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SPECI FI C AND SELECTI VE ELECTRI CAL AND ELECTROVAGNETI C
SI GNALS Cross-Reference to Related Applications 5 The
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patent application of U S. Patent Application Serial
No. 297,454, which is the U S. national phase patent
application of PCT/US01/05991, filed February 23,
2001, which, in tam clains the benefit of the filing
date of U. S. Provisional Patent Application Serial No.
60/ 184, 491, filed February 23, 2000. Field of the
I nvention 10 The present invention is directed to a
met hod of regulating type Il collagen gene expression
in cartilage cells via the application of specific and
selective fields generated by specific and selective
el ectric and el ectromagnetic signals for the treatnent
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Background of the Invention

15 ' 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 electric and electromagnetic fields and its effect on the

20 growth and repair of bone and cartilage. Researchers believe that such research might be

useful in the development of new treatments for a variety of medical problems.
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25 whose bornes are not subject to ﬁmctxonai stress. In such cases, patients may experience a

significant loss of cortical and cancellous bone during prolonged periods of immobilization.
Elderly patients are known to experience bone loss due to disuse when immobilized after
fracture of a bone, which may uitimately lead to a secondary fracture in an already
osteoporotic skeleton. Diminished bone density may lead to vertebrae collapse, fractures of
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The main application of direct current, capacitive coupling, and PEMFs has been in
orthopedics in healing of nonunion bone fractures (Brighton et al,, J. Bone and Joint
Surgery, 63: 2-13, 1981; Brighton and Pollack, J. Bone and Joint Surgery, 67: 577-5835,
1985; Bassett et al., Crit. Rev. Biomed. Eng., 17. 451-529 (1989); Bassett et al., J AMA4 247.

30  623-8 (1982). Clinical responses have been reported in avascular necrosis of hips in adults
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mechanisms of response. In one study, it was found that electric fields increased [*H]-
thymidine incorporation into the DNA of chondrocytes, supporting the notion that Na and
Ca* fluxes generated by electrical stimulation trigger DNA synthesis. Rodan et al., Science
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Summary of the Invention

25 The present invention relates to regulating the type 1I collagen gene expression in
cartilage cells via the application of specific and selective fields generated by specific and
selective electric and/or electromagnetic signals. By performing dose-response curves on the
electric field duration, amplitude, frequency, and duty cycle, the optimal signal for up-
regulating type I collagen mRNA in articular cartilage chondrocytes was discovered. ...
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specifically and selectively up- regulating the gene 27 March 2007

expression of type Il collagen nRNA in cartil age
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5 possible signals by determ ning sequential dose

response curves for gene expression of type II 27 March 2007
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cycles), a frequency of 60 kHz, and a sine wave

configuration. In particular, the present invention 27 March 2007
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optimal duration of time as determined by the gene expression of type Il collagen. The duty
cycle, frequency, and waveform are varied methodically 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 type II collagen.



functionally conplenentary or synergistic to aggrecan
gene expression in cartilage cells exposed to various 27 March 2007
el ectrical and el ectromagnetic signals. Specific and
sel ective signals for regulating aggrecan gene
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signal producing an electric field amplitude of 20 mV/cm.
Figure 4 is a graphic representation of Northern blot analysis of type II collagen

25  expression (white bar) and type II collagen mRNA expression (shaded bar) when articular
cartilage chondrocytes are exposed to 20 mV/em capacitively coupled electric field for 30
minutes’ duration and harvested 5.5 hours after cessation of the electrical signal. As
indicated, the Northern blot analysis of the type II collagen mRNA is 3.5-fold greater than



RT-PCR is 6.5-fold greater than that of unstinul ated
controls. Figure 5 is a graphic representation of type27 March 2007
Il collagen nmRNA expression when articular cartilage
chondrocytes are exposed to a capacitively coupl ed
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25  days in culture and then exposed to a capacitively coupled electric field of 20 mV/em, 50%

duty cycle (1 minute ON, 1 minute OFF, 30 cycles), at a freqqency of 60 kHz, and having a
sine wave configuration. Interleukin-18 (10 ng/ml) was added to the media at day 7. The
chondrocytes were then exposed to this field for 1 hour per day for 7 days. Control
chondrocytes were grown under the same conditions with interleukin in the media but were

30 notexposed to any electric stimulation. As indicated, hydroxyproline still showed a 1.4-fold



9 increase when exposed to the electric field, despite

the presence of interleukin in the nedia of the 27 March 2007
cultures, as conpared to control cultures that were not
exposed to the electric field. Figure 9 illustrates a
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25 In particular, the present invention demonstrates that the expression of type I

collagen may be significantly up-regulated to increase the production of collagen in articular
cartilage. Type II collagen, along with aggrecan, are the main constituents of articular
cartilage that are compromised and/or degraded early in the course of arthritis. The present

invention clearly shows that the optimal electric field described herein can significantly up-
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30  term “tissue” as used herein may also refer to an individual cell.



30 term"tissue" as used herein may also refer to an

i ndi vidual cell. 27 March 2007 WD 2004/ 033644 27 March 2007

PCT/ US2003/ 031793 11 "Patient" refers to an ani mal,
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wBha988s44 Nventi on provi des treat ment net hodSTAIN03/031793
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provides the desired effect on gene expression.
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Ve
at least one electrode adapted to apply the specific and selective field generated by the

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

30 coupling (electromagnetic fields), or combined fields.
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joint via appropriate surface el ectrodes, two or nore,
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25 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 regulation of expression of type I collagen in cartilage
cells so as to stimulate articular cartilage repair in osteoarthritis patients. In particular, the
methods of the present invention can provide for the up-tegulation of type Il collagen genes

30 thatrepair cartilage. A variety of cartilage cells can be targeted by the methods of the present
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Example
The invention is demonstrated in the following example, which is for purposes of

illustration and is not intended to limit the scope of the present invention.



avai lable in the art at the present tine is a
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coupling units. On the other hand, 25 ultrasound units
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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 performed by varying the
field amplitude (Figure 3) for the optimal duration of time (Figure 2). This determines the
25 optimal field amplitude for the optimal duration of time as determined by the gene
expression of the protein of interest. A third dose-response curve is then performed, this time
varying the duty-cycle from 100% (constant) to 5% or less while holding the optimal
amplitude and other signal characteristics constant (Figure 5). A dose-response is repeated
a fourth time (varying frequency) (Figure 6) keeping the other signal characteristics
30 constant. Though not shown, the dose response may be repeated a fifth time (varying
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ceased. As indicated, the optimum production of type II collagen mRNA occurred with a

signal producing an electric field amplitude of 20 mV/em. By comparison, the optimal

25 amplitude established for aggrecan mRNA has been found by the present inventor to be 10-
20 mV/em.

Figure 4 is a graphic representation of Northern blot analysis of type II collagen

expression (white bar) and type I collagen mRNA expression (shaded bar) when articular

cartilage chondrocytes are exposed to 20 mV/cm capacitively coupled electric field for 30

30 minutes’ duration and harvested 5.5 hours after cessation of the electrical signal. As
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hydroxyproline, an amino acid that is a characteristic constituent of collagen, was increased

25 1.7-fold when chondrocytes were exposed to the electric field as compared to control
chondrocytes that were not exposed to the electric field. Those skilled in the art will
appreciate that since the duty cycle used in this experiment (50%) is not the optimal duty
cycle for type II collagen (see Figure 5) an even greater response is expected should the
optimal duty cycle (8.3%) be used.



days in culture and then exposed to a capacitively

coupled electric field of 20 mM/cm 50% duty cycle (127 march 2007

mnute ON,1 mnute OFF, 30 cycles), at a frequency of
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The example described above demonstrates that the expression of the type Il collagen
gene may be significantly up-regulated to increase the production of proteoglycan in
30 articular cartilage so as to treat arthritis (both osteoarthritis and rheumatoid .arthritis),



on the reverse side such that the power unit 14 can be

attached to a VELCRQ(r) strap (not shown) fitted 27 March 2007

around the calf, thigh or waist. The el ectrodes 12 nay

be placed on the skin before the patient goes to bed
wB836d10e¥eNni ng or any other convenient tine. pOT/SEMWBEE793

other 20 suitable types of electrodes 12 may al so be

used. The power unit 14 is 1§referab|y 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 nmvV/cm 60 kHz
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DI Entpdiidnt ddseribed above] gm ably by theappendedaidims. may be

di scovered through nore experinentation 10 with nore

data points, but relatively mnor variations in each of
the signal characteristics are believed to be within

the level of those skilled in the art given the

teachi ngs herein. Those skilled in the art will also
appreci ate that nunmerous other nodifications to the

i nvention are possible within the scope of the

i nvention. For exanple, the optimal field described
herein can be applied to any joint via two or nore
appropriate surface el ectrodes,




15 in pairs or strips, incorporated in garnents,

braces, waps, or casts, and delivered by neans of 27 March 2007

capaci tive coupling, inductive coupling

(el ectromagnetic fields), or conbined fields.

Accordingly, the scope of the invention is not intended

to belimted to the preferred enbodi nent descri bed

above, but only by the appended clains. 27 March 2007

20 CLAIM5 1. A device for bhe treatnent of

osteoarthritis, rheumatoid arthritis, cartilage injury

and/ or cartilage defects conprising a signal source

that generates at |east one specific and selective

signal and el ectrodes, orel.8iM¥ore coils, or other

field generating devices connected to the signa

'L C oA IS far Ind EEEMYE A ¥sRoMthritS 2HewRABISRAFHE) GrilBg injury

sel ective signal and that are operatively disposed
and/or Wiaithlageedqfets comptisinget sigia tsblimg dhati geverates saij ldast one specific and

.el ectrodes, one or nore coi,ls r r Lt .
select gl PGB 8 Bp B aler oy B Bpnsielif oyios ggmnected o
the sigheSufdeCsoritdioSREE0E kM@ abil@pabne GRuicnghdt setecen sigadli and that are
of an electric field that is specific ?nd el ective for.1
operatiyely déspasestt Wity regesskto tasgst easldlagh *%‘Fe’tsﬁlﬂé’ qefrogesy PAHEHMAEGRIS: oF
. hébadt i h! t - Ral i ic S eRctive signal
s Y BEI GRS S Rl B S v s
causingip gavatation o fan shictticafieldl das tis epeeifispdi selestivenbr Sptegylpting gene

signal and .duty l.e of .said I t . WA :
expresgAgoCEPE R oV IFR Rant i Plag e, AP BRE bibEoopyroting
and vafBhE duGdi 6f ti8E oPhfificationedfhaigien dsast dmrgspasiic and sdertias sigoal and

selectively up-regul ate gene expreSS|pg of . ge I
duty cysde elagishat pairore specaficRnd s igelvesige] #Rpged {9 %lfé <igde, one or more

- f thé& alvi i |eRBieksi®h of type 11

coils, Rt o geABRTKE B QR 0l I ISHRAY L Fe b, o cRplckih o
collag@omRNAiingad focget abltidngpoisere anptresliaef applicaionsgf the specific and

.Si gnal. rce. 3. The device of claiml| further
Selec“?ﬁ%%ﬁ“rtf‘%%%@' means for attaching the el ectrodes, one or

nore coils, or other field generating devices to a body

of, a Priel @Niceiaf cdidi@ Viwihat tommisinghe poxtahie pdaereurnti theudrives said
Signa]gf. Jhe device of claim1l further conprising neans for

attaching the signal source to a body of a patient. 5.

The device of claim1 erein the el eC%P[Si c fi.eltgl d

gener athecieyipe Ackin | SUHREAORPTigHG Megps fsHading e elgptrodes, one
or mofS B&lls, bt olidr Felegakinige devicee® & hodespanstictton the vicinity of the

.. application of said at |east one specific and

Caﬁllaggﬁﬁg?i ve signal thereto is applied to said target

cartil age tissue via capacitive coupling or inductiye

céhupl i Heg device of claim 1 further comprising means for attaching the signal source to

a body of a patient.

5. The device of claim 1 wherein the electric field generated by said electrodes, one
or more coils, or other field generating devices in response to application of said at least one
specific and selective signal thereto is applied to said target cartilage tissue via capacitive

coupling or inductive coupling.

6. The device of claim 5 wherein the specific and selective signal has a sine wave
configuration and causes upon application to said electrodes, one or more coils, or other field



6. The device of claim5 wherein the specific and

sel ective signal has a sine wave configuration and 27 March 2007
causes upon application to said el ectrodes, one or nore

coils, or other field 27 March 2007 21 generating

devi ces the generation of an electric field having an

anpl i tude of about 20 nM/cmin the target cartil age

tissue at 60 kHz with approximately a 1/12 duty cycle.

7. The device of claim1l wherein the specific and

selective electric field is applied to the cartilage

tissue for a duration of approximately 30 mnutes every

24 hours. ABSTRACT _Type || |l agen XPLEsSi
generaiing daviceg hectnpianionof anglrciis GIdibaV R an ApRITES Pr b0 i Viem in
the targep entifaize tissnel as@l @ witk appreticstelien il d ety dyyies pecific and
sel ective electric and el ectromagnetic signals in the
tgr eat nRpt4.0fce r 8RAR 9 wireih Qhéjgp%giﬁérataﬂ %H'e&[ve%cttﬂld ﬁ&@ is apphed
gene expression i s neant up regul ation or
to the aaagageafssmerfooa duﬂaeozpotapewlmtelwélﬁymsp@@ Yere 2 beurs. ons
(genes) of the hunman genone (DNA) are transcribed into
MRNA and subsequently translated into protein. The
devi ce conprises a signal source that generates at
| east one specific and sel ective signal and
el ectrodes, one or nore cABBTRALT ot her field
generating devices connected to the signal source so
asypk a1 lcBligpied Gehd exmpaiin inCeantiilges edlBcik iregulstbd) il (hs)apalichtion of

that are operatively di sposed with respect to t .
specifig gnd selggdve fi %léwenwgﬂ bVeS@S?lg? ot el ety g gt Tomagnetic

&gnaissﬁl tﬁé: trbMRedt &Qﬁéefa@d orlifRirl zﬁ'ﬁédlﬁdc%%ﬂaéén €B P gend @peession is meant
I's, or other fiel dﬁgeneratln devi ces cause the

the upgegnéatm ondo#n seguistientof itee procesd wiraebyi wecifipawrtiang (gengs) of the
humanscgeg;lm%ﬁé I&léﬁ% P&%S rf]o%&' 0 g 1939(? flﬁ%&gﬁﬁtﬂ Qéhsﬂafted.llﬁfg%ré)tkm. The

car | SSue.
device Sdogpailsess ® Wigasl mrtterthhtheaBﬂtesami&st biespboifet indnsetectivd signal and

of application of the ecifi.c nd sel ect
electrog O Py MESFLIHs G OifE FielSieneraing iy icss BRdEHy ﬁ?%ﬁ@%éﬁneéﬁf)m s0

as to r@oQRIe'tEéjs BificahR€ sQL&RE SRADPs) a0 EraPhre '@Eﬁtz{i@y Wispogel v@thheEpect to
eld nerating devices to selectively_ up- regglate

target %ﬁh}@ge asspe-eYppmreceipt efihe specificaind gg]@ﬁw,wma (1> thelechpdpst one or
N T e
spemﬁarahdil sélbdtive fomni-idgaltng penerexpreasion ofitype Hagrdlagaf @&PsA in the target
cartilage tissue. The signal source controls and varies the duration of time of application of the
specific and selective signal(s) and duty cycle of the specific and selective signal(s) applied to
the electrodes, one or more coils, or other field generating devices to selectively up-regulate gene
expression of type II collagen mRNA in the target cartilage tissue. The device is useful for the

targeted treatment of osteoarthritis, rheumatoid arthritis, cartilage injury, and cartilage defects.



