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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 iz ww electroporation. In addition, this invention also relates to a
method of increasing bone density and improvising the rate of bone healing in an animal
subject. More specifically, this invention pertains to both an # 4w 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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[0005]  Reduced GH secretion from the anterior pituitary causes skeletal muscle
mass to be lost during aging from 25 years to senescence. 'The GHRH-GH-IGF-I axis
undergoes dramatic changes through aging and in the elderly with decreased GH production
rate and GH half-life, decreased IGE-I response to GH and GHRH stimuli leads to loss of
skeletal muscle mass (sarcopenia), 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 exogenous 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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relevant than GH therapy. However, due to the short half-life of GHRH i uw, frequent (one
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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 GHRH, 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 (Thorner et al,, 1984). Administration of
recombinant GHRH to GH-deficient children or adult humans augments IGF-I levels,
increases GH secretion proportionally to the GHRH dose, yet still invokes a response to
bolus doses of GHRH (Bercu et al, 1997). Thus, GHRH administration represents a more
physiological alternative of increasing subnormal GH and IGF-I levels (Corpas et al., 1993).
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GH release in plasmid-injected animals, (Draghia-Aldi et al,, 1999), herein incorporated by
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prolongs the serum half-life of the GHRH molecule. Furthermore, the enhancement of

biological activity of GHRH is achieved by using super-active analogs that may increase its
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[0011]  Administering novel GHREH analog proteins (US. Pat Nos. 5,847,066;
5846,936; 5,792,747; 5,776,901, 5,696,089; 5,486,505; 5,137,872; 5,084,442, 5,036,045;
5,023,322, 4839344 4410512, RE33,699) or synthetic or naturally occurring peptide
fragments of GHRH (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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[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 lactation resulted in the newbom piglets having marked
enhancement 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 a manner that, in some embodiments, can correct inborn

or acquired deficiencies and imbalances. In other embodiments, vectors such as plasmids are
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the ° deliy er?zllnbl\gg"én?fs %@B%eaeo"ﬁa %’ﬂ’r“r‘f@‘? ?%ggrr?foglb\%a g?npcﬁle s{?atl on of
the 9"[9%%@% B6ndEdeds | BeschRtioR be naﬁvea Ilawm s@tdture] BEkéYedl biologinglr ast t o
protein therapy; nuc eic acid transfer d gers ) poI ynucl eoti des .to somatic

ti ssuectivityaa oft systemid toxisigese ardhiy Waﬁﬁ‘hf’ infecsipuscids tede TPpHEIES o,

acquir defl CI nC| es and tsenid-viRdheds such as
pl asmag‘g ﬁg‘bP@/ ﬁgglﬁl?éﬁlf ssggbg%usnﬁﬁgps | ement basal

| evel gu@e@éhtﬁmr&m@d@gmmeﬁupro@eaeaﬂpwdduptolor@d\@s’-pbageép ﬂlﬁ@g?telé}el ivery
offers nunber of adv tage m ni.strati &tl pant

pr ot ellfhﬁhe thFF?@%‘éﬂCa’é?\‘?%t setCFFée‘fch’f%eé? vaPih s prot ein

st ructyr g, ved bi ol ogl cal actl vity, avoi dance of syst em c toxicities,
and avol ance o ‘infectious and toxic inmpurities. In addition, nucleic
acid transfer, for therapeutjc purposes and pllélgsm d- nedi. atﬁ

;sup|tolherrent 40018 of T?ﬂ [a‘?ﬁ@gelmm@ uﬁ;ﬂ%)dggi;m %gP’fOBermp‘?d Sdﬁﬁ’gdeéposure
o the [ in e.t her g W3 a& &R

pr ot ei? Hgﬁ‘ﬁ'r ok rpve, AN GRS ous y mrg{tﬁﬂ ?E)afoodﬁicfﬁr gulhgg{ll ogbpde[z0015] The

pri miru‘ﬁm? ifjetable IDNA plisihidgver e ovErcamds thsmbecansa s single injeptionetito the
avai | abi

ity of prot |n af.t er, each adm ni st atl gene
suppl mmtatskdﬁapm %PF-‘ﬁ‘j“@cHhé(B? SENRAPTSK e@ce&flge gg%{rlagr corres& E
becau TnRE@of $fehe P&ldr6 Prorotek e glraluctivrs of enzpmesti ts
physi ?(/)g?%bgg%?g?glggégggr ejkat ensi vee peri og . o t.i maeptr 99< 05300 and WO

01/ 069a48) hommqnes:tmomumﬂsuhea veseneyr shap riepist élgs én”ﬁ\‘céd P'%RPymes  and
hormones .in animals jin man abal
procegémh ﬁﬁ?liehaerp?r%gﬂj € oMoNG ﬂ-t%%hlﬁ%%] Vi eg ?%agsg%n?éﬁgﬁ e?%ﬁ&ggnegﬁ%ransfer in

zi zo, ﬁl&@m@DNAEntbﬁh&ﬁlElt@ﬁe(mfsun}ib,aﬁenpanAandﬁa& nmuscle tissue is sinple,
i nexpensive, and safe. [0016] In a plasm d-nedi ated suppl ementati on

expression system _a nop-vi/ral cleiic acid vector. S md, may
conprise a E‘ém lhet il8 @ %‘}dcm%fk?t?]&ld%wl%w téoys?}g)ressmn Sgggmh on toﬁg nucl ei ¢
aci d epcodi NG4 {8 HRH L& NgnidiRRlyRFRipela sjrthdtlei muclsiryacidt debivery sysgem

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 chromosomes has
been reported i ww to date, so that this type of plasmid-mediated supplementation of
GHRH, should neither activate oncogenes nor inactivate tUmor SUppressor genes. As
episomal systems residing outside the chromosomes, plasmids have defined pharmacokinetics
and elimination profiles, Jeading 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
linear 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 i ww therapy.



associated with the use of nost viral vectors can be avoi ded. The non-viral
expression vector products generally have |ow toxicity due to the use of
"speci es-wpagioddie? conponents for nucleic acid delivery, Paiush2/sd2m m zes
the risks of imunogenicity generally associated with viral vectors.
Additionally, no integration of plasm d sequences into host chronpsones has
beenI r epor {@7j n ?Eﬁfbﬁ%lﬁmtb%en l&gdé h;gaénrl]]mlnjesthe delvenfoflaond BN @ etled
suppl enent ati on of , shou nei t her activate,on nes: hgacti vat e
t unor byupipweésmeargeﬁggd% eﬂ@ﬁ?&"éﬁﬁ’ﬂ §9%‘ipé’ﬁ§fofle§fléi %ré%gg S| ﬁg@ Jtnhgg}

chr omgone Sdrat%'ﬂﬁ@%lge% £ ?Xﬁ?&%&f‘gﬂa pilsddrecold fidld its Srea@nehneibntrponatinon
proflleg, R Ing to a fimte duration of geneéﬁxpr ﬁSIon I n targﬁé

ti ssuelse cellflir heatbroreeyithidue cplsigrpadmDMAt 40458 18 "eﬁ@lﬁ sehespy 2lovs Rioul d be
delivered tg the cells in a_{inReafk rathear Rofi. Pood)aByfdfustidodbiech woul d
f urt héfe pyt Bﬁionaﬂt;}eﬁéﬁ%?ﬂscmf’fﬁflgérg% |%nih§v1§trcl)t ;_Oﬁit’ he 3I agm'{j cc;s\tg\fh be

del et @fbc@fcall PilseaBériebited by die sleatapoeeic geystemamaclbia cacet inzlecsles gam tave

replication, making it conpletely safe for in rziwther , 3/ 038112
PCT/ UShiigh pRsageVars1ot] Paes v the CRLphB® preeersh AT i proced ?‘h‘é‘gdgg?%er y of
Pl asnind DA (5B Gldihe Dl RIS GHridHP AR bk delharing satlecaboatélbrt o

an ]

sonopor ati1’on; pressure. I'njectiaon by | ectroporatian. i nvol ves the
appl i aakitedlooition withis edawtydn thd kodyiot p gatest. Al RIUSEVRHAECIAECHEETh  the
cel | ul ar rane, w causin 6nll QAN EYOSI6/ 12500, t her eby
al | ons*§ éggrd?ﬁgg?q‘nﬂ E};%ét%ait%ﬁﬁ?s' giﬁ%&\ﬁ%@% %ﬁ?eg (Smth and Nordstrom

2000) .9¢By2cad) 95919908, 4dde7/078261 ri cal pul se generated by an el ectroporetic
system nucleic acid nolecules can travel through passageways or pores in

the cell that are created.dyting the ocedure, .U.S. . P 704, 908

descri bes d@0Hlect Béfﬁ?ﬁlﬁ’tﬁlﬂﬁﬁc&ﬁ H?oéfe&gf‘ﬁﬁg?eeﬂé’l%FW?ii btk g%%%@%ﬁ?%@%% cells at

a selggled éila;%ﬁﬁ& h@ﬁew 1050 Fet@pbiadon Rasttien hedyveef swcgstullpnt rarfleese pul se
c ev

vol t agé T nj I on I'ces are also described ip U S P%éﬁnt Ng%ly 5,439, 440
and 5, 7@y 36l afranthjeeddn wiplenid (Eoos et 96243 Hatsybrr gl 203 $r &9 47806

[ 0018] ,Recently,,significant pr QRN RERHnYSS (Gehl et al.,

el ect r@ﬁ@p%—%%‘qrggg@ﬂlﬁgﬂgéo %‘ﬁ%@%ﬁsga@esplg@g%s%n Zl W. ii)lEI. ectr (()(geor ?itt i on has
been used. MRl 6 G a996) Blectroparatioraaias ks teent extrensively used i mige P@@Fﬁ on of

| asmi d (Lucas et al,, 2002: Matsubara e 1 2001)~Qr~ta: def i t he

gnt ;5 t efrpbr g@?:@cbﬂ &3 290 ﬁ%’(‘;ﬂu&‘h?tﬁeﬁ'@’ Q%faﬁlg b & ag'h %%dééY%sﬁln% (rals’l ZIOgI)h umans

(Gehl ety ?g s geﬁgﬁ?&& aﬁ','?bb@l? St ddiver, thi8B8&ic Enec thiaopacade for avewcha been
ygu ed in mce (Les

ext ensive bordes et al,, 2002 géjlg%s et al 1e .2001;
Vi | qui homionas,. cytkix@s )qr enmymes. TOnn eevious ghudies Xgsig; S1oRLRnogpony releagyy )

hormone (“GHRH") showed that plasmid therapy with electroporation is scalable and
represents a promising approach to induce production and regulated secretion of proteins in

Jarge animals and humans (Draghia-Akli et al,, 1999; Draghia- Akli 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 desired 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 is 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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and dogs (Fewell et al., 2001) to deliver therapeutic genes that encode for
a variety of hornones, cytokines or enzynes. Qur previous studies using
growt h howowne3giet easi ng hornone ("GHRH ) showed that pl Emusor/herapy wth
el ectroporation is scalable and represents a pronising approach to induce
production and regul ated secretion of proteins in |arge anlnals nd humans
( Dr agBb@-af¥ieh ifhalatlon or k2B&urdXcaghina-(Pdyti aneltJaedby, 190D p. addyon.cplasie abi ity

f elect t t I d ke t le h
been Hatubecie & or g w&y?rs@%o”r%b@’&@ o et Ppdelfea o ¢ BVRE S 06°
w th r%gsf iibia %&Eaﬁ?&u%nﬂyg 1‘3§s1d?1odo 51D B1el & t}eehdet(am@derdsmg@en

observe O I nCrease ransfe i on and cg)ﬁﬁsgguently ex&resm on of

t he desi aedl dbgsa(Fegehet ah‘h%ﬁ)oéni\’bmlR?r eF)@] yiER). 4447 B te BrfRRRce

pl asni d eat lo Nid: p cRid @wolilﬁ&d.lgfﬂg Rahtpossi bl e
ti ssuéabégh%ia%‘iﬁ‘%eﬂ éegfllgig%g@r daéf H‘%bl?‘vra v of el ectro oration to
enhan%fee&h@ﬁ@hﬁusb'@s@lﬁﬁngﬂb@dhﬁimkm epat (Quus et &., h306; Bla evadh 1998bcunent ed,
as previouSly described. PLGis a stable conmpound and reS| stant to

relatively hi h te eratures (Dol nik, e 993
pr evi ousl );C[ h‘RH‘%Ea‘ECé %”L(‘I&B’gl‘iotlfﬁ tbﬂ“‘?fiaégl Fl‘\%orf}z epar a glglég%lvat suo et
WntME _}Jle{%%ﬁ tﬁehé.éd ??Ue@d tngt ohly last stdoﬂmg theen used

as an an 112 PCT USOZ/ tﬁ{? ost a nglay ation or
expos Lplﬁnﬁd)mim,rmd(fﬁcmungrl@ intraesBiylar rgoport rag? FM*d

formulated with PLG or £8RtaRsSer Med to

i ncred$e @H&ha?ﬂath"&%% rtyrc%‘yé%\s@leﬁgaﬁ/&ggn edqﬁﬁfagsgl on 1o up to 10
fold idnd aﬁlllds kahgltaakwu@gatmemthﬁgabPLGrlaﬂmd e glastoig: weppgteprofi,  2001;
Munper et _al

98) PLG h used. t,0,i ncrease i |dJ.t
ant i - quoteay ngraggensy | Whee agele Cmfgb"'gi)’séﬂ fedt h‘e iface Re Ote%%%%Q%%ﬁ s or
prevent JIQ?'&ESWE Hidletaes £eds &ﬂﬁk siilsssateialiye fadreas¢sOtteeni et
al., 1 6aCt&§’lg nger%l 1998) [oozo]’WSA}Ft hough not wanting to be bound by
t heor yyransleGion dfficiemvgr ease the transfection of the plasmd during the

el ectroporati on process, not onI y by stabilizing the plasm d DNA, and

facilitati ngglfe acmace' By HEARSAOTINAAHA LASTRSHan SRRl 9, but

al so t hroug or exanpl e, p05| t| vely. char%sci urface
i

prot ei fs IB%A &, e ineEdidrs THNA @m:ka ripoanuschdibamgdter siiple direat wiegtiqn ked to
plasm d t hr ough prot roteln i, N AN AR I field
i s appto whitivel Ylb“é@ﬁpﬂ‘ﬁé‘@ng Ff‘émFee?lteﬂls %&e f%%l %2{} g@ta?(g/lgﬁgﬁ thé

't nt o LS Sf*lg EEQJ e%wsﬁém LR 10e8 kot (\mufsauastmm)L allHeynmsnmceess@s t he
rans ion efficiénc
previous clinical apphca)t/mns have been confined to vaccines (Danko and Wolff, 1994;

Tsurumi et al., 1996).

[0022]  Although there are references in the art directed to electroporation of
eukaryotic cells with linear DNA. (McNally et al., 1988; Neumann et al., 1982) (Toneguzzo et
al., 1988) (Aratani et al., 1992; Nairn 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 DNA, 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 has been limted
in the past. The inefficient DNA uptake into nuscle fibers after sinple
di rect i mweawBissithas led to relatively | ow expression |ePeraS(Psem ice et
al., 1994; Wells et al., 1997) In addition, the duration of the transgene
expression has been short (WIlff et al., 1990). The nobst successful

previ ous C'Mﬂﬁ_a' BBPIHaat i199S 58245340 ¢eke G3af parent”)t and d0Si Resnt Dénko and
Vol ff, 1995,; surum et al., 1996). [0(%%2] Al t hough tggr .are rgferences
in t h6,935.934(“thec?dpatentd) deseribsoitated S15T FECERIRE Y 9‘6‘?’9@5 P YRR Pi near DNA
(McNally et al, -1.0\e : W EQelf incédtborated 988)

( Ar at é‘ﬁ(%iecé‘tar é?“.td,h fltjgglggeﬁaa?%ﬁgﬂtﬁ% © %%%;gl:r)t%:(ri.ltfaa-il.z;ér]ilglgTs_ongl?yt 1993; Yqrifu;ji
and Mblgaferencd.9 90 )moleduba esvéochniok ereguliting sprsséon i pudleie tAcntpnses 4€| |

suspensi ons, cell cultyures, and the l.ike and. t fect-e | s are
P SE' o Shblefie e SIS e Spal bl ANy SR &
di reC?ﬁ%te @g g@f‘éng%&hbg lardM BB ther s3QuiEint At th (25¢ paednt. s Theombleeukimg hi gh

copy oreign DNA by el ectroporating a, popul ation .of cells in
t he prwiendedetribddeast o madthyed Megelamm%%ﬂ%égcaehﬁef, ?%%?Hs W&F‘F r?@‘%t he

cells having.a |0 r: Mot { h38ihdldd
o) usear S RutiEAGR R IRs Crmited LEE BLAMAMA Mo BB, and
U. S. Rahgital Neroid,8@pr@3BNA thieding dampiat gtached Q@@cmd@edd&w@% oi d

receptors, t hods.for. their use and.a , noj ecul ' r ic acid
tr ansfd?éhﬂ?mﬂ- @eéﬁ?‘if‘%?@&éﬁ%ﬁf’m&?“ ‘Eﬁ%lﬁ’br“éds ﬁgjly g’l?;g r%\“@%ﬁ%@%i%@ hdggﬁlrl%f er ence.
A ol gﬁtﬂo [nafivi fihdd. @ Ssllel a4 idRgare xadiBsstanizes niturl Hiamdado ot readidsf er and
met hods of enpl oying the nolecular swtch i Igumans, .apiﬁal sgnéransgeni c
ani el lindirhe modifiest bgapd-hipdirgedermsin pad cpyspquently havecyerplitle; 1 ap dHUeRor Hat ent
and the ;934 ten ] i 15 teeseldidrd @Sseqte.met hod for

r egul a‘fnltrtfareeg}?%?l ré%tlgdc{r?}-g’ﬁx%gﬁgﬁglf%{%aiﬁlﬁ%ﬁb&nzitc acid cassette for nucleic
acid transfer and is conprised of a nodified steroid rec(glot or that includes
a natural sfoe2s]i d Thagphopreobik invantibmgs dicaveedrioat nevsheerthes! of wewpsieed | i gand

bi nding dopain. The nodjfied bindi hg domai n ysually -bi | - nat ur al
| i gandlgan ‘a?fg’?mﬁéor‘*?ﬁ’f‘?é?g b?éyn h PFRROFHPAS: Lpggaﬁglg"‘bo%%g eés{ﬁ%% {lggofﬁm%éﬁ%%;rt

readi | po roEOgNbEES Mk A lan! 4GRAUEy $homith médiadi lsypplbintutaddeof Gk Fed
Ilgand-gln i ng domai n and consequently have very little, if any, influence
on the regul ati on and/ or expression of the gene contained in the nucleic
acid cassette. [00251 Thus, the present invention is directed to a novel
met hod of i ncreasing




| ean body mass, decreasing body fat proportions, increasing bone density,
and/or increasing the rate of bone healing in an animal by

pl asm d- medicavssiizsuppl emrentati on of GHRPL 9 WO 03/ 038112 PPTN/SUB82/84275
SUMVARY [ 0026] One enbodi nent of the present invention pertains to a nethod
for decreasing the body fat proportion, increasing | ean body mass ("LBM),
incregtMNARYe density, and increasing the rate of bone healing of a
subject by utilizing a nucleic acid sequence containing both a

constitutive pronoter and an encodi ng sequence for growh h e

rel easi ng H80#dne Onermpbodimens o %59 B’@S?‘Eéﬂ?ﬁ‘?n \N?é‘%mf &ﬁf’sa r{ﬁ%‘;‘gfgoraci d
sequenge. I |4 i -t h L1l $aRf (1 BRI, Ul Rading( Bere SOMAL I C
cel | s?fég eaésnlﬁ?gbg-f%l E&S{)&jg}ed}tr%&é%‘f Flé?%&ﬁgllés@ug%}) eci f(l c gpﬁsti t ut i??\(/e expressi on
of GHeniisy, andiinutering The meedfebomd healing o & eubkst ibyevtlizingea Ayeleis; idaci d

sequence with the.constitutive .pronoter a I f GHRH
or 't hSaRAFOGORRBIETON & HYPCER HPOet A aby SR FRRRnaeRU,
ProcesR@bnd Reldginhohde!(F GPIRIEY) i @nnalby ertdofipBitenithis noelyiciaodcbquenext er nal |y
supplied electrodes, or.in_th casg,of needles, internally sup gged

el ect Andelivered imtocthe specifis Gelle piidiesHbisst (@8 SPRREF Tr%I SIE et g%%ﬁ%h‘% ¥ into

the Ceclsk?e s?)%ciﬁc 3 %tglﬁ{re kds§ioh BEGERUS RERved. Tihebréfedrébfdthodio Hélivesubj ect .

[ 0027] Another e ment of the present invention pertgins to a ngethod for
decr eahé ngickkeadibdyqubate withpbe coostitutivacpreawiergriBhE GnARFER SPIEN%OR

densit d i,ncreasin bone heal i [ I idizing the
abi | i té]{Hﬁg‘? PEE arploe #rfieoégsp@éesc?mogﬁe Eﬁﬁ%zaf glre Sﬁ%ﬁ%ﬂ’&gﬁ"% H%%!CSE% ‘l.’ﬂ Zyﬁ?gwm ation
i's SC ml&Yx%goﬁﬁoﬁlegieU@éﬂdﬂﬁidg%@ llhhdvéieitérga]bff supﬁkdm%reﬁ& arlhit}g$¢a8¢1 Qf:: ei CI
acid sequence, and a secqn ucl ei.c. aci equence, . a nol ecul ar
swi t chneedles meternally supphieg; e‘f%@ﬂ@s © 9&@ %&éﬁﬁi‘&ﬂ)@e&é@ﬁ‘f“é’? %?egﬁ e Sefuéhcds

i nduci:bl e1pr ., \U i eathn dsode oF 1Y uMae.

hor non@h%?é%gﬁg-sﬁ%%ﬁge ?ﬁlcgﬁ%acrlébl e- GHRI L?‘ ) torm(g’ﬁn anal og t hereof and the
second nucleic acid sequence has a constitutive promter w ta@gtﬁ%odi ng

regi on for p02ThactAnoeher eetpotliment opths piesent Byveaadr petFalsgtos? S Br switch

| -g., m fepi st .into th i . i 1] .
or ot o1 deepusirie b yePraRtrioh: bl EHhLERbind Bond dAGh A1 TRRMEL DT
e mo e e b O g e et oags < ne. Body fat
t her eo e nodi fj ed-cell.s wi 1 t.he. subj ec ecr eas e bo a
pr opor atiaiﬂé‘ thergot. iR%P]étg@e‘S ﬁﬁée@élﬁyéfﬁg‘feﬁég i c,CFﬁsi (\# tléle ﬂg)ﬁffﬁé P %fsﬁ gfla &n bg

regul af g se%}i?rﬁ%f %@%‘aslecdml rﬁﬁgicaarcid sWhdned) {oRIwRE Byasméleanli¥istaph; stherethe The

delivery o eic acid sequences that allow | .
first nucleic acid sequence contains an inducible-promoter with a coding region for a growth-

hormone-releasing-hormone (“inducible-GHRH) 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 GHRII or analog
thereof by the modified-cells within the subject will decrease the body fat proportion and
increase the LBM of the subject in a manner that can be regulated by external molecular
switch molecules (eg mifepistone). 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 uw electroporation.

[0028] A further embodiment of the present invention pertains to 2 method for

increasing lean body mass, decreasing body fat proportion, increasing bone density, increasing
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external regulation of GHRH or the anal og thereof directly into the cells
of the subject can be acconplished by the process of in ziw

el ect r opowetodoss11f 0028] A further enbodi ment of the preseRCTIUSNERM2IDN
pertains to a nethod for increasing |ean body nass, decreasing body fat
proportion, increasing bone density, increasing 10 WO 03/038112

PCT/ USR2434 2% Shonk NRalia! 6r afcobshi@iibaaheme, ofra subfonby naliziog thenepyedht of a
subject by utilizing therap t hat _introduces, specific reconbi nant

GHRH- artsodugesppeeifi Fecpmbigane paaleg ProtemARQIE BE¥EET > PCT/ USO2/ 34275 BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0029] The followi ng drawi ngs form part of the
present specification and are included to further denonstrate certain
aspects of the present invention. The invention may be better understood
by reference to one or nore of these drawings in conbination with the
detail ed description of specific enbodinents presented herein. [0030]

FI GURE 1 shows the am no acid sequence of GHRH or functional biol ogical
equi val ent thereof. Al nutant sequences were obtained by site directed

nmut agenesi s of the porcine wild type sequence. [0031] FIGURE 2 shows the
body wei ght of SCID mce that were injected with 7.5 mcrograns of

pSP- GHRH nmut ants. [0032] FI GURE 3 shows the body conposition of SQD m ce
that were injected with 7.5 mcrograns of plasm d expressing either one of
the GHRH nutants or a pSP-beta- gal actosi dase as control. [0033] FlIGURE 4
shows the bone area of SQD mice that were injected with 7.5 mcrograns of
pl asm d expressing either one of the GHRH nutants or a pSP-bet a-

gal act osi dase as control. [0034] FIGURE 5 shows the IGF-1 |evels of SQ@D
mce that were injected with 7.5 mcrograns of plasm d expressing either
one of the GHRH nutants or a pSP-beta- gal actosidase as control. [0035]

FI GURE 6 shows a schenmatic of the m fepristone-dependent

GHRH GeneSwi tch(r) systemin primary myoblasts in vitro. Plasm d structures
and

11



schematic for how the GeneSwitch(r) systemwrks are illustrated. Plasmd
pl633 encodes for the GeneSwitch(r) regulator protein, which is a chinera
of yeast v@Al04/0BNL bi ndi ng domain ("GAL4"), truncated hun®oTArSoyaLrEr one
receptor |igand-binding domain ("hPR LBD'), and activation domain fromthe
p65 subunit of human NF-xB ("p65"). The protein is synthesized as an

i nact IBRIAPDESTRIAITONQF THEDRAWINGSe triggers a conformational change
that | eads to activation and dinerization. tivated horodi.ners b}ndto
ﬁh”u ﬁg: d are

GAL4 sit es [0039]t he Thedollavare: dpmanastiorm g € PEIeEt SPSHERPHET DA 0 t he
GHRH 23RS prds @R 3lenfibiSURR ivatiionamishe
funct %ﬂ@dg#%ﬁf%e&%&?ﬁ%ﬁa&%%@%m GH 1CFSeneSvyie'{lC_h(r) _sygtem' }}Sri mary
myobl detietemundetstand byorefenace thbdmt ommateyafi these fdrawings i combIgppa-E ructs.
Pri mar hi cken oll ast..cul,tures were t:ai ped and transfected as
descrid%@ge‘i)‘%éw%t% S?%;éf?cgeé'?}’é’ e’%ﬁ?{esefgegé%r ‘aghi a- Akl i et al., 1997),
with 4 mcrograns of a 10:1 m xture of inducible GHRH ("pGR1774") and
GeneSwi t ch(jod3m! as MIOERE( | REEHSIBE Jamido Malciequare aif f GEIREY nir Hetictonpl onot er
(Li et al., 1999) driven ongﬁr uct coding for E coliCl et a-ggllragtqosi dase,
A [ 3gdtiologieal yequvalent Lthemelt | S FWREF SedueRsesy WEsiabRed: BRt 161 90eY s  wer e
t ransf i td: Y tive pSP-GHRH construct (Draghi a- Akl i
et al Iﬁ&t&%&@%ﬁ Bpﬁhgptgﬁgﬁf%me,sgk}%{e@non-t ransfected cells; a-gal = cells

transfected with pSP-[3-gal construct; @ SP-GIRH = cells transfected with a
consti t uti e0yljact MEURERMskowshe body weighpo-SCliA misg thas wee jested d to the

cultur7e medi a; ang - gﬁ%ﬁ m'tf ri stone was not added to the «culture
medi a.” ~ERHTORIAMS BF B 48 i ncl uded as | oading controls. [0037]

FI GURE 8 shows that the m fepristone dosing induces serumIG--1 levels in
SCD mce Umsz]r ec EFIGRIRE3 Shovelthe Bds dunsposhion @f SAID GHRt-ih@eweBunjeaed r )

pl asm ds. Val ues are presented as foLd activs%i ver contr%Ph)evel s. The
area uwitle Strhisragzams of plyenid epressBgedhsRneal ¢ i YRAHPT § PR PeReyel s in

adul t [ ble contains the p values for the induced peaks. The
p val L?giga(%%@.gse&-g?ﬁﬁé@éte conpari son between animals injected with the

a-gal construct versus aninmals injected with the IS + MFP; C v. B.
i ndi cates [08Rr i FAGURE helerwsahe bahsarenpbsCElmidetthat teee Ingeighl tthamd wi t hout
the MFP, [0038] FIGURE 9 shaws the enhancgd et i ri a.ghronic
149 daier RIuBBTBH. SXRIRS g SIRET §R (i%?\ Fedse |Hﬁﬁhﬁeg?ead9?hp%g&upon
chroni@ﬁgsjd\é@tgsqanﬁa_ the GHRH GeneSwitch(r) system (* p <0.027).
[0034] FIGURE 5 shows the IGF-I levels of SCID mice that were injected with
7.5 micrograms 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 illustrated. Plasmid p1633 encodes
for the GeneSwitch® regulator protein, which is a chimera of yeast GAL4 DNA binding
domain (“GAL4”), truncated human progesterone receptor ligand-binding domain (*hPR
.BD”), and activation domain from the p65 subunit of human NF-xB (“p65”). The protein is
synthesized as an inactive monomer. Binding of mifepristone triggers a conformational
change that leads to activation and dimerization. Activated homodimers bind to GAL# sites

in the inducible promoter and stimulate transcription of the GHRH gene.
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[0039] FIGURE 10 shows the increase in pituitary weight wth a chronic 149
day MP induction. Pituitary weight / total body weight in +MFP injected
ani mal s (WOp34881085). [0040] FI GURE 11 shows the i nproveadChasy2/snnposition
in chronically i nduced GHRH GeneSwitch(r) m ce. Body conposition
measurenents were perforned either under anesthesia, at day 149

post - i nj ectip@ys] (" PFIORE" )7 Okhdw@St theDrfifdtichor gina  ndfepdsiese-domedgertat |
direct dissection of the body). Lean non-bone nass |g§ Si qni ficantly
i ncr e AFERI(GensSwitch@23ystens impriowro 3gbizstsary visien Dleshen blojoanfyse EUReE 12

shows .t he. i fat bod of al [ WRuehrpntc ' ced

GHRH &ﬂl@@ﬁnﬁéﬁ}iﬁj FRIREHC g]t)g%%%/y C%aa[éeg/ %!tb a v?/el. ghgt].@rréggsﬁﬂr)%%%%;%ﬂ wer e

per f orpReeqtd I?e tederbal prRuiRail ese:h'rgasmaaet zdia%?%él@rpg}sa:_ -Aklnpreds, i18%7)( with % gu )s ) For
post- nortem (organ, carcass, y, « (i ssection the.lhody). Fat
body rRisEogramasafla st gﬁftureioz mﬁ“&ﬁgﬁ@m 95ﬁ22%g§%%&%ﬂe§“ﬁtaﬁ%é%£§’r@m| s (* p
<0. 05)« . KIRE dici A&y easied aboves)adrizen constfcncuidigy | y
induce(opd}%éiv)t}énem t%%%]}ﬁ?%%?%é%%g&aga maasur)emen?.s. wer e g?f@ormed

ei t herfopBdel; beanabitosidhse, O fgaldaysed4n apegitiviersoawol s a(PoRHX mmi), cglls

Do P, S oot b Gl R o))
| nere ﬁf‘%g? fbiig ] e.—.ﬁg&-&%sféc{%dfc@ﬂsoi%ﬁu eIl Reie&Rekd AIRAEIER ARGy ) i ce.

Bone co measur enent $ re perforned either " under anesthesia,
at da)SPI4BIRIaSE - deili apiifocted "vRihXh naemititutvelyp estivenGEIRih coostysts, +MEFcass,  body

fat, direct dissectian of the body). 1ineral. co IS sed in
i nduc caiepsisyRRE §7as 55&’3%61159 %GH%*}Q’ ﬁ?‘gj}fg@ﬂf’sr@% %to?ﬁq\é]%g{eoéﬁg%eggé}gl%ryoni c
al kal i g, RNASEN At ABum brFEAPdls £k afciiled asloading adrvwls.in pigs at 0 to 7 days
post-injection. Dfferent needle-type electrodes were conpared with

calipers electrodes following the plasmd injection | rato t he nig}%qme. I n
the figure, [0887]= SIFXGHBEReshawp dhatethe dpiferitstons 10Q5HeIHERSCEE™ 5¥cm | engt h

mount ed gn .a - . di ter..anr ayq: =1.bs | @HRH/&¥nsMitcB® tWo
sol i delﬁ‘éegﬁlll«gs,éc‘@5n WG gﬁ?ﬁ%%‘gegr%%n%%ea elgjsﬁﬁ%lgﬁge,g 2 cm rIlengt h: and C =
cal i peflahi@s! VRS arpesintdd as foldnaivaibmbeerebensllowss Thdaba wrder tol dedge and

nunber. of pul ses are al sg.j ndj . At, 7 days. posts injectiaon <0. 006 for
N3/ 200w/ reprepaits Barmagh crawg)}h% g{gf;,?ﬁﬁ q?)‘f?ﬁs%sadbﬁaﬂlﬁ‘%%' ;[?18 t?gjhe<6‘?‘tﬁi‘i%%ﬁ‘e P
values for the induced peaks. The p values C v. A indicate compatison between
injected with the B-gal construct versus animals 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] FIGURE 10 shows the increase in pituitary weight with a chronic 149 day
MEFP 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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for N6/200V/ 6 pul ses group. [0045] FIGURE 16 shows the body wei ghts of
pigs injected at 10 days of age wth 3, 1 and 0.1 ng of pSP-HV-GHRH or
vehi cl e. Wba3gsHaat est wei ght gain was achi eved by pigs i mceatSen34ari h t he

| owest dose, with statistically significant differences fromthe controls
at all time points tested (p <0.02). Values are neans s.e.m [0046] FI GURE
17 shows thgohqdy WRGERES 19f sRiveS tHeNififlooet Vit hody Ninkds/ OotalBweight in

pSP- HV- GHRH at "0, 7, 14 and 21 days_ of _age., Ani Y i Nj ecilt ed at 14 days of
age shduecallg idweOGHRIF GanePairhsotye3 Faysodytmss( fesalveight ferRmes n,

statistically different f h Lo ' d <
0. 02) o e el IS LD Br e R TR ORI, SRR
concenibairh @rgad, (cefcasd] bl fat, diréot dissestion of thertiodgt Farbeoly mase/ whal fveighnt

quantities_of pSP-HV-GHRH construct, V. s are neans s.e.m 15 WO

03/ 0351 senificmridourased mindysed A (EE%TI ON OF PREFERRED EMBODI MENTS
[0048] Ot her objects, features and advantages of the present invention wll
becone app fr@i@tﬁ% fal KIWhsn ehed caiabedd bEES GirdaP i @Rronidallys haluced be

under st ood?[roﬁ?v\]ev_er, that the det ailed descri ption and the }gpeci fic

exanpl 63REMGéreSwichi® amiqeg Bonef erep e theasaaseaipiseyRre arped i eithehrymsler are

given b of .illustration onl ' i gif i cations
o i e At gy LT Ri@eR TR E B Kbl (308 Sarc B b o Those
ski | | edirdcpditdaeic &f the body) Bnededads inedasdé by PI¥ner(*p BEFIONR)TI ONS [ 0049] The
term"a" or "an" as used herein in the specification may nean one or nore.

As used herein in the clain(s), en used i.n conjunction w th.the rd

"conpri si ngl0043k he Rl "%‘SE%Y’S %Hﬂcr?ﬁi Hﬁ%ﬁﬁﬁ 5t mnic‘)}f'rgmf%lgﬁn J]ouﬁ%é.{\oAs used

herein I-ﬁﬁ@}(ig e"St NBRE. Béte hER$ll RnRat MdsEmBRE Sverd PoHOImelheltheer m " any
e er

range deriva t ein” as used herein rrea% a range selected fromthe
nurmber andbe swesthrsi, an dash4% pestiifiieaioni GRIXlams") ah PostrineRR (BBAL\REE: t her ei n"

eans %Qc}/y fjatr,] 498 1iRENE 8P thsebg:oray)"f‘ BoA'@feral 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 Né6/100V/ 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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[ 0051] The term "anal og" as used herein includes any nutant of GHRH, or
synthetic or naturally occurring peptide fragnents of GHRH, such as HV- GHRH
(Segl D NyO 03)p381720- GHRH (Seql D No: 2), TV-GHRH (Seql D No: P8Y/USYH3L273 28- GHRH
(Seql D No: 4), (1-44)NH2 (SeqlD No: 5) or (1-40)OCH (SeglD No: 6) forms, or
any shorter formto no less than (1-29) am no acids. [0052] The tern1"bone
densi tihe gRsieHSREghaaRi, Bratisticalf diffe@nalzorh ke canslst at allftimenpaiets dseedi(p €he bone
as neasured by a standard means in the art, such as x ray, M, dual

ener gy 93r¥¥w§@§b¥§ﬂﬁoh%€ﬂy (DEXA), or any advanced i nmagi ng systen1in t he
art. [0053] The term "cassette" as use% herein is defined as one or nore

t ransgene eSSl p\{@:t 0h4] t @GR eBhdentrhtddis fafief | digecpul se” as
used herelnﬁpgﬂdeffﬁg- Hg%%?gﬁsﬁ§55|%%aof a force which results in

t r ansf itiainascubdr injeviéat of the stiffé¢rentsquantitiasedp SBNAV - GEHRGheonstrugtnValugs el | . I n
sone enbodi nents, the force is fromelectricity, as in electroporation, or
t he foFE@“F%S?¥bn1vascular pressure. 16 WD 03/038112 PCT/ US02/ 34275 [0055]
The term "coding region"” as used herein refers to any portion of the DNA
sequence that is transcribed into nessenger RNA (nRNA) and then transl ated
into a sequence of am no acids characteristic of a specific polypeptide.

[ 0056] The term"deliver/' or "delivering" as used herein is defined as a
means of introducing a material into a tissue, a subject, a cell or any
reci pient, by neans of chemi cal or biological process, injection, mXing,
el ectroporation, sonoporation, or conbination thereof, either under or

W t hout pressure. [0057] The term "donor-cells" as used herein refers to
any cells that have been renoved and naintained in a viable state for any
period of tinme outside the donor-subject. [0058] The term "donor-subject”
as used herein refers to any species of the animal kingdom wherein cells
have been renpbved and maintained in a viable state for any period of tine
outside the subject. [0059] The term "DNA fragnent"” or "nucleic acid
expression construct” as used herein refers to a substantially double
stranded DNA nol ecul e. Although the fragnment may be generated by any

st andard nol ecul ar bi ol ogy neans known in the art, in sone
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enbodi nents the DNA fragnent or expression construct is generated by
restriction digestion of a parent DNA nol ecule. The terns "expression

vect or, " wWexp/nsHst on cassette,” or "expression plasm d' eemn/wbhysbe used

i nt erchangeably. Al though the parent nolecule may be any standard

nmol ecul ar bi ol ogy DNA reagent, in some enbodi nents the parent DNA nol ecul e

is a pbRYAEICED DESURIPTEON OF PREFERREPD BMBODIMENISd herein refers to a
met hod that utilizes electrical pulses,to del i%/% a nucl ei c_aci ?]msequence
into cells.[00480611Other pliesis teatuest 319 3vapRese® A%y Prafc IYEREPalTon” as

used her&ip %@%ieﬁg rflto?%te}fegglrl%gtg%ag?ﬂea%gcﬁ 1. BRhEUlE Gk iindahtobdiHo@Bterf O a

tissue or ¢ taking up a nucleic acid nolecule into a
cel | . thaskhd |dechilad t desanpticec ogdi thes spérific tetamples, e e alndicating, drefe W t h

the ter "pul sed el ectric field" ,"pul sedncyrr-ent i cex ! e

vol t ag"énww of ghe W?f}q%daf&ra‘Yeéla?}P?’%Yc%g%l}%@ § r?é’gg gfﬁ‘gggalrrgoﬁgtc h%%%fsdur ation
of t heyal R6difidaGichs Rithinghd spidependest ofahe irvbetidn willlhecorsé Zgparanth dwer al |

heal th of the recipient subject, and furthernore knows how to determ ne

such plkeliadni de srtdram ehivdgtalpd descripitpd3/ 038112 PCT/ US02/ 34275 [ 0062] The
term "encoded G IRH as used herein is a biologically active polypeptide
of GHREEFINIPESNSThe term "functional biol ogi cal equivalent” of GHRH as
used hereinis a polypeptide that has a distinct am no acid sequence from
a wld typel0@mH pdhypept faor "aili dsases bantin dh s FBESHIGHHON BEY S9EAT PBS Obr

i nproved bi ol ogical . acti viit. C -1 Q. ith SR RP! hg¥e. The
funct i OR%r i%gci)g?rfg'l méiﬁ%fl%%f(%ﬁﬂeﬁ}al%g%g{cﬁoglfll%l(ra%%l?&l%ccur rii%ﬁg%?ﬁ%lﬂtlgj’ may be
modi f i @d wydsta" bRtinYirfhyaheanforldr Inhczelthan bhe.aAs ngcldymeiz Ssnatheat meneean i | ar or
i nproved biologjcal activity as used herein refers to facilitating and/or
r el eas¥tiepsf 69 HIPPEne or ot her pituitary hornones. A skilled artisan
recogni zes that in sone enbodi nents the encoded functional biol ogical

equi val ent bszH&ih% énﬁo‘a}i?%%iedd*eri{rilﬁé asn'bee ns@hbémiaemess torangont ai n a
di stinct anino ‘acid sequence while simultaneous|y havi ng simlar .of
i mpr ovetkctedifaino ghecmimbers describedinahe spseifieation, ansl tHE INtegRK %Wagfﬁé%tr?‘ﬂe.
Met hods known. i n tFe ar t tHaraertr%i neer such a sequence include site-directed
mut ageFEYEADY HEEA P TRE Y67 1™ & hesSwi t ch(r)" (which is a registered
trademark of Valentis, |Inc. (Burlinganme, CA)) as used herein refers to the
technol ogy s f epTliesteae analdytiabluged herein includes any mutant of GHRH, or

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

no less than (1-29) amino acids.

[0052] 'The term “bone density” as used herein is defined as the density of
minerals in the bone as measured by a standard means in the art, such as x-ray, MRI, dual-

energy x-ray 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
cransmission 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 electricity, as in

electroporation, or the force is from vascular pressure.
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het er ol ogous nucl ei ¢ acid sequences encodi ng regul ator proteins, GHRH,
functional biological equival ent or conbination thereof. Such a technol ogy
i s schenewDa®alossa1zli agraned in FIGURE 1A A skilled artis&oTrisopgnizes t hat
anti progesterone agent alternatives to mfepristone are avail abl e,

i ncl udi ng onapristone, ZK112993, ZK98734, and 5a pregnane- 3, 2-di one.
[0065] The rh@ss " OTRMdhn OE ML reglon©ik Juséth hergidrefiers ed mny podiehi ofetheas a

hor none thJ\t relates to growh and acts_as &élﬁbg i cal, messen &r to exert
its addNarsequenge thagisgeanserhed. infonmessengacRNe gg‘?ﬂ‘zme,n atg SR hor none
is rel eased t.-he ti . O : :Jel easi ng hornone. [0066] The
term "%9%%%%%%&@8%5%&%% cﬁorspr%:hfgﬁ{ -({eRH' ) as used herein is
defined as a hornone that facilitates or stinulates rel ease of growth
hormone, ar[dosd) aThesaar “deivayt ootdebverippt od vsedyhersin rodebised aya meass
prolactin. Jt,is understood.that the GH t he .recomhi nant r a

f unct i g OJb‘F@E dgreteial ggo R \sfuEnt S“i’?eét’ BiCSP]FSEJ PHLFTPeR W Ve 1r11s[ ﬁ%&?ﬁcﬁe term
“hetergl B%%%aln;&%&gsgj eliihrS SHMARC Rlec@posstsh, Nenepdratich, def combinatitm a DNA
sequence coffprising differing regulatory and expression elenents. 18 WO

03/ 038héRofpeitictsodyras Mitboul [FO6B%E:- The term "l ean body nmass" ("LBM') as used
herein is defined as the mass of the body of an aninmal attributed to

non-fat ti suchqa 8 L9 =S, it -8 ©8! Hase bas used
herein is @Fﬁ’]ed gget%%rgyce(h%g C%@o%?gseagﬁﬁj eé‘%ﬂirts%%h%gve an gd%ii tional
nucl ei gncédhmelanasnied i viablasrt: fortny pehied oftithe ofgidz die demer-subjac:

"nodi fi ed-donor-cells" as used herein refers to any donor-cells that

har bor a GHRH_encod|ng nuc)ei c aci d,sequence. .[ Q071] T m " cul ar
switch” as I998%] herlderferas é‘P&Orfsél%&C“rroﬁsg?ﬁﬁ‘g“vegt"ng%S tod%'ﬁf %P%%lggd OF?B% a
subj ec&niﬁaﬁl%ggi%ﬁl LRGN LhRNB&h BlabRid £ld Mageied iA Kbl ededot bsan
recogni zes that there are many such switches known in the art, such as a

t et r acyalodmoé timeiaueside the subjestf i nger switch, a glucocorticoid switch, and so
forth. [0072] The term "nucleic acid expression construct” as used herein

refers to t ypeqof aenetic A UG TREHSEH@ s ddmki@lce AGiséd codi ng
for a RNA g@ég%ll e gqheﬁ%l?[hgﬁi\%r%%%ﬁ b%}dfmgﬁlg%lgr "faxpressi (;:n vector" can
al S0 bReris aefeisitber subamgiith dyulble steinded DINA spdesinlei Althoghi theelmgsent #ey nucl ei ¢
aci d eﬁg) rg%rslesr{z\tgcrl] g}(r) naigrr.gcgrgdagc? q‘BéllecsuﬁE'biglog}rf 0PRSS knc®m in the art, in some

embodiments 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 2 plasmid.

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

electrical pulses to deliver a nucleic acid sequence into cell.

[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
nucleic acid molecule into a cell. A skilled artisan recognizes that these terms are associated
with the terms “pulsed electric field” “pulsed current device” and “pulse voltage device.” A
skilled 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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nucl eoti de sequence of interest; and a 3' untransl ated region; wherein the
pronoter, the nucleotide sequence of interest, and the 3' untransl ated
regi on arwoopessatively linked; and in ziw expression of wPog/usowbeeiide
sequence of interest is regulated by the pronoter. [0073] The term
"operatively linked" as used herein refers to elenents or structures in a
nucl ei ¢ acijfo@gquerTke hat“casslelli GKBITDYs apet dicteire iabi bidogialld adore physi cal
| ocat i on. 'Fhe el enents or structures are capable of, or characterized by
acconypolyprptivg oA GHREl r ed operation. It is recognized by one of ordinary
skill in the art that it is not necessary for elenents or structures in a
nucl ei ¢ aci gue ‘ i . FaSPOHRIM 46 (sed heléh s a

operati vel Jg?éiked&ﬁ%&ﬁ4?§ﬁ@nfﬁe%%@%ma -‘I]_a{?églruts_gnate " {I%SLG')" as. used

her ei polypbptide ther has didisdegraaiab laeidpequerer from ugldmymréiw pPhpepide; s

sui table for use a vect.ot, or adjuvant. for f [ lls with
or wi tHdlstsiEnlEEeewho %’Hgoﬁnﬂfroﬁr%ﬁ‘ﬂr%g%%lpgﬁcalpa% {r;{jﬁée}itc ?%ﬂdx%go ggeed her ei n
ref er sgHRf Bl%fﬁ%)tie@.r iod finddoeml Biglogichlequitilemduey bemanially duuatieg or aci d
cassette (tﬁa _ Ccontains_heterol ogous nucleic ,acitg sequence encoding GHRH
or f urmay bnabdibied byghdedivideali vas ABSAR EFPPIIZGH Gk S%&F gr BRPrgvedh b ect
and 9 MO 03/ / 4 : i *BiRSE @n of the
encodék()idﬁglﬁag aftg&%%aé$g%¥§p ﬁﬁe} ﬁ%g?cﬂflt %eiﬁg%gﬁ;loag ltaa%gﬁﬁ %m%?ﬁftﬁ the livjng

or gani eher (iR hofthends eA mkillpl asisindecogsizessbat iheowk smbediarestsgemencatsdy to a

construction ,C rised of extra-chronosenal. .gepeti r syal ly of a
ci rcul C‘Eﬂ&‘g]i E‘Qﬁ’énga]ll)ﬁﬂi“‘fa%ﬂ 0)%c§ pi f‘cpéJ?}éDe tﬁ%e%@%éj&ﬁ% %/fglfla%ﬁfégn{lgon%l

DNA. Pl asfi dSdisiRict hEAHTRAE Sebiaee afhile Fhyultageoustyelthvirg sistitoos impoasti ds ar e
doubl e- stranded DNA nol ecul e t hat occur }% are g\g‘?rtbv c{%vtqr om bacteria and
(r ar el yiplogiclactivitycvhssrepamriatadsto tﬁbmﬂ polypeRsideo %‘;FS Fodh s Bhfoast DNA,
yeRst SgieBl B s ARRL MARRNBLR-COMRALKCLT) Lded. [007T) The ferm

pl asni @ e dlat ed

ene suppl enentation”"“as used herein refers a method to
al l ow a subject to have prol onged exposure to a therapeutic range, of a
t her apeut i C[0p64]t ei Theyternt i“GleneSwgtch® A Uwhishas ackgistesegrteagdemark eloNalentiset i n

ziw. [007 The term' pul s olta devi,ce, "y Of " el fiection
devi ceﬁlcazéur{’%éﬂmh A P%q%a'\f{ggmt%% n%agjﬁatreg uoslo@lﬁéo?t ﬁ]?fseg @%%%%1%&%3# éacausi ng
OF  CaUBGSoWRbRK ublbicn Y&l €sdquarides! erdbding Ulegdlatont groteire, cG6HRE, ofunanomat gani sm

by emtting“a |localized pulse of electricity to the cells. .
Y biologlgcal equivalent or congbination t['gereofg.3 Such a technology is sc%ematlcally diagramed

in FIGURE 1A. A skilled artisan recognizes that antiprogesterone agent alternatives to
mifepristone are available, including onapristone, ZK 112993, ZK98734, and 50 pregnane-
3,2-dione.

[0065] 'The term “growth hormone” (‘GH”) as used herein is defined as a
hormone 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 a DNA sequence comprising differing regulatory and expression elements.
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The cell nenbrane then destabilizes, form ng passageways or pores.
Conventional devices of this type are calibrated to allow one to select or
adj ust t wodesssierl vol t age anplitude and the duration of PCh@Spubees

vol tage. The primary inportance of a pul se voltage device is the
capability of the device to facilitate delivery of conpositions of the

i nvention, [pggs]i CUTRE teym “ldaRdatly BAA” {FIBNNt sised bretrein fsiefined asghofasshe
organi sm [0079] The term "pJl asm d backbone" as used herein refers to a
sequerdshefodyphian apisal atjused PWOBSHUEIISUSE BJPEEEr al origin of replication,
and a bacterial antibiotic selection gene, which are necessary for the

speci 1 0nkd] O TRE kétnl h&og@‘é& G6ls® o ) Ririn i HamsdoeE Mt frorhhe proper

pl asm d. ere are plasm | | mni-cjrcles, that |ack both
t he anwubjthithavesi stdiivnel gele aibequeaconirgilecedinte ahg ¢ellat i on (par quet et
al ., 1997; Darquet et al., 1999; Soubrier et al., 1999). The use of in

O b 5SS LR b U AL iR, systers)

avoi ds the ors. e non-v expressi on

Sy st e A G (GHBENG 8dihy nhade adidvequexkci ty due to the use of "species-
speci fic" conponents for gene delivery, which mnimzes the risks of

i mmunogenicity generally associated with viral. vectors. e .aspect of the
current invi88Tilon iThetterm “melecypnsich” aparadnliten dBiss Yot ™0 'tﬂﬁidﬁ)?%\ﬁral

nucl eo egide?re fﬁ%jg@g@)ga it P Q038 'pE}QE[/oP%%ﬁé ?R%ﬁi]lecﬂ QRSO reddpaizeer m

"prono s useée eréein refers to a'sequence of DNA that diregts the

t r anschiapthée Ardfiamy geh ewitches koowt artheray, sutl ect tetheyclireyTaich) JAROMSEF a
prokaryatic .or eukar yotiﬁ aggnef pronmoter may be "inducible", initiating
t r ans cHist pugoRortsd e ald SR % h quci ng agent or, in contrast, a promoter
may be "constitutive", whereby an inducing agent does not regulate the

rate of trapggs] Pt TR terth PRGN &id EfpYestion coguuual’ed used hertingefas-tepeyi fic or
ti ssue-preferred manner, such that it is, only agti v%tl\iI té@l{lsc 'hbi ng the
oper abtyge |of reueticcenfisiEct ¢augprsing H nEcleip geids godig nyeca “t&%{) g8 0081]
The term - rate Aealing’ 1366 M B RisdB ird@EhdRehbAs héria, Th e
requi r§-,%nsf1(1)berdiapg‘liler3 bcglq%oggﬁﬁsg%t E%E?ru[%glg_SZ] The term"” r,gglgi é}i@gnt -subj ect" as
used hgpeeifio drafeliments, ey nagleiciaesl efpression eonisHnit ROMPERSHH MRPEPHKS 2

modi fi ed-donor-cells gcan be intraoduced fro - donQk - sybj ] The
t er m " PEgeAtEE SPAYSRER Qf [Lersh ¢ a%he grﬁlﬁsflartee%e ISO%I ogjgle%#lpithgicl%mtnﬁ{aeg’ 0tiﬁ_%cr eases
or fachl it AHESedubARSH ihidldsQAnd thed iatraslatatlepoh aracpdatbelylmked and

tiw expression of the nucleotide sequence of interest is regulated by the promoter.

[0073]  The term “operatively linked” as used herein refers to elements or
structures in a nucleic acid sequence that are linked by operative ability and not physical
location. The elements or structures are capable of, or characterized 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 a tandem or adjacent order to be

operatively linked.

[0074] ‘The term “poly-L-glutamate (“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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[0084] The term "residual |inear plasm d backbone" as used herein conprises
any fragnent of the plasm d backbone that is |left at the end of the
process nwbion/gsalma nucI eic acid expression plasmd |ineaPCT[3085275The
terms "subject” or "animal" as used herein refers to any species of the
ani mal kingdom In preferred enbodi ments, it refers rmre specifically to
hurran&h@@]ﬂaw@amﬁd@ &sioanifroaé encsled gémsrto petus vielg dﬁgﬂdg@ lIs gec. ); work
(eg. harses, etc ); food (cows, chicken, fish, Ianbs pigs, etc); and all
ot her S"ibiowhe YIRS OFRaNERY [ 0086] The term"tissue” as used herein refers to
a collection of simlar cells and the intercellular substances surrounding

them A skip 7%‘? ar’@[héfi&n{ggﬁﬂﬁid’-ea‘é Usbdthefeid irsfeMegansralli to aggssgadtionn of
S|mlarly alized cell

for the perforpance of a ti uncti on.
For thempsmdrxd axtra-tchmmsesehgenemmtqﬂ@lnus f%ﬁﬁ?‘ﬂ%rs‘gﬂ?g dggéﬁﬁot{‘atr efer to
a cell be, .a suspens e cific
enbodlcﬁﬁﬁﬁphcatt?‘n@dgl’?gﬁ @X gf %IF ?%%%?ggedﬁgﬁ&% Opﬁr%ﬁédg;%he}eef odi ment ,
the ti@sdiss JesroROtPlasniliagt dbulslsu&andéd ERVA hmdeca}etthamcmagmdmsd frhm t here

el LO‘i%ugﬁgiéfﬁair'efyiﬁ AR e R e e S e Vvaad
LT SSUewd Ny RG] Gocl URALLIRSHy ocliied ! hods 51 W 03, 03011

PCT/ U conp03|t|ons are directed to transfer of |inear DNA
into a nuscle ti ssue by electroporation. [0087] The term'therapeutic
el ement” ag00ERd haﬂxenm‘@ipnucéergdmélgem:smlealen?@aaeﬁ%%déﬂﬁréw N |ead to

an in ziz regsi on n_epncod dd dnf 4he art
of ol & Sﬁ%‘ﬁya \RPQ?JFé%rté)cg%Vﬁl §1%k?%&§ ?}?l&%hgor g&e}%@gﬁel engnt may

i ncl ud@eraPaitiic pﬁotelﬂQiydtﬂlimg edudleic acipegmstion comuenoeiv.a transgene, a poly A
sequence, or 3" or 5 UTR [0088] The term' transfects as used herein

refers to |ntroduc on of a nhucleic, acid int kar. i C n some
enbodi ment sl0078e cgrlrhle tegn 1y gplse; valagR deyiFe s Q8 B&s “XJSCt &e%[c%) ] The
term " i 8k RAckROR6 an gg%mtﬂaers%ﬁable@f%ﬁmg%mm luptae aﬁn@ble&emxbnce t hat

does not contaln a pro agene,anda Iyeré\igln Hlist
untransﬂobtldekm@glhemallsmitanqrgamsm ernigngrit loc elgs ltF>iEﬁth|e| ed at

o R RS WL A0 AL 100 Brs R DY B E A ChiNCRDA dEaRS S S
t I ansCliPypOite cQ]libr@tedllﬂ@hlﬁiV@ oﬂé:tcdsekaeqmeadqmt dmrdgamglmolnagea@mphtm the vi r al

'SBZ‘CJ[‘? oo &6 theymelbed Taltagh. Fhe oratary mpoancd 3f apullFollgt B! s e affects

capability of the device to facilitate delivery of compositions of the invention, particularly

linear DNA fragments, into the cells of the organism.

[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 bacteria that are
transformed with the proper plasmid. However, there are plasmids, called mini-circles, that
lack 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 i wi amplified expression plasmid
DNA (ie. non-viral expression systems) avoids the risks associated with viral vectors. The
non-viral expression systems 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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specific pronoters, causes transcriptional silencing or poses safety risks
to the subject. [0090] The term "vascul ar pressure pul se" refers to a pul se
of pressuwe oBossmia | arge volunme of liquid to facilitate ®praise2sf27a vect or
into a cell. Askilled artisan recognizes that the anount and duration of
t he vascul ar pressure pulse is dependent on the tissue, size, and overall
heal th of {uB0| eci Phetmaprombter’amdustd hefeir rabore ik aoaguenowof DN thatni ne such
parameters enpirically. [0091] The term "wvector" as.used herei efers to a
const direats the tosgsiptien @l afgengy e%é%r?IBO%P’éY fliggct e FYREPIE iarpré’%“py‘ﬁ‘g
transformmtion 0B Fineibie! innRkihg SradscHptdLinGespafidedto arquence
into toﬁﬁﬁbagf g&k. \%%tﬁ{)rg&%rlgy gontnz;i n mg‘f tipl efgqg,ganet%jﬁé el enents positionally
and  sedygpaitloy, inrdostmisech motivtestoirTber CORSEENY s Iﬁﬁ%ﬁt@ RSB an

i ncluded nucleic acid cassett.e. can i sxary

tr ansIdgﬁwtir?g“h%&@ﬁ??msélﬂp%oé' %s?rg$ﬂ€§£ gﬁgﬁé?ﬁa@gﬁ é\e@%%é ag ?yel y

| i nkedissubhBeft REMmABXERY QfE ithit iV ohlrattivedh etansdribirg tbiapgrhble dinkedt dedingcont ai ns
all of the information necessary to produce a reconbinant protein in a
het er otgigoins: spesific tifsPOTPE OTHEEr esent i nvention concerns a method for
decreasing the body fat proportion, increasing |ean body mass ("LBM),

i ncreasi ng den b ' o 2t fsed 22rdD 0 343 1k Ahe time

PCT/ US02/ 34@%? of qﬁ%trt%—nheg I ﬁg,ﬁb%?h%hlggon%i ﬁsati on thereof, of an ani nal
subj eqkquiled tgespeir albonbifragnesent i nvention can be acconplished by
delivering a nucleic acid sequence encoding GHRH or functional bi ol ogical
equi val ent reof .jnto the cel] s .of »t he Leet I or
germ cel | s)[bggﬂ al I'OMSHT epPELSTY ec%fastlﬁg&llgllrel%%dree &gé%g %gleg%%gfgﬁr} le the
modi f i ggh&ldeSomiveherath btdidificttionbi-sdlngndregambdined fine sddwegugsst. expr essi on
of the GHRH gr functional biological equivalent thereof is regulated by a

tissue specific pronmoter (eg. nuscle), and/or by.a .requlator .or in that
contai ns a [@888]f i edbritgamd'r ngrofdhath “feéghe%ﬁ‘l & %P %\Blr?t%]ﬁ)t?lgtemm ch
will only be 4-ve . { iRl fcidedqhdng@nd (eg mifepistone) is
adm nilgf%?sgﬁof%émﬁaﬁé%%flg{gﬁ T %Fggx%r essicon gnd ensui ng rel ease of GHRH or

functional biological equivalent thereof by the m)é:l;%‘1 ied cell.s within the
living orgaj0os4p wi IThedeor Gasdua heeabplaymid backbpapoastusembereingempace afhe | BV

increase the bgne densit and{ or. { ACreas eal.kig kah&lqd the
subj ec ragr{lq%gg%i S’ﬁ‘é&@&‘bc’&? t{’%és %&rartg%t gril&ngf;ﬁl{%ioﬁc:rﬁce{gs a rrgt hod f or
alteri Mé@%sigggmsm{m%aﬂ.n a subject by utilizing a nucleic acid
expression-vector regulated by a constitutive

[0085]  The terms “subject” or “animal” as used herein refers to any species of
the animal kingdom. In preferred embodiments, it refers more specifically to humans and
domesticated animals used for: pets (eg cats, dogs, etc); work (eg horses, ex); food (cows,

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

[0086] The term “tissue” as used herein refers to a collection of similar cells and
the intercellular substances surrounding them. A skilled artisan recognizes that 2 tissue is an
aggtregation 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 i vw. In
another embodiment, the tissue is not a plant tissue. A skilled artisan recognizes that there
are four basic tissues in the body: 1) epithelium; 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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pronoter. The nethod conprises delivering into cells of the subject the
nucl eic acid expression construct that encodes a

gr owmt h- howowmn®3siet easi ng- hormone ("GHRH ) or functional IpCelusg/sals

equi val ent thereof. In a specific enbodinment, the nucleic acid expression
construct is delivered into the cells of the subject via electroporation,
wher eiaid t ignpkibhs agordifetied sonmnifer oft BueanrDY¥y rintoela| guuseley tspiest (WY

speci f{ c enbodi nent the nucleic acid expression construct conprises SeqlD
No: 1fecweprioRo: 12, Segl D No: 13, SeglD No: 14, SeglD No: 17, Segl D No:
18, Segl D No: 19, SeglD No: 20, or SeglD No: 21. Transfection of the

nucl ei ¢ aci Ho@zpr ePRd i OMEapic d@ner?e a@xpadhéel dympised nnéleg aeid
transfecti (; -facilitating polypeptide (e.qg. cQarged 0 y&egtfdﬂe or

pol y- lsequlenten vt eill leith do emGotwExpraRtiproe! arf ¢nseds PS‘P‘EFBQ cap val ent
thereof are.expressed in tus . f1 : Iﬁ%b]n' a3 ch
conpri art %ﬁ%cuf"éi%fo%?gyﬂ%l ré%%g%ggﬁwhg%b% lﬁttlacocgenr%%ged fuﬁlg%eit’ é) nal

bi 0l 0ot RinitedeiLt pratEr sefueftdRitiansgein, o pagirciigncacriadéopdYHept i des t hat
have been engineered to contain a distinct am no acid sequence while

si mul t aneousl y having simnjlar,or, inpraoved.bi gl ogi cal | act Vi en
conpared t d0¢® GH@F E}BTI{/U gesteqs’ a?ﬁseg Bsreup é&?’égméﬂ%fﬂ%‘fc%gﬁtd tah%%lglr?;oded
GHRH o 4filinct },}251%' 0! B0 BoHHiMaE e deh ey -t plat @ifsub of Mdast BEQ D No:
6) . A%ﬁlldtl%f%naa% y; tlétaﬁg' Ie}géccglgée% GHRH or feuncti onzilp bi ol ogi cglvd equi val ent

thereof facilitates growth hormone ("GH s_ecrtséti on in, the subject. 23 WO
03/ 038112 HOMBYSO2Thd &7H “viraldadkbone’s ascusedibersisaetersgp apiglec fEdsrivesfy ent i on

is anmthpd for altering |ean_ baod i ' HlrdZdBu@ nucl eic
aci o deees ol bpoPsh Aedt ByTES Bob 2 et o & prth kg g, 2

met hodoRemp kietREts Shelpdingf betehbtvimitedyai siteespeeifit gendmichistegeition Repaarid r st

nucl eic acid expression consfruct (SeglD No:. 2 ecaond pucl el ¢ acid
expr esavastedcigrmipl repeaty éég'gm)mr: d’???‘,ngl&%d“% f%%éc afs Bt EO% I&?Agléet%ei n the
first |:5n 261 | QBuRASES a0 Gt iral immunogenicity

gr owt ht?%lgér%%rel’- %?e@%ﬁcg&?\%? ne (" Infj'n or fur,clf:stiaovn | hi.ol c;g i cal

equi valegninse twhen ésertechimdvinherlom intsgratiers GHacth SRR 80 YR YsEFth
construct..has an encodi r.eg i iRsulsied. delivering a
mol ec Lﬂpﬁ?lﬁgﬂﬂanlie%ﬁ'és@ﬁprgnﬁcﬁ o&{%ée}lerslu %@%?és\%/&fe%?ye%%(ﬁée}@ Slﬁr@l ecul ar switch

nol ecul e governs activation of the regulator protein and the regul ator
protein govpowg] t hahaatiny &vdsoularopretshee fulsed trefarscioed pulsec pH pressyre freinoh

truct. j f.]. di.ments, . th ' i i
onst rlage vl Lk Raliste AT L AaErbIS S8 eutrd i SRR " o
a char ggd nol YREPIALG oS! the baghlt pRESR) pulsehis degdnduer omithe sisep, size,

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

parameters empirically.

[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 positionally and
sequentially oriented with other necessary elements such that an included nucleic 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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of the first nucleic acid and the second nucleic acid expression construct
into the cells of the subject is via electroporation. A specific

enbodi mrerwo®B/ stz net hod conprises that delivering the maElEsSo3acs d
expression construct into the cells of the subject initiates expression of
the encoded regul atory protein, but the regulatory protein is inactive.
Fb“BngbomyﬁaﬂmgﬁbﬂXQbhﬁBmﬁo@EMﬁaﬂlafaswhhm%s@uagn 'ﬁ%@ﬁﬂ§@bﬁ€§mﬁnto t he

subj ect, the regulatory praqtein becones .active, an : Ha1rRoul atory
pr ot einentsgin; gagy a@@ﬁwﬁﬂ@ﬁ livenng & 18ra°1dfsﬁ$k‘<‘:etn|°% ﬁ}é{b%gfgg{:ogl e

equi v - ‘ fhéSbf s kiRl Ellaef dhe aijradeg sdinetioneoded GHRH i s
a bi Oﬁ]g%ﬂéﬁ?{%@&g@%}\%@n%%%;gg%% de; and the encoded. SﬁgnCt(iécgﬁeg:{feﬁ%Ol ogi cal
equi vgtrentells)afnd GiRMnE sxpregssinygishe erpededhgane fRCHER) "eﬂ’@irﬂ Montain a
di stinct.am no. acid sequyenc i i QYR Hiefih&ebral biblogicalor

i mpr o i 8&5‘558%%32@%? sﬁ%%ﬁxp%%s%gﬁoggﬁt o the GHRH pol ypgpti de. The
encodegh,i@HRE @ercbfincidgahakl by al Ggie abeoittrupramasent (aghereds), iadir bY ¢r mul a

(SEQ D"No: 6). The encoded GHRH.or, functi.opal ,bi ol ogi cal | val ent thereof
faci | iregadager POt IShas SORBHE f("!@lj?ffefi é@e& eﬁ’li“]ci‘?% Fﬂ“’%‘ﬁ‘e@%u‘%‘fleegw %l‘?i‘k‘gd ot her
speci {6 \ ; | HEieg Lige Kifepis®neris vdmindterahowodes a
pol ypfg%hgclhg‘g;ﬁg) }}s’%qr%%‘ﬁcvgﬁ%%gh JI3 ED&%R?SBH% Segélﬁgq?\%' 2?158 glg Nglaﬂ 3, or Seql D
No: ~ 4thd GDREE. Thet dxpredsitaspagtnsmflg rélesse of CEIRH Pﬁf}ﬂéﬁtthf@ﬁ iplogical aapipleliy | ean
body Ss A.,n subj ecty, coppr 1Sy t hm : i i fopd@iod, subj ect
a rec%??’f&ﬁ’ttﬁ%?‘m%ﬂ‘igﬁ@f e {hr%éllvggsolr}%é’fs or m&%ére?sgglé%@f&f)ﬁ@%rﬁ% gi ol ogi cal
f unct izQRalse SHITBM, Githeabdeeclidne desingiandAdnencresse drebbonenhealipgRite of she

bi ol ogical ly active polypeptide. In specific enbodi nents, the reconbi nant

f unct isebia¢t- bi ol ogi cal equi val ent of GHRH i s a pol ypeptide that has been 24
WO 03/038112 PCT/ US02/ 34275 engineered to contain a distinct amno acid

sequence mbb Jsi W@ntn.g@;géw%k Yhd @k iieliidrals DmettiodDion uketiry leamodsal | y
(0}

activity en conpared to the GHRH pol ypeptide. In noctger speci f.i c
enbodimmstin at iubjecebpniiliziegie 1@dRi o ﬁmre&smn@r:t%ir%g@ﬁ? V i vEFEnt
t hereof is of or mul a, (SEQ.D Noj- o coMen GHRH Rl ustéd | onal

bi ol o TR Equi %Ing%lpd %‘ﬁlg of g‘é‘?erinlgt%%b:scagromﬁ ﬁgﬁeﬁnne“ “GT') secretion

I Nt hexphiiios tconktllRD GhatAedcaded fa gmeh—honﬁortehelezsmgflmﬂmhﬁv(em))i 8f a net hod

for altering bone, properties in_.a subject. uti i zi ng ic.acid
expr esfgn@wn@]e@@@g_l‘?aggfﬁ}”éﬁl%@ BRerepty oﬁgt % tSlEF‘:fle% e %?ng,r .ﬂ:?er%ggl%gt %‘g _
conpri g ?fesgﬁlll LYRLLAYs Batvereaghiosho tells € dekubRet vid Hectrapokaion, ahérein thxpr essi on
constr at encodes a growt h- hor none-rel eaﬁj ng-,hat m)neth( ! Gll-iRH' 40"

cells comprise somatic, stem or germ cells. In another specitic embodiment the nucleic aci

expression construct comprises SeqlD No: 11, SeqID No: 12, SeqID No: 13, SeqID No: 14,

SeqID No: 17, SeqID No: 18, SeqlD 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 or poly-L-glutamate). The encoded GHRH 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
2 distinct amino acid sequence while simultaneously having similar or improved biologically
activity when compared to the GHRE 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

(“GH) secretion in the subject.
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functional biological equivalent thereof. In a specific enbodi nent, the
nucl eic acid expression construct is delivered into the cells of the

subj ect W@ 0aloag1iz opor ati on, wherein the cells conprise POFAISOL3423% em or
germcells. In another specific enbodi nent the nucleic acid expression
construct conprises SeqlD No: 11, SeqlD No: 12, SeqlD No: 13, SeqlD No: 14,
Seql D No: {fobo4feg! B sblond kpecbed! ItEIe bkn:rerﬁgnve‘ﬁagmlis Nonethal fesraltedng fsapo:  21.

Transfection of the nuc|ejc aci essi an constru dited b
U1 bodigprasetin resbiset oG A ie a0 Sporope St e gt 37t ’

pol YDg“gli de pr ulQOl”l)helme% @amﬁx%)es std oﬁ&élﬁ@ﬁdg ﬁ'ﬂ:éll@rof tﬁmnﬂ:yacomdimt
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subj eﬁtu;lem abid ehpremmr dongrsuctr(feglla Nas|265 a SWféldéWé]SH S ¢ B coded

functi | o] I val.ent L,agi PESdsMBe

pol ypé%ﬂﬁéég #gt “ﬁaf’v’elo%‘cé{gﬁ Vﬁtcﬁhve’ggrrewf&% %uBélQ 4 e%lﬁte%s:{onct astm rfo acid
sequepg&JIb! fo%wmhauhb@nerem@hmng(“@fmﬂ’z)rordunqmpzldm@laglml skuyrleny | y
activity vvhen corrpared to the

tid egpodi ment
the eftessendrhndeHRIED ersemﬂdurblﬁlslfc ?ﬁ COEﬁ‘fﬁ?%gﬁseﬁeoﬁcﬁérﬁ%Ff s o? := 2‘? nm“ a
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| t b t I
2 Xp re ; Ig)ggtgﬁogggﬁqn e eémlugg 85 ﬂ}gaflrst%mcﬁf;c acﬁyexB}ekslétFéd?lgtr@ct n Ll(ﬁ sBhE s

ecul ar tch nol ecul e. e net hod
conprica@dehars @k H&Hldm/ Q.Eﬂngxpréﬁsﬁnc ebissruatf further swobjpeises a frampséectioprycl ei ¢

d d | d
2" ol duiing BUTTEBHE (Wit EMAEEETHoPRAE RS E L ST e L SR it

encodeqsf tﬂs{ ﬂ%ﬁu& !f: Qaﬂi%d fifel se@sidngic RRY RN pleséabiRtbostradt ifonhe celbalf the ol ogi cal
equi val € ereo

wherein the second nucl.ei c r.essi,on
const rsubjecthas vanelecwmpd)rangnr dyispecifist embe tSr thty egli‘?ﬁid Caﬁ’gnsede'ihﬂ/erl ng a

mol ecu| ar sw l.ecul e into. the £ & fLae L€ YhidhiteSW t Ch
25 V\D‘l?g)’%’gl it 5% %?%mth %(%:i% e%%v%[?n%ﬁga?tlvatm of the

][egul %ngelssl%@apﬂhegmea Rsgulatgy badten, hnndieaegtﬂqwqmsmtmmactafét Hegteven of tEe
irst nucl eic aci e ress| gn con ruct g‘l&p}p ts, the
nucl eiupoac V@msﬂéesﬁ&%aréw BREtHEs ‘1&“83@? ?“béeete 3hd kGuRERP RN

transfes il o £i8. Ritiates Clxpregsish b tip PHIRER oor
pol y- Lb g%hggﬁ%t?e%) ah‘t‘}'ﬁ&elé ggtlwrévee?%ﬁw?’%t f ttﬁ sflrp%et nucl ei&, acid . and the
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o v CEER SRob Rlan i Aehl Balybdghide RRAHBRL0dRH Hiflisndl Bidiggkab Squivalazes ¢ hat

delive
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. 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: 1,

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

[0095] A third aspect of the current invention is a altering lean body mass in a
subject comprising the steps of: delivering into a subject a recombinant growth-hormone-
releasing-hormone (“GHRI") or a biological functional equivalent thereof, wherein the
recombinant GHRH is a biologically active polypeptide. In specific embodiments, the
recombinant functional biological equivalent of GHRH is a polypeptide that has been
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acid expression construct into the cells of the subject initiates
expression of the encoded regulatory protein, but the regulatory protein

i S i nactiwe.o3mssimexer, upon delivering a nolecular sw tchPC&/U$02/34275

m fepristone) into the subject, the regulatory protein becones active, and
the active regulatory protein initiates expression of the GHRH or

funct enalerdd © QEkA@h distatiamihe adid sagededwhie dneltaneeusty kayingesislaard
sequence. The encoded GHRH is a bial ogic cti I p& - .and t he
encodéﬁp@ﬂ%blpbﬁ!&ﬁu}fﬁc‘ﬂlﬁ’g‘f’q@éﬂ CO&B&F&&P%@E& RIPS ég%p&p%ﬂg%%g %lec that has
been SAGLAGRLEANEOrLAbAR HIES (b EincASian bidisiicil sqgiveine thati eis of
si mul taneously having simlar or inproved biologicall yla%%lw ty when
conpafesilo (SEOITHRE 6pol"ﬂpem¢mbma%6}fgﬂéo%¥e£m@%3|i Slological eapivalpmt
bi ol ogi cal,. ;.equi val ent, t her eof« hse\0f I D No: 6). The encoded
GHRH er‘?‘ﬁr‘fﬁ“ﬁ’ftﬁtﬁ%\gmmk‘o&‘a}oggl( %I?]’ is\?%'{eeé\wttﬁ%?‘% facilitates growth
hornmone ("GH ) secretion in the subject. In another specific enpodinment,
the first [peoyjei CAafeush QupHcess ilencuest veationdes methed fppapetingebeste sequence
Seql D No: 1, SeglD No: 2. . SeglD.No:., 3, or.SeglD No::4.0098]:A:-sixth

aspec pragfertidsan e grbjesidyvRldng ¢ 8H3?1§ agid ﬁ%ﬁrﬁ%{ﬂmf‘%?toﬁfelgglﬁegfg’ Bon gllmgtr“?jper ties
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functi% on%li g}oi%‘%gleq‘éléﬁ?[&a éa'(rf:]e[Of'of I%—ﬁab %éslﬁ a eg{gpypept’i de o haS[:. has been
engi NeepREidPcARALE i deiveried tintb che edlls ob tieciubjesistudent@patitipe, whawgin ththeous! y

having simlar or inproved biologically . activi.t n_c a -10:1he GHRH

pol ypgﬁpﬂﬂ emprisp ﬁoﬁﬁ&? H&p %rpﬁélinf‘?ﬂ*' gﬁtﬁ%ﬁ?ﬁ ﬁ?eflflf)r/‘fgl\glggﬁer?g g%a%‘%g@-i or

funct i oal.ib ol Ak EARAYS LAY No: 1RESATD N 10SHID 3. A3(SRIDDWII4, 6) . The
an or

r econbi uncti on bi ol ogi cal ewval§8 trﬁrgof ;acilitates
gr owt BeqHD Mimd 7 ( SeGIB No: 8 Feal D d¥o:i 1, SaqbD Neyj28cer Se g\iﬁ he ransiection

pl asm d- redi at.ed .suppl ement ati on of %E@d' smtfcbgsh-falBhahen of fers
advantcgdg!%an ?a?%ﬁ’&r?sﬁho?ﬁ?ﬁlstérﬁgtcggbgir ctt%%ﬂﬁ%gltg%ng Fecombi nant GHRH

pr ot ei gplydesade s(%\%o ahe@%edn pelypéptidacod pslyduglutawtegn c ¢ mncodsde IGHRHC of onal

bi ol ogi cal = 26, WD, 03/ 038112 PCT/fUSOZI 3427&3. e%ﬁ“ val ﬁ@téﬂsoéf elglal%%at are
ser um fypeicasak biojogicek eaualent hegrot 315 BTRIEEDY BRUGSESFES < on pd:?xi a;
controlf. Y, t icfls. M%e | B SRACGHRE Pk e éeodedEfpicassdl divloficaluch GHRH
or fun%@gﬁépﬁﬁﬁ%o@gggﬁcégﬁs equi vajtent t hereof eli th ed hj %’Qre and .l G- |

€

| evel sequivafengsf GbIRTduke plogically active polypeptides that hav
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

€en engirl to contain

(“GH) 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 nucleic acid expression vector regulated by a molecular
switch molecule. The method comprises steps of delivering into cells of the subject a first
ﬁucleic acid expression construct, a second nucleic acid expression construct, and a molecular
switch; wherein the first nucleic acid expression construct encodes 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; and

delivering a molecular switch molecule into the subject, wherein the molecular switch
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delivery by intramuscular injection and in tiw el ectroporation
(Draghia-Akli et al., 1999). The process of in ziw electroporation my
i nvol ve ewDesmnzdilly supplied el ectrodes, or in the case of PChasdl/ae7s
internally supplied electrodes to aid in the inclusion of desired

nucl eoti de sequences into the cells of the subject within the |iving

or ganhﬂ&d@é&@&@mmmmé ltleec tegsalptor atrotein dnd thi@egulsrast RIOHEH SPRSEROTC of

i ntroduci ng the hetero] ogous nucl.eic acid epcodin ke the cells
of t hactatigreet sheg c taﬁ;éﬁp’@ﬁﬁl%ft C%Hu‘gr ef%°6nm%s%8_§ﬁ§%%§r"?§{ﬁ?t§ki Iled in
the agthléisgcid eBhRGIInARRN ALt Ritihel énfiaes affuméectiombacilinning pobypéptide egw i w
transformation,” direct injection, 5 dextran, tf)@m cat | % | oadi g

r ecephehagedpalypeptide ans@@étglbtﬁf,na‘iﬁ-c Jiverag tep o BRHUT FHERE 2CaYy” o
exanple, it is alsq paessible.: | uge.t he RuE! of ctRrckibjagqlderae that
encod&¥ tsﬁ%onél-lﬁﬂc%ic ?‘ﬂ%c % 5e§sé1§)gbl&6cﬁ%r8&ca °equi val ent t,her,ecl)f directly into
t he celeb§opratidh @ spebifie embbdintenr oft thisenethoch gompses Biat delivenps %hﬁél%léﬁy of the
subj ect, or donor, nmintaining the ells in | t ety jitnt ing the
nucl eideid REDEESHAR SARTHYCS IR S BSIs OF HF i l?’f/ad?l%%&% E%PSESS%O? ggf %’I@if? g%é%or ation,
|'i pof | ne Chitnhp hesiha ML Zik Vinddtied S f Howater,onpondidelveting 13 ect i on,
DEAE 3%??‘1?%1% prgg%:l’cat ion | %Lgdi.lr{]}g?rrecept or nmediated transfecti orhr!(

mi cr opnalgataristisch (opiaifprisane) itocthy subipeh HiedsHOw ARHEFORIRIRY 21 NE modi fi ed
cell's i tgeet N&. L) ;{éoﬂl%ll%gtg ifift te?rex%r%stb%rom%tGHHH &Ctuntiidial BRlogical net hod) .

The RO oned i nto an adenovi rus vector or.an
adeno-eygisslehdreddadosd te fastcnleld acet exquinge sTheptnsodad GEIRIS &1a Belogicalliect i on,

or intravenous or_intra-arteri,al Jdnjections, Plasm.: HRiEgs the GHRH
sequerf€dve mf}fﬁ’épté‘%'rrﬁf“@x@a e e‘Jc éll?%’r?in?:l ﬁo&g&%ﬁ ngﬁﬁl%égﬁe%% andqsde i ver ed

i nt ra;pﬁ%@%hﬂ&é at B9 HCRY QOS] @6 cosbsutaadiednts| aming QB0 deqhdmienivbile at i on as
used her‘el

refers to the route of i ntirﬁglducti.on of a vegtor °¢¥1§§Lri er of
DNA i nmultaneoisbavingaimihr ot imaprpvsd Rialagisallyaridyvhsn compated fo e e or by
target ed del.ivery to th ' SHSH L Ghaesh iBio femiulon. 1 n
parti cRﬂ%ﬁ)F?u‘a%eﬂ?)?%cgg%chﬁﬁ}g%ifﬁo%&%g% %@ngaéqqu or _suppl eeg%gti ng GHRH by
adni ni SEQED Ma: 6f. TheeneedddoGHRES oc furasional hickegabiequivalant ghegead agilfatst der t o

i t hi rerorshemmane (aH L eigB ALt ubETs 1Raroe Wi HssTE S REr BE8 o 7s
(020t i MOyt cumafo oot
by i n Sdqiid Nelgot Sespalda:ton.

[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 (* GHREP) or a biological functional equivalent thereof,
wherein the recombinant GHRH is a biologically active polypeptide. In specific
embodiments, 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.

In another specific embodiment, the recombinant GHRH or functional biological equivalent
thereof is of formula (SEQID No: 6). The recombinant GHRH or functional biclogical

equivalent thereof facilitates growth hormone (“GH) secretion 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 nucleic acid sequences encoding novel functional biological
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[0102] The route of adm nistration of any sel ected vector construct wll
depend on the particular use for the expression vectors. In general, a
speci fi c worasstz on for each vector construct used w || PCoalss2/an7yvect or
uptake with regard to the particular targeted tissue, followed by
denonstration of efficacy. Uptake studies will incl ugﬁi upt ake assays to
eval ughivaleats of SHRIH! thisearofserie prtebo resistant cax be elirestesh biyrant G¥Ereste] ye

speci fic DNA of  choice., Such says-wW ll als ' HEgg ki zation
of t helaymaidgemntrofied By ¢ smthatc apgsc e'SB%‘/uC lceg’iogﬁ%?r’s ﬁ%&gés%%no?_ gaﬂlrgerren.t%g f or

mai Nt GNARGE] BlolSheREY IRl fhes e atito G afid IGK{iresbed pigsdPBOWNGES f i cacy
and cytotoxicity can then be tested. Toxi ci.tyﬂﬁli I@_}r‘%ﬁl oglle)i d’ncllhgde cel |

vi abi Béltvrythytinemuscolet injettioncandon v dacrporien (Wraghipklieh ol 1997 The o o
ability to take u fi BHaeRd&, ben the aefi nj ection
of DNB\}/Oﬁﬁﬁstqtfé’Fg?Jiescggéos%ﬁer tﬁwgﬁg%%%gﬁg##@?e colloid into the nuscle.
Expr esgdden, feriix sbyplict ekctmeteh ool aidan thyeinclusiom oh desired pucleqtide S69UERERSt hs. DNA
uptake in muscle cells is, further enhanced bl L 7] ' 1

of cot iopaeaiallont tFoua i eI PRABP LI Mo DK HB ool the

| ncor g%fé%éd%e%'&\ot MR dudRE R RlesbsGE roliledeacdding sysmudngahendbcyt osi s
by the target cell. Such conpl exes nmy in%I ude l‘l?iflég'ﬁ [;)rgl'zt)eiRs,e

car bob dhatsebjects prhanansthodsr gasii andc apliaTaks by Gr et g4, in enﬁou%és. The
characieristiecs gf the ¢ | b anseshtiod, Sdi%es irfdRaioge,

surfaf cgwé%ﬁlpgf$%ag§t%gghn§glg{ P?%Egaté\’ne%‘g%&rﬁﬁnes t he ,%i oavailability of the
vect oDEAEhidexicdie  sbisiclyion Oldadinge| eoaprors mediated transkglioni SHCPRIITT SN as

|l igand which interact with specific_ recept. Nt eri or
of 't hogthidmanti @) Ao tEHBRSGE 5 TS PUF G Gur i oy st b eence o Py

i[ nto S?Hﬁéeeﬁ%des hECE A J: TamibhA bslsged eguivakn temeaf Wireedyointchie mally elus .

Ivery can al so be throug se of DNA]Iransporters. -DINA
t r ans phe subjest befiest sem@mﬁjheeqllségor«%eﬂwdwiorﬁéwﬁ& PRI SRR Fligiang the capabl e
of bei ng taken h i |):g. BN vefisy 0O Akthods | ecul ar
conpl é)?ﬁsclgﬁ & tglgn H%cé)rr?-a{%cug%%fggn%]%h? att)liar?ldii ng g{%@DN%?aand effjcient It.ggm)
trans mgctfb?graﬁ&g Iipefectaning ghlcune pbedphatepgc W 0BG REON,PETICH HOItRR 75
menbrane. It is preferable.that the transperter 1L ansRf thB. DNA
t hr ougAEARe rBPRaSONERgy doas! gSeéﬁce%tf)ﬁ.,ﬁlg@ﬁ%gf 8’?]!’%%“%{91’ _gl%gq{ptégt ions all of
whi ch lﬁdnﬁ'&alr&kﬁierﬂget@r g Bgsly Rheodbéniethe inodifiedoelatinm thy arigfnelr sbiest Rer ei n:
(1) Wo et al., U’S Patent No 3,1 188 be cloned int
other host subject (the ex uw method). e sequence can be cloned mnto an

adenovirus vector or an adeno-associated vector and delivered by simple intramuscular

injection, or intravenous or intra-artetial injection. Plasmid DNA carrying the GHRH

sequence can be complexed with cationic lipids or liposomes and delivered intramuscularly,

intravenously or subcutaneously.

[0100] 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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entitled: "A DNA Transporter System and Method of Use;" (2) Wo et al.,
PCT/ US93/ 02725, entitled "A DNA Transporter System and net hod of Use",
filed Marwo 0303811993; (3) Wo et al., U S Patent No. 6, 1PCTABM2/34%0%] ei
Acid Transporter Systenms and Methods of Use;" (4) Szoka et al., U S

Pat ent No. 5,955,365 entitled "Self- Assenbling Pol ynucl eoti de Delivery
System " afdoip) Sarkareferral - meREST/MISIRGIRHKAGLON coff ivebtod aBk| seA®Eenbl i ng

Pol ynucl eoti de Delivery Systeni, filed r. 5, 1993...]01061 Ano r met hod
of defirmslajions e daivery mRAIesetilpd OV er T@B’Eeé?ﬁed%'ﬁr@go%m[ ]tsfj:io slﬁzo%l?(gr system
consists of particles containing several elements that are independently
and nSWQtEQR%@g)ﬁ]tIy bound to DNA. Each el enent consists of a |ligand which
recogni zes specific receptors or other functional groups such as a protein

conpl exed meltoaeg aete riogl L r%%%q?rﬂg’crét%ﬁtof%y gﬁe&té’d DWor denstimet 8511 @épedt i ons

whi ch may e, spermne derivatives, histone, cationic
pept i dghARSallaneyby ficRRpreSien edotorerin generabpapeafic frmyilationdgr easbh to the

RpARRBUHIN N N g g R e R S e S
?ZL ZLﬁ)lgslru)é,C go&lgtg}ﬁg by defiiohiltrdt{on o BficheY ATRakERAtOwill BRdBBPRARS SssBysbosphat e

carnitine receptor. "A second el enent is_caEab! e of
bi ndi Rgatbat heetialat hptdisloly et vectas dnd cexpression eqft be @HTue ReCHIR Henbr ane.

The nucl ear_ligand is_capahle af rec L Zi.n (g

trans ﬁb@lﬁ@rs%#s%séﬁ’ﬁstwloag% Hﬁte‘ﬁ‘%? g&rﬁﬁg‘f@bﬁﬁé’?%ﬂta&é@mg atgefepggl?ﬁ;a | i gand
isth target ing hdiehavd 0ot ategdy-Stantomgeniraionhi oft one. A

t hi rd%nglue(eél?fae%hl}lg t%gpf'ae éégguﬁiqﬁlgi né to both tﬁg@DNz vect or, t](é, el enent s

an
whi ch ekpidiuee profeirs difificadyy sids cytBloaipily eean; then wgetestphc Foxighed il MPh e ar ti cl es
such as .adenqvi.ru pii de related to influenza virus hemagglutinin, or
the GARAW k‘ﬂ%t’lﬁg's@&ia%&?eﬁﬁ“ntcﬁ%n'Skoka patent cited above. [01071

Adm ni stration may also involve lipids. The lipids may form i posones

whi ch are hol | ow SE/E}esgﬂig??éllﬁ\r/%%{ﬁch?ﬁsé‘%&qﬂ%g?‘%ﬁ%}gftoléag‘i’ FNANESH

uni | amel | arl0103)i | 5 hion and an internal aqueous

space efxgéce?l@&irasggéé'lgﬁéa@giﬁble SRkt 6f DNW @lartities ug bolatioNAspensingi oy i n si ze
from Q. to several microns 1n_ dianeter. Lipids nmay be %;Sg%ul W|1thout
f or mi n@libidpimsmresmuShe Fixpressior KNGS tyridisygethod can D§ sigiriged H3P19e

PCT/ U021, 342730 ks 6o 0fce AL Lokie LRl o sRflk: QRIS S0, Qtiahnd! g JBRPE whi ch

electroporation.

[0104] Delivery of formulated DNA vectors involves incorporating DNA into
macromolecular complexes that undergo endocytosis by the target cell. Such complexes
may include lipids, proteins, carbohydrates, 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 into 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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t he menbrane of the target cell to facilitate entry of DNA into the cell.
[0108] Cene delivery can also be perforned by transplanting genetically
engi neer eao®alods12 For exanpl e, immature nuscle cells cal |l @dTmsobsasi s my
be used to carry genes into the nuscle fibers: Myoblast genetically

engi neered to express reconbinant human growt h hornone can secrete the

gr oWt b AR i& BtcFerbbi® tAat therasspolnrad. trspore theoRNaY thronghithc®IsRH at ed gene

can be sustained over periods up {0 3 nonths. 109 b tsaeventual |y
di f f ementbrance Sgade.gudhe tiollewingt IPRYCIHITEE | ?ﬁsg@ifgl 8“%%@%&&6%9%8%%% is
incorporated into an existi HCEHYT ool b kB, WO, Patkyt Nol 6/180468but
nurtu?lgrﬁgy&f}% A F@ Eg)r?egeg‘%s#?y&%%&ogﬁaiwﬁgd by taki ng muscle tissue from an
i ndi viegidd:  Who DN&d TrasppltamSystatni olndo’M@{Fin, ofaridset hel2heWopi €4 ¢

[ d | 1 .al il i S wapage t
The. panares T2 s enie pitisarahsplf by d§ fol mela'be CRRSENR URETOT 0

genes 1b°1§9'3$g§5€woo%f e TNYTPRES 106, &ETRSINOGYl€is Avid ThansperteSysteths by
cultivation’ a small 'b

I opsy. The cultures can be prepared as,stratified
sheet snandethbdn ofgtad;t e@d)t zdkaneing), HehePaew & 0%9%%6%?\[/1‘?}’%}?%00 e(1f'nues to
i nprove in histo i.C alit. Y Thbe Kepatrhisosyizansar e
genet i%ﬁ?mvll%BP%E?lsﬁ%bF%fXcgéyg{e{‘{]a?gx%ﬁ?tg?%asP’:ﬁt’i ng the keratinocytes
Wi th thenapmepo ERhBIME Polnuckblidudgiveles mhimt dileeapanse19%epar at ed from the
circulation by the basenent nenbrane dividing the epiderm s fromthe
derm s, human keratinocytes secrete into circulation the protein produced.

[0110] Del ijyfifef M UndtiRe ndisd ¥R ffrobies W DNA weosporter system. ekzempl e, an

adenoviral 'vector may be constructed by repl aci ng thaftf I%I rrﬁgitﬁnﬁ of the
Vi r us DNAoenspotter syblemy songsts edfe pRTHEIES JEMEHNIBE STV hFRPHS At 81

i ncl udi ng omoter, 5" UTR 3 [ j 4 a8 Shi¢H r oduci ng
this r‘é@?ﬂ?gﬁi tanﬂélr%'r?é)v?ﬁﬁ?tiy E%dgg &&.ﬁc@ﬁfeﬁ gor%gszs}s(‘g%e% his gene into
an i nf et dnous sNidifis redaptotsoreothdfi funtiohalogrotips siche la preipint ¢eamplased vs8y t o
infect ti'ssue ex vivo or in vivo to introduce the vector .nto Lissues
| eadi ngycationis)growss thabhinds to PN Fxaupieh 0% ﬁ%quﬁ&hé‘?qgnﬁ%ﬁ%lu%egsagee Ce. E1F()lll]
Al though not wanting - 1¥1ykifie DONE leatint I8 @bpdbide or der
to pro&ieﬂjémgﬂe%‘éactgﬁgalﬁﬁgggg?@?%ggﬁﬂglg%ﬂﬁﬁ/ﬁ{vl%dkll%yuse of such het err)ol ogous
nucl ei gf pilithg StHUeNBEesDNA hestamand & regall surége (eprRPIRx PR dhes faget Spdl em i s

mandated to possess |low 30 WO 03/038112 PCT/ US02/ 3427, vghis Qe basal
expr esExamples CHRIYCh o FAFTRENLT | e 055371C, %q%o%nggug{hgcﬁ ilg gfr Acﬁ'hﬁ’gtﬁ '? arget gene

asialoglycoprotein receptor, the folate receptor, 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
transporting 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
clement 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 in unilamellar,
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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expression can be regul ated by incorporating nolecular switch technol ogy as
schematically diagraned in FI GURE 1A. The commercially avail abl e

GeneSwi t cWQrop/o3sayst em f or | i gand- dependent induction of tPramdpenss27s
expression is based on a Ctermnally truncated progesterone receptor that
fails to bind to its natural agonist, progesterone, but _instead. is

act i vadeest dadome iphisGaddoiniplexes battaiamgDOBD mhicloimseractivrat PNAayevith et al . |
1992; Xu et al., 1996). Thus, .the hete &\%o s,.huclei c acid sequence

i nt r othegrumbraneof the taraet csll 4p facilfige W@éﬁ ﬁ%‘? PESREP t o be

transcriptionally activated. The chineric regulator protein of the

GeneSwi tch(r) system consists of the |igand hindi d in q truncated
human  pr offH98kr orfeence debvesy ¢Matlsh e Bg&?mf‘%sgéf {%%lspﬁﬂngwe%?&ﬁ%ﬁ?gg donai n
of the yeast 4 e oPT QL8 hich Rindds cBls BAd, inGoiZstd Payereogni ttbon
sequeff ?eeéi‘?fh%hf Fggs?g pl[gi éﬁrﬁkﬁ&act ?ééatci on dpmaig fromthe p65 subunit of
human ciry kEenedbiiiie z@ee nafscle! fiberk9 dyoblagr genssisallyt engineeredo () SXPIFE gene for
the GeneSwitch(r) regul ator protein was jnserted, | lkal@XPr essi on
vect oﬁ?cod@m@ﬁ&l%nmg@‘?ﬁwﬁic@ﬂ Spge X%lpeggg‘gg'l }cl%rﬁlmsot%ietqﬂ it@gl%yi}i Under the
cont r gl A1 SEISE L ke kakehitbe Mlsphifeddle periddSHip)to pmemtitser The GHRH
pl asm%l(lﬁo(ad%3|rgna %ﬁ?églgg@h? T%‘?'IA- GHRH, or pGHRH1633 contai ns an induci bl e
pronoter that consists of six copies of the 17-ner Gald binding site fused
to a mni AT OnRLGhy AerGiRE sarinne 16agiting emissleatis3Rg- bp

f ragnment m%ot?ger-p r)é}a?,%‘ GR;‘re}gétaat}(’ad GlflRH cDNA, termed HV- GHRH Drg@hi a- Akl i
et al .BechB9%he cElieis Hiedabibilatednintoe e lexisting siragiyrea lhisghoﬂ@féy delergtedsPUlh; | ty in

ith a half-life of § haqur. t CeRbhdibiaak h
o 12 i) Myoss sercemzcrecpa PY oaklp elfiel ol FoatShaA 070, 2
pl asm ds, Q%tdg sgﬁfﬂ%m%né'tioﬂ %Trcﬁm,amﬁtﬁeegnmmyaéngammi aedls @ars wlsoHet i c

intron, an untransl ated region/poly(A) site that }ls frgmthe human GH

gene. dafilylpit Haek ovithi outrveusth depagede Vempatisnblsapysdle SEntaty, kGLBgodthi cal |y,

with beneficial effects ut. gener.al | itéd 0gi cal .
Such engxbe wpddadellvey ge’?eég?)&?ﬁ%ﬁ%ﬁt%ﬁ%%eﬁ]ggg%%%%g@ﬁw el eltSdéri ous
si de- of f &6t Sutich ¥ a IAMYiGpsy IPhd ul3fcad be propared as nipatifiedish@ts andeehery

patient’s report a higher frequency of insulin resistange Bl e 1995;
Ver hel ghfiet toahumans) geperaie epideamis which coBHRISE P JHPLYS @%W&pgn%ﬂg%sur ein

pediatric patients (Bl .erher 11d: 396 ngihsbr&d GitileOt, culladre chy ar

het ero‘b‘?ﬁe‘ﬁﬂy gfmsbﬁggu%%?%%%%ngﬁeﬁg\}e ?,rrpr(i)%lt ant inplications in growh
aB 'dl hopgR:aak Schelz \Me'tatiﬁﬁcﬁes vxlfimaﬂ;et appeofitizts VpUDR nﬁlﬂ@nghl@ratmgytas P&duced
st g/epgrgte%ltflror;lli tl?et (?irgula?tioli’)lrb%’ fhe %allsrémregtc 8inBlane 'd%vidf?i% the‘?’épidermis from the

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 gene into an infectious virus particle. Virus from this cell may then be used to

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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WO 03/ 038112 PCT/ US02/ 34275 al so been described that the 20kDa form of GH
has | ess potency to cause urine retention than the 22 kDa form (Sat ozawa
et al., 2800®3/0FHunekawa et al., 1999; Wada et al., 1998). PCThssm3azmwant ed
side effects result fromthe fact that treatnment with reconbi nant
exogenous GH protein raises basal |levels of GH and abolishes the natural
epi Sogliels RHbEES exfbssih of GHRHMtanadiil tétainta bigh inducghility. Ehestarectighe been
reported for reconbi nant GHRH t herapi es. T@g qormal. lhgvelh§1 I%EYGQBH in the
pi t Ui Bxpryssior tcah der gegwaiEén b a MigeOFsIREa IBRIECUIas IShg JECBYPRY  %ani | e
system,c ci.rcul ating val B AR 100 WendORitcEOO pg/ m .
Sone B%F@h?aggwaiwag%er%ﬁ%?g ng(%galr}Z\éd é;eextra(gﬁlgsgi al tunors have_| evel that
i S negydiom 1 lidafBSependenpind@etioy. ofitmsepheiexpiessiomrisasethen peterpi@ly ( Thor ner

t al., 1984). L -t t udi . . i 1-5
Jear s runeriehPIOBRETORN e BB L1 TR A HG S S poap e R
cl assi, s‘?e!a %aaivq%aie[jr},f%{e{ ?o%egﬁ&g; Sﬁlﬁhﬁmwn@ (FREPI NIV et akp1992;

concen rafii on or, atric patients, the accel erated bone ?pi hysal
gr owt IXupetdl,, t9969 LT mspthesiectqupiopousofucieireacid peausnce wirefeged dptohg slls 0?Cheval i er

et al., 2000 Duck l .. 1992. Vi t ot 7. t udi
in huﬁ%@{bﬁ%ﬁf‘f&t}“@? ]\&Lpgg’ 5, BRRsg th‘uogf"h}t' é%%teﬁlug&é c|hln€ usi I)gﬁul\%!d l'?Efdr%eigorsﬂt)iunia(r?ts
GRH R QIR Shely R ABRTsleliCc ISR tERr 163 pall biding dobioutt ttetamsiet hunag GHRH

receptors or depleting GH supplies (Dubreuil et al., 1 b) . hi s

syst emprogesicapateeptsr thatdagbeen Bred ke PAbA W‘%g‘?@mﬁﬁ’% I%\Qes%ﬁ?ﬁt é%l‘%he GH

t her api es, H r.econbi_nan I i - aby r£ taysindbadi cal than
GH thé’F%(‘ﬁS‘f‘. (%a\e}\)}@ﬁs % R“{o° 'Itolh’fe)rbghfoéfJ {)Qﬁg@?_sle??%cg)? a%a:RH ti nyo\i/dlpvo frequent
(one tQubdoReddhMSHERN (aydss subinineéinmsn kBt @rearesoret phi A99%sal
(requiring 300-fold higher dose) adm nistratio arg.nece -(Fvans et
al ., MiE57zeThetrale20QQ). ghf? ge@dsegh.e Gdﬂ‘?ﬁgvyltcal'ééﬁeg&‘%’i%ﬁﬁr(?{%frhg %%ge?{e&rl{étgonbi nant
GHRH pr ot ei n..adgini ' b S Bealvhich Beaeréssahshstitupplyoach,
howevet "E8ETH &0 &%%%%h@g #ﬁilr%%?%?ﬁ{)cﬁ%%?g’ b(‘EIH}?H ise .l Nor cover,..a 1vyvlpde range
of dosgger Gidcobfol bea apesstd-specifiakelial elphafacBHESK Orpramgiend he (& RHeut i ¢

application is favored b hat t L.; d
s 25er aasmitadetienied cB@’ééalfl}é[{}gré'zg#ﬁ’c ﬁér%‘gﬁgf?ﬁz%g% ?@rwﬁf‘ﬁgl qp@g{lgﬁ g'? her
Speci s L BaplieR cﬁmsié’tg of sE98GieHf the aihereGadl bindih 82} fusedrtd atthinimels ur ement

of therapeutic efficacy 1s straightforward and ungqui vocal . EOllBl Anong
t he noDnAYArtaix premboter.qlissGERI gedieg sqquprdeds 82281, B28Mem of SYRSEPOTGR ect i on

of plasmd D&ﬁ : Pt scle | L ' D Lve spleerv e
i nef f i Bpgid ﬁlg ée@ﬁdoﬁxzcs}u € g?ljl%gfﬁé a fgér/glé’i I?p??)e dier ect injection
hag | egoBulk @lspldyy &h¥at @¥ree of stability in serum, with a half-life of 6 hours, versus the

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

an

inducible GHRH plasmids both have a 5’ untranslated region that contains a synthetic
intron, and a 3’ untranslated region/poly(A) site that is from the human GH gene.

[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 a less potent GH that has a reduced ability to stimulate the prolactin receptor; it has
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expression levels (Prentice et al., 1994; Wlls et al., 1997) In addition,
the duration of the 32 WD 03/038112 PCT/ US02/ 34275 transgene expression

has been wbaso3givbl ff et al., 1990). The nost successful pceEmisouss27&l i ni cal
applications have been confined to vaccines (Danko and Wl ff, 1994; Tsurum
et al., 1996). Recently, significant progress to enhance pl asm d delivery

in Vi ¥R, ¥eeh dshB&AaNtHe20kDadohh & GIphyslesd pefena tol aayies ring reé@l%léer et ed
protein was obtained using the electroporati {)511 @gpn U e

si gni flianghe 2p kBgriens (mgzaﬁ@efﬁ b L8010 dFUREEPIE ©t 1oe g& gt I 67 t0 enhance
pl as del ivery in rpar alel Resmhous aslitly eeyomisinatessf ul |y
to tp;rg?g?eeé]flwf’lbté%r % ﬁmsﬁe‘gﬁﬁlﬁ?@cﬁ%g&épﬁal asm d ggucas et al., 2002;

Mat subRégenbhs G pro%(ﬁﬁﬂalse@ ibasad lekels ofeGHtand ahwhshes thegraturpl @pisndisopRssn t o
cut aneous and subcut aneous t ns Qﬁmﬁel | er et
al ., 066H]. IEiceniradigiineaendiw sidf egjo %ag%eeg%nefﬁé ﬁg% fv"gffey&ll‘}%"é%&‘?

Lesbor des et i diegnlationatngd fr ZBOHI t
ETeragﬂ teese T %W%%igghlf'@gtﬁuzﬁn ﬁlef 1tuﬂ@1f§ﬂp§rr]td Jggli 1o|r:1ewréﬁ ﬂ:;:l H‘m ) 2(r)81)S
S,

to  dakueis00 he/mipedils csygamsclrdméatmg rveb@e of Bie horpgpe é‘EeyuRﬁo
cytoklnes or._enzyne

re O |
oo e S SRS SO PN s ] st v

scal abl g dﬁ@ﬁdtﬁﬁéﬁa’%@ﬁ%ﬁ(@g BOQEAI mnmmomcﬂmeteﬂkmc{mhempr salcif%n and
regul ate ecretion

protelnsmlar eanl ( hi a- Akl i
et al Longaedn stDrigsiag Akdomhinang| HRHGb?ﬁ‘Pleﬁ ¥ F@&%&\u@ﬁenaqngoﬁ% been
extensi vely,used in rodents h fi fasd 2000:;
Yin aﬁ’d‘m?é‘ga %’6@'11) agﬁerﬁgso El(eéec(ril’éso%éle(?gg eteﬁ%bﬁa%%h(ea Bgc%lggfje g 0 nr1l‘g; guration

af f eCtl%u&J@@ c@ﬁc%ﬁiréﬁcﬁl dri, &l pedigtiis tpaiitns, Itbmaccahcht@hb@mmhysﬁlﬁgw}bar(d@ et

lavcic et a 998). Prel. xpe at ed t hat
f or a dlmoadlmg %@@wapﬁ@efam@r%we@wagé ' 5 et 2?@ ¢ r]‘?be ‘ter
repro resul t:s Khf gﬁrhue[{aggtm P: ah’b]wdaombt ni ng the
power ?tﬁéb o< o%toélatlltdgz?del [ véeljraya?é rsrgIalels |€ﬁ!rrprr oﬂ\}g% | asnmi d DNA
Vect orcopMfheu® MmAeshic eﬂthsmgambmanﬁfﬂﬂanget@m mtor@le&eeaewlt P%‘GHS/ f at

proportion, |ncreased bod 38b . such
as a Wiihgd dﬁ?ﬁ“ﬁ‘ﬂz‘ngﬁ SFOFRY Spqréﬁem(egn%@%“é’%f? ai))ybrte{él?g??mw The term
"vecto As tﬁ1§ 0&&? id @phifk 8F ald8grRe SR Fdel BacloWBichii€ albslistledril ¥he B themapaes, whi ch a
nucl ei’c” acli sequenge can be inserted for introduction_int e ceII wher ei n,
i n SONGHRH recombinant protein therapy may be more physiological than rapy.
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; Thomer et al., 1986). Thus, as a chronic therapy,
recombinant GHRH protein administration is not practical. A gene transfer approach,
however could overcome this limitations to GHRH use. Moreover, a wide range of doses
can be therapeutic. The choice of GHRH for a gene therapeutic application is favored by
the fact that the gene, cDNA and native and several mutated molecules have 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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enbodi nents, it can be replicated. A nucleic acid sequence can be native to
the animal, or it can be "exogenous," which neans that it is foreign to
the cel |l wotos/ostiizh the vector is 33 WO 03/038112 PCT/ USeeir3saz34279hei ng

i ntroduced or that the sequence is honologous to a sequence in the cell but
ina position within the host cell nucleic acid in which the sequence is
or di Nakhdo¥nd kprEfisichas Béestshos (Wulffidal.pl R0y dBhe wogrugesssiy] preyius

(bacteriophage, animal viruseg, and plant _ virus i I %]-f agnent s,
and aeknitdl gipplicationd hveorss Ceétsl@e.d, toyjgegres Q?"\“k% &Bﬁ %’Mﬂg @%&T%Ser r elcfrt

enbodi hep VEGHPT iERRLANSrobils RN bhiRhby pianilr &livesguenges anne of
skill aﬂﬁ%?é?ee%?c?&ﬁ uft g%vlf/e T eqﬁi%ped to (y(p)%st.ruct a vector through

st andaumedima@mb petiitve plesulogicaldeydeef a seretekprgitie Was shiginglosing thy)

1989). [0116] .The term "expression vector" refers_t -.genetic
cons% Pl?[éFOPQ?]B%? iteghaiug. CS?@y’aﬁligHE@B@i HbogFec?(r; gaSR%Z&ggop%%?ég g‘%mg'ei ng

transgrihed, ki ROHRaAAS fRsmid AKivER) BEVESEIREEopoitivnt izaristeatuset] veryo a
protein, polypeptide, or peptide. I'n other cases, . these seggea& are not
ul

t r ans sadcessfullyrio exanfobe tumer chlls pftot deestion of phasaid dhdeas st ;

> or

ri bozynes. Expressi vectors. cap cont al Ry o aggquences, "
whi ch Matgbara Fbaﬁru%q%g? @réei%?lggﬁﬂgn%gé%ggdgg§$ r&% ﬁ%%'? fragél(gﬂgr_i ption and
POssi kieutdRBS! Al i humans pBEH akiay.ell 999; iHdtler et okl HPE3 eGleetneporationa
particular host cell. In addition to contr?l eg_glencet\s t -Qlﬁjéﬁﬁxn

t r ans eisoptas bremerdensivehis peediip mice deasbprdesid -e%@e FEP e tOrs Y™ cont ai n
nucl ei j equenc t r. { henrs wellllet anc20dn erodescr i bed
i nf ra.e%aﬁﬁo(alﬁﬁ%ﬁl r%gac%tgj‘?'éz?(giﬁ]s&lé%n%%birqégﬁtﬁhgnb%%?ﬁent se, ali nEtar DNA
frag m@livérrm@a?e@icagdﬁbd tive choode fos acvartetyrpf homaorfesr cyielengor eRAYERECt a
eukaryotic cell, particularly a mammalian.cell. |n a 1 d

vect orQurcpieyiuf sHylisscping GFPRghrgone orleﬁe@%ﬂ% & 888“%@@2‘%% %ahocvi‘% ?ia@gtld from
SPeC! SR SRARALLRY it ALldDEBAtis SRldbIdER] Hhedch@ £pRATSHE approatiid hese

host s. vector ordinarily carries a replication site, as well as

mar ki ngdseopedecionind regulatcd apatstion off pioteins & rgfeprawgelpind SBMERY i on in
transfornmed cells. In nan-lJi.m t.i,ng, exa , |+ S nsf or med
usi ng @srghjarAklice ¥ b%%%%agfgaﬁ]gg%{ &i(‘tjgp é@éﬁcﬁ%ﬁbgﬁmg aléﬂohﬁé‘ bg%fgci es.

PBR32 ARl el $5ddo®y aRTBitet kinbiD aaiehls @etan)t lal 200G SYistamdcEangnd t hus
provi des eas d

means for i1dentifying transfaqrmed cel%s. 'Lge I%E‘E!R?Bi' md, or
ot her .20®i1):rhtiiaalbephaﬂlﬁﬂe@rthﬁhﬁ@eelmeaﬂ%g%wléi‘ﬁ eclsy g eClvfbias f1°80 t o
contal cﬂ’stri{)gtriorf )éggglllb%équent 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 a

large animal, at very low plasmid dosage.

1. Vectors

[0115]  The term “vector” is used to refer to a carrier nucleic acid molecule 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 it is foreign to the cell into which the vector is
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pronoters which can be used by the m crobial organismfor expression of its
own proteins. A skilled artisan recognizes that any plasmd in the art may
be nodi f iwo iBoss1use in the nethods of the present inventiPem/ushzi37speci fic
enbodi ment, for exanple, a GHRH vector 34 WD 03/038112 PCT/ US02/ 34275

used for the therapeutic applications is derived from pBlueScript KS+ and
has abelﬁ%nﬁtm/dﬁ'cad b Hiab RN sRuERIReis HoddolBdous rto adwuénsa in ﬁh%t@@l \}?B'b’trb?s
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use i prefemest Qﬁgmgmtdhea’(?ﬁt%ﬁ?n@“% syhstppifally o Wég%ues ogugﬁ d %gll lgn

proteyns k0 otﬂﬁt &8 v idl@?éd N c@ﬁ%ﬂru%?l@.a{r@idrothrmghc bteadead erecahbieants ui t abl e
fusi on pro eins are t etx@gal actosi dase, ubiquitin, and the like.

[ 01201ecBaijues (sad, forosmpls, (&a,mbrock apP%). E. coli, conprising the
expression vector, are grown in any of a nunber of suitable nmedia, for
exanpl e, LB. The expression of the reconbinant protein in certain vectors
may be indyoeb] asThotdnt fexpressiensteoiod’ b@ferstthcﬁ@éf type of igeneticnCQsEYSr ¢ | py

contacting a host_ cell t s [ rs, e.g.,
by adaomglglﬁm@ AU et%%m%%‘ilag g‘F %@@ﬁfﬂ 94 o8 b %Q‘{)a“??g’tﬁat gn:ft ?8%’%‘;’? )
t eﬁpegﬁmrn? éﬁ%@a’re %htt%blﬁ&dtlﬁt% Ppote, |p'®1}fp@ptlc& brpeptiie. deoiled casgener al | y

of between he cells are col | ected by centri fug@tll on and
was hethdse ste@mnms aremtitlmsla’tedjlfer example,ip Sho POAYCRIEAMSHRSE FUOlPGHS | A

pr onot er a control uence th 2 &ic6s,aGihich sequence
at \A/rtloéﬁ“-hqub’?’?%ttl reﬁﬁan SP1950F ?%nr%lgra?‘p' |ongg egntg)e%g&%roduct are

cont rq%fe?@? nhélelc%iﬂ KOMREN nEREEIY Corethe tiandciption wid pbssitdy diansletian f ot ei ns
and nolecul es may bin such as RNA pol yner,ase g{td o%pgrt trtanﬁcl{rbptlon

f act orag, opepativelyt illa]mi @W&QWW%W 2 Bhoshe tlc?n 2i%® €8quence.
The phrases rativ g v ehd ek ctore ded

cont réFq“enﬁﬁ%%&ga‘é?nﬂaés ?I Iﬁta?lgn S%gﬁlt?%&f&nean et at a Vef onot ery isin a

cor r eontdin AEd1EieREI sb@eatésahatanrioatherfimemivas asomell and ae deswaived 84 nucl ei c
acid sequence to control

1I. 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 cel. 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 tetracycline resistance and thus
provides easy 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. In a specific embodiment, for example, a GHRH vector
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transcriptional initiation and/or expression of that sequence. 35 WO
03/ 038112 PCT/ US02/ 34275 [01221 A pronoter generally cgrrpri ses a sequence
that funcWoponssgiez position the start site for RNA synthesipeT/UBhE342eSt known
exanple of this is the TATA box, but in sone pronmoters |acking a TATA box
such as, for exanple, the pronoter for the mammalian term nal ’
deoxypisal et ity khdeigpnst edpplicativan eis adetivietle fromo pBlusSciipyr KiSte agl/4ws| &t e
genesl,{ a discrete elenent overlying the start site itself helps to fix the
pl ace @tammuugeanstam? gN&ddi ti onal pronmoter el ements regulate the frequency
gg tlrlgnzcrl pt![onal IPI tlhatl on. Typically, these are located in the region
- p upstreamof the start site, although.a nunber, o rQ h

agleln s_kll_omg [Qld8]:ontTamdftddimmhégﬁab’e‘é‘l’rér@ﬁf%mﬂ%&ﬁ@ic%fﬁagcf’qrﬂgs %Fr%%e;?teagg

: ri ng a.codi g e :

_ [ edteiseih, one

vl | R e M Roorb B iSO Pbufimingtanpisan
';) ; 22153 Egﬂl{&t_}%{lwﬁhﬁﬁt@@ Htﬁ;[Sf rForexaripleyihs tphegariamiida GEM. ", -13'maf he wiflézedhosen

ter. The "upstream pronoter stinmulates  transcripti o
pr onpiemakingraeseomRINght R1Ee YeriQTIWRICRIA B §e5i30 AR Ogﬁgggencgeﬂ%gsﬁlﬁfégﬁ ErNé rrg? gr
el ene (%rs%‘é]ﬁfé‘f%‘?%l}'LE%i.' exi ble, so that pronoter function is preserved
when e s’areinverted or noved relative to one another. In the tk
{[j)lrorr}[)tgr],c the spacing between pronoter elenents can be increased to 50 bp
part be ﬁg@ﬁﬁt' Yi:&%hé?e%e r%a’sn%cbéc?&s {REREs HINGvestork h@ndryenett &r,, i t
appears t ndi vidual “el'enents can function either cooperatively or
i ndepqugﬁthjld/p@mﬁédtma,tfbr uderiarpsnenating ghitatiione Sﬁt@n@feraﬁfaﬁz“fg?rT”Drmluhl?t be used
in conjunction with an "ephancer,” which refers to | S-:aet] RO
Sequeresion INGSPRBAOT HigBHIEAHGE A POt P arieh Oft il BRGER 2t T
sque%ggtai?%%%%ﬁ%sﬁvﬁﬁgg%ia%{og@ye Qﬁiq‘gﬁ&,aﬁdﬂfeﬂk@y associated with a nucleic
aci e, as may be o Falﬁed y Isolating the 5 non-codi ng sequences
Irglgg';regdut)strea'm of the coding segnent and/or exon. Such a pronoter can be

_ "endogenous, | g a a i ural |
associ at ed%aﬁqq a ﬂ!& eg?lcﬁ%éicg‘l%%ga&%%?eﬁ?le, F‘%??P’eg&g??dﬁ% ﬂé%\?\ﬁpgt@ ?Sggim or d
upst r el ark Bawis BOABNSR nubliiee of titabi mediesfor akampleaht dhe SXPIRFSIeN be

gai ned by positioning the coding nucleic acid segnment..yn

a r egrf ' E@nmblwﬁpmﬂnén Bt Vesiofs JelRe B‘le?‘Fz]t g? ‘,’Vomi%ceg‘%dg#sgbﬁ)g ot ;O| °

pronoter t 1S o] i 1 deifac i i

Pt éﬁaﬁ’eaf)ﬁélﬁlil}i }I{;ﬁ{r’?e %1? Bﬁ&%ﬁtﬁcm QCiARL @ Wik 2 dpeel Siecifectdd sgrirence in
promoters, e.g., by adding IPTG to the media or by switching incubation to a higher

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 genetic 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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reconbi nant, synthetic or heterol ogous enhancer refers also to an enhancer
not normally associated with a nucleic acid sequence in its natural

envi r onmew0.0388s1n2 pronoters or 36 WO 03/038112 PCT/ US02/ BE2AB02/22RANCEr S
may include pronoters or enhancers of other genes, and pronoters or
enhancers isolated fromany other virus, or prokaryotic or eukarﬁloti C

cel |, and pp12spt e psmotengsmerablyscontirists atsaquenky that Eepatiopy (o ppstigon!

contai ning different el enent f different .tr Gl b R hatory

r egi dohs stagraiteder R asygiesist f@f’ %S’Ptt WS PIRLS o&ﬁf_ﬁ% o{rhgtef){gl;% :bg%’e&%r onot er s
that are nost ANpSECQIFR Aanfor RNAMGRNShe Yabdmoter i foclthele t he
(3-1 a%’f%ngg%nft%gs%ﬂﬁéi %Z@ég{, 'act ose and tryptophan (trp?1 g{] ter
syst emEmnlaliaadedina dedxynugeatitlyt tragsfenasd gine and the prewaieh&udhe g ters and

h thetically, A ' '
1 oni 6Rear N BFeH HFQPES e AR PRI B BIR A gy Pbs of BARAREER M i n

conneglyj i c i ticoimtditRE| B ref nrafseptiond. iMtistlet.  Nos.
4, 6838%@83#d&€?%§§,rQégg%lagache%?‘ncorporatsggnﬁ}grei ﬁ% refererf eil.

Fur t hEypivalty, théseiase lacated dnflicaegiont3fel 10 PRI eé@cﬂrjl b Hart sie 2 @‘P &t
transcription and/ or. expressi Qn ApSa) araheafrther ganel | es
such Agm rthncH{BWﬂFeir%Pavc?ﬁqeg? 8%&%?%@%@ tﬂeﬁ?ﬁ%‘%ﬁ&gzg&gg enpl oyed as wel | .
[ 0125}, Nagural {4, ito Bhhg ab@dingpssquante "undemthicapniolon PEMeLAE/B€ enhancer

t hat e?&gs?:ti vely directs the expression of the DNA sgg ntacd'in ﬁhe
or ganpbsitionsctbk |5’ eypef tht’«ttra@sqx@,ﬂoérﬂgl&ﬁt}ofbFltf‘o?‘{;%‘ﬁ TEASEREERH TPUT LAY Essi on.

Those of skill .in the_ar f ool ecul a bial 6 er, B use of

pr onof'@vél}s‘fréﬁll‘i‘ar?réléf'%z 32?1@ tﬁeef’]?os?@}?éor%étr@r%i Irllg%i 0 Ssn%%gr pﬁlf#%‘gteiéi n e%%?essi on,

(see, r%g{cﬂgﬁaﬂBkﬁle(]ﬁﬁmhgﬁkqn%teﬁéx estRBf the chioedgdrRINAL er s enpl oyed may be
rtutive

const , ti1ssue-specific, inducible, and/or useful under the
appropriate conditions to direct high |Ievel expression of the introduced

DIVA segmenty; sch. #f saciheRbaOp@ioirtlbent dganslyds dlepibizjsotthain of
reconmbi nant proteins a 3} r peptides. The _pronpter may be heterol ogous or
endogerabister [fAich bdetkteradavhen stameptso st BWVEReth &h&RIVe 1Ne P P as per,

for exanple,_ the Eukaryotjc Pronpter be i d t

htt p: RROKGE- eEH?hestB-@?‘Hf’%ﬁ_/t%‘e SRt nDbeﬁ_ s%é@‘%ﬁ@%%l%‘g Ve -eei(n&eggesi on. Use of

a T3, _567bﬁ0£paﬁ9€efﬁﬁét£8bﬁ§% nE€WIeRERE. ODepotalieon thegmambier, it pppesisithat
. Eukaryotic cel

enbodi e s can_support cytoplasm c transcription from
cer t aiindividaet elénaéntspraanofuaetion feithpie copPRapvalniY BEEPHdenLY §8I 5%?%% i's

provi qcrea(ljl’scr%tllorr]l?rAapsrog‘l%{etr n(l)aIy &hl%ay not be used in conjunction with an “enhancer,”
which refers to a cis-acting regulatory sequence involved in the transcriptional 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,
located 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 heterologous promoter, which refers to a promoter that is not
normally associated with a nucleic acid sequence in its natural environment. A
recombinant, synthetic or heterologous enhancer refers also to an enhancer not normally

associated with a nucleic acid sequence in its natural environment. Such promoters or
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delivery conplex or as an additional genetic expression con

Tables 1 and 2 list non-limting exanples of el gment s/ prom)tsfa;gct ha’E Olﬁg]y
be enpl oywa,03joss1the context of the present invention, to peguisat/arhe
expression of a 37 WO 03/038112 PCT/US02/34275 RNA. Table 2 provides
non-limting exanples of inducible elements, which are regions of a nucleic
aci d SRGHRRS Rl Mtdludagrobteacs: enhinars of atesgonese 20dPRMOKEE Pt ¢rhaBeqTsy| us.

TABLE 1 Pronoter and/or Enhancer . Praonot er/Enhancer, R f
. L ences
I mmn@glg#/:@ﬂuﬁbm ABRVGEheh AITHS, | P BFRKETYOBE | P el:‘ﬁﬁﬁ? “‘Cﬁglll’ngll“?%&e}%?@%egfept or HLA
BQ a& coe{wqg%& 4r§ahirﬁllt13¢ %Ciﬁ%r%ﬁ’”l ng er dogtbihifg 2diffefvne rdl@ndeitn-of Efesmt or  MHC
| ass L4 ass LA-Dr ¢ (3-Actin (Kawanoto et al., 1988; Kawanoto et
?ayhe%&%?ﬁ%tluﬂﬂﬁ ?%%é?%@gidgﬁ;ﬁ;,l@gﬂéﬂ?n(lms thiab RItPICRXPEFREIORe N QT X AP0 80;
. rea m n (.Transt hyref i ; :
(M1 ooyt dros CoTeRR e g oagp B EpEERG hnefeahp O onet
i ag-g:?cg%rﬁase’a(lpgﬂg%ﬂna@@ g'a{%gsé afid tr9htophadd@r) pféaseh Syseimsal In,addBid@)to
a- Fet oprotern =G obin (3-d obin ronche et al., 1990; Trudel and
Cost apiodibing BRTWic acidf wguences of promoters and enhancers synthetically, sequences
may be produced using recombinant cloning and/or nucleic acid amplification technology,
including PCR™, 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 Eukaryotic Promoter Data Base EPDB, 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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c-HA-ras Insulin (German et al., 1995, Chlsson et al., 1

Adhesi on Mol ecule (NCAM a,-Anti sin H2B (TH2B) Hi st bnegﬁltl)hseN:g(rj?l)r O‘?'lyl e
| Col | agewo oGlosg1ose- Regul at ed Proteins (GRP94 and GRP78) PRAUSA/auarHh P
Hormone (Larsen et al., 1986) Human Serum Anyloid A (SAA) Troponin | (TN
) (Lin et al., 1991; Yutzey and Konieczny, 1992) Platelet-Derived Gowth
Fact ognAPeGBleat pravides h88Hmi(iRPSRmplELlindidloplsnuntsy WpBeFIBEPnE R amut et
al ., 1990; Kl anut et al., 1996). SVAO Polyo Reder Q¥ es Paillom

Vi r usa nudigiaacid sequenes thatcang 1@?%%?&@“%%%?@%% TABLE 1 Pronoter
and/or Enhancer Pronoter/Enhancer Rel evant References Human

| mmunodeficiency Virus C one alovirus CW (Boshart et al 1985;

D)rS.CP.- Hasl er et al .. 1985) G . bhhon A1nn Leukemi-a—M—tts u.], e scl e
speciffic pronoters (Draghia-Al di TéBLE1, 1999; i a- Akl i .

Li  (lc5-12, cl-28) et al , Ereﬁeperm&@angegrg’ raghia- AT et aly. 2002
Promoter/Enhancer Relevant References
Immunoglobulin Heavy Chain
Immunoglobulin Light Chain
T-Cell Receptor
HLA DQ a and/or DQ 8
B-Interferon

Interleukin-2

Interleukin-2 Receptor

MHC Class I 5

MHC Class I 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) (nouye et al., 1994; Narum et al., 2001; Skroch et al.,
1993)

Collagenase
Albumin (Pinkert et al., 1987, Tronche et al., 1989)
a-Fetoprotein
v-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 -Antitrypsin

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 I (TN T) (Lin et al., 1991; Yutzey and Konieczny, 1992)
Platelet-Derived  Growth  Factor | (Pech et al., 1989)

(PDGF)
Duchenne Muscular Dystrophy (Klamut et al., 1990; Klamut et al., 1996)
SvV40
Polyoma
Retroviruses
Papilloma Virus
Hepatitis B Virus
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El enent/ | nducer

MMV
Pol y(

El ement | nducer WMI Il Phorbol
(mouse mammary tumor virus) G ucocorticoids
rc) wldamnssiizus 5 E2 EI A Col |l a enase Phorbol

Ester (TFA) Heavy
3-Interferon Pol

netal s
y(rl)x /

Est er ( PPAUSOBs0205el ySin

Phor bol Ester (TPA) SV40 Phorbol Ester (TPA) Mirin
Newcast| e D sease Virus CRP78 Cene A231%(37 a2 2- I\/h(‘rg rl\u/r(nsﬁlnienl PE er)f eron
Vimerfttn Serum  MHC (ass | GeneTABREIL | nterferon HSP70 EI A, SV40 Large T
é{]}[l en Proliferin Phorbolp/EsbRf add?ér BntimterNecr osi s Factor a PMAJThyroid
oL ﬁ&@gﬁﬁnﬁaﬁé&uc a—CGeme mi] QA fR&enes [ 0128] The identity of _
L sst s uno&éf%iéncchi?u e ements; as WelT as assays to characterize
ex anplQEomgEal X CMT - S oslha 5 51,9085 Hokdch HsiEd¥a1aMd85) Nonl i i ti ng
Tse0) & = c; ]zl\m.l.lg .;;.C ;+ c Zlcﬂ TomaETT CHVERZ gene (Nonof 0 et al .,
((agihdi %ﬁth WP%‘?)FR?C‘;’&I’G‘”‘E)‘?“H& it Ja\gf é@@lﬁ%:’\g%w gh&l@dl&gggf)oz %;I zeCD4
aO' 2 PP B AAV4 ERY i

ToUnoki ot al . 100R) . DIA dopani e -aceptor genetLoe ot ar— 507 2000
insul[n-Tike gromh factor Il (DIABEERl., 2001: Wi et al. i§997) and
human| pl at el et endot hel i al celBlenzdtibdiasn nol ecul e- 1 (Al nendro_et lal
1996) [ EERdA9] In a preferred enpddiveent, a synthetic miscl e pronot =r. | s
utili Fgehm such as SPch5-12 (Li ¢Phabol Esk®d@)A) whi ch cont ai ns a proxi mal
serunjresponse el ement ("SRE") |Heommdadbetal a-actin, nultiple ME-2
sites vaénélsgﬁﬁm@ﬂﬂmfﬁgfvﬁusﬁ)i dagorti&iidses, and greatly exceeds fhe
transg AR mRe potenci es of naf woBA(rHRY Bal§@t)c pronvters.

Adenovirus 5 E2 EIA

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 o PMA

Thyroid Stimulating Hormone o Gene Thyroid Hormone

[0128]

to characterize their activity, is well known to those of skill in the art. Nonlimiting

The identity of tissue-specific promoters or elements, as well as assays

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 (XD
collagen (Liu et al., 2000; Tsumaki et al., 1998), D1A dopamine receptor gene (Lee et al.,
1997), insulin-like growth factor II (Dai et al., 2001; Wau et al., 1997), and human platelet
endothelial cell adhesion molecule-1 (Almendro et al., 1996).

[0129]
such as SPc5-12 (Li et al., 1999), which contains a proximal serum response element

(“SRE”) from skeletal a-actin, multiple MEF-2 sites, MEF-1 sites, and TEF-1 binding

In a preferred embodiment, a synthetic muscle promoter is utilized,

sites, and greatly exceeds the transcriptional potencies of natural myogenic promoters.
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39 WD 03/038112 PCT/ US02/ 34275 The uni queness of such a synthetic pronoter
is a significant inprovenent over, for instance, issued patents concerning
a nyogeniwomsosmaier and its use (e.g. U S Pat. No. 5, 372C5A8p2/en75yst ens
for myogeni c expression of a nucleic acid sequence (e.g. US. Pat. No.
5,298,422). In a preferred enbodi nent, the pronoter utilized in the

i NventiPiniagiess Mt su@hta Shithettd proaotere ibue exiignificant timpreypmeny AV e deht 1y by

endogenous cel lular machinery or factors. Other. el i pgl Ngi ng
t r ansinstenden dsshed patents (QBFHHING | & BYOZHY B‘?m%req’n? %‘3}&{:@% Ejs% 2|§t'n accor dance

with thi odi R SRR of dmRNei@ béigsB@idnve (eninsi Rent, a
nat ur Bjﬂfrf/%gg isé{&%l?%rrfg{rél&ggesdlﬂ%lﬁ?%égfgg,d;nrhd alskjl_l Ise%‘I art,i(san i s, anare how
t 0 ObNgi §2681852). PhoAPieferrabeubnbment thenpraanois aidized Fitm‘idpﬁ‘ﬁmpﬁéioﬁht i onal

Center for Biotechno|ogy. I|nfornati " NCB| " the NCBI
PubNeticie shut R £ kT Fedsedn Py R Gy O Sapbe TR oy Ak dg be
&

utili 0 ' NS Phnsc&HiaY F¥tor Bih€ihgtsitesandadnhtiedrs may bhe present
invenfa:%g)rrlg.' ?@%}I%ir?ﬁ@gs??{%n Si gna’fs aln | nternal_ Ri bosone Bi ngci)cgg]'e%ict es

[ 01304568 if peairfiarceiwiilt this erobodimetaf the myertign. Ha megye £ i ent
translation of codin equences. The i ol tAhGuchi ti ation
c odon @ @atuza IaYQgFRIC @8’3‘8&?@%@&1@’ a'd1(calnao%k§11%dr %ﬁg}%]gltsia(%%%trﬁg%l si gnal s,

| ncl ugh b St dslibind bir@es60 defudingrabe DeidnaloChutep fa Bierhnoleey of

ordi nary sKi TR the art woul d readil e gaﬁ@%ﬁ'e. of qﬁi raﬁjhna{nn this and
provi difognative (INERIERGynBItkndatabasq er thg ﬁ@ﬂ R SHatt THES AT on

codon nmust. be "in-frame’ i lj feltit HRsdniredelardi ng
sequeﬁWérettBatzh%sﬁ:h@{a%fl?egr%a}g’aﬁeiméﬂlggq {ot e lfei%ﬁl{eg&i%r?g ert. The exogenous

t r ansk@tePRkntGiaédtdn. si gnal's and initiation codons can be either natural
or synthetic. The efficiency of expression may be enhanced by the

i ncl usi on of appropriate transcription enhancer elenents. [01311 In certain

embodiggent nffatioiesibnNe dhd diteridlRibesoned Bindieg SHes ri bosone entry sites
("IRES") elements are used to create nultigene, or polycistronic, nessages.

| RES el enenpfir e abdpRcitiie kYRR Ssigrind alsd Inosydreereguizgshion gffiviame tragdlatom

met hyl ated "Cap” dependent trans| ation anngiggn t.ransl aéci) on aétd-,(jcgltler nal

si t es of Reldire isequeaneh. SoFead ssigpals I‘Q@@F the AR PP T i mer;[ber s of

the picornavirys fanm | [ gBrAPhaLNmHeGAE NG Sitidtnecddern

descr i BEFEBe| ’é?gegf"u%ﬁéészagiﬁ)gﬂb%ﬁ%?l 18%8_)’, as wgl | an |RES froma

Mamal j AN SRS &AE pldViled] a®naofl ofdimany wkilll @othy . ar REgdateadibnbs C%Pé’g epel
determining this and providing the necessary signals. It is well known that the initiation
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 transcription enhancer elements.

[0131] In certain embodiments of the invention, the use of internal ribosome
entry 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

linked to heterologous open reading frames. Multiple open reading frames can be
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| i nked to heterol ogous open reading frames. Multiple open reading franes
can be 40 WO 03/038112 PCT/ US02/ 34275 transcribed together, each

separ at edwby3ass1lRES, creating pol yci stroni ¢ nessages. ByPcCTiushus2ed t he

| RES el enent, each open reading frane is accessible to ribosones for
efficient translation. Miultiple genes can be efficiently expressed using a
si ngl @ansRirRAtigEthen bk etpdrated rbgrmx:IREEa, @cemnggp@lywe@@u@ém@%és U. Pat ent

Nos. 5,925,565 and 5,935, 819, each i nCar por. rence) . V.
Mul t i yiftee aff the IRES ?@f,ﬂepbl@?ﬁl ‘XP@’&trS?‘E eh&ﬁ @r éﬁite/[fg Hyvﬁ? ﬁ{?glfgpa nucl ei ¢

acid regi on that cont PL& MRS bfficidrtRN egpreyser adihess simgle of whi ch
can b%f?g]fgt t’faﬁ ggﬁl?unyﬁ%i eméla%éssbﬁlnc]l%r Sf recg’nnb?l?]rant tech%oé&g&q‘go di gest
the vgehter/fcihfcef @5 tansmibee smglarmcﬂsegq (seetU.§f Pateniodigs. 5

Levenson et al., 1998) incor rel n by reference.) "Restricti on
enzyn®93}, §b%teif1@hherF’é‘f1§?%rp‘Pr8 e@i’@'&? ﬁnﬁ tl eavage of a nucleic acid nol ecul e
with an enzyne that functions only at specific locations in a nucleic acid
nol ecul e. Many of these restriction enzynmes are comercially available.

Use oV.sucMufiplefeloning §itefe| y under st ood by those of skill in the art.

Frequently, a vector is linear r rrent i on
enzyne t hal0132] o vt cem gohss andCEnubich ToRBens bl el BETbiutE

| i gated,t t eOusTehQ RbGas& OVt standarg
phosp geéfees&lcbm% iz ets\i}eg%tfldh %@%Ieéeﬁicg aci d ?ralémsntg \ |ch%{?y or

ot besca@biragt eicanstob) tedigesotherctor Tersh Firaxempia b rprRglirt &l r i

enzynes and |igation reactions.ate wel| Q fesdcthidtiohn the art
of re&opth IR Levenon ogy?! \/‘Irbgg)sﬂﬁ('ioﬁﬁoﬁ@teér}}eesn [tg'lgg?%ﬁ% t t@égnsclro i bed
eukar ggé (ﬁ?@&d@ﬁ" estlER dﬁ{ah}btlcwmﬁ@)oﬂ\ﬁlclém | aicizl rﬂgletnde vethneenzgmeons from
the pri y anscripts. Vectors containing genom.c Eﬁ ot i.C sequences

may reﬁaﬂlmﬂctﬂmsoasnlymﬂ/&pm@cdepﬂt@ns ipl4 @Pﬁ@lcsﬁql‘één?lﬁ‘“@?ls rogptg

processing. of the transcript e e ( fq)g weidarp! e,
(Chandreictisn snz3mes; 367 Forfiseity HEE, JERCRE S0 (hBftned B e

Ter ni na hér%(,?lbg,nﬁb§ Bpglgﬁ]m'[ﬁgaaf«eﬂe:qusmby acoeusdr is dinsariged (o dTagneestad;

invention w eneral | conpri se at st on t er m nat | A
“"ter musm@msimcgqmbnzmg thﬁé@l}rg) Withigy the ,Né(e; fo ena e €X0genous se&?enéé@t'aade

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.)

VII. Termination Signals
[0134] The vectors or constructs of the present invention will generally

M : . 3 M 1 " " 1 1"
comprise at least one termination signal. A "termination signal" or "terminator” 1s

comprised of the DNA sequences involved in specific termination of an RNA transcript by
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conprised of the DNA sequences involved in specific termnation of an RNA
transcript by 41 WO 03/038112 PCT/ US02/ 34275 an RNA pol ynerase. Thus, in
certain ewbadiossamt s a term nation signal that ends the prodsoz/an7df an
RNA transcript is contenplated. A term nator may be necessary in vivo to
achi eve desirabl e nessage |evels. [0135] In eukaryotic systens,

t he
ter mpaRAA pEFhRisERYTIRIsS th catgn embodipents 2 dernpinptiones geah et e>Zﬂﬁélltheper m t

site-specific cleavage of .the new transcrjpt.s 838 ;
pol yateductign ioéﬁnsmﬂé%fal‘iﬁﬁr&’t 4 %?I%Plate@pz’tfeﬁﬂ%a X} qﬁea d‘geglgér%us plzll vyl/lF?er ase to

add %8%%%?{’60‘%%%2‘%?12%8%%%%16 residues ("polyA") to the 3' end of the

trans s nodified with this polyA tail appear to nore
stable and are translated nore efficiently. Thus, in other enbodi nents

ol ving BUKETY 048 Suclbod SsyBleflsOink @hiiitér fofiish ey dlidedmprise appiific s a

signal for vage’ o e RNA, and it is nore preferred that the
t er M PRIAOgeqBéiENRa that peamittsite-spaificacieavpigak die ufw {ARSCHES En a0 CKRESG &r ni nat or

and/ or polyadenylation sjte elenents can serve age | evels
and tpolyadenyatien pitt dTA signgls afSP‘?ﬁrlTﬂﬁ’tzﬁ‘i en(goagg%l% AL lﬁ?rgg%@%gg agg g%e nces.

[ 0136%1ba£g ?5’% g%{eg’irdﬁescﬁ%m% 8 P Rhd ¢S ehd tharsbigpti IRAEAtrhaleculesahodifiedny known

term ransc descri bed herein or knowr} t.0 neTgf ordi nary
ski | | with thid@odyA tail iappdando meprbstableoand argitiagslated mets, cIAGISHH o I 41

term nation sequences of genes,  such : Vil ghrow h
hor noAdex ephedEEgs IBVOI\YP}gg"?“ Y e ggefélg%duglﬁggg?k%{h@%@f c?r?fs ° exanpl e t he

SVA0 Leh i Ak plgh\r;hg%edft @k RICADAS (eBtiforetprefetred rthatathe derminagerasighdy be a

| ack of” transcribable or translatable sequence, such ue, t. .sequence
t r uncptanames Pollydentatipadefntple dness#Ees) dha temypaiRy 'imcr/ﬂr 85@? Céié{}a%lgl;laSﬁ%

particul ar]ly eukaryoti XRT. I Py 1,6 dkdd thrbwpdl He@ th
pol yaagwpﬁt?%nseﬂ%ﬁ%leﬁ?ocgflﬁ%%g%g%%ggngﬂg{)%%%ﬁiﬁgati on olgglt he t rgnscri pt .

The paktkEnt othBeseR@éneasienyl ation signal is not believed to be crucial to
t he successful practice of the invention, and any such sequence nay be
enpl oyed. Preferred enbodi nents include the SV40 pol yadenyl ati on signal,
skel et al alpfyg)act TomAnAfbR @htdnipfatbdifmmnuserin thewiveation twluderay dpqen

pol yadenyl ation signal, convenient and known to functi l:] vari ous
t ar getierghdier oPUIIAUENG d@scahe%vemn@ﬁgﬂ@m{]oh%n%?f; iy S e pt
or ma%nchfl(ﬂﬁlg bid 2GS PR, 3 ExGmbled ARG hination 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
of 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 function well n

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

facilitate cytoplasmic transport.
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42 WO 03/038112 PCT/ US02/ 34275 1X. Oigins of Replication [01381 In order
to propagate a vector in a host cell, it nay contain one or nore origins
of repli caDioen3miltes (often termed "ori"), which is a speecfriusonsel®i ¢ aci d
sequence at which replication is initiated. Alternatively an autononously
replicating sequence ("ARS') can be enployed if the host cell is yeast. X
Sel ecibl egpfpihsHIrRGNRALISn Mar kers [01391 In certain enbodinents of the
invention, cells containing a nucleic acid construct of the present

i nvention E‘H‘SSPe i1 @REdrfth PFbpaBaty biveopin 4 hosticeld, ibyay golhtaidi ang o& maF@r ker i n
the expresSion vector. Such markers woul d confer AN iclenti.fi able%cghange to
the ongihs peraplicationgsitre (9fterutermed (' GHD WRICHAS & SPPULC BHS Sf RSN A Ex pr essi on
vect or, eral.l a. sel ab i gt Rphéfinhs Rqmeperty that
al | ond! ngcrﬁs@l’h‘&%/ti°6‘n?s W%%‘gé'tié‘/lge&%{ev:égé%buwe? ig onegi nowhi ch the

pr esepeeR ©f) chilBe BRployed af theowesticel isiytesstsel ection, while a negative
sel ectable’marker is one in which its presence prevents its selection. An

exanpl e of a positive selectable marker is a drug resistance marker. [01401

Usual 'X}( t hQelePGbYSARD S BfecRalle Maarkelsect i on marker aids in the cloning and
identitication of transformants, for exanple, genes that confer resistance

to neonyci 2@139gur Oy Seridin &SRS Bf thoHirRntiGR,Tcellz eontaimingnainyeleic eeidnol  are
useful selectable markers. In addition tg mar kers conf e&ii. n%lcﬁ?égenotype
that abhsimst bHthet presefitsoventionanabhe ddentified {& P#FaLhtYE HEsBY !

i npl ement at.i gn of condi tions EnfYRhK Rlcntififuié Uiehinke to fher eenabl e
nar kern%ar%ed'dﬂ CXBEPSIARNG: %?'bggﬁglg?%{e%%?@?fl%e?ri c a_nallysi s, alge al so

cont engl kRAittiY Ry Naditifehion sCectie vahiamingihy rapression vagon epprasally, #pl ex

virus thymdine Kkinase ("tk") or chloranphenicol. acetyltraps e ("CAT")
may besecletieblezuarkerie ope thatj qonfers 4 RrARerLy %w%ﬂf“ds 4P SQE%IOO\%IV' h%vﬁcfs(ﬁjtﬁéerrpl oy

| munol ogl & MArKer:s, ' | b UPHeiikeillolvs FHGE @fwatiysivehileThe
mar kerseﬁgtéﬁleir%arir%g{lﬁSgplﬂg?/’!e’%h%{%é grggéiﬁg%or_t ant, 20 long as it is cagpable of
bei Ng £x§1a656 edlesiabld trarieos |opevintwhithdtsnprebasice. raeYeatseHe SelPFPa géhe

product. Further exanpl es of sel.ectabl e .and s abl e markers are wel |
known exempleeofgfposiiivese eﬁtag H’éafg‘?rtl? a ?&Kﬁlg‘%’?ﬁéﬁﬁg‘n PCT/ US02/ 34275

[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 discrimination of
transformants based on the implementation of conditions, other types of markers including
screenable markers such as GFP, whose basis is colorimetric analysis, are also
contemplated. 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 simultaneously 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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XI. Electroporation [0141] In certain enbodi nents of the present invention,
a nucleic acid is introduced into an organelle, a cell, a tissue or an

or gani smwpa3esscer r oporation. El ectroporation involves tReTasposzre of a
suspension of cells and DNA to a high-voltage electric discharge. In sone
variants of this nethod, certain cell wall-degrading enzynes, such as
pectim_degE@d{mPommres, are enployed to render the target recipient cells
nore susceptible to transformation by el ectroporation than untreated cells

(U . S. Patent No.5, 384, 253, i ncorporat.ed [ei . ref e ) acid i

Al t er nat i vIOLg1] r edppseaiam embpdiney étthen'ggﬁeelr?rto{r}lgg%t&gnéeap% ﬁ‘gﬁg %"
transln?{?q%eido%tl?yaﬁm&?ﬁ{éll%fi'a waungi tiguénst ah herfgarismh oids elektmopanation. t he art .
[0142 ransfection o

eukaryotic cells using_ el eéb&\?[goraﬁgg‘g OH@S been
qui t eElestigmesisdinvoMes e qupesuds b aprpensiasohesls ap rQANEYRWER t h human
kappa-, i nmunogl obul.i n genes (.Po I X glhghapphecyt es have
been EleEHS %@ewlflﬁogfﬁém f8£ ans}gﬂlgﬁ}ogb?eﬂféggé? Vﬁg?g g_rlage gene
(Tur - KasRR gebtidldegrad @@ Ghzimed, hiccrplonar to fefdet3he Tgetuedpichtydellg npenomenon
of electroporation is believed to be the same in all cﬁgs§z§ bﬁuattentthe exact
beeh’ e

mec hasisseptibds pion siabsfermasion; fhy  elslEonpEriiody thaty Inffgaed, fe tuci dat ed.

Al'tho Lyuantlng OF XjtednbiBvady,fekipiaanick s tai iben of  the
el ect %&oﬁ%%% lg?cfl’g%lia?eidgﬁ%rglgwé#%e%%ﬁbranees b‘éég%ne tpr ansi ently perneabl e
to | apgfe MB¥ceqisb&Riblatd ernifhenaioh|ty hwekarient wasndingeand other sahads pul ses.
There are conduits through cell walls, which under normal circunstances,
mai nt &knewa i ®etathg tr ansmenbrane potential of ca. 90 nV by all owing
bi-directional ionic mgration. [0144] Al though not wanting to be bound by
t heory, el ectroporation nmakes use of the same structur by farcing a

hi gh i oni c [0142t t hltasfection g€ e@fﬁ‘lﬂ?’f"u?eég WiRe 8]68‘[5?9?68%01116& nlf%éfP g rllt;e t he
conduits. ln prigr.art,. | S1c8! RSV’ BEGS (ASfcBeacelhi Ru@ntiappa-wi t h

ti ssudBCCeE Y pr g?%rﬁﬁle#gg&@hﬁc%egs, proportional to the di stance_between
the eliggtmegRSun gendsitporedt aly 1OBOMndTtae herataaytssihevelbesa trgsiegipd ¥thopor at i on

are defined in terns of the_ resultj ield in It ] ording to the
f or nulthe etoramphgpigplacetyransfegase geng (z’[g?-éé’asga.%a;l., ifg;gﬁtlélgﬁs%%%gd vol tage and
("d") is the distance between the el ectrodes. 44 WO 03/038112

iP %—/O#J tS gﬁ{ Biézzg |[ g]ng}l@fTigﬁyueé ep%grgolrr(ferfolne(l)fd el%&%o%%%a{tllo}é & asvdeR A e Y

same in all cases, but the exact mechanism responsible for the observed effects has not

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, after 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 ionic 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 to 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=V/d, where (“E”) is the field, (“V”)
is the imposed voltage and (“d”) is the distance between the electrodes.
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art when fornulating el ectroporation protocols for the delivery of a drug
or macronolecule into the cell of the subject. Accordingly, it is possible
to cal culwoasassii2z el ectric field intensity for a variety eCTasoyseod s by
applying a pul se of predeterm ned voltage that is proportional to the

di stance between el ectrodes. However, a caveat is that an electric field
can be gengraged iMhealdduss fieldvintensitynEHaatbedn el very roperéant valge 14 PHGF of i ons

is not necessary to create an.electric, fi.el g t ngt Ng to be
boundarbywhere ofoymulating s electaperaiione RIOPRAE &é%e@élg‘}r}& f QI? rhgucc sgf ul

el ectropar at i on not qel st i thefdiglet, PREcoH@ingly) 1446] possibleng alcatate ampr at i on,
the heg f°’5ﬂ9§§’8ﬁf§e‘3‘9‘% tsﬁ%tﬁegl (’rp))fr(ﬁ;lgucﬁeof th% iﬁgtygrel epctrode irrgedance t he

squar gle@fic vl Gntersityt for anvaridiy o prafecals batappHing@atulsesof pre gy i ng

el ectroporation in tjssues. and can,be rJ S Hape i nter-
el ect FolEage dhpt AR RTOPOTLDA E’ethﬁﬁéftaﬁﬁ? B%W gr §l°¥§ﬁ‘.1e%‘rr%&g?‘%¥’g‘g%ﬁgat§%? rent| y

descr Ex?gféc&ier elc?l:ﬁf:hé QBREALA AN 8k Ot Aealaiet detrotesdi.ct flew ofsuisting fi el d
intensitles Eﬁ whi ¢

are dependent on short volt ul ses of unknown
cur r endt nedessanydd rergate art ¢lectrie Sickh ahgough nﬁb‘é(ﬁ‘m“bgetﬁgl%z’(oﬁﬂé f’Y\ ﬁ’ﬁoﬁ’ E@ge cannot
be determ ned, which | eads i | LiBctdé fERrRpte. pul sed vol tage
el ect MSEYFSRS thaf 18 PEICSRAY Or\ﬁhgﬁgﬁp{aﬁéﬁﬁp%&ﬁggnyol tagesl. he ability to limt
heating of cells across electrodes can increase the effectiveness of any

given el ectraoporation vgltage pulsi FQr 42X , oPriher art
teaches t h&1dPl | i A3poH %‘?Ctrogﬂraﬁlo?’alf/ﬂ%gf&ét?txppneggl(ll elgef%c?ﬁgldlgs utilizing a
pr edet,ar i Reske HhibafRcdUihs &sqasi 0SS the paasing gande tec pulse dupssion.s . Hei i _
situation sets up a centralized pattern gurl n}g n tg\l ect({og&rtﬁt an event in
an ar eeodnhet durtngglectenorativnr inrisaies gt ARy be Jer “égasp P REEUGe e 8 “Excessi ve
heating of . cells and ti 0 ect Io@NciRadlyWldstritkdd Fort he

cel l s,e%aﬁadq CHFrEY P(gﬂﬁef éﬁ:@ﬁ)&?ﬁe@ga@fl' t }gpg‘?’g‘%dggm . _I—b\?\,/ever _symetrically
ar r angedipsaMich ake defiadé Snwiekho wlf thp pesulags pla¢ld sintepgitics B dwhishaare

decentralized pattern during an el ectroporation.event, in. r ere no
congr uependenteu shopiorodige AUlST I“&E“‘B’GT ﬂi‘gen&aécﬁoéf\‘} @p?he[[gilg[%&(?gglteggl l'i ng
the current . QW.REL WEGH: ¢l dea RhlcAWsaddNG vieBied datcesstivite differentel at i ve
heat i rﬁjngﬁtegé?%\é\f.&%us, |t1$eieds\&éth%e current a'Ehat det erm nes _{he Eubsequent

ef f ectguenssBagf clagisopgration mafbsilnyithmoedstominedrepliagts: {He PRIV LY8Uer oss the
el ectrodes. Predeterm ned, vol tages do not_ pkaqd t gF e T ent s,
and prheéftingiyftf C&E%.sa‘ﬁﬁs Fﬂle(g%pg%s afa]ﬁeg’ﬁgea%% tztilgt g?ﬁ%tﬁéﬁ?ﬁe exact (fkcllos age of
curreng ctﬁé(ﬁbl%ﬁoh i Bithse pilling BERWLNESS cxtimplagricecitnicanbes thEdizatiemef ol | i ng
an mai htal I'ng the current in the tissue 45 _

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 electrodes allows one to
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 limits the

usefulness of the technique. Thus, controlling an maintaining the current in the tissue
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WO 03/ 038112 PCT/ US02/ 34275 between two el ectrodes under a threshold wll
allow one to vary the pulse conditions, reduce cell heating, create |less
cel | deatwp oansBlincor porate macronol ecul es into cells nor@crafshy/sizent | y
when conpared to predeterm ned vol tage pul ses. [0148] One enbodi nent of the
present invention to overcone the above problemby providing . a neans to
ef f eChdryElnyived Blet@bddshenddp atieeshdld evidicalidveiony tdelary dieepulsd cotdigonSe| |'s in
the inter-el ectrode space by precisely controllin i:0oni t hat

i npi rigdace g hendng GFRALS less 9%1 (fqargla é‘é‘f }I%%’r%art%H@&’F"“%H%&E?Se‘g‘:as"gl% i&*é‘g%e of
electricity 1 i SermGiabEiBledurss.t he product of the current

| evel lflﬁgt){}b}yﬁg}é(:?rgﬁ%?%?(gﬁrgﬁt ﬁe nunbertgo? pul ses delivered. Thus, a

speci fic enbodi ment of the present invention can deliver the '

el e0tr OO GNP CUSECTh b Bufhnl YUIE fibedit SBUSBHORT oRciBbite ahe (gbook pat i

W t hout, c excessive concentration of cumul ative current in any one
| ocat ﬁu‘éﬁlerﬂ heprhydiay aimémg te effectivelyatontroliheglosegeovferlondagiiviFlizerefie tissue.

[0149] Al though not wanting to, be bound b heony,. I. r; he
vol t athe Cebmfsg'letlﬁteﬁ'éleﬁgﬁ@? SRase) by PEFLTe ﬁ‘?lﬁré) ! {}%Hgﬁgaugﬁgﬁolﬁmﬁgggue, t he
size of 4th { i Sl d Tib ShanealdbaieeRiectlictt toadass chn bes
desi rgwtg’ ct%ﬁgﬁtéteﬁletﬁ\g/(g%ftlage 6ﬁllfb§e1%g§’as hom)@éenous asﬁytpos i bl nd of the
cor r eilogapd iat ke productesfsihe eufrees] lavel thermyse lengihiand the, nymper) sﬁlﬁ@esof

cells, whereas a low field strength resul Loy E &hf hagey @k

el ect ﬂ@iﬁ@?eéitiBW.lS:S"bn%’ec‘ﬁFeEW}%%B’gﬁ{]iognﬁ%e%)?ecsélg E@Hﬁ% the distance between
el eCt LRAESHRIALIINRLS ol iRurRd 6F tikind aldiiged ghatligrglimnaitpmédatiensi ned

vol tage pul ses for electroporation. This reliance on kﬁovm ng. th(:?3 di st ance
bet weercestiec tonmesation af tumiledyd eaTend in ABY QRS {QFINRY thergRY ARYRWS Because

t he pr.ogyammabl e current |se controller will determ ne the inpedance in a
vol umé‘f’*%1 OYVi“égs’iﬁ’eovﬁgle\?ﬁ of%%lg ug'ct rodes, the distance between el ectrodes is
not a critical factor for determning the appropriate electrical current

pul se. Ther ef‘@iebngﬂpﬁl " elirl a}%i i}el% toegp%g{lﬁ@wt r?rﬁggﬁﬁghpe sHiReVbRaR array

desi gn woull®t ynmetrical~ rtion, one skilled in

the ar tulsﬁ%lb'b TRELARAIANMeteHREd by thesndtmhifaissyantiet size af thersdlepied tissignmet ri cal
needl é’ el ectrode arrays that do not de

jate f th it f
the iandeistinon betfrrenguestiedes. Béﬁ:ﬁeSiirﬁ@ieﬁl%J ?Vr8 &ﬁﬂ@ﬁ?l rslt}h"u“%’%gﬂg‘gsffgyoand

in the desired tissue I ar i M}@k& gltd BStHé twsing of
addi t iBROSTRIF AP Ioz%llq%jc%c%%?g%pgﬁlgésEkg%swgeﬂéwnacr ool ecul es co}ﬁl dg be added

to theengasiReRl £ow TRRI sker@sh rodfits in reduced efficacy of electroporation. 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 to 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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WO 03/038112 PCT/ US02/ 34275 Xl I. Restriction Enzymes [0150] In some

enbodi ments of the present invention, a linear DNA fragnent is generated
by restriwoioo3samzyme di gestion of a parent DNA nol ecul e. PETAIspY/ae70f
restriction enzynes are provi ded bel ow. Nane Recognition Sequence Aatll
GACGTC Acc65 | GGTACC Acc | GTMKAC Aci | CCGC Acl | AACGIT Afe | AGCGCT

Af 1 1% CT TR ARict$d Ehkym&CRYGT  Agel ACCGGT  Ahd | GACNN
( NNNGTC  Alu | AGCT
Alw | GGATC AIWN | CAGNNNCTG Apal GGECCC ApaL | GIGCAC Apol RAATTY Asc

| GGCECECC Ase | _ATTAAT Ava | CY Ava . )
NACKAANGTADYE  BlinFone et bencniil! (et IRgp P iy QA ebihéhe> Bac |
is generated by restriction enzyme digestion of a parent DNA molecule. Examples of

restriction enzymes are provided below.

Name Recognition Sequence
Aatll GACGTC
Acc65 1 GGTACC
Accl GTMKAC
Acil CCGC
Acll AACGTT
Afel AGCGCT
Afl 1l CTTAAG
AfTIT ACRYGT
Agel ACCGGT
AhdI GACNNNNNGTC
Alul AGCT
Alw 1 GGATC
AlwN 1 CAGNNNCTG
Apal GGGCCC
ApaL I GTGCAC
Apol RAATTY
Ascl GGCGCGCC
Asel ATTAAT
Aval CYCGRG
Avall GGWCC
AvrIl CCTAGG
Bael NACNNNNGTAPYCN
BamH I GGATCC
Banl GGYRCC
Ban II GRGCYC
Bbs1 GAAGAC
Bbvl GCAGC
BbvC1 CCTCAGC
Begl CGANNNNNNTGC
BciV1 GTATCC
Bell TGATCA
Bfal CTAG
Bgll GCCNNNNNGGC
Bglll AGATCT
Blpl GCTNAGC
Bmrl ACTGGG
BpmI CTGGAG
BsaAl YACGTR
BsaB I GATNNNNATC
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GAAGAC Bbv |
TGATCA Bfa |
ACMEG@3/08m2 |
PCT/ US02/ 34275 BsaH |

GAGGAG Bsg |
CCNNNNNNNGG  Bg4\I |

GCAGC BbvC | CCTCAGC Bcgl CGANNNNNNTGC Bci V I GTATCC

CTAG RIl

Bsal
Bsal I
BsaW 1
BseR 1
Bs
BsiE I
BsiHKA 1
BsiW 1
Bsl 1
BsmA I
BsmB I
BsmF 1
sm I
BsoB 1

z

vy

Bspl12861

BspD I

-1 GCCNNNNNGGC  Bgl Il AGATCT Bl p | GCTNAGC
CTGGAG BsaA | YACGIR BsaB | GAT TO #CTWS0D32088112
GRCGYC Bsa | GGICTC BsaJ | CCNNGG BsaW | WCCGGW
GITGCAG BsiE | CGRYCG Bsi HKA | GAMCWC Bsi W1 CGTACG
GICIGRBEGHC|I CGICTC BsnF | GGGAC Bsm | GAATGC

GGTCTC
CCNNGG
WCCGGW
GAGGAG
GTGCAG
CGRYCG
GWGCWC
CGTACG
CCNNNNNNNGG
GTCTC
CGTCTC
GGGAC
GAATGC
CYCGRG
GDGCHC
ATCGAT
TCCGGA
TCATGA
ACCTGC
CCGCTC
GCAATG
RCCGGY
TGTACA
ACTGG
GCGCGC
CCNGG
ACNGT
CACGAG
GCANNNNNTGC
TTCGAA
GGTNACC
GGATGNN
CCWGG
CGCG
CCANNNNNNTGG
RGATCY
GTATAC
CCTNAGG
CCPuPyGG
CACGTG
GCNNGC
ATCGAT
CTNAG
GATC
GATC
TTTAAA
CACNNNGTG
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Bsp1286l
BsrB |
BssH I |

GCANNNNNTGC  Bst B |
CGCG Bst X |

Bst U |

GDGCHC BspD |
CCCCTC BsrD |

GUOOs0381B5 SK |

TTCGAA BstE ||
CCANNNNNNTGG  BstY |

ATCGAT BspE

GCAATG BsrF |

CCNGG  Bst 4C |

| TCCGGA BspH |

RCCGGY BsrG |
ACNGT BssS |

GGTNACC  BstF5 |

TGTACA Bsr |
CACGABCBALSAR34275
GGATGNN  Bst N |

RGATCY Bst Z17 |

CCTNAGG Btg |

CTNAG Dpn | GATC Dpfpi! GATC YGGCCR

TCATGA BspM |

CCPupG Btr IGEOSBIANNGHIIC GCNNGC Cl a |
Eag I CGGCCG
Ear CTCTTC
Ecil GGCGGA
EcoN I CCTNNNNNAGG
EcoO1091  RGGNCCY
EcoR I GAATTC
EcoR V GATATC
Faul CCCGCNNNN
FnudH I GCNGC
Fok I GGATG
Fsel GGCCGGCC
Fsp I TGCGCA
Hae I RGCGCY
Hae III GGCC
Hgal GACGC
Hhal GCGC
Hinc II GTYRAC
Hind III AAGCTT
Hinf1 GANTC
HinP11 GCGC
Hpal GTTAAC
Hpall CCGG
Hph I GGTGA
Kasl GGCGCC
KpnI GGTACC
Mbo I GATC
Mbo I GAAGA
Mfe I CAATTG
Mlu I ACGCGT
Miy I GAGTCNNNNN
Mnl I CCTC
Msc 1 TGGCCA
Msel TTAA
Msl I CAYNNNNRTG
MspAl I CMGCKG
Msp I CCGG
Mwo I GCNNNNNNNGC
Nae I GCCGGC
Nar I GGCGCC
Nei I CCSGG
Ncol CCATGG
Nde I CATATG
NgoMI V GCCGGC
Nhe I GCTAGC
Nla III CATG
Nla IV GGNNCC
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ACTGG

COWGG

GIATAC Bsu36 |
ATCGAT Dde |



Dra | TTTAAA Dra |11 CACNNNGTG 48 WD 03/038112 PCT.

GACNNNNNNGTC Eae | YGGCCR Eag | CGGECCG Ear | CTCT{I'gSOé{:?4I27gGCgGg\ :EcoN I
CCTNNNNNAEO 0385101091 RGGNCCY EcoR | GAATTC EcoR V GATATECFAI$02/342GCGCNNNN
FnudH I GCNGC FA | GGATG Fse | GECCGECC Fsp | TGCGCA Hae Il RGCGCY Hae
IGIA:\H_CGGCCH_ HgalllGACGC Hha | GCGC Hne Il GIYRAC Hnd Il AAGCTT Hinf I
o I GGIT n G(m_t_IHpa | GGAAGCOdta 11 CCGG Hph | GGTGA Kas | GGECGCC
pn ACC Nru I TCGCGA

Nsi I ATGCAT
Nsp I RCATGY
Pacl TTAATTAA
PaeR71 CTCGAG
Pcil ACATGT

PfIF 1 GACNNNGTC
PAM I CCANNNNNTGG
Plel GAGTC
Pmel GTTTAAAC
Pmil CACGTG
PpuM I RGGWCCY
PshA I GACNNNNGTC
Psil TTATAA
PspG1 CCWGG
PspOM 1 GGGCCC
Pstl CTGCAG
Pvul CGATCG
Pvull CAGCTG
Rsal GTAC

Rsr1I CGGWCCG
Sacl GAGCTC
Sac IT CCGCGG
Sall GTCGAC

Sap 1 GCTCTTC
Sau3A 1 GATC

Sau96 I GGNCC
Sbfl CCTGCAGG
Scal AGTACT
ScrF I CCNGG
SexAl ACCWGGT
SfaN I GCATC
Sfcl CTIRYAG
Sfil GGCCNNNNNGGCC
Sfol GGCGCC
SerAl CRCCGGYG
Smal CCCGGG
SmlI CTYRAG
SnaB I TACGTA
Spel ACTAGT
Sph I GCATGC
Sspl AATATT
Stu I AGGCCT
Sty I CCWWGG
Swal ATTTAAAT
TaqI TCGA

THi1 GAWTC
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Mool GATC Moo || GAAGA Me | CAATTG Mu | ACGCCGT
M1 GAGITCNNNNN  h
I\CA/C-\A-Cl %TCIBCCA Mse | TTAA Ms1ll CAYNNNNRTG MspAll CMECKG Mspl CCGGII
MRS NBRBSBR2 Nael GCCGGC Nar | GGCGCC Nci | CCSGG PRE@sh2/82ATGG  Nde
NgoM V GCCGEC Nhel GCTAGC N a Il CATG Nla |V GGNNCC 49 WO
03/038112 PCT/ US02/ 34275 Not | GCGECCGC Nru | TCGCGA Nsi | ATGCAT Nsp |
RCATGY Pac | TTAATIAA PaeR7 CTCBEGAG Pci | ACATGI PfIF | GACNNNGIC

Tsel GCWGC

Tsp45 1 GTSAC

Tsp509 1 AATT

TspR I CAGTG

Tth11l1 GACNNNGTC

Xbal TCTAGA
ANNNNNNNNN

Xcem 1 (cl}C TG

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 are 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 restriction 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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Pf1 M1 CCANLIS NNNTGG Plel GAGIC Pnel GITTAAAC
_ Pm | CACGIG PpuM I
RGOACCY PshA | GACNNNNGTC Psi | TTATAA PspG | COWNGG PspOM | FC)BICJSGCCC Pst
IGAST(:TGEI:AGWB\DG/MSIIBATCG Pvu Il CAGCTG Rsa | GIAC Rsr || ECBMSGIB4230C |
it Sac Il CCCCGG Sal | GICGAC Sap | GCTCTTC Sau3A | GATC Sau96l
Sbf | CCTGCAGG Sca | AGIACT ScrF | CCNGG SexA | ACOWNGGT, SfaN |

GCATC Sfc RYAGLST ifollovameChhiMIECaE:
¢ n[{)ﬁ%v REE&S ifollo Bfotnded GROGB@siale] PERERGYG Sl

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

[0153] Tn 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 BamHI/ HindIII sites of pSPc5-12 plasmid, to generate pSP-
GHRH. Other elements contained in the plasmids include a 3' untranslated 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: 7) were previously described (Li et al., 1999).
Wild type and mutated porcine GHRH cDNAs were generated by site directed
mutagenesis of GHRH cDNA (SeqID No: 9) (Altered Sites Il in vitro Mutagenesis
System, Promega, Madison, WI), and cloned into the BamHYI/ Hind IIT sites of pSPc5-12,
to generate pSP-wt-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 c¢DNA. The resultant plasmids contained mutated coding region
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SnaB I TACGTA Spe | ACTAGT Sph | GCATGC Ssp | AATATT Stu | AGGECCI

| CONMGG Swal ATTTAAAT Tag | TCGA Tfi | GAV\?ICI)'C 50 V\DO3/03811§ Sty
PCT/ US02/\80235381T2 i | CTCGAG Tse | GOWGC Tsp45l GISAC TWEQAISOANDTS TspR |
CAGIG Tthl 111 GACNNNGIC Xba | TCTAGA Xcm | CCA TG G Xho | CTCGAG Xma |
CCCGGEG  Xmml GAANNNNTTC [ 01511 The term "restriction enzynme digestion" of

DNA agor3e@Nafoahe rdsahaf smit@adasajupdes weteantageraly piestbRAHPERLS
that acts only at certain |ocati any o A HPER an enzyme

(r: Sﬁ (ra igétgb‘@gh ’fmm@gég.@@sbouaﬁ &’yttﬁ%i&: E‘Etf?é‘btrs %P&%%Qe%%gﬁétggm icgl ! gd
restri.cti T | jedtu i i [
corme Pl B o8 by ] R e et or 5. and. ot her

r equi [RBRNYfSmatated dsdrmohéss hBavdoyl differeahpipsmi edy diff ut ot
enzymes comonl y are g’l E}ﬁ d§l1b'1‘i| ¢I@p§ Chﬁlgeﬁfé’é@ ﬁ@ triction

| et t epming chb@guwegpﬁ,%%i Sr? edtic?r%égil% ég(i\% ?iué?@%nt%ﬂéf%ﬁsﬁgasofollawgapi tal

sk, et € ‘m croorgani sm from whi
each restriction enzyne originally was ° "

Plasmid Encoded Amino Acid Sequence

wt -GHRH YADATFTNSYRKVLGOLSARKLLODIMSRQQGERNQEQGA-OH (SeqID No: 10)
HV-GHRH HVDAIFTNSYRKVLAQLSARKLLODILNRQOGERNQEQGA-OH (SeqID No: 1)
TI-GHRH YIDATFTNSYRKVLAQLSARKLLODILNROQGERNQEQGA-OH (SeqID No: 2)
TV-GHRH YVDAIFTNSYRKVLAQLSARKLLODILNRQQGERNQEQGA-OH (SeqID No: 3)

15/27/28-GHRH YADATFTNSYRKVLAQLSARKLLODILNRQQGERNQEQGA-OH (SeqID No: 4)

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

thereof is of formula:

-X;-X,-DAIFTNSYRKVL-X;3- QLSARKLLQDI-X4-X5~ RQQGERNQEQGA-OH
(SeqID No: 6)

wherein: X; is a D-or L-isomer of an amino acid selected from the group consisting of
tyrosine (“Y”), or histidine (“H”); X is a D-or L-isomer of an amino acid selected from
the group consisting of alanine (“A”), valine (“V”™), or isoleucine (“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”); Xs 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
3'UTR from pSEAP-2 Basic Vector (Clontech Laboratories, Inc.; Palo Alto, CA).
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obt ai ned and then a nunber designating the particular enzyme. In general,
about 1 g of plasmd or DNA fragnent is used with about 1-2 units of
enzyme i rwewewss12D | of buffer solution. Appropriate bufPergsanss2zubstrate
amounts for particular restriction enzynes are specified by the

manuf acturer. Incubation of about 1 hour at 37Cis ordinarily used, but

may vary imlgﬂfzor %efpgasw@id&désbﬁbahmglvb do'met corsainuolylikst, IaFtlegenPritubat i on,
protein or polypeptide is remve extr t a

chl or sketetahalphacictin @remeEs Ped SE‘%E@E @pga a@%ﬁ?ﬁ@&’?&‘é rhlélgéﬂ%?@trﬁef e S%q ueous
fraction reci pi ! ' ; | folidRiedesy iipvivg Eldcidopoestion] @s i on
enzyniasH gb‘ger?6?@%%%131%9&%&%&;%%??2% afcl)lll<dz;alli neyphosphat asepr hydrol ysi s of

t he t gssoibed bdow.phosphates to prevent the two restriction cleaved ends of a
DNA fragment from "circularizing” or formng a closed | oop that would

i npede insertion of another DNA fragnent at the restriction siég. Unl ess
otherwi se gjiagpd, Igi@astdfofumtionshsingidal dosivatents’oft iowel uBJersiood BY ni nal

Cony ol lad msantset, petsn) 1o PRdegPEol Bk avpipesicA GRS R Sy yaare
PCT/ USOR/, 242 800crk L5 20/ S BokAUION A e ianBreBpiatia: teb sledlinit wehonst r at e
A rments o ? ﬂ '

pr ef eP1% nvention. It should be ﬁpprelci teq@gy t hose
of sKihbémof bienaed thahahayt be madecwithigua definedcpertion af the HROIESEGEIES ™ whi ch

follow represent techpi ques discaovere . tQr: bhgln well in
the prefgininge BplecHe Wlﬁ\/%h‘l“ic% ?ﬁﬁﬁﬁvei Rggcﬁ%\éatrllé}gg 1601?)%:1%1 SPZ& 't%ﬂ.ﬁgo nstitute
pr ef eg{oqg%iga ldeﬁﬁimﬁ%h%si drs tRiAE el hetidmay eliose phaisias ¢inds kolyhudleptidaes) iar t

, I'ght o

shoul the present disclosure, aBpr ci ate, that RN achanges
can becleetdé amine freidspeeei dadens)esbanare he SURFiteRdar & BPRIEICOEUEPENE &ti |

obtain a like.or simlar .res ' tdd 89t hid B eisdeiddi o and

scope f%‘fC“PHé i WPS%‘P@?&%A%L@%%@#’& ON OF DNA VECTCRS AND METHODS

I N AN SHBHEE hmih® b5 1seteres evhile asimuitmeaissly having séaijaneisizprensdr ease

body fat proportions, increase b ni}ge it nd I nprov . i ng

rate, bidlogimallyf ammtynﬁhfés@angﬂ%t%g‘@ %g”é\?%drné}?le@ﬁrﬁ 8)20;%? ceai) glagvr%&g(génst ructs.

Briefl e, pkasm QF p?agle LARn B fibjespeci fic synthetic

promt%&g%ﬁ%%?gé%gﬁg&%@) a te?ched to a V\)I] | d type or anal og

porci ne GHRH. The anal og GHRH sequences were generated by site directed
[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/cm, 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 distance between the plates could be easily assessed; the 6-
needle device consists of a circular array (1 cm diameter) of six equally 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 to deliver

the plasmid. All needles were 2 cm in lengtﬁ. Tn 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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nmut agenesi s as described in nethods section. Nucleic aci

encodi ng GHRH or anal og were cloned into the BamHU Hi ﬁd?l isegs{?ggezf

pSPc5- 12 wbasmssli2to generate pSP- GHRH. OQther el enents ceoraisnzsizih t he

pl asm ds include a 3' untranslated region ("3 UTR') (SEQ D No: 8) of
growt h hornone and an SV40 3' UTR from pSEAP-2 Basic Vector as descri bed in

e T2t hodpiser ! | dhteafiuaotta uisstieiob i DY paryiner B Y Eonst ruct <
S
cont aWnclﬁgldthﬁé)rlﬁld@éﬂoéVS é’élisﬁli‘réxgw g[n I )ZrD LE{E@EQ@ %E ?QSNO 7)

were reyvi ousl e Qr)a th ai
SIHSATTES PRl sl pdsi et s, o 1

\I)lvo) 921%(31&25' %ﬁfgh]ﬁﬁf’ gﬁidlhdes (1% Z= m?: :’ g/roul_xl))l\fﬁwretbeﬁéﬁiﬂ plasyad stpdicptpeRestaMdi son,
i.n
bSP. weowe- e LaBtrags) weisy el ety B R FhQues perkBUBETS! %) ©

The 3&%%5@9%'@%?& N& t% R@se%ﬁ)C&fteﬁit%ﬁoﬁ@bﬂ&g&oﬂ%dmlmélﬂgletdovmst ream
e resultant plasm ds contained mutated cadi n@b{e_g on 52 WO

03/ 038kiRbRETh WSR2 Piglets svercpRigned rrndemdy tocang of hg SXBSPHIGNELY Sequences

were not naturall res
t heor Plgs{ FOUR ?%‘8%35& Fﬁlér(gasgadgrn%] e‘&?&?ﬁu “32% r%@%g?ggé ghhélgfl Egupgt gy
of bORg i RihiE vARl BRikSedefol the Eiest il nigls uhd thmtlﬁﬁlwldmyﬂly moussidrwith adilihg | evel s

of nmutated hornones. Several different plasmds that ed. djf
nut at edcesartd rveaterc iFar SEIREngEdicyf afgqu}cpaa}ngf PR VEiTa edb? gﬁ ({d P{:Oati?lh e({(:l]%lr \elgtlt ent

th
VADA! G RaEeEperiE PR Lo S PR Dgﬁ.ﬁe%%%“ O G
HVDAI BANSYRINEEARE @hwmm@wnaaf @aacpmmthmamgl}nt of ffeedyyras

VO FubsRA et AnAE a1 SRS 3 N s

YADAI 'ﬁ@ﬁ%{ﬁ@’ ?\%@ﬁRﬁé} LRSS Qs réx%‘&lqbf thio BaJor| Odbiégk ofn

genera or functi onal b| ol ogi cal equivalent thereof i
Of f orvudigine IXCUX2 - DAl FTNSYRKVL- X3 - QLSARKLL - X4 - X5- A OH
(Seql D No: 6) -Q QD - X4 - X5- RQQGERNQEQGA- OH

[0162] Endotoxin-free plasmid (Qiagen Inc., Chatsworth, CA, USA)
preparations were diluted in PBS, pH 7.4 to 1 mg/ml. Plasmid DNA was injected through
the intact skin into the semitendinosus or the longissimus dorsi muscle using a 21 g
needle. 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

liquid 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 nucleic acid
delivery for transformation of an organelle, a cell, a tissue or an organism for use with the

ourrent invention are believed to include virtually any method by which a nucleic acid
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wherein: X1 is a D-or L-isonmer of an amno acid selected fromthe group
consisting of tyrosine ("Y'), or histidine ("H'); X2 is a D-or L-isoner of
an am no woiod/osshect ed from t he group consisting of al aniPe@/uSoa34275 val i ne
("V'), or isoleucine ("I"); X3 is a D-or L- isomer of an am no acid
selected fromthe group consisting of alanine ("A") or glycine ("G'); X4

is a or ]jN fﬂ@ﬁ@'beQﬁtraduoamlﬁtb amodgamlle;ca edlLf a gisseher g’iilo@rﬁa@éfﬁs%tl ng of
met hi oni ne , or leucine ("L" s..a D-a

d
sel ecd@dnbmh@remhé sosmi b fapuiithigne of eapRg sl SRS nffhele) Y, 7

[ 01561 t t chugiesk bye n%@ﬁa%ﬂzcuomstruct
( Seql Be ﬁgf) g qu]ggﬁtdg@hg &%%IPIZ%P% |1 SPc5ﬁ1§ fragnment , SEAP gene

and Sgdsbel it L£[R IEBQM%APetZaBaw&%Vbsztlmed(l@ S Retendbdpat vP9482%4 | nc.
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al phasz %%Pag%péﬁgmﬁ&gpd?ﬁte& helehl BY %feféh@é)am@ﬁlﬁiﬂg ﬁlcréﬂ]acflbiCB{arlﬁndtahér nor e,

t hese I ntroduced nuscl e i njection, foll owed%)S in vivo
el ect Wpgintai, o1985pd).Sd@atani Béal 5,68%,@/15 [ Deewprated thercis by TelFIGRES)T BXal

bi ol I
hat . Clraraaton (p-Sristenala, s sor SRRy s nee BER Bl S et

Iprot ei{Bgy. ylrggsggle@lm 199817306 I@@lbmuph@phatéqnemmtmbe (Chec epd Qldaaama,here is a
imt fot

nber of changes that may thin portlon
of thd98ﬁ| éh:aham whd van dest Eb,n|1%3>aR¥P@Pe%§uﬁ‘le &%ﬂh EAY\ &Egﬁ ge)? &Vel of

der | ndviisEhpateiEsngBibd Gopal 1050 B e A RAGEA (m‘”e??rfgf“idaraﬁ] ho'®
1? ﬁlngts .1§§Z %gqol gar?écg?a?ta&?t\rlégfgﬁ?m; - AZQQépHamén @biﬂprzO@Z[M oo been
engi netrbd20@); F@%h@@?hﬁflqjﬁ%@ £y 29&» @%% %@q%ﬁlﬁﬁ%%&&gl&w taneousl y
havi “35%{“8 i3, (R0 hTRAY RSksaDyel 06 YAl 19s@! by biivrophgevttobmabadmbnt GHRA.

For e eblolog’ica activity of is to C|I|tat§%
hor nonec(” @pplicatkar BlolsorW()n974/1(1)96%91b;néc95/0{51:,‘3135911J S| Rateto ples-aPitd 04 |ces

BTX T820 enerator is i used to
del i vesr3%?3m g0 et Sl IR TRED B cp oo T e,
100 PR p¥ebhcc: 1488 8on § Q@thrﬂlilédns@@aaeiﬁbaer((mhm enel.£198%dU.SCRefeper  and
needl ect ro di vision of Genetronics Inc. 2 wer e usgad to
del i veNos n 580523 and 5,464,765, each incorporated herem by  feference);
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.S. 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 radioimmunometric assay (Diagnostic System Lab.,
Webster, TX). The sensitivity of the assay was 0.8 ng/ml; intra-assay and inter-assay
variation was 3.4% and 4.5%, respectively. Porcine insulin was measured using a

heterologous human radioimmunoassay (Linco Research Inc., St. Charles, MO). The

56



el ectric pulses. The plate (caliper) electrodes consisted of 1.5 cm square
nmetallic blocks nounted on a ruler, so the distance between the pl ates
coul d be wadBlgiassessed; the 6- needl e device consists offCa/usorslar array
(1 cmdianeter) of six equally spaced filled 21- gauge needl es nmounted on a
non-conductive material. The 3-needl e device consists of two filled and
one %ﬂaﬂbﬁ& 18REE] the am? WaSE Lonsl; hetragssas e intdrfassey vaniadorves 8380 and t o
deliver the plasmd. Al needles were 2 cmin length. In all injections

t he naeld.8% reepeetivappl etely inserted into the nuscle. [0160] A skilled
artisan recogni zes that any simlar electroporation device and paraneters
may be used in the present invention so long as the deq\ﬁ' ce delivers the

nucl ei ¢ apil$6} equBote compobitionednta. t | Yeaights' gverg PEaEsHh %84 "FoSH8F 038112
PCT/ USQ2/ 34275  [01 t ramuscul ar. i nf goty f Rk ] or ci ne.
Two- FHbEHE éca‘]\%se(ggrgi&'%d @Mﬂe&nﬁﬁ?vg%{o(ﬁg'?gé 0%159 g“ c)? Q{andr g(f:g‘hl%ﬂﬁgr?gs hire x

Dur ch.@bfﬁnﬁﬁrﬁﬁ%ﬂo%t ) study4-tvided ai Weekei Botly empdsition hineasuxerhenislregre pi gs
wer e use Int

e secreted enbryonic . al kaline ho.s%Fat.ase st udi s (n =23
J o1 Oupdeforfiud inhevaaSRidapt afterioirte Lhsi BElet V8- BPURHAR USIB8 RSP POIETR e x

Landrace) were. brought three. $ 6h@AdRsht REMAtUpétéan date
to thgfg‘}P’FIHPZh?ﬂ#%}tapé%eﬁglé%%g@‘éﬁg%gﬂg{é?tﬁiﬁ%ay?%? Col | ege of Medi ci ne.

Pi gl eb$ fat WRIELOWY 1Bark Hssub@ndbaaid bone mRBiegdl ebatenewas measuggiely fE@s®EY to one

of the experinental (n =2 i gs/ oup/ rie Js =.:3)

gr oupg.-l‘a)ﬁlabSOéRW@tfﬁé&@O% @R—%%ﬁ&aﬁ%@@#ﬁ%@é&“ %ﬁjéﬁ%%i )ﬁg@g e

suckl e t | 508 ih AHovdsSuml dhvnmiber 80N ubingd- 1 i b
accesgg’t @12&?{%@%5@3@?%;1 aftélr \?\gar?i ng, pigs g/ere fed a 24%

pr ot eiwhoth ©ddy deRscostColiset@bop@84t i ve Associ ation, Bryan, TX) at 6% of their
body wei ght daily. The aninmals were weighed twice a week, at the sanme tine

of day, and the anount of feed was subse.quentlé determ ned. Anjnmals were
mai nt ai ned [pI¢AHCCOBtAltes Wath al lnGyrete usingSERATTIAA maplysie| 1agkaeAct

gui del i nes, and approved_by the Bayl qr | | ege .of Medicine » [ 0162]
Endot ¢StatBaify, dec.pTuemiQk)y &a & §hete In a@&g%%ﬁﬁﬁe R %§A3’Hl‘ |§ Pg&%}?gt i ons
were il ULed | 0 PRS Wbl hafil/ AoV a6 i d oA uAStabjdRe level r ough

the i ntdet Y&RF R osus or the longissinmus dorsi nuscle

usi ng sgatidfic4l sighefesihee. Two minutes |ater, external caliper electrodes or
i njectabl e el ectrodes (6-needle

EXAMPLE 2
CONSTITUTIVE GHRH SYSTEM IN VIVO

[0168] To test the constitutive GHRH system in vivo, 7.5 micrograms of pSP-
GHRH or functional biological equivalents (FIGURE 1) were delivered into SCID mice.
All GHRH 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-galactosidase as control. At 45
days post-injection, animals were analyzed by PIXImus (Draghia-Akli et al., 2002)(DEXA
for 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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array or 3-needle array) were applied to the injected nuscle, and 6 pul ses

of 200v/cm 60 mllisecond/ pulse were applied. The polarity of the pul ses

was eit hewooomstiant or inverted between the needles. [01®8T/Bowat7nas

collected by jugular puncture before plasmd injection, and at 3, 7, 14,

21, 35 and 45 days post-injection. At 50 days post-injection, anjimals were

sacri I-ﬁ@—? BloBp9RAd 1eF@ABenedteastthan thiejcentrelhnimals, up taek0e/ %ol the t ed,
rozen in

h | t t d at d 10%
but  CPeGHRH mmdfgw'm?.uésd}m iy OB D oot 38 R Bk SBEARES Ll on s
the pbl8f> ,[v{ggdc @gjt;tg&) dnb q{}F%He\{?We meﬁﬁﬁed‘ WSGRIKCE 3% A\IC GHRH tgiested nt o t he

cells suita ods for nucleic acid delivery for
t ransﬁﬁﬁﬁ@hacpﬁigﬁfﬁcmly)fr@wa&dl I6F-hlevels Icon@axed%ﬂec‘éimoéﬁnwﬂé%ﬂpstﬁ]pfﬁr use

with the current invention are.heli .to incl AR met hod by
whi ¢h0.80%u8pmieerewsdlevegpaddey ?1@3%%??\{19 é%ﬁ%gggeé i IE%%I can be
intro Is & Iscttédi WathOT1-@HROT dﬂirm rdeveisp
descr%@gg%g{:{eh%n&g?%s W‘g)t)ing gge%ﬁéﬁm%stg one of ordinary t 5 ¥ r][ht he art.

Such s hatiodibs)candd éheih GHRH ecxpoession neansigued fo ot aYs, dr DNA such
as by ex, vivo transfecti.o Nabe{ et al., 1989; WIlson et al., 1989), by
i nj ectigBificans ogangssip theinfpdy cBMBRHYIAL 4 5 981, 274, 5, 945, 100, 5, 780, 448,
5,736,524, 5,702,932, 5,656,610, 5,589,466 and 5,580,859, each

i ncor por at ed herel n by referem h ing mcroinjection (Harland and
Wi ntraub, 1985) U.S. Patent > 5, incorporated herein by

reference); by electropo i on. Eggif EE 11@384 253, incorporated
herein by reference; !ﬁm&gﬁﬂ% i Np[ pa et al., 1986); by
cal ci um phosphat e reC| and Cka 19 nd van
der Eb, 1918t6%i pp O&St c}ufg%?ﬁiﬁ*g SYRYH L‘%QEP%@ r%#ke %IQS%

l'yet.h t 6 Drappiadikiget(dfedh t
ool Yo\l ALY 4 CR0a proBESS) (0l oA, 1906, o get(p %&6"2 L
0

al . 2004 h@dfqgrams ol a, mpOOe; ofRkdlgh AVHREAGEneSwdich® plas ff et

o 1 Gogup e CeREFRSS IR ST SR W B Beslt and
e 09§)§%§ﬁn pgégsﬁﬁll%%keiétﬁ mieteesdllsNagd cBlHkreOARwedSto3RiXe7BHatE, 1883, 0565,

5, 550 38,877 and 538, 880, and each j ncorpor at ed H‘% E?S
r ef er gostehitotiy nagittbes. Ah24\ﬁm¢14% ihonrsites srpsiadion; fASVEE FAASHIT EBSal .

%gng)efaé‘He]}@ Pat ena'%dded Vherd' %gc'a?e%?’ 13 Nfle 2euf@ft fifiAia. AVIEHa ! AHIOEAR Vefis her ei n

harvested 72 hours post-differentiation. 20pug 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_1abeled 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 MEP or in cells transfected by the inducible GHRH plasmid alone.

EXAMPLE 4
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Agrobacterium nedi ated transformation (U. S. Patent Nos. 5,591,616 and
5,563, 055, each incorporated herein by reference); by PEG nedi at ed

t ransf or maiDios38ai2 prot opl asts (Qmrulleh et al., 1993); BCHUSPAsL2M NoOS.
4,684,611 and 4,952,500, each incorporated herein by reference); by

desi ccation/inhibition-nmedi ated DNA uptake (Potrykus et al., 1985), and
any conbi nagHRUAGENESWIECH@SY STRVDIN VIVG:—d Yt echni ques such
as these, or JEGMEOSIFIONE FATIBODOEVEASSITOX ABWE may be stably or
transiently ftranstorned. | orcine plasma |G- 1 and insulin

concent r al (@) - Poideiei 0 bxpeliafents efUplaenidy férethe GHRIgiencSwiteh®
radi oi nmunonettic assay (Di agnostic System Lab,,. .\ebster, T)(gl. The

sensi $ystent yeod deliveradstoahe wascles af Sgihfnics. rﬁhedeﬁé@é‘i‘f RGP PEFCG @Sy
variation was_3.4% and. 4. 3% respectd v [ [ | sur ed

usi ngméeCt%jet“QPhollégH%so R rrﬁ&%%‘?n?&ﬁ%%ggg@{%pﬁ%d gglgg(?c I%%I(E:Ee? St.

Charl gRirdfidh 'o-r[ahﬁ)ra FiaVM103( A3S1D) PET hkERPoné 204s postrinjection, tanithelsel of t he
assay was 2 ﬂ) , INntra-assay and inter-assay varjiatiaon ) 3@%’2/ and 3. 9%
r es pewkrevidjacted idled GleriBody (G ot 2@1%@&%@&@3@%%&% ®on the
same _calibrated scal es rtifjed 3 . and a
coef f FUEnHaYy ths, FNMAYS § glﬁe(} aldé}g%m%ﬁ‘?’%% 83? n?%g{f%tu y% R?S\lﬁg'cé/[g&\fveek. Body
CONPO§GEi ORad TRAGHIEADY etd¥Blogousp 00 ofees-idactmgy oat 1Biotamenaassayr Tier t h.  The

piglets were anesthetized using a conbination of xylazine ( /.kg) and
ket ansensit{vatyraf/the pssay avas e tl&hﬂg;l infadgsay SRt dRer-gisay é{gr,‘a I;S’é‘r"&aérﬁl-z?’ A’or%df at,

-bang, | £ : ' kv
ual - S gposhyeRp FolERiife AhAAROTLNEIER ff BXBRCUHREIIBOIII-B evle
Mass aglumsabd Shm( I BXE') 33.50ne/mles 1797.28 + 16966 ng/rak @< HBLNS) prigaifisriim was

d i t assi hamber ("K40") ysi whol Coh

et al chaneon i tolloipva wereser e e MFE i Jop PR (T

anal'y 'ostwg%g@.gg i(éﬁ_%ﬁ@ 1, pNe.0.0006S aniflsds théal ieesvethaworitrol t beta-f i gur es
e nean peci

are t s.e.m I'c P val ues were obtained hy conparison using
ANOVA galbcidsidae @hasvrid), SEt7149 42 Ingirel, pf< GOk i(3nimals thet greFYaMee,

EXANPIGEHI%PUge?l\e%—I\;ig%l \{)I'T'as?'n_i'cllqsl_| bSuYS-Iv_V%% Irll\cl)twdggéd with MFP). Upon repeated
administration of MFP to the animals using the same protocol followed by recovery to
background 7 days over 149 days, serum IGF-1 levels rose repeatedly 1.1-1.7 fold over the
uninjected controls (FIGURE 8). Animals induced with MFP had statistically significant

higher IGF-I levels.

[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 MFP
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 B-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 GHRH/GeneSwitch® by 20% (7.35+0.31x 10°
%), compared with B-gal controls (6.13 + 0.46 x 10”), and animals not dosed with MFP
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[0168] To test the constitutive GHRH systemin vivo, 7.5 mcrograns of pSP-
GHRH or functional biological equivalents (FIGURE 1) were delivered into
SCI D mi cewO 08los81GHRH anal og sequences were obtai ned by siPeTdiSozstes!

mut agenesi s of the porcine wld type sequence. G oups of five mce were
injected with 7.5 mcrograms of plasmd expressing either one of the GHRH
anal ogs3 +@2%x PGP, het 6095 Hierowasias sigaificenth statistical diffsrenepieiween the

post-injection, aninmals were anal yzed hy. Pl Xl nus { Dr | 3= AKL . al .,
2002) pEKAnjestod apimaly, argbémrrfaﬂsc:@@?/ W de tﬁé; ‘gﬂlf%éf\% ﬁ@@eg@@?%% and
wei ghed., At, the, end h ri Tt ggnyﬁ & iplitidtani mal s
wer e SYSARfRUE 20 gveﬁ%ggr&tﬂﬁogfgﬂglgt]% 201{n|(a IgolycguheRE 2) .quﬁg bod co%osi tion
of t hﬁreigth% QpdsepobiBIL d’decmdmmtﬁﬂrqﬂlsdiypenm@hy,Aash&tgis oy ot et on,
ani mal s at were injected with the TI tant .had. a.signi.fi ... l,NCrease
i n | egrpabledefl stamewatig @f%@?@ﬂ?"&%ﬁpl‘)&@ tf?n%t}ff %Pé%?“fﬁ%l%-c%aﬁﬁs ianj ected
ani mal s MelcTa g ton! fan 9o dyruimag %t af, 2000 At 5%

(FI wlﬂéecgk?cdh}%e?&%é lﬂ%‘&ggo/n 0%@%%%1%@&#%%%;/3 %4275 GHRH |§nj ect edmér oups0 had
| ar gerhd@iieofthe aspériraentt hedyccompositioariasednslyzap in iveoby dpaliehergl&Tay| - GHRH
injected group, p.<0.027.. (FI 4) .. At JHGCt i on,
o s etse LIE AL, iz, E\éggr’%‘h% eP%B@E?séégfgmpds{}joﬁ GHRH
|1 ectatlics AP BPRAT150Bb) GRD b bRC 1RGN Efisd ah bohs niasrplaared, wi ¢

control ani ptop<-0. . Sonme groups .devel gped neutrali zing
ant i badhtest amhdensity) ehowed aégnificant chagges 1n cpeqicallyy W%e@dél?e faMScond tine

Bndt iericemh B pEOSRERERaibIa) sl Y oty Bk iR AR, (RODRAPLL o o<,
S1 0N 68k 0aNaRSAICHRARGEdOGH GRS i MIBP (EXANRLEGS/A NEMG) (Bl GrRH

SYSTE 0169] To test the inducible GHRH systemi'r: Lir primry
chi ckesa.9ay-pl0LGo%] snd neMFP rainedle84.88 4@ 3Hask i B2 F&Massd I&‘Q%‘ér 8% et

| ., 1986; Draghi a: Ak|j | ot 7). W ' f ' f
e crlemweesadsie th i O ceravi Rl 08 R LoTRr AR i BlIRlS Cone
Swi tCrlf.fé@ﬁheh{a]rﬁ‘)ﬂi@}’ljan%ﬂsrlgbbgro-mbﬂk gage the best overall expression in

S

skel eta cle ce , and cells were allowed to differentiate into
post-mtotic myotubes. At 24 and 48 hours after transfection, cells were
washed in PBS, and MFP was addgggavimgiesi ndicated, to the culture nedia.
Medi a and cells were -
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 nucleic acid sequences encoding
GHRH or functional biological equivalent thereof into the cells of subjects can lead to
high 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 (i.e. mifepristone-inducible
heterologous nucleic acid sequences encoding GHRH or functional 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
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harvested 72 hours post-differentiation. 20g of total RNA was DNase |
treated, size separated in 1.5% agarose-fornal dehyde gel and transferred
to nyl on werBzs1e2 The nenbranes were hybridi zed with a Ppeaish?/z2GHRH cDNA
probe 32P-1abel ed by random primng. Negative controls were cells
transfected by the GeneSwitch(r) and GHRH plasm ds, but not treated with

MFP,  ofirieg! dedadd’ ﬁanﬁétﬁ@xﬁee@ﬁi/olbgeali 1BOMIE 0D IGH GetRetigr ahen complatedeto thpe
positive control was cel

I's transfected. b constitutivel xprfggtged GHRH

pl asniretottvinanyaEIRH itherapipy Bostimedied § J%?és@fiépé FRRFIIREC SP% Fﬁ? &

" SP- GHRH!) . . GHRH. NSCri h %r?]ﬁ ' rfAaBbikhetc onl
gbser%&“ Fl%‘? %@Ieggmft@ﬁtse egltk’%st&mg{aﬁ&t EgpéGe elé\?\rant&'gﬁ(ﬁgﬁol nguci bl e GHRH ’
pl as mpléo??ag; (énJa ﬁ@@%@@ia&d dﬁ_?élli_lﬂegy andrgenornegal s Ptrmawsm@gtéwl signdnointhdeposi t | Ved
contro FIGURE 7). No transcripts re detecte n treate
wi th WEB-Igevilninsedaped, growiby was aBSthqWe7'¥\%’d &Eﬁ? Bf‘aélg@%b%‘?}g‘ggrrﬁ!‘p}sgﬁ%gne.
EXAMPLE 4 .58 / fad FENGSY Gldtd’ pbseiSIEM | N
VI VO | m&%&%ﬁé%%ﬁg% gﬁ%ziﬁ%%ggg\? MASS/ TOTAL _&EI GHT [0170] For
the i FfoNowRgekpaid imdnttion dffthe MIFERIMGEse Switch RestapREY midiiemiboappineralsy st em
were delivered to the nusgles of | D m The f i bk al i rior
muscl iy IEiipEs 96 O PO 160 piguiog of GHRH I bOR' iehb A Yar At .o
foll O‘QE&e*}XIB&%LﬁlQ.eAlth&lgﬁq{o% %86 BbinI by Be@gihe obkdriecpititary hBe@IphyAt

twenty-one days post-injection, aninals neum

! o were injected inte ri
("i . p.w3s intlichtiveShatnéctopig eapressien of myrgenicHR Hyplpsmids pperates tﬁ@ﬁ%‘? hwday, t he

ani mal s wer | ed and .seru u -1 i s by hisvenVOUge | G- |
was né’é‘%?leﬁ}}ﬁ%?ﬂﬁéﬁ%@lgﬁ%%gt&ia o%%sogs%lsd?%ae gac Olﬁn%qu:%lb lt{rligédi'?okigvr?:nzunoassay. The
sensi tlbﬂ%—ﬁéétiﬁé rdo it *B RbapWias Qb Spataitinl to teplacachessiagl GHotherapy regimensy
variation was 3.4% and . 5% respecti VEI‘:‘I% ol | owi ng adm ni tsr at % of M-P
for 4 adnsecsinwlatedhy SH Fin a maye PRYSIQIAEFALSIPTRET PIRRFTER 1S BO%, 1o/

to 1797, 2 4 96 0 -onic f hicanboe) changes tectibel | G- |
tﬁ@&e?‘é—ﬂé@ eﬁtm\}\%@%srhoeﬂei?/g‘éj%atgg ubretlif él.,d'['99_6) haag c

| evel s roup -was conpared w th the control gr oup
1086. 78endSviBH®ABEDY MRy e As@DRGrémoicpabtisiradiae boseaioydl a control bet a-
gal act osi dase plasmd), 1171.79 42 ~ ng/m, p < 0.001 (aninmals that
recei ved the GHRH GeneSwitch(r) plasm ds but were not dosed with MP).
Upon repeat gal73jadnitiicat fchtonin sifmiifiRnt of t the &HINEY sGerdSgtchRe sy€a8, pr ot ocol
foll owed by recovery to _

signiﬁ%ant changes >é)ccurred 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 B-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 glem?,

versus f-gal injected controls 0.056 + 0.0009 g/em?, or no MFP animals 0.057 = 0.0007

g/cmz), p < 0.012. Practically, there is no overall difference between the B-gal injected

animals and animals that were injected with the GHRH/ GeneSwitch®, 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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background 7 days over 149 days, serum | G-1 |evels ros -
fold over the wuninj ected controls (FIGURE 8). Aninal sei ngggée\?\ﬁ! %lhli\/llzPl. !
had st at iwoios@d1y2 si gni ficant higher 1G=1 levels. [0171pcCBay2/seryht was
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GHRH/ @ﬁém‘{léfrd( %/?f%{ln% ale tha ﬁ/ﬁﬁ}ftgé‘% Imjoptiog . %fs%% b‘%’%@%ﬁ‘ﬁ% ﬂzpﬁss{% 94 0.6%
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0. 75% thangeutic pl4sthaalmrmehs %1509 a largg gpamipal Jvigh piglogically sign
on the body fat distribution and lean body mass of the subject.

[0175] External caliper electrodes 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 secreted
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-Akli 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/(ml’kg) in
plasmid-injected and caliper electroporated animals, compared to 0.02 £ 0.005 ng/(ml'kg)
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EXAMPLE 5 GHRH GENESW TCH(r) I N VI VO | NCREASED BONE AREA AND M NERAL
CONTENT [01721 One aspect of the present invention involves denonstrating
t hat the wotososkieti on of m fepristone-inducibl e heterol ogeas/usovsers acid
sequences encoding GHRH or functional biological equivalent thereof into
the cells of subjects can lead to high levels of circulating hornmones (Mr
et al iy yvd99njcited BRintald. Nosisk sRdv-anidgesd Geegdlerirglys, pidduand hidddst s,
safety concerns with the virus backbone, or ex vivo ”amf)é"b’f‘ti%‘ 6
associmtaase W SEAR values svascebtaiaed vemparsi 8, @HRe: deERA At 10 &1d8n, 1991;

Dhawan et . al.. ; ' i 1 using tBél sirhé Minber o€
invenflg/gtﬁl'ﬁ@s%nddﬁ%ls:tt?g?‘gn{gzgn@lﬂgpﬁrﬁ%pleaﬁvgemmﬁﬁﬁgnd %ody conposi tjion can be
ef fi gg@uaéd, Yout @@mbravEithgdy(100VAmi), shdrthe foaidedisi elgctiades.yibgoaveraget $&pbr at i on of
the GeneSwitch(r) technology (i.e. mfepristongs-i nducihl. r.qhogous
nucl einsrepgeditos 641%%1-%6‘(8&&*'&3@1% ??P’QII‘ JA i mﬁnd%’?lgﬁélg}“érﬁ%}%é‘ﬁ?vm ent
theregf). 'r@%n%s@%&gc% 4SS | ifielfedt NS UhinBaE  conditidakie eRpressidn yin dihagr anmed
in Fl : nhanced bio ogJ| cal potency, delivery and, prqper gene
expr esahdediegud alusda wiaslighths bighed Skineandimgscie jronh Bt injeqicd PE§SoRand
effectively reduced, the, theoretica antit 1 \5\QinS
PCT/ USotgctah 2is thecgiiy etgﬁeed‘p?’amglﬁ%taé% g%&%ﬁ%@?@%m I eveflgt%mgg G|1—1|ys ecretion
when %@ﬂg%d.e%t AR V&R OmRHE NANhe GhjStlablbesleqiodss eRpatments, et skinsubj ect s
did no xperience any side effects fromthe GenedSMtch(r) t echnol ogy
t her apyuscEalmegawps scenforansheidhpnesdta-type slerEAeE 854 prof i I es, and no
associ at ed pat hol ogy or organonegaly. From a functional standpoint, the
| GF-1 levels increased, growmh was enhanced by 7.5% and changes i n body
conposition (e.g. with increasEXAMER¥hLdy nmass by 2.5% and decreased fat
by 29 were observed follow ng chronic induction of the [ Gene Switch
system INCREASHEDEFFECHENGHESENG NEEDI; RE BELECITROPORALUMN |0
stimul ation of GHRFDELIVERY FORTHERAPERETEICRROTEINSe remar kabl e. Al t hough
not to be bound by theory, the observed pituitary hypertroph was
i ndi cati ve [hivag] ecNepivantiugtodssicnnd bf thmpog erdwthdiarEope exleAsts hopBIs es
through the natural CGH axis (stinulation of S I3 tion at
the. pi ¢ GERIF) Seviys mpodipiiparbairiis Ty faraibh ety SPRar
potential to.Jephace ¢LARs t BYctioRAWITEeRd fr&n dhotiger atd othbmt e t he
G axi ROTgRG( rr(%?g?\% V@il‘gﬁ%?g}&“ﬁ%&gﬁ%pn_ ate manner .. |t ig known

target organs (Frohman et al., 1968). In previous studies (Draghia-AKkli et al., 1999), young

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

electrode.

[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 and hormonal profile of pigs was

63



that GHRH stinul ates bone formation (Dubreuil et al., 1996), and the
described GeneSwitch(r) therapy may be used to pronote post-fracture bone
growt h. [WO03038¥poN chronic stinmulation of the GHRH Gene$airtush/s427syst em
significant changes occurred in bone area (FIGURE 13), that increased by 7
% (12.81 0.14 cnR, versus B=Beta (3 gal injected controls 11.9 0.3

( Fi GJREPIQ%WEPO Qbmiz(S [;)nglﬁz@gc}l (X(gﬁS? L. Syssehe W ¥ars 'f ogt e
I Nncr ease % e I cte
cont r egswith®§8-H¢-@HBH 3d¥1gan]omIgFé> %ﬁﬁ?@el@&ggfrge({)ﬁ%é%g%# g aﬂJag 002, and
b I
one ner(gn@ﬁpﬁh %85@% gx%g@g@@&?@m@ 1058 of%Fa@ﬂﬁthﬂi meﬂgreateremgm a-ga

|njecF ani nal s Z 0007
g/ cn gaip, witd. s@laucaﬂmgmﬁedﬂtmffemmee b sontls @ity 5&(#%@@%% PBet vieen the

I ted I d t hat RH/
Geneshit sy ol It khd < gan Onemtng e EREIRAMRL ML BB ENL o g

expreggL o e Bé‘sh(a il @8l (s he) dbesloslenewrabizingFP
dosi néﬁé E@A%Eﬂg"t%\%w \tllg_qTA%YgELEC?II'RSE}nDCRATI cﬁs | NCREASES, PLASM D_UPTAKE AND

EprESﬁIlmlésMgammne BnESeé HVACTIRY aad showgdctenifioant sediesd r3iep i Ot o

ntra- nusc I asm d C I S a
Imet ho&amcﬁayé‘ﬁéa SROSYIIASS w&ﬁ{yrlfﬁ Ig‘n éﬂ%?g@gc%fﬁﬁhg%ﬁfagggh skel et al
guscl Gor tht pBR&d dfiRaPRVABEAAE trelt@lent Sroug)e ol dmhermralmrﬂd/etpmdmmtraé@m@as | ow as

In plgs rather than the high qu ntities.typic use
passi \aatlbkmhea/é’hys, theominimplkselasmid) doseaedA- 188 *Wgrﬂlieﬁ r{% %ﬁ“ﬁ%ﬁ?ﬁ? %lﬁl\gt heory,
the nis | Acr H@I&ﬁa&x qt echdtepsriat ihaninpr obabl y
occurgﬁ‘? ﬁrnﬁﬁ ﬁekfg&féescrreseuéfeaﬁﬁqh%%z:%M%hrupgs W th %r W t hout@[ﬁ)r otein active
transppédioud btudlies ikeRivestonwasednEl0- foIrbledegreaelQ)ingop‘SlhﬁéhWG@Htwlé\h thet  the
muscl e cells is dependent on_the electric field intensity, |ength of
pul sesalipéraiestrades tow@cgpn@{laé fes (Bureau et al., 2000; Glbert et al.,

1997), and cell size (Somari et al. 2000). C assical el ectrode
configuration, plates or a pair, of re el ec d rt were
shown to bel0&T%lect IA\VlelfidIfPaﬂ@’éIéﬁt@CfeBi?fl SYRieLs g‘é"eﬂsﬁ%&}@ an gs Sr¥humans
the increased res RvelldF@eiut SERE Starktl th e atiBcaysaneous
fat tiGeGese?, Qﬁaﬂ%iéﬁi‘o%%g%%aﬁlgﬁ ?@ss&% daﬁage i f the intensi t(\g of the

el ect rjgt-frjedtidn Ryl thet eeciped thiedhhlahd 1 mg doses of pSP- -HV-GHRH
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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i ncreased, make these types of electrodes unpractical. The porcine nuscle
fibers are quite |large and consequently nore suitable for

el ect ropewomalosdlizati on than rodent nuscle. Data provi desCharse/su2rhdi cat e
that a single injection of an optimum dosage of plasmd followed by

el ectroporation with intranuscul ar applicators is sufficient to produce

t herapeutic plasma hornone levels in a large manmal with biologically
significant effects on the bodyabrtl distribution and | ean body mass of the

subj ect Tgk?%z]s%eﬁfé{aﬂbﬂ@br&ﬁl'eiOP%SPeﬂIVCGIME&'aadd ianfleohtibl pigel ect r odes were

eval uat é termne the type of electrode needed to achieve a

physi ol O%ﬁﬂllpl y rel eMaidse! evel otiren secreCeehtinepor t’BetapPedteinn in 4-5 kg
hybrid pigs. Report tors exps/aisi N0 sembrhd enbrigan) ¢ al kal i ne
phosphat aége( " SEAP" )%l\%e%ﬁg used néthgse stgg?essat a dose of 2 ngy

wth ect FI QU Condi ti ons of 6 pul ses,
200v/cm 60 mlliseconds/pul'se, previously tested as being the nopst
effective_in pigs j-a- ) al ., 00y were ghplged in all tests.
For thba”w ee- nee ?@%giuétro '430_15 \Vee puloé’gég%ere applied in one
direction, then the polarity 'was changed and the next three pul ses were

del i vepgdij n the qppasid® di reetion SEARovaboes wersweemured at day O,
day 3 and day 7 post-injectiprgoodeven days post-injection, the SEAP |evels
were 9.33 2.26 ng/(mMkg) in plasmd-injected and caliper electroporated
ani mal aygonpar ed @50 02 0. 0B g/ (m k@p3+695 WO 0348384212 PCT/ US02/ 34275
in vehicle-injected animals. Using the 3-needl e and 6-needl e arrays, a 12.4
and 19D d increase in SEAP val ues was obtai ned conpared to cali per
delivery (116.07 44.36 ng/(mkgqg),..and 7. 18. 4 kg) ,

respecBimiel y). Wheh!l st hEp hel(g +1'8r¥unbegog§f0‘ gpul sesésgg_ﬁé'{ ower vol t age
(100V/cn), and the 6-needl e efectfodes, the average SEAP increased to
144.64 . 11. 82 ng/ (19}15394)29'; terygpyen; days.ogy\hene! ongi $8i syist dorsi and

seni t eddM™hosus nuséles Were i lecked using simlar conditions, expression
in the semtendi nosus nuscle was slightly higher. Skin and nuscle fromthe
i nj ectqﬁrp%'gs wer e 69l b ert edogt +tibe end ogb tibloe expetdDhenld (at 50 days
post-injection) and histol ogi paldgg anal yzed. At 100-200 V/cmused in the

i njectable el ectrodes experinments, no skin or nuscle damalge was seen for
any of d¢daeoneed! e-tlyperabect r 08t Udled. EDHRANMDOIE 7 40001

pSP- SEAP/ ani mal . § x-needl e -peedl e el ectygqqdes;wer e conpar ed
fahdar d caﬁ%gérrlese %;%9%7% R%%%?% s

[0181] The fact that these animals have a normal carbohydrate metabolism is
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 x-ray absorptiometry (total
body fat, non-bone lean tissue mass and bone mineral content), K40 potassium (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 inj ection at birth, 4.4 & 0.04 g for injection at 7 days,
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| NCREASED EFFI CI ENCY USI NG NEEDLE- TYPE ELECTROPORATI ON DELI VERY FOR

THERAPEUTI C PROTEINS [0176] Not wanting to be bound by theory, growth

hor rone rwDea®ss1g2 hor nrone (" GHRH') stinul ates the productcarusansk2rel ease

fromthe anterior pituitary of growmh hornmone ("GH'), which in turn

stimul ates the production of 1G-1 fromthe liver and other tar giet or gans

( Fr ohgagyetontols 55368).34 E Pre i 05)sBeieu dhiessal (dmaigh ivess Aligherdn ammals 1999)

young pigs weighing 4-5 kg, were injected with 1 eni tor

expr eingeateyl at ididayseafters birth and cpreelates (Vi gmfegs?ﬂ, S%Q%eg}‘ ?&p%%RH') and

el ect r usi n hPLr I ¥ 948ntrd19 %y <€l.00ae present invention
083G B PR PSP e QB S R,

i nvol ation o e best” age for treatnent of young pigs. G oups
of 2 piglets were injected with 2 ng pSP-HV-GHRH wusing the 6-needle array

el ectrode i fferent ti i ) : fhad
(FI GURE 1(85)[@1tséilch rﬁiaetﬁalptiésgggﬁj\%g%%eﬁgﬁl&%j cstl(iieo?\f:’féc'lt'ﬁgét ggglggﬁ?fﬁp%ctaegeat 14

days @brideiosiRiids bicrley antidabiart assadiathd pathology (os toaganomiegally) FT05t gni f i cant

and different fromPBS controls (n=3). at every .ti i nt i wei ght s:
25. 8 funcsiony stapdpgint,) they incpeages %@,185:11“61? )¥pha?g§én§1§)({ﬂ e&#ﬂgal‘rngup was

i nj ected at . i iti %Y werg dramatidans, <
obs. cfhgth i Hi8Y BafpoftiSy (A deetedacel desiibnty B9 v e Crggq%m ity
d

neededxieat. Heheeoes bireostimulgtiontoli GRABC orahges majrholsmn¥erhIch
B sncs. 1 on bt Eaens bont PN LARFE R RIS Receticaoibeo” o

G oupgCBfr race) were I njected at 10 days

of —aged &ﬁé@fo T chi? TIV-GERM)vedord hagihe potchtil e tepigperchissidalusi ng a
6-needl’e"arrdy electrode (FIGURE 17). The group inj ected]%){vvl h.O.él ng of
pl asniGH héwrdplye ragireetse andveingyt stingdpta | thei Ol St 151§ PAPPyP S&E\?Elfa& nt

differences, o contrgls = : : : BiRfSuUs 19.7
0. 03 @Pr%%twmf'.ﬂ&gﬂﬁ% 91|m§90tu é@%%lg}laﬁ?é%% éggl %e;g@eﬁoﬂé&ai;s' grsld one
ani mal , uNGEC kegetdhyt Betiviey i Phestmay aboi bb dssfal (8 huglandelimapuddipidet r al i zi ng
anti bodi es agai nst’ the nutated HV- GJRH and shavved Siﬁ:}; fcgt:ant Jieduced rates
of weilgtwevenss skillestarands gwansshat 4 mingnel Rz ¢ dgsqoul PetsTaRInEG
respectively, versu et : r bh@6loak 48dcidted twith same
treat r%%eﬁ?neé‘?/&ﬁ%‘ﬁ aﬁ% %Etgﬁelgl g‘ratg)ru%&(?lgglgl %%e‘éﬂ‘ﬂ%ﬁﬁgﬁﬁzf%g anctli bodi es. Thus,

t he ni giiBBly pévasopnibnt asd geutipd nethuys in i drijrdéaridsperibed erainieasiulY i ng

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, ezc.) of a GHRH sequence that contains a point mutation which alters a
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the 6-needl e electrodes resulted in the best growh perfor [
notemnrthy that in previous studies the invegtors uged iog?pgfz.lggsls
i.e., 10 woop8B1d/- GHRH with the caliper electrodes to pPeWUISe2/342ms | ar
changes. [0179) An indication of increased systemc |evels of GHRH and GH
is an increase in serum| G-I concentration. The |evel of serum | G-I
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o BB e e o s s e e 1 2
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o cctailaun The ok GTRYT hat s fuidist L B %Pﬁ“?ﬁ‘“idigfe%%? D 20, 04
res gie'%:liq% %qeﬁ-m}m( k b}ﬁl Q&ﬁ)ﬁalf-nfqo&% mbarEHRHuTtgrenakysis,ghe 3 1-GHRE(thebhasAmY '

S abl e serum u e 8.361. 9 . [
pSP- Hywachie paif diffesencei g t%ﬁ@ﬁ@?@%hﬁ%?@eeﬁgﬁﬂm tﬁal%:aggtar 3’[@‘@ h‘?%lseggéﬂ velny
(p<0. 0% i'"n‘g%&%' R %ﬁ&}'; e dpATigno HVAGHRE dteRokingle tSatoubley! Titsse | evel s

were Stiil'ar ‘between the plasmd pSP-HV-GHRH injected pigs ;

i NSul propbRy e¥as nue eeidaatrinextansive i tfr o stufliss @GmiWEJﬁYYr%ug .Ongﬁpo?‘a}%@ i nggllg

PCT] USO3) 4275 . Tabl . 1 T i <00, 54 A0AL 6 LIl s il R

i nj ;ac?’é‘?j aptherds) woild & SUP B (Edse”Br'ea Creatl neu% tal Protein Age

gngl”h%dl—@[l@r)chéﬁgftm pecdrbidht prateidebinBatation(6y} cBard@eriding3agat8ls 0. 05

. . p < 0.01 Day 7 122.43 5.05 9.43 1.67_.0.87 9.04 5.21 0.19

2; gigﬁd gaammaumgorsa urBq@oneclgp acid pequenesyin @ Spacific Jissugyiogec éfz)‘.yoz Day

10. 50€V u§95tbg én %gv'osgff E el 9&13]év191 Ocﬁ‘gélai%é. PhetdiordIBE ulliddliohlds hé 3. 88
. : : opgiiest JGHhLy & AVing CEHOE 17 g 121. 63 2. 93 9.44 1.07

0.81 g flti6rive hdcleld- deld sequence encoding GHRH or functional biological equivalent

thereof or corresponding recombinant protein as a method to decrease body fat proportion

and increase lean body mass could not have been predicted based on speculation.

[0186] Although not wanting to be bound by theory, it is believed that an
increase in GHRH or functional 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 results 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 large animals,
including humans. In order for gene therapies to be transferred from rodents to large

mammals, and ultimately to humans, it was surprising that extremely low quantities of
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p <0.020.1ng 120.73 2.53 9.67 1.27 0.95 0.05 4.05 0.19 p < 0.02
Control 119.77 3.67 12.81 2.01 0.98 0.08 4.00 0.11 [0181] The fact that
t hese aniwelog/obsave a normal carbohydrate netabolismis vecy/usepanrrant, as
nost |ivestock and/or patients under reconbi nant GH t herapy devel op

| npai red gl ucose netabolismand insulin resistance. Creatinine

conceglatatd WBre(FBAS UR & shofvnKiedsie yhalt umtittiecs)0. weng plasmid (delivered imdesi nal s.
Pi gs that devel oped antibodies to GHRH s

) di ho) d.atendgﬂ}%%/to incpeased urea
| evel thegmopatetactraperation ernddions é‘%ﬂ%lml’m%lﬁ}g}%ﬁﬁﬁlm fecteastiWres by
dual - gner X-ray: ab oré)ats'so Bodyt AL “L@?\QY} fRtbot O -P eiMedt eahisi Ssue
mass Eﬂ@' g%ngroi??%@%?méon% e%?%l, cig 0 pot gssi um (1 ean bod nmass) and carcass
neut r glsaed Gu@ttitp vaanoymldslofver thagthe) thedretiead oaepmdpenild aabhavenBase of

br ai npredentah Aiost T FHEEHIoSk HHE) I PATEIeas PHE e N el " The
final “%Bﬁpf%‘f& BP9 hhd 39 B3y, ikt SHRR iherAplbdTBlifg ishiveh tfactom (GH pil-ddvV- GHRH at

di fferen ges galned’ proportionally less fat than controls and _ were

| eanelGRLT),tGHRENE sfmalatingsthacpdogensts secretipngolbhormepey AnAAhande B fat free
mass gai ned per .day. for .injection at birth . fer o lon at 7
days, %“’Glé’i%%@@fl nga ;’@é %Qfg'??e e\ﬁeegté?ughlgg)ﬁ%rng?%sn Qg'ﬂg{glﬂggt%agﬁ&tg, p <

0. 05) 4, %%E tmaﬁgb?édidié‘d,‘%é {n)% YRS hbinGiRk atemanberabs theisajne gradthaxisl4 days
after birt , and correlates with increased efficacy of the treatnent:

0.363 0.005 g/cn? versus 0.329 0.003 g/cnR in controls, p < 0.004. [0183]
Treated pi gﬂmﬁ]d N@he SAREAsE SACRAATOIY asseideeruse fir body et ploposjons, had

normal biochem'cal profiles, and had no associated pathol 01(1:;%/ or
or gandnmeakin bene desityf andéariineradsedn atp satn ol healisiarg # £aRseqUsNGe PG | oyvel s

and enhancenent in growth d_¢h & ho | {10 | creased
g N g R e el e

sti ”U'd%ii"vé}g. OfpoftdRbingIe, bRB avstRE adbedin S viane effem yodeliverimgeapisdiiriafe wi t h an

i ncrease 1 h bone mneral density by 10% Th re ulchs i n[ii cat .th{at

ect opiquantitprsesSCHRIbOr ayales Hiegeab outhipgd Vba@ﬁgEh]aj’yt &S558 Eeﬁ??@fn o repl ace
cl assi cal . t her ap i ma | t 1#li§-nhddidedror

physi cHIB'fﬂncg{‘Trﬁpy fﬁp‘?ﬁg%eﬁ?aat%gquaﬁ%g? %i&%@%ﬁ%ﬁfﬁ e, which displays a
hi gh degprmeaiatish @b 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 vivo 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 therein 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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and GH secretory activity in pigs, may al so be useful in human clinical
nmedi ci ne. However, a skilled artisan is aware that a mniml plasm d dose
shoul d bewodeBessrined on a pertinent nodel and used in or@er/so2/aeed d t he
unwant ed pat hol ogy associated with antibody devel opnment, and routine
methods in the art and/or described herein teach how to achieve this goal.

[0184] The[gfgopcul ANl drekdRiefides ant esmpasitirmadlisiosad ted alpineshdreinnay

concei vabl e encoded nucl ei c acid sequences are wel establtiéhcﬁd and
exenpbé fnasle dmd exeeuted srithouhuraverexperiyentafion 11} ﬁg]ibtlfbgl the RFsSEHsIEHF 4t ent s i n
the fiel. f mol ecul ar bi | gibhed e td¥misastul ar
techni\@ﬂg%ﬁﬁsrgatwgs @ég@gﬁéﬁ?@%ﬁi‘s&fﬁ %ghﬁﬁg{ogﬁéa@gg}iégﬁgggqugnpes, a skilled
arti sprrespambddmehait willbe spares & thnsodf skily inghe ert thab vamdtionasiay b | |

i nfluence the conplex biochemstry of an, entire. organism _.Th e highly
pr edi epplisideto thatsystemsfand sREIPPHEEIYILAHE flraatting fgme ecfodlcggtqﬁéﬁ%eésnﬁrmst not
be confused i : T hrthethabélaptigents vtliéleate. [ 0185]
The i E?/Oé’r?tolc}(gr{l\é @egwggﬂaﬁeegygﬁﬁé?l%éﬁ@gﬁﬁ%bﬁi l'i zation g(;e? sever al

di sti b6t stenfERY, strucmallp gndpicysidlogiedllyretated imay: bs sulpdtded Hsdhe 3978cur r ent
understanding of protejn-protein.interacti ons, .itij eixtih 1QUS nor
possi 9peeribgd Eeé’ihﬁ"éhﬂéltbeé gaf é’f‘éﬁ%ﬁssf]il h‘@mﬂ% b\?ia\?lc}{eg%@a#glt sg{dsl% ei.lgtl.J hal f
life, ] i ieBN &) thos@sliifled ai thenist aretdeenhedfo oe Wil sequence
that | EShiifeCknd 8%?1%@&%%?‘?%@% which alters a 66 WD 03/038112

PCT/ USR4R40 36opes amitamceptiofi theduyation ¢ Aefingd| Byjbp aprfaded dpidis As seen in the
Exanpl es provided herein, nutation of a few base pairs gave rise to GHRH
mutants 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-1ife of 6 hours. In further analysis, the TI-GHRH (that has only two
base pair difference with the HV-GHRH) has been shown to have a nuch hi gher
effect in vivo on | ean body mass than the HV-GHRH (from sinpl e to double).
This property was not evident in extensive in vitro studies on pituitary
cell. Correspondingly, one skilled in the art would know how to perform
the pl asm d-nedi at ed suppl enentation of GHRH or the rel ated reconbi nant
protein experinentation(s), characterizing variations and pernutations on
a uni que nucleic acid sequence in a specific tissue to accurately evaluate
the in vivo effect within a living organism Therefore, the utilization of
t he
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di stinctive nucleic acid sequence encoding GHRH or functional biol ogical
equi val ent thereof or correspondi ng reconbi nant protein as a nethod to
decr ease wodyg/0sst2 proportion and increase | ean body mnassPcoaisd2/srs have
been predicted based on specul ation. [01861 Al though not wanting to be
bound by theory, it is believed that an increase in GHRH or functi onal

bi ol ogyQAIr BAW.ABMED: Wi || increase the GH levels to decrease body fat
proportion and increase |ean body mass. Hornones (e.g. GHRH and Z GH) often
contaiin a aomBieYy Jrerekasiis bedy Fatpeshopidrhimay subjécthoernprisings cdelivering
experimentation of GHRH or anal Qgs ,ésed i N _gene or, {2 CO”(EA nar% POt ein

t herapy, i into celid of thesubigete: BHEHC pid GXRIEEIOHSPISHUCIRG SEF T R LRe art to
det erm ne ich ca rati “ ?fRI? - Lyl enveses caeruRnchsedf.| | yiel d
desired reghmoél.e“rlegeéglpérhgélﬁﬁaﬁsﬁ on o ‘?gr ﬁg{glhgl?ac Iﬁgciﬂd segquence encodi ng GHRH
or functional biological equivalent thereof is further ,conﬁl iéﬁt.ed by the
ti ssue. usedhé edetipel yfelaine of wherenialelivering, ingmthewslls af HstsubisttdnBEFCICobyi ous
to one skilled in the art w.thou %ctua*. experinentation with the

di sti ncti vecid sEpiresiew coRsiyclis M3 ARPOIEHeeye. The invention descri bed
herein contains the descriptions and results of essential experinmentation
that expl 0”[?@ hitBsHRr TRes 1, whasid thodelts bf ehe subfust atd somaic wilst stemt i ve

nucl eic acid sequences that encoded GHRH or functional biol ogical

equi val ent ctllppegérm odlisch was not obvi ous based upon prior art. The present
invention is a significant step forward in devel opi ng non-viral therapy for
| ar ge ani s, i nel ydi UWIRDS r e43fnt dRkEt @6mbeisdze
transf@rrﬁ@ﬁ%ﬁ#‘?%&gﬁk%%tg Iargue1 tﬁﬁg\?ﬁ({}rgﬁsz{cfﬁﬁx ultimately to Eumans, it
Was surpri g‘egg) Nratl 1 e8eqTDdo:y12, Seqlipidot 13,iSeqdNo: 4%, WolBNp3dGealD

PCT/ US02/ 34275 plasm d were effective, It .i.s shown herein that as little
as 0.1 ng pfeadd ge‘ﬂ&NQ’elr%ée P+ 20, AESHHBIEY: 2le'ect roporation conditions
had an inportant biological inpact that decreases the body fat proportion,
i ncreases |’ﬂ%”g%ﬁ?¥l g@%ﬁirﬁ"i—,%éreinoﬂhe bhelcliofacid sxprbssivn. cobisirect fotthem d
quantity was 1 old lower than the theoretical one, and could not have
been pr edimotmxdisés, arransfectiel-faciliitingPob®enddd i n rodents (in average

| mg/ kg). Al though not wanting to be bound by theory, unlike other

t her apj es i n r h, fact . he petyRebtlide cohiphideat i ng t he
endoge ousuﬁ@éﬁg'%log\r&(glfanﬂ§f Q‘n’%lﬁr&g“gﬂgn éfﬁ g)rr\lcﬂla%uit%\igp own bi o- pc?tﬂgnti al of
the ani mal, 5 ¥Matdedidl gdse effects. This experinental finding cannot be
theoretically predicted, as the three hornones are nenbers of the sane

orow h7.aX| SThe method of claim 5, wherein the transfection-facilitating polypeptide comprises

poly-L-glutamate.

8. The method of claim 1, wherein the delivering into the cells of the subject the

nucleic acid expression construct initiates expression of the encoded GHRH or

functional biological equivalent thereof.

9. The method of claim 8, wherein the encoded GHRH or functional biological

equivalent thereof is expressed in tissue specific cells of the subject.

10.  The method of claim 9, wherein the tissue specific cells of the subject comprises

muscle cells.
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[01871 The increase in |ean body mass, decrease in body fat proportions,

i ncrease in bone density, and/or increase in bone rate of healing are a
consequerwo 00f03g1he  GHRH nol ecul es present in the subject CEiUsousLari on,
regardl ess of the neans of the delivery. For exanple, one would obtain the
sane effect by delivering appropriate quantities of GHRH or anal og
thereafi, oyhkimegiol NofFLIGHRE, lwhddsincthassicoddd GHRE s abiologicablyeadiiveher apy or
nucl ei c acid transfer. Accordingly, successful plasmd- i .

suppl enent aplypspiade; @Ildl—itheea@ﬁoﬂ%(g fgnctigpal; Elog’egt“?"\]/e‘?q&“v enf ﬁgd%ﬁ%‘ggésd 4sequences
to the cell . J giﬁh I i r b inb Rido&dagedeoduct at

| evel s appp§1p}'rp|8étt1€e ?%Plp})lg%hﬁ%l{a %lkégl?%)lgggg?iﬂeaﬁﬁ Egﬁa a‘?'{rl]lg dur aﬁqon of

treat ment willile ethdtdesusiyoighinghsimilouraeimfroved Wivlogiaslly astvipt ovien and
possi bly continuously. Since the .nethod to deliver nucleic acid sequences
to the cel |c§m@f1r6ét@mﬁ@€3ffg°we@!ﬂi § dependent on specific diseases and the
encoded gene, it could not have been predicted by one skilled in the art
whi ch et heg.apdieans tiaRASs, a Bereid Pk Ofticb@dde GMRIMOsIt filnatioal dislogical f ai | ed
experinentations. Thus, the preferred nethod of outlined for this

i nventi on ieguivaleni thereolf iscafrfoparafSHAD No1®81 One skilled in the art readily

apprecjiates t sent i i i e . ry out the
objecf#@ ré%&ﬁ%%ﬁﬁ?%ﬁ5ﬁé gﬁ§§§§§@iggﬁg%ggé%ﬁkﬁgﬁﬁﬁgﬁggng\€€£|| as those

i nherent therein. Methods, procedures, techniques, and kits descri bed
herein  ar & RLEReRS FormuBH8 Sentolbwing cbbracleeistisel erred enbodi ments and are
intended to be exenplary and are not intended as limtations of the scope.
Changes therein and other uses wll, occur t hosge. skill.ed.in the art

whi ch are ehcismddosbdisomenrgfiihe ﬁ'ém§ﬁP1|ditﬁ’r°6¥net(ﬁgL)’ Pﬁﬁ’éﬁ%‘hﬁf‘i‘akﬁg% defined by the
scope of the invention. 68 WO 03/038112 PCT/ US02/ 34275 [0189] Al of the
et hods andg oAPBSIct ABellop Hedsfily Al FrldTEA Vaho (o), fesdTaiinand
execut ed wi‘thout “undlue experimentation in |ight of the present disclosure.
Wi | e the nEr'hpds and conpositions of this invention have been described in
terms of preferred enbodinents, it will be apparent to those of skill in

the art th varjations m e appli .0 Lhe- . conpositions
wi t hout dezg? ’csiarB’oF'vIﬁWP’?lﬁ'éX%tB%@B{%,ac %ﬁﬁl]??£%a%¥g§§%§ (ﬁ(?’%f he invention.
More specifically, it will be apparent that certain agents which are both
chem cal | y, Xt 10ignalsbinenstthe Bysoalciipmethidnyme €M) pot lewndEL¥ubst i t ut ed for
the agents described herein while the sane or simlar results would be

achieved. Al such simlar . X e .
X is a D-or L-isomer of the amino acid serine (“’S”) or asparagine (“N”);

or a combination thereof.

13.  The method of claim 12, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

14. The method of claim 1, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH) secretion in the subject.
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substitutes and nodifications apparent to those skilled in the art are
deened to be within the spirit, scope, and concept of the invention as
defi ned byotobe3sappended cl ai ms. 69 WO 03/038112 PCT/ US02/ BEINB02/3IAT | S
CLAI MED: 1. A nethod of decreasing body fat proportion in a subject,
conprising: delivering into cells of the subject a nucleic acid expression
construct that encodes a growth- hornone-rel easi ng-hornone ("GHRH') or
functiignal Abinethediof dbcresying/bddyntut frbportiar in 2subjees, eptpmistngdhe gersiafi 1, wherei n
delivering into the cells of t subj ect .t he nucl ei i ion
construct i® vi QCBY%E%&IBEO?%IFPE%?G BJ%%ﬁﬁsélani 1% 1‘@?’8’?%%8%9 ecéﬂ%tﬁ%?,n t he
celI's of the subj egl,nar §,3Q0P4dGE &Blssion SSRBIudielahd, a Gholerlan ewittls. 4. The

met hod of claim1l, erein the nucleic acid expression construct conprises
Seql D No: 11, SewfieBinlothel ZirstSegilec Nesid 18xprassign Depwsirugly engdgs RIRh-17, Segl D

No: 18, Segl D Ng: 19, SeglD No: 20, . I g ; of claim
1, wherein theNﬁ'{‘PEIP%’?%mi%S’&‘g' guLf gﬂ{@glﬁs@r@gft@é} P %é?gTaggﬁg%?g%s, a
transf ecti on- f aghrbs@lahAGvREH RBP B nhcleltheidrekpressiaf calsaiich s asher ei n
the transfection-facilitating pol ypeptide conprises a charged pol ypeptide.
7. The met hod ofengodingregio sEpatoparoi¢iBect i on-facil i tat i ng pol ypeptide
conprises poly-L-glutamate. 8. The nethod of claim1l, wherein the

del i ver ngi('hft 0 JDCerffd S nffiecull sHRheMHo1doif it Cing! Subfiet, dwRMBmESS ON

construct tiates expression of the encoded GHRH or ~functi onal
bi ol ogi cal equi wableailat svetchafioleCile Fhernsstchivaionf ofdhaaguBiorphaieai n t he
encoded GHRH or functional biological equivalent thereof is expressed in

tissue specific cells _of the subject..10. .The net (o] | aj m: 9, erein
the tisue Hisestathed of flaimy 15, h‘@ﬁ%rﬂﬂj %‘%‘{V%‘B%psrt?% e°20 %r?ugl(rﬁ(f eﬁgﬁ‘?sﬁ" 0 WO
03/038112 K fels’ﬁgﬁ/c ¢ indolthe FBIBs sTRhd Qi@ isoligeltBoponitasmei n the encoded
GHRH is a biologically active

17. The method of claim 15, wherein delivering step of the second nucleic acid

expression construct into the cells of the subject is via electroporation.

18.  The method of claim 15, wherein the first nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID No: 1, SeqID No: 2, SeqlD
No: 3, or SeqID No: 4.

19.  The method of claim 15, wherein the first nucleic acid expression construct further

comprises, a transfection-facilitating polypeptide.

20. The method of claim 19, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

21. The method of claim 19, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

72, The method of claim 15, wherein the delivering into the cells of the subject the
second nucleic acid expression construct initiates expression of the encoded

regulatory protein.

73.  The method of claim 22, wherein the encoded regulatory protein is expressed in

the cells of the subject, but is inactive.
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pol ypeptide; and the encoded functional biological equivalent of GHRHis a
pol ypepti de that has been engineered to contain a distinct am no acid
sequence watiloss1s: nmul t aneously having simlar or inprovedPobiraiSoys«as |y
activity when conpared to the GHRH pol ypeptide. 12. The nethod of claim8,
wherein the encoded GHRH or functional biological equivalent thereof is of
fornuba, ( SHQeR&MRod 62 ¢laim 23, wherein the delivering of the molecular switch into the

- X_1- X2- DAl FTNSYRKVL- X3- Q_SARKLLQDI - X4- X5- re| the
formul a hasubjeet pefivatsni thg easuledry el?’rlo@,ft"’i‘ac%“‘f %g I%OWU%AFWECI} SO of t he

am no acid t. ros e("H) X2 is a D-or L-isoner of the
amino aci d™® ?frlﬂso Sgﬁg\yf&mu&ﬁaﬂégﬁﬁh@)? isoleucine ("I"); X3 is a Dor

L-i somer of the amino acid al anine ("A") or glycine ("G'); X4 is.,a Dor
L-i sorpst ofTHehaethod abclaimn a4 nwhéreomthe ectiveMeulatory peaiin m@tlgtege);press;@ is a

D-or L-isomer of _th a na agi,d ser 7 SN ra
conbi nat i orPftthe R (in’é?lﬂglﬁa]oefqu£ E %ne‘lc?de g#@?ﬁ% éc%{r?cagl ed GHRH
or functi or_@,}ll uddicol ogl caI equi val ent thereof facilitates growth hornone

("GH') secretion in the subject. 14. The nethod of claim 1, wherein the

encoded GHRH or functional biol ogical equjvalent ther eo]I0 ilitates
gr owt F26hor rreemethedr ()f clerm &5i ovbergintthe %Qﬁﬁeéc@ Rﬂ“\/\bl@g gisaify getive

PCT/ US02/ 34275 f POf GEOH 118 A2
subj ect, d??émgﬁ%g ?“rﬁle set %%0%8?(1‘%?5@3%:%?’& i ng n\t,ag&geﬁs of the subj ect

a first nucidygepd chathas dsen eﬁgmemd ttolcbntainaa slestiopidaming edid sequetice

expr ession construct and a npl ecul ar sw.tch erein,the first cleic
aci d expr esghidm S@é‘ﬂé@ﬁﬁ‘&ly ehi‘(YHtgeéu’@‘ a6V\E’rh lmH{S’rV%V\@ {O cally; FEVHY Wh gﬁj

("GHRH") or, f § Pglh/ﬁgﬁ tiggqui val ent  thereof; and wherei n the
second nucl B¢ GC express onstruct has an encoding region of a

regul ator protein; and (b) delivering a nolecular swtch nol ecul e into t he
subj ec?7. wHEheinethiodeof rlaire @S, avheseintthe enexdsd FHREb o& Apctiontl Viiagdid! of t he

{ﬁgu:c ?J; g{ ﬁ%ﬂgﬁg %nfltg}:]??@f-{gofperrm%qsﬁblﬁll\% %‘} 15, wherein delivering step of
-X_1-X,;-DAIFTNSYRKVL-X3-QLSARKLLQDI-X4 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
T

X; is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, 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.

78.  The method of claim 27, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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expression construct into the cells of the subject is via electroporation.
17. The nmethod of claim 15, wherein delivering step of the second nucleic
acid expweggistiizonstruct into the cells of the subject PETWISA2/34275

el ectroporation. 18. The nethod of claim 15, wherein the first nucleic acid
expression construct encodes a polypeptide of a sequence conprising SeqlD
No: 199 SeqiTie Naethed oBRUWHR 1Howh@einotheSagbiedNGHRE of Fungtianatbidlegicalf cl ai m
15, wherein the first nucleic acid expresz construct hfurl;th conpri ses,
a_transf eceiunalFacherceiriitpterargpephqraene (5%'[iL PIECHEH BB A TS m 19,

wherein the transfection-facilitating pol ypeptide conprises a charged

pol yp t' A&, 02 € d pf M d firstVQEIBIcN adiB Eexpression construct
trans ctl ﬁrrlileflégfh;?t af{r?ltﬁgﬂp%) %}%[lr)?? érgnprl ses pol pr glutamate. 22. The

met hod of ebmipfisésHeqidloeR6. t he delivering into the cells of the subject
the second nucleic acid expression construct initiates expression of the

encoded ul at t.ei n net h e he

encodéd- re&ﬂﬂe '?'92{;9? i, 1p V%%S{ ésgc?lﬁld 1?C‘neelgcag )?p’r SS%eE@SEm{.étct but

i's inacti V%ogl(g)%séé@ 4B BR82%2 PCT/ USOZ/ 34275 24. The rret hod of cI aim 23,
e

wherein th I'Tvering of the nolecular switch into the subject activates
the regulatory protein, and the nolecular sw tch conprises feprlstone or

its foRcti ohmeﬂmqu@IC@ﬁ%mg Pody fHererariioninhg seyeiing n%‘?eﬂ’& SHPEIY acti ve
regul atory %&8%%” é%’l]tg)l i af; ﬁ‘%cge)ép tﬁ)% nt Ofr oWﬁ?h@ﬂ%ﬁeWelé‘ak[ﬂg-hbﬁﬂ@{e

bi ol ogi cal encoded on rst nucleic acid sequence. 26. The
met hod of ql@HRIRYor wbﬁﬂ@w‘altﬂn&tlena:lmqedra@hlﬂﬂderegf a biologically active
pol ypepti de; and the encoded functional bi ol ogl cal equivalent of GHRHis a

ol ypeptide that h bee neered to c t d
CequodBe  \Hia Be@phal ST o Potedy ifgesrrnpan GRRE s baRealy aeas b
activity Wi 5080 ﬁghé Pedoidifdiritmabnsenblogieal é’thva'l'ém d’fE(EHRH[ sfa cl ai m

25, wherein the enco GHRH or functional bi ol ogi cal
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.  The method of claim 32, wherein the recombinant GHRH or functional biological
equivalent thereof is of formula (SEQID No: 6):
-X_-X>~DAIFTNSYRKVL-X3—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
(T

X; is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, is a D-or L-isomer of the amino acid methionine (* »"), or leucine (“L”);

X; is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or a combination thereof.
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equi val ent thereof is of formula (SEQ D No: 6):

- X- 1- X2- DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- CH wherei n the
formul a hae oBlss1inl | owi ng characteristics: Xl is a D or LPCTarser/3fsthe
amno acid tyrosine ("Y"), or histidine ("H'); X2 is a D-or L-isoner of the
amno acid alanine ("A"), valine ("V'), or isoleucine ("I"); X3 is a Dor
L-i soRer ofrpbhferRéd BPCIAR 92, akiadtkinahd folombinany GYiRHer funGtiynal plegical D- or
L-isomer of the am no acid nethionine ("M) ,3: | euci ne % é X5 is a
D-or L-i sowguivelent thereafifaniitaies growst hoymope §GH Se‘éfg'b%ﬁ’é’gtp 8‘|ﬂ’é ®): or a
conbi nation thereof. 28. The nethod of claim 27, wherein the encoded GHRH
or funetional bi | e G bt AlRGokH BYS1bgibslr mone
("CGH 8Secr ei%‘ﬁ:ﬂ!‘)cﬁg%" ﬁ@n%a%’ﬁg%%%@gé {/%'8%%}91%%%112 Pgﬁl'/ uso2/ 34275g 29. The
met hod of @haivaledbthertbefaeilitattshgrovticharenSKIGHD)Y sef1gtion itothasutied! ogi cal

equi val ent thereof facilitates growth hornone ("GH') secretion in the

subj ect. 30. The nethad of , clai m15 wherein the first . l.el ¢ i

expr esdi on & dRghPd der 1RIRSHES gesans %qunﬁS§ 2 gubig, cﬁ:ﬁénﬂgg htg%j S(g%)cg[@ai m 15
wher ei n th%eﬁ@ﬁgﬂhdi PG T0f 1Rt oK R hiSi5ic ABidCapEdssiut tonstruopihats@roGay| D No:
27. 32. A netho OP decr easi ng {)ody fat proportion in a Sl.fbj ect,. conpri sing
the steps af : grosethihoeméneercleasiog-dosueieect’ C&’-‘E@cbnﬁ‘i nimetional “biological

gr owt h- hor none- L%* asi RY- hormone (" CGHRH') or a biological functional

equi val ent SIHERES 8% The net hod of claim 32, wherein the reconbinant
GHRH is a biologically active polypeptide; and the reconbi nant functional
bi ol ogjgcal EHt¥RbE BT claim SHRhdraindelipaingriatotthe eclishdthchaubjdstthe nanlgimeer ed to
contain a distinct am no acid sequence while sinultaneously having simlar
or i npr ovedhcist SYRERFSORICPYSLAEE iSid SeCHFRRRT8npar ed to the GHRH pol ypepti de.
34. The nethod of claim 32, wherein the reconbi nant GHRH or functi onal

bi ol ogjcal ' i J ot e (sPHtRrgomali¢ cells, stem

- X_1- XZ- DAl %@bﬁd}{%&%ﬁ%ﬁ%ﬂ}_éﬁ%ﬁﬁ%{%&g@ RQQGERNQEQGA- OH

cells, or germ cells.

40.  The method of claim 37, wherein the nucleic acid 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.

41.  The method of claim 37, wherein the nucleic acid expression construct further

comprises, a transfection-facilitating polypeptide.

42. The method of claim 41, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

43. The method of claim 41, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

44.  The method of claim 37, wherein the delivering into the cells of the subject the
nucleic acid expression construct initiates expression of the encoded GHRH or

functional biological equivalent thereof.

45.  The method of claim 44, wherein the encoded GHRH or functional biological

equivalent thereof is expressed in tissue specific cells of the subject.
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wherein the fornula has the follow ng characteristics: Xl is a Dor

L-isonmer of the amno acid tyrosine ("Y"), or histidine ("H'); X2 is a Dor
L-i somer wbO oslssiaari no acid alanine ("A"), valine ("V'), orcCrasosseine ("I"
); X3 is a D-or L-isonmer of the amno acid alanine ("A") or glycine ("G");
X4 is a D-or L-isoner of the am no acid nethionine ("M), or leucine ("L");

X5 i S48 D qQhe mdtSUTBY cl8iin hhevianéinshatiste spedifiecdlsShosubsespeompyises (" N') ;
or a conbination thereof. 74 WD 03/038112 PCT/ US02/ 34275 35. The met hod of
cl ai m 32, wheeleicalls.he reconbi nant GHRH or functional biol ogi cal equival ent
thereof facilitates growh hornone ("GH') secretion in the subject. 36. The

met hod, of qhai B atAki] 4! RholeBE BRPLABAL GHIKECL 4 wRaddiansl adiivel ogi cal
equi val ent eréofr facilitates growh hornone ("GH') secretion in the
subj ect. 3polypeptiddicahdf the émvodeh Simvgiohdabiokgisal rrguiyalent @6 @IRH &odpri si ng
the step of: delivering into cells of the .subject .a | ejc I

expr essi on Pebmeptidi-that has %ﬁ%mﬁ‘?ﬁl {_?r ‘C‘)W‘(%ﬂp haobﬁﬁﬁ%[-afl@ﬁ(g zfgdnsge?lﬁ%%ﬁone
("GHRH") or fiunct PG imiBe WrV Bhgroved Neslegitally3dctiviie wiginhod of
cl aim 37, \mé}réelgfrrlmg{e}j?hlg;}?r}llgq?%?%rﬁlhe éel I@ﬂo? t he %u?ojyzct tm nucl ei ¢

aci d expr essinpareddo sher GHRH polypeptidé.ect r oporati on. 39. The nmethod of claim
37, wherein the cells of the subject are somatic cells, stem cells, or

germcells. _40. Th t.hod ,af ¢l ai 7 { h el I pressi on

const Act f}’é’g 0@5%16%4&?"’%?%?%69?%%@ ﬁ@f,{ﬁsgrgﬁ%%@a@ 1%(9 o ggli(D No:

14, Segl D Nguivhient S@eoPis d¥dornkfa (SEQIIDNDDG): 19, Segl D No: 20, or Segl D No:

21. 41. The nethod of claim 37, wherein the nuclej i ssion

const r-th-Xi—tDAHﬂ‘é“rNS@KMIi-MLWM%&‘&TRéng§F&Ge%g):"g peptide. 42.

The nethod of claim4l, wherein the transfection-facilitating polypeptide

conprises a charged.pol ypept. aod of claim4l, wherein the
o‘ﬁhﬁ‘ff%iegﬁ? fdg?llu}/aqla@ ttl}e%llo?fﬁ& c-ﬁgﬁtcfgﬁgﬂ?&

transfecti ng polypep e conprises poly-L-glutamate.

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
(T

X; is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, is a D-or L-isomer of the amino acid methionine (“M”), or leucine (“L”);

Xs is a D-or L-isomer of the amino acid serine (“’S”) or asparagine (“N”);

or a combination thereof.

49.  The method of claim 48, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

50.  The method of claim 37, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

51. A method for increasing lean body mass a subject, comprising the steps of:
(@ delivering into cells of the subject a first nucleic acid expression construct,

a second nucleic acid expression construct, and a molecular switch;
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44. The nethod of claim 37, wherein the delivering into the cells of the
subject the nucleic acid expression construct initiates expression of the
encoded QGMBH308811F uncti onal bi ol ogi cal equival ent thereof PCZRISOTb275ret hod
of claim 44, wherein the encoded GHRH or functional biological equivalent
thereof is expressed in tissue specific cells of the subject. 75 WO

03/ 038112 PCT/ USpt@d2ite fuhd. nildieic nididhockpodssiohaiconstBot \eheadss rerodt | ssue

specific cells of the subj ect conpr i, e ce od of
cl ai m 44, wher eibermeree-eieasmedhonppe | @%%%@‘F&%?ﬁ@?&%‘?ﬁémﬁvﬁ%ﬁpt. de;
and the encoded { yng 'aﬁg%!zheﬁ’élﬁ'tﬂe%é‘c%hd ableiAd B xpibss@iRtbrisue hasciny pept i de
t hat has been engineéred to contain a distinct amno acid sequence while

si nul t aneousl y havoding ségiod aff a gulatoppwie; aidol ogi cal |y activity when
conpared to the GHRH pol ypeptide. 48. The nmethod of claim44, wherein the

encoded CH or ncti onal bi ol ogi ¢ h 1y nul a
(SEQ D No: C{egﬁ?ﬂ%z MO%FN&?ML @ﬁ@éﬁ(ﬁﬁdﬁ%’ %&% %ég:”RNQE
wherein the for HbRcasswile okt ¥ba@rshrtiagior éfthé egulaldr prateia. D- or
L-isonmer of the amno acid tyrosine ("V) or hi st|d| ne ("H'); X2 is a Dor

L-isonmer of the am no acid al anine ("A"), valine g;ﬁ ?r i sol eucj ne
("1");52% X3lhes meetimdorof | clpignrads WhereiRedelhierBe agteR) of] Fiest (ugleje GE1dy v i ne

("G); X4 is a Dor f i g, ("M'), or leucine
("L"); X5 ?Xgregslﬁr-’(%oﬁllul%{s)%?éstrhgg?ﬂﬂﬁtma% %&géc‘ﬁ%g%gﬂ??ﬁr?g ("S') or asparagine
("N"); or a conbination thereof. 49. The nethod of claim48, wherein the

encodess. GHRheo necthuic bf @hedin bi oWhgnmﬂehmugvsmemi thieseeastd nuckeisacid es

growt h hornone ("GH') secr t ubj, ect. T thod of claim 37,
wher ei n t hePXPFRS8I9B ORSHRG! ]bﬁ%gﬁﬂff&ﬁjﬂ%‘%tbsg‘flggfe% A&f%\ll "ent thereof
facilitates growth hornone ("GH) secretion in the subject. 51. A nethod

for ingfeastpg by BOUNRSS, dhstehi @d firsonpuléisi aiy telipresti@psondtruct
encodes a polypeptide of a sequence comprising SeqID No: 1, SeqID No: 2, SeqID
No: 3, or SeqID No: 4.

55.  The method of claim 51, wherein the first nucleic acid expression construct further

comprises, a transfection-facilitating polypeptide.

56. The method of claim 55, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

57 The method of claim 55, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

58.  The method of claim 51, wherein the delivering into the cells of the subject the
second nucleic acid expression construct initiates expression of the encoded

regulatory protein.

59.  The method of claim 58, wherein the encoded regulatory protein is expressed in

the cells of the subject, but is inactive.

60.  The method of claim 59, wherein the delivering of the molecular switch into the
subject activates the regulatory protein, and the molecular switch comprises

mifepristone or its functional equivalent.
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(a) delivering into cells of the subject a first nucleic acid expression
construct, a second nucleic acid expression construct, and a nol ecul ar
switch; W6 o037 038112 PCT/ US02/ 34275 wherein the firstcaushss«7aci d
expressi on construct encodes growt h- hornone-rel easi ng- hornone ("GHRH') or
functional biol ogical equivalent thereof; and wherein the second nucleic
aci d gxpr eggl aRFRNSHd14ia1 6Hlasheéin thsnivt negulEgiyoprotsin sitiaet ¢XPrEIOPr ot ei n;
and (b;< delivering a nolecular switch nolecul e i‘?rHo Ehe subj 6L nci erein
the nol ecof the GHRECor forienal dickegie sauixglentspcpdy ot t S‘Elé{f‘gla?or prot ei n.
52. The nethod of claimb51, wherein delivering step of the first nucleic
acid expré%aé‘lela?'?‘construct into the cells of the subject is via

el ectroporation. 53. The nethod of claimb51, wherein deliverjng step of the
secon@nucImak amébd ofeciginessj whersimsher ensodediGHRHeisce ialogipallhgctyp) ect i s
via electroporation. 54. The od .of .cl.aim 5], | Nyt j E nucl ei c
aci d expr edelypaptidsn and the el}%‘?g%ii ciopg), %Loﬁ?aéeeq%%!fﬁge%gugﬁgy E:S('thpri si ng
Seql D No: ' : d B cdtaidegtistiNg: andino Sdeid Jdueemet hod of
cl aim51, gﬁgﬁ%d%t ﬂ{gt Plgsr 2%%%5%1%‘%% aci d expression constryct further
conpri ses, véhiler sinsflentiusty fhaving siatilan prpongpsest jhielogisally AFEVIREt of claim
55, wherein the transfection-facil.itating pol ypeptide conprises a charged
pol ypept i dé?n@?r.ed'fﬁg‘eréﬁ%ﬁpq}ype@lugf"m 55, wherein the
transfection-facilitating polypeptide conprises poly-L-glutamate. 58. The
met hogsz0f  chiai fefibdd dhanigh 511 kvheett itveenooged rGdREher Eisickionafbielngicalubj ect
the second nucleic acid expression construct initiates expression of the
encoded r eguivatest theppobisegfformga @*F’@DT&Ph@d of claimb58, wherein the

o nastrae DB R T G A XX R S B R er g of the

nol ecul ar swtch into the subject activates the regulatory protein, and
t he nol ecul\gkersinithe for@mantias slesfollowirgprhastcenisticsr i ts functional equival ent.

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
(T

X, is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, is a D-or L-isomer of the amino acid methionine (“M”), or leucine (“L”);

X is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or a combination thereof.

64. The method of claim 63 wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

65. The method of claim 51, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

66. The method of claim 51 wherein the first nucleic acid expression construct

comprises SeqID No: 26.
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77 WO 03/038112 PCT/ US02/ 34275 61. The met hod of claim60, wherein the
active regulatory protein initiates expression of the GHRH or functi onal

bi ol ogi caWwoegussiat ent encoded on the first nucleic acid ®equsnyse2762. The
met hod of claimb51, wherein the encoded GHRH is a biologically active

pol ypeptide; and the encoded functional biological equivalent of GHRHis a
pol ypept i daht hatthb@ofhtgm sngilreeineate tsecondnuwlaic acidi expiressiona¢aAnsidGAci d
sequence while sinultaneously having simlar or inproved biologically
activity weemprisesmsaHeNot 87t he GHRH pol ypepti de. 63. The nethod of claim
51, wherein the encoded GHRH or functional biological equival ent thereof

is of fKormyl a (SEO. relin ss a subject, comprising the steps of:

R i St (55 -Q%feﬁ%ﬁlrzllgﬁrﬂé’ﬂdy M5 ROGCERNOEGGA: GH wher ei n t he
formul a hasleliveeinolihtowiangulgjbetr ac tresombinapt : grrivth-JomnqnegelepsiNEBHEIONGE { he
amno acid tyrosjine (*Y"), aor. histidine ("H). X2 is a D-or L-isonmer of the
am no acid (ﬁ%mgmtghw}gglv&fﬁ‘%%ﬂ\% lyalc%?ﬁlhérgf%uci ne ("I"); X3 is a Dor
L-isomer of the amino acid alanine ("A") or glycine ("G'); X4 is a D-or

L-i somger OfrHchRetBEd BE cREh G8hbicaniRaeéonBinant dFHRHuisianiologically actv® i s a
D-or L-isomer of the amino acid serine (";‘i or as arell |r2ﬁé§ ). or a
conbi nat i orpotypepiédst and ghe Terembpinanb dumstioral Hi %‘ﬁal\/\ﬂ’fglﬂ\éﬁ Ly dtéd GHRH or
functi onal biol ogical ival Aact Ltk bowhd sdypesgene (" GH')
secretion ipﬁi}{pﬁgﬁ’%eugjagélﬁ g%géfeﬁ%ﬁewérrre&fh&;gg%%ﬂc% giiS%ﬁéSti?nalher ei _n&ftahe encoded
GHRH or f ungiiicoRmhulbinebaty dakingesiniileal @nimpioged dfiologtsilly tastivky glsat h
hormone ("CGH') secretiogn in the subject. 66. The nethod of claim51 wherein

the first rmonipered tadheCERE QWP onst ruct  conpri ses Segl D No: 26. 78 WD
03/ 038112 PCT/ US02/ 34275 67. The nethod of claim51 wherein the second

nucl ei-f aci-f,.e%PHh6s i Clkih H3S whefein thHe QBRI SHRE d¥cfundtibnal biological
equivalent thereof is of formula (SEQID No: 6):
-X.1-Xz—DAIFTNSYRKVL—X3—QLSARKLLQDI-X4-X5—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
(T

X, is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, is a D-or L-isomer of the amino acid methionine (“M”), or leucine (“L”);

X; is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or a combination thereof.

71.  The method of claim 70, wherein the recombinant GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

79.  The method of claim 68, wherein the recombinant GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

79



68. A nethod for increasing | ean body nass a subject, conprising the steps
of: delivering into a subject a reconbi nant

gr omt h- howomn®3siel easi ng- hormone (" GHRH') or a bi ol ogi calpCirarsoz/3nzl

equi val ent thereof. 69. The nethod of claim 68, wherein the reconbi nant
GHRH is a biologically active polypeptide; and the reconbi nant functional
bi ol ogical Aegsineal RRtin@tasEtiRbbhc densitp dh wWmbjdct econtpaisirtgas ddivering ifP neer ed to
contain a distinct am no acid sequence while si %lt neo slé‘ ha 'hr_lg simlar
or i mprovedells of g swtieqy aa@ll‘ﬂ@licta;?ld/\ﬁﬁﬁesswgﬂé{? a?ﬁ%coéf—’h HVpept i de.
70. The method of ¢l aim o IE10E %\ﬁ\@[enfme&bf,onal

bi ol ogi cal %oga%ﬂe\fgfeggibglhﬁgrp%%@i S o? );bgrﬂrrrﬁﬁgﬁi(léEﬁ% %CNOZ 6):

- X- 1- X2- DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- R%'\IERNQE - OH wherein the

f or mul7a, hasThe hgethicl 6fulaing73; vdreasin delivesting énto e ¢ells 9f thepsubject g REgIeIS: t he

am no acid tyrosine ("\”2, or hiﬁtidinef "H'); X2 is a Dor L-isoner of the
ani no aci d 2gidzpreesipn aenstrughis Vi Slectigperatigh. | <ol eycine ("1"): X3 is a D-or
L-isomer of the amino acid alanine ("A") or glycine ("G'); X4 is a D-or

L-i somgr ofri.heB5d BP chshd73TRitttaR itiecdls M)the oubjbet e semétid tdlls, BB is a
D-or L-isonmer of the amno acid serine ("S") or asparagine ("N'); or a
conbi nat i orcellher gofim célls, The net hod of claim 70, wherein the reconbi nant
GHRH or functional biological equivalent thereof facilitates growh

hormong. (" GH') s i i . io/ i s@ict GoRipk&S,
mhereﬂ%‘thgh%%3g§§é§£ﬁ%ﬂaﬂth@%£ uﬁ%ﬁﬁgﬁgigﬁ?g?gggﬁg?gﬁg uivaﬁgnt t her eof
facilitat esgIoMd 1hpseqIDeN¢:" BISpqEENDE1 3, Geqlh Nohd4s8esjBc¥o: 179SeatP03/ 038112
PCT/ US02/ 34275 73.__A _nethad for increasi baone density in a subject,
conpri si ng: Nerel8, SeqIPnljos 1 §¢ ﬁg‘g%of @ﬂ@ﬂ%?gg% a nucl ei c acid expression
construct that encodes a growt h- hornone-rel easi ng- hornone ("GHRH') or

functipnal hiolaaiaal e 8| Herdb eieiicleic Tid Thsressivh oshsatictcfuthen 73,
wherein 'delivering into the cells of the subject the nucleic acid

expr essi on oonsises,attransfeotien-Gcditatingnolyepéde. 75. The nethod of claim 73,
wherein the cells of the subject are somatic cells, stem

78.  The method of claim 73, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

79.  The method of claim 73, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

80.  The method of claim 73, wherein the delivering into the cells of the subject the

nucleic acid expression construct initiates expression of the encoded GHRH or

functional biological equivalent thereof.

81.  The method of claim 80, wherein the encoded GHRH or functional biological

equivalent thereof is expressed in tissue specific cells of the subject.

82.  The method of claim 81, wherein the tissue specific cells of the subject comprises

muscle cells.
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cells, or germcells. 76. The nmethod of claim 73, wherein the nucleic acid
expression construct conprises SeqlD No: 11, SeglD No: 12, SeglD No: 13,
Segl D No:wod3/o8agt D No: 17, SeglD No: 18, Segl D No: 19, Begiusode2720, or
Seql D No: 21. 77. The method of claim 73, wherein the nucleic acid
expression construct further conprises, a transfection-facilitating

pol yp?ﬁ’.t | d§y,e 18ethdd @ EBiMO80, Ofvh6ledti te7Encotdte CEIRHtiRe biologically active
transtection-facilitating pol ypeptide conprjses a cha dF hy eptide. 79.
The et hodponpcptb;iemanQ,thﬂmcégfrd tflﬁ@tlpmin@gg&cﬁ FIpe efl{ ?’gtf’ 18] pgﬁ pepti de
conprises poly-L-glutamte. 80 .T t - Of, i I fdaterdcbe

del i veri ng%f’%?})l-t{c%etﬂ&teg?assg% %n%ﬁe&n@c%&%ﬁlg 2 ﬁht??dga?ﬁgg:’ggﬂe%gr essi on
construct iyhilel tfStafedusEs Abving ofimilae cenimguedcdGHRIpgicallyt waidtityo dien

bi ol ogi cal equival ent thereof. 81. The method of claim80, wherein the
encoded GHRpmparef tmthei GARH nolweplfieal equi val ent thereof is expressed in
ti ssue specific cells of the subject. 82. The nethod of claim 81, wherein
the ticgsue Libol - | QICHRHESor filhstibeal Gidlbgical80 WO
03/ 03@112 ﬂ%@%&é@é&fﬁ%@ﬁ‘ gg’ w‘%ﬁreeﬁprrﬁeﬁ%cogf cl aim 80, wherein t%e encoded
GHRH is a kigaivalghicthblepf Belf forenpa (SHERIR Nded): and t he encoded functi onal

bi ol ogi cal equi val ent_ of i ti. e engi neered to
cont ai‘X1¥ﬁWﬁ§S%NB'§gim%ﬁwI%f ﬁ@@?ﬁ%@@&% ;@lhavi ng simlar
or inproved biologically activity when conpared to the GHRH pol ypepti de.

84. The nethad. L2805 enSkhetdnaragleaaited GHRH or functi onal
bi ol ogi cal ‘H%gedﬁft/%elq}gﬁ? tahesr’eof i's og formula (SEQ D No: 6):

- X_1- XZ- DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- R%E R \- O wherein the
f or mul a hasXiike D-of Lasémey ofltlg aromeracisktyiosne K f)soN%%Pe (H'¥oner of the
amno acid tyrosine ("Y"), or histidine ("H'); X2 is a D-or L-isoner of the

am no aci d gl ani 5, ¢ foter ¥Rl Wniho Yeill aldine' GRYF WAl ()] or)isoleucine
“T);

X, is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, 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.

85.  The method of claim 84, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

86.  The method of claim 73, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH™) secretion in the subject.

87. A method for increasing bone density in a subject, comprising the steps of:
(a) delivering into cells of the subject a first nucleic acid expression construct,
a second nucleic acid expression construct, and a molecular switch;
wherein the first nucleic acid expression construct encodes growth-

hormone-releasing-hormone (“GHRH”) or functional biological equivalent
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X3 is a Dor L-isomer of the amno acid alanine ("A") or glycine ("G'); X4
is a Dor L-isonmer of the amno acid nethionine ("M), or leucine ("L");
X5 is a Dvoroskssispner of the amno acid serine ("S') or agpansgrse’y"N');
or a conbination thereof. 85. The nethod of claim 84, wherein the encoded
GHRH or functional biological equivalent thereof facilitates growh
hormone ("GH') gRehet iinwhérelltheSebireCiucld6 acihexprassiondonstrusk A 3,
wherein the encoded GHRH or functional biological equivalent thereof
facilitates groemdedingmgine of 2guate Pt 88 i n t he subject. 87. A method
for increasing bone density in a subject, conprising the steps of. (a)

del i vering,nto

e e NI @)D" OgbiflehiBigoL AAECSHPIR A Mnbledlé Ul Gubjer whepeinsihe on

uclerc aci expression construct, and a nol ecul ar
switch; wherei moldealdfiswizth moddcalecgoaeing aetisation of Bis regHaior pOtcdncodes
growt h- hornone-rel easi ng-hornmone ("GHRH') or functional biol ogical

equi valent 81 WD 03/038112_PCT/US02/ 34275 therepf r.el h.;ijhe second
nucl eR8. acilhe supthe s‘?gﬁg&‘?}%ﬁr W&’Fr%sdoéﬁﬁen g{(;égi §g tpeegj?[gtn\ﬁgg e% ?Celgm at or

protein; a@prfer%oxpé%lnisffﬁétiiﬂg the £80s OF teauibjewd it 91a sledteputationnt o t he subj ect,
wherein the " nolecular swtch nol ecul e governs activation of the regul ator

protein. 88. The nethod of claim87, wherein deléveri nq% ai‘ﬁ% of &He first
nucl eigd. aciThe mxthoésxfi elaine Ss twherein; ¢aliyering steg| Pl they S¢Rp Jeic. 805 i a

el ectroporation. 89. The. f j 7; ' lohvering step of the
second nucl®¥PESHY %onsgk}gﬂgggtﬂ%gel@ggﬁe?&gegﬁlﬁy wﬁﬁfdggﬁﬁs of the subject is
via el ectroporation. 90. The nmethod of claim 87, wherein the first nucleic
aci d eypr esHeOmeGeasH Uhim &7 cwhasinatheofispepiclei aoid axpresfirsn 6_IsEBetpr i si ng
Segl D No: 1, SeglD No: 2, SeglD No: 3, .ar Se 0; & H?%\IO'?hse t hod of
clai m 87, vaneadss g pohwepiigesdt Hirarence cQmpHsIag pPLINSn eBIIstr Ut YUt t her

conpri ses, or N facilitating polypeptide. 92. The nethod of claim
87, wher ei rﬁ?'tﬁég{]§%ﬁ§flg§ﬁ on-facilitating pol ypeptide conprises a charged
pol ypeptide. 93. The nethod of claim@87, wherein the

transfoct i oFhefracthdd oficlaimy 8 povigreiptthelarst nucleic acid expression construct further

comprises, a transfection-facilitating polypeptide.

92. The method of claim 87, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

93. The method of claim 87, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

04. The method of claim 87, wherein the delivering into the cells of the subject the

second nucleic acid expression construct initiates expression of the encoded

regulatory protein.

95.  The method of claim 94, wherein the encoded regulatory protein is expressed in

the cells of the subject, but is inactive.

96. The method of claim 95, wherein the delivering of the molecular switch into the
subject activates the regulatory protein, and the molecular switch comprises

mifepristone or its functional equivalent.

82



conprises poly-L-glutamate. 94. The nethod of claim 87, wherein the
delivering into the cells of the subject the second nucleic acid

expr essi owomafsginzct initiates expression of the encoded PcegishasQry
protein. 95. The nmethod of claim 94, wherein the encoded regulatory protein
is expressed in the cells of the subject, but is inactive. 96. The net hod

of cl ajym 95y Mh&hEd Bf Elafin 96! Wherei e bttt gilatoey ptaeindnitinteh ekpressidnhe
subj ect activates the regulatory protein, and the nol ﬁc lar switc

conprises ofitheGHRH ondunstionaldiplogise) esvialeng gnceded on tha rshapelsicrsih 12
PCT/ US02/ 34275 97. The nethod of claim 96, wherein the active regul atory
protein i niTAYEY expression of the GHRH or functional biol ogical
equi val ent encoded on the first nucleic acid sequence. 98. The nethod of
clai ma¥7, whes gictholdhef ey vdidRbn i the anbodetl SGHRAT fisy aghiplogicallpdctiyrept i de;
and the encoded functional bio]qgical equival.ent of. RH | pql ypepti de
that has beRiyRenBdsietidethe Sneﬁﬁllﬁga%“ﬁc%n&ﬁi’ﬂq\i%'fﬂa?ﬁ%%a% i ‘Ejtl ? quenlgeé/ whil e
si nul t aneo L 2918 REinkErRE QY @6ntRinOh @ektmad hniRChdid istquenben
conpar ed t?ilﬁ)gpﬁﬁ?ﬁgaég{aglggpt iedgn 99. The_nrret hod of claim 97, wherein the
encoded GHRihily sfrmitineonsly Havirgoginsiddr owdmbrexed nbiotogiqedyf agtiyitys whep nul a
(SEQ D No: 6): - - X2- FTNSYRKVL - X3- QLSARKLLQDI - X4- XS- RQQGERNQEQGA- CH
i 8 PECHILPPRPH

wher ei n t he®¥ °hg characteristics: Xl is a Dor
L-isomer of the amno acid tyrosine ("Y"), or histidine ("H'); X2 is a D-or

L-i songy. of Thh@eBHdNSF ek F, atharéin (thé\'eheoded! GHRH b finctionali biolagirel ne
“1"); X3 is a D-or L-isoner of the ami no acid alanine ("A") or glycine
"G'):; X4 iequavaipngthereqfipefformplai(REQHANGG Okici d met hi onine ("M'), or |eucine

(
("G");
("L"); X5 i = B f 1 RO ~aCH Q%Q@}F YSAlO@[r aspar agi ne
("N") ;'%r'ﬁa‘@ém%"ﬁ‘ﬁg?%s%i Ikggn}%t ﬁo 0 cl%g%égg wherein the
encoded GHRH or functional bi ol ogical

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
(T

X, is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, is 2 D-or L-isomer of the amino acid methionine (“M”), or leucine (“L”);

X is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N);

or a combination thereof.

100. The method of claim 99 wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

101. The method of claim 87, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

102. The method of claim 87 wherein the first nucleic acid expression construct

comprises SeqID No: 26.
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equi val ent thereof facilitates growh hornone ("GH') secretion in the
subject. 101. The nethod of claim87, wherein the encoded GHRH or

functi onawomBobsagt cal equi val ent thereof facilitates growrcCh/usorsaene ("GH')
secretion in the subject. 102. The nethod of claim 87 wherein the first

nucl eic acid expression construct conprises SeqlD No: 26. 83 WD 03/038112
PCT/ USD®Y. 3425 melidd off bRimeshetherin dleasaeoid mubleiceasid taxpressiomednstyet ei ¢ aci d
expressi on construct _ caonprises Segl D No: 27. 104. A nethod for increasing
bone densi t gompiisgs SeWPRI®: Zeonmpri sing the steps of delivering into a

subj ect a reconmbi nant gr owt h- hor none-r el easi ng- hornone ("GHRH') or a

bi ol ogj gal kuﬂl%{ ngnﬁalr fRehY %‘hetctbﬁél%pﬁn alglﬂajec-fh@oﬂﬁhﬂﬁg thé sedpaioht 104,
wherei n reconbi nant GHRH is a biologically active poI ypepti de; and the
r econbi nant déhmnng omm i pibjegt cal ree‘qubmmte@m%ﬁi -gRene-£cleasmgdiofnent i de t hat

has been engj] cont tlnc cid sequence while
si mul t aneou fﬂﬁ;é %?#?1%1031%86‘“‘?‘1%%?%\‘7 %ogt?cal ly activity when
conpared to the GHRH pol ypepti de. 106. The rret hod of claim 104, wherein the
recombijpant Tﬁ%‘ﬂétﬂbﬁ Jfleninl WAkvhie e ireddimbica GHERHE$ aﬂahﬂog’oafllyi awtivé fornul a

(SEQ D No: 6): X 1- X2- DAl FTNSYRKVL- X3- QLSARKI_LQDI - X4- Xs- QGA- OH
wher ei n thepﬂﬂwmﬁlldﬁ, ptk theriscombinaw; fypctional bielogiqal eppiyal eﬁoww%g

L-i soner ok i )' &S a D or
Ui comerof PRECHe Bl ARirRtel 1Y cbnis o ihleflaftind abldeqdilet
("I"); X3 i shie mmhltmdoasisr\sha\aﬁg tsinmlafrrmnan@mwbdamegmﬂ](Y activityr whbyci ne
("G'); X4 is a Dor L-isoner the amno acid nethionine ("M), or |eucine
("L"); x5 rempared tg the GEREH0 Wptﬂ‘f?e anmino acid serine ("S") or asparagine
("N'); or a conbination thereof. 107. The nethod of claim 106, wherein the
r econb'lg gnt Tﬂ%‘ﬂéﬂfefd Jﬂé[bﬁﬁl' Waalyhbiet 06 teeambieat GHHIEbE fibeseobioladdd i t at es
growt h hor none secretion in the subject. 108. The nethod of claim
104, wher ei laqulmiemtéh@‘mbﬁlaaﬁformﬂm-(sﬂﬂmm ‘onal bi ol ogi cal

-X_1-X;—-DAIFTNSYRK VL-X3-QLSARKLLQDI-X4-X5~-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
T

X; is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, is a D-or L-isomer of the amino acid methionine (“M”), or leucine (“L”);

X; is a D-or L-isomer of the amino acid serine (“‘S”) or asparagine (“N”);

or a combination thereof.

107. The method of claim 106, wherein the recombinant GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

108. The method of claim 104, wherein the recombinant GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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equi val ent thereof facilitates growh hornone ("GH') secretion in the
subject. 84 WO 03/038112 PCT/US02/ 34275 109. A nethod for increasing a
bone healwog3natie2 i n a subject, conprising: delivering introTasht/342e8 the
subj ect a nucleic acid expression construct that encodes a grow h-

hor none-r el easi ng- hornone ("GHRH') or functional biological equivalent

thereqbo, Wl Guetildieforahdiomingl a bbad fedlRY, ratehier 2 subjabt| Goneprising: idetiveringe cel | s
of the subject the nucleic acid expressiaon con i

| truct. is yia
el ect r opor antooells of the sphiscinkPrdeIC 3F1dGXRISSH9D 9‘?“53348trtglﬁtr1€1}°ﬂ§escaeglo}sm%f t he
subj ect are _so I A - > : lc8l eqhbAlent HRrdvELt hod of
ms@%-%eq?a%@gr@wﬁ%@&ﬁ?{j(or RfctRBLIBiSBEIcE! eqhivAlent fifer

claim 109, pression construct conprises SeglD
No: 11, SeglD No: 12, SeglD No: 13, SeglD No: 14, SeglD No: 17, SeglD No:
18, SagbD Nifie f®@thoBegfl Eailo:1020whereirsdglivring: i1 the1aedls ofhiherpbisstitst ¢l ai m
109, wherein #he nucl ei c, aci d ex ressipn coqi%&uct further conprises, a
transf ect i JRCIHCR ‘?’8’(@%6’“&8%}%&%‘8@? PO HHE et hod of claim 113,

wherein the transfection-facilitating pol ypeptide conprises a charged

pol ypeRYi deppelhsihod b€ cliih hod, wherelmihdctllS of teawbject drasomatic cells, stem
transfection-facilitating poi ypepti de conprises poly-L-glutamate. 116. The
met hod of odedls,mreesn celifer ei n the delivering into the cells of the subject
the nucleic acid expression construct initiates expression of the encoded

GHRH m&rf Uﬂlce[t 193k of élgg]? %Qﬂ%al’%ér?&w Mehgic }aﬂ@_re%?fess_iéﬂ éonstil€t dBRipaes of cl ai m

109, ein € enco uncti onal biol ogi cal equival ent thereof
i s expresseskdID No:sldySeqipeNof 12; SeqD Moo 3,tSegllR Nyj: d41 SeqiPgNo:ThHe Sagithod of

claim 117, wherein the tjssue specific.c of, the subject conprises
nuscl e cel |§o: %SG’MPO%%E /&ﬁﬁ%&‘@@oﬁhg The method of clai m 109,
wherein the encoded GHRH is a biologically active pol ypeptide; and the

encodefl 5f unpfd g{éa{odbéfoaﬁlﬁi 69, WHtbMAdhe Huckic MilRdxpression pohstmepfirther t hat has
been engineered to contain a distinct am no acid sequence
comprises, a transfection-facilitating polypeptide.

114. The method of claim 113, wherein the transfection-facilitating polypeptide

comprises a charged polypeptide.

115. The method of claim 113, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

116. The method of claim 115, wherein the delivering into the cells of the subject the
nucleic acid expression construct initiates expression of the encoded GHRH or

functional biological equivalent thereof.

117. The method of claim 109, wherein the encoded GHRH or functional biological

equivalent thereof is expressed in tissue specific cells of the subject.

118. The method of claim 117, wherein the tissue specific cells of the subject comprises

muscle cells.
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whi l e simul taneously having simlar or inproved biologically activity when
conpared to the GHRH pol ypeptide. 120. The nethod of claim 119, wherein the
encoded QGwBH30881izincti onal biol ogi cal equival ent thereof PC3/ush2/82rirul a
(SEQ D No: 6): -Ki-X2- DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- OH
wherein the fornula has the follow ng characteristics: Xl is a Dor

L-i songs, offHeh@e@Bl g ckiind109, Wisdréig the ¥npodedr GHRSY 1sda iogologibhl)y aotvei s a D-or
L-i soner of the am no acid al anine g A').. valine i o= eu0| ne
("1"); X3 ipslypepids; and henencoded e @ﬁﬁlnblo&ﬁl‘a‘leﬂ WF‘ CiA Acine
("G) X4 is.a D i i ndd | eucine
("L"); Xs |Lyp§ ?é)o};haf_h?sgggrf%lr %ﬁﬁ%ﬁedag}mgﬂgﬁgc?gﬁg%#l%gha?dggd) géoqzueaspar agi ne
("N'); or ayigReinidtanesushyhéneiag. sifidlhr Fhemprevib dbidbgichldy ractivity Wwhesr ei n t he
encoded GHRH or functi onal b| ol o | cal equi val ent thereof facilitates

growt h hor reoawareddprthe GHRHRQIMEDAACt he subject. 122. The nmethod of claim
109, wherein the encoded GHRH or functional biological equivalent thereof
faci I'ijbgt espr o) ladnﬁrdm&elf Ghoreifi 606 @ht@rdi GHRAEOS Abjceichal bi@ldgical met hod
for inCreasing a bone healing rate in a subject, conprising the steps of
(a) del i verdquiyalent ﬁlerﬁefiss)fcftbﬂmui@(Sﬂ(B%Np ®:first nucleic acid expressi on

cui t oo SRR RV T M RIS 2 ROLR R RR ORIE LT G

growt h- hornone-rel easi ng-hornmone ("GHRH') or functional biol ogical

equi val ent 86306, OR/RaRkhe RGBS hdAékristidser eof ; and wherein the second
nucl ei c aC| expression construct has an encoding reglon of a regul ator
protein; and (b) deliverin a mol ecul ar switch nol ecu i jﬁ)g t he subj ect,
wher ei n t heX isol RoulLasomea mne@mdetygw@r( ")a % 1§ IP% > the regul at or
protein. 124. The nethod of clai m 123, wherein delivering step of the first
nucl ei ¢ aci r ess r Ihe cab SetakSleticihe Vi a

el ectropord ? g(B 0(3 i%eggp@tﬁ it h@lhgilm 12§ﬁ mé‘?fé?mg& ivering step of
the second Q‘ng eic acid

X is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X, is a D-or L-isomer of the amino acid methionine (“M”), or leucine (“L”);
X is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or a combination thereof.

121. The method of claim 120, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

122.  The method of claim 109, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

123. A method for increasing a bone healing rate in a subject, comprising the steps of:
(a) delivering into cells of the subject a first nucleic acid expression construct,
a second nucleic acid expression construct, and a molecular switch;
wherein the first nucleic acid expression construct encodes growth-

hormone-releasing-hormone (“GHRH”) or functional biological equivalent
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expression construct into the cells of the subject is via electroporation.
126. The nethod of claim 123, wherein the first nucleic acid expression
constructwOenossles a pol ypepti de of a sequence conpri si ngPEegisie/da7s 1,
Segl D No: 2, SeglD No: 3, or SeglD No: 4. 127. The nethod of claim 123,
wherein the first nucleic acid expression construct further conprises, a
transfecti on-f aghérebRiahAGviRediY FiePEdcded nhBic ddie erpretsinh cdnstrieti ias 1217,
wherein the transfection-facilitating pal ypeptide conprises a charged

pol ypept i de. 12%®ncqiiag ragiooef orgelpier Roigw, Afher ei n t he
transfection-facilitating pol ypeptide conprises poly-L-glutamate. 130. The
met hod of g{)ﬁ' md]eﬁéeriglgr Slolechize HatchValoidrdld Mt thBesubpict, Swhéreinhéhesubj ect
the secon uclerca expressi on construct initiates expression of the
encoded regul atraolgcylaodvaitch mdadile Fhwermssichivetiaf ofghaiegrlay pretpigr ei n t he
encoded regul atory protein is expressed in the cells of the subject, but

is inactive, 132. The .method.of claim 131, . wherei | ivering:of th
R A T R L R R R <L

the nol eCUl&%re%%h%an@&@?ﬂostﬁécellﬁéﬁﬂéélﬁﬁébﬂ%\ﬁﬁeiebﬁoﬁom’tm onal equi val ent.
87 WD 03/ 038112 PCT/ US02/ 34275 133. The nmethod of claim 132, wherein the

active regul atory protein initiates exFressi on of Elhe GHRH or. .func&i onal

bi ol odi26al Buuingthodnef ehinded, geraip deliveing §iep Afcths SeePndsBYIERA] 134, The
met hod of claim.l [ - ih S1eBirdiRAtRE cal |y active

pol ypepti dee;Xpﬁer'?ﬁlo %8&3%?%%%&&%3%%{%%%%5% ogli cgl @qui valent of GHRH is a
pol ypeptide that has been engineered to contain a distinct am no acid
sequenQs. WWhd eneshiotubf atwmuklly wisréingthsifinist ancleic 40 espieasion GPBYIUEAI | y

tivity wh d to the GHRH pol tid 35 T it | ai
155 har o1 FRopdes ORI EPH SR TSRS S ORGSR R AR | hereor
is of f 8
: f(_i xz%ﬁ%s%% 30 dﬁi')SARKLLQDI - X4- X5- RQQGERNQEQGA- OH

127. The method of claim 123, wherein the first nucleic acid expression construct

further comprises, a transfection-facilitating polypeptide.

128. The method of claim 127, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

129. The method of claim 127, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

130. The method of claim 123, wherein the delivering into the cells of the subject the
second nucleic acid expression construct initiates expression of the encoded

regulatory protein.

131. The method of claim 130, wherein the encoded regulatory protein is expressed in

the cells of the subject, but is inactive.

132.  The method of claim 131, wherein the delivering of the molecular switch into the
subject activates the regulatory protein, and the molecular switch comprises

mifepristone or its functional equivalent.
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wherein the fornula has the follow ng characteristics: Xl is a Dor
L-isonmer of the amno acid tyrosine ("Y"), or histidine ("H'); X2 is a Dor
L-i somer wbO oshssiaari no acid alanine ("A"), valine ("V'), oPCrasvesine
("I"); X3 is a D-or L-isoner of the amno acid alanine ("A") or glycine
("G'); X4 is a D-or L-isoner of the am no acid nmethionine ("M), or |eucine

("L") ;133 X5 1% AethdPbf &lain® OBE wiefeid e astivaregatataly peotéindnifisist §xpyessw@par agi ne
("N'); or a conbination thereof. 136. The netho (?f cl a%mt 135 wherein the
encoded GHR the GEIRTE o dnstiopal dielggiesl] cquisglsng sneoded o docotivst RUGleicafidy o
growt h hornmone ("GH') secretion in the subject. 137. The nethod of claim
123, wher ei’fT¥ W& encoded GHRH or functional bi ol ogi cal equi val ent thereof
facilitates growth hornone ("GH') secretion in the subject., 138. The nethod
of cl ai3m 12fhevinethetroft ¢einf i183; whereinethe encodedeGEIRdE 45 erbielogisellyi@etiveconpri ses

Segl D No: 26. 88 WO 03/038112 P USp2/ 34275 . 139. .Th f. i 123
V\ﬁgl’ ein thé’oém?aﬂ‘éﬂn@l‘{ pLTY eﬁ?ﬂdﬂgj F0d sz%ﬁ%t ‘Fq}l@fal&(t:gﬁtp??{;ﬁgg 1%ga'lgﬂi)mNo:

27. 140. A ﬂB‘f;‘HJ%pﬂdé Pat Hab Qfeieﬁ‘gn%iﬁé’éi'ecb@(ﬂ)éoﬁtﬁﬁsa idfstiast stifioeid sédueneeet hod
conpri si ng: ef1vering into a tissue of the subject_ a_nuclejc acid

expr essi on vehites tsimneltancowsly  avingd sisniker gerovmproved neiatesicells ASHREY n¥RsFone
("GHRH') or functionpa .0l agi cal, equi val ent thereof; wherein subsequent
expression Wﬁaﬁe@t@%ﬁ—bﬁp%‘aﬁ &1 equivalent is sufficient to increase
| ean body mass or decrease body fat proportion. 141. The nethod of claim
140, fuyst herhs gitHodSoMElain@APBywherein thel dnebddeainGHRI iondummtiosd hiologisel t i ssue;

wherein, the cell-transfecting pulse_ i quivered to an area in the tissue
conpri si ng edwévadrst thesealds ﬂif@rfélﬂé(%]éq)@&?p Ession construct. 142. The nethod

of cl ali 4 t RELET B4R Ed@l NI, 8RR ERNMOBoEA S rodes in the
ti ssue'%&éAMW cg‘s ral'mggf?(nsg g{ﬂ%e tc()mtt%e tissue;
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
T

X; is a D-or L-isomer of the amino acid alanine (“A”) or glycine “G”);

X, is a D-or L-isomer of the amino acid methionine (“M”), or leucine “L™);

X; is a D-or L-isomer of the amino acid serine (“‘S”) or asparagine (“N);

or a combination thereof.

136. The method of claim 135 wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

137. The method of claim 123, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

138. The method of claim 123 wherein the first nucleic acid expression construct

comprises SeqID No: 26.
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wherein the nucleic acid expression construct is delivered to the tissue in
an area that interposes the plurality of electrodes. 143. The nethod of

cl ai m 141wowbessaiin the cel |l -transfecting pul se i s an el ecPcirash2/piaise or a
vascul ar pressure pul se. 144. The method of claim 140, wherein delivering
into a tissue of the subject the nucleic acid expression construct
CONpri;zgs aneGhEROP oRtdlam: 133 Wherthe tHeeseboull aficleicaicid ex@ressivmecaisiuathe
delivering step is by injection, gene gun, or gold particle bonbardnent.
146. The nwom@dsqsfseclﬁéﬂ‘hiﬂo, wherein the subject is a domesticated ani mal ;
a food animal; or a work animal. 147. The nethod of claim 140, wherein the

Subl ecfygl'S 2y b AUMIHAL I hHRB RARL0d bipriding. ot hod of

claim ern eic expression construct is substantially
free of a viral dehedshgniato 448ue Shthesetjbac micledd atidrexressiofr@pENUst a pronot er

of the nucleic acid expression construyct.c [ Ses. 1ssue-specific
pronoter. 150. et el @%?W@f%ﬂ%oﬂﬁéfe %érq)rwopﬁgcﬁglégu)z&specific
promot er conpri S feRapBRGIAdE tREIOt er . 151. The construct of claim
149, wherein thgﬁgcrt%rrrl%t er gor?pg?ges SPc5-12 (Segl D No: 7). 152. The met hod

of claim 140, wherein a 3' untransl| ated re%l on of, Ehe nucl.ei.c .expression
construct is a hmaeingrbsegherti srprsereornsof therRHRIS o PioloEheikistdhe 3 UTR

skel etal al pha ac%[ibcqe I%;%%%er%aS?Legagﬁ(%éﬁ%sy&%%h&tﬂ% ng‘ti;ﬁ&ﬁdrtiorﬂf’?’- The

met hod of clai mS ue conprises e.  154. The net hod
of claim 140, wherein the nucleic acid expression construct is SeglD No:
11, SegiiD Notie @ho$eBinNO40, FarthGegnpridog: 14, Segl D No: 17, Segl D No: 18,

Seql D No: 19, Segl D Ng: 20, orﬂ&eqj D NP: 2&’8 155. The met hod of cl ai m 140,
wherei n the encodePpbynge sel{ansiesag RSB IQMSISUS  equi val ent conpri ses

Segl D No: 2 156. The nethod of claim 140, wherein the encoded. GARH or
functional biol ogiwhq:rein, the cell-transfecting pulse is delivered to an area 1n the tissuc

comprising the delivered nucleic acid expression construct.

142. The method of claim 141, further comprising:
placing a plurality of electrodes in the tissue before applying the cell-

transfecting pulse to the tissue;

wherein the nucleic acid expression construct is delivered to the tissue in

an area that interposes the plurality of electrodes.

143. The method of claim 141, wherein the cell-transfecting pulse is an electrical pulse

or a vascular pressure pulse.

144. The method of claim 140, wherein delivering into a tissue of the subject the nucleic

acid expression construct comprises electroporation.

145. The method of claim 140, wherein the delivering step is by injection, gene gun, or
gold particle bombardment.

146. The method of claim 140, wherein the subject is a domesticated animal; a food

animal; or a work animal.

147. The method of claim 140, wherein the subject is a human.
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equi val ent conprises Seql D No: 3 157. The method of claim 140, wherein the
encoded GHRH or functional biological equivalent conprises SeglD No: 4
158. The wetobhoskiof cl ai m 140, wherein the encoded GHRH or PCOrusvy/anai

bi ol ogi cal equival ent conprises SeglD No: 10 159. The nethod of clai m 140,
wherein the encoded GHRH or functional biological equivalent thereof
conprijgags te ABINGA &ficthihonmyl whérS@qtHs Noclei) acid expression construct is

- X_1- XZ- DAl FTNSYRKVL- X3- QLSARKLL QDI - X4- XS- RQQGERNQEQGA- OH 90 WO 03/ 038112
PCT/ US02/ 34etriantiahy ek of e WErak backkAng: has the fol | owi ng characteristics: X

is a Dor L-isomer of the amino acid tyrosine ("Y"), or histidine ("H'"); X2
I's a I L SABRGI O bNQneRhf ad3hdRioRe d&f the) nuclalt iabR éxpyessionor

i sol el?él?‘nelThg 1?‘%’09& Qgﬁlll ga:g, %or L-a?ﬁsomer of the am no aci é) al anine ("A")
or gl yci ne consict coffpiises a tiSswerspeeifis prasmotef. t he ami no aci d et hionine ("M'),
or leucine ("L"); X5 is a D-or L-isoner of the amno acid serine ("S") or

asparagine ("N'): Qqr onbinati on t hereof . o) : i m 140,
wher ei R0t hd byt aﬁic “E'ng}es‘gg%rﬁmc sﬁ?sﬁlgf %gﬁpgﬂgf)%ﬁ:egn%?ﬁ%esgégd

transfecti qgﬁsggcgﬂegit@tﬂr&go@p.l ypeptide. 161. The method of clai m 160,
wherein the transfection-facilitating pol ypeptide conprises a charged

pol ypeptide. 162. The nmethod of claim 160, wherein t % )

tr ansflddt i diefepnbtruct &f ichimpdPy hgreindae PEJRYIET %%EP%F&- E3YP (PR 163, The
met hod of c})ai m 140, wherein the encoded functional biological equivalent

of GHRH i s”a pol ypeptide having simlar or inproved biological activity
when conmpared to the CGHRH pol ypeptide. 164. The net hod of clai m 140,
wher ei 152t heTlenantded GERMhior 1M0nethersmala Bi ointignelated xegisny af dbg MURkSe of
facilitates growth hornone (/'CGH'

secretion_ i,n fe] pepti de
for alteri rfFPIeSSIAN GORSIUGHISS §Q YOI lc} t albgg%%gédx{tgiﬁg tinodé
3’ UTR, skeletal alpha actin 3" UTR, or SV40 polyadenylation signal.

153. The method of claim 140, wherein the tissue comprises muscle.

154. The method 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. The method of claim 140, wherein the encoded GHRH or functional biological

equivalent comprises SeqID No: 2

156. The method of claim 140, wherein the encoded GHRH or functional biological

equivalent comprises SeqID No: 3

157. The method of claim 140, wherein the encoded GHRH or functional biological

equivalent comprises SeqID No: 4

158. The method of claim 140, wherein the encoded GHRH or functional biological

equivalent comprises SeqID No: 10

159. The method of claim 140, wherein the encoded GHRH or functional biological
equivalent thereof comprises the amino acid formula (SeqID No: 6):

X ;-X,~DAIFTNSYRKVL-X5-QLSARKLLQDI-X4Xs~RQQGERNQEQGA-OH
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equi val ent of growth hornone rel easing hornone ("GHRH'), wherein the GHRH
is a polypeptide that is biologically active in a subject; and the

functi onawo oBiosdioyi cal equi val ent of GHRH i s a pol ypepti decrhsb2/hass been
engi neered to contain distinct amno acid sequences whil e sinmultaneously
having simlar or inproved biologically activity when conpared to GHRH. 91
WO 03/ 0381 k2h PGh S athdeS thelfoBowihaehpepterigigcsof ¢l ai m 165 conprising the
formula: - X-1-X2- DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- OH wher ei n
the formula has the_follow ng characteristics S¢» &Qriuétl‘in‘b(ﬁ”)l_ i soner of the

anmino aci d Xyis@dpee Leisomgr ofg eﬁP@Pl“H’i"ﬁ@%“’lﬂ) 1-isomer of the
am no aci d al anine ("A"), valine ("V'), or isoleucine ("1"); X3 is a Dor
L-1somer ofy ﬁed B0 Bfef! oﬁ{ﬁ%rﬁﬁo beift alane @‘A‘?”?'\faﬁné (@"”?,, oridoleseige D- or

L-i soner of%eamno acid nethionine ("M), | eucine ("L"); X5 is a

D-or L-isonEr)pf the amno acid serine ("S") or asparagine ("N'); or a
conbi nation thereof. 167. The peptide of claim 165 conprising SeglD No: 1;

Segl D No: 2; SeglD No: 3. o 3 i-denfor altering bone
densi ty co%?1s§lq#'§rgglls9m8’i?f3h% %’Poalc gll%na eég}j \(/)afgl&gﬁte (‘g@)gr owt h hor mone
rel easi ng hornone ("GHRH'), wherein the GHRH is a pol ypeptide that is

bi ol ogi cal | ¥, aGtDe L-Bomesoitheahinoaeill mbihidnimct Vohadr laiced§LBal  equi val ent
of GHRH i s a pol ypeptide that has been engi neered to contain distinct

am no aci d sequences while mul t anepus simlar,.Qh.inmproved
bi ol ogi cal 1¥s i@ Pwrt ISWO%WQF’@&% eéﬁzaéué???@a%}‘t?é PCT/ US02/ 34275

169. The peptide of claim 168 conprising the fornula:
- Xl - X2- DAl F&\Lﬁ%ﬁi@(ﬁatﬁt%@ﬁ“'—®' - X4- X5- RQQGERNQEQGA- OH wherein t he

formul a has l owm ng characteristics: Xl is a D-or L-isoner of the
amno acid tyrosine ("Y"), or histidine ("H");
160. The method of claim 140, wherein the nucleic acid expression construct further

comprises a transfection-facilitating polypeptide.

161. The method of claim 160, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

162. The method of claim 160, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

163. The method of claim 140, wherein the encoded functional biological equivalent of
GHRH is a polypeptide having similar or improved biological activity when

compared to the GHRH polypeptide.

164. The method of claim 140, wherein the encoded GHRH or functional biological

equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.

165. A peptide for altering lean body mass comprising a functional biological
equivalent of growth hormone releasing hormone (“GHRH”), wherein the GHRH
is a polypeptide that is biologically active in a subject; and the functional
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 GHRH.
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X2 is a Dor L-isoner of the amno acid alanine ("A"), valine ("V'), or
isoleucine ("I"); X3 is a D-or L-isoner of the amno acid alanine ("A") or
glycine (WQ0p/03(#2is a D-or L-isomer of the am no acid netrkirarsons2(s M), or
| eucine ("L"); X5 is a D-or L-isonmer of the amno acid serine ("S") or
asparagine ("N'); or a conbination thereof. 170. The peptide of claim 168
conpr i 156N 13RYPeBtidof dlainSegs Ednfyaising th&6ghildo: 3; or  Segl D No: 4. 93 WO
03/038112 PCT/US02/ 34275 REFERENCES Cl TED The fé‘%ﬁ@ﬁ%&b ences, to the
ext ent-XR¥i—-DABTNG VRKY - Exedbb

suppl errent ary to those set forth herein, are specifically |ncor por at ed

herein r.ef erence. PAT, Patent No. 5,847,066
i ssued on [‘j‘é%éﬁ%gﬁe &@@Shﬁ%ﬁ%w%%ﬁfﬁfed as inventors. U S

Patent No. 5,846,936 issued on Decenber 8, 1998 with Felix et al. listed as
i nvent ors. XUs3 D-daleigbmbioof the ZAMoa¢id tyssued B1), suligiding (H):008 wit h
Schally et al. listed as inventors U S. Patent No. 5,776,901 issued on

July 7, 1998 teal. List
5. 746, 264 I Nttt IS of RSP ROSRAVT b 2 srvelre (Y & adPYER O o s

U S. Patent ui\lg 5, 696, 089 |ssued on Decenber 9, 1997 W|th Felix et al.
| isted as |(n htors. U S. Patent No. 5, 486 505 issued on January 23, 1996

with Bowers et al. listed as_inventors. ? JPat ent. No,, ,% 292,721 issued
on March 8 XﬂngwrtIhISB@yﬂoﬂhe amino geit daning Ciy onelcwe Cg)s. patent No.
5,137,872 issued on August 11, 1992 with Seely et al. listed as inventors.

U'S. PatentyNo.; 5ot 3isdad: @ygﬂwcﬁmh%nww WirtibudBRyELey al . listed

as |nventors 442 {ssued on January 28, 1992 with
Felix et al. listed as inventors. US. Patent No. 5,061 690 issued on
Cct ober 29, X4 8QilDwirthiskaenofithe afmind doid saing€“S Dweaweragine (INS; pat ent No.
5, 036, 045 i ssued on July 30, 1991 with Thorner listed as the inventor.

U. S. Patent _No. g 22 issued on June 11, 1991 with Kovacs et al. listed
as i nveiit Gebin: t@”é 8fent No. 4,839 344 issued on June 13, 1989 with
Bowers et al. listed as inventors. U S. Patent No. 4,410,512 i ssued on

Cct ober 18, 1983 with Bowe et al.. Li as. Ln tors. . 2.
167. The peptide of cla?m 16% compgsmg ge(?ﬂ)elqo: i; beci{[BrNo: f; SeqlD No: 3; or

SeqID No: 4.

168. A peptide for altering bone density comprising a functional biological equivalent
of growth hormone releasing hormone (“GHRH”), wherein the GHRH is a
polypeptide that is biologically active in a subject; and the functional 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 GHRH.
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U S. Patent No. RE33,699 issued on Septenber 24, 1991 with Drengler |isted
as the inventor. U S. Patent No. 4,833,166 issued on May 23, 1989 with
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