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FIELD OF THE INVENTION

[0002] The present invention is directed to a method of up-regulating bone morphogenetic
protein (BMP) gene expression in bone cells via the application of fields generated by specific
and selective electric and electromagnetic signals for the treatment of injured or diseased bone,

as well as devices for generating such signals.

BACKGROUND OF THE INVENTION
[0003] The bioelectrical interactions and activity believed to be present in a variety of

biological tissues and cells are one of the least understood of the physiological processes.
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carbonate (10% that inparts rigidity to the bone.
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the elderly, certain types of osteoporosis may affect
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[0006] The endogenous electrical currents, originally thought to be due to phenomena
occurring at the surface of crystals in the bone, have been shown to be due primarily to
movement of fluid containing electrolytes in channels of the bone containing organic

constituents with fixed negative charges, generating what are called “streaming potentials.”
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bone matri x. These stream ng potentials serve a
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[0012] In accordance with the invention, methods are provided to specifically and selectively

up-regulate the gene expression (as measured by mRNA) of BMP-2, BMP-4, BMP-5, BMP-6,
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electric field with an anplitude of 20 rnV/cm a
duration of 24 hours, a frequency of 60 kHz, a duty
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the expression of BMPs. [0014] These and ot her aspects
of the present invention will be elucidated in the
following detailed description of the invention.
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e akslén%?%%wgmﬁﬂ% a frequency of 60 kHz. As
[00@ | CRipeeb,7 it B graphix rapmmmtqon eSBMB frofeintphstuctipniaad alk gipp

pbm;pgateﬁg gc&g({t{/ egw\l\%u ':_.%]d gresx oslx%s f aa@bt% du#( ? f%%aﬁacgl:\%ly%u(ﬁled

s1rgﬁ<f1 lr(ﬁﬁxﬁmoﬁi, oI kinBMayS) farRMAcex. pAeglgchj‘.nd, Wisenwiscgnled fold increase
ce

in BMP-2 proguc’uon and a 1/6 fold increase in alkaline phosphatase activity.

[0023] Figure 8 is a diagram illustrating a device for up-regulating the gene expression of bone

morphogenetic protein, in accordance with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0024] The invention will be described in detail below with reference to Figures 1-8. Those
skilled in the art will appreciate that the description given herein with respect to those figures is
for exemplary purposes only and is not intended in any way to limit the scope of the invention.

All questions regarding the scope of the invention may be resolved by referring to the appended

claims.
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exposed to a capacitively coupled continuous 50% duty
cycle signal (20 nW/cm 60 klilz, sine wave) versus a

pul sed 50% duty cycle signal. As indicated, both

signals showed essentially the sane five-fold,

increase in BMP-2 nRNA, [0022] Figure 7 is a graphic
representation of BT-2 protein production and al kal i ne
d%?s pRabRSR Rednkivh Ispaien tHéQllibeox&B)} tha ﬂ&rﬁplesqmmsﬁdeltam genes can

duty cycl e, .capacitivel n
i RS e Dibrrath ol SR s o
elécl:}gxﬁggn | Sé aﬂs % (ﬁt@érdvdrdlsgil‘t E@lsﬁen dhﬁbo%%?lh B the pdsent mmntcamﬁi\at
fo | ncrease I n al Kal.l ne at ase
thireG2apeqHiciredicgni/er geiongeugHe FIE‘FQE Ejf“fgfmﬁ“es 3fig é‘sér%ésﬁifatmg each
gei;{epmrb%ﬁéJ |c§§1la§9aﬂdhﬂleg a68e &11P ﬁﬁ&ﬁatgﬁbseaipehﬁm sagnals are capable of
nor p ogenetl C I N accor
coemBAaly TG PHEE A B SRETRCHE L BTl | DA LEgs Bpftolon
goPbrarRHR T éMin %aﬂtl)tbﬁag&-[%ﬁg\égd Wﬁ\ﬁlﬂﬂ'&bt@ﬁmw]l oftissues or cells
|nvent|onW| e ri,oe
cop by psbied ey WL Begmeniro e aipag: PLE i ered b
sp Witd aRRBERRL Ble6irib b]xﬂi;/ortelbetl &m&ticmgn@ln scgasvte prodegeai salutgiyt ¢linical
efrﬁgqs Ecgg]éstcg\ée;%gz?ree quqlfug %dc%v?ilo&qﬁpt \xlgéeeaglg n? m%th?&ls tﬁ&%ﬁget certain
m&ﬂca‘i %diﬁ%ﬂ.@lﬂ%lh(ﬂﬂg ﬁeﬁ'bgnd}m&ﬁeltspﬂ?hﬁag!an?q d@asteﬂsn@n,opeumon, )
I nventi Qn e resol ve rererrli
boap é@fﬂfa% @SteRnEGPHE 25 2 dﬂ‘ﬁ‘@*z‘%?“ﬁ?gmgpy of gty ole v Hhore og r‘%ﬁe:ll?ove and

1n@%%%&d&ﬁ$ﬂ@mqk@ggvery t hat the expreSS|on of certain
enes can be reg

gd Db ppLicati !
e rAftused 151961% lg‘tg(g%qu% Ség%ly dsys ?) rgtlgr g é’% e%r gif s1%f3 nQ:?udmg
mgdh%%sﬁ Qﬂgﬁeg@ %Itﬂagoﬁﬁﬂ SRR eledtfonDieic sngmiﬁzm,d elebﬁlh a@nzldeetnput bya
I scovere t he present entors that
dexisacitfs e DRI ek BF Gl PORKONETT 71 S ep i feld
wilah %?e‘te%sﬁsﬁlef Wedithr fteya d’o@@)ﬂie&ﬁblﬂ@r emih:d e@eﬂn@nagnettpdi@d or
carti e and other tissue. cell u% at, these

genprater by lr@ﬁt e capPRitivioUpiTE OpF 8‘“?’ il 1y and

o‘éﬁ € Cﬁﬂe;ﬁﬁﬂaye GeadEak beg td Meangemes adtem @we bord@llediroh p distance.
par ticu

gene ex [ over t i
thﬁ”é?@}?@én rqfeéi)tglcpgtrojﬁg tg%a(gﬁe&;t%ﬁ 8 r%g% g‘]o o efrg%%aTo grov1de
“r%ot%lys Eéf§§ toProvedhg Hom @aAtdace. Fegubmaple, damm(%mmmegian e selective
the invention via the Catl n_o
mg@h @rprgtaégnqgw soug‘ﬁée@ Fefe todwawg E\E ha@ rne Cﬁoﬁcg agaz ?tance from a
t1§+\ee&tarc@{mﬂ ‘ﬁf%%n' aCsoﬁﬂcQ p@kiSe Sfor agerha tthhB todye a salutary
I nica erfect i scoveries ar.e
[0828]e| Bysiphisee @pecﬁf}c&gb} ﬁeg?f? g%]dgeafl%a §1gr%a&] ﬁﬁ{e#!)%dé}% atntyf‘ectnc field
th?ﬁ% ?éhet&%:;@dtcha@iweﬂgﬁfal dfdinpigfude; éehtidnpdiey 6ycaac frsquescy, and
ractures at ris e ni on, nonuni

et eBt b vB BB e B Al Sl Ee P PPt By of
&xﬁpl@lﬂéﬁta@ﬁ Eenld (sﬁ@éf@ﬁ?)f Thibell@haveto canake d1fferm1h‘éspcmiécaan|¢gﬂpct1ve

mg@ﬁls&; g}gﬁggﬁi‘a?efé ziaw? gé)g%]@;eee?grle%?og%é g%og% ééne% %ﬂgircgég ﬁ%ﬁeve a given

b1oﬂ)%icbﬂcgr Rrapeutic response (selectivity).
[0029] The term “regulate” means to control gene expression. Regulate is understood to

include both up-regulate and down-regulate. Up-regulate means to increase expression of a gene,
while down-tegulate means to inhibit or prevent expression of a gene.
[0030] “Functionally complementary” refers to two or more genes whose expressions are

complementary or synergistic in a given cell or tissue.
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mechani cal signals, ultrasound signals,
el ectromagnetic signals and electric signals output by
a device. It is to be understood that the term
"field" as used herein refers to an electrical field
within targeted tissue, whether it is a conbined field
or a pul sed el ectronmagnetic field or generated by
[0031) € CATi G hEBES Lo ARAeLdtd vzclonpliiongith theirguitaseliuas substances that

fogg gp%éfqg% étaIaZ#atg?aq%gtﬂ %iFt}t r@& l%renll gli\el'i%g“tisglen%%tended to

ron1a st an
inclReSMbRle e gtglaﬂmse@ tunedréissie Iafﬁwdbastbpm dricailagh Essue. Also, the term

LEXpressi ne from.a e. To provide
mﬂ@nﬁﬁﬁﬁiﬂaﬁﬁﬁgygﬁ?Hﬁﬁﬁ%@uaﬁﬁg§&?§§1a di st ance. For
[0038 MPiPetienpTrofétsdb Ekgarﬁmﬂp;ﬁeﬁefabky agompginsad) reqre prpEerably fpppan.

froma renote sour ce r t | QRah
(0p3m The g @i i ERAREEn L pleol! QN UENaR Ul el 8
tiRRhesl feDBbAdiSaLEE AL pm'titlﬂardthe géne expresgioe pysediatedwiththe ppgiy process in

[0028] The_ phrase '
infpged QL dése%sie%ﬁg}lestoﬁ 8?1 6% CFu g éfﬁéahﬁ)y’ctﬁ %ﬁléa\t’l@? oisﬁeg&@enerated by
elBASc @g@qtemmspmﬁma selatige fos thegsnesto lmrpgqlett@ddé the ta1 get tissues or

duration, duty u
Ce&lﬁ Qe@ﬁ 81‘1’5?5@105 leg%} -r$%11éla[ﬁdgti gn\gl)( % graﬂ%g légﬁl\é%%ﬁfc@ﬁnr@klgnals that
ar% @ﬁeﬂﬁ‘k@lﬂd fdratd Hredch gemzfor exch n@loécmnlmayxta@emgs so as to produce a

beng ggl: cfﬂlingiﬂt i Ig%afrf%v o g\ﬁg’mg %e%ﬂ?:%&) S&ectd {1§x{a?ﬁﬁt¢1y create an

signatrs to up-re ate or
1AM 11616 et @;L@gaxue« easikintegfable geicoupregimenhijathosaeor grpther

achi eve bi ol ogi cal t
pa(rg@kgépqo%}ctasrf\g( sechgﬁezﬁ%nag.ﬁx iy %rga%n ar, éri%g K aﬁﬁ t'h&t r(riégzﬁg%ﬁ%@es a certain
ukREtAbR ge@@ﬂ@n @At assitain gerReqpyl batip-regylated da e Siekiogneraied by one

i ncl ude .egul ate a I db th
PR émcﬁrf%eanﬁﬁ V?g et aﬁ]%nrde(fégnelqeéﬁwa r e?g %% I g ge e o
sphBi @n&&ﬂ%ﬁ@@ﬂaﬁﬂ?ﬁosmﬂahﬁ it ghei arthmb updepstang ey @emam diseased or

ngt)é%‘&séﬁ%%ré}?{,magptgg gorr Ee% eng\%& r%ﬁﬂﬂﬁ’% ﬁQﬁ?ﬁ%&é gove(grgxég the growth,
¥ RIeESR) ﬁpﬁr, ar[chegﬁﬁmpbmmehteamwl@r ofglyqigp@ﬁ sticin a
|ven cel |

A el S35 N T S SRR i
th%’el g&ﬁa@msumm seoifimandieslesfive foethe gengerRrpsion gesp@pipd ih cortain
tqrgﬂteéiﬁﬁgaseg gt o t{bilgueed}?m ee)ria[%llép g@tﬁcﬁ 0 virdo®S B8ms (e, capacitive

S C an tissue, huror
cbuphifiy Qn(ﬂtStlwathlﬂlg, dombedfieldgctn fpagjBeally ggd'@lecw@bre gylpig gene

eqtigeqéqrsn\gp gt’éfge% 1fs%§s[c%3§%] a‘? Eﬁ eﬂt s’%\ﬁy@y?ﬁpﬁg fes: E&bn@f‘ amlphtude

|ent to an ani na
W &theH @fbiuYy @cmmm bpplied field porehdrsaloptyd genpFhauratippef3mge exposed
The pr.esent

tqjggqt%%gf cpp, algo pﬁ&egltg% &8 8%@9“3/%?%16&58 tm@&tc @EM@%@IM@W

1 SSU
GAfES ex @raﬁlttﬁrgttécam.asuds lecalje men Iw(lpm @@gﬁi}@ Specific and selective

kdds
a3300|ate5 ai r h
aPdESe Beoer e B PP BEGEER e  DHEES i e
c&BBhhtAtdf ﬁ’équéﬁcyf, hrﬁﬂ)lﬁsdegwm\&fcwMe@tbwcleea@@mhgn isifopidthat provides
that, are specific and selective for the genes to be
t}i‘eéjéﬁi'fe&teg%“ R SPHE*PEFGEt tissues or

[0035] Itis to be understood that a variety of diseased or injured tissues or disease states can be
targeted for treatment because the specificity and selectivity of an electric field for a certain gene
expression can be influenced by several factors. In particular, an electrical field of appropriate

frequency, amplitude, waveform and/or duty cycle can be specific and selective for the
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cells. Gene expression can be up-regul ated or
down-regul ated by the application of signals that are
speci fic and sel ective for each gene or each set of
conpl enmentary genes so as to produce a benefici al
clinical effect. For exanple, a particular specific
and sel ective signal may create an electric field

exfnl%%tlon%{?ﬁ&%u bAbLHA B @fotvaile mordﬁtgetw@tkﬂaenege nEenepopal éez:;qrs)ﬁfp £

l e the sane or ar

dugggion of {ipe e@p@qé? af\; ?ag gflg)o%?ﬁ Influence er%g%cgf‘cnﬁ d selectivity

of 40 Wi Abl A r&paRicaler dohb exprassiche §lhe Edghletugmf germeppIsssiingnay be
A certain gene re ulate b

iy SGhiene s ERIGl OB PP C8) Hel pb el SR gL

duRA of BB ITaEREbrd) Yhoge skilket th @e me will edlelsianciheitthepresent invention
specific and sel ective 0S I

prapges SR ST AT Y e S bl ofor dhedidf of
h§a§bhﬁ§f alchkie flernget tﬁd elbatiic .ﬁerlde mﬁ‘mdtto pr@@(umdtSﬁlﬁ@we for

hose genes. governin r ’
ceﬁgsgP@geXaﬁéﬁlcglév %?'f kit 3%1% “8?‘%“0 e@&o@ﬁmﬂe‘? of diseased or
1nhh§&Mﬁ§orm@Q&$] The met hods and devi ces of the present
I nvention are

i dent,i
[05@ erldps thepagspy 11%Vﬁxgtton gﬁléprgﬁlg% | Itacr:&gen 31%? gLt egfcs: ?F‘c%{és% it 1trs B@stmble to
refl18e Gﬂﬂ@sl@ﬁ Bf ®88in (galeasscmatai mﬂh a\;patrhcu@e disedserl ortiviprge tiegye via the

. api?) iﬁ cS ai% Sé Sﬁr%e:fq{s cg{ﬁ’gél ?t‘f)(f %fsstpf% band 8815 62{8 s ag}gljogrfétg fr&iut:ﬁ[cy,
anhf AR W MR Rl /bty @emfmrraadpﬁmmadm@ur atlan ofies |Thp ijﬁyﬁy and
and sel ecti vel ex
seiep e >gientigrieciing i Spdp e ooy B 5 Aferbbl J036 Rplcgfare e
expF R AN taiR BHed fnlogk®r to tmv@f:ﬂxmﬁrsefas@inrynjm‘y@m@u@@r digsase states
plied field for, each sel ected n
o PR G BLBEheL 6 CAREOR TR A £ PG g O e

b(ﬁl@ Rabtiek, tﬂéct@fes eﬂ @m Hon@ribry, b defrets) shine disiop, estrgnecrosis, as an

selectlvel ul ate X
adjynetindle tge ng pr zglygg{]]le gﬁ v% a.ené‘?ﬂ A0 tr??rg%r?%?@s&eggoroms
[O@ﬁ]lecﬁﬂet\pﬁeselﬁ Itn@e@doa alieprogRines ?aveze euaemt:lmdees afspwebelal J;?% tspst one signal
I Call on ene- s
Spﬁ?lgb apd Seif’ﬁ%l fﬁrﬁ% GO FEXPress oale ﬁ‘ggaév?c%L {)Mhﬁ}%gée 1’&/\1/%\/ T t18rr1 %g]ll
prdiay fcfflﬂﬁl;@oduaﬂitii o eichtsigaals fcs a;smmtmnttmmne pelb\bw@ébast preeelectrode

desi red ef Xpressi is to be
adgnigd FsrBEd ﬁ‘ﬂ‘é geéle'%gfg%@ﬁ%/ B aglg g%%c@ggébll °Rj ur ed
[00BS|S URS devicaics eresat tvasiopars doprbletfmpréyingla figld generated by
treat nent because .th cifli e £
s Tar LR TR b Bl g AoBeL kb ot
Qf%nt' Nk bl@d‘i&ﬁ df fpy pﬁ&ﬂﬁihﬁénhbmmhp plso prbvidpfer theaemeie appdiation of

I I
sg%a\%g]ta%ql; gﬁ?egﬂw f?ﬁldds &%g y %(%!})%ﬁ%g [ at & 1de gts edgsgﬁf@é: Yom ﬁg@isé& &qﬁul ed

ti§86)ettoten if il Heht@prccﬁated(thamgacmvekyfcomdt@Vlnesg@mé@u@m@e subject’s
t hus provi de for

sk(né ’éhepdengﬁqtﬂ}e&qes%%E%%#go% L eactlu %e f-cL-Ie 1@% : Cgll%tfﬂ'dés to the
b&iﬁJf @ bafdbindhes@cihitf dugimee ot dhehaseﬂemub llrctihb yasanﬁcapacﬂwe coupling.

sélectivit of n e ec C
Fejc@ Bl TR FEME ST b o G s b Atacheg tothe

sIB8 of B p&ichf Fnerot s\fcfés 604 fravade b:ams $8 b jeint 20. Fh¢ drvice of the present
1nvgr?tllolnc§r?;yl ngcrl]ud%fsel? th%legtc e ecltrgges for aalac%mg%e &Rt thgwc@rof a patient.

For example, the device 10 of the present invention may include electrodes 12 attached to a

power unit 14 that has a VELCRO® patch 16 on the reverse side such that the power unit 14 can
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duration of time. Therefore, those skilled in the art
W Il understand that the present invention provides
for varying the frequency, anplitude, waveform duty
cycle and/or duration of application of an electric
field until the electric field is found to be specific
and selective for certain gene expressions in order

befj &tatHed Yd;jQVELQRO_P eapl (A& RhSw) ﬁttgcﬁngmgl axastanitetpatient. In the case of
I seased_or . injured tissue or.diseases

indaedvpr iR (e £ P BB G tesP Je g ero comnected
tola RAEIBALS phecatRrbdesi S possible to regulate

expressi on of certain genes asspci at.ed ,w
ot P e O et R P 11 SRl e [y of wavs. The
AR 1D el b8 Bordbld dr lagiSe Baperdlyed pbynaspdy fticheddnd patient’s body.
T}%ﬁ%&%@ It]jégi: tﬁ%\g%gqlngw%ngﬁlgﬁ :B)?J?%Iﬁb?t S%n;i%ea%%/%gffo\f g}ﬁample, the device 10 of
the BREQP nivaitRn ek dt kiptiedfo the siin of Bipetiaperarblicitivy ofglettrodes 12

selectivity of a signal generatin n ' '
adﬁaggd {95 gant Wiltglﬂfeuszﬁg)z 8 p%t] i, Qr %a;%pgiaz%ogt%g ﬁ%lé]sre éeﬁ?rlﬁeg Bf lhg
PRI BSRH OFeclc @ Edl@tive GBS Sich signde may olse be gpticker tailser

di seased or inpjured.tissue or disease st "
solgngigle ﬁ@ﬁﬁho“']nbﬁ mjpx%}u% tgpﬁ \éﬁ‘}i‘m% cﬁJgexb gg\ght us pﬁ%ﬁ%g géwegirﬂc and selective
1Bt RWHaEhesic el tHaty@nttanarhs taud. rihatinwet 1061 terpesshnt iyonigon may also

fractures, fractures.at . risk, .nonunion, .bone ¢
bescﬁpﬁge (Pfi}g’lpglﬁ'fatl%lpé'lé)ﬁfé . gg}h@}ng érgplé% at1oarll (ﬁn&%%& ﬁl{%lef%ﬁcgfeﬁt contac
with @RHLEBBNGS afati@e or any of the above, and in the

treat ment of .0steopornsi.s. 0371, .Ih r . :
R
cRVLERIRE 1184 virRBSI! fane islugingla campitively apkddowe] wwd tiithe

for BMP gene expression...The devices gf -t he.. :
A
mS{tPRHass bdlectBils] @ alebierndgaetiveniés calsbiendiy atichdddas povpremit with

el ectrode, adapted to.apply the f.iel A
swjsbene ety et sors lrtar poosafdRaE B Aot Sfover
sﬁpBI%/ B @ﬁgﬁ%ng PYEid ilffd@el@d’ti@g Eigxp?eb Genadllyasp@lkinigndg vize picédratce 1s
generate speci.fic an el ectiv i ' :
e g RS st PRt e i b a8 s o @6 iy
afflaile inBS Areftthe prbentdiznd ic & sapadititeeupmgseithovavasmalients with

may al so proyide for. the repnte i.cati f

e e Bt BT Fiedf e CRinb GRks, B ttlother hand,
ufeda§ud Bits@edlins tiRAa®t fatiamcdipemtiss thuiomasi ejdesitabile foriuse bipgertain
although it will be appreciated that capacitively
P! ed devi ces nmust touch the subject's skin. The
rdsMbees of the present invention may include neans for

attaching the electrodes. to e.b f . a patd [
(90l ks RYRgOHE df"ﬁ?ﬁf&%&‘flf}llhe P@%Wansl%%gﬁp%éﬁgcgﬁs% e cog%e()f
18k ARR26d fsnvEnkadsdld Rgit thesempe ek hapleesnt msergiown i n
Figure 8, self-adherent conductive el ectrodes may be
Mgpqrightrad M&P945e  skin of the patient on both sides of

[Goabf aGicdr ek BeReeeli8(50r 1G5 biRfon2Pwertpintedenmtonpectdllytrivmtified Cooper
present invention may incluy

| {-adherent -
(et we e A HERERE HUD AT E GPCHa bRy dp boginmine of

tﬁ%aegdéé?ﬁlﬁental EQlit® 2R le@periinBftaldRN cslerdGhofighotichyae eisding were
I nv

wention may include electrodes 12 aud %%Q%ﬁ ti% & output
soestad teia papagiivelneuPlvd §0 BERATTIRES SHRE I V'
alnbNaiS & Slgdey sdiko-bhR THNRodOMES caltiiated Ikl Carngth in the culture
medium in the dishes of 20 mV/cm with a current density of 300 pA/cm?, Control cell culture
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-9 be attached to a VELCRO strap (not shown) fitted
around a cast on the patient. In the case of
i nductive coupling, the device of the present
i nvention may include coils or solenoids connected to
a power unit in place of electrodes. [0039] The device
10 of the present invention can be enployed in a

diviek inetel deiicaVdy Siose Dif éhe sthevlated didiies mxopbicthy diret cddsiredeg were not

e te orar|I or permanently attached to a
C%%/qeéiﬁ?ag”pnﬁg%gen & device 10 of the present
[oogB1E A tl@eﬂerid?of pfeefq&hatehtytotad)RNIArwzassoiaeed wsog TRkzahptcerdingte the

device 10 of .the prese |nve
G B PR oag sepp aal (¥ [Be SRR eSS
radaptad wfa@permﬁecaomgwuuhottdh enmlsms to oef used jpahd reaittinfed¥T-PER

plicati o of .fie
g‘g)éc&e fore Sﬁ teg g‘Plél é){l?]vggcg cilig\g{g gge Iags%ﬁﬁ ﬁgt?%rtgé ﬁfuﬁlgiqixpress
sdi@vaﬁg@b gred. Qisatittvd Saldime asdyend] PcIsP@h @todschmm)perfmned using an
s flow, thus producing

r
A§B5%$?|%R§§8m§éﬁﬂg??V%P§%fectronagnet|c fields that
penpL44t e THeeoptiirak signal Trethal dasired ud-ge gofatioth ef ﬁ}l\ég)egqnes—ﬂnoludmg

gelﬁlg%lle ht]gﬂipﬁl B@Pég Pﬁ@l ?g/?l %ng{ljdndﬁ%?]gteﬁé #h@ls was found

sydiefn@fdallg GRtfakdws. Wint dledirivel hlgtnada kobwa tq éxtcregset (or [e@@ujyl]st suspected to
Those

t
nfrgsue e e Pt Btk i e AR SRt e srtin
sibihl Fov détblﬁﬁﬁin@ fthd eentic stglhluﬁhr regneatogptiei ﬁe;ld/ éirythe e ggpression

ﬁggﬁgk?ﬁﬁﬁéﬁ%%§e$ége* mgfgna?ﬁ¥# P%%§g1 ?%ﬁ-?%‘%ﬁgonofme

sip@dl rwile héldingudll ithel ethpakigsal aﬂaalabtg@s(tlpm@e@tanb r(amplitude, duty cycle,

g%\??ﬁcfy[ %ﬁ \? \%Fol C) &oééMll? ]&3&“%\? dangm%peg ltl% g&ﬁ@f&ﬁ%oﬁ O @e startmg signal

speci fi1 ¢ and
fo&? eﬂleeg“ehb ¢Eprédsign alf shat ﬁmtzéma nAanhldlpzasbmrfﬂgtgc il n’ﬂhﬁ arasimugy exgpregsion for

tbglvﬁrﬁ%‘s ﬁ\%%gl}%‘ﬁéﬁ ci)cc e rlalt Q%xa? Rmﬁgﬁcrn' & Zalhgué e)\ Fs‘&tohd/ §ose-response

devi ce pre erence 1S
cﬁﬁé Rdh@Mpepfatmein th1eammee pirEng Ehe anglippde pethe clsenip fieldrenV/ cm) while

h%l Jtng zl{ga%%gfé gtg%rg)n?toﬂp Pl éﬂp Lﬁre{é&%tlas QY R 1§ulje ). tzt‘semdmated

a capaC|t|ve cou Unlt
tHRQMBRWRIm eRpredsimt for ﬂmetvlanomﬁmé mRNAssexwirad Vi slﬁue apitude of 20

Rl A g AesuRon ooranm, 0% A MaypElag Pl tlency wil

uni reqU|re t t patlen
h6la@pestanDihe oftithal denyitien aié optired lewplivde assfeuriyprevéquplyi(Bigure 3). As

pat ¢
H@é’ﬁﬁ&rst%? %Hlugﬁexpheggl?n of %Wnaﬁodg%{l\?ﬁ Avdqclﬁg\ilqrred Wlth a frequency o
60 WHROS &5urtf dosé-kdspaise &tpetfmnmddfaryglmbe duimcgﬁ@] digmt B)O% (pppstant) to

1@25%3%3p%]%2@§({1 IR?(:%{F%%%%% o]:o;lce Celufaﬂoxz %%{dg a%dqi&que n% as found
pMRTogsPl(Bieect ONtAB isfieddda tHeymamiulinhi expre@bmpler the varlous BMP mRNAs
occurred with a 50% duty cycle. Finally, a fifth dose-response is performed varying the time
OFF/time ON parameters while keeping the duty cycle at 50% and the amplitude and frequency
at 20 mV/cm and 60 kHz, respectively, as previously found (Figure 5). As indicated, the

maximum expression for the various BMP mRNAs occurred with a 1 minute ON / 1 minute OFF

50% duty cycle.

[0045] By this method, an optimal signal is determined for producing the greatest increase in

the gene expression of the various BMPs.
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di shes. The cells were grown to seven days with the
medi um changed just prior to beginning of the

experi nental condition. The experinental cell cultures

t hroughout these studies were subjected to a

capacitively coupled 60 | cHz sine wave signal electric
field with an output anplitude of 44.81 V
[0R8EK- WOsiRe @ernﬂ%hﬁs peGsthe® dorapaciag @ wb@ingousf 5084 duty cycle (capacmve

strength in the culture di e di
comhendheetCa, BEEEL ST L S s Rl onmins
m&Rdnh, 60 W) AR indide@dplihe hemasen BMPERmRINAatast abottfofokl with each 81gna1
the stimul ated di shes except that the el ectrodes were
(Highre O onnected to a function generator. [0043] At the
end of the experinent, total RNA was isolated using
[00RY]z ok, firaboeritie it werfotrecd terderdngicate A frorpaseris mqsiéwoa 96 the BMP

:m%&}b}?rgé b fg%%él%,aﬁll\g? h S&stj\cla\}gg—ag %al g%lﬁn% re%%gaﬁg"é F {)ﬂaltase activity
" thar cammmﬂlmedb éleMB -2 Javeid é&ﬁee 24 hoyraef IS{fIJan@II@n vtk lprOguduty cycle
(ca%ﬁﬁz%lg &mbpse 00h tn‘?]\ﬂbx&l:'% 1§ E\‘)f({e 91%2\ QUEBLERas A 1.9-fold and 1.6-fold

sof tware program
inGxeadatin Bmz/pxomahndt allrahn@pmbgb@ﬁa@ agfivifRTreRERIThodigN e has
performed using an ABI Prism 7000 Sequence Detection

[U%Xﬁt {eQQﬂlfs]:La;w%d&ﬂzte'lm acSbr@nRe wft@fhetpfb@erﬁ ﬁﬁ/’eﬁtﬁﬂ that is used to
up-reg 1ation o %enes i ncludi ng . genes fo

trBWE’pzl,enBMm ateopNIpitis of B. Apihygstuiop. ty o cgﬁ%ﬁgsoﬁ conductwe self-
cﬁﬁere { Of SeBFes i o Y 1ac§&’ St BBk &AdinY: S Jf ﬂie'l@wﬁat tiNevel of the joint

rrcal sign known to increase (or even

lisa Rp bt eldcttades mw altpskeyl te apevr it bt Gahfes ¢ XELSJB%@ Rfispefi on the
reQ/%r% %Lllensuél?thgt the ]chvek kit $4 Q8 bYAMBNeditS a VFKEROBSstiaP Enot shown) fitted

signal for determning the specifig Bﬂ% aﬁ ¢
aoond tgewéit thighreg veist Theslegtradst 13 mey Rratled Qipihe i Brfore the patien
&3 E%}‘&h Bah BinBr cofvAREB IS STIRVEBe, Gthey SuithiSle fypessdf
g((er oreg'%letv J%@?@gg tﬁ% duratfon of th% glgnal whi | e
eh@hdﬂﬁ@nmﬂﬂ$%@“§ﬂher si gnal characteristics constant
[({O'Q_ﬁpl Tﬂelﬁg er 191%134 1%@%9fe1eably sfn%ﬁ@buge r@S/mm@éb?’ efHdﬂSLl a standard 9-

ure term nes % &%[ on alt
v<b1h‘®ttswae t:mﬁg 5940§m84k*t0fpé?ka éﬂ@% %3&3’ @ H0KHzspe W&“t‘ signal to
RIREGddds 1205‘1 dGHQh %tsﬁﬂ helrl 'ttﬁlé»‘sﬁ allls toRRled B dRitAtely 24 hours per

expr essi on he varl ous occ(gk[red W t.h

dsi gt RIS AT oA VT BEBRALE, ifhas been

S € th
S T RS gt vy 1o (e

whi | o
mxso di nl"}letllmﬂe@tpmwmpn dlorrdst phots Ak thr PRSmak n%ﬁiaf fiefd described in the
{aﬁ@ﬁeac% ‘%%z%fg’nﬁfemﬁez%tr@giﬂatéﬁmw 8MP)4, BMP b rEMp:ﬂ; &, BMP-7 mRNA

m-expression for the various ;
aul; Gerrop.gdorwdse hore ineatign.aHagrd skilled iy the Aty WlHWPHFﬁlatﬂﬂ{ahﬂ zaopropna e

HAIRE e?c? RONRSerbid Fh%feﬁrp W‘fﬁ%agécﬁiv% doupBngy & ﬁlsﬂ %qﬁ&l@ effeotwe with

st gnal Trequenc const ant '%§W n% Jont,
irdluctave icoupling dld@é{ qquaﬁpmwpmlq %Yt?Fé‘@S that Bredvsel C b l%{m&gr y equivalen
&19 WL cﬁ&ract@%%cé lh<C Bk18Eh in e RN A4 EL SRS EL1E Bk ﬁlﬁrefw.ﬁb[que signal
He”vari ous occurred with a freq encg
characteristics may be dlscovered through more experimentation w1t mor data pdints (e.g.,
100 = 3% duty cycle for 30 + 3 min), but such relatively minor variations in each of the s1gna1

characteristics are believed to be within the level of those skilled in the art given the teachings

herein,

[0051] Those skilled in the art will also appreciate that numerous other modifications to the
-12-




60 kHz. A fourth dose-response is perfornmed varying

the duty cycle from 100% (constant) to 10%or |ess

whi |l e hol di ng constant the optimal duration,

anpl i tude, and frequency as found previously (Figure

4). As indicated, the maxi num expression for the

various BMP nRNAs occurred with a 50% duty cycl e.
inl%'ﬁﬁi@h b podkitflé *5v1tﬂﬁn @Kbae\loﬁeeﬁ the ms;entiosﬁe lleizmr(pi@ thevaptiylnfipld described

the time OFF/tine ar amet ers i ' S
heteip par P& P@?lg@ tas 9% TR “Eoh O HgT9'F ahonriet? ?‘?@%ﬁnu%%‘;é‘@gesa%n pats oF
stABk, ToER 2B Cn BRacks;Exrapsp sine@sts,i and|dyliveas! tor mwdne 0f bypafibuncoupling.

igure 5) i ndi.cat.ed, the Xi essi .
Ao hronias TERPITRUAS SCo T o b 5 b RRTS e Y sotenoid
indbipeaRd Gio 2@ eludpy, 6 chses, ahO@dBlerdByby gnimef hishiictiven coupling.

optimal signal s .deternined f r ] . .
Agfesdivaid s feret s (ERT s Ag dni e BRATIA % 0fjetored embodiment
8BRS0 vBNIRS only bi tHeQPdm)lcdhlamxt h experiment is
performed conparing a continuous 50% duty cycle
(capacitive coupling, 20 mV/cm 60 kHz sine wave) to
a pul sed 50% duty cycle (capacitive coupling, 20
nv/cm 60 kHz). As indicated, the increase in BMP-2
MRNA was about 5 fold with each signal (Figure 6).
[0047] A final experinment is perfornmed to denonstrate
“an increase in production of the BWP nRNA
product - namely, BMP-2 protein-as well as an increase
al kal i ne phosphatase activity that can be induced by
BMP-2 levels. After 24 hours of stinulation with a 50%
duty cycle (capacitively coupled, 20 nv/cm 60 kHz,
sine wave) signal, there was a 1.9-fold and 1.6-fold
i ncrease in BMP-2 product and al kal i ne phosphat ase
activity, respectively (Figure 7). [0048] Figure 8
illustrates a device 10 in accordance with the present
invention that is used to treat a patient with
osteoarthritis of the knee. As illustrated, two
circular, soft conductive, self- adherent el ectrodes
12 are placed on the skin on either side of the knee
at the level of the joint |ine 20. The el ectrodes 12
‘are attached to a power unit 14 that has a VELCRQ(r)
patch 16 on the reverse side such that the power unit
14 can be attached to a VELCRQ(r) strap (not shown)
fitted around the calf, thigh or waist. The
el ectrodes 12 maybe placed on the skin before the
patient goes to bed each evening or any other
convenient time. OF course, other suitable types of
el ectrodes 12 may al so be used. [0049] The power unit
14 is preferably small (e.g., 6-8 ounces) and powered
by a standard 9- volt battery to emt a 5-volt
peak-to-peak, 6-10 mAnp, 20 nv/cm 60 kHz sine wave
signal to
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the el ectrodes 12 placed on the skin. Wen this signa
is provided approximately 24 hours per day with the
proper duty cycle (5099 in 1 mnute ON and 1 mnute
OFF increnments, it has been shown to significantly
up-regul ate genes encodi ng BMP. [0050] The present
invention clearly shows that the optinmal electric
field described in the exanple can very significantly
Claims up-regul ate BMP-2, BMP-4, BMP-5, BMP-6, and BMP-7 nmRNA
and, hence, increase bone formation. Those skilled in

t.he axideWct foraRpPir&gmattebond fr@ﬁuﬁ@,ﬁ&l&fréﬂtelskedleé@tediumions
field, as described herein with capacitive,co

onurions Renb deleiacyy: TBHPBEEIPBS YR g AHARFIPE D TP A siere!
source t@art %egg Gl LOIRG QS&% éepn cﬁi"ésa'h? B LRt sfté}fe F%Wﬁe&ﬂ)ﬂéé’ 3h€Bf more coils,

equil va ectric aract eristics.
or other ﬁéﬁﬁ@m&f@hhk deavites dohreasd towhd tlgmwourappxr m:tloat@l\tdmtd at least one
nor e unj que sj gnal characte tics q red d
specific A GHIEH VA0 EBALIGRPHLFER Rt B AL RO RO TaRRESt BFORY Gete, sa
electrodgse og pr I%Iore]&(?ls A B e Lyakitihg He?l@es L?poH‘r&:)eipt REtaig eeRRast one
Af | y mnor variations in each t he signal
specific (ah@ seledtveispmhbmusing tizedenemtdn Df)arbéewltl Iﬂllehl thitds sregific and

. those skilled in the art en the teach r
cectivt oS EroAH e kB o SR E s SO D e
mRNA f\@ld BUHEBEAIS Y &%ﬁalrgedﬂcé Icsﬁwlﬁﬂg akd@vdrfigg duikdioh of time of

I nvention are possible within the scope of the
apphcathm\nf saidanleafiome epeniid and aeln@tltzs@mgmlland dé‘IYcPYQJéé\I: B9ig @fjleast one

T T

generatth ee¥iPQY dtag o k@ed@l&@@%rregﬁlaﬁsgen@ Exlﬁassicﬁx, ofdode d}blrphogemilc
means of capacitive coupling Al so,

protem(s) a@mea@egd by mng Adp gaid @ﬁn@agssag ps p eqsult oF awlg]w%%o g specific and

selective gle%tg ig 2ﬁ§?cf gvﬁqglegﬂ]?)e%gedlfqg %(Cps%ﬁ&%l@g S ]gﬂélchgp hahe %vach@ﬂﬁguraﬂon

uctive
and cau$e@Wpbh BEplicaGC RN sdicr@d:c}trodé;h ens opmercodoilshe dtimer dietd gameiaging

devices hesasnPisEeh BbBVSCIBE{Ic Ay My PP AN LB A0 N g bone
tissue atd with ﬁ? ffl'tlﬁuag A &‘&g‘b&a@t nment of bone

fractures, res at k; del ayed uni ons,
nonuni ons, bone defects spi ne fusion, osteonecrosis,

and/or o teopor risi n a si sour t hat .
Yener Hpesevie qfé %Wét%&ngmﬁf gaangor%é)fee%qwe{;émﬁ%gﬁves said
ahd. el ectrodes, one or nore coils, or other field

gener ati ng deV| ces connected to the si gnal source so

as to receive said at |east one specific and _

SSSE@E‘ &e(ysolggﬂ%é: zmnxﬂlét %rg%ﬂa}%ﬁlslrpge&getmsvf&l é‘ctaghi’ﬁg Ql‘?eeel@ét}&ies, one
or more coils, or other field generating devices to the body of a patient in the vicinity of bone

signal s

tissue.

4. The device of elaim 1 further comprising means for attaching the signal source to

the body of a patient.
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el ectrodes, one or nore coils, or other field
generating devices upon receipt of said at | east one
speci fic and sel ective signal causing the generation
of an electric field that is specific and selective
for up-regul ati ng gene expression of bone

nor phogenetic protein(s) as neasured by nRNA in said
bone tissue, said signal source controlling and
varying duration of time of application of said at

%eastaﬂgjn qu é’§§[3“§nlg‘2 Blélé[ﬁ? ‘]E‘ 81 %ggérgtgﬁ l 5‘1‘8 e?e%r%d&%’ 8£eeor more

coils, or3RRr iR dedembihg deliestih e6kpsnsead apSlicafl®ii 6f sa@d iitSeaSDbne specific and
other field generatlng devices so as. to selectl f %.e
uctv

selectivaipignad ghereto és epphied exgnie @%WSMW@@N@CW@&H Higetiip
1£groteln(s) as neasured by nRNA in said bone tissue as
COUPING result of application of the specific and selective
electric field, wherein the specific and selective

signal has a sine wave configurafion nd causes
@ppl i Bardegiseod cladmd, sherein g speciligandse ei‘r'BV%a]@ §U chlls applied

devi ces the generation of an
10theb%%2§% guB%tle ?9ﬁ§3§§895 anplitude of about 20 nWV/ cm
in the bone tissue at 60 kHz with approxi mately a 50%
duty cycle. 2. The device of claim1 further
conprising a portable power unit that drives sai d
signal source, 3. The device of claim1l further
conprising nmeans for attaching the el ectrodes, one or
nore coils, or other field generating devices to the
body of a patient in the vicinity of bone tissue. 4.
The device of claim1 further conprising neans for
attaching the signal source to the body of a patient.
-14 1 5. The device of claim1l wherein the field
generated by said el ectrodes, one or nore coils, or
other field generating devices in response to
application of said at | east one specific and
sel ective signal thereto is applied to said bone
ti ssue via capacitive coupling or inductive coupling.
6. The device of claim1, wherein the specific and
selective electric field is applied to the bone
ti ssue substantially continuously. -15 it
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