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art widly wjdergigRdnihat § P%?P%?V@&E% MEQEAESetPr erang éheeﬁ@qusamplltude

wavef%Hf, ﬁg (gﬁpes WA ESr AliratiBR! S SypliPARKCES 2R el AN L%ﬁél that generates an
sol’uti dns or suspensions in aqgueous or non-agqueous

clectriki Gelil dgttil etie Wletiodvll @ fovidpsy borspe¢iﬁeia11da$eé¢ctﬂve ofoi dertain gene

emul si on r wat -0i | enul si.ons st an f.or
cxpre Rl T R PRI R IR FRIBH S ST bASGRed of injofed tissue o
discase@psul e, the active drug conponent can be conbi ned

with an oral, non-toxic pharmaceutically acceptable

003 Ehusmtbe mseht atsyeetnchaﬁm Drejlige derolargehed éleatnenth because it is

posmbi ﬁ)pre&ngt %xpéesglg 1"[!:1)1r #gg 95£%é/1%tﬁ§mq TRy l%ﬂtah ﬁgeased or injured
tissue SVift thardpyli€Io Bﬂte%étr&hﬁénﬁCQdmbf&@l b?aiﬁebﬁifc SUEC Relasiv@nsignals of
edi bl e carbohydrate, as, npl e, starch or
appromﬁh iffegpency) avphiude, Wpr‘é@@rt @a@/pr/ élutydi:x%% f@fn #yaprgARriate duration of
Q S
ome. 9k SHERROSH, SR O BP0y FRPRELERURAC [Ty s o
1nﬂuef1¢e|d| song tb a¢dubde gel apirasishefchisain genadantosdednel target certain diseased or

i GO 2 R Ao gE R S AR s o

target&i Mrgﬁhleﬁtagf D& HIAR to@teg)&e—-lao%@%ﬁe&b@ﬁ UWt&hBRhe k&, fractures at
't ng operation. A disintégrating or solubilizing
risk, nagembn swoh dascaggiraision, gul ssianmdpacbortht gcatorensoftingror any of the
b car$?nate can al so be added to inprove the
aboveLQuTH8bT 1ity of the medi cament when the capsule is
[0WBSFt $He dMIERVf Bl prafidnirdestidrede @ipaBRETIPPIng spemﬁc and selective
sui tabl e binders, lubricants, disintegrating agents
signalg el acféﬁl@ rgengafa@ dexgoc S the wsnesetiom eﬁﬂp@peﬁe dnil selsctivreficld that is

applleﬁ"a(ﬁrﬁgt Ly to gé%arsg Fi Iﬁu%g%églt?lcggdlé&oe tﬁt ?kl adcf @ ealtl%}lt pI‘hﬁ devices of the
preser UBRINEOR May BI8d lplf@hde?lﬁd thy nthetel @pgumnswﬁpeaﬁicaeﬁﬂcseaectwe fields
tragacanth or sodi um al gi nate carboxynethylcellulose
(g, mnlgsaétlm pEAdI] e 8l distang frpre disqescd of Bwed itssuc e dvhigh yields the
desureg %F‘%&i \g@"ﬁﬁlglﬁe dtfat E@il de ej gﬁﬁ%@ﬁ?g %?ﬂa tB(lc:) ? ?cﬁ%ﬁé& g‘\alt’ Iigtpacltlvely coupled
without limtation, starch, nethyl cel l ul ose, agar,
bet oni te, xanthan gum and9the like. Tablets are
fornmul ated, for exanple, by preparing a powder
m xture, granulating or slugging, adding a |ubricant
and disintegrant, and pressing into tablets. A powder
n1xture |s prepared by n1X|ng the conpound SU|tabIe



Li posones can be fornmed froma variety of
phophol i pi ds, such as chol esterol, stearylam ne, or
w@b@phetoiglyl chol i nes. The conpounds of For nul aPCT/Szmel032925
et C I . . al
devic h’ﬁlrl st (UG thg @%%gctﬁﬁssg(ﬁgﬁ%ocﬁvi%?% Eﬁg heQﬁ%&&I I %thcﬁl 1§191y t?ﬁclude means

for attaﬂdmg/tlﬂle&{ctroaésr toehsbddy ot gtichiia tho MRy ﬁiﬁ}hﬁ;@ldreﬁseased tissue in
are coupl ed. The conPounds may al.so be coupl ed

the cage| fpFapapiivgnirpling Fefr @’éﬁt%?e sel-aehceant rqogﬁgctwsljelﬁctrodes may be
r C

attachgcg Edé sﬁm @fnth ?ﬁﬂé&ﬁ! (;%)1(19%[}%%1')(} %g%?ﬂ;’ré&%glep ﬁe ng(f‘fm in Figure 6, the

devicepd)O )dfytﬂe Q)quenthyllvalstpmr tnammldpdl'ﬁe sdf-adlwrent electrodes 12 for attaching the

devied DeliGhady SREPIHGE HoF EXIPHE 8 dR06nAY ohdy bevsb yPain ey include

electréeS |aﬁ§cshe9fto Qi 152)@&%9 ruﬁﬁalblj tﬁatpﬁ)e{sya{m"EiGW Phich N6 2mhth8 ¥aEse side such
controll ed rel ease of a drug, for exanpl e, polylactic

that thaq:woclver pmtéflszan bn a@a@mdltaet\élfsﬂeCR@olsy’ﬁp ﬁmi)syow} it¢dcaround a cast on

the p 1811'%/ &/ o or E?Ifg (gusegv%ﬁ(& Wés%et %g Ocﬂotijg dl h t@)ﬁsﬂlay include

coils dMaeledd t@@%vﬁe‘ffﬁhﬁ i®blaby ef elgetsdes Plrag Hﬁﬁ-@&ﬁdréiﬂ'strlp clectrodes also may
formul ati ons adapted for transdermal adm nistration

be attgphgd ‘gpethg ackeoft aclptigat, iithceeh elepaedernds najt dpdrsérogdes running parallel to
the spﬁr%”%{ﬁ &{é e%l&ltf*o%to? tﬁé) E&l?%% ei@c{rg%etsgaﬁac%ﬁllgr?é@ ﬁlag é)tlnlgﬁg side of the

spine hﬁtﬁtlﬂ&tthet&:lecﬂgde df &I&tpaﬁl’qyladmd ldegitudaratigh dnrtbenoppesitpatdetof the spine.
In thlquqée, g@\z\gg{f:@s@l) %@‘fg]zg?agz e&)glgl@y ad:gg%;el{t mnbed Ibg the patient.

TR peL e 0 AT R G0 gB  ygr v. h
devicesll&peuysheopmtableodni mays be p«:mpk&alsil,y sopannpoasly gi@slicesto a patient’s body.

The a1 SRR ssRSBPaoR it PSSP g iieBE Hor SAmpls, thalevice 10 of

the pré¥eBSANERBnasaySHPAMICH 86 HHRSKAS of3SpLREMASapplication of clectrodes adapted
Phar maceutical fornul ati ons adapted for nasal

for comthet midt thet skam ofitre petiont tiore theaapmlieatians of ekotricdfi¢lde Igam@ated by the

plredetﬁ{%me(il ﬁ%egﬁo%mgf%seg%ék%glggtgﬁgsq%l ﬁush glgrae{n? rHlagzi( ils:gp%e am)hed via coils
in whilch @infeaviigihg iclirrvits B8ws thuk hrdddicinglpecifit a®d seldyive @RcBomagnetic fields
i nhal ation through the nasal passage from a contai ner

that peypetraiethp dingHer #sl der dhesnggi woaqdhfélq%% clegiict fighdlsein the target tissue.
For e}%@{ tﬁ% C @ssgl\r%@Z)SthEbrg&% e‘(‘l?%{ A raﬁ?llgsa l%ﬁ%pm{d%laced adjacent the
patient’ Sls]bluei encﬂqule@ws dogcribed irsOB Patcdndoof, 15883 AcThy device 10 of the present
mven%g%%%ilgeg e eNe) %Beyo Cl%}li) nga(a‘goalf,}g L%{l%&g&g Suﬁgldgggwf?}n&tlé)n under the skin
ofapfilaf s or msts, which may be generated by neans of

varlous types of net ered, dose pressurized aerosols,
1331 | Tbos, skoltedi ims thief dra ol SurtiRiramdacentli thai the devices of the present

1nventbq(%1;%r£11élrhaeté):§8§§ (g da xée}eqdegg of ]Eo(r_mg ety udn%gq g] 8%%}t]r§8 ylsc%ﬁggatpggzer unit with

prografn‘ﬁﬁg@ m@fipRP§AYchhBle r@ﬂe@f(ﬂc%ﬁ scRBAFRERU fof @bplication to one pair or to
fornul ati ons adapted for parenteral adm nistration

multifilg, @Ialmsj ef alqgféfadﬁg eln@rmmgna@m eailssos¢ eplicheidi atfaeltadi torp power unit with

sw1tch§1§1 énrui t Oéle a§p§m 1 %tc{lal () arl%},' an Xalglgl]; ?r%%dél Eufu];n afcf?r with a power

i on
supply $&@t gbﬁhleﬁltl‘ﬁfgtsbedlfie ahh aecVe tiapalb.nGengal, sRakipice Eil:mce”vl@ﬂ:ference is
aqueous and non-aqueous sterile suspensions which
based j ¢ |padient sassprépicngNaatied eomeplinRee kBl agabiept mng. mwreportable unit
avalla{)ferlmgta{rp Bt re&%t RInGS &L %g eic'i]t dé”é&u ﬁﬁ% Qnf! ho ever e(ijtlents with
ose contailners, for ex% I'e &8 anbou ah
vials, and may be stored in a freeze dried
(1yophi i zed) condition ré8uiring only the addition of
the sterile liquid carrier, for exanple water for
i njections, imediately prior to use. Extenporaneous
i njection solutions and suspensi ons may be prepared
fron1sterlle pomders granules and tablets It should

o . I I L -



No. 60/184,491, filed February 23, 2000. FIELD OF THE
I NVENTI ON [ 0002] The present invention is directed to
wa20vetitwes of up-regul ating transformng fi br obPEEUB909/032925
extrengerl? Vgeﬁsifigé: t 1rn gna F efé%) toJG0E 11?(?&1%[19@ Sdogglnlégq ulnity.' 0¥ the other hand,
cell's via I on 0 ctr
ultras@lndcinie rfa@nﬁet the rﬁmllﬂaexgedmepahﬁ&l Bt gy B pédiablel oA ued by certain
speci fic and selective electric and el ectromagnetic
patient gnal's to coils, electrodes, or other field
generati ng devices for the treatment of i njured or
di seased tissues and hQQgase @as well as devices for
generating such signals. GROUND OF THE | NVENTI ON
[[QIB@B] Thherveitomi i@ciemooatatd:dwhletharfcollqmgg axampelet Which ys for purposes of
I eved ta pe esen n e of . bi ol. ogi ca
itustfas S noicn BEIRLBIFE! disdefrc THASTadt instbfet ood of
t he physi ol ogi cal processes. However, there has
Materi S ehd WhethigRN much research into these interactions
and activity regarding the %romﬁh and repair of
&‘Hﬁ%u MGIBshedoandelde(d 5. 10PncoPaiem? ?:lweafr platehiecmeto h%ascwlly-modlﬁed

earch into.stinul t i on. by tric,an
Cooned e o AT e e iR dorats Py Bith Mo g o dust prior to
begin@Agl of BRAxperdhelR@N@ndiidht Th@@@)erlﬁ{éﬁta‘ll a1l eMeur& tduhout these studies
factors. Researchers believe that such research may be
were gpbggetdd fopa ﬁmcﬂ@vb’l epiviadt CbkHrewnet wewe ignalswitlpen gutput of 44.81 V

peak- t%age 'M} i é]i a?%g&ﬁfl%% ?gﬁosﬁt[eegggé}% tﬂ:e ‘Rl?tg%t lﬁéﬁi 1n the dishes of 20

mV/ cﬁlhﬁth h Surr &R @F:ﬁﬁ'@ftof' 300 RIAQEME | CshteA cBIP Blﬁtlfr@ drsBed @Breaﬂ@htlcal to those
mai nt enance, from proliferation of preosteoblasts, to

of the dfimfikstesiishes cverpbihapthe clnstredds vaee Qo1t eonpedted o a function generator.
;f??fr a glﬁgﬁ{e er}dao'}d[h% O rgellfn{]et ?Eég? h?so?a%e ST a?hlﬁﬁ)l accordlng to

hedh s

the manyfe&iitel ¥ EngtA@Biohd, canaflfee@ﬁsed) &aﬁ)@ﬁpn&o (RO} lu@ﬂﬁgl $hpef8c@1f[pt I reverse
animal s and_to reduce bone | oss in experinental

transcgptaﬁpsf)@éﬂmr@gmg (ﬁ,hggmg:@ﬁ@tld@ prinpgsy vk psedpin thengpal time RT-PCR

techmglg%{)v%se & Leét_ed?](é pugﬁ%gﬁce‘f)g@bas il el%g)rroc%gl n%cpgﬁn ﬁl% rimer Express

softwane plmrg@ﬁ)l Qhamuhtateet:ealmme aﬁa:lysmbf B RIER peakes was perforrned using an

ost @ t surf |nduces new bone spi cul es
ABI Pyjs 075? 0 Reavars Bisiceuon YO the tibia in

$(Y(ﬂlr1ﬂ e¢ho ngﬁﬁfal rs%tnﬁl €4 ARYGddired Ripreulati@n q)f %QW 2 gene—among
.J. . Endocrinol ogy, 140: 5780-8 999)

othersstwam@)ued synmraettma;ly e$ f@ltwso Anrseetiich elgh@lrlﬂmndn qanse creatlon of an
ctectrif 97 RirE P (ST aBp LS BB RefR) Sy p@eucibicor a given
proteit.id - takemeﬁle Hdkting MdapVer- GaBEYidin §Néh@ S e@ﬁ@ Iﬁﬂﬂ%ﬂ generating the

T.J.: Osteoporosis Int., 15: 716-

electripfgqld ds dhe tﬁé@ﬁte%@ﬁwer@séhq aeng WWk@nr@d?sNAbfof |tb>fw protein. A dose-
responsglclu \éelrs fﬁrgt Oﬁe?? u a ébsagasfylﬁ% tfé%le h 1{1]19 o%lttﬁeeto erggge nlluieofloldlng all the
other Sigfhd QthaStbﬁstlds I&emim (&m’aadsmldngz @m@kg cﬁ@qﬁemgj aﬂalan@«eform) (Figure 1).

renodel i ng (Naga ,  Tsuk H., .and Mayahara, H.:
This deterganpes thﬁd)ptlg@ll amp@j_udeg@fgﬂrp5star§}ggg)gna] forathst gﬁ:@ﬁ expression of that

t a
proten?. rrzg%}éco (a:ogr gées%g%% {%Wﬁefg OH ‘El ghrll%ﬁ?lﬁgi Iyl 1ﬁé ahe %uratlon of the
electriofidbe lin thehiarderedstsssua i mUmm)Cthbm hokding ﬁlah@uuiaaamphtmle and other
signalffga%lgteggtlicgaclgagt;ﬁte gurg\?lénénﬁ s\j:Yrggpé)‘r}ée 1S orrmeci_z this time varying
the siddal BORRNES LWhilk 'M)}diné&msﬂlgtgtﬁe 65t1mgpgéﬂhtu&@mmm fluration as found

up-regul ati on of -2 may be useful in the treatnent
previcuflyt (léguie Sead dovitimdost-sespansovs pfasicd opunns the, duheyde from 100%

bone demni neralizes and becones abnormal Iy rarefied.

Bone conprises an organic éonponent of cells and

matrix as well as an inorganic or mneral conponent.

The cells and matri x conprise a framework of

col | agenous fibers that is inpregnated with the

nineral conponent of caIC|un1phosphate (8596 and

o, I A NAA . M



13, 1981; Brighton and Pollack, J. Bone Joint Surg.
67: 577-585, 1985; Bassett et al., Crit. Rev. Bioned.
WE@9/140048 451- 529, 1989; Bassett et al., J. AnmPCIVES2009/032925
. e
conB8F 3§y Bl B SRR g saencs
as fouaa q)rése@g-lfa‘r‘lgh&szt)s Byi thBarsethod), eﬁlhd)ﬂtdiia& rslgnBBﬁScﬁémﬁﬂied for producing
din. Othop. 246: 172-176, 1989; Aaron et

the greﬂt?% InPaKdp th%@ﬁ@ opoespips, of a2 Half f P“i“%fh aétevsﬂence By the figures,

other § Eﬂlﬂr{ducé)éﬁ e ase i e'?lg%x&%%sloﬂ' 38fGr-) Es IﬁJw?legf §&ch signals are

own t hat ney, Spi ne 15: 708 199 and
less pietpade ts they do tnpt 1ndgce(th‘ﬂ oattwniified antlrgizbdarespdmsal : Spl ne
can Si nlflcantl i ncr,

4- 1349- 1356, 1999)
Hliaet 588 SFapriminitinpSRoidniinern oo 3P Svtwaﬂes<capacmve
couphﬁé GHRIENRL W) 8 cRRpdrBREIAh VIASH YiBld 8 FEMPHAVER TR a 40 mV/cm
function and pronotion of angi ogenesis (Bassett,
field iBj theste@ywdetlssu@m 4, prodaation PathceHEE- Z\Apldﬁelp)eASIlelQﬁ@d the FGF-2
cuf f L8l don| fract
proteif @ RE SeaigERLE It oR S DA M ehOPLEbE, Ryyagy in he 10 mV/em
ﬁdd(pggmbg)cant beneflt conpared with placebo-treated
pati ents (Binder et al., Lancet 695-698, 1984).
[[:(?(}@ﬂ | ¥t he Bfe,sgﬁﬂ@ﬁ:n‘@@n ghearljh shoavssthghthe ppprpglt@eqttw‘eﬁeld described in the
I
exam@lé’ e%xﬂ dln%é% ngﬁﬁag@;g@g%gugagg F?}g\%‘g}sﬁ}g\b{(/ g? Q‘%ﬁ‘%ﬁ & €68 formation in
osteopnﬁcbsﬁﬂ) [@etcopdrsa, i atdonecrbsistbfagshsiping efr{cBIreg Htagtured atatisk, nonunion, bone
defectBosﬁgle fgq;lgz]?,sagg,aé an g;ﬁmgtgg tlze\gl‘r@g;esa%rfgtgt%f %IRE: 88@1%% %lgg abover Those skilled
i c
in the %S@%%Pﬁggtggﬁitn%pg%f%ﬁg gfreggl)??ﬁéplﬁ,e%ssdecst: lgé—rélﬂnwnh capacitive
coupliognis exdttourqmally kffectdicrveith irclurtientsiptiog mod ap @th@tnoaiagnetlc systems that

cel | ul nbra and that co |.is achi eved via. )
produgS bl neq: s vt SReRE e SRty e sRilled in the ar
will a%' zg)pré%%{e 118t QRS- urkd\@ sifnal TPukSRristl@B8Rhy beNdi§QREFASthrough more
irect currents, it has been re orted t hat PEMFs
eXperl@mtapten e’flﬂan@recézlta Pomtbtapes 180 éﬂeot dvév CSQlﬁ dod 3 & 3 hem), but such
[ .,OLg

|
relatlvgl’?fargﬁnﬁé var 2}4[10813 o ﬁach eo?;t ) aﬁ%g%afl tygwﬁgn 1r?s & )?tt}e 18\é(—ﬁ1 tl?l bg rw1th1n the level

of thosedkililcdeis gt bive theaentesherdr.al ossification found
i ncreased synthesis of cartilage nol ecul es and

h4dt athess sblladgndhe arhnald @lsaepprataghthat nyperouy othgp gwdifications to

the infpE ooy PR A Rpdy B e, IRERAGE S5R gl g pimat e

describetthBeingdandie @pliad to by bdanea I@brir nSbre Gpp®@Priatd, surface electrodes, in
. 1514-1523, 2001). reported that signal transductlon of
pairs g SRR NEPPRIAEd BUPRER: ATaR OF Cagb gl d5IEelrdaby, grepayaf capacitive
t chag s f
co D B e O G e TC EAFDEMHINEH (3 AATSIRTI PRI Gforsolenaid
incorpoedt@hsetoobraca, cviaps,f oownityt arec delivdred byt oreess of nndalldtlve coupling.

hr L rical stinulation. ' .
AccorfgRe gt SybEuBeriotAnel ATHES fp & LOBSLEUbRpRIered embodiment
descnbé@&‘tﬁﬁé%d‘c BnB Wy tHahsskndsy tiaskel et al ) cal modul i n.

[0010] 1t was reported in 1996 by the present
|nventors that a cyclic biaxial 0.17% nechani ca

strain produces a significant increase in TG--b nRNA
in cultured MC3T3-E1 bone cells in a Cooper dish
(Brighton et al., Biochem Biophys. Res. Comun. 229:
449- 453, 1996). Several significant studies foll owed
in 1997. In one study it was reported that the sane
cyclic biaxial 0.17% nmechani cal strain produced a
significant increase in PDG—-A nRNA in sinm|ar bone
cells (Brighton et al., Biochem Biophys. Res. Commun.
43: 339-346, 1997). It wad2also reported that a 60 kHz
capacitively coupled electric field of 20 nmv/ cm
produced a significant increase in TG-b in simlar
bone cells in a Cooper dish (Brighton et al., Biochem
Blophys Res. Cbnnun 237 225- 229 1997) It has also
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FGF-2 to be up-regulated. In accordance with the
nmet hod of the invention, a "specific and sel ective"
wa@e@nabooss a signal that has predeterm ned PCT/US2009/032925
Vthﬁ?@hﬁﬁF rlstlcs of anplitude, duration, dutycycle
uency, and waveformthat up- regulates t he
expreSS|on of the FG~-2 gene (specificity). This
al  ows one to choose different signals to up-regulate

FGF- 2 der t hi
51 01 0 CBEHGR SiHEF R HINE i eerrSuinet Bl ie grt factor-2
(FGF-2 YRN]) ePF&eLd %efelﬁ ploah&fontif t£eMbE BSsu8 R t he

met hods described herein to generate speC|f|c and
gelasetinga lsisgnag spacHat angh sdgcaive igoelr hayingnal figquency of approximately

I n fields to Up-re ul at.e the ex
60 i g LTRSS CrBieay oo! R bR, epaui g ohuing dovice
operativt¥e didposedr @ltRtrespetOtoBRlid aslge@disd@y taisss fHar génkeation of an electric
treat ment of ost eoporosi s, 0steop eni a, osteonecrosis,
and/or; plegFomagnetiorfiedd heyingair agphude |0£kapp€f@<|ua9féky gfiterid mv/em in the
QO 5 3 OO 05 A gy
and/oroﬂletd’yEregblmlm OO IFGIFt2 (p[’tﬁem'ﬁhethdﬂmrgﬂdd ttlfssdems measerddi BNmRNA when

: cl.udes the methodol ogy for. ing the
said fie %emqwé ta it (@A e OB A ing 4 %%Eé: aepigene
?Qtfn?gc' i@ [hrgéfedrﬂstlé’% &Rlsh¥ciN@hyd 8gedibe ﬁg}ﬂr&tnbl%fbdog $id electrodes,
arting signal known to increase, or suspected to

one ofi moreeasle, orgehdriflckt ggmoaimgtdeawemﬁpcﬁ@ppzlcatm arsafd atdeasgone specific
the. opti mal, dur t he litude he sign i S .

and ST ERIEBF R It Firei ol oot SmaicPha? A0uBliE o bl period at a

predetedninBE dGSNS RSO ST OOS sd:ﬁo%elea_ﬂﬁfélﬁuﬁ Yed¥did fhe gene expression of
frequency, and waveformare varied nethodically in the

FGF-Zamracasoed byasRbidsandiminpeicgwipic| G Hd gpoteig in haid sareted tissue.
signal characteristics constant. This process is
hepeat ?He Urﬂéth!)d t(ﬁ* 19 ! 1”‘3¢he§é119 ntﬁ!e el%ﬁhg %gmbﬂgets the step of
produces t reatest increase 1n the ex si on
selectiv&iy- \&rylh@(ﬂile&]mﬁlheéa daradion) ek cgslb,eﬁ*éqheﬁéy,tahé viaivefoemt of the applied
nvention w| | elu0|dated in the follow ng detail ed
specifigeadr Sechish Sl@flalt it/ &5 RS BRI B FEESERs PrrgyeoRy THENA and/or
For PO LRGeS B SRS T LR R TR and selecive
field mﬂmda@dtedcmwens culstangipliz incroaeddy coupl ed el ectric field
anplitudes As indicated t he naxinun1expression for

vl cm ThogagFSEies et 1 ARG B A0 IVEMLS A0 e s of

generdtihg HRNCtBY BIgABIShAM 5 sieFwa WA gRanen &@lcteSthanBsultant specific and
exposed a capacitively coupled electric field with an

selectld@r@le digdlec Brecxg! A hastapranyaitadoef appli@élr@mlatmdﬂ §0 nRg/cm.
i ndi cat ed, the nmaxi mum expression for FG--2 nRNA
ccurr n 4 hqugs. 1 3
aCur 68 thidhod UIH) InuRlecEf PRULSARTLEL Rt Sne sop o
generdtiak-tRe gyteetﬁdoamieseteetdzes sigh#l agxposent soorceand Guigl exposing step comprises

capacitively co ¢c.field frequencies with a
the stpj ljagplythg ¢ ¢ oReeHis an Ge{WﬂYﬁﬁL I do Brasighhancdistust i on of

24 hours. As indicated, the maxi mum expression for
FG-2 ‘Fﬂ\lﬁ‘leﬁﬁﬁ%ﬂ &vaw Wﬂeﬁlﬂ fh%%&?@ﬁﬁ{g abp @meﬁlges thOO&Pbf applying
Figure 4 is a g hi c representati on of
the Spesa ¢ ewdisolectofe Held- 12 tw:l éargttetih dissel goscratad @xﬁ@s@@bmdes one or more
acitiv cou el ectri | d dut

coils, 8&/ T;h il ekﬁtgﬁnegatfr}ge A\t cr%Vp a%c%w flgaﬂ aéef%asta%q %F&lgg and selective

signal @heréld tHlHeQB%ge%ﬂd)oﬁe £ibs@B Ahrottt edpheifivetoudAinB @4 irluciee coupling.
i ndi cat ed, the nmaxi mum expressi on forIE%F 2 mMRNA

occurred mnth a 50%to 100@6duty cycle with a sine
wave configuration. [002013Figure 5 is a graphic
representation of FG=-2 protein production when bone
cells are exposed 24 hours to a capacitively coupl ed
electric field of a 50%duty cycle with a field
anplltude of 10 to 40 nVch1 a frequency of 60 kkh
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[ 0026] The phrase "specific and sel ective" signa
nmeans a signal that produces an electric field that
\VMammpmwdeternined characteristics of anplitudecTnmzmwmsmns
urati f
(ﬁp i egﬁ:Fe tng; lox Oé\l:{l%l']l%ir g gv&lfe #S QEé/ r o5t %Qgiv geé%él% s%tal applied to said
electrédek gealises tifeusiedtiodnatd yeneeuiph emttﬁffeycogﬁlwelecmc field, and the specific
gs pecificity). This allows one to choose different
and solechixe pignal agplicdia) BEhFOr SIYRSPIS S WPAEIof MO FOils to generate an

electr&ﬁ%gﬁeﬁ@ﬁglld%% c%ﬁ@ﬁr?eﬂ%ie‘?&‘ of various genes in order to

eve a given biological or therapeutlc response
(selectivity). [0027] The term "regul ate" means to '
Tontr oA gm@éméx ploes gicating Reguditems | mclwddeyr sosseuporasis, osteopenia,

e Mean .down-r equl.at e. . .
ostoorgfos B e iR Ry H G S A P B g etietgetpine fusion. and as
an adihibd B ShRWRcataem! et enenrsaaﬁy 0@ shfdNédditiods tBriBMeANe bone formation for

expressi on of a gene. OOZ\EIS\]!I:{3 Functional | y
condlt@uﬁplmewbwha]FQ]‘F 2 ngé\Lg ang/arwiiCB2 pigtan Jupdisentigwéicated in a patient,
essions are conplenentary or synergistic in a
Commﬁﬁﬁén cell or tissue. [0029] "Tissue" refers to an
aouragat & 10dst o8t bsecifag@idelcotivt Righblehdvirgxi fi@gedncylofitapproximately
substances that formone of the structural materials . )
60 kHgr that when applicdaly elegEpdser @ienor PRES £@ifsmor totleg feeld jggnerating devices
operaﬁ\;etif rdfgﬁgs giowitﬂqueébg& AYaill 'taﬁ’%gt%do[ ssﬁéq@alggsdﬂle gé# Pﬂlgﬂgof an electric
I'e"and organ t1ssue, tissue as welf as
and/oroelectmmagrmge fiellds Sireing Alns emplitude toefrappi‘ctmmsuee} 2@g0 LFHEthV/crn in the
targeteh(géstsr' eilgﬂ{gﬁa Ysrsg!?cé gguf seegeﬁ:ttlgﬁ ?(ﬁ:& Q gllb}r/elegg,l IQBI llg %‘Fg Jessmn of FGF-2
and/oﬁ@l%%pofegﬁﬁﬁ@tp by F&;F Weln[lg(}ﬁélarg&@d Hﬁﬁl%ee@tmbd@ﬁleeﬁtﬁ}pﬂlRNA when
provides treatnent nethods and devices that target
said fickdris appiicdite sedsigeted tissucorontiig easad FGFR; pladt icular, the

AP I AP R LU SIS RSB bt SRR P AGE S ft ectrodes.
one oMMofch®ilg P dtatficdd g&fereftin@'déslcgﬁﬁﬁftﬁiﬁﬂlc&)bnedf%ﬁid dtQeast one specific
signals that are specific and selective for the genes
and selectiye signglitheretd fonatdyeatioarqfearproxdmaely &t hewtsi per 2dekqur period at a
predet%ﬁxq héd 8Pt&%g§1%o%r§ %g ut? lg)ﬁguéo % etg ts&actg\%w eé:?%ﬁ a% ﬁ% g%Xe expression of

FGF-38 rﬁedslmeﬂ HyahRBAChdgeng- IeguletacHGBetprcﬂémmm Byl earpatd@tiysue.
genes so as to produce a beneficial clinical effect.

For ex cul ar ecific and.selective .

§i gnal %Hgyne.he%tg S8 ic‘f’ﬁ‘g“@mf e @XphiRe §isPr eyaPHtcasthe step of
capacﬁvg?r&%bﬂn &% ik 1%61 e&ﬁlpﬁﬁé”tﬁé% Qific WM |sEletdiR ﬁ@lﬂetootrhe targeted

anot her particu ecific and sel ective signal

tissuecr eat e an electrlc fleld that down-regul ates a certaln
undesi rabl e gene expression A certain gene may be

p regul at e enerat ed on art.i cyl ar :
gD ect 11 b8 ithodta! Sty e GRS R ol nr sBiPrSdhdfin of applyine
either bh %ledtr@tﬁ@%feﬁb et AaRitiRdd Bde € fhietargrdd S&duect i ve
si gnal ose skilled in the art will understand that
certain diseased or injured tissues can be targeted

fi8r tr &he rasthobypfy daim ot rigraimdle grapeEng e ﬁPlﬁl@rlﬁﬁﬁethe step of
h
aenr TR SRR e £ 208, Lo PGB LA R Koty socitc an

selectide Viettdss @h atripditipiced epprokimveeely i20no 40 en\Wamad tlontargeted tissue.
identifying those signals that generate fields that

Hicoc, femeliof! sl Ky EngB atreor QBabec BT (rstyps of saring
with dnlyS3&teric 5ighalekhadMPhén appIlRUAS s@fd &b&f&d@g ChrleYoraRBrel &flls! & other field
various forms (e.g., capacitive coupling, inductive

coupling, or conbined fields) can specifically and
sel ectively regul ate geneléxpression in targeted
tissues or cells in a patient's body by varying the
frequency, anplitude, waveform or duty cycle of the
signal applied to the field generating device for
generatlon of the applled f|eId for each selected

o o o a o g, 1



attached to the skin of the patient on both sides of a
fractured bone. As shown in Figure 6, the device 10 of
WO b@9/po(ms:ent i nvention may include self-adher ePCT/US2009/032925
C 0
generaﬁ g e(flocgf §eng§?at£s in QE#‘[{’}S Q{@@r %lggtr(glga\{gf%ﬁ% ?lgltdhtggt pl? %ﬂé{w or thought to
be effd:dﬁiwe ohil B EYls) mfou@lﬁlgei gt d@xéassp@hgeaoheo of ﬂl@&h@ﬁmrof stimulation
it 14 that has a VELCRQ(r) patch 16 on the reverse
of thesfi% tQ JeRIMRIAS A0t RE 3 ARt Eerfmmars&qa BReOoRfl tdgedrEsgPese gurve on the
W RO ) applib @R of fifaP Yt #3nC ly found t
Mﬂp1¥E% pat Feﬁ%l&?%(%ﬁg;c emg%n%nhuggfvg ?%up Pn%ﬁbﬁgﬂmsy ound to
deterntiey ac epofal 4replgnés gxtfoimve ratthindl dnw,frespmllso derve onltbe frequency of the

) ached t r unit ect es.
applicd gl ki kEerbt s obiaat d B BB it SERTG0E 3¢ pgiougy found to
deterntil€® aﬁ) BHmAN fréyuRAly; %@ffom\ﬂhé |3 f@fﬁ‘ﬁh d@ée%§ﬂoﬁ§@c&@e aeuﬁﬁﬂgrthe duty cycle

of el ectrodes rurining parallel to the spine, one
of theeamlhted clestiod sighe pui keepingeﬂ@cwmo@béshmtamedmphtude and frequency as
on one S} the sp and. t

preV“’é‘F ¥Qr“8ge Pe’%ﬁ%lnﬁa‘i‘“r B 1318156111 Porgfiu &Pﬁaﬁeﬁ)ﬂn&nﬁ‘t h%ph“mal duration,

ampliRBOIBIquendSi 448 daty &ee &dkiagt while VdtymgeRS®avd f8m until an optimal wave
VEL r) patch nay be part of a garnent worn by the

form fostthemp-reguase] offe gragi eprepgonfof thfeF-grassapsuradyn mBMA and up-
regula‘ﬁgﬁ] Eﬁle %)Foj[efnrfn het t?Sgl!l %¥Olﬂf ways. The device 10
nay orta orarlly or permanentl|y
attached to a patient's body The device 10 of the
pZesent dovicerfor tha ticstnpme bEmaivhaye or-fonvaginve osteoporosis, osteopenia,
exanpl t.he device 10 of the present inve
osteongh R PP Rt é’ﬁ“&reﬁé{ fl@gfwwmaw% JeteEth G fasion, and as
an adflREli ﬁofilgstr@éiﬁl@ﬁte ‘ostfeQﬁorSQE‘t @&Eoﬁ@niah 3s0@nskblls Ofreéh bone fractures,
patient for the application of electric fields
fractu@eraerlak ad)nbylonhborm adetts spingddsiopeaidfarotiardosditions inyehich FGF-2

mRN R e R han SR RGCepr i & i Pt

RIsQC g SRBCEkfatdnd | &6l @6t dpeeifiel.ae tsél@mrxe%]ﬂac having a frequency
fields that penetrate the tissue and create

of appieatngtely ehdkHye|seisk signalep@ueq icentroling sindnvarkimgt dyrgsen of time of
apphc:éltrll(? ggf %aéf %{ egg% S%e(flh %n& ?(l:lgc:']ta %B%Y%Ig‘z 5& a88‘é‘§§éf?%f %%proxnnately 24
hours pat 34etidur peﬁ@d mea Iﬁrldﬂt@mmmdlafs cﬁ&s of (98 do ﬂc)()%}smﬁat e nt

No. 7,158,835. The deV|ce 10. of the present inventi

%@&903% BT RPELFUISO T OFRST aﬁf?ll%tgP%ati% AeVERSi @ﬁpected ‘o the signal

|

sourcé[ %kg%é;?d ?%gisvgrgg talte dsq Irbrr]lgtrk g&faﬂr: hGd %%16@?\8{ %1gréa?a£1detﬂ£t are operatively
disposgd deitls traspectt ttattargdfted devic; emidotlettiadepy esemr moneeodilsoror other field

generagg]ga%q eé gll\ll)lgg gg‘if;fﬁnte% v%}e %lsﬁocgn%l{ I el %%I:Fgge signal causing the

generdﬂé)'ntdfpi SecHM nANRRLBve é’l@@cﬁbfahﬁ/o@%[%c§§ﬂn§§ﬂétl¥ Ficdd E%ﬁ@ an amplitude
for application to one pair or to multiple pairs of

of appepguiatetid@s fo &0 etl/ronaghetargetablissge ohat & @obé"mcand selective for the up-

tta dto a omer u th s chable [ .
regul g BFARE el BB YEFGFgh SV R e PR o5 Ry 2 protein in the
target&d it ad Meastrddby@mROVE ivhsh! B4l Yiefdois agpIneS BtthdGrsdRClidsi€ containing

and sel ective signals. Generally speaking, device
said FgFe.er ence i s based on patient acceptance and pati ent
conpliance. The small est and nost portable unit
gyal ! ali)hg dt¥lcd B cl@fh thFkllttlmﬁ ?ﬁgﬁlﬂg 4 a}k(g'tnabiespcﬂxfer unit that drives said
capacitive coup I'ng un er, “patients
signalwbtileext renel y sensitive skin may prefer to use
i nductive coupling units. On the other hand,
ultrasound units require the nost patient cooperation,
but may be desirable for use by certain patients.
Exanpl e [0038] The inventildn is dempnstrated in the
foll ow ng exanple, which is for purposes of
illustration and is not intended to limt the scope of
the present invention. Materials and Met hods [ 0039]
MC3T3- El bone ceIIs (5 X 105 ceIIs/ch) ver e plated

o o ~ — - o o



[0043] The present invention clearly shows that the
optimal electric field described in the exanple can
waeroy/1stoghi fi cantly up-regul ate FG--2 nRNA andpCTesze9/032925

llﬂcr eagfe b(P Qf?ce r@% rl2| I‘ﬁl%¥ € r%ﬁ#%‘?’ %ﬁ§ &ap ea{Ha@hing the field

osteonecr03|s one ractures actures
generdtingkleviee Itblfhle(li’bdy bbapatikat acths vicsgiynss thigsicddonatickuas an

adjunct in the treatnent of one or any of the above.

Those illed ip the art will appreciate that an

appr opﬁ‘F%fieVlefr BEERITE 17 Mt cauISwE T H ot taching e signal source
toﬂmga%@gfg pancoupling, is also equally effective with

i nductive coupling and all el ectromagnetic systens
that produce equival ent, or nearly equival ent,
éﬁect r The fipdpaobtiaimad? swiestn the. fickhgerratkd by enplmatlolh ef said at least

on S PR SRR 30 LB TA T o e devies

applic@X® el E@?ét@d fie WMat dApaadi e chabAn@6i Mtisct(ve.cguplids. 100 3%

duty cycle for 30 3 mn), but such relatively m nor

variations in each of the signal characteristics are

Béi i evébe devigeohilemn A6 pHerqieiha spseificad sclsriiyq denal has a sine wave
conﬁghEﬁ rt given the teachings herein. [0044] Those

ed inthe art will also appreciate that numerous
ot her nodifications to the invention are possible
WB1 hi nAt lhnethgd(qfe'nctﬁaSili@bdmwﬁmmiaﬁ)m irFpatie@xsahpligg codvktions including

field d scri bed be ed to.an :

osteorg B FPIEOP PP E oS OB e Al BRI G o dionunion, bone
defecths,spRR fuSioRS arkl sl Sadjte M BRI teda@Hert dINBGL Sny WF 8RSsucR tonditions in

casts, and delivered by neans of capaci tive coupling.
which 1 Gl2’ nreteinolpasi ean implkdageddiast patiset] chepasivanhobscpppriraging targeted
bone ti ‘rbssug Ty th%on%m\f agra 8f§ét?')e 16:1dS %égrﬁ%\(}gbry t@g A2 E:%tf%?an?lnltzo so as to up-
regulakd) géifet ¢X\p@es§1©ldrﬂﬂ F@F- 2A&}Cﬁfe%dﬁ@gymRN|}€ asd Qmeea@lﬁlgtH@F 2 protein in the

inventjon is not intended to be limted to the
targetesh ang tisele- enbodi ment descri bed above, but only by the

appended clains. What is Clained: 1. A nethod of

4- r egul Atinbe of tﬂ?ﬂﬁh 1 RRLASE! Gh lied t

P out 1 S8 o PR ERATS, AR H s D SRAAS fhon applicd to an
electrcpdeo due bi orord mltsamgﬁhad"ldld gsmmatntg_)almmceeaaluges the genagtiongof a ficld in

east one specj fi ctiyv nal  havin
targer§ GsRn iyt O RBARsR Har e Jran e ok e o e uigted tissue
compdifE tHoQHSSR of QRS wiTR raestéirﬁﬂlé Slect®it sfInBPWithialighal shape and frequency

generating devices operatively disposed with respect
that whsnsapipdicd dp grid ¢laciredese onauwemotheoiffe ar athpomicksf generating devices

genera%ﬁgpfm e L?% élacggé(g%r ?ll (gt%(%{é%o@gc % gfalhgé ?ﬁ#av' 9 h(tn}%lt to affect cellular

produét@snIsHEGIF DI BRNEA. ddtiddr F@Fﬁﬁﬁﬁﬂefﬂ SclagttleBel & gink \wedur@iont dfeapplication
up-regul ation of the gene expression of FG-2 and/or

of sai¢ ﬁtértlﬂg- siggl patl »Augtiordat prayidss & Mostpigniecanh ngeqaseyin productlon of

ror-4 VS TR H0h TGN AR [ S 6 0 s

signal expid sinngmplatude ttleat gebeided hsaoe dsignifitvdt Specdstiia @oduction of FGF-2
sel ective field generated by said el ectrodes ne or . i
mRN%P@%BGFs? praléeub%srfevnéa PEPHIGEhETH0E Ad! “&DeQ/XCife%f tﬁﬁ gfgrting signal until
a dut 1d Bk g?(ﬂfl@gs asﬁiogt & 1lf%§1§tt1n%§ses1ﬂeﬁbfiﬁ&mﬂ® FGF-2 mRNA and/or
ective signal t for a duration of
FGF- hpxpte(mx isnfletied,\and 4clectinesy pawmgéhnrmumff periveldofathe duty cycle of the signal
rede ern1n dut cIe 0% ta 100%.s0 Lo

until et S il PRYEL atorhued et angPRedr B light FOF-2 mRNA
muymﬂﬁjﬁg%§&§ﬁgsaﬁmﬂRNA and/ or up-regulate FG--2 protein

in said targeted tissue. 2. The method of claiml

wherein the generating step conprises the step of

sel ectively varying the adpritude, duration, duty

cycle, frequency, and waveform of the applied specific

and selective signal until the gene expression of

FGF-2 as neasured by nRNA and/or FGF-2 protein in said

targeted tlssue as a result of ‘exposure to t he

N a L ) . I Y 1




either an el ectromagnetic field or a conbined field to
the targeted tissue. 10. The nethod of claim7 wherein
Wo b@ogemes ati ng step conprises the step of genPCHUB1099/032925
el egt L [ I % Y n u .
Dor e BB RRRLATE A IBASARNG YEHGEATERLE Rty varin «
frequeaBy anP Iwdvidtbemodl si seaxdinpatighal, RE€epimy dMhermvigamn ¢Haratchﬁlstlcs constant,
eted tissue. 11. The nmethod of claim7 where
until agl@ﬂ% sunififgnsingisasedrprodision akF QF2gaRhA @%déqrtF%%mtﬁm is found.
any electric signal that when applied to said
el ectrodes, one or nore coils, or other
fi el dgenerating devices generates an electric and/or
el ectromagnetic field that is known or thought to be
effective on living cells, performng a first
dose-response curve on the duration of stimulation of
the field to determ ne an optinmal duration; perform ng
a second dose-response curve on the anplitude of the
applied electric signal using the optinmal duration as
previously found to determ ne an optimal anplitude;
performng a third dose-response curve on the
frequency of the applied electric signal keeping the
opti mal duration and optimal anplitude as previously
found to determ ne an optimal frequency; performng a
fourth dose-response curve varying the duty cycle of
the applied electric signal and keeping the optima
duration, anplitude, and frequency as previously found
to determ ne an optinmal duty cycle, and keeping the
opti mal duration, anplitude, frequency and duty cycle
constant while varying the wave formuntil an optim
wave formfor the up-regulation of the gene expression
of FGF-2 as neasured by nRNA and upregul ati on of the
FGF-2 protein in the tissue is found. 12. A device for
the treatnment of increase bone formation in
ost eoporosi s, osteopenia, osteonecrosis, fresh bone
fractures, fractures at risk, nonunion, bone defects,
spi ne fusion, and as an adjunct in the treatnent
ost eoporosi s, osteopenia, osteonecrosis, fresh bone
fractures, fractures at risk, nonunion, bone defects,
spi ne fusion, and/or other conditions in which FG--2
MRNA and/ or FGF-2 protein has been inplicated in a
patient, conprising: a signal source that generates at
| east one specific and sel ective signal having a
frequency of approxinmately 60 kHz, said signal source
controlling and varying duration of tine of
application of said at | east one specific and
sel ective signal for a duration of approximtely 24
hours per 24 hour period at a predeterm ned duty cycle
of 50%to 100% and el ectrodes, one or nore coils, or
other field generating devices connected to the signa
source so as to receive said at |east one specific and
sel ective signal and that are operatively disposed
with respect to targeted tissue, said el ectrodes, one
or nore coils, or other field generating devices upon
recei pt of said at | east one specific and sel ective
signal causing the generation of a specific and
sel ective electric and/ or el ectromagnetic field having
an anplitude of approximately 20 to 40 mV/cmin the
targeted tissue that is specific and selective for the
upregul ati on of the gene expression of FG--2 and/ or
the up-regulation of FG--2 protein in the targeted
ti ssue as neasured by nmRNA when said field is applied
to the targeted tissue coAfaining said FGF-2. 13. The
device of claim 12 further conprising a portable power
unit that drives said signal source.l1l4. The device of
claim 12 further conprising neans for attaching the
fleld generatlng device to the body of a patient in
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