REENG NEERI NG MRNA PRI MARY STRUCTURE FOR ENHANCED PROTEI N PRODUCTI ON
REFERENCE TO PRI ORI TY DOCUMENT [0001] This application clains the benefit
of prioriwgord®sss35 U . S.C.  119(e) of U. S. Provisi onal papaisSe@ate@ns Seri al
No. 61/155,049, filed February 24, 2009, entitled "Reengi neeri ng nRNA
Primary Structure for Enhanced Protein Production.” The subject matter of

t he above-noted application is incorporated by reference in its entirety by
ref erence thereto. BACKGROUND [ 0002] Translation initiation in eukaryotes

i nvol ves recruitnment by mRNAs of the 40S ribosomal subunit and ot her
conponents of the translation machinery at either the 5 cap-structure or

Subuni ¢ VAR CETER EMULSIOR CORMUEATIONG O] THEATMENT QFF (i on

initiation postulates that the 405 subunit_nmoves fromthe site of
recruitment to the initiation colsANGERABAING through the 5 Ieader in a
5" to 3" direction until the first AUG codon that resides in a good

nucl eoti de context is encountered (Kozak "The Scanni ng Mddel for

Trans] ation: An Update" J. Cell Biol. 108:229-241 (1989)). Mre recently,
it h been postulated that translation initiation does not involve

scanni ng, but may in s IRt FeRENBESfO R Py bRigat either the
cap-structure or an Mmm ts at internal
sites (ChappePlrstfaneto 35R.80§ 9 $étHis R phEstiont @dintyp @oﬁtga@w@mﬁr@wal
enhancer el enent that base pairs to 18Sr PNASOSA 103(25) : 9488- 9493
(2006) ; dRigsHd1 Yniged glates H@wé@aﬁhl?am AePli¢R}icanaeddl Ne- é‘ﬂ/ 883 Hechami sns
for tran n 3 T

subuni t Er%@rysW%Ba%é%%ggggj%ﬂgﬁiﬁgﬁcoﬁnéArﬁpg?t"i:}@@n% l%ﬁneﬁégg@ o tgﬁe first
AUG mpdoreférencbe nRNA. Once the subunit reaches the initiation codon by
what ever nechanism the initiator Methionine-tRNA which is associated with
the subunit, base-pairs to the initiation codon, the |large (60S) ribosonal

subunit attaches, and peptide synmﬁggﬁ! @QNS [0003] | nasnuch as

translation is generally thought by a scanning nechanism the
effects on trpaml &l 88 definéWes GRdMe s 3RSy WMridémolondiea@eriencé er med
upstream AUG codons, have been considered, and’it is known that an AUG

codon | nassasiaed vativrsiuaker pricetialitisres darrw@ﬂ itiig @ apmplexperassdniiyansed on
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transl at iy ihdalth dfak@ prdfgsslbngstdre Giok irapremeifocavelly esasd betreacpaini tiation
codon. However, the notion that translation initiates by a scanning

mechani sm doeSaRee’ RYAsWHIEh aanc e casadsby the,disaase Hself af lPY HeabRerisdisns i n
coding s Si

et hori nar ooy ooy PERB LRI EEhCE Mand Bediab it ancer Bxperience pain vhis
put at i veundergbigi toeatomohd,end almrmﬂlalngpeegtwmrtbesadvahcedhstagekmieahoem AUG
codons and non-canoni cal codons, may be utilized, consequentially |owering
t he #ht e@RETENGERAN synt hesi s by conpeting with the authentic initiation
codon for rib Q,ngl Iﬁl]\%q? BN tion can
al so negative ?/Hl rrp%aclb tralrjl%;};ért&ii grl’]l yl(dg‘lﬁencyﬂfé]agitsﬁ%\ggg%gwg%& a+'?y bet ween
21- 23 nuchrst| ihesstage bét@t(ﬂisame,ahedcsmpedmat@noanma)pﬂttmitedspheoanzierfor

| It has b st ed, t RNAs ively i ot ei
Cevel < boAiBaGAEr PRI SHARAE il therihaly CaARar Bt o SHPRE DB ©' "
pepti de geahddy WheWetdamest Bhs @gre%tdfon%tQMeé)EUAgbltgn@tr gdws, |£¥hta Aﬁmhough

t he Root of m RNA- Medi at ed CGene | 'enci ng” Cell 132:9-147(1998))
m RNEs gRiessele qn ﬂ@ﬂl&&t Bong® Pr OBTEr @EFINL LA aine-[Ean 1 Pﬁ@ mytﬂlwresglltsfrqr@s in

Simi Par - PepRRG P B8R JHEREER sl R Ao TRD R bR BERTS: CalPel,” "

sequencegaiantaphot ﬁél@ﬂal’sé frapethegshysias effeet afithg cancerr@n diregiohefsioe baay ed
'seed sequence,"” which includes nucleotides 2-8 of the m RNA. There may be

mor e t habutialsenay e Eausrd by HeEhemioam¥Rs mqyd@%?crﬂ%i HRRANEr YRR of
i eIk oy FRERRE Jibel B pathap aREAEDT £or BREMBICNINALEE 09 The®

|ndustr|al producti on of proteln drugs, DNA vaccines for antigen
production, general research purposes fd for gene therapy applications are
all affected by a sub-optimal rate of protein synthesis or sequence
stability. Inproving protein yields and higher protein concentration can

m nimze the costs associated with industrial scale cultures, reduce costs
of producing drugs and can facilitate proteinpurification. Poor protein
expression limts the |arge-scale use of certain technologies, for exanple,
problens |n expre55|ng enough antlgen fron1a DNA vaCC|ne to generate an
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[0006] There is a need in the art for inproving the efficiency and
stability of protein translation and inproving protein yield and

concent r avpan10/d98897exanpl e, in the industrial producti oRCofUSPrIONG6AS dr UugS.
[ 0007] Disclosed is a nethod of inproving full-length protein expression
efficiency. The nmethod includes providing a polynucl eotide having a codi ng
sequence for the protein; a primary initiation codon that is upstream of

100, BB MR RR e B 3R EOB ek PRIt
secondar yadnbhinaddiafe adaRverigeand irbguértyordacs@sene, nitiation of

protein synthesis at the one or nore secondary initiation codons resulting
in a reducti ohhefweinjeoetasses okpRarsacowtigalidrogs used 1o ireat ganesrai Ak

The. met HORCERAPEEER e sl BRR M MR s BB LTA Bhs HsSR Y hat “che.
am ng actldssesioedeg, armbirallyaahiieictsted ERstepilealir. TS sysiemandamihistratidrat i on

codons can be in the sane reading frane as the codi ng sequence or,

out - of - f P0G Keliaye cagrPhRakdg lieasentradeqrals: FiepcxaBwie FygMIcni ti ati on
codons ¢ %y{ i . f froma
ri bosom@?gﬁ?tt#weﬁgo@@ta 8?& eC(r%{gggoﬁn% ngg?ﬁﬁ%%ﬁﬁgﬁﬁggghgﬁﬁfnc ur!le a
cap or afunciRES. uriftaey ostention,ntbeénlsibitionddipylmaonanydtnctiion; edatisvasouldre sel ect ed
from AUG,  , ACG rP(fng(i UUG CUG AUA, AUC, and AUU. The nethod can include

mut at i ngeHeste AMEACRIOsecondary initiation codon within the coding
sequgnce. The Qﬁﬂﬂ { 26 | hd A4 &t |

codoﬁjs1 Wi t hi noﬁﬁe cog;éﬁ]%ldséﬁugﬁggggtﬁkrﬁﬂﬁhgeﬂﬁlt@%’?i e %gtnb@eédnc%t} tg@d to
a | ess fiafentplyk Femtdrgbdid ihe ganeriextamdiier thatcamppundfNi(hehenethyl-4nor e

The.mut aoPEAdG ProrORAEicE G ChRtRiiP ARSI AR S AR g it
i nt r oducFagtafly RNANSESEidSRIBHINGERR shEes MEMt dfaRe PhatMacommthicrEeetsgcondar y

initiation codons can avoid altering usage bias of nutat'ed codons. The
gener at i Opioists suchrasamepiine eedisepgilipgepoweeer, 6pmpard tetheserapioidsan t he

full]eng o] I . . L e re secondary
i e DA R R RE AR BT ke sl e BTS2 "onor
or acceptezpiratdre sleprgssidrNA rierss sHurt-lived. iFemteh @ iecsmmdréiaMphvailate érscl osed
is a method of 1 nproving fuII-Ien%th pr ot ei n exgression efficiency. The

net hod i WéRMERBAUD IBNRRHGEG! Hozrngmiianepueerallsardrapedermal agminisialion
sequence for . 2] r i i-ndi i Wi t hin
the. codi ng. seuiings P bie TR RimRIRS G Lo Jel oD dAETORE ™ The
nmut at i onsucksiorinslationds ddfentmykcitratercédtNpobitiodisolyl iatthe iniwadeStatesonadermth&NA

bi ndj it i i ducti f m - medi d d g | ati f
orotal n Brandgenie subLIMecks? datttiaties Teolam) ehgien UrEnate’ O iedidton
effici e”ﬁb(d sUARERL sd8RNTRYRdiceAB ralstankMH HAE 5TAl @bt RHRaryl éfifpélj[ﬁe ot hod

S
nucl eoti des such that the am no acid sequence renmal ns unaltered.

can i ncl catepasitian ihag bees swoid irpkEerapgclirsritde drandramerBNA A3 TS widsice. The
met hod can_i.ncl ude tati n r nore nucleotides such that .initiation
codons apansigts o pLiANE And RSl Gr Turubh Wit GuditaBRiaik Bt hodcan
i ncl ude agst,afhélet. one or nore nucl eotides such that rare codons are not
introduced into the pol ynucl eoti de sequence. The net hod can incl ude

mut a3 ng one Bespitr henuiditeet injrotakladentanyl fosmulativosateridimiaweackssdquences
are not | .1 nt ot i. (o) m RNA
b1 i g SLBMHERAGESIR S8, PRl ¥R eGP RO Rt SRE S BB o

m RNA bi oeivagtesi degsirat adrvogis|sysaine heudidtedrsidéeffécts usudraas tesphdtorggi on.  The
one or more m RNA binding sites can be located within the 5 |eader
sequencedeprgggion) sedatipn #rg dizgiesst andi ng of the nature and advant ages of
the present disclosure may be realized by reference to the renaining
portions of the specification and clainms. BRI EF DESCRI PTI ON OF THE DRAW NGS
[001#] Figures 1A-1B show growth curves of E. coli DHo5acell cultures
transfornmed with CAT (di anonds) or nCAT expression constructs (squares);
[001 3] Figure 2 shows a Western bl ot analysis of |ysates collected fromE
coli DH5a cells transfornmed with CAT (C) or nCAT (nC) expression
constructs;[0014] Figure 3 shows a Western bl ot analysis of extracts from
DA4 cells transformed with wild type T or nodified CAT expression
constructs; [001 5] Figure 4 shows a Western bl ot anal ysis of supernatants
fromD34 cells transformed with the wild type CD5 (cd5-1) or nodified CD5
signal peptide a- thyroglobulin light chain expression constructs (cd5-2 to
cd5-5). DETAI LED DESCRI PTION I. Overvi ew



[ 0016] Described herein are nmethods to nodify natural nmRNAs or to engi neer
synthetic nRNAs to increase |evels of the encoded protein. These rul es
descri be woanfosgdzons to mMRNA codi ng and 3' UTR sequen®€3/uspalefgmsds t o
enhance protein synthesis by: 1) decreasing ribosomal diversion via AUG or
non-canoni cal initiation codons in coding sequences, and/or 2) by evading

m RNA- medi at ed down-regul ation by elimnating m RNA binding sites in coding
sequences. [0017] Described are netg?ds of reenglneerlng nMRNA pri mary
structure that can be used to incre Yyiel d of specific proteins in

o the i nust PGS SibEeRBRsBong g @%ﬂﬁ@d%a@@%@ T T

pur posesin enribjdit negtioadd seEbtoBIreated fdPNANCaEpaINEs ddminisieregsd e
antigen production. Geater protein gl elds mnimze the costs associ at ed

Wit h i ndeisRigetan gﬁ%t@e&mpwﬂt@ ahAcPlie gRwlsiplge-Sodertanyhelaudsionon, hi gher
protejn e I

e M L e S T S

expr essi activeeagentj il Mecamdacﬂuria‘ctavhaélso&robudedcmé n’nesthad:ls of ovaking the

expressin eno h ant en froma cci ne erate an | nmune response
can be p H@I% %@Pﬁ@&é@t@%?ﬂ%wtﬁﬁﬁ%%q eMusian tﬂfmudﬁ{@”ﬁom 8]
Thi s speC|f|cat|on is not limted to the particul ar nethodol ogy, protocols,
and reagents described, as these may vary. It is also to be understood that
t he term nol ogy used herBRIEF BESORIPTI®ONOFIEDHAWREES | bi ng particul ar
enbodi nents only,and is not intended to limt the scope of the present

met his whi chFigure 1t$é10M§Stbﬁld@¢|M cbangﬁ%lra@@mﬁu@@lrtvaldm/s gfeo nwglapgmassd

her ei n, orms "a", "an", and "the" include plural reference
unl ess t! 588%‘:&5% ﬁ{'?éearly di ctates ot herw se. Thus, for exanple, ref erence
to "a cell" ipgursleshawel tHeadficks 6f FENTANES TS, feﬁl%\fn?rﬁﬂéﬁa infectienpr ot ei n”

i ncl udes one or nore proteins and equival ents thereof known to those

ski | | ed foimutasioaran paindetaied 6coies \{seomﬁmwmcess defined ot herw se, all

commonty undel SEkea B9 EbELTRRETIEET BrtRic K\ B aRRe o «

di sclpsutigepemiaéns. The followi ng references provide one of skill with a
general definition of many of the terns used in this disclosure: Academc

Press Dicti onkigyref sbomsibe dsatioreehabrel tawfﬁaqtlgnqrswe tadermic Press (

smi - et B NG Yol R (lodlon JoRFUET0R k¥ @RI Rl ' 00

Encycl opresiaralidre weraadmiistehadmingiakgnolelyat a(vEﬁJrhe ofona mPugtragetkitains Pvt .
Ltd. (2002); Dictionary of M crobial ogy and Ml ecul ar Bi ol Ol?t¥1 Si ngl eton et

al . (EdsTesponsnwaneRsereedsians haraliar administratiomasgdralign oF thererpenssy,

H Ed I
vei 24 nevrsptthedfestingShoff are hig) + Sich 2R s B SIThaRERHhS °C;
Or gani ¢ @mnmserirhelmmmmr%mnknamda@dowda the c&lumms. Publ i cations Pvt. Ltd.

(2002); and A Di ctionary of Biology (Oxford Paperback F@ference Martin
and H ne (EdsFIBUraRisOWspis/eirestian Ipcametqraaivisy induseddy. FERIT ANEST™

i col osueniathd oBtays e in B o S5 TR AP AR Gl o, °

subst ancRrmimtRAArRl véniclBBRMire ANPBIEEd iBRaVénoushf inda ¢OIIMEG0.90 rhiner eof .
It includes, but is not limted to, e.g., protein, polypeptide, snall

or gatil ¢ RepulisSRoOWR 8rg B1eana SEM of féleﬂqmmalszeotp de0- Oérﬁauan@ttsm@tlplet can be a
nat ur al ggﬁgaﬁérﬁg synt heti c conpound, or a chem cal conpound, or a
conbinatlon f ? nore substances. Unl ess otherw se specified, the
terms "agent’ Flguselbsslh@wseéne -dinelctiorolopomotr autieity seilicedtogrfehamybaiiulsidver ei n.
[0022] The term "cistron” means a unit of DNA that encodes a single
pol ypept Ad& eaiapi meilsionthand ¥ehicks warrsadmptisterrd indigvenoygdy &t 3 vpgirw.gf
segment  §f oL Mb%th]tg'sr‘/&%r?ﬁré eraﬁyﬁéﬁﬁﬁb si®Tanfthi4l 00‘2{5’2% 09 93hndie term
"DNA vacci nes’ ers to a can be intro d into'a host cell or a
ti ssife amdltiphe cempaegpne®ssed by cells to produce a nessenger ribonucleic
acid (mRNA) nol ecule, which is then translated to produce a vacci ne antigen
encoded by the DNA. [0024] The | anguage "gene of interest” is intended to
i nclude a cistron, an open reading fragg (ORF), or a polynucleotide
sequence whi ch codes for a protein product (protein of interest) whose
production is to be nodul ated. Exanples of genes of interest include genes
encodi ng therapeutic proteins, nutritional proteins and industrial useful
proteins. CGenes of interest can also include reporter genes or selectable
mar ker genes such as enhanced green fluorescent protein (EGFP), |uciferase
genes {Renilla or Photinus). [0025] Expression is the process by which a




DNA. The process involves the transcription of the gene into nRNA and the
subsequent translation of the nRNA into a pol ypeptide. [0026] The term
"endogenow®2004098892d herein refers to a gene normal |y f@amaSeeroobws4s

wi | d-type host, while the term "exogenous” refers to a gene not normally
found in the wild-type host. [0027] A "host cell"” refers to a living cel
into which a heterol ogous polynucleotlde sequence is to be or has been

i ntroduced. The livin i ncl.udes ul tured cel cel]l within
21T VEng.or ganouie /S somPRrSURaL PRy i Refti At Bosgbacr B ek e
sequencerERTANESTSEchiaHyP cifald infeaien. foﬁnGIatlohra%lsffeﬁfétn'fypé‘mu@l@r??\r opor ati on,
cal ci um phosphate precipi'tation, "mcroinjection, transformation, viral

i nf ect i oResaltelstoown hee Mdean. + SEM of sixranimatser bb edb0S (Puhyeitis nedtiplde sequence
to be |ntroduced into the cell is a replicable expression vector or cloning
vect or. 'Eﬁbodlnents host cells can be engineered to incorporate a
desi red gene on its chronnsone or in its genone. Many host cells that can
be enployed in the practice of the present nethods {e.g., CHO cells) serve
as hosts are well known in the art[)EENrH©NS Sanbrook et al, Ml ecular

Cl oning: A Laboratory Manual, Cold Spring Fﬁrbor Press (3rd ed 2001); and
Brent et al, Whanedrscrbigbel compe sephadra¢guicabgompesiHong P@Ef[a&"@)ns

cukaryot 1 ey PP me fode BFLERRSEL TR ba ek dMicartfosiiaiy e, 4

chemi cal followirigoigirmalhave tpbytsllo.vahg amﬂmngehanleeé otudravide imoldaddd. dnstigudan an
i nduci bl e transl ati onal uIa ﬁ@ e] ement r seto ure to an

i nduld ngaég@@tun %ﬁ@@ggh e'eéﬁéﬁeﬂﬂe@;&{&sgﬁ'gyv m§queﬁx$q%§[“%ege novo
or is inghRaseH e?;beggu@%tﬁ@éﬁe é’r‘i ﬂ‘PJt’?ﬁéF Jettvé 8 ﬁII‘IIIIQIf]S SRS o AN

i nduci ng agent can or exanp , a stress con |t|on to which a cell is
exposed, |nbbxdeestmiﬂrﬂmstithmomme&wlthllnsthen:IspoaetOX| c agent such as a heavy
netal ion, " a a nutrient, .hornmn rowh factor, or the |i or
Can be o compdiied” e torpate SRl iFR bsn e icherPUCeroHRE MaVboie

cel | sucgy ﬂ?cé‘rﬂbﬂrdf@ﬁ% @Fuét@@%’é@rborﬁ afdms ud@@%rbﬂ‘h@a@ %?UP'téQJ ated or
purified polynucleotide” is intended to include a piece o nucl eot i de

sequkncecdroy. atormAThe\mwdroqaatsorbel@aimre@y ke eithet stsaight- elmsed pomranr@ed

cccur 1 niSeREmE sreklridst g, AR S At MRV brhrbPE. RS M Byt
ol i gonucisgdiutgeteribatyl, irsh@xyl hebc@@ubfteaawl amdrtﬂbeuketﬂa@@l@ﬁh "gikyaohpucl eot i de

fragment incorporated into a vector; a fragment inserted into the genonme of
a eukary@@k@eé cyrlerlkyisoas defrgd s or a fragnent used as a probe. The
phrase "subst " i ns t hat
t he nol ecul e f]@;sdl%g@ gégtgt%ﬁghgﬂog?t@?% osfrhp&a\ﬁb HL {’ngcgé
coanIheniats;marh@thmesmglel gyclic ringas ramltlbleacmndeﬁsperrmgel mofudmgsmmede or
greater g cl eoti de seguence,

S enertchnd Biflesd ina supims. aitich gphbnAll A 'a%s%%m@weievvﬂh frapif 8 st ¢

deoxyrib e

doubl ¢ st ahdod F oA B FRUGE WAVRY elciufle. Skiole kRE skucflies

anal ogs sdicmas ayclbpropyl, eycliotietyl tdyatopeyiyli clickeodty, hwnetelylcyalopdmw rR-a nmanner
simlar to tural ogcurri nuc) eot i Nucl ei ¢ aci d sequences can be,
e.g., pr @ %ﬁﬂugﬁ@%@%@ﬁ@%{yﬁt r@dﬁ&:\l}& sequences cDNA sequences fyom
eukaggyotic nﬂ%tegﬁy@mamywéfeﬁewe@%efwé?@aoey&wmsﬁ hforPA¥E fifg @nd foseamal i an

DNA), and synthetic DNA or RNA sequences, but are not limted thereto.
[0031] THROS ePMAMINGDADE OF Mafed1picrainrns depgadenidy gelestas fé@pdﬂxl @ apd S.

of " pr onotid S LBl BHICTE r By Blar ML bl B b0 B8 alpBs Mol ik remcs can
i ncl ude, inklideadree Reerddyilit ﬂdgt!xarﬁerb% dfaxeh hel€mdbyeloxasardmaticerihgphage RNA

pol ymer ase ecificpronoters (e SP6, and T3 pronoters), an SP|
site, ankﬂ‘cﬁlcéy@lﬂ arepnp |'P@B§§b‘iﬁ’séz@ﬁe}¥brﬁzet'¢my{ rﬁ’éoeﬁ'ﬁé'ﬁﬂ éndipipeyidinde

i nd ble typ b ci ng
agenid 0053 BN IGeREld o shabie AEtERaa e domaRE g arkuRRd HgEC, "

| eader seontaimiey one 5 ntoSFR)herteroatqaas tndapleadee&;ckelentedffrafm%@md $2NX\ (nRNA)
and the DNA that codes for it. It starts at the + 1 position (where
transcription begins) and ends just be%gre the start codon (typically AUG
of the coding region. In bacteria, it y contain a ribosone binding site
(RBS) known as the Shine-Del garno sequence. 5 | eader sequences range in

| ength fromno nucleotides (in rare | eaderl ess nessages) up to >1, 000-
nucl eotides. 3' UTRs tend to be even | onger (up to several kil obases in

| ength). [0033] The term "operably |inked" or "operably associated" refers
to functlonal Ilnkage betmeen genetlc elenents that are 10|ned |n ~a manner

g, o " o, " o o




correctly translated into the protein normally encoded by the gene.
Simlarly, a translational enhancer elenent is operably associated with a
gene of iwWODepmsssd” it all ows up-regul ated transl ati on @CTAISAMB20645
transcri bed fromthe gene. [0034] A sequence of nucleotides adapted for
directional ligation, e.g., a polylinker, is a region of an expression
vector that provides a site or nmeans for directional ligation of a

| | eot i t t h t di t
pol 11 mBeet eI BRTR Bt iiee pABeyEa iasalibnged RBanlude
restri ot ban neRJOBALMYE EXARRUR of QRHSIRRHRRS s aRimARSHIGLINCRRES blieare Upon

restriction cleavage, the two sites yield cohesive termni to which a
pol ynucl @@&Hrﬂléed;@h@éﬁdl@ecayﬂ’lm&lm@ @I%@Vl’ﬁémlyhe expression vector. In an

conesi ve 1 er mA TR K B RIS R ERREE Y Roca Aol GBS Tona
i nsers i oreredva op ohg myar®Rn glenskameasmglatabohatomssiel parentarorri@gdmhg, the
sequence of nucleotides adapted for directiognal ligation can contain a

sequenceSyiteRud yeisal @%9'{%&3 'G@Wﬁe@u’[rﬁj?tﬂ%l'@'téﬂrt@c@r%'ﬁéldeé't/@ﬂfrﬁ’@n neans.
Where thg Bersistee I di i on defines
nuner ous rest rv %ﬁﬁé@éns%ﬁ%éﬁ%énggﬁetgﬁgrredgl%rne 'ahm% ?rﬂ@ the'nQ?fgfre" ng

site. [OomﬁbbéhzemeﬂandthebWect for purposes of treatnent refers to any

ani mal cl assi § : and non n nmammal s.. Exanpl e
o non- huan okl o ABTARE iR/gician S EadURe AS EHEed abgreepiospiged T o
goatf TI'@RRiohe or Qreeérgl @Eﬁ)t eé%)ggﬁﬁe@gf)gge the terns "patient" or

"subject” are use her ngea In an enbodi ment, the subject is
human. [0036]° Halagnemnemrsdso fluau, cunhlmre;c Ienosmo andigdgqdih gpmet érbodinzents sthe

r equi redhtlo |n|t ate or i gul ate transcription. For exanple, such factors

i ncl ude, %8965% lﬁ%’f’ quqjﬁcer d to, c-Myc, c-Fos, c-Jun, CREB, cEts, GATA

GAL4, GAL4/ Vpidybtitdk®: rdidielo dNGHoBp iRadtich bﬁ@%@%r&ﬂ%‘rcﬁgén Rnaley er ases,
H f-1, and TRE. Exanple of sequénces encoding such factors include, but are

not 1im eaeh nelepend@athkreptanesvign theusaree or kifferest supsiugnt(SoEBEstIUed0s) |

(oah) . skl Eps g R ot muliolictlsy S MouapfR 8RN

( NF- kB) , toNPs85&f168nts Shd Bhidicutdryesrasielo, 3 AABRRGedts, §dléciaAramnltieerage) , NP
523301 (T3 RNA pol yner ase% AF364604 (HI F-1), and X63547 (TRE)., [0037] A
" subst an€QRIHNY Qfeﬁmin@aﬁu filietes amigg; GWOC&\W%’&Y%%mw@@HQ@W&W’@ﬁ ers to a

nucl ei ¢ i e ; has at
least ooBLReRted ey, ahta SRRz Rz bR LI D RRRINIRSIAATS OO o
t he wel Icy(rmmwphalggemshytksxyll ketd, hitoethiodlkogy,,suBsittgd thsoaigosy, almdar)dl,

" eacdd oosnbathies TEoanbaRiatent ahiol AR N ereagdinaii T = e e cane

| ength a (gﬁnpared to the reference sequence, i.e., consisting of about the
sanme nu Er of contiguous am no acid residues (for pol ypeptide sequences)
or nucleotide residues (for polynucleotide sequences). [0038] Sequence
identity can be readily deternined mntg varlous met hods known in the art.
For exanpl e, the BLASTN progr equences) uses as defaults

a wordl ength

conpari son of ?:Js %aﬁ@gpgéggﬁ%% H’ggggé sgjé)he&gﬁ%r(';%%ce E'éaél_ﬁ%%oglp Sar am
uses2as fethawubiec nvethddsgshbjeWis afealed for danpecpamlbwadrﬁhsténd@to #ied the
BLOSUM62 scoring matrix (see Heni koff & Heni koff, Proc. Natl. Acad. Sci.
USA 89: lmgckqf‘ggfé‘?‘}t'vem@\érﬂﬁ%{@en%ﬁco%&ﬁyﬁ@n1%tént Pt‘ﬂanVEe|HBt|%Pﬁ1 ned by
CoMpar | NGrnRAL ITE din U SO H R WRIE ARG FoRRATRA MER M Jiigiiouuner ei n
t he portion t he polynucl eoti de sSequence In conpari son w ndow nay

i ncl ude acttliet agerg, oit, vmteteean@assqriacmnt ABprovised amp aneitioti® of makiref teence

sequence (which does clude el et.ions) for optinal

a1 1 annenfutipctatauRin Sgulaloas 25 il pe kEs i indlias e Sbin S BRI Ri ni ng
t he gunber of p03|t|ons at whi ch the i denti cal nuclelc acid base or am no
acid residue occurs in both sequences to yield the nunber of matched
positions, dividing the nunber of matched positions by the total nunber of
positions in the wi ndow of conparison and nmultiplying the result by 100 to
yi el d the percentage of sequence identity. [0039] The term "treating" or
"all eviating"” includes the adm nistration of conpounds or agents to a
subject to prevent or delay the onset of the synptons, conplications, or

bi ochem cal indicia of a disease (e.g., a cardiac dysfunction), alleviating
the synptons or arresting or inhibiting further devel oprment of the disease,
condition, or disorder. Subjects in need of treatnent include patients
already sufferlng frontthe dlsease or dlsorder ‘as wel | as those prone to

o " o - v T 1 ~NN AT




t herapeutic suppression or alleviation of synptons after the manifestation
of the disease. In the treatnent of cardiac renodeling and/ or heart
failure, Wohav@pgsdati c agent may directly decrease the parhshagp2eist he

di sease, or render the disease nore susceptible to treatnent by other

t herapeutic agents. [0041] The term "vector"™ or "construct"” refers to

pol ynucl eoti de sequence el enents arranged in a definite pattern of

operabl y 11 nkBales e petstor ENBRTSH (e Shrda Cerant §okint ol 6. Typi cal 1.
they ar eyhd&BfdBosthiaPles POLMHGE |Cobt IRteP@USAIEESIat BrbodiRbREHedchRbed | 431S)
into which a segnent of foreign DNA can be spliced in order to introduce

t he for eslgh MRK, Pheauraestargellis alsp foregrondenstapd gt theatenvimaieay vsed

transcriptj i [ ( I y a
plasm d géﬂegﬂggféﬁ%%é%@ogé%Eg?gc@'tgﬁé 3’8(@&%%@%8%%59’ %ﬁgéscﬁéﬂst cell,
and i Cintérided@raehiitingesine theecope af hieppresabilineentdn WiisHd lipite@dnly
endonucl ease recognition sites. A foreign DNA fragnmentmay be spli ce(y into
t he vectBY the appRIGE¢laERs.in order to bring about the replication and
cloning of th : ot aj ; -

ui rabl'e for SreaERGe ol EERE BfoviBea iR Ade D8y Rarich MRS )
mar ker s valye ptoahie denthedfribe yioltioh éhefowserpinat Lhless trescentercaeaflp0didtesn

1L s Gb e chobivs A st 4SRN o o gt i Salls 1
t rangf or med A, QR i Neds A0 dirh iHhd t he
contlfd(c)l I[)ﬁ?é Q/lelﬁlg.b%gjpéglrn;lgﬁilsﬁaﬁ-{tﬁreﬁg%é)%d%erta‘?%sé_régjé@:t@yéﬁ%/ﬁg%gﬂgﬂbg?esuch as
pr onot er spper ahianee linitsRifdhesesmabeuanges may indepeodantiyt oe inokydachidubebl e
or repressible. [0044] An “initiation codon" or."initiation triplet" is the
posi 11 onSHAIF ANGSS A0SR Alsppacqirares s WP B inveltigh, SUOIFet o dancr al 1y

| ocat ed ghediftaally' exedeaflintib R m@cat@t@d&faﬁgﬁ.gvmerbﬁhé%@éw_aﬁ Hehfes driee

initiation codon typically consists o ree nucl eotides (the Adenine,

Uraci |, anheotaeidhedmitauanaesaxebidiniesithainrdotle of tinsetinelugad iimitgsare also
Met hj oni | t. ria, the initiation codon is also typically AUG
but | ismg%%’%ﬁ 'éﬁ%%g]e\@ﬁggﬁbdifi ed Met hi oni ne (N For nyl net hi oni ne (fMet)).

Nucl eot i de trCpltainsrapigbsiaré beessohtésl Beris anBtriumesrids edlues beimg pridedieddsdons,
both in eukaryotes and in bacteria. [0045] A "downstreaminitiation codon”
refers t®edBMnabpdl'| bhe EsabRbowhtisiusep dieseindo msaride litail BPRAFOAtTent i ¢
initiati i i i i y tream
i at ] SR Gaier HBLEBleckal, oo fielial SHuBRY SRR pbatiot Mo imatey Loy
t he aut hivetnumber thahtheotlermquteoedas. tihelekernlidad evhategi @nunib@d4Shedstousred
herejn, reference to "do}z\n%‘tream' and "upﬁtream' refers to a location with
respétt FRPOXENAGHHR APPETICH PSSP RUBREENNE MSAr 8% RRBIAIMERNG HEEGGEH codon
on an nRMWm ! trh d i By i

sequence relggltq i v@ to@#@%%%?%@gf} it%%%&h%\r%?wwghgteg éﬁ%%nt?éh%@%ggg tNﬁg

aut hent i substantial teiooivalerd @f theaapecifichilyreciteahnuinbgon refers to a codon that

is towards the 3'-end of the mRNA Lative to anther |ocat]
W thin the seq0BREaETT B8 PN AUERTER T s Gomlls S ierdh bon or
" pr i Mar yihenddrh@h@his@de ronTrebay Lnderdibed biidhieadfi PBineRASKI Af ths &isé ron t hat

encodes the first amno acid of the codi ng sequence of the encoded protein
of %t er whichihisdaventsuuleelpogs.i Althougre any metheds and natesalgaimilanet i at i on

aut hont | o eEic eS8 siisiiodf nE R Eah e b Sod i i RghEF aBlecTghr

secondar yhel prebeat ineentiadd esprcsegeiiee alusyradeawmsdthedsrnndl nidteriglsiaramowor
authentic injtiation codon and | ocated within the codi ng sequence. [0048]
As used BR$ELEd. "i ncreased protein expression” refers to translation of a
nmodi fi ed mMRNA - s ol AL §i d
that goner at oo BaPEaR s qn s En AR s SRl i R RO, RICBrTfaRIEL,
20% 3(B0%y Adfegerm@oasif egcle atdividoalgrutilibatiqoby pajent dere speefitalhtarh obt ai ned
fromthe wild type nR ere the one or re secaondary initiation.codons
have. not MBI SR ERe L Sem R BaLD R ERes SrarATe eSS hareif B
protein expression of a mutated nRNA that is 1.5-fold, 2- fold, 3-fold,
5-fold, 10-fold or nore over the wild type nRNA. [0049] As used herein,
"ribosomal recruitnment site" refers to site within an nRNA to which a
ri bosonme subunit associates prior to initiation of translation of the
encoded protein. Ri bosomal recruitnent sites can include the cap structure,
a nodified nucleotide (n7G cap-structure) found at the 5 ends of nRNAs,
and sequences terned internal ribosone entry sites (IRES), which are
contained within nmRNAs. O her ribosomal recruitnent sites can include a
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[ 0050] As used herein, "usage bias" refers to the particul ar preference an
organi sm shows for one of the several codons that encode the sanme am no
aci d. Al twoi2op/09888de bias refers to nutations that | eadPCo/USSE 0020645
different codon for the same amno acid with a higher or |ower preference
than the original codon. [0051] As used herein, "full-length protein”
refers to a prot e| n whi ch enconpasses essentially every am no acid encoded
by the g eenc i ng, the tein. Those, of, ski art _know there are
Slbtl'e MENsreEa D SR abh oo FHere AP raBRieak, RdesBEe’ BBL of 1
i s act uajyhichahe RivRciors fAedlitedr Thalcrdtidh ef shypubliddiionlis ﬁi“rtltsadlsﬁb%ﬂeons

For exanple, sone but not all proteins a) have am no acids renoved fromthe
ami no- t epreriashe ifiag dateanth abeuldmatibeagongiroag asaiiadmigsiahthes theipiesentase

and an bRt adtaRliBR i Bhidlane SpbT bR o BRI SPBHR! MBefSh "bor of
t heses r epiAhEs tivd datfe'SQﬂlﬂﬁllblld:atldrﬁ@ﬁo\llﬁiédfmayflbécdlifef@nf fronsthefadib@ protein in
t he bacterl al cell. These ty nodi fications are typl cal |y het erogenous

so not aPyb w@apmd@éeswhshﬁaﬁbeﬁe%o@@éﬂ«}emdafwveonﬁwms t he natural

full-I th I
the sane. o nb oo uHal asdSedicnintal g b dipeFHEHARS, Hetingodt fork
nodi f i ed‘a” Ttem”t @maithé ullnlcluelleqmlhramrefeeemé uemsertbassetexs ulrelarly dicaidsy of
nol ecul es 052] use ere r ified" refer to
et cot | albeRise: dt Aﬁtherh%Qteﬁémeeﬁﬁetnstra%% drBhes i Pyclns tahxtqpaﬁnebdons
fromg heeead g Arseéuc?lnthls Et%ft% |H¥éﬂ'dfadq‘9 se[)\fdc &% anfcReByht S‘é&ls fisi use of
alterations t renove a su set o possi bl e nutations of secondary
initiati otmcrtemimsve termindlogy agi’ agleheguooiy anidl the fi&d uie cooneetfonRivibio Hwral

di ver si on Vi minitiation,cqdon 0 As nmentioned above, it is
wel | - kno(ﬁr?'t?ﬁ% p@é‘t’ﬂﬁi@“@% 8[ H%%%\Pt ﬂ?gtéstgje? %EPE can affect transl ation
efficiency. Fag mwaempearaﬂ t&%é@é’@é’klll im thB&rbupor e@ettﬁtﬁg tHi§ B fbsafe, UPSt r eam
AUG codon, can have either a positive or a negative effect on prot ein

synt hesi eaciepkifigiingvisiial aetb@dﬂeenttsrdssaube@anddlw%r@:tecéherelrahas eksioretear

G vel i neompRBe R Ba PRy ettt shorERET b St RufibbpBul fire
"Tr ansl afdatureb ofany rodthe@btHchgexerd pahddiaghs Mttmmmerpa%gﬁfrorurthe eesbat ed

Regi on by Three Upstream Open, Readi ng Franmes" J.
275( 40) : 8oFRIIt afahe Preserydyyentios: A@Xaﬁﬁlt@l methag ean Be gadies pul idhe oFdett al |

Seanence®! TO0Ra TP LT A S B Uyt R AP BRI ' ' (1 et o codon

in many species, it is known that transl ation can sonetinmes also initiate
er upst e ons udi ng ACG GUGE GIG U T
AUV ITA.  Abcr BTG oSl e S B anoTe 1R Ie0TO0% AREETARA T s hown ¢ hat
mamel i %rﬁtubogee%?naa d B reﬁtté'retde%'&ﬁbé&'ﬁ%’t |@§r@at?Pﬂ?[’%quiI6\W@d ghen the
initiation co I hydr of ol ate reduct ase was nutated to ACG
(Peabodyrevi}tzvﬁof (MEedsTgs fDI’Breﬂanr@ﬂamfoﬂﬁ&l,ah@ﬂﬁ&ﬁd kitg 8isat)manirfaludehthe st udy by
Peabody that mutant initiation codons AUG of dhfr (GQUG UUG CUG
AUA, A aII were able to direct the synthesis of apparently
nor mal dhfr (Peabody, D. S. (1989) J. Biol. Chem 264, 503 1-5035).[0055]
The tethering and clustering nodels of translation initiation postulate
t hat2% r aMETHOPS AF J&FAT HC CANGERIPANINY IAd ORGEOB I CEEMHE PR FORMUE8BONSand st udi es
have shown that an initiation codon can be used in a distance-dependent
manner downstream of the ribosomal recruitnment site (cap or I RES) (Chappell
et al. "R bosAassunireaissd aigoww)the inveheéon pgovidesTrBiacdsSobiréating 4 soisjeat | on
initiation" PNASOSA 103(48): 18077-82 2006). This suggests that put ative
i ni tiatihc@paRINRAINN QGBPWQO%Bq(?é%?é@ F}?é@aﬁ%a %éew?‘ﬂ@ #em cancgisingt i on
Lot at] goeAlepIRiEea Bl Hgibh AlsGadRRRntLaRaE AIRMelAltddal | on ST Les,
can conpete wth the authentic rnitration codon primary 1tnitiation
si t €30 f opressbiescaresedamndchrmgs ront e esy prgeas amearkes iefeetion de thflanohation
Decreasing the ayailability of these secondary initiatign si such as by
mut ot | nobURsH PRtG dSRee e ChefVA sSdared bheradibus kel gl Tbsvety of
the primary initiation sites to the ribosome and a nore efficient encoded
protein expression. [0056] The present {ret hod all ows for inproved and nore
efficient protein expression and reduces the conpetition between various
initiation codons for the translation ITB.ChI nery. By elimnating downstream
initiation codons in coding sequences that are in the sane reading frane as
t he encoded protein, the generation of truncated proteins, with potenti al
altered function, will be elimnated. In addition, by elimnating
downstream | n|t| ation codons that are out - of frarre W|th the COdI ng
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that the encoded am no acid sequence remains unaltered. This is possible in
many cases because the genetic code is degenerate and nbst am no acids are
encoded byotww/88dror e codons. The only exceptions are RETRiSe0/0206ahd

Trypt ophan, which are only encoded by one codon, AUG and UGG

respectively. Mutation of a downstreaminitiation codon that also alters
the am no acid sequence can al so be considered. In such cases, the effects
of altering the am no acid sequence can be evaluated. A ternatively, if the
i no. acPH CabEtiAdhoRY Y 58 RFRCEReS ThieBing fRediasE wiich sE0de bR 1y ¢ he
put at i vecanidrs atvaias arsoliatumerBhi iRSsd thafidbaiot thvioledh Bblid imbhe.g.,
efficiency of the initiation codon. For AUG codons, this can be done

accor di ngukemiae Grndespainigayaiserasultfres cisicabpioseddrasyusast ol tyesdrek

xcer | ent EaE 150 dEln ap i el Sl Ayighiiof] AYE5e8 o o aue
i s nurhen@@int cartébr patn" dE¥EEIt iGIude Pairii@t eederswitidutichater, ¢baplisgkdng O

apply with additional determ nants from nucl eoti des at positions +5 and +6.
I n desi gRANIFIGY MIMERABFRY OrtiiRat@eaemplyedrp deat SANCE T Imepiie caslrdinesisi n
rel ative : | Ugkn adn O; ' {0k codon
bi as as {:%%dg\?m ah?{sﬁﬂ%erﬁ%lgjgn&l'?r‘r@sé@ghﬁgsﬁglf %%Ight@gﬂg@%u\gﬁ%%o%dgpg?@f er ent
codon usane tHe sensationes pairh eansipeain fcan bauasdassad obfactieglyrasksubjectivebel | s

fromdifferent organisns wll vary accordj ly. [0059] It shouyld be

L oor bl VSRS Pl SEHEs AR he! medigss 8 B BrdtarhiSageI-howe dnthalukar yot i c
cel l b ap. } hact s |

Cri 110  SanBYoRaiAnR; Hsd@nBRth ShbBoolIOMAa (REThER dle I ERmnakIsRaL

still ocdoesneiroroiakylproveitespain) ardhyperdiediai(ine | indecaded respeade teda

B L

nodi fi cathens) hhRod. MY seRBURNBEGiIndhs, tRERANER IHPAGEAZSEY BY Heshsal bY
decreasi ng ri bosomal diversion via downstreaminitiation codons. These
codons cegnsitidlyumechagcairesraiiviytanst/ onigstiag piaire h sppleceMbodioraNt&ibén t o

functd on i.nitlatl I i ud| but not, |imted to ACG
a Bra ot Prd EpBes e RRR Rallefuce a8 BESABE iR midhfhe enbodi ment
t he downsinbedimeéntst ihatdamieet pdinncdripmagsatesting Parndhegsdin kgn We prithérycodi ng
sequences to increase protein production can involve nutating al

downst r eS#RANGIAY BRIN0AS cOWEHENEWNCARhE @lol ve nutating just some of the
downst ream i nigfj, 3liRg 5°8ABSs of IhvBRAbA S nartRRdieRRNLinn BinibAg) 119

nucl eotides are nutated 10 a l'ess tavorabl'e nucleofide context. In an
enbodi nmeparenter@lly adomsistened heea sugjeat. Befpardetecalradneinistriativrtistroe&TC codons
resu tina in a Mthionine to Hsoleucine.sugstitution. ln aGPth?L

embod] mefielIVEEreY @Gl ! KETeIg T AURAIAY Oh @ ESFO Y-S RHISATLIPriyIatpg, toja,

anot her i t i ied r idd in a
Vet hi oni CRs Oy 3 BA AR Ro R eanChy SR ) 8 rOp s PP Se et
can be nuiaclt ed.t\dadnGnusculaniojidedion evibdiliraranousAiRBiveryd ets liaaarthi® nmut ated to

ATC codons G codons can, be mutated .to CTC codons, and.the cpntext of
it at oP RO LOR Rl BURAM By EHiaAge My REcETaBRs FENISHBN RGN or 1 ¢ om
CCC to Havieesthd Arduhtofnaticetic BeUlSHn e riilaesH BEtheRhvamidrthacisd _
substitution. In other enbodi nents, nodifications can be nade to the signal

peptide agMimsterecivethgrsulincs MG/ dlepeadingoome niamoesef fagtoreguch as

oot of PHEEHSPRANRS, SR R4S etk REaf rERCte 1T e heBiEh Mncdinigie S
signal petdsiagertrapsaldrihistdied getQoaid AEat ersloRmgeassthtiong 250 @g/doyéani ¢

acid (E) to Gutamine (Q amno acid substitution or a Histidine (H to
Ar geni nesyd aairDio 180i )/ degss tincluding 25 footi®1lo/gpaadaesing eeidalinesdor n

mol ecul ar_bi ol o can . be ysed to generate th ed nucleic acid .
sequencetartefic AUSAR reHmlEons SdbSiSisasdi aletidllcRiad i itiish ot Skitan
techyy quge arHidyshe RISl don@ints HRS sisjectaeahlatiprs] ei ¢ acid anplification
protocol s and ot her nol écul ar bi ol ogy techni ques known in the art. For
exanpl e, point nutations can be introduced into a gene of interest through
the use of oligonucleotide nediated site-directed nutagenesis. Mdified
sequences al so can be generated synthetécally by usi ng oligonucl eoti des
synt hesi zed with the desired nutations.® These approaches can be used to

i ntroduce nutations at one site or throughout the coding region.

Al ternatively, honol ogous reconbi nation can be used to introduce a nmutation
or exogenous sequence into a target sequence of interest. Nucleic acid
transfer protocols include cal ciumchloride transformation/transfection,

el ectroporation, |iposone nedi ated nucleic acid transfer,
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chain reaction (PCR). Use of nucleic acid tools such as plasm ds, vectors,
pronoters and ot her regul ati ng sequences, are well known in the art for a

| ar ge varwet2g10008807r uses and cel | ul ar organi snms. Furt hePC/USa019®2063F | ety of
nucleic acid tools are available frommany different sources including
ATCC, and various commercial sources. One skilled in the art wll be
readily able to select the appropriate tools and nethods for genetic

di ficati f ticular i cel | ul i ding to th
knowi edge i n NAEalEieidgiogdorgialings ok Mesnypnior ek NAIoBS ACHEE neasur ed
al so_usi AgoMaNaRsicHME Aenied hAdsediaseiaalrbdspioPtloRER. ORfolbi m ted to,

Western blot analysis, ELI'SA, netabolic |abeling, and enzymatic activity
measur entageptoriagonisia gictideepiaiaanaadrepividse dOpwips rangliQripisis” poBRIghly

funct on XL RuBle SRS M derfiRal rEiBiin BHE R BARAER R ot T ons” can
be negle @I@araaéﬁzéamefmg adidietiowifarenibg or aadietion @0didMing rvssties sanithr3’
LJTR, to evade m RNA-nedi at ed down-regul ati on. Such nodification can

t her eby @ MEFPHRAT BEINgEARARIE PEFANVEESISRN AHPIa € having fnethaddiskieRei n
{ hesi . ) e . . )
Eg?wegﬁl @{ﬁﬁ% %{IC; eg@%gaﬁ%k@ﬁ§ha{i atrl%g'cgrrp!)ﬂr%{llrh/’s oft&?ﬁb nﬂc%ggrgﬁé{%i n

conpl exesompo RN cotainadd thet fumBhikiesitabnbiphineoor thiebhmienstryottileesrids by
base-pairing to nRNAs. m RNAs general ly nedjate their effects b

base- pai PRTRPSSEILINDS AN1IE YOt Ab O PRIOIG feGARPISUBRRS, EXaMmales Ohave
beensho AN 25S) OANB[A Gl } nt ai ned
ot el coRales AgHRrBTbLBlerdBpNifiE ai@nghicathe Ah ogiBld" s By Eokibar T o

t he so-cpépted oseibdrwieguehich, Whikkinohceotaiiing thefundaocientalirerpheonf t he

i RNA. T . b t han 1, 000 gi f.f t ni in h . [.0064
Roong: nolERR e RtuE bhss s s altuA) Tty By e bE MR et ilo) ve
nut at i ngs@htlpse e nsREXENGRR I bhbpiatds AMNOpiofss icludlesiBopiihe ! Bérof) codon

nut ati ons descri bed above, these mutations can ensure that the encoded
am no acPRiUBB§OEAE, fanianisecgrinetbebainadCasimersially@viaiapledupiates @indi at i on

codopns, re C t ] A er

or ogl am PARRsc & e BinuhEleni ke R S E AT Rana R Rl o TR ¢ pe
of intergsy., ALFENTAUNfentil Bydrochiends afectn)i Bughbgsimd gt er ovary
cells, or human cells for expression in human cell lines or for application

i n DNA vablBUhesX™Thigrepopdirerhexaganat otkngensutiiNgualtablatyicadeestapd: ent i al
initiation, codon xcept. for. the initiation codon. In th f_in-frame
AUG codoneine 1 diBYdraaPHeIng ediRERRAEP R StasPRIBg  Fefanyh iR 8- A LANESA™
initiati I I i erfornmed
accor di nfg%’ﬁ%%rﬂ{i’%@ﬁaé%ﬁﬁ%a&n S opﬁ?\XQ%cC&%?’ﬁFR%?“oW(?}‘?L@g:’%@?@ uman codon
bi as2g nf pitdreatedraban HeiredeebHore (RUrBDILEDID ™8R0 eomoresiserieyi si ae

codon bias information can be used for this yeast, and E.coli codon bias

i nf or nat O liguid), JAANMdE.o. O RLAAMBaevemethadyhapeigheeorad liquic).deverphanps, t he
recoded hed for  al nown seed seque i e

o gan: sritod Lty DHOMESRARR! faiafnadiol Bualelcbertiing B DERERBREL® soed
sequence ANt 1 N i i i-Lhaut

i o upt | MOPERAmE MYk SLAEAG), T B0 R IR O LR SRS RAORT hydihotldide™,
usage bi gplas), maphee, cabxose (RAREAKDUhalbRONO HyGiozhIoreN injecadm) e

initiation codons. [0066] Wiile this specification contains nmany specifics
and feschalbedong {&\gr. elkY BT ealtrexonedTysiroddodem tallethriaiatydr@of3- t hese

houl d not b d | i, ' t h f.a. hod, t hat
ol ai mect BEUBHEAI My cBR00T U FBROBAN"Y Heyeiiione TREE IO RORN. f oat ur es
ifi ' R BRI | i killed
R the 20D B D G Rho B PYPRE R nleubAoPR 7 1 ©

Wi t hout NEMAORPHAN™ooryinherpheaaihydravhidrite sugpositbryrppriopoxgstsarid bed. Certain
features that are described in this specification in the context of

separ at e(lNBYANREMrepesphensdskoshiplidseapades and sHildEFSR i n a single
nbogj nent . Co | i f eat .t hat . i bed in th t ext
of ot BiopogNe fvarogkRrip e aRs e RuEA R A HIRF g el ent s o

separately or in any suitable sub-conbination. Mreover, although features
may be descri bed above as acting in cerfain conbinations and even initially
clainmed as such, one or nore features fYoma claimed conbination can in
sonme cases be excised fromthe conbi nation, and the claimed conbi nati on may
be directed to a subconbination or a variation of a sub-conbination. The
scope of the subject matter is defined by the clainms that follow [0067]

Al'l publications, databases, CGenBank sequences, patents, and patent
applications cited in this specification are herein incorporated by

Y o o o o . -



[ 0068] The follow ng exanples are provided as further illustration, but not
tolimt the scope. Oher variants will be readily apparent to one of

ordi nary WRi2b10/098897he art and are enconpassed by the appemdsA010/020645
clainms. Exanple 1. Mdification of nultiple translation initiation sites
within nRNA transcripts. [0069] The presence of nultiple translation
initiation sites within the 5 - UTR and codi ng regions of nRNA transcripts

decr ease ransl t|on ef ficienc diverting ribosones from
I T R B R T S T B R T o
or in ad T t tes
dowlnst re@@ﬁ?’%@éﬂ?i@? E (;ﬁ:g?'{/l %Etﬂsety P gcgr%f[a ﬁgﬁ?}e%?rggl Fh?tolegﬁ I(%'?)lncodon

i nduces mnlttdeetallqtplatfestarr@r@;ilattispnomfart;n@omcentncletdmg)m@tumliysaﬁm/rems t hat
reduce the translation efficiency of the full | encgth protein i mpr ov

transl at ?QJHPEH‘JW%l%HHW'SfCOIW aﬁ@@ﬁ?ﬁt‘ SyBHesai Q‘F&H‘Pﬁﬁr Eh%ldpﬁm&'ﬁﬂuabl e
human pr&l‘s@'uﬁ'@tudé’@éﬁgﬁdn‘?érst SRR ?&‘nﬁf& 'e@teh'é akth@rs, %'aEQSarYH é&té"o@édchr eadi ng
frames upstream an stream o e authentic or denonstrated translation
initiat oilsommisrstamlsumansedsteos dgrichéthats vthmmesttteesmsttencproétsecm ed aspect S
of this nmethod, %Igtteemr:ﬂd s, altered &l]l Fle rhesult nt am noI acid
encoded rSQH’eﬁfﬁsSt?T?&'%%ﬂ%fS &t Q}QPKF ISFATS PeNERReG E’Cé}eén'Pﬂduced

t hat subgég,é,%t%rﬁm no acids having simlar physi caI properties. [0070] The
canonical translation initiation codon is AUG ATG QOher identified

i ni t i at or coddashé naragdie fotmutlatiers empldyiediinsaethods althe iIGVaN®IGreUUGE TTG,

G AUAL AT nd A U/T.Itr | a ot ei. n:
Gl of bR s Kangrrae ekl Rekpal i atateds sPiffR e swal,
ant i bi ot gleblileatofiohealidfurd Bsa setdndP RGui€ it whichttRé firstigliiegillsndiymiki ndi ng t he
50S ribosomal subunit and preventing peptide bond formation. The resistance
gene (caEMulsiens isacaoraaras, vith thgpraseas svenigninclida afaeesticadiyeaeent her eby
i nactiva t by acetylating the drug at one or both of its
two hy dr%ﬁl}la‘itBP ﬁné”é é#Lg’rtéurﬁrmdl fied open reading frane of CAT contains 113
pot entl al ini Anatspeot @fctdermmﬁlélenét‘é@tploy@dt idmethddseofahé heventioniigthdtahée on

codon, 8 ATC, 8. A% 8 TTG CIG 6 AGG 10 16 ATA and 14
ATT bbdofyIsiaEnCclugagEn %@gtlveggquﬁ | N3reetlic activg agent. fhaiamANteAT orF
and SEQ hhq g‘f?:az‘:g\?e% h@eﬁtlﬁ%ébﬁtdlé’oﬁ?ﬁéﬁ %g’zglﬁg r%ﬁalhrérﬁ%c‘ﬁﬁte‘ﬁ@ Var@%@e of

the potenti ations were nade Figures 1 A- I B show bacteri al
expreSS| fromc@63 tto dE0mghel,sugbres @ ¢d SOomg/ail andgna:lhémg?/&)ﬁ d:oSOmgAm( ONT) and a

tial di fied.CAT t t est bact |
G i n RN REPEers |8 BTSN IAons A iy oBATdRITERS! (neor esei on
const r ucigerish MichiRba®BHecth R/ %Bbﬁ! of feRtaplyRf @5 N- @”ﬁ@h@&ﬂﬂ;gﬂp%ﬁonEd

fromsingle colonies and cultured in LB/ anmpi'cil Cwth
shakithg mropir@nilisie. entanyl Ggarhe htﬁsengrrbtheﬁomslaﬂ@maﬁéhe cedwserdrided by

s ampi comioBA: bedetip SaudhPrect ' A metBhE L iplaP bk, o

DHoa cel {entdryaispesartinhe tonfisosidh gxpeencdmimtionsfio. 0 mgims oPhiGhewhi | e
that fromthe cells transforned with the nCAT expressi on construct was

0.25. Chinslushitth@di meimkerdiigher é‘ﬁgf"éﬁﬁgéme&’ﬁi@@@'ﬁﬁms\‘i@?sgqsnfdQJBéw\P‘Péot he | ac
operon c t T, T by the introduction of

| sopr opy %'ﬁl}%?gp\#sodg;?ﬂ@%g}ﬁ @@at@gﬁdﬁl1p%ﬁﬁﬁ/ﬁ§| concentration of 0.4nm\V).
Threxs mi | 1ili Eendsion f@auhatmﬂstmtrttaewmerttlbarmé@mmﬂdlohe of wiatesdnd oiheAs the

G0 o, Pnolng e ss0dkmh Bewng irrcs et RREEe eanadhalRisol
wi th sh &1y S%Cé:h ?pgég r
i nterva?\lg 8%0%@% a@l Sﬁ;Bels étlé?)éﬁ%zglv?/gtgelt owt 48 E/éejggg cuqﬁﬁﬁee?ho% ffDﬁtP
cel | s tr@msdibonweten) tthecamqulmLeamnﬂEe) ‘ﬁlmeiccrmma(tmuatlesj thex pil asditlos

ConSt U 1o & DR St A BREELERD T IPR IS e B e

contgj ni @&uﬁ%ﬁ vae b\é@ﬁ)té‘tﬁdédﬂﬁ@ﬁaﬁ&%}e‘séﬁﬁﬁ tﬁ@'éhﬂjlﬂbﬁg ntdy 8¢ appheni col
resulting in final concentrations of O, 80, 160, 320, 640, 1280, and

2560ngy/ ntonvanienimeiensnduding @saniedizad Wecw&tehfogwaactt@ @A/FDZ@’ECr pm and the
A6oo of each culture neasured over tinme. The results for cultures grown in
t he presence of 320 and 640ng/m Chl orz heni col are shown. The X-axis
represents time in hours, the Y-axis r gPesents normal i zed A60Q(rel ative to
starting A 00)- [0074] The results showed that bacteria transfornmed with

t he nMCAT expression construct grew better than the bacteria transforned

wi th the CAT expression construct at all concentrations. As shown in
Figures 1A-1B, in high concentrations of Chloranphenicol (320 and 640
ng/nt) ceIIs W|th the rmdlfled CAT st|II grew, but ceIIs W|th the wild

o ~A= 1 —yr o o, " o o r



allowing the bacteria transforned with this expression construct to grow
better in the presence of this antibiotic.[0075] To determ ne the relative
amount s ovochioawssspheni col acetyl transferase enzynme syn®Ph@disz@d/otosein DHS5a
cells transforned with the CAT and nmCAT expression constructs, Western bl ot
anal ysis was perfornmed on cell extracts at 5, 30, 60 and 90 m nutes after
i nduction by PTG 50m of culture at each tinme point was centrifuged, and

bacterial pellgets resuspended in 30m .of TE buffer. and. of.. x SDS

gel | oadi ng. biiEparreSaR Eas S il ot muainse s 3R of et QR Ala™ | oaded
onto a 1¥erBseark pis/sRiSyiBally acoeabldar@shelubeob&t dre it ifiletapséipigled to a
PVDF nmenbrane and probed with an anti-CAT anti body. Figure 2 is a Western

bl ot analigigds.slasivedyipidse sompden migs thallare derived fromaatuiah vegetebleatt and) and

The r e e ditB. B8P ATt Ba RSt e B tite h Hiket th Tocely Sirihel e
prot ey n {ehsivie chdeen Hola soRbET dil,icHive Wils segdrhaloilycadier 6o on, pddpmutcel | s

transforned with the nCAT expression construct, (rrC%| at all time points
tested. PibGAHjoweril grapeseqd ail.gHcahaipheth ediugrebainfaby aciskesier. ard was
al so per{.Qr. i : J ; T t4.al ; nfied
T che o SR A AOREAGE Rl oils 3R FtoRler S indiDge BN ke ol iARE" oo
pr onot er tcacddiliest eitl dpal bil aserdieetoil, danssatiaendinbhoidChnd etmmskHpertagnovar y
(DA4) cells.  In brief, 0.5ng of each expression construct glong with 20ng
O & bo- A5nMBEEa G SbIe BT it 0t Ak nebl v s s Towe Eiraflnac (it Bhae

" €POFG €1 cHifBiniBn P FB thih B Medtsart b TSbEC R bbaH OiIBRIGP g4 cel I s
usi ng the Fugene 6 (Roche) transfection reagent according to the

manuf act sesaMa oil @se eowloyadsin CRxain prftogimentst Higblytrefineshstleand dats arel | s
were |lysed using 250m of lysis buffer. Lac Z reporter ass s_perf.ornmed
o ensur eeliied ToEara i SrpetiuinP. Saibral ol aeeaR el A R PR P8 o
was_addegmbediménts. M ganéraf, tREArSENt A afliimthdidriiatioh o rigdatich ¥asulaeRt ed
at 720C for 10 minutes and | oaded onto a 10% Bi s- Tri s/ SDS pol yacyl am de

gel . Pro@&brie ANrmgtmiamyete asddiot20meipiFan ifstudieg 4Ado JoeWed/mk t h an a- CAT

the Bora cel I EPAREHITRINE PP b AT litiat HaetSpid o on
const r uctosbe Gsédl faxhe aeésermamertivadhclooated tare dPSarBicarirthat Bgd beem 1 X

MOPS/ SDS, transferred to PVDFnmenbrane and probed with an anti-CAT anti body.
Experi nmewged Wérpé‘aﬁ@ﬁ%@tifé’diqumbﬂati%sis nelding tphasphpliRiels, RerienisSuractantsni ch

transf ectj ; LCken t ; ri gT-3% et ween
st ecky @MELTS o Y U6t TR eI AL OCRAT A< 08 MR Bci B v
hCh e eGl LS L Aol actn e th the modifLod constuer. The resurts

| NCIr ease , .

showdlh sl berosppafid booriar RiasPBriy SUeas RRe, GRRsPhalidHsa nes and

subst ant & i j B%‘?d W | i iomieAd uct .
Modi fi ca%@l'c;hg%r:‘npféﬁlr?ﬁlcﬁﬁ' d&g& by eyl} ﬁg“ﬁgtﬁ{%ﬁ{rﬁf Eﬁ?g@bgaﬂgﬁgﬂ onurfﬁil?r?tgti on
si t es wi ohinteresiancladal butrayerritlintitedriocpolpethytneogigcol apelgoxyalkylems s

t echnol o be o ctical use in NMer ous._or.gani sne, besi des j ust
o | oendle Bl sapREL I adld Bl M B 8 RAEARRIS] Brae, CER AT, o
this te?ﬂ%@b%Yfab%t@bé@ blensgsit ilg@bﬂéiw\éMBoamrﬂéﬁﬂ r&f@ﬁﬂ%etéﬁ%' ian
expression constructs were generated for a si gnal peptide that is encoded

wi t 5 t e@playied. Saprfned aiydiegenaied phossholiniRerivedhivaal eagryelkmressi on
ot oot or SRR R Bl Lrblih s MARERGRA SR SZIdbEl g0y ¢ he

ORF t hat emibodieents. IMhetdmoinat of suifagtaramiayoeaty, rEgRiMeIn ¢dreaih kyneglimbats n
protein ‘(cdS-I, SEQ ID NO 123). The CD5 signal peptide sequence contains 7
pot ent i alromMf-itaH0JRICBlEHeh ARO LEA A9 MY/MG, 1 TTG and 3 CTG codons. A
series of exp o) : r | I atton, ATG codons
h the ods 51 SaaTanpoaE G oF (AR rAGREGRS Hs MiLRTAR ke

Met 3lbni emutsifidasioh euntianeecisu Bsiyitype obfatiycatid that BEQ HdenN@edlfa4) . | n anot her
variation, CTG cqdo in the cd5 signal peptide were changed tq CIC (cd5-3,
SEO 1D NeharaAeutEal THB LR San e SRed adre eotianLCRr L R LR Ot lgtet
codons resulting in a Methionine (M to Isoleucine (1) amno acid
substitution, and CTG codons were changﬁd to CTCs (cd5-4, SEQ ID NGO 126).

I n anot her variation, ATG codons were changed to ATC codons resulting in a
Met hionine (M to Isoleucine (I) amno acid substitution, CTG codons were
changed to CTC codons, and the context of initiator AUG was inproved by
changi ng the codon 3" of it fromCCCto GCT resulting in a Proline (P) to
Argenine (R) amno acid substitution (cd5-5, SEQ ID NO 127).[0080] These
constructs were then tested by transient transfection into Chinese Hanster

NNA A o o o



protein (pCWb, C ontech) was transfected into 100,000 D4 cells using the
Fugene 6 (Roche) transfection reagent according to the manufacturer's

i nstruct iwO20100888Yy-f our hours post transfection cell sPaEUS201992@41Si ng
250m of lysis buffer. Lac Z reporter assay were perfornmed to ensure equal
transfection efficiencies between sanples. 30m of supernatant was added to
| O of a 4 x SDS gel |oading buffer. The sanple was heated at 720C for 10

t d de % Bi s- T /SDS I d
[ anst or AT S TR BARAD TUREDBr QUG PR ok AR SR n
ant i bodyand @8dd sdtlened fé‘ctysé'éIbI@ o uMé&iLPAtBd %@i aéifalcupite @deds WRALAMALIUE from
D&4 cells transformed with the wild type 5-1) and modi fi ed cd5 si gnal

pepti de @ot limedty eiBaric acid, glaic apisl hnfégq@raszs@u reimiisragid. ditolerie asicz and

vopsy Soe D PE PR PR et B B0 b dmablnd RBetaln g 1 g

chai r5 angmbedimerttx Pier daTeih @nmiiicempetst igathovnt 6f smpRifiratientenhapsecel I's in
whi ch transfectl on effici en% was the sane. The results show that the

| evel s ofanggs feae Oct 141G Mg/ oﬁthl%ftro@hht%5ﬁfﬂgfﬂﬁct (above 28 kDa) in the

supernatant o

cogstruct Iacipggh@% %@ﬂg .%h@vés@hgﬁ'o@fg Ségb%éﬁp%ﬁzé%@%r essi on
const r ucembadinneys e, pHASG heokbomsiciods kandes flpnrﬂWEﬂSnwﬁrem frdm 57 et
around the authentlc initiation codon in the Si eFﬁ_f]1 8%&fully rescued)
al so had'n G&/EHR €BibPYs) raeetsna&@agwtlﬂg. agRBL S Aler Fﬁ geiupdpg agents of
SUbS{RANT jnad ¥ IhBIEI’d%aBGQa@[&Q&IIﬁIIteEMS Sodfhd ﬁ@r@xu’d'egﬁ dr‘b'&ﬁlo'ﬂuc%':d cont ai ni ng

l'i ght chain signal pept i cont al ns 104 poténti al
i nitiatiphogpideicsadichbliiel sajuiBormneed amikclamni hytfeheolatinhemhé eH o theat i on

T s Rty Bt (e Rresfa il can b aisted APafoug AP 487 3 by el thE " aue

and CUG sQdpijsstitg rgqér@noved (SEQ ID NG 129). Thy-1 Variable Light chain
ORF cont a| ni n& i chain signal peptide 2 &SEQ | D NOS: 130) contains 104
potential ini Tmflaﬂﬁiltb@@dhét may logapregent inTiee fermrulatiom@sidrsiggt (Reht i ¢

aTA iSRRI actsr Firgude Qifargity Thllesiol db el OUeiE dSRY heavy ehai n
si gnal ppplyetglchecgiptali( nmura?!liesmhentthebvemgelmble@ma@wmgist dfrmgoydbng 18 ATG,

i ncl udi ng t he aut hentlc initiation codon, 14 ATC, 18 ACG 42 GTG 7 TTG 43
CTG 43 e@se@wﬂealtgsewheame@emm%ms (f’%d’*P eremnti@@y amount

Modi fica I y renovi ng an AUG and CUG
codon (S q@@ne%ggg%omghﬁle%g@?g 189%‘%'7@% ain ORF contai ni ng heavy
chai n si gnal PBeptangecchtaioirigaemsi|siyfopoiugationalofitine trivention egbithitriscrieaséddi ng

18 ATG i ncluding the authentic initiation codon, 14 ATC 18 ACG 43 GIG 9
TT7G 2U 1eitivecy a3 cappares nEN TANERT ™ Licatanyhstiraie HiecliondeeniBtiRe0- 1133)

[ 0083] E eﬂ%@ i

repl aced%7%lﬁ1\(?%v£%hge @?'3‘%?’*@%‘?0@&?@@ I 59{%03 )gé(;glle g?%tg t%’e

pot enti aIenItany(Ij ieatulsion dorkpastednic lthiel Emge 8Bmantal seottbrubelogy. t O€irderelseint | ¢
initiation co 5 ATC, ACG, 13 GIG TTG 27 G 14 A 10 AAG 3
ATA.  andc&t %‘T?M’ﬁ‘@nt%ar@o‘%mms% 6H0M§%@§$@W ”I/ﬁreﬂ A, i &\f}@r%odons wer e
changed ne [ I
oo ek Sheddirert SR eale? GRS than FENFANERIRE ioddniiRid g igHELdE ()
whi c1p t hﬁmrﬁﬁ@tmdbtﬁ& Iwnel tbbtam@aahtensﬁyr @atmdelateo(ﬁf:@) D NPprds3ep. byMdticher
nodi fication_was n which t ons were nutated to ATC codons

That | 1 caand g% at agore @ﬁﬂﬁetg(m 15@'P%I%E@MEWE?TEW%a%|C¢I@9H§J?PTIQR i on

e R R APl BRI, RO R TR o

resul ti ngs illustatdetihifogures A Md Bo | sol eucine (1) ami no acid substitution,
CTG codons were cgﬁaged to C codons,. and. t he cont ext of |n|i|ator AUG was

i nproved by c B3 & Pﬂéo" gions olihejipvention it & dcestra I‘Wdopﬁ a
Prol 4
[00 A(I] si“%%%’f”%é%@?%jegﬁ rom %%?o@@éﬁe}f@bé@mA% c@dt%)&g see Tabl e
DNA aptiendesniilation. Aaimuleldn desonisitdred tmekhion reduc@aeentmwemm;al ian
ceI | s were anal yzed and nutated to create nutated versions (SEQ | D NCS:
145-156). It should be appreciated that  in signal peptides, which are
cl eaved off of the protein, inframe ATG2codons can be nut at ed, e.g. to ATT
or ATC, to encode I|sol eucine, which is another hydrophobic am no acid. DNA
constructs can be generated that contain these signal sequences fused in
frame with a light chain froma human nonoclonal antibody. Upon expression
in different organisns (such as yeast Pichia pastoris and nmanmalian cell
lines), protein gel and Wéstern ‘assay can. be used to check t he expre55| on

o r



cells.HcRed 1 [0085] HcRed 1 encodes a far-red fluorescent protein whose
excitation and em ssion nmaxi ma occur at 558 nm and 618 nm +/- 4nm

respecti WeDR010HOBR®d 1 was generated by nutagenesi s of aPadSkI100e@®IEent
chronmoptorein fromthe reef coral Heteractis crispa. The HcRed 1 coding
sequence was subsequently human codonopti m zed for hi gher expression in
mammal i an cells. This ORF contains 99 potential initiation codons including

0o AR SRR Sl PN iy ®
?gglp];i:f ?{?je%ﬂyl)%nq@rng@ ?ggﬁﬁﬁfgii n ?%ﬁ%ﬁﬁ%@fs Iﬁﬁl@rﬂ i(g)]r %ﬁ%%@eﬂ%%é@&n is a

val uabl eoftfeataapyéanitiee agimat cords img poptladids od @t keasbEédnicerfellowinghe mRNA

sequence_t hat encod r the human.EPO { hj.s protein r.ovj.ded bel ow and
aval | abl e EARR R ol Lol ANE S Wtat By Tl SIS BOve SR Es St
nul tipl ead BENSHANSENad 8ét‘e‘n®ir!é2f‘u§h({; @5e ¥E$4Y Protdrict rehdited ihatﬁé(érxPBPime[n@QW]

An exenpl ary human erythropoietin (EPO protein is encoded by the follow ng

MRNA t r aReiionpbeloph elneinicet $tw vy ag Siracd ' ssliad sesprnseHollomingra 3P ¢iorinlidoses;

three ol edPprSbdrioR iphd ARG A BRuaflbh of A s Bh A 6% Brtndt
cor r espopdF PR TIANEE T f@ﬁi%iﬁai@iﬁﬁécﬂibhﬁ@ﬂnulﬁﬂé‘n,Lkis'ﬂlmbétrét@bl ih Figuess.i t ut ed
for thymdine (t) (SEQID NO 111)7 1 o . . .
LI KSR A AP SRS I A NSRRI Lo

coooif goplitts inntanedh R BE sE R e s o had ko FEREI ST iy
qQATCOqqotigaRefRtichGeiraaationC Tab HrAlGH épﬁo@ha%érwcﬁtf&wiﬁgCad%iﬁisﬂlration

t ct gggcct cccaqt cct gggcqccccaccacgcct cat ct gt gacagccgagt cctgga 3 0
gaqqt accofca 80 gadot dase) a4l and Kyaatrainddey RAYIGEE™Y tgotingplbatiategnecion
cagct t gaATGagaat abcact gt cccagacaccaaaqttaatttct ATGect, agag .42.1

A e ot B Bt AT R o h e Rsaeehvelv s HHSRIEH in Figuyes 7,
t gt cet gCHEaBRTAHAS Goill tOBSSAF bJibEA 788658 FOBRASERFINERAHeclof, Below.

gcATG ggat aaaqccqt cagt gqcctt cqcaqcct caccact ct gctt cqqqct ct ggg 601
agccbagaaggaabcesttain esgmsimentsg ARGoymetationgcrg staageistajaabrstorags 1

cactgctgacagctttcc actcttccgagl ct act ccaat.ticercc aqct 7 1
Caauet of SEB ST eA RR e ol R R ] B g A e
ggcat at c@RRECHYGiIficAmaHaRaGRIpheRIdroamyePSignRichACRLLEtEad! a6tvi of tHe
gaaccccgt cgaggggct ct cagct cagcgccagcct gt cccATGgacact ccagtgcca 90 1

gcaATGacaetilecRifitgbceaitaim e rpea§a e euhieetaagarpaitansygstabledar 3

goacagaoied e i anGC Juitt ARRARERA AR RYIRLELIAR JakER suodagtqy

aggamnc 9gédreasingane altivinest ibtdctios aaeni as ol 4R Hgstan A88 Ahgas ¢thd stbfade
tgt'gacttctccaggt ct cacgggcATGggcactccctt 1 2 01

t ggagaact t aggt ggcaagc ; AL .

ggt ggcaa@%@idg@ﬁlgg‘tﬁmmﬂQ@{gmmwagaw"g 1w ggtice ggent2 6 1
gcctctgg - t t tcattgacaagaactg 1 32 1
aaaccaccgéﬁgéggaqégggﬁ%%ﬁﬁé #g{r%r%é};eaﬁleeﬁgﬂo?r esul tant am no acid seqguence,
sil ent or con¥kesebjestizsmulationerscamethriiefintheseeved vatstyidilapplitationise case
of Methionine and tryptophan, which are only encoded only by one codon
(aug/ at gNChING RERYENHRY of F"@@B’é&@%%@ry?a}'n-aB)éE/@@W?@It'ﬁ e phaicideagian
Seﬁ%‘ceaﬁm'éﬁg‘ﬁtilaﬁ.oﬁ%é‘bﬂ‘h@%?%\s&édﬁeﬂ%ﬂ?t 6cﬁhcﬁti<fr‘?9ff'l?d?iﬁ§ tFESAH]eRPisAN

am no acid of simlar physical properties. ysical properties that are
consi der achievgxhrnwiare ashelioratda rsgussohiser bataidvse resei to oefee ital at least atraduciion

i nclude,, but are not limted to, side chain onetry, size nd. branchi ng;
hydr ophoBi BPTGESTBe: ol PABERGIRE 1= 0 a TR ST S5.2al) ASRAS RSOV e o:  and
Van der VéddifiorY BbMGRrediel. ASSLAN GRoatkidpt ARbNACIAAES Sith SIS \Ghre theo! euci ne
can be substituted™ or nethionine because these am no acids are all

si m | ar | pathpthgigsh cbhditionoor- pideast, syarptootscagspcded thdrewith \anie eenpletaly s

vol s.. Thus, a substitution of |eucine or isqleucine for t hi Qni woul d
ot 5t ool Be: Bich ebahiey P apRBing & SloabBf: 4" aimisiad FEhaRal e

met hi oni ne substitution. Alternatively, the am no acids tyrosine or

phenyl al ani ne can be substituted for tryptophan because these am no acids
are all simlarly aromatic, and occupy ,qui val ent Van der Wal s vol unes.

[ 0089] The foll owi ng sequence is an exdftpl e of a nodified MRNA transcri pt
encodi ng human erythropoietin (EPO, wherein all potential translation
initiation start sites upstream of the denonstrated initiator nethionine
(encoded by nucl eotides 182- 184) and those potential translation
initiation start sites downstream ofthe denonstrated initiator nethionine
within the coding region, are nutated (nutations in



italics) (SEQID NGO 113). 1
cccggagccggaccggggccaccgcgeccgcet ct act ccgacaccgcgecccct agacag 61
ccgccct ctworewaysgoecgt agggcet agccct acaccgccgagcet t cccgggl PCAAQ010020645
gcccceccggt ct agt cacccggcgcgecccaggt cgct aagggaccccggccaggcgecgga 181
gATGggggt acacaaTTAt cct acct agct ct agcttctcctat ccctactatcgctcce 241

t ct aggcct cccagt cct aggcgccccaccacacct cctct ttaacagccgagtcctaga 301

gaggt acct ct.t agaggccaa cgagaat at cacgacggqct gt gct gaacact 61 cagcttga p
R Et L S R GRE SRR Th R 168 Lo h RS LG AT S TSRS hat

ql TAgagotisraeRaeeaRaesaliagAaqt ct agcagggect ageect act at cggaage 481

t gt cct acqgggccaqqccct at t aqt caact ctt cccagecegt ag}gagcccct acagct 541

qcCTCt aqt t aaafieeQdiglit. dae eressit dyeptionds Heefel e treagngcdelagiqg deyelopment

Cact aot -BCART0; eyEhuAdabe TRt I PRATAISE MO B A ShARAE B pomar

gaagay at as@A30IUGRAYIGEIacIAGIRE UGS aLRAGvVITEARCE.AdbYS At cas CicichBa (e.g.,
ggct [ acaccacgt CCC_t caccaacttaccttttaccacaccct CCCCCgCC&Ct cct 841

gaaccccgiiagylina Rigeadd ealgk iRaupe®ha (e TaRRiiR ANCdY Hgags d8-oumans,

caTTAact. C a > {a T 96.1.
O L EhitdeRIBag HRARGARENS P EARAA NMBRINERREHo SLBREAI L6 dents,
ggacagagae fhobagddagvacdhapgesarddn\eadioads csafthaninttvidualza\bavihg §hin
aggacacacttt agaggcgttatacctattttcgcacc)accttaagggacaggl TAacc 114
P otteaniag Bt cancebabeidSluaia 61 betis ARG SOc e 1By
001 aflp aagA0( o LI ABEREEBEBIAZH RIGAAHIT BA0aT HhABIBATR dndles,

gcctctagect ct cTTAgggt ccaagttctttatttacttcaacct cttacacaagaacta 1321
aaac cac cindecianaanfiemradioo]calised yribeididcage @rneinchamidalsgseforatad Hyor

o P OarTaBus BRI aP Bl sy Raedel)d hibdrt R GR8°85068¢ kv blEd s s
10 AAG  Heddisia .cl2ir&TJdéﬂ%%@%\angmhbDidvaveléabud Mpebrf rkchiroRBShaEd® Made

including a nodified signal peptide by renoval of nost of the potenti al

initiatiootipvelves gHEQUIDr Y-, deeliemiegnoval of ATG and CTGs of the signal

peptjde (SEQ r . . 0 sulting in
2% b am ¢ acheeEinef Msbne SRPREE tng Iny8hn RSP pEHRAT RS GRS,
118) or paihiistandhoieiduld) compAsiggridmin(SRriraneffaciive ambsht dlian emulsi&idof D NO
119). Exanple 2: Modification of m RNA binding sites within nmRNA

t r anscr i parcqtiscartive oens KoM ENRPAMEIHEniGetGANCEF §atn GANAIIESPREPY pt s
decr ease ' ey it ! ' dgar '

t ar get nmé t6 ??A@@W%t E{Ié)érrggé@@g\?ée(cnrﬁnﬁlég%ﬁl _rlgns: a“g%ﬂ’ 0 @%g}t’!@é%p F;réljlklilA

t ranscr i fhiermatly inqucedeadim, anstlznicallyehdlucadepain, of resRNg dairaris conp s encodi ng
co rcially-val uabl e human proteins, all Eno.wn or Br e&i cted m RNA bi ndi ng
sites) w ?Wibﬁdkin?%g@te GARQA" Bk cqrapries raeganeally-Bdugad paisaRe/earestigoon
(UTR) se n i n i i uence
S T e N D Ml R
m RNA bi beliprigary @0gd2jr secondanygiain rledthspambodimantis salloglyhiads suppressed,
sequence, ¢ rising the first eight 5 - nucleotides of the.mature m RNA
sequenceaneiaBied andier Plevared AP Msoie shitfdiBeatChvierleid fue 5

nucl eot i gi@sprdsdedrartelbrafedtdiry/oBpreent8dRN s SIPRWERE embbtiBent, éﬂ@dj}/rﬁ@quence,
for the purposes of this nmethod, enconpasses both alternatives. The m RNA
see®3 eqaroe hyperigasia isrnherpakorgneehanieal (lregita)de naturedok bethhoryepnd i on of
t he m RNA whjc ' ' . WAt = Cri = AL i t hout
absol ut cb Rt Sorik eGSR, Mkl i RRIC R LEBRR R et s odl (e
m RNA, bisristeakthedughheanodrigait.o i ts target nRNA does not occur. However,
unli ke nost nucl eotide pairings, the seed sequence of a m RNA is capabl e of

pai ring with & angthet asHaehk Wadmvanien roydarimainade cbamelieraimorandPt h a
X 3 | |
er vt hr ot i s O i e Bl g e R BT

di f {3 ul thetemplisaohuisadminstéredadusiny anodot afterdbe odsengf ¢dreser patramt omet hods,
t he sequence of the NRNA sequence that encodes this ot ei GenBank
Accesst o MRBITRERIOB/IBIST A (St Firistal el i BiHOUSS FUROHEA- 0! Bt on. The

PicTar Wb Interface (publicly avail able at

pi ctar.ndc_berlin.de/cgi-bin/PicTar_vertebrate.cgi) predicted that hunman

m RNAs hsa-m R-328 and hsa-m R-122a tar1éet ed the mRNA encodi ng for human
EPO (the mature and seed sequences of these m RNAs are provided below in
Table 2). Thus, in the case of hsa-m R-122a, for instance, having a seed
sequence of uggagugu, one or nore nucleotides are nmutated such that

hsa-m R-122a no | onger binds, and the seed sequence of another known m RNA
is not created. One possible nutated hsa-m R-



122a seed sequence that should prevent binding is "uagagugu . " It is
unlikely that this nutated seed sequence bel ongs to anot her known m RNA
because tWD20wayssdMce i s not represented, for instance, PaiCtuseoroNahe 2

bel ow. [0094] Simlarly, the PicTar Web Interface predicted that hunman

m RNAs hsa-m R- 149, hsa-let7f, hsa-let7c, hsa-let7b, hsa-let7g, hsa-let7a,
hsa-m R-98, hsa-let7i, hsa-let7e and hsa-m R-26b targeted the nRNA encodi ng

for human interferon pbeta 2 | so wn as -6, Cenbank Accession .
M 00060050 Faofer. haits 24 Batt DL a4 hotss 6 AiotmartriBe 338 A
bel ow i ncdddlr®am.. [0095] M RNA binding sites can also be identified by
entering any sequence of |ess than 1000 base pairs into the Sanger

Institute' s MNRapOtBeGa'RRSS, hatiarRen(pavides Injethods fanereasing pain

ot ur e SToaG AL A BERMEC TR AER0 BT R B ek s ror
TREABVENG ks BANRERN BAY hieheizat GiIF6ERENCs sbElakéd- At RaACEY, It db St sfuant

to 35 U S.C. 119 (e), this application clainms priority to the filing dates
of 1 Uni t BIPUStIAtEEY PRI a3sesatedMtbRaNKepPT Eameiastases.drefguresaused Hygs3

filed on r . : i I.ch [ ] i Ly ein
 ncor por SRS erfs SRR R IoRRPh Sy inaithalofBREFby B biedss
unpl easaand skesina)s aacretabhby oaatereypeelieand/oasisomeafiecludnghredotad or
potential tissue damage. It i .conpl ex process influenced hy both

bhysi ol ogmiBIhaS AR RUTBLFePUbISEE 6 RTCPRIAN PLPRIRiBAFRYCCEiY A fe and
many; e : inh E VaRRessS or

t realtd]pg:ﬂré}.gs ggﬁgggégiﬁélwﬁﬁo@gﬁuag@ Iggﬁ@ellg@%wc{éﬁg&{j@iéa@km sel féor by
t r eat nensalid iusnareang thorentinatido petdpvaveiat doliddnoer (e ghrgulpaoia).e niveh cancer
experience pain while underqgoing treatnent, .and alnost all people in the
= dvanceddaggEdstiet e dBreuipRuides Thanfas dlcuiansing ehayeRElaneast many
di f f er engad@GtpRiiPepisbgl. as the type of cancer, the stage of the disease,
the disease |ocation, and a patient's tolerance for pain. Cancer pain can
ori gi nate fr ol ¢artaipemaadimeaisec srethodspf tf‘@ranrﬁimeﬂhglde&@@anﬁth $iePbody

or es Gur o MfTAES el BB G e daRIAS FEneed Bt et stBRéer i Bas MR <.
resul t feomdniamtoroiondl, @hderoeenetdlfyaciowdntodse imihdedrobiheBubiss ooéthbasg, Wit h

t he di sease. Cancer pain may not just arise fromthe physical effect of the
cancer of-%a theypemseiferinkirgd targat digease rardibien eahawe begndeterareed &l s

t hat may t ; ; r kil T p

cancer oot ASE e el ing o aaR SRl R oA} phbfBaclcing the BEhiek

br eakt hr metfiogsai n. Cancer pain may also vary in the duration of each pain
epi sode, its severity and frequency .of its occurrence, The {wo mgjor
chastbe of phlAAICSIR orAHSCaPAEE! ERRINIS WeERARISRERI Hie Al L aSessT Tl

anal gesi PR | ATpat N 6§ e

cl asses g}%ydtr%nhg? ar ee°c% %ﬁ‘gﬁﬁaa rhv‘%ums% erued’ és?{/c%‘sﬁtéegme%rl(/y. Tﬁ)eb%@-stem C

adni ni st sueh asredctiondgstinwliy tlcial expozastans gl the likef Asgassment magadspube e.

For exa Ieé S%Stsmﬁ adm ni stratiﬁn of ORLO':TdS {Foréfanc?r roai n_may cause
nausea, phed HRPHPIECEYS Bieasylier SHER SRR ML FhARCAP 8 AR T BAT YHAY| i bi ti on
of pul mgaisus paIstscarRs. Saede Qv asalaanl efdrgatim Nead Aedaboon7o @e29piset d

anal gesic that has been enpl oyed for the treatnent of cancer pain is

f entZny| Caragenaalal. UPainSyguriem Manage (2Q12)138¢3)sd3H88nd N- (1 - phenet hyl -4

pi peridyl) prgpio i Lide, i n j . Pat. No.
5 %6, 600, " FeRrRR el Broet ShaMe e ae RARLSRicTor aRBphron ™
phar nacoghmasnebedimentss pain aied|stsubjectiveBsomnasjpbiivety ebserreperfied il ng, or a
However, conpared to these opioids, fentanyl exhibits little hyFnoti c

acti vi t yfew Bewisyand dn sediergrabadimants Ieaks At abryt f 65§ haurs)-yn @BBHEEsi on i s
nmore sho | nt ol v &k VA MR | | u

i nt rabuc%@PbFV@%hggl?' tr?g%ﬂslﬁusﬁg&%pyag?é%ib#%ﬁlgégrdm r\gecﬁmgt:]?%ﬁ%t% :égﬁe ?/%ri ous
i nj e abbembemthansd foflowingl thtievest hssacidiedwittevaicgpedint.o date. One such
fornmulation is a fentanyl citrate conposition sold in the United States
under the brandname SUBLI MAZE(tn) that conprises fentanyl citrate, USP

wat er for injection, and sufficient sodium hydroxide to raise the pHto
6.5. Adifferent fentanyl citrate conpqgiti on has been sold in Europe under
t he brandname FENTANEST(tm) which consi'sts only of fentanyl and USP water
for injection without any deliberate pH adjustnent. Despite the utility of
i njectable fentanyl formnul ations, certain drawbacks of such formul ations do
exi st. For exanple, injectable fentanyl fornulations can cause



unwant ed central nervous system nedi ated side effects, such as respiratory
depression, sedation and di zzi ness. SUMVARY Met hods and conpositions for
treati ng WO=01)wes97f or cancer pain are provided. |n thePsuhjseew/opwsuhods, a
subject is treated for cancer pain by admnistering to the subject an
effective anount of a narcotic enulsion, e.g., fentanyl el nmulsion,
formulation. In certain enbodi nents, the enul sion fornulations include a
narcotic.active agent, oil, water and a surfactant. Al so provided are

met hods BBEWTM\?WJHQBE ect emulsion formulations as well as kits that

i nclude the emul sion formul ati ons. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gur e
1 shows the daily changes in cancer pain vs. days after nelanoma cell

i nocul ati on i hhereswilsipn doneulatientoktheravesitiosicean e praparafiBsna &y f ent anyl

Fi gure. s OISR BPL Ao BaBRg EhTEatr R oy, Wi Jbaueddp e
Vs. t3 meaisiddtks enixtiorg of & shitablevsil. Afer dh eittare igfroSghigwmasifiad] it iehi on

i nduced by FENTANEST(tm) fentanyl citrate injection formulation and
f ent anyl fiety eg1Wsified, PP e PArURIND AR PEESSYIE ﬁﬁ%lﬂ%fﬂ%'oﬁﬁﬂa@f\‘/'%ou@ﬂ]owgh a

| . . . ! ai ; . ft
i -t PRCisHicaBh: HEiGRSer (iBlho IR RS A R DR o ar e
nmean SEBMT) ean beluseohiFd finkeemdisificatiosspbigbepreshierernombegeroterssuctmdss | s
T e v

FENTANESTAddmht Jﬁﬂ%éw h géé@}@ hbRicRehi 2R therémm@rr?}n%%ggglrpﬁ%fdu hVE{E

adm ni stered intravenously in a volune of 0.1 0O s sho are_mean
SEM of sb& timmsspalsh as Spto2Mtimes (Wiinagiressunmdftapprexivetyn508d0 860 Kg/guf.e 6
shows on.]e-di rectjon Locormt or ac&%ﬁi.té in?ﬁuced 'bé flﬁni anyl .emul siton A

Fent anyl " BFBPF S TA L AN AN s eng &A1 s calr'ed QUi ER%%"E‘IEPW} W ol ume
of 0.1 Oai terfigsidtlre 16WEWhaA @ofeR&imparatdref Iséertainiefctiments, thdabéve
(Dunnett's nultiple conparisons).Figure 7 shows a conparison of

one- di r eptepgratiascisroade Wibiniwegen gasluced by FENTANEST(tn) fentanyl citrate
i nj efiti on fornul ation and fentanyl enulsion A Results shown are nean SEM
of si’x animals. * p < 0.05 (Dunnett's nultiple conparisons). DEFIN Tl ONS
When deskrrisbi ng t he conpounds, pharmaceutical conpositions containing such

conpounds and net hods of using such conpounds and conpositions, the
followng terns have the foll ow ng neani ngs unl ess otherwi se indicated. It

should also b : fadi i el il h_ bel ow may
be. subst ¢ ut oAl IRV Seaare s it Hclliee WhrdPlchy B B R B e 2Bt vo

defi ni t i descriveel abuvendedekamples kitsléorqrrabticing ste sulbjedt methetdsanawiridhuade ahei r
scope. ers }0 nonoval ent saturated ali tehati ¢ hydrocar byl groups

"Al kyl " f ,
havi fHy uRUEEY O e BEHISRILRRTPGS TGP, PSSO Feaass; ©@p ABPEUIEs: &
a0, Ofnlingb8ags CATRYNSAGNTE1n FERVEINBGATRAN DK BY 1A8u8L bhETo

strai ght - chal ne r branc . This termis exenplifi groups such as
met hyl , eohg unitidopagey (€.0i, sompayiss), of ihé enulsion sormntwlaion. lneet othery| |
n- hexyl , .and the.|i al so, i ncl udes

n-octyl . tert-octyl ike. The term"al iy
Tayel val fpBa, Rt ha ifdifes Bfindi T st Ancls! ¥l el R R o o by
groups hgyinttationom 3 to 10 carbon atonms and having a single cyclic ring or
mul tiple condensed rings, including fused and bridged ring systens, which

opti¥nal |y calh addidemin thelakayegampenens.thesudjet kils maolupber Bigtude

cycl oal kyl ST f I ¥ i Lr .such
as cycl op|c()1|s H%‘i%%cf% ﬁg%&u@&g tlil%yc %Cgrwé;[ﬁ,gggyﬁqeo%c'ﬁ gqrﬁctﬁdr@ép% Ibg%g%%ﬁdﬁyl ,

2- et hyiheysopsstikitglin a2-anetyhyl foyrak 0oed vt more &f hicH inkg.be' pieisenbioyhb détl kyl "
refers tqg a stable heterocyclic non-aromatic ring and fused rings

] fused g
cont ai ni REEdAEN 5} Whishetheee SECHRES MR RERSANT {5 38 PERtESHNFrBRIRN 00 &nd S.
A fused o [ A NC | A ' and need
only inc u@%ﬁz&#}%@earrosgjggﬁ%i?’ ?fg]gg )bg(daérréﬁﬂgcgﬁ)gﬁﬁ&hderf\gp,&ggﬁFi C
non-3r onmformatiomgs printdd) de thebpdicleagangroft thiei ki, tred ppokage insiedi, eid. Yeazet i di nyl ,
pi perazinyl, and piperidinyl. "Heteroaryl" refers to tabl e_heterocyclic
D ot catog” Heaheauayd b combRIc RRiPIe ASUEMsr S fiskefoangie: on
i ndependently selected fromN, O and S. Afused heterocyclic ring system may
i ncl ude carbocyclic rings and need onlg i ncl ude one heterocyclic ring.
Exanpl es of such heterocyclic aromatic Bi ngs include, but are



not limted to, pyridine, pyrimdine, and pyrazinyl. "Aryl" refers to a
nonoval ent aromati ¢ hydrocarbon group derived by the renoval of one

hydr ogen wbaemoessy’a si ngl e carbon atom of a parent ar oRETIUS2010/08068y St em
Typi cal aryl groups include, but are not |limted to, groups derived from
benzene, ethyl benzene, nesitylene, toluene, xylene, aniline, chlorobenzene,
ni trobenzene, and the like. "Aralkyl" or "arylalkyl" refers to an al kyl
group, as,defjned above, substituted wt{h one or nore aryl groups S.

def  hed RhishahBlafRgln nasPepy " Phsidelby8: SMNgF e dha mal Hedaseftiss ome
embodi MegibsitBdire 20%RAIchsMAY BeURecrvig HOinterneBidPadddsytRE info@h&lich ALa @
group in which one or nore hydrogen atons are each independently replaced
Wi t h t heresaerecositeliAryesavenn sieansemay Oe. prespiignitbekésl” gr oups
particularly refer to groups having 1 or nore substituents, for instance
from1l to 5 substituents, and particularly from1l to 3 substituents,

sel ecd ed fronThéfolwwing esampley aecpffoRINsbas BYlEVitEuhesk affbrinary skill in

am nocar bonyl , am nocar bonyl am no, ani nocar bonyl ox aryl oxy, azido,

car boxy| thecyramih a:g@n@@twé,cl@u&anﬂ Lqieé_ariratliaﬂ @afnqa/yi/é m%gﬂyeo@%ysmm oxy
i onryl PreCRRENERIST R SR kb VAR € SFept of &Y Ine I TEC 1

S( O 2- . rdgard\bk HikiDESERIET hONaMethHeydatemddd o mpoeisenbthat tfe éxpaimagsa

subj ect for canc in are provided. Jn the bj ect nethods,, a subject is
1 ont od POPWCAIRCA orJhe oIy, SHRHTF e diarIogmes (DTS e boalh TR e b Grount
of ajar i L gl e, i I tain
erbod moara g p I TERRbcrio purmterE B (o 8, FHicHRG o PRmL R oBF) DU st

oi |, wat experimeabernrdrscarthdevialicns shawld dedaoantest fond ¥ ndfssnadicatpd he

subj ect epul si on fgrnulatiogs as Wslllas kits.bgat ingkude t he enuIFion

f or mul at PUFEVIESs BRES Affe PRt DX NYEIghy, BIAIedial Weighl 5 \BIght AYCT808 PalecHY o | |
it is towbRhyeneaiTEraRke tdﬁﬂtdéqqeés C@wﬁgﬁdd@claha pi@dsUre 8 hesk hearpar ticul ar
enbodi nment s desqubed, as such may, of course, vary. It is also to be

under st o@@naspErithe t erminol ogy used herein is for the purpose of

descyj bing particular enbodinentsgﬁﬁﬁ%ﬂwﬁﬁﬂﬁif not intended to be limting,
since’ the scope of the present in L be linited only by the
appended, cl ai ﬁENTAWWrE?\ALﬁ,STWQSRIQBLM%N&%DIJ{E%AQ{IA?IHNded’ it is understood that
each intervemrng vatue, to the tentit of tire umit of the lower limt unless
the context clearly dictates otherw se, between the upper and |lower |imt
of that range_and aqy ot her stated or intervening value in that stated
range, is- ithin the invention. The upper and lower limts of

t hese sngghg@kﬁ@ﬂgﬁﬁgnay i ndependently be included in the smaller ranges
and are al so enconpassed within the invention, subject to any specifically
excl2dedTablei t: ingredientstfat te oibplg@gse Where t he st ated range incl udes one or
bot h of the++mts—ranges qxclqgi.g either or both of those included
limts hre also included FAYSKE A nvention. Certain ranges are presented
herei n IWsEoeRHTey|l cal Val uessiel ng |preceded by the term "about.” The term
"about"|is used herein|to provide lliteral support for the exact number that
it preceBetnecdi&ggeYdlkas a nubiger that is near to or approximately the
nunmber tEﬁt thq. rm precedes. In determ ning whether a nunber is near to
or apprp ﬂ%ﬁ@??' specifically redited nunber, the near or approxi mating
unreci t pddicimery may bf a nygher wiich, in the context in which it is
presented, provides the substantiall equivalent of the specifically recited
nunber. Unl ess defined otherwi se, all technical and scientific terns used
herei n have the sa neani as conmmnl der st oqd. by one of ordinary
skill i n??}ﬂlg %W%%ﬂ‘isi’ﬂfﬁ%ﬁ%q‘f%q Ilha&é (@Y%@ss.oq%ﬁ'qrﬁough any met hods and
materials simTlar or efuRm8dh Ao |t hose described herein can al so be used
inthe practice or testing of the gresent invention, representative

i |1 ustrpGiyeerinet hods apd nm&t®t 9al s |are now descri bed. Al publications and
pat ent sretted—tnthis—specifircatiorn are herein incorporated by reference as
i f each FHHﬁV?MﬁﬁPrpub i catPBiMor datent were specifically and individually
i ndi cated to be 1ncorporated by reference and are incorporated herein
byreference to disclose and describe the nethods and/or materials in
connection with which the publications §re cited. The citation of any
publication is for its disclosure prioﬂ to the filing date and shoul d not
be construed as an adm ssion that the present invention is not entitled to
ant edate such publication by virtue of prior invention. Further, the dates
of publication provided may be different fromthe actual

U7




publ i cation dates which nmay need to be independently confirnmed. It is noted
that, as used herein and in the appended clains, the singular forns "a",
"an", andwothwossscl ude plural referents unl ess the conPextusediemedoys
dictates otherwise. It is further noted that the clains nay be drafted to
excl ude any optional elenent. As such, this statement is intended to serve
as antecedent basis for use of such exclusive term nology as "solely,"
"only" agd the like in connection with the recitation of claimelenents, or
use of aP*negafdSP&r§imitation. As will be apparent to those of skill in

the art upon fResdieststBl thedbifphasaiBre 88688d & atRakbnghy hddfld ewpd ment s
descri bed and illustrated herein has di screte conponents and features which

may be rwhile Biirrisgpira@@Q rem dendigsotuentbieriedregiars 1 2femoecit erdanygiwamgdddd t he

pr esent MG Gl R TR Or e ok ey RRRAEK TR hrEfes. LR SO RC bhEB cer ot
events reglutieswas ddtiedny dpdpemteteEemixbieand stilregiac abloooppasidel1@. 1 n

further describing the subject invention, the nmethods and emnul sion
f or mul at mﬁeéﬁbpml%\@a@ﬂﬁn&%fe@éwa separbietlashy Theagmainiggtdygerin

fol |l oned ; i £ for i Ji Kits

t hat mayS(?ﬁ% ugé\étcﬁieﬁe ov}”[]r’rrlu‘?elt a ﬂg 391%(%@ PﬁaﬁrE@&q‘?M&%ﬁﬂﬁ W TH
NARCOT| OmizMite S| RiNiflECRVRIcA TN AN ipummake ithzee thtalbmhemetdi¢he prreigioo25pmolvi des
met hods treating a subject for. cancer pain. "Cancer pain" refer pain
ari o ng She ERIFPT s PRI iasked TmemavialesEaalEe B TOKCre BLadreRsuRp 501 on
assofj at ggk Wb A rﬁﬁtﬁ‘??éséa"re ehuI4TBh %%éﬁr?é,’L[AB-Q@éﬂr(ﬁP%%% K)Rﬁi'&cef on
bones, organs or nerves, I nfection or inflammation caused by the disease
and chenadjabinagovas ereedsd i dne pHofdhe emdsiands betwdesstiasdBy lictheqdt wias neant

Cvorve SOURREEREaId Lnthe A BR RESR il FroBloHe 2elEhyfonRE sy,
| eukem ahydreRideesolRAIN N djabteriteal habeartisisickpeamept as assipeswased to

treat the disease (e.g., radiation therapy, chenotherapy, surgical
i nt er venb@ieen &g ajnge%?r)e%féewgh-@mre galuisifieRliog, i emuisioiwagdiltarachat

occu ¢ C r j i I Si f neer. of , nts

erpl Byed ReBe e E L ARBhe ERUSERAE AR O EhEERRE e BRIV o
ext er nal gadiiThe Apuakd wereastoriliZeabyautodlavedesrilizaton ¢p21 Wifcand mirkites).
sensation of pain, and pain can be assessed objectively and subjectively,
usi ng paftftesslsribzationg tha Ampotashvers, ceoled andistdredr ot ocol s wel | - known in the
art. Cancer pain, as used herein, includes allodynia (i.e., pain due to a
stinmulus that does not nornally provoke pain) and hyperal gesia (i.e.,

i ncreased response to a stinulus that is normally painful), which can in
turn, be thermal or nechanical (tactile) in nature. In sonme enbodi nents,
the PFhin is characterized by thermal sensitivity, nechanical sensitivity
and/ or rgsting pain..|ln,so npodi . [ Ne _cancer pain conprises
mechani caiy—FPANHERGANMR EFOF- *g?af MULALICN her enmbodi nents, the cancer
pain conprises resting pain. The pain can be primary or secondary pain, as
is well-known in the art. In practicing nethods of invention, a narcotic
enul si on for miha@analgesic ¢ffgain ok FENTANKGT 1 fentanyd cit@ta injedsjasciormplation
"parenteral .administration’ is neant deliver a protocol that delivers a
quant 1 yoo 16 ERHEEA (loBHERE AN eSrHERY ol BByl GRf Saheu £h. | ony
suf f&y i ngaddeRpafipitC@icepai N, by a route other than the digestive tract,
e.g., via intranuscular injection, via intravenous delivery, etc. In
certain enbodi ments, parenteral admnistration is by injection using an

i njectiop del{w i AP nt of narcotic emul sion fornul ation of

t he inveﬁtion AﬁgﬁqﬁgxagﬁF%MEﬁgﬁg@gto t he subject may vary depending on a
nunber of factors, such as patient specifics, prior opiate treatnent,
nature of pain etc. In certain enbodi nents, the dosage that is adm nistered
per dosiﬁ@m&ﬂént may range from 10 to 250 ng/dose, such as 10 to 150

ny/ e, incl ydi Dosi ng gui delines for narcotic
enuﬁgfon f ormu g??gﬁngﬁ%%@8§ﬂgé@% oﬁ%d and foll owed by those of skill in
the art may be enployed with the subject fornulations. Narcotic emul sion
formul ati ons of the invention include a narcotic active agent. Narcotic
active agents of interest are opioid rq eptor agoni sts. QOpioid receptor
agoni sts i nclude opiates and opi oi ds. "%piates" and "Qpi oi ds" are roughly
synonynmous terns that generically denote a class of narcotic conpounds
characterized by having addiction-form ng or addiction-sustaining
properties simlar to norphine or being capable of conversion into a drug
havi ng such addi ctionform ng or addiction-sustaining properties.
Specifically, the term"opiates" denotes conpounds containing the

e . o o, o Y Y T




opi ates are heroin, buprenorphine, and naltrexone. An "opioid" is any
conpound, peptide or otherw se, which, while not containing the fundanental
nmor phi ne WO 2010a19889Me struct ure, possesses sone affi nityPCoruSamy/02@as al |, of
the opioid receptor subtypes. A non-exclusive list of opiates and opioids

i ncl udes nophi ne, heroin, opium cocaine, fentanyl, ecgonine, thebaine.
Comrerci al | y-avai | abl e opi ates and opi oids (and exenpl ary trademarked

nanes, m@ere avai lable) include: alfentanil (e.g., ALFENTA(tn) alfentani
hydr ochl © ' on), buprenorphine (e.g., SUBUTEX(tm buprenorphine
hexagonal or apgee RN foh Xﬁ&&raté?ﬁ‘ﬁé&i’&h%hﬁulaﬁ@ﬁ?feﬁ%a rﬂbmé@é qgedei ne,

di prenor phi ne,” etorphine, fenta tanyl citrate
i nj ecti omp/2 hedentanylhydr ocodone (e , VICODIN(tm hydrocodone bitartrate

tabl et), hyd h vd odo |
|?qui6dg, AP SN On@émﬂﬂ/ﬁ)% Hﬂ%ﬁ%ﬁﬂ%éﬁgﬁpggg|e %’lgéﬁfﬂ% Phinje ora
Ievoqphanol (e.q. LEVO&DRCNCRAN(tn) | evorphanol tartrate), neperidine

(e.qg. DENERCL(tn) nmeperi di ne hydrochl ori de), nethadone (DOLOPHI NE(tm
met hadoné_mmiﬂj_&BMﬂ)rl de tabl ets), norphine, nal oxone (NARCAN(tm nal oxone

hydr ochl ori de 0. t naltr e .

hydrochlorideE?ghﬁgb¥R&%%1gghyﬁﬁgyggggﬁh%?@?ﬁf%%@%ﬂg%m:3%y%ﬁ§§ﬁ8muon

( PERCODANMGE jeoreridpsavsnduistly incdH amiodat dBd06tnl perxd0ngbiedgnesigie:. 9.

NUMORPHAN(t ) oxynor phone hydrochl oride injection and NUMORPHAN(t m

oxynor phone hydrochl ori de suppository), propoxyphene (DARVON(tmM

pr opQxyp es and PULVULES(tm) propoxyphene
drg%hlEﬁ#%gg%ﬂigﬁ¢é§§%ﬂfﬂﬁ?@éﬁ@an|I (ULTIVA(tm) rem fentanil hydrochl ori de

| nj ection), sBfiemdladnmeldranga celBUNENTA¢EAIN mefead’piealmdntc"l’heattedzlqurectl on),

tilidine, and tranmadol TRAM t ) tramadol dr oc r|de t abl . . The

def i ni t i SHtUrae M maditgd é%@?ét'@ﬁ“@ﬁhe%ﬁ%'?ﬁg‘ 03/ ) CYUpREg ﬁ;%)é/P {Rifhg

nat ur al 'Mo&l% ﬁﬂpcqrﬁéodé‘lg @Wééﬁégﬁ 1RGP céﬂgz ”hn8¥ﬁ'<1ré£%ir&

conpounds inition so I'n I soners, re0|so esters,
et hers, maiapantandjestdd §.pbf tethehbackaofethe hlmd pawe:fﬂwmcmsee:s/t @sisg thantbw

et hers, whenever, the exi st nce of s c&3|soneé stereogfoners esters, and
et hels i 40$R 448 qti08 SipAL Wit igkingea pgA£ PBRAMs ¢ he
narcotic fornul ati ons enployed in methods of the invention are enul sions,
the fornmulations are liquid preparations that are a suspension of snal
gIobuIesAoaheaE:EXanﬂnaﬁbm a second liquid with which the first liquid wll

not m x. Emulsjons in rdance mn h.th res i nvention jinclude a

nar cot 16 acti 108 KairafiRe AR Sumuf 8 L B Pak S5, 8ad B7ed ek

emul si ongheBh Fted filamn et (N @cf)aétrh#edlﬂéﬂesbh%sesU@P@Mlifﬁlﬁe@ﬂér@waf

i ncl udes an effective anDunt of a narcotic active agent. The anount of

nar ¢t i cO46tmiewageaed far thaeneasurement.mifter apylyingritieivandwey dlamentiodheent s

om m - RR Qe i ERREHIenc B caledal e AP be MR B8 n

met hods @factibe; 1 avaové QWa'yﬁﬁdmlfth?e stmefuse L v nasthatetflimihif@ bF BERihg of the |
N(1 - phenethyl 4 piperidyl) proplonanlllde Fentanyl nmay be present in the

f or mul at NiBA REW): hie prasegdlisewas repeaiod 6dimes aasithe é&@@@@a’-’rﬂoée ya@stuserer eof |
or a hyd n enbodi nents, fentanyl is present in the
conp05|t%gﬂﬁaéﬁabgggggégfﬁf%%ﬂbof 0.05 ng/mM or higher, including 0.1 ng/m
or htyher, an@hémnakyesi euafmhatlonwusscar@lmgmj ihrapbhird mettrmodLOTh@/pefsorsuch as
0.1 to2pm/m, including 0.1 to 1 Emul sj on fornul ati ons of _the

i nvent i oWhacenghelesi tBﬁ@@ﬁ”W@PéWa‘éﬁ’éﬁQﬂ”b’ ablatq distingyishithg FENT ANEST™

enul si on | n S, Wwhere
one fl ui %'n %rﬂﬁ&t%%rﬁ]%m&/ajt dﬁri)%ﬁz]p [?tltoﬁquﬁ‘g?g g eﬁ]@%&e’ﬂ" Buﬂgléjggﬂé@%cet%é :tHnéjt he ot her
fluid (aexpmrlmemt wighiaut knbiirey thentype wbesuisias é)r. eé’drefocmmatlnat iFbgureat i o of
the oil nd t he u facant in the present invention is not particular

limt ed ﬂ& a:%' yaChangieg is painsIalee 306 2BB PR}y %ﬁ[c[%y E‘P'L%Jﬂé in

t he I wat er ,

wat ﬁ’?oﬁ*eﬂﬂ?%%‘??‘%"’@f (BT Bl P i By b?ﬁ'““"ﬂée“@uﬁﬁsﬁ'“; Si on

f or mul at inonslated with mnd;lapbmaecell@ ipsi)dfegantterséew aim mqneaym ol pagin-celated
acceptabl e and include, but are not limted to: sinple lipids, derived

| i pids, conplex lipids that are derlvqufron1natural vegetabl e oil and fat,
animal oil and fat, and mneral oil, a mxture of those. In certain

enbodi nents, the oiI is chosen fron1soybean oil, olive oil, sesane oil,
castor oil, corn oil, peanut oil, safflower oiI, gr ape seed oi |, eucal yptus
oil, mediumchain fatty acid ester, and |lowchain fatty acid ester. Aninal

oils and fat of interest include, but are not limted to, cod-Iliver oi
seal oil, sardlne oil, docosaheX|aen0|c aC|d and elcosapentaen0|c aC|d

o Y :,_‘._,___‘. L, L 1 Y Y



sesane oil are enployed in certain enbodi nents. H ghly refined oils and
fats are enployed in certain enbodi nents. Soybean oil and olive oil are
enpl oyed WO 208vw9889m enbodi ments. I n general, the anount POT/us2é10i0po6the
formul ati on conposition should be 0.05 to 200 ng/m, such as 1 to 200 ng/m
and including 10 to 100 ng/m . Al so present in the subject enulsion
formulations is a surfactant. Surfactants to be used for the present

i nvention_include.any t of surfactant t has. be sed for

phar nacetRaTE FeOHAG Pace g daveliofiregnopHaimor AT EAteHkPen ereased

surf act agfgplydn the™ ot daf afb oﬂhﬁhué&%ﬂhﬁthe@fsbﬂ@ﬂa plasahehithe ds" gaych as
egg-yol k IeC|th|n and soybean lecithin are enployed in certain enbodi nents.

Refined phesgpalgesis eamuntionwasdonskietsshen thﬁyl 6' ndaytaéter insieoladipatafdy |

ohosphat AR EREE abcfeaSh Do BB LoRB RPN Rkt Yininereases e er es:
i ncl we, phwtvoliree Nhichishothed ét@ad@McY@dé@/b@ﬂnlﬁbmﬁﬂhe gotixpialialning ene

copol yner, and sor bi t an fatty acid ester. a conbi nati on of nore than
one of t'Iﬁ‘@%'aé'QPfef@{%ﬁ@@tr@laweo@ngwthﬁﬁ“@érﬁ%'@%@él pRmMta) showedinged
surf act a f r t QP d from
egg- yol kIWSFéas%ng?gﬂ}/\%I ?ﬁﬁ %C%ré %gt |hgh§/(lwJ @ﬁ@l\&ﬂgﬂggsﬁanm né)(lﬂlr%gtérlI{ia)tl i &F‘{H e
enpl oyeddmrratloardfmmZGrdagdlfcmlmwlBg indoellatioounFiguire Juals@ashaws tlnrayermabars rangi ng
in certain errbﬁa rrg]nts fromO0.1 to %régg , such as 0.1 to 25 ng/m .
Certain BHASHRENE HEasweMeIisiorRa | so include one or nore
enmul gj fication enhancers. Any type of fatty acid that has been used for
pharmaceutical fornul ations can be used as an enul sification enhancer. O
interestBre fRESULAE ds with the carbon nunber of from6 to 22, either
natural or synthetic, and either saturated fatty acids or unsaturated fatty
acids can be used, including but not limted to stearic acid, oleic acid,
l'i nol ei Csaﬁinfﬂar palmtlc acid, linolenic acid, and nyristic acid. Refined

I ds !

fatty ac .g., oleic aC|d are e;piﬂlo yed in certain enbodi ments. In
certain enbodTh@mryi pawéncawhaiad with elandma ealls Gpsieshamesra fasges from 0. 1

pnys ol ogreendd BefibaseiflpbifeiteBelte FtBeBRH R A AL Glocr® a"° ©

fornul at in%Qeﬁ@u@Qémfm@tﬁatﬁ)rl@f BENFANESE M fERIANG! Eifrate idjectiBn G6mbdation
enbodi nents, a pH adjusting agent is also gr esént. pH adjusting agents of

i nt er est (Figo?)ans F@mmanwr emugion AntFig @) tapd t emff@mwara)&bwve%wrahﬂut 60i c

o of {ranaiiersroaShfiefilafbudiuas Al frliirle borand¥autic detiia’s 5"

to 7.5 bandlsunmuetdn@ffebtsa/deﬂesabs@gvagmhe@Wg@@@agege@ua hAtlegmyughmcahesent
in the formulation desired é-’rfg st abi zmgeﬁgents i ncl ude but are
my)

not 20 ni iNGPiien wiheéeetsiastingpyly uiee Waspiiseetad /indhe %PV@M{'th(Anfﬁl nly

| ess tha When
present, ﬂg/'k@ﬁio%‘é %?gfﬁrrg%rﬁgwp?gg%ﬁ rgl?énlafa?é;l]'ag(%oht qug gl ng @%&n geéﬁe(&ﬁeSO
mg/ m , stroim iafeclioh® afall dgsages fregt Znyhjectonsimihegaiesenteiod ferftanyiyvaliciens  of
the i nventl on exhi bit incpeased effi c%c%j as co ar S"dlglt 0 FENTANE?T( tagjé

f ent any| ORlY1 RISPSTOMELRS BHeFS AP ITBIRL §°Qf6/ IS FAPHEBINE [ nky o
Cor por al jeélited KRVOwer@BABVerdtf: frohi3|cdbefabi: gkt any! emul sion A repor ted
in the Experinmental section bel ow. terest 1 n certain enbodinents are
emul X ons, such as Fentanyl enulsion A which are considered to exhibit
greater effi cacy than FENTANEST(tn) fentanyl citrate injection fornulation
if it is found that pain intensity (pain-related score) is suppressed by 6
1% and 68¥nJaridod % tnrabitift§ E@ckDaftsr AdmiraéibRrhq FENTANEST Ebhulk@Bhany!

citrate Tnjection fornmulaiion and the enul sion of the invention, e.g.,
fentanyl enulsion A respectively, as illustrated in Figures 2 and 3. The

ayst om medi at g HROdf driGiihg SERHsR B Py Rls eRRLAER TR R oy
citrz e sighiichhiodiffe@ntelveds obserded OFigubaindod). i owevsr, demparddwitk hihdi t

reduced central nervoussystem nedi ated side effects as conpared to
FENTANEST(tm fentanyl citrate injection fornulation if the incidence of

Straub's tail, which is nediated by the action of fentanyl on the spinal
cord, in a population of at |east éfﬁfollowing adm ni stration of a 30
rrg/m dose as illustrated in Table 3 bélFow i s 50% or | ess, such as 33% or

| ess, as determ ned using the assay protocol reported in the experinental
secti on, below. In mce showng Straub's tail response followng a 30 ng/m
dose, the response duration foll ow ng adm nistration of fentanyl enulsion A
is 36% of that of FENTANEST(tm) fentanyl citrate injection formulation, as
|IIustrated |n F| gure 4 A for mul atlon |s al SO con5|dered to exh| b|t
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citrate injection formulation. The duration of round behavior follow ng
admnistration of a 30 ng/mM dose is 40 and 27 mn in FENTANEST(tm

fent anyl WOoBK®88Inj ecti on fornul ati on and fentanyl enulPSIrA201002@YPs,
respectively, as illustrated in Figures 7, as determ ned using the assay
protocol reported in the experinental section, below In certain

enbodi nents, the fornul ati ons are storage-stable. By storagestabl e is nmeant

that th t d..f ded f t i t hout
o RS A R A S N bR B oSS el v
the acti ¥@uRg&NA fotfule@bh @Fig. gbodi ment's, the subject conpositions are

stable for 3 éears or longer, etc., when nuintained at 25C. By the phrase
"Wwi t hout substartrasingyhe édtieiisg wifeciseataal minutes efter admimstratioragent " i s

meant th ) f r ut 10%

reduct i ononfCabt B St B ST E A R T aE o b TRRE NS “or "Ure
stor age pesicdde sTdviardPigting teﬁé@tslvaéremeww iR tdadaylfdmdisigreAi n a variety
of appl|cat|ons |nclud|ng preventing or treating cancer pain. By treatnent
i s meant formafation (fd@s?)-an amelioration of the synptoms associated with the
condition afflicting the subject is achieved, where anelioration is used in
a broad sense to refer to at |east a reduction in the magnitude of a

par anet elll. _e. AssE3aMENTIORQENT e NegrvwgusaESssreivaVedIATE D BInthEFrEDTdidA on bei ng

treated. _As suc treatpent al so includes situations where the pathol ogi cal
condltlo5Eﬁﬂﬂﬁétiﬂ&égl—g§ﬂﬁﬂﬁﬂﬁléssociated therewith, are conpletely
inhigjted, e.g., prevented from happening, or stopped, e.g., term nated,
such that thesubject no |onger suffers fromthe condition, or at |east the

synpt onsAt hat ST ST ALiREAQTAN condi tion. Accordingly, the present

At hat Sthaueie T FmAcTieN diti di ngl h

invention is eful .for treatin del ayj r evel 0 nt, o preventlng
cancer pain i Wﬁeﬁglgv?mepﬁm%gﬁ'e&ﬂﬂg@ gﬁ%ﬁﬂ rﬂﬁtﬁ% Shon- human,
i ncl udi ngsdchen % g8l SRaMHY YAieaks n@hy bélAtsiaed tfyethé)oentraﬁﬁ@rtvbas @:‘?st@m m ce,
gui nea pigs, and rats), |lagonorpha (e.g. rabbits) and primtes (e

humans, espaniallyamieal cond EEMTMESTTNhfemamducrtraémdumtogmutat@nsu@mds
mans he presen n.is useful in
Cod ) DasrE0hR el FastPr gy bRk N Ehia hidheReBRE I Tallel: ThR i SaeRee Bl bue
in any rsgaetssqémra@bﬁdmdu ilatRRNERW Sfter |hﬁecﬂ6ﬁ%ﬂéﬁ§ﬁyl PhASIRU & (Tasised by
cancer on bones, qans or nerves, infection or inflammtion caused by the

di sease &hdS@m@mre i werer ehsaivey iInchecdiratien ebihesStady s tait reasties (Figy 4bancer
is neant a class of diseases involving neoplasia which include those
cancers that involve a solid tunmor and those that do not involve a solid

tunor (eTable Betruibd TaifRespdnsyintuced uyrmerﬁanngreptamoh@vent i on provides

met hods_—of _treati ng cancer pain in an | ndi Vi comrising adm ni steri ng
an effeftive anount| of an erul|siRA$PENAEN (f4) cbtic active agént. In sone
enbodi rreggﬁge %Q&ancer pai n dorfENEAMNESTEM o Mesporster (#)| odyni a,

hyper al ani Oabkémredndudentapgl citrateher mal Fentamyuced |pain, thermally
i nduced pal chanically inducemngmuon or restEmgsipaiA. In sone

enbodi nent s, "the cahcer pai n donpfrg@fatiBRchani cal I'y-i nduced pain and/ or
resting pain. ' other egbodients ? Cancer paidy@onprises resting pain.
The painh can be prijpary and/or seconJé y paip. In o{ er enbodi nents,

al  odynj a i s19upprefssed, 6amel ijor at e8l(30)d/ or prevert@d) and|in sone
enbodi nepts h\lnnr a gesi ais uppr accad amel i orated and/or pr evented. |In

Pt oo Ty

still furtheﬁoenbod ment 8, aIIodynlé.%ﬁd/or hyperglégkla i$ thermal or
nmechani pat—(gactite) Tm gaturg (or or[restiy arm|In sone

enbodi nent s, B?he pal n isachronlc pgﬁﬁbe?n ot her engggrnents, the pain is
breaklhrough cancer pain. In another aspect, the invention provides nethods
of anellgratln and/or preventing the devel opnent or progression of cancer
pai n. soneb ﬁ%%@?ﬂ%ﬁPQVWY e TIS|on |s admi ni stered during and/or after

t he onset of gﬁﬂﬁﬁh dﬁ?é t AcvERLgtered 1
hour, 2 hours, 3 05?2@% ourig)(fﬁ bhours, %d?gbﬁﬁgﬁﬁ%ﬂgl §£4 hog?g 30
hours, 3frbugh the actiomoretheaddraral mlea/mssa}ste]ﬁ CHNEANRSITAM féntaaytcaﬂttﬁe

aspect, the invention provides nethods for increasing pain threshold. As
used herein, "increasing pain threshold" refers to a reduction,

di m ni shnent and/or mnim zati on of pai.p associated with cancer, the
destruction of tissue in any region as€dciated with cancer or |ts

met ast ases, pressure caused by cancer on bones, organs or nerves, infection
or inflammtion caused by the di sease and chem cals secreted by cancerous
cells and/or tissues (including reduced, dimnished, and/or mnim zed

subj ective perception of pain). By cancer is neant a class of diseases
|nvoIV|ng neopla5|a mhlch |nclude those cancers. that |nvolve a SO|Id t unor

o " L, o o e o,




anot her aspect, the invention provides nethods for enhancing recovery from
each cancer pain episode. In certain enbodi nents, nethods of the invention
i ncl ude awoi2ag9ssd’c step. | ndividual s may be di agnosedPa3/usednngy2ions need of
t he subj ect nethods using any convenient protocol, and are generally known
to be in need of the subject nmethods, e.g., they are suffering froma
target di sease condition or have been determned to be at risk for

oot o B ri585) oEh A8 SRR bl Rt R e lRas >
Assessnes afBsRgg/Ra! hHERAN® afes: £ 6bh@Hiiaien B adYidm| sHMghspsTREser vati on
of behavior such as reaction to stinuli, facial expressions and the |ike.

Assessneifcreasg of| I@@pmetdm@@ewtmfte"dsp@cfwl oeUiRiers Arwas loyvertihas thattafent

char acte Si n varrou SC Katz et al,
corg o | FERGANE S RRldhyb 31t IR ToRRLBBETFE B T efietisothal & &yt om
Mana ( ) tinme
cour 2 of ERAANESP ferdttyPoinee hiéGionbrrTBBh ShaTen(il SRLRIT Atksis

subj ect i y@hpamd absleown weFig. dbséheacoaigared With2F ENTANESWMfentany( aitrdtd n
sone enbodi nents, peaks at about 12-1 8 hours%xaln anot her enbodi nent, pain

relief i @J%‘Sﬁé@ﬁmk#ép?ﬂ JENSBYbeMUEDY AgHd sesidipdip sianifieantlyjess lagomesorG
nor e houaﬁe |tg|dt% BSnée}ﬁraEﬁ\Sﬁer ﬁwsgpﬁ@%y\n th cancer pai n. PREPARATI ON

VETHCODS mul st on Tormulations I nvention can be prepared using
any conveni ent protocol. In one enbodi nent, an injection solvent, e.g.,
VI, dded h mixture of a suitable oil. After the mixture is
roug nulspk§%@8§ﬁ5R{s then finely emulsified, e.g., by using a high

pr essur e el Sircestatis rmpr@aeﬁon BRE .ﬁ&eggb&raébﬁrcﬁbrcaétrvﬂ mérraee%arﬁ

(M zuho Industrial Co., d.) or H gh Flex D sperser can be used For
fi ne enmuineididtedblydhe cenhrak;nerpolessysterrh@nmgemﬁralmergmsmemanedmt%mgen| zer

(APV- S crof luidizer. (Mcrofl ui d.,ln_case usi ng
&b oh orued8 il P Rto LRl e BT SRR RETRT g oS Raledle 1T s,
such as 5EN¢A@\@E$TmﬁentaMyl Bltr%rté’rrﬁécﬁlérnﬁoﬂﬁu@lﬂ@hOﬁﬁ'e"@n@a}'né%uts%ﬁ@r’n kgl cng.
The procedure of mxing a emul sifying can be carried out at room

t enpkr at mediajed atdeeeffem@ef t&ntmrwl lepvasion r#awere)mtsewprﬁ Haurtbat o certain
enbodi ne tion. s made th nitrogen gas. KITS Al so

o ovi decr ST ANES PR R BRI o BRNEAlB e subpect et hods. as
descri bed above. For exanple, kits for practicing the subject nethods may
include a quantity of the enul sion conmposition, present in unit dosages,
ehg ’ anpoul e8ltheughathefiorégaing iyention inas .beas dascribed in semeade’iaieb?mar)]/rrﬁnt S
the Kkits, oy _nore unit ampoul es). of the
el o1 onHeTaHATE RO SR lor PR St T of PobiF T KB BMNE | e a

si ngie ”Hbééreﬁ@ﬁﬂ%@s@@bf@m@ﬁ SKRinetAB = idNigh® bMHeateBRingh of Adiidvepfioho t he
above conponents, the subject Kits may further i ncl ude |nstruct|ons for

practlcrW@I?ﬁ@wﬁdma@gﬁsﬁé@ﬁﬁl@mCaWeﬁeﬂﬁM§¥#méﬂeéwgeﬁhwﬂbéubﬁﬁ@ﬁhﬂgﬂﬁnlhe
subj ect L or nore of which nmay be present in
the kit. h%ié?@i#ﬁ%d%ﬁeﬁﬁﬁ%%g%ﬁégggf%@ﬁﬂgct|ons may be present is as printed
information on a suitable mediumor substrate, e.g., a piece or pieces of
paper on which the information is printed, in the packagi ng of the k|t in

a package i nseFgordmaly, t%PV%ﬁﬁﬂ%m%M@W%twrﬁ‘%%@f inugakm-elt

medi een
recoirgc}]ed\ﬁm%)% gnot %@we%@goﬁgkme&[hv‘@'g%g’#gvﬂgo art)fsértgeévée% {Eerﬁ)a dress which
may be uaredngeraenh;e/vhrnhealtr&iughmcacexehsrtlyIdescmﬁe:ctmaa;rncmm aeranyembodyltis t e.
Any conveni ent ns. may, .be present in The fo exanpl es are
BT fort Basples O She ienticr ARUaEs drcleden Wiy st and Sease Fouferare

conpl et eambﬁé.lnaeéreﬁm%%drmr Iid RRcdbchatbRITBKE D ﬁﬁapamemrémewes&at

i nvention, and are not intended limt the scope of what the iInventors
regard athetreader lnwm&rsmdmthermlmlm?s phiherideenttan arecbtr&mncerth t he

expe nent eIo re al | .or e erinents perfar rts have
peor tmagongBdied g BBl (B Pido B0 S AT bk RCOS Sofedad Bhtn <.
tenper at Wrtﬁouteltrﬁrtétldmb USRSl Rstitel exandsiss and c@ﬂultléhsoﬂ\ﬁoreb%ﬂ dllbe
accounted for. Unless indicated otherwi se, parts are parts by melght

nol ecul ar wei ght is weight average nolggular wei ght, tenperature is in
degrees Centigrade, and pressure is at “6r near atnospheric. EXPERI MENTAL 1.
FENTANYL EMULSI ON FORMULATI ON & PREPARATI ON



A. FORMULATI ON (Enul sion 250m ) Table 1: Ingredients for the oil phase
Tabl e 2: Ingredients for the aqueous phase (dycerin solution)B. Procedure
I ngr edi erwv® 20098892 oi | phase were added to a beaker andChasted/ 2450 0C
while stirring at 7,000 rpmto dissolve the ingredients. 25 ng of Fentanyl
was added and stirred. (The process took approximately 10 m nutes.) 50 m
of the glycerin solution was added in drops into the mxture and stirred at
10, 000 r for The. sol ution S tran r ed separ abl e
sk, hatBhashdtRdesBofitiregics isnetts e damadimea &l FefndaRnEs Goo
rpmin ageprslspeeficB@hdlgs teresO aF@ m#ér‘?&ed fehddresh b &h strenadrgssh to make
the total volume of the emulsion 25 . The erul sion was enul sified 20

ti mes whiungtienall aowiyaléris hareof. eAadltlangiI)estslanreteﬁdewmtts@ph\ﬂwwaéemsgh

necaed | PELke A STPERLY Bneidshiaichys Ak ooo PR evERbeRh P e, o7

bet ween e.aBfy élerhéetspidverRpeacthasp@torm te surfe @@Hidti@rnl Ee@rdrésg @f dtruoturer

SOdIUﬁ]hédrOXIde solution. No adjustnent was made in this experinent as the

pH was b he\é@ﬂp%oét%@re@em mvwwr therghargy issaqiiateadad &¢ bedigiifeshio thae
| si h I t
ol & 0oyl LEAMBRESRlGFS A RO Mgt SR eyl e

sterilizatpr@se(t |ihvéntior0|@ émbodJ@dmyrtheempenééd:I etaimseri | i zation, the anpoul es

were cool ed and stored. 1. CANCER PAI N ASSAY OF FENTANYL FORMULATI ON The
anal gesic effects of FENTANEST(tn) fentanyl citrate injection fornulation
and fentanyl enulsion A (produced as described in I. above) were exam ned

for cancer pain in mce. A MATER ALS AND METHODS Ani mal s Mal e C57BL/ 6Cr

m ce were used. Test preparations 1) FENTANEST(tm fentanyl citrate
injection fornmulation (fentanyl citrate, 0.1 ng/2 m fentanyl) 2) Fentanyl
emul sion A (0.1 ng/m fentanyl; average particle size = 18 1 nm

Adm ni stration Each fornul ati on was prepared with appropriate solvent. Each
formul ati on was injected intravenously in an amount of 0.05 m per 10 g
body wei ght. Preparation of Cancer Pain Mdel B 16-BL6 nel anoma cells were
used in the experinent. The cells were cultured in nodified Eagle's m ni nal
essential nedium (MEM containing 10 % fetal bovine serum The cells were
prepared to have 2 x 105 cells/20 mM and they were intraplantar injected
(i.pl.) to the back of the hind paw of the nouse by using the | ow dose
injection syringe with 29G needl e (Becton, D ckinson and Conpany).

Anal gesi ¢ Exam nati on The reaction to the nmechanical stinmuli to the hind
paw was used as an index. The von Frey filanment (North Coast Medical, San
Jose, USA) with the strength of 0.1 6 mN was used for the measurenent.
After applying the von Frey filanment to the back of the hind paw, the
reaction was categorized into three stages (0 = no reaction; 1 = nove away
fromthe stinmulus ; 2 = imediate flinching or licking of the hind paw).
The procedure was repeated 6 tinmes and the average score was used as the
anal gesi c reaction score. The anal gesi c exam nati on was conducted in a
bl i nd method. The person who conducted the experinent was visually able to
di stingui sh the FENTANEST(tn) fentanyl citrate injection fornulation from
each enul sion, but he conducted the experinment wthout know ng the type of
emul sion for each fornulation. Figure 1 shows the daily changes in

pai n-rel ated score and paw vol une for 20 days follow ng the inocul ati on of
mel anoma cells to the plantar of hind paw. The hind paw i nocul ated with
mel anoma cells (ipsi) began to show an increase in pain-rel atedscore

begi nning on the 9th day follow ng inocul ation. Pain-rel ated score

i ncreased sharply on the 10th day and continued until the onset of a

pl ateau on the 15th day. The anal gesi c exam nati on was conducted on the
16th day after inoculation of nelanoma cells. Increases in pain-related
score correlated well with increases in paw volunme, which showed steady

i ncrease beginning on the 9th day follow ng inoculation. As a control, the
hi nd paw that was not inoculated (contra.) showed no increase in

pai n-rel ated score and hind paw vol une remai ned constant through the
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duration of the 20 days follow ng inoculation. Figure 1 also shows the
error bars associated with neasurenents for each day. B. RESULTS Summary
The hi nd wawoioesssat ed with nmel anoma cells (ipsi.) shored/s2aos206dependent
decrease in pain-related score that peaked at 15 minutes after intravenous
adm ni stration of FENTANEST(tm) fentanyl citrate injection fornulation
(Fig. 2) and Fentanyl Emulsion A (Fig. 3) and the effects were observed for
about 60 mnutes. A significant inhibition was observed with 16 ng/ kg and
48 nmg/ kg dosages, and sufficient effects were observed in the 48 ny/kg
dosage OrpiPwhithli€emirabgnd:fi cant inhibition with effects lasting only 30

m nutes was observed in the group with 4.8 ng/kg dosage (Fig. 2 and 3). The
contralateral (cont.) hind paw showed no effects frominjections at al

dosages (Fig. . j i i C ent (vehi.: nly) al so
shoned nb of 1Al SEMENIE DL BRSRERR 48 g MRt o St ot
painnela@gmxﬁ$gme were an average from 6 i ndependent trials. Conparison of
Inhibiting Effects after Adm nistering Fentanyl or Formnul ati ons Conparing
the inhibiting effects at 15 m nutes after adm nistration, no significant
differengse wa - i ; I, r ' t.hereference
st andar d‘,é' subz?glr% I A Isﬁrﬁéﬁ@?y%ggﬁ@: gsﬂa%@}éﬁgbg@%\%g s%gc; H%facirépgnyl

emul si onemutsionridratulation( orgprishs arfCopioéd.i ng the inhibiting effects at 30

m nutes after adm nistration, no significant difference was observed (Fig.
2 and 3). However, conpared with the reference standard, lasting effects
wer eypbser vedTholbnfg8hARYIm @S LSl 0 WHelbif-safl oplold s ASSESSVENT
OF CENTRAL NERVOUS SYSTEM MEDI ATED Sl EFFECTS OF FENTANYL EMULSI ON
FORMULATIeORYl. STRAUB' S TAI L REACTI ON Wien mice are given opioids, their
tails stand and trend rostrally. This reaction is called Straub's tail and
may be nedi ated by the central nervous system especially spinal cord.
FENTANESZ(t M) The@handibn $oini@hfor BEESTHIrtof Ol I3aWHeRein s epslISbhaub’ s tai l
reaction in all mce tested at higher doses (Table 3). The incidence of

St raub' sforaulatioseampicasas rel atively | ow after injection of fentanyl
enulﬁ%on A (T&Q%%Eﬁ). Simlar results were observed in the duration of the
Straub's tail T tion (Fig. 4). Table 3: Straub's Tail Response |nduced by
Fent anyl Prepgif:ati ons B. LOCOMOTOR ACTI VI TY EFFECT When mice are given high
doses of opioids, |oconotor activity is increased through the action on the
central nervoW3&§y8R@m FENTANEST(tn) fentanyl citrateinjection fornulation
mar kedl y incrggﬁﬁgc gonotor activity at high concentrations of 30 and 50
nmg/ M, but had no effect at a concentration of 10 ng/m (Fig. 5). The

i ncrease of |oconotor activity after fentanyl enul sion A was | ower than

t hat _ of FENT ST(tm. fentanyl. citrate injection fornmulation (Fig. 6). The
Lrrals 5 FeNTaREsToRToTatiad pocdtong B CRimd mrreBrsad By g

f ent any| peruhBiofh AmMRNE & RIMANBH 63 Bh@Y¥hgifl Fi 9. 7. Wien conpared with
FENTANES%(tn) fentanyl citrate injection fgrnulatlon, fentanyl enulsion A
did resulted in significantly |less |oconotor activity at the concentration
of 30 and 50 /. C. DI SCUSSI ON Since Straub's tail reaction and

hcr oaacd | ool anuISn MY AR SRl 2w AL R ner vous
system p@%eﬁﬁmi@ﬁbnﬁ@hvﬂ#ﬁﬂﬁ?ﬁbﬁﬂ®ﬂ§4b4Kﬁﬂn§hﬁﬁ effects of fentanyl

preparations were considered fromthe results. As conpared to FENTANEST(tmn)
fentdnyl citrate injection fornulation, the central nervous system nmedi at ed

side effects f I ' e | ver hat_. of
FENTANES?‘( tm %% ﬁﬁﬁ@ﬁ“é?@ﬁ%@éfﬁ%,Cé%fﬁﬁ{&mf@'?ﬁn? Ko .6t’ Qﬁéﬁ%@gﬁ?@he

f or egoi ngurfaveeinid ciodensirdraaygd@sik phbsphalipic omsowssam phduphadiyidof
illustration and exanple for purposes of clarity of understanding, it is

readily apparent to those of ordinary skill in the art in light of the
t eachi ngg of L Sk Y i - i qg%q?Q§ i £l i may be
made the?éto 3ﬁ%ﬁghgéggggﬁﬁﬁégﬁﬁ?gﬁ$Pﬁgﬂ£plri Jﬁﬁﬂgggg%gpyt éhg%%%nded

cl ai3ts. éoctsich fymplatidmefupthec edinpgsesaelemulsifioatioraeelsarides. pri nci pl es of the
invention. It will be appreciated that those skilled in the art wll be
abl e to devise various arrangenments which, although not explicitly

descri bed or shown herein, enbody the principles of the invention and are
included within its spirit and scope. Fﬂrthernore, al | exanpl es and
conditional |anguage recited herein ar & principally intended to aid



the reader in understanding the principles of the invention and the
concepts contributed by the inventors to furthering the art, and are to be
const r uedwa0ai9sg97wi t hout limtation to such specifi calPCy/useaione@ixanpl es
and conditions. Mreover, allstatenents herein reciting principles,

aspects, and enbodi nents of the invention as well as specific exanples
thereof, are intended to enconpass both structural and functional

equi val egts thereof. Additianal | it.is intended.thgt such equivalents
el ude ot n L0 FEsE oI BeR HoasrEinel oAt SR A Y SERE A 1 ¢ he
future, pmBlsificivnerdpebsisdgyielered that performthe sanme function,

regardl ess of structure. The scope of the present invention, therefore, is
not intended to be limted to the exenplary enbodi nrents shown and descri bed

he appengied CaeSRETSURIZNSP ablorale 8 FRFSCRER LI i BlE s ™

for my at e@nlsbd RErwgidrolurtieecomptiseayiyegria. subj ect for cancer pain. 2. The
enmul sion fornulation according to Claim1, wherein said narcotic emul sion

formul ati on conprises an opioid. 3. The enulsion fornulation according to
Claim 2, erej I aTs B Y i ON
accor di nggw?o @giemgom%%lﬂﬁhﬁéggén@ t‘gna yoé}%lﬁgﬁyéﬁbg@ﬁpweg%ﬁb%(gnt anyl ;
oi | ; wat emulsiod fantdatforcédnbits Compambiarstfichon ab eompaatd emn adRENT ANES T
Claim4, wherein said fentanyl is present in an anount ranging fromO0.1 to
10 ny/ mi fenganyfréradenniestian fosnMatiani on according to Clains 4 or 5, wherein
sai dl(P” is present in an anmount ranging fromO0.05 to 200 ng/m . 7. The
enmul st on fornulation according to Clains 4, 5 or 6, wherein said surfacant
i s chosen2f r ohegauisibk fpmasption apcaldong waesiClaims ghol fifpwher&in shiee

enmul sion fornul ation according to any of Cains 4 to 7, erein sa.d

enul si one‘F‘Hiﬁ‘Rﬂ gtfmﬁtf%“r%%'?'tsc'@%@?g&@”‘é{ﬁ' RPAYPYF £V RiEM BIF ﬁgﬁt‘iﬁgf]&d%e
emul si on l.at i EENPF { ) f.: i ¥ rein said

emul sifi %%tel{)'g?#ag% %%er [ s'&llgﬁgiﬁ(r: g%ﬁ%n)ﬂfggt%@ﬁgﬁ%ﬁ fs?%r@#l%?]ﬁul ation
according to any of Clains 4 to 9, wherein said enulsion fornul ation
further conprises glycerin. 11. The enul sion fornmulation according to any
of dxink34 t0 ”i@t,h%\%gr“@aﬁngﬁ HRIpeh fef eameamm,aﬁﬁl%meémﬁ BPYRrEHRpar abl e

efficacy as ¢ ad -I\QM t bET hA i

formul ati on. %gaﬁ{fﬁgr@%?g&?n (Br rru%a%%gpﬁg%fgé]oﬁéfc%kte?qlgﬁlgﬂcf)ﬁwlgf?% 4 to
11, wher atcordimigdoemyl afi@aini® riol12téftacties hd bieatsaid dubEtt fmrmanakr painvous
system nedi at ed side effects as conpared to a FENTANEST(tm fentanyl
citrate injection fornulation. 13. A nethod of treating a subject for
cancer payn, Additbdmpisity anmEMilISionForrAdtioh Tofipridthd:0 sai d subj ect an
anount of a narcotic enmulsion fornulation according to any of Cains 1 to
12 e3G ective testam@at sai d subject for cancer pain. 14. A kit conprising an
enul si on for nyill_ati on conprising: fentanyl; oil; water; and a surfactant.

water; and

a surfactant.
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