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normal grow h; and the enhangteorrggif" 0 ggowt u I|‘I i zing the adm nistration
of DNA encodi ng a growt h hornone rel easi.ng horpone (nto % femal e..ani mal .
Fur t her mor e, [09P1) e dihiss apriicatien slagns egerhtolU-% Ripvisioel étegggﬁﬁh‘éaémphat

enhance@o@%&‘)&lhﬁleﬁﬁ\e@emﬂér 19" Sy hor none rel easi ng hornone or an anal og,

regul ated by a nuscle-specific pronoter into nuscle tissue, particularly
usi ng el ectroporation techni ques. BACKGROUND OF THE | NVENTI ON [ 0003] The
grow h hornone (GH) production pathway is conposed of a series of
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[0003] The growth hormone (GH) production pathway is composed of a series of
interdependent genes whose products are required for normal growth. The GH pathway genes
include: (1) ligands, such as GH and insulin-like growth factor-I (IGF-I); (2) transcription
factors such as prophet of pit 1, or prop 1, and pit 1; (3) agonists and antagonists, such as
growth hormone releasing hormone (GHRH) and somatostatin, respectively; and (4)
receptors, such as GHRH receptor (GHRH-R}) and the GH receptor (GH-R). These genes are
expressed in different organs and tissues, including the hypothalamus, pituitary, liver, and
bone. Effective and regulated expression of the GH pathway is essentiai for optimal linear
growth, as well as homeostasis of carbohydrate, protein, and fat metabolism GH synthesis
and secretion from the anterior pitvitary is stimulated by GHRH and inhibited by
somatostatin, both hypothalamic hormones. The central role of GH in controlling somatic
growth in humans and other vertebrates, and the physiologically relevant pathways regulating
GH secretion from the pituitary are well known. GH increases production of IGF-I, primarily
in the liver, and other target organs. IGF-I and GH, in turn, feedback on the hypothalamus
and pituitary to inhibit GHRH and GH release. GH has both direct and indirect actions on
peripheral tissues, the indirect effects being mediated mainly by IGF-L
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(Corpas et al. 3; lranmanesh et at., 1991). It has been denonstrated
that t héleslewmﬁh@di onfiHshereppkasibeer alvpVbetOdfefeﬁ%ptww(Qgsundheﬂ apy Alexdpdesver |
this reirgé@s a controversial therapy in the elderly because of its cost and
frequen ifde effects. [0007] The production of reconbi nant proteins

al  ows a usefodo6} oolRddaced G8I sdcretiah MMedih tRd afitBesEpitiingl tauses sketilnmugite CGH
repl acenent therapy is widely used in patients wth growh deficiencies
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1999), evera vant ages Ing an inpractical
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and decrease in lean body mass (Bartke, 1998). Previous studies have shown that in a
significant number of normal elderly persons, GH and IGFs levels in serum are significantly
reduced by 70-80% of their teenage level (Corpas et al., 1993; Iranmanesh er al., 1991). It
has been demonstrated that the development of sarcopenia can be offset by GH therapy.
However, this remains a controversial therapy in the elderly because of its cost and frequent
side effects.

[0007] The production of recombinant proteins allows a useful tool for the
treatment of these conditions. Although GH replacement therapy is widely used in patients
with growth deficiencies and provides satisfactory growth, and may have positive
psychological effects on the children being treated (Rosenbaum and Saigal, 1996; Erling,

©1999), this therapy has several disadvantages, including an impractical requirement for
frequent administration of GH (Monti et al., 1997; Heptulla e al., 1997) and undesirable
- secondary effects (Blethen et al., 1996; Watkins, 1996; Shalet ez al., 1997; Allen et al, 1997).
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al., 1996). Previous reports demonstrated that human GHRH cDNA could be delivered to
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muscle by an injectable myogenic expression vector in mice where it transiently stimulated
GH secretion to a modest extent over a period of two weeks (Draghia-AKkli et al., 1997).
[0010] Wild type GHRH has a relatively short half-life in the circulatory system,
both in humans (Frohman et al., 1984) and in farm animals. After 60 minutes of incubation
in plasma 95% of the GHRH(1-44)NH2 is degraded, while incubation of the shorter
(1-40)OH form of the hormone, under similar conditions, shows only a 77% degradation of
the peptide after 60 minutes of incubation (Frohman et «l., 1989). Incorporation of cDNA
coding for a particular protease-resistant GHRH analog in-a gene therapy vector results in a
molecule with a longer half-life in serum, increased potency, and provides greater GH release
in plasmid injectéd anmimals (Draghia-Akli er al., 1999, herein incorporated by reference).
Mutagenesis via amino actd replacement of protease sensitive amino acids prolongs the

serum half-life of the hGHRH molecule. Furthermore, the enhancement of biological activity




in plasmd injected animals (Draghia-Akli et al., 1999, hergin lgéggporated
by reference). Mitagenesis via am no acid replacenent of OJPQ

sensitive ' ids prolongs the serumhalf-life of th ecul e.
Furt her rmr'@ﬁ, U?ﬁé&gnhancemant of biological activity 3 13 ?&ﬁ@@'ﬂ(@%
02/ 061037 PCT/ US01/ 48726 of GHRH i s achi eved by using super-active anal ogs
whi ch neyf GHRIFEasehicved by ndhp gust-faciive gnaldgs vapdcinhy ¢narease s bigling affinity

(Draghia- Akl i. et at, 1999). 011 e are issued patents which address
adni ni st‘é?rsPﬁ“gI 1?.6??8?“’@4%@%‘%?&#@ etffrﬁ?% bhs (U S. Pat. Nos. 5,847, 066:
5,846, 936: 5, (69911747 1h5re B Ois 3 palonfiA0h98 94 Bring Bodct G analog
5,084, 442; 5, 36 045; 5,023, 32 344; 4,410, 512; 33,699) or

synt het i protsins @ESuPa! Nys. dc&ﬁ?r,%ﬁhé 8661966&375?2&@7@5&% WXL ; G1GRFI08Y. S48G5A5; Nos.
3 223, 0203 hE 3 A2 TR SREs 2 B Al v %9’9@%5?5‘&?%%

hor mone. na%xﬁ'lﬂ'd)o@ﬁh@in@gpdi)ﬁﬂé aﬁagn{bgtst be GmkHowJ B0 Pauit Hbs. 041333 m H229)158;
reported é % osi tion Hs; Ala at
posi ti orf-224,556; vﬁﬂ’lﬁ E%’Ij 4824 éiqﬁefh@? 23h 5{22%85% 143,;3,@1% f@ the guRpose©fThr ;
Ay at IR I nd
Se%/ at gglgée%élgg %%SE gfé?%gq]ﬁhﬁ%%m‘&/?nal ogaﬂ%ﬁlgtgh&?g&y% ?1]8 fgillj Jlg%t o?hoﬂgs.
Pat ent Almslbeemraportersﬂﬁ SaPathitt. NG (7, 846693624 Tyhetr peisitionrictor ibisy Ataed plogition 2 to

ref erenc es not contain all t m no.aci g substijtu n rted in
U s P B RS or" Ghesti o s ofition ¥ ol &8, O RS iy R Pogtionhe & Bt et e 5

U.S. PatoRf ariiRitiondite IE\I](,SSF Lal; 2@ Ser ﬁ%&ﬁéu 6840 Sisﬁf §he GHIMahh1Se whddneRt No.
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t he abili t{pcto effect a therapy, and increased biol ogi cal activity, which
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| n addi treleasing hoemnenca siheht differs b th&vwnﬂltgpe CﬂcﬁrrrU“Sth ﬁgﬁﬁlﬂhntﬁmpdhlﬁcaidnsn

Serial No. 60Q/145,624, the invention utiliz encodi ng the GHRH
anal og |'YHKR&MPROVE Ity Apmgtien &y ﬁt‘ﬁ’éﬁ?@%ﬂ%ﬁt Cfe? r%écesﬁég‘tﬁ@ Rrpfoagss agfl

1999), o) I n n E)ndi 1 | et al
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greatly ltwlogmdbaqtﬂwﬁy, wlmalm gmulqocnl@nm thp@bidity | ieeffest artherapyl Thy apdog of U.S.

P el B RN, 6315 2 BAPL BB BTy O et
Thr present in the GHRG analog of U.S. Patent No. 5,756,264. In addition, in one aspect of
the invention of U.S. Patent Application Serial No. 60/145,624, the invention utilizes a DNA
encoding the GHRH analog linked to a unique synthetic promoter, termed SPc5-12 (Li et al.,
1999), which contains a proximal serum response element (SRE) from skeletal a-actin,
multtple MEF-2 sites, MEF-1 sites, and TEF-1 binding sites, and greatly exceeds the
transcriptional potencies of natural myogenic promoters. The uniqueness of such a synthetic
promoter is a significant improvement over, for instance, issued patents concerning a
myogenic promoter and its use (e.g. .U.S. Pat. No. 5,374,544) or systems for myogenic
expresston of a nucleic acid sequence (e.g. U.S. Pat. No. 5,298,422).

[0012) U.S. Patent No. 5,061,690 is directed toward increasing both birth weight

and milk production by supplying to pregnant female mammals an effective amount of hGRF

or one of its analogs for 10-20 days. Application of the analogs lasts throughout the lactation
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approach to direct the ectopi ¢ production of. GHRH,. provided that. its
product Pfﬂﬁlu"t(’:%l Ryt b‘@o@ug’ﬁ%ﬂr%}@gy’cWo?FﬁE‘ﬁP‘W .0% %Wﬂ%‘?éﬁ% q{qg]% Praeticgletid j ¢
expr essiihafic pBRp&HRES @RitRediBer oN 019908 Rhtnic@ € 4/011992). HbiweVer, 8% high cost of
extra-cranially secreted GHRH can’ be biologicai'ly active (Faglia et al.,

1992; Memedombden) peptidgenad threrespyed fisaesaech of adusnistyationarymiantly linaiy theed by
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therapy approach to direct the ectopic production of GHRH, provided that its production

could be sustained chronically. Hypothalamic tissue-specific expression of the GHRH gene is
not required for activity, as extra-cranially secreted GHRH can be biologically active (Fagha
et al., 1992; Melmed, 1991). A gene therapy approach to deliver GHRH is favored by the fact
that the gene, cDNA and native and several mutated molecules are well characterized in
. swine, cattle and many other species, and that the determination of therapeutic efficacy is
straightforward and unequivocal. The skeletal musculature is a perfect candidate for the
target tissue, because intramuscular injection is easily performed in an industrial setfing,
muscle fibers have a long life span and can be transduced by circular DNA plasmids (Bettan
et al., 2000; Bverett et al, 2000). Thus, there is no need for re-administration and the
transgene can be expressed efficiently over months or years in an immunocompetent host

(Wolff et al., 1992).
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gestation of the offspring. In another specific embodiment, the method may further comprise
the step of administering to the female a ligand for a growth hormone secretagogue receptor.
In another specific embodiment, the ligand administration may be oral.

[0016] In another aspect of the present invention there is provided a non-
therapeutic method of increasing levels of growth hormone in an offspring from a female
animal comprising the step of introducing an effective amount of a vector into cells of the
female animal prior to or during gestation of the offspring, wherein the vector comprises a
promoter; a nucleotide sequence; and a 3° untranslated region, under conditions wherein the
nucleotide sequence is expressed and wherein the introduction and expression of the vector
results in an increase in the levels of growth hormone in the offspring. In a specific
embodiment, the cells of the female animal may comprise diploid cells. In another specific

embodiment, the cells of the female
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under Conqulctrela(s)ergisleavl\{h l;eol;i}? Imra]isst 12ethvf:n(yt%spref\r(zgt IInda specific embodiment, the cells of the female
animal may comprise diploid cells. In another specific embodiment, the cells of the female
animal may comprise muscle cells. In an additional specific embodiment, the nucleic acid
sequence may encode a growth hormone releasing hormone or its analog. In a further specific
embodiment, the growth hormone releasing hormone may be SEQ ID NO:1, SEQ ID NO:8,
or its respective analog. In an additional specific embodiment, the promoter may comprise a
synthetic myogenic promoter. In a further specific embodiment, the 3° untranslated region
may comprise a hGH 3’ untranslated region. In another specific embodiment, the vector may
be introduced into the cells of the female animal by electroporation, through a viral vector, in

conjunction with a carrier, or by parenteral route. In an additional specific embodiment, the

female animal may be a human, a pet animal, a farm
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under conditions ere n the, nucl eot j de uence i s, ex sed and. wherein
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the femal e i

ri .di pl oi . . I n. anot her ecific
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| D NG 8, be mtroduced into the cells of the female animal by electroporation, through a viral vector, in

conjunction with a carrier, or by parenteral route. In an additional specific embodiment, the
female animal may be a human, a pet animal, a farm animal, a food animal, or a work animal.
In a further specific embodiment, the female animal may be a human, pig, cow, sheep, goat or
chicken. In an additional specific embodiment, the vector may be selected from the group
consisting of a plasmid, a viral vector, a liposome, and a cationic lipid. In another specific
embodiment, the vector may be introduced into said female in a single administration. In an
additional specific embodiment, the introduction may occur during the third trimester of
gestation of the offspring. In another specific embodiment, the method may further comprise
the step of administering to the female a ligand for a growth hormone secretagogue receptor.

In another specific embodiment, the ligand administration may be oral.
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[0020] In another aspect of the present invention there is provided a non-
therapeutie method of increasing the rate of growth in an offspring from a female animal
comprising the step of introducing an effective amount of a vector into cells of the female
animal prior to or during gestation of said offspring, wherein the vector comprises a promoter;
a nucleotide sequence; and a 3* untranslated region, under conditions wherein the nucleotide
sequence s expressed and wherein the introduction and expression of the vector results in
increased rate of growth in the offspring. In a specific embodiment, the cells of the female
animal may comprise diploid cells. In another specific embodiment, the cells of the female
animal may comprise muscle cells. In an additional specific embodiment, the nucleic acid

sequence may encode a growth hormone



chicken. In an additional specific enbodi nent, the vector qxra{yj ﬁfg ected

fromthe group consisting of a plasmd, a viral vector, 8 , and a

cationic lipid. In another specific enbodinent, the vect or may be

introduced into the female in a single admnistration. In an additional

specific en%odi nt, the introductign may occur during the third trinester
i

of gest at PO BPHOEF diSranalge it SKGemepecilip epbedimeninths caronghthormene net hod

may furt helfeléa@li’@lhbl&ﬁme tn’ﬁ@ betSHY ab NI SHE IBINANG, drCits! R&pefRiTBISI02 thigand for
I n anot her specific enbodi nent,

a growth ho ne sec a\%(a ue rece tor.

the i gand o 58?‘? t 70 ﬁ]ﬁ‘g} f%ﬂtef MY FOVRIe 7 YABEHFSRYOgENHe Bromgter-t he
present i n\hentﬁuﬂlfertdpediﬁb Ieﬁlb@j’ ﬁMitdfhé A Lﬂﬂﬁhslatelaefegiaﬁ%dyccé‘ﬁ%rﬁé)q REpincreasi ng
the rate of%lﬁv%:: a]g]f Iprlngfromafemale ani nal onprising the
step of i nPPEEUETHEFERN Vranaley pecils pahndingnt, ghe eetobmay Re (‘}“@é‘l‘qe% i@ thepe

femal e ank¢ilof paid ﬁimald)arﬁlﬁal@releﬂ@olﬁﬁﬁblﬁtthrﬁﬁgh@cv1ﬁ?—bt§$t(9f fﬁl%@ﬁ_}hﬂﬁon whgnein the
vector conpri.ses 2 nucleotlde sequence; " untransl ated

regi on, und&FEYR |‘$f°8%‘§)atl ks & dﬂE‘OPﬂﬁé?eéﬁifle%OdlE‘éﬁu@ﬁée@ailesa"@Rﬁ M¥sed and
wher ei n t hbe a ntnfanohged alﬁmalaﬁlﬂtnﬂmﬁifrﬁﬁ&fdaﬂ aftfnal, Bea W bifnall BSHubtRerisfbcificnCr eased

rate of gr ow in the_of n ecific enpodinent, the cells of the
femal e ani %ﬁlmﬁ% t@ I %Faéf by 32@“?@ Pigncath ShesRr 2%ha Flitken didBdi ment
the cells edditioha sbe:nmi enboannaﬁaltherwmﬁﬁﬁpm saedms&dlﬁﬂféegrb cohﬂstﬁ‘t@ oaddi ti onal
specific errboddrrent t he n@i% eic a id seﬂ 5 encode a growth hor none
9 13 June PBUBr e RhYSIRS hiOsERe a?alﬂgm"é\ B 3‘@ angt erép?ctﬁ‘ct%" igsate thei ¢
enmbodi nent yectoheagbointrhdueed iwrraid fergdle s :ﬂ@ld’ﬁdﬁ{ﬂmﬁtlﬁﬁ‘ln Afadofiehdl i1, SEQ
ID NOS8, of its r ective analo I n .an @ﬁtu onal speC|f|c enbodi nment ,

[

the pronot %r?bor(%%rﬁ/enCo pgogugtiog ﬁﬁ h&TPL IRsg MRt o eeptation elyteher

specific easfﬁspﬂngmm tanothd&esp&:lﬁcu BinbaNadnat el nfeGH Ay BYth&G CIMpHSKLhS shFdf3'
untransl ate nbodl nment, the vector nay be

cifi c
i ntroduced 1'h lius tmf% Othc?g?q’ % ga&%l?dp%\c ‘E‘Faﬁf’mﬁ‘ﬁg%ﬂu‘éff’t:?&%oﬁ"é’é‘i’tﬁfﬁ
t hrough a apec¢ifit evterdingent, theﬂlgﬁlﬁ]’tjdﬂﬂilﬁinlaﬁ(ﬁhr\MytHé ogal. carrier, or by parenteral

route. In an iifional s ific enbadjnment, the fe Ie animal may be a
hunan, a pet gﬁ&mgl g‘ &F‘ﬁﬁ‘&m‘ qaect %‘%Pfﬁseﬁ%ﬁnﬁeé’ltlon regisweekided? A I n a

further s pbﬂaﬂelu‘ac methixbolf llﬁﬁﬁatsmgttlnﬁrafueﬂﬁdoﬁlaﬁﬂbﬁlﬁho @ Hoemehe PisiRbing Béll, cow,
sheep, goat .0 ci fic enbodi nent the vect or

ditio
may be sel ecty t(‘:’i&aqu 3}3“@%&“9?%85“% J?Waiegarlﬁ'gqafomﬁ’f‘%’égﬁ BSteﬁ"f/I“Fra‘]luc’s?éct or, a
| i posone, mmﬁeaweaummmoﬁa Iveqmrdnto kbélls N e mﬁﬁaléﬁﬁaﬁhifprﬁr B athifBRbatidnE vect or
female in a single administration. In an

may be int

addi ti onalthés?g{gg lflgc rer%%‘ﬁl YREWRE COPRIESY A PF t P IWClRRHAe seisReeard AG t he
third tri megtetatedf regies.t ardeo tomlitioh evhereinf $ip rmubigotide Nsequiaéd & expRB%i fang
enbodi nent

R g T TSR I LA T SRR

anot her somatotrophs to other hormone-producing cells in the offspring. In a specific embodiment,
the cells of the female animal may comprise diploid cells. In another specific embodiment, the
cells of the female animal may comprise muscle cells. In an additional specific embodiment,
the nucleic acid sequence may encode a growth hormone releasing hormone or its analog. In a
further specific embodiment, the growth hormone releasing hormone may be SEQ ID NO:1,
SEQ ID NO:8, or its respective analog. In an additional specific embodiment, the promoter
may comprise a synthetic myogenic promoter. In a further specific embodiment, the 3’
untranslated region may comprise a hGH 3’ untranslated region. In another specific
embodiment, the vector may be introduced into the cells of said female animal by
electroporation, through a viral vector, in conjunction with a carrier, or by parenteral route. In
an additional specific embodiment, the female animal may be a human, a pet animal, a farm

animal, a food animal, or a work animal. In a further specific
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speci fic enbodi ment, the ligand adm nistration nay be oral1 hgggi&oén an
addi ti onal aspect of the present invention there is prOV|dea non-
t herapeutic nethod of increasing the ratio of somatotrophs to other
hor mone- produci ng ceIIs in a pituitary gland of an offspring froma female

animal co S i ntrodu an effective anpunt of a vector
into cell gp g\;b 4' gnt Q’ f’i'?li‘iﬁll may; Ry ﬁ‘f‘Ba P2 B> i) ge £934 0T gticksp- Ingame

of f spri ng whdtigiah spteblﬁc \tﬁbdicmherﬁ AP TdcHE Safl bp lse1BREEfom ahengisﬁpﬁ‘&hklﬁﬁiﬁsc@qu ence;
and a 3' s| at,ed und r conditij OE’C“L"‘P@H ein_the nucleotide

re
sequence i fpaé&npi %é“sfaéde%i?{dgl"em%. # FLiopiS dipey fF SRRcfiesmhodesnb feof t he
vect or resuwkdte may l'&nntrddﬂdiedéiﬂ& the rfaﬁal@m(hfsmgmﬁxﬁitfaﬂﬂhsm ﬁrDad@It’Bﬁ*eﬂ specific

h duc IIs the offs rln peci fic enbodi ment, the
cglr Ims)ngf p{ ﬁlélg?dlm tC TR Cti'Pé'ym@'oﬁﬁ‘{’)’f §18 'i%H3 dBmpter ofpgesiaiamel thepeci fi ¢

enbodi ment offspiae. hledtriothet)ﬁpebllﬁe eﬁﬁlﬁinalt,ﬁmb ﬁﬁdﬂlldd&)iayCﬁjﬂgéﬂ SRNpAILES the Bxtepedel S. dl n
an addition t he nuclei c acid sequence may encode a
growt h hor n%"rliléusf nf'%%’étﬁen nblS?rli'%Wgtﬁ?)rim Mﬁﬁ%ﬂ“ﬁ’@‘? SePfytagogup g"r”?ﬂﬁ%‘r Inagthers ¢
enbodi ment specifie egiboiivmlanthcme ignel ddeligaatiGrgmo beoRe Iﬁrlaisp&aﬁc&ﬁef oﬂﬁre;bhpthel . SEQ
ID NO 8, o pecti ana itiona ecific e I men
the pronot Eelcrn!m ol mﬁucnﬁr césﬂa Igaysi[/’ﬁgsﬁlg?tfdc%ﬁ‘?%g?ngr(?“*brcS igg of | grtigofy Bher
speci fic elbwtdpieRL] gdnhddtidphs. unt r ansl at ed regi on may cogpri set a hGH 3b
untransl ated r n_ano her S ﬂf; %irrent t he vector may be
i ntroduced int @gﬁie ce'i % 2% tmé]g] aﬁgefcg h8 PEGSFHFveBPn tF18 it Per‘g?daT |“8‘h
t hr ough a therapdutiv eccttod , for delaymigj hirttc 61l anmjmplﬁzig ot arferha&lé aniMbl &Mlpﬂ]aﬁg% ﬂiee[)al
route. cific enbodi e ani m e a
human, ) pe "fa‘g‘%ﬁ“"‘gga‘i fREE s aéfe‘f‘%fdam&ﬁ‘? n‘glthe fgl%alsaiiiaﬁlkpfisﬁ Rl In a
further spéwingigstibnld thel m&sﬁm@5wbammdﬂierma&tor cbﬁipnsl;ag rmiremaflt ﬁ&iuclé&)’df ebe a
human, pig sheep Q r chic a tiona ecific
embodi nent eqﬁ‘%\éle \?éu(i: gr untg‘ng%te SEredied CPP%{']RI{S et f)“ C(B‘??Eilesgeﬂilf‘é‘c%is a
pl asmi d, aexpraswld apwhapein tl’& itrodagionend eﬁﬁdss&n@ﬁthe@ﬂcg@‘ rbsufd il. F]ielh?:d&ﬂﬁ{l drer
specific el nt. . the. t 8 ed.into the femple in a
si ngl e adm ni g%ﬂ?ﬁ B4 5P ?Chﬁcéjr'{l%g‘g‘gie?t %‘ﬁﬁiﬁlsso g@%?T YrfERPrise qiploid
i ntroduct i els. riawnotbcmpeomﬁmnnt@dhﬂmt, tHaicietlis ibfrﬂm%rth a&razﬁﬁa;gﬁ@'toa?ipﬁ?h@ﬁsckhe _
of f spring. {JC egb t he. met hod ma Q‘?d(rﬁ er conprise
the ot ep ot AR RAorBPRElhe S RRRal ecusiel G TREE PReeGHB\CROWdr mone
secr et agoglumnm@calnasmg hbmnoaeicot lig ranalsg el i o ﬁmhanhmdﬁﬁr&nﬂaocﬁhl&& thie g Blth
adm ni str g mé% .. the .
hor mone- p%gﬁ@ile@%% Ihghnr%’ﬁ Hi%b gﬁ@?ﬁ éj fﬁ? r Juls "B s tialg: e
corticotr CﬁlilhsddltldﬂalcSlwt:lﬁcpémbodmdmgﬁhaqbﬁhﬁmhﬁlay [cORBAsk hmyﬂ?ﬁﬁdﬂybgeﬁﬂal o
aspect of ven t.her provi a.non- er.a é c netho
for del ayi ng'g%tig{ ?ﬁg%hanﬂ% lécsff)”r1 oﬂﬁnefl “PS?P&E‘@&?WWWC%BPF H i'[t he

3’ untranslated region. In another specific embodiment, the vector may be introduced into the

cells of said female animal by electroporation, through a viral vector, in conjunction with a

carrier, or by parenteral route. In an additional specific embodiment, the female animal may

bea humail, a pet animal, a farm animal, a food animal, or a work animal. In a further specific

embodiment, the female animal may be a human, pig, cow, sheep, goat or chicken. In an

additional specific embodiment, the vector may be sclected from the group consisting of a

plasmid, a viral vector, a liposome, and a cationic lipid. In another specific embodiment, the

vector may be introduced into the female in a single administration. In an additional specific

embodiment, the introduction may occur during the third trimester of gestation of the

offspring. In another specific embodiment, the method may further comprise the step of

administering to the female a ligand for a growth hormone secretagogue receptor. In another

specific embodiment, the ligand administration may be oral.
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step of introducing an effective anount of a vector into c éJaagé?é
femal e animal prior to or during gestation of the offspri 1 n the
vector conprises a pronmoter; a nucleotide sequence; and a 3' untranslated
region, under conditions wherein the nucleotide sequence is expressed and

wherein the in uction and. expressi on of the vector results in del ayed
birth of the L@?ﬂprl iy an pdglitional Aspct Pfgth%rl?f?é"d’it P Fttions there dpprovided a pps f enal e

ani mal may t}[empfpmcsmetﬂmcpbbmﬂreas@@ sk préduaiiat Mein smsal EdrsprRmRogs RPtoer t he
cells., In an additional

l1s of th ri se nus
g;e)emsf ic eﬁﬁrgaucnegn?n eaf?eﬁ%%naﬂi‘tol%tl (gf ng Cipr é'g‘elﬁ%lﬁc‘g sAidyan b eherein bR hor none
rel easi ng honprsaea prondis; amadlagde kduénch;usddhes’ ﬁ:ﬁﬁﬁslité&re%lmlqgikel\%ﬂigdert he t
or its

rowth hor e re easi be SE
?es pective (glr%igions WAPTRN tgegnuﬁgﬂtf[%%ﬁﬁ?%s‘bé’&r?sﬁ & eH‘eﬁartd ‘“F?FB‘%‘I“’O??Bt er nmay
conpri se ae@ymlhmmf samtrye:genesnits pr @eredsed milk pralubdbntih e SRegl fi £ spetedi rrent
the 3' unt ra Sdl.lmcn unt ransl ated reqj on.

0 a hGH4 3
anot her speC| i C e’ 'ﬂ rﬁ%‘ﬂ@ \%H’Pﬁ’fﬂa%‘i}“pﬁ’ée S‘ﬁioido‘ﬁu%é‘élaﬁ‘oﬁlfeé SpasEIC cel I s
of said fepmbelimemi, nthé cdﬂgs qfltm:femt&@rnaﬁal Ghay &dﬂfpﬁbtghluﬁle\/bdl@-' InVACEdAtionAlN

opeci fic emsilyb duocitie I ahelP ot BBl oS hiranh haTRe oL,
f ar m ani mahgrmand oods amlmmlln a(ﬁurtherwpédﬂ‘ @ Bb@liment, ntha gf-dumﬁ fh&ﬁno‘é@&@lbisiﬂtg
nbodi ment uman cow S eep, oat or
cni oken. "1 horkife bERB: SEANDROTREOTR R ol aloeck eeBendel cct ed
from t he gspecific cobslirsdni, i ppdmaer npalyasmplﬁlse aaymhdftalmymmioqj"mm@ceﬂ h@fmgfm, and a
tionic | -Speci fi ¢ embodi nent ect or e

|Cﬁt r oducedép%fIc e’%‘ﬁeﬁﬂ 4 q'?eee3 i ﬁraém%% ﬁbﬁggﬂmcﬁfng{lﬁﬁaf{h%y 1ROYAAER PR onal
speci fic Brdnothiemspatific tinkodimdnt ahhmetcmamlalw ifedEeddbth| tRYcdlB@f Y fefhale! | MESt €T
of gest atlgﬂnﬁf Q@m offaprl n I n_anot her fripem fi ¢ enbodi nent, the nmet hod

may further Gonpr SarPhaiadl dyoish a vial veckora i AgnGHqn RItR iy EATEET, of iPYand f or
a growt h hprentend resc e tragidigiomal s;méiotemboddnmtam@tdﬁare anfif Giaf b€ 2 @GRGGLMENT

the |ligan ti.on ne 2005 100231 I n an

addi t i gnaldp ag‘g}é@iﬁ glcf)af-ﬂ’a}a a2 pg%’gﬁlf”n}a \?&?‘lf”l ajl afy e‘psrp?)‘i}?‘d"ééb‘l&‘%h .

t her apeut i tbe festateodingd maylbafaalasnangngacbw, smeqx;lgmt bl}(clmldkéh mmadaﬂiﬁahalﬁﬁzia}ﬁbl S:c ng g
the step o CII’I feti ampunt of a .vect intqQ ce of sai
ani nal , pvm%?bé)fiﬁ{eég% Y/eé:c may ﬁ%?'ieigrgman&ﬁr%%tcé’f“sm’ﬁg & Haiide? ¥&uence;
and a 3 wretton adipasead, n:eiga c]altloﬂuc tijeldIn another specifie) ehnbddomgt, vﬂi@{r&tdﬂ niabg;e

nucl eoti d xpr.essed, and.wher.e sai ¢d.i ntroducti on an

expr essi oﬁ %@qgegilqgt%\ﬂéec i AL fingle aﬂ‘ﬁ“ﬁ‘?‘i@ﬁ%’ai’é tl?“i')‘rSB G $Bpdinent he

ani mal . | nhaingpdctifn way @:muoirliingtht: thitdeimeedrlof gefatibh ef the 6 pRinA ITh ARdthdray

cornr 52 Shak sy, AL ARG WPFE it e b SRl B 1
enbodi nentft;malhehgamdlf@a(grmh torsoe sncagony reasiod i moQepbdifih@ntvditent, el easi ng
the ligand administration may be oral.

In another aspect of the present invention, there is provided use of an
effective amount of a vector comprising a promoter, a nucleotide sequence and a 3’
untranslated region for the preparation of a therapeutic composition for improving or
enhancing growth in an offspring from a female animal, wherein the composition is for
introduction to the female animal prior to or during the gestation of said offspring under
conditions wherein the nucleotide sequence is expressed.

In another aspect of the present invention, there is provided use of an
effective amount of a vector comprising a promoter, a nucleotide sequence and a 3°
untransiated region for the preparation of a therapeutic composition for increasing levels of

- growth hormone in an offspring from a female animal, wherein the composition is for
introduction to the female animal prior to or during the gestation of said offspring under

conditions wherein the nucleotide sequence is expressed.
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hornmone or its analog. In a further specific enbodi nent, the growth hornone
rel easing hornone may be SEQ ID NO'1, SEQ ID NO 8, or |ts1?é§'i‘)%3995\/e
analog. In an additional specific enbodinent, the pronoter nmay conprise a
synt hetic nmyogenic pronoter. In a further specific enbodinent, the 3
untransl ated regi on onpri se hGH 3' untranslated region. |n another
speci fi ¢ embodi ment, nﬁéﬂﬁ@étaa?“hﬁ@thséﬂqsmt B0 thert 15 Rrpddedetse of i t he

femal e an Ieffaﬂuvé))anﬁhrﬁcdfré)ﬁed’t@{ b&[ﬁbrisﬁlgr@ﬁiﬂ)lﬁlo&r Vi Idble 6 L RuendeN af@R] #NCL i ON
ent er a| I n an addi t| onal specific

with a carrier ut

enbodi ment ““WE‘“F‘@FF&?‘/’& f‘gaﬁ%wp%@n Bg ﬁ*e'ﬁmvﬁﬁ composigign fog Hickasing lead Badn ani mal |
a food ani mabs inah oﬁspVi@g’ fforﬁllfé]ﬁile an|11ﬂalawﬁdxkﬁﬂ 1he CoriiRRibA IsFoSiNPQRLETRANS the t he
femal e ani rfml n}/ag TTE cow, shee goat or chjicken. In an

addi ti onal EREATT pr‘%rrfB(‘iEi ‘H’élﬁtt eﬁeﬂé“q}‘é’tfts%il %ﬁ’{/‘%é‘“@é?‘é‘étﬂ@%ﬁ Yhesein e gr oup
consi sti ngnmﬂeoadepdemaise@regseﬁal vector, a |iposone, and a cationic lipid.

I n anot her specific eﬁibOdl ment , hfe vector may . be introduced into the
female in a single adf AT geRechot thp pé‘?ﬁ“ﬁd'éﬁ"’f‘?%n&“%ﬁéﬁ?‘f“iie@ Brifddinent ,

t he i ntr oduffdciion aﬁmi)ht Qﬁ“CaJIVedMH tomgprising 4 bfoﬁﬁtet r 4 MRSk abqiest atd @mof t he
of fspring cific enbodi nme t he met hod may further conprise

the step oP“t’é‘Bﬁiﬂﬁ‘i‘ Iéeglgfll l(?et Brepasdion PrélFeéaPS“tlc GRA o8 roningfEiEHe Yoy Hone

secr et agogli&Fr-r mae [foqmng Bﬂm&ﬁﬁﬁ&]&ﬁmﬁﬂ?@hﬁfwrﬁﬂﬁmﬁﬁhsﬂﬁﬂk, for &ﬁ&lubﬁ(ﬂl&@ the
adm ni st rafl 0 I n _anot her SFBEH{ES of the present jinvention,

there is p 8\?[%(:?35&/%3‘%01’3‘? o ‘?‘Prmgﬁe@fftﬂt{?& e PERS H‘@?EE‘F‘S‘FIO’&SOW‘?‘% g a

pr onot er, mclmndim@ued@@emme‘ie and a 3' untranslated regl on for the

preparation of a therapeutic conp tion fqr inpraqv ..enhanci ng grow h
in an offspring from E‘ ProHsT asPatt ?ﬁaﬁlh pWﬁ‘é’lté‘?"ﬁ"tﬁ‘}e% dg?‘f‘?leén“SFso fa8r

i ntroduct i effecti tiheunt el @cctodi ¢oRlpriping Or plofoRf, &witiagide heqeast ald em’of said
of f spri ng under, ondl #8" B}e wherein the nucl eoti de sequence i s expressed.

I n anot herungg?)%%? ofp SERRratop oL hﬁﬁpe“f‘ﬁéP'@p‘?sét’oﬁrfBWIH’é‘?S‘S‘H% desdf  an

ef fecti ve dfidemny inin affspand Hom &Cf&ﬁz[ib Slluﬁt@l @h&élﬁﬁlﬁﬁ@fﬂpoﬁh(ﬁﬂ@ k@ ahtddactoRqUENCE
and a 3 n41 nslated regiaon fo ehpre ara g% therapeutlc
conposi ti off For T Fuma] P@“ﬁ%\f’& “63 gD SPrife Mdsreedtionig from a
femal e ani wikdrgin wleandéandt fqueanodipegpréssal | S for introduction to the female

i [ i on of, sai.d of fspring. under condltlons

ani mal prior to or _d]ﬁrlngthe cgesft%t noald of I d °
wherei n the nucl eot i de""SEHuBKE Pﬁ?sé'gséﬂa b 14ep J?Jrl?? 216651 ¢ wf dfot her
aspect of etffeempr asemt of v esttor cdomptikieg & bOmbleRVd @eledige sedueadt afif hertive
aount o1 PSS R B e b abL A RS yES ad ,
i ncr easi nggrd)mnn lanodﬁSprmgﬁsmlarfeﬁalleaﬁﬁr&prWhla@mfth@éﬁxﬂao&ﬁﬂﬁls&"o:aﬂﬂtr&ﬁicmomer ein
the conpos f erale’ a?uma p]‘lOl‘Q(t) ul%&tg It}%ngegtatlon 0% said offspring under conditions wherein
the nucleotide sequence is expressed.
In another aspect of the present invention, there is provided use of an
effective amount of a vector comprising a promoter, a nucleotide sequence and a 3’
uniranslated region for the preparation of a therapeutic composition for increasing the ratio of
somatotrophs to other hormone-producing cells in a pituitary gland of an offspring from a
female animal, wherein the composition is for introduction to the female animal prior to or
during the gestation of said offspring under conditions wherein the nucleotide sequence is
expressed,
In another aspect of the present invention, there is provided use of an
effective amount of a vector comprising a promoter, a nucleotide sequence and a 3’
untranslated region for the preparation of a therapeutic composition for delaying birth of an
-offspring from a female animal, wherein the composition is for introduction to the female
animal prior to or during the gestation of said offspring under conditions wherein the

nucleotide sequence is expressed.
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femal e animal prior to or during the gestation of said offsprin nder
condi tions wherein the nucleotide sequence is expressed. ﬂﬁJHﬂ £ aspect
of the present invention, there is provided use of an effective anmount of
a vector conprising a pronoter, a nucleotide sequence and a 3'

untransl| ated region fIJ %c&é}leas %?Bf"rﬂ?et P@&n@fnvé}tﬁ)ﬂ,e{h@n@eﬂs’%ﬁi&eﬂ”&gSqfteino” for

increasing levels o an offspring froma fe e animal, wherein
t he conpogiffeétiyn ampufitopf priteptotl gempriingt ® pramwterf e nwicleotidsi seayienpy jaatk aty or
during t h%ﬂﬂﬁﬁﬁéﬁ't@@m{)fforsﬁé g:regjirgt?&lr 59 i RB&Itic CORPLEGHAN Ror %éa@i'ng ke

nucl eoti de sequence IS expressed. |In another aspect of the present

i nvent i on,preduetioa ip 8n priwel; whetein dhe compesitiondf fop introdustiominuthe uster epndidiensor

conpri si ngm@reg{tggmc%t-dease%ﬁgequ,ggggseg_equence and a 3' untranslated region
for the preparation of a therapeutic conposition for increasing feed

ef ficiency i ni{M34lof f yherragd furdpen ebidctsniehtureg andadvantagee wenld be appasdhdlsi tion i s
for I ntr odytihi:ANmoktedd§ yh&RRHoE bF Rk 10 TRl piricHif A bl RerfiRSIALT 0N Of
sai d of fspring unger conaltlons wherel n the nucl eoti de sequence is

expr essed.thd ascampgnties draxipeciorpng ¢ past thereofcmany exownles ofrthe prassptly prefemidoyi ded

use of an emgfugiﬁgr}ti é(ﬁhé‘iﬂ?éﬁﬂli:% %lgenafoytﬁgﬁ@ﬁosgm dishdigred Promoter, a nucleotide

sequence an untrans d region for the preparation of a therapeutic
conposition for increasing the rate of growh in an offspring froma

femal e ani mal, wherein thgRemPFidN OF Tisr DRAWNGPduction to the female
animal prior to or during the gestation of sald offspring under conditions
wherein the nucleotide sequence is expressed. In another aspect of the
present invenijo4), the&s ia ﬁ&&&hdﬂﬂd9§&m9&eﬂﬁm @ﬁ@@ﬁ%@%ﬁmﬁﬁ@Qﬁﬁk@Q a
vector conprising a pronoter, a nucleotide sequence and a 3'  untranslated
regi on f orncrdsee G spragtagoRwRCBTityand ebiliyeEIG. dA dbrrpumnariparpfithsrporgirerwilsi ng t he
rati o of tﬁﬁ?ﬁﬁ@b@aﬂﬁ% dc QLIREe ViR APABIR ERAGARRIFREN B Shdwh tRe ki tary
gland of an offspring froma fenmale aninal, wherein the conposition is for
introduction to the female animal prior to or during the gestation of said
of fspring under conditions wherein the nucl eotide sequence is expressed.

I n anot her aspect of the present invention, there is provided use of an

ef fective anmount of a vector conprising a pronoter, a nucleotide sequence
and a 3" untranslated region for the preparation of a therapeutic
conposition for delaying birth of an offspring froma fermal e ani nmal,
wherein the conposition is for introduction to the female animal prior to
or during the gestation of said offspring under conditions wherein the

nucl eoti de sequence is expressed. 12a
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13 June 2005 In another aspect of the present invention, gre |§ @%ow ded
use of an effective anount of a vector conprising a prom)t BRI eot i de
sequence W oPoedozy UNtransl ated region for the preparati on, \ﬁ Sq,ﬁ%&apeut iC
conposition tor Increasing mlk production in an aninmal, erein
conposition is for introduction to the under conditions wherein the

nucl eot iofl¢hes diffisenteGHREspeass enl pif G2 4¢legschiy parcihel primhagy Pmb}aextosﬂtllre

feature dvan Wou d Fent and. r eadi.
under st SAGHTE SSRRRIrRES EhatiBee st Ry PRlsEer O BV ERtG oo HRA PufeRine
acconpamHid ddfiapaBdout fcibidna part thereof, or any exanples of the
presently preferred enbodinments of the |nvent|on gi ven _for the purPose of

Ei he di scl OSUI[QOMDES@IIGST PANthopughHE denowstats aooeseseircGHRIA GH
ot v ¢ b leBls SR RSN Hohotfind M0 Snio UG S il HIE raﬁ% B PR e

(1-40) Omhyapenio cxpredsicr oigetnr.e FAGE R AL n@lamah@goﬂlsweﬁlﬂﬂch I%loﬁi-aml&esﬂbcﬁslz he

effect 12b 13 June 2005 WO 02/ 06103 / US01/ 487 6 of ‘i e di WéWRH

speci es SYRbglicopromoter asthe; 3, YER 91 Hpr frogel aroER C

dermonst pates .chanae dﬂﬂq ype

por ci ne’ Rf—ﬁgurl ng ah&‘g&h@%l?& ﬁ\%ﬁlﬂoﬁgﬁg%tg tg}!% &Eﬂ%ﬂ%‘?ﬁhﬁﬂ oug ‘L%EB

denonst gﬁhﬁoadawnmnem asm ffakye Chhtaold FIG--2B ilhstrates reletetesicoale rof tsammont hs
of super-active, anal o GHRH

foll i
oy oes ROt o eRH SNeuel: RED Serds cuteabp, yetod cRrelo R nHifle 2Gocs. 12
synt het yempAAARsShsSne: febﬁs 3r stR oHIin %SPaGHRgF n &ftewtgﬁtv@lun CORtRIE

HV- GHRH construct was used and conpared with the porC| ne "wl pe as a
posi ti veigs entredid ftmwergm’lﬂmﬁd golumalinotwsi dd6e 2Dosioms vetiataen of (& vély an

control Ilus tes re l,evel s, of s S

i nj ect easg'&'&' uby ti)cl é’b% i nJle(ét ég Y Blasﬁﬁg@ﬂj?laelg@ﬂo&é‘ﬁﬁn@ﬁpﬁ_{%
absol ut estda@iREHa0h] e@g&um $3IREHRH beRutadiRH i nj ected pigs versus controls

pi gs corrected forH\E E /bI ood volune increase. FIG 2D shows variation of

GH | evel s i n[0033p- Anfheeighd 36i gemopstate Ae seffirs ¢fi ayiegenicrGHREBy el s

P s M fReleiChoodd SR SR PG RC AR, B MBI LIRS 1 inb B2 T
vect or s pigs opeg2 Gianthidwith lpSP-GAREhavypS - HY -GRRID e FIG. I ehawethestagh of fieed

injected pigs over 2 npnths with pSP: GHRH or pSP- HV-GHRH. F shows
thJe st ag%%ﬁoq &bliciency m the pSP-G m%_clzted pEgspversus controls. ﬁI% %g

D‘

comparison of a pSP-HV-GHRH injected pig and a placebo injected control pig, 45 days
post-injection.

[0028] FIG. 4 demonstrates the effect of injection of different amounts of pSP-
HV-GHRH on 10 day-old piglets.

[0029] FIG. 5 shows the effect of injection of different amounts of pSP-HV-
GHRH on IGF-I levels in 10 day-old piglets.

[0030] FIG. 6 illustrates a time course for pSP-HV-GHRH plasmid injection into
piglets.

' [0031] FIG. 7 illustrates a preferred embodiment of the present invention for an
injectable electrode versus an altemative embodiment of exterior caliper electrodes. On the
top is an illustration of external caliper electrodes having 2 square plates/1.5 cm side. On the
bottom is an illustration of a 6-needle array device (solid needles) with 18-26 g needles 2cm
in length present in a lem diameter array. The left illustration is a side view and the right

- 1llustration is a bottom view.

[0032] FIG. 8 demonstrates birth weight of the control and experimental piglets.
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conversion efficiency in the pSP-GHRH i njected pigs versus contr h FI G
3Cis a conparison of a pSP-HV-GHRH injected pig and a pl age'uaeg ‘?ﬁact ed
control pi ys post-injection. [0028] FIG 4 denonst ef f ect
of inject :vg(%o%}éﬁl I'fferent amounts of pSP- HV-GHRH on 10 d%ﬁ@@ilﬂ%ggets.
[0029] FIG 5 shows the effect of injection of different anmounts of pSP-HV-
GHRH on | GF- [[0038Y el sFiGh 9i0ustiates pigletpyggldtat wefr008 O ekpeBimeitals indseandiolss a

time course f SP-_Hy: | asm.d i njectiqgn int iglets, .[0031]. FLG 7
st rat oo A0BMBT et Tishhamicn: O REMHE o ool oo initedet ghimats

i nj ect abbRpRe@ed MeHSitéARRES an al ternative enbodi ment of exterior caliper
electrodes. On the top is an illustration of external caliper electrodes
havi ng 2 squd®®5p| atF&. 1l 1xdesmnnsirafes weight wé pigles diom CSIRHr-ticpted SoWatIrefs- of a
6- needl i SOl I -\ -26 g needles 2cm in length
pr esent ??Sgéré@%c%%ﬁf)g%e‘{sea?ld5??12%.%9‘Fﬁg)efr\gqft{eﬁfl%t?sust ration is a side view and
the right il[003s]r atFIg) 125lastiacdstaprnoverivincle@d3a] wérghb. over thenmongblsaf@iSomi rt h
wei ght of the control and experinmental piglets. 13 13 June 2005 WO

02/ 061089NtPETFAISY1/ 48726 [0033] FIG 9 illustrates piglet weight at weaning
for experine a Dqlgb’%[; I ﬂ.%@ﬂ | cRalipl S
cross-fost erl“d(%!?g i %&ﬂ%%ﬂ;&rﬁsﬁli corr%rgroedth%%x'? elr t?ﬂie%l?gtrcﬁcgs&a 88351
FIG 1llwgegghtmstrates wei ght of piglets from GHRH-treated sows cross-

T ust rat s MPB)er AR TAGReeloTEigts bF Py EPriphal SolEko!0 vk i 24 17

control syegls). [0037] FIG 13 shows a conparison of the experinental and
control market weights. [00381 FIG 14 illustrates weights of the
of f spring at [@38keksFIGL b5 wkeksmusplieiveighipasbedy peEbbyt timecweeks effag®s nuscl e

wei ght per b [ . . strates
pituitary weig 4Pﬁe%lpéﬁépggé€s§%¥g§ﬁ{tﬁ& v(?)e??nst Pll[t(r%g’il%t%t)g}ﬁh%gf%? shows
RNA anal ysi s [@i41{3H, THIRH7 shoors RRIA ianalykie odfGISPGHRH, dnkl RISL i thagffépring, act s
in uterg as a growh factor on thewgli t ui targﬁ L
tllustrating GHRH acts in utero as a growth factor on the pituitary.
[0042] FIG. 18 illustrates DAB staining of GH-secreting cells.

[0043] FIG. 19 demonstrates IGF-I concentration in offspring at 3 weeks, 12

weeks, and 6 months.

DETAILED DESCRIPTION OF THE INVENTION

[0044] It will be readily apparent to one skilled in the art that various substitutions
and modifications may be made in the invention disclosed herein without departing from the
scope and ;pin't of the invention.

[0045] The term "a" or "an" as used herein in the specification may mean one or
more, As used herein in the claim(s), when used in conjunction with the word "comprising",
the words "a" or "an" may mean one or more than one. As used herein “another” may mean
at least a second or more.

[0046] The term "animal” as used herein refers to any species of the animal
kingdom. In preferred embodiments it refers more specifically to humans, animals in their
wild state, animals used as pets (birds, dogs, cats, horses), animals used for work (horses,

~ cows, dogs) and animals which produce food (chickens, cows, fish), farm animals (pigs,

horses, cows, sheep, chickens) or are themselves food (frogs, chickens, fish, crabs, lobsters,
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[0042] FIG 18 illustrates DAB staining of G4 secreting cel 53 %9&@31 FI G

19 denonstrates | G--1 concentration in offspring at 3 weeks1 ¥ eks, and

6 nont hs. DESCRI PTI ON OF THE | NVENTI ON [0044] It be readi | y

appar ent t\)\@%ﬁdg‘f@% lled in the art that various substitut |P\évh§}503?ﬁ326

nodi fications may be made in the invention disclosed herein w thout

depart i rsbﬂfnponmltsbﬂs salipes, godiss poarst cobs, tlambs, gt ostifch, [efid Sdel) Thret bthem " a”
"an” sed here| nin the specification may nean one or nore. As used

here| n |3H‘rf‘ S Welldnayayo g used in conjunction with the word

“conpri 5' ng", [004‘1}3 WRLER M Aeffltive 3houAPYs TRAMeRNR i fifRY §s {hBaMoRfEof ths used
herein "another" 'may nean at |east a second or nore. [0046] The term

"ani mal "'cogposision régingd o m@ps ancﬁf&nylrs@)h@ste@ndi cathbe amnatated usmggwmai | n

Phei | aPRoRR R s B0 TR o B oot @it el e

ani mal s sufyegaté aiarkwpd, K (horses COWws, dogs) and ani nal s V\/m ch pr oduce food
(chi ckens, cows, fi sh farm ani nal s s, horses, cows, sheep, chjckens)
or are themsdPHB f obbe tempfsed em\@vz%%e FolegRy” a% apd hetemsisededined &s the june

2005 VIO ZhAP4PRDART RO ABHR Uaf VeloHP AR S WA 8RS BB SmihRE" S

ws, la , ostrich owntothe
art. [ O0%g] tefithe “efficient BT be tfoed efferonoyt’ "asased hertih és mtq:rchalgdd}ﬂe wath &eed he
anount of the sition required to produce an effect in a host which
can be ﬁBHY?ﬂPBH%“ﬁ& several endpoints known to those skilled in the

art. In a SDQOMSHC PR e rowiN B8R SRIFO b uSe@h&cinSidl d<Fmad @s HBY HRhith
[0048] The term "feed conversion efficiency” as used herein is defined as

t he amstatus, afiedicabdongditiem prrdlse@atlg yaeh geopvth o dass thmven@mmhntThsfdﬁﬁenegm

ner oin CSuPecpERaTatmn &5iebh BRecty A EhOLT roafth boirfe sy GBEs 0>

t er m " gIGHR H-GHIIGE-E ek ndifstly afcther £ bws hdﬁﬁd)ﬂwphtmaﬁmr e affedtingsd at us,
medi cal condition or disease in which growmh is | ess than normal. The

def i ci egEgwihdwymengeathway #tédly| t of an aberration directly affecting a
growt h hormo 6 %\?ﬂt hv"f‘ye t(eﬁﬁc'glg) h@&on@%%@n ] (i’e)ﬁhéa as bﬂgrhﬂ GhiMch

affecting a h hor none t hway, or not ecting a grow orm)ne
pat hway rdhte&ld growth and acts as a chemical messenger to exert its action on a target cell.

[0051] The term "growth hormone releasing hormone" as used herein 1s defined
as a hormone which facilitates or stimulates release of growth hormone.

[0052] The term “growth hormone releasing hormone analog” as used herein is
defined as a protein which contains amino acid mutations and/or deletions in the naturally
occurring form of the amino acid sequence (with no synthetic dextro or cyclic amino acids),
but not naturally occurring in the GHRH molecule, yet still retains its function to enhance
synthesis and secretion of growth hormone.

[0053] The term “growth hormone secretagogue receptor” (GHS-R) as used
herein is defined as a receptor for a small synthetic compound which is associated, either
directly or indirectly, with release of growth hormone from the pituitary gland.

' [0054] The term “lean body mass™ as used herein is defined as the mass of the
body of an animal attributed to non-fat tissue, such as muscle.

[0055] The term “ligand for a growth hormone secretagogue receptor” as used
herein is defined as any compound which acts as an agonist on a growth hormone
secretagogue receptor. The ligand may be synthetic or naturally occurring. The ligand may
bea peptide, protein, sugar, carbohydrate, lipid, nucleic acid or 2 combination thereof.

[0056] The term "myogenic” as used herein refers specifically to muscle tissue.
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[ 0050] The term "growth hornone" as used herein is defi ned,@?J a E&Sé‘mne
which relates to growth and acts as a chenical nessenger t'8°H%@ ts

action on cell. [0051] The term "growth hornone re si ng _hor none"
as used he‘?%?)ﬂgﬁqg?defi ned as a hornone which facilitates P(S{T@Vﬁ%lz%t es

rel ease of growth hornone. [0052] The term "growth hornone rel easing

hor rone anal ¢@0574s uSledteharacwbors” agedadrietia sefarspgo ah animalhimotedmtaly aftas

am no aﬁi.% mut eitl ns and/ or giel eti.ons in the naturally occurring form of

t he ani o %‘g&"éﬁ‘&‘éts(‘%ef WD ARYE: dextro or cyclic anino acids),
but not nat urgddgy OCERY kdrRO“bffsphine” GiREed BeRSN réfersY R aSirbhdny! 6t 8 fi¥erdt! S
function to enhance synthesis and secretion of growth ‘hofnbne. [0053] The
t er m " grvdwrdin Herprogeny seen entwyofpius aregepbom (GHS-R) as used herein is

defined as a pt faor_a small_ syntheti Qrrpou ich j sociat ed,
ei ther di reé@@?or Oﬁ?‘uediotF%t Iri?,ren\'iﬁr%lh ?Selugs(geﬁe(ggggFero}g\ﬁs\r,\\@%oar r%%cggﬁl?%mf?%e

pi t ui t afptrauatich of AR%4a1 e ahenimall otign thadihrém®sthe aftestiall chigl eim speeifitef | ned
as the mass of the body of an aninal attributed to non-fat tissue, such as
nuscl e. efpodimients, cparapepal (Ingudrg SWeEutanepusIHIHBISHENe BHRY@PYY oftfetheetlept or
as used; herein liSodgfdped as any conpound which acts as an agonist on a
growt h hornone secretagogue receptor. The ligand may be synthetic or

nat ural | y ocd¢@060] ng. Ththeedm Jphanraegutichidy aacpeppatilele as pusstlehergins nefars, to a

carbohydrate, Jipid, nucleic, acid.or a conbinatiqn reof .. [0056] The term

?ryogemcenbaind ebercin atinSiicBrl S caftpd iy B tolfialed By etinbal M mEb e

2005 WO 02/ 0pddd] PCie IR 48refagd e 8k utbte hbRIMetas WO & RatudP of SHsthétey ei n

refers to an animal inmrediately after birth and all subsequent stages of

mat ur i t ynadeculy that bohahoBS8tiEke ané searetiohy aipg dagnstepamysgu plepwledes to a

pr ogeny .par ent wher eih, t he progeny is an unborn fetus or a newborn.
RE PR SR,

[ 0059] s used herein refers to a nechani smfor

i ntroduction[gge2)at eThetennMsematduaph e usdhigdreih haferd by @uetl wiieh piddwsed nal
canal . In specific enbodinents, parenteral includes subcutaneous,

i ntranu MOITNeAS gvenous, intrathecal, intraperitoneal, or others. [0060]
The term "ph eut+ ' " : h el ound
wherein adm ﬁl;dsg?’?:at i’l(‘)lsrfleat)ekﬁll sgl?egﬁ%gﬁn%ggneéﬁ ?gﬁé GOF% g‘%gtsécgﬁ §ﬁla}er?eé§it%?]gér:}tj
manmal . amotGif]a dinepoued mdihirdsteret adepie aid amosntds physologicallyesignificarst. @at ur al

of synthetic . . oo . . .
Y agent is physiologically significant if its presence results in technical change in the

physiology of a reciptent animal. For example, in the treatment of growth deficiencies, a
composition which increases growth would be therapeutically effective; in consumption
diseases a composition which would decrease the rate of loss or increase the growth would be
therapeutically effective.

[06064] The term "vector" as used herein refers to aﬁy vehicle which delivers a
nucleic acid into a cell or organism. Examples include plasmids, viral vectors, liposomes, or
cationic lipids. In a specific embodiment, liposomes and cationic lipids are adjuvant
(carriers) that can be complexed with other vectors to increase the uptake of plasmid or viral
vectors by a target cell. In a preferred embodiment, the vector comprises a promoter, a
nucleotide sequence, preferably encoding a growth hormone releasing hormone or its analog,
and a 3" untranslated region. In another preferred embodiment, the promoter, nucleotide
sequence, and 3" untranslated region are ]inkef;i operably for expression in a eukaryotic cell.

[0065} The term "wasting symptoms" as used herein is defined as symptoms and

conditions associated with consumption or chronic wasting diseases.
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E
i

nol ecul e that enhances synthesis and secretion of a domnstq$§n1-26&¥ulated
nol ecule (e.g. GHRH is a secretagogue for GH). [0062] The HR?

"somatotr p sed herein refers to a cell which produ

hor none. ﬁﬁ@gﬁ?ﬁ e term"therapeutically effective anDunﬁ&ﬁgggh%Q%Pherein
refers to the anmount of a conpound adm nistered wherein said amount is
physi ol ogi cal[0g66i gniThiscappticatidn is aglatad inSsyblcs intdttegite a).5y Peviginil Parent i f

its presence results in technic in the physiolagy.of a recipient
i el Arcationpeov 5.4 Ml & TSP a5l s tpreBpanding{d e donpiovisional
CONPOS| tHQuAt ngﬁébtioﬁq\ﬁc%ﬁf%%ﬂwﬂ@eh TWRYIAd 2680, bBANRRSN Hric6Rblaredtyf @Fdrinee; i n

consunption seases a conposition which woul d decrease the rate of |oss

or increase t[ABOTr owlh assess dgrowth telffeeta pefuthiec grawth elidrmont eleagig® dwimane t er m
"vector" sed herein refers to any vehicle.which delivers a .nucleic

aci d i nGTRIERPe IR Gk tichic ek Brp e iterrEin B T Pt bl e Bt

| i posonegjected wigP10 @iy 6f h vt contiinigSP aalidfti e GHPORH-GBIKH) driraos: Sand
cationic |i are adjuvant (carriers) that can be conplexed w th other

d

vectors H\&C&ﬂ.&f{éﬁmwﬂﬁr dibe igiection yras dolpwed by elecfioppigion. pjonriniegterbt
[, | ' t ' ¢

ce P%lg‘ctg({é)%i‘ﬁéd 9&?%@%@% % cohtftfls, VB pﬂéle&%'tﬁ@@m 'irlfqu?écﬁéow Yere

nucl eot guence, prefera encodi ng ‘a®gro or none easl ng hor none
or its digdeogt birthn(in av@&ageuht$ anG 0@ ke HV-EHHIROH, p <n0.60W2haxd Ipdtet drickig wi-

nmbodi th ter, I Ld , d 3 I d [
e e BB FTR e BB Lo LS3H BSe SES Sc

"Wast i NOySY R BpighEs HSRLIIRARI Bovs wieS bl}REr AfinSIHRbRME8R%0stE0BsHtidIONS
associated wth consunption or chronic wasting diseases. 16 13 June 2005 WO

02/ 061037ckpaTonBidstaBING Woesnifanty bigges than ithar litermeteat B ddwanfegs was
matter to.U. S. .Pravisi | Paten lcati No. 60/ 145 624 fi.l Jul
6. - 100dmatainehciiiat il Bt s StseRimRRk pL s BiectBspin s AT N,
09/ 624, 268 1bbl3eks Joil the 3V-GEORQA, andOINGRRIE rddpédtiselyD Whak ek Bhtiodf FeRRE e

[ 00671 To assEzgagé’owth effects of the growth hornone rel easi ng hornone

(GHRH) @guerese Mypbiglanbiecheatied raeasyiemgnis rivers pagormed: ¢iethe piglets; Totakt er
of gestati re. 1nj e gt . r tal,al 1.1.d-% ype
(pshae Pegipily Y5 insk B EEM el ok iRty ko0 SRE! Rl WrBadthodied

f ol | onedt ltajd ﬁhqﬁc]bcriﬁq@areaéd,ohsnth Nenstuiits alzimetsirdt@igent imporved ehtsiaveatateliemused
as controls, The piglets fromthe GJRH injected sow were Dbigger at birth
(in avelGEBimMIGEoToBIHien s R ,dlﬁat@n&fo@a@?ﬂaiﬁfadnfygfenct@no%f%gsw GHRH,
p<0. 001‘ilncfuﬁﬁrl§9@s GRIAL MBhSal 1 TRYs, el B -sofvk ARBtcliORiIP ol fifhe Sthétdh P s £

per forne
plasmid DNA constructs encoding for GHRH show an increase in growth pattern over

normal levels to at least 170 days after birth, and are leaner, while maintaining a normal
h‘omeostasis. This increase 1s equally due to increase milk production in the injected sows and
modification of the hypothalamic — pituitary axis in the offspring. This proof of principal
experiment demonstrate that plasmid mediated transfer could be used to emhance certain
animal characteristics throughout generations, while avoiding secondary effects linked with
classical protein treatments.

[0068] In an embodiment of the present invention, a nucleic acid sequence is
utilized in the methods of the present invention which increases growth, enhances growth,
increases feed conversion efficiency, increases lean body mass, increases IGF-I levels,
increases growth rate, increases the ratio of somatotrophs to other hormone-producing cells,
delays birth, or increases milk production in an offspring of a female. In specific
embodiments, the nucleic acid sequence is growth hormone releasing hormone, growth

- hormone, IGF-I, prolactin, or analogs thereof. The female may be a mother, a female who
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At weaning, piglets frominjected sows were bigger than coq%rol S
Cross-foster controls suckled on injected sows were signifif¢4R¢ P9%i gger

t han t hei ' tes. The advantage was rmaintained, an ys
after bi rt“hd{’%‘%&éﬁ%ﬁ?spri ng of the injected sows averaged 1%@%%&98@ d 129.3
kg for the H/-GHRH and w - GHRH respectively, while the controls weight in
aver agehdievakbeenyirtgnap! @ divachiahibefire, e asurregaa trotheersacipes fmpregditadrbyt he
piglets. Total roteins were increased in piglets frominjected sows, and
bl ood uftd HBRIPUK- ¢ decreased at all tine points tested, both constants
denonstrati ngog0] i MO Predred UrfddUihaitabo kieS Presere! RdAtIINNELHIERE GBE L e inoN Was
normal , indication of a normal kidney function. G ucose and insulin |levels
wer e nohemioneThigssinphepmens ahang baving theemiog adiil sequgneperfSEQEP 2)8Y: 1 ¢s SEQ a

I id t dj £ RH.. ' ' h patt
P osm Oy SANTERT A9SPEL 0 O BT bR L L1
Mai nt ai GHRH afnekmimal) o&osh@ st . sliphily medifiensem 6f SigUuingneuack as iikcr ease
m |k production I1n the_injected sows and nodification_of the hypothal am c
- pi tui parcinesRHRHE. nAshdledrarisapiingwaretihal the sadoasrous GHEEHRAS 44apiopi _
demonst ﬁntapﬁ gl{oﬁ:@?tﬁhé‘%ﬁa alufifl the %Hﬁé&_rno‘fa%h\%ﬁp%a'ﬁ@ﬁn%?wg’@%ﬁg%f;t aln

! e
ani mal characteri roughout ‘generations, I 'e avol

ef f ect sGHRiketh akpdeificodnatssliment, pformevith dulg #0ments aciOQE6K]ng the dast € ainowhi nent
of the preesent ipventiagn, ;a nucleic.acid sequence is utilized,in the

et hods SRR st BB AT G R S OURITE P AR EHS. HHHEh Do HIRERA LS % b .

| ncr easggJHEeHILAN YRIsSHbAR a8 hdd HeRAE thay a6 HBISHBRed RAR WIRAK pEBESsE RAbGASES

| G=-1 levels, increases growh rate, increases the ratio of sonatotrophs
t 0 ot henothesmvim éntpmelnwiatigns ef tanpareiblaihs Wild-tipe sequanae,r asagmposed fokother

production in an affspri of f .In specific .enbodi nent.s, the

ol o e s dsrd hEBRL Be D ite ok T davind) BRERL griiap FEngodiae b 6 mone,
| GF- 1, gh@haCiuthgesisaNgl RUkd! HEERGE awhhetHhefR| B40Wymb end siteteh €6rmsafdrenal e
who 17 13 June .2005 WD 02/ 061037 PCT/ US01/ 48726 has never been pregnant or
gi ven be¥ampledi3 er 1-89) exigmatusyit @ hwsans and sishmammalifesgmin dibfengpt typest al

t ranspl ' r di, araL 9 Lesent. | i on
utili ze@@?@%&ﬁ#ﬁggﬁ?ﬁ% eﬁdgp{eeggllmﬁgb%orhmﬁg %rrlnaéag%hﬁg@?lng}et *ﬁ?{e}l\{%mino acid
sequencéndiH,Sha pfafddad lenstrod Bt off Bhel¥estn( intvertidintd) GHR# witk dndie@ised stabilitye term
"wld-type" can b he. endogenous formof GHRH of any animal, or it may be
a sli gh?Y?“ﬁB’dﬁ’P‘F&'@ﬁQf}gfsrﬂtﬁlfzg&he hor none, such as the porcine GHRH. A

skilled arti fino] S Q%E&r%%Bdihﬁ%ts?ﬂH%&ﬁ%}?&i@mﬁﬁﬁ HarPdHaly SCGHRE  and
an am de group at the end, with the correct notation for that “f orm bei ng
( 1- 44) NH2-within the scope of the invention. In an object of the invention the residues encoded by

the DNA are not modified post-translationally, given the nature of the nucleic acid
administration.

[0071]  The following species are within the scope of the present invention. U.S.
Patent No. 4,223,019 discloses pentapeptides having the amino acid sequence NH>--Y--Z--E-
-G--J—COOH, wherein Y is selected from a group consisting of D-lysine and D-arginine; Z
and J are independently selected from a group consisting of tyrosine, tryptophan, and
phenylalanine; and E and G are independently selected from a group consisting of D-tyrosine,
D-tryptophan, and D-phenylalanine. U.S. Patent No. 4,223,020 discloses tetrapeptides
having the following amino acid sequence NHp--Y--Z--E--G--COOH wherein Y and G are
independently selected from a group consisting of tyrosine, tryptophan, and phenylalanine;
and Z and E are independently selected from a group consisting of D-tyrosine, D-tryptophan,
and D-phenylalanine. U.S. Patent No. 4,223,021 discloses pentapeptides having the
following amino acid sequence NHj--Y--Z--E--G--J--COOH wherein Y and G are

independently selected from a group consisting of tyrosine, tryptophan, and phenylalanine; Z
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GHRH. In a specific enbodinment, a formwith only 40 am no aci ds él acki ng
the last 4 anmino acids) is used which also does not cont ailf J4Re 289%e
group, and may be referred to as (1 40)OH GHRH. This form as used herein
may al so B’EOP%?%?yed to as wild-type because it does not RIWRIAS2Ht er nal
mutations if conpared to the wild-type sequence, as opposed to other forns

di scussgdsdietel ﬁorﬁsdlgfbuﬁ%ohﬂﬁidﬂg‘\(/@f ¥inelCathiithe Vadihe Nehcihé, d8letcite! BEblmRd by
site- directed nutagenesis. A skilled artisan_ is aware that the 1-40 form
and shohydexymsehine, cemne, thrganips.cysteingpans methjaning,andtE aed §apg indepandenthans
and oth | s n_in.dffer . et . , and
hey. nagaedRI BB s kR edbicihg (8 TR T yBlop i A 5 ki 04

pr ef er r Patepinindi 41274,31F didedosps emesat pemueeptiden havigkiRite widilo wiimg ragdse cheid
stabilit over Wild type IS ut)i . [.0Q70] .In ot her .enbodi nents,

i 11 er e PRGNS Yof T RCOIO ST ScProrE e enePdonty, S e BT B 50Tt ¢ he
| nventi i tifle 37 BR{RShe CD-fiRopHAUE B DIpHciGlalfdlcd U8 an@RF QRS fhdbYendbiify DNA
are not nodi %e post-translationally, givenh the nature of the nuclei’c acid

admi ni sselettiedfrom[09Baj} cdisesting off twpsine. $pyetopban, and phemdlaningieind d apselested he
present .invention. U S. . Patgnt No. 4]2236, 0191.di sgﬁ! 0ses .p@%t algept i qes

havi ng DRE i $I8UR ¢ PePisinge NE e SNEDE. vilane, pvaline,  Jougiagy, 1SGlcugas, ) Poling,

sel ect eHydrbRypralisy, Ospine O NEieBhinBy cobtele Yisdtiioniad abbatigi Midie ghfamiandcid, ar e

i ndependent |y sel ected froma group consisting of tyrosine, trypt oPhan, and
pheny| afsparagine, agidtamingd aGiwpe andepsigent PyS. s Sptest eliof rdotdtaBSdr difloses
consi st -t i . . I ' : ent
o4 2D s R oo SRR iRl RSP GER CTOm Mrgreid S,
sequencand\id? -are indepelmently - éeldckddwirere angrfup ndnistidge of | thrbejpen detuphym,saidct ed
froma group consisting of tyrosine, try %rophan, and phenylfal anine;, _and Z
and E aP@eny ;Mﬁmgév%ﬁwnfiyéﬂfﬁeg B? SENBI ORIt YOS e,

D-trypt nj r t Qs ' es

pent apehbgphan, 308 BPRAPNEEMIEE ¢ ekl fin Moty 2emkillil o 2

NH2- - Y- alZning- v@ine) -le@Dd;| isblenaing Moling Fdrexyprolimbe perivg nthirsonge] eystevhef r om a
roup consi.st.ing of .tyrasi Ir ophan,. an henyl al ani.ne; 8.13 June

005 VORaBH BD SePastis Aoide E s Rt SSER RS RS 2 B s S, PAGD

gl yci neNoak ang 185 dialokéiepentpestides haling e @ilIBRindairnon®id sdiyeiceXyiy-gLzne,

serine, threonine, cysteine, and nethronine; and E and J are independently
sel ect eB-GA&RQHg gt o sisstdlestpdofiiom 2y ByP neonsLipg yft bppkne, Briprosine,

0 e oD S ind, G 3 35052 s POBBARERD 2,
E are isapsindent b \yprow eciststing roafnidaymgsiaelpD-tryptophan, and D-phenylalanine; G is
selected from a group consisting of lysine and arginine; and J is selected from a group
consisting of glycine, alanine, valine, leucine, isoleucine, proline, hydroxyproline, serine,
threonine, cysteine, and methionine. U.S. Patent No. 4,228,156 discloses tripeptides having
the following amino acid sequence NH,-Y-Z-E-COOH wherein Y and Z are independently
selected from a group consisting of D-tyrosine, D-tryptophan, and D-phenylalanine; and E is
selected from a group consisting of tyrosine, tryptohan, and phenylalanine. U.S. Patent No.
4,228,158 discloses pentapeptides having the following amino acid sequence NH;--Y--Z~-E--
G--J--COOH wherein Y and G are independently selected from a group consisting of
tyrosine, tryptophan, and phenylalanine, Z and E are independently selected from a group
consisting of D-tyrosine, D-tryptophan, and D-phenylalanine; and J is selected from a group
consisting of natural amino acids and the D-configuration thereof. U.S. Patent no. 4,833,166
- discloses a synthetic peptide having the formula: H-Asp-Pro-Val-Asn-lle-Arg-Ala-Phe-Asp-~
Asp-Val-Leu-Y wherein Y is OH or NH; or a non-toxic salt thereof and A synthetic peptide
having the formula: H—Vai-Giu-—Prq-.GIy—Ser-Leu-Phe-Leu-Val—Pfo-Leu-Pro~Leu-Leu-Pro—
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consisting of D-tyrosine, D-tryptophan, and D phenyl al ani ne'3 Z and G are
I ndependently selected froma group consisting of tyrosi né, JHF‘?&PB?)han,

and pheny ine;, and J is selected froma group consisting of glycine,
al ani ne, ﬁﬁﬂ@&f’euci ne, isoleucine, proline, hydroxyprdl§ ,01@@7,2 ne,

t hreoni ne, cysteine, nethionine, aspartic acid, glutamc-acid, asparagine,
gl ut am Wel-Hig-gspHPhe,VabainiGls-Phe-AlMGhy- 11 eviterdin Y 4 QP6o8NH, dir schas-esxic

t ti havi .the fol | ' | d - Y- Z- E- G J- COOH
eI M R T S e
tyr osi ng.31lfhORBANigd depRitemnl & @tk iane 3octick Mindu HiRBARARNOLY TSR ect ed

froma group consisting of D-tyrosine, D tryptophan, and phenyl al ani ne;
and E i $eet) exigihllyrdsseribedrhyuayeasals (199§)-ofGugleymin e af. (A9&%)iatse, dejeriming,

| euci ne, i sol euci roline,. hydr roline, .serine oni ne, cysteine,
ot hi onfiteTBHE pF Fumd PipeiGric BE TR N e B ReBEAE rgHISaT Ne o
hi stidine. Ujddo1Pat exdditidisl efhbddiaehiboftihg Prasasinvenichrpplulee g1 Namelod he

foll owi ng am no acid sequence NH2-Y-Z- E-GJ-COOH wherein Y is selected
from a firdmpraviigsgrewtinperfrmayeeigianoffspung; (g method forghipyiatiag praguctionebphan,

phenyl a ' I.ne. | ed
Prom a Brad Boaffe F AOGAEREAE e AR el LAGREE IR Il BIFERET. o
Is sel emd €) afmethodofjerdapcing gsivah imegn offsgringi Mdl ahiteser methodeincladel the step
selected, froma grou consi sting of glycine, alanine, valine, |eugine,

i sol eucPh&TgpgR o P SRS/ph BIIY e rrg)@_{qr i the tqﬁgesﬁg furing eettafion of 4ht

met hi ONb{T8prin: ot dﬁ’ﬁ%§%t prdQioud a WHeGhORRE vEChPeRLpARS NaMdmder;the

fol |l owi ng am no aci d sequence NH2- Y-Z-E- COOH wherein Y and Z are

i ndepenuesitdtide sgheareedudhr amoae gnoeding G} Di NQ: bfor BEQribs iN(:8; and a 3'

D-trypt ophan, . and Dphenlahai - and E is selected froma.group.
cons1 St PSRt gy aberd iy BRES sl oo FPRTiE diaacispy dipctiggal
4, 228, 158yslisioml 0ses pent apepti des having the foll owi ng am no acid sequence

NH2--Y--Z--E-- G-J--COOH wherein Y and G are i ndependentlcﬁ sel ected froma
group consi stO08l of Intapr edditienal speppfico pmbediment therre iy anedhed éor stiraating ar e

I ndepen S - gr.o 1.5t rasi . .

Dt 1 ypt Phagon S B B ARk R YR, £ 1oy el B3, Mocioted wit

consi st nargnad Eravethpsaid nethodcoaprding dmtodubmghnioahé ingitiea toif exid tofilspred dudihgS.
Patent no. 4,833, 166, djsc|oses &‘%’nt hetic geptide h%\ii ng the formul a:

H- Asp- PIS-gpatatio of seid affeprinearpaileckiys ameut @4 12 YRARny SHA &i°E{oR CQmPESiaR &1 NH
Or & NOPrhR¥drC aSAhdiedtiRr s‘éalhmﬁ;aderéoamgt@@@ D ReQY de sm?\mnmdzkr,e ah@'amyt a:

H Val - Q u- Pro- @ y- Ser - Leu- Phe- Leu- Val - Pro- Leu- Pro- Leu-Leu-Pro 19 13 June
2005 Wougnelated3rgRaTonesgivehs ipleed sequentially at appropriate distances for functional

non- oxPERR ity e prestf ST Ao el oS oty i Jhg Mg

f r agmeninhedenth&AoRith Whag Andiad edésa growth-related deficiency or of an animal with growth
levels similar to other similar animals in the population, including those with no growth-
related deficiency.

[0074] In a preferred embodiment there is a method of enhancing growth in an
animal comprising introducing into said animal an effective amount of a vector, said vector
comprising a promoter; a nucleotide sequence encoding SEQ 1D NO:1 or SEQ ID NO:8; and
a 3’ untranslated region operatively linked sequentially at appropriate distances for functional
expression. The animal whose growth is enhanced may or may not have a growth deficiency.

[0075] It is an object of the present invention to increase the growth and/or
growth rate of an animal, preferably an offspring from a mother. In a preferred embodiment
the growth and/or growth rate of an animal is affected for long terms, such as greater than a
few weeks or greater than a few months. In a specific embodiment, this is achieved by

- administering growth hormone releasing hormone into the mother of the offspring, preferably
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a 31-am no-acid signal peptide and an entire mature peptide,huna

GHRH( 1- 44) OH (Tyrl Leu44) originally described by Mayo et 1§IJ“"?%Q%)
Quill em n‘ﬁ{3 %}, 1982) al so determ ne the sequence of hunan pancreatic
growt h hor i (113 easing factor (hpGRF). [0001] AddltlonaIP(gr%@ "¥ehts of
the present invention include: (1) a nmethod for inproving growth

per f or mam aewicieicaarid fdreprinrgpre{ezied ambetinoot fler GHREmddic agidps onirdsinedaof

Cbrral Ghomne oSt 2Bk B8 st e e BT SRR
of theseifRiogand BG! MERadiRE 18 QBmbES of s WHURIHBna RbARML cMRC 108 thiH o the

mot her of theé offspring during gestation of the offspring or durlng
pr evi oushnges tlacgelluln dingage. sl ’dspﬁétftctﬁmbnﬂﬁp@ﬂtéb% ragioppfcrepiatairophs (grawkheot i de

it 1 ansraratls eRuRRg sEAC S, DR e, Bher T Papg i Petly o ne

di st anceguit éumcat; b&ﬁh@btro;fh%plﬁ&&ﬁblﬂﬁ, gdrXd6tdphis NesanTrosl sl fnahbodpaent fthe
enbodi ment t ere is a nmethod for stimulating . production of growth hornone

in an ofiEpAsEip SPWH hewnegrelaied io tth%mnqr%@ las%@iuatbéa ofij grewthn Berareme-

wt h
ot fapr; ReuyEinele s SARIcThal LA TR IC MLt chBbiment o
vect or, tlsancteamh(grovcthmpnnma”lgveis 1smsmm1t@1rwulaam1mcteasﬁ indeansedfy erese amhaodi ng

SEQIDNOIor Q I D _NO 8 ra t ed. I
U nked, SBiranin DTt ERhihe cESRyingt dhcBeiERiber i AN S e on. A
| ©VEl 08 biobfifisd 8P L McBthobid incaP WU I AW h ARG ol

i nherent growth an animal with a growmh-rel ated deficiency or of
ani nmal v:mbhdxgremvtm fe¢deqmiverswinmifficiencyoofidhe effspring ik dncreasedralnsanother hpecxﬁc

popul at incl udi t hose th nao r.el at ed ef'ci ngy. 0741 In a
D o or  siSastsal i, P, B 1, Sspring O b amchiCh R EiBPent B
conpri S'aE&cﬂa{ydﬁﬂﬂUﬁi1%rb%%r$ﬁr€hsé@gﬂﬁlthweﬁfﬂ1@‘fétﬁ$/e amount of a vector,
said vector conprising a pronoter; a nucleotide sequence encodi ng SEQ ID
NO | or SEQ I#9 Ina?rmefea'eéen@ﬁ@lﬁl&ﬁ&t@tpé@mw@giswwﬁﬁlaﬁmwwc IPFHIRRLET
sequent Lal | kAl u% %Es?a‘iéd x%hﬁmqé gltﬁl@%eﬁnt¥8{31aiéd'}8§1ﬁ8”Fﬂowe%p\[ll\f%s Bﬁansﬂiéﬂd

ani mal 0se’ 'gro I'S NotPRave & growth defici ency.

[ 08/75] i‘égldﬂ'ﬁn‘ﬁ? b@h}cﬁﬁ ]Emphamm op Fﬂﬁhﬂtcf gem\eﬁlr}h |ampe¢1ﬁc lembbémf t bhthegrreashh
and/or _growth rate of_an aninm refera fsprin r ther. In
a pref efPEANIRESE Hewtlized ﬁesyaﬁhaw% Hp%ﬂ%rterg}%e\%ﬂ? 208 of iy 1998 %'ﬁa@)

af fecte X/\Qﬁiﬁﬁ t han
a few rrghréﬁ); ‘Lﬁﬁgggbg%{e%??c e n@gﬁe%orﬁggign%nécﬁﬁ% e f/;%lg m%%ic?th ering
growt h hﬁulﬂipjad\fIEELZaaﬁémg\/IEBans |amﬁoTEEe1 bividhey sitds, thé geithpekeegds the

ref erabl 0.13 June 20
P tra%/sc:?iptlonal potenclzes o? natural myogenic promoters. In a preferred embodiment the

promoter utilized in the invention does not get shut off or reduced in activity significantly by
endogenous cellular machinery or factors. Other elements, including frans-acting factor
binding sites and enhancers may be used in accordance with this embodiment of the
invention. In an altemative embodiment, a natural myogenic promoter is utilized, and a
skilled artisan is aware how to obtain such promoter sequences from databases including the
National Center for Biotechnology Information (NCBI) GenBank database or the NCBI
PubMed site. A skilled artisan 1s aware that these World Wide Web sites may be utilized to
obtain sequences or relevant literature related to the present invention.

[0077] In a specific embodiment the hGH 3' untranslated region (SEQ ID NO:7)
is utilized in a nucleic acid vector, such as a plasmid.

[0078] In specific embodiments said vector is selected from the group consisting

of a plasmid, a viral vector, a liposome, or a cationic lipid. In further specific embodiments
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WO 02/ 061037 PCT/ USOL/ 48726 in a nucleic acid form In a pr ﬁ&errsg
enbodi ment the GHRH nucleic acid is maintained as an epi sdredUf28%%uscl e
cell. In g§Bs6d1fi-C enbodi ment the increase in GHRH af f ect ﬂ(ﬁ% ptuitary
gl and by increas?ng t he nunber of growth hornone producinéé%e é?ﬁgid t hus
changes their cellular lineage. In a specific enbodiment the ratio of
somat ot saghgectgr pwintrodiedninte myagduici erlfs cal muycle dtissercr elas e dfurtbéraspegdict o

ot her harpone produci.ng,cells in the .pi.tuitar uch as .corticotrophs,

| act ot r SEREATE SLEMERAE 2 upgan. 3 pelanisBal: 4 ok it R RPIEREEL o onse i n
growt h hor nongo79 el amediditiont toahé BedcEasanbdtihbe ofufleiuciiy @idvédithiariApne-
producing cells, is reflected in _an increase of 1G-1 |evels. In_anather

speci fi dhcerizgl wari plasid vertaredddivenhsysies for Harsferiion efyriclels acids g thet ed
with anjnch ' : yeuﬂ??f . LRAC ﬁq& [ &.0f wt h of
t he offsprl%g?ﬁgﬁhgﬁégﬁnggge0| |calgcp 0 |ﬁ%§tﬁ he%Fﬁg?%gggﬁaiﬁu é%gﬁ ody
mass i s methmisadayt be tlikzddn cA eskiikdiantidan re@gnizketiat altageedtsistehnfoamomatdalt i onal

speci fi enbodj Jrent e feed conversion effjcie of e qffspri is
" hor eas &M ﬁﬁ%%éﬁqwqﬂ&%%mm%ﬁf th&s PR, 05?3{]%@?_6?@ GioAg s
del ayedp3itd thit RedinPleshe bifERe @apgurrdala 3?3]@5%05%3%9%@1{;%@ ADNA Bihdilgp! oved

or increased gromh rate of the fetus. [0 preferred enbodi t the
pr onot emdaiety aamsl4tahigtic enaigiy ghaticoatgesotie tansposred thesspmBplex ditora el cellesdrfacegi on

be from Sl IR TSy HPRGRTRS sBL RO iridiince i BABBUIER P
present gedd¥Gbin@ibisNEr Rhieve Uhd kdrd& dffacts YPStoRial &/il 08RG inclhéd RstesamS- 12
(Li et al., 1999) (SEQ ID NG 6), which contains a proxinmal serumresponse
el enent vE&EE)dervednfione varsds ick @s iafenovirys,t yageialavErusp heipee yiruyEmdiboyinees

and TEF- 1 .hi ndi_ng_si ..and a (el enci es
of nat uP%Fi’IH?ﬁ/“gd’énF'c &I%?%mn%?lg’reg goﬁ-%ﬁ gg%{r%é]&lg%edé’gﬁ%%{ n@ﬂ% ?ttﬁgA%%ﬁgﬁsg%er

uti | i zedahgpottbesysentéd kivvdndghaimt. get shut off or reduced in activity

significantly b endogenous .ce] | ul ar machi nery or factors. her, el enent s,
i ncl udi ng tri‘?@‘@hct i PRF F’Sﬁ?‘gr‘n e A Wﬁﬂ%ﬁeééha&nﬂ‘%%ﬁ‘aﬂcwgﬁﬁ%%@ S¥d in

accor dapge,i falteli ﬁfﬁﬂi‘ag’,%{if&ﬂ}us%, abi@iovirh§) el OF frohllvARid VRIS Ihaythe
enbodi ment, a natural nmyogenic pronoter is utilized, and a skilled artisan
i s awar esddofort delivertyapinsaledtider ssnuerees sequisrgeted éngam tiksualoassl popalatidinng t he
Nat i ona nier for Biotechnolo nf or.mati on ( NCBI nBank dat abase or
the. NCaMOTNEE] 1. WA IRl dehecSiacs T At art han OPrOes GoFritiide web
sites NMpxoR®indht Wedted Wkich dlad r@@%@@&%@r@bdiﬁ@'tﬁygfﬁwthiH(ﬁﬁl@hél k€ledsiigat ed
to the present invention. [0077] In a specific enbodi ment the hGq 3'
unt r ans hemeanerasgiogn Trasynl BxNessin mpy lagt fariazaenthipr anare oYith & nelereplivalingor |
such as, g A3 1oh B8R boBp SRE Rlphi £icH AL 8 pRLF YSRERE systend®! €0t o0
fromthe group consi'sti ngp

[0081] It is an object of the present invention that a single administration of a

growth hormone releasing hormone is sufficient for multiple gestation periods and also
provides a therapy that enhances piglets performances to the market weight, as increased

growth and changed body composition.

Nucleic Acids
1. Vectors

[0082] 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 where the vector
can be replicated and the nucleic acid sequence can be expressed. A nucleic acid sequence
can be "exogenous,” which means that it is foreign to the cell into which the vector is being

| ‘introduced or that the sequence is homologous to a sequence in the cell but in a position
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of a plasmd, a viral vector, a |iposone, or a cationic I|p| In further
speC|f|c embodi ments 21 13 June 2005 WO 02/ 061037 PCT/ Us01/\3a/ 98 2097 ¢

vect or d into myogenic cells or nuscle tissue._ln a further
speC|f|c ‘tﬁ%@gﬁqﬁr@ﬁt said animal is a human, a pet ani mal ,"S/GOME R ral
or a food animal. [0079] In addition to the specific enbodi nent of

i nt r oducyitign dis Hostoredlt mueddic iaiion Whieh i peduendeais sorpinasityi nbtvfemtdnr Ved®ks very
systens.f r tr nsf ction, of .nucl &)c aci,ds into the an ] its Cg‘bcl
chown | RS 3 COPRAS R HeSiafopage. SiSalPEuscd i PIRGDER

viral féﬁiﬁt@ﬂsclﬁ@ﬁio%dét feld ZeACN Trlel d)feﬂuﬁlﬁﬁltﬁ@'artr@&ﬁgfﬂezﬁgll ehdibpdl to
targeted systemfor non-viral forns of DNA or RNA requires four

conponepastrugy a vhgotpough stdargfre¢amlinass techpigues, whmheatry desseibediaddapipties and
0195, L9 g ol JBHNARR LEGOROOL b AOLLOGR 1lifp MBI N9 Ol et y: and

4) aly enabl’es ex fromthe cell

sur f ace t 0 t{m;s:«}yt OPhaigaiin "ewprichsion vécltcﬂbsﬁhﬁstoain@bcﬁﬁtdoﬁmrﬁng & puélsicerid be
used to deliver fhe therapeut I ¢ gene conbinations.to achieve_the sane

ef f ect . SPBIBAR Fdng/for &} 1eged PaE o aighes Rdu eppablapidiping Eanseied &t o sR&$1HG om
viruses ﬁ%%ﬁm?e%tﬁ?eﬁ 5%5 Ui d s\é&%hb@ 'e&co‘dlesf gén ob§fi RE% }E}tﬂ“% s 39&8 ﬁ.glfx DNA

papi |l |l oma virus I sonal ctors may enpl oye
vect or s nanietuldsr zn shor u'mslatquhmma rewtemk polypeptide; bepeptide. [1008IG} cayes, ‘ehlei;d | ed
in the art recg{gr ressi on vectors from vario

t hat
bact o1 SpushES AR RS imtied BE SXEml, i e ErodEhs 6F ctnlisehien ol

Vi ruses rifBYyrk&. E}?}ﬁ‘ﬁlssfdﬁr véé&lré ¥&1 Yor¥din @%h@@tdfd%oﬁﬁa%ﬁ\%&st "OwRich @éfgﬂcﬁd
organ, tissue or popul ati on. Methods which are well known to those

skill ednutrietcra@mhseguwns b@cemedfqr@hez:tomcmm:m andevomltiymslatwmf@nsnpmi)bh will

T ane ohiioE AR PRSI 4 SR Y SRMRAT ThGeBRRnTH ool RTRR R RORP g

vect or govkrf\AsdriphgR and haﬁ@ﬂfo@pm@dre aﬁ@e;tpresatdnmmlrsemyl tentélh Quéleieaicid of
the vector system [0081] It is an Qbject of the present invention that a

singl e a%ﬂﬁemesﬁtthaétswa'ﬁOerrémchwnvqﬂoqﬂ#ﬁfre gsenikeslsifie hor none is sufficient
f I tipl t
or multip e ?}a 'fﬁrh eh%g%,m%ﬂ&linﬁhtsgh e WLRY bi R ﬁeéeﬁ@%@égl%{g%w V%E gﬁﬁhﬁﬂces

piglets perf ces t et wel as I ncrease changed
body comboh commsemmswthﬁtmanglegemc Mﬂﬁsbbl‘spe@ﬁGBﬁionﬂﬂ' laemniébtim:seqdénd:'es used
o refer t nucl eic acid nol ecul ucl.ei ¢

a car e into ch a acj d
sequenc s BronE hodiedy ity utinr it malbin sebh b HHEERER Rt B can
be (rjepl hEahaihaatbdditeMyCihevectars ifl aSRALEOGES, SRk RouneiRhEaSB ated virds! £ C
aci sequence

gdenowms or a retrovirus. In altemative embodiments, skeletal alpha-actin promoter,
myosin light chain promoter, cytomegalovirus promoter, or SV40 promoter can be used. In
other altermmative embodiments, human growth hormone, bovine growth hormone, SV40, or
skeletal alpha actin 3" untranslated regions are utilized in the vector.

a. Promoters and Enhancers

[0085] A "promoter” is a control sequence that is a region of a nucleic acid
sequence at which initiation and rate of transcription are controlled. It may contain genetic
elements at which regulatory proteins and molecules may bind such as RNA polymerase and
other transcription factors. 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. A promoter may or may 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.
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can be "exogenous," which neans that it is foreign to the cel] into which
the vector is being introduced or that the sequence is hor?@l*’b’@%@@oﬁo a
sequence | |1 but in a position 22 13 June 2005 WD 02/ 061037

PCT/ USO1/ X@)/%&\’\ﬁ;hi n the host cell nucleic acid in whi ch B éhce i s
ordinarily not found. Vectors include plasm ds, cosmds, viruses

(bact eri ophagms8epni Malprothéteisiasy baonk @f mntraly-coding yequangs laated fupstreain of
chronosgnes (e.g., YACs), One of sEi Il in the aLt V\q&%ul d be well equipped to
const r ute epdjRg: feAMh 0GR SPRnPHCH ¢ BEVHYIFEH DE JERAFY (R S5 FRTQaSHse

descri bgghitRiyVah efldnger 1%53]( B4 one ﬂa?&%llgg%]oﬁdéﬁ%'th £hudkic acii%BuenPOliBcated

i ncorporated herein by reference. [0 The term "expressi on vector”
refers tithea doswsioeant ontpstraangofathausdquencea chiemativplis wedaio adveargages rwidltbd east

part of a e _pr.oduct .capabl e of . bei. transcri bed. ln,a.specific

brboa nefipel REpRT iR HeilmecyS i e iRl Siderigonisb) 8 ReSbinapton o e
cases, Rroldgus prbrasteR N Whitl @feds! B8NS bdnsler had iPndt r@hlly aBRkRAPHES Or
peptide. In other cases, these sequences are not translated, for exanple,

i n the pedeio@ridosegencariniitsantval povienney. ob reqoniunapies hetesglegoys iephangeict or s
can coni gl L " " | .@f . nycleic, acid
coquencii afioX8 h Shilabs o WBbrhAly SSGUGES S p MRAGDAE Sithuch, it 2F
oper abl gnvitonflcat] Soch peprsaesrcdhinicess pay tihduda prdatsdrs @F gaharesls dfotaedi ti on

to control sequences that _govern_ transcription and translation, vectors .
and expB@Ssi ¥ RIQBOETS OhaYhagesis isoratsl apm ayseher Prekayidite ¥42h RREUKRYRHE ot her

functio ' | L0084, :
EEdl gﬁctl ﬁgdnlxot&@ c(i.)r %gl?antgﬁrg hbt %ﬂlrhlw B&urrh%g i. 4., édﬁtegrflg% ﬂmffgeliérgw%lleghents

enbodi nent, vect or present invention I's a
conpr i sef ddfesgmttremseriptiopely sagulatofynursgibas, sudfoir fingtatipnsotint elter expmessiosot Inde

sequence, ..encodi ng, a. gr owt.h hor pone rel easin ornmone or its analo and a
3Tt r SR Qo FPOLRUTE THIE A PHEEPYS BB Sa pRenis cERBeRg 1 al
Vect or, seguéited InA be FROArces 28iak atesndihintSclomiy AR MMEIEKSaci® aniplifiRhtidVi I US.
In alternative enbodi nents, skeletal alpha- ac%l n_pronoter, mosin_|ight

chai n piceinslesy, inojudine BRI in gennschomwiln thapongmesiiops diselpsad hesgin ke 4s8d. | n
ot her nat i mbodi r j:ne, gr r none,
N oPEIy REHGAIDOS Wy TR0 G DGNIBARq IRIGACHY! REAS! TN
vect or . Farthednormtieris eomteripliad cihe ScdndB Sequencey aimt direct | ttandcriptiohr ad/or
sequence that is a region g}l& a nucleic aciqii sequence at which.inifiation
and r at &PEFSSIOPLEEAPFACED Vi nedsAvelen rganelles tomitarhengencthieropptenent s

at whi chaREukatar ¥e Ripic)Aas #8f. Mol ecul es may bind such as RNA pol ynerase
and other transcription factors. The phrases "operatively positioned,"

"oper at i vel y[00BTked Naturalindewilt baimpbridnt smdmploydepromotarsiediop enleamatr thaint r ol "

rean theaf%ecgvagfot&?éc?sr tliws e)i(pnres%io(r:lotl;f ?t(l:e} DNA segment in the cell type, organelle, and
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, for
example, see Sambrook et al. (1989), incorporated herein by reference. 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. In a specific embodiment the promoter is a
synthetic myogenic promoter, such as is described in Li ef aZ. (1999).

[0088] The identity of tissue-specific promoters or elements, as well as assays to
characterize their activity, is well known to those of skill in the art. Examples of such regions
include the human LIMKZ2 gene (Nomoto et al. 1999), the somatostatin receptor 2 gene
(Kraus et al., 1998), murine epididymal retinoic acid-binding gene (Lareyre ef al., 1999),

human CD4 (Zhao-Emonet et al., 1998), mouse alpha2 (X1) collagen (Tsumaki, et al., 1998),
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sequence to control transcriptional initiation and/or expr1

sequence. 0 er may or nmay not be wused in conjunction with an
"enhancer WA{’%‘?@% efers to a cis-acting regul atory sequef&@/US0#%2¢ed in
the transcriptional activation of a nucleic acid sequence. 23 13 June 2005
WO 02/ 08183dopgdnfind)SerkpidB gefe (102861 oA HGHDnsulindlike pewdlndacdr II (Wu et al,

nat ural | y-codi ng sequences | ocated. upstream of the codin ment and/ or
xon. - ShET cmleiet Saehslok CAIGREET BoREcufdgenbact o 136K ar 1y an
enhancer may be oge “aiﬂiﬁﬁiohﬁigxﬁ@ﬁd%%ﬂ]amﬁbsén@B‘i‘ﬂcﬁhgsﬁé‘s' d sequence,

| ocated either downstream or upstream of that sequence. Alternatively,
certain adva s w | . gai.ned. sitining. L. 2 c_acid
seqment undelVPRE canpresiicipRAPESisTE ATk PP Br sl ffror L o
refers taling pequidgntéesr THvaé signald Ghclidy thel APGasiafibmicedbrinbt hdjacenh sgjuehdsaci d
sequence in its natural envirgnnment. A .reconbinant. or heterol ogous enhancer

refers EKegenpps Wansdaiionalcoptralorignads mplyding, the ot TG imiakgn Fedonnipay aped tochey
T ot e
Sequenchrdvilel! %M%rainhaaﬁ&‘ﬂ'l 'ix?[lg‘%ﬂf vﬁoéﬁcrgaédgiégr?@%‘g)gﬁe UF dBRRARGES i

i ncl ude” pronoters or enhancers of ot her pronoters oOf enhancers
i sol at eprofvidimg theyneotskay signalkaityiopict known diat tlmrini&iati_am yatongnust bt 'in-faaoe”

pronoters,of enhancers n "nat.ural ly occurring,” i.e nt aining .

i 17 or ohEdbe TS Sgmediirthe AEirod podiRd FAERshE nsuifl i rRIghE e8tirang) or
nut at i OfSert.Nehe tdeg@hoR4RNSIESMA cortfb] sRlals bh® hili RioR Bdssd 38 bRYGh&! anagl d
sequences of pronoters and enhancers synthetically, sequences may be

pr oduceer iheiicr ddwrebiiciensy oflegpreagjommay de anbienced dydbe ehclyspin ¢f apprapsiate

t echnol Jnacl udi ng P “in connection with the conpositions disclosed
her ei n {aEripE éig‘ﬁ‘a“{%éﬁﬁﬁg%as, 202, U.S. Patent 5,928, 906, each

i ncor por at ed[(090Fi n IhYertath emboditlents of iid ihesrtivhethe nbe dBintPidl eibpsonicechtiyhe
control sequences that direct transcriptjon and/ or . expression of sequences

Wi thi n HiSA- GRES) Slemsi A Beed ) EFPales MWHESEROMIPPLCISHANIGT Bi5Psages. t he
U . ; . .
i ke, caBmBiisIPLAKSH /bg?as‘eéﬁtlé an&%ﬁJa%aNﬁgg@deey of ;n'}glkﬂljlatpf C'aﬁmgérﬂl@ﬁt to

enpl oy a pronoter and ancer ctive ects the expression
of the mMihAlaiegnew bign ttaeslatedn at imp@nalosigar(@tllatier andl Sonegtsng, sSIASEhoIRESS or

expressi,on. Those of ski]l i he.art of | ecyl gr biplo eneral L.y . know
Ehe. s cSIgew JHOE ane, MERHGRLrte PAmaar TG @I RHAET GGG n
eXPr €SShAR, bebRdes@RURPEletiS L EnPIFREMDEN, 3588 as WhHBR) IREDEHRHPL maingHallfr i n
by reference. The pronoters enployed nay be constitutive, tissue-specific,

i nduci binessags (Meecials afdiParnoniel 99 1Ne IRESrabpméns ean bokidked tonketerologbneopenhi gh
| evel expk.ession o i ntrod DNA n .Sy as is ,advan eous in
{reC] ar BBEER HaBs "Ml ifte Rt RUEE Tranle AT B FRbseriReF heBibet Spat SRRSO

an IRES, creating polycistronic messages. By virtue of the IRES element, each open reading

functional |ocation and/or orientation in relation to a nucl (;iyc ﬁﬁ{ﬁ
3548 t hat

frame is accessible to nbosomes for efficient translation. Multiple genes can be efficiently
expressed using a single promoterlenhahcer to transcribe a single message {see U.S. Patent
5,925,565 and 5,935,819, herein incorporated by reference).

C. Multiple Cloning Sites

[0091] Vectors can include a multiple cloning site (MCS), which is a nucleic acid
region that contains multiple restriction enzyme sites, any of which can be used in
conjunction with standard recombinant technology to digest the vector. (See Carbonelli et

al, 1999, Levenson et al., 1998, and Cocea, 1997, incorporated herein by reference.)
"Restriction enzyme digestion" refers to catalytic cleavage of a nucleic acid molecule with an
enzyme that functions only at specific locations in a nucleic acid molecule. Many of these
restriction enzymes are commercially available. Use of such enzymes is widely understood

by those of skill in the art. Frequently, a vector is linearized or fragmented using a restriction
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pronoter may be heterol ogous or endogenous. In a specific gs‘oodi g&(ﬁg t he
pronoter is a synthetic nyogenic pronoter, such as is des iHBg Li et
al . (1999 The identity of tissue-specific pronoters el enent s,
as well a&v%@%g@to characterize their activity, is well H%H“%F%ﬁthose
of skill in the art. Exanples of such regions include the human LI MK2 gene
( Nonot oemdyngl that @OV ithinhke 340 toatablel axogamaptajucceg emde lighted s thetveator.,
1998), murine epididymal retinoic acidg-bindin ene (Lareyre et al., 1999),
human’ LR GPlrsRdne erocgss of Tmi Iﬂ}%ﬁ’}@gwa?%%a@d% batyebr el feldmaki |
et al ., 53998)s Wfhich InaWHBE nRY0R: R QA4QERASHPCIAUSHL A8%2RibhA Honagne
receptor gene (Lee, et al., "1997), insSulin-like growth factor Il (Wi"et"

al ., 188fFictiomeneymel adligatiendottieisi at vedl knevh és itlorse nadl skellilne e @rdl ofendr o
et al., 1993@.&?1} I ni tiation Signals and Internal R bosone Binding Sites

[ 00891 KCQHRLARGEchngagyat i on signal al so may be required for efficient
translation of cgdi ngssleamesiEas. . These signals include the ATG initiation
codon or adjacent sequences. Exogenous translational control signals,
including th i Rirtde @t i 2 : ' :

ordi nary ski ﬁ)l(]ﬁl{ﬁ th%e&é?']t;dh%g%g%gﬁ?wagﬁ%é%ghepgﬂg%@éggg%%| glt t|os and
provi di reqnovheintrene Sgam ythe i prirakry. tragscriptswe Mectonowontaheng tgesomiti tulatyaie codon
must be "in-frame" wth the readin t he desired codi ngggf uence

frane a
Lo ensui<dUecshaPEETBH e omo Bt s @ orshiars .SJ"’F_H% SR RABELPPFEHEE BT nal
control ¢5iseigt forapidtdini dxpRdskion. CESERNEh&RIlerDEr 8l.1 907 NRémAncoffordddiyet i C.
The efficiency of expression nay be enhanced by the inclusion of
appr opriedgrencet)r anscri pti on enhancer el ements. [00901 In certain enbodi nents

of the invention, _the fJ ri bosone entry sites (IRES) elenents
are used to creat® w|#@§%‘%§yia§§"?§@?§léi stronic, nmessages. IRES elenents

are able to ass the ribosone scanning node| of 5' nethylated Ca
dependent R0t I B Gl G, 1 DR v T polpssleog Plggéq(tpéffﬁgt i er
and_So nl(ﬁgp@r_r SolyaRBGhtion BEhe GLABPL S The MR e MRTBSK AR 1488 sRiaP RNt US

fam ly (polio and encephal onyocarditis) have been desciibed (Pelletier and
SonenbebdaievadB8ehe crsiahkd theamceRES] praohsecointhenuiention, andios agE spdvhswjuerceand

, . . be, |.inked | . di
Fr arae. ™R PE FRPASET. T TREA upRagl OO R B SARAS ot Rl "
separ at g tayincadt Hutkah, grotved hbifone PolvadehyifiinCsi pRd SedRenicRyandidrt kiowaf ot he

| RES el enent, each open readin frame is accessible to ribosonmes for
ef fi ci efnctigmwsll4ajvgrovmarestpiels.gehse cerfamplateds 35 & slemeopt of ihsr expsessionsi ng a
single .er/ t : cr:ib i ent
5. 095, sHe R iE B EHARRTRhal EohRATRELC, Tribed LR TARSOHR o iarle skt
levels and/or to minimize read through from the cassette into other sequences.

f. Origins of Replication

[0094] In order to propagate a vector in a host cell, it may contain one or more
origins of replication sites (often termed "ori"), which is a specific nucleic acid sequence at
which replication is initiated. Alternatively an autonomously replicating sequence (ARS) can |
be employed if the host cell is yeast.

. Selectable and Screenable Markers

[06095] In certain embodiments of the invention, the cells contain nucleic aecid
construct of the present invention, a cell may be identified in vitro or in vivo by including a
marker in the expression vector. Such markers would confer an identifiable change to the
cell permitting easy identification of cells containing the expression vector. Generally, a
selectable marker is one that confers a property that allows for selection. A positive

selectable marker is one in which the presence of the marker allows for its selection, while a
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|

c. Miltiple Coning Sites [00911 Vectors can include a multiple cl on| ng
site (MCS), which is a nucleic acid region that contains r?ﬁlJPFBIZQ
restrich%g gnzglme sites, any of which can be used in conjunction with
standard reR3HM¥nt technol ogy to digest the vector. (Sed GAHWYARPi et
-al., 1999, Levenson et al., 1998, and Cocea, 1997, incorporated herein by
r ef er engegdtive sBRefablechdrkér iebAy MEwhitlgits presdrice pedvents ifsaeleatical YAr exapipavfige of
a nucleic acid nmolecule with an enzyme that functions only at specific

| ocat i orRPORIHvE splgetplale magkar ds HANE SeFANCRERNXSE t hese restriction enzymes

ar e commer ci bt 2 20kl ing Wil SUE B EERSn b lBhY i MERISHAPtha DY

t hose of ski the ar requently, a vector neari zed or agnent ed
usi ng a idesificatidn ofi t2msfbBndnisefo? (ABMPIL, @h%ﬂﬁiﬁ?coﬁtﬁfl 1dSdhAB TP Gicomyyime t hat

cuts within the MCS to.e enous nces to_he ]igated ot e
vector . Puinyes g LT CHE HEat st FHERGe b clepRB ks Bonds
bet ween h¥BoAUE] Gharkas! dontbirAETRN hhenotdicC IhdTBYIIONs MRY et dﬁ@mﬁﬁﬁhbﬂuﬁﬂs
w th each other. Techniques involving restriction enzynes and |i atlon

react i ofgnsfpenangs bask:dcmmtht: amplegwatagen ok conditiensg hﬁleaﬁstpe@fof maélmm

ol ecul SEeGTPle TR I SER MR BhbR TPIIAE Rk Y Bl ?‘%ﬂtersw@&r y

t ranscr ifliepnatiVest Qtrseriblet amzyim:g sgﬂﬂamherpeﬂ ksa:npde:t |v(i>rus Sﬂiﬂﬂ&lﬁlﬁeﬁnmy(tk)eqw re
donor and/ or accept or splicing sites to ensurg Boper pr.ocessing of the
‘e

t r anscr icplorqmphegicst aqelyleapsiaass; 6%4\ ) esyebectlizat.e Prgtof ghall indlgzart yopld giso
I ncor porgted, Ry ¢ @{n?l’o?f;%lﬁ%%rfoﬁ% v L l?egi%lsﬁf) Off Andflisn L’QQLQISACF rhnglyes#sf oct

expressi on, one W a po yaden ation signa
proper Hd)bymmydsad isomotdielieved to ibanmpoitat, solloeg asitus ealm"olet dfbepry grpdessgd at i on

signal is ot | i eye e. cru iaI .0 the succe s ractice

i nvent i 64 ﬁ’ﬁﬁ?‘ﬁy é(ﬁﬁ* g‘l?bﬁ‘“g@ﬁu%% eenc & e SERpIRS E"ﬁ? ﬁeﬁoafment s
i ncl ude s¢1B&ar1Y4Rd RRbRBR AR A R WIDIBRWIAB She bf sktillen ﬁfe\@nne or human growth
hor nrone pol yadenyl ati on signal, convenient and/or known to function well

in various t&rget HostCells Al so conterrpl ated as an el enent of the expression
cassette is a transcriptional termnation site. These el ements can serve to
enhance ness97]| evas ssedridte, thotermntoellZecelblige, hmd)‘u;@ll ciihoel tnag beasekt t e

into other sequences ns of Repll at 0094] I n _order to
propagatlI§'3r§g By ﬁlla"?l%‘?sgctéﬁ‘?s alsp 1 S‘a ?la,ﬂ[ﬁ Wl%;seany and all

subsequent generations. It is understood that all progeny may not be identical due to

deliberate or inadvertent mutations. In the context of expressing a heterologous nucleic acid
sequence, "host cell" refers to a prokaryotic or eukaryotic cell, and it includes any
transformable organism that is capable of replicating a vector and/or expressing a
heterologous gene encoded by a vector. A host cell can, and has been, used as a recipient for
vectors. A host cell may be "transfected" or "transformed,” which refers to a process by
which exogenous nucleic acid is transferred or introduced into the host cell. A transformed
cell includes the primary subject cell and its progeny.

[0098} Host cells may be derived from prokaryotes or eukaryotes, depending
upon whether the desired result is replication of the vector or expression of part or ali of the
vector-éncoded nucleic acid sequences. Numerous cell lines and cultures are available for
use as a host cell, and they can be obtained through the Amernican Type Culture Collection
{ATCC), which is an organization that serves as an archive for living cultures and genetic
materials (www.atcc.org). An appropriate host can be determined by one of skill in the art
based on the vector backbone and the desired result. A plasmid or cosmid, for example, can

- be introduced into a prokaryote host cell for replication of many vectors. Bacterial cells used
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origins of replication sites (often termed "ori"), which is specific

. nucleic acid sequence at which replication is initiated. AI?’tJé’F‘ﬁgp?Q/el y an

aut ononou | i cating sequence (ARS) can be enployed if the host cel |l
I s yeast. ﬁﬁg°@§ﬁgﬁtab|e and Screenabl e Markers [0095] In FEA{UHOL487

enbodi ments of the invention, the cells contain nucleic acid construct of
t he preaehsticeNeir vestor I&pmﬂﬂtlbn emd/obexpreteiot iifdlede DH5a iTM169 pandi KCY,j asovdbly

including a narker in the exp tor &ers vvoul onf an
i denti f P%BI“@“@E&H@%O%‘?‘EC%IY avgil ‘ﬁ’fi)é‘i‘qtﬁr{ fPgys é@w%ﬁ ﬁoelmeah

cont ai nigpg BECRY RIES @bﬁ’g‘% ’PAGEﬁ%@eLQ hbive). Altenfli®AlAURATPEAR SuiSaO n e
that confers a property that allows for seléction. A positive selectable

mar ker EscanBEB92 whild he tsed ap hest splbefop phadeevimegsker al | ows for its selection,

ar ker i o ond0 PRl RS %f@ﬁ«“o s R RN

a posi t k¥Qos Rlchide IR, MIHRES, kA, 093)0Cdse THD, 28408, My Re12. MAROhostselad | y
the inclusion of a drug sel ection marker aids in the cl oni ng and

i dent i f fiort Yasiousell ypas aush orasnisms s v alabinand, wopdd be kngyen tocfod skillda tha ance
to neor%(fl NSim a@# go LrQl’ Vg'éf ngﬁg usa_ifrﬁ’coﬁggiuoﬁegrﬁh 131@{3'.ahl=:&1$ feoJar are

useful Sel edt ers. 1t1Ton to ers con erring a phenotype
t hat al bmkaryote Hols'tecedil, particatariypbne lthanﬁs permassslediomesplisatioms@dexpressioe of the

i npl ementati on of conditions, other types of markers including screenable
mar ker sVeH4®h as GFP, whose ba5|s Is colorinetric analysis, are also

cont enpl at edy 0106Lt ermﬁé V@cltdfs G RRIGPES RN SRS UER aBSw NEIPRSrep it EX
virus thym di ne ki nase or “chl'oranpheni col acetyltransferase (CAT) may

be uti | heddr expressed is Ibpthl prohartyh@c and ewbaryofiatels. ©Qnowf iskill inothengst sypuld

I Kk |
rar kor. B0t MRS SR, IR EgHdhs BAE RhR R PeLoll' M6t ARFe B e iR o

bei ng eyfisas sefntaki t'lwxlntaaiﬂQ@PéﬁMt WipliGatioh@fRuek®l.C Al vhdentrdiang kaogr At
product. Further exanples o sel ect abl e and screenabl e markers are well

known t tscbmau@ﬁ mykpo ifignst that weuld gllowdarge-epale prqdcieor] ohyegiaisd anayedli # t he
terms ﬁﬁ)ldhc n SF he Iul:l@?c amcﬁ%%coc&ﬁl ﬂy Vit 0t1'§J Er?d th'gﬁ'ycoglﬁatéjgglg‘ﬁ )}ltﬂltegr Pﬁg&geabl y-

Al'l of eSE e e - al el’r progeny, and ‘a
subsequenpepgidegr atlons It is understood that all progeny may not be

I dentical due to _deli berglte or inadvertent nutations. In the context of
expressi ng ashet eESPEERWES P ¢ acid sequence, "host cell" refers to a

prokaryotic or eukaryotic cell, and it includes any
[0101] Numerous exprcsswn systems exist that comprise at least a part or all of

the compositions discussed above. Prokaryote- and/or eukaryote-based systems can be
employed for use with the present invention to produce nucleic acid sequences, or their
cognate polypeptides, proteins and peptides. Many such systems are commercially and
widely available.

[0102] The insect cell/baculovirus system can produce a high level of protein
expression of a heterologous nucleic acid segment, such as described in U.S. Patent No.
5,871,986, 4,879,236, both herein incorporated by reference, and which can be bought, for
example, under the name MAXBAC® 2.0 from INVITROGEN® and BACPACK™
BACULOVIRUS EXPRESSION SYSTEM FROM CLONTECH®.

[0100] Other examples of expression systems include STRATAGENE®'s
COMPLETE CONTROL4 Inducible Mammalian Expression System, which involves a
synthetic ecdysone-inducible receptor, or its pET Expression System, an E. coli expression
system.  Another example of an inducible expression system is available from

INVITROGEN®, which carries the T-REX™ (tetracycline-regulated expression) System, an
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transformabl e organismthat is capable of replicating a vector and/or
expressing a heterol ogous gene encoded by a vector. A hosfl3den¢ 2e¢kh, and

has been, used as a recipient for vectors. A host cell may be
"t r ansf ec Y0237t  ansforned, " which refers to a process ¥/ USRHIEH
exogenous nucleic acid is transferred or introduced into the host cell. A

t r ansf opaasibleC GhdmmBkdr dprdstien PEy e Y tHat bisest theelfill-fongth tEGMNT qgermyter.[ 0098]
Host cells nay be_derived from prokaryotes or eukaryotes, dependin upon

b
whet her INVHR{GGENE dalse quiptidess aryagsti ewiressionofystent coked die Bich@xﬁ#eﬁ'@g&m of
part O g@likotln §08em “RfifB'is ARSARAOP Hitln kel BdACAGHHE REBRLIDHRORMS el

| i nes and cu s are avai for se a ost cell, a ey can be
obt ai nedhethéthyiptroplie ydasrRickn Mythenobob.t Wre dolkiledd ilenart (WTdnowhbwhoi s an
organi zati on that seryes as an archive for Iivig‘% cultures anda%gnet.' C

et er i aPPTEMAN EEECSIPGS . An/APEHPB GPRERES i Blodegha BUClit B RGP dife of
skil'l iébgt“%ﬂﬁpgi’&?é%‘aﬂa ddipii@&t or backbone and the desired result. A
casmid, fo

pl asm d or I exanple, can be introduced into a prokaryote host
cell for replication of many vectors. Bacterial cells used 27 13 June 2005
WO 02/ 0 37 PCT/ US01/ 45726 as host cells for vector replication and/or
expr essTolP¢ i de DHsa, JML09, and KCB, as well as a nunber of

comer ci al | YFE‘OQ]' | abi/Rerbaghploy@d, MasEenesidCRilhbe hdchhplisHednbetae vbridtel dfs and
SOLOPACKa ol d Cells (STRATAGENE(r), La Jolla). Alternatively, bacterial
cel | s stterdaxd mptagenis jproqedoresc oMutption igdbe Prasesfowhershy |changss qsREgH e uses.

0099 r.vot.LG.:host : [ ' [
of o EERED 87 sflogf R gl MEGlips cheP yBRR 6@ lbARn YO nuBERIEES) O"
Many hossquesiel of a dinglengeny, iblotks o€ kbneds yop ehodnchrangsumes n€hanges avsainglalgemesand
woul d be known to one of skjll.in the art. Si.mlarly, a viral ,yector na
bo usedT ReorpeFOPTeOHOHGE: Al G1Oi BTk ATHITE ARVabre e sRuPYRly POCHIER el |

parti C%%Ji%lg?ﬂeoﬁ Dafndis RElBHES bi& Wathid GPDNARLLARNEE, &xme?slaia? MbeOfhet he
vect or. 1 Some vectors may enploy control sequences that allowit to
be repl ¢macpencacibhengesipradeisg thed insdroothonietdtian pblarge mumbeassiknuglsofidescel | s.

One of skill [ﬂ}ﬁ he I\{Trtt .woul d furtgrgtr under st and }{ hg ceopdi t:;L%rs]Se %lr,gdﬁr
which to inc ? alugponRs can JsE SPARLANEOIEY @5 RFEFH RLFYOS FR&F §PRPN™t hem
and to ger Kdblityepf I DRAI @&plRhtien VECHY mdVefRn Rdefrsisposhbi Gekdtivvelchieats

t echni ques and condi tions that would allow I ar?e-sqal e production_ of

vect or s(transpagens) veithin theogrmemeonl sy alspearp irdused: fodloping exoswsdo shepisak&r s and

their cOUNALE rRYUEREPISLEE SrurRidh Blilding oBEntP I Gnizthy RIRKERS WitPavRAS! S8
light and a diverse array of chemical such as alkylating agents and polycyclic aromatic
hydrocarbons all of which are capable of interacting either directly or indirectly (generally
following some metabolic biotransformations} with nucleic acids. The DNA lesions induced
by such environmental agents may lead to modifications of base sequence when the affected
DNA is replicated or repaired and thus to a mutation. Mutation also can be site-directed

through the use of particular targeting methods.

Site-Directed Mutagenesis

[0106] Structure-guided site-specific mutagenesis represents a powerful tool for
the dissection and engineering of protein-ligand interactions (Wells, 1996, Braisted et al.,
1996). The technique provides for the preparation and testing of sequence variants by

| introducing one or more nucleotide sequence changes into a selected DNA.

[0107] Site-specific mutagenesis uses specific oligonucleotide sequences which

encode the DNA sequence of the desired mutation, as well as a sufficient number of adjacent,
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[ 0101] Nunerous expression systens exist that conprise at |east a part or
all of the conpositions discussed above. Prokaryote- and/ dgJune2005

eukar yot e- based systens can be enployed for use with the present invention
to produc® MM aci d sequences, or their cognate pol ypg&pi¥¥EE872¢r ot ei ns
and peptides. Many such systens are commercially and w dely avail abl e.
[0102] Jxﬁﬁodiﬂé@ﬁ&clé‘&idc&.bﬁ?ﬂii@%?}tﬁpl%ﬁéi RELERB iPpRAUEE withidcib@v@le £
protein expression of a heterologous nucleic acid segnent, such as

descr i beunplexity, ©. foraratrbleduplexx o pathgaiss ofitlgzizlctivg junnsion bewmedrayersed. A

I ncor por at ed r rence nd . whi n he-bought . F | er the
e, WeSKBREL pb Ao 1716 28 Fiyo R e R R PR ARSI Redene e ss) On
SYSTEM td#edet 6INhEQIHcEidn of tht@eduehtdisdingexmngl. es of expression systens

i ncl ude STRATAGENE( aﬁés COVMPLETE _CONTROLa | nduci bl e Mamral i an, Expr essi on
System whi cl1P8l ol technigug iypieally copisonlactsiipnbigs: vectos tagb epists iy pothy s pET
Expr ess) ld r e} 18 -an

i nduci b+ gﬁlg%%agg% %%ﬁg?gfl gfr%]éltrgﬁ g%/aal | "abl g e?i?g%h%ﬁl\%vﬁpr%ﬁr , V\E%(G:Igés}:s:r ries
t he T- RinXkE ¢eatorsaayichs the-MEYphagee dhesephegs ventdrs Systammemnllg 8vdiBblkuard 2005

WO 02/ 061037 PCT/USQ / 4 6 i nducible . | an, expression, syst em,t hat uses
U 1 ul EK diig i BRIl SRR § Rioks BB ecit o DOH B mirate sl Ragiys &

eXPr essijgd I%Mﬁﬁ&ﬂ? &Rploged t e sfté-aitdedahaglesic 2 wikiPr Ansinges Sust &gp i ch

i s designed for high-Ilevel production of reconbinant proteins in the

met hy| otransfaiieg thepsne P pkirest ferhaplise éaa plepaidf skill in the art woul d know
how to expr a vect S . eXPrk i ct., I a
nucl ei ¢ aci dﬁig%luenglg gglﬁer'fﬂt §ﬁpgg% H%@%o%“?%%ﬁ?&é@?%@&ﬁ#} él%rt&gce%%#fﬁ%e.

Mut agengsa doulfl&iRsldeWeter, onikl ietudepwithire ite Sequentd h DA aequenpd esdodihgby a
vari ety of standard, nutagenic procedures. Miutation js the process whereby
changesthecdesired preteia ofgaftict glewentst A phganusieotide prgssi resringthadedrrdcan

i nvol v | of | [ .an i Si: , ocks
of * gencmIad, kel B UaND R, 3° nen HENER sl el Bl DR
consequenp®atddn, paking i sctoms thhi dagréenudimviemtteb wherp\selectiagl diybiidinatiom

bstitut i f i ngl | eoti de, b i £ hj DNA, , t
ot he Soogiaty e BvBRoGADRGRES iSRRG ¢ RVA eBrieine AABEC RS AR | ar gu
number s, ff palyfieRRt TdRIendwd Hashefy tiflor@i So CRMpNit 38e SRAMSANEPHER! ufom

result of events such as errors in _ o
bearing strand. Thus, a heteroduplex is formed, wherein one strand encodes the original non-

mutated sequence, and the second strand bears the desired mutation. This heteroduplex
vector is then used to transform appropriate host cells, such as E. coli cells, and clones are
selected that include recombinant vectors bearing the mutated sequence arrangement.

[0110] Comprehensive information on the functional significance and information
content of a given residue of 'protein can best be obtained by saturation mutagenesis in which
all 19 amino acid substitutions are examined. The shortcoming of this approach is that the
logistics of multi-residue saturation mutagenesis are daunting (Warren et al., 1996, Brown et
al., 1996; Zeng et al., 1996; Burton and Barbas, 1994; Yelton et al., 1995; Jackson ef al,,
1995; Short et al., 1995, Wong et al., 1996; Hil’ton et al., 1996). Hundreds, and possibly
even thousands, of site specific mutants must be studied. However, improved techniques
make production and rapid screening of mutants much more straightforward. See also, U.S.
Patents 5,798,208 and 5,830,650, for a description of "walk-through"” mutagenesis.

[0111] Other methods of site-directed mutagenesis are disclosed in U.S. Patents
5,220,007; 5,284,760; 5,354,670; 5,366,878, 5,389,514; 5,635,377; and 5,789,166.

Dosage and Formulation
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the fidelity of DNA replication or the novenent of transposable %enetic

el ements (transposons) within the genome. They also are i AdddBHZPE? | owi ng
exposure to chem cal or physical nutagens. Such nutation-inducing agents
i ncl ude i 8YR B¥M4%F adi ations, ultraviolet light and a di v&CIASIFI%G6 of
chem cal such as al kyl ati ng agents and pol ycyclic aromatic hydrocarbons
al | of which ;(ﬂue] capeld eofpositibier @etivengngletifents; dhdréiaf | yectors | dodiprisiig Va
(general ly ol  ow ng sonme mnet abol i c biotransformtions) wth: nucleic,

aci ds. memateen 4 aysleptide; srquencs enepdEgPEQRIR MRe At SEQJPNNO$mgnd @ad’ to
nodi fi cag,l f e ne af fec, ANAG '

r epai regﬁtjzri%gﬁi%%ug ?0?)1 gﬁ%ﬁﬁ%@f gn. Nﬁqggﬁbaﬁga%sgg%g?n be isslﬁ%1 %ﬁgﬁot g%%‘g%ngr

t hr oughetpressitsd obthipamvtitonl can be &rgeddteandeadndoistered tb effitraccriety dlgragtnesi s
[0106] Structure-guided site-specific muta sis. represents..a,powerf ul
ool 1 ofeRGEY STt B Reate U Broguess ROvErohs edive PegdRn Wil HP 28F i ohs
(el I's, silO8BactiBhah MebdBtofdh animalO Ak cotlpBsities BRHRUYSeRNOMvelRfon|i9 defihal
preparation and testing of sequence variants by introducing one or nore
nucl eot atie verofemianiop amgelsolidr squense eaendint thiicompoursizef thy wentinay iwhich

mut agenesi s_uses_specific ol] A | e ik ch. G DNA
Sequencs B PR ol Fipnfs, AnpPB ML AbichBod  YURLER TG s ERESRred

adj ?Cen_ﬁudfﬁai%nﬂé}uahrgilﬂ_se 1@ @EFer MO a0RERAPAAR TP ETELIBR Lind@ih2 & f waidoabinfioadd. One
nucleotides. In this way, a prinmer sequence is provided with sufficient

si ze angkilleds i s attyregegnizss that the dems cﬁ?ﬁ?"é‘ﬁte&qpt?é‘fih’ frofeedyreannbe élé"’l“gt i on
junctio ' v ' : ' k] engt h
<o e DiARReI THEE fan, B aRloTRired by 309 Somichtb ol anegy SR JEF Ui oo
t he seqoeijaetioniwith phirmaesitichls,1d@kr Fhmdivadiabitipugpeutip iactate ingredphtyy ia a

bact eri ophage.vector that, exists,. in both si ngl.e-strapded an .

doubl e- Eqpl?%i%@é‘a’ foér‘i]i‘Fra%‘E’ccoF‘%nvﬁsg’ig‘(ﬁd?‘?nﬁs'si %P‘%@%‘{ezdmﬁﬁ?‘ﬁ’@l&%egfes ACHYR | ude
vect or SisHefer@$s hdifinidicte P MBAS or INEPSTRNAGE 2 PBEOLS: B5LLE MHRIstdrad With a

avail able and their use is generally well known to t'hose skilled in the
art. Doplireastutinald eziript aslattdd qr the bassoof dle icheden wufs of @dmimistwtoa- aid ect ed

nmut agenesi ich ell.mnates the step of transferring the gene._ o

inter esfeta?(f%‘?nvggmﬁﬁ%cﬁghf% %{afe)tfcgs meséf?h [ngfﬂﬁ?cellélcaéecnoen}pé)ls I,U%(%Snec BT tf%ﬁ ns a
si ngl e- ffpBes oY ABAgbstic0 purBidsSint Mhicl rmAdlisine, Oboth Hhondal endsvétameted. Fect or,
whi ch includes within its sequence a DNA sequence, encodin t he desired

pr ot ei nX@MRIBITBEY arectssfi it thereanpyorfuaPeE Tedpied AisRRdeTsHaR i2h §YPORITH@S  ed
mut at edd\ﬁ%‘ﬂi‘éﬁ@%@%ﬁﬁg RoReitrbahhiieR rir? Efvﬁﬂ hohﬁoﬁé‘ﬁﬂd@di‘i%ﬁ?‘ﬁ%ﬁagﬁ%&ﬂ% tﬁ%}fcan

si ngl e-stran preparati on, Ing 1nto account t ree
m smat célsovbe nsaktoastitiubge thebyroditzat anbance feed conversion efficiency of animals raised

for meat production, to enhance milk production, and stimulate egg production.

[0113] The dosage administered will be a therapeutically effective amount of
active ingredient and will, of course, vary depending upon known factors such as the
pharmacodynamic characteristics of the particular active ingredient and its mode and route of
administration; type of animal; age of the recipient; sex of the recipient; feproductive status
of the recipient; health of the recipient; weight of the recipient; nature and extent of
symptoms; kind of concurrent treatment; frequency of treatment; and the effect desired.
Appropriate dosages of the vectors of the invention to be administered will vary somewhat
depending on the individual subject and other parameters. The skilled practitioner will be
able to determine appropriate dosages based on the known circulating levels of growth
hormone associated with normal growth and the growth hormone releasing activity of the

- vector. As is well known in the art, treatment of a female or mother to produce bigger
animals will necessitate varying dosages from individual to individual depending.upon the

degree of levels of increase of growth hormone production required.
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conditions. The hybridized product is subjected to DNA pol yneri zing enzynes
such as E. coli polynerase |I (Kl enow fragnment) in order t63c'HH?)P-@ t he
synt hesi sxg(; t he nutation- bearing strand. Thus, a heterodlﬁﬁl ex is formed,
wherei n one’ &% encodes the original non- mutated sequdSd@SOYAR2¢ he
second strand bears the desired nutation. This heteroduplex vector is then
used to trangfeam apmuepPheat B Hrosided ¢h lascordairh wish Fhis G@¥dntioela meti@dcbfcl ones
are selected that include reconbinant vectors bearing the putated sequence
ar r angesreasing grovvth cEameispERg WIEh; RFBFSeS Jd5HNIslering &0 gl?rfém?’&rpalmother of
signifi ' | Al L ek i i n
best beaneapg noliTal a6 A i nauHtitrt RhClFecNe BobbEdh 3
subst i t goiwdln homnaneas devielsaieatditbars that wbmhiis gssofiatethivgthappmahgiovitls Neanalt he

| ogi stig¢cs of nmultj-residue saturation nutagenesis are. daunt. ng. (VALtren et

L9 obRel® pr Bt homaene Vapbneent Brameie M gERAR s o Ane L agg o

Yel ton gheRbf cirddfhg g%%ﬁ%n%ﬁe@érycoﬂs@&?éblﬁhﬁﬁﬁ% @k célrse oflP&F. VONg et al .,
y

1996; Hlton et al., 1996). Hundreds, and possibly even thousands, of site
speci fic nut K8} nudthetseis sdsedirevidedpwesied of mpicasieg theegrnwity s of amirels

productjon .and rapid_screeni of . t re .al .ght d, See
B so. U aRReteFPl " 5555 7R b, B dPRE SHGROY bikbE e

"wal k- t plogtigivn ofigragneshone {tQlddel gfdatee thamehd agdciafed svitlenatinabgroedh.

nut agenesi s _are disclosed in U S. Patents 5,220,007, 5,284,760; 5, 354,670;
5, 366, 8Ggne Thempyshdministgatips77: and 5, 789, 166. Dosage and Fornul ation 30
13 June 20030802/ APRGS TapbtolidROHhS kAl hErhi? LyoTlafs CORPRS irRflarb Ghiov e
i ngredi ents; herein, vectors conprisihg a pfronmpter; a nucleotide sequence
encodi ngrefirRidids iheblid, semiSEly, Hqui@rPasauns fans'in thenvaya kabeh éal theewi fon their

operatively |inked sequentially at propriate distanges for functional
expr es sTEERFFIYE T %ﬂ‘ﬁ’?’/‘@ﬁﬁ%' cbéﬁmﬁgg‘%’l"rfﬂ It Fhcanke lgﬁ’rﬁeﬂ 'L PEVEY TE 6%  ect
a vari efyg &fso@&ig%bahe%mp%ﬁeﬁxlﬁﬁi ﬁltré'a%h&\/ma%a%@ drhglenflir@ dHfcASeRANR! act

of the active'ingredient wth the agent’s e of action in the body of an
ani mal . oflthe comppoten. ifo phasmacdusicliacsaptablaferm shonld ke eraplopediwhigh deevadt or

containin ucl eot i de. sequence encodi ng.t he c ound. of .t he_ i.nvent.i on,
whtch | ngttedhusl SheC SRS O MGG By it in PRIl oodlBe BEROBET on
IS adm gyngdcRftReks cfn bé Wdeliiatdrerir isl gﬂ)'tbﬂ)ﬁate bBogiehe, at well ab hecansinhtica Wit
effective anount of said conpound. One skilled in the art recogni zes that
t he t erofberpamnaestieallypetivgePmpayddduced” can be used interchangeably.
They can be Ini st . i ' - for. in
conf uncti on LT pnisteainbt, 38y pERR e A8k BEARS o ANE PR Int oy 1\ e
i ngr edi enddiveredi via aari@snbutaa tidio Giiotd etape ahiacingd bbdetd aguiediagrergculdrn a

prefer r(%gec? ?s%g,dflz. g? E[osénqu%?%}.%?99l); Rosenfeld et al., (1991a); Jaffe et al., 1992). One

skilled in the art will recognize that although more than one route can be used for
administration, a particular route can provide a more immediate and more effective reaction
than another route. Local or systemic delivery can be accomplished by administration
comprising application or instillation of the formulation into body cavities, inhalation or
insufflation of an aerosol, or by parenteral introduction, comprising intramuscular,
intravenous, peritoneal, subcutaneous, intradermal, as well as topical administration.

[0118] One skilled in the art recognizes that different methods of delivery may be
utilized to administer a vector into a cell. Examples include: (1) methods utilizing physical
means, such as electroporation (electricity), a gene gun (physical force} or applying large

- volumes of a liquid (pressure); and (2) methods wherein said vector is complexed to another
- entity, such as a liposome or transporter molecule.
[0119] Accordingly, the present invention provides a method of transferring a

therapeutic gene to a host, which comprises administering the vector of the present invention,
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ingredient is adm nistered alone or in a buffer such as PBS, but nmay be
adninistered with a pharmaceutical carrier selected on t hd315ae §OQ§/ t he
chosen ro%’(g ﬂ) m nistration and standard pharnmaceuti cal Ipracti ce. Such
phar maceut" ¢3#*@6Hposi ti ons can be used for therapeutic GCIHSYATE ¢
purposes in clinical nedicine, both human and veterinary. For exanple,
they ar grefe@blyl asipartolia chbimpatitiemtusinly gy ofitHe-af@babitbrdt seutetes Radsinibtrain
hypopituitary dwarfismresulting fromabnornmalities in, growh hornopne

pr oduct Phrilieimatys suiey knewmylo these shilled ye thesad and apnraRMias 4% RPHHOWTh or
enhance -CcON ! I,Cd | 08 F I, tion,
to enhaﬁ]é@%r%‘ltﬁﬁ %&%ﬁt@t c@%?ﬂaggn stai eré:j;lt%? %qg‘ﬁgt {)e?(; %g%?rg%ce %?%1%1% p'?'ér%g&dos age
adm ni simreatdomid 4 hbe call the be penitored|ih yeres fof attherepantio efifecofe. g. alleviateon of
ingredient and will, af course, vary, dependin on kno actors. .such as
e CpnSPHeEgay o Shal QUiteib btiellabfIEHE e otie PraBEh ey SEtEMCent
and i tsorpgerARtncd ke 8f expREioni oFtthebdmRRvitHiyy BR Kst A "Bding R SoBmérhlR
recipient; sex of the recipient; reproductive status ~ of t%e_ reci pi ent;

heal t h ehaintreactioni ini eerjunchien ghiith sequaneinge Mophemt or Savthem hylridesations, @f

synptons; ki.nd of concunrent,tre . fre C f.Lr. X .1 he

o foct TaRergtoR sl G poceens GEQRRRRA i REP VRS oy Joint' BRI BRGS0 e
admi ni sugtitedywhédiatyd dyteSuie WIRINA ctgpeteth ROf-HRe dtitdied, o ipuitituRkizal biseyt toand

ot her paraneters. The skilled practitioner will be able to determ ne

appr opr Heted rietsiyrPokieatideencofed nBirrrassieaed auqlsig apidyel Ennssted iplgvel or

hor none i i mal growth and the growth hornone rel easing
activit?ﬁ%?&\t;ﬁgé%\%g@%%ﬁ , is well known in the art, treatment of a fenale
or not her to[{20fuceTlHesgmethodadesorbal haréih areclnyess inteatnseali+axcinsivg, aiwistagbs f r om
i ndi vidual to individual .depending upon the degree of |levels. of increase
of gr omwwerf@ﬂpﬁhsoﬁmlgwpp %ﬁﬁﬁ%}‘e‘gl.l 89 3Rl %@o@d\r@%%é@w%

PCTI USO3/ 4825, e LhelivEhiBoudtN the Icdmpbaibiechnl 1 AGARF dAR6RnMdd Hdligh
invention a method of 1increasing growh of an offspring which conprises
admi ni stmaloggtotcomphendsdmaive to exerbthndesivsfl effe¢te of f spring an anount of the
anal og of this..pvertion sufficient; to increa the production o ow h
hor none to |L(f,lé2|lg g&téﬁ@gfm?rﬁ’anefl T;letg?] (i/%?c &?cge‘guges A eeﬁntdhn %lr%%?tg%rr owt h.
Nor mal  tHeR¥@iposi@ibngire Whhitaeden iecontiifatbanvatidehedpyhrmaaseagca dethpositicak sorand,
for any given individual, |evels of circulati ngq%,r owt h hor none vary

consi defensngingy onnéntetulividus diffrenges i Phaymasekinglicse dryg oflisppsiogy i #8d a

met hod metibﬁﬁgﬁaﬁg%ﬁﬁgﬁgﬁ%ﬂ%%? giﬁgﬁn af vf%iagpllk%uﬁf,gat/%&gﬁégﬂg oh i u;gh?tliélﬂaramunt

of the iI'nventive 0g S ient to pro on of
gr owt h - beit limnetilided de.£.o baded gnghe rumbdrad vediat reagsars ipatsent on thh celd swridce gorowt h.
Gene Thﬁ'lreaa%){lit?‘dorpt el ggrliig&llztp \rr]ector employed for gene transfer to replicate in that cell line).

Furthermore, the amount of vector to be added per cell will likely vary with the length and

stability of the therapeutic gene inserted in the vector, as well as the nature of the sequence,

~ and is particularly a parameter which needs to be determined empirically, and can be altered

due to factors not inherent to the methods of the present invention (for instance, the cost

associated with synthesis). One skilled in the art can easily make any necessary adjustments
in accordance with the exigencies of the particular situation,

[0122] The following examples are offered by way of example, and are not

intended to limit the scope of the invention in any manner.

33




[0116] Where appropriate, the gene therapy vectors can be fornulated into
preparations in solid, semisolid, liquid or gaseous forns i'® e 2689s known
in the art_for their respective route of adm nistration. Means known in
the art cafPB¥%IP7 i zed to prevent release and absor pti oPCHUSKEST26
conposition until it reaches the target organ or to ensure tined-rel ease

of the conposition. A pharnmaceuti ceKAMPKE@apt abl e form shoul d be enpl oyed
whi ch does not i neffect uagtARMH GugerBRAM 40065 inbrehfle Present invention. In
pharmaceuti cal dosage for @ﬁ{sécP?a%gggmgﬁ“ 'mgﬁﬁﬂit?e used alone or in

appropriate association, as we I'n comblination,”wth other

phar maceut | cgh a4 act &¥er? GIRONWhevli) Lhok: AGHYE 0hane 12 BhAHEIAGEW cal
conposi tion e present invention nmay be delivered via various routes
and to vaculaisy systedss ofbah hamane(Frétothn éailadbss wadpigsarBy emplyingeGHRER
(see, e.g., Rosenfeld et al. (1991): Rosenfeld et al 1991a); Jaffe et
al ., 19993logscHEt peglppg dig biplogial 5411%-1% P/ RRIAY S ¥ e A t han
one 1 oulffhy REHUSERGR! s AATEVBAS! GRREP nutinP Akl CllngfardtOW) Sieaiiqy! de 2
nore imediate and nore effective reaction than another route. Local or
syst em enudsdenwss.y Ghin5bwanecasipiteds fird Ay 5 anincreate at-hadival canfprmmaiongand
application or.instillation of the fornmulation into bQdy cavifjes
i nhal at @awﬁﬂwglhq'mm ¥0x desFrPagt clegyage Py §3psn- © By vt 6t g 1931r SHRIRER on,
compr | S bflofd WAL £4! bilfsritutloRd HRYBYQUES BRY LABR 3ifinits UBCHHEABAR PSreceptor

I 'l as d on. ski |

I ntradermal’, as we t opi cal ni strat [0118] One ed’in the
art rec(@angledl ¢hdt, 18P1) eTentdureidse df boflogied] iagtviyy dueytobexidaiion|dfabel Mas,

adm ni st er. ctor in cell.. Ex es .l ncl.ude; nmet hags. utili zing
hys! caiiRighty i et Brras pribp BORERSh i Lhts O erdR bl of.
(physi cabgd)ouaRlitubion IEMIMENEnd BEQE foVDETRSRE AbnZ8 Whetpdrebrined & ThUS, @) fripgnd (2)
nmet hods wherein said vector is conplexed to another " entity, such as a

| i posonemro tagigh swestitwionnpiugany| denoted 1350 GHRIEISE T yvast fremgd.es Speptidylent i on
>3 - ) : ‘ . X .
Conpr | <RSP B S e Al RS GARaakUBPESYLLE: GPHG Pl IRE MU EP

conpris m ni st eri‘ng
2005 WOz219981.0bbrdr[@ipdpHidadednbatntqaredre cedated stabiap IGHRHA5/2D2P asd tlhenrby usi ng
any of the aforenentioned routes of adpmnistration or alternative routes

known t ERaRREIIEk Mithedla? AGHRE1-ADroraiidh Xl SPHRHEV) oF bY conyertieg, Tyl and

appl i cata : i -H@“@ﬁ 1 AQT a host cell in
accordagr?é%qfv?ﬁrﬁ%&?ﬁg %@g?@ﬁ?}fi nventG'il(Iﬁ’ Iflgvgg?]%]g{n?gﬂ'l can be nonitored in
terns of a therapeutic effect (e. EXAMBMEAti on of sone synptom associ at ed

with the particul ar di sease bei ngDNAashsghici®r, further, by evidence of the
transferred gene or expression of the gene within the host (e.g., using the

pol ymer ase (0124 r €ack ispstifid c@baditiRaf, ia0playhidho S SEQENE INGES (MSPESE2-M\OS

Southerp A brlsI lgtiilizz%a ii1(1) ?hse’ prgsrent invention. In another specific embodiment, a plasmid vector
is utilized wherein the plasmid comprises a pVC0289 backbone (SEQ ID NO:10); a
promoter, such as of SEQ ID NO:6; a GHRH c¢DNA, such as the porcine HV-GHRH (the
mutated HV-GHRH c¢DNA) (SEQ ID NO:11); and a 3" UTR, such as from human GH (SEQ
ID NO:7).

[0125] To test the biological potency of the mutated porcine GHRH cDNA
sequences, plasmid vectors were engineered that were capable of directing the highest level
of skeletal muscle-spéciﬁc gene expression by a newly described synthetic muscle promoter,
SPc5-12, which contains a proximal serum response element from skeletal a-actin, multiple
MEF-2 sites, multiple MEF-1 sites, and TEF-1 binding sites (Li et al., 1999). A 228-bp

_fragment of porcine GHRH, which encodes the 31 amino acid signal peptide and the entire
mature peptide porcine GHRH (Tyr1-Gly40) and or the GHRH mutants, followed by the 3’

untranslated region of human GH ¢DNA, were incorporated into myogenic GHRH
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transcription assays to detect the nucleic acid in host cells, or using

i mmunobl ot anal ysis, antibody-nedi ated detection, nRNA or 1gJ¥perA0S

hal f-1ife_studies, or particularized assays to detect protein or

pol ypept i P EHWEEd by the transferred nucleic acid, or i RSTAISEH3736| evel
or function due to such transfer). [0120] These nethods descri bed herein
are by Bepr8RaIS véttdrs ibyChEmbIE welaholval inhBe artTeThe Geasin®l pIPES-1DeontBmEid i C

application will be apparent to the ordinary_ skilled artisan. Nbreover,

t he ef f 3eQtpy SaclRamidl fragmpet ehiisosPed bh syrtbeticarompterndd epls dPhitedhe

t hr ough : C exer it degy+ed effect. [01211
Furtherrsr%crqe, t es:%gtoﬁgﬁ ose zyr%g scheg%ﬁaggﬁcéﬁﬁegﬁlnggepéndi ng on whet her

t he conposit [@26)] ar eTtaedwild ityytcend dnatated pobdimaGHRH wDiNG sow dre robpiverdntac sitet | cal
conposi tions, or dependi.ng on_j rindj vidual differences_in L

phar rracé’ﬁ% : in&‘g?getﬁ‘?ﬁ_ﬁ Ogi}_@%ﬁ'%‘i @hgﬂif C_ﬁ\g& "f’]’glzﬁlﬁo%ieslfﬁ € %1 Sigs, 11 it s can
vary in . i diyng fTRIEC

utili zeI(\dediaegéé: %19%2%% (gﬁi%g%:ﬁ%ggg O(Iml Y%%t%@%inég ept o?%j%r%%?ﬁltb CIE%&F?"} cel |
sur f aceg BamHEHmddHbi fragnyéndinte e qoarcspandingrsiteeof e péviJIER/ Bopnfega veaoran
transfer to.re |icate dn tdhat ell line). _F rtherrmre,nt anmount Oifo

vect or - PBtpehethiua BRI pfis o R yhemer et F SRR e TRRRE Stk 11y
of the ipelcBPEAas oBRRRAIfSE Heaflnian A b§ChOiging@the Wahdan afmidd i@ 44 of

t he squgnge, ar?_doi s particularly a par\g?ret ergn\}\%i gh néareldslto l;e det erm ned
enpi ri c38 nging theriasy BSER EENOP: due to factors not inherent to the nethods
of the pr WV, ' ' ' h tdh -

oyt host SR CrACTRGALAC ARG SRR ALER ASERCERDERTGAE a5

adj ust MERd porcine K¢ aaitstions everd mbdd with & [gEngicfSEQ ID NO:ar ti cul ar situati on.
[01221 The follow ng exanples are offered b V\(/?i/ of exanple, and are not
el

|
i nt endedl-AEAGTRAG EGFCARE TARA RO TG T C #. 3Bhe goryifge 2005
WD 02/ 0 > any | .
%%B&T&%Q%ﬁ@@ﬁgﬁ@!ﬁéfﬁ%&@@ﬂ active anal ogs increase

GH secretagogue activit GHRH has a rel atively short
hal f - | i $'eCGIGANMGTEZTGGOCCCRAGTCTGTEEGUC-BL uThd porging ST euP8 Ash nhodtionhmasans

(Frohman et al., 1984 L gs, .By enploying GHRH anal ogs that prol ong
its bi %&W&L‘W?mFiﬁfgﬁ}uﬁ?gﬁ)‘§hprove its GH secretagogue activity,
enhances GGeaRICAGEACATECTCAMEAGEIRAGONGUT AGWRLS . JEJIRMALE thublbedsts

directed nutagenesis. Ayl5 was substituted for Alal5 to increase
a- hel i cthk resiting elandsomerasdqueaendhtiopionfiim cotrecinesgrapd subsdguandg sebaonsdvintye by

trypsi nt-hle iﬁ(aef‘nﬁﬂ Mg T (51%]5 (ﬁi pSzi‘{-Gngl-? %%gcﬂb%ﬁnhis Example by methods well known

to those in the art.

EXAMPLE 3
Cell culture and transfection

[0127] Experiments were performed in both pig anterior pituitary culture and
primary chicken myoblast cultures with equal success. However, the figures demonstrate
data generated with pig anterior pituitary cultures. Primary chicken myoblast cultures were
obtained as follows. Chicken embryonic tissue was harvested, dissected free of skin and
cartilage and mechanically dissociated. The cell suspension was passed through cheesecloth
and lens paper and plated at a density of 1 x 10® to 2 x 10®/ 100 mm plastic culture dish. The
cell populations which remained in suspension were plated at a density of 2 x 10% to 3 x 10°
cells /collagen-coated 100 mm plastic dish and incubated at 37°C in a 5% CO, environment.
Cells were then incubated 24 hours prior to transfection at a density of 1.5 x 10100 mm
plate in Minimal Essential Medium (MEM) supplemented with 10% Heat Inactivated Horse
Serum (HIHS), 5% chicken embryo extract (CEE) (Gibco BRL; Grand Island, NY), and
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anal ogs with Al al5 substitutions dlspl ay a 4-5 fold greater affinity for
the GHRH receptor (Canpbell et al., 1991). To reduce | oss 18tune 8P&yi cal
act|V|ty due to oxidation of the Met, wth slightly nore stable forns

usi ng ol MWW t h a free COOHterninus (Kubiak et al., PCTHE8)/48726
substitution of Met27 and Ser28 for Leu27and Asn28 was perforrred Thus, a
triple oam@iRCist fatthetdetdilsisenDraghnAkl enell, 99 AandSHiRrEshi & al.2 8986asTHeor med.
Di peptidyl ‘peptidase IV is the prine serum GHRH degradative enzyrre SV\aI ter
et at, pIgGMerigrpifuifapt culfyre Wawﬂmmeqv@w@ialhn Pepscrbase (Lappsk platlos! WO

cr et e9nllel ks P P A 0 b Bl BRSSP
and Valdr b it (thhmnd{) Bachiinl/2 RUSLAENDE: D iAMRL [ESnngngéd ) ng:miazmHl\s/

L. i -12- HV-
[GHRH } smg‘élgﬂ’?‘gggl; ffx:l?grt“i%éntgr g%’e#ttaqs??@glﬁ?al?sl{inﬁe‘ ‘?In(lgﬁ(gt her speci( Pi cCenbodi ment ,
a plasm d Vg@pg N'o%:fggz e SartRER' Rith "y P YT BOPRT | R KRR

backbone (S a pronoter, GHRH"CcDNA,
such ash}idfa:t:nﬁmej aeotdifgGolftht ﬁlhinﬁ'actmﬂ atsﬁfdctitMs Gilibat tmﬁhﬁ):tu@ﬁﬁ@ mEIhN@ wikl) ;

and a 3 uc from hu 7 st t he
blologlﬂﬁmg Péﬂggiﬁﬁ“?ﬁgnWH% %SH% éigéikﬁﬁ%ﬁﬁmﬁhg ﬁﬁ% ?W%ﬁﬁ\d
vect or SM‘éﬁiraeanﬁrlﬁllQ SRIER LA YEhSuS %Bﬁmlﬁeﬁﬁtlﬂiohe?hé @Eiciiéiﬁy hirghastbotioay el

of skeletal nuscle-specitfic gene expression by a newy described synthetic

muscl e waoestreted b)ap(g&adtﬁadmllnitodmnnﬂ:m anpolpliatento ket Oss goynbefor! enment
fromskel etal a-actin es | 1 si and
TEF- 1 bs¥6sHRe-<e %éve{q_wg%p(t] &1‘”03 in §gey's B&i sed %BH”§ IPQE;‘PTQ%%E%} a“ﬁ‘&ﬁ‘?: PisdiaGRH,
whi ch eaﬁﬁg&mot b Lo, @% BOviA¢ k&g ﬂﬂﬁ’xhlrp%ﬂ%néd‘%eﬁihew@mﬂeit@d b fn%y e

peptide porcine GHRH ( -3 y40) and or the GHRH nutants, followed
3" unt®.2hybhredoft Ei mﬂumamimthbmd phmyémathtbmliﬁmyéﬁl@mdpnﬁgzmgem C

ot hod<" et 1VRRGRO: RITIRA B 157 Re P 5ees T3BEBITA e Gl

Sacl / B&'ﬁ#‘opﬁﬂ@&ﬁ%ﬂﬁ &Edtlheraaﬁ@rﬁnﬁﬂoﬁyiﬂsh@{ r&ufpended o r(lédla &londitionedl §&9) 1 n
the SaclBanH sites of pSK-GHRH backbone (Draghia-Akli et al., 1997).

[0126] Prieanyipiglantgne pAEas AuHREd porci ne GHRH cDNAs were obtained by site
di rected nut agenesi s of human GHR LﬁhHZI ng the kit Altered Sites H

:NQSV!SL[)& Oxéaggnem S Sysbﬁﬂl(ﬂz{lger-g&ive anaiogs?ﬂcreas)e The human GHRH cDNA

GH secretagogue activity and stability

[0129] Skeletal myoblasts were transfected as in Example 3 with each construct
and GHRH moieties purified from conditioned culture media cells were assayed for growth
hormone secretion in pig anterior pituitary cell cultures. As shown in FIG.1B, media
collected after 24 hours and quantitated by porcine specific GH-radioimmunoassays showed
that modest gains in GH secretion amounting to about 20% to 50% for the modified GHRH
species (GH15/27/28; GHRH-TI; GHRH-TV) over wild-type porcine GHRH. Only one of
the four mutants, GHRH-HV, had a substantial increase in GH secretagogue activity in which

- porcine GH levels rose from baseline values of 200ng/ml up to 1600 ng/ml (FIG.1B).

EXAMPLE 5
Plasma incubation of HV-GHRH muolecnle

[0100]) Pooled porcine plasma was collected from control pigs, and stored at -

80°C. Chemically synthesized HV-GHRH was prepared by peptide synthesis. The porcine

~ plasma was thawed and centrifuged, placed at 37°C and allowed to equilibrate. GHRH
mutant was dissolved into plasma sample to a final concentration of 100pg/ml. Immediately

after the addition of the GHRH mutant, and 15, 30, 60, 120 and 240 minutes later, 1ml of
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a BanH -Hind Il fragment into the corresponding sites of the pALTER

Pronega vector and nutagenesis was performed according to 18dene 2005
manuf acturer's directions. The porcine wild type cDNA was obtained from
the human ¥R 7changi ng the human anino acids 34 and FEWEHEER6e
primer of SEQ ID NG 2:

5' - AGCCHIab T aad GABALWANGI AN WNERAGITAT ANTOHACT BCiditedBplasmd ves pirifiddren HV
nmut ati ons were nade with the priner of SEQ |D

o O R T BB A CTREs e T miEES By HRECp 3Fige foWalism: 600

mutatio ] i | NQO 4
T S o TR D 53 AL WA ShteliaOhe TS fagessop, type 717 and o Walters

made W bpectromopitordd0 GF alBEQAlfchdBsS Millipore Corp., Milford, MA). The detection was

5' - CTGCTCCAGGACA GGCA : 3' . . Fol | ow. ' t h
Cesul | AETRTSAGE SHETE. d0RTEHER PRSP AR Afed of PER HBE SOt S LRI y
subcl onﬁﬁ!eg'r%@ﬁe casafiilenidd nd 111 sites of pSK-GHRH described in this

Exanpl e by  nmet hods well known to those in the art. EXAVMPLE 3 Cell culture
and transf ec{013i] [ 0 3tFhilimpferildiyne SHRH eng thefapalog GHRHHBY twasithendtasted inor

pituitary cul ture and _pri.nmar heken .myobl.ast .cul tyr wth e I

P ccesaPoiaite MicneRitBR oY R AR’ Roytplecll SlC Bt B a0 o or
pi tui t apPLLY | dndlyels, RAsi shish ehiRIGEIT, Msob|odsthe Chlld-typRs GHRIE (1 ey edlaas

foll ows. Chicken enbryonic tjissue was harvested, dissected free of skin and

carti | agesreded Within £Riniantes ofjingabnéion i plasnyh elncconfrast, ipehadion of GERIFESS By

t hr ough : | : to 2
< 1087 or it pifed Bt £22 A9BE G opgRes Sas Priieded Bt chamdd %, 5
suspenstleavagerdurplgat tod laduraofdeatiatiyn.oThi, ¥nded 6demticd crndi€iéns, e @iadjar portion

/ col | agep- 100.mm.pl ast i i sh.and i ated at, 37C i 5%

envi ronﬂgﬁm ?%‘F@lgﬁ%w Egﬁ’a‘f tyfﬁl gs B‘F'Pglftef%%gtr%]ﬁ&’f@&% at a
densi ty, ebnsldepabte HRION MBIt féd GHRI-MVTL FBru %&ésa{flm@)um (MEM

suppl emented wth 10% Heat Inactivated Horse Serum (HLHS), 5% chi cken
enbryo extract (CEE) (G bco BRL; &XAMBIH and, NY), and 35 13 June 2005 WO
02/ 061037 PCT/ US01/ 48726 gent anycAnimiotudies t her details see Draghi a- Akl i

et al., 1997 and Bergsma et at, 1986. The pig anterior pituitary culture
was obt ai ned[(ES3ENt i'Ertey gasipslegclive) Sdd4 (werkh@td @ybrd .crost H2djows Bforiedhirg,

pituitary tissue was_dissoci ated under_ enzynmatic conditiops, plated on
pl ast i clandspess Hangpshag andnDpfond e fsebun 4he n%t}lgf?ﬁe g P@H\faﬁeﬁ ¥eften

rinsed gRgligaRQSRfist® Wil RbI RBess to water, and 6% of their body weight diet (24%

protein pig meal, Producers Cooperative Association, Bryan, TX). The animals were

weighed every other day, at 8:30 am, and the feed was subsequently added. Animals were

maintained in accordance with NIH Guide, USDA and Animal Welfare Act guidelines.

EXAMPLE 7
Intramuscular injection of plasmid DNA in porcine

[0133] Endotoxin-free plasmid (Qiagen Inc., Chatsworth, CA) preparations of
. pSPc5-12-HV-GHRH, pSPc5-12-wt-GHRH and pSPc5-12bgal were diluted in PBS (pH 7.4)
to lmg/ml. The animals were assigned equally to one of the treatments. The pigs were
anesthetized with isoflurane {concentration 6f 2-6% for induction and 1-3% for maintenance).
Jugular catheters were implanted by éurgical procedure to draw blood from the animals at day
3,7, 14, 21, 28, 45 and 65 post-injection. While anesthetized, 10mg of plasmid was injected
directly into the semitendinosus muscle of pigs. Two minutes after injection, the injected
muscle was placed in between a set of calipers and elecfroporated using optimized conditions
of 200V/cm with 4 pulses of 60 milliseconds (Aihara ef al., 1998). At 65 days post-injection,

animals were killed and internal organs and injected muscle collected, weighed, frozen in
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media prior to experinents. For details see Tanner et al. (|1990) &0100]
Cells were transfected with 4g of plasmd per 100mm plate,

| i pof ect am n according to the manufacturer instructions. After

transf ect VN2 7edi um was changed to MEM whi ch cont ai REd/S9MRE and 2%
CEE to allow the cells to differentiate. Media and cells were harvested 72
hour s poighiddhitdogég Nindadtoen . at TR G [Uaedaeste ywart Weighaf ead edlyzedelsy eehtrdmt ed
by 0-gal act osi dase hi stochenm stry of control plates to be 10% One day

bef ore aftiaizent Bagk fat wiap mepiy¥ed washed tWI ce in Hank's Bal anced Salt

Solution (HBSS) and the nmedia ch WEM 0. 1% bovi ne serum al bum n.
Condi ti oned nedia was treated.b $? éﬁgqg ne of 1%trifluoroacetic
acid and 1nM phenyl net Pssq.ﬁll"b P? 4 Wcﬁ?as £ 80C, | yoph| li zed,
purified on C 18 S@HC’GGIQ ol sexpmtleyels pyer 2 manthsnt |

rel yophilized and used in rad|0|nnunoassa S or resuspended N nedla

condi ti oned {¥K00] pr i Fhg goiliiygot-the @pn@izeﬁmreﬁe%sgrrﬁslétan& R H VERERHL E’GQFO’GFRH

super-a e Cliqv
[or20] - el P DA LRFERRATLr GHRACHIELAAAGNAGRSI A BtbiE) ARl ok
const r udeternaineld. CBietidnatic et dps ©f pHP-HV-6HR H caw ealhak the mbletypubdnstmctnp%ﬂ-wtcel S

were assayed for growth hornobne secretion in pig anter itary cell
cul t ur eSHEH, angildrtypepentagd j SYnthelif [ngxagsrye ?@PteEEI 8uB g?ﬁEPSId%S

tit t
Gains. | uEfyeldh P RERIDEE b fhe FlkcERl LM AASERY FIOO CrinkSkeoRRIEP
speci es c4stakkd/ Rdledfgs GRHakdsthetiddardda jugelar \M'ehdeith@ta' pas dnsegedHRHllo@n| y

one of the four nutants, GHRH HV, ha %@a substant i ncrease i.n GH
secr et a§oisgtion of blaodysamplegyitthno gissem @ﬂpee%n@ Sy o%lésmlﬁmﬁa%m |"ﬁ‘€°‘§/al ues

IC—)I(/- éﬂ%&% éculr}ég[oé-?ggf\ ggg’ﬁpgﬁpl)orm ne P P asn’ég M/a§P$laﬁ$@cjj't %gﬂf rom ont roI

pi gs, adifeslydhrcseniitendiBOdis niilzele] which yas yieh bz iropatatdy{SdRExanipde Py epar ed by
peptide synthesis. The porcine plasma was thawed and centrifuged, placed
at 37C and al l owed to equili br at e EXAMPLERt ant was di ssol ved into pl asma
sanple to a final conc@arding GHRIGHomd K7 measpeeapeatel y  after the
addition of the GHRH nutant, and 15, 30, 60, 120 and 240 minutes later, Im
of 36 13 JunE128D5 \Rorca¢ (BHRE7WRCTIcas0ed mgélemralggwmhmm abrdly asystesnd

aci difi ﬁdenlnsu a ]iargora?oneslvh-rﬁu ont Q?A)d ISfGIIISIFVlB( SPHR 48 assay g id rpi tlilb%(.j P%cine GH in

plasma was measured with a specific double antibody procedure RIA (The Pennsylvania
State University). The sensitivity of the assay is 4ngftube. Porcine IGF-I was measured by
heterologous human assay (Diagnostic System Lab., Webster, TX). Data are analyzed using
Microsoft Excel statistics analysis package. Values shown in the figures are the mean + s.e.m.
Specific p values were obtained by comparison using Students t test. A p < 0.05 is set as the
level of statistical significance. In pigs injected in semitendinosus muscle with pSP-HV-
GHRH, GHRH levels was increased at 7 days post-injection (FIG.2B), and were 150% above
the control levels at 14 days (652.4+77pg/ml versus 419.6+13pg/ml). pSP-HV-GHRH
express-ion activity reached a plateau by 60 days that was about 2 to 3 fold greater levels than
the placebo injected control values. The absolute quantity of serum GHRH, corrected for
increased body weight between day 0 and day 60 (blood volume accounts for 8% of total
body weight), secreted by the pSP-HV-GHRH injected pigs was 3 times greater than the
placebo injected control values (1426.49+ 10.47ng versus 266.84+25.45ng) (FIG.2C). The
wild-type pSP-GHRH injected animals, which had been injected in semitendinosus muscle,

showed only a modest increase in their GHRH levels starting with 45 days post-injection, but
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C18 affinity SEP-Pak colums, |yophilized and anal yzed by HPLC, using a
Walters 600 nulti-systemdelivery system a Walters intel [1Bgene 28@Hhpl e
processor, type 717 and a Walters spectrononitor 490 (Walters Associ at es,
M I lipore W8UH61037 | ford, MA). The detection was perfor mRETHSOP48MM  The
percent of peptide degraded at these tinme points was neasured by

I nt egr at,ed_fga e 39 1.4 0 | e he
anal og t&l—lgRl—fI?ﬁVhlv(\:/ap%Q? Lﬁgng?e@sa "‘edJ" ?tr%%}%g% ie(lﬁ? %?rg%n%t ngﬁgi %l%fﬁgiaﬁ_?: egi‘%l C%—IRH
pept i debiolbgicilefiect. by sol i d phase extraction, and HPLC, analysis. As shown

in FIG 1C, 959 t wi | d-.t GHRH_ (,1-.4 2 egraded .wi t hin .60

m nutes of i ﬁﬁjﬁét i gﬁo‘i‘l'fg %-111%%3@/? yery et ge)élyg qf\mﬁﬁigg‘@'ﬁﬁy &ﬁiﬁ?—swlﬁh pi g
pl asma abovERod RahpRrs, th@e_i‘lséve?% alintithe g iy pERbIdRS oWaSteP fl P ahd 04 agp NSt
enzymati c cl eavage, during to 6 hours of incubation. Thus, under

i dent i cdpllavoingithe iniml injeqtions rwese pispvadt fop pPOEHRYEIHWhichMusra sxtranolated for g | e

the wil d- ' te r kg ' i I

 ner ons o' e pGHT Sty Tt HRERHRIT RIGR B (FISPE SEORTLA: o

Qni mal $ﬁdﬂéﬁsﬁ$r;] {HRk M ciﬁktgxﬁeevgremmsiapz pfoiswiajedcﬂarﬂ(dm;e ksrialoe }wgﬂldsz; ?\m%
arrows (Yorkshire, Landrace, Hampshire and Dur wer e in the GHRH
studi es OFAERHS FRH! For @emhand T4 days RPShiBiRcen (el varapefond T 56090, et e ,
and 6% 0f 4% Reishs QRek%] Web Iie/diet (24% protein pig meal, Producers

Cooperative Association, Bryan, TX). The aninmals were , weighed every other
day, at 8: 30 [&l37] andAndtberfipdidativasoisinbreastd systemicaldviedsl of fdl wahkl lweelevated

i i ned. i i ' SDA and..Anj .. A
ou dei | J0e1s GhIRFRR SHIR Roii Tt laveh eued ke 3 P LRI RS BBk o1
[0133] Eﬁaﬂtﬁ&éﬁ hosRenjdtRs NIFEG.LE).agam 1l Bgys, tHeba bsald Bverdgdli dbbep@anafoldns of

pSPc5- 12- HV- GH pSPc5-12-wt - GHRH and pSPc5-12bgal were diluted in PBS (pH
7.4) tdndreasg/ini serumnhkCEhilpeals which was mywtaingd) pxer w0t daysne 6f 003 In

treatnme ' . . aat.| ' i g ' of
2" 6o 1 oo RAIRE: BlpSTEAE wi G WR ARt SObelia Ged GARATRYY 21001

i npl ant attréige Suthgir cirtbulptircKHUE Rvile (dr8%) satovin ornFihzE.ani mal s at day 3,
7, 14, 21, 28, 45 and 65 post-injection. Wiile anesthetized, 10ng of
plasmid was injected directly i nERAMELELS ¢ endi nosus nuscle of pigs. Two
m nutes after inj ed‘(ly@ﬁﬂ,llittﬁﬂli/‘hp&lteéﬁon Mepsensenhiaacepig gEemibn bet ween a set
of calipers and el ectroporated using optimzed conditions of 200V/cmwi th
4 pul ses of ¢@100]| | i BarciondSH( Fictetech intp the . systeads circutpti@t affay sntramuscular

post - | njérg%tllé)gx?%% p%%%%%&%ﬁ%ﬁé#pﬁ%ss@dvé NS raﬂgllnex(ﬂ[s %Qéfthaggeri &l %%SG%

nuscl e

castrated young male pigs. Body composition measurements were performed either in vivo,
at day 30 and 65 post-injection (densitometry, K40) or post-mortem (organ, carcass, body fat,
direct dissection followed by neutron activation chamber). Wild-type pSP-GHRH injected
animals were on average 21.5% heavier than the placebo controls (37.125kg vs. 29.375kg),
while the pSP-HV-GHRH injected pigs were 37.8% heavier (41.775kg; p = 0.014), as shown
in FIG.3A. Feed conversion efficiency was also improved by 20% in pigs injected with
GHRH constructs when compared with controls (0.267 kg of food/day for each kg weight
gain in pSP-HV-GHRH, and 0.274 kg in pSP-wt-GHRH, versus 0.334 kg in pSP-f gal
injected pigs (FIG.3B). Body composition studies by densitometry, K40 potassium chamber
and neutron activation chamber showed a proportional increase of all body components in
GHRH injected animals, with no signs of organomegaly, relative proportion of body fat and
associated pathology. A photograph of a placebo injected control pig and a pSP-HV-GHRH
injected pig after 45 days is shown in FIG.3C. |

[0139] The metabolic profile of pSP-HV-GHRH injected pigs shown in Table I
connotes a significant decrease in serum urea level, pSP-GHRH and pSP-HV-GHRH,
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13 June 2005 WD 02/ 061037 PCTI US01/ 48726 liquid nitrogen, and stored at
-80C. Carcasses were wei ghed and anal yzed by neutron acti Vavrem20®ack f at
was neasured. EXAMPLE 8 Muscle injection of pSP-HV-GHRI| increases porcine
GHRH;, GH ¥YOYWLWT serum | evel s over 2 nonths [0100] The XEITUSOY4526 t he
optim zed protease resistant pSP-HV-GHRH vector to facilitate long term

expr essi’é@ﬂedﬁfve@"%@gﬂlgﬁl' 'ﬂt" 8bitrdld, 3 1hdi | a8 CERYSL0 FRRAll S inVemjected

determ ned. Schenatic maps of pSP—I—I\/—G—IRH as well as the wild-type
constr uplgs)(p“gmi)ﬁ); ighRitingadecacagsd drrtn}cp@mdowat@ﬂlsman@emm hirokelevel masgeni ¢

pr onot er. 05| X r R- I t he
b1 aceboolrglE Batvect Beefigls RodPEpaitRRRH MG o2 st e e
wer e angikhetd. geglompdl an j sgu{mmﬂnnjea&a@ﬁgranaam b+eing/ipth tvﬁdaj;ﬂeOMSP-

col | ectl on of bl ood sarrp es with no disconfort for the animals. Plasm d

expr essPHRE éeded apmals(@e0-A()- S athea mstabehipchapees yeere g we - GHRH;, or  pSP-
(3 gal) was injected directly into sem tendi nosus nmuscle, which was then
el ectroporated (See Exanple 7). EXAMPLE 9 Porcine GHRU, GH and | G- |

nmeasur enent ABLRIB5] FREMET ABHHICPROPARIOEGHRIINGL ETEORIGS ANDTRNn assay

system (Peninsula Laborap@gNneROIBSVIDNUES BRMGHRNSI tivity of the assay is
| pg/tube. Porcine GHin plasm was neasured wth a specific double

anti body procedure RIA (The Pennsyl vani a State University). The

sensitivity of the assay is 4pgifube. Pehel ne I@EEW rrea}?g;ﬂd by
St

het er ol ogous human assay (Di agnos |c System Lab , Data are
anal yzed using Mcrosoft Excel statistics analysis package alues shown

in the figureg.are the nean ific ai ned by
conpari son usitg ™ udent s t ?%%%FA p§ﬂf%.05 i ‘S\Sﬁb s th‘{eg (?givel of
statistical sipgP-wt-GHRH | nopsgs i nj ggted in 9830686l nosds+0BEscl e with
pSP-HV- GHRH, GHRH | evel s was increased_at 7 days ost-l nj ection (FI G 2B),
and were 1500n8FoHY-GHRH c oni(4%+G.-2v ef 872405 4 867)3§ 0852. 4%( HPM versus
419.61 3pg/ M ). pSP-HV-GHRH expression activity reached a pI ateau by 60
days that was about 2 to 3 fold greater levels than the placebo injected
control values. The absol ute quanEXAMELEsSHr um GHRH, corrected for

i ncreased body wei ghtxfetmens wisydifferund 16l o PSPIIVAGHRM ume accounts for
8% of total body weight), secreted by the pSP-HV-GHRH i nj ected pigs was 3

tinmes greatefoyppn tihe ﬁ;rﬂieaqﬂzyaugr 4é 864 effe@O R PIP-NOLGERH( 44 3R 48wkl 7 Ng
versus 266.8425.45ng) (FI G 2C W | d-type pSP-GHRH i nj ected aninals,

whi ch hpiglets groupsjo€ ¢ pégletis nves@chéqﬁcﬁtdaglaﬁ irth with pSP-HV-GHRH (3 mg, 1

mg, 100 micrograms) using the new injectable six needle-array electrodes. These electrodes
were previously tested and were 10-fold more efficient than caliper electrodes known in the
art. Thus, needle electrodes are preferably used in methods of the present invention. As
shown in FIG.4, the group injected with 100 micrograms of the plasmid presented the best
growth curve, with statistically signiﬁcant differences to controls after 50 days of age. One
aﬁimal in the group‘injected with 3 mg developed antibodies and showed a significantly
decreased grdwth pattern.

[0141] Also, groups of 2 piglets were injected with the indicated doses of pSP-
HV-GHRH 10 days after birth, IGF-I values started to rise 10 days post-injection, and at 35
days post-injection pigs injected with 100 micrograms plasmid averaged 10.62 fold higher
IGF-I than the controls. Pigs injected with 1 mg averaged 7.94 fold over the controls, and
pigs injected with 3 mg averaged 1.16 fold over control values.

[0142] Thus, in a specific embodiment lower dosages of pSP-HV-GHRH are

injected. In a specific embodiment about 100 micrograms (.1 milligrams) of the plasmid is
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showed only a nodest increase in their GJHRH | evel s starti ng wi th 45 days
post-injection, but 38 13 June 2005 WD 02/ 061037 PCT/ US01/ 487¢ee 80GE £ o] d

i ncrease %69 da%s post-injection (779.36ng), at levels sufficient to
elicit a YUY *Fal effect. [0136] Young ani nals have veFTHI§H4@%el s of
GH that gradually decrease with age. Blood sanples, taken every 15 m nutes
over a a#hiwaur ipgidted fktigic dnittbdimanchbddt 260,300 hatlogiidgart gjettsd.t iTalan

i njections, were assayed for pGH | evel s which were extrapol ated for the
total chédifenal gmpofimeshd@AP0 mypraggmeappadmipssicrsd. ect ed pigs (FI G 2D) showed
an increase in their GH content euidqpfpdfs day 7 post-injection (delta
variation H/ = +1.52, wt = -0. 73.\6%5%‘(;%%{1%{‘;)&11:@. 2ng/ M) and 14 days
post-injection (delta vartgkosppanyens WgpP-HV-GHRY /5% orsus control =
-6.88ng/m). 7] Anot her indicatian of_.in tem.c levels qoft GH
would be ol cliAdh | |G Er SRl ek St @Rleh o SRRATL G RN SRUPS A 1 o
rise i nppels érCidtdd bi@ging cht @IS vath 2L PSP-BVUEHRHPOAL showe i FOG.6( G 2E) .
At 21 days, these aninmals averaged about a 3-fold .increase in serum]| G-I

| evel s, stembciniestes hdi deyaiaftes Wb rprewntedythe( besk growtly cunve, wilbnpenifisgRly pi gs
I0eh oL = ) ) . :
| er eagdaltitednh ifreblact bR Bl (IR Sy Ao YBk OO wB f e

EXAMPL Einjértddy ag @i daysHRhekppd emtibodies/ and shewed namigeifiphigtlyg demedsed Erooih
Porcine GH secreted jntp the systemc circulation after intranuscyl.ar

i nj ect i Bt @g@ﬁ?lﬁleﬁﬁv-&mﬁgw%gwwc% trepted iogrreht P oNh 1006 65
days | ndzgfi;gclﬁtarﬁg}r. eﬂl y QP%J%Socﬂhﬂﬁt thBkbYa XRASd R vEBRRH SRR SHRIE

per f or e In v at day 30 and '65 post-injection (densitonetry,
K40) or IG@0S tlevebr arerthe bovegah (aboat tkid4 dayroofylifehtand miay be towitapmdudting Wiadn owed

b t tivati ' W | d-.t SP- inj ected . api nal
o aver GRS R Taespt e B o Rl ahie 14 S5bERy Bt M3abeteic)
whi | e t feapRdidypidduded ggzﬂﬁ:&@mﬁhﬂﬁd\@ﬁﬂ-ﬁﬁ- SPrebpai a8Im{ 44 cdrhipkionRo=

0.014), as shown in FIG 3A Feed conversion efficiency was also inproved
by 20% hen-piegsarit ahiseal cgiver that inopme seosilaper Hystamsaiie tdnprdr BEMEGPTIRNaMY: r ol s
(0.267 kg of food/day for each kgE i i],L f;jai n in pSP-HV-GHRH, and 0. 274 kg
in pSP-wt-GHRH, versus 0.334 k%é}iﬁn.g - %68{%' injected pigs (FIG 3B). Body
conposi tion studies by densiton®effic BRRPAIMERSSi ym chanber  and neutron

activation chanber showed a proportional incyrease of .all body conponents in
GHRH i nj ect et/ 4Rl nall8 supmany. A3 gl tgie Rﬂl@'aff‘rmaféaoy,ls 1880 %f&ermlb i on
of body,fdeeqbunds heavier than the controls (p < 0.04) at 40 days post-injection). A preferred

dosage for injection is 100 micrograms plasmid in 2-5 mi volume (an average 6 pounds

heavier than the controls (p < 0.02) at 40 days post-injection). Hormonal and biochemical
constants are normal (IGF-1, IGF-BP3, insulin, urea, glucose, total proteins, creatinine) in the
offspring of sow 1 (time course) and sow 3 (dose curve) and in correlation with weight
increase, with no deleterious side effects. Body composition studies from the previous
experiment showed that HV-GHRH determined a uniform increase of all body compartments
(body composition similar to the controls but bigger), while wt-GHRH determined an
increase in lean body mass and a decrease in fat.

[0145] Given that increases in growth hormone can result in an increase in body
temperature, in a preferred embodiment female pigs are injected under conditions wherein the

temperature is about 62°F to about 80°F.
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associ at ed pathol ogy. A photograph of a placebo injected control and a
pSP-HV-GHRH injected pig after 45 days is shown in FI G 3c13 [JG_"LSQQ gh

met abol i Cﬁ’%g%@%l% of pSP-HV-GHRH injected pigs shown in Table | connot es a
significa Jse in serum urea | evel , pSP-GHRH and psﬁww 39 13
June 2005 WD 02/ 061037 PCT/ US01/ 48726 respectlvel y (90.9ng/dl in controls,
8.3t ng/dl and 6.875t0.5nn/dl in EXAMPEE 14i gs) (p=0. 006), indicating
decreased am no g &tﬁafcﬁmié Shith mrogamlv&éﬂﬁ@mﬁwe Wit Sowism | ar bet ween
the controls and tf'1e plasmd TJ‘il‘ﬁE %)i s (99. §t4 8ny/dl in control

pi gs, 104.816.9ng/dl in pSP- I nfjected pigs and 97.5t8ng/dl in

wer e 1 oond. PAIPE 1 ”f%%%%?"x%&eﬁ%k%&ﬁ? ST R Sec R RO

CONTROL ScfevAjddied wikh MEHELOf.a Vekioe osehingeCr GHIRIEhimibd tisairinkstr of gestation. In
Cont r ol 99. 2+4. 89+0. 90. 82+0. 0

PSP- Wt - ifte,example; fhessow -—D@ngro 2&5@ wgs injected with 10 mg of a pSP-HV-GHRH
pSP- HV- GRS 140850 %éiaﬁw uﬁﬁ’er?ﬁs‘t% 88 BeidRriiBliEmb} bEAREkhoWR s W th

different |evels of To further investigate the effects
of pSP- tg- @HRI—I.non Sph@ﬁgrﬂmhddlmwt thegplesmid i5r delpsredf asznpﬁga@pb Werith ithg ect ed
at 10 da bi rth el usi ng
the new® Cﬁ’f’@ g’r?f & C’% gl ég?cgesg)? lréglfltr oratg()rno‘gggsutﬁlfﬁggl?el ec ro CWOQ%%%
previ ousikhebdisd 22 ahtthvies 2 cAOmnflengih and ehihfdre beatcircilanplastid upportbédtchndes
known in the art. Thus, needl e electrodes are preferably used in nethods
of the ﬁ’r@%@ﬁ‘lﬁrl nventi on. shown in FIG 4, the group injected with 100
i crograms of, pl ;

statisticall 'si ni ffaz)ggn? %ﬁﬁ%grrmg%g]eeg‘pia coh)[ ?&Fgmaeﬁ@&glég bggyfsr&gfa %)ge One
ani mal mjnedtd;dewjﬂlopﬁ)}’m-éiﬂm (e} by Elenrogenatibw e P0adiyis bafdgestationd Fhidesdd a

i gnif tl d h tt 0141] A | et
were | nfGBeRSrES R VRE (i8] CofoBEb RIBES ke ST Prg e Lt e By r ¢
| GF- 1 vakiesagleaf iR%sitddy Icéﬁpéﬁu@l@ma I’(’f&@%fBWY@ﬁEérgrbf tRSigRls B6m tﬁ@?gP-

post-injection pigs injected wth m crograns plasm d averaged
fol d hi H¥efGHRH-injected sow and the umnjected sow. This table represents the relative

proportion of fat to body weight and shows piglets from the injected sow had 18.5% less fat
per unit of weight. Pigs p2/1 and p2/6 were sacrificed before the body composition data was
obtained: Biochemistry of the piglets was similar to that demonstrated for the second
pregnancy of this sow (see Example 15). The p values are very significant at all time points.
These tables clearly show the piglets born from the sow injected with pSP-HV-GHRH during
their gestation weigh significantly more than piglets bom from the control sow. Without
limiting the scope of the invention and without imposing restrictions on the metes and bounds
of the invention, the Applicants surmise that the GHRH injected into muscle cells s secreted
and passed through the placenta. As a result of the hypertrophic and hyperplastic effects of
GHRH on thé pituitary, there is an increased number of pituitary cells releasing GH.
EXAMPLE 15
The Second Litter of the Injected Sow

[0148] Table 5 demonstrates the weight data from the second litter of the sow

injected with pSP-HV-GHRH during the first pregnancy.
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| GF-1 than the controls. Pigs injected with 1 ng averaged 7.94 fold over

t he control s, and pigs injected with 3 ng averaged 1.16 fd3PduB%éP0%ontr ol
val ues. 8% ﬁzjl Thus, in a specific enbodi nent | ower dosages_ of ?SP- HV- GHRH
are injedYQB7, specific enbodi ment about 100 mi crogr AFE/YSPUAE i gr ans)
of the plasmd is 40 13 June 2005 WO 02/ 061037 PCT/ US01/ 48726 utilized. In
anot her specific enbodi nent about 200-300 mcrograns are injected. In an
addi ti onal enbodi ment 50-100 m crogranms are adm nistered. EXAMPLE 12 Age
conparisons with pSP-HV-GHRH [0143] To optim ze the age of piglets for

pSP- HV- GHRH i nj ect i on, TgBoLIP PIGEETBONYI QPIMPOSIIVeN GVERTIMELt ed starting at birth
wth 2ng pSP-HV-GHRH. As shown in FIG 6, the group injected 14 days after
bi rth presentzdigrha-Negst 5/¢e@at hs/&2000 e, 5/ M2000 Sh/piilobe cansR§o SLHRI0St | BFA090
di ff er@mees caiypar @dys$ 0 biyer conddyal atpsuery adyme poidag21 On@ayasi maldayn7t he
group pik Nj ectgghyat 33¢ days deved @ped ag¥osbodi g8 and ghowed aggd gni fisgant |y

decr eaggg gr ovsda gatl;; erge |t 1 83890SSidlgg thag,thereqgigs i nsyjpn resyszggince
if tre dto ar (i <ab 10- dayssof ag In eci

errbodl nt thEsgs?%heriéﬁ)y |§6§mst ‘Q?Eectls\l;g When§ atur al%)ZCSEH an jﬁpGF Ijsq}

are th&E[ ones ab 4 day count oduc

when gr ég no? 1y %705 . {16%}3 spegfiém aodi e 5rt heré4¥§ a

decr ea®’?in th®7nunb P8 ant i Hbdi es oduced’ agai n 5 a modi+i ed B#in a
pr egnakie 8 ani nh?07 nzc%%pa?° $&5on t97% nowpregn@dft ani MaP, gi Qéﬁ that363qune
surveipig@nce 334t edv2ar et Feducedduri rfetspr egnddicy. BRAVPLE .65 Speci*Pe
Enbodipient s [D4734) 3l665 suasmry, a¥soptiaidl tinesépoi nt 926r | njl@Tti on 399524
days akiegige biz.t8h (an7s7average 8 .4orndss.diesvi es.iiskan Baerigonto.sdisi ( B6624704)
at 40 shayrss posizsh Njogsdol oMdis1A prafer r egssogosages7hor ioki@et i 085328 100808

m cr 09§53m5 Pl @53 d giphe2- (529'3159 vl 48% (arsospser agesshs Pownegs 1 haayaer th@sd he
cont I’O|‘f§_ P <0.02) 097t 6’49@/5 7 'Hi%%: ON{ g57KIpT ”%%‘E(‘) la”‘gsﬁﬂl‘i’c“fﬁ‘&%
conet ! 13%.9%?‘2% in t 92 SRR st (1 i eour W‘# and 230
(dose %?H?Q?e) 43’n‘(§3 18r r%zloa i on v&g?&% fﬁﬁd?easg‘%% t h§ o ldel e@gg\#sgus
si de eff8&%ts. Body conposition st ud| es fromthe previous eRp#Pl medt*¢Honed
that HYMSHRH determined a uniformincrease of all body conpartnments (body
conpostthion similar to the controls but bigger), while w-GHRH deterni ned
an increase in |l ean body mass and a decrease in fat.
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101451 G ven that increases in growth hormone can result in_an increase in
body tenperature, in a preferred enbodi nent femal e pigs arléJungde@%ed under
conditions wherein the tenperature is about 62F to about 80F. 41 13 June
2005 WO 02YQB8AMI97PCT/ USO1/ 48726 EXAMPLE 14 Injection O RIS/ 0geni c
Vectors Into Pregnant Sows Prior To The First Litter [01461 To assay
growth eff ec; %FI%JB&PQﬁﬂinﬁtﬂﬁ&{s%ﬁG}mTﬁ%@éw&P%the%ﬁresmdy &cted
with 10 ng of a vector containing a GHRH in the last trimester of

gest at i during gestatioh svithpibe isédoond digampirem hink tlmm@(d 109 1pbigpershevasragnferct ed

i th f
br egnanByPe G B PR ERE S b oo Ry ot B cop et bt T} Kol o

enbodi NBitliets hrldQvEragm@i 21 §1%g debirpr Ad2liaa}fs[1th@‘saﬂmjﬁll7thwﬁéigm§1&r tixgigRtsi on
that a cal | per electrode for electroporation was utilized (FIG 7). The

el ect r oife2 Her chefagterigtéifos thetmgedgriddhe ayesage is mi $0pouadyRo &8 %t@plak&s on a
I t t
Che wer SRE RPN RHERBRL iRisctbs S - HYRTRREL are chbibiong (91 il QDI 21 o

pSP- HV- BhiRkkdd¢aniipe bg,asehaﬂnﬂanmﬂmﬂtat G days ﬁ&rdbaj&st‘rmfwgglﬂt &tere)m av'&:—algh d 135
denonstrates the i.ght (k of caontrol ani m an uni.nj ected sow
Coa "ot PR S N ter 5 compalOV tog hesten, i BPrabaticntis QL oF B

mean) Ohémumlg bet AthiBo Hh}tsh&tep§ﬂh Y 1R AineGlvede 50 Wk zmuﬂas moect ed

sow. This table represents the relativé proportion of fat to body wei ght
and shoug) pggdrdhan the oonttdds pB08¢t.ed sow had 18.5% | ess fat per unit of

wei ght. Pigs a p2/ 6 were sac |f| d bef o the osit.ion data
was obt ai negﬂ%@locﬁﬂ}ﬁ 8%y %ﬁretaﬁlgstb ’Iso Skl néerc tﬁ%?@ RRHIRD: 1 at ed
for thepsReqne anﬁrfagﬂ@ﬁpmghzm;@qasﬁmﬁé eeu@sﬁfmb %ydﬁ:):hloﬂiﬂ@aﬁﬂ Yelhtpamar e

very si gnl ficant at all time p0| nts. These tables clearly show the piglets

born fr Yﬁfpﬁdoﬁiﬁh jtnp alosegs of 27 perkgwasHrRed dbipT te Piglesr 2 gombaation Hei gh
si gni fi G Jz?ne :ﬁl?ln%pltﬁ& ?ﬁe{h@mzr&m tﬂﬁlzgenhmﬁ sa%%ssﬁ{%ﬁthg thod

I|mt|ng e I nvén nand wt rictions on
t he net e@mpmhdnoma thefpigléte nusy ¢ayt stidhon thedr bk i anDeallemy Pengitvatiettyhe

GHRH injected into nuscle cells is _seg and passed thr h the

pl acent EPEX4) machiag ter 9out homimplss, §P%ﬁ?ﬁlyahﬁmﬁwﬂﬁ?@(gsi+&ygﬁ twegde  GHRH

o the @P %gﬁﬁ&%xiaﬁ%@ﬂ@sﬂ 189 rﬂgngggq_%&é mﬁ&ﬁe&&)eaﬂe einbBdivnene ldserégheasi ng
LE®IS T econd Litter of the Injected

anesthetic known in the art is administered, such as ketamine 15 mg/kg + acepromazine 0.4

mg/kg. In an additionat specific embodiment no anesthesia in the piglets is necessary to take
blood, inject, etc. |

[0151] Given that pigs and some other animals are generally sensitive to different
types of anesthetics and could die post-anesthesia by major changes in their thermo-
regulatory process (hypo or hyperthermia, the latest much more often), atropine is sometimes
administered. Atropine is an anticholinergic medication that is utilized frequently prior to
anesthesia and is thought to facilitate the drying of secretions and to reduce the amount of
‘required anesthetic, prevent cardiac arrhythmias during the procedure, and increase animal
comfort during anesthetic recovery, with a decrease in the frequency of undesirable abnormal
thermal episodes. In a specific embodiment there is a pretreatment with atropine at 0.05 -
mg/kg subq (subcutaneous). Other similar drugs known in the art may be used as an

* altemnative to atropine.

[0152) Multiple biochemical measurements were taken of the piglets. Tables 6

through 12 provide data conceming these measurements. The insulin experiment (Table 6)

was measured 5-25-00. The average of all previous control groups tested is 6.8 pU/ml, and
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[01481 Table 5 denobnstrates the weight data fromthe second litter of the
sow injected with pSP-HV-GHRH during the first pregnancy. 133un82G¢he 2005
WD 02/ 061037 PCT/ US01/ 48726 TABLE 5: PI GLET BODY COVPGCSI TI ON OVER TI ME

27- Apr 1- MAVBPAPIB¥0518/ 20005/ 11/ 20005/ 16/ 20005/ 18/ 2005/ 23PEFASHI/48I29000 sow
2day lday 5Day 7day 11Day 1l4day 19day 21day 26day 77 pig

12. 0973th%6a4re@a%§ 0P S exprfeAtl] ﬁ%@tgé%@%@hﬂ, with no statistical significance (p =
22.2643.5124. 465. 8826.7998. 79. 411. 2537. 228 pi g

31. 75820.98B. 684. 8175. 77. 58. 2510. 2535. 866 pi g

41.8952. 8433,.624. 7335. 7147.17.68. 932. 234 pi g

52. 3973. 4584?25?.%%P%%P%ﬁ?”@?ﬁ‘%éﬁé%gs pi g
72.4573.5994. 686. 1327. 058. 99. 6511. 5537 d§¥25pi ¢

81.9072. 8823. 584. 7675. 5936, 957. 559. 6536. 32 pi g

92. 3813. 524. 235. 6356. 458. PE8l 910. 6534. 33382pi g

102. 4733. 6554. 575. 9356. 87 ig;28.2510.739 §§i '

Aver age2. 1813. 27874. 142225. 0226.3747§ ©138898.8111110.5611136. 62267
STDEVO. 27330. 35090. 418170psA¥110. 559860.8737 780. 816160. 853222. 3808
SEO.19330.24810.295690.386860.395880.53%%@8.577110.603321.68348

i ncrease01. 09771. 961223, 28%%4. 193785. 6. 630118. 3801134. 44167 sum
(kg)19.62929.50937.2849.2%%;;.37373.25zg2§95.05329.604 '
Pounds43. 18364. 91982. 016108. 3104126. 2206161. 15174. 46209. 11725. 1288

aver age0. 322310. 44729 dai pig 7 gai n 43 13.3%ite 2005 WO 02/ 061037

PCT/ US01/ 45726 [ 01491 No suq?equent adHHBiitrations of GHRH were given to
the sow since or during 8&tation with ﬁ second litter. Frombirth the
second litter is bigger ( average fgpozpiglet weight at birth from ot her
sows raised in a simlar environment was 1.71 kg, these piglets are
averagi ng 2.181kg at birtmgl0at 21 day$4.252he sumof all the weights for the

piglets Average 4.78501
STDEV 0.71397
SE 0.23799

[0153] The IGF-I assay was performed on 5-25-00 (see Table 7). The average of
the experimental group is 145.509 ng/ml and the average of all previous control groups tested
is 53.08 ng/ml. Therefore, the p value is very significant (p<0.0001). Given that GH
stimulates production and release of IGF-I, the IGF-I assay is indicative of increases in

GHRH levels and is commonly used in the art as such.
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inalitter characteristic for the breed and the average is _-130pounds (-59
kg), and the piglets fromthe sow previously injected wt H3HSPQEW35G|—|RH are
suming 1 40&2@51 (-"79 kg). The advantage was nai ntained, and at 77 days
after birt ights were in average 11-15 pounds (5. 38’4838 ger /
pig conpared with the best of the breed, which are quantities well known
inthe art. At 169 days after birth, the injected animls were an average
22 pounds (10 k bilg er than the, controls, p<0.0007. [01501 The sows were
anest het i zedTahley’:s K¢ 3@‘1"?&%&?‘?%“’ igletsct roporation procedure, and for
them TELAZOL(r) (a ghxjure of tifesagi ne hydrgahi@ride angdagekazepam
hydrochl ori de) at a dosage of 2.2 'ng/ kg was used. For the piglets, a

conbi napigdn of ket 29.4fe/ xyl azi n&l848&) for t hel8n@st hesi a #a&802tilized

during assgssnment o dy conposjdtjipn, when iglets lay still on
their bB&s in a Dljg?g')ﬁ-ray Dens ﬁj%try ( 99?natchi ne %?’E%bout 15
m nut espjgSpeci fi cal jog.2ket am ne 2D38w/ kg + xypewine 1 ny/ kgg.o¢the regul ar

xyl azi ne dosage is 2 /kg) is used. In another specific enbodinment, a
di ff er epig 4 anest het P46&hown in t#e74t is adnfhi®rered, s@Hlds ketanine 15

ng/ kg + promazin ny/ kg. n additi speci fi odi nrent no
B Ps Dog! 93 B4 PiEs SP o ‘i?&.?’?

anest he®Fa in the pig S IS necessary to take i njec etc. [0151]
G ven thigt7 pi gs andidlodie other amd.#ed s are gedEx 2l |y sensi26d® to different
types of anesthetics_and could die st-anesthesia by majqQr_changes in
their tP&do- regul hﬁﬁy procesle’h'?r‘go or hyp -ﬁﬁarm'a, tﬁ@5-§§t est nuch

nore ofteny), atropi{g s Soneti mpsgsAdm ni stegped. Atropi ngzhsgan
ant i choﬁggnergi c nedli?atffon t hat n?% utilized frequently prior to anesthesia

and is pigdlght to f2ad4itate theld36 ng of seZield ons and18&99educe the

amount of required an heti c, t cardi hyt hm j ng the

pr ocedu?'&&&nd i ncr%@tlsgs,E ni mal @%ﬁ?’fﬁat dur i ng&aﬁé’ét het i C%E%gt&)@ery, with a
decr easgTbrvt he fremuenny of undsssrayl e abnosngti7st her malgzepigpdes. In a
specific enbodinment there is a pretreatnent with atropine at 0.05 nyg/kg

subq (s®Bcut aneous)24.2X138r sim | b-5H79gs know/-$¥W26he art 2R8¥1®e used as an
alternative to atropine. [0152] Multiple biochem cal neasurenents were
taken of the piglets. Tables 6 through 12 provide data concerning these
measur enent S[O138E | Bl Tablee 8 pdrel IGNBPE TAGF difiding waseine3)s Iinmdndradicm@lic The
average of a nd 44 13 June

2005 MY QU PRsTrResbin St FVLARRBIGE e Rl BpBrrmBRnSPevet s | s

4.785 Uspd il T EMIOLDER: A, FRbb (@ hdd CRCID: (Medsurefheflf f serum ferritin by a
2-site immunoradiometric assay. Analyt Biochem 61:209-224, 1974). The IRMA is a non-
competitive assay in which the analyte to be measured is "sandwiched"” between two
antibodies. The first antibody is tmmobilized to the inside walls of the tubes. The other
antibody is radiolabelled for detection. The analyte present in the unknowns, Standards and
Controls is bound by both of the antibodies to form a "sandwich" complex. Unbound
materials are removed by decanting and washing the tubes. The measurements in Table 8
comprise correction factor x 50. Table 8 demonstrates the average of the experimental group

is 238.88, whereas the average of all previous control groups tested is 205.44 ng/ml. There is

statistical significance, with p<0.048.
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Table 6: Insulin Concentration in Piglets day 25 pig 14.3827 pig _24.131 pig
34.8176 pig 45.7899 pig 54.4267 pig 74.3076 pig 84.1648 pi d399n®30% pj g
104. 9527 &ye&%%w. 78501 STDEVO. 71397 SEO. 23799 [01531 The | G- | assay was
per f or med YSh"%8®¥8700 (see Table 7). The average of the eXfSefyS¥t’2t  group
is 145.509 ng/mM and the average of all previous control groups tested is
53.08 ng/m . Therefore, the p value is very significant (p<0.0001). Gven
that GH stinulates production and release of 1G-1, the IG--1 assay is

i ndi cative offablec PR3 Conuepratign i Bigdetsl i s commonly used in the art as

such. 45 13 June 2095 Vi, Qe/ 0@,3937 PéalhSO L g8 726 oJpfdl € day 18G- hay 25
Concentration in |%I5ets day ida 10%{% 18(%% %5 pésggé ,

1290. 46118Pi63185.79%%56. 1 7pi g’ ¥965. 7118’ 62717289179 ppy28> 179785
3109. 2777. 882200.7584309. DB2pi g3.2082. 6898866 7469B8313956B1.6833 P61 223.53

5155. 9895. 138. /9. ' .41 63 92 [
8178. 3101. Elg§8 47%?%75. 8%)08%8 %ﬂ%i‘i 86%%?%172%%1&9';%7. %%41@% go 805 1105

10262. 41319%6206.52%%‘38.%g%we%@éélsl!-21!8218@?11?77511211‘33?2?28%67?,? 6988305

pig 5 4.282 45592 52783 3.8224 214.1 227.96 263915 191.12
pig 7 3.7328 44454 29426 48232 - 186.64 22227 147.13 241,16
pig 8 54265 33285 4.1714 7.1258 271325  166.425  208.57 356.29
pig 9 3.7912 5.6354 39117 6.7643 189.56 28177 195.585  338.215

pig 10 47668 56099 5.24 3.8474 23834 280495 262 192.37
average 5.17598 4.45004 4.74434 474018 2587989 2225022 2372172 237.0089
STDEV  1.652 0.83658 148489 170536 82.6 41.8289  74.24472 852679

'SE 0.55067 0.27886 049496  0.56845 27.53333 13.94297 2474824 28.42263

[0155] Table 9 demonstrates total protein concentration (g/dl). The average of the
experimental group is 5.3 g/dl, whereas the average of all previous control groups tested is
4.02 g/dl. There is very high statistical significance, with p<0.0001.

Table 9: Total Protein Concentration in Piglets

day 1 day 10 day18 day25

pig 1 5.7 59GH. 5.5
pig2 - 5.3 5.6 5.5 5
pig3 5.2 53 5.3 5.4
pig 4 5.3 5.5 49 5.4
pig5 5.8 53 5 5.4
pig 7 56 5.4 53 5.2
pig 8 4.5 5G.H. 4
pig 9 53 5.1 53 5.2
pig 10 6.3 5 5.2 5.5

average 5.44444 534444 521429 5.17778
STDEV  0.49526 0.29627  0.20354 0.47111
SE 0.16509 0.09876  0.06795 0.15704
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STDEV74.9141537. 6133752. 6717587. 96496 SE24.9713812. 5377917. 5572529, 32165

[01541 For Table 8, the | GF-BP3 (I GF-binding protein 3) | migntthadl8detric |
Assay (IR s tested on 5-25-00. |IRVA enploys a two-site

i mrunor adi 151873ssay  (see Mles LEM Lipschitz DA Bi §&/URP4RA Cook
JD: Measurenent of serumferritin by a 2-site inmmunoradi onmetric assay.

Anal yt Bi ochem¥}: 209503240 déRéAstratcEieeakiRhid doficéhtrafbns GRIBRL Thé WPer@gsSay 1 N
whi ch the analyte to be neasured is "sandw ched" between two antibodies.

" The fi r dhe experibsa! geoupnindhi 6 madl.rwharens the averageafl pB pstviqusecontiplegrouhe

ot her I IS, I agli el | : teck | T . pr iR the
unkn0\/\/ng'£’%{e|§'?l ggydgagr%%] an'd(;Illr%%)\)‘:nltS rngﬁséitgéczﬂgﬁégﬁ%a&g%& %6'3? ﬂt %Elghstlln ogﬁéans bfo
form a hemmdWddiey fomphex. Unbound nmaterials are. renoved by decanting and
washi ng the tubes. The neasurenents in Table 8 conprise correction factor

x 50. Tabl e 2a@lHlistrentiving Gencentration ipfiglels experinental group is

238. 88, whereas the averagg,@f al lgaprevi oqﬁ,;;cﬁnt rghy ggoups tested is 205. 44
ng/m. There is statisti cafl?si gni fa?cance, ith p<0).' 048. 46 WD 02/ 061037
PCT/ USO1/ 48726 Tablmg8: | GB-7BP3 CéMetitH.ati on in Pilgl ets day lday 10day
18day 25day 1day 10day, 18d 25 pi

17. 08413, 9177, 16578857308 305108 By 358, %870, 788%i g

27.54633. 43273. 338234 470635493151 Blo2635166) 851223, 53 pi g

33.41874.90396. 79616. 3021170. 935245. 195339. 805315. 105 pig

45. 63544. 21843. 855112 910128:657721¢-B2192. AsBH5. 506.1Bi g

54.2824.55925. 27833..8224214..1227. 63.91 1.12 pi

73.73284. 44542. 9423%?52321@'&%6422 %7147. 13241. 168"glgg

85. 42653. 32854. 1714ig 125828723251603425208..87356. 92pi g

93.79125. 63543. 91176. 7643189, 56281. 77195. 585338. 215 pig

104. 76685. 60995. 24P'8474238:684280 Ufd5262198%R7 1.2

aver age5. 175984. 450044. 744344. 7405268. 7989222. 5023237. 2172237. 0089
STDEV1. 6520. 8365819&%4891. 7053682. 641. 828974. 2447%%5. 2679

SEO0. 550670. 278860. 484 960. 5684527. 3383313. 940724, V.482428. 42263 [ 0155] Tabl e

9 denonstrates total protej C ratio 1) average of the
experimental group aiv51%§<_33 g'ﬁaﬁﬁmﬁg}%as t[beégg'j@gra&éggfﬁ all previous control
groups tested is 4AM¥g/ db.o3dher @ 0732%er\o.1019p sbagysti cal significance,

wi th p<0.0001. Table 9: Total Protein Concentration in Piglets
. SE 0.0131  0.02375 0.03371 0.04928

[0157) Table 11 demonstrates BUN (blood urea levels) (mg/dl). The average of

the experimental group is 3.88 mg/dl, whereas the average of all previous control groups

tested is 8.119 mg/dl. There is remarkable statistical significance, with p <0.0012.
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pig lday | day 10 day 18day 25 5.75.9 G H. 5.5 pig 25.35.65.55 pi
35.25.35.35.4 pig 45.35.54.95.4 pig 55.85.355.4 pig 75. 65.4@.»’33?%09% 84. 55
G H 4 pig_ 95.35.15.35.2 pig 106.355.25.5

aver age5. A% 80189 1445 214295, 17778 STDEVO. 495260. 296270. RETEUN1A44724 1

SEO. 165090. 098760. 067950. 15704 47 13 June 2005 WD 02/061037 PCTI USO1/ 48726
[ 0156] Tabl e 10 denonstrates creatinine concentrations (ng/dl). The average
of the experinental group is 0.936 ny/dl, whereas the average of all

previ ous contTr“BFe]dr:oﬁ§§ Concepigtips imPagdets ny/ g1 . There is no statistical
significance (p <0.34), whighyhs ingiyqati ongRfg nog?is ki dney function.

Tabl e 10: Creatinine Concentration in Piglets pig 1day 1 day 10 day 18day
25 0.750.96 G H. 1.14pipilg 20.731.630.981.46 pig 30.690.920.951.1 pig

40. 650. 941. 181. 18 pi}g 50. 640.80.910.92 pjg 70.720.931.041.12 pig

80. 680. 90. 831. 2 pi g _6.680.8711.%7

pig 3 5 7
pig4 5 3 4

pig 5 3 2 3 3
pig7 3 3 3 3
pig 8 2 3 3 7
pig 9 3 3 4 4
pig 10 3 3 3 4

average  3.66667  3.22222 3.88889 477778
STDEV ~ 1.22474  1.09291 0.92796  1.56347
SE 0.40825  0.3643 0.30932  0.52116

[0158] Table 1_2 shows glucose concentrations (mg/dl). The average of the
experimental group is 123.23 mg/dl, whereas the average of all previous control groups tested
is 122.8 mg/dl. There is no statistical significant (p <0.67). The term G.H. stands for gross

hemolysis; in these samples the determination of the biochemical constant was not possible.
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pig 100.741.021. 021. 03 aver age0. 697780. 930. 986251. 13556

STDEVO. 03930. 071240. 101130. 14783 SE0. 01310. 023750. 033710. 0432gn¢ 8a65] Tabl e

11 denonstrates BUN (bl ood urea levels) (ng/dl). The average of the

experi menP0%64%%3 i s 3.88 ng/dl, whereas the average of AT/UHIERHus

control groups tested is 8.119 ng/dl. There is remarkable statistical

si gni f i qaprRa2: WikosP CoRedhtrhtion 48 PibRets une 2005 WO 02/ 061037 PCT/ USO1/ 48726

Tabl e 11: BUN Concentration in Pi% ets day lday 10day 18day 25 pig |4354

pi g 24336 pig 36657 pig 49aub pi gdaBdB3 pi PayI833 pay BR357 pi g93344 pig

103334 aver ages. 63@%?3. 22 g-,‘ZS. 8888§944{778

STDEV1. 224741. 092910. 927961. 56347 SES. 408250. 36430. §1059320. 52116 [0158] Tabl e

12 shows gl ucose copéentratd ons (Ag7dl ). TH80aver agél®df the experinental

group is 123.23 ”%gl wh%fas th%@verage 1% all p i ous control groups

tested is 122.8 3I. There is no statistical signiticant (p <0.67). The

term G H stands fgg4gros$25 henol y37s; in tikkse sanpbes the determ nation

of the bi ochem cal cgnsta?iﬁ was ng& possi bl 49 13, June 2005 WD 02/ 061037
cent P lg%g

Table 12: G ucose ¥ ion i iglets 1day1 P day 10
pig 7 114 120 123 115
pig 8 126 123 G.H. - 116
pig 9 118 129 124 119
pigl0 142 134 136 112

Average 122.4444  127.3333 131.5714  113.4444
STDEV  9.98888 7.88987 6.90066 9.15302
SE 3.32963 2.62996 2.30022 3.05101

[0159] As these tables demonstrate, the IGF, IGF-BP3 are increased (as a result of
stimulation of GH axis), the urea and total proteins are decreased and increased respectively
(which is a sign of improved protein catabolism), while insulin and glucose are maintained
normal. The normal levels of insulin and glucose is an advantage to the present invention,
because the classical GH therapies create a "diabetes" like situation, with hyperglycemia.
Creatinine, which was normal in this experiment, is a parameter used to measure the renal
function which can sometimes be impaired in animals under inappropriate metabolic
conditions.

[0160]  Thus, in a specific embodiment, piglets born from multiple subsequent
pregnancies to the pregnancy in which the sow was first injected with pSP-HV-GHRH show
an increase in growth over normal levels or animals born from sows non-injected with DNA
encoding GHRH of any form. A pregnancy in pigs lasts for about 114 days, and allowing for
time for lactation permits no more than 2 pregnancies /year.

[0161] In a specific embodiment, the administration of nucleic acid encoding
GHRH into a female or mother is associated with an approximately 25-50% increase of GH-
producing cells.

[0162] In an alternative embodiment a nonpregnant sow is injected prior to

| pregnancy.
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Day18day 25 117115 G H. 115 pig 2112137130119 pi g 3133138143115 p
412512713290 pig 5115123133120 pig 7114120123115 pig 812612§Jenﬂ2%@8 pi g
9118129124119 pi g 10142134136112 Averagel22.4444127.3333131, 5714113, 4444
STDEV9.989§@?y§§ 76.900669. 15302 SE3. 329632. 629962. 30022 F({FH1§1/48726
PCT/ USOL/ 48726 [0159] As these tables denonstrate, the G-, |1G--BP3 are

increased (agops3)esulr adfther Hllteridliad braboddhekBHindicas Jof atiitgnistrtian &Tdhd pSBI
proteins_are decreased and increased respectively (which is a sign of

i npr ovedT Y@ RH yeetar abbeipsespnt igpantian, oty isrowth hgmpensasisasiag bormong eaalagy

nor mal . ¢ I [ I; g [ ay he
present nlﬁr}'\e/%@nﬁ](i;%h Jyﬁ?ééga%%g’feyr@gc é@é&ca' %ﬁct %erpzllif‘%iv’faﬂs21 t?gééate a%’:ef:ll?sa et es"
l'i ke si tThatekperimenits frelpprformddysmitindy to th eathimgsieovidéd lodreinas normal in this

experinment, i parameter used.to asure the renal . functiop whjch can
soneti mes be [_ﬁlrééi r m%iew@r’émtﬂqggw H“!"}Hﬁ"b‘?sofﬁ‘?méﬁ%?’ iRy e"tE‘LHEﬁ"c i ons.
[0160] -E,Qéiﬁice'aﬂdaass%g‘r@(ﬂf&‘ GaRPROH thERtnitaf) Srfedr. 'T’ﬁﬁif fs,rm@ﬂfgihﬁl“ﬁilgye%&ﬂ&pquent

i
pregnancies to the egnancy in which the sow was first 'injected with
pSP- HV- GHiRlthes pidwitarizs colhestahwben they rapwehat dhe manicat vedightefvel 00kgr  Bné asshygs bor n

f : -injected.with, DNA i GHRH.. of f A i

bi g5 1 adtnficpitilsBE A SRl oL Pt Nger oF PorriRe Helhe Sy CHRETEY mi 1
NO Ior € prdpitich ¢XROH 8deedtRE grywionhbdd plolddiing, fBNRE dtinful @iHARintBiY (FSH)E

adm ni stration of nucleic acid encoding GHRH into a female or nother is

associ até&d) wi th an approxi mately 25-50% i ncrease of GH producing cells.
[0162] In an alternative enbodi Rty AvpRREPf£INant sow IS injected prior to

pregnancy. 50 13 June 2005 Additional Experiments

[0165] In a specific embodiment, more sows, such as about 20, are injected with
the same or similar treatments as provided in Examples 14 and 15. Multiple plasmid
quantities are tested, such as from 100 micrograms to 10 milligrams, with groups of 5 sows
utilized per treatment. The decedents are compared with the offspring of uninjected sows. In
a specific embodiment these experiments are performed on a farm, so the data could be
standardized to that in the literature. .

EXAMPLE 17
Optimization Experiments

[0166] To determine optimum injection times during the first pregnancy, pregnant
rats are utilized. The gestation in rats lasts about 21 days. Pregnant females are injected
starting with day 5 to day 18 of gestation and their offspring are tested at different time points
after birth. Specific experiments include the weight, body composition and pituitary relative
content of the different types of hormone secreting cells {relative proportion of cells secreting
growth hormone, prolactine, FSH, efc.).

EXAMPLE 18
Methods to Increase Milk Production

[0167] In an embodiment of the present invention there is a method to increase

milk production (also termed lactation) comprising the step of introducing an effective
- amount of a vector into cells of an animal under conditions wherein a nucleotide sequence
encoding a growth hormone releasing hormone is expressed and wherein said vector
comprises a promoter; the nucleotide sequence encoding said growth hormone releasing

hormone; and a 3’ untransiated region linked operatively for functional expression of said
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WO 02/ 061037 PCT/ USQOL/ 48726 [01631 In anot her alternative enbodi nent,

i nstead of administration of the pSP- HV-GHRH vector of thd3pkegades

i nvention, other growth hornone rel easi ng hornone anal ogs be utilized,
whi ch ar e WRI¥06 P{W’gwn in the art. For exanple, wild type Gﬁﬁﬁ“ﬁﬁﬂy‘“ﬂé‘ed. The
experinments are perfornmed simlarly to the teachings provided herein.

[01641 ﬁ&bl&;ﬂﬁ &L ucROD A WRBid ORI RbbUhdiRhaRd ekfrofida U shidHleloPradi®s HGh! ect ed
upon sacrific nd assayed for changes in the pituitary content. That is,
the pi ginetesseninl tilkgrdductiedol adnined. ph aspeafic embodircatcthednivmbis 2 hepaarri ve
at the market wej ‘?‘fh%‘ - 100kg). The assays include pituitary relative

cont ent “BY: %é—@a Pght types of hornone secreting cells (relative
proportion OL 0168] | s Iﬁﬂ&ddéhbﬂi‘g)fgi axktor fg RrGHRE bYeintd @hl afimal by

stimul ati ng hornone , etc.) EXAWPLE 16 Additional Experinents [0165]
In a spagihpile deseriberl h@ﬁm in¢repses Bulkrodugtipn isthegpimalodn a spesificgrabadimen t h

ol s o qniatgtiy pBemdlh 6 EREL e 2 3roBhal B, T SRR Shectl, BRfchiigno ! | P! ©

m | |i gr effpringd of Bheafemafsorahothersgrom fastér ihiabedt thefirst teatveristdue Th ehedacreskent s
are conpared with the offs rr&? of uninjected sows. I.n _a specifijc

enbodi rr’é‘n’imli{h@'é‘é“‘éw&er"l er athesy Ay Brusser diergins ey pEreass 0 1Rl o be
st andar t g o% ?@%8615‘51}1 ihjedtRInAfHuBleicEtMRebdihg a (@ﬂtH%té%ﬁ'aﬁﬁhal

Experi det m ne optimuminjection tinmes during the first
pr egnancy, p[ﬂslgﬂbnt A skillsd artisantis hwarechowT Itrenyeslrauncmascmmrmtlk frediciombout

gostat | B ARAR S PR SR PR, Pdadang b orar Eht 11 heet gbihe Mok or

birth. fmgcifi:es@xperinments include the weight, body conposition and
pituitary relative content of the different types of hornone secretlng
celI's (rel at {0&0pr opdilk samplet are ekpressed apanuplhyyat ng dwerrfHerewing (cPednadt i ne,

FSH et OI'b EXA L E %t &qgaatio% lf n%%ﬁl%SM1AIHWEEDﬁ&P 8% ‘h@ TU [OQ.:IO g‘EIOCh‘plsa n

enbodi pres I'nventt on ere s a I NCr ea

product adﬁliin{sedrédn(dxeépfﬁdr écﬂ@iham eshjeciapnd 3wo gldnde pSrtSb}w ot mitked adwapidly an
effective amount of a vectaqr into cells of ni under conditi.ons
wher ei nasaPersHile gutil @os BGTRo AHEK 1SeBIVERH hBe éa’@Pla?ﬁ/thiP ?nﬂ‘(@ glandsa2ien s none
IS exprgssa mg%dvmﬁ,psrsraeg@gl drﬁww]arsc er@aﬁ% QBB Sduch B Potdgihgot i de
sequence en in hor none re eas

dichromate. Vlals are frozen until analysis. Milk fat, dry matter and protein is determined
according to standard procedures in the art, such as A.O.A.C. (1980) procedures. In a
specific embodiment milk lactose is analyzed by a semi-automated {model 27 industrial
analyzer, Yellow Springs Instrument Co., Inc., Yellow Springs, Ohio} enzymatic procedure
(operating procedure no. OP-025, Monsanto Co., St. Louis, Mo.). The milk yield of each sow
is determined on days 13 and 20, in a specific embodiment, by weighing the pigs at hourly
intervals before and after nursing as described by Lewis et al. (1978) and Mahan et al.
(1971). Care is taken to prevent or account for urine and fecal losses during this time. In d
specific embodiment the initial two nursing periods are used to acclimate the sow and litter
and are not included in computation of the daily milk yield. Milk yield is calculated by
multiplying by four the yield obtained during the subsequent 6 hours.
EXAMPFLE 19
Other Embodiments

[0171] In another embodiment of the present invention, ligands for the growth
hormone secretagogue receptor (GHS-R) give a similar result as delivery of a GHRH nucleic
acid. A skilled artisan is aware of the many different GHS-R ligand structural types known in
the art, all of which work through the GHS-R. Examples include MK-0677 from Merck
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hormone; and a 3' untranslated region |inked operatively for functional
expression of said 51 13 June 2005 WD 02/ 061037 PCT/ US01/ 48328nagBP%ot i de

sequence, and wherein said introduction and expression of said vector
resul ts i NVAP6Y ease in milk production of the aninal . AGEFES0URR6f i c
enbodi nrent the animal is a human, cow, pig, goat or sheep. [0168]

| nt 1 odupgy ﬁého%e i, ONTE OBRRPE6 Ndor? rEHEH e mmmqn@%h ”iﬁld el 40 ds

describ erein increase€s mlk production in the animal. In a specific
enbodi memtogetndvs lamindgKojimaaerf @nel989,0Dispthend Gasamupya g980). hers dnclide a

further, specific enbodi pen of I N f the {enal r r ow

f ast er pﬁPaéﬁg&ﬁEW??@p?‘?qsgﬁ"g%éﬁg%?cg%Ef’é%édﬁoﬂsber %tﬁté%n’ ?\Il‘ﬁ’ W%g‘ﬁ’% ucti on
in the RNerBLE BiosiRid) Denndikfbs sMs satipdiatieihich tbg dsnar %ﬁaﬁbt ol tAk IGHS-R
production occurs upon single injection of nucleic acid encoding a GHRH

i nt o anteseptomlall pHWEGh Aeskell kaawarte jas silleds adisarr éscrofort examples loagi ¢t eases

in mlKk Juction,. ;S as_Ln..1J. t Nos. 5,061, 690; 5,134,120; and
5, 292, 79%5@%"3“%8%“%@92@3°‘j$‘%ﬁ§t‘??‘.‘l; Fﬁ%gﬁl, 111:1662. [01701 M Ik sanpl es
are expressegimanualA wkaledtditisdni iseavadre ftAstr el GHS{R o8 @pbtrear) of dBidRHNaethy 13

and day. 20 of lactation._ An jntramuscul ar_injectjon of 40 IU xytocin is
admi ni stf’éfeéﬁps((éﬁg@p‘teleﬁﬁrfr%ltB%PWHFﬂrY:SlaP&cm HEgeC W&’?W“&F%ﬁ?d@ﬁgéﬁ 1‘§6‘WC are

m | ked @s,; ' o3 b lfad; A9 S wiii dhen £S
From £ i B (o e e

vi al s weffértaohHGERET vmtansmgagkease, ofSGK Hras thegiinsinugianddile this rmbedimgntilthe ar e

frozen i.l anal ysi.s. |k fat, dr tter. and otein i et.erni ne
hocor di tER RRIRRT dshbes af b Phsenh Belion Sul! S6°4F @l SRS

pr oceduipghoul Mndting RRCEddpe SMKRAMERAL ifenkioh, 2k ABReritSrs Ytaposeatiaoy likely
sem -aut omat ed (nodel 27 industrial analyzer, Yellow Springs |Instrunent

Co., | nmechavisin ofwncgion iniat thoridijions] AR prodicecimgipates in Hised=atassign of Béedur e

no. OP-025, Mbonsant  ; _Loui ) L LK. yi 0 S
ot er m faa BIRAR N 270 valyed 7R dePelghBink;of O B EAIG, S BERRLIEOH

pi gs at afteridr gitui'tﬁﬁye duahg hebgogenrsig). ahtevationr sf NGHSSR dalsar inbmdsdsy pireini s et
al. (1978) and Mahan et al. 6 (1971). Care is taken to revegt .or account
for urieeresens Edal cxgsssion ualgdnarersed by F@MPnand GESSR hgapds msaensenddft ¢ he

e RSB RE 6 0 L OTRGELA 51585 AR it
cal cul ah®d ihgreased kcoigehtrativm dfisofnatotrophe Nereedthe pigaipnedhcd umare GH. Ndhesdtreequent
6 hour Si'n E %’t\e/g%g e]ir?bod%glﬁ,r tlﬁanw&}c?eic acid delivery of the present invention is
administered in combination with at least one GHS-R ligand. The GHS-R ligand is .
administered in a pharmaceutically acceptable composition
[0173] All patents and publications mentioned in the specifications are indicative
of the levels of those skilled in the art to which the invention pertains. All patents and
publications are herein incorporated by reference to the same extent as if each individual
publication was specifically and individually indicated to be incorporated by reference.

Example 20
Multipte Effects on Sows and Offspring with GHRH Administration

[0174] In an object of the present invention, the ectopically-produced GHRH in a
pregnant animal, for example, passes through the placenta to the offspring and enhances long
term GH production in progeny, which then exhibit increased growth and changed body
composition. In the same time, the injected sows produce significantly more milk.

[0175] To assess growth effects on the offspring of a GHRH myogenic vector
injection into a large mammal and the effects of the GHRH delivery on lactation of sows, six

pregnant sows were injected with 10 mg of plasmid DNA pSP-HV-GHRH (n=4) or pSP-wt-
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101711 In anot her enbodi nent of the present invention, ligands for the
growt h hor mone- secr et agogue receptor (GHS-R) give a sinil d8JuBagPes as
delivery of a GARH nucleic acid. A skilled artisan is aware of the many

di f f er ent W&®937gand structural types known in the art PCHYSOH#SRRI ch
wor k through the GHiS-R Exanpl es include MK-0677 from Merck 52 13 June 2005

WO 02/ 0613 {Eﬁg@ggapwaéﬁ%f stﬁﬁm.t@&&ﬁ%si&lﬁkmmmﬁéés’ totaldhé uéd FmiRYd ew _

see Bowers, ) and ghrelin, an endogenous l'igand (Kojima et at., 1999
Di eguez femettapie Zaue expresBo0yvas @clhieyesl pneg theecletieoparasionnte¢imigusplopethdaes) |

oo, SARebIEN e D A Ao L ) e M2 S

r ecept oz a/al1oo®f Mty gh, P9®). viflthis kary\platmiddnibiidd @6k iloveaby chketopdration
exanple, Pong et at (1996); Howard et at (1996);. or Smth et al. (1997)).
[0172] KsiBgiel G-vepdly arayaplestrods aad copgifiony dedesprehad indergin ppd Aaghiachiidteqng

I ncreas eheaseyf .yt ,%ngﬂ- I £ %gq%k nt a
GHS-R | ?tgsj’an 'i%ﬁgl vendgégrmep‘%g%lghdgacgﬂ%ysgf i ngm'%ﬂg @K%B?@e‘gh@P rin bfrﬁg
wat er) , ofibdch fotivep.ud thtalngfl 132 pigléte weed drabytzed of th&kiRidequentstudieng r el ease of GH
fromthe pituj y gland. In.this enbodi nment, .the nucl ei.c. aci d

del Tvery of [HIohY oS Kbl kA Et: Wi S0ty sy CaTH ANrodRdRietTonR hou
i m ti ngrebieprisiQB PathrifidLinRFASE W ei BRMVAigsOat . 13t fis ahY A0 WRESinP bAP AffrolBat a

| ikely mechanismof action is that the additional GHRH produces Increases
in the pigmuegvaldBtiomepy ok, 1092h In thincesei the piplets fomothe | wectphsareweropnent

of CGH pr.oduci ells. .s t ot rophs,.-i n t ey htuitar [

orbr yogeRaLeefty figer TN A RRE o £0 B Ry Gy B S 8 bl ind g = oy,
expr essDO8 KgSwviaGHERH, Pe0. 0054, 0 chis caidls BOTLGHB KR (FmsYls | ncrease the

anount of cAMP nmade I.n response to GHRH. Therefore, it is likely that the
pi gs when bolH77hav Piglgtsrwers srranehatent fasiawd avelyzerhia ﬂ?ﬂ‘%ﬁ?{s"?mﬂ%ﬂ@ewq he
prgs pr :

et ef OB ReE B, Bl AORAIRERY solrP RrEBEeridk, BOPERAER werhE (1E9)

conbi naHalrofwath litiér Wesstoso fista@tdStoReithieg asdrol Thes GhigleR fromainibcied sows) or

admnistered in a pharnaceutically acceptable co sitio 0173]. Al
pat ent sTHFFPdIRIYS L8 F‘ﬁ_ OI?ré’H_PV %’dvss'nf“fqg%“‘%]_é(cwrﬂt ff%%“?%ﬁgeéegf'f{ﬂ“é%ﬁ%e of
the |6V%iﬁ1a%fwér99§g%ii§é&h{ﬂ/%§hg'e9ﬁ5 he 8Nt 2b8 Ml ERirierha¥e Y L omaReiGaig)s. Al

patents and publications are herein incorporated by reference to the sanme
ext ent &Bisi ¢hapge hni wdight duadontrplilbhinpas icorssfesterspaoi GHRA | tyeatadd animdlsy idlual | y

oo e RS SRR e SE AR s A S A LN BRGSO
- piglets from GHRH-treated sows cross-fostered to control sows had a tendency to be smaller

(to up to 5.8%) than their littermates (FIG. 11), but the values were not statistically
significant, an indication that the offspring of GHRH treated animals have endogenous
changes in their hypothalamic-pituitary axis, with increased growth. The overall increase
over the controls (fed on control sows) is depicted in FIG. 12.

[0178] The advantage was maintained to the market weight; at 170 days the
weights were on average 135.7 + 1.89 kg and 129.3 + 2.17 kg for the HV-GHRH and wt-
‘GHRH, respectively, while the controls weight were an average of 125.3 + 1.74 kg (FIG. 13). |
The weight difference was significant statistically at every time point, with p values in
between 0.05 and 107.

[0179] Multiple biochemical measurements were performed {Tables 13a and
13b). As a sign of increased anabolism, total protein and albumin concentration (g/dl) showed
an increase in the experimental group. Total proteins increased by 8%, whereas albumin

increased by 7.5%, with minor differences at the time points tested (at 50 and 170 days after
birth) (Table 13a and Table 13b). '
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[0174] In an object of the present invention, the ectopically-produced GHRH

in a pregnant aninmal, for exanple, passes through t he pl adéniugei280% he

of fspring_and enhances long term GH production in progeny, which then
exhi bit i NP &M growt h and changed body conposition. | PGIHESYARRSt | ne, j
the injected sows produce significantly nore mlk. [0175] To assess growth
effects on the offspring of a GHRHABIgEP84, vector injection into a large
manmal_and the effects of the GHRH delivery on lactation of sows, SiX

pr egnant sows werdbay H) ected{with 10 Agtad@Prptelsni d| DNA pSP- HAIBHREN ( n=4) | or

pSP- —53—12—Junre—2005—AD-02/-063037 “’“"’"'/801’48.L3 SHRH (W— 5 of
gestati on. Egﬁté‘h'tly significant proapggs t% rd the use of“nuscl for

ectop{ C geENywEGHERS! ON was |achi evedsy37 g pIE el ectr opor aglg@m-+-egdni que to
enhante _plasmd uptake in vivo, both in rodents and large mammls (Bettan

et al |, 200pyalBeaghi a- Akl i |et al ., mgﬂbsﬁ’ﬂlws et al., 1999:)<4&3H7YE41'0§ case,

pl as HiHEGHRoR-was—-et-Heywed—by ete HeRT—USHRY B+ ‘y
el ect [ ode aﬁyg tions asjdescri bed% fﬁg@g;l and (DragﬁsQ ﬁcﬁzgtl -
1999) [ SiX PohfBed SOWS Wer ¢ Used as,<A0eRPESs ThE ani mal $<0a084 198N
withip 24 hours of each other. Atotal of 132 piglets were analyzed injthe
subsequent studies. [0176] It is known that treatnent with recombinant GHRH
given as injections 2 weeks prior TUR [ﬁliiﬁjrl tion increases wei ght of pigs

at 13 days and at weaning and inproves pig survival (Etienne et at, 1992).

In th]'S case, thpapighets fiom the GrgHiPrpeni ed fow were sugmﬂmcantl
biggel_at birth (in averagel1. 65 0 06 kg HV-CHRH} p < 0.00002 and_1.4611:

0.05 kg wt - CpmEpl p<0.0014, Versus com@Tot/s0$627 . 02 kg) Cr2d7-8¥9 [0177]
P| gl ers—wet+g VCOlIICd ou. 21 d“y’S anu ai’i,aé""" IU ol ugllL €t W

days pfter Dirth. Piglets ffominj ectec?y wg’ wer ej{on averagé 18% Bigger | at
weani Ng (FTRavaRkE. Half of €ach [ TT @a\ESE@KOSS- [ ost ered p<).@11199635 cond r ol
sows [piglets frominjectedlsows) or injected so (piglets from control

sows)| Int eHé’stl ngly, contrgls cr oss-ﬁﬁsﬂeﬁé& to {nj ect ed 4aﬂ"ll’l’r‘apéo\/vere

Signl —+-caht ‘99{}:’ \I.U u|J+U 122 H Hterrates

(FIG | 10). P‘?’ﬁtﬁg change in yei ght nf’ @08?0".gm mal s cross-?oog@éz;g%gto SHRH
treated animals 1§ T ndicative of the Stgnifi cant y increased mIK
production in the injected sows. Neverthel ess, ?I ets fromGHRH-treated

sows cross- f B488} ed Grsatiine pQiceriEakion Heg/dd) Wéﬁﬁl@ﬂ@}' 9. B paghhyprses contrads up to
.8% t | | t
st at/? st??g%%&%l é'it;#)?%rgftc %gl(r(tiﬁlaﬁo é%%?%n gﬁ{dpglfﬁ@ o‘ﬁfs\greirﬁgngf GHRH

treated ani rrgllsmavet}lamkagmncnmanmﬁangemonnat dtedll titay poiveateated ¢Tableuii4ar y

axis, with increased growh. The overall increase over the controls (fed
on cont'ﬂﬂl%ws) is depicted in FIG 12.
TABLE 14a
Day 50 Glucose

Control 99.36 +/- 12.03

WT-GHRH 98.5 +/- 10.11

p value p<0.76483343

HV-GHRH 98.41 +/- 10.63

p value p<0.67921581
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[0178] The advantage was mai ntained to the market weight; at 170 days the
wei ghts were on average 135.7 t 1.89 kg and 129.3 2.17 kg Folure®08N- GHRH

and w - ctively, while the controls weight were an average of
125.3 f 1. SE %;OE@E'FG 13). The weight difference was si gnt$1/E3H{4872

statistically at every tine point, with p values in between 0.05 and 10"5.

[0179] Ml tiple biocheni cal neasurentBLEIWBre performed (Tables 13a and
13b). As—a-signof increased anabolism total protein and al bunin

concentration (g/%ﬂl)l@howed an incr easlé'sl“h“the ex perl msnt aI Gjﬂm}p Tot a
pr ot ei{ms Il'l T ooed by 8% —whereas =t f reaset—by—F W
di fferences at tﬁe tinme points testelc\}l#(vz% IS%and 170 days a%%% t h)
(Tabl @ 13a &Wd@ Table 13b). 34 13 Jund(2A@05- YMB 027 061037 PCRIUSOH &BFZ6 |
TABLE-&3&—D$¥_%QIgLa! ProteilnAlbunin Control 5 2094/ - 3793 207 +/ - 411
WI- GHRHS. 617 ¥81¥€ 2983, 639 +/|-. 301 p PaPREPASB03037E- 05p<4. 89&04&6@317

HV- mFWﬁW—O—?Wﬁﬁ—OW +52284E05p

TABLE{13b Day 170Total Protei nAl bum n5° nt rlg[ .07+ - 0. 56§1 g‘zg 1653139
WI7.68 +/ - ®P-&de 07 +/- 0. 3§ P-val uep<0.764B@E886p<0). 0419903p<tMAIBH 9 -
0.294104 +/ .0 20 P-val yuep<0. 00609905p<0. 00423639 [01801 Creatinine

concentration (ng/dl) was normal (O. 936 ng/ dl versus controls 0.982 ng/dl,
p < .34), whijgigdjs ipgd ﬁi@ﬁlhpﬁvafs \%ré"ﬂfrﬂﬁt I‘h'e‘iIl'aﬁﬂalfl %ﬁ_ﬂ]@l[llni 9%?%1].10(96 gose

concentrations were normal at all time points teste 14Db) .
TABLE 148 ®bpnBgcbgeanse the classmal ‘GH therapies create a "diabetes"-like situation, with

hyperglycemia (Pursel et al., 1990).
[0183] The survival rate over the entire study was significantly higher in offspring
of the treated sows (Table 15). Morbidity was significantly reduced in the treated group.

56




Contr ol

99.36 +/- 12.03 WI-GHRH98.5 +/- 10.11 p val uep<o0. 764[3%343
B228%1037

HV- GHRHI98. 41 +/- 10.63 p val uep<0. 67921581 55 13 June 2005

PCT/ US01/ %igo% LE 14b Day 170l nsuli nd@ ucose Control 14.79 +/- 9.2378.

+/ - 19.

01 ¥/ -2.1381. 14+/-8.90 P-val uep<0. 00548803p2&TAS8HET1%

68

Hv15.55 +/- 11.6481.11 +/- 10.52 P-val uep<0. 76677483p<0. 44978079 [0182] The
insulin levels were normal. The norrmBLEewel of insulin and glucose is

an

advant age because the classical GH therapies create a "di abetes"-1ike

si t uat i PI.Calidry’ | TORPFPig! YT FPIgeD&BUT[SEDet al T Fambiosd) - T 0% Bical Notes UT VI VE
rate o rTe study was™ s gnificantt vy $ia@d®eas T 101|f Spring —of the
treateg sows (Table 15). Mrbidity |was signifie@sE !y [gddced inthe trealed
group. {56 13 June 2005 WD} 02/ 061037 PCT/ USO1{@&gpe® TAPBLE [Rearllggy

Cat egotf ¢awoh|l # P3gs# Pi g$7Dead% DgddPat hol ogsuidritini cal] 1NQt7as Polagden Deat hl

Prol apsel Crippljedl Rear | ¢gs Contrql 63711. 11Enteritisl7/ 260 Bitagise - 10/ 10

Enteri f

is Swol |l enTenderfopted Herm|ths Joi nts28/ 30 Abscegses

Swollen Tenderfooted Hermiths
Joints 2
8/30 Abscesses
Bleeding
Ulcer 1 Wasting — Anemic
WT-GHRH 18 1 5.56 Sudden Death | 1

Sudden Death | 1

HV-GHRH 42 2 476 Crippled 1 | 8/21 Hurt leg fighting

[0184]  Unlike injections with porcine recombinant somatotropin (rpST) that could
produce hemorrhagic ulcers, vacuolations of liver and kidney or even death of the sows
(Smith er al., 1991), the GHRH gene therapy is well tolerated, and no side effects were seen
in the animals. It is to be noted that the increased growth is obtained in the offspring of the
treated animals, where the GHRH plasmid is not present. Regulated tissue/fibre-type-specific
hGH- containing plasmids were previously used for the delivery and stable production of GH
in livestock and GH-deficient hosts by either transgenesis, myoblast transfer or liposome-
mediated intravenous injection (Dahler er al, 1994; Pursel et al., 1990; Barr and Leiden,
1991). Nevertheless, these techniques have significant disadvantages that preclude them from
being used in a large-scale operation and/or on food animals: 1) possible toxicity or immune
response associated with liposome delivery; 2) need for extensive ex vivo manipulation in the
transfected myoblast approach; and/or 3) risk of important side effects or inefficiency in
transgenesis (Mililer et al., 1989; Dhawan et al., 1991). Compared to these techniques,
plasmid DNA injection is simple and effective, with no complication related to the delivery
system or to excess expression.

[0185] The data provided herein show that enhanced biological potency is
achieved in offspring of large mammals injected with a GHRH plasmid, with increased

physiological levels of GH production and secretion, decreased mortality and morbidity.

 Treated sows display a significantly higher milk production. Offspring piglets did not

experience any side effects from the therapy and had normal biochemical profiles, with no

agsociated pathology or organomegaly. The profound enhancement in growth indicates that
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Bl eeding IVasting - Anem c U cer W-GHRH1815. 56Sudden Deat hl Sudggn Deat hl

HV- GHRHA224. 76Cr i ppl ed18/21 Hurt leg fighting [0184] Unli kéd3iHPeePPons with
por ci ne reconbi nant somatotropin (rpST) that could produce henorrhagic

ul cers, vI¥QW%9%8ns of 1iver and kidney or even death of RHAIOHIE26 (Snith
et al., 1991), the GHRH gene therapy is well tolerated, and no side effects
wer e segdtopicNexpR@sion | dfB§ogdnic IGHRE weioidWel kRt rdphRel dakRaS GH S I's
obt ai ned i_]?] tﬁ(&e) of fspri ng %f the treated ani rrldaqug phmﬁk?ere t he G—IRHeg?Me}l’gm d

i s not preemenstandpegustanelatetthe SFbaAXS bt & moyp physiclegicslly appouriakcgnaHich Hg

pl asm dgpr reyi Y LVer -.qn. of GH
in |i vegﬁ%\géﬁgggl 0&?’?3#%@%‘? pl%gs% gﬁgydqu%e% \régrs é£ltb ra é’f‘g&eﬁ?s%s‘f%&%%gﬁ[“i{g{]‘“
t r ansf epigeymhy #los berasefiiida iodice chaimmhalg ¢we e denjne piotcases(thathlegrade GHRH are1 994;

Pursel et .al.,, 1990; Barr and Leiden, 1991). Neverthel ess, these
t echni qHBYIaR BBOLiHMMABant di sadvant ages that precl ude them from being

used in a 'a[(ﬁ%ﬁfca'ﬁleor%@m&ﬁhgng&agfa Qs ed pARHIR Sind LineB8sS| B Cthis
toxicity or Immune response associated wth |1 posone delivery; 2) need for

ext ensi ¥samplevi vo mani pul ation in the transfected nyobl ast approach;

and/or 3) ri [ rtant sideeffects 0L, ficiency.,] r sis

(Mliler et Edisgf 19£&§¥4§M§aﬁ]§ﬁ P]%S%R§Pc%g?tgl8st%?’%(ﬁ%’.s%aﬁ@s@ﬁﬁﬂgues,

pl asm dfyBbfedtNbEahd FPchSI2S kyith&ica pebnidtére &l itve, SA0/BImAD $RpNf FRICIGHRHe! at ed
temor to excess expression, [0185] The data praovided

to the deliver Sys 0
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The pro hagc ' Lo | ndi,cak.e taR7, 0
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| i kel y MaupdgenesicEpssancRdon@eh,t Mediagy WhHegndwosedamtb theyBaiiliniliad 81 shes GH axi s
in a nor I.ol.ogj.cal ropgi.ate nef,. The - GHRH | ecul e, .which
di spl ayB%%' h@gb@}t%bgﬁgﬁﬁpﬁlﬁw ‘rlugg; %ﬁ ié@ﬁé?%?@é%ﬂ‘f'wﬁ’ﬂaﬁ govls may
al so bepdiafhbl td Rrtd BEPERMBHGHRHNSR pHR:cS eI WV BHRIZATRS chhdd]l plaghrde

GHRH ar e ] ]
contained the E. coli beta-galactosidase gene under the control of the same synthetic

promoter to create pSP-bgal.
[0188]  Animal studies. PIC line 22 first-litter sows weighting approximate 365 kg

were used in these GHRH studies. The animals were brought in the farm facility at 87 days of
gestation, and individually housed in individual farrowing stalls where they remained until
the end of 25 days lactation period, with ad lib access to water and food. The experiment
started in March and the first litter was bom in April and analyzed through mid October. The
farm building was equipped with a cooling system that was able to keep the maximum
temperature 2-5°C lower that the outside temperature during hot weather. The average
maximum temperatures for the month of July, August and September were 40.6°C, 41.6°C,
and 36.6°C respectively. Animals are maintained in accordance with NIH Guide, USDA and
Animal Welfare Act guidelines.
[0189] Intramuscular _injection of plasmid DNA in porcine. Endotoxin-free
plasmid preparation of pSPc5-12-HV-GHRH and pSPc5-12-wt-GHRH (Qiagen Inc.,
'. Chatsworth, CA, USA) were diluted in PBS pH=7.4 to Img/ml. Each sow was assigned to

one of treatments. Four sows were injected with pSPc5-12-HV-GHRH, two sows were

injected with pSPc5-12-wt-GHRH and 6 sows were used as controls. At 35 days of gestation,
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simlar in nost manmal s. [01861 The foll owm ng paragraphs descri be materials
and methods for this Exanple. [01871 DNA constructs. The pPa¥Rfd0¥spcs- 12
contains a 360bp Sacl BanH fragnent of the SPc5-12 synt hetlcsprom)ter in
the Sacl/BAhH06483%¢ es of pSK-GHRH backbone (Draghi a- Akl i &CTAIS01/487867)  The
wi|ld type porcine GHRH was obtained by sire directed nutagenesis of human
GHRH e DiMfindalls &@l)e%eeﬂle@&a g@@%sﬁfg tef261 2 MEMe. ABiotdNdF 10f Mg PlhsmiliNGas

mut at ed porci ne HV- was obt ai ned by Site directed mitagenesis of
human Gmt@tﬁmc(lxmgmeatsemgmlmmgs thuscly pf pigs.Hwo ngnus¢sdaten thainjectdt Gy
to Al a,

(Al ter egn%écl? Jgas, T:l%&rop%pe%tec?%sx%%’neeﬁlg??rg io’ng?cta%?e ﬁie%troclie% ll\ﬁla do‘ argetgwﬁ

cl oned gmge Dhém Bandth/ udihg dhd fdlloWlﬁ@ﬁ:oﬁfltlomiS% iR, aifb@at@'ﬁﬁﬂ GENAstween
fol |l oned eﬂ{ezst he 3 untransl ated, regi on of human growth . hornpne, tQ create

pSPc5- 19eelesZRGY /sl 0 SpilBseeonds( plsfrias dﬂ%@t@ér@r&m%ﬁé@rﬁt&l d89%at et t he

E. coli Mﬂyﬁﬁf jeéfQsi dase gene under the control of the same synthetic
pronoter to create pSP-bgal. [0188] Aninmal studies. PIC line 22
first-litter[HO0 wdirght- fmgrggpim&esrrﬁlnmeﬂﬁﬁelj(glﬁeMHm gaahdlifter whe slevidddRH

Gest at  BHE ManauRa1 4 PEA PP et ane S R e e Y CHF F e o
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access to water and e experinent started in March and the first
litter mtﬂdoammﬁlsw pr whbomriag&sademmr@ﬂajhstmed apceopbel animals. theaweight

bui | di ng. ‘%@ﬁ%"éﬁ%‘iﬁ?gg&w th a cooling systemthat was able to keep the

maxi num 5C | ower that the outside tenperature during hot

weat her. The[oaver ag@zeﬁmﬁdmmahiggmeaatday@&hé Pigldth eerRE o060 dbtyy Nufergust
and Septenber wer e 40.6C, 41.6C, and 36.6C respectively. Aninmals are

mai nt ai Ho@ Yedigated PigStagenmvith 112%kyeiae (Coppl, MimeanqiipayN)ebybsequently,

2 tior oxPES pretd Rt ChabRALE Bl Ghnds HaBP bhilla Bl A0 hsinPith AaRRY Bl
pSPc5- 1922, G&Hﬁo{e’@l a@hri 4%dys,me fohas Slngm; tund théA mdiliAnedvon @ Aistont BHx mithPBS
R A T R RN R
PN L S s Sy Rty SR ARSI etk sl

| i ght | yanabizad by eh andsperrlept lab¢ieigry dntechalPiaghostios,dyipd. £€9i d was
[0193] Porcine IGF-I RIA. Porcine IGF-I was measured by heterologous human
IGF-I assay (Diagnostic System Lab., Webster, TX).

[0194] Porcine Insulin RIA. Porcine msulin was measured by heterologous human

assay {Linco Research Inc.; St. Charles, Missouri). The sensitivity of the assay was 2
microU/ml.

{0195} Body composition data. Weights were measured on the same calibrated

scales (certified to have an accuracy to + .2kg and a coefficient of variation of 0.3%)
throughout the study, twice a week.

[0196} Statistics. Data are analyzed using Microsoft Excel statistics analysis
package. Values shown in the figures are the mean + s.e.m. Specific p values will be oﬁtained
by comparison using Students t test. A p < .05 was set as the level of statistical significance.

: Example 21
Multiple Effects on Rats Treated with GHRH

[0197] Secretion of growth hormone (GH) is stimulated by the natural GH
secretagogue, growth hormone releasing hormone (GHRH), and inhibited by stomatostatin
(SS), both hypothalamic hormones (Thorner ef al., 1995). GH pulses are a result of GHRH
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injected directly into the left sem tendi nosous nuscle of pigs. Two m nutes
later, the injected nuscle was el ectroporated using 6-needBeuag2ays

i njectable el ectrodes, 1 cmdianeter, 22 gauge, 2 cmlength, using the

f ol | owi ng ¥ONH%98ns: 6 pulses, alternate field in bet weedCTAEIHHEIS
200v/cm 60 mlliseconds/ pul se, as described (Draghia-Akli et al., 1999;

Ai hara sanéidd thae e, asdf8Rdd with :OGmislimSor’ REh@aWAo SidhgHi@Ratin $BRdioat Bl Y

after birth each litter was divided into tw groups. A half of each litter
r emai nedddifon,t e awlsengruseator meehaaismP@PPEsrs thée|tinede by el-negatssterdbackr ed t o
a differ . Qroaup . g. r ni r -foster - Wt -
" ort CHARRLPEND, o 0L B Rbh LRy SR RIS BSHELERAR o0k
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days, the, pigl etﬁ were fed for 60 days Nutrena 18% Medicated Pig Starter

with 1. 639enons Hgandcaf dhe srovihWIEIOBF | creipdpsuesigrerio et s CHreleasig e £ ed
a Custo X, P 0 HRE—? ot . [ Qﬂﬁ tom
Mx 22. %%Mﬁ olt?e|V9‘F10Sif/svi%'53 hé%le 4% i?m ne(ljfpa(;ér{yaf% a(}ihg(gst?lb'ﬁéﬁ fﬁﬁ}gﬁ%{dﬁ%t al nlesa% a
Cust om M releasddhin 2ghkyrregwatad wiistinclive palkatde pattgrGawigich logcuvs Arfetiupes withinrvN)

for the,rest of the study. 192]. Biochem.stry.. Serum was col | ect at 50
oys and Ty oS HEpRuR Spordos far 18 OB 5y (AR Foraem 0P ory
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was neasured by heterol ogous human | G--1 assay (Di agnostic stem Lab. ,

x\emt elrpeﬂpkye.ral [lmb@]’eld’erﬁclﬁ%).lTiwmprﬁssimhprpmseinaemdfmablmevﬁ e spformesd byh
cenei 1 0 U spHARE roBRRRH if befel BEBERL o ety RURE Alng bR A M, T

Vi ght sdawel@pnienes dlagel (Anbiteer aAIHOOR! i brated scales (certified to have an
accuracy to .2kg and a coefficient of variation of 0.3%  throughout the
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S oo ce * ; .
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stomatostatin (SS), both hypothal am c hornones "(Thoner et al., 1995). GH

pul ses gloavth, hemsedstasisf of3embomglrate, protein, and fat metabolism, and for providing a
positive nitrogen balance (Murray and Shalet, 2000). GHRH, GH, ghrelin, prolactin (PRL)

and IGF-I play a significant role in regulation of the humoral and cellular immune responses
in physiological as well as pathological situations (Geffner et al., 1997; Hattori et al., 2001).

[0199] Hypothalamic tissue-specific expression of the GHRH gene is not required
for activity, as extra-cranially secreted GHRH can be biologically active (Faglia et al., 1992;
Melmed, 1991). Pathological GHRH stimulation (irrespective of its source, from transgenic
models to pancreatic tumors) of GH activity can result in proliferation, hyperplasia, and
adenoma of adenohypophysial cells (Asa et al., 1992; Sano er al., 1988). Nevertheless, the
long-term effects of a sustained GHRH treatment on the offspring of the animals receiving
the therapy is yet unknown.

[0200] It has previously been shown that ectopic expression of a novel, serum
protease resistant, porcine GHRH directed by an expression plasmid that was controlled by a
synthetic muscle-specific promoter elicited high GH and IGF-I levels in pigs following

- delivery by intramuscular injection and in vivo electroporation (Lopez-Calderon et al., 1999).

The purpose of the experiments described in this Example was to evaluate the GHRH
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dlfferences in the gastrocnemius {G) and tibialis anterior (TA) muscles / weight (FIG. 15). TF

ﬂ

maintained muscle hypertrophy throughout the study, while males did not show signs of
muscle hypertrophy after 10 weeks of age. This change is probably attributed to changes in
the sexual steroids at maturity in males that blunt the effects of physiologically increased GH
on the skeletal muscle.

[0205]  Pituitary glands were dissected within the first minutes post-mortem and
weighed. The ratio of pituitary weight to total body weight was significantly increased up to
12 weeks after birth, predominantly in IF (FIG. 16). The increase in pituitary weight is most
probably due to somatotrophs hyperplasia, as it is known that GHRH 1s capable of
stimulating the synthesis and secretion of GH from the anterior pituitary and has a specific
hypertrophic effect on somatotrophs (Morel er al, 1999; Murray et al, 2000). This 1s
supported by hormonal (FIG. 17) and histological (FIG. 18) e:vidence. Northern blot analysis
of pituitaries form injected animals showed a significant increase in the GH and PRL mRNA
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or tissues, and it is capable of providing long-term expression following a single

administration. This method may represent a new approach for highly effective nucleic acid
transfer that does not require viral genes or particles.

[0208] For large species such as pigs or cattle, the use of GHRH, the upstream
stimulator of GH, is an alternate strategy that may increase not only growth performance or
milk production, but more importantly, the efficiency of production from both practical and
metabolic perspectives (Dubreuil et al.,-1990). However, the high cost of the recombinant
peptides and the required frequency of administration currently limit the widespread use of
this treatment, These major drawbacks can be obviated by using a nucleic acid transfer
approach to direct the. ectopic production of GHRH, particularly when its production is
sustained chronically. |

[0209] Thus, enhanced animal growth occurred in offspring following a single

- electroporated injection of a plasmid expressing a mutated growth hormone releasing
hormone (GHRH) cDNA, into the tibialis anterior muscles of adult pregnant rats. Newbom
rats (F1) were significantly bigger at birth. Longitudinal weight and body composition studies
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cur r ent pmsmid{Qiagdiene, @anneat, ag USA) preparations were diluted in PBS, pH 7.4 to 1
mg/ml.

[0212] Intramuscular injection of plasmid and electroporation. Time pregnant

adult Wistar female rats were housed and cared for in the animal facility of Baylor College of
Medicine, Houston, TX. Animals were maintained under environmental conditions of 10h
light / 14h darkness, in accordance with NIH Guide, USDA and Animal Welfare Act
guidelines, and the protocol was approved by the Institutional Animal Care and Use
Committee. The experiment was repeated twice. On day 16 of gestation, the animals (n = 20
group) were weighed and anesthetized using a combination of 42.8 mg/ml ketamine, 8.2
mg/ml xylazine and 0.7 mg/ml acepromazine, administered i.m. at a dose of 0.5-0.7 ml/kg.
The left tibialis anterior muscle of rats was injected with 30 mg of pSP-HV-GHRH in 100 ml
PBS using 0.3 cc insulin syringes (Becton-Dickinson, Franklin Lakes, NI). Control animals
were injected with PBS. For both groups, the injection was followed by caliper

electroporation, as described (Draghia-Akli ef al., 1999). Briefly, two minutes after injection,
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Col | ege of ™~ Medicine, Houston, TX Aninmal's were maintai ned under
envi r orgeppnatad vorldi%i agarosefformafldehyde gel and transferred to nylon membrane. The

membranes were hybridized with a specific GHRH cDNA probe 32P-labeled by random

ard
i

priming.

[0215] Rat IGF-I Radioimmunoassay. Rat IGF-I was measured by specific

radioimmunoassay (Diagnostic System Laboratories, Webster, Texas). The sensitivity of the

assay was 0.8 ng/ml; intra-assay and inter-assay variation was 2.4% and 4.1% respectively.
[0216]  Statistics. Values shown in the figures are the mean * s.e.m. Specific p

values were obtained by comparison using Students t-test or ANOVA analysis. A p<0.05 was

set as the level of statistical significance.
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[0217) One skilled in the art readily appreciates that the patent invention s well
adapted to carry out the objectives and obtain the ends and advantages mentioned as well as
those inherent therein. Growth hormone, growth hormone releasing hormone, analogs,
plasmids, vectors, pharmaceutical compositions, treatments, methods, procedures and
techniques 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 pending claims.
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6. The method of claim 1, wherein said promoter comprises a synthetic myogenic promoter.

7. The method of claim 1, wherein said 3' untranslated region comprises a hGH 3'

untranslated region.

8. The method of claim 1, wherein said vector is introduced into said cells of said female
animal by electroporation, through a viral vector, in conjunction with a carrier, by parenteral route, or a

combination thereof.

9. The method of claim 1, wherein said female animal is a pet animal, a farm

animal, a food animal, or a work animal.

10. The method of Claim 1, wherein said female animal is a pig, cow, sheep, goat or

chicken.

11. The vector of Claim 1, wherein said vector is a plasmid, a viral vector, a liposome, a

cationic lipid, or a combination thereof.
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17. The method of claim 16, wherein said cells of said female animal comprise diploid cells.
18. The method of claim 16, wherein said cells of said female animal comprise muscle cells.
19. The method of claim 16, wherein said nucleic acid sequence encodes a growth hormone

releasing hormone or its analog.

20. The method of claim 19, wherein said growth hormone releasing hormone is SEQ ID NO
1, SEQ ID NO : 8, or its respective analog.

21. The mcethod of claim 16, wherein said promoter comprises a synthetic myogenic
promoter,
22. The method of claim 16, wherein said 3'untranslated region comprises a hGH 3'

untranslated region.
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enconpassedzgli t hithe Yegtar ofddpim 16, whergip gaid yRgton isiapipsid. aeiral Mestorpy/linopemes g ope  of
t he pesdion lipldadriFcomBidation thde 2005 What is clainmed: 1. A non-therapeutic
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ani mal conprising the step of introducing an effective anount of a vector
into cells of sairk handd o Clanil BB heRi QFd VeBtoO iftdilcBYintraidathas iof sigf d

of fspring,. wherein said vector conprises a pronoter; a nucleotide
sequenﬁ‘&%mﬁ‘ﬁ%mﬁ' 3' untransl ated region, under conditions wherein the

nucl eoti de sequence is expressed and wherein said introduction and
expressi on said vector results in inmproved or enhanced rowh in said
of f spri ng. %{ TﬂJéherfé"tf‘Pﬂs‘cPfoa"e |1 &i ¥herein %@P‘éqdﬁctsoaioepueﬂur@gﬁlpﬂg@itamﬁséqu e
ani mal geamp oseideiprapd cells.

29. The method of Claim 16, further comprising the step of administering to said female a

ligand for a growth hormone secretagogue receptor.
30. The method of Claim 29, wherein said ligand administration is oral.

31. A non-therapeutic method of increasing lean body mass in an offspring from a female
animal comprising the step of introducing an effective amount of a vector into cells of said female animal
prior to or during gestation of said offspring, wherein said vector comprises a promoter; a nucleotide
sequence; and a 3' untranslated region, under conditions wherein the nucleotide sequence is expressed and

wherein said introduction and expression of said vector results in increased lean body mass in said

offspring.
32. The method of claim 31, wherein said cells of said female animal comprise diploid cells.
33. The method of claim 31, wherein said cells of said female animal comprise muscle cells.

75




3. The method of claim1l1l, wherein said cells of said femal e ani mal conprise
muscle cells. 4. The nethod of claimi1, wherein said nucl é3dure2Ssequence
encodes a grow h hornmone releasing hornmone or its analog. 5. The method of
claim4, wherein said growh hornone releasing hornmone is SEQID NO : 1,
SEQID NO: 8, or its respective analog. 6. The nmethod of claim1, wherein
said pronoter conprises a synthetic nyogenic pronoter. 7. The nethod of
claim1l, wherein_said 3 untranslated region conprises a hGH 3'
unt r ans| at ed*r egi’8hmetlpd ofplim 3h pherein eid nuplge pridisequite eiepdss 3 EPMh hermpaseljaging
i nt r odbomwng eritpangleg.d cel ls of said female animal by el ectroporation,
through a viral vector, in conjunction with a carrier, by parenteral route,
or a conbination thereof. 9. The method of claim11, wherein said female
animal is a’pet JdATAIod ofclaim p4yivhesein seidisrowth hbunsee raledsing hormene isBEQAP ROa i Fr6) .
10. TheDext:l8odl itokspédiad amaidg. Wherein said female animal is a pig, cow, sheep,
goat or chicken. 11. The vector of Claiml, wherein said vector is a
plasmd, a viral vector, a |liposone, a cationic |ipid, or a conbination
t her eof . 73343 Jikenepod 8f claim 3 ITkergitald prpmoter cOmprises alsynthetiemmigenicpaingdtev.ect or i s
introduced into said female in a single admnistration. 13. The nethod of
Caiml, whegrein eai%oidnttliodyﬁtilon o%ﬁﬁrs uring the third trimester of
gestation of 'said offSprifig. > 14 rhBIrePREE 8 reeEr simerises @ Fof ¢ e itpr i si ng
the st&89Bf administering to said female a ligand for a growh hornone
secretagogue receptor. 15. The nmethod of Caim 14, wherein said |Iigand
adm nistratign i ihorahlg. f:}? non-t herapeuti c nmet hod of increasing |evels
of growth hd¥nond™iTighe "‘f‘%@r?‘f’t"f’@“’“ﬁalﬂl’f‘?“ ris fnirpdueed info fajdeeplis obaid fmglespgmelbe st ep
of i nt rlodepdratign, dwoug £ iglvieste, ia nmivntionvitten cagiert B paterittral rald, brs cofbis@indhdRral e
animal prior to or during gestation of said offspring, wherein said vector
conprises a_pronpter; a _nucleotide sequence; and a 3' untranslated region,
under condi tggonsTW’i’é@Fhé‘ii?lfcfaf?éﬂﬂﬂi'ﬁeé‘lﬁ‘idé“@a@é’ﬁﬂﬁmeﬁ%‘mab%fﬁfné@@% aand wher ei n
sai d i fd adiued tor owormiinatxpr essi on of said vector results in increased |evels
of growth hornone in said offspring. 17. The nethod of claim 16, wherein
said cells of said female aninmal conprise diploid cells. 18. The nethod of
claimi16, wherei hedngthgd efilaing 3 bwhesein epidfempde apimalis mmig, cow ipen, st orgkidies cel | s.

41, The vector of Claim 31, wherein said vector is selected from the group consisting of a plasmid, a

vital vector, a liposome, a cationic lipid, or a combination thereof,

42. The method of Claim 31, wherein said vector is introduced into said female in a single
administration.

43, The method of Claim 31, wherein said introduction occurs during the third trimester of gestation
of said offspring.

44, The method of Claim 31, further comprising the step of administering to said female a ligand for a

growth hormone secretagogue receptor.
45. The method of Claim 44, wherein said ligand administration is oral.

46, A non-therapeutic method of increasing levels of IGF-1 in an offspring from a female animal
comprising the step of introducing an effective amount of a vector into cells of said female animal prior to or during

gestation of said offspring, wherein said vector comprises a
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19. The method of claim 16, wherein said nucleic acid sequence encodes a
growt h hornone releasing hornone or its anal og. 20. The nd®Hdde 390%| ai m
19, wherein said growth hornone releasing hornmone is SEQID NO 1, SEQID
NO: 8, or its respective analog. 21. The nethod of claim 16, wherein said
pronoter conprises a synthetic myogenic pronoter. 22. The nethod of claim
16, wherein said 3" untransl ated region conprises a hGH 3" untransl ated
region. 74 13 June 2005 23. The method of claim 16, wherein said vector is
i nt r od ERRPISTHE Budestide segrenge; ¢nd & Ji wntpesiaidaregian urder cbgdlecme othersipathe nidgetide

t hr oughequeideribxptQSddoind vinBremORIdURESdubn Wnkl Qxﬁ‘es@i@ﬁ T@Jld v&){or Qéshﬁpﬁleﬁgle Lpute,
or a conbination thereof. 24. The method of clal m 16, wherein said Femal e
ani mal l§lsgf Hg%lﬁﬁmﬂﬁﬁm“ﬁgfarn1 ani mal, a food anlnal or a work animal .

25. The nethod of C aim 16, wherein sald femal e aninal is a pig, cow,

sheep, goat or chicken. 26. The vector of O aim16, wherein said vector is
a plasmd, &vir :IPG {rethpdef claim Ao, shersinesaid gellsafsaid fmeld anjgiadiconprisediploidtsielmt i on

t hereof. 27. The nethod of Claim 16, wherein said vector is introduced into
said female in a S|ng e admnistration. 28. The nethod of C aim 16,

wher ei n sai @3 nt T88IHEDPYHf cism A6.avhatsin salg celiseolsaidl femateraniviad eqprios mu&}@@?’éﬁ i on

of said offsprlng 29. The nethod of Claim 16, further conprising the step
of adnlnlste Lo said femal e a ligand for a growth hornone secretagogue
receptor. g frEehetelstainrtGivvherea saidnaslelr acid sgadence efieadps a gipmith karmand on i s
oral . 3&amﬁgﬂ@ﬂmh@@ﬁ@@ﬁg&gc nmet hod of |ncrea5|ng | ean body mass in an
offspring froma female animal conprising the step of introducing an
effective anmount of a vector into cells of said female aninmal prior to or

during gestapio n TRE m&BbdLoRfalns B9, Wherein VR pRivith RAdHikdnd/ Rh Oy HANREISH) ﬁ) NO
pronDterﬁESJﬁ eotlde sequence and a 3 untranslatef regi on, under

condi t i $ OF ¥rrospgelive ataloge sequence is expressed and wherein said
i ntroduction and expression of said vector results in increased |ean body
mass in salg offs rlng 32. The nethod of claim 31, wherein said cells of
said fenmal e’ani m& legh?ﬁ, qf§@m&| fi@ "deginsad pgomoter comprises a synthetic myogenic

promoter.

52. The method of claim 46, wherein said 3'untranslated region comprises a hGH 3'

untranslated region.
53. The method of claim 46, wherein said vector is introduced into said cells of said female
animal by electroporation, through a viral vector, in conjunction with a carrier, by parenteral route, or a

combination thereof.

54. The method of claim 46, wherein said female animal is a pet animal, a farm

animal, a food animal, or a work animal.

55. The method of Claim 46, wherein said female animal is a pig, cow, sheep, goat or

chicken.

56. The vector of Claim 46, wherein said vector is a plasmid, a viral vector, a liposome, a

cationic lipid, or a combination thereof.

57. The method of Claim 46, wherein said vector is introduced into said female in a single

administration.

77




33. The nethod of claim 31, \/\herel n sai d ceI | s of said female anima
conprise nuscle cells. 75 13 June 2005 34. The net hod of cI%r’Hﬁ‘%?Loo%erel n
sai d nucleic acid sequence encodes a grow h hornone rel easing hornone or
its anal og. 35. The nethod of claim 34, wherein said growmh hornone

rel easing hornmone is SEQIDNO: 1, SEQ IDNO: 8, or its respective

anal og. 36. The nethod of claim 31, wherein said pronmpter conprises a
synt heti c nyggeni.¢ prom)ter 37. The nethod of claim 31, wherein said

3" untransl at¥d r geaHst '&96%‘?19@%6 wheqeipjsaid lmtrﬁ@ucamcvcawreérxrmeghedhud Bigestarvé

"met hod g@&taﬁdnajf@a@affspylﬁger ein said vector is introduced into said cells of
said femal e animal by el ectroporation, through a viral vector, in
conjunction with a carrier, by parenteral route, or a conbi nati on thereof
39. The net hxd OfThG InRthaH BﬁClmW ﬁirtﬂer%@ﬂngrlsfu@'fﬁé Ke lfpd? bd¥Rhistefin %Qih fféﬁgl
farmalma a food animal, or a work ani nal The metho a|m31
wher ei ‘Hafg‘é‘ﬁ’ﬁp OIHWPWFreﬁa%OgaeBF@FOTCOW, sheep, goat or chicken. 41. The
vector of C aim 31, vvherel n said vector is selected fromthe group
consistingéf gr fa vi ral vector a |liposone, a cationic lipid, or
a combinati &% th thodi? Cline9rrheseiey said | ‘@“ﬁ?‘?’ﬁ“&%‘ﬁ“ﬁt\ﬂhéﬂ@lﬂ said vector is
introduced into said female in a single admnistration. 43. The net hod of
Cl aim 31, rel sai d introducti on occurs during the third trinester of

gestation - sai' " BriRLHeptignethod of yqeasing testptBsioney iy amoffapring diomrpcfemale

conpr i ahifgl &édaeprising fheGep Bﬂiiﬂréﬂuﬁfhgﬁlh Egectine itubt ARG iffto LiIBIPChid RinaRk an@PWM h
45. The method of d aim 44, wherein sald

hor none secretscﬁgggue recega&{
| i gand PHAMO" BEHtiPE obfay offspeing. AVHeERN saL VogRS FOMPTiSHR £ IRERINGHT: R meglentide ng

| evel s s@fuetdefantd a|3m[ﬁans¢afta‘d&@ga¢m Gndef wﬁuﬁoﬁs&ﬁﬁ}eﬁl @p hme,loude%eﬁﬂéﬁée% Qﬂarés&@ aﬁ({l ep
of introducin ffectlve amount of a vector into cel sald fem

ani mal “PFieBY Sa?% 1"(55" Utipn AY expoeseign jobsrie rvedan EPS‘H?Sf@dP‘FW@ed ﬁ@ﬁ@ereéﬁcﬂﬁﬂ%iﬂd SaJ‘éct or
conpri sfspriag/6 13 June 2005 pronoter; a nucl eotide sequence; and a 3
‘untransl ated regi on, under conditions wherein the nucleotide sequence is
expressed and wherein said introduction and expression of said vector

results in incr easeslethb®dRlafin 8f, Whidkin saldbeBadrdai® fdhBRl dnfhgh cnfgprlsg_ %Ioﬁ@eh@d of
claim 46, wherein said cells of said fenale ani nal conprise diploid cells.

48. T_he net hod of claim46, wherein said cells of said fenal e ani nal
-conpri se musgl e @hd méthod of claim 61, wherein said cells of said female animal comprise muscle cells.

64. The method of claim 61, wherein said nucleic acid sequence encodes a growth hormone

releasing hormone or its analog.

65. The method of claim 64, wherein said growth hormone releasing hormone is SEQ ID NO
: 1, SEQID NO : 8, or its respective analog.

66. The method of claim 61, wherein said promoter comprises a synthetic myogenic
promoter.
67. The method of claim 61, wherein said 3' untranslated region comprises a hGH 3'

untranslated region.

68. The method of claim 61, wherein said vector is introduced into said cells of said female
animal by electroporation, through a viral vector, in conjunction with a carrier, by parenteral route, or a

‘combanation thereof,
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49. The nethod of claim46, wherein said nucleic acid sequence encodes a
grow h hornone releasing hornone or its analog. 50. The e HYRe 8995¢1 ai m
49, wherein said growmh hornone rel easing hornmone is SEQID NO 1, SEQ ID
NO: 8, or its respective analog. 51. The nethod of claim46, wherein said
pronoter conprises a synthetic nyogenic pronoter. 52. The method of claim
46, wherein said 3 untransl ated region conprises a hGH 3" untranslated
region. 53. The nethod of claim46, wherein said vector is introduced into
said cel|s &f saille pethed of clagnphyathetsip saiddemalagvbnad is amst anihaloagm a vi r al

Vect Or anikddl, € BdNdWRRLal, 8. Whik Anifhacarrier, by parenteral route, or a

conbi nation thereof. 54. The nmethod of claim46, wherein said femal e ani nmal
is a pet animal, a farm animal, a food animal, or a work animal. 55. The
net hod of Chai M 4§ mWh&ed &ichis 3l SvifefiiPd81 RALERlimhiSs @pig,' w, SR, géfﬂeep’ goat

or chicken. 56. The vector of C aim46, wherein sald vector I's a plasmd,

a virafndigker a | i posone, a cationic lipid, or a conbination thereof.

57. The nethod of C aim 46, wherein said vector is introduced into said
female in a_single admnistration. 77 13 June 2005 58. The nethod of C aim
46, wher ei n’5ai d Thhtertoaeflpinyd! ovkanein sa yeciogispimtasmigi ¢ wiral veatasst linosaye, a

gest at cARnRMipRasd BhbationMbreop9. The method of C aim 46, further conprising
the step of admnistering to said female a |igand or a growth hornone
secret agogue receptor. 60. The method of Caim59, wherein said |Iigand

adni ni strat 7an i $héxh@hod B Elairk 60 WnrchdtEafPRMb € iR RS saldtEh AR £\¢h.f.ced
efficiency. in an offspring froma female aninmal conprising the stgp of
i nt r odPAMIAGTHINef f ect i ve amount of a vector into cells of said female
animal prior to or during gestation of said offspring, wherein said vector
conprises a fronnter; a nucl eotide sequence; and a 3' untranslated region,
under condi {3-ons ThgfastRad et Clvém glcrheesin i nfEdustion ecquss dugipg the third tamepter aher e n
sai d i pdstaB6iiSHtshiadfrspMdg expr essi on of said vector results in increased feed
efficiency in said o?fspring. 62. The nethod of claim61, wherein said
cells of said female aninmal conprise diploid cells. 63. The nethod of

claim 61, wher ei Thesadibd® Clasm 8f, ot cdnfARng tR Mef Bl adbANREAR . MisfhEGe! | S.

ligand for a growth hormone secretagogue receptor.

75. The method of Claim 74, wherein said ligand administration is oral.

76. A non-therapeutic method of increasing the rate of growth in an offspring from a female
animal comprising the step of introducing an effective amount of a vector into cells of said female animal
prior to or during gestation of said offspring, wherein said vector comprises a promoter; a nucleotide
sequence; and a 3' untranslated region, under conditions wherein the nucleotide sequence is expressed and

wherein said introduction and expression of said vector results in increased rate of growth in said

offspring.
77. The method of claim 76, wherein said cells of said female animal comprise diploid cells.
78. The method of claim 76, wherein said cells of said female animal comprise muscle cells.
79. The method of claim 76, wherein said nucleic acid sequence encodes a growth hormone

releasing hormone or its analog.

80. The method of claim 79, wherein said growth hormone releasing hormone is SEQ ID NO : 1, SEQ
ID NO : 8, or its respective analog.
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64. The nethod of claim 61, wherein said nucleic acid sequence encodes a
grow h hornone releasing hornone or its analog. 65. The ndf HBee €90% | ai m
64, wherein said growh hornone releasing hormone is SEQID NO 1, SEQID
NO: 8, or its respective analog. 66. The nethod of claim6l, wherein said
pronoter conprises a synthetic nyogenic pronoter. 67. The method of claim
61, wherein said 3" untranslated region conprises a hGH 3" untransl| ated
region. 68. The nethod of claim61, wherein said vector is introduced into
sai d cel | s ¥l saildefnsthafl ef clami7faiherjn saldasemapeoapiisna ssmthebemoganivi r al

vect or ,prgflot&ONj unction with a carrier, by parenteral route, or a
conbanati on thereof. 78 13 June 2005 69. The nethod of claim61l, wherein
said female animal is a pet animal, a farm aninal, a food animal, or a
wor k ani mal .g270. ThR&e iaf kM Qi | ' ?ﬁﬂﬁ! jfal is a

pi g, cow, sheep,_goatHﬁgﬁﬁg%ﬁﬁgﬁg%%ﬁggﬁ3fwgﬁégéggégg ¢ a|§?'??iﬂzerein
sai d ve@f#siaied regign asnid, a viral vector, a liposone, a cationic lipid, or
a conbination thereof. 72. The nmethod of C aim 61, wherein said vector is
introduced into said female in a single admnistration. 73. The nethod of
O aim6l, whérei Theardhod pfdlaim e vhsrrinpeidyegors intmdpcediata saidieglistof pridfmele of
gest at ia@iha0by siddtbpObiiciDinkdigh a 4l vERS:, TRIARM R vgh? et byyﬂfehg fi JufTBE 4 ST NG
the step of administering to said female a ligand for a“dgrow hor frone
secr et &y8Bndiopdessfor . 75. The nethod of O aim 74, wherein said |igand |
admnistration is oral. 76. A non-therapeutic nethod of increasing the rate
of growh in an offspring froma female aninmal conprising the step of

i ntroduci ng #n effhewethodoteliim 6. vdrrein spid feragle animel icepat snippl, st f enal e

ani mal anigfal, @Fodd@nitial, k% WO ag@mi.at i on of said of fspring, wherein said vector
conprises a pronoter; a nucleotide sequence; and a 3' untranslated region,
under conditions wherein the nucl eotide sequence is expressed and wherein
sai d introdget i OMh@RAEhEX R AHRI 78DwIRkeir® HiDFe SIS hinal 83 plet Sovd, %&ﬂ%[»&%?ed. rate
of growth in said offspring. 77. The nethod of claim 76, whéreln said

cel I's 6hickeli d fenmal e animal conprise diploid cells. 78. The method of
claim76, wherein said cells of said fermal e animal conprise nuscle cells.

86. The vector of Claim 76, wherein said vector is a plasmid, a viral vector, a liposome, a

cationic lipid, or a combination thereof.

87. The method of Claim 76, wherein said vector is introduced into said female in a single
administration.
88. The method of Claim 76, wherein said introduction occurs during the third trimester of

gestation of said offspring.

89. The method of Claim 76, further comprising the step of administering to said female a

ligand for a growth hormone secretagogue receptor.

90. The method of Claim 89, wherein said ligand administration is oral.

91. A non-therapeutic method of increasing the ratio of somatotrophs to other hormone-
producing cells in a pituitary gland of an offspring from a female animal comprising the step of introducing an
effective amount of a vector into cells of said female animal prior to or during gestation of said offspring,
‘wherein said vector comprises a promoter; a nucleotide sequence; and a 3' untranslated region, under
conditions wherein the nucleotide sequence is expressed and wherein said introduction and expression of said

vector results in ratio of somatotrophs to other hormone-producing cells in a pituitary gland in said offspring,
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79. The nethod of claim 76, wherein said nucleic acid sequence encodes a
grow h hornone releasing hornone or its analog. 80. The met HEEe 890% 1 ai m
79, wherein said growh hornone rel easing hornone is SEQID NO: 1, SEQ ID
NO: 8, or its respective analog. 79 13 June 2005 81. The nethod of claim
76, wherein said pronoter conprises a synthetic myogenic pronoter. 82. The
nmet hod of claim 76, wherein said 3 untranslated region conprises a hGH 3'
untransl ated region. 83, The nethod of claim 76, wherein said vector is

i ntroduced iRto s&F et ofslaigrolsuharin widereils of said fmple pymad ceenrisodipeidicelisn,
through a viral vector, in conjunction with a carrier, by parenteral route,
or a conbingtion.,thereof.. 84 . The netho f.claim76, wherein said femal e
animal is arbg'et grﬁ'f' Wﬁ#‘?dooefdf”ﬁ‘r% w‘%?ﬁ‘i"hﬁl}d,celg 0?3?6{)‘1313?*? pripal cgspprige gcle cellsi mal .

85. The nethod of Claim76, wherein said female animal is a pig, cow,

sheep, goat ogr I : vector qgf. C.aim 76, erein said vector is
a pl gs m'gd,_ gg Vi rgft% @g@ oorf,%lg?in 9|Fr‘?h|66’§e§“n%“?‘ nggel%%;t“?sg%‘ielécelefl%?ﬁagg)lwt BOFBMSi nat i on
t her eofreleagipg hormenepsithanelopf C ai m 76, wherein said vector is introduced into
said female in a single admnistration. 88. The nethod of C aim 76,
wherein said_introduction occurs during the third trinmester of gestation
of said of f Spri ndhe Behodm gaiperhsrayt satdjzzqvih hosmome sieleapiag haswersis si ng t he step
of admsEQIDENO NGSHMPIDSND €l8, besabspecve dnhig@and for a growt h hornone secretagogue
receptor. 90. The nethod of Claim89, wherein said |igand adm nistration is
oral. 91. A non-therapeutic nethod of increasing the ratio of somatotrophs
t o ot her hoPfone Thpmetbhdgif rlgimcd) Wigrdirmsaid ppintoter taipyiseg b @thetdd myvgedd f spring from
a fenaggnﬁg}_nal conprising the step of introducing an effective anmount of
a vector into cells of said female aninmal prior to or during gestation of
said offspring, wherein said vector conprises a pronoter; a nucleotide
sequence; apg a Fho MithddRShiRloR dnilefesH B 3 WABSIE ted Fegiaﬁ Lo AR MBRMEI N the

nucl eoti de .sequence is expressed and wherein said I ntroduction and

expr es SFBASIYPd €EPY  vector results in ratio of somatotrophs to ot her

hor none- producing cells in a pituitary gland in said offspring. 80 13 June
2005

98. The method of claim 91, wherein said vector is introduced into said cells of said female
animal by electroporation, through a viral vector, in conjunction with a carrier, by parenteral route, or a

combination: thereof.

99, The method of claim 91, wherein said female animal is a pet animal, a farm

animal, a food animal, or a work animal.

100.  The method of Claim 91, wherein said female is an animal selected from the group

consisting of pig, cow, sheep, goat and chicken.

101. The vector of Claim 91, wherein said vector is a plasmid, a viral vector, a liposome, a

cationic lipid, or a combination thereof.

102.  The method of Claim 91, wherein said vector is introduced into said feniale in a single

administration.

103.  The method of Claim 91, wherein said introduction occurs during the third trimester of

gestation of said offspring.

104.  The method of Claim 91, further comprising the step of administering to said female a ligand

for a growth hormone secretagogue receptor.




92. The nethod of claim91, wherein said cells of said fe '8@%
conprise diploid cells. 93. The method of claim91, where ﬁdga?a | 1's of
said femal e ani mal conprise nmuscle cells. 94. The et hod of claim91,
wherein said nucleic acid sequence encodes a grow h hornone releasing
hormone or its anal og. 95. The nethod of claim94, wherein said growh

hor none releasing hornone is SEQID NO 1, SEQIDNO: 8, or its
respective analo 96. The method of claim91, wherein said pronoter

conpri ses a l8ynt %@FP’éthPﬂ/@fd:éﬁmcw“p’ﬂ@WmF@ld ligard admfrastiartisgrabf ¢l ai m 91,
wherein said 3' untransl ated region conprises a hGH 3" untransl ated
region. 98. The nethod of claim9l, wherein said vector is introduced into

sai d cel|s dPOsailde methed o Claim %‘I"h%%m widorpensaredurinn cells hrestlgtedfram tha|

vect or grduyl cS&E&hhlgl@tfcb@i@ot ﬁJ‘la@toﬁ hS hRf sonfouRpceNt eral route, or a
conblnatlgn t her eof . ngbT he ne?fod % claﬂﬁlgl wherein said femal e ani nal

is a pet animal, a farm aninmal, a food animal, or a work aninmal. 100. The

met hod of Cligy.m %lnonlﬁﬁh%fp@&tf& n%@ﬂoq 5 RBYRg bisth %f'arlad?fsﬁ?rllg il SRIGEH ohiRin t he

group consistin pi g, .cow, sheep, goat and 101. The vector of
O ai m §IMPREths pé)émo ingan effectiye zmlca@mfa vegionintp a¢11s\¢és,atnd)femaﬁ apinpbprints  a

cati onig dllui | gdstatfin ot sH@ Uﬂépﬂﬂg AR i@ LR tor l&gprlsg hepBRbRRY Ifﬁf:lle&kd%'sgaugéce

vvherelncf VGCMISII’]H’O ucedlnto sai d erraelnasm
admi ni €8¢ ¢ ugHansipged regiane undst ¢npditipns wheggimihe nuclegtide %eﬂwns%usaxprmswb@ndc«hew

occur s sgdind@uctibeardltkrébsioh bIRREREtoPksultd BBl ddWiPh sélab{éfsﬁ?lfnéspr ing. 104. The
.nmethod of Caim9l, further conprising the Step of admnistering to said

female a ligand for a growth hornone secretagogue receptor. 81 13 June

2005 105. Thes. retrhogdetRdd ﬁcﬁln’i‘ld@oézhergm 848 bdls SAdatl ﬁhﬂ@%m@%n@h&t(ﬁﬁ&kl 9{1138 are

oral . 106. The nethod of O aim 91, wherein said hornone-produci ng ce
sel ected fromthe group consisting of corticotrophs, |actotrophs and

gonadot r oph$09. 10The detRsdbriclafn P76 Whirkin 98 BAM of Gl f@lﬁzlu@x.\.mm ik ffsciBBels.
offspring froma female aninmal conprising the step of introducing an

effective anmount of a vector into cells of said female animal prior to or

during gest atd. onTRS m&mddchrefafns Po7, RbereiMgd ﬁ&d&l@ﬁzi(fjseé{&ﬁée%c&l@w éﬂo@ﬁ&oﬂnom
| eoti de sequence; and a 3' untranslated region, under

pronot er ; uc
condltF%ﬂ@n&E€P8WH”Fﬁ@mH@cIeotlde sequence i s expressed and wherein

111.  The method of claim 110, wherein said growth hormone releasing hormone is
SEQ ID NO: 1, SEQ ID NO : 8, or its respective analog.

112. The method of claim 107, wherein said promoter comprises a synthetic myogenic

promoter.

113. The method of claim 107, wherein said 3'untranslated region comprises a hGH 3'

untranslated region.

114, The method of claim 107, wherein said vector is introduced into said cells of said female
animal by electroporation, through a viral vector, in conjunction with a carrier, by parenteral route, or a

combination thereof.

115, The method of claim 107, wherein said female animal is a pet animal, a farm

animal, a food animal, or a work animal.
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said introduction and expression of said vector results in gel a%/&?d)qﬁbi rth in
said offspring. 108. The nmethod of -clai m 107, wherein said'cdHy sai d
femal e animal conprise diploid cells. 109. The nethod of claim 107,
wherein said cells of said female animal conprise nuscle cells. 110. The
met hod of claim 107, wherein said nucleic acid sequence encodes a growh
hornone rel easing hornone or its analog. 111. The nethod of claim 110,
wherein said growh hornone rel easing hormone is SEQID NO: 1, SEQ ID NO
8, or its 1rlgspeTé*FF\?@°‘éﬂ%¢lag1 107 wherepnssid-fempie animp! ish pisnorQFhecmbeatei n sai d
pr onot e chigkgar i ses a synthetic nmyogenic pronoter. 113. The nethod of claim
107, wherein said 3 untransl ated regi on conprises a hGH 3' untransl ated
region. 114. The method of claim 107, wherein said vector is introduced
into said celifs aheSakd of BRI 807, réRbaidVecBl BAPILRRA 242 Vectd: Y 12, Vi T al
vector, in.con unctl%n with a carrier, by parenteral route, or a
combi n&ETBYF P PRptomdpton tereofnet hod of cl ai m 107, wherein said fenal e
animal is a pet animal, a farm animal, a food animal, or a work animal. 82
116. The rretlhgd g{q (:I@i m 107, wherein said female animal is a pig, cow,
sheep, goat &r JdAf BRBAC oflGleim W ovhersin wid veetords itrasiucedrintadaidfemnsic iaisipeleect or
i s a pladamMmisttatica. viral vector, a liposone, a cationic lipid, or a
conmbi nation thereof. 118. The nethod of C aim 107, wherein said vector is
introduced into said female in a single admnistration. 119. The method of
Cl aim 107, WhemaE ethad 6F Gt 100 UeHekNsaQGRFdG et bbbk dubiBe IRk tihbfB S er  of
gestation of said _offspring. 120. The nmethod of d ai mﬁO?, further
conpr i SFYHOLR Sahdtoé%pr&ﬂg' adm nistering to said female a ligand for a growth
hor nrone secretagogue receptor. 121. The nethod of C aim 120, wherein said
ligand admnistration is oral. 122. A non-therapeutic nmethod of increasing
m |k produc #O(S)n ?&e %ﬂhﬂﬁ?fﬂqlmGBHﬁW@f FRIPEIREE the &i§P obgdministerig ie saithfemple a
ef f ect ligmddsrauéwth horthoM@ Gk Riaghgi Rocgtbl S Of sai d ani mal, wherein said vector
conprises a pronoter; a nucleotide sequence; and a 3' untransl ated region,
under conditions wherein the nucleotide sequence is expressed and wherein
sai d introduzli oMhemeth@XGTICRERI100) vibkrefitshid [BRfAMidifaHb 8 ofa) | NCreased m |k
production in said aninmal. 123. The nethod of claim 122, wherein said cells
of said animal conprise diploid cells.

122. A non-therapeutic method of increasing milk production in an animal comprising the step
of introducing an effective amount of a vector into cells of said animal, wherein said vector comprises a
promoter; a nucleotide sequence; and a 3' untranslated region, under conditions wherein the nucleotide

sequence is expressed and wherein said introduction and expression of said vector results in increased

milk production in said animal.
123. The method of claim 122, wherein said cells of said animal comprise diploid cells.
124. 'The method of claim 122, wherein said cells of said animal comprise muscle cells.

125. The method of claim 122, wherein said nucleic acid sequence encodes a growth hormone

releasing hormone or its analog.

126.  The method of claim 125, wherein said growth hormone releasing hormone is
SEQIDNO: 1, SEQID NO : §, or its respective analog.

127. The method of claim 122, wherein said promoter comprises a synthetic myogenic

promoter.
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124. The nethod of claim 122, wherein said cells of said aﬂhmal ggg?rise
nuscl e cells. 125. The nethod of claim 122, wherein said nderE'e d
sequence encodes a grow h hornmone releasing hornmone or its anal og. 126.
The net hod of claim 125, wherein said growth hornone rel easing hornone is
SEQIDNO: 1, SEQID NO: 8, or its respective analog. 127. The nethod of
claim 122, wherein said pronoter conprises a synthetic myogenic pronoter.
83 13 June %335 léﬁﬁﬁﬁrg PﬁthOd of claim 122, wherein said 3'untransl ated
region conpri‘€es 2CHEHO8or clajmles wersinsaid Suygiraslated segionverapriey Hefetl 8F 1 ai m
122, whaeeishtedaéglornvect or is introduced into said cells of said female

ani mal by el ectroporation, through a viral vector, in conjunction with a
carrier, by parenteral route, or a conbination thereof. 130. The mnethod of
claim 122, viker eiThe arihdd bBslEng 22WheRIn shidl vBctéral inB BRI intoaill 84IF &Y fRbhle 2

f ood animabib of & wor. k ﬁginﬁl.,éfl. The nmethod of Claim 122, wherein said
ani mal & bF%‘,’ CPBRHOT: FERsh agyalivegpr. ihpquusption pEth 2 eprrier Ry Petspterl ragteaphg 122,
wher ei rcosainationaldréf. i s a plasmd, a viral vector, a |iposone, a cationic
|ipid, or a conbination thereof. 133. The nethod of C aim 122, wherein said
vector is introduced into said animal in a single admnistration. 134. The
net hod of Cl1ad.m A2 meibe 6Rildim S ad, hirdin'seid WsihalOahiRA G ot SHivhaiNOratape third
trimester of estation of said offspring. 135. The nethod of Caim 122,
further™ ﬁﬁf’i’ NG RE2 BPRF L adni ni stering to said female a ligand for a
growt h hornone secretagogue receptor. 136. The nethod of C aim 135, wherein
said |igand m i stration.i.s al.. 137, Use of an effective anount of a
vect or conp#?gingmﬁmﬁﬁg%ﬂﬁgwwlgiﬁﬂ@F@U?FH@"g%&ﬁéﬁ%@m&ﬁﬁwﬂépg”“untranslated
r egi on chiokent he preparation of a therapeutic conmposition for inproving
enhancing growh in an offspring froma fermale animl, wherein the
conposition is for introduction to the female animal prior to or during
the gestati 0s2.of Thavedtopdf Sipini 129, MR@eH satDRFiok isaTslics Gt vdche, AVebent b de

sequence. i s .. ressed. .138. e of an effective anount of a vector
conpri§§ﬁ6w5m§¢§ﬁ5P8$?m mHﬁ%?%ﬁtide sequence and 84

133. The method of Claim 122, wherein said vector is introduced into said animal in a single

administration.

134, The method of Claim 122, wherein said introduction occurs during the third trimester of

gestation of said offspring.

135. The method of Claim 122, further comprising the step of administering to said female a

ligand for a growth hormone secretagogue receptor.

136.  The method of Claim 135, wherein said ligand administration is oral.

137. Use of an effective amount of a vector comprising a promoter, a nucleotide sequence and
a 3* untranslated region for the preparation of a therapeutic composition for improving enhancing growth
in an offspring from a female animal, wherein the composition is for introduction to the female animal
prior to or during the gestation of said offspring under conditions wherein the nucleotide sequence is

expressed.

138.  Use of an effective amount of a vector comprising a promoter, a nucleotide sequence and
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143.  Use of an effective amount of a vector comprising a promoter, a nucleotide sequence and
a 3’ untranslated region for the preparation of a therapeutic composition for increasing the ratio of
somatotrophs to other hormone-producing cells in a pituitary gland of an offspring from a female animal,
wherein the composition.is for introduction to the female animal prior to or during the gestation of said

offspring under conditions wherein the nucleotide sequence is expressed.

144, Use of an effective amount of a vector comprising a promoter, a nucleotide sequence and
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148.  The use of any one of claims 137-145, wherein said nucleic acid sequence encodes a

growth hormone releasing hormone or its analog.

149.  The use of claim 148, wherein said growth hormone releasing hormone is
SEQ ID NO: 1, SEQ ID NO : 8, or its respective analog. '

150.  The use of any one of claims 137-145, wherein said promoter comprises a synthetic

myogenic promoter.

151.  The use of any one of claims 137-145, wherein said 3' untranslated region comprises a

hGH 3' untranslated region.

152.  The use of any one of claims 137-145, wherein said vector is suitable for introduction
into said cells of said female animal by clectroporation, through a viral vector, in conjunction with a

carrier, by parenteral route, or a combination thereof.

153.  The use of any one of claims 137-145, wherein said female animal is a human, a pet

animal, a farm animal, a food animal, or a work animal.

154, The use of any one of claims 137-145, wherein said female animal is a human, pig, cow,
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sheep, goat or chicken.

155.  The use of any one of claims 137-145, wherein said vector is a plasmid, a viral vector, a

liposome, a cationic lipid, or a combination thereof.

156.  The use of any one of claims 137-145, wherein said vector is suitable for introduction

into said female in a single administration.

157. The use of any one of claims 137-145, wherein said introduction occurs during the third

trimester of gestation of said offspring.

158.  The use of any one of claims 137-145, wherein the female also receives a ligand for a

growth hormone secretagogue receptor.

159.  The use of Claim 158, wherein said ligand administration is oral.






