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[0004]  Osteoarthritis, also known as degenerative joint disease, is characterized by
degeneration of articular cartilage as well as proliferation and remodeling of subchondral
bone. The usual symptoms are stiffness, limitation of motion, and pain. Osteoarthritis is the
most common form of arthritis, and prevalence rates increase markedly with age. It has been
shown that elderly patients with self-reported osteoarthritis visit doctors twice as frequently

as their unaffected peers. Such patients also experience more days of restricted activity and



synptomati c patients becane significantly disabled
during an 8-year followup period (Mssardo et al.,
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therapy was the observation that physical stress on bone causes the appearance of tiny electric

currents that, along with mechanical strain, were thought to be the mechanisms underlying

transduction of the physical stresses into a signal that promotes bone formation. Along with

direct electric field stimulation that was successful in the treatment of nonunion, noninvasive
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conventional measures, showed significant benefit compared with placebo treated patients
(Binder et al., Lancet 695-698, 1984). Finally, Brighton et al. have shown in rats the ability
of an appropriate capacitive coupling electric field to both prevent and reverse vertebral

osteoporosis in the lumbar spine (Brighton et al., J. Orthop. Res. 6: 676684, 1988; Brighton
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signifiGmy efudies followed in 1997. In one study it was reported that the same cyclic biaxial
0.17% mechanical strain produced a significant increase in PDGF-A mRNA in similar bone
cells (Brighton et al., Biochem. Biophys. Res. Commun. 43: 339-346, 1997). It was also
reported that a 60 kHz capacitively coupled electric field of 20 mV/cm produced a significant
increase in TGF-fB; in similar bone cells (Brighton et al., Biochem. Biophys. Res. Commun.

237: 225-229, 1997). However, the effect such a field would have on other genes has not
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significant studies followed in 1997. In one study it
was reported that the sane cyclic biaxial 0.17%
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arthritigROMilage iMMEY, loartilage defects, and the like are treated with a capacitively or

inductively coupled electric field of about 20 mV/cm with an electric field duration of about
30 minutes, an electric field amplitude of about 10-20 mV/cm, a frequency of about 60 kHz,
a duty cycle of about 100%, and a sine wave configuration that causes the expression of
MMP-1, MMP-3 and MMP-13 mRNAs to be down-regulated. In accordance with the method
of the invention, a “specific and selective” signal is a signal that has predetermined

characteristics of amplitude, duration, duty-cycle, frequency, and waveform that down-
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expression occurred for signal durations of 30 minutes and 6 hours. Maximum expression of

MMP-3 mRNA occurred in the presence of IL-1B when no electricity was used.

[0020]  Figuare 3 is a graphic representation of MMP-13 mRNA expression when articular
cartilage chondrocytes are exposed to a 20 mV/cm capacitively coupled electric field for

various time durations in the presence of IL-1B. As indicated, the minimum MMP-13



various tinme durations in the presence of interleukin
(I'L-10). As indicated, the m ninmum MWP-1 expression

wo@emyniEm when a signal was applied for 30 m nRCEES2004/019137
Maxi mum expression of MWP-1 nRNA occurred in the

cxe BTSSR b S Lol D el o SFpmpmprression
of MM (2K RAES S hiPdd i%ﬁé‘pl%ﬁéﬂc@ W1 P%ﬁ{ehlﬂoa&&t p(ﬁ LORKg es

are exposed to a / cm capacltively cou
[0021| eFigure 4fis @l gliaplm repweﬂentatlen of ivEVIgtlr ammmbxpn&sﬁdWWhen articular

.. pre e of IL-1 i ndj c d, the. mninu
cartilaf SPEREPflen, &5, Pro0sed B 2orth Y Cl PR BHED ofo B cipigsfield of
X es (0]
dlfferégg giblg/r ggdliésﬁmt ﬁ@ %@%@ﬁﬁ Igfﬁa As @(gdéc tﬁe E&ﬁh&%m expression of

MMP ghBDA iocéursed waiish 1as 80D% [ OR @Y clEi sigimad Maxsnmn gxpreEssion of MMP-1
pressi on when

resent tlon
mRNéP? EEgh DRt LE I IPORY e aE "aR o8ed {0 a 20
[0022"V/ fipyreBas 'atgrylﬁha/r seh&fos bmyp% &ﬂ%&i %@fesm&?wh%ﬂ%mcular
i me durations 1n t e presence o
cartilage dthoadrechtes he enposerlitn BNFD 1BV/cmbGeapaciBifels/ dabp®d8electric field of

GiTersg 401 OO DSOPRISHGE B Lkl 24 HOCHES Rk o Srabions ocourred

it {SUPERPY, o A 905N SEGUEATof B PERORIEE, L i

presenicsoﬁIIgﬂﬁMhennoeinc&mﬂytv@dsmed of MWP-1 nRNA expression
en, articular _cartil a%e chondroc tes are expqsed to
[00231a 2Bigie 61t 8 SFRAICIERIEsSH SAME-L3 7 A fexprcssion when articular

S I .

g B e MRSy Lo o o

differem¢ dutyr cgdlewm Ilheaprkm% dfily-18y Ak éndicged miniaxmraxptessions occurred
expressi qQn MRNA occurred in the gresence of

with dpgy. %’GE’S\R/F}%QP% anéﬁ% Maggmymyseresderof MAGR-Ap opRiydreccgired in the
presenl: of"IIgli?WHe nB%Ercﬁ‘ﬁ:?t?t\%s' 9,9 of MWP-3 mRNA expression

en articular cartrlage C ondrocyt es are exposed to
[0024]a 2Pignivé cmisc apdiegrainy dlustrathipted dfferit idevicee |f& e treatment of
di f.f.erent duty cycles in the presence of IL-1 P.
Osteoaﬂhla%aie the ks, 1 prsATdeRes Wk pEeretbapbodigentyof memhmentwn
8.3% duty cycles. Maxi mum expressi on of MVP-3 nRNA
occurred in the presence of IL-1 R when no
- el ecthetailedyDevasiptior of Préfog3]] Fanhodimehts of the dnwaition

o025, PGS SRR b SR O S Heles 1.7

Those %E@l@@ lih theedrywilDbRIr&date |tl%ttlﬁé Gesthi 319 idh §i(/en Hér@ﬁl%ﬁlﬁesﬁé@t)fo those
cycles in the présence of i ndi cated

figuresmis ApTheremeiasy eg@pmyn@cmlns@dt mt@ntdhd thany \Eqbcﬂoelsm(othelsocpﬁ of the

0 Maxi._mu on o]
invont B AR oK KRR AR b C R e B8 D 1 Gl B affing to
the aplﬁe(i}ﬁe&];laﬁnsgure 7 is a diagramillustrating two
di fferent devices for the treatnent of

[0026]  The present invention is based on the discovery that the expression of certain genes
can be regulated by the application of specific and selective fields generated by specific and
selective electric and/or electromagnetic signals. In other words, it has been discovered by the
present inventor that there is a specific electric and/or electromagnetic signal that generates a
field for regulating each gene in bone, cartilage and other tissue cells and that these specific
signals are capable of specifically and selectively regulating the genes in such cells. In

particular, gene expression governing the growth, maintenance, repair, and degeneration or
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osteoarthritis of the knee, in accordance with

preferred enbodi nents of the present invention.
w®edoaitizos Descri ption of Preferred Enbodi ment sPOf/US1964/019137

I nvention [0025] The invention will be described in

.detail helow with reference to Figures 1-7. Those . )
deteriqgphiqn} gfjtipsyes RB CaN it Pr raPpted ik pecarance twigh the mvention via the
applicHRRC bF %ﬁ&n?&ieﬁﬁéﬂ ST §lRiAd Ll LERARE! el%thghQrﬁﬁor electromagnetic

figures Is Tor exenplary purposes only and I's not
signal§ 50 emsd édl provugnya \selptary dlinmat effeet. sSushedisovichies are useful in the

i nventi.qn. Al | stigns regarding the scope of the .
dovec RSy Yl BT, AR B B o 9B i bone
fracturdP REA defbcf| BktBBarttriRi026dteolfdfosh, RaRdHE ahd \WBIY: | Réabess, RASRMH as for

on the discovery that the expression of certain genes
developing dswicee gubployatg wyh tieghodppl i cati on of specific and

selective fields generated by specific and selective

el ectrie diar j j I
002710 Pl el R pr ey RO GRS Bl SePbeih of P may
be sigifiadntlyhdemer-regulatede dedreaseehepodnctioaroed/MMP in articular cartilage as is

. ((fl ecfroma netic siégnal t hat .gen rates g, field for .
desire écga oxt Ph V@E?@hth@ Wrsp rbeC@FFél, 8 diSE3sPSg hg Jessif gpvention clearly

showslthSHE ofBinhBeIBRElc Hedt AELABEI BRERI dahGi ﬁ%ﬂ&%ﬁrﬁregulate MMP
capabl e of specifically and selectively regilatingthe

and, thyesfers, lecrease MME dysthebis, evsarin itleuprasency ehl--¢fiprldoss skilled in the

governing. th rowt h, maintenan repait nd. . o
art willgog bl P o el B S R T os B usg O dngtgycapacitive
couplif@ bR legiiAtyl Sffectife tvifp URRicAVe OlflmgCAA bBer RAMVALRI laPplication

.accordance with the invention via the application o .
techniques] gan denbsags & tigpt aphatiy i(eothnestenartartis \aadethsymatodd arthritis),

. . 11G: . n S so as to produce a
Camlaé%%f%?%h?%%?%gaggﬁlg glg’flfe %ﬁ%ﬁadi scoveries are useful
in the developnent of treatnment nethods that target
[0028]cer Asusedietéin,ahe phiask tdigmd” isrusedith refer hoaeariéty adtsighels including
mechaon EiATS 0L LS LR SO R GV Sl output by
a deviGdTH i9Yd PYuSHeoSEHBPES tedDORAL” A uRAhElfHHe®rs td B electrical field
present invention denonstrates that the expression o
within Nvigetedytisshe wheghirf it dantdoynbitedntield qul aapelded eledzemegstic field or
.oduction of MMP in articul.ar.cartilage as is
seneralgdPfEY Sl Bheeiiie Ao lhe pEBlEBobnaiar . 1T age
di seases. The present invention clearly shows that
[0029]t heTlapplirigel “rehtet id el iemBaigsme] el diesradontr6BEd from a distance.

significantl ¥ down-regul ate MW and, therefore,
g

“Remofec Fesabbiopmetesy e esirglling\ibg sxprassian (ffex @gpe figrm 4 distance. To

. Py w Sl || i Pl . M reci. t hat-
povE 035, S5 Sop Ll YL SO RIBEFEUE { i
selective signelafyamni 4 raneote Gounek ican rifiet te greatidiyg did sighalvigomi 4 kource at a

. i nductive couplin nd ot her known field appljcation
distande 5t IS TR I B8 SOUICE OURUER OhFHETE e RO
osteoarthritis and rheumatoid arthritis), cartilage
[0030]1 N PheYphrER tshéREE a5 R6dtTe” SiBHallhSRN @ SRHAL Bab produces an electric

field that has predetermined characteristics of amplitude, duration, duty cycle, frequency, and

waveform that up-regulate or down-regulate a targeted gene or targeted functionally of
complementary genes (specificity). This allows one to choose different “specific and
selective” signals to up-regulate or down-regulate expression of various genes in order to

achieve a given biological or therapeutic response (selectivity).



[0028] As used herein, the phrase "signal" is used to
refer to a variety of signals including nmechanica
w@e@aalzws ul t rasound signals, electr orragneti c BCYN82084/019137
and el ectric signals out put by a devi ce. is to be
under stood, that fhe term"fi as used her in refers

[0031]; o "Lhe iracrrsicalf” Ficanyio Wn@fﬁf Heliea‘?’ﬁ’é?sé@nt Reg @é i 1s tnderstood to
1nclud¥"ﬁ§ﬁﬁ§§-ﬁe!§ﬁla't§alﬂi Gé’\%’-’r #‘i‘eé?ﬂaté‘ ngé:ﬂ@ fflincrease expression of a

el ectro netic fiel d or erat ed direct current,
gene, w@ba@w-mummbmqo arhibif dUp,ltBV@l’E! expnepﬂwmgf a §@eB29] The
phrase ‘'renote" is used to nean acting, act ed on or

cont edfr Renot e
[0032]" o eI{s {mnaélgn? {Hgﬁ | nga&? %%r%? é‘g&%ﬁ“’a‘fg gen}eos? FXppessions are
compléthSitayae syd@giste Divd gigen cdh®it@kiye. refers to providing

from a di stance. For exanple, providing a specific and

tiv S|gnal fromar source, can. refe 0
[0033]pr 0 %uﬁgrftf?ré %ﬁ@ﬁ&regartsﬁf lscinpaberayit heiy eqré?réﬁﬂ%rrsahstances
that fofm! 6n°esb‘fth%rst1%cﬁl?illmat9ﬁ%1§ fordl ﬁ‘at%ﬂf” seu&:ldt Rerdg, iﬂ; . ffm élSSU.G is

external to the body 0030] rase "spec
intendgktosiptiude mustlgral onmrtsssae,surgmatlssuh as wetlod boes omnartilage tissue.

i, B B S e S RS SRS B  ASRRRE 51

wavef orm that up-regulate or down-regul ate a targeted

[0034]g€ertePagientt 2EBR1UE en bhiAG | p2eR}dbYy @fnanﬁlmmhmgﬂéf@faxswﬁﬁﬁﬁan
(speC|f|C|ty) This all'ows one to choose fferent

"specific and selective" signals to up-regulate or
[0035]qowhhe RigEmAtRYBlph PESTd BTtDent Beiodedsdsvices thitrtatgst certain

s s e R

in mjufdbnﬁrldlséﬁhmi h:esum dlrcmjlslcan b ragﬂztsd by thmapglmhtlcgenﬁﬁelds generated

ress o) nder s dto | ude _bo
by clegiE saaal b 4R douainanE sHPGE OGS 5 it Be Fearaed & the target
tlssues'di“‘c%ﬁ@i?en%’éﬂfn%%é@@alﬂﬁe @p-r@8lfed HUdvwh-ReWRAtddag M bEplication of

means to inhibit or prevent EXDYESSI on of a gene.
signaly thaizag speeifhcarndoskdctiye ﬁumptlemmtcmeych $eébéccsnp1@memtarsogenes so as

85l Qs al e
to proigk 5 AReR TG P S Pgf f nel R FHAAS ol gy signa
may cregfeediSelb€ria kD Ha€ gpiregmﬁtegelcbﬁamqeeﬂrmé géhd E\xﬁr&%idn while the
extracel | ul ar substances that formone of th

same of eRIGETRATICHPPFLEP dndpeleptivasisant manereaisan W@q field¢thas down-
regulatteg n&erﬁh?ﬁﬁ'(f‘esu lﬁe eﬂé %g&%gsﬁ P A X Mdﬂe%g,?yca lyte‘lbfagg—ergélgg@d by a

| Ssue, tumnor one
field gemaaee by oﬁlespemcutae spanfn amd Seﬂet&lve apnabad ﬂmmirdsgurrmyd by a field
lso refer to

conrs % S50 oS el Y, oAb, e Bt il st

that ceRhB BEBM Vordni lﬁi’gﬁatfksues[éaﬁ?b%]t g@t%d RS SRGRherdt '?)}{/%Q%ﬂlgﬁhg those genes
provi des t reat nment et hods and devi ces tha

governpey thaigrowthj wemesnaness tdpsirpanddiegems atgon drrdepmuotatmnj adithe tissues.
the gene expression associated with the repair process

o056, L 860 TR b AER, Al Bt o
s1gnals that generate fields that are specific and selective for the gene expression associated
with certain targeted diseased or injured tissue. For example, electricity in its various forms
(e.g., capacitive coupling, inductive coupling, combined fields) can specifically and
selectively regulate gene expression in targeted tissues or cells in a patient’s body by varying
the frequency, amplitude, waveform or duty cycle of the applied field for each selected gene.

The duration of time exposed to electricity can also influence the capability of electricity to
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by electric signals that are specific and sel ective

for the genes to be regulated in the target tissues
w@roogeild788 Cene expression can be up-regul at edPOT/US2004/019137

down-regul ated by the application of signals that are

speci fjic_and selective for each gene or each set

spemﬁe%h@ HYY Grenide geneaaipressiopin diaeed tlé%ﬁépr csll in a patient’s
vods. YRS FALECE ghls oo e, ASBE i pBAESLHA cac: e

systemiatiedllyuymtil el p@peiscantieatiad of feqienay| anpidude, svapefoss duty cycle,
ile the, sane o not he ticular specific and
and dufglionds fapad S AEViars Jhe B Sfeton zens PRI ¢ hat

down- regulates a certain undesirable gene expression.
[0037]A Clid R Bt GeRetdlythiXe Wiridtp 08 iRbadd RY ifurddi tRkgks or disease states
generated by one particul ar specific and selective
can bedpigstad fahHeHBRAL beé‘@%ﬁeéb@ aPesjicityf aud) selectjgite ph e gloglic field for a
certama%é Q&{)reﬁs@@& b{ ﬂl e U &téeVﬁr Ff ﬂ)?% In-l'élalgf’cﬁla‘? kéﬂ élggmcal field
he a

art w erstan cer | Seased

of appropriate d&ctqusmyesmqﬂnudre wavefehednfiior dutgatyelntabybe spemﬁc and
ul ati ng those genes over ni the g ,
selectifi, th fi dhea fERFESSIh &) rceﬂaWd %ﬂéf gmsowoaideméqreﬁargﬁ%ﬁ frgpfments.
Tempd?hl tta&%rstq  URSation F93H ex @ed%ttﬁé’ dRcRRd £8Y) &e@xsalg inffince the
present vention are based on i1dentifying those
specifisitymad sele¢dtizity péan retdcmcf figl der 4 paticalaeggpenpfdssionnbhe regulation

o sedSEEH FRR S SRR A BRRRRO st of

electriéX K8 or @l 1%%{16111514 Hratifn 'dfstllM@rTEétéf&@rtﬁﬁse §16116d Jin the art will
capacitive coupling, inductive coupllng, onbi ned
understand| thef tharprsirat i invendiony peovifles st evaryingl ;her digarency, amplitude,
n S r
waveft ,i%lelﬁ? &Isc?eb%lg%}éfﬁ%ugrﬁ ; néﬁ@aﬁgﬁﬁ?éﬁg@g@é%ﬁ u%ﬂ?lttﬁ% glectric field

is founkRyeborspedfic dud seleyive faf cdrfath garl éxgdedsioak dn fo@dierelﬂcﬂirowde for
sel ected gene. The duration of tine exposed to

treatm@}tétargqt@gtawaélﬁw of [dassagedror igHeed tispis ABeBaSi ty of
electricity to -9 WO 2004/112708 PCT/USZOO4/019137

[0038]SpeP1'1Js' G ?y esBRin?BhGA | 'cé{ﬁ tp\fmrl@cg Yhakfg &@@Qre%ﬁﬂélﬁ§9de9£hse it is
I n argete tissues or cell's in a patlent S bod

poss1b1§p®c refgul:ateandpts@lcat ol vertsinggraes ansogiagmhentht @ p@ttwiarrl diseased or

injured] S0 *vin oy, 2BRliceE3h e ity ERSSLEF S ol O Bty semals of

approptRueirefudhcy Winplitite! Favefontl a6WbAEM YL HOMNED rbﬁl‘iate duratlon of
rovi des the desired effect on gene expression

time. The ppecifisityeandriglactvign @f ehugnad spasrpidng a@felwny@héi@b may thus be
mﬂuer{ce!i lé(% "39 ’cotIl &M\%Sthg xﬂje%?&sgf ‘?elhgltn[ @eneg ect%%g{ ge(}ta;rf) liseased

ment eca se Speci

or 111311%& #4506 bF dBeddealdled foF tiatntedk. 1Al partieine, &mmres%ﬁt mrvemm provides
be influenced by several factors, In particular,

for theéﬁf@ét@fiut@aunmt ef estearthsifsy hsmatord W@tﬁ@e%‘ylag%rth @aﬂecartﬂage

defect Ed/or duty cycle can be specific and

se ectlve or the expression of certain genes and thus
provide for targeted treatnents. Tenporal factors

[0039]( e. The pmtsnmum@ntlotﬁ alsp Imom?lmé@dcdsdhathaclaﬂe@tsouml of at least one

als i nf.l uence th e
signal (gfectile; vl Sty b P cteRilanatr g ik piionrotsiopse ene
expresSiSRI $8& 'd@ﬁcesTbﬁ thee preks@iti i@ention can provide for the production of such

signals for application to cartilage cells by at least one electrode adapted to apply the field
generated by the specific and selective signal in the case of capacitive coupling, and by

extended coil(s) adapted to apply the field generated by the specific and selective signal in
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of gene expression may be nore effective (or made
possible) via the application of an electrical field
wo e004a1968 t i cul ar duration of tine. Therefore, PCOS®04/019137
skilled in the art wll understand that the present
I nvention proyides for var g t he frequency,
P

the usg gpinduciies, couﬁ}a\%f Ehwptém wrifedihereingeangte applied to any joint
l: C

e o1 QL L O

in garments chracegSWEAPe 0P cm anddeliverat biemetiss @ff capaditivd esupling, inductive

tregtnents tar a vari of di seased or injured
couplipg E@epérog}agaetécelgéé@ [%@%Ted%%ﬁgs the present invention
can provide for targeted treatnents because it is
[0040POSThdlSViER JTRBe b%&lﬁﬁ%rﬁl%@a?@cﬁfabﬁzedﬂ Hplyise Q%ld generated by
associated with particul ar di seased or injured
specificj alygelagiize tS’f%la]érfbﬁCﬂXttP chisegseds preingiyed disercaansidorbip the skin of a
Egn I f riate
patlen? R %kfés&?ggth%%r?s%g{ i‘ﬁ%eﬁt Oq%I% afé &Hﬁé ? th% r%tP%te agphcatlon of
spemfmmnambletatmd fdlas (g, ﬂztppdmatﬂfn oftd fiﬁd aﬂ'h dlme Iﬁfolnﬁ tisyasad@r injured
selectivity of a signal g@neratl ng.an electrical field

tissue)qgithppahs twill e rapgrsktaied tggpafcglwegfg Gruled dggices must touch the

subjec9§ RS é)%nde@fceg el 'f)r&@ﬂteﬁlvlﬂ% [ 38y 1ﬁ<9u&@5&%§ ¢ hitlcBing the
di sease Injured’tissue or disease states for

electrades &i therttody lof apmatientcinl the vicikity @f iepeet o disensed dnsue in the case of

capacifyf EQSAET T4 SmplRe Aot CORCENS coEpdos mgebe atached to the

skin of #h¢/ 'b){tler@r!ﬂ B&Btshdeé‘?&‘ a Waterdi® AnthidELAaRt @s@e%%nhhﬁQ%lehown in
The present invention al so provides devices that

Figur¢ fichseleo shayoumdéigure Zithe derdee Khef the prpsert isypabtivh iyanelude self-
tr
sanereh pEF SR dedor SR Blise By gDkt aamisnt For cxappot, e

dewceplroe(smé ptdﬂ@frﬁﬁﬁ‘i'dhﬁoﬁ aihyiheiél elebteddet N2 apacddGs bPdwet unit 14 that
gnals for application to cartilage cells b

has o Y ERGROD A Mot G souamsadasich s Ww Uit diicpan be attached to a
VEL RO bbb 2015 4 00E 4 Yop I8 o1 e o
of 1ndutdw|atcedp]hn‘g, dppdgyicehE0 bf ﬂiecbrgﬁnerrﬁr‘embrbmay teclsdreedifsi (@ot shown)

sel ect. nal 10, WD 2004/ 112708
attac}l%/ﬂﬁ)%’fﬁﬁwg%%@l ce ?%e‘iﬁ%"é‘%}zu nductive coupling. The

optimal field described herein can be applied to any

[0041] Oi The ditiice APOf GRPreteht BVEl R B Ibet‘eiﬂp@&gea,mlanva%w §f Whys. The
strips, that are applied to the skin, mcorggrate in

devicegl@kmanbe portable eismaybeespsrardn ot permanentiedtiaphedsie dpetient’s body
{
o 0 R R o AN, SRR e 1

of the ﬂ’@eﬁt&ﬁt’ﬁﬁﬁm(ﬁﬁaﬁ be apsldeantthé BMe B iagiatiafitehye higoDbf electrodes
ying a field generated b specific and _sel ective

adapte§| hﬁ@@aﬁuwﬂtfheyswb ofiipatig@afon ithq #pliceipn pisBelds gargrated by the
predetéﬂnh&? spséﬂﬂ?: Ha ?elee‘ﬁ% %‘ﬁ%ls. ;Sr %%}éélg?lﬁ Ofisd Bgla.p%ﬁ%iewa coils in

nvent ron may a teap
which (Iime-srp)@mg‘ r:n:rremﬂ ffm& ethtis \peoducilgdspeCiicgand a&ipd:th{eablleﬂfomagnetlc
t st f di d i njur
fields t?]at penetrate théj1 tlss%e dfh (?er\]/(l;c% 10r (?in}le i)l‘segéal’lst ?nve%lon may a(fso be capable of

implantation in a patient, including implantation under the skin of a patient.

[0042] The example below will illustrate that the method of the present invention may
provide for cartilage growth and repair. Cartilage growth and repair can be stimulated via

signals specific and selective for the down-regulation of expression of matrix
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tissue), although it will be appreciated that

capacitively coupl ed devices nust touch the subject's
w@Rion/113The devi ces of the present invention naRCT/D8i004€&19137

nmeans for attaching the electrodes to the body of a

patient in the vicinity of injured or diseased tissue
metallgpyoteinasesds catflagecegbls sptas e peayepl orighibRmrtienlamgariélage destruction

or dete?xﬁ)utloﬁ H%rs ?&%ﬁ%ﬁgﬁfmg ﬁﬁél{[l%d e dglgﬁlogg o?ttﬁ 2@1@&% tuﬁretruon

can pr@&fidd farttl@addm—kegmttmaiftrﬁutni Irr&ataﬁB)pﬁd‘némmsel g@neé:lh@‘ud@tr%y cartilage.
As al so_sho the devjce 10 of

re 7, t he
A Van?;yg swtilags\ralls p%bq.r%pgqtepclpm@g Igeéhq Is of {he prssgnt invention including
34d idtudihb Ak hen P th plat
arionlf, GEARETSs 44 HRMIudhl AR R fiE by e GrlPaby B plae
cartﬂagfr esent invention may include el ectrodes 12 attached
to a power unit 14 that has a VELCRO patch 16 on the

[0043] at t o8 e S d(? edig tﬂ% ?Qx&aﬁiﬁf ﬁggnétﬁlg:ﬂ%efn Fe?rﬁéa&e diseases and
injurie®ray e tzIrE@ce@ &drftreatrhérd RidOthe WRIHIA oTfthd fese@idvedtion.| N t he

case of i nductive coupling, the device 10 of the
esent invention may jnclude coils (not sh

(004415 at tH@ﬁeékt lsd gBviBe ath il firthey lmdseéanéf thay they éefdcé@ afpthe present
1nvent1L)Q Q:?&])e??l r%ggd/ i\tlgf?fge@e@ oF rf(ﬂﬁlsﬁﬁ&?ﬁﬂ‘g | C{é{/éllg crﬁrg@ %gower unit
with pmgramhbce rounltiphey stmcltablhq; epemﬁct ynd selmtmtglatsl fpr applamztied to one

. to a.patient' od Th evice 10 o resent
pair ory pGHRF bipaits of FEREYARS: §F Sleamei et Rl e it with
swuchatﬁy Ixﬁ@m&fé s&&ﬂc%d%fééﬁ% SIgrta‘rse Bhd ﬁ’ff‘ufﬁ%’otﬁﬁ sﬁﬁﬁtutsldwttﬁ a power
he skin of a patient by application of electrodes
supplya?dagmwtm@rsp@@ﬁt: and seleetivetstgnalsk Ganesally sprakingndevies prefegence is
appl j.catiaon of fie ed b the redter e .
based gﬁ é)@herﬁ acg%a%ceel %]CJ[ P%ée%g coglﬁlgf z%.:nce“S sglablg mgs osrg?ble unit
availae i el dreet thiedpreéseht fimierls awapaditid eRpUAs ibIghewEveENbRients with
flow, thus producin speC|f|c and sel ective
extrem§1Ye@ttn|St§Wﬁqu§t Ay Pieiirdle yssaindpeivet soaplng jwits; Qgythe other hand,
ultrasciF bl Hnfl o RRER cob iRy B TR nEUBAE B2RAMLP corain
paﬁmﬂmnder the skin of a patient. [0042] The exanpl e bel ow
Wil illustrate that the nmethod of the present

invention may providg for cartilage growth and
repair. Cartilage groﬁﬁﬂggkﬁ repair can be stimnul ated

[0045]VI ar heslhgélﬁioﬁ i8 B@ﬁbﬁé@t&f‘ﬂ the Eﬁﬁ@lﬂ@ ek@hple) h@hlch is for purposes of
down-regul ati on of expression of matrix -11 WD
illustrapion and is2w0 S1terded Ushoduthe seps pL tlwmreﬂenblpwmtmnn ases in
cartilage cells so as to prevent or inhibit articular
struction or deterioration in
Mate”%%tr‘}e')ga is patients. In particular, the nethods of

[0046]t h&jlm’rﬁﬁ@@’te culvged were praparddr Svmdeiteorfetaher adult bovine articular
down-regul ati on of natrlx met al | opr ot ei nase genes t hat

cartﬂaerethO@ylrQ%tes i (I5a§e10 gellglem?p twere fplaed tqnmaglee M@Oéié‘lﬁd Cooper
dishes. bﬁl}) udlg e rbo>6vnt & VE Eggﬁmﬁlf ; he r 5 ofi Cg'ed t;’us 3&1‘09 b beginning

RNt ocy
of the ailidrmHnaeﬂ cofAditivhaUks expediientl céll t;ullnﬁeethramghogf ehebd studies were

| ate
subj ect%d to a capacitively coupled 60 kHz sine wave signal electric field with an output of
44.81 V peak-to-peak. This produced a calculated-field strength in the culture medium in the
dishes of 20 mV/cm with a current density of 300 pA/cm2. Control cell culture dishes were

identical to that of the stimulated dishes except that the electrodes were not connected to a
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cartilage. [0043] Those skilled in the art wll
understand that a variety of other cartil age di seases
w@ea4/1121p&Ir i es may be targeted for treatnent vPEI/UB®04/019137
met hod of the present invention. [0044] Those skilled
in the art will further understand that the devices of
functipp,gengiai@ant  j nvention can be provided in a variety of
forms including a capacitively coupled power unit

[0047]M t iTofal ORNATRRES  #¥bllatcdPh8ingS WRIEN2PARordshe Clof ithe aﬁgnufacmrer s
sel ective signals for application to one pair or

instrugtigms, Pidereyaised tignscaiption @)ey,sms SuppiSetipo Hagmernse d:raumnmse was
perforﬁlteh aépg%nfgge 8al ?%{elrs\ljtg' btse %\Aﬁé i\ the\g%"fa Wteﬁnpgg% &vlg?ge §lected from

pubhshéd relNaA OSquBﬁida:s aoip dvEipneds WPpk Y theOPrigen %)é}irés@g software program.
pecific and sel ect|ve nal s. Generally speaking,
Quanta%fe/‘rec@a&vélﬁe%r@@é@ plsR bPéél%d)erEaW% pere ¥eiAg anahgl Prism®
7000 PRALESRAD &S %?@&81 The smal |l est and nost portable
unit avallablé 1n the art at the present tine is a
capacitive coupling unit; however, patients with
[0048bxt Thereptimebsignali foz thkidqsirmﬂydmf@ulatmnlﬁenﬂahﬁuntetasllleproteinase

re%%l} %”E%loﬁuslf‘q&g{‘ﬁg: ﬁglgegg h@@&nw Oungb&ﬁ\’[ﬁ 13, among

othersdesﬁasf REhE s§PEmMBRAIIPYs EohA! An eRRtric@NdiSnal Eﬁﬁ@%'t@ decrease (or even
[ 0045] The invention is denonstrated rn the follow ng

just susg & dogreess) icellyler piodppivneel MMP jip talenrast the rstartin isignal for

sy 3 SRS Lol B e B AEABTAS SN RERS Bl (o) o
MMP cAll doge-espusseccupvee safireipdrfcemeé ibly haryifig tied dwatiad of fhe signal while
bovine articular_ cartjlage. Chondrocytes (5 x_10

holdingeal} Becqtbsr Hgral Gheracionistins nstaat (agmlifudey dv expleo’r‘aswpncy, and
_ €
Wavefﬁ‘?ﬁé‘érgg Eg% LIJ',h{rj‘sS(‘tlfﬁelé)rrﬁ1|ngé;sOc%‘l‘%o eglélndrl{ﬁ%gly f?th\@"sfa?tlﬁéqﬁgnal for the
gene eapmssiomﬁl\@@cﬁmdcmddmm-ﬁspom parvene titeal pecelhed; uhik tinesvarying
hro se s i es re. subj.ect to, a
e o KONORRM DEE BLUEL S5, 1B 1 UL 80,1 0.2 ki and ot
signalf dtRkddtapstibs dBn@Mit glﬁfes #4)8A YoRedYsdnSe: RE ‘%era?é?ﬁl' 8 third time
produced a cal cul ated-field strengthin the culture
(varyipg ciaphithde)t hae foarthhémeof(vmnm/ﬁ@mmcy}; antuz r@fih time (varying

warer Lty R SO0 TB 68 b B B5 i

optimdl Ripnel B ektedti@fed\ief Srod@ing MHeeedi@d dk@ede in Ik 3Bk expression of the
2004/ 112708 PCT/ US2004/ 019137 function generator.

various hEMPs. Tot al RNA was isol ated using TR zol, according

to the manufacturer's instructions, and rever sed
[0049]t : gﬁ@géril;l %%{%ﬁgblérﬁg')ay% ermiR&S W%}'?tmétﬁocf R&WP G the art, such as
real—tlme quantitative RT-PCR, Northern analysis, immunoassays, direct biochemical

analysis, and the like.

Metalloproteinase production by articular chondrocytes
[0050]  Articular chondrocytes were exposed to a capacitively coupled electric field of 20
mV/cm at 60 kHz. The results are illustrated in Figures 1-6.

[0051] Figure 1 is a graphic representation of MMP-1 mRNA expression when articulate
cartilage chondrocytes are exposed to a 20 mV/cm capacitively coupled electric field for

various time durations in the presence of interleukin (IL-1B). As indicated, the minimum
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performed. digonucleotide priners to be used in the

RT- PCR techni que were selected from published cDNA
wGewyemes or designed using the Primer ExpresBCT/US2004/019137

software program Quantitative real-tine analysis of

RT- PCR products, was perforned, u3|n an ABl _Prisn(r)

MMP- ﬁo@@fﬁ:’s‘é‘&ﬂ@ﬁ&‘éﬂ%t}v@&q %@Waélﬁp PoOsBUTere Myt cxpression of
MMP-%'E rgigﬁ:Aoé&ﬁrrE@ & &g@&%gﬁ%d&% 1 g r eg d aectﬁa CF‘% %%%%g

pr ot el nas I on-
[OOSZEenEigui'e)Q. iViRer dphi d/MdprSseatat oyPMINMP- 3anm<gA eRpMRedion Wasn articular
.. fou ystematically as follows. An el ectrical  signal
cartilage, &ﬁ?@%@ﬂ%ﬂr@a@@om teg & mVigR enpidlegonpled cledirc field for

Vanoug e&ﬂl@ a(ﬁﬁﬁtlcﬁﬁl i u'tl?e{) Ippe[sgﬂ!‘écgf 9111 f %ﬂ%ﬁ%ﬁ%@?l I gﬁl&n MMP-3

tarting sig termni
producftmh cg:emeéchwmhgmgrm dirtagibfls 6080 hhﬁutgsammi émngs Maxtimum expression
MRNA of MW, A dose-res onse curve is first
mél%wéooosyn%nwlﬁ grasence @f Hartl Povhepmor Pectdgifiwns yaeii e
ol t | gﬁéﬁ; { t ..
[0053]I(1a rrg g{ﬂ? ug gﬁ?hl% gﬁ{ese%'t r%g 85 encyal%alﬁgwg V\%}&z?s%%%%ﬁe@l articulate
cartllagEicgblticHSC}&es'S)ne éi’jioSe(ﬂ&i £120i m&gcrh fbapaﬂﬁ‘iremlcodplédlteild@thcﬂﬁeld for

the starting signal for the ?ene expressi on of, MVP.
varioug %ﬁ&%@r@s%@n@@%ﬁ?\ﬁg HsIBnéds iwdicrisdmile mipjmum ADMP-13

expres% 0 c¥1§&rr d {8n sfdhe1 811%5?( d;fsyo‘?% hinBfBs ]agg %’égx%g%% M’E[J(%ﬁmltn expression

oor ess the anp

of MMSP SR A ebarraetia ﬁheslsfemc@@fmambvhéﬁhg @Ie@thcﬂty@s)as vhed.
dose-response is repeated a third" tine (varying
[0054]a npFiguueld) is 2 faphict wmeis%at(qnaqa@/Mi‘émeBbT ﬂmryssuahwhal articular

a k R
critabd i e Y3 e VPYEIP ORGSR it or
differed dugptydiey 111St1®n@|esdn‘ée @etIer ¥p. ned ifdidatdd, QB! edifBimin @xpression of
3r eatest decrease in the gene expression of the

aROUS opgymeed 1S 401 00% étltéf fyciscpigaals Myvrimuyp gxgression of MMP-1

r uch as
§‘§3ﬁ%“i Ealeﬁ%n%ﬂ%{a 'ﬂg‘?)sﬁ}% elﬁ@“?ﬂi?‘% gﬁ% ysi s,
[0055]| MBipass Sy 9, gerIﬁ@@épréBeﬂt@ﬁ@rﬂ”bﬂMMPémﬁm\SA %xpr@ﬁlﬂoﬁ HP@en articular
i ke. Metall oproteinase production by articul ar

cartilage sherfireesfeseard ouosqd 1 | ?eﬁjn&%/cwm%@?%@%deelecmc field of
dlffere%{(@?tgrec ctegélgtl%_gl%gl ! é\é?ﬁl 1ﬁ°k{Q él?(ﬂcaﬁgf r§ | 'CF%:{)ﬁessmns gccurred

e resu

with 1609LERS8.39EdudyAolkl. Fiagiiien kxpl‘ésﬁorgbﬁMMP 3 mRNA occurred in the
representati on of MVWP-1 nRNA expressi on when

presenaﬁpfﬂuﬂ&mélen@areﬂqcn'agfewm@ﬁ ocytes are exposed to a 20

m capacij tiv cou for .var
056 FBREF BT biskebie v s, by oV gl Brticuter
cartilad® chowlir6@i&darel & oBEAkITHMO nMcMQa%Q&ﬁbé@ZJdﬁgled electric field of
PCT/ US2004/ 01913 MWP-1 expression occurred with a

differest dwial cydles an itlempresenge ofllmiBeds indisdted: misipwn sxprassiofis occurred
with duty cycles of 100% and 50%. Maximum expression of MMP-13 mRNA occurred in the
presence of IL-1 when no electricity was used.

[0057] As noted above, Figure 7 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 electrodes 12 are placed on the skin on either side of
the knee at the level of the joint line. The electrodes 12 are attached to a power unit 14 that
has a VELCRO® patch 16 on the reverse side such that the power unit 14 can be attached to a
VELCRO® strap (not shown) fitted around the calf, thigh or waist. The electrodes 12 may be
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MWP-1 nRNA occurred in the presence of IL-1(3 when no
electricity was used. [0052] Figure 2 is a graphic
wo eprasant at i on of MVP-3 nRNA expressi on when BCT/US204619137
cartil age chondrocyt es are exposed to a 20 nv/cm
Ci led electrig field for various tine
placed (i B hindi et Difne Shicioded cntH e or At atbe pony fgent time.
Of cou¥kd) |o‘ﬂwfnsﬁﬁ4?ﬂ§ ?8}%5 odUfebirqies QQQ)'r' bR (1 {ﬂauéﬁmuplmg) may also be
durations of m nutes and 6 hours. Maxinu
used. expression of MWP-3 nRNA occurred in the presence of
I'L-1(3 when no electricity vvas used. [0053] Figure 3

i S réRglA ressio
[0058 efhéal}?(fw tr 194pls ?e%%llaﬁlg ggﬁ}:l g/rlggé gliﬁ and e %65%(2%}' ? Standard
9-volt aaﬂ&yﬂb’/eﬁm ﬁaﬁa@bik—me;beﬁk couplmd, 20 acVichg 6D|1@12d61ﬁ@an6 signal to
ous, tine durations _in the presence of |L-1(3.

the equHaﬁlealt?elalaC%@ Hheri¥<Fu Y happshie signak srpreeides sppieaaly 30 minutes
per daWﬁl £ PR S}aéo}‘c?é"g 09%@ hid P &RoRRYo gfgnﬂ'fl‘%éﬁy down-regulate

X1 mum expres NA occurred I'n
genes proedagomatoifx théfalldrrBteinases. His dleatriant chidwd pres entsedninimize further

. 0054] Figure 4 is a gra C, I resent i n of -
articulf iR o EhaobAs el p oL TOUE G e BB et oy damwaged o
degen@hiRd ERfIO ﬁe@hﬂeet ghotft A1V srev&RRARIAiMAS ﬁﬁnfb@ 'rﬁé!ta%@asm

electric field of different duty cycles in the
presence of IL-1(3. As indicated, the m ni num
[0059]ex pTla;es,@iaawlefiescm(wﬂ qbwnmn@%sé@tqsé@tm expaess 0%l MMP-1, MMP-3

i VIS 540 P TGS O M By o

enzyme@svhice destfd}OEﬂicul%lr guartdade s af tgreahiagthtitiyp r(BGthné@édaﬁBrms and
rtil

sheum i i IBHVgR eRArtlp. r@ﬁ%%é%ﬁ* AU Lﬁ?kegg ﬁl%:.amgywﬂh type II
collagéif’ ugk egheeh et rdré:anflé %%ﬁ’st&flentsd 'o?faﬁflaﬂ dr duliiadey G aft damaged,

he presence of i ndi cat ed, m ni‘rum
degraded pmé/s)s |d@st50§®dcewtrlwed thevdevel s aif drtBrifydbst ungtald:gprbtemases The

| on_of .MVP- d i,n .t
presen T CONUL Py BB A, onigr L FUEERS B stbega e cxample can
very SILgQﬁfeﬁﬂlﬂﬂWﬁ@e@late MM®L B MIP-3 emmiletmkmpind\%éﬂc% decrease
MRNA expr essi on when articular cartil age chondrocyt es
cartilager enaéip disstictiona e imviherpresapac iof |IIae1Bf Tiwplskdled in the art will

f t .dut.
sppreciE skt 4 Biareqpea%(%eg%gﬁfﬁd P deibeH iR D eppeiirecirutive, is
also ey lefRBtiverith iddkctive \eh &gOindlﬁp&fe@tP&n@xénc IVpet by Mat fplroduce

expression of MWP-13 nRNA occurred in th presence o
equivajent, ¢ Begihe pqiEvalanteeleetiie field charnctesistics. tfb@@‘/s]lnlhsi ip ghegatt will also
appreci’j’ak&iQ E?th %&%ggreu é' élg@aé n@fia?actcfr"}sa? V'Iﬁa}ﬁ glg d'cﬁ c%?n%rg ? nc?u%h more
experipaiitaBoi “Whtthoﬁsiamwiﬁtb (e.5.1 8 106 3% dktyed/cle’for 30 + 3 min), but such

illustrated, two <circular, soft conductive
relatively|mingg Neraions & eeqhy ofte sigpaleharastesisties o heligvasiiorbeowithin the

t vel of the joint
level OFF}%OES Elﬁlﬁé&jﬁ} @%talftg‘ee nktggf%g?rgn%s{}tf‘eg% ed to a power unit

14 that has a VELCRQ(r) patch 16 on the reverse side

[0060]s uchhashakilked en plosvert wilialsolappoariatd ¢hahmimeted dtleeranodifications to

the invention are possible within the scope of the invention. For example, the optimal field

described herein can be applied to any joint via two or more appropriate surface electrodes, in
pairs or strips, incorporated in garments, braces, wraps, or casts, and delivered by means of
capacitive coupling. Also, the optimal field described here can be applied to any joint via

coil(s) or solenoid incorporated into garments, braces, wraps, or casts, and delivered by

-15-



VELCRQ(r) strap (not shown) fitted around the calf,
thigh or waist. The el ectrodes 12 may be -14 WO
wWQeMMA1Eav 08 PCT/ US2004/ 019137 pl aced on t he B&I/NS2004/019137
before the patient goes to bed each evening or any
er conven| cour se, ther sui t.abl e

meansto u?fﬂ‘vee‘foéll’ P d‘é‘iécrggcgn%}?' fhis; seapq PHIne; HYRRION, 8 hot intended to be
limite§ €3Hblk 'pF&“}:rré@Mm%(ﬁﬁleQ@desMﬁﬁ:@i ab[)@é) P8 orl %a%‘%fgeﬂ&dt cldiths.

is preferably small (e.g., 6-8 ounces wer ed

a standard 9-volt battery to emt a5 V peak-to- peak
6-10 mA\, 20 mv/cm 60 kHz sine wave signal to the

el ectrodes 12 placed on the skin. Wen this signal is
provi ded approxi mately 30 m nutes per day with the
proper duty cycle (100%, it has been shown to
significantly down-regul ate genes encoding matriXx
net al | oprotei nases. This treatnment should prevent or
mnimze further articular cartilage deterioration as
well as to heal articular cartilage that already is
damaged or degenerated. This treatnent should al so
prevent or mnimze tunor netastasis. [0059] The
exanpl e descri bed above denonstrates that the
expression of MW-1, MW-3 and MW-13 genes may be
significantly down-regul ated to decrease the
production of the enzymes which destroy articul ar
cartilage so as to treat arthritis (both
osteoarthritis and rheumatoid arthritis), cartil age
injury, and cartil age defects. Proteoglycan, along
with type Il collagen, are the nmain organic
constituents of articular cartilage which are damaged,
degraded and/ or destroyed early in the devel opnent of
arthritis by netall oprotei nases. The present
invention clearly shows that the optinmal electric
field described in the exanple can very significantly
down-regul ate MWP-1, MW-3 and MWP-13 nRNA and, hence,
decrease cartilage matrix destruction, even in the
presence of IL-1(3. Those skilled in the art wll
appreciate that an appropriate electric field, as
descri bed herein wth capacitive coupling, is also
equal ly effective with inductive coupling and al

el ectromagneti c systens that produce equivalent, or
nearly equivalent, electric field characteristics.
Those skilled in the art will also appreciate that
nore uni que signal characteristics may be di scovered
through nore experinmentation with nore data points
(e.g., a 100 3%duty cycle for 30 3 inin), but such
relatively mnor variations in each of the signa
characteristics are believed to be wwthin the |evel
of those skilled in the art given the teachings
herein. [0060] Those skilled in the art will also
appreci ate that numerous other nodifications to the
i nvention are possible within the scope of the

i nvention. For exanple, the optimal field

-16-



descri bed herein can be applied to any joint via two
or nore appropriate surface electrodes, in pairs or
W@ R0 82708 ncor porated in garnments, braces, w ap&T/Us2004/019137

casts, and delivered by neans of capacitive coupling.

AI%Q’ the optimal field described here can be applied
What jsclaimed i8i nt via coil (s) or sol enoid incorporat ed

it 0 gArmehbde of beaifkally whd paectivelyCdsins regalifingd@hd y@ieaskpression

o} ]1 WD 2004/112708 PCT/ US2004/ 019137 neans of
Ofmat}'l}ﬁ/a%ﬁ‘é% QRECTEHRRASI A AT REE HetieneAnbrisingkths SEPeobf t he

invention is not intended to be |imted to the

ef er oghi t i b ; : I ;

e B e o B Bl o 4 mtally
optimig¥rato dewiekeguintel thesgeng expyessarhotimefrixspetallbprotdinage antheasured by

sel ectively down-regul ating the gene expression of
mRN%?Pﬁ. X metall oproteinases in cartilage tissue,

conprising the steps of: a. generating at |east one

seci féxposing tbebatitagy Gissiegbal fidld @kndroted WySheBpdcaid dd selective
. gptim zed to down-regulate the gene expression of
signal fert3 predeferminpd duigtien phtime a4t Predalstpingd pifervakrma as imdopn-regulate

the ex;fxﬁ&?cﬁi %%t?& rﬁ@cgﬁdg)gf\gﬁagé AHGshd %y;riélﬁéhg. generated by

e specific an ective signal a predeterm ned
duration of tine at predetermned intervals so as to
dbwn- r Blgrinwtleod ofelabnpl edsiam thd gamdrating step comprises the step of

e A S AR R S T B e . of e

specifist 81 QblectS® @fphhl @hil ViR YoM kpRsasP! dit Befix FtAldpPheinase as
duty cycle, frequency, and waveform of the specific

measugedby: injthe sirgige tigseils substangalheredugndessi on of

matri x netal |l oproteinase as neasured by nRNA in the
reil j I § s SU 1.ally luce
2! o RS B AR S S S e ep of
exposihfpen sttejplanfcartidageahomtroayte ar the Cieldageneentdd byathe specific and selective

X honpdrogyte to the field generated by the specific and
signal {ogta ermaingeh dyrafion 0}5 tge gt AR HL IR Of SRregrr day.
time at predeterm ned intervals of once per day. 4.

The methoehealodcdeéldind IVRBERIN sS@ Andehss eb %nﬁﬁ*ﬁgs the step of

conprises the step of generating the specific an _
generafing gbe i speci§ic ganall sedectine ragsll ext spuerpeteasniresapad eridoskpeging step

compriet B SRRy et T Retan AR Rulhe Freptfffecine pigga to e

cartilagtidsbé.age tissue. 5. The nmethod of claim4 wherein the
exposi ng step conprises the step of

5. The method of claim 4 wherein the exposing step comprises the step of
applying the specific and selective signal to one of (1) electrodes, (2) at least one coil, and (3)

at least one solenoid located near the cartilage tissue.

6. The method of claim 5 wherein the exposing step comprises the step of
applying the field generated by the specific and selective signal to the cartilage tissue through

one of capacitive coupling and inductive coupling.

7. The method of claim 6 wherein the specific and selective signal causes the
electrodes to generate one of a capacitive coupling electric field, and the coil(s) to generate an

electromagnetic field, and a combined field.
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appl ying the specific and sel ective signal to one of
(1) electrodes, (2) at least one coil, and (3) at

wo emgtiione sol enoi d | ocated near the cartil ageP€i/5S2004/019137
6. The method of claim5 wherein the exposing step

CRar s pdv e, T BeftampRE a1 oE 01 Huf SkaRR apycfead one of
osteoahﬂaﬁﬁb‘ | erhbivh e arttRRe, Qitile: %@ﬁ\ﬁfﬁr?' é’ﬁtﬂ% Héfe&g %F‘growdmg an adjunct
i nducti ve couplin clai m

to othehherpigsi mpleldm@ontgeaste en¢ oEcel] gﬁmplamtm tigswe-engineered scaffolds,

Ll e A T T p—

compridiecthecrapgoét i c field, and a conbined field. -17 WO
2004/ 112708 PCT/ US2004/ 019137 8. A net hod for
perf or treat | | east _one

t f
of- g%}?f%@%r HF?S? ?ﬂfﬁe Sli(’)ﬁfrﬁ]‘rgﬁﬁ:%&dors‘%g“é?’t? N at éawe*rﬁeéees the gene

expressidhWnatGRbidd 1RGP 1A8ERE E@me&s%}ed)&yofﬂm&%nﬁn adj unct
to other therapies including at I'east one of cel

t ranspl ant at i on, tissue-engineered scaffolds, and
gb-ontrtesmacanilage tissye torasfielil ggnesaied by algeesp@eﬁe and selagtive signal for

a pred%é:}mﬂ{eﬁvcﬁl%t oAkt Ig)lf'éH%Ee n?neg%%ﬂgﬁ%%oe%ﬁ sCe egh&gg ogz&lt-]]fegﬁl%te gene

enerati east

expresﬁiogIiﬁlmdtﬁﬁtneﬂ&ll&prdtﬁgweahmeidﬂﬁe(ﬂﬁwpr essi on of
mat ri x rret al | opr ot ei nases as measured by nRNA; and b.
e p05| car age tls ue . to. a field generated by the
eci f e éﬁ‘“c} RIGEE S SWB?FS}H ther exposhigatien é‘fPFﬁPﬁé‘%f the step of

capama%@tcbﬁﬂn?gt the HEREb ShdLgded AlgEval s so as to

sel éctively down-regul ate"gene expression of matrix
netalleﬁ;otelnases as measured by nRNA. 9. The net hod
10.cl al egmgthed edinclaine &thcmungheteggpsmgmmp sepprises the step of

oo 5 B SRR e QHR D5 At St e

t he exposing step conprises the step of applying one
ofl.an dlecheboagialaim 8iwhdeiantle peaombthd @tépfdoﬁgd'lsé@ the step of

, the cartil.a g{]éssue 11. The met hod of claim

generaifg 28, ‘ﬂe‘ft’H%%t? PARS A WPEFdeoriprpsedmetely 30 apVism, a sine wave
aj i I [

conﬁgglgtg‘réféx% r(rlgltgye@?cl@ 0?%&)/1?1‘0&&% g:jlndg)@’vma{\;lg Q@reﬁ?@ﬂ Zr i g%xnnately 60

kHz. duty cycle of approxi mately 100% and a frequency of

approximately 60 kHz. 12. The nethod of claim 11
t he

el Vi el ReBR O hter 1 ByIGRER b Exadiiy Pleh opincise the step of

applynflgJ thePel6triaticfNtcOthe RRATIARE! tTBEE FOf SurBl AL SpprEMBIaYel? 40 minutes
every 240Il11<§usrs

13. The method of claim 8 wherein the generating step comprises the steps of

selectively varying the amplitude, duration, duty cycle, frequency, and waveform of the

specific and selective signal until the down-regulation of the gene expression of mairix

metalloproteinase as measured by mRNA in the cartilage tissue by the generated field is

substantially reduced.

14. The method of claim 13 wherein the exposing step comprises the step of
applying the field generated by the specific and selective signal to the cartilage tissue through

one of capacitive coupling and inductive coupling.
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13. The nmethod of claim8 wherein the generating step

conprises the steps of selectively varying the
wa@eiitiatoe, duration, duty cycle, frequency, aPdI/us2004/019137

waveform of the specific and selective signal until

t down: requl ati.on.of .1 h ene expr.essi on of . mat.ri

mival | obPbreiogel ult L Mol fy SRS A el v gauses the
electrddsstdzeyratdenc0eM@) atapaditivl ebu SHREIAREIEAN Yin elect ti

reducg%. 14. The n%thog of clé?ﬁi%B mheréina{ eneecromagnelc
field, andhhiarrgmehingd f&eddrpri ses the step of applying the

field generated by the specific and sel ective signal

t gt he gapli: .S e of I, b .

LS A8 stk ) 1Rl of SRS IR, e
arthritRCTAIBRAATON, SaBilageMsfechmdmeethaakesin winairmisdik, vhaprsing a signal

sourceteﬂgaéi)%gvgciéési a& (}g%g ﬂ%.e gitegﬁgliotﬁgt %}::g[gsilji fé?cg g%zth] g%selective for down-

18D PR 0e:h @G ohi 6 fe@lldprotetdasdseing
B §|%,l and (3) a combined field. rEE ALY IRRNA, and, one of (2

electredesafmeaitleast one chibaand @he solenoit earmettadito ithe signal source so as to

. rhet ' arthri.ti s, .cartij.l age_injur cartil age
receivg T Ul o it e FRIHHE P Ui ctoruRinn of e fi1d 1o the
cartilagegiishe f@uiprdetehtibed Gaation st ptedeRABine@nBeia N ad MAkelectively

creates a field specific and selective for down- .
downregilits ieRg B psiamiraeialiomoisinasp pameayrast B MERINA ar said cartilage
orumﬂﬁ ed by mRNA, and one of (a) electrodes, (b) at

east one coil, and (3) a solenoid connected to the
signal source so as to receive said at |east one
spéci f i ThadeVicedfodainy @6 Siuginal cofrprismgpl parédblopowér ddiethat drives
d field to the cartilage tissue for a predeterm ned
SAC SIEIPO"EW at predeternined intervals so as to
sel ectively down-regul ate gene expression of

nggal | opiodeRideagelAam TEASheLeomyrisHINchil BRhfMaching the electrodes
cartilage or tunor tissue. 17. The device of claim16

to a bedyr efippatienhipthe vigigity of thetrcapilagpeniemontissuet hat dri ves

said signal source. 18. The device of claim 16 further

> : a '
oo TAOARALSE Uil RGP Ib R SALERTSF i e i
sourcet toradvodlyi fsupatier®9. The device of claim 16 further

conprising neans for attaching the signal source to a
body of..a patient.. 20. The device claim wherein
OO ¢ ol (e Bt clebmy 1 et e 4Bl Greelepdnt prig slgest one
specifRedrdCIelo¢Gvs bighallis hfplRARD s8I Jaftilage B RBidr ts@R8viQonk Wi Rhpacitive
tissue via one of capacitive coupling and inductive
couplipg gpdl fnsiyctive coupling.
21. The device of claim 20 wherein the specific and selective signal has a sine

wave configuration and generates an electric field having an amplitude of about 20 mV/cm at

60 kHz with approximately a 100% duty cycle.

22, A method of performing at least one of: (1) treating at least one of
osteoarthritis, theumatoid arthritis, cartilage injury, cartilage defects, (2) providing an adjunct
to other therapies including at least one of cell transplantation, tissue-engineered scaffolds,
and growth factors, (3) treating cartilage defects, and (4) preventing tumor metastases

comprising the step of exposing cartilage tissue to the specific and selective field generated
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21. The device of claim 20 wherein the specific and

sel ective signal has a sine wave configuration and
w@emenmres an el ectric field having an anpl it uPET/U82004/019137

about 20 nvM/cmat 60 kHz with approximately a 100%

duty cycle. . A nethod of .performn I
by thegievce gt i iy S5t a%En SRS gele Gududin pf Rl BBforemase (as
measufe'awmmip? iRfHelvattilage tissag.t i | age injury, cartilage

def écts, (2) providing an adjunct to other therapies

i ncluding at | east one of cell transglantation

3% sueemgihed of defeapinrrect splectiva signgl Bavneialer g glectrip field that

treatin ' , e t N Gelbdt tart;
dovn- T ECRSE HAABPIELRES PN BESHQI ST ) i
signalt kaswe t® Hbeempeor f suspactdd s&d eafféct e célldid yedeqtionedf matrix

-19 WO 2004/112708 PCT/ US2004/019137. by the. devi.ce of
metallppialaaa(oh SEGENED WA IPATLo GEREHR USRI SRGRE sfbhal uni
an opfgigl%? h#%gBRttﬁétnﬁ%gidgg%nAéﬁﬁ‘ﬁﬂ r@udion NG \Watrix nief@loproteinase(s) is

| .

e tissue. met hod of determ ning a ) i
found,sedrgingi ancanspligndd of thetstayting signekfoa the petimel durpin of fipgtuntil an

. down-requlates. matrjx t al | opr ot ej ( . i,S
opti Tl B o 8o By T DU BB Py B 8 of e
signal 4861 AASRINI r&d#SA6E befatrx @btaBegrokalabe(s)is farmdduct i on of
matrix = metal | oproteinase(s), selectively varying a

duration of applicatiagn of sajd starting sigpal untjl .

a?topt i Theimefhedof elaim R3tcophBiFingdhe glmlgb?qe%gﬂeé@glgﬂyo\@rymg a

f | oLl biSsi ¥4 B&hsBHht, until the
froqueff I atortih B LAELERE, RADSISo oS P e kBN
greategtutiedreasn iaf thei geme uexprdssian ofoprairiva metalpprateivasels) armmepsured by

net al | gprotei nase(s) is found, and varying a duty
mRNAYCI¥Sf the signal until an optimal reduction of

matrix netal |l oproteinase(s) is found. 24. The nethod

of claim 23 conprising the further steps of

selectively varying a frequency and waveform of said

signal, keeping other signal characteristics constant,

until the (greatest decrease in the gene expression of

matri x netal |l oproteinase(s) as neasured by nRNA is
found. -20
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