the activity of at | east
one translation effector nolecule in the target cell, wherein the

nodul ation conprises introducing into the target cell a first isolated

nucl ei.¢ aci.,d conprjsing a franslatable regi.on encoding the translation

o T ectlS: " pridearanid ot sderub tigarE i g g /i) cul turing the

cell.

20. The method of claim 17, wherein the protein of interest is an immunoglobulin protein.
21. The method of claim 17, wherein the protein of interest is an intracellular protein.
22. A method of increasing the production of a recombinantly expressed protein of interest in

a cell, comprising the step:

1) providing a target cell comprising a heterologous nucleic acid encoding the protein of
interest; and

i1) introducing into the target cell a composition comprising a first isolated nucleic acid
comprising a translatable region encoding a translation effector protein and a nucleoside
modification under conditions such that the effector protein is produced in the cell,

thereby increasing the production of the recombinantly expressed protein in the cell.

23. The method of claim 22, wherein the protein of interest is an immunoglobulin protein.

The method of claim 22, wherein the protein of interest is a secreted protein.

24. The method of claim 22, wherein the protein if interest is an intracellular protein.

25. The method of claim 22, wherein the target cell is a mammalian cell.

26. The method of claim 22, wherein the target cell is a yeast cell.

27. The method of claim 22, wherein the target cell is a bacterial cell, an insect cell, or a
plant cell.
28. The method of claim 22, wherein the translation effector protein is ceramide transfer

protein (CERT).
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30.A kit for protein production, conprising a first isolated nucleic acid
encodi ng a transl atabl e regi on encoding a protein, wherein the first
nucl ei ¢ awooopIszses a nucl ei ¢ acid nodification, whePeTruszie/ 0ficB6t

nucl eic acid displays decreased degradation in a cell into which the first
i solated nucleic acid is introduced as conpared to a nucleic acid not
conprising a nucleic acid nodification, and packaging and instructions

therefar. 3 1 A kit for protein production, conprising a first isolated

nucl eic" aci ing a protein, erein the
o ncihimeitogdrrigo S e bF e EpE PRisOA it n, wherein th

first spugbgi ¢ acid conprises a nucleic acid nodification, wherein the first

nucleic acid displays is nore stable in a cell into which the first
i sol at ed nucineilWataeg teiastivit ofad lresiconasrapslaterr effecta raolpendt i tbe tardd calbt

fﬁgﬁ;}wﬁﬁ? n %ennl{gc&uefét?onac%lngpnrsrgsd fn[rlo géiﬁgoﬂlto g(iia&gtccléﬁgl 19 i85 gteld ?llsl(glrél%catcido ns
comprising a translatable region encoding the translation effector protein and a nucleoside
modification; and

i1) culturing the cell.

30. A kit for protein production, comprising a first isolated nucleic acid encoding a
translatable region encoding a protein, wherein the first nucleic acid comprises a nucleic acid
modification, wherein the first nucleic acid displays decreased degradation in a cell into which
the first isolated nucleic acid is introduced as compared to a nucleic acid not comprising a

nucleic acid modification, and packaging and instructions therefor.

31. A kit for protein production, comprising a first isolated nucleic acid encoding a
translatable region encoding a protein, wherein the first nucleic acid comprises a nucleic acid
modification, wherein the first nucleic acid displays is more stable in a cell into which the first
isolated nucleic acid is introduced as compared to a nucleic acid not comprising a nucleic acid

modification, and packaging and instructions therefor.
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