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{0001] The present patent application is a continuation-in-part patent application of U.S.
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Field of the Invention
[0002]  The present invention is directed to a method of up-regulating transforming
growth factor-beta (TGF- B) gene expression in living cells via the application. of electric and
electromagnetic ficlds generated by specific and selective electric and electromagnetic signals

for the treatment of injured or diseased tissues, as well as devices for generating such signals.

Background of the Tnvention
[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.
However, there has recently been much research into these interactions and activity regarding the
growth and repair of certain tissues and cells. In particular, there has been much research into
stimulation by eleciric and electromagnetic fields and its effect on the growth and repair of bone,
cartilage, and various growth factors. Researchers believe that such research may be useful in the

development of new treatments for a variety of medical problems.

f0004] Transforming growth factor — beta (TGF-) is a pleiotropic growth factor that is
present in most tissues and is implicated in cell proliferation, migration, differentiation, and °
survival. Consequently, TGF-B has clinical applications in diverse conditions such as
angiogenesis, autoimmunity, bone repair (fractures, delayed unions, nonunions) and bone
maintenance (osteoporosis), cartilage maintenance (degenerative arthritis), tumor suppression,
and wound healing (Kim et al., J of Biochemisiry and Molecular Biology, 38: 1-8, (2005);
Janssens et al., Endocrine Reviews, 26: 743-774, (2005).
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bone loss may ultimately lead to a secondary fracture in an already osteoporotic skeleton.
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[0011] It was reported in 1996 by the present inventors that a cyclic biaxial 0.17%
mechanical strain produces a significant increase in TGF-B; mRNA in cultured M03T3-E1 bone
cells in a cooper dish (Brighton et al., Biochem. Biophys. Res. Commun. 229: 449-453, 1996).
Several significant studies followed in 1997. In one study it was reported that the same cyclic
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produced a significant increase in PDG-A nRNA in simlar bone cells
(Brighton . ochem Bi ophys. Res. Commun. 43: 339; .
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field of 20 nv/cm produced a significant increase in TG--131 in
simlar bone cells in a cooper dish (Brighton et al., Biochem

Bi ophys. Res. Commun. 237: 225-229, 1997). However, the effect such a
field woul d have on other genes within the body has not been reported
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hours, a frequency of 60 kHz, and a duty cycle of 50% In particular,
the present invention relat essﬁxﬁm:mvbegidmiréﬁ@_ﬂ@:- 131, 2, and 3

gene expression in bone cells via the application of fields generated

by such si 4 t
net hods arlgﬁgSi oVl %eoergé f%llt %ﬁ@@?%@%ﬁs}%@@%&ﬁ Pvely y &#ggr}% a{ Ba?ﬁTGF'
gene &)Fgegg skpressiern imbertirdls (oy anRRNanpls) vi:GHe-application of specific and selective

electric and/or electromagnetic fields generated by specific and selective electric and/or

electromagnetic signals applied to electrodes. By performing sequential dose-response curves on
the electric signal duration, amplitude, frequency, and duty cycle in which the effects of the
resultant electric field are measured, the optimal signal for up-regulating TGF-f mRNA in bone
cells was discovered. The optimal signal generated a capacitively coupled electric field with an
amplitude of 20-40 mV/cm, a duration of 24 hours, a frequency of 60 kHz, and a duty cycle of
50%. In particular, the present invention relates to up-regulating TGF-f 1, 2, and 3 gene
expression in bone cells via the application of fields generated by such signals.

[0014] In an exemplary embodiment of the invention, methods are provided to
specifically and selectively up-regulate the gene expression {as measured by mRNA) of TGF-f1,
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about 20-40 nM/cmw th an electric field duration of about 24 hours,

a frequency of 60 kHz, a duty cycle of about 50% and a sine' wave
configuration that causes the expressi on of TG--Ps 1, 2, and 3 to be
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det er m ned gene expression o
cycl e, of ﬁ'&ﬁfﬂ@f‘i’é?’msarfﬁfl%%ﬁb FiFk.afdayedr prignsratangaions| panei tiﬁf@Cﬁ% mﬁefusmn

dose rEaRARSRSIRAISH BRAMBORY Sthbh ilefikReRiits e HlHske & @B3bove, and in the
characteristics constant. This procéss is repeated until the opti mal

si gnal trpaimgat af estserpreFist The é'éﬁi of e dnvegtiens alsoninclidse the, meghodology for
expr esgdterifin Tt%"‘?aﬁ&nﬁc and SRR HiBeA ARG BNRhe aSBRGE SN ny Ifhodically

pr esent |nvent|on W ll be elucidated in the follow ng detail

descri FRVHS B¢ dPF?émPere?nFWng $ignad Anp@e P IPEPEE: BF SERectet mﬁ?gease cellular

[0017] pIEHﬂétfo% Y T@F-@sgAﬁEPﬁﬁdxhg RELSRIAA dupition utefteqmam @m& %fg%hpia Wied
TGF- Ps and 3 when bone cell s are exposed to g 20

capaci t‘qr\%ﬂl Pt dreioa) of fime 35 detesmiped dyy the Bns RPFoSHAD ot@GF-B 1,2, and 3. The
2007/ 1429 Q3IE16THédue /20d 3OBform are varied methodically in the same dose response manner

as above while keeping the other signal characteristics constant. This process is repeated until the

optimal signal is determined that produces the greatest increase in the expression of TGF-fs.

[0016}) . These and other aspects of the present invention will be elucidated in the

following detailed description of the invention.

Brief Descrintion of the Drawings
[0017] Figuare 1 isa graphic representation of the mRNA expression of TGF-Bs 1, 2, and

3 when bone cells are exposed to a 20 mV/em capacitively coupled electric field for various time
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durations. As indicated, the maxi num expression for the various TG-P
MRNAs occurred with a signal of 24 hours duration. [0018]

L0 BRI CEFT ok 1,0 L T

coupl ed electric field anplitudes with a duration of 24 hours. As

I ndi cat ed, the maxi mum expression for the various TG~ 13 nRNAs
occurred with a field anplitude of 20-40 nV/cm [0019] Fi gure 3
is a graphic represent ation of the MRNA expression of TGP 1, 2, and

3 wh b d
o1 ot riReRhsr Ag uRhECHBR kS BHsRR (RS S HHBNES ocruored with

a si gnalsxgnhlroda#dmmfduia&ﬂnours. As i ndi cat ed, the maxi mum expr essi on
for the various TGP nRNAs occurred with a frequency of 60 kHz.

0020] Fi f
rarp 1, SR Pt AR RN S8 G B PR T Py
coupl €3 vdicadont sell§ aleckxpased toyarions edrphitizelyreoyplsd ejectiic Seldiaskmlitedes w1th a

field n ' - ;

i oot o BE 94 Houd ARl @ PRl <LHERIOP Ry tpe B TRE-f iravas
occur rexbuged with ﬁsﬁ)@lﬁﬂmpll@@%ﬁ%;*owg with a sine wave

configuration. [0021] Figure 5 is-a graphic representation of

the TG 13jo0aopt GiguMhen abgaﬁue%gréeet&eoﬁméeﬁzﬁé eliﬁ%'séioﬁ ef@GF B 1,2
capamtweg}coupled electfic field of a 50% ewithafield

anpl i tigdepopp cally am %PO@PGW/V@R?U%@W@HH@M (991118?3/ etyctﬂqzﬁelfa ﬁi&‘l’ae@}%é“ﬂl a

wave CRaH aeiplidides¥ 20880 hi\t6dn@h si danmbRbr ok h'B% A3Indi¥AbELitRe maximum
i ncrease was the_sanme with_either or 40 mv/i.cm 0022&F| gure 6 is a
gr aphu?i‘H’@ﬁ’PEsf%?fPSWP%?P%TG%@Fﬂ’ENéF&F%HIFF% feaence Pt €0 Kz exposed

24 hours to a capacitively coupled electric field of a 50%duty cycle
wth a fi e[uozapplmgm Bfa Qﬂphit/t@msentaﬂ& ﬂMhe mRHAfencptmamyf’ﬁGFa})l 2, and
k Hz | ne YRV e configurati | cat g n 3L
Fespont 1B oA oA b p ol coRers Ol S0 eltPlicifont By eieh Hhm o
BMP- 2 freqteacyn of 6Od&ﬁ,|a)ﬁe1ata1@1ﬁu® off 20 nMcm,//anmaasgmbrqnmtmd d¢f24 hatrs. As

occurrj OnV/cm .[ 002 Fi gur L S raphic, .

oot esalh B B om xpaowiad o s VAT ST Pk VAN FRRBa v 57028 19 190%
a 50% duty yydy elith, a dapwave condilgyrationpl ed el ectric field (20 M/ cm 60
kHz, sine wave) for 24 hours. Conparing this figure to Figure 2 shows

the clear ﬂjlﬁ&] ncf'i;kgﬁ& bet X\%ﬁalﬁh{cn%presentaﬁon of the TGF-P1 protein when bone cells are
exposed 24 hours to a capacitively coupled electric field of a 50% duty cycle with a field

amplitude of 20 mV/cm or 40mV/cm, a frequency of 60 kHz, and a sine wave configuration. As

indicated, the amount of TGF-B1 protein increase was the same with either 20 or 40 mV/cm.

[0022] Figure 6 is a graphic representation of BMP-2 protein when bone cells are
exposed 24 hours to a cainacitively coupled electric field of a 50% duty cycle with a field
amplitude of 20 mV/em or 40 mV/cm, a frequency of 60 kHz, and a sine wave configuration. As
indicated, unlike the TGF-B1 response shown in Figure 5, there was no significant increase in

BMP-2 protein production at a field of 40 mV/cm as compared to that occurring at 20mV/cm.

[0023] Figure 7 is-a graphic representation of BMP mRNA expression when bone cells
are exposed to a 50% duty cycle, capacitively coupled electric field (20 mV/em, 60 kHz, sine
wave) for 24 hours. Comparing this figure to Figure 2 shows the clear distinction between the



WO 2007/ 142901PCT/ US2007/ 012560 | ack of response of the bone cell
production of BM) protein in a 40 nvM/cmfield versus the very
significanf,i of the bone cell production of TG N in
a 20 W/cm&ﬂ@ﬁﬁﬁﬁ? [0024] Figure 8 illustrates the"‘éﬁlﬁ%@h’?g‘]’“
expression of Figure 7 on the sane graph as the TG-- 13 gene
expression of Figure 2. [0025] Figure 9 is a diagram
Illustrating a device for the treatnent of osteoarthritis of the
knee, in accordance with a preferred enbodi nent of the present

i nvent {_qn. | Le scriphion, of Pr ed, Enbod; S he

| nvent R of REblscGR 58 cBh obRinBiior S (Hie RreiL B4 in gt Vs the very
bel ow sigtificamfigeressc@f the Heng gek proiu&icbhafSHGEERiprdieim ih r 40heVant fivkl) |
appreciate that the description given herein with respect to those

£ . o : .
Igures 1s [6@4] egﬁ@#@ﬁﬁﬂ%a%scﬁéBﬂﬁl %‘Tt%r%gkeﬁsﬂﬂgf EFF%JSQ ?galgxnt'ldg fs%ge\( ﬁm as

to limt the scope of the Invention. estions
scope e EHEBiganeenressionsf Rigure @sol ved by referring to the appended
clainms. [0027] The present invention is based on the discovery that

t he expr esg0025] of FigQié 8iif a diagram illustrating a device for the treatment of osteoarthritis of

the knee, in accordance with a preferred embodiment of the present invention.

Detailed Description of Preferred Emboediments of the Invention

[0026] The invention will be described in detail below with reference to Figares 1-9
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.

[0027] The present invention is based on the discovery that the expression of certain
genes can be regulated by the application of 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 deterioration of tissues or cells
can be regulated in accordance with the invention via the application of fields generated by
specific and selective electric and/or electromagnetic signals so as to produce a salutary clinical
effect. Such discoveries are useful in the development of treatment methods that target certain
medical conditions including fresh bone fractures, fractures at ﬁsk, delayed union, nonunion,
bone defects, spine fusion, osteonecrosis, as an adjunct in the treatment of any one or more of the

above, and in the treatment of osteoporosis.

[0028] As used herein, the phrase “signal” is used to refer to a variety of signals
including mechanical signals, nltrasound signals, electromagnetic signals and electric signals

output by a device. It is to be understood that the term “field” as used herein refers to an
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genes can be regul ated by the application of fields generated by
specific and selective electric and/or electromagnetic signals. In

ot her word been di scovered by the present inv

there is a@becfglc electric and/or el ectronmagnetic S|Sﬂgﬁﬁ$&@?ﬁﬁmo
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 grow h, naintenance

repair r i.on of

regul aetlee & acc anda'gé‘l'teq31 %sg&%i g’h}eﬁ}/egt‘ F5 & nco\lﬂbgnet% f\i’@eeﬁg(;?ﬁp qu g?magnetlc
fiel dsfigjéee gmeeﬁecbby divedt chirentacapasitive ctuplieg ef nductive mﬂﬁng

el ectromagnetic signals so as to produce a salutary clinical effect.

Such di SCO{U@@ FS ahg ﬂ%ﬁ&feu‘l‘rehetet he Wey e %gﬁzh%tlgé - &ﬁBg%}tcoﬁﬁI)ﬁ%jﬁom a

that target certain redical conditions 1nc
f r act uHeance FRemoied segulationgrelergitol eoptrglling the expvession ofrr 2dnerfrond efdigance. To

spi ne fHside ™
ohe o aSE RGO REEHER) SroviimgRph URlthod ok sfulbh ST ptRRE s BlMic and
[ 0028] salectivesishrl feam 2 remete savrse gar epfeyia providing the ¢ignel fremarsoumeat a distance
var i etyola rabia Sodi6h HEH R RENAM AL oF bilAtaPio b Bﬁ@;ﬁound si gnal's,

el ectromagnetic S|gnals and el ectric signals output a device. It

is to be ugggrsto that the term"field" as used herein refers to an
WO 2007/ 1488891 pcT/Ihegetgase (Ppoeibie Bretelschivg] signdd| medst hisignahfgb pequces an
tiss uee,ledMﬂ@ﬁblﬂl’thétthak §rege@ﬁﬁ%ﬂeﬂ eﬂarﬁétt@rhﬁlc@ bf ﬁnﬂiﬂu&@ G.'luﬂtlﬁﬁt dayeadle) tﬂ‘&;uency,

irect curren plin

field or acitive_cou
| nductTe “EVTf ‘g'at F@rﬁ@i ) APwaaestishot dareried @ 9 rgelsd dbnstipgally
act ed dbmpmsmmmtyr@hée(i;pfsdﬁﬁﬁﬂtﬁ 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).

[0031] The term “regulate” means fo 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-regulate means to inhibit or prevent expression of a gene.

[0032] “Functionally complementary” refers to two or more genes whose expressions are

complementary or synergistic in a given cell or tissue.

{0033} “Tissue” refers to an aggregate of cells together with their extracellular
substances that form one of the structural materials of a patient. As used herein, the term “tissue”
is intended to include any tissue of the body including muscle and organ tissue, tumor tissue as
well as bone or cartilage tissue. Also, the term “tissue” as used herein may also refer to an

individual cell.
[0034] “Patient” refers to an animal, preferably 2 mammal, more preferably a human.

[0035] The present invention provides treatment methods and devices that target certain
tissues, cells or diseases. In particular, the gene expression associated with the repair process in

injured or diseased tissues or cells can be regulated by the application of fields generated by

9.



di stance. "Renote" regulation refers to controlling the expression of
a gene froma distance. To provide "renotely"” refers to providing

froma dis exanpl e, providing a specific and ' -

si gnal fro%% lr‘r‘ggﬁe source can refer to providing the ﬁelléﬁsgf)d%ﬁ%?ﬁ?a
source at a distance froma tissue or a cell, or froma source

outside of or external to the body. [0030] The phrase "specific and

sel ective" signal neans a signal that produces an electric field that
has predeterm ned characteristics of anplitude, duration duty cycl e
frequency,.. and formt t or d tar

oene. chevip SERaRHE aBd ekl Bk B s s i B Bl B s o

al |. owscadlaeGbwe atpyesmndiahfiengrtes hmﬁmrfdommgulaeﬂ&gﬂthuapPMagmlos sigfals that

et cvlearir e AR araaar o ARerhSel 15 of SopBRRn L Bense ok g prodice o
[ 0031] beHeBcinkclinitalegffecttRot ereapke, b pactizniar mj:ecgﬁcn and xgleddsi signal Rexyudredte an
' d I th_up: | at d.d :

5.1 had kDB R ! B PRI SEIEHE samo o anotr
down- rlwt:dstda.respw&nanﬂcse]enﬂwdﬁignad mayra@vae bn elepiriesidld thad downgegdates a certain
0032 undetBthl 9OH LorCQIBR ATERLR Yond BLG%HS. kel R PE0ER B e

expressi ons ar ary or synerg gi
ti ssuepar{i@ﬂ@?)‘fﬂeﬁﬁ;sami seleétives sigoalamdadore-gaubitaf byd Ifisid ggerdtect by arivther
their celd I - f t ruct

e LERCEL] 43S MIBAE YR L R RS0 A g o
t o i ncininted aﬁsnes |cg:sl!pe teyfgeter ofoh dugetnient budsmgatmgs&lbee genes goyeming theugowth,

tumor LLEsEES | afdadd H@at?c( &Qfeiego?ﬂi%nto'f%q%s udsl SO, the term
"tissue" as usé efein also reter to an I ndividual cell. [0034]
"Patient" refers to an ani rral preferably a mammal , npre preferably a
human. [0036] The methods and devices of the présent invention are based on identifying those

signals 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, waveforrn 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 specifically and
selectively regulate gene expression in targeted tissues or cells in a patient’s body. Specific and
selective signals may generate electric fields for application to each gene systematically until the
proper combination of frequency, amplitude, waveform, duty cycle, and duration is found that

provides the desired effect on gene expression.

{0037] It is 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 elec.,trical field of
appropriate frequency, amplitude, waveform and/or duty cycle can be specific and selective for
the expression of certain genes and thus provide for targeted treatments. Temporal factors (e.g.,
duration of time exposed to the electrical field) can also influence the specificity and selectivity
of an electric field for a particular gene expression. The regulation of gene expression may be

more effective (or made possible) via the application of an electrical field for a particular
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[ 0035] The present invention provides treatnent nmethods and devi ces
that target certain tissues, cells or diseases. In particular, the

gene expr eﬁrﬂzﬂ&/ﬂfﬁ?d ated with the repair process in iI‘HT?HS%EW%?ZSGO

di seased tissues Or cells can be regulated by the application o

fields generated by WD 2007/ 142901PCT/ US2007/ 012560 el ectric signals
that are specific and selective for the genes to be regulated in the
target tissues or cells. Gene expression can be up-regul ated or
down-regul ated by the application of signals that are specific and

sel eCt gM&tidPbs h %Fong,.rthgf’ecgkf'ﬁ&f inO{hECanwil?gH bdd 8P AR ﬁl{%sé?l% i.ltnpention
produce a beneficial clinical effect. For exanple, a particular

speci fprevidesl for|varing d¢he| fgemienenyaplinde waveltront duty ¢3cdd @ndientduration of
UP- I e QRS0 L& LRLRUE Rl SredABREHLRSHA 138k sFedi R a8 BRlefive for
another "particul ar specific and selective signal may cteate an

el ect reestain gene exnaessippoin roadar| tatraevide deoxr tredtments darspling b evagetyeof diseased or
expreqa}ggdﬁémﬁgfaggﬁegene may be up-regul ated by a field generated

by one %artlcu ar specific and sel ective signal and down-regul ated by

a field generated by another specific and selective signal. Those
skilled i n[Q048] ar (Thit. the presentsymfiqnnean pravidgifar éargeed Bgatgenisnbespuse it is
ti Ssuegossidle Rerchmb@edxprbskioh of ceRdiARBhestsdc RithMpdrHQRS HERSS or injured

governing the growh, maintenance, repair, and degeperation or .
det er | &8¢ i Gh the aPRlcatiogsefeslectric felds myneptethby maetibeleodnielerdye cignagy of

the prgpediriste) Fepidne], AnSIifAAS SFavforkd &R/ Wit) &yEIROBS afi PpAlpsiatd@lration of

generate &elds Lgat g&; sPegLflc and selective for the ﬁene

expr es¥Pen T84S SBRHAEIBY 2 SRlcERYPAPh 2t Sl t ssaeghag #8etlegrcdl niigld ggay thus be

tissu gn_ﬂﬁéﬂceem:zp kereglabsthk iskpleysib ?f &s%tai&agér?gy $ gﬁfﬁﬂﬁ:l tggegcsrtain diseased or

capaci tive, coupling, inductive cou ng, .canbi ned fields).can |

oo rnitrd §ER or Bfbese AT Y FediieRt & BEAES Bk fraer gt RS geyidgs for te

tis IS _uelﬁrg@Eed(Iﬁiahfﬁeﬂt Rf &eﬂgbbﬁ‘ﬁréﬁlllrb@ (B%hchyi]es\/a% &M]i:,_ﬁgmhifﬁ_en{ ‘té(ﬁ? e s, %pine fusion,

anmpl i tude, waveform ot ty.cycle o e applied fi of . eac

o et BHPEHENSTR G B G e RTAR ok B Bh e abae, Y e heptggent of

i nf | vessedpblgiscapabi lity of electricity to specifically and

sel ectively regul ate gene expression in targeted tissues or cells in

a patient's V. s £ d I i i I ner

i botric 1 WS THPEE GBS AR LR 3 0080 PR el rpergrs by

pr operspecifibiand iselectivefsignabgdivmtly fo dispdsed odimjurevhtissue and/orlta e clialof 2 patient.

dur ati b S t ides th I e n ne. .

excpr esEytdvicel Wethe i Blenl bbb k) Bl BRI e Sno o of sppeifio and

di seassitctve fieldales, tipdsaton ofa field ehs distanae emodiseabsd dranjyetdaibshioyet which

treat daf-1 Ch Ly t i\ o] g e I.G:

{1 o d Fous 1B Hefed mgfeeﬁﬁe‘@?%*ﬁe%%i RN, ok AL TE Thiefined tha

f act oreapadiivgizcoupled agvicesrmuest éochitbabubiéct’s dkinf The geagnsioftizs Presmpd dmeption

arrp| it . . i f.i . i .

For t RARCiacl BT ahE UG Mathing o/ el CoHaEs GARE BEATBEC ALy Ao TR4EH) b fijurc

t r eat rndigeasek figBreain thgciase of (capapitivedenuplingnFaf exanmle, esefoslberent cotriuctive

el ect rdiGalodtd fafhe GANHRAE tHeMd HENE p it SR BGThdek _tofaﬂgﬁféﬁ ek Xk S¥own

of an electric Tield for a partlcu_a? gene expression. The regulation

of gerid Egpreel.dhe deving 181 i preggnft dnentien poy ipadede gsifsaghbient elegtrodend 2 for

appl i i -8l db i Sk i . .

) (ﬁ%glg%ﬁﬁc% %é%ré(% Ot%Q% B Oofra il P-Br ExaRipid, i dRtce lggf the present invention
may include electrodes 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 a
cast on the patient. In the case of inductive coupling, the device of the present invention may

include coils attached to a power unit in place of electrodes.
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duration of tinme. Therefore, those skilled in the art will understand
that the present invention provides for varying the frequency,

anpl i t ude, duty cycle and/or duration of appl] | :% n
electric f}vgazégéﬁ%ﬁ the electric field is found to be @5‘2‘@42?‘{}'&“? ﬁ‘g
selective for certain gene expressions in order to provide for
treatnments targeting a variety of diseased or injured tissue or

di seases. 100381Thus, the present invention can provide for targeted
treatments because it is possible to regul ate expression of certain
genes associated with a particular diseased or injured tissue via the

application of electric fields generated by specific and sel ective
signal s of H#PbprThe deviceetuehthy prasept invexdion caa\bef amplopeddhar vatiety of ways.

cycle r t.at ration of .tine. .The specifi.ci and .
el cot Tt PBReBAE AR LEBHANE RS R B By, & PR o flle ppationts
i nfl uebabd Ble devided Orafdhd present yemtiprie peifenblynondntasive. Barexample, thedizvice

to tar rt.ai i seased or, i njur i ssue or di sease stat.es fo
tear miopt R PRy HLERASP e BRHAED ik 3o olieB Pl ButicahSs pf Hectrodes
t ar get athptedeiar vemactolith thestkit ofie phtient tfour the , application rof eleatricr fields generated by
nonuni gn, : i i an.,.0st eone IS s _an_.adjunct..in.
et B8 proRRSned e Bl It SO HaRART Sl ool A8 b Bpbiidd via
0st eopenilsdi gvhich time vaf 38 ojrrehtefloiey thoe prodiicin epeifs emt sdleviieatleotmomagnetic
capabl i f J: rat . | fi nd L. ective

si gnal gel % rﬂgag? %é%ge ?l‘esﬂésg{slggg‘%? %F%] tglrgesg%i :ﬁ‘g%ﬁ% S%tl%c & (%1% ﬁgidgl?ll fhe,parset
a pat ifessue. The devive ¢ of gfe privgenpinysutinn inay also ibe wapable of suplpitatidndia o patient,

the renpf.8; F&?gﬁ ;[ T ad.selective fields (e.qg.,
applicati gﬁg&% I gﬁgmg%rtggg%tog%ggﬁ%tbm di seased or injured tissue
yet which 0041hs Thesedwkiliedein the agcwillfurthenundesstensd thet 8¢ dewides pf the present
al t hough..i il ' L - I ' o
st 1 Og e SR RRRLAY Pl o Bl ARG Bk EOUR BB nic wit
may i neogreEReh mulspleorwitphablehipreificad etledivesimslstior apmdichtiatytogiegpair or to
pati enfyyjipd Phirs/ b€ b1k trades] eléﬂoﬁaﬂeﬂ'{ $£1s5<ﬁa;§ ESlehdi® SHEHeD gg‘f&’?éq‘ with
capaci tive coupling. For 'exanple, self-adherent conductive electrodes
may besvaichgelsemuitiple, apedik mnd fseleptivepsignabn tand rnbdtrasovnd emulatey with a power
fractu ; T j 2 Qo j . .
éu%gl)bﬁﬂegenerl%nﬁg QPELifid ahll QUEEHWS m%ﬁh{?s. Mefa%gjﬁgwe%n ,h&ggc{eﬁgrgfb%%nce is

invention may include self-adherent el éctrodes or atta _
devi cebased (e PRIy asrepiansst andnpatienp rcopipliagiice Thehsmallest @nd mgossfpartable unit
Pr esendyal1IethitRe avey hRGirbdat ehRChr PegmcRvEash Oni® ﬂﬁw henthAwi
that has a VELCRQ(r) pat gﬂﬁ 16 on the rﬁ%grse Si e_ésuch_ t hat e{,hﬁg!n owe4vrvlth
uni t 19KECEIFLh SRRt S RER FI8Y aPTofer drOPses indaiptiven seupinguYits i @ dbe atesanbiand,
a castuifisdub@ Rk ir&fifire thh rhdle pERSS BbpdrAtiiC b S1a§ YePddsittbie FMCULOW} E&tain
of the present invention may include coils attached to a power unit

in pl egfF- el ectrodes. WO 2007/ 142901PCT/ US2007/ 012560

[ 0040] The device 10 of the present invention can be enployed in a
variety of ways. The device 10 Emymbk portable or may be'tenporarily

or permanepily, att ached.t o. atient:s pody. The device 1Q of the

ot ebent 1 sl omhe Rt R hailed RuBefRflow i pei Srnich Bifer iuoses of
10 of iflhergiveseadis nonistshdedno fivyit the sapplof € gresehhiavaltion. of a patient

by application of el ectrodes adapted for contact with the skin of a

pati enjz.f 951t mﬂ{oidgati on of electric fields generated by the
predeterm ned specitic and selective electric signals. Such signals

may al so b0l iME3TBEIcwerescelln (Suxi ¥ dellsem? pwvgtengiated ronenmeclalioMnodified

th i i fi i | ect tic field h .
ponot FATEef WS DR P08 BRI 6B ot P BRCkrdem TunErd aft ppor
fi el dsbegmnitgeof the geperimedal @onditien. déhei experiiemfl] dellenjimes énbughovethiciostudies

oot ant Se A EARER £ efaclBy bRl Bl O ToppffS Fefuitep onmyt of
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Exanpl e [0042] The invention is denonstrated in the follow ng
exanple, which is for purposes of illustration and is not intended to

limt the he present invention. Materials an %
[ 0043] ?@O‘@%f (E)gr?té cells (5 x 105 cells/cnm) were plg'? %ﬁ'ﬁ@uﬁo

speci al |l y-nodi fi ed Cooper dishes. The cells were grown for seven days
wi th the nmedi um changed just prior to beginning of the experinental
condition. The experinental cell cultures throughout these studies
were subjected to a capacitively coupled 60 kHz sine wave signal

igegar{‘/géla pfg akm%&egel?ﬁn?ﬁﬂs&grlg uce‘%%u%%tﬁgg%zq% E%T ’éﬁu 22':’[% @%’%’% Tppp in the

t he cudlishescofredlimMichmwithes dinsdne lendity?26f BOY Y/ eth, Cantol IceR laltolendisey were

of 300.gA.cn?. Contr cell e dishe tical tao those

Che ot IHHANGT da V8 the FBmpei e GhcBncbe Bacaeioles Rite 1 odbraef to =
to a finetio®gergeated. at or . [0044] At the end of the experinent,

total RNA was isolated using TRl zol, according to the manufacturer's

S IR g b L e

pri
used i thet menufacthret’s rrestﬁiﬁtlﬁ’ti}l?\ Eméahmrquletrmcapw R Tr dsihg Bnpprlotipt Betkverse

CDNA >t gﬁgea as Jfe2hodRgd Bﬁk gﬁeﬁﬁt}? r@éﬂ?&&s X ReCReaSl {h‘%{eﬁl BERIRTPCR

Quant i -t ne anal ys oduct s was per
usi ng tephwighe Weiesselacied 7@ p8blished G:ENkBGIMBh@H oByissigmed using the Primer Express

software program. Quantitative real-time analysis of RT-PCR products was performed using an

-

ABI Prism® 7000 Sequence Detection System.

[0045] The optimal signal for the desired up-regulation of (TGF) genes—including
genes for TGF-B1, TGF-B2, TGF-3, among others—was found systematically as follows. An
electrical signal known to cause creation of an electric field that increases (or even just suspected
to increase) cellular production of a given protein is taken as the starting signal for determining
the specific signal for generating the electric field for the gene expression (mRNA) of that
protein. A dose-response curve is first performed by varying the duration of the siglai while
holda;ng all the other signal characteristics comstant (amplitude, duty cycle, frequency, and
waveform) (Figure 1). This determines the optimal duration of the starting signal for the gene
expression of that protein. A second dose-response curve is then performed, this time varying the
amplitude of the electric ficld (in mV/cm) while'holding the optimal duration and other signal
characteristics constant (Figure 2). A third dose response is performe;d, this time varying the
signal frequency while holding constant the optimal duration and optimal amplitude as found
previously (Figure 3). A fourth dose-response is performed varying the duty cyele from 100%
(constant) to 10% or less while holding constant the optimal duration, amplitude, and frequency
as found previously (Figure 4). By this method, an optimal signal is determined for producing

the greatest increase in the gene expression of each of the various TGF-betas.

[0046] A fifth experiment is performed using a continuous 50% duty cycle (capacitive
coupling, 60 kiiz, sine wave) to compare a 20mV/cm field to a 40mV/cm field in the production
of the TGF-P1 protein. As indicated, the TGF-P1 protein increased significantly and equally in
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[ 0045] The optimal signal for the desired up-regulation of (TGF)
genes-including genes for TG-j31, TGF-132, TG--83, anpbng ot hers-was
f ound systﬁr@{ as follows. An electrical signal e
creation o h@ﬁ JCO%{I’I c field that increases (or even W%E@G’i%?@d
to increase) cellular production of a given protein is taken as the
starting signal for determ ning the specific signal for generating

the electric field for the gene expression (naRNA) of that protein. A
dose- response curve is first perforned by varylng t he duration of t he

si gnal I dj I ly t RE er si.gn ract eristics. consta
(anpl |Ehude ° gu@ tﬁlgFe aréqsdenc‘f/’fp ?% 6\1&/ PR e %%’?%n e %l‘récrease in
det er npmdscttdnmfctm Bm-zq:mtam iorthe fantdevshicids am@assn‘gema:h If1gurct5I‘(30gMan and

per 1 or agmvreppy S8k A5G0 ot umuRERA RN €36 BB BRI (bt Brat ebeie G0 e

mv/ cm simé wIaee)Iﬁﬂldu theretvines amgmﬁaalnt dauraise hﬂBEﬂdz qutan is kign20mV/cm field but no

oo STHBRER R RR 0 SR A e B A iy o 0

const avﬁrytli'mporﬁmtj o caiusmrmtlmmipmsimmbf ﬁlﬁm(ﬁl?-q}@na\s fioauthd BMP genes by

Phe. dt ot 4 St e Qe Seich P bORBORE B o8 e i e O soper

const afauml;yh dlhopisichamilydbown mhan oaﬁp:bmpaxeleE‘lgch Witk di'lgirrew ds Fipue @, a field of

previ n. o
et or PRI ned o el b Tttt Rl B e shmremion g o
of - eackher falfic Byanbast, TCFebet it is shown HEOABRV A ifid H0mX{ror s trd sually

e, TGS DS RosA BN OE S bttt Fleiet STRRGILE Y PP R bepfiion

pr oduced Biguxst 7 onethy GRmg lerpplo e the. TAE-H pehiccapedsion vd FF@eJ-BI Tpus;tlmﬁacmre

i ncr eageg,si t

00y DAEEe LY heS BB bkadfe SAAlne e MU cartilage formation jogether during the
experi mqgem@caémswfrﬁacw lpaling o1 pheatilage prlyrduging thacptibge phassrofdtacture
the BNR:24 groteln in the sane two fields ‘as described in Figure 5
(20mv/ cm and 40nVvV/ cm . After 24 hours of stimulation with a 50% duty
cycle (capaC| tively coupled, 60 kHz, sine wave) field, there was

si gni fi cant00fikr d8% EIEF‘I"PtBI\PnEmbP]@FSf #hows thatdhoemrmal pleetra fpld G'Fscﬁbed in the
si gni fd:@aiple tRCYRI SNl uBYEpdat MBIER N, 3, hinll BEMARAVLEA Heh&d, Gncrease bone

(Figure 6. Thu and this is very I rrportant one can separ ate the

expr esiOrBploroin fraghrchealipe delaxed ﬁ@i‘f?&h’é"wngé’ﬁ%% dfpctss pripg dysions, and in
cells dﬂtéo?oﬁ)séomh‘béQ FAlleal B, tHRVERH vhhohkﬂﬂedi&t@ HaNes BplopeRilcOBEctie £48, as
sane 'rI]hGF r fam.ly. This is Iearl when, one, comares Fi gure

2 it F‘S‘IFB epein W Pap3pittve coup uplingels FERTIEIEH ndigive,coppipg and
gr eat edll reiscponagnétic @pstemguihat IpmuBa/Pemxﬁx I@{' eﬁéilﬂ?nedlhﬁdlelﬁn)él&'tﬁke rfield
field. hg}/ go.ntras in Qﬁ%@ 'ﬂ'a?\l‘m at éfém and 4Qmv/ cm

fi el ds"BRFAS" R | ?h‘é’ref SeiEG e ﬁh%pa‘I‘ Y n@pnf@ﬁ*ar n&O5% pEaYg Grgnal
Fi gurhezlﬁractdrwﬁisr mhe detdisoBdd @&ﬁ&glﬁﬁbf@&ﬁieﬁ&entzhhogﬁ@ﬂf fiore ﬂkd].jla bbRtS@E, a

ra on o us, iii fractyre,

Deal i 0 5 3% fik cvils 60 30 &P BEDs bR A PGy bR A i in gt of e Signat
f or matdhamctenigditshare bdﬁévddgotﬁeavmh&hhgmeltdﬂ}h&lmﬁldﬂf infth@ aft\givenh@akéadBings

or of ﬁ:a;i;tli | age only during the cartil age phase of fracture healing.
[ 0047] tRg present invention clearly shows that the optinmal electric
field described in the exanple can very significantly up-regul ate

TGF-13 1, 2[0048ld Thos\kildeddin th%mtevill ialso ragpreeiatechet riuorarens atheri modifications to
fr act .| I o] I e i

e orin€ BRRbAxe LELME byl SoopB U b Qftvent8HF £6F bREYR, B8'dHmal feta
appr ecdea@@eﬂﬁmelawaapp rapphahtoeamd th:rvua: twa et thorasprtenyiate befackeleimdes, in
with Gl ey 4384 thSrleSOwbPYal] Yas faﬁ&tde Serth & thﬂ]"écéf' HBacitive

coupllng and all el e tromagnetic sy tens that pro uce eduival ent

-14-



WO 2007/ 142901PCT/ US2007/ 012560 coupling. Also, the optimal field
descri bed here can be applied to any bone via coil(s) or solenoid

i ncor por at% JB aces, waps, or casts, and deliver e&:,l%f JEANS @f

i nductive coup |ng Accordlngly, t he scope of the |nvent|on PEOhGE
intended to be limted to the preferred enbodi ment descri bed above,
but only by the appended clains. What is clainmed is: |.A device for
the treatnent of a bone fracture, fracture at risk, delayed union,
nonuni on, bone defect, spine fusion, osteonecrosis, osteoporosis,
and/ or ]

200/ ofsAbiSE, B0 bRl LRl 702 KB B BV SR otk scienc
conpri @Pﬁgoeat%i gﬂal b@wr ceraps; aor gm”atdeéela-terddebstmm e:bemhfctme andpling.
sel ect

el d Dot o e bhEMADE bol HAT P ok @ I PRIGR hibodiment
receiv sgabfai&ow,éva%pnlmbe'tb@mend@ﬂdmmssel ective signal and that 'is
operatively disposed with respect to targeted tissue, said field
generating device upon receipt of said at | east one specific and

sel ective si.gnal causing the generation of an electric field having
an anplitude of about 0.2 to 80 inV/ern in the targeted tissue that
is specific and selective for up-regul ating the gene expression of
TGF- 131, 132, and/or [33 protein in said targeted tissue as neasured
by nRNA, said signal source controlling and varying the duration of
time of application of said at | east one specific and sel ective
signal for a duration of tinme from approximately A hour to 24 hours
per 24 hour period and controlling and varying the duty cycle of said
at | east one specific and selective signal applied to said field
generating device fromapproximtely 10%to 100% so as to selectively
up-regul ate gene expression of TOF 131, p2, and/or 133 protein in
said targeted tissue as a result of application of said specific and
selective electric field thereto and a portable power unit that
drives said signal source in first and second nodes, an output signa
in the first node causing the generation of a 20nV/cmfield in the
targeted tissue for a selected period of tine and an output signal in
t he second node causing the generation of a 40nvV/cmfield in the
targeted tissue for another selected period of tinme. 2. The device
of claiml wherein the portable power unit is progranmbl e such that
fields
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generated during said first and second nodes can be sequentially
applied to the targeted tissue for various periods of tine and in
various orders. 3. The device of claim| further conprising neans
for attaching the field generating device to the body of a patient in
the vicinity of bone tissue. 4. The device of claiml further
conprising means for attaching the signal source to the body of a

patient.
gener at ed
signal to

5. The device of claim|l wherein the electric field

R&B‘ |ication of said at | east one specific and sel ective

%?Heﬁéﬁerating device is applied to said targeted

tissue via icapagideviverof eHéRtealtEnOs o WY FhdNE YR dl nigc deﬁyed-mﬁ)n q]%\{uiﬁc%
of claim5 mhere n the j ecific and selectlve Si has” a si ne wave

conflguraiﬂﬁwgdﬁeﬁufvn%

11, HSeANRSTOSR ARSRCRPTSIS "Oarftﬂhea wpdgensnivy whith

appr oxi mat éTl%}nsﬁ&hng-iﬁ; ovamtﬂadtdi’rf{TGE}S L|B|] t[ﬁﬂindﬁﬁ S bioken ﬁe@%eéﬁ'ﬁ%ﬁéﬂeﬂ% a patient,

electric f%&n

targeted ti

abou mv/ cm 40mv/ cm'in t
nsmc a lemffmauce H1at oenelates at leasl one specific and selective sngnal havuw a

ﬁequency from 30 kHz to 120 kHz and a field generating device connected to the signal source
$0 as to receive said at |least one specific and selective signal and that is operatively disposed
with respect to targeted tissue, said field generating device upon receipt of said at least one
specific and selective signal causing the generation of an electric field having an amplitude of
about 0.2 to 80 mV/em in the targeted tissue that is specific and selective for up-regulating the
gene expression of TGF-B1, B2, and/or B3 protein in said targeted tissue as measured by mRNA,
said signal source controlling and varying the duration of time of application of said at least one
specific and selective signal for a duration of time from approximately '4 hour to 24 hours per 24
hour period and controlling and varying the duty cycle of said at least one specific and selective
signal applied to said field generating device from approximately 10% to 100% so as to
selectively up-regulate gene expression of TGF-B1, B2, and/or B3 protein in said targeted tissue
as a result of application of said specific and selective electric field thereto and a portable power
unit that drives said signal source in first and second modes, an output signal in the first mode
causing the generation of a 20mV/em field in the targeted tissue for a selected period of time and
an output signal in the second mode causing the generation of a 40mV/em field in the targeted

lissue for another selected period of time.

2 The device of claim | wherein the portable power unit is programmable such that fields
generated during said first and second modes can be sequentially applied to the targeted tissue

for varjous periods of time and in various orders.

3. The device of claim [ further comprising imeans for attaching the field generating device

to the body ol a patient in the vicinity of bone tissue.

4, The device of claim | further comprising means for attaching the signal source to the

body of a patient.

-16-



7. The device of claiml wherein the field generating device
conprises an el ectrode or one or nore coils.

5. The device of claim | wherein the electric field generated by application of said at Jeast
one specific and selective signal to the field generating device is applied to said targeted lissue

via capacilive coupling or inductive coupling.

6. The device of claim 5 wherein the specific and selective signal has a sine wave
configuration, a duty cycle of approximately 50%, and a frequency of approximately 60kHz, and
the resultant specific and selective electric field has an amplitude of about 20 mV/em-40mV/em

in the targeted tissue.

7. The device of claim | wherein the field generating device comprises an electrode or one

or more ¢oils,
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