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(57) Abstract: The present invention pertains to a method for decreasing the body fat proportion, increasing lean body mass
-y ("LBM"), increasing bone density, or improving the rate of bone healing, or all, of a subject. Overall, the embodiments of the

v={ invention can be accomplished by delivering a heterologous nucleic acid sequence encoding GHRH or functional biclogical

T equivalent thereof into the ceils of the subject and allowing expression of the encoded gene to occur while the modified cells are
within the subject. For instance, when such a nucleic acid sequence is delivered into the specific cells of the subject tissue specific
constitutive expression is achieved. Furthermore, external regulation of the GHRH or functional biological equivalent thereof gene
. > can be accomplished by ntilizing indacible promoters that are regulated by molecular switch molecules, which are given to the
subject. The preferred method to deliver the constitutive or inducible nucleic acid encoding sequences of GHRH or the functional
biological equivalents thereof is directly into the cells of the subject by the process of in vivo electroporation. A decrease the body
fat proportion and an increase in lean body mass ("LBM"), or both of a subject is achieved by the delivery of GHRH or functional
biological equivalent thercof as deseribed herein by inio the subject as recombinant proteins. In addition, an increase in bone
density and improvement in the rate of bone healing is also-achieved.
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i nvention can be acconplished by delivering a heterol ogous g#ﬁ%ﬁ2§‘§0id
sequence encodi ng GHRH or functional biol ogi cal equivaleng 9 into
the cells of the subject and all owi ng expression of the encoded gene to

occur "‘G?Uoﬁ/o}s}ﬂﬁ nodified cells are wthin the subj e%r&?ﬁz&@%t ance, when
such a nuclerc acid sequence is delivered into the specitic célls of the
subj ect tissue specific constitutive expression is achieved. Furthernore,

 ext eNEOMRIRITIONAND MET2IGHRRD 8t TIHI0EE ASNRbDY MASSiasad BEmNE val ent t her eof

gene can be acconpli shreébpgrTUESIINZA BOBTRCYCI bl e pronoters that are
regul ated by nol ecular switch nol ecul es; which are given to the subject.

The f tQ.deliver the constitutive or inducible nucleic acid
enco%ﬁ%@ﬁi‘g&g@ RH or the functional biological equivalents

t her eof i pogl)r ecmépepukﬁomwbﬁélg%mmﬁzpmmt LQEggess of in vivo
el ectroporation. A decrease the body fat proportion and an increase in |ean
bodySeriak SNumbepep/A357.808 ensitled Gmcrgass Uhside omass, sdeareie hpdy fnypropestions| i very of GHRH
oF T HRELO0RE dehlig! A8 ifBlove Bdhy BbRE 02 HRAM o J048PR01 N el n by 1nto
the subject as reconbinant proteins® TH a |?|on, an i'ncrease in bone
denstanyens nbiwhichpis bereysororjomtddHey refatenceof bone heal ing is al so-achi eved. 25
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This application clains priority to U S. Provisional Patent Application,
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pr opor ki o i hcrrease -bone, densi and i nprove bope ;h ing. rate," filed on
Do SRS sone SRR REOEC St BReenk v BiioeiPReY Hs R R akHER s o by

ref eb@y&g.prqudﬁz&:ﬂ\ﬁcrgisﬂf@%h b?iﬂﬁm%({ﬁfmﬁ”) mméeﬂﬁmﬂmulm&t.lt avasll,t o -
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enbodi nents of the jnyention can be acconplished hy delivering a nucleic
e QHSSgh A ullest g HlgHE FERESSION £f e SERIELE® & IRFISHECE JRREER PR, b ol ogi cal
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t he encoded gene in the subject. For exanple, when such a nucleic acid
sequipseiiic ransiative\eapression it ashieves. Jjyethertriors, etrnal regulatioreosthe (FRH i ssue

specyfi . | | VE: I i hj : QEE'H% -axt ernal
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can prematoothgy drs fegudanil by tnpleudir nwitchnmioledules, ewvhigy vegiver ® thhatbjear e regul at ed by
nol | are swt l.ecul @S i ch are giyven,t.o the suybject. The preferred
ot oA 105t i d T (B B porf o b i s R = ie0es* encout ng
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irec into the c S t he .subjec¢t.by the pr.ocess in (err
ol e CUPB b Bivosy G sty Qicmporaion Th ARLIRR e YBHo BRoRBEs 18 o et hod of
I ncr pahbdef heReiaitak Unsafond FROMS MO rih of badehalingddiang AB@ i ng in an
an rg?leect. More specifically, this invention pertains to both an # e and an ex ww method for

delivering a heterologous nucleic acid sequence encoding growth hormone releasing hormone
“GHRH” or functional biological equivalent thereof into the cells of the subject and allowing
expression of the encoded gene to occur while the modified cells are within the subject.
Another embodiment of the present invention relates to regulating the expression of the
GHRH using a molecular switch (eg mifepistone).

[0003] Growth Hormone (“GH”) and Immune Function: The central role of
growth hormone (“GH”) in controlling somatic growth in humans and other vertebrates, and

the physiologically relevant pathways regulating GH secretion from the pituitary are well
known. The GH production pathway is composed of a series of interdependent genes whose
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subject. More specifically, this invention pertains to bot? gg) g (ﬁd w and
an ex ziw nethod for delivering a heterol ogous nucl ei ¢ ac gl 51:5 % ce

encodi ng growt h hornone rel easing hormone "CGHRH' or functional biol ogical
equi val gpt /gﬂ eof into the cells of the subject and expressi on
of the ‘gﬁco gene to occur while the nodified cell gejglrugwﬁgﬁl n the

subj ect. Anot her enbodi nent of the present invention relates to regulating

Eggb'%é reSSIGﬁQJﬁglrf%m“mlg gr,’nu ye%ﬁésaﬁdtﬁi\éﬂ(t)digat(de,guchnsf epi st one).

unction . The c%ntral rol e of
gr o@t{nbaﬂatqﬁmakeggrmiacmtcﬁeﬁto)g (20 HRyIsRRtaR fsétogrsazt; 3 PFOp F'Emf ?nd otgn|er
vertebrates, an si Q Hﬂ&ﬁsl-eﬂ ating
secﬁ’e‘?li B’fﬁ’Pﬁd"H?itH‘tel Bﬁt%ﬁ{"a %%rg!étggin]\s?s 5%%\/\%% The GH p thl on pathway is
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f aClipferdn xﬁlug:anh t:ﬁsues ()luchﬁ & G dﬁﬁalaﬁﬁls Jfpivaitany, &ves,aotl bage. Fﬁffﬁp'h‘@t of pit 1, or
prop an agoni sts and gﬁgiagﬂ%ﬁhﬂ gwt h hor none
rel eatrag@ate&mﬁ@l‘q DathyrRy ISESREEY 49T ?@&% respect ively, and (4)

r€CaPf Ol tasis G b&ivd:@é‘ tetne&ﬁpfaeﬁmﬁbgﬂstﬁteﬂsmmaﬂ ahd eecHon fompt or  ("GHR') .
These ‘genes are expres d | n di fferg{&ng&%(r and tlsste%bthl ncl udi ng t he
hypdidtahmms,plqntatjum avipylated t FPROSE PeGul at ed

- express 5@5111 Bt theider, hdeder growt h, as
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SY Ntefigiopzans) AGFelmd (GHin fungfeedbirk oa rtlaeehypethal@tnts@tl@ Rityitapygo | ated by GHRH

and S0 { el elird2P Lk B bergheRIMaRS theGH | ncr eases
proﬁﬁ%ﬂégﬂ{fe&s aﬁ)@*’ﬁ@? dfy mil{ahm‘h%él&\%er H‘g oahher target or gans.
| GF-phdiRBck it béisy thédiated rhardpllydE-on t he hypot hal anus and pituitary to
inhibit GHRH and GH release. GH elicits both d| rect and i ndirect actions

on peripheral ti sue.s t:s BEAAY i BRA mai nly byl G--1.
[0004] THO}i n E)aqm?l%”; O‘g %ﬁ:%ef 1FI(I:C?G:gnm es in chil dsrtgﬁrel s short

st atgih, @y ﬁ’ §L opkfire plogted Bﬁ@m@@fm@ddﬂathmgenétel(&Hm,eemﬂ at different
poi nts | eGHaX|s Le.Stpt ure. Non- GH
def wmen&'rfédefm*@h@i‘ﬁvﬁ%n\\fw “e‘bﬁtﬂaaﬁﬂ?m%%g%mn%%a}%%g%t i cG jil seases,

. Tur ner yc[}ggsg 1y paehendhRkRsidasphaiatndd}) dirsminieaalresdicenes uf fi ci ency.
ere u& axis is unaffect ed i%ﬂoat /gnts have n%{“{ral hor nones,

gene@asa;ndvhere ehceﬁ:‘&bmS) isaweBead Fer ParsTe PRe 5T6T AP cases of
rowt h ret ar dat| doarl efeassebeen shown to
01 OVl Bt 3 (ﬂt] #Js A%t BReG ca@s"@'@f@ﬁﬂt&ﬁfd& &pthedoasse

exander
- GHRH and GH therapy has been shown to be effective Gesundiett and Alexander, 1995).

[0005]  Reduced GH secretion from the anterior pituitary causes skeletal muscle
pass to be lost during aging from 25 years to senescence. The GHRH-GH-IGF-T axis
undergoes dramatic changes through aging and in the eldetly with decreased GH production
rate and GH half-life, decreased IGF-I response to GH and GHRH stimuli leads to loss of
skeletal muscle mass (sarcopenta), osteoporosis, and increase in fat and decrease in lean body
mass. Previous studies have shown that in elderly the level of GH secretion is significant
“reduced by 70-80% of teenage level, It has been demonstrated that the development of
sarcopenia can be offset by éxogenous GH therapy. However, this remains a controversial

" therapy in the elderly because of its cost and frequent side effects,

[0006] ‘The production of recombinant proteins allows a useful tool for the
creatment of these conditions. Although GH replacement therapy is widely used in patients
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Secretion of is stinmulat the natural GH
secrthttasgauglsretedmﬁ dl@ﬁ’@u@h‘ﬁ‘ wthdearalgf S%@?Fﬁitﬁgﬂtsﬁ‘f"?tf?n %é)d%%&h Dot h

hypat %.f!rgé GEinedive fet@500, Théiehdaigé@eﬁr}grﬂmafresult of GHRH
secr Hat i s assomat d with a di mnution or._w.thdrawal of

| sorre(EHsbcattwn lxemn&stanminedlm thejipopesirhythmeof exepeaeys (e SP@INBIHT hani sm i s
' beggfg}‘é@lx‘@nﬂd ?pr%fshne (gﬁ zﬁfd IBM RRoPT “I@ﬁ Becretion

e I npose m Of e ogenous ll} ni stration.

Ef f eatlivg madaﬁnﬁﬁdmﬂ@mﬂlMngEhdxomﬁstQSh@fmb@lﬁ’dmenB@F% B growt h factor
I ("1 GR- p essenti al. r honeost asi s of
bﬂ%@f‘ﬁf‘e df;%@t B’I%deﬁrf‘d PpsAve %? fi‘)olf'aL mhayp%ra Slrg%s\l,\%opog a positive

car

ni tr Q@efoRakmbRe ih Mtnkay, e Shaéxgssho’&eﬁodmt ccmmemnu@fls odvEs i n humans,

sheep or pigs_showed that co nu nf usi o LagomRippant GHRH
pr ot ssbambiragt GETRE prteif dRsiogs cﬁﬁ’?#@ﬁfaﬁf?lh Oyl\é eenﬁs Tzing GHRH

r ece{%f:e?:fo?s & de EﬂﬁgeGH'lﬁ et a%lﬂlﬂﬁ e @@piﬂ’lﬁ dfee,dsiiadmeguﬂatna,pdmhes of feed-back
regul ati on, IS aboll‘ﬂ}a in t éﬂiéﬁgf % g é et al.
1990dgohsﬂ¢admmsheefhuhemplq§si@5be Alod 97089 et ¥53) . Thus, GHRH
' ecoqba{l.,n T%Sa)p FRLE! m%%nf@%téﬁ?u%&m{ﬁjﬁb@hﬁﬁl ﬁi@’hbl&&gxcally

relevant than GH therapy. However, due to the short half-life of GHRH in v, frequent (one

to three times per day) intravenous, subcutaneous or intranasal (requiring 300-fold higher

dose) administrations are necessary {Evans et al, 2001; Thorner et al, 1986). Thus, as a

" chronic therapy, recombinant GHRH protein administration is not practical.

[0008]  Extracranially secreted GHRE], as mature peptide or truncated molecules

(as seen with pancreatic islet cell tumors and variously located carcinoids) are often

biologically active and can even produce acromegaly (Thomer et al, 1984). Administration of

" recombinant GHRH to GH-deficient children or adult humans augments IGF-1 levels,

increases GH secretion proportionally to the GHRH dose, yet still invokes a response to

bolus doses of GHRH (Bercu et al,, 1997). ‘Thus, GHIRF] administration represents a more
physiological alternative of increasing subnormal GH and IGF-1 levels (Corpas et al., 1993).
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or .i "m.ﬂaﬂ@é ‘?&w %pqw Obledpi g&gia Iﬂqg%éne&ﬁmféhﬁmnubon Thus, as a

chrénic treéa m ni tratlon |s not ‘%(;LI cal . 61.;racranl aIIy
secrtbet hmhs @t‘-lﬁialpy ametgmgmduaﬁg@s andhthu, degs gt G‘WQF‘?( dﬂp
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G—IRI-ﬂ,eélaiggggg?))mﬁg}’erﬁb)er Em dllb&g hﬂ;m% mdpw be transilyead Yé@“bf—l@‘é“eﬁxlé’tniﬂtgsn ( gor pas fet
' c asmi r e basis o
man%hséﬁﬁ’ Sﬁgﬂftlﬂ%%%;ﬁ%ﬁ 'gtaﬁém%l OQS %E%R %éDgasn%kﬂ: rlgﬂ’{-“ re v}lhr al genes or
i pigal, @agrg,g | Bk @Sus(répdie damersthattd t)hatziﬂllmm GEMS;:DM@nths elreredifo | 1998) .

Skel et a rrusql e i.g target tissue, because Nagep |ONg life
sparmusald byan %@Wﬁ%@?ﬁﬁ%&xﬂf‘iﬁs‘% FERTAR "B T as w%ﬂsrlénﬁfﬁmt ex(gr ess over

rmnt mroBes@ehi GRNQRASDERRD treble §Draganid erat, 1897), 1993; Tri pat hy
(Pﬁsgf%%ﬁ%§Proe‘\alsl ous reports denobnstrated that human GERH cDNA coul d be

dellveredto nmuscl e by _an_jnjectabl e Xps.e ctor in mce
where it [6018hsi eWid ype r@;ei E@Wﬁq’g’ g:wgagorg ﬁ'ént over a
perig ﬁ,{ Jxﬁﬁs rﬁ Pétﬁﬂ%@ éﬂmfﬁ{nﬁiﬁm]s Jﬁ&?)so nﬁ:ﬁ&i@imﬂadom ype GHRH has a
rel ativ fe nthe circul atqry sysog bot h..i n humans
(Fr oihr;ﬂzanﬂt%%l of tht%H){HéJﬁ‘& ﬂqgfaéPFi incpatip o $hethofEted of i ncubat i on
P o b, 09k afd 77whihaidipcofabe i on of the
shor‘%oz&ﬁ(aff rBO")(?:‘E]l-llo%}'%r m oagrjsﬁéﬁ#c})yrﬂrarlgne und e?ﬁm m | a% co?dth ns, shows only
a 77ﬁ@pﬁ@ﬂﬁﬁdﬂml @inues of feubation (Frohman et al, 1989). Incorporation of ¢

coding for a particular protease-resistant GHRE analog in 2 therapeutic nucleic acid vector

results in a molecule with 2 longer half-life in serum, increased potency, and provides greater

GH release in plasmid-injected animals. (Draghia-Alli et al., 1999), herein incorporated by

reference). Mutagenesis w2 amino acid replcement of protease sensitive amino acids

prolongs the serum half-life of the GHRH molecule, Furthermore, the enhancement of

biological activity of GHIRH is achieved by using super-active analogs that may increase its

binding affinity to specific receptors (Draghia-Akli et al,, 1999). -

[0011]  Administering novel GHRH analog proteins (US. Pat Nos. 5,847,066;
5846,936; 5792747; 5776901; 5,696,089; 5.486,505; 5,137,872; 5084442, 5,036,045;
5,023,322; 4,839,344; 4,410,512, RE33,699) or synthetic or naturally occurring peptide
fragments of GHREL (US. Pat. Nos. 4,833,166 4,228,158; 4,228,156; 4,226,857; 4,224,316;
4,223,021; 4,223,020; 4,223, 019) for the purpose of increasing release of growth hormone
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by reference). Mitagenesis via am no acid replacenent of protease

sensi ti.ve am no, agi r ol M? iAok bi&s 16En tdpertddHRH nol ecul e.
Fur BRehse? Eporth ‘gkﬂgﬂé%ﬁ%ﬁ? o% gia%)els%gl ca ﬁg%?c% viai{ﬁo?feb RH i s achi eved by
usi r(rgsmrcms,emm}naﬂyﬂg?oﬁdimlw&@;i-“d&:ﬂ@@l@oﬂ%@v LRUCREEEF i nity to

speci fic receptors Praghia-Akli et. al 9 i Adepnicsst eri ng novel
GﬂRﬁS&ﬁ‘éﬂ’%ﬁlc’E{%&? &ﬁ?ré% %hg“' @titalf Restiond §%¥"‘o"3§‘?‘l’ 1‘%8%‘1%‘% 936- 5,792, 747:

S e B pSh Sd L ooty sbcmbrel T 00

’ L .; 1 5 ; ) ' y o r 1 tura y

occ vipplicagion Seyal Ne- Wﬁ%‘g}ﬁ%t‘g’? %‘fzg Rﬁﬁﬁ%@?’?@%@%@gﬁgﬁ@ga; 4,228, 158:
4, 2%@;@%&% Eomfainif dddtiond Ghat iﬁ:p&ﬁz&tﬂa?ﬂbilitﬁ,t&ﬁl’&ime)xeleﬁ,sezgfs, 019) for the
purpose of increasing release of growh h@r m&gﬁ%ﬁ%?%ﬁgrgljw@% WO
03/ @asah hopame de 2ddupnythe 4% satgRSRPHCAIS, gl © fnal ®g cont ai ni ng t he

f ol | BLAGIUEBULANRDAR JPGRAnt GRAEAGRCe [t Simflaband piductinBed, 036): Tyr at
position I°to H'S; A2 at position 2 to Val, ,Ley, or.oth [Sid Asn at
pOSigrévah hB8rheneGh ap aswel at ogreaperrievelghgn ther q&%ﬁfeﬂa‘ﬁ‘gfgﬂ?%g‘ﬂl“'gj’é’? Len; Met at
position, 27 to or .Lem: . . ok | Shdrfhonts felead GHRH anal og
is t %ewwnto‘%\fbﬁogm ﬁ‘gl[ﬂé] Pﬂeipp |cat9§}§r?¥ erial No. &9‘66%?268 ("the 268
pat epkmaRPiriakgtand s hereimicarported biiederapys! iloahg erpbodippents $al og
- contai ni ng.,nmut ati ons .t hat, iJ,prove th i ] - LhdLdtmdliiglet €l ease of

gr ovit¥enhanplicAten aJPCﬁSP 'etnﬁ'bc?fjlﬂflﬁgwm%@eg%#éﬁdapp C?Llé%ctgzli%mn relates to the

tr eqL KRR GR, S&0R Whimutkdnk of the Abes potitien 8. npr ovenent of growt h perf or mance;
the stinulation of production of growth hornone in an aninmal at a greater

| evel than that associa .t R nog mal . ar owt:h;. cement of
growt h utlP§%22i ngl rﬁ%#ﬁgﬁ’@ﬁé% F?Hﬂr%d%%‘%“tﬁ“ﬁ%ﬁ%%@% ea ifng hor none
anal S SREIE b s RO tfymale frpimandean bitectiveasemddiinent s of the
X 2682&ﬂp§11?%i t gppl i cgts,ipgﬁﬁgngpgigg?%g grﬁiodi mer?gt s he OEJ Bfts Bﬁ@ nmut at ed GHRH
encobimy GHIREE of eee of i aelogh Eor 0! pPhggHon gl 5 382lc deo dtuth Asn at
posi fi ony 8, %2&0 - Radntr, Nalip® 286ihis6@bnk are gasantdpend thevar d i ncr easi ng
bot héhﬁ?urgkl%utv%e?lg t ng’ﬁgodnj Ik prrodl&g?i gn Y supp%{éng‘gtl? r eeqpoz%nt femal e
marmilm discesifee rpirdiag adwinivtation of RO VERARQIEYIE g OEIE’I%a ogs for 10-20
days pli i on, of, t 99@4 GSnid AndiSte@Ripplembititd@dtbitust.he | actation
peri Wﬁg%ﬁmw}?ﬁ‘fl@f‘%ﬁe a n@nl strations Pg]fe presented, and there
| [0013]  US. Patent Nos. 5,134,120 (“ the ‘120 patent”) and 5,292,721 (* the 721

patent”) teach that by deliberately increasing growth hormone in swine during the last 2

weeks of pregnancy through a 3 week Jactation resulted in the newbom piglets having marked

enthancement of the ability to maintain plasma concentrations of glucose and free fatty acids

when fasted after birth. In addition, the 120 and 721 patents teaches that treatment of the

sow during lactation results in increased milk fat in the colostrum and an increased milk yield.

These effects are important in enhancing survivability of newborn pigs and weight gain prior

to weaning. However the ‘120 and 721 patents provide no teachings regarding

administration of the growth hormone releasing hormone as a DNA form.

[0014] In contrast to protein therapy, nucleic acid transfer delivers
polynucleotides to somatic tissue in 2 mannet that, in some embodiments, can correct inbom
or acquired deficiencies and imbalances. In other embodiments, vectors such as plasmids are

5




IS no disclosure regarding adm nistration of the growth hornone, r§¢, asi ng
hornone (or factor) as a DNA nol ecul e, such as with pl asni?d A2

suppl ement ati on techni ques. [0013] U S. Patent Nos. 5,134,120 (" the 120
patent”) and 5 292, 721 (" the 721 patent") teach th del i berately
increas%'ﬂﬁz’lgﬁsb]\ﬁth hormone in swine during the |ast ZP%\@%\@‘* P pr egnancy
through a 3 week lactation resulted in the newborn piglets having marked

enhancenent . of the .abi/i t o _mai ntaj c ' of glucose and
Fr o avaip sypeliSeat iar: L ol i Bhdhol A0 Rrodf i Skl ) Tond 721
pat Qelivarst Saeh e Sbibed of sdvaiuenbvefthé hdminbutionuoi mepmbiEnaPIOBSr esul ts in
increased mlk fat i{hthe colostfrum and an_.inc L ﬁg"em icho%d'a?l d. These

ef f ddess ASTHIESADHBE € CRRSETYRRR T HEHWWT%%T”H“EV newborh pi gs and wei ght
gai Rkl OfoidliRe WE §RleRit toklGB\RH abdldancd Slinfeatbus Zilltopaimpuigesplovi de no
teacﬁl_qe&s regardirig ad 'ni}fg}r tion of the grow hapggo;r "oﬁﬁ‘l@q!{tgd easi ng hornone
as addina,f swereic | GO 41”-!1-‘7[‘11;1‘(: r HEFPEYICp RS s £ 1 RPORAPEFE acid transfer
del i | dl6wibSbiBndet egpobie foathe ploadn i n some
enb%ﬁr%ﬁ?‘%%%gﬁﬁlc%%%eg?&gﬁ% rn or acqui_rgalzig de%i ci enci E d i nbal ances.

| n dt e therpaodc mnge, hecansectho mswlz*ﬁ@,q'iet%dsprﬁlﬂe&%mﬂﬂ@eﬂérceﬂtﬁl%@?yo'ﬁ%g%s112 25 Apri |
2003) PCT/&%Z/ 34275 used to suppl enent basal |evels of an expressed

end é@ﬁg&g fe product Cene-based drug delivery offers a nunber of

advant ages over the administration of reconbinant proteins. ,These
advant aggeo15nc| (e prireary dinstationatf asing freepmbingst prostiniih e fmiedir e, i nproved

bi ol ogj ¢al ctivit avol M. Cre b AX LGk Lo AdomVvoi dance of

i nf é’(‘,’f‘lag@g %iﬂﬂrofebl}(i i %@?&%ﬁ%&&%h%@%@%@%@_%eggfs.{éﬁp acid transfer, for
-t her@pg Uhje@HUDDYS pRsmid ndctpis asecomevadis abeduse ausiglednieniontingrhef an
endogenous gene pr.oduct allow for prol o : rotein in the
Cher g bkl Aacl pEgits QB ey ST SRaie payl of Ak IV T
contgongaes hid W 61766988). Iajecrioh bEwhE fédtars profdd He provncyor afwrzymies mi tati on of
usi ng reconbi nant protein is }ngq limted . avai.l apil|i ofm&gsotel n after
eac handdhdrmiogesr d pepals pR s FRYChERAt P ‘g@ﬁ@ Lis g‘ﬁe’ﬁ‘%%?‘. n - using

|} Rl Al DNRRL AR Tofl RGBSR Y6 RASTREsldh v Macdinesisjactoning| © 1 nj ect i on
into € pdtient"s skeletal nuscl e,perr;?t physi ol ogi ¢ expression for

ext eplaimid DPE intsomusole tissuens siovfe, InGFPEBBORIASRHE WO 01/ 06988). | njection of the
vectors pronotes the production of enzynes and hornones in animals in a

e o, JPPAT! ok SR A el BB e, oo

pl asgickidi vetbr snahss el s mey ¢ompshnp F)@Fhepq}]@;%gﬁg{d\fgﬁvegﬁastgr&f .
in addition to a nucleic acid encoding the GHRH being supplemented. In this way, the risks
associated with the use of most viral vectors can be avoided. The non-viral expression vector
products generally have low toxicity due to the use of "species-specific” components for
nucleic acid delivery, which minimizes the risks of immunogenicity generally associated with
viral vectors. Additionally, no integration of plasmid sequences into host chromosommes has
been reported i 1w to date, so that this type of plasmid-mediated supplementation of
GHRH, should neither activate oncogenes nor inactivate tUMOr SUPPIESSOr genes. As
episomal systems residing outside the chromosomes, plasmids have defined pharmacokinetics
and elimination profiles, leading to a finite duration of gene expression in target tissues.
Furthermore, the plasmid DNA could be engineered so it would be delivered to the cells in a
finear rather than circular form {which would further prevent any genomic integration event);
the plasmid could be deleted of the antibiotic resistance gene and bacterial origin of

replication, making it completely safe for # ww therapy.




[0016] In a plasm d-nedi ated suppl enentati on expression syéi non- vi r al
nucl ei ¢ acid vector, such as a plasm d, may conprise a syn Wﬁhlelc
acid delivery system in addition to a nucleic acid encoding the GHRH bei ng
suppl e .In this way, the risks associated with th of nost viral
vectorgﬁggﬁ&ﬁgzavoided. The non-viral expression vec?gﬁmg%ﬁ%gacts general ly
have |l ow toxicity due to the use of speC|es speC|f|c conmponents for

nucl eic aci d deljiver l_m Qelni city
general | iﬂ é's]sockr7 i’1/’17\” ‘ﬁ% or s d—g ona no jintegration of
pl agg gguﬁ@gesndl 6ﬁﬁ@msmmmnbmsmdbgwurfe Pftt@a bh viwto date,
SO tha th| S type di t re&ddRH, shoul d

nei telssiropeaatioy Hivelv 6@%&% Pﬁg%ﬁil ! C?eageuﬁeapr esgor genes. As

eﬁ' SArgl ﬁLmﬂgﬁﬁé&t:&ﬂm%tpﬁﬂnd@entHﬁmg’el’c@ﬂmscalidsxhepdbaaﬂm‘déoﬂmveddef| ned f

phar macoki netics and elimn tIOI’lp , n te duration o

genethe)mméwp!@@f ierogengvy apolequies (rath “‘%t#f”ﬁetf @gb)t %é’ agt“%s‘}%\t@ DNA coul d be

eng! AELAT R0 éfm% Wd Bicel gtelo WeceHstb®; hitdeic adidl Smdlétules cid meet rat her than
I‘ m

CII’CU

fu t her "prevent, any gen rati on event);
t he mtmgmpasagmmobgommaheepﬂdbattawetﬁd g Htf &é‘t C%_g% atjg he and

bact Gollf & 4
Cnor Sy 08308, Pt aps s ERFh R e e B ut P8R8 O], Efforts have been
| rradeseteaemmﬁﬁmhm cdtetlgnm/élejoodvfofplpawm dheripulsevaliage 1jectgy iﬂ?ﬁ%. cal neans
i ncl udi tro aéfléeglg %g%at cpglm 8 PHESSHRRD obnbsxt i on by

p

el ect? I'ic |dnb apusedelectrlcfleldto

crea%?tiot)@%)’i@BGS R 207806, the cel lul ar nenbrane without causing permanent
- damage to the cell It ther eby al I ows for the introduction of exogenous

mol ecul es Smth and Nordstro Q). B Lggtrical pulse
gener at edOWB] an Reretlyy SHaIcat gaérhee X]:’r%’lg‘lic a C%%F)mu& es can travel

thro c@%ﬁ?ﬁﬂ%@éﬁj Y] quPEIe@&o othubﬂnﬁasdneéd us%:cﬂt&éqramaeess:ﬁubaperdmtﬂfﬂtl ng the

rocedu S. Pat’en 704,9 r,i be ation
- gppaumouseﬂﬁ @ﬁteremqeqnvePtE ﬂgs%ﬂéww&%l 8@20'@%9 %ﬁﬁr}g&b {eagﬂk%cat ion within
a ca i ta}f gg,ﬁlggg%xgﬁ tc?m,%édlﬁ%dsuﬂ'&&%&)zﬁuhﬁ@s {ndvinage(Gelljeedt, i on devi ces
are Cri Pat ent S 439,440,and. 5

. 192,304, and PCT vO
96/ 1mptteneee/at,2me, Bbmmon alsihay WWE{‘J@%@P it D o gni fi cant

ro been n | gt I o1t v uﬁﬂﬁlmﬁe | asmi d
P geteﬂifﬂ"ﬁﬁiﬁ L CRR ViR kel S0P} RRI(TaRAIGRAL, 0001} Pasuizbliy ), p

del i ‘fat‘fvﬂ rati on Has been used very,.successfully to

t r angddedégs wetiretcaéj P.@Dlhftd: elehﬂen}imaptw@n goes h %ciﬂ(f&ﬁéa‘?“@? ¢ 2002;

Mat s bara et .. , o] | Ldwilh WORA n@frblGas eorryC| nto
cut aE%‘Btﬁ’s‘esaﬁHo c‘?ft %r?ge Su%“r?] rrataﬁjsga?Gehl ot al 98; Heller et

. h3@2R) (‘GHREP) elpsiedt than plaimid thaupybeidn clesttaposiiow iy sqglgblg M ce
( Les tt?e%ze(zeen%s a promising approach to induce production and regulated secretion of proteins in

Jarge animals and humans (Draghia-Aldi et al,, 199% Draghia-AKkli et al.,, 2002).

[0019]  The ability of electroporation to enhance plasmid uptake into the skeletal
muscle has been well documented, as described above. In addition, plasmid formulated with
poly-L-glutamate (PLG”) or polyvinylpyrolidone (PVP) has been observed to increase
plasmid transfection and consequently expression of the desited transgene. The anionic
polymer sodium PLG could enhance plasmid uptake at low plasmid concentrations, while
reducing any possible tissue damage caused by the procedure. 'The ability of electroporation
to enhance plasmid uptake into the skeletal muscle has been well documented, as previously
described. PLG s a stable compound and resistant to relatively high temperatures (Dolnik et
al, 1993). PLG has been previously used to increase stability in vaccine preparations (Matsuo

et al,, 1994) without increasing their immunogenicity. It also has been used as an anti-toxin
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et at, 2002; Lucas et al, 2001; Vilquin et al., 2001), ratg ng‘L?&% et al.
2001; Yasui et al., 2001), and dogs (Fewell et al., 2001) ? &P, er

t herapeutic genes that encode for a variety of hornones, cytokl nes or
enzyrres OJ evi ous studi es using growh hornone rel easin none

(" GHRH'Y Wg‘a that plasnid therapy with el ectropor8tTH#?2 t’%"%cal abl e and
represents a prom sing approach to induce productr on and regul at ed

secretion of proteins in lar ni mal Akli et al.
199 gostantiggh inkalaiqn; oreEpospre "2(5’6‘% @Wéﬁwfﬁ% IB%W 2 &% gpselgg roporation to
enh ARHaH ﬁLGQiraﬁ%%rvinﬁl%a éliaenes({’a’l’)ahal beemtﬂ)edmsdhastn@e@m gehel | document ed,

escri bed above. 1.n additiqn, plas r t mRo! y-L-glutamate
( PE@#E%@HWIWWWW%F F%??@O%W)to Eé\g’k{) e’fﬁu % alstgﬁj\'?g%ls p ol rt’cr ease plasnid

transf ;Pé% eSbd &Mlhp &W&FSISB NPDE lih bectesied edl itcreasesgene.  The
ani oni gg& H%IQ mer ugeggfum F’LG cou enh 8)ce pl.astid %;pt ake a I ow plasmd

conemhihwaﬂfrauknsa,ncevlﬂrbg elcithe 2909) Wsp & 191 ose YU FRPER®aused by the
pro%iaﬁ@%{r%me . H%Xro daﬁh‘a&t.ﬁep&r(etaup&attwmmaﬂs@lmaam d uptake into

t he een document ed, as previously described. PLG
is a stable corrpound and resi stant to relatrvel high te ratures (Dol nik
et al., [00963) . Al?h@ghamthwnng)toebft dybyt theerry BIV“Ganﬁ n‘}s)ﬁ%tbr lity in

VaCCI nggﬁf)epftr atl ons g SHQ ek%op%ﬁ% ég@é} W RARWy dbflitaasheng their

aS been“use S an antr-toxrn 7 g April 2006 WO
03/ P3BhiPD éﬁﬁi&hﬁd{@ﬁnemmteﬂaht trgeport tineughithomepbragsPRISH PE t 0 ozone

(Fry nd Jacob n add g th PLG or
pol y‘f‘Pﬁ@P i?ﬁr e e%r?%gl%vegjr vé%h?%m{aﬁ{: a%ge%gene transfection
- and &m%mplextg@ @é@r@ﬁ@ecbm@dmkqd tb(platsﬁnctam tharough@r@réet et al nuscle of

mce, rats and do (Fewel,l VU PLG has
beerprgtsledﬂttl@cﬂoﬁ%r %an glectg f‘fi?‘{? he‘?atrtg‘i S‘{ffﬁﬁe teﬁlsugs%ﬂue et aI , 2000) and
Tq'd f ROSNAr xﬁdll:cﬂé@\r;%ﬁess ﬁiaeesdbsmgmﬂlyonmmasssm duri ng wound
and I'ssue repair (Qtani et al., 1996; Qani et al., 1998). [0020] Although
not ms[tcmgeﬁuew bound by theory, PLGw Il increase the transfection of
the pl asm d during the electroporation process, not only by stabilizing the

pl asm d and%@%ﬁét) ﬂgl chta6le DMA ﬁgﬂdlﬂeabrstlfaab&ﬁdmmdhn ough the
es so t g)

menbr ane "por ugh an act ve chani sm F anpl e,
posrﬂabpﬁtymmﬁamtﬂNAapekqommleﬁs lb‘ﬁsﬁd‘ﬁ ‘ﬂﬁq‘;}? Bsr?f)%ex t he
negati v har ged .PL .o gthﬁﬂm‘be,rthe protein
i nt etoete‘?t‘%HZiC’W\?\%’é?fs‘a %gflg @&g rlgjcc:']é?t ﬂwglgg&fi w’?he sur f acg, prot ei ns

r evedgRiodiof &ﬁttiaﬁigeneaexﬁreﬁswmhaebepn rshune(?%éﬁ ptad, l9ﬁ@ BRADREISEEEFEL pr ocess t hat
> Ubsfi)r%l”]'l})lllsaclt]ilmcall a}%{tc%%gr?sshave Geet CAHRLEES VRinE! (D&IE UM Wolff, 1994

Tsurumi et al,, 1996).

[0022]  Although there are refet'ences in the art directed to electroporation of
eukaryotic cells with linear DNA (McNa]ly'et al, 1988; Neumann et al., 1982) (Toneguzzo et
al., 1988) (Aratani et al,, 1992; Naim et al,, 1993; Xie and Tsong, 1993; Yorifuji and Mikawa,
1990), these examples illustrate transfection into cell suspensions, cell cultures, and the like,

and the transfected cells are not present in a somatic tissue.

[0023] US. Patent No. 4,956,288 is directed to methods for preparing
recombinant host cells containing high copy number of a foreign DNA by electroporating a
population of cells in the presence of the foreign DINA, culturing the cells, and killing the
cells having a low copy number of the foreign DNA. :




[ 0021] The use of directly injectable DNA plasm d vectors 292 bgﬁ&ﬁ imted
in the past. The inefficient DNA uptake into nuscle fiber npl e
direct injection has led to relatively | ow expression levels (Prentice et
al ., 1994; Wlls et al., 1997) In addition, the duration of the transgene
express‘i"@ﬁ"’?ﬁ&éubeen short (Wl ff et at, 1990). The nBSTUSPREEES st ul

previous clinical applications have been confi ned to vacci nes (Danko and

- Wl ff, 1994; Tsunam et al.,61996). . [0022] e references in
the art @024kt e8S Patene Na- pAEH4 &ﬁh"off’?"* §/ Hgﬁée? g ﬁ%’h | i near DNA

(v aeann € ot B SRR Bt S e Pan -*F““‘ﬁ*‘”i?é‘sjc vori fuji and

M ka‘mieculaﬂ.ﬁﬁf&)l foztﬂueke aadampsfesthewmrstcma@r& el |

sus teons e' ' tU" g.ﬂﬁc{ﬁg e%% K&ion BNRcERecr@nstesidd cells are
not t| c |ssu 0 U S. Patent No. 4,956,288 is

di rqgé@g,ﬂstdi dymgsché atolqenlepswitchgin hugwusyishimalst tripsgsnicc tai ni ng hi gh

¢ ﬁﬁyﬁgﬁ@%ﬁﬁ? Pl SLORRPRRIEL POl PRGN, O o8, ° 1

cel | S fGerbed Qva Qﬁd@h{odnfwb efuladiiy edpeesfior ef grhetBNﬂpgoas 2@%?‘11 2006 WO

03/ 038112 PCT/ US 34 00241 he "534

pat eqssetfe i 1°8‘:ﬁlf’§¥§ °°m8r“°§§§f§§‘ﬁ&$ C{sr%el}k&dégﬁ DA ent) ‘{d%escrl be

mut af & ch,v.é.[%fbiddre pDNASbmﬂﬁngbdﬁmfﬁfachcﬁewa umdxfaddlgald ular switch
for elc aci d transfer t he tiye content £ch i S ]rseby
mcodqnmt'ﬂldmoldsﬁe ding drmain ps PW“@W“L‘#% rRGUPaT Ry expression in
nucl ei on%%ﬁ‘% ltgg_rﬁigls(f)&rsk%&'m éﬁ@%ﬁ@é}tﬁdﬂﬁqﬁﬂﬁ&l v &@hﬁa'edddy switch in

hunefis transgeni ¢ ani nal s Swi tch(err)) are

deschsmd)é:rd mcrd:ftedehgarﬁémdpm@mﬂlﬂaﬂﬂé CP#@Q“Q@M&F%# e,—pf,@ny B&ifar switch is
descr i nerhod f &ga!@ 2hdkc 24d @ssked er ol ogous nucl ei ¢
aci t@‘ Eeg@f‘tfoé”fl P REeT ge)g’%ggtg?é&tyrcans ermigﬁd IS COfT'pI’sI sed of a nodified
steroid receptor that includes a natural steroqid recept or .DNA bi ndi ng
dOITB.I n at[t)aasiped "Fns, aherpasei: @nteritiog dn dirdgted do ﬁglOVQiéFﬁ&lMl o Waﬁ‘ﬂﬁh fied binding

al bi nds non._nat ur. or non-native

gaigi%g ‘%{@S%éﬂ“}% }yfﬁeprgl?cf ornga%érfasihggg%;dn 5 natural | T gands do not
readthlemtemfrubn& medjﬁ?dnfahad:ﬂal@ﬁrlﬂhsmdmd@ddnmphmemn&f@%ntly have very
little, if any, influence on the regulation and/or expression of the gene

contained in the nucleic acid cassette. [00251 Thus, the present invention
is directed to a novel nethod of increasing |ean body mass, decreasing
body fat proportions, increasing bone density, and/or increasing

...D_
«D




the rate of bone healing in an animal by plasm d-nmedi at ed suppl enent ati on
of GHRH. 9 25 April 2006 WD 03/038112 PCT/ US02/ 34275 SUMVARYAMi9284¢ one
enbodi ment of the present invention pertains to a nmethod for decreasing

t he bo f roportion, increasing | ean body mass (' IBM). .increasing bone
densits*ogﬁéwgﬁcreasing the rate of bone healing of 3C§G§%%%F5by utilizing
a nucleic acid sequence containing both a constitutive pronoter and an
enc%ghgﬂlsﬁguence for gromh hornone rel easing hornmone ("CGHRH') or anal og
t her n n this nucleic acid sequence is delivered into the specific
cells of the subject (e.g. somatic cells, stemcells, or germcells),
tiSf]ug sqoe(ijz iC@rﬁnﬁir:]lbddﬂﬁénlvafaiﬁ@rpe&aitdﬂveﬁﬁo@iﬂﬁiﬂsstoﬁamedwddf.orThe preferred
met to iver  the nucleic acid s ence W the constifutive pronoter
and el‘i@”é‘?ﬁc&'ﬁih‘?g)’g’é@ﬁm‘?@@“ofﬂ“ g E%H(em%?ﬁém?yf"?’h‘é‘f'é" “3ist1<?“%n rectly into

t he &&Libé o ﬁﬁ%@%%@ I eheRlinp G SS subfect By Gelizing avnuédieatid opor at i on.

El ectroporation y involve externally suppliged el ectrpdes, or in the case
of Seqeaibecontiining bethia GonsuHEYe BRmeles @R Y SRCOHEE SPEENGE PRS- usi on of

desi ' Eﬁ@p ' ; S @fs mcleMitigedqudetl e the cell's
are %@%ﬁ%&%ﬁ%@s}g&&gﬂ“t@ e sﬁgfg%?gkﬁ[égegg#hmot her enboglf%qu t of the

pr esie dtliviered dwo itersperifictcallnef the subjerelel semptsicellsgeterm sallsy prgern&elsbdy f at

properti on.e| S | ] ] | 0 Ld YeethBd g deliedr€asi ng  bone
heal ™Y spegitic O%ﬁ%ﬁ%%?éé&%\ﬂ@ﬂ Ut | |_| z%cﬁgve?hgﬁ% iféi&%y to regul ate the

ex pr s Sivolsic akidGelfpidner witlaniz capstitéveeprbmoe gud thei engodisg spess & by del i vering

into cells of fhe_.subject.. Lr | gl i and a second

nucl @?ﬁ*‘iﬁeﬁ @eé‘éagﬁlﬁéh%@f ‘%%ﬁ‘@@d@%’ %?/CG;E ﬁgﬁﬁgéﬁj‘%? b%e&gﬁc?ﬂﬁ%@wt he first

© nucl @bgropiaibns BHGORatRA My imolve extemallycirplied deconddseor intletva afodi ng regi on
for a grow h- hor e-rel&gsig@?hﬁknqge.é"hgdgﬁgblg- J@ggegg an anal og
theréﬁ?&gﬁﬁﬁe@ SURP ctrpeles |t AR 13 e dICERR Sh fe T HARICE R EHERI T UT i ve promot er

Wi t i@, GO EIRGf d RBE@WhilOthe Alls aRagithiniAissue@fthk adilsct.pr ot ei n. By delivering a

nol ecul ar switch nol ecule (eg. mfepistone) into the subject, the inactive

| hauc bl BT | Acies cBbdieR: of fopesept BusTe PR A Aaet B oase of GHRH
| o ron : o 1
or a?%hﬂ%%‘%‘l@%ﬁép%ﬁ é}l}ﬂgértl@n, Mﬁﬁf%ﬂ?h&@%%%ﬁ@d@nﬁ% sutbingressing ecrease

t he pr n an ncrease the 'BM of the subj in a manner

t hat bemrhedlingrerg ol asubjtctdyy wilizing Fhelabileyte sghlate theseaPressOm | (eg.

oxt opiaks etct; KARLAOLiE Wil Py Aok e o bEVRE RARDE R duBle 11 D ol 1 s
of t hed sgiynes; andasecdne nueleic avigh bdqeénee) f@lymgb;m weolegar gwitghy whgrethe

el ec Hs‘? R ack r;équence contains an inducible-promoter with a coding region for a growth-

oo

hormone-releasing-hormone (“inducible-GHRIF”) or an analog thereof and the second
nucleic acid sequence has a constitutive promoter with a coding region for an inactive
regulator protein, By delivering a molecular switch molecule (eg mifepistone) into the
subject, the inactive regulator protein becomes active and initiates transcription of the
inducible-GHRH in the subject. The expression and ensuing release of GHRH or analog
thereof by the modified-cells within the subject will decrease the body fat proportion and
increase the IBM of the subject in a manner that can be regulated by external molecular
* switch molecules (eg mifepistonc). The delivery of the nucleic acid sequences that allow
external regulation of GHRH or the analog thereof directly into the cells of the subject can be

accomplished by the process of iz ww electroporation.

[0028] A further embodiment of the present invention pertains to a method for

increasing lean body mass, decreasing body fat proportion, increasing bone density, increasing
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[0028] A further enbodi nent of the present invention perta%gapt.? t hod
for increasing | ean body nass, decreasing body fat proporti ,n? easi ng
bone density, increasing 10 25 April 2006 the rate of bone healing, or a
conbi nation thereof, of a subject by utilizing therapy that introduces
specific reconbi nant GHRH-anal og protein into the subject. According to one
aspekd ra@f oftdBe RELBEGr o dovitbiiakion thetdo€rof aisabjpetdyi wlididing ieerapysbatof a nucl ei c

aci d expression construct that encodes a growth hornone-rel easi ng- hornone
(" GiREpducesspéaificterenbibariBiRdiapdes pgtanafoethe sybit-eof in the preparation of
a conposition for, decreasing b fat proporti.pn, - Ql he conposition
is suitable fdrecoglE O aiSWg Otgtg%{lpges%lft ! Veglﬁl%rjl’et@?r? ls,\gw@]r?glr%l H% to anot her
asPel ofh hlRiPIGS bredsHACHkARL tﬁah%ﬁ&dbssa%&&whdﬁﬂnoﬁaq@euﬁﬁg-of a first

nucl erc aci d expression construct, a second nucleic acid expression
COoNndoftiGdie, ("GARIR) oD hectibmat bwdgicahequivddne thereban dtei mepagdtion of enposi tion for
decreasing body fat proportion in a subject wherein the caonposition is

sui teampesifiert for dpgreasing body éat prappItiongWheria t%mﬁf@aswowlﬁeﬁu&?‘ﬂe ?‘H e first nucleic
acid ﬁx re§sie§%n onstruct is suitable for encoding growth

hor sTieer Epesdls ag2 i

ne ("GHRH') or functional biological equivalent

thereof, wher eidioidify ®CmOMEr MipedtQIfShepresbnEKINEMEH] ORreCiOPSdVided! has an
encodi ng region of a regulator protein and wherein upon delivery of the

nol aheiigr of & \firdt whcleipl @idibxpréssivo cohstrusilsj sseand nuiskeiqradid cxpressioswi t ch nol ecul e

i s. capable of governing  activation of the regulato rotein. According to
anotoRe¥Iugs 588 2 Belepyiy T dRiths H’(‘FBW?‘E‘%?thi‘ [EPEe téonp’{of)@F‘if%aﬁlngt he use of a

S _ s RVBHHERSN § RRPETLTpEUPIEE M he use
FundbRb oYL PO TRE SER R, AT Rl B iy 7 on For

decr@as bNfheRQBKcil dhercH BB ATkt MiRleicacd Sxpdbseioh, conkimicelsnsuitiide €@nposition is
suitable for delivery into the subject. According to another aspect of the

pr e santding)\aow tho hormdnerreleasinggrasmpare d“GHRE Lisww  inchionslichielogictlci d expr essi on
construct that encodes gr owt h- hoy none- r el easi ng- _horpgne (" GHRH') or

f uncUPEyAlENt B}Peéff"gg i""’g’ﬁ‘leme \?eaqoﬁﬁt““f)(‘f@r B9t FERTSHan pcr"gg’&fpgﬁlﬁ% na%of a

composi t.ion. for i ' ' f At fein the
corrp%“szlf‘{dl1 ﬁe‘%lés% o%%&%@.@fzbeln?rgkeﬁg%?\%@%e@ﬁﬁ%d l(a:eel le;?“g# ﬁ{téhrg()l\sé\{lg}gj ect. According

t 0 aRkichelol@RERAED 1S subfeet, Heahslduldr RWwieH mokculé basapablsofgoseintgd the use of a
first nucleic acid expression construct, a second nucleic acid expression

consictivagion ofithe regubabdraseteiy switch in the preparation of a conposition for

i ncreasing | eg‘g {t;jgﬁclj o BS in a sog.tﬂ'lect and ?Orne'%hn etlfsleng:v? osition is
suitable for d&f %/ O PPt a1ppe Qffthe present invention, toere 18 p
the use of a recombinant growth-hormone-releasing-hormone ("GHRH") or a biological
functional equivalent thereof in the preparation of a composition for decreasing body fat
proportion in a subject, wherein the composition is suitable for delivery into the subject.
According to another aspect of the present invention, there is provided
the use of a nucleic acid expression construct that encodes a growth-hormone-releasing-
hormone ("GHRH") or functional biological equivalent thereof in the preparation of a
composition for increasing lean body mass in a subject, wherein the composition is
suitable for delivery into cells of the subject.
According to  another aspect of the present invention, there is provided
the use of a first nucleic acid expression construct, a second nucleic acid expression

construct, and a molecular switch in the preparation of a composition for increasing lean

body mass in a subject and wherein the composition is suitable for delivery into cells of

11




11 25 April 2006 the subject wherein the first nucleic acid_expression
construct is suitable for encoding gromﬂh-hornnne-releasigﬁﬁﬁ8¥ e
("GHRH") or functional biological equivalent thereof, wherein the second
nucl eic acid expression construct has an encodi ng region of a regulator
protein and wherein upon delivery of the nolecular swtch nolecule into the
subj ect, the nolecular swtch nolecule is capable of activating the

r eguhdubfecpvitreinnthe Aigg @neleid Gicldoexprugtibie tord&PaGE seifablelfer priceargt i nventi on,
there is provided the use of a reconbi nant
gr owrdwthdoppene-relersngshergone r (YOHRH") @uRAmctional abiplogicalgiegeivalettunct i onal

bacIapEa TS AP e iRl S RO BT BROR eOUER SRt or del | very
i nt %réﬁﬁat&%béﬁﬁand%ﬁﬁfem@a o RIG BE T ABARE B fBRAE BRSE | Nvent i on,

there is provided the use of a nucleic expressi on construct that
encedgsctatigmuoleduld ewitineelkealleashpupic dfactiwmag (thdIdRifator proteirunct i onal

bi ol ogi cal equival ent thereof in the preparation of a osition for

i ncreasi ng boﬁ@cﬁéﬁgﬂ?fﬂmﬁﬂémﬁﬁﬁpééﬁIﬂﬂﬁ@?@Wﬁ“@hem@@ﬁﬁﬁgiqﬁén is suitable

for deliv 0 ce the s [ Accor er aspect of the
or 6 4Ese1ER oot Care Pt orhie- SHALEE homastE Lictopy) AR, 270 °5c
exPragabd eaeﬂazteﬁ%amoﬁmsﬁe Qshaliiich VG SnhbsBivR rﬁsﬁﬂc:f?:ﬂsmé: %ﬁt ruct, and a
nol ecul ar switch in the preparation of a conposition for increasing bone

den$bdymhss ia a suthpetorheran thewhmpesitivnt ik euitblefosddiven ints tiewsubjattl e f or del i very
into the cells of the subject, wherein the first nucleic acid expression
construct is sﬂfp?rémgé()faa?thereaﬁa% Pﬁaleg?reaﬁﬁwnmﬂt%n@erﬁéf Be¥idsd- hor none

(" G‘Eﬁ s)% 0? nﬂéi&%ta&g%gé(reﬁ oglcggétﬁ@l! that e%g&iég ntwtfl-rflgxrn?&rfe 1%%%1@6\5\’}1 erein the

SECOI’] nuc s on construc S an enco gl on of a

r egubmdhce (PGAREMNor %&E&hﬂblﬂl@@i&ald&fulv‘é&hv thefeot hﬁh@?;lre%fdh@ﬁ ofWi tch ol ecule
into the subject, the nolecular switch nolecule is capable of activating

t he compapiticnt & jpresasig boke densdy rig 4 culged) Mdercas fectonglositios ipr esent
|nvent%§6%ﬁ%gere IS prov ded the use of a reconbi nant

gr ot @eﬁﬁp@éﬁﬁ?ﬁf ("GHRH') or a biological functional

equi val ent thef, g&fd rflg% mﬂ&h&-ra%ﬁ)%ﬁgf lh%}p%%gfm%&%ﬁ%&ﬂa?@ {og{qfh“”eas' ng bone

density in a su e Cco fon 18 suita or delivery into

t he tigUiNeastta fitst ﬁu@éc ABidi dxprdién beand] Agedond OtREk] tioRf the present
invention, there is provided the use of a nucleic acid expression

consensyott, eihe neelewdis switcly i Wiehprhparatimeof & kerapdsitpn for increasing
bone density in a subject, and wherein the composition is suitable for delivery into the
cells of the subject, wherein the first nucleic acid expression construct is suitable for
encoding growth hormone-releasing-hormone ("GHRH") or functional biological
equivalent thereof, and wherein the second nucleic acid expression construct has an
encoding region of a regulator protein, wherein upon delivery of the molecular switcﬁ
molecule into the subject, the molecular switch molecule is capable of activating the
~ regulator protein.
According to another aspect of the present invention, there is provided -
the use of a recombinant growth-hormone-releasing-hormone ("GHRH") or a biological
functional equivalent thereof in the preparation of a composition for increasing bone

- density in a subject, wherein the composition is suitable for delivery into the subject.
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hormone ("GHRH') or functional biological equivalent thereof in the
preparation of a conposition for increasing a bone healin%sﬁaﬁbmﬁﬁ a

subj ect, wherein the conposition is suitable for delivery into cells of

t he subject. According to another aspect of the present invention, there is
provided the use of a first nucleic acid expression construct, a second
nucl ei ¢ acid expression construct, and a nolecular swtch in the
preparation 0ofAceoi@ignesinbtheashedt off i waghNventiohOMhereliepldvitedr ate in a

subj ect, and wherein the conposition is suitable for delivery into cells
of tthreussgbp aueleic apid caprassidneconstrust thairicedes agrdvihdepnewselspsiednst ruct i s

suitabl e f 1codj.ng. gr hor none-r el easi.ng- hor none. (" GHRH") or

fun Fﬂﬂﬁﬂﬂ%ﬁgggbPﬁgwg“gﬁﬁﬁ%gﬁgﬁ{e@?ﬁﬁ%%ﬂ?“ﬁh&?@?ﬁ“@ﬁ@ngéeggb nucl ei c acid
expr, L O : t i : I . Or- protein,

e B e B b e B P he b ect

t he soindbdciol delivemi ihiohelindiahedubdidcs capabl e of activating the regul ator

protein. According to another aspect of the present invention, there is
provi ded t he Afserdig ta appfbercdspeci Of dheaxpreakigveionotheteris provid¢dt encodes a

gr owt h- hor e-rel.easi ng- hor.none (" GHRH' r_functional biologica
QU L HEl BT el R RRR PRrai orend BBt R SRal Fer 1 ng 1 ean
body.oRasst, ki & nRHRLRE bwitMRI BE PrpHRaSHLeL boBpRitRaShbPMhcrthsing Re GHRH or
bi ol ogi cal equivalent is suitable for increasing | ean body nmass or
dec bemsheaging ctky inf sadubjeco pod tvherain thecorudsitien s fuiteble dorpiedivéry dmoi s sui tabl e for
delivery into 6 a tjssue of the subject. According to another aspect of the
pr e Sel o) the spipdnwhergia the figst mpeloicpsyl expresepn comstrigiip sridgblyforsegl D No:  2;
Segl -3 egl D No: 4 .| 5 by 2006 03/ 038112 PCT/ US02/ 34275
BRI ﬁ%%@c%f%‘%d%) %‘—mﬁ:ﬁe%ﬁfﬁ&%[ 6%%%%”%%&&1&%8’%3% %ﬁlngs form part
of teh@valERS@Rfeos PRRdEinCAE! QRN GuAER adid Cxpdesod QodstriabinBis dgnONStrate
certain aspects of the present invention. The invention nmay be better
undensdogdepyn pEh esgoiate prateinpwherinmpor ddfverhefSthe dnalatulgsswitechconbi nat i on
with the detailed descriptign of specifjc enbodi nents presented herein.
[ oo@tﬂleoplecméﬁa s@iEshes therfpolg %swakeﬁ awé@a{?éﬁe@agk @ﬁwa&ngf cti onal
-~ bi ol_ogi.cal i val ent thereof. Al nutant sequences were obtained by site
djré%%gﬁﬁmwﬁgggenesis of the porcine wild type sequence.

According to another aspect of the present invention, there is provided

the use of a nucleic acid expression construct that encodes a growth-hormone-releasing-
hormone ("GHRH") or functional biological equivalent thereof in the preparation of a
composition for altering lean body mass in a subject, wherein subsequent expression of
the GHRH or biological equivalent is suitable for increasing lean body mass or
decreasing body fat proportion, and wherein the composition is suitable for delivery into
a tissue of the subject.

According to another aspect of the present invention, there is provided a

- peptide comprising: SeqID No: 2; SeqID No: 3; or SeqID No: 4.
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[0031] FIGURE 2 shows the body weight of SCUD mice that We{lf infected with
7.5 mcrograns of pSP-GHRH nutants. [0032] FlI GURE 3 shows é %3)6
conposition of SCID mice that were injected wth 7.5 mcrograns of plasmd
expr ESSI n ei t her one of the GHRH nutants or a pSP-beta- gal act osi dase as
controlW ? Y6852 FI GURE 4 shows the bone area of SC DPRIEFEPHEE were
injected wwth 7.5 mcrograns of plasm d expressing either one of the GHRH

mut ants or_a pSP-bet a- i as control. [0034] FIGURE 5 shows the
| GF-BRIEK RES Pk@@%@ﬁ%ﬁﬁﬁﬁ%i njected with 7.5 Fr:ﬁg)r ogr ans of

pl asm d OPSSITH fElldwR diPwie fonh'ﬁrt@ﬂ% @ntspecification pil-doet a-

gal act osms]; as_control". [OOiE'lSO RE 6 ;Iprf;vw ?ﬁ[}?c.herratl c of the

mi f dpely deménﬁ@pi@mwteww ¢ PREY IESpipy BRI myobl asts in
ovitr ' edFald Jigvehbiaatcaraduhd ch(r) system
wor kbg bﬁ%ﬁ%&@&g&%%uﬁftg?%g %1%%33 eéﬁlﬁccl)lggﬁs]g for the GeneSwi tch(r)
regdeaﬂﬂidemr@umoistdﬁC@mbpmn@Bremﬁedhélfemyeast GAL4 DNA bi nding donain
("GAIN"), truncated hurran progesterone receptor Nand-bi nding domain ("hPR
LBD"), t| Nf.r buné PgRAoME- XB (" p65") .
The prot Eﬁbr?%f synt hesi % gfs? %Iﬁlﬂuls Hgglt%l %ﬁﬁoﬁmﬁ gl ndi ng f m f epri stone
t ri geelogicah eqoindlan nﬁlteneofnaIAIl mln.amyeseqlMCESI werd soltained c by \siie |4§fﬁ

dinerizati On.c Acti vat e dimers bind to GAL4 sites in the i nduci bl e

pr orfBvagencsi Pt die porre; PSR > OO D S gene. 12 25 April 2006 WO
03/ 038112 PCT/ US02/ 34275 [0036] FIGURE 7 shows the function of a

m f epri stjeosaj de FEGURE 2 sh&leHHe%dpﬁmghtaﬁ@@Dmmwem ipjedwerbwigh myobl asts in

V|tro Norther sis of inducible GHRH constructs. Prinmary
chi ck éé)ﬁ’glvl):g’{}!@[&@’é‘ Te obtained and transfected as descri bed

previ ously (Bergsma et al., 1986; Draghia-Akli et al., 1997), with 4
m Crograr[mzrz; a FIGUREY shiows the Body m@am@ofcsﬂm iR Tihectedh d

GeneSwi t ch(r) pl as pGS1 speci fi S etic pronoter
(Li with %P n%crqmyao hsmﬁﬁ%%r%gﬁf %8?%%'?@?‘"% PSPl
bet aqagggogggsggg ?ﬁa(err) (err)gal, is used as a negatlve control. As a

positive contro wer e transfect ed with a constitutively actl ve
pSP- GHRH const ruct Dra hi a- AkI i I 1999 In the e, =
non- trans[ﬂ%’iﬁﬂed B6 wythie be ﬂ%ﬁﬂ‘%m té‘ﬁfwlf"?’iedp‘ﬁﬁﬁé gal
const UGt ms %E %ﬂé" exp&?éﬂgseﬁl{eflrb'ﬁé et &d @HRH fuf8RSl huisPvety active GHRH
constr é;\ B

galactosxdase as control.

o=

[0034] FIGURE 5 shows the IGF-I levels of SCID mice that were injected with
75 microgtams of plasmid expressing either one of the GHRH mutants or a pSP-beta-

galactosidase as control.

[0035] FIGURE 6 shows a schematic of the mifepristone-dependent

GHRH/GeneSwitch® system in primary myoblasts in vitro. Plasmid structures and
- schematic for how the GeneSwitch® system works are Mlustrated. Plasmid p1633 encodes

for the GeneSwitch® regulator protein, which is a chimera of yeast GAL4 DNA binding
domain (“GAI4”), truncated human progesterone receptor ligand-binding domain (“hPR
1BD?), and activation domain from the p65 subunit of human NF-xB (“p65”). The protein is

synthesized as an inactive monomer. Binding of mifepristone triggers 2 conformational
change that leads to activation and dimerization. Activated homodimers bind to GAL4 sites
in the inducible promoter and stimulate transcription of the GHRH gene.
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m fepri stone was added to the culture nedia; and - MFP = %%@P&;Zé e was
not added to the culture media. Ethidiumbromde gels are
| oadi ng controls. [0037] FIGURE 8 shows that the m fepristone dosing

i nduce IGFI levels in SCID mce that receiv i e

adm ni 2\”@3@% of GHRH GeneSwi tch(r) plasm ds. Val ugngﬁ@fsggIésent ed as
fold activation over control |evels. The area under the dark 1|ine
represents nor ma Lt 2 8 eIs dwd s. The table
cont ai ns 190381 p ﬂggﬁ%@saf Y"Ke%?end@ Dhehkd %g'!d{}% %@f}s Cv. Aindicate
co RGN NERD AR Brimbrd @mtsvmtm& hexrc(xﬁmgalblotcnnbm oCt versus

ani ma:s Injected with the IS + MP HWO&] i ndi cat e C"go i son between
ani niadusiblen | (@dREd codstrircts. h]eﬂmﬂS’vﬁhtC a%thad‘fmé hEes ng’é‘{ FI GURE 9

sho il W LN GodR; DRLRRIAK $48L., d ,MR}I nduct i on.
Ave\rl%asefhc\%cel gﬂ%%ﬁ’g? asegstly iaJlgglijnéeicte m _ce upon chr oni ?])aﬁ éatl on of the

GHRHAGegaBwiof @ 104 yizystof indfciblp GEREDEPER 17780307 GeneSopeh® @ the increase

| B85, RS ol el 80k 0 Sy oW RS @noaf (o ary vl o
' &%ﬁgggé\%&?%ﬁﬁgﬁﬁgﬁ mdﬁazzw Dguive ehttmhlﬁsﬁalrpcmtwa e erfornmed

ei t hre traséocted taweeiﬂam é@ﬁ%nﬂ @’%Wﬁ%e@?p) or

POS FaTBE BET 9% IMrra AR PAMYL. LM et itlpompilidibuals; | e body).

Lea € masSs’ I's signi I ncreased ( <0. 022 13 25 April
200669!@593&038&1&&@&3&&5@%&42&5@6@&&%@ @ml@nm@w 5 nproved fat

body ss/ total chron ch(r) mce.
© Fat ‘Hg%V‘s'i?ﬁ%g’?s "tdé‘\?,@f’%%eﬁ“g‘ﬁ? @ %ﬁ@ﬂ%‘%jﬂgﬁ %g&f %li%l%er under
anes@ﬁﬁﬁlmaﬁﬂdmnm&maé@km&wedmio@@c&hmh) or post- nortem (organ,
carcass, body fat, direct dissection of the body). Fat body nass/ total

weight is signif dec d Jn 1 ed a 05). [0042]
FI GURE 1308¥dws Elﬁm%r‘%ﬁ@e b ﬂ’}d@wﬁ’% ngd
G*Wa%@‘%ﬁvsé]@“&hae Wt GeceRONQ BiER mﬁﬁidﬁ:ﬁmnéﬁ GRREEGaeSHich®d ei t her under
anesthesia, at day 149 post injection [; T{I, ) or&ﬁ@hﬁg&g&em (organ,
car cpiaxmdbdﬁl;uefatpresqmtqdetfoﬁﬁcme’épﬁﬁcm e %h%ma is increased
by PL Xl nus fq%\;ﬂ 1 40120 Whe tedbie donGiBAlREl M ner al
cont rePlﬁseé rncc)’ﬁ[gacla%%y I‘nduce k%ﬁ%:/@neSwtchfr) m ce. Bone m neral
cont ahes fenserinineat peake T pevaluos Fevl Aiindisre comparison between animals

injected with the B-gal construct versus ammals injected with the IS + MFP; Cv. B. indicates

comparison between animals injected with the IS with and without the MFP.

[0038] FIGURE 9 shows the enhanced weight gain during a chronic 149 day
MEFP induction. Average weight increased in injected mice upon chronic activation of the
GHRH/ GeneSwitch® system (* p <0.027).

[0039] EIGURE 10 shows the increase in pituitary weight with a chronic 149 day
MPFP induction. Pituitary weight / total body weight in +MFP injected animals (* p <0.035).

[0040] FIGURE 11 shows the improved body composition in chronically
induced GHRH/GeneSwitch® mice. Body composition measurements were performed
either under anesthesia, at day 149 post-injection (“PIXImus”) or post-mortem (organ,
carcass, body fat, direct dissection of the body). Lean non-bone mass is significantly
increased (* p <0.022).
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under anesthesia, at day 149 post injection ("PIXInus") or g)%z)t gﬁéﬁgem
(organ, carcass, body fat, direct dissection of the body).2 ki er al
content is increased in induced animals (* p <0.002). [0044] FlIGURE 15
shows the secreted enbryoni c al kali ne phosphat ase ("%I'Elﬁp"?ﬂ@ﬁl asma
concentY8OVSH1%n pigs at 0 to 7 days post-injection. POIFPBPER needl e-type
el ectrodes were conpared with calipers electrodes follow ng the plasmd
injection into the nuscle. In the figure, I\g: Si/x n edlg array el ectrode:
21 gauge [00dHI e FIGEREMIP eshgFh therduproues &% Body BwSY. QPR IEEEY Urray, N3 =

t hr eg- '@mﬁﬁ;@ i | i &7 tordl dinaRudaiypasier m ¢ needl e,
21 g%ﬁ%qgc?ﬂ’éﬁ%‘%reﬁengt ; é{i;ﬁs(;m{&}{@;ng%l :Pgte?ﬂZI ectrod Id square plate

- 2's
el ectwere peforniedSeithen undet nuegbesinat da rP%?mﬁeqi@eg‘PQg@“g’b 5 POMdi cated At 7

days stz injectio 04:006::f ar: . %&%/Q&g £100V/ 6 pul ses
grouB’ggﬂ%KﬂﬂgaﬁJ’ %*ﬁo@@@bﬁ%ﬁ%@&% 6ﬂ%8P‘§é§g téroup. 10045] Fl GURE 16 shows
t he hegyfisneilpdicmased ipndiged mjiredt Bd <@030 days of age with 3, 1 and 0.1 ny
of pSP-HV-GHRH or vehicle. The greatest weight gain was achieved by pigs

i njected W t Qse,: Wt h aj i stical Malg g di fferences
fromthe [w@{ﬁnt rtﬁé“g%;{?ls O?Vsrrethepgfcn aieht %‘g[%e%]‘g%ﬁ& L(:Bﬁ%% k i!\n/gl?cggs are means
S. FI CHRHGa¢Switck¥URick 7 Bohe Wseat h&aslamk;enta.eiggiet gzrbirmpd cpithérn; ed YM th 2 |
mlligrang o - HV; GHRH w14 and 21 S i mal injecte
at 1ane€$§ﬁgf§s @fiaﬁgg ‘P?BWE&“%@%&RB%] pr E‘ﬁg‘é‘%ﬁné%‘%%%é%aﬁs? B 02/ 34275 t ho
gr ealgst diweiiah bf $habody).Hoat ks  Biodhsyd By PR@manfpf<iodd6he controls at all tine
points tested (p < .02). Values are neans s.e.m|[0047] FI GURE 18 shows

the plasma | GF-1_concentration after, direct intranuscylan injection of the
~ di  f er ent[083int i BRI {4 ghews (e ingtpased BYRS ﬁ%ﬂt%mug’? duéref‘gans s.e.m 15

25 %ﬁ%ﬁ%@?@%ﬁé% (RRFAUSAR68 AR dRrdneRd| e pBlisaRl EfttseN OF PREFERRED
EVB 0048] O her objects, features and advag%gagles of the present
!

i nventdepanashiia, abdepitd pessijestan ¢PEHMIRY T RIHRPHRT fatf*Hescription. It
shou Ibgdngt, HRde crh?sEcQBg of iR W65 Bone mineral content is increased in induced animals

(* p <0.002).

[0044] FIGURE 15 shows the secreted embryonic alkaline phosphatase
(“SEAP™) plasma concentration in pigs at 0 to 7 days post-injection. Different needle-type
electrodes were compared with calipers electrodes following the plasmid injection into the
muscle. In the figure, N6 = Six-needle array electrode: 21 gauge needles, 2 cm length
mounted on a 1 cm - diameter array; N3 = three-needle array device: two solid needles, 1
median hypodermic needle, 21 gauge, 2 cm length; and C = caliper electrode: 2 solid square
plate electrodes, 1.5 cm. Voltage and number of pulses are also indicated. At 7 days post-
injection p <0.006 for N3/ 200V/ 6 pulses and N6/100V/ 6 pulses groups, and p <0.0035
for N6/200V/ 6 pulses group.

[0045]  FIGURE 16 shows the body weights of pigs injected at 10 days of age
with 3, 1 and 0.1 mg of pSP-HV-GHRH or vehicle. The greatest weight gain was achieved
by pigs injected with the lowest dose, with statistically significant differences from the
controls at all time points tested (p <0.02), Values are means + s.e.m.

[0046]  FIGURE 17 shows the body weights of pigs injected with 2 milligrams
of pSP-HV-GHRH at 0, 7, 14 and 21 days of age. Animal injected at 14 days of age showed
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that the detail ed description and the specific exanples, m@%le ﬁg@i ating
preferred enbodinents of the invention, are given by way App ation
only, since various changes and nodifications within the spirit and scope
of the inventigon will becone apparent to those skill in.t art from
this déwgwwgﬁrﬁescription. DEFI NI TIONS [0049] The tgﬁﬁw&@3¢%§ "an" as used
herein in the specification my nmean one or nore. As used herein in the

claim(s), when,used in conjuaction wth . LSh pg<, the words
"a g}e gTeaHet Yrigt %%ﬁ%%ﬁg"rd%??ﬁ%ﬁf”ﬂ ¥ %oﬁéobgﬂﬁ%gﬁdﬁﬁer éelk%a cbgnot her" may
meang ot viigask neasee0Rch. or nore. [0050] The term "any range derivable
therein" as used herein neans a range selected fromthe nunbers descri bed

in the specification, and "any jnteger {vabl e, therein" .. pRans any
“integer b@MBen BIGURE, ]rsaﬁ]@‘é"!’"y[dé?oﬁ’%%m?hﬁ%rcr?\m%%ﬁ'%ﬁh%s dﬁé%d her ei n

i ncl ydes : R 1 JTEP HVIGHIGH uériktrhot. idwebisei ng pepti de
fragnentgég%rgﬁ%ﬂ?ﬁgﬂﬁﬁ as ﬁ%ﬁgﬁgﬁﬁ{ggng No: 1), TI-GHRH (Segl D No: 2),
TV- Gerhs(1SehD No: 3), 15/27/28-GHRH (Seql D No: 4), (1-44)NH2 (Seql D No:
5) or (1-40)CH (Segl DNo: 6) forms, or any shorter formto no |ess than
(1-29) amino acids. [00521 The term "bone density" as used herein'is
defined as the density of mnerals in the bone as neasured by a standard
means in the art, such as x-ray, MR, dual- energy x-ray

absor bi t onet ry(DEXA), or any advanced inmagi ng systemin the art.- [0053] The
term "cassette"” as used herein-is defined as one or nore transgene :
expression vectors. [0054] The term "cell-transfecting pul se" as used
herein is defined as a transmssion of a force which results in
~ transfection of a vector, such as a linear DNA fragnent, into a cell. In
sone enbodi nents, the force is fromelectricity, as in electroporation, or
the force is fromvascul ar pressure. 16 25 April 2006 WO 03/038112

PCT[ US02/ 34275 [ 00551 The term "codi ng region" as used herein refers to any
portion of the DNA sequence that is transcribed into nmessenger RNA (nRNA)
and then translated into a sequence of am no acids characteristic of a
specific pol ypeptide. [0056] The term "deliver' or "delivering as used
herein is defined as a means
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of introducing a material into a tissue, a subject, a cell g 2%00

reci pient, by nmeans of chem cal or biological process, ]2 m Xi ng,
el ectroporation sonoporation, or conbination thereof, elther under or

wi t hout_pre [ 0057] The term "donor-cells"™ as u n refers to
any ce|‘i"§°?’ts1’§ 2have been renmoved and maintained in i&d/{lgt(gpgngtate for any
period of time outside the donor-subject. [00581 The term "donor - subj ect™

as used her ki ngdom wherein cells
haveDE% @Wﬁdﬁcﬁgﬁlmﬁm@@ ate for any eriod of tine
out si de tfRspubjGihte oB;Q&é%rﬂi’@s:fﬁdi‘ﬁdﬂanw dfr thg npreseic xgyen'ttmu I : c gci gl
expressi on construct S ,us rein rs.£,0 a,su ntlar y doubl e

st r abréewe MRAERTTeE thedo W‘%H‘f%&’& ‘fePFé‘P () drmymd"ﬂ%mﬁ}eﬁ ¥3t2d by any

Sta TRk s %ﬁﬁnoqxd MR8 NpedifitO WRarhpslest hiler Indichtihg S pieerredmbodi nent s t he

ragment or expression construct |s generra’hed by .restrl ctl on digestion
of ae ts Brfjaherbivensioneare Biven by s ofillyspidans i SPeg Yasious chagges essi on

Cs Sl odiclons B 62 AN\ 250 bt e GA0hBh S B0 bt BiaNgeab!

AItho e par e any standard nol ecul ar bi ol ogy DNA
reagﬁﬂbdm@aﬁmehbdﬂaﬂeéd@sgn};mhg parent DNA nolecule is a plasmid. [00601
The term "el ectroporation” as used herein refers to a nethod that utilizes

el ecb@lﬁﬁi l{@ﬂl ges to deI iver a nucleic acid sequence into cells. [00611 The
ter el'ec cal pulse" and "el ectroporation” as used herein refer to the
adni ni st r{é@49pn dIheaeme'laé@tFanl&aiuscdﬂuemmmthbsmcﬁﬁ@méﬂﬁm@éw°For t he purpose

of taking u AUC I " rartisan

r ecotfifez u?eﬁ%er%lggg qﬂ?@mnﬁe)&ggglo%flgg&gm%ﬁ%hé lg&t&gllrlﬂrrdtssﬁ pul sed el ectric
- fi el the worldl"g'edt "anlrigtheatl @vé cerhoraten bpul.&sa:smbhetragémdmf’dmymem skill ed
artisan recogni zes that the anopunt and duration of the electrical pulse is
depe asgfend PHEIOK: ssue, size, and overal | health of the recipient

subj ect, and furthernore knows how to determine such paraneters

enpiri Cal husRLN PR Aihi"nPREgE Wﬂ@&m&saﬁa& hiSeiA/ B’ 6 f1g062] The term

encoded GH as, us erel hi ol ogi.cal.l ol ypepti de of
G%Rkﬁe@@éégmthﬁéumﬁ?@ﬁaﬁéﬁ'éﬁﬁe F2HPBGIE Y et}g %‘/P?ethﬁemmRH as used
“her ej has a distinct am no acid sequence froma
E@Qgs@gn %%'bxmat fblRa R

wild I'ypepti de | e sinultaneously having simlar or inproved

bi ol ogi cal activity when conpared to.the
J [0051} 'Iheyterm “analoggp as used herein includes any mutant of GHRH, or

. synthetic or naturally occurring peptide fragments of GFIRH, such as HV-GEHRE (SeqID
No: 1), TEGHRH (SeqID No: 2), TV-GHRH (SeqID No: 3), 15/27/28-GHRH (SeqID
No: 4), (1-44)NFH, (SeqID No: 5) or (1-40)OH (SeqID No: 6) forms, or any shorter form to

.10 less than (1-29) amino acids.

[0052]  'The term “bome density” as used herein is defined as the density of
mminerals in the bone as measured by a standard means in the art, such as z-ray, MRI, dual-
energy x-tay absorbitometry (DEXA), or any advanced imaging system in the art.

[0053]  The term “cassette” as used herein is defined as one or more transgene

expression vectors.

[0054] ‘'The term “cell-transfecting pulse” as used herein is defined as a
transmission of a force which results in transfection of a vector, such as a linear DNA
~ fragment, into a cell In some embodiments, the force is from electdcity, as in

electroporation, or the force is from vascular pressure.
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GHRH pol ypepti de. The functional biol ogical equival ent may 1y
occurring or it may be nodified by an individual. A skill gg&f&??@@fﬁ

recogni zes that the simlar or inproved biological activity as used herein
refers jlitating and/or releasing growth hornop of.her pituitary
hor rmne‘é’8 &&gﬁzl | ed artisan recogni zes that in sone Eﬁyﬁmzﬁﬁqﬁ t he encoded
functional biological equivalent of GHRHis a poI ypepti de that has been
englneered to ntain_ a dlstlngt a aci guence i i mul t aneously
havi ng sil%fhr gﬁ%e oRPems TERIR (?tjl“éﬁfﬁ?i gﬁ v@%r?oﬁu\g@rrﬁg?%ecsi to the GHRH
pol YBRA!: nce'\@it@ﬁéas&%&%tb EhedsBie ARINAL § ﬁ:RM‘Ii)galudel&lh wndhedimmaquence i ncl ude
site-direCted nutagenesis., [0064]_Th term GeneSwi tch(r)" (which is a
reglssmen@wfammmwaeptewempgcﬁcn rI i ngame, CA)) as used herein
refers to the technol ogy of mfepri stone i nduci bl e het erol ogous nucl eic
acid seq GREFS Ghi el R @i dﬁiégtﬁlﬁédh%%defmmlaeﬁbahs bi ol ogi cal
equi val eﬁ co |na |8n %ereofV ch a technol ogy i SChCé.HHtI cally

di agefamediucingia Eia@nﬁ@tQAt!SSAe@IﬂlbﬁCéd celf o1 @armm% ti progesterone
agent erpatiyves S Qﬁhﬁl d n&;ln’tlﬂ"laﬁ&i onapri st one,
ZKll‘fgg’@f@?; ?ls’ %F°§a pr e%negﬂ(r%ggp Otlg [0(?565r The term "growth

hor niheest, c{ﬁha-ﬁn)iemmﬁautﬁmmn is defi ned as a hornone that relates to
grovvth and acts as a chem cal nessenger to exert its action on a target
~cell. eC| o enb di megpt, 1B hVeBRSEd byt he action
of growt 1&'5 3? At o%%ﬁégk&%ﬁ&@%r%t reowth hor none

rel eﬁﬁ-b%ah@hﬁm%edﬁnﬁﬂﬁs)amrm@dnodﬁmmumded@fdonwu gcta hor mone t hat
facilitates or stimulates release of growth hornone, and in a |esser
extent other pit ar orrm €S, such C erst ood t hat
the GHRHIO 0{8]1 cﬁ%\)‘/ %ﬁrﬁ@t i %’%af %WO%P%)C(E]&I csoale‘geiqw val ent are
bi ol %ﬁ%ﬁﬂg&orﬁ%ﬂe&éﬁl ceﬂ]@ﬂa@:Z]be@ﬁmbﬁd@ndhﬁi:ﬁﬁﬂéd)gmbﬁnmdtefoa aggi d sequence as
used herein is e& as a DNA sequence conprising differing regulatory
and E@ﬂ@d@%@lﬂ@@m@ ct. 18 25 Aprll 2006 WO 03/038112 PCT/t 7S02/ 34275

[ 0068] The term "l ean body mass" ("LBW as used herein is defined as the

mass 591 bo Alﬂq?;hc;ﬁté rhialiestid ﬁ@d‘bnfcﬁhstﬁlttgssma<$UCh as nuscl e.
[0069] Th[ termdnﬁggﬁnglmelg cefll 4 1 2

as_use ﬁﬁqe}r&t@) defl ned as the cells
fronh@fem@jfbf e substantiafipdanblgstranded PNhaple Thﬂ i nt roduced
| 0Lt BRI byl gﬂ%dﬂaenb%ﬂ& BB e @R Glths ‘st ld@:ﬁd herein refers

to a onor -
: embochments the DNA fragment or expression construct is generated by restriction digestion

” «

of a parent DNA molecule. The terms “expression vector,” “expression cassette;” Or

“expression plasmid” can also be used interchangeably. Although the parent molecule may
~ be any standard molecular biology DNA reagent, in some embodiments the parent DNA.
molecule is a plasmid.

[0060]  'The term “electroporation” as used herein refers to a method that utilizes

electrical pulses to deliver a nucleic acid sequence into cells.

[0061]  The terms “electrical pulse” and “electroporation” as used herein refer to

the administration of an electrical current to a tissue or cell for the purpose of taking up a
 mucleic acid molecule into a cell. A skilled artisan recognizes that these terms ate associated
with the terms “pulsed electric field” “pulsed current device” and “pulse voltage device.” A
slglled artisan recognizes that the amount and duration of the electrical pulse is dependent on
the tissue, size, and overall health of the recipient subject, and furthermore knows how to

determine such parameters empirically.
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t hat harbor a GHRH encodi ng nucleic acid sequence. [0071] g??‘gt?é@ﬁ
"nol ecul ar switch" as used herein refers to a nol ecul e t hat” ¥ I ver ed
into a subject that can regulate transcription of a gene. A skilled artisan
recognizes that there are many such switches known in the art, such as a
tetracy‘ggio?{g“y\ﬁ tch, a zinc finger swtch, a gl ucocBFT’bé"&Fﬁ”gvm tch, and so
forth. [0072] The term "nucleic acid expression construct” as used herein

refers to an pe of _genetj truct, conpri si - el ei.c aci d codi ng
for a RNAOMOEhap|lEe dFmbe ?Ffj‘ﬁe‘jjt?%ﬁg%fiaf)é’&?d %ﬂg'gt%ram%%éo%ﬁ%sga{éﬁ vector" can
al sgpdg)@e#@ggf@mi;changeabl y herein. In specific enbodi ments, the nucleic
aci pressi on construct conprises: a pronoter, nucl eoti de sequence of

a

interest; and a _3' untranslated r.egion, er.el he pronoter, the

nucl eot i d&68kquelie éerest f?‘}?ﬂ%qai_*?l,og‘ %%%'Ofmﬁ%%@g‘?fe?éﬁ on are
Ppte;féysp%éﬁﬁd‘é thde BEE9 disBAE abdho RideGARELESHONWI tybb GHREIpehpépdd: sequence of
in

st 1's regul ated by the pronmoter. [00731 The term "operatively Iinked"
as uwkl sredeisousleheving leﬂ%loén@mogeaobmlo&lﬁl AeHvIRY @@ﬂ% rompard OIS aci d” sequence

t hat | l:nk b Y (R Vol M RTIAYA Qﬂ){&é]? c,,nl,',%c&x"t on. The

el engﬁ?Z{ 87 Sﬁt?dﬁbm%ggﬁ%?ga%é& Q&%va;ﬁg%rfﬁa?r\bgr acte .?ched_ by a1 complishing a
desi maybopedifid lyrnn individelr Acbded arddn bapognirss gt thedimlay or BRIAVEd i n the art
that,.if .is not necesgsar r [ | eic acid
soquEreE-S BB P e paherieR, o TR andlogdhbct st bimBalUE) U1 E, SO

[ 0074therPitdreliotmone) A slkilleglandsametagnizésPhaGl) sommsmbodidienis thsiencaded er s to a

bi odggr adghl.e pol yner.of |- am c_aci d. | | use as a
vect Cqﬂ“ﬁgﬂﬁﬁWLFant Bkl&’%ﬁﬁ%]aeprc’%ﬁ'ﬁq‘gﬂ gg%tlﬂé?vl\’n%%&@e%eé (kel&out

el ectdnpmPt istitn -anlifD 48d. sdduend: ewlile “shadtandonsle bivimpniimiler arsiegrdved ein refers to
atinme period folJ]lowing  the i ductian aof clei¢c acid cassette (that
cont-@h@cﬁmW?Pﬁ@éF‘éﬁ’é %ﬁpﬁg&y&ﬁ%gﬂﬂt@ﬂ%gﬁoﬂﬂ m(ﬁf@&(‘ﬁ functi onal

bi ol ggt %I %q%%ﬂh&rﬁcwdg%&g&}maﬂh@ggn&@;_ceI | s of a subject and 19 25 April
2006'9[%\%Q 37038115 PCIJ US02/ 34275 the al | owi ng of the expression of the

encoded gene to occur while the jfi,ed cells are i t.hin the |iving
or gani sm [0§§d76] TheHerm é‘aﬁﬂe‘sﬁl'ffg‘gmn@'ﬂmgés 1 SR terRd, EAdamps fiwﬁjéa'ésneral ly to a

. . ) . Celh ¥ ¢
CONS ol BB B SRR Iids 610Dy 0F BbAGABLGIEEE, Usual |y of a

circula of” DNA'that can replicate I'ndependently of chronosonal
DNA. hétbralogousispucleic fcidgvequensest brsodiog  reguiajorh proteyase (CHEHy durgp@l pl asni ds are

doub Li%io%fcgl %crl]ucll\%?enpo\lﬁ LR &e}egf.it Sulfy & Wchlodd i€ selEfAt e dabRed
in FIGURE 1A. A skilled artisan recognizes that antiprogesterone agent alternatives to
mifepristone are available, including onapristone, ZK 112993, ZK98734, and 5o, pregnane-
3,2-dione.

On

[0065] ‘The term “growth hormone” (“GHY) as used herein is defined as a
hotmone that relates to growth and acts as a chemical messenger to exert its action on a
target cell. In a specific embodiment, the growth hormone is released by the action of growth

hormone releasing hormone.

[0066] ‘The term “growth hormone releasing hormone” (‘GHRH) as used

herein is defined as a hormone that facilitates or stimulates release of growth hormone, and in

| a lesser extent other pituitary hormones, such as prolactin. It is understood that the GHRH,
the recombinant GHRH, or a functional biological equivalent are biologically active.

[0067]  'The term “heterologous nucleic acid sequence” as used herein is defined

as 2 DNA sequence comprising differing regulatory and expression elements.
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chl oropl ast DNA, vyeast killer and other cases are commonl

[0077] The term "plasm d nedi at ed gene suppl enentati on” as used herein
refers a nethod to allow a subject to have prol onged exgosure to a

t her apeWPi%%#B%ge of a therapeutic protein by utili ZFNKYSRMIE eic acid
expression construct in viw [0078] The term "pul se voltage device," or

"pul se voltage injection deyice" sed rein rel ates t n appar at us

that is d8ds8 |em%§qaﬁg°<§fm%@§@4’ﬁﬁf&i? W%%q?%F%”%%Sﬁml ecules into

t he SfetH@od% A RAIRY n6Tat idsdGuéh ds@@ddlé.zed pul se of electricity to
cells. e ce

t he I menbrane then destabilizes, form ng passageways or

pores. Conventional devices of this type are.calibrat to allow one to
sel ect or[0869] ustTherterny dapditied ceds t%g‘éﬂdali"?’ﬁq‘?ﬁfg:ém%énﬁf tthﬁéggé’iﬁ’fna?i on of the

pul 5%?>ie¥t%a&ﬁ%%£aﬁgh‘£ﬁo%ﬂmre% a%i%ién@é‘ﬁﬁo&fceﬁn%@@eﬂym tage device is the

capa‘% ry o device to Itate delivery of conpositions of the
invention, particularly |inear DNA fragnents, into the cells of the
or gani smPOOY9] Thesemefmodifiddedonprrelisi ek bisddercisreipsdg MEAUOREf ers to a

sequgnce ,of t hat. t vpihe W ains a bacterial origin of replication,
and aic)l'ﬁflfoé?Fﬁﬁgﬁ?cp%’f‘%%{?&é&ca%gl%@?%%n gene, which are necessary for the
specific growth of only the bacteria that are_ transforned with the proper

pl asmi d. [BOMRVerThetthrer Emaleailyplsuisthl’ ds psed dlefetndrefrnto- & molepdasthat hat | ack bot h

the antibjotic resistance gene and th i Qi - | L (parquet et

al . 5‘%@,—9& b l?‘étttﬁ"étca%f'e.gfaatfglﬁ@?g@(%%# ?é‘lfnge?‘ %Pl.eii %@3@@%@ use of in

Vi t T ghapiBk bk ingély each s @ticieORnownds thie drt, sDiFes @itetracyvbine switchil zaw fingss si on syst ens)

" avoids, the risks soc/l at ed .(}Erh viral vectors. The non viral expression
systé‘!‘iﬁi’ﬁ%&&q{?o@ﬂ‘ﬁ%lap Son‘e'g | ow toxicity due to the use of "species-

specific" conponents for gene delivery, which mnimzes the risks of

| munogenpfidy  HRNSmaFdudleR 98id ipistioh vhrstiucd! 4salsed/ batinnders Ormyaspect of the

current invention is that, the pl as;ieig %gbon es t fgbgj:%t ain viral

nucl &t ol genetie arigae, copmprising ASFIFR 268 oMNEs 3% B 3BT 528t VshP¥34275 [ 0080]

The [[rﬁﬁsl?ﬁﬁ'e{lf Ot £7n A8 &Ekn NRESH ko A6 48d dnteREumGablY lefeiDVA that directs

the transcription of gene. A pronpter may diregt the transcription of a

pr ok spegifit i epsbodimentak they pudledc geith eXprassioR FPBILEET GRIPPEES:" 3 PR & initiating
transcription inr e. 10 u_iaﬁkﬂ i OQMereRY the Ipforfciél] thast, a pronoter
may Bgd T i°§§£é,w&m%“rrde%§né“n In ucﬁaﬁ@agent .dgfgo ot}regul ate the

r at e nodlectideseqanceof intresthant therdt wtranshyed gegianare aperefively {8 U#- specific or

L1 Ssue. pr el et ed TSty SUSlh Uk kuRly bbHBikn L7 anseribing he

bacteria and (rarely) other microorganisns. However, ni tocgggs%r-:lgé%,a”d
d.

[0073]  'The term “operatively linked” as used herein refers to elements or
stractures i a nucleic acid sequence that are linked by operative ability and not physical
location. The elements or structures ate capable of, or charactetized by accomplishing a
desired operation. It is recognized by one of ordinary skill in the art that it is not necessary

for elements or structures in a nucleic acid sequence to be in 2 tandem or adjacent order to be

operatively linked.

[0074] ‘The term “poly-L-gluamate (“PLG”)” as used herein refers to a
biodegradable polymer of L-glutamic acid that is suitable for use as a vector or adjuvant for

DNA transfer into cells with or without electroporation.

[0075]  The term “post-injection” as used herein refers to a time period following
the introduction of a nucleic acid cassette (that contains heterologous nucleic acid sequence
encoding GHRH or functional biological equivalent thereof) into the cells of a subject and
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heal i ng" as used herein is defined as the tine required t bone
fracture. [0082] The term "recipient-subject” as used herein refers to any

speci eﬁ‘g@fﬂﬁﬁﬁ?ﬂ ani mal ki ngdom wherei n nodi fi ed- donorggmlg‘%z%#%n be

I ntrod roma donor-subject. [0083] The term protein" as
used herein refers to a proteln that increases or facilitates transcription

bac%h%%%a%s tiq'g%&ﬁrg@%hdofscﬁe eDd: eLQQc?é%cJQBﬂé ﬁferﬂlocﬁﬁ@ak@'lﬁadre l'i near plasmd

comprl ses’ any ragment of the plasm d backbone
t hatwitifin theitingdrgidien.end of the process maki ng the nucleic acid expression
plasmd linear. [0085] The terms "subject” or "animal" as used herein

refers t ci es qQf anl r odinments, it
refers ngﬂ]{gggpe&%ﬁt&%‘i‘lﬁ hﬁsrrﬁsﬁs ereé{ Q&an%n%réglt ?ginlgﬁgﬁgﬁgsed for. pets
l(em%co(ﬁgi;n&d (ﬂ@g?a ();lﬁ‘bﬁbs,ombb dﬁet(canh gerbbusally ofed circjdar dt:pdﬁxocgsmthat cthl ckent fish,
anbs, "pi.gs c r e ar erm"tissue
as u@@deﬂlf@\tf'emﬁ F&é@t‘lﬁoﬁ%ﬁm‘@a %qfaﬁ?“e%‘%ﬁempl‘ﬁm%h
| hat S %‘*ﬁﬁ”ﬁ?é?%%‘é@%ﬁd%ﬁgé‘“n‘??b e e me e | o For i

I ssue | | |
per f bactsinens (otreln qjhﬁftﬁﬂéﬁQPWnﬁqV@FFr: %?&Pﬁ%‘afg‘l‘gﬁg’r?iﬁ”dﬂ@%pr esent
|nve,§e t?ﬂleraﬁ@s gpéaggsta#e%g fy e s refer to a cell line, a suspension of

of cells.

cel | or acuture Inaspecific enbodi ment, the tissue is
electroporated in viw. In  another enbodi nent, the tissue is not a plant

tissue. A0GH]I | e'Hneatcmn ‘plasmidemerdintg dene uRRlemeacR a%ﬂ’séd SHR MBS ¢ tissues in
e f picdiod 't SR &H&&ﬁgﬁg&%& Eods8SHES thddphechaigh Bl od. bone.  and

scle I SSUE; ve tissue. 'In a specific enbodi nent,
t he ﬂﬁﬁb@ﬂsp@ﬂelﬂﬁrmgaﬁﬂﬂb&mmmmmm’@%ﬂ 34275 and conpositions
are directed to transfer of linear DNA into a muscle tissue by

el ectrop 0087]._The FF%E d herein
conpri seglh%L elrgﬂatgﬂ’j ‘-élj% t%: ewit'% E)P é‘% &{glrll c?ﬁceg%\%v expr essi on of
an epeddedingdnss uaraad pdratuﬁhﬂ istapdblleaf cammgtdnealamup@ke abivsleiglegid bi ol ogy wil |
recogg}k{zjg?st hat, th era euti,c el ene uﬂgof‘g&mcﬁf{othezqeﬂﬁm limted to
a pr @&’86@‘“5%8@%@ equence, or 5 UTR

[ 0088}, Jéﬂ?nghﬁ[‘;ﬂib tﬁ&@i@ﬁ:&lﬂ%ﬁfor@&g ysegess of psnrésebenmntmnal dﬁvmd:ﬁct ion of a
nuclerc acid |nto a @ ukaryoti.c cel tlhn s%vgzlnbodl alhe cell is not

a pl gt typs ase cakibrgred go 9ned@|s1:lect or adjust the des thge Athpli
duration of the pulsed voltage. 'The primary importance of a pulse voliage device is the

capability of the device to facilitate delivery of compositions of the invention, particularly
linear DNA fragments, into the cells of the organism.

region in a specific tissue type or types. [0081] The term,.rat bone
35 isiePbs,

[0079]  The term “plasmid backbone” as used herein refers to a sequence of
DNA. that typically contains a bacterial ::origin of replication, and a bacterial antibiotic
selection gene, which are necessary for the specific growth of only the bactetia that are
transformed with the proper plasmid. However, there are plasmids, called mini-circles, that
fack both the antibiotic resistance gene and the origin of replication (Darquet et al, 1997;
Darquet et al., 1999; Soubrier et al, 1999). The use of iz o amplified expression plasmid
DNA (ie. non-viral expression systems) avoids the risks associated with viral vectors. ‘The
non-viral expression systeras products generally have low toxicity due to the use of "species-
specific” components for gene delivery, which minimizes the risks of immunogenicity
generally associated with viral vectors. One aspect of the current invention is that the plasmid
“backbone does not contain viral nucleotide sequences.
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[ 00891 The term "vital backbone" as used herein refers to gs uclI b acid
sequence that does not contain a pronoter, a gene, and a r}‘ﬂ)&?f si gnal
or an untranslated region, but contain elenents including, but not limted
at siteg; ifj.c genom c integration Rep and invert i nal repeats
("ITRSEYBE@B%SH{@ binding site for the t RNA priner for?'%@gézz%pg
transcription, or a nucleic acid sequence conponent that induces a viral

i mrunogenj city .response whep insart LR VI VO afld OWEDINAL @a¢r ati on, affects
speci fi ci[[i@biand @85‘4% t%o%‘,%e’?i ‘slstfg hegegletefhfﬁ {co %r'?g[rgfer s, causes

tr angieéd Meiv@ibiptidn RGNy mpmwmdfrm;hemscspm@tqfh@r@ﬂ?@ct. [ 0090] The
term "vascul ar pressure pulse. refers.t u froma |arge
vol (Arevlsyofic gamed AtRSOmarer 1% by @%ﬁ?‘%k@%ﬁ“ﬁ“‘@’é@’ o BESRE WA TrOM R, o

art iiﬁ@d&inﬁ %géag B, ZESontrhdd 2 prbiBreP R “ canstingive"a tvherabyoin indveing agsoul ar pressure
pul se 1's pendent on the.tjssue, size, ,and.overall heal. ho f the

rec!@eewf@ﬂamth?mﬁmﬁ@%ﬁﬁﬁﬂ’?@ﬂﬂ%@@mﬁ’%wghﬁmﬂl@e AP ngc par amet er s
D! £ 83l d¥red AT s HiTonly B Ol raBferbing ehehprable liriefieoding o 2
construction conprised of genetic material designed to direct

t r ansgion immtspexificaissua typaoyePesd cel | by delivering a nucleic acid sequence
into that cell. A vector may contain nultiple genetic elenents positionally
and  sequgnkial | ' i dab HOIRET 2sNGEE BSRIYis AfafEENL Shesditah that an

i ncl udedttﬁ'{?cl, ei c%g%fsgggoeﬁég can baes transcri bed and when necessary

t r anglydicé eb fepait ik fractaeect ed cel|'s. These el ements are operatively

| i nked. The term "expression vector"” refers to a DNA plasm d that contains
all of t | nf tion _neces » & @&t thgotein in a

" heterol odg@ Ceﬁh@f%gﬁﬁ"%ﬁ% %%s%ﬁ?%g%mﬁ?f%ﬁ concérns a met hod for

decr gagil Magddie whaeiy nfodified-fompadls corhe intreied Sfonga dasgnsupisely nass ("LBM'),

i ncreasi ng bone density, increasing the rate 22 25 April 2006 WO 03/038112

T LG A0S ok, O RS0 B, AL i B o 0, i

del i&%&s@ﬂoﬁadﬂﬂ&és&hﬁscﬁﬁﬁcﬁ&&%%ﬂmle&mﬁdéqmn@%m or functional biological
equi val ent thereof into the cells of the subject (eg. somatic, stem or

germcel ls) and al | ow ng, yessj on,of .t he,enco . cur while the
nodi fi ed [8884)s athe ey t"Fﬁ“ﬁ’ﬁBﬁ“é"IPW ga@wnﬁ?ﬁegﬁ%‘%ﬁg&t}&%ﬁﬁg t expression

of the. (aHRbt Qx@ taS0he Bials 0di fahe erglonfith@p@odss hi2kbingde nudeic egul ated by a
ti ssueg specific promoter (eg. nuscle), and/or by a regulator protein that

cont adidlsipaesamwhsm(ﬂhqeﬂrgand bi ndi ng domain (eg. nolecular switch), which
will only be active when the correct nodified |ligand (eg m fepistone) is

adm ni st Zlfﬂﬁﬁﬂt 0 Tﬁeﬁ‘é@%ﬁ@&”- orRRIBIDS;AB&] Riein fdfere 6 diyngedieelofase of GHRH or
function I"ol ogi cal equi'val ent . o d

the animal kingdom. In preferred embodiments, it refers more specifically to humans an

domesticated animals used for: pets (eg cats, dogs, ec); work (eg horses, ec); food (cows,

chicken, fish, lambs, pigs, etc); and all others known in the att,

[0086]  'The term “tissue” as used herein refers to a collection of similar cells and
the interceliular substances surrounding them. A skilled artisan recognizes that a tissue is an
aggregation of similarly specialized cells for the performance of a particular function. For the
scope of the present invention, the term tissue does not refer to a cell line, a suspension of
cells, or a culture of cells. In a specific embodiment, the tissue is electroporated # uw. In
another embodiment, the tissue is not a plant tissue. A skilled artisan recognizes that there
are four basic tissues in the body: 1) epitheliuny; 2) connective tissues, including blood, bone,
and cartilage; 3) muscle tissue; and 4) nerve tissue. In a specific embodiment, the methods
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body fat proportion, increase the LBM increase the bone nd/ or
i ncrease the bone healing rate of the subject. [00931 One aspect of the
currentj i,on is a nethod for altering | ean body in.a subject by
utili zivr‘{gra%%rglﬁél ei ¢ acid expression vector regul at edPS%g&ésé%gti tutive
pronoter. The nethod conprises delivering into cells of the subject the

nucl ei,c_acid. expressi op €o cle § RORES 22 muscle tissue by

gr VP - SREPREIHES BT o sﬁﬁ%-ﬁoﬁérr%ﬁeg éf" %H‘?Nor functional bi ol ogi cal
equidkairéptiatiofier eof . I n a specific enbodi nent, the nucleic acid expression
construct is delivered into the cells of the subject via el ectroporation,

~wherein celd s conprise somati : | Sqed SN0t her
speci f i ct[@ﬁ%bdi r%?ltterf’het[‘?fﬂ%ef"é‘i Sr@%nﬁﬁ&%%g}%%g?g%ﬁ%%%s?%&ct &(T:c%rrpri ses Segl D
Tg: sgém?%e%awmgéadkaa? [ﬁ)eﬁga;%%ssioﬁaf aSnSﬂ?cb[;ch:bI‘gmezpfddu_Ft.ﬁg? shilldin 17, f Segl D No:

, Seg ; e Seg ; , 4 Or ; . IT c of the
nuclfg? erta_f: Fﬁk@iﬁr@%ﬁyo‘ﬂu SRS b @%ﬁglﬁgeugﬁ 618% te'ﬂayzigaﬁ i%llltgélq_ng a
”a%ftmté&aﬁgﬁﬂdtérts@éubﬁw,amk a@ggblgimé fce, @’ gedl (IBL ypept i de or
pol y-L-glutamate). The encoded GHRH or uncti onal biol ogi cal equival ent
thereof are expressed jn tissue specific.cells of t.he u]?lh%g%_, whi ch

ion

conpri sed0088kc| dhe agrms trapfectss a8 SEQURIFIST 1 IodcEeR 8h2 al

bi ol ogi-cal JEHH' e Ritnses i ell Rabeaplint tidtt biveyepotdipept i des t hat
haveﬁgengtgagngl ng%%gdt%sgﬁ%gﬁﬂai n a disti ncf@%m no aci?esequence whi |l e

si nul taneously having simlar or i rrgf[oved i ol ogi c léql activity when
conpar ed [60891 he TheiREmwirg) bagsbonss as ysed herap %fr‘ic’é‘dl“él%lﬁé At he encoded

~ GHRH, ar, funct | ' i £ i translaed reboh But 2 ( SEQ D No:
6).%&0 |no°§é‘%”|?%i}?ép h@'ceg%!%géé. G—lRE_a{g?Lt_n%lﬂc}F ?%ﬁ’fé bi ol reeBn, equi val ent

t her @afairf deidrit Aitledingrimntdot fiorind pe site(p@IfR' genowicr wtegpHon AR B subj ect. 23 25
April 2006 WD 03/038 RCTN . RNGE P&eLke Of the current
i nveRTT6h % Fﬁ?f’ars%g‘%%%? gof'?gerzl{)ﬁéﬁgggérﬁ&g%éy mass, I n igﬁsupj ect by

ut i | rasdHption, oy el Rickicawid] sequgnce saipmmentethstonducey a| vk ghngynogenwly ecul ar  swi t ch
nol ecul e. The .met hpd conprises steps gf del i.neri LRk of the

subj B#ong V]i‘et“s’{’smﬁﬁ@l B %VsdmgﬁlﬁP(g“s G %)S%JS{(?VUE]S(}? a%@%‘g IOE%%S 26), a second

nUC'ﬁk&ﬁ@%bﬁlo@fsmaﬁs%ﬁrﬁﬂcﬁpﬁaﬁeusﬂéﬁ&mgc(r$e@ls Rfddptisk? %) the subjtca ol ecul ar swi t ch;
wheréin the first nucleic acid expression construct encodes

grow h- hor none-r el easi pg- hornone (" ») or functjional biological
equi val erf090f herﬂﬁf@%nﬁsqﬂﬁéP@sﬁrﬁﬂVg?‘;gé%ﬁ? %B@fee?fcprg%fral%g)%p?essi on
CO”S&@J%M@E{ E@icpﬂaq&%w ub@EH ¢T1 veétordintol@lll Atstilledpirtiagirpgmad del i vering a
nmol ecul ar swtch nol ecule Tnto_ the subjuﬁct, Wnﬁgeln he .

that the amount and duration of the vascular pressure pulse 1s' dependent on the tissue, size,

and overall health of the recipient animal, and furthermore knows how to determine such

parameters empirically.

t hereof by the nodified cells within the living organismw,I, d se the
asnsri g0

18

[0091]  The term “vector” as used herein refers to a construction comprised of
genetic material designed to direct transformation of a targeted cell by delivering a nucleic
acid sequence into that cell. A vector may contain multiple genetic elements positionallyand

- sequentially oriented with other necessary elements such that an included nuclkeic acid cassette
can be transcribed and when necessary translated in the transfected cells. These elements are
operatively linked. The term “expression vector” refers to a DNA plasmid that contains all of

the information necessary to produce a recombinant protein in a heterologous cell

[0092} 'The present invention concems a method for decreasing the body fat

proportion, increasing lean body mass ("LBM”), increasing bone density, increasing the rate
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nol ecul ar switch nol ecul e governs activation of the regula&g Eig@f n and
the regulator protein governs the activation of the first &P aci d
expression construct. In sone specific enbodinents, the nucleic acid
expre33|8n construct further conprises a transfectlon facilitating

pol ypept PA¥*BE2g. a charged pol ypeptide or poly-L-gl EEHHWEEE® The
delivering step of the first nuclelc acid and the second nucleic acid

expression gonstruct jnto the UfYl 84 | ectroporation.
A sﬁggpﬁ gea@‘l‘ﬁa(?ﬂlarféﬁ‘bmﬁ?‘mt%e # SU% gtsesmt wd glel |r€sg§tl ng the nucleic
aci ghyeXRhESH KR Nc&aiphished Gy deliMeting B @ucleit had sﬁquertﬂ:e eswd}ﬂgc,(t}l'mﬁ Q1 at es
expreSS|on of the éncoded qul pr qt ei ory protein is
i nafuricyienal bislesig 33‘5’6#‘%? ?‘\E‘%ﬁf)ﬂ%\ {Tﬁﬁequ{’}fe% E%V\n‘?%?’ %Q-H, & i fepri st one)
Lg;g?a“%@‘d%ér[ il tévlmﬁteﬁﬁes%l%ﬁ%f ke QAHIRY Qhetdvccleddeds raatifiedeclsared t he active

Imitiates expressm of unct i onal
bi olvmgmahd; h\@@gﬂ%ﬁ@nfﬁe ﬁé@%@ﬂtéﬁxﬁsﬁ‘énf’ g}%%?%c%@ﬂ&’mi Cglence The
enc s@g&ﬁ V&roRBteY BaP tindee), antloi e s.encoded
func 1?“5 e"fg@;% og| a eq q#Féeuxht © RHeI 5@% pol?é% o8 hat has been
engtrafgahtoecprbmmcthattcamama admsdlfl%llgaa%hﬂ@ﬂﬁcd"&’a@e fgemetee WFD%hm mul t aneous| y

havi a %Iﬁggfg@fcﬁd to the GHRH
pol y%%&%‘@‘%ﬂly[f%"é%n‘mgeae %—t&%ﬂgﬂ un 1‘1&{)%%%& EI ol g\wcal equj val ent t her eof
I s @le subjeermTha rﬁd&censlﬁjg relidaeofeGHBHeu olpgigal eqUSRIENT bi ol ogi cal
eqw val nt ther facil r oWt | s | tion in the
subjtese bVFP"'dﬂQ@ﬁ%@Fe "f“ia:h og%’ms it | rsqyfat@r?%eﬁ%ﬁam d expression
vecwma@g@m% c@éakey&eniohdaem&y, amﬂuemeaaﬁe:be Bbrtdohealmg ra@ef it No: 2, Segl D
or SeglD No: 4. [0095] A third aspect of the current invention is a

al télﬁbm'@- | ean body mass in a subject conprising the steps of: delivering
into a subject a recombinant grow h-hornone- releasing-hormne ("GHRH') or

a bi ol ogigahy fu@fe'a%&@i oieﬂelcﬁﬁélﬁl’it.iveitftﬂr@@fmethﬁdefroeahrhbéaanrbedpnbl nant GHRH
is a biologically active polypefgtlde speci fic rrbodl ments, the
r econds irmatsulfjet by ivgkrng »inatleig pa F%‘éfﬁf’%{? {reglar QUSHUEYT U pept i de t hat

has bee %41%2'? HREdd g@gﬁﬁv@ ;ﬁ%a&%l&wg/ﬂ@%&gwénm mikred to contain

a dilsYPAGt am no acl guence i1 e simultaneously h simlar or
i nMpreapestida conygics ahityensodssvd gk W@éﬁﬁ&?%%ﬁ hosmopg oPYpeptide. In

“another. s ifi.c t |5ﬁggd,,@ﬁRHtHar dclechdiddnal bi ol ogi cal
equﬁgﬁ ﬂ‘tﬁe‘? eq&@ﬁ%ﬁ”ﬁ%?fw:’lg{ D No: 6). The !rl conb| nant GHRH or

f u ncé;g@&ain d@nahﬁgs delivered inivovthie eells of theewiajest vin glestraporiie® WEBHE hor none
! L o R il e curen
expression construct comprises SeqID No: 11, SeqID No: 12, SeqID No: 13, SeqID No: 14,
SeqID No: 17, SeqID No: 18, SeqID No: 19, SeqID No: 20, or SeqID No: 21. Transfection
 of the nucleic acid expression construct can be expedited by utilizing a transfection-facilitating
polypeptide (e.g. charged polypeptide of polyL-glutamate). The encoded GHREI or
functional biological equivalent thereof are expressed in tissue specific cells of the subject,
which comprises muscle cells. The encoded GHRH or the encoded functional biological
equivalent of GHRH are biologically active polypeptides that have been engineered to contain
a distinct amino acid sequence while simultaneously having similar or improved biologically
activity when compared to the GHRH polypeptide. Ina preferred embodiment the encoded
" GHRH or functional biological equivalent thereof is of formula (SEQID Nos: 6). Additionally,
the encoded GHRH or functional biological equivalent thereof facilitates growth hormone

-B

(“GHP’) secretion in the subject.
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properties in a subject by utilizing a nucleic acid expreszgon ¥§§¢ r
regul ated by a constitutive pronoter. The nethod conprise 1 ng into
cells of the subject the nucleic acid expression construct that encodes a

growt h- haor none-r el easi ng- hormone ("GHRH') or functional bial ogical

equi val BR3P eof . In a specific enbodi ment, the nulFEU8Y2%#Q™ expression

construct is delivered into the cells of the subject via el ectroporation,

wherein the cells conprise.somatic,. stem or ¢&! NiSrind Rar@NOt her
speci fi cl088odi descondaspect, of g?eccu&@ﬁlt’dmve@gﬁ? éss%slg]glﬁg%onst ruct conprises SeglD

NO: pbdy 38 G psmgéctg,zu' ﬁllglaum:: 2di® expregbDvader réglated SrgInleggler 17, Segl D No:
18, SeglD No: 1 eqgl .20, or | D No: glllls y‘%ﬁﬁ’&?g#fﬂp of the
nuclseitch molechlesx Fheemetherhcqrapises strps of aﬂ’ﬁ'é“ge'ﬁ?ec 1% y utifrzing a

t :on- 4 'xﬁﬁn'ﬁc@ td od ic sdithe-pessignodopgapet i d
' pgﬁymﬁﬁlg%%ﬁ?%@gi“‘% e egggloﬁiaMG-l 4 oft?na?ﬂgiu‘:i 0 aﬁ@ bifqg?do i cakI eguio\r/al ent

t her(BaiD a¥e 28 pne s swltcilar spitely Whewspethe fire ne*quq CIGEPERLSEBFEEt,  whi ch

' bl Iegitkt dqiivhleet i |

g?(r;}%ééfgggro e%ﬁ?@%ﬁ%&?ﬁ&%ﬁfe bi o o%é?%ngﬁclhgl ggt %ve q.ol y e:o?inges t hat
" hav ehbesdundndiriehestcord nudsit atihexpeestomeansiaict b ercadingresion Bg‘hce whi | e

si mul t aneousl y hayipg sim | LR W] Maly]! 1, Whetthyi ty when
conﬂﬁ?’g&’rtwtfﬁea@weﬁggﬁﬁé%%l e?‘!mfpr% rgylgt(réﬂg%trgrtg% lg’fﬁek‘ﬁodi mEnt the encoded
GHRHngléculav R0 dlectlé gbegiscativatiquiof ahe megulatos peygin jag dhe regrlA®ra (SEQ D No: .
. 6). Addjtionally, .the coded GHRH. or f t | LLak. equi val ent

t herRSBEIEE¥SRS ‘h‘&ﬁ%’gﬁﬁfﬂé’ﬁﬂ‘ﬁ%ﬁ& fi‘i%a“‘“‘()e"ﬁ’iﬁk%%sf’g%ﬁg‘%ti ?ﬁg{’%g %fﬁ?h"sub ject. [0097]
A fid i dRASRAC thoublble 6l &pRisiom \¢omstrizen further comaprived af wansfglticsr i ng bone
- properties in a subject by utjlizing a.nucleic aci .on vector

r eguibeilitaingipplyaeprde 2“@&1 p 5karge§\H°lYE?P“ﬂ% g%ﬁﬂ?ggiu%ﬂ%teﬂe’lt[%o%ﬁg%ﬁ% ?eleg es steps of
del '%‘ﬁﬁé B9 Al £81:hd 18fsedoh® niddM 26 exprebiidnsdonstuchei the edislofthpr essi on
construct, a second nucleic agi deégb)ég{neefssi n .cg}r]l%%rdéct and B nmol ecul ar
swi t shjecowseviei gectrhporftions A RFSKIE| 00 RS ot SHEPEEE ¥ ncodes
gr owt - hor &; | MaloF " (ethe dfuiet évbpad ididaeks ogi cal

e "B GruchF, A2 R0t TRRe e 5

equ er eot ; erein the second nucleic acinlc_i[ expr essi on
conséspristiorhaf shaenceded oetilatpry prgieisnbus thesreguiaipry BIOKH HEBERFn OG> del i vering a

g TR s 0 2
t he p@ehtkab@ive,nimdt i nctive cregulizory quotiiat ipitiatey oxpssstion) oF dhnGHHE oTact i vati on of
e el Bolagee GHpIE SRHCLRCYS TR P oif RoBiE, BRAGEMeA erbod Tents
tr anghfay isbiblagitdlly haive ﬁ@r@@ﬁdepﬁﬂl thel endodedyfunctinna frénlagiral qeivglpRspt | de or
Pol y;)fl (-}Iglellj-i[ is Qggl%épﬁgéhﬁatﬁ been Eﬁglrh%erse& &P o aint o Mssihdt adino Wl sEufn@C! d and

while simultaneously having similar or improved biologically activity when compated to the

GHRH polypeptide. 'The encoded GHRH or functional biological equivalent thereof is of

formula (SEQID No: 6). The encoded GHRH or functional biological equivalent thereof

facilitates growth hormone (“GH?) secretion in the subject. In another specific embodiment,

the first nucleic acid expression vector encodes a polypeptide of sequence SeqID No i,

SeqID No: 2, SeqID No: 3, or SeqlD No: 4.

[0095] A third aspect of the current invention is a altering lean body mass in a
subject comptising the steps of: delivering into a subject a recombinant growth-hormone-
releasing-hormone (“GHRHF) or a biological functional equivalent thereof, wherein the
recombinant GHRH i a biologically active polypeptide. In specific embodiments, the
recombinant functional biological equivalent of GHRH is a polypeptide that has been
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t he second nucleic acid expression construct into the cell Of{@ ubj ect
Is via electroporation. A specific enbodinent of this netﬁg&“’ ﬁﬁgfses
that delivering the nucleic acid expression construct into the cells of

| nitiates expression of the encoded regul.at

t he subj r rotein, but
t he regﬁ'ﬁéﬁ%ﬁ‘g&uprot ein is inactive. However, upon dePFW?‘?%’@P’Q mol ecul ar
swtch (e.g. mfepristone) into the subject, the regulatory protein becones

-active, nd the acji.ve requl at or rot-ei N hnitj BXRkBss on of the GHRH
or F%%qereg‘ﬁamﬁﬁlma F‘&célmicfﬁfa‘{fﬁﬂ%ﬁ% %o&ﬁ%‘%ﬁ%{ﬁ%e ?gst nﬁﬂcl ei ¢ acid

seq li&ﬁdg&ﬁed Hiblsgiedts aeeic, ﬁdﬁ!doﬂnfar@d i it GHiREBydllypeptidet Inasohet spprifit i de; and the

encoded functjonal piolo equi val ent . of .GHRH 4 yRepti de that has
bee ¥mbadimsale thy ricgmbiaant a‘g ar g’t"fcﬁ‘&‘fa?ek’fﬂl%ala% e alglgqla}grﬁgfe) !iswﬁfla | e

si myl, @EQ%ID @Y E}ﬁ'g "Thi NeboRibimbt IGHRIE Ve duliitionad diidlagidal equitalent ty when
conpared to the GH pol E{‘E‘%E,SI de., The en}g.oded GHRH or functi onal
bi oltayéas facilisesigvente hermope pesreien ARG YPIEC (SEQ D No: 6). The encoded

GHRH or functional biological equivalent thereof facilitates growh

hor mone (dge ) SRGHE GHRE: ofthk b6 hivesion i @ riklasdrior aligpiagibbhe enbodi ment ,
t he fast " nucl ei¢c aci

d 'expression vector encode % ol yp&l t.i de of sequence
| Seqma)pamesmaséj;pmbymhmgamsbmagdrq@ressgonawos;é@“%fe ¥ 2a£003HE8] A sixth
aspect of 't C ' Nf1d1QLYideS; d Qibjedl Her hdkidadd® properties
in é’r%rﬁﬁﬁe%c{ﬂgo&n{)tﬁ%;%oﬁﬁﬁ%eaésh?%g l(I)lgb: Qaégelrb?\%ri I’lé into a subject a
r eC asplessivnt corgtrantthathoxcodes e geivalxbomepnerenloasngeh S 2 %bi ol ogi cal

functi onal l.val ent .t heg eofy, rel .t agel; fHRlYis a :

bi ol'fﬁﬁqneﬁ‘fllﬁgféﬁ’fﬁ?\)e@mﬁ%ﬁfl\}p %rf?fde.mTﬁ sgépcgigi %l-lﬁéor e%i%g%igan%l%%es, t he reconbi nant
| fUn%&&ﬁnd@hﬁf@ﬁkd&i&er&hiﬂw&heﬂkoﬁthe@:ﬁmwisehctmpbyp@tpmhd@lﬁtbﬁat has been
engi neered to contain a distinci am,no _ackd se lik:e .34 mul t aneousl y
havidls eomarsasongic, sy a5 geem gl ii’g”r“é?%e’f §Pe%{f3“t ?’@?@ﬁ%g’ﬁ\@gﬁg%‘%d to the GHRH
pol y&gg&gﬁi&onsthiat QRS SeqIDENb: 11SQIT D 183 BégID ke 18,SeqiibNoalf, GHRH or

" s AP0 A6, 3ealbE: Drs st 3t o Slo DS el TEREFERP raci 1 et eo
g{ g\é\gr% - medi g?‘é‘%"%‘%%% %ﬁféﬁcgﬁn?ﬁ egﬁﬁé%lﬁﬁ%ﬁqa%#fg&ﬁgﬁ herein offers
adv apdlypgptiteofeqy charged| pelypentideons P@b‘ldg;té@w iTg‘F e‘?f‘f:‘?‘ﬁa é@g‘gﬂﬁf nant GHRH
b1 ol Siontt B3R! Ak B B8 G T e e e val ont s of GHRH
t hat whitle coeprises puaieealie Thsencodet GERH b?ethél ien@é‘?‘égméwﬂéﬁb@g%‘f ssion plasnmd
g(r) nt éq%:lwla]ggt ol%)(}IiRﬁXrg bl c}gic%llyrguct%%lpglyg%%ésftﬁﬁ WiV BOR Bfinedreditb @SskiRN Of such GHRH

a distinct amino acid sequence while simultaneously having similar or improved biologically

activity when compared to the GHRH polypeptide. Ina preferred embodiment the encoded

GHRH or functional biological equivalent thereof is of formula (SEQID No: 6). Additionally,

the encoded GHRH or functional biological equivalent thereof facilitates growth hormone

(“GET’) secretion in the subject.

[0097] A fifth aspect of the current invention is a method for altering bone
properties in a subject by utilizing a mucleic acid expression vector regulated by a molecular
switch molecule. The method comprises steps of delivering into cells of the subject a first
x;ucleic acid expression construct, a second nucleic acid expression construct, and 2 molecular

" switch; wherein the first mucleic acid expression construct encodes growth-hormone-
releasing-hormone (GHRH’) or functional biological equivalent thereof; and wherein the
second mucleic acid expression construct has an encoding region of a regulator protein; and
delivering a molecular switch molecule into the subject, wherein the molecular switch

25




functional biol ogical equivalent thereof elicited high GH aggqgﬁ%@d6l evel s

in pigs followwng delivery by intranuscular injection and

el ectroporation Praghia-Akli et al., 1999). The process of in ziw

electro ion may involve externally supplied electrodes, or in the case
neé@ﬁggaspﬁternally supplied electrodes to aid i ACUHR fﬁgﬁusion of

deS|red nucl eot i de sequences into the cells of the subject within the

I IVI gani sm ,Al.t ho i n IW eI ief erred nethod
WF?‘?“@'B@@Y‘?%S %CHEUH%PE I 8@% OE e#gqgeg{eg'h%nc%ﬂgﬁnﬂg&?%ntpem into the cells

of tahRaSobbiags fisoidRlc aeraterapdsloﬁmstmanornaome ephodimpss Sen skilled in

the art, (e el.ectrop ofecta ex zizo

t r amgeleje prd FapreSsien ‘roé‘i?fuc‘i%ftg‘iﬂcfj xtf"rmgir%{itg1 >@§tﬂ ?%egl oadi ng,

rec%&?;x%ed‘}?&hﬁfﬁﬂo? IR tgtihd), Tmaélﬁarng]saptof&efmmdacduém etc.). For

exa I"'s” al sq possrble to |ntrod el equence that
enc omtme @7 { RIS £PUSHUEH ﬁ?c Eﬂ C@aﬁ'ﬁ u%ﬂ ereo directly into

the & BSdimbht of tHisStheth&EHigHges thie delévefissy the amldidie body of the
subj ectltrép%‘ﬁfaon%%cﬁglpﬂrﬁlt al ni né’{ft he cell.s Ij|i‘%scul tur eh@t%ggn :Q?Cf roduci ng the

nuclaendoexpmsso;bnetnmtmchglt%;@t@ﬂﬁ of/the sybieqt é‘i“}a“?ﬁfe%{sf?& ect ropor at i on,
-l pof%lgaxam r}(etemcglltc‘rhg ﬁﬂ?&ggﬂ&%ﬂ R ifdcWd rm%g‘;&ngigdnoaehv&{ng&ct I nj ection,
Y 0 I ng,

sbnicati receptor, medi at‘e_&? transfecti on,
i crm@maemdhe(egmfapastmm thstsebjpct, the ceerltam RIOteRIheRRPSAG®eng t he nodi fi ed

'(I:'(rarel%ili’éfrl?to the | FAW%CE’}P‘,%% o cgn@gc,mopmtﬁﬁg HidlBgeabx thy nethod).

one virus, vector or an
adef&m&ﬁéﬁ@hﬁd@&loﬂdﬁﬁm nadeic aad soqeencel Ty esdoded GHRA b arhialegit i nj ection,

©or intravenous,or intra-ar al agrying the GHRH
seqL?éH‘@ePE&PFPBée é&ﬂpﬁi‘%x@ﬁo‘iﬁﬁtﬁnﬁuﬂ@ ﬁi%o jplqgivgor ?f | poSones agmd del i ver ed
| Nt ramSGide Skt has Bebit reﬁ%@éﬁldsﬂoycdhltaus uhdistinenmnine | agid §eQda@0d whderi ni stration as
use re|n refers, to t f. i.ntroducti on of or carrier of
DNA simeltaneavely beig, similghe 3‘%&8‘% igally, Aty hen PP ”F‘gtmg? tri_g{eﬂ tissue or by
tar | inger, bR 8¢ S8tk BidMesicaf dqailv a]&)t&h@éﬁfﬁseﬁjﬁmmnlstratlon I n
ar?ﬁ%’%ﬂ%ﬁﬁ ’Jﬁ‘é‘eﬂcg&igisgm |rarif/entt|l onﬁmgg g sedajja smBﬁgeige ing GHRH by
adm GEQIDAN:) dhe eroeded GHRH or fugeg 10 g‘ﬁ‘ﬁ&%‘fﬁ v i ?‘ﬁ/ in order to
estapl | L § Eit”@ nﬂbkﬁin@m tha€iisd sequence
wtﬁﬁwﬁﬁ%g‘% Qéf}h?(eirgrgl?(;nﬁ%sﬁéefguﬁrﬁl&e\}g&% ) 2% 0%6 03/ 038112
PCT!/ ﬁiﬁl&ﬁ/aﬁﬂ%ﬁﬁes{sﬁﬁ@&}oﬁh@dmvej adypeptifle @rﬁlt&eﬂﬁftﬁqua e »of vector and
use or delivery are described above. The preferred
o%qﬂgﬁﬂ) ?’Isjorg Iﬁﬁ@({n&vo el ectroporati on.

[0098] A sixth aspect of the current invention is a method for altering bone

properties in a subject comprising the steps of: delivering into a subject a recombinant
growth-hormone-releasing-hormone (“GHRET’) or 2 biological functional equivalent thereof,
wherein the recombinant GHRH is a biologically active polypeptide. In specific
embodiments, the recombinant functional biological equivalent of GFIRH is a polypeptide
that has been engineered to contain a distinct amino acid sequence while simultaneously
having similar or improved biologically activity when compared to the GHRH polypeptide.
Tn another specific embodiment, the recombinant GHRH or functional biological equivalent
thereof is of formula (SEQID No: 6). The recombinant GHR or functional biological
equivalent thereof facilitates growth hormone (“GH") sectetion in the subject.

{0099] 'The plasmid-mediated supplementation of GHRH approach described
herein offers advantages over the limitations of directly injecting recombinant GHRH
protein. Expression of mucleic acid sequences encoding novel functional biological
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[0102] The route of adm nistration of any sel ected vector ?g 5&12&{%\ Wi II
depend on the particular use for the expression vectors. rAd’ q

specific fornmulation for each vector construct used will focus on vector
upt ake ard to the particular targeted tissu foll d by
dermnstwg F’S:ﬁ%gf efficacy. Uptake studies will incl u%gT’Hg'tzg%\égassays to

eval uate cellul ar uptake of the vectors and expressi on of the tissue

speci f.i oi ce. Suc §n@ | ocal i zati on

of P%Vﬁ%%agﬁkfﬂﬁ?? ffutnaﬁ’(r}oéésg MF&%P‘% aﬂ?ﬁcﬁg fh s| rements for

mai @Iagﬁﬁrt@ﬁtr&fedﬁya&sg&}th@t aﬁtscle-speuﬁmproaaqtarnéimlfesswe ﬁ?@s@@ﬂgyr Ptein. Efficacy

and cyt, Ity can th &Iy“& I ncl ude cell

Vi a@‘i‘qcll?lvfgl?ﬁ’g’&?lsc&m&%qnf ﬁ?]fcg#ﬁqbi%g]’ﬂaﬂr K ce rftave tthe uni que

abr gk ot I:?nﬁ@éﬁﬁ:sé{ﬂa: éd@mww@elemﬁpbauat (th@ma Alrjm;el- 49991 Thsi npl e i nj ecti on
B’t ticles as a.solutio Su%ﬁﬁ 0@3 % éic Lﬁ'tﬂeéa?é t he nuscl e.

Exprpe@sss iR EIRPLOP) TP WAHBY NG R R LW PRIE CRIHEE™ POF 'Several  months. DNA

upt 3Ky ds ”in%@‘h%%} &p&ﬁ’éd'e&cﬁ-&lei W didiarhe bladeeof dh;irddhﬂuﬂeaudmgequcucw Vo

el ec roporat 0104] . Del j,very of forrru te vec .0I'S |nvoI ves

i ncmtpmlnferte]ls*rg‘fthﬂw jeeit ¢ bvrasireanime Alidg Pﬁ%ﬁ%?’é@ ?l%igl‘ go endocyt osi s
t%‘tﬁ %ﬂ?&ho&’&ﬂh dﬁl:iﬁ{‘th‘e‘ﬂéﬂa}o X6 nu Blﬁi}éaélﬁlﬁﬁddﬂiﬁg byspindaro tipr ellei ns,

car %era €s, syn etl

organi ¢ conpound a onpounds The
chardfahesilsedt,cethaf mt&tedscmplae& afeo knasa tarPePﬁé 5&‘?@%‘{ g’r g’f ge char ge,

surface charact er| n t [ wnl| ability of the
vecttEFIRYHeR: °§a15£ y.tal%%%%ﬁlh@ ; % ﬂmhﬁgﬁfﬁgé’ﬁrle‘gtlrﬁ%ﬁt f{mct i onyas

i QQD'EAEhid@hmhntseﬁﬁﬁbnwloh&h%pweﬁwm mfrChavdz@lp trpnsecspn,t HCTQRIPESHS or interi or
~of the cel]l. Oh el e nts o} the [ nhance entry
nt &Oﬂbé"d]é@% }2}5 o bassil 15 Ttk dilbede httGd écQPse b

osone, an entry I nto the nucl eus.
[ 010kl Q@édeyarexemn o’%Eﬁﬁu&ﬂl bth]bgug bquisdenothe@biditertrisioche eqlls of DNA

transporters refers . to bi PNA] {fhd are capable
of Itb¢ subjectiedist 1‘91150‘5‘}8‘@?)? tﬁ%%gpﬂﬁﬁ&lﬁ o s%lor’}lrﬁﬁs c tar n a nol ecul ar
COMPl.fXin CAIRGE n%ndagéh BONRIR M endidiig isphgeni by Dhidetgnbimehédsdeent | y

transporting t DNA through the cell 28 25 ril 2006 038112
PCT/ dl&ﬁ@pmws hpefmsmme calpipm; hogphatee pia H0e B &F&n 56Tt er al so

tra paihedlmgfecuoﬁ,emc@p@]ecﬂé he fol | owi ng
appr@gg’fkr ons af | &ctﬁmﬁ d%?ncl u ng draw ﬂgs) elé%: | ncor por at ed by
r ef ebanigedrixet,eic): an(iﬁpallmvn uging thy SHIL Cntitled: "A

ONA. T8N RR0 ke T8 ef e el ot qtnbnesequrnsa B Sl o 4
adenovirus vector or an adeno-associated vector and delivered by simple intramuscular
injection, or intravenous ot intra-arterial injection, Plasmid DNA carrying the GHRH
sequence can be complexed with cationic hplds or liposomes and delivered intramuscularly,

intravenously or subcutaneously.

[Oiﬂﬂ] Administration as used herein refers to the route of introduction of a
vector or carrier of DNA into the body. Administration can be directly to a target tissue or
by targeted delivery to the target tissue after systemic administration. In particular, the
present invention can be used for supplementing GHRH by administration of the vector,

such as a plasmid, to the body in order to establish controlled expression of the specific

nucleic acid sequence within tissues at certain useful levels.
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PCTI US93/ 02725, entitled "A DNA Transporter System and net 39%@0.1‘12@9",
filed Mar. 19, 1993; (3) Wo et al., U S. Patent No. 6, 1777 5%% cleic
Acid Transporter Systenms and Met hods of Use;" (4) Szoka et al., ,U S
Patent No. 5,955,365 entitled "Self- Assenbling Pol ynucl eotide Delivery
Syst emWORHESHR)  Sz0ka et al ., PCT/ US93/ 03406, enti FEEYS®REE7 _ assenbl i ng
Pol ynucl eoti de Delivery Systenm, filed Apr. 5, 1993. [0106] Anot her nethod

of delivery involves a DNA trangporter. syste porter system
consi st s[ﬂégllpar The | eferesh mgaR? n% s¥ ?@P’éﬁ%@ne%n%gﬁ{ h@t&A(}{JrSéea&;s ndependent | y
and ¢000r GONAIE WbliverP S sdrBedhbbve EaRd prfcive Rinbodinsaisis dyah vévol i gand whi ch
recogni zes specific receptors or other functional groups such as a protein
conplesxapdraiionth a cationic group that binds to DNA. Exanples of cations

whi ch may be used are spermine, spermi ne derivatives, histone, cationic

pepti des and/or polylysine, One elenent is capabl e f..binding both to the
DNA vect (02ind Tbe movigeifladministraiicn of ap prlgstedyige h@nfwg‘&lpdc%%}d. Exanpl es of

Zg ,C g)fl gllbelelgr%tg%.fa& ?éeefop [a3Rh CesfoR Wﬁb&@dﬁi 2odrfiNa bk A6rinulitibi fdrkech

i'n" receptor, the folate receptor, the nannose- 6-phosphate
I eC aBie condtiuct lieed wiF fuicts orevactr aptae with regad el thel pepisHlar fagetedhapl e of

binding both to the DNA vector a B I bfd ear nmenbr ane.
The 5% %gi’w?‘{ B4 qn§tra(t}853%‘7@038?(&?%%:1%98%%‘{8%&2%%@6té gr?ts.hg %a?ti ng a

t'r angRekt QEIMANSHR IR S B Glctorsuid| expressiemiof diwetissan spaeiiepPVAoef such a | gand
is the nuclear targeting sequence from Sv40 | ar aptigen _or historic. A
t hi rchoic@ISélnbmsaYstglaﬁab%éef@mBﬂ%glcﬁI&a%“ b ﬁtafrﬁ%%a@%ﬂc'&g‘?m’and to el ements
whi ch,in i ' S%Hﬁ- | fr FEAARPARS JfNgéadgistatenanicéntatiat of rus particles

‘ suchm%s%{ag‘ﬁg%én\ﬁeﬁiﬁs, peepte?ﬁﬁe%r related to inf ?ﬁtenz_-a Vi | US \t})g][raggl utinin, or
t he defreded epdtéio cEfieaayr ardeayiatoxicityecagkibrin be fatcbn T oRTeWlBEAEY [0107)

Adm ni stratiop. al so.jnvolve lipids. The lipids may formli posones
whi éﬁclyegeh&agmlﬁﬁkpf%lgﬁﬂéﬁé’&C| es conposed of |ipids arranged in
unilanellar, bilanellar, or nultilanellar fashion and an internal aqueous

space for fogi;a ‘I,lsgg \ﬁ?ﬁfgﬁﬁﬁ‘{gs‘.ﬁ%% eC %d&kes@cbm i\ thé angi ng i n size

from 0. 040 e anete Lipids may be useful w thout
f or ndyRgeelitRe C%paﬁ? sfterSiaplefinjection @ EINA phrticles de a tshibtiry SEHERHE P 2006 WO
/

- 03/038112 PCI/ US02/ 34275 ,use, of .gationic, |jpi cont ai nin
DoPEcolpidinto; the asele. Exprossighel lﬁlﬂéqw tllhﬁ m@ﬂoéf %B%%F%%n%f%? %%éﬁgr get cel |l tg 0
faci LLtRl e Bﬁtfn[ 3{18&1:? ONAL LSO ctie i€ Shdther [ &ha@kd Genetilizihg ier yivean al so be
Fahs

per fornmed by pl anting genetically
electroporation.

[0104]  Delivery of formulated DNA. vectors involves incorporating DNA info
macromolecular complexes that undergo endocytosis by the target cell. Such complexes
may include lipids, proteins, carbohydrateé, synthetic organic compounds, or inorganic
compounds. The characteristics of the complex formed with the vector (size, charge,
surface characteristics, composition) determines the bioavailability of the vector within the
body. Other elements of the formulation function as ligand which interact with specific
receptors on the surface or interior of the cell. Other elements of the formulation function

to enhance entry info the cell, release from the endosome, and entry into the nucleus.

[0105] = Delivery can also be through use of DNA transporters. DNA
transporters refers to molecules which bind to DNA vectors and are capable of being taken
up by epidermal cells. DNA transporters contain a molecular complex capable of non-
covalently binding to DNA and efficiently transporting the DNA through the cell
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engi neered cells. For exanple, inmmture nuscle cells call eg g{)ﬁ&&f S may
be used to <carry genes into the nmuscle fibers. Myoblast g n

engi neered to express reconbi nant hurman growt h hornone can secrete the
grow h hornmone into the animal's bl ood. Secretion of the incorporated gene
can be ¥Q4¥¥BHEd over periods up to 3 months. [01091P§A/BHRAEYY eventual I'y
differentiate and fuse to existing nuscle ‘tissue. Because the cell is

i ted int i St i tryct i ted but
U mapeme iy el ey g raisel e PR Bon g i abRe 8 28 O o an
i ndi yi %9&'8_ s@%@%&’%w eppiitahi Nl AfwiGtREncladidg dievingshatei cal |y

ce SO e

engi neere can a ~easily put ba it ut Siong damage to
t he hpeby émbrposatedu by refereBierihprain ¢1) ?%’Pa‘i’ iq{eéigegate’ﬁaﬁo'b%fmé to delivery

genes,. tj.s . Large. nu [ o6 (@RMWHE genkrated by
cul entitled; on S[P'ﬁé iﬁ%ﬁsﬁo%ﬁ?op gﬁﬁg %ﬁlﬁgr ggcggeﬁ b(e}apretpl)ar S@ﬁas stratified

sheeica/B588/08725) entfiaf 1N/ Tramsparter, Sypterest wetbprd abVr's continues to

i mprove i n histotypi | i a ' ytes are

gend®i t¥B} (3) Hep ?fy pibgtﬁaﬂf?niﬁ%&m?%??ﬁﬁ%ﬁ {“Figr?:s{%g ({&léfns%tt%%c ker ati nocyt es

Wi t %ﬁfﬁeﬁéﬁ%f%ﬁs&t'qﬂ‘ﬁbﬁ of AL} UKBIgPatént rNs.i HO55,365s enitled "Selfar ated from the

circulation by the basenent menbrane zi\é* d"(n% tpe%)‘gf)r{bﬁ:{/mﬁﬁf romthe

der rAssemblingelvolymelgetideobslivesy Sytemst and () SZOKP & fa e protein produced.
[0110]. Jel M ET ; 1 0N ; vofiled ApAIS, 198t ors. For exanple, an

L O aha g e@-@g{eﬁﬁ%ﬁﬁ?hﬁgﬁl&‘ﬁ% BeliveRes e Ofiled Kb

constructéed by replacing the El region of the
virus genone with the vector elenents described in this invention

i ncl udi nm&ﬁmtﬁ&mﬁﬁgﬂga ot dbiRrABRolvaLS IDNK tasdpdrterasystaht Bhand i nt roduci ng
|

~this rec ant “genone into 293 ‘cells which wll aCkﬁﬁE this gene into
an i DRACHhmsprteri sysismpaonsistd of pefticles qoﬂ@mgﬂis%"e?élqletﬁe&? f%e used to
infect tissue ex Vivo ,Or. i.N Vi | HeGeHd Wik tissues
| eadifgperdsn §T°8Halﬁqﬂyhtoﬁ%dtég)rll\¥e£iﬂr?% ﬂgﬂ%&ﬁg?%s:&gs aci% cassette. [0111]

Al t hQuaRi-BOd ¥R técBtofs@r Reheb fitietibnbiygrops such asiatproteinsemplexasdvithat i n or der

to provide an acceptabl e safety maggi.n faor. the .het er ol ogous
‘nuc| eéationie grpup ShatbiadeODNH. ]?Kfﬁ’é}?é 9£%‘uf”ésg‘8‘lmgli ‘élaygéﬁsé*&fé‘f p# es s@bn systemis
mand%tg 13‘?111 i Eerﬂzﬁt%&gslﬁst&%wc&%ni%% 4 dndZR961yWEInG 3088 Blkment RCEPWBO2/ 34275 | evel s
of b > GHR

e
: éxpression o H, "and still retain a hi inducibility. Thus,
t ar geft bigding bothxfor the PVA vester lsad ﬂ@gmeﬂt%&aﬁy@%‘?{rﬂgﬂ’ﬁtWB‘ ﬁ“gll ecul ar switch
technol ogy as schematical | ' q&;ﬁﬁ s FWERIRE iheractT RafC oger ci al |y
avai E’%ﬂfggéGé’iegﬁgt cei%‘e)u% saf/és/tég%r@g{)r | San -dependent inductjon of transgene
expr gstiNiopdidnseehiantte flateacarpiog the/mannose-6-phosphate receptor, or the
carnitine receptor. A second element is capable of binding both to the DNA vector and to a

receptor on the nuclear membrane. The nuclear ligand is capable of recognizing and

fransporting a transporter system through a nuclear membrane. An example of such a

ligand is the nuclear targeting sequence from SV40 large T antigen or histone. A third

element is capable of binding to both the DNA vector and to elements which induce

episomal lysis. Examples include inactivated virus particles such as adenovirus, peptides

related to influenza virus hemagglutinin, or the GALA peptide described in the Skoka
~ patent cited above.

[0107]  Administration may also involve lipids. The lipids may form liposomes
which are hollow spherical vesicles composed of lipids arranged io unilameilar,
bilamellar, or multilamellar fashion and an internal aqueous space for entrapping water
soluble compounds, such as DNA, ranging in size from 0.05 to several microns in

diameter. Lipids may be useful without forming liposomes. Specific examples include the
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truncated progesterone receptor that fails to bind to its tur oni st
progesterone, but instead is activated by anti progestins, aglJAé’ﬁﬁgg&g
m fepristone ("M-P") (Vegeto et al., 1992; Xu et at, 1996). Thus, the

~ heter ol‘%g%&sﬁécl ei ¢ acid sequence introduced into tggT&%}ngﬁf t he

subj ect s MFP to be transcriptionally activat I meric
regul ator protein of the GeneSwitch(r) system consists of the |igand

bi ndi ng, domai p .of the truncated.h WREDNAGERWaR t hat has been
fus‘éléP‘tgf&afﬂ%c SH}%HPE,EXB%??& “&%ﬁ%@'ﬁe‘g’gﬁéﬁ4 protein (which binds a
S P€ @idl thémbldnd YT K iell k@ Pacilmeatre of DNAdn the eellscri pti onal  activation
domain fromthe p65 subunit of human NF-kB (Abruzzese et al., 1999;

Abruzzese et al., 2000). The gene for the GeneSwitch(r) regulator protein
was insefgifg] i NGRne AeliveRPwm ClseXipy esdorored Viee tonsplagting genetielypGS1633, whi ch

I s expressed constitutjvely under. t contr ol pecific

skelcaginteres) ¢l Bt qxamplesieayatise SHSEI rcgﬁsn‘éa%ﬁ&()b%%%?ﬁ% % %g?s?)g nat ed,

pGX%?/ geﬁ A3 REe Qﬁuslé’lg"ﬁﬁ%@:”ﬁi Blaitabiteticdllyl Bagindetideto pxpresst er t hat
sIsts®o

con SI X copies of the 17-ner 14 binding .site fused to a m ninmal
TAT Acdombinaniohmnay groWHeh@pRRe eadieytesihs SEMER h"%n%{‘%z‘%@-tﬁep a'?]?lggsrre nt of

- super-RpoLcine tate %gob@{rp@ﬁﬂg [y aglohtas Akl i et al .,
- 199990 T%rqw&gﬁﬁmcﬁgﬁoecu:égﬁgl sBFgl;;/SE a high degrlﬁe)e of stability in serum

with a half-life of 6 hours, versus the natural GHRH, that has a 6-12 mn

hal f-1if e s SREGh A G SRR RN ddeMukd t0P&Esting; Retisele bissme GHRH pl asmi ds
bot h having;g' W@ﬁ%l%?@hﬂm&%}%n tha%ﬁcon_t ai ns zlalgs¥nt he(ﬁ#c intron, and a
3 Udohie Shebelllisr mgorpovaied linto A existing shreature.sit fis 88 G 1AHAREh "BH gene. [01121

"~ Reconbi nang repl acenent er i ' : L DMn@Ag W th
beneirtgiedy Mé%ﬁé%‘% gz,m Bﬁ%&gr‘?&{‘)’gﬂe&w @%@gggug@g%ﬁp%phyg%% ogi cal . Such
el eV\Qﬁc??eeﬂQ&ﬁiﬁ)?e?ﬁentaEiSﬁ QP GiHRaY,) tandGtheagenetivallp ehginaeckdwictihcatedlsn kg i ous
side-effects, "for exanple, up to 30% of th% rﬁé@nﬂ,gﬁéﬁn&i{—@ reat ed
pat i esilysput dpdr witlaowti cgusing dameggitorhs pafient Is aapself L e et hen, 1995;
Verhel st et .at,..1997 I I b b & dratechd cl osure in
%&I %e}%grgr? &éﬁleg tt%ﬁ&ﬁé%. %’ﬁgnﬂé%ﬂﬂ' KeRtifdy andbe @k u |

pedi BeY PoUSE en an ndl e, 1996). [n addition, nolecul ar
het esp@@haiiby oftf smati biapsy. e gt cambe pranased amstrpiified shecgnd ¥48% ons in growth

and hopeostasis, which ¢ J ead. t : a reduced
abi | SEed 19 humans, geperale FRISYY °Pn°%@éd§%?°3}n%%ﬁ§f%@%gum’fil 2006 WD
03/ 0%}%@&%0%31%&5@10&&@)&%@3@;ra’rr]ﬂgmderechalhﬂﬁhé @iR1BadY or m of GH has
| ess potenCy to cause urine retentipn than,the Sat ozawa et
al . , ranfoingrthenkseatingees Hrth ,thelyg’é‘?pr\ﬁ%d&e%‘lr' éﬁt?ouéé@%a%?%?éé unwant ed si de
of f egl S alod 0t thE CRMMRR by Aelbabdttht fb:aBaASAviddg!the eppibanibifiwarthe

dermis, human keratinocytes secrete into circulation the protein produced.

[0110] Delivery may also involve the use of viral vectors, For example, an
adenoviral vector may be constructed by replacing the E1 region of the virus genome with
the vector elements described in this invention including promoter, 5'UTR, 3'UTR and
nucleic acid cassette and introducing this recombinant genome into 293 cells which will
package this genc into an infectious virus particle. Virus from this cell may then be used fo

infect tissue ex vivo or in vivo to introduce the vector into tissues leading to expression of

the gene in the nucleic acid cassette.

[0111]  Although not wanting to be bound by theory, it is believed that in order
to provide an acceptable safety margin for the use of such heterologous nucleic acid

sequences in humans, a regulated gene expression system is mandated to possess low
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exogenous GH protein raises basal |evels of GH and abol i shgg tPE@ Q&;ural
epi sodic pulses of GH |In contradistinction, no side effe é 3 een
reported for reconmbi nant GHRH therapies. The normal |evels of GHRH in the
pituitar ortal circulation range from about 150-t0-80 [m, while
system"ggc'?%?:"@lﬂzati ng val ues of the hornone are up toPﬁyngzB%ﬁ - 500 pg/n .
Sonme patients with acronegaly caused by extracranial tunors have | evel that
is nearly 10 times as_hi e, 50. ng/.rd . af .. el ¥@eGHRH) (Thor ner
et &vels of aal exprasgiony of GHR 5%“@(&&?@&%@? 161‘@8%%' ﬁam}ﬁsteﬁﬁ%i %(her apies (1-5

-yearglreds n%@gﬂ %deer}eg\n&e@lwrih%rpdamnmmwumsmm aechaflemnd of t he
cl assi ca side-eff

effects,” such as changes _in f i l. se
c oneetrimtitally rdiegramédh im JIGHRE] tA-pBhg eppmercialiy %{’@ﬂéﬂﬁ% ?%P@%”%@%e epi physal

w h d.cl - Sl 0pi It | ' [ Ch i
31 ”Bystent S e o iR b Ey it ??%rﬁ%*“&@‘;?ﬁ??miég%?‘@%?%%ﬁs( studies

i N hisaedns, progesrone recppiys thahhiletd hikdito itteperhagsuist PHBERT A h reconbi nant
GHRH protein resjiores the. nornel ’ ' 508§t i zing GHRH .
Fecaption & SRvHRRPLRTRPES B foatbeipsnE ) Chfeho Aganet 1 2 N0 5
SYSHaMIaE 1@9%‘%&, afe 1RtciRggoReneicid suidisdnpedce tiodheeddntaisicebh@fd in the GH

t herapi es, iRH_r econbi nant ro{ ei n.tpeﬁrﬁ%}/ mé—icbreg@@é@r%ﬁﬁg ol ogi cal than
GH tthesulsjpyt requirsn it to be feanseipipnalix aefivareflafhe (Rpeice in vivo, frequent
(one Lo Lhree. b |, Rkha beEisSlondibsftheatpenatad Inmdnnt r anasal
(re'c?ﬁ‘iﬁf'ei eﬁeg‘&s‘ghﬁoiggteﬁ%’ﬁgkayg%%ée?é adni ni_st_roation_s %e n sary (Evans et
al . ,praf@brond teoeor thdt bas beenawd jo thy PAGA binding demagnf chepg §g€‘4 r econbi nant

GHRH protein . adm.ni stratd on,i s AC T And e Grahst: ﬁfnélr approach,
homéV@Pmc&hl@l g%}’élF feioThi clswlbijm%?&a%l oﬁls%%qoa%(gng use. Nb?ﬁetover, a wide range
of dRBeSion CPRaRE Hole ERPESR Eubmnil v e WF&B (iRurzess eladlgel¥89% her apeut i ¢
application is favored by Jative and

t he fact. t t.h epe
sevehbrizzess el B 2OADN EhegcaE f%é%G%ath&(ﬁﬁggéﬁégﬁO%&w%% ﬁ‘gﬂfn g and ot her

specj €30 Sahl eﬁ%m eetorl Wdgnafedi JAFIGET Whicklis expt&8a) constéutivelshe neasur ement
of thevapautic er Icacy is straightforward and une ui;rﬁlgecg 0113] Anong

t he e the contrd] of brivgalsspéaiic elstal elpharagtioy (PR \progotcy Fratt  injection
of plasmd DNA jnto I SGIRRIAPLE pGIAEK PERS biifain? B ifdicible The

i nef?lmﬁnfle&%ﬂé&%@%ﬁ%ﬁﬁgé%wsc’I g?fl? er ng?t er sinple direct injection
hag }8gofep tHae batisistéalf v apies ef freddahamGilé biiding(site dbed dee gingial | 1904; Wl s

et al., 1997) In additiaon, the durati.on,of [dorcig®06 WO

03/ o'ﬁaléimpmqmmzﬂzf‘aéiﬂi&@&W&é%ﬂ?&“"&%?%gés%%%ﬁ‘g@ e aipBdrc (WOl ff et al.,
'1990)nuta§ﬁ%}ﬁmtcmqmaqtvm gbt&%hiﬁJAikﬁietaL, H99). ThatiVoGERIBve been
confirned to vaccines (Danko and Wl tf; 1994; ]}'tsu%gip et ih

molecule displays a high degree of stability in serum, wi a half-life of ¢ hours, versus the

natural GHRH, that has a 6-12 min half-life. The muscle-specific GeneSwitch® and

inducible GHRH plasmids both have a 5’ untranslated region that contains a synthetic

intron, and a 3’ uniranslated region/poly(4) site that is from the human GH gene.

@)

a5

[0112]  Recombinant GH replacement therapy is widely used clinically, with
beneficial effects, but generally, the doses are supraphysiological. Such elevated doses of
recombinant GH are associated with deleterious side-effects, for example, up to 30% of
the recombinant GH treated patients report a higher frequency of insulin resistance
(Blethen, 1995; Verhelst et al., 1997) or accelerated bone epiphysis growth and closure in
pediatric patients (Blethen and Rundle, 1996). In addition, molecular heterogeneity of
circulating GH may have important implications in growth and homeostasis, which can
lead to 2 less potent GH that has a reduced abil_ity to stimulate the prolactin receptor; it has
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al ., 1996). Recently, significant progress to enhance plasg%gggﬁébﬁﬁry I n
vivo and subsequently to achi eve physiol ogical |evels of d

protein was obtained using the electroporation technique. Recently,
significant progress has been obtained using electroporation to enhance
pIasnidW§8WW§EVy I n vivo. Electroporation has been uggﬁw Pﬁnssuccessfully
to transfect tunor cells after injection of plasmd (Lucas et al., 2002;

Mat subara et al ., 2001 r to i.ver. t he bos - dr eonycin to

cut &lsebean %ﬁﬁ‘éﬂbeéE?H%ﬂleazz%ﬁﬁ@%%éﬁg\ﬁfsnleﬁs&%%y toG%aﬂF@g?ﬁaﬂég?tm%998; Hel | er et
al - thah )2 K54 SR OROSicPHL, G Tshadkaweeiralexa%9n Wadelsyaludef)i n ni ce
(Leslbor es et al., 2002; Lucas et al., 2001; Vil u.ihp et la.nt’ 2001), rats
( TefThew enwanted, sigoGffectyasmilt dgomgthe fasdhpf ,“%H’&enéf)lﬁ‘é (RRWRIE S "o T 2001)
to deliver~ther ' @hds e @tval dptioic phlsésor mones,

cyt 8?5?3?@%“*"0@1%3%%%%@32&.6& Bﬁ@g@%@ﬁﬁsﬁgtﬁ% es usi ng gm h(p ne rel easing
hor repre. ( GHEdradiktinetioh, tnhaside qffeats Mizve bese repptediiar fecombarapt ion is

scal abl € and represents m..si ng: sl guction and
T oqubeamme. dbenermalives o CHRE e ﬂ&ftg"?@éﬁﬁﬁ?%&é lon xBE4IIn0AR (Dr aghi a- Akl i
et glsg.0- 48P Py/mDAGRIsgstédsil iciraitlatilg vahi2062he héinmoe pxspay tetabowt 180so has been
extensively Used in rodents an ot%tar snal | ampﬁ.?'éh&ﬁ%&eﬁﬁx gt al., 2000;
Yi n 588 @e/main Fome paienis wiflh aqromaegInLG DY E R PGRR B ERYT 68 conf i guration
af f : e bEineich@ive GHRI)(Thaaeuetal, 1088ul ts (CGehl et
al qg&%ﬁlg%ﬁﬁ?%%/%éﬁc(eé ggﬁg/?ﬂlgg% . Prel ?m’ narS( exper i ts indicated that
for Tangaergestadiesmaing medebinanieGHRE theraries (Gdogas) (V)Téh@@fr&ia& 1% better

repr.oduci ple results tha I L] ih Conbi ni ng t he
 pondiriEs BEbPaHRrar L DERRE G B RRt o iges B i d DA
Vect fcosd sdneentRiGse Brhediagiu patiestnttheivaciereted bonst epiphysd gEandh ek body f at
proportion, increased |ean body SS (- LBW r ' ani mal, such
as eclosury erestippipgaf the £epitae E%inqr%\ﬁpﬁﬁ%@%"g\‘é‘%‘eﬁ” 88@33? Séf'l{s}etfag'i 15] The term
"Vectgh! vimnb e L BTE! Rurefoud shiies i€ hunks) eheep at ipfgsndbwedittet i nto  whi ch a
nucl €& acid sequience’ can be inserted for introducti gr@tn%ﬁ) a cell wherein,
in semtnucestiniision with, recomtiaant KERE rotein Tatiores te BT PE#Tquence can be
native, to .t he.ani [ " g5iR bridli &RLIBEOL). that it is
for er‘PP“?SeSF‘PFé“Z&% fht ?e%u%ﬁa‘{}ﬁgﬁ%gﬁy is%l 3“':_’55 ril 2Q%)6 WD 03/ 038112
PCT/ NSAR{ S4teriTs bphislg of mtlegpebinfdebddmelt Which m@o@@@dh@%&mm ogous to a
sequence in the cell but, in a sition wthi nucleic acid
BB rerembaRicprelst e ab 1Y ot Ppisleglodt sl . iy

However, due to the short half-life of GHRH in vivo, frequent (one to three times per day)

intravenous, subcutaneous or intranasal (requiring 300-fold higher dose) administrations
~are necessary (Evans et al, 1985; Thorner et al,, 1986). Thus, as a chronic therapy,
recombinant GHRY protein administration is not practical. A gene transfer approach,
however could overcome this limitations to GHRH use. Moreovet, a wide range of doses
can be therapeutic. The choice of GHRII for a gene therapeutic application is favored by
the fact that the gene, cDNA and native and several mutated molecules bhave been -
characterized for the pig and other species (Bohlen et al., 1983; Guillemin et al., 1982),

and the measurement of therapeutic efficacy is straightforward and unequivocal.

[0113] Among the non-viral techniques for gene transfer in vivo, the direct
injection of plasmid DNA into muscle is simple, inexpensive, and safe. The inefficient
DNA uptake into muscle fibers after simple direct injection hag led to relatively low
expression levels (Prentice et al., 1994; Wells et al., 1997) In addition, the duration of the
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Vectors include plasm ds, cosm ds, viruses (bacteriophage, i Vi ruses,
2hAsbeie

‘and plant wviruses), linear DNA fragnents, and artificial S
(e.g., YACs), although in a preferred enbodi nent the vector contains
substantially no viral sequences. One of skill in the art would be well

equi ppedCPY'BWist ruct a vector through standard recofbHERE*? echni ques
(see, for exanple, (Sanbrook et al., 1989). [0116] The term "expression

vector" refers . to, a type et i n S a nucleic acid
C oqfmuperis cxrasen basash shoss CWaER Hy LoR Tht okt abQARLY gefla LT,
ol %ﬁﬁikaﬁ%g@ﬁc%ﬁ&ﬂ@%vé b ehiaird té Mdctings aniteeind, Wpls, g4 (Teetemi ¢ peptide. In

ot her cas t hese sequences are not transl tgdﬁ for exanple, in the
pr odlictipen). Beceatly.i signifieanivpraggiselo cpangs gg‘i‘?’?ﬂe SV e L8 ol vect or s can
contain a yari B Rfod prifeinCifes dbefued uspg thecl ei ¢ aci d
seqﬁg?fg%%enﬁ%Eoe%é%aé‘rré;{ﬂ?yggo?%%ﬂergﬁggfF%t [ onprand possiq%l y translation of an
opereRkinRirationi teklmitueodiRegertlyy signifisantnpragisey e (iegh 9v5EedcBINE | n addition
to control . sequences that vern | Dt l\agd on, vectors
and © B?@é%t’r"BﬁO\‘?g@Pﬁ?BfW &gg?{{’é'? %ﬁ%ﬁ%@&%@@f@?ﬁﬁg@gs {-ylhat serve ot her
f unGhiRRSIIRS toVehdsfeRn dudére celsSafiek lisjdctionf ofaplagriid @uessetdalve?l0drs [0117] in
certaln embodi ments, a |jnear DNA,frag nt frongigt(Flcmgs tor is :
contMatpibaracet dlor0QRd orite delivg Jdhe aph-Hmg L‘T‘g’rgyglﬁ?%ycel C particularly a
manmBl i A GR! thmork T hERRRY @ehl B A NHIE; HROEOS SL.C OIAGYI Elestporefidri con and

q

contro‘Jlu sequences V\:ft‘lll ch are derived from species f\cl)@r_tiﬁ)l e with the host
cel lalsarhes bemaxiensivadynasd in wiceLeshordped al.7982:slucq al. oV Wi nari | y

car & BoTeRli (TR0 &1 Ay, PhutBll, AOBIddoES RaGuDAS0UIeh are capabl e

ypi'c’sel'ection 1n transforned cells. In a non-limting
exargelifer tFeragelié gerics tiof teacods fams Fartetyed hoginonesd eytokings FeBZBISpBR322, a

| asm d derived _froman E. coil species BR3 taj es for
gnpi(élilfl PEVIoR eudies P%E%/@Fq“ﬁ]é%r“ﬁg‘?“?t%ﬁﬁséngamfgﬁoﬁﬁ3(%}1%?@vs?%‘g§d glg'gy means for
i de%&%ﬂ& ‘ﬂ%ré@:&%flﬁlf é}éd%r%?orﬁﬁ&d &-scalitfe RBRcplessits 4l proatising Bproachiac obi al pl asni d
a

or age nmus so contain, or be nodified to cont f,or exanpl e,

in,
pr onindwes spradriction end rognlated gedsstion W@%Hpaxﬁgﬁr@%’ﬁ%érﬁnﬁm%r ession of its

© own ot ei ns. skidd. 1 rEC ZRRctidiRtation)aiB! ®SBeeh i N the art may
be n&f?é:‘i‘%’éﬁlf St %ngé#dhﬂﬁéﬁé #gt?il%(t) s’ g@? he Brgei’gent invention. In a specific
enbogidBRbly deal inasdsd and atheEtRbll weimals (Bearpg: 9hp 2000; Xow gndAFME3/ 035112
PCT/ USQ2/ 34275 used for the, therapeuti i | ' egdiyed from
Pl R0BR) ThascbePnatiionad el e ARE bRl SRMSRS dnkcS
distribution, and subsequent results (Gehl et al., 1999; Miklavcic et al., 1998). Preliminary

experiments indicated that for a large animal model, needle electrodes give consistently

better reproducible results than external caliper electrodes.

[0114] Combining the powerful electroporation delivery method with an
improved plasmid DNA. vector system produced significant changes that decreased the
body fat proportion, increased lean body mass (“LBM”), or both, in an animal, such as 2

large animal, at very low plasmid dosage.

1. Yectors

[0115]  The term “vector” is used to refer to a carrier nucleic acid moleculs into
_ which a nucleic acid sequence can be inserted for introduction into a cell wherein, in some
embodiments, it can be replicated. A nucleic acid sequence can be native to the animal, or

it can be “exogenous,” which means that i is foreign to the cell into which the vector is
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[0118] In addition, phage vectors containing replicon and ggg&rﬁ% iéquences
that are conpatible with the host m croorgani smcan be use Q& form ng
vectors in connection with these hosts. For exanple, the phage | anbda
GEMIM 11 may be utilized in nmaking a reconbinant phage vector which can be
used t VP8I Yr m host cells, such as, for exanple, PEVUEB#2PE392. [0119]
Furt her useful plasm d vectors include plIN vectors (lnouye et al., 1985);

and pGEX vectors, for use in,generatin | u i = faerase (" GST")
sol being intragypashorhaiths sRAVETSE ITQ’E?IE?IO%W?? géﬁ%“l%%% %%e s?eel%oglﬁgtﬁ i‘'on or cl eavage.

Qher '{,@mn ' R 8485 ¥hRhtthosuatict s ¢lingdlyaot fsindase, ubiquitin,
andséﬁgéﬂi e. etP%lli%]galBgct‘eri all host cel feg for exanple dE laﬁtOi f, conprising
t he Vexforse isiudn plasmidsocosmifs iussin(basiergphagsy ot B abl e media, for

exanpl e, LB. r i : BNty ATN] dihbugbnineer t ai n vectors
my%qs}ah’ﬁgaég?ﬁ%es&%guﬁ% a%gaﬁé\ﬁé%l??%@gﬁ% (tggose of ski Iglhr,liln the art, by
CONpagbidUtknibodisdnt thelvéctoricohtamn subgentiallyme oieh ssqyearesc Qe af #l Br oot ers, el g,
by adding PTG to the .nmedia or by sw [ ' Datel QBoch i i gher
tenﬁ@aﬂu‘ﬂ@.ﬂdmwﬁ é’ﬂFPPRng Rq° té'y%aa\é\nyéecr?opa ggﬂ]g&ggarrt{lﬁer ple]:?fugd, general |y
of B %ggs Be2 B exabthld) (SdobRookedt bis 1889). col | ected by centrifugation and

washed t'o renove residual nedia. IIl. Pronoters and Enhancers [0121] A
pronoter is a control sequence that is a region of a nucleic acid sequence
at whi ch iflig} | atrineRerantbxpRistorovectaramsfes itp einp kypofof egwiseropBidlict are

controll ed. ’t may cont ai nﬁ@g%gbg%&g@éﬂ%@g%g%%g@ory pr ot ei ns

and covipasing e sueleip a¢if Gedng; fpe an er transcription

| { QCUO0 8 1 dyeud ol B B b it TRRpONIE drptide. mothel ascagi d sequence.
- The™p rases operatively positioned,” "operati \égflgﬁl | i nkege, " "under
contth@de, séquanebs areneht transtaieds Sori examplacin thoprpustion sese POLWP Yot er is in a

correct., functional. |l ocation ﬁl‘éigr I RNL ekl 1 Ratiepbaal’i Wiiich 0 a nucl eic
aci PTSERPFERE: BPIESSWPrVS%OIStcfa%%gcrl pt ?%’lr?g{] fnioﬁ?%t - on and/ or expression of

t hat f8 4 8idse add sedBerdps hdcesdAFToMRe GanOEgion2anPEUssidy taslpion °f 0122] A
pronoter generally conprises a sequence.that.f | ition the

st aran eperaivelyrl codipg pROUFICe ’#ﬁep%ﬁté%‘far l?ﬂ%\/\%ll'eﬁcr?%#@g%fté '? %@gﬁi s the TATA
box, ' %cﬂ?@m AERpR6S ahPErlisRbioR, vEUSA dadexpisssiin wsiors may exanpl e, the
pr or%ﬁ{efrnc%orhmts e ;rp&am‘ral lan term nal0 _dveoxyn cl Otidé}?ﬁ%{{l% sf erase gene and

t he qnoimhedeié amid seheen@x4lyit serue ofyerfunctiops agiwelland are e Cerlying the
start site itself helps to fix the place of initiation.

1. Plasmid Vectors
[0117]  In certain embodiments, a linear DNA fragment from a plasmid vector

is contemplated for use to transfect a eukaryotic cell, particularly a mammalian cell. In
general, plasmid vectors containing replicon and control sequences which are derived
from species compatible with the host cell are used in connection with these hosts. The
vector ordinarily carries a replication site, as well as marking sequences which are capable
of providing phenotypic selection in transformed cells. In a non-limiting example, E. coli
is often transformed using derivatives of pBR322, a plasmid derived from an E. coli
species. pBR322 contains genes for ampicillin and tefracycline resistance and thus
provides casy means for identifying transformed cells. The pBR plasmid, or other
microbial plasmid or phage must also contain, or be modified to contain, for example,
promoters which can be used by the microbial organism for expression of its own proteins.
A skilled artisan recognizes that any plasmid in the art may be modified for use in the

methods of the present invention. Ina specific embodiment, for example, a GHRH vector
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Addi tional pronoter elenents regulate the frequency of traggcnﬂg%b
initiation. Typically, these are |ocated in the region 30 qofgstream
of the start site, although a nunber of pronoters have been shown to
contain_functional elenments downstream of the start S|tg well. To bring
a codi Ny ce "under the control of' a pronoter, 2%6’57?“ ons the 5'
end of the transcription initiation site of the transcrl ptional reading

frame "downstreant €., . OOLES had e "upstreant

pr oesde for sthe mipapadic QPPQ‘??QB‘?% bt dgﬁv%'f ﬁ?‘ﬁeﬁwﬂ tgi%r onot es expr essi on of

the g%ﬁgg ﬂ\gﬁ, %23] The spaci ng between pronoter elenents frequently is
kl ,ﬁ% zg"? pronoter function is preserved when el enents are

|nverted or noved relative to one another. In the tk pronoter, the spacing

bet ween g}' g@]‘)t €lin %ﬁcﬁﬁ@lnbﬁag@&%cﬂaﬁs d;dntait&@ mibhtcm anﬁ@ob@olaq@amnc%ef ore activity
begins t

ecl i ne. endi ng on the D i ndi vi dual
el et @mpaflbinwﬁldhe bost P‘Ré?m%%@’-ﬁ 6 Qﬁ’ r%%e% 0fwﬂlto activate
transcri ESF B @gggﬁéﬁmrm ju’mﬂnzéd on with an
" enYSPREEYC & ﬁés‘ﬁﬁogfeé?el:?fs to éé)gersﬁécﬂa%% regul at or yz@rdi&g@ nce involved in
t henﬁmmmrmmht phapé veator winichen ke peed|te fransipsm o ﬁr‘e 37 0124] A
prom)ter y be % gatural |l y associated with a nucI eic acid sequence, as
may eEXgnp 1%@8@‘%? olating the 5 non-codi ng sequences | ocated upstream
of the coding segnent and/or exon. Such a pronoter can be referred to as

“endogen ! | ar | gg&g BRord AInbué ley aBssoci ated with
a nucl ei 3&@31 d ?é‘% n‘ﬁsgéfLl Pfag%‘g@t} tlﬁ wngt ream or%gstar eam of that
-sequen ymd%GEXW@étbﬁ&’oﬂuse@ﬁg&maﬂngﬂh@ﬁna@é‘sﬁamfemﬁe 6&S33) 9loy posi ti oni ng

the coding nucleic acid segnment under the contr r i nant,
syntfhsien progainsEr dg 6‘]@5‘%6?‘08 %‘H[?F %l%h?r ea?’ er@'jh Iggué&?)lﬁofﬁ%?g? that is not
normal | ) AasB Uit lith, a4d e SRGJuence in its natural

enV|pF%tﬁ art%%%%%fﬁ?o%gg%%gnt sy(ﬁl'%hetl c or heterol ogous enhancer refers also
to an enhancer not normally associated with a nucleic acid sequence inits
nat ur al ORRt & EdpR! E360/2 Tompiidihg AROG&pIEsIaB/ 038112

PCT/ USOZ/%iIS en an%lﬁp(ﬁg% I ncl udg (grormter?plgr ,rllge[ncers of ot her genes,
and eeoRRiegewalin enhafacumber ifsuitadlegedia, Gw axagple e ThG PrpEessigh prokaryotic
or euk ryotic c P&ft‘?lggl? i?l%ﬁt%fs ef]ﬁ[g'k}??%%ﬂa%ﬁha@fgt%@wy occurring,”

e eI erre erent transcriptional
reguﬂllggeoggﬂ/smgghqli@ mabgdb@{tacﬁugaﬁhcmnseﬂ Ivath @il egent epepifiestor éprtaiFor exanpl e,

P eottee v g by siding TPTC fo e edit” §F by SwhSHY Relibn W2 MgRet ruct! on

“temperature. After culturing the bacteria for a further period, generally of between 2 and
24 h, the cells are collected by centrifugation and washed to remove residual media.

III. Promoters and Enhancers

[0121] A promoter is a control sequence that is a region of a nucleic acid

- sequence at which initiation and rate of transcription of a gene product are controlled. It
" may contain genefic elements at which regulatory proteins and molecules may bind, such
as RNA polymerase and other transcription factors, to initiate the specific transcription a
nucleic acid sequence. The phrases “operatively positioned,” “operatively linked,” “under
control,” and “under transcriptional control” mean that a promoter is in a correct
functional location and/or orientation in relation to a nucleic acid sequence to control

" transcriptional initiation and/or expression of that sequence.
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(3-lactamase (penicillinase), |lactose and tryptophan (trp) gro h@é
systens. In addition to producing nucleic acid sequences $ Pﬁ?;g %rs and

enhancers synthetically, sequences nay be produced using reconbi nant

cl oni ngwand/ or nucleic acid anplification technol ogy i ncl uding PCRTM in
connect V8#¥@1% t he conmpositions disclosed herein (s&EVUSE34H3tent Nos.
4,683, 202 and 5, 928,906, each incorporated herein by reference).
Furthernore, it . is conte ated t nLral Alondi r ect
transcril@§#n aﬁcﬂr?)‘mtﬁ&%iapgrgt?r(?%m%?éggg(e%% e'n‘%e%gtvm t hi iF}@%oéld-anu.cl ear organel | es
sucﬁggﬁﬂrgtgmﬂ@mesﬁhlrﬁé bt ing, examnpletoli thid is ke TABABoh &UldRpP| oyed as wel | .

[0125] Naturally, 1t will be inportant to enpl ef..and/ or enhancer
t hatomd peamdtese| lpcking acFATA HoXe é%iff% SR e‘%\!’%‘”@é@ﬁ‘ﬁ’t {th t he

or ganel TR | }fans @l onc @i ME RfictNfatths$Vi(flate expr essi on.
Thoglé‘mgfaﬁgw Fln&étgﬁgmg%‘%tﬁl rrts)l ecu altlre bi o og%ég ner?l L ﬁiknow the use of
pr OgBiesrSdis@ebafonenisoverdyidg thel start sitsatseld helphint o8 PHasE of PHHHRRn expr essi on,

(see, for exanple anhr ook ) ) e t gitgtiempl oyed may be
con&yfitigngl, gro q@s%@%@cﬁeﬂ@g %\dggﬁf@) Ogn%#% usg?ul under the
aAPPHYREAIRYL thesd A8 Ubdaicd s the Qeglont 3511 (Mbpgipsireane b thx pied se, atheehhe i nt r oduced
DNA Segnent, such_as s advantageo I.n_the | arge- duction of

r ec oWPe O Promes bake @ﬁ%leﬁeﬁP&%@Wﬂ ﬁe%ggﬁtgggpﬁ%étﬁggﬁﬁet er ol ogous or
?ndgﬁﬁ%ﬂglﬁs Wt 28) bﬁgghtcbgﬂglséqﬁeﬁday"uﬁﬂ@rtﬁé esrtteh bfne eromwéarpéngat i on (as per,
or “exanp

e, the Eukaryotic Pronoter Data Base ,EBPaI?B, .
ht t poditionsvihe f/cenil i thei tansshiptiorcisiiatiom siteonfise wnserptiopal dvadipg 9% ession. Use of
a T3, T7 or SP6 cytoplasm.c expression sy, o fmuldl@ssi bl e
- enbodewnsiieam’ ol ey dt %?@e‘fﬁ%ﬁlclﬁﬂmg%%pg? @%@% ?gﬁﬂg&{?énnuscri ption from
cert'g%gg- | BNARRE IR ckiredsiva ofpRieamdbdRNAbact eri al pol ynerase is
pr ovi eg?&gﬁtﬁ%érﬁgs pa?? of théa delivery conplex or as an additional
genetic expression construct. [0127] Tables 1 and 2 list non-limting
exanpl es @h3el e%@%ﬁcﬁfg%ﬂ&d@ﬁ%rdnﬁtﬁér elemmeptshieqeentlydy dldxiblensa thet cont ext of the
present invention, to regulate the expression of ﬁ 37..25 oAgﬂél 2006 WO
03/ GRGAde ROTwSH ey when, clemente ars 1BYSSH PLMSA- FRHS 198 exanpl es of
i nduci bl e gl grent iﬂé'stp ifo bERLANSroRbter At drCheiabdass@guence that can
be é‘t‘i‘?t?lﬁrat]g‘cfﬁ? ?ré%lﬁ%ﬂs*e %&ggspemflg_ stinul us. TABLE 1 Propoter and/or
Enhaspogy aplit detokesctiiny bepiiertiRdbadinan Deprafisg on desspromoter, it appears that

individual elements can function either cooperatively or independently to activate

franscription. A promoter may or may not be used in conjunction with an “enhancer,”
which refers to a cis-acting regulatory sequence involved in the {ranscriptional activation

of a nucleic acid sequence.

[0124] A promoter may be one naturally associated with a nucleic acid
sequence, as may be obtained by isolating the 5’ non-coding sequences located upstream

- of the coding segment and/or exon. Such a promoter can be referred to as “endogenous.”
Similarly, an enhancer may be one naturally associated with a nucleic acid sequence,
Jocated either downstream or upstream of that sequence. Alternatively, certain advantages
will be gained by positioning the coding nucleic acid segment under the control of a
recombinant, synthetic or héterologous promoter, which refers to a promoter that is not
normally associated with a mucleic acid sequence in its natural environment. A
recombinant, synthetic or heterologous ephancer refers also to an enhancer not normally

associated with a nucleic acid sequence in its natural environment, Such promoters or
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| muno | obulin Heavy Chain | mmunogl obulin Li ht Chain
T- Oel Re
DQ a and/or DQ Interferon Interleukin-2 Interleukin-2 Re %ﬁa%(g CIHLA
115 MHC C ass 11 HLA- °s "
S Dra( Kawanoto et al., 1988; Kawanoto et aI 1989) '

5 LW, S R e e e O et
ggtlr :J(?gg';]azle | nﬁOOl Skroch et al., Metallothionein (M1'H) 1993) ,
y- CeBmR rRB e atomgfers orpaiGeer] PERER et Bhprdiits B s B P Fos
C- Hixolaa GG BRP ofted virus, I@9ProkShdtizs on eekarydtic, cellpgngd IEeEeLEmS ngr obin c-fos

enhancers not “naturally occurring,” ie., containing different elements of different

{ranscriptional regulatory regions, and/or mutations that alter expression. For example,

promoters that are most commonly used in recombinant DNA construction include the

B-lactamase (penicillinase), lactose and tryptophan (trp) promoter systems. In addition to

producing nucleic acid sequences of pfomoters and enhancers synthetically, sequences

may be produced using recombinant cloning and/or nucleic acid amplification technology,

including PCRT, in connection with the compositions disclosed herein (see U.S. Patent

Nos. 4,683,202 and 5,928,906, each incorporated herein by reference). Furthermore, it is

contemplated the control sequences that direct transcription and/or expression of

sequences within non-nuclear organelles such as mitochondria, chloroplasts, and the like,

can be employed as well.

[0125]  Naturally, it will be important to employ a promoter and/or enhancer
that effectively directs the expression of the DNA. segment in the organelle, cell type,

tissue, organ, or organism chosen for expression. Those of skill in the art of molecular

biology generally know the use of promoters, enhancers, and cell type combinations for
protein expression, (see, for example (Sambrook et al., 1989)). The promoters employed
may be constitutive, tissue-specific, inducible, and/or useful under the appropriate
conditions to direct high level expression of the introduced DNA segment, such as is
advantageous in the large-scale production of recombinant proteins and/or peptides. The

promoter may be heterologous or endogenous.

[0126]  Additionally any promoter/enhancer combination (as per, for example,

the Bukaryotic Promoter Data Base EFDB, http://www.epd.isb-sib.ch/) could also be used
to drive expression. Use of a T3, T7 or SP6 cytoplasmic expression system is another
possible embodiment. Eukaryotic cells can support cytoplasmic transcription from certain
bacterial promoters if the appropriate bacterial polymerase is provided, either as part of the

 delivery complex or as an additional genetic expression construct.

[0127]  Tables 1 and 2 list non-limiting examples of elements/promoters that

may be employed, in the context of the present invention, to regulate the expression of a
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Neural Cell Adhesion Ml ecule (NCAM a,-Anti sin H2B (THZBk

Hi s.
an or T el Colla en ducose-Regul ated Proteins (GRP94 and m?&&alvbuse
(G[r&wtlgli Eore{mglearsiggit ‘\"‘(l;[’ 19862I Human Serum Anyloid A (SAA) Tro onin |
- ; Yutzey and Koni eczny, 1992) Pl atel et '
Fact or (BREHUEH 25 .| 1989) (PDGF) (Kl anut et al. ,)1995',5T’R§0§’ Pl g;/egl 90%36)
Rup(r:ihfanggog/u\s/\;:)ulog/r O?I?éit rzopg}ll'/ U§V4? k oma Virus Hepatitis B Virus 3,8 25
| . 2 . ‘ i or E
Pr oﬁﬂﬁeffﬁlﬁﬁ_ﬁé’i‘&"é‘?‘eﬁé‘f”&' tﬁnglﬁé?%&gsn% S B%%%ﬁg%g?{%g%ﬁfsf Vi rughancer
%’Lﬁﬁ% ¥ SeiSenEdibhf R DB astvaret imdespondd88 spdificstitiubas] er et al ., 1985)
pn Ape Leukem a Virus (Draghia-Aidi et al., 1999; Draghia-Akli et al
2002; Li Synthetic nuscle specific pronoters et al., 1999) ;

TABLE 1

_ Promoter and/or Enhancer

Promoter/Enhancer Relevant References
| Immunoglobulin Heavy Chain
| Immunoglobulin Light Chain
T-Cell Receptor
HLA DQ a and/or DQ 8
B-Interferon
Interleukin-2
Interlenkin-2 Receptor
MHC Class I 5
MHC Class Il HLA-Dra
B-Actin (Kawamoto et al., 1988; Kawamoto et al., 1989)
Muscle Creatine Kinase (MCK) (Horlick and Benfield, 1989; Jaynes et al., 1988)
Prealbumin (Transthyretin)
Elastase I
Metallothionein (MTII) (fnouye et al., 1994; Narum et al., 2001; Skroch et al.,
— 1993)

Collagenase
Albumin (Pinkert et al., 1987; Tronche et al., 1989)
o-Fetoprotein
y-Globin
B-Globin (Tronche et al., 1990; Trudel and Costantini, 1987)
c-fos
c-HA-ras
Insulin (German et al., 1995; Ohlsson et al., 1991)
Neural Cell Adhesion Molecule
(NCAM)

o -Antltrypsin

H2B (TH2B) Histone

Mouse and/or Type I Collagen
Glucose-Regulated Proteins (GRP94
and GRP78)

Rat Growth Hormone (Larsen et al., 1986)
Human Serum Amyloid A (SAA)
Troponin L (TN I) (Lin et al., 1991; Yuizey and Konieczny, 1992)
Platclet-Derived  Growth  Factor | (Pech et al., 1989)

(PDGF)
Duchenne Muscular Dystrophy (Klamut et al., 1990; Klamut et al., 1996)
Sv40

Polyoma
Retrovituses
Papilloma Virus
Hepatitis B Virus
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(c5-12, cl-28) TABLE 2 El enent/ 1 nducer El enmentl nducer E% lfgé%Ester
(TFA) Heavy nmetals MMIV (nouse manmary tunor virus)d ucocor2 S
3-Interferon Poly(rl)x / Poly(rc) Adenovirus 5 E2ElI A Col | agenasePhor bol
Ester (TPA) Stronelysi nPhorbol Ester (TPA) SV40PhorboI Ester gTPA) Muri ne
MX GeneVRPPAPBLPon, Newcast! e Disease Virus GRP78 Gen®B¥BYB244*2- Macro

gl obuI inlL-6 Vi rrentl nSerum VHC CI ass | Gene H 2xbl nt erferon HSP70EI A, SV40

Lar | = Fomor—Necrosi 5 Hact or aPMA
Thyt oi d St| rrul ati ng Hor none a r0| d Hor none [0128] The identity of
tisk e characterize
t he NonI imting

exa hmmm@ﬁplmvms iihcl ude the h||m:1n LI M2 gene—{-Neret et at, 1999),
t he | Cronehiosha (VY ecept or | Bodhernet al.)1083; Domseh-Hasler 35 e epi di dynal

r et | Gibben MeilcullomixdVirg  gene (lareyre et at 1999) hUFBA ( Zhao- Enponet
et fbyntEQOBYsclerspertie mompiiag| Ordghia-Akb et Qigé‘??%(mfﬁﬂmeékhaqt al 28858 | Tsunaki et at,
1998jc5-1RkA280panm ne recept i algdPR9) (1 ee et al 99_74_,__4_n.s.u.|_| n-1ike growh
factor Il (Dal et at, 2001; Wi et at, 1997). and hunman pla et

endptrhertal celT adhesi on nolegeiE2l (A nmendro et al., 1996)] [01291 In a

preferred enbodi ment, a synghekividmescl e promoter is utilizel, such as
SPcyete—tet—al., 1999), Wim&RerCONtai Ns_a proximal serum rdsponse el enent
("S | TONMTSKererar a-act | [phofbdl RsteP{TEAMEF- 2 sites, MEF-1 siftes, and TEF-1
binding sites, and greatly Exeepseli he transcriptional potercies of
nat i A A e PRRbSSs) | Glucocorticoids
B-Interferon Poly(iD)x / Poly(ic)
Adenovirus 5 E2 ElA
Collagenase Phorbol Ester (TPA)
Stromelysin Phorbol Ester (TPA)
SV40 Phorbol Ester (TPA)
Murine MX Gene Interferon, Newcastle Disease Virus
GRP78 Gene A23187
a-2-Macroglobulin IL-6
| Vimentin Serum
- | MHC Class I Gene H-2kb Interferon
- | HSP70 ElA, SV40 Large T Antigen
Proliferin Phorbol Ester-TPA
Tumor Necrosis Factor ¢ PMA
Thyroid Stimulating Hormone o Gene Thyroid Hormone

[0128] The identity of tissue-specific promoters or elements, as well as assays
to characterize their activity, is well known to those of skill in the art. Nonlimiting
examples of such regions include the human LIMK2 gene (Nomoto et al, 1999), the
somatostatin receptor 2 gene (Kraus et al., 1998), murine epididymal retinoic acid-binding
gene (Lareyre et al., 1999), human CD4 (Zhao-Emonet et al, 1998), mouse alpha2 (XI)
collagen (Liu ef al., 2000; Tsumaki et al., 1998), D1A. dopamine receptor gene (Lee et al.,
1997), insulin-like growth factor Il (Dai et al,, 2001; Wu et al., 1997), and human platelet
endothelial cell adhesion molecule-1 (Almendro et al., 1996).

[0129] TIn a preferred embodiment, a synthetic mmscle promoter is utilized,
such as SPc5-12 (Li et al., 1999), which contains a proximal serum response element
(“SRE”) from skeletal o-actin, multiple MEF-2 sites, MEEF-1 sites, and TEF-1 binding

sites, and greatly exceeds the transcriptional potencies of natural myogenic promoters,
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39 25 April 2006 WO 03/038112 PCTNS02/ 34275 The uni queness 8%§§§%h g
synthetic pronoter is a significant inprovenent over, for 2 8%, | ssued
pat ents concerning a nyogenic pronoter and its use (e.g. U S. Pat. No.
5,374,544) or systens for nyogenic expression of a nucleic acid sequence
(e.g. O3BIBIZ No. 5,298,422). In a preferred enboaﬁﬁgﬁ?yu{ﬁe pr onot er
utilized in the invention does not get shut off or reduced in activity

significantly by endogenous cellul a ! AEbArSforQt her el enent s,
incﬂh@iiuﬁ@uﬁq‘éﬁgé&% ﬁgsy’fl'gﬁtfco?m%oﬁ’dilnﬁngsigr.}%%ﬁgn e‘r’n%ngncersf may be used in

accg{?%&c St htddid SorRéram@ianByiigetit ptonmitrandritsivan (o4 .&rFa4I Ner nat i ve
enbo

I'ment, a natural myogenic propoter.is.utilize skilled artisan
is émmmmsy@emfoawogwxpﬁﬁ%%?gn &%@%@é@“‘f‘}%gﬁ%ygb%%es i ncl udi ng
the i NLE | 00 GLO Bbmotd Fuilisedt inale 1hVveiEBh dyesGenBank
dat ﬁgé&gggﬁ)rﬁ“ﬁcﬁf’%&%% Sl t_e’. Agﬁs?ki |l ed arti ﬁ@n I s..,aware that these
dat abagde shitayher wethided dedctiviy sigrificantly &y rafegesow ce peRpachinety Yer at ure rel at ed
to the present invention. |]V. | 14 AL S l,sdq aEndeRRtdyR! R bosomne
Bi ncf?%‘-sf)ﬁ@%elf’@E@Mn%“‘@?ﬁe ?WT%‘%@%@%}% |%l§ég=fe§r?gl al so maft%e required for
ef i GiENtacdordiss Fith @ eabodiasii ofihs aryastivne dn aif Akeeative grBIEMMLc| ude the ATG
initiation codon or adjacent. sequences.. Exogeng monal control
si greaagiralimmeigers RPMAE inytdized ia’c'“f agﬂﬁ?f%ﬁfﬁﬁ? gwar%ﬁi'}kﬁ“r‘{g&e@@ht o%‘%‘ provi ded. One
O QLA Yockidel ot liSbAls intflng he Aikibita HConeafob Bintehnolot er i ni ng. thi s

and pﬁ?% di r%lg Re necessary signals. 1t _is wel] knq?wﬁFé‘t hat tshe initiation
c od dnfortstion(ENCBRY) fGeaBatk detabaseron dhe NGRT RepMedsiis. of 8 YL #%d codi ng
sequence to ensure translabian hREuRRdek bereleRaf literatubb &eleddgenous
' trar?é‘fa'éett?‘?}ﬁ]éqsea%lﬁl?als%ﬁm%x%é’r@ﬁ&se%g%g&?ﬁrﬂgﬁ ation codons can be either natural
or S%Iﬂ{el’iﬂésgﬁ.inﬁghﬁoﬁffici ency of expression may be enhanced by the

I ncl usi on of appropriate transcription enhancer elenents. [01311 In certain
embodi nents of the invention, the use of internal ribosone entry sites

("I RRS") IpitRNeH SiznalsenddewniabRineameBinding $jtsde, or pol yci stronic, nessages.
| RES el enments are able to bypass the ribosonme scanni ”?g””ﬂﬁé of 5

met hyl at qg130pp  Alepeifddnitiaonaigshlaisoansyaedeuigh forofligesl BSEHO%t i nter nal

it Pel | et d_S b 9 : mb f
The of exsbresemiooranThge (AP qrois” B ATGTERBOE T8 of BmAEVD (ETTEr e ©
descy eiq@éiges( dg@ﬁdu@ hraAddlioDAReRR kignald, 388pding thewk TG initietion RE®M r om a

manmal® an nmessage (Macej ak and Sarnow, . 1991). | RE e an be |inked
't 0 hetypneddogdesproyided. r 989 Pf’l@fdlﬂﬁlé' r%gi)ml\ﬂha taftp‘%‘%}ﬂ% beéﬁ lf{éeaéﬁﬁ%l?fo (rf ames can be
determining this and providing the necessary signals. It is well known that the inifiation :

codon must be “in-frame” with the reading frame of the desired coding sequence to ensure

translation of the entire insert. The exogenous translational control signals and initiation
codons can. be either natural or synthetic.: The efficiency of expression may be enhanced

by the inclusion of appropriate transcriptic‘in enhancer elements.

[0131] In certain embodiments of the invention, the use of internal ribosome
eniry sites (“IRES”) elements are used to create multigene, or polycistronic, messages.
IRES elements are able to bypass the ribosome scanning model of 5 methylated Cap
dependent translation and begin translation at internal sites (Pelletier and Sonenberg,

© 1988). IRES elements from two members of the picornavirus family (polio and
encephalomyocarditis) have been described (Pelletier and Sonenberg, 1988), as well an
IRES from a mammalian message (Macejak and Sarnow, 1991). IRES elements can be

' finked to heterologous open reading frames. Multiple open rgading frames can be
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40 25 April 2006 WD 03/038112 PCT/ US02/ 34275 transcri bed tqget her ach
separated by an I RES, creating polycistronic nessages. 4&%@%‘? t he

| RES el enent, each open reading frane is accessible to ribosones for
efficient translation. Miultiple genes can be efficient|y expressed using a
si ngl e YR Er / enhancer to transcribe a single nesgggéls%s’égsu_ S. Patent
Nos. 5,925,565 and 5,935,819, each herein incorporated by reference). V.

Multiple Cloning Sites [01 V r ' Waiych is a nucleic
aci trapseghedriogsibgr. E@Ht%?%%tegﬁ%la{lﬁ%ﬁg’ ?rgét %O?fc(k)sﬁg%ﬁ%%eﬁgﬁ t eg , any of which
can hee Usale ITRES Odlirkif! ¢8R opbrt Reading nittamed is amessiblsi tearibosemeh 8| ogy t o di gest

t he vector (see, for exanple, (Carbonelli et al. .. 1999; ea, 1997;
Leveffisiznt dtansibtion. 19Mgiiplen &eep Rt Sy Wr‘?s%qde}‘l%grﬁzea. )sﬁest riction
enzyne di tionl ! rs, b $ (Re A SapAGE Nok. 5920)805eanel aci d nol ecul e
W tﬁmﬂ?g%%%%&nﬁohﬁngﬁﬁa %%grlé?&gﬁéia! gt specific locations in a nucleic acid
nol &mab,819, Wadhyhendin inbaxperated by taférendebn enzynes are commercial Iy avail abl e.
Use of such enzynes is widely - understood by those of skill in the art.
Frequently, a vector is linearized or fragnented wusing a restriction
enzwre t WhiltipletCloning Bites t he MCS to enabl e exogenous sequences to be

| igated to the vector. "L]ingation" refers to.the ¥pl)ar_oc ss of .form ng
E'Qﬁgﬁf

phosphodj32ier Beris cabéicdenMide whifbiss E‘_‘%‘P ¥4 LS ch may or may

not be_contjguous wth.ea T inBER wikhgtaridast ri cti on
enzﬁ"g@ﬁ%\m Q%Fl?zgwersggsc%?Wo%;‘p@%c%%%%om 1o those of skill in the art
of recaFapeRthloplne dumst thi/vectd(sees forgxanples(Qagbead]i etBkt 1¥Panscri bed

eukaryoti c RNA nol ecul es w l.|. under R b Cl te wye i ntrons from
 t he Grepaek®97: Eaysasan; ?}tg? 1@%@’8?@?8%&&?%8%?&%%@ eueégir yoti c sequences

oY i dite OROfer R falyie CRRNAGE of Phiidléin goid mobsule ovithragengymsr oper
processing~of the transcript for protein g{(g{gi&s |og¥éﬁsee f )\ exanpl e,
( Chethall fanotions akly, at GOGAY lodsons 1 # TRSFBGIH BOIEYC, YEDGRE B85 \1 1

Term natjon Signals | . The I STIRE JTORSH IdagirbesOfs Whidelypr esent

i nve‘ﬁﬁm‘&?nﬁy%ﬁ%naéer égﬁ%ﬂcéargﬂp%%ggﬁlgt IUgast one terni r}{aat i o&&i gnal . A
"t er Hdelob® By Shapp @ 'skilirin tHeearim Fraquently,iasvecd igphinegdeed or Hagwe sequences

i nvollls\i;legda riesntricszt?oicénfz;inﬁe t gtr glitsnv?itﬂiil? Pne%cg % %eté(@ékﬁﬁﬁsi s@ﬁueﬁé(es‘lé-be
| ligated to the vector. “Ligation” refers to the process of forming phosphodiester bonds
between two nucleic acid fragments, which may or may not be contiguous with each other.
Techniques involving restriction enzymes and ligation reactions are well known to those

of skill in the art of recombinant technology.

VI.  Splicing Sites

[0133]  Most transcribed eukaryotic RNA molecules will undergo RNA
splicing to remove introns from the primary transcripts. Vectors containing genomic
eukaryotic sequences may require donor and/or acceptor splicing sites to ensure proper .
processing of the transcript for protein expression (see, for example, (Chandler et al.,

1997), herein incorporated by reference.)

VI, Termination Signals
[0134]  The vectors or constructs of the present invention will generally

comprise at Jeast one termination signal. A "termination signal" or “terminator” is

comprised of the DNA sequences involved in specific termination of an RNA transcript by
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25 April 2006 WO 03/038112 PCT/ US02/ 34275 an RNA pol yrrerasg Thr% 6N
certain enbodinents a termnation signal that ends the pr %f}@fl (?10 of an
RNA transcript is contenplated. A termi nator may be necessary in vivo to
achi eve_desirabl e message |levels. [0135] In eukaryotjc. s s} ens, the

terni nd¥BP*PEY?on nmay al so conprise specific DNA seﬁﬁgﬂgﬁég‘uﬁat per ni t
site-specific cleavage of the new transcript so as to expose a

pol yadenyl ati on sife. This sigpal S | Al ze gemRUBe pol ynmerase to
ad FIaRN A Rolmergse: 'QB‘EUP Wﬁg‘}% gfmgﬁessao%ﬁ%%a@%ﬁgfagq?heﬂ'_ end of the

tr §(ﬁ{c{i&{ of RNONARFRHHpER comeinflated. Anetningthi maypbs §etesuy i Whpear to nore
st e and are translated nore efficiently. Thus, in other enbodi nents

i nviolachieny desirekieymessage 19vels; s preferred that that terninator conprises a
signal for the cleavage of the RNA, and it is nore preferred that the

term nator signal _ pronotes | yadenyl at i.on The term nator
and/ or d@l@hdeﬂ?leﬂlfmcssﬁt@mggﬁeém OIE%O%%$£%£$%D§§E§%3§ﬁ%ESsage | evel s
andg@iﬁ AT at:p‘?:ﬂﬁt Ei@—%lﬁlﬁc Elefnt bethe a8®ILhicaipt sl 8 totip@se 8equences.

[01 rmnators conternplated for use in the invg@n\%i Q%tbngl ude any known
t er polyatwylatioh stte.aFigs signels specalized rdogenous BPMERSAIABNH 5 0%e of ordinary
skill in the art, . inghuding.. h&dibe RNA mdlulee iddifled, the
terf‘hoﬂ'a?qoo"gr?giﬁ’ﬁ%ﬁ‘gglggof%g@%%%%gggﬁtilgjémfr%f exe]{nrrpl eet he baqvine grow h

hor GRReni B5IFANGL @ppear tovinbed stabie aridreate iramslatestperecdicieniiic T4% Mor  exanpl e the

SV40 termnator. In certain enbhadi nents, ' bRRss gnal may be a
| ac ktherf enphodinaents eV Re SRy lpfs fdt B eéé%%gﬁaé%&&iﬂggﬁkg@&éﬁe to a sequence

trupcat i:ong . Vidibage R R RB0Y ladd iit0iS nfirg padfiarddGhA the tanminktor sigedlon,
partrcularly eukaryotic expression, one wll ta%ﬁl c34 llé ﬁénnsq{[eude a

pol yasmies | mlyadenydatign aif they mepspeset ThY E@malos g Q}P’%\efl O The transcript.
The . nature of the ' | RMiniinfreedd edupe\ieeh the be crucial to
t he SETHEME S&} a?w%}%gﬁ%%%ggxéeﬁ%b?ﬂ%ﬁqon, and any sglgh sequence may be
enpl.ayad intPotkesdyaehcenrbodi nents i ncl ude the SV40 pol yadenyl ation signal,
skel etal al pha actin 3" UTR or the human or bovine growth hornone

pol yadenyl ati on signal, convenient and known to fugﬁt ilon well in wvarious

target Ccpib6] Plbymnksory |contbroplated fori use i B dnyeRBOT NERME £ he transcript
OF Y e o thaisticn S 2B4ERa Terin' SrABBRAS oné6f rainR didil BB g0 03/ 038112
including but not limited to, for example, the termination sequences of genes, such as for
example the bovine growth hormone terminator or viral termination sequences, such as for

example the SV40 terminator. In certain embodiments, the termination signal may be a

lack of transcribable or translatable sequence, such as due to a sequence truncation.

VIII. Polyadenylation Signals
[0137] In expression, particularly eukaryotic expression, one will typically
include a polyadenylation signal to effect proper polyadenylation of the transcript. The
" nature of the polyadenylation signal is not believed to be crucial to the successful practice
(;f the invention, and any such sequence may be employed. Preferred embodiments
include the SV40 polyadenylation signal, skeletal alpha actin 3’UTR or the human or
bovine growth hormone polyadenylation signal, convenient and known to finction well in

various target cells. Polyadenylation may increase the stability of the transcript or may

facilitate cytoplasmic transport,
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PCT/ US02/ 34275 I X. Oigins of Replication [0138] In order 58 p&@ te a
vector in a host ceII, it may contain one or nore origins £ g cation
sites (often terned "ori"), which is a specific nucleic acid sequence at
whi ch reBIicatlon is initiated. Alternatively an autonong y replicating
sequencB®P9¥03%H2" ) can be enployed if the host cell i$ 327X, Sel ect abl e
and Screenabl e Markers [0139] In certain enbodi nents of the i nventi on,
cells containing a nucleic acid construct of the present invention may be
ideﬁKifi@&@Wﬁ“@%@Pbﬂwwnln vivo by |nclud|ng a marker in the expression

vector. Such markers woul d onfe en £ the cell
perm tti B438asyn ‘EFQF&"PPFQ?&%"O%V {0 *‘s Cégin%trﬂa&]c%nﬁﬂﬁbggg&%r&gsm on vector.

Ceneiint ¥r rolicatith SsABh @RIdICTrTS whith id iﬂeﬁeofﬁmelm acidiseqnoract y that all ows
for s positive selectabl e marker ueﬁ& t he presence

of tahevhinhr feplicatibh gavdnitigged. | tAdtemativedy 29 r?“t%ﬂ’inP‘égy 5epﬂgaélgg iV&'“S6l ect abl e nar ker

ne..n ch iits nts its selection. An exanple of a
p05|ct ﬁ%%)g& ?%?%ed@f ﬁ&?l&gﬂg rug resi stance nmarker. [0140] Usually the
inclusion of a drug selection marker aids in the cloning and

|de |f| | Pkes fOr exanple, genes that confer resistance
galﬁctoﬁﬁ(épgche?ﬁélﬁ T%‘lrorrym n, DBFR, GPT, zeocin and histidinol are

useful abl NPdolfiin kiodcidly a phenot ype
usetul ‘g@éﬁ Lfﬁ%gkéﬁﬁodmén& Rsl thi@od, e gcmfc Wy a p yp

I scrimnation of transfor mamtgy a@gg]gon t he
i rfp|daﬁﬁmbabﬂthﬂ pmésemmntmmmy betidentified Fe yitksr ot Wk &Y i‘hg screenabl e
mar kers su asi t: basgibsSto tid € al so
contTE#EHAR g Sppersior et °&e§‘§fg e Rofi RStk Ul B AARIE kR

eeenanl e enzynmes such as herpes sinpl ex
- Vi T ug iR Resy idbniERetidd dficells amntauimgjnhamppresuoomactgtefﬁgpletaﬂa,r%f erase (" CAT")

maybe utilized. One of ski|ll in the art, wou to enpl oy

i mnmbb'r@@pcnmfklér@e that confsrsya PWPEQ%F@{\ c?vg)shi‘or 21[ ?Qlﬁ%lr—l Vi‘aﬁg ysis. The
mar k%fectldﬁl% A 'Ikoc;net?f{vhﬁﬂﬁié prQReR@ of 1R Azia bllovelof tgleation, whils  capabl e of
bei n expresse st mul taneously with the nucl ei c acid , encodi a gene

pr 00y gegativé-seledishie encakeplieonoin yﬂcbdﬁaW@n%Eegmgﬁﬁﬂcho%r rs are wel |l
known to._one of..ski r 2006 WO 03/038112
PCT/ %@Qﬁ?gﬁ?gﬁﬂh’e%e@tﬁlﬁ%ﬁ(})@g ?gﬁr;u% %%4%%%%%%”& n enbodi ments of the

present invention, a nucleic acid is
[0140] Usually the inclusion of a drug selection marker aids in the cloning and

identification of transformants, for example, genes that confer resistance to neomycin,
puromycin, hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable markers.
In addition to markers conferring a phenotype that allows for the discriminafion of
transformants based on the implementation of conditions, other fypes of markers including
screenable markers such as GFP, whose basis is colorimetric analysis, are also

| conteinplated. Alternatively, screenable enzymes such as herpes simplex virus thymidine
kinase (“tk™) or chloramphenicol acetyltransferase (“CAT”) may be utilized. One of skill
in the art would also know how to employ immunologic markers, possibly in conjunction |
with FACS analysis. The marker used is not believed to be important, so long as it is
capable of being expressed simultancously with the nucleic acid encoding a gene product.

Further examples of selectable and screenable markers are well known to one of skill in

the art.
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introduced into an organelle, a cell, a tissue or an or gan'bgr}g VI]
el ectroporation. Electroporation involves the exposure of g%%si on of
cells and DNA to a high-voltage electric discharge. In sone variants of
this nmethod certain cell wall-degrading enzynes, such as pectin-degrading
enzymesVORMBBL| oyed to render the target recipi ent PEEPPEBETP e
susceptible to transformation by el ectroporation than untreated cells (U. S.
Pat ent No. 5, 384, 253, incorporated herein by reference). Alternatively,
recibi erbleg@oparation, he nade nore susceptible to transformation by

mechani cal woundi ng and ot her nmethods known in the art. [0142]

Tr ansf ecjoi g1 of e vy einbedimeits of ubs pipselt doventipn ranydeic eid Been quite
successful . Muse pre-B Iy‘g‘ﬁhoc¥t es have bee mtrv%nglfe 6A4i¥h.t h human kappa-
i mifegrass uintt ageprganclipopt et &t USHC O B8 AEERY Tat ﬁ%%atgcyt es have been
tra L ed: Wis HTRRBHEGIN Gy irtd DNA tea high-vghags ( Tur - Kaspa et
al . ﬁéfﬁ@o’o?&}&#]% ihée%%nér;]{gér)s‘.af[omgg]v The underlyiﬂ henomenan  of

el ecteviripdisahirgm Inssotne|viaranigofitiis piethodeceriamrelliwg %"E‘a BEEYNSt the exact

mechani sm r.esponsi b %Fgg-ﬂ yedn &k iRGhseespBgtceidmer el uci dat ed.
Ntﬁ%@gﬁﬁpﬁﬁqn'@%%dlm X ‘%?é%%ﬁﬁ%ﬁ% thlclaory, %l%e overt manifestation of the
el eghdcandia it Vigarsfohastioni by tdiatroperhtionmémpr ariecsted ceclfe(U-S-aR8ERNt | y per neabl e
to lLarge nolecules, after.the.cells n dist @nedeeCtri ¢ pul ses.
Therl‘@-g?rgé‘,?csénéflﬁf”fpgr#eﬂr by Feferenice I%ﬁéﬁmﬂﬁgﬁ’ ﬂn@%@ §Eorsmall ci r cunst ances,
mai gﬁ.ﬁg Mnéte sGstkhiftle td GBSTRARiGATEY BRbEMidahvomefing and obemmethgdsal | owi ng

bi -directional Tonic mgration. [0144] Al though not wanting to be bound by
t hedmywn @l theatt.opor at i on makes use of the sane structures, by forcing a
high ionic flux through these structures and opening or enlarging the
conduits. In prior art, netallic el ectrodes, are plac ' ontact with
tissues (G4 pr deasetiameleulayeiedls Y5Pg ?"FPB%Q&“I%E%%IPS}(}%F%% bet ween
the el ect.r;od e ;@Pﬁﬁlﬂﬂ & LhARMpechh @afift<ac 0ith e kappael ectroporati on
are SB%WSE%H ﬁo‘%%r & of° 1 ecﬁr esulting field i ntensities,. agcording to the

f or NinamEsivbulin geher(Botfet B'dl., 1984), ped 12t hapgtocytes fraye beeg trapsfec d vol tage and
("d") i.s the distan bet ween K t thiem#Makd. | 2006 WO 03/ 038112
PCT/ rQ‘ﬁ‘EWﬂOEﬁG& tm?ﬁtt &3 %e%%fiﬁ%ﬁag%%gﬂﬁ? %?‘?g?t y Eﬁﬁas been a very

important value in prior art when fornulating el ectroporation protocols

for the yery., of LUg -0r r&g Shidnnk Belified @8k thé t he subject.
Accor di ngﬁy‘{s i ty]i‘h§ 'ﬁ'ggrwgl%fl%mig:@ﬁcul {i%cgrﬁ nry nel ectric field intensity for
a VaghBty affcasts M@ ek exablymerhlisrh mesponsiivié S tof opserverb efrcts s ot

been elucidated. Although not wanting to be bound by theory, the overt manifestation of

the electroporative effect is that cell membranes become transiently permeable to large

molecules, afier the cells have been exposed to electric pulses. There are conduits through
cell walls, which under normal circumstances, maintain a resting transmembrane potential

of ca. 90 mV by allowing bi-directional ionic migration.

[0144]  Although not wanting to be bound by theory, electroporation makes use
of the same structures, by forcing a high fonic flux through these structures and opening or
enlarging the conduits. In prior art, metallic electrodes are placed in contact with tissues
and predetermined voltages, proportional o the distance between the electrodes are
imposed on them. The protocols used for electroporation are defined in terms of the
resulting field intensities, according to the formula E=¥/d, where (“E”) is the ﬁeld, V)
is the imposed voitage and (“d”) is the distance between the electrodes.
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voltage that is proportional to the di stance between el ectr,des. ver, a
caveat is that an electric field can be generated in a ti gﬂ%zmém

i nsul ated el ectrodes (i.e. flowof ions is not necessary to create an
electrigc field). A though not wanting to be bound by th it is the
current‘%ﬂ‘? lgssrl necessary for successful el ect roporatPFEﬁJ%%gfmél ectric field
per se. [0146] During el ectroporation, the heat produced is the product of
the interelectrode i nce., . g vafy idperi&ii v in measrd t he pul se

dur ation[ﬁliﬂat ieglﬁ?%gﬁg@dma%sr@%h%ﬁ%gérop rﬁa_ﬂtibi on in tjssues and can be
der igtednas fohaulting utictoporitve. iprttemls dbredbe oltlivartir Bt | Tage and pul se

duration. The protocols_currently described <ele %oz{l@tion are

def imperprioteculeripg the oglhef ﬁ"é%‘?l?qt'n d\cp?rg.]ngfyr ﬁtléhg%sfbllee{so @c{l%ﬂi.ch are dependent

on short 4ol it;ﬁ%rsf_%migty WD FR0Bls By dpplying Apulse of prtistertited r esi st ance or
ed 1h a

heat™ "genera I Ssue. cannot be et(&gn}{ged whi ch I.e@gts to varied
suc ceRsgevidt s popdronnbto the distiaer kebeen FleoBodset FGBEY 3 B9 ot dcol s with
predet er i ned voltages  The abil il idsfladel Bicbtrod26ile, Hw Of icgeld s acr oss

el e@ﬁ%&@gq’%ﬁ‘ncﬁnr?gréﬁér%t#ﬁeag% %%V%tiﬂ\l}{esﬁlgﬂgs_ of an agi ven el ectroporation

VOl tRBRecBidrs it6 Greste @b electtic fiEld). Adthaughlne} wantingrio be bound py Feamyt K& uti | i zation of

an array of_ six needle el ectrodes, util. zi I I ned vol tage pul se
acr dhecugispdhatagpecessyy ?réﬂgcefjgg‘ﬁreg‘?tr O#aéoé#@%é%rﬁ se e§§eg‘p a centralized

pattern during an electroporation event in an area where congruent and

intersecting overlap points devel op. Ve heatinag:iobr tkel s and tissue
al ong el é@f‘gbpoié‘l“?‘gngﬁ%‘ioﬁoqul’ e[b? ﬁealfﬁiéo%@é%d] % an? Timt the effectiveness
of 1 RIREAIOFYedardde) V¥ equars YIRS bired,| andathe pulye dlurrsied| d1esf éttrodes wi t hout

opposing pairs can produce a decentralize tter ' n
el eqirodyped duringrelastreparation IBHS%PF%%'%%E’E d%veggg rﬂﬁ%&]n“tcp%ilrdéc?lﬁegpor ation

overl.ap points,c . (et gr8lokdls GuirBiRlycduseribed i ow bet ween
el ecetl‘?cgra'gesc%ﬁn&\géhggiﬁﬁ%mgggdg%ﬁng%e t heﬁ r gl ative, hgc [ Thus, it

[ of cells.
i S tdeuGpration aichddfindétinr twimmeof thveresuling dipli ftensiiicg ’i%ﬁ‘ésaée of any given
pul si ng protocol, .and not t.h a elisele efR&t Predeterm ned
“vol t‘?@@%ﬂe@@nﬁg?ﬂﬁ?@@%@sﬁr@&@@ \eéglrﬁcne t'c%éc%g(ﬁ?éslﬂqgend 1p_ri or_art does not
pr OV'eﬂ&aédrﬁ?anﬁsﬂe%admw&mm@mmmm@mcmwéhmfh,ffemﬁlr ch linits the

useftl ness of the techni que. Thys, ntrollin ' j -k the current

i n tpdsetlivekage elpstrompratigR prot rﬁ‘%?%%’ﬂ?]ﬁ%#@@%@n gt ween two

el ecﬁerﬁtgésqfu Esi?sf Brold T Bshold Winl lingiak®Wheneffdctivensssy of lemypeiver condi ti ons,
| .

redu eating, create |less cell death, andr@i g{:or.ﬁ?rat eofmacrom)l ecul es
i Nt Ogle@ioparatiar eoltagé piilsing profagolTion cxamrie PBET #1h 1AM ACHFHER %ol t age pul ses.

an array of six needle electrodes utilizing a predetermined voltage pulse across opposing

electrode pairs. This situation sets up a centralized pattern during an electroporation event

" in an area where congruent and intersecting overlap points develop. Excessive heating of
cells and tissue along electroporation path will kill the cells, and limit the effectiveness of
the protocol. However, symmetrically arranged needle electrodes without opposing pairs
can produce a decentralized pattern during an electroporation event in an area where no

congruent electroporation overlap points can develop.

[0147]  Controlling the current flow between glectrodes allows one fo
determine the relative heating of cells. Thus, it is the current that determines the

- subsequent effectiveness of any given pulsing protocol, and not the voltage across the
clectrodes. Predetermined voltages do not produce predetermined currents, and ‘prior art
does not provide a means to determine the exact dosage of current, which limifs the

usefulness of the technique. Thus, controlling an maintaining the current in the tissue
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[0148] One enbodi ment of the present invention to overcorrezgt)fnzil?%éa
probl em by providing a neans to effectively control the dosagep 0
electricity delivered to the cells in the inter-electrode space by

preci se olling the ionic flux that inpinges duits in the
cel rre%n%)rﬂgﬁr?\%éf.z The preci se dosage of electricity to(}?iT)ysg@ésg%gan be

cal cul ated as the product of the current |level, the pulse |ength and the
nunper of pul ses . deliver w RRE it varyolb pellsdesiditivhs,t he present
in\r'/TB?ﬂ”F"c?n aﬁe%df%ﬁdﬁrﬁe&g%}f%{c]#%gg? at |ﬁve curren? to a_vol ume of tissue
al ORGL&: d3ll Bearial dredt Iqantdiisdenth] sdncormmeate magromelesdlasinlpeeloBent rat i on of
cunmul ative current in ar% one |.oc tionS her eby avoiding cell death ow ng
to efisiendarherpogmpareddo predeermined ye ﬁep}ﬂ? ough not wanting to be bound by

theory, the nature of the voltage pulse to be generated is determ ned by
the nature of tissue, the si of the. ' | stance bet ween
el ect r odd448]| ¢ Pge oeé'gﬁofhélﬁﬂni ofﬁ]?ft P’E"'ﬁ??v‘gﬁngé}é%guﬂ‘%&gg ﬂéf%ﬁ%‘%ogenous as

pos %H%ie?n %ogfaﬁg{wmg%rt@eﬂfecam} tontidbthe Bosaps of vlectficigd dtliveredtogt h results in
‘the’lysin f cells, whereas a | ?w field s rg{rﬁg’%ﬂ Ltgaﬁlﬁlné& ésn reduced

ef f itieanells o the et elentiore snash by RISHESLY &9 s 2R "EREEG i 17 ze the

di stance bﬁ}i 'ﬂ}eeéeﬁ%én%ilﬁés.t?he‘iﬁéﬁw Rbfpeldteleptrietf foi isue bal 8t strength and
pre(% FFRed Vo or [

tage pul ses el ectroporation. Thjs reljance on know ng
t he cdicglaad e tHoqirvdien ofthe ctrart el theapulsedpnssh pushibe gumbt of ulsgh of

el ectrodes.__ Because.the progr e e S&nC Olghecr W ||

det dlelyerrd- (TS Ap&RFS eeﬁnﬁo en\?g%%lan%e B%Q%tl{tsisﬁﬁ%ﬂﬁggt%e%\%m_el ectrodes, the
di SteARGEPRIVERARER! 16 Gl Vodgieso tissirotlong € phirdlitybf patbecwithout, GAUsRE er ni ni ng  t he

- appropriate electrical current gul,se. The{S)efore a{i}{ QJOE‘ﬁﬁn%@éﬂ ve enbodi nent

of axeresiv eonsentiatip® @6 cWpYlaiye FETYIH AR GBY, PP PR thFRRY SRR R symetrical . In

addi yion. . LLlLed Fietiflgeart can imagi ne any nunber of suitable
synrf%?tﬁf’%%qgﬁd&%%ajﬁl-ﬁggfmﬁetri cal needle el ectrode arrays that do not
deviate fromthe spirit and scope of the invention. The depth of each

i ndi vi dug lﬁgLectAlﬁQE%ﬂ\ﬁ&tmaﬂﬁﬁ]o%rb@ﬁn@lﬁbdtﬂe&yIﬂlendtamiofelmbvdlfsgﬁue coul d be
varied w onpar abrl e I

results. In addition, nul%' l e injection sites for
t he pulsads beprecaddels detouhidediey thelaaigrerad tisshs, HedHe & gﬂgé@{?‘f"% W ray. 46 25
ril 2006 03/ 038112 XH. . i G 1 arddy> [ 0150] In
. égnénéﬁlﬁg,&f:ﬁwgeno%e(& ées Fit 15%%%\{3516%&% ﬁﬁ% ﬁs?gds [ ]

present 1nvention, a linear, DNA fragnent is
genef;ahahid¥nd S5the keirdo amplitademBesgivs hebhsisnath resalteinthOping sl ecul e.

Exarrcpéluse’ Swh%I‘eas raeigg\rrflieﬁ Ianer;lgt%nr@/uﬂg T fdtic re?ﬁ’c':agﬁ gf Q@&tﬁ)‘f{oration. Some

electroporation devices utilize the distance between electrodes to calculate the electric

field strength and predetermined voltage pulses for electroporation. This reliance on
knowing the distance between electrodes is a limitation fo the design of electrodes.
Because the programmable current pulse controller will determine the impedance in a
volume of tissue between two electrodes, the distance between electrodes is not a critical
factor for determining the appropriate electrical current pulse. Therefore, an alternative
embodiment of a needle electrode array design would be one that is non-symmetrical. In
addition, one skilled in the art can imagine any number of suitable symmetrical and non-
symmetrical needle electrode arrays that do not deviate from the spirit and scope of the
invention. The depth of each individual electrode within an array and in the desired tissue
could be varied with comparable results. In addition, multiple injection sites for the

macromolecules could be added to the needle electrode array.
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Name Recognition Sequence Aatll GACGIC Acc65l GGTACC Ac Aci |

CCGC Acll AACGIT Afel AGCGCT Aft Il CTTAAG Al 111 ACRYE#A%gei ACCGGT
Ahdl GACNNNNNGTC Alu | AGCT Alw | GGATC AIwN | CAGNNNCTG Ada | GGEGCCC

Apall G ol RAATTY Ascl GGCGCGCC As

. e | ATT | _CYCGRG Ava ||
GONCC Avsr Eﬁ% %:@?AGG Bae | NACNNNNGTAPyCN BanH %A%m@éﬁ?”gGYRCC Ban ||
GRGCYC Bbs | GAAGAC Bbv | GCAGC BbvOl CCTCAGC Beg | CGANNNNNNTGC Bci V|

GT. %C qfels lricl%%ﬂ]%éymg a | CTAG Bgl I GCCNNNNNGGC

[0150]  In some embodiments of the present invention, a linear DNA fragment
is generated by restriction enzyme digestion of a parent DNA molecule. Examples of

restriction enzymes are provided below.

Name Recognition Sequence
Aatll GACGTC
Acchb5 I GGTACC
Accl GTMKAC
Acil CCGC
Acll AACGTIT
Afel AGCGCT
Afill CTTAAG
AfITIT ACRYGT
Agel ACCGGT
Ahdl GACNNNNNGTC
Alul AGCT
Alwl GGATC
AlwN I CAGNNNCTG
Apal GGGCCC
Apal. 1 GTGCAC
Apol RAATTY
Ascl GGCGCGCC
Asel ATTAAT
Aval CYCGRG
Avall GGWCC
AvrII CCTAGG
Bael NACNNNNGTAPYCN
BamH 1 GGATCC
Banl GGYRCC
BanIl GRGCYC
Bbsl GAAGAC
Bbvl GCAGC
BbvC1I CCTCAGC
Begl CGANNNNNNTGC
BeiV 1 GTATCC
Bell TGATCA
Bfal CTAG
Bgll GCCNNNNNGGC
BglII AGATCT
Blpl GCTNAGC
Bmr I ACTGGG
Bpm1 CTGGAG
BsaAl YACGTR
BsaB 1 GATNNNNATC

A7




Bgl Il AGATCT Blu | GCTNAGC Bnrl ACTGGG Bpml CTGGAG BsaA2

GATNNNNATC 47 25 Apri |
GGTCTC  Bsar7l

CCNNGG  BsaW |

BsaB |

YA
2006 WO 03/038112 PCT/ US02/ 34275 Bsa#%Alpn%o C Bsal

WCCGGW BseR | GAGGAG Bse |

GTGCAG Bsi B |

CGERYCG ' | GAMGCWC Bsi WI CGTACG Bs1ll CCNNNNN
CGTCTC WE?‘ 1 C Bsm| GAATGC BsoB | CYCGRG BSNE@H%Q%%STCES D IIB)S FBI
ATCGAT BspE | TCCGGA BspHI TCATGA BEM 1 ACCTGC BsrB I CCGCTC BsrD |
GCAATG BsrF | R%CSZ%ET Bsr %RJ((};}F@CA Bsr ACTGG
Bsal GGICTC
BsaJ I CCNNGG
BsaW I WCCGGW
BseR I GAGGAG
Bss GIGCAG
BsiE I CGRYCG
BsiHKA 1 GWGCWC
BsiW I CGTACG
BslI CCNNNNNNNGG
BsmAl GTCTC
BsmB I CGTCTC
BsmF I GGGAC
Bsm I GAATGC
BsoB 1 CYCGRG
Bspl286 1 GDGCHC
BspD 1 ATCGAT
BspE1 TCCGGA
BspH [ TCATGA
BspM 1 ACCTGC
BsrB 1 CCGCTC
BsD 1 GCAATG
BarF 1 RCCGGY
BsrG1 TGTACA
Bsrl ACTGG
BssH IT GCGCGC
BssK 1 CCNGG
BstdC1 ACNGT
BssS1 CACGAG
BstAP I GCANNNNNTGC
BsiB1 TTCGAA
BsiE II GGTNACC
BstFS1 GGATGNN
BstN 1 CCWGG
BstU1 CGCG
BstX1 CCANNNNNNTGG
BstY I RGATCY
BstZ171 GTATAC
Bsu36 1 CCTNAGG
Big I CCPuPyGG
Birl CACGTG
Cac81 GCNNGC
"Clal ATCGAT
Ddel CINAG
Dpnl GATC
Dpn II GATC
Dral TTTAAA
Dra 100 CACNNNGTG
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BssH'II GCGCCEC BssK I CCNGG Bst4C | ACNGI BssS | CACGAG

st AP
GCANNNNNTGC BstB | TTCGAA BstE || GGINACC Bst FSI GGATGNN2§ 2{)06CC\/\GG
BstU |l CGCG Bst X | CCANNNNNNTGG BstY | RGATCY BstZl 71 GIATAC Bsu36l |

opn | HSBEHT| Gatc "Dra | TTTAM Dra 111 CACNNNGEEYF IR Bor | 2066 w0

03/038112 Drd | Eae | Eag | Earl Eci | EcoNIl Eco0Ol09 | EcoR I
Drd1 GACNNNNNNGTC
Eael YGGCCR
Bagl CGGCCG
Earl CTCTTC
Ecil GGCGGA.

EcoN 1 CCTNNNNNAGG

Eco0Q1091 RGGNCCY

EcoR 1 GAATTC

EcoRV GATATC

Faul CCCGCNNNN

FnudH I GCNGC

Fok I GGATG

Fsel GGCCGGCC
‘Fspl TGCGCA

Hae IT RGCGCY

Hae III GGCC

Hgal GACGC

Hhal GCGC

Hine I GTYRAC

Hind IIY AAGCTT

Hinfl GANTC

HinP11 GCGC

Hpal GTTAAC
"Hpall CCGG

Hphl GGTGA

Kasl GGCGCC

Kpn I GGTACC

Mbol GATC

Mbo i GAAGA

Mfel CAATIG

Mlu i ACGCGT

Mly1 GAGTCNNNNN

Mnll CCTC

Msc 1 TGGCCA

Msel TTAA

MstI CAYNNNNRTG

MspAll  CMGCKG

spl CCGG

Mwo 1 GCNNNNNNNGC

NaeI GCCGGC

NarI GGCGCC

Ncil CCSGG

Neo I CCATGG

NdeI CATATG

NegoMI V GCCGGC

Nhe I GCTAGC

NlaIll CATG

NlalV GGNNCC
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EcCoORV Faul Fnu4dH 1l Fok | Fse |l Fsol Hae Il Ha

_ _ | e 111 . H

Hnc Il HndIlIl Hnfl HnNP | Hal Hpall Hohl Kaslzs%{ﬁ?i!’oq\ﬂgal !
Mo Il Mel nmul Mvli MI I Mcl Mel Ml I MRA | Ma Mwo I

Nae | %rﬂliilﬂﬁl}ﬁi I

PCT/USG2/34275

‘Notl GCGGCCGC
Nl TCGCGA
Nsi [ ATGCAT
Nsp I RCATGY
Pacl TTAATTAA
PacR71 CTCGAG
Pcil ACATGT
PAIF Y GACNNNGTC
PAMI CCANNNNNTGG
Plel GAGTC
Pmel GTTTAAAC
Pmill CACGTG
PpuM I RGGWCCY
PshA I GACNNNNGTC
Psil TTATAA
PspG1I CCWGG
PspOM I GGGCCC
Pst1 CTGCAG
Pvul CGATCG

1 CAGCIG
Rsal GTAC
Rsr1 CGGWCCG
SacT GAGCTC
Sac II CCGCGG
SalI GTCGAC
Sapl GCTCTTC
Sau3A 1 GATC
San9s6 I GGNCC
Sbfi CCTGCAGG
Scal AGTACT
SerF I CCNGG
SexAl ACCWGGT
SfaN I GCATC
Sfel CTRYAG
Sfil GGCCNNNNNGGCC
Sfol GGCGCC
SorAl - CRCCGGYG
Smal CCCGGG
Smi] CTYRAG
SnaB1 TACGTA
Spel ACTAGT
Sphl GCATGC
Sspl AATATT
Stul AGGCCT
Stvi CCWWGG
Swal ATTTAAAT
Tag 1 TCGA

fil GAWTC
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Ncol Ndel NgoM V Nhel Mil Na IV GACNNNNNNGT -

C Y
CTCTTC GGECGGA CCTNNNNNAGG RGGNCCY GAATTC  GATATC CCCGC%Iﬁ l%
GGATG GCCCEECC TAECECA RGCCCY GGCC GACGC GCGEC GI'YRAC AACGCTT  GANTC
GCGC. %3%%811(2?(366 GGTGA (GCECGECC  GGTACC  GATC

PCT/US02/34275

Th I CTCGAG

Tse ] GCWGC

Tsp45 1 GTSAC

Tsp509 1 AATT

TspR 1 CAGTG

Tihllll GACNNNGTC

Xbal TCTAGA.
ANNNNNNNNNT

Xem 1 gc G

Xho I CTCGAG

Xmal CCCGGG

Xmn I GAANNNNTTC

[0151]  The term “restriction enzyme digestion" of DNA as used herein refers
to catalytic cleavage of the DNA with an enzyme that acts only at certain locations in the
DNA. Such enzymes are called restriction endonucleases, and the sites for which each is
specific is called a restriction site. The various restriction enzymes used herein are
commercially available and their reaction conditions, cofactors, and other requirements as
established by the enzyme suppliers ate used. Restriction enzymes commonly are
designated by abbreviations composed of a capital letter followed by other letters

‘representing the microorganism from which each restriction enzyme originally was
obtained and then a number designating the particular enzyme. In general, about 1 pg of
plasmid or DNA fragment is used with about 1-2 units of enzyme in about 20 ul of buffer
solution. Appropriate buffers and substrate amounts for particular restriction enzymes are
specified by the manufacturer. Incubation of about 1 hour at 37°C is ordinarily used, but
may vary in accordance with the supplier's instructions. After incubation, protein or
polypeptide is removed by extraction with phenol and chloroform, and the digested
nucleic acid is recovered from the aqueous fraction by precipitation with ethanol.
Digestion with a restriction enzyme may be followed with bacterial alkaline phosphatase
hydrolysis of the terminal 5° phosphates to prevent the two restriction cleaved ends of a
DNA fragment from "circularizing" or forming a closed loop that would impede insertion
of another DNA fragment at the resfriction site. Unless otherwise stated, digestion of
plasmids is not followed by 5 terminal dephosphorylation. Procedures and reagents for
dephosphorylation are conventional as described in the art.

EXAMPLES
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GAAGA CAATTG ACGCGT GAGTCNNNNN CCTC TGGCCA  TTAA
CAYNNNNRT,
CCGG GOCGGC GGCGCC  CCSGG  CCATGG  CATATG  GCCGGRC GCTAGCZIS\%WE‘ZO Ncg

PCT/ US02/ 34275 49 25 April 2006 WO 03/038112 PCT/ US02/ 34275 Not | GCGGECCCC

Nrul T il ATGCAT Nspl RCATGY P i
o ac TTAATTAA PaeR7| CJTCGAG P
ACATGT &gﬁf’)ﬁ CNNNGTC  PfI M| CCANNNNNTGG  Plel GAEF S‘iﬂ’*ﬁé’% GTTTAAACCI

[0152] The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in
light of the present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result without departing

from the spirit and scope of the invention.

EXAMPLE 1

CONSTRUCTION OF DNA VECTORS AND METHODS IN ANIMAL SUBJECT

bl e N A R e e

[0153] In order to increase lean body mass, decrease body fat proportions,
increase bone density, and improve bone healing rate, it was first necessary to design
several GHRH expression constructs. Briefly, the plasmid vectors contained the muscle
specific synthetic promoter SPc5-12 (Li et al., 1999) attached to a wild type or analog

“porcine GHRH. The analog GHRH sequences were generated by site directed
mutagenesis as described in methods section. Nucleic acid sequences encoding GHRH or
analog were cloned into the BamHJY/ HindIII sites of pSPc5-12 plasmid, to generate pSP-
GHRIL Other elements contained in the plasmids include a 3' yntranslated region
(“3’'UTR”) (SEQID No: 8) of growth hormone and an SV40 3'UTR from pSEAP-2 Basic
Vector as described in the methods section. The unique nucleic acid sequences for the

constructs used are shown in Figure 1.

[0154] DNA constructs: Plasmid vectors containing the muscle specific

synthetic promoter SPc5-12 (SeqID No: 7y were previously described (Li et al,, 1999).
Wild type and mutated porcine GHREH cDNAs were generated by site directed
mutagenesis of GHRH ¢DNA (SegID No: 9) (Altered Sites II in vitro Mutagenesis
- System, Promega, Madison, WI), and cloned into the BamHI/ Hind IIT sites of pSPc5-12,
to generate pSP-wi-GHRH (SeqID No: 15), or pSP-HV-GHRH (SeqID No: 11),
respectively. The 3' untranslated region (3'UTR) of growth hormone was cloned
downstream of GHRH cDNA. The resultant plasmids contained mutated coding region

b2




P | CACGTG PpuM | RGGACCY PshA | GACNNNNGTC Psi | TTATAA
PspOM | GGGCCC  Pst CTGCAG Pvul CGATCG Pvu || CAGCTG Rs&S%P%?%@% ¥

CGOWCCG Sacl GAGCTC Sac 11 CCGCGG Sall GICGAC Sat) | GCTCTTC  Sau3A |

GATC 96] GGNCC Sbfl COCTGCAGG Scal AGTACT ScrF

Seth |
ACCV\GG?"%@?’&%%”P GCATC Sfc | CTRYAG Sfi | GGCG\lNNNNGGcECT’g%N %3#276xa0G0C CAl
CRCCGGYG Smal CCCGGG Smil CTYRAG SnaB | TACGTA Sue | ACTAGT Sph |

GCATGC__Ssp |, AATA GGCCT. .
for GHRH, pand the res tlnt a:tsl}mo amdaé‘equences Wﬂaﬁﬁaﬂy present in mammals.

Although not wanting to be bound by theory, the effects on increased bone density, and
increased healing rate of bone in the animals are determined ultimately by the circulating
levels of mutated hormones. Several different plasmids that encoded different mutated

amino acid sequences of GHRH or functional biolo gical equivalent thereof are as follows:

Plasmid Encoded Amino Acid Sequence

wt-GHRE YADATFTNSYRKVL.GOLSARKLLODIMSRQOGERNQEQGA-OH (SeqID No: 10)
" HV-GHRH HVDAIFTNS YRKVLAQLSARKLLODILNROQGERNQEQGA-OH (SeqID No: 1)
TI-GHRH YIDATFTNSYREVLAOLSARKLLODILNROQGERNQEQGA-OH (SeqID No: 2)
TV-GHRH VVDAIFTNSYRKVLAQLSARKLLODILNRQOGERNQEQGA-OH (SeqID No: 3)

15/27/28-GHERH Y2ADATFTNS YRKVLAQLSARKLLODILNRQQGERNQREQGA - OH {SeqID No: 4)

[0155] In general, the encoded GHRH or fimctional biological equivalent

there_of is of formula:

-X;~Xz-DAIFTNSYRRKVL~ X3~ QLSARKLLQD I-X4-X5-ROQGERNQEQGA-OH
{SeqID No: 6)

wherein: Xj is a D-or L-isomer of an amino acid selected from the group consisting of

tyrosine (“Y™), or histidine (“H”); Xz is a D-or L-isomer of an amino acid selected from
the group consisting of alanine (“A”), valine (“V™), or isolencine (“I"); X3 is a D-or L-

isomer of an amino acid selected from the group consisting of alanine (“A”) or glycine

(“G™); X4 is a D-or L-isomer of an amino acid selected from the group consisting of
methionine (“M”), or leucine (“L”); X is a D-or L-isomer of an amino acid selected from

the group consisting of serine (“S”) or asparagine (“N™).

[0156]  Another plasmid that was utilized included the pSP-SEAP construct
(SeqID No: 16) that contains the Sacl/ HindIII SPc5-12 fragment, SEAP gene and SV40 -
37UTR from pSEAP-2 Basic Vector (Clontech Laboratories, Inc.; Palo Alto, CA).
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CO”HQS%%jedQIelo@v.C""p' tal letter followed by other letters representing the

m croorgani smfrom whi ch each restriction enz I gi [
_ _ _ ynme originally was obtained
and then a nunber designating the particular enzyne. In general, about 1g

of plas fﬂggz?]or PO GRS orlaS bidbeRaMigiiRalaisy it id wall undarstoodfbyenzyme in about

20 pl of fer solution. t
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biological equivalents are thus defined herein as those proteins (and polynucleotides) in

sclected amino acids (or codons) that may be substituted. A peptide comprising 2

functiona! biological equivalent of GHRH is a polypeptide that has been engineered to

contain distinct amino acid sequences while simultaneously having similar or improved

biologically activity when compared to GHREH. For example, one biological activity of

GHRH is to facilitate growth hormone (“GH”) secretion in the subject.

[0159]  Electroporation devices. A BTX T820 generator (BTX, division of
Genetronics Inc., CA) was used to deliver square wave pulses in all experiments. Voltage
conditions of 100-200 V/em, 6 pulses, 60 milliseconds per pulse were used. Caliper and
needle electrodes (BTX, division of Genetronics Inc., CA) were used to deliver in vivo
electric pulses. The plate (caliper) electrodes consisted of 1.5 cm square metallic blocks
mounted on a ruler, so the disiance between the plates could be easily assessed; the 6-
needle device consists of a circular array (1 cm diameter) of six equaily spaced filled 21-
gauge needles mounted on a non-conductive material. The 3-needle device consists of two
filled and one cannular needle, the last one being used both as an electrode and o deliver
the plasmid, All needles were 2 cm in lengtﬁ, In all injections the needles were completely

inserted into the muscle.

[0160] A skilled artisan recognizes that any similar electroporation device and
parameters may be used in the present invention so long as the device delivers the nucleic

acid sequence to the cell, tissue, or organism.
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Digestion with a restriction enzyne may be followed with bﬁgterjab | kal i ne
phosphatase hydrolysis of the termnal 5 phosphates to p \féth t wo
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constitute preferred nodes for_it ractice. However, those
of skivk (Yorkshiteex bandrase)owerd brought thregyreeks befprs t @Z‘@‘ﬁﬂ&(ﬂ%ﬁ%@ur e, appreciate

_that ny. c es n. he ' I dhd radicarnpilethi ch are

di scqag;‘sitgothﬁg’ﬁﬁ‘%ﬁl llfu%{;}bo?\&}%@%@l? H%Iét%lg?c %Wrr(?l (gélﬁgeegul t _vﬁho%t departing from
t he v borh i fRIRAPigbts e dssigred rardomiyEx anPofthe expermrreldTFEN OF DNA
VECTORS AND METHODS | NI VAL SUBJ L 0 I . 1diCcr ease | ean
DocyPIEh BN BT LSR5 b EBp oy P ket R el oo

| morgenhenewiealidag fortie filst 2Mads fahd Sen hedtadsdlyyhotsed dati giHib several GHRH

expression constructs. Briefly, the plasmd v«%cé 0%30 con{eai @ﬁp t he nuscl e
spedictass te ywatendiar GCBREngiediss, weaping; piswelp fed 4 J6¢) PRIFLEREG to a wil d

Y PRl A0R LR heraOE HslBialbi Brydl) 1018 6900 B bOEA elpPdailyeTho generat ed by

site mut agenesi s ‘as i bed in nmethods section. Nucleic acid
sequaiiass wercmilihad tEeiRkweek, atithalsoye e of dyorsdhe amennt RECELYRE / Hi ndl | |

- sites of Pc5-12. plagm d, to_gener SE: cofalit heiiy eugizent s cont ai ned
in t%seﬂP‘%gﬁi %?HPWEP'UWS&'WG e egt igld%cggl on ("3 UTIR') (SEQ D No: 8)

of  grGMANaROARBRE VAsEra A cS\Ydidelich/TRdf approvedlsRhe Bakor Collvgrpbr as descri bed
in the nethods section. The unique nucleic acid sequences for the
consMedieing I48¥ed. are shown in Figure 1. [0154] DNA constructs: Plasnid

vectors containing the nuscle specific synthetic promoter SPc5-12 (SeglD
T T) e T O S S ARSE (et 1R AR, Ca, USA)
preparations were diluted in PBS, pH 74 to 1 mg/ml. Plasmid DNA was injected through

the intact skin into the semitendinosus or the longissimus dorsi muscle using a 21 g

aeedle. Two minutes later, external caliper electrodes or injectable electrodes (6-needle
array or 3-needle array) were applied to the injected muscle, and 6 pulses of 200V/cm, 60
millisecond/pulse were applied. The polarity of the pulses was either constant or inverted

between the needles.

[0163] = Blood was collected by jugular puncture before plasmid injection, and
at 3, 7, 14, 21, 35 and 45 days post-injection. At 50 days post-injection, animals were
sacrificed and internal organs and the injected muscle were collected, weighed, frozen in

Yquid nitrogen, and stored at -80°C, or placed in 10% buffered formalin for histology.

[0164]  Although in vivo electroporation is the preferred method for delivering
the nucleic acid constructs into the cells of the subject, suitable methods for mucleic acid
delivery for transformation of an organelle, a cell, a tissue or an organism for use with the

current invention are believed to include virtually any method by which a nucleic acid
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Wild type and mutated porcine GHRH cDNAs were generated by % cdjb&)ect ed
nmut agenesi s of GHRH cDNA (Segl D No: 9) (Altered Sites I r% \fﬁ‘p[”r1

Mut agenesi s System Pronega, Madison, W), and cl oned into t he BarrHI/ Hi nd

11 sit Pc5-12, to generate pSP-wt -GHRH (Seq
pSP- HV@IQI%?E‘?QI D No: 11), respectively. The 3 ?leﬁ}g?zﬁ’% reg| on
(3 UTR) of growth hormone was cloned downstream of GHRH cDNA. The

resyl tant pl asni ds i.ned nut at [ il 2006 WO

03/ ELJI.)?I‘%CGH“% g @Wt&weﬁg %%?1?1259}1%@8 o?;hr?f&aﬁgsnng\p{asm d sequences
Ver @eddfbedBdréth 8t hd/wiile $€ Bhovai tonaierod loalinary skilh e aﬁotSuobampﬁhp@ to be bound by
theory, the effects on incre ed bo Ng'enshﬁg and . ﬁ %&?%d healing rate
of Mesiuse; hut: s neinfimiigdstog AlEeq ‘éYeﬁﬂ Hgﬁ FUCHE &Y VG Ffcul ating |evels
of Ut g?ﬁ%bgatl ed JonsRnegisoncyenal 198b), fb%—l Aﬁ‘;ﬁdﬂ 8] BatehthNbs, e3gsaded, di fferent

amho acid sequendes of uncti onal , bj ol ggl cal equival ent

t herseastl 234.e 5645100, 5,780,448, 2673652 cHAP 3 H&POALPd B8] FERACE%W - GHRH

S Bl S R TR B S o)

' zl\/gﬁylgzﬁfﬁ%vmﬁmgﬁw o o I(@nllhy were@)’ hls'\5// ?7";?; 8- GRRR
YADAIGFJTW?EVLG&& ﬁ%ﬁkﬁﬁﬁ%&;ﬁ;ﬁ% fﬁ(ﬁﬁt "155] h| n f
gengiog, s Ry &dlci @ﬁbépﬂﬁta 1ol ﬁ?@l(cmn ammf t hereof is

' ?fSeciBrBﬂrml\Eahﬁt)l &ﬁé&@?g\fg g@NSE?(’Z%@%e alpslg%‘!@ If‘{ég}g ﬁm%%‘d seIQS?t 2; from
| the ° ISR N r},e&lk]eﬂgg@m é&;&a‘?%@@ dﬁ)}( dirokt sofffo ihidiidl EeiBeifretBtlal, X2 is a D-or

rom the gr ou&lcony sti.ng of al anine
( A ])987)\;aiyrhp&some\ﬁe)hatedrtransfed:tmuc(ﬁﬁem aI),,:ZOG(B Hagrg © of an ami no

iﬁ' xS fﬁoﬁ?ﬂaéh%%a e 2P e oy 20T eckpfitedlied YETS, Hing
aC| dt%g ect ed féngrhw}]’t %%Baj%%déjg\;lgllgﬂ%), Wcz)pmjﬁéﬂHthmtsO;r gnl ﬁ(ran "
(" NPCT] Gppliation done Q| 9699 Fidk 0628y s oBedt @f’%?eélﬁ%apgp SEAP
SN, %iegﬁiess ns}‘%g\}) No50.348) 5 5BRB7CRN SbIRB8h MdSAEH incbipogiiddihefRe5- 12 fragment ,

by reference); by agitation with silicon carbide fibers ((Johnson et al., 1992); U.S. Patent

Nos. 5,302,523 and 5,464,765, each incorporated herein by reference); by

Agrobacterium-mediated transformation (U.S. Patent Nos. 5,591,616 and 5,563,055, each

incorporated herein by reference); by PEG-mediated transformation of protoplasts

(Omirulleh et al,, 1993); U.8. Patent Nos. 4,684,611 and 4,952,500, each incorporated

herein by reference); by desiccation/inhibition-mediated DNA uptake (Potrykus et al.,

1985), and any combination of such methods. Through the application of techniques such

as these, organelle(s), cell(s), tissue(s) or organism(s) may be stably or transiently

transformed.

[0165] Porcine plasma IGF-1 and insulin concentrations. Porcine IGF-I

was measured by heterologous human radicimmunometric assay (Diagnostic System Lab.,
Webster, TX). The sensitivity of the assay was 0.8 ng/ml; intra-assay and inter-assay
yariation was 3.4% and 4.5%, respectively. Porcine insulin was measured using a

heterologous human radioimmunoassay (Linco Research Inc., St. Charles, MO). The
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3' UTR from pSEAP-2 Basic Vector (O ontech Laboratories, % EQ%AI
CA).. 53 25 April 2006 WD 03/038112 PCTI US02/ 34275 [0157] éxﬁ'fll ds
descri bed above do not contain polylinker, |G- gene, a skel et al

al pha- in promoter or a skel etal al pha actin Y UTR_/N rtherrmre,
t hese aﬁ)og/ﬂ;ﬁa were introduced by nuscle injection, PFB (8\/?/@ by in vivo
el ectroporation, as described below [0158] In terns of "functional

bi ol I I IS, d d
Cnapemsiiuie of e e Wisd WDt Enpesly S5 BloBRRa R En R BT S0 S on

pro 0 g%ggm and/ or polynucl eotide, is the concept that there is a
Ilmtdﬁd?g/‘}t}ﬁé nur‘?’ber of changes that may be nade within a defined portion

of the nolecule while retaining a nolecule with an acceptable |evel of
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UG48 oSO BBy Gissh PO ooy Ridigesitorp akemiantioehat. has been

engi cont al Stinct am no” aci d sequences whi] e sinmultaneously
-havipagforgiedith &vo 050 daypafmtéd‘th ﬂh@pxg;ptwﬂwn@‘éﬁIthlﬁm%éﬁm@é‘% ed to GHRH.

For exampl e, cal Acti VI t e growth

hor P%la%mﬁaﬂ‘ m%g)r W (? ﬁ{e t0‘?0 ﬂe%gt%?%pﬂéégtﬁ% on devices. A
BTX oF 34 OncutRe QéaﬁrhséuB'ﬁiﬁss glidboneé ﬁﬁnsﬁil coﬁemtekasmnawed edual-amysynas used to
del i ver square wave pul ses in ex tions of
100-x20p aksogionsiry (Helagic QRR-A00; V}é‘&@gg‘é %ﬁﬂ@%@%@ (Eg%gg{ Cal i per and

neeqy &6y %Jtﬁ%%a F:&Qém:ﬂj{w!‘é SbAredfin @%ea&mmmueﬁcmo%smgm e used to
del i'ver VI'VO % ectric pulses. The plate (caliper) electrodes consisted

of Mlﬁlechndyaiaacfer(@babﬂa'lcl%ﬂbcks nmounted on a ruler, so the distance
between the plates could be easily assessed,; the 6- needle devi ce consists
of a circular array (1 cm di anet eqL of six e |y paced filled 21- gauge

needl| es riﬁ:lﬁ‘?] ed Statistich Hratac eredanebiz uﬁlﬁge‘ﬁﬂ %%Qﬁ‘é{aéeevi ce consists
of t an e 'n?%{z pg\@mb dagicysed both as an
ele la[l‘??d% m&é‘ s%ﬁﬁp@ﬁem%ﬁesﬁ? es werezgmlnlength I n
all e@%&é)&ﬁmh&ﬁbﬁ@\ﬁﬁﬂaﬁmmm ANOWUAeteP x 0.051wes tatds thetlevel hE nuscl e.
[016Oaf“l A skilled artisan recognizes that any simlar electroporation device

and stqtah@&ﬂg@ﬁgmw&y be used in the present invention so long as the device
delivers the nucleic acid sequence to the cell, tissue, or organism

EXAMPLE 2

CONSTITUTIVE GHRH SYSTEM IN VIVO

[0168]  To test the constitutive GHRH system i vivo, 7.5 micrograms of pSP-

. GHRH or finctional biological equivalents (FIGURE 1) were delivered into SCID mice.
All GHRY analog sequences were obtained by site directed mutagenesis of the porcine
wild type sequence. Groups of five mice were injected with 7.5 micrograms of plasmid
expressing either one of the GHRH analogs, or a pSP-beta-galaciosidase as control. At 45
days post-injection, animals were analyzed by PIXImus (Draghia-Akli et al., 2002)(DEXA
fox; mice), sacrificed, blood and organs were collected and weighed. At the end of the
experiment, the TI-GHRH and HV-GHRH animals were significantly bigger than controls
(FIGURE 2). The body composition of the injected SCID mice was also altered. At 45
days post-injection, animals that were injected with the TI mutant had a significant
increase in lean body mass of 11% versus controls, p < 0.036. The HV-GHRH injected
 animals had a significant increase of the lean body mass of almost 5% (FIGURE 3). All
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54 25 April 2006 WO 03/038112 PCT/tJS02134275 [0161] Intra icu.h %
infection of plasmd DNA in Porcine. Two- to three- week-o Q? barr ows
(Yorkshire x Landrace x Hanpshire x Duroc)(Huntsville, TX), 4-5 kg in

wei ght, or Yor kshire x Landrace p| gs were used in the secreted enbryonic
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t i mbkod Wi ecolledternans! Iﬁ@rlele‘?iﬁc%ﬁ@ dlg)@faélﬁe‘i- @GH%ES 2@ 3%@@{ ?%h
[ nd| Vi duf}‘*%}%‘“ﬁé nglﬂrgﬁtﬂ&dgﬁj—flp" P To dtvﬂth%h@él anf@dls, %Itﬂﬂ-:st ud| es, after

proteln (Pr oducers oper ative
ASSQCUOQI Soime ngupﬁdbveIBi@d mutreﬁf'zﬁngfantﬂbmilas, a;lddgyﬂmt‘@w levlfe  ani mal s were

hed tw at .t t.i of feed was
sub 641%“] 3&6‘108 Hf”r‘?é’&mt Eﬁ "E\ﬁéﬁﬂ&naﬁfg tﬁg[?fr(l}e I n accgr arice with NI H

ANgld ARPUHRME | hplessiohC borginbele kd 46 sdays nebrafatingweth by t he Bayl or
CoI I ege 0 Medi ci ne | ACUC. [0162] Endotoxin-free plasmd (Q agen |nc.
Chatsignificent, chayzges igghgir bady eprapeiitioans were diluted in PBS, pH 7.4 to 1 my/ m
Plasm d DNA was injected through the intact skin into the sem tendi nosus
or the longissinmus dorsi nusgle using a 21 g needle. Two mnutes |later,
external caliper el ectrodes wabl e electrodes (6-needle array or
3-needl e array) were applied to heT 'E'R scle, and 6 pul ses of
200V/cm 60 mill i BRUGHLIGERE, 8 X e polarity of the pul ses was

ei ther constant or invert t he .needl es 6 d was

col | ect ed0XY1 j udgioitest tl%ﬁmﬁlgke&g@g?’%‘e% 'h‘gﬁ?’d’wye@h%n lc’f%)at 3, 7, 14,
21 fete LS Ra0R ¥ScROR provii R (BOEsm Ak a'iow@ysragﬁﬁtmmtammm ani mal s were
sacrifice I'nternal” organs and the mgect ed rrusc%oe&a%%ol | ect ed,

vei ghied 4 imieperanis nof ki mixhue reft the JEHREAGeneSvisehy l aced in 10%
~buffered fo [:016 r}ﬁd{gmﬁl& dv¥ SeEb@Et roporation is
t he (H]I'dg? B]Fréwgggé3égb%%e$‘?g%hﬁ)nlgja ﬁ#e%}r/lﬁc (e am% constructs into the

cel | gvell dxpfossiomje slteletat wivselbloallsmendoclls Wware aHoreddefocdifforrtiateiand very f or
transformati on of an Il e, | | i SsU ismfor use
Wi t rPostaitotiq myatgbes; ﬁbgﬂng‘l%o %@F%@%‘Eﬁf’% CEIZSC% ge VirTt ug?@y any met hod by
whi clqanRBClal Gaddal Yhere indicated, to the culture media, Media and cells were

harvested 72 hours post-differentiation. 20pg of total RNA was DNase I treated, size

separated in 1.5% agarose-formaldehyde gel and transferred to nylon membrane. The
membranes were hybridized with a specific GHRH cDNA probe 32p_abeled by random
priming. Negative controls were cells transfected by the GeneSwitch® and GHRH
plasmids, but not treated with MFP, or cells transfected by the inducible GHRH plasmid
alone. The positive control was cells transfected by a constitutively expressed GHRH
plasmid that was driven by a synthetic muscle-specific promoter (“SP-GHRH"). GHRH
transcripts of the expected size of 0.35kb were only observed in cells transfected with the
GeneSwitch®/inducible GHRH plasmids and treated with MFP, and in cells transfected
with the positive control (FIGURE 7). No GHRH transcripts were detected in cells not
treated with MFP or in cells transfected by the inducible GHRH plasmid alone.

EXAMPLE 4
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55 25 April 2006 WO 03/038112 PCT/ US02/ 34275 (e.g., DNA) C?E 38 oduced
into an organelle, a cell, a tissue or an organism as erein or
as would be known to one of ordinary skill in the art. Such nethods

i ncl ude, but (are not limted to, direct delivery of DNA such as by ex vivo
transf eV \mbel et al., 1989 Wlson et al., 193§Tm5W4?7ﬁj ection (U S.
Patent Nos. 5,994,624, 5,981,274, 5,945,100, 5,780, 448 5, 736, 524,

5,702,932, 5 656, 610 5 589 460 an VR/ ,. "ncorporat ed herein by

r ef er enceHRE/GENESW : & traub 1985) U.S.

Pat ent No. WME

el ectroporatlon (U.S. Patent  No. gein by

r ef er enc @170lpot Fex thefn wpo expedmants, Slﬁ%g%fé @ﬁfﬁf{%@%qw y cal ci um
pho%?sl?%l& e &ﬁb%&ﬁiﬂa@%u@éﬂk%f@lﬂ rﬁk@ymmeﬁ BB Zintefopmasal@was van der Eb,
197 ppe et at, 1990); by using DEAF-dextran followed b poI yet hyl ene

gl y dgectédCovial 10 Jp%ﬁﬁ 2 qul dmrc%lcﬁt 0§m€i&,17174¥n@$1f&3( M@Wﬁ@%?ﬂlg 1987); by
| di f ' 2002: Mad
I e 68”(2%”%0' @e ga%:@ %fﬂgwyszﬁogﬁw et at, 2001) and i

reCQﬂ:Tré)ﬁa é’éﬁd'lﬁtbﬁgennbﬁrﬁ fpe’svwlmrzso Wicropemitg of M@afor NawnOnvie 1988b); by
m croprojectile, onbar ment Ag Ilcatlon I%\DQ@@) 99 and
95/ Sortedan s animale perenkied and. 3811181 ed fo Fsastie; % 5, 550, 318,

L RPN chodé-RaBRipatat thlvdh@ioasday. T er ence) ; by
ag| ?%FI%O‘%&WH Sﬁreﬁ%cgﬁgglggd&gde fi lgers f(Jc%ﬁltr?son et at, Wgz U S. Patent

NoS .seiitBO® 05 38 msay vEasAnghels intesaasseyi and aRtprorsaRy Satisanayas 3 erence); by
LRGSRt Rhale hARBEAIERY M dobls Sone PRS0 ki hOBE Fio 010 and

cor rated herein by reference); by PEG nedi ated
t r ariﬁ(frél{sedifrdnﬁll 100.86£ 63 thgml ® 170728 £ub4. éﬁng(ml a:t< 0. Q@@@)Slgmﬁcsnt Pat ent Nos.

4,684,611 and_4, 952,500, eac car.por at ed e ce); by
desichauges Brihe IGH-blevels Wessemay BWEﬁ{ogﬁévaf PotT f%m et%lg&ﬁ]%{] 1985), and
any l o UWnIg) ROGD00F Tarimaly thixe eaapéd @atdntmol dbtat echni ques such
as t%&]’{sﬁbm%ér'gsgnelglgg?sﬁ l(:ngltlﬂé tlssue(qﬂl)1 ‘ nj s%ﬂ) EE% be stably or
t r-argslactosidgse plasmid), otivdd? o S]Ig/PbrP,lﬁé) a ed Faq i
cong s’ byrpst qy h O gt d1uman
radlm&?g?l} h(%panglsay (ﬁagn%ré\?ﬁ(g ste?ﬁgtll_lab stg@‘é EeI'X) The
s ensddiinitiagionfof MIEP asthayninabs @i the same prqtncphfo&gw@@/bhmowﬁfé? assay
variatio s, 3.4% 5% Cti veI n I S nmeasured
usi ri§ °1&%T°‘H1\gf7é?'aé’1; 8‘@"63@9% @Oﬁﬁﬁhﬁgﬁ egf?e%jﬂ lngl '}glggrv %htﬁi@nc St.
Charﬂn‘ﬁﬁecté@ontrJHQFIGURE 8). Animals induced with MFP had statistically significant

higher IGF-I levels.

Y
’_»-

[0171]  Body weight was similar for all of the groups during the first 125 days
of the study (FIGURE 9). However, from day 125 to day 149, mice were dosed with MEFP
every day. A 7.5% increased body weight was observed in the chronically MFP-induced
GHRH/GeneSwitch® animals, averaging 31.84 % 0.12g (p < 0.027), compared with $-gal
‘controls, 29.62 == 0.98g, and with animals that were not induced with MFP, 30.53 & 0.59g.
All values are average = SEM. Organs (lungs, heart, liver, kidney, stomach, intestine,

“adrenals, gonads, brain) were collected and weighed. No organomegaly or associated
pathology was observed in any of the animals. Pituitary glands were dissected within the
first minutes post-mortem, and weighed. Pituitary weight/ total body weight (FIGURE 10)
increased upon chronic stimulation of the GHRE/GeneSwitch® by 20% (7.35 = 0.31x10°
%), compared with B-gal conirols (6.13 = 0.46 x 10”), and animals not dosed with MFP
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56 25 April 2006 WO 03/038112 PCT/ US02/ 34275 sensitivity l%g}{) ?%0@@?6 assay
was 2 Unl; intra-assay and inter-assay variation was 3.2% )
respectlvely [0166] Body conposition data. Wights were nmeasured on the
sane Il%%ted scales (certified to have an accura 0.2 kg and a
coeffi cl"@I 8 %variation of 0.3% throughout the std’@msfﬁ"@é a week. Body
corrp05|t|on nmeasurenments were perfornmed in vivo, 50 days after birth. The

| t d 5 [ k d
ot hs 0 T 180 K Ol e i PR Rl atfercht SRR ALS T/ KO) an
non-g gdrpqnle@c@(p ahin®i end BfiSaRNHatbRae ifjeoed avitlc det GHRHI@&GS@&@IQ ed by

n

dual ergy x-ray absor tlorretr HoIo | (JDRt 2000, \al
Nasmtru,slmtmgf)gi('emﬁ 3. Gpﬁhé?”@ 8‘Fndb é%y aieiEpsel ﬁg{asm um was

rreasur in a &Fgm ug 195 &nowd Mae Gy iglet ect or  ( Cohn
et aW lvﬁ?éﬁmlpaﬁbﬁg‘% W%a |st? éftg)pgre analsyz%d USaI ng_ STATI STI CA
analcﬁﬁab&a mmmng(ﬂﬁtamﬂieﬁwsecﬂehm of TGk feom thic)anteripy pibdlary3BdHI h the fi gures

ANOERE PnerPbe e Suomalotonts (VBIsLEeyr T8 MLELIER, oGRRPE( 00 Ut 19

EXANRL & dPof 1M, ygd oStiSnehd arilyved/@ fzﬁbltb&]duﬂleen@rg}s K-rafhe constitutive
- GBRH systemin vivo, 7 m crogr@ %{, SP- r functi. naI bi ol ogi cal
eunba!I'EfftnI%eh(YF(f@ﬁé , usifgraehigle Fese/ut SS‘@I"W’: 8@ CORPft @-iRH anal og

SequEI éy‘ﬁbﬁm&?gt%ka’ﬂ%g?ﬂ ot Shdnfhoflb Q6 tRELeMbRURA o6 ntferd] heeapor cine  wi | d
|

type sequ nce Ve mce were injected with 7.5, mi.crograns of
pl aseondnt axbdmﬂy)n@owed eignifisars efngen dn clhicaiiy M indgged

e e i o R 7 S B L 18 RGP RRlo) FIPERE 17, A TRl © vere

Sacrméﬂegs%@'byblsﬂ}pﬁh @H}l}maﬁswwmm HMFR @72 b Yireius fegal he end of the

experinent, the Tl-GHRH and HV- GHRH ani nal s bi gger than
cont 844+ O(GI% @JPEOMPWW%*O%@W <l ?%aﬁsg’ftf@@?ﬁq% D nice was

al so. alter I 12009 ordub BloaVeI Sy 4 nj ected with
t he qqﬁeﬁi?flg’ﬁtz ﬁ&ﬂ@%ﬁ@@ R aﬂilngagérgggg i n ﬁgan bog-;g mass of 11% versus
cont §.949%, anll n6 MFHORAmaENe.0pN 0GR < 0j0ct ed  ani mal s had a significant

i ncrease of the | ean body nmass of alnost 5% (FIGURE 3). Al 57
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EXAMPLE 5

GHRH/GENESWITCH® IN VIVO—INCREASED BONE AREA AND MINERAL
CONTENT

[0172]  One aspect of the present invention involves demonstrating that the
introduction of mifepristone-inducible heterologous mucleic acid sequences encoding
GHRH or functional biological equivalent thereof into the cells of subjects can lead to
Ihigh levels of circulating hormones (Mir et al., 1999), without the disadvantages (e.g. high
production costs, safety concerns with the virus backbone, or ex vivo manipulation)
associated with viral vector delivery or organoids (Barr and Leiden, 1991; Dhawan et al.,

1991; Draghia-AKkli et al., 1999). In addition, the invention must demonstrate that animal

growth and body composition can be efficiently regulated by mifepristone following in
vivo electroporation’ of the GeneSwitch® technology (ie mifepristone-inducible
heterologous nuecleic acid sequences encoding GHRH or fimetional biological equivalent
thereof) into skeletal muscle of the subject, as schematically diagrammed in FIGURE 6.
Enhanced biological potency, delivery and proper gene expression regulation was
observed over 149 days post-injection, and effectively reduced the theoretical quantity of

60



- 25 April 2006 WO 03/038112 PCT/ US02/ 34275 GHRH i nj ect ed gr%w gnarger
bone areas than the control animals, up to 10.7% in the 9 j ected
group, p < 0.027. (FIGURE 4). At 14 and 28 days post-i nj ection, blood was
col | ectﬁ% ?P?s | GF-1 | evels were neasured (FIGURE 5). GHRH i nj ect ed
groups NEP*EJHi ficantly increased I GF-1 levels corrpé’F@ﬂJS%q‘Wscont r ol
animals, up to p < 0.005. Sone groups devel oped neutralizing anti bodi es,

and in these cases. the | G- h me point. The
an| rﬁﬁﬁﬂ?ﬁe@f@tt@oﬁ"m"f’%l’ f&?ﬁﬂﬁ@&%?&‘%&%?%ﬁ%%%ﬂy&gﬂ: ggdlﬂgés and their

§GB!RI—P&1%¥abféb'%sf-ﬁ1 cbfed Rabjects didrmoe bxgietiage\any kide sfepts fi cant changes
|n thelr ody conposition. E%(A

MPLE 3 | NDUC] B TEM ] N VI TRO [ 0169]
To tfewn theh@enehwitei® teshrolgmy theranye o ﬁxmlﬁdm%bﬁﬁwﬁﬁf@? obl asts were

t JBe TS G, R aghi a- Akl i et
! an%&@%% d gg F‘%g%gtrea gﬁﬂm@%ﬁé&‘ &lyﬁbﬂlﬂé Xt LI’ e of f&%cﬁghaéﬁth%neswatgc Ih(al’ ) e

pI as]@fd]slev@eﬁﬁﬂ:rﬁ’sbd gmwﬂuaasbénha@m 7 s amBchapgms o bolf ¢EmOri9l in a 10:1 W w

ind € e e ety Do FY 2 2o RRRERS By ey SRR SE B a2

233eﬂ‘ﬁﬂmﬁg?ﬁ‘ﬁﬁéi‘%“é?iﬁmf‘ﬁg?ﬁgmﬁfw e o 5 mw&d‘m"’”ﬁ?ﬁeﬁnﬂe e "

har vésssisdingpased by $%pod the FWP@WH%’E&W%@”%P%? KK SX&s DNase |

o S reRuible 2RBAARA 1] B toundby dRE5 o E’?feﬁ?ﬂ@ﬁﬂﬁgmﬂ 1 GHRH CONA

| pr obWasSiﬁEcdttazb d¢hat dctoyic exprefsion of niyegemig G lpsprdscongrates| cells

R4, b i, B Mg M e

POsi foly -?asﬁﬁglfegﬁlhtem}&r@ww tHeI‘pathﬁ:ﬂ dé sxpldoy chssmahSH ﬂmapx/@mynees( pr essed GHRH

plasmdthat was driven by a sy t|c scle eC|f| r%
(" SPandHpey simudgigdhe G 2HE B4 HOE R 3?' &BB%"B‘aa kg were only
obsepue Gl Cinhatld BORS ?&hﬁéoﬂM(DﬁbrédlB et GRNEISOE), @marﬂ]éldwhnbedﬂ e GHRH

pl asmds and treated wth MFP, and in cells transfected wth the positive
cont GeﬁeS@\ﬁtbK@JREr@)/maM@B@ﬂ*ﬁpPlfﬂmg'd}ﬁﬁtp@f’é’%?@ec%‘i ted in cells not treated
with MFP or in cells transfected by the inducible GHRH pl asnm d al one.
EXAMPLE 4 58 25 April 2006

[0173] Upon chronic stimulation of the GHRH/ GeneSwitch® system,
significant changes occurred in bone area (FIGURE 13), that increased by 7 %, (12.81 &

0.14 cm?, versus B=Beta B-gal injected controls 11.98 =+ 0.3 cm?, or no MFP animals

12.07 £ 0.26 cm?), p < 0.0006, bone mineral content (FIGURE 14) increased by 14.6%
{0.755 + 0.012g, versus p-gal injected controls 0.659 = 0.019g, or no MFP animals 0.694
% 0,023 cm?), p < 0.002, and bone mineral density increased by 6% (0.059 + 0.0007 glom?,
versus p-gal injected controls 0.056 % 0.0009 g/fem?, or no MFP animals 0.057 + 0.0007
g/em?), p < 0.012. Practically, there is no overall difference between the B-gal injected
animals and animals that were injected with the GHRH/ GeneSwiich®, but were not given
MFP, which supports the absence of GHRH expression by the GHRH/GeneSwitch®
plasmids in the absence of MFP dosing.

EXAMPLE 6

LOW VOLTAGE ELECTROPORATION INCREASES PLASMID UPTAKE AND
- EXPRESSION IN ADULT PIGS
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WO 03/ 038112 PCT/tJS02/ 34275 GHRH GENESW TCH(r) SYSTEM I N %}48 %:: ED
BODY COVPCSI TI ON AND FAT BODY MASS/ TOTAL WEI GHT [0170] Fo g Vi vo
experinments, the plasmds for the GHRH GeneSwitch(r) system were delivered
to the nth%ﬁf of SCID mice. The left tibialis anterig muscl e was

I nj ect SO H 2o g of a 10:1 m xture of pGRL774/ pGSlg E’,US‘PGH%Wed by

cal i per - el ectroporation (Dr aghi a- Ain et al., 1999). At tvventy one days
post-injection,_ animls i n ect ne ") with 250

m crogr aWé?‘Qg o]P]IRﬁEP D ‘H‘%s lh %‘our Eﬁdélaywqo gd aﬁl mal s were bl ed
and efé%t"r%ﬁ}a\ﬂ@ﬁ i$8 9kiod ﬁ?a&lﬂo&alIa@:cbntfoamldshvekmﬁglasm@IﬂAmg measur ed by
het er ol

ous, 100% cross-react,ng radi 0| @S? v%; sensitivity of
t he s]a@@dymwels I(Dhgpthgpdﬁantagﬁhﬁ%isa%eéiwv Ellﬁﬂmfiﬂfl TP %?r on was 3.4% and
oS i1 saf MEE’vd‘ moéahnemsecutlve days,
o DR EFL Vi o N RO 10 s mpuai MR 9

I ncrea 6 33 to 1797. ng 164. 96 ng/ m
(p ﬂl&o@@ﬂ@t waBting id be hound ghéegesibe maqch@lsmﬁ the| ig¢reased plas@oseen when t he

u ar e t 1 ng/ m, <
5 ool B B ESRE FPulh BelP S8l oRMRipaR g PSS 10
&;&V“%e%ﬁi éetmglﬁcdgﬁfmaasgbglﬁa@@&n(@ r?!cs)tlm(rjdagr o ef:eq : Iy on repeat ed
adniths @P?‘%ﬁ eHA l%flcmﬂﬁnf g ﬂ}? eq%?ﬁ?#ﬁ‘ll‘gmé@s%qﬂ% "nseg’lr: o% 5 fol | oned by
rec 7 AB9 AkgizenSoikaril thb, el s rose
repeate leieggodééiﬂﬁéw%l o%/(yed)r@ytgﬁﬁey%ﬁn eg)t?g%dgontlﬂml Elﬁc(eijleGJR\é 8)S A?n mal s

i nd@066). Glasfica v copfigurationcplptes orsd @%ﬁ o1 g electhy &8 | evel s. [0171]
Cho & t 125 d f
: ﬁeyag\éﬁ &’\g‘ (sk%@eg?ﬂ' %ﬁbJ Al rofnts, Bt ih g)?%/ Mﬂs q‘l?' fﬂg@ Gr fud@mb kHeS ays o

Wever, rom to day 149, mce were dosed
Wi t NndYERed RaéRta)ced ol theAkih, GRé ﬂnrdmwasnédh@ewummfatmue@lﬁg‘%ﬁhﬁed in the

chronically M-P-induce GeneSwit ch 31.84 0.12

(p opeegm T, toptsneEG ibe sty af oo e JuliEsS prQUgRadD 5L 7 O 12

ani rfﬁéréas%d‘%ak&é"ﬁ{eﬁe #¥9ds df%ﬂa'éﬁr&iés \ﬂmirﬁbnbﬁPI‘he%hrﬁﬂe S Hlgers araé\qmtwal ues are

average SEM Organs (lun heart liv k| dne aﬁg 9 I ntestine,

adrda@b?n?jgmmq@nﬂbmrﬂ)su % feroflpclopamme m&?‘%‘ ]Bg'inorr}[egal y f)r |

_ass i.ate 1 uitar ands
4 55ceR3R] B35 o6 Skl 0 i Bl ol o

nutes post-nortem and wei ghed.
PI t Uioligwed B8i ddtrbpdratienl withdintweiisghiar @pplcere 10 puificieat i deditfhon chr oni c

I f , d
i 1 Mbarag e Brmopeiotat vor e Bt P Eilbeichsebitt e 1 )y €Y

oon the body fat distribution and lean body mass of the sub_]ect

[0175]  Extemal caliper elecirodes and injectable electrodes were evaluated to
determine the type of electrode needed to achieve a physiologically relevant level of a
secreted reporter protein in 4-5 kg hybrid pigs. Reporter vectors expressing secrefed
embryonic alkaline phosphatase (“SEAP”) were used in these studies at a dose of 2 mg
pSP-SEAP/animal.  Six-needle and 3-needle array electrodes were compared with
standard caliper electrodes (FIGURE 15). Conditions of 6 pulses, 200V/cm, 60

| milliseconds/pulse, previously tested as being the most effective in pigs (Draghia-Akl et
al., 1999) were applied in all tests. For the three-needle electrode, three pulses were
applied in one direction, then the polarity was changed and the next three pulses were
delivered in the opposite direction. SEAP values were measured at day 0, day 3 and day 7
post-injection. Seven days post-injection, the SEAP levels were 9.33 + 2,26 ng/(mlkg) in
plasmid-injected and caliper electroporated animals, compared to 0.02 + 0.005 ng/(mlkg)
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25 April 2006 WO 03/038112 PCT/ US02/ 34275 (6.3 f 0.22 x lo-g), J 60&0.035.
There was no significantly statistical difference between ? @‘Pn?%- al
injected animals and animals that were injected with the GHRH GeneSwi tch(r)

system gi ven MFP. Al t hough not to be bound heor the increase
in pi tuWB§§’9£9 i ght was probably due to sonat otroph?ﬁ{'f'ﬁ%"ﬁf‘%ﬁphy, as it is

known that GHRH is capable of stinmulating the synthesis/secretion of GH
~fromthe anterior pituitar nd has i [ r g ef fect on
sont sepBpSeIERals; Ut the 2b5sae gpf s2500F WS, RABRERADIOR, FTEE O the
eXPeld- ity SERAV GRERAS dutffcdesupartd ty zatipdr nielivery, (11507 A4-38ner gy x-ray
absorptionetry épdDEXAlﬁl)ﬁ usi ﬂ%sa hi gh_r | ut i.onthPI Xl mu%b%f ner. Body
conpighint k)rand A &8t meGalkeisTesregvy)p PIRe YR SHRLBHE™ €an ti ssue” nass

and _hone 0 I ; e G- fels | distiroddRoRdaveiageiSEAPant changes in
chr 8%88&%‘%%%‘@0%%29802’%%@ ﬁignj ected wi th t he Eaggv GeneSwi t ch(r)

systiirastdeanl 4@y 1982 nefmirkgorfiey sqvpr GoRE When lqngissigis darshiido 504 i n

GHRH CeneSwi t ch(r) ani mal.s. + . (8 + 0:685% ararl 84.94 f

0. 6F%MY “JHSJSM‘P&S‘Q‘Fﬁ Yers % 9%%@8_@ 3%5“%% °3’95&g’§’2 .ex a?%%%rrpss (FI GURE 12)
decreargrilyusdnibcicnvistIRpHtGeNnigitsn Skith4nd) masclenfedns telinjosieod PBS 2% versus R-gal
14.57 f 0.75% and no M-P, ani nal 5.09 , 0,39 : . MPLE 5

GHRigo et sy therqod ) of| the WW%@A%E%%@Q@FMQN%%%E%%Eﬂ%EW [0172]
One ASREG! AR'10b360 /G GREd i RNijomblb el dipeimats, abidy ohal the

i ntrodaction of m fepristone-induci bl e heterol ogous nucl eic acid sequences
enc odisoly daBhfiRvassednUinranye she ngedle-tyge elarirodeinsidl ent thereof into the cells

of subjects can lead to high levels of circulating hormones (Mr et al.,
1999), without the disadvanta esP e.g. high production costs, safety
DL

concerns with the virus bac ex vivo mani pul ation) associated with
viral vector delivery or or( Barr_and Ié;]', B a1.. Dhawan et al .,
1991; IXGREAIEDEKFIC U s b Lo

denonstrat e t hat DELITHE y 4
regul ated by mfepristone following in

2 Fon must
(PROBIIDS: | on can be efficiently
vivo el ectro orﬁtion of the

& HBT8P%I ogous nucl eic

aci d, ces .encaodi n AC AN datepioP BitGitdry 6fliowd ent  ther eof)
i nt o g‘%&ﬁ?éﬁ“ﬁﬂ@%ﬁ@ %‘%dﬁ?egﬁsag%jréelec%g?tﬁ]gs schenat i %al I?A)l;y di gtgr amred in Fl GURE
6. IRMMeRAECHD), Mhgiis fin pivindates/the prothictien yf Kl f5oro erlivgiesnd O8%pr essi on
regul ati on was . obseryed qver 149 days | Nj ' fectivel
o oo ol L kAR SR D L ok ot vel
pigs weighing 4-5 kg, were injected with 10 mg myogenic vector expressing a mutated
form of GHRH, stable to proteases (“pSP-HV-GHRH") and electroporated using a caliper

Ryt - S FiE. § LY

glectrode.

[0177] The present invention involves determination of the best age for
treatment of young pigs. Groups of 2 piglets were injected with 2 mg pSP-HV-GHRH
.using the 6-needle array electrodes at different time points: birth, 7, 14 and 21 days of age
(FIGURE 16). Each animal received one injection. The group injected at 14 days of age
demonstrated the best weight gain, (statistically significant and different from PBS
controls (n=3) at every time point (final weights: 25.8 = 1.5 kg versus 19.7 £ 0.03 kg, p <
0.013)). The next best group was injected at 7 days of age, and weighed 21.9 + 1.5 kg at
age 50 days, p <0.02.

[0178] In a parallel study, the reduction in the plasmid quantity needed to

achieve improved growth and changes in the metabolic agd hormonal profile of pigs was
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60 25 April 2006 WO 03/038112 PCTI US02/ 34275 GHRH needed ta Zchi@m
physi ol ogi cal |evels of GH secretion when conpared to the P %nt GHRH
t herapi es. Post-injected subjects did not experience any side effects from
the Gen i.tch(r) technol ogy therapy. For exanple, m_ce had nornal

bi ochem%ﬁg'is}“gadizofi les, and no associ ated pat hol ogy o “¢f5%¥ABgaly. From a
functional standpoint, the |1G--1 levels increased, growh was enhanced by

7.5% and changes in body go sitio e ER RAGSEof €an body mass
by ZXBlogesnHroyeE P B@é&&%@%ﬁ,@%ﬂ%?@%‘%&%’g@ ﬁl’? Sqeﬁlgt\rm ng?gﬁr oni ¢ i nduction
of  tJae AP0 SONGHRW (TRgSY BlgeM nlg), add dictiraporatddarsmgra trugedle arralensi ty

i ncreased by 6% and the stinul at]on_ of ﬁ?ﬁw ne e?aﬁt ab%{sm were even
nor eslectnds @HBURE 17). (The arpup ijectedovifed-baigog P ?l%p,gr & YSiServed pituitary
hypertr QphY.. @Sy %hfﬁ@ | Ls BRPHIS (R9PLESE HHR PheaRageni ¢ GHRH

pl asé%mdgﬁégﬁéarha es}&?] roug t\ﬁ%gh@nsat ural Gl(-l a?:i S. (s??rrul gati o%f GH synt hesi s

'ﬁgg (:ﬁﬁg‘g Qerlgrr]ltﬁ‘ié?t:il: 0{[62 krgjll Fiﬂé(dﬂylﬂnevém)ﬂl urfthe group B’d@iqde?é?l fays . ul ated t her apy
ot rtneanieh oyt B RSl RSB Ropecl) ol ARYcpROMIRAET T

K NOWgibddiad 2o FaRithSolfatel SNeSHRID end showed signifi¢abtaedecsdiratestofareight 1996) , and t he
G ovEsin Gf B FBF PORONCRR 0 T DA KB SFPBTNE e RO BAE RS ch(r) system.
oy B e e S E et Cont role 11 061 0.3 |

cn, antibodies. W, th iminims] plagnid Rospge (Bel maypand injectiop abRPYEVMASRESE ner al  cont ent

(FIGQURE 14) increas . 0 261 Bataml i njected
* cont PBeaicpin BG5S upt if e vk e g o MAERUBY RS L PLEG G0z,
and hengudititiEseihe daveniotsyuied A08Esd doshyi.c6 60 BgST-HVEHRID Wity e,  versus
j3-gal_injected controls ? 056 0.0009 g/cnR2, or no MFP ani mals 0. 057
0. OOWPEI'Q;‘QS’W?@GSH’RTO@‘?CGEWaPF}%?eg?scal ly, there is no overall difference
between the a-gal injected ani-nals and animals that were injected with the

GHRH GeneSwi tch(r), put. wer.e not given. i S t.s i he absence of
“GHRH exprl@&Blon “%‘é 1 ‘@h%ﬁﬁv‘%%‘??é%ﬁﬁf%ﬁﬁ ;\éegiﬁlomﬁ%g #Eptt?%é absence of MEP
dosi g e EXANBLE 16FLIQ0LYRTASE T BOIIRDRERATIGIN $tNGREASESAPLdSHED UPTAKE AND
EXPRESSI ON N ADULT PIGS 61
post-injection in pigs that received the 0.1 and 1 mg doses of pSP-HV-GHRH (FIGURE
18). By 35 days after the injection (age of animals: 45 days), serum IGF-I concentrations
were approximately 10-fold higher in pigs injected with 0.1 mg and 7-fold higher in pigs

injected with 1 mg plasmid compared with controls (p <0.007 and p <0.04 respectively).

[0180] In pSP-HV-GHRH injected pigs, under optimum conditions (Table I)
serum urea decreased (8.36+1.33 to 9.67+1.27 mg/ml in pSP-HV-GHRH injected pigs
versus 11.14+1.9 mg/ml in controls, respectively (p<0.05), indicating decreased amino

' acid catabolism, Serum glucose levels were similar between the plasmid pSP-HV-GHRH

injected pigs and controls; insulin levels were normal and within the control range.
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25 April 2006 WO 03/038112 PCT/ US02/ 34275 [0174] Direct i n%g@rg‘f%ﬁbﬂ ar
plasm d DNA injection followed by electroporationis a ne he

| ocal and controlled delivery of plasmd DNA into skeletal nuscle. It has
t he advant hat is uses low plasm d quantities (as_ | s.0.1 nmg in

pi gs), %Q{‘?{gﬁl han the high quantities typically useicﬁ%ﬁlﬁ%ﬂggsi ve delivery
nodalities. Although not wanting to be bound by theory, the nmechani sm of
the increased plasm d uptake by el ectroporation probably occurs through

new y created nmenbrane poresgégﬁ\ or wthout protein active transport. It
r al
pYHY-H

has been shown that_ the, de reabi. | i . .the muscle cells is
dependdplasmagpetakalis profile o l‘g?'}"f/c,te[‘ éﬁ%‘i"ﬁﬂgf Inﬁfjl ses, shape and

type of el ectrode Bureau et al., 200Q:. G | ber « 1997), and cell
size (SSHAWRri et é‘“.g?se 2000) &J’gﬁssi caﬁreej@"Ltro gﬁﬂP t?uglur ation, plates or
a pair o¥ire el @ mhdes pl( 4 mm (‘Eﬁgﬁf wer e @ to be effective in
rodents, but in |large manmal s as pigs_or (ﬁumans §h+e0t1.1i ncreased resi stance
of tMey&kin, th@58HitHnesSBElthe subtlitUheous +4 Yt ssue, and the concern
for tissue damage if the iprﬁe[Hsity of the electric field would be
proportionally increased, t hes s of Lodes unpractical. The
porciDr‘R§7 nmuscl e W'ﬁf‘e#ssOSaregd%E% | ar g'éji%‘g consg%q%g&hltgl y nore suitable for
el ectroperneabi li zati on t fan rodent nuscle. Data provi ded herein indicate
that . 5i ngl e i ppeftépn ofgqanopti nunnslosmge of spsamwi d fol | owed by

el ec_trf)porati on with intrgmgeul ar applicators is sufficient to produce

t herapeutic plasma hornone levels in a large manmal with biologically -
si gnidayernt ef f gopsts.@n t Hashbty fat 0435245 but i bW W | ean body mass of the
subject. [0175] External caliper electrodes and injectable el ectrodes were
eval Jlseed to deternmine the type of el ectrode needed to achieve a
physi ol ogi cal ly_rel evant | | a ted r r protein in 4-5 kg
hybr i*d™i gs. Rebldsjfﬁ/'&\/ect;gg\éggl';ﬁpress()i@%gbgecret g'?){(sé%bryoni c al kaline
phosphat ase C SEAP") were ‘used in these studies at a dose of 2 ng

pSP- %ﬁ@:’ ani mal 45, g X, feedl gangdy 3- needi €06 ray eleetriodes were conpared
with standard caliper el gctoodes (FIGURE 15). Conditions of 6 pul ses,
200V/em 60 mlliseconds/pul se, previously tested as being the nopst

ef feotimge in pi ¢®78Ee.sghi B@HLN2Tet HI5E089099) GBFEOYpplied in all tests.
For the three-needl e el ecth®8#® three pulses were applied in one
direction, then the palarity cha dth three pul ses were

del i Vewgd in théw&bﬁg@i te 1(}-,8}\-3%-?} on. r?’%gﬁ’&i\q/al ueg'O(\?\gerﬂe1 neasured at day O,
day 3 and day 7 post-injection. Seven days post-injection, the SEAP | evels

\z;\ﬁir' ﬁmg é?%%%lﬂg?e ge{ t%é?dh%)éhelsg a@%lg?sﬁlglqvg Iéf;nallga‘f L HorRAthE RlefabSHsmSs €Ct T opor at ed

very important, as most livestock and/or patients under recombinant GH therapy develop

(>

impaired glucose metabolism and insulin resistance. Creatinine concentration (a measure
of kidney function) was normal in all animals. Pigs that developed antibodies to GHRH

showed a tendency to increased urea levels and decreased glucose levels.

[0182] Body composition studies by dual-energy Xx-ray absorptiometry (total
body fat, non-bone lean tissue mass and bone mineral content), K40 potﬁssium {lean body
mass) and carcass neutron activation analysis (nitrogen) showed a proportional increase of
all internal organs in GHRH injected animals (heart, lung, liver, spleen, brain, adrenals,
stomach, kidney, pancreas, intestine). Nevertheless, the final body composition was

~ different; animals injected with pSP-HV-GHRH at different ages gained proportionally
less fat than controls and were leaner at the end of the study (4.34 £ 0,04 g of fat gained/
kg of fat free mass gained per day for injection at birth, 4.4 == 0.04 g for injection at 7 days,
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62 25 April 2006 WD 03/038112 PCTI US02/ 34275 in vehicle-i nb??‘ﬁ’@? @gg mal S.
Using the 3-needle and 6-needle arrays, a 12.4 and 19 fold % e

SEAP val ues was obtai ned conpared to caliper delivery (116.07 t 44. 36

ng/ (m kg%) and 177.41 f 18.44 ng/(m kg), respectivel tyPh \Wen_ using the sane
nunber BP %3 %es, but |ower voltage (100V/cn), and tHEYEYEHA e

el ectrodes, the average SEAP increased to 144. 64 f 11.82 ng/(mMkg) after

seven days. \Wen | ongj ssi nu and .s MHemises were
i nj aewaTCemToNg>-& il g’cBr?dﬁpg)o Qne B%?befaésd%{l%ﬁ @%ﬁé{ sem tesndl nosus nuscl e
was @Eét&i‘éﬂ Yz} Bdyg R@kr biSthl Qllcﬁ@&rdmc\k(ﬂl iﬂcme‘dM‘ﬁcanyacftthadtr@hg@t'wer e collected
e en @ge exp eri ment é days pos{iI ¢nj ection) and histologically
analW%éd;OﬂQSgl VR30S Q/ﬁ%?#@@@ gow tﬂff-‘é?mif‘?l,f 8 %8 el ectrodes experinents, no
skin or muscle danmage was seen for any of the needl e-type el ectrodes used.
EXAMPLE 7 | NCREASED EFFI Cl ENCY USI NG NEEDL TY% Eh%&ﬁggp T ON DELI VERY
FOR THERMHSBITI CTrrier migesiiq G&W@Pe’ﬁ%e RGeS 99 By ttheory, growt h

hor m%{[ﬁ%lrb% ?%ﬁfcﬁ?prgﬁég‘%ﬂ@ had n ?‘ﬁbﬁﬂte@ bathd1b@y &Sor ﬁlﬁm&gﬂﬂlmbmm and rel ease

error pitditary o hornmone ("CGH'), chdlnturn
Stl Muhdtioasl dtimepginto dhec incoasasf in| Ilﬁvﬁlerﬁnﬁlr@hﬁf}cﬁéﬁﬂta%gfe f% t ar get organs

(Frohman et a 196 al., 1999),
yourfé‘anfﬁ? @%b%ié’ Qj’mpﬁﬂ%.né Bé%?%%%?@%&&?mﬁ?ﬁ@?ﬁ%%%ﬁ% c vector
ol T Y e ?i‘?m??“‘fe?f olecir hmmfwblmm e gsspat nventioh
€ 1+]
|nvd1f$li171 ga‘d@t‘@ﬂh‘i‘ﬁﬂ?‘?@ﬁ 1%30 eﬁrgmsrég @é%f gq/ ’Prf ersr%l%t 0 ?/gﬁ{ng pi gs. G oups
.eI ege[cfbgg; Sﬁ;&s&ﬁﬁf c?ffrhﬁig%ﬁl%qwl@mﬁ{ FediBls E%Woﬁrﬂﬂto wplaog chbseab- needl e array

es  at erent tine points: birth, 7, &9 2 gﬁls of age
(FI cmEthmpy rEgimkns Ahdremay steiliedthenGH Axiedni 6ri5n°r?h Y&Pﬂ?@ﬁ hj ected at 14
days of a deno | oFtstabiiky y significant
and ??P?OPE an?‘?rbﬂﬁﬁgtélg%ﬁﬁr%ollg éé, @?Qﬁ%“’l vgpgl/g}%f&éﬁﬁeée oi nt I(t):‘l nal wei ghts:
25. 8xfi @HSSA@@tdtfirasmﬁtylﬁx gk, ﬁaa@&ldogbe pseflll i8. pumgn) ot mpél;@enebest group was
I njected at days of 2 , 00 days, p <
0. OZHO‘F@P’ZQ]SI{’MFF‘ ﬁ“ﬁ&r‘%?‘?%? Q?P%nglﬁ’g dclﬂpé? :;hgﬁhd:anr?k‘# fd pfashs d quantity

neegge(ri{tér et ﬁg&l' ﬁl\deuéeaﬂﬁ%f@& B Sotdihe ndiwahied gathology t dsscintetlawith | ¢ and

hor gs was
antibody development and routme methods in the art and/or described herein teach how to

~achieve this goal.

[0184] The molecular techniques used to produce alterations in any

" conceivable encoded nucleic acid sequences are well established, and exemplified by the
large number of scientific publications and patents in the field of molecular biology.
Despite the accuracy of the molecular techniques used to create distinctive nucleic acid
sequences, a skilled artisan recognizes that the expression of any given nucleic acid will
influence the complex biochemistry of an entire organism. Thus, the highly predictable
nature of constructing unique nucleic acid sequences must not be confused with unknown

facts of an associated biological effect.

[0185] The invention described herein involves the utilization of several
distinctive GHRH or analog nucleic acid sequences. Based upon the current
understanding of protein-protein interactions, it is neither obvious nor possible to
accurately speculate upon the in vivo parameters (e.g. half life, efficacy, post-translational

| modifications, etc.) of a GHRH sequence that contains a point mutation which alters a
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63 25 April 2006 WO 03/038112 PCTI US02/ 34275 explored. G o g IZQ
pi gl ets each (Yorkshire x Landrace) were injected at 10 dag @P wth
pSP-HV-GHRH (3 ng, 1 ng, 0.1 ng), and eIectroporated using a 6-needl e array
el ectr RE 17). The group injected with 0.1 | asmi d had the
greater §3$&ﬁ gain, with statistically significant F@?@%%Hées to
controls (n=3) to 50 days of age (22.4 0.8 kg versus 19.7 0.03 kg, p <

0.012). One ani mal the r ect ed ani mal

i nj SEElE FOWRY ﬁclflﬂ’eﬂ}?l ‘%I"g‘@% d‘%%% %ﬁm@&%éﬁ ‘g%g neut ralizing

ant hﬁ%ﬁﬁ%f%%ﬁv%&e ﬁéﬁ% gi Ateed GNRGHRMae evith hipnifitasilglongardémt reduced rates
wel ght

of galn (at” 50 days post-l nLection 15 nd, 15, kg,
r es pedlabilit. ﬂ“he\seetiogg@u hama half-f °ff45 F‘H’é‘hﬁéﬁlﬁ}e@r%ﬁ??ﬁ%?l n the sane

tr e%h?nﬁs} ng?{k%»‘ﬁ}s ahl\ﬂ' '?é J;F‘d h%so Wﬁﬁﬁ&%h&?ﬁﬁ IRt GARHAthaphas anlyi bodi es. Thus,

t he &S d I njection at opt] m age using the
6- neue(dlbeseeﬂ)aacmfﬁﬁm wmls r:het HH—GﬁiRHhhaﬂabﬁﬁﬂ shewnihhayers Biie It is

note rthy .t hat evio foId | ess,

GIG"r?@V"pS’P t@ﬂﬁ ﬁﬁnttﬁg %l | per(ﬁ&k{ @E %gﬁtﬁ%e (rqgélsuce simlar
Chaﬁsﬁfp%rt a3 81 evideni Adixeativon afro lsmdreeaﬁ p:tum cahiCorespondisglyf GHRH and GH
.S an” 1ncrease in serum | G- | cnce dIev }neﬁ)[gcﬁlerumlgzl
stalotleéklﬂ@ﬂmltbea%b”o@ddﬁ%'hOB’JgtPe’i %ﬁﬂq”g% recel ved the 0.1 and
1 "%f&?ﬁﬁ%f’ﬁ'ggﬁﬁﬂ&m Bfo@ﬁégpeﬂ;&bntatﬁm@&hdﬁmnﬂﬁg eariatibies i nj ection (age
of anrimals ,

serum | G--1 ‘concentratigns, were xi mat el y
10- fand gpetungétoons ion apmg@-lel mjclei aeid \EQUEDTS, I drppositig hFS‘feoTodacﬁﬁ%Stﬁ in pigs

i nj ecte 1. a t @ and p < 0.04
res ﬁ@%l’t“i(&?/\ﬁ‘%/ " VY ggﬁt Méﬁg@a@&% nr%lg{%e ég”gé‘ﬁﬁfﬁﬁgf opet i mum
CONGidtinOie ﬁﬂé@éﬂd chd)seqlﬁﬁwwéncualmg (HRHecasfenbn(osalaaglogealt equiyalsutl. 27 ng/nl in
pSP- HV- GHRH i nj ect ed p| versus 11. respectively
p<0h®§9f or corapspandingdeqd %Tgatcﬁ'rﬁsﬁéne]fgoé 9 dg[g?ag%b 4}5 mpﬂ}@é:(r}%ﬁ% gl ucose | evel s
L8 1oRP80N5 3ksd d36lRlop BTl o yRoditted Wi orf pbeiionl. pi g and contr ol s,

|nsu |n eve s wefe normal and within the control range. 64 25 April 2006
WO 03/038112 PCT/ US02/ 34275 Table 1 The plasna netabolic profile of

PSP- RV- Giitde) Ni e9k8ebtenet Waiths @b bBit@Ead by theory, it is believed that an

increase in GHRH or funciional biological equivalent will increase the GH levels to

decrease body fat proportion and increase lean body mass. Hormones (e.g. GHRH and
GH) often contain a complex feedback-regulated pathway. ~ Without direct
experimentation of GHRH or analogs used in gene or recombinant protein therapy, it
could not have been predicted by one skilled in the art to determine which concentrations
of non-native encoded sequences will yield desired results. Ideal regulation of a nucleic
acid sequence encoding GHRH or functional biological equivalent thereof is further
complicated by the tissue used for polynucleotide delivery, and would not have been
obvious to one skilled in the art without actual experimentation with the distinctive

sequence in a particular tissue. The invention described herein contains the descriptions
and yesults of essential experimentation that explored tissue specific and inducible
regulation of distinctive nucleic acid sequences that encoded GHRH or functional
biological equivalent thereof, which was not obvious based upon prior art. The present
invention is a significant step forward in developing non-viral therapy for Jarge animals,

including humans. In order for gene therapies fo be transferred from rodents to large

mammals; and ultimately to humans, it was surprising that extremely low quantities of
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G oup G ucose Uea Creatine Total Protein Age(ng/ m /m )
Day0125. 825. 648. 361. 330. 850. 054. 810. 11 p<0. 81( o) bgﬁ%ﬁﬁbé@/ )

Day7122. 435. 059. 431. 670. 870. 045. 210. 19 p< 0. 03 Day 14129.54
6.399. 621.721. 00 0.045.22 0.20 P<0.02 Day 21110.25 5 0213 831.20.93
0.054. ¥8"%P¥H3se 111. 07 3.8810.501.870.9 0.093. 89PCHUIB % p < 0. 05

1ngl121.63 2.939.44 1.070.81 0.064.110.11 p<0.02 0.1 ngl20.73 2.539.67

1.270.950. 054,05 0.19 P < 0.0 _ | :
0. 1PbpmRE ek i bHERIn T e Ao el skl Sl 7 O 0200

et gRol b SieieStropbfiii¥n bdBRRTohPARM. an dGporest biblogiesitimpdct tratid i

. T 0 n : iolo gorea eent s under
recg?ﬁg% ant GH‘pt herapy devel o i r%pa“i red, Silaucope met abo Tm and insulin
r es bedniit eprof@iriier, i ndrensesclsi bpd BRFOA Wﬁe%m‘é of g s eﬁLeijsunct i on) was

nornal in all. ' S ' ' ' H h
te nggaﬁ_ _ %a“.h%i%sggd 8 af bltjlﬁggéﬁ {(131512 ?}gﬂ?ﬁﬁb@éﬁ%ﬁ%&d&gtﬁggsﬁg% gﬁ; S. > [ g\fgg laBody
c onpasiididdo fromt ihelireistiveydoshsalsed e ragients - (im gvezags dmekdnedlfhpugh 86l body fat,

non- bone | ean, ti ssue, mass_and I-ne [
Doy i 2 5 e U dEeR s G s (G RELESS
(p[] ggrgfln,lc(:;}%iéﬁl ilﬁliﬁﬂ\illgﬁﬁlﬁlgqlﬁe e@ddgebﬂdnfs Géd’ﬁﬁignaﬂ"gﬂnﬁonbﬂ a@REhancingdheed ani mal s

- . r, spleen, br , ls, . '
1 1t @swibie poichialef £h ariesls Wikine e TRUR L ARBERE T Aogae BT o, B o
ani %%'fﬂgetofet%hgﬁlﬁgdi%%%ﬂﬁ%éé\ﬁoﬁhﬁﬁsakrﬁénﬁﬁe@&mesmegr@m oasl proportionally

| ess con s and were | eaner at the end of th
g of fat gained/ e study (4.34 f 0.04

[0187]  The increase in lean body mass, decrease in body fat proportions,
increase in bone density, and/or increase in bone rate of healing are a consequence of the
GHRH molecules present in the subjects circulation, regardless of the means of the
delivery. For example, one would obtain the same effect by delivering appropriate
quantities of GHRH or analog thereof, outlined in FIGURE 1, by classical recombinant
protein therapy or nucleic acid transfer. Accordingly, successful plasmid-mediated
supplementation of GHRH requires accurate delivery of the encoded sequences to the cells
of a subject, resulting in expression of the gene product at levels appropriate to produce a
biological effect. The duration of treatment will extend through the course of the disease
symptoms, and possibly continuously. Since the method to deliver nucleic acid sequences
to the cells of a subject is highly dependent on specific diseases and the encoded gene, it
could not have been predicted by one skilled in the art which method and conditions are
appropriate without laborious and failed experimentations. Thus, the preferred method of

outlined for this invention is in vive electroporation.

[0188]  One skilled in the art readily appreciates that the present invention is
well adapted to carry out the objectives and obtain the ends and advantages mentioned as
well as those inherent therein. Methods, procedures, techniques, and kits described herein
are presently representative of the preferred embodiments and are intended to be
exemplary and are not intended as limitations of the scope. Changes thercin and other
uses will occur to those skilled in the art which are encompassed within the spirit of the

invention or defined by the scope of the invention.
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kg of fat free mass gained per day for injection at birth, ?.4 89;24 g for
injection at 7 days, 65 25 April 2006 WD 03/038112 PCT/ USOZ, 455200, sus

controls 5.63 f 0.34 g, p < 0.05). Bone mneral density was higher in

ani mal s oinjof&ﬁ ed at 14 days after birth, and correlates with increased
ef fi cacy P treatnment: 0.363:L 0.005 g/cnR ver sdSTYS%84250 003 g/ cn?
in controls, p < 0.004. [0183] Treated pigs did not experience any side

effects fromthe therap had ., normal). hiochem cal i nd had no
associ at 49188kt hdMbekthe mefodsand fogRr Loqgr‘%ﬁ#)ﬁég %@r?(l:a?ﬁh gI}l%%rgéf Ef‘;lﬂra:dpoi nt, the
| NCTRagaR dnd dxEFitdd w6t findk ExpunnEioR i lisi of tievirkseandisclasiienges i n body
conposition (wth decreased fat .deposition by quﬁg/g,éﬁr.e dranmatic in

ext elhile THeameshodscnd compesiiions of i HIVPRHNJIAVEDEED S IREPSBE1 i sm were even
nor e e A i i i ] lyafigiond oy By 10% These
res Lﬁr?fénﬁéq]kbé%laaf[gent%&hn g%?ﬂé’g‘u% E‘ﬁg%f éegg%kgﬂﬁg%e ﬂﬁ%gcgni c Hv- Gjll-lRH vectors has

t he spptientol thé systenisepidapepoditesiwitiout dpating fopyt ¢ 6oniaeRlin ®EME%ray stinul ate

the GHaxjs in a no hysiol.0gi riLat d e HV- GHRH

nol é&?ﬂ’ee?ij tﬁ‘?{ﬁ“ﬁ'?“ﬁ?'s W’é@‘g’gghﬁnﬁ% @@5"?%@’1’%?9{&?@6? ﬁlﬁyéa aﬁﬁﬁc&ggecr etory

act i yatt Ynenfically Stmotiblty ahd phyblogialiytelitel dumnbesubitituted &ir theedewt ne.  However,

a skilled artisan_is aware that a mni rgak{l gl sn‘i&l %glse ho Jiag be determ ned
on adesqrthed ihaein whithite saag) of siamilay Ws'glfsd‘@? 8 3%5‘?"8 1 he' TAnERt €Y pat hol ogy

assq ' i eBvE IRREEAlled ANHe Ol deemedioltedsittiim t he art
and/ op%g%%ﬁ? @%dlﬁg%'g?sﬁ&?each how to achieve this goal. [0184] The

mol ethebyirit, benphymind oeseptof thetnyeptiants defingdby tha appended ¢lailiy  concei vabl e
encoded nucleic acid sequences are well established, and exenplified by the
- large nunber of scientific publications and patents in the field of

nol ecul ar biology. Despite the accuracy of the nol ecular techni ques used
to create distinctive nucleic acid sequences, a skilled artisan recogni zes
that the expression of any given nucleic acid will influence the conpl ex
bi ochem stry of an entire organism Thus, the highly predictable nature of
constructing uni que nucl eic acid sequences nust not be confused with
unknown facts of an associ ated biological effect. [0185] The invention
descri bed herein involves the utilization of several distinctive GHRH or
anal og nucl ei ¢ acid sequences. Based upon the current understandi ng of
"protein-protein interactions, it is neither obvious nor possible to
accurately specul ate upon the in vivo paraneters (e.g. half life, efficacy,
post-transl ati onal '
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nodi fications, etc.) of a GHRH sequence that contains a poiQt,. 'H'I'P%d on
which alters a 66 25 April 2006 WO 03/038112 PCTI US02/ 3427% S|png € am no
acid in the pol ypeptide chain. As seen in the Exanpl es provided herein,
nmutation of a few base pairs gave rise to GHRH nutants with significantly
| onger bio- availability. The endogenous GHRH has a half-life of 6-12
mnutes in different species. The HV-GHRH has a half-life of 6 hours. In
furtteAlMmsal ysis, the TI-GHRH (that has only two base pair difference with
t he HV-GHRH) has been shown to have a nuch higher effect in vivo on |ean
body mass than the HV-GHRH (from sinple to double). This property was not .
evi dent iWreest armsiclgic peid vaxpressian genséyctothapenqgdesa e yerewth) hor@sne-espondi ngl y,
one skill in th oul d. know how.to performth | asm d- nedi at ed
oupaPene it ARt oty B e Chorirattah Bylaf oy e |
eX P §réaPitioR bt £ BéripositfonFbAddcRtifs B! prapdrAfS widhth BECAMbSidANS on a uniqu
nucl ei'c acid sequence in a specifi¢ tissue to accurately evaluate the in
Vi vas sfifabletfordetibérg irsto kelisiofig sajgani sm Therefore, the utilization of the
distinctive nucleic acid sequence encoding GHRH or functional biological
equival ent thereof or caorrespondi ng reconbinant protein as a nethod to
decriease ‘bYef/Ok dpitp bolRrein dhe Nuchic prid CERISHIONRORSIBISHYF Swakle &5ul d not have
bee ! e ion _[0186] Al though not wanting to be
bounrhgﬁte;}g @%gﬁlgfa?ﬁ%‘l};@‘@%e |egé\%r§£(%r§t&n‘ an increase in GHRH or functional
bi ol ogi cal equivalent will increase the GH levels to decrease body fat
proporti qusnd claiifi e@bh&eingi@celo8ftheBdgect HersomBRScAI, sfom &dtiRHrand GH) often
contain a conpl ex feedback-regul ated pat hway. Wthout direct
- expeeimedlisat i on of GHRH or anal ogs used in gene or reconbinant protein
therapy, it could not have been predicted by one skilled in the art to
det %rn‘i ne, wWhi ¢ oncent r at.i ons f. non- nati ve encoded sequences wll yield
7 B et i o

desited resti 5“4 Peal "PEGHI" eigacyd RPEIQ Ry LEQHENEe encodi ng GHRH
or fgengs NeNpl, seqi® Re! LalSeEBHNY-Al3eBEGTDNGS. Al sbADMVE TeSeqrbagR! | cated by the
ti ssue used for polynucleotide délivery, and woul d nbt %ave been obvi ous

t 0 dAeSegkD Noedl,iSeqihSoa2(, ombdgiiddo: 2t ual experinentation with the
distinctive sequence in a particular tissue. The invention described
herein contains the descriptions and results of essential experinentation
"t hat" explfborisd &fi daige Ls puhsrsip cthe mmclerg aeid pexprespigy goastrush frthai stinct i ve

nucl el ¢ .aci CRS:1: GHRH or functional biol ogical
equic\glllgﬁrel%g’ atdtﬁazlrgggt?& @g%léaﬁgé\ﬁ@%e%ﬂ&gbvi ous based upon prior art. The present
invention is a significant step forward in devel opi ng non-viral therapy for

| ar ge aniAvddeSof claim 5, wherein the transfection-facilitating polypeptide comprises a

charged polypeptide.

7. A use of claim 5, wherein the transfection-facilitating polypeptide comprises

poly-L-glutamate.

8. A use of claim 1, wherein upon delivery of the nucleic acid expression construct
into the cells of the subject, the nucleic acid expression construct is capable of initiating

expression of the encoded GHRH or functional biological equivalent thereof.

0, A use of claim 8, wherein the encoded GHRH or functional biological

equivalent thereof is suitable for being expressed in tissue specific cells of the subject.
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i ncludi ng humans. In order for gene therapies to be transf%rAegﬂ%égn
rodents to large mammals, and ultimately to humans, it waS SLPI’pI’ISI ng that
extrenely low quantities of 67 25 April 2006 WO 03/038112 PCTI US02/ 34275
plasm d were effective. It is shown herein that as little as 0.1 ng plasmd
delivered under the proper electroporation conditions had an inportant

bi ol ogi cal inpact that decreases the body fat proportion, increases |ean
bodyiomas sa (usé-BMcaim O, WiRkdin Ghe BsshiblRp&Sfic cdiRi 6T tholsasBdchogtipatds ty was 100
fold | ower than the theoretical one, and could not have been predicted

f r ormushls celd. at i ve doses used in rodents (in average | ng/kg). Al though not
wanting to be bound by theory, unlike other therapies using growh factors

hor anes, 8 EnFltsi SovEHED Dinoege, SN 1 2 ORAPRGHBAHRI w [ h no

adv e I (W TehOr-TEMm Tl aTa : tically

pr eg{oﬁﬁg@({eé%{ftﬁ%%yﬁg%@ﬁ%{%nésl aéfﬁiel eﬁ@k%gl}tg@o t lesg?zg#@g]g Edgewt h axis.

[ 018H4t hihbeehragiaasal toroht@iarn diathyt K6 acid eefueasaviii shadinédislypr oporti ons,
increase in _bone density, and/or increase in bone rate of healing are a
condugigenemilar of himprayeki-biglogselly estiphesdien ¢ompared suhe @BRY] r cul ati on,
regar gIPests of the neans of the delivery. For exanple, one would obtain the
sang’ F%&e‘ by delivering appropriate quantities of GHRH or anal og
thereof, outlined in FIGURE 1, by classical reconbinant protein therapy or
nucligi ¢ agiket srabRiners, MaGemdiHRIbodslcREsSi o fllas dsigmgicat ed

suppl enentati on of GHRH requires accurate delivery of the encoded sequences
t o telmivalenhtthereadTis of fornlnjl&(REQIPSS@I6)i ng i n expressi on of the gene product at
| evel s appropriate to produce a biological effect. The duration of

tre nt_ w (.0 urse of the diseas synpt ons, and
pos:”#g%' QMM’%&MSP@&%%%QQEW%@%i c acid sequences
to the cells of a subject is highly dependent on specific di seases and the

enc%%hgﬁllgqmn{uﬁdahag%g:!fgumggmf&tgﬁﬁ&:pl‘ edicted by one skilled in the art

whi ch net hod and conditions are appropriate w thout |aborious and failed
experinmentations. Thus, the preferred nethod of outlined for this

i nvétis @ D-erd-istmet ofoheedngiad baip orradineo(1Y "), Odld@&]dida@HYki | l ed in the art readily
appreci ates that the present invention is well adapted to carry out the
obj ectiives and obtajn the ends and advantages nentioned as well as those

i nhekedht Drordrispmer afthasgao agid glaniag (e ), veliean VY guesisolayenal't’s descri bed

herein are presently representative of the preferred enbodi nents and are

i nt 9@%91316}152%0111%}‘%%{: aﬁﬁﬁo%@ﬁjl ai’arn%lertox&")io?%ﬁf@ﬁg%'@'§; limtations of the scope.

Chanﬁes therein and ot her

X4 is a D-or L- isomer of the amino acid methionine ("M"), or leucine ("L");
X5 is a D-or L-isomer of the amino acid serine ("S") or asparagine ("N");
or a combination thereof.

13. A use of claiml2, wherein the encoded GHRH or functional biological
. equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.
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uses wll occur to those skilled in the art which are encogggﬁégﬁp L thin
the spirit of the invention or defined by the scope.of theé”i n. 68
25 April 2006 WO 03/038112 PCT/ US02134275 [0189] All of the nethods and
conpositions disclosed and cl ai med herein can be nade and executed w t hout
undue experinentation in light of the present disclosure. Wile the

nmet hods and conpositions of this invention have been described in terns of
prefr r eds eggosh BRRH S1, hetdin thed enaBATGIRH! 6 HARHEAT bidleklchl i n the art
that variations may be applied to the systens and conpositions w thout
depaqrivalgnt thouerf Isesusanie gt facidipiting eroveh dormsewp@GHI') tdeeetionie it on.  Mor e
specifically, it will be apparent that certain agents which are both
cherP¥8f% y, “structural Iy and physiologically rel ated maybe substituted for
the agents described herein while the sane or simlar results would be

- achigyved.ydlor , 3 BudbillabidlexprsbRst dohMhRE 2ABnTRYlEL Gal1IRPSssRRPar ent to those
skilled in the art are deen%d to be wthin the spirit,” scope, and concept
of tcoestivey end iaanolasulatedwinhdn biye pRrparapeslie dombasition. fobAedBasipr i | 2006
CLAIMS: 1. Use of a nucleic acid expression construct that encodes a growth
hor rR9fE fat REPROFEI R} Siesh &vheremiier comppsitiemist Jubatde o dflisgiydato equi val ent

th f bp.th i f a.cor iti f d i body f at
or oot Phfe isr EEBRREhE Ay durfich T PPretRf asrirbER SERO& i o cel s of
a syptREdg pfowth H&%&E-r&kﬁi?lﬁemwr(%ﬂmhﬁ ({?Uﬁh@{i&aﬁcﬂi@oﬁ%ﬁr ession

construct i's suitable for elivery into cells of the subject via

el ectuisglontathemof, Sherdinuge edfcond atundeit, acithesxpressibineonghics hai dhhe subj ect are
somatic cells, stemcells, or germcells. 4. A use of claim1, wherein the
* nucleBding-1eg10Bxqfr & segubtorcyRteny ged whetsiy presdelisery| ¢ the:malecul®eql D No: 12,

Seqr BN molgole 376 e e he syt WiaprolpotiPiscptble oGyt ne nuci ol c

aciqmgﬁﬁﬁﬁaﬁmgﬂmggﬂﬁbﬁﬂgﬁ_further conprises, a transfection-facilitating
pol ypeptide. 6. A use of claim5, wherein the transfection-facilitating
pol ypepti de conprises a charged pol ypeptide.

16.  Ause of claim 15, wherein the first nucleic acid expression construct is suitable

for delivery into the cells of the subject via electroporation.

17. A use of claim 15, wherein the second nucleic acid expression construct is

suitable for delivery into the cells of the subject via electroporation.

18. A use of claim 15, wherein the first nucleic acid expression construct encodes a
polypeptide of a sequence comprising SeqID No: 1, SeqID No: 2, SeqID No: 3, or
SeqID No: 4.

19. A use of claim 15, wherein the first nucleic acid expression construct further

comprises, a transfection-facilitating polypeptide.

\

20. A use of claim 19, wherein the transfection-facilitating polypeptide comprises a -
charged polypeptide.
21. A use of claim 19, wherein the transfection-facilitating polypeptide comprises

- poly-L-glutamate.
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7. A use of claim5, wherein the transfection-faciIitatingzggh%gﬁﬁbéde
conprises poly-L-glutamate. 8. A use of claim1l1, wherein uUpo el'rvery of
the nucleic acid expression construct into the cells of the subject, the
nucl ei ¢ acid expression construct is capable of initiating expression of

t he encoded GHRH or functional biological equivalent thereof. 9. A use of
claim8, wherein the encoded GHRH or functional biological equivalent

t herZof i & waiof elbine 15,0rhelsn agpnadelivas o€ thei socdnid smeleicap@eixpiessigel | s of the
subject. 70 25 April 2006 10. A use of claim9, wherein the tissue specific
cel |<onguct Heo dignjells of tongbicsledhe ypgand wuckas peid expressiom epastict ¢y ai m 8, wher ei n

h 2 | No] icall i I i de; dth ded
FuncePRRGT el dutsth B G2 pEfped B ol [OT pept i e that has been

engi neered to contain a distinct am no acid sequence whil e sinmultaneously

haviazg siAnidsarofoflaitd R 0Waekell BleOGicod@d! degalatory ipkoteiie tui®Ised to the GHRH
pol ypeptide. 12. A use of claim8, wherein the encoded GHRH or functi onal

bi ol axgicssion indbgkolla Ethe sebijeat.dwt isiimactive.f ornul a (SEQ D No: 6): - Xi - X2-

DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- OH wherein the fornul a has
the follown racteristi.cs: X1 js a D-or L-isoner, qf the am no acid
tyrés""f ne W'V%)O?h@?mh? t V"B U(p"ilr]afl,w% O&h%n@eﬁ}’laf_-s?"g%‘nﬁ’rm € the amino acid
al anypRerthémblecia! dhh s Mpible Bf adidABUAL tolry, Proteiifand or L- isomer
of thgﬁ%m no ggi d al anisnep( "‘E:A")f;{-ﬁl or glycin th ?Otek%(%?g%g@rﬁﬁ}or L- isoner of
t he thennozcalar sivikk chmpriden mifephidtgne oo its fiewdomequivalgnt. X5 is a D-or L-isomer
of the amno acid serine ("S") ‘or asparagine ("N'); or a conbination

thereof. 13. A use of claim 12, wherein the encoded GHRH or functi onal
" bi 0l3gi cat Useetfirlainy X ivhersay be active regilatany| Rsoteisris £apapleiaf titi#fgggr owt h hor mone

("G | | 1,eGL.. 71 25 ril 06,1 A use of claiml,
o BPreSFRL S OB b e R ibaicel taf Pyt chiadltBR hiop iBR, °1 1Sy Sof” 1 5
sui taafdl seqicpte.facilitating grovvt__h hormone ("CGH') secretion in the subject.

26. A use of claim 25, wherein the encoded GHRH is a biologically active
polypeptide; and the encoded functional biological equivalent of GHRH is a polypeptide
that has been engineered to contain a distinct amino acid sequence while simultaneously
having similar or improved biologicall; activity when compared to the GHRH

polypeptide.

- 27. A use of claim 25, wherein the encoded GHRH or functional biological
equivalent thereof is of formula (SEQID No: 6):

-X-Xz- DAIFTNSYRKVL-X;-QLSARKLLQDI-X4-Xs-RQQGERNQEQGA-OH
wherein the formula has the following characteristics:

X is a D-or L-isomer of the amino acid tyrosine ("Y"), or histidine ("H");

X; is a D-or L-isomer of the amino acid alanine ("A"), valine ("V"), or isoleucine (“I"’);

X3 is a D- or L- isomer of the amino acid alanine ("A") or glycine ("G");
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~15. Use of a first nucleic acid expression construct, a seczgr}ﬂ)rﬁ%#,@i c acid
expression construct, and a nolecular switch in the preparati‘on of a
conposition for decreasing body fat proportion in a subject wherein the
conposition is suitable for delivery into cells of the subject, wherein
the first nucleic acid expression construct is suitable for encoding
grow h hor none-rel easi ng- hornone ("GHRH') or functional biological
equiXak ell- ot heisembr ofuleasing atitl enetdaand("MIL loe ictciae ("A"gXpr essi on const r uct
has an encoding region of a regulator protein and wherein upon delivery of
the golecular. switch nmolecule into the subject the nolecular swtch
mol X é?q'%rlc‘éﬁﬁ%¥‘éft5‘f agigg @rifiserire @Yoy aPrEane{ N'%e regul ator protein. 16.
A use of claim 15, wherein the first nucleic acid expression construct is
sui tahl.e vl Qfhiof@kicyery into the cells of the subject via el ectroporation.
17. A use of clarm 15, wherein the second nucleic acid expression construct
is suitable for delivery into the cells of the subject via
el eBr opok aisk oof. clhn 24, wderdd thé @ncoded, GMRE 6i Huddiendli islogiaslc| ei ¢ aci d
expressi on construct encodes a pol ypeptide of a sequence conprising SeglD
No: eguivalen thenqef ispsuitalle fan fRgylitating growtisdgmpned"GH!") segretipn i éheof cl ai m 15,
Wne_rstlal' 0t he first nucleic acid expression construct further conprises, a
traf$P&€tion-facilitati ng pol ypeptide. 20. A use of claim 19, wherein the
transfection-facilitating pol ypeptide conprises a charged pol ypeptide. 21.
A uge, of £lakneflOaim\8! QitRreih ehd eadbub® CGHRA- B@%cti&ﬂlmglogﬁmypeml de
conprises poly-L-glutamate. 72 25 April 2006 22. A use of claiml5,
~ wheregiinalgpiotherdef is\apitablo fortthaliwBug grdwi bbename (tGH )esepretiss imthe construct into
the cells of the subject, the second nucleic acid expression construct is
capaBPEStof initiating expression of the encoded regul atory protein. 23. A
use of claim 22, wherein the encoded regulatory protein is suitable for
expra@ssi i I SHRI . LS | LV 4. A use of claim
23, 3a/her 3?%“&’58%3?1 ‘\%gerria/j%}éer@ﬁe rmﬁ?(g%% g’%bg%s\%\ﬁ%?gﬁ?slﬁmt()c%{nﬁgéessubj ect the
mol SeyiDENosMi.t ch i s capable of activating the regulatory protein, and
wherein the nolecular switch conprises mfepristone or its functional
equi valent. 25. A use of claim 24, wherein the active regulatory protein is
capabl e d¥ uspiafi deithdS whepiasieoiscortd nhdeicHRIA GrpiEssingt censiictbi ol ogi cal

eqwc\églpgsnets s%&i)oﬁ(?;dn?” the fi rst. nucl ei ¢

32. Use of a recombinant growth- hormone- releasing-hormone ("GHRH") or a

biological functional equivalent thereof in the preparation of a composition for
decreasing body fat proportion in a subject, wherein the composition is suitable for

delivery into the subject.

33. A use of claim 32, wherein the recombinant GHRH is a biologically active

polypeptide; and the recombinant functional biological equivalent of GHRH is a
. polypeptide that has been engineered to contain a distinct amino acid sequence while
- simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.

34. A use of claim 32, wherein the recombinant GHRH or functional biological

equivalent thereof is of formula (SEQID No: 6):
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acid sequence. 26. A use of claim25, wherein the encoded 9?35‘:&1?0@6
bi ol ogically active polypeptide; and the encoded functiona I'ologi cal

equi valent of GHRH is a pol ypeptide that has been engineered to contain a
distinct am no acid sequence while sinultaneously having simlar or

i nproved biologically activity when conpared to the GHRH pol ypeptide. 27.
A use of - claim 25, wherein the encoded GHRH or functional bi ol ogical
equi-XafXenPAIFBYBOR KV E-2f QLOARKLAQDSEH - RRQGERNQBQG XA>H

DAl FI NSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- OH  wherein the fornul a has
the follo acterjstics: Xr s a D-or L-isoner of the am no acid
tyrd@q F%n%k%““?%?’a ﬁ?s@l‘ﬂ’?’ﬁﬁclﬁa’rﬁt‘?‘m% is a Dor L-isomer of the anino acid
al anine ("A"), valine ("V'), or isoleucine ("I"); X3 is a D or L- isoner

_of t)gs AL Bﬂﬁgdrger%kﬁﬁ'aﬂﬁnégdaﬁgyrﬁﬁneql' 6! Qhidiidid )('*131'%3 25 April 2006 X4 is a

or L- isonmer of the amno a |on| ne or leucine ("L"); X5
is a Dor Uisonmer of the amno acid serine ("S") or asparagine ("N'); or a
cont¥:znasé Demr [+-hemeraff the2Bnind\acid elanihe ¢1A8), valie ("Wl oeissletdhe: (EFfoded GHRH or
functional biological equivalent thereof is suitable for facilitating

gro secretion in the subject. 29. A use of claim 15,
%lﬁaﬁﬁgmie‘ﬁ%"g Sg dpcid ggping ia) Ibglkﬂ‘%f‘gﬁ o8k equi val ent thereof is
SUI table for facilitating growth hormone ("CGH') secretion in the subject.

30. A us8- A - E&ﬁér@fﬁ% gxﬂ@g&g& eﬁﬂﬁuﬁé("ﬁlf)éﬂyﬁkﬁh%ﬂa)' d expression construct

conprises SeglD use of éin the second nucleic
aci d expression construct conprises Seql D No: 27. 32. Use of a reconbi nant
gr oWislis 2 Par fiise@merrof kleasiing adid seving ¢ ('Y sodspirdgiag ("H"); bi ol ogi cal functi onal

equi val ent thereof in the preparation of a conposition for decreasing body
fat proportion jin subj ect, wherein the conposition is suitable for

del P(/%F?}nli“ﬂﬁt@ntﬂllf’ée@ubj ect. 33. A use of claim 32, wherein the reconbi nant
GHRH is a biologically active . polypeptide; and the reconbi nant functional

bi 0kggi cal QA MghLE @ﬁ, Qﬂer&%ﬁh‘e ifécoﬁlbinant GHRH or functional biological

equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

36. A use of claim 32, wherein the tecombinant GHRHE or functional biological
equivalent thereof is suitable for facilitatfhg growth hormone ("GH") secretion in the

subject.

37. Use of a nucleic acid expression construct that encodes a growth-hormone-
releasing-hormone ("GHRH") or functional biological equivalent thereof in the
preparation of a composition for increasing lean body mass in a subject, wherein the

composition is suitable for delivery into cells of the subject.

38. A use of claim 37, wherein the nucleic acid expression construct is suitable for

delivery into the cells of the subject via electroporation.

39, A use of claim 37, wherein the cells of the subject are somatic cells, stem cells,

or germ cells,
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pol ypepti de that has been engineered to contain a dlstlnctzg ?2@&?
sequence while sinultaneously having simlar or inproved biro oglca |y
activity when conpared to the GHRH pol ypeptide. 34. A use of claim 32,
wherein the reconbi nant GHRH or functional biological equivalent thereof
is of formula (SEQ D No: 6): 74 25 April 2006 -XI-X2-

DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- OH wherein the fornul a has
t he 400! | cwiusg of kA @7¢ filetdic fie Kicldis adid RxpREsidir cors@b@Icopfpribdte am no acid
tyr05|ne ("Y"), or histidine ("H'); X2 is a Dor L-isoner of the amno acid
al ameall Noatd, Seqll} Naeld, SeulD Ney 13, SealBLonkd, SeqlD) No: 183SedDaN® or L- i somer of

the CA ine ("G ) X4 is a Dor L-isonmer of the
Agn%éﬁ%%ﬁ%?%%%ﬂﬁhgﬁ( gm@bDﬂE%ﬁlne ("L"); X5 is a Dor L-isomer of

the am no acid serine ("S") or asparagi ne ("hr) or a conbi nation thereof.

35. 4A uses ake WradimnB3y, \WhereRi el Hﬁcl&@%i@bﬂﬁ%to@ﬂﬂsf?ﬁctfﬂﬂﬁéﬂ onal

bi ol ogi cal equivalent thereof is suitable for facilitating growth hornone

(" Gebdinpysesy etransfeciion-fabiditating pplepdptid86. A use of claim 32, wherein the

reconmbi nant GHRH or functional biological equivalent thereof is suitable

for CI| tatin hor jone (" GH' ecretion in the subject. 37. Use

of ucﬁéW€<§€%Hgé- Eg' Eﬂﬁé??ﬂk%’ﬁ%ﬁ@géﬁbBﬁe@eéoﬁ?%ﬁfﬁ hor mone-

reI (ﬁgypg ("GHRH ) or functional biological equivalent thereof in

the prepa on of a conposition for increasing | ean body nmass in a

subj ect, wherein the conposition is suitable for delivery into cells of

t he 43ubj éctise Feclait 4K ewvlmfein kg ttansfEctiodh@cititating Pelypeideicompicd expressi on

construct is suitable for delivery into the cells of the subject via

el e®PPIpelAMRasH. 39. A use of claim37, wherein the cells of the subject

are somatic cells, stemcells, or gerntcells 75 25 April 2006 40. A use of

cl aiym 37 r th L eic acid.ex re onstruct conprises SeqlD
No: S%Vql% R JatyD 37 ?‘?rf)“’t\l%l?"%gel oruclere agid PrragoR ) 7 S qr D No:
18, cSRGLE dN@ thel&blls Sﬁﬂlle @lﬁ@dt, B nuic K89 Eﬁr@@xon%@nstruct is capable of

initiating expression of the encoded GHRH or functional biological equivalent thereof.

45. A use of claim 44, wherein the encoded GHRH or functional biological

equivalent thereof is suitable for being expressed in tissue specific cells of the subject.

46. A use of claim 45, wherein the tissue specific cells of the subject comprises

muscle cells.

47. A use of claim 44, wherein the encoded GHRH is a biologically active
polypeptide; and the encoded functional biological equivalent of GHRH is a polypeptide
that has been engineered to contain a distinct amino acid sequence while simultaneously
having similar or improved biologically activity when compared to the GHRH

polypeptide.

48. A use of claim 44, wherein the encoded GHRH or functional biological
equivalent thereof is of formula (SEQID No: 6):

-X1-X;- DAIFTNSYRKVL-X;-QLSARKILQDI-X-X5-RQQGERNQEQGA-OH
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41. A use of claim 37, wherein the nucleic acid expression %Ofﬂxﬁl&ﬁ
further conprises, a transfection-facilitating pol ypeptide use of
claimd4l, wherein the transfection-facilitating pol ypeptide conprises a
charged pol ypeptide. 43. A use of claim4l, wherein the
transfection-facilitating pol ypeptide conprises poly-L-glutamate. 44. A
use of claim 37, wherein upon delivery of the nucleic acid expression
consitenst therfomnilhkasaled folowing chaaaedtiest , the nucl ei c aci d expression
-construct is capable of initiating expression of the encoded GHRH or
functional biological equivalent thereof 45. A use of claim44, wherein the
encobdda Bpat-EPmeieidhs ynaPp agi sreyneal ) epbisidinetiH" her eof is suitable for
bei ng expressed in tissue specific cells of the subj ect 46. A use of claim

col PEIE O Dkl P RBL nEC A ube o hB PRk YET o) O can 1

active polypeptide; and the encoded functional biological equivalent of

GHRIXjiis a ®- pPLYRERE dfehe dniias adi@slabige (AN gi flgahedGty contain a distinct am no
aci d sequence while sinmultaneously having simlar or inproved biologically
activity when corrpared to the GHRH eptide. 48. A use of claim 44,
whereiifa Phar bnisgraer! diramniag agid methienins ("ﬁi}?’bpblgp@m ("L&jui val ent thereof is of
formul a (SEQD No: 6): -Xl X2-

. DAl R Y| KLL. Eggﬁx‘f A 76 25 April 2006 wherein
thegggrr@:(%ﬂiﬁ % eokﬂnovma(ﬁg c %r(ac ??Sgg gf;( ’is a D-or U-isoner of the

am no acid tyrosine ("Y"), or histidine ("H'); X2 is a Dor L-isoner of the

~am @ aaemBindlichthé@eof( "A"), valine ("V'), or isoleucine ("I"); X3 is a D or
L- isomer of the amno acid alanine ("A") or glycine ("G'); X4 is a D or
L- isomer of the amno acid nethionine ("M), or leucine ("L"); X5 is a

D- o¥9L- i Sorvee bt Cltlih‘e 4§;nwh9re§tﬂtﬁ srgodpd (EHISH) orp fungtigraat dudlpgicdl" N'); or a

tion th i cl ded GHRH
FuncerSHeR BT e Bdriiust stk Byring GO LBreRon i it | 1 ot i ng

gro%g]eaor none ("GH') secretion in the subject. 50. A use of claim 37,
wherei'n the encoded GHRH or functional biological

50. A use of claim 37, wherein the encoded GHRH or functional biological
equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

51. Use of a first nucleic acid expression construct, a second nucleic acid
expression construct, and a molecular switch in the preparation of a composition for
increasing lean body mass in a subject and wherein the composition is suitable for
delivery into cells of the subject wherein the first nucleic acid expression construct is
. suitable for encoding growth-hormone-releasing-hormone ("GHRH") or functional
biological equivalent thereof, wherein the second nucleic acid expression construct has
- an encoding region of a regulator protein and wherein upon delivery of the molecular
switch molecule into the subject, the molecular switch molecule is capable of activating

the regulator protein.
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equi val ent thereof is suitable for facilitating growh horggqgrﬁbgtg)
secretion in the subject. 51. Use of a first nucleic acid éxpression
construct, a second nucleic acid expression construct, and a nol ecul ar
switch in the preparation of a conposition for increasing |ean body nass
in a subject and wherein the conposition is suitable for delivery into
cells of the subject wherein the first nucleic acid expression construct is
sui t58bl e A ose frtxidishgwherentthe fint nihde idd eqstssion koiismads clifabidH') or
functional _biologjcal equivalent thereof, wherein the second nucleic acid
exp#@%@%%ﬁWGGHQFVﬁB%“Mh%mmﬁﬁt@ﬁéﬁﬁmﬂyﬂﬁ@gion of a regulator protein and
wherei n upon delivery of the nolecular switch nolecule into the subject,

t he | ecyl 1 ! i Le.qf. activatin t he. regul at or

or ot . Ay o el SUBERR tue Sc6RPARIL Bhig Ehte Gl Mharis" PPt b e
aci Guitatis B8 8¢108ryGRRIhd ¢4k of theSjbdMaleckBporslednl very into the cells of the
subj ect via electroporation. 53. A use of claimb51, wherein the second

nucl ei ¢ acid expression construct is suitable for delivery into the cells
of tHe subpecaf clira 5¢) whareipglbg frst nurleiGacid pxpression fcondtaibtimnsddes wher ei n t he

first, nuclei g acid expressi.on co uct _encogdes, a |.ypeptide of a
seq@gﬁ'g‘é&%{%ﬁgﬁ SIHFeSGMBRIGE S%qﬂ);i\&r% %ﬂﬁzﬁ(’s@gf’ﬁqﬁlﬁg » Br  Segl D No: 4.
55. eRe0f claimb51, wherein the first nucleic acid expression construct
further conprises, a transfection-facilitating pol ypeptide. 56. A use of
cl aim55, wherein the transfection-facilitating pol ypeptide conprises a
chan§ed pohsepefptlaiches!, Svherein ulpefint nedlat il expibdoe constrivg further
. transfection-facilitathg pol ypeptide conprises poly-L-glutamate. 58. A

us e COTPECS; affansfectipnaagliRing BelYRRRtidGer y of the second nucleic acid
expression construct into the cells of the subject, the second nucleic
aci dgexpnessi t o e.of. l.nitiatina expression of the
encgg'ed rA e%%log'? %ﬁ@@g’r@t{%}mn .tﬁ%'ﬁéil@%g%%faﬁineahgé p%llyg?prtrl]ggg?rg ner 8i n the encoded
r egehagalpolyeplid. n is suitable for expression in the cells of the subject,
but is inactive. 60. A use of claimb59, wherein upon delivery of the
nmol ecul ar switch into the subject the nolecular swtch is capabl e of
act Pvat i Aguichd daguisamdeseip thst teanafectiomefacitiating polypéptidesbmpridear swi t ch
conggfﬁgs nif? ristone or its functional equivalent.

y-L-glutamate,

58. A use of claim 51, wherein upon delivery of the second nucleic acid expression
construct into the cells of the subject, the second nucleic acid expression construct is

capable of initiating expression of the encoded regulatory protein.59.

59. A use of claim 58, wherein the encoded regulatory protein is suitable for

expression in the cells of the subject, but is inactive.

60. A use of claim 59, wherein upon delivery of the molecular switch into the
subject the molecular switch is capable of activating the regulatory protein, and wherein

the molecular switch comprises mifepristone or its functional equivalent.

6l. A use of claim 60, wherein the active regulatory protein is suitable for initiating
expression of the GHRH or functional biological equivalent encoded on the first nucleic

acid sequence.
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61. A use of claim60, wherein the active regulatory protein %@ﬂ%b‘gabl e
for initiating expression of the GHRH or functional biologic equi val ent
encoded on the first nucleic acid sequence. 78 25 April 2006 62. A use of
claim51, wherein the encoded GHRH is a biologically active polypeptide;
and the encoded functional biological equivalent of GHRH is a pol ypeptide
t hat has been engineered to contain a distinct amno acid sequence while
si mé2t aneoust yof ¢lamn 19d, sibeidimtho renéatdpd cVERHbiIsoh dgjiblogichlly activievi ty when

conpared to the GHRH, pol ypeptide. 63. A use of claim51, wherein the
encd’&l?@e@‘iﬁi-ﬁﬂrlﬁlrth‘f ?fﬁ@f“?dgfl"'lﬁqt‘(’ﬁiﬂ&“&@glﬁaéquu‘é%}'éﬁt\?&@%}l BSRABBEPES of fornul a

e e B st PR ASTSY R o P D Mg s ErE e il sbdacigpdll G 2

L-i vaveg @hilkher afipieedChidlobithids iddvily When &mpi&t islithe GHkl); X2 is a D-or

L-isonmer of the amno acid alanine ("A"), valine ("V'), or isoleucine

("1'Pplypep®lei s a D- or L- isonmer of the amino acid alanine ("A") or glycine

("G); X4 is a D or L- isoner of the amno acid nethionine ("M), or

| euci,ne (J'L"); XS .S D-or . L-j soner, of am_no acid.serine ("S") or

nopdPagi b e igf) iy T, s St GREGR st diSEHEm 63 wher ei n

t he GMCASRdndESRES gfoﬁﬁmgﬁjmgllq@i@l ogi cal equivalent thereof is suitable

for facilitating growmh hornone ("GH') secretion in the subject. 65. A use

of claimb51, wherein the encoded GHRH or functional biological equivalent

t her-XpX,-iBAKTINSXIRKEV E-X:- QLA RKE GO DR K, 06 RQQGEBNQBEGA-OBH' ) secretion in the

subject. 66. A use of claim51 wherein the first nucleic acid expression

- construct c rises eql D No: 26. 79 25 April 2006 67. A use of claim51
mhe%ieﬁlll%?ﬁ’é‘ SHL??P@‘?‘%‘“&E#“’G&C&%P%Q on construct conprises Seql D No:

27. 68. Use of a reconbi nant grow h-hornone- rel easing-hornone ("GHRH") or

a_ 30 08l aaLisbHBGHR Hing Bl KRS Y APbARLidit (8, Preparation of a

conposition

' X; 18 a D-or L-isomer of the amino acid alanine ("A"), valine ("V"), or isoleucine (“T”);
X3 is a D- or L- isomer of the amino acid alanine ("A") or glycine ("G");
X4 is a D- or L- isomer of the amino acid methionine ("M"), or leucine ("L");

X5 is a D-or L-isomer of the amino acid serine ("S") or asparagine ("N"); or a

combination thereof,

64. A use of claim 63 wherein the encoded GHRH or functional biological
- equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

65. A use of claim 51, wherein the encoded GHRH or functional biological
equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

66. A use of claim 51 wherein the first nucleic acid expression construct comprises

SeqID No: 26.
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i ncreasing | ean body mass in a subject, wherein the corrpos?él on. h@OGSu' tabl e
for delivery into the subject. 69. A use of claim68, whe "11

reconbi nant GHRH is a biologically active polypeptide; and the reconbi nant
functional biological equivalent of GHRH is a polypeptide that has been
engi neered to contain a distinct am no acid sequence while simultaneously
having simlar or inproved biologically activity when conpared to the GHRH
pol yarept idawse . cléin!$8 @hersinaind &BendMagEleic Nadid @xpR&ID chmdtlictGHRH or
functional biological equivalent thereof is of formula (SEQ D No: 6):

- Xi cH@prifgaSETIRGYRIZVL - X3- QLSARI ( LLQDI - X4- X5- RQQGERNQEQGA OH wherein the
forrrul a has the follow ng characteristics: is a Dor L-isoner of the

aci osine.("Y") hi st i d| il or L-isoner of the
88 e e ot eoptinety ereyionecssf ea%ﬂ%@@é%é%ﬁ%‘" %2 X3 is aD or
- Ib%'r@@sal Oﬁmét'{b“r‘xala@hﬁl‘%’aléﬁ' fhertbRNh Nie (1 IéﬁQrath g MCkMMpdsiten) forX4 is a D- or
L- isoner of the amno acid nethionine M), or Ieum ne ("L"); X5 is a
D- orindredsB@ e tofly htaes mm subjeaic wd:lexsmrmaemﬁ }@Ttjonds siamplerfagdehieery” N'); or a
conbi nation thereof. 80 25 April 2006 71. A use of claim 70, wherein the

r ecapBitheabieeHRH or functional biol ogi cal equivalent thereof is suitable
for facilitating growth hormone ("GH') secretion in the subject. 72. A use

of aimgb t . i ogi cal

equ%\k}al en %f%ﬁfg% |%§ gﬁf{egbﬁ% %ﬁ%:ém I%ﬁ@[ilﬁéngé%%ﬂiyhgéﬁ% ne ("GH")
SeCpBlyp@pitide] ahd1Ghe Fedoiidant Adhctibil BiblogicAlUeduivalen GIFAGHRPN @81 On construct
t hat encodes a growt h- hornone- rel easi hg-hornone ("GHRH') or functional

bi olpolg'l)craideehﬁmhaabewt engheeredfto conttihe digmepamatoi il siuence oviplosi tion for

incr e density in a s ect ereln the conp ion is suitable
for$ %WY. Vige supila Oafmlelﬁgﬂﬁ‘hsiow §4IVILK Whep CemP%rF(ﬁfqﬁ 93, wherein the
nucI gghgégégre35|on construct is suitable for delivery into the cells
of t t via electroporation. 75. A use of claim73, wherein the

cells of the subject are somatic cells, stemcells, or germcells. 76. A
use 70f clange Bclaith &8 civhertinetha uedoﬁibmac GHIRIX [oF eaﬁe'tielﬁnl ®idlsgicdlct conpri ses
-equivalent thereof is of formula (SEQID No: 6):
-X;-X,- DAIFTNSYRKVL-X;-QLSARI(LLQDI-X-Xs-RQQGERNQEQGA-OH
wherein the formula has the following characteristics:
X is a D-or L-isomer of the amino acid tyrosine ("Y"), or histidine ("H");
X, is a D-or L-isomer of the amino acid alanine ("A"), valine ("V"), or isoleucine (“I”);
X; is a D- or L- isomer of the amino acid alanine ("A") or glycine ("G");
X4 is a D- or L- isomer of the amino acid methionine ("M"), or leucine ("L");

X5 is a D-or L-isomer of the amino acid serine ("S") or asparagine ("N");

or a combination thereof.
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Segl D No: 11, Segl D No: 12, SeglD No: 13, SeglD No: 14, Segl.D Nqg: , Segl D
No: 18, SeglD No: 19, SeglD No: 20, or SeglD No: 21. 77. %5@'8\9@% ai m
73, wherein the nucleic acid expression construct further conprises, a
transfection-facilitating pol ypeptide. 78. A use of claim73, wherein the
transfection-facilitating pol ypeptide conprises a charged pol ypeptide. 79.
A use of claim 73, wherein the transfection-facilitating pol ypeptide

conpili sesA upobf clairg| 70 aedes ths Ire@imbAmanit |GFEID Gr FonctiBnalSEologicsll ai m 73,
wherei n upon deljvery of the nucleic acid expression construct into the
cel |equigplent fhergphisawitable far facibitating serevth hesmansSOB wesisden iicthei s capabl e of
ini ts'l@%&ng expression of the encoded GHRH or functional biol ogical
equi'val'ent thereof. 81. A use of claim80, wherein the encoded GHRH or
functional biological equivalent thereof is suitable for expression in
tissme speekd of clbh |63, Fhelefeths UBi@Minan GHRH Ws Sukiofdl difbSidar Wherein the
tissue specific cells of the subject conprises nuscle cells. 83. A use of
cl aiepnig@entyihencef ¥ suliable for daebtaBriREravsh hommane (YGHY deyretied invethe pol ypept i de;
and the encoded functional biological equivalent of GHRH is a pol ypeptide
t hat™¥&¢- been engineered to contain a distinct amno acid sequence while
simul taneously having simlar or inproved biologically activity when

co red GBE ' ' erein the
enggg'ed gflgRl—cltf(I}irenfunctﬁcgﬁg%w(%?igill%ginsc%r& t@aglﬁgog?geﬁfért er%g?m%{{l of formula

( SEGleashig:-hobnone XIGHRKE!) DAl FhMHARK\Biol¥@ic 4L Squiviidnt QRbred# -iX5thRQQGERNQEQ GA-
OH wherein the fornula has the follow ng characteristics: Xl is a D-or

L- i PEwaation of mecqippasisiondpr inoyeagiag ene "dengity ivra lspkjedtdvherein' te) ; X2 is a D or

L-isoner..of .the i.no, acid.al anjn "A'), valine ("V'), or isoleucine
("1 'c??powllllgs%ta efgﬁdeﬁyeryérgﬁﬁaisdﬁt%@bj)ﬁ% no acid alanine ("A") or glycine
("G'); X4 is a D or L- isonmer of the amno acid nethionine ("M), or

| eugyne (&' bse)of clafim BSwherBinQhe hudlGOH8H hredstp RMRR: AGLHbIETHNE ("S") or
asparagine ("N'); or a conbination thereof. 82 25 April 2006
delivery into the cells of the subject via electroporation.

75. A use of claim 73, wherein the cells of the subject are somatic cells, stem cells,

or germ cells.

- 76. A use of claim 73, wherein the nucleic acid expression construct comprises
SegID No: 11, SeqID No: 12, SeqID No: 13, SeqID No: 14, SeqID No: 17, SeqID No:
18, SeqID No: 19, SeqID No: 20, or SeqID No: 21.

77. A use of claim 73, wherein the nucleic acid expression construct further

comprises, a transfection-facilitating polypeptide.

78. A use of claim 73, wherein the transfection-facilitating polypeptide comprises a
charged polypeptide.
79. A use of claim 73, wherein the transfection-facilitating polypeptide comprises

- poly-L-glutamate.
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85. A use of claim84, wherein the encoded GHRH or functi onal ngéﬁ@ical
equi val ent thereof is suitable for facilitating growh hor lﬁ?Q' )
secretion in the subject. 86. A use of claim73, wherein the encoded GHRH
or functional biological equivalent thereof is suitable for facilitating
grow h hornone ("GH') secretion in the subject. 87. Use of a first nucleic
aci d expression construct, a second nucleic acid expression construct, and
a mogecul ArygWit ghinl A3t %efé'fr?ﬁg&?td‘eﬁ%rffofathggﬁgl%@ hdi@xpRisior NCT €asi ng bone
density in a subject, and wherein the conposition Is sulta e for del i very
i nt cconbtence iitd the oéllstdfehessmbjeer; the nvhlefcaichl dxpaesion sdnstit issdapaldebfl expr essi on
construct is suitable for encoding growh hornone-rel easing-hornone

(" GHRItafingy¢XpresFien poitia EncodedbTHEen el diclegical peuivalent thereinher ei n t he

second nucleic acid expression construct has an encoding region of a

reguj-at or ted '%ﬂﬁf j Liyver th | ecul.ar - swtch nol ecul e
i nt (L)%It’ he %%ﬂjge(gﬂt E'lm,[ he hﬁ%&%{?g{ge ge\?lmc‘%déeﬁ Ulﬁlg'ftla{cﬁf :ﬁl?n(gmgagpiélg{ogmp activating

t he dq@plleat BEredliOkiable f8CoxprsiiCinAfsntd PLaihiSdells WhBkijedthe first nucleic
acid expression construct is suitable for delivery into the cells of the

subj ect via electroporation. 89. A use of claim87, wherein delivering step
of t#e sebaneohgleineidd, Fbenginethp tissusi prcific sally olithe subjestudanaisises f or del i very
into cellslvia el ectroporation. 90. A use of claim87, wherein the first
nucl BYE!SENY expression construct is suitable for encoding a pol ypeptide
of a sequence conprising SeqlD No: 1, SeglD No: 2, SeglD No: 3, or SeglD

No: g4, 91 ReUsiCcifin WoaiwheRin tHheh&IdR4 IGARK St BH&Ff?:hify Al expression
construct further conprises, a transfection-facilitati’ng pol ypeptide. 83
- 25  AplypeptRROfndiRe crhodsifundtionhldiisiogidal eyliesledtof GHRH fsanslypeptiden- f aci | i t ati ng
polyggptide conprises a charged pol ypeptide. 93. A use of claim87,
whertaathas bgenepginesrekioicoptanacdistinebaming agid seqwepas; whilesimy laneaisly

|y Lo gl te.. 9 fclaim 87, wherei del] f th
Coc bR hORE E bt HOBeGins BT, fonet RGP et OB s et

t he pBpepstienucl ei c aci d expression construct is capable of initiating
expression of the encoded regulatory protein. 95. A use of claim 94,
wherein the encoded regul atory protein is suitable for
: 84, A use of claim 80, wherein the encoded GHRH or functional biological

equivalent thereof is of formula (SEQID No: 6):

-Xi -X3- DAIFTNSYRKVL-X;-QLS ARKLLQDI-X4-Xs-RQQGERNQEQ GA- OH

wherein the formula has the following characteristics:

X, is a D-or L-isomer of the amino acid tyrosine ("Y"), or histidine ("H");

X; is a D-or L-isomer of the amino acid alanine ("A"), valine ("V"), or isoleucine (“I”);

X3 is a D- or L~ isomer of the amino acid alanine ("A") or glycine ("G");

- X4 is a D- or L- isomer of the amino acid methionine ("M"), or leucine ("L");

X5 is a D-or L-isomer of the amino acid serine ("S") or asparagine ("N");

or a combination thereof.
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expression in the cells of the subject, but is inactive. g%gﬁﬂl{é@ é’f claim
95, wherein upon delivery of the nolecular switch into the ? t he

nol ecul ar switch is capable of activating the regulatory protein, and
wherein the nolecular switch conprises mfepristone or its functional

equi val ent. 97. A use of claim96, wherein the active regulatory protein is
suitable for initiating expression of the GHRH or functional biol ogical
equigsml enpy @RcoreRi® 84 Nehdréih Sthe NMEIRUCGHRE Gr SBAMRAREbioRRica® USe Of claim
97, wherein the encoded GHRH is a biologically active polypeptide; and the
encodptiafcahtheieofid suitkldk dgi Guailitating igvawtbritorobneGHRH") secactipaliyplept i de  t hat has
beenugngi neered to contain a distinct am no acid sequence while

si mi%PKfeously having sinilar or inproved biologically activity when
conpared to the GHRH polypeptide. 99. A use of claim 97, wherein the

enc d 0 t Loloqi j r i of formul a
(SEQ'D No%Rggf of %?&27-39 B%eﬁ%%%%f%g-%t%t{o@- Q@{O RNQEQGA- OH

- whergjuivalehethbroMy aitisls fohfcilielihg Wrdvgh toahaat @GR b&sctioB4n A April 2006 X
is a Dor L-isonmer of the amno acid tyrosine ("Y'), or histidine ("H'); X2
is aubiegk L-isoner of the amino acid alanine ("A"), valine ("V'), or
isoleucine ("I"); X3 is a D or L- isonmer of the amno acid alanine ("A")
or ycin "G )ieX4 is.a D.,or L-.isonmer of the amino.acid. nethionine
(T or Bt Rt e S0 Rboigiqgnd 2Rl 4 e AT i i 0 cer e
(" S"kpRsi@® BeHsBEtNEnd a MioleculF s@itSP HRIR rifaifol UreOfontdRitioR rse of clai m 99
wherein the encoded GHRH or functional "bi'ol ogi cal equival ent thereof is
sui tindykasirfgoborfeaddnisity ab i angutgechwaral vbeneinnthe( CoBipbopitior cis eshitahbe ifor t he subj ect .

~ 101. A use of claim87, wherejn the encoded GARH or functional biol ogical
equi detivaantp ther sl of he subipctnvierein ther first mycleg a6k Cgession crBNeine (" GH')
secr.et ] | Bt .subj ect . 102 use of cl ai, wherein.the first nucleic
aci dgéklg@éés%rgﬁg%dﬁ%?}rouc_ hgl(;lgnrr(\f‘pnr{'3 7r§8%smg§1e°gﬁ1in B‘lﬁﬂg%}%{vﬁ%ﬁn %Oﬂ@e of claim 87

\é\ge%lﬂgihﬂ%qﬁieﬁi@ﬂdh&%ﬂ SACwRGEH RXREGRBURIEERANS bxgiskion coRERLLSes Segl D No:

has an encoding region of a regulator protein, wherein upon delivery of the molecular
switch molecule into the subject, the molecular switch molecule is capable of activating

the regulator protein.

88. A use of claim 87, wherein the first nucleic acid expression construct is suitable

for delivery into the cells of the subject via electroporation.

- 89. A use of claim 87, wherein delivering step of the second nucleic acid expression

construct is suitable for delivery into cells via electroporation.

90. A use of claim 87, wherein the first nucleic acid expression construct is suitable
for encoding a polypeptide of a sequence comprising SeqID No: 1, SeqID No: 2, SeqID
No: 3, or SeqID No: 4.

91. A use of claim 87, wherein the first nucleic acid expression construct further

comprises, a transfection-facilitating polypeptide.
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104. Use of a reconbi nant growth- hornone- releasing-hornngg (}g&ﬁgg) or a
bi ol ogi cal functional equivalent thereof in the preparatio @W

conposition for increasing bone density in a subject, wherein the
conposition is suitable for delivery into the subject. 105. A use of claim
104, wherein the recombinant GHRH is a biologically active polypeptide;

and the reconbi nant functional biological equivalent of GHRHis a

pol ynept iAdeasd dfataifiay, HhasinehgirRtficash- fdaﬂﬁamgqioryﬁaptmes;bmpﬁies amno acid
sequence while 85 25 April 2006 sinultaneously having simlar or inproved

bi olchgicedpalypentide.vi ty when conpared to the GHRH pol ypeptide. 106. A use of
claim 104, wherein the reconbi nant GHRH or functi onal bi ol ogi cal

eqU| aIe t thereof f for.mul a 2- DA .TNSY VL- X3- QLSA
a el S b e %hth%w%°ﬁ 0 R LR CREPFSE owi g
cha&@g;grhﬁg £8: Xl is a D or L- isoner of the amno acid tyrosine ("Y"),
or histidine ("H'); X2 is a D-or L-isomer of the amno acid alanine ("A"),
valine ("V'), or isoleucine ("I"); X3 is a D-or L-isoner of the ami no acid
al adne A& wsb)ofaiailglﬁycivh@ei@ ‘t@br) delixryi csf the Becond hudlgoaad exiressive anm no aci d
nethlonlne | euc] "L"); is a Dor L-isonmer of the am no

aC| &O%PFWQ MScfslﬁ)fﬂ the 54 Jgﬁ, Seoqqd)nuclgfc apidh EXRETSSAR BRI eof | 107 A Use
f t | biol |
eqU| ent I?H Y%ee?&e&@l}?tt%ﬁea%gg@g?% CIFi :;1,?' ngugfo:/\fﬂahor Irrgnggl('(':?}r')

secretlon in the subject. 108. A use of claim 104, wherein the reconbi nant
GHRid50r  fAIRSd iofebdimbd| wigréial the efevdedl regilatbRiep@fdn iis séithbleafre f or
facilitating growh hornone ("GH') secretion in the subject. 109.. Use of
 a negEpressionge the cellpeldbesubiect buisis ingetivet hat encodes a growt h- hor mone-

rel easi ng- hornmone ("GHRH') or functional blologlcal eqU|vaIent thereof in

th t f i ti f | t
SubPEor - PREE of b, SARBIR Ebort eip@isof fisomale S R valy B i o cel s of
t he o948t At molBul 2 wAtRH | is caﬁ&@eﬁof]aégvatlﬁg H?eeregﬁlatﬁfﬁrgﬂeﬂﬂo%d %ﬁlﬁ‘élﬁ' n the nucleic

aci d expression construct is suitable for
the molecular switch comprises mifepristone or its functional equivalent.

97. A use of claim 96, wherein the active regulatory protein is suitable for initiating
expression of the GHRH or functional biological equivalent encoded on the first nucleic

acid sequence.

98. A use of claim 97, wherein the encoded GHRH is a biologically active
polypeptide; and the encoded functional biological equivalent of GHRH is a polypeptide
that has been engineered to contain a distinct amino acid sequence while simultaneously
having similar or improved biologically activity when compared to the GHRH

polypeptide.

99, A use of claim 97, wherein the encoded GHRH or functional biological
equivalent thereof is of formula (SEQID No: 6):

-X;-X,- DAIFTNSYRK VL-X5-QLSARKLLQDI-X,-X5-RQQGERNQEQGA-OH

wherein the formula has the following characteristics:
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delivery into cells via electroporation. 111. A use of claig110 @?erein
the cells of the subject are somatic cells, stemcells, OP ég¥ﬁ?8 | s.
112. A use of claim 109, wherein the nucleic acid expression construct
conprises SeglD No: 11, Seql D No: 12, SeglD No: 13, SeglD No: 14, SeglD
No: 17, Segl D No: 18, SeglD No: 19, SeglD No: 20, or SeglD No: 21. 113. A
use of claim 109, wherein the nucleic acid expression construct further

COMXK,ii§ & Hr-ord_-isoRBSRES Ao haaigrbiiad 1"!?9), BPhi¥RER! ("Hey, 114. A use of claim
113, wherein the transfection- facilitating pol ypepti de conprises a
charged pol ypeptide. 115. A use of claim 113, wherein the transfection-

f aciX4is a-org-psomppefith¢ daine asig rlavins ("AJ0] walihe VUYL anispleucinelG1°)A use of claim
115, wherein upon delivery of the nucleic acid expression construct into
the cell s, of the subj.ect,. the cleic ,acid expsession construct is capable
of ’?HFE‘?’&PFHQIS%‘}Z&OS@ G aping peid R"ém&ﬁ&o"dgaf %@F‘é‘-&)ﬁ ¥unctional bi ol ogi cal

equi val ent thereof. 117. A use of claim 109, wherein the encoded GHRH or

funot)ioR@- oPl OksEecRihe MSIHG ¥4 BRINSINES @), bSleatihd @phe for expression in
ti ssue specific cells of the subject. 118. A use of claim 117, wherein the

ti ssue specific cells of the subject conprises nuscle cells. 119. A use of
cl aiXnig @ D-ondhispminofitheansine odld der@efl$") sr asplyagiho Nyl |y active pol ypepti de;
and the encoded functional biological equivalent of GHRH is a pol ypeptide
t hat has Beem etg%i (gfeer ed to contain a distinct amno acid sequence while
si mi f4RBBEHETSP 18%°%s Apri| 2006 having sinilar or inproved biol ogically
activity when conpared to the GHRH pol ypeptide. 120. A use of claim 109,

~ whergpn t Rey&nePdath @dRG1efeid WAChQRal BRI EdltiofdUWivakieat thereof is of
formula (SEQ D No: 6): -X1-X2-DAl

FTNSY&ikMent4Ber@hiSARKitAN(@For Xdeiita til pXeRNGEidNe Q{GHWhetetion ihéhef or nul a has t he

follow ng characteristics: XI is a D or L- isoner of the amno acid
tyrc¥§'i’Jﬁ‘é-("Y"), or histidine ("H'); X2 is a D-or L-isoner of the am no acid
al anine ("A"), valine ("V'), or isoleucine ("I"); X3 is a D-or L-isoner of

the 191 "% 6L BN B9, (ificn He SNELOGHRE )¢ ifdubia dilloglbal- T somer of the
am no aci d nethionine { , or [eucine ,
equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

102. A use of claim 87 wherein the first nucleic acid expression construct comprises

SeqID No: 26.

103. A use of claim 87 wherein the second nucleic acid expression construct

comprises SeqID No: 27.

104. Use of a recombinant growth- hormone- releasing-hormone ("GHRH") or a
~ biological functional equivalent thereof in the preparation of a composition for
. increasing bone density in a subject, wherein the composition is suitable for delivery

into the subject.

105. A use of claim 104, wherein the recombinant GHRH is a biologically active
polypeptide; and the recombinant functional biological equivalent of GHRH is a

polypeptide that has been engineered to contain a distinct amino acid sequence while
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X5 is a Dor L-isoner of the amno acid serine ("S") or asasra%iéﬂ@ 4’ ")
or a conbination thereof. 121. A use of claim 120, wherein P Q) ed GHRH
or functional biological equivalent thereof is suitable for facilitating
growt h hornone ("GH') secretion in the subject. 122. A use of claim 109,
wherein the encoded GHRH or functional biological equivalent thereof is
suitable for facilitating growth hornone ("GH') secretion in the subject.
123 3&1&%11&;1153 Habing Lsirhitr| & liip RGEHbB I8 R hQARiGANRh ddfipared 16 @eONd nucl ei ¢

acid expression construct, and a nolecular Switch in the preparation of a
conpsskHipolypémidei ncreasi ng a bone healing rate in a subject, and wherein
the conposition is suitable for delivery into cells of the subject, '
wherein the first, nucleic acid expression construct is sui,t%bl e for

encd@Png Ay renhelpigt hbh evhesiia 4 rweombnsRs {EHRH gurngtioge! Biglpgicdional bi ol ogi cal
eqmeéﬁikr?l@ﬁttﬁ%@&f‘?@éffo%ﬁ{a ﬁﬂgﬁ}@o:%ﬁpond nucl ei ¢ aci d expression construct
has "a@n gl on regu

encoding re ator protein, wherein upon delivery of
the nol ecular switch 88 25 April 2006 nol ecule into the subject, the

- ol eXpKDSTNEY VI, €308 21 L.ODI- 3R a0 RQQGERNQB@EAMHt he  regul at or protein.
124. A use of claim 123, wherein the first nucleic acid expression
construct is suitable for delivery into cells of the subject via

el edthesipibadoranla hep the fnllowiag gharagteristissi 23, wherein the second nucleic acid
expression construct is suitable for delivery into the cells of the

subjsec i l.ect roparati.on, . A f..clai mdR3, wherein the first
nucljg‘iléa iaﬁlé?ﬁﬁel)%%nrl%rsogﬁlgnangg%%‘fl&ﬁ%?sméar&":‘?)ﬁé% hé&ldgnglrpy% ptide of a sequence
conprising SeglD No: 1, SeglD No: 2, SeglD No: 3, or SeglD No: 4. 127. A

- use Xofis £ Dadr-ikdder oPMIRS Bhiflo bEI@ alahing (" A GlaBhe("RC), O BEIRERSSHDR, const r uct
further conprises, a transfection-facilitating pol ypeptide. 128. A use of
claim 127, wherein the transfection- facilitating pol ypeptide conprises a
chargdela Peirypispmeny theigmgino acid glanig (‘A "Aphglygre ("Wikrei n the transfecti on-
facilitating pol ypeptide conprises poly-L-glutamate. 130. A use of claim

123, wherei n upon | i very aof the sec nucl el ¢ ,ag{.d expressi on construct
int SCahR é(gﬁT'légg’B?“%ﬁlée%B é%lfi,meﬁﬂ%mléee@%ﬂb Oﬁfﬁ‘:‘Fl&F&ﬁl‘a i d expression construct
is

X5 is a D-or L-isomer of the amino acid serine ("S") or asparagine ("N");

or a combination thereof.

107. A use of claim 106, wherein the recombinant GHRH or functional biological
equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

108. A use of claim 104, wherein the recombinant GHRH or functional biological
 equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

109.. Use of a nucleic acid expression construct that encodes a growth-hormone-
releasing-hormone ("GHRH") or functional biological equivalent thereof in the
preparation of a composition for increasing a bone healing rate in a subject, wherein the

composition is suitable for delivery into cells of the subject.
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capable of initiating expression of the encoded regul atory grotrﬁiﬂ 131. A
use of claim 130, wherein the encoded regulatory protein ig $Atﬂ 3 ?% for
expression in the cells of the subject, but is inactive. 132. A use of
claim 131, wherein upon delivery of the nolecular swtch into the subject
t he nol ecular switch is capable of activating the regulatory protein, and
wherein the nolecular switch conprises mfepristone or its functional
equinngl e useS& cBmAPP, Whe2€0 GhelRiBleictacitb&pedssioh adm3tritd s suiaele @ t he acti ve
regul atory protein is suitable for initiating expression of the GHRH or

f unclelivaintgpadls yif dedtropefatiamal ent encoded on the first nucleic acid
sequence. 134. A use of claim 133, wherein the encoded GHRH is a

bi ol.qgi ca] | Y pol ypepti de: d the encoded functional biological
cqui 181 ent 135St eaiog AR Becthc oAl RESSRER FURGHERM "t o' contai n a
di stgrigéim @dlsho aci d sequence while simltaneously having simlar or

i nproved biologically activity when conpared to the GHRH pol ypepti de. 135.
A use of claim 133, wherein the encoded GHRH or functional biol ogical
equilidl enk usthef eleim {189,0fhdrein e auqlSEGHD dNpresEyn congfrugtomprises

DAl ETNSY. - X3- - X4- X5- - rein the formula has
t he Slegﬁ? m@@@%&@%#&%‘}cﬁo gél SE&%&%@P&M%S?& %ani no acid
tyrqsi LR A WSt N p1 X2 is a Dor L-isomer of the amino acid
al a(r?'i%he ",&\I%'?lg’v%ﬁﬁgﬁ(%@b?%@r)ﬁ%%f'euci ne ("1"); X3 is a D-or L- isoner
of the amno acid alanine ("A") or glycine ("G'); X4 is a D-or L- isoner of
t he 1aR1 nQA ane i nakdiln OOF, NehefeidM'the naeleiceanid repression) consiébcti fartherD- or L- i soner
of the amino acid serine ("S") or asparagine ('1"); or a conbination

t hercemprisepgptransfegien-feiliggtiag pelyp®tigher ei n t he encoded GHRH or functi onal

bi ol ogi cal equival ent thereof is suitable for facilitating growth hornone
("CGHY), secreti N he, subject. .90 2 ril 2006 137. A.use of claim 123,
wheridn” FhueZad 1o oS Plefontedion Mg PR ou R, hereor 1 s
sui taalnh@ed pélyhepebd.i tating growth hornone ("GH') secretion in the subject.

115. A use of claim 113, wherein the transfection- facilitating polypeptide comprises

poly-L-glutamate.

116. A use of claim 115, wherein upon delivery of the nucleic acid expression
construct into the cells of the subject, the nucleic acid expression construct is capable of

initiating expression of the encoded GHRH or functional biological equivalent thereof.

117. A use of claim 109, wherein the encoded GHRH or functional biological

equivalent thereof is suitable for expression in tissue specific cells of the subject.

118. A use of claim 117, whérein the tissue specific cells of the subject comprises

muscle cells.

‘119. A use of claim 109, wherein the encoded GHRH is a biologically active
polypeptide; and the encoded functional biological equivalent of GHRH is a polypeptide

that has been engineered to contain a distinct amino acid sequence while simultaneousty
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138. A use of claim 123 wherein the first nucleic acid expressi nstruct
conprises SeglD No: 26. 139. A use of claim 123 wherein tﬁgﬂggﬁgﬂﬁ?nucleic
aci d expression construct conprises SeqlD No: 27. 140. Use of a nucleic
aci d expression construct that encodes a grow h- hornone- rel easi ng-hornone
("GHRH') or functional biological equivalent thereof in the preparation of
a conposition for altering | ean body nmass in a subject, wherein subsequent
expriasip ofiméihr ton einfpriidd Obiolvigithaltygi élite guienat@iiparéds (6 uhé abHRHf or i ncreasi ng

| ean body mass or decreasing body fat proportion, and wherein the
conpebiPEPisls- i s suitable for delivery into a tissue of the subject. 141. A
use of clain1140 wherein applying a cell- transfecting pulse to the

i S 138 A use o diaibd 3 Hffeﬁt 098 Uy ggdedse ab'fﬁn 1i8ha1 98 .'afoél%aly to an area in

t he |ssue conpr|S|n ge1 TV eT fuclerc acra expressFon construct.

142 egiviiesy tBérestl igbMokfdla (IWEIDENS @) acing a plurality of electrodes in the
tlssue before applying the cell-transfecting pulse to the tissue, the

nucl _q$6& ry to the tissue
in agaa fﬁ?$§ erpo%gggiﬁ qﬁﬁ?i?fﬁgk' $kﬁ§r8@9xb%§43 A use of claim
141 mher th ceII ansfe tin ulse is an electrical pulse or a
vaséﬂFﬁ?nﬁPSQQHﬁﬁmﬁ6W§%ﬁoﬁﬁﬁ° %@ﬂ%@gﬁ? cl ai m 140, wherein the nucleic acid
expression construct is suitable for delivery into a tissue of the subject
vi a Ylige D pbr ispmeret thesmingagid tyresinec( Y| merigiding{e8i n t he delivering step
is by injection, gene gun, or gold particle bonbardnment. 91 25 April 2006
146.X,As a®eordi-isomar ¢fi tidéninphet alanink IfEA "y ajine (" VI'E orisdlendsd (“Eat ed animal ; a
food aninal; or a work animal. 147. A use of claim 140, wherein the subject

i's fxahymr Llfkgmefoﬁﬁ@mﬂ.ﬁmﬁélalamlﬂaéQ"A'%egﬁeiﬁe ("@@)bnucl ei ¢ acid expression
construct is substantlally free of a'vifral backbone. 149. A use of claim

140, | er of y i .on construct conprises
a tP%§E§E§%36| |8r%ro m¥m0a&ggﬁﬂlﬁu Qh@ﬁcm cgcﬁi@ wherein the

tissue-specific pronpter conprises a nuscle- cific pronoter. 151. A use
of Cisdf %é‘lsﬂﬂé%%ﬁthe%"ﬁggﬁm@r( @éﬁb%ﬁpérégmggﬁ)j 12 (SeglD No: 7).

or a combination thereof.

121. A use of claim 120, wherein the encoded GHRH or functional biological
equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

122. A use of claim 109, wherein the encoded GHRH or functional biological
equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.

123.  Use of a first nucleic acid expression construct, a second nucleic acid expression
construct, and a molecular switch in the preparation of a composition for increasing a
bone healing rate in a subject, and wherein the composition is suitable for delivery into
cells of the subject, wherein the first nucleic acid expression construct is suitable for
encoding growth hormone-releasing-hormone ("GHRH") or functional biological
equivalent thereof, wherein the second nucleic acid expression construct has an

encoding region of a regulator protein, wherein upon delivery of the molecular switch
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152. A use of claim 140, wherein a 3' untranslated region \%TS @ | eic
expression construct is a human grow h hornone 3' UTR, bo ﬁé’f‘g?

horrmone 3' UTR, skeletal alpha actin 3" UTR, or SV40 pol yadenyl ati on
signal. 153. A use of claim 140, wherein the tissue conprises nuscle. 154.
A use of claim 140, wherein the nucleic acid expression construct is SeglD
No: 11, SeglD No: 12, Segl D No: 13, SeglD No: 14, SeglD No: 17, Segl D No:
18, riselgdulld inddothe 5BbjecEe ghdDmblzcul20swith riisleduly Nazapable ofl&bivatthguste of cl ai m 140,
wherein the encoded GHRH or functional biological equivalent conprises
SquTEE%"fI?OtE% A use of claim 140, wherein the encoded GHRH or functi onal
bi ol ogi cal equival ent conprises SeglD No: 3 157. A use of claim 140,

whergi,n t 0 . td gn i t conprises
Seql B No:A FoE 3 748, T hin g deRlict BB Rgf WIALER, £0CP e oded
GHRHuib1¢ i aéliveRaintoteNt O0hE lbj@6Yia CR@SHorARAPI | Ses Segl D No: 10 159. A use
of claim 140, wherein the encoded GHRH or functional biological equivalent

t hereof conprises the anino acid fornmula (SeglD No: 6):

- Xi -123- DA myNSiy Ridin 133 ehsarhe GRlonkpupsic OEARECt sher ei n t he
formul g has .the f.oll ow aracteristics: is aD or L- isonmer of the
am rf‘B‘taj’&‘?g’ 9?/‘?"8@” @‘Eﬁ‘@n‘g"%aﬁﬁ al?—'g‘ftl"lﬁ @“Pp‘?—im)‘on X2 is a D-or L-isomer of the
am no acid alanine ("A"), valine ("V') or isoleucine ("1"); X3 is a Dor
L-i soger Qfiseldreladith DY) viehdh MlediitAGclbic /&ah RbreiohoRSruct éﬁc))des>54 is a Dor

L-i soner of the ami no acid methionine ( , or leucine (" ); X5 is a

D ompolypestateest mﬁeqhﬁmamnpnsmglﬁqﬁbmmd @éqﬂD) Nor 2aSgdDagong d¢r" ) or a
conmbi nation thereof. 160. A use of claim 140, wherein the nucleic acid
expr¥gd! B tonstruct further conprises a transfection-facilitating

pol ypeptide. 161. A use of cl a| m 160, wherein the transfection-

facihit aB«i ﬂ%ﬂl@fo&l%ﬁleﬁ?l (el fftSthudte am(fé%&;a?%&o%{ BSIPsl‘ﬁJugteﬁ.lfﬂJI 2. A use of

cl ail 16 ereln the trans |on- I ng pol ypepti de conpri ses
pol Volaphdd] AfiBisfctidh3facilitating polypeptlde.

128. A use of claim 127, wherein the transfection- facilitating polypeptide comprises

a charged polypeptide.

129. A use of claim 127, wherein the transfection- facilitating polypeptide comprises

poly-L-glutamate.

130. A use of claim 123, wherein upon delivery of the second nucleic acid expression
construct into the cells of the subject, the second nucleic acid expression construct is

capable of initiating expression of the encoded regulatory protein.

131. A use of claim 130, wherein the encoded regulatory protein is suitable for

expression in the cells of the subject, but is inactive.

132. A use of claim 131, wherein upon delivery of the molecular switch into the
subject the molecular switch is capable of activating the regulatory protein, and wherein

the molecular switch comprises mifepristone or its functional equivalent.
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25 April 2006 163. A use of clainl40, wherein the encoded#g;&;:ptj 28%
bi ol ogi cal equivalent of GHRH is a pol ypeptide having sim “(5 roved

bi ol ogi cal activity when conpared to the GHRH pol ypeptide. 164. A use of

cl ai m 140, wherein the encoded GHRH or functional biological equival ent

thereof facilitates growh hornone ("GH') secretion in the subject. 165. A

peptide conprising: SeglD No: 2; SeglD No: 3; or SeglDNo: 4. 94 25 April

2006330 03uE8 31 1kailiCTA2)SNRIrGA2iRE ARERERENGESTy Grdfel: Theuitabld @M ng ref erences,

to the extent that the vi de exenplary procedural or other details-

S uppﬂllé@fﬁtgt%t)?stl@ﬂ phihs HEH Jraundiionariplpgicalreguiviplent ¢riceddd 9n thecor por at ed

. S%% ﬁ reference. U S. PATENT DOCUMENTS U.S. Patent No. 5,847,066

|ss DEHCIPEUdSEMNE- 1998 with Coy at a!. listed as inventors. U.S.

Patent No. 5,846,936 issued on Decenber 8, 1998 with Felix et al. listed as

i NV@RLEOr §y ysdJo®.cldi@dl €55, Webreir tﬁ@?m&ﬂi%d'@ﬁﬂﬁdlsoﬂ Hmesiehilyl detive 998 wi th

Schally et at listed as inventors. U S. Patent No. 5,776,901 i ssued on

Jul polperieSindithdenBodudrfanaipadl bidlogtad dqaealent wEGHBIEs a polyBeptidat ent  No.

5, 756 264 issued on May 26, 1998 with Schwartz eta!, listed as inventors.
U. Sihaphrshren Rpginasresde comainiadisingt agHnreid pgapnce Whilg simulippeously| | x et al |

|IS ent qQ S nuary 23, 1996
gﬁo Sllhﬁa\elrt ra};at B’?’mveedl%glgg?%@gﬁf tg ﬁfh%ﬁéj()%%%{ed ? (Ii]ge Q%“%@Z 721 issued on
gblyge 1i894 with Boyd et at listed as inventors. U S. Patent No.
2 issued on August 11, 1992 with Seely at at listed as inventors.

U S. Patent No. 5,134.120 |ssued on July 28, 1992 with Boyd et a!. listed
as ild%entlomse OEJCBImPéﬁkmhemn the @8md4dz}HBHu@dﬁmt1@rmhml iog, 1992 with

Felix et al. |ist as i s.. US Patent No. 5,061, 690 i ssued on

Oct GBEYaloy thefepd is %%‘P &#%Eb%zﬂ isted as inventors. U S. Patent No.

5, 036, 045 issued on July 30, 1991 with Thoner Ilsted as the inventor. U S
Pat el XN R RRYTIePL IS BUDE . A0 et al. listed as

inventors. U S. Patent 4,83 i'ssued on une 13 1989 with Bowers
et at Ilsted as inventors. U S. Patent No. 4,410,512 issued on Cctober 18,
198 ¥vhprciththBbwmnk et thatfollowwng changtdristiasnt ors.  U. S. Patent No. RE33, 699

i ssued on Septenber 24, 1991 with Drengler Iisted as the inventor. U S.

Pat . 4,833, 166 issued 1989 wi osvenor et al. listed as
i nvgﬁtlstﬂ’ -or L-isomer of the amino aci tyré\glane ("‘?") or h?sttdine ("H");

X; is a D-or L-isomer of the amino acid altmine ("A™), valine ("V"), or isoleucine (“I”);
X3 is a D-or L- isomer of the amino acid alanine ("A") or glycine ("G");

X4_ is a D-or L- isomer of the amino acid methionine ("M"), or leucine ("L");

X5 is a D-or L-isomer of the amino acid setine ("S") or asparagine ('T");

or a combination thereof,

(136, A use of claim 135 wherein the encoded GHRH or functional biological
equivalent thereof is suitable for facilitating growth hormone ("GH") secretion in the

subject.
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U S. Patent No. 4,228,158 issued on Cctober 14, 1980 with @g?@%@ &%ial.

- listed as inventors. U S. Patent No. 4,228,156 issued on ? 4, 1980
with Momany et at listed as inventors. U S. Patent No. 4,226,857 issued on

Oct ober 7, 1980 with Monuany et at listed as inventors. 95 25 April 2006 WO

03/038112 PCT/ US02/ 34275 U.S. Patent No. 4,224,316 issued on Septenber 23,

1980 with Monany et at. listed as inventors. U S. Patent No. 4,223,021

i ssysd ol feploerdiam 1B, WHRBOn whé endddeBnyHRH ai filicEibed Wslogiealentors. U S

Pat ent No. 4,223,020 issued on Septenber 16, 1980 with Mnmany et at |isted

as iequirglerdrtbereofls Snitablg tomtfpplitating gRwoll boimpng G Bestienirethe16, 1980 with

Momany et al. listed as inventors. U S. PatentNo. 4,956, 288 issued on

Sepﬁgéﬁ%T 11, 1990 with Barsount listed as inventor. U S. Patent No.

5,704,908 issued on January 6, 1998 with Hof mann, et al. listed as

I NV@RE O S yseldt Stajft M L RherdR- theArdPrucRBadi® SHREsBA cHREBIRBMpARs 1997 with

Ureyama, et at |listed as inventors. U S. "Patent No. 5,439,440 i ssued on

Aug8sgIDBNo: %95 wi th Hof mann listed as inventor. U S. Patent No. 5,874,534

i ssued on February 23, 1999 with Vegeto, et al as inventors. U S. Patent

No. 5,935,934 issued _on August 10, 1999 with Vegeto, at al as inventors.

U. S13Pat éniisnef dpimgi23 phereus thegssandgyelec 2eid £aRiESSAn FOSEYHs | et at as

i nv . Batent No. 5, 384, 253 issued on January 24,1995 with

Krz$§%§§§$§e 5%2?hventors. U.S. Patent No. 5,994,624 issued on Novenber

30, 1999 with Trolinder, et al. as inventors. U S. PatentNo. 5,981, 274

i ssugol oWsblwreirafdleid acii9&Preskibh chystiuet that @hcodbs agfowhMeahiois. U. S, Pat ent

No. 5,945,100 issued on August 31, 1999 with Fick as inventor. U S. Patent

No. réeapg;hoggones SIEARYN pul fangtipnall dddogipal h eqavalent atheiepl,dat e, U. S. Pat ent

No. 5,736,524 issued.on ri] 7, 199 ith Content,.et at as inventors.

U. SPresgRa %b?‘ BUpHHLQS 30T éé“iﬂ%’é éﬁn &’?@n‘ﬂ%ﬁs Boa shigeh vbiva]i’"ﬁelP—by, et al. as

| NVeiMQuRnt e)@recssioﬁ A R GARH ot BABeiALqliRareTis ABitDHOES tinckedsind 997 Wi th

Shul'er, "at at as 1 nventors. U S %ateﬁt No. 5,589,466 1 ssued on Decenber

31, 18 Mpdwi hiss kel dpoebsing bedy @t. praygoriidty eintl oviserein WheScorpdsitioh Bdlo. 5, 580, 859

i ssued on Decenber 3, 1996 with Feigner, , et at as inventors. U S

Pat evitally fosddiveryoatp ajtissugend thersuligeteh 11, 1997 with Chang, et at as

inventors. U S. Patent No. 5,322,783 issued on June 21, 1994 with Tones, et

at i nvent or.s, . U. Pat ent . 5, 0 i SSu 0 ber 8, 1996 with
Tomﬂzgndﬁ‘&e Ogtdagg 1??1\)‘(’311@{%1? EPP% ge aggffaéln °tR?§.P“§“,gé%g{eg‘%%’%i %‘S ued on August
27, 88 hckifg AUREEs sifttabR! for BSliveRY ®NAPhiRa in theSissiAt&ArisHR: the, 538, 877 i ssued
on July 23, 1% 6 with Lundquist, ‘et al. as inventors. U'S. Patent No.

5, 5388l nuskicedidaxpdign @Bstrde®96 wi t h Lundqui st, et at as inventors. U.S.
Pat ent No. 5,302,523 issued on April 12, 1994 with Coffee, et al. as

i nvent ors. ) . . .
142, A use of claim 141, wherein placing a plurality of electrodes in the tissue before

applying the cell-transfecting pulse to the tissue, the nucleic acid expression construct is

suitable for delivery to the tissue in an area that interposes the plurality of electrodes.

143. A use of claim 141, wherein the cell-transfecting pulse is an electrical pulse or a

vascular pressure pulse.

144. A use of claim 140, wherein the nucleic acid expression construct is suitable for

delivery into a tissue of the subject via electroporation.

-145. A use of claim 140, wherein the delivering step is by injection, gene gun, or .

gold particle bombardment.

91




U.S. Patent No. 5,464,765 issued on Novenber 7, 1995 with ggff(?ﬁ &]t al. as
inventors. 96 25 April 2006 WD 03/038112 U.S. Patent No. 5239PT8#8U% ssyed
on January 7, 1997 with Hiei, et at as inventors. U S. Patent No. 4,684,611
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152. A use of claim 140, wherein a 3' untranslated region of the nucleic expression

construct is a human growth hormone 3' UTR, bovine growth hormone 3' UTR, skeletal

alpha actin 3' UTR, or SV40 polyadenylation signal.

153. A use of claim 140, wherein the tissue comprises muscle.

154. A use of claim 140, wherein the nucleic acid expression construct is SeqID No:
11, SeqID No: 12, SeqID No: 13, SeqID No: 14, SeqID No: 17, SeqID No: 18, SeqID
No: 19, SeqID No: 20, or SeqID No: 21. -

155. A use of claim 140, wherein the encoded GHRH or functional biological

equivalent comprises SeqID No: 2

- 156. A use of claim 140, wherein the encoded GHRH or functional biological

equivalent comprises SeqID No: 3

157. A use of claim 140, wherein the encoded GHRH or functional biological

equivalent comprises SeqID No: 4.
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X is a D-or L-isomer of the amino acid serine ("S") or asparagine ("N");

or a combination thereof.

160. A use of claim 140, wherein the nucleic acid expression construct further

comprises a transfection-facilitating polypeptide.

161. A usc of claim 160, wherein the transfection- facilitating polypeptide comprises

a charged polypeptide.

162. A use of claim 160, wherein the transfection- facilitating polypeptide comprises

poly-L-glutamate.
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<220> <221> M SC FEATURE <222> (2). (2) <223> Xa LLi

: _ / _ o a at posi,ti,on

al anine, valine, or isoleucine. <220> <221> M SC FEATUEE béfﬁﬁig?@§¥ E)((315)
<223> Xaa at position 15 may be al anine, valine, or isoleucine. <220>

<221> Wg%%;URE <222> (27)..(27) <223> Xaa at !

> | _ o o] ma

net hi oni'ne,” "or "l euci ne. <220> <221> M SC_FEATURE p<§9yg9[?9 & ()2/8?e<223>
Xaa at position 28 may be serine or asparagi ne. <220> <221> M S FEATURE

;@M@;ﬁ%@@g&%f%@% EiRng, . BofiREl b. SR, YO 03/ 038112
180 bo. frs g0 el i, RS, e St 200 BB g Lys VA
Xaa Gn 15 10 15 Leu Ser Ala Arg.Lys Leu le TArg Lys val Leu
Andy ofpeked DA i the ﬁ%&t%uséﬁg@%m@ rpiodé'syolf Ngaas@ulés&}stjrépﬁeéaa Xaa Arg Gn
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35 40 <210> 7 <211> 323 <212> DNA <213> artificial sequegg ;&gg <223>
This is a nucleic acid sequence of a eukaryotic pronoter c %f < %60> 7 :
cggccgtccg ccctcggcac catcctcacg acacccaaat atggcgacgg gtgaggaatg 60

gt 9999aghlsadsiLt t @9ag cggt gaggaa ggt gggcagg cagcagyt ghriRBGHeEct a 120
aaaataactc ccgggagtta tttttagagc ggaggaat gg tggacaccca aatatggcga 180

cggttcctca cccgtcgeca tatttgggtg tccgeccctcg gccggggecg cattcctggg 240

99ccqRgqagk [ 9Ck CEaAECQCY RavaRaggctiosy 1HaH6E0asaMcR0Resacga 300
gct accégga ggagcg ga’gQgcg%%g@Qlw 8~ <211> 190 < 12;3 DNA <213>

artifici a:*.pecs‘ﬁqwegrc&i\iezme of 2@ printinigi genes ingulinglikec prowi fagtos dyUBnce of a human
0t ccccagt HsteT e emE Bl R4, CoBlp 223 2RI 0000 2 O St ot cot
aat azpgtT, . agd Ty YatTeengd. 1093 tSnidg af etcalygisgisadf clfic fidldinduad NAL at ggggt g
2000 W0 OmBBBI P T FEB0S 4100 AT o PisErobiEae th oke, ~ © © P
_<2 13>ar ti {sfds@his Q84 BINPativh 2403 host chromosomes of DNA in the mammalian cell.
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<223>This is the cDNA for Porcine growh hornone rel easing r 400>9
atggtgctct gggtgttctt ctttgtgatc ctcaccctca gcaacagctc ccagsgﬁ%ggsgé
ccacctcccc ctttgaccct caggatgcgg cggcacgtag atgccatctt caccaacagc 120
taccgg ggccca gctgtccgec cgcaagctge tccaggac agg 180
cagcagggggm;g%g%gaacca agagcaagga gcat aatga <210> <2 if;ﬁ]g@%?g’g <213> 10
40 PRT -artificial sequence 219 <220> <223> This is the am no acid
sequence for porcine gresbtedMesruyeTeicr el eas i ng hornone. <400> 10 Tyr Al a
Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Ay Gn 15 10 15 Leu Ser
Al a A¥g>L\BevlanCeldgaaen MadiFirPe Met Ser Arg Gn An Ay 20 25 30 Gu Arg

Asn dn Qu dn Ay Ala 35 40 < > < > 4 212> DNA <213>
artiQg@;ai&g%?g%é%{gﬁd@é@zg%ﬁ#% E‘J‘I}%SB é]ahr?ﬁc ei%omgci d sequence for the
operati Vel'y ITnked conp onents of the HV-GHRH plasnid. <400> 11 gttgtaaaac
gacggspagt ogaat. bgiraal aeegagdscact at agggcgaa ttggagctcc 60

<160 27
<170> PatentIn version 3.1

<210> 1

<21ll> 40

<212> PRT

«213> artificial sequence

<220>

<223> This is a growth hormone releasing hormone ("GHRH") with a Hisl
and Valz substituting the Tryl and Ala2, Glyl5 substituted with A
lal5, and Met27, Ser28 with Leu27 and Asn28.

<400> 1

His val Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Ala Gln
1 5 10 15

Leu Ser Ala Arg Lys Leu Leu Gln Asp Ile Leu Asn Arg Gln Gln Gly
20 25 30

@¢lu Arg Asn Gln Glu Gln Gly Ala
35 40

<210> 2

<211> 40

«212> PRT

«213> artificial sequence

<220> ‘
<223> This is a modified amino acid sequence for growth hormone releasi
ng hormone (GHRH}. Alpha-helical conformation was increased by su
bstituting Glyl5 to Alals5. This is the TI-GHRH sequence soO it als
o has the Ile2 instead of Alaz, @lyls substituted with Alals, and
Met27, Serz28 with Leu27 and Asn28,

<400 2
Tyr Ile Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Ala Gln
-1 5 10 15

Leu Ser Ala Arg Lys Leu Leu Gln Asp Ile Leu Asn Arg Gln Gln CGly
20 25 30




accgcggtgg cggecgtccg ccctcggecac catcctcacg acacccaaat atggegacg 0@%0
gt gaggaat g gtggggagtt atttttagag cggtgaggaa ggtgggcagg cagcagd?b? 05 25
April 2006 WO 03/038112 tggcgctcta aaaataactc ccgggagtta tttttagagc

aatatgg@, tcctca cccgtcgecca tatttgggtg cattcct CcC c
tgctccc g@”@%@ tcgata cggcccacga gctacccgga ggagcgggggnggﬁ%ggggg?
ggcccaact c cccgaaccac tcagggtcct gtggacagct ctgggtgttc ttctttgtga
tcCt gREaEs rcRAGNAAARA0EIn €6CATd gacc ctcaggatgc ggcggcacgt agatgccatc
ggt gct ggcc sgagct gt ccg cccgemagct gctccaggac agagaggaac caagagcaag
gagcataatg ggtggcatcc ctgtgacccc tccccagtgc tgcccaccag ccttgtccta
ataaaattaa tctataatat tatggggtgg aggggggtgg cctgtagggce ctgcggggtc
tattg aaiotcactgcaat ctccgecctcc tgggttcaag tgggattcca ggcatgcatg
accag "cggtttcaccat attggccagg ctggtctcca ggcctcccaa attgetggga
tt acaggcot, e W02t 34245 ggaggaat gg tggacaccaa tccgecctcg gecggggecg
aaaggctccg gggccggcgg ctagaactag tggatcccaa cacctagctg ccat ggtgcet

t cccagiogct ccccacctcc ttcaccaaca gctaccggaa atcctgaaca ggcagcaggg 240 300
360 <223> This is a growth hormone releasing hormone that has a Val2 sé%sti

tution for a Ala2, Glyls substituted with Alals, and Met27, Ser28

with Leu27 and Asn28.

<400> 3

Tyr Val Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Ala Gln
1 5 10 , 15

Leu Ser Ala Arg Lys Leu Deu Gln Asp Ile Leu Asn Arg Gln Gln Gly
20 25 30

Glu Arg Asn Gin Glu @ln Gly Ala
35 40

<210> 4

<211> 490

<2i2> PRT

<213> artificial sequence

<220>
<223> This is a porcine growth hormone releasing hormone {("GHRH") that

has the following substitutions: Glyl5 substituted with Alal5, Me
£27, Ser28 with Leu27 and Asn28§.

<400> 4

Tyr Ala Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Ala Gln
1 5 10 i5

Leu Ser Ala Arg Lys Leu Leu Gln Asp Ile Leu Asn Arg Gin @ln Gly
20 25 30

Glu Arg Asn Gln Glu Gln Qly Ala
35 40

<210> 5

<211l> 44

«212> PRT

<213> artificial sequence

<220>
«223> This is the artificial seguence for the (1-44)}NH2

2




420 480 540 600 660 actgcaggaa ttcgatatca a
gcttatc 720 {
cctggaagtt gccactccag 780 gttgcatcat tttgtctgac tgggtgtcc?gggﬁﬁ5§§fggagcaa :

ggggcaagttlgggaagacaa 900 caagctggag tgcagtggca caatcttggc 960
cgattctﬁﬁﬁngﬁﬁ#cagcct cccgagttgt 1020 gctaattttt gt gf agagacggg
1080 actfcCtaatc tcaggtgatc tacccacctt 1140 gaaccac%@&h%é%%%chct
gtccttctga 1200 ttttaaaata actataccag caggaggacg tccagacaca gcataggcta
cctggccatg cccaaccggt gggacatttg agttgcttgc ttggcactgt cctctcatgce
gttggghcca ctcagtagat gcctgttgaa ttcgataccg tcgacctcga gggggggccc
ggtaccagct tttgttccct ttagtgaggg ttaatttcga gcttggcgta atcatggtca

t agCc gt hlec Asie thde gl gaiha Thrgherafec By PeadEaret BacEYa@cat acgagccgga
agcataaagt gtaadgcctg gggtgect ad’t gagt gaget aactcacat t aattgcgttg
cgctcactgc ccgctttcca gtcgggaaac ctgtcgtgcc agctgcatta atgaatcggc

caacgededd ) 9999399699 L4t gLOhY &

S al 1988¢€ @6t Gl Qa0€int €6t C gct caat gac

tcgc gcg%? cgggggitcg gctgcggega gcggt at cag ot cact caaa ggcggtagta
cggttatcca 1260 1320 1380 1440 1500 1560 1620 1680 1740 cagaatcagg

ggat aacgca ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga 1800 acc
] t
QQCCQDgsegggmQ@Ggﬂﬁi%ﬂnébmﬁybgﬁtAEt g€t gacgagcg?c 1860 gt aaaaa

<210> 6

<21l> 40

<212> PRT

<213> artificial sequence

<220>
<223> This is the artificial secuence for GHRH {1-40}OH.

<220>
' <221> MISC FEATURE
<222 {1}..(1)
<223> Xaa at position 1 may be tyrosine, or histidine

<220>

<221 MISC_FEATURE

<222> {2)..{2)

<223> Xaa at position 2 may be alanine, valine, or iscleucine.

<220>

«<221> WMISC_FEATURE

222> {(15)..(15)

<223> Xaa at position 15 may be alanine, valine, or isoleucine.

<220>

<221> MISC_FEATURE

<222> (27)..(27) _

<223> Xaa at position 27 may be methionine, or leucine.

<220>

«221> MISC FEATURE

<222> (28)..(28)

<223> Xaa at position 28 may be serine or asparagine.

220>

<221> MISC_FEATURE

<222> (34)..(34)

<223> ARG may also be SER




acaaaaat cg acgctcaagt cagaggtggc gaaacccgac aggactataa agatacg %0§€20
cgtttccccec tggaagctcc ctcgtgeget ctcctgttcc gaccctgecg cttaccd%gt 80 6 25

April 2006 WO 03/038112 PCT/ US02/ 34275 acctgtccgc ctttctccct tcgggaagcg
tggcgct it c gctca cgctgtaggt 2040 atctcagttc ggt c qttcgctcca
agct ggg tdmbéﬁggacgaa cccceecgttc 2100 agcccgaccg ctd%%@gﬁéﬁz-ccggtaact
atcgtcttga gtccaacccg gtaagacacg 2160 acttatcgcc actggcagca gccactggta
acaggabtag cagagcgagg tatgtaggcg 2220 gtgctacaga gttcttgaag tggtggccta
act aepget areacagaaga acagtatttg 2280 gtatctgcgec tctgetgaag ccagttacct
t cggazaaag3agl.tiggit agc tcctgatccg 2340 gcaaacaaac caccgctggt agcggtggtt
ttttePrt Gloamycalgeay 4% acgcgca 2400 gaaaaaaagg at ctcaagaa gatcctttga
tcttttctac ggggtctgac gctcagaaga 2460 actcgtcaag aaggcgat ag aaggcgatgc
gct gcgaat ¢ gggagcggeg ataccgt aaa 2520 gcacgaggaa gcggtcagcc cattcgccgce
caagCtcttc agcaatatca cgggtagcca 2580 acgctatgtc ctgatagcgg tccgeccacac

CCagRLOUSL 286 adh COAl theadi:CRAYLAATAOADy 186 CGJCRaL Last ¢lmcaccat g
cct cgecgt ¥ gggcat gcge
t ggcgaacag ttoggctggc gcgagcccct 2760 gatgctcttc gtccagatca

%tACI%%l%C na& tttcgct

agcaggcat c gccat gggtc acgacgagat 12700

caagaccggc ttccatccga gtacg%gctc ;gzo
at gg§eadet 2aydegdatcattytdt jffa’ 2880°
etttctcggc agd@gcaagg t gagat gaca 2940
gcagccagtc ccttcccgcet tcagtgacaa 3000
t cOt gOc ey nek angadiageincgugetgcct 3060
ggt cggt ctt sgacaaaaaga accggycgcc 3120
cagagcagcc gattgtctgt tgtgcccagt 3180
- ccggagaacc tgcgtgcaat ccatcttgtt 3240
ctt g&f¥dgal tcttgat ccc ctgegecatc 3300
ttacffldcagdogcttccca accttaccag 3360
tt gCLgiCCa kaARAGE Gegumagt ct agca 3420
cttcgctatt acgccagctg gcgaaagggg 3480

cgccagyytt ttcccagtca cgac 3534 <210>
<223>

<400> 7

cggccgtecyg catcctcacg acacccaaat

cccteggeac

gtggggagtt atttttagag cggtgaggaa ggtgggcagg

amaataactc ccgggagtta tttttagage ggaggaatgg

cggttectea ccegtegeca tatttgggtg tccgaecteg

ggcegggegg tgetceecgee cgectegata aaaggetecy

getaccegga ggageggdgayg gcy

<210> 8

<211> 190

<212> DNA

«213> artificial seguence

<220>

. «223> This is a nucleic acid sequence of a

poly & tail.

© 2£00> 8
-gggtggeate cctgtgaccco ctocccagtg cctotectyy

gtgcecacca geettgtect aataasatta agttgcatca
ttctataata ttatggggtg gaggggggtg gtatggagea

acctgtaggg

12

cgccfca
ggagatcctg
cgt cgagcac
cgt cct gcag
cctgcgcet ga
cat agccgaa
caat cat gcg
agat ccttgg
agggcgcccc

act gttggga
gat gt gct gc

atggcgacgg dgtgaggaatd
cagcaggtgt tggegeteta
tggacaccca aatatggega
googgggecg cattectggg

gggccggedyg cggceocacga

<211> 3534

This is a nucleic acid sequence of a eukaryotic promoter cb-

t gcat cagcc
cccecggceact
agct gcgcaa
ttcattcagg
cagccggaac
tagcctctcc
aaacgat cct
cggcaagaaa
agct ggcaat
agggcgat cg
aaggcgatta

60
120
180
240
300

323

human growth hormone ("hGH")

ccctggaagt tgccacteoca
ttittgtetga ctaggtgtee

aggggcaagt tgggaagaca

60

120

180

190

at att cggca
gcctt gagec
tcctgatcga
tggtggtcga
at gat ggat a
t cgcccaat a
ggaacgcccg
gcaccggaca
acggcggcat
acccaagcgg
catcct gt ct
gccat ccagt
tccggttcge
gt gcgggcect
agtt gggt aa

237 oW




<213> artificial sequence 25 April 2006 WO 03/038112 PCT/U%Q%Qﬁﬁ%%§6<220>
<223> This is the nucleic acid sequence for the operativel y I'i'nkéd conp
onents of the TI-CGHRH plasnmi d. <400> 12 gttgtaaaac gacggccagt gaattgtaat

acgact cagt gcgaa
catcctc dﬁg%ﬁ ccaaat

tt ggagct cc
at ggcgacgg

120

gt gaggaatg

gtg

60 accgcggtgg cggc ccctcggcac
3%5&%&’34%&% tttagag

cggt gaggaa ggtgggcagg cagcaggtgt 180 tggcgctcta aaaataactc ccgggagtta
tttttagagc ggaggaatgg tggacaccca 240 aatatggcga cggttcctca cccgtcgcca
tatttgggtg tccgccctcg gccggggecg 300 cattcctggg ggeccgggegg tgcetccecgece
cgcctrigat @ aaaggct ccg ggcccggcgg 360 cggcccacga gctacccgga ggagcgggag
gcgcedagcetzlet agaact ag tggatcccaa 420 ggcccaactc cccgaaccac tcagggtcct
gt ggatid@gct®™™@acct agct g ccatggtgct 480 ctgggtgttc ttctttgtga tcctcaccct
cagc&@@égé”?ﬁ?&&@té?ﬁmﬁﬁ%cacctcc 540 ccctttgacc ctcaggatgc ggcggt at at
cgat gegatc ttcaccaaca gctaccggaa 600 ggtgctggec cagctgtccg cccgcaagcet

gagcataatg

gct ccaggacmal Qet GRACHNISHANGRUG]ghheh myagRIgaaasiRgdagagnaag
actgcaggaa ttcgatatca agcttatcgg 720 ggtggcatcc ctgtgacccc tccccagtgce

ct ct eedogge cct ggaagtt gccactccag 780 tgcccaccag cettgtccta ataaaattaa
gt t getdatadeet taogtatghie cEBkgHeYICCRICaEAbC ERAAREST R c"’tcﬁ’?ﬁ"g‘ggt 9o ®aggggggt gg
t at ggagcaa ggggcaagt t agacaa 90 06, &L068990t ot at t gggaac
caagéfﬁﬁﬁﬁm?dggb?ﬁgﬁ%c%%%%ﬁ 9ge 9 ag?%%%%g%%égm%iccgcctccOtgggttcaag

accaggct ca

- cgat ttgécgg%agg Gl‘f:gtcg £l g@%@@:tct @cai&%@c HeggdatidtC e ogaeadt gcatay

gctaattt ttttittgg tagagacggg 1080 gtttcaccat attggccagg ctggtctcca
act cehaabdal Cagoigats spapeegecidrtddkd® ggcctcccaa attgcetgg¥d ttacaggcegt

- gaaccactgc tcccttccct gtccttctga 1200 ttttaaaata actataccag caggaggacg
t ccagacaca gcataggcta cctggccatg 1260 cccaaccggt gggacatttg agttgcttgce
tt ggcatPgt*icct ctcat gc gttgggtcca 1320 ctcagtagat gcctgttgaa ttcgataccg
tcgac:ﬁ;t;gaggggggggccc ggtaccagct 1380 tttgttccct ttagtgaggg ttaatttcga
gctt ggedt a et £t gotkegudnggct gttt c 1440 ctgtgtgaaa ttgttatccg ctcacaattc
cacacaacat acgagccgga agcataaagt 1500 gtaaagcctg gggtgcctaa tgagtgagct
aactcagmtt aattgcgttg cgctcactgc 1560

This is the amino acid sequence for porcine growth hormone releas
ing hormone.

<223>

<400> 10

Tyr Ala Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Gly Gin
1 5 10 15

teu Ser Ala Arg Lys Leu Leu Gln Asp Ile Met Ser Arg Gln Gln Gly
20 25 30

@lu Arg Asn Gln Glu Gln Gly RAla
35 40

11

3534

DNA

artificial sedquence

<210>
<211
| <2125
213>

220>

<223> This is the nucleic acid sequence for the operatively linked comp

onents of the HAV-GHRH plasmid.

<400> 11

gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgas ttaggagctce 60
accgeggbgyg cggecgteeg cccteggeac catcctcacyg acacccoaaat atggogacgg 120
180

gtgaggaatg gtggggagtt atttttagag cggtgaggaa ggtgggcagy cagcaggtgt

5




ccgctttcca gtcgggaaac ctgtcgtgcc agctgcatta atgaatcggc caa??% ¢9900H20 8 25
April 2006 WD 03/038112 PCT/ US02/ 34275 ggagaggcgg tttgcgta g)ggcgct ctt

ccgcttcctc gctcactgac tcgectgeget 1680 cggtcgttcg gectgcggcga gecggt atcag
ctcactc gtaata cggttatcca 1740 cagaatcagg gg gaaagaaca
t gt gagc@gmg%g cagcaa aaggccagga 1800 accgtaaaaa gg?@@@é‘?‘@”& ggcgtttt
t ccat gggct ccgcccccct gacgagcatc 1860 acaaaaatcg acgct caagt cagaggtggc
JaaaGg&igatcta0gaat Al8d BeR002aag 1820 Jeebdd=E6L egodcggragct 24p ct cgt gcgcet
ctcctgttcc gaccctgecg cttaccggat 1980 acctgtccge ctttctcecct tcgggaagcg
t ggc@stattacdacadogitca cogaticgetcRgrttEON0Y taratachen BecagaIyPagot gttcgctcca
agctgggctg tgtgcacgaa cccccecgttc 2100 a ccc?acc ct‘?cc cctlg tccggtaact
at cgrRttCHErYgt SESERECEY tYFLEIGECat o9BG? REPLAT T EFsE ﬁgcagca gccact ggt a
acag L a, @8ukieht gaagh t ggt ggeccta
act agg%"é?%’g%a%ﬁgg%%gg gg%%%%g%?g%cgz Ot %%g%tg%%gggtct gct gaag ccagttacct
t Cg0agaragetR0td g REE tebddofadtCogiodddit Geangeanpacatgaatyct g¢io agcggt ggt t
tttttgtttg caagcagcag attacgcgca 2400 gaaaaaaagg atctcaagaa gatcctttga
t ctt tctodosettggyyttiarae tgeteaeatRICRABOC WeERFeen a6 AaHYGEgat atf aaggcgat gc

gct gcgaat ¢ gggagcggceg ataccgt aaa, 252 cacgaggaa. gcggt cageg, cattcgecge
caag(?f’?,bctf:%acég‘é%f&?%t 8% %@%ﬁg%fcﬁ%atgﬁgc %85%‘%5‘?%?%%? atgagcgg0 t ccgeccacac

Ccagééggg%gc%cea%e&%g RBLEEEIaA LM ABEGPREEAGEcdbafzgaCCakep at attcggca
agcadgcat T gccatgggtc acgacgagat 2700 cctcgeccgtc gggcat gcgec gccttgagcec
t ggCG3afasadct E0gadBes BeGRgac ettg2dfiRa Yatgrted hectfreagagat €20 t cct gat cga
caagaccggc ttccatccga gtacgtgctc 2820 gctcgatgcg atgtttcgcé t ggt ggt cga
at gg@etaygetargeaygRACen EERTeE oY GEeHEeht 8F % cagét’ at gat ggat a
ctttctcggc aggagcaa t ga aca 2940 gca tcgcccaat a
gcagd€¥ Ecacgc?‘f"gg'écgfg? attgaa%t%%%ca%g%tbc@t %g?%g%cg%gg%gg%gcgcggo ggaacgcccg
t cOt 9QC6aA0: HCAGYBLALS £BGHEEAL Cita3RiQa £QLELLEE agodabamht cagy gcaccggaca
ggt cggtctt gacaaaaaga accgggcgcc 3120 cctgcgctga cagccggaac acggcggcat
cagageefesg@nti@bedt tagt@guenngiadBi®By wrbokyocyFaatchbasst ct 8€° acccaagegg
ccggagaacc tgcgtgcaat ccatcttgtt 3240 caatcatltgc aagcgat §£° catcctgtct
ct t gadicecigaaate FEYALEEE WogiGerh e Byt WFLErecE 58"%‘65 agdaa gccat ccagt

6

tt aCtégg ;%%céggggga Séé%% ég%gééﬁggé:%gkééggg%t gtttttttgg tagagacggg 1080
gtttcaccat attggocagy ctggteteca actcctaate tcaggtgate tacccacctt 1140
ggectececaa attgetggga ttacaggegt gaaccactge tcecttecet gtcettetga 1200
ttttaaaata actataccag caggaggacg tccagacaca gcataggcta cctggeeaty 1260
cccaaccggt gggacatttg agttgettge ttggcactgt cctotecatge gttgggteca 1320
cteagtagat gectgttgaa ttegataccg tecgacetega gggggggecce ggtaccaget 1380
tttgttocet ttagtgaggg ttaatttega gottggogta atcatggtea tagctgttie 1440
ctgtgtgaaa ttgttatceg ctcacaattc cacacaacat acgagccgga agcataaagt 1500
gtaaagectg gggtgcctaa tgagtgaget aacteacatt aattgegttg cgeteactge 1560
cegetttoea gtcgggaaac ctgtegtgeco agetgcatta atgaatcgge caacgegedyg 1620
ggagaggcgd tttgegtatt agggcgetett ccgcttccﬁc gctecactgac tegetgeget 1680
cggtegttey gctgcggcéa goggtateag chteactcaaa ggeggtaata cggttateca 1740
cagaatcagg ggataacgca ggaaagaaca tgtgageaaa aggecagoaa aaggccagga 1800
accgtaaaaa ggecgegttg ctggegtttt tceatagget cogeeccect gacgageatc 1860
acaasaatcg acgetcaagt cagaggtgge gaaaccogac aggactataa agataccagg 1920
egttteceec tggaagetcec ctegtgeget ctcctgttéc gaccctgecg cttaccggat ;980




agggcgecccc agetggcaat tccggttcge ttgetgtcca taaaaccgec cagé 2
Apri| 2006 WD 03/ 038112 PCT/US02/ 34275 act gttggga agggcgat 51‘5’?@ Wycct

cttcgctatt acgccagctg gcgaaagggg 3480 gatgtgctgc aaggcgatta agttgggtaa
cgccag E]t

sequenc 554
| i nked conp onents of the TV-GHRH plasm d. <400>13 gttgtaaaac gacggccagt
gaattgtaat acgactcact atagggcgaa ttggagctcc 60 accgcggtgg cggccgtccg
ccct cggafecat Gatemet RGIREaNAGyatEEe 08 -t3D cgiifag@aakgs@t ggggagt t
atttttagag cggtgaggaa ggtgggcagg cagcaggtgt 180 tggcgctcta aaaataactc
ccgggagtaeatict gaohepsge ngefggaa%t g@mmeamga@a@ cegateattggcgaoggt t cct ca

ccgtc cca tatttg 1 ccctc ccg 300 cattcctgg ccgggcgg
t gct CCEY: Eccé'g‘ét@tcﬁ‘“' E‘Etcé‘g"g gg%&@%cﬁﬁ%gt%ﬁjﬁi"@acgég’gct acccgga

ggagG@ c C ac ccgaaccac
P oagoar aeiaa ancaaat 9%%%%?2‘5%?%9%%%?%9%%%9%% e e Tt ot o

t cCt gagaatagaagianRgs togenrotlattatfRtachibtayaddd acapatitdggaagsct caggat gc
ggcggt at gt agatgccatc ttcaccaaca gctaccggaa 600 ggtgctggcc cagctgtccg

cccg @&a‘@éecajcweawae %E@Pg@aé%ggg@&g g tEpteso tegatrggadéiaagagcaag

‘..

gagcata act aa ttc cttatc 720 catcc ct gt gacccc
t cccCRFGE St T eyt ECEGG ?ttg (F&Etcé"ég g?%?)“?%é’g Accdd’Ccttgtccta

at aa%ﬁ&ataa%g%t dgealal gtaE&&ftEéag f&cbAgdl %tgggéctg@ get&b@lgaat aked at ggggt gg
aggggggt gg tatggagcaa ggggcaagtt gggaagacaa cctgtagggc ctgcggggtc
t at t gguymacagaagetggay drgoagtggeeocaatctdogar-gf6d atdagedagcaast2wct ccgect cc
tgggttcaag cgattctcct gcctcagcct cccgagttgt 1020 tgggattcca ggcatgcatg

20 9 25

cccagtca cgac3534 <210>13 <211>3534 <212>DNA <213>artifi ci al
12.223>This is the nucleic acid sequenc&@ Y %HE S oper ati vel y

accaggRIeanagcIWarert GEEICeda BRPSPERTAS SOt Temodugtageca 2580
acgctatgtc ctgatagegg tcecgecacac ccagdeggec acagtogatg aatccagaaa 2640
ageggccatt ttecaccatg atatteggea ageaggcate gecatgggtce acgacgagat 2700
cetegoegte gggeatgege gecttgagee tggegaacag tteggotgge gegageocect 2760
gatgetotte gtocagatca toctgatcega caagaccgge ttecatcega gtacgtgete 2820
gotogatgeg atgtitteoget togtggbtcega atgggeaggt agecggatca agegtatgea 2880
googoogeat tgeatcagec atgatagata ctttctegge aggageaagy tgagatgaca 2940
ggagatcctg ccceggcact tegeeccaata geagocagte ccottceccget tceagtgacaa 3000
cgtcgageac agetgcgcaa ggaacgeccq tegtggecag ccacgatage cgegetgect 3060
cgtcetgeag ttecattcagyg geaccggaca ggteggbctt gacaaaaaga acegggegec 3120
coetgegekga cagecggaac acggcggeat cagagcagece gattgtetgt tgtgeocagt 3180
catagcegaa tagectetec acccaagogg écggagaaéc tgegtgeaat ccatcttgtt 3240
caatcatgeg aaacgatcct catcetgtet ctitgatcaga tettgatcoe ctgegecate 3300
agatectitgy cggcaagaaa gecatccagt ttactttgea gggettceoca accttaccag 3360
aggyegeece agetggcaat teeggtbege ttgctgtoca tamsaaccgec cagtcetagea 3420
actgttggga agggcgateg gtgegggect cttegeotatt acgecagetg gogaaagggg 3480
gatgtgectgc aaggcgatta agttgggtaa cgccaggg£t ttococagtoa cgac 3534
<210> 12
<211l> 3534
<212> DNA
<213> artificial sequence




gtttcaccat attggccagg ctggtctcca actcctaatc tcaggtgatc tacgg e 20%%40
ES{B 00

ggcctcccaa attgctggga ttacaggcgt gaaccactgc tcccttccct gtc

ttttaaaata actataccag caggaggacg tccagacaca gcataggcta cctggccatg 1260

cccaaccggt 8%gacatttg agttgcttgc ttggcactgt cctctcat
25 Apriﬂaﬁﬁ {'0 03/ 038112 PCT/ US02/ 34275 ct cagt agat
t cgacct cga gggggggccc ggtaccaget 1380 tttgttccct ttagtgaggg
gcttggegta atcatggtca tagectgtttc 1440 ctgtgtgaaa ttgttatccg
cacacgataty,as 430608 180C at AR &tued@06or §haapEReie:1gJghEel ta
aact cacat topamtist g€ ghé gregmrhcaebge. 1560 ccgctttcca gt cgggaaac
agctgcatta at gaatcggc caacgagcgg 1620 ggagaggcgg tttgecgtatt
ccgct4®@et ct2gct cact gac tcgetgecget 1680 cggtcegttce ct gcggc
ct cagti@herrag FGeIFath 9&@‘3‘9 FERCCRPATTADT 3E %ﬁgﬁaﬁ%‘-’g%‘éﬁgﬁac g gﬁg
t gt gagcaaa agccgagcaa g catig
tcca?‘gcé’ﬁﬁ%ggcgfgcc cet cg%% g‘ga%a?%c%%%gg aggg%%gﬁﬁgggggg%%tgcaagt
gaaa% 985836 RALAA 280RtE AGEAGHtINNNa BEidgbasl EaIchggaagCt L
ctcctgttcc gaccctgeccg cttaccggat 1980 acctgtccge ctttctccct
t ggc geddgtiecth Catagebta coguuRgttag it tP@xoc sgrere st £99§atGRaggtt?
agct-gggctg tgtgcacgaa ccccc%%;tc 2100 2geecegace ctg% cctig
at cgPEHAEIIGt CERREEY GIHITACA LY ToIB0Y ST Tyd T 5 ggcagca
acaggat.ta s Yalob @ t gasg
act aggtgté:f %ggg’%%g%‘%%%% tgggacg%%tg:?g%cg ga gt%at‘cjctaég;g?gig t g%dggt gaag
t C0088ARERAWIIHRIL JueddedicC §ehcaddbt Yegrratamn aggatacgct geao
tttttgtttg caagcagcag attacgcgca 2400 gaaaaaaagg atctcaagaa
" tctt bhotcasctggumtetagae tgelasheriagiooRseot AEFEGrEh At I Egat &Y
gct gcgaat ¢ gggagcggcg ataccgtaaa 2520 cac cag
caag Egﬁgﬂ:%tt&g’&%g’f%’%g% tgﬁbcéfg‘btc ¥ dvA-Y: (o %8‘5%"??‘?% t% gc%fg %%% agc gﬁ“
ccag%ggc%gac%c@&g%&%g ﬁ@é&%@gﬁ@?at 640c 120958a66aLEtdcbepaccate
agcaggcatT gccattggfc "acgacgaga 700 cctcgecgtc gggcatgcge
t ggCgaesRgaddt E4BEHIE POGRGEOT gttRIBRC Ayatigrhet Yecagraasagat £
caagaccggc ttccatccga gtacgtgctc 2820 ctcgatgcg atgtttcggl,
at gggtgaafgga@gﬁ@ggmaea ﬁgeﬁﬁaﬁgéé“%aﬁﬁa ttcgatatea a ,Ct ategg

ctgtegtgee

g

. ggtggeatec ctgtgaccce tecceagtge ctetectgge cetggaagkt gocactccag 780
tgoccaccag cettgtecta ataazattaa gttgeatcat tttgtctgac tagatgtect 840
totataatat tatggggtgg aggggggtgg tatggagcaa ggggcaagtt gggaagacaa 200
coctgtaggge ctgoggggtc tattgggaac caagctggag tgcagtggca caatottgge 960
tcactgeaat ctocgectee tgggttcaay cgattectect geoetcagect ccegagttgt 1020
tgggatteea ggeatgeatg accaggcetea getaattttt gtttttttgg tagagacggg 1080
gttteaccat attggccagg ctggtctcea actcctaate tecaggtgate tacccacctt 1140
agectoccaa attgetggga ttacaggegt gaaccactéc teectteoccet gtecttetga 1200

: ttttaaaata actataccag caggaggacg tccagacaca geataggeta ccotggecatg 1260
cocaaceggt gggacatttg agtitgettge ttggecactgt cctcteatge gttgggteca 1320
cteagtagat gectgtigaa ttegataceg tcgaccﬁcga gggggggccc'ggtaccagct 1380
tttgttocect ttagtgaggg ttaatttoga gettggegta atcatggtca tagctgtttc 1440
ctgtgtgaaa ttgttatecg ctcacaattce cacacaac%t acgagcoegga ageatazagt 1500
gtaaagcctg gggtgcctaa tgagtgaget aactcacatt aattgegttg cgetcactge 1560
cegettteeca gtegggaaac agectgecatta atgaateggc caacgegegg 1620

Sl 1350 10

ttaatttcga
ctcacaattc
t gagt gagct
ctgtcgtgcc

.gggcgctctt

gcggt at cag
ggaaagaaca
ctggegtttt
cagaggt ggc
ct cgt gcgct
t cgggaagceg
gttcgctcca
t ccggt aact
gccact ggt a
t ggt ggcct a
ccagttacct
agcggt ggt t
gatcctttga
aaggcgat gc
cattcgccgce
t ccgccacac
at att cggca
gcct t gagec
t cct gat cga
t ggt ggt cga




- gacgccgcat tggatcagcc atgatggata ctttctcggc aggagcaagg tgagﬁt 263, 40
ggagat cct g ccccggcact tcgcccaata gcagccagtc ccttcccget tcagtgacaa 3000

cgt cgagcac agctgcgcaa ggaacgcccg tcgtggccag ccacgat agc cgcgctgect 3060 11

25 Apri }/;}O 03/ 038112 PCT/ US02/ 34275 cgtcctgcag %&, gztsg‘%gg gcaccggaca

ggt cggt Ct't "gacdaaaaga accgggcgcc 3120 cctgcgcetga caé) @3 LG cggcggcat

cagagcagcc gattgtctgt tgtgcccagt 3180 catagccgaa tagcctctcc acccaagcgg

CCU0aEAa&HHal 4c0i Qe8] oSsatedtt tdycBitdbe geankeRicgagcan@egat casb cat cct gt ct

cttgatcaga tcttgatccc ctgcgccatc 3300 agatccttgg cggcaagaaa gccatccagt

t t actddtgsireg g tsdugcara geaatet@Rgcagad36@ SUCRYYRTECEWEERICEYgcEHP t ccggttcge

ttgctgtcca taaaaccgcc cagtctagca 3420 actgttggga a cga{tqcog gt gcgggcct

ct t cERAPAET98 FFREARGRTY TGS G R IFHED® 2PUGETC gﬁ%’%g%ga a agttgggtaa

cgcc tr tt < 2 >, ar&21l2esoDNA <213>

arti gg%g%?aa%%&g%%%@%%&%g}g@%gt %égﬁcﬁﬁu%%g?% acid sequence for the

oper aéda%8d iyl dcakad a0 FRyQ8edRicSgRbcddage hhdatARB {ddRktqbasnieko <400> 14

gtt gt aaaac gacggccagt gaattgtaat acgactcact atagggcgaa ttggagctcc 60

ac cgeggtgrrec gyeemicbey cteatedrgceec bt e 98 eRr§ I Tat e acRIet at gaccg 120

gt gaggaat g gt agtt atttttagag c aggaa t o ca ggtgt 180

A o R R

t ggacaccca 240
aat a&&%%g%tg AL GELER gPGLAL SACLR LIRS FHE A cdHLCaReEERE: gCegrggcCcy 300
cattcctg ggccgggcgg "'t gctccecgec cgcctcgat a aaaggctccg gggccggcgg 360
CUJCe§itegarcy Cdtacaiegaa tGGRAE0H0agy Yoy et sagehcobagaasiagd t ggttdcccaa 420
ggcccaactc cccgaaccac tcagggtcct gtggacagct cacctagctg ccatggtgct 480
ct ggg@tg:tat@cpt@fcmcgsg%9?%%@0%%%6%&6%&?@%@0%?%9CCE cctcc 540

ccctttgacc ctcaggatgc cggtatat cgatgccat .C gc cggaa 600
ggt g@f%féé%agéaﬁ'&?‘g?@%b tg%égg%ég%%“‘é%"‘c%é"agta a;aS{ c%tCa gg%gggg%%gcaggg 660

9

gtatctgege tetgeotgaag ceagttacct teggaaaaag agttggtage tettgateeg 2340
geaaacaaac caccgetggt ageggtggtt tttttgttty caagcagcag attacgegea 2400
gaaaaanagg atctcaagaa gatcctitga tcttttetae gyggtectgac getcagaaga 2460
actecgtcaag aaggcgatag aaggcegatge getgegaatc gggageggcy ataccgtaaa 2520
geacgaggaa goggtcagee cattegeege caagetettc ageaatatca cgggtagoca 2580
acgetatgte ctgatagegg teegecacac ccageegdoec acagtcgatg aatccagaaa 2640
ageggecatt ttccaccatyg atabtteggoa agcaggcate gecatgggtc acgacgagat 2700
cctegecgte gggeatgege gecttgagee tggegaacay tteggetgge gegagocect 2760
gatgetcttc gtocagatca tectgatcga caagaccgge ttecatcoga gtacgtgete 2820
gctegatgeg atgttteget tggtggtega atgggeaggt agceggatca agegtatgea 2880
gocgccgeat tgeatcagec atgatggata cttbctegge aggageaagg tgagatgaca 2940
ggagatcctg cceeggeact tegoccaata geagecagktc cottoceget tcagtgacaa 3000
" cgtcgagecac agctgcgceaa ggaacgeoccyg tcgtggecag ccacgatage cgcgetaecot 3060
cgtcetgeayg tteatteagg goaccggaca ggteggtett gacaaaaaga accgggogoe 3120
coctgegetga cagecggaac acggeggeat cagagoagec gattgtetgt tgtgcccagt 3180
catagccgaa tagectctoc acccaagegg ccoggagaace tgegtgecaat ccatettgtt 3240
caatcatgeyg aaacgatcct catectgtet cttgatcage tcttgatece ctgegecate 3300
~agatccitgg cggcaagaaa geecatcecagt ttactttgea gggettecca accttaccag 3360
agggegecce agokggeaat tccggttege ttgetgteca taaaaccgee cagtctagea 3420




agagaggaac caagagcaag
ggt ggcat cc ct gt gacccc
tgcccaccag ccttgtccta

gagcat aat g
t ccccagt gc
at aaaatt aa

act gcaggaa ttcgatatca agcttat 0
ctctcctgge cctggaagtt gccg%?‘é)%ggo%o

gttgcatcat tttgtctgac taggtgtcct 840

tctata t gggt gg aggggggt gg t at ggagcaa ggggcaagt t aagacaa 900
cctgt aéégc?y&@ifgggggtc t at t gggaac caagctggag tgcagt gggﬁT/g'g‘g{s ?ggc 960 12 25
April 2006 WD 03/038112 PCT/ US02/ 34275 tcactgcaat ctccgcctcc tgggttcaag

cgattctcct gcctcagcct cccgagttgt 1020 tgggattcca ggcatgcatg
gct aadtgt tdggg tabddoht @Qotcrgagat goycdkd8t agidchgrrg CsRigagddogy Cccdg
actcctaatc tcaggtgatc tacccacctt 1140 ggcctcccaa attgctggga
gaaceHoterEot cegIvRtict agtteedret WACEIOHT tEerrIELdatR act at ac

accaggct ca
ctggtctcca
ttacaggcgt

§ caggaggacg

t ccagacaca gcataggcta cctggccatg 1260 cccaaccggt gggacatttg agttgcttgc
ttggcagl gt ;cctctcatge gttgggtcca 1320 ctcagtagat gcctgttgaa ttcgataccg
tcgag%&ggqsgggggggccc ggtaccagct 1380 tttgttccct ttagtgaggg ttaatttcga
gct t ggegt aypt catggtca tagetgtttc 1440 ctgtgtgaaa ttgttatccg ctcacaattc
cacaemaecataraggagdacggmedgcat aaagt 1500 gtaaagcctg gggtgcctaa tgagt gagct
aact;g;att aattgcgttg cgctcactgc 1560 ccgctttcca gtcgggaaac ctgtcgtgcc
agct. Bt a_ at gaat cggc._caacgcgc 162 aga Lttt t gggcgctctt
ccgcfiet é"hgz% & ]g"g’ﬁ‘lﬁ c e’l°€8%r g?%%gg%%%c]tlglg%g%%“g gcggt at cag
ctcactcaaé’nggé‘;g% data cggttatcca 1740 cagaatcagg ggataacgca ggaaagaaca
t gt gaggdaasaggccagcaa aaggccagga 1800 accgtaaaaa ggccgegttg ctggegtttt
t cCang@sdaab P6GaRCEH gAtgat admadiBet: atg@gamat oggaawgct caagld cagaggt ggc
gaaacccgac aggact ataa agataccagg 1920 cgtttccccc tggaagctcc ctcgtgeget
Ct CChepotaItog RTeeisleey CeTtraT Rt CATReY ASRCEMAE CYEIETHPEt cc¥l t cgggaagceg

tggcgctttc tcatagctca ¢ t agat . 2040 t t ag gttcgctcca
agct YHErHe gqtta%%éﬁ'ﬂ:a a’é‘%%%%%aat %@ a3 ggtj’g’ég%gc%%cg%g% cc ?ftag t ccggt aact
at cgkgg}cgg&tgtafag%gsw M RA9AEGE 2506 gdohlGOEsIaaaicggCagna

gccactggt aacaggatt ag cagagcgagg tatgtaggcg 2220 gtgctacaga gttcttgaag
t ggt ggathqrgacigaeggeta ceattagaagatomatd atedogeiz@8greogizeret gc@ t ct gct gaag
ccagttacct tcggaaaaag agttggtagc tcttgatccg 2340 caaacaagg caccgct ggt
agcggefgrtaoy tagreIperey) FedEGEHG R MRt GRIE t?’@o?)ggcg%‘%fg%aaagé at ct caagaa
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gat Cgégtctc a?'cggcgtcttgéc%ggaa? gg%%gtggg:a;[gggac%cga%%&@%@@g%gcga%GQggatcccaa 420
ggococaacte coegaaccac teagggtect gtggacaget cacctagetg ccatggtget 480
ctgggtgtte ttetttgtga tecteaccet éagcaacagc toceccactget ccccacctee 540
ccctttgace ctcaggatge ggeggtatgt ;gatgccatc ttecaccaaca gcectaccggaa 600
ggtgetggee cagctgtecg cocgoaaget Qctccaggac atcctgaaca ggcageadgyd 660

. agagaggaac caagagcaag dagcataatg gctgcaggaa ttogatatea agettatcgg 720
ggtggeatee ctghtgacccc tececagtge ;:_tctcctggc cctggaagtt gecactecag 780
tgeccaccag cottgtecta ataaaattaa gttgcatcat tttgtetgac taggtgtect 840

 tctataatat tatggggtgg agaggggtygg tatggageaa ggggcaagtt gggaagacaa 900
cctgtaggge ctgceggggte tattgggaac caagctggag tgoagtggea caatettgge 9260
tcactgeaat ctecgectee tgggttcaag cgattetecot gecteagect ccegagttgt 1020
tgggattcca ggcatgcatg accaggctca getaattttt gtttttttgg tagagacgag 1080
gtttecaceat attggcecagg ctggtctcca actcctaatc teaggtgate tacceoacctt 1140
ggcecteccaa attgetggga ttacaggegt gaaccactge tcecttecct gtecttctga 1200
ttttaaaata actataccag caggaggacg tccagacaéa gcataggeta cctggecaty 1260
coccaaccggt gygacattig agbttgetige ttggeactgt cctctcatgc gttgggtcca 1320




act cgt caag aaggcgat ag
gcacgaggaa gcggtcagcc
acgctatgtc ctgatagcgg

aaggcgat gc
cattcgccgce
t ccgccacac

gct gcgaatc
caagctcttc
ccagccggcec

gggagcggcg ata ta 20
agcaat at ca cggggggﬁl@go@g%
acagtcgat g aat ccagaaa 2640
agcggccgt t accatg atattcggca agcaggcatc gccatgggtc acgacgagat 2700
cctcgc_cg (‘93’%%23 at gcgc gccttgagcc tggcgaacag ttcggct gé’%%’é‘%& gcct 2760 13
25 April- 2006 WO 03/038112 PCT/ US02/ 34275 gatgctcttc gtccagatca tcctgatcga

caagaccggc ttccatccga gtacgtgctc 2820 gctcgatgcg atgtttcget tggtggtcga
at 00aCagH 2 Geoe B LarRGaeionh 3EgactBih g@RegRrgcRicatggat calpée at gat ggata
ctttctcggc aggagcaagg tgagatgaca 2940 ggagatcctg ccccggcact tcgcccaata
gcagotggtccic ttegtoegst ttaeatigacitROOR e edss O EEgcgt¥4d ggaacgceccg
tcgt ggccag ccacgat agc cgcgctgcect 3060 cqgtcctgcaq ticattc gcaccggaca
ggtcﬂ@$&¥?ﬂbééﬁgéaﬁﬁbc E%ﬁﬁgdﬁ%aﬁfﬁﬁ‘a a?ﬁ%%%t ca%?ﬁ%%ggggg acggcggcat
cagageagec, 93 { cagte 380 «LaLBYRSIARLEAYES! Cie acccaagegy
ccgg 555%%*%8%%%%%%%&t%%% C tgttt3240 acagtcatgcg aaacgat cct catcctgtct
Ct t gadeefRct GLiGRbELS cEftggaRealet 3306 anpatontt gRreewyyenagt@a gecat ccagt
ttactttgca gggcttccca accttaccag 3360 agggcgcccc agctggcaat tccggttcgce
t t gcépegmas A4bIRTERYET JEIYE A REACEET I PHEGotRICEHE6 gat®y gt gcgggect
cttcgctatt acgccagctg gcgaaaqg 3480 at at qct gcoait,g agttgggtaa
cgcc&ﬁ@@@?‘?ﬁfﬁ%ﬁéf%ﬁg%ﬁgéuﬁgé%%?ﬁfagﬁg&¥§%T%%§%%t%%%2>DNA4
<213>artifigialsedyence 54203 el Sgdcvabin QsbeRyp| assvod sequence for
mﬁrd?%ﬁéé%ﬁgﬁ@ <40€>1§§%ﬁ gtaaéﬁ% gacggccagt gaattgtaat acgact ca6t

at aggaceaaat l@gaaet &F cificoantgeggtgget ggrogtetgiaroeieygcatiéfat cct cacg
acacccaaat atggcgacgg 120 gtgaggaatg gtgg gggit atttttagag cggtgaggaa
ggt gggeagLce AGECFGEYt CABOILINGOIAGRTIHEC Fadrsatitt LI eYHEagt t2 tttt t agagc

? gggg@%ﬁ:g d Ct@g%gga%ég%cg c%%%gcgaé%t c.al:tcggg%ggc %Qgcttggégcé‘tt%gﬁaﬁ gCcespot at tt gggt g

acctgteege ctttetecoct tegggaageg tggegettie tcatagetca cgetgtaggt 2040
atctecagtte gatgtaggtc gttegeteca agetgggetg tgtgcacgaa ccccoegtte 2100
agococgaceyg ctgegectta tocggtaact ategtettga gtceccaacceg gtaagagacg 2160
acttatcgee actggeagea gecactggta acaggattag cagagcgagg tatgtaggcg 2220
gtgetacaga gttottgaag tggtggecta actacggcéa cactagaaga acagtatttg 2280
gtatctgege teotgoctgaagy ccagttacct tcggaaaaag agttggtagc tettgateey 2340
gcaaacaaac cacegetggt agcggtggtt tttttgtitg caagcageag attacgcgea 2400
gaaaaaaagg atctcaagaa gatcctttga tettttctac ggggtctgac gctcagaaga 2460
actcgtcaag aaggcgatag aagécgatgc gctgcgaa;c gggagogycy ataccgtaaa 2520
goacgaggaa geggtoagoc cattcgecege Eaagctcttc agcaatatca cgggtagcca 2580
acgctatgte ctgatagegg tecegocacac ccagecggec acagtcgatg aatccagaaa 2640
ageggecatt ttccaccatg atattcggea agcaggcatc gecatgggtc acgacgagat 2700
cctegocgte gageatgege gecttgagee tggegaacag ttceggotgyc gcgagecccet 2760
gatgetctte gtccagatca tcetgatcga caagaccgygc tteccatecega gtacgtgete 2820
gectegatgeg atgttteget tggtggtega atgggcaggt agocggatea agegtatgea 2880
gecgecgoat tgeatcagee atgatggata cttteteogge aggageaagg tgagatgaca 2940
ggagatcetg coccggeact togeoccaata geoagecagte cetteoccget teagtgacaa 3000
cgtogageac ggaacgeceg togtggecad ccacgatagc cgcgetgect 3060

agetgegeaa

il




cattcctggg ggccgggcgg
cggcccacga gctacccgga

ggcccaactc cccgaaccac

oottt gupBetgad go

ggt gct gggc cagct'gt ccg

t gct cccgcec
ggagcgggag
t cagggt cct
tcct caccct

cgcct cgat a aaaggctcc C. 0
Cogecanact cragaactag Looas BRpRdog

gt ggacagct E:acct a?ctg ccat ggt?gt(:: 228

cagcaacagc tcccac

ggcggt at gc aggt gccatgc ttcaccaggéwg@ﬁé%gggaa 600
cccgcaagct gctccaggac atcat gagca ggcagcaggg 660 14 25
APT | d gt 200 Y O: Ok O3B 1d 2 cBEablb bR 2é 3 4eh5gacaagaga ggraceang age@ay gagceat aat g
actgcaagaa ttcgatatca agcttatcgg 720 ggtggcatcc ctgtgacccc tccccagtgce

ct ct @thefitas ehapaadict agocarht cagede8fice yatotdot atpteecegit ccX 80 at aaaat t aa

gttgcatcat tttgtctgac taggtgtcct 840 +tctataatat tat gt agggggat gg
t at QEFEGEEraaY FRTRCASRACE 2GARIFYA CRAT IO E%?%@g%caﬁ%ﬁg 999 got att gggaac
caagct t gcagt a Leaglacaatgtdaacct 6ot gggt t caag
cgat ?aé‘gg%‘gc%%é?%ﬁg%%t C%%g%%té% %g%ga%g%%ﬁ t gggat tcca E1é}gcat gcatg accaggctca
gCt aglabLide o tebbddabhB0gdA0AGRE 3BE-L05E: ggicdrtamacaictatcbgygccBgy ctggtctcca
actcctaatc tcaggtgatc tacccacctt 1140 ggcctcccaa attgct ttacaggcgt

ggga
gaacasgtgect eoctdocant tofgatiduct FacthRO® LR aT A EHCEER ac?f‘g& caggaggacg

t ccagacaca gcatagccta cctggecatg 1260 cccaaccgat at agttgcttge
ttgg@%@?’@g%ﬁ@ﬁ@éf‘@cgchﬁwﬁf‘c‘i?g"%?ﬁ aﬁcggﬂéigg%ga%%%?%tt%gg ttcgataccg
ttddc8idBCedact t @0t ga3g

ot TUEE oA oy o T ADAT o (P TTH0. “cl L0 aacn t it i cog of cacant te

gctt ctcacaattc
cacacaacat aagagccgga agcataaagt 1500 gtaaagcctg gggtgcctaa tgagtgagct
aact gaeat tisaatt gcgttg cgctcactgc 1560 ccgectttcca gtcgggaaac ctgtcgtgcec
agct gmatt @58 gaat cggc caacgcgcgg 1620 ggagaggcgg tttgcgtatt gggcgetctt
ccgcttleet @Nyct cact gac tcgctgcget 1680 cggtcgttcg gectgcggcga gcggt at cag
ct cactBaaf HHiGitadt B tYyt t at cca 1740 cagaat cagg ggat aacgca ggaaagaaca
t gt gagcaaa aggccagcaa aaggccagga 1800 accgtaaaaa ggccgcgttg ctggegtttt
t ccaf 203 trneS JGCGRCEIc18AC UL Bidheddbfor anaanaattglacijotsiasygr cagaggt ggc
gaaacccgagnaggast ahaasagabacenyeld2d. cgtttccccc tggaagctcc ctcgtgegcet
ctcctgttcc gaccctgccg cttaccggat 1980 acctgtccgc ctttctccct tcgggaagcg
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O e apon e sedrelt e g0g: ~EashoRRl Lecdihdl 200t ot teget cca
accgoggtga cggocgtcog ceeteggeac catcctecacyg acacccaaat atggcgacdg 120
gtgaggaatg gtgygggagtt atttttagag cggtgaggaa ggtgggcagg cagcaggtgt 180
tggegetota aaaataacte cegaggagtta tttttagage ggaggaatgg tggacaccca 240
aatatggcga cggttectca cecgtcgeca tatttgggtyg tccgeccteg geoeggggecd 300
éattcctggg ggeegggegg tgetcocgac cgoctcgata aaaggctecg dggecggegy 360
cggeccacga gctacccgga ggagegggag gegecaagek ctagaactag tgggtcccaa 420
ggcccaactc cocgaaccac tecagggtcct gtggacaget cacctagctyg ccatggtget 480
ctgggtgtte ttetttgtga tocteaccct cagoaacage toccactget ccccacctee 540
ccctttgace cteaggatge ggcggtatat cgatgecate ttcaccaaca gctacoggaa 600
ggtgetggee cagetgtecg cccogoaaget gotcecaggac atcctgaaca ggcageaggyg 660
agagaggaac caagagcaag gagcataatg actgcaggaa ttegatatca agcttaktogg 720
ggtggeatee ctgtgacece tceccagtgce ctetectgge cctggaagtt gcbactccag 780

- tgeccaccag ccttgtecta ataaaattaa gttgcatcat tttgtetgac taggtgtect 840
rotataatat tatggggtag aggggggtgg tatggageaa ggggcaagtt gggaagacaa 900
- cectgtaggge ctgoggggte tattgggaac caagetggag tgcagtggea caatcttgge 260




agcccgaccg ctgcgecctta tccggtaact atcgtcttga
acttatcgcc actggcagca gccactggta acaggattag
gtgctacaga gttcttgaag tggtggccta actacggcta
gt at ct gggc t gct gaag ccagttacct tcggaaaaag agttggtagc tcttgatccg 2340
gcaaaca 003{9%;& gctggt agcggtggtt tttttgtttg caagcagc%&@??%%@gca 2400
gaaaaaaagg atctcaagaa gatcctttga tcttttctac ggggtctgac gctcagaaga 2460 15
25 Apfdabi Q06 MR O3 B3& L BT /A2 3424 rasdegleaggtapggcgab ag aaggcgat gc
gct gcgaat ¢ gggagcggcg ataccgtaaa 2520 gcacgaggaa gcggtcagcc cattcgccgce
caagcisgtéicceggaattatats TFgoHcige crtLE8it givgtttatyttagedagadcngcdg®t ccgeccacac
ccagccggcc acagtcgatg aatccagaaa 2640 agcggccatt ttccaccatg atattcggca
agcadifcheacedc aRtERE HEFEEGEYICETIRTC LREBRREGRCGHGEHt gc'Ye® gect t gagece
t ggcgaac ttcoac t at tcct gat cga
canoa e L B e e B RGP T ot oot ogt con
at oo gHa2006603ate SYEHALYGAcARABEka GaLgerys adcrd@eatLageee at gat ggat a
ctttctcggc aggagcaagg tgagatgaca 2940 ggagatcctg ccccggcact tcgcccaata
gcagceagieagt otoeetfd agthgridac 4498000t eqfckeptge At teqEteefc gc®a® ggaacgececg

t cgt ggccag ccacgat agc cgcgctgcct 3060 cgtcctgcag, ttcattc gcaccggaca
ggt c E?"cagalé@&"g;gé’éﬁé‘ %nggtgaﬁgﬁ&égﬁﬁfﬁa %%@3%%? t%cffﬁg%tggg% ®acggcggeat

caga o daqlageed Ctageacccaagegg
oo D e oot ot cot ot of

ctt gadtgagaabl titgrbeng lcgegtatcacadd8tht agaberiys ggceggedtagadac gccat ccagt
ttactttgca gggcttccca acettaccag 3360 agggcgcccc agctggcaat tccggttcgce

t t gctaprsemrctaaasigctfoe CRGLEOSYEACBRoT RITHIIEH FICEGFGERUat ¥§° gt gcgggect

tt tatt t 3480 t gt gct t tt t
S L AR SR, LIS e o
Arti féé&%iéégc&_?%@d’ég@ati%%gct%%@%%gﬁh&é Sctloche- 88 GHegBEREOr 1d8e PSP- SEAP CDNA

const

gt ccaacccg gta ca 60
cagagcgagg t at gg}g’éﬁgo@zo
cact agaaga acagtatttg 2280
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tteggetgge

cggtogtteg getgeggoga geggtatcag-ctoactcaaa ggegghaata cggttateca 1740
cagaatoagg ggataacgcea ggasagaaca tgtgagcaaa aggccagcaa aagdaccagga 1800
accgtaaaas ggocegegthty ctggegtttt tecatagget cegeccceet gacgagcate 1860
acaaaaatcg acgetcaagt cagaggtgge gaaacccgac aggactataa agataccagg 1920
cgttteccee tggaagetcco ctcgtgcgctzétcctgttcc gaccctgeeyg cttaccggat 1980
acctgteege ctttectecet tcgggaagcg.tggcgctttc tcatagctea cgetgtaggt 2040
atctcagtte ggtgtaggtce gttcgeteea agetgggetg tgtgeacgaa cceccoegtte 2100
agcccgaceg ctgegectta tecggtaact ategtettga gtecaacccg gtaagacacg 2160
acttatcgec actggcagea gocactggha, acaggattag cagagegagd tatgtaggeg 2220
| gtgctacaga gttettgaag tggtggecta actacggcta cactagaaga acagtatitg 2280
- gtatctgege tetgetgaag ccagttacct toggaaaaag agttggtage tcottgatceg 2340
goaaacaaac caccgobggt ageggtggtt tttttgtttg caageageag attacgegea 2400
gaaaaaaagg atctcaagaa gatecttiga tottttetac ggggtetgac geteagaaga 2460
actcgteaag aaggegatag aaggegatge getgegaate gggageggeyg ataccgtaaa 2520
geacgaggaa geggtcagee cattegocge caagetette ageaatatea cggatagecca 2580
acgcetatgte ctgatagegg tccgccacac ccagccggéc acagtegatyg aatccagaaa 2640
agceggocatt ttecaccatg atatteggea ageaggeatce gocatgggte acgacgagat 2700
cctogoegte gggeatgege gecttgagee tggegaacag gogagoecet 2760




<400> 16 ggccgtccgc cttcggcacc atcctcacga cacccaaata tggcgg .?@(?Eggaat ag
60 tggggagtta tttttagagc ggt gaggaag gtgggcaggc agcaggtgtt gg‘g’g% aa 120
aaat aactcc cgggagttat ttttagagcg gaggaat ggt ggacacccaa atatggcgac 180

ggt t cct GRQspsgicgccat atttgggtgt ccgccctcgg ccggggccGeralhfai-g999 240
gccgggeggt gctcccgeccc gectcgat aa aaggct ccgg ggccggcggc ggcccacgag 300 '
ctacccggag gagcgggagg cgccaagctc tagaactagt ggatcccccg ggctgcagga 360 16 25
April 2006 WO 03/038112 PCT/ US02/ 34275 attcgatatc aagcttcgaa tcgcgaattc
gcccgrtgataytc tapctapet g teyorRIe (RepILZOIC GEereEEgRgFFacT CAgct €12%ccct gggcat
catcccagtt gaggaggaga acccggactt 480 ctggaaccgc cagc aggcccgagg

t gccHEETRGa éf‘%&% t%qtégg%agaat(?g%ci@gt 58%%6%%"35 c%gc ftat g%ot cttcctggg
Cgat&g% £48LGRG UL b l Eaghapdagggecagaagaagga
caaact g%%agg%g%%gggﬁac%c%%ccat tg%gg" gg%%gg%?tc ccatatgtgg ctctgtccaa
gacajneasdci gt Agograsc ted@ghgraagagdagte cagicggagcecageggesacyfocct acct gt g
cggggt caag ggcaacttcc agaccattgg 780° cttgagt gca gccgcccget ttaaccagtg

C aacegaRIrac RGHINORFy IGRRGERIECEETeHT9 CotFat¥RatIEG ctaad¥ aagcagggaa

gt cagt ggga gt ggt aacca ccacacgatt 900 0 cac gacegegcacct acgce
ccacg%tﬁggﬁa a%%@%tﬁﬁ%gt gﬁ%ﬁcﬁﬁ%cggﬁcg%ﬁtt %S%%é%a@%t %C%é%%ct c9g cocgocagga
9999, G588 JACREGREL A 2C4HAGk Calgadidle selRaatatgoganatt gary t gat cct agy

t ggaggccga aagtacatgt ttcgcatggg 1060 aaccccagac cctgagtacc cagatgacta
cagcearagdigag Ogaceagar atggaggyoamaid4te tgeatbctaggreptetiglhat §¢4° t ggcgaagceg
ccagggtgcc cggtatgtgt ggaaccgcac 1200 tgagctcatg caggcttccc tggacccgtc

t gt germteatocet TALLHEGET CREITFFAgETIITEe* tﬁgifglj%a?'ggcgﬁ‘%gﬁcggﬁoé’ t ccaccgaga
ctccacact acccctcce tgat gat 2006895635 CCys4p t gct gagecag
gaacﬁ%ad‘(‘f@‘gtgggﬁgf%atgf%% I %%tcg %ggtéac%%éga ggg%t%ggtcgcaatcggccatg gt cat cat ga
aagCQ@&g@%&ccﬁ:%ﬂ@&ﬁé& tL @Rkt GROBG 1440 tgadea@l tagrgargacgeed tt gagagggc
gggccaccfc accagcgagg aggacacgct 1500 gagcctcgtc actgccgacc actcccacgt

ct t chetdtt§acguagecdaacs steaiogoragciBB0t agacrepeiEareIapresgggctt’t ccect ggcaa
ggcccgggac aggaaggcct acacggtcct 1620 cctatacgga aacggtc gct at gt gct
caaggakIrgetagcRIgEBER 2aE PR GRFCISBET tﬁﬁﬁcé‘a'écgf‘ag%acgggagccgg% agt at cggca
gcagt cagca gtgcccctgg acgaagagac 1740
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<210> 15

<211> 3534

<212> DNA

<213> artificial sequence

<220> . .

<223> This is the entire plasmid sequence for wildtype GHRH.

<400> 15 ]

gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgaa ttggagctce 60
accgeggtgg cggeegtocy ccctaggeac catcctcacg acacccaaat atggegacgg 120
gtgaggaata gtggggagtt atttttagag cggtaaagaa ggtgggcagy cagcaggtgt 180
tggegeteta aaaataacte cogggagtta tttttagage ggaggaatgg tggacaccca 240
aatatggega cggttcctca cocgtogeea tatttgggtg tocegeoecteg gocggggoey 300
catteoctggg agecgggegy tgctecegee cgoctegata aaaggeteog gggccggedgd 360
cggeccacga gotacccgga ggagoegygag gegecaaget ctagaactag tggatcoccaa 420
ggcceaacte ccogaaccac teagggtect gtggacaget cacctagetg ceatggtget 480
ctgggtgtte ttetttgtga tecctcaccet cageaacagce teccactget ccccacctec 540
ceotttgace cteaggatge ggeggtatge agatgcecate ttcaccaaca getaceggaa 600
ggtgetagge cagetgtoeg cecgcaaget gotccaggac atcatgagea ggcageaggy 660



ccacgcaggc gaggacgtgg cggtgttcgc gcgcggcccg caggcgcacc tgg559§§?90%§00

cgt gcaggag cagaccttca tagcgcacgt catggccttc gccgcectgec tggagcecta 60
caccgcctgc gacctggcgc cccccgecgg caccaccgac gccgcgcacc cgggttactc 1920

t agagt ccggcc gcttcgagca gacat gataa gatacatt gga 1980
caaaccggggyg%g%aatgca gt gaaaaaaa tgctttattt gtgaaatt?gn@ggg%%%att 2040
gctttatttg taaccattat aagctgcaat aaacaagtta acaacaacaa ttgcattcat 2100

ttt adg@bddeta@YghILBSA0cRGaEaLY :GGo@agH ttddutat@aagebaytag aad@lt ct ac 2160 17
25 Apri|l 2006 WO 03/038112 PCTI US02/ 34275 aaat gt ggt a aaat cgat aa ggat ccgtcg
ac C gt geE@E ot togatpgetst taceaRaree AYPLEARER cetomertyAGRTYCHR t aPlat gcaa

Cogt AR S RO a2 AR A R E A AT gl e caattat ga

ct gt%ggéa%a@&gkﬁgg%cag%g&agg 0RUAGELC b6ddcBadt Cddatadake= Ct caot gact

cggt at cagc tcactcaaag gcggt aat ac” gat aacgcag gaaagaacat gt gagcaaaa
00 C Cagetagl GEgEeRbbge tagotsaagiaesgatar tagpgtogyat ¢aetetorc ggatfct ccc

tggcgttttt ccataggctc cgcccccctg agaggtggcg aaacccgaca ggagt at aaa
t COt tregbIc@at CHPEATCERy tIRTEEYGE (YRt tatEecd ag%Et‘"gc["éi%c‘fﬁt tt ?"?ﬁccct t
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€99 gtag%%gtg:tccg gg%%gégtcgt?gt agc%tgg'g:%g Cgaé%aa?t%gigt ggL?t%Qttga Bt%%agacggg 1080
‘gttteaccat attggecagg ctggtcteea acktcctaate tcaggtgate tacccacctt 1140
ggcctoecaa attgetggga ttacaggegt gaaccactge tecettecct gtoottetga 1200
ttttaaaata actataccag caggaggacg tccagacaca gcataggeta cctggecatyg 1260
cccaaccggt gggacatittg agttgettge ttggcactét cctcteatge gttgggtcca 1320
ctcagtagat geoctgtigaa ttegataccyg tcgaceteoga gggggggcece ggtaccaget 1380
t£tgttccct ttagtgaggg ttaatttcga gettggegta atcatggtca tagctgttte 1440
ctgtgtgaaa ttgttatcey ctcacaatte cacacaacat acgagccgga agcataaagt 1500
gtaaagectg gggtgectaa tgagtgaget aactcacapt aattgcgttg cagcteactge 1560
cegettteca gtcgggaaac ctgtegtgce agetgeatta atgaatcgge caacgegedg 1620
ggagaggegg tttgegtatt gggcgetott ccgottecte gctoactgac tegotgeget 1680
cggtegttcg getgeggega geggtatcag ctcactcaaa ggegogtaata cggttatcca 1740
cagaatcagyg ggataacgca ggaaagaaca tgtgagcaaa aggccageaa aadggoecagga 1800
accgtaaaaa ggccgegttyg ctggegtttt tocatagget cegccccect gacgageatce 1860
acaaaaatcg acgetcaagt cagaggtgge Qaaacccgac aggactataa agataccagg 1920
cgtticecece tggaagetce cteogtgeget ctectgttec gaceetgecy cttaccggat 1980
acctgtcege cttteteect tegggaagceg tggcgettte tecatagetea cgetgtagat 2040
atetcagtte ggtgtaggbc gttegetcoea agctgggetyg tgtgcacgaa cecccegtte 2100

- ageccgaceg ckgegectta tocggtaact atcgtetiga gtocaaccey gtaagacacy 2160
acttatcgee actggcagea gocactggta acaggattag cagagegadg tatgtaggeg 2220
- gtgetacaga gttcttgaag tggtggeccta actacggeta cactagaaga acagtatttg 2280
gtatetgege teotgetgaag ccagttacct tcggaaaaag agtitggtagc tcttgatccyg 2340
gcaaacaaac caccgctagt agcggtggtt tttttgttitg caagcageay attacgegea 2400
gaaaaaaagg-atcteaagaa gatcetttga tottttetac ggggtetgac gctecagaaga 2460




2400 . 2460 2520 2580 2640 2700 gctgtaggta tctcagttcg gLgt,a 95@(&
ttcgctccaa gctgggctgt gtgcacgaac 2760 cccccgttca gcccgaccgC t‘b‘é’glg at
ccggtaacta tcgtcttgag tccaaccagg taagacacga cttatcgcca ctggcagcag

ccact gogadsha9gat t agc agagcgaggt  at gt aggcgg tgct acage?mg'%zgg‘%.,gaagt
ggt ggcctaa ctacggct ac act agaagga cagtatttgg tatctgegct ctgct'gaagce
cagttacctt cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta
gcggtggttt ttttgtttgec aagcagcaga ttacgcgcag ctcagt ggaa aaaaaaagga
t ct casigabepragt Gobtdagad 2eqpmadiTt S dcget A aygRpEaYect tygreeea ct £¥3%t acg

gggt ct gacg gagattat ca aaaag([gat ct ‘tcacctagat ccttttaaat tag at gaa
gt t t ESPEPLIRAWPEERAGT cattae %a@%agca%’iéﬁtaﬁgﬁtet‘tagaﬁ?gg?%"&% c&atgcttaa

tcag Eltgcg %gt%c%g{&géa tQ&Q@L&%%e%ge&g@EE LeOdd -Gl SGRAEARLL J€gdgact cc

ccgtcgt gt & gat dactacg atacgggagg dcttaccatC tggccccagt gctgcaatga

t &CCgeFBeeateCORCYHERN 2EaFYeddaCaagadztt FeehPguRasGANGLAY CeAPCCggaa
gggccgagcg cagaagt ggt cctgcaactt tatccgcctc catccagtct attaattgtt

gccggegaagesticagmmgtiagt JegittpedpscaycIracaattagysctogfegsagdetfet getecattg
ctacaggcat cgt t¥%ca Cc Ctg%%C%} tt ?t%tggc ttcattgqgc tggﬂgttccc
) tac
aacgﬁ%i?ﬁ'é‘a:tﬁc%%g? & TR R TR o”i‘ga(fcﬁg JrE e BaaGdahtt agétcetteg
gt cCLGh %&%@%&@9&%@@4 8% @a%g@aaga LAl saetealy gkbat ggcag
cactgcafaa ftctcttact gtcatgccat 38 880 2940 3000
" gecegeoogeat tgcatcagee atgatggata cttteotegge aggageaagy tgagatgaca 2940
ggagatcoety ccecggeact tcgoccaata Qcagccagtc cetteceget tocagtgacaa 3000
cgtegageace agetgegeaa gdgaacgeeeg tegtggecay ccacgatage cgeogetgoet 3060
cgtcotgeag ttecattcagg gcacceggaca ggtceggtett gacaaaaaga accgggegec 3120
cotgegetga cagocggaac acggeggeat cagagcageco gattgtetgt tgtgeccagt 3180
catagccgaa tagectetce acccaagcgglccggagaacc tgcgtgeaat cecatcttgtt 3240
caatcatgeg aaacgatcct catectgtet cttgatcaga tettgatece ctgegecate 3300

agatccttgyg cggeaagaaa gecatceagt ttactttgea gggcttecea accttaccag 3360

. agggegeccc agcetggeaat tccggttcgc;ttgctgtcéa taaaacogec cagtctagca‘ 3420

actgttggga agggegatcg gtgcgggect cttegetatt acgccagetyg gcgaaaggdd 3480

gatgtgetge aaggegatta agttgggtaa cgecagggtt tteecagtea cgac 3534

<210> 16

<211l> 4260

<212> DNA

«213> Artificial sequence

<220>
<223> This is the sequence for the pSP-SEAP cDNA construct

<400> 16
ggeegteege ctteggecace atcctcacga cacccaaata tggcgacggy tgaggaatgg 60

tggggagtta tttttagage ggtgaggaag gtgdagcagge agcaggtgtt ggegetctaa 120
_aaataactcc cgggagttat ttttagageg gaggaatggt ggacacccaa atatggegac 180
ggttccteac cegtegecat atttgggtgt eegecctegg ceggggeege atteetgggg 240
gecggacaat getcecgece gectegataa aaggcteegg ggeeggegge ggcccacgag 300

ctacceggag gagogggagg cgccaagete tagaactagt ggatcecoey ggetgcagga 360

16



3060 3120 3180 3240 3300 3360 3420 3480 3540 3600 53‘5’5‘? 720
3780 ccgtaagatg cttttctgtg actggtgagt actcaaccia gtcattct g% % gta 3840
t gcggcgacc gagttgctct tgcccggecgt caatacggga taataccgcg ccacatagca 3900 18
25 Apridead998 M0 03/ 038112 PCT/ US02/ 34275 gaactttaaa c attggaaaac
gttcttcggg gcgaaaactc t caaggatct 3960 taccgctgtt gagatccagt tTcgatgtaac
ccactcgtgc acccaactga tcttcagcat 4020 cttttacttt caccagcgtt tctgggtgag
Caaaadcasldtfaggearaal gaoeataanacdi8ts cagggaaicaagtggugacacy§ aaat gttgaa
tactcatact cttccttttt caatattatt 4140 gaagcattta tca ggttat tgtctcatga
gcgg%gac’@etagatcttagmt—g{ catHopgRE Rk CaRgBr ga$%ﬁa%?&aaa‘t°°%ﬁf§g gtt c®J cgcacatttc

cccgaaaagt gccacct ccctgta 4260 <21 > 17 7105,0<212> DNA <213>
ar t i Fi9gR&TCIS SFFETHRE c%é‘ %f‘%c Y OHECRH T B85 gciggs?ﬁggggagc%or With an anal og

- ar OMJLCQ gg%%c[:@éa%@as 'tB&cbégggorfﬁt&gg%&?la’gggtge&uae@@egmd@n ogaoi mi zed for
tgtaat acga ctcactatag ggcgaattgg agctccaccg cggtggcggc
CgtCﬁéﬁ%ﬁﬁéatgcbtaaaagggc agaagaagga caaactgagyg cctgagatac cectggecat

tttatgtttc

17

ggacegette ccatatgtgg ctetgtccaa gacatacaat gtagacaaac atgtgecaga 720
cagtggagee acagecacyg cctacctgty cggggtcaag ggcaacttee agaccattgg 780
cttgagtgea geocgeceget ttaaccagty caacacgaéa cgeagecaacg aggteatete B840
cgtgatgaat cgggccaaga aagcagggaa gtcagtggga gtggtaacca ceacacgagt 200
gecageacgee tegecageeg geacctacge ccacacggtg aaccgcaact ggtactegga 960
cgecgacgtyg cotgectegg ceoedccagga ggggtgcecag gacategeta cgecageteat 1020
ctocaacatg gacattgacg tgatcctagy tggaggccga aagtacatgt ttegeatggg 1080
aacccoagac cctgagtace cagatgacta cagecaaggt gggaccagge tggacgggaa 1140
: gaatctggté caggaatgge tggegaageg ccagggtgce cggtatgtgt ggaaccgeac 1200
tgagcteatg caggettece tggaccegte tgtgacceat ctcatgggte tctttgagec 1260
tggagacatg aaatacgaga tccaccgaga ctocacactg gacccetece tgatggagat 1320
gacagaggct geectgegee tgetgageag gaaccccege ggcettettee tettegtgga 1380
gggtggtege ategaccatg gtcatcatga aageaggget taccgggeac tgactgagac 1440
gatcatgttc gacgacgeca ttgagaggge gggcocagete accagcgagd aggacacgct 1500
gagcctegto actgecgace actcceacgt cttetectte ggaggetacc ccctgogagg 1560
gagctoecate ttegggetgg ceccckggoaa ggeccgggac aggaaggect acacggtoct 1620
cetatacgga aacggtocag geotatgtget caaggacgge geocceggeegg atgttaccga 1680
' gagcgagage gggageccecg agtatcggea geagtcagca gtgcecetgyg acgaagadac 1740
‘cocacgoaggce gaggacgtgg cggtgttege geogeggeceg caggogoeace tggttcacgg 1800
cgtgeaggag cagaccttea tagegeacgt catggccttc.gccgcctgcc tggagcccta 1860
caccgoctgc gacctggoge cococcgoegg caccaccgac geegegeacec caggttacte 1920
tagagtcggg geggecggee gettogagea gacatgataa gatacattga tgagtttgga 1980
caaaccacaa ctagaatgea gtgaaaaaaa tgctttattt gtgaaatttg tgatgctatt 2040
gctttattty taaccattat aagetgeaat asacaagtta acaacaacaa ttgeatteat 2100
aggttcaggg ggaggtgtgg gaggtttttt aasageaagta aaacctctac 2160




cggcaccat c ctcacgacac
ttagagcggt gaggaaggtg
gagttatttt tagagcggag

t cgccat ghtoshagat ot ccg
cccgeccgcc tcgat aaaag

ccaaat at gg
ggcaggcagc
gaat ggt gga
ccct cggeceg
gct ccgggge

cgacgggt ga
aggt gt t ggc
cacccaaat a
gggccgceat t

cggcggcegge

ggaat ggt gg ggagttatt 0
gct ct aaaaa taagﬁéggﬁéo@go
t ggcgacggt tcctcacccg 240
cct ggggg gct 300
ccacgagc%@Tg%@%gg%gag 360
cgggaggcgc caagcggatc ccaaggccca actccccgaa ccactcaggg tcctgtggac 420
agctcaccta gctgccatgg tgctctgggt gectctttgtg atcctcatcc tcaccagcgg 480
cagcsatiggtageatgrehc ggaagfegt ordigtcadgysiagocaguggeasdt t gggdgccat 540
cttcaccacc aactacagga agctgctqgg ccagct gt ac gccaggaa g t gat ccagga 600
cat cEIGhRY L a NPT ELAFGEY JagpeatRRe cCCACYFaET §§%‘§§ab€€c%@gﬁ% E gctfit aage 660
ttatg t atccctg _tgaccectc C C L+ 908agt t gcc 720
actc%%%%%@aggégggﬁg%gaﬁ%ﬁ%%%%é?%gégggégg%%%cégﬁ%%gtt i gtctgactag 780
9t 9t gl b &l RRERILEE SHIGPPOGIL LG FThRIcaGFOGRIGBYC gC249t £ ggg 840
aagacaacct gtagggctcg agggggggcc cggtaccagec ttttgttccc tttagtgagg 900
gt t agdttthograagaiabiggiost skicegetebcriraggott atyapsastacgaeragtgeat cétftlcgt t ¢ 960
ggctgcggcg agcggt atca gctcact caa aggcggtaat acggttatce ac at cag 1020
gggaﬁ%’_&é@ﬁ?aég?ﬁig%ag'*&a% gafsijﬁbt&(jc?&c%%gﬁgg’ﬁﬁﬁg‘é afyeeEgs° aa%%gt aaaa 1080 19
25 Ag%glglgca%gg 6ca\é\9ae&%/g%) %g&gaﬁgéﬁ%ggé 202 REYGCOLAEIdet 0g@t tt ttccatagge

t ccgCCCCEcc tgacgagc acaaaaatc 0° gacgctcaag tcagaggtgg cgaaacccga

cagygsl-at fydagt 86eead gagbtdecestdsd@dte etggaagciactatoggt geEE tctcctgttce
cctttctcce ttcgggaage gtggegettt
ct catagctmtacytbtagy thatteedtagraosdlret sgagrtgtdgeptaggiceegctt® aagct gggcet

cgaccctgcc gcttaccgga tacctgtccg

gt gt gcacga acccc
' agt cBHEEREHtEE

gcag
acac

ccgtt cagccc
gicss SiticerEE
PR ESe HR O

1260

acc 1380
cHCIIFED*

gagt tgghagaet Sithoaics Qgragagasacidraa
gcaagcagca gattacgcgc agaaaaaaag 1680
Cggggtdtagarggctdacagertga thettoeratceyIITHe>
aaccaggaa

t ggagct gca at accat ac

t gcadrYrEFIBgHFFCEY

B corea

i

acaglcanl 4. APARGAA07 RRRIGGIALLISAR:

ttacgegeag aaaaaaagga tctcaagaag

ctcagtggaa
tcacctagat
aaacttggtc
tatttegtte
gottaccate
atttatcagc

tatceogeete

ttaatagttt

ttggtatgge
tgttgtgcaa
ccgcagtgtt
cegtaagatg

tgoggogace

cgaaaactca
cctittaaat
tgacagttac
atccatagtt
tggceccagt
aatasaaccayg
catccagtct
agcgecaacgtt
tteattecage
aaaagecggtt

atcactecatg

cgttaaggga
taaaaatgaa
caaktgcttaa
gecetgactec
gctgeaatga
ccagocggaa
attaattgtt
gttgeceattg
teeggttece
agctectteg

gttatggcag

ctttteotgtg actggtgagt

gagttgctet

tgecoggegh

atcctttgat
ttttggtcat
gktttaaatc
teagtgagge
ccgtegtgta
tacegegaga
gggecgageg
gcegggaage
ctacaggcat
aacgatcaag
gtecteegat
cactgcataa
actcaaccaa

caatacggga

18

Bhedsit

s

at ccggt tatcgtcttg
6@“?&?@%et%§% aacaggatta

&%ﬁcéc%ggéaqga RgtdietdOta8tagh 996640 aact acggcet
atctgcg 1560

ctctgctgaa gccagttacc ttcggaaaaa
eGCCert ggpatargpogt GRAC tttttt gttt

at ct caaga agat cct

f(gsaweam agregaEage aa{2 é\‘%
STgaletf

ttttgtttge
cttttﬁtacg
gagattatea
aatctaaagt
acctatctea
gataactaca
coccacgetea
cagaagtggt
tagagtaagt
cgtggtgtea
gegagttaca
cgttgteaga

ttctettact

aagcagcaga
gggtctgacg
aaaaggatct
atatatgagt
gegatcetgte
atacgggagy
ccggeteocag
cctgeaactt
agttegecayg
cgectegteogt
tgatccecca
agtaagttgg

gteatgeeat

gteattotga gaatagtgta

taataccacyg

ccacatagea

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

atcttttcta
gt t gagagtc

Ald-£acgag ccagttectc
ct'gcaacac ccagacgacc




ctcaaccatg atgttcggca
cggcat acga gctttcagac
at ccaggt ca tcctggtcaa

at gt t t t gefosfodgi,oot caa

ggcat gcat c
gt gcaaacag
ccagacct gc
acggacaggt

accat gagta actaccaggt cctcacgcat 80
ttcagccggt gccagaccct gaté?#ﬂ%#goé§4o

ttccatacgg gtacgagcac gttcaatacg 2100
agct gggt cc agggt gt gga qagggsgcat 2160
tgcat cagcc atgatagaaa ctttctctgc cggagccagg tgagaagaca gcaggicctg 2220
acccggaact tcacccagca gcaggcagtc acgaccagct tcagtaacta catccagaac 2280
t JCRULAG 8L 0 9GAREEL3 Gk GPhL A gRteEAR0RLAGREE 2G0{gatd: cabett gcag 2340
ttcattcaga gcaccagaca ggtcagtttt aacaaacaga actggacgac cctgtgcaga 2400
cagaeggrag: [ gagittgrat togaighgTascartagiaygreterstoy teeeagtt cdfabccaaa 2460
cagacgttca acccaggctg ccggagaacc tgcatgcaga ccatcctgg& C %&atgcg 2520
aaaCHREEEEE T SREEEEHET tLeIITT SRR P I gTIETTRY FEFERATT agatcctt gg 2580
cggcaagaaa gccat ccagt t liaceaq agggegcccc 2640
agct’dd a‘i‘a?a%gggﬁg&f ?c?gcaa%%%%%%% gggtctg g%%a%‘%gg%tgggtgct agca actgttggga 2700

agg%g%éa@gtaz 1105280 > gk Broatl hegdatdt 26k t2haskpt iakt 29860 4380 038112
PCT/ US02/ 34275 <212> DNA <213> artificial sequence <220> <223> This is a

pl asiwhehouest engasittivIarucasrilot) COIBRRITENSIRBHET SFEXSFHG hdrPfidne (" GHRH')
sequence codon optim zed for rat. <400> 18 tgtaatacga ctcactatag ggcgaattgg
agct geaccg._ cggt ggegge cgt ccgecct 60 cggcaccatc ctcacgacac ccaaat at gg

cgac ga.ggaatggtgg ggagttattt 120 ttagagcggt gaggaaggtg ggcaggcage
agotgtigogpgct ct aaaaa taactcccgg 180 gagttatttt tagagcggag gaat ggtgga
cacceagat ardiggegacggtedecect cacccg 240 tcgccatatt tgggtgtccg ccctcggecg
gggccgcatt cctgggggcec gggcggtget 300 cccgeccgec tcgat aaaag gctccggggce

19

C g¢ggc ccacgagcta cccggaggag 360 _cC a C caa al ¢ ccaaggccca

20t coseyaTiis é%?agg%giq e gfggag < oRpsLed B ikt doimene, SOEEREY CCCt ot ggot

gt tct t cgt BoCTPLLGAEET’ CGAE 5%%5 PR - imeed £
<400> 17 .
tgtaatacga ctcactatag ggcgaattgg agctccaccg cggtagegge cgtccegecct &0
cggcaccate ctoacgacac ccaaatatgg céacgggtga ggaatggtgg ggagttattt 120
ttagagcggt gaggaaggtg ggcaggceage aggtgttggc gctetaaaaa taacteccgyg 180
gagttatttt tagagcggag gaatggtaga cacccaaata tggcgacggt tectcacceyg 240
togecatatt tgggtgtecg cecteggeed gggcegeatt cctgggggee gggeagtgct 300
cecegecegee togataaaag geotooggggc cggeggeggo ccacgageta cc?ggaggag 360
cgggaggege caagceggate ccaaggececa actcccegaa ccactcaggg tectgtggac 420
agctcaccta gctgceatgg tgetctgggt getetttgtg atcocteoatee tocaccagegg 480
cagceactge ageoctgecte ccagecctec cttoaggatg cagaggcacg tggacgecat 540
ctteoaccace aactacagga agetgetgag ddagctgtac geceaggaagg tgatccagga 600
catcatgaac aagcagggeqg agaggatcca ggageagagyq gocaggetga getgataage 660
rtateggggt ggeatcectg tgaccectee ccagtgecke tectggeeet ggaagttgéc 720
actccagtgc coaccagect tgtectaata aaattaagtt geatcatttt gtetgactag 780
gtgtecttet ataatattat ggggtggagg ggggtggtat ggageaaggg gcaagttggy 840
aagacaacct gtagggeteg agggggggcc cggtaccage ttttgtteece tttagtgagg 900
gttaattteg agettggtet teegettect cgcteactga ctegetgege toggtceatte 960
ggctgeggeg ageggtatca goteactcaa aggceggtaat acggttatec acagaatcag 1020
gggataacge aggaaagaac atgtgagcaa aaggecagta aaaggocagg aaccgtaaaa 1080




"~ ctct

aagccactgc agcctgcectc
cttcaccagc agctacagga
gat cat gaac aggcagcagg
agctt atﬁggjs@%é gcatcc ctgtgacccc

gccactccag tgcccaccag ccttgtccta ataaaattaa gttgcatc gac 780
taggtgtcct tctataatat tatggggtgg aggggggat gg tatggagcaa ggggcaagtt 840
099aagazdayttCodHoaaaee dteaadga088-ddesdH A RIC hidahirccCGhid agt g 900
agggttaatt tcgagcttgg tcttccgett cctcgctcac tgactcgectg cgctcggtcg 960
t t cggetaytepagcryesivn deaayctea ciogeaisaggeggtacaad acggttact coacmgaat 1020
caggggat aa cgcaggaaag aacat gt gag caaaaggcca gcaaaaggcc aggaaccgta 1080
aaaa gﬁ?@%"tﬁﬂﬁfﬁb‘ﬁéﬁ q%?ﬁtﬁg%ﬁ%ﬁcgﬁacéc%%cc@%F@%@‘é‘@gcagé‘é\%aaaa 1140

at cg%ﬁ&%&c%a&!cgg%g%gg gétg%fgg@&aS&a%tg%%@g&a%gtg%%g%ﬁ%%%%ttcaQQEcQt tte

cccctggaag ctcc tcctg t gaccc ggat acct gt
CCyCebdtgehgdtCedtt6@ea RGEALHHC JEytigbddgh Calcagcot€ gt iccagaed ct ca
gttcggtgta ggtcgttcgc tccaagctgg gctgtgtgca cgaacccccc gttcagceccg
agcgerigegecttt ataresiggt racdtatghgtoreyragt wbamacac ggttdagaccadgect t at
cgccact ggc agcagccact t-aacagga ttagcagagc gaggtatgta ggcggtgcta
Cagagt iRt LT UToEG TEIFAL R oqu R O PhgF Het HEEOTR9 1 £

25 Aﬁﬁééctgé%QGQt\éQc%&/cQ %%éga%ggg éé&%@%a%é

aaagagttgg tagctcttga tccggcaaac 1 - aaaccaccQC tggtagcggt ggtttttttg
t t t geaagesgagCcpgattaeq wagpgaangyciffty Aaggated eacagaagat acto ttgatctttt
ctacggggct agcgcttaga agaactcatc 1740 cagcagacgg tagaatgcaa tacgttgaga
gt ct GEpeGeEtraYcrRcati@at AEHGabtcatpeIsl0a BPaAbRIgeR egragesaadt t ¢8%° cacccagttc

gcaatg tcac C caat 1860 cctggtaa cggtctgcaa cacccagacg
acca %rgct%ﬁ%gﬁt gg%tctgg a&&%gg%ﬁaﬁ%?gi‘é?@c %ﬁzfacgta%%‘aé%cﬁg%ﬁggt 112 f gcaggcat gc
at caceal-ga gt Aagtaced gﬂ%a%&é&a%aég%ga ALELHICALA LAAG L hEf gacgt gcaaa
cagttcagcc ggtgccagac cctgatgttc 2040 ctcatccagg tcatcctggt caaccagacc

t gct begAatayceggatangag caggtitcadcadidtoa @ggabotd btacgewitggt ggéo caaacggaca
ggt agct ggg tccagggt gt gcagacgacg 2160 cattgcatca gccatgatag aaactttctc
t gcc §EgagereMgrRtg aRFEaAR HeTGERFYRTAIVTPET LREHERIYFEFIaETEacd®* gcagcageca

ccagccctcc

ggat cct ggg
gcgagaggaa

cttcagggtg
ccagct gt ac

ccaggagcag
t ccccagt gc

cgccggeacg ccgagg%%zinzo@%lg

gct aggaagc tcctgcacga
aggagcaggt tcaactgata 660

ctctcct gg’b@%{’%ﬁ gtt 720

1200
1260
1320
1380
1440
1500

atct 1560 21
2R JSOG GhAGLgagqeaptt accttcggaa

oLcathasEBdCiLAtaLas SLACRLETpa o8, 20cl.05A0EA RaRRgRRSR, Co0t oot Loc
cggcatacga getiteagac gtacaaacag ttcagccgét gccagacect gatgttocte 2040
atcecaggtca tectggtcaa ccagacctge ttecatacgyg gtacgagcac gtteaatacg 2100
atgttttgee tggtggtcaa acggacaggt agetgggtee agggtgtgea gacgacgecat 2160
" tgeatcagee atgatagaaa ctttetetge cggagoccagg tgagaagaca geaggtcectg 2220
accoggaact teacccagea geagécagte acgaccaget tcagtaacta catccagaac 2280
tgcageacac ggaacaccay tggttgccag ccaagacaga cgagectgctt catcctgecag 2340
tteattocaga geaccagaca ggtcagtttt aacaaacaga actggacgac cetgtgeaga 2400
cagacggaaa acagctgeat cagagcaacce aatggtctge tgtgoccagt cataaccaaa 24560
cagacgttca accraggetyg coggagaace tgcatgcaga coatectgtt caatcatgeg 2520
‘aaacgatcet catcetgtet cttgatcaga tettgatege ctgegecate agatcettgg 2580
. gggcaagaaa gccatccagt‘ttactttgca gggcttcoeca accttaccag agggegecec 2640
agetggcaat teoggttege ttgctgbtceca taaaaccgec cagtetagea actgttggga 2700
agggegatey 2710
 <210> 18
<211> 2713
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cagttcattc agagcaccag
agacagacgg aaaacagctg
aaacagacgt tcaacccagg

acaggt cagt tttaacaaac
cat cagagca accaat ggtc
ct gccggaga acct gcat gc
tctcttgatc agatcttgat

agaact cgac gaccgt,gt 400 -
tgctgtgccce agtggfggggo 460
agaccatcct gttcaatcat 2520
gcgaaa t atcctg cccctgceg C cct 2580
tggcgggggﬁyiégéccatcc agtttacttt gcagggcttc ccaaccttggnﬁgagggécgc 2640
cccagctggc aattccggtt cgcttgcectgt ccataaaacc gcccagtcta gcaactgttg 2700
ggaaggesgand cg 2713 <210>19 <211>2704 <212>DNA <213>artifici al sequence
<220215223>tkiSial1Ssdauphaasni d vector with an anal og growt h hornone rel easing
hor nrone ("GHRH') sequence codon optim zed for bovine. <400>19 tgtaatacga
ctcaﬁ%gﬁaghggggaaéiggigggéccach cgg%ggéggpwcg%gﬁggf%%eggﬁgggcaccatc

ct catgétaci¥caadt 8ty t tt agagcggt
gaggaaggt §°g58%ag 8’5@%’ &%itgg;%c;gg?é aaaago?g%c'tcccgg 180 gagttatttt
t agaggggags gaat ggt gga cacccaaata tggcgacggt tcctcacccg 240 22 25 Apri
WO 03/:0381d2 PG RO 342 7o ceeatbadd ci@agigitcageareticggcey gggecgeat t
cctgggggcec gggecggtget 300 cccgeccgec tcgataaaag gctccggggc cggcggcgge
C CacyRgaicat € CEeRragcRry c 380 tatoy FYarRIsE® Berigesyat wegtaifgcccd®act ccccgaa
ccactcaggg tcctgtggac 420 agctcgﬁﬁégrgég ccat gg toctargggl,gttcttcctg

C

2006

gt gatee1aTt geeage sy I9BEI€] jéF das

&efgc cctc%%agcc tctgcgcatc
CCtC%%%é&Qt€%9 GG o240 L lLACGAM BGFlBELECERBEREELT CagoccagCt cage
gcccgcaagc tcctgcagda 600" Catcatgaac cggcagcagg gcgagcgcaa ccaggagcag
ggagegtgahraaggdtioatey c66Qq90cgg Hogasmbier cctgbgmecaggesareecagt3§lcct ct cct gg
ccctggaagt tgccactcca 720 gtgcccacca geccttgtcct aataaaatta agttgcatca

tttt giogtayace ttagrfagea I7'BBITAE (WTIEEES CEATBIRIFt TGI8 ggt3 i gt at ggagca
aggggcaagt tgggaagaca 840 acct ot a cLe o gt gggcagetttt gt
tcc C'fgtgpﬁgﬁaf:gf:] é;gg%ﬁggafac[ cg&ﬁ@gccca gccc%gaga cc &%g&%gtg: g%ﬁ&cg 0

21

agctcaccta getgecatgg cectgtgggt gttettegtg ctgetgacce tgaccagogg 480
aagceactge agoctgocte ccagoccteco ctteagggty cgoecggeacg ccgacgecat 540
cttcaccage agctacagga ggatectagg ccagctgtac getaggaage tcotgoacga 600
gatcatgaac aggceagcadgd gogagaggaa ccaggagcag aggagcaggt tcaactgata 660
agcttategg ggtggeatec ctgtgaccee toecoagtge ctctectgge cetggaagtt 720
gocactecag tgeccaccag ccttgtecta ataaaattaa gttgeatcat tttgtetgac 780
1 " taggtgtcet tetataatat tatggggtgg aggggggatgg tatggageaa ggggcaagtt 840
gggaagacaa cctgtaggge tcgagggggy geccggtace agettttgtt ccctttagtg 200
agggttaatt tegagcttgg totteogett cctegeteac tgactegetg cgeteggteg 960
tteggectgeg gegagoggta tcageotcact caaaggcggt aatacggtta tocacagaat 1020
caggggataa cgcaggaaag aacatgtgag caaaaggcéa geaaaaggeoe aggaaccgta 1080
assaggccge gttgetggeg tttttccata ggetccgeec ccctgacgag catcacaaaa 1140
atcgacgete aagtcagagg tggcgaaace cgacaggact ataaagatac caggegttte 1200
cccetggaag ctcoectegty cgctctccﬁg ttecgaceet geegettace ggatacctgt 1260
cegectttet cectteggga agegtggoege tttcteatag cteacgetgt aggtatctea 1320
gtteggtgta ggtegttege tecaagetgyg gctgtgtgéa cgaaccccce gttcageecey 1380
acegctyege cttatceggt aactategte ttgagtccaa cccggtaaga gacgacttat 1440
caccactgge agcagccact ggtaacagga ttagcagagc gaggtatgta ggeggtgeta 1500
cagagttett gaagtggtgg cctaactacy gctacactag aagaacagta tttggtatct

1560




ttcgagcttg gtcttccget tcctcgetca ctgactcget gegetcggte gtt ctﬁgm%go
ggcgagcggt at cagctcac tcaaaggcgg taatacggtt atccacagaa tcagggtj’ 20

acgcaggaaa gaacat gtga gcaaaaggcc agcaaaaggc caggaaccgt aaaaaggccg 1080
cgttgct fttccat aggctccgcc cccctgacga gcatcaca t gct 1140
caagtca‘ggésfg:{sg]écgaaac ccgacaggac tataaagata ccaggcgt ??T’@g%%g%égaa 1200
gctccctcgt gcgetctcect gttccgaccc tgccgettac cggatacctg tccgectttc 1260
tcccttcggg aagcgtggeg ctttctcata gctcacgetg taggtatctc agttcggtgt 1320
aggt gegcttctpctt sro@acpsty ggoicgdgt grrgagiyaacegcirtegl taggetacgacezict gcg 1380
ccttatccgg taactatcgt cttbga tcca acccggt aag{: acacgactta tcgccactgg 1440
cagc AT gARATREY HEHRG BT IeRGh 1 wrgRt tagy cgeRRrracafMyt t ct 1500
t gaa C t c acagt .atttgqtatc tg fctgc 1560
tg aag%%g%%c?a%%at%? %g‘g tgg%é:g%gt %‘%"8@3&"‘8{’ Gt 3%%8%?%0 c aggqgoc accg 1620
Ct gUtagegedyOgidabidoht tgbdth RO agGRE AchaG BRUEAGAARA A agMAL Ct ¢ 1680
aagaagatcc tttgatcttt tctacggggc tagcgcttag aagaactcat ccaggagaag 1740
gt ag8agegtcat errgetigag cagicetygagcticresat trecanot BC agp@bmeat ggasgsicggt ¢ 1800

agcccattca ccacccagtt cctctgcaat gtcacgggta gccagtgcaa tgtcctggta 1860
acggPtigearaaciet e yat céﬁ‘éf’é‘%??ﬁg?"c?ag%qtﬁﬁa?gg%aécg% 5%&%‘@936" caf?® caac 1920

catg d 993% a ca gcat 1980 23
25 A%%’%%E%O%G g%%} %?%%%%%g%kgg%?%cg‘%g%ﬁ %%%gaac%fg%ogaa acagttcagc
Cgot geageatacajagattgti gacdrgadaacagtPidc @teaheni gdgheaaccagesan ct gctt ccat

acgggt acga gcacgttcaa tacgatgttt 2100 tgcctggtgg tcaaacggac aggtagctgg
gt cc aEEeERIE graciga cHrrRIgCatEtPIB0a cageieasagatarolngatt t €89 ct gccggage

t { t 2220 tt t
aget PERYT S A AP Ot GRRETTE B T80 HEROGETaE AR RRGT o tt T coagecaaga
cagaggagel. AXddaalhel UEAshEAd:SAM0. £I0ROER0EA-0ALR00! 6 Lt LT aacaas

cagaact gga cgaccctgtg cagacagacg 0 gaadaacagct gcat cagagc aaccaat ggt

Ct gctehageargaafiittedmas geapragagaqiGaddota dot BARAJLRCagcgtdcggCgygaap aacct gcat g
cagaccatcc tgttcaatca tgcgaaacga 2520 tcctcatcct gtctcttgat cagatcttga
t cccerGOERICR RATAFACEE PEYIEIPHCcrgCoTgoC agarargeaticorEstet aé4® t gcagggcet t

tt t 2640 tt t t tt t t
CaceERTRT AT “BUaT0Rg 7000 ragoroFooctelst | Jakd feeatananc

agacagacgg aaaacagctyg catcagagca accaatggtce tgetgtgecc agtcataacc 2460

2]

aaacagacgt tcaacccagg ctgeccggaga acctgecatge agaccatect gttcaatcat 2520
gcgaaacgat cctoatcctg tcetettgate égatcttgat ccectgegee atcagatoct 2580
tggeggeaag aaagecatcce agtttacttt geagggette ccaaccttac cagagggege 2640
cccagetgge aattccggtt cgettgetgt ccataaaacc goccagtota geaactgttg 2700
ggaagggcega teg 3 2713
<210> 19

«211= 2704

<212> ©DHA )

<«213> artificial sequence

<220>

<223> This is a plasmid vector with an analog growth hormone releasing

hormone ("GHRH") sequence codon optimized for bovine.

C 400> 19
tgtaatacga ctcactatag ggcgaattgg agetccaceyg cggtggegge cgteogeccet 60

cggcaccate ctcacgacac ccaaatatgg cgacaggtga ggaatggtgg ggagttattt 120
ttagagcggt gaggaaggtg ggcaggeage aggtgttgge gctetaaaaa taactoccgg 180

gagttatttt tagagcggag gaatggtgga cacceaaata tggegacggt tectoacceg 240
| | 22




<210>20 <211>2704 <212>DNA <213>artifi ci al sequence <220> <é§3>p@i2§i i s a
plasm d vector with an anal og growt h hornone rel easi ng hor REPTH ")
sequence codon optim zed for ovine. <400>20 tgtaatacga ctcact at ag
ggcgaat ct.ccaccg cggtggcggec cgtccgecct 60 cggcaccatc ctcacgacac
ccaaat a 3@%& gggt ga ggaat ggtgg ggagttattt 120 ttadadd§¥3442ggaaggt g
ggcaggcagc aggtgttggc gctctaaaaa taactcccgg 180 gagttatttt tagagcggag
gaat ggt gga cacccaaata tggcgacggt tcctcacccg 240 tcgccatatt tgggtgtccg
CCCt Gggaada3anREsakl QetaRoa)86s:39Gtygiaadyddts) gagpetmecgcaeot cgat aaaag
gct ccgggge cggcggcagce ccacgagcta cccggaggag 360 cgggaggcgc caagcggatc
ccaafgereasdc terrterfad TEEERISEI §ETTERIIG WRFATRLDD coedFeEdcct A%Yct geccat gg
t gct ccctgagca agccag,ggcagect gc

ccag ?ﬁteg%%tec%tc%%ﬁft@%tg %t@?%é%ggtcé’ CTaCgTES ca%%% tc‘g'%t‘g%gac caac agct acagga

gcca
agat Caagk e deedigCageacdp ce gaags@ggcagcagg
gcgaégg%ggc%caggag%%g %ggg%g?ggt aagctgt atcg 660 Zﬁ@gg@agpril 2006 WO
03/ 03843c2c BT 444502434 2hcGRgt g geaicgeatet gitgadecs ctowgeayt g 6€2 ct cct gg
ccctggaagt tgccactcca 720 gtgcccacca gecttgtcct aataaaatta agttgcatca
tttt rEtaganast agRiretase THOICEYT CAIURERTCt IXCHTTEE JTEGTH gt §°Yt at ggagca

aggggcaagt tgggaagaca 840 acctgta ctc gt agggagcttttgt
t ccct F%F%tgaagcaﬁ*" Etid %@gcgﬁ%ﬁgﬁg@? ggg?ggg?%%gg%a cg'%%%ctcasct gact cgct

9COCt LISt LEGUSIEE ABR-c-YEF 330R0g A BEREERCEGREBARIC]Y20 aat acygt t
at ccacagaa t caggggata 1020 acgcaggaaa gaacat gt gagcaaaaggcc agcaaaaggc

caggagecghcangasggoey &8attykgorgye gitbstatee #LaguigeacccgdBl ccect gacga

)

gcat cacaaa aatcgacgct 1140 caagtcaga’
ccaggegeateaii B OgeES BRIOUITHE %t@?%ifg

23

ggqg, t at aaagat a

t ggcgaaac ccgaca
g%ggg‘iagﬁﬁdtﬁgﬁtag%cggaccc t gccgettac

CO0at ALCLY L EOGRELILE Bk abd:E000 AREALE0GH RkEAR! Cablo gCt cacyet g
t aggtSf et 4yt nga%%
ttocgagettg gtetteeget tectogetea ctgacteget gegotoggte gtteggotge 960
ggcgagceggt atcagetcac tcaaaggedg taatacggtt atccacagaa tcaggggata 1020
acgcaggaaa gaacatgtga gcasaaggcc agcaaaagge caggaaccgt aaaaagdgccg 1080
cgttgetgge gtttttecat aggetcegec coccctgacga gcatcacaaa aatcgacgcet 1140
caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggegttt ceccetggaza 1200
getecctegt gogetetect gttecgacece tgcoogettac cggatacctg tcocecgeettte 1260
tcccktoggg aagegtggeg ctttcteata geteacgetg taggtatcte agtteggtgt 1320
aggtcgtteg ctecaagety ggotgtgtge acgaacccec cgtteageec gachctgcg 1380
ccttatcoegg taactategt cttgagteca acccggtaag acacgactta tegccactgg 1440
cageagccac tggtaacagg attagcagagd cgaggtatgt aggcagtget acagagtbct 1500
- tgaagtagtyg gectaactac ggctacacta gaagaacagt atttggtatec tgecgetetge 1560
tgaagccagt taccttegga aaaagagttg gtagctcettg atceggcaaa caaaccaccg 1620
ctggtagegyg btgattttttt gtitgeaage agcagattac gogeagaaaa aaaggatcte 1680
" aagaagatce tttgatettt tetacgggge tagecgettag aagaactcat ccageagacg 1740
gtagaatgca atacgttgag agtctggage tgeaatacca tacagaacca ggaaacggtc 1800
agccoatteca ccaccecaghbt cctetgeoaat gteacgggta geccagtgcaa tgtectggta 1860
acggtotgea. acacccagac gaccacagtc aatgaaacca gagaaacgac catteteaac 1920
catgatgtitc ggcaggecatg catcaccatg agtaactaéc aggtcctcac catcecggeat i980




aggtcgttcg ctccaagctg ggctgtgtgc acgaaccccc cgttcagccc gacgg;%@ggoﬁw
ccttatccgg taactatcgt cttgagtcca acccggtaag acacgactta tcg 40
cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtgct acagagttct 1500
t gaagt g actac ggctacacta gaagaacagt atttggtat tgc 1560
tgaagccgtgt%sggﬂ: tcgga aaaagagttg gtagctcttg atccggcaa@@%ﬁ%@é&ccg 1620
ctggtagcgg tggttttttt gtttgcaagc agcagattac gcgcagaaaa aaaggatctc 1680
aagadgracetict egprobIter acegHeaI geItTacRIgctichgrtaat aattatatagccR§ehgacyg 1740

gt agaat gca at acgttgag agtctggagc tgcaatacca tacagaacca ggaaacggtc 1800
agccgg‘fatgcg gtggt B%adgf‘c?ﬁ%qa? C@gfﬁcg%agfggﬁ?%%g%‘ﬁfﬁttﬁé?: GFGEEEE g2t ggt a 1860
acg0kel AGgACAGRSAIAE JALLACAOLEARLA2AREE BAPRAGYAG LCALLE) caac 1920
catgatgttc ggcaggcatg catcaccafg agtaactacc aggtcctcac catccggcat 1980
acgaggtdargatagaeghaoaa @gedighdngasstgeagCaagacese lcgtdaghdgoCCctzaad ccag 2040

gtcat cctgg tcaaccagac ctgcttccat acgggtacga gcacgttcaa tacgatgttt 2100
t gccPETREGHCCCREMREGRPTE WHLACART §Erterragiireptcat dgatgaracgcaRfYycat c 2160

agccatgata gaaacttt.ct ctgccggagc ca gagaa cagcaggt, . cct ccgg 2220
Fact craeed iittante Sattat S R I SR oo 2230
acac ggaRe e LCHH-go g TEAACEARIR:00R0IARCEYES e a8 40C3Ebd Catt 2340
cagagcacca gacaggtcag ttttaacaaa cagaactgga cgaccctgtg cagacagacg 2400
gaaagesgrigcatcagiHgc Mmactagdtggtagctiigetgtgecateagiceatcagagcazae@gacg 2460 25

25 April 2006 WO 03/038112 PCT/ US02/ 34275 ttcaacccag gct gccggag aacctgcatg
cagatEeAERPgITOa2ARE P GaRE GHISTTC YEEFRAFT CCPARIE t gAt° cagat cttga

tccc cac.Late t C 80 ta t gcagggctt
Cocatb ot fRBE dbUIEHAC R SRt ne QRBRIEEE LEaERl b | Soar aoanc
cgCCgagietarrgeanet it YU8RB99066::3700a A6l 4csrdbdl $24d>2713 <212>DNA
<213>artificial sequence <220> <223>This is a plasm d vector with an anal og
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gr owchattorgaynecgrbt®dgi iggataaaac cgeccagtet ageaactgtt gggaagggeg 2700
atcg 2704
<210> 20

T <21l> 2704

- <212> DNA
«213> artificial seguence
<220>
«223> This is a plasmid vector with an analog growth hormone releasing

hormone ("GHRH"} sequence codon optimized for ovine.

<400> 20
tgtaatacga cteactatag ggegaattgg agctecaccg cggtggegge cgtccgecct 60
cggcaccatc ctcacgacac ccaaatatgg cgacgggtéa ggaatggtgg ggagttattt 120
ttagagcggt gaggaaggtg ggcaggcage aggtgttggc gctctaaaaa taactcccgg 180
gagttatttt tagagcggag gaatggtgga cacccaaata tggegacggt tcctcacccg 240
tegecatatt tgggtgbtecyg ceocteggecyg gggoecgeatt cctgggggece gggcggtget 300
cecogecegee togataaaag getecgyggge cggoggegge ccacgageta cccggaggag 360
cgggaggcge caageoggate ccaaggcecca actccccgaa ccacteaggg tectatggac 420
agctcacceta gekbgocatgg tgetgtgggt gttottectg gtgaccoctga cceotgageag 480

. eggaagecac ggeagcctge ccagecagee cctgaggate cctaggtacy cegacgeocat 540
ctteaccaac agctacagga agatcetggg ccagctgage getaggaage tectgeagga 600
catcatgaac aggcagcagg gcgagaggaa coaggageag ggegectgat aagettateg 660




hor nrone ("GHRH') sequence codon optim zed for chicken. <40022] tg@ tacga
191! gﬁi
ctcact at ag ggcgaattgg agctccaccg cggt ggcggc cgtccgccct 60 “cggcaccat c

ct cacgacac ccaaat at gg cgatcg??t ga gg?at ggt gg ?gag:tattt 120 tta??gtcggi
gaggaaggi,, gcagc aggtgttggc gctctaaaaa taactccc gtta
tagagcggagsggsg ggt gga cacccaaat a t ggcgacggt tcctcacc%gTélggzm?’ggccat att
t gggt gt ccg ccctcggecg gggecgeatt cctgggggec gggeggtget 300 cccgeccgece
t cgataragestgCiEougggc CoPTIPEgectuiag agctaassic graggaga 36074%9ggaggcgc
caagcggat ¢ ccaaggccca actccccgaa ccactcagg% tcctgtggac 420 agctcaccta
gct gEeHCHRFeR cCEIHEHGHE a@f"’%aé?‘ittagfflj‘tﬁ‘faﬁf?d‘é cf%fa&"catggg%fgc 45128 a??ccact gc
agccfgecac ccageccacc cttccqgeg C 0RGHdC JFfttcagcaag
gcct gg%tﬁg%atﬁg%%gﬁgj’g% CTHY qu%a%%tg%%%g ca§§§%q:ag%c '?%9% ac%g *600 " cct gat ggcc
aagcgedi HshaCAdeoEA6s HeaagRtlafcEatgeaeest th@agaisgataat 66090mgct t at cgg
ggt ggcatcc ctgtgacccc tccccagtge ctctcctgge cctggaagtt 720 gccactccag
t gcceaspactgcttaytonth tatamalatat eiwagtdagt acositcopta gelepgaec780%5% aggt gt cct
tctataatat tatggggtgg aggggggt gg tat ggagcaa ggggcaagtt 84 ggaagacaa
tCCt gﬁa‘@j‘gtt @ﬂgttc?‘;éggﬁg’?g t@&@@éﬁigagiatiwggﬁ (jﬁ‘cag Eﬁgggqaéagg;z?tgagt‘t ?att
cgagc CLlGe . c CaGELLLHCLEAM ogd tcggctgcg
gcgag% cﬁg%ﬁac%zi?;%&g% g%%‘%g%@gg aagét%gcggg%act%%acaggac?gigé& caggggat aa
CYCaggalRRas@at 30 HaARIGEC CAHEABAAPYEGCATYANCTYLRE 0 aaaaggccgc
gttgctggcg gt%ttttccata ggct ccgcecc ccctgacgag catcacaaaa 1140 26 25 April
2006 c¥¥Rt0 2038 bRy RET/ISTRLBE? VB 2ar T a ce s ECohlly FEXGaH 2t gdéthaacc

t at t tt 1200 t t tctcct
 (PecqaneetegoSPETAEL SUAPATE heoRu0" CEGRELH] EULeeiT coats ageot 00000

‘%?gai:cac? t cggga agcgt ggcgce
tttetcat { A0AALG! §&ch Ghbeaat Obartegsie@t t ageo t ccaagct gg
gct g{ta?cgtgggg%g%%%gg%g%% gttcagccgg c13 Og o

accgctgcgc cttatccggt aactatcgtc
t t gaghscan:GCegEhanREa Laefaeid atgatdddc gytoactygeccagergccaésl ggt aacagga
ttagcagagc gaggtatgta ggcggtgcta 1500

cagagttctt gaagt ggtdg , CCtaactacg

gct acattageama gzt atiol tEIAPHEER aeccgsHIY HRFLACEYEFIGATFECca accttcggaa

B e fease Setinirle AEETNSaRAChPa0: ARRLAANCUGJg0RICEERo JOTIILILLO
‘tgaagtggtg goctaactac ggctacacta gaagaacagt atttagtate tgecgetcotge 1560
tgaagccagt taccttegga aaaagagttg gtagctcottg atceggcaaa caaaccaccg 1620
ctggtagegy tggtfttttt gtttgcaage agcagattéc gcgeagaaaa aaaggatcte 1680
aagaagatce tkigatcttt tetacgggge tagcgettag aagaactcat ccagcagacyg 1740
‘gtagaatgea atacgttgag agtctggage tgcaatacca tacagaacca ggaaacggte 1800
agcccattea ccaccecagtt cotetgeoaat gteacgggta gecagtgeaa tgtectggta 1860
acggtetgeca acacccagac gaccacagtc aatgaaacca gagaaacgac cattetcaac 1920
. catgatgtte ggeaggeatg catcaccatg agtaactaéc aggtccteac catccggeat 1980
acgagettte agacgtgcaa acagttcadgc cggtgccaga ccctgatgtt cctecatccag 2040
gtcateetgg tecaaccagac ctgettccat acgggtacga geoacgtteaa tacgatgttt 2100
tgaectggtgg tcaaacggac aggtagetbgyg gtecagggtg tgcagacgac geattgeate 2160
"agccatgata gaaactttet ctgecggagc caggtgagga gacageaggt cctgaccegg 2220
aacttcacce agcagcageco agtcacgacce agettecagta actacateca gaactgeagc 2280
| acacggaaca ccagtggttg ccagccaaga cagacgaget getteatcct geagtteatt 2340
cagagcacca gacaggtcoag ttttaacaaa cagaactgga cgaccctgtg cagacagacg 2400
gaaaacaget geatcagage aaccaatggt ctgctgtgcc cagtcataac caa;cagaCQ 2460
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aaggat ctca agaagatcct ttgatctttt ctacggggct agcgcttaga aga gtcgﬁ 0@%40
cagcagacgg tagaat gcaa tacgttgaga gtctggagct gcaataccat acag 4 8 00

gaaacggt ca gcccattcac cacccagttc ctctgcaatg tcacgggtag ccagt gcaat

gtcctg [,ctgcaa cacccagacg accacagtca atgaaacc acc
at caccat ga gtaact ac?ﬁ’b@%ﬁ%@%acc

attctcaacc atgatgttcg gcaggcatgc
atccggcata cgagctttca gacgtgcaaa cagttcagcc ggtgccagac cctgatgttc

ctcatccagg tcatcctggt caaccagacc tgcttccata cgggtacgag cacgttcaat
acgategarrecageattgetayg? 2eataejgacavegentas Cubttratec ErggRga gcdedict acg

cattgcatca gccat gatag aaactttctc tgccggagec agglgagaad. acaggeaggt ¢
ctg agﬁ%tﬁatéc cgc?ttc& g%tgé LG E?fca?%cag %ﬁg%az? ab%t %‘%gg?%aa ct gg@t ccag
aact geagca. SACHIRALEC (SARLONL! OaCa0%E BNAGAACSAAEL L bEAl CCL O
cagtfcaftc agagcaccag acaggtcagt tttaacaaac agaactggac gaccctgtgc

agacagatgéysanacagetq teatteagagemcantanlgoiatigcigiagemegagbeat aacc
aaacagacgt tcaacccagg ctgccggaga acctgcatgc agaccatcct gttcaatcat
gcgadbesmat cctcatcctg tctcttgatc agatcttgat cccctgegec at éatfat cct
t ggcggcaag aaagccatcc agtttacttt gcagggcttc ccaaccttac cagagggcgc 2640
cgcagglggc,,aattccggtt cgecttgetgt ccataaaacc gcccagtcta gcaactgttg 2700
ggaaggptoaheg 2713 <210> 22 <211> 55 <212> DNA 27 25 April 2006 WD

03/ 03812 gl US02/ 34275 <213> artificial sequence <220> This is a nucleic
aci d<ssguencefiefialn sharmee growt h hornone ("hGH') <223> 5' untransl ated
region ("5 UTR). <400>22 caaggcccaa ctccccgaac cactcagggt cctgtggaca

gct ngl?;t:agrhgts gi%C,—_-?Sp].;szm]i >v2e§:tor with an analog growth hormone releasing

hormone ("GHRH") sequence codon optimized for chicken.

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580

;;::;tai;a ctcactatag ggogaattgg agetccaccg cggtggegge cgtcegeocct 60
cggcaccate ctcacgacac ccaaatatgg cgacgggtéa ggaatggtgg ggagttattt 120
ttagagoggt gaggaaggtg ggcaggcage aggtgttgge getctaaaaa taactecegyg 180
gagttattit tagageggag gaatggtgga cacccaaata tggegacggt tcetcaccog 240
tcgecatatt tgggtgtcog cecteggecg gggecgeatt cetgggggee gggeggtget 300
cccgeoecgee togataaaag getcegggge cggegdegge ccacgageota cccggaggay 360
cgygaggege caageggate ccaaggecea actccccgaa ceoacteaggg tectgtggac 420
agetcaccta gotgecatgg coctgtgggt gttetttgtg ctgctgacce tgaccteoegy 480
aagccactge agectgecac cecageecacce ctteogegte aggegecacg cegacggeat 540
cttcageaag gectaccgea agetecetggg écagctgagc acacgcaact acctgcacag 600
cctgatggec aagegegtgg geagoggacht gggagacgag gocgagccce tgagctgata 660
agettategg ggtggeatee ctgtgaccce tecocagtge ctoteetgge cctggaagtt 720
gocactecag tgcccaccag ccttgtccta ataaaattaa gttgcﬁtcat tttgtctgac 780
taggtgtceot tetataatat tatggggtgg aggggggtag tatggagcaa ggggcaagtt 840
gggaagacaa cctgtaggge ;cgagggggg geecggtace agettttgtt ccctttagtg 200
agggttaatt tcgagcttggﬂtcttccgctt cctegeteac tgactegetg cgetoggteg 960
rtogyctgeg gogageggta teageteact caaaggeggt aatacggtta tecacagaat 1020
caggggataa cgcaggaaag aacatglgag caaasaggeca gcaaaaggec aggaaccgta 1080
aaaaggcecge gttgetggeg tttttecata ggehteecgece coctgacgag catcacaaaa 1140

26




<211>782 <212>DNA <213>artifici al sequence <220> <223>This i S ic acid
sequence of a plasmd pUC 18 origin of replication <400> 2§ t“%’f‘ﬁg@ @tt
gctcgctcatc tg?ctcgtctg cgctcggtcg ttcggectgecg gcgagcggta 60 tcagctcact
aaaggcggl,; AR Acogt ta tccacagaat caggggataa cgcaggaa 0 cat gt ga
caaaaggcca gcaaaaggcc aggaaccgta aaaaggccgc gttgct ggggT’i‘éﬁ’“ﬁ?tttccatg
ggctccgecec ccctgacgag catcacaaaa atcgacgctc aagtcagagg 240 tggcgaaacc
cgacaggact ataaagatac caggcgtttc cccctggaag ctccctcgtg 300 cgctctcectg
: : fgtg?mt@emctgto@gecat?e? tOeRTRARTST CRACRIIPEE ta RRAgaBRSC FRI999 AT 368%%0%agc gt ggcgce
at ag ctcacgc aggtatctca gttcggtgta ggtcgttcgc, 420, _tccaagct
?;:t gf?"t"@%ﬁgﬁg g%F&E%(F@ % cagﬁﬁ‘éﬁ:@cﬁtﬁcg%"é’ﬁg%ég & t%f%t 3%6: gﬁ%lgt 488260aact a'? cg'? g
0agL LGRA ¢ CLRUL ARG GARIIG ! Al cEORGE TIPS 68&a 54932000t aacagga
tt agcagagc gaggt at g?a ggcgat gctaccagagttctt C‘S%ﬁg%gt gga600 cctaactacg
gct agaahggyaagftagngta thtdaggtoat gdtggp@ed cggaiccgaagoragideg 66038tacct t cggaa
aaagagttgg tagctcttga tccggcaaac aaaccaccgc tggtagcggt 720 ggtttttttg
t t t gecEmytIrageetFattaacy aegf@ag@&awaa%@gatceﬁwaéﬁjaawﬁe‘%ﬁt 786%*t% <210>24
<211>5 <212>DNA <213>artificial.sequence <220> <22%>Thi S iﬁ @& NEO ri bosomnal
03

27

bi ndFAETIEE 2FABT57 SORECTLE7HZIESEC HIRGr7T° T8 WO 03/ 038112
cagagttctt gaagtggtygyg cctaactacg gotacactag aagaacagta ttiggtatct 1560
gegetctget gaagecagtt acctteggaa aaagagttgg tagcetettga tecggcaaac 1620
aaaccaccge tggtageggt ggttttittg tttgeaagea gcagattacg cgcagasaaa ie80
aaggatctca agaagatcet ttgatctttt ctacgggget agecgettaga agaactcate 1740
cagcagacgg tagaatgcaa tacgttgaga gtetggaget gcaataccat acagaaccay 1800
gaaacggtca goccatteac cacceagtte ctetgeaatg tcacgggtag ceagtgcaat 1860
gtoctggtaa cggtctgeaa caccragacg accacagtca atgaaaccag agaaacgacc 1920
attctcaace atgatgtteg gecaggeatgce atcaccatéa gtaactacca ggtccteacc 1980
atccggeata cgagettteca gacgtgeaaa cagttcagee ggtgecagac cctgatgtie 2040
cteatccagg teatcctggt caaccagacce tgettecata cgggtacgag cacgttcaat 2100
acgatgtttt gcetggtggt caaacggaca ggtagetggg tecagggtgb gcagacgacg 2160
cattgeatca geccatgatag aaactttetc tgecggagec aggtgagaag acagcaggtc 2220
ctgacccgga acttcaceca geagcageca gheacgacca gotteagtaa ctacatccag 2280
aactgcagca cacggaacac cagtggttge cagccaagac agacgagctg cttcatcetg 2340
cagttecattc agagcaccag acaggtcagt tttaacaaac agaactggac gaccctgtgce 2400
agacagacgg aaaacagetg catcagagca accaatggte tgetgtgcee agtcataace 2460
aaacagacgt tcaacccagg ctgecggaga acctgeatgce agaccatcct gttcaatcat 2520
gcgaaacgat ccteatectg tctettgate agatcttgat ccoctgegec atcagatcct 2580
‘tggcggcaag asagcocateo agtttacttt goagggebtc ccaaccttac cagaggycge 2640
cocagectgge aattceggtt cgetfgetgt ccataaaacce geccagteta geaactgttg 2700
ggaagdggoga tog 2713
<210> 22
<211l> &5
<212> DNA




PCT/ US02/ 34275 <210> 25 <211> 29 <212> DNA <213> artificislléﬁégﬁgce
<220> <223> This is a nucleic acid sequence of a prokaryolz'(fx

pronoter. <400> 25 accttaccag agggcgcccc agctggcaa 29 <210> 26 <211> 3558
<212> DNA 05855353 artificial sequence <220> <223> Thi gl h | asm d
sequence #%@%ﬁj% i nduci bl e pGR1774 contai ni ng hunan$55&§@fﬁ€%RH <400> 26

28

at gcctggag acgccatcca cgctgttttg acctccatag aagacaccgg gaccgatcca 60
gcct exgegaretHigganegmetgecat t ggaa cgcggattcc ccgtgttaat taacaggtaa 120
gtgtcttcct cctgtttcct tcccctgeta ttctgctcaa ccttcctatc agaaactgca 180
gt at €439Fat_tttt gct agec ,agt aatacta acggttcttt tt tctt aggccacc 240
at gt & écfﬂﬁagﬁﬁ?éﬁgﬁlaéggggﬁa%Iﬁﬁg@%@éﬁ%%hggv%géﬁﬁgg% ?g%ggacagc 300
5 anglated A
t cacct agct gccafggtgc tctgggtgtt cttctttgtg atcctcaccc tcagcaacag 360
ct cceafgl.gcst ccccacctc cccectttgac cctcaggatg cggcggtatg cagatgccat 420
Ct t CaszRaEca0eicr6algA caghgaitggergteRgs tgteeyaccgraage t gect@tagga 480
cat cat gagc aggcagcagg gagagagcaa ccaagagcga ggagcat aat gactgcagga 540
attcgatatc aagcttatcg gggtggcatc cctgtgaccc ctccccagtg cctctcctgg 600
ccctg zﬂﬁﬁ?gccactcca gtgcccacca gccttgtcct aataaaatta agttgcatca 660
tttté EEQ%D taggtgtcc ttctataata ttatggggtg gaggggggtg gt at ggagca 720
aggggsAdt »,k9894a0acc.a6St gt aggg cctgcggggt ctattgggaa ccaagetgga 780
gtgcagtggc acaatcttgg ctcactgcaa tctccgcctc ctgggttcaa gcgattctcc 840
tgcckeamgee tcccgagttg ttgggattcc aggcatgcat gaccaggctc agctaatttt 900
t'gt t k223t grigbangavglpig et e cwaeerceatt gqééa@dgﬂcg&igeft%‘na%fct cctaat 960
ct cageplgaeti®racccacct tggcctccca aattgctggg attacaggcg tgaaccactg 1020
<400> 23 '

' tottoogett cotcgeteac tgactegetg cgeteggteg tteoggetgeg gogageggta €0
tecagoctcact caaaggeggt aatacggtta tecacagaat cagygggataa cgcaggaaag 120
aacatgtgag caaaaggcca goaaaaggec aggaaccgta aaaaggocge gttgctggey 180
tttttoccata ggetecgece cectgacgag catcacaaaa ategacgete aagtcagagy 240
tggcgaaace cgacaggact ataaagatac caggegttte cccctggaag ctcectegtg 300
cgctoctecty tteoogacect goegettace ggatacctgt cegocctttet ceoottoggga 360
- agegtagege ttteoteatag cteacgetgt aggtatctea gtteggtgta ggtegttege 420
‘tccaagetgg getgtgtgea cgaaccccee gttoageecy accgetgege cttatcegat 480
aactategte ttgagtecaa cceggtaaga cacvgacttat cgecactgge agcagcoact 540
ggtaacagga ttagcagagc gaggtatgta ggoggtgeta cagagttott gaagtggtgy 600

' egctaactacg gctacactag aaggacagta tttggtatct gegetetget gaagecagtt 660
accttoggaa aaagagttgg tagetcttga tceggeaaac aaaccaccgc tggtageggt 720
‘ggtttttttg tttgeaagca geagattacg cgcagaaaaa aaggatctca agaagatcct 780
tt | 782
<210> 24
<21i> 5
<212> DNA
<213> artificial sequence
<220>
«223> This iz a NEO ribosomal binding site
;400> 24
tecte 5




ctcccttcecec tgtccttctg attttaaaat aactatacca gcaggaggac gtc
2006 WO 031038112 PCTI US02/ 34275 agcat aggct acccg

25 Apri
tgggacattt gagttgcttg
t gcct gt atacc
tttagt gﬁ‘g’g""‘@ﬁ‘am ttcg
attgttatcc gctcacaatt
ggggt gcct a at gagt gage
agt cgggaaa_cct gt cgt gc
gttt qg%ﬁtjgt gggcgct ct
ggct géggegsagcggt at ca

cttggcactg
gt cgacct cg
agct t ggcgt
ccacacaaca
t aact cacat
cagct gcatt
tccgcettcct
gct cact caa

g99at.3e£.0C,,a98aaa0aaGuAkLgt gagcaa
aggccgegtt gctggegttt ttccataggce

gacgetzaag t cagaggt gg

ct gg&a%et cThhet by rgugeiccacidt epauenckeD a

cctttctccc_ttcgggaagc
cogt g gL 2oLl edel oo
gct gcgectt c%ﬁ%?aac
cact ggcagc agccact ggt
agt t ceigaazgt ggt ggcct
ct ct getyaasgyecagt t acc
ccaccgtdggl¥ragcqgt ggt

cgaaacccga

gt ggcgettt
aagct gggct
PEEsT e g
aacaggatta
aact acggct
tt cggaaaaa
ttttttgttt

gat ctiéigadddaicet tegPeRftttttct a

cgct gcgaat

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1860
1920
1980
2040
2100
2160
2220
2280
2340

tcctctcatg
agggggggcc
aat cat ggtc
t acgagccgg
taattgcgtt
aat gaat cgg
cgct cact ga
aggcggt aat
aaggccagca
tccgcceccce
caggact at a

cgttgggtcc

ge T4

act cagt aga

at dSANGPPREC ot ot ga

aagcat aaag
gcgctcactg
ccaacgcgcg
ct cgct gcge
acggttatcc
aaaggccagg
t gacgagcat
aagat accag

pyaTvetigc ENRfc prareotyyga

ctcat agctc
gt gt gcacga
agt ccaaccc
gcagagcgag
acact agaag
gagttggtag
gcaagcagca
cggggt ct ga
cgggagcggc

acgct gt agg
accccccegti,
ggt aagacac
gt at gt aggc
aacagtattt
ctcttgatcc
gattacgcgc
cgct cagaag
gat accgt aa

gaaggggg}a gaaggcgat g
agcgabeAgCapcald ¢l oo mtRaRaldbl 240Q.
cct gat agcg 1gnes gecasacegcagccgge 2460
tttccaccat gatattcggc aagcaggcat 2520
cgggeat@cga€gectt gage ctggcgaaca 2580
cgt cEagHtEIRR aed§atcs WERHGAET GECT6R

gatgtttcge tt
tt gcFEHTITh

Pt

SRefied

N

gCCCCRgEAt i COGREARE RBCAYEEATL 2B

gtatctgtat
atgtagaact
tcacctaget
ctcecactge
cttecaccaac
catcatgage

attcgatatc

- coctggaagt

ttttgtetga
aggggcaagt
gtgecagtgge
tgocteagec
tgtttittig
cteoaggtgat

ctoecctteoce

ttttgctage
agtgatccea
gecatggtge
teeecaccte
agcetaccogga
aggcagcagg
aagcettatcy
tgccactcoea
ctaggtgtec
tgggaagaca
acaateottygg
tecegagttg
gtagagacgd
ctacccacct

tgteecttetg

agtaatacta
aggcoccaact
tetgggtgtt
cocetttgac
aggtgctgdg
gagagagcaa
gggtggeate
gtgcccacca
ttctataata
acctgtaggg
ctcactgcaa
ttgggattee
ggtttcacca
tggecteeca

attttazaat

acggttettt
ccoogaacea
ctectttgtyg
coteaggatg
ccagetgtec
ccaagagcga
cctgtgacce
geettgtect
ttatggggtg

ccetgeggggt

tctccgccﬁc
aggeatgeat
tattggeeag
aattgoetgyy

aactatacca

29

t gt aaagcct
cccgetttcec
gggagaggcg
tcggtcgttc
acagaat cag
aaccgt aaaa
cacaaaaat c
gcgtttcccc
tacct gt ccg
tatctcagtt
cagcccgacc
gacttat cgc
ggt gct acag
ggt at ct gcg
ggcaaacaaa
agaaaaaaag
aact cgt caa
agcacgagga

HRACBAL Yok PHEIGGkAGERy aaCgCt at gt
cacagt cgat gaat ccagaa aagcggccat

cgccattggt cacgacgaga tcctcgecgt
gttcggctgg cgcgagecce tgatgetctt
TEREACEEY €G°HGTEegt gc PP cgcet cgat gc

%%9 Qggg%gmg@gggtatggoagccgccgca

ggagcaag g
cettectate agaaactgea 180
ttttectette acaggecace 240
cteagggtee tgtggacage 300
atcctcaceo tcecagcaacag 360
cggeggtatg cagatgecat 420
geocgeaage tgctccagga 480
ggagcataat gactgcagga 540
ctocceccagty cecteotectag 600
aataaaatta agttgcatca 660
gagoggggty gtatggagea 720
ctattgggaa ccaagctgga 780
ctggattecaa gcgattctee 8B40
gaccaggete agctaatttt 800
getggtetee aactcoctaat 960
-attacaggeg tgaaccactg 1020
gcaggaggac gtecagacac 1080

agat gac aggagat cct

80 29
aaccgg




30 25 Apri |
acgt cgagca cagct gcgca

2006 WO 03/038112 PCT/ US02/ 34275 cccttcccge tt t
aggaacgccc gtcgtggcca 2880 gccacgat agg%@g@g@%cc

tcgtcctgca gttcattcag ggcaccggac aggtcggtct 2940 tgacaaaaag aaccgggcgc
ccctgc ccggaa cacggcggca tcagagcagc 3000 cg E: @Z’ﬁ#t gtgcccag
t cat agccda at agcctctc cacccaagcg gccggagaac 3060 ctg' 3&5 ccatcttgt

t caat cat gc gaaacgatcc tcatcctgtc tcttgatcag 3120 atcttgatcc cctgcgccat
cagatccttg %cggcaagaa agccatccag tttactttgc 3180 agggcttccc aaccttacca

gagggeRreeITaRALHICAR ICEERGEHAA EGFoerAGE 1P e Ottagrartaacddt® ccagt ct age
aactgtt aa cgatc t gec tettc at 3300, tacgcca ggcgaaaggg
ggat g?%%t%gatga gg%}f ¥ agg%a%tg%gfg %°°§%tgtééga§§§%at§%%6“9{af‘fc@caggé" acgacgt t gt
aaaaggaePodCaiddakt tat ARtAORC LERGH el 347 Qg @58aat 1 aado t Cgagct tge

at gcctgcag ggtcgaagcg gagtactgtc ctccgagtgg 3480 agtactgtcc tccgagcgga

gt actgtatigiecgagtagay cgidieysag etogtgicacicytaadbd0cacatoegagtigzp agt act gt 3558
<210>27 <211>4855 <212>DNA <213>artifici al Sequence <220> <223>This is the
SequERRIRIFET AR TATEE ITEEITFECTH PTIEEITERAtERI IPT R M GC2FES163% <400>27

caggagcaag

30

aggg%&&%ég&t oL a9ed L %&Egécgg@gc%tag%% gE%C% Cc%géléttacﬁiﬂagccgc 60
acgctccctc acaggi gaag cttgaaaac %btccgc t "daggagcctcc gctgcccccc 120
9a006&tdatcdyCodL85968 JbEARLEIIEE 66480 UobsdycBRAEadeedc9098gaggcc 180
cccaccgctt cgtccttaac gggcccggcg gtgccggggg attatttcgg ccccggeccc 240
gg99gguTectaggoeagayet toedticatac girtocangy eetaayattac actrhgggaccgeéggccag 300
gagcgccttc tttgggcagc gccgggccgg ggccgcgecg ggcccgacac ccaaat at gg 360
cgac §PREGPGTFEERTT 2CLHFHTFc eF2HTIH1eFeI R Ity et et cgdbPaaagg 420
Ct CCQQ%%&;C%Q&&% &4 asscgg%é‘&a%gggcg&&%@\gag%ggg%g@étcE@&QE& ctthfgacctc 480
cat agadgac” ac~gggac at ccagcct€ cgcggccgdgg aacggt gcat t ggaacgcgg 540
tcegeeccocee tgacgagoat cacaaaaate gacgetceaag tecagaggtgg cgaaacccga 1740
" caggactata aagataccag goegtttcece ctggaagetc cetcgtgege tctcoetgtte 1800
cgaccetgee gettaccgga tacctgteceg cectttetcee ttegggaage gtggegettt 1860
ctecatagcte acgetgtagyg tatcteagtt cggtgtaggt cgttegetece aagetggget 1920
gtgtgcacga accococcgtt cagoocgace getgegecott atceggtaac tategtettg 1980
agtecaacce ggtaagacac gacttatcge cactggeage agecactgat aacaggatta 2040
gcagagegag gtatgtagge ggtgetacag agttettgaa gtggtggect aactacgget 2100
acactagaag aacagtattt ggtatctgcg ctctgetgaa gecagttacce ttcggaamaaa 2160
gagttggtag ctettgatec ggecaaacaaa ccaccgetgg tageggtggt ttttttgtet 2220
gcoaagcagoa gattacgege agaaaaaaag gatctcaaga agatcetttg atcttttcta 2280
cggggtetga cgcteagaag aactcgtcaa gaaggegata gaaggegatyg cgetgegaat 2340
cgggagegge gatacegtaa agcoacgagga ageggtcage ccattcgecg ccaagetett 2400
cagcaatate acgggtagec aacgctatgt cctgatageg gtccgoeaca cccagcoegge 2460
cacagtegat gaatccagaa aageggccat tttceaccat gatattegge aagcaggeat 2520
cgcecatgagt cacgacgaga toctcocgecgt cgggeatgeg cgoettgage ctyggegaaca 2580
gtteggetgy cgegagecce tgatgetett cgtecagatc atcctgateg acaagacegy 2640
cttoccatyeg agtacgtgot cgetcgatge gatgttitege ttagtggteg aatgggeagg 2700
tagccggate aagegtatgc agccgecgea ttgcocatcage catgatggat actttctegg 2760
gtgagatgac aggagatcct gecccggeoac ttogeccaat agcageccagt 2820




attccccgtg ttaattaaca ggtaagtgtc ttcctcctgt ttccttcccc tgc?gttc go%go
ctcaaccttc ctatcagaaa ctgcagtatc tgtatttttg ctagcagtaa tac éﬁ? 0 31 25

ri tctttttttc tcttcacagg ccaccaagct
April 2006 WO 03/038112 PCTI US02/ 34275

accggt c actcc cagcagccag 720 atctgaagct act t cgaacaag
cat gcga atcns’t%?stlg%ggactt aaaaagctca 780 agtgctccaa aga%ﬁé’t@@z@@tggt gcgcca

agt gt ct gaa gaacaact gg gagtgtcgct 840 actctcccaa aaccaaaagg tctccgctga

ct agggedwacdctractapaa ayotgpaata aag¥otocagrpotagpseagreariogeaac &§stt at tt ct ac
tgatttttcc tcgagaccag aaaaagttca 960 at aaagtca% a%tt tga%% égcact ggatg
ct gt GEIERL I ESCHTEET [GOHRTGET PLECROPTe WEAHARAFI EEEETcc P4 agccagagat

{ CackLLLLG.A0A0060R0 BEALEERTL 00, 40910006, A0LAR 0agG, OL Ot L aal g2

gcatt gaacc atgfgatc tatgCaggac at gacaacac aaaacctgac acctccagtt
cttt gehgatcpgidtbtaal watkiag)athghkddiic agagaeanetedabidccaghao gt caagt ggt
ctaaatcatt gccaggtttt cgaaacttac 1260 atattgatga ccagataact ctcattcagt
at t ctetgeprEcafayetatetoly \yhoicrtep terabsd@e teageivby agtrteadacdadal cacgt cagt g
ggcag’gt ct cgc':atttt ca cctgatctaa 1380 tacttaaat ggta g cgg t190 aaagaat cat
St t CLATER"Sh PUOGREEr AERAEHDIRTING STV RCrR R GAGEL  JLE° aaget t caag
ttag%&g&&%@&@%&%& =g g@r?-éggélcgg a {RbidHebaCtrdkbiRat agao attcctttgg
aagggcCtacg aagtcaaacc cagtttgagg 1560 agatgaggtc aagctacatt agagagctca
t caaggemakcdgidstQagy Gaanaagq)asgchogic dargégbcgagtigibcetagagrott ct at caac
ttacaaaact tcttgataac ttgcatgatc 1680 ttgtcaaaca acttcatctg tactgcttga
at ac &REIwprITic agnoeetyy etk CopITPIET FATHEAROTT GEIKGEIR gaﬁ?’g" tctgaagtta
ttgct t ¢ _gacgcccat aattccagt 180 cotaccaga. t.a ac cgtcaccgga
ttgad:gg 559 c@%ﬁﬁ?ﬁag %8%%95‘?%%85&9%8%’%“ %(?ﬁ% %‘bgga%ta tg%%o aagagt cct t
t CagCQgAREHACLPAACGGE RYAGGLES BGcHALRlg QTGO dbcdAGidlt 9ebo t cCCgCagct
cagcttCtgt ccccaagcca gcaccccagc 1980 cctatccbtt tacgtcatcc ctgagcacca
t caackhaigatigagishiegs grec@ttget gtaagbdiy datcadacd gguigehafat c#3e0 caggcect cgg
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ccttggccecc ggecccctceccecc caagtcctge 2100 cccaggctcc agcccct cca cctgctccag
ccat giregegtayes'@ridfcc caggccccag 2160 cccctgtccec agtccta ccaggccctc
ct caggct gt ggccccacct gcccccaagc 2220 ccacccaggc tggggaagga acgctgtcag
aggccgtgct ,gcagctgcag tttgatgatg 2280 aagacctggg ggccttgctt ggcaacagca
cagacgeagC,ét gtt caca gacctggcat 2340 ccgtcgacaa ctccgagttt cagcagctgce
t gaacgagggo®at acct gt g gccccccaca 2400
<213> artificial Sequence
<220> . )
<223> This is the sequence for the muscle-specific GeneSwitch plasmid,
pPES1633
‘<400> 27
aggggecgct ctagctagag totgectgee cectgectgg cacageccgt acctggecge 60
acgoteccte acaggtgaag ctcgaaaact cegteccogt aaggageecce getgoeceoe 120
gaggectect cecteacgee tegetgeget ceeggetece gcacggeoct gggagaggeco 180
cccacdgctt cgteettaac gggoeceggeg gtgocagggg attattitegy ccecggecce 240
gggggygece ggeagacget ccttatacgg ceccggecteg ctecacctgdg cocgeggocag 300
. gagegeotte tttgggoage gocgggoogyg ggoegagoog ggecogacac ccaaatatgyg 360
cgacggccgﬁ-ggccgcattc ctgggagccg ggeggtgete cegeccgect cgataaaagg 420
ctocggaggee goegggegac teagategec tggagacgec atccacgetg tettgaccete 480
catagaagac actgggaccy atccagecte cgeggecggg amcggtgeat tggaacgegg 540
attcceogtg ttaattaaca ggtaagtgbc ttockbcctgt tteottecec tgetaticty 600
ctcaacctte ctatcagaaa ctgeagtate tgtattittg ctagcagtaa tactaacggt 660




caact gagéc catgctgatg gagtaccctg aggctataac tcgcctagtg acagg cqg 60 32
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t gggggcccc ggggctcccc aatggcctcc 2520 tttcaggaga tgaagacttc tcctccattg
cggacat gga t cagcc ctgctgagtc 2580 agatcagctc ct tcc_tccggactag
aaaagccgaasﬁsé gcagga attgggtggc 2640 atccctgtga cc%??@'g?%’é”ét gcctctcec
tggccctgga agttgccact ccagtgccca 2700 ccagecttgt cctaataaaa ttaagttgca
t cat tterftttticgbeittaargog deectargtiabacdRiSlc @ttaddcatyggogioggagggygee gt ggt at gga

gcaa ca agttggcaag acaacctgta 2820 ggct cgagg gggggcccgg taccagettt
tgtt %@g?%aegc&gwagwf? AR FhGeE et %@g@@ggﬁéﬁaﬁfb@ cat7g° gctgtttcct

gt gt ggagl At L ALECAGL a%g-@%ggégggu%g%gg gagggaac@%%,ggﬁqg gcggggg cat aaagt gt

aaagcctggg gtgcctaatg agtgagcta ctcaca ttgcg ctcactgccc
gct t hecagbcRggieantsd wWtedicgsL a0l whgtabiaatg@aatgJcese acgcgcgggg
agaggcggtt tgcgtattgg gcgctcttcc 3120 gcttcctcge tcactgactc gectgegcetcg
gt cotIgefgeaadgetfgetftoe GatidctayEratltigoe trassasaangyrasgtitcaat agéP gt t at ccaca

ot o d5RH0 R GUGTCET SUUCPPLIe PLoda00° Faragge BLoBereteetgR caageat cac

aaaaah O30 HCLLAFAER JAJOL0ACYa. 8080 RAACLRYAL AT HACIAL aggg, at accaggeg

tttcccecctg gaagecicccect Cgtgcgcectct 3420 cctgttccga ccctgeecget taccggatac
ct gt cegietadet Sitgerhbe QYgoaageghertidiic Gagpishtcierqbhaget caeg ct gt aggt at
ctcagttcgg tgtaggtcgt tcgctccaag 3540 ctgggctgtg tgcacgaacc ccccgttcag
CCCORELIFERCGCRGATILARE acHEfcagkh atttaeEne egteteyagrattesetdccddt® aagacacgac
ttatcgccac tg cagc cactqggtaac 366 agga ca gagcgag t gt aggcggt
getal ag%?&%‘acitc%%g%aa 39 Ebaé’g P i ok g[cg%gqté%:’f aggaa%f: gtgagaggggo agt att t ggt
at ct gefGyetda0Gl-0ARMEC RBHReH LBVt LAgaadrapanydttgs-a0as ttgat ccgge
aaacaaacca ccgctggtag cggtggtttt 3840 tttgtttgca agcagcagat tacgcgcaga
aaaaaagmpatogt a@agaaga chogtichiignbdeagddotr drhtictec ggtpgticiagaaged t cagaagaac
t cgt caagaa ggcgat agaa ggcgatgcgc 3960 tgcgaatcgg gagcggcgat accgtaaagc
acgadpeEGer G CatATeER PRGECHCEA TADTOC AGRICE cAFCEIEHt cabtf ggt ageccaac
gctatgt.cct gat agc c.C acaccc 4080 agc ccac caat t ccagaaaag
A e L U R s i Ga e S

aggcatc gt cac gacgagat cc

t COCGEt A0 FCal 950605 6Ld FROGL i@y aagtcaaace cagtttgagg 1560
‘agatgaggte aagetacatt agagagetea tcaaggeaat tggtbttgagg caaaaaggag 18620
ttgtgtegag ctcacagegt ttctatcaac ttacaaaact tcttgataac ttgeatgate 1680
ttgtcaaaca acttcatctg tactgettga atacatttat ccagtecegg geactgagty 1740
ttgaatttce agaaatgatg totgaagtta ttgcotgggte gacgeccatyg gaattccagt 1800
acctgecaga tacagacgat cgtcaccgga ttgaggagaa acgtaasaagg acatatgaga 1860
ccttcaagag catcatgaag aagagtcctt tcageggacce caccgaccece cggcectccac 1920
ctegacgeat tgctgtgect teoccgeoaget cagettetgt ccccaagoca gcacccocage 1980
cotatecett tacgtcatec ctgagcacca tcaactatga tgagtttcee accatggtgt 2040
ttecttetgg goagatcage caggectegg cottggocce ggoeccotece caagtoctge 2100

~ccecaggetec agcecctgee cctgetecag ccatggtate agetetggee caggccccag 2160
ccectgicoe agtoctagee ceaggcccte ctecaggetgt ggcocccacct geccocooaage 2220
ccacceagge tggggaagga acgctgtcag aggeccetget geocageitgcag tttgatgatg 2280
aagacctggg ggcettgett ggcaacagca cagacccage tgtgttcaca gacctggeat 2340
ccgtecgacaa ctecgagttt cageagetge tgaaccagég catacctgtg gceecccaca 2400
caactgagee catgectgatg gagtacccetg aggetataac tegectagtg acaggggecc 2460
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cattg

agat gacagg agatcct gcc
agt gacaacg tcgagcacag
cgctgecctcg tcctgeagtt
C ggQGFesgascey EGRACHREAK

t gccg

atctt

tca ta

S pregacy

t
SreoHa

0COCCREEAYG AL CEddggRce
cttaccagag ggcgaaitcg

atecectgtga

ccageettgt

- atattatggy

‘gggctegagg

ttggegtaat
cacaacatac
ctcacattaa

ctgcattaat

gettectege

cactcaaagg
tgagcaaaayg
cataggotee

aacccgacag

' cctgtteega

" gegettiete

ctgggctgty
cgﬁqttgagt
aggaétagca
tacaggctaca
ggaaaaagag
tttgtttgcg
ttttctacgg\
tgegaategy
agctetteayg

agecggeeac

- caggeatego

cecctceoeca
cctaataaaa
gtggaggagy
gggggeccgg
catggtcata
gageeggaag
ttgegttgey
gaatcggoca
tcactgactc
cggtaatacg
gccagcaaaa
gceccecctga
gactataaag
cectgeoget
atagcteacyg
tgcacgaace
ccaacccggt
gagcgaggta
ctagaaggac
ttggtagete
agcagcagat
ggtctgacge
g;gcggcgat
caé;atcacg
agtcedatgaa

catgcegtcac

4260
4320
4380
4440
4500
4560
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gagcccctga tgctcttcgt ccagatcatc ctgatcgaca
acgtgctcgc tcgatgcgat gtttcgecttg gtggtcgaat
cat cagccat gat ggat act
ccggcacttc gcccaat agc
ct gcgcaagg aacgcccgtc
cattcagggc accggacagg

agaccggc

25 i .
gggcaggt ag ccggat caag
aodcigRiagA

gt ggccagcc acgat agccg
tcggtcttga caaaaagaac

agcaaggt g
tcccgettece
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agcttgcatg cctgc

gtgcotetoc
ttaagttgea
gtggtatgga
taccagettt
getgttteoct
cataaagtgt
cteactgecec
acgcgcgggg
gotgegeteg
gttatccaca
ggccaggaac
cgagcatecac
ataccaggoy
tacecggatac
ctgtaggtat
cecegtteag
aagacacgac
tgtaggeggt
agtatttggt
ttgatecegge
tacgegeaga
tcagaagaac
accgtaaage
ggtagccaac
tccagaaaag

gacgagatec

tggecctgga
teattttgte
gcaaggggéa
tgttecettt
gkgtgaaatt
aaagcetggy
getttecagt
agaggeggtt
gtcattegge
gaatcagggg
cgtaaaaagyg
aaaaatcgac
ttteccecty
ctgteecgeot
ctecagttegg
gecgaceget
ttategecac
getacagagt
atctgegete

aaacaaacca

aaaaaaggat

tegtoaagaa
acgaggaage
gctatgtect
cggecatttt

tegoegtegyg
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4680

de
485
agttgccact
tgactaggty
agttygggaag
agtgagggtt
gtitatceget
gtgectaatyg
cgggaaacct
tgegtattgg
tgeggegage
‘ataacgcagg
ccgeghtget
getcaagtca
gaagetceect
ttetecctte
tgtaggtegt
gegeettate
tggcagcagc
tcttgaagtg
tgctgaagcc
ccgetggtay
ctcaagaaga
ggegatagaa
ggtcagccca
gatagcggte
ccaccatgat

gcatgegege

cecagtgocea
tecttctata
acaacctgta

aatttegage

cacaattcea

agtgagctaa
gtoegtgeecag
goegetetteco
ggtatcaget
aaagaacatg
ggegttttte
gaggtggcga
cgtgegetct
gggaagegtg
tegeteocaag
cggkaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggttﬁt
tectttgatc
ggcgatgege
tteogoecgeca
cgecacacce
attecggcaayg

cttgagccty

2700

2760

2820

2880

2840

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

cagc agaac cgt gcaat cc
Gt e 5¥c%ﬁidxgggﬁg%hg§%gottgatcccct

Ec%%@%tt@é‘g&ggcgcwgo gcttcccaac
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gcgaacagtt
agaccggett
gggceaggtag
ttcteggeag
agceagtece
gtggecagece

toggtettga

gagcageaga

ggagaacctg
tgateagatce

actttgcagyg

cggetggege
ccateceocgagt
ccggateaag
gagcaaggty
tteeogette
acgatageceg
caaaaagaac
ttgtctgttg
cgtgcaatcc
ttgatccect

gctteocceaac

gagccectga
acgtgctege
cgtatgecage
agatgacaag
agtgacaacg
cgctygecteyg
cgggcgcoog
tgcccagtea
atcttgttea
gcgecatcag

cttaccagag

tgctettegt
tegatgegat
cgecgeattyg
agatcoetgec
tecgagecacay
tectgeoagtt
tgcgetgaca
tagecegaata
atcatgcgaa
atcotbggeg

ggcgaatteyg
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cecagatcate
gtttegettg
catcageccat
cecggcactte
ctgcgeaagg
cattcaggge
gccyggaacac
gccteteocac
acgatcctea
gecaagaaagc

agettgeatg
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ckgatcgaca 4260
gtggtegaat 4320
gatggatact 4380
geccaatage 4440
aacgeccgte 4500
accggacagg 45690
ggeggeatea 4620
ccaageggee 4680
toectgtetet 4740
catccagtit 4800
cectge 4855




