WO 03/ 049700 PCT/ US02/ 39509 PLASM D MEDI ATED SUPLEMENTATI ON FOR TREATI NG
CHRONI CALLY I LL SUBJECTS RELATED APPLI CATI ONS [ 00011 This application
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60/ 339, 610 entitled "Plasm d Medi ated Treatnent for Anem a, WAsting,
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conposi tions and net hods, for | asm d- j.ate ment ati on. The present
i nvention pertains tJW%éﬁ%ﬁmﬁwgﬁare useful for
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prevention of kidney failure, reduction in nmetastasis, increased survival

and ot her cogghiji onMiCHPIRRloN BRIROFHGG% U.S.IPrevsiond] Parar Apidicaiunial s.  Sone
enbodi nents of the invention can be acconplished b livering,an
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subj ect ‘and all’'ow ng expression of the encoded gene in the subject. For
exanpl e, entifeenontsotodf vehichuis hesieby mcomorsted b neferenes. del i vered into the specific
cells of the subject tissue specific constitutive expression is achieved.
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decreased |ife expectancy, and other conditions can be related.to a

speci f i cexprpder consigpgs that gncodessaGHRH; gy dfunctional biological equivalent thereof into
a tissue of a subject and allowing expression of the encoded gene in the subject. For

example, when such a nucleic acid sequence is delivered into the specific cells of the
subject tissue specific constitutive expression is achieved.  Furthermore, external
regulation of the GHRH or functional biological equivalent thereof geme can be
accomplished by utilizing inducible promoters that are regulated by molecular switch
molecules, which are given to the subject. The preferred method to deliver the
constitutive or inducible nucleic acid encoding sequences of GHRH or the functional
biological equivalents thereof is directly into the cells of the subject by the process of in
vivo electroporation. In addition, a treatment for retarding tumor growth, and retarding
cachexia or the wasting effects that are commonly associated with tumors is achieved by
the delivery of recombinant GHRH or biological equivalent into the subject. Anemia,
wasting, tumor growth, immune dysfunction, kidney failure, cancer, decreased life
expectancy, and other conditions can be related to a specific cancer, tumor, disease or the
effects of a disease treatment. This invention relates to a plasmid-mediated

supplementation for:

1) treating anemia in a subject;



effects of a disease treatnment. This invention relates to a

pl asm d- nedi ated supplenentation for: 1) treating anema in a subject; 1
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Overal |, theP.)erre%:,)?(%gellhngbq{o%nglfwéigﬁé‘%sg\ﬁapmb%@t.can be acconplished by

delivering a ctive anoun a nuclerc acid expression construct that
encodes a CGHRH or functional biological equivalent thereof into a tissue
of a subj ect 6pmehiting iromimegdysémptiessi on of the encoded gene in the subject.
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[0003] The present invention pertains to compositions and methods that are
useful for retarding the growth rate of abnormal cells, tumor progression reduction,
prevention of kidney failure, reduction of metastasis, and increased survival in cancer-
bearing animals. Overall, the embodiments of the invention can be accomplished by
delivering an effective amount of a nucleic acid expression construct that encodes a
GHRH or functional biological equivalent thereof into a tissue of a subject and allowing
expression of the encoded gene in the subject. For example, when such a nucleic acid
sequence is delivered into the specific cells of the subject tissue specific constitutive
expression is achieved. Furthermore, external regulation of the GHRH or functional
biological equivalent thereof gene can be accomplished by utilizing inducible promoters
that are regulated by molecular switch molecules, which are given to the subject. The
preferred method to deliver the constitutive or inducible nucleic acid encoding sequences
of GHRH or the functional biological equivalents thereof is directly into the cells of the
subject by the process of in vivo electroporation. In addition, a treatment for retarding the
growth of abnormal cells and tumor growth is achieved by the delivery of recombinant
GHRH or biological equivalent into the subject. Anemia, wasting, tumor growth, immune
dysfunction, kidney failure, cancer, decreased life expectancy, and other conditions also
can be related to a specific cancer, tumor, disease or the effects of a disease treatment
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growm h of abnormal cells and tunor growmh is achieved by the delivery of
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[0005] EPO is normally present in low concentrations in plasma, where it is
sufficient to maintain equilibrium between normal blood cell loss (i.e., through aging) and
red blood cell production. Anemia is a decrease in red blood cell mass caused by
decreased production or increased destruction of red blood cells. EPO supplementation is
currently used for treatment of the anemia’s associated with different diseases, as end-
stage renal failure (Cremagnani et al, 1993; Diez et al, 1996) and acquired
immunodeficiency syndrome (“AIDS”) (Sowade et al., 1998), particularly in subjects who
are being treated with zidovudine (“AZT”). EPO is also used for amelioration of the

anemia associated with cancer chemotherapy (Vansteenkiste et al., 2002).

[0006] Another group of anemic disorders, each of which results from an
inherited abnormality in globin production, is termed the hemoglobinopathies.
Hemoglobinopathies include a spectrum of disorders that can be classified broadly into
two types. The first types are those that result from an inherited structural alteration in one
of the globin chains, for example sickle cell anemia. These disorders give rise to the

production of abnormal hemoglobin molecules (Papassotiriou et al., 2000). The second
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are being treated with zidovudine ("AZT"). EPOis al so used for
anelioration of the anem a associated with cancer chenot herapy
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i ncreaséd red bl ood cell destruction (Makis et al., 2001; Payen et al.,
2001). [0007] Additional prior art has indicated that anem c patients wth
panhypopi t ui {6007Em Axidiseomd] tiren art s cindisatedgltiethi angmippyticatsnceidl r at i on
remained gs low as 11. Ldl . i - SPi . ri I : W th
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adm ni stration of human GH was |nterrupted, both plas EPO | evel,s and Hb
concent ixpsedryberiEceusde dor Phmprghsyydich gquégiethe@ﬁqsglpgyt POt Pop? asma GH

and EPOj.gve) ﬁeah?fcﬁﬁlﬁlea'&ﬁlthdé’ CoMOmithe AvRR SHIpdhnthfici | WhenRhasma CGH
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levels before and during the human GH administration. Plasma GH levels were well
correlated with Hb concentrations before and during human GH administration. Plasma

IGF-I levels were also correlated with Hb concentrations, but not with plasma EPO levels.

[0008]  U.S. Patents No. 5,846,528 (“the ‘528 patent”) and 6,274,158 (* the
‘158 patent™) teach that conditions of anemia can be treated by deliberately increasing
erythropoietin (“EPO”). In addition, the ‘528 patent teaches the use of recombinant
adeno-associated virus (“AAV”) virions for delivery of DNA molecules encoding EPO to
muscle cells and tissue in the treatment of anemia. The ‘528 patent shows a direct in vivo
injection of recombinant AAV virions into muscle tissue (e.g., by intramuscular injection),
and in vitro transduction of muscle cells that can be subsequently introduced into a subject
for treatment. Thus, a sustained high-level expression of a delivered nucleotide sequence
encoding erythropoietin results, whereby in vivo secretion from transduced muscle cells
allows systemic delivery. The ‘158 patent teaches the use of the subcutaneous,
intravenous or oral administration of recombinant human EPO as a hemostatic agent for

the treatment or prevention of bleeding from any organ or body part involved with benign



[0008] U.S. Patents No. 5,846,528 ("the 528 patent") and 6, 274, 158 ("
"158 patent") teach that conditions of anemi a can be treated by

del i ber atwbysiomopeasi ng erythropoietin ("EPO'). |In additipemushhasedb28

pat ent teaches the use of reconbinant adeno-associated virus ("AAV")
virions for delivery of DNA nol ecul es encoding EPO to nuscle cells and
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speC|f|c i Ssease, environnent tors, 'or the effects of a disease
t r eat nentcresdmgahe cirssledng Eivels WaEPQg Heweles afskilpOartisan oeoghizes tated

i ect i igSa Rkt AP SRRE GO s Ml b BECEEEL RS heory,
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treated t hods un, e of increasi.ng .the circulating
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syst ens @hﬁtﬂowgdfﬁﬁhﬁamoe&ed_and the ability to accurately predict
what nethods or conpounds will elicit a speci fic biological response is

out si de the real m of a Skl ed arte5| n. t hr.ou aborat ory
experiments dYHOI nsi¥yasting, Qb s ecﬁé’t“héa ‘?Péglf’ %8‘5:1%8‘5
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tissue %gl{fléﬁﬁil SpdlBHS diffiehie ?orr{ﬁh@rﬁs with a progressive disease (e.g. cancer, AIDS

etc.). Wasting or cachexia is a classic clinical phenomenon that evokes historical images

of sickbeds and patients with "consumption." It simply means "poor condition" in Greek.
Accelerated loss of skeletal muscle can occur in setting of cancer, AIDS, or tuberculosis,
as well as other chronic conditions (Barber et al,, 1999; Weinroth et al., 1995). Weight
loss is the most obvious manifestation of wasting associated with cancer (Nelson, 2000).
Other clinical manifestations include anorexia, muscle wasting, and/or loss of adipose
tissue and fatigue, which results in poor performance status (Davis and Dickerson, 2000).
Because weight loss, tumor histology, and a poor performance status lead to a poor
prognosis, wasting can become the direct cause of death. In contrast to simple starvation,
the weight loss cannot be adequately treated with aggressive feeding. The weight loss
therefore cannot be attributed entirely to poor intake, but is also a result of increased basal

energy expenditure.

[0011] Wasting is present in more than one half of ambulatory cancer patients,
and represents a serious problem when treating chromically ill patients. Although not

wanting to be bound by theory, cytokine release and/or activation and liberation of several
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wei ght gain especially difficult for patients wth a progressive disease
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r espons pRldzidaPlespdtBe. WREsi Sy Sy HeihanRiculblelabbtcay etpefiients eaciiemsighiat many
agents have been evaluated for treatnent of wasting, Wi%fr l?n%—é nodest
benef i t teoksehil ﬁ@ﬁpwléﬁ?fﬁﬁ?ﬁb‘é%tt%ﬂ?%N@Fmgdf@r?ﬂ‘?l%‘\%grbﬁé’ c ghilleg m theyghg.  Ng| son,
2001). In contrast, reconbi nant growh hornone ("GH'), insulin-like growth
factor-1  ("(der2P ) caieer £id RinidH HGwhOtEinBer3is ont GFBR- Bading basepofes are
effective in producing a enefit 1n cancer cachexi a (Bartlett et al.,
1994) . Tienkydity ed mertalitsdn sher US gg exquad theworldaBhe) aygraga g ! fcllsiesy by

met hods 0 ™ et LG ed {00, 0ehsi998. DKo | GF- 1 or
IG:BP-B.IQ{th;(%or 8%2? %F%P@%g@g%%p@k%{%mﬁ&%}joﬁgi cal systens makeos it

i mpossi pbpuldtenareuthaing lagingrthel nembasted tanvex prsigat is exneetep suddlofom I j cit a
specific .. .biolqgical r on 0 o i . atory
cpor i iR anA Aot R E00 4B 2pseh Bl HaThlBEL Sl Aori@ESE 2 00 g
be el uciotipt persbys Wik caicet hrecexpectéch® Bctease dramatically: from 389,000 persons

aged 75 years and older with newly diagnosed malignancies in 2000, to 1,102,000 persons

in 2050, an increase from 30% to 42% of the cancer population (Edwards et al., 2002).
Cancer in elderly has a poor prognosis due to complicating factors as anorexia of aging,
alterations in the gastrointestinal system, the effect of elevated leptin levels, especially in
men, and a variety of changes in central nervous system neurotransmitters. Body mass
declines after the age of about 70 years old. This includes both loss of adipose tissue and
muscle mass. The loss of muscle mass in older individuals is termed sarcopenia. Illness
results in an increase of cytokines that produce both anorexia and cause protein wasting.
Many of the causes of cachexia in older individuals are treatable (Morley, 2001; Yeh and
Schuster, 1999). Tumor growth is accelerated by increases in cytokines and other
pathological changes in cancer patients, but correction of cachexia, anemia, improvement
of immune function and a positive nitrogen balance can decrease tumor growth and its
complications (Demetri, 2001; Koo et al., 2001). Thus, a therapy that would address most

of these complications could be of important benefit for patients.



[ 00121 Cancer and tunor growth: Cancer is one of the |eading causes of
norbidity and nortality in the US and around the world. The average annual
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neur ot 1 APCIEY Sra I gRled RSy BehER A of RRHEEICHIR Bty W ears ol .
This i ncﬂmP@GBnthkrfaﬁ@@gndﬁdeathUgéwm élsb%eSaﬁbeSIthg |CQDQ¢H§1§1 Suprpddilpss of
nmuscl e S V. e g5 sults in
an incr gagé 20602?1\@5;}% gélyneggi’t%da? ? mhﬁ%%a?%ﬂﬁ %%%ﬁlg% %{dgﬁﬁ}dgg)ﬁse plral 3 ein

wast i ng. earlMdelycmfn rhdthersaﬁ&esasmre drapdreaxt, dut treatvhehes thatrodinldi ddlagbsp@vent t r eat abl e

er eas dadTe TR oAb Ee ahHEUEREE bt Rbratan hsRe AR LR at i e s,

but cor r@@tlmoocgakﬁuqaheaqj apomnem a, inprovenent of immune function and a
positive nitrogen baI ance can decrease tunor growh and its conplications

(Denetri, 2001) ; s, .8 ther hat ress m)st
of these congf}?]é £G Miﬁ}i—% I%Eaitr‘g

03/ 04970&&%%@%&5{5@&’) i QOIS dmedic éﬁwwﬁﬁumﬁhﬁaﬁ&ﬂéﬁ&@&ru@&r ease in
t he nunber eople wth ki dneé1 failure and end- staa renal. di sease pI aces

an enor n¥dgh %Bﬁmo%??uﬁerﬁ levane elwagy tgnlating GEL sqcmstiop ettty ds | j si ng,

2002) . | Re1PkRn. tThe ‘BEPERULDInDaftiWaf & bonPob i T4 seSes JTHFbrdbRnddmRL&IENt ed to
i nprove the detection of kidney disease, and preventative mneasures nust be

t ar get edwhase presistsaare gequredder porgRl sfowdh.s dihs G magoreyegengy includgod) |

| mpor t a“ﬁ%{ﬂiss %tha{st 8f3 %"faéﬁ&%@@%ﬁﬁ&kpf‘ (igggbﬁt@ trangagj% bh Yatild cancer

(Al Suwa erum creat1 ni ne,
pr ot ei nuuclaas Iam;ihelnoﬁplbdl buprop iy and patsl: (3) agonists and antagomsts such as growth
hormone releasing hormone (“GHRH”) and somatostatin (“SS”), 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 essential for
optimal linear growth, as well as homeostasis of carbohydrate, protein, and fat metabolism
GH synthesis and secretion from the anterior pituitary is stimulated by GHRH and
inhibited by somatostatin, both hypothalamic hormones. 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 elicits both direct and

indirect actions on peripheral tissues, the indirect effects being mediated mainly by IGF-I.

[0015] The immune function is modulated by IGF-I, which has two major
effects on B cell development: potentiation and maturation, and as a B-cell proliferation
cofactor that works together with interlukin-7 (“IL-7”). These activities were identified
through the use of anti-IGF-I antibodies, antisense sequences to IGF-I, and the use of
recombinant IGF-I to substitute for the activity. There is evidence that macrophages are a
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early detection markers of disease are inportant, but treatnents that could
del ay or prevent kidney failure could be of significant benefit for

pati ent s wod3bimgooredi cal system (LeBrun et al., 2000; Salkkajisonsosad . ,
2000). [0014] G owh Hornmone ("GH') and I mmune Function: The central role
of growth hornone ("GH') is controlling somatic growth in humans and ot her
vertebrates, and the physiologically rel evant pathways regul ating GH
secret i ggn kb@or bheGRIL Uitearsstrhént ofehice KnthvwaconbieanGHGE ombnéitreginthpset hway i s
conposed of a series of interdependent %enes who eé?lrod cts are required
for nor Abiervgtiong s it trceased ther mARer d e g malwre Pl‘} S|’ﬁ13’8ﬂ%§“ﬁ’“§’t‘(ch as CH
and | ”SKia Jad &tk®. 59aYM ond aGESE Bl cell ThiRinéd densifivd tol IGFISGTihPiineglobwlat or s such
as prophet of pit 1,7or prop 1, and pit 1: (3) _agonists and antagonists,
such as podovtide wéselsostimulated b dGhd imdf'ﬂ@néiff(‘”@-ﬁlﬁﬂglym%ﬁdﬂ-sb?%-ost atin ("SS"),
respectively; and (4) receptors, such as GHRH receptor ("GHRH-R') and the
GH receptor (g R' : i3t Hidhessandvidddgans and

ti ssues, incﬁol?mg ?H%Jﬁggﬁ%oﬁ%?g%ugghg?%%gfﬁe;lai@tver an?%o,ne: Ef fective
and r egubeftlgdoldimthe ssitmantaff many dizarssaohdignsi Forewamis, SH-Heficiensiss il | i near
growt h, as as. h i . 0 1 DRt 6 an met abol i sm
GH synt ﬁ%’{f §%ha Cglédgglgﬁ?%% r%grﬁg{ r]fg%g%f gﬁg%s?tdg?t urta %/t{éimss' s'?IiOtr?u%?ezg’t ed by
GHRH andesistaibé i GH dotinn Ime ednaspatddrin nabtubritioppod heféction.ddngrtammsssdiesGH

i ncreases production of 1.G-- .| rimarily i.n the,liver t ar get

or gans. OP&EISECHiG4iEals qnd ip patipntsidEsaig C(}ji%h}eﬁagles fgl%eost%ﬁgpgl%gggln Thituitary
to inhiky bet@é‘BHG%Pdr l@F-[ eheparyeand@dnedri déivﬂSpIhﬂit.P C&ﬁlrrqgﬁceamdt theragy e ct

actions on peripheral tissues, the indirect effects. bein di ated mainly
by 1 GF- widqlpoussyl qipecailymyyii ﬁ)ﬁﬂf‘é{]% nefg"é;tsrmtﬂ’lﬁl theragy bl F%%?gﬁtg&v&ﬁvﬁrﬁphas t wo
maj or %ﬁsfa?&d?lﬁl an B aekd bdgMehidRPRNLbcRALSRT AlinteinAndarpome aldaply and as a
B-cell proli elgatl on cofactor that works together with interl ukin-7

("I L- 7" yhred Hase a aceek Wrthesghsyer asyaliz yeats; Beplingryigangs and dnpyed glucest i - | o |
anti bodi nt i I g RFhhant | G- |
to SUbStth) ?f&%l%’ %%?Eﬁﬁeﬁlb%@??@?{h&% #ﬁ\glrhéﬁg glogl\%?gieé\éggdtthattfafrlrtgé?gglﬁages are a 7
WO 03/ 0A8aM0lLPEY/ 19902818950 8nd Rumle,d89%)ce of I GF-1. The treatnent of nice

wi th reconbinant 1 GF-1 confirmed these observations as it increased the

nurber of pr ?ﬁ(ﬁﬂand Irrlméo%r?tst? e%?eln{iﬁl}j rhob%ﬂi% RLEOhave been reported for
recombinant GHRH therapies. Extracranially secreted GHRH, as mature peptide or

—

truncated molecules (as seen with pancreatic islet cell tumors and variously located
carcinoids) are often biologically active and can even produce acromegaly (Esch et al,
1982; Thorner et al., 1984). Administration of recombinant GHRH to GH-deficient
children or adult humans augments IGF-I levels, increases GH secretion proportionally to
the GHRH dose, yet still invokes a response to bolus doses of recombinant GHRH (Bercu
et al,, 1997). Thus, GHRH administration represents a more physiological alternative of

increasing subnormal GH and IGF-I levels (Corpas et al., 1993).

[0018] GH is released in a distinctive pulsatile pattemn that has profound
importance for its biological activity (Argente et al., 1996). Secretion of GH is stimulated
by the GHRH, and inhibited by somatostatin, and both hypothalamic hormones (Thorner
et al., 1995). GH pulses are a result of GHRH secretion that is associated with a
diminution or withdrawal of somatostatin secretion. In addition, the pulse generator
mechanism is timed by GH-negative feedback. The endogenous rhythm of GH secretion

becomes entrained to the imposed rhythm of exogenous GH administration. Effective and
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(Jardieu et al., 1994). The mature B cell remained sensitive to IG~1 as

i munogl obulin production was also stinmulated by 1G--1 in vitro and in

vi vo ( Robworis/oet7o@l ., 1994). [00161 The production of receadiusazsospy ot ei ns
in the |ast 2 decades provided a wuseful tool for the treatnment of many

di verse conditions. For exanple, GHdeficiencies in short stature
children, anabolic agent in burn, sepsis, and AIDS patients. However,

resi st apgAlatedd &Aprasibh OT thasbesh nﬁsanmnlke@mvvthnﬁmm (IGFd) aathlwamflsect | on.

Long-term studi eés on_transgenic aninals. an ients under
t her api é@eﬁlﬂ'efoé H&Wahdm@éfr S@“ﬁ’f‘ﬂ Hme‘?s?‘ﬁsﬁef’géé% gﬂ-ﬁ{‘%ﬁi PEGE: P y and

cancer ﬂfe}’ (Hr&vaRhAS G5B IR Ybalafice MHIGIAyY anis SHalét] QO(DO’)a| ly, with
beneficl a ects but therapy is associated several disadvantages: GH
must beNaJquussstedle&j usdlbmanSarﬁngs oy rigs shavednthst epaiiuguoiiBsiep gl t o three
times a Véﬁl%gmag{ GHREY Bte Jestyl%yﬁlb 1¥or1¥1§la(§ﬁ At B Hduf ﬁé&lﬁtﬁzﬂ‘.g%ﬁm i mpai red
gl ucose’ erance,; fera one epi p ySI'S growt osure in

pedi atr rcﬁ:e]ptatsl mnﬂqale(tﬁgdﬂﬂiesupmnd asl\thtscaybﬂerrmsagapabl@@f fee@rback gpgudaitpnRund| e,

1996) . ontr ssent [ e t e reported
for r eE,N lﬁﬁé’ﬂ 18 t?%éﬁa%?%@“ E)S:‘f é(llc}fr1e<g’;1%n9’;i;a o y%&%é? 9@3% e%gé mat ur e
pepti de1985). WitheeE edofbine@UGERH @sotsitetherapy enpaine meditstimulagdsetormel | t unor s

d ly | t ed id ft d
aven pr GEIEY GHr S IR BRI PO A4 STiogBe st Aoyt A pofs O

Admi ni stERkto 'ﬁe@&en& E(QﬁHT‘EU Aaed tifdeRH Hsy) Grtrgednbesd, Ebﬂbcutaﬁlbbdsdble mt@hasauul t
humans augnents | G--1 | evel s, increases CH secretjon ortlg %: | y to the

GHRH doéusquiging 36pifpld hlahﬁékd@si,e)a?dﬁ@%lﬁéﬂ@@ tTéuwlSL?sclére%str menk, ant GHRH
(Bercu ,8bi@hration BU6! pradiitys, GHRH administration represents a nore

physi ol ogi cal alternalive of increasi ng subnormal GH and 1 G~ 1 |evels
(Corpas et al., 199% [00181 GH is released in a distinctivye puI satile
pattern that [0048] pr o¥idifipe CHBEY han @erelagively tshor kalidife da) the cireylptory (Ar gent e
et al. ) ClEil, i e FiR i bited by
somat ostéﬁ%‘%@ bou?ﬁ”% df?gﬂlifgﬂo]{l%taa?n ?’ﬁgg {rlr%%ggm%\%%aﬁer e:éo anl%ﬂgteﬁgh GH
pul ses auoabalomelamlasnmf%@-lﬁa‘—ths ST RH( lo# NREY is |dsgraéeslomhsl@ dnfubation of theyi m nution

or w t hdy awal . of tost secretj ner at or
mechani §{‘R‘¥Va (11 49%(3191% at% gl?ln\lloenef eecfgaéljﬁﬁa T%’g“ﬁedﬁ 5 Sg%‘%gs h;é/?]g?neof GH
secreti @Bgra&&iéﬁneﬁ tlﬁ:nbé;&idaeﬂtef @0t heniitesp of dnkubhtjdnh (ﬁrolﬁmm( eyehpUu§3BH

adm ni StIrrlc%trﬁo?erllcmn 0 elg}\lkvgodzlinngd for a particular protease-resistant GHRH analog in a

therapeutic nucleic acid vector results in a molecule with a longer half-life in serum,
increased potency, and provides greater GH release in plasmid-injected animals (Draghia-
Akli et al, 1999), herein incorporated by reference). Mutagenesis via amino acid
replacement of protease sensitive amino acids prolongs the serum half-life of the GHRH
molecule. Furthermore, the enhancement of biological activity of GHRH is achieved by
using super-active analogs that may increase its binding affinity to specific receptors

(Draghia-Akli et al., 1999).

[0020] Extracranially secreted GHRH, as processed protein species GHRH(]-
40) hydroxy or GHRH(l-44) amide or even as shorter truncated molecules, are biological
active (Thorner et al., 1984). It has been reported that a low level of GHRH (100 pg/ml)
in the blood supply stimulates GH secretion (Corpas et al., 1993). Direct plasmid DNA
gene transfer is currently the basis of many emerging nucleic acid therapy strategies and
thus does not require viral genes or lipid particles (Aihara and Miyazaki, 1998; Muramatsu
et al., 2001). Skeletal muscle is target tissue, because muscle fiber has a long life span and
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8 WD 03/049700 PCT/ US02/ 39509 regul ated expression of the GH and
insulin-like growh factor-1 ("IG-1") pathway is essential for optinal

| i near grwetodjo4dtooreost asi s of carbohydrate, protein, and fratr/usorsebol i sm
and for providing a positive nitrogen bal ance (Murray and Shal et, 2000).
Nuner ous studies in humans, sheep or pigs showed that continuous infusion
with reconbinant GHRH protein restores the normal GH pattern w t hout
desensi t ¢ani egtrd@siRided riycaptutar DA plesplidst thaigexpirbss wpypt mesthartykirs isyst em i s

capabl e of feed-back .re at.ion, i,ch is,abolis ingthe GH therapies
Cobor v Pmgroggoiet oS hRfie, & oo 5B g A 1 1580 g BV oRs R

r econbi n@uatonSiritkd fHa0 hednin GHRIARPNA L6 b8 drlickrad kdrulusdle Hynarinjettableycl i cal
GH secretion with virtually no side effects, .the sport hal f-1.ife of GHRH in
vivo rcHUPEeRE PPEgtien vepighd mice; Whete it ransiently gtipplated: GH ristion to a

SUb_CU_t anBeges eRfent RVef @B&iﬁﬁ'oft&é%b!isr(bf&hﬁoﬂclfét'aﬂ, frjggb]er plorse) ) )
adm nistration. Thus, as a chronic tréeatnent, GHRH "adm nistration is not

practical. [00191 WId type. GHRH has a relatively short half-life in the
circulatory [80%d em Afpipsternenavel(SHREapaleg preteing (U.S. Pafghlys. 4847:.006:f ar m

ani mal s. s@klost; SPIAEEF6O01; 3,650,089 586,505, Bl 1358929588044 BO3IGHIFA 1- 44) NH2
i s degraded, whi'le incubation of the shorter (1240)COH form of the hornone,

under si #023%322¢ 483P Bk 41 GHARESAIH)z0r pushetie g7 aatutally rocetrring pegiidpt i de

after 60q.7 e i (1.0 . gl 8 c .on of
cDNA codlﬁ%?glfm3 ?4 or ago(f;})%ir{%cgglabtérp%i c%\tlfcfgagg@ ? ,é§§,stﬁ g%? 1 R%i’)zéqﬁ’a{%l’g@i&g&gﬁ’
t her apeu4,224,hlbe UeA28,0a¢; 4,29802% r4,228s 0l 9)sfor rthe prapoex of ecvdasing acleasa g

hal f-l1ife in.seru i ncreased pot and pr.ovide reater .rel ease in
ol asm d- PR BURER R avE PET BPG 2 SRRA xR Pty BRTEmES: por at eq
by ref ergive &en rdpiraed §UESS iPateus Mo.a)346 036 i Tr af wiltidvadre His; ofla prpokicios 2

RH . nol ecul e.

sensitive ino acids prolongs. the serum hal f-Ii of t.he
Furt her el fq#gO%ﬂtﬂafﬁcéﬁ%ﬁ& Sitop P gé?gfr %ﬂvéﬁfthI@mng&%ﬁi eved by
usi Ng sup&s: M bl poRitidh 2l 9N1d didleu/ M SeNRpBaEEen 28 fo Adn) dind GIAMH bidildgyist O
specific receptors _(Draghia-Akli et al.,, 1999). 1[10020‘1‘ Extracranial ly
secr et edthe-mbjechofpot e Balert pirpligatian syraial e@o-(;“%ﬂﬁ(’- 2680 they OB xpatest
CHRH( 1- 44}, 118088, WhidVRAIRS HPRGEET of hUBARTESTTY EGllifRe Aitkidal thf9! cal
improve the ability to elicit the release of growth hormone. In addition, the 268 patent
application relates to the treatment of growth deficiencies; the improvement of growth
performance; the stimulation of production of growth hormone in an animal at a greater
level than that associated with normal growth; and the enhancement of growth utilizing the
administration of growth hormone releasing hormone analog and is herein incorporated by

reference.

[0022] 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 human GHRH or one of it analogs for 10-20 days. Application of the analogs
lasts only throughout the lactation period. However, multiple administrations are
presented, and there is no disclosure regarding administration of the growth hormone
releasing hormone (or factor) as a DNA molecule, such as with plasmid mediated

therapeutic techniques.

[0023] U.S. Patents No. 5,134,120 (“ the ‘120 patent™) and 5,292,721 (“ the
‘721 patent”) teach that by deliberately increasing growth hormone in swine during the
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active (Thorner et al., 1984). It has been reported that a | ow | evel of
GHRH (100 pg/m) in the blood supply stinmulates GH secretion (Corpas et
al ., 1993wo oBionswed plasnm d DNA gene transfer is currentl ycrhsobasis of
many emnerging nucleic acid therapy strategies and thus does not require
viral genes or lipid particles (A hara and M yazaki, 1998; Miramatsu et
al ., 2001). Skeletal nuscle is target tissue, because nuscle fiber has a
long | i fagt $p@skend preBnddEy GBI 7 (B0 week lddaliah 386HQ! irctn resvbormapighitrcced by
circular DNA plasm ds that ?ﬁ)r%sls over .nont Itfs or Xea{rs.i n ?n

i munocB#Rg BRtkef sahancemgnt of die alylity 1q gapintaig plagma goneeptraions o §B’§f§e Pr evi ous
repor t s AgEPAaY haieehdnBitedita birf RN 26880, ¢RUI20 ap8 7dEpate@s RdcH thattuscl e by
an injectable ogeni ¢ expression vector in nmce vvhgre it transiently

sti mul atreatment afdhe 0 dningdaciationgasits i ingrepsed itk fat Bhs dogrum 3l Peeks
(Draghi g Akl i e LR o bilifg BHheabatog
or ot ei nglcﬁ%'kégﬁ%?h&j}%@%@%@%}h@%ﬁé%gxg;ﬁh%:fi%z, 74775, 776, 901

5, ggg gﬁ&s ahd 486gH @Bin 1'5r,i013'¢,\8€3)2i,ng5, H@\n@\ﬁnﬂ}e B00a@, (Uspaterss @ZB’}@ZZ% |
4, ,344:..4,410, 512, .RE3 99 .S tl it LR i\ng peptide
f r agmenf@oHPESERE P%.%P‘”B%P%ONSS 8164‘(?’%%@1, qoéklgne?l{eﬁ%g&g g gkh%ega% %qué

4,226, 8%fin. 4, 224, 316; 4, 223,021; 4,223,020; 4,223, 019) for the purpose of
i ncreasing rel ease of growh hornone have been reported. A GHRH anal og
containing t foll ow n tations hav Al A =YeTols . t No.

5, 846, 936) : %24]& q)e € n& 7 v,zvo XPre s?or{.siri%c%lﬁf}zﬁﬁ% gelvgﬁrf gfeu, or

ot her s; sp&iTicalen@@Stot kot tisuédin, a Seanneorthafhean €rechtinkposidri axquitdl to Al a or

Leu; Met, at position 27 to N e or Leu; an at positi.on.28 tao.Asn. The
G andeBeloes sphenamers pebprotrats e ieTEe o A5 0alr sét dgu
09/ 624, 3681; (Vilgdf ot 362008}, eBéne- AR dré@bé1NErY) offeydt Glintiee d€ i@ dveat i on of a
GHRH anal og contajning nutations that inprove the ability to eligit the
r el ease thefadgrivigiration of FaspEbInAR PARGIng- gh?sej[aﬁ@n.tagg%mﬁlgg%ﬂxp COBSSHaf 1R Pt on
relates n&t?vetﬂ?gﬁﬁrsﬂa&ﬁf%nﬁnpﬂgveqrb%é]caq%&t‘i\ﬁfy,ei%i(ﬁﬁée Jﬁ%ﬁstérﬁiért%ﬁff_@d]hncpf growt h
perfornance;” the stinulation of pfoduction of growth hornone in an aninal
at a gr emtidance |afvinfectidyarand Haxic dmpuutiest ebr sdditionnapdeir agidovitcker thefary he
enhancenent of gr.owt i iz . adm ni : | f ne
ol casi A0V RrgRuo il cabdsuleiort pitfein BFH: Mebigkftic Aeq ol teR AT

secreted protein is present continuously in the blood circulation. In a few cases, the

relatively low expression levels achieved after simple plasmid injection, are sufficient to
reach physiologically acceptable levels of bioactivity of secreted peptides (Danko and
Wolff, 1994; Tsurumi et al., 1996).

[0025] The primary limitation of using recombinant protein is the limited
availability of protein afier each administration. Nucleic acid vector therapy using
injectable DNA plasmid vectors overcomes this, because a single injection into the
patient's skeletal muscle permits physiologic expression for extensive periods of time (WO
99/05300 and WO 01/06988). Injection of the vectors promotes the production of
enzymes and hormones in animals in a manner that more closely mimics the natural
process. Furthermore, among the non-viral techniques for gene transfer in vivo, the direct

injection of plasmid DNA into muscle tissue is simple, inexpensive, and safe.

[0026] In a plasmid-based expression system, a non-viral gene vector may be
composed of a synthetic gene delivery system in addition to the nucleic acid encoding a

therapeutic gene product. In this way, the risks associated with the use of most viral
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[00221 U. S. Patent No. 5,061,690 is directed toward increasing both birth
wei ght and m | k production by supplying to pregnant femal e mammal s an

ef f ect i vewoaouwato of hunman GHRH or one of it anal ogs for POCTAGOY39589
Application of the analogs |asts only throughout the lactation period.
However, nultiple adm nnistrations are presented, and there is no

di scl osure regarding adm nistration of the growh hornone releasing

hor nonevédgdrs feak heravoiisd.a THRARBARE ttpgessidnclecas pradubis eaaatiydhavedioat ed

t herapeutic t chniq[ es. [00231.U S. .Pagtents No. g}h134 1&262 ér" th 'ch‘ 120
pat ent " JOxiHY Sug the pusp ok W@emsfﬁ‘img%t ERPPInCPiS A I $R& B He N HEr at el y
I ncr easign#oMH RREKITE imBufddetigitf Usdnelly hessodibked\On IR/ Oifdl 7 @€ctors.

PCT/ US02/ 39509 | ast 2 weeks of pregnancy through 3 week | actation

resul t edditiontlly, mewiteaiatisingpl plasmida §GaHenchs iR ghesh s 89S OFE ability

to maintai ; e ' f i f ot @Gthels when
Fasted EpRe® B P O L B i b

t r eat menttivafe drcegenesnaiuinadtiyate Aonertsuppresses genes A8 cpiedayeamatasidintgat in t he
col ostrum and.an, increased, mlk wviel f L :ant in
@ﬁr%v%?@?stoflne&f plrzllgﬂ%is RAVE &ﬁng-chﬁ%grvr\%céﬁgétﬁs al LimaLdah

enhanci 1§ ewborn — pigs a gain prior to weaning.
However ptdfges] REdiageb o fditephiratioh of gonoekplessivm intagethisswgs r egar di ng
adm ni stration of the growth hornone rel easing hornmone as a DNA form

[ 0024] Cene Lver nd.in yivo pression: - iwvery of
specific genﬁ@lzho S {tlschaf’? %eﬁlem?%r% S %@%@g;@@g@%&%ﬁf%ﬁ%@gtﬁi%n orn or
acqui r edellsdefyi ojhgsicalesneans inolndingn ekstroysatjonp vedopaatie, paslsigiéssurtHer zog et

al ., 2001; .Song. et al., 2001;.Vilquin et _al., 2001 ne-.b dr ug

el | ver yiiBrrgraion hpsrorgrogunmbEg e Shaiqn & il ERREP TRR

reconbi RARLe PHEER! fites RIRSQIARY ARIBERS Withehidesihh peraanae draidean tf  native
protein structure, inproved biological activity, avai dance of systemc

t oxi ci t icels, It sheeebyllows fdle @Foq‘lﬁ‘fl@b‘?ﬁeﬁﬁ%&%ﬂnﬁ’%%lﬁs @WSPF&N@E@SW W addi tion,
nucl ei c Z@Pglgggﬁﬁﬁ&ﬁ}gttﬂ@&@&ﬁcal FhibOYSefaRl b\%raﬁleféeﬂi@ﬁ)r@iﬁ%?ﬁbﬁl,enubﬁidﬂﬁl protein

in the t utt ¢ range, because the new secreted protein is present
cont i nuowddoples gan traved throughcpassageveayis o poten imtheegll shas axg creaied dyrigg 4hs vel y | ow

EXpress ip?o%ehl?r\é.eb%. al%@én?‘é%&@t)é ALscibdPhf ef&@éﬂ&ﬂioh NpBSihiu®For BiRedt f i Ci ent

to
molecules to cells at a selected location within a cavity in the body of a patient. These

pulse voltage injection devices are also described in U.S. Patent Nos. 5,439,440 and

5,702,304, and PCT WO 96/12520, 96/12006, 95/19805, and 97/07826.

[0028] Recently, significant progress has been obtained using electroporation
to enhance plasmid delivery in vivo. Electroporation has been used very successfully to
transfect tumor cells after injection of plasmid (Lucas et al., 2002; Matsubara et al., 2001)
or to deliver the anti-tumor drug bleomycin to cutaneous and subcutaneous tumors in
humans (Gehl et al., 1998; Heller et al., 1996). Electroporation also has been extensively
used in mice (Lesbordes et al., 2002; Lucas et al., 2001; Vilquin et al., 2001), rats (Terada
et al., 2001; Yasui et al., 2001), and dogs (Fewell et al., 2001) to deliver therapeutic genes
that encode for a variety of hormones, cytokines or enzymes. Our previous studies using
growth hormone releasing hormone (“GHRH™) showed that plasmid therapy with
electroporation is scalable and represents a promising approach to induce production and
regulated secretion of proteins in large animals and humans (Draghia-Akli et al., 1999;

Draghia-Akli et al., 2002).
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reach physiologically acceptable | evels of bioactivity of secreted peptides
(Danko and Wol ff, 1994; Tsurum et al., 1996). [0025] The primry

limtati owomB/owsbng reconbi nant protein is the limted awairlesbo2/Bisdy of
protein after each adm nistration. Nucleic acid vector therapy using

i njectable DNA plasm d vectors overcones this, because a single injection
into the patient's skeletal nuscle permts physiol ogic expression for

ext tensi ve pe[ooagis ﬁfrhe ieﬂ’ﬁgit{(\kﬂ) elea;{c@!saa&l ao cenliicO 15186818 8Yptakenjngc theon of t he
vectors pronptes_the productioon o enzymnes hor npnes,...n aninals in a
manner SkgahBpElc hess by Wil hideeumanted, a3 GFSéingd;g‘boé'g'ss.n t&%eP%B‘%Zd, anong
the nongyinfulled SGMNDOIYAShiRMaELTPTIETINGT Bolyvifiylpinetidodch€P Py &g bednnj ect i on
of plasmd DNA into nusc%e tissue is sinmple, Inexpensive, and safe. [0026]
In a pl absaredotasivercasepplaseiil dransipeticnndy conseaugnila eXRFesson, oL ths desiigd pe

conp Ose(iiragggﬁﬁ‘e. ST %ﬁ&ﬁig éﬁv er ARt 'PLCP X516 "Bnhih R IfthdrhiA Nugtfket RE10RUCI i ¢
acid encodi'ng a therapeutic gene product. In this way, the risks

associ atplsmid tchndehigations whilerosduciig ahy possitde sy 48mage rRaTedSu2 39509
vectors _can,be avoi . non-vi ral r I chor. nr ener al
have | O\P/rociegw'c?lﬁey a%ﬁgl ?%-Q][%ﬁ%(’ptﬁ)gaeml&? O"e?égehg?égésgg%\élﬁ??(g"mt@o?rlg%géelgt? g f or ge%e
del ihve r ynulsu\fe ihedwbeeﬁimilmgmmmas"mﬁsuw ddsenithed oOPJeiiscd ¢tableyeorapoahd yndassoci at ed
with viral vectors, itionally, I ntegrat] Q | asm d_seqguences into
nost chreiAb (b RebuEh erisgR O ob saes e B fH Vpe of
nucl ei ¢ \8&d @ iMQ64s0ktabilif MPYcERO PlefarBiRink PMktsu et A1y aDO4)ONARYENESadIGY

i nactivate tunor suppressor genes. As episonmal systens residin out si de
the chr Ghets BRBEIOZRNEEHiTHalsh 298 bersr 15ed @5 3R AHERERINeeratigsn Mt latiothPhat i on

profile ' b1 h O a@ditiSHe PRsAPIRSEIRA With t
tissues%xvggggg%%y%gfﬁgfﬂgb%g% é%ﬁﬁgdeagﬁngﬁﬁagggptheﬁgg??veﬁyﬁigﬁplasnid

DNA to pobivinylpysrolidnnsi GRVP)mban hepmctbervedy tel Betepisp 8Pet itenstedioRopist at i on,
and pr esc%fi's%&%ﬁng@ggﬂemxﬁeéﬁéﬁ @(r}lpbcx lglfc?lfef ] AP QB 1 Msb P HES @ﬁd%@?éui cation

of a pul’sec ric create transient pores in the celTular
menbr angFawdlhoat, 20aUsMogperest abno88). Bhbdge bten ustrbto inatdse stabilityhefragtyy al | ows

f the intrqd i f I '
By ad) uSERt Ss (ke 7087 TR ARk e PREP IR B, SO

nucl ei ¢ tR&ied during wound and tissue repair (Otani et al., 1996; Otani et al., 1998).

[0030] Although not wanting to be bound by theory, PLG will increase the
transfection of the plasmid during the electroporation process, not only by stabilizing the
plasmid DNA, and facilitating the intracellular transport through the membrane pores, but
also through an active mechanism. For example, positively charged surface proteins on
the cells could complex the negatively charged PLG linked to plasmid DNA through
protein-protein interactions. When an electric field is applied, the surface proteins reverse
direction and actively internalize the DNA molecules, process that substantially increases
the transfection efficiency. Furthermore, PLG will prevent the muscle damage associated
with in vivo plasmid delivery (Draghia-Akli et al., 2002a) and will increase plasmid

stability in vitro prior to injection.

[0031]  The use of directly injectable DNA plasmid vectors has been limited in
the past. The inefficient DNA uptake into muscle fibers after simple direct injection has
led to relatively low expression levels (Prentice et al., 1994; Wells et al.,, 1997) In
addition, the duration of the transgene expression has been short (Wolff et al., 1990). The
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nol ecul es can travel through passageways or pores in the cell that are
created during the procedure. U S. Patent 5,704,908 describes an

el ect r opowatosom7appar at us for delivering nolecules to celprica/En2/aseel ect ed
|l ocation within a cavity in the body of a patient. These pul se voltage
injection devices are also described in U S Patent Nos. 5,439,440 and
5,702,304, and PCT WO 96/ 12520, 96/ 12006, 95/19805, and 97/07826. [00281
Recent | post ShERkSRIGRMoR At ASpp Rasionsene bbiradonfitkdts ivacimdséDsnkopmdat i on  to
enhance plasm d delivery in vivo. Electroporation has been used very
successWMolfy 996 Tsurumst 8et99Unmor cel ls after injection of plasnid (Lucas et
al ., 2002; Matsubara et al., 2001) or to deliver the anti-tunor drug

bl eonycin tqo@ﬁ]aneﬁuﬁougﬁdh&wafdﬁewﬂQQ%irtﬂletblﬁsdi'temedhu relosofoBain «ft al . |
1998; Heller et al., 1996). Electroporation also has been ext g vely used
in m ceevkeeobioreds with dinear @@fﬁ;(l\{@\%éﬂé’ gk akl 1988 opqumagn amaﬁ 3? }ah ., 2001),
rats (T | . ' ' alNaj 1)1998ndicd@sTsohciebs; et al .,
2001) tgl‘ogg?"}z\zlgtret ?]Helrggée t?tglﬁgczlrzlue"sﬁ}gtzhie\ll?mé%g%del’g?%r_a var i er'?;/ of hornones,
cyt oki n¥erifuji adz2Mikewa, 390), these icwamples lubtease transfrgtionyinbaveell FSPSASINEST el easi ng

hor mone (' GHRH") dt s ; JilcRQation is
scal abl ‘ée(ua%eé’p@ég%n S %Hgéeo%nginmﬁgg%)ﬁ&?%%}g p}tﬁg&?rﬁl}jﬁgcgﬁprc oduction and
regul ated secretion of proteins in |arge animals and humans (Draghi a- Akl i

et al., 1999[0033) aghiS- Rétkit No. 31,956,28808) dirdced\® oBythas760 PErAivE02/ 39509

[0029] The ability of el ectroporati ] i,nto the
skel et afecﬁ?}g’élﬁlét }l’ﬁ%tsceg%%%?ﬁlpg Bl&glccﬁhgﬁ?ﬁé%r%gg %c]%gg E?Igég?y %é%@éﬁ&ﬁl{l ®addi ti on,
pl asni da phpulatidnas il the pedsynck-of thet foneige DNARLc@r)ringrthp otNsy pul kiflingol i done
(PVP) has en . observed to incg aie Pl ﬁ%d transfection and consequently
expr ess Hsirells having ajawicprynunpber g E‘@ TR e ani oni ¢ pol ymer sodi um PLG coul d
enhance plasmd uptake at low plasm d concentrations, while reducing any
possi bl e tispes4danays: Radsadh. bysT14634 GtiecsddmatenThendii.Bi Pytewtf No.

el ectroporation to _enhance pl algm' d u‘%@gke into the E%kgl thhl . Juscl e has
been wePi933daH st 83%?8&@3#@% B Lt Pid SRegPtoRsy BRI oL HISE Vs Ehmound and
resi st antydi8euif! stlitcN Sbymicdhadi® Wo@sotheiaBy thdentire kosttntadf cach B9RarebyPLG has

been previously wused to increase stability in vaccine p.replalrati ons (Mat suo
et al., hr_pggwyatw pheaferencac e gg)ile,qglar switch for régulating expression m nucleic act

vector therapy and methods of employing the molecular switch in humans, animals,

transgenic animals and plants (e.g. GeneSwitch®) are described in the ‘534 patent and the
‘934 patent. The molecular switch is described as a method for regulating expression ofa
heterologous nucleic acid cassette for nucleic acid vector therapy and is comprised of a
modified steroid receptor that includes a natural steroid receptor DNA binding domain
attached to a modified ligand binding domain. The modified binding domain usually
binds only non-natural ligands, anti-hormones or non-native ligands. One skilled in the art
readily recognizes natural ligands do not readily bind the modified ligand-binding domain
and consequently have very little, if any, influence on the regulation or expression of the

gene contained in the nucleic acid cassette.

[0035] In summary, treatments for conditions such as anemia, wasting and
immune dysfunction are uneconomical and restricted in scope. The related art has shown
that it is possible to treat these different disease conditions in a limited capacity utilizing
recombinant protein technology, but these treatments have some significant drawbacks. It
has also been taught that nucleic acid expression constructs that encode recombinant

proteins are viable solutions to the problems of frequent injections and high cost of
14



their imunogenicity. It also has been used as an anti-toxin post-antigen

i nhal ation or exposure to ozone (Fryer and Jacoby, 1993). In addition,

pl asm d fwomsload7ed with PLG or pol yvi nyl pyrrolidone (PVPPCTasobaesn9
observed to increase gene transfection and consequently gene expression to
up to 10 fold in the skeletal nuscle of mce, rats and dogs (Fewell et

al ., 2001; Munper et al., 1998). PLG has been used to increase stability of
anti - cardiionalr iegmmifihant eherapy. , TRO@fpdantinag pogituettations dhiostbe waeoded or t o
prevent bleeding from tissues. during wund and t.i ssu ni et

B Y T ogteonpiany pifeiEh whs § SgiHolal sl AT i BN cibE BTsE R 45 mefbound by

t Iheor Y, sBible mivivb thdil(?th@ﬁzﬂe tiﬂ&&om}téfpﬁ&f &bemfhamﬂy, bmhanhﬁsmldialdagmiolﬂgnt hed

el ectroporation process, not only by stahjljzjng the an
facil it 2t $iHg! TRUTPIRAH DEGein s b F}é?ﬁ gt o tvrdusﬂlggPeEWée H@rfsa@ ﬂé‘“%és but
al so t hrpghcadhekiiledan %cmela%mrata Pore@ WBtveshailRs it dtMRhye Ghanaed- surface
protelns on the cells coul ng@gx the negatively charged PLG |linked to

pl asmid eﬂ‘lfﬁné%@Wﬂl ,bqadttélchmagfscb pHipTIS (e B inerepssA o1 dopeasedsatilityrpfac fiel d
I's appl i, eohmt ‘Bt g{g@ﬁce e ?éf&'e”%her ‘B)éfi‘erfﬁifafl1 HLRObE %cl%ﬁd aﬁté ?f'elsé/lon
internal’t ze t nol ecu process that substantial y i nCreases the
transfecmnﬂnwsfﬂum|mmc¢:eﬁ@rﬁhﬁnnﬂmmﬁ ﬁmmmmWIbepmav@mmdtWan@hsdh@ﬁdanage
associ at ed vo. pl asmi eI| e I 2002a) and
will i nc?‘%ee{g%en%%lggm% TS Bl m t|enar\t/| %/pa(] ag&eatt%ents i uE’JSa Sig0%11 The
use of th’e%tHyyutihljngGh@]bic&cﬂ%pﬁhmmmthﬁtSaréld&wb&drintb lanutijed ahdh t he
past. The inefficient e.into nuscle fibers after sinple direct

i nj ect i gAPITELS aql%@erlaBeurt’éIpé‘?tgl%in))’”foow expression levels (Prentice et al.

1994; Wells et al., 1997) In addition, the duration of the transgene
expressi on has been short (Wl ff et aI., 1990). The 13 WD 03/049700

PCT/ US02/ 39509 nost successful previous clinical applications have been
confined to vaccines (Danko and Wl ff, 1994; Tsurum et al., 1996). [00321
Al t hough there are references in the art directed to el ectroporation of
eukaryotic cells with linear DNA (McNally et al., 1988; Neumann et al.,
1982) (Toneguzzo et al., 1988) (Aratani et al., 1992; Nairn et al., 1993;
Xi e and Tsong, 1993; Yorifuji and M kawa, 1990), these exanples illustrate
transfection into cell suspensions,
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cell cultures, and the like, and the transfected cells are not present in a
somatic tissue. [00331 U S. Patent No. 4,956,288 is directed to nmethods for
pr epar i ngworoao®The nant host cells contai ning high copy numogruset/3eod or ei gn
DNA by el ectroporating a population of cells in the presence of the
foreign DNA, culturing the cells, and killing the cells having a | ow copy
nunber of the foreign DNA. [00341 U. S. Patent No. 5,874,534 ("the 534

pat ent " )SEMMARS.OFPTHENINVWONTIOGNO35, 934 ("the 934 patent”) describe

nmut at ed steroid receptors, nethods for their use and a nolecular switch
for nucl ei c 4003d] vedmerprédaﬁtr 'mpgntiohn&rtam it6 eompoditions aofl reetbddsithathae eby

i hcor por a b ference. | ecu swtch for ression in
Mpegpdtiad kSR L R B R ke L S TS S
i N humang, kiafdyBigre, r&du%ﬂ&g%ﬁ" ﬁet@ﬂhsﬁ@al fhdafdrepdednéisvital. th chrBeRMibgh(r)) are
described in the 534 patent and the 934 patent. The nol ecul@}gaﬁiwtch IS

descr i beginals. aTh?é?%%Qﬂ ?ﬁﬂ‘“s Né’@ﬁ‘ll%t ?ql?@’f@%sdfe@w pFpbitet with plaspidyp nucl ei c
aci d Ca?ﬁé Elg) g{enﬂau&{ eTﬁé Ix&nagxlsr%s aéh% arPd¥kclive SACRE oBLHudic 2

nodi fied ste receptor t udes natural steroid rece

bi ndi ng ad@nﬂipmsslen terstraet thy ealcmﬂsuaf grewth h(gﬁnae-tﬁlwamg@wam (nGH%IHe) modi fi ed
bi ndi ng d%r%tlonalfz%%gé%al egtkgq?ntgﬂér 1'1'er %cﬂ é gaaﬁllqs?cle %@ttﬁe gagjr’?gpnes or
non- nat i€ 11 gands i e art o readil y recdgni zes "hat ur

| i gands Sjmmﬁotembedmhe]hty olﬁt}mjmivbtmonrmh flirepted| tbganddrabipwsdypep afanmons, sualnd
consequent have very |jttle, 1f an an uence on he requl.ation or

expr essi®Bri %[Ponfahéamﬁ‘g%@’ %8%?“3?711%’8’}’33%%% ng, (g fnagise t(%’é’g’gﬁlﬁn 90351 I n
sumar y,safcoaf aMRbEd futfors OTHH subSHaBer We hivesxpaekeich df tth(SEIRHg)ranﬂo gidafmune
dysfunction are uneconom cal__and restricted in sco g e{e] ated art has
shown  teqatvalent indhe,gibiseh isesuffirignt da retprddumorgrepeh & Ve’éﬁ I 2lygRdMd i ons in a

i m t ed ;fGRAE islr¥ivil nlchAdeRBearh@CRMRIIN AN ts NEPHRLBIcL 8 CHIMALS thiis mBUbd byese
treatments have some significant drawbacks. It has al so been taught that

nucl ei c Rksing explrelti oh deshedesuin ¢ salentede Hitwae theacdahyrraghmuclgicordd ns ar e
14"vio 03701080 ekt dB MESEISERE oy e el bl SELbOE APgLELE LS ©F
i nt r oductldcomdasf apgloapptyingus atli-oassfeating pulse te Heogledted tisenibiamanta ofithe ei ns was
a signi fsief:egt@& tiSSSJ%lee Q/hgrg rt}\{\éaﬂu%lellcnac?& gx%lrjecsisiglg ccg)nrs%c iv&% dElPV%}edar]ﬁec%ﬁoeration,
direct injection, gene gun, or gold particle bombardment are also used in specific
embodiments to deliver the nucleic acid expression construct encoding the GHRH or

biological equivalent into the subject. The subject in this invention comprises mammals,

such as a humans, and domesticated animals.

[0037] The composition of this invention comprises an effective amount of a
nucleic acid expression construct that encodes a growth-hormone-releasing-hormone
(“GHRH”) or functional biological equivalent thereof, wherein delivering and subsequent
expression of the GHRH or biological equivalent in a tissue of the subject is sufficient to
retard tumor growth and retard cachexia or the wasting effects that are commonly
associated with tumor growth. Specific elements of the nucleic acid expression construct
of this invention are also described. For example, the construct comprises a tissue specific
promoter; a GHRH or functional biological equivalent; and a 3’ untranslated region (“3’
UTR”) that are operatively linked. The nucleic acid expression construct of this invention
comprises a construct that is substantially free of a viral backbone. Specific examples of a

nucleic acid expression constructs used for this invention are also presented. The encoded
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stable in vivo than the wild type counterparts. Unfortunately, each am no
acid alteration in a given reconbi nant protein nust be eval uated

i ndi vi duawby3/olgomuse the rel ated art does not teach onepsHiusomshsin t he
art to accurately predict how changes in structure (e.g. amno- acid
sequences) wll lead to changed functions (e.g. increased or decreased
stability) of a reconbinant protein. Therefore, the beneficial effects of
nucl ei ¢ faeiicha® 165641 0fuivalRfs bf GHRH tdoaiprisssco gelypypide dmethgprimtlai os can only
be ascertai ned Iﬁrou?h direct exBerineH}qahgﬁ. here is ﬁ Gg in the art
to expalERFEvYd kiglogical activiy v cepaediiq Hied sedwpeptde. (Thy %hucl ei ¢
aci d expi A0 BN HElerdt MRk iRERod&d b%\%{e%clem RidBepiksidatcomtahict expr ess
stabl e therapeutic proteins in vivo. 15 W) 03/049700 PCT/ US02/ 39509
SUMVARY a@usEfit omNDIENTVeaNp] GomsiesTananipe aaif srpGive fith@ecpept SAHFECE 83
conposi%hggg,and met hods that are useful for retarding the growh of
abnormal cells, tunor progression reduction, prevention of kidney failure,
reduction of netastasis, and increased survival in cancer-bearing aninals.
The net A¥g-XofDARFENS MREYL ¥+ Q SARKISQDE-Xedtst RGQSERNGEQRQEAWH h pl asni d

medi ated gene suppl enentation. The nmethod conprises delivering an

ef fecti ve anount G - aC} Sy O I ghgpdes a
gromﬂh-ﬁ%?ﬁ%hg@#%&%%%F%gﬁagwggﬁg(%gﬁgéﬁ#§§§%?ﬁ€gﬂgf?§%éer%?g%ggicaI

equi val aaitl tytosine ¢FY’HnoohistidinesEHE); Xpuis b R d-iseser o thodmineeaciidljbes .

Specificg, odi meats of.this invention are . direct t rd types of
tunnrs,?§§52W3Qg?2%§n8ﬁﬁ?h%%y%¢ﬁﬁggfEﬁ%@?@&fﬁ?“?@ﬁ%ﬁ%%%%mfﬁﬁgh%ﬁﬁ%r;yﬁast
cel | tumes?) dimglﬁdmwm‘n”);sm BaBsordngomert bflthewiNing acid eetisivhine (M of n vi vo
expression of the GHRH or hiolo h%gl ,egﬁ%vaLené‘Ln t he sub“ﬁﬁL.is

suf fi ci &gveine§ Ty Xy § 2Rk the gminpeAtid SEFRRES ¥ oiaFRARE ¥ REr ease
survi val, [RnGRREE! tRRBEI NShetfic Basplestof SmdloSRiPasGichtss fo9 GHRENGE this

met hod by placing a plurality of electrodes in a selected tissue, then
del i ver ifengtioned | hiolegiadli euivelents dhati asm vsefik for jhis inventipn agepresanied: tiskue in an

area t h%ﬁ}eciifﬂ:t ShBOSiRR AL Nfe Rhadaad idl—?’Rﬁf or RInEGidaP BRlogi@NLqBRRM HBredf
S g pu e f the

cell-tra ectin Pée to the s I

ected tissue in an area of the selected
ti ssue \indlitetes p@wihibbmiope £ETHT) soquetiomsdn o wuljent shat bastresgisd deg upgleicearid

Elr gc ;lr gggﬁgtgié?%n%ngtg%%ie r;{ s&oiecnl. i€ gltnbgcﬂmelgtg 38 i t4fvenfibn, gq{aﬂsf@@c{otni-f%iﬁtagﬂgb ar dnent
polypeptide that increase the tissues ability to uptake the nucleic acid expression construct

comprises a charged polypeptide, such as poly-L-glutamate.

[0038] One embodiment of the present invention pertains to a plasmid
mediated supplementation method for treating anemia; increasing total red blood cell mass
in a subject; reversing the wasting; reversing abnormal weight loss; treating immune
dysfunction; reversing the suppression of lymphopoesis; or extending life expectancy for
the chronically ill subject. This can be achieved utilizing an effective amount of a nucleic
acid expression construct that contains both a constitutive promoter and an encoding
sequence for growth hormone releasing hormone (“GHRH”) or biological equivalent
thereof. When this nucleic acid sequence is delivered into the specific cells of the subject
(e.g. somatic cells, stem cells, or germ cells), tissue specific and constitutive expression of
GHRH is achieved. The preferred method to deliver the nucleic acid sequence with the
constitutive promoter and the encoding sequence of GHRH or the biological equivalent
thereof is directly into the cells of the subject by the process of in vivo electroporation.

Electroporation may involve externally supplied electrodes, or in the case of needles,
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enbodi nents to deliver the nucleic acid expression construct encoding the
GHRH or biol ogical equivalent into the subject. The subject in this

i nvent i orwoaspsd7ses nmanmmal s, such as a humans, and donesticratsend3@nd mal s.
[ 0037] The conposition of this invention conprises an effective anount of a
nucl ei ¢ aci d expression construct that encodes a

gr om h- hor none-r el easi ng- hornone ("GHRH') or functional biol ogical
equivalamknbhﬁmqghedmhahﬁhmudaﬂhﬂdmhnguﬁmdoﬁ&ﬁﬁﬁhUﬁ&&ﬁdexgmessibmaof t he
GHRH or bi ol ogi. cal a ent._in a,tissue of..the subject is sufficient to
retard tHES 8#%9&%“5}‘(!] 1l e gl e Bithwadisge of s RS ng effects that are
comonly associated with tunor growth. Specific elenents of the nucleic
acid expr essi[@39fonsA futtHer edbodiment dfmheemtesiennmaamoaIpsnaidsaacpeithﬁasjto For

exanpl e, the constr.uct rises a ti sue .Speci. f| RH or
Funct i oritsTid BRAgied die bl oy atetigasiieg gt AMCRis, NeH B ] SHUGRORS e UTR)
that ar g;@R{tatiby aby thd BkRdically 8l Bkl by atiligingXRE @Bditpiocepndite ué of this
invention conprises a construct that is substantially free of a viral

backbonexpepsias of CHRHnpr xolpgical eqiiieleat cheteafy &egrladen dh aelnedr Bt s used
for this t: RAAA400

T/ UsSo3 B8 T B e o e, A

pol ypeptacuﬂeselqamcn,gfos},lpmdl dy molécriar ewiteh; bnfl@rfoélecﬁﬂst avel¢igiacid seaesaceonpar ed
to the CH t| I al ent that
i s encod® gﬁl’?p Igﬁﬁédié %m%% ?@} rg((!i:dsln coﬁ)gtaa? ggﬁh%@?@s- ‘fqg!# or this

i nventi dmmmqa(l‘ indedblrGHRHNDo@a1 biokegml(muwelem thereaf gelnbe adcosbourdsice as

foll ows: Xl -X2-DAl FTNSYRKYL- X3- QL SAR LL%)% X4- X5- F%E N%%Al wher ei n
t he for rS9SCA%EICE HRS § SPTSHIIUNG PRI Y TRE regiqn 108 44 9CHYC PV 88her of the
am no  aebidint WyQReliding a¥mdleclir sWish hﬁﬂdﬁ@le(e gfﬁu,felﬁ@oﬂes iBo Breqtbjéct) th@mer of
the amno acid alanine ("A"), valjne

é , ISOleUCInﬁgr@u%I X3 is a
D-or L-iBHEs Tegulatele DRI PesRmes 30tixeiaR m‘f“‘tﬁ@ )traBT’C”@P% iohhq indugidlexs g g

D-or L-igAfAin%e §ulﬂfec@n1‘1’i@e)§éihﬂ Hofl ”éx'ﬁ?esélo%ﬂd eRling|rlessk 'B?G([—HH—I) X5 i's
a Dor L-isoner of the amno acid serine ("S') or asparagl ne a

conbi natdrdiplegicat epfivalep derdof by Eeanqgslitios- @ils wﬁu@dhfamb@cg‘éd t@ﬁe@éltioaﬁ GHRH or
functi Oecﬁlan%lu?tl Q58! inf e VRERAL ol AL FRLEHRA ! th Qbrohlthfly N8Rk on are

pr esent
The delivery of the nucleic acid sequences that allow external regulation of GHRH or the

biological equivalent thereof directly into the cells of the subject can be accomplished by

the process of in vivo electroporation.

[0040] A further embodiment of the present invention pertains to a method of
treatment for anemia, wasting, immune dysfunction and life extension for the chronically
ill subject by utilizing therapy that introduces specific recombinant GHRH-biological

equivalent protein into the subject.
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speci fic enbodi nent, the encoded GHRH or functional biological equival ent
thereof facilitates growh hornone ("GH') secretion in a subject that has
recei ved wbhasfurbei c acid expression construct. |In speci fca/sobsdbarent s of
the invention, a transfection-facilitating polypeptide that increase the
tissues ability to uptake the nucleic acid expression construct conprises
a charged pol ypeptide, such as poly-L-glutamate. [0038] One enbodi nent of

t he pr eSBRIEF DESORIPTIQNORTHE DPRAWINGS d nedi at ed suppl enent ati on

met hod for treating anem a; increasing total red blood cell mass in a

subj ect; revqoeding tTe foRsingdrawiayefosm@rtadinby prtennepegificatiosaud dreeat i ng

i mune dysfunctjiop; reversing the suppression of.|ynphopgesis; .or

ext endi HﬁCIP?%tOQé%HE?ft‘%HE’?SW%? ger{aﬁ’easd?ﬁ&g ﬁ? | Brgsept Pvgrﬁ'gfi_ec n 'ﬂ‘ﬁnélo’_&an be
achi evednalf bl bied Gnddist6dd BEEMENRTB R 0Ptnofe HUGER] Fawifd T @4IYIRSSHON
construct that contains both a constitutive pronpter and an encodi ng

sequenceviththe gelgileddenaivtipn ef snsrifig smbgdimgptsprrsenteddigrgin) or bi ol ogi cal

equi val ent thereof. Wen this nucleic acid sequence is delivered into the
specific cel l[gof t haggbbi QRdws (IR AmiRORBE| Lq&atd Df GHRM 6€lviclogi@l germ
cells), tissue specifrc and constitutive expression of GHRH is achieved.
The prefestivel$nhiierseld to del i ver the nucleic acid sequence with the
constitutive pronoter and the encodi ng sequence of GHRH or the bi ol ogi cal
equi val ent  teegOl HigurBblsRGHS dhe ikt BN Bkl of REF-3WRERGH hédthy he
process of in vivo eléectroporation. El ectroporation may involve externally
suppl i edlogs get wergdrjectest with difigeent epnsensfatinescafitiespSP-HY - Flemdd.00

PCT/ US02/ 39509 internally supplied electrodes to aid in the inclusion of
desired nucl qjgle SREHERCEB W MdincicRS 53h ForblnifoHHUGEA! 1WA htoble cell's
are within atissue of the subject. [00391 A further enbodi nent of the
present and\Z8ni6 dayspesttinieetiont i dogs aihneaneay that waraiimsctednatdlazitlewithd0Bod f or

e U1 AL A Sont 5 Do TR SO R |1 extenst or

expressi on of GHRH or biol ogi cal equivalent thereof. Regulation is achieved
by deliverir§045it o Hipige deshdss te petventagen)fewdishy shinris healthy ldegscthaiciate sequence,
and a Se@%@t‘éd ’&}ft%'d‘i’éfe?ené%Sﬂcgnéa%f%ﬁsegﬁﬁe §0LNRVRR D as%njg.‘)' ecular switch, where
the first’'nuclei c acid sequence contains an i nduci bl e-pronmoter with a

codi ng region for a growth-hornone-rel easi ng-
[0046]  Figure 5 shows the number of red blood cells in dogs with spontaneous

malignancies treated with the GHRH plasmid therapy compared with control dogs with

cancer.

[0047]  Figure 6 shows hemoglobin values in dogs with spontaneous
malignancies treated with the GHRH plasmid therapy compared with control dogs with

cancer.

[0048] Figure 7 shows hematocrit levels in dogs with spontaneous
malignancies treated with the GHRH plasmid therapy compared with control dogs with

cancer.

[0049]  Figure 8 shows the percentage of lymphocytes in dogs with
spontaneous malignancies treated with the GHRH plasmid therapy compared with control

dogs with cancer.

19



hor mrone ("induci bl e-GHRH') or an bi ol ogi cal equival ent thereof and the
second nucleic acid sequence has a constitutive pronoter with a coding
regi on f owoan/ouatecti ve regul ator protein. By delivering &cmalsezsdsas switch
nol ecule (e.g. mfepistone) into the subject, the inactive regul ator
protein becones active and initiates transcription of the inducible- GHRH
in the subject. The external regulation, expression and ensuing rel ease of
GHEH or bioljgoral mautval ediows har eheratict hef Mbdi frhiGgrisiehd-depshdent n t he
subject will the conditions f anem.a, wasting,. i e .dysfuncti on and
life ext@RRTEHEIVIEHR sysieenitdasmd, Pil‘?3la3 %‘E?Bﬁ‘“‘esc%? ther@%é‘ﬂf‘%@rrﬁ f he

nucl ei ¢ gL, HREWEACaIméRalr y%hit?@’AE%tIﬁﬂRaAindﬁﬁ% WoHainO(* GAL4G} Riin@dited he

bi ol ogi cal equivalent thereof directly into the cells of the subject can be
acconpl ihgmen pragesterenc prcerteskigapd-bindingidomain) (CoRR BEY hand activpimudpman f ur t her
enbodi f I ) I 0 [P ment for
anem a%ﬁ}erﬁg,g%}lgnér@rs\e 31/1{539 Eﬁ;@gﬂﬁg%ﬁé p Itsabt%gtlsgsr}'gﬁl %gr}?e?loérg atn r%gcgﬂér onically
il subjmsgiontey. Bindirgz iofigmifipeis@py triadrs iantconfdrmeanslpelsnge chatekeaddbitmant

O A e A B e R el S,

dr awi ng$réAéter Qﬂrsﬁnﬂiatétlﬂﬁgs&ﬁﬁﬁﬁﬂfthépﬂmﬂﬁé}ﬁ:ti on and are included to
further denonstrate certain aspects of the present invention. The invention

may be better unﬂers .00d i—ﬁl éef erence to one or nore of these drawings in
combi nati on [Mh ¢ Hdege: L 1shvy SURe BelPBH BHOSKESU £ CMEHIGE RS

present gth7e16ahide thdl Qdedivelii By0eLdwis NesadefbcandThdifa 8€listin SBGHRARCHarkf GHRH or
bi ol ogi cal equivalent thereof. [0043] Figure 2 shows the increase in the
per cent ageatest anipls recepp@pis! day afierivmey celly dgrlapiatien somisregiaceiaesiid h

i 1 er ebo GORGPRIAAH L00% Alrmihe rASEnkYo R, AR Bhthrols 000, Bt 3 shows
the increase i the percent age of -1 Tevels at 9-27 and 28-56 days

post - i njbetatgadastdsidasto giasmid. "GHBHC treateh sumeve bearingj edmeld kewe cugnificamily h 100
ncg/ kg t | . of . 1000ntg of the pSP-HV-GHRH pl asmi d.

[ 0045] I‘—sl%g‘f%rrté&rél&sdﬁgﬂlgpqﬁ%ng%cg?rég%#géé of weight gain in healthy dogs that
wer e

[0052] Figure 11 shows survival time for immunocompetent C57/B16 mice that
received 2x10° Lewis lung adenocarcinoma cells in their left flank. Treated animals
received at 1 day after tumor cells implantation 20 micrograms of plasmid expressing
human growth hormone releasing hormone, while controls received a control beta-

galactosidase plasmid. GHRH-treated tumor bearing animals have increase survival.

[0053] Figure 12 shows kidney size for immunocompetent C57/B16 mice that
received 2x10° Lewis lung adenocarcinoma cells in their left flank. Treated animals
received at 1 day after tumor cells implantation 20 micrograms of plasmid expressing
human growth hormone releasing hormone, while controls received a control beta-
galactosidase plasmid. Control animals have significantly smaller kidney size, sign of

kidney failure.

[0054] Figure 13 shows that the markers associtaed with metastasis
development are increased in control animals versus GHRH-treated animals, and that the
histopathology report showed considerably more metastasis in the control animals than in

treated once.
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injected with different concentrations of the pSP-HV-GHRH pl asm d. [0046]
Figure 5 shows the nunber of red blood cells in dogs wth spontaneous

mal i gnancwesswat ed with the GHRH plasm d therapy conpar @edTwisor3asont r ol
dogs with cancer. [0047] Figure 6 shows henogl obin values in dogs with
spont aneous nalignancies treated with the GHRH plasm d therapy conpared
with control dogs with cancer. [0048] Figure 7 shows hematocrit levels in
dogs with Spwsspeowsguraahi@nweqmsmtme@t@dhvmmot hiecr&isRHn pluds miice t her apy

conpared with contral dogs wth ancer 0f u sho

per cent é@éteéfwl!hyﬁméﬂ"éiéatqdngr@% fmoRe rcsl%‘é j{%‘?ﬁ% {fﬁﬁ%ﬁ }gsaé’gl"? reat ed
wth th cﬁlﬂ!ﬁo?'ré%m é%tcﬁosrsmeﬁaedﬂmts ¢pntNeP). NODS hunialﬂ leancer. 19
WO 03/ 049700 PCT/ US02/ 39509 0] Figure 9 shows a schematic of the

mi f epr i stlenwsardiapeadisHt IH@AW@@HeEWW% Weth)th§f§ﬂ%}*r‘\m"l° Yadth¢ §HBIshadhcodes for
t he Gen Qggcl u 0 . angf a L4 DNA
bi ndi ng% hbe Gﬂﬁ% ‘%@hﬂsu cgtggb)nﬁtu%%?a# zagstféea{rng%% Iﬁgc(g}ﬁp{ét:rogku@

| i gand- tnhspdhya@mgmﬁmnnd(ffet@lébﬂ_@@h)comamd toogontrelsi on domain  fromthe p65
subunit of human NF--KB ("p65"). The protein is synthesized as an inactive
nmononer. Bin I r r t hat

| eads to ac ?dégll Og”%ﬁ@ﬁ |§n%%§g%ld5%gﬁA§%éB§%m %%n%d?ﬂgrks g?%&to GAL4
si tes i rnjettni nduci bl e pronoter and stinulate transcription of the GHRH
gene. [0051] Figure 10 shows tunor vol une progression in inmunoconpetent
C57/ B16 m ce s in their
ot fhank. - 192, cdhy B boM Funak PRdRESERE AL PR e G ¢

i npl antation 20 m crograns of plasmd essi ng human grow h horm)ne

rel easi ng hod®as8k, murelﬁmah@qum@iabegmanwgﬁ piof6 dayepestdiedtienosi dase
plasm d. GHRH treated tunor bearing aninmals have significantly sl ower

turmor devel 0%@@} a'ﬂg&é P9 sES%E A8 blood values for dogs with cancer.

[0060] Figure 20 shows the blood values for old healthy dogs.
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[ 0052] Figure 11 shows survival tinme for immunoconpetent C57/B16 m ce that
recei ved 2x106 Lew s | ung adenocarcinoma cells in their left flank. Treated
ani mal s weagiowgdo at 1 day after tunor cells inplantationpP2@/usozswsey ans of
pl asm d expressing human grow h hornone rel easi ng hornone, while controls
received a control beta- gal actosidase plasmd. GHRHtreated tunor bearing
ani mal s have increase survival. [0053] Figure 12 shows ki dney size for

i Mmunoc pMelgkD PESCRIPTION ©1 PREFERSUED ¥RIBOPIMENESV s | ung adenocar ci noma
cells intheir left flank. Treated aninmals received at 1 day after tunor
cells i piMRNIRiORE 20 m crograns of plasm d expressing human growth

hor none rel easi ng hornone, while controls received a control beta-

gal act osi das @oaifis NiTfe td@NhY 6 "AAMhsraded R inSthe Bhckiftatiin Maypmehd efie ki dney
size, sign o Ki dney fai I.ure.\REz?054] Figure 13 shows that the maykers
associ t aeanonp-t hAws@gh@rgmsm the 4 ibiie Mher uged i ceerstion Wilth ter BP™hni mal s
versus iR p1fs¥1T1gattﬁg VB S BROnbNAHeah RGe of nbkORER AL OWs Wsed Beteirs hOVE
consi der ab y r'e metastasis In the control animals than in treated once.
20 WO 03di04e700aPOeAUSI@s3060od qr@8%s] Fi gure 14 shows that tunor growth
did not increase in nude mce treated with plasm d-nedi ated growt h hornone
rel easi ng ho ( i1 Ut (b€ 10s5HRH, il at ngs SWi tch
system GHRH- P@%gf GII%E%EM N%Fﬂcﬁhﬁb%g&ng?{ulﬁég aden%ga{l%iglﬁoﬁsaaf:%ﬁ Igsine.

Ani mal s dearemedtodyi whighthef at deastt 5-{10%4 ofshy maeimiupeidepirrighidf thniadivéduat unor s

t han control < 0.,02 da Qst-tr er group

di spl aygﬁlt g‘iCg‘?ﬁ(a?ﬁe%%tby&igﬂ%l@%ﬁ%sesso)f@\%tglr@%)(())%rep%?%%%mgg%tn%tg ‘'s. [0056] Figure
15 shows the protein nmetabolismin dogs at 56 days post- injection. [0057]
Fi gure 16 sh{as3} he The oo “AaD8 elerany” do gseddtereibrefiay ® tpaatypent of aagpitesh. [ 0058]

Figure 17 sho t he bone net. HhSmin _dogs 0sti-4:nl ion.
[ 0059] ﬁlﬁﬂ?%&%gl?ﬁ%w%f%e @%@gg NAE AT %‘Io%hgg&ﬁt%%e%ggnlﬁ%‘#d.‘ﬂ%’ 3’3%0] Fi gure
20 showsot figitéd andnttairodsils alicle@sillehaalofing, fkagsucleoside reverse transcriptase

inhibitors (NNRTIs), protease inhibitors, and/or other drugs used to boost the immune

system.

[0064] The term “analog” as used herein includes any mutant of GHRH, or
synthetic or naturally occurring peptide fragments of GHRH, such as HV-GHRH
(SEQID# 1), TI-GHRH (SEQID# 2), TV-GHRH (SEQID# 3), 15/27/28-GHRH (SEQID#
4), (1-44)NH, (SEQID# 5) or (1-40)OH (SEQID# 6) forms, or any shorter form to no less

than (1-29) amino acids.

[0065] The term “anemia” as used herein refers to a condition in which there is
a reduction of the number and/or volume of red blood corpuscles or of the total amount of
hemoglobin in the bloodstream, resulting in paleness, generalized weakness, etc., of the

subject.

[0066] The term “antiviral therapy” as used herein refers to a group of drugs
that are of three main types, including: nucleoside analog drugs, protease (proteinase)

inhibitor drugs, and non-nucleoside reverse-transcriptase inhibitor drugs (NNRTIs).

[0067]  The term “bodily fat proportion” as used herein is defined as the body
fat mass divided by the total body weight.
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21 WD 03/ 049700 PCT/ US02/ 39509 DETAI LED DESCRI PTI ON OF PREFERRED

EVMBODI MENTS DEFI NI TIONS [00611 The teen "a" or "an" as used herein in the
speci f i cawpDoa/omeEygo nean one or nore. As used herein in thecrhwomgs)yy when
used in conjunction with the word "conprising”, the words "a" or "an" may
mean one or nore than one. As used herein "another" may nean at |east a
second or nore. [00621 The term "abnormal weight |oss,” as used herein is

defined as gpeseasate by cwided terapl” & uded dsieirbredYtc0fredtment ot cdnoerm i deal

wei ght of the individual that is character] zea1 by signjficant |oss of both
adi pose by 8y pedigaloraliyeira magas inqhesiigs putppel lmdtef,to ATEREY: IRIPHIGIIETaRY sed

her ei N i &iferkdy, taRAbH R apd! hydeAbtnhfitndloTBHAGI ARichaggy  syndrone ("Al DS")
by any nedi ca r physical neans, including, but not limted to:
antiretrovirals, nucleoside anal ogues, non-nucleagside reyer Sf trapscri ptase
i nhi bitors (MO s) The temesadheriahanisedharemdndoiied 35 Higracerleiped 9828 t o boost
t he inmgl%bqe tgm [0064] The term "anal og" as used herein includes any
mut ant o éﬂ , of synthetic or naturally occurring peptide fragnents of
GHRH, such as HV-GHRH (SEQ D# 1), TI-GHRH (SEQ D# 2), TV-GHRH (SEQ D# 3),
15/ 27/ 28- GHRIYOTSEQ fhhe tepm “cewcuﬂgawmzed(@m fsydediied as phe. FONRIRIITARIEERDY 6)
fornmns, er formto no less than (1-29) am no acids. [00651 The
term"a(r%;épr{lg%%n?é%gséd herein refers to a condition in which thereis a
reducti on of the nunber and/or volume of red bl oaod corpuscles or of the

total anpunt [71] herfbgl tsbm n'cpirtmprdechng dwdser edinysedebisgeini Hglafied 46 ehess,
gener al i,z 6 eaK 8ﬁ§ ?or.cg Rﬁuﬁh Rhurtshe éragﬁ'pdt%ﬁg%f a&@&@ﬁ] subll s taCHidhr BRA Vi T al

t herapy”™ as used herein refers to rou rugs’ that are of three main
types, iffagentti rigto auelle odh demsnaoglientsy sthe pfovtee 25s &ofp elsetaicitasas) in i nhi bi t or
drugs, and non-nucl epside .reverse-transcriptase inhibitor drugs (NNRTIS).

[ 00671 ‘F%&tr?l?é)rr?ﬂonb%r?}ﬁ? el BPlovﬁgcruﬁalr%m%&g% used herein is defined as the

Pody [0072] The term “chronically ill” as used herein is defined as patients with
conditions as chronic obstructive pulmonary disease, chronic heart failure, stroke,
dementia, rehabilitation after hip fracture, chronic renal failure, rheumatoid arthritis, and
multiple disorders in the elderly, with doctor visits and/or hospitalization once a month for

at least two years.

[0073] The term “coding region” as used herein refers to any portion of the
DNA sequence that is transcribed into messenger RNA (mRNA) and then translated into a

sequence of amino acids characteristic of a specific polypeptide.

[0074]  The term “coding region” as used herein refers to any portion of the
DNA sequence that is transcribed into messenger RNA (mRNA) and then translated into a

sequence of amino acids characteristic of a specific polypeptide.

[0075] The term “delivery” or “delivering” as used herein is defined as a
means of introducing a material into a tissue, a subject, a cell or any recipient, by means of
chemical or biological process, injection, mixing, electroporation, sonoporation, or

combination thereof, either under or without pressure.

[0076] The term “DNA fragment” or “nucleic acid expression construct” as

used herein refers to a substantially double stranded DNA molecule. Although the
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fat mass divided by the total body weight. 22 WO 03/049700 PCT/ US02/ 39509
[ 00681 The term "cancer therapy" as used herein refers to treatnent of
cancer bywerwg/omzadé cal or physical neans, including, but neCThiS02/8%09t 0
surgery, immunotherapy, chenotherapy, radiation therapy, hypertherm a
and/ or photo dynam c therapy. [00691 The term "cachexi a" as used herein is
defined as the accelerated | oss of skeletal nuscle. [00701 The term

" casset tiegmant Mschk dacmaicd blySmyI effahduedl mk:colaeblo}ogyrmeens kmrwsge the arempr es sion

vectors. [00711 The ter | -transfectin erej.

vectors. [00TLL The ter gcel It anstecting,puloet sruge herel 1

vect or, gggéstor2sf @ barBRaDNAAoléduRg MENte, tekis O‘e)ﬁpré‘s@ioh VdcfbrS’Of‘ﬁp&ﬁii@dl nment s,

t he force is fromelectrici té as in el ectropora or taw force is from
13

vascul arcagpis’s o SXprewrplasTie” sasyalso katised P’é?i?ha?g?al ¥ [gg“’t!}g}é Par8tn i s
defined n?oi%oﬁ?etﬁl San' swﬁg?ﬂmé&ﬂa‘? BI85y ISA QHBntO BSohd GnbsGinkutsRNAr Y

di sease roni ¢ heart lure, stroke, denentia, rehabilitation after hip
fract ur @arcohDdi moleawieais afpddsinie, rheunatoid arthritis, and multi pl e
disorders in the elderly, with doctor visits and/or hospitalization once a

mont h for g 0079RSt ThdQerhf a&&or-g\gﬁgc@ﬂ-as-r hedtiRfe® r2ditd Any PdcRR 'ofafhe Used

herein refers to any portion of DNA sequence that 1s transcribed into
messe ngelmrﬁd‘llkn(gdmwhemndceﬂlh davet begn sdnaved andhmaingrined dey o #iable stfte BHEAL aci ds

character.i.s pol ypeptide. [00741 The term "codi ng region”
as used pl‘?@?‘i?f\tmrlee ‘g?@éa%gsubﬂ%/aportl on of the DNA sequence that is

transcri bed into nessenger RNA (rrRNA) and then translated into a sequence
of amino aci d&076harél“dlee¢rirs‘tdouore¢ell * aspsed hﬂr@mmibl}%rﬁepw ¢hdls thapbarmbegme ter m

"deliver el i verin [ SonolBARS: Of
intr oduﬂgl??& g ao}\'iled’]gaVla%let&aggaog%gbé}ng%gc , Ogﬁgigl%? ornoanygl%e0| pi ent ,
by nmeans of chem cal or biological process, injection, mxing,
el ect r opor at i[6679] soripdemat fedfecticramanithisnaed baeinivefesad sufficienenudlmieler or
wi t hout a%{deggpresglon construct or encoded protein administered to humans, animals or into
tissue culture to produce the adequate levels of protein, RNA, or hormone. One skilled in
the art recognizes that the adequate level of protein or RNA will depend on the use of the
particular nucleic acid expression construct. These levels will be different depending on

the type of administration and treatment or vaccination.

[0080] The term “electroporation” as used herein refers to a method that

utilized electric pulses to deliver a nucleic acid sequence into cells.

[0081]  The terms “electrical pulse” and “electroporation” as used herein refer
to the administration of an electrical current to a tissue or cell for the purpose of taking up
a nucleic acid molecule into a cell. A skilled artisan recognizes that these terms are
associated with the terms “pulsed electric field” “pulsed current device” and “pulse
voltage device.” A skilled artisan recognizes that the amount and duration of the electrical
pulse is dependent on the tissue, size, and overall health of the recipient subject, and

furthermore knows how to determine such parameters empirically.

[0082] The term “encoded GHRH” as used herein is a biologically active

polypeptide of growth hormone releasing hormone.
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[00761 The term "DNA fragnent” or "nucleic acid expression construct" as
used herein refers to a substantially double stranded DNA nol ecul e.
Al t hough wba3/02800A0 03/ 049700 PCT/ US02/ 39509 fragnent maycrasgesesnat ed by
any standard nol ecul ar bi ol ogy means known in the art, in sonme enbodi nents
the DNA fragnment or expression construct is generated by restriction

di gestion of a parent DNA nol ecule. The terns "expression vector,"

" expressi on Looss]s et nge terfhr"ﬁfrﬁﬁcﬁfa@ﬁﬁldgibapé@ﬁmledlf” @M{E}I&s ubeel hese is

i nt erchangeabl y. Al though. the pare, ul e ndar d
mol ecul APOKPHIIHEJhabhgs %%ﬂﬁ@h%ﬂnﬂi’ ﬁc‘gé?@eﬁ%% yﬁ?eh% R%Iaﬁ i’ﬁ’f‘ nol ecul e
Is a pl %91: Gimuli @00 -ﬁQﬁné ﬁfrﬁ'ﬂl &qﬁ@fo\l@&'gioﬂfg‘ical ﬁwiﬂ%ﬂzﬂmﬁ&ﬁ@aﬁbdﬁ&ﬂﬁ s to any

species of the ani rra ki hgdom wherei n cell's have been_renoved and
mai nt ai MERH nolspeptidpl Ehs fuaetéonpbhiolgaigal qg@rwabat Bey bg paturally QeHEIEE s ubj ect .

[ 0078] g ALHMARANGS af ShdidindS HSGENIIChE FRDEKiMs il EflikSot hat have

been ved an naln aihed N a Vi e state any period of tine
out si delmlbmvdblmorogmabqtcEWﬁy as p@ﬁ'ﬁ@}elﬂ' Icefers gp lfadﬂéatﬁlgcandi(ﬂe relpasingt growth used

herein refers to i.ent nuclelc X s S ' encoded
pr ot ei nil%ﬁ'?ﬂnﬁl % é’?l?eea Tt’g S iéﬁllgg a?{r%?§1 Ig%g %‘Pﬁ%r geb to produce
t he adeqmab@mbm ¢heSenobdddr fohictional le‘%’glcab eq Nl ent rod GHBié 1ssd<pdly1®¢itldmthatt he art

recogni zes_t hat the adequate | eyel rotei,n or end.on the use
of Ot he Fam i tnameercoar i ot et aBi ok rdire o bl nREREIRC" i 1T be

di ff er enhvifle Bigmdt Bﬂu@i‘oveﬁ%l&@i&@ aBtivitg e o%hfp@ﬁeﬂ o61the [GHR M @alypgitideor
vacci nat i on 0080 he term ™el ectroporati_on' Hsed herein refers to a

net hod Merikods kpewi ,ﬂjethe éﬁ@t@%ﬂ’éefﬁ%}?}s%?,@qﬁ?ﬁcﬁéﬂl‘%ﬂéﬂ%{ BFEQdgPEagsEds- sequence
into cells. [0081] The terms "electrical pulse" and "el ectroporation” as

used herein F@fs@r t19e t¢BEn 26 %ﬁﬁ&de%le%m@mmﬁh@ﬁt [‘GHRHCY RS @Béd t 0 a
tissue or cell for the purpose of taking up nucl ei¢ acid nolecule into a

cel | . Ahsnem isat¢fingd pssahorraqne gt ;f@fshtﬁ%pr ﬁ%‘@%’é’feﬁ é?lﬁaée &f groval dgEnodeed wit h
the ter Ie&‘éldczc%lﬁg ef@wfwaﬁ E'ﬁg%lwﬁr ent device" and "pul se

vol t age devi ce san recogni zes that the ampunt and duration
of the electrical pulse is dependent on the tissue, size, and overall
heal th of thé0088Li pithatternbgrewth homepne” (“GH”) as used herein is defined as a

hormone that relates to growth and acts as a chemical messenger to exert its action on a

target cell.

[0086] The term “GeneSwitch®” (a registered trademark of Valentis, Inc.;
Burlingame, CA) as used herein refers to the technology of a mifepristone-inducible
heterologous nucleic acid sequences encoding regulator proteins, GHRH, biological
equivalent or combination thereof. Such a technology is schematically diagramed in
Figure 1 and Figure 9. A skilled artisan recognizes that antiprogesterone agent
alternatives to mifepristone are available, including onapristone, ZK112993, ZK98734,

and 500 pregnane-3,2-dione.

[0087] The term “growth hormone” (“GH”) as used herein is defined as a
hormone that relates to growth and acts as a chemical messenger to exert its action on a
target cell. In a specific embodiment, the growth hormone is released by the action of

growth hormone releasing hormone.
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furthernore knows how to determ ne such paranmeters enpirically. [0082] The
term"encoded GHRH' as used herein is a biologically active polypeptide of
growt h howoon®497ed easi ng hornmone. 24 WO 03/ 049700 PCT/ USO2£3a509395p90831
The term "functional biological equivalent” of GHRH as used herein is a
pol ypeptide that has a distinct am no acid sequence froma wld type GHRH
pol ypeptide while simultaneously having simlar or inproved biol ogical
activity whepogsjnparke tdrm tdrewtiGhibtisope rylpaspty bermontie (fGHRBH Joralisedi ol ogi cal
equi val ent, may be naturally occurring or it may.bhe difi.ed b n

i ndi vi dfeein ndefined| s borpoae thaf 3%“85???%%%St’cf’?1‘ﬁ%test 35 i ?@W‘bg"m?éﬁ% oved

bi ol 0gi gal inaatsksdt ekdenBSthétSAdithe Weionks fsédhsastpolicii | i t ati ng and/ or rel easi ng
grow h hornmone or other pituitary hornones. A skilled artisan recognizes
that in sone enbodi nents the encoded functi.pnal biqlogic Igeer%%%i val ent of

GHRH i's a pol®fPlpti dbe dermt “heigrolagenn B it SEYBCCof 4F s¥inct ani no

aci d sequehe Gs YMIN Lscliche bak YiffefdfMieRglatdhyinkd @kpressidmaimened bi ol ogi cal
activity WhenS conpa?ezld to the H pﬂglﬁg\;pg‘gtigm Met hods known in the art

to engi neer such a sequence incluyde site-directed nutagenesis. 0841 The
term " gr owt h[088¢1ondhs r@a dpmyns, gy E‘“’I?(as ‘)re’3§e{‘i’é§38 Qﬁ%"é’r“%'l’“g??’i s.

def i ned i B TRAFAA! fuh@ehin! 8f @S sjectt | ikl CSyslcf, @S aetbrinigidont h
hornmone, “and in a | ésser extentfg other pituitary hornpnes, as prolactin.
[ 00851 Tfitdirectbrandirgetbvityrinmamaspreifiq makery (ag IGEd Vel @4 1% lympipsytihed as a
hornmone that relates to growh and acts as a chem cal nessenger to exert

IS action Ofyggy ! ATgEteckiolimubARBEDy Tk R GRS oy heicnt ar egi St er ed

trademar k of entis, Inc.; Burlinganme, CA) as used herein refers to the
t echnol pgymatés ax emhdnsps thethods's immuns pystem ebuildorreigetivg antibedirscthalcVll sequences

encodi ng_ 1 egul L pr |.AS: %HEM ' I cal ihe B RAL&EatBhs. COMDI nat i on
t her eof gg{ljlg‘%%ﬁg%%’ge%tﬂﬁ%?%glﬁ@&gals8 eﬁ%r?%%q?éfg%l aegramed I'n aFli gsure 1 and
Figure 9. A skilled artisan recogni zes that antiprogesterone agent

al ter nati ves[0082)i f de t@tofieandhayavass’] GBHBAL")ian sekihargindn dpfined @ e,
ZK112 gggr’ﬁassz cﬁ% e7 I:)%ldy of 3 gn' a1 RLAANS noh-fit 80 §uch as muscle.

[0093] The term “life extension for the chronically il as used herein refers to
an increase in the actual life expectancy for a subject that undertakes the treatment

compared to a subject that did not have treatment.

[0094] The term “lymphopoiesis” as used herein is defined as the production of

lymphocytes.

[0095] The term “kidney failure” as used herein is defined as the abrupt or
chronic decline in glomerular filtration rate resulting from ischemic or toxic injury to the
kidney, and includes a decrease of glomerular capillary permeability, back-leak of

glomerular filtrate, tubular obstruction, and intrarenal vasoconstriction.

[0096] The term “modified cells” as used herein is defined as the cells from a

subject that have an additional nucleic acid sequence introduced into the cell.

[0097] The term “modified-donor-cells” as used herein refers to any donor-

cells that have had a GHRH-encoding nucleic acid sequence delivered.
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[ 00871 The term "growth hornone" ("GH') as used herein is defined as a
hornone that relates to growh and acts as a chem cal nessenger to exert
its acti owoan/oa70a arget cell. In a specific enbodi nent, tmRreTgrsomsdsohor none
is released by the action of growth hornone rel easi ng hornone. 25 WO

03/ 049700 PCT/ US02/ 39509 [00881 The term "growt h hornone rel easing

hor none" ("CGHRH') as used herein is defined as a hornone that facilitates
or stimul at epons] eaThe eimTnwtdchlahowitdiaes usaridrdimrefers gss swleede ¢t isot her
pituitary hornones,_ such as pralactin., [ 00891 The term "het erol ogous

nucl ei cd%léieEPdle‘éfti’eﬁ"}EJé"tﬂé’éCﬂ‘s‘ga‘%ﬁt&t@f‘wlpé‘m §H%d as a DNA sequence
conprising differing regulatory and expression elenents. [00901 The term
"imune dysf peodj on'Thaserthsamiclorr Ridexpréssion doastiube @hned ierein iefpaia ed, or

i nconpl ete functioning of a subject’'s_ imupe syste s deterp ned

i ndi r ecf1¥/tyBP OfENBET FOPSIHIPt PORRIFEN BRI @lﬁwﬁ&érférmcw _-Pﬁi’eé‘%ﬁel s, or %
| ymphocybgslibed. [ 989 IdmTRepk&idR victBreRat hRb aRYuse@ ftdiSiRgighidlyehdteinefier s to any
treatment that Brom)t es or enhances the body's immune systemto build

pr ot ect resifienehbertimens, t theamueleic| acid g@RrewiNheOnsHEH COMBIIST & MREPERI2 condi ti on
and/ or t : i Gl 11 Théhel B Me Jr6@eP gy nmass”
("LBM") hgcgéoﬁggégﬁlgggﬁe%f%{s%kég?%g élg t Stlaa[t&pn’% 1slm’o:‘igﬁltehe b.gcﬁ; of eén ani mal

at t r i buhededtilesequehet oftintssste alithh 33 snimansloted regiQ0 @8 PpItativalie finkedy pride

[ f he. ch icgl Ly ill" ' [ [
The act daro¢ PScaieh AL PARagsehs scend o oA Bl B et ot

conpared to a subject that did not have treatnment. [00941 The term
"| ynphopoi es{00108)s (The derne f‘epenativslydbikedd dis aused herepy tafers ttp gilergnts or
| ynphocytes. [00951.The .term "kidney f.ailuyre" heligloPohsidef i ned as
t he abr %tﬁ't‘&wg mc"h%"‘i*ﬁl% a‘aéé?quﬁlécei tﬂﬁga?‘%i]rr%cﬁl ﬁ) rOFf %ﬁf’%g@ﬁt n rd g‘{ogpjrl%sécgft ing from
[ lschem' ?I‘oc@fioﬁ. Oxﬁtelbmbm yr fteuctd® ark icabable, ofacidcharacietizhelsbynaciemp ishig of
gl omerul ar. capillary perneabi|jty, hack-1eak.. of I rular filtrate,
t ubul ar d%%etiPH%ftaYl?}h,ItﬁﬁEPOgﬁ??‘J_a'i’ye_ |° \95&?&5%@9?9%? g‘éﬁ%‘?ftdb%fecﬁﬁsérx erm
"modi fi gd 48hdrds ordSrubteRe il ehRIdk Adid SRfubitdo B8 inf@nde@l biSadidcedoader to
be operatively linked.

[0100] The term “poly-L-glutamate (“PLG™)” as used herein refers to a
biodegradable polymer of L-glutamic acid that is suitable for use as a vector or adjuvant

for DNA transfer into cells with or without electroporation.

[0101] The term “post-injection” as used herein refers to a time period
following the introduction of a nucleic acid cassette that contains heterologous nucleic
acid sequence encoding GHRH or a biological equivalent thereof into the cells of the
subject and allowing expression of the encoded gene to occur while the modified cells are

within the living organism.

[0102]  The term “plasmid” as used herein refers generally to a construction
comprised of extra-chromosomal genetic material, usually of a circular duplex of DNA
that can replicate independently of chromosomal DNA. Plasmids, or fragments thereof,
may be used as vectors. Plasmids are double-stranded DNA molecule that occur or are
derived from bacteria and (rarely) other microorganisms. However, mitochondrial and

chloroplast DNA, yeast killer and other cases are commonly excluded.
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subj ect that have an additional nucleic acid sequence introduced into the
cell. [00971 The term "nodi fied-donor-cells" as used herein refers to any
donor - ceWwbswheo have had a GHRH encodi ng nucl eic aci d sequarson3ded i ver ed.
26 WO 03/049700 PCT/ US02/ 39509 [0098] The term "nol ecul ar switch" as used
herein refers to a nolecule that is delivered into a subject that can

regul ate transcription of a gene. [0099] The term "nucl eic acid expression
construct” a$01e8pd heeeierm rgfasmil tediatedygeny peppitmgeatiin’ cascord theen

conprising a nucleic acid coding for RNA capabl e bei trapscri bed.
The t er itisameed it siveck et et sE R e AarmgRaCIpRh 8F B . i
speci fi ghespeadt pRMIS by uliBzinl Sffetidfloe Bf 8 26168 aCidtapretiidn coRSRICt Ses: a
pronoter; a nucleotide sequence of interest; and a 3' untransl ated region;

wher ei n i# W&o-pronot er, the nucleotide sequence of interest, and the 3
untransl ated region are operatively linked; and in vivo expression of the

nucl eoti de s¢gmapce Bf tbdt GhudstvoltSpelRUisk b dphlie ke PinpRBsEdevide®@400] The
term "operatively linked" as used herein refers to elenents or _structures

in a nudkesd kereipirelatse ¢ am arparahes tharis canahleed cRYSIE & Gupss ks Pf 1ycleitd not
physi calyql ' j 16 8Sl081 8 FRAN BRI ricit9t

char act é‘?ﬁdz‘g@@‘%};}&gﬁ?ﬁgf%ﬁ?ﬁgngaﬂlg%’?y;ééﬁg&o%er3;i o%.ﬁlﬂt 'S rgz:ccl)gn(i)zed by
one of dhalicals.y Tke |delli mentbeanar then hdpstabilizéss foomingepassaggwgys Porp@¢senent s or

o be Sy aliounieRt FuAS  Ths 2O AR o By  hREF Ry BELARER, ) 0L
used herveltager afislitsdet andathe durdegphthalpuisep oblyager Tife pringdrytmportnecofia t hat is
o w t haubeaplieBRer mFerrap et & R PP R s ea ner ei n

refers tige AvédtidB, Retidu®ily linehd INA Fagibets, ifdotIRc¢stls bOthe ofgadisiucl ei ¢ acid
cassette that contains heterol ogous nucleic acid sequence encodi ng GHRH or

a bi ol ogi cal | valent thereof.intq the cell.s of. %%e subj ect and al | owi ng
expr essi on oi{gﬂﬁk eﬁ@@o‘_@ﬂn gBﬁ@n‘flobaBIeqPﬂ}F %P?eélstfeﬁeén_ afsftf’eadgegléqnlcg %4re
Wi thin tiheal i Bpicoloasitsiny a[taderdl otien bekdplicalions thdla rasetsiemtibioriei n refers
generally to a construction . )

selection gene, which are necessary for the specific growth of only the bacteria that are

transformed with the proper plasmid. However, there are plasmids, called mini-circles,

that lack both the antibiotic resistance gene and the origin of replication (Darquet et al.,

1997; Darquet et al., 1999; Soubrier et al., 1999). The use of in vitro amplified expression

plasmid DNA (i.e. non-viral expression systems) avoids the risks associated with viral

vectors. The non viral expression systems products generally have low toxicity due to the

use of "species-specific" components for gene delivery, which minimizes the risks of

immunogenicity generally associated with viral vectors. One aspect of the current

invention is that the plasmid backbone does not contain viral nucleotide sequences.

[0106] The term “promoter” as used herein refers to a sequence of DNA that
directs the transcription of a gene. A promoter may direct the transcription of a
prokaryotic or eukaryotic gene. A promoter may be “inducible”, initiating transcription in
response to an inducing agent or, in contrast, a promoter may be “constitutive”, whereby
an inducing agent does not regulate the rate of transcription. A promoter may be regulated
in a tissue-specific or tissue-preferred manner, such that it is only active in transcribing the

operable linked coding region in a specific tissue type or types.
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conprised of extra-chronosomal genetic material, usually of a circular

dupl ex of DNA that can replicate i ndependently of chronosonal DNA

Pl asm ds,worosfosemgirent s t hereof, nay be used as vectors. PCagarsozisosey

doubl e-stranded DNA nol ecul e that occur or are derived from bacteria and
(rarely) other mcroorgani sns. However, mitochondrial and chloroplast DNA,
yeast killer and other cases are commonly excluded. 27 WO 03/049700

PCT/ US02/ 395Qf¢7]l 01984 teHaerddedtioh tiRhrapshsusee dirainaefegan eadiatoplteamrhat i on” as
used herein refers a method to allow a subject to %e Erolﬁngeghexposure
to a t haapéueanectinatiefss gt damages thedeNAiip cpest eslls, Boch OftPR 1SHE WAt fect i ve
anmount  gf.R PUGL&EIENAC d expression construct in vivo. [0104] The term
"pul se voltage device," or "pulse voltage injection device" as used herein
relates to an apparatus that is capable of causing or causes uptake of

nucl ei ¢ aci (V1881 eclihe dermmreplication: elemgntdas ypedoReyeiA iCOMPHSESIRFIec 4y a

| ocal | zed, PHLS B01i1Ple6§ td fegliéa)fioﬁgf afpﬁ%nﬁﬁihlasspeém@d kAL ogesanang tden
destabi I'Tzes, torm ng passageways or pores. ~Conventional devices of this
type ar ertedinolecalrebiology alill cawogniee that thefeplication elgttienismay neludedut Baot vol t age
anpl i tude. th ation of I -he L L rtance of
2P oul sORIB Iy Ri RE e bRRH; 7 ipo B! o J07 BRI kRO 2

del i ver get seqasiipQand & ofiginof replibstionnvent i on, particularly |inear DNA
fragnents, into the cells of the organism [0105] The term "plasmd

backbone" as herein refers.t. f o that i ly
contains a bé@gfi al%ﬁlslt‘fraji r{eséﬂiua} ?al%‘fa?éza?’gﬁ@g%" *a® acfle}{é?e?il? E%ﬁérfs 1otic

sel ect i afy gapeentwfitkhphsmidiecksaertyatf iodeft leths pad of ile wocast makingdhed y t he
bacteria that igre tranﬁfor.rrgg with the proper plasm d. However, there are
pl asm deucleigarld gXpressiondylasgiid Ineary oy | ack both the antibiotic resistance
gene and the origin of replication (Darquet et al., 1997; Darquet et al.,
1999; Soubri ge116f alThe tkBFRcipidiesubiper” af uiad hetein eefasml afyi paciexgfithssi on
plasm d DNA (i.e. non-viral expression syste voi ds .t he ri.sks associ at ed
with viegimal if@&@‘tﬂl §’.%ePFHbm?l‘3ﬁe‘"\1/'B?%ﬂr'° ]ispﬁ"‘ﬁﬁg F‘éﬁgﬁéiﬁgtﬁé’msa AT gener al I y
have |l ow toxicity due to the use of "species-specific" conponents for gene
del i very, whijghii nimkezesn thd Blosk selbinass”n(RBOgasEsYi 6f/a gebjest ads| usedissoci at ed

with viral vectors. One aspect, of the. current .
herein is determined us?ng on% of the three r}“ollowl{ng tests: 1) Hematocrit: the percentage

of red blood cells in plasma; 2) red blood cell (“RBC”) count: the number of red blood
cells in plasma; and 3) hemoglobin: the level of oxygen-carrying protein within the

subjects’ red blood cells.

[0112]  The term “regulator protein” as used herein refers to any protein that

can be used to control the expression of a gene.

[0113] The term “regulator protein” as used herein refers to protein that

increasing the rate of transcription in response to an inducing agent.

[0114]  The terms “subject” or “animal” as used herein refers to any species of
the animal kingdom. In preferred embodiments, it refers more specifically to humans and
domesticated animals used for: pets (e.g. cats, dogs, etc.); work (e.g. horses, etc.); food

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

[0115] The term “tissue” as used herein refers to a collection of similar cells

and the intercellular substances surrounding them. A skilled artisan recognizes that a
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invention is that the plasm d backbone does not contain viral nucleotide
sequences. [0106] The term "pronoter” as used herein refers to a sequence
of DNA t D o3@itg7ect s the transcription of a gene. A pronotrem/usay3dny ect the
transcription of a prokaryotic or eukaryotic gene. A pronoter nmay be
"inducible", initiating transcription in response to an inducing agent or,
in contrast, a pronoter may be "constitutive", whereby an inducing agent
does notissueds hataggrefution af eintifarly spansadize@ télsnfor hepedombance vhy pbleiculelgul at ed

in a tissue-specific or tjssue-preferred _manner.

active i%?PcflP‘ém% Hhsi Sﬁ%}’et‘ﬁléﬁ é‘{")’éﬂ}vgn‘]l‘?% lgé@dte%afsst’f&%?%sg’i‘(gr{e%ﬁ %2 §?}gm fic

Lissue 1%Bes MspénsRSof cdfls, \Gpa%lt%%%llfcﬂﬂ 4586113 Wi dinhdd, g u‘s’due i erm
"radiation thera y" as used herein refers to radiation treatmanh iven to

cancer skcireparaed Favivel alpergather erabasipentnthe siswigis peta Rlantiissuen Sl resul ts
in the .dealReQ) nfz@@?ﬁ%‘f t ?1‘: | e finglggﬁlc T8t 6 the HEH: Cﬁt bftheBLETBNL " as
used herein co r| ses nucleic actd sequences that Will lead to replication
of a pl asmiediivntissusy drhidingdblpod tbon@randsiaitilhgs: 3) musdie tlS%lﬁt ansk 4eArecul ar

bi ol ogy .wi | | i ut is not
lim tedt 0a 11%3%}%% %ﬁ%boal reI?Eér el{elﬁfe%%ra%?rogapggﬂ%% ods%?rtg{mﬁl nd%ﬁapsi te, a
sel ect altineari¥ K diito aganele sisgepekectregpotht@anori gin of replication. [0109] The
term"residual |inear plasm d backbone"” as used herein conprises any
fragment of | a ) ocess
maki ng the m@PE. cslg%lq q&%ﬁ? eélltl'tén &’Tegé’rﬁs (liﬁér%]%&%[r@%ﬁ]q{uﬁg OE)C? m

“reci pi eequencHjtier twill amdusﬁdmharoeixpretsmleoﬁart encaded gepeprodsctoOnt Klledani mal

ki ngdom, wher ei d dono -cel l.s be introduced from

donor - sdbEAELt Or}“fr% %f H’@ytwé FcogTUEF tg‘atgh?jﬁ’f’@wutﬁﬁgeg‘mt mﬁé@"ﬁﬂ%’ of a
subj ect leﬁotq@ﬁédh@agfomot& sSlRbRI Bakoti] NPol9 Meseqiientd)@r b3F 6€5 TOTR. OW| ng
tests: 1) Hematocrlt the percentage of red blood cells in pI asma; 2) red
bl ood cel | ma; and 3
henogl obi n: ﬁS% evg'ﬁ1 6‘?%)?5?6 ﬁ"tﬁa?sr'iﬁe?tluéerﬁ‘rno“f’% tovﬁ“f‘?d“ﬁ“‘f %fapg 1St s reél

bl 0od cekidSintol Pdukdlyoi®IEell EhFome @ebbaRitsPhelcell B'nod s plsedsdebeh fedsef ers to
any prot ellln t hat
CC

[0118] The term “vector” as used herein refers to any vehicle that delivers a
nucleic acid into a cell or organism. Examples include plasmid vectors, viral vectors,

liposomes, or cationic lipids.

[0119] The term “viral backbone” as used herein refers to a nucleic acid
sequence that does not contain a promoter, a gene, and a 3’ poly A signal or an
untranslated region, but contain elements including, but not limited at site-specific
genomic integration Rep and inverted terminal repeats (“ITRs”) or the binding site for the
tRNA primer for reverse transcription, or a nucleic acid sequence component that induces
a viral immunogenicity response when inserted in vivo, allows integration, affects
specificity and activity of tissue specific promoters, causes transcriptional silencing or

poses safety risks to the subject.

[0120] The term “vascular pressure pulse” refers to a pulse of pressure from a
large volume of liquid to facilitate uptake of a vector into a cell. A skilled artisan

recognizes that the amount and duration of the vascular pressure pulse is dependent on the
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can be used to control the expression of a gene. [0113] The term "regul ator

protein" as used herein refers to protein that
t ranscri pwoea/ig100 esponse to an i nduci ng agent.

I ncreasing the rate of
[0114] Thecrarsow3dssubj ect”

or "animal" as used herein refers to any species of the aninmal kingdom In
preferred enbodi nents, it refers nore specifically to humans and
donesticated aninmals used for: pets (e.g. cats, dogs, etc.); work (e.g.

hor ses, +i@h6 dize, (200 Bveral HoBlth 6hitckeslpicht Slimal andSurthpngsre laibow} hoand al |

ot hers known in the art. [01'1'5]1 The term "tissue" as used herein refers to
a col | efetpBHn®such pasamgterscamidcalling t he intercel lul ar substances surroundi ng
them A skilled artisan recognizes that a 29 WO 03/049700 PCT/ US02/ 39509

tissue i s any@gfy egahé eimofvestbids akddyhebdite edfer itd @ Gofitiubtior @imptibel @ker f or mance
of a particular function. For the scope of the presen& i nventi on,

tissue @ewtic msterinbdasignedtodiregt transformprtionof a tagripd s pygre
of cell cidls
I n anot her

the tissue I's not a plant tissue. kKilled

the term

iygmea nugletcy cylture
i45.C odli 3 ' : ; in vivo.
%%%ﬁﬁngntgﬁt cef MO R 'ﬁ]iafy cbRGin ﬂ1§1§?§ geﬁeuceél&ﬁén'iﬂfbgftl_@ﬁﬁﬁl

arti san

r ecogni zmbsethertialiferientet with other ixsessary eleswatsu¢inthetan ipeaded myleisgicidnel | um  2)
connective

COTMeCt 45 AR5 ub P S ey ROBG B0 RS o8 e © 11 v

I'ssue. " I'n a speci

coNnposi kleppdats areogtiratielyelthked. Mhersheexmbssioni veetor” RIS itone ®NA plaswide ti ssue
by el ectroporation. 116]. The term "t herapeutic el enent’! as.used herein
that cORiAIDS c?lﬂa?:‘i[ © ?&’dﬁ’@ﬂ%ge(ieﬁﬁﬁy Pﬂ%%}l 28 %Oné%e h p{/o?%ng lgxapr essi on
of an engersbodesd product. One skilled in the art of nolecular biology

conpris

Wil |

recogni ze that the therapeutic elenment may include, but is not

a 3" or

limted t t At , ly, A .
5 UTR [011112The (bp S5ty nasies s Died herst B fefiarbanidoishe S0 Wr iRt oduct i on

of a nughfiGeridg bl sichifRad 1644 BbNR kIS0 &Isbue ahl nfigele newdibeli makes weighhe cel | is
not a plant tissue or east cell. [0118] .The term "vector"ﬁgﬁéused

a
herein maihespeciadlydifficpl Hpic paticnts hJRIPERFENS diseasiie FIRhRs£APGT PR

or gani sk,
cationic

[0123] One aspect of the current invention pertains to a method useful for
retarding the growth of abnormal cells, and promoteing tumor progression reduction in
cancer-bearing animals. The method of this invention comprises treating a subject with
plasmid mediated gene supplementation. The method comprises delivering an effective
amount of a nucleic acid expression construct that encodes a growth-hormone-releasing-
hormone (“GHRH™) or functional biological equivalent thereof into a tissue, such as a
muscle, of the subject. Specific embodiments of this invention are directed toward
particular types of tumors (e.g. adenoma; carcinoma; leukemia; lymphoma; lung tumor;
mast cell tumor; melanoma; sarcoma; and solid tumors). The subsequent in vivo
expression of the GHRH or biological equivalent in the subject is sufficient to retard
tumor growth, and retard cachexia or the wasting effects that are commonly associated
with tumors. It is also possible to enhance this method by placing a plurality of electrodes
in a selected tissue, then delivering nucleic acid expression construct to the selected tissue
in an area that interposes the plurality of electrodes, and applying a cell-transfecting pulse
(e.g. electrical) to the selected tissue in an area of the selected tissue where the nucleic
acid expression construct was delivered. However, the cell-transfecting pulse need not be

an electrical pulse, a vascular pressure pulse can also be utilized. Electroporation, direct
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[0119] The term "viral backbone" as used herein refers to a nucleic acid
sequence that does not contain a pronoter, a gene, and a 3' poly A signal
or an umwoanshebed regi on, but contain el enents includi n@CcThiso2/swn9 | i mted
at site-specific genomc integration Rep and inverted term nal repeats
("I'TRs") or the binding site for the tRNA priner for reverse
transcription, or a nucleic acid sequence conponent that induces a viral

| MMUNogeRicEb, Yeehe SR BS GoMhRRidldB&tibetnd ard alw, usall liosgecificteathodinents, af f ect s

specificity and activjty of tissue specific pronpte auses, .

t r anscr [pdebyeal the jnuglgiei ?ﬁj‘? SRPresHeR coastpugh gn Eﬁ%ga?o&?‘ﬁéf ipfilegical 01207 The
term” V@@ﬁfﬁl&ﬁ 6 GRS WitfedPU ! 13" subREEMSthisOinderbioh SonBfisr assuimel (erom a | ar ge
vol une o lquid to faCilitate uptake of a vector into a cell. A skilled

art i sanhuma egig, 2 erse,Aaaows hawoas® att, ammankels aibeeh agpat REoH LR GMAr pressure
pul se i s dependent on the 30 WO 03/049700 PCT/US02/39509 tissue, size,

and overal | Eﬁ%’gt h 8heiMle elefifchRl §Nihe@RidBY acRNExrétsiol eEdiRiret KsTomes how to

determ ne su araneters enpirically. [01211 The term "vector" as used
herei n imketian tre asocdesstivadct Fomn examnle, i the gomstruciyeoranrises #atisps specifiesi gned to

direct transior %g—%ﬂl-gg ﬁlncﬁo@?%?%&ﬁ%é g(‘ﬁliéfalé?ﬁ';. a4 ?’Q{ﬂtt@ﬂslﬁe&‘ el €3> acid

sequencgroln?ﬂ%r’ ) contain nmultiple genetic elenments
posi t i onAIR’Y thaamd opagqtiedly liskddy Iarspesificcemiwidirhenty, hier tisves speshic prashedpent s such

that an incl.uded nucl eic.acid  casse t4ansGr. en
necessalY PR I%Sgla'sp‘?fﬁfl%%mp}oéef’ig?‘gt:%I;ecg'@gngi}i#mgs%& tféelbgdrr%?]?%far e

oper at i y@dic!dxplegibn JoMStri®@ rodmpENRr £ Eshangloech hormonefEr$TR qSeqIDMA)pl asmi d
that contains al] of the,information necessar o] ce_a, reconbi nant
pr ot ei nbpying eroyah é?‘é‘!oé‘ﬁéuéj%lslg&eﬁ?gil?gﬁa We?t(éﬁﬁn "%@‘?‘?H@ymﬁg}%ﬂ%% her ei n
Is defl @%ﬂm@%@%&@i@%@ﬂ BBV bEHruct OP ARy @itioA I mbMscs iagdhitheamtt | 0ss of
bot h adi pose tissue and nuscl e nmass that makes wei ght . gai.n especially

di f i culit subsrntisdly ifisn o€ avitah binkbefice sineqibic sraBpiseef 2 Sylric #61dCHAEETor Al DS.
L et mosE e L B gl R e L e L a s to
a nmet hod3yselfSeqDbts. The encdisiyfimetéongt biolopicalfequivalspihefi GABRH eompases Jor onot ei ng
tunor prpg%gp%ch‘iie %Qvirrlge gilﬂﬁfailr on inilpr}oved biological activity when compared to the GHRH

polypeptide. The GHRH or functional biological equivalent that is encoded by the nucleic

acid expression construct and useful for this invention comprises an amino acid structure

with a general sequence as follows (SeqlD #6):
-X_-X,~DAIFTNSYRKVL-X35~QLSARKLLQDI-X,-Xs~-RQQGERNQEQGA-OH

wherein the formula has the following characteristics: X1 is a D-or L-isomer of the amino
acid tyrosine (“Y”), or histidine (“H”); X; is a D-or L-isomer of the amino acid alanine
(“A”), valine (“V”), or isoleucine (“I"’); X3 is a D-or L-isomer of the amino acid alanine
(“A”) or glycine (“G”); X4 is a D-or L-isomer of the amino acid methionine (“M”), or
leucine (“L”); Xs is a D-or L-isomer of the amino acid serine (“’S”) or asparagine (“N”); or
a combination thereof. Specific examples of amino acid sequences for GHRH or
functional biological equivalents that are useful for this invention are presented in SeqID#
2; SeqID# 3; SeqID# 4; and SeqID#10. In a specific embodiment, the encoded GHRH or
functional biological equivalent thereof facilitates growth hormone (“GH”) secretion in a

subject that has received the nucleic acid expression construct.
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cancer-bearing animals. The method of this invention conprises treating a
subject with plasmd nedi ated gene suppl enentation. The nmethod conpri ses
del i veri ngoam/oed7hect i ve anmount of a nucl eic acid expressipem/usonsdspact t hat
encodes a grow h- hornone-rel easi ng- hornone ("GHRH') or functi onal

bi ol ogi cal equival ent thereof into a tissue, such as a nuscle, of the
subj ect. Specific enbodinents of this invention are directed toward
particul ar tpnes| of Alfe®hSndf Gvagitingittebo bayndciayr theoy) e abﬂitlj(efri:dts inyarphons;

| ung tunor; mast cell tunor; nel anong; sar cona.. an g ?ngrs) The
subs equbite to Rtk the @uelpic acid SHPIGPSIqTHEPIERRSY Cat O% fas] ‘?dggf GWSFEPENt in the
subj ect glcfirsiH fb&l tid.0 Thedpediflc dmbIBIMmROVE Bhe @fvention) alie trﬁmﬁw&h-a or the
wasting effec at are commonl|y associated wth tunors. is also

possi bl @Ctlﬁatmmh@éptﬂdﬁl@mnﬁieﬁéﬁhﬁﬁeqo@%meﬁgdeasuﬁh Gﬁ%fJIY‘Pygl‘(‘)tF‘métFect rodes in a
selected tissue, then delivering nucleic acid expression construct to the

sel ected tiSfy8e] | N ANBuRf fsﬁectt Rethe! AbEARRFESioh BEmPisdcBmbbsiticts tRlt@ed r odes,
and applying a ceII-trans ecting pulse (e.g. electrical) to the sel ect ed

tissue befielforvetrading thetgsovethiod ebnoamel osHe dumprepregressionediyctipy Preyendex pr essi on
construgh s dg lﬁr\éerrgd?lctlclﬁoﬁf\fﬁertasta{sﬁe afif! ]llCI‘EéS@@SSqu\E\FaII hit! ﬁﬂbé%e%ﬁ‘gd not be

an electr|§%1 pu} , a vasc pressure pulse can also be utilized.
El ect I‘Opﬂhﬁlst Ofhe climmsition DT tAADIBBAPATRTPTBET: aimtl%mgunthiﬂaetwlm gene

le b | «
el | ver *ERe il Eorfirs o shassl o3 cuRurmiRoE P RS HRE IR T 1O

bi ol ogi eakuncesHal Uﬁﬂcfgﬁtfal bduiv@ldnt ehefool) vetiein 'ﬂéﬂeleﬂn@jaﬁbﬂubse’qabim eszpnesmcﬁnt ion
COI’TpI’I ses an_ani_m a rat,

a monkegf thy GHREPT bé"]@%‘g‘il eq‘é“’g@& mé‘rtlsélp ‘g"itjie S"Et@‘?f;&glsug%cé%qtft? Eet%agﬁfé nts of

the nuclgjgn %‘F'agn&ﬁﬁf B8R ﬁx@nﬁ%ﬁ&ﬂo&' prog@éssiohirsduction) dvedkidhey BIlGR,
descrlbed For exanpl e, e construct conprises a_tissue specific

pr onot eend HIC(SIaIFﬂ—F‘@Yquﬂl}ﬂ@@liC@hbﬁaﬁﬁg Snigisc aPPosHiyi spbodiments H{dhis imyention r ans| at ed
region G 3d1rec't£&%o)wa}cf' Li@ie QP& 8F tiiRlrY ahd RERLrs (e'p. 38&Hohta carBBaM] MENt S,

the tissue-specific p onDter conprises a nuscl e-specific pronDter (e.q.
SPc5- 12 lquBemiaDdymphomanking Hemar; WEER csil tumeor; mupddneme; sapraysish selishst r uct
conprls% hunan growt h hornone 3' UTR (Seql D# 8), bovine growth hornone
3" UTR ‘gwgfetal al pha actin 3' UTR or SV40 pol yadenyl ation signal. The

nucl ei c acid expression construct of this invention conprises a_construct
t hat [0127] The subsequent in vivo expression of the GH or biological

equivalent encoded by the composition is sufficient to retard the growth of abnormal cells,
promote tumor progression reduction, prevent kidney failure, and increase survival in
cancer-bearing animals. It is also possible to enhance the uptake of the composition (i.e.
nucleic acid expression construct) of this invention by placing a plurality of electrodes in a
selected tissue, then delivering nucleic acid expression construct to the selected tissue in
an area that interposes the plurality of electrodes, and then applying a cell-transfecting
pulse (e.g. electrical) to the selected tissue in an area of the selected tissue where the
nucleic acid expression construct was delivered. However, the cell-transfecting pulse need
not be an electrical pulse, a vascular pressure pulse can also be utilized. Electroporation,
direct injection, gene gun, or gold particle bombardment are also used in specific
embodiments to deliver the composition that encodes the GHRH or biological equivalent
into the subject. The subject in this invention comprises a mammal (e.g. a human, a pig, a

horse, a cow, a mouse, a rat, a monkey, a sheep, a goat, a dog, or a cat).
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Is substantially free of a viral backbone. Specific exanples of a nucleic
acid expression constructs used for this invention conprises plasmds with
Seql D# 1iwoSamkdso 12, Seql D# 13, and Seql D# 14. The encoaed/fsansisoonal

bi ol ogi cal equival ent of GHRH conprises a polypeptide having simlar or

I mproved bi ol ogi cal activity when conpared to the GHRH pol ypeptide. The
GHRH or functional biological equivalent that is encoded by the nucleic

aci d expr essj@rBjcongHditichalBNd ths efitllenfion trblates i Meenhi oplamddqnreidimesl an ami no

acid structure wth a general sequence as foll.ows (SeglD #6):

- X- 1- X2supRleprnBsmKkpiethoe for SRREREERt. 9@4%%@%@?%&?&@@%@&@%}?@%% t he

formul ad{%@%&i&% 16 @l BNIRY 26ABF Bfel &EdnSibh §r th¥bhiohicAllPilDEubject. S AfBmia0f t he
or

amno acid tyrosine ("Y"), histidine ("H'); X2 1s a D-or L-isomer of
the ani raferati @ conditiimie wWititithere i3l redustion of jhe rymbes gpbyme AEDYh pfyed X3 j 5 g

D-or L-isomper._of .th ' ' ' | o ink4 1S a
o or L. PRSP bl Bhetoabhifsl pU bISLAGLAR fendfin, inE | 5%,
a D-or palbimesygencoiliztd eveakriess eracofdhsmibjene WVasing ofe sebjgrt cagbadefiped\es) . or  a

conbi nati on thereof .. i.fi,c exal s _.of..am. no ' q r GHRH or
funct i ofSAreass %jgi "&eﬁ}%«g%i%%}f%}%e n?‘iéf S rlglg%né é?sﬁ?’?#) gtrh sat%ﬂ):dgentl%gl?/ee;nrﬁ on are
p:rgsg_nt ﬁﬁlsél@nﬁébqh ,h%hdﬁzkegﬁgigﬁ#gah]?@emwdﬁ?c%mf ﬁﬁ_’@h@rbﬂiﬂlapmglfessﬂ';\mecih fic f
enbodi nent, the encode or unctional biologjcal equival ent thereo
facilit disexse St HoPHOhe!q ) G WS R0 MR gﬁ?"‘%’dﬁf%g‘g%?'ﬁﬁ?&ﬁﬁ’s recei ved
the nucheic, agluf ﬁi&p&&ﬁkéanlifé%g&&diﬁy camd Be VL9310 A%POA PATLASSO24RI509

[ 0125] Althogg not wanting to be bound by theory, the ability of cells in

a tissueffeats oipt disease Heatmeat. cMeraweeifieallyy Busngentiogmertaing fo & 5tH8d BLici | i t at ed
by a tr e ], d Li I i ] | hbSndab e ts of the
I nventi ggl?‘;eﬁﬁ% % ?%tﬁ%foggﬁ %ﬁ%lé g%:cl ist(gltggﬁgg%glh{l}ge%?ﬁgie conpr i_sesS'ﬁ;wchar ged
pol ypepthbohens (EGHREp ok pidlogjtal tegninelent thereos into\wles prlls afstbesebiest (ee current

i nvention conprise conposiktions t. . b growt h
of abnors?fﬁ‘iltwg%?’?“s?r §Uhor ﬁSBra{)lg?l @%@F%%\Xp?éesgﬁgté ?glfr?%ﬁéée%gednt | or?gblgg’g&lggney

f ai | ur e equiefleit tgemntoadccartvhitt ths insodifed dellnae evithindthesnijectal The sutsequset - bear i ng

o e SRR bLA oo Y SR RSB AgRs 87. TG, amurt o
gr owt h- BheynBstece! L | iiRsle)) dmldi MBINE rdguf@tdRProtein that contains a modified ligand-

binding domain (e.g. molecular switch), which will only be active when the correct

modified ligand (e.g. mifepistone) is externally administered into the subject. The

extracranial expression and ensuing release of GHRH or biological equivalent thereof by

the modified cells can be used to treat anemia, wasting, tumor growth, immune

dysfunction, kidney failure and life extension for the chronically ill subject. The preferred

means to deliver the GHRH or biological equivalent thereof is by electroporation.

[0129] Recombinant GH replacement therapy is widely used clinically, with
beneficial effects, but generally, the doses are supraphysiological. Such elevated doses of
recombinant GH are associated with deleterious side-effects, for example, up to 30% of
the recombinant GH treated patients report a higher frequency of insulin resistance
(Blethen, 1995; Verhelst et al., 1997) or accelerated bone epiphysis growth and closure in
pediatric patients (Blethen and Rundle, 1996). In addition, molecular heterogeneity of
circulating GH may have important implications in growth and homeostasis, which can
lead to a less potent GH that has a reduced ability to stimulate the prolactin receptor

(Satozawa et al., 2000; Tsunekawa et al., 1999; Wada et al., 1998). These unwanted side
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or functional biological equivalent thereof, wherein delivering and
subsequent expression of the GHRH or biological equivalent in a tissue of
the subj ewDB®4wodficient to retard the growth of abnorneicTasbt/s950pr onot e
tunmor progression reduction, prevent kidney failure, and increase survival
I n cancer-bearing animals. Specific enbodinents of this invention are
directed toward particular types of tunors and cancers (e.g. adenonm;

car ci NogHscts MK §inahe FraofEatmbntngith reomnbinant skogeadds GHnwotginmeisesnomy;

sarcone; and solid rs). 0127 The .ubsequ Vi VO ression of
e CriRbrsal el ph N S0BRHFY e dHiral BN Pl Ha o b eI L T of ent
to retapd b emetomte vl B TS reQ&hﬂlﬁfan’c GPIRGTERpiet NDhie ira@l leseﬂs oh
reduction, prevent kidney failure, and increase survival g @fer-bearlng

ani mal sGHRH jig the smiu%sﬁomab crrenlatignariage tios apauik0gp-80Rep %ion (i.e.
nucl ei ¢ }?S(E(‘J:él’g %ﬁ&ﬁfﬁﬁ@vgﬂg BUI(}IIIC)DGQI‘C rﬁ‘ﬂo%bbﬂ"l@@-tﬂo@@g}ﬁﬂ @bﬁl@ ipRGen®s Pl urality

of elect t1ssue, del ivering nucleic acid
expr essiwith acomsfgalyctused by Mtrm:im«'dttemomh@@mbvﬂﬁhataﬁnwlé‘alottﬁms as rﬂl@r poses the

pl urali el ectr.odes, and Ise (e.qg.
el ectri gg) tlﬁ/ rﬁﬁ RRAOEATYE Hs}gt{}{ n anp%rai:alafggf1 tl%é%rs}gﬁ%%% ue wher e
the nuedceinbinani Gqupmaapleo(n § gaaty inahilies anﬂabldméy hminaﬁsidlm,‘@/ ehowrtetne

cel | -transfec pul se e of be ,an electri ul ar

pr essur 8bs5ueset t "aﬁla%ﬂc%(}ﬁes ‘fffﬁfffj Clse§fich g 8€ rf%t%ﬂngﬁﬂmoif’ ?08%‘?1 t jection,

gene gugy, iRhediftkid pRdnts, @ﬂe%c@&éfﬁ@ﬁdﬁﬁ@éplﬁlﬁ}@alrﬁgr@@thum&(&ldsﬂre&ﬁ&ﬁpﬁmglof

enmbodi nent s to delpl ver the conpaosition that en ode? iggre?? d‘ﬁoné I ol ogi cal
[

equi val éh?t capitpl §mprié caighysictChevalier stip}-e2100) H)‘t ises a

el Gs B Bnmahs, BRES Br pfds SRMed dhdTRUSEnods nfilsiondviPnkey, a
sheep, a ggatl@‘“ﬁg’l‘gg%dors b s, D B P A SO e Laen ) 30500, T 0128]

Addi ti omwo@manhéHRH\wnteunwstDdehQalsorml afmageny withest fleseasdtizngoly ntation
s e e e Y
subj ect degpnent &ed4b®dkewhlchas abotishredi it itlenGHthevhpiesy GHR eeqosnlmantamsr@m on of the
e ko B oSl it pBL SO APPSR sl b ot o
weaknessf GHRH Rfvitd) Gregukdat €6ie. toVVhBdd tiges0peradag)l hiit@eenongnsubeutalebuned as

intranasal (requiring 300-fold higher dose) administrations are necessary (Evans et al.,

1985; Thorner et al, 1986). Thus, as a chronic therapy, recombinant GHRH protein

administration is not practical. A gene transfer approach, however could overcome this

limitations to GHRH use. Moreover, a wide range of doses can be therapeutic. The

choice of GHRH for a gene therapeutic application is favored by the fact that the gene,

cDNA and native and several mutated molecules have been characterized for the pig and

other species (Bohlen et al, 1983; Guillemin et al., 1982), and the measurement of

therapeutic efficacy is straightforward and unequivocal.

[0130] Among the non-viral techniques for gene transfer in vivo, the direct
injection of plasmid DNA into muscle is simple, inexpensive, and safe. The inefficient
DNA uptake into muscle fibers after simple direct injection hag led to relatively low
expression levels (Prentice et al., 1994; Wells et al., 1997) In addition, the duration of the
transgene expression has been short (Wolff et al., 1990). The most successful previous
clinical applications have been confined to vaccines (Danko and Wolff, 1994; Tsurumi et

al., 1996). Recently, significant progress to enhance plasmid delivery in vivo and
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decreased body weight that is characterized by significant |oss of both

adi pose tissue and nuscle mass, which nmakes wei ght gain especially

di fficul twbhos/operdé ents with a progressive disease (e.g. @amasn2/3950DS,
etc.). Anem a, wasting, tunmor growh, imrune dysfunction, kidney failure
and decreased |ife expectancy can be related to a specific disease or the
effects of a disease treatnent. Mre specifically, this invention pertains
to a mekhweyukatly tdjﬁihie\(ferphij@l@g&"aeﬁeeﬂémldfgcw&eﬁ&d(ph&em vais iotitafed uging éheencodi ng
growt h hornone rel easing hor rmg,e GgRH‘ or | cal %u%val ent t hereof
i nto thelegEqnogtigh 'Eeﬁ]ém%‘{?bj eRgeently, gsigni %tﬂrﬁgre‘?t GRARFL ) and

al | ow ngle@cWo?a‘i§hQ8 e%an%@%la@rﬁﬁod@ﬁe% VW Eﬁcﬁbﬂﬂaﬁb@ has ®eeti vl evty gene to
occur while the nod | s are within the subject. The subseguent

expr ess pupgessfullyh mamfcc@rtumpbp@@u efer wigqiiom of mlasid (Lpges & *’reg?d’sgt ed by a
tissue ?ﬁl'bl(uj arl) r % e(;r t()e ver te @ ﬁ-)tum@zn@l/ugrblaﬂny%mr ROkt Al0hs Mt ei n that
cont ai ns 3? and- JI ng domain (e g. nolecular swtch), which
will onbgbcb‘eanamsnumoma rhutnlam (thi ecel, 1998 Helle ef pbalfa6). Elegiroperatigh st one) i s
ext er nal m ni stered into the h ni sion and
ensui ng #élhésa N SECEiply gyedn mllceg(liggq()%e%ﬁtl a-‘vll-a\ gof)ﬁhgag%é%f’ A G\)ﬁﬁﬁéﬁ?mdl fied
cel I s canalReotiyets (@etate ot al. 220N Hasuiversdl ﬁ@pl),tamdtdlogq&wtlhsat al nigto

dysfunctl on, kidney failure an |tj fe exten |on for chronically ill

subj ect deHyes theraneutic genes that sucqdg BEPlv%‘?tyt ’ocr Ogﬁ“l? P $Gita™Bqui val ent

ther eof gy &Pé’vnﬁ,{seﬁﬁdh@soﬁ&ﬁé iofwth [HO428])e RecenBi HdambnsCHGHRK) ahevinthat her apy i s
wi dely used clinically, wth _beneficjal effects, but general I the doses

are suppPlpridiherapy g cleatipppratipte atcalably 3ad sersgsents ady H’&rﬁpp@q
associ agafl &t{ighugﬁél’?ta ('i'rg ated A6x&idne6H ﬁrot&ﬁé’ u?ﬁﬁ‘@@laﬁtmallm ah® haﬁl%lé)f t he

r econbi nant treate ients report a her frequency of insulin
resi st afPmghieshdi kenl., 1@95 Dl’%@nfhéﬂ( jtetedl., a'2|00 . Blermppesatioic alse dpsitbeen bone

epi physi.s g dx(/]e\i\fz Ns@nd r8 81?5”{116(‘1 dtﬁe tspr?aﬂ' AlhdIS )(Iﬁél#ah%@taﬁ d0Bbet ﬂ?%daﬁ%gmndl e,

1996). I'm~a Ion, ecu erogenel t circulating GH have
i mpor t anooi)oyH hasabeemnsbsenve@nhnmtthe atedtrcbﬂ:enamfﬁtga@tlgn affbdte thecalnctrit dedl t 0 a | ess

pot ent that ha redu a t i ceptor
( Sat oz a%trélfmg? an af%ﬁ?@ {?ﬁ%ﬁ?g{%&mgal ?9§§ %VC]&gaa e?§8§| %8@? These
unwant e@xﬁdrﬂﬁéntﬁﬂidié@e@31/12@4&7@(&@%(35{1153!8&86(1’@,5&%16&ﬂefct—:rodles gl*ﬂsa;dnslstbntd)yn t he fact

that treatnment wi th reconbi nant exagenqus protein raises
better reproducible results than external caliper electrodes.

[0131] The ability of electroporation to enhance plasmid uptake into the
skeletal muscle has been well documented, as described above. In addition, plasmid
formulated with PLG or polyvinylpyrrolidone (“PVP”) has been observed to increase gene
transfection and consequently gene expression to up to 10 fold in the skeletal muscle of
mice, rats and dogs (Fewell et al., 2001; Mumper et al., 1998). Although not wanting to be
bound by theory, PLG will increase the transfection of the plasmid during the
electroporation process, not only by stabilizing the plasmid DNA, and facilitating the
intracellular transport through the membrane pores, but also through an active mechanism.
For example, positively charged surface proteins on the cells could complex the negatively
charged PLG linked to plasmid DNA through protein-protein interactions. When an
electric field is applied, the surface proteins reverse direction and actively internalize the

DNA molecules, process that substantially increases the transfection efficiency.

[0132] The plasmid supplementation approach to treat anemia, wasting, tumor
growth, immune dysfunction, kidney failure and life extension for the chronically ill
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basal |evels of GH and abolishes the natural episodic pulses of GH In
contradi stinction, no side effects have been reported for reconbi nant GHRH
t her api eswobhm49100 mal | evels of GHRH in the pituitary porcaluso2/sesod ati on
range from about 150-t0-800 pg/m, while system c circul ating val ues of

t he hornone are up to about 100-500 pg/m . Some patients wth acronegaly
caused by extracranial tunors have level that is nearly 10 tinmes as high

(e. g SQubjbt fHat I@fdeéo?i'libk[‘nb ﬁé@ﬁg_fler£acﬁih'lR!r@h es (o%mh@ﬁmiteﬁiorﬁlofdirécﬁﬁéh)jectlrgng- Ei erm
studi es u5| ng reconbj nant RH t her api es -5._years) .i i an

el der | y racorbianti{ay o1 SRBVHA Protein.a FRRpRsIOn é?ib&lé‘?ﬁ E%HW%JF% fjaccéiégﬁf ects,
such asyehangesm RofedRlkdidad!chs 68 @n&%%rﬂnre%bife@ﬁon Plasmidrtoptgslica ol iaC
patients, the accel erated bone epi physal growt h and closure or sI i ppi ng of

the capisymetic emselatspegsiippypsioter( drotestion pf atch FHRHgduglogigs]cpuizglens| | 1992:
Vittone %Eeo%hc’lted ﬁ%ﬁ@H alll\&"f@{]f)}é%l? %bﬁéts kdde ﬂé{i@%@«% theAERRnNeqitingss Shoved

t hat co i nuous 1n r econbi nant RH protein restores the nornal
GH pat t deliverddt oot thde selfssiafi ﬁlengubEdRI-by rletwpmsculgr oinjedidqn enil ngy O}*’Osuppl i es

(Dubreui] et a st em
f eed- baS{SCWOWOPs]Aj@B?%"sWeHV‘i ﬁe?tﬁ %ﬁf"% etP gg%z%e%cﬁl&@ 8@%%%I ngt%t prot ei n
t her apy tgEnétdacio gous Quélbiy Skl dgoding systeaninieHht belsafyhe subjeety ether wetbodso t he

hort half-Ilif f CGHRH f to th t da
i 1 v ookl a0 et aRoGWe R U | hineHRSINE (A (Tl (480 CRBIORGRer dote)

adm ni stihaktidRe 2ateil $PRESHRRY, HBY@NEanSorrdtion, did2BmjeclibQIDIEAE @éxtiah, , 1986) .
Thus, as a chronic therapy, reconbinant GHRH pratejn nistration is not

pract i capnicaoydensing aereper W@fh@fﬁlsﬁ%%mf@w?ﬂll%b%@gﬁﬁ@m}thF

limtati ) r
t her apelﬁalp gxa%hegﬁa%ago b%?&%&)\feefo m@odﬂcégj glgeﬁgggrégéde%?‘%&é@%? Ielgtgtdleson -

f avor ed thyyGHRH drauctiphaltbislhgica)eneiyalens Dite s sdreetht intoethe gellssaf ke wibicsiut at ed
ol ecul s haNe Ren. ENBTARLSIGEE0 St HFE 8 @A 1AHASEnPRRCLAS:( BON on et

al ., € nmeasurenent o erapeutic
effic ac Yultisre Sthérﬁhl@hﬂlﬁcﬁhﬁgl\ﬂiédmal&d: aciegeodiog aysterh (DSL Mrmmfgmthuis feg- vir al

techni ques for geng transfer jn vivo he di re ect asm d DNA
into mus téoﬁoéatgpnlﬁoé%t"’f%%ﬁé ﬁ%ghosgﬁgf » ERtR0 rﬁ”??éo |d(]:I|€§r'11? gcn%km upt ake
into rrum;ml fdeszﬁaﬁ( adickios| maalﬁg,ld rdcegtbr inddenéd thnkltagldnedmicﬁ)pm;émﬂd \é§| y | ow
expression levels (Prentice et a 1997 ition,
The. dur demeNasR, RE). Sk igTEERBicBedRo o gelhindh b TERA] g

1990) . THQHIP fbst SHGEQ TR Wy 1PFAMEMBY®. The GHRH sequence can be cloned into an

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

injection, or intravenously or intra-arterially. Plasmid DNA carrying the GHRH sequence
can be complexed with cationic lipids or liposomes and delivered intramuscularly,

intravenously or subcutaneous.

[0133] Administration as used herein refers to the route of introduction of a
vector or carrier of DNA into the body. Administration can be directly to a target tissue or
by targeted delivery to the target tissue after systemic administration. In particular, the
present invention can be used for treating disease by administration of the vector to the
body in order to establishing controlled expression of any specific nucleic acid sequence
within tissues at certain levels that are useful for plasmid mediated supplementation. The
preferred means for administration of vector and use of formulations for delivery are

described above.
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clinical applications have been confined to vacci nes (Danko and Wl ff,
1994; Tsurum et al., 1996). Recently, significant progress to enhance

pl asm d debioseuyroo n vivo and 35 WO 03/049700 PCT/ US02/ 39909/Uussubesequent | y
to achi eve physiological levels of a secreted protein was obtai ned using
the electroporation technique. Recently, significant progress has been
obt ai ned using electroporation to enhance plasm d delivery in vivo.

El ect r opor at jopsyjhasnvhedd daStavertie @ut@leeaﬁlfityl {oy tdke tp dMSAebbmt theor cel |'s
after injection of plasmd (Lucas et al a et. al 2001) or

;
to del i waraceliwarsapge afighsimnly MieoHPR oA pf‘%“’]é"ﬁlP%ﬁéB@O%nﬁSpegﬂB’&’u?raneous
tunors | gyt R the (iEREE. %5( Rbsion dO9RA bieihisehictBdd én be shf@bpd fdrlsewdrilopor ati on

al so has been extensively used in mce (Lesbordes et al 2002; Lucas et
al ., 20@onthyi DY wptake immuscloels s fupthersnbanse ylizing inapvo cleshproratigds i et al .
2001), and dogs (Fewel | et al., 2001) to deliver therapeutic genes that

encode for §‘§ | et P ﬁ\’emhgf M@lﬁted%ﬁk}'e&%ﬁ iR¥olRIFZNHRSoratifgUDNArifitel OUS

st udi es usi n grovvt ornmone rel easi ng hornone (GHRH) showed that plasmd
t her apynmrotnoblcelat copdexss o underga endebytesia Ay thedprgets el ssuéh SPBRIE¥FSNg

approach to t e r f in |arge

ot <Pt G REFEHE R SRS GrBRE BBy oDBREGRRS 11 0oy

El ect r opaifysdunds) Heschatvateribtisnof the tconpilexefoymers @dthi the redent(szardageher smal |

animals (Bettan et ., 200 and Tan AN eNs bserved

that t h&TECEE %‘iﬁ%m?‘&snf? g%ﬂen‘ &? ?‘H&alﬁ‘g%é% ‘r"ftcll:‘EfV?% d‘p o out on,

gndl subpggik Wither’ @&HdrS o{ﬁi@rfgrﬁﬁlatadn ﬁm&ﬁiﬁﬁf as ﬁéalniisathat interhctawith sﬁf&ﬁ’&) "
relimnary experinents indic t or ala needl e

el ectr o€Fé§PthS\Pé‘ tb‘bﬂ’éfa%‘t rinfegior %éﬁ %erlp ﬁ%?roﬁﬂ’&?nhﬁ ‘Zﬁﬁ%@’ rr@ 1?%‘:%% er nal

cal i per toeéf'ﬁﬁ &S intd &l%éhit réﬁQfse #id b }én&fsorﬁé Q6d ERBOLAT theAudlduisenhance

pl asmi d uptake into the skeletal nuscle has been wel | docunented, as

descri bed above. In addition, plasmd rmul at e th PLG or
pol yvi nyl pyr [‘Hﬁﬁhon@eb"%(/#’%n Hgg B%e?li‘f‘ﬁ{ggePWed’ft ﬁNxctFaé"é%"ét FenBNA

transf eﬁ%ﬁr@ B%&ﬁé&ﬁﬁg Whidhsd &XPNASRERR arn@ akba Fﬁbl@l@f Béﬁhgjtakéh t he
skel et a mce, rats and dogs (Fewell et a 2001; Minper et

RN el me“mm“*“d@mawsm%cwm SouplEcuy QoY CaPRISOfiReR- | ncr ease
the t f ;
Onley L?@é\{ eg&lplogmg EeDﬁllAgégna %f%%%ﬂ}g%ré&?ortﬁ# &Gt roRar ﬁhb&gh Be068pS, no

I ZI'n aciritating
membrane. It is preferable that the transporter also transport the DNA through the nuclear

membrane. See, e.g., the following applications all of which (including drawings) are
hereby incorporated by reference herein: (1) Woo et al., U.S. Patent No. 6,150,168
entitled: "A DNA Transporter System and Method of Use;" (2) Woo et al,
PCT/US93/02725, entitled "A DNA Transporter System and method of Use", filed Mar.
19, 1993; (3) Woo et al., U.S. Patent No. 6,177,554 "Nucleic Acid Transporter Systems
and Methods of Use;" (4) Szoka et al, U.S. Patent No. 5,955,365 entitled "Self-
Assembling Polynucleotide Delivery System;" and (5) Szoka et al., PCT/US93/03406,
entitled "Self-Assembling Polynucleotide Delivery System", filed Apr. 5, 1993.

[0137]  Another method of delivery involves a DNA transporter system. The
DNA transporter system consists of particles containing several elements that are
independently and non-covalently bound to DNA. Each element consists of a ligand
which recognizes specific receptors or other functional groups such as a protein
complexed with a cationic group that binds to DNA. Examples of cations which may be

used are spermine, spermine derivatives, histone, cationic peptides and/or polylysine; one
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intracel lular transport through the nenbrane pores, but also through an

active nechanism For exanple, positively charged surface proteins on the

cell s couwo ocompbex the negatively charged PLG |inked t oPgirasoe/shsBNA

t hrough protein-protein interactions. Wen an electric field is applied,

the surface proteins reverse direction and actively internalize the DNA

nol ecul es, process that substantially increases the transfection

ef fi ci eggent 19 table UTDiddliasibtittos DN RIttoa tah® fo epeil snefade feceptar @attheanemi a,

wasti ng, tunor row h, imune dysfunction, Ki dng% L%S?I_ure ang ljfe

ext ensi &wedt selly Fxamples of cugh glemerits argPreqniyeQTERRREY WBER/I0JERSY WEBY subj ect

that isagasgbdetleeaploht ifie MADE WL Sa@SL-ciphGsgh@irt@pbans tf di rectly
c

i njecting inant  GH or GHRH protein. Expression_of novel biol ogical
equi val earnitinofec@piR Atsheond glemnesteis ganaplec bingling osh tr the PNAurectsd 28¢ fect ed by
an expressi I ' d [ §s CapAbiC b Lreg OB GIRd fndor OMOL er .
Expr essgggceg’?)r%&?ﬁg]&%qg{;éﬁroﬁbg%a@%%ﬁ%%ﬁefrslfc 2 thelr)gﬁ)efé eli c% ted high &H
and | GFitandpextalss tiansgulej sstes thivagh havdean agntbiance dacample 9& srsh digard

delivered. intq the cells of the ject Lntr | &rgq4 i i and in
vivo efdbt PEITY fArpgs Siﬂ‘{eﬂ%ﬁ.%ﬁ" sﬁ%:ﬁ“ e{; T ngoﬂrdg"?‘ ?’o% ﬂlngdq 1%%‘%?% erred
met hod @ipablt draaEhd® bdth ehel BN & vodtogamdsto risteniscwhich thdeccepdiony! st em i nt o
the cells of the subject, other nethods .exist and shouhg be er)Y\m by a

person $RMPPIEE Mslude, naghivateds Vigus BETHEIES SR A% RORROVIPS: RSPHISS RN €l ¢i um

phosphatuesX Viiddhetdagpelifih B thO GAIHN peside idvjcedtd aithe Bkéka pigad: ched

soni cation | oading, receptor nediated transfection, mcroprojectile

bonbar d@eqwe; etc.). For exanple, it may al so be possible to introduce the
nucl ei ¢ acid sequence that encodes the GHRH or functional biol ogical

equi val ent t'ﬂﬁ@ﬁﬁf HdiSifistritidnthay A1936nedild Bpiad. Thb eipsld Mg Tbrblipdsofnes 1 enmovi ng
the cells fromthe body of the subject or ‘donor, maintaining the cells in
cul t ur e whidherard otlowuephegical heesisles| earapased dPie HpWe #Epngss e PLslararj ety of
met hods b‘lglingliar, 5 ﬁﬁftﬁzﬁ‘ffafaﬁtﬂsﬁi@n ahél RATREIAMRouC §atd WP RRSSHRHABter €X Vi VO
transfornation, direct 1njection, DEAE dextran, "sonication |oading,

r ecept orolnblli anguundsirstlees iNA, rngingpinojies thione 0.05owh savelisk miicroag ¢ ) | and

finally reintroducing .t he difi i e AL LAl irﬁdﬁpci or
ot her h&&™eh 185@ r{’%hbee ?ﬁg\??’ve}%ou‘r%rg?rﬁgﬁo% ﬁpdfﬁégbggf—flfs%eg%gﬁ géég can eﬁcgé cl oned
i nto an ys@efamivhic lpidéant osmplexaaromdamy-RGRD eihithdotenetwith DAifdardevitlver ed by

simpl e intranuscul ar . .
i the membrane ota the target cell to facilitate entry of DNA into the cell.

[0139] Gene delivery can also be performed by transplanting genetically
engineered cells. For example, immature muscle cells called myoblasts may be used to
carry genes into the muscle fibers. Myoblast genetically engineered to express
recombinant human growth hormone can secrete the growth hormone into the animal's

blood. Secretion of the incorporated gene can be sustained over periods up to 3 months.

[0140] Myoblasts eventually differentiate and fuse to existing muscle tissue.
Because the cell is incorporated into an existing structure, it is not just tolerated but
nurtured. Myoblasts can easily be obtained by taking muscle tissue from an individual
who needs plasmid-mediated supplementation and the genetically engineered cells can
also be easily put back with out causing damage to the patient’s muscle. Similarly,
keratinocytes may be used to delivery genes to tissues. Large numbers of keratinocytes
can be generated by cultivation of a small biopsy. The cultures can be prepared as

stratified sheets and when grafted to humans, generate epidermis which continues to
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injection, or intravenously or intra-arterially. Plasm d DNA carrying the
GHRH sequence can be conplexed with cationic |ipids or |iposones and

del i ver edwormBnaamscul arly, intravenously or subcutaneousPCrAK8819509

Adm ni stration as used herein refers to the route of introduction of a
vector or carrier of DNA into the body. Adm nistration can be directly to a
target tissue or by targeted delivery to the target tissue after systemc

adm ni s{pabion, ﬂlﬂoﬂ%{ct fedHR ovel NBanyP§€5€ NThe memihomescafe lgenetisatly f or
treating 'di sease by admnistration of the vecto;mtgo the body in order to

est abl i stgipagredovhiledn (caliure byrteassieeiipedhe Kerptingsues ﬂﬂ‘h&l?fg?lﬁja V4% equence
WEthin i @3@%@1%%1{%%&@?@ deB¥E !ga ﬁct]ﬁtthé%ﬁctﬂb‘if%ﬁ% fir baRb A& Fk iR sHeat ed

suppl enen fe means for adm ni stratl on of vector and use
of for mitvadingths eptdemxielﬁlouethﬁ @mals tersay kessoeties, eecrete7inpqoeitrplatian fiso

PCT/ USOZ/ 9509 4 1341 Muscle cells have the unique ability to take up DNA
from t h&™ Pé’(‘;‘é ul ar space after sinple injection of DNA particles as a
sol ution, suspension, or colloid into the nuscle. Expression of DNA by
this method [tadl]be Dﬁhveaiy mezy dloy ivelverth¢ usenphvinal, vechass. Jior £kanple, Fuscl e

cells |sfurI er enhance ut|I|z I Del i very
of for nﬂ?leé’%]aa BREOVEDY B ©PPREY l@'gr Pﬁ%ﬁéé &%rEgtr?%%ﬁ%E&r %ggenﬁnh%}giﬁl ecul ar
conpl ex@s Vdak ewmiafsg@s@nﬂaqyttmlmvdnyoﬂ helwmggmmoetl SUSBcAUdBpidexes nay

i ncl ude |IpIdS protein rbohydrates,. synthetic ds, or

i nor ganieclele grf satEee aﬁeﬁ@tfeﬁ %i’ésr’ieg? S‘é!% %ﬂe’i‘%e ]é%on%% ﬁr%}d)‘g#\npt h the
vector §ék%g th%fg%ﬁegﬁto arSHfA6@ mgpaﬁblervmgﬁ@ntmmma;tuhanbe whed & mi ne t he
bi oavai I'abi of the vector within the

¥ f' el enents of .t he
f or mul afnfest tﬁ%ﬁ@lf VA oadn Vive Ehlgrodyrsiths YCloF &E‘E Hvth e%‘%%% FG sPresy @bt or s on
t he Surftl?ecgeng[nth@ﬁlﬁ:ﬁél@ﬁcu?éasgaﬁ cell. Oher elements of the formul ati on

function 0 enhance entry Into the cell, release fromthe endosone, and
entry into the nucleus. [01361 Delivery can al so be throdgp use of DNA
transporterslOlBRlA  tAltha t graatingfodie bound by beevelt IS pRlgredihade Priebna

vectors, g)g ieCarf A6 & tée?}ﬁ}rﬁhggﬁlafgle[he Le d}ysu%ﬂ'}fét%[rcﬂgéoﬁ@{ukl%}c dhA

transpor rs contarn a no conpl ex capabl e of non- covalently bi ndi ng
to DNA aegheedesiicibembhy at regnlsfsdrgenn gxprassioDNsteny ugrndated tegpassess low

levels of basal expression of GHRH, and still retain a high ability to induce. Thus, target
gene expression can be regulated by incorporating molecular switch technology as
schematically diagramed in Figure 9 and further discussed in Example 1. The HV-GHRH
or biological equivalent molecule displays a high degree of stability in serum, with a half-
life of 6 hours, versus the natural GHRH, that has a 6-12 minutes half-life. Thus, by
combining the powerful electroporation DNA delivery method with stable and regulable
GHRH or biological equivalent encoded nucleic acid sequences, a therapy can be utilized

that will reverse chronic wasting, allow the subject to gain weight, and extend the

subject’s life expectancy.

I Vectoxs

[0143] The term “vector” is used to refer to a carrier nucleic acid molecule into
which a nucleic acid sequence can be inserted for introduction into a cell wherein, in some
embodiments, it can be replicated. A nucleic acid sequence can be native to the animal, or
it can be “exogenous,” which means that it is foreign to the cell into which the vector is
being introduced or that the sequence is homologous to a sequence in the cell but in a

position within the host cell nucleic acid in which the sequence is ordinarily not found.
40



menbrane. It is preferable that the transporter also transport the DNA
t hrough the nuclear nenbrane. See, e.g., the follow ng applications all of
whi ch (1 r@budiosggodr awi ngs) are hereby incorporated by refrerdarsoz3dses ei n:
(1) Wo et al., US. Patent No. 6,150,168 entitled: "A DNA Transporter
System and Met hod of Use;" (2) Wo et al., PCT/US93/02725, entitled "A DNA
Transporter System and nethod of Use", filed Mar. 19, 1993; (3) Wo et

al ., U Gectbal Bbkud las§11d1s720951§&s "‘erﬁésegfécﬁﬁbﬂlalé ,aRBpelr vieuseSysidepant and
Met hods of Use:" (4) Szoka et al

P No. 5, 955, | ed
"Sel f- yisusenblinens ﬁ@a@rﬁ@&t@ééﬂ&ql? mﬁ%ﬁ%mg xa%sx @f‘?‘%‘ﬁgm' tteal
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cont ai nj g .Seve 59%1 nélé Cmﬁ}atl e? { ;ﬁ@?@%ﬁ d&gg\/\%ela dgnofyoaoygirent |y

bound t& onsiI's I gan recogni zes specific
r ecept ofrﬁo@braﬁetdhereﬁbylteferma). groups such as a protein conplexed with a
cationic group that binds to DNA. Exanples of cations which nay be used

are sperm ne erme derdy i / or
pol yl ysi ne; g’&gﬂ 3g1T tef@/ %b%qb&clc? %SB%@%Q@O@S’ tgllr;k!e Ee?r[%lhg qglzspt)lglgélj e of
bi ndi ngchapisitga mideiNAd vedtiigfor arRNA oambieedflbedigrtfaaseibeds clysome casest he

t ar get

Lar oot R o T be Sy S S R Rp AR b p R Rl Tt eract

MaNNOS e 1f3sPABRa relBE BRtsRted, & dxii@pleChithe prdaectfomﬁahmnseqnsleanm el enent
is capable of binding both to the DNA vector a

receptor .on the
nucl ear OhERe#YAIFE. EPPECSHER VRGPS | Gof SABAIISE YaRRtH O 69‘““9@& YRS ng" hé‘ﬁ’d
transpordd QQ Iﬁlcfe{cacﬁ?cp E{ﬁe@l'éessﬂ/e%&s%g?tf&r AR PHEL SR pd¥BIBRT @RSlatidloexanpl e of

such |igan lear targefing sequence from SV40 |arge T antigen or
hi st onean Apcﬂatwedy élh@ﬁemdmgsseq@%IEQMél wtigiadiongeallo BordditigReloreatokct or  and

to el engnts Which OOQH%ﬁn%Bh&&{T% rXrEia%lon @&%@P%ﬂﬂﬁ 7!8%&19{?:%& (H'xzi}y at ed

Vi rus par AT RS s FCh” as ovirus, peptides re enza Vi rus
hemaggl wbitsinmpcleic atideedBahots ﬁapsarui@otti@sfumqtbeﬂas welk dnd aidsiseriod i ci t ed
above. [0138] Administration may also involve lipids. The |ipids may form

i posomﬁs. Plasmid Vectors

[0145] In certain embodiments, a linear DNA fragment from a plasmid vector
is contemplated for use to transfect a eukaryotic cell, particularly a mammalian cell. In
general, plasmid vectors containing replicon and control sequences which are derived
from species compatible with the host cell are used in connection with these hosts. The
vector ordinarily carries a replication site, as well as marking sequences which are capable
of providing phenotypic selection in transformed cells. In a non-limiting example, E. coli
is often transformed using derivatives of pBR322, a plasmid derived from an E. coli
species. pBR322 contains genes for ampicillin and tetracycline resistance and thus
provides easy means for identifying transformed cells. The pBR plasmid, or other
microbial plasmid or phage must also contain, or be modified to contain, for example,
promoters which can be used by the microbial organism for expression of its own proteins.
A skilled artisan recognizes that any plasmid in the art may be modified for use in the
methods of the present invention. In a specific embodiment, for example, a GHRH vector
used for the therapeutic applications is derived from pBlueScript KS+ and has a

kanamycin resistance gene.
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whi ch are hol | ow spherical vesicles conposed of |ipids arranged in
unilanellar, bilanellar, or multilanellar fashion and an internal aqueous
space forwertnagpps ng wat er sol ubl e conpounds, such as DNRCTrE0ys93g9 i n si ze
fromO.05 to several microns in diameter. Lipids may be useful w thout
formng |iposones. Specific exanples include the wuse of cationic |ipids
and conpl exes contai ni ng DOPE which interact wwth DNA and with the

merbr ane of fohge]t ar GehdGad, ;111@%6‘ Aetdré tadten@ptieyliooh datiAohislcetitacesel | .
[0139] Cene delivery can_al so

. X e perfornmed by transgll1 nti.ng genetically
engi neeflati aigerompatitpp widiiaphre, micToRERHEE ‘i%_}}é’él"ée‘%éﬁ r S%Hinlnhgd"e Gbi’ast s may
be Usedc&glectfo%fwh HREERost N dr blking 1 36 Fhabt RetSla ABMPY-25 mag@petiligal | y

engi neered to express recontr)l nant human growt h hornone can secrete the
growt h homakinga irevombirhaet phagerstcter whithowsa be Iesd tottranpfogn hpwsclsngush3dr at ed gene
can be gust ai ned.ov iods up to 3 nonths. [0140] Myobl asts eventual |y
di ffereftia %pqg’n% cfﬁg“e ?% exi sting nuscle tissue. Because the cell is
incorporated into an existing structure, it is not just tolerated but
nurtured. M/@B#aEst s Forhereassiul yliseid byeetorsethclygle tNi vestoradBlonye esélve from an
individ . \Who ), d-medi : ntaldon epdrhhenggnetical ly
engi nee %)ta\é\l{alpsd]%gg&ugljf’gfgpg% lgg%}e%ﬁgétﬁﬂ %g%ﬁ@?\;{%aﬂé out @ausi)ng damage to

t he pat ifigiin’' oteiscloe lat&i parifeation, andkepatiioooy tlesvagay Qtherumieble dustal i very
genes to tissues. Lar nunbers of .keratipgcytes can be generated by

cul ti vaPrasfnsAe ‘ahoéfhﬂitﬁ%b% togidaspyubi ﬁq’&P‘iﬁmﬁ’é\‘ﬁ' be prepared as stratified
sheets and when grafted to humans, generate epiderms which continues to

39 WD 03/ 0491198 PCT/BJGRRAISRRE Yells farr Xdipie) ANicdliOtotimirisingUiht ickyremsicar many
years. The keratinocytes are genetically ,entgi neerid ile in culture by
t r ansf e@eqtPig At REOWR HRANY S @ ex @ fysHitabms gy 15p FramPde: e t oI SXPIRF Hough

ker at i NQg W68 RAffn3E Pkl GhcditaRMetBR Biy bdHnahdeaNad¥ollll8e RaGeI®IH byrenbr ane

dividing the epiderms fromthe derms,” human keratinocytes secrete into

ci rcul atlicse of tskill pr teeith by cettectiog o bash rell path ee rageespedfiis dor ¢R78ve t he use
of viral v r FQr %y Adepayi ; QhcdtBYorP® £aReLr ucted by
repl aci H&o Qr%éerg’E?g? é’gi %dﬁﬁlgf theto\??l?us g%%lrtr)g%vl‘y,i#ﬁﬁgt h% veoctor qea{%rrents

descr i bednjemtirki Afienvelatringrihé becteuidiforp furthampesiod, Snerally ofbdtweenahand

24 h, the cells are collected by centrifugation and washed to remove residual media.

1I1. Promoters and Enhancers

[0149] A promoter is a control sequence that is a region of a nucleic acid
sequence at which initiation and rate of transcription of a gene product are controlled. It
may contain genetic elements at which regulatory proteins and molecules may bind, such
as RNA polymerase and other transcription factors, to initiate the specific transcription a
nucleic acid sequence. The phrases “operatively positioned,” “operatively linked,” “under
control,” and “under transcriptional control” mean that a promoter is in a correct
functional location and/or orientation in relation to a nucleic acid sequence to control

transcriptional initiation and/or expression of that sequence.

[0150] A promoter generally comprises a sequence that functions to position
the start site for RNA synthesis. The best known example of this is the TATA box, but in
some promoters lacking a TATA box, such as, for example, the promoter for the
mammalian terminal deoxynucleotidyl transferase gene and the promoter for the SV40 late

genes, a discrete element overlying the start site itself helps to fix the place of initiation.
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nucl eic acid cassette and introducing this reconbi nant genone into 293
cells which will package this gene into an infectious virus particle.

Vi rus frowotohioge7eel | nay then be used to infect tissue ePCTIUS02/89509 N Vi VO
to introduce the vector into tissues |leading to expression of the gene in
the nucleic acid cassette. [01421 Although not wanting to be bound by
theory, it is believed that in order to provide an acceptable safety
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technol ogy as ‘schenatica lagramed in Figure 9 and further discussed in
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powver f ulrqel i 6f alel, 31 0BNAe dRbdeH Promatert hDik Wipkthead!" abmorn ctirhelgted abl e

GHRH or bi ol ogi cal equival ent encoded nucleic acid sequences, a therapy can

be uti | itasFritipmef thy PNA anderereotenexpreseionakive pgoded R¥Gy t he subj ect to gain
wei ght, and extend the subject's life expectancy. 1. Vectors [01431 The

term "vect or'jgfs3] USgfe sPadiff Bltwbéh %\'oﬁ@fe’f leRMmeftd GeqhéntiHGk dleRBlecesikitrt i Nt o

whi ch a nucl eic acid sequence can be inserted for introduction into a cel
wher ei n,promotsh fractianisopresasyrds when eleaigniseare dpferted10s dnovad figkafies &0 88§ d
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viral segyeneles acidequehiceskill in the art would be well equipped to
construct a vector through standard reconbi nant
[0152] A promoter may be one naturally associated with a nucleic acid
sequence, as may be obtained by isolating the 5" non-coding sequences located upstream
of the coding segment and/or exon. Such a promoter can be referred to as “endogenous.”
Similarly, an enhancer may be one naturally associated with a nucleic acid sequence,
located either downstream or upstream of that sequence. Alternatively, certain advantages
will be gained by positioning the coding nucleic acid segment under the control of a
recombinant, synthetic or heterologous promoter, which refers to a promoter that is not
normally associated with a nucleic acid sequence in its natural environment. A
recombinant, synthetic or heterologous enhancer refers also to an enhancer not normally
associated with a nucleic acid sequence in its natural environment. Such promoters or
enhancers may include promoters or enhancers of other genes, and promoters or enhancers
isolated from any other virus, or prokaryotic or eukaryotic cell, and promoters or
enhancers not “naturally occurring,” i.e., containing different elements of different
transcriptional regulatory regions, and/or mutations that alter expression. For example,

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

B-lactamase (penicillinase), lactose and tryptophan (trp) promoter systems. In addition to
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techni ques (see, for exanple, Maniatis et al., 1988 and Ausubel et al.,
1994, both incorporated herein by reference). [01441 The term "expression
vect or” rwDaeB®44700 any type of genetic construct conprisi mgTaSousdsed c acid
coding for a RNA capabl e of being transcribed. In sone cases, RNA

nol ecul es are then translated into a protein, polypeptide, or peptide. In
ot her cases, these sequences are not translated, for exanple, in the

pr OdUCtlb@ﬂucQﬁg aid1éi6 @BRIEsciidneesud £ pronoters abd)zmlmsers Eymlnemssllyo fequeotasr s can
contain a variety of "control uenc PE}r to n cleic acid
sequenc®ay h"eE’é’gg“eﬁdylS?’SFeCPH@mPP'éﬁ‘g d?‘i‘fﬁ‘uﬁ o} aﬁ’(ﬂlsaér? Gaton e %IPE%n of an
oper at | M@iuumg'm@ﬂ GPEHnELt DB GHANGE cbﬁp@sﬂﬁmtdlgawsar héﬂéiiﬁt(se@:dll 5. Patentaddi t i on
to control %@ences t hat govern transcription and translation,,k vectors

and expNes%(r&ﬁ 2and 928846, ¢ @@n‘!l%?fﬁmﬁ@élhéie@ bierederansl SR Ber ve ot her
funct i ogs, r@@&m'm@% B s ﬁée'sbﬁﬁt | difeb@ tranéénp?&?—%mi/% Vigpteadion [F1451 I n
certain ment's I ne fragnment froma plasmd vector is

cont enpseghemes Wuthmsmntrmclmramsmﬂcs suck ak mitpehondria @hﬁmpﬂﬁé?st pdphedikes

manmal i an cel I . e eral, plasm d vectors containing replicon and

cont r ol “&e (515’8}?3(@'5 Whi'€h are derived from species conpatible with the host
cell are used in connection with these hosts. The vector ordinarily
carries a re[;ﬂl153:]at i Datusdllyeit vad bmeirrlpoetsntrtardmm & preotes andighiceltangere capabl e

of prov n no sel ectiaon I|mt|n
exanpl et %E Hr"ccgllvgl (#%8% Pe RFRIQ8y oflrtﬁ% hﬁ%fs&%ﬁ%ﬁ%&lﬁe{ !l)%%%elng‘r @euB%g% ’
pl asm dtigkae,i orgsh, forr @fga&ﬁmlz'cho&ml for espesions. TlpBRBQﬁakbmntlﬁlamisofgmﬂewlaror
anpicil]lin and te cl.ine resistance and thusd rtow desb asy.. peans for

i dent i fbiol?@ytgieéﬁg % thedjsp & p’i"ﬁ‘é"tffﬁF?“%f‘%fﬂﬁ 8¢ & 'SP HEYORT IO al pl asnid

or phagﬁm@aﬁtexﬁxle%m@éealf& e¥impde SaRBidokest &0 1089)t idtdiporbted mm:nrm;e
pronoters which can be used PX‘%Ythe m cr obi al, organlsmfoé rebS|on of its
own pr otefpraree). ATk proeiers onipdoyiid reto §R i PBEINRE: USHF-SpPAt B9 Phe art may

be modi §) o8 {J&l}hluﬁﬂef het g@ro Bl 08lRlitRhs th SiRECRIBAtIete eRPrebsih of Bhed Specific

enbodi nent, tor exanple, vector used for the therapeuti c
appl i c afritodsoads Dy issgsebnf, r mieh @B i eBypitpgeonsin dhe) langesscale Reodugtn; of

LESES ane(c::gm 161'\1g1€1'\t prg't%m\s/\%)n({? 631/ p%ﬁt%@%ﬁé%!o%%@& /n%?%g %eterolo gous or endogenous.

[0154] Additionally any promoter/enhancer combination (as per, for example,
the Eukaryotic Promoter Data Base EPDB, http://www.epd.isb-sib.ch/) could also be used
to drive expression. Use of a T3, T7 or SP6 cytoplasmic expression system is another
possible embodiment. Eukaryotic cells can support cytoplasmic transcription from certain
bacterial promoters if the appropriate bacterial polymerase is provided, either as part of the

delivery complex or as an additional genetic expression construct.

[0155]  Tables 1 and 2 list non-limiting examples of elements/promoters that
may be employed, in the context of the present invention, to regulate the expression of a
RNA. Table 2 provides non-limiting examples of inducible elements, which are regions of

a nucleic acid sequence that can be activated in response to a specific stimulus.

TABLE 1
Promoter and/or Enhancer
Promoter/Enhancer Relevant References
Immunoglobulin Heavy Chain
Immunoglobulin Light Chain
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Mouse and/or Type I Collagen

Glucose-Regulated Proteins (GRP%4
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Rat Growth Hormone (Larsen et al., 1986)

Human Serum Amyloid A (SAA)

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

(PDGF)

Duchenne Muscular Dystrophy

(Klamut et al., 1990; Klamut et al., 1996)

SV40

Polyoma

Retroviruses

Papilloma Virus

Hepatitis B Virus

Human Immunodeficiency Virus

Cytomegalovirus (CMV)

(Boshart et al., 1985; Dorsch-Hasler et al., 1985)

Gibbon Ape Leukemia Virus

Synthetic muscle specific promoters
(c5-12, c1-28)

(Draghia-Akli et al., 1999; Draghia-Akli et al., 2002; Li

et al., 1999)
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examples of such regions include the human LIMK2 gene (Nomoto et al., 1999), the

somatostatin receptor 2 gene (Kraus et al., 1998), murine epididymal retinoic acid-binding
gene (Lareyre et al., 1999), human CD4 (Zhao-Emonet et al., 1998), mouse alpha2 (XI)
collagen (Liu et al., 2000; Tsumaki et al., 1998), D1A dopamine receptor gene (Lee et al,,
1997), insulin-like growth factor II (Dai et al., 2001; Wu et al., 1997), and human platelet
endothelial cell adhesion molecule-1 (Almendro et al., 1996).

[0157]
such as SPc5-12 (Li et al,

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

1999), which contains a proximal serum response element

(“SRE”) from skeletal o-actin, multiple 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 expression of a nucleic acid sequence (e.g. U.S. Pat.

No. 5,298,422). In a preferred embodiment, the promoter utilized in the invention does

not get shut off or reduced in activity significantly by endogenous cellular machinery or

factors. Other elements, including trans-acting factor binding sites and enhancers may be
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isolated fromany other virus, or prokaryotic or eukryotic cell, and
pronoters or enhancers not "naturally occurring,” i.e., containing

di f f erentwelosowgtwe of different transcriptional regul at oPgTrnesge/sess9 and/ or
mutations that alter expression. For exanple, pronoters that are npst
commonly used in reconbi nant DNA construction include the (3-lactanmase
(penicillinase), lactose and tryptophan (trp) pronoter systens. In addition

to 43 V¥4 G3hR4RIANE: WETIHSORYATBAN of thedkenting Tl dematicd emt®diumnces of
pronoters and enhancers synt het

tically, sequences may, be produced using
r econbi HapTat FYREHHC BIREIOST 1%1‘&8126‘?’ @ngéislﬂﬁ]ﬁ THsag Ea?t‘“iab%ho["%@ﬁ??g?% élifﬁ!‘
i ncludi {;&%HB@?T udriRed GBRE QhthRBesWink udinBethe ANRRSAL Tamsr @irsBbaskblds ei n (see
U.S. Patent Nos. 4,683,202 and 5,928,906, each incorporated herein by

r ef er enbdyrmarign (‘ACRB) EenBanki @tab@&t@rﬁréhﬁ)Né?Bé dubMed ettt Aok TiBMEs t hat
di rect %&%@%ﬁa‘i HBE& SRR3R/ CP%.)ﬁBfife?lscF gﬂtaﬁ{ seqR AR CaSaW fieBbfrdRBrduUc] ear
organel 'es "such as i tochon ria, chlorop a%ts, and the |like, can be
enpl oyet ths preedok inveXldm3] Naturally, it will be inportant to enploy a
pronot er and/ or enhancer that effectively directs the expression of the

DNA segpent i&}ﬁt_iit‘t?‘fe{bg‘rgg%?géé?‘ftfﬁ‘?‘!\kﬁo\é%eBiﬁ‘*iﬁ%gﬁes organ, or organi sm chosen

for expressi e art o ecul ar biology generally

know t he use pro : -!Igm , YRSoLSbiERatanaRgon! OF
protein exprg@ézﬂon, r%)é%&el?ic or %g%zeal%gﬂa{fﬁég%{&aﬂ@%gw, aiy{]]cogpor at ed
her ei n bf codief excemaeys. Thesqsignas endudsnilico mrakration Bt o1t YH3opal
tissue-specific,. | ncrlll(J)ci rI r%latior?a'f%l?& l%%%lk“' Mﬂgﬁ% ﬂta;]%ﬁ%plgﬁﬁ%ﬂ aHncondi tions
to direttlURogh FEORTIOWBPRELPER Y RE™ T odute segment, such as is
advant agRgued fo bl prdvadege-Gieadfeorfinagukill anthofart wewdmidiipive cppableedins and/ or

pepti des. The, pronoter may be heterol agoys gor. en enous 0154]
Addi ti oH%PPWn@ﬁ;}hla@Bﬁﬁf%@[l%ﬁ’ﬁﬁ‘é%eﬁsaé%ﬁgi’aﬂ%t ﬁdﬁwfgg‘g%‘@?, % ere uéli%tlrlrop e, the
Eukar yothfonRh@iBe ein-Rahe® vRaste RRERg fldink f {Hevdovir<ddding bedieticeab epsueoul d al so

be used to drive expression. Use of a T3, T7 or SP6 .cytopl.asn c expression
syst em {rensdationtadithe e inseie o BEASRRATS .traﬁlﬁtéﬂn?]o‘fqnﬁro‘g%g‘{ais %an’?ﬁtb‘ﬁbr t

cyt opl agm s LhAPS gﬁﬁe?trl%tgfhl bf QReqE ! &hd efFRAGELHT MprdR§iONHa§be ehhankdte

appropriate bacteria ynerase 1s provided, either as part of the
del i ver py tteniptlesiomof appropiatgdranscripiiert engarest lementpr essi on construct .
[0159] In certain embodiments of the invention, the use of internal ribosome
entry sites (“IRES”) elements are used to create multigene, or polycistronic, messages.
IRES elements are able to bypass the ribosome scanning model of 5° methylated Cap
dependent translation and begin translation at internal sites (Pelletier and Sonenberg,
1988). IRES elements from two members of the picornavirus family (polio and
encephalomyocarditis) have been described (Pelletier and Sonenberg, 1988), as well an
IRES from a mammalian message (Macejak and Sarnow, 1991). IRES elements can be
linked to heterologous open reading frames. Multiple open reading frames can be
transcribed together, each separated by an IRES, creating polycistronic messages. By
virtue of the IRES element, each open reading frame is accessible to ribosomes for
efficient translation. Multiple genes can be efficiently expressed using a single
promoter/enhancer to transcribe a single message (see U.S. Patent Nos. 5,925,565 and

5,935,819, each herein incorporated by reference).
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[0155] Tables 1 and 2 list non-limting exanples of el enents/pronoters that
may be enployed, in the context of the present invention, to regulate the
expr essi owoaB/0#70RNA. Tabl e 2 provides non-linmting exanplPez/usb2/aesduci bl e
el enents, which are regions of a nucleic acid sequence that can be
activated in response to a specific stinmulus. TABLE 1 Pronoter and/or
Enhancer Pronoter/Enhancer Rel evant References | munogl obulin Heavy Chain

| mrunoghobul dhie tiodih@sitest4 WO 03/ 049700 PCT/ US02/ 39509 TABLE 1 Pronoter
and/ or Enhancer Pronot er/ Enhancer Rel evant References T-Cell Receptor HLA

DQ a and/ or - | nhREthRIan mcld@IEQFMGSI,KMﬁcI&S alttleicl aeiddegioR tHRecmpdiosr ~ VHC

Class If 5 ass |l HLA-Dra -Ac wanot t t t
al ., 198[91)1t1leF§'€1°€01t?%ﬁnierﬁéte%aﬁié%wfﬂwglfi " brg ﬁd.lﬁpsglaﬁgct@&nwﬁb%da S

Jaynes ?écoﬁ’!bmantlt%éﬁﬂ)log?rﬁ% 4&%@ V@&B@(&@é hry¥ @ia aBbAE et allyErosd;| Ot hi onei n
(M1 1) (lI'nouye et al Narum et " al 200 kroch et _al ., 1993)

Col | agefases, 189 Bubeven{omi eikals t1988) mcorPOMﬂerdecrﬂeré@ceeM ‘Regtvjgtipn

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 enzyme that cuts within the MCS to enable exogenous sequences to be
ligated to the vector. “Ligation” refers to the process of forming phosphodiester bonds
between two nucleic acid fragments, which may or may not be contiguous with each other.
Techniques involving restriction enzymes and ligation reactions are well known to those

of skill in the art of recombinant technology.

VI.  Splicing Sites

[0161] Most transcribed eukaryotic RNA molecules will undergo RNA
splicing -to remove introns from the primary transcripts. Vectors containing genomic
eukaryotic sequences may require donor and/or acceptor splicing sites to ensure proper
processing of the transcript for protein expression (see, for example, (Chandler et al,

1997), herein incorporated by reference.)

VII. Termination Signals

[0162] The vectors or comstructs of the present invention will generally
comprise at least one termination signal. A "termination signal' or "terminator" is
comprised of the DNA sequences involved in specific termination of an RNA transcript by
an RNA polymerase. Thus, in certain embodiments a termination signal that ends the
production of an RNA transcript is contemplated. A terminator may be necessary in vivo

to achieve desirable message levels.

[0163] In eukaryotic systems, the terminator region may also comprise specific
DNA sequences that permit site-specific cleavage of the new transcript so as to expose a

polyadenylation site. This signals a specialized endogenous polymerase to add a stretch of
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a-Feto rotein y-Gobin -dobin (Tronche et al., 1990; Trudel and
Costantini, 1987) <c-fos c-HA-ras Insulin (German et al., 1995; OChlsson et
al ., 1991wo obkewsa7ad Cel | Adhesi on Ml ecul e (NCAM al - Anti tPCTAISN2/39588 ( TH2B)
Hi st one Mouse and/or Type | Collagen dd ucose-Regul ated Proteins (GRP94
and CGRP78) Rat G-owth Hornone (Larsen et al., 1986) Human Serum Anyloid A
(SAA) Troponin I (TN 1) (Lin et al., 1991; Yutzey and Konieczny, 1992)

Pl at el eftolendy Rdes@RWiholya®h @ thé Beeld et thétranscAf8 RNA RidGe)les Budifiedne

Muscul ar Dystrophy (Klamut et al., 1990; Kl arnyt et w19 SV40
Pol yonewitRahip mof)ymtﬂ(é@ppqaaﬁq mosgetakle p0d are EHsiafed; 1eoTs G?ﬁk?mlyHm mn

| mnodﬁ%&{élﬁ%é{ﬁ Hﬁo%g%ma%@y,i it WSpréeM tHaBaRh adningtor @bmprikd 85;
Dorsch-Hasl er et al., 1985) G bbon Ape Leukemia Virus Synthetic muscle

speci f i sigmal doptherdleayayeanfithe RN, angdt it 4§ more] profrredythey theatemiinatopsiggdl | 2002;

Lo C5ﬁr]6%iote%l ﬁo%s?gdel%;lat%h'df e %?e)ssage. The terminator and/or polyadenylation site

elements can serve to enhance message levels and to minimize read through from the

cassette into other sequences.

[0164]  Terminators contemplated for use in the invention include any known
terminator of transcription described herein or known to one of ordinary skill in the art,
including but not limited to, for example, the termination sequences of genes, such as for
example the bovine growth hormone terminator or viral termination sequences, such as for
example the SV40 terminator. In certain embodiments, the termination signal may be a

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

VIII. Polyadenylation Signals

[0165] In expression, particularly eukaryotic expression, one will typically
include a polyadenylation signal to effect proper polyadenylation of the transcript. The
nature of the polyadenylation signal is not believed to be crucial to the successful practice
of the invention, and any such sequence may be employed. Preferred embodiments
include the SV40 polyadenylation signal, skeletal alpha actin 3’UTR or the human or
bovine growth hormone polyadenylation signal, convenient and known to function well in
various target cells. Polyadenylation may increase the stability of the transcript or may

facilitate cytoplasmic transport.

IX. Origins of Replication
[0166] 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.

X. Selectable and Screenable Markers

[0167] In certain embodiments of the invention, cells containing a nucleic acid

construct of the present invention may be identified in vitro or in vivo by including a
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tunmor vi rwe)o304497n¢ erferon Pol y(rl)x / Poly(rc) Adenovi r u®Ca/IEERA2/EHM
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el enent seleatgbldahirkasisaapalis confere Bara@iterthateallodsi for aeledtiont YA positiwel | known

to those of Skl [l in the art. Nonli mt@fn exannp es of Sugf] regi gns i ncl ude
b5 .

the hunsfleptrRiRmagsds eednshishdhe presencey maltkﬁ%al oxs Rt e s Fétept or 2

gene (KraaHgafle 3électabld Mkier T oh&18n SRicH Y Padseh Bt prBRinG ACEdedbRdi A gene
(Lareyre et al., 1999), human CD4 (Zhao-Enonet et al., 1998), nouse al pha2
(X) example ofa positive selectable marker is a drug resistance marker.

[0168]  Usually the inclusion of a drug selection marker aids in the cloning and
identification of transformants, for example, genes that confer resistance to neomycin,
puromycin, hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable markers.
In addition to markers conferring a phenotype that allows for the discrimination of
transformants based on the implementation of conditions, other types of markers including
screenable markers such as GFP, whose basis is colorimetric analysis, are also
contemplated. Alternatively, screenable enzymes such as herpes simplex virus thymidine
kinase (“tk”) or chloramphenicol acetyltransferase (“CAT”) may be utilized. One of skill
in the art would also know how to employ immunologic markers, possibly in conjunction
with FACS analysis. The marker used is not believed to be important, so long as it is
capable of being expressed simultaneously with the nucleic acid encoding a gene product.
Further examples of selectable and screenable markers are well known to one of skill in

the art.
XI. Electroporation

[0169] In certain embodiments of the present invention, a nucleic acid is
mtroduced into an organelle, a cell, a tissue or an organism via electroporation.
Electroporation involves the exposure of a suspension of cells and DNA to a high-voltage
electric discharge. In some variants of this method, certain cell wall-degrading enzymes,
such as pectin-degrading enzymes, are employed to render the target recipient cells more
susceptible to transformation by electroporation than untreated cells (U.S. Patent
No.5,384,253, incorporated herein by reference). Alternatively, recipient cells can be
made more susceptible to transformation by mechanical wounding and other methods

known in the art.

[0170]  Transfection of eukaryotic cells using electroporation has been quite

successful. Mouse pre-B lymphocytes have been transfected with human kappa-
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collagen (Liu et al., 2000; Tsumeki et al., 1998), D1A dopam ne receptor
gene (Lee et al., 1997), insulin-like gromh factor Il (Dai et al., 2001,
Wi et al .wob3079700 and human pl atel et endothelial cell adiresiusnz/smshecul e-1
(Almendro et al., 1996). [01571 In a preferred enbodi nent, a synthetic
muscl e pronoter is utilized, such as SPc5-12 (Li et al., 1999), which
contains a proxi mal serumresponse elenent ("SRE") from skel etal a-actin,

nul ti pl enMEfoedobalih 8nes WBSttet efsdly, €984),and rat hEpatodyien tiavegbees irastectedrvethgr eat | y
exceeds the transcri t| onal £ote %Hg (}2 natu Lgrﬁra{ g@gl C pronoters. The
uni quend&igschloranphenice) %W{tﬁéﬁ BSHEGRHE Eriasea ¢ & i roverrent over,
for instance, issued patents concerning a nyogenic prom)ter and its use

(e.g. U S PaligyNo. Thé uaaéhy@ﬁ%fl)éh@bnemﬁlt efMeledtporniog enbeliwepressitan of a
nucl ei ¢ aci d sequence (e Pat No. 5,29 4%2) referred

|
erbodi mswpe 1 Hboasperhvt the erapt Mscanism TeRensiblg dof 1 st e oG hut o
or T edu%g% %}ﬁl:ld’a‘&fd VAfnbush B¢ fvhrgﬁi%ttl) ¥e BYurNAQE&9 Use 6%& HafifestfB&MbNEry Or

factors enents, inc g trans-acéting factor binding sites and
enhancerke ciatymberatl%eﬁf@t dstiey ogib membmnesshazoBr STmsicntde germsable ébfagihce with

this enbrr?o eculés aﬁ%l]f th% le 1{3\69 B noe@(ﬁ dﬁjeﬁ' toaeg fi’l{lé @ﬂ&@t 'rK&e%FQ)éBﬁhlﬁE@ﬁmu nat ur al

myogeni C pronoter s u ize artisan Is aware how to obtain
such prcelm%mr w&xﬁﬂ;umﬂaem)rmabmodmsthS,eBamtaml auditing ttanemétabiannpdterteht er f or

Bi ot echn mat i " nk dat abase or the NCBI PubMed
site. I%@ﬁ}&f%ﬁ B‘sdéeﬁ%’?ael f’?afplg{ '@%e dat abases nmay be utilized to
obt ain sequences or relevant literature related to the present invention.
V. Initiati @17 gnalithoagtondtmaatingdo Haibbmsbbsethabm,cﬁlﬂgrosbnae'@l nakeS84c A

f tiat | als ff t .t | at
of “cod R tectmEHeRReT R B guataons Bt B badfear by et ShBkhb A0 o "

adj acentenlaﬁg%glﬁefésﬁdm@xmgﬁm tnfieBdlisd elédt@idad are(plarcéd)in &ngmabvﬁh tissned udi ng the
ATG initiation codon, need to be ﬁ}eow ded. F %{7%/ skill in
tl(a&&e

the art %mr@emawﬂyvoﬁégea@&moewl toy eii‘ﬁ’iaﬂ‘?enBeW‘?F% dhg t he

necessarny,sl.d Qﬁl ﬁleml fThi r&'@&dls Iﬁ@é?iv"f?)rtelfé@&oﬁd}@tldnnérelﬂmm\m @@ﬂl@%f st be
‘in-frame®™ wth the reading frame of the desired cod %uenceto ensure

transl atrﬁ&uhmefﬁeidveteeﬁtlw ecdonding to thyfsmaladgrelfdughare élﬂ@’l) & ?hé gld, €t r ol
signal s ;apd u'rllg]olsgc!l %llca%Q and (“d”) is the distance between the electrodes.

[0173] The electric field intensity E has been a very important value in prior
art when formulating electroporation protocols for the delivery of a drug or
macromolecule into the cell of the subject. Accordingly, it is possible to calculate any
electric field intensity for a variety of protocols by applying a pulse of predetermined
voltage that is proportional to the distance between electrodes. However, a caveat is that
an electric field can be generated in a tissue with insulated electrodes (i.e. flow of ions is
not necessary to create an electric field). Although not wanting to be bound by theory, it is

the current that is necessary for successful electroporation not electric field per se.

[0174] During electroporation, the heat produced is the product of the
interelectrode impedance, the square of the current, and the pulse duration. Heat is
produced during electroporation in tissues and can be derived as the product of the inter-
electrode current, voltage and pulse duration. The protocols currently described for
electroporation are defined in terms of the resulting field intensities E, which are
dependent on short voltage pulses of unknown current. Accordingly, the resistance or heat

generated in a tissue cannot be determined, which leads to varied success with different
51



codons can be either natural or synthetic. The efficiency of expression may
be enhanced by the inclusion of appropriate transcription enhancer

el enent s.wp03®®700 n certai n enbodi nents of the invention, PChASO%89509
internal ribosome entry sites ("IRES") elenents are used to create

mul tigene, or polycistronic, nessages. |RES elenents are able to bypass
the ribosone scanning nodel of 5 nethylated Cap dependent translation and

begi n t passd Wltadcladtropblasmplotatbls asith freddt@tied vahageSoMbnislity to lii88) . | RES
el enents fromtwo _nenbers of the picornavi rtgé f rri.I%{1 éﬁﬁolfio and
encephaleipscar dictly sjerasay elegransdss MROERASe (18R PIECHET e P! sBMe By, 1988),

as wel | el@&roﬂo%nfvb%?umbﬂoéﬂ. RS SRGE1E, Yapeidkeaohd thahtiloniol891) . | RES
el ements can be linked to heterol ogous open reading frames. Miltiple open

r eadi ngat aapef Humedsde eleqtipdet viilizing 2 prydetraninedsypdtage BYse RS OBYOSHIE | RES,
creatin LSLrenl & G965, j uﬁ-ﬁ\gea | g nEnd ach open
r eadi ng%ggg%ﬂagg'a@gée%ﬁﬁ to T %)ﬁggtr%egtpgg?ﬁhef t1ci ent O?iélgnsl.a‘;eingn.

Mul ti pl & geares whern chegrednt hnd itdriegting preelop pdintsgiemjon  Exaggive heating of

pronot er/.enhancer to transcribe a.singl.g e see Nos.
B! 526, cpali] thaeglee chRSERS Aot Pk SFRBE AR R sieortBlebe D55,
03/ 0497 €3 PJr6ibtaISARwaE) SymiietribAllyt drpinge dCheedlerefpcBbda svifldh6EboMeg pairs can
i ncl ude a [ is a nucleic.acid reion.thatnfontains nul tiple

, whi.ch
oSt r i PRI iecentialiged Baery Uiy helRHbPBHOR EYP iR b RCR MEETG wi ¢ h

st andar gongrs@ BREtRAPBEatibR6VHARD peMtstAn db sy, the vector (see, for exanple,
(Car bonel It et al.fb,% 1999; ngea, 1997; Levenson et al., 1998) i ncorporated

herein by reference.) "Restriction epz digestion refers to catalytic
cl eavage of Hlfak| e!C)é‘mé@ﬁ’&B n%‘F efyrat \Aﬁ?‘%‘/ung‘?‘iw ‘%’zfﬁ?@m"mai‘l cf%cotnf'of% only at
speci fi geteRfial 1R SelhtiveahddHEE &IrCceBS] ATRR! @CW the dMRMt Hat td2RSMines €Rd ri Ction
enzynes are comercially avail able. Use of such enzynes is w delﬁl

under st Sdgedient pfestiveresssef a1y given prlsigtprotoeelgadhngtythe yoliage: 35Foss 419 j neari zed

or fraggRpi&ss. Pi%h&&rﬁleﬁ%ﬁt%%&gdgq{blt%@ﬁ@? phddt RS citenhyl Bnd Por™Med t O

enabl e exogenous sequences ~ligated to the vector. "Ligation" refers
to the poecassprofidé ermeang tp istopmingi the teaact bissags ofpurigple rwhidholimife kg ¢ aci d
f ragnent

ugéﬁll\ﬁ\llen'sis % tﬁea¥ecﬁtgiqﬂ:‘§1 y THl?St, cQ&r&Hﬁg .I:ug lﬁ%ﬂﬁaﬁ%& rEhee aﬁ'peni)thb Ble- tissue

between two electrodes under a threshold will allow one to vary the pulse conditions,
reduce cell heating, create less cell death, and incorporate macromolecules into cells more

efficiently when compared to predetermined voltage pulses.

[0176] One embodiment of the present invention to overcome the above
problem by providing a means to effectively control the dosage of electricity delivered to
the cells in the inter-electrode space by precisely controlling the ionic flux that impinges
on the conduits in the cell membranes. The precise dosage of electricity to tissues can be
calculated as the product of the current level, the pulse length and the number of pulses
delivered. Thus, a specific embodiment of the present invention can deliver the
electroporative current to a volume of tissue along a plurality of paths without, causing
excessive concentration of cumulative current in any one location, thereby avoiding cell

death owing to overheating of the tissue.

[0177]  Although not wanting to be bound by theory, the nature of the voltage
pulse to be generated is determine by the nature of tissue, the size of the selected tissue

and distance between electrodes. It is desirable that the voltage pulse be as homogenous
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Techni ques involving restriction enzynes and ligation reactions are well
known to those of skill in the art of reconbi nant technol ogy. VI. Splicing
Sites [0IWDb3MEbo t ranscri bed eukaryoti c RNA nol ecul es w PICTUrsdz89509 RNA
splicing to renove introns fromthe primary transcripts. Vectors containing
genom ¢ eukaryotic sequences may require donor and/or acceptor splicing
sites to ensure proper processing of the transcript for protein expression
(see, fey @mrmina,o tﬁanao}ﬁeceam@ttuc&l Exces]s%?[)eld bteamgibnresults ar the ripsimioby
reference VI | rnl tlon@ﬁ g f f;éhe ve g:és ar.. cog;t&ycts of
the pr egfé}ﬁt Wlhﬁf@%%‘lf‘l d streggthdFsys yn gaCY{OF |elesupPOTation &f9RCat i on

si gnal . ¢fcrdfetdionalchvRBs atifsadhe d‘i)dfancé Gbémeeﬂte‘&fctrodés toCaaltplatesthd ebdctriche DNA
sequences 1 nvolved in specific term natigon of an RNA tr nsc A pt by an RNA

pol yner figld. strengib, andnpicdeterminedeyrigas melsess fof dlestiopaationn TaisyisiAIce ¥t ends t he
product kfl’(ﬂ&’iﬂé 30 RN CE rlﬁﬂ%@eﬁ' il tﬂo&escfs’,nﬁ gmlagbede the lBSiEH @@tefé'étrl?@e}é be
necessary I1n-vivo to achieve eS|ra message | evel s [01631 In

eukar y oBecausy shieeprograninsablee curientipolse pergrqﬂnr waly dglesming dhgpiPpedancSdia i ¢ DNA
S equenceslutﬁigﬁoif é 8%189% (EJI\?/eselntt\%ose e%‘&ocifllgfc;thg hﬁﬁ}{@ﬁg@et&gent Ji&tl%?l » eg %‘é icht SO as to

expose 3° fon Si i's’srgnal s a speci a genous
pol yner m&)rtfbr aetemeinimp rtkd apprafriatedBeciidal Siifet® piBe PTheldH0S/ a’ﬂ%@ﬁlatl\sebout 200 A

resi dues end of the transcri RNA nDI nodi fi ed
i th t hrmepBmel o teedbeeorditag desist So i e b s PRuPRRERA o

ef fi ci eRididon, DAL Skillbd in Bk RRrcaf® ﬂb&gihermt@mbewef smtaue eyikmeyodlemd noh- i S
preferred that that term nator conprises a for the cl egvage of the
RNA, andvinmeirisalmsedleplestrofs agayg fbat doet deyiate r#é’tan es-‘ipaﬁ &Pd SEAPG r?gt @%

pol yadegyleatid nl“}féfdeP&%f@@%ﬁ&@tduﬁQ?ecﬁ@&%ﬂﬁh(aﬁ aRBEART inPRY dRQNNdk® | on site

el ements can serve to enhance nessage |levels and to mnimze read through
from t heould dwsearicd with gompirable §@q&%né@§dd{t®%mﬂlﬂp& Higste® sitescBA sl at ed

for usen{ 9&ﬁmhﬂ¥%&&h%@ah ﬁk&ﬂ@n. QR%@?§&§ﬁn]naFor of transcription

descri bad her el nomn one o ill in the art,

XII. Restriction Enzymes

[0178] In some embodiments of the present invention, a linear DNA fragment
is generated by restriction enzyme digestion of a parent DNA molecule. Examples of

restriction enzymes are provided below.

Name Recognition Sequence
Aatll GACGTC
Acc6b5 1 GGTACC
Accl GTMKAC
Acil CCGC
Acll AACGTT
Afel AGCGCT
AflIT CTTAAG
AflIII ACRYGT
Agel ACCGGT
Ahd]I GACNNNNNGTC
Alul AGCT
Alw1l GGATC
AlwN I CAGNNNCTG
Apal GGGCCC
ApaL 1 GTGCAC
Apol RAATTY
Ascl GGCGCGCC
Asel ATTAAT
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including but not limted to, for exanple, the term nation sequences of
genes, such as for exanple the bovine growmh hornone term nator or viral
t erm nat iwo csegurences, such as for exanple the SV40 ter nmpaattes02/395m9 cert ai n
enbodi ments, the termnation signal nmay be a |ack of transcribable or
transl at abl e sequence, such as due to a sequence truncation. VIII.

Pol yadenyl ati on Signals [01651 In expression, particularly eukaryotic
expression, one w |l pAwpically cvaodgr@gle a pol yadenyl ati on signal to effect
proper pol yadenyl ati qu,9f the tgawecei pt. The nature of the

pol yadenyl ati on si gnaly;fs not betiraged to be crucial to the successful
practice of the invejghon, andNamwpueOTARHURNCE may be enpl oyed.
Preferred enbodi ment g, ipg! ude e ®¢40 pol yadenyl ation signal, skeletal

al pha actin 3' UTR or 21§ Numan gGyR@vi ne growt h hornone pol yadenyl ati on

signal, convenient arfg] kpown toghl ¢on well in various target cells.
Pol yadenyl ati on may iggcs"rl'ease th%A%} lity of the transcript or may
facilitate cytopl asm ranspor Origins of Replication [01661 In

order to propagate ayector in Ccel |, it may contain one or nore
S . S BbvC 1T " - . . .

origins of replicatigfrsttes (OE ori ), which is a specific

nucl ei ¢ acid sequenc%ﬁ%tI whi ch Y n

isinitiated. Alternatively an
aut ononmously replicat sequeng ARS") can be enployed if the host cell
is yeast. X. Select agi%land scr e Markers [01671 In certain
embodi ments of the i BBhtion, c&PS cont ai ng a nucleic acid construct of
the present inventi oBghly be i dSHGNYNINGESitro or in vivo by including a
49 WD 03/ 049700 PCT/ 39509 A¥Ker in the expression vector. Such
mar kers woul d conf er Blali denti f C&IMNAGRange to the cell permitting easy
identification of celBmrkontai nA&gdAHe expression vector. Generally, a
sel ectabl e marker is Bmelthat c6df&iAGa property that allows for selection.
A positive sel ectablBsakdr ker | YASHEIRn which the presence of the nmarker
allows for its sel ectBsaBI whil e GATRNEFINATE sel ectable marker is one in
which its presence priadHAts itsGREI@GCCi on. An exanple of a positive
sel ect abl e marker is Bsadrug resiEYRBCTE marker.

Bsall CCNNGG
BsaW 1 WCCGGW
BseR 1 GAGGAG
Bsgl GTGCAG
BsiE I CGRYCG
BsiHKA I GWGCWC
BsiW 1 CGTACG
BslI CCNNNNNNNGG
BsmA I GTCTC
BsmB 1 CGTCTC
BsmF I GGGAC
Bsml GAATGC
BsoB1 CYCGRG
Bsp1286 1 GDGCHC
BspD 1 ATCGAT
BspE1 TCCGGA
BspH1 TCATGA
BspM I ACCTGC
BstB I CCGCTC
BsrD 1 GCAATG
BsrF 1 RCCGGY
BsrG 1 TGTACA
Bsr 1 ACTGG
BssH 1T GCGCGC
BssK 1 CCNGG
BstdC1 ACNGT

54



[0168] Usually the inclusion of a drug selection marker aids in the cloning
and identification of transformants, for exanple, genes that confer

resi st ancwotog/omgooryci n, puronyci n, hygromycin, DHFR, GPTpCczdsoz/sosend

hi stidinol are useful selectable markers. |In addition to markers
conferring a phenotype that allows for the discrimnation of transformants
based on the inplenentation of conditions, other types of markers including
screenabl e markers sugks ps GFP, caaoges basis is colorinetric analysis, are
al so contenpl ated. Alstgr pati veGEANSNNKNTGI e enzynes such as herpes

si npl ex virus thym digags 1 ki nasertégie’A or chl or anpheni col acetyl transferase
("CAT") may be utilizggOne of gekiNAccin the art would al so know how to
enpl oy i munol ogi ¢ mggkers, posgEpGNN® conj unction w th FACS anal ysis.
The marker used is ngiupel i evedcbgydag i nportant, so long as it is capable
of being expressed sigyffaneousgycf th the nucleic acid encoding a gene
product. Further ex3g gs of seE , screenabl e markers are well

v

known to one of skiIIBSnI t he ah EATEY Electroporation [0169] In certain
enbodi ments of the prEs i i nve E%%gxza nucleic acid is introduced into an
organelle, a cell, a pe or ismvia electroporation.

El ectroporation invol t he ex gg f a suspension of cells and DNA to a
hi gh-vol tage el ectri i schargg. -} me variants of this nethod, certain
cell wall-degrading mes, s pecti n-degradi ng enzynes, are

enpl oyed to render thRe®arget reci $it cells nore susceptible to
transformati on by eléé%loporatiéﬁ untreated cells (U S. Patent

No. 5, 384, 253, i ncor pd2detled her eCAN reference). Alternatively, recipient
celIs can be nade nd@lsuscept OWIE to transformati on by mechani cal
woundi ng and ot her nmd2indds kno@ATh the art. [0170] Transfection of
eukaryotic cells usiiradl ectropdldtirdn has been quite successful. Muse
pre-B | ynphocyt es haverafiden tr afdCdB¥RATW t h human kappa- 50 WO 03/ 049700
PCT/ US02/ 39509 i munagllobul i n GA@SNNROINGIC et al ., 1984), and rat

hepat ocyt es have beerEgidansfect ¥&GCh the chl oranpheni col

acetyl transferase gergg(ITur- Kaspe&IC@l ., 1986) in this manner.

EBarl CTICTTC
Ecil GGCGGA
EcoNI CCTNNNNNAGG
Ec0o01091 RGGNCCY
EcoR 1 GAATTC
EcoRV GATATC
Faul CCCGCNNNN
FnudH I GCNGC
Fok 1 GGATG
Fsel GGCCGGCC
Fspl TGCGCA
Hae II RGCGCY
Hae III GGCC

Hgal GACGC
Hhal GCGC

Hinc IT GTYRAC
Hind IT1 AAGCTT
HinfI GANTC
HinP1 I GCGC
Hpal GTTAAC
Hpall CCGG

Hphl GGTGA
Kas1 GGCGCC
Kpnl GGTACC
Mbo I GATC

Mbo I1 GAAGA
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[01711 The underlyi ng phenonenon of el ectroporation is believed to be the
sane in all cases, but the exact nechani smresponsible for the observed

ef fects hae mot97obeen el uci dat ed. Al t hough not wanti ng t o Poa/usorsudoby
theory, the overt manifestation of the electroporative effect is that cel
menbr anes becone transiently perneable to |arge nolecules, after the cells
have been exposed to electric pulses. There are conduits through cel

wal I s, which under naquifell circu@BiAdTeeEs, naintain a resting transmenbrane
potential of ca. 90 mMIby al |l owowgdyr -directional ionic mgration. [01721

Al t hough not wanti ng yr jbe boundiAlgyrdNrexN), el ectroporati on nmakes use of
the sanme structures, ﬂﬁ%Iforcingc@T@igh ionic flux through these structures

and opening or enlangidg the ceopdids. In prior art, netallic el ectrodes
are placed in contactyyith tissgegas and predeterm ned vol t ages,

proportional to the digfance bepweginikRTE! ectrodes are inposed on them
The protocol s used fc%ﬂghgptrop@&ﬁkmgﬁ are defined in terns of the
resulting field inte ML f €S, aceed ng to the fornmula E=V/d, where ("E") is

the field, ("V) s (i Iirrpose ("d") is the distance between
the el ectrodes. [017 e elec ? e Intensity E has been a very
i nportant value in pqﬁgr art Q mul ati ng el ectroporation protocols

for the delivery of é ug or ' l ecule into the cell of the subject.

Accordingly, it is pq%%%@le to E te any electric field intensity for

a variety of protocol&® applygﬁg' ;§ulse of predeterm ned voltage that
CTAGC

is proportional to t f¥dedf st ance n el ectrodes. However, a caveat is
that an electric fi e ed in a tissue with insul ated
electrodes (i.e. floWNsfl jons i necessary to create an electric
field). A though not Madlling toG¥dGound by theory, it is the current that
is necessary for sucddedVul el e&GNYWeration not electric field per se.

[ 01741 During el ectrdpetdati on, G8&HEECproduced is the product of the
interel ectrode i npedadmd, the sdC&C&Lf the current, and the pul se
duration. Heat is prNdlced dur AigCGAct roporation in tissues and can be
derived as the produdfspdf the | RCATG¥! ectrode current, voltage and pul se
duration. The protocdasIcurrent TTAAGSHNA bed for el ectroporation are
defined in terms of theRreésultioycGatd intensities E, which are dependent
on short voltage pul sggiof unkn@@ATGI rent. Accordingly, the resistance or
heat generated in a pAppue cangAcNINgegrter m ned, which | eads to varied

success with differempami CCANNNNNTGG
Plel GAGTC
Pme I GTTTAAAC
Pmil CACGTG
PpuM I RGGWCCY
PshA 1 GACNNNNGTC
Psil TTATAA
PspG 1 CCWGG
PspOM 1 GGGCCC
Pst1 CTGCAG
Pvul CGATCG
Pvull CAGCTG
Rsal GTAC
Rsr Il CGGWCCG
Sacl GAGCTC
Sac II CCGCGG
Sall GTCGAC
Sapl GCTCTTC
Sau3Al GATC
Sau96 GGNCC
Sbfl CCTGCAGG
Scal AGTACT
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51 WO 03/049700 PCT/ US02/ 39509 pul sed voltage el ectroporation protocols
with predeterm ned voltages. The ability to limt heating of cells across
el ect r odewoaasn4dnecr ease the effectiveness of any given elpextusopsssed i on
vol t age pul sing protocol. For exanple, prior art teaches the utilization of
an array of six needle electrodes utilizing a predeterm ned voltage pul se
across opposing electrode pairs. This situation sets up a centralized
pattern during an el ggtrjopor at iooNggent in an area where congruent and
intersecting overl apgpoi pts devgtewgExrcessi ve heating of cells and tissue
al ong el ectroporati ogepafh Wl lgkislfle the cells, and limt the effectiveness
of the protocol. Howgwer, symgtgiyael |y arranged needl e el ectrodes w thout

opposing pairs can E%gduce a q§ggﬂgﬁﬁhm§g@cﬁgttern during an

el ectroporation even an are no congruent el ectroporation
overlap points can d pp. [01 golling the current flow between
el ectrodes all ows on det er e relative heating of cells. Thus, it

is the current that rm nes bsequent ef fectiveness of any given
pul sing protocol, an the v ﬁEggéaacross the electrodes. Predeterm ned

vol tages do not prod redete currents, and prior art does not
provide a neans to d m ne th dosage of current, which limts the
useful ness of the teéﬁhﬁque trolling an nalntalnlng the current
in the tissue betweéflwo elecﬁﬁgﬁgg‘under a threshold will allow one to
vary the pul se condi Sibhs, red{l heating, create |ess cell death,

and i ncorporate nmacr &l ecul es CHWGWE%iIs more efficiently when conpared
to predeternined vol Sagd pul sesATI@APT One enbodi ment of the present
invention to overcondatiie aboveTCgAobl em by providing a neans to
effectively control f{Ifil dosage 6AVIEctricity delivered to the cells in
the inter-el ectrode gpidce by pr€tC&AY controlling the ionic flux that
i npinges on the condyels in theC¥GC nenbranes. The preci se dosage of
electricity to tissuggp4ah be GaSad ated as the product of the current
| evel , the pul se | engtsps@nid t heAdTber of pul ses delivered. Thus, a
speC|f|c enbodi ment afspRhe preseaGIGvention can deliver the
el ectroporative currqmﬁnnq a vobwonNMGTCssue along a plurality of paths
wi t hout, causing exocgs3l ve congeriact i on of cunul ative current in any one
Iocation, t her eby avgéang cel | CCANNNNNNNNNTG

cm

G
Xho 1 CTCGAG
Xma I CCCGGG
Xmn GAANNNNTTC

[0179]  The term "restriction enzyme digestion" of DNA as used herein refers
to catalytic cleavage of the DNA with an enzyme that acts only at certain locations in the
DNA. Such enzymes are called restriction endonucleases, and the sites for which each is
specific is called a restriction site. The various restriction enzymes used herein are
commercially available and their reaction conditions, cofactors, and other requirements as
established by the enzyme suppliers are used. Restriction enzymes commonly are
designated by abbreviations composed of a capital Jetter followed by other letters
representing the microorganism from which each restriction enzyme originally was
obtained and then a number designating the particular enzyme. In general, about 1 pig of
plasmid or DNA fragment is used with about 1-2 units of enzyme in about 20 ul of buffer
solution. Appropriate buffers and substrate amounts for particular restriction enzymes are
specified by the manufacturer. Incubation of about 1 hour at 37°C is ordinarily used, but
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death owing to overheating of the tissue. [01771 Al though not wanting to be
bound by theory, the nature of the voltage pulse to be generated is

det er m newbysilomat ure of tissue, the size of the sel ect @dTiiS8%89509 and

di stance between electrodes. It is desirable that the voltage pul se be as
honogenous 52 WD 03/ 049700 PCT/ US02/ 39509 as possi ble and of the correct
anplitude. Excessive field strength results in the lysing of cells,

wher easmay haW fil 8ddrdahéeefiththe eapplicss iimstiuediis e d fief ﬁﬂou‘aat';onoprotein or
el ectroporation. Sone _el ectroporatjon deV| ces utilize th .stg ce between

el ect r drdweptde i sqmayed byhextigpiden itk pheng) and chigrodry v m ned

vol t ag%‘e}é é%éldf fr re%B\?éféd PR Ad ARucotti fFacti6h | |b§rn§1%c ?muohanm ntghatﬂbe di st ance
bet ween electrodes is alimtation to the desig

B
t he pr oQigestivabyith g uestristion pnnyw raahbe Billowed ity baﬂfé%lra#i ﬁ‘ﬁpﬁmdgﬁggsien a
vol ume of, & S UF Q%%r {5 \ng?hﬁgst{o%@v%n tRewdi reduanes cié%w&le@ﬂs@f@CtFOdeS is
not a Cl‘ll d{ X % e FI

ermni'ng the appropriate electrical current
pul se. DNAriEeigmmt fram 'airclflatruzangl"\oe forerigaliclossdt loeif that wewd impasie desertioBle ar r ay

desi gn dl?eﬁj?}ﬁne that non tFXt% %1aebQﬁlless othe éj'sﬁLA{ hglggﬁﬁ)n%‘f* Iled in

t he art |'e" Symmetr non- synmmetri cal
needl e ghegitis @ﬁ@ot&bn@yéﬂ Eyhﬁ"t teﬂﬂnﬂbdepﬂesphaﬁyd}mbn dfrotdderes pind ir¢agemtsl facope of

the invention. The depth of each indi Vlwaij el ectrode within an array and
in the erpbpsnbaryiationgee COBWIHH as despii e onparabl e results. In

addition, nultiple injection sites for the macronolecul es could be added
to the needle electrode array. XMXAMAESESiction Enzynes [0178] In sone
enbodi ments of the present invention, a linear DNA fragnent i s generated

RGP 1 el M AR R e TG
GACGTC ¢ fi6sfiRetts HthAGKveAGsh. 11t SAOMEAS apPeiciatedBgEhose of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in
light of the present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result without departing

from the spirit and scope of the invention.
EXAMPLE 1
CONSTRUCTION OF DNA VECTORS AND METHODS IN ANIMAL SUBJECT

[0181] In order to treat anemia; increase total red blood cell mass; reverse the
wasting; reverse abnormal weight loss; treat immune dysfunction; reverse the suppression
of lymphopoesis; or extend life expectancy for the chronically ill subject, it was first
necessary to design several GHRH expression constructs. Briefly, the plasmid vectors
contained the muscle specific synthetic promoter SPc5-12 (Li et al., 1999) attached to a
wild type or analog porcine GHRH. The analog GHRH sequences were generated by site
directed mutagenesis as described in methods section. Nucleic acid sequences encoding
GHRH or analog were cloned into the BamHI/ HindIII sites of pSPc5-12 plasmid, to
generate pSP-GHRH. Other elements contained in the plasmids include a 3' untranslated

region of growth hormone and an SV40 3'UTR from pSEAP-2 Basic Vector as described
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Acl | AACGIT Afe | AGCGCT Afl Il CITAAG Afl 111 ACRYGT Age | ACCGGT Ahd
| GACNNTNNNGTC Alu 1 ACGCT Alw | GGATC AIWN | CAGNNNCTG Apa | GEECCC  Apal
| GTGCAC Wp@3I4RMATTY Asc | GBCGCECC Ase | ATTAAT 53 WOPQR/IBA9TB09
PCT/ US02/ 39509 Ava | CYCGRG Ava Il GGACC Avr 11 CCTAGG Bae |
NACNNNNGTAPYCN BanH | GGATCC Ban | GGYRCC Ban Il GRGCYC Bbs | GAAGAC
Bbv | GCAGC BbvC | CCTCAGC Bcgl CGANNNNNNTGC Bci VI GTATCC Bcll TGATCA

in the methods section. The unique nucleic acid sequences for the constructs used are

shown in Figure 1.

[0182] DNA Constructs: Plasmid vectors containing the muscle specific
synthetic promoter SPc5-12 (SEQID# 7) were previously described (Li et al., 1999). Wild
type and mutated porcine GHRH cDNAs were generated by site directed mutagenesis of
GHRH c¢DNA (SEQID# 9) (Altered Sites II in vitro Mutagenesis System, Promega,
Madison, WI), and cloned into the BamHI/ Hind III sites of pSPc5-12, to generate pSP-wt-
GHRH (SEQID# 15), or pSP-HV-GHRH (SEQID# 11), respectively. The 3' untranslated
region (3'UTR) of growth hormone was cloned downstream of GHRH cDNA. The

resultant plasmids contained mutated coding region for GHRH, and the resultant amino
acid sequences were not naturally present in mammals. Although not wanting to be bound
by theory, the effects on treating anemia; increasing total red blood cell mass in a subject;
reversing the wasting; reversing abnormal weight loss; decreasing tumor growth;
preventing kidney failure; treating immune dysfunction; reversing the suppression of
lymphopoesis; or extending life expectancy for the chronically ill subject are determined
ultimately by the circulating levels of mutated hormones. Several different plasmids that
encoded different mutated amino acid sequences of GHRH or functional biological

equivalent thereof are as follows:

Plasmid Encoded Amino Acid Sequence

wt-GHRH YADAIFTNSYRKVLGQLSARKLLODIMSROQGERNQEQGA-OH (SEQIDi#10)
HV-GHRH HVDAIFTNSYRKVLAQLSARKLLODILNRQOGERNQEQGA-OH (SEQIDi#1)

TI-GHRH YIDAIFTNSYRKVLAQLSARKLLQDILNRQOGERNQEQGA-OH (SEQID#2)

TV-GHRH YVDAIFTNSYRKVLAQLSARKLLQODILNRQOGERNQEQGA-OH (SEQID#3)
15/27/28-GHRH YADATFTNSYRKVLAQLSARKLLODILNRQQGERNQEQGA-OH (SEQID#4)

[0183] In general, the encoded GHRH or functional biological equivalent

thereof is of formula:

-X,; -X,~-DAIFTNSYRKVL-X;-QLSARKLLQDI -X4-X5 -RQOGERNQEQGA-OH (SEQID#6)
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Bfa | CTAG Bgl | GCCNNNNNGGC Bglll AGATCT Blp | GCTNAGC Bnr | ACTGGG
Bp-m CTGGAG BsaA | YACGIR BsaB | GATNNNNATC BsaH | GRCGYC Bsa | GGICTC
BsaJ | COMBN@Z04Bs@aW | WCCGGW BseR | GAGGAG Bsg | GTGCAGPCBAISE/B9SBERYCG
Bsi HKA | GAMGCWC Bsi WI CGTACG Bsl | CCNNNNNNNGG BsmA | GTCTC BsnB |
CGICTC BsnF | GGGAC Bsm | GAATGC BsoB | CYCGRG Bspl2861 GDGCHC BspD |
ATCGAT BspE | TCCGGA BspH I TCATGA BspM | ACCTGC BsrB | CCGCTC

wherein: X; is a D-or L-isomer of an amino acid selected from the group consisting of
tyrosine (“Y”), or histidine (“H”); X is a D-or L-isomer of an amino acid selected from
the group consisting of alanine (“A”), valine (“V*), or isoleucine (“I”); X3 is a D-or L-
isomer of an amino acid selected from the group consisting of alanine (“A”) or glycine
(“G”); X4 is a D-or L-isomer of an amino acid selected from the group consisting of
methionine (“M”), or leucine (“L”); X5 is a D-or L-isomer of an amino acid selected from

the group consisting of serine (“S”) or asparagine (“N”).

[0184]  Another plasmid that was utilized included the pSP-SEAP construct
(SEQID# 16) that contains the Sacl/ HindIII SPc5-12 fragment, SEAP gene and SV40
3'UTR from pSEAP-2 Basic Vector (Clontech Laboratories, Inc.; Palo Alto, CA).

[0185] The plasmids described above do not contain polylinker, IGF-I gene, a

skeletal alpha-actin promoter or a skeletal alpha actin 3' UTR /NCR. Furthermore, these
plasmids were introduced by muscle injection, followed by in vivo electroporation, as

described below.

[0186] Interms of “functional biological equivalents™, it is well understood by
the skilled artisan that, inherent in the definition of a "biologically functional equivalent”
protein and/or polynucleotide, is the concept that there is a limit to the number of changes
that may be made within a defined portion of the molecule while retaining a molecule with
an acceptable level of equivalent biological activity. Functional biological equivalents are
thus defined herein as those proteins (and polynucleotides) in selected amino acids (or
codons) may be substituted. A peptide comprising a functional biological equivalent of
GHRH is a polypeptide that has been engineered to contain distinct amino acid sequences
while simultaneously having similar or improved biologically activity when compared to
GHRH. For example one biological activity of GHRH is to facilitate growth hormone
(“GH”) secretion in the subject.

[0187]  Large Animal Studies: Healthy Dogs: A group of 4 dogs (2 males and

2 females) were used as controls and 3 groups of 8 dogs (4 males and 4 females) were
injected with the pSP-HV-GHRH system. The dogs were injected with vehicle alone
(control), or 200meg, or 600mcg or 1000mcg of pSP-HV-GHRH followed by caliper

electroporation.
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BsrD 1 GCAATG BsrF I RCCGGY BsrG 1 TGIACA Bsr | ACTGG BssH Il GCGCGC
BssK | CCNGG Bst4C | ACNGT 54 WO 03/049700 PCT/ US02/ 39509 BssS | CACGAG
Bst AP | GUONBHNNMIGC BstB | TTCGAA BstE |1 GGITNACC Bst F5 PCT@ESATEINDO Bst N |
CONGG BstU I CGCG Bst X | CCANNNNNNTGG BstY | RGATCY BstZl 7 | GIATAC
Bsu36 | CCTNAGG Btg CCPuPyGG Btr | CACGTG Cac8 | GCNNGC Ca | ATCGAT
Dde | CTINAG Dpn | GATC Dpn Il GATC Dra | TTTAAA Dra |11 CACNNNGIG

[0188] Cancer Dogs: Fifteen dogs with spontaneous malignancies were used

in GHRH studies. The dogs were injected with 100 mcg/kg to a total of no more than
1000 mcg pSP-HV-GHRH. Four dogs died or were euthanized at owner’s request within
the first three days after the plasmid injection from unrelated complications of their
advanced disease. The condition of inclusion in our study was a survival of at least 14
days post-injection (in order to allow for plasmid activation and expression of GHRH from
the skeletal muscle), when a second blood draw could be made. Eleven dogs were
analyzed in this study. The animals were under specific treatment using either
chemotherapy, radiotherapy or combination therapy (see Figure 18). The animals were
weighed and bled before the treatment and at 9-27 and 28-56 days post-injection. At each
time point complete CBC and metabolic profile was assessed by the same independent
laboratory (Antech Diagnostics, Irvine, CA). Wellness forms were completed by owners
at each visit. Nineteen non-injected dogs with spontaneous malignancies, in treatment in
the clinic in the same time window, were used as contemporary controls. The quality of
life in the treated patients increased. No adverse effects linked to the therapy were noted
by owners. Three owners noticed a dramatic improvement in the general well-being of the

treated dog compared to pre-injection status.

[0189] Electroporation devices: A BTX T820 generator (BTX, division of

Genetronics Inc., CA) was used to deliver square wave pulses in all experiments. We used
voltage conditions of 100V/cm, 6 pulses, 60 milliseconds per pulse. Two- needle
electrodes (BTX, a division of Genetronics Inc., CA) were used to deliver in vivo electric

pulses. In all injections the needles were completely inserted into the muscle.

[0190] Intramuscular injection of plasmid DNA in Canine subjects: Four

groups of healthy Canines (“dogs”) subjects, 8-12 kg in weight, were used for
biodistribution -toxicology studies. Three groups of 8 dogs (4 males and 4 females) were
injected with 200 mcg, 600mcg and 1000 meg of pSP-HV-GHRH, respectively. A group
of 4 dogs (2 males and 2 females) were used as controls. Animals were continuously
monitored for side effects. In addition, two groups of dogs with cancer (spontancous
malignancies) were used. Animals were maintained in accordance with NIH Guide,
USDA and Animal Welfare Act guidelines, and approved by the Baylor College of
Medicine IACUC.
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Drd |
EcoN |

CCCGCNNNNvOMan44400  GCNGC Fok |

Kas |

GACNNNNNNGTC  Eae | YGGCCR Eag | CGECCG Earl CTCTTC Eci GGCGGA
CCTNNNNNAGG Ecod 091 RGGNCCY EcoR | GAATTC EcoR V GATATC Fau |

GECGCC Ipn Il GGTACC Mo | GATC Moo |1 GAAGA
[0191] Endotoxin-free plasmid (Qiagen Inc., Chatsworth, CA, USA)

preparation of pSPc5 12-HV-GHRH were diluted in PBS pH=7.4 or water to 5 mg/mL.
Dogs were injected before their regular treatment administration. For dogs on
chemotherapy, the injection was administered at no less than 5 days before/ after the
medication. The dogs were anesthetized with Propafol (Abbott Laboratories, IL) 4-8
mg/kg. While anesthetized, 100 pg/kg to a maximum of 1 mg of plasmid was injected
directly into the semitendinosus muscle of dogs, using an 3/10 cc insulin syringe and
29G1/2” needle (Becton-Dickinson, Franklin Lacks, NJ). Two minutes after injection, the
injected muscle was electroporated, 6 pulses, 100V/cm, 60 milliseconds/pulse, using a
BTX T820 electroporator and two-needle electrodes (BTX, a division of Genetronics Inc.,
CA), as described (Miklavcic et al., 2000). In all injections the needles were completely

inserted into the muscle. Animals were allowed to recover before rejoining their owners.

[0192]  Although in vivo electroporation is the preferred method for delivering
the nucleic acid constructs into the cells of the subject, suitable methods for nucleic acid
delivery for transformation of an organelle, a cell, a tissue or an organism for use with the
current invention are believed to include virtually any method by which a nucleic acid
(e.g., DNA) can be introduced into an organelle, a cell, a tissue or an organism, as
described herein or as would be known to one of ordinary skill in the art. Such methods
include, but are not limited to, direct delivery of DNA such as by ex vivo transfection
(Nabel et al, 1989; Wilson et al, 1989), by injection (U.S. Patent Nos. 5,994,624,
5,981,274, 5,945,100, 5,780,448, 5,736,524, 5,702,932, 5,656,610, 5,589,466 and
5,580,859, each incorporated herein by reference), including microinjection (Harland and
Weintraub, 1985) U.S. Patent No. 5,789,215, incorporated herein by reference); by
electroporation (U.S. Patent No. 5,384,253, incorporated herein by reference; (Potter et al,
1984; Tur-Kaspa et al., 1986); by calcium phosphate precipitation (Chen and Okayama,
1987; Graham and van der Eb, 1973; Rippe et al, 1990); by using DEAE-dextran
followed by polyethylene glycol (Gopal, 1985); by direct sonic loading (Fechheimer et al.,
1987); by liposome mediated transfection (Hafez et al., 2001; Hamm et al., 2002; Madry
et al., 2001; Raghavachari and Fahl, 2002; Wiethoff et al., 2001) and receptor-mediated
transfection (Wu and Wu, 1988a; Wu and Wu, 1988b); by microprojectile bombardment
(PCT Application Nos. WO 94/09699 and 95/06128; U.S. Patent Nos. 5,610,042;
5,322,783 5,563,055, 5,550,318, 5,538,877 and 5,538,880, and each incorporated herein
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55 WD 03/ 049700 PCT/ US02/39509 Me | CAATTG MLul ACCCGT My | GAGICNNNNN
Ml 1 CCTC Mscl TGGCCA Mse | TTAA Msl 1 CAYNNNNRTG MspAll CMGECKG Msp |
CCGG Mvo WOGSNHIMNDINNNGC Nae | GCCGGC Nar | GGCGCC Nei | @CI®S02/Bds0d CCATCG
Nde | CATATG NgoM V GCCGEC Nhe | GCTAGC N a Il CATG N a IV GEGINCC
Not | GCGECCGC Nru | TCECGA Nsi | ATGCAT NWI RCATGY Pac | TTAATTAA
PaeR7 | CTCGAG Pci | ACATGT PfIF | GACNNNGTC

by reference); by agitation with silicon carbide fibers ((Johnson et al., 1992); U.S. Patent

Nos. 5,302,523 and 5,464,765, each incorporated herein by reference); by
Agrobacterium-mediated transformation (U.S. Patent Nos. 5,591,616 and 5,563,055, each
incorporated herein by reference); by PEG-mediated transformation of protoplasts
(Omirulleh et al, 1993); U.S. Patent Nos. 4,684,611 and 4,952,500, each incorporated
herein by reference); by desiccation/inhibition-mediated DNA. uptake (Potrykus et al.,
1985), and any combination of such methods. Through the application of techniques such
as these, organelle(s), cell(s), tissue(s) or organism(s) may be stably or transiently

transformed.

[0193] Body_ weight data: Animals were weighted before the plasmid

injection and at 14, 28 and 56 days post injection using the same calibrated scale.

[0194] Protein Metabolism, Bone metabolism and Blood values: Blood and

urine samples were collected before plasmid injection, and at 14, 28 and 56 days post-
injection, and analyzed for biochemistry, metabolisms and hormone. At each time point
complete CBC and metabolic profile was assessed by the same independent laboratory

(Antech Diagnostics, Irvine, CA).

[0195]  Plasma IGF-I: IGF-I levels were measured by heterologous human
radioimmunometric assay (Diagnostic System Lab., Webster, TX). The sensitivity of the
assay was 0.8 ng/ml; intra-assay and inter-assay variation was 3.4% and 4.5%

respectively.

[0196]  Statistics: Data are analyzed using STATISTICA analysis package
(StatSoft, Inc. Tulsa, OK). Values shown in the Figures are the mean *+ s.e.m. Specific P
values were obtained by comparison using ANOVA. A P < 0.05 was set as the level of

statistical significance.
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Pf1 M1 CCANNNNNTGG Plel GAGIC Pne | GITTAAAC Pm |l CACGTG PpuM | RGGWCCY
PshA | GACNNNNGTC Psi | TTATAA PspG | COWGG PspOM | GGGECCC  Pst | CTGCAG
Pvu | CGAYO@3/0roo |1 CAGCTG Rsa | GIAC Rsr || CEGONMCCG  SRCTIUSEXSISILC Sac
Il CCECGG Sall GICGAC Sap | GCTCTTC Sau3A | GATC Sau96l GGNCC Sbf |
CCTGCAGG Sca | AGTACT 56 WO 03/049700 PCT/ US02/ 39509 ScrF I CCNGG SexA |
ACCWSGT SfaN | GCATC Sfc CTRYAG Sfil GGCCNNNNNGGCC

EXAMPLE 2
LOW VOLTAGE ELECTROPORATION FOR DNA UPTAKE
AND EXPRESSION IN AN ANIMAL SUBJECT

[0197] Direct intra-muscular plasmid DNA injection followed by
electroporation is a method for the local and controlled delivery of plasmid DNA into
skeletal muscle. It has the advantage that is uses low plasmid quantities (as low as 0.1 mg),
rather than the high quantities typically used with passive delivery modalities. Although
not wanting to be bound by theory, the mechanism of the increased plasmid uptake by
electroporation probably occurs through newly created membrane pores with or without
protein active transport. Although not wanting to be bound by theory, the degree of
permeabilization of the muscle cells is dependent on the electric field intensity, length of
pulses, shape and type of electrodes (Bureau et al., 2000) (Gilbert et al., 1997), and cell
size (Somiari et al.,, 2000). Classical electrode configuration, plates or a pair of wire
electrodes placed 4 mm apart were shown to be effective in rodents, but in large mammals
as pigs or humans the increased resistance of the skin, the thickness of the subcutaneous
fat tissue, and the concern for tissue damage if the intensity of the electric field would be
proportionally increased, make these types of electrodes unpractical. The porcine or dog
muscle fibers are quite large and consequently more suitable for electropermeabilization
than rodent muscle. In this report, we show that a single injection various dosages of
GHRH or analog nucleic acid sequences followed by electroporation with intramuscular
applicators, in a large mammal is sufficient to produce therapeutic plasma hormone levels,
with biologically significant effects that can treat anemia, reverse wasting, allow the

subject to gain weight, and extend life expectancy of the chronically ill.

[0198] The pSP-HV-GHRH system was delivered to the left tibialis anterior
muscle of healthy dogs via in vivo electroporation. A group of 4 dogs (2 males and 2
females) were used as controls and 3 groups of 8 dogs (4 males and 4 females) were
injected with the pSP-HV-GHRH system. The dogs were injected with vehicle alone
(control), or 200mcg, or 600mcg or 1000mcg of pSP-HV-GHRH followed by needle
electroporation. An indication of increased systemic levels of GHRH and GH is an

increase in serum IGF-I concentration. Therefore, following 28 days post injection blood
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Sfo I GECGECC SgrA | CRCCGGYG Smal CCCGGG Smil CTYRAG SnaB | TACGTA Spe
| ACTAGT Sph | GCATGC Ssp | AATATT Stu | AGECCT Sty -1 CCWAMGG Swal
ATTTAAAT WOagnd970CGA Tfi GAWIC T1i | CTCGAG Tse | GONGEBCTASPAHS04GTSAC
Tsp5091 AATT TspR I CAGIG Tthllll GACNNNGIC Xba | TCTAGA Xcm |l CC TG G
Xho | CTCGAG Xmal CCCGGEG Xmml GAANNNNTTC [0179] The term "restriction
enzyne di gestion"” of DNA as used herein refers to catalytic cleavage of

t he DNAsa#idh a8 Bo BB Bt doas tWereliffeted@ivitt @& hidlealdne ¢ednitioNSori 200inbg  DNA.
Such enzynes are called restriction endonuge: eases, .and 't%ﬁ ié for which
A% 'sﬁﬁe gf‘rl

each i sor 8mepior d00QmegfiRSE-B V@R Hiagd 1@k d5vels Wern deigapip i ction
enzy mes 145k Gorl /a8 iffe Cwith 600 meg were 3-fold higher than the control (vehicle alone)
treated animals (Figure 2). The increase in IGF-I levels was statistically significant
(p<0.046). Although animals injected with 200 mcg and 1000 mcg of plasmid showed
higher IGF-I levels than controls, the IGF-I levels were lower than animals injected with
600 mcg. Increased IGF-I levels corresponding to higher GHRH levels are in agreement
with other studies that utilized recombinant porcine GH (“pGH”) in dogs. For example,

there were dose-related increased serum IGE-I levels (approximately 2-10-fold) that

correlated with the elevated serum GH levels in pGH-treated dogs.

[0199] Although not wanting to be bound by theory, growth hormone releasing
hormone (GHRH) stimulates the production and release from the anterior pituitary of
growth hormone (GH), which in turn stimulates the production of IGF-I from the liver and
other target organs. Thus, an indication of increased systemic levels of GHRH and GH is
an increase in serum IGF-I concentration. The level of serum IGF-I in healthy dogs
injected with 200, 600 and 1000 mcg of pSP-HV-GHRH were all higher 28 days post-
injection when compared to the pre-injection values. Dogs injected with 600 mcg pSP-
HV-GHRH showed the highest statistically significant increase (e.g. greater than 90%, p
<0.046) in IGF-I levels, which indicates that 600 mcg may be the optimal concentration
for healthy dogs.

EXAMPLE 3
INCREASED SURVIVAL IN ANIMAL SUBJECTS WITH CANCER

[0200] Eleven injected dogs with cancer had survived for at least 56 days after
the injection, and complete data was collected in all cases. The dogs enrolled in the study
were in a relatively advanced stage of their disease (206 days since the beginning of the
therapy). The average survival post-injection is listed in Figure 18. At the time this
application was prepared, 8 out of the eleven treated dogs were still alive (average survival
post injection 150.6 days). The 19 control dogs were in a less advanced stage of disease
and had an average survival of 56 days after the initial diagnosis. In contrast, after the

enrollment into the present study the average survival post enrolment was 162.5 days. Five
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commercially available and their reaction conditions, cofactors, and ot her
requirenments as established by the enzyne suppliers are used. Restriction
enzymes cwormsolyoar e desi gnat ed by abbrevi ati ons conposedcafusaz/zapi t al
letter followed by other letters representing the m croorgani smfrom which
each restriction enzyne originally was obtained and then a nunber
designating the particular enzynme. In general, about 1 tg of plasmd or
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t echni qtiet-sii 8)sqmerinjedtidnne Adtkeuphl asmuliinjbctéd With\200epg @sd 100trechof ques

di scovered by the_ _|nventor t,c}g%‘ﬂjgcti on . we acti.ce of the

i nvent i 8ksmighthoprd gherbady veedd) P SENGFQS: tﬁel)w!%lgn]i‘t% [‘]ﬁ%éé) SRR es for

its praglitds wiiPweosds THQSRss afdh bbod idicher Mht thé hetbelisth Bf theidggy of the
present disclosure, appreciate that nmany changes can be

made .in the
speci f i éecsethwah PEREY -WHERIh wap altered dn adlese dgpandept opnnskt 4p ﬁdfﬁtH'Pr}: K2e or
simlar a&&a@fmg@h %&m 56 RaHH WG bl hRSiusitin dGRRH A&rR8icAEs the

i nvention.
the levels of GH were increased. This observation is in agreement with other studies that

utilized recombinant porcine GH (pGH) in dogs. In one of these studies, recombinant
pGH was administered for 14-weeks in dogs. Porcine GH caused increased body weight
gain in mid - and high-dose groups (2.8 kg and 4.7 kg, respectively), compared to 0.4 kg

and 0.8 kg in control and low-dose groups, respectively.
EXAMPLE 5

GHRH OR BIOLOGICAL EQUIVALENT TREATMENT IMPROVES PROTEIN

UTILIZATION IN HEALTHY DOGS

[0202]  Figure 15 shows the changes in values associated with protein
metabolism in healthy dogs injected with different concentrations of the pSP-HV-GHRH
plasmid. Many values that indicate protein metabolism were monitored for 56 days
including: AST, ALT, T. bilirubin, Alk Phos, GGT, total protein, albumin, globulin, A/G
ratio, Cholesterol, BUN and creatinine. Groups of 8 dogs (4 males and 4 females) were
injected with 200 mcg, 600mcg and 1000 mcg of pSP-HV-GHRH. A group of4 dogs (2

males and 2 females) were used as controls. Dogs injected with 200, and 600mcg of
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CONSTRUCTI ON OF DNA VECTORS AND METHODS IN ANI MAL SUBJECT [01811 In order
to treat anem a; increase total red blood cell nass; reverse the wasting;
reverse awpasied7omei ght | oss; treat inmune dysfunction; r@cense2/s45e9
suppression of |ynphopoesis; or extend |ife expectancy for the chronically
ill subject, it was first necessary to design several GHRH expression
constructs. Briefly, the plasm d vectors contained the nuscle specific

Synlt het ip@sRidnRt mbresﬁﬁﬁmm pfolltéin @dveB) . All 19693d gicups hed dightly deéjrébadect ype or
anal og porcine G4RH. The anal g GHRH sequences were_generated by site

di r ect edfShseBgRA Fith °8§tr‘&§§@?‘ihb‘éﬂmﬁﬂ Og%‘?qﬂﬁ\ffél p§%t81tni“t5‘}igatﬂﬁ'cl eic acid
sequences encoding GHRH or anal og were cloned into the BanH / Hindl I
sites of pSPc5-12 plasmd, to oeRAMPEERSP-CGHRH O her el enents contai ned
in the plasmds include a 3' untranslated region of growth hornone and an

Sv40 3' UTR from pSEAP- 2 Basic Vector as described 58 V\B 0 /€4§%00
PCT/ US02/GHBSHOR BIQLQGIEARFHRUEGALEYT TREATYHENL DORR NOTAERE Isequences
for the constructs used are shown in Fiqure 1. [0182] DNA Constructs:
Pl asnid vect orGLEEESE ME?’g‘BﬂblméUlféEébgﬁﬁAH SHBIEETHr onpt er SPc5- 12
(SEQ D# 7) were previously described (Li et al., 1999). WIld type and

nmut at ed por ci : e j i t esi s of
G CONA (STl o) SRt e RS TTVFR o ¢ PR soane wilt ST

Pr orrega compbrtintsan healfhy, dogs ihjestedrieith dififersnt prncerdrabipns of theip$h-HVs of
SPc5-12, 1 - W= E . - Hh/: FQ D# 11),
pore Pplag yd.' 9%%5@&%&%’?1@ avsytf?llog_s'%éé —Q’V%? %ﬁ{(ﬁl%ﬁlbﬁg —l_ﬁ/ed}?@grc(eﬁ Q )

respecti‘ve ranstated Tégion r owt nohe was
cl oned diviks hemagiobih; BERE Iebifacrifl lve packed utlt avltmp) MEWV -6 sicarocdrpusealdr mut at ed

coding re iongé GiRH, and the resulta ino acid s nces.were not
nat ur al IVQR‘H?% (?F[r[ — HeqesanRsgular efnr?gtl? i %?ﬁ%nﬁe%c%usﬁﬁg%uﬁeﬁw&%b% t heory,
the ef f @ehden@idnf eatd 0, as¥eRBuBopHibe Ig®si N6 toftigmplicgicl| momb%el % phiss in a
subj ect; reversing the wasting; reversing abnornal wei Srg)tl_hl ois- decr easi ng
tumpr  grRARPRYIES; 08V ¥nt i g OkicareRphiisi Pag & 1 reaf| %OP@% Py s fasHis i on;
rever si nEhJdiEeRtRR PESRAAD pRithrom¥AB QRAGRIf itatRle; BRE SfIsteBE: BUNE By Rect ancy
for the chronicall'y ill subject are determ ned ulti nat el y by the
ci r cul atvreagpifreseal/ yre8f nut at ed hormones. Several different plasmids that
[0204] Many blood component values were monitored for 56 days including:

WBC, RBC, HGB, PCV, MCB, MCH, MCHC, n%, lym% mono% eos %, Bas %, LDH,

Prothom, Qnt. Plat. Groups of 8 dogs (4 males and 4 females) were injected with 200

mcg, 600mcg and 1000 mcg of pSP-HV-GHRH. A group of 4 dogs (2 males and 2

females) were used as controls. No statistical differences were found between

experimental and control groups. However, circulation lymphocytes decreased with the

increase in the plasmid dosage, sign of lymphocyte sequestration in the lymphatic organs.

Importantly, glucose levels in all experimental groups and controls are within the normal

range, which indicates that our therapy does not impair glucose metabolism.
EXAMPLE 7

GHRH OR BIOLOGICAL EQUIVALENT TREATMENT EFFECTS BONE
REMODELING
[0205] Figure 17 shows the changes in values associated with bone metabolism in
healthy dogs injected with different concentrations of the pSP-HV-GHRH plasmid. The
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encoded different nmutated am no acid sequences of GHRH or functi onal

bi ol ogi cal equivalent thereof are as follows: Plasm d Encoded Ami no Acid
Sequence WD-0GIRIA00/ADAI FTNSYRKVL GQL SARKLL QDI MSRQQGERNQEQGAPOH/ ((SBESISDH 10)
HV- GHRH HVDAI FTNSYRKVLAQLSARKLL QDI LNRQQGERNQEQGA- OH ( SEQ D#1) Tl - GHRH

YI DAl FTNSYRKVLAQLSARKLLQDI LNRQQGERNQEQGA- OH ( SEQ D#2)  TV- GHRH

YVDAI FTNSYRKVLAQL SARKLL QDI LNRQQGERNQEQGA- OH ( SEQ D#3) 15/ 27/ 28- GHRH

YADAI FT stk QaARK La @l al RSB QX at ioHwhStdnDére)l {00 1583dayk mogiener al |

t he encoded GHRH or functional biql ogi cal equjval %nt. er eof 65 of

f or mul ainjeckion.xGrquas pirRideaddhmoales-anf § ARRR PV TSRS F?Q@c%&ﬁ%rﬁﬁﬁ ( SEQ D#6)
59 WO Oéﬂ@f&ﬁq{%cgpﬁys@ﬁ%l@ﬁﬁ% A@fb%{;_%m dogf (2 18alés XY fehmlesPREE ugdd an ami no

acid selected from'the group consisting o tyrosine ("Y"), or _histidine
("H'); X@cémirols. Degs injerted miasmigt hathamincisased Gad Qetatie tthay WasdwoRoHionar oup

consi st hg tfl)é do%%%%f@l’?e t('eaéngnt, %@&ﬁ 136 sgn%'f ))g?neq{embgé?ﬁgpc' ne ("I . ) X31s a
D-or L- ISoner an am no acld sel'ected fromthe group consisting of
alanine ("A") or glycine ("G'); X4 is a D-or L-isomer of an am no acid
sel ected fromthe group consisti BYAMPLE®t hi onine ("M'), or leucine ("L");
X5 is a Dor L-isoner of an amno acid selected from the group consisting

i1 zea 1 SRR pRORRIGR A E QU e IR R IENDLTE he - the
Basi ¢ Vector (G oneRhCIRRGT ARy COSONFEAELI Bt T OTEE

pl asm ds descri bed above do not contain polylinker, G-I gene, a skeletal
al pha-actin po6jpt eFignre 88 shedsethaldiaghglisa sgecificnth&apyJehari ddRurEwaltfrer nor e,

these plasm.ds were introdyced by myscle iniection, fgllo by,in vivo
el ect r o8V ponigaeoys canaer ﬁ@ﬁl WS BSF e‘f?ﬁ% gi}%elrﬂlt tcgl?di?gtr%fo s \fl)\ﬁtg‘% f }I’{%'nal
bi ol ogi ¢af-GerrU YREBIAL Sihe stiddyl Srows) treathig rddte) @b iy gs, tchkees ksipk| add dayd i san
that, inherent 1n the defmtjon of a "bi (t)l ogi cal Isy functi onal equival ent”
survived post-treatment are indicated. Groups of dogs with spontaneous cancer were
injected with 100 mcg/Kg body weight to a total of no more than 1000 mcg of pSP-HV-

GHRH. In addition, dogs treated with pSP-HV-GHRH had an improved quality of life.
EXAMPLE 9

GHRH OR BIOLOGICAL EQUIVALENT TREATMENT POSITIVELY

AFFECTS IMMUNE FUNCTION IN CANCER SUBJECTS

[0207] Figure 19 shows the changes in values associated with blood
components in dogs with spontaneous cancer injected with different concentrations of the
pSP-HV-GHRH plasmid. Many blood component values were monitored post injection
including: WBC/HPF, RBC/HBF, HGB, %PCV, MCV, MCH, MCHC, n%, lym% mono%
eos %, Bas %. Groups of dogs with spontaneous cancer were injected with 100-1000
meg/Kg body weight of pSP-HV-GHRH. Overall dogs treated with the pSV-HV-GHRH
plasmid therapy, had increased RBC hemoglobin and hematocrit levels two weeks post-
injection compared with un-injected controls. In addition, treated dogs have a significant
decrease in the levels of circulation white blood cells (usually associated with increase of
white blood cells (WBC) in the lymphatic organs but an increase in lymphocyte

percentage. Treated animals showed a significant increase in the circulating lymphocytes
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protein and/ or polynucleotide, is the concept that thereis alimt to the
nunber of changes that nay be made within a defined portion of the

nol ecul e whioB®497ed ai ni ng a nol ecule with an acceptabl e | ecalusot/39qui val ent
bi ol ogi cal activity. Functional biological equivalents are thus defined
herein as those proteins (and pol ynucl eotides) in selected am no acids (or
codons) may be substituted. A peptide conprising a functional biological
equi val entheGhrly CﬂﬂBhboﬁlﬁs pospaljscuieRtisie £ bal war.peen1engp Red4schst/prilcont ai n

di stinct_am no acid sequences _while sinmultaneous|y haV| ng simlar or

i mpr ove(ﬁ:oEi‘FrélW@éhﬁ“&lyﬁ’émfiﬁeﬂgﬂ%éﬁthewﬁg‘éﬁtﬁ%e @ DrFor exanpl e one

bi ol ogical activity of GHRHis to facilitate growmh hornone ("GH')
secretion in the subject. [0187]pxtanvoa.FAg el Studies: Healthy Dogs: A
group of 4 dogs (2 nales and 2 fenales) were used as controls and 3 groups
of 8 dogs (4 nmales and 4 fenales) were ected W th the pSP-HV-

system @%%L@Gﬂ@e%&lﬂ WEWM MENTSH @MBENDF)FIC&ALZOONCQ or
600ntg or 1000ntg of pSP-HV-GHRH f ol | owed }i/xcali er electroporation. 60

WO 03/ 049700 PCT/ US02/ 3$5ECTONBOLICHEAM/THR POGE f t een dogs with
spont aneous nalignanci es were used in GHRH studi es. The dogs were injected

wi th 100 ”Cg/m LO q:lé'ugé &g %fhoéw {fRT EnanPAN in %h%sngﬁﬂaﬁg Wnﬁ’*ﬁila‘od Four dogs

died or were euthani zed at owner's requést wt I rst ree days
after tleempbrentsi th bl ketthprlogs ayeated elitht E¥)0cwgpifi ¥-HYRGHBH phebid. advanced

di sease. ‘Man g/entlgo% c%n%)ogé]at Q%Iuesn ergﬁmg%re \19 -Weg'lgs:i)%gtl 1{31{]3?%10&1 IEHP a\!VB i at |east

14 dasp -1 'njection &t Y on’ and
expr essiRBC oHGB—IHyIm'% otutalt pretedk edlbimin, rpletallia,) ,A/@hﬁnoa chelesmdl bBUNd dr aw

o er oLl phebdaty S dnde, Oif dekbrkakdpgh [ BRIy e

conbi natplaefid hﬁfa@wha(d&ﬁ@ea%b@m Adhhogldtiie aﬁ(ﬂhé‘iﬁét&cr%ﬂé@ls e gbad paid bl ed
before the treat rrent and at 9-27 andg 28-5 Qst-injection, At each

time poiectiogompasd @B@P&ﬁ'&llﬁ%?daﬁé‘llqsc Iﬁrﬂé#lﬁ% twa d dogehaved vgufieast same
i ndepen@eaieasellﬁhﬁéaamem ﬁlé%&q%a AENOR G add Yo fidse WeLiknegs forns

were conpl eted by owners at each visit. N neteen non I njected dogs with
spont andwueaseril Cajh satioiiean infligationeaftbenmreniodeling.

EXAMPLE 11
TREATMENT OF ANEMIA

[0209] It is well known that erythroid cell number is primarily regulated by
erythropoietin (“EPO”) but is impacted by many growth factors. For example,
hypophysectomized rats show low blood cell counts for erythroid, myeloid, and lymphoid
cells, and there is extensive literature showing effects of both GH, and IGF-I on all
hematopoietic lineages (Kurtz et al., 1990; Kurtz et al., 1982; Claustres et al., 1987). In
polycytemia vera, patients present increased sensitivity of erythroid progenitor cells to
IGF-I, elevated level of IGFBP-1 and consequently overproduction of red blood cells
(Mirza et al., 1997; Correa et al., 1994). There is evidence to support the concept that IGF-
I rather than EPO modulates erythropoiesis during accelerated growth or catabolism and
thus manages a proportional increase in body mass and oxygen transport capacity (Kurtz
et al,, 1990). IGF-I is important factor regulating erythropoiesis in uremic patients (Urena
et al., 1992). Moreover, the effect of treatment with recombinant human GH in anemic

patients with panhypopituitarism is known. After the treatment with human GH plasma
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the clinic in the sane tinme wi ndow, were used as contenporary controls. The
quality of life in the treated patients increased. No adverse effects

| i nked t owbDhwa/osd1er apy were noted by owners. Three owner s POOItSOZ8Y509
dramatic i nprovenent in the general well-being of the treated dog conpared
to pre-injection status. [01891 El ectroporati on devices: A BTX T820
generator (BTX, division of Genetronics Inc., CA was used to deliver

Sgga/r e BP(%%&%{H a@tﬂoléégwi@ﬂ :aldéii&ﬁlﬁiagﬁﬁicﬁeasevétl“ Hsedd)ncem’atﬁcag&)l mmdll ldvdmsdof :
100V/ c pul ses, 60 ml|iseconds, per pulse. Tw- n el e odes (BTX,
a di vi siéen she aipivisighon: of hymman GHp %Féptﬁiellf’ﬂi 3?38‘3? fﬁg)g)r E’i"ﬂs \%@iﬁ’el ectric
pul ses. cdfﬁexﬁiétioﬁm&%a'bé?ns the needles were conpletely inserted into the
nmuscl e. [01901 Intranuscul ar injection of plasnmd DNA in Cani ne subjects:

Four groups of healthy Canines (",dogs"g, subj ects,, 8-12 k,g‘jn weight, wer e
used for bi B8l ri Buinjested-doss i sFNbeRIrestmP @awwa@,waa% » 8% *8Ydogs (4
el es a | id RjeBSIE Reltiblddd 20f (FG) BAORESLABYYL009 My of
pSP- HV- %&@?{Esgﬁﬁh\/ Fagr.mdAﬂJSr@%%p. eof 4 dogs (2.).mal‘es ar]fj1 2 femal es) were
used asdaysrand shsnoramil nelhes wene enadwpingh trodfs ays nesinicstiad(“PET), emeraresf f ects. | n

e ' o d . ! .
sed. - AN SsPe ey SRR T odoRas re B R R RS '
Ani mal Wl a8 £6% detirelet inelir RBG RPEE ¢5.00 by.2t e sBayl @2) @okl @y of

Medi ciné | ACUC. 61 WD 03/049700 PCT/US02/ 39509 . [01911 Endot ox'i n-free

pl asni deqrapaagsbip Part-injecting ey Hn teasamegyeriop (of simreattiise oF Hsmwglohin o 1y GHRH
vere d ofleR (oo MPLER 1 + P08 YEHA), Whileehed bef or e
their rkg%ﬁggfgﬁeeéﬁnngﬁ%Z%ﬁ%%hﬁ)é‘@%g% B(r?ﬁlé/g?{%§ on g/c efr)r@t’ herapy, the

i nj ecti eshtidgroagriadiass. Boadtcrhserio theesametgeaind bf dang 1D H00./s.alf3t Rt Otdhe

medi cati gn. The dogs re anesthetized with Propafol (Abbatt Laboratories,
IL) 4;sg/l}z@/iepl\ﬂﬁﬂ%f@ﬁ%%%‘é‘%ﬁf?@ﬂFO%W~#&P}?§°°E‘E%¥CM§<‘%% &Cr?s??é of

pl asm dsi\gﬁi%calﬂlg,e%y%dz@ﬂl(&fﬁ by 160 3b @_92.%@%,'[1@@0.0%19'@/5&451(&&& gfmed0gs,
using an-3/10 ¢c insulin syringe and 29Gl/2" needl e (Becton-Di cki nson,

Frank! i periicai; kentrohg3nesTdeorensed by 85%a 30+ + il Ajvecid Oh 1.6:%. < Dl eqreppréfuscl e was
el ect roel?tlil%%sd, 6 pul ses, 100V/cm 60 mlliseconds/pul se, using a

[0211] In a pre-clinical study on dog cancer patients, a rapid correction of the
anemia was obtained, as early as two weeks after the plasmid injection. At the beginning
of the study, the patients were in a catabolic state, with hemoglobin (Hb), hematocrit
(“PVC™) and red blood cell (“RBC”) values significantly lower than normal dogs. After
the plasmid injection, the dogs entered a rapid reverse stage, and became biochemically
anabolic, mimicking a rapid growth process, as in the study described previously
(“Growth Hormone Axis and the immune function”) on young rats in the growth phase.
Hb, PVC and RBC values increased with 10-25%, values significant statistically, and
normalized two weeks after the beginning of the therapy. All values were within the
normal limits throughout the experiment. Although not wanting to be bound by theory, our
hypothesis is that stimulation of the GHRH — GH - IGF-I axis in a catabolic state is
stimulating erytropoiesis most probably through stimulation of erythropoietin. When the
patients are reversed to a normal anabolic state, the natural GH effect is to induce a slight
degree of anemia. Nevertheless, these patients have cancer, and the natural course of the

disease is towards catabolism. Patients will be maintained in balance by these
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BTX T820 el ectroporator and two-needl e el ectrodes (BTX, a division of
Genetronics Inc., CA), as described (Mklavcic et al., 2000). In al

i nj ecti orwotode49teedl es were conpletely inserted into thepPomashz3osmmi mal s
were allowed to recover before rejoining their owners. [01921 Although in
vivo el ectroporation is the preferred method for delivering the nucleic
acid constructs into the cells of the subject, suitable nethods for nucleic
aci d deiohttaﬁ()toﬁyoﬁechﬁlﬁnﬁs‘, cugalid b, ROFC aml RIBQ anlakd will e @meldetted ® fangalye or an
organi s use h t he cur ent invention are believed to include
V|rtualﬁ%“8ﬁ§rﬁﬁf eB@xﬁﬂ?%%i&mﬁﬁéﬁé‘EWHBPBr“E ®y., DNA) can be introduced
into an organelle, a cell, a tissue or an organism as described herein or
as woul d be kearap toraegw gfneoeghiresdfoy, ako | ¢ani et foguhatdd. b$ualonpetatingls
include, but are not limted to dlr?ct dellwgpy of DNA such as, ﬁ ex vivo
t r ansf edPolETlar (skish (techpolggy as f@@@latlw Iysdjperamed i Fighedy A gRmmereialy j on (U, s,

Pat ent  NQgilab® mGi%il 111§a h&%«l,nd%ﬁflmdﬁot%ﬂ%f Jﬁgﬁs eﬁ’e G168 hab a filistéredt,
5,702,932, 5,6 and 5,580 each incorporated herein by

ref er endé%demﬁfﬂiclll@@ﬁ n@ Gﬁmﬁqu@-@cﬁ%nc}?%mtéh% taﬂmlo%ulﬁtbaa@bon £085) U.S.
Pat ent lg/qg?%]tgd pIJngSPJI‘ Mgée%% gﬁzg 1f9/>é BE&LANGH FailsY bind to gsy

electroporatl t ent ncorporated herein
r ef er enomfur{lRgortissy pregesterone. 1884 theﬁunwa(a’spag@ter@ie recepB8 @) qnipactivatbdi um

phosphat.e pr. i.tat i (Che 1 a er Eb,
1973; Rlbﬁ'p i "togg s, s @bﬁ)ml ?rlsﬁ%ﬁe ﬁ%%@é £ ‘fgtan lsgzl’ F@mt gﬂg;?yéol‘dget hyl ene
gl ycol (swapal syst&&&@ Jised Yordihe Qﬁiméﬂ@ﬁlegulht@ﬁﬂtdﬁ@n (OF ek behemeritch™ @ktem, 1987);

by I|posone nmedi ated transfection (Hafez et al 2001; Hammet al., 2002;
Madry evhigh conﬂ@fe@ithe%%blaéﬁaﬁpmamf Eheriruncatedbumagy RrpEesferongrecgptor  5001)

and recephiQfs BRfifg % ﬂ{erm@ﬁfb‘ﬁfalﬂ(ggdbn(a%ﬁﬂé vl GARBBoteiNbwRiDE bivds 2 1988D) ;
by m croprojectile bonbardnment plication Nos. W) 94/09699 and

95/ 06128pedifigl7 blare@ngmmSquer@wmzranS@pw@l g ®vaton damag gronsthe 505 318,

5, 538, 87 n t 49700
pcr uso2 3Rt i NP (AOHARED d PEEOpR'eEH: BEHE Gencnidi Bt o0
( (Johnsqrotetn was. msét&ﬁZi)lt;o dnSogddad extressibio s/ectBr, %@g@@l p0816334@hicid5, each
i ncor porat ed herei. ref.erence); . b obac “«Q”

| anch oratess Somtey L BIE R ESthian 8 mpSiORRGHE Nl AR B (i)

i ncor porgbmctehermei GHRH pifsafidna&jignatey, Ba@mmmd}mnsﬁ PGHRI 1683 of

rot opl asts . . e
P P contains an inducible promoter that consists of six copies of the 17-mer Gal4 binding site

fused to a minimal TATA box promoter. The GHRH coding sequence is a 228-bp
fragment of super-porcine mutated GHRH c¢cDNA, termed HV-GHRH (Draghia-AKkli et al.,
1999). The HV-GHRH molecule displays a high degree of stability in serum, with a half-
life of 6 hours, versus the natural GHRH, that has a 6-12 minutes half-life. The muscle-
specific GeneSwitch and inducible GHRH plasmids both have a 5° untranslated region
that contains a synthetic intron, and a 3’ untranslated region/poly(A) site that is from the

human GH gene.

EXAMPLE 12

PHARMACOLOGICAL AND TOXICOLOGICAL EFFECTS OF EXOGENOUS

GH ADMINISTRATION IN NORMAL ANIMAL SUBJECTS

[0213] Because porcine GH (pGH) is structurally identical to canine GH, pGH

was used in different studies on dogs. In one of these studies, pGH was administered for a
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(Omrulleh et al., 1993); U S. Patent Nos. 4,684,611 and 4,952,500, each

I ncorporated herein by reference); by desiccation/inhibition-nedi ated DNA
upt ake (PaDroglwsoet al ., 1985), and any conbi nati on of sw®kch/usel/basos.
Through the application of techniques such as these, organelle(s), cell(s),
tissue(s) or organisn(s) may be stably or transiently transforned. [0193]
Body wei ght data: Aninals were wei ghted before the plasmd injection and

at 14, 28.288 ARogaPercRRIEH ichised ricdsdishoy vidight gaifen add ¢ buchhightdewal e.
[0194] Protein Metabolism Bone netabolismand Bl o val ues: and

. d
urine saiopPeE-Sukeand 417 ks repedivey).ccopipy 'ta%rn"n](%e’e‘io gﬁ,kga%’i‘a“"&{“%a%’?‘ 28 and 56
days pogfy.qbddl g?ﬁipis,%speawélﬂn@baﬂ&l%aieardo i, QEcR@BEdSIKirY thickBéss Bedni g]EidSB%lyand

hornone. At each tine point conplete C and metabolic profile was
assess edorlatedh chissalngicillyd eyitn desseas¢d isrraalo egllageman ThatR WRBRJIWOSIISESOT | rvi ne,

CA. [O P o B e gh-ehabggous hunan
r adi oi[ mﬂ%%ﬁdgl@@?@cgls 5%94“650% %%%%%&i&égmgfggaag %%g%ef(h TX).q The
sensi ti ldvely (@fprokimatelys3-d9-fold} tigxt Sorrglatetl; withn theaeleratedysezum Ghtlevelsagsay

variatio s 3.4% a 4.5% respectively. 196 t at. i | CS: a are

anal yzeB 5‘2&?‘?@6 BT A9 RIS ﬁ%‘ﬁ’éﬂ ﬁ%‘ﬁﬁ?a%‘éel; 8@9‘%@% ﬁn d ﬁé\ég ‘%fﬁ :Qgéél K) .

Vzgl ues gﬁgughohmthé @@dﬁilgllﬁg@ﬁd@z ﬁg%@ehm%nm 1gvegs5mna3pacenefvmd Br\]zen/,fadl htels vv]?r e
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otati ot Pewfose: T rinEuE s delhtn St ptidoEs SorPE AT et tro BRI 2 LOw
VOL TAGE Hehd=6oh RAB i Oy ey EdNa WRTAHEn By ERESRY &bbih Nevd. AlnMAL  SUBJECT

[0197] Direct intra-nuscular plasnmd | I njection fol] owed by
el ect r oplomerylan changes, mignifinant eelyura Vit fecrspgd ciner snecly awyvitietsd of

plasm difdNasdefum His@eh flis SH3EkE mhi b8l inG Ay ROLAORS LAl dithidses | ow
plasm d quantities (as low a .1 ng), rather than the high quantities
t ypi cal Thereswedt minimalpaswi bielogiehlly eigyifivod aiffecti efspGIAl anhssogh T3, T4, and
cortisol levels in dogs. Other serum biochemical changes in pGH-treated dogs included
decreased urea nitrogen and creatinine, and increased potassium, cholesterol, and
triglycerides. Significant increases in serum calcium and phosphorous levels and alkaline
phosphatase activity (bone isozyme) correlated with the histological changes in bone. In
pGH-treated dogs, there was a dose-related normochromic, normocytic, nonregenerative

anemia. The changes described above, except for the anemia, are related to catabolic

effects of high doses of GH (Prahalada et al., 1998)
EXAMPLE 13

PLASMID MEDIATED GHRH DELIVERY SLOWS TUMOR GROWTH,
PREVENTS KIDNEY FAILURE AND INCREASES SURVIVABILITY IN

TUMOR-BEARING ANIMALS

[0214] Immunocompetent C57/Bl6 mice or immunocompromised nude mice
were injected with tumor lines (C57/Bl6 mice were implanted with a Lewis lung rat
adenocarcinoma line, while the nude mice were implanted with a human lung small cell
adenocarcinoma line). At 1 day after the tumor implantation, mice were treated with either
constitutively active GHRH construct, an inducible GHRH construct or with a f-

galactosidase expressing construct (as negative control). Tumor established slower (Figure
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not wanting to be bound by theory, the mechanism of the increased plasmd
upt ake by el ectroporation probably occurs through newy created nenbrane
pores w tWoas/ow7blhout protein active transport. AlthoughpPaotusezsdsing to be
bound by theory, the degree of perneabilization of the nuscle cells is
dependent on the electric field intensity, length of pulses, shape and
type of electrodes (Bureau et al., 2000) (Gl bert et al., 1997), and cell
size (Sl FRurall4), 2000Jevelchads 3éssatapiitgcinr debe GIORI | geatat ianimalpl ates or a
pair of wire electrodes placed 4 nm apart were ﬁFomn to ge @%f%ctive in

r odent sConsequenthy,| GHRE traatedaninalsuryyglonger g 1o ad wiats 58d58Y 8si st ance
of the gkif, GdRytHiIGKTESae0R)! S SHRFIK. AGBYSes bt lodsl IB@ULto aRdlophe concern
for tissue 8amagg If theintensity of the electric field would be

pr opor t(Figva¢ 13). i ncreased, nmake these types of el ectrodes unpractical. The
porcine or dog nuscle fibers are quite |arge and consequently nore

suitabl e forjos{fct roReriARARY] ERHHAD heldiANnvdldeNihe MRk b sbidl report
we show that  a single injection various dosages of GHRH or anal og nucleic
aci d sedjstenmvties GHRH ovkidlobigalsiqeizaleaspwelgiciasid skitercisn Bagadupen thecuregBo| i cat or s,
inalar mral | fficlen nroduc I none

| evel s,m%élers %‘d OP% |%§‘F’I—ﬂ§&éﬁgﬁfc i&élg?]ét? fgfge{l:%@&?%gﬁ%iﬁ% ?)gg%b lggcgn‘i a,

r ever seadsBsitdingpecalbicqipon kie in sivhjpemmetess @ halfikifeg bfficacynposé-frpestrdionalf e

expect ancy. of . t he chrani y ill. [,0198] .The pSP- HV- GHRH . was

del | ver@axﬁaatm@ fi& t"?tai ‘gﬁ@i SSqLé?Hf%E‘}ia F‘“lt%‘%&ﬂg’méfnlj\(%té t‘%/lg%%%@\?i ain vivo
el ect r?ﬁﬂglé-tghﬁ’ﬁb add Gh (ﬁw]?p(ﬂ;peﬂtidiaogﬁh(. 2Howkes, based 3n thekmivasirt wed theused as
controls and 3 groups af 8 dogs [ | es and 4 femal es) wer ipjected with
t he pSPieprhizgsref Wisstperificatioa, %‘g%klm ﬁ]ﬁjaébfvaaldMW ﬁ%‘%it‘& pertommy His

(contr oplhemfr nRARRED sufdlerRANBE QperkAORRNEGO! RSR:rbH/E Rukifithl owed by

needl e "electroporation. An indication of increased systemc |evels of GHRH
and GH bermutations on eapyeunigues ayalgis K- 1eqBeNTe Rt F APGCHIE tSHE e fasFEatelol | owi ng

28 days.poste bl zﬁzcxgii&é) RePlOfdnorfith Mpcg[%ﬁﬁd'%zﬁﬁioﬁsc{/iﬂ%ﬁoglli% OSgarfigh,um was
col l ecte romthe dogs were injected wth vehicle alone (control), or
200ntg, There®ed) rthe utitizatiod Orfohe distip®ive HuclGidRREid equeare endoding| GHREr &

e Bl et e o B Pt 1o

i ncr easmeibod lt6freht hewed: Sintvese sdtalt red thlwod| deyl masgniciersatile wasting; reverse

e

abnormal weight loss; treat immune dysfunction; reverse the suppression of lymphopoesis;

and/or extend life expectancy for a chronically ill subject could not have been predicted

based on speculation.

[0216] Although not wanting to be bound by theory, it is believed that an
increase in GHRH will increase the GH levels sufficient to treat anemia; increase total red
blood cell mass; reverse the wasting; reverse abnormal weight loss; treat immune
dysfunction; reverse the suppression of lymphopoesis; or extend life expectancy for the
chronically ill subject. Hormones (e.g. GHRH and GH) often contain a complex
feedback-regulated pathway, which are further complicated by chronic conditions such as
cancer or AIDS. Without direct experimentation of GHRH or biological equivalents used
in plasmid-mediated supplementation or the teachings provided herein, beneficial therapy
could not have been predicted by one skilled in the art to determine which concentrations
of non-native encoded sequences will yield desired results. Ideal regulation of a nucleic
acid sequence encoding GHRH or biological equivalent thereof is further complicated by
the tissue used for plasmid mediated supplementation, and would not have been obvious to
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(p<0.046). Al though animals injected with 200 ncg and 1000 ntg of plasmd
showed higher 1GF-1 levels than controls, the IG-1 |evels were | ower than
ani mal s iwpaswwedowi th 600 ntg. Increased |G- 1 |evels corPcadsonsisng to
hi gher GHRH | evel s are in agreenent w th other studies that utilized
reconbi nant porcine GH ("pGH') in dogs. For exanple, there were
dose-rel ated increased serum|IG~1 |evels (approximtely 2-10-fold) that
Zlor L el atﬁﬁa sMillédint fhe atd \emgmgcta@l&sxguaréﬁhmm Withﬁh@ﬁi‘dthihdftﬁratse@ed@gml .2 [ 0199]

t hough not. wanting to be bound, t heory, .growt or.none rel easj ng
hor mone PEEEKA]) tissye- n& h%l?’é@ntﬂ%éjeﬁ?rélﬁﬁ é’F‘ieBhC‘é’i?d‘%rt f desepiptionsnd ﬁ%guﬁ%f’tr i or

pi tui t akyseffal &E@Mﬁ;@mwﬂ@m EPdred WREh speRiffcUnid ShduBidl@teguldtlea pf oduct i on
of G-I fromthe liver and other target ans. Thus, an indication of

ot L Ve organs. |1 :

i ncr eas diftingtive awpleic aoid peuetcestirt cagedeHHRIH op hiologicab sqwivalent dbsrenh | GF- |
concent rat | T -dpd : 41 wi th 200,
600 and %6&8‘9%%&(;%? l’fgﬁg’ﬁ\gﬁ &?ﬁ_'ﬂ%ﬂra?.: a’r}ilé ieg hgilk%tl%ggzl Spl)%is?%&ﬁtlt ﬁ&)ect I on
when corfpseatintdevilbgngnen-iinglébrapyrfowlatag@gimabo g lidipglaimeshswin ¢rdgdor ncg pSP-
HV- GHRH _showed.t he highest statistieally.signifi t..J.nc ( . greater
than omige it B FE1Rks-T) Yoo Bl Rl i HRUGHE I aref pEERRES Fa- 30D,
t he opt iulkahat€lp ne iidaad, iiD Wwas fsarprisiggltlido extdagsay 1&KAMtHie3 diYIRMAGRIr<SURVI VAL

I N ANI VAL, SUBJECTS. W TH CANCER 00 | even injected dogs wth cancer had
sur vi ved’%ff“if’r"eatt Jsethawn digredf, that 34 ﬁé 2 pﬁemg ] aéﬁ’t‘dr g%}"e’ffﬁdmggﬁ#? 8% °bat a was
col | ect e@tcirfpordtlonCés@giond NBd 4RO Snsafd bRbgidal iMpacs ttslyreviyedde wadting,

rel atively advanced stage of their disease (206 days_since ,éhe begi nni ng of
the thdRGEgRyg Werghb saipeandgectand, e v pn athiag cppife subiesh iTdus) playnid APty gure 18.
At the tmmoh |?+1§1 WRRhAL Bk RS ARS REERAT&HId bt Bite Blen'th&diGbLREA the €at ed
dogs were stil alive average survival post injection 150.6 days). The 19
cont r ol relaties deessarsehingodentss(imaiezage dwgkenge of di sease and had an average
survival of 56 days after the initial diagnosis. In contrast, after the
enrol | ment i he = t.h I &0EnnsiHe \d S nt was
T62 5 days. Mt o FR S ent St Al S BT ¢ 395096\63%%%‘?3’%’ glﬁ?%gﬁggi ed
during timitetalpeedi Wdod Telk nepssil the yrevsise| ¢ff @nprmal Heeightelose dhp agvesatis thecr eased.

suppression of lymphopoesis; and/or the extension of life expectancy for a chronically ili

subject are a consequence of the GHRH molecules present in the subjects circulation,
regardless of the means of the delivery. For example, one would obtain the same effect by
delivering the appropriate quantities of GHRH or an analog thereof by classical
recombinant protein therapy or nucleic acid transfer. Accordingly, successful plasmid-
mediated supplementation requires accurate delivery of encoded sequences to the cells of
a subject that results in expression of the gene product at levels appropriate to produce a
biological effect. The duration of treatment will extend through the course of the disease
symptoms, and possibly continuously. Since the method to deliver nucleic acid sequences
to the cells of a subject is highly dependent on specific diseases and the encoded gene, it
could not have been predicted by one skilled in the art which method and conditions are

appropriate without the teachings of this specification.

[0218] One skilled in the art readily appreciates that the present invention is
well adapted to carry out the objectives and obtain the ends and advantages mentioned as
well as those inherent therein. Methods, procedures, techniques, and kits described herein
are presently representative of the preferred embodiments and are intended to be
exemplary and are not intended as limitations of the scope. Changes therein and other
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No adverse effects linked to the therapy were noted by owners. Three owners
noticed a dramatic inprovenent in the general well-being of the treated
dog conpawedsteps e- injection status. EXAMPLE 4 | NCREASERPCWHISGRAA95GAI N | N
HEALTHY ANI MAL SUBJECTS [0201] In order to show that increased |evels of
GHRH or bi ol ogi cal equivalent thereof could alter netabolismin |arge
heal t hy ani mal s, body wei ght was determ ned. As shown in Figure 4, the

Ei r eat ed wWegwilhedtui mnilsfesfmenﬁm ettt arﬂlﬁ/m_h(h@dm btéﬁgas‘,_ééc%] hiztréigrthé Qiiﬁtd offl ti(l)% E) y-si xf
ays post-injectiagn. ou animals injected wt ncg an ncg o
plasm d I%YF&R%’&IOW%H@bSb%WC(&’EPGHF@WHHWcont rols, the weights were | ower
than animals injected with 600ncg. These results are a good indicator that
the netabolismof the dogs injected with pSP-HV-GHRH was altered in a dose
dependent manner. In addition, the additional weight gain associated with
i ncreased production of GHRH also indicates that the levels of CGH were

i ncreased. This observation is in agreenent with other studies that
utilized reconbi nant porcine GH (pGH) in dogs. In one of these studies,
reconbi nant pGH was adm ni stered for 14-weeks in dogs. Porcine GH caused

i ncreased body weight gain in md - and high-dose groups (2.8 kg and 4.7
kg, respectively), conpared to 0.4 kg and 0.8 kg in control and | ow dose
groups, respectively. EXAMPLE 5 GHRH OR Bl OLOG CAL EQUI VALENT TREATMENT

| MPROVES PROTEI N UTI LI ZATI ON | N HEALTHY DOGS [ 0202] Figure 15 shows the
changes in values associated with protein netabolismin healthy dogs
injected with different concentrations of the pSP-HV-GHRH plasm d. Many
val ues that indicate protein nmetabolismwere nonitored for 56 days

i ncluding: AST, ALT, T. bilirubin, A k Phos, GGI, total protein, albumn,
globulin, AAG ratio, Cholesterol, BUN and creatinine. Goups of 8 dogs (4
mal es and 4 females) were injected with 200 ncg, 600ncg and 1000 ntg of
pSP- HV- GHRH. A group of 4 dogs (2 males and 2 fenales) were used as
controls. Dogs injected with 200, and 600ntg of 66
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WO 03/ 049700 PCT/ US02/ 39509 plasmd had increased total protein |evels.
Al'l injected groups have slightly decreased urea conpared with controls,
whi ch is woaBgmw706 i nproved protein utilization. EXAMPLE @®CEiReR/EIR09

Bl OLOG CAL EQUI VALENT TREATMENT DOES NOT AFFECT GLUCOSE METABOLI SM I N
HEALTHY ANI MAL SUBJECTS. [0203] Figure 16 shows the changes in val ues
associ ated with blood conponents in healthy dogs injected with different
concent r'SHANES CLAIMEIRSP- HV- GHRH  pl asmi d. Abbreviations are as fol |l ows:
VWBC - Wiite Blood Cell; RBC - Red blood cell; HGB - henogl obin; PCV -
hemat ocrit, or packed ceII vol une; MOV - rrean corpuscul ar vol une; MCH -
mean corpusch ar Rempipdol treatingDMEmia fre@snbisst, FoBpUSieg: &ﬂwaglg)lmwells

concent rgtj 0 % 0% - % of
nonocyt egttllle alb] Yo -n&%{% ‘?{\’eeggﬁld%pﬂ Jn?dleé% g&)exmésg(}n(lb Rg'%ﬁi até;%n(i_o Q | actate
dehydr ommdlomsh@teﬂnamlg-hmhhr GrGHREY) @1t fancgjomidt bioddgicad; edRliaflent

pl at el et N - blood wurea nitrogen / urea. [0204] Many bl ood conponent
val ues e;r% honi tored for 56 days incI udi ng: WBC, RBC, HGB, PCV, MCB, MCH,
MCHC, n% | yn? nono% eos % Bas % Prothom nt. Plat. G oups of 8

meg of pSP. F: LR *ﬁéﬁ%%%weghd% g a0 PGB, 1000,

cont r ol swclbie asidatxpsessiandonstinict esmprisesele@ropofaciomd bet ween experinental and
control groups. However, circul ation |ynphocytes decreased with the
increase in the plasm d dosage, sign of |ynphocyte sequestration in the

| ynphati ¢ or §ans. Thé¢ method afitlhiyn 1,gvhecas thelcelledfihé subjekd are xg@maticroeld, ak  gr oups
and cont{ol ) gre within the normal range, which indicates that our therapy
does not’ é T glucose netabolism EXAMPLE 7 GHRH OR Bl OLOd CAL EQUI VALENT
TREATMENT EFFECTS BONE REMODELI NG [0205] Figure 17 shows the changes in

val ues assom at ed t n i n, heal t.hy g‘ ect e ith
di fferent concent rg% |n(q)ert1}g°%o$f nﬁ %riﬁ—inu‘flm At 9"131%55 on Congmv&
comprises SeqID#11, SeqID#12, SquD#13, SeqlD#14, SquD#17, SeqlD#18, SeqID#19,

SeqID#20, or SeqID#21.

5. The method of claim 1, wherein the nucleic acid expression construct

further comprises, a transfection-facilitating polypeptide.

6. The method of claim 5, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

7. The method of claim 5, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

8. The method of claim 1, wherein delivering into the cells of the subject the
nucleic acid expression construct initiates expression of the encoded GHRH or functional

biological equivalent thereof.

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

biological equivalent thereof is expressed in tissue specific cells of the subject.
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67 WD 03/049700 PCT/ US02/ 39509 phosphorus, cal cium and cal ci uni phosphor ous
rati o was nonitored for 56 days post injection. Goups of 8 dogs (4 nales
and 4 fenwbbasjp49me0 e i njected with 200 ncg, 600ncg and 10@QTIESY2/64509

pSP- HV- GHRH. A group of 4 dogs (2 males and 2 femal es) were used as
controls. Dogs injected plasmd had an increased Ca/P04 ratio that was
proportional wth the dosage of the treatnent, which is a sign of bone
renmodel i ng. HERAMPORe Sndthiid-Ho OBl G) @GEEAL the QidsiveAkteksiFic TdeHA BY/ERET sUB)CENDS L1 FE
EXPECTANCY |.N CHRONI CALLY | LL SUBJECTS [0206] Figure 18 shows the

di agnosi€™PEFEMFE Fher apy chart and survival for dogs with spontaneous
cancer that were injected with different concentrations of the pSP- HV- GHRH

pl asm d. The ,stud rqup, ~Lrea nt .. dose S, ,..canc pe, and
days survi ve1 ‘ poé?“g g}e%é)ﬁ r(r%%l lmaé’g"%lleﬁ%? g‘éetegﬁ‘?d%&?%%lg@%o%b%@élggéﬁ %%196
spont angolipepiatec eiid e redcoded jf@itiewh]l bidldyichD @quitgédi @ fIGHRAH wea golypdpoida t ot al of

no nore than 1000 ncg of pSP-HV- GHRH 1.n addition, dogs .treated with

DS P (AR BB RpiEt 8 ORI P B i Ge e BTN BROBINOL Ot CAL
EQUI VAL Ebffind REAINENT RESlotédVBiologiMtyEadtivityMViE EdMalédONb | e CANEER SUBJECTS
[ 0207] Fi g,upre,lg shows the changes in val ues associated with bl ood
conpone®® FIPfld&ogs W th spontaneous cancer injected with different
concentrations of the pSP-HV-GHRH plasm d. Many bl ood conponent val ues

wer e nonitor po injectiaqn_ including: Cl HPFE, HBF, HGEB, %°CV, MV,
MCH, MCHC, njg ly n‘B?Fg@/é Ogo%lal% %Ba‘§he%mci\ﬁgui)“§°6‘?d ?gg{sl{vﬁrt st aneous
cancer Widi6gibdllc§EivSEntWhdrbordOG AR (SEglb*%)zbOdy wei ght of pSP-HV- GHRH.
Overall dogs treated with the pSV-HV-GHRH "plasm d therapy, had increased
RBC henudhoba REERNS HEMat ot FARNLEQRH- &+ EyB Q@ 8REBFBE i nj ecti on conpar ed
with un-injected controls. In addition, treated dogs have a significant

decrease in the | &heted he fampla hasithe dofloxing ehagctssigtitsel | s (usual 'y associ at ed

with increase of _white blood cells (WBC) .in the Iﬂv{nphat_i ,c,orgl?ns but an
increase in | yrrphé%ﬁ &D-or L-isomer of the amino acid tyrosine (“Y”), or histidine ("H”);

X, is a D-or L-isomer of the amino acid alanine (“A”), valine (“V”), or

isoleucine (“T”);
X3 is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X4 is a D-or L-isomer of the amino acid methionine (“M”), or leucine
(“L”);
X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or

a combination thereof.

13. The method of claim 1, wherein the nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID#1, SeqID#2, SeqlD#3, or
SeqlD#4.

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

biological equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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percentage. Treated animls showed a significant increase in the
circulating |ynphocytes 68 WO 03/049700 PCT/ US02/ 39509 at the early tine
poi nts powp-Bfpwedi on (15.11 2.81 vs. 12.5 2.41 % p < @COAGOP3ISHDri).
Control animals had | ynphocyte values at the tine points tested (p = 0.32).
EXAMPLE 10 GHRH OR BI OLOd CAL EQUI VALENT TREATMENT SHOWS BENEFI Cl AL

EFFECTS I N OLD HEALTHY DOGS [ 02081 Figure 20 shows the changes in val ues
associated with blood conponents in old healthy dogs injected with 1000ntg
of pSP-HV- GHREl pl asm n } wer e nonitored

t wo- weeks posl??' i n%e%%@%%oﬁ@égﬁnﬁ%rﬁgga %@%@%@Mp&%&sl yn?g total protein,

al buni n, gl obul i n(a)A/ Glelaveiing inth otlissofethospbiBtiNm effrctime immwe, ofphfissphor ous,
Cal cium glucose. Ad docgs tr.gat ede g}n t thlsktlec Sag I—ell\I/I- C?fc'algive gl ggﬁpgf}lherapy,
had i ncreased RBC henngf f 7 Hamﬁén%?ocrl?l’evgls we RS post -

i njection conpared W t fecpid nichyieadié @xpradsiodmSconbifucatelhdréinthe fiseahddec dogs have
a significant decrease.in urea |levels, increased toﬁg%ﬂ$rot in |levels and
normal gl ucose |evels. ac<1!l1 CYRESFIRR s SORSH U, /9BCRASE | TAE-AMMNGTYEASI8hH of bone
remodel i ng. EXAVPLE 11horABEAFMENI Gor Achib#1 bR2IXh] duivafen@kicok Agan t hat
erythroid cell nunber is primarily regul ated by erythropoietjn ("EPO') but
i s inpacted by many gr BReRDf Her srcend pRicleisy apid) BxpressipBoptyaett basi 2od rat s
show | ow bl ood cell coppbgink AleifffaREQiifor f¥RIOLLE and | ynphoid cells, and
there is extensive literature showi ng effects of both GH and IG--1 on al
hemat opoi eti ¢ | i n€Agesdglikaringa mplegilar, swigh @nolecyketintoghe subject, whg@in ty aust r es

et al., 1987). In pol ] i r i nsitivity
of erythroid progeni to%%%tgﬁlg?s%}éa{ Iqlalgﬁ%ie gpge\%lé{)eagé gé%ld}g@g@%ﬁ%g and
consequent |y over produptotegm of red blood cells (Mrza et al., 1997; Correa
et al., 1994). There is evidence to support the concept that |G- | rather
t han EPO nodul ates erythropoi esis during accel erated growh or catabolism
and t hus nmandéges Tae pnashal of chith 1novkase detivérogy ofilss fiesh duoleicgaad t r anspor t
capaci ty,

xﬁr@gsﬁgrf construct into the cells of the subject comprises electroporation.

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

expression construct into the cells of the subject comprises electroporation.

18.  The method of claim 15, wherein the first nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID#1, SeqlD#2, SeqlD#3, or
SeqID#4.

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

further comprises, a transfection-facilitating polypeptide.

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

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

comprises poly-L-glutamate.
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et al., 1990). IG-1 is inportant factor regulating erythropoiesis in
uremc patients (Uena et al., 1992). Mreover, the effect of treatnent

wi th recowbiogamt7ohhunman GH in anem c patients w th panhypegirtuso/asosm i s
known. After the treatnent with human GH plasma 69 WO 03/ 049700

PCT/ US02/ 39509 EPO | evel s double, with a concom tant increase of Hb
concentration to normal |levels. Wen the admnistration of human GH is

i nterrupted, ZﬁothT}hhamﬁdei?GlaimWﬁlv&emﬁﬂdﬂb'ering)mt@ﬂErcaﬂd afitbe ghbfecethse. [ 0210]

Inlnjectedd |d correction .of the anem s _obt ai ne as early
ns tb veeipd THERls Seif SR fhL et SRudPBRaiE snded kibfec, cased
by 8.9%pr&eﬁi7 days and the normal val ues were maintained to 56 days
post-injection ("pti"), conmpared wth pre-injection ("pri") values (6.27
0.33, vs. 5.75 0.39, p <0.027), while the control group had a 6%

decrease in tzBei r TRBGnéthy@| o {16m0Q2, @herews theb.ebcoddd Zkgilpory Prddélf isconpar ed
to post-l élon contro sane period of time (Figure 5).

i} 2 in hh
Herogl olSFRIesEa bthe oty Qfibesubiect Ritismadtyehy 6. 8% (14.68 0.78 vs. 13.74
0.97 g/l pt|/pr|) whil e the control group had a 5. 7% decrease in the sane

period of ti red to

Post i njecti O conb Srdod dBan vty e o B HioTur ERERG b °

signifi Ghéﬁtdubj,ecd))actﬁvai’&%}(MZegﬁEltor? Proterts . andld the? . iddearpswitdh. @3@pfskt/ pri). In
the sane . period, coptrol values decreased by 7.6%(36.9 1.4 vs. 39.9 1.6
% p < GUEPESOBRPEES netignehPaBEF™ [0211] 1n a pre-clinical study on dog
cancer patients, a rapid correction of the anema was obtained, as early
as two weeks ter, the plasmd. i ion. At t.he be nni n of I e study,
the pat i ont s Her ok Herfof 3P5int Ty ShtrSh o ki st Bt toorit
("PVC") aap@sdi@tobthe GHREIJr findBBAal bioledithe Sqsiv41htfdncadrtilon thome ntuﬂaa nor mal
dogs. After the plasmd injection, the dogs entered a rapid reverse stage,

and beca@¥ SBIYEFemi cal Iy anabolic, mimicking a rapid growth process, as in
the study described previously ("G owh Hornmone Axis and the im*rune

function") on _you rat n.the o] | ues
i ncreased w &ﬁ q%?)%‘“ gegl ggr %@8 teﬁf?‘ga @ﬁkﬁyls N Ogﬂﬁ? ¥al i zed
two weekstinf b@fyp&ﬂiﬁle,b@ﬁd AR Recodbd tRtibRR I AeMgicd bqiwldie ofVEHRHWi Bi n the

polypeptide that has been engineered to contain a distinct amino acid sequence while

simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.
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normal limts throughout the experinent. Although not wanting to be bound
by theory, our hypothesis is that stinulation of the GHRH - GH - | G~
axis in awoaBalobe c state is stinulating erytropoi esis nesT/ysonkmhd y

t hrough stinulation of erythropoietin. Wen the patients are reversed to a
normal anabolic state, the natural GH effect is to induce a slight degree
of anem a. Neverthel ess, these patients have cancer, and the natural course

of the disease is towards catabolism Patients will be maintained in
bal ance by these 1 349400 9 d fEgchani sns,
t hus the Hb, EZVC gﬁg %&&gﬁqu%%&vmzf%e correglg% (f?g?ﬁrll%lfqrrgllctﬁﬂ{c I?Jt never

exceed tbliﬁéogim:lequindcmherbdfri*oﬁpmﬂa@m#% our studies. [0212] Target gene
expressi gn_al r I Yyl B | ecul ar switch
Qn_2l 50r:6a0, 06, Lequls H&r% @f&éﬁ@é&g oy

t echnol 0gy & schenatical'ly %LE comercially

avai |l abl e system gre @g%qﬁ% gq(gld“ng#%ﬁa;r&@efﬁ{wtransgene expression has
i tc :

a registered tra name of € GeneSwi tch(r) technol ogy

s based on a C ;xgl ﬁfﬁsﬁadr bR SR SAESHRERCY L PR R OBty a0t Al |y

synt hesi zed, but Its natu oni’s proge I one.

I nstead the trunc { s e

anti progestins, s%ﬁgggﬁ%g {S(?ll{l%{]ogrﬁég?&% é:c)ldébgﬁet( ﬁ@t ?ﬁtee(dYQ)g%r Xu et

al., 1996). A si mpleacingy8T)emis used for the chineric regulator protein of

the GeneSwit chTM system  which consists of the |igand binding donmai n of

t he truncat ed hunXsipa Dgedt-somnaef (leaaphoicid dlasihe (12S°) begpcihax§aU);t 0 t he DNA

bi ndi ng domain of the yeast GAL4 protein (which binds a specific 17 bp

recognition sequeiXaei} aaDebraldisomns of thet aminal acat triettddrimn (‘UBNpomleliciaen t he p65

subunit of human ,,5<B (Abruzzese et al., 1999). The gene for the

GeneSwi t ch regul ab & protein was inserted into a nyogeni c expression

vector, designated pGS1633, .which.is ressed constitutively under the
Xsisp #3d Setpne 29 N

control of a musc CPIFLdsoéri?éPHhﬁlanﬁlF Sgined "} ) Sk-esparagmg b The GHRH
pl asm d, designategd, p6xGal 4/ TATA-GHRH, or pGHRH1633 contai ns an inducible
pronoter that consists of six copies of the 17-ner Gal4 binding site fused
to a mni ml TATA; exbRbsheteof The GHRH codi ng sequence is a 228-bp
fragnent of super-porcine nutated GHRH cDNA, terned HV- GHRH (Draghi a- Akl i

et al., 1999). The HV-GHRH nol ecul e di spl ays a hi gh degree of stability in
serum w th ashal The method of claim 27 wherein the encoded GHRH or functional

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

29, The method of claim 15, wherein the encoded GHRH or functional

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

30. A method of treating anemia in a subject, comprising: delivering into the
subject a recombinant growth-hormone-releasing-hormone (“GHRH”) or a biological

functional equivalent thereof.

31.  The method of claim 30, wherein the recombinant GHRH is a biologically
active polypeptide; and the recombinant functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.
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life of 6 hours, versus the natural GHRH, that has a 6-12 m nutes

hal f-1ife. The nuscle- specific GeneSwitch and i nduci bl e GHRH pl asm ds both
have a 5 worBiaTel at ed region that contains a synthetic ipatrrusa/3sngd a 3
untransl ated region/poly(A) site that is fromthe human GH gene. EXAMPLE
12 PHARMACOLOG CAL AND TOXI COLOG CAL EFFECTS OF EXOGENOQUS CGH

ADM NI STRATI ON | N NORVAL ANI MAL SUBJECTS [ 0213] Because porcine CGH (p&H) is
struct ural | y 32denfThe ahethal oficlaine 3GHyhgré&hl thvasconbadni GHRH be fieotioml udi es on
dogs. In.qne qf these studi.es GH dm nistered for a 71 WO 03/049700
PCT/USOB%@@% emTﬁgﬁE &?eqhsﬂgﬁgmﬂﬁgﬁgﬂﬁQ%%H caused i ncreased body wei ght
gai n i n 4%,dx~pAnaNE g dQS® . sagrr oS x(-2,-RobgkrAgkbed- okt kg, respectively),
conpared to 0.4 kg and 0.8 kg in control and | ow dose groups,

respectively. |In phkkein thaferehuthd@s theifoitrdas elthrakdristiéshi ckness seen grossly
correlated histologically with increased dermal collagen. There was no
gross or hi st onoXphod Dirdaisomsti ol eircmniad addl8m@sine[(METE onkistRlindqSHYY, el at ed
i ncreased serum I GF-1 levels (approximately 2-10-fold) that correl ated

with the el evat edXs6s 4nd-GH I-BvatrSofl the apfdd- 4did alagthe (043), vl Vi) @k eased
seruminsulin |evel thr%y%h the m d dose were seen throughout the study.
In hi gh-dose dogsSClHEDFRd ¥ in | evel s remained el evated over 24 hr

postdose. The seruym gl ucose, | evel s in fasted dogs, remai ned ¥y;hin t he
control range and)Qﬂ%%Pé”&a§°W%“€HF@HPH’ﬁ?%%@ﬁ??&é¥?8r3&§@ﬁ Gn)igl ycosyl at ed
henmogl obi n | evel s, Renal | oer ul ar. chanpges,  significant polyuria with
decreased urine spads @ P-Grinsopsr ok the mPWBﬁE&%@HgE@FW%{ﬁﬁéuPH UtiEYel s
suggested that theqedpgs had early insulin-resistant diabetes. There was

m nimal or no biologically significant effect of pGH on serum T3, T4, and

cortisol levels i K, 4og%.oN&mes f HNBlRS A8IEGHe EHINPeSpak iR Gty eat ed
dogs included decreased urea nitrogen and creatinine, and 1 ncreased

pot assi um chol esPterol, and triglycerides. Significant increases in serum
cal ci um and phosphorous | evels and al kaline phosphatase activity (bone
i sozyme) corr el at egombinhtiothidenspSt ol ogi cal changes in bone. In pGHtreated
dogs, there was a dose-rel ated nornochrom c, nornocytic, nonregenerative

33. The method of claim 30, wherein the recombinant GHRH or functional
biological equivalent thereof is of a formula comprising SeqID#1, SeqID#2, SeqID#3, or
SeqID#4.

34. The method of claim 30, wherein the recombinant GHRH or functional

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

35. A method of increasing total red blood cell mass in a subject, comprising:
delivering into cells of the subject an effective amount of a nucleic acid expression
construct that encodes a growth-hormone-releasing-hormone (“GHRH”) or functional

biological equivalent thereof.

36.  The method of claim 35, wherein delivering into the cells of the subject the

nucleic acid expression construct comprises electroporation.

37.  The method of claim 35, wherein the cells of the subject are somatic cells,

or stem cells.
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anem a. The changes descri bed above, except for the anema, are related to
catabolic effects of high doses of GH (Prahal ada et al., 1998) EXAMPLE 13
PLASM D MEDI0ADEDOGHRH DELI VERY SLOAS TUMOR GROMH, PREVERTS/USHDBEY FAI LURE
AND | NCREASES SURVI VABI LI TY I N TUMOR- BEARI NG ANI MALS [ 02141

| mmunoconpet ent C57/B16 m ce or i mmunoconprom sed nude mce were injected
with tunor lines (C57/B16 mce were inplanted with a Lewis lung rat

adenocar ci nod8. | i b mdthddeof hieinndfewhdrcia the macleivphcadh erglessionhcoastmetran | ung

oo wor @ PPER R in DAL St ol Sedbe (Sl ST o

i nduci blqE#b syt or with a 13- gal act osi dase expressing construct
(as negati ve control). Tunor established slower (Figure 72 WD 03/049700
PCT/ US02/ 39509 10 and Figure 14), and devel oped less rapidly in the GHRH
treated ani mabs. Theomsshudeof tidim GhiRWhéremathe chualeicnadid egpiessionecbnbiourger
(Figure and .were |l ess.li develop ki dney failure (Figure 12),
t han corﬁl“ill%ﬂrgommﬁe&?t 5@'@%"%%@%{39%?% %, devel op (Figure 13). [02151

The i nventi on descrl bed herei n i nvol ves the ut i I i zati on of several

di sti [ i yal I Based
upon the cur fint T0hASRECAHGTHE S "W GO HPSEETo Pl EPRE P BRETCP (1 <

nei t her cohytisss dhagedpsispdptide.t 0 accurately specul ate upon the in vivo
paraneters (e.g. half life, efficacy, post-translational nodifications,
etc.) of a GHRH sequence that contains a point nutation which alters a

si ngl e am no4aci d The ndiedpefl olgimpi9;, ddechaihe. tranofaeticer faciliatiegl palgpdptide known art
and the teachings this specification, one skilled in the art would know
how t o ﬁgP“PH?%PPE’L EMYUHPd medi at ed suppl ement ati on experi nentation(s),
characterizing variations and pernutations on any uni que nucleic acid
sequence 11 G sPeqhl bEabliT iRy 35 HRHSTAG I HEL HE L ifd fipihyge o fect on
nor mal or chronlc con ONS W THin e, the

uti | i zatdueleicakid eh@raﬂslsﬁ lcmstmmamnateé e{pﬁes&ondfﬂecunedsﬂed c&mm ﬁgmGHEIH or

biological equivalent thereof.

43. The method of claim 42, wherein the encoded GHRH or functional

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

44.  The method of claim 43, wherein the tissue specific cells of the subject

comprises muscle cells.

45.  The method of claim 42, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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bi ol ogi cal equi val ent thereof or correspondi ng reconbinant protein as a
pl asm d-nmedi ated nethod to treat anemi a; increase total red blood cel
mass; revwpde/08dre0 wasti ng; reverse abnormal wei ght | oss; pCmamb2/sssmune
dysfunction; reverse the suppression of |ynphopoesis; and/or extend life

expectancy for a chronically ill subject could not have been predicted
based on specul ation. [02161 Al though not wanting to be bound by theory, it
is believed that an increase in GHRH will increase the GH | evels

suf 1101 ent tagl! edhe bR or AGEPIDC Ol fethebaGHRA! by MiRRopacver se

t he wasting; reverse abnormal wel '0oss; treat I nmmune nction
rever se liblegisalppuizslsitcheredf is yfﬂpl‘rm;im@@l) #ﬁ): extend |ife expectancy for the

chroni cal [ often contain a
conpl ex -gﬁ% %ﬁﬁgggﬁpg%ugﬁpdﬁﬁ§a §‘%ﬁ]§§5%$§£gﬁgF%er conpl i cated by
chronic conditi on%hgﬁ;émhg% gEhe%lﬁlﬁ)gch c%}fé .direct experimentation

of GHRH or bi ol ogica eqU|v nedlated suppl enent ati on

or the teachings 2{2%1’;}Bd§lﬂ‘ﬁ !a“oft tﬁ&gﬂ%& id yr&éﬁ?er@\‘/g}‘)dﬁ%%&emhiave bee“

predi cted by one e ar erm ne conce i ons
non-native encodeg s S. l.d.de S ol ulatlon
of a nucleic aci g‘sggﬁ%g lg}r;]\f&%ljdc’fytlhg R gdl& %%31[“% (:Jkaf Vg u%l 6{] ent t her eof
is further conpli daleadinby“I”} he ti ssue used for plasnld nedlated

suppl ement ati on, and woul d not have been obvious to 73 WD 03/049700

PCT/ US02/ 39509 oXg iskDldrddisomert dfehecaniinmadidhetahina ¢tAialor glypies (‘GEnt ati ons with
the distinctive sequence in a particular tissue. The invention described
herei n contai ns t Xy idesDrirpLiiongr afither &ginbt ®idinetidemian (1MT), ex p@rinaent at i on
t hat expl ored tiszﬁg specific and inducible regulation of distinctive
nucl ei c acid sequ & that encoded GHRH or bi ol ogi cal equi val ent thereof,
whi ch was not obvi aseﬁ .upon r|or art. .The p &gaent inven%%g is a
significant step B +HSOE 8’6 NG, Agid St Eiae 1At ol D)g

ani mal s, includingrhunans. In order for nucleic acid-based therapies to be
transferred fromrodents to large manmals, and ultimately to humans, it
was surprising thatopkinags®in¥rebPW quantities of plasmd were effective. It
is shown herein that as little as 0.2 ng plasm d delivered under the proper
el ectroporation conditions had an inportant biological inpact that reversed
wast i ng, 47. The method of claim 35, wherein the nucleic acid expression construct

encodes a polypeptide of a sequence comprising SeqIlD#1, SeqlD#2, SeqlD#3, or
SeqID#4.

48, The method of claim 35, wherein the encoded GHRH or functional

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

83



i ncrease wei ght gain, and extend life in an ailing canine subject. This
plasm d quantity was 100 fold | ower than the theoretical one, and coul d
not have wean/om7edi cted fromthe relative doses used in PQIArsNT3IY5IN
average 1ng/kg). [0217] The treatnent of anem a, wasting, or inmmune
dysfunction; the increase in total red blood cell mass; the reverse of
abnormal weight [oss; the reverse in the suppression of |ynphopoesis;

and/ or the extension of life expectancy for a chronically ill subject are
a consequencgqof %—ﬂ)—#- 0 ! L&ac L.rcul ation,
regardl ess ofg 9't hekrr%\;%ns 0 H@E%%?gﬁ?b%??&%ﬁtgﬁﬁ @%%S%Iaéw%ﬁ’e&%&%gbbt ain the
sane effect by dédi veddlivgringéntapplisopl thatsebjgetaat efféctise @mo@RM @ firshn anal og
t hereof by classical reconbi Jaant r.ot ei nttheragy Je I’&IC| ei c cifd transfer.
Accordi ngly, successf ul"GHF% TS PREIPR LAWY SRS RSN P E TSR 2PQY i Y& accurat e
delivery of encoded segpseint ascldio atit @xpredsionh ehstndct;Swidreiatthd ARt nlicksiell ts in
expression of the gene product at |evels appropriate to produce, a

bi ol ogi cal effect. The?dtr SIEHI0Bf CPMLRFImeTEOdRF | BIEWH-OREPYRTYERTNE he cour se
of the disease synpt ofgrmoRd ¢GOSR Yure QO BIaRIsSdaY equiv k@ iHek8r; ARY hod to
deliver nucleic acid sequences to'the cells of a subject is highly
dependent on specific Wheglséy serand Huclsifc Gaiddeyapssion] consing| Basnae  have
been predicted by one gkihiededidh &2 1 bi&h: hod and conditions are
appropriate wthout the ;ee}gﬂ?éﬁgs oﬁeﬁ%tgyﬁgpe@f ication. [02181 One skilled
in the art readi| {h)appddiverangs mokegulat svatch medesnte intovthrsuibiaet, ivdereingthe adapt ed
to carry out the objecti .Qbt aj h nds _and..adv ag ntioned as
wel | as those i nherentﬁlpﬁg?%%]?%.gw@gtrﬁ%%g?e %?oeérésd&r é‘g{u%?e%]meq% sl,g%énd Kits
described herein are poegent|ly representative of the preferred enbodi nents
and are intended to be exenplary and are not intended as |imtations of
the scope. Changes therein and other 74 WD 03/049700 PCT/ US02/ 39509 uses
wi || occur t&0tho3be shathddedf iclhimhdd, avleraihi dehivarmg ef ¢lmmpies sedlewi adid n t he

spirit ol Lhe. iovention,or defined, by the scepe ol Lhe invention. 75 o

51.  The method of claim 49, wherein delivering of the second nucleic acid

expression construct into the cells of the subject comprises electroporation.

52.  The method of claim 49, wherein the first nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqlD#1, SeqID#2, SeqID#3, or
SeqID#4.

53.  The method of claim 49, wherein the first nucleic acid expression construct

further comprises, a transfection-facilitating polypeptide.

54.  The method of claim 53, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

55.  The method of claim 53, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.
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1. Anethod of treating anema in a subject, conprising: delivering into
cells of the subject an effective anmount of a nucleic acid expression
const ructwohawn4®gncodes a growt h- hor none-r el easi ng- hor non@CI/uShERBdsY9 or
functional biol ogical equivalent thereof. 2. The nethod of claim1,
wherein delivering into the cells of the subject the nucleic acid
expressi on construct conprises electroporation. 3. The nmethod of claiml,
wherein the cmlIsTménkﬁmd&ﬁbhﬁnﬂ9awmﬂ@mddhkdnghﬁ¢ﬁmcmﬂsoﬁmemﬂwmtﬂs 4. The

met hod of claim]l, erein.the nuclei.c acid ex res constr conprlses
Sogl D1 oSG s PR CaB N PSPy OTelg PRATRT L
SegID#quo@ﬁlseng#Zl 5. The nethod of claim11, wherein the nuclelc aci d
expression construct further conprises, a transfection-facilitating

pol ypeptide. 6. The nethod of claimb5, wherein the

transfecti on-sf7aci ITht afethgd pail yipieptsed evheriinmhd *ecodad Clegtlgedy padtsipeipt i de. 7.

The nmet hod of ¢l n the transfection-facilitating pol ypeptide
conprlse?mﬁ§ﬁgnlﬁﬁpﬁﬁ%W§?%ml Ft¥H@SH@fH@d of claim1, wherein delivering

into the cells of the subject the nucleic acid expression construct

initi ates expressi n of, the. encoded,GHRH, or funct.i onal i I

equi val ent t%rér eof. thI"r‘lieofncgat Wo 3’fher8fnac}e nggi/\%ftt;h I?CHEI ’g(g’dé% GHRH or
functi ongb subjeed ngaaés equinvalleaty ploesirgoind Shexpsleasadswitch icempesespeci fi c
cells of the subject. 76 WO OB/gm97OO PCT/ US02/ 39509 10. The net hod of

claimo, mﬁﬁ%ﬁgmﬁofﬁ%ﬁWW§§@Bx§ﬁ@ fic cells of the subject conprises muscle
cells. 11. The nethod of claim8, wherein the encoded GHRH is a

bi ol ogical ly acti t he enca ded functional biol ogical
equi val ent of ﬁiﬁéﬁﬁ%’gr’gﬁkﬁflﬁée Tt thl""laa§ B EFEUE YD B RF T Yt ’('S‘J‘ec?ont ain a
di stinct ex@fﬂsé’i@n 8£iHd GERHICRnIMIhAIGISbTEH] lamealed! shcoded on the first nucleic

acid sequence.

60.  The method of claim 49, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.

35



having sim|lar or inproved biologically activity when conpared to the GHRH
pol ypeptide. 12. The nmethod of claim8, wherein the encoded GHRH or

functi onawo mioed70@i cal equi val ent thereof is of formula (BEQUSIZEYSD9

- X-1- X, - DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- OH wherei n t he
formula has the follow ng characteristics: Xl is a D-or L-isonmer of the
amno acid tyrosine ("Y"), or histidine ("H'); X2 is a Dor L-isoner of
the amino acid alanine ("A"), valine ("V'), or isoleucine ("I"); X3 is a

D-or L-isomergof i Lidkal @ni CA V&I Q) s is a
D-or L-i sorrer61'of :IE% %%ﬁ% cgg!lﬂgm?ré?h:“gﬁrleiﬁle%ﬁ fﬁ‘;ﬁdg%réﬁg%c%gﬁc{w [i); X5 is
a D or Lbipegwdrequivalehtgherao o ofifoirduls SEQI® #6)S") or asparagine ("N'); or a

conbi nat i:?”-xt-lﬁﬁﬁﬁ%pxjﬁ'x T%%Agﬁ&ggf_xofx —%@éﬁh&m&‘ﬁh&f ein the nucleic acid
0 e 0

expressi on* Construct  encodes a yhept I seguence conpri sing

Segl D#1, Seql D#2, l [ I 14 T 10d of claim1, wherein
t he encoded GHRH c‘)&r%%%l]f%gi’f%lﬁla aé%?*%?@g%%% C}éa(ﬁ%?e\fa 1ég]ht thereof facilitates

growt h hornone ("Q.), secretion id t fect . L&l»WD 03/ 049700
PCT/ US02/ 39509 151 a%e?rt{biio%?réﬁ%ea{}lgﬂégcg%?né%nﬁ%Z(a)’gﬁg%t/é&gl?e,(gg&r‘rpri si ng:

(a) d.6| lvering I ntp ig%l Il)-sorqj-'sgrrrllg gflgtlse%tinoagi fai Cte' (V‘g’r;g%ti'ﬁ’]et “%’) %rfl rst
nucl ei ¢ aci d exprég€sron Sonstriict Ot ARdTAR &FF &CTTVe dnvdh o? a’ 'second
nucl ei ¢ aci d expr ésdduoine ¢ANstruct; wherein the first nucleic acid
expressi on construct encodes growt h-hornone-rel easi ng- hornone ("GHRH') or
functional biol ogiXzds a Beprilv-abmat oftthedntind acidBninedferdion glybiae §€pnd nucl ei c
aci d expression construct has an

X4 is a D-or L-isomer of the amino acid methionine (“M”), or leucine

(‘CL!’);
X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or

a combination thereof.

62. The method of claim 61 wherein the encoded GHRH or functional

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

63. The method of claim 49, wherein the encoded GHRH or functional

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

64. A method of increasing total red blood cell mass in a subject, comprising:
delivering into the subject a recombinant growth-hormone-releasing-hormone (“GHRH”)

or a biological functional equivalent thereof.

65.  The method of claim 64, wherein the recombinant GHRH is a biologically
active polypeptide; and the recombinant functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.
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encodi ng region of a regulator protein; and (b) delivering a nol ecul ar
switch nolecule into the subject, wherein the nolecular swtch nolecul e
governs awbpiosasd7on of the regulator protein. 16. The net rod/usb2/ad45a9 m 15,
wherein delivering of the first nucleic acid expression construct into the
cells of the subject conprises electroporation. 17. The nethod of claim 15,
wherein delivering of the second nucleic acid expression construct into
the cells of 66.he Thbjnedtodcafhqlbins 64 eheeeih rtiep crcambmant GBIRHMbe fimetidratl of cl ai m
15, wherein . the first nucl.eic.aci {on construct encodes a

pol ypeptHHeBien eqpivaleni dirreot iy P?@ﬂ%§é§@§| 1, Seql D#2, Seql D#3, or

Seql D#4.-x],%,-TherievrRod xpfor cAminnS x, -whegeizanddoea faur st nucl ei ¢ aci d
expression construct further conprises, a transfection-facilitating

pol ypeptide. 20. Wheecihmhdfvimok hat the follb®ingdharaeienistidse
transfection-facilitating pol ypeptide conprises a charged pol ypeptide. 21.
The nmethod of cl aKmislOD-omMheis@hdr dfkie abfimnawictdsor(ae) ot Hiaidineq Kol ypept i de
conprises poly-L-glutamate. 78 WO 03/ 049700 PCT/ US02/ 39509 22. The net hod
of claim 15, wher&jns dab-by Erisdiger ¢fithe bithoCRlid slanihe t(1%")s whljreqtvt)her second
nucl ei c acid expressiaon Egpstruct initiates expression of the encoded

regul atory prot elSpleusne (Fie net hod of claim 22, wherein the encoded

regul atory protein is expressed_in the ce|ls of the subjecs,  but is

i nactive. 24. TheXptagwr lsﬁlﬁi%t}?s“}n%‘iﬂlﬁmﬂ"e( i‘A\I}EPli a&él’(’ﬁ& BB ol ecul ar
swtch into the subject activates_the regulatory. EOthﬂ, angpthe
mol ecul ar switch &erpri 38 L-emshpf eqHpng acid we ALDs &I ent . 25.
The met hod of cl ap4rR4, wherein the active regulatory protein initiates
expression of the H or functional biological equival ent encoded on the

first nucleic Xs is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or

a combination thereof.

67. The method of claim 64, wherein the recombinant GHRH or functional
biological equivalent thereof is of a formula comprising SeqID#1, SeqID#2, SeqID#3, or
SeqID#4.

68. The method of claim 64, wherein the recombinant GHRH or functional

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

69. A method to reverse wasting in a subject, comprising: delivering into cells
of the subject an effective amount of a nucleic acid expression construct that encodes a
growth-hormone-releasing-hormone (“GHRH”) or functional biological equivalent

thereof.

70.  The method of claim 69, wherein delivering into the cells of the subject the

nucleic acid expression construct comprises electroporation.

71.  The method of claim 69, wherein the cells of the subject are somatic cells,

or stem cells.
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aci d sequence. 26. The nethod of claim25, wherein the encoded GHRH is a
biologically active polypeptide; and the encoded functional biol ogical
equi val erwoaB/0@4RH i s a pol ypeptide that has been engi ne@ecadiShn3wsont ai n a
distinct am no acid sequence while sinultaneously having simlar or

i nproved biologically activity when conpared to the GHRH pol ypeptide. 79
WO 03/ 049700 PCT/ US02/39509 27. The nethod of claim?25, wherein the
encoded GHRH72r f Uhe methvdl obilaino §bcavheremuihe alueleic ddikcgmession amstihwat mul a

nerei n e SFAT heSe AN GO g AT e DR PEL - SeaTe

L- |sorrersequ#2beorzg§qnw2qC| d tyrosine ("Y) or histidine ("H'); X2 is a
D-or L-isomer of the amino acid alanine ("A"), valine ("V'), or isoleucine

("1"); X3 is a D-or L-isoner of the amno acid alanine ("A") or glycine
("G'); X4 is73 D UThe lmeitl‘iﬂnEﬂ claim tébewaéfbimahaaiudleﬁeidiﬂ erpasidn’ dnytrucdr | euci ne
("L"); X5 js a D.or i f the a cid serine ("S") or asparagine
("N"); éﬁ?ﬁeéc%ﬂnﬁeﬁé‘ttﬁyﬁfo gﬁ‘ﬂlta“?%po Wf'@tl thod of claim 27 wherein the
encoded GHRH or functional biol ogl cal equivalent thereof facilitates

growt h horrm (" e i he. subj ect 29. .The nmethod qf claim
15, wherein t ﬁ%é’?ﬁ‘ éﬁ%—?l r’iv fe’B’h@F tfﬁnﬁfFf}&ncfﬁflllt? g\?gyg?‘ﬂtl(a? her eof
facili taj‘oﬁ@ngurs@\ml&gappwuaem ) secretion in the subj ect. 30. A nethod
of treating anemia in a subject, conprising: delivering into the subject a
reconbi nant grow h- hor none-rel easi ng- hornone ("GHRH') or a bi ol ogi cal

functional eqsi valteaimecthodrafaflaim323, wherinmgi hedsfotion-fatititadtg pulypepeide t he

reconmbi nant .GHRH, i bi ol ogi cal |
comprises p'&'ly— -gﬁltamate g y

76.  The method of claim 69, wherein delivering into the cells of the subject the
nucleic acid expression construct initiates expression of the encoded GHRH or functional

biological equivalent thereof.

77. The method of claim 76, wherein the encoded GHRH or functional

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

78.  The method of claim 77, wherein the tissue specific cells of the subject

comprises muscle cells.

79.  The method of claim 76, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.
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active polypeptide; and the reconbi nant functional biological equival ent of
GHRH is a pol ypeptide that has been engineered to contain a distinct am no
aci d sequwpaa/owdtnd e si nul taneously having simlar or inprerdsobswhogi cally
activity when conpared to the GHRH pol ypeptide. 80 WO 03/049700

PCT/ US02/ 39509 32. The net hod of claim 30, wherein the reconbi nant GHRH or
functional biol ogical equivalent thereof is of fornula (SEQ D #6): -X

1- X2- DAl FTNSYRKVL - X3- QLSARKLLQD | - X4 - XS- RQQGERNQEQGA- OH wherein the

formila has the [ Bhd SH EANARL 96 RhEER, i olcdgl Raffuior BAERRD! L Ne

am no acid tyr05| ne ti’d is a Dor L-1somer of
t he am rbiolagica e@hmiermdletécﬁis)qf funﬁulméSEQIU#)S) or isoleucine ("I "); X3 is a
D-or L-isongr ycine ("G'); X4 is a
D-or L-i&dm¥ ngfF ‘%’#E‘K%nx aC| ohl i ;lﬁ(&?AQ%r | eucine ("L"); X5 is

a D-or L-isoner of ereg;éﬁe noula %thg%l}o%é %%ﬁggtvﬁspa_ragl ne ("N'); or a

conbi nati on ther egP erein the reconbi nant

GHRH or functiona biQl o |caI « rha

conpri sing Segl D#Xt ™ e]g"l FOTEE ?&? acu%t&?({ %%4 Yéﬂgghf%gh(r%ét 4 of claim
30, wherein ther conbi GHRH tio d pgli Wwal ent
t hereof facilitat gé g%ﬂ] i (S)(?nﬁeﬁn(grt . @%)O ascé(glrﬂg["%g 'Qﬁ 9% é?% 35. A
met hod of i ncreasisagudind ¢i”)r ed bl ood cell mass in a subject, corrprl si ng:
delivering into cells of the subject an effective amobunt of a nucleic acid
expressi on const Ky @ta DAl -ienaadd sheangicoaidaltna6ae) oegledssd (TG~ hor none
("GHRH') or functional biological equivalent thereof. 36. The nethod of

cl ai m 35, wher ei nXgas iavefor NGisofikd of ke HRinb Jicill mcthéorined{“dCY), dbh&ucine

(LCL’));
Xs is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or

a combination thereof.

81.  The method of claim 69, wherein the nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID#1, SeqID#2, SeqID#3, or
SeqlD#4.

82. The method of claim 69, wherein the encoded GHRH or functional

biological equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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nucl ei ¢ aci d expression construct conprises electroporation. 37. The nethod
of claim35, wherein the cells of the subject are somatic cells, or stem
cells. 8IwoM30&70819700 PCT/ US02/ 39509 38. The nethod of elcaiusn3sonherei n
the nucleic acid expression construct conprises Segl D#11, Seql D#12,

Seql D#13, Seql D#14, Segl D#17, Seql D#18, Segl D#19, Seql D#20, or Segl D#21.
39. The nethod of claim35, wherein the nucleic acid expression construct
further conprises, a transfection-faci I itating polypeptide. 40. The net hod

of claim 39, g\/ner In%ﬂif)?ﬁ %‘%&%fv‘?ﬂ%ﬁﬂ&o Ht &’%"ﬂgﬁ pol ypeptide conprises a

char ged polypeptl ereln t he

transfecti on-f aci(a)t atdehgerpl inpe p¢lisde thc;(smtpﬂ:qtsmsefbgﬂl\ye— &mglllmltCérmﬁEt 42. The
net hod of claim 35, wherein deliveri.n |nothe cel ubj ect the
nucl ei ¢ acid expressi orﬁlcgbcng‘flﬁfé‘?ref%? %S@Ctm% 5%5%%89‘661‘ EII{Hﬁuen%eo?caoded GHRH
or functional biol oglséadndaqmlefcah@mbxﬁréseroﬁccbnstﬂﬁt vilessinnetiehfrdt micledd ai m 42,
wherein the encoded GHRH or functional biological Wﬁhﬁl val ent thereof is

expressed in tissue sp& fPRISEPT s COFITEH e CBWIFE B OB YE of claim

43, wherein the tissuencipesd “GHIAe o iktidnaEbisleRicaIdquivaRAPihk26S afidiscl e
cells. 45. The nethod of claim42, wherein the encoded GHRH is a

bi ol ogical Iy active pehseiapthedascorthducliis asid oRIPEesFiaRCeIsldtt Bsotibgi cal
equivalent of GHRH is g

%&Bt n engi neered to contain a
distinct amno acid seqﬁ%nc%y dfq(?e%um%gp%eou y having sim | ar or
i mproved bi ol ogi cé |y dalivénirig amalserarcswriplametEculs inth ¢he sBhiREt, pbergindhe | de. 82

\é\ﬁcggégélg;ga (F))rCT]{ tﬁgtzll 3915?“ ar lev@ltchﬂlll?ol%fehg(gve%s ﬁétﬂ).am)ﬁl %f %e{egﬁlgtol: he

protein.

84.  The method of claim 83, wherein delivering of the first nucleic acid

expression construct into the cells of the subject comprises electroporation.

85.  The method of claim 83, wherein delivering of the second nucleic acid

expression construct into the cells of the subject comprises electroporation.

86.  The method of claim 83, wherein the first nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID#l, SeqlD#2, SeqID#3, or
SeqlD#4.

87.  The method of claim 83, wherein the first nucleic acid expression construct

further comprises, a transfection-facilitating polypeptide.

88.  The method of claim 87, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

89.  The method of claim 87, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.
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bi ol ogi cal equivalent thereof is of formula (SEQD #6): -X 1, -X2- DAl
FTNSYRKVL - X3- QLSARKLLQD | - X4 - X5- RQQGERNQEQGA- OH wherein the fornmula has
t he fol | oworg/4oh@r acteristics: Xi is a D-or L-isoner of tplha/sor/smsoaci d
tyrosine ("Y"), or histidine ("H'); X2 is a Dor L-isonmer of the am no
acid alanine ("A"), valine ("V'), or isoleucine ("1"); X3 is a Dor
L-isonmer of the amno acid alanine ("A") or glycine ("G'); X4 is a D-or

L-i soner of Vbe aWhewmethod df cleihd3)milieeein ddilidringointd theicillseof tife'subject & is a
D-or L-isonmer of.the anm no. acid serine ("S') ar a ara . or a
conbi naFF‘i?ggtnr‘f%lF’éoafmd FEPIeSERE "r‘r’ﬁftﬂﬁh injgat %ﬁp 5381 9 r?g‘f(hé \%%qnél c acid
expr essipgfteigonst ruct encodes a pol ypeptide of a sequence conpri si ng

Segl D#1, Segl D#2, Seql D#3, or Seql D#4. 48. The method of claim 35, wherein
t he encoded GHRH or functional biological equivalent thereof facilitates
growt h hor noge, ("G Imakar eficﬂn‘imi 00, hiesitbjtecencod 8B riidlABHOABTID is
PCT/U802/3950$. 49. ﬁ gﬁ}hog of increasing total red blood cell mass in a
subj ect XS] fthn getls e }eéﬂJFVeVﬁﬁbmWﬁWB cells of the subject an effective

anount of a first nucleic acid expression construct, and an effective
amount of a _,seco nucl ei ress n con uct ere the first
nucl ei c aC|8§expEg% @wﬁéﬁﬁgﬁ g@tw ﬁ@% Wgwgﬁﬁﬁﬁhgvﬁﬁﬁsf?@t@agﬁ%g-

hor none the' Gibjett) a@ivafes nthtel fgalatddy Opro@ing adndeciel vidllenlar t dugitcbotomprisds wher ei n
the second nucl ei ¢ _acid. expression construct has an encoding region of a
regul at GRISBFIEORs oF itsAiertiops! edelVal§®r i ng a nol ecul ar switch nol ecul e into the

subj ect, wherein the nolecular switch nolecule governs activation of the
regul at or

93.  The method of claim 92, wherein the active regulatory protein initiates
expression of the GHRH or functional biological equivalent encoded on the first nucleic

acid sequence.

94.  The method of claim 93, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.
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protein. 50. The nethod of claim49, wherein delivering of the first

nucl eic acid expression construct into the cells of the subject conprises
el ect ropowatosom7061. The nethod of claim 49, wherein deli wemiusg2/sdsos he
second nucleic acid expression construct into the cells of the subject
conprises electroporation. 52. The nethod of claim49, wherein the first
nucl ei ¢ aci d expression construct encodes a pol ypeptide of a sequence
conprising Segl D#l, Segl D#2, Seql D#3, or SeglD#4. 53. The nmethod of claim
49, wherein e fius | e i 6k € 5$Sj on ttﬁﬁﬁl u onpri ses,
a transfecti%%—fa%%ﬁ%F@#@ngf%% ypg%t%gégaSQg qﬁg&%%t 0 d% C g%%? 3,

wher ei n bidbezital ansfadat thereof aeif fortmia SEQBBHYpept i de conpri ses a charged

pol ypept ide, 5 2t he % im 53 Lo the
transfec?Féﬁf?ggp%gﬁggfkb%g%ﬁ%%%Iﬁi%%g‘% %Qg%%éékﬁgly-L-glutanate. 84 WO
03/ 049700 PCT/ US02{ 39509 1. The. met 0 .M 49, wherein delivering
into the cells ofwﬁrgngﬁﬁ?ggpaggghggggﬁﬁﬁﬂ%%ﬁéggggéid expressi on construct

initiates express{on t he enca _requl . pL@h el n.: . (e, met hod of
cl ai m 56, mhgreinklﬁg éﬁ%ga%ﬁm?8g§%§f8rngbgﬁéPﬁQTg)’%ﬁ%?@%?édﬁsh the cells
of the subject, byt.isdnagtive, Th .of c-ai ceMherein
deIiveringlof thek 31 %% %ﬁq%ﬁ?¥éﬁﬁp% %Ew?ﬁ%pég%ﬁééfiik?égétes tﬁg

regul atory prot eiRolewsigt ¢, nol ecul ar switch conprises mifepristone or its
functional equivalent. 59. The nethod of claim58, wherein the active

regul atory prot eiX; isAiD-doaLdsomee vpthe asiimnacif alirtie: (AR railydinnEGonal

bi ol ogi cal equi val ent encoded on the first nucleic acid sequence. 60. The
met hod of cl ai m 4%, iWhay-ei NL-kstRercof @ ethitdiRtidi methiddine! Y1 G,add kuciact i ve

pol ypepti de; and %E%.encoded functional biological equivalent of GHRHis a

X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or

a combination thereof.

96. The method of claim 95 wherein the encoded GHRH or functional

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

97. The method of claim 83, wherein the encoded GHRH or functional

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

98. A method to reverse wasting in a subject, comprising: delivering into the
subject a recombinant growth-hormone-releasing-hormone (“GHRH”) or a biological

functional equivalent thereof.

99.  The method of claim 98, wherein the recombinant GHRH is a biologically
active polypeptide; and the recombinant functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.
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pol ypepti de that has been engineered to contain a distinct amno acid
sequence while sinultaneously having simlar or inproved biologically
activity woaa/oeoopared to the GHRH pol ypeptide. 85 WO 03/Pa4aR0839509

PCT/ US02/ 39509 61. The net hod of claim 49, wherein the encoded GHRH or
functional biol ogical equivalent thereof is of formula (SEQ D #6):

- X_, - X2- DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- OH wherei n t he
formul a has tgoe fitel Mhog@ of tRuird OBEivhsieinC the rétorhisindnt [HIORH Lori fandtidnalof t he
amno acid tyrosine ("Y"),. or histidin%%g"kr); X2 is a D-or L-isoner of

t he anih@bQEPHmQP@HPh@WT”ﬁFPfﬁﬁ%??ﬁ%E@L §): or isoleucine ("I"); X3 is a
D-or L-igasenha@frMsRecank g agkttodt a)ifedockknbe®dn-ghycine ("G'); X4 is a
D-or L-isomer of the amino acid nmethionine ("M'), or leucine ("L"); X5 is

a D-or L-isoner Qf/hefré]ﬁt@%ﬂﬁiﬂ@ﬁds@h&ﬁﬂb\ﬂﬁF(cflﬁ'édte@dticaspar agine ("N'); or a
conbi nati on thereof. 62. The nethod of claim®6l wherein the encoded GHRH or

functional biol ogjigalD-saissaeeotthd fame atiditpoekiné (ot g or alsaihd(“Py;mone (" GH')
secretion in the subject. 63. The nmethod of claim49, wherein the encoded

GHRH or functi onat, Ri Pbogt CalonRALT MR! Sitho bbRr S&afind @A), i JaBhesVIn,00t h hor none
("GH') secretion in the subject. 64. A nethod of increasing total red

bl ood cel | nass ifplencéigd[’Bdt, conprising: delivering into the subject a

reconbi nant growt h- hor none-r el easi ni g-hormone ("GHRH') or a bi ol ogi cal
functional equi vaXeife D-prek-dgmer gifhe amimo geidpbaingt(“A7)ar glysme (Whar ei n t he

reconbinant GHRH is a biologically active polypeptide;, and the reconbinant

functional biol ogkcl 2 &yor Laperrr dftheaming acid methiopive (tMdk of Helicias been
engi neered to coq@gin a distinct am no acid sequence while simultaneously
having sim |l ar or |@broved biologically activity when conpared to the

X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or

a combination thereof,

101. The method of claim 100, wherein the recombinant GHRH or functional

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

102. The method of claim 98, wherein the recombinant GHRH or functional

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

103. A method to reverse abnormal weight loss in a subject, comprising:
delivering into cells of the subject an effective amount of a nucleic acid expression
construct that encodes a growth-hormone-releasing-hormone (“GHRH”) or functional

biological equivalent thereof.

104. The method of claim 103, wherein delivering into the cells of the subject

the nucleic acid expression construct comprises electroporation.

105. The method of claim 103, wherein the cells of the subject are somatic cells,

or stem cells.
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GHRH pol ypepti de. 86 WD 03/ 049700 PCT/ US02/ 39509 66. The nethod of claim
64, wherein the reconbi nant GHRH or functional bi ol ogical equival ent

t her eof iwoaB/oigmeorul a (SEQ D #6): -X_ 1, -XZ- DAl FTNSYRKVL PCXAFSQUSARKLLQD |

- X4 - X5- RQQGERNQEQGA- OH wherein the formula has the foll ow ng
characteristics: Xl is a Dor L-isomer of the amno acid tyrosine ("Y"), or
histidine ("H'); X2 is a D-or L-isoner of the amno acid alanine ("A"),
valine ("V")1060r TheS@étBod ohelalm 1103, witBeih ShanbRl€it akidi G@rassiowtorstractani no aci d

et hi orfa e D Kaiie Ssans, Ssdoiiiseaiih Seaalis SEaBRE” i o

acid segdqmeud0, or Se@bu#@sparagi ne ("N'); or a conbination thereof. 67. The
nmet hod of cl aim 64, wherein the reconbinant GHRH or functional bi ol ogi cal
equi val ent thereof is of a formula conprising Segl D#1, Segl D#2, Segl D#3, or

Segl D#4. 68.10Fhe THRtNGHO LT clamh MVSAwhetbif tRd Audléie atcRCaRIssiom torfstittd Or
functiopal biological equivalent thereof facilitates growth hornone ("GH")

secr et | BHherPompEseEyp fragsfectiogdrciliatipgPr@erter ever se wasting in a subj ect,
conprising: delivering into cells of the subject an effective anobunt of a

nucl ei ¢ aci d expressi o onst.ru t hat, epcodes a e L . ‘
gr owt h- hor motf&: r dg?tﬂ@-cwgﬁ%@%(w Ry e H?HS?‘?YHB’?'fa(fﬂﬁ?tn‘gip&yBﬁ?t@ﬁl

equi val @mprisgsr@aﬁpgedpgg?egm_ met hod of claim 69, wherein delivering into
the cells of the subject the nucleic acid expression construct conprises

el ectroporation. 71. The nethod of claim69, wherein the cells of the
subj ect are mOMAtTH B&hdSof cléim W7 SWheein! the transfection-facilitating polypeptide

comprises poly-L-glutamate.

110. The method of claim 103, wherein delivering into the cells of the subject
the nucleic acid expression construct initiates expression of the encoded GHRH or

functional biological equivalent thereof.

111. The method of claim 107, wherein the encoded GHRH or functional

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

112. The method of claim 111, wherein the tissue specific cells of the subject

comprises muscle cells,

113. The method of claim 107, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.
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87 WD 03/ 049700 PCT/ US02/39509 72. The nethod of claim69, wherein the

nucl ei ¢ acid expression construct conprises Segl D#11, Segl D#12, Segl D#13,
Seql D#14, wBaglhB#aw, Segl D#18, Seql D#19, Seql D#20, or SeglpDAK02/3809 The

met hod of claim 69, wherein the nucleic acid expression construct further
conprises, a transfection-facilitating pol ypeptide. 74. The method of claim
73, wherein the transfection-facilitating pol ypeptide conprises a charged
pol ypeptide. 75. The nethod of claim 73, wherein the

transfection;facihitatin penks d ri Ol-Y¥ols7 gl U . 76. The
met hod of cl &i'm é'lsﬁ‘,e fruDE GLRe o ﬁ”deﬂgﬁtn@‘et%gg%% phdy q}rh%lg%%%j%ect t he
nucl ei cbialigitabeqpivaiest thorechin of faumtilai(REQIx#@s expressi on of the encoded GHRH

or functjonal bi he met hod of cl aim 76,

| ogi cal i val f )
wher ei n'zf'h'é“"@ﬁ%%% gﬁ’%ﬁ%’%&%%@??%é}%slk%ég%b@ﬁ??%éiﬂequi val ent thereof is
din ti il | | th bj . .78. Th t hod of clai
7 wherei n the et g el Biools BlobE MBI conpr i ces miscie
ll1s. 79. Th hodof claim7 wh i.n.th d.GHRH .S
ce S 12 11T S e s L s MRS SR s BSRE BRI 31 g co

st net am no. acd® SemNEEORRT PEUR ARG eARaER R0 AR TR o

i nproved bi ol ogi dalldug¢in@Gti’yi ty when conpared to the GHRH pol ypeptide. 88
WD 03/ 049700 PCT/ US02/ 39509 80. The nethod of claim 76, wherein the
encoded GHRH or fXyrigh Domdl-isoiret ohe aming @id wiingiet(“ A& @blcine @), f or mul a
(SEQ D #6): - X_1-X2- DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- CH
wher ei n the for mKaisha®-bhe-ifcahdroyi the a6 a6l ehdthibhi@s :(“M™), or leucine

(GtL’S);

X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N);

or

a combination thereof.

115. The method of claim 103, wherein the nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID#1, SeqID#2, SeqID#3, or
SeqlD#4.

116. The method of claim 103, wherein the encoded GHRH or functional

biological equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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Xl is a Dor L-isomer of the amno acid tyrosine ("Y"), or histidine ("H');
X2 is a Dor L-isoner of the amno acid alanine ("A"), valine ("V'), or

i sol euci nwo(0310497p0 X3 is a D-or L-isoner of the am no aci dralrarsomsdsfy A") or
glycine ("G'); X4 is a D or L-isomer of the amno acid nmethionine ("M), or
| eucine ("L"); X5 is a Dor L-isonmer of the amno acid serine ("S") or
asparagine ("N'); or a conbination thereof. 81. The nethod of claim 69,
wherein the nucl eic acid expression construct encodes a pol ypeptide of a

sequence conpf Si eql D#l . Seql D#2, Seql D#3, or. Seql D#4. 82. The net hod
of claim GQTH\zher‘glglﬁﬁtoﬁéo r@ﬁ?@)%l%%"@ﬁéﬂebéﬁoﬁﬁ&% Sb‘h'ﬁft’ “BMBIEG cal equi val ent
t hereof facilitat@s grdeimehingditondetls of G’ Jubfet aeteffonive nidvat sfibjfeett . 89 WO
03/ 049700 PCT/ US02/ 39509 . 83, A nethod to reverse stjng in a subject,
conprising: (a) deliv@PflFg acHt GXRIENION epmstiyel adnietfeciiye mougt ofé@ anount of
a first nucleic acidseppd 8a8kRACRONDIHEA coRRtctalhbinabt iR KNt of a
second nucl eic acid expression_construct; wherein the first nucleic acid
expressi on construct &fidodsRresiawIenHBIchopreofes| eaevthdwormenesisasite-GHRH') or
functional biol ogi cal e dkeitkit /6 EliondlifhloBF bGliaibl migond nucl el c
aci d expression construct has an ‘encodi ng region of a regulator protein;
and (b) delivering a ndewoulthy sseantlchudeit easid expmssivnt lrendbbi das anwher ei n
the nolecular switch I ern i A of the regul ator

protein. 84. The net hé gﬁ%gké?%g%{egmﬁ%?éﬂpﬁe%%3ﬁ?veri ng of the first

nucl ei ¢ acid expgbessideliveciogs hroltila s inch theleadd inso thé sithect,sullepedn theconpri ses
el ectroporati on.

molecular switch molecule governs activation of the regulator

protein.

118. The method of claim 117, wherein delivering of the first nucleic acid

expression construct into the cells of the subject comprises electroporation.

119. The method of claim 117, wherein delivering of the second nucleic acid

expression construct into the cells of the subject comprises electroporation.

120. The method of claim 117, wherein the first nucleic acid expression
construct encodes a polypeptide of a sequence comprising SeqID#1, SeqID#2, SeqID#3,
or SeqID#4.

121. The method of claim 117, wherein the first nucleic acid expression

construct further comprises, a transfection-facilitating polypeptide.

122.  The method of claim 121, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

123.  The method of claim 121, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.
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85. The nethod of claim 83, wherein delivering of the second nucleic acid
expression construct into the cells of the subject conprises

el ect r opowatisom7086. The net hod of claim 83, wherein the frcmatSonsusbei ¢ aci d
expressi on construct encodes a pol ypeptide of a sequence conpri sing

Segl D#1, Segl D#2, Seql D#3, or Segl D#4. 87. The nmethod of claim 83, wherein
the first nucleic acid expression construct further conprises, a

transf ect i ont4aci Thet @éthod o POt €PL, ivilRreiB Seliviify W6 Medeell o€ tBisab8t, Wherein
the transfection-facilitating pol ypeptide conprises a charged pol ypepti de.
89. TheleeI08d nBtleie paid irpressioffonyrust iatascaprersernt ofdhe usedadirealatory

pol ypeppiofigy, conprises poly-L-glutamate. 90 WO 03/049700 PCT/ US02/ 39509

90. The nmethod of claim 83, wherein delivering into the cells of the

subj ect the second nucleic acid expression construct initiates expression

of the encoded, r epidl aleiod ofPEIREEI1D4, FhereibhtheMBADASH Hgubttatl Pr&Bin Wherein the
encoded regulatory protein is expressed in the cells of the subject, but

i s i nact¥pyesedgn theygeds afthp sepiest. buf i5iineca¥e. wherei n del i vering of the

nol ecular swtch into the subject activates the regulatory protein, and

t he nol ecul af,_swi fch c rises mfepristgone or Jits functional .equivalent.
93. The net 8" of el s bt CiW’i’e]!Zéi ¥ THE daﬁ‘fq_r% qfélgeu_rl%tlmﬁ@; SBRER 6MA i t at es
expr essi@nNafject N titAIRH B¢ ﬁ‘egmaggo PRiteiR] @h®ahs aloREMhY 3kR0k Bhpegad on the

first nucleic acid sequence. The et hod of claim93, wherein the
encodedM&EFII$tens oF itp figicHepat equivalenhct i ve pol ypepti de; and the encoded
functional biol ogical equivalent of GHRHis a polypeptide that has been
engi neered to contain a distinct am no acid sequence while, simultaneously

having si mi | 7 orTherpeiBodat slase dgo-cuhargindes ACHEyeRHANCHIRTEY BE XS the GHRH
pol ypeptipd&sion of the GHRH or functional biological equivalent encoded on the first nucleic

acid sequence.

128. The method of claim 127, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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91 WD 03/049700 PCT/US02/39509 95. The net hod of claim93, wherein the
encoded GHRH or functional biological equivalent thereof is of formula
(SEQ D #6W0D 031039708 X2- DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQRGERISQESY S0 OH
wherein the fornula has the followi ng characteristics: Xl is a Dor
L-isoner of the amno acid tyrosine ("Y"), or histidine ("H'); X2 is a
D-or L-isoner of the amno acid alanine ("A"), valine ("V'), or isoleucine
("1"); X3 is a D-or L-isoner of the am no acid aI ani ne ("A") or gl yci ne

("G); X4 is D-ar. L-j:s of t am no | euci ne
("L"); X5 i 51%9 D@} E‘P%hgg&?d%]fm tIEZ’ X’Eerﬁgl %ch K%ﬂé(ﬁé"r ﬁlB?t °é1§@ar agi ne
("N"); bmﬂowata{mtalbatihemofisef&ﬂfnulaS{SEQ]Ih%)rret hod of claim 95 wherein the
encoded :(EHRH or. functional _biol ogical val ent thereof facilitates

growt h ROFHBRE | ~GH ) L& FetrEheP ’f“h}é‘?‘%q.r‘ RCFCA-8%  The nethod of claim
83, mhereln the e code i onal . bi gl ogi cal equival ent thereof
facilitates gr owt‘ﬁ hor %?%mthﬁﬁtﬁ%g’ilf"é{mgﬁharf‘ﬁe?%és ‘'subj ect.  98. A net hod
Fecombi nant - ar owt RHEABT SR B AL GER e DR R P Ot BB 5T i oal
recombi nant | GRFord BS) GoPEsT Py HageRt B C{%a’? %Wﬁ “Hoconbi nant
r econbi nan econbi nan
functional biol ogidlailcirequii’yal ent of GHRH is a poI ypepti de that has been
engi neered to contain a distinct am no acid sequence while simultaneously

having similar orXjispDowedisaiet ofthe aminy agidtalavide)“Ahen ¢BRIRAT@Y; t 0 the GHRH
pol ypeptide. 92 WD 03/ 049700 PCT/ US02/ 39509

X4 is a D-or L-isomer of the amino acid methionine (“M”), or leucine
(GLL’S);

X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or

a combination thereof,

130.  The method of claim 117, wherein the nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID#1, SeqID#2, SeqlD#3, or
SeqlD#4.

131. The method of claim 117, wherein the encoded GHRH or functional

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

132. A method of increasing weight gain in a chronically ill subject, comprising:
delivering into the chronically ill subject a recombinant growth-hormone-releasing-

hormone (“GHRH”) or a biological functional equivalent thereof,

133.  The method of claim 132, wherein the recombinant GHRH is a biologically
active polypeptide; and the recombinant functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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100. The nethod of claim98, wherein the reconbi nant GHRH or functi onal
bi ol ogi cal equivalent thereof is of formula (SEQ D #6):
- X_1- X2- DAXDRBNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- CHPeiTarse2/sosvhe
formula has the follow ng characteristics: Xl is a D-or L-isonmer of the
amno acid tyrosine ("Y"), or histidine ("H'); X2 is a Dor L-isoner of
the amno acid alanine ("A"), valine ("V'), or isoleucine ("I"); X3 is a
gor |[| someI34o]1: T}Eaemétﬁbdlﬁf alaing l&l,aﬂljldiiﬁp(tﬁﬁ%e):?\)ﬂﬁ?in@it}@]iinﬂ (_(r"ﬁic)ti(onaLM)i ng _
or L-jsomer of the am ng agi thi onin "M), or leucine ("L"); is
a D-or E@ﬁ§6ﬁEWW®PkF%gw@HﬁﬁB%EEWHa§%@@ﬁ%# !S") or asparagine ("N'); or a
conbi natx oix, tiheFaekriit Ol -oldiexkiRbhag- i rdebainged&Qon Wher ei n t he reconbi nant
GHRH or functional biological equivalent thereof facilitates growh

hormone ("GH') segliepéih €4 fHitmildiasIhPfolEWing chideterldties:met hod of cl ai m 98,
wherein the reconbi nant GHRH or functional biol ogical equival ent thereof

facilitates growX, RamDeieisomerb)the a6inelatidiyloiné (& y WphRfdine (“42$. A met hod
to reverse abnormal weight loss in a subject, conprising: delivering into

cell's of the subjxcis AD-&TE-@6iky 6f SF0IHIho QFidoalstied ﬁhe),a%hﬁla ew&a&si on
construct that encodes a growt h-hornone-rel easi ng-hornmone ("GHRH") or
functional bi ol o&fleugineddilval ent thereof. 104. The method of clai m 103,
wherein delivering into the cells of the subject the nucleic acid
expressi on const rycik adbeidr-isemsr ¢fthepnigg aeidiaiagine (145 or glyeingdiHod of cl ai m
103, wherein the cells of the subject are somatic cells, or stemcells. 93
WO 03/ 049700 PCT/Xssi52# Fog0b-isoness of the aminchaeid grethipainen(Md?), opretcéien t he
nucleic acid equgggion construct conprises Segl D#11, Segl D#12, Segl D#13,
Segl D#14, Segl D#17, “Seql D#18, Segl D#19,

X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or

a combination thereof.

135. The method of claim 132, wherein the recombinant GHRH or functional
biological equivalent thereof is of a formula comprising SeqID#1, SeqID#2, SeqID#3, or
SeqlD#4.

136. The method of claim 132, wherein the recombinant GHRH or functional
biological equivalent thereof facilitates growth hormone (“GH™) secretion in the

chronically ill subject.

137. A method to reverse the suppression of lymphopoesis in a subject,
comprising: delivering into cells of the subject an effective amount of a nucleic acid
expression construct that encodes a growth-hormone-releasing-hormone (“GHRH”) or

functional biological equivalent thereof.

138.  The method of claim 137, wherein delivering into the cells of the subject

the nucleic acid expression construct comprises electroporation.

139.  The method of claim 137, wherein the cells of the subject are somatic cells,

or stem cells.
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Seql D#20, or Segl D#21. 107. The nethod of claim 103, wherein the nucleic
aci d expression construct further conprises, a transfection-facilitating
pol ypept i we.030@800 The nmet hod of claim 107, wherein the PCT/US02/39509
transfection-facilitating pol ypeptide conprises a charged pol ypepti de.
109. The nethod of claim 107, wherein the transfection-facilitating

pol ypeptide conprises poly-L-glutamate. 110. The nethod of claim 103,
wher ei n del iMer i Meiméthod bBEclamh 137, 0bherdir thauhpdeit acidhepressibre tansaradtd
expression construct initiate Xpr.essi f, the, .enco R

functi omprﬁ?scﬁ’w%a% S@ﬂﬁﬂ#\}ésl %ﬂﬁﬁﬁﬁegi‘é’&ﬁgl‘gfﬁﬂ{bﬁlga %@?ﬁ%&%ﬂw@mm 107,

wher ei ngddnsumneps@EDEIRH or functional biol ogi cal equivalent thereof is

expressed in tissue specific cells of the subject. 112. The nmethod of claim
111, wherein the tissue specific cells of the subject conprises mnmuscle

cells. 113. fEhe methashed of bRintM 30 Avhedie tRd Rudléie aeldCagRPsiédRbhsirctia
biologically active polygeptide; and t he, encoded functional biol ogical

equi val BRhergomprisgs, ¢ FansfecHon-Rctiting @ovReRtidias been engi neered to contain a
distinct am no acid sequence while sinultaneously having simlar or

i nproved bi ol ogi ¢al | clivit, en conpared to .the . CHRH pol ypeptide. 94
WO 03/ 049700 aﬁ%%d%?t@tswla‘}fﬂ% Wh%eﬂéﬁ%%@s%qﬂtlwgqcm%—'@?ﬁﬁﬂg& n the
encode@ﬂaﬁ§$§5dﬁﬂggbbg&gﬁm@jological equi val ent thereof is of formula
(SEQ D #6): - X_:L-X - DA FTNSYRKVL- X3- QLSARKLLQDI - X4- Xs- RQQGERNQEQGA- OH
wherein the fornula has the follow ng characteristics: Xl is a Dor
L-isomer of t4he amhenfethed 6F dlmmosil nehdrei the trosfdetist-fdilivaing pollypeptidd2 is a
D-or L-isonmer of the amino acid alanine ("A"), valine ("V'), or isoleucine
("1"); sesprisespoly-Grelptamaisner of the amino acid alanine ("A') or glycine
("G'):
144. The method of claim 137, wherein delivering into the cells of the subject
the nucleic acid expression construct initiates expression of the encoded GHRH or

functional biological equivalent thereof.

145. The method of claim 144, wherein the encoded GHRH or functional

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

146. The method of claim 145, wherein the tissue specific cells of the subject

comprises muscle cells.

147. The method of claim 144, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the

GHRH polypeptide.
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X4 is a Dor L-isomer of the amno acid nethionine ("M), or |eucine
("L"); X5 is a D-or L-isoner of the amno acid serine ("S") or asparagi ne
("N"); owoasmeme nation thereof. 115. The nethod of clai mcIO%02/845e9 ei n t he
nucl ei ¢ acid expression construct encodes a pol ypeptide of a sequence
conprising Segl D#l1, Seql D#2, Segl D#3, or Seql D#4. 116. The method of claim
103, wherein the encoded GHRH or functional biological equival ent thereof
facilitates growth hornmone ("CGH') secretion in the subject. 95 WO
03/049700 PCJ34JSO02 63%9% . t L0 e %{lﬁﬁﬁ | ;vel.ght loss in
a subj ect, qomjri s]i[1 ng: g)%éﬁ@e@hg‘ﬂgrﬁ oﬂ{i:ee}éll%soagc} e ?ﬁrbjﬁlélggtl&%
ef f ect i wolegiel equivilend theraos is ofifomivdd (SEQEDA6EXpr essi on construct, and an
effective ago Sel el c_aci ression construct; wherein
o e st S S e
gr om h- hor none-r 1 ng- ne.('-GRH') ;or functional biological
e\%/ﬁeq‘gﬂrr]lgﬂ: forRhITRaS t;[hggI fo%wg%c&na%ﬁt gh

H IStics: . .
equi val ent thereo erein e 'se SHEE aci d expr essi on

construct has an e li ng .region.of a regul ator Rratein:. and.(R)
delivering a nol sk %?gggmgtlgcﬁ%ﬁg?glgﬁwoiaﬁgilo{y’ioﬁ’éwé%j e%rt}f‘gtmgeéﬁ’ t he

nmol ecul ar switch ect e gaverns tivatiaon af .the, regulatof.,..protein.
118. The nethod of’ %’I é;:l’ﬂﬁgrlgfo%&fgﬁena%ﬁa\?@r%l%m%f‘z{ﬁ,evq;l?lpgtv Aull ei ¢ acid
expr essi on const risdeudinet @I");he cel |l s of the subject conprises

el ectroporation. 119. The nethod of claim 117, wherein delivering of the
second nucl ei ¢ acXglis adxpr Bdsingin of the ainirecicid alnind (& C@l digeif (“Ghe subj ect
conprises el ectroporation. 120. The nethod of claim 117, wherein the first
nucl ei ¢ aci d expr¥ssi amb-or QRiSéBeCH tBCHRS acid pattHdatkl GRrYf oralesasience
conpri sing Segl D#(J,L,,)Segl D#2, Segl D#3,

X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or
a combination thereof,

149.  The method of claim 137, wherein the nucleic acid expression construct

encodes a polypeptide of a sequence comprising SeqID#1, SeqlD#2, SeqlD#3, or

SeqID#4.

150. The method of claim 137, wherein the encoded GHRH or functional

biological equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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or Seql D#4. 121. The nethod of claim 117, wherein the first nucleic acid
expression construct further conprises, a transfection-facilitating

pol ypept iwe.o302200 The nmet hod of claim 121, wherein the PCT/US02/39509
transfection-facilitating pol ypeptide conprises a charged pol ypepti de.
123. The nethod of claim 121, wherein the transfection-facilitating

pol ypeptide conprises poly-L-glutamate. 96 WO 03/049700 PCT/ US02/ 39509
124. The nethod of claim 117, wherein delivering into the cells of the

subj ect the segond Ul Rl G dCifseCHR" ﬁ% }QH?I{J%@S{y&ﬂﬁ& el { in@h EGpR¥PT €SSI ON
of the encoded regul at c?ry pr oet gi n. 1 g.e The nmethod %fe claim 1?%, “wherein
t he encowsgrisiagul atory protein is expressed in the cells of the subject,

but is inactive. 6. tk [ 29, ' L ver | of the
nol ecul ar switch rnto J{lﬁgﬁfs%%fqgé:?ﬁsag @S@%@t%ﬁ%@ﬁ?&g@?’i‘} %Ao ern, and
t he nol ecul ar swi tch cougiic sed exprdseipn icshsimet, and ianseffactied iamoaht etui val ent .

127. The method of claim 126, wher.ein the active regul.ator rotein

i i ates  expressi on SEORNBIGRAFS PO GHF i GRoGh C T BRISF on
encoded on the first naGd eéxpresdiohd cE@EUENCRAcodks 8 groWiEhoRkdIedeledsingl ai m 127,
wherein the encoded GHRH is a bhiologically active polypeptide, and the
encoded functional bi ohygraa( GRFVAr dpctiepal bﬂhﬂl‘iake%“v%%@ﬁﬁiaa‘é t hat has

been engi neered to confgiBinauldi 34doRE I nRMNAciACELSSRHEBGRW hR an
si mul t aneously having simlar or inproved biologically activity when

conpared to the GHRH @sP{ipg pesicieof aggeuytyiaBeiesoas0 PCT/ US02/ 39509 129. The

cqui val ont “ther eof ) s op P S BRECT B AR in 1L RIE kel 891 ©2
molecular switch molecule gO\'/ems activation of the regulator

protein.

152.  The method of claim 151, wherein delivering of the first nucleic acid

expression construct into the cells of the subject comprises electroporation.

153. The method of claim 151, wherein delivering of the second nucleic acid

expression construct into the cells of the subject comprises electroporation.

154. The method of claim 151, wherein the first nucleic acid expression
construct encodes a polypeptide of a sequence comprising SeqID#1, SeqID#2, SeqID#3,
or SeqlD#4.

155. The method of claim 151, wherein the first nucleic acid expression

construct further comprises, a transfection-facilitating polypeptide.

156. The method of claim 155, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

157. The method of claim 155, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.
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- X_y- X, - DAl FTNSYRKVL- X3- QLSARKLLQDI - Xg- X5- RQQGERNQEQGA- OH wherei n t he
formula has the followi ng characteristics: Xl is a D-or L-isonmer of the
am no aciwotgnesomne ("Y"), or histidine ("H'); X2 is a Dpram/usor/ssner of
the amno acid alanine ("A"), valine ("V'), or isoleucine ("I"); X3 is a
D-or L-isonmer of the amno acid alanine ("A") or glycine ("G'); X4 is a
D-or L-isoner of the amno acid nethionine ("M), or leucine ("L"); X5 is
a D-or L-isoms. ofhd fMethadrofélaiac i §il, Seerdie déliBring dito dpRilagl fe sabfdt) ; or a
conbi nati on t hereof. ;IaBO. The nethod, of claim 117, wherein the nucleic acid
expr essHEICOBHIRFIGICCdSNRIGHID CONHHIC PGS FEPisFsiop fdhR AIReCITEMP P ng

Segl D#lpropgell D#2, Segl D#3, or Seql D#4. 131. The nethod of claim 117,
wherein the encoded GHRH or functional biol ogical equival ent thereof
facilitates growth hornone ("GH') secretion in the subject. 132. A nethod
of increasi ngsorei DY n@diod dMcl@int NBBNWGalelY thel bncdtd egulatdr9 bt BY:
delivering into the chronically i]l subject a reconbi nant

gr owt h- FEVesFbinths eells phthe sHuRchMbIS™AGHIEH ) or a bi ol ogi cal functi onal

equi val ent thereof. 133. The method of claim 132, wherein the reconbi nant

GHRH i s a bipl ogicall ctive | ypeptide; and the recqonbi nant, functi onal
bi ol ogi cal gﬁéﬂ'va IEHP%B‘P‘?‘&—?@PH @gax’gﬁgﬁnﬁggﬁr}n@é)_fﬁlﬁaﬂmlﬁ ar| Sl e‘HEj’l neered to
contai Nt Qib§ddt N&dtivaded NBe aeglat&SI PeRGs, Wil | Bc BbRUMAARGAYS | dondpaésng sim | ar
or inproved biologically activity when conpared to the GHRH pol ypepti de.
98 WO 0ByigRstens gaty fustorabemg@leit3s4. The nmethod of claim 132, wherein the
reconbi nant GHRH or functional biological equivalent thereof is of formula
(SEQID #0): 14X 152, DAL TR, G AR R sy ERPRigRQe o
expression of the GHRH or functional biological equivalent encoded on the first nucleic

acid sequence.

162. The method of claim 161, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while

simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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wherein the fornula has the follow ng characteristics: Xl is a Dor
L-isomer of the amno acid tyrosine ("Y"), or histidine ("H'); X2 is a

D or L-iswoes/oaf70a he anmino acid alanine ("A"), valine ("VPCI/us2/39589l euci ne
("I"); X3 is a D-or L-isoner of the amno acid alanine ("A") or glycine
("G'); X4 is a D-or L-isoner of the am no acid nmethionine ("M), or |eucine
("L"); X5 is a D-or L-isoner of the amno acid serine ("S") or asparagi ne
("N'); or a conmbination thereof. 135. The nethod of clai m132 wherein the
r econbi nant H

for rrul;at corrpﬁ_é?i ngﬁeslégé '39'18{“ ggg %%l%mqgﬁcoaegéqﬂﬁere %tls ]:a ?ret hod

of cl ai Moi@:iqal vmévaéémtheriseﬁmmma(SEQmREb or functi onal bi ol ogi cal
ewvale it ho ne GH') secretion in the
cﬂr oni ca 1 y hﬁlg% g\&t g:_fg%ﬁ&ﬁgé’?evﬁf q’?é?@%“\%&%% f{%e suppr essi on of
| ynphopoesi s in awﬁé%?ﬂl‘%ﬁe fo%’mﬁglﬁgsthe }V(l:n%ecglﬁlygtrelgé}%ﬁl nto cells of the

subj ect an effecti ve anoun essi on construct t hat
encodes a grow h- feleasi " GHRH..)., £ A

bi ol ogi cal equi va {H?ﬁer elsoofnlerfg@e 88“18 %I)a(?rrwsi‘gl?ez\}éﬂ ein
delivering into tge. f t he ect e .nucl ~aci.d essi on
construct conpri sgé ?ec? porat i iﬁhe' §39° af’ l?fﬂ{l%g‘ds‘ &Vatlllnﬁ?ﬁ?é’?ff wher ei n
the cells of the rsmlb;oemd(“ﬁ’oe somatic cells, or stemcells. 99 WO 03/049700

PCT/ US02/ 39509 140. The nethod of claim 137, wherein the nucleic acid

expr essi on const rXgis adbopLiisaser St Bihb, acﬁeﬂﬁnlﬁfél(?A”)Sﬁcﬁl}QﬁibQ“G’Segl D#14,
Seql D#17, Seql D#18, Seql D#19, Seql D#20, or Seql D#2

X4 is a D-or L-isomer of the amino acid methlomne (“M”), or leucine
(“L’?);

=)

X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or

a combination thereof.

164. The method of claim 163 wherein the encoded GHRH or functional

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

165. The method of claim 151, wherein the encoded GHRH or functional

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

166. A method to reverse the suppression of lymphopoesis in a subject,
comprising: delivering into the subject a recombinant growth-hormone-releasing-hormone

(“GHRH”) or a biological functional equivalent thereof.

167.  The method of claim 166, wherein the recombinant GHRH is a biologically
active polypeptide; and the recombinant functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.

104



141. The nethod of claim 137, wherein the nucleic acid expression construct
further conprises, a transfection-facilitating pol ypeptide. 142. The net hod
of cl ai mwob3/owires ei n the transfection-facilitating pol ypeoriuse2/3wsonpri ses
a charged pol ypeptide. 143. The nethod of claim 141, wherein the
transfection-facilitating pol ypeptide conprises poly-L-glutamate. 144. The
nmet hod of claim 137, wherein delivering into the cells of the subject the
nucleic acid expressi on construct initiates expression of the encoded GHRH

or function i-9l ogi n | ai m 144,
wherein the nCoaﬂﬁ r@fﬁﬁﬁﬁl 8?91%%0{5?0\%%@3[:)' o{egoéglg?meqw va r{;ﬁﬂag’ﬁeﬁeof IS
expressbﬂldgﬁcalt@ﬁun&nﬁth&@uf;s@ffneﬁhh (SEQI]])I%)subJ ect. 146. The nmethod of claim
145, wherein the tissue s he subject conprises nuscle

cells. 1’&7”"2"1%%%“%%@?%’& ’EirglcﬁASFIrﬁQﬂzE“ *Rﬁ%ng’?WQF%Gé ficoded GHRH i s a
biologically actiyve A t he f.uncti onal bi ol ogi cal

equi val ent of GH éj?ﬁl fg’ﬁ’?‘é%gaﬁttb‘?j@ﬂ? ﬁ %rés lﬁs engl neered to contain a
distinct am no acjd segu neous). .y, ng

i mproved bi ol ogi g%‘l % WWT %@ﬁ%&ﬂﬁ&‘ﬂg { dige R%;Z’ptl de. 100
WO 03/ 049700 PCT/ 802/ 148. -{53 f Clﬁ‘ ql}lﬁl WJ’)EI n the
encoded GHRH or ftmEtd hozil EﬁOH\e’baf Iané'ﬂ?uavll By toPIPE Cof ¥ & mul a
(SEQ D #6): - X lisolrcBRI“IFENSYRKVL - X3- QLSARKLLQD | - X4 - X5- RQQGERNQEQGA- CH
wherein the fornula has the follow ng characteristics: Xl is a Dor

L-i somer of the axdine DA IdhisoiteOsH the atiny apid aihinBi(SAT)dir gBcineldg?); X2 is a
D-or L-isoner of the amno acid alanine ("A"), valine ("V'), or isoleucine
("1"); X3 is a DXfisla Ds@MBLisddbertdTethaihii®d add Anathidnin® € NA*A\'or 10Wci@ yci ne
("G'); X4 is a D-or, L-isoner of the am no acid nmethionine ("M), or |eucine

(GCL)’) ;

X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or

a combination thereof,

169. The method of claim 166, wherein the recombinant GHRH or functional
biological equivalent thereof is of a formula comprising SeqID#1, SeqID#2, SeqID#3, or
SeqlD#4.

170. The method of claim 166, wherein the recombinant GHRH or functional

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

171. A method of treating immune dysfunction in a subject, comprising:
delivering into cells of the subject an effective amount of a nucleic acid expression
construct that encodes a growth-hormone-releasing-hormone (“GHRH”) or functional

biological equivalent thereof.

172. The method of claim 171, wherein delivering into the cells of the subject

the nucleic acid expression construct comprises electroporation.

173. The method of claim 171, wherein the cells of the subject are somatic cells,

or stem cells.
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("L"). X5 is a D-or L-isoner of the amno acid serine ("S") or asparagi ne
("N'); or a conbination thereof. 149. The nethod of claim 137, wherein the
nucl ei ¢ awod3exgn@ssi on construct encodes a pol ypepti de @cTasszspsence
conprising Seql D#l, Seql D#2, Seql D#3, or Seql D#4. 150. The method of claim
137, wherein the encoded GHRH or functional biological equival ent thereof
facilitates growh hornone ("GH') secretion in the subject. 101 WO

03/ 049700 PCT74JSORh3R668d ofzhimA 7MEwhedint the r@vercsmd Bpré&vioRreasgiuen Of

Iynphopoe5|s [ ] a) ivering into cells of the
subj ect “¥RPEEP gE%R%iPa%mlzogr@D#f%sggqléﬁéi %‘?‘%Dﬁ]& de Qﬁﬂ%s%eﬂg?#lgonst ruct,
and an sbdIesbo,\ee seqmyny. of a second nucleic acid expression construct;

wherein the first nucleic acid expression construct encodes
growt h- hor nbne-r el easi ng- hornone ("GHRH') or functional bi ol ogical

equi val ent t ve3. e0The @Bthod WiRlgh N 71 NGh&8ROMME Mibkelceicid a@r&siﬁﬁ%ﬁsﬁﬁwn
constru& has an encodln% regi_on of a regul ator protein; and (b)
{0

del i ver CHCHRITISEY P AangeitiopHaciipting nodypeptids- t he subj ect, wherein the
mol ecul ar swi tch nol ecul e governs activation of the regulator pr ot ei n.

152. The net rein deliver of the first nuclelc acid
expr essi on clgf?gt(r)ﬁlet th{;% Eﬁ%‘n’c 5 whgein fhg t Té‘ﬁiff‘g@fl“f%%lﬁﬁﬂ ggkedypeptide

el ect r opsh ?ﬁﬁgacmﬁgﬁpdﬂyaﬁmghod of claim 151, wherein delivering of the
second nucleic acid expression construct into the cells of the subject

conprises el ectroporation. 154. The nethod of claim 151, wherein the first
nucl ei ¢ aci d17e»<prﬁ&smanod 60815 15, whBeat®s tandedtibRanilitsiehgOfolphepduence

| D#3,
conpri SI n prlsegpo[f#JL guta lag#z Seg

178.  The method of claim 171, wherein delivering into the cells of the subject
the nucleic acid expression construct initiates expression of the encoded GHRH or

functional biological equivalent thereof.

179. The method of claim 178, wherein the encoded GHRH or functional

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

180. The method of claim 179, wherein the tissue specific cells of the subject

comprises muscle cells.

181.  The method of claim 178, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while

simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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or Segl D#4. 155. The nethod of claim 151, wherein the first nucleic acid
expression construct further conprises, a transfection-facilitating

pol ypept i we.030%300 The nmet hod of clai m 155, wherein the PCT/US02/39509
transfection-facilitating pol ypeptide conprises a charged pol ypepti de.
157. The nethod of claim 155, wherein the transfection-facilitating

pol ypeptide conprises poly-L-glutamate. 102 WO 03/ 049700 PCT/ US02/ 39509
158. The net hod of claim 151, wherein delivering into the cells of the
subj ect the sgco n Iy C [ r 1.ON.CO Yt . ex;pr essi on
of the encodgg'rggﬁlﬁg%§§(ﬁg§3 eﬁgg %@%?BTﬁ% %%%ﬁ%ﬁk% cﬁ%ﬁ%ﬁ%@@é wherein
t he encbbgicabgulivatent theyeodiseff foringla (BEQIRESed in the cells of the subject,
but is ipactiye, 160 The nethod of ¢ éég 139 (%pgrein delivering of the
mol ecul ¥+ SRt Eh At o = TheVSGh &R ekt FRROFH Feégul atory protein, and
t he nol ecul ar swi t.ch .c I Ses 1fepristone aqr.its functional equivalent.
161. The net hod Sw“%?%ﬁﬁﬁﬁgﬂﬁa&%ﬂﬁ%ﬁﬁOWﬁgCQ%?&?&“?%QUIatory protein
initiates expresgsi.on.of the GHRH or functional hikglogical. equi.yval ent
encoded on the f?i%?a%%%ﬁéﬁ%mm5§$%@%@ﬂﬂ3ﬁgé$°T%§Pﬁ%hé9h§ﬁﬁ%88§¢Xclain1161

wherein th d. is.a biolagically .active, tide, and th
encoded funct i ond BiibPoy! c4emEhar 0o S Sridciane RO BER ba% e hat nas

been engi neered tiglarieditr;a di stinct am no acid sequence while
si mul t aneously having simlar or inproved biologically activity when

conpared to the XGHREIP& ViRhiel 8fthe 1:8iko WEIABMARITAD PEhcldSQRFFI509 163.
The nmet hod of claim 161, wherein the encoded GHRH or functional biol ogical

equi val ent thereq{, isSa 0f-off Drifdthad &fSEEdaRitO)éid methionine (“M™), or leucine
(G‘L,’);

X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or

a combination thereof.

183. The method of claim 171, wherein the nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID#1, SeqlD#2, SeqID#3, or
SeqlD#4.

184. The method of claim 171, wherein the encoded GHRH or functional

biological equivalent thereof facilitates growth hormone (“GH?”) secretion in the subject.
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- X _1-X2- DAl FTNSYRKVL - X3- QLSARKLLQD | - X4 - Xs- RQQGERNQEQGA- CH wherein the
formula has the followi ng characteristics: Xl is a D-or L-isonmer of the

am no aciwotgnesomne ("Y"), or histidine ("H'); X2 is a Dpram/usor/ssner of
the amno acid alanine ("A"), valine ("V'), or isoleucine ("I"); X3 is a
D-or L-isonmer of the amno acid alanine ("A") or glycine ("G'); X4 is a
D-or L-isoner of the amno acid nethionine ("M), or leucine ("L"); X5 is
a D-or L-isoner of the amino acid serine ("S") or asparagine ("N'); or a
conbi nation thereqf. .164.. The nethod of. claim 163.wherein.the encoded GHRH
or functi onallgée'bi 0 néegﬂl}%dg(fftréi&tﬁl?g\/%%e d?'?%?cél(gfm’f%%q%ﬁc’a?f”@gr’ﬁ?%vw h hor mone
("GH') secretion {a) thdeliserijgeimto celk6&f thd hebjes tanodfeofivec habwat 1k, fiwher ei n t he

encoded GHRH or functi onial bi.gl ogi cal equi val en&A thef?eof facilitates growth
hormone ("GH') secr et i BIF5 241 SXBIFETIR: constrygig andh 2R eAtEEVe: amPWl etfs® t he

suppr essi on of | ynphopeesidSmickiPadidkkedsion GRRIEE SiHEn 8R! findEhidige | Nto the
subj ect a reconbi nant grow h- hor none-r el easi ng-hornone ("GHRH') or a
bi ol ogi cal functional ¥iuiRIesHED t BAsEBY, cn@res Terewpherggneteleasiaem 166,

wherei n the recombi nanjo GHRH<GHRArYLPER .i&ﬁiﬂiglpg%%%qﬁﬁaﬁﬂd%%%gﬁia; and the

reconbi nant functional biological equivalent o I's a polypeptide that
has been engi neered t dvkeswinatha secandtiupleic agiil nexpeession segstemt chaghad e

si mul t aneousl y havi ng si 1. i bi.al ogi,cally activity when
conpared to the GHRH %g%pg%tg%é’.fg%%yﬂ%p&%zfg’%o PCT/ US02/ 39509 168.
The nmet hod of cl a{bn 16Bliverheraahelettie sivitchmbicoals inté&HRHubject] Whatinamal

bi ol ogi cal equivalent thereof is.of forjpula (SEQ D #6):
~X_1- X2- DAl FTNSYRKVL- X% a@ﬂiﬁo@%ﬂ%w@é&%@@%@wﬂw t he

fornul a has the foll owrsgincharacteristics:

186. The method of claim 185, wherein delivering of the first nucleic acid

expression construct into the cells of the subject comprises electroporation.

187. The method of claim 185, wherein delivering of the second nucleic acid

expression construct into the cells of the subject comprises electroporation.

188. The method of claim 185, wherein the first nucleic acid expression
construct encodes a polypeptide of a sequence comprising SeqID#1, SeqID#2, SeqlD#3,
or SeqID#4.

189. The method of claim 185, wherein the first nucleic acid expression

construct further comprises, a transfection-facilitating polypeptide.

190.  The method of claim 189, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

191, The method of claim 189, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.
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Xl is a Dor L-isomer of the amno acid tyrosine ("Y"), or histidine ("H');
X2 is a Dor L-isoner of the amno acid alanine ("A"), valine ("V'), or

i sol euci nwo(0310497p0 X3 is a D-or L-isoner of the am no aci dralrarsomsdsfy A") or
glycine ("G'); X4 is a D or L-isomer of the amno acid nmethionine ("M), or
| eucine ("L"); XS is a Dor L-isonmer of the amno acid serine ("S") or
asparagine ("N'); or a conbination thereof. 169. The nethod of claim 166,
wher ein the negonphdaithoBdRidlaah 185INGhdraRAliveding!iRgi thébelB @it t her eof
is of a formula conprising Segl D#1, Seql D#2, Segl D#3, or = Seql D#4. 170. The
met hod &1 SSPAdAUEISE ackh@RPEISHOR PRISYTEE dHpRaFPresipgo bihe £rAvded ERROTHI ol ogi cal
equi val gpfeiphereof facilitates growth hormone ("GH') secretion in the
subject. 171. A nethod of treating i mune dysfunction in a subject,
conprising: delivering into cells of the subject an effective anpbunt of a
nucl ei ¢ aci d1express ntfhod 0N elalk Cl92! Ritere@N¢RI@RAcAed regulatory protein is

gr owt h- hor none-r el easi ng- hor none ("GHRH') or functi onal ]glologlcal

equi val SRIresspbidhe Ce_ﬂlﬂ?fg“PrﬁébJﬁﬁt%eﬁ ipgctige-ai m 171, wherein delivering into
the cells of the subject the nucleic acid expression construct conprises

el ectroporation. 173. LBS met hod of claim171, wherein the cells of the
subj ect are $&hmt T wethpd of clgim 193e mhersin delivering eptheymotsagamyiolTingS02/ 39509

174. Thenmihied fivales ﬂﬁblge%ulameﬁﬁ&t@m:[ hadnie! GlofecBft iR &hgirAls COnst ruct
conprises Segl D#11, Segl D#1Z2, Segl D#13, Segl D#14, Seql D#17, Segl D#18,

Seg| D#19ufepsgenayris furstiogdgiwmdant. 175. The nethod of claim 171, wherein the
nucl ei ¢ acid expression construct further conprises, a

transfection-faciIitating pol ypeptide. ) o
195.  The method of claim 194, wherein the active regulatory protein initiates

expression of the GHRH or functional biological equivalent encoded on the first nucleic

acid sequence.

196. The method of claim 195, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while

simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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176. The nethod of claim 175, wherein the transfection-facilitating

pol ypeptide conprises a charged pol ypeptide. 177. The nethod of claim 175,
wherei n tWe oBragTed ecti on-facilitating pol ypeptide conpri P€I/US02/39509
poly-L-glutamate. 178. The nethod of claim 171, wherein delivering into the
cells of the subject the nucleic acid expression construct initiates
expression of the encoded GHRH or functional biol ogical equival ent

thereof. 179. The nmethod of claim 178, wherein the encoded GHRH or

functi onal Lol ogi cal ui ent hereof IS expre n ti.ssue pecific
cell's of theq%ﬁbj ei}é’g glrﬁl? othS? i 1 ﬁ?‘:pf)%‘fiaﬂ%he?r f‘{nﬁténla ssue

speci fi daloieglbaseqmvatldsmﬂmﬁmfmtffommsmb #g)yiscl e cells. 181. The nethod of
claim 178, wherein the encoded GHRH is a bi ol Oﬂl cal ly active polypeptide;

and the éﬁc}&d%A&FTW&{YIbﬁ%ﬂQLWB@ICEﬂ *HHRVEEHT 6 GHRH is a  pol ypeptide

t hat has been engl eer onta d| stinct no aci d sequence while
si mul t aneousl y haW gﬁeﬂfopgﬁla Wé‘l?w 3:°§1 ly activity when

conpared to the 106 V\O. 03/ 049 02/ 09 182.
Thremrret hod of cla Hsf 'Or%%({}‘é I AMInoAS Hroﬁqﬁagg’r)’ ‘f&ﬁ%’ﬁ ﬁfﬁﬁbl ol ogi cal
equi val ent there r.mul a Q D #6 « DAl EINSYRKVL -

X3- QL SARKLLQD |O§‘ g%gmﬁ%%‘dwn 5&’%‘% ﬁfﬁe I{S‘Fr?uIY Plas t he

fol |l ow ng charactﬁélbﬁdm Xl is a D-or L-isoner of the am no acid tyr05| ne
("Y"), or histidine ("H'); X2 is a Dor L-isonmer of the am no acid al ani ne

("A"), valine ("VX)is ab-or LSn@d 6F 1@ afnido a)cslda?fé?inlhes(“ﬁ”j:bxcglydﬂ’[d(sG"")er of the
am no acid alanine ("A") or glycine ("G'); X4 is a D-or L-isonmer of the

am no aci d met hi ogj Aea (DM )L-isGher 6f!fHenind abid) methRnir® @MP),06r kondigomer of
the amino acid se(n‘ig)g ("S") or asparagine ("N');
X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or

a combination thereof,

198. The method of claim 197 wherein the encoded GHRH or functional

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

199. The method of claim 185, wherein the encoded GHRH or functional

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

200. A method of treating immune dysfunction in a subject, comprising:
delivering into the subject a recombinant growth-hormone-releasing-hormone (“GHRH”)

or a biological functional equivalent thereof.

201. The method of claim 200, wherein the recombinant GHRH is a biologically
active polypeptide; and the recombinant functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while

simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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or a conbination thereof. 183. The nethod of claim 171, wherein the nucleic
aci d expression construct encodes a pol ypeptide of a sequence conpri sing
Seql D#1, segBD#Zpo Segl D#3, or Segl D#4. 184. The net hod ofPcahsomsdsed,
wherein the encoded GHRH or functional biol ogical equival ent thereof
facilitates growh hornmone ("GH') secretion in the subject. 107 WO

03/ 049700 PCT/ US02/ 39509 185. A nethod of treating i nmune dysfunction in a

subj ect, conpel.si Me nkehbd dekiaite200Iwheitia tGekdcdmBnahth@HREDpLRici@mapf f ecti ve
anount of a first nucleic¢ acid expression construct, and an effective

anmount  Biological egyaden theraef is o4 Qrawia(SEQER#8K construct: wherein the first

hucl ei ¢ -x ack, do¥PEBREVIOR,-SONRKT LSk - §0L.0MRTRRAIFRVEALOROr MONe-r el easi ng-
hormone ("GHRH') or functional biological equivalent thereof; and wherein

t he second nucl ei Gh@6indheHRmEs Bhsahe IO ilgibhrabRSstRE encoding region of a
regul ator protein; and (b) delivering a nolecular switch nolecule into the

subj ect, wherein XD& a DBt EGhRE ofthe bmhoMRldagekie GOVSrddhistidinb yarhon of the
regul ator protein. 186. The nethod of clai m 185, erein deliveéering of the

first nucleic aciX, ieXP &SBii®des ONHd Mfifnol Ridoalhfife CA) Svdlhe (he)shPj ect
conprises electroporation. 187. The nethod of claim 185, wherein delivering

of the second nuckerecns(H); expression construct into the cells of the
subj ect conprises_electroporation. 188. The method of claim 185, wherein
the first nuclei ch@iadD-eygﬁS@wr fthe amistacidalanined G slyssief Pt i de of a
sequence conprising Segl D#1, Seql D#2, Seql D#3, or Seql D#4. 189. The net hod
of claim185, wheXeithatler Liipapermfcthe;aming joeid apgthionve dAM bonslevaiege f ur t her
conprises, a tranéacte)c,:ti on-facilitating polypeptide.

Xs is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or

a combination thereof,

203. The method of claim 200, wherein the recombinant GHRH or functional
biological equivalent thereof is of a formula comprising SeqID#1, SeqID#2, SeqID#3, or
SeqlD#4.

204. The method of claim 200, wherein the recombinant GHRH or functional

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

205. A method to extend life expectancy for a chronically ill subject,
comprising: delivering into cells of the chronically ill subject an effective amount of a
nucleic acid expression construct that encodes a growth-hormone-releasing-hormone

(“GHRH?”) or functional biological equivalent thereof.

206. The method of claim 205, wherein delivering into the cells of the

chronically ill subject the nucleic acid expression construct comprises electroporation.

207.  The method of claim 205, wherein the cells of the chronically ill subject are

somatic cells, or stem cells.
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190. The nethod of claim 189, wherein the transfection-facilitating

pol ypeptide conprises a charged pol ypeptide. 191. The nethod of claim 189,
wherei n tWe oBragTed ecti on-facilitating pol ypeptide conpri P€I/US02/39509

pol y-L-glutamate. 108 WO 03/049700 PCT/ US02/ 39509 192. The net hod of claim
185, wherein delivering into the cells of the subject the second nucleic
aci d expression construct initiates expression of the encoded regul atory

prot ei n. 193208’heTﬂeh’feﬂd)d0<5f &hiai mﬂ%erewﬂﬁfeaidﬁleﬁd'l@m@féﬁﬁéﬁﬁbnr@%thﬁﬁ ory
of the subject is inactive. 194,

protein is t

The net WBﬁ‘p’B?eS eﬁﬁ?ﬁ%igg qIR%g%esieﬂI 34%@% S¢aIDAT, rﬁ?ﬂ@ﬂﬁa&%ﬂﬂg’ch i nto
the subjRgiD#o! nvRyESHAIhe regul atory protein, and the nol ecular switch
conpri ses nlfeprlstone or its functional equivalent. 195. The nethod of
claim 194, wherein the active regulatory protein initiates expression of
the GHRH or Qogict Th alettdidodOgaifaR050 Githeted] Rt mRREOAAE cQpredsith dontddct NuCl ei ¢
aci d sequence. 196. The method of claim 195, wherein the encoded GHRH is a
bioIoglgEWW?CQ%E@?%éiﬁﬁ$Vﬁéﬁf@ﬂgmna&ﬂﬂﬂﬁ@uéhcoded functional biol ogica
equivalent of GHRH is a polypeptide that has been engineered to contain a
di stinct am acjd sequence while sinultaneously having simlar or

i mproved bi olgg%i c;ﬁ? ?egpgioglc{ayn\%bﬁeﬁvl@gﬁ%g}eé@nggctfq%fac@qm PVBRBEHR i de. 109
WO 03/04&5@QEE@EEM§Q2#ﬁ 8de.197. The nethod of claim 195, wherein the
encoded GHRH or functional biological equivalent thereof is of formula
(SEQ D #6): -X _ 1-X2-DAl FTNSYRKVL - X3- QLSARKLLQD I - X4 - X5- RQQGERNQEQGA-

OH wherein thelf On‘mlhﬁtﬂaas)fbhﬁn 009, lvirotend e Ranafeitml Btiliteng ﬁil{pe@u@e D-or

L-i soner of .the P acid tyr05|ne ("Y"), or histidine (
comprises po y-L glutamate.

212. The method of claim 205, wherein delivering into the cells of the
chronically ill subject the nucleic acid expression construct initiates expression of the

encoded GHRH or functional biological equivalent thereof.

213. The method of claim 212, wherein the encoded GHRH or functional
biological equivalent thereof is expressed in tissue specific cells of the chronically ill

subject.

214. The method of claim 213, wherein the tissue specific cells of the

chronically ill subject comprises muscle cells.

215. The method of claim 212, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while

simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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X2 is a Dor L-isoner of the amno acid alanine ("A"), valine ("V'), or
isoleucine ("I"); X3 is a D-or L-isonmer of the amno acid alanine ("A") or
glycine (WGQ'0p/049¢d0i s a D-or L-isomer of the am no acid netPlairarsonssspy M), or
| eucine ("L"); X5 is a Dor L-isonmer of the amno acid serine ("S") or
asparagine ("N'); or a conbination thereof. 198. The nethod of claim 197
wherein the encoded GHRH or functional biological equival ent thereof
facilitates growth hornmone ("CGH'") secreti on in the subject. 199. The

met hod of cl g1 er H or i onal | ogi cal
equi val ent t%eg]eogge% gmlf‘ (fgfggamg]r qﬁfﬁ’?‘rﬁ e °f¢ ;&g] ’Elﬁgﬁa?l??gt he
subj ect blolagleal e@umﬂémd&rm‘fﬁdfdaﬁnng(sm%) dysfunction in a subject,
conpri si ng: iveri nlﬁé‘ he subject a _reconbi nant

gr owt h- ht}){rlrr%BAIrF@iqsé%gY 3798?%8%“@?&74@‘3%8?@&@&°6II ogi cal functional

equi val ent t her eof cl ai.m 200, .wherein the reconbi nant
GHRH i s a bi ol ogi Y47 F’y“]th%m]g‘?‘ﬁ%%pﬁ% Mg ChargGtetisies” | ecombi nant. f unct i onal
bi ol ogi cal equi valen tide that s bee ineered to
contain a disti nc%‘1 ﬁc?rg_‘fodn?&fg@r?%&“%& té(msgﬁel‘(fur?t)a r}hlg{}gng sinilar
or inproved biologically activity en _co 1 . epti de.
110 WD 03/ 049700 Rl LEh9l Sosger \396 A H %‘gﬂm‘c‘ﬂ( “tclgm %}{ggo&%vﬂgrei n the
recombi nant GHRH gelefidimet’gnal bi ol ogi cal equival ent thereof is of fornula
(SEQ D #6): - X-y- X, - DAl FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- OH

wher ei n the formukgishas-ot Desdmidrlo®Wenghisd @idaimhd SArEsr gl%md fGa) D-or
L-isomer of the amno acid tyrosine ("Y"), or histidine X2 is a

?"?'r')!_ i somer of Khes anbLee [akbihebARieNfnino Ack, médidniR &‘Mf’w or Ricind Sol euci ne
! (chaa);

X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or

a combination thereof,

217. The method of claim 205, wherein the nucleic acid expression construct
encodes a polypeptide of a sequence comprising SeqID#1, SeqlD#2, SeqID#3, or
SeqlD#4.

218. The method of claim 205, wherein the encoded GHRH or functional
biological equivalent thereof facilitates growth hormone (“GH”) secretion in the

chronically ill subject.

113



X3 is a Dor L-isomer of the amno acid alanine ("A") or glycine ("G X4

);
is a Dor L-isonmer of the amno acid nethionine ("M), or leucine ("L").
X5 i s a Dworoslo497soner of the am no acid serine ("S") or ayoearage/sese{”N');
or a conbination thereof. 203. The met hod of claim 200, wherein the
reconbi nant GHRH or functional biological equivalent thereof is of a
formul a conprising Seql D#l, Seql D#2, Seql D#3, or Seql D#4. 204. The net hod
of claim 200, wherein the reconbinant GHRH or functional biological

equi val ent t eof, facilitate r h_hormone_. ("CGH:) secretjon, in the
subj ect . 2085 5 horiidteed 18 tekenfl B feépee‘“‘)t?ﬁ&%t%ﬁc Sorigiy o 3ok y 1
subj ect compriging:si ng: delivering into cells of the chronically ill subject

an effective anou of nucl ei ¢ _aci Xpr.essi gn construct that, encodes a
gr owt h- hor none- r eFaéasi ?FS‘YWH}grrHﬁ% Ceﬁs' @%@F)Chﬁ‘?‘l“i‘a Aot SRCt BRofisgHE

equi val ent thereof. 208nouhh6f MBishAIAE adill BkpResdR colpRECH Spftacard ng into
the cells of the chronically ill subject the nucleic acid expression

construct conprises el @Ubphi secoBHh nucloig acidgxprepgiamendsigictcvhgrein s, wher ei n

the cells of the chronggalldeit labidStddr&Sin HofstrsP TR0 WBhoRhonst €m cel | s.
111 WD 03/ 049700 PCT/ US02/ 39508 208, 1he method of ¢l gf‘dm 508 herein the

nucl ei ¢ aci d expr essi oitleadreshorgone ¢ SIRHEk or Senstipied biolsgigal ByualeBegl D#13,

Seg| DFL4, SegI DAY, SoqLDKI8. RIS oAU BER ey PLSEa P2 200 The

met hod of clai m 205, hé nucl ei’c acid expression constr further
conprises, a transfecthasnn émoiingtregiomof quegylpepprotten; aRl0. The met hod of

claim 209, whereip.the transfection-facilitating pol ypepti de onprises a
char ged pol ypept i Q’% ﬁilyer’fqlgea r@?lﬁ%‘&mo?wqﬁhameﬁgﬁ,m{ﬂng’fﬁe?mo?l??ég’ P
transfection-facilitatdubgctpaihyiesptht @dlecular switch molecule governs activation

of the regulator protein.

220. The method of claim 219, wherein delivering of the first nucleic acid

expression construct into the cells of the chronically ill subject comprises electroporation.

221. The method of claim 219, wherein delivering of the second nucleic acid

expression construct into the cells of the chronically ill subject comprises electroporation.

222. The method of claim 219, wherein the first nucleic acid expression
construct encodes a polypeptide of a sequence comprising SeqID#1, SeqID#2, SeqlD#3,
or SeqID#4.

223, The method of claim 219, wherein the first nucleic acid expression

construct further comprises, a transfection-facilitating polypeptide.

224. The method of claim 223, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

225. The method of claim 223, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.
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conprises poly-L-glutamate. 212. The nmethod of claim 205, wherein
delivering into the cells of the <chronically ill subject the nucleic acid
expr essi owoansgnauct i nitiates expression of the encodedPGHRIS0DBIS09
functional biol ogical equivalent thereof. 213. The nethod of claim 212,
wherein the encoded GHRH or functional biological equivalent thereof is
expressed in tissue specific cells of the chronically ill subject. 214.
TEe met hﬁj of226) amgfezlaqsthomﬁr elafin t216, tvslﬂﬁﬁdiheldl‘éﬂﬁ&[zﬂlg% ﬁn@rﬁthé Scem;1 oté'hﬂi? |
chroni ca ubj.ect conprise e cells e met hod of_ claim
212, \Ahe‘fhé%/ ailﬁéﬁ Epiest e egappe p ?eac ﬁﬁl@%ﬁ?wmcynst@e& injfetes sKyrpeioniode; and

t he encoglgenhdbbsicicbab@dly RoRiPgi cal equival ent of GHRH is a pol ypeptide that
has been englneered to contain a distinct am no acid sequence while

si mul t aneously having simlar or inproved biologically activity when

conpared to ©he. @H%&ﬁbdﬁﬁ%lalﬂﬁzzéwhé&%é%%&g Pgﬂaéel%%fo%&ﬁ% 216.

The met hod of claim 212, wherein the encoded ncti onal bi ol ogi ca

equi val ePTes¥dimte cpls ofithe efrprisally (bEbIaot ey is inactive.
- X- 1- XZ- DA FTNSYRKVL X3- Q_SARKLLQDI - X4- X5- RQQGERNQEQGA OH wherein the
a L- |soner of the

formul a has t f ragteristic IS D

ani no acid t)%?gsi e‘ih"% Of(? %éﬁlweﬁén 31}3!'651“% ofhe; ?%Fu I §yitqh i€Q er  of
the am nge Qﬁl*oﬂlcailyarﬂl REbjectA"aktivat@ !hQEieéulé{b}y pl‘éfeln | 1Al @b GhdEeufar lswitch X3 1S a
D-or L-isoner of the amino acid al anine ( or glycine ("G'); X4 is a

D-or L- |@§W§Pesdﬁlf%’éﬁ0&ﬁpﬁk§3%l@‘Ftwnhl@HhﬁV'dﬁmne (" M), or leucine ("L"); X5 is
a Dor L-isoner of the amno acid serine ("S") or asparagine ("N'); or a

conbi nati on thereof
229. ~The method of claim 228, wherein the active regulatory protein initiates

expression of the GHRH or functional biological equivalent encoded on the first nucleic

acid sequence.

230. The method of claim 229, wherein the encoded GHRH is a biologically
active polypeptide; and the encoded functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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217. The nmethod of claim?205, wherein the nucleic acid expression construct
encodes a pol ypeptide of a sequence conprising Segl D#l, Seql D#2, Seql D#3,
or Segl D¥0.03814900 The net hod of clai m 205, wherein the eneedasotzsiRbb or
functional biological equivalent thereof facilitates growth hornmone ("GH'")

secretion in the <chronically ill subject. 113 WO 03/049700 PCT/ US02/ 39509
219. A nethod to extend |life expectancy for a chronically ill subject,
conprising: (a) delivering into cells of the chronically ill subject an

effective anppunt _of a firs uclegjc acid expressi stryct, and an

effective aggﬂnt qu %t@écﬁéﬂﬂﬂﬁ P VR t@ﬁ?cé’égcfmn%rt Hﬁ‘ett'?n erein

the fi mogmle@ﬁ@d@@uar@xm@q&i@%(s@qur#gpt encodes growt h- hor none-

rel easi ng- hormone ("GHRH') or functional biol ogi cal equival ent thereof;
i1

and wher & R FSRTERY -RueP e e Ta X e Xp PSSR “@ovEt ruct has an encodi ng
region of a regul ator, profein; an bh) delivering.a nolecular swtch
mol ecul e into the% ‘F’FP‘Br‘i]ilec}QW‘g‘/laihP"rt e&‘ﬂ&wé?ﬁ‘fha%@?’g?cﬁ: t he nol ecul ar switch

mol ecul e governs gctivation of e regul afor protejin. 220, The nethod of
ol ai m 219, wher ei 1 61796 er@i%P%t é‘mFli‘Or%CEJW{?éE‘E%Ylac?rd“St’é{R’ﬁf(&'zs?i on

construct into thg cells of .the chronically. jll subjegct comprises
el ectropor ati on. ?(2251? DTWeL'rf%)cnPFScPr}c} € E‘P’H’iorﬁ%éilg?m% JF’%S’nV*’éE‘Pi({/ rh A of the

second nucl ei ¢ acjsglegesRy @pgi on construct into the cells of the chronically
i1l subject conprises electroporation. 222. The nethod of claim 219,

wherein the firstxXOUGIRLET A6dnthr 8X Re@BFAPLRId AL FU &WG -pol ypepti de
of a sequence corrp?i si ng Segl ngtl, gegl D#Z,1 Seql S#S?}oor Seg D?éi. 223. The

met hod of cl ai m 29, WhekeiiNist e bf &ﬁf‘anﬁ!iﬁ&|a_€id°xné’tﬁio(ﬁirf%x&p1&@’§,5$101%uciﬁé)n5t ruct
further conpri ses(“Lg) transfection-facilitating pol ypeptide.
X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”),

or

a combination thereof.

232. The method of claim 231 wherein the encoded GHRH or functional
biological equivalent thereof facilitates growth hormone (“GH”) secretion in the

chronically ill subject.

233. The method of claim 219, wherein the encoded GHRH or functional
biological equivalent thereof facilitates growth hormone (“GH™) secretion in the

chronically ill subject.

234, A method to extend life expectancy for a chronically ill subject,
comprising: delivering into the chronically ill subject a recombinant growth-hormone-

releasing-hormone (“GHRH”) or a biological functional equivalent thereof.

235. The method of claim 234, wherein the recombinant GHRH is a biologically
active polypeptide; and the recombinant functional biological equivalent of GHRH is a
polypeptide that has been engineered to contain a distinct amino acid sequence while
simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide.
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224. The nethod of claim 223, wherein the transfection-facilitating

pol ypeptide conprises a charged pol ypeptide. 225. The nethod of claim 223,
wher ei n twe mnaareé ection-facilitating pol ypepti de conpri PE€I/US02/39509
poly-L-glutamate. 114 WO 03/049700 PCT/ US02/ 39509 226. The net hod of claim
219, wherein delivering into the cells of the chronically ill subject the
second nucl eic acid expression construct initiates expression of the
encoded regubagor yhemkiRidor ddrh 235N @ nERINGE BonMiRinG2AGT oWRBIBbMAI t he
encoded regulatory protein is expressed in the cells of the chronically

i |1 subjhidegica)gguivalentibareqfieof forpgila (FQIR0od of clai m 227, wherein

del i vering_of piHensRee W, alr o8t &1Y -k &0 %é Gheenical ly ill subject

. ~R , .
activates the regulatory protein, and the nolecular switch conprises

m fepristone or ilgefcitht kAR 1O YRRhg ciaterilfi§: Met hod of clai m 228,
wherein the active regulatory protein ini%iates expression of the GHRH or

functi onal_bi ol 00ikqal » BCHH 1YL AHor ARG kG (-45 o HEliSleq T d

sequence. 230. The nethod of clalm 229, whereln the ‘enco is a

bi ol ogically acth B il de; ] - fapat | | b0l ,pgi cal
equi val ent of GHRﬁxﬁzggé$g§F%%§gfi ggfﬁ%? ﬁggggg%ﬁ(éggiﬁgggéﬁ fgogontain a
di stinct ami no acisdleveige€dde while sinultaneously having simlar or

i nproved biologically activity when conpared to the GHRH pol ypeptide. 115
WD 03/ 049700 PCT/ ¥s@d Ba%Agisordg bf thEhenimeadidbalanifie (1AZ) on gpdne (#08)%;ei n t he
encoded GHRH or functional biological equivalent thereof is of formula
(SEQ D #6): -X_ 1X4X2-aDhtor HFNSYRKYL th¢3arginS AR r@idnineXd M X5 01REOGERNQEQGA-
OH wherein the foggyga has the follow ng characteristics: Xl is a D or
L-isomer of the aming acid tyrosine ("Y"), or histidine ("H");

X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or

a combination thereof,

237. The method of claim 234, wherein the recombinant GHRH or functional
biological equivalent thereof is of a formula comprising SeqID#1, SeqID#2, SeqID#3, or
SeqlD#4.

238. The method of claim 234, wherein the recombinant GHRH or functional
biological equivalent thereof facilitates growth hormone (“GH”) secretion in the

chronically ill subject.

239. A method for treating a subject having a tumor, the tumor being selected
from a group consisting of adenoma; mast cell tumor; melanoma; sarcoma; or solid tumor;
the method comprising:

delivering into a tissue of the subject an effective amount of a nucleic acid
expression construct that encodes a growth-hormone-releasing-hormone

(“GHRH”) or functional biological equivalent thereof;

wherein subsequent expression of the GHRH or biological equivalent is

sufficient to retard the growth of the tumor.
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X2 is a Dor L-isoner of the amno acid alanine ("A"), valine ("V'), or
isoleucine ("I"); X3 is a D-or L-isonmer of the amno acid alanine ("A") or
glycine (WGQ'0p/049¢d0i s a D-or L-isomer of the am no acid netPlairarsonssspy M), or
| eucine ("L"); X5 is a Dor L-isonmer of the amno acid serine ("S") or
asparagine ("N'); or a conbination thereof. 232. The nethod of claim 231
wherein the encoded GHRH or functional biological equival ent thereof

facilitates gr@w Thd@efodef (a0, ReGECdonPRising: t he chronically ill
subj ect. 233. The nmethod of claim?219, wherein the encoded GHRH or

functional bi ol o#iPb¥Ng &eell-ratsésting pdsedathertissyssi t at es growth hor none (" GH')
secretion in the chronical lf/q i1l subject. 234. A nethod to extend life
T

expectancy for a whetsis ¢he psl-ranstesting E‘é:lﬁe is delivgier sorag arge i Yher fisge i nto the
chronically ill sybie&inoand ggg,g}yd AtEic 968 S AR r&ﬁﬁ el easi ng- hor none

("GHRH") or a biological” functi ona equi val'ent t ereot. 235. The method of
claim 234, wherein the reconbinant GHRH i s a bi ol ogi cal ly active

pol ypepti de; 2and Themt@e@obéimaiiaof Hﬂ&&ﬂ&ﬂ%hsﬁgm ogi cal equival ent of GHRH
is a polypeptide that has been engineered to contain a distinct am no acid

sequence while sPlaing éln@&?élhy Oﬁﬁlﬂpﬁﬁ@ﬁeﬁlwth%utlsw befpre capplying Beossileal |y

activity when conpafediii Pmil ﬁg—@s—{] ol ypeptide. 116 WO 03/049700
PCT/ US02/ 39509 ZSGS Th é)]?re oé ﬁoal m 234, wherein the reconbi nant GHRH

or functional bi 6) :

- X_1- X2- DAl FTNSY%%%LGQ_ &ER%@ %%%p %ﬁ‘é%&k&%%@a@%?ﬁ a#t he
formul a has the f okd that ntprpdses the pleralist ofedectiddlesi s a D-or L-i soner of the
amno acid tyrosine ("Y"), or histidine ("H");

242. The method of claim 240, wherein the cell-transfecting pulse is an

electrical pulse or a vascular pressure pulse.

243.  The method of claim 239, wherein delivering into a tissue of the subject the

nucleic acid expression construct comprises electroporation.

244,  The method of claim 239, wherein delivering is by injection, gene gun, or

gold particle bombardment.

245.  The method of claim 239, wherein the subject is a domesticated animal; a

food animal; or a work animal.
246. The method of claim 239, wherein the subject is a human.

247. The method of claim 239, wherein the nucleic acid expression construct is

substantially free of a viral backbone.

248. The method of claim 239, wherein a promoter of the nucleic acid

expression construct comprises a tissue-specific promoter.

249.  The method of claim 248, wherein the tissue-specific promoter comprises a

muscle-specific promoter.
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X2 is a Dor L-isoner of the amno acid alanine ("A"), valine ("V'), or
isoleucine ("I"); X3 is a D-or L-isonmer of the amno acid alanine ("A") or
glycine (WGQ'0p/049¢d0i s a D-or L-isomer of the am no acid netPlairarsonssspy M), or
| eucine ("L"); X5 is a Dor L-isonmer of the amno acid serine ("S") or
asparagine ("N'); or a conbination thereof. 237. The nethod of claim 234,
wherein the reconbi nant GHRH or functional biological equival ent thereof
is of a formgss. campichstiag oBERINVEAS, Wit e pronfidrPE@pris SPeRgp D#F4. 238. The
met hod of claim 234, wherein the reconbi nan? GHRH or " functional bi ol ogi cal
equi val ent thereof facilitates growth hornone ("GH') secretion in the
chroni cal l'y i25l. sl @eithod23%laif 259} Whekefnof 31 iRAhilngd fegdibofit nhia¥itng a
tunor, the tunor being selected froma group consisting of adenonmm; mast
cel |t urfSPEeSHR SARERHCT S 4 fupan gty Bpimgpne Aod TR, bavénengroney heramameidsi ng:

del i ver iR, dkERtaRalbhBsud 30UTRNE: SV SifadeRy18ihgfhhlve amount of a nucleic
acid expression construct that encodes a ‘grow h-hornone-rel easi ng- hor none
("GHRH') or functional biological equivalent thereof; wherein subsequent
expressi on of25phe TR HA 0P iINOZE L MheRGithY BtBOEordystiseSHfd&i ent to retard
the growmh of the tunor. 117 WO 03/049700 PCT/US02/ 39509 240. The net hod
of claim 239, further conprising: applying a cell-transfecting pulse to the
tissue; wher @sp, the neelod-of chnsegtwitgeip eSRiclese sbed éxpesseidn konstmceisea i n the

S T R PR TR N

or SeqID#21.

254.  The method of claim 239, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#1.

255. The method of claim 239, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#2.

256. The method of claim 239, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#3.

257. The method of claim 239, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#4.

258. The method of claim 239, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#10.
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placing a plurality of electrodes in the tissue before applying the cell-
transfecting pulse to the tissue; wherein the nucleic acid expression
constructwol3adedvered to the tissue in an area that int@Ccposes3dshe
plurality of electrodes. 242. The nethod of claim240, wherein the
cell-transfecting pulse is an electrical pulse or a vascular pressure
pul se. 243. The nethod of claim 239, wherein delivering into a tissue of
the subject the nucleic acid expression construct conprises

el ect ropor at i g, : claim 239, wherej livering.i s by
i njection, gé%%’gﬁﬁé %%ﬁﬁggﬁﬁaﬁg}?§%|8ﬁ‘8ﬁb§?dﬁ§ﬂ%ﬁ gﬁggffﬁé%ﬁgPﬁﬁd of
cl ai m 23Biplogivel @juivatehethsichf @ntprisss the aloine atid dahedh GBQMD#G):a food ani mal ; or

k anj mgl . d.of claim239, wherein the subject i
uman. 247 FTRA PR b B 236 BT ERE DL of ¢ aci U expr osei on

construct is substantially fr f viral . backbone. 248. The net hod of
clai m 239, mhereiﬁ&%ﬁﬁégﬁé?%?ﬂgﬁmgﬁggﬂﬁ%wgfgnﬂgﬁylm%xpression const r uct

Theti seue-spec: f o5 IDFHLNC BB R arnitd Reig JBHEE L 2L P h SRR 115 WO
03/ 049700 PCT/ US0%/ 3950 0. The.const.ruct. of cl ajim,248,, wherein the
promot er conpri ses zﬁc%giofaﬁfgﬁl.er Fhile 4B Acd R laufmg; WZZP,Q'?I%A@%}WP% 3

untransl ated regi dolakinelf@ yucl eic expression construct is a human growth
hormone 3' UTR, bovine growth hornone 3' UTR, skeletal alpha actin 3 UTR
or SV40 pol yadenyXatis o D-arilgisaher X5 anfiie adi@hhafe ¢TAglbakRtiR88G"Wherei n the

ti ssue conprises nuscle. 253. The nethod of claim 239, wherein the nucleic

aci d expression coiskraiDtor B-isobgloD#hd amBeoddid hthiSEsd PHIS, oSeakiag14,

Segl D#17, SegID#l%qj§png#19, Segl D#20, or Segl D#21.

Xs is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or

a combination thereof,

260. The method of claim 239, wherein the nucleic acid expression construct

further comprises a transfection-facilitating polypeptide.

261.  The method of claim 259, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

262. The method of claim 259, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

263. The method of claim 239, wherein the encoded functional biological
equivalent of GHRH is a polypeptide having similar or improved biological activity when

compared to the GHRH polypeptide.

264. The method of claim 239, wherein the encoded GHRH or functional

biological equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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254. The nethod of claim 239, wherein the encoded GHRH or functi onal

bi ol ogi cal equi val ent conprises Segl D#1. 255. The nethod of claim 239,
wherei n twe oeneded GHRH or functional biol ogi cal equi valremtusozsgsne ses
Seql D#2. 256. The net hod of claim 239, wherein the encoded GHRH or
functional biological equivalent conprises SeglD#3. 257. The met hod of
claim 239, wherein the encoded GHRH or functional biological equivalent

conprises Se@bB#4The Bbthother BREMOLED fwitheth The? 38morVB&fRisas tahger%f:@fjed GHRH
or functiqgnal biological equivalent conprises Segl D#10. 119 03/ 049700

PCT/ USOZra®seys tumasg. " The nethod of claim 239, wherein the encoded GHRH or
functional biol ogical equivalent thereof conprises the amno acid formul a

(SEQ ID#6) : - X 1-X2- DAl FTNSYRKVL- X3- QLSARKLLQDI . - XQ X5- -RNQEQGA- OH
wherein the fzéfi'rruirge @%%&%@o@%n@“@ﬁ&r Kidney jfaifyre ds p;qvepédéngh@r

L-i sonmergygikctt he amino acid tyrosine ("Y"), or histidine ("H'); X2 is a
D-or L-isoner of the amno acid alanine ("A"), valine ("V'), or isoleucine
("1"); X3 is a D-or L-isoner of the ami no acid alanine ("A") or glycine

("G'); X4 is287.D ar nlethciom®y tRhtidghe 3MiO® Biik MEhicaphie the Mdtho®r | euci ne

("L"); X5 is .a Dor L-isonmer of the amno acid serine ("58") or asparagine
("N'); COFPHSEZnbi nation thereof. 260. The nethod of claim 239, wherein the

nucl ei ¢ aci d expr gtk MRNSGIHESE thd Mitiddetn GRERY fof ic aci
transfection-facili taﬂ&ng pol ;pepti de. i 261. The net 51doo nué: eéﬁ a}1C11d259,

wherei n the trans¢xesspion constrittthatehengepoirppphirdene-padensingdesnenec har ged

pol ypepti de. (“GHRH”) or functional biological equivalent thereof;

wherein subsequent expression of the GHRH or biological equivalent is

sufficient to retard the growth of the carcinoma.

268. The method of claim 267, further comprising:
applying a cell-transfecting pulse to the tissue;

wherein, the cell-transfecting pulse is delivered to an area in the tissue

comprising the delivered nucleic acid expression construct.

269. The method of claim 268, further comprising:
placing a plurality of electrodes in the tissue before applying the cell-

transfecting pulse to the tissue;

wherein the mucleic acid expression construct is delivered to the tissue in an

area that interposes the plurality of electrodes.

270. The method of claim 268, wherein the cell-transfecting pulse is an

electrical pulse or a vascular pressure pulse.

271.  The method of claim 267, wherein delivering into a tissue of the subject the

nucleic acid expression construct comprises electroporation.

272.  The method of claim 267, wherein delivering is by injection, gene gun, or
gold particle bombardment.
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262. The nethod of claim 259, wherein the transfection-facilitating

pol ypeptide conprises poly-L-glutamate. 263. The nethod of claim 239,
wherei n twe oenewded functional biol ogical equivalent of GERASIY3%09

pol ypeptide having simlar or inproved biological activity when conpared
to the GHRH pol ypeptide. 264. The nethod of claim 239, wherein the encoded
GHRH or functional biological equivalent thereof facilitates growh

hor none (" GH')73s eame tnedivdi oF clai@ 25ubRGEin thd Aibjdd0is03d ARAMPEThAISA2/ 39509
265. The t hod, of claim 239, wherein the tunor conprises a benign or

mal i gnanq’giﬁ??ﬁ’ralﬁ 0288’."3*[‘?1’@“‘#& hod of claim 239, wherein kidney failure is

prevented in the subject. 267. A nethod for treating a subject having a

carcinoma; t method ¢ rising: delivering intqg a tissue of the subject
an effectivquﬁnuh£68pﬂ§8ﬁgﬁ?ﬁﬁgg%@’ el Bﬁgﬂﬁ?ﬁﬁjwﬁﬁgtruct that encodes a
gr owt h- hor none-r el easi ng- hormone ("GHRH') or functional biol ogical

equi val ent thereof; wherei ub uent .expression,of the GHRH or bi ol ogi cal
equi val ent i ts&%'s uf Fél?eg}f?{a Q?Sﬁlinéégﬂd’%ﬂaﬁ%m e ICO?CI‘i)?f@r??é‘PHiCﬂ‘E?ﬁ‘E?t 1868. The
met hod alibgthraialty 264 of 4 virdl Beskbepri si ng:  applying a cell-transfecting
pul se to the tissue; wherein, the cell-transfecting pulse is delivered to
an area in the tissue conprising the delivered nucleic acid expression

construct. 2@96. THae nmeéthad off cleihmi26y,26dereiiirat POYmEENPS ithd MPéleie! agiing a

pluralit rof .el ecttroges in the ti ssug. bef ore applying the cell-
t r ansf ect PG PUTRETYE CYRBSET S UTTHC-SREGEICAT™e®HE nucl ei ¢ aci d expressi on

construct is delivered to the tissue in an area that interposes the
plurality of 2%17.ectﬁ19 %%ﬁl’od of claim 276, wherein the tissue-specific promoter comprises a

muscle-specific promoter.
278.  The construct of claim 276, wherein the promoter comprises SPc5-12.

279.  The method of claim 267, wherein a 3" untranslated region of the nucleic
expression construct is a human growth hormone 3" UTR, bovine growth hormone 3’

UTR, skeletal alpha actin 3" UTR, or SV40 polyadenylation signal.
280. The method of claim 267, wherein the tissue comprises muscle.

281.  The method of claim 267, wherein the nucleic acid expression construct is

SeqID#11, SeqID#12, SeqID#13, SeqID#14, SeqID#17, SeqID#18, SeqID#19, SeqID#20,
or SeqID#21.

282. The method of claim 267, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#1.

283. The method of claim 267, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#2.

284. The method of claim 267, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#3.

122



270. The nethod of claim 268, wherein the cell-transfecting pulse is an

el ectrical pulse or a vascular pressure pulse. 271. The nethod of claim
267, wherwoms@edwering into a tissue of the subject the paxalsez/sssazi d
expressi on construct conprises electroporation. 272. The nmethod of claim
267, wherein delivering is by injection, gene gun, or gold particle
bonmbar dnent. 121 WD 03/049700 PCT/ US02/ 39509 273. The met hod of claim 267,

wherein the $8bj eqheidethod OTEEinC 36 B dvidiéifitthe edcode@OdHRM BRIfincPibn@ WO K
animal . 274. The nethod of claim 267, wherein the subject is a human. 275.

The met Hgelosical epuvaleniepmpgises e he nucl ei ¢ aci d expression construct is
substantially free of a viral backbone. 276. The nmethod of claim 267,

wherein a pr ter_ of the nucleic_gci expressi on construct conprises a
ti ssue-speci %rgg prigfrghgthod 2’% Flatpn 2 ne‘i(’jli‘%?}notbe &nﬁ?‘{%ﬁﬁg,}zﬂ/\ﬁérﬁﬁcﬁoﬁﬂe

ti ssue- spsI6gitleqiivaIBRt RmpeisileyaRa0a nuscl e-specific promoter. 278. The
construct of claim276, wherein the pronoter conprises SPc5-12. 279. The

nmet hod of claim 267, wherein a 3' untranslated region of the nucleic

expressi on cQ@8gtr qbt methéd i reImI2EMM Wheidih 'O &ndode W TRIRPOYE FghcBib M h
horrmone 3'. UTR, skelefal alpha actin 3 UTR or SV40 pol yadenyl ati on
si gnal . B¥esicasauivalen Sherget comprises sheamingagid fasmp ke SEQIBHE): conpri ses muscl e.

281. The.sekhogriotseket. |, 26 Earihes i 2t RBodGbRIcE-@ci d expressi on constr uct
is Segl DH11, Seql D#12, Segl D#13, Seql D#14, Segl D#17, Segl D#18, Segl D#19,

Seql D#20, or SegkB#Rin the&dmukhfs TRIHIRAVIAS clekRtdAsA&?, wherein the encoded
GHRH or functional biological equival ent conprises Seql D#1l. 283. The

met hod of cl ai m 2&7 is #besrgi-Bokbe rercadasaGigrb e FUng bl BG@ine (Bi9); 0gi cal
equi val ent conprises Seql D#2.

X; is a D-or L-isomer of the amino acid alanine (“A”), valine (“V”), or

isoleucine (“I”);

X3 is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G™);

X4 is a D-or L-isomer of the amino acid methionine (“M™), or leucine
(L%

X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or a combination thereof,

288. The method of claim 267, wherein the nucleic acid expression construct

further comprises a transfection-facilitating polypeptide.

289.  The method of claim 287, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

290.  The method of claim 287, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.
291. The method of claim 267, wherein the encoded functional biological

equivalent of GHRH is a polypeptide having similar or improved biological activity when

compared to the GHRH polypeptide.
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284. The nethod of claim 267, wherein the encoded GHRH or functional

bi ol ogi cal equival ent conprises Seql D#3. 122 WO 03/ 049700 PCT/ US02/ 39509
285. The wetiod706 cl ai m 267, wherein the encoded GHRH or picanisn2/sosad

bi ol ogi cal equi val ent conprises Segl D#4. 286. The nethod of claim 267,
wherein the encoded GHRH or functional biol ogical equival ent conprises
Segl D#10. 287. The nethod of claim 267, wherein the encoded GHRH or

functi onal bml ogrh@ahetaawlo\faJI@iﬂ{ zshecvﬁ&émcw%w&a Gtmmrrmn@fahﬂ forml a
( SEQ | DH6) ; - X2- DAl FTNSYRKVL - X3- QLSARKLLOD | -

- X5- RQQC@R’R&E@GQ“WJGWB‘?I@?W&FH@@(SFWh&OWE@G1( F@{f)équﬁiWnﬂg therfubigett eri sti cs:
Xl is a Dor L-isoner of the amno acid tyrosine ("Y"), or histidine ("H');
X2 is a Dor L-is r amn acid alanine ("A"), valine ("V'), or

i sol euci ne ("2%93);()[553111 Oﬁ ?ﬁe?)‘?mtz Sothareinthe ¢rECiaomh GOmBNIS 4 RefigReor( " A") or
gl yci ne fhalenant tfidomad D-or L-isonmer of the amno acid nethionine ("M), or
|l eucine ("L"); X5 is a Dor L-isoner of the amno acid serine ("S") or
asparagine ("N'); or a combination thereof. 288. The nmethod of claim 267,

wherei n the meal eil nRtiod BXPefHH PRulORHkMsta lehidhilelr £YMILbERSHR
transfecti n facilitating polypeptide. 289. The method of claim 287,

wher ei n PHEOY FUREIEEE i on-faciiitating pol ypepti de conprises a charged
pol ypeptide. 290. gihrrifptihod tﬁguecdﬁhé@u%%& my\é}?ercﬁ{/@arfx&ﬁnt of nucleic acid

transfection-facilitating pol ypeptid conprises po Fitanate. 291. The
met hod of cl ai m 26¥oresaioay @?nﬁtmﬁethéhcwé@s faLngthdnmmom-tﬂle:agmg-abnnmw val ent

of GHRH is a pol y@wq%ﬁ%nﬁ'b@léégal%u&aﬁtﬂ}é?eofb' ol ogical activity

when conpared to'the
wherein subsequent expression of the GHRH or biological equivalent is

sufficient to retard the growth rate of the leukemia or the lymphoma.

295.  The method of claim 294, further comprising:

applying a cell-transfecting pulse to the tissue;

wherein, the cell-transfecting pulse is delivered to an area in the tissue

comprising the delivered nucleic acid expression construct.

296. The method of claim 295, further comprising:
placing a plurality of electrodes in the tissue before applying the cell-

transfecting pulse to the tissue;

wherein the nucleic acid expression construct is delivered to the tissue in an

area that interposes the plurality of electrodes.

297. The method of claim 295, wherein the cell-transfecting pulse is an

electrical pulse or a vascular pressure pulse.

298.  The method of claim 294, wherein delivering into a tissue of the subject the

nucleic acid expression construct comprises electroporation.

299.  The method of claim 294, wherein delivering is by injection, gene gun, or

gold particle bombardment.
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123 WD 03/ 049700 PCT/ US02/39509 292. The nethod of claim 267, wherein the
encoded GHRH or functional biological equivalent thereof facilitates growh
hor nrone (WGH3J4%ecretion in the subject. 293. The net hodpPafi/ushzaBITNL67,
wherein the carcinoma conprises a benign or malignant carcinoma. 294. A
met hod for treating a subject having a | eukemi a or a | ynphoma; the nethod
conprising: delivering into a tissue of the subject an effective anount of

a nucl ei ¢ aci3@0. expe esfiodrbfeRRE 2OYCkhdrbiattheAHREESE Bdomesticated animal; a
gr owt h- hor ppne-r el easi ng-hornmone ("GHRH') or functional biol ogical

equi val éRed ¥HBRk8F 2 WaHeENg subsequent expression of the GHRH or bi ol ogi cal
equivalent is sufficient to retard the growh rate of the | eukem a or the

| ynphoma. 295.  The, net ho f.claim?294, further cqonprising: applying a

cel | -transf egpﬂ-ng%ﬁﬁp?g“°88?flﬂlé‘lﬁ%%"ﬁ@?“\,ﬁh@ﬁ‘&l%? S@PETRRY | -t r ansfecting pul se
is delivered to an area in the tissue conprising the delivered nucleic
aci d expressi cqonstruct,. .296. e nmet.had of . claim 295, further .

conpri si ng: Bﬁg'ci egieﬁTogroélcﬁfrﬁ} 2%‘?’ ‘@}feé?{lr%ﬁ&%bﬁacf EXPEGSEION EOBERERE appl yi ng
t he cel IsubdtandiaBy Geé bNgvipllbskbée. t he tissue; wherein the nucleic acid
expression construct is delivered to the tissue in an area that interposes
the plurality of electrodes. 297. The nethod of claim 295, wherein the

cel | -transf ed0B.ng Thel method odinclaiel @O4r inhaleirpul ponWteraol FKC whelticParESSUr €

pul se. 298. The net h?d of . cl aj.m 294, gy\/ner ein delivering into a tissue of
the subj"BRESYHECOTRTHG EPTRPTEES YUBRFRESEICAROBHRGEt r uct conpri ses

el ectroporation. 299. The method of claim 294, wherein delivering is by
I nj ection, 9%62 94l nfhod %%lgurp ?632 Iw(fller%inbt?le 1gsrug-r$e:rgﬁc p]icz)lffloter comprises a

muscle-specific promoter.
305. The construct of claim 303, wherein the promoter comprises SPc5-12.

306. The method of claim 294, wherein a 3" untranslated region of the nucleic
expression construct is a human growth hormone 3° UTR, bovine growth hormone 3’

UTR, skeletal alpha actin 3" UTR, or SV40 polyadenylation signal.
307. The method of claim 294, wherein the tissue comprises muscle.

308. The method of claim 294, wherein the nucleic acid expression construct is
SeqlD#11, SeqID#12, SeqID#13, SeqlD#14, SeqID#17, SeqID#18, SeqID#19, SeqID#20,
or SeqID#21.

309. The method of claim 294, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#1.

310. The method of claim 294, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#2.

311. The method of claim 294, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#3.
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WD 03/ 049700 PCT/ US02/39509 300. The nethod of claim 294, wherein the
subject is a donesticated animal; a food animal; or a work animal. 301.
The met howoaB/oad7aé m 294, wherein the subject is a human. 302/USihe9snet hod of
claim 294, wherein the nucleic acid expression construct is substantially
free of a viral backbone. 303. The nethod of claim 294, wherein a pronoter
of the nucleic acid expression construct conprises a tissue-specific

promoter. 30412 Thendeidisll of chlidi M3 Qdereth e ecddb® GHREUS fREGdrhl C _
pronoter conprises a nmnuscle-specific pronmoter. 305. The construct of claim

303, whéidegical peiprlesemprizes #p4lPdds SPc5- 12. 306. The nethod of cl ai m 294,

wherein a 3' untranslated region of the nucleic expression construct is a

human growt h_hornppe 3' UTR bov;gﬁ grow h hornone 3' UTR skel etal al pha
|

actin 3 UTR3Dr Sheanstend, ghsiim ad¥tonvheredh dhe cngosied R Heeth fctigmal| aj m 294,

wher ei N HdMsidal SGHPIGR BBMbERS SEyDEI®. 308. The nmethod of claim294, wherein
the nucleic acid expression construct is SeglD#11, Segl D#12, Segl D#13,

Segl D#14, Segl D#17, Segl D#18, Segl D#19, Seql D#20, or Seql D#21. 309. The

nmet hod of cl ai4n 296 nwhiiRideon clahe Bac agerbiCiRHeModbd THRANG funblicapgi cal
equi val ent conprises Seql D#l . 310. The nethod of claim 294, wherein the

encoded ab paiyAent thsreqf comprites Hie ammogsist PEMA (SEQ M3¥®)ses Seql D#2. 311.

The met hed.9fpahkakdor2P4x, \WaeL8h Nodrhe, - f0godeshdsBtdgr functional  bi ol ogi cal
equi val ent conprises Seql D#3. 125 WD 03/ 049700 PCT/ US02/ 39509 312. The

net hod of cl ai m 2QfsreihiBE Rirulhas @O eARRshe@iREcREsdiddnct i onal  bi ol ogi cal
equi val ent conprises Seql D#4. 313. The method of claim 294, wherein the
encoded GHRH or f NGt IORANL-isomer of the amino acid tyrosine (“’Y”), or histidine (“H™);

X; is a D-or L-isomer of the amino acid alanine (“A”), valine (“V”), or

isoleucine (“T”);

X3 is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G™);

X4 is a D-or L-isomer of the amino acid methionine (“M™), or leucine
(1%

X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or a combination thereof,

315. The method of claim 294, wherein the nucleic acid expression construct

further comprises a transfection-facilitating polypeptide.

316. The method of claim 315, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

317. The method of claim 315, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

318. The method of claim 294, wherein the encoded functional biological
equivalent of GHRH is a polypeptide having similar or improved biological activity when

compared to the GHRH polypeptide.
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bi ol ogi cal equival ent conprises Segl D#10. 314. The nethod of cl ai m 294,
wherein the encoded GHRH or functional biological equival ent thereof

conpri seswohw/osemomno acid formula (SEQ | D#6): - X1 - X2- DAl PCT/US02/39509
FTNSYRKVL- X3- QLSARKLLQDI - X4- X5- RQQGERNQEQGA- CH wherein the formul a has the
followi ng characteristics: Xl is a D-or L-isoner of the am no acid tyrosine
("Y"), or histidine ("H'); X2 is a D-or L-isoner of the amno acid al ani ne

("A"), valing10’ V'the m¥thod $0|chiGi e, (w eram t?fe? eh&)d@d[GHRHLof FoebnAf the
am no acid alanine ("A") or_glycine is a Dor L-isomer of the

am no achiglogistlispivalar thergpdjfaciliates }hhﬂm\m‘l’_( FH xsecratiog “Dﬂlﬁrsull?le@tsorrer of
the amno acid serine ("S") or asparagine ("N'); or a conbination thereof.
315. The net Pﬁgg of cl 81292? %}24 wher ei n the nucl elcF; aci d expressi on construct
further conpri-fes “a s FERTPERUPREN PEIPmEnh OF i St HEC-141%¥. ITRe et hod
of cl ai ngyBjkér, coigisgign the transfection-facilitating polypeptide conprises
a charged pol ypeptide. 317. The nethod of claim315, wherein the
transfection-faci ﬂﬁlﬂV&fm&gltcpétlssgépfihaéubméﬁwﬁf@ége peount pf gnuslejpracié. 318. The

met hod of claim 2 equi val ent
of GHRH is a pol ygg"ﬁﬁ e ﬁg%u%gﬁ%tféﬁng?%rgggowl%&?%eg % 'I%gl caF Acti vi ty

when conpared t o (‘t{HERIGHRH fstigypad piolagrcal dqubvaladt $87e089700 PCT/ US02/ 39509
319. The nethod of claim?294, wherein the encoded GHRH or functi onal

pi ol ogical equi valhtid NeLaaln g&usiohaotfaﬁ cﬁ&ﬁ%gbﬁgdg\g@apg g5 Secretion

in the subject. reventin of a
met ast ati c-tunor iwffigientso bgtadithe dﬁyn}ppmsmtm@thedmltasmnmgon nto a tissue of the
subj ect an effective amount of a nucleic acid

321. The method of claim 320, further comprising:

applying a cell-transfecting pulse to the tissue;

wherein, the cell-transfecting pulse is delivered to an area in the tissue

comprising the delivered nucleic acid expression construct.

322. The method of claim 321, further comprising:
placing a plurality of electrodes in the tissue before applying the cell-

transfecting pulse to the tissue;

wherein the nucleic acid expression construct is delivered to the tissue in an

area that interposes the plurality of electrodes.

323. The method of claim 321, wherein the cell-transfecting pulse is an

electrical pulse or a vascular pressure pulse.

324.  The method of claim 320, wherein delivering into a tissue of the subject the

nucleic acid expression construct comprises electroporation.

325. The method of claim 320, wherein delivering is by injection, gene gun, or

gold particle bombardment.

326. The method of claim 320, wherein the subject is a domesticated animal; a
food animal; or a work animal.
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expression construct that encodes a growt h-hornone-rel easi ng- hor none
("GHRH') or functional biological equivalent thereof; wherein subsequent
expr essi owoaB/ot41eé0 GHRH or bi ol ogi cal equival ent is suffi @cantsor/ewsoet ar d

t he devel opnent of the nmetastatic-tunor. 321. The net hod of clai m 320,
further conprising: applying a cell-transfecting pulse to the tissue;
wherein, the cell-transfecting pulse is delivered to an area in the tissue

conpri si ng t he7delyiny gleffdddeehii $202GihdrefdRE QEFEcOR aGRRBAT UCt . 322, The net hod
of claim 321, further conprising: placing a plurality of electrodes in the

ti ssue before applying the cell- transfecting pulse to the tissue; wherein

the nucleic aBd ehpm@sFHIVT cRANSDO,UGkeréifi thihicked &Ald txprésBidn ico®suer kN an
area that interp%§es t he glurality of electrodes. 323. The nmethod of claim
321, wherbitantipHe freepfa virad Ragkbeds ng pulse is an electrical pul se or a

vascul ar pressure pul se. 324. The nmethod of claim 320, wherein delivering

into a tissu f e subj ect, the cleic.,acid expression construct

conpri ses el g’@?r objg‘f’a‘?lP h‘? @2@?1“Tﬁggné’§’ﬁ’_§ﬁp ¢ Pryniteh 9bche HEFS; ACiel i veri ng
IS by i nixpebdi®cond@it cOiprise®4 tissBkpbcHRI frbmbRr, bOMbar dment . 326. The met hod
of claim 320, wherein the subject is a donesticated aninmal; a food aninal;

or a work animal. 127 WD 03/049700 PCT/ US02/ 39509 327. The nethod of claim

320, wherei n3Bbe gubjpRetodio$ clainh82B WhedaBihe Tib®ie ipédifdprofmotelr abmprd2da wher ei n
t he nucleic_acid_expression construct is substantially free of a viral
backbondlUssEgpeetfe PIgINEd of cl ai m 320, wherein a promoter of the nucleic
acid expression construct conprises a tissue-specific pronoter. 330. The

rethod of ¢l g 339, YARLEPLNe I SRS RE Gl R QRS br GO | S5 2

332. The method of claim 320, wherein a 3" untranslated region of the nucleic
expression construct is a human growth hormone 3" UTR, bovine growth hormone 3’
UTR, skeletal alpha actin 3" UTR, or SV40 polyadenylation signal.

333. The method of claim 320, wherein the tissue comprises muscle.

334. The method of claim 320, wherein the nucleic acid expression construct is
SeqID#11, SeqID#12, SeqID#13, SeqID#14, SeqID#17, SeqID#18, SeqID#19, SeqID#20,
or SeqlD#21.

335. The method of claim 320, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#1.

336. The method of claim 320, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#2.

337. The method of claim 320, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#3.

338. The method of claim 320, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#4.
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nmuscl e-specific pronoter. 331. The construct of claim 329, wherein the
pronoter conprises SPch-12. 332. The nethod of claim 320, wherein a 3
unt r ans| awedsmegoon of the nucleic expression construct PETASO2BEN9 gr owm h
hormrone 3' UTR, bovine growth hornone 3' UTR, skeletal alpha actin 3 UTR
or SV40 pol yadenyl ati on signal. 333. The nethod of claim 320, wherein the
ti ssue conprises nuscle. 334. The nethod of claim 320, wherein the nucleic

aci d expressi c t i g I 1 14,

Segl D#17, Seg3? ' 13\,%é{ééélﬁ%l#fg,Claég‘gFﬁz‘ié%ere%ggh%élgogﬁgigh%gr fﬁgmr’rlgfhod of
cl ai m 32gologikdreguivalettcompusdSdqiBARP or functional biol ogi cal equival ent
conprises Segl D#l . 336. The nethod of claim 320, wherein the encoded GHRH
or functional biological equivalent conprises Segl D#2. 337. The net hod of

cl ai m 320, wi¥éPei Ahe Haethort 9f cdpiHp3), ovherdimdhe srended HEBREGoE ddnctiguslval ent
conpris . : I; ewpy.t he encoded GHRH
or func?@%ﬁ%ﬁmﬁﬁ?ﬁ?@‘g‘?@ﬁ eaﬁﬁ%‘gg%e?aﬁ“%‘%%r%ﬁg%é?@é?# 858 WD 03/ 049700
PCT/ US02/X30 B0OAIFZBSN RV IneXs B S AT LOPI -1 -&i-ReSEBNORgyered n t he encoded GHRH or
functional biological equivalent conprises Seql D#10. 340. The net hod of
cl ai m 320, wher ei Whelsin theEoaals hasiFe folfovfingeharastraisticsi ol ogi cal equi val ent

t hereof conprises the amno acid forrmula (SEQ | D#6):

- X_1- X2- DAl FTNSYRRV!is 3B-aniLSagier afithe-axdino&:1RQBEERNOEOCA: oRidiked{ B h t he
formula has the follow ng characteristics: Xi is a D-or L-isomer of the
ami no acid tyrosi Xe i§ aYD-pr Lesormérsefi tHe amino” #¢id alani@ (‘47)a valirer (“V-), soner  of
the amino acid al ieﬂgmé"“r\"'))’ valine ("V'), or isoleucine ("I"); X3 is a
D-or L-isomer of e amﬁ acid alanine ("A") or glycine ("G');

X3 is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G™);

X4 is a D-or L-isomer of the amino acid methionine (“M”), or leucine
(L)

X5 is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N™);

or a combination thereof.

341. The method of claim 320, wherein the nucleic acid expression construct

further comprises a transfection-facilitating polypeptide.

342. The method of claim 341, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

343. The method of claim 341, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

344. The method of claim 320, wherein the encoded functional biological
equivalent of GHRH is a polypeptide having similar or improved biological activity when

compared to the GHRH polypeptide.

345. The method of claim 320, wherein the encoded GHRH or functional

biological equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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X4 is a Dor L-isomer of the amno acid nethionine ("M), or |eucine

("L"); X5 is a D-or L-isoner of the amno acid serine ("S") or asparagi ne
("N"); owoa3owmmhe nation thereof. 341. The nethod of cl ai mc3aGp2/8456% ei n t he
nucl eic acid expression construct further conprises a
transfection-facilitating pol ypeptide. 342. The nethod of claim 341,
wherein the transfection-facilitating polypeptide conprises a charged

pol ypept i de. 3343. ThOendiRiahQt18h $2RiWheR4 the ARSI EdRprises a benign or
transfection-facilitating pol ypeptide conprises poly-L-glut amate 344. The
met hod dhalignantrer@manher ei n t he encoded functi onal b| ol ogi cal equi val ent
of GHRH is a pol ypeptide having simlar or inproved biological activity
when conpared to the GHRH pol ypeptide. 345. The net hod, of claim 320,
wherein the éfdoddumeshrifsitreniitges sehieat haying p sgtasiatic SEUTH F SHROTtls: e of
facilitahes, mg bQﬁl "RiREed ek h S68 ﬁ&ds%g B‘fﬁrhgde?lHHiaeﬁtcarcm%&% YO

03/ 049700 PCT/ USO /39 09 346. T d of” claim320, wherein the

car ci norfeuksong i lymphamdy e miagh calk tumen| 4 melagrmag arsecemmeand 34plid aumast thed f or
treati ng &, &yp(ingg i aving a netastatic gromh of tumor cells, the tunor
cells berng se "froma group consisting of an adenona; a carcinoma, a
| eukem a, a | yrrtha}a, delivedbg med einmsnmtissuaoﬁthbamhje‘cm,anafferaiveamauntaxfd a solid
tunmor, the nmethod co%{hﬂ g dgég del |vert| n |nto rruscl ti ssue of the
subj ect an effective afBUHTCFid SXPTERHGRGORSIECE thatSpdss & BAVEARIPPRES t ¢ hat
encodes a growt h- hor noRgeasing/heasdndoe G(HR[EDUQ)r(ﬁlﬁEﬂBhbl) bidloglddN eduivaledt

bi ol ogi cal equivalent _thereof, (b) applying an el ectroporation

cell -transfecting pul stereghit he tissue; wherein:

(b)  applying an electroporation cell-transfecting pulse to the tissue;

UJ

wherein:
the nucleic acid expression construct comprises:

a muscle specific promoter;
the encoded GHRH or functional biological equivalent thereof; and
a human growth hormone 3" untranslated region (“3* UTR”);
the promoter, the encoded GHRH or functional biological
equivalent thereof, and the 3’ untranslated region are operatively
linked, the in vivo expression of the GHRH or biological equivalent
is regulated by the promoter, and the construct is substantially free
from a viral backbone;

subsequent expression of the GHRH or biological equivalent facilitates

growth hormone (“GH”) secretion in the subject and is sufficient to retard

the growth of the metastatic growth of cells.

348.  The method of claim 347, further comprising:
placing a plurality of electrodes in the tissue before applying the cell-

transfecting pulse to the tissue;

wherein the nucleic acid expression construct is delivered to the tissue in an

area that interposes the plurality of electrodes.
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the nucleic acid expression construct conprises: a nuscle specific

pronoter; the encoded GHRH or funct

i onal biol ogi cal equival ent thereof; and

a human gwowBl44100 nONe 3' untranslated region ("3 UTR'); pcirasor/eeme er, the
encoded GHRH or functional biological equivalent thereof, and the 3

untransl ated region are operatively

| i nked, the in vivo expression of the

GHRH or bi ol ogical equivalent is regulated by the pronoter, and the
const r uct is38%bsﬂh@hﬁ&bﬁyﬁkhﬁﬁ34ﬁnmﬁranWMJﬂﬂmbaﬁmhmm&mkauh$mqﬂﬂna

expression of the GHRH o alologica

("GH") g%‘lfjraé’t“?’%)‘no‘i%wf’ﬁlfé‘ j ect and
the netastatic gromﬂh of cells. 348.

Checel |-t r 4G edtr Rgptiegers{huh

| equivalent facilitates growh hornone
is sufficient to retard the growth of
The net hod of cl aim 347, further
Iect odes e tissue before applying

?mg%u%$1 EP@,‘H?ﬁe nucl ei c acid

expression construct is delivered to the tissue in an area that interposes

the pluralit %ISﬁI 3219 ;[,\/F]hog%% cla?‘rﬁgﬁg/\?%h gé(;u? ﬁ'l%?anQleg:CE/ d‘%&g&s? 8129gnstr§é%s ;’he

nmet hod of cla
ani mal ; SeqIDE1\OSdqIRH] 278kqIDBS8),. Seqiin!1
is a hunaﬁ. i% The met hod of cl ai
expr essi%OACE

f ood
@S&a;bld#b?f Sedlaiid, JeqIDH#iIBSsilD#20he subj ect
m 347, wherein the nucleic acid

Tuct is Segl D#11, Segl D#12, Seql D#13, Segl D#14, Segl D#17,

Seql D#18, SegID#19 Seql D#20, or SegID#Zl 352. The method of claim 347,
wherein the nct nal hwal e G ri ses
358 e THe R ot G €l ey e ke SN BT

Segl D#1. 353

I’E,‘In e

m

functi orbadloglbal@hlﬁgalelﬁlcoﬁgﬂsemle@lm#lcorrpr| ses Segl D#2.

353. The method of claim 347,

biological equivalent comprises SeqlD#2.

354. The method of claim 347,

biological equivalent comprises SeqID#3.

355. The method of claim 347,

biological equivalent comprises SeqlD#4.

356. The method of claim 347,

biological equivalent comprises SeqlD#10.

wherein the encoded GHRH or functional

wherein the encoded GHRH or functional

wherein the encoded GHRH or functional

wherein the encoded GHRH or functional
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354. The nmet hod of claim 347, wherein the encoded GHRH or functi onal

bi ol ogi cal equi val ent conprises Segl D#3. 355. The nethod of claim 347,
wher ei n twe ospewrded GHRH or functional biol ogi cal equi valPemusozsgne ses
Seql D#4. 356. The net hod of claim 347, wherein the encoded GHRH or
functional biological equivalent conprises SeglD#10. 131 WO 03/ 049700
PCT/ US02/ 39509 357. The nethod of claim 347, wherein the encoded GHR H or
functional biol ogical equival ent thereof conprises the amno acid formula

(SEQ I D#6) : .,z X 1:X2- DAl ETNSYRKVL;,X3- QL SARKL L CDI ;- X4+ W - OH

wherein the %%i(wlflg H’a?glofih%l\}sf:fgwgvﬁhggg Yar ?’cet %og?qxg}s:: % OF T,

L- i sonemniodgitah equavileno tirtdofcdyprizes the afning'geid formila SEQIIHE)( "H'); X2 is a

D-or L-isoner_of the am no acid al ani neﬁ GA%I% Qé{;]"?l—lo. ne ("V'), or isoleucine
al a

(1) XE RIS RO - Eo kT RS e At ine ("A") or glycine

"G'); X4 is a Doy L-isomer .of the ino acid hi onine ("M), or |euci
E" L"g; X5 :s a D%ﬁer?_lp:t%’o UI?)Ihas[tEl%fojﬁw% Czléﬁ!aﬁteg%%cf'lne I( S"§ or)aspar agiuniane
("N'); or a conmbjnation t{hereo

f...358. Th t hod. l,ai . Fron WD inth
nucl ei ¢ aci d expres§ifon°t ﬂ%’l”?eﬁgftheiaﬁjﬂrfot?&%tg%ﬁ%g?‘s\gé’%h?%%lglrngggl prer e ne
t fecti -facilitati | t.l th d. i f I GR-
fhei 1 tating pol yibptt Bk EghRE R R upd el BRERE U ISRURE K0k g 1 or

treating kidney figélkwti® (“It);2 subject, the nmethod conprising: delivering
into a tissue of the subject an effective amount of a nucleic acid

expressi on const rXg¢is atihat L eeesde5the aghi@Mchi arma(iary & gasientctor none

("GHRH') or functional biological equivalent thereof; wherein subsequent
expression of thexGHRE Mor Di-8b0E& 68theebihy at@Niethfoninguf M3, @nkudige r et ard

the growth of the carcinona.
(L™;
X is a D-or L-isomer of the amino acid serine (“S™) or asparagine (“N”);

or a combination thereof.

358. The method of claim 347, wherein the nucleic acid expression construct
further comprises a charged transfection-facilitating polypeptide, the charged transfection-

facilitating polypeptide comprising poly-L-glutamate.

359. A method for treating kidney failure in a subject, the method éomprising:
delivering into a tissue of the subject an effective amount of a nucleic acid
expression construct that encodes a growth-hormone-releasing-hormone

(“GHRH”) or functional biological equivalent thereof;

wherein subsequent expression of the GHRH or biological equivalent is

sufficient to retard the growth of the carcinoma.

360. The method of claim 359, further comprising:

applying a cell-transfecting pulse to the tissue;

wherein, the cell-transfecting pulse is delivered to an area in the tissue

comprising the delivered nucleic acid expression construct.
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360. The net hod of claim 359, further conprising: applying a
cell-transfecting pulse to the tissue; wherein, the cell-transfecting pul se
i s delivewedsthw7am area in the tissue conprising the del ipcaresd2/sasd ei c
acid expression construct. 132 WO 03/049700 PCT/ US02/ 39509 361. The net hod
of claim 360, further conprising: placing a plurality of electrodes in the
ti ssue before applying the cell- transfecting pulse to the tissue; wherein
the nucleic acid expression construct is delivered to the tissue in an

area that intglpoges nicliddRY bk 340y fitthePbRfirisades. 362. The nmethod of claim
360, wherein the cel!-transfectinﬂwgulse i's an electrical pulse or a

vascul ar pressur e Pginged phedity phelssapesdingthe dissuenbdory, anphidreeths el i veri ng

into a tissue of thg:rsuhl BEke MR rifc! ei ¢ aci d expressi on construct
conprises el ectroporati oh. 364. The rmethod of claim 359, wherein delivering

i's by injection, g&@ﬁ:hﬂl}l@ nuc‘?%ic a&? Ieﬁbrps%fog}ic‘ahs‘?rulepigﬁ@ﬁ\g{:@%ﬂg tlre%ﬁgue 1%( hg nethod

of claim 359, wherein e subject I's a donmesticated aninma ood ani mal ;
or a work ani mal . ag@8@hat Fikspores tho pludlity beé¢lent®86s. wherein the subject is a
human. 367. The nmethod of claim 359, wherein the nucleic acid expression

construct is_substantially free of a viral backbone. 368. The nethod of
cl ai m 359, whéZei Aha petbebtadrclyin AR milketed ¢hen cplttravstistiag shudis SoABt r uct

CO”pri5%%mﬁk%fﬁﬁ%§ﬁ%R%&hk%gmﬁﬁﬁ 1§ . 369. The nmethod of claim368, wherein

the tissue-specific pronoter conprises a nuscle-specific pronoter. 370.
The construct of claim 368, wherein the pronoter conprises SPc5-12. 133 WD

03/049700 PCBg8S0233RBRd of claim 359, wherein delivering into a tissue of the subject the

nucleic acid expression construct comprises electroporation.

364. The method of claim 359, wherein delivering is by injection, gene gun, or

gold particle bombardment.

365. The method of claim 359, wherein the subject is a domesticated animal; a

food animal; or a work animal.
366. The method of claim 359, wherein the subject is 2 human.

367. The method of claim 359, wherein the nucleic acid expression construct is

substantially free of a viral backbone.

368. The method of claim 359, wherein a promoter of the nucleic acid

expression construct comprises a tissue-specific promoter.

369. The method of claim 368, wherein the tissue-specific promoter comprises a

muscle-specific promoter.

370. The construct of claim 368, wherein the promoter comprises SPc5-12.
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371. The method of claim359, wherein a 3' untranslated region of the
nucl ei ¢ expression construct is a human growth hornone 3' UTR, bovi ne
growt h howome4800 UTR, skel etal al pha actin 3' UTR, or S¥Y€@/US02/39509

pol yadenyl ati-on signal. 372. The met hod of claim 359, wherein the tissue
conprises nuscle. 373. The nethod of claim 359, wherein the nucleic acid
expression construct is Segl D#1ll, Segl D#12, Segl D#13, Segl D#14, Segl D#17,

Segl D#18, SeghP#1%he %mowialmqﬂ S@%r@ﬁ%h uhtidnsiakbe rdgRinhFdhdhudidiai m 359,

wherein the encoded GHRH or functional bi ol Oﬁ{ cal _equival ent conprises
Seg| D#1.expressionTprnsiegtis@ Biman gionishamopp &r /TRt bpyinegrewByhemRAE or

functio L9k u PRYR42. 376. The nethod of

. 1% t S‘R ﬁﬂm} t . . ,
cl ai m 359, ’WE re?%bt azlg lg(rﬂlcjg 6&% or P cti onal bi ol ogi cal equi val ent
conprises Segl D#3. 377. The nethod of claim 359, wherein the encoded GHRH

or functi onaly; bi ?h@gfeﬁﬁho@auinwéﬁ%e&ﬁméﬁs%%co%ﬁﬁhs%ﬂms&em The et hod of
cl aim 359, wherein the encoded GHRH or functional biol ogi cal equival ent

conpri ses Segl D#10. 134 WO 03/049700 PCT/US02/39509 379. The nethod of
clai m 359, Wr3¢3 ei Thé hRtHRAGIEREN GhiHviRteil URGlcRRAcidEPr@gi0s @bnsaGetiival ent

t hereof conprises the am no amdforrrulaé

X1 Xo- DR PN 3 oA R ERA o3 ﬁ@%ﬁm&é&qﬂlﬁ%@ﬂ%ﬂ? the
formula f gg foagifol lowi ng characteristics: is a Dor L-isoner of the
am no acl %yr05| ne ("Y"), or histidine ("H), X2 is a Dor L-isomer of
the am no acid alanine ("A"), valine ("V'), or isoleucine ("I"); X3 is a

D-or L-isonen7ef trhe AGhEP @ CifmabaNiviRrdin Ahd cBEoddl YGHRE br @inkiiontdd 15 a
D-or L-isoner of the amno acid d methionine ("M), or leucine ("L");
biological equivalent comprises SeqID#1.

375. The method of claim 359, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#2.

376. The method of claim 359, wherein the encoded GHRH or functional

biological equivalent comprises SeqlD#3.

377. The method of claim 359, wherein the encoded GHRH or functional

biological equivalent comprises SeqlD#4.

378. The method of claim 359, wherein the encoded GHRH or functional

biological equivalent comprises SeqID#10.
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X5 is a Dor L-isoner of the amno acid serine ("S") or asparagine ("N');
or a conbination thereof. 380. The nethod of claim 359, wherein the nucleic
aci d expresesowroonstruct further conprises a transfecti eaTfiao/bistat i ng
pol ypeptide. 381. The nethod of claim 380, wherein the
transfection-facilitating pol ypeptide conprises a charged pol ypepti de.
382. The nethod of claim 380, wherein the transfection-facilitating

pol ypeptide conprises poly-L-glutamate. 383. The rret hod of clai m 359,
wherein the encode funﬁtl onal, .bi gl ogi cal g |va {} of GHRH i S %

pol ypept i de hd¥i nd"8iTHPeG ofclaimn PR, eheseip) ¢ @.eeaq FiH pr fieationdlonpar ed
to the %@@Q'ﬁ@ﬁ%m@ﬁereﬁ%é 88 tﬁ@éﬁﬁ@a&ﬁ foridlasBBID#eNer ei n the encoded
GHRH or functional biolog |caP equi val ent thereof facilitates growth

hor none * G“P“PATsFé'"&TF‘@i‘ﬁVBTFBT%Sﬁ%@@%%ﬁ%—RQQ%@SQWO@i’ 049700 PCT/ US02/ 39509

385. The net hod of _cl ai m 359, erein the kidney failure resulted fromthe
subj ect having a é‘ﬁ’ﬁ@é’rth§&r€’(‘:‘laelﬁ‘sf}re(fﬁ4ké“@$W%ﬁ@?sst| ng of adenom;
carci noma, | eukem a, nporma, mast cell tuno ma; sarcomm; or solid

tumor. 386. The n&ldeﬂc%m?ﬁ@%a%w@iiWw%anefhlé%ﬁrﬁ“‘sle)s a benign

or rmalignant carcinoma. 136
X; is a D-or L-isomer of the amino acid alanine (“A”), valine (“V”), or

isoleucine (“T7);

X3 is a D-or L-isomer of the amino acid alanine (“A”) or glycine (“G”);

X4 is a D-or L-isomer of the amino acid methionine (“M”), or leucine
(L7,

X5 is a D-or L-isomer of the amino acid serine (“S”) or asparagine (“N”);

or a combination thereof,

380. The method of claim 359, wherein the nucleic acid expression construct

further comprises a transfection-facilitating polypeptide.

381. The method of claim 380, wherein the transfection-facilitating polypeptide
comprises a charged polypeptide.

382. The method of claim 380, wherein the transfection-facilitating polypeptide

comprises poly-L-glutamate.

383. The method of claim 359, wherein the encoded functional biological
equivalent of GHRH is a polypeptide having similar or improved biological activity when

compared to the GHRH polypeptide.

384. The method of claim 359, wherein the encoded GHRH or functional

biological equivalent thereof facilitates growth hormone (“GH”) secretion in the subject.
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385. The method of claim 359, wherein the kidney failure resulted from the
subject having a cancer selected from a group consisting of adenoma; carcinoma,

leukemia, lympoma, mast cell tumor; melanoma; sarcoma; or solid tumor.

386. The method of claim 385, wherein the cancer comprises a benign or

malignant carcinoma.
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