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FORMULARIO UNICO DE SOLICITUD DE PATENTE
PCT
ENTRADA EN FASE NACIONAL

1@ IZ] SOLICITUD DE:

Patents de Invencién. D Patente de Modelo de Utilidad.

D Capitulo I. ECapltulo Il
Nombre: WYETH IDENTIFICACION
'@ sociedad constituida y existente bajo las
leyes del estado de Delaware de Estados c.C. D ©ONIT D
SOLICITANTE Unidos de América
() Direccién: Five Giralda Farms, C.E. D Otro D
Madison, New Jersey 07840, Cual
Estados Unidos de América
Domicilio: Madison, New Jersey, Ndmero:
Estados Unidos de América
@ Nombre: EMILIO FERRERQO IDENTIFICACION
Direccidn:  Carrera 4. No. 72-35 c.C. @ NIT D
REPRESENTANTE Teléfona: 347 36 11
0 APODERADO Fax: 21792 11 C.E. D Oiro D
E-mall: clisntes@camyp.com. Cual
Domicilio:  Bogota, Colombla. Nimero: 438.019_ T.P, 31.828
1. Jergen Ssberg PETERSEN 2. Seren NEVE
@ INVENTOR (ES) Hallebakken 1, Ellevaenget 4,
{72) DK-3150 Hellebaek, DK-2800 Lyngby,
Dinamarca Dinamarca
3. Morten Schak NIELSEN 4. Eddl MEIER
Egebjergve] 51A, Bringebakken 88,
DK-2750 Ballerup, DK-3500 Vaerigse,
Dinamarca Dinamarca
5. Eva STEINESS 6. Peter Holme JENSEN
Somarksvej 11, Classensgade 11, 3. tv.,
DK-2800 Hellerup, DK-2100 Copenhagen @,
Dinamarca Dinamarca
7. BjJarne Due LARSEN 8. Lars:Bo Laurenborg HANSEN
Arlidsgaard 5, 1. th., Peberhaven 18, at. tv.,,
DK-2700 Brenshgj, DK-2730 Herlev,
* Dinamarca Dinamarca




CAVELIER ABOGADOS- COLO 13865-841-001-8 DLMADO000007/WPC13665

O
Solicitud Intemacional No. PCT/DK03/00056 Fecha: 20 de enero de 2003
Publicacién Interancional No. WQ 03/063881 A1 l;'echa: 07 de agosto de 2003
Thulo (54)

COMPOSICIONES Y METODOS PARA MODULAR HEMICANALES DE CONEXINA

P ——

'@ ClasHficacion Intenacional (81) ___ AS1K 38/08

ﬂ Prioridad (33) Pals de Origen (32) Fecha (31) Namero de Solicitud
sl E NO D us 29 de enero de 2002 717
-O Comprobants de pago No.: 04 — 63,348 Fecha: 10 de agosto de 2004

Anexos:

Comprobante de pago de la tasa de presentaclén de la salicitud por $ 422.000.00.

Comprobante de pago por relvindicacion de prioridad.

Documento que acredita la existencia y representacion legal cuando el solicitante sea persona Juridica.
Poderes, sl fuere el caso.

Documento de cesién del inventor al solicitante o a su causante,

Declaraciones.

Copia de la solicitud Internacional. (Resumen, descripcién, reivindicaciones, dibujos)

Traduccion de la solicitud intemacional al castellano. (Resumen, descripcion, reivindicaciones, dibujos)
Copia del examen preliminar efectuado por la IPEA.

Traduccién del examen preliminar efectuado por la IPEA.

De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acradits la licencla o autorizacidn de uso de conocimientos tradicionales de
las comunidades indigenas.

De ser el caso, cerlificado de depodsito del material bioldgico.
Arte final 12x12

De ser el caso, Informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el
mismo titular o su causante, relacionadas parcial o totaimente con la invencién de esta solicitud.

Otros
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@ FIGURA CARACTERISTICA:
@ Solicito la conceslén de la patente, NOMBRE: FERRERO
C.C. 438.019 de Usaquén T.P. 31.820
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APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY: UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
MARILYN L MITCHELL

ACTING IN THE CAPACITY OF: =
NOTARY PUBLIC OF NEW JERSEY =

BEARS THE SEAL/STAMP OF: =
MARILYN L MITCHELL, NOTARY )

CERTIFIED

AT TRENTON, NEW JERSEY

THE 26TH DAY OF JUNE

2003

BY: John E McCormac, CPA, NEW JERSEY TREASURER
NO. Al75618

SEAL/STAMP:
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181 purs patentcs, modcos do uUdad, disefies  Indmerxiales,
ABOGADOS . machs ¢a Bibvica, nombres comerciales, cowofias, nsmbres
EDIFICIO SIBW da dominle, lemay conserclalas, Leanclas.
OARRERA A N¥ 72-38

BOGOTA. B - COLOMEIA

REPRESENTACION Y PODER

REFPRESENTATION AND POWER-OF-ATTORNEY

Yo(uuuu).-bqlamm(mhw

Wyeth

donsicilindo (s) /ol _ Five Giralda Farms

Madison, NJ 07940.LUn:I.ted States of Americs

por ol presmi» pewbames 3 EMILIO FHRRERO, wmpe. 31939
AONZALO PERDOMO, tpa. 831; LUZ CLEMENCIA DE PFAEZ, ywa.
23555 y GBRMAN CAVELIEN, pa. 832, domiciliados on [a Carrers 4a
N 72-35, Bogurk, Colkambia, cu cbedoaimiono o lo dispaosts an ol
parAgrafy 10 del Ariculy 343 del Cdigo da Comercio, el primero como
principal y ios demis oo supltates, on 50 otdan, copo s (Tacsirod)
Iopressnturiite on (0408 loo amunroy da propicdad indusiisl oun Seculowd
rosbir uotflonciones ¥ mombmr spoderndes Judlolales o
E] phmer roproscatsnte soplants resmphoarnd ol primcipsl
on owio do euscucln © hxypadiments temporal o dafinidvo ds uquéfl Ia
mioma Tegin 59 spticwrd cunndo al magunds represtotente suplents haya
do yoomplnrer Al primero, o o twowo al agunds. Ho nles essos, ol
represcants winstpal, v ol primem, o scgundo suplcnie, oo fu oA, o
winbos, declamein su imencldo ds no oforoor 16 reprdinalén mediante
dealarecion sumsricada por Notaxio Pdblies en Colombis, o por Nowio
u otro Fonelanarioc Pdblico, o Ciasu! da Colombrla, m ol extrgme; ¥ s
v uatare de mpediantato, oom of cordficado respovtive. B llpvme de los
nombredod hiue dafiniivamans, o digaicnm vemard s luger. Curnde
sosere o cusancie o hnpodimento dol repregentants prineipal, o ds
wimem o mgunde wpleies, @ w oum, podrin guowr la
ropresctvaldn, tm su ndan, UAS U oivos eagin al saso. asmyplindala per
&l oo hecho do gjercoria, comumdo on @ ooEnio ¢l gjorwiciy de Ta
represtgiacién por al primero, segundo o torcer suplanic o MU OREO.
Adamds, conflero (conderimos) poder u los shogados srriba nombrados,
para obrener 1s prultovidn da mi {nnaftra) propledad indusgrial y comorm
la vompotencis. dosical. & cuyo ofvowo amorize (umos) a los dichos
apaderndos para que e (Gos) repTescnoen axto ouslasquicrs enddades @
pxvonns, gezsu ¢ 0o jurisdiecign, egpecislments mvis 1ap dsd arden
adminiperative, eormnciosns. sdminteretive y fudicidl, i comm e
ds mbirameun, sn twdo le concernionts & los miguimtcs
W) Obtcsiém de petantcs de invencidn, mxdclos dc utilided y
discaes tndustrisles: o reglsto do morcas de  filwion colcotivat,
defecsivas, de sewviclo, lmmas comarclaies, nombres comerciades,
nseiisg, nowhres de darpdeio, varlsdades vegsiales y denominacionss de
origon; s roovedidn, twpuso, sombio do pombro © domicilio,
camocleciin veluniwris; ¥ d rogistro de liccnoias de uso de oo desechos;
b) Las acciones de comspetencia desisal, protsccién dal concumiger,
cpagiclones u abasrvacionhy. oancslasion adminisinitive y judicled,
nulided, selidey cuutcderas, comsosdn Jde liceuciss, In tomls, s
protescids de secrevod iadumrinlss, y en geneml lod julcios efviles,
penaica, ndminjatrativos o contenclose adminisireiivos rolnclonados con

€ CAVELIER AROGADOS
WFPODBO1-181 (MINUTA N"12.1.1.2.6 USA)

: in dus sooxplisncs with thoe torms of peragmeph 1w of anicle 343 of the

Commacralnl Coda, do hessby sppolnt EMIIO FERREAO, fpa 31929

[ QONZALO PERDOMO, tpm 331; LUZ CLAMENCIA DE PAEZ, fpu.

f-

3335 vnd GERMAN CTAVELIER, pa. 033, domicllsd ot Coyum 42 N*
72 35, Bogeth, Colombls, the fire m principe]l aod Gy ol o
almmateg, In the arder of thalr appointroent. a5 oor represetadves B ol
indourisl propmty Eatios with fsully s Toosive norfKoxtiens end w0
sppaint sttoenoye i eod out of Cowrt. The fire altamare_shall replace the
puimcipal in cise of his absanos or of tompoml or dofizniiive impodivaent.
The smne rols Wil apply when the sesond alarnare represensmive is ™
copiece the finx ono, ot wixn the third Is o Topioes o firk ox secend
ahammes in thelr am, or both of them, sooond. In such omses, the
principal roprusoctetive, or the Shet or sooomd altcabes I thalr tum, or
both of tham, shall stxto thelr Intention not ©© =t w repressntives
thwough a decieretion given befire & Notary Pubiio in Colombla, or bafore
s Notary ¢r miolber Pablic Official or 2 Calomblan Consal abroad; xad in
cage of impadimant, tha approprics garifieats shall nxffioe, If my of the
sppoirss wate 1 be dafininly sbemt, the following ulicrmste shall wilos
kis pless, Whm ths shesneos or impedimen: of the prinoipal
Toprescaiative, or of the first or sootad altcmato fa Yo tun ceascs, the
roprwianittion can be Willen agein in ety ssquence, by the prinoipal, the
first o sooond sltonato deponding on caso, snd the mam fhor or he
cxcroise will suffice. The exarcise of the represeomrion by the fing,
sscond or third siternetes 1o thelr tum shall end ax such tiras, In addition,
wa grant A Powwr of Attwney iIn fivar of the abovwe named
otiomaye et lew o thot they may cbixin the potostion of my (our)
indaztrinl proparty and ageiast the uxthir oxopetition, for whidh purpess I
() sudhorite Bhe nid slomeys to repntext e (W) bofora my
weloriie or pesoms, with or whithon Juislicien, spacislty Woss
wimninigtrarive, adminisrmive eonantous and ndiclal, as well ay bafore
Abigation  Cownt, in sll mmnn conceming the fullowing:  n)
Obislmnom of petenn, wility modsls and indoedal designe: the
regicoation of adeamnks, oollcotive, defensive snd servica narke,
slagans, comvverclal nsesex trade smblams, dosein nzoes. vegetal
virotics ond donovetnetions of cxipin; its rencwal, assigpmernt, changs of
memm er domicily, yolumtary concalladan; end the registreion of lemes
ﬁmth:ﬂuﬂMmﬂuﬂrMumu
%he conmnwcr, oppositions of obecrvalions, admmiststive or Court

nffiogomtns, granting of Licenses, the acdan far wris
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prorwetan, Y pars que e todos 1os ammtos srfoe ditorminados, puadsn
suptheidr wsts ‘mandale, tamwigl, concilier, sdmithy los hechos del
procose, doshtlr, copchiar, resibir. reautolsr, ¥ Tedficar loa acma ds
agenoas-aificickibs.

Wyeth

=

tastiiuled by me (1) or aguine me (us). And vt in sH tha ahowe matmms
they mmy substitme this Power of Atterncy, sompromiss, aoncilists, wint

. Ta Paces of the casa. desiet, cancel. rece{ve, Tesign. tnd ratity acy dona by
. Toprepmurtivey whhont » power of stborasy.
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partyy_Wi111am H. Calnan

Assistant Secretary
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who(m) T knew persanally and whotm) cigned thiz documers as
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1. ThmI bhave souva the fullowing docommnm:*
Restated Certificate of Incorporation filed
Mil 22, 1988 with Secretary of State of

e’
2.  Tharths above documnemsa duly prove the following:

21 Thar_ Wyeth
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“ Documents milr be Mdupittlad with date and ongin ' .

MARILYN L. MITCHELL
NOTARY PUBLIC, STATE OF NEW JERSEY
My Commission Expires February 6, 2006




TRADUCCION OFICIAL 101/2003 DE UN DOCUMENTO ESCRITO EN INGLES Y
EN ESPANOL, REALIZADA POR EbUARDO CALADO NOGUERA, TRADUCTOR
OFICIAL APROBADO POR RESOLUCION 541 DEL 27 DE FEBRERO DE 1976 POR
EL MINISTERIO DE JUSTICIA Y DEBIDAMENTE REGISTRADO ANTE EL
MINISTERIO DE RELACIONES EXTERIORES DE LA REPUBLICA DE COLOMBIA Y
MEDIANTE EL CUAL WYETH, EMPRESA DOMICILIADA EN FIVE GIRALDA
FARMS, MADISON, NJ 07940 ESTADOS UNIDOS DE AMERICA OTORGA PODER A
EMILIO FERRERO, TPA 31929, GONZALO PERDOMO, TPA 831; LUZ
CLEMENCIA DE PAEZ TPA 23555 Y A GERMAN CAVELIER, TPA 832..
EXPEDIDO Y FIRMADO EL 16 DE JUNIO DE 2003 EN MADISON, NEW JERSEY
07940, ESTADOS UNIDOS DE AMERICA. FIRMADO: WILLIAM H. CALNAN,
SUBSECRETARIO.

CERTIFICADO NOTARIAL EN INGLES Y EN ESPAROL DE FECHA 16 DE JUNIO
DE 2003 POR EL CUAL SE CERTIFICA LA COMPARECENCIA DE WILLIAM H.
CALNAN PARA FIRMAR EL PODER ARRIBA CITADO A NOMBRE DE WYETH Y
PARA CERTIFICAR LA EXISTENCIA LEGAL, EL DOMICILIO DE DICHA
EMPRESA Y LA CAPACIDAD DE WILLIAM H. CALNAN PARA COMPROMETER A

DICHA FIRMA. FIRMADO: MARILYN L. MITCHELL. SELLO: MARILYN L.

MITCHELL, NOTARIO PUBLICO, ESTADO DE NUE\I PIERSEY ;. ME ¢ czmeo VENCE

& %l MK YW Ay ELL CINCULOF
l.m ‘m‘“m LA

uudt:::nnu-a \
' 28 Asn 2004 ;

EL 6 DE FEBRERO DE 2005.

s 1%',' "a
o ah
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APOSTILLA:

(Convencién de I.a Haya del 5 de octubre de 1961)
1. Bstados Unidos de América

Este documento piblico

2. ha sido firmado por MARILYN L. MITCHELL



. v fiy 2

*3. quien actia en su calidad de NOTARIO POBLICO DE NUEVA

JERSEY

4, lleva el sello de MARILYN L. MITCHELL, NOTARIOQ

CERTIFICADO

5. en TRENTON, NUEVA JERSEY

6. el 26 DE JUNIO DE 2003 ’

7. por JOHN E. MCCORMAC, "CONTADOR PUBLICO AUTORIZADO, TESORERO
DE NUEVA JERSEY .

8. Nfmero A175618

9. Sello:

El sello del estado de Nueva Jerasey
10.Firma: (ilegible)

COLO~13798-841-001-5

-
Cfrden At .
mt b.““ ﬂﬁ&‘mmm 1

WPCLO002G. ID. 4628 A EA &t gmainAL

Bogotd, 12 de julio de 2003. %1 J26 AGO 2004

ékltﬂdow ‘L\, W TR
Sixardo Tawer Nogusre i
*TRADUC:O? OFICIAY
e - gl RS
Bus 54t Febe de I
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O 03/063891 Al

-

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) ﬁ -

{19) World Intcllectual Property Organization
International Bureau

{(43) International Publication Date
7 Augnst 2003 (07.08.2003)

PCT

{10) Intemmational Publication Number

WO 03/063891 Al

(51) International Patent Classification™
AS1P 9/06

A61K 38/08,

{21) International Application Nomber: PCT/DKO3/00056

{2Z) International Filing Date: 29 January 2003 (29.01.2003)

{25) Flling Language: Bnglish
{16) Publication Langnage: English
(30) Priority Data:

60352,717 29 January 2002 (29.01.200%) US

{71) Applicant (for all designatad Sictes except US):
ZEALAND PHARMA A/S [DK/DK), Smedeland
26B, DK-2600 Glostrup (DK). '

{7Z) Ioventors; and
(75) Inventors/Applicnats (or US only): PETERSEN,
' Jergen, Ssberg [DK/DXK]; Hellebakken 1, DK-3150
Hellebzk (DK). NEVE, Seren [DX/DK]: Ellevenge:
4, DK-2800 Lyngby (DK). NIELSEN, Morten, Schak
[DK/DK]; Bgebjergvej 51A, DK-2750 Belleup (DK).
MEIER, Eddi [DK/DK]; Bringebakken 38, DK-31500
Verlpse (DK). STEINESS, Eva [DK/DK]; Ssmarksvej
11, DK-2900 Heflerup (DK). JENSEN, Peter, Holme
[DK/DK]; Classensgade 11, 3.tv., DK-2100 Copenhegen
¢ (DK). LARSEN, Bjarne, Due [DK/DK]; Arildsgaard

5, 1. th., DK-2700 Brunshej (DK). HANSEN, Lars, Bo,
Lanrenborg [DK/DK]; Peberhaven 19, st tv, DK-2730
Herlev (DK).

{81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR. CU,
CZ, DE, DX, DM, DZ, EC, EE, ES, Fi, GB, GD, GB, GH,
UM, HR, HU, ID, IL, IN, IS, JP, KE. KG, KF, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,
SG, SK. SL. TJ, TM. TN, TR, TT. TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW,

(84) Designated States (regional): ARIPO patent (GH, GM,
KR, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eorasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DX, EE,
BS, F1, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SL,
SK, TR), OAPI patent (BF, BJ, CF, CG, C1, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with imternaiional sagrch report

bafore the expiration qf the time limit for amending the
claims and to be republished in the evewt of recelpt of
amendments

For two-letter codes and other ablreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gexette.

{54) Title: COMPOSITIONS AND METHODS FOR MODIULATING CONNEXIN HEMICHANNELS

{57) Abstract: Disclosed are compositions and methods for modulating hemichannel function in a cel], tissue or orgen. The inven-
lion also relates 10 vselul screens for detecting such eompounds, particularly. those capable of modulating connexin phospharylation.
Further provided are therapeulic methods for preventing or treating corditions impacted by undesired hemichanne] fupction in 2

mammal such as heart arrhythmia



ZEALAND

PHARMA

Zealand Pharma A/S
Smedeland 26 B
DK-2600 Glostrup
Danmark

Tel; +45 43 2812 00

Fax: +45 43 201212
Telefax —
To Edwerds & Angell, LLP
Attn. Bob Buchsnan
Fax No.
Date 8 July 2004
From Lone Skjstigaard Dus
No of pages 3 (Incl. this page)
Subject Change of applicant in PCT/DK0300056
Text HI Boh:
Thank you for your emal of 8 July 2004,
As requested | hereby send a copy of our letter to the Danish Patent
Office of 21 June 2004 and our letier to WIPO of 8 July 2004.
Best regards
Lone
—_— SCIENCE-TO-LIFE

Thiz is ¢ fox frem Zralerd Phaorma AJS, Tha informetion contalned la this fax and ony sttachmenis
I» confidentiol and iy intanded for tha addvesses enly ifyeil are pet the Intended redipient, picese
notlfy the sender withou! copyine.

LT Lt Mg taEgttrer e ta g
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COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN
HEMICHANNELS

CROSS-REFERENCE TO RELATED APPLICATION

The present application claims priority to U.S Provisional Application Serial No.
60/352,717 as filed on January 29, 2002, the disclosure of which is hereby incorporated by
reference.

FIELD OF THE INVENTION

The presest invention generally relates to compositions and methods for modulsting
connexin. hemichannels. The invention also relates o useful screens for detecting such
cornpounds.

BACKGROUND ‘

. There is recognition that gap junctions are important plasma membrane structures that
help cells co.:mnunicate with their environment. For example, most gep junctions are thought to
assist passage of small molecules and ions between interconnected cells. Such movement is
believed to exert profound effects on meny aspects of cell physiology. Plasma membranes of
adjacent cells are believed to include hemicharmels, "connexons", formed by muitimeric proteins
called "connexins” that help form the gep junctions. In addition, hemichannels play an
independent role in the exchange of small molecular weight compounds between the cell
cytoplasm and the periplasmic or extracellular space. See generally Bennett, M. et al. (1991)
Neuron 6: 305; Kumar, N. and Giluls, N.B. (1996) Cell 84: 381; and Quist, AP et al (2000) J.
Cell Biol. 148: 1063 and references cited therein.

In particular, there have been reports that many gep junctions are specialized regions of
the cell membrane with clusters of densely packed channels. Such gap junction channels are
thought to directly connect the cytoplasmic compartment of two neighbouring cells.

There is recognition thet gap junction channels are composed of two hemichannels
(connexons) provided by each of two neighbouring cells. Bach connexon (hemicharmel) has
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been disclosed as consisting of six proteins called connexing. Each cormexin is thought to share
four transmembrane domains, two extracellular loops, and a cytoplasmic loop. The conduction of
the electrical impulse ia thought to take place through the gap junctions, thereby facilitating
normal heart conduction and rhythm. See generally P. A. Guerrero, R. B. et al. J Clin frvest
1997, 99 1991; D. L. Lemer, X. A. et al., Circulation 1999, 99 1508; S. Kirchhoff, E. et al. Curr
Biol 1998, 8 295.

Distribution of most heart connexins is thought to vary significantly throughout the
organ. It has been disclosed that the Cx43 isoform is 2 major ventricular type while Cx40 is the
most abundant isoform in the atrias and conductive system.

There are reports of strong lm]cs between connexin abnormalities and heart disease.
See A. C. de Carvalho, et al., J Cardiovasc Electrophysiol 1994, 5 686; R R. Kaprielian, et al.,
Circulation 1998, 97 651; N. S. Peters, et al.,, Circulation 1993, 88 864; and J. E. Saffitz, R. B.
et al., Cardiovasc Res 1999, 42 309. '

There is understanding that abnormal expression, distribution and regulation of gep °
junctions are involved in arthythmias. The antisrrhythmic peptides disclosed by Larsen, B. et al.
in PCT/DK01/00127 (WO01/62775) have been reported 1o increase gap junction intercellular
communication (GJIC) in vertebrate tissue.

Particular mammalian gap junction proteins encoded by the connexin (Cx) gene family
bave been reported. See Bruzzone, R. et al. (1996) Eur. J. Biochem. 238: 1. The Cx family
includes Cx26, 30, 31, 32, 37, 40, 43, 45, 46 and 50. Gap junction channels have also been found
in invertebrates, where the channel forming proteins are called "innexins"

There is understanding that most connexins may be phosphorylated except for the Cx26
protein. The Cx43 protein is widely expressed in tissues. There are reports thet phosphorylation
of the Cx43 protein effects gap junction intracellular communication (GIIC). For exarnple, there .
is acknowledgement that Cx43 turn over, trafficking, phosphorylation and geting are impacted
by phosphorylation. See Darrow,B.J., et al. (1995). Circ Res 76; 381.
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For example, Saffitz and co-workers have shown using conductance measurements that
during ischemia there is an increase in connexin serine dephosphorylation within 15 minutes.
See Figure 1 (showing a mammelian Cx43 transmembrane protein with several identified
phosphorylation sites).

The phosphorylation and solubility of the connexins has attracted research interest. In
particular, Cx43 was found to be phosphorylated in the myoepithelial cells of rat mammary
glands. See Wang, Y., et al. (1995). J Biol Chem 270, 26581, and Yamanaka, 1., et al. (1997).
Eur J Cell Biol 72: 166.

As mentioned, gap junction channels are thought to be specialized pores that connect the
cytoplesm of neighboring cells. Hemichannels communicate with the extraceliular environment.
There bave been reports that metabolic inbibition of heart cells can activate an influx pathway
that may be structured by conmexin hemicharmels. Metabolic inhibition is thought to open the
hémichamel and enhence loss of potassium, end induce influx of protons, sodium and calcium,
thereby damaging heart tisgue. See Kondo et al J . Mol. Cell. Cardiol. 32:1855-72, 2000; Li et al
J. Mol. Cell. Cardiol. 33: 2145-535, 2001).

Electrical uncoupling at gap junctions during acute myocardial ischemia is believed to
contribute to conduction ebnormalities and reentrant arrhythmias. Increased levels of
intracellular Ca®* and H* and accumulation of amphipathic lipid metabolites during ischemia
promote uncoupling. Other mechanisms may play a role. For instance, it has been reported that
uncoupling induced by acute ischemia is associated with changes in phosphorylation of
connexin43 (Cx43). Results have been reported that are consistent with rapid, reversible Cx43
dephosphc-!rylation playing a role in myocardial uncoupling and arrhythmogenesis during acute
ischemia. See Beardslee MA et al., Circ Res. 2000;87:656 and references cited therein.

The structure and function of hemichannels have attracted interest.
For example, atomic force microscopy (AFM), Buorescent dye uptake assay, and laser
confocal immuncfluorescence imaging, have suggested that hemichannels are involved in
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extracellular calcium-dependent modulation of cell volume. As reported, cell volume changes
were dependent on whether or not connexind3 was expressed. Changes were reported to be
preventable by gap-junctional blockers (e.g., oleamide and beta-glycyrrhetinic acid) or were
reversed by returning extracellular calcium to normal. It was suggested that nongap-junctional
hemichannels regulate cell volume in response to the change in ﬂm:ﬂcellu]u physiological -
calcium in an otherwise isosmotic situation. Sec Quist, A.P. et al, supra.

It has been proposed that open hemichannels, especially during ischemia or metabolic
stress, may lead to cellular uptake of Ca2™: protons and accumulation of amphipathic lipid
metabolites in cells causing cellular swelling, cell damage or apoptosis. See Beardslee etal.,
supra and Quist et al. supra. ' i

There have been reports Cx43 is phosphorylated & positions Tyr247 (Y247), Tyr265
(Y265) and perhaps other positions by the activated Src protein in vitro. Significantly, gap
junction intercellular commumication (GJIC) was reported to be resistant to disruption by
phosphorylation mediated by v-Src. It was acknowledged that phosphorylation on Y247 and
Y265 of Cx43 is important. See Lin R, et al. (2001) J Cell Biol 154(4):815. See also Figure 1.

See also Larsen, B.D et al. in a PCT application entitled New Medical Uses of
Intracelluler Communication Facilitating compounds as filed on 22 February 2002 as
PCT/US02/05773 (WO 02/077017) in which a variety of GJIC modulating compounds have
been disclosed. '

It would be desirable to have compounds that modulate hemichannel function. Preferred
compounds would assist opening or closing of the hemichannel. It would be especially desirable
to have molecular screens to identify such compounds.
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SUMMARY OF THE INVENTION

The invention generally feahres compounds and methods of using same to modulate
hemicharnme] function. Particular compounds modulate hemichannel phosphorylation.
Additional compounds of the invention modulate hemichanmel function and in some instances
also impact gap junction communication (GJIC) eg., by opening or closing gap junction
channels. Useful screens for detecting and characterizing such compounds are also provided.
The invention has many useful applications including providing therapies to treat or prevent
various conditions modulated by unsuitable hemichannel function.

There is an urgent need to identify compounds that modulate (increase or decrease)
hemichanne! function. By "hemichamme! function” is meant the opening or closing of comexin
hemicharmels to enhance or decrease pa'.ssage of molecules or ions through the hemichannel. By
the phrase "gap junction function" is meant the opening or closing of gap junctions to increase or
reduce passage of molecules or ions through the gap junction. Preferred invention compounds
modulate hemichannel phosphorylation and, typically also help open or close the hemichamnel.
Hemichannel function and gap junction function can be readily detected and optionally .
quantified by one or more of the standard assays disclosed herein.

- Mare specific hemichannel modulating compounds modulate (increase or decrease)
phosphorylation of a recognized connexin. Preferred sites of phosphorylation or
dephosphorylation include one or more of a tyrosine, serine or threomne residue on the cormexin.
As wil] be discussed below, it bas been found that modulation of phosphorylation on one or more
of these residues impacts hemichannel function, particularly by opening and closing the
hemichannel. Thus, and as described below, it is an object of the inveation to provide screens
adapted to monitor the phosphorylation state of the cormexins as a means of detecting and
optionally characterizing compounds with capecity to modulate hemichannel function.

For instance, certain compounds according to the invention are capable of
phosphorylating at least one tyrosine residue of the comnexin. In this embodiment,
phosphorylation of the connexin will help close the hemichannel. Other suitable hemicharmel
modulating compounds deorease phosphorylation (dephosphorylate) at least one serine residue of
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the connexin. In this example, dephosphorylation of the serine will help open the hemichannel.
Still other cornpounds within the scope of the invention will enhance phosphorylation of at least
one threonine residue of the connexin, typically to assist in the closure of the hemicharmel.
Additionally suitsble invention compounds facilitate at least one of: an increase or decrease in
serine phosphorylation, an increase or decrease in tyrosine phosphorylation, and an jncmse or
decrease in threonine phosphorylation of the connexin. Preferably, one or more of the amino
acid modifications will assist in a detectable opening or closing of the hemichannel.

Aceordingly, and in one aspect, the invention provides a method to modulate
hemichamnel function preferably by closing the hemichannel. In one embodiment, the method
involves closing the hemichannel in a cell, tissue or organ preferably exposed to stress including
contacting the stressed cell, tissue or organ with a therapeutically effective amount of at least one
of the compounds represented below as Formula Ior I Preferred contact according to this
method embodiment is sufficient to close the hemichannel before, during or after exposure to the
stress relative to a suitable control. Examples of such stress include one or more of metabolic
inhibition, oxygen deprivation, lowering pH, or increasing extracellular potassium jon as
described below,

In a more specific embodiment, the method further includes monitoring phosphorylation
of a recognized conmexin, preferably conncxm 43 (Cx 43). Typically, the method will detect and
Teport any increase or decrease in Cx43 phosphorylation on at least one of a tyrosine, serine, and
threonine reside thereon, preferably an increase in phosphorylation in at least one of tyrosine and
threonine. In this embodiment, the method also includes closing the hemichamel and,
optionally, opening or closing gap junction chamnels relative fo a suitable control.

The invention provides other methods to modulate hemichannel function. In one
embodiment, the method involves monitoring phosphorylation of a recognized connexin,
preferably Cx43, to detect any increase or decrease in Cx43 phosphorylation on at least one of 2
tyrosine, serine and threonine residue thereon, preferably a decrease in phosphorylation of one or
more of those residues such as serine relative to a control. In this invention example, the method
involves opening the hemichannel in a cell, tissue or organ exposed to stress including contacting
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the stressed cell, tissue or orgen with a therapeutically effective amount of 2t least one of the
compounds represented below s Formula I or II. Preferred contact is sufficient to open the
hemichannel and, optionally, open or close gap junction channels relative to a suitable control.

There is a need for screens to detect and characterize such hemichanne]l modulating
compounds more specifically. Having such screens would be an importent first step toward
identifying and characterizing a range of new hemicharmel modulating compounds e.g., by in
vitro testing of a candidate compound relative to a control to detect capacity to help close
hemichannels, for instance, by at least 5% more than a control compound. compounds identified
by such a screen, including the compounds represented below as Formula I or I, can be used to
in therapies that promate cell, tissue and organ bomeostasis, for instance, by preventing,
reducing or protecting against loss of cellular components to the extracellular environment.

Accordingly, the present invention also provides specific in vitro methods for screcning
candidate compounds that have capacity to modulate hemicharmel function. Typically, the
method involves contacting suitable cells, tissue or an organ with at least one compound
represented below as Formula I orIL Preferably, the contact is under conditions conducive to
modulating phosphorylation of a recognized connexin, preferably comexin 43 (Cx43) and
detecting a change in Cx43 phosphorylation relative to a suitable control. Also preferably, the
change in phosphorylation is taken to be indicative of a hemichannel modulating compound.
Optionally, such compounds detected by the screening method may open or close gap junction
channels according to assays disclosed herein.

In each of the foregoing methods, preferred phosphorylation changes according to the
ipvention occur almost entirely at or near the intracellular C-terminus of the connexin. More
preferred sites of phosphorylation and dephosphorylation of Cx43 are shown in Figure 1. By the
phrase "C-terminus of connexin” is meant the region sparmming about amino acid residues 240 to

281 as shown in Figure 1.

A particular in vitro screening assay of the invention for detecting connexin

phosphorylation involves one or more steps designed to monitor hemichsmnel function, gap
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junction function (or both). Such an assay generally includes at least one and preferably all of
the following steps:
I) culturing a population of cells, a tissue or an organ such as those
derived from the heart or muscle,
2) stressing the cells, tissue or the organ preferably by oxygen deprivation
or metebolic mhibition,
3) a.dding-a known or candidate hemichannel modulating compound such
as those represented by Formula I or II below,
4) detecting a change in connexin phosphorylation (preferably Cx 43)
relative to a suitable control; and '
5) optionally measuring the change as being indicative of a compound that
modulates hemichannel function and optionally gap junction function.

That assay can effectively measure capacity of the hemichanne] modulating compound to
increase or decrease phosphorylation of at least one of a serine, tyrosine and threonine residue of
the preferred Cx43 protein. Reference herein to a "standard in vitro connexin phosphorylation
assay" or related phrase refers to the above protocol of steps 1) through 5). The assay can be
conducted with nearly any population of primary, secondery, or immortalized cells such as those
derived from heart or muscle.

The foregoing standard in vitro assay is generally flexible. For instance, steps 1)-5) can
be performed in nearly any order provided intended screening results are achieved. Thus in one
embodiment of the assay, the candidate compound is added at step 1), step 2) (or both steps)
instead of after step 2) exclusively.

The present invention provides other methods for screening candidate compounds for
capacity to modulate hemichanne] finction. In one embodiment, the method includes contacting
suitable cells, tissue or an organ with at leest one compound selected from the group represented
below as Formula I or II. Typically, any uptake of a detectable reporter by the cells, tissues or
organ is monitored in the presence of the compound and relative to a suitable control. Preferred
detectable reporters have a molecular size that is conducive to pagsage through an open
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hemichannel. Thus, when the hermichannel is open in the assay, the detectable reporter enters the
cell, tissue or organ. However when the hemicharmel is closed, the detectable reporter is
prevented from passing through the hemichennel. The contact is preferably under conditions
conducive to detecting any change in the uptake of the detectable reporter with reference to a
suitable comtrol.

A hemichannel is "closed" in accord with the invention if at least one of the tyrosine
residues in the C-terminal region of connexin, preferably Cx43 is phosphorylated, preferably at
least the tyrosine at position 247 or position 265, more preferably both of same, as detected for
instance in the standard in vitro connexin phosphorylation assay. By "closed" is also meant at
least one of the threonine residues in the C-terminal region of the connexin is phosphorylated,
which residues may be phosphorylated alone or in addition to tyrosine phosphorylation. A
hemichannel is "open" if at least one of the serine residues in the C-terminal region of the
connexin is dephosphorylated. Additionally preferred tyrosine, threonine and serine residues are
shown in Figure 1 as kinase sites.

A more specific in vilro screening assay for detecting passage of the detectable reporter
through the hemichannel] involves one or more of the following steps:
1) culturing a population of cells, & tissue or an organ such as those
derived from the heart or muscle,
2) stressing the cells, tissue or the organ preferably by oxygen deprivation
or metabolic inhibition such as by adding a glucose derivative,
3) adding a kmown or candidate hemichannel modulating compound such
as those represented below by Formula I or II,

- 4) adding a detectable reporter such as a fluorescent, chemiluminescent,
or phosphorescent compomid such as fluorescent dye such as calcein and
related compounds,

5) detecting a change in uptake of the detectable reporter into the cells,
tissue or organ relative to & suitable co:'1trol; and

6) optionally measuring the change as being indicative of a compound that
modulates hemichanne] fumction.
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That assay can effectively measure capacity of the candidate comnpound to open or close
hemichannels in the cells, tissue or organ which change is readily detectable microscopically by
visualizing the detectsble reporter, Reference herein to a "standard in vitro uptake assay” ar
related phrase refers to the above protocol of steps 1) through 6). The assay can be conducted
with nearly any population of primary, secondary, or immortalized cells such as those derivéd
from heart or muscle. Other acceptable reports include suitable radioactive compounds also
baving a size permitting pessage through the hemichannel, Particular compounds include those
labeled with one or more of the following radionuclides : *H, **S, and 'C. -

Importantly, the standard in viiro uptake assay described generally above is not bound to
any particular order of steps so long as intended assay results are achieved. Thus in one
embodiment, at Ieast one of the candidate compound and detectable reporter of steps 3) and 4),
respectively, are added individually or together before step 2) in the method. In this example of
the assay, the cells, tissue or organ is stressed in the presence of the compound and the detectable
reporter. Altematively, the detectable reporter can be ™loaded” into the cells at step 1) to detect
compounds with capacity to open l;e:nichannels.

The invention provides further methods for screening one or more candidate compounds
for capacity to modulate hémichannel function. In one embodiment, the method inciudes
contacting cells, tissue or an organ with at least one compound selected from those represented
by Formula I or I below. Typically, the cells, tissue or organ is loaded with a detectable reporter
to measure volume. Preferred detectable reporters for use in the assay have a molegcular size that
is suited for passing through an open hemichanne], The contact is preferably under conditions
conducive to detecting any change in the volume of the cells, tissue or organ as registered by the
detectable reporter and by referring to a suitable control. Preferably, the cells, tissue or organ is
stressed and the candidate compound closes the hemichannel so that cell volume is maintained or

decrease more slowly when compared to a suitable control.

One particular in vitro screening assay for detecting cell volume changes involves one or
more of the following steps:

10
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1) culturing a population of cells, a tissue or an organ such as those
derived from the heart or muscle,

2) loading the cells, tissue or organ with a detectable reporter such ag a
fluorescent, chemiluminescent, or phosphorescent compound such as dye,
such as calcein or a related compound, _

3) estimating the volume of the cells, tissue or organ by detecting and
quantifying signal from the detectable reporter,

4) adding a known or candidate bemichanne]l modulating compound such
as those represented by Formula I or II below, )

5) stressing the cells, tissue or the organ preferably by oxygen deprivation
or metabolic inhibition such as by adding & glucose derivative,

6) detecting a change in cell volume relative to a suitable control; snd

7) optionally measuring the change as being indicative of & compound that
modulates hemichannel function and opticnally gap junction function.

The assay can effectively measure capacity of the cendidate hemichannel modulating
compound to open or close hemichannels in the cells, tissue or organ by observing cell volume
changes microscopically. Reference herein to a "standard in vitro cell volume assay” or related
phrase refers to the above protocol of steps 1) through 7). The assay can be conducted with
nearly any population of primary or secondary cells derived from heart or muscle such as
cardiomyocytes and related cells or tissue.

The standard in vitro cell volume assay is not bound to any particular order of steps so
long a5 intended assuy resulia are achieved. Thus in one embodiment, the candidate compound
of step 4) is added afier stressing the cells in step 3) to monitor ability of the compound to close
hemichannels in already stressed cells as exemplified by a slower rate of cell volume decrease.
Thus in one embodiment of the assay, a change in the rate of cell volume decrease or increase is
monitored over & pre-determined time frame. However in another embodiment, the cell volume
change can be monitored at a fixed time point e.g., at a time between about 1 to 120 minutes
after stressing the cells, tissue or organ. '
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As discussed, the in vitro asseys of the invention are flexible and can be adapted to suit
an intended screening use. For instance, a particular candidate hemichannel modulating
compound, such as those represented by Farmula I orII below, can be employed as the sole
active agent or in combination with other agents including other compounds to be tested. In
most, but not all instances, the in vitro assays are performed with reference to a suitsble control
assay usually including the same or closely related test conditions as in the steps above , but
without adding the compound to be tested to the culture medium. In such cases, a candidate
hemnichannel modulating compound can be identified by exhibiting at least 2% greater activity in
the agsay relative to the control, more preferably at least about 5% greater activity relative to the
control assay, and still more preferably at least about 10% or greater activity, eg., ebout 20% to
about 40% relative to the control assay.

As discussed, particular hemicharme! modulating compounds will also impact gap
junction channels. For instance, certain compounds may help close the hemichannels and assist
in the opening of gap junction channels. However, other compounds may help open the
h‘enﬁchannr.la while assisting in the closure of gap junction channels. Still other compounds
may open both hemichannels and gap junctions while others may close gap junctions and
hemichannels.

Accordingly, the invention also provides a method of increasing gap junction intracellular
communication (GJIC) in a cell, tissue or organ. In one embodiment, the method involves
administering a therapeutically effective amount of at least one compound selected those
represented by Formula I or II as described below. Preferably, the contact is sufficient to
increase the GJIC in the cell, tissue or organ relative to a suitable control.

Also provided are combinations of in vitro assays in compounds are selected for capacity
to modulate hemichannels and gep junctions. In one embodiment, at least one of the standard in
vifro connexin phosphorylation assay, the standard in vitro uptake assay, and the standard in
vitro cell volume assay, is combined with one or more of the GJIC assays disclosed by Larsen,
B. et al. in 8 PCT application entitled Novel Antiarriythmic Peptides as filed on 22 February
2001 as PCT/DK01/00127 (WO 01/62775) or as disclosed by Larsen, B. et al. in another PCT

12
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application entitled New Medical Uses of Intracellular Communication Facilitating compounds
as filed on 22 February 2002 as PCT/US02/05773 (WO 02/077017). Examples of such snitable
GIIC assays include those measuring cell conductence by patch clamp, calcium wave
measurements and dye transfer assays. The disclosures of the PCT/DK01/00127 (WO 01/62775)
and PCT/US02/05773 (WO 02/077017) applications are hereby incorporated by reference.

By way of illustration and not limitation, the standard in vitro connexin phosphorylation
assay described above is employed to select one or more hemicharmel modulating compotmds.
One or more the compounds can subsequently be further screened in the cardiomyocyte patch
clemp assay described in the PCT/US02/05773 (WO 02/077017) application. compounds
providing suitable activity in both assays will have capacity to modulate hemichannels and gap

junctions.

The invention further provides in vivo testing of the candidate hemichannel modulating
compounds o help detect and opticnaily quantify therapeutic capacity to modulate a heart
archythmia. As discussed, it is believed thet most heart arrhythmias can be prevented, alleviated
or treated by use of one or a combination of the compouris of this invention. A preferred in vive
testing model, referred to herein as a "standard in vitro mousc arthythmia assay” or related
phrase, has been disclosed in PCT/DKD1/00127 (WO 01/62775) as well as in PCT/US02/05773
(WO 02/077017). Certain compounds according to the invention will desirably prolong the time
until onset of induced atrial ventricular (AV) block by at least about 20% (score of at least 2) in
the assay. Other compounds will exhibit a prolongation of at least about §0% or the time until
onset of the induced AV block (score of at least 3) in the assay. In broad terms, the assay
involves administering one or more compounds to 2 suitable mouse, injecting calcium chloride to
induce arrhythmia, and detecting the time of onset of the arthythmia (preferably 2™ degree AV:
block) compared to a suitable control.

Significantly, use of multiple detection formats (ie., 2 combination of at least one of the
standard in vitro assays and the in vivo arthythmia assay as disclosed herein) can efficiently
perform multiple analyses, thereby enhancing the accuracy and probability of identifying a
hemichannel modulating compound (s represented by Formulae I and I, for instance) with good

13
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therapeutic capacity. This feature of the invention is especially useful when la'rge numbers of
compounds are to be tested. For example, some or nearly all of the compounds according to
Formula I or II can be tested. Alternatively, or in addition, suitable compounds could be made
by standard synthetic methods including combinatorial-type chemical manipulations and then
tepted in accord with the invention. '

In embodiments in which multiple detection formats are practiced, it is important to note
that significant & vitro and in vivo activity as determined by the assays described herein is not a
required feature of a hemichannel modulating compound. That is, certain compounds described
herein will exhibit good activity in at least one of the standard in vitro assays described herein
but will not exhibit significant activity.in the standard in vivo arrhythmis assey. Alternatively,
certain other compounds will exhibit significant activity in the in vivo arthythmia assay but will
not show good activity in one or more of the standard in vitro assays. However, a preferred
hemichannel modulating compound will exhibit good activity in at least one of the in vitro and in
v:'_vo assays described in this epplication.

Compounds showing good activity in the standard in vivo arrhythmia assay will
sometimes be called "antiarthythmic compounds" or like phrase to denote capacity to prolong
time to arrhythmia in the assay.

As wil] be discussed in more detail below, compounds of the invention can be used to
prevent or treat a wide spectrum of medical conditions that are associated or suspected of being
related to wndesired or abnormal passage of molecules and/or ions through cell. membranes. For
instance, nearly all the medical indications disclosed in PCT/DK01/00127 (WO 01/62775) and
PCTAUS02/05773 (WO 02/077017) can be addressed in this way. Some of said medical
indications are disclosed herein. The medical indications may be prevented, alleviated or treated
by using one or a combination of compounds disclosed in the present applicetion and particularly
those showing good activity in at least one of the in vitro and in vivo assays provided herein.

Additional compounds suitable for testing and use with the present invention have been
disclosed by Larsen, B.D et al. in PCT/US02/05773 (WO 02/077017).
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In enother aspect, the invention provides a method of preventing or treating tissue or
organ stress in a mammal. In one embodiment, the method includes administering a
therapeutically effective amount of at least one compound selected from the group of
compounds represented by Formulae I and II above. Preferably, the contact is sufficient to
prevent or treat the stress in tissue or organ.

The invention also provides for 2 method of treatment of burns comprising administering
to a patient in need of such treatment a therapeutically effective arnount of a compound that
blocks connexin hemichannel opening.

Also provided is a method of treatment of thromboses. In one embodiment, the method
includes administering to a patient.in need of such treatment a therapeutically effective amount
of a compound that blocks a connexin hemichannel from opening.

In another aspect, the invention also features a method of treatment of respimatory and
metabolic acidosis. In one embodiment, the method includes administering to a patient in need
of such ireatment a therapeuticaily effective amount of a compound that blocks a connexin
hemichannel from opening.

The invention also provides for a method of treatment of focal arrhythmia. In ome
example of the method, it includes administering to a patient in need of such treatment a
therapeutically effective amount of a compound that blocks a commexin hemichannel from
opening.

Further provided by the invention is a method of treating and preventing cell and tissue
damage resulting from elevated levels of blood glucose. In one embodiment, the method
includes administering to a patient in need of such treatment a therapeuticaily effective amount
of a compound that blocks a connexin hemichannel from opening.

15,
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The invention also features a method of treatment of chronic atrial fibrillation. In one
embodiment, the method includes administering to a patient in need of such treatment a
therapeutically effective amount of a comapound that blocks & connexin hemicharmel from
opening.

Also provided is a method of treatment of epilepsia. Typically, the method includes
administering to a patient in need of such treatment a therapeutically effective amount of a
compound that promotes & connexin hemichannel to open.

Further provided is a method of cytoprotecting tissue or an organ of a mammat in
need of such treatment, the method comprising adminiatering & therapuetically effective
amount of at least one compound selected from the group consisting of the compounds
represented by Formula I or I

The invention also provides for a method of preventing or treating reperfusion
inju:ry in 2 mammal, the method comprising administering a therapuctically effective
amount of at least one compound selected from the group consisting of the compounds
represented by Formula I or I )

In each of the foregoing therapeutic methods, acompound according to the invention that

features good anti-arrhythmic activity as determined by the standard in vitro mouse arthythmia
agsay (ie., score of at least 2). Such compounds will sometimes be referred to herein as
"antiarrhythmic” cornpounds or a related phrase.

Further uses and advantages of the present invention will be appm.'ent from the following

discussion and examples. Other aspects of the invention are also discussed below

16
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is 2 drawing showing phosphorylation gites on a connexin (Cx43). As can be
seen, the cytosolic domain of the Cx43 transmembrane protein has several potential serine and
tyrosine phosphorylation sites.

Figure 2 is a graph showing metabolic stress induced by removal of glucose. As can be
seen from the graph, administration of compound 1 reduces the stress as evidenced by a decrease
in relative conduction delay.

Figures 3A-B are representations of irmmunoblots showing detection of tyrosine
phosphorylation in connexin 43 (Cx43). Figure 3 A shows results from corhponmd 1
administration. Figure 3B shows results from administration of compound 1 and compound 2.

Figures 4A-B are representations of immunoblots showing detection of tyrosine
phosphorylation (8A) and serine phosphorylation (8B) of Cx43.

Figure 5 is a graph showing effect of 100M compound 1 on ischemia-induced uptake of
calcein in cultured cardiomyocytes.

Figure 6A, is a drawing showing & preferred ELISA assay format. Figure 6B is 2 graph
showing ELISA results of phosphorylated Cx43 at Tyr-P in Hela cells. Figure 6C-is a graph
jNustrating ELISA results of phosphorylated Cx43 at Tyr-P in CHO cells.

Figure 7A-C are photomicrographs showing dye uptake in cultured cardiomyocytes.
Fig. 7A: Cerdiomyocytes under light microscopy; Fig. 7B: Fluorescence under control
conditions (same as cells in Fig. 7A}; Fig. 7C Fluorescence after 30 minutes of metabolic
inhibition.

Figure 8 is a graph showing tbat compound 1 reduces stress-induced calcein uptake in a
dose-dependent manner.
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Figure- 9A-B are graphs showing effect of compound 1 on stress-induced cell swelling.
Fig. 9A Relative volume during metabolic inhibition in the presence or absence of cornpound 1
(0.1nM). Fig. 9B shows contro] date.

Figure 10 is a graph showing effect of compound 1 (0.1nM) on streas-induced oell
swelling.

Figure 11 is a graph showing a reduction in heart weight to body weight ratio after
administration of Compound 1 to rats subjected to myocardial infarction. .

Figure 12 is a graph showing a reduction in infarct size in rats following administration
of Compound 1.

Figure 13 is a graph showing improved cardiac function after administration of
Compound 1 to mats subjected to myocardial infarction.

DETAILED DESCRIPTION OF THE INVENTION

As discussed, the invention provides compounds and methods of using same to modulate
hemichannel function. More perticular compounds modulate hemichernel phosphorylation to
assist opening or closing of hemichannel. Useful screens for detecting and characterizing such
compounds are also provided which screens include in vitro assays, an in vivo assay, or a
combination thereof. Further provided are therapeutic methods useful for the treatment or
prevention of conditions impacted by unsuitable hemichannel function.

It is an object of the invention to demonstrate, for the first time, that cell, tissue and organ
stress may be adversely impacted by the closing and opening of hemichannels. Without wishing
to be bound to theory, it is believed that metsbolic stress, such as oxygen deprivation during
ischemia, glucose deprivation, uncoupling of the oxidative phosphorylation cansed by HCN, or
uncoupling of the citric acid cycle, may ail contribute to uncoupling of the interceflular gap
junctional communication (GJIC). It is finther believed that this uncoupling is correlated with
modulation of cormexin phosphorylation, more particularly dephosphorylation of commexin-

tyrosine residues and/or connexin-serine residues and/or threonine reaidues in the gap junction

18
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channel. By way of illustration, it is believed that during atrial fibrillation, the atrial cells have
increased metabolic demand due to the high frequency pacing. This is thought to lead to lactate
acidosis, opening of hemichannels end uncoupling of gap junctions.

It is also an object of this invention to provide methods of modulating hemichannel
function and, optionally, gap junction intercellular communication (GJIC) which methods
include contacting cells, tissue or organs with a therapeutically effective amount of one or a
combination of compounds that have such activity. Preferred compounds have been disclosed in
the PCT/DK01/00127 (WO 01/62775) and PCT/US02/05773 (WO 02/077017) by B. Larsen et
al.

More preferred compounds suitable for use with the present invention include those
represented by the following Formula I:

h“l -
\Q\,"J Lt h

P

i Ne_{CH hi
Ry
a

Rg
N
(7 Al
@ “r
wherein N\ Lo
R1 represents H or acetyl (Ac) Qﬁf -

R2 represents a sidechain of one of the amino acids G, Y, 0-Y, F and p-F,

R3 represents any amino acid sidechain R4 represents a sidechain of one of the amino
acids G, Y, o-Y, F and b-F,

RS represents OH or NH2

and a, S, T, P and Q are integers are integers and independently=0or 1;

and salts thereof.

More specific compounds mclud; those having the following Formula II:
h -~ l"f - o= o>

'-'
&t put L

" . -, Y-
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R1-X1-X2-X3-R2
I
wherein,
X1 is 0, Ala, Gly, B-Ala, Tyr, D-Tyr, Asp,
X2 is 0; Ala-Gly-T4c-Pro; Ala-Sar-Hyp-Pro;; Ala-Asm; D-Asn-D-Ale; D-
D-Ala; B-Als;; Asn; or;
X3 is Tyr; D-Tyr; Gly, , or Phe; and
R1 is H or Ac, with the proviso that X1 and X2 are not both 0; end salts thereof,
R2 is OH or NH2

More specific compounds represented by Formula ! or IT above include the following-:
G-(DBF)-Y-NH2, , H-GA-Sar-Hyp-PY-NH2, H-GAG-T4¢-PY-NH2,
Gly-Ala-Aso-Tyr , D-Tyr-D-Asn-D-Ala-Gly, D-Tyr-D-Asn-Gly, ,
» Oly-Gly-Tyr, Gly-Ala-Tyr, D-Tyr-D-Ala-Gly,
Gly-D-Asn-Tyr, Gly-BAla-Tyr, BAla-BAls-Tyr,
, Gly-BAla-Phe, Gly-Asn-Phe, , Aso-Tyr, Ac-Gly-Tyr,
Ac-Ala-Tyr, (reducedGly)-Gly-Tyr ( HyN-CHa-CHy-NH-CH,-C(O)-Tyr),

gly-dab-gly-hyp-pro-tyr
[ |

sly-dnpr-gly-hyp-pro-tylr

Ityr-pro-hyp-sly-?hl-sly

;yr-pm-hyp-gly-Tm-sly

gly-dab-ala-gly-hyp-pro-tyr
I f

gl{dnpa-ala-gly-hyp-li:ro-tyr -

ts;r-pm-hw-s!y-ala-zlln-gly
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tslfr-pro-hrp-sly-ﬂl--a;n-sly

D-tTr-D-pro-D-hyp—gly-D-glln-gly

D-tyr-D-pro-D-hyp-gly-D-asn-gly
| J

D-tyr-D-pro-D-hyp-gly-D-ala-D-gln-gly
| ]

D-tyr-D-pro-D-hyp-gly-D-ala-D-asn-gly
L |

; and salts thereof.

Additionally preferred candidate compounds of the invention feature an oral
bioavailability of more than about 5% as determined by an accepteble oral bioavailability assay.
Generally preferred assays involve intraduodenal administration of a candidate compoments to a
suitable test subject. Availability of the compounds in a biological sample, preferebly a blood
sample, is then detected and preferably quantified.

Further preferred candidate compounds generally satisfy Lipinski's rule of 5. As applied,
it defines bioavailability. According to the Rule, less than satisfactory adsorption is more likely
when one or more of the following features characterizes a particular candidate compound: 1)
More than 5 H-bond donors (expressed as the sum OH's and NH's), 2) Moleculer weight over
500, 3) Log P is over 5, 4) More than 10 H-bond acceptors (expressed as sum of N's and Q's),
and 5). Two parameters out of range are to be avoided for many invention embodiments.

Still further preferred compounds in accord with the invention are relatively stable in blood
plasma. An acceptable assay involves contacting a desired candidate compound with plasma
(rodent, rabbit or primate serum, for instance), incubating the compound with the plasma, and
then detecting and preferably quantifying stability of that compound over time. Preferred plasma
sources are rats, dogs, cats, mice, pigs, cows, horses, and humans. A preferred assay, sometimes
referred to herein as "standerd plasma stability assay” has been disclosed in the PCT applicaetion
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PCT/US02/05773 (WO 02/077017). Typical compounds giving good activity in the assay
feature C-terminal amidation or esterification, use of D-amino acida and derivatives of natural
amino acids, N-terminal modifications, and the cyclic structures. One or & combination of such
modifications can enhance stability while retaining ll_:bstnnﬁnl biological activity.

Especially preferred hemichannel modulating compounds for use with the preaent
mmvention include: Ac-D-Tyr-D-Pro-D-4Hyp-Gly-D-Ala-Gly-NH2 (compound 1); Ac-Gly-
Asn-Tyr-NH2 (compound 2); end salts thereof.

Preferred hemichannel modulating compounds exhibit significant activity in one ora
combination of the standerd in vitro end in vivo assays disclosed herein. Such compounds also
have capacity to close or open hemichannels and, optionally, to modulate GJIC. Preferably, a
suitable compound enhances or reduces phosphorylation of connexin 43 (Cx43) as determined
by the standard in vitro connexin phosphorylation assay. A more specific assay monitors
phosphorylation and/or dephosphorylation of one or more of the tyrosine, serine and threonine
amino acid residues shown in Figure 1. A more particular assay format follows.

1) culturing a population of about 10° cells in medium such as confluent or
semi-confluent rat cardiomyocytes or H9¢c2 cells,

2) stressing the cells by washing same and subsequently culturing them in
glucose poor medium for about an hour or less,

3) adding compound 1 to the medium to a concentration of about 0.1 to
about 200 nM for about 10 minutes 10 eight hours,

4) lysing the cells and then detecting & change in Cx 43 tyrosine, serine,
and/or threonine phosphorylation relative to a suitable control; and

5) measuring the change in phosphorylation as being indicative of a
compound that modulates hemichannel function.

In one embodiment of the method, the detecting step 4) further comprises testing the
candidate compound in an immunological or cell sort.ing-b'ued assay. In cases in which an
immunological assay is employed that assay will typically include contacting cells with the
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candidate compound under conditions sufficient to increase or decrease phosphorylation of the

connexin. Preferably, the method further includes prodncing a lysate of the cells; and detecting
increased or decreased connexin phogpharylation in the cell lysate. That increase or decrease is

taken to be further indicative of the hemichannel modulating compound.

Preferred immunological assays for use with the method have been described and include
immunoprecipitation assays, antx'bodir cnpﬁ:re assays, two-antibody sandwich assays, antigen
capture assays, radioimmunoassays (RIAs) and the like. See generally E. Harlow and D. Lane in
Antibodies: A Laboratory Manual, Cold Spring Harbor Laborztory (1988); Ausubel et al. (1989)
in Current Protocols in Molecular Biology, J. Wiley & Sons, New York for a discussion relating
to many standard immumological meth.ods, the disclosures of which are incarporated herein by
reference.

A preferred immunological assay is an ELISA assay. Thus in one embodiment, the

forgoing method further includes at least one and preferably all of the following steps:
a) coating a solid support with a first antibody that specifically binds the
connexin, preferably connexin 43 (Cx43),
b) contacting the cell lysate to the solid support under conditions
conducive to forming a binding complex between the first antibody and
the cormexin,
¢) contacting the first antibody:connexin binding complex with a second
antibody, the contacting being under conditions sufficient to forma
specific binding complex between the second antibody and any
phosphorylated connexin in the first antibody.connexin binding complex,
d) contacting the first antibody:comnexin:second antibody binding
complex with a detectably-labeled third antibody that binds the second
antibody; and .
e) detecting presence of the third detectably-labeled antibody on the solid
support as being finther indicative of the compound.
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In one embodiment of the method, the third antibody of the method is detectably-labeled
with at least one of biotin, FITC, TRITC, radioactive iodine or peroxidase. In another
embodiment, the second antibody is an snti-phosphotyrosine antibody. In still another
embodiment, the second antibody is an anti-phosphoserine antibody. In some instances,

5  detection of the detectably-labeled third antibody is performed by radio- or gama scintillation
counting.

Tn another embodiment, the immunological method employed as the detecting step is a
radioimmunoassay (RIA). Preferably, such an RIA includes at least one and preferably all of the
10 following steps:
a) detectably-labeling the cells before producing the cell lysate, wherein
the labeling is under condmons conducive to labeling phosphorylated
commexin, preferably connexin 43 (Cx43),
b) contacting the cell lysate with an antibody that forms a specific binding
15 complex with the connexin,
¢) separating the binding complex from the detectably-labeled cell lysate;
and
d) detecting the labelled and phosphorylated connexin as being further
indicative of the gap junction modulating compound.
20
In one embodiment of the method, the antibody is an anti-cormexin antibody. In another
embodiment, the detection step further comprises performing a Western immunoblot assay. The
RIA method is compatible with a wide range of detectable labels however for many applications
administration of radioactive inorganic phosphorous will be preferred.
25
Antibodies for use with the foregoing invention method including anti-phosphotyrosine,
anti-phosphoserine, and anti-Cx43 antibodies are commercially av.ailable from a variety of
sources such as the American Type Culture Collection (ATCC); Sigma Chemical Co., St. Louis,
MO; Zymed Lab, Inc., of California; and Amersham Biosciences, UX.
30 .
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Preferred hemichannel modulating compounds identified by the foregoing standard in
vitro test show good capacity to modulate phosphorylation of Cx43, particularly at cne or more
of the tyrosine, sexine and threonine residués shown in Figure 1. More preferred of such
compounds exhibit at least a 5% change in such phosphorylation (measured as an increase of
decrease i the presence of one or more of phosphotyrosine, phosphoserine, and/or
phosphothreonine on Cx43), preferably at least about 10%, more preferably at least about 50%
change relative to stressed cells in which the comp'ound is present at a concentration of between
about 0.1nM to about 200nM.

See Examples 2-5 below for a particular example of the standard in vitro connexin
phophorylation assay.

As discussed, the invention also features s standard in vitro uptake assay that can be used
to detect and optionsily characterize hemichanmel modulating compounds. The assay can be
used alone or in combination with the standard in vitro connexin phosphorylation assay. A
particular embodiment of the standard in vitro uptake assay is described 2s follows.

1) culturing a population of sbout 10° confluent rat ventricular myocytes
in medium,

2) stressing the cells by replacing the medium with glucose poor medium
for less then about 2 hours, preferably about 30 minutes,

3) adding compound 1 to the medijum to a concentration of about 0.01pM
to 100nM,

4) adding calcem dye to the medium to a concentration of about 10 to :
about 500 micromolar for less than about 2 hours end preferably about 30
minutes,

5) detecting & change in uptake of the calcein into the cells; and

6) measuring the change as being indicative of & compound that .
modulates hemichannel function.
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The step of detecting the change in calcein uptake can be performed by ome or a
combination of standard methods including fluorescent light microscopy and/or related cell
sorting methods. See Example 6 for a particular example of the standard i vitro uptake assay.

Preferred cormpounds detected by the forgoing standard in vitro uptake assay will
exhibit at lcast about a 5-% decrease in dye uptake (close cell hemichanpnels) relative to
stressed cells, preferably at least sbout 2 20% decrease and more preferably at least about
& 50% decrease in the presence of between about 0.01pM to 100nM of the compound to
be tegted,

As also discussed, the invention provides the in vitro cell volume assay which assay can
be alone or in combination with one or both of the standard in vitro connexin phosphorylation
and the standerd in vitro uptake agsay. A particular embodiment of the standard in vitro cell

volume assay is as follows.

1) culturing a population of about 10° confluent rat ventricular myocytes
in medium,

2) lpading the cells with between from ebout 0.5 to about 100 micromolar
calcein-AM, preferably about 5 micromolar, for less then about 2 hours
and preferably about 15 minutes

3) estimating the volnme of the cells by detecting and preferably
quantifying signal from the calcein-AM,

4) adding compound 1 to the medium to & concentration of about 0.01nM
to about 100nM,

5) stressing the cells by culturing in glucose poor medium,

6) detecting a change in cell volume relative to a suitable control; and

7) measuring the change as being indicative of a compound that
modulates hemichannel function.
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The step of detecting the change in cell volume can be performed by one or a
combination of standard methods including laser confocal microscopy and/or related cell sorting
methods. Example 7 provides a particular example of the standard in vitro cell volume assay.

Preferred compounds detected by the forgoing standard in vitro cell volume assay will
exhibit at least about a 5% decrease in cell volume (close hemichammels) relative to stressed cells,
preferably at least about a 20% decrease and more preferably at least ebout a 50% decrease in the
presence of between about 0.01nM to 100nM of the compound to be tested. Compounds
selected in accord with this assay will inhibit flow of osmolytes through hemnichannels and help
maintain normal cell volume during conditions that produces cellular swelling. Importantly, cell
swelling is associated with impaired perfusion in orgens surrounded by & fibrouns capsule (e.g.,
heart, kidney, skeletal muscle) or bone '(bmin, spioel cord) and therefore compounds with
hemichannel blocking properties may be useful in the treatment of diseases associated with
cellular swelling,

Suitable cantrol experiments are generally tailored for use in a particular assay format.
For example, most control experiments involve subjecting a test sample {(e.g, a population of
cultured rat cardiomyocytes) to non-stressful conditions such as incubation in medivm.
Typically, water, buffer, phosphate-buffered saline or the like is added to the assay instead of the
compound(s) to be tested in parallel or separately. A desired assay is then conducted in accord
with the present methods. Specific examples of suitable controls are provided in the Examples
section.

Practice of the invention is compatible with a wide spectrum of conventiona] detection
assays. Such assays can be performed manually, semi-manually, or in an automated format as
needed. For applications in which repid or large scale screening strategies are needed, the
invention is additionally compatible with standard "high-throughput" and/or "uitra-high
throughput" screening methodologies. Examples of such methods include immunological and
cell sorting type assays such as those described herein.
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As discussed, the present invention is compatible with a wide spectrum of testing
strategies. Thus in some embodiments, further testing of candidate compounds will be
pexformed in vivo to test for and preferably confirm hemichannel modifying activity. Far
instance, one or a combination of the standard in vitro methods described herein can be used to
further test compounds for hemichannel modulating activity in the standard #n vivo arrhythmia
model. The standard in vivo mouse arrhythmia agsay, described below as Reference Example 1,
Thas been disclosed in the PCT/DK01/00127 (WO 01/62775) and PCT/US02/05773 (WO
02/077017) by B. Lersen et al.

Candidate compounds identified by one or more of the invention methods have a variety
of important applications including use a probes for identifying gap junctions and particularly
hemichannels in a range of cells, tissucs and organs. Also, such compounds can be used as
probes for detecting gap junctions and hemichannels in various developmental and disease states,
and as probes for detecting those structures with distinct carboliydrate decoration and/or
phosphorylation patterns. Such compounds find further use as solid support components for
purifying gap junction components according to standard chromatogrephic procedures.

Compounds selected by the in vitro and/or in vive tests described herein can be used as
medicements for preventing or treating conditions impacted by increased opening of
hemichannels (increased cell membrane permeability to the extracellular compartments) eg.,
wounds such as burns, thromboses, respiratory and metabolic acidosis, tissue swelling eg., due to
bacterial or environmental toxins, and focal arrhythmias. Other medicaments of the invention
can be employed to protect ceila from distuptive volume changes. Such changes can be
facilitated by one or a combination of factors including excessive hesat, iachemis, toxins,
inflammation, oedema, disturbance of electrolytes, increased levels of glucose, and diabetic late
complications. Treatment of chronic atrial fibrillation associated with mcreased serine-
phosphorylation is also conteroplated. Additional compounds can be used as medicaments to
prevent, treat, alleviate, or reduce the severity of the following conditions. See also the
PCT/DK01/00127 (WO 01/62775) and PCT/US02/05773 (WO 02/077017) application.
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The therapeutic methods of the invention generally comprise administration of a
therapeutically effective amount of one or a combination of the hemichannel modulating
compounds disclosed herein to & subject in need of such treatment, such 2s &8 memmal, and
particularly a primate such 2s 8 human. Treatment methods of the invention also comprise
administration of an effective amount of a compound of Formule I or II as defined above to a
subject, particularly a mammal such as a hbuman in need of such treatment for an indication
disclosed herein. -

Typical subjects include mammals suffering from one or & combination of disorders as
provided herein including the conditions described below in Sections A-R_

A. Nervous tissue

It is well known that microglia are the main immune effector of the central nervous
system (CNS), and that they are activated in response to a wide range of injuries that trigger
brain inflammatory responses, including head injury and ischemia, neurodegenerative diseases,
aitoimmune diseases, infectious diseases, prion diseases, and brain tumors. Activated microglia
migrate to injured CNS areas, where they proliferate and gradually remove cell debris. Eugenin
et al showed that microglia can communicate with each other through gap junctions that are
induced by inflammatory cytokines (Eugenin, E A, et al. Proc. Natl Acad. Sei. US4, Vol. 98,
4190-4195, 2001). This was demonstrated in the following experiments. At brain stab wounds,
microglia progressively accumulated over several days and formed aggregates that frequently
showed Cx43 immunoreactivity at interfaces between cells. In primary culture, microglia
ghowed low levels of Cx43 determined by Western blotting, diffuse intracellular Cx43
immunoreectivity, and a low incidence of dye coupling. Treatment with the immmostimulant
bacterial lipopolysaccharide (LPS) or the cytokines interferon-gamma (INF-gamma ) or nomor
necrosis factor-alpha (TNF-alpha ) one at a time did not increase the incidence of dye coupling.
However, microglia treated with INF-gamma plus LPS showed a dramatic increase in dye
coupling that was prevented by coapplication of an anti-TNF-alpha antibody, suggesting the
release and autocrine action of TNF-elphe . Treatment with INF-gamma plus TNF-alpha also
greatly increased the incidence of dye coupling and the Cx43 levels with translocation of Cx43
to cell-cell contacts. The cytokine-induced dye coupling was reversibly inhibited by 18-

29



10

15

20

25

30

WO 03/063891 PCT/DK03/00056

glycyrthetinic acid, a gap junction blocker. Cultured mouse microglia also expressed Cx43 and
developed dye coupling upon treatment with cytokines, but microglia from homozygous Cx43-
deficient mice did not develop significant dye coupling after treatment with either INF-gamma
plus LPS or INF-gamma plus TNF- alpha,

Forced expression of gep junction proteins, connexins, enables gap junction-deficient cell
lines to propagate intercellular calcium waves. Cotrina et al. demonstrated that ATP secretion
from poorly coupled cell lmes, C6 glioma, HeLs, and U373 gliohlastoma, is potentiated 5- to 15-
fold by connexin expression. These. observations indicate that cell-to-cell signaling associated
with connexin expression results from enhanced ATP release mediated through connexin
hemicharmels (Cotrina ML et al. Proc Natl Acad Sci U S A 1998 Dec 22,95(26):15735-40;
Cotyina et al.: J Neurosci 2000 Apr 15;2_0(8):2835-44). Moreover, during conditions with
metebolic stress (e.g., ischemia), hemichannel-mediated ATP release from astrocytes may affect
neighboring neurons and elicit elevations in intracellular calcium with in tum may turn in
apoptosis and neuronal desath .

Due, for instance, to the phosphorylation of Cx43 tyrosine by compound 1 and compound
2, administration of these compounds will assist in hemichannel closing and facilitate the
intercellular communication of microglia and thereby augment or speed up the “healing”
processes in the aforementioned diseases (brain inflammatory responses, including head injury
and ischemnia, neurodegenerative diseases, autoimmune diseases, infectious diseases, prion
diseases, and brain tumors). Furthermore, it is expected that closing of hemichannels will prevent
ATP release and thus reduce spreading of the primary injury.

B. Lung tissue: alveolar cells

Alveolar intercellular communication via gap junctions between alveolar cells is
important for the propagation of ion transport, mechanochemical signal transduction, regulation
of cell growth and secretion of surfactant factor (Ashino Y, et al. (4m J Pkysiol Lung Mol
Physiol 2000; 279: 1L.5-L13)). In vivo repair after acute and chronic inflammatory damage of the
alveolar region of the lung involves formation of fibronectin as part of the extracellular matrix
(Charash WE, et al. (. Am Rev Respir Dis 1993; 148: 467-476) and Torikata C, et al. (Lab Invest
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1985; 52: 399-408)). Alveolar epithelial cell culture studies have demonstrated an increased
number of gap junctions in parallel to an increase of extracellular fibronectin concentration
(Alford AL, Rannels DE . (Am J Physiol Lung Cell Mol Physial 2001;280:1.680-L688)). In vivo

- animal studies have found a decreased number of gap junctions after nitrogen dioxide induced

severe pulmonary inflammation both i the alveolar tissue, the walls of the terminal bronchioles,
alveolar ducts end peribronchiolar alveoli. These findings were dose dependent. However, if
pretreated with taurin this loss of gap junctions was prevented in parallel with less pronounced
inflammatory reactions. Similar findings were seen after irradiation of rat lung and after
treatment with the chemotherapeutic compound, bleamycin.

Thus, maintaining the gap junctional communication in lung tisgue is important for
preventing lung fibrosis and decreased amount of cormexin is seen as a reaction to inflaznmatory
processes, to various toxic stimuli, such as gas inhaletion, airborne destructive substance and
irradiation. Pretreatment with a compound of the invention that phosphorylates Cx43 tyrosine
residues, and facilitates hemichannel closing and/or gap junction opening or gap junctional
communication will be indicated prior to therapeutic irradiation where the lungs are exposed, e.g.
in lung cancer, treatment of breast cancer, thyroid and esophageal cancers.

* Treatment with a compound that facilitates or mediates hemichannel closing and/or gap
junction opening will prevent further deterioration of lung fimction in emphysema, asbestosis,
silicosis, lung fibrosis, pneumonitis, drug induced lung fibrosis and in patients exposed to
pulmonary toxic gasses such as nitrogen dioxide. Treatment will preferably be added on to
conventiona] treatment of these conditions, The compound may be administered orally,
parenterally, nesally, or via pulmonary mhalation.

C. Smooth muscle
1. Vascular gygtemn .
Interce]lular communication through gap junction channels plays a fundamental role in
regulating and modulating vascular myocyte tone throughout the vascular tree (Christ GJ, et al.
Circ Res. 1996; 79: 631 — 646)). Another important role of gap junction communication is the
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spread of hyperpolarization among smooth muscle cells involved in vascular relaxation response

- (Benny JL, et al. Physiol Heart Circ Physiol 1994; 266: H1465-72)).

The specialized functions of the endothelium require gap junction intercellular
communication between endothelial cells within the monoiayer and between endothelium and
other cells present in the vessel wall., The commmication between these different cell types via
g2p junctions in coronary capillaries as well 25 in all other vessels has been documented in
several studies. Evidence of involvement in adaptive arteriogenesis has also been demonstrated
(Cai W-J, et al. J Mol Cell Cardiol 2001; 33: 957-6T), Wang H-Z, et al. Am J Physiol Cell
Physiol. 2001; 281: C75-88), Schuster A, et &l. Am J Physiol Heart Circ Physiol. 2001; 280:
H1088-96)).

In different vascular patophysiological situations where the endothelial monolayer is
disrupted as in diet induced hypercholestrolemic lesions the gap junction communication is
decreased in the vascular smooth muscles (Polacek D, et al. J Vasc Rey 1997, 34: 19-30). Injury
at the endothelial cellular layer is seen during venous stasis and when thrombophlebitis is
developed. Kwak BR, et al. Molec Biol Cell 2001; 12: 831-845 has clearly demonstrated that gap
junction coml;nmimﬁon serves to coordinate cell migration during endothelial repair and also are

important for capillary sprouting during angiogenesis.

Treatment with compounds of the invention that facilitate hemicharmel] closing and/or
gap junction communication will improve the impaired inter cellular communication in the
affected vascular areas, and will be particularly useful during organ ischemia, e.g. claudicatio
intermittens and myocardial infarction..

However after baloon catheter injury in rat carotid the vescular healing process is .
characterised by increased gap junction communication .(Yeh HI, et al. Arterioscle Thromb Vasc
Biol 1997;,17:3174-84). A suitable invention compound will be administered before the balloon
intervention and is preferably-an edd-on therapy -» conventional medical treatment of this
condition. Administration of the compound will preferably be parenterally. Bffect can be tested
in tissue sampled before and at different time after the balloon catheter injury. Faster healing of
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the endothelial surface will be using conventional microscopy. Also improvement of gap
junction communication will be found. See also Arterioscle Thromb Vasc Biol 1997;17:3174-
84). '

2. _Frectile _ .

In Corpus cavernosumn & syncytial cellular network is established via gap junctions and is
critical to erectile function and ensures that the corporal and arterial smooth muscle cells of the
penis respond in a uniform and coordinated mmmner. (Christ GI. (fnt J mpot Res. 2000; 12 suppl.
4: S15-25), Melman A, Christ JC. (Urolog Clin North America. 2001; 28: 217-31)). Disturbed
erectile function is seen in diabetes, arteriosclerosis, different neurological diseases and many
chronic diseases. From studies in disbetes an inverse correlation between neural innervation and
intercellular coupling point towards the potential functional plasticity of the corporal
envirorment although not establishing the functional intercellular communication via gap
junction.

Treatment with a compound that facilitates hemichannel closing and/or gap junction
opening will improve the communication vie the gap junction and thereby normalize the
complex coordination between the smooth muscle cells in corpus cavernosurn and the veasels.

In vivo pharmacological testing of erectile function of the compounds can be tested 10
weeks after streptozotocin (35 mg/kg i.p.) induced diabetes in rats (8 weeks old) as described by
Rehman Jet al. (Am J Physiol 1997; 272: H1960-71). Penile reflexes and the intracavernous
pressure are measured during local and systemic administration of different doses of the different
hemichannel modulating compounds with measures and techniques described by the same
tesearch group. An increase in penile reflexes and in the intracavernous pressure of 25% or

above can be scen
Treatment of erectile dysfunction can be administered either locally in the penil corpus,

as subcutanous injection or orally. Treatment will be either monotherapy or add-on to
conventional treatment of this condition.
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3. Incontigence

Smooth muscles in the urine bladder are characterized by phasic contractions and show
sponteneous phasic contractions. However the bladder is in the healthy condition able to contain
several humdred milliliters of urine without showing en increased intravesical pressure. In
contrast to the normal bladder unstable bladdera develop spontaneous increases in intravesical
preasure related to urge incontinence (Turner WH, Brading AF. { Pharmacol Therap. 1997; 75:
77-110). Compared to gastrointestinal smooth muscle, bladder smooth muscles does not
spontaneously generate co-ordinated contractions (Stevens RJ, et al. (4m J Physiol. 199; 2777:
C448-60), Hashitani H, et al. (J Physiol. 2001; 530: 273-86)). Both electrical and morphological
comumunications via gap junctions between smooth muscle cells in the bladder has recently been
demonstrated (Hashitani H, et al. (J Physiol. 2001; 530: 273-86), Wang H-Z, et al. (Urology.
2001; Suppl 6A: 111)). The importance of these gap junctions was demonstrated by specific
inhibition of the communication. Waves of spontaneous excitation in bladder smooth muscle

propagate through gap junctions.

The uncontrolled urged incontinence will therefore be regulated via treatment with a
hemichannel closing compound or a gap junction opener. Administration will be pnrenténlly,
orelly or into the urinary bladder. Administration will preferably be as an add-on to treatment
with drugs intended to normalize muscle contraction in the urine bladder.

Myoepithelial cells as presented in submandibular glandular ducts, in urether, in gall
ducts, pancreatic ducts, tear duct are connected with gap junctions and intercellular
communication is essential for the synchronization of contractile function of the myoepithelial
cells (Taugner R, Schiller A. (Cell Tissue Res. 1980; 206: 65-72). Disturbed contractility in
these ducts can be normalized by treatment with a hemichannel closing compound or a gap
junction opener administered either parenterally or orally. ’

D. Healing

Prophylactic effect of treatment with a hemichannel closing agent or gap junction
opener, such as compound 1 end compound 2, can be tested in an experimental set up as
described by Yeh HI, et al. (4rterioscle Thromb Vasc Biol 1997;17:3174-84). compound 1 or
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compound 2 can be administered before the balloon intervention using dosages in the range of
10-11 to 10-8 depending upon the compound's biological kinetics, e.g. as determined in the
calciumchloride induced arcthythmia model described above. Tissue can be sampled before agd at
different time after the balloon catheter injury. Faster healing of the endothelial surface will be
seen using conventional microscopy. Administration of the compound will be, e.g. parenterally.

Healing progresses in a series of overlapping phases beginning with haemostasis -
(coagulation). The second phase of the healing process is a cascade of inflammatary responses
where micropl;nge.s accumulates at the wound side and formulation of granulation tissue starts
involving fibroblast and lymphocytes among other component. Epithelial cells will then start to

. migrate from the border of the wound to cover the area. Capillary spouting from the normal

tissue into the wound is aiso involved in order to ensure supply of nutrients, oxygen and the
different cells. All the cells and the capillary endothelium cells bave an lively intercellular
communication via gap junctions (Abdullah KM, et al. (Endocrine. 1999; 10: 35-41). Areas with
low oxygen supply and/or high concentration of free radicals often seen in wounds with necrotic
tissue, in diabetes, in arteriosclerosis, in surgery wounds, oedema, infection, bum wounds and in
venous msufficiency will lower the gap junction communication (Nagy J1, et al. Cell Growth
Diff. 1996; 7: 745-51)).

Treatment with a2 hemichannel closing compound or a gap junction opener will ensure
maximal gep junction communication between the different cells considered to play an important
role in the complicated repair process and thereby improve the wound repair. The compound will
be administered topiceally, systemically or orslly.

E. Diabetic retinopathy

Disbetic retinopathy can be diagnosed very carly after onset of the disease by identifying
alterations in the rate of blood flow (Bursell S-V, et al. (Curr Eye Res. 1992; 11: 287-95),
breakdown in the blgod-retinal barrier ( Cunha-Vaz JG, et al. (Br J Ophthalmol. 1975; 59: 649-
56), Do Carmo A, etal. (Exp Eye Res. 1998; 67: 569-75)) and/or loss of autoregulation (Kohner
EM, Patel V, Rassam SMB.(Diabetes 1995; 44: 603-607)). By using both tracer transport and

_ double cell patch clamp techmiques Oku H, et al. (Trvest Ophthalmol Vis Sci. 2001;42: 1915-
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1920) have demonstrated an extensive cell-to-cell coupling. A closure of gap junction pathways
disrupts the multicellular organization of retinal microvessels and contribute to diabetic retinal
vascular dysfunction. Zhou ZY, et al. (Neuroscience. 2001; 102: 959-67) further demonstrated
that reactive oxygen are involved in retinal gap junctional uncoupling and a recoupling when
gluthation is supplied.

Hemichannel closers® effect on diabetic retinopathy can be studied in vitro using the
streptozotocin induced diabetic rat model as described above. Freshly isolated retinal
microvessels (Sakagami K, et al. J Physiol (Lond). 1999; 521: 637-50) will be transferred to
coverslip as described by Oku H, et al. (frvest Ophthalmol Vis Sci. 2001;42: 1915-1920). bn this
preperation the intercellular communication between the cells in the vascular wall will be
measured either with dye or with tracer. Different concentrations in the range of 10-10 — 10-7 M
of the compounds of the invention, eg., gap junction openers compound 1 or compounid 2 can be
tested and a significant increase in intercellular communication compared to baseline will be
seen in the diabetic retina. Similar improvement will be seen when compared to controls (healthy

" animals). Treatment will be systemic, locally or orally. Therapy is preferably an add-on to

conventional antidiabetic treatment.

Not only diabetic retinopathy but also other vascular abnormelities in the retina as for
instance arteriosclerosis will benefit from increased closing of hemicharmels or an improved gap
junction commumication by treatment with a compound that assist Cx tyrosine phosphorylation.
compound will be administered parenterally.

F. Cardiac Digsorders

1. Atrial-ventricular (AV) blockade

Intercellular communication in the cardiac av node is maintained via gep junctions.
Decreaged function lead to decreased conduction and may lead to total a-v blockade.

AY blockade is seen in acute myocardial infarction, in ischaemic heart disease, digitalis
intoxication, calcium channel blocker intoxication end a hemichanne} closing compound will
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improve the av conduction. Administration qf hemichannel closing compound shall be either
perenterally or orally.

2. Anjal Sbrillation -

Nao et al. 2001 have found decreased serine phosphorylation of comexin 40 in
myocardial cells of patients suffering from chronic atrial fibrillation (AF). Decreased serine
phosphorylation of connexin is known to be connected with uncoupling of cells which may lead
to AF. If this condition of chronic AF is also characterized in decreased tyrosine
phosphorylation of connexins, then treatment with 2 compound such as Compound 1 or 2 herein
may increase tyrosine phosphorylation, close hemichannels, open gap junction charinels and
remove the causes of AF.

3. Ischemia/reperfusion injury

During regional ischemia, hearts are exposed to metabolic stress that causes cell swelling
which in turn increases tissue pressure and reduces perfusion of the ischemic border zone tissue.
It is believed that the reduced perfusion in the ischemic border zone contributes to the gradual
spreading of the infarct, which is associated with further impairment of cardiac function. As
shown in Examples 7 and 8, Compound 1 prevents cell swelling during ischemis, reduces infarct
size and prevents impairment of cardiac fimction after mypocardial infarction.

Moreover, coronary perfusion is restablished in patients with myocardial infarction by
ejther administering a thrombolytic agent or by percutaneous transluminal coronary angioplasty
(PTCA). Although restoration of blood flow is a prereqnisite for myocardial salvage,
reperfusion itself may lead to additional tissue injury beyond that generated by ischemia alone -
this is known as “reperfusion injury”. Mechenisms proposed to contribute to reperfusion injury
are many, including oxygen free radical overload, neutrophil-mediated myocardial injury,
intracelluler calcium overload, and changes in osmotic environment (Wang et al.,Cardiovasc
Res. 2002 Jul;55(1):25-37. Review).
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There is recognition that the osmolarity of bodily fluids is strictly controlled so that most
cells do not experience changes in osmotic pressure under normal conditions, but osmaotic

. changes can occur in pathologicel states such as ischemia, septic shock, and diabetic coma. The

primary effect of a change in osmolarity is to acutely alter cell volume. If the osmolarity around
a cell is decreased, the (-:ell swells, and if increased, it shrinks. In order to tolerate changes in
osmolarity, cells have evolved volume regulatory mechanisms activated by osmaotic challenge to
nommaelise cell volume and maintain normal function. In the heart, osmotic stress is encountered
during a period of myocerdial ischemia when metabolites such as lactate accumulate
intracellularly and to a certain degree extracellularly, and cause cell swelling. This swelling may
be exacerbated firther on reperfusion when the hyperosmotic extracellular milieu is replaced by
normosmotic blood and it may even cause rupture of the cardiac cell membrames (Wright AR,
Rees SA.: Pharmacol Ther. 1998 Oct;80(1):89-121. Review). Thus, it is believed that
compounds selected in accord with the present invention will prevent myocardial demage during
reperfusion, eg., by & mechanism similar to the effect described in Example 7 (Figure 9A).

In addition, it has been reported that during the commonly used PTCA pmceElure. the
atheroschlcrotic plaque is Tuptured which causes microembolization in the microcirculation distal
to the site of the PTCA procedure, which is associated with accelerated progression of heart
failure and increased mortality Henriques JP et al:. Ewr Heart J 2002 Jul;23(14):1112-7). As

"shown in Examples 7 and 8, Compound 1 prevents cell swelling during ischemia, reduces infarct

size and prevents impairment of cardiac function after mypocardial infarction and these
properties of compounds will reduce injury during reperfusion.

Accordingly, the invention provides a method of cytoprotecting tissue or an organ
of a mammal in need of such treatment. In one embodiment, the method includes
administering a therapuetically effective amount of at least one compound selected from
the group consisting of the compounds represented by Formula [ or II. By the phrase
"cytoprotecting” is meant reducing, preventing or alleviating symptoms associated with
unwanted cell swelling. Particular tissues and organs that will benefit from the method
include those confined or otherwise impacted by a fiborous capsule such as heart or
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kidney. Also included are tissues associated with bone such as brain, spinal cord and
bone mammow.

In one embodiment, the method further mcludes exposing the tissue or organ of
the mammal to ischemic conditions such as those described herein. An example is heart
infarction (heart attack) in which the ischemia is associated with harmful myocardiat cell
swelling. In one embodiment, such swelling can be reduced or avoided by administering
at least one of Ac-D-Tyr-D-Pro-D-4Hyp-Gly-D-Ala-Gly-NH2 (Compound 1) and Ac-
Gly-Asn-Tyr-NH2 (Compound 2) to the mammal.

As discussed a method of preventing or treating reperfusion injury in 2 mammal is
also provided by the invention. In one embodiment, the method includes admmistering a
therapuetically effective amowmt of at ieast one compound selected from the group
consisting of the compounds represented by Formula I or II. In a more specific
embodiment, the method further includes the heart of the mammal to infaret conditions.
Acconding to the method, it is-degirable to establish coronary perfusion, typically as
quickly as possible, In some embodiments, the method will further include administering
a thrombolytic agent (eg., tissue plasminogen activator ("TPA") or providing coronary
angioplasty to fecilitate coronary perfusion into the infarcted heart. In one embodiment,
the compound is at least one of Ac-D-Tyr-D-Pro-D-4Hyp-Gly-D-Ala-Gly-NH2
(Compound 1) and Ac-Gly-Asn-Tyr-NH2 (Compound 2).

G. Immunoclogy: cell maturation

Cell-to-cell interactions are crucial for lymphocyte maturation and activation. A wide
rage of membrane molecules ensure intercellular adhesion and enablimg cell-cell signalling
during cell migration and activation in the immune system. Circulating human T, B and NK
lymphocytes express Cx43 and active gap junctions between the cells have been demonstrated
using dye methods as described previously. It hes elso been demonstrated that decrease in
intercelluler gap junctional coupling markedly decrease the secretion of IgM, IgG and IgA
indicating that intercelluler signaling across gap junctions is an important component of the
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mechanisms underlying metabolic cooperation in the immune system (Oviedo-Orta E, et al.
(Immunology. 2000; 99: 578-90), Oviedo-Orta E, et al. (FASEB. 2001; 15:768-774)).

In subchromic or chronic inflammation a local increase in synthesis of immunglobulins is
desirable independent of aethiology. During inflammation the tissus is often different from the
normal healthy tissue and low oxygen tension produces uncoupling of the intercellular gap
junctional communication. The importence of low oxygen for GJIC uncoupling has been
demonstrated in severs] different cell systems suggesting that oxygen tension is & universal
regulator of GJIC. Said sncoupling is a result of altered tyrosine and/or serine and/or threonine
phosphorylation of connexins in gap junction channels, and administration of a compound of the
invention such as compound 1 or 2 herein will counteract this effect, close hemicharmels and
restore GJIC. '

H. Improving GJIC

There are basically two waya of maintaining GJIC, either by keeping gap junction
chanzels open or by facilitation of docking of hemicham.zels. In the treatment or prevention of
disease states characterized in presence of ischemic conditions, both ways are preferred or

recornmended.

In primary cultures of neonatal rat ventricular cardiomyocytes, deprivation of oxygen and
glucose leads to a decrease in the noradrenalin-induced stimulation of phospboinositol (PI)
tumover to app. 50% of the level at normal atmospheric and nutritional conditions. The gap
junction modifier compound 1 has been shown to normalise this impaired noradrenalin-induced
stimulation of PI tumover during oxygen and glucose deprivation by mising PI turnover to app.
50% of the normal level. Moreover is has been shown that compound 1 does not alter the
noradrenalin-induced level of PI tumover during normal atmoespheric and nutritional conditions
(Meier, E and Beck, M M: 2001 International Gap Junction Conference, Aug 4-9, 2001, Hawaii,
USA, abstract no. 132). Likewise, in cultured humnan osteoblast cultures and in osteoblastic rat
osteosarcoma cell lines hypoxia decreased intracellular calcium wave propagation as measured
as dye transfer after Lucifer Yellow injectiona. This decrease could be completely reversed by

40



10

15

20

25

30

WO 03/063891

treatment with compound 1 (Teilmamn, S C, et al.: 2001 International Gap Junction Conference,
Aug 4-9, 2001, Hawaii, USA, abstract no. 176).

Due to cellular uncoupling during inflammation, for instance, a compound that closes
hemichannels and opens gap junctions will improve synthesis of immunglobulins during
inflammation.

L Peripheral neuropathy and neuropathic pain

Peripheral neuropathy and pain as seen in diabetes, during dialysis, liver circhosis and
many other conditions are reported to involve both somatic end autonomic nerves. The exact
mechanisms of the peripheral nerve injury in the various conditions are under investigation but
nerve terminal destruction, decreased conductance, demyelination and increased inflammatory
response have been described. Common for the various conditions in experimental set up are that
increased free radicals, increased nitric oxide, oxygen stress and lack of free radical scavengers
are seen and reduction of gap junction communication is recorded (Pitre DA, et al, (Neurosci
Lett, 2001; 303: 67-71), Bolanos JP, Medina M. (J Neurochem. 1996; 66: 2019-9), Low PA,
Nickander, KK. (Diabetes. 1991; 40: 873-7), Levy D, et al. (Neurosci Lett. 1999; 260: 207-9),
Bruzzone R, Ressot C. J Eur Newrosci. 1997; 9: 1-6)). Thus, a compound of the invention that
assists hemichannel closing by phosphorylating hemichannel connexins will be beneficial in the
treatment of periphersl neuropathy. Administration will be parenterally.

J. Hearing deficit

Noise induced hearing loss, presbycusis known 1o be agsociated with production of free
radicals are related to inhibition of gap junction coupling between both Hensen cells and Deiters
cells from Corti's organ in the cochlea (Todt I, et al. (J Membrane Biol. 2001;181: 107-114),
Blasits S, et al. (Phlugers Arch. 2000; 440: 710-12) Lagostena L, et al, (J Physiol. 2001; 531:
693-707)). The gap junction communication between these supporting cochlear cells provides
the important homeostasis for the sensory cells and thereby a normal neuronal activity of outer
hair cells (Johnstone BM, et al. (J Physiol 1989; 408: 77-92)). This communication is disrupted
during oxidative stress (Todt I, eé al. (J/ Membrane Biol. 2001; 181: 107-114). Acquired or age
dependent hearing loss will be prevented when treated with a compound which can increase
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phosphorylation of tyrosine residues in connexin hemichennels (close the hemichannels) and
meintain gap junction communication in the supportive cells. A suitable compound of the
invention can be administered parenterally.

Melanocytes in the vestibular organ dack cell area are communicating heavily via gap
junction and may play a role in transporting material between the endolymph and perilymph and
also be of importance in maintaining the homeostasis of the microenvironment in the inner ear
(Masuda M, et al. (4nat Rec. 2001; 262; 137-146)). Endolymphatic hydrops is related to various
clinical conditions characterized by dizziness and reduced hearing. A decreased capacity of gap
junction communication may be of importance in regulating transmembrane transport of several
substances criginally secreted or excreted via specific types of transporters.

K. Age dependent anemia and bone marrow fransplantation

Bxistence of functional gap junctions between haematopoietic progenitor cells and
stromal c€lls of the haematopoietic microenvironment was many years controversial but studies
have now proofed the existence of human gap junction communication (Rosendaal M, et al.
Tissue Cell. 1991; 23: 457-470), Ditrig J, et al. (Brit J Haematol. 2000; 111: 416-25)). It has also
been demonstrated that the communication is bi-directional favoring the hypothesis that stromal
cells control the proliferative behaviour of the haematopoietic progenitor cells, but also their
functional status can be regulated by immature haematopoietic cells (Gupta P, et al. (Blood.
1998; 91: 3724-3733)).

With age the functionality of the haematopoietic tissue is decreased and anemia is often
seen in elderly people. Reduced capacity of haematopoietic tissue is also seen in haematological
malignancies and after treatment with chemotherapeutics. Bone marrow transplantation from
donor is used to prevent pancytopenia.

The effect of & compound of the invention that assists in bemichannel closing and/or
facilitates gap junction communication will be studied in pretreated rats exposed to high dose
cyclophospbamide. In these animals the bone marrow has stopped producing mature
haematopoietic cells. Number of reticulocytes at different time intervals after cyclophosphamide
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will be significanfly higher in the animals pretreated with the commexin tyrosine phosphorylating
compound 1 using doses of about 100 4L of 107° M to sbout 10 M compound 1 compared to
non-pretreated animels. Administration of suitable compounds of the invention w1ll be
parenterally.

L. Pituitary and hypothalamic hypofunction

Hormones from the anterior pituitary gland show circadian veristion in secretion within
minutes, hours, days and seasouns. The part of the nervous gystem responsible for most circadian
thythm is localized to a pair of structures in the hypothalamus known as the suprachiasmatic
nucleus. In this center this biological clock is intrinsic in the mdmdual cells. However
coordinated electrical activity is mediated to n-ghbormg ccl]s via gap junction communication.
(Colwell CS. (J Neurobiol. 2000; 43: 379-88)). Because also the anierior pituitary lacks direct
innervations, gap junction-mediated cell-to-cell communication within the gland must be
indispensable for the adequate cell-to-cell coordination and synchronization required to ensure
appropriate and timed hormone secretion.( Vitale ML, et al. (Bio! Reporo. 2001; 64: 625-633)).
Guerineau NC, et al. (J Biol Chem. 1998; 273: 10389-95) cancluded that spontaneously active
endocrine cells are either single units or erranged in synchronized gap junction-coupled
assemblies scattered throughout the anterior pituitary gland. Synchrony between spontaneously
excitable cells may help shape the patterns of basal secyetion. From the anterior pituitary gland,
growth hormone, prolactin, adrenocortical hormone, thyroid hormone, and gonadotropin
hormones are synthesized under control from hypothaiamus stimulating hormones. One of the
mechenism in dysrhythm of the complicated hypothalamic-pituitary-endocrine glands withiz one
of the axis is therefore also related to reduced commumication via gap junctions. The diseases are
diabetes insipidus, hypogonadotrope hypogonadism, myxoedema, adrenocorticoid hypofunction,
and dwarfism. Treatment with a suitable compound of the invention, preferably 2 gap junction
openex, can improve the symptoms.

Also the neurons in the supnni:imnﬁc nucleus of the hypothalamus are dependent on
optimal gap junction commimication. In the axis mentioned above gap junction opener with
mode of action in this region will also benefit patients with disturbed circadian rhythm
(Shinobara K, et al. (Neusosci Lett. 2000; 286: 107-10).

43



10

15

20

25

30

WO 03/063891 ’ PCT/DK03/00056 —

L7

M. Renovascular hypertension and nephrotoxicity

Kidney and endothelial specific gap junctions are widely distributed in the kidney found
in glomeruli, tubulus and vasculature including intraglomerular capillaries and juxaglomemler
arterioles (Haefliger J-A, et al. (Kidrey Int. 2001; 60: 190-201)). In that study the authors
demonstrated the presence of gap junctions connecting renin-secreting cells of the afferent
arteriole. The role of gap junction might contribute to the detection and propagation of blood
bome signels, such as those elicited by increased blood pressure. Within the kidney, such signals
need to be converted into autocrine, paracrine and endocrine stimuli by the endothelial cells of
the afferent arteriole and the transmitted to the renin-secreting cells. Gap junction
communication plays thus an important role in forming the interconmected j mct'aglomeruln:
apparatus. The rapid open to close transitions of gap junctions channels further imply a readily
response to local vascular changes ensuring the continuous feedback required to match
glomerular and tubular function as well as renin secretion to physiological demands. Discases
characterized by impaired repal gap junction communication will benefit from treatment with
compound of the invention, preferably a specific gap junction opener, either administered orally
or parenterally.

Heavy metals are nephrotoxic and causes renal injury. It has been demonstrated that the
toxic metels cadmium (Fulmimoto M, et al. (Life Sciences. 2001;69:247-54)) as well as mercury
(Yoshida M, ct al. (Arch Toxicol. 1998; 72: 192-96)) in primary cell cultures from rat proximal
tubulus uncouple gap junctions and both groups suggest that renal dysfimction is related to the
reduced intercellular conmmunication. Treatment of heavy metal poisoning with a connexin
tyrosine phosphorylating compound will reduce the tissue damage and prevent the progressive

tissue devastation.

An in vifro test can be performed in cell cultures from tubulus cells and the compounds
(compound 1 or compound 2 in & concentration of about 10 — 167 M) prevention of gap
Jjunction uncoupling when exposed to heavy metals will be investigated. Gap junction
communication will be tested with Lucifer dye method as described previously.
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After systemic administration of heavy metzl to experimental animals (rats) renal
function will be measured using *H-insulin as a clearance marker for glomerular filtration rate,
C-labelled tetracthylammonium as a clearance marker for renal plasma flow and lithium as a
marker for proximal tubular function (Petersen JS, et al. J. Pharmacol Esp. Ther. 1991, 258:1-7)
before and after different time of chronic treatment with heavy metals. Chronic treatment with a
specific compound of the invention, such as compound 1, will be initiated when renal function is
compromised and an significant improvement of renal fonction parameters (glomerular fltration
rate and blood pressure) will be seen following the treatment. -Administration of a suitable
invention compound will be parenterally.

Non-infectious inflammation as well as infections with different microbes induces
significant non specific chronic changes in renal fimetion also characterized by reduced
glc'mumlar filtration rate, decreased excretion of electrolytes and water and changes in blood
pressure. Some of these symptoms will as well be treated with a specific connexin tyrosine
phosphorylating compound and the symptoms will decline.

N. Developing and remodelling of teeth -

Murakami S and Muramatsu T (Anat Embryol. 2001;203: 367-374) confinned previous
studies that gap junction communication exists between odontoblasts and that cellular activity is
coordinated via these intercellular bridges (Iguchi Y, et al. (4rch Oral Biol. 1984; 29: 489-497))
but in their recent study they also demonstrated that these gap junction communications are
present during the early development of teeth (pre-odontoblast) as well as in the odontoblasts in
young and old odontoblast. Aiso the pulp cells subjacent to odotoblasts have gap junctions.
These findings indicate that intercellular gap junction commuaication is important both during
development of the teeth and during lifetime when teeth are remodeled or wormed.

Treatment with a connexin phosphorylaﬁng compound of the invention, such as
compound 2 which can be tested in vitro for effect on odontoblast intercellular communication in
an assay which is essentially comparable to the osteoblast assays described herein, will
normalize dishurbed development of teeth. Treatment will also facilitate remodeling of teeth and
make the teeth more resistant to caries.
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O. Stem cells

Lumelsky et al (2001) have generated cells expressing insulin and other pancreatic
endocrine hormones from mouse embryonic stem cells. See Nadya Lumelsky et al. in
Differentiation of Embryonic Stem Cells to Insulin-Secreting Structures Similar to Pancreatic
Islets. Science, 292, 1389-1394, 2001). The cells self-assemble to form three-dimensional
clusters similar in topology to normel pancreatic islets where pancreatic cell types are in close
association with neurons. Glucose triggers insulin release from these cell clusters by mechanisms
similar to those employed in vivo. When mjected into diabetic mice, the insulin-producing cells
undergo rapid vascularization and maintain a clustered, islet-like organization.

In the clinical context, this embryonic stem cell-based system will allow s?:nultaneous
generalion and assembly of insulin-secreting and other islet cell types known to play important
role in regulation of insulin secretion into functional structural units. These units can provide
oaterial to optimize insulin production and analyze the fine control of glucose homeostasis. )
embryonic stem cells are ideal for these studies because genetic tools can be used to define the
moieculnr basis of islet development and fimction. Potential for cell-based therapies is clearly an

attractive goal for applications involving human and nonhuman embryonic stem and embryonic

germ cells. Adult tissue may also be a useful source of functional pancreatic cells. The
differentiation system described here may provide a source of functional pancreatic islets for
treatment of diabetes. This is the first report showing that the ssveral cell types of endocrine
pancreas can be generated from embryonic stem cells in vitro. Although pancreatic islets
obtained from cadavers can function in the liver after grafting, issues of tissue rejection and
availability remain to be resolved. It is clear that engineering of embryonic stem cells to produce
an abundant source of immunocompatible tissue for transplantation holds & growing promise for
surmounting this and other problems associated with diabetes. '

Myocerdial infarction leads to loss of tissue and impairment of cardiac performance. The

remaining myocytes are unable to reconstitute the necrotic tigsue, énd the post-infarcted heart
deteziorates with time. Injury to a target organ is sensed by distent stem cells, which migrate to
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the site of damage and undergo altemate stem cell differentiation; these events promote
structural and functional repair. This high degree of stem cell plasticity prompted Orlic et al

( Natire 410, 701 - 705 (2001)) to test whether dead myocardium could be restored by
transplanting bone marrow cells in infarcted mice. They sorted lineage-negative (Lin-) bone
marrow cells from transgenic mice expressing enbanced green fluorescent protein by
fluorescence-activated cell sorting on the basis of c-kdt expression. Shortly after coronary
ligation, Lin- ¢-kitPOS cells were injected in the contracting wall bordering the infarct. They ©
found that newly formed myocardium occupied 68% of the infarcted portion of the ventricle 9
days after transplanting the bone marrow cells. The daveloping tissue comprised prohfmhng
myocytes and vascular structures. Their studies indicate that locally delivered bane marrow cells
can generate de novo myocardium, ameliorating the outcome of coronary artery disease. -

To characterize further the properties of these myocytes, they determined the expression
of connexin 43. This protein is responsible for intercellular connections and electrical coupling
through the generation of plasma-membrane channels between myocytes; connexin 43 was
apparent in the cell cytoplasm and at the surface of closely aligned differentiating cells. These
results were consistent with the expected functional competence of tlie heart muscle phenotype.

Since functional cells are generated from embryonic stem cells, and since connexins are
indeed expressed in thege cells in infarcted heart tissue, it is 'be!ieved that this will be the case for
other cells differentiated from embryonic stem cells. Since conmexins play a dominating role in
the function of these tissues (including pancreatic beta cells and heart muscle cells). compounds
of the invention such as compound 1 and compound 2 that increase connexin tyrosine
phosphorylation and hemichannel closing (resultng also in increased gip junction
communication) will ephance the proliferation of embryonic stem cells into functional cells in
organs wherein stem cells have been implanted.

Thus it is en object of the invention to provide connexin tyrosine phosphorylating
compounds such as compound 1 and compound 2 to stimulate the transition of stem cells to
functional cells in transplanted organs like pancreas for treatment of diabetes mellitus, heart for
treatment of heart infarction, and basal ganglia of the brain for treatment of Parkinsons disease.
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In general, it is believed that these compounds will accelerate diffentiation of stem cells, which
may accelerate healing processes in all organs such as heart, brain, skin, bone, pancreas, liver,
and other interal organs. Experiments can be performed using the geperal experimental design
with myocardial infarction as described above by Orlic et al, supra, with administration of
compound 1 and compound 2, for instance, repeatedly during the proliferation process. These
experiments are believed to show an increase in cormexin 43 expression by compound 1 and

compound 2 or e faster regenerative process.

P. Cancer

1. Tumor

During tumorigenesis, the interruption of the physiological interaction of normal cells
with their neighboring cells, and loss of features of differentiation are a common denominator in
tumor progression. Alteration in gep junction commmication ie believed to be among the earliest
changes during cell twmorgenesis (Wolburg H, Rohlmann A_ Inr Rev Cytol. 1995; 157: 315-73),
Klaunig JE, Ruch RJ. 1990; 135-46)).

Kyung-Sun Kang, et al. (Cancer Letfers 166 (2001) 147-153) have shown that pre- and
co-incubation with GeO2 in TPA treated rat liver epithelial cells abolished down-regulation of
GIJIC by TPA suggesting that a substance that recovers the inhibition of GJIC may be used in the
prevention or inhibition of tumor promotion. Suzuki J, Na H-K, et al. (Musrition and Cancer, vol
36 No. 1 p. 122-8) have shown that the food additive lambda-carrageenan inhibits GIIC in rat
Hver epithelial cells similer to that of the well<locumented tumor promotor phorbol ester (TPA),
and therefore could play a rele in carcinogenesis as a tumor promoting agent. Thus, the
compounds of the present invention may be used in the prevention or treatment of cancer caused
by tumor promoting agents, such as TPA aud lambda-carrageenan.

2.Drug gensitivity resiztance

Increased gap junction commumication improves the microenvironment in fumors. See
Chen et al.: Chem Biol Interact 1998 Apr 24;111-112:263-75
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3. Metastasis

Loss of intercellunlar gap junction communication is associated with high metastatic
potential in all cancers with metastatic potentials, (Saunders MM, et al. Cancer Res. 2001; 61:
1765-1767), Nicolson GI, et al. Proc. Natl Acad Sci USA. 1988; 85: 473-6)). Prevention of
metastagis i9 established by treatment with 2 connexin tyrosine phosphorylating compowund
which will asgist in preserving the gap junction communication in tumors. Treatment is an add
on to conventiona] chemotherapy.

It is believed that administration of one or 2 combination of the invention compounds ina
therapentically effective amount (eg., compound 1 or compound 2) will be able to prevent or
treat cancer.

Q. Miscellaneous Cells

Gap junctions slso play an important role in intercellular communication, proliferation
and differentiation in gastric mucosal cell. Gap junction opener w111 stimulate regencrative
processes after induced injury (Endo K, et al. (J Gastroenterol Hepaiol. 1995;10: 589-94)).

The cytoarchitecture of meniscal cells partly depends on gap junction communication.
The fibrocartilage part of the meniscal as well as the fibrocartilage structure of teadons depends
on interceflular communication. During injuries. gap junction openers will improve the speed of
repair.

R. Epilepsy

It may be desirable to treat disease states such as cpilepsia characterized in abnormaelly
high GJIC with a hemichanmel opener, preferably as an adjuvant therapy in order to allow uptake
of drugs or small regulatory molecules that serve to uncouple gap junction channels.

It is an object of the present invention to provide methods to treat or prevent one or more
of the medical indications or conditions described herein. Typically, but not exclusively, such
methods will include administration of at least one of the foregoing compounds, preferably one
of same, in an amount sufficient to treat, prevent, or reduce the severity of the indication or
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condition. Preferred compounds have been selected by one or & combination of the in vitro and
in vivo assays described herein. Particular adnuinistration strategies will be apparent of those of
skill in this field and will vary depending eg., on the sex, weight, general health and specific

indication or condition to be treated or prevented. As discussed, the compounds disclosed herein.

can be employed as the sole active agent in invention methods. Alternatively, they can be used
in "add-on" therapies such as those in which use of the compounds in conjunction with a
recognized trestment method is indicated. Preferred indications or conditions to be treated or .
prevented in accord with the invention are generally associated with impaired cellular
communication or impaired gap junction function. More specific indications and conditions
relating to the invention have been discussed above.

Treatrent methods in accord with the invention can employ one or more of the
compounds disclosed herein as the sole active agent. Preferably, one of the compounds will be
employed. If desired, such compounds can be used prophylacticaily ie., to prevent or reduce the
severity of a particular indication or condition. Alternatively, the compounds can be used in
conjunction with a recognized therapeutic approach. As an illustration in embodiments in which
irradiation is treated, it is generally preferred that the treatment method be "add on" ie., in

" conjunction with a recognized therapy for treating the condition. Such "add on" treatment

methods of the invention can be conducted at the same time or at a different time then the
recognized therapy as needed. Established therapeutic approaches for a variety of diseases and
medical conditions have been described. See generally, Harrison's Principles of Internal
Medicine (1991) 12 ed., McGraw-Hill, Inc. and The Pharmacological Basis of Therapeutics
(1996) Goodman, Louis S. 9th ed Pergammon Press, for example; the disclosures of which are
incorporated herein by reference.

The concentration of ane or more treatment compounds in a therapeutic composition will
vary depending upon a number of factors, including the dosage of the hemichannel modulating
compound to be administered, the chemical characteristics (e.g., hydrophobicity) of the
composition employed, and the intended mode and route of administretion. In general terms, one
or more than one of the hemichannel modulating compounds may be provided in an aqueous
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physiological buffer solution containing about 0.1 to 10% w/v of a compound for parenteral
administration.

It will be sppreciated that the actna] preferred amounts of active compounds used in a
given therapy will vary according to e.g. the specific compound being utilized, the particular
composition formulated, the mode of administration and characteristics of tho subject, e.g. the
species, sex, weight, general health and age of the subject. Optimal administration rates for a
given protocol of administration can be readily ascertained by those skilled in the art using
conventional dosage determination tests conducted with regard to the foregoing guidelines.
Suitable dose ranges may ix:wlude from about 1 ug/kg to about 100 mg/kg of body weight per day
("therapeutically effective amount™).

Therapeutic compounds of the invention are snitably administered in a protonated and
water-soluble form, e.g., as a pharmaceutically acceptable salt, typically an acid addition salt
such as an inorganic acid addition sslt, ¢.g., & hydrochloride, sulfate, or phasphate salt, or as an
organic acid addition salt such as an acetate, maleate, fumarate, tartrate, or citrate salt.
Pharmaceutically acceptable salts of therapeutic compounds of the invention also can include
metal salts, particularly alkali metal salts such as a sodium salt or potassium salt; alkaline earth
metal salts such as a magnesium or calcium salt; ammonium salts such an ammonium or
tetramethyl ammonium salt; or an emino acid addition salts such as e lysine, glycine, or
phenylalanine zalt. Additionally suitable salts are provided below.

More particular hemichanmel modulating compounds of the invention are used in the
form of a pharmaceutically acceptable salt, an alkyl ester, an amide, an alkylamide, a
dialkylamide or a hydrazide formed with the C-terminal carboxylic acid function of & linear
compound or a free carboxylic acid function, if preseat, of a cyclic compound. Amides and lower
alkyl amides of linear compounds are among the preferred compounds of the invention. Salts
include phermaceuticelly acceptable salts, such as acid addition salts and basic salts. Examples
of acid addition salts have already been described and include hydrochloride salts, sodium salts,
calcium salts, potassium selts, etc. Examples of basic salts are salts where the cation is selected
from alkali metals, such as sodium and potassium, alkaline earth metals, such as calcium, and
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ammonium ions "N (R?); (R, where R? and R independently designate optionally substituted
C1.s-alkyl, optionally substituted Cz.s-alkenyl, optionally substituted aryl, or optionally
substituted heteroaryl. Other examples of pharmaceutically acceptable salts are; e.g., those
described in Remington ‘s Pharmaceutical Sciences 17. Ed. Alfonso R. Gennaro (Ed.), Mark
Publishing Company, Easton, PA, U.S.A., 1985 and more recent editions, and in Encyclopedia of
Pharmaceutical Technology.

In the therapeutic methods of the invention, a treatment compound can be administered to
a subject in any of several ways. For example, a hemichannel modulating compound selected in
one or a combination of the in vitro and/or in vivo assays provided can be administered a5 a
prophylactic to prevent the onset of or reduce the severity of a targeted condition. Altexnatively,
the compound can be administered during the course of a targeted condition.

A treatment corpound can be administered to a subject, either alone or in combination
with one or more therapeutic agents, as a pharmaceutical composition in mixture with
conventional excipient, i.e. pharmaceutically acceptable organic or inorganic carrier substances
suitable for parenteral, enteral or intranasal application which do not deleteriously react with the
active compounds and are not deleterious to the recipient thereof, Suitable pharmaceutically
acceptable carriers include but are not limited to water, salt solutions, alcohiol, vegetable oils,
polyethylehe glycols, gelatin, lactose, amylose, magnesium stearate, talc, silicic acid, viscous
paraffin, perfume oil, fatty acid monoglycerides and diglycerides, petroethral fatty acid esters,
hydroxymethyl-cellulose, polyvinylpyrrolidorie, etc. The pharmaceutical preperations can be
sterilized and if desired mixed with auxiliary agents, e.g., lubricants, preservatives, stabilizers,
wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, colorings, flavorings
and/or aromatic substances and the like which do not deleteriously react with the active
compounds.

Such compositions may be prepared for use in parenteral admimnistration, particularly in
the form of liquid solutions or suspensions; for oral administration, particularly in the form of *
teblets or capsuies; intranasally, particularly in the form of powders, nasal drops, or aetosols;
vaginally; topically e.g. in the form of a cream; rectally e.g. as a suppository; etc.
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The pharmaceutical sgents may be conveniently administered in unit dosage form and
may be prepared by any of the methods well known in the pharmaceutical arts, e.g., as described
in Remingion's Pharmaceutical Sciences (Mack Pub. Co., Eastom, Pa., 1980). Formulations for
parentera] administration may contain es common excipients such as sterile water or saline,
polyalkylene glycols such as polyethylene glycol, oils of vegetable origin, hydrogenated
naphthalenes and the like. In particular, biocompatible, biodegradable lactide polymer,
lactide/glycolide copolymer, or polyoxyethylene-polyoxypropylene copolymers may be useful
excipients to control the release 6f certain hemichannel modulating conrpounds of the mvention.

Other potentially useful parenteral delivery systems include ethylene-vinyl acetate
copolymer particles, osmotic pumps, implantable infusion systems, and liposomes. Formulations
for inhalation administration contain as excipients, for example, lactose, or may be aqueous
solutions conteining, for example, polyoxyethylene-9-lauryl ether, glycocholate and
deoxycholate, or oily solutions for administration in the form of nasal drops, or as a gel to be
applied intranasaily. Formulations for parenteral administration may also include glycocholate
for buccal administration, methoxysalicylate for rectal administration, or citric acid for vaginal
administration. Other delivery systems will administer the therapeutic agent(s) directly at a
surgical site, e.g. after balloon angioplasty a hemichannel modulating compound may be
administered by use of stents.

Abbreviations and Formulae:

Throughout the description and claims the three letter code for natural amino acids is
used as well as generally accepted three letter codes for other a-amino acids, such as Sarcosin
(Sar), a-Amino-iso-butanoic acid (Aib), Naphthylalanine (Nal) including l-mphﬂa-ylalsnine
(1Nal) and 2-naphthylalanine (ZNal), Phenylglycine Phg, 2,4-Diaminobutanoic acid (Dab), 2,3-
Diaminopropanoic acid (Dape), and Hydroxyproline (Hyp). Where nothing is specified Hyp
represents 4-hydroxyproline. The natural or essential amino acids are the amino acid constituents
of proteins. The aromatic amino acids are Phe, Tyr, Trp, INal, 2Nal and His. Whers the L or D
form has not been specified it is to be understood that the emino acid in question has the natural
L form, cf. Pure & Appl. Chem. Vol. 56(5) pp595-624 (1984). Where nothing is specified it is to
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be understood that the C-terminal amino acid of a compound of the invention exists as the free
carboxylic acid, this may also be specified as “-OH". The C-terminal amino acid of a8 compound-
of the invention may be shown to have the termina) fimction “-OH/NH3" which means that there
are two preferred forms of the compound: the free carboxylic acid and the amidated derivative.

The following specific definitions apply unless otherwise specified: ASAL refers to 4-
azidosalicyloyl radical; AB refers to 4-azidobenzoyl radical; Fmoc refers to 9-
fluorenylmethyloxycarbonyl radical; Ac refers to acetyl radical. Throughout the present
disclosure unless otherwise specified the following definitions apply; Acm refers to
acetamidomethyl radicel; T4c refers to L-thizzolidin-4-carboxylic acid radical; Pc refers to L-
pipecolic acid radical; DNP refers to dinitrophenyl; ; DBF is defined as 2-aminoethyl-6-
dibenzofurenpropionic acid;; Acm refers to acetamidomethyl; and Sar refers to sarcosinyl
radical; DNP functions is a hapten for antibody recognition, end compounds of the invention
that contain 2a DNP moiety may be preferably used as research tools.

See also PCT/DX01/00127 (WO 01/62775) and PCTAUS02/05773 (WO 02/077017) for
additional information.

All references disclosed herein are incorporated by reference. The following Examples are

illustrative of the invention.

Reference Example 1: Standard in vivo Mouse Arrythmia Assay

It is possible to test for antiarrythmic effects by performing a calcium-induced arhythmia

model in mice.

Briefly, the antiarrhythmic effects of cornpounds can be tested in an in vivo model of
calcium-induced arrythmias according to the model of J. I. Lynch, R. G. etal. J
Cardiovasc. Pharmacol. 1981, 3 49-60. Mice (25-30 g) were anaesthetised with a neurolept
anaesthetic combination (Hypnorm® (fentanyl citrate 0.315 mg/ml and fuanisone 10 mg/ml) +
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midazolam (5 mg/ml)). Commercial solutions of hypnorm and midazolam were dilated 1:1 in
distilled water and one part diluted Hypnorm® is mixed with one part diluted midazolam.

The annesthesia was induced by s.c. administration in a dose of 0.05— 0,075 p1/10 gram
mouse. An i,v. cannula was ingerted into the tail vein. The lead II ECG signal was recorded
continuously by positioning of a stainless steel ECG electrodes on the right forelimb and on the
left hind limb. The ground electrode was placed on the right hind limb. The signal was amplified
(x 5.000~10.000) end filtered (0.1-150 H2) via a Hugo Sachs Electronic model 689 ECG module.
The analogue signal was digitised via a 12 bit data acquisition board (Data Translation model
DT321) and sampled at 1000 Hz using the Notocord HEM 3.1 software for Windows NT. After
a 10-min equilibration period, the test sample of drug was injected into the tail vein. Mice pre-
treated with vehicle were tested as a measure of the control level in imtreated animalg. The
injection volume was 100 pl in all experiments. Infusion of CaCh (30 mg/ml, 0.1 mi/min =~ 100
mg/kg/min (calciumchlorid-2-hydrat, Riedel-de Han, Germany)) was started 3 min after i.v.
administration of drug or vehicle. The time lag to onset of 2nd degree AV-block was determined
as the time from the start of CaCl, infusion until the first arthythmic event occured. An event of
2nd degree AV-block was defined as intermittent failure of the AV conduction characterised by a

P-wave without the concomitant QRS complex.

Responses were expressed relative to the time until 2nd degree AV-block occurred in
vehicle treated mice. Maximal effect of each of the tested substances has been summarized.

More particular methods for detecting candidate compounds with good gap junction
modifying activity farther include selecting candidate compounds that prolong the time until
onset of the induced atrial ventricular (A'V) block by at least sbout 20% (score at least 2) in the
standard in vivo mouse arrythmis assay. More preferred compounds exhibit a prolongation of at
least about 60% of the time until onset of the induced AV block (score at least 3) i;l the assay.

The following examples provide a functional assay that shows the ability of cornpound 1
to both open gap junction channels and close hemichannels in rat neonate cardiomyocytes. Thus,
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it is possible to obtain differentiated regulation of GIIC by tyrosine phosphorylation of both
hemichannels and gap junction channels.

Example 1- Antiarrhythmic compounds

compounds used in the invention inciude Ac-D-Tyr-D-Pro-D-4Hyp-Gly-D-Ala-Gly-NH2
(compound 1) and Ac-Gly-Asn-Tyr-NH2 (compound 2). The compounds are synthesised
according to standard solid phase synthesis as described in WO01/62775. A further example of
compounds useful in the invention is trans-resveratrol and CAPE (caffeic acid phenethy! ester).
Methods for making the compounds have been described. See e.g, the PCI/DK01/00127 (WO
01/62775) and PCT/US02/05773 (WO 02/077017) epplications.

Example 2- Analysis of Metabolic Stress Tnduced by Glucose Removal

Cardiac arrhythmias can be cansed by disturbances of both formation and conduction of
the action potential. The propagation of an action potential from cell to cell is mediated by the
intercellular gap junctions. These gap junctions consist of chennels, which are built by
specialised proteins called cormexins. There are several lines of evidence showing that a reduced
expression and/or a disturbed distribution of the connexins, can be deleterious for normal
in.xpulse propagation and thereby arrhythmogenic. One example is the alterations seen during and
after ischemia. During acute ischemia uncoupling of the cells are mainly believed to be caused
by intracellular acidification, increased intracellular Ca2+, reduced intracellular ATP and by
elevated concentrations of long-chain acylcarnitines and fatty acids [1, 2]. After the acute phase
of ischemia, remodelling occurs where the architecture of the infarcted area and its border zone
is altered. This remodelling has been associsted with areas of comexin disarray and the
development of potential reentrant circuits, which are believed to act as arrhythmogenic
substrates [3]. In vivo and in vitro studies have shown that a group of antiarrhythmic peptides
can delay and inhibit the onset of arthythmia, and subsequent studies have shown that these
peptides increase the electrical coupling between cells [2].
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A Methods

1. Cell culture: In short the hearts from 20 nconate rats (age 1-2 days) are excised
aseptically. The ventricles are isolated and cut into 4-6 pieces, which are digested in se'veral steps
in a Hanks buffered saline with trypsin and DNAse. The cells are then centrifuged and
resuspended in MEM with 5 % FCS. To eliminate non-muscle cells the suspension is proplated
in petri dishes for 30 minutes at 37°C, The cells in suspension are then seeded onto collagen
coated coverslips. Seeding density will be adjusted 10 give confluent cultures,

2. Electrophysiology: The cover slips with confluent cardiomyocytes are mounted in an
open chamber on the stage of en inverted microscope and superfused with Dulbeccos phosphate
buffered saline (PBS) by gravity driven flow st 1 ml/min, 37°C. The solution (PBS) contain (in
mM): Na+ 152, K+ 4.2, Cl- 141.5, PO43- 9.5, Ca2+ 0.9, Mg2+ 0.5, pH 7.4. Patch clamp pipettes
are pulled from 1.5 mm glass capillaries (GC150F-15, Harvard Apparatus) on a Sutter Flaming-
Brown P-87 microelectrode puller and fire polished to a resistance of 4-6 MW. Pipettes are filled
with an intracellular like solution containing in mM: K+ 150, Na+ 15, Cl- 5, Gluconate- 150.2,
EGTA 5, HEPES 5, Ca2+ 2 mM, Mg2+ 1.6, pH 7.2.

The patch clamp set-up consists of a synchronised discontinuous emplifier (SEC-05LX,
NPI clectronics) and data is digitised using an INT-10 interface (NPI electronics) and a PC1200
data acquisition board (National Instruments). Both current and voltage signals are low pass
filtered at 1 kHz using the internal filters of the amplifiers and digitised at 10 kHz.

A cell is approached with an electrode using a PatchMan 5173 micromanipulator
(Eppendorf). When contact with the cell is obtained (seen as a sudden increase in input
resistance), suction ig applied until the Giga seal configuration is established. Then a brief pulse
of suction is applied to break the membrane under the pipette. The amplifier is then put in the
zero-current clamp mode to monitor the membrane potential.

Some distance (»1 cm) away & bipolar platinum electrode is used to pace the culture. The

delay between the stimulus artifact and the appearance of an action potential in the patched cell

is then a measure of the conduction velocity.
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The cells were perfused with control solution with 0.1 g/l BSA until a stable baseline in
the stimulus-activation interval (SAI) wes established. Then the perfusate was chenged to
solution without glucose for 15 minutes and subsequently challenged with compound 1 (10 M)
for 20 minutes. In parallel, control experiments were performed which were conducted ona
similar timescale without adding compm;nd 1. Date are expressed as percent change relative to
baseline prior to removal of glucose from the media.

B. Results

As illustrated in Figure 2, metabolic stress induced by removal of glucose produced &
slight increase in the stimulus-activation interval suggesting that removal of glucose delayed the
conduction velocity. In contrast, superfusion with a 10 nM concentration of compound 1
decreased the stimulus-activation interval, i.e. compound 1 increased conduction velocity in
cultured primary cardiomyocytes. These data indicate that compound 1 increages cell-to-cell
coupling in cardiomyocytes.

References:

[1] Cammeliet, E. Cardiac ionic currents and acute ischemia: from channels to arrhythrnias.
Physiol Rev., 1999, 79: 917-1017.

[2] Dhein, S. Cardiac gap junctions. Physiology, regulation, pathophysiology and
pharmacology, Karger, Basel, 1998. . .

[3]  Peters, N. S. and Wit, A. L. Myocardial architecture and ventricular arrhythmogenesis.
Circulation, 1998, 97: 1746-1754, '

Example 3- Immunoprecipitation And Analysis Of Phosphorylated Connexins

Compounds uséd in this example were made using standard solid phase Fmoc chemistry.
See the prior examples. Identification was performed by mass spectrometry, and the purity,
determined by RP-HPLC. Jn sifu binding and animal studies have shown that the following '
peptide (compound 1) binds to the receptor in the nano-molar range. Initial studies with
compound 1 in 1nM, 10nM, 50nM and 100oM will determine whether studies with the following
peptides compound 3 (H-GAG-4-Hyp-PY-NH2) and compound 4 (H-GNY-NH2) are conducted.
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These studies will also determine whether studies involving specific kinase inhibitors are
conducted.

HOc2 cells were seeded in 24-multi well dishes in a density of 7,900 cells/cm® (~ 15,000
celle/well) and grown for 3 days in MEM suplemented with 10% foetal calf seram (FCS) and
1000 units penicillin/1000 ug streptomycin (pen/strep) in an atmosphere of 5% CO; and 100%
humidity at 37° C.

The labelled cells were incubated in Triton X-100 lysis buffer (~5 *107 cella/ml) for 1 br
at 4°C. The lysate is centrifuged 30 min at 20,000 * g for 30 min. The supermnatant was
precleared by adding 10 ul Sepharose per 200 ul supematant. The precleared supemztant were
then added 0.5-1ug phospho-tyrosine or phospho-serine antibodies (Sigma) and incubated for 1.5
hr at 4°C in an orbital shaker. The antibody-complex was then captured by incubation with 50 pl
of a 1:1 slurry of protein G Sepharose for 1.5 br. Finally the complex were extensively washed
with 0.1% (w/v) Triton X-100, 50 mM Tris, pH 7.4, 300 mM NaCl and 5 mM EDTA.

The complexes were loaded onto a 12% SDS gel and blotted onto a PVDF membrane,
The membrane is blocked with 0.1% Tween 20, 50 mM Tris, pH 7.4, 300 mM NaCl, 5% dry
milk (TBST) for minimum 2h. The membrane was subsequently incubated with connexin 43
specific antibodies (Zymed) for 1.5 h at RT and developed with ECL+ (Amersham).

Figures 3A-B show immunoblots in which the anti-phosphotyrosine antibody was used.
Cx43 fragment phosphorylation is depicted as a function of compound 1 (3A-B) and compound

Z (3B) concentration.

Figures 4A-B show immunoblots in which the anti-phosphoserine antibody (4A) or the
anti-phosphotyrosine (4B) antibody was used.

Example 4: Effect of compound 1 Peptide On Hemichannel Activity in Confluent Cardiac
Myocytes
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1. Cell cuiture: Briefly, the hearts from 20 neonate rats (age 1-2 days) were excised
eseptically. The ventricles were isolated and cut into 4-6 pieces, which are digested in several
steps in a Hanks buffered saline with trypsin and DNAse. The cells were then centrifiuged and
resuspended in MEM with 5 % FCS. To eliminate non-muscle cells the suspension was preplated
in petr dishes for 30 minutes at 37°C. The cells in suspesion were then seeded onto collagen

coated coverslips.

2. Dye-uptake: The cover slips with cardiomyocytes were incubated for 30 minutes with
cantrol solution (PBS) contrining in mM: Na* 152, K* 4.2, CT" 141.5, POS™ 9.5, Ca** 0.9, Mg®*
0.5, glucose 6, pH 7.4. or an ischmia mimicking (injury) solution (as control only K* 8.2, no
glucose, 10 mM deoxy-glucose, pH 6.5), both solutions containing 200 uM calcein. Then the
cells were washed for 10 mimrtes with éontrol solution.

The cover slips were mounted in an open chamber on the stage of an inverted
microscope. Ten random fields were chosen and from each field three cells were chosen under
conventional light microscopy. Then the cells were excited by 480 nm light and the fluorescence
emrmision measured at 510 nm, where the emission intensity is a measure of dye-uptake.

The effect of the compound 1 on dye-uptake was investigated under two conditions:

Experiment 1: In this series of experiments the cells were be incubated with control
solution with calcein for 30 minutes and washed for 10 minutes without dye. In paired
experiments the same experiment was performed where the peptide is added during the 30

minutes incubation.

Experiment 2: As experiment 1 only performed with injury solution instead of control

solution.
3. Resvlty Experiments using uptzke of calcein in cultured cardiomyocytes from neonate

Tats show that the dye upiake is 38 % higher than in control cells, when the cells are exposed to
metabolic stress (in the form of low pH, increased extracelluler K ind deoxyglucose 5-10 mM).
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This effect could be significantly reduced to 5 % when the cells were co-incubated with
compound 1 (10 nM, P<0.017 in pajred t-test versus cells exposed to deoxyglucose alone, n=6).
These results show that the increased membrane permeability through connexin hemi-channels
seen after metabolic strees can be inhibited by compound 1. It is likely that this effect will be
beneficial for cellular function and survival. Furthermore, phosphorylation experiments on
cultured H9¢2 cardiomyocytes have shown that compound 1 mediates tyrosine phosphorylation
of connexin 43. Moreover, Cardiomyocytes expased for 4 h with 0,1, 10, 50 and 100 1M -
compound 1 an increase connexin 43 tyrosine phosphorylstion. Tyrosine phosphorylation Las
been reported to mediate a disruption of gap junction intercellular communication and could
casily explain the decrease in membrane permesbility seen in the calcein experiments. In some
experiments, the compound 1 was found to decrease Ser-phosphorylation.

Figure 5 shows effects of 10nM compound 1 on ischemia-induced uptake of the calcein
in the cuitured cardiomyocytes.

Example 5- ELISA Assay Of Site-specific Connexin Phosphorylation

An ELISA sandwich agsay hag been developed which enables measurements of site-
specific phosphorylation of connexins in tissue samples as. wél] a8 in cell cultures in 8 multi-weil
format (24 — 96 wells). Wells are coated- with antibody (capture antibody) against the connexin
type in question. Cell or tissue extracts are then reected with capture antibody-coated plates at 4°
C o/n. The captured connexins that are phospharylated are detected with an antibody directed
ageinst specific phosphorylation sites and conjugated with either biotin, FITC, TRITC or
peroxidase.

The amounts of antibody bound to the specific phosphorylation sites may alternatively be
measured with a radioactive labelled or an enzyme conjugated antibody against the species IgG
of the detection antibody.

The principle has been demonstrated using mouse antiCx43 as capture antibody, rabbit

anti-Tyr-P-(tyrosine phospharylation site) as detection antibody and anti-rabbit IgG either
labelled with '**] or HRP (horse radish peroxidase) to measure the amounts of bound anti-Tyr-P.
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The principle may also be demonstrated using rabbit antiCx43 (5 pg/mi; cat. no. 710700, Zymed
Lab. Inc., California, USA) as capture antibody, 2 monoclonal mouse anti-phosphotyrosine (50
pg/m}; cat. no. P-3300, clone pt66, Sigma, MO, USA) as detection-antibody and anti-mouse
whole antibody either labelled with '2I (sheep anti-mouse Ig cat. no. IM 131, Amersham
Biosciences, Wales, UK) or peroxidase (donkey anti-mouse Ig; cat. no. 715-035-151) to measure
the amounts of bound enti-phosphotyrosine.

Figure 6A shows in schematic form a preferred ELISA detection format. Figures 6B and
6C show resuits of this example.

The present example and discussion provides evidence that metabolic strees opens
connexin hemi-channels in cardiac célls, and that this opening can be circumvented by
incubation with compound 1. Moreover, Exaraples 2-5 show that compound 1 closes
hemichannels during metabolic stress. In egreement with the inhibitory effect of compound 1 on
calcein uptake by hemichennels, i.e. & closing of hemichennels, the Examples algo show that
compound 1 assists in modulating the tyrosine phosphofylation state of connexin 43. Compound
1 is known to open gap junctions, cf. WO01/62775 and it is known that the inhibition of
dephosphorylation of connexins prevents closing of gnp junction channels. Thus, it is believed
that compounds provided herein which can be shown to have beneficial gap junction opening or
modulating effect of compound 1, i.e. all antiarthythmic peptides disclosed in W001162775lmd
known peptides such as AAP, AAP10, HP5 and the like are useful in the present invention as
modulators of hemichannel opening or closing. It is also believed that compound 1 maintains or
increases the tyrosine phosphorylation of Cx43, thereby mod'ulnﬁn_g hemnichanmel fimction.

Example 6- Dye uptake in cardiomyocytes

1. Methods Ventricular myocytes were isolated from neanate rats by trypsin digestion
and plated onto collagen-coated cover slips. After four days the myocytes formed confluent and
synchronously beating sheets of ceils. To measure dye uptake, cells were incubated in buffer
containing 200 pM calcein for 30 minutes at room temperature. Then coverslips were thoroughly
washed with control buffer and mounted in 2n open bath chamber and superfused with control
l?uﬁ'er (RT). Cells were excited with 480 nm light by means of a Xenon lamp and a
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monochrometor. Images of the fluorescence emitted st 510 nm were collected by a cooled CCD
camera (Sensicam). Excitation control and image acquisition was controlled using Imaging
workbench (Axon).

Under light microscopy three regions were placed over cardiomyocyies in an image.
Then average fluorescence inte'nsity was measured, and the procedure was repeated umti] 30
regions in 10 images had been measured. The average of these measurements were used as value
for the given experimental condition, that is n=1. In cach seriea one comtrol incubation was
performed and all experimental values are given as relative to this value.

Solutions: Control buffer (in mM): NaCl 136, KCl 4, MgCh 0.8, CaCl, 1.8 HEPES 5,
MES 5, Glucose 6, pH 7.3 Stress buffer (in mM): NaCl 136; KCl 8, MgCl; 0.8, CaCl, 1.8
HEPES 5, MES 5, Deoxy-glucose 10, pH 6.2 )

2. Results Incubation of cells with calcein under control condition gave some _

fluorescence staining, which was mostly of a localized particulate nature (see Figure 7A-C, panel
B). On top of the cultured myocytes, curled up cells that immediately stained with trypan blue,
were often found. These cells stained heavily with calcein and care was always taken not to place
the regions of measurements over these cells. When cells were exposed to metabolic inhibition
the pattern of staining changed, and diffuse staining throughout the cytosol was observed (figure
7C). The average intensity during stress was 36.2 * 4.18 % higher compared to control (n=5,

.P<0.001 in paired t-test).

This confirms findings in cardiac and other cell types, that metabolic inhibition activates
the uptake of fluorescent dyes, probably via connexin hemi-channels. We hypothesized that one
of the mechanigms by which the AAP family of peptides could exert its positive effects on
cardiac tissue, c;:uld be to interrupt activation of hemi-channels, thereby improving cellular
homeostasis. To investigate this, cells were exposed to stresa in the presence of ZP123 in
concentrations between 0.1 pM and 10 nM. The results are presented in Figure 8, where each
data point represent 5 experiments. As can be seen ZP123 dose-dependently reduced the uptake
of calcein. Using a sigmoidal function EDsp was estimated to 3.3 +5.3 pM with a Hill coefficient
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of 2.5 & 1.0. Average intensity during maximal inhibition by compound 1 was 6.9 £ 1.7% above
control. : -

Example 7- Volume measurements in cardiomyocytes:

1. Methods; Ventricular myocytes were isolated from neonate rats by trypsin digestion
and plated onto collagen-coated cover slips. After four days the myocytes formed confluent and
synchronously beating sheets of cells. To measure cell volume cells were loaded with calcein-
AM (5 uM in control buffer) for 15 minutes at 37 °C and the cover slips mounted in an open
bath chamber. The following experiments were performed at room temperature. Using a Leica
laser confocal microscope, an optical crogs-section was performed every 20 seconds throughout
the doration of the experiments.

The optical cross-sections were analyzed using Metamorph (Universal Imaging). The
arca of the cell was determined as the area of pixels with fluorescence intensities higher than a
threshold value chosen to minimize background induced fluctuations. Data are presented as
relative volumes by dividing each value by the average erea under control conditions (the last
measurement before metabolic stress).

Solutions: Control buffer (in mM): NaCl 136, KC1 4, MgCl 0.8, CaCl, 1.8 HEPES 5,
MES 5, Glucose 6, pH 7.3 Stress buffer (in mM): NaCl 136, KCI 8, MgClz 0.8, CaCl, 1.8
HEPES 5, MES 5, Deoxy-glucose 10, pH 6.2

) 2. Rg.aul_tgl Under control conditions cells on average tended to slightly decrease their
volume with time.(Figure 9B shows average data from 5 experiments). When cells were
challenged with metabolic inhibition, the fall in vohune was roversed to a net-increase (filled
squares in Figure 9A). On average the relative volume was 1.06 + 0.02 (last five minutes of
siress, n=5), whereas the volume of control ceils in this period was 0.94 & 0.04.

Dye uptake measurements in myocytes have shown that compound 1 inhibits open
connexin hemi-channels. It is believed that the hemi-channels might contribute to the observed
swelling. To test this compound 1 (0.1 nM) was included in the stress medium and volume
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monitored. Data from gix experiments are shown in Figure 9A (open squares) and as can be seen
the stress induced swelling Was prevented, Average relative volume during stress in the preseace
of compound 1 was 0.93 % 0.05.

‘When comparing deta from control, siress and stress plus compound 1 using-a one-way
ANOVA, significant diéfermces were detected (see Figure 10). Posthoc. testing (LSD) showed
that stress was s'igniﬂca_nﬂy different from control (P<0.05) and stress plus compoumi 1
(P<0.05), whereas control was not different from stress phus compound 1 (P>0.76).

Example 8 -~ Reduction of infarct size after myocerdial infarction in rats.

1. Methods:

Male Lewis rats (300-350 g; M&B, Ll. Skendsved, Denmark) were nnnuther.iz.ed with a
neurolept anaesthesic combination (Hypnorm® (fmtmyl citrate 0.315 mg/ml and fluanisone 10
mg/ml) + midazolam (5 mg/ml)). Commercial solution of midazolam was diluted 1:2 in distilled
water. Three parts of the diluted midezolam is mixed with one part hypnorm®. Anesthesia was
in;:luced by s.c. administration of 0.2 m! of this solution per 100 gram rat. When surgical
smesthesia was established, an endotracheal cannula is inserted snd the animel is artificially
ventilated using a Hervand rodent ventilator adjusted to maintain srterial pH at 7.5—7.5 during
surgery.

Compound 1 was delivered by an osmotic minipump (M model 2ML4) that was
inserted into the intraperitoneal (i.p.) cavity immediately prior to induction of the myocardial
infarction. The pump was filled with vehicle (isotonic saline) or Compound 1 and primed at
37°C for 24 hours prior to the operation. In order 1o ensure that the thempeutic plasma
concentration was obtained already at the time of infarction, a Ioading dose of Compound 1 wes
given s.c. prior to ligation of the LAD. With the s.c. loading dose, a steady-staic plasma level
was reached already after 3 min.

After administration of the s.c. 1oading dose of Compound 1 and after i.p- insertion of the
osmotic minipump, a left thoracotomy was performed, and the left anterior decending artery was

65



10

15

20

25

WO 03/063891 ) PCT/DK03/00056 #

ligated using & 6-0 silk suture. The thorax is closed in layers, and a negative pressure was
induced in the pleural cavity to unfold the Iungs. Sham-operated animals were subjected to the
same procedure without ligation of the LAD. Postoperatively, the aimal were allowed to
recover in a heated cabinet at 30°C with 50% oxygen umtil the next moming. To prevent
debydration during the recovery period, the rat was given 5 ml 5% glucose s.c. immediately after
complei_ion of surgery and another 5 ml 5% glucose at 4 p.m. To relieve postoperative pain, the
rat was treated with buprengrphine (20 ug/100 g s.c. b.i.d.) and meloxicam (0.1 mg/100 g s.c.
once daily) for three days after the myocardial infarction. In this study the infision dose given to
rats with myocardial infarction (MI) was adjusted to produce plasma concentrations at 0
[vehicle=isotonic saline], 1.740.4 nM fdose 1}, 5.730.4 {dose 2}, or 93.7+123 nM [dose 3).
Plasma concentrations of Compound 1 were measured by mass spectrometry following solid
phase extraction, Doses used are shown below in Table I '

TABLE I
- Group Plasma . S.c. loading - Lp.infuslon
. concentration dose of dose of Compound 1
after 3 weeks” Compound 1. T
Lt nM {(nmol/kg} - {pmol/kg/min)

Sham-Mi 0 0" 0
M 0 0 . 0
Mi 1.720.4 0.25 11

Mi 5.730.4 25 110

Mi 93.7+12.3 25 1100

Three weeks after ligation of LAD, the rats were anesthetized with an ip, injection of
pentobarbital (50 mg/kg). The animals were placed on a heating blanket in order to maintain
body temperature at 37°C. Tracheotomy was performed and the rat was ventilated with oxygen
using 2 Harvard rodent ventilator. The ventilator was adjusted to maintain arterial pH at 7.35-
7.45. PES0 catheters were placed in the femoral vein and artery for i.v. administration and
arterial pressure measurements, respectively. After insertion of the femoral iv. catheter, the
auimal was paralysed by iv. edministration of pancuronium, 1 mg/kg. Anaecsthesia and
respiratory paralysis is meintained by continuous i.v. infusion of pentobarbital (2.5 mg/kg/h) and
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pancuronium (1 mg/kg/t) delivered in isotonic saline (50 plimin). A tygon catheter was inserted
into the left ventricle via the right carotid artery for determination of left ventricular end-diastolic
pressure. After recording of left ventricular end-disstolic pressure’ (LVEDP), The hearts are
removed from the bodies by cutting the veins and arteries a few mm from the hearts. The hearts
were carcfully rmsed for blood with isotenic saline, weighed and placed in 4% neutral buffered

formalm.

-

After fixation the large vessels were cut close to the heart. Thereafter the hearts were cut
into parallel slices with a thickness of 1.5 mm using an aggregate consisting of pamallel razor
blades with a distance of 1.5 mm. The slices are perpendicular to the long axis of the heatt,

The slices were placed in two histological capsules so that the first slice is placed in one
of the capsules by random number and the second in the other, the third in the first capaule and
£0 on. After embedding, the slices were cut into 4 pm thick sections that are stained by
Hematoxylin-eosin and by Masson-trichrome,

Using & microscope with & stage that can be moved in predetermined steps, both Masson-
trichrome stained slides were examined and the number of points hitting fibrous tissue (blue
stained in Masson-trichrome) and normal tissue are counted. The microscope was connected to 2
video camnera and the image is displayed on a screen. The morphometry system used was Cast2

_ﬁ'om Olympus, Denmark. Infarct size was calculated as % fibrous tissue in the heast.

2. Results:

As illustrated in Fig. 11, the heart weight-body weight ratio was reduced by the two
highest doses of Compound 1 suggesting that the compound reduces the hypertrophic
consequences (i.c., remodelling) of myocardial infarction.

As shown in Fig. 12, treatment with Compound ! for three weeks reduced infarct size by
20-50% relative to infarct size in rats subjected to a myocardial infarction, but treated with
vehicle. Tyhis indicates that Compound 1 has cytoprotective actions during myocardial ischemia.
In line with what has been described herein, these data indicate that Compound 1 reduces the
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size of the myocardial infarct by a mechanism that may involve prevention of cell swelling.
Thus, prevention of cell swelling may prevent compression of sumrounding healthy ﬁasun,' end
therefore prevent compression of the microcirculation in surrounding healthy tissue. Therefore,
in this application we claim that this principle may prevent the consequence of any ischemic
legion in any organ, prefersbly but not limited to organs with a confined fibrous capsule (c.g.,
heart, kidney) or organs surrounded by bone (e.g., brain, spinal cord, bone marrow). ’

As shown in Fig. 13, rats subjected to myocardial infarction but treated with either dose of
Compomnd 1 for thros weeks, had better an improved cardiac fanction with less congestion in the
left ventricle as demonstrated by a reduced left ventricular end-diastolic pressure. This data
indicate that Compound 1, prevents the impairment of cardiac fimection following 2 myocardial
infarction. .

All roferences disclosed herein are incorporated by reference. The invention has been
described with reference to preferred embodiments thereof. However, it will be appreciated that
those skilled in the art, upon consideration of this disclosure, may make modifications and
improvements within the spirit and scope of the invention.
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‘What is claimed is:

1. A method of closing a hemichanne] in a cell, tissue or orgen exposed to stress, the method
comprising contacting the stressed cell, tissue or organ with a therapeutically. effective emownt of
at least ane compound selected from the group consisting of compounds represented as Formula
I or II , wherein the contact is sufficient to close the hemichannel in' the stressed cell, tissue or

organ.

2. The method of claim 1, wherein the method further comprises phosphorylating a tyrosine
residuc of connexin 43 (Cx 43) and closing the hemichanne],

3. A method for opening a hemichannel in a cell, tissue or organ, the method comprising
contacting the Icell, ﬁssi_xe or organ with a therapeutically effective amount of at least one
compound selected from the group consisting of compounds represented as Formula [ or IT,
wherein the contact is sufficient to open the hemicharmel in the cell, tissue or organ.

4. The method of claim 3, wherein the method further compnues dephosphorylaung a serine
residue of connexin 43 (Cx 43) and opening the hemichannel.

5. A method of preventing or treating tissue or organ stress m a mammal, the method
comprising administering a therapeutically effective amount of at least one compound selected
from the group consisting of compounds represented as Formula I or I ag described above,
wherein the contact is sufficient to prevent or treat the stress in tissue or organ.

6. The method of claim 5, wherein the method further comprises phosphorylating a tyrome
residue of connexin 43 (Cx 43) and closing the hemichannel.

7. A method of increasing gap junction intracellular communication (GJIC) in a cell, tissue
or organ, the method comprising administering a therapeutically effective amount of at least one
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compound selected from the group consisting of compounds represented as Formuls I or I,
wherein the contact is sufficient to increase the GJIC in the cell, tissue or organ.

8. / A method of treatment of burns comprising- administering to a patient in need of ‘such
treatment a therapeutically effective amount of a compound according to Formula I or II that
blocks conmexin hemichannel opening. '

9. - A method of treatment of thromboses comprising administering to a patient in need of

such treatment & therapeutically effective amount of 2 compound according to Formula I or I
that blocks connexin hemichannel opening.

10. © A method of treatment of respiratory and metabolic acidosis comprising administering to
a patient in need of such treatment a therapeutically effective amount of a compound according
to Formula I or II that blocks cormexin hemichannel opening.

11. A method of treatment of focal arrhythmia comprising administering to a patient in need
of such treatment a therapeutically effective amount of a compound according to Formula I or II
that blocks connexin hemichanne] opening.

12, A method of treating and preventing cell and tissue damage resulting from elevated levels
of blood glucose comprising administering to a patient in need of such treatment a
therapeutically effective amount of a compound according to Forrmula 1 or II that blocks
coonexin hemichannel opening.

13.7 A method of treatment of chronic atrial fibrillation comprising ld:mmstenng to a patient
in need of such treatment a therapeutically effective ampunt of a compound according to
Formula 1 or I that blocks connexin hemichannelopening.

14. /A method of treatment of epilepsia comprising administering to a patient in need of such

treatment a thempeutically effective amount of a compound according to Formula I or II that
promotes cormexin hemichannel opening.

70

$3



10

15

20

25

30

WO 03/063891 PCT/DK03/00056 37 y

15. A method for screaning candidate compoumds that modulate hemichannel finction, the
method comprising contacting cells with at least one compound selected from the group
consisting of entiarrhythmic peptides and compounds represented as Formmls 1 or II, the
contacting being under conditions conducive to modulating phosphorylation of connexin 43
(Cx43); and detecting a change in Cx43 phosphorylation, wherein the change in phosphorylation
is taken to be indicative of a hemichannel modulating cornpound.

16. The method of claim 15, wherein the testing step further comprises testing the candidate
compound in an immunological or cell sorting-based 2ssay.

17.  The method of claim 16, wherein the immunological assay comprises contacting cells
with the candidate compound under conditions sufficient to increase or decrease phosphorylation
of the Cx43, producing a lysate of the cells; and detecting increased or decressed Cx43
phosphorylation in the cell lysate as being indicative of the hemichannel modulating compound.

18.  The method of claims 16-17, wherein the immunological assay is an ELISA assay.

19.  The method of claim 18, wherein the ELISA mt':thod further comprises:
a) coating 2 solid support with a first antibody that specifically binds the
connexin,
b) contacting the cell lysate to the solid support under conditions
conducive to forming a binding complex between the first antibody and
the connexin,
c) contacting the first antibody:connexin binding complex with a second
antibody, the contacting being under conditions sufficient to form a
specific binding complex between the second antibody and any
phosphorylated connexin in the first antibody:connexin binding complex,
d) contacting the first antibody:connexin:second antibody binding
corpplex with & detectably-labeled third antibody that binds the second
antibody; and
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) detecting presence of the third detectably-labeled antibody on the solid
support as being further indicative of the compound.

20.  The method of claim 19, wherein the third antibody is detectably-labeled with at least one
of biotin, FITC, TRITC, radioactive iodine or peroxidase.

21. The method of claims 19-20, wherein the second antibody is an anti-phosphotyrosine
antibody.

22, The method of claims 19-21, wherein the socond antibody is an anti-phosphoserine
antibody.

23.  The method of claims 19-22, wherein the detectably-labeled third antibody is detected by
radioscintillation coummg

24.  The method of claim 16, wherein the immunological method is 2 radicimmunonssay

(RIA)

25. The method of clasim 24, wherein the immunological method is an RIA assay and the
method further comprises:
a) detectably-labeling the cells before producing the cell lysate, wherein
the labeling is under conditions conducive to labeling phosphorylated
connexin, '
b) contacting the cell lystate with an antibody that forms a specific
binding complex with the connexin,
-€) scpmtmg the binding complex from the detectably-labeled cell lysate;
and

d) detecting the lsbelled and phosphorylated comnexin as being further
indicative of the gap junction modulating compound.

26.  The method of claim 25, wherein the antibody is an anti-connexin antibody.
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Western immunoblot assay.

28.  Themethod of claims 25-27, wherein the detectable label is radioactive phosphorous.

29.  The method of claims 15-29, wherein the method is perfomad in & high thxoughput or
ultra high throughput screening fonmt.

30. The meﬂ:;:)d of clasims 1-30, wherein the compound facilitates phosphuryl_aﬁon of Cx43
intanellpln C-terminal region.

31.  Themethod of claims 1-30 whemn the compo\md fnc:htnteu dq:hosphmyhuon of Cx43
C-terminal region. :

32.  Themethod of claim 31, wherein the phosphorylation site is 2 tyrosine residue.
33.  Themethod of claim 32, wherein the dephosphorylation site is a serine residue.
34, A method of scremmg candidate compounds that modnlate hemichannel finction, the

1).culturing a po;mlui:ion ot" cells, a tissue or an orgen such as those
derived from the heart or muscle, .

2) stressing the celis, tissue or the organ preferably by oxygen deprivation
or metabolic inhibition such as by adciing 2 glucose derivative,

3) adding a known or candidate hemichamme} modulating compomd
represented by Formula I or I,

4) adding a detectable reporter such as a flucrescent, chemiluminescent,
or phosphorescent oomﬁound such as fluorescent dye such as calcein and
related compounds, ' -

3

SUBSTITUTE SHEET (RULE 26)
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5) detecting a change m uptake of the detectable reporter mto the cells
tiesue or orgen relative to a smtable control and

6) optionally meagurmg the change as being mdicative of a compound that
modulates hermchannel fimction

35 A mothod of screeming candidate compounds that modulate hexmchannel function,
the method comprnising:
1) culturmg a population of cells a tissue or an organ such as those
dentved from the heart or muscle,
2) loading the cells, hssue or organ with a detectable reporter suchas a
fluorescent, chemilummescent, or phosphorescent compound such as dye,
such as calcem or a related compound,
3) eshmating the volume of the cells tissue or organ by detecting and
quantifymg signal from the detectsble reporter
4) adding a known or candidate hermchannel modulating compound
represented by Formula I or 11
5) stressing the cells tissue or the organ prefersbly by oxygen depnivation
or metabohic mhbihion such as by adding a glucose denvative,
6) detecting a change n cell volume relative to a suitable control and
7) optionally measuning the change as bemg mdicative of a compound that
modulates hemichanmel function and optonally gap junction function

36 A method of cytoprotecting tissue or an orgen of a mammal 1n need of such
treatment, the method comprising admumstering a therspuencally effective amount of at
least one compound selected from the group conmehng of the compounds represented by
Formula Ior IL

37  Themethod of claxm 37 wherein the method firther comprises exposing the
tissne or organ of the mamrmnal to 1schenmic conditions
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38 The method of claum 38 wherein the organ to be cytoprotected 15 associated with
a fibrous capsule or bone.

39 The method of clerm 39 wherein the organ 18 heart, kadney bram, spinal cord or
bone marrow

40 The method of claim 40 wherein the heart has been subjected to en mfarction and
the 1scherma 18 assocaated with myocardial cell swelling

41 The method of claxm 41 wherem the compound 12 Ac-D-Tyr D Pro-D-4Hyp-Gly-
D-Ala-Gly-NH2 (Compomnd 1) or (Ac-Gly Asn-Tyr NH2) Compound 2

42 A method of preventing or treating reperfumon myury m a mammal the method
cormnpnsing admimstermg a therapuetically effective amount of at least one compound

selected from the group consisting of the compounds represented by Fornula 1 or II

43 The method of claim 43 wherein the method further compnses exposing the heart
of the mammal to mfarct conditions and estabhishing coronary perfusion

44 The method of clain 44 wheretn the method further compnaes admmmistenng &

thrombolytic agent or providmg coronary angioplasty to facihtate coronery perfumon 1nto
the mnfarcted heart.

45 The method of clerm 45 wherem the compound 18 Ac-D-Tyr D Pro-D-4Hyp-Gly-
D Ala-Gly NH2 (Compound 1) or (Ac-Gly Asn Tyr NH2) Compound 2
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International Appication No. PCT/DK 03 /00856

FURTHER INFORMATION CONTINUED FROM  PCTASA! 219

Continuation of Box I.1
Claims Nos.: 1-14,37-46

Claims 1-14, 37-46 relate to methods of treatment of the human or animal
body by surgery or by therapy/djagnostic methods practised on the human
or animal body/Rule 39.1.(iv). Nevertheless, a search has been executed
for these claims. The search has been based on the alleged effects of the

compounds/compositions.
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FAIENI COOPERATION TI_?EATY

From the

INTERNATIONAL PREUMINARY EXAMINING AUTHORITY

MoODRTAC™T
15 0KT, 23

/
To PCT - _=2J
ZEALAND PHARMA AS
- trup
AT WRITTEN OPINION
(PCT Rule 66)

Dats of maling

fdmsmonthiranr) 13.10.2003
Appiicant's or agent's fie referance REPLY DUE within 3 month(s)
016-2003 WO1,MHILSD {rom the above date of maling
Intemeatonal application No. , intemational fling dale (dayinontigear) Priortty dats (dminonthysar)
PCTIDKC300056 ! 20.01,2003 20.01.2002

AB1K38/08

Imamational Patert Classification (IPC) ar both national clasaification and IPC

Applican!
ZEALAND PHARMA AS et al. '

1. This written oplnion is the first drawn up by this Internationat Preliminary Examining Authority.
2. This opinion contalns Indications relating 1o the following Kems:

Non-establishment of opinion with regard to npvaelty, inventive step and industrial applicablity

Reasonad statemant under Rule 86.2(a){ll) wih regard to novelty, Inventive siep or industrigl applicablllty;

I & Basis of the opinlon
N O Prioty
It
W O Lackoiunlty of Invention
v
cltations and explenations supporting such statament
Vi O Ceraln documents clted
VII O Certain defects In the international application
Vil 0 Cartaln obsarvations on the Intamational application

3. The applicant is hereby Invited to reply to this opinion.

When? Sea tha ima Imk indicated above. The applicant may, bafore the sxpimtion of that ime Rmit,
request this Authority to grant an exiension, see Ruls 58.2(d).

How? By submitting a writien raply, accompanied, where appropriaie, by amendmants, sctording to Rule 86.3.
For tha lorm and the language o} tha amencmants, ses Rulas 66.8 and 88.9.

Also: For an additional opportunity 1o submi amendments, sea Rule 68.4.
For the examiner's obligation to conslder amandm

gnis andbr arguments, ses Rule 85.4 bis.
For an informal communicaion with the examineas, see Aule 86.6.

H no reply la flled, the intematianal prelirinary axaminaton report witl be estabiished on the basis of this opinion.

4. The final deis by which the interational preliminary
examination report must be established according to Rule 69.2 is: 28.05.2004

Name and malling address of the iMtemationat
praliminary examining avthorily:

European Patant Office

D-30288 Munich

Tel. +48 89 2398 - 0 Tx: 5239056 epmu d
Fax: +49 B9 2300 - 4485

|

Authorized Officer
Deck, A

Formalias officer (inct. axtension of ime limits)
Ladumer, Y
Telephone No. +48 89 2395-7913

Fomn PCTAPEZA/408 (Cover Shaw) (January 1994)
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WRITTEN OPINION Intemationel appiication No. PCT/ADK03/00056

1. Basls of the opinion

1. With regard to the elements of the intemationa! application (Replacament sheels which have been fumnished to
the receiving Office in response Io an invilation undsr Article 14 are referred fo in this opinion as “originally filed”)

Description, Pages
1-68 as originally filed .

Claims, Numbers

1-45 as originally filed
Drawings, Sheets

114-14/14 asoriginally filed

2. With regard to the language, all the elemants marked above wsre available or furnished to this Authority in the
language in which the intarnationa! application was filed, unless otherwise indicated under this tem.

These elernents were available or fumished to this Authority in the following language: . which is:

0O the language of a translation fumished for tha purposes of the intemational search {under Rule 23.1(b)).
O the language of publication of the international appiication (under Rule 48.3(b)).

0 . the language of a transiation fumished for the purposes of intemational preliminary examination (under
Rule 55.2 andbr 55.3). )

3. With regard to any nucleotide and/or amino acid sequence disclosed in the imlemational application, the
imtemational preliminary axamination was carried out on the basis of the sequenca listing:

contained in the intemational application in written form.

filtad together with the international apphcation in computer raa.dable form,

fumished subsaquently to this Authosity in written form.

furnished subsequantly to this Authority in computer readable form.

The staiernent that the subssquently furished written sequence listing does nol go beyond the disclosurs
in the international application as filed has been fumishad.

The statement that the information recorded in comptrter readable form is.identical to the written 5equence
listing has been furnished.

O DDDDO

4, The amendments have resulted in t'he cancellation of:

D the description, pages:
O the ciaims, Nos.:
O the drawings, sheets:
5. 1 This opinion has been established as if (some of) the amendments had not been made, since they have

been considered to go beyond tha disclosure as filed (Rule 70.2(c)).

(Aqy. re;;lacemonr sheet containing such amendments musi be referred to under item 1 and annaxed lo this
opinion.

6. Additional observations, il necessary:

Form PCTAPEAZ408 (July 1999)



WRITTEN OPINION Intemational application No. PCT/DKO03/00056

SOF

lil. Non-establishment of opinion with regard to novelty, inventive step and Industrial applicabliity

1. The questions whather the claimed invantion appears to be noval, te involve an inventive step (to be non-
obvious), or to be industrially applicable have not been and will not be examined in respect of:

£
2

(]

c

the entire imemationa} application,
claims Nos. 1-14, 30-33, 36-45
because:

the said intemational application, or the said claims Nos. 1-14, 30-33, 35-45 relate to the foliowing subject
matter which does not require an intemational preliminary axamination (speciy):

see separate sheet

the description, claims or drawings {indicate particular elements below) or said clalms Nos. are 5o unclear
that no meaningful opinion could be formed (specily):

the claims, or said claims Nos. are 50 inadequately supported by the description that no meaningful opinion
could be formed.

no intemational search report has been established for the said claims Nos.

. A written opinion cannot be drawn due to the failure of tha nuclectide andir amino acld sequence Iistfng to

comply with the Standard provided for in Annex C of the Administrative Instructions:

0.

O

the written form has not bean fumished or does not comply with the Standard.
the computer readabls form has not been fumished or does not comply with the Standard.

. Reasoned statement under Rule §6.2(a)(il) with regard to novelty, inventive step or Industrial

applicability; chations and explanations supporting such statement

. Statement

Novelty {N) Claims 1-14, 30-33, 36-45 (NO)
inventive siep (IS) Claims 1-45 (NO)
Industrial applicability (1A) Claims see separmate shest

Citations and explanations

see separate sheet

Farm PCTAPEA/408 (July 1999)
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WRITTEN OPINION Intemational application No. PCT/ DKOWOOO%
SEPARATE SHEET

Concerning section il

Claims 1-14, 30-33, 36-45 relate to subject-matter considered by this Authority to
be covered by the provisions of Rule 67.1(iv) PCT. Consequently, no opinion will
be formulated with respect to the industrial applicability of the subject-matter of
these claims (Article 34(4)(a)(i) PCT).

c . tion V

1.  The foliowing document is referred to in this communication; the numbering will be
adhered to in the rest of the procedure:

D1: WO 01 62775 A (HOLSTEIN RATHLOU NIELS HENRIK ;JOERGENSEN
NIKLAS RYE (DK); LARSEN) 30 August 2001 (2001-08-30)

2. The document D1 from the applicant discloses the use of the antiarrhythmic
peptides of the present application for the treatment of the same disorders, see
claims 112-161.

Hence the subject-matter of claims 1-14, 30-33, 36-45 Is not novel.

3. The screening methods claimed in claims 15-29, 34, 35 are well-known methods
in the art. Applying these methods to the peptides of D1 does not need particular -
inventive skills, hence the subject-matter of claims 15-29, 34 and 35 is not seen as
being inventive.

4. For the assessment of the present claims 1-14, 30-33, 36-45 on the question
whether they are industrially applicable, no unified criteria exist in the PCT
Contracting States. The patentability can aiso be dependent upon the formulation
of the claims. The EPO, for example, does not recognize as industrially applicable
the subject-matter of claims to the use of a compound in medical treatment, but
may allow, however, claims to a known compound for first use in medical
treatment and the use of such a compound for the manufacture of a medicament
for a new medical treatment.

Form PCT/Separais Shest/408 (Sheet 1) (EPO-Apii 1857) ’
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ZeALAN

PHARMA
European Patent Office Zealand Pharma A/S
Erhardistrasse 27 Smedeland 26 B
D-80331 MOnchen DK-2600 Glostrup
Germany Denmark

Tel: +45 43 281200

Fax:+45 43 2812 12
E-malk: info@zp.dk
wwwap.dk
International Patent Application No. PCT/DK03/00056 Deta
DEMAND _ 20 Augat 2003
Our Ref: 016-2003 WO1, MHULSD Page 1001

Dear Sirs,

Enclosed please find a Demand for preliminary examination in respect of
the above PCT application. Please perform a detailed preliminary
examination in accordance with Notice of the President of the European
Patent Office dated 2 November 2001.

The handiing fee and examination fee as specified in the fee calculation
sheet will be debited from our account No. 28030041,

Yours sincerely
ZEALAND PHARMA

Y
Maj Hilligsge JU,,TI,(/ .
L

GA 472
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The denond muss be filed diracdy with the compaters Internagional Preliwinary Examining Authority or, i two or more /choriies ars
with the ane chosn bty the applicern.  The fill narse Gr two-ketter code of that Autharlty may be indioated by the qpplicant on the line below:
weEAs EP

PCT CHAPTER Il
DEMAND
i of y ]
The underigned requert thafthe intermational spphcasion specified below b the subject of

internstionsl preliminary examination accordmg to the Patent Cocperation Treaty and
. ha'lg.;elem al] eligible States (except where otherwise indicated),

- For inteynational Preliminsry Examining Authority nse only
Identification of IPEA : | Date of recaipt of DEMAND

BoxNo.l IDENTIFICATION OF THE INTERNATIONAL APPLICATION | APPUcast's or agant's file refrrrace

016-2003 WO1, MHILSD
imernational application No. Taternationa) filing datz (i (Barliest) Priceity date )
PCT/DKO3/00056 29 January 2003 (291011‘20033 29 January 2002 (35312002)

Tide of invention
COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN HEMICHANNELS

Box No. 1T APPLICANT{(S)
Nmmdﬂdﬂ:%-i:um‘!:ﬂ-‘mfdﬂm Telephane No.

o
ZEALAND PHARMA A/S :::: NZ,_B 1200
Smedeland 26B +454328 12 12
DK-2600 Glostrup Teleprinter No.
Denmark

Applicant"sregistration No, withthe Office

State {that is, country) of nationality: Sune (that iy, covmiry) of residence:
K DK

Namne and nddress: (Fordy s follwat by ghoy sowe; for o hpel atity, full afficicl dealgustion. The achivery mxy inchude poosst cocle and saime of courry)
PETERSEN, Jargen Sgberg

Helliebalkken 1
DK-3150 Hellebaek
Denmark

36-;2 {that is, cnmiry) of nationality: %-n {that Is, cownury) of residence:
=#

Name and address: (Family some foliowed by piver name; for a lepal entity, full afficial deslgnation. The addnets st lnchiads passal coda arst e of eounry)
NEVE, Seren

Ellevaenget 4

DK-2800 Lyngby

Denmark

State (Fhat is, country) of nationality: State (rhat it, counrry) of residence:
DK . DK

@ Further spplicants are indicated on a continustion sheet.

Form PCT/IPEA/401 (firse sheet) (March 2001; reprine July 2003) Saq Notes 1o the damand form
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International spplication No.
ShectNa. 2. PCT/DK03/00056

Continuation of Box No. T1

APPLICANT(S)
I none of the Joliowing sub-baxes is ured, this shagt chould not be included bt the demand

NIELSEN, Morten Schak

Nune and address: Fandy aoar follewad by gium mons; for ¢ lagol sipy, full officisl designotion. Ths cdbrers vans inchule posel cade and nemt of cumiry)

Egebjergvej 51A

DK-2750 Ballerup

Denmark
State (What iz, comnzry) of sationality: Stmte fthar iv. country) of residenes:
DK DK

Bringebakken 88
DK-3500 Vaarless
Denmark

Name and address: (Fmily aune followed by ghen same: for o lagel sty fill affcial designation. The addresy st lnchady prgtal cods and wame of cowmry)
MEIER, Eddi

Swte (thar Iy, country) of nationality:
DK

State (tho! is, conmtry) of regidence:
DK

Semarksve] 11
DK-2800 Hellerup
Denmark

Name snd addreas: (Fanily nane followed iy ghvs nowe; jor a Jegel sniip fidt gfficial designation. The addorss went inchude pavind code and name of coluiry)
STEINESS, Eva

Swate (that I, cowntry} of maticnality:
DK

Seate fhat ix, pounsry) of rexidence:
DK

Name snd address;

Ahlefeldtsgade 18A, 1. th.
DK-1358 Copenhagen K
Denmark

(Farily newet followad by givan aame; fir o logal enly, fill oficial desiguorion. The addhwes et inchude pagsel excls anal reme of cmmiry)
JENSEN, Peter Holme

State (shat ir. covmiry) of nationality:
DK

State frkat s, country) of residence:
DK

Further applicants are indicated on another coutinuation sheet.

Form PCT/IPEA/401 (cantinuation sheet) (March 2001; repeint July 2003)

See Notes to the demand form
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Intemutionsl application No.
e PCT/DK03/00056

Continmation of Bax No. 11 APPLICANTYYS)
If mone of the foliowing sub-beme is uval, this sheat should not ba inchuded in the demand.

Name and address: (Fancly nows foliowed by ginm mame; for o lepal entSy, full aficiol desipustion. The ackies wact inchale pastal code avel s of ccasry)
LARSEN, Bjame Due

Arildsgaard 5, 1. th.

DK-2700 Bronshaj

Danmark

State. (That ix, sountry) of nationality: Stz hat iz, country) of residence:
DK DK

Name and addross: (Famdly s followed by ghan wna; for @ igtl e, fill eficiol desigrmsion. Tha adsiress smust inchusia poussl cody ardd mama of eonry) |,
HANSEN, Lars Bo Laurenborg

Peberhaven 19, st. tv.

DK-2730 Herlev
Denmark
State fthat Ir. country) of nationality: Stare fthat I, comntry} of resldence:
_DrK DK

Name snd address: (Family nones foliowed by ghwen name; for o legel ey, /5 official designosion. ‘The adiress wart inekale paol code and noma of axxwry)

State (that Ir, counrry) of nationality: State {that ix, coumry) of residence:

Name and address: Family nans follewad by gheen nc; fir o ingal auityy, fill afficial dasignasion. The cxkdresy wace inchale postel cods ancl nome of coumicy)

State fhat Ix, counery) of nationality: State frhat ix, couniry) of residence:

D Further applicants are indicated on another continuation sheet.

Form PCT/IPEA/0] {confinuation sheet) (Merch 2001: reprint July 2003) See Notes 1o the demand form
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Intemational application No.
PCT/DKO03/00056

Box No. II AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORREEPONDENCE
The following person is D agent comman representative
and [¥] hes been appointed eartier and represerny the applicants) also for intemutional prefiminaty exsmination.
D is hereby appointed and any carlier eppointment of (sn) agent(sicomumon represantative is herebry revoked.
is inted, specifically far the before the Intzroational Prelim Examining Authority, in addition to
[ g b i, il for gt e iy aiing Aubarity, o

Sheet No. ..41

Neme s Qo Rl o gy M o dpen | TP
ZEALAND PHARMA A/S | Facemaile No,
Smedeland 26B
DK-2600 Glostrup m&g 1212
Denmark

Aot s regisiation No. with the Office

Address for eorrespondence: Mark thiy chack-box whers o7 commman repregentative ighas been appointed and the
D mleGillldthimﬁmllﬁllmﬂlbm correspondence should be senl

Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerning amendments:*
L. The applicant wishes the international preliminary examination to start on the basis of: )
[®] the intemational application as originally filed
. thedescription [ as origially filed
as amended under Article 34

the cloims [0 aseriginatly flea

E] as amended under Article 19 (together with any accompanying statermeni)
] s amended under Anticle 34

the drawings D s originally filed
as amended under Article 34

2. D The applicant wishes any amendment to the claims under Article 19 o be consldered as reversed.

[ Thespplicant wishes the seact of the intemationsl preliminary examination 1o be postponed uni] the cxpimtion of 20 months
from the priority date unlegs the International Preliminary Examining Authority receives a copy of sny armendmests made
under Article 19 or a notice from the applicant that ke docs not wish to make sach amendments (Rule 69.1{d)). (TAls check-
box may be marked only where the time limit under Article 19 has not yet expired,)

Where no check-box is marked, intemational preliminary exsmination will start oo the basis of the intermationsl application

1 originally filed or, where a copy of amendments to the claims under Asticle 19 and/or amandments of the intermnational application

under Aricle 34 are received by the Imemnational Preliminary Pxamining Aotharity before it has bagun to draw up & written opinion

or the intemational preliminary exammation report, as 5o

Language for the purposas of interuational preliminary exsmination: English
which is the language in which the internations] application was filed.

[ which is the language of u transltion furnished for the purposes of imtemational search,

[[] which is the tangunge of publication of the international spplicstion.

D which is the Jaaguage of the translation {to be) firnished for the purposes of intemational preliminary examination.

Box No.V ELECTION OF STATES

The zpplicant hereby elects all eliglble Stutes (thot i, all Steler which have been designared end which are bound by Chapter i of
the PCT}

excluding the following Stmes which the applicant wishes not 18 elect:

Form PCT/IPEAMO! (sccond sheet) (March 2001; reprint July 2003) See Notas 10 the demand form
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Internaticzal spplicarion No.
Shest No. .5. PCT/DKO03/00056
*| Box No. VI CHECK LIST
mm:wquMnMMMhm For Intenational Preliminary
Box No. [V, for the purposes of intemational preliminary exsmina! Examining Authority use only
received not received
I. tanalation of inwermational spplication sheets O a
2. smendmerts under Article 34 sheets a O
3. copy (or, where required, tranalation) of
amendments ander Article 19 sheets O O
4, copy {or, where required, wanslaricn) of
smuzmest ander Article 19 sheets (3 (.
5. leater sheets O [
6. other Aperif) sheets O O
"The demand is also accompanied by the item{s) marked below:
1.[R] fee calculation aheet 5.[] statement cxplaining Iack of sigasture
2.[J original scparate power of atormey 6.[] sequence ligtings in computer readsble form
3.[] original general power of attomey 7.[] tables in computer resdebls form relawd 1
sequence
4. copy of general power of attomey; - Lettar
8 reference number, if any: 0. (8 other fpacify: and Form 1037

Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to aach signarurs, indicars she name of tha persen signing and the capacky in whick the persan signs (If auch eqpaciyy iy nat obvions frons reasling the demand).

Maj Hilligs@e, Represeiitative of Applicant
GA 47210

For Intemational Preliminary Examining Autharity ose only
1. Date of actual receipt of DEMAND:

2. Adjusted date of receipt of demsnd due
to CORRECTIONS under Rule 60.1(b):

3 E] The date of receipt of the demand is AFTER the expination of 19 montha D The applicant has been
) from the priority date and item 4 or 5, below, does not apply. informed sccondingly.

4 D Pled'ltl,esofrwmptonh:dmmduwmimﬂnpmndofwmﬂuﬁumlhepmmydmnmdedbywmunf
uie

5 E] Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival
: is EXCUSED pursusnt tp Rule 82,

For International Burean use anly

Demand received from IPEA on:

Form PCY/IPEA/MO] (fam sheet) (January 2003; reprint July 2003) Ses Notes 10 due demand form
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CHAPTERII

FEE CALCULATION SHEET

Axnex to the Demand

e mteNe.  PCT/DK03/00058

Applicant’s or

agent’
A reference - 016-2003 WO1, MHI/LSD

For International Prefimizary Examixing Authority e only  mm

Date giamp of the IMEA

Applicane
ZEALAND PHARMA A/S

CALCULATION OF PRESCRIBRED FEES

EUR 1,530] 7 | '

2. Han:g:;hr ltmu{’;‘naam;&u_mm
entl J;l uction of of the handling

entitled, the amount to be envered at M is 25% of the l
handling fee)

eur 158 ¥ |

3. Tehlnfplelu-ibdfeu
Add the amounts entered at P and H
and enter total in the TOTAL box

EUR 1,689

TOTAL

MODE OF PAYMENT

whorizion s dugedeguat ] st

000K

chegque D revenue stamps
posial money order ) D coupons
bank draft ] oter pects:

(This mode of payment may not be aveilable a1 all IPEAs)

Auiharization 16 charge the toua) fees indicated shove.

{This check-bax may be markad only if the condisions for
deposir gesownts of the IPEA 10 permiy) Authorization
to charge any deficiency or credit any overpayment in
the 1otal fees indicaied above.

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT

rea EP

Depasit Account No: 28030041
Daie: 20 August 2003

rame: Maj Hilligsoe
'_17“!‘ S/ INE
Signature: {%4
T

\

Farm PCT/IPEA/MO! {Annex) (March 2001; reprint July 2003)

See Notes 10 ihe fes calculation sheer
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PCT REQUEST 016:2003 WO
Criginal {for SUBMISSION) - printad on 20.01.2003 08:05:17 PM
] For recaiving OMice uss only
01 Intarnational AppEcation No.
02 International Fing Date
03 Name of recatving Offica and "PCT
intacnational Application™
-4 Form - PCT/RO/M01 PCT Request
04-1 | Prepared using | PCT-EASY Version 2.92
(updated 01.01.2003)
05 Petition .
Tha undersigned requasts that tha
prasent international appication be
procassed according to the Patant
Cooparaion Treaty
[T Recelving Office (specified by the Danigh Patent and Trademark Office
applicant) (RO/DK)
07 Applicant's or agent's flle refersace [016-2003 WO
i Title of invention COMPOSITIONS AND METHODS FOR MODULATING
CONNEXIN HEMICHAMNNELS
] Applicant
-4 This person s: applicant only
K2 " | Apphicant for all designated States except US
B4 | Name ZEALAND PHARMA A/S
-5 Address: Smedeland 26B
DK-2600 Glostrup
Denmark
{2 ] Siata of nationality DK
-7 State of reakdence DK
1K} Telephone No. +45 43 28 12 00
- Facsimlla No. +45 43 28 12 12
010 | e-mall lsd@zp.dk
11 | Applicants registration No. witi the (1311171 ’
1 [Appiicant andiar inventar
111 {This parson Is: applicant and inventor
lit-1-2 | Applicant for US only
Hi1-4 | Name (LAST, Fst) PETERSEN, Jorgen, Seberg /
N-15 | Address; Hellebakken 1
DK-3150 Hellebak
' Denmark
iit-1-8 | Stals of nationality DK

17

State of residance

DK




25
PCT REQUEST 016-2003 WO
Original (for SUBMISSION) - printed on 29.01.2003 08:05:17 PM

m-2 Applicant and/or Inventor

W21 | This pamon is: applicant and inventor
M-22 | Applicant for Us only '

W-2-4 | Name (LAST, First) NEVE, Soren

125 | Addrasa:

Ellevaenget 4
DK-2800 Lyngby

Denmark
-2§ | State of nationallty DK
Il-2-7 | State of reskdance DK '

183 Agplicant and/er Inventor

RI-3-1 | This parson Is: applicant and inventor

iN-3-2 | Applicant for U8 only
tti-34 | Name (LAST, First) NIELBEN, Morten, Schak /
In-35 |Address: Egebjergvej 51A
DK-2750 Ballerup
. Denmark
138 | State of nationality DK
37 | Stats of residance DK

M4 | Applicant and/or Inventor

lii-4-1 | This persan Is: applicant and :|.nvent:o:."

li4-2 | Apphicant for US anly
111-4-4 . | Name (LAST, Flrst) MEIER, Eddi /
M-4-5 |Address: . Bringebakken B8
DK-3500 Varlaase
Denmark
W-4-6 | State of nationalty DK
47 | State of residence DK

M5 | Appiicant andior Inventor

-51 | This person Is: applicant and inventor

N-32 | Applicant for US only
NI-5-4 | Name (LAST, First) STEINESS, Eva /
11-55 | Address:

Semarksvej 1l
DK-2900 Hellerup

Denmark
11-5-8 | Staie of nationallly DK
IH-5-7 | State of reskianca DK

ME | Applicant andior Invertor

1I-8-1 | This person la: applicant and ipventor

11-6-2 | Appilant for US only I

-84 | Nama (LAST, Flrst) JENSEN, Peter, Holme

i85 |Address: Ahlefeldtsgade 18A, 1.th
DK-1359 Copenhagen K
Denmark

i8-8 | State of nationality DK

167 | State of raskdiance DK
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PCT REQUEST 016-2003 WO
Oxiginal (for SUBMISSION) - printed on 20.01.2003 08:05:17 PM

87 | Applicant andfor Inverttor

l1-7-1 | Thia person Is: applicant and inventor
#-7-2 | Applicant for US only
l-7-4 | Name {LAST, Firet) LARSEN, Biarne, Due /
k75 | Addrees: Arildsgaard 5, 1. th.
DK-2700 Prenshe]
Denmark
II-7-8 | Stete of natonality DK
11-7-7 | State of resisance DK
T8 [Applicant andior Inventor '
-8-1 | This parson is: applicant and inventor
wa-2 Apm_:mhr U8 only
-84 |Name {LAST, First) HANSEN, Lars, Bo, Laurenborg /
135 |Addrass: Peberhaven 19, st tv
DK-2730 Herlev
Denmark
Il-8-6 | State of natienallty DK
587 | Stals of rasidaice DK
v Designation of States
V1 Reglonal Patent AP: GH GM KE LS MW MZ SD SL 8Z TZ UG ZM
m?::mzrnfn“'m ZW and any other State which is a

. paronﬂu;: sfier the designation(s) |Contracting State of the Harare Protocol
and of the PCT
EA: AM AZ BY KG KZ MD RU TJ TM and any
other State which is a Contracting State
of the Eurasian Patent Convention and of
the PCT
EP: AT BE BG CH&LI CY CZ DE DK EE ES FI
FR GB GR HU IE IT LU MC NL PT SE SI 8K
TR and any other State which is a
Contracting State of the European Patent
Convention and of the PCT
Oh: BF BJ CF CG CI CM GA GN G GW ML MR
NE SN TD TG and any other State which is
a member State of OAPI and a Contracting
State of the PCT

V2 |Natlonal Palent AE AG AL AM AT AU AZ BA BB BG BR BY BZ
oy, 505 soa o e ment. | oA CHELI CN €O CR CU CZ DE DK DM DZ EC
parentheses after the designaton(s) |EE.ES FI GB GD GE GH GM MR HU ID IL IN
cancerned) IS JP KE KG KP KR KZ LC LK LR LS LT LU

LV MA MD MG MK MN MW MX MZ NO NZ OM PH
PL PT RO RU 8C SD SE SG 8K SL TJ TM TN
TR TT TZ UA UG US UZ VC VN YU ZA ZM ZIW




PCT REQUEST

A5

A7

018-2003 WO

Original (for SUBMISSION) - printed on 28.01.2003 08:05:17 PM

V5

Precautionary Designation Statement

1n addition to the deslgnafions made
under {iems V-1, V-2 snd V-3, he
applicant also makss under Rule 4.9{b)
al dealgnations which would ba
permitiad under tha PCT axcept any
dasignation(s) of tha Stata(s) Indlcatad
under itam V-8 below. Tha applcant
deciares that thoss addiionat
dasignafions are subject i confimation
and that any designation which Is not
confimead before he epiration of 15
months from the priarsity date Is %o be
reganded as withdrawn by the applicant
@ tha expiration of that ims lmit.

V4

Exclusion() from precautionary
desl

Vi
VI-1-1
w12
Vi3

Pricrity clalm of earliar national
apglication
Filing data

Numnbar
Country

29 January 2002 (29.01.2002)

60/352,717
us

Intarnational Searching Authority
Chosen '

European Patent Office (EPO) (ISA/EP)

Vil
Vill-1

viii-2

viii-3

Vil4

Vili-5

Declarations

Number tf ¢echratons

[ Dedlaration as to the ideniity of the
invenior

Deadaration 21 1o the epplicante
enlilemaent, as at the international fling

« | datse, to apply for and be grantad a

 patant

Declaration as 1o the applicants
entilement, as at tha intemational fillng
dale, lo claim the priority of the earller

ooteoton

Deadlaration of inventorship (only for the
purpeses of the designation of the
United Stales of Amarica)

[ Daclaration es 1o non-projudicial
disdosures or exceptions 1o lack of
novelty

3
X1
1x-2

TEFL

Check list

number of shasls

slectronic file{a) attached

"Raquest (inciuding declaration sheets)

[ Dascription

[Claims

Abstract

EZABSTO0 .TXT

Drawings

TOTAL

X-17

Accompanying ems

paper cocument(s) attachad

™ slactronic file(s) attached

Fee calculation shest

PCT-EASY diskaiis

Diskette

X198

Flgure of the drawings which should
accompany the abstract

-20

Language of filing of the

International application

English
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PCT REQUEST . 016-2003 WO
Original (for SUBMISSION) - prinlad on 20.01.2003 08:05:17 PM
%1 Signature of applicant, agent or : . / ~
comman represeniative g %; ; &L{\
/% / v‘
X431 | Name z PHARMA A/S
X-1-2 | Name of signatory Bjarne Due Larsen
X-1-3 | Capadly |[Representative of Applicants
FOR RECEIVING OFFICE USE ONLY
101 Date of actual recalpt of the
purported Intemational application
10-2 Drawings:
10-2-1 ] Recalvad
10-2-2 | Not racalved -
103 | Corrected data of actual recelpt due
to later but timely recelved papers or
drawings completing tha purported
International application
10-4 Date of timely recelpt of the required

corrections under PCT Articls 11(2)

10-5

Intemational Searching Authority ISA/EP

10-8

Transmittal of search copy dalayad
until search fee ls paid

FOR INTERNATIONAL BUREALU USE ONLY

111

Date of recaipt of tha rucord copy by
the Intsrnational Bureau




PCT (ANNEX - FEE CALCULATION SHEET)

"

Original (for SUBMISSION) - peinted on 20.01.2008 09:05:17 PM

(This sheet is not past of and does not count as & shest of the intemational wpplication)

P24

018-20F WO

Contents

Green?

0 For recelving Office use only
01 Intemailonal Application No.
02 | Daia stamp of the recaiving Offica
94 [Form - PCT/ROMO1 (Annex)
PCT Fee Calcuiation Sheat
0-4-1 | Prepared using PCT-EASY Version 2.92
_ (updated 01.01.2003)
09 Applicant’s or sgent’s filereference [015-2003 WO
2 Apphicant ﬁ ZEALAND PHARMA A/S, et al.
(7] Caiculation of prescribed fees faa amount/mulliplar Yotai amounts (DKK)
1211 [Transmitial fos T ) 1,500
12:2-1 | Seerch fae 5 =) 7,030
12-2-2 |intamational search io ba carded ot by | gp .
123 [Intemational fee
Baaic fee
(frt 30 sheets) b 3,300
124 Ramaining sheeta 65
125 Additional amount @80
1248 T otal mddiional amount b2 5,200
127 | b1 + b2 = "B 8,500
1248 Designation fees
Number of deslgnations contained | g4
In intemational application
129 Numbar of designation feea 5
B m S5) —_
1210 Amount of deaipnation fes x|710
1211 Total designation feea D 3,550
1212 | PCT-EASY fea reduction R -1,020
12113 |[Total intsmational fes (B+D-R) i = 11,030
1257 | TOTAL FEES PAYABLE (T+S+14P) => 19,560
1219 | Mode of payment cheque .
VALIDATION LOG AND REMARKS
13-2-7 | VYalidation messages

Figure of the drawings which should
accompany the abstract not specified.
Please verify.

Green?

encloseaed,

Priority 1. The priority document is not
(The applicant must furnish it
within 16 months from the earliest

priority date claimed)
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PCT 1 016-2003 WO

Original (for SUBMISSION) - priniad on 29.01.2003 00:05:17 PM

PCT-EASY INFORMATION SHEET
(For applicant usa only, DO NOT submit this sheet wih the intamatonal application)

VALIDATION LOG
Contsnts
Green? Figure of the drawings which should accompany the abgiract not specified. Pleaso verify.
Grean? m;mmdmmwmm.mwmmmnmwmﬁunhm
priority date clalmed)

Befors submitting the internstionat Application, plsass cansfilly varify that

-the information contalned on printed Request form Is comrect;

-Bax X of the Request form has baen signed;

-all slaments of the Intermationai application as [ndicated In Boxes Vill and IX of the Raquest form havs baen sttached; and,
-tha diskeite containing the PCT-EASY xip fils of the Intamational Application has besn snclosad and has been clearly
tabblad "PCT-EASY™, with the applicant’s or agent’s file referencs, and the firat appiicant’s names.

ATTENTION
DC NOT modify any Indications on the Request form printout. The electronis varsion of the PCT-EASY application has been locked.
if an afmor or an omiasion s discoverad at this fims, you must reapen the stored form for submission, parfonn
amandments and immadiately rasubmit the form. Flnally, 3 NEW submission diskstta must be ceated manually by msanding the
m;wmmmmmmmmummmmmmuwhmhw
tha possibifity of It ip the RO.




Lisciosed are compositions and methods for modulating hemichannel function in a cell, tissue or organ. The
invention also relates to useful screens for detecting such compounds, periicutarly those capable of modutating
connexin phosphorylation. Fu  r provided are therapeutic methods fo.  avanting or treating conditions impac
by undesired hemichannel function in a mammal such as heart arthythmia. 2 3

78
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« PATENT COOPERATION TREAT Mo DT, AGET
30 MA} 203
From the INTERNATIONAL SEARCHING AUTHORITY ’ PCT
To:
NOTIFICATION OF TRANSMITTAL OF
53532" sm THE INTERNATIONAL SEARCH REPORT
DK-2600 Glostrup OR THE DECLARATION
DENMARK
(PCT Rule 44.1)
o S [ E B

Date of maling

(dnymonthyesr) 26/05/2003
Applicant's or agent's e referenca
016-2003 WO FORFURTHER ACTION  Saapamgraphs 1 and & below
Intemational appication No. imamationsl fing date
PCT/DK 03/ 00056 (duyincnthyesr)  29/01/2003
Applicant

ZEALAND PHARMA A/S

1. [X] The appiicant is hersby notified that the Imemstional Search Repart has been estsblishad and s transmitied herewith.

Filing of amendimants and sisteman under Articis 18:
Theappﬁeam&enl.rlled.llhesnuﬁnhu.lomendﬂﬂnmdllnlmn!mmpphﬂm(m Rule 48):

When? The time kmh for such amendments ls rarmaly 2 months Irom the date of wansmittal of the
Intamational Search howavar, for more detalis, mﬂnnﬂnmhmﬁuahﬂ.

Where? Direcllyto the Intemational Bureau of WIPO
34, chemin das Colombeites
1211 Gensva 20, Swizedand
Fascimile No.; (41-22) 740.14.35

For more detailed Ingtructions, sea the nates on the accompanying sheet.

2. Tha applicant is heraby notified that no Inumlﬂmlamhnmﬂﬁlhmwudh declaration undar
Articls 17(2){#) to that effect is imnsmitisd ha

3 D With regard to the protest against payment of {an) sdditional lee{s) under Rule 40.2, the sppiican Is notilied that:

D tha profest togathar with the decigion thareon has been tensmitted to tha Intemational Bureau mmm
applicant’s request 1o lorward the texts of both the protest and the declalon thereon 10 the deaignated Offices.

] o decision has besn mads yat on tha protest; the applicant will be notified a3 soon as a decision is made.

4. Further action({s): The applicant ls remindad of the following:

Shortly after 18 months from the priority date, hhbmlhnﬂnpphﬂmwlbapﬂnhdhvhhmawm
H the epplicant wishes 10 avoid or posipone publication, a notice of withdrawsl of the International spplication, or of the
mmmulmm Bureau as provided in Aules 80bis.1 and 50bis.3, respectively, beiore the

of the technical prapacations for intarnationsl pubBication,

Within 19 months from the priorhty date, a demand for Inlernationat preiminary axamination must be fllad if the applicant
wishes to postpane the enlry imo the natlonal phase uill 30 months from the priority date (in soma Offices even latar).

Within 20 monthe from the priority date, the appicant must parform the prescribed acts for entry into the national phase
before all designated Offices which have not hunalamdmunumndnrhamrehnbnwwnmmnnﬂ-mun
priority date or could not be efectad because they are not bound by Chapler Il

Name and mating address of the Inlemational Searching Authority | Authorized officer

=& Europsan Patant Offica, P.B, 5818 Patenilaan 2 . .
NL-2280 HV Rijswik Sylvia Hermier

Tk (+31-70) Mo-zmo Tx. 31 651 apo nl,

Fax: {+31-70) 340-3016

Form PCTASA/220 (July 1898)
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Nu . 28 TO FORM PCT/ISA/220

MNmmhmﬂadbmmmmmbmmmmuﬂm of emencments under arficle 19, The
Notes are based on the requiremens of the Petert Cooperation Tready, the Raguiations and the Administative Instructions
undler that Treaty. lnmddmmmmmmmmhmmm For more
detafled information, sea also the PCT Appicants Gutds, a publication of WIPO.

In these Notes, "Article”, "Rula®, and “Section” refer to the provisiona of the PCT, the PCT Regulations and the PCT
Administrative Instructions, mpecllvdy

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

Ths applicant has, mrwmmwhmmmmmWMhmmmdh
wmﬁm,m:mhwumgmnmduw Al ciuima,
0 need 1o e Bmendrants mmm’ummmu e mhum'unhhnhmd

for tha purposes prwhlnndpmacﬂm has anothe for ciaims before ntemational publication.
lel'lupn‘:ora nmummmwm:m%um some Siates only.

What parts of the International application may be amended?

Under Article 19, only the claims may be amended.

Ouring the ingrnational phase, the cisims may also be amendad (or further arended) under Article 34 before
ﬂnlmmlePnImUExlrrhlruMhuny The description and drawings mey only be amended under
Article 34 befora the Intarnational Examining Autharity.

Upnnamylnmmnnllbmlpim all of the internmtional applieation be amendad under Articls 28
or, where applicable, Article 41 pans i

When? Whhin 2 months from the date of tranaminal of the intemational search repart or 168 months from the prioifty
date, whichaver tima limit tater. it shouks be noted, however, that the amandments will be considered
as having been racsived on meqmmwmmM&udeﬂnmhﬁndh

.'h time limk but belore the complation of the tachnical prepamtions for intemational publication
(Rula 46.1).

Whate not to flls the amendmeanta?

The amendmems may only be flied with the internstional Bureau and not with the receiving Office or the
intsmational Searching Authortty {Rule 46.2).

Where a darmnand for intemational preliminary examinztion has beon/is fled, see balow.

How? Either by cancell or more sntire clal or moro néw claims the taxt of
mnr:'mnow:ochinu“ ufhd.. o cislma, by ncding one or by nmendre

Amﬂmmﬁmmhmhﬁlmdhnﬁﬂmdhchhnﬁﬂmmﬂdmamﬂmmm
amandments, difers from the sheet originally fled.

All the clalms appesaring on a mplacement sheet must ba numbared in Arsbic numeris. Whete a claim Ia
cancefled, no remsmbaring of the othar clalms Is requlred. In afl cases where claims are renumbarad, they must
be renumbered consecutively (Administrative Instnuctions, Section 205(b)).

The amandmants must bs made In the langusge in which ths intemational application ls to be pubfishad.

What documents must/may sccompany the amendments?
Lattar (Saction 205(b}):
Tha amendments must be submitted with a lstter.

The letter will not be publishad wih the international appEcation and the amended claims. it should not be
canfused with the “Siatement under Articte 19{1)" {(see below, under “Sttemant under Anlicle 19(1)").

The Istier must be In English or French, st the choice of the appiicant. However, if the language of the

international application Is English, the letter must be In English; I the languege of the Intamnational application

is Franch, the [stter must ba In French.

Notes 1o Form PCT/ISA/220 {first sheet) (July 1998)
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NGTES TO FORM PCTNSA/220 (continue..,

Tha lstiar must indicate the ditferences between the ciaims ss fllsd and the claims as amended, it must, in
pnnh:llr.ullnu Inmmhnwhmhchnmﬂuhhwmmbduuw
that idemical imfications conceming several claims may be grouped),whathe

() thechaimis unchanged;

() the claim le cancetled;

(H} the ciaim s new:

(iv) the claim replaces one or more calme as flled;

{v) the ciaim ls the result of the divislon of a ciaim es fiad.

Thobang-umﬂ-HhmmnﬂnmmmrlnMnmndmmbmu-hnpumdlnIh-
accompanying lettar:

1. [Whare originally there weara 48 claims and efier amendment of some clalms thare are 51}
"Clalms 1 10 20, 31, 32, 34, 35, 37 10 48 replaced by amended ciaima bearing the seme numbeim;
claims 30, salmasumhu‘od.mdam-“h!‘nm

2. [Where originally thera were 15 claims and after amendment of all clalms there are 11);
"Ctaims 1 1 15 raplaced by amended clalms 1 0 11.°

A Mhmo@mlyhmmﬂﬂah-andhnmuﬂrmmwﬂhuﬁhmchh-ﬂhm
"Chlmn‘lmdaniuunr.hnmod:dum?h1s=|mlld.mw=hl'n:15.1alm17!thd or
"Chalms 7 1o 13 cancelted; new clalms 15, 16 and 17 added; ell other clakma unchanged.”

4. [Whera varlous kinds of amandments are mace]:
“Clpims 1-10 unchanged; clakna 11 to 13, 18 and 18 cancelled; cinims 14, 15and16ra|:lludbylm¢ndod
clalm 14; dlaim 17 subdlvidad into amendad clalms 15, lalnd11.nmdinl20lrllml:ﬁd

“Statement under article 18(1)" (Auls 48.4)

The amendments be lod statament the amandments and indica
B LR S e e
Aricle 1

‘The statement will be published with ths imernational application and the amended claims.
R must be In the languaga In which the intarnational application [a to be published.
It must be bried, not exceeding 500 words If in English or i transiated ino English.

It shoudd not be confused with and does not repiaca tha letter indicating tha cifierances betwaen the claima
aa filad end as amendad. t must be fiad on a saparste sheet and must be klentified as such by 1 haading,
prefarably by using the words “Staternent under Article 18{1)."

Il.maynuleomnlnany raging commants on the International search raport or the relevance ol cltatiane
contained In that report. mnduom.nllnmnnuhmddn contgined in the intemational search
report may be made only in connection with an amandment of that claim,

Consequence if 8 demand for International preliminesy sxamvination has already been filed

K, umodmadllmanymlﬂmmandmy accompanying stalsmant, under Article 18, a densnd for
intarnational praliminary sxamination has Mmm the appiicant must prefemably, at the Ume of
nlngm-mmu(mwnnm)mmumnmmmmmmmmm

EwﬂnhMammdeﬂmmm-d , whare required, a
transiaiion of such amendmants lor the procadune before that {see Aules 55.3(a) and 82.2, firm
santence). Far fusther information, see tha Notas to tha demand torm (PCTAPEAMO1),

Consxiuence with regard to transiation of tha Intarmational applicatlon for eniry inio the natonsl phase

Tho-ppMsMOnbdmmmﬂumunmnmwmﬂnmﬂnmlphln a tranglation of the
claims as amended undaer Arlicis 10 may have to be furnishad o the dasignated/electad Officas, Instead of, or
in addiion 1o, the irenslation of the claims as fled.

E:ri;urmard-uhonlhe requirements of each designated/elsciad Office, soe Volums || of the PCT Applicant's
.

Notes to Form PCTASAZ20 (second sheet) (July 1698)



PATENT COOPERATION TREATY

PCT ke

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)
Applicants or agent's fie relerence FOR FURTHER 3= Notiication of Transmilttal of Intamational Search Report
{Form PCTASAT220) as wull s, where appiiceble, ham 5 betow.

016-2003 W0 ACTION ——

Intsmnational application No. Inlemetional fiing date (deymontyysar) (Eariest) Priority Dats (daymonthiysar)
PCT/DK 03/ 00056 29/01/2003 25/01/2002

Appicant

ZEALAND PHARMA A/S

msmummmmmmwulmmmmmummm applicant
eccarding 1o Article 18. A copy is being anamitted 1o the intsmations] Bureau.

This international Search Report conglsts o a total of 5 __shoots.
It ls aiso accompanied by & copy of each prlor an document cited in this report.

1. Basis of the report
a, With regard to the lenguage, the Intemational aesrch was caried oul on the basls of the Intemational appiication in the
language in which it was fiad, uniess otharwisa indicatsd under this kam.

{(] theintemational saarch was carried out on the baals of a transiation of the intsnetional application fumished 10 this
Authority (Rule 23.1(b).

conhlndlnhﬂmnlanihﬂnnmmlmnhrm

flad together with the inlsmational application in computer readable jorm.
furnished subsequantly to this Autharity in written form.

furnished subsequeantly to this Autharity In computer readbie form.

the siatemeant that th furnighed writte ing does not the disclosurs In the
'"mmbu -nmlung go beyond .

the statemant that the Information recorded in computar readable farm Is dantical 1o the written ssquenca lsting has beon

Cartain ciaima were found unsearchable (See Box [}.
Unity of invention e lacking (ses Box It).

02 0O O0O000O

4. With regard 1o the title,
m the tent Is approvad as submitted by the applicant.
[J thetsxthes besn established by this Authority to read s follows:

5. With regard 1o the absiract,

m tha text is approved as submitted by the applicant.
D the toat has been establishad, u:ardlrnmRuhﬂZ(b).hyhAuhﬁlyullappnthwllLTheWhnlmy

wmhommmnmnnnm»lmlqumhlsmnmw h repest, submit comments to this Authorily.
6. The figure of tha drawings to be published with the ahatrad is Figure No. —
[0 == suogested by the appiicant. (X]  Noneot the figures,

[0 becaussthe eppiicant fafted 1o supgest a figure.
] because this fgure beter characterizes the Invention.

Form PCTASA210 (first sheet} {July 1886)
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Amational No.
INTERNATIONAL SEARCH REPORT | PCT/OK 03/80656

Boxl Obsarvations whers certaln ciaims were found unsearchable (Continustion of Item 1 of firat shest)

This Intamational Search Raport has not been establishad In respact of castain clalms under Arficls 17(2){s) for the tollowing roasons:

O] cmaos: L LAITAG ity s Authaty,
see FURTHER INFORMATION sheet PCT/ISA/210

2. (] caima Now:
becauss they relata to parts ¢f the International Application that do not comply with the prescribed requiroments to such
an wxtent that no m intamational Search can be carried out, specifically:

8. [] claimanoa.
because they ara dependent clakms and are not draftad [n accontanes with the sacond and third asntences of Fule 6.4(a).

Box i OQbasrvations where unity of invention Is lacking (Continuation of item 2 of first sheet)

This Imemational Searching Authority found muliiple Inventions In this international appication, as follows:

1. D As af required addiianal sesrch fees ware tmely pald by tha appiicant, this intamarional Search Rleport covers all

2 D :dw-mwhmmmmemlm , this Authosfty did not Lvite paymant
any addiional iae.

3 D nmumdmommmmm“nnmpubymm this Inlemational Search Report
mmwmmhmuummm

4. No required additional gaerch fogs L the spplicant. Conssquently, this Imamational Search Report is
D muhbdhhnhvonhnhmﬂmmmnh:uwdwmm.:

Remark on Protest D The acditional search jees were sccompanied by the applicant's protest.

D No protest accompanied the payment of additional sesrch fess.

Form PGTIISAB!? (cantinumiton of firat sheat (1)) (hdy 1998)
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intemational Appication No. PCT/DK 63 /68856

FURTHER INFORMATION CONTINUED FROM PCINISA/ 218

Continuation of Box 1.1

Claims Nos.: 1-14,37-46

Claims 1-14, 37-46 relate to methods of treatment of the human or animal
body by surgery or by therapy/diagnostic methods practised on the human
or animal body/Rule 39.1.(iv). Nevertheless, a search has been executed
for these claims. The search has been based on the alleged effects of the
compounds/compositions.




MODTAGET
PATENTC PERATION TREA1 08 SEP. 2003

From ux 2o
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY . PCT

To:

ZEALAND PHARMA A/S NOTIFICATION OF RECEIPT

Smedeland 263 OF DEMAND BY COMPETENT INTERNATIONAL
DK-2600 Glostrup PRELIMINARY EXAMINING AUTHORITY
D. (PCT Rulez 59.3(c) and 65.1(b), firmt sentence
wnd Administrative Instructions, Section 601 (a))
Date of mailing
{ day/monthiyser) 05-09-2003
Applicant’s or agent’s file referencs IMPORTANT NOTIFICATION
016-2003 WO1,MHI/LSD
internationul sppEestion No. International filing date { day/montli/year ) Priority dale (day/meonth|year)
PCT/ DK 03/ 00056 29/01/2003 29/01/2002
Applicant
ZEALAND PHARMA A/S et al.
1. The is hereby notified that this International Preliminary Examining Authori siders the following date as the
mwmd;tdunzmrwi:mn:mnp&n:ynMthmmgnTw&ﬁm: -

2570872003

2 This date of receipric

K[ the acrus) date of receipt of the demand by this Authority (Rule 61.1(b))-
[J the scuuad date of receipt of the demand on bebalf of thir Autharky (Rule $9.3())

[T} the date on which thia Authority has, in response 1o the invitation 10 cosreet defects in the demmnd
{Form PCT/IPEA/A04), received the required corrections.

k ATTENTION: That date of recelpt is AFTER the expirstion of 19 months from the priority date. Consequendy, the
D ehainn(;)mdeinﬂnduunddtl::(do rot have the effect of p mnmammmn
months mlluwim-ltydn&l(::m somme Offices) {Article 39(1)). ore, the acts for entry inte the mational

phase must be performed within 20 months frem the priority date (or aier in same Offices) (Articls 22). For detsils, mo

the PCT Appiicans's Guide ¥V olume I1.

D ( I/ applicabie) This notification confirms the information glven by telephone, facsimile transmlssion or in person
on:

4.  Only where paragraph 3 applies, a copy of this notification has been sent 1o the Intermationa] Bureau.

Name and mailing address of the IPEA/ Autherized officer

D-20298 Munich Office {
. Tel. (+49-39) 2399-0, Tx: 522656 epmu d FERRO VASCONCELOS M $
X

3

Fax: (+49-39) 2399-4465 S—
Form PCT/IPEA/A02 (July 1998) P20452 ~ Q2/0072003 ) -




PATENT COOPERATION TREAT ~ MoorAcET

048 SEP. 2003
From tha .
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT /y
Tex
. ZEATAND PHARMA A/S .
COMMUNICATION IN CASES FOR WHICH
Bmedeland 26B NO OTHER FORM IS APPLICABLE
DK-2600 Glostrup
DANEMARK
Date of malfing
(daypmonth fyaar ) !5_5. n®
Applicant’s or agent’s flie reference REPLY DUE .
016-2003 WO1,MHY/LSD : Se= prracaph 1 et
Interational appiication No. Internatiopsl Akng dats (dey imonth jyesr)
PCT/ DX 03/ 00056 2970172003
Apglicant

ZEATAND PHARMA A/S ot al.

1. [M REPLY DUE within ./, menthedeys from the above deie of maling
[C] NoRerLY DUB

2. COMMUNICATION:

Dear Madam or Sir,

The address of “Jensen, Peter Hoime" indicated on the demand differs from the one
indicated on WIPO data. (Please see attachment - IB306)

You ara invited to comrect the defect within the time limit indicated above.
Yours very truly

/( ="

Name md maifing address of the IPEA/

— m Patent Olfice

Tel. (++49-89) 2399-0, Tx: 523656 eprmu d
Fax: {+49-89) 2399.4465

Farm PCT/IPEA[2A (Jzmary 1994) W2705/72003)




*ATENT COOPERATIONTRE/ Y

From the INTERNATIONAL BUREAU

PCT Tee
NOTIFICATION OF THE RECORDING
OF A CHANGE ZEALAND PHARMA A'S
(PCT Ruls 22bis.1 and 2000 Cootrum
Administrative instructions, Section 422) Denmark
Dato of naling {day/monthivear)
23 May 2003 (23.086.03)
Applicant's cy ogent's file relerenco
018-2008 WO IMPORTANT NOTIACATION
Inernationsl opplieation Mo, intarmationsd filing dats {day/monthiyear)
PCT/OKOA/0D058 : 29 January 2008 {29.01.03)
1. Tha following Indioations appesred on recond sonoerning:
mﬂulnllunt Ehlm D the agent Dﬂnmum
JENSEN, Petor, 1"&?{'"1":11 DK DK
DK-1353 Copenhagen K [ Teioshana Fo-
Denmark
" Facsimis No.
- Teleprimner No.

2 The Intarational Bureat horeby notifies the sppioart that the following changs hes been resonied cnceming:

] twperson ] ewname g)w [] thenstionamy [} the residence

Name and Address Pite of Netionailly of Residance |
-DK DK
ME' 1606 20 ~Telephone No.
Danmark Lt @ L‘F
Teloptinter No.

3. Further obesrvetions, if nscsssery:

4 A_ll I- qul

tha reasiving Office [X] the dosianeted Offioss concamed
the Internetional Searching Authority [} o slectad officss concemed
[} the intamationat PreBminacy Examining Authory [ other:
The insamutions! Burssu of WiPO Auchorized gfficar
‘l?l"l‘:i::ln‘;.m Marek LASKOWSKI
Facalmite No. (41-22) 338-7080 Telephone No. {41-22) 338 8162

Form PCTAB0B (March 1804
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Europilleches . Europ. . - Office suropéen
Patentamt Patent Office des brevets

B A e v — e e S Gt B A e A o R - —— -

(+40-80) 2T38-D
629038 epyu 4
(+40-0) 2300 4405
PA. 510 Paiantiyan 3
NL-2200 HV Rijsaiy
{+31-70) 340 25T8

N gon
(+31-70) 340 2975

D-10058 Salin

MODTAGET 2, (amams
28 AUS. 2003

Zealand Pharma A/S
Smedeland 268 e et
DK- DK-2600 Glostrup 13

Denmark 95 bb YY)

ear

Bg~e D g~o@

Acknowledgement of receipt at the European Patent Office of subsequently filed items relating to
patent applications / patents.

Date and place of recelpt are shown by the perforation appearing on this recsipt (M + date =~ Munich as place of recelpt;
date alone = The Hague as place of neceipt; data + B = Berlin as place of racalpt)

items filed

No.| Application (and Directorats) No./PatentNo. __ "Yourrafarence ! Nature snd date of lsms (optionsl)

: 1 ; PCTIDKOM00058 To18-2003W01" " Demand 20-08-2003
" ]

w b et e vemmeme e cee e - . 1 Letler

EPAEPO/OEB Form 1037.1E 05.67: Acknowledgemant of raceipt for semder



PATENT COOPERATION TREAT MU
"Corrected V rsi n/Versi n Corrigée Frmthe INTERVATIONAL BUREAU ‘/2’/

P CT To:
h(l_gl'lCE INFORMING THE APPLICANT OF THE
IMMUNICATION OF THE INTERNATIONAL ZEALAND PHARMA A/S
APPLICATION TO THE DESIGNATED OFFICES Smedeland 268 MODTAGET
DK-2800 Glostrup
(PCT Rule 47.}(¢), first nestience) DANEMARK 08 0KT. 2003

Data of mailing{daymonth/renr)

07 August 2003 (07.08.03)
Applicant’s or agent's file reference

016-2003 WO IMPORTANT NOTICE
Imemationa! application No. Intemnstional filing dateidapimonthyear} Priority due{dnx/monik/neor)

PCT/DK03/0D056 29 January 2003 (29.01.03) 29 January 2002 (29.01.02)
Applican!

ZEALAND PHARMA A/S

1. Naotice i= hereby given thn the Intemational Burean has enmmunicated. 83 provided i Asticle 20, 1he intermational applicution to the
following desigmied Olfices on the daw indicated ahove ax the date of mailing of this botice:

AU, AZ, BY, CH, CO, DE, DZ, GH, HU, G, KP, KR, MD, MK, MZ, RU, TM, US

In accordmce with Rale 47.1(c), third senizace, those Offices will aceept the present notice oa conclpsive evidence Ut the commanicatin
ol the inlemetional application has duly taken place on the dme of mailing indiested above snd no copy of the iolernational spplication is
reguired 1o be fapnished by 1the applican 10 the designated Office(s).

The following desipmtcd Offices have weived the raquirement for such 8 communicniion at this 1ime:

AE, AG, AL, AM, AP, AT, BA, BB, BG, BR, BZ, CA, CN, CR"CU, CZ, DK, DM, EA, EC, EE, EP, ES, FI, GB, GD, GE,
GM, HR, ID, IL, IN, IS. JP, KE, XZ, LC, LK, LR, LS, LT, LU, LV, MA, MG, MN, MW, MX, NO, NZ, OA, OM, PH, PL. PT,
RO, 8C, SD, SE, 5G, SK, SL, TJ, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW

The communication will be made 10 those Offices anly upon their reynest. J'oribermore. thase Offices do not nxjuine the applicaat 1o
farish o copy of the iotemational spplicetion (Ritle 49.1(s-hin).

12

3. lindored with this notice is 8 copy of the intemutions! spplication as published by the International Boyesu on
07 August 2003 (07.09.03) onder No. 03063891

4. TIME LIMITS for Nling a demand for l“‘l;lﬂlﬁlll preliminary examination and for eniry into the palions! phase

‘The applicable ¥me imi! for enlering the national phase will, sobleet 10 whal ls suid in the following parugraph, be 30 MONTHS from
the priority dale, nol only in respect of any eleciad Offiea il a demand for intematinnal preliminary examination is filed helore the
expiration of 19 manths from the pricrity dale, bui also in respoct of sny desipruied Office, in the absence of filing of such devoand, where
Atticle 7X(1) a3 modifled with effeet from | April 2002 spplies in respedt of that desigrated Qffice. For forther demils, seo PCT Gazene

No. 442001 af | November 2001, pages 19976, 19932 and 19934, 38 wel) a3 the PCT Newsletier, Ocober and November 2001 and
Pebraary 2002 issoes.

In praciice, time Timils other than the 30-month time Bmit will continue W apply. for varioos periods of time, in rospect of certain
designated or edected Offices. For regular updates on the appBeable tbwe tmits (20. 21, 30 or 31 mombe, or other time limit), Office by
Office, refur 1o the PCT Gazeite, the PCT Newslener snd the PCT Applivant’s Gulde, Yolome 11, National Chaguers, all availabie from
WIPCY's Inwcmmel site, st hitp2/fwww. wipo.int/peVenfindex. html.

For filing a demand for international preliminary cxamination, see the PCT Applicant's Guide. Volome VA. Chapler 1X. Only an
applicam who is o nationad or resident of a PCT Coniracting Siake which is bound by Chapicy 1} et the right 1o file a demand for
intemationa) preliminary examinstion (a present, all PCT Contracting Siaies me hound by Chapler 111

It is the applicant’s sole responsibility 10 moniar all those time limis.

The Inicmational Burem of WIPQ Autborized officer
34, chemin des Colombenes
1211 Genava 20, Swilzerland Judith Zahra
wximile No{41-22) 740.14.35 Telephom: No.(41-22) 3389).11

PCTAB/308 (April 2002}
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7EALAND PHARMA A/S
Desr Sirs

Re: PCT/DK03/00056

Since 1959

GG@BO]"SSKY
8§ PARTNERS

o
Ex-Byturaburg

NI

Sarmars
Vikior Stankowsky, PA,TMA,DA  Dip. Ling. Galla Skrebiove
Dip. Lew.

Dip.

Dh.g:h.hm;‘lﬂ Nadezhds Zagumennbowe. L
ggzmmm Eatucinburg Barnars
Dip. Lo, Marie Nosove, L Dip. Eng. Sergey Egorov Eklerinburg
"y ! Dip, Eng. Ning Ancroows, PA Kiav (Ukrainn)
Dip. Eng. iring Shishic 0. Eng:

Dip. Chem. Liximis Pogine Cuv 8xaine)

Konagudar Dip. Eng. Ninu Moghingianys, 1, PA,TMA , DA

D, Eng. Tatiana T Dip. Ung. Sergey Novilew, L, PR, TMA, DA

Dip. Law. Vadin Bloshenies, L Oip. Ling. Yoilye Graboveks, L,TMA, DA, PA

Dip, Eng. Natalla Brous, L,PA, DA, TMA

PA - Patont Atlomey DA - Dealgn Attorney
EPA - Ewpglan Petant Atiorney L = Lowyer
THA - Trademeark Allcenay . Consuilant
NG S (15 rar ows 26 Aungust 2003
MODT 2R o, mrane 2421-2608P55

2 9 SEP. 2003

The above captioned application has been published in the PCT Gazette. If you plan to obtain patent
protection in Russia end/or the ex-USSR republics through national patent(s) or Eurasian Patent, we would be
very glad if we could assist you in this matter.

We are the premier Patent Attorneys firm in Russia with more than 40 years of experience in IP matters. Our
rating as the No 1 firm in patents and trademarks in Russia has been confirmed by international surveys
conducted by the “Managing Intellectual Property™ magazine in 1998, 1999, 2000, 2001 and 2002.

To get more information about us, please visit our web site: www.gorodissky.com.

We can effectively assist you in all the ex-USSR republics through our reliable network of associated patent
attorneys in these republics, including our office in Ukraine.

TTpon request you can get a more

comprehensive disclosure of our firm’s activities, as well as other

—ucuments, including the schedule of fees, Power of Attorney form etc.

Yours sincerely,
ol
Wt pore

Valery Medvedev

Managing Partner
Addresz: Talsphone: e infsrnet:
Law firm “Gorodlasly & Partoars” Lid +7 (085) 837 $118/ 6109 +7 (0R5) 07 5104/ 5123 E-rak pet@gorodaly @
B Syasslaye str, 25, strosnls 3 Hitgaewm goroclissty.com

Alrarrorais SRR Beanela



'ATENT COOPERATION TRE

PCT/DKQ3/0005€
Y

SFE

From the INTERNATIONAL BUREAU

PCT To:
MODTAGET
NOTIFICATION OF THE RECORDING 20
OF A CHANGE ZEALAND PHARMA A/S U 2003
{PCT Rule 92bis.1 and gz;g:ngoﬁ?up
Administrative Instructions, Section 422) Denmark
Date of mailing (day/monthiyear)
23 May 2003 (23.05.03)
Applicant’s or sgent’s file reference " NC ATION
018-2003 WO :
Inmtamstional eppBcation No. Irternationsl fiing dats (dey/monthiyear)
PCT/DKO03/00056 29 January 2003 (29.01.03}

IZI the applicant

E the Inventor

1. The following indications appeared on record concaming:

D the agent

D the common repressntative

Nsme and Address State of Nationaifty "State of Residence
A eiagass 5 o i =
eldtsgade .
DK-1359 Copenhagen K Telsphane No.
Denmark
Facaimlie No.

?m#

The Imernational Bureav hareby notifiss tha appiicant that the following changs has been recorded concsming:

Teleprinter No.

4. A copy of this notification has been sent to:
@ the recaiving Office
lzl the International Ssarching Authority
D the Imernational Preliminary Examining Authority

D the person D the name @ the addresa D the nationality D tha residence
Name and Address State of Nationality State of Residence
.cl:fNSEN. Pe‘;'l;:r‘I 1'-'%"&2 DK DK
assonsgs , 3.tv. —=
DK-2100 Copenhagen g Telephona No.
Denmark
Facsimile No.
[ Telsprinter No.

3. Further obaervations. if naceagary:

l-w

[X] the designated Otices concerned
D the slected Officas concarned

[] oter:

The Internationat Bureau of WIPO Authorized officer
34, chemin des Colombettes Marek LASKOWSKI
1211 Geneva 20, Switzeriand
Facsimila No. {41-22) 740-1435 Telephone Na. (41-22) 338 8162
Form PCTAB/308 {March 1994) 005080376



WO 03/063891
PATENT COOPERATION TREAT PCT/DK03/00056

From the INTERNATIONAL BUREAU B A

PCT b
MODTACL

NOTICE INFORMING THE APPLICANT OF THR

CONMUNICATION OF THE INTERNATIONAL ZEALAND PHARMA A'S ' ﬂ M'E. m

AFPPLICATION TO THE DESIGNATED OFFICES Smedaland 268

DK-2600 Glostrup
(PCT Rule 47.1(c), firm senience) DANEMARK

Daie of mailng{day'moniivyear)

07 August 2003 (07.08.03)
AppEeant'sor agent's file reference

016-2003 WO IMPORTANT NOTICE
Intemariona applieation No. International fling dateydowimonriviear) Priority dutetdawimon th/year)

PCTAOK03/00056 29 January 2003 (29.01.03) 29 January 2002 (29.01.02)

Applicam
ZEALAND PHARMA A/S

. Noticeis hereby given thal the Intemalional Burean has communicaled, as provided in Article 20, the inlenational application 10 the
following designaied Offices on the date incficated above a5 the date of mailing of this potice:

Nora

In accordance with Rule 47.1 (c), third seatence, those Offices will accept the present notice as conclnsive avidence that the communication
of the miernational applicalion bas duly taken plece on the date of mailing indicated above and no copy of the international application is
requind to be farnished by the applicant 10 the desipnaed Office(s).

The fallowing designaied Offices have waived the requirement for such & communication st this ime:
None

The cammunicalion will be made 10 those Offices only upon their request. Purthermore, those Offices do not require the applicant 10
furnist a copy of the inlemational application (Rule 49.1(a-bis)).

3. Enclomd with this actice s a copy of the iniemational application as published by the latemational Burean on
07 August 2003 (07.08.03) nnder No. 03/063891

4. TIMELIMITS for iing a demand for Iniernational preliminary examination and for entry into the national phase

The applicable time limit far entering the national phass will, subject 1o whllll-ldlnlhrollowhgp-ngnph,benmomsm
the prinrity daie, not anly in respect of any elected Office if a demand far inlematlomal preliminery examination i filed before the
sxpiraion of 19 months from the pricrity date, but alsc in respec! of any designaled Office, in the absence of filing of seh demand, where
Article 22(1) as modified with effect from | April 2002 spplies in respect of that designated Office. For fanher detajls, e PCT Gazane
No. 442001 of 1 November 2001, pages 19926, 19932 and 19934, a3 well ns tha PCT Newsletter, October and November 2001 and
Februzy 2002 issues.

In prastice, Hme Hmits other tran the 30-month tme Dol will contimie 10 apply, for various periods of time, m respect of certein
desigmied or elected Offices. For repulur updates on the npplicable time Hmits (20, 21, 30 or 31 months, or other tme limit), Office by
Offsce, refer o the PCT Gazette, the PCT Newsleger and the PCT Applicant’s Guide, Yolme 11, National Chapters, all availuble from
WIPQ's Intermel site, at hip2//www.wipo.inl/pct/en/index himl

For fiing a demand for international preliminery examination, see the PCT Applicant’s Guide, Volume VA, Chapler IX. Only an
applicant who is o mavonal or resident of a PCT Comtracting State which is bound by Chaptar I has the right to file a demand for
intemaiional preliminary examioution (a1 present, all PCT Coniracting States are bound by Chopier L),

It is the applicant’s sole responsibility 1o monitor all these time Lmits.

T

The international Bureau of WIPO ) Authorized officer
34, chemin des Colombetes .
1211 Geneva 20, Switzerland Judith Zahra

Facgimile No(41-13) 740.14.35 Telephone No.(41-22) 338.91.11

“orm PCT/IR/308 (April 2007)
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TATENT COOPERATION TRE ™Y

MODTAGET //5, =
22 SEP. 203 From the INTERNATIONAL BUREAU
PCT To:
INFORMATION CONCERNING ELECTED
OFFICES NOTIFIED OF THEIR ELECTION ZEALAND PHARMA A/S
Smedeland 268
{PCT Rule §1.3) DK-2600 Glostrup
Denmark
Date of mailing (dey/monthvyear)
10 September 2003 (10.09.03)
Applicart’s or agormt's fiia refarence
016-200; wo IMPORTANT INFORMATION
Internations! appliostion No. mtemational Ming date (day/monthiyesr) | Pricehy date (day/monthiyear)
PCT/DK03/00056 29 January 2003 (29.01.03) 29 January 2002 (29.01.02)
Applicant
ZEALAND PHARMA A/S et al

Offices of its election:

SK,TR

by the Internations! Bureau only upon their request:

EA :AM,AZBY KG,XZ, MD,RU,TJ,TM

VN, YU, ZAZM ZW

he PCT Applicent’s Quide.

the purposes of obteining 8 Eurgpesn patent.

3. The spplicant is reminded that he must enter the "national phasa™ bofore the
before esch of the Offices listed sbave. This must be done by pa

wransiation of the imtarnetional application {Articie 38{1){s)), 2 wnll a3, where applicable, by furnishing a transistion of any
snneaxes of the international preliminery examination report (Article 38(3)(b) and Rula 74.1).

1. The spplicant is hareby informed that the International Byreau has, according to Article 31{7), notifisd each of the following
EP :AT,BE,BG,CH,CY,CZ,DE,DX,EE,ES,FI,FR,GB,GR,HUL,IE,IT,LU,MC,NL,PT,SE,SI,
National :BG,CA,CN,DE,GB,IL,JP,KP,KR,MN,NO,PL,RO,RU,SK,US

2. The follawing Offices heve waived the requiremaent for the notificstion of thelr election; the natification wiit be sert ta them
AP :GH,GM,KE,LS,MW,MZ,SD,SL,52,TZ,UGZM,ZW
OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD,TG
National :AE,AG,AL.,AM,AT AU,AZ BA,BB,BR,BY,BZCH,CO,CR,CU,CZ,DK,DM,DZ,EC,

EE,ES,F1,GD,GE,GH,GM,HR, HU,ID.IN,IS KE XG,KZ LC,LK,LR,LS,LT,LU,LV,MA ,MD,
MG, MK,MW,MX,MZ,NZ,0M,PH,PT,SC,SD,SE,SG,SL,TJ,TM,TN,TR TT.TZ.UA.UG UZ,VC,

expiration of 30 months from the lmnliv date
ying the national fea(s) and furnighing , If preseribed, a

Soma offices have fixed tims limits axpiring Ister than the sbove-mantionsd time limit. For deteiled Information sbout the
;?nliblt time limits and the acts to be parformed upon entry irto the national phase before a particular Office, ses Volume II
t

The entry into the Europesn reglonal phass Is postponed untll 33 months from the priority dete for all States designated for

The Intemnatianal Bureau of WIPO

Author’ad officer:

34, chemin des Colombettes Junko TAKEUCHI {Fax: 338 71 30)
1211 Ganevs 20, Switzeriand
Facsimile No. (41-22} 740-14356 Tela N(E'I-ZZI 338 8448
Form PCTAB/332 (September 1887) 6847242
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PCT T
ZEALAND PHARMA A/S
Smedeland 26B
COMMUNICATION IN CASES FOR WHICH DK-2600 Glostrup ODTAGE]
NO OTHER FORM IS APPLICABLE DANEMARK M
21 Juul
Date of mailing (dayvmonih/vear)
10 July 2003 (10.07.03)
Applicant'y or agezx’s file reference REPLY DUE
016-2003 WO sce paragraph | below
Intemational applicafion No. Intemational filing date (day/month/year)
PCT/DK03/00056 29 Jamunry 2003 (29.01.03)
Applicant
ZEALAND PHARMA A/S
. [l REPLYDUE within monthe/days from the sbove dute of mailing

[ NoREPLY DUE, bowever, sz below
IMPORTANT COMMUNICATION

[0 mrormaTON ONLY

2 COMMUNICATION:

The attention of the applicant is drawn to the fact that according to Rule 91.1(e)(ii) "no
rectification shall be made except with the express authorization of the International Searching
Authority if the error is in any part of the international application other than the request or in
any paper submitted to that Authority”, which is the case.

Consequently, pursuant to Rule 91.1(e)ii), the International Bureau has forwarded the request
of modification to ISA/EP, in its capacity as Intemational Searching Authority, for
authorization.

cc: ISA/EP

The Intemational Buresu of WIPO
34, chemin des Colombeties
1211 Geneva 20, Switzerland

Facsimile No. (41-22) 740-1435

Authorized officer
SUAREZ Javier

R

Telephone No. (41-22) 338.99.99

Form PCT/IB/MS (July 1992)
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Zealand Pharma A/S
The Intemnational Bureau of WIPQ Smedeland 26 8
34, chemin des Colombettes DK-2600 Glastrvp
1211 Geneva 20 Denmark
Switzertand Tokt +45 432812 00
Fax:+45 43281212
E-mall; Info@zp.dk
wwwap.dk
International Patent Application No. PCT/DK03/00056 :::_ 2003
Amendment of the description under Asticle 34
Our Ref: 016-2003 WO1 Page 1 0of 1
Dear Sirs,

Enclosed please find an amended page 17 in the description of the above
international patent application. In the first line of the brief description of
the drawings we have added the detalls of the article refermed to.

The amendment does not go beyond the disclosure in the intemational
application as filed.

Yours sincerely,

fwe S A

Maj Hilligsee
Patent Manager

Enclosure: New page 17

/

SCIENCE-TO-LIFE



BRIEF DESCRIPTION OF THE DRAWINGS / ¥ A

Figure 1 is a drawing showing phosphorylation sites on a connexin (Cx43)
(Hossain M Z et al. (Science’s stke 2000; pp 1-5)). As can be seen, the cytosolic
domain of the Cx43 transmembrane protein has several potential serine and tyrosine
phosphorylation sites.

Figure 2 is a graph showing metabolic stress induced by removal of glucose.
As can be seen from the graph, administration of compound 1 reduces the siress as
evidenced by a decrease in relative conduction delay.

Figures 3A-B are representations of immunoblots showing detection of
tyrosine phosphorylation in connexin 43 (Cx43). Figure 3A shows results from
compound 1 administration. Figure 3B shows results from administration of
compound 1 and compound 2.

) Fig\ll'BS.4A-B are representations of immunoblots showing detection of
tyrosine phosphorylation (8A) and serine phosphorylation (8B) of Cx43.

Figure 5 is a graph showing effect of 10nM compound 1 on ischemia-induced
uptake of calcein in cultured cardiomyocytes.

Figure 6A is a drawing showing a preferred ELISA assay format. Figure 6B is
a graph showing ELISA results of phosphorylated Cx43 at Tyr-P in HeLa cells.
Figure 6C is a graph illustrating ELISA results of phosphorylated Cx43 at Tyr-P in
CHO cells.

Figure 7A-C are photomicrographs showing dye uptake in cultured
cardiomyocytes. Fig. 7A: Cardiomyocytes under light microscopy; Fig. 7B:
Fluorescence under control conditions (same as cells in Fig. 7A); Fig. 7C
Fluorescence after 30 minutes of metabolic inhibition.

Figure 8 15 a graph showing that compound 1 reduces stress-induced calcein
uptake in & dose-dependent menner.

17



PCT/DK03/00056
rATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT Ta
NOTIFICATION OF RECEIPT OF
iTA:. RECORD COFY ZEALAND PHARMA A/S
MODTA Smedeland 26B
£ 7 MRS 20t5= (PCT Rule 24.2(a)) DK-2600 Glostrup
Denmark

Oute of malling (day/month/Ayear)

06 March 2003 (06.03.03) IMPORTANT NOTIFICATION
Apphicant’s or agent’s file refarence International applicetion No.

016-2003 WO PCT/DKO3/00056

The applicant is heraby notified that the intarnational Buresu hes received the record copy of the imernstional spplication ss
detailed below.

Narne(s) of the applicant(s) and State{s) for which they srs applicants:

ZEALAND PHARMA A/S (for all designated States except US)
PETERSEN, Jgrgen, Sgberg et sl {(for US)

internationsl filing date 29 January 2003 (29.01.03)

Priority data{s)} clalmad 29 January 2002 {29.01.02)

Date of recelpt of tha record

by the Intemational Bureas " 19 February 2003 (19.02.03)
Llse of designated Officas .

AP :GH,GM KE,LS,MW,MZ,5D,SL,S2,TZ,UG.ZMZW

EA :AM,AZ BY ,KG,KZ,MD,RU,TJ,TM

EP :AT,BE,BG,CH,CY,C2,DE,DK EE,ES,F1,FR,GB,GR,HU,IEIT,LU,MC,NL,PT,SE,S1,SK, TR

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD, TG

Natlonal :AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,
EC,EE,ES,F1,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS JP.KE,KG,KP,KR K2 LC,LK.LR,LS,LT,LU,
LV,MA,MD,MG,MK,MN,MW,MX,MZ,NO,NZ,0M,PH,PL,PT,RO,RU,SC,SD,SE,SG,SK,SL,TJ,TM,TN,TR,
TT,TZUAUG,US,UZVC,VN,YU,ZAZMZW

ATTENTION

The applicant should carefully check the dats appearing In this Notification. In case of any dissrepancy between thess data
and the indications In the Internstional application, tha epplicant should immeadiatsly inform the Intemnstional Bursau.

In addition, the appicant’s attention is drawn to the Information contsined in the Annex, ralsting to:

E time limits for entry into the nations! phase - sae updated important Infarmation {as of Aprll 2002)
D confirmation of precautionary designations (If applicable)

E requiremems regarding priority documents (if applicabls)

A copy of this Notifieation is baing sent to the receiving Office and to the iIntarnationalSearching Awthority.

The Intemational Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzeriand

Facsimile No. (41-22) 338.80.70

Authorized officer:
Leslie BARRIOS

Tetephone No. (41-22) 338 6716

Form PCT/IB/S01 (April 2002)
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Intermnxtional application Na.

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The applicant is remindad thet the “nationst phase™ must be enterad before sech of the designsted Officas indicsted on
the covar shast of this Notification by paying nationsl fses and furnishing translations, as prescribed by Articles 22 and 38 and
the applicable natlonal Iaws. In addition, the applicant may aiso have to comply with other spetisl requirements applicable
in certain Offlces. it Iy the applicant’s responalbliity to ansure the necessary steps to anter the nationsl phase are taken in g
timaly fashion. Most Offices do not lssue reminders to sppilcants in connection with the enry Into the national phase-

The spplicsbla tims Emit for entsiing the nationsl phass will, subject to what s sald in the jollowing peregeaph. be
30 MONTHS from the priority data, not only in respect of any olectad Offlcs whare s damand for Internmional prallminary
sxsmination is filad befors tha expirstion of 10 months from the priorhy date (see Article 38{1)), but also In respect of any
desipnated Office, in the absenca of filing of such demand, where Article22(1) ss modifisd with effect from 1 Apdl 2002
appiles in respact of that designatad Office. For further detalls, ses PCT Gazette No. 4472001 of 1 Novembar 2001, pages 100208,
19832 and 18634, as well as the PCT Newsletter, October and November 2001 and February 2002 lasues. .

In praction. time Emits other than the 33-month tve limit will sontinus 10 spply, for verious periods of time, in respect of
certain designatad or elected Offions. For reguler updatas on the applicable time fimits (20, 21, 30 or 31 months, or othar
time imit), Office by Office, rofer to the PCT Garatte{"Section V" part publishad ona weakly bashs), tothe PCT Newsletter
{on a monthly basit) and ta tha relavant National Chapters In Voluma N of the PCT Applicant's Quide (the papar varslon of
which is ypdatad usually twica & yesr and tha Imarnet version of which is updated usually on a weetly basis). Flnally, a
cumulative tabls of sl appficable time imits for entering the nationa! phats 1s avelisbis from WIPD's internet sha, via links
from various pages the she including those of the Oszatte, Newsletter snd Guide, at  hitp:iwww.wipo.Int/petionfindex. il

Information abaut the requiramants for filing a demand for Intemational prefiminary mamination = cot out inthe PCT
Applicant’s Guide, Volume UA, Chapter D& Note thet only an applicant who is s netionsl or residem of 8 PCT Contracting
State which ia bound by Chapter Il has tha right to flle s demand for Internstional prefiminary examinstion (st present. all
PCT Contracting Staios are bound by Chapter H).

CONFIRMATION OF PRECAUTIONARY DESIGNAYTIONS

Thig natificetion lisls oniy specific designations mede under Rule 4.8{s} in the request. it Is important to check that thase
designsUons ara correct. Errors [n designations can be corrected whers pracautionsry designations hava basn mads under
Rule 4.8{b). The applicam is heraby remindad that any pracautionary designations mey be confirmad acoording to Fule 4.8(c)
befors the axpiration of 16 months from the pricrity date (this tima limit may not be extended). H it Is not confirmaed, it will
sutomatically ba regarded as withdrawn by tha applicart. There will be no reminder and no Invitation. Confirmation of »
designation consists of tha filing of a notics apecitying the designated State concavned (with Indication of the kind of protection
or trestment dasired) end the payment of the dasignation and confbmation fees. The Notice of canfumation and payment
mu4t reach tha receiving Offics within the 15-month time lImit.

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
For applicants who have not yet complled with the raquirements regarding priority doeuments, the fallowing s racalled.

Whare the priority of an earller national, reglonsl or iImernstional appiication Is claimed, the applicant must submit a copy
of the sald earller application, certified by the authority with which k was filed {"the priority document™) to the recelving Offics
{which will transmh & to the International Bureau) or directly to the imternational Bureau. before the sxapiration of 18 montha from
the priority date, provided that any such griority document may stlll be submitted to the intarnationsl Burssu before that duts of
international publication of the International applioation, in which casze that dosument will be considerad to have baen recelved
by the Imernrational Burssu on the last day of the 18-month time Emk (Ruls 12.1{s)).

Whaore tha priority documant Is Issued by the raceiving Office, the applicant may, Instead of submitting the prioriy
documant, request the recaiving Offics to prepare and transmit the priority dogument to the International Bureau. Such request
must be made befara the expiration of the 16-ronth tima limit and mey ba subjectad by tha recelving Office to the peymam
of a fee (Rula 17.1(b)).

H the priority documem concemnad I3 hot submitted to the internstional Burasu or If the request to tha recelving Offles
1o prepare and transmkt the priarikty document has not bean mads {and the corresponding fes, if any, pald) within the applicable
time imkt indicated undear the preceding parsgraphs, any designatad State may disregard the priority elalm, provided that no
designated Office may disregard the priority claim concerned before giving the spplicant an opportunity, upon emry Into the
national phasa, 10 fumnich tha priority dosumaent within tha tima limit which is reasonable under the circumstances.

Whare severat priorities are clalmed. the priority dete to be considered for the purposes of computing the 18-momth time
limk is the flling dste of the earlisst spplication whose priority Is elsimed.

Farm PCTAB/301 (Annox) (April 2002} 006503872
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PCT/DK03/0005
PATENT COOPERATION TREATY
From the INTERNATIONAL BUREALU
PCT To
NOTIFICATION CONCERNING EITIFTTN
SUBMISSION OR TRANSMITTAL ZEALAND PHARMA A/S CTIRTT
OF PRIORITY DOCUMENT Smedaland 268 : APk fw
- . DK-2600 Glostrup ¥
{PCT Administrative Instructions, Sectlon 411) Denmark

Dats of malling {day/monthiyear)

0B April 2003 (08.04.03)
Applicant's or sgem's fils reference .

016-2003 WO IMPORTANT NOTIACATION
Imumatianal spplicetion No. Internations! fillng date {day/momhiyear)

PCT/DK03/00056 29 January 2003 (29.01.03)
Imternational publication date (day/month/ysar) Priority date {day/month/yesr)

Not yet published 29 January 2002 {29.01.02)
Applicant

ZEALAND PHARMA. A/S ot al

The applicant s hei eby notified of the deta of recelpe (axoept whaers the 1exers "NR™ appsar in the right-hand column) by the
Imamations! Bureau of the prigrity documem{s) relsting 10 the sariler sppiontionts) indlostad below. Unisss otherwiee
indlcaisd by sn asterisk appeasing nextto a date of receipt. or by the letters "NR", in the right-hand column, the priority
documant concarnad was submitted or transmitted to the International Buraau [n scompfiance with Rule 17.1{s) or (b).

2. This updstes and replacas any praviously lssued notifisation conearning submissfon ar trangmittel of priorky documaents.

4  An esteriak{") sppearing next to s date of reowsipt, in the right-hand column, danotes a priority documaert submittad
or tranamittad to tha International Bursau but not In complisnca with Rule 17.1(a) or (b} In such n case, the sttention
of the appicant is directad to Rula 17.1{c) which provides that no designated Offlos may disregerd the priority delm
concerned bafore glving the apphicant an opportunity, upon enry Into the natlonal phass, to furnish the priority document
within a time limk which is reasonabls under the cireumstances.

4. The lettors "NR" sppesring In the right-hand column denote s priarity documamt which was nat recelved by the international
Buresu or which the applicant did not requast the recalving Offica to prepare snd ransmit to the Intarnstional Bursau,
o8 provided by Rula 17.1(a) or (b}, respectivaly. In such 2 case, tha attention of the spplicant Is directad 1o Ruls 17.1(a) which
pravides that no designated Office may dlaregard the priority clalm concernad before giving the applicent sn appertunity,
upon sniry Into the nations! phase, to furnish the griarity document within a time fimk which is ressonsbla under the

CICUMSSNSsE-
s PCT receiving Officn ol priority dogumant
29 Janu 2002 (29.01.02) 60/352,717 us 10 Marc 2003 (10.03.03)
“The intamational Burasu of WIPD Authartred offices
34, chomnin des Colombettes Allie Patricia
1211 Genava 20, Switreriand
Facsimita No. {41-22) 338.80.70 Tatephone No. {41-22) 338 8304

Form PCT/B/304 [July 1088} 005573383
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PATENT COOPERATION TREAT . MODTAGE
05 MRS, 2003
From the INTERNATIONAL SEARCHING AUTHORITY PCT
To: )
ZEALAND PHARMA NOTIFICATION OF RECEIPT
Smedeland 26 B OF SEARCH COPY
DK-2600 Glostrup
DENMARK {PCT Fuls 25.1)
Date of rnalling
{dayimonthyear) 04/03/2003
Applicants or agents s reference IMPORTANT NOTIFICATION
016-2003 WO
Intarmnational application No. Intamational filing darte (dawmonth/year) Priortty date (dawmontivyoar)
PCT/DK 03/ 00056 29/01/2003 29/01/2002
Applicant

ZEALAND PHARMA A/S

1.  Where the Intamational Searching Authority and the Recelving Office are not the same office:

mnpplcmbhwynnﬂﬂndmnmmmhmdlhum.mﬁmﬂ icafion waa received by this inlemational
Searching Authority on the date Indicauted balow. et o

' Where the International Ssarching Authorily and the Recelving Office ame the same office:
The applicant ks hereby notified that the search copy of the International apghication waa racelved on the duts Indicated balow.

17/02/2003 (cate of receip(}

2 D The search copy was accompaniad by a nucisotide and/or amino acld sequence Fsting in computer raadable form.

3. Time limit for establishment of international Search Repont

Thoapﬂcmhwomdmmmhnhmummmmms“hﬂmnhammwdmd
receipt indicated ahove or 8 months from the prioity dute, whichever ime imh gxpires latar

4, Aeupyolﬂ'lhmﬁﬁulionhnsbunummﬂnlmemmlwammmd where the first serienca of paregraph 1 spplles,
to tha Receiving Office.

——— )
Name and maling addreas of the intemnational Searching Autharfty | Authorized officer

T wN\ Europoan Patart Office, P.B. 5318 Patanilaan 2

NL-2280 HV Rijswik ISA/EP
Tel. (+31-70) 340-2040, Tx. 31 851 epo nl,

Fax: (+31-70) 340-3018

Formr PCTASA202 (July 1998)



PATENT COOPERATION TREAT.

From the INFTERNATIONAL SEARCHING AUTHORITY

To:

ZEALAND PHARMA
Smedeland 26 B
DK-2600 Glostrup

7
MODTAG:‘
05 MRS. 200"

PCT

COMMUNIGATION IN CASES FOR WHICH

ZEALAND PHARMA A/S »-

DENMARK
NO OTHER FORM i§ APPLICABLE
Data of maling
(deyimorthyss)  04/03/2003
Appficent’s or agenta fla reference REPLY DUE
016~2003 WO See paragraph 1 below
Intemational appiicetion No. Imematinoal date
PCT/DK D3/ 00056 eriyen) 29/01/2003
Applicant

1. [_] REPLY DUE witin

[(X] w~NoRePLYDUE

2. COMMUNICATION:

a current search
Mhmlnmhrmnﬁmhm
under Article 39(1) PCT has, with affact fram 1

m‘lw-lhnlmdwliolhlmhhn
and the prall

within the tima proscribed
of ransmitin] of the ISR; Le., the EPO wil only sand an invitation

axamination fee dus In

states whers the time Bt for entry intothe
(...:Ew. S7(4) PCT). ety

Note that § the
time it prasc
thareatter.

Finally, appicants are
and thas the EPQ as IBA will not carnry

European Patam Office, P.B. 5818 Patendaan 2
NL-2280 HY

, Tab. (+31-70) 340-2040, Tx, 31 651 apo nl,
Faox: (+31-70) 340-3018

XBE/days from the abave date of malfing

Thelpﬂlclmlalnl'unnodMuluhlﬂlmoihlnhmmmlmhnponusn)hrmnmmmbeduhy.dduﬂu

phass before
April 2002 (see
priorlly dsle (before the EPO the ime Imit is 31 monihs fram the priority date - alﬂuhiﬂ?EPcum-mmmm
2 Jaruary 2002 - OJ EPO 6-8/2001, 373).not all PCT contraciing sixtas have yet made the necessary changes to
unm-hmmmbhmmnmmmmmny
date H u damand has not baen fled bafors the end of 19 months from the priosity dats - sss PCT Gazstte/PCT Nawa
mmmemmhmﬂemhmdmmlwﬁfmm’wmwhdmﬂdhq:hﬂolimlhnlh.

Inﬂundmmnm-.ﬂlaEPOuﬂrn-IPEAwl;melmw pa thay
emand relaling o aven
In Rulps 51.3":!":?5.1 (&) PCT, pwlhd that mm

uMhnﬂmMﬂahEFOhuuumhmﬂnnh
llnllheomﬂlrdulimubunlhnlhd(ﬂlhﬂhﬂhﬂd)
nationsi phase

IPEA chosen by the appiicant is not the EPO anc! It the ieas mentioned sbove are not
In Rules 57.3 and 58.1{b) PCT, the compstant IPEA Is enfilled to apply Ruls Sabis. 1(s) PCT Inmedialely
If your sppBcation Is affectod, we apologize for any inconvenlence caused.

are reminded that as of 3 January 2002 a retioreBsed PCT If provedum apply, ses OJ EPO 1172001, 539
mmnui-nvmlmmmmmhmnm#bnnmm-mddm

business, ses OJ EPC 10/2001,482. Applicants should also beer In mind the restriction of the EPO's competencs as ISA and
IPgomfum. m;h-l:.lnal- fieids In respact of cenaln imemational appfications, see OJ EPO 1/2002, 52 and PCT Newnlatier
1/2002 far r

Name and maling addrass of the Intemnational Searching Authority | Authorized officar

mw-mzﬂumnrumarnu
Gazastia 44/2001 Section V) been set &t 30 months from the

inte payment jee under Rule SBhis PCT, the handling fee
ar not paid
within ona month from the date
rlnnlh Rule 58bin.1(n) PCT after expiry of this ona-month
hms not in full the amourtt cue, the damand
mdﬂﬂumwﬂhhm
un:hrMi:h PCT has already explred

paid within the

ISA/RP

Farm PCTASA/224 {January 1094) -



I -|.*?jV9’

PATENT COOPERATION TREATY MOLi{AGE)
From the RECEIVING OFFICE 8% 20 s
Ta: '
ZEALAND PHARMA A/S P CT
Smedeland 26 B NOTIFICATION OF DATE OF RECEIPT
DK-2600 Glostrup. OF PRIORITY DOCUMENT OR OF
PRIORITY APPLICATION NUMBER
{PCT Administraltive Instructions,
Sections 323(s), {b) and (c})
Appficant’s or agan?'s fis relerance Dats of mafing
016-2003 WO dayimonthyea} 04 March 2003
inlsmaticaal application Na, intembional Ming dals
| PCT/DK 03/00056 (duyimonthysw) 29 January 2003
Appiicant ‘
° ZEALAND PHARMA A/S et.al.

L @. This recelving Office heraby givas notice ol tha racalpt-of the priofity document{sy idenlifiad balow on:
] 22 Fehbruary 2003

2 D This recsiving Office hereby givas notice of the receipt of a request (made under Rule 17.1(b]} {o prepars and ranamit o
the Intamational Buraau the prioiily documsntis) Identified below an:

identification of tha priarity document{s):

Priority date Priorty application No. - Country or regional Office
or PCT racaiving Office
29 January 2002 60/352,717 : us

Namae and mafling address of tha Qving Olfice Authorised olficer
_YATANT: UG VAREM SR ESTVRAGLERN v
Facsimite Na, Heigeshe) All= 81, DR-2630 Teasvur T No.
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2 | Applicant anclor Inventor i
Hl-2-1 | This per=on ls: appli¢ant and inventor
W22 | Apphcant for US on
M2 | Name (LAST, Fit) NEVE, :!-:oren MODIA
25 | Acdress: Ellevanget 4 05 NES, ;
DK-2800 Lyngby
Denmark
M-26 |State of nationalty - DK
27 | State of realdencs DK
x] Awllnr;t andlor inventor
H-3-1 | This person Ls: applicant and inventor
0132 | Appiicant for US only .
i34 | Neme (LAST. Firsl) NIELSEN, H’pztg;,:, Bchak
-3-5 [ Address; Egebjergve] 51ih
DK-2750 Ballerup
Danmark
N-3-6 | State of nationalty DK
-37 }Siae of resldence DK
-4 Applicant and/or Inventor
h4-1 | This person ls: applicant and inventor
l-4-2 | Applicant for US only
Hl-4-4 | Name {LAST, First) MEXYER, EdG&i
4.5 | Addraas: Bringebakken 88
DK-3500 Varlese
- Denmark
Ni-4-8 | Slala of natonallly DK
Nl47 | Stety of ragidance DX
-5 Applicant andlor Inventor \
IN-5-1 | This person is: eapplicant and inventor
52 | Appicant for US only
54 | Nama (LAST, First) STEINESS, Eva
55 | Address: Semarksvej 11
DK-2900 Hellerup
Demmark
N-58 | Staia of natonallly DK
-7 ] Stas of rasidence DK ,
-8 Applicant andior Inventar
I1-8-1 | Thia person Is: applicant and inventor
82 | Applicant for US only
U84 | Mame {LAST, Fisst) JENSEN, Peter, Holme -
H-6-5 | Adcress: Ahlefeldts A, 1.th| Classensgade 11, 3.tv.
Dx_m’c'f;.;;;n K ] DK-2100 Copenhagen
Denmark
8§ | Sizts of natonality DK
ti-8-7 | Stale of residence DK
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PATENT COOPERATION TREATY 14 FEB 25

:om the RECEIVING OFFICE PCT ﬂ?

ZEALAND PHARMA A/S
Semdeland 26 B INVITATION TO CORRECT DEFECTS IN
DK~-2600 Glostrup. THE INTERNATIONAL APPLICATION

(PCT Articles 3(4)(i) and 14{1) and Rule 26)

e niies) 13 February 2003
Applicant’s or agent’s file mference REPLY DUE within 1 hgdays from
016-2003 WO the sbove date of mailing
International spplication No. Internationa] filing date
PCT/DK 03/00056 (dawimomihiyear) 29 January 2003

Applicant
ZEALAND PHARMA A/S et.al.

1. The applicant is hereby Invited, within 1he time Jimii indicated above, 10 comect, in the internatiopal application as filed, the
defcets specified on the atteched:

Annex A
Annex Bl (text matier of the imernationel appiication as filed)
Annex C| (drawings of the international application az filed)

2. [] The applicant is horoby invited, within the time limit indicated sbove, 10 comreet, In the translation of the international
applicstion fumnighed under Rule 12.1 ar 12.4, the defects specified on the attached:

[J A a
D Amnca B2 (text matter of the iranslaiion of the international application)
O Anncx €2 drawings of the rmslarion of the intermational application)

Additional observations (if necessary):

BROW TO CORRECT THE DEFECTS?

Correction must be subenitied by fili anmneunundu'lunbdﬁnlﬂummﬁm-ﬂlhﬂnwingﬂn@pw
lhm.whidllhndnwmﬁonhll.l'ndi rence between the repiaced sheet and the replacement sheet. A comoction may be
stated in u fester only if it s of moch a nature that it can be transferred from the letter to the record without sdverscly affeeting
the elarity and direct reproducibility of the sheet onto which the comection is to be transferred (Rule 26.4).

ATTENTION
Failure o correct the defects will result in the international spplication being considered withdrewn by this recciving Office {sce
Rule 265 for further detailg).

A copy of this invitalion and any avachrments has been kent 1o the internations! Burcau
and the International Scarching Authority

Name and mailing address of the rgﬁu Office Authorized officer 7.
g p———— e
PATENT- 06 VAREMERKESTYRELSEN aarie Louisg Rosenial
FacsimilcNo.  Helgeshay Allé 81, DK-2630 Tastrup Telephone No. Clerk

Form PCT/RO/106 (Janunry 2003) -7
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) nw.national application No.
ANNEX A 10 FORM PCT/RO/106 [ PCTI/0K 03700056

The receiving office has lound the following dafects in the intemational application:

1.  Astosignature” of the intamational applcation (Ruiea 4.15 and 90.4), the request;
a D is not signad.
b [j is not signed by all the appficants.

c. D is nat accompanied by tha statemant refsrred 1o in the check fist in Box No. Vill of the request sxplaining the lack
of the signature of an applicant for the designation of the United Statea of America.

d ZI 'uimadbymtappaarlhhanmvuwmnnpmhﬁnbur
the intemational applicaton ls not acompanied by & power of attomey sppointing him.
E] wpm:dmmmmm.mﬂmmmmwwmnmm
a. D other {apecify):

* Al appficants must sign, including invenors i they are also applicants (¢.5. where the United States of Amarica ls dasignated).

2  Ast Indications conceming m spplicant, the request (Rules 4.4 and 4.5):
8. [] dousnoipropery indicale the appicant's name (apecily):

\ D does not indicate the applicants addresa,
J7} does not properly indicata the applicant's addess {soeciivl:

o

*od E] does nol indicale the applicant’s natianally.
D does not indicale-the applicant's residence. '
D ather Elpadm.'

-

3. Aslo the language of some parts of the intamational appBcation {(Ruls 12.1)

a D the request is not one in (ona of) the admitied language(s) which i (are):

b. [] the text matter of tha drawings is not in (one af) the admitled lenguage(s) which fa (m)'-L

c D the absiract is not in (one of) the acmitted languagals) which ls {are):

4. The title of tha invenlion:
a [[] & notindcatedin Bax No. | of the request (Rute 4.1()).
b. [T] isnotindicated at the p of the firat shest of the description (Rue 5.1(s)).
c. D as appearing in Box No. | of he requast i.lnol Identical with the tide ha.a\ing the deacription (Ruls 5.1(a)).

5. As'0ihe ababtract (Rule 8);
[ the imemational apgiicalion doss not contain an abstact

Form PCT/ROV108 (Annex A) {July 1092)



ANNEX B1 1O FORM PCT/RO/106

P

[F-<FrimES Foooss

Thia receiving Office has found that, with regand io the pragentation of the laxt madtter of the international spplication as filed, the

physical raquiremenis are not complied with 1o the extant that compliancs therewith is necaasary for.
1, D Reasonably uniform intamational pubfication (Fula 11 and 26.3(a)}l)) (defects © be specified):

The shests do not admit of direct reproducton.
Tha eloment doas not commenca on & new aheat
Sheets ams nol free from creasas, cracka, folds.
Shesta are nol used in the uprgh! position.

A p ¥ B

0000 00000 80 0O DooooOoood

One aida of the aheets is not Islt unused.

-

The paper of ths shasts is not flexibls/strongéwhite/smootivnan-shiny/durable.
The sheeta are not canhecled as prascribad (Rule 11.4(b)).

Sheets are not A4 aize {29,7cm x21cm).

The minimum margins on the ahesls are not as prascibed
(top: 2em; laft slda 2.5cry; right side; 2cm; bottom: 2em).

Tha fite reference number Indicatad on the sheats doas nat sppear In the
left-hend comer of the aheets, within 1.5 cm of the top of the shesls.

The file reference number sxceeds the maximum of 12 characters.

The shaalaolibodaccipiion, claima and-absirest are not numberad
In consacutive Arabic humaetats,

The shae\ numbers are not canined at the lop or botiom of the shests.

The sheet numbers are in tha margin {ses L abova Jor the size of the masgine)
The laxt matiaris not typed or printed.

The typing on the shesla is not 1¥-spaced.

The charackrs In the laxt matteron the shasts are lass than ¢.21 cm high
in capital istters.

The taxt mattar on the sheets Is nol in dark, indefble colour.

Tha elsment containg drawings.

The sheets contain alleralions/overwstingafinisriinentionafioo many emsures,
Tha sheats contain pholocopy marks.

2. [[] seatisfactory reproduction (Frle 1t and 26.3(b))-

Raquesi Dwseripfion Clalms  Absiad

OoOoaaoon

Ooog,0000a oo 0 aooooaooo

/

A

Ooooo © O O

0000 00000 @0 0 oooooooad

O000 oOoooo 00 O goooooooo

Further cbaaryations (if necassary):

Claim no 28 is missing - please renumber

Form PCT/RO/106 (Annex B1) {July 1998)
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ANNEX C1 TO FORM PCT/ROMN06 """""F’c""[,"ﬁ'l o"3°' 7' 80056

ﬂi.neivlngOMahubmdmmmbmupmmdhh'h;ulhhmlondlpplum-mqIh;
phyzsical requirements are not complied with to tha axtent that complance thenawith is naceaaary for:

1.[ ] reasonably unitarm intemational publication (Ruls 11 and 26.3(a){l) (defects to be specified);

Sheets contalning drewings:

the shesis do not admit of direct reproduction,

the shests am not fres from creases, cracks, folda.

one side of the shests is not lel unused.

the paper of the shests is not flexible/strong/whita/smoothnon-shinyAfurabla,

the drawings do not commance on & new shesl.

the sheats am not connectad as prescrbed (Rule 11.4(b)).

the sheets are not A4 sixe (29.7cm x 21cm). .

the minimum margins on the shests am nol as presciibed [top: 2.5cm; Ieh alde 2.5cm; right side: 1.5cm; bottiom: 1cm).

the e efarenca number indcalad gn the shests doss not appear in the lafi-hand comer of the sheets, within
1.5 em of the lop of the sheels

the file reference number sxceeds the maodmum of 12 characlars.

tha shoats are not inee from frames around usable orused surfacta,

tha sheets ame not numbared in consacutive Arable numarls (a.g. 173, 2/3, 3/3).

the sheet numbers ane not cantred at the 1P or bottom of the shesta.

the shwet numbecm are in the margin (see h. above for the slze of tha margine).

the aheats contain alterationa’overwrlinga/inisiineationa/ioo many emsums,

the sheets contain photocopy marks. and text from the faxmachine

a

-~ s ppy

EOO0R00 000000000

B Draiwings (Rule 11.13):

do not admit of direct reprochustion.

contain unnecessary taxt matter.

contain words so placed as % prevent translation withoul intsrisrence with inas thereot
are not axscuted in dunables black colour; the inas ar not uniformly thick and well definad.
contain cross aections not properdy hatched.

would not be properly cistinguishable In reduced reproduction.

contain scalas nol represantsd graphically.

contain numbars, letlers and referenca nes lacking simplicity and cliarily.

cantsin nas drafed without the aid of drafing Instrumenta.

contain disproportionate elements of a figure nol neceasary for clerity.

cantain hismbers and letters of height laas than 0.22 am.

contaln latters not conforming 1o the Latin, and where customasy, Greek alphabeta.

coniadn figurss on two or more sheets which form a single compiets figure but which ar not abie to be assambied
without concealing parts thereol.

cantain figurea, which are not propstly amanged and claary separstad,

contain different figures not numbered In consecutive Arabie numenals.

contain diferent figures not numbored independent of the umbering of the sheets.
are nol reatricted to reference signs mentionad In the descriplion.

do not contaln reference signa that are mentionad in the dascription.

contain the same featura danoted by different reference digns.

FT - Fe 9 apyFep
o oo o | o o o o o o o |

~navPoeP

a

2.[ ] satistactory reproduction (Rule 11 and 28.3()7)-

Further obaervations (i necessary):
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Z=EALAND

Marle Louise Rosendal

Patent- og Varemaerkestyrelsen
Helgeshgj Allé 81

2630 Taastrup

International Patent Application No. PCT/DK03/00056
ur ref: 016-2003 US1

We refer to your Invitation to Correct Defects of 13 February 2003.

in reply to the Invitation we enclose

o a Power of Attomey from each applicant/inventor to Zealand
Pharma A/S

o arenumbered set of claims in which claim no. 28 is not missing

o a numbered set of drawings without photocopy marks and text
from facsimile transmission

Furthermore, we enclose a certified copy of 60/352,717 from which priority
is claimed.

Please acknowledge safe recelpt of this letter and fs enclosures by
returning the enclosed copy of this letter,

Yours sincerely,

fore 5. %

Lone Skjgtigaard Due
Paient Assistant

Enclosures: 8 Power of Attorney forms, set of claims, set of drawings,
certified copy of 60/352,717, copy of this letter

PHARMA

Zealand Pharma A/S
Smedeland 26 8
DK-a600 Glostrup
Denmark

ﬂhmuunw
Fax: +45 43 28 12 22

E-mall: Info@zp.dk
wwvwzp.dk

21 Febnury 2003

Page 1af1

e

SCIENCE-TO~-LIFE



- . PCT
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POWER F ATTORNEY ”/ )/

(for an internatlonal application filad under the Patent Cooperation Treaty)
(PCT Rule 90.4)

The undertigned applicant(s) (Mamtes should be indicated as thay appear in the requezy):

PETERSEN, Jargen Sgberg
Hellebakken 1

DK-3150 Hellebesk
Denmark

herchy appoints (appoint) the following person as: D agent E COEmImon representative
Name and address

(Family name followed by given nams; jor a legal entity, full afficial derignation. The addveas must include pasial code and name of counry,)

ZEALAND PHARMA A/S
Smedsiand 28B
DK-2600C Glostrup
Denmark

to represent the undersigned before m all the competent International Autherities
[] te incemational Searching Authority auly
[[] the imemational Preliminary Examining Authority anty

in connection with the international application identified bolow:

.COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN
Title of the invention: HEMICHANNELS.

Applicant’s or agent’s file reference: 018-2003 WO1 '
. International application rumber (if already svailable): PCT/DK0%00056

filed with the following Offics _Danish Patant and Trademark Office es receiving Office
and to make or receive payments on behalf of the undersigned.

Bignature of the applicant(s) fwhere there are sevarn! qppiiomss, anch of fhom ni.m 2wt v anch signaturs, indicass thy rows of the parsas xigning axd
thy capaclly iv whick the pwox tigns, If ruck expucity Ir mot ebvions from reoding the riyuest a¢ thix power):

Jergen Sebary Petersen
lnventor and Applicant for the US Q/ Z/
Date: F’ﬁ. /‘f'_?-m') 7 % . M

Form PCT/Model of power of attospicy (for a given intsrnational pplication) (July 1992)




PCT
POWER OF ATTORNEY /f J

(for an International application filed under the Patent Cooperation Treaty)
{PCT Rule 90.4)

The undersigned applicant(s) (Nomes thould be indicated as thay appear in the request):

NEVE, Seren
Ellevanget 4
DK-2800 Lyngby
Denmark

hersby sppoints (appeint) the following person as: D agent E] coUuNOY representative
Name and addreqs
fFamily nome followed by glvan name; for a legal entity, full officlal designation. The addrets snat inciutie portol code and name of country,)

ZEALAND PHARMA, AIS
Smedeland 268
DK-2600 Glostrup
Denmark

10 represent the undersigned before [X] all the competent kntemational Autherities
) [7] the intemational Searching Autharity caty
[] the Imernations! Preliminery Examining Authosity only

in connection with the inteynational application identified below:

. COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN
Title of the luvention: HEMICHANNELS .

Applicant's or agent's flle reference: 018-2003 WO1
International application number (if already available): PCT/DK03/00058

filed with the following Office Danish Patent and Trademark Office s receiving Office
mnd 10 make or receive payments cn behalf of the undersigned.

Signature of the applicant(a) fwhay it are stverel gupitcants. cach of thew mewd rign: naxt i» snch slguaters, indicis the mume of he parson zigniny and
the capacity bn which the parsan sigas, If swoh copaclty is net obvions fram rending the regusst or this power):

X /
Soren Neve e

Inventor and Appiicant for the .
/
Date- '&‘3 y L r

Form PCT/Model of power of attomey (for a given internstional application) (July 1992)




PCT

_ POWER OF ATTORNEY
{for an imternational application filed under the Patent Cooperdiion Treaty)
(PCT Rule 50.4)

A=

Theundersigned applicant(s) (Names should be indicated ax they appear in the requesy):

NIELSEN, Morlen Schak
Egebjergve] 51A
DK-2750 Balerup
Denmark

herelsy sppoints (appoint) the following person as: D agent E commmon representative
Name and address '

(Family nama followed by given name; for a lagal entity, full official devignation. The address waust include pastal coda and name of country )

ZEALAND PHARMA AJS
Smadeland 26B
DK-2600 Glostrup
Denmark

16 represent the undersigned before [X]) a2 te competen Intemational Authorities
) [ the Interaationa) Searching Auitharity only
[] the imemasional Preliminary Exsmining Authority only
in cannection with the international application identified below:

Title of the iuvention: COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN
" HEMICHANNELS

Applicant’s or agent’s flle reference: “016-2003 WO1

Internstional application number (if aiready svailable)}: PCT/DK0AN0058

filed with the following Office Danish Patent and Tredemark Office

as receiving Office
sud 10 make or receive payments on bebalf of the undersigned.

Sigoature of the applicant(s) fwhers thers are severn’ oppliconts, such of Shoe soul sign; sext I suck sigraturs. incdcate the amms of the parsm Signing and
the copaciy In which the perton sigus, {f suck copeciy is nol slvioms frem rending the regmant or tkix power):

Morten Schak Nielsen
Invenior and Applicant for the US only

Form PCT/Model of power of sttamey (for a given internationsl application) (July 1992)




PCT
POWER OF ATTORNEY /f 9"

(for an international application filed under the Peteit Cooperation Treaty)
(PCT Rule 90.4)

The undersigned spplicani(s) {Names rhould be indicated ax they appear in the requess).

MEIER, Eddi
Bringebakken B8
DK-3500 Vaarisae
Denmark

herelyy appoints (appoint) the following person as: D ngent @ common representative
Name and addrexs

(Family name follawed by given neme; for a legal entlty, full official designation. The address must include pastal code and newa of coumery,)

ZEALAND PHARMA AJS
Smedeland 26B
DK-2600 Glostrup
Denmark

w represent the yndersigned before E all the competent Intemational Authorities
[} the Intemaional Searching Authority caly
{1 the International Preliminary Examining Autharity only

in connection with the intemational application idemified below:

. COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN
Title of the Invention: HEMICHANNELS

Applicsnt’s or apent’s file reference: 016-2003 WO1
International application nurmber (if already available): PCT/DK03/00058

filed with the following Office Danish Patant and Tredemark Office as receiving Office
snd to make of receive pxyments on bebalf of the undersignod.

Signatare of the applicant(s) fvhers shers ar severn! qualicenss, swch of shew st sige; #ext v anch signapere. bndicars the neme of che parsen sigring e
e capaciyy in wikick the person sigas, |f such capecliy s not ebwiouy from remiing the regquest ar this power):

s

Eddi Meler
Inventor and Applicant for the US only

Dare: kq" O‘)-"' 1005

Form PCT/Moded of power of attamey (for a given international applicstion) (luly 1992)



PCT

* POWER OF ATTORNEY &~ ?

{for an internatiancl application filed under the Patent Cooperation Treaty)
(PCT Rule 90.4)

Theundersigned applicant(s) (Names shouid be indicated as they appear in the request:

STEINESS, Eva
Semerksvej 11
DK-2000 Hellarup
Denmark

hereby sppoints (appoint) the following person as: D agem E commn representative
Name and address

{Family nams followed by given name; for o lagol anstty, full official designation. The address wust includs postal code and name of country,)

ZEALAND PHARMA A/S
Smadaland 268
DK-2800 Glostrup
Denmark

to represent the underzigned before E all the campetent International Authesities

[ e imemasional Searching Authority anty

[} the tmemational Preliminary Exsmining Authority only
in connection with the internatione] application identified below:

. . COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN
Title of the invention: HEMICHANNELS

Applicaat’s or agent’s file reference: 015-2003 WO1
Infernational application nnmber (i niready avallable): PCT/DK03/00058

filed with the following Office Danish Patent and Trademark Office #s receiving Otfice
and w0 make or receive payments on behalf of the undersigned,

Sigoature of the spplicant(s) Anbare thare @rs smire’ applicons, asch of teim st sign; nts? 6 aich signatare, indicats the s of the parass sipaing and
the onpecity in which the perses rigns, |f suck copaclly is nof oirvious from revding the reguei or this power):

XL
Dy AT

Eva Sleiness
Inventor and Applicant for the US only

Date: ;Bb. IY’ ms

Farm PCT/Model of power of atiorey (for a given intematianal application) (hily 1992)
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POWER OF ATTORNEY ' /J 7

(for an international application filed under the Patent Cooperation Treaty)
(PCT Rule 90.4)

R

Theundersigned applicant(s) (Newmes should ba indicased as they appear in the request):

JENSEN, Peter Holme
Classenspgada 11, 3. tv.
DK-2100 Copenhagen @
Denmark

hereby sppoints (appoint) the following person as: D agest E COmmon representstive
Nameaad address

(Fomily name followed by given nome; for a legal etity, fidll official darignation. m#ﬂmumﬁpﬂdmﬁﬂmq’w

ZEALAND PHARMA AJS
Smedeland 268
DK-2600 Glostrup
Denmark

1o represent the undersigned before [X] anihe competent Intemations] Authorities
D the International Sexrching Authority only
[T] the intemational Preliminary Examining Autbority only

in connection with the interaational applicstion identifisd below:

. . COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN
Title of the invention: HEMICHANNELS

Applicant’s or agent’s flls reference: (116-2003 WO1

Iaternational application sumber (if alresdy svaflable): PCT/DKOAVO0058

filed with the fallowing Office Danish Patent and Trademark Office a3 receiving Offics
and to make or receive payments on behalf of the undersigned.

Siganture of theapplicant(s) (ke durs ars mysral qupiicanss, cach of ham anai sigs; vext i9 such sigmizre. indiceta e nowe of the parson tiguing sud
tha cupachy bn which thy perzow sigas, If such capacity it net obvivss jrum recdig the regwest or this power):

X

Peter Holme Jensen
Inventor and Applicant for the US only

Date: K!J-ol-os K12 27

Form PCT/Mode! of power of attexney (far a given intemnationa) spplication) (July 1992)




PCT
POWER OF ATTORNEY '-//é,a

{Jor on international application filed under the Patent Cooperation Treaty)
{PCT Rule 90.4)

Theundersigned applicant(s) (Namer should be Indicated as thay appear in the request):

HANSEN, Lars Bo Laurenborg
Peberhaven 19, 6t tv.
DK-2730 Herlev

Dehmark

hereby appoints (sppaint) the following peyson as: D agent E cOmmon representative
Name and aeddress

(Family nams followed by given nome; for a lagal entity, full official designation. The oddress must include posial code and nome of counery)

ZEALAND PHARMA A/S
Smedeland 26B
DK-2600 Glostrup
Denmark

10 represen) the undersigned before m all the competent Internationn] Authorities

[[] tbe meroational Searching Autharity anly

[] the Intemational Preliminary Examining Authority anly
in connection with the international application identified below:

COMPOSITIONS AND METHODS FOR MODULATING CONNEXIN
Title of the invention: HEMICHANNELS

Applicant’s or agent's file reference: 018-2003 WO1

International application number (if already available): PCT/DKO03/00056

filed with the following Office _Danish Patent and Trademark Office a5 receiving Office
mnd 10 meke or receive payments on hehalf of the undersigned.

Signature of the applicant(s) fishere dere are sencrel opplicanss. sk of thaw wuar sigw; nest fo soch signarers, lulicaty the nome of the parson xighing axd
the copacly In which tha pursen signe, i rnch copesity is nat elvious from recding Sha requat or kit gower}:

Lars Bo Laurenborg Hansen
Inventor and Applicant for the US only

Form PCT/Model of pawer of sttorney (for & given intemational spplicatian) (Tuly 1992)
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What is claimed is;

1. A method of closing a hemichannel in a cell, tissue or organ exposed to stress, the method
comprising contacting the stressed cell, tissue or organ with a therapeutically effective amount of
at least onc compound sclected from the group consisting of compounds represented as Formula
I or 11, wherein the contact is sufficient to close the hemichannel in the stressed cell, tissue or
organ,

2. The method of claim 1, wherein the method further comprises phosphorylating a tyrosine
residue of connexin 43 (Cx 43) and closing the hemichannel.

3. A method for opening a hemichannet in a cell, tissue or organ, the method comprising
contacting the cell, tissue or organ with a therapeutically effective amount of at least one
compound selected from the group consisting of compounds represented as Formula I or 11,
wherein the contact is sufficient to open the hemichanne] in the ccll, tissue or organ.

4. The method of claim 3, wherein, the method further comprises dephosphorylating a serine
residue of connexin 43 (Cx 43) and opening the hemichanne].

5. A method of preventing or treating tissuc or organ stress in @ mammal, the method
comprising administering a therapeutically effective amount of at least one compound selected
from the group consisting of compounds represented as Formula 1 or 11 as described above,
wherein the contact is sufficient to prevent or treat the stress in tissue or organ.

6. The method of claim 5, wherein the method further comprises phosphorylating a tyrosine
residue of connexin 43 (Cx 43) and closing the hemichannel,

7. A method of increasing gap junction intracellular communication (GJIC) in a cell, tissue
or organ, the method comprising administering a therapeutically effective amount of at least one
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compound selected from the group consisting of compounds represented as Formula 1 or 1I,
wherein the contact is sufficient to increase the GJIC in the cell, tissue or organ.

8. A method of treatment of bums comprising administering to a patient in need of such
treatment a therapeutically effective amount of a compound according to Formula I or II that
blocks connexin hemichannel opening.

9. A method of treatment of thromboses comprising administering to & patient in need of
such treatment a therapeutically effective amount of a compound according to Formula I or II
that blocks connexin hemichannel opening.

10. A method of treatment of respiratory and metabolic acidosis comprising administering to
2 patient in need of such treatment a therapeutically effective amount of & compound according
to Formula I or 1I that blocks connexin hemichannel opening.

I1. A method of treatment of focal arrhythmia comprising administering to a patient in need
of such treatment a therapeutically effective amount of a compound according to Formula I or 11
that blocks connexin hemichannel opening.

12. A method of treating and preventing cell and tissue damage resulting from clevated levels
of blood plucose comprising administering to a patient in need of such treatment a
therapeutically effective amount of 2 compound according to Formula I or II that blocks
connexin hemichannel opening. :

13. A method of treatment of chronic atrial fibrillation comprising administering to a patient
in need of such treatment a therapeuticajly effective amount of a compound according 1o
Formula I or i that blocks connexin hemichannelopening.

14. A method of treatment of epilepsia comprising administering to a patient in need of such

treatment a therapeutically effective amount of 2 compound according to Formula I or I that
promotes connexin hemichannel opening.
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15. A method for screening candidate compounds that modulate hemichannel function, the
method comprising contacting cells with at least one compound selected from the group
consisting of antiarrhythmic peptides snd compounds represented as Formula I or II, the
contacting being under conditions conducive to modulating phosphorylation of connexin 43
(Cx43); and detecting a change in Cx43 phosphorylation, wherein the change in phosphorylation
is taken to be indicative of a hemichannel modulating compound.

16.  The method of claim 15, wherein the testing step further comprises testing the candidate
compound in an immunological or cell sorting-based assay. |

17.  The method of claim 16, wherein the immunological assay comprises contacting cells
with the candidate compound under conditions sufficient to increase or decrease phosphorylation
of the Cx43, producing a lysate of the cells; and detecting increased or decreased Cx43
phosphorylation in the cell lyzate as being indicative of the hemichannel modulating compound.

18.  The method of claims 16-17, wherein the immunological assay is an ELISA assay.

19.  The method of claim 18, wherein the ELISA method further comprises:
8) coating a solid support with a first antibody that specifically binds the
connexin,
b) contacting the cell lysate to the solid support under conditions
conducive to forming a binding complex between the first antibody and
the connexin,
c) contacting the first antibody:connexin binding complex with a second
antibody, the contacting being under conditions sufficient to form a
specific binding complex between the second antibody and any
phosphorylated connexin in the first antibody:connexin binding complex,
d) contacting the first antibody:connexin:second antibody binding
complex with a detectably-labeled third antibody that binds the second
antibody; and
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¢) detecting presence of the third detectably-labeled antibody on the solid
support as being further indicative of the compound.

20.  The method of claim 19, wherein the third antibody is detectably-1abeled with at least one
of biotin, FITC, TRITC, radioactive iodine or peroxidase.

21. The method of claims 19-20, wherein the second antibody is an anti-phosphotyrosine
antibody.

22.  The method of claims 19-21, wherein the second antibody is an anti-phosphoserinc
antibody.

23.  The method of claims 19-22, wherein the detectably-labeled third antibody is detected by

radioscintillation counting.

24.  The method of claim 16, wherein the immunological method is a mdioimmunoassay

(R1A)

25. The method of claim 24, wherein the immunological method is an RIA assay and the
method further comprises:
a) detectably-labeling the cells before producing the cell lysate, wherein
the labeling is under conditions conducive to labeling phosphorylated
connexin,
b) contactling the cell lystate with an antibody that forms a specific
binding complex with the connexin,
c) separating the binding complex from the detectably-labeled cell lysate;
and
d) detecting the labelled and phosphorylated connexin as being further

indicative of the gap junction modulating compound.

26. The method of claim 25, wherein the antihody is an anti-connexin antibody.
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27.  The method of claims 25-26, wherein the detection step further comprises performing a
Western immunoblot assay.

28.  The method of claims 25-27, wherein the detectable label is radioactive phosphorous.

29.  The method of claims 15-29, wherein the method is performed in a high throughput or
ultra high throughput screening format.

30.  The method of claims 1-30, wherein the compound facilitates phosphorylation of Cx43
intracellular C-terminal region.

31.  The method of claims 1-30, wherein the compound facilitates dephosphorylation of Cx43
C-terminal region.

32.  Themethod of claim 31 » wherein the phosphorylation site is a tyrosine residue.
33.  The method of claim 32, wherein the dephosphorylation site is a serine residue.

34. A method of screening candidate compounds that modulate hemichannel function, the
method comprising:
1) culturing a population of cells, a tissue or an organ such as those
derived from the heart or muscle,
2) stressing the cells, tissue or the organ preferably by oxygen deprivation
or metabolic inhibition such as by adding a glucose derivative,
3) adding a Jmown or candidate hemichannel modulating compound
represented by FormulalorIl,
4) adding a detectable reporter such as a fluorescent, chemiluminescent,
or phosphorescent cornpound such as fluorescent dye such as calcein and
related compounds,
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5) detecting a change in uptake of the detectable reporter into the cells,
tissue or organ relative to a suitable control; and

6) optionally measuring the change as being indicative of a compound that
modulates hernichannel function.

35. A method of screening candidate compounds that modulate hemicharmel function,
the method comprising:
1) culturing a population of cells, = tissue or an organ such as those
derived from the heart or muscle,
2) loading the cells, tissue or organ with a detectable reporter such as a
fluorescent, chemiluminescent, or phosphorescent compound such as dye,
such as calcein or a related compound,
3) estimating the volume of the cells, tissue or organ by detecting and
quantifying signal from the detectable reporter,
4) adding a known or candidate hemichannel modulating compound
represented by Formula I or 11,
5) stressing the cells, tissue or the organ preferably by oxygen deprivation
or metabolic inhibition such as by adding a glucose derivative,
6) detecting a change in cell volume relative to a suitable control; and
7) optionally measuring the change as being indicative of a compound that
modulates hemichannel function and optionally gap junction function.

36. A method of cytoprotecting tissue or an organ of a mammal in need of such
treatment, the method comprising administering a therapuetically effective amount of at

least one compound selected from the group consisting of the compounds represented by
Formula 1 or J1.

37.  The method of claim 37, wherein the method further comprises exposing the

tissue or organ of the mammal to ischemic conditions.

74

_MBE



10

15

© 20

25

30

38.  The method of claim 38, wherein the organ to be cytoprotected is associated with
a fibrous capsule or bone.

39.  The method of claim 39, wherein the organ is heart, kidney, brain, spinal cord or
bone marrow.

40.  The method of claim 40, wherein the heart has been subjected to an infarction and
the ischemia is associated with myocardial cell swelling.

41.  The method of claim 41, wherein the compound is Ac-D-Tyr-D-Pro-D-4Hyp-Gly-
D-Ala-Gly-NH2 (Compound 1) or (Ac-Gly-Asn-Tyr-NH2) Compound 2.

42. A method of preventing or treating reperfusion injury in a mammal, the method
comprising administering a thempuetically effective amount of at least one compound

selected from the group consisting of the compounds represented by Formula I or I1.

43.  The method of claim 43, wherein the method further comprises exposing the heart
of the mammal to infarct conditions and establishing coronary perfusion,

44,  The method of claim 44, wherein the method further comprises administering a

thrombolytic agent or providing coronary angioplasty to facilitate coronary perfusion into
the infarcted heart.

.45. The method of claim 45, wherein the compound ig Ac-D-Tyr-D-Pro-D-4Hyp-Gly-
D-Ala-Gly-NH2 (Compound 1) or (Ac-Gly-Asn-Tyr-NH2) Compound 2.
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COMPOSICIONES Y METODOS PARA MODULAR HEMICAMALES DE

CONEXINA
REFERENCIA CRUZADA A SOLICITUDES RELACIOMADAS

La presente solicitud reivindica prioridad de 1la
solicitud provisional estaunidense serie No. 60/352,717
presentada en enero 29, 2002, cuya descripcién se

incorpora aqui como referencia.

CAMPO DE LA INVENCION

La presente invencién se relaciona de manera general con
composiciones y métodos para modular hemicanales de
conexina. La invenclén también se relaciona con tamices

tiles para detectar tales compuestos,

Existe reconocimiento de que las uniones puentes son
estructﬁrag de membrana de plasma importantes que ayudan
2 las células a comunicarse con su ambiente. Por ejemplo,
la mayoria de las uniones puente se cree que ayuda al

paso de moléculas pequefias 1iones entre células
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interconectadas. Tal movimiento se cree que ejerce
profundos efectos en muchos aspectos de la fisiologia
celular. Las membranas de plasma de las células
adyacentes se cree que incluyen hemicanales,
“conexiones”, formadas por proteinas multiméricas
denominada “conexinas” que ayudan a formar las uniones
puente. Ademas, los hemicanales Jjuegan un papel
independiente en el intercambio de compuestos de peso
molecular pequefic entre el citoplasma de la célula y el
espacio peripldsmico o extra celular. Ver de manera
general Bennett, M. et al. (1991) Neuron 6:305; Kumar,
and Gilula, N.B. (1996) Cell 84: 381; y Quist, A.P et al
(2000) J. Cell Biol. 148: 1063 y las referencias citadas

aqui.

En particular, existen reportes de que muchas uniones
puente son regiones especializadas de la membrana celular
con agrupados de canales densamente empacados. Tales
canales de uniones puente se creen que conectan
directamente el compartimiento citoplasmdtico de dos

células vecinas.

Se reconoce que los canales de las uniones puente estés

compuesta de dos hemicanales {(conexiones) provistas por



cada una de las dos células vecinas. Cada conexién
{hemicanal) ha sido descrito como consistente de seis
proteinas denominadas conexinas. Cada conexina se cree
que comparte cuatro dominios de transmembrana, dos ciclos
extracelulares, y un ciclo citoplasmidtico. La conduccién
del impulso eléctrico se cree que tiene lugar a través de
las uniones puente, facllitando de esta manera 1la
conduccién y el ritmo normal del corazén. Ver de manera
general P. A. Guerrero, R. B. et a;. J Clin Invest 1997,
?9 1991; D.L. Lerner, XK. A. et al., Circulation 1999, 99

1508; S. Kirchhoff, E. et al. Curr Biol 1998, 8 295.

La distribucién de la mayoria de las conexinas del
corazdn se cree que varia significativamente a través del
6rgano. Sea descrito que la isoforma Cx43 es el mayor
tipo ventricular aunque la Cx40 es la isoforma mas

abundante en las arterias y el sistema conductivo.

Existen reportes de fuertes nexos entre anormalidades de
conexina y enfermedades del corazén. Ver a A.C. de
Carvalho, et al., J Cardiovas Electrophysiol 1994, 5 686;
R.R. Kaprielian, et al., Circulation 1998, 97 651; N.S.
Peters, et al., Circulation 1993, 88 864; y J.E. Saffitz,

R.B: et al., Cardiovasc Res 1999, 42 309.
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Existe entendimientoc de que la expresién anormal,
distribucién y requlacién de las uniones puente estén
involucras en arritmias. Los péptidos arritmicos
descritos por Larsen, B. et al., en la PCT/DK01/00127
(WO01/62775) se han reportado por Iincrementar la
comunicacién intracelular de la unién puente (GJIC) en

tejido de vertebrados.

?e han reportado proteinas particulares de unién puente
de mamiferos codificadas por la familia de gen conexina
{Cx). Ver Bruzzone, R. et al. (1996) Eur. J. Biochem 238:
1. La familia Cx incluye Cx 26, 30. 31, 32, 37, 40. 43,
45, 46 y 50. Los canales e la unién puente también se han
encontrado en invertebrados, donde las proteinas

formadoras de canal son denominadas “inexinas”.

Existe entendimiento de que la mayoria de las conexinas
pueden ser fosforiladas excepto para la proteina Cx26. La
proteina Cx43 es ampliamente expresada en tejidos.
Existen reportes de que la fosforilacién de la proteina
Cx43 efecttia la comunicacién intracelular de la unién
puente (GJIC). Por ejemplo, se reconoce que la

transferencia, tré&fico, fosforilacién y recte de la Cx43



es impactada por la fosforilacién. Ver Darrow, B.J., et

al. (1995), Circ Res 76: 381,

Por ejemplo, Saffitz y 1los coautores han demostrado
utilizando mediciones de conductancia que durante la
isquemia existe un incremento en la desfosforilacién de
la cerina conexina en quince minutos. Ver figura 1 (que
muestra una proteina de transmembrana Cx43 de mamifero
con varios sitios de fosforilacién identificados) ILa
?osforilacién y la solubilidad de las conexinas ha
atraido el interés de los investigadores. En particular,
se encontr® que Cx43 era fosforilado en las células mié
epiteliales de las glidndulas mamarias de rata. Ver Wang,

Y., et al. (1995). J Biol Chem 270. 2658l; y Yamanaka,

I., et al. (1997). Eur J Cell Biol 72: 166.

Como se menciond, los canales de la unién puente se cree
gue son poros especlalizados que conectan el citoplasma
de las células encinas. Los hemicanales se comunican con
el ambiente extracelular. Han existido reportes de que la
inhibicién metabélica de las células del corazén puede
activar una senda de influjo que se puede estructgrar
mediante hemicanales de conexina. La inhibicién

metabélica se cree que abre el hemicanal y mejora 1la



perdida de potasio, e induce el influjo de protones,

sodio y calcio, daflando de esta manera el tejido

cardiaco. Ver Kondo et al J Mol. Cell. Cardiol. 32: 1859-

72, 2000; L1 et al J. Mol. Cell. Cardiol. 33: 2145-55,

2001).

El desacoplamiento eléctrico en las unién puentees
durante la isquemia aquda del miocardio se cree que
contribuye a la conduccién de anormalidades y arritmias
Feentrantes. Los niveles crecientes de Ca? Y H*
intracelular y la acumulacién de metabolitos e lipido
anfipético durante la isquemia promueve el
desacoplamiento. Otros mecanismos pueden jugar un papel.
Por ejemplo, se ha reportado que el desacoplamiento
inducido por isquemia aguda se asocia con cambios en la
fosforilacién e la conexina 43 (Cx43). Se han reportado
resultados que son consistentes con la desfosforilacién
rapida, reversible de la Cx43 que juega un papel en el
desacoplamiento del miocardio y la arritmogénesis durante
1squemia agquda. Ve Beardslee MA et al., Cir Res. 2000;

87: 656 y las referencias citadas aqui.

La estructura y la funcién de los hemicanales han atraido

el interés.

S



Por ejemplo, la microscopia de fuerza atémica (AFM), el
ensayo de toma de tinte fluorescente, y las imAgenes
inmunofluorescentes con focales laser han sugerido que
los hemicanales estdn involucrados en al modulacién
dependiente de calcio extracelular del volumen de la
célula. Como se reportd los cambios del volumen de la
célula eran dependientes sea fuera o no que se expresara
la conexina 43. Fueron reportados cambios gue eran
9vitables por los bloqueadores de la unién puente (por
ejemplo oleamida vy A4cido beta-gliciretinico) o era
reversado al regresar el calcio extracelular a normal. Se
sugirié que los hemicanales sin unlén puente regulan el
volumen de la célula en respuesta al cambio en al calcio
de la fisiologia extracelular en una situacién de otra

manera isosmética. Ver Quist, A. P. et al, supra.

Se ha propuesto que los hemicanales abiertos,
especialmente durante la isquemia o la tensién
metabélica, puedan conducir a la toma celular de protén
Ca?*, y la acumulacién de metabolitos lipidos anfipaticos
en células que originan el hinchamiento celular, en daflo
de célula o la apoptosis. Ver Beardlee et al., supra y

Quist et al. supra.
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Han existido reportes del que Cx43 es fosforilado en las
posiciones Tyr247 (Y247), Tyr265 (Y265) y quizds otras
posiclones mediante la proteina Src activada in Vitro.
Significativamente, la comunicacién intracelular de unién
puente (GJIC) se reportdé por ser resistente a 1la
disrupcién mediante la fosforilacién mediada por v-Src.
Se reconocidé que la fosforilacién en el Y247 y Y265 de
Cx43 es importante. Ver Lin R, et al. {2001) J Cell Biol

154 (4): 815. Ver también figura 1.

Ver también Larsen, B.D et al. en la solicitud PCT
titulada New Medical Uses o Intracellular Communication
Facilitating compounds presentada el 22 de febrero e 2002
como PCT/US02/05773 (WO 02/77017) en la cual una variedad

de compuestos modulantes GJIC e han descrito.

Seria deseable tener compuestos que modules la funcién de
hemicanal. Los compuestos preferidos ayudarian a abrir o
cerrar el hemicanal. Seria especialmente deseable tener

tamices moleculares para identificar tales compuestos.

S



RESUMEN DE LA INVENCION

La invencidén se caracteriza de manera general por
compuestos y métodos para utilizar los mismos para
modular la funcién hemicanal. Los compuestos particulares

modulan la fosforilacién del hemicanal.

Compuestos adicionales de la invencién modulan la funcién
hemicanal y en algunos casos también impactan la
Fomunicacién del unién puente (GJIC) por ejemplo, al
operar o cerrar los canales de la unién pueﬁte. También
se suministran tamices tiles para detectar vy
caracterizar tales compuestos. La invencién tiene muchas
aplicaciones dtiles incluyendo el suministro de terapias
para tratar o evitar varias condiciones modulada por la

funcién inadecuada del hemicanal.

Existe urgente necesidad de identificar compuesto que
modulen (incrementen o diminuyan) la funcién del
hemicanal. Por “funcién del hemicanal” se significa la
abertura o cierre de los hemlicanales de conexina para
mejorar o disminuir el paso de moléculas o iones a través
del hemicanal. Por la frase “funcién de unién de puente”

se gsignifica la apertura o cierre de la unién puente para

/s
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incrementar o reducir el paso de moléculas o iones a
través de la unién puente. Los compuestos de la invencién
preferidos modulan la fosforilacién del hemicanal vy,
tipicamente también ayudad a la abertura o cierre del
hemicanal. La funcién del hemicanal y la funcién de 1la
unién puente pueden ser facilmente dirigida Y
opcionalmente cuantificada por uno o mis de los ensayos

estandares descritos aqui.

pa mayoria de los compuestos de modulacién de hemicanal
especificos modula (incrementan o disminuyen) la
fosforilacién o wuna conexina reconocida. Los sitios
preferidos de fosforilacién o desfosforilacién incluyen
uno o mas de un residuo de tirosina, serina o treonina
sobre la conexina. Como se discutird adelante se ha
encontrado que la modulacién de la fosforilacién en uno o
miés de estos residuos impacta 1la funcién hemican;l,
particularmente al abrir y cerrar el hemicanal. Asi, como
se describe adelante es un objeto de la invencién
suministrar tamices adaptados para monitorear el estado
de fosforilacién de las conexinas como un medio para
detectar_ Yy opcionalmente caracterizar compuestos con

capacidad para modular la funcién hemicanal.

e
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Por ejemplo, ciertos compuestos de acuerdo con 1la
invencién son capaces de fosforilar al menos un residuo
de tirosina de 1la conexina. En esta modalidad, 1a
fosforilacién de la conexina ayudara a cerrar el
hemicanal. Otros compuestos para modular el hemicanal
adecuados disminuyen la fosforilacién (desfosforilar) al
menos una serie de residuos de la conexina. Es este
ejemplo, la desfosforilacién de la serina ayudara a abrir
el hemicanal. Aun otros compuestos dentro el alcance de
-la invencién mejoraran la fosforilacién de al meno un
residuo de treonina de la conexina, tipicamente para
ayudar en el cierre del hemicanal. Adicionalmente, los
compuestos adecuados de la invencién facilitan al menos

uno de un incremento o disminucién en la fosforilacibén de

la serina, un incremento o disminucién en la.

fosforilacién de tirosina, y un incremento o disminucién
en la fosforilacién de treonina de 1la conexina.
Preferiblemente, uno o mi&s de 1las modificaciones de
aminodcido ayudaran en una abertura o clerre detectable

del hemicanal.

De acuerdo con esto, en un aspecto, 1la invencién
suministra un método para modular la funcién hemicanal

preferiblemente al cerrar el hemicanal. En una modalidad,

S7=
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el método involucra cerrar el hemicanal en una célula,
tejido u o6rgano preferiblemente expuesto a tensién
incluyendo poner en contacto la célula, tejido u érgano
tensionado con una cantidad terapéuticamente efectiva de
al menos uno de los compuestos representados adelante
como formula I o II. E)l contacto preferido de acuerdo con
esta modalidad de método es suficiente para cerrar el
hemicanal antes, durante o después de la exposicién a la
tensién con relacién al control adecuado. Ejemplos de
Fales tensones incluyen uno o mas de la inhibicidn
metabélica, privacién de oxigeno, disminucién de pH, o
incremento del ién potasio extracelular como se describe

adelante.

En una modalidad mé&s especifica, el método incluye ademés
monitorear la fosforilacién de una conexina reconocida,
preferiblemente la conexina 43 (Cx43). Tipicamente, el
método detectard y reportard cualgquier incremento o
disminucién en la fosforilacién del Cx43 sobre al menos
uno de un residuo de tirosina, serina y treonina,
preferiblemente un incremento en la fosforilacién de al
menos una de tirosina y treonina. En esta modalidad, el

método también incluye cerrar el hemicanal Yr

A3
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opcionalmente, abrir y cerrar los canales de unién puente

relativos a un control adecuado.

La invencién suministra otros métodos para modular 1la
funcién hemicanal. En una modalidad, el método involucra
monitorear la fosforilacién de una conexina reconocida,
preferiblemente Cx43, para detectar cualquier incremento
0 disminucién en la fosforilacién del Cx43 en al menos
uno de un residuo de tirosina, serina y treonina,
Preferiblemente una disminucién en la fosforilacién de
uno o mias de aquellos residuos tales como serina con
relacién a un control. En este ejemplo de la invencién,
el método involucra abrir el hemicanal en una célula
tejido u érgano expuesto a tensidédn incluyendo conectar la
célula, tejido u '6rgano tensionado con una cantidad
terapéﬁticamente efectiva de al menos uno de los
compuestos representados adelante como formula I o II. El
contacto preferido suficiente para abrir el hemicanal vy,
opcionalmente abrir y cerrar los canales e unién puente

con relaciétn a un control adecuado.

Subsiste la necesidad de tamices para detectar vy
caracterizar tales compuestos que modulan el hemicanal

mas especificamente. Teniendo tales tamices seria un

ST
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primer paso importante hacia 1la identificacién vy
caracterizacién un rango de nuevos compuestos gque modulan
el hemicanal por ejemplo. Mediante ensayo in Vitro de un
compuesto candidato con relacidén a un control para
detectar la capacidad para ayudar a cerrar hemicanales,
por ejemplo, por al menos 5% mas que un compuesto e
control. Los compuestos identificados mediante tal tamiz,
incluyende los compuestos representados adelante como
formula I o II, se pueden utilizar en teraplas que
promueven la homeostasis celular de tejido y érgano, por
ejemplo, al evitar reducir o proteger contra la perdida

de los componentes celulares al ambiente extracelular.

De acuerdo con esto la presente invencién también
suministra métodos especificos in Vitro para tamizar
compuestos candidatos que tengan la capacidad de modular
la funcién hemicanal. Tipicamente, el método involucra
pone en contacto célula, tejido y o un érgano adecuado
con al menos un compuesto representado adelante como
fbrmula I o 1II. Preferiblemente, el contacto baijo
condiciones que conducen a nmd&lar la fosforilacién de
una conexina reconocida preferiblemente 1la conexina 43
(Cx43) y detectar un cambio en la fosforilacién del Cx43

con relacién a un control adecuado. También

48
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preferiblemente, el cambio en la fosforilacién es tomado
por ser indicativo de u compuesto modulador de hemicanal.
Opcionalmente, tales compuestos detectados mediante el
método de tamizado pueden abrir o cerrar canales de unién

puente de acuerdo con ensayos descritos aqui.

En cada uno de los métodos anteriores, los cambios de
fosforilacién preferidos de acuerdo con la invencién
ocurren casi completamente o0 cerca al Terminal C
;ntracelular de la conexina. Los sitos mas preferidos de
fosforilacién y defosforilacién de Cx43 son mostrados en
la figura 1. Mediante la frase “Terminal C de conexina”
se significa la regién amarrada alrededor de los residuos

aminodcidos 240 a 281 como se muestra en la figura 1.

Un ensayo de tamizado particular in Vitro de la invencién
para detectar fosforilacién de conexina involucra una o
mids etapas disefladas para monitorear la funcién
heﬁicanal, la funcién de unién puente (o ambas). Tal
ensayo generalmente incluye al menos uno V'

preferiblemente todas las siguientes etapas:

SEE
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1) Cultivar una poblacidén de células, un tejido o un
érgano tal como aquellos derivados del corazén o
misculo,

2) Tensionar las células, tejido o el érgano
preferiblemente mediante la privacién e oxigeno o
inhibicién metabélica,

3) Agregar un compuesto gue modula hemicanal conocido o
candidato tal como aquellos representados por la
formula I o II dado adelante,

4) Detectar un cambio en la fosforila;ibn de 1la
conexina (preferiblemente Cx43) con relacién a un
control adecuado; y

5) Medir opcionalmente el cambio como siendo indicativo
de un compuesto que modula la funcién hemicanal y

opcionalmente la funcién de unién puente.

Esos ensayos pueden medir efectivamente la capacidad del
hemicanal que modula el compuesto para incrementar o
medir la fosforilacién de al menos un residuo de serina,
tirosina y treonina de la proteina preferida 0;43. La
referencia aqui a un “ensayo estédndar de fosforilacién de
conexina in Vitro” o una frase relacionada se refiere al
protocolo anterior de las etapas 1) hasta 5). El1 ensayo

puede ser conducido con aproximadamente cualquier

Zéa
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poblacién de células primarias, secundarias o
inmortalizadas tales como aquellas derivas del corazén o

misculo.

El ensayo estandar in Vitro anterior es generalmente
flexible. Por ejemplo, las etapas 1)}-5) pueden ser
desarrolladas en aproximadamente cualquier orden siempre
y cuando se logre los resultados del tamizado pretendido.
Asi en una modalidad el ensayo, el compuesto candidato se
agrega en la etapa 1) etapa 2) (o ambas etapas) en lugar

de después de la etapa 2) exclusivamente.

La presente invencién suministra otros métodos para
tamizar compuestos candidatos por la capacidad para
modular la funcién hemicanal. En una modalidad, el método
incluye poner en contacto células, tejido o un érgano
adecuado con al menos un compuesto seleccionado del grupo
representado adelante como formula I o II. Tipiéamente,
cualquier toma de un reportero detectable por las
células, tejidos u érganos es monitoreado en la presencia
del compuesto y con relacién a un control adecuado. Los
reporteros detectables preferidos tienen un tamafio
molecular que conduce a un paso a través de un hemicanal

abierto. Asi, cuando el hemicanal es abierto en el ensayo

/44
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el reportero detectable ingresa a la célula, -tejido u
6érgano. Si embargo cuando el hemicanal es cerrado, el
reportero detectable evita pasar a través el hemicanal.
Asi, cuando el hemicanal es ablerto en el ensayo, el
reportero detectable entra en la célula, tejido u érgano.
Sin embargo, cuando el hemicanal se cierra, el reportero
detectable evita pasar al través del hemicanal. El
contacto es preferiblemente bajo condiciones que conducen
a detectar cualquier cambio en la tomo del reportero

detectable con referencia a un control adecuado.

Un hemicanal esta “cerrado” de acuerdo con la invencién
si al menos uno de los residuos de tirosina en la regién
C-Terminal de la conexina, preferiblemente Cx43 es’
fosforilado, preferiblemente al menos la tirosina en la
posicién 247 o la posicién 265, mAs preferiblemente
ambos, detectados por ejemplo en el ensayo estdndar de
fosforilacién de conexina in Vitro. Por “cerrado” se
quiere significar al menos gue un de los res-iduos de
treonina en la regién C-terminal de 1la conexina es ’
fosforilado, cuyos residuos pueden ser fosforilados solos
o en adicién a la fosforilacién de tirosina. Un hemicanal
es “abierto” si al menos uno de los residuos e serina en

la regidtn C-terminal e la conexina es desfosforilado.
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Adicionalmente los residuos de tirosina, trionina vy
serina preferidos son mostrados en la figura 1 como

sitios de kinasa.

Un ensayo de tamizado mas especifico in Vitro para
detectar el paso del reportero detectable a través del

hemicanal inveolucra uno o mds de las siguientes etapas:

1) Cultivar una poblacién de células, un tejido o un
6érgano tal como aquellos derivados del corazén o
misculo,

2) Tensionar 1las células, tejido o el 6rgano
preferiblemente mediante privacién de oxigeno o
inhibicién metabdlica tal como al agregar un
agregado de glucosa,

3) Agregar un compuestoc modulador de hemicanal conocido
o candidato tal como aquellos representados adelante
mediante la formula I o II,

4) Agregar un reportero detectable tal como un
compuesto fluorescente, quimioluminiscente, o
fosforescente tal como un tinte fluorescente tal

como calceina y compuestos relacionados,
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zor.

5) Detectar un cambio en 1la toma del reporteroc
detectable en 1las células, tejido u érgano con
relacién a un control adecuado; y

6) Medir opcilonalmente el camblo como indicativo del

compuesto que modula la funcién hemicanal.

Ese ensayo puede medir efectivamente la capacidad del
compuesto candidato a abrir o cerrar los hemicanales en
ias células, tejidos u érganos que cuyo cambio es
fécilmente detectable microscépicamente medlante la
visualizacién del reportero detectable. Se le referencia
agui a "“ensayo de toma estdndar in Vitro” o frase
relacionadas se refieren al protocolo anterior de etapas
l) hasta 6). El1 ensayo puede ser conducido con
aproximadamente cualquier poblacién de células primarias,
secundarias, © inmortalizadas tales como aquellas
derivadas del corazén o misculo.” Otros reporteros
aceptables incluyen compuestos radiactivos adecuados que
tiene también un tamafo que permite el paso a través del
hemicanal. Los compuestos particulares incluyen aquellos
etiquetados con uno o mis de los siguientes radio

nicleos: %H, s, y cC.
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De manera importante, el estidndar del ensayc de toma in
Vitro descrito de manera general anteriormente no esta
unido a ninglin orden particular de etapas en tanto no se
logre los resultados pretendidos del eﬂsayo. Asi, en una
modalidad, al menos uno de los compuestos candidatos y el
reportero detectable de las etapas 3) 4) respectivamente,
son agregados individualmente o juntos antes de la etapa
2) en el método. En este ejemplo del ensayo, las células,
tejido u Oérgano es tensionado en la presencla del
compuesto y el reportero detectable. De manera
alternativa, el reporteroc detectable puede ser “cargado;
en las células en la etapa 1) para detectar el compuesto

con capacidad de abrir hemicanales.

La invencién suministra métodos adicionales para tamizar
uno © mAds compuestos candidatos por la capacidad para
modular la funcidédn hemicanal. En una modalidad, el método
incluye poner en contacto poner en contacto células,
tejido u 6rgano con al menos un compuesto relacionado con
agquellos representados median te la formula I o II.
Tipicamente, las células, tejido u érgano es cargado con
un reportero detectable para medir el volumen. Los
reporteros detectables preferidos para uso en el ensayo

tiene un tamafio molecular que es adecuado para pasar a

2P



través de un hemicanal abierto. El1 contacto es
preferiblemente bajo condiciones que conducen a detectar
cualquier cambio en el volumen de las células, tejido u
érgano como'registrado por el reportero detectable y al
referirse a un control adecuado. Preferiblemente, las
células, tejido u érgano es tensionado y el compuesto
candidato cierra el hemicanal de tal forma que el volumen
celular es mantenido o disminuye mas lentamente cuando se

compara con un control adecuado.

Un ensayo particular de tamizado in Vitro para detectar
los cambios en volumen celular involucran una © mas de

las siguientes etapas:

1) Cultivar una poblacién de células, un tejido o un
érgano tal como aquellos derivados del corazén o
mésculo,

2) Cargar las células, tejido o el 6érganc con un
reportero detectable tal como un compuesto
fluorescente, quimiocluminiscente, o fosforescente
tal como un tinte, tal como calceina o un compuestos

relacionado,

283
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3) Estimular el volumen de las células, tejido u érgano
al detectar una sefial cuantificante del reportero
detectable,

4) Agregar un compuesto que modula hemicanal conocido o
candidato tal como aquelles representados mediante
la formula I o II adelarnte,

5) Tensionar las células, tejido o el érgano
preferiblemente mediante privacién de. oxigeno o
inhibicién metabélica tal como al agregar un
agregado de glucosa

6) Detectar un cambio en el volumen celular con
relacién a un control adecuado; y

7) Medir opcionalmente el cambio como para ser
indicativo de un compuesto que modula la funcidén
hemicanal y opclonalmente la funcién de unién

puente.

El ensayo puede medir efectivamente 'la capacidad del
compuesto gue modula hemicanal candidato para abrir o
cerrar los hemicanales en las células, tejido u érgano al
observar los cambios de volumen celular
microscépicamente. La referencia aqui “ensayo estandar de
volumen celular in vitro” o frase relacionada se refiere

al protocolo anterior de las etapas 1) hasta 7). El



ensayo puede ser conducide con aproximadamente cualquier
poblacién de células primarias, secundarias, o
inmortalizadas tales como aquellas derivadas del corazén
o misculo tal como cardiomiocitos y células o tejidos

relacionados.

El ensayo estandar de volumen celular in Vitro no esta
unido a un orden particular de etapas en tanto que se
logren los resultados pretendidos del ensayo. Asi en una
modalidad, el compuesto candidato de la etapa 4) se
agrega después de estresar las células en la etapa 3)
para monitorear la capacidad del compuesto para cerrar
los hemicanales en las células ya tensionadas como se
ejemplifico mediante un indice mas lento de disminucién
de volumen celular. Asi en una modalidad del ensayo se
monitorea un cambioc en el indice de disminucién o
incremento del volumen celular durante un marco de tiempo
predeterminado. Sin embargo en otra modalidad, el cambio
de volumen celular se puede monitorear en un punto de
tiempo fijo, por ejemplo, en un tiempo entre
aproximadamente 1 a 120 minutos después de tensionar las

células, tejido u érgano.

20
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Como se discutié, los ensayos in Vitro de la invencién
son flexibles y pueden aser adaptados para adecuarse el
uso de tamizado pretendido. Por ejemplo, un compuesto
modulador de hemicanal candidato particular, tal como
aquellos representaos mediante las formulas I o II
adelante, se pueden emplear como el Gnico agente activo o
en combinacién con otros agentes que incluyen otros
compuestos a ser ensayados. En la mayoria, pero no es
todos los casos, los ensayos in Vitro son desarrollados
_con referencia aun ensayo de control adecuado que
usualmente incluye las mismas condiciones o condiciones
de ens;yo cercanamente relacionada como en las etapas
anteriores, pero sin agregar el compuesto a ser ensayado
al medio de cultivo. En tales casos el compuesto
modulador de hemicanal candidato puede ser identificado
al exhibir al menos 2% de mayor actividad en el ensayo
con relacién al control, mas particularmente al menos mis
aproximadamente 5% de mayor ac;ividad con relacién al
ensayo de control, y aun mids preferiblemente al menos
aproximadamente 10% o mayor actividad, por ejemplo,
aproximadamente 20% a aproximadamente 405 con relacién al

ensayo de control.
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Como se discutid, los compuestos moduladores de hemicanal
particulares también impactaran los canales de unién
puente. Por ejemplo, ciertos compuestos pueden ayudar a
cerrar los hemicanales y ayudar en la abertura de los
canales de unién puente. Sin embargo, otros compuestos
pueden ayudar a abrir los hemicanales aunque ayudando en
el cierre de los canales de unién puente. Aun otros
compuestos pueden abrir tanto los hemicanales como la
unién puente mientras otros pueden cerrar las uniones

puente y los hemicanales.

De acuerdo con esto, la invencién también suministra un
métode para incrementar la comunicacién intracelular de
unién puente {GJIC) en una célula, tejido u érgano. En
una modalidad, el método involucra administrar wuna
cantidad terapéuticamente efectiva de al menos un
compuesto seleccionado de aquellos representados mediante
la formula I o II como se describe adelante.
Preferiblemente el contacto es suficiente para
incrementar GJIC en la célula, tejido u 6rgano con

relacién a ﬁn control adecuado.

Se suministran también combinaciones de ensayos in Vitro

en compuestos que son seleccionados por la capacidad para

207~
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modular hemicanales y uniones puentes. En un; modalidad,
al menos uno de los ensayos de fosforilacién esténdar de
conexina in Vitro, el ensayo estdndar de tomo in Vitro y
el ensayo estandar de volumen celular in Vitro, se
combinan con uno o mds de los ensayos GJIC descritos por
Larsen, B. et al. en la solicitud PCT titulada Novel
Antlarrhythmic Peptides presentada el 22 de febrero de
2001 como PCT/DKO01/00127 (WO 01/62775) como se describid
por Larsen, B. et al. en otra solicitud PCT titulada New
FEdical Uses of Intracellular Communication Facilitating
compounds presentada el 22 de febrero de 2002 como
PCT/US02/05773 (WO 02/077017). Los ejemplos de cada uno
de los ensayos adecuados GJIC incluyen aquellas
mediciones de conductancia celular mediante mediciones de
onda de calcio con abrazadera parche y ensayos de
transferencia de tinte. Las deécripciones de las
solicitudes PCT/DK01/00127 (WO 01/62775) y PCT/US02/05773

(WO 02/077017) son incorporadas aqui como referencia.

Por via de ilustracién y no de limitacién, el ensayo de
fosforilacién esténdar de conexina in Vitro descrito
anteriormente se emplea para seleccionar 1 o mas de
compuestos moduladores de hemicanal. Uno o mas de los

compuestos pueden subsecuentemente ser tamizados
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adicionalmente en ensayo de abrazadera parece de
cardiomiocito descrito en l; solicitud PCT/US02/05773 (WO
02/077017). Los compuestos que suministra actividad
adecuada en ambos ensayos tendrin capacidad para modulas

los hemicanales y las uniones puente.

La invencién suministra adicionalmente ensayos in vivo de
los compuestos moduladores de hemicanal candidatos para
ayudar a detectar y opclonalmente cuantificar 1la
Fapacidad terapéutica para modular una arritmia cardiaca.
Como se discutié, se cree que la mayoria de las arritmias
cardiacas se pueden evitar, aliviar o tratar mediante el
uso de una o un combinacién de los compuestos de esta
invencién. Un modelo de ensayo in Vitro preferido
denominado aqui como un “ensayo estdndar de arritmia in
Vitro en ratén” o frase relacionada a sido descrita en la
PCT/DK01/00127 (wo 01/62775) asi como también
PCT/US02/05773 (WO 02/077017). Ciertos compuestos de
acuerdo con la invencién prolongaran deseablemente el
tiempo la irrupcién del bloque ventricular atrial
inducido (AV) mediante al menos aproximadamente 20%
(calificacién de al menos 2) en el ensayo. Otros
compuestos exhibirdn una prolongécién de al menos 60% o

el tiempo hasta la irrupcién de le bloque AV inducido
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(calificacién de la menos 3) en el ensayoc. En términos
amplios, el ensayo involucra administrar uno o mis
compuestos aun ratén adecuado inﬁéctando cloruro de
calcio para inducir arritmia y detectar el tiempo de 1la
irrupcién de la arritmia preferiblemente blogue AV de

segundo grado comparado con un control adecuado.

Significativamente, el wuso de formato de deteccién
miltiples es decir, una combinacién de al menos uno de
}os ensayos esténdares in Vitro y el ensayo de arritmia
in wvivo como se describié aqui pueden desarrollar
eficientemente ensayos miltiples, mejorando de esta
manera la precisién y probabilidad de identificar un
compuestc modulador de hemicanal (como se representéd
mediante las formula I y 1I, por ejemplo) con buena
capacidad terapéutica. Esta caracteristica de 1la
invencién es especialmente Gtil cuando grandes nlmeros de
compuestos van a ser ensayaos. Por ejemplo, algunos o
casi todos los compuestos de acuerdo con las formulas I o
II pueden ser ensayados. Alternativamente, o]
adicionalmente los compuestos adecuados pueden ser hechos
mediante métodos sintéticos estdndar que incluyen
manipulacién quimica de tipo combinatorio vy luego

ensayados de acuerdo con la invencién. En las modalidades

=20



30

en la cual son practicados los formatos de deteccién
mdltiple, es importante notar que la actividad in vitro e
in wvivo significativa como se determiné mediante los
ensayos descritos aqui no es una caracteristica requerida
de un compuesto modulador de hemicanal. Esto es, ciertos
compuestos descritos aqui exhibirédn buena actividad en al
menos de los ensayos estdndar in Vitro descritos aqui
pero no exhibir&n actividad significativa en el ensayo
estdndar de arritmia in wvivo. Alternativamente, ciertos
ptros compuestos exhibiridn actividad significativa en el
ensayo de arritmia in vivo pero no mostraran buena
actividad en uno o mas de los ensayos in Vitro esténdar.
Sin embargo, un compuesto modulador de hemicanal exhibiréd
buena actividad en al menos uno de los ensayos in Vitro e

in vivo descritos en esta solicitud.

Los compuestos que muestran buena actividad en el ensayo
estdndar de arritmia in vivo algunas veces seran llamados
“compuestos anti arritmicos” o© frases similares para
denotar la capacidad para prolongar el tiempo de arritmia

en el ensayo.

Como 8e discutird con mis detalle adelante, los

compuestos de la invencién pueden ser utilizados para

7
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evitar o tratar un amplio espectro de condiciones médicas
gque estén asociadas o se sospecha que esta relacionada al
paso indeseade o anormal de moléculas y/o iones a través
de membranas celulares. Por ejemplo, casi todas las
indicaciones médicas descritas en la PCT/DK01/00127 (WO
01/62775) y PCT/US02/05773 (WO 02/077017) pueden estar
dirigidas de esta manera. Algunas de dichas 1indicacilones
médicas son descritas aqui. Las indicaciones médicas
pueden ser evitadas, aliviadas o tratadas al utilizar una
o una combinacién de los compuestos descritos en la
presente solicitud y particularmente aquellos que
muestran actividad en al menos uno de los -ensayos in

Vitro o in vivo suministrados aqui.

Los compuestos adicionales adecuados para ensayar y
utilizar con la presente invencién se han descrito por

Larsen, B. D. et al. en PCT/US02/05773 (W0 02/077017).

En otro aspecto, 1la invencién suminisgra un método para
evitar o tratar tensién en tejido u 6rgano en un
mamifero. En una modalidad el método incluye administrar
una cantidad terapéuticamente efectiva de al menos un
compuesto seleccionado del grupo de compuestos

representados por las formulas I y II anteriores.

=272
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Preferiblemente el contacto es suficiente par evitar o

tratar la tensién en el tejido u érgano.

La invencién también suministra un método para tratar
quemaduras que comprende administrar a un paciente
necesitado de tal tratamiento una cantidad
terapéuticamente que bloquea la abertura del hemicanal de

conexina.

También se suministra un método de tratamiento de

trombosis. En una modalidad el método incluye administrar

a un paciente necesitado de tal tratamiento una cantidad

terapéuticamente efectiva de un compuesto que bloguea la

abertura de un canal de conexina.

En otro aspecto, la invencién también caracteriza un
método de tratamiento de acidosis respiratoria vy
metabélica. En una modalidad, el método incluye
administrar a un paciente necesitado de tal tratamiento
una cantidad terapéuticamente efectiva de un compuesto
que bloquea la abertura de un canal de un hemicanal de

conexina.

g/ 3
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La invencién también suministra un método de tratamiento
de arritmia focal. En un ejemplo del método este incluye
administrar aun paciente necesitado de tal tratamiento
una cantidad tal tratamiento una cantidad
terapéuticamente efectiva de un compuesto que bloquee la

abertura de un hemicanal de conexina.

La invencidén suministra ademids un método para tratar y
evitar el dafio celular y de tejido que resulta de niveles
elevados de glucosa en la sangre. En una modalidad, el
método incluye administrar a un paciente necesitado de
tal tratamiento una cantidad terapéuticamente efectiva de
un compuesto que blogque la abertura de un hemicanal de

conexina.

La invencién también caracteriza un método de tratamiento
de fibrilacidédn atrila crénica. En una modalidad el método
incluye administrar aun paciente necesitado de tal
tratamiento una cantidad terapéuticamente efectiva de un
compuesto que bloquee la abertura de un canal de

conexina.

También se suministra un método de tratamiento de

epilepsia. Tipicamente, el método incluye administrar a

2
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un paciente necesitado tal tratamiento una cantidad
terapéuticamente efectiva de un compuesto que promueva la

abertura de un hemicanal de conexina.

Se suministra adicionalmente un método de citoproteger
tejido o un o6rgano de un mamifero necesitado de tal
tratamiento, el método comprende administrar una cantidad
terapéuticamente efectiva de al menos un compuesto
seleccionado del grupo que consiste de los compuesto

representados mediante la formula I o II.

La invencién también suministra u método para evitar o
tratar daflo por repercusién en un mamifero, el método
comprende administrar una cantidad terapéuticamente
efectiva de un compuesto de al ﬁenos un compuesto
seleccionado del grupo que consiste de los compuesto

representados mediante la formula I o II.

En cada uno de les métodos terapéuticos anteriores, un
compueste de acuerdo con la invencidén que caracteriza una
buena actividad antiarritmica como se determino mediante
el ensayo estiandar de arritmia en ratén in vitro (es
decir calificacidén de al menos 2). Tales compuestos serén

algunas veces denominadas aqui como compuestos “anti-
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6

arritmicos” a una frase relacionada .Usos y ventajas
adicionales de la presente invencién serédn evidentes de
la siguiente discusién y ejemplos. Otros aspectos de la

invencién también se discutirin adelante.

BREVE DESCRIPCION DE LOS DIBUJOS

La figura 1 es un dibujo que muestra los sitios de
fosforilacién sobre 'una conexina (Cx45). Como se puede
ver, el dominio citosélico de la proteina de trasmembrana
Cx43 tiene varios sitios de fosforilacién de serina y

tirosina potenciales.

La figura 2 es una grafica que muestra tensién metabéblica
inducida por la remocién de glucosa. Como se puede ver de
la gradfica, la administracién de incompuesto uno reduce
la tensién como se evidencio mediante la disminucién en

el retraso de conduccidédn relativo

Las figuras 3A-B son las representaciones de
inmunoabsorciones que muestran deteccién de reportero
detectable de tirosina en conexina 43 (Cx43). La figura

3A muestra los resultados de 1la administracién del
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compuesto 1. La figura 3B muestran los resultados de la

administracién del compuesto 1 y compuesto 2.

Las figuras 4A -B son representaciones de
inmuncabsorciones que muestran la deteccién de reportero
detectable de tirosina (8A) y fosforilacién de serina

(Bb) de Cx43.

La figura 5 es una gradfica que muestra el efecto 10 nM
del compuesto 1 sobre toma de calceina inducida por

isquemia en cardiomocitos cultivados.

La figura 6 A es un dibujo que muestra un formato de
ensayo Elisa preferido. La figura 6B es una grafica que
muestra los resultados Elisa de Cx43 fosforilados e Tyr-P
en célula HeLa. La figura 6c es una grafica que ilustra
los resultados Elisa de Cx43 fosforilado en Tyr-P en

células hemicanal.

La figura 7A-c Son foto micrografias que muestran toma de
tinte en cardiomiocitos cultivados. Figura 7A:
cardiomiocitos bajo la microscopia de 1luz; figura 7B:

fluorescencia bajo condiciones de control (lo mismo gue

>/
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las células e la figura 7A); figura 7C fluorescencia

después de 30 minutos de inhibicién metabédlica.

La figura 8 es una gradfica que muestra que el compuesto 1
reduce la toma de calceina inducida por estrés de una

manera dependiente de dosis.

La figura 5 A-B son gradficas que muestran el efecto de un
compuesto uno sobre el hinchamiento inducido por estrés
_de las células. La figura 9A relativa al volumen mediante
la inhibicién metabélica en la presencia o ausencia

del compuesto (0,1 nM) la figura 9 muestra datos de

control.

La figqura 10 es una grdfica que muestra el efecto del
compuesto 1 (0,1 nM) obre el hinchamiento celular

inducido por estrés.

La figura 11 es una grdfica que muestra una reduccién en
el indice del peso del corazén al peso del cuerpo después
de la administracién del compuesto uno a rata sometidas a

infarto del miocardio.
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La figura 12 es una grdfica que muestra una reduccién en
el tamafio del infarto en ratas luego de la administracién

del compuesto.

La figura 13 es una grafica que muestra la funcién
cardiaca mejorada después de 1la administracién del

compuesto uno a ratas sometidas al infarto del miocardio.

DESCRIPCION DETALLADA DE LA INVENCION

Como se discutié, la invencién suministra compuestos vy
métodos para utilizar las mismas para modular la funcién
del hemicardio: Para modular la funcién de hemicanal los
compuestos mas particulares modulan la fosforilacién el
hemicanal para ayudar a la abertura vy ciefre del
hemicanal. Los tamlces iitiles para detectar y utilizar
tales compuestos también se suministran, cuyos tamices
incluyen ensayos in Vitro o ensayos in vivo o una
combinacién de estos. Se - suministran adicionalmente
métodos terapéuticos Gtiles para el tratamiento o
prevenéién de condiciones impactadas por funcién

hemicanal inadecuada.
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Es un objeto de la invencién demostrar, por primera vez,
que la tensién de la célula, tejido y oérgano puede se
adversamente impactada por el cierre y abertura de
hemicanales. Sin desear estar ligados a la teoria se cree
gque la tensién metabdlica tal como la privacién de
oxigeno durante la isquemia, privacién e glucosa,
desacoplamiento de la fosforilaciédn oxidativa causada por
el HCN, o desacoplamientc del ciclo de acido citrico

pueden contribuir todos al desacoplamiento de la

comunicaciétn de la unién puente intercelular (GIC). Se

cree ademids que este desacoplamiento esta correlacionado
con la modﬁlacién de la fosforllacién de conexina, més
particularmente la desfosforilacién de residuos de conexina-
tirosina y/o residuos de conexina-serina glo residuos de
treonina en el canal de unién puente. Por via de ilustracién,
se cree que durante 1la fibrilacién atrial, las células
atriales tienen demanda metabdlica incrementada debido al paso
altamente frecuente. Se cree gque esto conduce a acidosis de
lactato, abertura de los hemicanales y desacoplamiento de las

uniones puente.

También es objeto de esta invencién suministrar métodos para
modular las funciones Themicanal vy, opcionalmente, 1la
comunicacién intercelular de unién puente (GJIC) cuyos métodos

incluyen contactar células, tejidos u érganos con una cantidad
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terapéuticamente safectiva de wuna o una combinacién de
compuestos que tienen tal actividad. Los compuestos preferidos

han sido descritos en la PCT/DK01/00127 (WO 01/62775) y

PCT/US02/05773 (WO 02/077017) por B. Larsen et al.

Los compuestos més preferidos adecuados para uso de la
presente invencidén incluyen agquellos representados por la

siguiente formula I:

H H - ﬂ 0
R Nr(cl-l,),,_(co) "\(‘c"*"-(co){ an,
2 J Ra

(I)

en donde=

Rl representa H o acetil (Ac)

R2 representa una cadena lateral de uno de los
aminoc&cidos G, Y, p-Y, F y p-F,

R3 represente cualquier cadena lateral de aminodcido R4
representa una cadena lateral de uno de los aminoéAcidos
G, Y, oY, F y oF,

R5 representa OH o NH;

22/
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Y a, S, Py Q son enteros e independientemente igual a 0

o 1l:
Y sales de estos.

Los compuestos mAs especificos incluyen aquellos que

tiene la siquiente formula II:

R1-X1-X2-X3-R2
II

En donde,

Xl es 0. Ala, Gly, B-Ala, Tyr, D-Tyr, Asp,

X2 es 0. Ala-Gly-T4.-Pro; Ala—Sar-H}p—Pro; Ala-Asn; D-
Asn~D-Ala; D-Asn; Gly; Ala;

D-Ala; f-Ala; Asn; o;

X3 es Tyr; D-Tyr; Gly, o Phe: y

Rl es H o Ac, con la condicién de que X1 y X2 no son

ambos 0; y sales de estos
R2, es OH o NH;

Los compuestos mis especificos representados por 1la

formula I o II anterior incluye los siguientes:
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G-(DBF)-Y-NH2, , H-GA-Sar-Hyp-PY-NH2, H-GAG-T4c-PY-NH2,
Gly-Ala-Asn-Tyr , D-Tyr-D-Asn-D-Als-Gly, D-Tyr-D-Asn-Gly, ,

, Gly-Gly-Tyr, Gly-Als-Tyr, D-Tyr-D-Als-Gly,

Gly-D-Asn-Tyr, Gly-BAla-Tyr, pAla-PAls-Tyr,

» Gly-PAla-Phe, Gly-Asn-Phe, , Asn-Tyr, Ac-Gly-Tyr,

Ac-Ala-Tyr, (reducedGly)-Gly-Tyr ( HyN-CHz-CHy-NH-CH;-C(O)-Tyr),

gty-dsb-gly-hyp-pro-tyr
l |

' sly-dnan-sly-hYP-pro-tylr

tyr-pro-hyp-gly-gln-gly
L ]

tyr-pro-hyp-gly-asn-gly
L i

gl{-dlb—lll—gly—hyp-pio-tyr

sllv-dlp-m-slr-hyp-tjm-m

tslrr-pm-hyp-sly-ala-slln-sly

Zz3
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trl'i-vro-hyp-slr-ﬂn-uln-sly

D-tllrr-D-pm-D-hyp-sly-Djh-s!y

IL?FD1mmDﬂwpgbqiqrﬁﬂy

D4%pI>pn>DJup1gylrdbikfhﬂuy

D-tyr-Dpro-D-dyp-gly D Dam gy |

;! ¥ sales de estos

Los compuestos candidatos adicionalmente preferidés de la
invencién se caracterizan por una biodisponibilidad oral
de mids de aproximadamente el 5% como se determind por un
ensayo de biodisponibilidad oral aceptable. Los ensayos
generalmente preferidos involucran administracién
intraduodenal de componentes candidatos a un sujeto con
ensayo adecuado. La biodisponibilidad de los compuestos
en una muestra biolégica, preferiblemente en una muestra
de sangre, es entonces detectada y preferiblemente

cuantificada.

Los compuestos candidatos adicionales preferidos

generalmente satisfacen la regla Lipinski de 5. Se
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aplica, esta define la biodisponibilidad. De acuerdo con
la regla, una absorcién menos que.satisfactoria es mds
probable cuando uno o mas de las siguientes
caracteristicas caracteriza un <compuesto candidato

particular:

1) Mas de 5 donadores de enlaces H (expresados como la
suma de OHs y NHs), 2) peso molecular sobre 500. 3)Log P
esta sobre 5, 4) A de 10 aceptadores de enlaces de
Pniones H {expresadas como la suma de Ns y Os), y 5)Dos
parametros por fuera del rango deben ser evitados para

muchas medalidades de la invencidn.

AlGn compuestos preferidos adicionales de acuerdo con la
invencién son relativamente estables en el plasma de la
sangre. Un ensayo aceptable involucra poner en contacto
un compuesto candidato deseado con plasma (suero de
roedor, conejo o primate, por ejemplo), dincubando el
compueste con el plasma, Y luego detectando y
preferiblemente cuantificando a la estabilidad de ese
componente durante el tiempo. Las fuentes de plasma
preferido son las ratas, perros, gatos, ratones, cerdos,
vacas, caballos, y humanos. Un ensayo preferido, algunas

veces denominado aqui como ‘“ensayo de estabilidad

=24
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estandar de plasma” se ha descrito en 1la solicitud PCT/US
02/05773 (WO 02/077017). Los compuestos tipicos que dan
buena actividad en la amidacién o esterificacién C-
terminal caracteristica del ensayo, utiliza D-aminodcidos
y derivados de aminodcidos naturales, modificaciones N-
termina, y estructuras ciclicas. Una o una combinacién de
tales modificaciones puede mejorara la estabilidad aungue

reteniendo actividad biolégica substancial.

Los compuestos moduladete de hemicanal especialmente
preferidos para uso con la presente invencién incluyen:
Ac-D-Tyr-D~-Pro-D-4Hyp-Gly-D-Ala-Gly-NH; (compuesto 1);

Ac-Gly-Asn-Tyr-NH; (compuesto 2); y sales de esta.

Los compuestos moduladores de hemicanal preferidos
exhiben una actividad significativa en uvno o en una
combinacién de ensayos estdndar .in nitro e in wvivo
descritos aqui. Tales compuestos también tiene capacidad
para cerrar y abrir hemicanales y, opcionalmente, para
modular GTC. Preferiblemente, un compuesto adecuado
mejora o reduce la fosforilacién de conexina c43 (Cx43)
como se determind mediante el ensayo de fosforilacién de
conexina estdndar in Vitro. Un ensayo mAs especifico

monitorea la fosforilacién y/o la desfosforilacidén de uno



o mis de los residuos de aminodcido tirosina. Serina y

treonina mostrado en al figura 1. Sigue un formato de

ensayo mas particular.

1)

1)

Cultivar una poblacién de aproximadamente 10°
células, en medio tal como cardiomiocitos de rata
confluente o semi confluentes o células H9c2,

Tensionar las «células, a lavar las mismas vy
subsecuentemente cultivarlas en medio pobre de

glucosa durante aproximadamente una hora o menos,

1) Agregar el compuesto 1 al medio a una concentracién

1)

1)

de aproximadamente 0,1 a aproximadamente 200 nM
durante aproximadamente 10 minutos a B horas,

Lisar las células y luego detectar un cambio en la
fosforilacién de tirosina, serina, y/o tréonina de
Cx43 con relacién a un control adecuado,

Medir el cambio en fosforilacidén por ser indicativo

de un compuesto que modula la funcién de hemicanal.

En una modalidad del método, la etapa e detectar 4)

comprende ademds ensayar el compuesto candidato en un

ensayo basado en una clase inmunolégica o de célula. En

casos en los cuales se emplea un ensayo inmunolégico ese

ensayo incluird tipicamente poner en contacto células con’
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el compuesto candidato bajo condiciones suficientes para
incrementar o disminuir la fosforilacién de la conexina.
Preferiblemente, el método incluye ademds producir un
lisado de. las células; y detectar el incremento o
disminucidén de la fosforilacién de conexina en el lisado
de célula. Ese incremento o disminucidén es tomado por ser
indicativo adicional del compuesto modulador de

hemicanal.

Los ensayos inmunolégicos preferidos para uso con el
método se han descrité e incluyen ensayos de
inmunoprecipitacién, ensayos e captura de anticuerpos,
ensayo “sandwich” de dos anticuerpos, ensayos de captura
de antigeno, radioc inmuno ensayos (RIAs) y similares. Ver
de manera general E. Harlow y D. Lane en Antibodies: A
Laboratory Manual, Cold Spring Harbor Laoratory (1988):;
Ausubel et al. (1989) in Current Protocols in Mcolécula
Biology, J. Wiley & Sons, New York para una discusién con
relacién a muchos métodos inmunolégicos estandar, cuyas

descripciones son incorporadas aqui como referencia.

Un ensayo inmunolégico preferido es un ensayo ELISA. Asi
en una modalidad, el método anterior incluye ademds al

menos y preferiblemente todas las siguientes etapas:
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a)

b)

c)

d)

e)

48

Recubrir un soporte sélido con un primer anticuerpo
que se une especificamente a la conexina,

preferiblemente la conexina 43 (Cx43),

Poner en contacto el lisado de célula con el soporte
s6lido bajo condiciones que conducen a formar un
complejo de unifn entre un primer anticuerpo y la
conexina,

Poner en contacto el primer complejo de unién de
anticuerpo: conexina con el segundo anticuerpo, el
contacto siendo bajo condiciones suficientes para
formar un complejo de unién especifica entre el
sequndo anticuerpo y cualquier conexina fosforilada
en el primer complejo de unién de anticuerpo:

conexina,

Poner en contacto el complejo de unién primer
anticuerpo: conexina: segundo anticuerpo con un
tercer anticuerpo detectablemente marcadd que se une
al segqundo anticuerpo; y

Detectar 1la presencia del tercer anticuerpo
detectablemente marcado sobre el soporte sélido por.

ser indicativo adicional del compuesto.
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En una modalidad del método, el tercer anticuerpo del
método es detectablemente marcado con al menos uno de
biotina, FITC, TRITC, yodo radiactivo o peroxidasa. En
otra modalidad, el segundo anticuerpc es un anticuerpo
anti-fosfotirosina. En aun otra modalidad, el segundo
anticuerpo es una anticuérpo anti-fosfoserina. En
algunos casos, la deteccidn del tercer anticuerpo
detectablemente marcado se desarrolla mediante conteo

de radio o gama centelleo.

En otra modalidad, el método inmunolédgico empleado
para detectar la etapa es un radioinmunoensayo (RIA).
Preferiblemente, tal RIA incluye al nmenos y

preferiblemente todas las siguientes etapas:

a) Marcar detectablemente las células antes de
producir el lisado de célula, en donde el marcado
es bajo condiciones que conducen a marcar
conexina fosforilada, preferiblemente conexinad3
(Cx43),

b} Poner en contacto el lisado de célula con un
anticuerpec que forma un complejo de unidén

especifica con la conexina,
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c) Separar el complejo de unién del lisado de célula
detectablemente marcado, y

d) Detectar el marcado y la conexina fosforilada por
ser indicadoras adicionales del compuestc de

modulacién de unién puente.

En una modalidad del método, el anticuerpo es un
anticuerpo anti-conexina. En otra modalidad, la etapa de
deteccién comprende ademds desarrollar un ensayo de
inmunocabsorcié4n Western. El método RIA es compatible con
un amplio rango de etiquetas de marcadores detectables
sin embargo para muchas aplicaciones la administracién de

fésforo inorganico radiactivo seri preferido.

Los anticuerpos para uso con el método de invencién
anterior incluye anticuerpos anti-fosfotirosina, anti-

fosfoserina, y anti-Cx43 estidn comercialmente disponibles

de una variedad e fuentes tal como la BAmerican Type

Culture Collection (ATCC); Sigma Chemical Co., St Louis,
MO; Zymed Lab, Inc., de California y Amersham

Biosciences, U.K.

Los compuestos modulantes de hemicanal preferidos

identificados mediante el estdndar anterior en ensayo in
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Vitro muestran buena capacidad para modular fosforilacién
de Cx43, particularmente en uno o mids de los residuos
tirosina, serina y treonina, mostrados en al figura 1. El
més preferido de tales compuestos exhibe al menos un
cambio de 5% en tal fosforilacién (medida como un
incremento de la disminucién en la presencia de uno o mis
de fosfotirosina, fosfoserina y/o fosfotreonina e Cx43),
preferiblemente un cambio de al menos 10% mas
preferiblemente al menos aproximadamente 50% con relacién
a las células tensionadas en las cuales el compuesto esta
presente en una concentracidédn entre aproximadamente 0,1

nM a aproximadamente 200 nM.

Ver ejemplo 2-5 adelante para un ejemplo particular el

ensayo de fosforilacién de conexina estédndar in Vitro.

Como s8e discutid, la invencién se caracteriza por un
ensayo de toma in Vitro estdndar que se puede utilizar
para detectar y opcionalmente caracterizar compuestos
moduladores de hemicanal. El ensayo puede ser utilizado
solo o combinacién con el @ensayo estadndar de
fosforilacién de conexina in wvitro. Una modalidad
particular del ensayc de toma de estidndar in Vitro es

descrito como sigue,
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1) Cultivar una poblacién de aproximadamente 10°

miocitos ventriculares de rata confluentes en medio,

2) Estresar las células, al remplazar el medio con
medio pobre en glucosa durante menos de
aproximadamente 2horas, preferiblemente
aproximadamente 30 minutos,

3) Agregar el compuesto 1 al medio a una concentracién
de aproximadamente 0,1 pM a aproximadamente 100 nM,
4) Agregar tinte de <calceina al medio a ° una
concentracién de aproximadamente 10 a
aproximadamente 500 micromolar durante menos de
aproximadamente 2 horas Yy preferiblemente

aproximadamente 30 minutos,

5) Detectar un cambio en la toma de la calceina en las
células.

6) Medir el cambio en por ser indicativo de un

compuesto que modula la funcién de hemicanal.

La etapa de detectar el cambio en la toma de calceina
puede desarrollarse mediante una combinacién de métodos
estdndar que incluye microscopla de luz fluorescente y/o

métodos de la clase de célula relacionada. Ver ejemplo 6
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para un ejemplo particular del ensayo de toma estidndar in

Vitro.

Los compuestos preferidos detectados mediante el ensayo
de tomo estdndar in Vitre anterior exhibird al menos
aproximadamente un 5% de disminucién en la toma de tinte
(hemicanales de célula cerrada) con relacién a 1las
células tensionadas, preferiblemente al menos
aproximadamente un 20% de disminucién Y mas
Preferiblemente al menos aproximadamente un 50% de
disminucién en la presencia de entre aproximadamente 0,01

pM a 100 nM del compuesto ha ser ensayado.

Como también se discutidé la invencién suministra el
ensayo de.volumen de célula in Vitro cuyo ensayo puede
ser solo o en combinacién con uno o ambos de los ensayos
de fosforillacidén esténdar de conexina in Vitro y ensayo
de toma esténdar in Vitro. Una modalidad particular del
ensayo de volumen de célula estandar in Vitro es como

sique.

1) Cultivar una poblacién de aproximadamente 10°

miocitos ventriculares de rata confluentes en medio,
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2) Cargar las células con entre desde aproximadamente
0,5 a aproximadamente 100 micromolar de calceina-AM,
preferiblemente aproximadamente 5 micromolar durante
menos de aproximadamente 2 horas y preferiblemente
aproximadamente 15 minutos,

3) Estimar el volumen en células al detectar vy
preferiblemente cuantificar la seflal proveniente de
la calceina-AM,

4) Agregar el compuesto 1 al medio a una concentracién
de aproximadamente 0,01 nM a aproximadamente 100 nM,

5) Tensionar las células al cultivarlas en un medio
pobre de glucosa,

6) Detectar un cambio en el volumen celular con
relacién a u control adecuado,

7) Medir el cambio por ser indicativo de un compuesto

que modula la funcién de hemicanal.

La etapa de detectar el cambio en el volumen celular se
puede desarrollar mediante uno o una combinacidén de
método§ estdndar que incluyen microscopia con focal laser
y/o métodos de la clase de célula relacionada. El ejemplo
7 suministra un ejemplo ﬁarticular del ensayo estandar de
volumen celular in Vitro exhibira al menos

aproximadamente una disminucién del 5% en el volumen
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celular (hemicanales cerrados) con relacidén a las células
tensionadas, preferiblemente al menos aproximadamente un
20% de disminucién y mas preferiblemente al menos
aproximadamente un 50% de disminucién en la presencia de
entre aproximadamente 0,01lnM a 100nM del compuesto a ser
ensayado. Los compuestos seleccionados de acuerdo con
este ensayo exhibirdn flujo de osmolitos a través de los
hemicanales y ayudaran a mantener el volﬁmen celular
normal durante las condiciones que produce el
Pinchamiento celular. De manera importante el
hinchamiento celular esta asociado con perfusién dafada
en Organos secundados por una capsula fibrosa (por
ejemplo, corazén, rifién, misculo del esqueleto) o hueso
{cerebro, espina dorsal) y por lo tanto compuestos con
propiedades de bloqueo de hemicanal pueden ser utilizado
en el tratamiento de enfermedades asociadas con el

hinchamiento celular.

Los experimentos de control adecuadeos son generalmente
ajustados para uso en un formato de ensayo particular.
Por ejemplo, la mayoria de los experimentos e control
involucran someter una muestra de ensayo (por ejemplo una
poblacién de cardiomiocitos de rata) cultivados a

condiciones de no tensién tal como incubacién en medio.
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Tipicamente, el agua, amortiguador, la solucién salina
amortiguada con fosfato o similar se agregan al ensayo en
lugar de el o los compuestos a ser ensayados en paralelo
o por separado. Un ensayo deseado es entonces conocido de
acuerdo con los métodos presentes.’ Los ejemplos
especificos de los controles adecuados son suministrados

en la seccibén de ejemplos.

La practica de la invencién es compatible con un amplio
Fspectro de ensayos de deteccidébn convencionales. Tales
ensayos pueden ser desarrollados manualmente, semi-
manualmente, o en un formato automatizado seglin sea
necesario. Para las aplicaciones en las cuales se
requieren estrategias de tamizado ridpido o a gran escala,
la invencién es adicionalmente compatible con las
metodologias de tamizado estidndar de “alta capacidad” y/o
“ultra alta capacidad”. Ejemplos de tales métodos
incluyen ensayos del tipo de lé&ser inmunoldégica o de

célula tales como los descritos aqui.

Como se discutid, la presente invencién es compatible con
un amplio espectro de estrategias de ensayo. Asi en
algunas modalidades, los ensayos adicionales de

compuestos candidato se desarrcollaran in vivo para

Z3>
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ensayar y confirmar preferiblemente la actividad
modificadora de hemicanal. Por ejemplo, una o .- una
combinacién de los métodos estdndar in Vitro descritos
aqui se puede utilizar para ensayar adicionalmente los
compuestos para la actividad moduladora de hemicanal en
el modelo de arritmia estdndar in vivo. El1 ensayoc de
arritmia de ratén estédndar in vivo, descrito adelante
como ejemplo de referencia 1 se ha descrito en la PCT/DK
01/00127 (WO 01/62775) y PCT/US 02/05773 (WO 02/077017)

por B, Larsen et al.

Los compuestos candidatos identificados por uno o mis de
los métodos de 1la invencidén tiene una variedad de
aplicaciones importantes que incluyen el uso de sondas
para identificar uniones puente y particularmente
hemicanales en un rango de células, tejidoa y érganos.
También, tales compuestos se pueden utilizar como sondas
para detectar las uniones puente y los hemicanales en
varios desarrollos y estados de enfermedad y como sondas
para detectar aquellas &estructuras con diferente
decoracidén de carbohidrato y/o patrones de fosforilacién.
Tales compuestos encuentran uso adicional como .

componentes de soporte sbélido para purificacién " de
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componentes de unidén puente de acuerdo con procedimientos

cromatogradficos estéandar.

Los compuestos seleccionados mediante los ensayos in
Vitro y/o in vivo descritos aqui se pueden utiliza r como
medicamentos para evitar o tratar condiciones impactadas
mediante la abertura incrementada de hemicanales
(permeabilidad de membrana de célula incrementada a los
compartimientos extracelulares), por ejemplo, heridas
Fales como quemaduras, trombosis, acidosis respiratoria y
metabdlica, hinchamiento de tejido por ejemplo debido a
toxinas bacteriales y ambientales y arritmias focales.
Otros métodos de la invencién se pueden emplear para
proteger las células de camblos de volumen destructores.
Tales cambios pueden ser facilitados por una o una
combinacién de factores que incluyen tales Cambios se
pueden facilitar por uno o una combinacién de factores
que incluyen calor excesivo, isquemia, toxina,
inflamacién, edema, alteracién de electrolitos, niveles
incrementados de glucosa, y complicaciones diabéticas
tardias. El1 tratamiento de fibrilacién atril crénica
asociado con fosforilacién de serina implementada también
se contempla. Los compuestos adicionales se pueden

utilizar como medicamentos, para prevenir, tratar,

237



59

aliviar, o reducir 1la severidad de 1las siguientes
condiciones. Ver también la solicitud PT/DK01/00127 (WO

01/62775) y PCT/US02/05773 (WO 02/077017).

Los métodos terapéuticos de la invencidn comprenden
generalmente la administracién de una cantidad
terapéuticamente efectiva de uno o una combinacién de
compuestos modulares de mi canal descritos aqui a un
sujeto necesitade de tal tratamiento, tal como un
mamifero, y particularmente un primate tal como un
humano. Los métodos de tratamiento de la invencién
también comprenden la administracién de una cantidad
efectiva de un compuesto de formula I, o II como se
definié anteriormente a un sujeto, particularmente un
mamifero tal como un humano necesitado de tal tratamiento

para una indicacién descrita aqui.

Los sujetos tipicos incluyen mamiferos que sufren de una
combinacién de desordenes que se suministran aqui
incluyendo 1las condiciones descritas adelante en las

secciones A-R.

A, Tejido nervioso

2KD
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Es bien conocido que la microglia es el principal
efectuador inmune del sistema nervioso central (CNS), vy
que ellos son activados en respuesta a un amplio rango de
dafios que disparan 1las respuestas inflamatorias del
cerebro, incluyendo dafio de la cabeza e isquemia,
enfermedades neurodegenerativas, enfermedades
autoinmunes, enfermedades infecciosas, enfermedades de
priones tumores cerebrales. La microglia activada migra a
las areas CNS dafadas, donde ellas proliferan, y remuden
gradualmente los desechos celulares. Eugenin et al mostré
que la microglia puede comunicarse una con la otra a
través de las uniones puente que son inducidas por
citoquinas inflamatorias (Eugenin, E A, et al. Proc.
Natl. Acad. Sci. USA, VOL.98, 4190-4195, 2001). Esto se
demostré en los siguientes experimentos. En heridas de
arma blanca en el cerebro, microglia progresivamente
acumulada durante varios dias y agregados formados que
frecuentemente muestran inmunoreactividad Cx43 e
interfaces entre células. En cultivos primarios 1la
microglia mostré bajos niveles de Cx43 determinada
mediante bandas de proteina, inmunoreactividad
intracelular difusa de Cx43 y baja incidencia de
acoplamiento de tinte. El tratamiento con

lipopolisacarido bacterial inmunoestimulante (LPS) o las
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citoquinas interferén-gama (INF-gama) o el factor alfa de
de necrosis tumoral (TNF-alfa) uno a la vez no incrementa
la incidencia del acoplamiento de tinte. Sin embargo, 1la
microbia tratada con INF-gama mis LPS mostré un dramétice
incremento en el acoplamiento de tinte que fue evitado
por la coaplicacién de un anticuerpo anti-TNF-alfa
sugiriendo la liberacién y accién autocrina de TNF-alfa.
El tratamiento con TNF-gama m&s TNF-alfa también
incrementé grandemente la incidencia del acoplamiento de
Finte y los niveles de Cx43 con translocacién de Cx43 a

los contactos célula-célula.

El acoplamiento de tinte inducido por citoquina fue
inhibido reversiblemente mediante 4cido 18-

glicirretinico, un Dbloqueador de 1la unién puente.

Microglia cultivada de ratén también expreso Cx43 vy

desarrollo acoplamiento de tinte luego de tratamiento con
clitoquinas, pero la microbia de ratones o homocigotos
deficientes en Cx43 no desarrollo acoplamiento
significativo de tinte después del tratamiento con INF-
gama mds LPS o INF-gama mas TNF-alfa.

La expresién forzada de las proteinas de unién puente,
conexinas, posibilita que las 1lineas de célula

deficientes en unién puente propaguen las ondas de calcio
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intercelular. Cotrina et al. Demostrd que la secrecién de
ATP proveniente de lineas celulares pobremente acopladas,
glioma C6, HelLa, y gliobastoma U373 es potenciada 5 a 15
veces mediante la expresién de conexina. Estas
observaciones indican que la sefializacién célula a célula
asociada con expresiones de conexina da como resultado
una liberacién mejorada de ATP mediada a través de
hemicanales de conexina (Cotrina ML et al. Proc. Natl
Acad Sci U S A 1998 Dec 22, 95 (26):15735-40; Cotrina et
al.: J Neurosci 2000 Apr 15;, 20(8):2835-44). Més aun,
durante las condiciones con intensién metabbélica (por
ejemplo isquemia). La 1liberacién de ATP mediada por
hemicanal proveniente de astrositos puede afectar las
neuronas vecinas y elicitar elevaciones en calcio
intracelular lo que a su vez puede tornarse en apoptésis

y muerte neuronal.

Debido, por ejemplo, a la fosforilacién de la tirosina
Cx43 mediante el compuesto I y el compuesto II, la
administracién de estos compuestos ayudara en el
cerramiento del hemicanal y facilitard la comunicacién
intercelular de microglia y aumentarid de esta manera o
acelerard el proceso de “curaciétn” en las enfermedades

anteriormente mencionadas (respuestas inflamatorias del
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cerebro, incluyendo dafioco en la cabeza e isquemia,
enfermedades neurodegenerativas, enfermedades
autoinmunes, enfermedades infecciosas, enfermedades de
prion, y tumores cerebrales). Adicionalmente, se espera
que en cierre de hemicanales evitarid la liberacién de ATP
y asi reducirA

el esparcimiento de dafio primario.

B. Tejido del pulmén: Células alveclaras

La comunicacién intercelular alveolar por via de las

uniones puente entre -células alveolares es importante

para la propagacién del transporte de ién, la

transduccién de sental mecanoquimica, la regqulacién del'

crecimiento celular y la secrecién del factor de
tensocactiveo (Ashino Y, et al. (Am J Physiol Lung Mol
Phigiol 2000; 279:1L5-L13)). La reparacién in vivo después
de un dafic inflamatorio aéudo o crénico de la regidn
alveolar del pulmén inveolucra la formacién de
fibronectinas como parte de 1la matriz extracelular.
(Charash EW, et al. (Am Rev Respir Dis 1993; 148: 467-
476) y Toricata C, et al. (Lab Invest 1985; 52:399-408)).
Los estudios de cultivos de célula epitelial alveolar han

demostrade un nimero creciente de unicnes fuente en
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paralelo a un incremento de la concentracién de
fibronectina extracelular (Alford AI, Rannels DE. (Am J
Physiol Lung Cell Mol Physiol 2001; 280:L680-L688)).
Estudios de animales in vivo han encontrado un ndmero
decreciente de uniones puente después de inflamacién
pulmonar severa inducida por diéxido de nitrdégeno tanto
en el tejido alveolar, las paredes de los bronquiolos
terminales, los ductos alveolares y los alvéclos
peribronquiolares. Estos hallazgos fueron dependientes de
gosis. Sin embargo, si se pretrata con taurina esta
perdida de uniones puente se evita en paralelo con menos
reacciones inflamatorias pronunciadas. Hallazgos
similares fueron vistos después de la irradiacién del
pulmén de rata y después del tratamiento con el compuesto

quimioterapeutico, bleomicina.

Asi, el mantenimiento de la comunicacién de la unién
puente en el tejido del pulmén es importante para evitar
la fibrosis del pulmén y la cantidad disminuida de
conexina es vista como una reaccidén a los procesos
inflamatorios, a varios estimulos téxicos. Tales como
inhalacién de gas, sustancias destructivas aéreas e
irradiacién. El pretratamiento con un compuesto de la

invencién que fosforila los residuos de tirosina Cx43,
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facilita el cerramiento de hemicanal y/o la abertura de
la unién puente o la comunicacién de la unién puente se
indicard antes de la irradiaclén terapéutica donde los
pulmones son expuestos, por ejemplo, en cancer de pulmén,
tratamiento de cincer de seno, cénceres de tiroides y del

esbédfago.

El tratamiento c¢on un compuesto que facilita o media el
cerramientc hemicanal y/c la abertura de unién puente
gvitaré el deterioro adicional de la funcién pulmonar en
el enfisema, asbestosis, silicosis, fibrosis pulmonar,
neumonitis, fibrosis de pulmén inducida por droga y en
pacientes expuestos a gases téxicos pulmonares tales como
diéxido de nitrégeno. El1 tratamiento preferiblemente se
agregaré al tratamiento convencional de estas
condiciones. El compuesto puede ser administrado
oralmente, parenteralmente, nasalmente o por via de

inhalacién pulmonar.

C. Mfsculo suave.

l. Sistema wvascular.

2 22
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La comunicacién intercelular a través de canales de unién
puente juega un papel fundamental en la regulacién y
modulacién del tono de miocito vascular a través del
drbol vascular (Christ GJ, et al. Circ Res. 1996; 79:
631-646)). Otro papel importante de la comunicacién de la
unién puente es el esparcimjento de la hiperpolarizacién
entre células de misculo 1liso involucradas en la
respunesta a la relajacién wvascular (Benny JL, et al,

Physiol Herat Circ Physiol 1994; 266: H1465-72)).

Las funciones especializadas del endotelic requieren
comunicacién intercelular de la unién puente entre las
células endoteliales dentro de la monocapa y entre el
endotelio y otras células presentes en la pared vascular.
La comun:i:cacién entre estos diferentes tipos de célula
por via de las uniones puente en los capilares coronarios
asi como también en otros vasos se han documentado en
varios estudios. Evidencia de la involucracién en
arteriogénesis adaptativa también ha sido demostrada (Cai
W-J, et al. J Mol Cell Cardiol 2001; 33:957-67), Wang H-
Z, et al. Am J Physiol Cell Physiol. 2001 ;281: C75-88),
Schuster A, et al. Am J Physiol Heart Circ Physicl. 2001;

280: H1088-96)).
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En diferentes situaciones patefisioldégicas vasculares
donde la monocapa endotelial es rota como en las lesiones
hipercolestrolémicas inducidas por dieta la comunicacién
de la unién puente se disminuye en los miisculos lisos
vasculares (Polacek D, et al, J Vasc Res 1997; 34: 19-30)
El dafio en la capa celular endotelial es visto durante la

estasis venosa Y cuando la trombofliebitis es

desarrollada. Kwak BR, et al. Molec Biol Cell 2001:.

12:831-845 ha demostrado claramente que la comunicacién
de la unién puente sirve para coordinar la migracién
celular durante el reparamiento endotelial y también es

importante para el brote capilar durante la angiogénesis.

El tratamiento con los compuestos de la invencién que
facilitan el cerramiento del hemicanal y/o la
comunicacién de la unié puente mejorarad la comunicacién
intercelular dafiada en las Areas vasculares afectadas, y
serd particularmente Gtil durante la isquemia de 6rgano,
por ejemple claudicatio intermitent e infarte del

miocardio.

Sin embargo después del dafio de catéter de globo en
cardtidas de ratas el proceso de curacidn vascular es

caracterizado por la comunicacién®” de unién puente
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incrementada. (Yeh HI, et al. Arterioscle Thromb Vasc
Biol 1997; 17:3174-84). Un compuesto adecuado de la
invencién serd administrado antes de la intervencién del
globe y es preferiblemente una terapia agregada al
tratamiento médico convencional de esta condicién. La
administracién del compuesto sera preferiblemente
parenteral. El efectec puede ser ensayado en muestras de
tejido antes y en diferentes momentos después del daflo de
catéter de globo. El1 méas .répido curaminto de 1la
superficie endotelial serd wvista utilizando microscopia
convencional. También se encontrarda lamedora de la
comunicacién de la unién puente. Ver también Arterioscle

Thromb Vasc Biol 1997;17:3174-84).

2. Disfunsibdn eréctil

En el cuerpo cavernoso una red celular sincital se
establece por via de la unién puente y es critica para la
funcién eréctil y asegura que las células del misculo
liso corporal y arterial del pene respondan de una manera
uniforme y coordinada. (Christ GJ. (Int J Impot Res.
2000; 12 suppl. 4:515-25), Merman A, Christ JC. (Urolog
Clin North America. 2001; 28:217-31)). La funclén eréctil

dafiada se ve en diabetes, arteriosclerosis, diferentes

%
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enfermedades neurcldgicas y muchas enfermedades crénicas.
De los estudios en diabetes una correlacién inversa entre
la 1inervacién neural y el punto de acoplamiento

intercelular hacia la plasticidad funcional pofencial del

ambiente corporal aunque no estableciendo la comunicacién,

intercelular funcional por via de la unién puente.

El tratamiento con un compuesto que facllita el
cerramiento del hemicanal y/o la abertura de la unién
puente mejorara la comunicacién por via de la unién
puente y normalizard de esta manera la coordinacién
compleja entre las células de misculo liso en el cuerpo

cavernoso y los vasos.

Los ensayos farmacolégicos in vivo de la de la funcién
eréctil del compuesto puede ser ensayada 10 semanas
después de diabetes inducida por estreptozotocina (35
mg/kg i.p) en ratas (de B8 semanas de edad) como se
describié por Rheman J, et al. (Am J Physiol
1997;272:H1960-71). Los reflejos del pene y la presién
intracavernosa son medidos durante.. la administracién
local y sistémica de diferentes dosis de los compuestos
diferentes modulantes de hemicanal con mediciones vy

técnicas descritas por el mismo grupo de investigacién.
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Un incremento en los reflejos del pene y en la presién
intracavernosa del 25% o superior puede ser vista. El
tratamiento de la disfuncién eréctil se puede administrar
bien sea localmente en el cuerpo del pene, como una
inyeceiédn subcutdnea u oral. El tratamiento puede ser de
monoterapia o agregado al tratamiento convencional de

esta condicién.

3. Incontinencia.

Los masculos 1lisos en 1la vejiga de orina son
caracterizados por contracciones fésicas y muestran
contracciones f4sicas espontdneas. Sin embargo la vejiga

es en condicién saludable capaz de contener varios

cientos de mililitros de orina sin mostrar una presién

intravesical incrementada. Como contraste a la vejiga
normal las vejigas inestables desarrocllan espontaneos en
la presién intravesical relacionada con el estimulo de
incontinencia {(Turner WH, Brading AF. (Pharmacol Therap
1997; 75:77-110). Comparado con el  miscule liso
gastrointestinal los misculos lisos de 1la vejiga no
generan esponténeamente contracciones coordinadas
(Stevens RJ. Et al. (Am J Physicol, 199; 2777:C448-60),

Hashitani H, et al. (J Physiol. 2001; 530:273-86)). Ambas
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comunicaciones eléctricas y morfolégicas por via de las
uniones Puente entre las células del misculo liso en 1a.
vejiga han sido recientemente demostradas (Hashitania H.,
et al. (J Physiol. 2001; 530:273-86), Wang H-Z, et al.
(Urology 2001; Suppl 6A: 111)). La importancia de estas
seflales Puente se demostr® mediante 1la inhibicién
especifica de la comunicacién. Las ondas de la exitacién

espontidnea en el misculo liso o de la vejiga se propagan

a través de las uniones puente,.

La incontinencia estimulada no controlada por lo tanto
serd regulada por via del tratamiento con un compuesto de
cierre de hemicanal o un abridor de unién puente. La
administracién serd parenteralmente, oralmente o dentro
de la vejiga urinaria. La administracién sera
preferiblemente como un agregado a un tratamiento con
drogas destinadas a normalizar la contraccién muscular en

la vejiga de orina.

Las c¢élulas mioepiteliales son presentadas en ductos
glandulares submandibulares, en la uretra, en los ductos
de bilis, los ductos pancredticos, los ductos de lagrimas
estédn conectados con las uniones puente y la comunicacién

intercelular es esencial para la sincronizacién de 1la
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funcién contractil de las células mioepiteliales {Taugner
R, Schiller A.{Cell Tissue Res. 1980;206: 65:72). La
contractilidad afectada en estos ductos se puede
normalizar mediante tratamientos con incompuesto de
cierre de hemicanal o un abridor de unidén puente

administrado parenteral u oralmente.

D. Curacién

El efecto profilidctico del tratamientoc con un agente de
cierre de hemicanal o un abridor de unién puente, tal
como el compuesto 1 y el compuesto 2, se puede ensayar en
una configuracidén experimental como se describié por Yeh
HI, et al.(Arterioscle Thromb Vasc Biol 19%7; 17:3174-
B4). El compuesto 1 o el compuesto 2 se pueden
administrar antes de la intervencién del globo utilizando
dosis en el rango de 10-11 a 10-8 dependiendo de las
cinéticas biolégicas del compuesto, por ejemplo como se
determiné en el modelo de arritmia inducido por cloruro
de calcio descrito anteriormente. El tejldo puede ser
muestreado antes y en diferentes momentos después del
dafio con catéter de globo. La curacidén mis rapida de la

superficie endotelial serd vista utilizando microscopia
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convencional. La administracién del compuesto sera, por

ejemplo, parenteralmenet.

Los  progresos de la curacién en una serie de fases
traslapantes iniciando con hemostasis (coagulacién). La
segunda fase del proceso de curacién es una cascada de
respuestas inflamatorias donde los micréfonos se acumulan
en el lado de la herida y la formulacién de tejidos en
granulacién inicia involucrando fibrolastos linfocitos
entre otros componentes. Las células epiteliales
iniciaran entonces a migrar desde la frontera de 1la
herida para cubrir el A4rea. Los conductos capilares
provenientes de tejido normal en la herida también se
involucran con el fin de asegurar el suministro de
nutrientes, oxigeno y las diferentes células. Todas las
células y las células endoteriales c;pilares tienen unas
uniones fuente por via de comunicacién intracelular viva
(Abdullah KM, et al. (Endocrine. 1999; 10:35-41). Las
d4reas con suplemento de bajo oxigeno y/o alta
concentracién de radicales libres a menudo se ven en las
heridas con tejido necrético, en diabetes, en
arteriosclerosis, en heridas de cirugia, edema,

infeccidn, heridas de quemada y en insuficiencia wvenosa
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disminuirédn la comunicacién de unién puente (Nagy JI, et

al. Cell Growth Diff. 1996; 7:745-51})).

El tratamiento con un compuesto de cierre de hemicanal o
un abridor de unién puente asegurard la comunicacién
méxima de la unién punte entre las diferentes células gque
se considera que juegan un papel importante en el proceso
de reparacién complicado y mejora de esta manera la
reparacién de la herida. El1 compuesto serd administrado

tépicamente, sistemidticamente u oralmente.

E. Retinopatia diabética

La retinopatia diabética puede ser diagnosticada muy
temprano después del ataque de la enfermedad al
identificar alteraciones en el indice de la ruptura de
flujo sanguineo (Bursell S5-V, et al. (Curry Eye Res.
1992; 11:287-95), en la barrera sangre-retina {(Cunha-Vaz
JG. Et al. (Br JG. Et al. (Br J Ophthalmol. 1975; 59:
649-56), Do Carmo A, et al. (Exp Eye Res. 1998;67: 569-
75)) y/o perdida de autorregulacién (Kohner EM, Patel V,
Rassam SMB. (Diabetes 1995; 44:603-607)). Al utilizar
tanto transporte de trazador como técnicas de abrazadera

de parche de doble célula Oku H, et al. (Invest
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Ophthalmol Vis Sci.2001; 42: 1915-1920) ha demostrado un
acoplamiento extensivo célula a célula. El cierre de las
sendas de la funcién puente rompe la organizacién
multicelular de los microvasos de la retina y contribuye
a la disfusidén vascular diabética de la retina. Zhou 2Y¥,
et al. (Neuroscience. 2001:102:959-67) demostrd
adicionalmente que el oxigeno reactivo estd involucrado
en el desacoplamiento de la unidén puente de la retina y
un reaccplamiente cuando se suministra la glutacién.

El efecto de los cerradores de hemicanal sobre la
retinopatia diabética puede ser estudiada in Vitro
utilizando el modele de rata diabética inducida por
estreptozotocina como se describié ~anteriormente. Los
microvasos de retina recientemente aislados (Sakagami K,
et al. J Physiol (Lond). 1999; 521: 637-50) se
transformari vidrios de cubierta como se describié por
Oku H, et al. (Invest Ophthalmo Vis Sci. 2001; 42:1915-
1929). En esta preparacién la comunicacién intercelular
entre las células en la pared vascular se medirdn bien
sea con tinte o con trazador. Las diferentes
concentraciones en el rango de 10-10-10-7 M de los
compuestos de la invencién, por ejemplo, el compuesto 1
de abridores de unién puente o el compuesto 2 se pueden

ensayar y 8se verda un incremento significativo en 1la
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comunicacién intercelular comparado con la linea base en
la retina diabética. Una mejora similar se verd cuando se
comparan con los controles animales saludables). El
tratamiento serd sistémico, local u oral. La terapia es
preferiblemente una agregada al tratamiento antidiabético

convencional.

No solo 1la retinopatia diabética sino también otras
anormalidades basculares en la retina como por ejemplo la
arteriosclerosis se beneficiaran del cierre incrementado
de los hemicanales © una ¢omunicacién de unién puente
mejorada mediante el tratamiento con un compuesto gque
ayuda a la fosforilacién de tirosina Cx. El compuesto

serd administrado parenteralmenet.

F. Desordsnas cardiacos.

1. Bloque Atrial-ventricular (AB)

La comunicaciédn intercelular en el nodo av cardiaco se
mantiene por via de las uniones puente. La funcidn
diminuida lleva a una conduccién disminuida y puede

llevar a un bloqueo total a-v.

Z 5>



77

El bloqueo AV se ve en el infarto agudo del miocardio, en
enfermedades isquémicas cardiacas, intoxicacién con
digitales, Intoxicacién del bloqueador de canal de calcio
Yy un compuesto de cierre de hemicanal mejorarad la
conduccién av. La administracién del compuesto de cierre

del hemicanal deberid ser parenteral u oral.

2. Fibrilacién atrial

Nao et al. 2001 ha encontrado fosforilacién de serina
disminuida de conexina 40 en las células del miocardio de
pacientes que sufren de fibrilacién atrial crémica (AF).
La fosforilacién de serina disminuida de conexina es
conocida por estar conectada con el desacoplamientoc de
células que pueden conducir a AF. Si esta condicién de AF
crébnica también se caracteriza por la fosforilacién de
tirosina disminuida de conexinas, entonces el tratamiento
con un compuesto tal como el compuesto 1 o el 2 de aqui
puede incrementar la fosforilacién de tiroxina, cerrar
los hemicanales, abrir los canales de unién puente vy

remover las causas de AF.

3. Dafic de isquemia/reperfusién

-8
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Durante la isquemia regional, los corazones son expuestos
a tensién metabdlica que origina el inchamiento de las
células que a su vez incrementa la perfusién del tejido
en la zona limite isquémica. Se cree que la perfusién
reducida en la 2zona de limite esquémico contribuye al
gradual esparcimiento del infarto, que esta asociado con
el daflo adicional de la funcién cardiaca. Como se muestra
en los ejemplos 7 y 8, el compuesto 1 evita el
hinchamiento de la célula durante la isquemia, reduce el
tamafio del infarto y evita el dafio de la funcién cardiaca

después del infarto del miocardio.

Mas ain, la perfusién coronaria se restablece en
pacientes con infarto del miocardio al administrar un
agente trombolitico o mediante angioplastia corcnaria
transluminal percuténea (PTCA) . Aunque el
restablecir;liento de flujo sanguineo es un prerrequisito
el salvamente del miocardio, la reperfusién misma puede
conducir al dafio adicional del tejido mas allad de aquel
generade por la isquemia sola-esta es conocida como “dafio
por repercusién”. Los mecanismos propuestos para
contribuir al dafio por reperfusién son mismos, incluyendo
la sobrecarga de radicales libres de oxigeno, daflo del

miocardio mediado por neutréfilo, sobrecarga de calcio
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intracelular, y cambios en el ambiente osmbético (Wang et

al., Cardiovasc Res. 2002 Jul; 55{(1):25-37. Revisién).

Existe reconocimiento de que 1la osmolaridad de 1los
fluidos corporales es estrictamente controlada de tal
forma que la mayoria de 1las células no experimenten
cambios en la presién osmética bajo condiclones normales,
sino que pueden ocurrir cambios osméticos en los estados
paﬁolégicob tales como la isquemia, el choque séptico, y
91 coma diabético. El efecto primario de un cambio es la
os molaridad es alterar agudamente el volumen celular. Si
la os molaridad al rededor de una célula se disminuye,
las células se inchan, y si se disminuyen, este encoge.
Con el fin de tolerar los cambios en la osmolaridad, las
células han evolucionado mecanismos requlatorios de
volumen activados mediante el reto osmético al normalizar
el volumen celular y mantener la funcién normal. En el
corazén, la tensién osmética de encuentro durante un
periodo de isquemia del miocardio cuando los metabolitos
tales como lactatc se acumulan intracelularmeﬁte y en
cierto grado extracelularmente, y originan el inchamiento
de la célula. Este inchamiento puede ser exacerbado
adicionalmente en la reperfusién cuando el ambiente

extracelular hiperosmético es reemplazado por sangre
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normosmética y esta puede causar a un la ruptura de las

membranas de la célula cardiaca (Wriggth AR, Rees SA:

Pharmacol Ther, 1998 Oct; B80(l): 89-121. Review). Asi, se
cree que los compuestos seleccionados de acuerdo con la
presente invenciéq evitaradn el dafilo del miocardio durante
la reperfusién, por ejemplo, mediante un mecanismo
similar para el efecto descrito en el ejemplo 7 (figura

9A) .

gdeméa, se ha reportado que durante el preocedimiento PTCA
cominmente utilizado, la placa ateroesclerética es rota
lo cual origina la microembolizacién en la
microcirculizacién distante del sitio del procedimiento
PTCA, lo cual esta asociado con la progresidén acelerada
de la falla cardiaca y la mortalidad incrementada
Henriques JP et al:. Eur Herat J 2002 Jul; 23 (14): 1112-
7). Como se mostrd en los ejemplos 7 y 8, el compuesto 1
evita el hinchamiento celular durante la isquemia, reduce
e tamafio del infarto y evita el dafio de a funcién
cardiaca después del infarto del miocardio y estas
propiedades de compuesto reducirdn el dafio durante la

reperfusién.
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De acuerdo con esto, la invencién suministra un método de
citoproteccién de tejido o un 6rgano de un mamifero
necesitado de tal tratamiento. En una modalidad, el
método incluye administrar una cantidad terapéuticamente
efectiva de al mencs n compuesto seleccionado del grupo
que consiste de 1los compuestos representados por 1la
formula I o II. Por la frase “citoprotector” que
significa reducir, evitar o aliviar sintomas asociados
con hinchamiento celular no deseado. Los tejidos vy
prganos particulares que 8se beneficiardan del método
incluyen aquellos confinados o impactados de otra manera
con una céapsula fibrosa tal como corazébn o rifibn., También
estan incluidos los tejidos asociados con el hueso tal

como cerebro, espina dorsal y médula ésea.

En una modalidad, el método incluye adicionalmente
exponer el tejidec u oérgano del mamifero condiciones
lsquémicas tal como aquellas descritas aqui. U? ejemplo
es el infarto del corazén (ataque cardiaco) en el cual la
isquemia esta asociada con el hinchamiento celular dafiino
del miocardio. En una modalidad, tal inchamiento se puede
reducir o evitar administrar al menos uno de Ac-D-Tyr-D-
Pro-D-4Hyp-Gly-D-Ala-Gly-NH2 (compuesto 1) y Ac-Gly-Asn-

Tyr-NH2 (compuesto 2) al mamifero.
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Como se discutié un método para evitar o tratar el dafio
por reperfusién en un mamifero también se suministra por
mediante la invencién. En una modalidad, el método
inclugg administrar una cantidad terapéuticamente
efectiva de al menos un compuesto selecclonado del grupo
gque consiste de los compuestos representados por 1la
formula I o II. En una modalidad mAs especifica, el
método incluye ademids el corazén del mamifero a
condiciones de infarto. De acuerdo con el método, es
deseable establecer la perfusidén corconaria, tipicamente
tan rdpidamente como sea posible. En algunas modalidades,
el método adicionalmente incluir& administrar un agente
trombolitico (por ejemplo activador de plasmindégeno de
tejido (“TPA”)) O suministrar angioplastia coronaria para
facilitarla perfusidén corcnaria en el corazé4n infartado.
En una modalidad, el compuesto es al menos uno de Ac-D-
Tyr-D-Pro-D-4Hyp-Gly-D-Ala-Gly-NH2 (compuesto 1) Y Ac-

Gly-Asn-Tyr-NH2 (compuesto 2).

G. Inmunologia: Maduracién celular

Las interacciones célula a célula son cruciales para la

maduracién y activacién del, linfocito. Un amplio rango
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de moléculas de membrana asegura la adhesién intercelular
y posibilita el seflalamiento célula-célula durante la
migracién de la célula y la activacién del sistema
inmune. Los linfocitos humanos T, B y NK circulantes
expresan Cx43 y las uniones fuente activas entre las
células han sido demostradas utilizando métodos de tinte
como se -describid previamente. También se ha demostrado
gque disminuir el acoplamiento de la unién de puente
intercelular disminuye marcadamente la secrecién de IgM,
;gG e IgA indicando que la sefializacién intercelular a
través de las uniones puente es un componente importante
del mecanismo subyacente de cooperacién metabélica en el
sistema inmune (Oviedo-Orta E, et al. (Inmunology, 2000;
99:578-90), Oviedo -Orta E et al. (FASEB. 2001; 15:768-

774)).

En inflamacién subcrénica o crénica es deseable un
incremento local en 1las sintesis de inmunoglobulinas
independientes de la etiologia. Durante la inflamacién el
tejido es a menudo diferente del tejido normal saludable
y una tensién baja de oxigeno produce el desacoplamiento
de la comunicacién de la unién puente intercelular. La
importancia del oxigeno bajo para el desacoplamiento GJIC

se ha demostradec en varios diferentes sistemas de célula



sugiriendo que la tensién de oxigeno es un requlador
universal del GJIC. Dicho desacoplamiento es un resultado
de la fosforilacién alterada de tirosina y/o serina y/o
treonina de las conexinas en los canales de unién puente,
y la administracién de un compuesto de la invencién tal
como el compuesto 1 o 2 contra J;estaré este efecto,

cerrar los hemicanales y restablecerd GJIC.

H. Mejorar GJIC

Existen badsicamente dos maneras de mantener el GJIC, o al
mantener los canales de la unién puente abiertos o al
facilitar el corte de los hemicanales. En el tratamiento
0 prevencién de los estados de enfermedad caracterizados
por la presencia de condiciones isquémicas, ambas vias

son preferidas o recomendadas.

En cultivos primarios de cardiomiocitos ventriculares en
rata neonatal, la privacién de oxigeno y glucosa conduce
a una disminucién en 1l1la simulacién inducida por
noradrenalina de fosfoinositol (PI) cambiado a aplicacién
50% del nivel en condiciones atmosféricas y nutricionales
normales. El compuesto 1 modificador de la unién puente

se ha mostrado gque normaliza esta estimulacién dafiada
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inducida por noradrenalina de vuelco de PI durante la
privacién de oxigeno y glucosa al elevar el vuelco de PIX
a una aplicacién de 9%0% del nivel normal. Mas adn se ha
mostrado que el compuesto 1 no altera el nivel inducido
por noradrenalina de vuelco de PI durante las condiciones
atmosféricas y nutricionales normales 8Meier, E y Beck, M
M: 2001 International Gap Junction Conference, Aug 4-9,
2001, BRawai, USA, abstract no. 132). De manera similar,
en cultivos de osteoblasto humano cultivados y en hipoxia
ge lineas celulares de osteosarcoma en rata osteoblastica
disminuye 1la ©propagacién de la onda de calcio
intracelular medida como transferencia de tinte después
de inyecciones de amarillo 1lucifer. Esta disminucién
podria ser completamente reversada mediante tratamiento
con el compuesto 1 (Teilman, S C, et al.: 2001
International Gap Junction Conference, Aug 4-9 2201,

Hawai, USA, abstract no. 176).

Debido al desacoplamiento celular durante la inflamacién,
por ejemplo, un compuesto que cierra hemicanales y abre
las. uniones puente mejorara la sintesis de las

inmunoglobulinas durante la inflamacién.

1. Neuropatia Periférica y dolor neuropitico



86

La neuropatia periférica y el dolor como se ven en la
diabetes, durante la didlisis, cirrosis del higado y
muchas otras condiciones son reportadas por involucrar
tanto nervios sométicos co o autondmicos. Los mecanismos
exactos del dafio del nervio periférico en varias
condiciones estidn bajo investigacién pero la destruccién
Terminal del nervio, disminucién de 1la conductancia,
desmielinizacién y repuesta inflamatoria creciente han
;ido descritas, Comin a varias condiciones en una
configuracién experimental son que son vistos radicales
libres incrementados, 6xido nitrico incrementado, tensién
y falta de oxigeno y de los absorbedores de radical libre
Yy se registra la reducciédn de la comunicacién de la unién
puente (Pitre DA, et al. (Neurosci Lett. 2001; 303: 67-
71), Bolanos JP, Medina JM. (J Neurochem. 1996; 66:2019-
9), Low PA, Nickander, KK. (diabetes 1991; 40:873-7),
Levy D, et al. Neurosci Lett. 1999; 260: 207-9), Bruzzone
R, Ressot C. J. Eur Neurosci. 1997;9:1-6). Asi, un
compuesto de la invencién que ayuda al cierre de
hemicanal mediante al fosforilar 1las conexinas de
hemicanal serd benéfico en el tratamiento de neuropatia

periférica. La administracién serid parenteral.
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J. Déficit de escucha.

La pérdida de escucha inducido por ruido, presbicusia
conocida por estar asociada con la produccién de
radicales libres est& relacionada con la inhibicién del
acoplamiento de la unién puente entre ambas células
Hensen y células Deiters del érgano e Corti eﬂ la coclea
(Todt I, et al. (J Membrana Biol. 2001; 181:107-114),
Blasits S, et al. (Phlugers Arch. 2000; 440:710-
}Z)Lagostena L. et al. (J Physiol, 2001;531:693-707))

La comunicacién de unién puente entre estas células
cocleares de soporte suministra la homeostasls importante
para las células sensoriales y de esta manera una
actividad neuronal normal de las células de cabello
exterior (Johnstone BM, et al. (J Physiol 1989; 408:77-
92)). Esta comunicacién es dafiada durante la tensién
oxidativa (Todt I, et al. (J Membrana Biol. 2001;181:107-
114) . La perdida de escucha dependiente de la edad o
adquirida se evitard cuando se trata con un compuesto que
puede incrementar la fosforilacién de los residuos de
tirosina en los hemicanales de conexina (cerrar los
hemicanales) y mantener la comunicacién de la unién
puente en las células de soporte. Un compuesto adecuado

de la invencién se puede administrar parenteralmenet.

-1



Los melanocitos en el &rea celular oscura del 6érgano
vestibular estdn fuertemente comunicados por via de la
unién puente y puede jugar un papel en el transporte de
material entre la endolinfa y la perilinfa y también ser
de importancia para mantener la homeostasis del
microambiente en el oide interior (Masuda M, et al. (Anat
Rec. 2001;262;137-146)). La hidropesia endolinfidtica estéa
relacionada con varias condiciones clinicas
caracterizadas por vértigo y escucha reducida. Una
capacidad disminuida de la comunicacién de 1la unién
puente puede ser de importancia para regular el
transporte de transmembrana de varias sustancias
originalmente secretadas o excretadas por via de tipos

especificos de transportadores.

K. Anemia dependiente de la edad y transplante de médula

YT 1Y

La Existencia de las uniones puente funcionales entre
células progenitoras hematopoyéticas y células estromales
del microambiente hematopoyético fueron- controvertidas
durante muchos afios pero loa estudios han probado ahora

la existencia de comunicacién de la unién puente humana
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(Rosendaal M, et al. Tissue Cell. 1991; 23:457-470),
Darig J, Bt al. (Brit J Haematol. 200; 11:416-25)).
También se ha demostrado que 1la comunicacién es
bidireccional favorecliendo 1la hipétesis de que las
células estromales controlan el comportamiento
proliferativo de las células progenitoras
hematopoyéticas, pero también su estatus funcional se
puede regular por células hematopoyéticas inmaduras

(Guptat P, et al. (Blood. 1998; 91: 3724-3733)).

Con la edad la funcionalidad del tejido hematopoyético se
disminuye y la anemia es a menudo vista en personas de
edad. La capacidad reducida del tejido hematopoyético
también se ve en malignidades hematolégicas y después del
tratamiento con quimioterapéuticos. E1 trasplante de
médula 6sea proveniente de donadores se utiliza para

evitar la pancitopenia.

El efecto de un compuesto de la invencién gque ayuda en el
cierre de hemicanal y/o facilita la comunicacién de 1la
unién puente serd estudiado en ratas pretratadas
expuestas a altas dosis de ciclofosfamida. En estos
animales la médula 6sea ha detenido la produccién de

células hematopoyéticas maduras. El nimero de

20
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reticulocitos a diferentes intervalos de tiempo después
de la ciclofosfamida se incrementarid significativamente
en los animales pretratados con el compuesto 1
fosforilante de tirosina conexina utilizando dosis de
aproximadamente 100pL de 107'%M a aproximadamente 107°M del
compuesto 1 comparado con animales no pretratados. La
administracién de compuestos adecuados de la invencién

serd parenteralmenet.
L. Bipofuncién de la pituitaria e hipotalémica
Las hormonas de la glandula pituitaria anterior muestran

variacién circadiana en la secrecién en minutos, horas,

dias y estaciones. La parte del sistema nervioso

responsable por la mayoria de ritmo circadiano esté

localizada a un par de estructuras del hipotdlamo
conocido como nicleo supraquiasmdtico. En el centro este
reloj biolégico es intrinseco en las células
individuales. Sin embargo la actividad eléctrica
coordinada es mediada a las células vecinas por via de la
comunicacién de 1la unién puente. (Cowell <CS. (J
Neurobiol. 2000;43: 379-88)). Por que también a 1la
pituitaria anterior le falta inervaciones directas, la

comunicacién célula a célula mediada por la unién puente

2/
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d entro de la glandula debe ser indispensable para la
adecuada coordinaciédn célula a célula y la sincronizacién
requerida para asequrar la secrecién hormonal apropiada y
2 tiempo. (Vitale ML, et al. (Biol Reporo. 2001;64:625-
633)). Guerineau NC, et al. (J Biol Chem. 1998; 273:
10389-95) concluyé que activar esponténeamente las
células endocrinas son unidades simples o dispuestas en
ensambles acoplados a la unién puente esparcidos a través
de la glandula pituitaria anterior. la sincronia entre
}as células esponténeamente excitables puede ayudar a la
forma de los patrones de la secrecién basal. ﬁesde la
glandula pituitaria anterior, la hormona del crecimiento,
prolactina, hormona adrenocortical, la hormona tiroildes,
y las hormonas de gonadotropina son sintetizadas bajo
control de las hormonas estimulantes del hipotdlamo. Uno
de los mecanismos en la disrritmia de las glandulas
hipotal&micas~-pituitaria-endocrina complicadas dentro de
uno de los ejes estds por lo tanto también relacionada
con las uniones puente por via de la comunicacién
reducida. Las enfermedades son diabetes insipidus,
hipogonadotropo hipogonadismo, mixoedema, hipofuncién
adrenocortical, y enanismo. El tratamiento con
incompuesto adecuado de la invencién, preferiblemente un

abridor de unién puente, puede mejorar los sintomas.

el



También las neuronas en el nicleo supraquiasmitico del
hipotédlamo son dependientes de la comunicacién de 1la
unién puente éptima. En el eje mencionad anteriormente el
abridor de la unién puente con modo de accién en esta
regién también beneficiard los pacientes con ritmo
circadiano perturbado (Shinohara K, et al. (Neusosci

Lett. 2000; 286:107-10)

M. Hipertensién renovascular y nefrotoxicidad

Las uniones puentes especificas del rifibn y endotelial
son ampliamente distribuidas en el rifibn encontrado en
los glomérulos, tumulos y wvasculatura incluyendo los
capilares intraglomedulares Y las arteriolas
juxaglomedulares (Haefliger J-A, et al. (Kidney Int.
2001;60:190-201)). En ese estudio los autores demostraron
la presencia de uniones puente que conectan las células
secretadas de renina de la arteriola aferente. El1 papel
de la unién puente podria contribuir a la deteccién y
propagacién de las seflales que se originan en la sangre,
tales como aquellas elicitadas por la presién sanguinea
incrementada. Dentro del rifibn, tales sefiales necesitan

ser convertidas en estimulos autocrinos, paracrinos y
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endocrinos mediante las células endoteliales de la
arteriola aferente y 1la transmitida a las células
secretoras de renina. La comunicacién de unién puente
juega asi un papel importante en la formacién del aparato
juxtaglomerular interconectado. Las rapldas transiciones
de abertura a cierre de las uniones de los canales de las
uniones puente implican adicionalmente una repuesta
pronta a los cambios vasculares asegurando la
retrcalimentacién continua requerida para casar la
Funcién glomerular y tubular asi como también la
secrecién de renina a las demandas fisiolégicas. Las
enfermedades caracterizadas por una comunicacién de unién
puente renal dafilada se beneficiaran del tratamiento con
el compuesto de la invenclién, preferiblemente un abridor
de unién puente especifico, administrado oralmente o

parenteralmente.

Los métales pesados son nefrotéxicos y causan dafio renal.
Se ha demostrado que los métales téxicos de cadmio
(FukumotoM, et al. (Life Sciences. 2001; 69:247-54)) asi
como también el mercurio (Yoshida M, et al. (Arch
Toxicol. 1998; 72:192-96) en cultivos de célula primaria
provenientes de uniones puente desacopladas de tiabulo

préximo de rata y ambos grupos sugieren que la disfuncién
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renal estd relacionada con la comunicacién intracelular
reducida. El1l tratamiento del envenenamiento con metal
pesado con un compuesto de fosforilacién de tirosina
conexina se reducir& el dafio del tejido y evitarad la

devastacién de tejido progresiva.

Como un ensayo in Vitro se puede desarrollar en cultivos
de células provenientes de células timulos y los
compuestos (compuesto 1 compuesto 2 en concentraciones de
aproximadamente 10710-1077 M) prevencién del
desacoplamiento de la unién puente cuando se dispone a
metales pesados serd investigada. La comunicacidén de la
unién puente serd ensayada con el método de tinte Lucifer

como se describié previamente.

Después de la administracién sistémica de metales pesados
a animales experimentales {(ratas) la funcién renal sera

medida utilizando 3H-insulina como un marcador de

claridad para el findice de filtracién glomerular,'

tetraetilamonio marcado con C come un marcador de
claridad para flujo de de plasma renal y 1litio como un
marcador para la funcién tubular préxima (Petersen JS, et
al. J. Pharmacol. Esp. Ther. 1991, 258:1-7) antes vy

después de diferente tiempo de tratamiento crénico con



95

metales pesados. El tratamiento crénico con un compuesto
especifico de la invencién, tal como el compuesto 1, sera
iniciado cuando la funcién renal se comprometa y serd
vista una mejora significativa de 1los pardmetros de
funcibén renal luego del tratamiento. lLa administraciédn de
un compuesto adecuado a la invencién séra

parenteralmente.

La inflamacién no infecciosa asi como también las
}nfecciones con diferentes microbios 1induce cambios
crénicos no especificos significativos en la funcién
renal también caracterizada por el indice de filtracién
glomerular reducido, 1la descresién disminuida de los
electrol{tros y el agua y los cambios en la presién
sanguinea. Algunos de estos sintomas serdn también
tratades con un compuesto de fosforilacién de tirosina

conexina especifico y los sintomas declinaran.

N. Desarrollec y remodelacién da los dientes

Murakami S y Muramatsu T (Anat embryol. 2001;203:367-374)
confirman estudios previos de que existe la comunicacién
de la unidén puente entre odontoblastos y la actividad

celular se <coordina por via de estos puentes
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intercelulares (Iguchi Y, et al. (Afch Oral Biol. 1984;
29: 489-497)) peo en su reclente estudio ellos también
demostraron que estas comunicaciones de unién puente
estan presentes durante el desarrollo temprano de los
dientes (pre-odontoblasto) asi como también en
odontoblastos jévenes y viejos. También las célula e
pulpa subyacentes los odontoblastos tienen uniones
puente. Estos hallazgos indican que la comunicacién de la
unién puente intercelular es importante tanto durante el
Fesarrollo de los dientes como durante la vida cuando los
dientes son remodelados o sacados. El tratamiento con un
compueséo fosforilante de conexina de la invencién tal
como el compuesto 2 que puede ser ensayado un Vitro para
efectuarse scbre comunicacién intercelular de
odontoblasto en un ensayo que es esencialmente comparable
al ensayo de osteoblasto descrito aqui, normalizara el
desarrollo dafiade de los dientes. El tratamiento también

facilitard la remodelacién de los diente y haréd los

dientes mds resistentes a la caries.
0. Célula madra.

Lumelsky et al (2001) han generado células que expresan

insulina y otras Thormonas endocrinas pancreaticas
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provenientes de células madre embriénicas de ratén. Ver
Nadya Lumelsky et al. En Differentiation of Embryonic
Stem Cells to Insulin-Secreting Structures similar to
pancreatic Islets, Science, 292, 1398-1394, 2001). Las
células autoensambladas para formar grupos
tridimensionales similares en topologia islets
pancredticos normales donde los tipos de célula
pancreadtica estdn en asocio cercano con las neuronas. La
glucesa dispara la nivelacién de insulina proveniente de
Fstos grupos de células mediante mecanismos similares a
aquellos empleados in vivo. Cuando se inyecta en ratones
diabéticos, lasa células productoras de insulina sufren
répida vascularizacién y mantienen una organizacién

similar a islets agrupada.

En el contexto clinico, este sistema basado en célula
madre embridnica permitird a la generacién simultanea y
el ensamblaje de secrecién de insulina y otros tipos de
célula islets conocidos por jugar un papel importante en
la regulacién de la secrecién de insulina en las unidades
estructurales funcionales. Estas unidades pueden
suministrar material para optimizar la produccién de
insulina y analizar el control fino de la homeostasis de

glucosa. Las células madre embriénicas son ideales para
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estos estudios por que las herramientas genéticas se
pueden utilizar para definir la base molecular del
desarrollo y funcién del islet. El potencial de las
terapias basadas en células es claramente una meta
atractiva para la aplicacién que involucre células madre
embriénicas y germinales embriénicas no humanas. El
tejido adulto también puede ser una fuente 11til de
células pancreaticas funcionales. El sistema de
diferenclacién descrito aqui puede suministrar una fuente
de islets pancreaticos funcionales para el tratamiento de
diabetes. Este es el primer reporte que nmuestra Qque
varios tipos de células de pancreas endocrine pueden ser

generados de células madre embriédnicas in vitro.

Aunque los islets pancredticos obtenidos de cadédveres
pueden funcionar en el higado después de injerto, los
temas de rechazo de tejlido y disponibilidad permanecen
por resolverse. Es claro que la ingenieria de las células
madre embriénicas para producir una fuente abundante de
tejido inmunocompatible para el trasplante mantiene una
promesa creciente para sobremontar esto y otros problemas

asoclados con la diabetes.
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El infarto de miocardic conduce a la perdida de tejido y
al dafio del desempefioc cardiaco. Los miocitos restantes
son incapaces de reconstruir el tejido necrético, y el
corazén post infartado se deteriora con el tiempo. El
dafio al érgano objetivo es sensibilizado por las células
madre distantes, gque migran al sitio del dafio y sufren
diferenciacidén de célula madre alternativa; estos eventos
promueven en la reparacién estructural y funcional. Este
alto grado de plasticidad de célula madre urge el ensayo
prlic et al (Nature 410. 701-705 (2001)) sea que la
muerte del miocardio se pueda restablecer mediante
trasplante de células de médula 6sea en el ratén
infartado. Ellos clasificaron las células de médula ésea
negativas lineales ((Lin~) de ratones transgénicos que
expresan proteina fluorescente verde mejorada mediante
células activadas fluorescentes clasificadas sobre la
base de la expresién del kit-c. Poco después de la
ligacién coronaria, las c¢élulas Lin-c-kitPOS fueron
inyectadas en la pared de contraccién que bordea el
infarto. Ellcs encontraron que el miocardic recientemente
formado ocupaba el 68% de la porcién infartada en el
ventriculo 9 dias después del trasplante de las células
de médula Oésea. El1 tejido desarrollado comprendia

miocitos proliferantes y estructuras vasculares. Sus
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estudios indicaron que 1las c¢élulas de médula d&ésea
localmente suministradas pueden generar miocardio de
novo, mejorando el resultado de la enfermedad de arteria
coronaria. Para caracterizar adicionalmente las
propiedades de estos miocitos, ellos determinaron 1la
expresién de 1la conexién a 43. Esta proteina es
responsable de las conexiones intercelulares y el
acoplamiento eléctrico a través de la generacién de los
canales de plasma-membrana entre los miocitos; 1la
Fonexibn a 43, era evidente en el citoplasma de la célula
y en la superficie de las células diferenciadoras
cercanamente alineadas. Estos resultados fueron
consistentes con la competencia funcional esperada del
fenotipo del misculo cardiaco. En razén a que las células
funcionales son generadas de célula madre embribnica, y
en razén a que las conexinas son de hecho expresadas en
estas células en tejido cardiaco infartado, se cree que
este serd el caso de otras células que se diferencien de
las c¢élulas madre embriénicas. En razén a qﬁe las
conexinas juegan un papel dominante en la funcién de los
tejidos (incluyendo células beta pancredticas y células
del misculo cardiaco). Los compuestos de la invencién tal
como el compuesto 1 y el compuesto 2 que incrementan la

fosforilacién de tirosina conexina y el cierre de

28/
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hemicanal (dando como resultado una comunicacidén de unidn
puente incrementada) mejorarid la proliferacién de células
madre embridénicas en células funcionales en O&rganos en

donde se han implantado células madre.

De esta manera, es un objeto de la invencién suministrar
compuestos fosforilantes de tirosina conexina tal como el
compuesto 1 y el compuesto 2 para estimular la transicién
de las células madre a células funcionales en 6rganos
Frasplantados como el pancreas para el tratamiento de
diabetes melitus, corazén para tratamiento de infarto
cardiaco, y ganglios basales en el cerebro para el

tratamiento de la enfermedad de Parkinson.

En general, se cree que estos compuestos aceleraran la
diferenciacién de las células madre, que pueden acelerar
los procesos de curacién en todos los érganos tal como el
corazén, cerebro, piel, hueso, pancreas, higado y otros
organos internos. Los experimentos pueden ser
desarrollados utilizando el disefic experimental general y
con infarto del miocardio como se describid anteriormente
por Orlic et al, supra, con administracién del compuesto
1 y el compuesto 2, por ejemplo, repetidamente durante el

proceso de proliferacién. Estos experimentos se cree que

280
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muestran un incremento en la expresién de conexina 43

mediante el compuesto 1 y el compuesto 2 o un proceso

regenerativo mAs répido.

P. Cancer

1. Progresidén del tumor

Durante la tumorigénesis, la interrupcién de 1la
interaccidén fisioldgica de las células normales con las
células vecina, y la perdida de caracteristicas de
diferenciacién son un denominador comin en la provisién
de tumor. La alteracién en la comunicacién de la unién
puente se cree que estd entre los cambios mas templados
durante la tumorgénesis celular (WolburgH, Rohlmann A.
Int Rev Cytol. 1995; 157:315-73), Klaunig JE, Ruch RJ.

1980; 135-46)).

Kyung-Sun Kang, et al. (Cancer Letters 166 (2001) 147-
153) ha mostrado que la pre y co-incubacién con Ge0O2 en
células epiteliales de higado de rata tratada con TPA
abolen la infra regulacién del GJIC mediante el TPA que
sugiere que una sustancia que recupera la inhibicién del

GJIC puede ser utilizada en la prevenciédn o inhibicién de

2£3
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la promocién del tumor. Suzuki J, Na, H-K al. (Nutrition
and Cancer, vol 36 No.l p.122-8) han mostrado que los
inhibidores de carragenina Lambda aditivo de comida GJIC
en células epiteliales de higado de rata similares a
aquellas del forbol éster promotor de tumor bien
documentado (TPA), y por lo tanto puede jugar un papel en
la carcinogénesis como un agente promotor del tumor. Asi,
los compuestos de 1la presente invencién pueden ser
utilizados en 1la prevencién o tratamiento de céancer
Fausado por los agentes promotores de tumor, tal como el

TPA y la carragenina lambda.

2. Resistencia a la sensibilidad de la droga.

La comunicacién de la unién puente incrementada mejora el
microambiente en los tumores. Ver Chen et al.: Chem Biol
Interact 1998 Abril 24; 111-112:263-75.

3. Met4stasis

La perdida de la comunicacién de la unién puente
intercelular estd asociada con alto potencial metastatico
en todos 1los canceres coni potenciales metastdticos
(Saunders MM, et al. Cdncer Res. 2001; 61; 1765-1767),

Nicolson GI, et al. Proc. Natl. Acad Sci USA. 1988:
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B5:473-6)). La prevencién de la metdstasis se establece
mediante el tratamiento con un compuesto foaforilante de
tirosina conexina que ayudard en la prevencién de la
comunicacién de la unién puenteen 1los tumores. El

tratamiento es una ayuda la gquimioterapia convencional.

Se cree que la administracién de una © una combinacién de
los compuestos de la invencién en una cantidad
terapéuticamente efectiva (por ejemplo compuesto 1 o

compuesto 2} serAd capaz de evitar o tratar el céncer.
Q. Células misceléneas.

Las uniones puente también juegan un papel importante en
la comunicacién intercelular (proliferacién y
diferenclacién en la c¢élula de mucosa gdstrica. El
abridor de unién puente estimulard los procesos
regenerativos después del daflo inducido. (Endo K, et al.

(J. Gastoenterol Hepatol. 1995;10:589-94)).

La citoarquitectura de las células meniscales depende
parcialmente de la comunicacién de la unidén puente. La
parte del fibrocartilago del menisco asi como también de

la estructura del fibrocartilago de los tendones
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dependerd de la comunicacién intercelular. Durante los
daflos los abridores de 1la unién puente mejorardn la

velocidad de reparacién.
R. Epilepsia

Puede ser deseable tratar estados de enfermedades tales
como epilepsia caracterizada por GJIC anormalmente alto
con un abridor de hemicanal, preferiblemente c¢omo una
_terapia activante con el fin de permitir la toma de
drogas o de pequefias moléculas regulatorias que sirver;

para desacoplar los canales de unién puente.

Es un objeto de la presente invencién suministrar métodos
para tratar © evitar una © mi&s de las indicaciones
médicas o condiciones descritas aqui. Tipicamente, pero
no exclusivamente, tales métodos incluirén la
administracién de al menos uno de los compuestos
anteriores, preferiblemente uno de los mismos, en una
cantidad suficiente para tratar, evitar, o reducir 1la
severidad de la indicacién o condicién. Los compuestos
preferidos han sido seleccionados por wune o una
combinacién de los ensayos in Vitro e in vivo descritos

aqui. Las estrategias de administracién particular serén

z8e
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evidentes para aguellos expertos en el campo y variedad
dependiendo por ejemplo del sexo, peso, salud general e
indicacién o condicién especifica a ser tratada o
evitada. Como se discutié, los compuestos descritos aqui
se pueden emplear como el agente activo solo en los
métodos de la invenciédn. Alternativamente, ellos pueden
ser utilizados en terapias “agregadas” tal como aquellas
en las cuales el uso de los compuestos en conjunto con un
método de tratamiento reconocido se indica. Las
;ndicaciones o condiciones preferidas a ser tratadas o
evitadas de acuerdo con la invencién estidn generalmente
asociadas con comunicacién celular daflada o funciones de
unién puente dafladas. Indicaclones més especificas o
condiciones que se relacionan con la invencién se han

discutido anteriormente.

Los métodos de tratamiento de acuerdo con la invencidn
pueden emplear uno o mis de los compuestos descritos aqui
como un agente active solo. Preferiblemente, uno de los
compuestos serid empleado. Si se desea, tales compuestos
pueden ser utilizados profiladcticamente es decir, para
evitar o reducir la severidad de una condicién indicacién
o condicidén particular. Alternativamente, los compuestos

se pueden utilizar en conjunto con una aproximacién

78
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terapéutica reconocida. Como wuna ilustracién de las
modalidades en la cual se trata con irradiacién, es
generalmente preferido que el métodoc de tratamiento sea
“agregado” es decir en conjunto con una terapia
reconocida para el tratamiento de la condicién. Tales
métodos de tratamiento “agregados” de la invencién se
pueden conducir al mismo tiempo o en diferente tiempo que
la terapia reconocida segiin sea necesaria. Las
aproximaciocnes terapéuticas establecidas para una
variedad de enfermedades y condicioneas médicas han sido
descritas. Ver de manera general, Harrison Principles of
Internal Medicine (1991) 12 ed., McGraw-hill, Inc. and
the Pharmacological Basis of Therapeutics (1966) Goodman,
Louis S. 9*® edicién Pergammon Press, por ejemplo, cuya

descripcién se incorpora aqui como referencia.

La concentracién de 1 o mds compuestos de tratamiento en
la composicién terapéutica variard dependiendo de un
nimero de factor, incluyendo la dosis del compuesto
modulador de hemicanal a ser administrado 1las
caracteristicas quimicas {(por ejemplo (hidrofobicidad) de
la composici6tn empleada, y el modo y ruta de
administracién pretendido. En términos finales, uno o més

de uno de los compuestos moduladores de hemicanal puede
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ser suministrado en una solucidn amortiguadora
fisiolégica acuosa que contiene cerca de 0,1 a 10 % p/v

de un compuesto para administracién parenteral.

Podr&4 apreciarse que las cantidades reales preferidas de
los compuestos activos wusadas en una terapia dada’
variaran de acuerdo a por ejemplo el compuesto especifico
que estd siendo utilizado, la composicién particular
formulada, el modo de administracién y las
Faracteristicas del sujeto, por ejemplo la especie, sexo,
peso, salud general y edad del sujeto. Las ratas de
administracién éptimas para un protocole dado de
administracién pueden ser determinadas fé&cilmente por
aquellas versados en la técnica usando ensayos de
determinacién de dosis convencional conducidos con
respecto a las lineas de guia anteriores. Los rangos de
dosis adecuados pueden incluir entre cerca de 1 ug/kg a

cerca de 100 mg/kg del peso del cuerpo por dia (“cantidad

terapéuticamente efectiva”).

Los compuestos terapéuticos de 1la invencidén son
adecuadamente administrades en una forma protonada y

soluble en agua, por ejemplo, como una sal
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farmacéuticamente aceptable, tipicamente una sal de.

adicién de A&cido tal como una sal de adicién de é4cido
inorganico, por ejemplo; hidrocloruro, sulfato, o sal de
fosfato, o como una sal de adicién de &cido orgénico tal
como un acetato, maleato, fumarato, tartrato, o sal
citrato. Las sales farmacéuticamente aceptables de los
compuestos terapéuticos de la invencién también pueden
incluir sales metdlicas, particularmente sales de metal
dlcall tales como sal de sodio o sal de potasio; las
sales de metales de tierras alcalinas tales como sales de
magnesio o calcio; sales de amonic tales como una sal de
tetrametil amonlo o de amonio; y sales de adicién de
amincdcidos tales como una sal de 1lisina, glicina, o
fenilalanina. Adicionalmente las sales adecuadas estan

suministradas mAs adelante.

Compuestos moduladores de hemicanal mé&s particulares de
la invencién son usados en la forma de sales
farmacéuticamente aceptables, un algquil é&ster, una amida,
una alquilamida, una dialquilamida o¢ una hidrazida
formada con una funcién de 4&cido carboxilico en el
terminal C de un compuesto lineal o de una funcién Acido
carboxilica libre, si est4 presente, de un compuesto

ciclico. Las amidas y las alquilamidas inferiores de

2
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compuestos lineales estan entre los compuestos preferidos
de la invencién. Las sales incluyen sales
farmacéuticamente aceptables, tales como sales de adicién
de &cido y sales basicas. Ejemplos de sales de adicién de
4cido ya han sido descritos e incluyen 1las sales de
hidrocloruro, sales de sodio, sales de calcio, sales de
potasio, etc. Ejemplos de sales bisicas son las sales en
donde en catién es seleccionado de metales &alcali, tales
como sodio y potasio, metales de tierras alcalinas, tales
como calcio, e iones amonio *N(R")3(R'), donde R’ y R*
independientemente designan alquilo-C;.g opcionalmente
sustituido, alquenilo-C;.¢ opcionalmente sustituido, arilo
opcionalmente sustituido, o¢© hetercarilo opcionalmente
sustituido. Otros ejemplos de sales farmacéuticamente
aceptables son; por ejemplo, aquellas descritas en
Remington’s Pharmaceutical Sciences 17. Ed. Alfonso R
Gennaro (Ed.), Mark Publishing Company, Easton, PA,
U.S.A., 1985 y ediciones mas recientes, y en la

Encyclopedia of Pharmaceutical Technology.

En los métodos terapéuticos de la invencién, un compuesto
de tratamiento puede ser administrado a un sujetc en
cualquiera de las diversas maneras. Por ejemplo, un

compuesto modulador de hemicanal seleccionado en una

z7/
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combinacién de 1los ensayos in vitro y/o in vivo
suministrades pueden administrados como un profilactico
para impedir el establecimiento de o reducir las
severidad de una condicién objetivada. Alternativamente,
el compuesto puede ser administradoe durante el curso de

una condicién objetivada.

Un compuesto de tratamiento puede ser administrado a un
sujeto, sea solo o en combinacién con uno o mis agentes
Ferapéuticos, como una composicién farmacéutica en mezcla
con excipientes convenclonales, es decir sustancias
portadoras orgénicas o inorgdnicas farmacéuticamente
aceptables adecuadas para aplicacién parenteral, enteral
o intranasal que noc reaccionen de manera adversa con los
compuestos actives y que no causen dafio al receptor de
los mismos. Los portadores ¢ vehiculos farmacéutivamente
aceptables adecuados incluyen pero no se limitan a agua,
soluciones salinas, alcohol, aceites vegetales,
polietilen glicoles, gelatina, lactosa, amilosa,
estearato de magnesio, talco, acido silicico, parafina
viscosa, aceite de perfume, monoglicéridos de acidos
grasos y diglicéridos de &cidos grasos, ésteres de acido
graso petroetral, hidroximetil-celulosa,

polivinilpirrolidona, etc. Las preparaciones

zl -
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farmacéuticas pueden ser esterilizadas y se desea
mezcladas con agentes auxiliares, por ejemplo,
lubricantes, preservativos, estabilizadores, agentes
humectantes, emulsificadores, sales para influenciar la
presién osmdética, amortiguadores, colorantes,
saborizantes, y/o sustancias aromiticas y similares que

no reaccionen adversamente con los compuestos activos.

Tales composiciones pueden ser preparadas para uso en
_administracién parenteral, particularmente en la forma de
soluciones © suspensiones liquidas; para administracién
oral, particularmente en la forma de tabletas o capsulas;
intranasalmente, particularmente en la forma de polvos,
gotas nasales, o aerosoles; vaginalmente; téplicamente por
ejemplo, en la forma de una crema; rectalmente por

ejemplo, como un supositorio; etc.

Los agentes farmacéuticos pueden ser administrados
c_onvenientemente en formas de dosificacién unitarias vy
pueden ser preparados por cualesquiera de los métodos
bien conocidos en 1las técnicas farmacéuticas, por
ejemplo, como se describe en la Remington’s
Pharmaceutical Sciences (Mack Pub. Co., Easteon, Pa.,

1980). Las formulaciones para administracién parenteral
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pueden contener como exciplentes comunes tales como agua
estéril o salina, polialquilen glicoles tales como
polietilen glicol, -aceites de origen vegetal, naftalenos
hidrogenados y similares. En particular, polimero lactido
biodegradable, biocompatible, copolimero de
lictido/glicolida, o copolimeros de ©polioxietileno-
poliixipropileno pueden ser excipientes udtiles para
controlar la liberacién de ciertos compuestos moduladores

del hemicanal de la invencién.

Otros sistemas de suministra parenteral potencialmente
dtiles incluyen las particulas de copolimero de etileno-
acetato de vinilo, bombas osméticas, sistemas de infusién
implantable, y liposomas. Las formulaciones para
administracién por inhalacién contienen como excipientes,
por ejemplo, lactosa, o pueden ser soluciones acuosas que
contienen, por ejemplo, polioxietileno-9-lauril éter,
glicolato y deoxicolato, o soluciones aceitosas para
administracién en la forma de gotas nasales, o como un
gel gque es aplicado intranasalmente. Las formulaciones
para administracién parenteral también pueden incluir
glicocolato para adminiostracién bucal, metoxisalicilato
para administracién rectal, acido citrico para

administracién wvaginal. Otros sistemas de suministra
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administrardn los agentes terapéuticos directamente en ﬁn
sitio quirtGrgico, por ejemplo, después de una
angioplastia de balén un compuesto modulador de hemicanal

puede ser administrado por el uso de stents.

Abreviaciones y Férmulas:

Por toda 1la descripcién y reivindicaciones 1los tres
cédiges de letra para los aminodcidos naturales son

usados lo mismo gque los tres cbédigos de letras
generalmente aceptados para otros a-aminodcidos, tales

como Sarcosina (Sar), éacideo a~Amino-iso~butanoico (Aib),
Naftilalanina (Nal) incluyendo 1l-naftilalanina (1Nal) vy
2-naftilalanina (2Nal), Fenilglicina Phg, &cido 2,4-
Diaminobutanoico (Dab), dcido 2,3-Diaminopropanoico
(Dapa), y Hidroxiprolina (Hyp). En donde no se especlfica
nada Hyp representa 4-hidroxiprolina. Los aminoacidos
naturales o esenclales son los aminodcidos constituyentes
de las proteinas. Los aminodcidos aromdticos son Phe,
Tyr, Trp, 1lNal, 2Nal, y His. En donde la forma L o D no
ha sido especificada debe entenderse que el amincacido en
cuestidén tiene la forma natural L, es decir, Pure & Appl.

Chem. Vol. 56(5) pp. 595-624 (1984). En donde no se

7o
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especifica nada debe entenderse que el aminodcido del
terminal C de un compuesto de la invencién existe como el
dcido carboxilico 1libre, esto puede también ser
especificado como “-OH”. El aminodcido de terminal 'C de
un compuesto de la invencién puede ser mostrado como que
tiene la funcidn de terminal *“-OH/NH;” lo que significa
que hay dos formas preferidas del compuesto: el 4&cido

carboxilico libre y el derivado amidado.

El..as siguientes definiciones especificas aplican a menos
que se especifique otra cosa: ASAL se refiere a radical
4-azidosaliciloilo; AB se refilere a radical 4-
azidobenzoilo; Fmoc se refiere al radical 9-
fluorenilmetiloxicarbonil; Ac se refiere al radical
acetilo. Por toda la divulgacién presente a menos que se
especifique otra «cosa las siguientes definiciones
aplican; Acm se refiere al radical acetamidometilo; Téc
se refiere al radical A4&cido L-tiazolidin-4-carboxilico;
Pc se refiere al radical &cido L-pipecélico; DNP se
refiere a dinitrofenilo; DBF se define como &acido 2-
aminoetil-6-dibenzofuranpropiénico; Ac:m se refiere a
acetamidometilo; y Sar se refiere al radical sarcosinilo;
las funciones DNP son un hapteno para el reconocimiento

del anticuerpo, y compuestos de la invencién que

z/e
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contienen partes de DNP pueden ser usadas preferiblemente

como herramientas de investigacién.

Ver también PCT/DK01/00127 (WO 01/62775) y PCT/US02/05773

(WO 02/077017) para informacién adicional.

Todas las referencias descritas aqui se incorporan como
referencia. Los siguientes ejemplos son ilustrativos de

la invengién.

Ejemplo de Raferancia 1: Ensayo de Arritmia Estandar en

Ratén in vivo

Es posible ensayar los efectos antiarritmicos llevando a
cabo un modelo de arritmia inducida por calcic en

ratones.

Brevemente, los efectos antiarritmicos de los compuestos
pueden ser ensayados en un modelo in vivo de arritmias
inducidas por calcio de acuerdo con el modelo de J.J.
Lynch, R.G. et al. J Cardiovasc.Pharmacol. 1981, 3 45-60.
Los ratones (25-30 g) fueron anestesiados con una
combinacién de anestésico neuroléptico (Hypnorm® (citrato

de fentanilo 0,315 mg/ml y fuanisona 10 mg/ml) +

29>
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midazolam (5 mg/ml)). Las soluciones comerciales de
hypnorm y midazolam fueron diluidas 1:1 en agua destilada
y una parte de Hypnorm® diluida es mezclada con una parte

 de midazolam diluida.

La anestesia fue inducida por administracién s.c. en una
dosis de 0,05-0,075 pl/10 gramosz de ratémn. Una cénula
i.v. fue insertada en 1la vena de‘-la cola. La seflal
guiadora II ECG fue registrada continuamente por medio de
posicionar los electrodos ECG de acero inoxidable sobre
el miembro delantero derecho y sobre el miembro trasero
izquierdo. El electrodo de tierra fue colocado sobre el
miembro trasero derecho. La sefial fue amplificada (x
5.000-10,000) y filtrada (0,1-150 Hz) por medio del
médulo Hugo Sachs Electronic model 689 ECG. La sefilal
andloga fue digitalizada por medio de una tarjeta de
adquisicién de datos de 12 bit (Data Traslation model
DT321) y muestreada a 1000 Hz usando el software Notocord
HEM 3.1 para Windows NT. Después de un periodo de
equilibracién de 10-min, la muestra de ensayo de la droga
fue inyectada en la wvena de la cola. Los ratones
pretratadoes con el vehiculo fueron ensayados como una

medida del nivel de control en animales no tratados. El

44
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volumen de inyeccién fue de 100 pl en todos los
experimentos. La infusién de CaCl, (30 mg/ml, 0,1 ml/min
» 100 mg/kg/min (calciumchlorid-2-hydrat, Riedel-de Haén,
Alemania)) fue iniciado 3 minutos después de 1la
administracién i.v. de la droga o vehiculo. El tiempo de
retardo para el establecimiento del sequndo grado de
bloque AV fue determinado como el tiempo desde el inicio
de la infusién de CaCl; hasta que el primer evento
arritmice ocurrié. Un evento del segqundo grado de bloque
AV fue definido como falla intermitente de la conduccién
AV caracterizada por una onda P sin el complejo QRS

concomitante.

Las respuestas fueron expresadas con relacién al tiempo
hasta que el segundo grado de blogque AV ocurrié en los
ratones tratados con el vehiculo. El efecto maximo de

cada una de las sustancias ensayadas se ha resumido.

Métodos mas particulares para detectar compuestos
candidatos con buena unién de espaclo modificando 1la
actividad adicionalmente incluyen compuestos candidatos
de seleccién que prolongan el tiempo hasta el

establecimiento del bloque ventricular atrial inducido

44
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(AV) por lo menos cerca del 20% (marcador de por lo menos
2) en el ensayo de arritmia de ratén esténdar in vivo.
Los compuestos méds preferidos exhiben una prolongacién de
por lo menos cerca del 60% del tiempe hasta el
establecimiento del blogque AV inducido (marcador por lo

menos 3) en el ensayo.

Los siguientes ejemplos suministran un ensayo funcional
que muestra la habilidad del compuesto 1 tanto para los
canales de unién de espacio abierto y hemicanales
cerrados en cardiomiocitos de ratones neonatos. Asi, es
posible obtener la regqulaclén diferenciada de GJIC por la
fosforilacién de tirosina tanto de los hemicanales como

los canales de unién de espacio.

Ejemplo 1 - Compuestos antiarritmicos

Los compuestos usados en la invencién incluyen Ac-D-Tyr-
D-Pro-D-4Hyp-Gly-D-Ala-Gly-NH2 (compuesto 1) y Ac-Gly-
Asn-Tyr-NH2 (compuesto). Los compuestos son sintetizados
de acuerdo con sintesis de fase sdlida estédndar como se
describié en la WO 01/62775. Un ejemplo adicional de
compuestos Utiles en la invencién es el trans-resveratrol

y CAPE (éster de fenetil de A&cido cafeico). Los métodos
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para hacer los compuestos han sido descritos. Ver por
ejemplo, las solicitudes PCT/DK01/00127 (WO 01/62775) vy

PCT/US02/05773 (WO 02/077017).

Ejemplo 2 - Andlisis del Esfuerzo Metabélico Inducido por

Remocién de Glucosa

Las arritmias cardiacas ©pueden ser causadas por
disturbios tanto de formacién y conduccién de la accién
potencial. La propagacién de una accién potencial de
célula a célula es mediada por las uniones de espacio
intercelular. Estas uniones de espacio consisten de
canales, que son construidos por proteinas especializadas
llamadas conexinas. Hay diversas lineas de evidencia que
muestran que una expresién reducida y/o una distribucién
alterada de las conexinas pueden ser daflosas para 1la
propagacién del impulso normal y por lo tanto
arritmogénicas. Un ejemplo son las alteraciones vistas

durante y después de la isquemia. Durante isquemia aguda

el no acoplamiento de las células se cree principalmente '

que es causado por la acidificacién intracelular, la Ca2+
intracelular incrementada, ATP intracelular- reducida vy
por concentraciones elevadas de acilcarnitinas de cadena

larga y 4cidos grasos [1,2]. Después de la fase aguda de

2o/
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isquemia, el remodeladoc ocurre en donde la argquitectura
del A4rea infartada y su zona borde es alterada. Este
remodelamiento ha sido asociado con A4reas de desarreglo
de conexina y el desarrollo de circuitos reentrantes
potenciales, que se cree gue actdan como sustratés
arritmogénicos (3]. Estudio in vivo e in Vitro han
moatrado que un grupo de péptidos antiarritmicos pueden
retrasar e inhibir el establecimiento de la arritmia, y
estudios subsecuentes han mostrado que estos péptidos
}ncrementan el acoplamiento eléctrico entre las células

(2].

A. Métodos

1, Cultivo de células: En corto los corazones de 20
ratas neonatas (edad de 1-2 dias} son cortados
asépticamente. Los ventriculos son aislados y cortados en
4-6 piezas gque son digeridos en diversas etapas en una
salina amortiguada Hanks con tripsina y DNAse. Las
células son entonces centrifugadas y resuspendidas en MEM
con 5% de FCS. Para eliminar las células no musculosas la
suspensién es preplaneada en platos petri durante 30
minutos a 37° C. Las células en suspensién son entonces

sembradas en cubiertas deslizantes recubieftas con
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coldgeno. La densidad del sembrado serd ajustada para dar

cultivos confluentes.

2. Electrofisiologia: La cubierta deslizante con
cardiomiocitos confluentes es montada en una cémara
abierta en una etapa de un microscopio invertido vy
superfusionada con salina amortiquada con fosfato
Dulbeccos (PBS) por gravedad causada por el flujo a 1
ml/min, 37° C. La solucidé (PBS) contiene ({(en mM): Na+
}52, K+ 4,2, Cl- 141,5, Po43- 9,5, Ca2+ 0,9, Mg2+ 0,5, pH
7,4. Pipetas abrazadas con parches son haladas de
capilaricos de vidrio de 1,5 mm (GC150F-15, Harvard
Apparatus) en un halador de micro electrodo Sutter
Flaming-Brown P-87 y polichadas por fuego a un
resistencia de 4-6 MW. Las pipetas son llenadas con una
solucién similar intracelular que contiene en mM: K+ 150.
Na+ 15, Cl- 5, Gluconato- 150,2, EGTA 5, HEPES 5, Ca2+ 2

mM, Mg2+ 1,6, pH 7,2.

El conjunto de abrazadera de parehe consiste de un
amplificador discontinuo sincronizade (SEC-05LX, NPI
electronics) y los datos son digitalizados usando una
interfaz INT-10 (NPI electronics) y una tarjeta de

adquisicién de datos PCl200 (Nacional Instruments). Ambas
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sefilales de corriente y voltaje son filtradas en pasa
bajos de 1 kHz usando filtros internos de los

amplificadores y digitalizando en 10 kHZ.

Una c¢élula es acercada con un electrodo usando el
micromanipulador PatchMan 5173 (Eppendorf). Cuando se
hace contacto con la célula (visto como un incremento
sibito en la resistencia de entrada), se aplica 1la
succién hasta que la confiquracién Giga sello es
Fstablecida. Entonces un breve pulso de succién es
aplicado para romper la membrana debajo de la pipeta. El
amplificador es entonces colocado en el modo de amarre de
corriente cero para monitorear el potencial de 1la

membrana.

Alguna distancia (>>1 cm) lejana de un electrodo de
platino bipolar es usada para apaciguar el cultivo. El
retraso entre el artefacto de estimulo y la aparicién de
una accién potencial en la célula marcada o parchada es

entonces una medida de la velocidad de conduccién.

Las células fueron regadas con una solucién de control
con 0,1 g/1 BSA hasta que una linea de base estable en el

intervalo de estimulo-activacién (SAI) fue establecido.
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Entonces el rociado fue cambiado a solucién sin glucosa
durante 15 minutos y subsecuentemente retado con el
compuesto 1 (10~ M) durante 20 minutos. En paralelo, los
experimentos de control fueron llevados a cabo en donde
fueron conducidos sobre una escala de tiempo similar sin
agregar el compuesto 1. La fechas son expresadas como
porcentaje de cambio en relacién a la linea base anterior

a la remocién de la glucosa del medio.

B. Resultados

Como se ilustrdé en la Figura 2, el estrés metabdélico
inducido por la remocién de glucosa produjo un incremento
ligero en el intervalo de estimulo-~activacién sugiriendo
que la remocién de gluccsa retarddé la velocidad de
conduccién. En  contraste, el superrociazo con una
concentracién de 10 nM del compuesto 1 disminuyé el
intervalo de estimulo-activacién, es decir, el compuesto
1 incrementé 1la velocidad de conduccién en los
cardiomiocitos primarios cultivados. Estos datos indican
que el compuesto 1 incrementa el acoplamiento de célula a

célula en los cardiomiocitos.

301
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Ejemple 3 - Inmunoprecipitacié4n y Andlisis de Conexinas

Fosforiladas

Los compuestos usados ‘en este ejemplo fueron hechos
usando la quimica Fmoc de fase sélida esténdar. Ver los
ejemplos anteriores. La identificacién fue llevada a cabo
por espectrometria de masa, y la pureza determinada por
RP-HPLC. La aglomeracién in situ y los estudios animales
han mostrado que el siguiente péptido (compuesto 1) se
une al receptor en el rango nano-molar. Los estudios

iniciales con el compuesto 1 en 1 nM, 10 nM, 50 nM y 100
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nM determinardn si los estudios con los sigquientes
compuestos de péptidos 3 (H-GAG-4-Hyp-PY-NH2) y el
compuesto 4 (H-GNY-NH2) son conducidos. Estos estudios
también determinaran si los estudios involucran

inhibidores especificos de quinasa son conducidos.

Las células HS9c2 fueron sembradas en platos de 24 multi
pozos en una densidad de 7.900 células/cm® (~15.000
células/pozo) y crecidas durante 3 dias en MEM
Puplementado con 10% de suero de ternero fetal (FCS) y
1000 wunidades de penicilina/l1000 png estreptomicina
(pen/strip) en una atmésfera de CO; al 5% y una humedad

del 100% a 37° C.

Las células marcadas fueron incubadas en un amortiguador
Triton X-100 de lisis (~5*10" células/ml) durante 1 hora
a 4° C. El lisato es centrifugado 30 minutos a 20,000%g
durante 30 min. El1 sobrenadante fue preclarificado
agregando 10 pl de Sefarosa por 200 pl de sobrenadante.
El sobrenadante preclarificado fue entonces agregado con
0,5-1 pg de fosfo-tirosina o fosfo-serina como
anticuerpos (Sigma) e incubados durante 1,5 hr a 4° C en

un agitador orbital. El1 complejo de anticuerpos fue
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entonces capturado por incubacién con 50 pl de wuna
suspensién 1:1 de proteina G Sefarosa durante 1,5 hr.
Finalmente el complejo fue lavado extensivamente con 0,1%
(p/v) Triton X-100. 50 mM de Tris, pH 7,4, 300 mM de NaCl

Yy 5 mM de EDTA.

Los complejos fueron cargados en un gel SDS al 12% y
secados en una membrana PVDF. La membrana es bloqueada
con 0,1% de Tween 20. S50 mM de Tris, pH 7,4, 300 mM de
NaCl, leche seca al 5% (TDST) durante minimo 2 h. La
membrana fue incubada subsecuentemente con anticuerpos de
conexina especificos 43 (Zymed) durante 1,5 h a RT y

desarrollados con ECL+ (Amersham).

Las Figuras 3A-B muestran inmunomanchas en las cuales el
anticuerpo anti-fosfotirosina £fue usado. El1l fragmento
Cx43 de fosforilacién es ilustrado como una funcién del
compuesto 1 (3A-B) y el compuesto 2 (3B) en

concentraciébn.

Las Figuras 4A-B muestran inmunomanchados en los cuales
el anticuerpo anti-fosfoserina {4A) o el anticuerpo anti-

fosfotirosina (4B) fue usado.
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Ejemplo 4: Efecto del Péptido del compuesto 1 en la

Actividad Hemicanal en Miocitos Cardiacos Confluentes

Cultivo celular: Brevemente, los corazones de 20
ratas neonatas (edad 1-2 dias) fueron cortadas
asépticamente. Los ventriculos fueron aislados y
cortados en 4-6 piezas, que fueron digeridas en
diversas etapas en una salina amortiguada Hanks con
tripsina y DNAse. Las células fueron entonces
centrifugadas y resuspendidas en MEM con 5% de FCS.
Para eliminar 1las c¢élulas no musculosas la
suspensién fue preplaneada en platos petri durante
30 minutos a 37° C. Las células en suspensién fueron
entonces sembradas cubiertas deslizantes recubiertas

con colageno.

Toma coloreada: Las cubiertas deslizantes con
cardiomiocitos fueron incubadas durante 30 minutos
con una solucién de control (PBS) que contiene en
mM: Na* 152, K' 4,2, C1° 141,5, PO 9,5, ca?* 0,9,
Mg?* 0,5, glucosa 6, pH 7,4 o una solucién de
mimetizacién de isquemia (dario) (como control

solamente K' 8,2, ninguna glucosa, 10 mM de deoxi-

g7



129

glucosa, pH 6,5), ambas soluciones contienen 200 pM
de calceina. Entonces las células fueron lavadas

durante 10 minutos con la sclucién de control.

Las cubiertas deslizantes fueron montadas en una cémara
abierta sobre la etapa de un microscopio invertido. Diez
campos aleatorios fueron escogidos y de cada campo tres
células fueron escogidas bajo 1la microscopia de 1luz
convencional. Entonces las células fueron excitadas por
}uz de 480 nm y la emisién de fluorescencia fue medida en
510 nm, en donde la intensidad de emisién es una medida

de la toma de coloreado.

El efecto del compuesto 1 sobre la toma de coloreado fue

investigado bajo dos condiciones:

Experimento 1: En esta serie de experimentos las células
fueron incubadas con la solucién de control con calceina
durante 30 minutos y lavada por 10 minutos sin la tinta.
En experimentos apareados el mismo experimento fue
llevado a cabo en donde el péptido es agregado durante

los 30 minutos de incubacién.

3/0
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Experimento 2: Como el experimento 1 solamente se llevo a

cabo con la solucidén de dafic en lugar de la solucién de

control.

3.

Regsultados Los experiment¢s que usaron la toma de

calceina en cardiomiocitos cultivados de ratas
neonatas mostré que la toma de coloreado o de tinta
es 3B% mayor que en las células de control, cuando
las células son expuestas a esfuerzo metabélico (en
la forma de bajo pH, el K' extracelular se
incrementé y la deoxiglucosa 5-10 mM). Este efecto
podria ser reducido significativamente a 5% cuando
las células fueron co-incubadas con el compuesto 1
(10 nM, P<0,017 en el ensayo-t apareadoc contra las
células expuestas a la deoxiglucosa solamente, n=6).
Estos resultados muestran que la permeabilidad de
membrana incrementada por los hemicanales de
conexina visto después del esfuerzo metabdlico
pueden ser inhibidos por el compuesto 1. También es
probable que este efecto serid benéfico para la
funcién celular y la supervivencia. Mas aitin, los
experimentos de fosforilacién sobre cardiomiocitos
H9c2 cultivados han mostrado que el compuesto 1

media la fosforilacién de tirosina de la conexina

3/
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43. Més aln, los Cardiomiocitos expuestos durante 4
h con 0,1, 10. 50 y 100 nM del compuesto 1 un
incremento de la fosforilacién de tirosina de 1la
conexina 43. La fosforilacién de tirosina ha sido
reportada para mediar una ruptura de la unién de
espacio de comunicacidén intercelular y podria
explicar facilmente la disminucién en - la
permeabilidad de la membrana visto en loa
experimentos con calceina. En algunos experimentos,
el compuesto 1 se encontré que diminuia 1la

fosforilacién del Ser.

La Figura 5 muestra los efectos de 10 nM del compuesto 1
en la toma de la calceina inducida por isquemia en los

cardiomiocitos cultivados.

Ejemplo 5 - Ensayo ELISA de la Fosforilacién de la

Conexina en Sitlio Especifico

Un ensayo de emparedado ELISA ha sido desarrollado el
cual permite medir la fosforilacién en sitio especifico
de las conexinas en muestras de tejido lo mismo gue en
cultivos de células en un formato multi-pozo (24-96

pozos). Los pozos son recubiertos con anticuerpo (captura

3/
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de anticuerpo) contra el tipo de conexina en cuestién.
Las células o los extractos de tejido se hacen reaccionar
entonces con las placas recubiertas con el anticuerpo
capturado a 4° C o/n. Las conexinas capturadas gque son
fosforiladas son detectadas con un anticuerpo dirigido
contra sitios de fosforilacién especificos y conjugado

sea con biotina, FITC, TRITC o peroxidasa.

Las cantidades de anticuerpo ligadas a los sitios de
.fosforilacién especificos pueden alternativamente ser
medidos con una radioactiva marcada o una enzima
conjugada con anticuerpo contra las especies IgG del

anticuerpo de deteccidn.

El principio ha sido demostrado usando antiCx43 de ratén
como anticuerpo capturade, anti-Tyr-P de conejo (sitio de
fosforilacién de 1la tirosina) <como anticuerpo de
deteccién y anti-IgG de conejo sea marcado con 2°I o HRP
{(peroxidasa de rébano) para medir las cantidades de
enlaces anti-Tyr-P. El principio también puede ser
demostrado usando antiCx43 del conejo (5 pg/ml; cat. No.
710700. 2Zymed Lab. Inc., California, USA) como anticuerpo
de captura, una anti-fosfotirosina monoclonal de ratén

(50 pg/ml; cat. no. P-3300. clon pté66é, Sigma, MO, USA)
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como anticuerpo de deteccién y anticuerpo completo anti-
ratén sea marcado con ?*I (antiratén de oveja Ig cat. no.
IM 131, BAmersham Biosciences, Wales, UK) o peroxidasa
(anti-Ig de ratén de burro; cat. no. 715-035-151) para

medir las cantidades de anti-fosfotirosina ligada.

La Figura 6A muestra en forma esquematica un formato de
deteccidén ELISA preferido. Las Figuras 6B y 6C muestran

los resultados de este ejemplo.

El presente ejemplo y la discusién suministran evidencia
de que el estrés metabélico abre los hemicanales de
conexina en células cardiacas, y que esta abertura puede
ser proporcionada por la incubacién con el compuesto 1.
Mas atn, los Ejemplos 2-5 muestran que el compuesto 1
cierra los hemicanales durante el estrés metabdlico. De
acuerdo con el efecto inhibitorio del compuesto 1 sobre
la toma de calceiqa por los hemicanales, es decir un
cerrado de los hemicanales, 163 ejemplos también muestran
que el compuesto 1 ayuda a modular el estado de
fosforilacién de tirosina de la conexina 43. El compuesto
1l es conocido como que abre las uniones de espacios, CF.
WO01/62775 y es conocido que 1la inhibicién de la

desfosforilacién de las conexinas impide que se cierren

3/7
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los canales de unién de espacios. Asi, se cree que los
compuestos suministrados aqui los cuales pueden ser
mostrados como que tienen efectos de abertura o
modulacién de 1la unidén del espacio benéficos del
compuesto 1, es decir todos los péptidos antiarritmicos
descritos en WO01/62775 y péptidos conocidos tales como
ARP, AAP10. HPS5 y similares son utiles enla presente
invencién como moduladores de la abertura y cierre de los
hemicanales. También se cree que el compuestc 1 mantiene
o incrementa la fosforilacién de tirosina del Cx43,

modulando asi la funcién del hemicanal.

Ejemplo 6 - Toma de coloreade en cardiomiocitos

1l. Métodos Los miocitos ventriculares fueron aislados
con ratas neonatas por digestién de tripsina vy
puestas en placas sobre cubiertas deslizantes
recubiertas con coldgeno. Después de cuatro dias los
miocitos formaron laminas de células confluentes y
golpedndose sincrénicamente. Para medir la toma de
coloreado, las c¢élulas fueron incubadas en un
amortiguador que contiene 200 pM de calceina durante
30 minutos a températura ambiente. Entonces las

cubiertas deslizantes fueron lavadas muy bien con el

o
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amortiguador de control y montadas en una camara de
bafio ablerta y superfundiéas con el amortiguador de
control (RT). Las células fueron excitadas con luz a
480 nm por medio de una lampara Xencn y un
monocromador. Las imidgenes de 1la fluorescencia
emitida a 510 nm fueron recolectadas por una cémara
CCD enfriada (Sensicam). El control de la excitacién
y la adquisicién de la imagen fueron controlados
usando un sitio de trabajo de creacién de Imagenes

(Axon) .

Bajo la microscopia de luz tres regiones fueron colocadas
sobre los cardiomiocitos en una imagen. Entonces 1la
intensidad de fluorescencia promedio fue medida y el
procedimiento fue repetido hasta que 30 regiones en 10
imigenes habian sido medidas. El1 promedio de estas
medidas fue wusado como valor para la condicién
experimental dada, esto es n=l. En cada serie una
incubacién de control fue llevada a cabo y todos los
valores experimentales son dados como relativos a este

valor.

Soluciones: Amortiguador de control {en mM): NaCl 136,

KCl 4, MgCl, 0,8, CaCl; 1,8 HEPES 5, MES 5, Glucosa 6, pH

2/
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7,3 Amortiguador de esfuerzo {(en mM): NaCl 136, KCl 8,
MgCl. 0,8, CaCl; 1,8 HEPES 5, MES 5, Deoxi-glucosa 10. pH

6,2.

2. Resultados La incubacién de las células con calceina

bajo la condicién de control dio algin manchado de
fluorescencla, el cual fue principalmente de una
naturaleza particulada localizada (ver Figura 7A-C,
panel B). En la parte superior de los miocitos
cultivados, el curvado o enroscado de las células
que se mancharon inmediatamente con tripan azul,
fueron frecuentemente encontradas. Estas células
manchadas drandemente con calceina y con cuidado
fueron siempre tomadas para cclocar las regiones de
las medidas sobre estas células. Cuando las células
fueron expuestas a la inhibicién metabélica el
patrén de manchado cambio, y el.manchado difuso por
el citosol fue observado {figura 7 C). La intensidad
promedio durante-el esfuerzo fue de 36.2 + 4.18 %
mayor comparada con el control (n=5, P< 0,001 en el

ensayo t pareado).

Esto confirma los hallazgos en tipo de células cardiacas

y otros tipos de células, gque la inhibicién metabdlica
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activa la toma de manchados fluorescentes, probablemente
via los hemi-canales de conexina. Hemos supuesto que uno
de los mecanismos por medio de los cuales la familia AAP
de péptidos podria ejercer sus efectos positivos sobre el
tejido cardiaco, podria ser interrumpir la activacién de
los hemi:canales, y mejorando asi la homeostasis celular.
Para investigar esto, las células fueron expuestas a
esfuerzo en la presencia de ZPl23 en concentraciones
entre 0,1 pM y 10nM. Los resultados son presentados en la
ﬁigura 8, en donde cada punto de datos representa cince
experimentos. Como puede verse la dosis dependientemente
de ZP123 redujo la toma de calceina. Usando una funcién
sigmoidal EDs fue estimado en 3.3 £+ 5.3 pM con un
coeficiente Hill de 2.5 t+ 1.0. la intensidad promedio
durante la inhibicién méxima por el compuesto 1 fue de

6.9 £ 1.7 % por encima del control.

Ejemplo 7- Medidas de volumen en cardiomiocitos:

Métodos: los miocitos ventriculares fueron aislados de
ratas neonatas por digestién de tripsina y puestas en
placas sobre cubiertas deslizantes recubiertas con
coldgeno. Después de cuatro dias los miocitos formaron

laminas de células confluentes y golpeadas

3/
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sincrénicamente. Para medir el volumen de células las
células fueron cargadas con calceina AM (5 um en
amortiguador de control) durante 15 minutos a 37 °C y las
cubiertas deslizantes fueron montadas en una cémara de
bafio abierta. Los experimentos siquientes fueron llevados
a cabo a temperatura ambiente. Usando un microscopio con
focal laser Leica, una secciédn transversal O&ptica fue
llevada a cabo cada 20 segundos por la duracidén de los

experimentos.

Las secciones transversales 6pticas fueron analizadas
usando Metamorf (creacién de Imdgenes Universales). El
drea de las células fue determinada como el A&rea de
pixeles con intensidades de fluorescencia mayores que el
valor umbral escogidec para minimizar las fluctuaciones
inducidas en el fondo. Los datos son presentados como
volimenes relativos por medios de dividir cada valor por
el drea promedio bajo las condiciones de control (la

ultima medida antes del esfuerzo metabdlico).

Soluciones: amortigquador de control (en mM): NaCl 136,
KCl 4, MgCl, 0,8, CaCl2 1.8 HEPES 5, MES 5, Glucosa 6, pH

7.3 amortiguador de esfuerzo {(en mM): NaCl 136, KCl 8,

-7 4
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MgCl, 0,8, CaCl; 1.8 HEPES 5, MES 5, deoxi-glocosa 10. pH

6.2

Resultades bajo condiciones de control las células en

promedio tienden a disminuir ligeramente su volumen con
el tiempo (Figura 9B muestra datos promedio de 5
experimentos). Cuando las células fueron retadas con la
inhibicién metabélica, la caida en volumen fue invertida
a un incremento neto (cuadrados llenos en la figura 93).
Fn promedio el volumen relativo fue de 1.06 * 0,02
(Gltimos cincos minutos de esfuerzo, n=5), en donde el
volumen de las células de control en este periodo fue de

0,94 = 0,04.

Las medidas de toma de tinturado en miocitos han mostrado
que el compuesto 1 inhibe los hemi-canales de conexina
abierto. Se cree que los hemi-canales pueden contribuir
al hinchado observado. Para ensayar este compuesto 1 (0,1
nM) fue incluido en el medio de esfuerzo y el volumen fue
monitoreado. Los datos de sels experimentos son mostrados
en la figura 9A. (cuadrados abiertos) y como puede verse
el estrés que indujo el hinchamiento fue impedido. El
volumen relativo promedio durante el esfuerzo en la

presencia del compuesto 1 fue de 0,93 + 0,05.

220
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Cuando se comparar los datos de control, esfuerzo y
esfuerzo mayor del compuesto 1 usando ANOVA de una via,
las diferencias significativas fueron detectadas (ver
figura 10). En ensayos Post.hoc (LSD) mostraron que el
esfuerzo fue significativamente diferente del control
(P<0,05) y el esfuerzo plus del compuesto 1 .(P<0,05),
mientras que el control no fue diferente del esfuerzo

plus del compuesto 1 (P>0,76).

Ejemplo 8- Reduccién del tamafio infartado después de

infartacién miocardial en ratas.

1. Métodos:

Las ratas macho Lewis (300-350 g¢g; M&B, Ll.
Skendsved, Dinamarca) fueron anestesiadas con una
combinacién de anestésico neurolepto {Hypnorm®
(citrato de fentanil 0,315mg/ml y fluanisona 10
mg/ml) + midazolam (5 mg/ml)). La solucién comercial
de midazolam fue diluida 1:2 en agua destilada. Tres
partes del midazolam diluido es mezclado con una
parte de hypnorm®.” La anestesia fue inducida por

administracién s.c. de 0,2 ml de esta solucién por

22/



141

100 gramos de rata. Cuando la anestesia quirtrgica
fue establecida, una canula endotraqueal es
insertada y el animal es artificialmente wventilado
usando un ventilador para rodentes Harvard ajustado
para mantener el pH arterial en 7,3-7,5 durante 1la

cirugia.

'El compuesto 1 fue suministrado por wuna minibemba
osmética (Alzet modelo 2ML4) que fue insertada dentro de
}a cavidad intraperitoneal (i.p.) inmediatamente antes de
la induccién dei infarto miocardial. La bomba fue llenada
con vehiculo (salina isoténica) o el compuesto 1 y se va
a 37 °C durante 24 horas antes de la operacién. Para
poder asegurar que la concentracién de plasma terapéutico
fue obtenida ya en el momento del infarto, una dosis de
carga del compuesto 1 fue dada s.c. antes del ligado del
LAD. Con 1la dosis de carga s.c. un nivel de plasma

estable fue alcanzado ya después de 3 minutos.

Después de la administracién de la dosis de carga s.c. en
el compuesto 1 y después de la inserciédn i.p. de la
minibomba osmética, una toracotomia izquierda fue llevada
a cabo, y la arteria descendente anterior izquierda fue

ligada usando una sutura de 6-0 hiles. El térax es
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cerrado con capas y una presién negativa fue inducida en
la cavidad pleural para desdoblar los pulmones. Los
animales Sham-operados fueron sometidos al mismo
procedimiento sin el ligado del LAD. Postoperativamente,
al animal se le permitié recuperarse en una cabina
calentada a 30 °C con 50% de oxigeno hasta la siguiente
mafiana. Para impedir la deshidratacién durante el periodo
de recuperacién, a las ratas se les dio 5 ml de 5% de
glucosa s.c. inmediatamente después de completar la
Firugia y otros 5 ml de glucosa al 5% a las 4 p.m. Para
aliviar el dolor postoperativo, las ratas fueron tratadas
con buprenorfina (20 pg/100 g s.c. b.i.d) y meloxicam
(0,1 mg/100 g s.c. una vez diariamente) durante tres idas
despues del infarto miocardial. En este estudio la dosis
de infusiétn dada a las ratas con infarto miocardial (MI)
fue ajustada para producir concentraciones de plasma en 0
[vehiculo = salina isotdénical, 1,7 + 0,4 nM [dosis 1} 5.7
+ 0,4 [;osis 2], o 93,7 + 12,3 nM {[dosis 3]. Las
concentraciones de plasma del compuesto 1 fueron medidas
por espectrometria de masa sequida por extraccién de
fases s6lida. Las dosis usadas son mostradas mas abajo en

la Tabla I:

32,5
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TABLA I
Grupo Concentracién Dosis de Dosis de infusién
de plasma carga s.c. i.p del compuesto
después da 3 | del compuesto| 1 (pmol/kg/min)
semanas nM 1 (omol/kg)
Sham-MI 0 0 0
MI 0 0 0
MI 1,7+0,4 0,25 11
MI 5,710, 4 2,5 110
MI 93,7+12,3 25 1100

Tres semanas después del ligado de LAD, las ratas fueron
anestesiadas con una inyeccién i.p., de pentobarbitél (50
mg/kg). Los animales fueron colocados sobre un tapete de
calentamiento para poder mantener la temperatura del
cuerpo en 37 °C. La traceotomic fue llevada a cabo y las
ratas fueron ventiladas con oxigeno usando el ventilador
de rodentes Harvard. E1 ventilador fue ajustado para
mantener el pH arterial en 7,35-7,45. Catéteres PES0
fueron colocados en la vena femoral y la arteria para
administracién i.v. y las medidas de presién arterial,
respectivamente. Después de la insercién del catéter por
i.v. en la femoral, el animal fue paralizado por

administracién i.v. de pancuronio, 1 mg/kg. La anestesia
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Yy la pardlisis respiratoria es mantenida por infusién
i.v. continuo de pentobarbital (2.5 mg/kg/h) y pancuronio
(1 mg/kg/h) suministrado en salina isoténica (50 pl/min).
Un catéter tigon fue insertado en el ventriculo izquierdo
por vi; de la arteria carétida derecha para 1la
determinacién de la presién diastolica final ventricular
izquierda. Después de registrar la presién ‘diastolica
final ventricular izquierda (LVEDP), los corazcnes Sson
removidos de los cuerpos por medio de cortar las venas y
arterias unos pocos mm del corazén. Los corazones fueron
enjuagados cuidadosamente de la sangre c¢on salina

isotdénica, pesados y <colocados en formalina al 4%

amortiguada neutral.

Después de fijacién las venas grandes fueron cortadas
cerca al corazén. De alli en adelante los corazones
fueron cortados en tajadas paralelas con un espesor de
1,5 mm usando.un agregado que consiste de cuchillas de
afeitar paralelas con una distancia de 1,5 mm. Las
tajadas son perpendiculares al eje longitudinal del

corazdn.

Las tajadas fueron colocadas en dos cédpsulas histoldgicas

de modo que la primera taja es colocada en una de las

g2,
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cédpsulas por numero aleatorio y la segunda .en la otra, la
tercera en la primera cédpsula y asi en adelantes. Después
de enbeber, las tajadas fueron cortadas en secciones de
4p de gruesas que son manchadas por Hematoxilin-eosina y

por Masson-tricromo.

Usando un microscopio con una etapa que puede ser movida
en etapas predeterminadas, tanto las tajadas manchadas
con Masson-tricromo fueron examinadas y el numero de
puntos de golpeado del tejido fibroso (manchado azul-en
Masson-tricromo) y el tejido normal fueron contados. El
microscopio fue conectado a una video cémara y la imagen
es visualizada en una pantalla. El sistema de morfometria
usado fue Cast2 de Olympus, Dinamarca. El tamafio del
infarto fue calculado como % de tejido fibroso en el

corazén.
2. Resultados:

Como se ilustrdé en la figura 11, el cuerpo de peso
del corazén y proporcién de peso fue reducido en dos
dosis muy altas del compuesto 1 suglriendo que el
compuesto redujo las consecuencias hipertroficas (es

decir, remcdeladc) del infarto miocardial.

32¢
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Como se muestra en la figura 12, el tratamiento con
el compuesto 1 durante tres semanas redujo el tamafio
del infarto en 20-50% en relacién con el tamaflo
infartado en las ratas sometidas a un infarto
miocardial, pero tratadas con el vehiculo. Esto
indica que el compuesto 1 tiene -acciones
citoprotectoras durante la isquemia miocardial. En
iinea con lo que ha sido descrito aqui, estos datos
indican que el compuesto 1 reduce el tamafio del
infarto miocardial por un mecanismo que puede
involucrar el impedimento del hinchamiento celular,
Asi, la prevencién del hinchamiento celular puede
impedir o prevenir la compresién del tejido
saludable vecino, y por 1lo tanto impedir 1la
compresién de la micro circulacién en la vecindad
del tejido saludable. Por 1lo tanto, en esta
solicitud reclamamos que este principio puede
impedir 1la consecuencia de cualguier 1leccifén
isquemica en cualquier érgano, preferiblemente pero
no limitados a &érganos con una cépsula fibrosa
confinada (por ejemplo, corazén, rifiones) u érganos
rodeados por hueso (por ejemplo, cerebro, medula

espinal, tejido del hueso).
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Como se muestra en la fiqura 13, las ratas sometidas
al infarto miocardial pero tratadas sea con dosis
del compuesto 1 durante tres semanas, tuvieron una
funcidén cardiaca mejorada con menos congestién en el
ventriculo izquierdo como se demostré por una
presién diastolica final ventricular 1izquierda
reducida. Este dato indica que el compuesto 1,
impide la produccién de la funcidén cardiaca luego de

un infarto miocardial.

Todas las referencias descritas aqui son
incorporadas como referencia. La invencién ha sido
descrita con referencia a modalidades preferidas de
la misma. Sin embargo, podrid apreciarse que aquellos
versados en la técnica, luego de la consideracién de
la descripcién, pueden hacer modificaciones y
mejoras dentro del espiritu y alcance de 1la

invencién.
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Lo que se reivindica es:

Un método para cerrar un hemicanal en una
célula, tejido u érgano expuesto a esfuerzo, el
método comprende poner en contacto 1la célula
estresada, el tejido o el érgano estresados con
una cantidad terapéuticamente efectiva de por
lo menos un compuesto seleccionado del grupo
que consiste de compuestos representados como
formulas I o II, en donde el contacto es
suficiente para cerrar los hemicanales en las

células, tejide u érganos estresados.

El método de la reivindicacién 1, en donde el
método comprende adicionalmente fosforilar un
residuo de tirosina de la conexina 43 (Cx 43) y

cerrar el hemicanal.

Un método para abrir un hemicanal en una
célula, tejido u érgano, el método comprende
poner en contacto la célula, tejido u oérgano
con una cantidad terapéuticamente efectiva de
por lo menes un compuesto seleccionado del

grupo que consiste de compuestos representados

e 4
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como formula I o II, en donde el contacto es
suficiente para abrir el hemicanal en la

célula, tejido u érgano.

EFl método de la reivindicacién 3, en donde el
método comprende adicionalmente defosforilar un

residuc de serina de la conexina 43 (Cx 43) y

abrir el hemicanal.

Un método para impedir o tratar tejido u érgano
estresado en un mamifero, el métodoc comprende
administrar una cantidad terapéuticamente
efectiva de por 1lo menos un compuesto
seleccionado del grupo que consiste de
compuestos representados como formula I o II
segin se describié anteriormente, en donde el
contacto es suficiente para impedir o tratar el

estrés en el tejido u érgano.

El método de la reivindicacién 5, en donde el
método comprende adicionalmente fosforilar un
residuo de tirosina de la conexina 43 (Cx 43) y

cerrar el hemicanal.

230
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Un método para incrementar la comunicacién
intracelular de la unién de espacios (GJIC) en
una célula, tejido u oérgano, el método
comprende administrar una cantidad
terapéuticamente efectiva de por lo menos un
compuesto seleccionado del grupo gque consiste
de compuestos representados como formula I o
II, en donde el contacto es suficiente para
incrementar el GJIC en 1la célula, tejido u

érgano.

Un método para tratar quemaduras que comprende
administrar a un paciente en necesidad de tal
tratamiento una cantidad efectiva
terapéuticamente de un compuesto de acuerdo con
la formuwla I o II que bloquea la abertura del

hemicanal de la conexina.

Un método de tratar trombosis gque comprende
administrar a un paciente en necesidad de tal
tratamiento una cantidad terapéuticamente
efectiva de un compuesto de acuerdo con formula
I o IT que bloquea la abertura del hemicanal de

conexina.
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Un método de tratar la acidosis respiratoria y
metabdlica que comprende administrar a un
paciente en necesidad de tal tratamiento una
cantidad terapéuticamente efectiva de un
compuesto con la formula I o II que bloque la

abertura del hemicanal de conexina.

Un método de tratar arritmia focal que
comprende administrar a un paciente en
necesidad de tal tratamiento wuna cantidad
terapéuticamente efectiva de un compuestco de
acuerdo con formula I o II que bloguea la

abertura del hemicanal de conexina.

Un método de tratar e impedir dafio celular y en
tejidos un resultante de niveles elevados de
glucosa en la sangre que comprende administrar
a un paciente en necesidad de tal tratamiento
una cantidad terapéuticamente efectiva de un
compuesto de acuerdo con la formula I o II que

bloguea la abertura del hemicanal de conexina.

324
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‘Un método para tratar la fibrilacién atrial

crénica que comprende administrar a un paciente
en necesidad de tal tratamiento una cantidad
terapéuticamente efectiva de un compuesto de
acuerdo con la formula I o II que bloquea la

abertura del hemicanal de conexina.

Un método de tratar epllepsia que comprende
administrar a un paciente en necesidad de tal
tratamiento una cantidad terapéuticamente
efectiva de un compuesto de acuerdo con la
formula I o II que promueve la abertura del

hemicanal de conexina.

Un método para tamizar compuestos candidatos
gue modulan la funcién del hemicanal, el método
comprende poner en contacto células con por lo
menos un compuesto seleccionado del grupo que
consiste de péptidos antiarritmicos Yy
compuestos representados como formula I o II,
el contacto se hace bajo condiciones
conducentes a modular la fosforilacién de la
conexina 43 (Cx43); y detectar un cambioc en la

fosforilacién de la Cx43, en donde el cambio en

333
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la fosforilacién es tomado comoc 1indicacién de

un compuesto modulador del hemicanal.

El método de la reivindicacién 15, en donde la
etapa de ensayo comprende adicionalmente
ensayar el compuesto candidato en un ensayo con

base en escogencia inmunologia o celular.

El método de la reivindicacién 16, en donde el
ensayo immunolégico comprende poner en contacto
células con el compuesto candidato bajo
condiciones suficientes para incrementar o
disminuir la fosforilacién del Cx43, producir
un lisato de las células; y detectar
fosforllacién de 1las Cx43 incrementada o
disminuida en el lisato de células como
indicativo del compuesto modulador del

hemicanal.

El método de 1las reivindicaciones 16-17, en
donde el ensayo immunolégico es un ensayo

ELISA.

23K
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El método de la reivindicacién 18, en donde el

método ELISA comprende adicionalmente:

recubrir un soporte sblido con un primer
anticuerpo que liga especificamente la

conexina,

poner en contacto el lisato de células con el
gsoporte s6lido bajo condiciones conducentes
para formar un complejo de ligado entre el

primer anticuerpo y la conexina,

Poner en contacto el primer complejo ligado de
anticuerpo: conexina con un segundo anticuerpo,
el contacto se hace bajo condiciones
suficientes para formar un complejo 1ligado
especifico entre el segundo anticuerpo vy
cualquier conexina fosforilada en el primer

complejo de ligado anticuerpo: conexina,

El complejo del primer anticuerpo: conexina:
segundo anticuerpo con un tercer anticuerpo
marcado detectablemente que liga el segundo

anticuerpo; y
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Detectar la presencia del tercer anticuerpo
marcado detectablemente sobre el soporte sélido

como indicativo adicional del compuesto.

El método de la reivindicacién 19, en donde el
tercer anticuerpo es marcado detectablemente
con por lo mencs una entre biotina FITC, TRITC,

yodina radioactiva, o peroxidasa.

El método de las reivindicaciones 19-20. en
donde el sequndo anticuerpo es un anticuerpo

anti-fesfotirosina.

El método de las reivindicaciones 19-21, en
donde el segundo anticuerpo es un anticuerpo

ant;—fosfoserina.

El método de las reivindicaciones 19-22, en
donde el tercer anticuerpo marcado
detectablemente es detectado por cuenta de

radiocintilacién.
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El método de la reivindicacién 16, en donde el

método immunolégico es un radioimmunoensayo

(RIA).

El método de la reivindicacién 24, en donde el
método immunolégico es un ensayo RIA y el

método comprende adicionalmente:

marcar detectablemente las células antes de
producir el 1lisato de células, en donde la
marcacién se hace bajo condiciones conducentes

a marcar conexina fosforilada,

Poner en contacto el lisato de células con un
anticuerpo que forma un complejo de ligado

especifico con la conexina,

Separar el complejo 1ligado del lisado de

células marcado detectablemente; y

Detectar la conexina marcada y fosforilada como
indicativo adicional del compuesto modulador de

la unién de espacios.
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El método de la reivindicacién 25, en donde el

anticuerpoc es un anticuerpo anti-conexina.

El método de 1las reivindicaciones 25-26, en
donde la etapa de deteccién comprende
adicionalmente llevar a cabo un ensayo de

immunoblot Western.

El método de las reivindicaciones 25-27, en
donde el marcado detectable es fosforoso

radiocactivo.

El método de las reivindicaciones 15-29, en
donde el-método es llevado a cabo en un formato

de tamizado de alta salida o ultra alta salida.

El método de las ‘reivindicaciones 1-30. en
donde el compuesto facilita la fosforilécién
del Cx43 en la 1regiétn de terminal C

intracelular.

El método de las reivindicaciones 1-30. en
donde el compuesto facilita la desfosforilacién

del Cx43 en la regién de terminal C
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El método de la reivindicacién 31, en donde el

_sitio de fosforilaciébn es un residuo de

tirosina.

El método de la reivindicacién 32, en donde el

sitio de fosforilacién es un residuo de serina.

Un método para tamizar o escoger compuestos
candidatos que modulan la funcién del

hemicanal, el método comprende:

Cultivar una poblacién de células, un tejido o
un d&érgano tal como aquellos del corazén o de

los masculos,

estresar las células, el tejido u ©érganos
preferiblemente por eliminacién de oxigeno o
inhibicién metabélica tal como por medio de

agregar un derivado de glucosa,

Agregar un compuesto modulador del hemicanal
conocido o© candidato representado por las

formula I o II.
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Agregar un reportero detectable tal como un
compuesto fluorescente, quimioluminicente, o
fosforescente tal como una tinta fluorescente

como la calceina y compuestos relacionados,

Detectar un cambio en la toma del reportero
detectable en las células, tejidos u é6rgano con

relacidén a un contrel adecuado;

Medir opcionalmente el cambio como indicativo
de un compuesto gque modula la funcién del

hemicanal.

Un método para tamizar o escoger compuestos
candidatos que modulan la funcién hemicanal, el

método comprende:

Cultivar una poblacién de células, un tejido o
un 6érgano como aquellos del corazén o de los

misculos,

Cargar las células, el tejido u érganos con un
reportero detectable tal como un compuesto

fluorescente, quimioluminicente, o

2¢O
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fosforescente tal como una tinta, como la

calceina o compuestos relacionados,

estimar el volumen de las células, tejidos u
érgano por medio de detectar y cuantificar la

sefial del reportero detectable,

Agregar un compuesto modulador conocide o
candidato del hemicanal representado por las

formula I o II.

Someter a esfuerzo las células, tejido u érgano
preferiblemente por privarlo de oxigeno o
inhibicién metabbdlica de modo tal como por

medio de agregar un derivado de glucosa,

Detectar un cambioc en el volumen de la célula

en relacién a un control adecuado;

Medir opclonalmente el cambio como indicativo
de un compuesto que modula la funcién del
hemicanal y opcionalmente la funcién de la

unién de espacio.

2 ¢/



36.

37.

38.

39.

40.
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Un método de éitoproteger tejido o un érgano de
un mamifero en necesidad de tal tratamiento, el
método comprende administrar una cantidad
terapéuticamente efectiva de por lo menos un
compuesto seleccionado del grupo que consiste
de los compuestos representados por formula I o

II.

El método de la reivindicacién 36, en donde el
método comprende adicionalmente exponer el
tejido u 6érgano del mamifero a las condiciones

isquemicas.

El método de la reivindicacién 37, en donde el
6érgano al ser citoprotegido esta asociado con

una cépsula fibrosa o hueso.

El método de la reivindicacién 38, en donde el
érganoc es el corazén, rifién, cerebro, medula

espinal o medula ésea.

El método de la reivindicacién 39, en donde el

corazén ha sido sometido a un infarto y la

e



41,

42.

43.

44,
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isquemia esta asociada con hinchamiento de las

células miocardiales.

El método de la reivindicacién 40. en donde el
compuesto es Ac-D-Tyr-D-Pro-D-4Hyp-Gly-D-Ala-
Gly-NH2 (compuestc 1) o {Ac~Gly-Asn-Tyr-NH2)

compuesto 2.

Un método para impedir o tratar el dafio por
repercusién en un mamifero, el método comprende
administrar una cantidad terapéuticamente
efectiva de por lo menos un compuesto
seleccionadoc del grupec gque consiste de los

compuestos representados por formula I o II.

El método de la reivindicacién 42, en donde el
método comprende adicionalmente exponer el
corazén del mamifero a condiciones de infarto y

establecer la perfusién coronaria.

El método de la reivindicacién 43, en donde el
método comprende adicionalmente administrar un

agente trombolitico o suministrando

343



45.
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angioplastia coronaria para facilitar 1la

perfusidén coronaria en el corazén infartado.

El método de la reivindicacién 44, en donde el
compuesto es Ac-D-Tyr-D-Pro-D-4Hyp-Gly-D-Ala-
Gly-NH2 (compuesto 1) o (Ac-Gly-Asn-Tyr-NH2)

compuesto 2.
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