Met hods and devices are described for the regul ation
of bone norphogenetic protein gene expression in bone
cells via the application of fields generated by
(13 PEERNATOBAIG A BRI @OIONRUB ISHEDIUNDER MHE @A ICOMREKGION TREATY (PCT)
signals in the treatnent of diseased or injured bone.
By) 9% IRKMCRSSPOperiyS MBanizthe up-regul ation or

- i Y 6
por Liosabosnesh of the [REDE [H@Iil’lﬁllﬂﬂmfﬂﬁllﬂﬁll'JJlﬁII||||II||II|I|||III||||II|||I|I|I|||III|||||II|

. 561alimba
por t ilnosatiogeResju of the HEIO
transcri bed into nRNA and“g@s€quently translated into

@BahRidatiodERdbEEiSio@Dske devi ces ar e pr gWw) teandtonal Phdication Number
t ar Aeiue2005 ew082005)0f | nj uP€dTor di se¥¥ € 2008/070536 A3
that include generating specific and selective
(51) IfdrRGEnal e Rehssii-Ri6T ONMBgaiy/@, si gnal su, hiah, KERE BRIV, BY, BZ CA, CH, CN,
Abinebds optim zed for increase of dwWOR AWpEAhe&ENINLIDZ, EC, EE, EG, ES, FI,
protei n gene expression and exposéhgDh@heHt @V.tHRelU, ID, IL, IN, IS, JP, KE,
(21) Inftqrgafichs! ApeliratiatNagibdsy speci fi c and KeKBER|KelsiiAg| 1S ldg-U. LV. MA, MD,
as to regul ate bofETNBPPHEYR et i ﬁ”@ﬁ@%ﬁf D7 DA N RO NG N T
expression in such bone tissue. ThHe &R 1f{qtzn@\ PBLROESve vN YU 7A.
22) Ingchptiopa\filkeg Rates  blappara £ 1457 Phe t angetved treatnent of
25) FEQg%%nqug%Ft ures, fract ur esy, ak, ri sk, delayed unions,
nonuni on of fractures, bone defspCibeSigna®bis (S HISvise indicated, for every
26) PRELBANGRJQSI S Or avascul angRecr 0Sing of ra®nd Pro@dipruinglibld):0ARIPO (BW, GH,
ot her therapies in the treatnment @ KnkS 8V, M| NgPDtheSZ, TZ, UG, ZM,

30) pabDVIRa: and i n t he treatment of os%v@o?ﬁfiﬁéfi‘lg’.AZ’ BY, KG, KZ, MD, RU, TJ’STM)’
60/535.755 12 January 2004 (12.01.2004)  US EBuropean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

LR

(71) Applicant (for all designated States except US): THE
TRUSTEES OF THE UNIVERSITY OF PENN-
SYLVANIA [US/US]; 3160 Chestnut Street, Suite 200,

Philadelphia, PA 19104-6283 (US). Published:
—  with international search report
(72) Inventor; and —  before the expiration of the time limit for amending the
(75) Inventor/Applicant (for US only): BRIGHTON, Carl, T. claims and to be republished in the event of receipt of
[US/US]; 14 Flintshire Road, Malvern, PA 19355 (US). amendments
(74) Agents: CALDWELL, John, W. et al.; Woodcock Wash- (88) Date of publication of the international search report:
burn LLP, One Liberty Place - 46th Floor, Philadelphia, PA 6 October 2005
19103 (US).

For two-letter codes and other abbreviations, refer to the "Guid-
(81) Designated States (unless otherwise indicated, for every ance Notes on Codes and Abbreviations" appearing at the begin-
kind of national protection available): AE, AG, AL, AM, ning of each regular issue of the PCT Gazette.

A3 |0 00 O OO

(54) Title: UP-REGULATION OF BONE MORPHOGENETIC PROTEIN (BMP) GENE EXPRESSION IN BONE CELLS BY
\& ELECTROMAGNETIC SIGNALS

013

(57) Abstract: Methods and devices are described for the regulation of bone morphogenetic protein gene expression in bone cells
I~ via the application of fields generated by specific and selective electric and electromagnetic signals in the treatment of diseased or
& injured bone. By gene expression is meant the up-regulation or down-regulation of the process whereby specific portions (genes) of
m the human genome (DNA) are transcribed into mRNA and subsequently translated into protein. Methods and devices are provided
& for the targeted treatment of injured or diseased bone tissue that include generating specific and selective electric and electromagnetic
& signals that generate fields optimized for increase of bone morphogenetic protein gene expression and exposing bone to the fields

generated by specific and selective signals so as to regulate bone morphogenetic protein gene expression in such bone tissue. The

resulting methods and devices are useful for the targeted treatment of bone fractures, fractures at risk, delayed unions, nonunion of

fractures, bone defects, spine fusions, osteonecrosis or avascular necrosis, as an adjunct to other therapies in the treatment of one or
a all of the above, and in the treatment of osteoporosis.



