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(57) Abstract: Growth is improved by utilizing growth enhancement potential methodology to administer a nucleic acid sequence,
such as GHRH cr an analog, to a female animal, preferably through a parenteral route of administration. Piglets born from sows
injected with DNA encoding GHRH are larger, and effects ae demonstrated in subsequent pregnanmes without additional adminis-
tration(s) of the vector.
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[ 0004] TheP& BLFLGCHEMsPR ¥ G Y MEI ¥ cal conditions, both in children
and adul t &S %HPch | near grow h (prepubertal patients) or body

conposi Pauukkhed®r € conprom sed, and which respond to GH or GHRH t herapy. In
al | i nstaneésu trlaeqicdRiehrBepickndlo lXpBiidhag functional , but not necessarily
oper ati ng wenneprioftbdieeensi tivity or responsiveness for a variety of
possi bl e reasons. [0005] The principal feature of GH deficiencies in
children is short stature. Simlar phenotypes are produced by genetic
defects at different points in the GH axis (Parks et at, 1995), as well as
non- G+ deficient short stature. Non-GH deficiencies have different

etiology, such as: (1) genetic diseases, Turner syndrone (Jacobs et al.,
1990; Skuse et at., 1999), hypochondropl asia (Tanaka et al., 1998; Key and
G oss, 1996), and Crohn's di sease (Savage et al., 1999); and (2)
intrauterine growh retardation (Al banese and Stanhope, 1997; Azcona et
al., 1998); and (3) chronic renal insufficiency (Sohmya et al., 1998;
‘Benfield and Kohaut, 1997). Cases where the GH axis is unaffected (i.e.,

. patients have normal hornones, genes and receptors) account for nore than

50% of the total cases of growh retardation. In these cases GHRH or CH

t herapy has been shown to be effective (Gesundheit and Al exander, 1995).

[ 0006] Reduced GH secretion fromthe anterior pituitary causes skel et al
muscle mass to be lost during aging from25 years to senescence. The

- GHRH- G+ 1 G--1 axis undergoes dramatic changes through aging and in the
elderly (D Costa et at, 1993) with decreased GH production rate and GH

hal f-1ife, decreased |IG--1 response to GH and GHRH stinuli |leading to | oss
of skeletal nuscle mass (sarcopenia), osteoporosis, and increase in fat

and decrease in | ean body nmass (Bartke, 1998). Previous studi es have shown
that in a significant nunber of normal elderly persons, GH and | GFs | evels
in serumare significantly reduced by 70-80% of their teenage |evel
(Corpas et al., 1993; Iranmanesh et at., 1991). It




has been denonstrated that the devel opnent of sarcopenia cqg be g&ﬁet by
GH therapy. However, this remains a controversial therapy r"{ h derly
because of, J t and frequent side effects. [0007] Th on of
r ecomnbi naﬁ’td(%?ogf@?ns allows a useful tool for the treat n&ﬁ?hggﬂﬁ%
conditions. Although GH replacenent therapy is widely used in patients
with growh defADMlINI&I‘RMI(DNV(IENU;@DEI@Q&@m SEQUENGEd nay have
positive psychol ogi cal effemmﬁmﬁf be| ng treated (Rosenbaum
and Saigal, 1996; Erling, I'S erapy has several disadvantages,
I ncl udi ng an inﬁbactlcal requi repent for. freguent adm pistration of GH
(Monti et atl000hjgg7 ThiseapRliceiions clagps priggy7{o breysigna E’Ia@“ U &pplicadiory
effects 9 Wat ki ns, 1996; Shalet et al., 1997; Allen et
al | 199‘%/%56 @ﬁe@le§?ﬁg&’55?fé‘%’%ooz/ 061037 PCT/ US01/ 48726 [0008] It is well
established that extracranially secreted GHRH, as mature peptide or
truncated nol ecules (as seen with pancreatic islet cell tunors and
variously located carcinoi SSELEr@FFHEINVENBIMNal |y active and can even
pr oduce acrorregaly (Esch et al., 1982; Thorner et al., 1984).
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GHRH dsiskgy yeM@*el d:ﬂeciﬁ&ukbjgeﬂleamveﬁtmmnsﬂates) tbdihasmﬁnsmnant dﬂ-ﬁHW@Beandu and
val ker, 1997 Thus, n&ﬂ? stragion resenpts a.no R i ol egl cal
al ter nalfﬁirfPémé'FCf’b H’@rsé‘ag-i i B 1’“0 °‘é(ﬂ’dh rEgeng 1 %@P@aE%B e ,
1993). @%%@t ﬁsw&u@*\v@ﬂ%mﬂalogmt RS BRY efitintahaR @fngr mﬁhlam stpigor mal
cyclica secretion wth virtually no side effects he short aIf-Ilfe
of GHRHidmministretdorr eﬁaNmemcoﬁmg qugzowth( lmmmonordénsmg hormese mtaafemalaanimabnous,
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species (Tyrl - or Tyrl-Leu44) or even as shorter truncated nol ecul es,

are bi ohntsginusdlé Yssuetpaviecfarhyorsing edectigporation wglmiquespportant Iy, a | ow | evel of

GHRH (100 pg/m) in the bl ood supply stinulates GH secretion (Corpas et

al ., 1993) and makes GHRH an excel | ent candi date for gene therapeutic

expression. Direct pl as%ﬂc%é@ﬁﬁ)? PRAREINVENGIONeNt |y the basis of many
ener gi ng gene therapy strategies and thus does not require viral genes or
lipid particles (Muramatsu et al. 1998; Ai hara and M yazaki, 1998).
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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




express over nonths or years in an immunoconpetent host (DE}§J?| géoﬁé"
1993; Tripathy et al., 1996). Previous reports demonstrate A uman

GHRH cDNA delivered to nuscle by an injectable '

expr essi Oﬁ@é&&?ﬁi n mce where it transiently stimnulat ed%@g?@fi on to
a nodest extent over a period of two weeks (Draghia-Akli et al., 1997).
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for a paFtICL!IJ ar %&gt ease-resi stant GHRH analog in a gene therapy vector
resul t s °f ROs§Io! le with a longer half-life in serum increased potency,
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hor mone erfds %ﬁiifle@?f& H%hcEAM: Frtharg tﬁi)ﬁ‘S(f%'o'f@l’ﬁ! 1! %Hﬁe@fc)!f%ﬁﬁvth hatsrdaBen In
reporte (U S. Patent . 5,846,936): Tyr at position o Hs; Ala at

posi t i othege cases GHRH QEGH therapy hasrbsen als:rwralto heffectivn(Gesansiheit and ddexander, Thr ;
Ay at %)tlon 15 to Ala or Leu; Mt at position 27 to Ne or Leu; and
Ser E tion 28 to Asn. The GHRH anal og which is the subject of U S

Pat ent Appl i pomobpn Jesduadd BRI séefutibd Frdid4he BeERoMpituinef paised sicblddyl muscle
reference, does not contain all of the am no acid substitutions reported in
U.S. Pamapt tuge log gurmeoaging drose 25eress kit yeressenset | Ui GHRHTGH-MGEAt #%% of
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stimuli leading to loss of skeletal muscle mass (sarcopenia), osteoporosis, and increase in fat

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).




rel easi ng hornone which differs fromthe wld type formw ggdghggéégrcant
nodi fi cations which inprove its function as a GH secretag X eased
suscepti big.d prot eases and increased stability, whi I ol ong
the abili tk%/é%oéﬁ?ect a therapy, and increased bi ol ogi cafi’%JW#ygﬁﬁ‘? whi ch
woul d enhance the ability to effect a therapy. The analog of U S. Patent
Application $0008| Ni.is 66l ttdhiBRed thatdsractaaiablylsedreted GHRHats marsrd paptid8 t o
dn, Ser, or Tgr lresent in the, GHRG anal og of U S. Patent No. 5 756, 264.
' addi o dAnepid gRBIeRUBE &35 hen WitE RAGERHG SHetorelugiorpandntariaiy | oGt
Seri al N_Qrcirﬁ@ds?ﬁé Sréch bibBEichIY SfvE QRd Yid éveﬁ%%o@c%om%gﬁg@m dr e,

anal og linked to a unique synthetic pronoter, termed SPc5-12 (Li et al.,
1999), ifiiooter eomi.-ail i¥a Hdwiishation of uasontdupam SeHRHetnelH-deSRiEnt thibdres kel et al

a-actin, | tiple NVEE-2.sites, VEE- ' ,—and TEE-1 bi ndi Sj and
o oot 1y eyl talnaRs Budfpg 1650 TRyl Fhorkadtt (i sof8fion Mopredniil B bGPk

pr onot eldsse, TBEstiNinfiblRResSsRhsStoMtdligs dossd GRGHRH (BRODARY Waked, 1990)) Thaant

i mprovenent over, for instance, issued patents concerning a . nyogeni c

pr onot elGHRE 3dminisyatiqreregresentss a mage. phygiolagicst altgmativeopl dicsqaging subrotmpbgeni ¢
expr essi 1 i ' e ce (e.g. US Pat. No. 5,298, 422).

[ 0012] @ga&f:g?%%wﬁ%(ﬁgppgg%%ggy@ directed toward increasing both birth
er:c ght_ and rwoote] p][ oﬁl&d&dgbrﬂﬂﬂfkp&pﬁigith&yapwcrrpraﬁagmﬂtsthaﬂabﬁnmmm:lyslli@h y

ef fective_anount of. or one of its analo Qr - ays. i cation
of the LITARBREHOmSIE VhMlG i G Atecl bR 1 i i0f (A OB ST e BaFDe1037
PCT/ USO Hed8/m QoREd Affce HRLEY Qhy) Mitaldidus R8BI tMeLE 8 iNASad ¢reRheRe¥oed, and
there is no disclosure regardi gg_‘ adm ni'stration of the growth hornone

r el easi figldthdghen dese) administtasiop. ddus, BN chrotie dightment, IR Haasimiistratipanis nober apy

techni ques,. [,0Q13] U S . Patents No. 120 and 5,292,721 sim larl

br ovi de B ipladtiree SuRaPERNG St it o oo PRI enti B TS0

rel easi ag TRALDERA) 86 evenlBlehdrdr Buncdtet inbREWRSE, Qre BiBRER NP LGN TROMELE M.,
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2 weeks 1884)g mporiaghy.onipw IveleoGBIRH 4140cps/ml) innthe Rlend, supplygstivaulates 611 s

provi de r o n | ' | '

b esent TR o CishPastR b Al ek REGHRE Y SUellefRad et B Sifeudolfc

ani mal s egpragsivre sDireaplasiiid DA dapoisadsfonis anebndy the badsisprfodagt dnasigingtyehe

I ncreasing feed efficiency (Etherton et al., 1986, Klindt et al., 1998).
Numer ouSYcitEieaien R Goos mal re@ﬂlrﬁa?%ﬂa@w Péi‘ﬂlf‘el%"‘“t*ﬂés (MHBmasUA %ar cass
fat; an n ; Rty Sicl St r, ni c
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pot ent i alusgleniier daser long life span and can be transduced by circular DNA plasmids that

express over months or years in an immunocompetent host (Davis et al., 1993; Tripathy et
al., 1996). Previous reports demonstrated that human GHRH cDNA could be delivered to
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




useful ness and effectiveness (Chung et al., 1985; Gopinath gr} Eggﬁ%ton
1989). Experinentally, GHrel easing hornone (GHRH) was usé

physi ol ogi ernative. For |arge species such as pig , the
use of G—Ilg’zﬁﬁlo%‘%@hﬁpstream stinmulator of GH is an alter niﬁ?@?’éﬁégy t hat
may increase not only growh performance and m |k production, but nore
i mpor t ansfl GHRIFhis aehieved By aying Super-adiing amatogs vdnetbmth iporease iits dindamglaffinity

nmet abol i ¢ per ectlves 1990; Farner et al., 1992).
However , "f"tsﬁ‘é"1 5‘?‘?8@8’5& gﬁgﬂ E‘gl%@) P%)ant pepti des and the required

f requency of RE0I NI S ekl 200 sekHd PRBkwhicA b drb R dnithi9RBRE ﬁa@lﬂ GIRAfankBE S
treatnent. These 'naj or drawbacks can be obviated by using gene therapy
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there is no need for re-adm ni'stration and the transgene can bé expressed
ef fici erthbysubjﬁet afodtShsPatent yApplication ﬁmhﬁmo@%hﬁ%ﬁﬂnthdﬂ@strncqwamd by at,

or esent EIREHET GoE ML PR B 86 FiFeame RS PEr MRt 1oL O dr v the

or enhans:sditg9m RWdndcBssary of hetiiyl ITHd @RtmiohesFal 8. RateiBApsiRaRsd Sérd Nd.he
step of mtrodum@g an effective anount of a vector into cells of the

femal e ol Hi.639 didferst fpom /.S dBaterigNgeBT 30,2 @hinofwoseesprcss f Eissti g, invignéieniod ¢ he
vect or I mi e a,nu | €n n at ed
gt on, TREREE RolcAR! SratNG SRR GHF coREHE A Canali of glowdihoriRe ™ OO
wher ei n releasihgthoadond mbithadidifeex fivas deowildftypd done etithr sipadiohit smodi ficatpmev ed
or enhanced rowthlnthe of f rlng In a specific enmhodi ment, the cglls

of said W@%F@P@NP g funchigy a8 3P iseeiaesusi e&‘é’??@ SUpGePY %@rprgﬁé’iﬁsfap

enbodi e Y r In
an addrﬁﬁ%rﬁggehs%ggil% (ﬁﬁ?@%%ﬁbﬁigﬁnﬁhg g@ a%f%gﬂ?eg%%ntﬁ%ﬁg&%%gde a

growt h Hoologitel activinsivinigh moukberdanee fhe sbidittoefiect a theripy.t Tbe amaterof UdS.
Patent Application Serial No. 60/145,624 lacks the substitution at position 8 to Gln, Ser, or
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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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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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.

[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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increased lean body mass 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 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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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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secr et agogu anot her cific enbodinent, the

adni ni st ratT e%ﬁ?’ﬁ%y eegrg‘P’tﬁlho"’[‘%’ﬁf‘i‘fasmﬁ%a‘ﬁ‘o&ﬁmai/ PR RER IRN&d+ SER Iﬂgl’a‘@ $resent

i nvention blhe;l’lespb&lvp Iami\lldgdﬁdanaadﬂfﬁﬂnal Eﬁ&ﬂﬁ@ﬁiﬁbdlﬁeﬂ%aﬁﬁ‘mﬁ&r 'nﬁ?'b isag the
rati o of so tOtrO Ultary

to othe odu
gland of al" '{’)g’?&lcfpf%mt%f irb?‘rgli“‘g'o'é?ﬂe f e@ ‘I‘PﬁF‘?"él the 3t H'é‘”é‘?l@tﬁd ggion
i nt roduci ngay enmlaelfsé £hGH e uammslnkd ﬁ:@oﬁ MG s ﬁf;daiﬂé efiBbdimhef tht DEdreiB! €
[ fspring wherein the vector

ani mal prigr. to ory durin e IKe) th

conpri ses % infrosygddpo the %uscé,‘?tsé%et {e fgﬁ‘%‘ﬂﬁé‘%ﬁ““&?ﬂﬂ“&’“s‘ rougih Viggh §ecireld r egi on,
under Condttdmtmctﬁ)nVWIEhreectaﬁ'Ietrhﬁ by Wateaital titeS BOMEMARIohS spocTcChtRMinRRd theWher ei n
the introduction. agm%e%pressmn of tgldﬁ ector results.in an increased ratio

of somat ot FopREH & YT AoRRE 2 “Hde’é‘l PLoqdrninid obt vekenisgl 1 n a
specific eItrlta(faiitHEemecaﬁc élhlﬁbdﬁﬁénlt shmmalhenlﬁﬁnmdyaae&muﬁiail A ¥ov, QERpI &t i pl oi d
cells. In g(ﬂ R n‘ﬁ }“ge(g the cells of the female ani mal nmay
conpri se rrusc e C§Vl 1ugngt et Rt Up aeqtri eavehbisticedritom the geiuct ei c
aci d sequeamnﬂstmgy)f a e, av@ralowdmr holigsedie:, bed £asionl IHaT. TPRGURE spdedicanal og.
Ina furth rdufpemflc enbodj h_hor mpne rel easi ng hornone may

be SEQ ID e OFIEY ey Pdﬁ%cglﬂf%‘élbg als i 3pgleaimipigiration dadnt i onal
specific emtbmdmammc;ﬁct é]ﬁ)oﬁrnmﬂ’t}ttﬁd’ intrFEYeti6D mayloi@raduﬁ»f@ttmemﬁre tAAOER NirC

promoter. ge:r;][atlon oltlt ?fsprnpge& anot%ere 5%1339 é grglg]c}dunent the3method 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.

[0020] In another aspect of the present invention there is provided a non-
therapeutiq 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



untransl ated region may conprise a hGH 3' untransl at ed regggggpégo ot her
specific embodinent, the vector may be introduced into the ) said
femal e aninmal by electroporation, through a viral vector, in conjunction
with a carrier, or by parenteral route. In an additional specific

enbodi nent, .the femal e animal, may be a human, a pet animal, a farm animal,
a food ani FEfaSINg OGRS A "éirﬁ“ﬁlﬁg'.flnl t fugther speeifis embedimentc the ceraweth fhepraone 005

enbodi ment reléabigg hemene nipi ESEQTAY NIR1,SHYMIBMNO:D) & itsCRVecthREBR 0z IR OF
chicken. In, an [addi. i onal.. specific enbodi nent, the vector may be sel ected
fromthe gf“é)cﬁtbo“&osﬁg‘i‘é‘i Ry dispent, theprofagizrgnay £opprisg)a sypletisrmyogenis pwawive, and a
cationic | ipiadurther spefidembsdaaeitf ihe ?rﬂ?ﬂéﬁlslﬁﬁat l%egffo{iﬁnayv&fiﬁﬁfse rﬁabé%ﬁf's’ | ‘
introduced intq the femple in a single admnistration., In an additiona
specific 8%8%%?@??&“%@“@?958 § PRI REFFIoB Ry Ry mifducehinteither i mest er
of gest ati osllsef sdid@mabf :flﬁ[ﬁaflib@@lecﬂrcﬁpogﬂﬁi, RigbughReial b&{xﬁ,ni’ﬂ?%jﬁilﬁ‘dﬁbn wFtﬂ% mé‘t ][10?
may further conprise the step. of mnistering to e female a |igan o]
the gr owt h WS nore RRECHE § Hba“r"é@@ﬁ?%rsi?ec‘l eﬁ%&ﬁilﬁl_@% the fanals animad g di nent
t he | i gandbagndnminst pehbiimal, ﬂﬁiﬁnbﬁmlﬁr, afoog ht}ﬂm@l, smh drk bim8I hpﬂﬂuﬁﬁi?kpecfﬁafe

hor none- pr o ing cells .be sel ecte romthe group consisting o
corticot Irooﬁ[ﬁgogilmﬁ%ééﬁeo%em%ﬁ%‘méﬁdnaé'oti‘?af’d'&“t“?aﬂpﬁﬁa Co[vbég"ﬂ’ $93¢ anchigan-th onal

aspect of tdugtiopsleperific émbodimicnghet Veefol ma b baiddefbn? tHe0Roupt RaGARE WFLC Net hod
for del ayi

birth of an offspring, fraom.a femal e animl _conprising the
step of | n&rgsonﬂercai Vﬁﬁpéﬁ%é’faflépé’f‘?"i‘/ee a‘%’rﬁiﬁ'ﬁ‘f’“‘%f‘p“g‘%é@?@?‘ Pl edodigeps fene
f emal e ani veator pray be introdwesd inthUsidrfgmge Bt ssirig@hdafinistAGo i &pidﬁﬂ%nal\éﬂih?ffﬁl nI tped
vect or conpri ses ronoter. a nucl eotide seguence; and a 3 untranslate
regi on, un ebrO%Ién(fHditF i ghr%’dﬂﬂlgflép% Prar HW&ge@Fitg‘é‘?é@Hﬁgﬁfg gegatiqay o Bésed and
wher ei n t heffspritg. doluastharspaditic enpsdanait,ofe @fetiiol enayefitidr dofpHbd feiskpdgl ayed
birth of ' the cells of the female

AR T M N TR U
cell's of tdpecifieempliodingent, el lighmyadadiigiiGemateokg. cel | s. :jg gn ?g\cli\llt thl oRgIr -
"ol easi ng-hor Ml or 118 ey oty o FCHERE: meTobs PG BrBBUHERO ( ho.
TLOUE, o sl L ML BB
espect VSR phhy BB O SR g SRR BBl e
the 3' untmazfisitat etons OF oNedd)intc ORI & f@nddIMNima' priditorR AGHim Retatidddifon. | n
aroLher ShgebhnETIRLR. . Lhe NoRL oL Y be | oticed urt o the cel I
conj unct i amtrastatedaregion, under conditions whetein the nucleotide sequence is expressed and

wherein the introduction and expression of the vector results in an increased ratio of

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 spéciﬁc 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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carrier, or by parenteral route. In an additional speC|f|c1§r]‘8$ g@@ the
femal e animal may be a human, a pet animal, a farm aninal ani ma

or a work animal. In a further specific embodi ment, the female aninal nay
be a human, pig, cow, sheep, goat or chicken. In an additional specific

enbodi nment he sel ected fromthe group consisting of a

pl asmi d, e(ﬁ’?@?“@eﬁ’f’ 57“'@%”?15“?}0@%@ g Na PREaqvoriieePt B3t &7 chickenngtaer

speci fic enbdidomakgiecifit b@bodnaai afie MaYor hﬁylbﬁtséledéﬂlﬁdnlrtrltﬁ)ﬁgoﬁﬂ%gﬁlﬁﬂ%& aln a
single adm_nistrati eCl enbodj nmen

it oduct | Boy E e reite PRgOPend fRanE P e by DT ahoBPest ene

of f spri ng. quuoranmueemrcsip@duﬁw meemainrﬁmmgle ddienisREiO0 th AP3ddfiehdl Rpdcifonpr i se

th t f te tothefe e a ligand for a rovvt,h or none
ot ot gl B iRl haF oGl dutnd meclBR e of Fgman e

admi ni st r abifgmingain dethor aiemﬁ&JembadnihbmethQGﬁBihodLG@Z%hchoaﬁbn@éﬂdﬂetslt@n@ aspect
of the pregen d a non therapeutic_ nethod of

i ncreasing m 'InkS{em%G)g) Oﬁfgﬁleiaﬁé‘%ﬂlt‘% e[\gg‘%/‘"ggf‘?ﬂ‘roi“%?et‘iﬁtagﬁ'é‘eé‘?c%%oro?’ Anpier oduci ng
an effecti V}Ecéiwmmbbdlméntath\%étgﬁrfdr admiti@ratie] iélSy bé oaRirg a%ﬁécﬁf&ﬂ emﬁéﬂhﬂ{eﬁﬂt theS a: dt q

nucl epti de .sequence: .an untransl ate
oo on 1§ niRaonER it v e WRUFEIGTE A BOET cories sboeieEens

expressed aantsttmﬂslamdguns@udphsnt roducti on and expression of said vector
results in inc ed ctio in the aninmal n

embodi nent , @Eﬁ«il I sli?]oful # ‘ﬁ{mqn naﬁP%pﬁ%{P’ﬁﬁ’FeS?'PéﬁnVSBtﬂﬁB‘ré‘?% 1P %Y‘g?‘%a @Fls. In
anot her spémamutlc ngettod domasiteyjng thiiveh afeddn| ifspiing! fven b efomaile asimbN@mpiBig @RNPr i se
nuscl e cel | addi t a [ f| enbo e nuclejc acid

opal spe
sequence ma)g/p %énlgté o8 g eflf PR F"r@t To Ve %rdgtlo %Hsﬁgferfﬁlﬁae BPmpkRIOEI0T0 g I n a
further spéwgingi gcstemmoofl ulmmffsprhb,ewlj;afrﬂmﬂm Mfolim,ﬁﬁpxﬁ@h aa{ﬁlnﬂ@er Igg{umé&ﬁielrmy be
SEQ | D NO Q Its. respective an Itiona
spgm fic enpodrr aﬂ%) @Oﬁﬁfang%tﬁ%ﬁfeélrmﬁﬁ‘@ercc(? p?nssgv T g&/trq? H'éC?‘iOE hFOLREAT &
pronot er. ¢x1pr®seﬂtancﬂ Wharein ﬂxeemroﬁuanoemfhudbmm of the@eddor rwattsf?mskﬁetggﬁiﬂfcﬁgl on Wﬁy
conpri se h nt.ran drel er .specific e nt, the
Ve(r:r}[) or ath gﬁj fp%[tngo Mo thﬁlg %‘F f’%nsé)? thteﬁ.%mfp 81 GrCRRT Sy d
el ectr oporaﬂils dn athmrcspgirﬁcaemhodmienudretcens off the ﬁmmetmtmlmﬁayvuohbm% @kl er, or
by parent enbodi ment he femal e

Iy T i i on i fi
ani mal (.ee[!)lg‘ In aﬁ %&ﬁtlonalnsp%m %em od}%ﬁn IF ugleje ﬁ]wencednffyoqgao g %‘fnh or a
wor k ani rralhonnbmb a:ldamng hennospecuthaﬂal@g}ﬁﬂch frether, spetifie cimdodimentamc n@bwiey be a

nuren, o oG AR08l SEL SR SRR b RO P R

pl asmi d, aanyprdditional emtific, emboldlm:mls ahe ,prcﬁlﬁtderamﬁﬁtcbmph@ hisphtteticl myedeaicher

SPect L BB ayhlegtaft BBl LOMARHEES S o STEG T
3’ untranslated region. In another specific embodlment, 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 humap, 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.

11




the introduction may occur during the third trimester of gestati f the
offspring. In another specific enbodinent, the method myqﬁdﬁb‘%gﬁoiomrl se
the step of administering to the female a ligand for a growth hornone
secretagogue receptor. In another specific enbodinment, the Iigand

adm ni stration be oral . .ln another aspect of the present_invention,
there i s provi H@%}I]use I pn agilitiongleaspect Q/f(reth‘é Ingpatign BEE &F PIOBHEE £ 4Py a
pronot er, shempeltieométtal sLiorag MIE @odhctionUit fidBSal 6shprRBLORe fsRp dthe
preparation_ of a therfge@eut i C co 0si tion fo[S | rgp,r ovj ng or _enhancing growth

SRS 8 Bhy EPERIIOUNH Arretor e celorPhid 2Buteh odiersinid gogtesy

in an of fspring _ : _
i ntroduct i comproes herdnena) @ nackondd sqube; 4md OB’ itfahdifed RRioBARKAL, I @Rer0f sai d
of fspring un%ﬁlron %,gndi tions v%ﬁrei n the nucl eoti de sequence is _expressed.

“d FOP R B eU40RE P Pessadng vbersinsail inpredpctioneandt — an

I n anot her "aspec

ef fecti ve esmessibn of s€d vetdr aesultORpintedsed malk PreIiBidArn te AMredient h geciRquence
n of a therapeutic

compos t 1 obnpeiRs TGk B8 tomle stimal Brd Ko fRisHeeel 1A ARORF SEEITG 1 r om a
femal e ani ambodinngrtbé neltshe thofepaRki dnim) ths fodiprisd RlcRILSE | BMant Aidithgalf emal e
herei 't hiesli? BleodEh O oliel SPi s PeduatBicha’s ST Bomtns esmanot her
aspect of héreops eséntniloy dmiai fonher tspedific Embdlimen,dee gtiseh abmanc ebEAGE| Ve,
et ans | at BtBES Ry 57 SRO BLNGE SERABTRYS, of i e Rlutibion Bepmpdierdn o

i ncr easi ngspegifin ebpalymentralepronmotamayichaprisengydhi@itng o k@ iEremas. [Bd furthhier ei n
uri ng 1 e TP sedR. 'L G GRR reeon g somBtm KD e et

nucl eot i delnsamgthenspecifis embqlirsisabke vdcror aﬂn@tﬁ’ea'htr@t_ﬁﬁw@hto(lﬁe tdie oprieSRmhie

compr i si ng i 8 sRabOR e briBF, § B unriine B sonihatE Wby Faien 81 &4 1 egi on
for the prepatadlirgne. of areadiitiond pgvificembodipes] thé @mafeiinal 6@ 86 b Agmbigyel s of
ot v oduct % HHEPE B8 abindl Rog3HNaP 0P PR il T iy BreLGERRAITOh of sai d
of f spri ng theitbenlecoingil mapbhsa hengig coweshedp gdaeoit dhibkerss ﬁmiﬁar oviﬂﬁigicljzﬂ alfgmbfesz ﬁd.

e
and a 3' wrior, anlipbsined ardegéationi dipidt eanpthepgpedfic embaimat, tthevare way be
conposi ti qgﬁgd%«rsedi iﬂ%rtﬁ)ea%imgg irfl g%lcrllgle 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.

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.

12



efficiency in an offspring froma female animal, wherein the conposition is
for introduction to the female animal prior to or during ﬂﬁéu'@% 0% i on of
said of fspring under conditions wherein the nucleotide sequence is
expressed. I n another aspect of the present invention, there is provided
use of an effective amobunt of a vector conprising a pronmoter, a nucl eotide
sequence and a 3' un éﬁ‘PEIFeétaéRfctr glythg Proset mysatigsy g}?@r st proyideds usy afdr apeut i ¢
conposi t i oeffédive a0 st NGedthrecdndRin®fa p@ifdwk ha indclafidef sRhdeNEhd LOM a

femal e ani matlr wh&r ejn_the conposition is for introduction to the female
ani mal pri SPUAEAST Tegiep ifer g PEPAGbCR gt 7 Braptutic sereposition far incerasingiiern Batidi t i ons
wherei n t hassritiah 8BpHACTHroR @ t@ilEanifal O &S 86 dompoRitiBN RtBShtr@fP&alo ¢ t he
present in enii on, .there i‘i Provi ded.use of an . effective amount of a

vect or conpPias Fynal PHYTIRGE dyring thegestptingiqf gud gilspriag prder cradifions whegigip fsns| at ed
regi on f or nidhetife @panedis eprefeda t her apeutic conposition for increasing the
rati o of somatotrophf"fto ot her trr;‘gfrm)ne-pro_duci_ ng cells in a pituitary

gl and of an of f spri ng ™ PTHCE aSReghn| e BFStRL averlingy Bl sHsovidadpiseiafiasn is for
i ntroduct i effectice eur: eed eddti EoMkprigil G plofoRF, a GuElbdIRe tRQueaRShat bon of said
of f spring under tc(pnditi or][ wher ej nﬁ%he nucl eoti de_sequence i s _ expressed.

I n anot her u%%aﬁg%f plop fF Eer RERtiop Qf & therapRutic cpmpesitiod 1n e el o an

ef f ecti ve HifLintan offspiny &oin@rferaleinsl Wikréin fHeQBMpdRItion & fOLGhaRticae gRquUence

and a 3 ntransl ated region for the preparati.on of a therapeutic
conposi ti off b rams ?3';}?1’&50%5%31& ﬂl?fge%f?f‘ong’F F@%P&W&W pmsist epngitiony ‘gh"é?ﬁ‘ I |

wher ei n t hauchotigosquehdris ¢xpreb@d. | Nt roduction to the female animal prior to
or during the gestatign of said of ring ynder cqnditions wherein the
nucl eoti de sequence i E‘ YoHER aYsY © 1@% p‘ieS‘glj dnentsodiere 1§ papidadetse K fBct  of

t he pr esentffactive aidunn of tah ecctori Gonfplioivy de Prowder,0f nadledtiié aeleN® amouNe of a

vector compri Si a pro er, a nucleotide sequence_and _a 3" _.untranslated
region for r{thare‘Slag%ef?ﬁgﬁtfg’rgh‘eo?re%?rat“ﬂ%rogﬁ'eEPFTaEe“EBr?B'BB‘?SEtIOanOf dpersaping degdi ng mi | k

pr oduct i‘onefficiery imai offpring\fien @i fomild enig@IPASEh it copodi@dn is Wrrigebdatbioan to the
under condjitions  wherein.the nucl.eotide sequence, i s expressed. [00241

Ot her and utb? R%’Fal%ﬁlj‘"é’g Rriorg(a 4y Lﬁ?‘&g g’r’?dgeétﬁ\?g‘n?‘gfj’éjs O&ﬁ’ﬁ'Pg “B@eraFﬁB%i{“é‘ﬁt and
event ual | ywispeie the @aadedtije seqakatsis esledsdd. r eadi ng the fol l owi ng specification

and by reference to, the,acconpanyjing drawi ngs formng a part thereof, or
any exanpl es of the PriE8BF: Fin‘gr thp ?pé‘ffe“telﬁ’ff B hEfS ‘%ﬁ""t"ﬁédi‘ﬁ‘?/é?%taﬂon gi ven
for the puwffecthe afounhef di s@lodSdbirising a promoter, a nucleotide sequence and a 3’

untranslated region for the preparation of a therapeutic composition for increasing the rate of
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’
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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DESCRI PTI ON OF THE DRAW NGS [ 00251 FIGS. | A through 1C dermnstra&g t hat
GHRH super-active anal ogs increase GH secretagogue acti vit'y “HR&I29®%bi i ty.
FIG IAis a conparison of the porcine wild type (1-40)CH am no acid
sequence with the analog I TV-GHRH. FIG 1B shows the effect 12b 13 June
2005 VID 02/ 061037 RERALEAARY 2P ol pelifc AEiBA. b R IRACKE e PI O O
release in porcine prinary pituitary culture. FIG1 denonstr at es changes
i n stabi | iefigctivgiatougicelup weetoh ceiprEHBH @ranokit] d nuglsetidgoreqianee a®HRH during a
6 hour in QB redi ] inEl r ' .@ase in
R G APl edi O RE i pfrafh, S7% BBl (EBRRI B Inden Pk

i nj ect i ongresfuctipgpepn arimply wherein (thygo@piRition iy oy itroductisip foethe prsigr ‘ac@glttlms, FIG 2A
depicts t e{eﬂﬂﬁ&ﬁd&%ﬁde@@ﬂﬁﬁe‘i?&hﬁéﬁdﬁ he SPc5-12 synthetic pronoter and
the 3' UTR of GH As a nodel o utated protein, HV-GHRH construct was
used and comp#l@d wi tQthertaad Husthen ohdectsi fearutey pad adyardagse wiovld \be aprarnt &d,  and
with f 3- qu]m : ' = O

illustrat eegéJrugdﬁgﬁl? t/_ee e%éﬁﬁ#ﬁuggF%?rﬁng%%%ﬁ%n\ég%%%%ﬂ aimriljﬂé%%‘%g%fogs ver sus
pl acebo i rease@rpapng dravings iganings part theeof g paneremaplesef thhereteptierrefens] s of

serum GHRAE LB @iﬂ'inizé?ﬁi&%i@%lf%}tﬂg%}fﬁcfsébﬁh&&lé’bﬁésgﬂe? pigs corrected for

wei ght/ bl ood vol une i ncrease. shows variation of GH levels in

pSP- HV- GHRH i nj ected pigs. FIG 2E shows plasma | G--1 |evels follow ng
direct intranuscular inj ¢5kc@irfioR OF 1HIRDRANNESG/ICtS. [0027] FIGS. 3A

t hrough 3C denonstrate the effect of nyogenic GHRH expression vectors on
pig growh. FIG 3A shows the change in average weight in injected pigs
over "2 mont hs s PFGEHRA rouSFc Me@iRine Fhie GHRES BaNRadhe Bheks of
feed conversion efficiency in the pSP-GHRH i njected pigs versus controls.
FI G 3C i dnogeasecobhsenrstagspuepfctivitypmpsiaRiligHRG. | Ajite campappey f%rﬁla: rergeatittho
injected Qﬁiét(f-,%)oﬂ &;in&&icﬁ&g&me‘k@iﬁ{mé a8 HVRAHREOPRBI B Ehdas tfe dRBONSE rat es
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 anounts
of pSP-HV- GHRH on I G-I levels in 10 day-old piglets. [0030] FIG 6
illustrates a tine course for pSP-HV-GHRH plasmd injection into piglets.
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[0031] FIG 7 illustrates a preferred enbodi ment of the p:rga nt E@éﬁention
for an injectable electrode versus an alternative enbodi ugse erior

cal i per e'v&iﬁbix&‘i&ﬁ- On the top is an illustration of ext q;&%§oga§,}29er
S

el ectrode aving 2 square plates/1.5 cmside. On the bottomTs an
illustration of a 6-needle array device (solid needles) with 18-26 g
need| es of¢he differemnGHRIEpspedent on piga GlE reléirsenist gorcimer pymarphpityitaky culture.

il lustrati is a side view.and . the right ill | i ott om.vi ew.
[0032] " B Celeuofaey bR AR e spon ot BB ano By B ESR
pi gl et s GHRR dhAngd 4BhodPoubaifon02/ 061037 PCT/ US01/ 48726 [0033] FIG 9

Il lustrates piglet weight at weani ng for experinental s and controls.

[0034] FIG 100WhonsFike. g thopughiorhi femensiraissan insrrase &t GEBRILFHAndd @il nal s
CoPar b A ol S5 AR AP O Sher e A gk

piglets from SOWs 0 CcO SOWS n(a conpar ed
t o thei inyogéhierexptegsion [V@O36] HIGG2Al2epidth Ubd calistmicBnwhickroahtain ther 8Bse12 n

wei ght over the controls (fed trol . .[0037] FI G

corrgar i SYRbic proatst pad W(én}e al'lﬁgrftfc‘gﬁn[ Isa ?@?&fﬁ%?f h{“‘“ﬁ%i ppten, ‘:[]'gfoég%ﬁ g
14 illu ' ' . . :

weeks. F%ﬁ@&? éﬁ% Eé){\n/\gﬁﬁ%g&fl ggvgﬁgﬁghﬁgrt%% %\%ﬁaﬁ%@ﬁdi ﬁ re e%vxgé ks of
age. [ @old&tpsiBhde. cahbtrae mens hegties contrali tBIG 2Beillyistratpe relatitealeveleiodserund t he
of f spri 004 G.. 17. sh RNA anal ysi,s of. GHRH, and PRl in.the
of f opr | REIRH| 1, g8P(GHRY SRS Mt Pt ISl ehmrol:Par- of oheC

P t Ul t afmohddQfte] abkbifre ek Io:flgéﬁlfra@%ﬁk@/i@ ﬁ@%ﬁwi@cfte@;pigg%ﬁé g&tﬁﬁi 's.

[00431 FIG 19 denonstrates | G-1 concentration in offspring weeks, 12
weeks, pigd cormactad fier. woBTA b&Dy OESERNGEFISEN KIG. ThEshonyETiGn $0GHAlevels mi | |

be readi t.to one. skil lLa t.he art tha rious bstitutions
ond’ modPrrEEPRETEH Sl Risle' | KRCnaR: IS plavid L Dokl S TRG ik
depart i prafdiRPR1kNBjecE6PPEp SINGHRM Eddstr@étst he i nvention. [0045] The term"a"
or "an" as used herein in the specification nmay nean one or .
[0027] FIGS. 3A through 3C demonstrate "the effect of myogenic GHRH
expression vectors on pig growth. FIG. 3A shows the change in average weight in injected
pigs over 2 months with pSP-GHRH or pSP-HV-GHRH. FIG. 3B shows the status of feed

conversion efficiency in the pSP-GHRH injected pigs versus controls. FIG. 3C is a

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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nore. As used herein in the clain(s), when used in conjunction Wlé t he
word "conprising", the words "a" or "an" may mean one or MBrEERIPP one. As
used herei, er" may nean at |east a second or nore. he term
"ani mal " ysbaiz@g&ﬁer ein refers to any species of the ani n&’lér?l%%%ﬁ%ﬁn In
preferred enbodinents it refers nore specifically to humans, animals in
their wild $0633¢, aNiGraliBussted pidetpenght@biveating thogsperinzantals ik qomdrpls.

ani mal s used r., Wor hor ses cows, dogs) .and ani mal s which oduce food
(chi ckens, céé\@fﬂfi s“ﬁ%"( P Shous, iR ?ﬁfﬁg%ols ropSdasteied “Q‘?‘Eé%{),an%ﬁ?%kens)
or are tbapkelYetelr@drhite9as, chickens, fish, crabs, |obsters, 14 13 June
2005 WD 02/061037 PCT/ USO1/ 48726 shrinp, mussels, scallops, goats, boars,
cows, | anbs, [MI3§F, OBHG: ild Wdemamgtrates Weizhf @f giglets froam GRRIE-tigatel sRs oSS0 t he
art. [OQA&Z%rﬁJH)ecoglﬁ%mo fJnﬂ%Hnégrea%)H{éﬁhtt% &gfd herein is defined as the
anount 0O e conposition required to produce an effect in a host which
can be noni t o03d] usiFIG. 42\iBtishates @indpetait iaclcaswn waghthasetirkiontreld (fed éhe
art. In a specific enbodi nent, these endpoints are surrogate narkers.
[0048] $PRErAIBFW) eed conversion efficiency” as used herein is defined as

t he anount od j t np&?, Vi ng’?{p i

gai ned by sai d03gﬁi namal[ryhgﬂ@t“g‘raﬁs& ef |S%?§r€ct§§%§ eri gg e f?cgﬁié%\g@hﬂé% used
her ei n wzightt.er changeable with "feed conversion efficiency." [0049] The

e cal concftP8h orf i a8 4UEReS et 5 e pEn 2CE R Wov e, a7 U
defi ci ee¥ks.coul d be the result of an aberration directly affecting a

growt h hornone pat hmsuch as the GHRH-GHI1GF-1| axis), indirectly
affecting a #BM h Hehgyes muzeje weightionr bady werghhef three greglit of a488r none

pat hway at al 00 L ar g ) 5 rein. s, defi ned
as a hornone[(é/a#ioLh 5@5 l?ggﬁ@%ﬂé{}eg\@ ﬁ&%xgp eg%ﬁ ?gﬁtgaz“}é'ﬁgﬁoggf%ﬁfg%ﬂé%ﬁger to
exert its ac{oom}on EIQ arghbwe ®ANA 4ndl5s|of ThE, GEIRH," @i @RI ihdierofigpring,
r el easi _ntlg hornone" as used herein \%ﬁi defi ne as. a hornone which
faci| it Biustating GHRH et waeergias 3801 BFtenRhlR SHIGHE. [ 0052] "The term
"growt h hor el 1 : . F ith is defined as a
protein whic C%Lt aieffl@' 2%1]%&%?%@@?3@%&@%§%§?th%re(%lelgi ons in the
natural ly of@48}i ngFIori$ démerseatesiltd-lacomtesteafipanineoffapring #to3 syaekhetl c
dextro or cg/clég am.no acids),

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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but not naturally occurring in the GHRH nol ecul e, yet still reta'%sits
function to enhance synthesis and secretion of growh hor dBH e? 3] The

term"gro rmpne secretagogue receptor” (GHS-R) as us rein is

defi ned ay(g()%e%&@gt or for a small synthetic conpound whi Cﬁ’%i'rgﬂﬁggsgéq at ed,
either directly or indirectly, with release of growh hornone fromthe

pi t ui t arsprigipamouss¢lfOfed]lopsh) ezotisy bodrs.cevwd)ddmbsiasgs, estrichs etimheedi and sthaef | ned

as the mass .of eEl}he bo(gﬁ_‘ of an animal attributed to non-fat tissue, such as
muscl e. Y8 elkrovaiodhedttyang for a growth horrmone secretagogue receptor”

as used her qpp47]S defid REH "BFeARY aRRTRO YD dscifletdin RCAFindS o Aihe AFRVLSIF R @
grow h hornone secretagogue receptor. The |ligand may be synthetic or

nat ur al lopmpesition ireqyired He prodysadn rediect inea hogiepuehdean pe magitaredsusiyey several

car bohydrate. . l,ipid, cl ej cid or_a.conbination ther ..[.0Q56]. The term
©yogon habdius ko Micss il ih tadhe AR STBRIRS SRBobRRE Apese rldbSs HE 81T
2005 Weuftdg41e Madery’CT/ USO1/ 48726 [ 0057] The term "newborn" as used herein
refers to an animal im€mediately after birth and all subsequent stages of

maturity or JPedfln. Teosem Yred cenversion elisienay" angsukbereielsedeineéparthe (o a
progeny ,8loudt BRfdpltan m%ﬁrﬁké‘%ésr*ﬁ&gg{?&%g% dmio 3 o BRAYHY gfaﬁte&'%g%fiidaan O§Y9°r n.

[ 0059] e term“"parentera erein refers to mechani sm

i nt r oduditheoteroé “efdicencyl or tifeed afificienaydl asatshé hetemaims itierobayigestihe witht “eed nal
canal . In speciflic. enfhodi nents, parenteral includes subcutaneous,

i nt ranu$eHY ?lfmieﬁ’g’?a&\%‘nous, intrathecal, intraperitoneal, or others.

[0060] The t qupagipPharhRepm! &ty dars@iRleddhe us@B hateRdishGFRED of @hghRalte 2
conpound wherein adm nistration of said conpound can be tolerated by a
reci pi estatysameslical cprgtidar omdiseaserim whiele geavetyogydess than nerowlhdibeideficigher s to

a natural  of nt het i | ecul e .t h hanc hesi s and reti of a
downst 1 SHR b UGHFR bfad Brekftipd oially SRR BN AR AU AP e
[0062] THRRHGHIGIONRiSY ieiictipafoaiy Hefeith hogh&tsSpitbway, aglrot Whk@ihg a
produces growh hornpone. [0063] The term "therapeutically effective

anount " ggVihidwamprs gAthwWaed@lls to the anount of a conpound administered
o SIS AL AR EA 3 R s oty Rk,
the  relatesto 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 naturalty
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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physi ol ogy of a reci pient animal. For exanple, in the treat nt %0§r owt h
defi ci enci es, conposi tion which increases growh woul d

t her apeut i fectlve in consunption diseases a conposition which
woul d decrvg‘ggié%[lﬁg rate of loss or increase the growth wo |Ca‘/@81!48726
therapeutically effective. [0064] The term"vector" as used herein refers

to any vehi cl[@)3mhi chThketehne‘mswbom’h us:hmidmemii] deferstto aa anihd! imnediatpdy iafen

Exanpl eg.inclu l'asm ds, vi vectors, |iposones, or cationic |lipids.
In a spz’é‘iﬂ? @W@&‘?%’i‘ﬁﬂa&e? BWBEY Ogrﬁo‘v&@“ onic.lipids are adjuvant

(carriers) thedsggan bee ¢QAPHEXSHnY? Wb L@EJ‘%re&&?%@fsstot 9 ABgdgaseat RRedpt ake
of plasmd or viral vectors by atarget cell. In a preferréd enbodi nent,

t he vecwdmraimﬁpmrewyas pr oo fefusapr amgwbet | de sequence preferably

di »h
it ransl at ed IS0 on. T Gt 1RAHPRY of deL fRBannEsiEs et gp@hfudy” for

nucl eot iifteodus@sh! eﬂﬁeterﬁn ¢hte 'an UinirhA Shel ttBgh ﬂ@@lgﬂhrtharimeéumk eghalPBf gdcjfid or
expression in a eukaryotic cell. [0065] The term "wasting synptons” as used

herei n iegbadimantsy paseticiabiaghudesnshbopianrous, SiPmpsSdas aIPEaVWPsh BHAGGRHE i on
or chro ses. 16 13 June 2005 WD 02/061037 PCT/ USO1/ 48726
[ 00661 %ﬁ?@gt%%ﬁlg%rﬁ %%QI s related in subject matter to U. S. Provisional
Pat ent  Appl i[@60] on Nee té&@d Ikpﬁaxﬁmdcutlrcalﬂjecbcdmtgbleﬁ as 1926 herdint hefers to a

correspondin r.avi si onal . Patent tion.No. Q9/624, 268 fil ed
Sy oo iR PR HestioRor 5o ZOBRo by PRPEISHERA oD BrsReT A ERaL
growt h effecigoedf t hendtcoint ReltopBAR" 28 BSP hAGINAITER NS a hsddRbf apmBetdider apy
rryogenl c vectors pregnant sows In the last trinester of gestation were

i nj ect ednodgaule L‘net ﬁ:ghaacesaswéwm rang senretioni ofga dovinstrpamy pregilafii- mele@RiG.gor

mut at ed RW The injection was followed by

electro ’%?ﬁsecﬁ%fﬁg |gﬁfgt’:r /el ectroporated sows were used as controls.
The piglets fgopmt herkdHRni RhealoadpSOu WedcheréihGgREs &) alWelltwhith Pradueeage
1.65 f 0.06 kg HV-GHRH, p < 0. 00002 and 1.46 0.05 kg wt- GHRH, p<0.0014,
versus @ mwthépemane7 (.02 kg). Cross-fostering studies were perfor med. At

weani ng, p' gl (ﬁﬁ%bf " Off\d {&ﬁc“eﬂ‘gp‘i‘ Sp%&ﬁﬁ@a%fﬁgﬁ%%?ﬁuﬁthgﬁ ;ﬁgd‘héx%in refdrk 95 3ad OSt er

controals on I nject Ican I gger t an thelir
litter rratmsnt offecomepomnt agmxmetsred m&ierﬂimisaiédmoamds ahydd0gdalyyssighifieantbiut h t he

of fspring of. the i ect ed 135.7 k and 129. for the
V. CLR-PErE (5 PRSP PEUNOSERTERY, Tole) tREe Cotisof RBREAL hihet ot s o
125. 3kg pp{ibibiP o ateOiphaMakiadal. ”%?Eﬁﬁﬁ‘fﬁ@tﬁ B tRalfint OF NekiBRnékg | £1 S

Tot al pr otei As were increased in piglets fromi n{ ected sows, and bl ood
ur ea | evemposiiore whidy énpzesdes 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

at all time points tested, both constants denonstrating an hngrogs%%proteln
catabolism Creatinine concentration was normal, indicati 3 e r mal

ki dney fu ucose and insulin |levels were normal ets bom
SowWs trea?@%banlﬁgz gene therapy using a plasmd DNA conggaﬁgyg%g%%oding
for GHRH show an increase in growh pattern over normal levels to at | east
170 days aft g0066]r t hThiarapphicationeiamelafedwini fubjevhinmit@i mé AHSaProvisialal Patent

honeost asi This incr e is equally e i ncrease. m oduction, in

hae e Brigadon Mo nhil 55t Ele e o6 1153 Fnt i Sirteapanding U-S, Rogpisisionak & i
the of f $RfnPQ. ﬁ&tﬁnm@gﬁ/@ﬁ 264 FRAITAR 24, 2¥RE bbINERt it RIIBpOLAR S fehddncp! asni d
medi at ed trangper coul be Used to enhance certain animal characteristics

t hr oughout gdA84Tt i oils, asmssl gowthoiedlieety ofethengrowth elidrmons relepgiesl hormpne

cl assic tein. treatnents. 68] 1 n _an enhogdi t.of th sent

oL s e S SR EA S 0005l o DO HEIL 00 L B RLES Mo
present mjeme@tmqmmhg: bf h%ﬁ@ﬂ&@ﬁmﬁfn@m hrlld&y,b@(pseswgﬁpmn or thinafedapse- f eed
conversion efficienc i ncreases | ean %llmass i ncreases | GF-1 | evel s,

i ncr eas &8V R GHRE cPN&r ddsdgiectien r“é?ﬁl oved diretlentioppration. oNew-frigcted
hor mne'/&é&fﬂﬁ%&%igd ngcﬁbé %Frﬁe lgﬁlé %%’?mp&cﬁg % 351 &Cﬁ&ﬁﬁﬁée %C}Flrﬂé&él#& Qerd N AN

of fspring o fent's erc acld sequence
i s gr owbligdeo mtrbirth mmlaeersgmgtiﬁlefrmkg Hyy-@ifIRhH, ot rden2 4ndh-44 +@xefl kg witn, or

anal ogs eof femal e a her p 17 13 Jun 2005
WO 02/ 0 e O e sen 1 ad b DR as %fpéﬁgﬁaﬁ?fm%ﬁ 195 ST PPRENMSSS or e,
or a Su'lﬂ(togéérﬁng% Ris FOHCHj@ted SRS ORAL BihoBY thahSdddtrols! @RSRIBAEAL RIS

[ 0069] A preferted enbodi rrent of the present invention utilizes the growth

hor none-snetlehen mjedied smwewanaigngidaaﬂy hggﬁhélaarﬁhmmhmndtesww@d&mt@ge ®E) | D

the - endSRBES B e dari it s SHiTneRE S) fbi¥igh S a¥opdegi BBy K€" P
nodi fi e@dnd anm30kg 'Ef&ethBQ{WQ}}ﬂU-ISdﬂﬁhvﬁGHMF respeitiveRe wiiRithe forfitold Wweigheid | san

Is aware that the endogenous GHRH has 44 am no acids, and an _am de group
at the emerageul2h3kaeMubiplebipchrationlimepspgmentsayere @pﬁm@drfgl the mg!mH"z"otamRH

In a Sp%‘r‘é{%ﬁng \fé??ﬂ%!r e%* %ﬁ%ﬁ%r@&{“@‘@a@&‘@k}: $19ndBldAG RS fSeib L»%Pé%é?;geats&? | ast

4 am no IS us oes ‘contaln an am de group, and may
be refentatl timeagoifts-tedtey, dtliHdshktarithi denfonstratimg ansadpﬂaee@ ipfoteiaycatdbodisthe
referred . to as wld-type because, it .does ot conta ternal._ nutati ns i f
conpar o & reaing o CaERITd! @aewwﬂf@ﬁ b dndigatiog pf 7 Bormal @r ngtighlugoss:

herein (RMeh Bveld RRertMbnhaY ThES, 'PALIElm T eaftd With aOgkhE Gflerdly Bsiga
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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directed nmutagenesis. A skilled artisan is aware that the Jlﬁo f?ré(ﬁ? and
shorter forms (for exanple, 1-32 or 1-29) exist natural |y FHYRRAEHS and

ot her ma nindifferent types of GHRH secreting.t nd t hey
2o g Pty Eaf

have an I Vity conparable with the natural (I1- 44)NH2. red
enbodi nent of the present invention a GHRH with increased stability over
wi | d typss feviR-béen pregnantzerdzvérOitint befone, atr hesurregdie diothentsaich ds infieegmtedyeci es
of GHRH_or, an ainal og of GHRH are within the scope of the invention. In an
obj ect &ialitREsy Wéﬁﬁ‘gﬁ'on the residues encoded by the DNA are not nodified

post -trans| ajdgedp! | Yo Heiaed tdsodahettCoPihd PRs&H noéimioAChSize@ARE Nirs¥ihat i on.
[0071] The follow ng species are within the scope of the present invention.
U.S. Phommmnepoleasin@dan®ng avilog haweg thsaming eqid setpendesef| i &NQuirion SEQc d

sequenc o Y- sl 4G o dr S [ ekn:Y, .l S»S ct.ed fir rou

cons! ot FRQoF GXHGIRAL ARy gt meeins Vgl T BF WiCorshBliols P 8ftec e
froma GHRE oy @ihilgopit hyy 08 iangightly ysdifdhfrmastithefoempheg|sath aetheand E
and G are | ndeﬁﬁgident |y selected froma group consisting of D-tyrosjne,

D- t r ypt BpisHys, GHRAL DA (skHled| astisariip awarg, that @eﬁ?ﬂgems Q@éﬁi}@zﬁ Ynige|asiies
tetrapepti : | f.all ow ] ' . ) R

- oy SR G dolfe (Bl Gt 1o B0RR Ak IBINER TS being (APNEL
group cOGRIEt img spekificyendsidiveent a fqpnopittaonty @0 dnpive agidaflakinpethe land agiitend E
are independentl electeq froma group conpnsisting of D-tyrpsine, :

D¢ rypt GRS seha Pt st i cQBtAr A Apk BREPBid Hap5s TEBTERS 88 fbes
pent ape@(‘)z)giﬁ%}ﬁ@ﬂ fflistfBn ad Qieﬁ%\éféﬁgnﬁgaﬁg bR GBI SERHBWIRI-type because it does

NH2- - Y- - E--G-J--CO0H wherein Y and G are independently selected froma
group coetségtdimgntefnal ytations if conypreh bathe wildttypiesxeqiienicandsneppofed tw8othd June

2005 02/ 061037 PCT/ USQL1l/ 48726 .i el ected from.a.qrou onsi sti of
U voi nefors ipansed herincGacn o, e K7 SRURE! Rlertal SEhAIES RO GRER. &Y s,
seri ne, dirdbi@PRutRendzisst &1 Relledaditsanbit hinvafd DRt tRNA4E faiel add shitek Tolapedstent |y
selected froma 2grou consi sthr:lg’ of D-tyrosine, Dtrépt opha and

n
D- pheny¢xamme.de3? o 529) pastaaturally, indiuppas gné obpse (syerein diffpreRtiopesi des

havi | .ow ' ' - Y- Z-E- - in, Y d
£ ar o SESHEYE LI ORI med DB AE oS ocinrdie i e L -1 2N
D-t rypt 4pba, ba greRrprdemblodiacit of thedpresedt favertidni andHRENd#htidcyeassdbteldligd from

a group consjsting_of tyrosine, tryptophan, and phenylalanine; and J is
sel ect eBVeryilshhyne g'ﬁg%l% #4ting of glycine, alanine, valine, |eucine,
i sol euci ne, pjo9bj N€.In ofhed RBHY BRIt QiffeP &t IsP&oies dFQIRHNG: arCHAldR! SFGHRH
met hi oni ne, aspartic acid, glutamC acid,
are 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 seduence NH;--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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asparagi ne, glutamne, arginine, and lysine. U S. Patent No. 4,226, 857

di scl oses pentapeptides having the followi ng an no acid sééu’é‘ﬂ%goos

NH2- Y- Z- E- G- J- COOH wherein Y and G are independently selected froma group
consi sti nd"®P244%dsi ne, trytophan, and phenyl al ani ne; Z dfd/US0HAR26

I ndependently selected froma group consisting of D-tyrosine, D

t rypt oplagelectsdidirbin P grvih Ao Sikitey oPgigcibe,| Aaind, 0GtiaE khidne, dsdleRine, pRshnkst i ng
of glycine, alanine, valine, leucine, jsoleucine, proline, hydroxyproline,
ser i ne, hydrosympiies, sers, dhrgenine, pysigingnatfemethigring iand 4 ped J greindppeadantly,

aspar agj am .. Sti-gH | : 3 Th ggga diysgl oses
pent ape!f)ffri?cé%(g hﬁ%’v?ﬁg%hg&ggph%vﬁ#% ﬂgﬂﬁ‘#@%é‘?g{ ogg%%eérﬁge])%ﬁ - légﬁ% g g'— COOH
wher ei nPMeiis Neel £224381 6 rdisclaegmoupl partspeptitderg hatingythes fallewihy tayrins i acid
trypt ophan, D-tryptgophan |.al anj ne, and D-phenyl al apine; Z and E are
i ndependfEiERse NdeYs T%%‘*’pgﬂﬁgx‘ﬁ’refﬁyb&gﬁqsg a5 lﬁﬁgﬂﬁ’*f‘g%ﬂﬂg’ﬁep?ﬂeﬁéﬁmm a group
D-trypt qﬂdp batlr:_ ﬁﬂb‘ . Sad - .f LBt 1 NQ
of 1ysi ﬁtﬁem’gsr&}ggar gi %ﬂ%g?ﬂgﬁnd |I§s1ﬁlsl’el ect e%&?#’%%.‘g&érzogga %%ﬁ#@?ﬁg%ﬁ

gl yci neseladtethfrom,a grabip nensidtiog of fgpsing diyetophars ang poenyhaaning;dnd ¥ yp sadddtere,
serine, . threonine, @/Sfi ner aﬁd. met t}i oni ne, .. U. S1 Pat ent No.. 4, 226fi 156

di scl os88% 14 pESHR q8WFIIENST BHE oI 18N g YA 0 [HENG: s'8Tuing ' proline,

NH2- Y- Zhiztreiato e r fdrie,Y tBitEnide,alcostbinge pestideninky asptiecisd fheimie gsiaup
consi sting of D-tyrosine, D-tryptophan, and D hengll al anine; and E is

sel ect e@pPRraginca gRBOPNG o AEIIBINENGnST HEYEosi HeS. Paignt dNan 4, 236B5Ih displosesani ne.
us. P i.scl : : .
am no Zéi&gé%egg%eesn%g%%?@o%ﬁg é&%?"sd“’?‘ggé t f’fé?ﬁﬁ’-@“gm gggleqwg

I ndepengeht(h \ars ehdxpeidbntly oselaatedr Gom aogsugs tdongisiig of Wyasineg trytapitai, opdian,
and phenyl al anine, Z and E are | ndependen%{l y sel ected ,from(éta g};{oup
consi st PhRgyianine 7 i hare ipslependsnby selpcted, e grovn Peasistig ef D-Aagsige,ii&-

sel ecte a | SL f.on I ) ' t :
D-confi g‘ﬁétgt I oh a?ﬂgry (1)1? @%ﬁ%ﬁgbét&le%t lSn?é&Ze%ggmlg%rg@ ggrll%itglg %e%?'ﬁ‘t Retic
pept i dealasmengalinee 1bwring)| @olekbing ppietioe, sy drdigproline; Aegnd)l trdhgcAspysteine,
Asp- Val - Leu- Y wh .n Y. i . 2 -t oxi t t.h d
syﬁt h:t 1“8&‘3%?‘?’ &glga%hg\?[;wé Sg{q%é_{m(ﬁzﬁcm: |a§rr?arragzliner,] Ogrllutm%%(ﬂe? arsufl Ilust:dm%.r elﬁ)fS %gten

H-Val - Gyd: Pnos 65y dRek ésﬁ!vén LRY WY g REOflB Wiy Smimlacieseqieie Ni,-¥37June
2005 WD 027 061037 P8§I'/ so??z@i%tna 8 w2 s 2

Val - H sEAs3-GPeHyatheim- Y5 is- fiestes) frog - grosp Yeesistieg nofytyrasity Brivigsipeor a

non-t oxj | t lha-:AKl | ) I4l 4 -

Fr agrentSBp R 15 Ben, PRI AEK dpd orBbo i) 2k 86 hgesidbiyy
entire seiotdderpePh igdeuph vomsisticEIRA(D-tveb3itt] DXyypitophHaeuddl) Dopliapiyhbining; descr i bed
by Mayo ?té‘%lc (1995). @uillemn et. al. (1982) al so determ ng_ t he sequence
of - huma$FlGsHcFeBY B SYHRORPIFITIGE S| B4R Meadp ! (risdgeRsd Tom 2 mroup

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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[ 0001] Additional enbodi ments of the present invention include: %@b
method for inproving growth performance in an offspring; (18) uae %od for
stinulati tion of growh hornone in an offspring at a | evel

gr eat er tﬁg(ﬁﬁ){’?%iblﬁassoci ated with normal growth; and (3) % ﬁ‘é%%%?lsf
enhancing growth in an offspring. Al of these nethods include the step of
i nt r odu¥iah i App-RhedVihl (HeiGin-PhatAda-Cip el Iveteraif Y fweOBF disNH: ny adnon-fuxic

f th ff d
Jector rereoBeDeabRst e of sl uhllsth S Faemen LI S StdBi g
SEQ I D N@qlan@ho %gi@ é]Qaneﬁudeaé]ﬂ 4 chtire HAWr8 ReptRicStin ROGARIAPRAROLMTYYL

| i nked sequentially at appropriate distances for functional expresSion.
[0001] FLeudh) osigitiallyoles¢ribeddyi Mayo eho (i%96ht Guiltenunies ah (H282) edbof datermine

stlrrulaln roduction_ of roone N an ffs at a |evel
greater g?\ue?‘ﬁ%? %}:]i’aé’tcggl Wﬁ%‘?’%‘fzf IF%SV&% ac@’éﬁﬁ)drg)hod conpri sing

i ntroduci ng -jou0e] t heAdmtibwil efbodianetsobf SR rprégndinvenbn bRdgeglph lrﬁkﬂh&f said
of fspring an effective anount of a vector, said_ vector conprising

pr onot efor IEPHYNSTOMPE EYTERcN SROSEPTRE: §8G Meshrbior Samusmgmqv@m ofind a
3 unt h%ﬁﬂoﬁeeﬂf ﬁ&b‘%{ngtdt Y8k Vel 'glr%'fﬁ UL MsbAhdeY vin ﬁ:ﬁﬂ{a‘f’g{dﬁhe

di st anc unct1 ona ression great er than soci at ed
wth noamch(3) grmethédd bhelhadasg gioavth as ah offsprnigerf‘dhbf thesewnbthods moludaitheadtepp t h a

growt h-related deficjency or of an animal wth owh  levels siml to
ot her sPhitEaduging & plasiifl ¥acton gihe the -Cﬁwc ada?ﬁan%&ganmeﬁaw gF 3\5&

rel at ed,ggfi Wt&nﬁﬂrmé QA0gdioL® pﬁe@%ﬁ'@)ﬁ r\i}l?e%lﬁ QRO ERAL coRfi&s! S f’mﬂ&ﬁpoéj of

enhanci ng ‘gr In an * ani mal conprising introducing into sald ani el an
ef fecti wlamdamequenca, et af ons&ndOdl@tScEQ IBoNﬁ)rl surn‘a‘ﬁ(a I@r Nﬁjﬁemdaa 3'
nucl eot j le& ence enco

Eg’la 4]

Uit r ansHTB GG o oA De P AU AU, ey foiaphof  Typional

di st ancggréionf Unctional expression. The ani nal vvhose growm h i s enhanced
may or may not have a growth deficiency. [0075 I's an object of the
present i nvelf00bh t dnjascaddiidenal seecificoanhodiment erfgpSowmethtai éoroftinaating mal |

pref er alof, Aol SRUEIHhGR f HPLAGne! 4 agefeggg.%g{efm{?g%g 2ef5hiea With

growt h or gro rateo an anl erns, such as
gr eat er nérfeh gﬁ)wthgmmﬁmdmongmemgenmdmmmwnfoahe rrtiien ©f sid offspihee diing

enbodi nent, th| S IS ach eved admnisteri rowt h .hornone rel.easing
hor monetheriestafipg afowfkp fmﬂnﬁhﬁ B %F.%ounbrog%e? Ty Saig yegier SOMPSHER WO
02/ 061%%%11{%%/ lasﬁaéié%%fiseqﬂe&enafcbaing Seh s AtOY bp SEQEf KO8 afdhodi ment

the GHRH nucleic acid is maintained as
untranslated region operatively linked sequentially at appropriate distances for functlonal

expression. A level greater than that associated with normal growth includes the basal,
inherent growth of an animal with a 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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an episonme in a nuscle cell. In a specific enbodinent the |3V£Jea§§ $73
affects the pituitary gland by increasing the nunber of gr Re k8P%one

pr oduci ng nd thus changes their cellular lineage._ln a specific
enbodi rrent‘ﬁ‘sﬂ%ﬁ(flgﬁ o of somatotrophs (growh hornone proc}’ﬁrﬂr{ﬁfl"& 2153) S

I ncreased relative to other hornone producing cells in the pituitary, such
as corticatnueleltsacid ﬁmmtImwaer@d reatbotimopih the GHRH hurldc apidds friamtambxbels nent
the increase in growh ho rel.ated to the increase i e_.nu r of

o owt h RBrRBAES Bro BT Gokailn & seeSE shiowtlat b Mran b GBI AOReR tre '
llevel s. phit@9ofiaed b%’pﬁGfeEélﬁg eﬁ@%mmeﬁbf Sk d\Pthi REHRAS SroducLWAIR, had nmne

| evel s |s asSocCiated with an increase in | ean body nass and an increase in

t he rt at shafges themt eellolar tlineagst flop spegific) embodimensrthe pioi dfi somataighsnégrowtine

or o . P BRMERE ealS B lbrentee” ko Al REFRRE ool S, M e

ef fici epait@y, §ueh a0tbSipstrddhs] 13ctbﬂ@;slsag@ﬁdoﬂr¢pmnatz haf a speeifid éntbodebmdhdrent
the birth of the offsgrlng i s del ayed, in a preferred enbodj ment this

is  assdRgreasednyEeH th Romgseo falafed io j the i ﬂ%@*’éﬁ 13 rthgvymbgt of cﬂromheh%mg-
[0001] Pocglﬁ% eééag ég aqh%ﬁ%cg%@ JRTEETIE eld. Sﬁﬁa@% ?édlﬁc (gﬂieﬁt.

pronot e untranslated region is In ranslated regi on
However thd ineredie ingtovethSloahed ieveiglsmasammyedbeltﬁ aromcma;e maeamrtmldymassymd fetic

gene. In a specific e odlne he presen |nv n ther is utilized
a synt hé‘iqr%asﬁﬂfbfhﬁf rpto%‘i‘ §EIE; j Ingan fspei Q‘(C@EEF © NErsye

whi ch capicah B§d)@nﬁ£s% kdBikd RS Fﬂ&@é@ﬁﬁﬁﬁea?kl&i@ﬁ (?r&valﬁE)In fah QHAIBERA %{aé%hﬁc
a-actin, nmultiple MEF-2 sites, MEF-1 sites, TEF-1 bi ndi ng si

greatly emodipunt theefeed ct:cmvsmrqnmfﬁ@n@w gidhe n&smmgofs incagagsedh| Imanothen ispecific

Prvent | Soaudein B¢ bEE Ehue SRpRgE b dli¥et TR Ref preyed ERRpdelh s iby

endogengsisciarld!wikipdn RV indéasb@glodts ratéb@E f@bement s, i ncl udi ng
trans-acting factor binding sites and enhancers may be used i.n accordance

with this ent¥¥lientingprefeered embedimeghthe njompien st acyymihetic anyogpia PEEReter g
natural ny R@gﬂj Ginfh &F{e lont i¥'1d tnk §eﬂmr%1@@te@ re l%h' 0L hRan uh&ﬁgsméc? how

to obtain su pronot er S8 guences from includihg the tional
Cent er tepiorBinal deffroah agy nhtafad oraimthetio H4aB) )in @esnpaaﬁk edﬁbaﬂnme oDthet gresehCBI

PubMed site. A skilled artisan i,s aware that these I es may
be ut i | FREANem, thegisayiHized g wAkEtc BrORalFe Jeimted  SParL V@lé‘ 2 ﬂ? a(gﬁaﬂf%

pr esent 7 f | at ed
Fegr on NESFI iR cop A phdkifiaf B! K @ip BT SROF GofdsRetctll WL A%,

pl asm dmulitjfle SYIEFL speg;iMEE-lershex;lia:ﬁn‘lrEFslabdldngcmms iagd sgeabt exicdedmrrhet he
group consisting, of a,

SR TN SN NN WU e

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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13 June 2005 WO 02/061037 PCT/US01/ 48726 said vector is :ngr odu&s&%i nto
myogeni c cells or nuscle tissue. In a further specific e dHpe aid

ani mal i s+y3qhbi@es; @ pet animal, a work animal, or a food ' 079] In
addition to tﬂe speci fic enbodi nent of introducing said C(ﬁ? rui':’?ml%l)to t he

animal via a plasmd vector, delivery systems for transfection of nucleic
aci ds i weid véetor snintefueed infe mdgesickerbanon mustle tisswe. malp al Righére speciflci zed.

For exa%e . ot her.d non-Yi ral _or. vi étal . aget ho&(s malebe tidl ized. A skilled
art i san “Fodirans saud ppymal 15 4 LHTAUPEN YO FOAZ Y Pt A8 of DNA or
RNA requires (6@ CoRp@daipnsto the spdeeficd diblimENAfdhtroédichizesiid cebstract AR ety

that recognizes and binds to a cell surface receptor or antigen;. 3) a DNA
bi ndi ng thehgnimel, viaghplagmidaveciar; delpgnesxstantalor dapgediontafauciein aqdy inty the e

conpl ex gﬂ{n?dﬂo} fi§ c&ﬁlk]gowsvﬂrilfl gfet%g rh%f &1&%&%&?}1%@!3 apdy eﬁh&ﬁ:ﬁeh Sther hoRORATE SirdNd

cationi | pirds can be use Iver ‘herapeut1 ¢  gene conbl nati ons
t o achi exthddsensyabe utififedct A sRilledniriisah recopaizey that artsrgeted |systemebop mes-sirain

vectors deriv ro | ruses sych as adenovirus, ccinia virus, herpes
vi rus, é?mlsb%ﬂsghé* O%A PP Y iLfl‘P‘Hs‘%"“}H‘?n%EH%ii t15 g‘?f’ Di‘@r 8b %&?A \Péd’[“ﬁfeéﬁ ??é;i’ be
enpl Oye?hoi%l}ﬁ%t TDAIYRS LAl Didto 4 EANSRBICE $Ecepior (o8B fEE FNPINA Birddhg art -

[0080] One Skilled™n the art recogni zes that expression vectors derived
from varigysarsbdtelytiampetighitdsgblesthe danspostad the demplek gy theexeeurfage f r om

vacci ni i ruses may, b sed for delivery.of nucleot. .sequepces to a
! ar get el HeGufepstie fubifen Hagomes bl Ferioniiipidugal g S BT e Peitfomn < 0
those skihd 86mbiatidi® B dchic?B thE sMASEb@, CPA&itiallGlral TEkORTNAN eXREdsinS
which w'l|l express the gene encoding the growh hornone rel easing hornone

anal og. v@utenssdesived diopr agusesrsupys ladenovires, vaceidiat Yirsy hampee vits, rand bovine
non ! P phfiftbkA%mY 5 RS Bihal SH9GK hdy BLBLERLLP' BULRNEVLBR FHoTeNt S

are a pg%rll%l of "t he™'vector J'ect of "the present
I nvent i eandposter §ysirRgrekmvn inithé arat i on of a growth hornone rel easi ng
hornmone is sufficient for. n%”_ti | e gestati or{}aferi ods, and al sqg .‘E)rog_i des a
therapy t hat [¥§hncdangslilled dn fas pBrTrERREss it HETHEIPR SteciRst gRtEved gom

i ncreaseg —O&r&%gapﬂgsﬁgggg§gvi§§g§; a@g{gf@ﬁ-ﬁé}}{eﬂj&s oMU Sechifia Yitusks M AT S

[0082] The term "vector” is us to refer to a carrier nucleic acid
nol ecul esddnfor delivenyhofanueledtisiecseguéntes daaetatgstedaorgh fissye or awilf population.

! of o et BGanE el BBV dasBcrkiied, i ar @ B b cttino onche
" exogengi¢ombintht GEctom ansich RAll dxprdss thed f&iedéhcb@ink NBe gRIWthI WrRond) r€lBasidpe
Vect o Ihgm?oenlena%alog. Transient expression may last for a month or more with a non-replicating
vector and even longer if appropriate replication elements are a part of .thc vector system.
[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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I ntroduced or that the sequence is honol ogous to a sequence_in the cell but
in a position 22 13 June 2005 WO 02/061037 PCT/ USO10X/ 48736lURe AP t he
host cel |l ' cid in which the sequence is ordinarily not found.

Vect ors i‘ﬂ@lﬁh@é&p"ﬁasm ds, cosm ds, viruses (bacteri ophageP,CTé'r[ﬁWﬁ?n\;/i ruses,
and plant viruses), and artificial chronosonmes (e.g., YACs). One of skill

i n the arithinie Hotiecellehiciagacidpadwhioh tlo ssmennst isaprdimetibyr ndt hibvandy h Vettansiar d
reconbi nant . t echni gques, .whi ch are descr,i bed i.n latis t al., 1988, and
Ausubel Maad BB Eosmty Virsdy FerERaiaRt: wiahy Ty e iR Yiyhed] o
term " expifss @oMB§dnds’ (efLf AT} 0 GheVETIAN if AR AtNWEHd el @hsippéd b
sequence coding for at |east part of a gene product capable of being.

t r anscr icpegiruct a vectepdugughstandadageqrelrinant keshpiguese whidicire desstbeshiodMamatisles
part or F% I | I en translated into
a prot eieﬁl,l)"p%%?/gggﬁua%&l %fﬂgé%?‘ﬁé‘h* n ?%%9%%%1@% ?etf%gégeé' sequences are
not transl at ¢oo83jor Thergpne expesdidrevedicrtiveftisad aofecitidofrifeg Maheleidl 28 or

ri bozymes. Expression vectors can contain a variety of "control sequences,”

whi ch r é@(g}en%coqﬂ&fo@iaglegﬁipan%qggmggév@@&a@yr?ﬂfeg}g ‘F%Cliﬂ?eéﬂ%?‘ ﬁmcﬂf% and
POSST bl el B theuchlic 28I RAIARL noddbIEEA of B8 I0P LI A GBmb BabsPRRMA CUI ar
host organism In addition to control sequences that ~govern transcription
and tr amsilletulasmre viaant warsslaetd ingx p pestsing polyeeritiies ompgptidontiaiathen wedes) thesei d
sequences that serve ot her ctions, as | I d.are_.described.infra.

[ 0084] _ FRRUSEHSe g, PR Bk CHAE: T i PrERCtb O DRSS RIS (5
pl asm dribwhyikes. CEXPREdsRASvR oMY Barh&drtfin AKRABRHT & "COMESl BqdaBss f wWhikh RERFARI €7, a
nucl eoti de 'sequence encoding a growth hornone rel easing hornone or its
anal og, nugldicacil segnencanBécgssaty for dhreotnanseniption| and possibly érapstfiou efentoperabhe

vect or s, vi.-ral vector, such ap adeno- assogt.at vVirus, an

adenovi ke s b B p S RBRFOR: e BP LSt ruflpes

al pha- agbvdin rags®iption andyasdlation| 9dttors had BxpREsSivRiv@EtorCinhp 6HPeh dMélEldSacid
pronoter, or SV40 promopter. can be used. In_other alternative enbodi nents,
human gF¥keRcasdhatspe oy fnstigasirrelkand wsndescredlonffér  skel etal al pha actin
3" untransl a egi L bk Z: | ] :
Enhancer s [ O0RE A BRERElFel Ehbdfital e (Vict BEUR predtp RO T SpRBi .
nucl ei cwheshdcorspiires rec symdibetinhingdgenivi (imacleespeaiid) penotaf at meieptidé péquencer e

controlled...It may contain genetic elenents at which.regulatqry .proteins
Sou o) Eesiding o BVl R e SR Sormane M its Snatt, And §o pte Bied w¥aibh.
fact or s it REASREmEeRB.Stha tveMB1s)is BOSal A& such' RPRY Alehdy-84cibieBk@ds, an

"“under control," and "under transcriptional control"” mean that a pronoter
i s in aadsmoviwras, 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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functional location and/or orientation in relation to a nuclejc acid
sequence to control transcriptional initiation and/or expr1§sjé’P8|:FOB$ t hat

sequence. er may or nmay not be wused in conjunctiqn wth an
wo BRI teatbsotsfRe e i n

"enhancer, refers to a cis-acting regulatory seque
the transcriptional activation of a nucleic acid sequence. 23 13 June 2005

WO 02/ 061037 [(088] USQA pédrider aPB6dnafofratiraliytodiny sdy@emsee lazhted upstream of
natural | y-codi ng sequences | ocated upstream of  the_ coding segment and/ or

exon. Stercoding SeaRNt G0 FEON e fRChet PIBIYE cBhBeJeiRpEs 1o 35 SPRTREPPY; an
enhanceguﬁw%& QRGanBaL Mhbd ¥ndsRRGiphedciMelvith DHELIEE GeidCequenBl USHER

| ocated either downstream or upstream of that sequence. Alternatively,
cer t ai ncithiv alowagesaniok lupiteeamgell thetisdgyess i Altematingly, lvertain didveptages | veilldbeaci d
segnent und the.control aof a reconbinant or .heterol ogous pronoter, which
Fefers EHRG by BASHERTE ik catimetuE it el bnist SeE L R ARt onc o
sequencCRetbrdldgdofis PpadrHbRE, WRIYH FEfBRERLa pANiREOMRL BRRdt RrmiRY QkRkREAUFtRFhancer
refers also to an enhancer not normally associated with a nucleic acid

sequenceudleicjapil seguencglin ismatued remrispnmeic WA seeomrieant op heterpheasse eshanger

| ncl ude, BLOTRL GF S U SRBARS Sl S0Gked IS e B SERIALS AL AN Cer S
| sol ate rom any ot her prokaryotic, viral, "or eukaryoti cel'l,” "an

pr onot easviohmenhaSaeh promdtersnatanhandeys mag Uneludg promot@s ,or Ghhirgersi ofjother
different elenents of different ﬁrangpri ptional regul atory, regions,  and/ar
mut at i of&eEAd RIPMefers Rp FRBrEH 1sofated Hapy ayRiterPIkBMRIS, Y ah QE FRkaY S ¢

sequences Qfq 8foq>ﬁms@ 0f efffhcBRRBNGRal g%éaﬁﬁﬂge'aé. é.,yeon.tﬁrﬁg%g feféht A

produced usi ng reconbi nant cloni ng and/ nucl el ¢ acl | cati on
t echnol ofystifferent | trhiscrgptPGRT Mgulatory angiens, | and/oni thitatibres theinploai ¢xpogssiodi skl osed

herei n e U.S. at ent 683,202, U. S Patent 5,928,906, eac .

ncor pot BN A PEpdHLiE Pg‘ﬁ%‘? e%éfﬁf?ciu%eﬁ ?gpm%?fsi 4 @%eam SRt ne
cont r ol se3AGHRHNGRSy b8 Frodick® Gkink MBEGRbInEALtI QniAR Ghalor nBXlRIicessid AhpliicaRmUences
wi t hin non-nucl ear organelles such as mitochondria, chloroplasts, and the

li ke, ctephnsdogsmpncdyding BERRSIin coprpgqn wiihthe egngesitions diselosqscheraip bsee dhd- t o

empl o (0] I~ Nd c ectl] di S, th Ssi on
of Tt o BREICEREBAR U, TARAR R0, o FRbirbGlatee HEGA by MBS
expr esskatherrthbRs eit ok &datdrhplatad tthe @ontrobfsegmdneeu Ikt  direzt agpnsgiprenabid/or know

the use of prompters, enhancers, and cell type conbinations faor protein
expr essPOFEssSBrof seausRseE ,W@éb“@%iﬂﬁ?l%korg%‘}eélr’g S'eﬁwgw}tom%lépboﬁ‘iﬁ?r@alaﬁér ein

it b B e e S g8 B8 St opr et o condi (i ong to-direct hi gh

| evel expresi@i08? of Ndherallptit wollibe dmpditans égrmploy spromotes and/or enhancer that
effectively directs the expression of the 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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advant ageous in the | arge-scal e production of reconbi nant protei g Q{md/or
peptides. The pronoter may be heterol ogous or endogenous. IPrUge é ific
enbodi men noter is a synthetic nyogenic pronoter, such as is
descri bed"Y‘%&?‘f“%ﬁg al. (1999). [0088] The identity of tisT¢d/ENEFRS c
pronoters or elenents, as well as assays to characterize their activity,
i s wel | DRdodspanging hasptodfgesK (ILde, enal hE99)t insiHialild gowel fsuahllr(@d ensl.,

i ncl ude human LI ene ( o.et aJ. 1999), the so tatin

recept oiégﬁgf@%m Rlﬁege%%ﬁheiﬁl 032?1%35%9}?11 WﬂiﬂP‘ﬁF&flé&ih&P et h-a0BRb; ¢

aci d- bi ndi ng geney( LarﬁﬂﬁﬁioﬁtSiQAa-ls and98Rnal RYIBAe BRMbikLhAG Enonet et al .,
1998), nouse al pha2 (XlI) collagen (Tsumaki, et al., 1998), 24 13 June 2005

I
V0,921 091057 i R ARTRS Rl SRR 5 GEArdE R o S on o 1)

insulin-like'gro
endot hetodihg e&juen&sheRicon signhle dhdledel theAATENditiatied cadon ol AfBJent Bequbmdek] at i on
Signal s_and Internal R bosone Binding Sites 00891 A specific initiation

si gnal EKegsnaus traslationel coptyok signals, inclydipg the ARG iption erdoncway pgeddifences.
These sj i 1 Rt At ' G
Erogenornfied, (i it rardfy i) Bielarfl bR 1£RH0 Map Bl 30 MRlen AR
codon, pmyidieethetnpcdseary pigosls.déds weldnown dirad itheanipiatéan tddanmmushbe dintfrawell d

readily b apabl.e aof determ ni.ng thj.s and rovi di ng, t he nec ary..

i gnal o1 5F SRy T, 61 R oo CodiFe Peenss oaHpRRSIgon AT BF il

W th t hpiséeatthOekdgeAdR tRislhiithall 8SitF? dich R 2@ i SA16ANSBoA a8 bR UitRer faditall at i on
of the entire insert. The exogenous translational control signals and

i ni ti at ¢osyndhetionsheaflitiencyi afipapreasiommay besmhanosd hytthe inclustonedffappraptiele of
expressj b n y the inclusion of appropriate transcription
enhance{rrg%fng%%o egnhgf%ggg%%f’% certain enbodi ments of the invention, the use

of internal [0090F0Ndn eatdiy embodiafentsldRES) ine¢tivhihe ues 6f intethl Fiboneddrtry
mul ti gene, or gol cistronic, messages. |RES elenents are able to bypass
the ri bt%Sn@RESH r‘??@’tsrrﬁ@e}‘seéf tos cregiet H&‘/‘Ft&eéﬁi %Boﬁéﬁ%ﬂﬂéﬂfﬂesﬁg%sl Pon and

begin t ti t i | Letl : RES
L e
encephatramjatioar didt begin tlanslatidye enindesdr sitee  P¢lReiet ahd onantebrgGolS8herli@ES1988) ,

as well . an IRES from a nmal_i an . nessage cej gk and Sarpqw, 1991)... | RES
o} emont LCBEH TP R THoBEIR  dRo PIETEi my Sbiion e FaRrERAORMPASHY bpon
readi NopdvealBa deatived (PEIRASE hhd SEndrPeRt 1988), 8aGRISAPAEY EdnPY mARmhiRRS,
creating polycistronic nessages. By virtue of the |IRES el enent, each open

r eadi ngmesfsagartMaceeiaic ek Sampe, 191)i JBESmiemends carf be binkaest tor heferslogonpepen
Mil i pl r%a&%& Fanted" l\}f)uqti]?l]:: foipgﬂ Perz}&fné frames can be transcribed together, each separated by
an IRES, creating polycistronic messages. By virtue of the IRES element, each open reading
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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expressed using a single pronoter/enhancer to transcribe a,singl ssage
(see U. S. Patent 5,925,565 and 5,935,819, herein i ncorpor&?’é@'ﬂﬁgog

ref erence tiple Coning Sites [00911 Vectors can ing¢lude a multiple
cl oni ng sixxoe&(’ L’ which is a nucleic acid region that 3313{%0H§87%I tiple
restriction enzyne sites, any of which can be used in conjunction with

st andar enzyaeahit cuanvithiaacha MCR)0o émbki gyegéncud eequendedno b figateCas thenetior, et
-al., 1999, .Levenson et al., 1998, and Cocea, 1997, incorporat eq .herein by
r ef er encleg¥tion” melers 1P ProGERy hiora Riipdicster bpads betwaemiWa recleir adidage of

a nucl efGoRGis WRICE Tye oVVnid) AR beCOAYiBRodsNRth UL binePS RBhdiqils BPR&Gink! C

| ocations in a nuclel ¢ acid nol ecul e. "Many of these restriction enzynes
are conmeiriciian lepzywes hmbligatidis eeacfiorsurrt veallz ks ite thusd alfyskulhade the eddof by
those of skill in.the art. Frequently, a vector is linearized or fragmented
usi ng a FEOPIARYIEIOI0RY. 13 June 2005 WD 02/ 061037 PCTI USO / 48726 enzyne
that cuts within ghe MgidiR: S#abl e exogenous sequences to be ligated to the
vector. "Ligation" refers to the process of form ng phosphodi ester bonds

bet ween two ic ' -gﬁrg‘?];aﬁ, WA B '-]%@us
w th each ot wg?#FTegﬁ‘?ﬁtgﬁg@&?nvo Vi r?é1 re‘gtrl c°€‘%§r‘1’5{§)r§‘?§%§8@§%‘59‘?‘.§% I on
react i oremcaeeinivohd fkomowhe t pririnys gascriptc | [Vectord entaiming fgenomeco otk amaric
technol ogy. d. Splicing, Sites [0092] Most. tr.anscri bed eukaryotic R

ol ecul SOUHKE TGS SRR SHTGEHaaPIEsEUS 1 FEREHBPFORPLTB ] fhgr y
transcr isgriptVest! Plofei MXpPdsBioRd GRROThEndRKA %O 1997,SREERN GRBrpTRMed BYUI I €
donor and/or acceptor splicing sites to ensure proper processing of fhe

t r anscriefererfiogy) protein expression. (See Chandler et at, 1997, herein

incorporated by refer e . enylation Signals [0093] In
expressi on, one Wil tgcg %%%ylétlmgg%@g a pol yadenyl ati on signal to effect

proper pol yadenyl ation of the transcript. .The natyre, of the polyad | ation
signal is oS5 He | 0% Expressiase obs BT PGl it ok g%dfeavlaa%éwéé%?@%/the
I nvent | 98 ee@%l&i SlenFAor® ¥ ThS GIHRRBE THBMaRSe SMMALYEYaddnlyBkiSh rs?%aﬂg)ﬂcﬂ' nment s

i ncl ude t_ﬁ 40 pol yadenyl ation signal and/or the bovine -or human grow h
hor nonebghisvehtbebsy trciabte thegmatessiobpraeidecel the mrifeotiok rrdfor tapy sfighhsequencenel |

casset e bt Bieyehi miiterh S-S RE LAt o RS aRah o BB HRLE Ve T o
enhancethg®e$i@er human growth hormone polyadenylation signal, convenient and/or known to
function well in various target cells. Also contemplated as an element of the expression
cassette is a transcriptional termination site. These elements can serve to enhance message
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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| evel s and/or to mnimze read through fromthe cassette into other
sequences. f. Orl g| ns of Replication [0094] In order to prdﬁa’@'&?8095vector
in a host Vﬁé " nmay contain one or nore origins of repllcatlon Slt
(often terhBd @Psﬂ" , which is a specific nucleic acid sed$dHEOVA§726 hi ch
repllcatlon IS |n|t|ated Al ternatively an autononously replicating
sequenceictARS)selzablebrarkenik oyeth wilich hepiesaice pedvientsdtselrstion. GAn Seingié abl e
and Screenapl e Markers [0095] In certain enbodi nents of the invention, the
cel |'s c@mositiye selestalle megked is & SMEFFSRANCHMAEE present i nvention, a cel | may
be identifiedgady Vit D si on
D2 1 dont LT Loy ! DRG0 AR § SO, RS W MR RPSS
per mi t t iidgptiGastjon d€ntantfooasitgnfoofexamples geoer ahamcmgfetrhmsmtsapmeesaslrmnmyeim or.
Gener al | ectable e s one that .confers p t at | I ows
For - sol abioin I geiein, TGRS Zamas i ReyiGRg st P ehe k3 Bonce
of the npakeh #& |Iﬁﬁﬁterfsoﬁoﬁfeﬁm%e|ae‘1?1hérﬁﬁ‘ypev"hhdte aaow£6fo;3:héu ragcaﬁﬁﬁnoﬂ\oof
02/ 061037 PCT/ US01/ 48726 negative sel ectable nmark is one in which its
pr esencdrapsforreatts bised onethe dmplementation ph ppndities, O&ep@mes iof @laslﬁelr%mcmﬂn&

mar ker is u esi st,anc r drug
sel ecti Sﬁre%ﬁgifelgméﬁcﬁssu%aﬁ ﬁgﬁg‘r’}é FH@JI%% lonﬁe#né ?Xalg%]l’on ofg g?éng%ns? ateﬁant S,
for ex amtemat@emsm&&bleCQMyﬁfes rsach a$ abpes tsimpleo ik thymidincokiyigdenitk) or

hygr onyci n, zeocin and histidingl are useful selectable narkers.

DHFR,
I'n add.cbhoaqmnfﬁnwa} R@ﬁ)@trw#fréﬁer %f aaﬁ&ﬂtlgzﬁ@ Orgrof skllgdhe 3t wonld al
di scrim | nﬁﬁ]ﬂ?ﬁ%‘% | tions,
ot her tf/(gg\g %EV?T%FE%{O? I 'ncl udi scre F “in %@gﬁ%?ﬁ&g@t\ P&g igse
basi s | §he ahavkérmmstd icnatrbaliysdsp banmpeuitam, sndnnglaplitas eababl%ﬁlmmmﬂpw&isgd
screenabl e enz er pes, si ex virus th pe ki nase (tk
ohi or amSHRHIEBER NG S g Eaddd ( "%mwy 68 PHEb el e GATGAGSI PE {1
the art s%&hﬂe%&@creéﬂ&@l‘é’rﬂﬁlﬁéﬁ@re&@ilgibvs}nr‘fﬁ%@'o?ﬂhﬂ uﬁrﬁfekaetrs possi bly in
conjunction with FACS analysis. The marker used is not believed to be

i nportant, s&.1ondlaasCelis i s capabl e of being expressed sinultaneously with

the nucleic acid encoding a gene product. Further exanples of selectable
and screenabl[@9Thr k eAs usedeheveh, [thdkieoun"dell,"d'nell ifie,S kad Tcellruitive” avaly be :hsed—lost

cul tur ‘[ax?r?f%ébaﬁséaﬂigwfrﬂf ofisp e A B ingfifc gheig mESEEY e AL BRY EH Ll

their pLaaeMent Weh&htbms. amy i@ ifldefidod 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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subsequent generations. It is understood that all progeny may not be

identical due to deliberate or inadvertent rmutations. In tiRURBRPEXt of

expr essi nq¥8 pgééerol ogous nucleic acid sequence, "host cel]l" refers to a
prokar yot i"t0 8¢ ar yotic cell, and it includes any trandfOfHFE2%r gani sm

that is capable of replicating a vector and/or expressing a heterol ogous
gene enaohed cblys far vestdiomeplidhtibm and/cedxpression imohieal 5 ) dbii 09 m@d<E8, & well

reci pient for_ vectors. A_host, ] ma e "transf "oor "tr forped, "
whi ;ﬁ r 8% arymbgr gt m%@sgcsalwva%f‘f%ﬁaw@ Bt @&t‘cﬁg&%ﬂ?@& &gﬁ%ﬁl‘@? ed
or i ntraeyessh &Rk @&&@emg]Tyleei[%%gng@r 2035104 MG el dly, tielehdPselfshBctPsd Mary

subject cell and its prog ) Host cell's may be derived from
pr okar y &t esli bE38Likanld be veed ad bpsidlilnigr phagsrvimbest her the desired result is

replication e vector or.expressi.on of rt or all of the .
ve(F:)t or - encodi@ogﬁﬂcl 'Wé?sdoggﬁgﬁiggwsﬁ\m&gﬁ§ep?18?tf°nl ?rﬁjéosr FRESEIN W %es are
avai | abkgctbOinclhide Hélsn, NIFBTS, Afkdt, 299)Cdsh €T a8uddcar@bP@i Ne iy Rosg Reltshe

Anerican Type Culture Col]lection (ATCC), which is an organi zatjon that
serves &emuayaripus kel ypenand erganigne R etilableand wanébs knowmioenest skill in the
(www. at ¢c. 0k - ' . ' e il _in
t he artgﬁbage ﬂ%@tﬂ&%@%‘%‘? ﬁ?@k %Rg@ahrg%?ﬂgﬁﬁgsrﬁ} B@g érneﬁgﬁlr‘%lt elﬁi fzger)ﬁ d or
cosm d, pfomnyetiampktesellc partictlerly ohe Gt ¢eperimitstveafop replieationt @ dxpsdssiorloff theor
replication of many vectors. Bacterial cells used 27 13 June 2005 WO
02/ 061035°'PCT/ US01/ 45726 as host cells for vector replication and/ or

expression i ngjgefle [EHRe veido %af,'%ﬁg)lés%ntﬁ? séRlbhces A%t LW Wpf%{beoxfeplicated

comrerci al 'y avai | abl e bacterial st’s such as SURE(r) Conpetent Cells and
SOL OPACH®/ @0 kxpreesked sn bSTRIDAGENEL ahd cukaryeolid edlls. ADneofakillyal the astiavonld al

Il E. coli LE392 l.d be. used |Is f h ' :
[ 0095] * Eethep maerseSE hes Pomdttoot gt WBiehasrafibalin ef Freofboaf el R pet ;o
of a Vealsab rhalflalid@eliting.to Dbt @pliditioh i a v@8Br. B0®, unGeioodaas knawsl aRC12.

Many host cells fromvarious cell types and organi sns are avail abl e and
woul d beechrigugs aud eprditignssikpy wonld elipw lagge-scalyy prqdyetiqn of vosters) ag avalloss may
be used ] | i 1t hy.el r Iy G- i cel |,
par 1 ouPiEEEH Bk BBel dcls Bk ol 5, AL KRk e ot BERRUMACE dhbtEiners
vect or . of Pdidks.Sone vectors may enpl oy control sequences that allowit to
be replicated and/or expressed in both prokaryotic and eukaryotic cells.
One of skill3in t REPEFHONSYNETS furt her understand the conditions under
which to incubate all of the above described host cells to maintain them
and to pernmi {0108p| | Mdutherqup ExXpaesswet ystema|exist thit cpwpatsdatdeast Rmevinoraleof

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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techni ques and conditions that would allow | arge-scale product I on_of
vectors, as well as production of the nucleic acids encodddJH9e¢@%& ors and
their cognate pol ypeptides, proteins, or peptides. 3. Expression Systens
[0101] NuMé? ?ﬁfg&pr ession systens exist that conprise at PCEAS01/487 ﬁ%rt or
all of the conpositions discussed above. Prokaryote- and/or

eukar y ofpgubiBRe dnSMSbRaP &pfesbien SyEeY et fes usie \Ghil-fengthe QWS gitbmoter.ent i on
to produce nucleig acid se uences, or their cognate polépeptldes pr ot ei ns
and pepNYBROGEN, algepreyi QSeﬁsyeasteelaxswCsyaﬂerry caligd the Hehip metianelispe.
[0102] n I e Mnd S6RnsGh

br ot of rEEgAES pyff i el eledSrof KBy A B GH B8 ol o e

descri bgé méthyloﬁopllﬁatﬁw Miohia retRarib]i®6 Onk, & 7<Xi1P 36 thebat lwolndl kdow how to

i ncorporated by reference, and which can be bought, for | e, under the
name NRSUBALSSS) VeriQs, $UCHAS A PRETERCPYSIY A SH RIS RORERS e SRBRESS) ON

SYSTEM & g?l’% Yoteih ti§d her exanpl es of expression systens
i ncl ude RA?O% p C%QE TE CONTROLa | nduci bl e Mamral i an Expressi on

System which involves a synthetic ecdysone-inducible receptor, or its pET
Expres%r} tem an E. coli expression system Another exanple of an

I nduci 3&%\": ¥sion systemis available from |NVITROGEN(r), which carries
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the fidelity of DNA replication or the movement of transposable genetic elements

(transposons) within the genome. They also are induced following exposure to chemical or
physical mutagens. Such mutation-inducing agents include ionizing radiations, ultraviolet
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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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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whi ch also be used to stimulate the growth or enhance 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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Is an am no acid sequence anal og herein described. Said conposition is
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pr oduct ?ther phagmrgenticallyretive gumowdds WO 02/ 061037 PCTI USO1/ 48726 [0114]

Thus, there j r ovi [ i LS ' .
Mot easi ng. U a o PEGdl A IELHERRAG A Robdab S0 YERE bRl PR nfly
f enal e Wy detivehedrviobariddseowks syt fongarians sitastintan ahimahdodyntd adhiok a pergeular

| nventi gf?ec% klsfe];,i gé? tosén?'elii r]e? ra???&lt);hﬁogﬁ?eq %} cizl(.),rh&éla); 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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large volunes of a liquid (pressure); and (2) methods wherein sai d vect or

i s conpHepesdingo Oané)"ttﬂ@?dl"léhﬁ‘ll differangeh s pharmaBedBFHeSordres afigpasitiony an
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transferring a erapeat c gene t ost rs I stering
t he vectdlr lind utilived je. 2.5 Baded ionvbatumobgr of 32ctdBredepters Zﬂﬁ‘sﬁnt on the cell surface, or

the ability of the particular vector 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.
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[0124] In a specific embodiment, a plasmid of SEQ ID NO:9 (pSPc5-12-HV-
GHRH is utilized in the present 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 ¢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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EXAMPLE | GHRH super-active anal ogs increase GH secret agogue activity and
stability [0123] GHRH has a relatively short half-l1ife of dBdute290%i nutes
inthe circulatory systems of both humans (Frohnman et al., 1984) and pigs.
By enpl oyMRy0249847 anal ogs that prolong its biol ogi cal haBCIGOF48Rel/ or

I nprove its CGH secretagogue activity, enhanced GH secretion is achieved.

GHRH nubgitesiote Vi@ e Mb@eddweli knowdl et est. MUt PURARS pSPcIAY lcontiins a
substituted for Alal5 to increase a-helical conformation and anphiphilic

st r uct up@0tpo Saddamik fiapwaniagh thsy SRSy bk isynthetice PemGiered-i (eswletwaf?) in 1@9 1) .
GHRH ag old greater affinit
for the rec%%’f’?rksér?gﬁﬁgtq Fwdtnggp.r%h%gé%.@gjrée@me Igoss of o
bi ol ogi cal afi126) t y Theewild typei addtrnatatedfpordine GRIRH ciNAS wire gbtdinednmyr gitest abl e
forms u | ecul es wi.th a f erm nus ubi t al 1989
Subst vl GraaSs b damnoBERE O lamis b e Sl g MR,
triple pamdiReds ket RPidniddhi DBAEME, ART). dERANEASHRERIDNA/ Wb/ 4B cl0R %pr med.
Di peptidyl ~ peptidase TV 1S the prime 'serum GHRH degradati ve enzyne | ter

et at, a8aoiHINEmdiIH fragménk into ﬂk@%)resmndngrsﬂm peibe |p@é§"EEItB®magawe@0ﬂmde

createdb t aki.ng GHRH15/ 27/ 28 andt b l.aci n w th .Ala

(et TPageAc et R aonied s aaE ot P etk B £ Shridfors o e’ BareiBe BAI 1
and Vali@pk R s oblatacl Aom ik hﬁﬂﬁh&tﬁ\m@kha@ﬁ@@b furian WA J4&EIS
[0124] In a specific enbodiment, a plasmd of SEQ ID NO 9 (pSPc5-12- Hv-

GHRH i 53%%1%21?@111%3@545]5&&@&21 nventi on. I n anot her specific enmbodi nent,

I d
bankbont PR RECAFGHR ARG ENAGAGCRIRSE) %@?%T%%@@%H CDNA
such asTh&pomﬁreqmmdtM:@Rldre(mh@ wfthlﬂ&i;ﬁﬁndIMf (SEQ I D NG 11);
and a 3' such as from human

G—l(S%@ D NO. &0125 Totest t he

bi ol ogi éaAC&QMQG&TQ%@GM%GGE&% Cery B%&C Séduéncebic pPEs d
vect ors; raeimg\t xﬂ%&%gd%vt}ﬁﬁt B U RR fidirecting the hi ghest | evel

of skel et e specific ge e expression by a new y described synthetic
muscl e ifF@GﬁMGGTMHSGQ!CGMG(CT\GT@M@@ aThe porcine 2 7Eer28hsn espaivherad enment
from skel taI. actl n, fr%égﬁh% MEF-2 sites, nmultiple MEF-1 sites, and
TEF-1 bPA “i%‘?n?fm ‘3999) . A 228-bp fragnent of porcine GHRH,

whi ch eme@@%:M@A@émmcm&@m@m@@m@m@m ih chﬁI&wlﬁgEmu'E@Ehﬁs?s
peptlde porcine GHRH (Tyrl-Ad y40) and or the GHRH nutants, followed by the

the resulting clones were sequenced to confirm correctness and subsequently subcloned into
the BamHI/ Hind III sites of pSK-GHRH described in this 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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untransl ated region of human GH cDNA, were incorporated into nyogenic GHRH
34 13 June 2005 WD 02/061037 PCT/ US01/ 48726 expression vedBdHBe BY0met hods
well known in the art. The plasm d pSPc5-12 contains a 360bp Sacl/BanH
fragment WO E18Pc5- 12 synthetic promoter (Li et al., 19F6J/GSHU#EEs

Sacl BamHl sites of pSK-GHRH backbone (Draghi a-Akli et al., 1997). [0126]

The wi | geratgid NHorubtBéraré MR sed Dﬁagﬁmnm 1997 endameaisﬁ@detw 5986 The
di rected nutagenesi s of human GJRH cDNA utili zi ng the kit Altered Sites H

in vitreig meryaisdpy aytre fyas mbdrah essprtinllyow, desrypbedrlanneh enaiaHRF0: DNA
was su §@‘m;i HE% tes of
t he pAﬁ%&é@g vect o%s E#sﬂ:% Artr%Jdt %%‘%ﬁgm S %}\ﬁlac;&g%lrrtp %2%&2@2 %%lﬂgISE% t he
manuf acfodkeasugh tikne ec bilon attachreenpoThe pallswérd thdnyniesed BhA expesed ivd &icobatiohr om

he h h h 4 [ h
':)rlerrelrjrr%g %ggé}'%y%%erggl llltggFgrc(Fetail'érgggTaanTlepgtaC€1830 and 38 using the

5' - AGGCAGCA TAAT . v
it ations e de i t%ﬁh W z&% RO 100ntRCPRAY, Glshi

£ Iﬁﬁﬁiﬁm Bﬂer ﬂnefeptwn; itireemedi by veas

o W“ S RS el SR BPME & e el o difershives

made wi M'Edita%dﬂfellg‘%ré)lflar%@d' @ Ngﬁé ost-differentiation. The efficiency of transfection
5' - CTGCT CAGGCAGCA GAG 3'. Follow ng nutagenesis the

resul tiwgs eshmaeasi bgeﬁgahelqmdaucdﬂstbdlcumtfyl wfmomrolr}daﬂemEsbe wtd. @u@éaqbﬂ’mtel y
subcl oned into he BanHl/ Hi nd.l S, hi s
Exanp| eha5yeshg rf&h%% Wa%t%mceerbh{% ?af%w%gﬁa ? uu@&%@ﬁ %l ?Medl ¢ ur e

and tragsfgct ioNENM 181, FRRRL Samat ApWaie deafiRha®thdan kel Iﬂ'eﬂb& b@«rudamgor
pituitary culture and prinmary chicken myoblast cultures with egua

successO. 25—I®mb1m£r of 1%6:11ﬂugloawwcwlﬁ)mi lm%ph@wﬂmetgghdfwéﬂbmdphﬁpz@ gdnterior
tuit bl
P e RieR, DL PN e N S A SIS, RATERSS

cartil %@o@ﬂﬂhx@@@harus@@hhyradimnaase@s diheesa ehd@smml@momslopaﬁmd
t hrough cheesecloth and | ens paper and plated at a density of 1 x 108 to 2

x 108/ H!'GDW@P%QW@@HPW&“@“& sh. The cell popul ations which remained in
suspension were plated at a densi i O{gp. <4106 to 3 x 106

GHRH super-active analogs increase
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 molecule

[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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cells /collagen-coated 100 nm plastic dish and incubated at 37C in a 5% CO2

environnent. Cells were then incubated 24 hours prior to tlPaHR®¢€45 on at a
density of 1.5 x 106/100 nm plate in Mnimal Essential Mdium i’l\/El\/%<

suppl ementBYO%R4%$710% Heat | nactivated Horse Serum (H HS)ECTEG ek en
enbryo extract (CEE) (G bco BRL; Grand Island, NY), and 35 13 June 2005
WO 02/ 0pThém4 wRsildatdivntihlaidifed with ¢ind of BOI TFA tAeédificteplasths waepurified on
Draghi a- Akli et al., 1997 and Bergsna et at, 1986. The pig anterior

pi t ui t aly 8 caffimity SERRekosnlamA® dyedibised; and) analiged by HPbEd UpmE i Maltgrs 610
1990) . ik ef j: 3. L t ' ' e '

cond! 1 B G L B e g T B At o
The cel kgecwemenitdre4d(r {Waleals Ansbeetgso d@tippoe Conpubidilfed, MAgdiThe getectiont was
experinments. For tails see Tanner,.et al.. (1990). .[0100] Cells wer

Cr Anst cBRGRth 2B The ZEREr GOEPUGAR B PLTONs HG PO SRRy
accor di fedrRell Bk RBMLAG LT 1 NStructions. After transfection, the medium
was |1l changed to MEM which contai ned 2% H HS and 2% CEE to all ow t he
cells to dif{3&hti Btebilitywfdvitd typel CEEH endutheanhlag (FHEREH Y 2vasdlanstested in

post-differentiation.. The -effi.ci y. Of .tr fection,. tinated

b- el acPoSiatadiy. 35 ehlidh < GRREBl ARVEE ) Suid Bhed SRRhE R or o
har vest HMLC, Gdalysiswerns washeth FIGAE, | 95% aTkihe WBid-eypee GHBE t(1-34)NHR okad HBSS)
and the nedia .ch.anaed_ to MEM 0.1% bovine serum al bumin. Condi tioned nedia
was t r edegsadedywishin ok gningtes of ingybatien if plasma. fnfqonpy cineyhation of GHRAGT

phenyl f | ok 3 Ll nuri fied:on
TN e B g e e LG L
used i ncleadige] durimgolatealymirosf inatatpe ntiad, imembdtindca @nolditips e chaj@rportor mar y
pig anter] [ Luitary culture, PlLE 4 .super-active anal 0gs.

i ncr eas%f[bgﬁfg‘gé}rj . Bta%f”%w %A mty?{a&%ﬁqﬁ/c‘%ﬁ@?@fy %‘fgé‘rfdgii’aﬂlg’?@t&fﬁ asts
vere 1rapsiaddhfle ARrdabe @mln? £6r GHRI-AYGD s6RRShotates @nd.1@RH noi eties
purified fromconditioned culture nedia cells were assayed for growth

hor none secretion in pig anteri or BXAMRIE ¢ cell cultures. As shown in

FIG 1B, nedia collected after 24Ahimalstedids quantitated by porcine specific
GH r adi oi nmunoassays showed that nodest gains in GH secretion anounting to

about 20% t o[g18% f OrTHrée srovgh fofefiveSIRH weake Ol Sy biEHEDR THap®ws @iRicshire,

GHRH- TV) over wild-type porcine GHRH Only one_ of .
Viandrace, Hampshlyrg an% Duroc) were used in ythe GHI({)H studies. The animals were

individually housed with ad lib access 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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the four nmutants, GHRH HV, had a substantial increase in GH secretagogue
activity in which porcine GH levels rose from baseline vaI@éE“%?OQ%Ong/ m
up to 1600 ng/m (FIG 1B). EXAMPLE 5 Pl asma i ncubation of HV-GHRH nol ecul e
[ 0100] Po&’%gz"%ﬁ’ ine plasma was coll ected from control piP§d/USEKER73¢ or ed at
- 80C. Chemcally synthesized HV- GHRH was prepared by peptide synthesis.
The por gigid nifbogsi]Bandegoleh aned 0@ d Quedakscs fwige dveiphal el ahalPAT By Gedtrdroned
to equilibrate. GHRH nutant was dissolved into plasna sanple to a final
concent egivagan.oBagioft wgs measwededi ately after the addition of the GHRH

nmut ant, and 15, 30, 60, 120 and 2%53 later, Iml of 36 13 June 2005

WO 02/ 061037 PCTI USOL/ fﬁ%@ ipl. a?ma § ﬁﬁ] and acidified with I of
1M TFA. Acidified pl asna"ks™ 'P?PEE*B MCRTA¢® SEP- Pak col umms, .

| yophi | i zed and arRArginesBRHsgekb angd JfT serivm lexsls overd manthsi - syst em
delivery system a Walters intelligent sanple processor té e 717 and a
Valters spel@¥08honiThs abibly eitke vahanzsd gueteardssistuny pShbve %&%.‘fﬁctﬂﬁ ¥ or d,
MA). Th ' o) CRt_ ' raded
ot i nesdefiaE bl RrdPSuprBRlcn b BHRE el Aok B R L e IR YR 31
St abi | i dgtenhined.| Scheytic Grglsl of pBP-F11e GHRI Oxy vEHIRS- thiy wiltistypheonstrect] pSP-wit-

porci ne _plasma, by incubatiqon of GHRH peptides, followed by solid ase
ext r act (B Hafige widrtype serdrglsind a“A@’“QWBWY%eP*FG“i‘E?wQ /%021‘ P %5{3@% ype

GHRH ( 1- NHR g§§r d, Wit hi Walll i i L0 SR | n
cont raste’,%pé}‘%ncu %?Ogh 0 @@H%%irbrll&e%?ggﬂﬁ{bg’sﬁn%hs %\krggkt?%%t OQPE?E\%E?%%% of
t he pol ypepicdd@alcvpigs Wepd antstitttiaghandta pRalrakic cathétenwag énsetted itogallbwt 0 6

hours of |ncubation. Thus, under | den*i cal conditjons, a _major portion of

GHRH HveRlisstpm ef blaed samplegyitieng discopfogt fop the S SPlasmig| SEPEsyoy ¥EFided,

i ndi cat i ' b ' N k4 f

or ot as a7 (P R EAVRE B SR GRRIRI pSPARLLHRE B R L b8 T,
3- 4 weelpeqlydnivydemigndinoss nhaclepwbich ¥as kehicletropdrated (Bec xahlpiepThi re and
Duroc) were used in the GHRH studies._ The aninmals were individually housed
with ad 1ib access to water, and do3dMELED, body wei ght diet (24% protein
pig meal, Producers CoBpesing GHRIcGHsnd MW ] npagarementy . The ani mal s were

wei ghed every other day, at 8:30 am and the feed was subsequently added.
Ani mal s wer e[0135]  Porcine GHRH was measured by a heterologous human assay system

(Peninsula Laboratories, Belmont, CA). Sensitivity of the assay is 1 pg/tube. Porcine 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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mai nt ai ned in accordance with NIH Gui de, USDA and Ani mal Welfare Act

gui del i nes. EXAMPLE7 Intramruscul ar injection of plasnid DVAJURE gBPZi ne
[0133] Endotoxin-free plasmd (Q agen Inc., Chatsworth, CA) preparations of
pSPc5- 12- WO M§037h SPc5- 12- wt - GHRH and pSPc5- 12bgal wer e AATR®#4876 PBS ( pH
7.4) to ling/nil. The animals were assigned equally to one of the

t r eat ment 5., | ' ' 1,$0 e loBb;k of
AR et R b e N A e

i npl ant dblbgicaleffgeical procedure to draw bl ood fromthe animals at day 3,

7, 14, 21, 2 65 t-i.njectian,., Wi thetized, ,10 f.
pl asni d was ﬁ%:’gﬁit 239 o‘ﬂﬂgr%g‘?’f’ I}\g %%e@ﬂﬁggg%:e{sgoﬁﬁzg%%rﬁgﬂy ge%ggﬁi%ag‘. Two
i nut es agé tBlood RhRplks,fkent dRry 15 afiheds oV@ISChLh¥aSpeRlodGEEr tie Dakd\@eags Set

of calipers and el ectroporated using optim zed conditions of 200V/cmwth
4 pul sedollwipg the injtia injentigss, (wairp assayesk fop pGH levelg yhichiwegs eytggpglated for the

post -i nj i nj e kill e 30d-+ n I R e

musc o (i shifhies AbCR Soih” Fhe 'R RYCIRI ek ChAR IO HbiEH o

PC(1j' | USO l]mié@agagn theft W H comtemtegfient Ay §tmstﬁi¢l% egtion QR vEgatpadses vesx wet ghed
and anal yze y neutron _actjvation. Back, fat, nmeasur e E 8

Miscl e T Féaﬁqssﬁcwobéﬁ:%ﬁ@m@ #ﬁgﬁm&w%ﬁ@&a@mm%w %@Ng 1= serum
llevel s Qygp 201 £Qd.88]c/hile ability of the optim zed protease resistant
pSP- HV- GHRH vector to faci%/i tate |long term expression of GHRH and

stinmul at e GH{@I#F] | GFAhothecindicatibll ef/isbrsased systdmicelendlsn etl GHowiouldehd eevaiph of
pSP- HV- GHRH, ld as the wld-type construct. = W RH, .as _a
Bt y B CAADET: Seri aRreas ek XS BEh ot RV IR e B pifs
(3-gal a@b@&lﬂ@é@s p(ﬁb)é—ﬂﬁ&ﬁﬁ)hQFI@.@B{.OMt PSRays( thegd bninAgs iheageliabeloa Gofld ol
is shown in FI G 2A Three-week-old castrated mal e-pi gs were anesthetized
and a j irputase nesaumalGlet devalmswhighevee aamaiapd qwer O8I Aot (i 8103)1 obu

(10" g SPBRiR, PleLiE P the LGB F8 e Bt kbt e, O
di r ect | yndrédse irséwsir et -hesels & =\W0H9g,aswhswih eFIG2Ect r opor at ed ( See

Exanple 7). EXAMPLE 9 Porcine GURU, GH.and | GF-1 neasurenents [0135]

Por ci ne GHRH was neasur ed b}{l a heWé&%ﬂ human assay system
Myogenic GIIRH expression vectors enhance pig growih

[0100] Porcine GH secreted into the systemic circulation after intramuscular
injection of myogenic pSP-GHRH expression vectors augments growth over 65 days in
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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(Peni nsul a Laboratories, Belnont, CA). Sensitivity of the assay is

pg/tube. Porcine GHin plasm was neasured with a specifi d3é§0%2@0%nt| body
procedure RIA (The Pennsylvania State University). The sensitivity of the
assay is X{P¥@RB7 Porcine | GF-1 was neasured by het er ol ®§FIESOHFTHN assay
(Diagnostic System Lab., Webster, TX). Data are anal yzed using M crosoft
Excel S?e%bécii%f‘ys (%@bbh%y(ﬁ F?@Ck,@r%ls V&l 188 ril0WAd | B.8750 Singldl €5 ainfectdde nean
s.e.m Specific p val ues were obtained by co arison using Students t
test. ApigsKpe0.080) sndieatingsdecnensed apuno @eidseatahodisme alSesiny rglydosadevs] was p| gs

| ner castiy DEMesS B, GERER I3fe Bt GRBES ieerd Nkt SR mEE
cont r ol pigey ed48£d. 9&@@@&8%& qunquebtemﬁ@uﬁaaﬂsﬂrﬁggi i wdpﬁfe—m GHRH
expressmn activity reached a pl at eau %)&60 days that was about 2 to 3 fold

gr eat er GHRR mjegtedhanimalsdp .40 B9 qtigr aat heelmng%ﬁwerém%i The absol ute
quantity of serum GHRH, corrected for increased body wei ght between day O
and day 60 (bl ood volunme accounts for 8% of total body weight), secreted
by the pSPrABLERH IMHEMETABOBICIRGFIITOF GHRA ENXJEOTED PEGS ANgxebo
injected control val ues (&HNTROLEAVWINOES SNME/MIRG: 8425. 45ng) (FI G 20).

The wld-type pSP-GHRH i njected ani mals, which had been injected in

sem t endi nosus nmuscle, showed onI y a m)dest increase in their GHRH | evel s
starting with 45 days post-ingt 38 1 005 02/ 061037
PCT/ US01/ 48726 a 2-fold incr ease f/as posté-r?]dn{}?ﬁ%%i on }{’%n%ng) at

| evel s sufficient to elicit a bi oI ogl cal effect. [0136] Young ani mal s have

very high | evels of CGH that 1y rease age. sanpl es,
taken every 15t es over %-g“g‘fﬁour%‘g?. od ap‘@&%ﬂtﬂﬁe 7 %Ejéd) days
fol l owi ng the pSP-wi-@HRH] ect 9pRsg wer g.3assayed0fgan00§61 | ea26:0.3%hi ch were
extrapol ated for the total change in §_GH content. The pSP-HV- GHRH

i nj ected pi gs PORFEVSBHRM owel04816-Acr 68305 t RESEOEH cort-8%10- Vi dent at

day 7 post-injection (delta variation HV = +1.52, wt = -0.73 versus
control =-3.2ng/m) and 14 days post-injection (delta variation HV = +1.09,
w = 4.42 versus control = -6. 88EXAMPLE[X1137] Anot her indication of

i ncreased systenic |Wrﬁng{tEWﬁhvmﬂ‘eﬂmbﬁV@isQ spdHvieM®ell of |G-1. Serum
porcine 1G--1 levels started to rise in pSP-HV-GHRH i nj ected pigs at about

3 days post-gl4Fti o Glrtifer Zﬁaesngﬁe%e eﬁy&s of HEPETRGHRES 0AEE 38RAhaROUt a
e

3-fold increase in serum | G-I vel s, ch was nai ntai ned over 60 days

(p < 0.pgless, Lgmupeoﬁﬁawgisfénver@nwtﬂdrqté@tdew 13 i ine BB SIS arh
express| Onld(? rclfug'(r)grgra}lcsi) t%}né/ i IéW%Jectable 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

40




increase in their circulating IG--1 levels (p = 0.39), as shown in FIG 2E.
EXAMPLE 10 Myogeni ¢ GHRH expressi on vectors enhance pig gr v'Hn¢ 89950
Porcine GH secreted into the systemc circulation after intranuscul ar

i nj ecti onY8 %44f8YEni ¢ pSP- GHRH expressi on vectors augnent SYEMAFBYer 65
days in castrated young nale pigs. Body conposition nmeasurenents were

per f or magligidt hBY ahdiheti 3pRcific dmibdima aboat BEO-POG imitdgeds 40 ifjdassi tlaneiry,
K40) or post-nortem (or carcass, body fat, direct dissection followed
by neut P tl%ﬂdp@l&@dl@ﬁﬂ&ﬁ%@%wcmwmaf IBSISTe4HRH i nj ected ani mal s wer e
on average 21.5% heavier than thepstaGe ntrol s (37.125kg vs. 29.375kg),
whil e the pSP-HV-GHRH i nj gcted %? er (41.775kg; p =
0.014), as shown in Fl G‘%f %@“}!%88 tﬁ n ncy was al so i nproved
by 20% i n pi Lhjected with A GHRH can rct ar ed with co ol s
(0.267 kg of g3k qale priimizg dbe REF % ﬁj’ﬁ&?ﬁ%ﬁ%‘%@p 2reHRy %57 kg
In pSP- pigle%‘@ére i{ﬁéo‘éélﬁst%l%é‘ht Keirthh ﬂvxlhsﬁn BSpAV-GHRECt Ad sRbWS il FiG63Me Body

conposi ti-on studieés densitonetry, pot assi um chanber and neut ron
act i vat Bowpciniasteer 1% cpfier d?lﬁbd?fﬁe&?dl thenbest casewdy cave, podysigaifigtiibnt s in

GHRH | ”Jstgﬁ{tf%glrl]ﬁﬁlff‘e‘?én%es é}%rh Q&’ oﬁth? @éntl%fl &Pé\%gf rg;gL : n@' acgb@g%g Qg 1 on

of bod assocl gct ed
contr oI ipecedand 2a @,ﬁ@ &Mela;iaﬂ-i ant1bpdieﬁ and p;hgwed tae sigdﬁlcdm})s deaeabtbvgnowm

FI G 3C. [0139 The c profil.e of pSP- GH H| hown in
Tabl e | Patiegmndk is Posst (}R?tf BLErIE IFuln & cﬁlEV e Y sna 3%%@1 and

SP- HV- 7. P
(90, ompy - S eehnt o B GodiigrPe e 7§t'ogﬁ‘§#§?%*f”%?ﬁﬁ?‘na‘a§§?§9“ i Y

pi gs) ( pEEE-008Xk]s amdhe ktwasty (abeutr E&%damﬁnbfehcand &t bd obunderprodastine whaic ose

| evel m et contr th Ias GHRH i .nj ect ed

(95 2t 2CHRYR el e TPy gl oo = et s Frbgrig (S Feostiocs B B RBBEen o
pi gs angf SfibelREPreHuckd aphihét-4 WpEifRSRIHRHRN 4 ?_i Eﬁmqnfﬁsm MRlcsmp#i@ndd)a No
ot her netabolic changes were found. TABLE 1: THE METABOLI C PROFI LE OF GHRH

| NJ ECT EBptPpEgnasyani fBa ivpnwEsurvil o asystent are sslacedrBuRngpEgnaiiyne
Tot al Protein Control 99.2+4.8 %MPEEBIZSJ’O 06 4.6+0. 22

Specific Embodiments

10144] In summary, an optimal time point for injection is 14 days after birth {an
average 8 pounds 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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pSP-wt - GHRH 97. 5+8 8. 3+1 0. 83+0. 056 4. 76+0. 35 pSP— HV- GHRH 104. 8+6.

6.875+0.5 0.78+0. 04 4.88+0.23 EXAMPLE 11 Experinents with éMPF%?@Pﬁ | evel s
of pSP- Wﬁmﬁég 40] To further investigate the effects of TpSP— HV- GHRH on
t he grow él ets, groups of 2 piglets were injected P& “ﬁf’lﬂgﬁg after

birth wth pSP-HV-GHRH (3 ng, 1 ng, 100 m crograns) using the new

i nj ectabl e six needl e-array el ect EXEMPLEBSe el ectrodes were previously

tested and vere 1Qséciod omrlf‘eeﬁfnm Eni&'\%t&@khﬂ@@re@&zﬁﬁfg@@es known in the
art. Thus, needl e eI ectrodes al;rg11 FalyLiegd i n methods of the present
e group [

I nventi on. shown in FIG 4 njected with 100 m crograns of
the plasmd nt %’%{3

si gni fi cant @fgﬁgreﬁ%’eég con reges a tt&?%ﬂ%&%ﬁ&%&g&%ﬁ%@éﬁ ?r% S

t he gr owprd imjeetddechtivi @ mg&f@zwmvmemgwﬁfmdﬂiMe: dastitreiestoe of gestation. In
significantly. decre ro att [0141 up ets
were i nﬁ%%fﬂ-fﬁ‘ wq)qqmtp | céﬁ@)&p F;Elll‘—’f\}‘hd%ﬂ:ﬂgf ad’%’gﬁngghﬁm rth.
| GF- 1 vabdi§sat Doafal €8¢ géatam & AQ ﬂi@lﬁ éy I Iﬂblﬁﬁéhl' ﬁlethoamla%e ARy kAW in
post-injection pigs injected wt m crograns plasm d averaged 10. 62

fold hi g1¢eart | BFalspetifin anphodunent.r ﬂiesplasmxglswu d¢loeraddasnint Examply Aveitthdlest 7. 94

fold over t ontr s, lnjected wit d
over coff8 013/ Olllf%f%ftcfj dIEﬁfogdeFtrrl&pé) ras‘tbogc‘f’ J{hl ﬁ%gl:d]% n@ o&%cgl%go%géges of

pSP- HV- Eiﬂﬂdediéﬁﬂg Whethtaee2 chinindersdtle ahd mmhrd@@dn ariYtulabplusticlaPpeit of dgrans (1
mlligranms) of the plasmd is 40 13 June 2005 WD 02/061037 PCT/ US01/ 48726
utili zett dipmeighot her speci fic enbodi ment about 200-300 mi crogranms are

injected. In ad B red.
EXAMPLE 12 A&‘ﬁq” npgl;%bl%%% QEW’M%%%%}J f?{)%%t?%‘égfgﬂt ery %Bﬁ of
pi gl et sinjetedo SRhHYSEEHRAGHR I dpR o by egemmperanbn 2t 99i ddystof pestationn] Ealtled

' at birth with hownln Fl

isﬁjaretc{ 23@@%5&&% g VERNREL capggleﬂwrgg[ s pRE: @B@&Pﬁu&%ﬁ%&ﬁw@?)%fﬁﬁm&

signi fi gant hyples ?&o‘w&tﬁoﬁﬁl'cbﬁﬁp@élﬁ&?ﬁﬁﬂ‘%ﬁ%mﬁ@ gtd? thSige@N b th@bSPyer y
time point. One animal ih the group injected 1 days devel oped

ant i bodHYsGHIRH sijosted wwsiagdi t&lccmnnjeyttEdemveas@hngltab\lm hepmmtseﬂht relatives

Bg;ih? et h%lon Or}%{l tto bodly r\]\?elijglhlt Ind el%v?st &Efé?s %rgmttﬂg 161‘1%&: edt % i {E}/S‘% le§¥ 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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days of age). In a specific enbodi nent the therapy is nost effective when
natural GH and 1GF1 levels are the |owest (about 10-14 dé?s’uﬁ?'z?@ff e), and
may be co rproductive when GHRH |l evels are nornally high. In a speC|f|c
enbodi mnwéﬁﬁlgﬁﬂ@ is a decrease in the nunber of anti bodll%sT

against a nodified GHRH in a pregnant animal in conparison to a E

non- pregnant ani mal, given that inmune surveillance systens are reduced
during pregnancy. EXAMPLE 13 Specific Enbodi nents [01441 In summary, an
optimal tinme point for injection is 14 days after birth (an average 8
pounds heavi er than thaasoms: rroGETEDDY dAOMPORITEON NERIAVME post-injection). A
preferred dosage for injection is 100 mcrograns plasmd in 2-5 m vol une
(an aver age 627pomndsMayhedw/@o t 3422000 hes/102000r 0F/$6/3000 < SOBRA) aL23/2W0daly$/2000
post - i gpect i oamy.1 Hasymnabaynd bdagabenimali4 coagtiant s day B nowagde (| Gyl

| G- BPL;‘}glI nsud §9?, URga, ghucosesgitotalgpsotei nF, creatii ni nelotN thesgsz
offsprﬂ,lgg of §9§Q/ | 3543 ey gUr Segggand sPup 3 (dgse cur\gq) and i g5 corrglagion
W th V\@; rezﬁg w th no pﬁgeterg.,ous SI effeg Boqy,£0nposighd on
studi e rom fzes)( ou; 5 expeJ e ﬁat HV- RH d Lermn g

uni forftfincre dy co t CONPOSI tion

contro‘i"%ljbut ﬁfé ery 4e %H ?ég?m ggan i Creaselliglearagﬂ

nmass afié’ a de%:‘f ase”f”h f4He8 101%'531 Gv7 that®?ncreasés in gt ne
can reggft inl¥ | ASFRastS n botlp? tenpBPatur®? in a’prefer PéY errbo?t§|3Frent

f emal epipf gs atli nj3éet edd2inder TEAdi t ioHs whed&i n t hé 2 t enpd?-&t ur e 4$0about
62F t opigbbut BOB. 45553 48he 20085 WO 4R/ 061089 PCT/ Y361/ 48106 EXANWREE 14
| nj ect AemgéX Atme Ghinte7Myager c Aaotor s.37mso Ps.egeant g3ons Rusatl Twebbms7
First digmer 493465330 agsayr greosrh efdsedss ob7d7he Gdidibigy 0gesuae verisor s,
pregnagl  Sowsy 19481 @ 2kl e&ig%@bvv'di“sséoo Whofs @ YOBEPT ©0HHAI NoREd CHigzdan
Lgﬁnggé EJ'”@Ste[ 55779‘% %bzsf £B§85pe &Vg%%’}@' :t ?E}b‘ilzs"!&%&oo
gest at o\r?@% {yeﬁ 58 1% GhQ 3329 04

art. }??“%\dsspe‘t:"rlfg? c Gé%ogéﬁﬁﬁnc%ﬁéwﬁl a@ﬁ?%ﬁl s'qd gl vgﬁé % a?%} lli:xarrpﬁzémf88 e

with t¥&a%exception that a caliper electrode for elect ropor h welgtd72?
utili z‘@ﬂy(Fl G 7). The el ectrode has
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si X needl es 22g which are 2 cmin Iength and which are on a_circul ar
plastic support of 1 cm in dianeter. [0147] Table 2 denond@nrHped0@he

wei ght (k over time of piglets born froma sow injected with pSP-HV- GHRH
(p2) by eMRP¥M¥ation at 90 days of gestation. Table 3 FHNE#%73kes the
wei ght (kg) of control .animals born froman uninjected sow (p3) at the sane

date. Table fOlEBPWS I@@gﬂhs‘e\@{ggpﬁrﬁin%aﬂ&{s%f(éﬁkﬁ BeW ﬁvE@&f‘@he%Bwtﬁ&epérgl ets

fromthe pSP- GHRH- 1 nj e d sow and the uninjected sow. This table
r epr esedusng pastatioh atith/the seyoog ditter. drronf biftl thet &ecdmulyttmai bigeerdithe ayhwags fo1i gl et s

fromthe.i jected sow had 18. 5% | ess_f.at | ght,.,,P,. gs,,p2/ 1 and
0276 wePERETER 1 b ARE BRer SOOI oS reieh st e gt ke

Bi ochenpilléty arefavidagingioi salkg aﬂ@ﬁh‘fl At illiﬂa)fsotlfef'safn SIS teadhedfor te pifktssecond
pregnancy of this sow (see Exar@me 15). The p_values are very significant

at all i1 ﬁhﬂgmhm@tensqm@g@q@m dcth@a‘fqr%g%ﬁcrmm@n%ﬁ G158 tke) 138 thermislefst he

fn(;\rNel ?Jhglﬁhlgﬁlgl ew;prgor nw %ﬁﬁgﬁ% nt rglw‘gow gﬁt%}ﬂ %ﬂg}’i?#ﬁ{%ﬁ:ﬁ%@({"ﬁ kgzgtjleyof

t he i nv&ht advantagd wstraintainedposi a0 G7 degd afies birtdntheoveiplite woet msavarage Hdtidds  of

th t t | t RH. i nj.ect ed t |
ol | 5| BOuB s Sutice) Bech L Beccp A (Do ol duvigec Al P qupRts el
hypert r opb\.€ e 2RY BN 99 asyd :ﬁteﬁf;“ﬁ‘tﬁcﬂﬁ ifbctedFikAisObert B8 afirhsd 328¢0tndé 1@ € 1S

an increased nunber of pituitary cells releasing G4 EXAVWPLE 15 The Second
Litter hg)hlggrlthqnab@ethpFOQﬂ@h Table 5 denonstrates the weight data from

the second || of,,t he sow ected wit P- du the first
pregnancy. 45}1%@ Jurdeo HYES W Efé%@n %Q:}f 50@4@37%@“ #Aﬁf%r?orﬂo&_ET
BODY ukt, NIQVER e WELAZOM (almidhite 8f Glc20RRe &}&o@%ﬁdébﬂ&é@%@m

5/ 16/ 2000 5/ 18/ 200 5/ 23/ 2000 7/ 13/ 2000 sow 2 day 1 day 5 Day 7 day 11 Day

14 day hedraehjoride)datya adpsagsy off 2.2 pragkg vwas oopd 3F26ﬂ!¥3 PElgs.62 cogbgmtion of 9

1025 Sohhigg; 3501 Joo e ldlodyfogab QR L b p8 200, 9 k

4. 733 Scofifosttich, WwHen&h® padlet? Idust piygstdl an ﬂﬁb?r Baok§8n41 Ddal SX £y ]ﬁnﬁﬁﬁ‘ndﬁ:yBS 9.6
113539498 7 2.457 3,599 05,8.9 9.65 11.55 37.682
DEXA) macl%ne for about 15 m19nutes pec1ﬁca:f y, ketamine 20 mg/ﬁg + xylaz?ne 1 mgﬁ(

(the regular xylazine dosage is 2 mg/kg) is used. In another specific embodiment, a different

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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pig 8 1.907 2.882 3.58 4.767 5.593 6.95 7.55 9.65 36. 32 pizlgs’g 2.381 3.52

.23 5.635 6.45 8.25 8.9 10.65 34.504 pig 10 2.473 3.655 #ng208% 6. 87
.6 9.25 10.7 39.952 Average 2.181 3.2787 4.14222 5.47022 6.37478 8.13889
. 81111 10V®E¥461056 62267 STDEV 0.2733 0.3509 0.41817 0. PETABIY48728936

. 75778 0.81616 0.85322 2.3808 SE 0.1933 0.2481 0.29569 0.38686 0.39588

: 53583th@-a5rz17a%(]: P 11@9%%%&1\3%?@%1(3@ B PSS RUALL wiR o s’ltat%%a?s;/g’n-iﬁ‘%gg =19378

. 95789 6. 630%1 8.38011 34.44167 sum (kg) 19.629 29.509 37.28 49. 232
57.373 U87R5 79.3 95.05 329.604 Pounds 43.183 64.919 82.016 108. 3104

126. 2206 161.1 74 46,,209. 11 725. 12 verage 0.32231 0.44729 dail ain
43 13 June 236@“’%”62!"0@%6%‘?@?]"0&3%‘2%726 [01491 No subsequent V9
adm ni strations of GHRH were given to #he2sow since or during gestation |
with the second litter. Frombirth the second litter is bigger (the average
for piglet weight at birPi ¥romother488%& raised in a sinilar environnent |
was 1.71 kg; these pigl eg)?grftre averaghqglz. 181kg at birth). At 21 days,
the sumof all the weight or the piglefs in alitter characteristic for
the breed and the averageplg3 - 130poundd4.80769 kg), and the piglets fromthe |
sow previously injected wth pSP-HV- GHRI? e summ ng 174 pounds (-'79 kg). |
The advantage was mai ntai A and at 77" 5%5 after birth the weights were
in average 11-15 pounds %%53_6 kg) biggeg7/ pig conpared with the best of
the breed, which are quantities well known in the art. At 169 days after
birth, the injected ani mapig vere an avéBfge 22 pounds (10 kg) bigger than
the controls, p<0.0007. [01501 The so 1 e anesthetized only for the
injection / electroporati8¥® procedure;" ﬁﬁ% for them TELAZOL(r) (a m xture
of tiletam ne hydrochlorigg@nd zol azepggpl hydrochl oride) at a dosage of
2.2 nmg/ kg was used. For the piglets, a conbination of ketam ne/xylazine
HCl for the anesthesia wag@hkl |i zed dufi®ag’ assessment of body conposition,
when the piglets nust |ay i.l L on thejr ks in a Dual X-ray Densitonetr
(DEXA) machi ne for about f%%%g%ut es. Sgggla‘?fcally, ket am ne 20 ng/ kg + y
xylazine 1 ng/kg (the re8UD®V xyl azi ne.7d8%Age is 2 ng/kg) is used. In

anot her specific enbodinent, a different__anesthetic known in the art is
admi ni stered,- such as ket ali ne 15 ny/ k8-2§7 epromazi ne 0.4

QOO0 A~

[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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nmg/ kg. In an additional specific enbodi nent no anesthesia in the 8@5%' ets is
necessary to take blood, inject, etc. [0151] G ven that pitdsuasd®@one

ot her ani iﬂ r@t generally sensitive to different types_of anesthetics
and coul d (%6 7~ anest hesia by major changes in their tREFAFIYHEYUI atory
process (hypo or hypertherma, the latest nuch nore often), atropine is
sonetinmes admnistered. Atropine is an anticholinergic nedication that is
utilized frequently prior to apesthesia and is thought to facilitate the
dryi ng of se%PBh7dn££%H&3%e¢‘§Eﬂ%‘“t letsount of  required anesthetic,
prevent cardiac arrhyfm as duriggy i@e procedggeig and incrdg?@g ani mal
confort during anesthetic recovery, wth a decrease in the Trequency of
undesi rpiglle abnor ma290.4ther mal epibbbes. In a 3@ fic enbd86.82nt there is a
pretreat t with a ine at O. / kg sub bcut ane O her

siml arp{é%gs knom%sﬁﬂ he art Wg&'?)‘ggused asﬁa?l(‘l%jal ter na??gégto at r opi ne.
[0152] Mgl3iple bioghem cal neasprsgents wer ezgoeken of theoppgl ets. Tabl es
6 through 12 provide data concerning these neasurenents. The insulin
experi nBigt4 (Tabl e 694.68%s nmeasur 742 25-00. THe7%verage of3dl3 previ ous
control _groups test s 6.8 U d 44 13 2005 2/ 061037

PCT/ USCﬂ%A%?ZG t he g%/gééggzge of thn%igi%eri ment a %I ets is\i\%'g% Um, wth
no st atpigtd cal signifi4lance (p =19.8607). Tabl 21329 | nsul i n2@RABentration in

Piglets ,day 25 pig 1 4.3827 pig 2 4.131 pj 4.8176 1g.4 5.7899 pig
5 4. 42698 %ig 7 4. 3877‘363 pig 8 4. 5%4%5 pig 9 6§5!g)©§91 pi g 16851:.%@527 Aver age

4. 78501,;,9TDEV 0. 7155 g6 78.872 84.7 77.214
~ pig 10 2624 131.36 206.23 138.99
average 181.4521 86.17511 148.7203 165.6908
STDEV 74.91415 37.61337 52.67175 87.96496
SE 24.97138 12.53779 17.55725 29.32165

[0154] For Table 8, the IGF-BP3 (IGF-binding protein 3) Immunoradiometric
Assay (IRMA) was tested on 5-25-00. IRMA employs a two-site immunoradiometric assay
(see Miles LEM, Lipschitz DA, Bieber CP and Cook JD: Measurement of 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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SE 0. 23799 [01531 The 1G--1 assay was performed on 5-25-00 gsee Table 7).
The average of the experinental group is 145.509 ng/m and3tHBe 80 age of
all previ ontrol groups tested is 53.08 ng/m . Therefaore the val ue
is very s%‘i?z? 15¢%At . (p<0.0001). G ven that GH stinul ates [S:rTgéﬁﬁUﬁ and
rel ease of 1G~1, the I1G~1 assay is indicative of increases in GHRH

|l evels and is commnly used in the art as such. 45 13 June 2005 WD

02/ 061037 PCT/ US01/ 48726 Table 7: 1G] Concentration in Piglets day i day
10 day 18 dafabls 8: GF-BP3dgoupsntratiopn Riglety1 356. 02 pig 2 265.7 115.62

117.99 172.28 pig f, 108,30 7day389 i@,g 295 159}91 99 Jpj @ 4 941889 362646

23673 O 43 TR ooy 1 e0E ol Ot T Lieee 203,70

pi g 10 262pi2131.7366206:.4337 138389 addiv@ge 3181545211.86. 1T&P1 14&35203

165. 6908 4 6 52 75 64 E 13 53779
17. 55725 2§E§EV6g Oléﬁglogi;:or& t?)I e 6§)ZiL 13(7@9% %5 19§ g{bngg;;ngglsji?)% ein 3)

| munor adi B&8t r i &-A&say* Y FRV-33RAs tb%’f’bd 3hl-H 2525692 | RVB- T&hpl a
two-site ipgunor adispnet43se2 asszigs (se®eM | es4.LEM 2bigsschedsniDA, 18ileber CP

and Cook JD; Nbagsgégsgqeg‘;lm%gs%%%@ feffh 5'| n 1?&’?46‘%%2255%6 |1ﬁ*§gnor afi grretrl C

assay. AnaP§t Bi non- etitive
assay in whE8h tHe2enal3A285 t ot a4 maa'é ®d i2d! 3§and9ﬁ”€ﬁed208ﬁ§é’tm 2P wo
anti bodi espigdhe fii7ost agdssbodyoins | nevmdas | i 2edlsd 0 bherri nsigbssnal bm.20§ t he

tubes. The oh(g &tl bso()q!l IS £4ad| ol f‘%’;%' qug?l Sd?éoel%%hgg&bThe ?‘ﬂ%yt e

pr esent i nP omns nda ds y bo of the
ant i bodi esavengd or5rh7%98" SO chM4tonpt BR18 URbB TS 2P108? | 317518 e23708%bved by

decanting gnskwashisng tgeisubesasoTher MBRSUBEEENT S 4i gasFabberddsz cosmpns se
correctionf act 0[95)5(050 02080 0!?94966 TONSEIAL 65 5108 3YEL89C 2 Taedd € 28 42263

experi ment lf‘ gro

[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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i s 238.88, whereas the average of all previous control groups tested is
205.44 ng/m . There is statistical significance, wth p<0. @4’8‘“‘9@90@3 June
2005 WO 061037 PCT/ USOL/ 48726 Table 8: | G- BP3 Concentratl on i

Pi gl ets d%?’%ﬁé 710 day 18 day 25 day 1 day 10 day 18 dayP#U fb‘f’@”ﬁ 7.9841
3.917 7.1657 3.5957 399. 205 195.85 358.285 179.785 pig 2 7.5463 3.4327

3. 3382 4. 47069136] - 31Pabld 10 @Modsatd krebdidieTonBéfraBors (414@31 4’199%%:6%3 gpl
6. 3021 170.935 245, 195 339. 805 315.105 pig4 5.6354 4.2184 3.8551 9101
281. 77 fhepenpprimgatay geoupsis $0836 me/dl.oviercasthg asgege of alt PreviowxpRtrol growpe27. 96

241 16 B @fﬂ%@i@&%ﬁé‘gﬁwﬁ‘%@%%gé@%%gééé Ged hcshyndiin i,

pi g 9 3ndddl kidre3 FdncBiof117 6. 7643 189. 56 281. 77 195.585 338.215 pig 10
4.7668 5. 609% 5.24 3 8474 238.34 280.495 262 192.37 average 5.17598

4. 45004 4. 74X8R1e10; Grontinine Gopegnirabion in Piglety 2172 237.0089 STDEV 1. 652

0. 83658 1.48489 1.70536 8246, 41. 8789 164 24,4:, %7? 'SE 0.55067 0.27886
0. 49496 0.56845 27.53333 13. 4297 2 . 74824 8 4226 0155] Table 9
demonstrates total pgdtei n0d6ncentd:e Gdh (g/dl) TH4 average of the
experinmental group i.s,.5.3 ¢/ eas t vera of all previous control
groups tested is 4’%3 g/ dg7gThemgeqs ver gh s?gpi stical significance,
wi th p<0.0001. Tabligg9: Tobab Protoegm Conquﬁratl pn in Piglets dayl dayl0
dayl1l8 day25 p|ng759C‘1H5 pig 2 5356555 pig352535.3
5.4 pig 45.35 5m295406§|g50594853151&>4 bil§ 7 5.6 5.4 5.3 5.2 pig

8455 GH 4 p|%1§5535‘63 3% 2 p'fbﬁ- 630_525255

pig7  0.72 0.93 1.02 1.12
pig8  0.68 0.9 0.83 1.2
pig®  0.68 0.87 1 1.07
piglo  0.74 1.02 1.02 1.03
average 0.69778 0.93 0.98625 1.13556
STDEV  0.0393  0.07124  0.10113 0.14783
SE 0.0131  0.02375 003371 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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average 5.44444 5.34444 5.21429 5.17778 STDEV 0. 49526 0.29627 0.20354
0.47111 SE 0.16509 0.09876 0.06795 0.15704 47 13 June 20093 Jupe@90961037
PCTI US01/ 48726 [0156] Table 10 denonstrates creatinine concentrations
(ng/dl ). THR92MPHge of the experimental group is 0.936 RETNWSVIBRRFeas t he
average of all previous control groups tested is 0.982 ng/dl. There is no
statistical significance (p <0.34), which is indication of normal kidney
function. Table 10: Creatinine Concentration in Piglets day 1 day 10 day 18
day 25 pig TablesHl:0BYN Congentratign ipPigletsg 73 1. 0370.98 1.46 pig 3 0.69
0.92°0.951.1 pig 4 0.65 0. Ydy1 18 dayh§ Dighyas0. 64aaP 0.91 0.92 pig 7
0.72 0.93 1.02 1.12 pig 8 0.58 0.9 5.83 1.27 pig 90.68 0.87 1 1.07 pig
10 0.74 1.02 1.02 1.98! average 6.69778 .93 0. 98625 1.43556 STDEV 0. 0393
0.07124 0.10113 0.14483 SE 0.0131 0.023y5 0.033y1 0. 04§28 [0157] Table 11
denonstrates BUN (blood urea levels) (ng/dl). The average of the
experimental group i®23.88 ng/dl & whereds the average of all previous
control groups testgdygis 8.119 gu/dl. There is fenmarkabl e statistical
significance, with p <0.0012. 48 13 June 2005 WD 02/061037 PCT/ US01/ 48726
Tabl e 11: BUN ConcenBigdtion in PPglets day 1 day’ 10 day318 day 25 pig 1 4

354 pig 7 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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pig2 4336 pig36657 pigd5345 pig53233 pig73333

pig 82357 pigl) 3344 pig 10 3 3 3 4 average 3. 66642 Jgne200p
3.88889 4. 77778 STDEV 1.22474 1.09291 0.92796 1.56347 SE 0.40825 0. 3643
0. 30932 0V292(%1933158] Tabl e 12 shows gl ucose concentrati S&IUSHY#ARY . The
average of the experinental group is 123.23 ng/dl, whereas the average of
al | preqiaBléesSi2e @utRk COheRmtiof it Piblets S 122. 8 ng/dl. There is no statistical
significant (p <0.67). The term G H stands for gross henolysis; in these
sanpl es the deterninationdaf1the WrHdheni cayddnst adlry Was not possible. 49
13 June 2005 WO %€96103]1PCT/ USQ1é 48f26 Table 12,4 ucose Concentration
in Piglets day 1 day 10 Dayl8 day 25 pig 1 117 115 H 115 pig 2 112 137
130 119 pig 3 133pig38 1431215 pilg74 125 120 132 901%ig 5 115 123 133 120
pig 7 114 120 123 1 pi 126 G H. pig 18 129 124 119 pig
10 142 134 136 112&%§vera3?8122.4i§§1 127.3§%€ 131.5 ]1.5411 113. 4444 STDEV
9.908888 7.88987 6.89@66 911H5302 $F7 3. 3296332. 629969@2. 30022 3. 05101 [0159]
As these tables de&ggstratﬁs t he Ilgz, | GF- q%% are i?zcoreased (as a result of

pig 7 114 120 123 115
pig 8 126 123 GH. 116
pig 9 118 129 124 119
pig 10 142 134 136 112

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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stimulation of GH axis), the urea and total proteins are decreased and

i ncreased respectively (which is a sign of inproved proteildJeaeaBetism,
while insulin and glucose are naintained normal. The normal | evels of
insulin ant¥O8¥8¥e is an advantage to the present invent iBSA/USOH&¥3%se t he
classical GH therapies create a "diabetes” |ike situation, with

hyper gl yceni §9163¢r eatd fiofger albirative\aabstimem] idsteall Rif SdevfiStrdtioR Of thd Esp_
parameter _used to neasure the renal function which can sonetines be

i mpai r ed YRR vertor ahthe prosaetdpyessp.atleer geaveh dooncasleasing bergong @n¢ogs Thus,
! rTv it f ! .
10 the it bEuBR RN are Hefliabin 8 B drd TR AL IRPORECHINe o GRRACE 25

an i ncr ddsexperimems\ire performadsinibrly vht actingsprowtisd lgvein. f r om sows
non-injected w encodi ng .GHRH of .any.form regnancy_in pigs |lasts
for about 111{8\40é_£s ,Dl\gn@oghelr GWb%G‘"?eBF thetH“H’E_ ﬁré?rﬁéﬁ%_gﬁggeﬁs Per 1?‘§°‘£Bg%r e
than 2 Qﬁﬁﬁf&%ﬂ%.sssaly)éf%r cl‘[agée%]ill tllxé‘%iﬁliﬁﬂﬁ@dnftélﬁ., qbogd] fﬁ%'bti%le& RAI be killed |

adm ni stration of nuclelc ac encoding” GHRH into a fermale or nother is
associ ataed thé piuitmieagpiatidrarhen theg Surb@4tithe meslest vefightH- 1810bg)ucTheyasseys s.
[0162] Ln.an alternative enbodi pent ..a. nonpregnant sow i s |.nj ecte .jor to
br s andP o5 A5G SRR SRR 9. BEeT DTy Al S TR her
al t er natpryRresHerbells Bcretingré@th Hoimastyprolstibat folitlkinthaingombhé GSRY,
vector of the present invention, other growh hornone rel easi ng hornone
anal ogs €/dvay be utilized, which are well known in the art. For exanple,
wld type GHRH are used. The expfi,#mg,t e performed simlarly to the

t eachi ngs provided herein. [01 ln ot her enbodi nment the pituitaries
fromthe piglets are collected HH’“"‘EE@?W'PE'E

the pituitary contentf. That.is, the piglets will. be killed and the.
e P oo YedBhe i aufen e ARgbodiRer MerE DA SHah RS abgu P are e bR The
assays thdchider Rttt Bedidelsdhd pRVERALENExMpltd @4 dinhif €5 enrulipREPladhid

hornmone secreting cells (relative proportion of cells secreting growth
hor none qupttisieaats tested.f swich jag fiors 1 Glhmlcaegrags kol GronBigransivith grpeps)of] E 16

Addi ti onal. eri ment 165],ln a ific. odé-nent , 't sych as
about 2(5‘?1&‘55(@%{ Fﬁ%‘g}egg '&n&f -?]echents dre %grﬁgargd GRS 9%1‘{;‘3%% of URinfect2d Yws. S HE
a specific embodiment these experiments are performed on a farm, so the data could be

Sand assayed for changes in

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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the sanme or simlar treatnments as provided in Exarrpl es 14 and 15. NUItlpIe
plasmid quantities are tested, such as from 100 m crogr ang3tlgng @005

mlli gram; W|th groups of 5 sows wutilized per treatnment. The decedents
are corrpa #’t he of fspring of uninjected sows. In P§E€I§P¥"i‘5€’26

enbodi nment these experiments are performed on a farm so the data could be

st andar ﬁi&&)@.[ab% (56 fle, 'aﬁ% WiBreld dafd AbYARti oA Bkfredslon JARkIINERE Fedfilts in an

Experi ment termne optinmuminjection tinmes during the first
pr egnaningreagsy mgmilk mroduamm af the ahinhdlz dul a spemfigembediment the animad 13 abumambout
21 days. Pregnan %mal es are injected starting with day 5 to day 18 of
gest at | V-2 BORLSTPE-spring are tested at different tine points after

birth. Speci [UIGSFXPEIﬁtr@&i&h&nldTCi ugetok N@miRisHEt a GERH @2@1@51&1 aimandy
pituitary relative content of the dlfferent types of hornopne secretl ng

cells (methads d@scpb@bb@rﬁmoncrgase%@nﬂll@r@@@hen imire agimalt i A spastiifesmbndimertt i ne,
FSH, el o) FAVPRE, D8 oMELR0S, | 8rdeRE ARS8  AAIUELI RN AR I fhed

enbodi nentzmg? presen | nven ere 1s O 1hcrease 'mlk

pr oduct Mﬁs’prﬁ]gbﬁ'@hd &frﬁiliﬂoﬂ mactheat grow)fastemiprabsutrthe fikve ves epelafduend [lmdumemsga an
effective _amount of a vector_ into cells of_ an agl mal. under condjtio

wher ei nitamilkcpredustip %’eﬂ"ﬁeﬁg’é e ah&disty A4S gliswessd HisFem e 1areass iy rm)ne
| s exprﬁ%a.?&mgﬂ&cwg% &h BngRii e&%t&rnucﬁ&rﬂa{d éﬁgdla%ammﬂ%mah@ﬁmmcl eoti de

sequence encodi ng sa d growt i hornone rel easing hornone; and
unt r ansl at ed[01689j on A iskikled agjser a¢ Awaleyhdvoto fgagire mwaetasaxmrmsiklmwdmtwmal d

et of T8 R Solice] gg&g@m%gg LSR8, 5 2, PTIED,

i ncreaspdingM:hgeproduction of the animal. In a specific embodinent the

animal i's a human, cow, pig, goat or sheep. [0168] Introduction of a
vect or conpri0378ly a Millrsangles #re expressed imannaly at the imsd faeawing feclosiaydi n

| ncr easee; o L 5 QANGHL OB dladifor Ml Rlrard oy SREEHG 6 SO TR ocid e

ani mal { ther or a pregnan er speC|f|c

enbodi neministdied (Eég Aol dioshiund Eitietiomlaad awo rgllﬁnﬁepe@’o&maréaﬁ:ﬂ&ﬂ asmagitiyut t he
first two weeks due to the ipcrease in mlk production | female or
mot her . asABos§ible yaib qonors Milk KHegivRy Eh%émﬁlem frgm %? J&YBC@ 6“6’0{5’!"? upon

singl e yBiREhiy dhddliibE! debGsiRaif nfOGRA Rthd SAERAANE Agail, &2hH8lpotassium
dichromate. Vials 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 includé MK-0677 from Merck
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[0169] A skilled artisan is aware how to nmeasure increases in mlKk
production, such as in U S. Patent Nos. 5,061, 690; 5,134, 18dungggos
5,292,721 or in Peel et al. J. Nutr., 1981, 111:1662. [01701 M| k sanpl es
are expr eNRWMAMTal Iy at the tine of farrowi ng (col ostruBCTVEHY4BR6 day 13
and day 20 of lactation. An intramuscular injection of 40 IU of oxytocin is

admini s Wﬁﬁ&h&%{;ﬁgﬁox{ ONJff’g i LML REY Q) BRRArd, WPouRh ARMIS oRRdlinS O ar e

m | ked as rapl as possi until no nore mlk is given. The sanpl es
f r om t hendogengisalighed dKejimaxe dil., 119990 Didegz andl Cabingeed, 2086 po$itherd in¢ludano

vials wth g preservatiy uc I um ..di.chr ¢ Vi-al s are
fr ozenwﬂ"rﬁair‘? ‘“Q@F%PE&CSM%&%%?’, G\g?"ﬁig @?P 23’@55 oo A i@%@?ﬁ%‘a’
accor di Ngrdifk; BARARE DRELRHbEEY Borhpeundl Whick W6l a@Sarfagonfst Gn thd TIY-R
procedures. In a specific enbodinment ml|k |lactose is analyzed by a

seni - aureseptoncll abdichogre| well knewalto aagidllgd, axtisanyégepofpr Spxamipdes Hongt ¢ tfent
Co., INng.aacvell ow, Spri . Ohj e L& procedure (operating procedure
no. OP- @?g?),ﬁ;to%aé%g oal(g.g,éﬁ)SPI:S@)ﬂl}ieg@/@%ﬁ' The mlk yield of each sow is
determ ned oppidays 18 skidd 2iisdnniscavdre ahiti the GHBR e mpstrdayn WweiGHRHgatche

pigs at hourly i1ntervals before and after nursing as descri . Lewi s et
al . (19ingseasssCNRRLslegse fhom the piduitary sland.e I @ Slee&bfnw@w%%%iéheﬁgrﬁ Ligenting
for uri : r L & dnki S Redhl douadgslicpepd  the
initial Et ‘%ﬂﬁ‘%??§§“°Bga§?’§ﬁ%%geﬁ8‘%’[ég@o$ﬂacc| ilﬂ%:l‘t}v gte{)hg&gdgw g%]d litter and
ar e not efifextd olGHRIFhoir caysingaticese af GH Heom Hid pituitatykglynds ol this/einkodiment thes

| cul | ti.pl yi.ng b t he.yi el.d obt aj ned_during the sub t
6 hour cOTRER e ey o6 GFfthy ER 8, Heberl iltsTitn SehRLET me Aol stiheRtelr "t e
pr esent wiantinfiing thadanhe dfothet Resciit MentioNOMBTUAGeRGE NRbFELAUE hall@pt or

(GHS-R) give a simlar result as delivery of a GHRH nucleic acid. A
ski | | edmgehanisanof actignay havthe pAditipes] [GHR Hipseduses opsars|in gharrkpessign of pid

types known in . the art,. al f. ' t e S; I

ol udel N TgRFRPS e Rotved i YOSkl e AR o 5 s AR D 6
(Wi t ehgitegorSipathitay, ddng dhioerciicy. Aenvaionsef GHBER salsd 9R8jeasssd pgrhlr el i n,
an endogenous ligand (Kojima et at., 1999; Dieguez and Casanueva, 2000).

Ot hers PEsssign. ek SKRFTSION Butle distraaet Py cAMBoansl GHOWR, ligands gprease the
o
wel | knikave iheressed kkotdepttationt o fsamafcthephs. f dencexthapligs préetbeg nedre §i. Therefore,
nt a specific embodiment, the GHRH nucleic 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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(1996); Howard et at (1996); or Smth et al. (1997)). [0172 A skilled

artisan is aware that the GHS-R i s upstream of GHRH and i érEB22Q0%GHRH

rel ease fromthe pituitary gland. In a specific enbodinment a GHS-R | i gand

i s given SYAPIYPIXuch as by adding to the feed or drinki ndCRESEII820ni ch

woul d anplify the effects of GHRH on causing rel ease of GH fromthe

pi t Ui t Ayl 3Aeh) ak b5 Hbyssofe%"éb@ﬁbmenﬂw Signidhil proere towafd e A8 buphse1Of the

present inventi on woul d an added enhancenent.” Wthout limting the

scope ofor ¢ntopic @senexpmssent weh achineed e thsr slegraposationt teghniquel iOk@nh}nce

mechani sy _of ; act.ion IS t. d nal duce I . the

expresspg]ﬁ ifu F%?[femfw(oag‘?tﬁéﬂ d%f‘ %tafqgtrl]‘)ir I% aﬁ_t/é)ttgn Fls Q(\?fe % of GH

pr oduci Bgal;bbs; M&ral.01999ps thik ﬂaseaﬁlhﬁﬁidqme@mdmﬁ@foﬁﬂo%ﬂ b @Iectroporatl on

enbryogene3|sg Activation of GHS-R al so increases pit-1 _expression. Pit-1
-Bf

expr essPERg iaso-aedls et dadendermpd cambtionsRp dogseiird) indigrrin apd (Peghie-Aldb ef
amount %ﬁryﬁ S]E%‘atéﬂéd 538 W5 Euled agégmr lg_hﬂ{e %n?ﬁl 2be bﬁ'thlh\;vﬁﬁhe 4tln)%}s the

pi gs mhen ave Increased concentration o o rophs nce, the
pi gs profieach otiwer.eA Gatal of1182 eigiete werd ana@zscpmhé md)seqdmmmdam t he GHRH
nucl ei ¢ aci d&ﬁe)ﬁi ver of the. present inyvention ”f’ﬂ]nl st er ed.

combi nat i on ésalg’fo"ﬂhg‘aa%atﬁ T Yy ec ’ﬂ]i’énaéhg gb‘?ﬁcfsl@ec“o“s 2
admi ni stReRkd} 18 pﬁﬂaﬁm@ﬁﬂﬁdag@,lwgmﬁqﬂésaﬁn@ a8 iat wa&nhgaﬂélmﬁbkzes

patents and publications nentioned in the specifications are indicative of
t he | evpigssuofival{Bsennsier l..elP9R2) In ds aasa the pighéts fromhide GRRH tijesteeaw wierss. Al |

patents_.an bl.icatiqn re here| r refer, sane
ext ent 55‘%[931@& #’ggﬁﬁt&%gp avﬁﬁ%? |1 gﬁ%\%& ﬁge(g[g% (?a% ﬁf%g%mﬁ&)&'l \E/%dual |y
i ndi cat e@s VREGHRED aonaledzefmmﬁmmnm oli)szatggl(pxc;?@)lvmtl ple Effects on
Sows and spring W|th GHRH Administration [01/7/4] In an object of the

present i nve |78h thglescvergivaned abhth éﬁ@é@dmz?%t%ﬂa?ﬂ&wmgh afl hﬂ] for
| h
Cor m o RARRE Bl PRAS bliGalleRT SO el ST SrclecRo) Bk B RABRRTRIS. 7

changedHaHdf eaclo mletswas oross-fosterdibtosather tomm] sowe (pigleecirent ispated mnwsl)mre
significantl 0175 ssess growm h effects _on the offs

of a Gamwc,ﬁ% @ éps qomr P TSR by a PRRIrGls fHASP-TosHRIe Ffémm%{ct s of
t he CH | W5 o5 89 ted
Lhe lg%@ﬂﬁgfw%ggg@nmdﬁ %ﬁéégf‘f_wfu&-itﬁ 2@ tﬁanog@ﬁggt_%\f}what gﬁ< VLG "o

13 June 2005
02/ 06103FisPBLEISA]/ weizht 1G-®Htroh aﬁbmm cgi‘ssd'%t@'ed)ftogéﬂlﬁi i togatedRanignald ys

signifi C%watl e og{h%sgg&lﬁg\éanrﬂ?{ 1}191%33% e (ﬂ( pl%]du&lon in the injected sows. Nevertheless,
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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for ectopic gene expression was achieved using the electroporation

t echni que to enhance plasnid uptake in vivo, both in rodeﬂ?’s’U&ﬁQOP%rge
manmal s (Bettan et al., 2000; Draghia-Akli et al., 1999; Mr et al

1999) . | n WYQPHOUIYe bl asmid injection was fol |l owed by el @&Tf'é%yf@tzﬁon
using a 6-needle array el ectrode and conditions as described in herein and
(Draghia-Akli et al., 1999). Six mapiEdIsows were used as controls. The
ani mal s _gave birth within 24 hours of each other. A total of 132 piglets
wer e anal yzed inDityeSqubsequent studTetalP[rOtE%] I{ is known Albuminr eat nmgnt

w th reee u.. SHRH-gH-venas—njeet wcm‘ pHHor—tgsRatttfi4+on
i ncre@ses Etﬁ?] of pigs at |13 days ghzyga{ ani ng and |WE$8\§Z§'7'W'S}5
survi yal (EsWEmHREL at, 1997). In tBig379aSeog the|pi gl et s Bieon-Ng)iGHR

injected sow were siqnificanle bigger at birth (jin average 1.65 0.06]kg
HV- GHRH, p pnv@lueoooz and 1. AE6 1: o 954&@37\&-0i3|4RH p<0. 00 1F4.8347 B 5
contrets 27 a2 en—FH-6—8—F8 53, .0"' ets—pere V’E&W and
anal yrzed to@gﬁéﬂ{er vvel ght, at 1705L d‘il S 2?? pirth. Pig ts/" 8

i nj ected SOpRaNET € Oon aver age 18% DI gaS28EEG8an! g (FI Gy &n.0034#dffogof each
litter_was cross-fostered to® either control sows (piglets frominjected
sows) or injected sows (piglets fromcontrol sows) I nterestingly,
controls cross-fostered to inject eth]ﬁ‘rE s were significantly bigger (to
up to 12.2% than their |ittermates, .02 (FIG 10). This change in
wei ghf Tn contropapd7@Rl s CfoSs- fost%aﬂp&@teﬁ-lRH freat ed aniABumins

indicative of the significantly increased mlk preoduction in the injectéd
SOWS. NeverChletr@lss pi gl et 5 from G—Iﬁlr@7tJr/eﬁt5éd SOWs Cr oS- f30‘3§tJe(r@@9to

contr pl (5 Lenuency to—he—-sH GOt o5 U/y

littel mat es;' li:| G 11), but the val ue?(\;/\ggr/eor%t statistical I4y07a Hg'r? fica
an i nfi cat I pRafeatl the offspring of gziaalﬂz;sE.Q)@t ed ani mal's hgaROAIGoYENOU
changes in their hypothalamc-pituitary axis, with i
overal |l incH¥ase over the gontrols Uf@d”oﬁ%?ontr)l sows) i401aEpPELled i
FI G. % r!'\’I7Q] Th% ad"\'/_u.lu.u.dc Was ||a| 6WW
days t V\g"var‘iltes were on ayerage 135" UIGQ and 129.87% %g fo
t he v— GHRH and wWi- GHRH, respectively, while the controls weight were an

average of 125.3 f 1.74 kg (FIG 13). The weight difference was
significant HHS80! st iCrantinineeonsgtrasioni(ma/dhwas nowmal (0-936,me(dbyersns cotoleen

0. 05 an " [ i s were performed

( Tabl esg_%gm%ﬁg,glsg3%&19&%&{1&?9@5&@%@% l@gﬁ%m total protein and
al bumi n concp1Bipt i dRlué@redohcennatiad wel noraalestsd] time pbinteteped i(Tableal 491 oup.
Total proteins increased by 8% whereas albumin increased by 7.5% wth

m nor dif nces at the tinme points tested (at 50 and 170 days after
birth) (Table 13a and Table 13b). TABLE 14a

—+

\I_J\IJV)_)

o

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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54 13 June 2005 WD 02/061037 PCT/US01/48726 TABLE 13a Day 50 Tot al
Protein Albumin Control 5.209+/ -.379 3.207 +/-.411 W- GHR3 Bing2p0%/ - 208
3.639 +/ - %%%) y E)wg;;ll ue p<4.3037E-05 p<4.83477E-05 HV-GHRH 5.533 +/- 0.291
3.415 + - DO29PY%7 val ue p<1l.52284E-05 p<0.003470198 TABLECHEMPIHEI6170
Total Protein Albumn Control 7.07 +/- 0.56 3.82 +/- 0.39 W 7.68 +/-
0.31 4.07 +/- 0.38 P-value p<4. 045FABBER4H. 04199035 HV 7.33 +/- 0.29 4.01
+/- 0.20—P-value p<0 00609905 p<0. 00423639 [0180]1 Creatinine concentration
(ng/ dl}) was nor me?3¥ X036 nyg/dl versus kswiRol s (. 982 ny/ dl Glacose, 34)
whi ch TS TG EGFomof —amormat—kidn foaneshen—rei8—awgpese
concentrati %dslﬁ\ll.flqere nornmal at all ti r';%wpgg-%,n 'ggt estled (Tabl Z%’-Eiﬁg 1ga%d 14b) .
TABLE {14a DayT50 d ucose Cdntrol 99.18306W/-212. 03| W- GARAg9945/-+890 10. 11

p val ue_p4@__7_62§33343__|=ugg—4m4 08.41 +/- 10 63 p Value p<0.67921581 5513
June 2005 KO'H9$ 061037 PCT/|USO1/ 4872P60.092¢8803 14h [Day 170 PREAPE62ET ucode
HYV 15.55 +/- 11.64 81.11 +- 10.52
P-value p<0.76677483 p<0.44978079

[0182] The msulin levels were normal. The normal level of insulin and glucose is
an advantage because the classical ‘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.
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Control 14.79 +/- 9.23 78.68 +/- 19.01 W 10.16 +/- 2.13 81.14 +/-_ 8.90

P-val ue p<0.00548803 p<0.49606217 HV 15.55 +/ - 11.64 81.113+Hne 205>
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[0184]

produce hemorrhagic ulcers, vacuolations of liver and kidney or even death of the sows

Unlike injections with porcine recombinant somatotropin (rpST) that could

(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]

achieved in offspring of large mammals injected with a GHRH plasmid, with increased

The data provided herein show that enhanced biological potency is

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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hGH+ containing plasm ds were previously used for the deliver ang stabl e
production of GH in livestock and GHdeficient hosts by ei1SH§Pez 05

transgenesi s r’r]{obl ast transfer or |iposonme- nediated intravenous injection
(Dahl er e™Qf20619694. pyursel et al., 1990; Barr and Lei dePCTU§y18726

Nevert hel ess, these techni ques have significant di sadvantages that preclude

t hem f r g¢tbpil CdxipelshisR thfl MySgdndd TR Ae@iopP MRLITRY, ddpilcer claRichioGH abkapyl s: 1)
possi bl e toxicity or inmmune response associated with |iposone delivery; 2)
need f oregemensranidveayestimilew the fithaxiain dmare physologicallysanprnsi@tenpapichskhe

approachg ;. r | -Qf 4 ' f Fneffdcl AV

£ ansgonsE R moeuld, i oiPRELH Bth BLEE oFplaBfiky G Eofg BRI B |,
t echni qpigs, maphles be dsdbi¥An othiee aiatrminals, Sinsé the! servam progdabeahatiegrade GRIRTD are
conplication related to the delivery systemor to excess expression.

[0185] THulaH ROHAMPEE herei n show t hat enhanced bi ol ogi cal potency is

achi eved in REEP! | MOl hRiE PRABRYR I40kEHLCHhaliral) AnGHREIBSE] dnigt th

i ncreased physi ol ogi cal production and secretion, decreased
nortal i Eyample. norbidity. Treated sows display a significantly higher mlk

Pherapy and IB7hor Ao isbulicisd o’ Bl BEPEGTE Romtihe 24 6Pt SR 0y
or orgapasmes! ¥f tH&Gsmsquggﬁdhmhgwamn ithe Ba0UBAmHM dieat ESpSNABHRE7 13

June 2005 WO 02/061037 PCT/ USQOL/ 48726 ect opi ¢ expression of mnyogenic GHRH
vect or sbagkbpng (RraghiarAgi atel.c19%93i Boa wid typrepersipe GHBHwaAs obfaimeddy sire

stinul ate IS 1 I RlOg I I ng§.. e

o Gt ace A hyfhell R R, PA0ICRY of pRRRERES: SbCtoTRAT S A

secr et ofoyGAag tthe/ hiuyatédporping HV IGHRH BNAbwadisisthinkd by st daectah mutdgsnesis oite t he
serum proteases that_ degrade GHRH are simlar in nost na | s. %01%21 The
F ol | owi PEmERFESE SRAILSRIOH ahpesinons 1 Tanip His A8 ¢ Yeboli; 01 texalpll
[01871 t [Hyc plags mi 5-42 ENS c},Bawtd
fragmen oftgﬁh%g’g c§§r1£6r2§gf ﬁgt :g‘gfjg?dgﬁgi 3?’ fé'gé)? ﬁg&lga%@}eg%ﬁef?t}es of

pSK- GHRMutdgenédioBgstdrhy Brghiega,Adkdisat, VEI), andl@engd inkhtheBdntHl \Hhed Hbstésnef GHRH

bosi £ 1 o CirRtb. T G B8 e BISET By i £ e thiRAeCtraut QI B 1 DA
vwas obt RhiRMe LYo Shdafe PEPELI Bt IBHRECARE ESP@B‘-]ZMHI@I‘!%@ [rd1lpéhidH at
positions 1: Tyr to Hs, 2 Alato Val, 15 Ay to Ala, 27: Mt to Leu, 28:

Ser to ¢mtaingythesdi cof helg:gabwiosiflage wenaupdgrAthee peitirod afethie| samen synthetis
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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Mut agenesi s System Pronega, Mdison, W), and cloned into %he Bantll / Hi nd
1l sites of pSP-GHRH. The GHRH cDNA was fol | owed by the 35 J4Re f99RI at ed
region of human growth hornone, to create pSPc5-12-wt - GHRH and

pSPc5- 12- M2 437 The control plasnmid contained the E. c&GI/US01/48726

bet a- gal act osi dase gene under the control of the sane synthetic pronoter
to cr eaaﬂnﬂﬁPwe&aénestﬁl@t%%] hgmwmkngsm%pﬁ 2 BE&gl AR td 2f 107 S~ plhdnhia" waOWS

wei ghti ng appr oxi mate were used in these GHRH studies. The ani mals
were br ml@twf directlyéntp éhqﬂeﬁasgmutm@n@pusmu@réygf pigs. B&mﬂteﬁiateartble injected
individ hou | ndi Vi r th y.

unti | eé%n ?13%50 rate I“Sé%g +e§ﬁ% ‘rél?ayogge&éht?% 6%3% B’ accngsdsI Er:(;%\'i\/a er and
food. Thagexpesrhnemith, ﬁ§1ﬁg trieel followiiag @bn(ﬁﬁﬁhst I‘ﬁGpifxllsés$Taltbﬂnhﬂeeﬁelﬂ\laﬁ tbmmsem
April and anal zed through md Cctober. The farm huil ding was equi pped

wth a Boolesndo8yere o0 mHbsRRRIsEBYE S deeBmetHOMENE MiTh o/t 8% 161 5C

| ower tMMtlr}:%apll@ de tenperature during hot weather. The average maxi mum
terrperatures m)nth of July, August and Septenber were 40.6C, 41.6C,
and 36. 6C r efd®6} i vdlrpss-Aniennt stahe. tmnedaiale difien batic cadhahter wag divitidd

Cn oot i BIP B Bloseh ARl Fach e el ok A m ok anth st & B¢ BlleNas on of
PSPcS5- lgnkirdstdrid and dfRenr %1‘3 %M( gﬂﬂu@@p@% W6 -cross EHMredves tHV- & AwtUSA)

were diluted in PBS pH=7.4 Each sow was assigned to one of

treat rremes:»tedF@umaboW Mewe bpm msk@dweﬁetcmoq@s"P@mQ onHpgnpiRMiimealso theoweighier e

I nj ect ed % 2 wt-GHRH and 6 sows were used as controls. At 95 days

of gest‘é{F orﬁ""r ¥Iune 2005 WD 02/ 061037 PCT/ USO1/ 48726 ani nals were

anest het i zed[g10g/t | \DUS IATEr vRdadiBi@ at 21 AapF)/thdpigheté Medd feaffmieo dgyNageial was

injected directly into the |left sem tendi nosous nuscle of igj.ﬁpﬁm m nut es
1

later, 13 Veqiceed#ig ntaster wihds0lele by vinp b aretl Nismeppobs, Ausptly,
i nj ect gg WRrE Al LEESo Wg‘ KRG 4 proteifl WAL 1.4% ls%'xgwd eﬁsbﬂ&oﬁlhe

foll ow condi ti ons: ter n vveen
200V/ cnMi%02 M4 bnom mﬂtﬂs]/ 4%&&% foaQS dewss Iand:)ﬂﬂn mﬁtgllnemeﬂlal(tus@m Mix with999;

Ai har a nd M 8. Cr oss- f I.es nmredi at el y
after b%‘%f’ﬂ?r%tﬁ % %‘3 ﬁ'/ég (‘[a‘i'lg‘i%d&}in“eiaﬁ?lbs %%’F E}%‘d@“ i tLf‘;yof each litter
remai ned on jgig2pwn B?PJH&%SI Séi-uﬁl \b@slcfoue&ea Bes0 ddyk @hd 1S daysaBesbiviBiSRr ed to

a different group ( piglets were cross-fostered to HV- or wt -
i nj ect eahabyreddy sn IWPGI‘F(I@M Iab@ﬁwrlp(@tm@mﬂ@ﬂ%,dmnm 65¥)er ed on control

ani mal's. 1 he[O%f’»]ght 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

59




were recorded weekly. [0191] Diet. After weaning at 21 days t he |l ets
were fed for 60 days Nutrena 18% Medicated Pig Starter wi 1R J P“G?BﬂgLym ne
(Cargill, Mnneapolis, MN). Subsequently, pigs were fed a CustomM x Pig
Starter 2X9 ¥ with 1.4%Iysine for 45 days, Custom WTWSQQM’W% pr ot ei n
with 1.4%I1ysine for 45 days, and then nmaintained on a CustomMx with 20%
prot ei nsaréttonlihdfare)BideatédCRitdid dimidhttReaPRith&awbMNf {fatddhRin agtetioh. 1he
study. [0192] Biochem stry. Serumwas collected at 50 days and 170 days

aft er bpddition,afhd pudsragsneraiorhineshinisay apRsaeretrt bE atbmdabbr@H(lmﬂé@hfeedback
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het er ol og‘fus hu g (L| n o Research Inc.; St. Charl es,ély\/l ssouri). The
sensi t i Fi4agepgus; Hgands of he grovsth hormogey %?Fff’fﬂ[ge&'%fe%tﬁy a@én’&) Hirglgasing a.

Wei ght s r d e an
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S|gn|f|cance Exanple 21 Multiple Effects on Rats Treated with GHRH [ 0197]
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=t onat oLraee BT el Eef el R AT donp Bl WS bER

pul ses aé@l@mii@xﬁiﬂstag@tAl@JBH er59 20803june 2005 WO 02/ 061037 PCT/ US01/ 48726
secretion that are associ ated W|th a dimnpution or wthdrawal of

somat ost at | n ‘13133} et iRagulatign andydifterentiationel W%@Bﬁéﬁ%tj@enﬁ@é%ﬁﬁ@ﬁﬁl@ppear s
to be t &8Eha
pept i debl ik | a n{l@%?ﬁ% ieﬁgyi om tqgv?lgéggtv‘giﬁrg%rg ﬁ%s%%?lhgum efdr as an

i mport amstaneegu«kaabmt;vofmt&ﬂnmbq:»emdeo(i{mmgerm*rcgy mrihomg&semm Ghlencﬂothelixs t he
crdogergyie 4981 o, 15 BEouil DSpEne Sq6h5! Bpeale Lscepuor i,
I n heal pfyheadttl dnd"REWB-Bke Sdwth factor I (IGF-I) pathway is essential for optimal linear
growth, homeostasis of carbohydrate, 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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Is released in a highly regulated, distinctive pulsatile pattern, which
occurs 4-8 times within 24 h, and has profound irrportanceﬁo'f““??gw
biological_ activity (Argente et al., 1996). The episodic pattern of
secretion WRPHEEE: o the optinmal induction of physiol ogi cAICTEIVLER at a
peri pheral |evel (Veldurs, 1998). The expression, processing, and/or
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(Tomc et at, 1999), and activin (Billesbup et al., 19ﬁ%%._ Ef fective_and
r egul at eehapges leag tam GBf profuction 18 RICeAXUV IR Mardd HieBirRIbItIBEISRSer grawip. | )
pat hway ty ' ' 0RO, 4
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(PRL) and IG-1 play a significant role_in regulation of the hunoral and

cel | ul aPNA®SReTY s&spSH-Rgal iy d P glaye o gestationydinp inysctipgy Wy fllowsd by
situati ?l@‘?tré %?Holﬁe{oe ar?cte'plas;nqu'tat@ tori et al., 2001). [0199]
Me L1 ssue P Fic

Hypot hal'a - Specl expressi on of the GHRH gene is not required
for activity[0283] extAlhagiialE give birge ar 20-20 d4sidel estatibie Theclvegie abinyerasit | ve

(Faglia et at., 1992; Melned, 1991). Pathol ogi cal CH stinulation
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adenohyggplﬁys}??a??%ﬁﬁgf ﬁg%%%gggﬁhg#qﬁ%g%ggg%qélﬁg%tlﬁgt% 5{]&?988) .rs %Eei\%?%el ess,
t he | ohgether itefvberteks ciften batls tthd medtageHReIght aatittestwasnd%hiecredsed foi thg of

t he anipal s, receiyi th her apy J.S Ve nknag [ 0200] It has previously
been shB#ed W&Ppieﬁrg’gr“é j‘e@ﬁ?@é’& ﬁ2|(§f586ai @8551?‘(%151% prot ease resistant,
porci ne GHRH{g208ECt ed B¥andly, VeRMESHERidi At iﬁd?édseMﬁﬂ{éQﬂstﬂhé efiTby a

synthetic muscl e-specific pronoter elicited high G4 and G- 1 levels in
pi gs f ofgmals{gF) mragﬂér%/l-?i@iior&rawgmoafrol 19 i(6%) 4A@7iFn4¢izv @ < 0.043,

| ect | _ t f 4th
cxpor | nb BeiB el R RPE0E Do verstP il 1B, RAIB R 4968 RS June
2005  \DOOR(KIG! 03V TRETAIR0ibE 42 Mairteintd er Hiwésks pf ageyiadd DiAv@ghtelifitrencepy t 0

enhance, gr om h and chgngg body conposition in the offspring of aninmals
t r eat edPEaMEARSIgHECI4 BY 26 py ter of gestation. [0201] In a specific

enbodi ment, {34 Ct AR 3bdek IROHHESI nFIRLIHY & PAVRIRARE age with significant
differences in the gastrocnemius (G) and tibialis anterior (TA) muscles / weight (FIG. 15). TF
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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ani mal passes through the placenta to the offspring, determ nes Ltuitary
hyper pl asi a and enhances long term GH production in proge 0 Ee%S woul d
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manmal , pregnant rats were injected with 30 g of plasmd DNA pSP-HV- GHRH

o PSP- (R@R| cBlbHRAORME LliANEEH 0PMhe THRFANRCE: XBHRES nfratA 0wesls bwit
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pr obabl whelmm Iﬂm sopet adimapBhsrehygedipdctiyi aeatals buk thsy laeevenhdreed GiHblbigics]
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pi t ui t apvf%ﬁﬁal%teag due tofIcaiment o PERgethery Anethep Hsaifirat dpysmep
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61 13 J ré?ap%t?t?étran\/\gro {)\%3 %9%75; th)D ger H% nél %’Zl%s(sferred and expressed in desired organs

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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| evel s, conmbined with a dimnution of the endogenous rat GHRH nRNA | evel s.
Wth histology techniques, a specific anti-rat GH anti body3iMnegf%t es the
i ncrease nunber of sonmatotrophs. [0206] An indication of increased

system c VEQ 8261837 GHRH and GH is an increase in serum | GEI/US01/48726
concentration. Serumrat |G| was significantly higher in offspring of
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described hefgimnyj WepANUNErRFIESY TR pladinid pSRERR12 Rahtaing Gl 86080 Sacl/Bantlel
stabl e GHRH anal og hia-Akli et al., 1999). El ectrogene

, FAV-CGHRH (Drag ( _ . !
t her apeifregmentrefithe SPchi? svphajicpaametsr Bd eopk.i 19P&hin) the pacdPandilrsitgs afpSK-
express | j red d1Sa 1900, tFS , ' 15S f vi.di
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producti on, t nmore Inportantly, t efficiency of production from both
pract i caignainpkeptidetanal imntgved poreviei GHRH Cuthd)OH, | is ehatatterizeiogp the fadlawniag |, t he

R i oamin aid SulFERToRs B <8 b W12 3R shdRe S fo B, aBF PERER of these
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to direct_the ectopic production of GHRH, particularly when its production
i's susPSKr@HR%rM%ﬁ' o) fsya 3[ opuaslated regioangndned(Aansighal fipmbiienhweauied in

of fspring fallow.ng a sinale -elec Of & ey ' I )
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the tibppkhid Mg Ric., THEWSthOCAQWSA) HéRenidnt webd dilutdEitRBS) 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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difference in between the two sexes with age. Hornonal and bi ochem cal
measur eneMEOEIB  concordant with the growth pattern. F1 R&d/USAHgERS
pituitary glands, with somatotrophs hyperplasia and increased GH content.
FI pl asime rhﬂ%glwésemsdea iNeBrechl Ofrd héelids! deciloy at &4 leddth,SITERIY, 1 theme
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wer e di brding ddieRaltBskeleplt miusélek o tﬂbmli@rﬂénor[(QA},@asﬂrﬁﬁrfeﬁﬁﬂwS@L adlelig{S9Caridon  of
plasm d and el ectroporation. Tinme pregnant adult Wstar fenmale rats were

housed @ienser digitorgn lopgysh EERR), rﬁi’l‘caﬁ%cfaF iffam dpieggd |agmaly | e @ngpls Wei ci ne,
Houst d f 10h
| Paht Crrered Wifkont & SndlPack 8uR86 WiCkip LS MM MeaRACTetaell 100

Act guwalsa:huemssdmddectolmkdprot ocol was approved by the Institutional Ani mal

Care and Use mm t.t e TQ:? ex’?rlmet was r ated tw ce. %
gestation, ti2 n&fggiﬁd’—%‘@—#'gﬂéhéiﬂwﬁgﬂ%e%ﬁﬁr%rﬁé@ ‘?%ege?i’ usi ng
a conbi pahégeniel :é?soﬁuBH/Eﬂ arleb@Mc; 26mg of BfallRINGY |u?a§']1?ﬁas%”ﬂtr@at@d Ngite

acepromazi ne, adm ni stered i.m at a dosé of O0.5-0.
separated m 1.5% agarose- formaldehyde gel and transferred to nylon membrane. The

membranes were hybridized with a specific GHRH cDNA probe 32P-labeled by random
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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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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scope BIMPREAISALGi ng claims. 72 13 June 2005 Wiat is clained: 1. A
non-t herapeutic nmethod of inproving or enhancing growh in an of fspring
froma . L )

28. The method of Claim 16, wherein said introduction occurs during the third trimester of

gestation of said offspring,

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.
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femal e ani mal conprising the step of introducing an effective anmount of a
vector into cells of said fenale animal prior to or during3duss 2805n of
said of fspring, wherein said vector conprises a pronbter; a nucleotide
sequence; and a 3' untranslated region, under conditions wherein the

nucl eoti de sequence is expressed and wherein said introduction and
expression of said vector results in inproved or enhanced growth in said
of fspring. 2. The nethod of claim1l, wherein said cells of said fenale

ani mal conpritse dipPehod obgaimg!, wherein yaihnugleis fristpequence prepdes 4 grovih berapns relepive
cel | s dbmwad @ itf mated. ¢ ani mal conprise nuscle cells. 4. The nmethod of claim
1, wherein said nucleic acid sequence encodes a growth hornone releasing
hornmone or its analog. 5. The nethod of claim4, wherein said growh

hor none r el éasi ndhHBFe8 A1 34Etyreiryajdgrowth hermospreledsing h@nene & SEQHDNOs 1, SEQ

r espectibwe :@nalitogspedive ahdlg. met hod of claim 1, wherein said pronoter
conprises a synthetic myogenic pronoter. 7. The method of claim 1, wherein
said 3" untranslated region conprises a hGH 3' untranslated region. 8. The
met hod of cP&i m The ngthed of olpim A, ghepedwsaig promgter aempriseh rcprdhelisvinpegin pronpet. | s of
said female animal by electroporation, through a viral vector, in
conjunction, wth carri arenteral rouyte, or a conbination thereof.
oo e et nall of TRyl bf e B w Rl oq e ion e rea S BRSOl
farm &8ifal, a food aninal, or a work animal. 10. The nmethod of Claim1,
wherein said female animal is a pig, cow, sheep, goat or chicken. 11. The
vect or of C%@in1+ m@gre'P,s id vector is a plasmd, a viral vector, a

| i posone, a tcat i STEof f’gﬁ a3 lo phezeinaidcien s ing Rdueiani tpid colisaf spid fempfanipgiy 12,
The netlhadpaftioCthajuph dviralMaeerein ponfuaétin wishct oaitier, 15y parhteraldolEL 6k ai crhifinaGiai tRerdoemal e
in a single admnistration. 13. The nethod of Claim1, wherein said

i ntroduction occurs during_the third trimester of gestation of said

of fspring. 4. TH mrbhehef¢iai 3 iomberei stid famgle ppigpl isagsirime), pm pimabep of

adm ni Sbeésarimg ot owglindndlenal e a |igand for a grow h hornone secretagogue
receptor. 15. The nethod of C aim 14, wherein said |igand adm nistration is

oral. 16. A non-therapeutic nethod of increasing |evels of growth hornone
in an offs pflq ng -'ﬂredqﬁhad of Claim 31, wherein said female animal is a pig, cow, sheep, goat or chicken.

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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femal e ani mal conprising the step of introducing an effective anount of a
vector into cells of said female aninal prior to or durind3deqe d9Q%n of
said of fspring, wherein said vector conprises a pronbter; a nucleotide
sequence; and a 3' untranslated region, under conditions wherein the

nucl eoti de sequence is expressed and wherein said introduction and
expression of said vector results in increased |levels of growh hornone in
said offspring. 17. The nmethod of claim 16, wherein said cells of said

f enal e PEYIGEI 2 aulotire eeauenss: ond 2 dewntrgnslaterigregivm aindestoraditions whkrgiorthd Buclectide ei n
sal d cabduend@fis §z§}5r&sécd%ﬁlvﬁlel%ﬂ)! QR in@rSUEHon Sad %@sﬁm QeLdid vectat Jesulld'f HGEPOH Of
claim 16, wherein said nucleic acid sequence encodes a growth hornone

r el easilfglsRbIGfohie syid offinsingnal og. 20. The method of claim 19, wherein said
growt h hornone rel easing hornone is SEQID NO 1, SEQIDNO: 8, or its
respective analog, 21. The nmethod of c|aim 16, wherein said pronoter
conprises a?éynt %@E methad of sdain d6. whetsinoridicellsxd said-frmaleeaninesd canfpriss diblidicsls.
wherein said 3" untransl ated region conprises a hGH 3" untransl ated region.
74 13 June 2005 23. The nethod of claim 16, wherein said vector is

i ntroduced *At o JAF trethed piclaim 46 arhgreesaidicalls of saidrfamalpyanimad eqnpnsisompgciesalls.
through a viral vector, in conjunction with a carrier, by parenteral route,
or a conbiq tion thereof. 24. The pethod of claim 16, wherein said fenale
animal is a ﬁet A weihod of cfaip Af. wheretpeseid nycleip agid sagpopss enceges a sufikhamprral .

25. Theeléminh astnhe &idiafaldd, Wherein said female animal is a pig, cow,

sheep, goat or chicken. 26. The vector of Claim 16, wherein said vector is
a plasmd, a viral vector, a liposonme, a cationic lipid, or a conbination

t her eof . 2750.The ThekmbiasH &fclafh 39, MhdRin MASFRIRherRosk ﬁéi%ﬁéi ho%rﬁocljiefi‘s_t §El§t6t‘}ﬁ6 into

sai d fenggﬁab a single admnistration. 28. The nethod o alim
’ i

wher ei Al TS QUL PP 8L during the third trimester of gestation

of said offspring. 29. The nethod of Claim 16, further conprising the step
of adm ni stering ﬁo said ferale a |igand for a growmh hornone secretagogue
receptor. 36! ThéhsBethetrishinetewherse sagmemnates cempripes 3 gyaleticaayAsAist r ation i s
oral . 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.
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31. A non-therapeutic nethod of increasing | ean body mass in an offspring
froma female animal conprising the step of introducing an®dHf@eed e
anount of a vector into cells of said female animal prior to or during
gestation of said offspring, wherein said vector conprises a pronoter; a
nucl eoti de sequence; and a 3' untranslated region, under conditions
wherein the nucl eotide sequence is expressed and wherein said introduction
and expression of_said vector results in increased | ean body nass in said
of fspring. 33 TrHwmethed af Geimc46arheran saidingpdicHonsesrys éléinlgéheéﬁlinttaiir@ster@ﬁal e
'aninalzggmnmkggn@mﬁbﬂmg cells. 33. The nethod of claim 31, wherein said
cells of said fenmale animal conprise nuscle cells. 75 13 June 2005 34. The
nmet hod of claim 31, wherein said nucleic acid sequence encodes a growth

hor none r el e3si NGrhe AW BECIRHN 46! RirBet2bMPrisinkthe stPForIBhARR i @
wherein, sajd %ES_OWEF hor none rel easi ng hgrr rr[ggﬁe iib%sg%ﬁlﬁ%grr\ll%gtﬁ%@fé&%% | D NO
8, or'efiLera PPENGHECBELEUsEoePite et hod of claim 31, wherein said
pronoter conprises a synthetic nyogenic pronmoter. { 37. The method of
claim 31, wh reiq,sai% g'#ﬂtranslated region conprises a hGH 3'

unt r ans! at ed%r egi'GfmeBgd offfaimR9: wheteip paid [igand administgiion siomlsai d vector i s
introduced into said cells of said fenmale animal by el ectroporation,
through a viral vectaor, in_coqéunction_mﬁth a_carrier, by parenteral route,
or a combi ndfi on “t ¥ é?f"l‘p.e““%*@? ofd ingesptivgfeest efbisigncringm offprisg diom sfainalef enal e

ani mal ahimabcddirisiap thi¥Blep oBinfrédubing Bh Bdciivent RARChrAVEAR into 0&11sdF WRE FenBRi Bl 40-
The net hod of (O .aim 31, mgg%fég said female animal is a pig, cow, sheep,
goat oPTEhiPcKeliring gestafify o SPEPE OYherai Sid VegHRE cemprisen p grayeieron npgeotide

sel ect egjutiiceyand A6’ GirdkbitcdQEHdS indRBcdllitiBnAVIRAIH e nitleoMlld RYueh &Gk Bfpresétd an
I|poson%, a ca Hﬁﬂlc.|lp%€, or a cqnbination thereof. 42. The nmethod o

d ai m FPerei sk iiroduction gpd pgyressign jof 5318 gigeterdresHisgn dagrepsede fead efficienay &1 prid e
adm ni sffspdingon. 43. The nethod of C aim 31, wherein said introduction
occurs during the third trinester of gestation of said offspring. 44. The
met hod of Claim31, further conprising the step of admnistering to said
femal e a |igand fa¢ m&hodsRWih 6 ) QFRRAFRIQRENEIIND Hifl BRI L&Miprisé diploid \R1¢TEL hod
of Claim44, wherein said ligand adm nistration is oral. 461 A

non-t herapeutic nethod of increasing levels of 1GF-1 in an offspring froma

-femal e ani mas. The method 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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conprising the step of |ntrodu0|ng an effectlve anount of a vector into
cells of said female animal prior to or during gestation & Jung g005

of fspring, wherein said vector conprises a 76 13 June 2005 pronoter; a
nucl eoti de sequence; and a 3 'untranslated region, under conditions wherein
the nucl eotide sequence is expressed and wherein said introduction and
expression of said vector results in increased levels of I1G-I in said

of fspring. 47. The nmethod of claim46, wherein said cells of said fenale
ani mal conpPse dhpmeher efslain 61, whereinrnid feresidraimad fs agiebdnimalsa fawher ei n sai d
cell's @fimafhGddaNRIaE oA NveRnigRPri se nmuscle cells. 49. The nmethod of claim
46, wherein said nucleic acid sequence encodes a growt h hornone releasing
hornmone or its analog. 50. The nethod of claim49, wherein said growh

hor mone r el egsi n%@ﬁétﬁ&&ﬁdlﬁm%lﬁ%e@lmci f&ﬂ%@%ﬁ%&'ﬁ :cofly, stilp, bt ' espective
anal og. 51. The nethod of claim46, wherein said profnoter CORprises a
synthe??%dﬁﬁﬁhenlc pronoter. 52. The method of claim46, wherein said
3'untransl ated regi on conprises a hGH 3' wuntranslated region. 53. The

met hod of claim 46, wherein said vector is introduced into said cells of

sai d fermal e/l-ani ihf veslyr of aipyad pwshaein smd vecter saglesmidya yisal veatast linosdme, a

conj ungitionid 1Mdt$}aaeoﬁgﬁ,5ﬁogrther&y parenteral route, or a conbination thereof.
54. The nethod of claim46, wherein said female aninmal is a pet aninal, a
farm animal, a food animal, or a work animal. 55. The nethod of C aim 46,
wher ei n sai g.f eMuhEm@ARIABRCIdi 62 Whickbin éam/%ec@h@ﬁﬁod&@@imoosfald f&ﬂél&hml RS- The
vectorﬁgﬁ Clajm 46, wherein said vector is a plasmd, a viral vectg

| i poso inigtrations j onj ¢ lipid, or a conbination thereof. 57. The met hod of
Claim 46, wherein said vector is introduced into said female in a single
admnistration. 77 13 June 2005 58. The nethod of C aim 46, wherein said

i nt roduct i of*occ hiresmelAdiah Glam &L vieren sard 1ﬁ‘§§lﬂ‘éwﬂéﬁcmsgb'§ﬂ&thpéwddﬁlmmdf
offsprg@gnmﬂ&gmﬁngﬁﬁghod of Claim46, further conprising the step of

adm nistering to said female a

74. The method of Claim 61, further comprising the step of administering 1o said female a

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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ligand or a growth hornone secretagogue receptor. 60. The nethod_of Caim

59, wherein said |igand adninistration is oral. 61. A non-tflA<laHedRa c
nmet hod of increasing feed efficiency in an offspring froma femal e animal
conprising the step of introducing an effective anount of a vector into
cells of said female animal prior to or during gestation of said

of fspring, wherein said vector conprises a pronoter; a nucl eotide
sequence; and a 3' untranslated regi on, under conditions wherein the
nucl eoti de sBqueride medodetlangbavierin saidmseredter comprses msmwiicnyegeniand
expressh@fotgf said vector results in increased feed efficiency in said
of fspring. 62. The nethod of claim 61, wherein said cells of said femal e
animal conprise diploid cells. 63. The nethod of claim61l, wherein said

cells of saigd fermlaembi Hpélahgﬁmﬂe% TSR ﬁité@l'egigx\?vct: mpHe& JFRPd of claim

61, wherein said_nucleic acid sequence encodes a ¢ ornone rel easing
hor nondngnsjated regipft og. 65. The met hod of clai m 64, wherein said growth

hor mone rel easing hornone is SEQID NO 1, SEQID NO: 8, or its respective
anal og. 66. The nethod of claim®6l, wherein said pronoter conprises a

synt heti ¢ mpdgenilée mgihedptdaim 76.avheripesaigdeestords stroducad imtossaid colfsenf edichfesaled 3
unt r anghata€ ey E18Gio8bka i i at : LG e t hod
ol A T B ol e e Bl £ A e B oS EF

f emal e compinion hs§eo8| ect r oporation, through a viral vector, in conjunction

with a carrier, by parenteral route, or a conbanation thereof. 78 13 June |
2005 69. The nethod of claim®61l, wherein said female animal is a pet

ani mal , a f&'m adpppthodofichim 7arithesin saidriemalominaling petnimz0a fahe met hod of
d ai m @limaBeAiaRinfiofls EiBhEafni Mal is a pig, cow, sheep, goat and
chicken. 71. The vector of Claim®6l, wherein said vector is a plasmd, a
viral vector, a liposone, a cationic |lipid, or a conbination thereof. 72.
The method @b O ghéinbthod VLRI 78, Wiktirdn VRCHRLe afinda s b PRUGRS sﬁe@é,%oaﬁ%} d fenmal e
inasingle adnministration. 73. The nethod of O aim®61l, wher& n said

i nt r odGE¥Bn occurs during the third trimester of gestation of said

of f spri ng.

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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74. The nethod of Claim61, further conprising the step of Sdm’ ni gteri ng to
said female a ligand for a growth horrmone secretagogue redegt? 2085, The
met hod of Claim 74, wherein said |igand adm nistration is oral. 76. A
non-t herapeutic nethod of increasing the rate of growth in an offspring
froma fermale aninmal conprising the step of introducing an effective
anmount of a vector into cells of said female animal prior to or during
gestation of said offspring, wherein said vector conprises a pronoter; a
nucl eoti de *equethedethodpf clgimdl, wiprgingaid calised saidfgmelpanima gemprisotipipidicellis
wherein the nucl eoti de sequence is expressed and wherein said introduction
and expressign of_said vector results in increased rate of growh in said
of fspring. 77. THE® Wgtgﬁdo(gc%’f“ T Wreinygid ﬁ?\”fé’l? giemale gpimal cpraprist musglegelemal e
animal conprise diploid cells. 78. The nethod of claim 76, wherein said
cells of saigd fe i mal . ise nmuscl.e cells. 79. The nethod of claim
76, wherein 9g'ai dni?ilhc tg‘lmc&glgllm %ﬁeznnsgtéi “éﬁ%‘%a é({sase JeBte SR RETREHE ™S easi ng
hor nmonéelepsing heymaper ¢analg®. The nmet hod of claim 79, wherein said growth
hor none rel easing hornone is SEQID NO: 1, SEQ IDNO: 8, or its
respective analog, 79 13 June 2005 81. The nethod of claim 76, wherein
sai d pronot - contpf MeB of clayn M rwerein s3id s bormeneselessiag horggne isThe net hod of
cl ai m B&Q InhND 2] SEGHI ND 38, otitréspdtsilein@g. r €gi on conprises a hGH 3
untransl ated region. 83. The nethod of claim 76, wherein said vector is
introduced into said cells of said female aninmal by el ectroporation,
t hrough a vi%fal Véehethgd df rlaieon] wiredd said prantoker eongptisds ia @ynthetlymypaeent er al rout e,
or a cégggtg{egati on thereof. 84. The nethod of claim 76, wherein said fenale
animal "I1's a pet animal, a farm animal, a food animal, or a work animal.
85. The nethod of Claim76, wherein said female animal is a pig, cow,
sheep, goat ¢pr  Ghd SR of 88im 9T NehekHEhAR Rlradsladl et coniiEls@hBHSAI d vector is
a plasmd, a viral vector, a l1posone, a cationic Ii1pid, or a conbination
t her eofragsatedipgionpt hod of Cl aim 76, wherein said vector is introduced into
said female in a single admnistration. 88. The nethod of C aim 76,
wherein sai gS.I nt [FBéj Hectlgold%?claclllr%%lll,r“%leldelljnrslaiQQJe(;[tcn(Ias i}ltpcld{l(%dgﬂl;l(; sgﬁiscgllesrof 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.




gestation of said offspring. 89. The nethod of Claim 76, fyrther rising
the step of admnistering to said female a ligand for a gHgﬂPﬂeﬁﬁﬁﬂgne
secret agogue receptor. 90. The method of C aim 89, wherein said |Iigand

adm nistration is oral. 91. A non-therapeutic nethod of increasing the
rati o of somatotrophs to other hornone- producing cells in a pituitary
gland of an offspring froma fenmale aninmal conprising the step of
introducing an effective amount of a vector into cells of said female

ani mal priorl0-o dihe mathpdef (Jeigt 194, wheredt saisldigandsidménistiatien is osaher ei n sai d vect or
conprises a pronoter; a nucl eotide sequence; and a 3' untransl ated region,
under conditions wherein the nucleotide sequence is expressed and wherein
sai d i nt r odd@®i orfhamethedefidain 93 nwksrein sicthormenetrseduging edlls sreiselectert fram the

somat otgmpfasnstsangémﬁicm)g@ﬁ@m@é&.@'Hﬁdg&ga&,&b R, in a pituitary gland in said
offspring. 80 13 June 2005 92.  The fhethod of claim 91, wherein said cells
of said fenmale animal conprise diploid cells. 93. The nmethod of claim91,

wher ei n sai dof.el lasnoafipchibledliciidifdFordRiafk b OPL &gﬂﬁﬂﬁ%nﬁa féﬁ%ie%nima?d" The

met hod of c¢laim91, wherein said nucleiCc acid sequerice encodes a growh

hor mon&°MPRYNEAYS S HENRBIEaR effecivesmauatel agsctoririe ceftsofierdd fsmalelaimaf pipr to

wher ei Qr 8@ B5avdn>r BAd BFGRIng SURAS B8 NRIFPREYrs& a prbld l\cheJtide@gg,er}fQ NO :
sal

D
8, or it rpsBecg%ye anah&g. 96,, The net hod of_cla|n191;aMhere|n ‘
pr onot &7 & Srgipnskied geelgpn piviet saadisiprsgeicrein the neglestide sequence Fisuprassechend Wieredl ai m

91, whesfigintrodittich ahd ekiitéssidR 8F @AlEBRtbEBLMY i REPE b5 aill s Bing, UNt ransl at ed
.region. 98. The nethod of claim91, wherein said vector is introduced into

said cells of said female animl by electroporation, through a viral

vector, in geg) UMEd n&Rod¥tichin? | €2 WhirEih saild YelROF QREGHAL afiil BmpRe dploid cells.
conbi nation thereof. 99. The method of claim91, wherein said femal e ani nal

is a pet animal, a farm aninmal, a food aninmal, or a work aninmal. 100. The

met hod of Chigd. M 9o mMARK FCcRind 70whGBRLAd bélls BfsafEARE 2B eSS se ek LOR.
group consisting of pig, cow, sheep, goat and chicken. 101. The vector of

Claim9l1, wherein said vector is a plasmd, a viral vector, a |iposone, a

cationic lipiod, Ohe MetkRANTcRAR |EDWhEEHeAH nuc@czacideth.leH&teh%_eQ; %rgwﬁiﬂ&rg&'e

wherein said vector is introduced into said fenmale in a sing

admi ni eleasipg kpgmone or its analog.

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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103. The nethod of C aim 91, wherein said introduction OCCﬁéS du5%£9 t he
third trimester of gestation of said offspring. 104. The netrHe d ai m
91, further conprising the step of admnistering to said female a |igand
for a growm h hornone secretagogue receptor. 81 13 June 2005 105. The

met hod of Ol aim 104, wherein said ligand adm nistration is oral. 106. The
nmet hod of C aim 91, wherein said hornone-producing cells are selected from
the group copnsisting of corticotrophs, |actotrophs and gonadotrophs. 107.
A non-t her ap‘égt i hREEGE of GrngT ayylherin $9id femmale aniepl ing pigmrornghetm eonta f emal e
ani mal orchiegRh] Si ng the step of introducing an effective anbunt of a vector
into cells of said female animal prior to or during gestation of said

of fspring, wherein said vector conprises a pronoter; a nucl eotide sequence;

and a 3' untmans|Tat e&dr8HCRIM 107N RSreif SN APRS pIaIdeh irdl b&t&,%l%p%?&rﬂe?? .
sequence.i s expressed. and wherein said introduction and expression of said

vect or PEURA Pl pra epmbiplion B9e9th i n sai d of fspring. 108. The nethod of claim
107, wherein said cells of said fermale animal conprise diploid cells. 109.
The net hod gf cI%jnh%%7 wherein said cells of said female animal conprise
muscl e cel | 413 176° mthed ofelelpmd Odswheredn seidpiodtor ininiipdiced e sgidferndleine singled
sequeneémiiag®ds a grow h hornone releasing hornone or its analog. 111.

The net hod of claim 110, wherein said growth hornone rel easing hornone is
SEQIDNO: 1, SEQID NO: 8, or its respective analog. 112. The nethod of

claim 107, WheThe fhethad 6F GIEIBNIY BUhef AU iSRHudtion YBhRE UG X AFANiGest bpOt er .
113. The ﬂﬁﬁ?fd'Of cl aim 107, wherein said 3" untransl ated regi on conprises

a hGH S5PGRPIAHAMBPUE regi on. 114. The method of claim 107, wherein said
vector is introduced into said cells of said female aninmal by

el ectroporatjon, .thro viral vector, in conjunction with a carrier, by
parentePaI ﬁ%@te?ﬁ%mmﬁgn@gW%WHgﬁﬁUﬂwfﬂ@ﬁ@&?gﬂ%i p ofidaninigteningdo epfd female g 107,
wher ei higadifet of gedveth GordidhéBeretaogie RREpt@Ni Mal , a farm animal, a food aninal,
or a work animal. 82 13 June 2005 116. The nethod of C aim 107, wherein
said female animal is a pig, cow, sheep, goat or chicken.

121. The method of Claim 120, wherein said ligand administration is oral.

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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117. The vector of O aim 107, wherein said vector is a plazgid 3 ¥%ral
vector, a liposone, a cationic |ipid, or a conmbination th éHP? 9 . The
met hod of Claim 107, wherein said vector is introduced into said female in
a single admnistration. 119. The nethod of C aim 107, wherein said

i ntroduction occurs during the third trinester of gestation of said

of fspring. 120. The nethod of C aim 107, further conprising the step of

admi ni steri to.gaid. f le a_ligand for a growth hornone secretagogue
receptor . 121%8- T eﬁ?fhﬁgnP%?lm@%infm?ldmwisweésﬁgwmcprg@ﬁas aRfPHIAT stration
i s or aluntrdidBiedAedi@in- t her apeuti c met hod of increasing mlk production in an
ani mal conprising the step of introducing an effective anmount of a vector
into cells of said aninmal, wherein said vector conprises a pronoter; a
nucl eot i de sieguerite metidd ofcldm 107 WhaRm! saldSectsragineBducsER kaig ARk kANEmufer ei n
t he nucleo&h?e se uencgyis expressed_and, wherein said introduction and
expr es<TOH BY clegifopoglion, Groveh e yirplovertar, imeqnisnetion wily 4 sarmsr.duRetepisrel ravtes a1 &

ani mal .cohBidatiohltker¢aft hod of cl aim 122, wherein said cells of said aninal
conprise diploid cells. 124. The nethod of claim 122, wherein said cells
of said animal conprise nuscle cells. 125. The nethod of claim 122, wherein
sai d nucl ei d3&ci dhs ethed 614 0L @icRinGhia\Whld i i pet Sli@ASd fagy hor none or
its anal o %%%f Thz met hod of claim 125, wherein said growth hornone

rel easiaﬁlér%hél faal or &Weskapinigh - 1 SEQ ID NO : 8, or its respective
anal og. 127. The nethod of claim 122, wherein said pronoter conprises a

synt hetic eni DI O r.. 3 June 2005 128. The nmethod of claim
122, wher einﬁg ai ﬁ%mﬁﬁ%ﬁ@?‘%% "Y]]’@Eﬁ'rbsﬁld(?ﬂ 1S3, SOk Efen; 202t it r ansl at ed
regi onchit®®d. The nmet hod of claim 122, wherein said vector is introduced
into said cells of said female aninmal by el ectroporation, through a viral
vector, in conjunction with a carrier, by parenteral route, or a

conbi nat i on13her &aé vechd6f Clirel 20pkivadh Sid Gk MablRmidGFL Ve tc? 2 Ishob ik €

ani mal H% alﬁ%glanin%l,.at&%r aninmal, a food animal, or a work ani nal
131. TREME RSSO BPHHI™MB% o \herein said animal is a pig, cow, sheep,

goat or chicken

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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132. The vector of Caim 122, wherein said vector is a pl azgid 3 i ral
vector, a liposone, a cationic |ipid, or a conmbination th é'H?‘.e 9 The
met hod of Claim 122, wherein said vector is introduced into said animal in
a single admnistration. 134. The nmethod of C aim 122, wherein said

. introduction occurs during the third trimester of gestation of said

- offspring. 135. The nethod of Claim 122, further conprising the step of

adm ni sterj sai.d female a .ligand for.a growt h hornone secyretagogue
recept oarf "f%%fs’f e et %B%QB?ep?ff’t&’f‘rﬂq fggfrapﬁﬂgr"@ﬁﬂosét&’f‘dvorl ‘Pﬂﬁfﬁﬂlgjﬂ’ sipf §fg°P’%1| on
i s or alhorri@ig.in biseffspfingitone b fededd anéma woherdin e campoetib®ls (E:ORPGdusSHcAGo EelérRIDL €r ,
a nucl egt | - ence and ‘~untransl ated regi on for. the preparation of
a ther aaﬁ%a? Prict 40 iy (g pessalon ot sl TRkt Apden reriigho st e plleqrafenians n g
from a if expedseedani mal , wherein the conposition is for introduction to the
female animal prior to or during the gestation of said offspring under
condi ti ons wherein the nucl eotide sequence is expressed. 138. Use of an
ef fective and®nt bt ofanweéiedtive amampof Siebigr confprisingi Lomot@r, A nadletide slQuaesanance
and 84,1 -~ untranslated region faor the preparation of a
her apdit pard et Jorhe O AOR o o B R Hiop 6 ey Fass

of f spr iangifprvmitanf afemble adEmilrahgreiniiercompositiva iclnpasducii@o iis fEadle knlinklg@det i on

to the : Lol iqrto.or during.th estation.of said offspri,ng
under - doaae @ fon BBt ioBlnd Fordiohe e EEbehic Rt wifnte R reghiedld of
an effective anount of a vector conprising a pronoter, a nucl eotide
sequence an a 3 r ' d ion for the preparation of a therapeutic
conposi ti onq?%r ﬁﬁ%?fre%se?f%%&?ea%mg% ywr:1t 134 qusm%ﬁprS]F‘? Spf "R e"?‘f’?)?ﬁqﬁenf% | e
ani mal 2 3whesraklated fegiog derplospirériacition sf £ therapentic cnlypotiti@ntor mctehdngd levald  Iapil el
prior . i tation.of said. offspring under, conditi.ons .
Pherei ah Bng 4phithoblE il S0 s eoBPifiol i SR el EinRngs sk v
anount todr darivgetbe gestationgfisiid ofigpriag pndenudinditionsawleesdd e hidketidegyp@ncss atdessad. 3'
untransl ated region for the preparation of a therapeutic conposition for
increasing levels of IGF-I in an offspring froma female animl, wherein

t he conposi ti#on Use éign effertivoaiumii ofr veatot doepfigngd gromoictya hugidtias seqhdnc®dnd

during, th j i.d of.f spri under condi tions whergi he .

nucl cof P ISl Leafh B o8 a8 s Spiion L LS Rl G i
vect or ar offiypring frony ademalomithds whezein thelcempasition ssefquienatactondo e f@halendimnalsiboat ed
region.for: t i thera tic.composition. for increasing feed
ef fici g)n(gﬁ u%%%hﬁ%&%ﬁ%@%’rs%ﬁaﬁprr 10%1“%0%? %@g%gnsa%ﬁeﬁqptfqe éet‘)gfl%seﬂlffgceclﬁ PSS on
is for introduction to the fenmale animal prior to or during the gestation

Ce); p? 2!5 gegf f VA ngséj(ﬂqﬁ Eff&ﬁ@edilﬁdugp 5t a%gt(r)reclo%pltisqgg an}l){*gzlngtg}, Iagu?cleso%gg seela&e%cel asnd
a 3” untranslated region for the preparation of a therapeutic composition for increasing the rate of 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.

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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142. Use of an effective amobunt of a vector conprising a prygmRheheos

nucl eoti de sequence and a 3' untranslated region for the prepar a?l on of a
t herapeutic conposition for increasing the rate of growmh in an offspring
froma fermal e animal, wherein the conmposition is for introduction to the
female animal prior to or during the gestation of said offspring under
condi ti ons wherein the nucl eotide sequence is expressed. 143. Use of an

ffecti f. t i Sj . ter, I i
and a5 VPR R T Plon R St s B R g Y e el e

conposiftomonfefele anmet, edsiemghd dvenpositionas i int®dwesibioforthpfemale @niatahiior to or during
hor non G . in.a pituitar lLand of.an offspring froma fenale
ani mal ?ﬁep her gﬁoﬁ%lﬁg#égﬁn unds 'i‘i%%‘#f?"g W%rfgit %‘?‘818%‘? is%ﬁ"fe‘l%%tfﬁ@%%‘gml e ani nal

prior to or during the gestation of said offspring under conditions
wherei n the pucl i nce |s.expressed.. 144. Use of .an.effectiv
mrount of 2 ot oot bR SHEANERRGnt S b RRR G ing  rapplie » Sk RlHE atkRte ands 13
June 2005 uatraSSIat%Itelgiam _ﬁ:lrdteqqxiepaﬁgdn?mf afthHl‘E]lcp];Ellft'& cpmﬁcp];ét;oatﬁndﬁbr?fsing Fﬁlhepr@ﬁ@ilah i
conposi,t i o [ [y .an. offsprin rom.a fenal e ani .
wher ei r%L ta%gl a!i 8{?6%% '%?‘.XSQ‘QP‘%“ }cl)rls ﬁ)ﬁtlr?rgg'ﬁcg ?gon{h? gm‘i.leﬁgo‘ir‘gétﬁ?ﬁf évrﬂgrﬁf“nﬁ? “ECF@IOB?" to
or dur iseayence ireexgressedit i on of said of fspring under conditions wherein the
nucl eoti de sequence is expressed. 145. Use of an effective anount of a
vector conprising a pronoter, a nucleotide sequence and a 3' untransl ated
regi on for ti#e pilbpesafiyrenedf deitih E17a36 Lwhecicaidxeds ofiseid fénmle inhasleasprivg ni | k
producg{ QU4 s an animal, wherein the conposition is for introduction to
the undér conditions wherein the nucl eotide sequence i s expressed. 146.
The use of any one of clains 137-145, wherein said cells of said fenale
ani mal conprjse ' j 1k 4 e .y of, a of .cl ai 137-145,
wher ei n sg}) (]:laféel Fgé l(%k Qg%ly cqfﬁ% éﬁ%ﬁlés ?fr? i-I-ﬁlig’l w}}?ger?}lbsralldsceeny?mfosg@ femalegnimal cqmprise 1, o
use of muspfeesia of clains 137-145, wherein said nucleic acid sequence
encodes a growth hornone rel easing hornone or its anal og. 149. The use of
cl aim 148, wherein said growh hornone rel easing hornone is SEQID NO : 1,
SEQ | D NO : 148. otlhd uss of any pecofi claima 134} 1dg, wikEih sakhmclbacidfsecqayceen@dafa cl ai ns
137- 145 wihehbl i . C ises a synthetic nyogenic pronoter.
151. T%g use O#&gﬁl@ds%@%%@ﬁ%?éﬁtsr@ﬂ?%% 145, wherein said 3" untransl ated
region conprises a hGH 3" untranslated region. 152. The use of any one of

~claims 137- %@5 Wqu{sg bf‘cleﬁﬁ' IQS,%%PeQr[ saidsgréan ht")a‘rpnloge Ie?elélsixi]gnl:[lol}r(r)lgr%cig hon
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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into said cells of said femal e ani mal by el ectroporation, through 81 vi ral
vector, in conjunction with a carrier, by parenteral routé‘?"HP 4005
conbi nati on thereof. 153. The use of any one of clains 137-145, wherein
said female animal is a human, a pet aninmal, a farmaninal, a food ani nmal,
or a work aninmal. 154. The use of any one of clains 137-145, wherein said
female animal is a human, pig, cow, 86 13 June 2005 sheep, goat or

chi cken. 155. The use of any one of clains 137-145, wherein said vector is
a pl asrihepp goatgrehickspect or, a | i posonme, a cationic |ipid, or a combination
t hereof. 156. The use of any one of clainms 137-145, wherein said vector is
suitable for introduction into said female in a single adm nistration.

157. The usd3&f ahg ussrid agyfong phelpims 137714 4sherqip saidyastos siadlasmid ovied véatm, Dccur s
dur i ng iiphind éafonit HRS b ebmilhar@f kAL ON O said of fspring. 158. The use of
any one of claims 137-145, wherein thé female also receives a ligand for a
grow h hornone secretagogue receptor. 159. The use of C aim 158, wherein
said |igand 1agim niy i i i 3 . . _
PCTI USQl / 48726 S,E%IJ_{I‘EG%#CE%I%'?’{J%%%Ei?’foggs‘%%vr\gy%? ‘2%% er't Rg%r%rﬁtamgbﬁ%gpAkl i
Ruxandrigfo saigifemgle ipp gingle adnpigistpsigher | Robert H. Kern, Douglas R <120>

Adm ni stration of Nucleic Acid Sequence to Female Aninmal to Enhance G owh
in Ofspri ng{ <130> HO PO2021US1/10021476/ OTA 00-91 <140> 10/021, 403 <141>
2001-12- 12 124503 hgpert BIy(PPg of dajngy 137§ gwhepein 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.
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<160> 11 <170> Patentln version 3.1 <210> 1 <211> 40 <212> PRT @?13> Pig
<400> 1 Tyr Ala Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val3rde&P an 1
Arg Lys Leu Lein G n Asp Ile Met Ser Arg Gn dn Gy

5 10 15 Le I
l"w§§r5"go(ﬁ/g§7n Adn dudn dy Ala 35 40 <210> 2 <XITAUISIB/48719R 12>

20 25 30 du
DNA <213> Synthetic <400> 2 aggcagcagg gagagaggaa ccaagagcaa ggagcat aat

gactgcag 48 <210> 3 <211> 42 seeftite DNAIN<213> Synt hetic <400> 3
<210> 4 1 13 June 2005

accct cagga_tgcggcggca cgtagatgcc atcttcacca ac 42
WD 02/ 0616%37‘%&? 1748926t A211> 27 <212> DNA <213> Synthetic <400> 4
raghia-Akli, Ruxandra
Smith, Roy G.
Carpenter, Robert H.
Kern, Douglas R.

'<130>  HO-P02021US1/10021476/0TA 00-91 |

<140>  10/021,403 |
<141> 2001-12-12

<150> 60/255,021
<151> 2000-12-312

<160> 11

<170> PatentIn version 3.1

<210> 1
<211> 40
<212> PRT
<213> Pig

<400> 1

Iyr Ala Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Gly Gln
5 10 15

Leu Ser Ala gﬁg Lys Leu Leu Gln Asp Ile Met Ser Arg Gln Gln Gly
25 30

Glu Arg Asn Gln Glu Gln Gly Ala
35 40

<2r0> 2

<211> 48

<212> DNA
<213> Synthetic

<400> 2

aggcagcagdg gagagaggaa ccaagagcaa ggagcataat gactgcag 48

<210> 3

<211> 42

<212> DNA
<213> Synthetic

<400> 3

~accctcagga tgcggeggca cgtagatgec atcttcacea ac 42

<210> 4




cggaaggt gc tggcccagct gtccgecc 27 <210> 5 <211> 36 <212> DNA <213>
Synt hetic <400> 5 ctgctccagg acatcctgaa caggcagcag ggagag J§Jure2085 6 <211>
358 <212> <213> Synthetic <400> 6 gagctccacc gcggtggc ccgtccgcecce
tcggcacca?véiﬁﬁgé aca cccaaatatg 60 gcgacgggtg aggaatggtgggggﬂbméhﬁt
tttagagcgg tgaggaaggt gggcaggcag 120 caggtgttgg cgctctaaaa ataactcccg
ggagtt aktiistt agagcgga ggaatggtgg 180 acacccaaat atggcgacgg ttcctcaccc
gt cgccakat2st t ggrgt gt cc geccctcggec 240 ggggceccgcat tcctgggggce cgggceggt ge
t cccgcceg3>ct ggdthabira ggct ccgggg 300 ', .  ccggcggcgg cccacgagct acccggagga
gcgggaggc%ﬁgcaagctcta gaact agt 358 <210> 7 <211> 623 <212> DNA <213>
Human 409> 7 ggt ggcat ¢ cct gt gaccc ctccccagtg cctectectgg ccct ggaagt
tgccactsggmgﬁtmgt8@%%58%%5685 ‘gt cct aataaaatta agttgcatca ttttgtétga
ctaggtgtcc 120 ttctataata ttatggggtg gaggggggt g gt at ggagca aggggcaagt
t gggaagagm-18¢ acctgtaggg cctgcgggdgt ctattgggaa ccaagctgga gtgcagtggc
acaat ct kgp 2406 ctcactgcaa tctccgecctc ctgggttcaa gcgattctcc tgcctcagcec
t cccgagkep>300Ma tt gggatt cc aggcat gcat gaccaggctc agctaatttt tgtttttttg
gt agagacgp>368yntggtid cacca tattggccag gctggtctcc aactcctaat ctcaggtgat
ctacccacct 420 tggcctccca aattgctggg attacaggcg tgaaccactg ctcccttccc
tgtccttéfg?nsé attttaaaat _aactatacca gcaggaggac gtccagacac agcatgggct
acct ggcEaT 54079 §EECRARtY P eIt 9Fagt tgct t g cttggcact g tcctc?catg
cgttgggtcc 600 :

<210> 6

<211> 358

<212> DNA
<213> Synthetic

<400> @&
gagctccace geoggtggegyg ccgtceccecgece teggcaccat cctcacgaca cccaaatatyg 60

gcgacgggtg aggaatggtg gggagttatt tttagagegg tgaggaaggt gggecaggcag 120
caggtgttgg cgctctaaaa ataactcceg ggagttattt ttagagcgga ggaatggtgg 180
acacccaaat atggcgacgg ttcctcacce gtcecgeccatat ttgggtgtec gcccteggee . 240
ggggcegeat tectggggge cgggcggtge tecccgoccge ctegataaaa ggctecgaggy 300
ccggeggegg cccacgaget acccggagga gcgggaggeg ccaagcetcta gaactagt 358
<210> 7

<211> 623

<212> DNA
<213> HBuman

<400> 7
gggtggeatc cctgtgacce cteeccagtg cctetectgg ccctggaagt tgccacteca 60
gtgccecacea gecttgtect aataaaatta agttgeatca ttttgtectga ctaggtgtec 120

ttctataata ttatggggtg gaggggggtg gtatggagca aggggcaagt tgggaagaca 180

acctgtaggy cctgcggggt ctattgggaa ccaagetgga gtgcagtgge acaatcttgg 240

ctcactgcaa tcecteegecte ctygggttcaa gegattetee tgcctcagee tcccgagttg 300
ttgggattcc aggcatgcat gaccaggectc agetaattit tgtttttittg gtagagacgg 360
ggtttcacca tattggccag gctggtctcc aactcctaat ctcaggtgat ctacccacct 420
tggcetececa aattg;tggg attacaggeyg tgaaccactyg ctcccttcce tgtccttetg 480
attttaaaat aactatacca gcaggaggac gtccagacac agcataggct acctggecat 540

'gcccaaccgg tgggacattt gagttgettg cttggcactg tcctetcatg cgttgggtcece 600




2 13 June 2005 WO 02/061037 PCTI US01/ 48726 actcagtaga tgcctgttga att 623

<213> Synt hetic <400338uppd00B| Asp
Leu Ala dn 15 10 15 Leu Ser Al a

.. <210> 8 <211> 40 <212> PRT '..
Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val
Arg Lys LEYPPEYE, Asp I1e Leu Asn Arg G n @ n Gy 20 25 PSF7USGIESTAF g Asn
Adn du dn Gy Ala 35 40 <210> 9 <211> 3534 <212> DNA <213> Synthetic
<400> 9 gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgaa ttggagctcc
60 accgecgergggoxggetigittay atcct cggcac cat cctcacg acacccaaat atggcgasgg 120
gt gaggaat g gtggggagtt atttttagag cggt gaggaa ggtgggcagg cagcaggtgt 180
tggcgctcta aaaat aactc ccgggagtta tttttagagc ggaggaatgg tggacaccca 240
aatatggé %%}ggatcctca cccgtcgeca tatttgggtg tccgecctcg gececggggecg 300
cattcct ggy,.096&099cgg tgctccecgec cgectcgata aaaggcetccg gggecggegg 360

cggcccacyfgckangeand
ggcccaact c cccgaaccac

ct gggt gieot t et t t gt ga

ccctttgacc ctcaggatgc gg

€99
ggt gct ggée ‘@ég%?&gﬁé%glecﬁﬁc
agagaggaac caagagcaa

ggagcgggag
t cagggt cct
t cct caccct

cacgt

gcgccaagct
gt ggacagct
cagcaacagc
agatgccatc ttcaccaaca g
aby e giercEugdae larctalgate iggeldgcaggg 660
gagcat aat g act gthggaa ttcgatat cad”agcttatcgg 720

ct agaact ag tggatcccaa 420
cacctagctg ccatggtgct 480

tcccact gct

ccccacctccec 540
ctaccggaa 600

Leu Ser Ala Arg Lys Leu Leu Gln Asp Ile Leu Asn Arg Gln Gln Gly

cctgtagage

20 25 30
Glu Arg Asn Gln Glu Gln Gly Alé
35 40

<210> 9

<211> 3534

<212> DNA

<213> Synthetic

<400> 9

gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgaa ttggagetece 60

accgeggtgy cggecgtceg ccctcggecac catcctcacg acacccaaat atggcgacgg i20

gtgaggaatyg gtggggagtt atttttagég cggtgaggaa ggtgggecagg cagcaggtgt 180

tggcgctcecta aaaataactc cogggagtta titttagage ggaggaatgg tggacaccca 240

aatatggcga cggttcctca ccocegtegeca tatttgggtg tecgececteg goecgdggecy 300

cattcctggg ggcecgggcegg tgctecegee cgectcgata aaaggetecg gggeeggedgy 360

cggeccacga gctacccegga ggagegggag gcegcecaaget ctagaactag tggatcecaa 420

ggcccaactc cccgaaccac tcagggtcét gtggacagct cacctagctg ccatggtget 480G

ctgggtgttcrttctttgtga tcetecaccet cagcaacagc tcccactgect ccccacctcce 540

cecctittgace ctcaggatge ggcggeacgt agatgecatce ttcaccaaca getaccggaa 600

ggtgetyggee cagetygteocyg ccegeaaget getecaggac atcctgaaca ggeagceaggg 660

agagaggaac caagagcaag gagcataatg actgcaggaa ttcgatatca agcttategg 720

ggtggcatce ctgtgaccece tccecagtge ctcotceectgge cctggaagtt gecactceeag 780

tgcccaccag ccttgtecta ataaaattaa gttgeatcat tttgtcetgac taggtgtect 840
" tctataatat tatggggtgg aggggggtgyg tatggagcaa ggggcaagtt gggaagacaa 900

ctgcgggyte tattgggaac caagetggag tgcagtggea caatcttgge 960



ggtggcat cc ctgtgacccc tccccagtgc ctctcctggce cctggaagtt gccactccag 780
tgcccaccag ccttgtccta ataaaattaa gttgcatcat tttgtctgac tag

tct at aat aé"’(&ﬁ t g aggggggt gg tat ggagcaa ggggcaagtt ggg’aa acaa 900

cct gt aggg é@"g gtc tattgggaac caagctggag tgcagtggca ca 687%0 3 13
June 2005 WD 02/061037 PCTIUSQ /48726 tcactgcaat ctccgcctcc tgggttcaag
cgat t ct ecicigeesic agecicct et gagiitghad @30t tdtgggattttecacgycatgaatgt accaz@ct ca
gctaattttt gtttttttgg tagagagggg 1080 gtttcaccat attggccagg ct %gt ctcca
act cct a&®goattagpyogad IR e GEaTIICE A BADRatG e 1t EHA Lol ttgERHTgaT

ttacaggc aaccactgc tcccttccct gtccttct a 12 ttaaaata act cag
caggagg8@@‘9‘?88%‘@é‘&g%gégcag%tcﬁaﬁtcﬁtﬁg cat°6§°t€ t% tfﬁ%%fga% FASeTGGtE ggg%@;tttg
agttgct L gL L99C Gt G o661 GhEAQESIRIAGIE62 +1320  ccEt GRELAYRE. 9Cehar t gaa
ttcgataccg tcgacctcga gggggggccc ggtaccagct 1380 ttttttccct ttagtgaggg

ttaattt egecQehtHgcgircate abggiGacd ageigicht otdddhqgced ggtgmaagtt geéamt ccyg
ctcacaattc cacacaacat acgagccgga agcataaagt 1500 gtaaagcctg gggtgcctaa

t gagt gagetasazatic catdatabd gttt §ae geveact ge cts6ratge gt oqatcas gt égéfyaaac
ctgtcgtgcc agctgcatta atgaatcggc caacgcgcgg 1620 ttt tatt
gggcgct E‘E‘fagc‘fég‘é‘i PEETL-+gRe FAETTAEST &68’[‘%’%@%‘1‘ gf@@??gcg‘gg?gﬁg‘i 8 3%‘8gcga
gcggt at ct.caaa ggcqat c ag cgca
Sgaangasb et aasad e 9ar S AR B, L BRLIALEER Hidgo- L0338 %%g%%gcggéﬁg"é‘gug
ctggcegt Eéc}tgtt%@é 29g6latE6HCEE5GGEt HAGOAUGALE aL8§58-cgaL A3 GHL acgstcaagt
cagaggt ggc gaaacccgac aggact at aa agataccagg 1920 cgtttccccc tggaagctcc

Cct cgt gcgeiamgteed ghttorcyaccob@gregetctahateggat ah98fkdttg cogatatcgiccges€2 tt ct ccct
t cgggaagcg tggcgectttc tcatagctca cgctgtaggt 2040 atctcagttc ggtgtaggtc

gt t cgct eegrtagety gyeIdyaeet FEeyaace CEEEEGEET 22 IDT-CIGACERHETEI ct géffect t a
tccggtaact atcgtctt f ccaaccc t aagacacg 2160 acttatcgcc agca
gocact ga%sageagqgéﬂ%@ gafgga&%agt? GTaGoEs SHP IR SEPLBEE gt LHT gang

tggt 9908%§cc%%£9§ acggggeptg@ %%9&&%5&9 g%%%%aagé A,619G9¢EL Ct g6l gaag

ccagttacti tcgga aa agttg cttgatccg gcaaacaaac caccgct ggt

agcggt ggidaslcbhdd Qb&ﬁ@lc@@@%@%ﬁ@c@ttb@@@%@@zﬁ a4 gcgna33dRARGHa at atemagaa
gatcctttga tcttttctac ggggtctgac gctcagaaga 2460 actcgtcaag aaggcgat ag

aaggcgatgotget T gaatTagiy ayeymt gt attactigivaala c26@@cect gacgagcate 1860
acaaaaatcqg acgctcaagt cagaggtggc gaaacccgac aggactataa agataccagy 1920
cgtttecece tggaagetee ctegtgeget ctectgttec gaccectgeceg cttaccggat 19890
acctgteocge ctttcteecct tegggaageg tggcgettte teatagetca cgetgtaggt 2040
atctcagttc ggtgtaggte gtteogetecea agetgggctg tgtgecacgaa ccccecgtte 2100
agcecegacceyg ctgegectta tccggtaact atcgtcttga gtccaacccg gtaagacacg 2160
acttatcgce actggecagca decactggta acaggattag cagagegagg tatgtaggcg 2220
gtgctacaga gttcttgaag tggtggccta actacggeta cactagaaga acagtatttg 2280
gtatctgege tctgctgaag ccagttacct tceggaaaaag agttggtage tcttgatccy 2340
gcaaacaaac caccgctggt agcggtggtt tttttgtttg caagcagecag attacgcgea 2400
gaaaaaaagg atctcaagaa gatcctttga tcttittctac ggggtctgac gctcégaaga 2460
actcgtcaag aaggcgatag aaggecgatge getgegaatc gggagcggocg ataccgtaaa 2520
gcacgaggaa gcggtcagec cattcgeege caagctettc agcaatatca cgggtageca 2580
acgctatgtc ctgatagcgg tccgeccacac ccagecggec acagtcgatg aatccagaaa 2640
ageggccatt tteccaccatg atattcggca agcaggcatc gccatgggtc acgacgagat 2700
cctegecgte gggcatgege geccttgagcc tggcgaacag tteggctgge gegagcccoct 2760
gatgetcttc gtcecagatca tcctgatcga caagaccggce ttccatecga gtacgtgetc 2820




agcaat at ca
acagt cgatg
gccat gggt c

caagctcttc
ccagccggcc
agcaggcat c

cgggt agcca 2580
aat déalyaa208%40
acgacgagat 2700

gcacgaggaa gcggtcagcc cattcgccgce
acgctatgtc ctgatagcgg tccgccacac
agcggccatt_ttccaccatg atattcggca
cct cgeegt #Ycgc gecttgagee tggecgaacag ttcggetgge geAGAEBEEsT26760 ' . .
gatgctcttc gtccagatca tcctgatcga caagaccggc ttccatccga gtacgtgctc 2820 4 13
June 2005 WO 02/061037 PCT/ USO1/ 48726 gctcgatgcg atgtttcgct tggtggtcga

at gggcag@icsageaggasnd cagr auat gLag2 889y grage ageadyat gL algeggageat gatgmat a
ctttctcggc aggagcaagg tgagatgaca 2940 '.. ggagatcctg ccccggcact tcgcccaata
gcagccagtegceatdic tggriicatcagt gamat 3G00t eFpeg ageads-aage tigegetmacygadééftccg

tcgt ggccag ccacgat agc cgcgctgect 3060 cgtcctgcag ttcattcagg gcaccggaca
ggtcggtE?Fmﬁaaéhéaﬁﬁﬁcﬁgbgﬁ@ﬁﬁ@ﬁtﬁfﬁﬁmxﬁ F@éﬁg?ﬁgggéﬁfégﬁﬁﬁgaacd&% gcat

Cagagca&gtgcgtggéécg%g&%tcg&% %%%%gqf%cg ;t%gtgg%%?%%Sggaa%agggz%ggég%ﬁt acGHERICcag

ccggagaa cgtgcCaat "cca caal cat gcg tcct catcctgtct

ctt gat cagrcl gtdPat 64 c&dHGReERIGE B Y0cgRGet GatiHGa693C3gRRac JCqatecagt

ttactttgca gggcttccca accttaccag 3360 agggcgcccc agctggcaat tccggttcgce

t t gct gt ccactatpacegougsaytact aguaaB4202g@atgtorgygataggge gategt gt gegygcect

cttcgctatt acgccagctg gcgaaagggg 3480 gatgtgctgc aaggcgatta agtt t aa
‘b’gCE@fa@CSWCQQ CCaggRens tepItereas C?fg?ttg@lzﬁg%ﬁm <213>

cgccaggftteIEreEc &g
Synthetic ., <400> 10 cgataccgt cc CCC taccagcttt tccettt
2t gaggBte oAb AT R At AP g At PALaET cat Pty TPEe bt ot dah ¢

gttat ccged 120,y Ca5AALLLLRCACRAGALRAGARYES JFARG LAL 3R Hagaag664 999
gtgcctaatg 180~ agtgagctaa ctcacattaa ttgcgttgcg ctcactgccc gctttccagt

cgggaaasgdgcddéec gH€QggsLngceiPeasd aatcgaats §gesacaedcdoggggcagagyeggt t
tgcgtattgg 300 gcgctcttcc gettcctcge tcactgactc gectgecgetcg gtcgttcgge
t gcggcogagwt86iya ggivueber vteamcahagyceygt aacacmrogty argemsadsgaattédyggg

at aacgcagg 420 aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgt aaaaagg
tag&ﬁc aaggcgatta agttgggtaa cgCcagggtt ttcccagtca cgal 3534
ccgcegtt

<210> 10

<211> 2192

<212> DNA

<213> Synthetic

<400> 10

cgataccgtc gacctcgagg gggggcecgg taccagettt tgttccettt agtgagggtt 60

aatttcgage ttggegtaat catggtcata geotgtitect gtgtgaaatt gttatceget 120

cacaattcca cacaacatac gagccggaag cataaagtgt azagcctggg gtgcctaatg 180

agtgagctaa ctcacattaa ttgcgttgcg ctceactgecce getttccagt cgggaaacct 240

L]

gtcgtgccag ctgcattaat gaatcggeca acgcgogggg agaggeggtt tgegtattgg 300

gecgetcttce gottectcoge tcactgacte geotgeogoteg gtegttegge tgecggegage 360

ggtatcaget cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgcagg 420

aaagaacatyg tgagcaaaaqg gccagcaaaa ggccaggaac cgtaaaaagg cegcegttget 480

ggegtttttc cataggectcece gcccecectga cgagcatcac aaaaatcgac getcaagtcea 540

gaggtggecga aacccgacag gactataaag ataccaggeg tttcceccctg gaagetcect 600

cgtgegetet cetgttcega cectgecget’ taccggatac ctgtecgect ttetecctte 660

gggaagcgtyg gegetticte atageotcacg ctgtaggtat ctecagttegg tgtaggtegt 720

tcgetecaag ctgggctgtyg tgcacgaacc cccegttcag ccecgaccget gegecttate 780

cggtaactat cgtcttgagt ccaacceggt aagacacgac ttatcgccac tggeageage 840

cactggtaac aggattagca gagcgaggta tgtaggeggt gectacagagt tettgaagtg 900



gggctttttc cataggctcc gcccccctga cgagcatcac aaaaatcgac gctcaagtca 540
gaggt ggcga aacccgacag gact at aaag ataccaggcg tttccccctg gaaddwuee20@00
cgtgcgetct cctgttccga ccctgecget taccggatac ctgtccgect ttctcccttc 660

gggaagcgt ¥ QeYelasfct ¢ at agct cacg ctgtaggtat ctcagttcgg tgPaFgiset#87700
tcgct ccaag ctgggetgtg tgcacgaacc ccccgttcag cccgaccget gegecttatc 780
cggt aactat cgtcttgagt ccaacccggt aagacacgac ttatcgccac tggcagcagc 840

cact ggt gegy-208a! tAGLR 980CEagHAat HyRPaaget QetfcRY8 Mt ckgidgaagt 95900 ' . .
5 13 June 2005 WD 02/061037 PCT/ USO1/ 48726 gtggcctaac tacggctaca

ct agaagagicaagtat vhgglaaatcttgogeigete gehgaagec D60aa=agh t@gect§araggadaadagag
ttggtagctc ttgatccggc aaacaaacca ccgctggtag 1020 cggtggtttt tttgtttgca
agcagcaf§itorhtdc GEHTA tah A ARAFAP2 EtTCEAFRAGA 2POBTRIYRE iRy et t HPBR acgg

tct tcgt t 1140 t t t
Jagc00cHaT SEL0t SRA0C AT OABb AR g Cayehta 200" e egeRR" agat it cag
caat al Ca68,. 99 A0E6aRG: 06! AhGLELL0BHA0LE oL2B0s2600EACARLE, B0G00gCCaC

agt.cgat gaa tccagaaaag cggccatttt ccaccatgat 1 attcggcaag caggcat cgc

cat gggt cagycgacgagat et tt&gcagtaggcgeat gpgage gk88ytcet t@aggeiggcgcgaacagt t
cggct ggcge gagcccctga tgctcttcgt ccagatcatc 1440 ctgatcgaca agaccggcett

ccat ccgagrcagegiqgeteygctryavetpavaytticteyerty SRttt rrcetart gggéaggt ag
ccggat caag cgtatgcagc cgccgcattg catcagccat 1560 atggatact ttctcggcag
gagcaag@‘f%gag?ﬂggg%%fﬁé‘t‘é‘g%tcé’&?‘%j’&ga%@@@%%FF% bf@?%g“g%c%ga?%ec agcedyt cec
ttccecgcettic a C t C t cc
B L e A S R L LN

CaaaaagaafategPaC 964Gt OC del 9aaqUGegaRACEe 180 Qe ageat&argagasgecyga
ttgtctgttg tgcccagtca tagccgaata gcctctccac 1860 ccaagcggcc ggagaacctg

Ccgt gcaayomtatitt gédgoedc atgegaas@cgaitoetga cii®2fedtry categdghet ctis6@at cagat c
ttgatcccct gcgccatcag atccttggcg gcaagaaagc 1980 catccagttt actttgcagg
gct t cccari@vetItc EajagItRic §eetagt¢ i gaerarye A2OBT-tIEg evegrAttc getl§itcat a

aaaccgccca gtctagcaac tgtt aa cgat cggt 2100 C cctct tc ttac

Gecaget QLB YA T at GEr JeAaC Do QA raRy DABEFAoEY JUgt g coagtot

CccnagtC§§%%c§@§é%18g§gc§gaé¥>ag&atagccg cgctgecteg tectgeagtt cattcaggac 1740
accggacagyg tcggtcettga caaaaagaac cgggegccocce tgcgctgaca gcoccggaacac 1800
ggcggcatca gagcagecga ttgtcetgttg tgoccagtca tagoeegaata gectotcecac 1860
ccaagcggec ggagaacctg cgtgcaatec atcttgttca atcatgcgaa acgatcctca 1920
tcctgtetet tgatcagatce ttgatccecct geogccatcag atccttggeg gcaagaaagc 1980
catccagttt actttgecagg gctteccaac cttaccagag ggegceeccag ctggcaatte 2040
cggttegett getgtcecata aaaccgeocca gtctagcaac tgttaggaag ggcegatcggt 2100

gcgggectet togetattac gccagetgge gaaaggggga tgtgotgeaa ggcgattaag 2160

ttgggtaacg ccagggtttt cccagtcacg ac 21982
<210> 11

<211> 308

<212> DNA&

<213> Pig

<400> 11

ggatcccaag gcccaactcce ccgaaccact cagggtectg tggacagete acctagetge 60
catggtgctc'tgggtgttct tctttgtgat cctcacectc agcaacagct cccactgetce 120
cccacctcce cctttgaccce tcaggatgeg gcggcacgta gatgccatct tcaccaacag 180
ctaccggaag gtgctggecece agetgtcege ccgcaagcectg ctccaggaca tccitgaacag 240
gcagcaggga gagaggaacce aagagcaagg agcataatga ctgcaggaat tcgatatcaa 300




<211> 308 <212> DNA <213> Pig <400> 11 ggatcccaag gcccaactcc ccgaaccact
cagggt cctg tggacagctc acctagctgc 60 catggtgctc tgggtgttct 18upe 4Pemt
cctcaccctc agcaacagct cccactgctc 120 cccacctccc cctttgaccc tcaggat gcg
gcggcacgt AYQ8YYdeHt ct t caccaacag 180 ctaccggaag gt gct ggcRETAHLE8BEgC
ccgcaagctg ctccaggaca tcctgaacag 240 gcagcaggga gagaggaacc aagagcaagg
agcat aat ga ctgcaggaat tcgatatcaa 300 6 13 June 2005 WO 02/061037

PCT/ USO}é48¢26 gcttatcg 308 25100478 - 1 7 _ 308

25100478 -1 -




