COVPOSI TI ONS AND METHODS FOR MODULATI NG CELL- CELL FUSI ON VI A

| NTERVEDI ATE- CONDUCTANCE CALCI UM ACTI VATED POTASSI UM CHANNELS FI ELD OF THE
| NVENTI ONvOher0/0s9=at i on rel ates generally to conpositi orsTArsdoog@bdesals f or
nodul ating cell-cell fusion (also called cellocytosis), and nore
particularly to conpositions and nmet hods for nodul ati ng honotypic and
heterotypic cell-cell fusion of macrophages. The invention thus provides
conpositions and nethods for nodul ating cell fusion, and osteocl ast

differentiat] tion |ink to variqus diseases or_ disorders.
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under stood, |l ess is known abouPOcT@lSSIUM CHANN&LSredi ati ng sperm oocyt e,

nyobl ast - nyobl ast, and macr ophage- macr ophage fusion. See, Vignery (2000)
Int. J. Exp. Pathol. 8 1:291-304. Wth respect to macrophages, these cells

can fuse with thensel ves (/. ¢IRLD@PTHHE BNVERTEON i n tissue to form giant
cells, which are involved in chronic inflamuatory di seases. See,

Mac Lauchl an et &he invewom) refptes genrably tBrehpostosEndaashodsridr Mognleting ( 2000)

supra. e n.fuse, with th form
ost eocl ast é’sae(illd‘\ﬁf\?nl ﬁ%bﬂ@ EQ’ B]}%%ngo? sd‘?p?l?d gor J%E%Wtﬁoylposglopg aﬁ(gl i eved
t hat mecr opbrhgas for abdulthgMointbtpsioand Het@ﬁotﬁﬁ@@@[—c@ﬁfdsﬁ)n{df rBacroptfRiged. ot ypi ¢

fusi on). See Y gner%ﬂ (2005) Trends Cell Biol. 15:188-193. Unf ortunately,
t he mechanf&Sinysntiap this BleVidss copRagdensrardaneiheds fonaedulatias celhfusiamand cel |

renain Iar&gé lalé{‘&ltt‘éf&@%ﬁiéﬁe & fiun &,h{}% ALBYGRL A isLasd %recfx%oqgo ; Supra and

Vignery (20 , supra rstan S process can dul ate
macr ophage function and also limt the damage caused in inflamatory and
i nfectious di seases when these ceoé “gse in.an inappropriate or

unregul ated manner. For the foreg A UAL there is a need for

conposjigt i ons andeMalshReiR aﬁﬁﬁddn’iﬂﬂtzﬁ'b’idl@@cal event that is essential for a variety of
developmental and homeostatic processes. Although intracellular membrane fusion
during organelle trafficking is well understood, less is known about cell-cell fusion
mediating sperm-oocyte, myoblast-myoblast, and macrophage-macrophage fusion.
See, Vignery (2000) Int. J. Exp. Pathol. 81:291-304.

15 With respect to macrophages, these cells can fuse with themselves (i.e.,
homotypic fusion) in tissue to form giant cells, which are involved in chronic
inflammatory diseases. See, MacLauchlan et al. (2009) J. Leukoc. Biol. 85:617-626;
and Vignery (2000), supra. In addition, macrophages can fuse with themselves in bone
to form osteoclasts, which mediate bone resorption. More recently, it is believed that

20  macrophages can fuse with somatic or cancer cells (i.e., heterotypic fusion). See,
Vignery (2005) Trends Cell Biol. 15:188-193,

Unfortunately, the mechanism(s) by which macrophages fuse with themselves
and other cells remain largely uncharacterized. See, MacLauchlan et al. (2009), supra;
and Vignery (2005), supra. Understanding this process can help to modulate

25  macrophage function and also limit the damage caused in inflammatory and infectious
diseases when these cells fuse in an inappropriate or unregulated manner. For the
foregoing reasons, there is a need for compositions and methods for inhibiting

macrophage fusion.



macr ophage fusion. Gsteoclasts are formed by the fusion of cells of the
nonocyt e- macr ophage cell line. An osteoclast is a large cell that is

char act erwoediong3ssul ti pl e nucl ei and a hi gh concentrati eoTafS2a0089)@b5es and
vacuol es. Osteoclasts forma specialized cell nmenbrane at a site of active

bone resorpti ongufah6hcE 86 folhéd ¢ He%BBﬁ"ofQJllstJf‘?h@ﬁ’iB_}{oéWé-%bégﬁogﬁH deell
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osteoporosis). Rheumatoi.d arthritis i ften conplicated hy generalized
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i nhibiting, osteoclast differentiation and function. BRI EF SUMVARY The

pr esentS i nngehanism tesuliglinyostesiparasis ar@stsopgnis (haivings kong misetrad dendityrthat is
nodul ating, cel l,.-cel |l fusion usi ng.agent s .t hat dul at e.expressi on,
ot vy 55 igbommatiis A I i B S BE st Rt PR SR SRAGE
pot assi um gitafnniak oft&orphacHi&l by gerekaliZb@bstedpenia dNDUnabaRa®bner KCa3. 1
channel or |KCal channel). Conpositions of the invention conprise an

ef fective HaoRIHEN 8Y oaltodRys.c Ahwh&rererisclioa eredfPhenmpasgionsand erathedsdey al one
or 10 _combiiaahifhe Wahlt ARG 2B Sy ABRALRiatioR A8 FuftiBRA! ToNt, eI hods

of the inve nprise -"provi g an € ctrve anmount ah SK4 channel
i nhi bitlbor to cells having the potential to fuse or to actively fusing

cells. Optionally, the nethods conpri co-praqviding a therapeutic agent
al ong with the SK4 channel i nhi biggﬁfgpé’ﬁ\’li@@fuded are nethods to identify

SK4 channel i nhirhi @feeauthbg bﬁfadimiat?ésttbngﬁ)ﬁéikibﬁ%u{d Ifnleﬁ%e@fqu n anot her

enbodi nent, the invention 1s drawn'to activating cell-cell fusion. In this
manner, netmodulsticgogl-cdbfusiomvbydismg agentsfthatahodidate evpressiord, agtiviBK4rchannel

activator to cells. having the potential. to fuse,or to actively si ng

ol | o A sBoefieh uiatFiar e aleaies by VR BomsnE chabts Sk o Sapabl o
of promti AhnA&ll drik&hanhdl o RTNNA cBAR] 61RCH3 MTRRAsnel bPEK CONMBIRMNENHONS and
met hods of the invention provide for nodul ati on of macrophage cell fusion.

| n ot her efbwapsitonsof theinveohpwetmpuseanpiteciies arodentmf oniSket ¢hannelodul at i on

of osteocl %Sohulg{orf(ﬁ"ﬁnebri]ttolr %% h¢ pvaﬁ)%jalt)gen 8;[ InEdmbin4 iolrjldvlviﬁgother therapeutic agents.

In one embodiment, methods of the invention comprise providing an effective amount
of an SK4 channel inhibitor to cells having the potential to fuse or to actively fusing
20  cells. Optionally, the methods comprise co-providing a therapeutic agent along with
the SK4 channel inhibitor. Also included are methods to identify SK4 channel
inhibitors capable of inhibiting cell-cell fusion.
In another embodiment, the invention is drawn to activating cell-cell fusion. In
this manner, methods comprise providing an effective amount of an SK4 channel
25  activator to cells having the potential to fuse or to actively fusing cells. Also included
are methods to identify SK4 channel activators capable of promoting cell-cell fusion.
In some embodiments, the compositions and methods of the invention provide
for modulation of macrophage cell fusion. In other embodiments, the compositions and
methods provide for modulation of osteoclast differentiation and function, including
30  inhibition thereof.
The compositions and methods of the invention find use in preventing or
treating diseases or disorders mediated by macrophage-derived multinucleate cells,
including diseases associated with osteoclasts, giant cells or metastatic cancer cells.

The following embodiments are encompassed by the present invention.
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i nhi bition thereof. The conpositions and nethods of the invention find use
in preventing or treating diseases or disorders nedi ated by

macr ophagwoderoosezs4mul ti nucl eate cells, including di seages/ims@omia@sed w t h
osteocl asts, giant cells or nmetastatic cancer cells. The foll ow ng

enbodi nents are enconpassed by the present invention.1l. A nethod for

nmodul ating cell fusion of a cell expressing an internedi at e-conduct ance

cal cium acti vat éd potAamsthodf¢rSKédulatieneed] fusivhef arethegpessingg arsi ng t he step
of contacting the cell with an effective anmount of an SK4 channel inhibitor
or act i vat BREmgirespondugtance caleinm-achivasd poteREm GK4TEatREL RSB bodi ment
L wher el nogebhsiflieleQfy o doRtibfihd 8 coflwiflsh CIRLNOH aRlou IO SIEEhahnether el n
t he cell ig abkllseln%t gpoipleti ¢ ceﬁ]é. 4.ceTk\1Nel nmet ho o? en%odl ment 1, vvhgrei n

t he celd i mhgstogot ediviataynwhéreimpredlfpsionmsmsdulagdof a nmacr ophage, dendritic
cell, and B-cell. 5. The nethod of enbodinent 1, wherein the cell is a
macrophage. 6. The method of embodinent 1, wherein the cell fusion is

honot ypi ¢ or heper ot YR gnethlod JftentBRINAS 10WheRROEIMRRIonks inMsifeai N t he SK4
channel inhibitor is selected fromthe group consisting of an inhibitory
nucl ei ¢ aci d, nonocl onal antibody, and small nolecule inhibitor. 8. The

met hod of enbodinment er el aid inhibitory nucleic,acid target
expressi on of a%‘ SK4T(K: én\rllgltl}éqde%fger?fs)broldgp?fgqf ﬁvé’erseé%ﬂlgrfg ligpemgtropﬂleflgcgg(;) I D
NO 2. 0 The nethod of enbodi nent 7, wherein the nonocl onal anti body

recogni zes a pore re&jon or small nol ecul e-bi ndi ng domai n of an SK4
channel . 10. Thé net hBemsthadafsmbediment 1, wherein thetaell isspleqtediomdhe e

BHERR s S e e

2, 2-bi s(4-fluorophenyl)-2-phenyl acetam de; |-[(2-

chl or ophenyl ) di pheny thyl], - 1H pyrazol e; ) X
1T (2-11 uor ophefiyl ) dilfgga}%r%ieqfrlfmodnmtdy rhstsinthe cell is a macrophage.
1-[ (4- ¢l orophenyl ) di phenyl met hyl | - 1H-pyrazol e;
1-[(2-fl uorophenyl)di phenyl net hyl ]- 1H pyrazole; and
6. The method of embodiment 1, wherein the cell fusion is homotypic or
heterotypic.
7. The method of embodiment 1, wherein the SK4 channel inhibitor is

20  selected from the group consisting of an inhibitory nucleic acid, monoclonal antibody,

and small molecule inhibitor.

8. The method of embodiment 7, wherein said inhibitory nucleic acid
targets expression of an SK4 channel comprising the sequence set forth in SEQ ID
25 NO:2.

9. The method of embodiment 7, wherein the monoclonal antibody

recognizes a pore region or small molecule-binding domain of an SK4 channel.

30 10. The method of embodiment 7, wherein the small molecule inhibitor is
selected from the group consisting of 1-[(2-chlorophenyl)-diphenylmethyl]-1H-
imidazole; 2,2-bis(4-fluorophenyl)-2-phenylacetamide; 1-[(2-
chlorophenyl)diphenylmethyl]

-1H-pyrazole; 1-[(2-fluorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(4-chlorophenyl)
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| -[ (2-chl orophenyl ) di phenyl nethyl]-1Htetrazole. 11. The net hod of
enbodi nent 7, wherein the small nolecule inhibitor is 1-

[ (2- chl orwpherwdsyssdi phenyl net hyl ] - 1H i m dazol e. 12. Thecwash@d/oodos50
enmbodi rent 7, wherein the small nolecule inhibitor is

2, 2- bl S(4- Ghiior S0URON b 25 PV AP RO Reny RN 1P Sy aitedgent 7

mhereln the ecul

[ (2-chl oroﬂ)ﬂ@qyﬂlb)mpbmwmwﬁdthyl]—ﬂﬁptﬁnme 14. The nmet hod of enbodi nment

7, further conprising the step of assaying for SK4 channel expression or
activity in the cell. 15. The nethod of enbodi nent 1, wherein the nmethod is

an in vivo methed, anfle WRKd &F dofodihémct Wﬁ%re?ri‘mé%}naq’lfm&'%@ul@'ﬁﬂn&ﬁ?rﬂ@@l

inhibitor is a therapeutically effective anount provided to a subject
havi ng or Hdshéropengl)-diphdnyimetbyldrlkimidatdle.f usi on. 16. The net hod of
enbodi nent 15, further conprising co-providing to the subject a
therapeutically effective amount of an anti-inflamuatory agent,

anti - bone-1o0ss @gent Thé ENRBMIRIMEIThYE 729MBkein Me sEREMRLREIIBREHbH S idgent .
17. A method for nodul ati ng osteocl ast differentiation and function, the

met hod conpRris@dluanepheneb-ophenylacelemidyy an ost eocl ast or an ost eocl ast
precursor with an effective anmount of an internedi ate-conduct ance
pot assi um acti vat ed potassi um (SK4) channel inhibitor or activator. 18. The
met hod) ®f errbodil!srent Thd metheY & embtdslimes!7asthefedd thtshill holetulbiidiibest-id9- The
met hod of enbodi nent 17, wherein the SK4 channel inhibitor is selected from
t he group Béﬁ%‘i‘%@?hﬁ’@yafhphﬁp)ﬂm‘?ﬂw]rHﬂ}PYFﬂ?r@leel c acid, nonoclonal anti body,
and smal| mol ecul e inhibitor. 20. The method of enbodi ment 19, wherein the
nonocl onal anti body recogni zes a pore region or small nol ecul e-bi ndi ng
domai n of an SK#4.chaifhemetltid of Bnebodirhémid, fifrtherbedprising tHesteprbieassaying he

is selected from the group consi sting of

small nol efogl 4 gl bi t or ;
[(2- chI o5 S STl RSP R SE PRI R G4z of o
15. The method of embodiment 1, wherein the method is an in vivo method,
and wherein the effective amount of the SK4 channel inhibitor is a therapeutically
effective amount provided to a subject having or suspected of having abnormal cell
fusion.
20
16.  The method of embodiment 15, further comprising co-providing to the
subject a therapeutically effective amount of an anti-inflammatory agent, anti-bone-loss

agent, immunosuppressive agent, or chemotherapeutic agent.

25 17. A method for modulating osteoclast differentiation and function, the
method comprising the step of contacting an osteoclast or an osteoclast precursor with
an effective amount of an intermediate-conductance potassium-activated potassium

(SK4) channel inhibitor or activator.

30 18. The method of embodiment 17, wherein osteoclast formation is

inhibited.
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2, 2-bi s(4-fluorophenyl)-2-phenyl acetam de; |-[(2-

chl or ophenyl ) di phenyl net hyl ] - 1H pyrazol e;

1-[ (2-f1 woceptvesgiskdi phenyl met hyl ] - 1Hpyrazol e; PCT/US2009/006050
| -[ (4-chl orophenyl ) di phenyl nethyl]-1 H pyrazole; |-[(2-

f | uor ophenyl ) di pheny - l18; . ST

| -[(2-chl or ophegég'l ) d?gﬁé’%ﬁdﬁe‘#ﬁw{@tﬁt Vrvgg%“et.he 5K4 cannel nfibitor 15
enbodi ment selttedifina@nehagionp consistingnflaadnhibitonyhrivolei@acid,amonoclonal antibody,
1-[ (2-chl orophenyl) - di pheny] nethyl ] - 1Him dazole. 23. The net hod of
enbodi ment aigm PE?H“EW@%gﬂ%JI nol ecul e inhibitor is

2,2-bi s(4-fluorophenyl)-2-phenyl acetam de. 24. The nethod of enbodi nent 19,
wherein the small nolecule inhibitor is

| - [ (2- éhl or ophel ) dThhertodeiflepibodiment 391 whereim the onthlenalemitibddy f

nmbodi t 17, .wh in th t h [ t hod, wh inth
o oct | ve AU G e e o e SPadl dreslthatagt 1"

ef fective anmount provided to a subject having or suspected of having
abnornmal osteoclast differentiation or function. 26. The method of

enbodi ment 25, Zlrt h&he gsthedi ofiembodimend dPnivbersin thg smell mieleely jnbighitog is

t her apeuti tive amount of anti-i.nfl t or t

anti - bonel %Zésc kéég@él‘%‘?ﬁ? %%‘8885%%}“&051} lnggfé)ﬁ??hegysbl ot %%eﬁggl e agent . 27.
A net hod fedidadobs 2-bi-Auotopiéatyl Pg-phemdadetaniden] f2subj ect susceptible to
or having hone ] oss,  the nethod conprisin he step of adm nistering to the

: gt :
subj ect a ¢HeapavdiRhenylmsthd H Boryrasmdeint [(Sfflugronhspehdiphenyimetiyd ance
cal ci um actj t j imhibitar 1t i nhibit osteocl ast
fornation,ﬁ%ﬁ%ﬂ%ﬂhRggﬁgﬁng?gﬁgé%fgﬂgﬁpgy g?qhg%%ggé in the subject. 28.
The et hodfladrophdnyt)diphotyltethyMa EHeiyrazole aftk4-[¢hrahiosd phenyl)diphanylmethggl ect ed
fromthe grg_ﬂp corlsi sting of an inhibitory nucleic acid, nonocl onal
anti body, ahH' SR8 nol ecul e inhibitor. 29. The nethod of enbodi nent 28,
wher ei 1 t he nonocl onal anti body recogni zes a pore region, or a snal
nol ecul e- bi ndi ng domai n of an SK4 channel. 30. The nethod of enbodi nent 28,
wherei n the sma22. nollbe vlethadnifiepibodimérg 19, wherein the small molecule inhibitor is

1-[(2-chlorophenyl)-diphenylmethyl]-1H-imidazole.

23. The method of embodiment 19, wherein the small molecule inhibitor is

20 2,2-bis(4-fluorophenyl)-2-phenylacetamide.

24. The method of embodiment 19, wherein the small molecule inhibitor is

1-[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole.

25 25. The method of embodiment 17, wherein the method is an in vivo
method, and wherein the effective amount of the SK4 channel inhibitor is a
therapeutically effective amount provided to a subject having or suspected of having’

abnormal osteoclast differentiation or function.

30 26.  The method of embodiment 25, further comprising co-administering to
the subject a therapeutically effective amount of an anti-inflammatory agent, anti-bone-

loss agent, immunosuppressive agent, or chemotherapeutic agent.



selected fromthe group consisting of 1-[(2-chlorophenyl)-di phenyl nethyl] -
1H m dazol e; 2, 2-bis(4-fluorophenyl)-2-phenyl acetam de; |-[(2-

chl or ophewgl2pdigskesay| met hyl | - 1H pyrazol e; PCT/US2009/006050

1-[ (2-fl uorophenyl)di phenyl met hyl ] -1Hpyrazol e;

| -[ (4-chl or ophenyl ) di,p. L e (2 .

fi uor ophenyl ) di g?:'eny m?@%b?@%ﬁ&ég&lbg%ﬁéﬁt@({%@ lJ)ss n(l% subject susceptible to

1- [ ( 2- chl osohvepybondilpdsethel methbd tdmptiding eierseepod fandmidistefihg toreHelabjeof a

enbodi nent 28, wherein the snall | ecule inhibitor is . .

| - [ (2-chl oshsmswwajlmﬁsﬁ@vﬁquw?‘ﬁn igrmedipte-sprductppce sgiumsa¢iiygteds

enbodi nent : } | AL Qi i . .
2. 2-bi 5 4- PTG e toy] oy el 3R] o BBl Sste st pialch whercin bonelgesis o
wher ei b t hpreseratd onddcecasedin thhisbjeaddr i s 1-[ (2-chl or ophenyl ) di phenyl net hyl ] -
1H pyrazol e. 34. The nmethod of enbodi nent 27, further conprising
co-admnistering to the subject a therapeutically effective anount of an

anti-inflammat opy ag¢ht metd ofRAMRIIREN 2TERherel TR SRIUARKASShNBIGHRNT  OF
chenot her apeuti c agent.35. A nethod for greventlng or treating an

i nf | ammat osejected fFemdhergrong cdhsistingeofandnkibiteryi mettibgcidi monocterial afitdradyt i on i n
a subj ect ﬁgﬁcqﬁfibkg #ogggihaving the inflammatory or autoi mune di sease,
the met hod®¥o up ﬁueH ! f%b of adm nistering to the subject a

t herapgutically effective anount of an internediate-conductance

cal cium activated potassium (SK4) channel inhibitor to inhibit giant cel

fornation, wher2¥n t hbe methasrafemhodiraent 28t whengimibe smansgloaal antibedyent ed or
t ted i : j 3 t I i.h..the SK4
channel 1 riePeZt 4 T soedh. of 3R ALl SERALAIRAD fn SRACHERIGE 17 ory
nucl ei ¢ aci d, nonocl onal antibody, and small nolecule inhibitor. 37. The

nmet hod of enbodi pent 36, wherein the nonocl onal anti body recogni.zes .a pore

regi on or sma e ' . . t ho
i |1 3%o1 edbe Brethasptsgnbodiasi 28¢ Whsrenythe smaH yaplecudg inhibitorigt hod
of enbpdi i : Hh ¢ i b\ b i qeted fromthe
ar oup. Sonerars eyt e BialpeniuntR of TRe SHR oA b AEHATLC,
2, 2- bi s( 4- imidazadgPe2rpisf4-Buptophetyd e 2iphenydacetdmide 21 -[(2-
chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)diphenylmethyl]-1H-
pyrazole; 1-[(4-chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-
fluorophenyl)diphenylmethyl]-1H-pyrazole; and 1-[(2-chlorophenyl)diphenylmethyl]
20  -1H-tetrazole.

31. The method of embodiment 28, wherein the small molecule inhibitor is

1-[(2-chlorophenyl)-diphenylmethyl]-1H-imidazole.

25 32. The method of embodiment 28, wherein the small molecule inhibitor is

2,2-bis(4-fluorophenyl)-2-phenylacetamide.

33, The method of embodiment 28, wherein the small molecule inhibitor is
1-[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole.
30
34. The method of embodiment 27, further comprising co-administering to
the subject a therapeutically effective amount of an anti-inflammatory agent, anti-bone-

loss agent, immunosuppressive agent or chemotherapeutic agent.
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chl or ophenyl ) di phenyl et hyl ] -1H- pyrazol e;

1-[(2-fl uorophenyl)di phenyl nethyl] -1Hpyrazol e;

| - [ (4- chiwoceptuensgiskdi phenyl met hyl ] -1 H pyrazol e; |-[(2- PCT/US2009/006050
fl uor ophenyl ) di phenyl nethyl]-1 H pyrazol e; and

| - hi heryl ) di
enbodi mont. 96 uhie) o WAERS F5L Y dip o EAGAL | B aniad) or it RfAL
1- [ ( 2- chl odipase eithrpetdiipdietyy giart dejll fhrmattdni 1ma(babﬁbeSuséI@t1b1Ehe ombiviag tied

embodi nent . :ﬁ& wherein the snal| nol ecul e. inhibitor is
2, 2- bi s( 4- TRBIUBPRIRFILOMERER dissese: Hicirathodcampritiag Hersafadminbsangent

36, wher ei fy |hB8u5ERI th KhBy b fk!t hfof

1-[(2-chl orophe%@l di pﬁgh&ﬁ ﬁ%? R&f pgllrg%o emteﬂ.edk?ﬁecor?g%%%c of

enbodi nent c8&umf- amrﬂa@d p@tmpuns(Sﬁ@) chammghinhitstoe to impilioginitecel fbjneationa

t her apeuti cal | ff.ective amount .of an anti-infl anmat or t, .

ant | - bonel BRgrely s nTamea RO egun s dithert Is RSFVSHR BRI IB HIS wbistnt . 43,
A nmethod for preventing inplant or transplant rejection in a subject having

an inplant or a transplant at a site located within the subject, the nmethod
conpri si ng the d86ep & eamﬂiw@tee‘rhordgn@m 36hwhsn9b] the SKa Qhaandpelublt@abl y
effective a0 i nter rre i at t ance, cal ci,um ac ot assi um
(K) channe %%&%‘ etgroupr‘fﬂn% {nggq &E‘ﬁﬁ?ryfw}ﬁé? ?cdﬂ’ Iﬁ?notfﬁoq ﬂ) fcinity
of thel@i ta)d sl iblecuRjigkibitern of the inplant or transplant is prevented in
the subject. 44. The nethod of enbodi nent 43, wherein the SK4 channel
inhibitor is selected fromthe group consisting of an inhibitory nucleic

act d. . monocl onay ant irheanddt ARkl IR BClhG T MREIondFungThE, et hod o

enbodi ment 44, lerein rmnoc anti recogni zes a por eyregl on or
smal | nol emubgnbésrwkbmg rebooromsnadll mnleSiﬂé bihtangdbma{hﬁof aHBEKAtrelhdmél of

enbodi nent 44, V\/nerei n the small nolecule inhibitor is selected fromthe
group consisting of |-[(2-chlorophenyl)-di phenyl nmethyl]-I H m dazol e;

2, 2-big{ 4-fl uor %menﬂlé &t@&%bﬁ%@hﬁéﬂt% whéiefrfthe small molecule inhibitor is
chI or ophenyl ) di phenyl net hyl ]- 1H pyrazol e’

1- [ ( 2- f | uosedgshashiydoindhe gromp lcoetisting]ofl1- [Ié[]?)-ychh)xmlmnyl) -diphenylmethyl]-1H-
|- [(4-chl Ot Qzei\)rl]é”Z)f“st(fﬁYlorop ex}lle 2 phenﬁgce?zn(ljlldg 1- [(2[ (2-T1uorophenyl)
chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)diphenylmethyl]-1H-
pyrazole; 1-[(4-chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-
20  fluorophenyl)diphenylmethyl}-1H-pyrazole; and 1-[(2-chlorophenyl)diphenylmethyl]

-1H-tetrazole.

39. The method of embodiment 36, wherein the small molecule inhibitor is
1-[(2-chlorophenyl)-diphenylmethyl]-1H-imidazole.
25
40. The method of embodiment 36, wherein the small molecule inhibitor is

2,2-bis(4-fluorophenyl)-2-phenylacetamide.

41. The method of embodiment 36, wherein the small molecule inhibitor is

30  1-[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole.
42. The method of embodiment 35, further comprising co-administering to
the subject a therapeutically effective amount of an anti-inflammatory agent, anti-bone-

loss agent, immunosuppressive agent, or chemotherapeutic agent.
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di phenyl nethyl ] - 1H pyrazole; and 1-[(2-chl orophenyl)di phenyl net hyl ] -
1H-tetrazole. 47. The nethod of enbodi nent 44, wherein the small nol ecul e
i nhi bi t orwo20W/(56:84chl or ophenyl ) - di phenyl et hyl ] - 1H i mpdaast@9/od@ds0 The
“met hod of enbodi nent 44, wherein the small nolecule inhibitor is
2, 2-bi s(4-fl uorophenyl)-2-phenyl acet am de. 49. The net hod of enbodi nent 44,
wherein the small nolecule inhibitor is 1-[(2-chlorophenyl)di phenyl net hyl ]
-1H pyrazol e. 583. Tha methbddorfreestiving iimplant dr&raﬁsplahhmyecaonmhsmb)gct
co-admni s er,ingryto t he sub ect a theri&gutlc Iy effective anmount of an

®

anti-infla aor a&F fedsuithin thgsubjecs the methodet hod of
embodi ment ¢ rléi‘i}t?fh%'sféptd?%dﬁﬁﬁgt%ﬂhgrfﬁ tHeSuBje€e] thera g&ﬂﬁﬁll ffett:t'i\%séfﬁou

transpl ant. hod to prevent cancer netastasis ' a su bj ect r1haV| ng
cancer,5 t han nmrmdlatﬁamdlusiange tdladusi- azmvatfed@dtusmusm(&)lchgmed)1rtHnlmtc3ud»j ect a

t her apeutic effecti ve ano i.nte conduct ance

cal ci um ac\"% %/%amﬁ(?ﬁ&??aﬁ’rﬂn(%@ ﬁé(l‘ﬁ’l’é‘ Fy ?Wﬁﬁt Syhergn refstinn oT ke ast ati ¢
cancer cel imftRidafiplattie pRVEntbd eh ﬁ,@@gg@ctnet astasis is prevented in the
subject. 53." The nethod of enbodi ment 52, wherein the SK4 channel inhibitor

is selected fromthe group consisting of an inhibitory nucleic acid,

nonocl onal antl dy cul b| to of

enbodi ment 53, er eFﬁQgﬁmorlfgg%gﬁa rﬁ4§i B’o%‘ﬁ"‘rt@%% ?&ngnﬁbggorﬂégi on or
snmal | 10! esuldotedofrord ithggrdaprbisisiingadt ahkdhibhenneiclei®iid, endsidda antiody,
enbodi nent 53, wherein the small nol ecule inhibitor is selected fromthe
group cons’i‘@tﬁ"ﬂﬂj wplecule iphibloor ophenyl ) - di phenyl met hyl ] -1 Hi ni dazol e;

2, 2-bi s(4-fluorophenyl)-2-phenyl acetam de; |-[(2-

chI or ophenyl ) di phenyl net hyl ] -1 H pyrazol e;

| -[ (2-fl uorophe#yl) dﬂ“hélﬁteﬂiddﬁifltyﬂljodimmr%zwha’,em the monoclonal antibody

i phenyl melEFURTESS LR PRl 8 Ll ls R 8 dpieiyttyh Yo ATREL hyl | -
1Htetyqzol e. 56. The met hod of enbodi ment 53, wherein the small nol ecul e
| nhibitor Ts 46, The method of embodiment 44, wherein the small molecule inhibitor is
selected from the group consisting of 1-[(2-chlorophenyl)-diphenylmethyl]-1H-
imidazole; 2,2-bis(4-fluorophenyl)-2-phenylacetamide; 1-[(2-
chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)diphenylmethyl]-1H-
20  pyrazole; 1-[(4-chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)
diphenylmethyl]-1H-pyrazole; and 1-[(2-chlorophenyl)diphenylmethyl]-1H-tetrazole.

47. The method of embodiment 44, wherein the small molecule inhibitor is
1-[(2-chlorophenyl)-diphenylmethyl]-1H-imidazole.
25 '
48. The method of embodiment 44, wherein the small molecule inhibitor is

2,2-bis(4-fluorophenyl)-2-phenylacetamide.

49, The method of embodiment 44, wherein the small molecule inhibitor is

30  1-[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole.

50.  The method of embodiment 43, further comprising co-administering to
the subject a therapeutically effective amount of an anti-inflammatory agent, or an

immunosuppressive agent.



| -[ (2-chl orophenyl ) -di phenyl nethyl ] -1 Him dazole. 57. The nethod of

enbodi nrent 53, wherein the small nolecule inhibitor is

2, 2- bi s(4wOl20uvospdsenyl ) - 2- phenyl acet ami de. 58. The net hedTafS2embbodsnent 53,
wherein the small nolecule inhibitor is

| -[ (2-chl orophenyl ) di phenyl nethyl]-1 H pyrazole.59. The nethod of

enbodi nent 52, further conprising co-adm nistering to the subject a

t herapeuti cal | y5ef f eqhe weetiistbefidmbvidirienta3t ivhereid tienBieplyntdgeoél], organ, or

anti - bonel gss agent i mrunosuppr essi ve agent or chenot herapeutic agent. 60.
A net hod tB“WE@ﬁPﬂ??lan i nt er medi at e- conduct ance cal ci um acti vat ed

pot assi um (SK4) channel inhibitor that inhibits cell-cell fusion, the

nmet hod conprising the steps of: contacting a cell population with a

candi dai e SK4 cbhannelA mathiobitd preyvemtrdncke tnestastasini adubjdeehavihgcaraditiat e

agent |nh|b|ts cel | -cell fusi thin.the cell pu ation. 61. The nethod
of embodi nBisthogFomprisig;the ﬁtﬁgogaﬁﬂp%ﬁmg&ﬁt %S‘tbé Ajt %@p%@?@bﬁweand t he

SKk4 channehmb{mlotflah%tehﬂmlabrc%n&%nce%LllclJrﬁtabmt&f pORGIAR (R8P chaliel The

nmet hod of enbodi ment 60, wherein the cell popul atlon conprises at |east two
cel | typesinhgntor ¢d uﬂwmtmetastattacmwphe@]b&mnation Avheoep Ol ¢anoer oetagadisisng: an
effective anou t of i.nt er nmedi at e- conduct ance cal ci um acti vated potassi um
( SK4) chanR&Yex ﬁ‘?‘lf’bhFSPbJe%nd a therapeutic, wherein the therapeutic agent
is selpgted fromthe group consisting of an anti-inflamatory agent,
anti - bone-1o0ss agent, inmunosu pre55|ve agent and chenDtherapeutlc agent .

64. The conposi fpon dhe amtend boggmenitids wibpreithhe SKA ehpaneldnhibies isi t or i s
selected f

ronocl onal IR Sl BL BB LR A llely BRbIGH RIS kel bdoRl bty
enbodlnentaﬁﬂmnMMEm&mnkthmﬁbﬂoclonal anti body recogni zes a pore region or
smal | nol ecul e- bi ndi ng domai n of an SK4 channel .

15 54.  The method of embodiment 53, wherein the monoclonal antibody

recognizes a pore region or small molecule binding domain of an SK4 channel.

55. The method of embodiment 53, wherein the small molecule inhibitor is
selected from the group consisting of 1-[(2-chlorophenyl)-diphenylmethyl]-1H-

20  imidazole; 2,2-bis(4-fluorophenyl)-2-phenylacetamide; 1-[(2-
chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)diphenylmethyl]-1H-
pyrazole; 1-[(4-chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)
diphenylmethyl]-1H-pyrazole; and 1-[(2-chlorophenyl)diphenylmethyl]-1H-tetrazole.

25 56. The method of embodiment 53, wherein the small molecule inhibitor is

1-[(2-chlorophenyl)-diphenylmethyl]-1H-imidazole.

57. The method of embodiment 53, wherein the small molecule inhibitor is
2,2-bis(4-fluorophenyl)-2-phenylacetamide.
30
58. The method of embodiment 53, wherein the small molecule inhibitor is

1-[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole.
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66. The conposition of enbodi nent 64, wherein the small nol ecul e inhibitor
is selected fromthe group consisting of

| - [ (2- chiwoaptoensgisk- di phenyl net hyl ] - | H-i m dazol e; PCT/US2009/006050

2, 2-bis(4-fluor ophenyl) 2- phenyl acet am de;

I-[(2 chl or ophegy!l ) dip g[m| bi . o cadminicter:
1-[(2-f1 uor opheﬁgl ) di phary JZP%HLYT} odlrﬁ_*it%r mzo él;ecomprlsmg co-administering to

1-[ (4-chl oﬁmpbbjaytla)tﬂembamdan?teffyét]ve ahlrdmmybﬁmohrﬁx inflajr{r2atbtyuape oy hetiybope-

di phenyl net hyl] -1H yrazol e ; and 1- 2 chl or ophen I di phenyl net hy1]

-1H tet razt?P%/\ ée“ﬁ'}m SURPPSSctA8ERf QSP %‘ﬁB@HTaﬁﬁ‘Eﬂ % ‘wherein the smal |
nol ecul e inhibitor is |-[(2-chlorophenyl)-di phenyl nethyl]-1Himdazole. 68.
The conposition of enbodi nent 64, wherein the snmall nolecule inhibitor is
2, 2- bi { 4- f | uor 6Ghen hethog heidghbfyetnantedmedibe-cofilactamrpakiitmagtivited
enbodi ment 64, . wh n.the sma | ecul e inhihitor i -

T (2 cni oP SR 3 P EiteRgr e RyeT Dr Rk sObre! Rbten. Hranelad sepprihgor
enbodi ment (1@3tepk ¥E:t her conprising a pharmaceutically acceptable carrier.
71. A nethod to identify an internedi at e-conduct ance cal ci um act i vat ed

pot assi um (SK4) chaneeitactipgiacellqropulation adth acandidatee$ K4 ehannet inbibiter; amde
met hod conprising th st en 1Sn O‘Lhetﬁerr{hactl e, a%ﬁce%g n\j/\ﬁg)f)heeﬂt 'e guwoag(%la[%e

candi date SK4 channef® r can

agent m:timatceﬂp@pdl]hﬁ@ell fu5| on within the cell population. 72. The nethod
of enbodi ment 71, wherein the cell popul ation conprises nmacrophages and the
SK4 channel activator activates cell-cell fusion of nmacrophages. 73. The

met hod of enbodient r I i i .l.east two
cell types, one g? WEIKQC- ﬁle}{ﬂsb%rrog{ce%%ﬁggég 6b8%ﬁ§gll%|§%%ll g{f_ﬁ%&fmﬁ&]@@ W NGS
The pr esentacmopbages and wiel SK 4 ehdmnel imhibivod mhitisadilauel fidan uf emcrophpest s and

advant ages ot her than those set forth above will becone apparent when
consideration isgiven to the follow ng detail ed description thereof. Such

detai | pd descrigj i onTHEkRh IS RHIENER ébh@rh&%ld Aviceg p@lfa@%&g&mwﬁé%"s%t n:
FI GURE 1A shows a photograph of freshly plated rat alveolar nacrophages;

least two cell types, one of which is macrophages.

63. A composition comprising:
an effective amount of an intermediate-conductance calcium-activated
20  potassium (SK4) channel inhibitor; and
a therapeutic, wherein the therapeutic agent is selected from the group
consisting of an anti-inflammatory agent, anti-bone-loss agent, immunosuppressive

agent and chemotherapeutic agent.

25 64.  The composition of embodiment 63, wherein the SK4 channel inhibitor
is selected from the group consisting of an inhibitory nucleic acid, monoclonal

antibody, and small molecule inhibitor.

65. The composition of embodiment 64, wherein the monoclonal antibody

30  recognizes a pore region or small molecule-binding domain of an SK4 channel.
66. The composition of embodiment 64, wherein the small molecule
inhibitor is selected from the group consisting of 1-[(2-chlorophenyl)-diphenylmethyl]-

1H-imidazole; 2,2-bis(4-fluorophenyl)-2-phenylacetamide; 1-[(2-
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and FI GURE | B shows a photograph of a multinucleate cell formed from fused
rat al veol ar macrophages after five days of culture under fusogenic

condi ti ons0 2B10@SREB42 shows upregul ati on of SK4 channel ®rRIASeooPNE®SI on by
24 hours in rat alveolar macrophages under fusogenic conditions whi ch

| asted thr ' f p e

sanpl es atajg&%g 1’?‘?} ?f,ﬁeﬁfﬁﬁmﬁr@}%&l%? t(%ours(ip% @ alggc} ggnt ed as
nmean si gnapyatote; sn-ﬁndmt(ﬂoplﬁadyb)ﬂiphar)ylmfeﬂtyh]r-He-plymhole d[é2- ﬂaamphewl)and wer e
obt ai ned ffymetr Genechi p(r). RAT230 PI ray e (Probe
ID 13689303(13@@%?@&1%P&Ryga%elﬁsa@fﬁf-é ShierPBRerf) e zlﬁieﬁwﬁﬁg siteels-on
during differentiation of human peri pheral bl ood nononucl ear ceI | s (PBI\/Cs)

to osteoclasts under M CSF and RANKL stinulation (x-axis represents
replicdte hunman6PBMCThanghpesigen 6f dmlwd,imantcfaysvheﬂeildﬁnp$mail4ndlaydeor 2 1

days) . Data r.e pr a a + d devi ation) of four

i ndi vi dual "8 QWBFES leg(ﬁoctlﬁgpgﬁ%”f) IH%H%BV ti?"é}}r#éf’?%?f %§- Genechi p(r) U133 Pl us
2 Array chips. FIGURE 3B shows that the Genechip(r) data were further
confirmed by TagMan(r) Real -Tinme RT-PCR (x-axis represents replicate human

PBMC sanpl es at6® holihe campesjtion gf m@@xmmt tfaypdersin thesmpdymplecle GURE 3C
shows hi ghnﬂ%%“SXj)é%l h?ﬂlorql%enyé hgnylﬁgé{am*oB cells, dendritic cells and

macrophages as comjare 0 ‘om FI GURE 3C were derived
from Affymetrix (r) Genechip(r) RAT230 Plus Array chips and are presented
as nean signals of the cell sanple. The cells sanpled with the nunber of

replicates are ﬁ%dl ch‘éWmﬁoﬂlm@@dlmF@ﬁﬁEW$Ar%%%W@@'&%@H
t | ast | t f
ot or o7y gt §51-1C-dHorBphent AR ARRMAL AL AEIREP, B10CY 2S Bh channel s

cul tured under MCSF and RANKL for seven days when conpared to honpbzygous

wld-type (W, 4+ m ce. .FI GURE 4B .sho reased surface area of
these cells whe 6< ‘?EﬂmP%SIWn ‘E’éboqﬂln%% g“ SFRMPHSINEA defi ci ency in

SK4 chpgwneﬂ,hgﬂg&dﬁggn}sé&@b{abg@;ﬁé{ affect the relative proportion of
macr ophages from honozygous knockout (sk4 ) nice

71. A method to identify an intermediate-conductance calcium-activated
potassium (SK4) channel activator that activates cell-cell fusion, the method
comprising the steps of:

20 contacting a cell population with a candidate SK4 channel activator; and
determining whether the candidate agent activates cell-cell fusion within

the cell population.

72. The method of embodiment 71, wherein the cell population comprises

25 macrophages and the SK4 channel activator activates cell-cell fusion of macrophages.

73. The method of embodiment 71, wherein the cell population comprises at

least two cell types, one of which is macrophages.

30
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be better understood and features, aspects and

advantages other than those set forth above will become apparent when consideration is
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(bottom panel s) when conpared to WI (sk4+/+) mce (top panels). FACS graphs
are presented fromleft to right as different conbinations (all cells, CD

| b/ FA80, vUDI2000@585880, CDI 1C/ CD1 Ib). Fl GURE 6A shows de®ceamsea9/006050
osteoclast-like cells (i.e., TRAP +) generated from bone marrow derived

macr 0phagegiyth bR ISANHE R A B QHbibs ikrdor. SLOPaGHIANAL ARk ss 0geni ©

condi tions séven days when corrpar +/ +)
m ce. FI GJREerGB:eﬁbohvsfodileM@dmdnmgxt wlhesurface area of these ceI | s when

conpared to V\7I' RES 7A- B show t SK4 channel
"nhi bi tors (1 CA (5138@ ogrgpy© frgﬁathléa&% E)mf}frf@

ost eocl ast gOPPRAIRE B Qﬁo%%eﬂﬁ Qﬁﬂ&f z{‘iﬁﬁﬁi%'hclle{a‘tel%@ﬂ?oﬂfi?erdrf?d(i’ﬁ(f‘t‘z?sreki\fﬂd
macr ophages of WI m ce. The surface area of TRAP + osteoclast-like cells

wer e asses sledolelFl@@crpphms efert fiveedaysiof eultwre ander fosngevigredndidions.ol ). Data were
derived fromfi ates and,the ar resent st rd

Govi ut i on P cUREURR SR R eadh o S e st R SR ond A s e
sanpl es. FinGdPﬂse&&ﬁa@bﬁuﬁg@ ugaerfﬁlﬁfg@hllcseoaam@ﬂyaﬂﬁ&l Rifed throligh a8ps5 es from

honmozygous knockout (sk4 ) mce (nmale (M d fenal e (F) conpared to WI
m ce (M an@kiFyepreseats r@nitqateoaiv¢0égena<amhalgea§tnph@|at:‘ébomﬂﬂipwt, 24 heptsedr. Dat a

from two SeRRrALS SIASLITROLSA S BhaNeaT)S AMORES ofesl) BRliSd 1 _each

study group 15 1 e e St FS T epresent

st andar®@ efndoridwl sir’ﬂple@‘&ﬂchwel%l dBiitbe P By Mfy\ﬁ&:tﬁx%(ﬁleﬁd:dhﬁfﬁ RAT280 Ph8ATay
hi stol ogi cal scores in bone damage, cartilage danage, pannus and
i nfl ammat i @fpeflﬁleﬁéﬁlﬂpf‘merlpsl-’tﬁg%ﬁn?&ygous knockout (sk4 ) m ce (female (F))

wh dt t thrit

model (Beper | menC ORE b e @t RO AR CRREHORIARE BT 1L ced
bone danagéifferertiatior yflurmark paripherd] blak4ngnanuciear cedls PBMJs) whestecdagpar ed t o
W mce int col antibody-induced arthritis nodel GURES
T0A B ShowPIRAMTNE SO ARG, TSR IS (SRR ST rRicpre e M G |
TRAM Sfs FLEMRES d@hainth 44, 7 g @ztdhy§é>r>@1 @Jy‘g%elﬁﬁta‘a%l\ﬁ@%xﬁ‘&i%@ﬁis' sina

dose- dependent manner 1n hHuman PBMCs under L stinmulation. The
signals (+ standard deviation) of four individual samples and were obtained by

Affymetrix® Genechip® U133 Plus 2 Array chips. FIGURE 3B shows that the
Genechip® data were further confirmed by TagMan® Real-Time RT-PCR (x-axis
represents replicate human PBMC samples at 0 hour, 3 days, 7 days, 14 days or 21

20  days). FIGURE 3C shows high mRNA expression of SK4/IK in human B-cells,
dendritic cells and macrophages as compared to other cells. Data from FIGURE 3C
were derived from Affymetrix® Genechip® RAT230 Plus Array chips and are presented
as mean signals of the cell sample. The cells sampled with the number of replicates are
indicated in FIGURE 3C.

25 FIGURE 4A shows decreased osteoclast-like cells (i.e., TRAP™) generated from
splenocytes of heterozygous (sk4+’ ) and homozygous knockout (sk4™) mice for SK4
channels cultured under M-CSF and RANKL for seven days when compared to

**Yy mice. FIGURE 4B shows decreased surface area

homozygous wild-type (WT; sk4
of these cells when compared to WT mice.

30 FIGURE 5 shows that a deficiency in SK4 channel does not significantly affect
the relative proportion of macrophages from homozygous knockout (sk4™") mice
(bottom panels) when compared to WT (sk4**) mice (top panels). FACS graphs are
presented from left to right as different combinations (all cells, CD11b/F480,

CD11C/F480, CD11C/CD11b).
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surface area of TRAP + osteoclast-like cells were assessed (POC is percent
relative to a no conpound control). Data were derived from four replicates
and the ewpapihEsss4r epr esent standard devi ati on. Fl GUREPCITAISS¢0oma605hat
SK4- deficient osteoclasts are defective in resorbing bone mnerals. Bone

rarou der ved PRIURERBISR RIS EATCBATKS (Y RSP edbh T o

Bi oCoat (t nporleshaedwgleri¢édinasiophzges fivat hamezygoas kdoddouh(sh‘ﬂ'f'j miceicaltuledne made
Fecor di ng VHE® BRPGFTAGHULEHE & -COFr aRAN b Gt e R CBPREdNT ¢ ar e
repr esent ajs\ veh gt NERFURBHPERIR He c RARA H 1A Nirfack Rreabf tibdk celfeRhesent ati ve

i mages of resorption pits fromsk4+/+ and sk4 mce are shown in FI GURE 11 B.
FI GURE 512 einopmed tvaW ISKikedef i ci ent ni ce have increased trabecul ar bone

density. D stal r mal nd f.emal e 4. L m ce. have hj r

t rabecul ar densﬁ@#ﬁgrf ‘A’f'gg;rl?mog'lﬁqllatworf{l@genﬁg%Spa%n)’ﬂﬁéblg)f%%eéi'bﬂgsweek- ol d
nal e and fEIATRE 94 and GTRA MK FIG UREE7 BBVt dBR6¢lasto pdi@sip @ dose-= 8; SD).
FI GURE 13 shows a o’lorso.l ateral dissection of a nouse head. The arrow

i ndi cat es dépsendent amapper ipdene suasowe-derdsdsnaaiprhageool WT migso Nhssuefhes i de
LPS) ab h Iari Um i an. i vi ' . Thi
(LPS) abovg éﬁg Pv%rstl.egg?aétnlk%%elllggé%evaoss pslééfgfrédéz% ?{ré’ém@h@{h@%ﬁ?&’ Thi's

i njection of I hduCces a 1'ocC ra cirent i antmat ory

responge téahpdumddsnirol)t Datd werletioed Hbmabieaeplictéssaridnhé erreslarbrdpossent
FI GURE 14 shows that absence of SK4 dramatically prevents bone resorption

i n r espons#andsrd devdatian, JdUiNe dGshpws tha TRAP staingssimags\of 1IEAa] 4P vEgatedm

Ei ght-meekga[ngpésk4+/+ and sk4 male and female mce were injected with 25 ng
of LPS, in a } m volume, in the periosteumof the right calvarium (see
Fi gure 13). HeaBEGURES 82uBjshotvedignificaaty aiterypalted ariheitis GdoretNobm t he | ack of

Vi vo. T espoheBORoSTKRSRaHPT © e Sapl ) e Toinela Y Fompuad g YERAERor 1 i ont
(sk4 )13 n NGSRQES o APantREAlageH RALBRISAYScRIBEtL Mbde]. DRR AP %R0 sdjfrate
calvarium Cal varia bone surface density Sb_one surface area relati've to
bone experiments are shown. The number of animals in each study group is indicated in
FIGURES 8A-B, and the error bars represent standard error of the mean.
FIGURE 9A shows significantly reduced histological scores in bone damage,
cartilage damage, pannus and inflammation in paw joints of homozygous knockout
20  (sk4™") mice (female (F)) when compared to WT mice in the anti-collagen antibody-
induced arthritis model (Experiment 2 from FIGURE 8). FIGURE 9B shows
significant reduced bone damage in homozygous knockout (sk4'/ ") mice (male (M))
when compared to WT mice in the anti-collagen antibody-induced arthritis model.
FIGURES 10A-B show that two different SK4 channel inhibitors (ICA-17043
25 and TRAM-34, FIGURE 10A and 10B, respectively) prevent osteoclastogenesis in a
dose-dependent manner in human PBMCs under M-CSF + RANKL stimulation. The
surface area of TRAP" osteoclast-like cells were assessed (POC is percent relative to a
no compound control). Data were derived from four replicates and the error bars
represent standard deviation.
30 FIGURE 11A shows that SK4-deficient osteoclasts are defective in resorbing

** and sk4”" mice

bone minerals. Bone marrow-derived macrophages derived from sk4
were cultured in the presence of M-CSF (20 ng/ml) and RANKL (100 ng/ml) for 20
days on BioCoat™ Osteologic™ slides that are coated with artificial bone made of

calcium-phosphate crystals. Osteoclast activity was assessed by recording the calcium-
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vol une, FlI GURE 15A); bone thickness (FI GURE 15B); and bone density (FI GURE
15C). SK4-deficient mce maintain a higher calvaria bone thickness and
density Swoayn/@Biser LPS injection and a | esser resorbeaCharseomswndoace.
DETAI LED DESCRI PTI ON The present invention relates to an identification of

| ncreased h sﬁﬁﬁ@%ﬁc%%?é‘a §§a§‘vrb‘aepe?€\{e‘ﬁ' LﬁEF&‘l?USI 2 rﬁ?seﬂ&h@é%ﬂlﬂ%é SKa or KCNN4

or |1 K) channel expression ur| n especl a during
honot ypi c mﬂdpd:ﬂhﬁraxpymmentkt@s# GnSDD nReﬁmsemgptwacma@émg”essorﬂ'tﬁm pirsvfeorhi on

conpri ses he/ us SK4 i nhj bitor r jvators to nodul ate cell-cell

f usi on. ! gé‘b‘{m@é‘?et%ﬁ OV ﬁlﬁ%ﬁ%ﬁgﬁ re provided for nodul ating
cel | -cel ' fUS' OPI(YUREtIQeshB%‘t'ﬁéltS'I@ﬂdé}fc@KﬁnG@W‘ihcx‘ééd%%%%b&ﬂar Bkl Vity
orfunction. In this manner, SK4 channel expre55| on, activity or functi on

can be izlecd@mmadDéstaldcmursrﬁmblmdd)and)femaicslehsmbelhavoadmhet trablemlzase (| .e.,

< the oty Bngrors T aBice: FISPOR e RPG Rk abtE e el 0 oo

t he fusion-gid g@ﬁ#snlgy%rea@amr@i}{mT Reg:e@) to formation of
mul ti nucl eate osteoclasts that are 1nvol ved in the devel opnent, renodeling

and repair of bBHEJRBylStshawsiacleasolaserabdissegtion ate mpusyhensn e aravause of
bone di Seap! ca?e'ﬂ(ﬁt'e f tse 0 {5) cal fsgbc%ta[%ggug i fe%ﬁgﬁg ?f ﬁ%oqﬁac 'aFr{d% éL%SEglM\%%P%f usion

of macrophages can I"on o e gl at form

i N resppnsé&alvarivan froztreingmvda@sﬂyocﬂ;ascfbrﬁﬁuan PELNOTRR ifjectidh 6MPPR iiducdde present
i nvention theref ore_ focuses on the role of SK4 channels in macrophage

fusi on. I nlosaliredermpiskandestticiont ndapmadeniresprosihpidradsrig thatosmatiomstis 1 or

i nhi biting,& cllasteth%]t r@ﬁbgﬂne nore particularly cell-cell fusion involving
macrophages n such enbodi nents, SK4 channel expression, activity or

function, and tRIGUREI4-sheirs thatabsemce 0A8KH elrateaticaly @eevientsebone iresorigianed) ,

for exarrple, by contacting cells of inter th _an ffectl e amount of an
SK4 channel? Tesngs togecal ISHg?LH?‘?OHﬁHH%"r“onﬁg %f?\gﬁﬁ%me& ghbgpf?&“ ty or

functipn cgjy slil@*/dﬁfcfﬁas alb3nl l?é}ﬁﬁe?rﬁl:% wefdin _!f@%e@rvﬁ'ﬁﬁ 2?{%%fﬂ>§t iS4 le"lil |y

signi ficant anmount 1ncluding, but not Timt 0, 5% % 15% 25%
30% 35% dflUmedinthe pEostamVpf 3% ghb bty arnOfy(seéFgur80%). HE&ds WcsuISQE%:d)r
100% when to scanning by microCT. Note the lack of response of SK4-deficient mice to LPS. (n=
5).
FIGURES 15A-C show the in vivo response of 3D parameters of calavariae of
20  sk4™ versus SK4-deficient (sk47") in response to local subcutaneous injection of LPS
above the calvarium. Calvaria bone surface density (bone surface area relative to bone
volume, FIGURE 15A); bone thickness (FIGURE 15B); and bone density (FIGURE
15C). SK4-deficient mice maintain a higher calvaria bone thickness and density 5 days
after LPS injection and a lesser resorbed bone surface.

25

DETAILED DESCRIPTION
The present invention relates to an identification of increased intermediate-
conductance calcium-activated potassium (SK4 or KCNN4 or IK) channel expression
30  during cell-cell fusion, especially during homotypic and heterotypic fusions involving
macrophages. The invention comprises the use of SK4 inhibitors or activators to
modulate cell-cell fusion. That is, compositions and methods are provided for

modulating cell-cell fusion via the modulation of SK4 channel expression, activity or
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conpared to an appropriate control. In other enbodinents, it may be
desirable to have increased cell-cell fusion, for exanple, increased

macr ophagwoceldossisgi on. Thus, for exanple, increased naecosage/oe@sd fusion
and formation of nultinucleate osteoclasts may be desirable to counter

abnormal |y i ne eaﬁl ﬂ,s%’ne d %I{agmar hpes%]{)r? af. 19it§( DI Rllfiod Qatnel?tde\%p%agé% '

ost eopet I osi S an’ne pressi on

function ofi. enmﬁ&wé&;@e]mﬁédssd ﬁ%‘rd&etold&ﬁreeaﬁ(e@., ifHabityorangatase cb-cedint act i ng
macr ophage cells with an effective anoun an activyator of SK4 channel

expr essi on fusion; W\?P‘ﬁ/‘"@lb’ Qfrrartiqpar lméelsb‘stthf‘emﬁégﬁaﬂ@éioﬁﬁﬁ kestfusionan i nerease
in cell-cellofk rﬂchoﬁll(a;b eghannel expression, activity or function can be

i ncreased 1 n thdse ce interest by a statistically significant anount
i ncl udiing, but ﬁmteﬁmnpid,ehh ﬁs;on&fi’qceﬂﬂgzi;ch%%acﬂ@%ig@% 1% f&ﬁ%tlod(a% 45%
50% 55% 60% 65% 70% 80% 85O % 9 % 100% ‘%’FP% 0% . 130%
7400 15000l EIeae e SR Bt EOIXF BF ST e oot repair

conposi t i opspaRd D@Eﬁﬁ@éénﬂfosfebaaét@wmy Oih el Maugé 6f whermaeake%tsheﬁ ost eocl ast
differentiation and function via nodul’ati on of SK channel

expr essi ongsiedpovadsisyandrrhéwmatoidoarthoitiso $tikeydba fusiomntimaeropbagse chmlkend to

Tt ophageBRIbE PR RCERGEAt T Fr P Ran e pre o Aip BB pee

M ner ajg zepathdieniof an BipREUTES presen® shveRGdRteRISREBL e bR Meadlcesrdiast
precursors such as macrophage cells it is possible to alter osteocl ast

f or mati on e¢hsanelpinsmaeropbagedasionunber and/pr ost eocl ast surface area,
thereby altering, ¢ Yx?r&ntkod?%teﬁQcéhé‘?}]esfs@’lﬁxtzén%!an %89 Chagh Jf&??ﬁﬂlgﬁn an be
er, Gor exarrptl e, 2 hone m oner of

nodul ated to al resorp | on-ac

these cel | ll-deiUfasion meyparecdiady cahRtd] fusion ipvEs@gtmacivshiagen Mnpuolyi des a
met hod for nodul ati ng osteoc|l ast differentiation and functi on, ere the

met hod confRpadimentsy é@hweh%mg%sw@ﬁ%ﬂtyaﬁcfwww&nar@s%%%g% B sor
th f |
Wi ap ef £ eald %@re@%% d?r;l}lgl?eéﬁ{%é tgkﬁﬁﬂ %}/ég?l't c;:l(Psr offifibek @ Wfh:anl N SOME

enbodi nents, osteoc tlon are Inhibited using
an SK ¢ hanef«ﬁdctiiva hmbuhtosf an 8Kk chaninelr iahibiter. dhlsthrsedalmstr SIdechannel ed@mselase in

ost eocl ast defer ntati on and/or fuynction K. chan res ion, activity
or functi offiyfty QE{HsEPRSEN ? EUrE6F & E%C"ég n%%? %ﬂ?a % i nhi bi t ed

to decr easgonmesRRIARA including, but not limited to, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% when
20  compared to an appropriate control.

In other embodiments, it may be desirable to have increased cell-cell fusion, for
example, increased macrophage cell fusion. Thus, for example, increased macrophage
cell fusion and formation of multinucleate osteoclasts may be desirable to counter
abnormally increased bone density, or to treat a chronic infection or osteopetrosis. In

25  such embodiments, SK4 channel expression, activity or function of macrophage cells
can be increased, for example, by contacting macrophage cells with an effective
amount of an activator of SK4 channel expression, activity or function. Where the
desired outcome is an increase in cell-cell fusion, SK4 channel expression, activity or
function can be increased in those cells of interest by a statistically significant amount

30  including, but not limited to, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 110%, 120%, 130%, 140%,
150% or more when compared to an appropriate control.

The compositions and methods of the invention find use in modulating

osteoclast differentiation and function via modulation of SK channel expression,
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cell fusion, thereby decreasing osteoclast formation (including decreasing
ost eocl ast nunber and/or osteoclast cell surface area), which results in an
overal | d®onresss3isn ost eocl ast function. SK4 channel expCeEasz@/00@6ti vity
or function of osteoclasts can be inhibited, thereby decreasing osteoclast

function, [agh y%}r?t%tctifgﬁz?fgﬁtgg’ak s aftfGf GRRIGr é%%ﬁ?&ﬂtsaﬁste%?ﬁgts peral

resor pt I on act nnel expressi on, unction can be

decr eased hmo&p‘&osﬁeaﬁihaeda,nﬂdlﬁnuﬂsatabmasdphpg@damwﬁllbyhaassltlaihzebbﬁal |y
signifi cant anmpunt including, bhut not limted to, 5% 10% 15% 20% 25%
30% 35% ”%xse)awaas/dts ay%raba% maiy, Baompduisipe avogclastgenensfromsos, or

100% when sasmrsegretersa& SABREORBLRPRakQS flis pbaitat hefieubggliagnt s of the

i nvention, the nmethods provi I ncr eased steoc ast erentiation
and/ or § unﬁtrinatiomsmd@uanst&’clast anmbkr mﬂ/or\mtermclasfrm&pe iama, thebp laleringicr eased

osteocl ast differen nd/ or functioin ra Ie 0 counter
abnor mal | y° Yeﬁ%lj Ry E‘iasghﬂb?naangfste)?daﬁt%t‘?}lot“rcé‘g%yﬁan [ PR

ost eopet r offleond MiferaMRESBtibNBctflgs/ erﬁlaseum@ rrﬁmsslmmertﬁﬁ&ﬁﬁaeh@ @st eocl ast
differentation and/or function, SK4 channel expression, activity or

function opresgst éwshtien pmveiﬂsrasmtbocéfmhntatllatmgmmalgetsdlﬁfawnbenommdeased to
I ncrease cr{;gha %ré: H (15 therebtg tl ncrea gﬂgg (gocl as %ﬁ tion
(includingi et easi ng o g8 3%’?1)?&?%8? a1 Bt o es‘tc r@e‘fﬁ St ace

ar ea) , 10V pRciireSiith ah Bffastiveveficint of AL SKATRanrel BiiaEloagétivawict i on,

i ncl udi ng, for exanple, an increase in _osteoclast bone m neral resorption
activity. SK4 cHhﬁ%‘&q crabsimsisopsteasdast difieyensintion ped/pofinefionaredalibéied s can

bei ncr easegg;, L 9a6idg E e\gﬁér@ (Ieléﬂ&lj 1{(1)% o %%(&Q%le G

i ncreasi ng 08 eoc one m ner T esorp % on ac VI nnel
expressi o nosta:ctasvdtfﬁemnattmmtd;/mfumnbsm eharaes exbressicas bewdtyast fanaivd/ or

ost eocl ast recursors a stat I St c I 1y significant agount I ncl udi ng, but
not |im te Rsgeoctss, pre Oriﬁ% %‘d@@ch RECI W OB 5‘5)6 bitgddp %%565@%0 60%
65% 7094 Zeﬁf/fusi%g(yﬂne&%}/‘?deglga/ﬁmgés’@ocl&@%rm]aﬁgx{q(mlgxgéigt Jecreds Pﬁ%@fébcl%?t()% or

more when conpared to an appropriate control | - Cel |
f usi on Wi hembertanifor esidocrigsttcoll lserfMLanch)twhlahyeans in aubwerall dearesgse iGK4

g? aﬂggi r IGQhI bIctlas{ 1Sunn80n %&84 C anne he(;‘(grnees"élon c{i$1%)§ Io? Pdnct‘ci'oKrf' 0 Q&Qonc zlists é:atnlb\éI ty,

inhibited, thereby decreasing osteoclast function, including, for example, decreasing
osteoclast bone mineral resorption activity. SK4 channel expression, activity or

20  function can be decreased in osteoclasts and/or osteoclast precursors by a statistically
significant amount including, but not limited to, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% when
compared to an appropriate control.

In other embodiments of the invention, the methods provide for increased

25  osteoclast differentiation and/or function using an SK channel activator. Thus, for
example, increased osteoclast differentiation and/or functioin may be desirable to
counter abnormally increased bone density, or to treat a chronic infection or
osteopetrosis. Thus, where the desired outcome is an increase in osteoclast
differentation and/or function, SK4 channel expression, activity or function of

30  osteoclast precursors such as macrophages can be increased to increase macrophage
cell fusion, thereby increasing osteoclast formation (including increasing osteoclast
number and/or osteoclast cell surface area), which results in an overall increase in
osteoclast function, including, for example, an increase in osteoclast bone mineral

resorption activity. SK4 channel expression, activity or function of osteoclasts can be
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downstream SK4 channel effectors of actively fusing cells and/or newy
fused multinucleate cells such as osteoclasts, giant cells or netastatic
cancer cewbo10As3such, conpositions and nmet hods are desecirhsdoodoo6050
inhibiting cell-cell fusion with SK4 channel inhibitors, nore particularly

for i nhibif. RS el ﬂ@re?sql&%oit?éclé’s@fudc 6h.4gt &gﬁxﬁﬁg‘% rﬁ{asgngﬁsge&?%s‘?mtyp' ¢

fusions resulting I n osteoc ast's, astatic
cancer cel bene rhiférat hapreioni astivioy.t SK4 chdﬁﬁieééxp’ressﬁml;ladlem}yrdr\fhﬂt&dnican bevo or
in vitro to inhibit cell-cell fusion. V\heng{ |ded|n vitro,. the SK4

channel i nWFEREcSHI8 osicaclpsts gad/ar peqekast Brecursars by asstptistigalinpignificaR screen for
agent s t hafy, hd¥h@hdin edbtnS?iu](rjptEa‘% 35, 199£ 597 0¥ A9l Bodil Y, 4HR, @5%

channel inhibitors ca e use revent andfor treaf a variéty of
di seases 050%j SV6AHS, &ﬂ%;@W/@Wgé&SH@&W@@S%IIDDMdﬂ@%t £2@%6) 130%,

artic Iar ast s ant cells or netastati ancer cells, are
Prrpl : c;t ed- Iq @fp{ﬂpgﬁw ‘%m%O%einpf?m}ﬁ%ﬁfﬁw- can be used to

prevent or reduce bone resorption/bone |oss, to prevent or treat an
aut oi nmune or inflammatory di sease or di sorder to prevent inplant or
transpl antlnﬁd]l@@’wfoﬁellﬂlelltfwm event cancer net asta5| s. As used herein,

"i nternedi at e- cQpd n acti vat ed otas

"i nt er nedi at e- cgﬂlfé g"ﬁ%nd; ﬁo{,%n{i t?/g?e S‘tdﬁrs E@ﬁjﬂ‘gﬂel" " SK4
channel( " @hibiokdmehanredicd cmﬁéllsex‘pﬁﬂsh@ﬁeSK@dH@ﬁl@ﬂﬁﬂivxtyl owstttamioect i fyi ng,
pot assi um channel s t hat have a conductance of |ess than 100 pS or between

about 12 p@westsam FK4Eehapgel effestorgofjactivelyrfusing spldy @tﬂﬁor(rm\dxfussd Menbr .

Biol. 119: ( Agent s
Med. Chem %grt%%ile%?qggg oglfacg‘v(\)hgf%c 1§§s %Q %%%lé%?%@k%&%@?gﬂﬁ@ﬂ@élr e rsglgiée as if
set forth ¢ompdsitionstahd eieyhodslavd detsyprcziaﬁokmlblatmgeal-abld)ﬂisuﬁﬂwpssm about 40

pS. SK4 chagnnel s e activated bm cronol ar intracel |l .ul ar I um
concentrat$ 1(%@)1}9&1@9%9?6}1%&%? BRRipitag anacRoRags C%Jkélsa%mcm% by

char ybgot oxiopid dhll 'h%fe‘{cl;tgﬁitc*}‘ﬁﬁ&%s x%k'ﬁiﬂn?ﬁq ﬁk&‘éﬁbﬁ@?&ét@oclﬁ %’faﬁf‘ce‘m%nh CA-

15451, but are”hot bl ocked by i beriotox apam n, or ketocdnazol e
channel s ametavtahcoms:byc&dlsovm in the art as interrredi at e conduct ance

SR AT N e R N TS
e.g., Cho @fll-all fubidRO08Yhdapevide®@Y vitro, the SK4 channel inhibitors can be used to
inhibit cell-cell fusion or to screen for agents that modulate cell-cell fusion. When
20  provided in vivo, the SK4 channel inhibitors can be used to prevent and/or treat a
variety of diseases or disorders where macrophage-derived multinucleate cells,
particularly osteoclasts, giant cells or metastatic cancer cells, are implicated. In
particular, the SK4 channel inhibitors can be used to prevent or reduce bone
resorption/bone loss, to prevent or treat an autoimmune or inflammatory disease or
25  disorder, to prevent implant or transplant rejection, or to prevent cancer metastasis.

As used herein, "intermediate-conductance calcium-activated potassium
channel," "intermediate-conductance calcium-activated potassium channels," "SK4
channel," or "SK4 channels" means voltage-independent, inwardly rectifying,
potassium channels that have a conductance of less than 100 pS or between about 12 pS

30 to about 50 pS (see, e.g., Christopherson (1991) J. Membr. Biol. 119:75-83; and Tharp
& Bowles (2009) Cardiovasc. Hematological Agents Med. Chem. 7:1-11; each of
which is incorporated herein by reference as if set forth in its entirety), but typically
between about 30 pS to about 40 pS. SK4 channels are activated by submicromolar

intracellular calcium concentrations (about 100 nmol/L to about 300 nmol/L) and are
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Mol . Diagn. 8:179-187; and Reich et al. (2005) Eur. J. |nmunol.
35:1027-1036; each of which is incorporated herein by reference as if set
forth in wox0emtsasset y. Thus, for purposes of the presentPCirseviooswse he term
"SK4 channel” is intended to enconpass the various nanmes by which these
channel s a A . nd am no
aci d seque%@egwc%% ggﬁﬁg?mmnn%?%ngﬁabc&%g%% %?Zoﬁgfﬁ{/ﬂﬂeg}ll g‘é&ls uch as
m ce, rats]CAnd4hlrsanare noe&lockediby ibkoiottxin, @parain, 0l R&d¢orAzole. SKatt dhanelad.
Sci. USA 94:1 1013-1 1018; .Logsdan /. %1997 J. Biol. Chem 272:32723-
32726; NeyPiyaBpusly kngvmgbth eeﬂeas ipggEmediafe eghdyciance Gl B@l‘@fedaWOtas(s&%B J.
Biol. Che e | v (1%99 I S 438 437- 444,
and U. S. gg%%ﬁ?‘ %%%ﬂg%?%%ggﬁgﬁamg IélI%QIAfK 1%(3 ﬂ%%% Iiég%ml/hll‘? |s |ncorporat ed
her ei n by Ké&Xet, EK(G8. lai(CEI‘ﬂNéed)r SK04 thannalsi tSee,@rg. j Clad ¥r;alS@O08) Bxper Q. | D NOS:

pore ot { VL 4i8eh (S5 LN SBARAR ¢ h DD i ph e HEe S ORA00E S0 aci o

sequence QYfSvhick4s fﬁl@@xj‘%@%ted@&@x‘ﬁﬂfysreﬁalr&&eQ@Yﬁe@fbrﬂhhh@%ﬁﬁr&} YERSY k&t ion site

near the pore notif he N-term nus of SK4 channels contains an endopl asm c
retention purgnses of theaprpseat Mh@@l (hz(wg) Sk phannel”as ihterded @ creompags the

(Fanger et "o Bdsnfy Hich ifsc AaBidls yoRnedf i KERGM tndics s, "
(2001)1Q). &haphelsChem 276: 37980-37985; each of whi ch is incor por ated herein
by reference as if set forth in its entirety). The C-term nus al so contains
NUNEr ous consen@h%n%‘é%fﬁ@ﬁééﬁmﬁbﬁwléﬁQﬁl@PWSIfPIh%Jéé charrpkmpnomerstase kngvhase C
Supr 8} , s rTY spetf8RE kY P DAGIRRPRY' Sb. 3% raRlep Bl hisBy phakt ")
( RLLQEAVWY NafREA2 ddDSMNCUE A 9'ﬂhHr0p3& 1B08y Lafgsdaﬂa%l (IQBb)rﬁ)BzolSKAemhmmm723-
nmononers f ho tetra requl ate potassiumion efflux. SK4 channels
are expresgéﬁ6 hf%ﬁffe 9‘5 e %ﬁf:I%cﬁﬁg}s"ﬁac\éﬂngrpeg’é‘él(i%98)#&§f"dphages

m crogl4 al I I4h 8, t cells
and epilst helclﬁgrh ?glillg’%zglggg’hg%%%tﬁg of B]Xyiy%%g?%ﬁﬁaﬁg 492%90?&% e channel s
can vary |Piathm§éoscél6l9§ 93Tiaadém4§sl§; mhaxﬁdvlndixslmcforﬁkdtedﬂmrmmbs réfarehosi ng

or recent| ds ffggtefdrtﬁ i its éntirety; see also, SEQ ID NOS:1-6. SK4 channel monomers have

six transmembrane segments (S1-S6) and a pore motif between S5 and S6 that contains
a potassium-selective amino acid sequence GYG. SK4 channel monomers also have an
20  N-linked glycosylation site near the pore motif.
The N-terminus of SK4 channels contains an endoplasmic retention signal
(Tharp & Bowles (2009), supra), and the C-terminus contains a calmodulin-binding
domain that senses intracellular calcium (Fanger et al. (1999) J. Biol. Chem. 274:5746-
5754; and Joiner et al. (2001) J. Biol. Chem. 276:37980-37985; each of which is
25 incorporated herein by reference as if set forth in its entirety). The C-terminus also
contains numerous consensus sequences for protein kinase A (PKA), protein kinase C
(PKC), and protein kinase G (PKG) phosphorylation (Joiner et al. (1997), supra), as
well as a consensus sequence for tyrosine phosphorylation (RLLQEAWMY; SEQ ID
NO:7; Tharp & Bowles (2009), supra). SK4 channel monomers form homotetramers
30 to regulate potassium ion efflux.
SK4 channels are expressed in many cell types including T-cells, B-cells,
macrophages, microglial cells, red blood cells, smooth muscle cells, endothelial cells

and epithelial cells, but the timing of expression and role of the channels can vary in
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however, has not been previously reported. As used herein, "macrophage" or
"macr ophages" neans CD68+ (humans) or F4/80+ (nouse) nononucl ear | eukocytes
t hat funcwDan10/033384ssue honeostasis as well as in innateCarus2@oq0osed

i mmunity. Macrophages al so can be CD |b+. Mrphologically, they appear as

oo muct eort SRl xastiah afl bl BSR4 al)els PR, FOOAR BlsBRdy *°

numer ous ahuwepdy], hascnoy bagrpresioublpeepptedges are | ocated throughout a body's
tissues and are deri vgd fromcircul ating nonocytes (i.e., bl ood-horne
mononucl ear | eu g ggreinypmaciophager M "HAFIARN3ERS" MEASSCDRS AGYENHATs and

antigen preggaj %bg&) n%oﬁﬂagﬁqé(ﬁﬂo%gﬁ%gﬂag furEESﬁ ﬂp{}?sggﬁgﬁl%gﬂ‘la;is Ndeli BEN

di gest cel lul ar "debri's and pat hogen acteri a, I, protozoa,
Vi r usesS andn inmagtany aaquirest inmirdtye Myerpploggs elso amdbe Cldr bl nivionghodegitallyt o

respond to these pathogen ant | presentin el l's, crophages process
ind pr esentIAPPGRAS MRS AHATS A oAb BB URE SRu Bl A GPPABES Pes

| ynphocyt ego 80¢in@I &8, cluimpeaehsthatih, abaRPRARasA WG $RESIBE SnPRuRéoay Of
nonoki nes i ncludi ng enzynes, conplenent proteins and regulatory factors

such as i nearpphikic granulasd Maprephagesare docateldathtomghout a bpdaysdissuasrand aeecr ophages

have recept,or.s £ | ki nes i ch tivate theminto,aggressi

pat hogen- deved R ERARSE ARjostR G2 Eiine ks bnanhde 8806880 w1 o
fixed) 100 hapatd rifcipal @618@NplRIgotytESisand ARNRAIPHeNtali6fli ONS Where pat hogen

i nvasi on or dust accunulation is likely to occur. The function of fixed

macr ophages i s HetRhaggafiesgls. amsrophages gngulf@nd shanedipest celiared by and

el o6 of MOGHR (o3 bilelia 3RS, By bbb MHRES R feeB) BRPRINGR NP e
for Fixed Mmplaghegasd ofienimoiine edlls tboespdbhdto thesd patkeddens. ALy antigon-

macr ophages pul rmnaliy al veol us of |ungs Hi stiocytes_ connective tissue
Kupf fer cePIeSeMRgtellr maggpliagenBipeess anf peggent antigens from phagocytized

15  pathogens on their surface for lymphocytes and other immune cells. Macrophages also
secrete an array of monokines including enzymes, complement proteins and regulatory
factors such as interleukin-1 and tumor necrosis factor-a. In addition, macrophages
have receptors for lymphokines, which activate them into aggressive pathogen- and
tumor-destroying cells.

20 Some macrophages are localized (i.e., fixed) to a particular organ or tissue,
especially regions where pathogen invasion or dust accumulation is likely to occur.

The function of fixed macrophages is heterogeneous and is believed to be influenced by
microenvironmental stimuli such as cytokines and pathogenic products. Examples of

fixed macrophages are listed in Table 1.
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Epithelioid cells granul omas Osteocl asts bone Sinusoidal lining cells

spl een Mesangi al cells kidney Methods and materials necessary for

i ndent i f Wogpio/essdsat i ng and cul turing nmacrophages (and POEUS2009006@%¢ €
precursors) are known in the art. See, e.g., Al abraba et al. (2007) J.

| munol . Met hods 326: 139-144; Borgmann et al, "lsolation and H V-1
infection of primary human mcroglia fromfetal and adult tissue," 49-70

I n: Met hod¥abla 1 MN@netchituBifol Bigyd VEorophdges. Humana Press Inc. 2005); Buckl ey
et al. (1985) J. Imunol. 134:2310-2315; Buckley et al., "Human osteocl ast
cul ture frdamseficgler al bl ood nonodypcation 55-68 I n: Methods in Ml ecul ar
Medi ci ne (Riset—ed—r—Humana Presstne—2nd od-—2006) - _Cline (1994) Bl ood
84: 2840- 28P8st celv/iAdecofar@raciophagtd s phbmomany alveolosibf lungs of human

macr ophagegy; . =1 16 In: Basic Protocol s (Hel gason & M1l er
eds., Hurraﬁelasnlggggg Inc. 3rd ed. Zggé%e%%/ﬁgesge& Gordon, "lsol ation and

cul ture of Kupfereellsacr ophages, " 911ive3 In: Basic Cell Culture Protocols
(Hel gason gx; 2r eds., Humana Pr 3 3rd ed. 2005); Fels & Cohn
(1986) J. %ﬁ%ﬂokielﬁ Physi ol ogy 60:35%—%‘819{;?&&& don & Tayl or (2005) Nat. Rev.

| munol . SEp#mliogheellsaveni th et al granubpw®s GUa 22: 348-359; Rogler et al.
(1998) i pstebNRsts | Munol . 112: 205444o; Schuenke & Gel man (2003) J
Neurovirol . 9:346-357; St-Laurent et al. (2009) J. Asthna 46:1-8; Taylor et
al . (2005) Sinypoidedining ¢allsnol . 23: gemleoms; and Wlson & Stewart, "d onerul ar
epi t hel i al vrBshgi@TeNgi al cell cul t yigegnd characterization,” 269-282 In:
Met hods | r—vbtecutar—Medterre—(Precot—etd—Hurana—Press—+nc. 2nd ed. 2005);
each of which is incorporated herein by reference as if set forth inits
entirety. As nohRthc3Q¥E mdiEHlORREASy for nde@tifing liddlniu At Qlwehls by
fusing with thenselves (i.e., honotypic fusion) or other cells gl .e.,

het er oty pi maergphages ( eivingmecyie PRIUEPrs) spkrowinin the agh Seae. gredkebrabam by
whi ch macrgp f ' ul [y <1 rSt it 1.S;S .be t SK4
channel " upf R0 on T amal dferidth e IR B 43¢ IR PR R

upr egul at i @fection@¢ priviaky hufibn Biéregliefrbmofetal ahdisdntissue,"” 49-70 In: Methods

in Molecular Biology (Zhu ed., Humana Press Inc. 2005); Buckley et al. (1985) J.

Immunol. 134:2310-2315; Buckley et al., "Human osteoclast culture from peripheral

10  blood monocytes," 55-68 In: Methods in Molecular Medicine (Picot ed., Humana Press
Inc. 2™ ed. 2005); Cline (1994) Blood 84:2840-2853; Davies & Gordon, "Isolation and
culture of human macrophages," 105-116 In: Basic Cell Culture Protocols (Helgason
& Miller eds., Humana Press Inc. 3" ed. 2005); Davies & Gordon, "Isolation and
culture of murine macrophages," 91-103 In: Basic Cell Culture Protocols (Helgason &

15  Miller eds., Humana Press Inc. 3™ ed. 2005); Fels & Cohn (1986) J. Applied
Physiology 60:353-369; Gordon & Taylor (2005) Nat. Rev. Immunol. 5:953-964;
Havenith et al. (1998) Glia 22:348-359; Rogler et al. (1998) Clin. Exp. Immunol.
112:205-215; Schuenke & Gelman (2003) J. Neurovirol. 9:346-357; St-Laurent ef al.
(2009) J. Asthma 46:1-8; Taylor et al. (2005) Ann. Rev. Immunol. 23:901-944; and

20  Wilson & Stewart, "Glomerular epithelial and mesangial cell culture and
characterization," 269-282 In: Methods in Molecular Medicine (Picot ed., Humana
Press Inc. 2" ed. 2005); each of which is incorporated herein by reference as if set forth
in its entirety.

As noted above, macrophages can form multinucleate cells by fusing with

25  themselves (i.e., homotypic fusion) or other cells (i.e., heterotypic fusion). See,
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Macr ophage-derived multinucleate cells of particular interest herein are
osteoclasts, giant cells and netastatic cancer cells. As used herein,
"honot ypiwof2osvmssss4neans a cell-cell fusion between at IPeadis2e0000@ed | s of
the sane type such as macrophages. Exanples of honotypic fusi ons vvith

oot eobl act § 4Ry (R St Rl ik Hanisth bOLR dfcrbfhagBl BRE A, |
means a cehdllyaalderstaesl ris ﬂﬂiwvewoxatthdtsmc}tammela@kégillaﬁondmﬂfaeﬁvlrbglsl i neages

with at |east o e eII ng a nmacrophage. npl.es. of heterotypic fusions
wi th macr ofWahes an HE) i‘B’lgtsuf‘ét}P éprr‘fSPlaP?rl‘rP’E %‘Vﬂtéf inhihitseglhes] ERE%cer cel I s.

See, id. Apd ﬁﬁﬂaﬁ@flﬁ‘l\fbd QI%BQQEeit@%%lls pélerl tl&gﬁﬂe?e%f ﬁere 955th9 | ypic,

speci al i zed, multTnucl eated, mnacrophage- cel at so 'ze bone
ti ssue by genbaﬂllrsgndmtastamraahwredllsmtrl X. Such cells can express CD200, CT

receptor or TAVP. Nbrp |caII fhey are . la .. Lrrequl ar shaped
cells with nmul t%ﬁluéed léeéﬁlé‘r %ﬁB‘FJV E%/“SZ" Y- %@gﬁflo?)%)”t‘%‘?ﬁla L%‘g about
the same siw@eelCIrARCIanT ¢ @E&hads%& gsst a§le Nt HnSdt é@ﬁﬁ@&l@ﬁhof
tartrate-resistant acid p osphatase RA and cathepsin K, as well as

expr essi onm@grophages iradude; buhare maf binitedhta graélt: egpltsomyobl@sts cest¢anbasts ande

typically e fis Sue. a rom,macrophages en stinul at ed
" et by TEEt S EoRrgpRERC h PR MSteio il Mo g § SR B IADy Bighen
macr ophageatqemtwo séllsrnﬂdatfern@ ﬁmg@srw(th/hﬂ‘é%t .onégell beidghaharophaggl ant cel |”

or "giant cells" neans honoty speci alized, multinucl eated,

nmacr ophage H@F‘P]\‘iéﬂfhféFq°§'Hl%§%51qfll§rY&‘}Eh AcTPphages yisdudsobutse ael limitslion cel | s
can expresg Ec%ceﬁ&lﬁ-r% ZVor phol ogi cal Iy, they are much |ike

ost eocl asts i at t are large, irregularly shaped cells with multiple,

separ at e nucl ei As Gsahlhereml |'<s;tmcmstﬂeir|"estemtlas¢s"endmshenrrbej;ﬂchspmalmriab| lities
body. _apoBalT:g eAisch EaFroP B S S Aa AR LA Pl ETORY (5 D Bhens, as
wel | ags gr pindraRE irid] 86aPEdLs chﬂw;sﬂe%b@oé ) réc@ét%? bEPK-STARD S Del i eved
to be required for giant cell formation. used eln, "nmetastatic cancer
cel|" or "Nerpilegicaly theyere basgd, sr‘regtéarbsshaped cells with multlple separate nuclei
(about 2 to about 50) that are about the same size. Osteoclasts are also characterized by
high expression of tartrate-resistant acid phosphatase (TRAP) and cathepsin K, as well
as expression of vitronectin and calcitonin receptors. Osteoclasts are typically located
20  in bone tissue and form from macrophages when stimulated at least by activator of
nuclear factor xf (RANK) ligand (RANKL) and macrophage colony-stimulating factor
(M-CSF).
As used herein, "giant cell" or "giant cells" means homotypic, specialized,
multinucleated, macrophage-derived cells that function in tissue homeostasis. Such
25  cells can express CD200 or DC-STAMP. Morphologically, they are much like
osteoclasts in that they are large, irregularly shaped cells with multiple, separate nuclei.
Giant cells are believed to enhance defensive capabilities of macrophages and form
from macrophages in response to a large foreign body, especially medical implants and
chronic inflammation to pathogens, as well as granulomatous diseases. Interleukin-4 or
30 interleukin-13 is believed to be required for giant cell formation.
As used herein, "metastatic cancer cell" or "metastatic cancer cells" means
heterotypic, multinucleated macrophage- and cancer-derived cells. Typically, the cells

are a hybrid having the macrophage's ability to move and the cancer cell's ability to

vl -21-



het erotypi ¢, nultinucl eated macrophage- and cancer-derived cells.
Typically, the cells are a hybrid having the macrophage's ability to nove
and the oapcero/ossish’ s ability todivide. As such, netastacrawseanoaesscel | s
can mgrate away froma primary site of tumor formation and take up

residence j;{t esrsu@ éta&lltlé %c?r %gls 4 alllgtgfét | nr q}' am.a élr}%gr?gﬁ@ gfade! ved

mul ti nucl eate ce MacCr o rrve neans cells
havi ng at foemaitlorwmitfake apraldmcéﬁiothasanédsldfghéhsm honot ypi ¢ or heterotypic
fusion with macrophages., Exanpl es of nacrophagederlv?d mul ti nucl eate cells
i ncl ude, but ar@sHRIhereing éaaqrephas? daEyecuiibucieatecsl!” aimageragsel oma

cells, ost @é?ﬁ)e@?ﬁtﬁtm&'l%‘?é cdgh Irr?eanéiﬂﬂlsql%('fn%'a?l t%tcﬁ'trh&re(ﬁ@@l%?fesﬁ]?ilng The

conposi tions and net ho described herein~find use In preventing a
treatiry afremrhiostotymé odhatemsysc usiah wih decsophagase Bxampigsidgeacderhaged

cancer  cel feed rufiysleais it e B8 £ BeTRimien & Sas meiuacTirmiiolor o can

be used t%pél@ﬁﬁ%llé)rosfe%élld% él%%eﬂ@saﬁﬂQéﬁélﬂ/nm%tic%%ﬁcertcﬁllmevent or treat
an aut oi mrune or |nflannatory di sease or disorder, to prevent an inplant or

transplant re j eth¢ @nmpmtums and eneshndsclesaribed erears find bse inTiveenting and/oe
enbodi nent |on ons use in
Croati me"sfeting pRpeRystliteats o Msof TR Rpte Bl R e MRHIG, Bulirigledle |'50
Wth rﬂspe@dust;garbanaw 060t RMmb cel Bh @A MBlastafié earkAsdlsf aeimbplioded amh
occur, which exce55|vely resor bs bone and reduces bone mneral density

(BWVD) . Exapstiedarythepdib lpnpekinhibitoesscantbgtuseditp pravet oy edueebene t reat ed wi t h
the CO”posﬂegérgﬂén/B&% 156¢ *&fgl%v%t Ri2a &Vﬁg&hﬁﬂuﬁéw IHﬂ%ngB&{rgl%ﬁsga&% limted

to, osteoporo ost eoral acl a age I Sease, periodon | sease, bone
| oss secondissrdet, o pichett apaiptdnd gt tadsptannhjddtionSor(tb peevenad:almhoﬂnb'&masis.el i ac

di sease, chroni kldney di sease, chronic |iver disease, I |l epsy,
gast roi nt est i naf ¢ Sesiine erH?‘b(gF‘ﬁaﬁsé’tf kR BV ERtian ﬂﬁfﬁg}ppﬁ%oa cg‘%eﬁmods are

hypogonadi gimysd ﬁnLﬂ‘é%'E‘Ih E oﬁeh@éé%ﬁ%ééaé‘érstaggdcfa't&i with Wb losY] WAt n D
deficiency), and the I'n ot her enbodi nents of the invention, the

conposi ti orespehtd meBHoshsdlsaases‘ ebem@oﬂnoctlaseﬁmmagomcaxppmn\wmg aut oi nmmune
G scaces, RAELL Bk bHges NS AR, CoLl LOLTRULAN, TSRl SALEd. VL
to an i MmmuRss §ixedsedmhat éanl YeUsr8vdnfed GARAMIARIH tHe OMpoSitioas hid!Methodd bt the
invention include, but are not limited to, osteoporosis, osteomalacia, Paget's disease,
20 periodontal disease, bone loss secondary to other pathological conditions (i.e.,
alcoholism, celiac disease, chronic kidney disease, chronic liver disease, epilepsy,
gastrointestinal disease, hyperparathyroidism, hyperthyroidism, hypogonadism,
leukemia, lymphoma, rheumatoid arthritis, scurvy, vitamin D deficiency), and the like.
In other embodiments of the invention, the compositions and methods are for
25  use in treating or preventing autoimmune diseases, particularly those where giant cell
formation is implicated. With respect to autoimmune diseases, giant cell formation can
occur in response to an immune system's failure to recognize its own constituent parts
as self, which results in cell and tissue destruction. The aberrant immune response may
be restricted to certain organs (i.e., localized; e.g., in thyroiditis) or involve a particular
30 tissue in different places (e.g., Goodpasture's disease, which may affect the basement
membrane in both the lung and kidney) or may be systemic. Thus, preventing,
modulating or inhibiting (i.e., reducing) giant cell formation in an autoimmune disease

can ameliorate cell and tissue damage.



as self, which results in cell and tissue destruction. The aberrant inmune
response nay be restricted to certain organs (i.e., localized; e.g., in

t hyr oi di twe)20mvosa3seol ve a particular tissue in differentcplisees/ oj@sq. ,
Goodpasture's di sease, which nmay affect the basement nenbrane in both the

lung and ki dneytx%g%ﬁ%f Q%%hﬁ{h@g S}I %t RSO0tk of e%'[gd%f.ﬂ?ﬂmeor

inhibiting (i.e. cin gi an romat1on 1 n an autol mmune di sease

can anel i oc@hpositédrls add dndthaBws thinimegsidndacipntie duobreaist infiedne, adukeases t hat
can be preyented or treated wi.th the conpgsitions and nethods of the
i nvention ﬁﬁﬁq%@,@d sugepRlomyslits (APEM: f*é,glsa'afa Beafesalepsoimpplylosing

encephal oyl jigs, Qoﬁéﬁg&%?kllogﬂngﬂ gﬁtﬁoglgﬁk;ﬁcﬁ% ; atbARAGASmnB N dRRHEI

spondylitis, ahtiph syndronme, autol mrune | nner ear
di sease} aaitoimmumehdneoipliy ananiapandimmensd lepattis) €hagmadisdass, chfdmgas di sease,

IR e e e e O
syndrone, aBM8SmeHitsLHpE 1, Sohnledlidki BUBpANREE QPRIrbiB B ravER YNeaRL O S

di sease, Kawasaki di sease, idiopathic thrombocytopenic purpura, systemc
| upus er yt GeiioBagé syndroing (6 ,IIéaahghetO(SN@e,asmjKa@\tah@nidasegmwdlspat%sori asi s,

rimary bildary cirrhosis. rheupat.oid arthritis, sclerqdernna,. §QQren' s

B ndrone. (PRBBoSioRRRaN Fowe: SATES kisRRalmasPansy Fufiete SR DB,

ul cer at0 vemgedthéris granﬁf?psﬂria%is,SpriﬁHg/ Bih&ryldirdelfosid, thetatéitl hehriggbodi ment s of
t he invention, the conpositions and nethods are for use in treating or

pr event i ngsqlerpiemeabiierens syagdeqsae, tesaparpleartesitis yalso kaevnasrgiangicgHt  cel |
formation | S, i ' t | pf |l anmat ory di seases, giant cell
formation %rzer{hggjéhﬁ%\%ﬁ%ﬁ c%ﬁegivr%gr%ﬁgg’say??}éémﬂlféﬁ t he boéy overreactg to
stimuli such aslipgithdgeembodmmmages! theidvention, the ¢orhpasitions Bhe nistksdsaaet | ve

i mmune response. can be characterj & ed by a persistence of inflammator

Yy
celI's, i nclBYFhY FAPE QfETaRURE Aoy diseags paIEWaARYE hase MARFREARh and
dest roys heglif faym&&dd é_i@i?lﬂcétéé.s‘v\ﬁﬁr rg?ﬂ&?to iﬂﬂ%ﬁﬁtdrygis‘éﬁséspél delng gi ant

cell formation in an inflammatory di'sease can amefiorate Tnflammation and
dest ruct i viermetidén eardodcius when thenmageuncEysteml iashobodyndvearraets o stirdils saghes t hat

can be pr evff]gégee(ljl (L)f{a tr egt %?S wi t h1 t hg @or@osi ti ons and net hods a(%fs\bsecr i bed
her ei n i ncbdlBREen HamABEd felfs. T Hpitan- i dyggactive immune résponse’e
characterized by a persistence of inflammatory cells, including multinucleated giant
cells, which cause inflammation and destroy healthy cells and tissues. Thus, preventing
20  or inhibiting giant cell formation in an inflammatory disease can ameliorate
inflammation and destructive cell and tissue damage.
Examples of inflammatory diseases that can be prevented or treated with the
compositions and methods described herein include, but are not limited to, acne,
asthma, arthrosclerosis, chromic obstructive pulmonary disease, colitis, dermatitis,
25  glomerulonephritis, inflammatory bowel disease, eczema, keloid, lupus, nephritis,
osteoarthritis, pelvic inflammatory disease, psoriasis, rheumatoid arthritis, tendinitis,
and the like. To be clear, some autoimmune diseases listed above can be classified as
both an autoimmune and inflammatory disease.
In other embodiments of the invention, the compositions and methods are for
30  use in preventing implant and transplant rejection. Giant cell formation can occur in
response to implants or transplanted cells, organs, or tissues. The immune system of
the recipient can recognize implants (i.e., medical devices such as pacemakers) or
transplanted cells, organs, or tissues as foreign and reject them, with the rejection being

characterized by a persistence of inflammatory cells, including giant cells, which attack
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asthma, arthrosclerosis, chrom c obstructive pul nonary di sease, colitis,
dermatitis, glonerul onephritis, inflamuatory bowel disease, eczemm, kel oid,
| upus, nepbrntos3ssest eoarthritis, pelvic inflanmmtory diPSEASR)09/08650 asi S,
rheumatoid arthritis, tendinitis, and the Iike. To be clear, sone

aut oi mneth%iiﬁlﬁ?ai?gnd (i:asutée'e grpﬁlggﬁl eg?éad'éﬁg% 8? %a?lﬁfei fo{r %tg%c%(ith?b ﬁ%rgsqula}rﬁéeﬁf:lt Ol mune

and i nfl amat ory di seas I ments o t he

conposi ti ogdlstnganishedastak ¢ Wwelld degrdyninfuctng bidanBmissatiaad baediadandnspl ant
rejection. Gant_cell formation can occur in response to inplants or

t ranspl ant ¥guseg| TBus, greysping giant qellformationt thesierpd the wprlanter tlapeplaici pi ent
can recognj | el | cal devices such as pacemakers) or

transpl ant&e%]e%gﬁﬂé?p%lrﬁag%rg% 'S eg??%sues as foreign and reject them wth the
rej ection bei ngAshsedlodrein] Zagldy rgeqiions instaan aeimfuneédrakitmt imrwhickbhs,

i ncl udi ng gi ant_ cell s, i.ch attackthe inplan cause inpl ant

degr adat | oﬁ“lgimqﬁ‘imeﬂ}cél, H%H?WPQEWCFBQSPVEE%W@&%SEC tep f‘%tIIS?‘ &H.}'t i ssue, just
as it woul gndast bPihtdradieRdLag bAE SRMHoP ThitH el ADchRE M@, Mifickl kH&eS. Thus,
preventing giant cell formation at the site of the inplant or transplant

can pr evenjolmy arsifieial bipgoimt,rbojne cemont, brgstumpthnbeandiar, iniplangl(agt, artéfjedt i on”

means an | ne . condition in ich an inplanted nmedical devjce i.s not
nccept od bYPRE S eetr s P B et PR Ao RrehiakeT deffel ddant,

i ncl udg)  bgdstrad BandWr bailddd, ewdling@cAR&HY, %ﬁlliﬂ?\dhl?,eint@ﬁfe_kﬁlb dkvikce knee joint,
artificial hip joint, bone cenment, breast inplant, cardiac inplant (e.g.,
artifici al neveelogicebgtipadatogophthalmicamplant, ardopedie implaptiiparilegrsetdle devi ces,

Paceker oL TPLABN 3y B SH1Su R L end R p LS R

i npl ant, ojttihwlpecbmerhplatednhat ip@lintabled®tédsican pe 064tb@ 61 BnpregRikéd withehdr al
sling, voice prosthesis, and the like. In view of the foregoing, it is also
cont enpl at SIMPsHIONS descaibed berinyarewat eprpdyec tsdikebihend ofrgicetioat ed with the

compos{ 4 i ons deﬁ@g&ﬁf?ﬁ’eréﬁ! }dhshidn lej%%ﬂ@ﬁ" ﬂﬂéar{s?agqﬁﬁndﬁéecohh%%hiiﬁ%‘i’choef

rejection. As use el n, "transplant rejection” nmeans an 1 nmune condition
i n whi ch atransplaapldaretlctssoel dr,orgarsis met aczepted haithd Isodyaif the treyppleoht bacipitret. body

of the trapsplant recipient..In transplant rejection, the i ne syst em of
the' reci pi BraaplabREcE the mSuha s 6F i b pest ks G gHaRetor  al i
an att enpt ofelnMesike'a8¥orelgn material in an attempt to destroy it.
Examples of transplant rejection include, but are not limited to, bone and bone
20  marrow transplant, corneal transplant, heart and heart valve transplant, intestine
transplant, kidney transplant, limb transplant, liver transplant, lung transplant, pancreas
transplant, platelet transfusion, red blood cell transfusion, skin transplant, stem cell
transplant, tendon transplant, vascular transplant, white blood cell transfusion, and the
like.
25 In other embodiments of the invention, the compositions and methods are for
use in preventing metastatic cell formation and cancer metastasis. With respect to
metastasis, metastatic cells form from fusing macrophages and cancer cells, which then
can spread from an original site (i.e., primary tumor) in the body to other parts of the
body. Virtually all cancers can develop metastases, which can spread in three ways —
30 (1) through local extension from the tumor to the surrounding tissues, (2) through the
bloodstream to distant sites, or (3) through the lymphatic system to neighboring or
distant lymph nodes. Thus, preventing metastatic cancer cell formation can

beneficially prevent cancer metastasis.
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Exanpl es of transplant rejection include, but are not Iimted to, bone and
bone marrow transpl ant, corneal transplant, heart and heart val ve

transpl arwQ 201ves338ene transpl ant, ki dney transplant, |i roTiusasepb@st, |iver
transpl ant, lung transplant, pancreas transplant, platelet transfusion, red

bl 00d el | tr angLiish@0or Sl b AN o STNGRI o frORE e £ endon

transpl ant, vascu ranspla ransfusion, and the

l'i ke. | n otdmposttidiedndertisodsiof thecinventntihclode, blaeare mop imited ooy doae darrvet,hods
are for use |n preventing netastatic cell formation and cancer. netastasis.
Wth respebiingingeh hagicpacer earvical saneerceqlon cangerinteiimnat ¢AlcHy livglcr ophages

and cancer c @l ﬁngvgﬁhe%b %{/ﬁ%&aﬁ@'@ f 16 QQ%E é@{)thlg(@aﬂéér §tbﬁl%flf tarft

primary tunor) 1 nthe to other ‘parts o ody. Virtua yaIT’

cancer & cathrai¢ataep uteirestaasgsandithe ¢ihecan spread in three ways - (1)

t hrough | ocal eﬁaensi on.fromthe tunor to.the surroun tissues,. (2)
I C

t hrough the blo %P‘Fﬁé%[’rh“ﬂvc?nﬂf’%f%‘{déé F?’@B?S‘B?“S(l?)vmtgrﬁno%r‘]fgf’ HETPYRH;

system t o griGhRgiel HhiKfor dhd bpMéndlly MRReAPERR aglhikor trBAttbe dikéide BB ast at i ¢
cancer cell formation can beneficially prevent cancer netastasis. Exanples

of cancer sdifgdenmedipteddyanacephagealerived muliinaaleats aflls.nIn ¢ne enabrsdment, ans and
nmet hods of tnr11e S'Ltnovelnt ioovn é ntﬁlatucde rbut artﬁ not lim {]gfdantﬁu tc)ﬁar}le ancer,

brai n canc&", PHTEASY PERA é‘r, COPRTESY 28 %célrv? OGO cHnter it est i nal
cancerig | i inBibivaasd®s therdRgtic agaR! In HRBCERBIdiMefBE Pharmptagical @SR,
rectal cancer, stomach cancer, throat cancer, uterine cancer, and the |ike.
The pr esents Proxider thahicamprisgs a dharappybisally effestina pmeyntef skt inhikitosgadiat  of

an SK4 Cha{ﬂgfaéelilt A&%gg v\%ﬂgas% Nl TR caﬁl@%@élﬁmgg%ﬂe?gent for treating a

di sease or or der Iate nmacr ophag erive i nucl eate cells. In
one enbodi ment, A3 usahipasing ar'SK4 cipnavi idkibitoH'adr "SK#pshased ishibrihpagentl e
anmount of an SK4 channel inhibitor and a therapeutic, agent. |In ot

enbodi ment Bieans a@ﬁa@%@ﬁfﬁ 4 champsserrasiond’ o B%‘?Sé?éﬂ’nt%é’fan%%‘topgi(“a

therappyt i gahhy Riil#¢ L e‘.’,%oﬁﬁﬁ’&ﬁce?’,{o; %g?:tcge%t éﬁﬁaMﬂeaﬁrﬁ(@cﬁJﬁﬁE%&d&

agent, as well as a Ppharmaceuti ca able carrier. As used herein, an
" SK4 chann@le.,ipndrnbiet activators, igkatersh suppedssonsjicpressars, kaggsas, erarednsomgent s t hat

affect Sk, QDA hs SR R nd inbitof GATR! ALhBBiSYy fucie LR 2ke, an
anti-SK4 channel antibody, or other protein designed to bind SK4 channels and
modulate their function (i.e., ability to depolarize or repolarize). Alternatively, the SK4

20  channel inhibitor can be a small molecule that specifically binds to SK4 channels and
blocks their activity or function.

Regardless of the exact nature of the SK4 channel inhibitor, it decreases one or
more of SK4 channel expression, activity or function. The expression, activity or
function decreases by a statistically significant amount including, but not limited to,

25  about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% compared to an
appropriate control. Preferably, the SK4 channel expression, activity or function
decreases by at least about 10% or more. Conversely, the SK4 channel inhibitor should
not statistically increase SK4 channel expression, activity or function.

30 Agents that affect SK4 channel expression can include inhibitory nucleic acid
molecules that inhibit the expression of the SK4 channel monomer. The inhibitory
nucleic acid molecules may inhibit the expression of a monomer directly, by preventing
translation of a messenger RNA encoding the SK4 channel monomer (e.g., sense

suppression/cosuppression; antisense suppression; double-stranded RNA (dsRNA)
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channel activity (i.e., conductance), or upstream and downstream SK4
channel effectors (i.e., pronoter activators, inducers, suppressors,
repressorwQ 2kion@ssss, etc.). In sone enbodi nents, the SK&czhmsneveloodonhi bit or
can be an inhibitory nucleic acid sequence, an anti-SK4 channel anti body,

or other p ' ' . A 4 ¢ t heif.function
(i.e., abi Fnl %@ér?r(x)c@?é%%ﬁglﬁﬁztgrfgﬂ#dy%ﬁg, é‘ﬁ?‘?@?@ﬁ%%@%&t %gbféfgﬁl channel
i nhi bitor aediasl iatesfierdnice ranldathdzemit)adr isdissctlf) wadrdcpdingradgsolymeptld tlahannel s
and bl ocks.their activity or functjon. Regardl ess of, the exact nature of
the Sk4 chiRWRIIS %Hﬁtﬂﬁ%ﬁ?ﬂ i fra@iaﬁ@a%@ & %%’_P“Ciﬁf’ gcidrsegyence RESAABIE t_rhe

expr essi ongkachhyiel Mm%nfeli". {‘Mégﬂﬂis _fa_ﬂﬁh%ﬁ{getﬁ%li?rﬁnatﬁ{l‘gt th¥ ek dreQiod §NEEdfeN

decreases by a statistica I gni ficant anmount 1 ncluding, but not " limted

y
t o, ‘abolut BBidudiGgmanTuali0edlls 2884veld Baowa BYshe 409andiEY, susbIetbadmagbey 65%
70% 75% 80%. 85% 90% 95% 96% ..97% 98% . 99% 00% conpared to an
2ppr opr i at EAIRERAreseRY iy nity {7 b Bk aX RN Thp DB GRORGEE i 1y or
function decreaggssedye Alppr@aioh/cabEPrest il A exXPéRion(cABERE 28h Ye dbdigneddd
channel inhibitor should not statistically increase SK4 channel expression,

activity OFXHIEIscjosvPPIARing rudldiaacidmalequlararreshenieg texpatiegenn ocan i ncl ude
| nhi b toryn{l‘éi&'c%'cfphegi%ﬂﬂggllx%?& &inh %oaoﬂbe'rgé{%%gsn CEPhfEt Q&H%‘éﬁeﬁl‘gﬁsm

channel nononer. in tory nucleic aci cul es nay i nhi e
expr essi oncarhpisin® SBEEID MOt o 5 biya sqaviuetHakihgtsubsiahtadl isequedte Rlenissenger
RNA encodi ng_the SK4 channel nononer (e.g., sense . L.

suppr essi offf YEQUBIN@8; 8901 S thee prnse'sefgtation: e cosunpressing mislragagia
(dsRNA) i nt ' L] o | hWGE Qo . airpin
RNA; - anpl | Cioieul Gl clirBerAB o alt B Bt BF iRk FBHY nifIGHE Befd ¥hchling MY S

encodi ng aclminylrephimer, alhat pamlbf thet% atdier 3' natranslatpd regiomoef the gosd at | on of a

gene or nuclei.c acid sequenc ncodi t he SK4 channel noner. Met hods for
i nhi biti ngnwﬁelg|aF%%a?$ﬂgﬁt%§<§f§%§E%8ﬁown ar gLAEPHT sfj%cogﬁlgrf»am%n
cells pe &\Edhtl‘dﬁ@%d!r@%iibg?oﬁfh%,geﬁélgr AYeis HER ABSIRE HEBK Pendided in the

present invention to in it the expression of SK4 Channel nononers. For
sense suppmessinen/ lnesopiat, ks compprssiex pudsisiaoid melsewe can cempiise aldedsned t o

cxpress e SRRTD!Foshnts eIy 35,4 B b beronr PRI 1 Yy et ve
nucl ei ¢ aci sb,999UEIN; €25, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550, 600,
650, 700, 750, 800, 850, 900, 850 or 1000 nucleotides, or can be of any size up to and

20  including the full length nucleic acid sequence for an SK4 channel monomer. Where
the cosuppressing nucleic acid molecule comprises all or part of the coding region for
the SK4 channel monomer, the expression cassette can be designed to eliminate the
start codon so that no functional SK4 channel monomer will be transcribed from the
cosuppressing nucleic acid molecule. Over-expression of the cosuppressing nucleic

25  acid molecule can result in reduced expression of the gene or nucleic acid encoding the
SK4 channel monomer. Methods of using cosuppression to inhibit mammalian ion
channels are well known in the art. See, e.g., Bingham (1997) Cell 90:385-387; and
Int'l Patent Application Publication No. W0/1999/063081; each of which is
incorporated herein by reference as if set forth in its entirety.

30 For antisense suppression, an expression cassette can be designed to express an
antisense nucleic acid molecule complementary to all or part of a native gene or nucleic
acid encoding the SK4 channel monomer. The antisense nucleic acid molecule can
correspond to all or part of a complement of the gene or nucleic acid encoding the SK4

channel monomer, all or part of a complement of the 5' and/or 3' untranslated region of
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conprising SEQID NOCS: 1, 3 or 5 or a sequence having substantial sequence
identity to SEQID NOCS: 1, 3 or 5 in the "sense" orientation. The

cosuppr eswpregionigisei ¢ aci d nol ecul e can correspond to alPcTars2@anteosd t he
gene or nucleic acid encoding the SK4 channel nononer, all or part of the

2,2 or AL AR AL ON 0T Bes BERRePRORUELELESPE! fyPRFRTI ng the

SK4 channe Nnomer , 'ng séquenc unt ransl at ed

regi ons of cdxhplegxeﬂleoﬁlfotmthélo@dmgaseqﬁkrﬁaaﬂdith&guﬂﬂaﬂsl% r@éi@ﬁhrtﬁ‘lthé’@mr. I n
general, the cosuppreSS|n nucl ei ¢ acid nol ecul e can conprlse at Ieast
about 10, Rusleigeidzncoding %@55 K4 ghangs! mgpomeys, Theantigense ppcletpzicidggolegyle oo,

450, 475, S50 LR Bl % fpiclp tedmeipii e ek

nucl eots desucler acidrsetpeenoé) czrrgartsallyecounslemeram@ (i.aclasslihag 100% 1ﬂenhtical enihth

nucl ei ¢ acid sequence, for an SK4 nnel r. Waere the ressi ng
nucl ei c ac?ﬂnﬂlﬁﬂlg fgh%aﬁﬁti“g “’aﬁcll t(b cgRRe eLRGlYC AY eBﬁ ‘?Bg t he

SK4 channejhe XMW RhneltSnd&’ %«?k&ﬁoﬁ%?%&%s&ﬁ@ ntl@leﬁea%wﬁ%@c&l‘é c%h' m nat e
the start codon so that no functional SK4 channel nopnoner wl

transcri betestlt gnmedheedoxprgspios of thregzena of sideigaicnl ensbding it SKX’/ehamwbr essi on
of the cosgpgre53|ng nucl eic acid nol ecule can result in reduced expression
of the gen P™hcl ei ¢ aci d encodi ng the SK4 channel nononer. Methods of

usi ng pPsSUppr esRefdidleds bMhe by ?edﬁﬂ”ff?én's@ﬂudl@i@ acldanoRt e ak&], W&denkdz®mat i n t he
art. See, e.g., Bingham gégg Cell 90:385-387; and Int'| Patent

Appl i cat i ol¢ast 23| qt@@ptlé@ﬁ, 00,596/ H¥BE84; 5092850 Beclogiiden of BTeRIFE 6P bR at ed
herein by {elen684s36r hling GheilsQ Selister}lu!.:l%lc %:?d %%iéc[l éo inhtdie Bl g:%@ﬁS

SUppI’ESSI on, an expression-cas O exp res an anti sense

nucl ei ¢ acnﬁmﬁdlﬁﬁuérecmmbafmwemkyom uaihle a@tr Saa,ré.goE@l &alHad/ley (2004) or
nucl eic acid encodin i sense nuclejic acid

mol ecul e cA®- éo”’ryééo{) rf 6#51 Fhﬁfolp%ﬁltH%WaHéé%Mﬁ@rﬁf abi(199B fgenreVef
nucl ei gy aCA9 gjsta% %o%f‘mcgaéyﬁﬁha @P&yo %&A JOPhBRH on90616@31”79l enment

of the 5 untransl at éd regi on of ne or nuc ei ¢ aci d encodi ng
t he SK4 chSmteil (ﬁﬁ@ﬁ)rﬂnt J.oRhaximacalk 14$0009-617;al ammrpll €2e0R) Ak. bdhpsivh€ellodi ng

seauence apd e dnkBIELSL R el 079 AROANE 9715 ofy LS 6. 3 e o0
fully comphenenies-y2603.ewand 80 (29675 DRédgehe 26138 08314 SNV aRthdulE & ar get
Helliwell (2003) Nat. Rev. Genet. 4:29-38; each of which is incorporated herein by
20  reference as if set forth in its entirety.
Efficiency of antisense suppression can be increased by including a poly-dT
region in the expréssion cassette at a position 3' to the antisense sequence and 5' of the
polyadenylation signal. See, US Patent Application Publication No. 2002/0048814;
incorporated herein by reference as if set forth in its entirety.
25 For dsRNA interference, a sense nucleic acid molecule like that described above
for cosuppression and an antisense nucleic acid molecule fully or partially
complementary to the sense nucleic acid sequence are expressed in the same cell,
resulting in inhibition of the expression of a native gene or nucleic acid encoding the
SK4 channel monomer. Expression of the sense and antisense nucleic acid molecules
30  can be accomplished by designing an expression cassette to comprise both sense and
antisense sequences for the nucleic acid encoding the SK4 channel monomer.
Alternatively, separate expression cassettes can be used for the sense and antisense

nucleic acid molecule.
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nucl eic acid sequence) or partially conplenentary (i.e., |less than 100%
I dentical to the conplenent of the target nucleic acid sequence) to the
gene or mwoleicwsassid encodi ng the SK4 channel nononer. BXprss@oomcosd the
anti sense nucleic acid nolecule can result in reduced expression of the

gene or nucl ei CR‘félgzlrgle?p&tQtﬂé @ﬁ)gtoﬁugféﬁ fcmggcu@ﬂgﬁ&'dsﬁggfg?ér?één&f t he

type of antisensenucleic a mol écul’e used, sequences east 25

nucl eot i dessqubittes dOAL leDAS5 nAORotidd3050,490, 200G00,500, 4565005 $ Iemucdsotigeeat er
can be used. Methods for using anti-sen nugl eic acid nplecules to.inhibit
the expr es®i HRAIEF caneheriieed alYlstopdsdprnpsieg i&éﬂ/g ‘%TfFreR%Wg‘BW“ttH%e’éRrFS:Sl@ee,

e. 0., Eigebs & tadhieyidAGa) iroth Q1 ,19(2005

281: H2184- f2"%90; Y id aTlég}(el‘é%l% QD IrPhe affP 8L, i CorefMR¥R12005)

94: 44305 44BivchSasBiophya. Bes. &lon20D3B0:366-560; arhRalmecel al. @O06Y1GA! BiorhemSi et

. (2006) Brit. J. | .. 148:909-917; t al (2008 s
Bhyst ol . CBIaPAp #8135 O3 bEcR ot oRtehyi dpcormyrajeh TEterh S (ofbisase Al o3 PRI ol
Heart CircjsBhusyol . 291 @ H2493- H2503; Wang et al (2007) Oncogene

26:5107-51 14; and Waterhouse & Helliwell (2003) Nat. Rev. Cenet. 4:29-38;
each of which i Kot anpliqeormediated énteiferehge, ap tmplinorexpressionseanstregticAn g it s

ol y- T PR i Re Bl SSEREnRORELERT I € hudlorvHGl RaRT g Mo 1
anti serge sRAMANSE obpatt bf a fhtivdenp ol Maclein kil dnebdin s oS K4 ShehneUS Pat ent

Application Publication No. 2002/0048814; incor Eorat ed herein bﬁ ref erence
as if set mopemer. nThe yrad sequeacss pressat isthmmanseriphpr prasiuet ofthe ampliconicl ej ¢

aci d ol eoul el bk oIS L REABNP L ALGRBRNRAAP ARG AT Sense

nucl ei ¢ acl ecu y or par conplenmentary to'the sense nucleic
aci d sequetiasscepB peodiiced b thd amplivongasgebeeitter s¢rss ok tntiggnsarelativie o theon of

the expression of a, natci ve gene or  nucl e$]§%aci d encodi ng the SK4 channel

monomner . E&?ﬁ}eé’gé‘iuﬁll’?lc&fc_‘ FF_élug’é"r?sf'é‘caWBgél?ﬁ reanslicl ei ¢ acid nol ecul es can
be accpgmpl i ShedR@%arQE% %gﬁpﬁe%ﬁfﬁgfeﬁsa%'i@&o%ﬁ&q}sk& deQuGREDEHf f9e2PbH sense

and antisense sequences nucl ei ¢ aci d encodi ng the SK4 channel

monomer . Ahtdeataies\b8), ¥00,9260a300, 400,4H0 860,570 nasketidesor@acnttrecandedisédr t he

sense and ﬁf%ﬁﬂo%% rc%?%sing amplicons to inhibit or attenuate expression of mammalian ion
channels are well known in the art. See, e.g., White et al. (2002) J. Neurophysiol.
87:2149-2157; incorporated herein by reference as if set forth in its entirety.

20 For ribozymes, an expression construct can be designed to express a nucleic
acid molecule having catalytic activity toward a mRNA expressed by a native gene or a
nucleic acid sequence encoding the SK4 channel. The catalytic nucleic acid molecule
causes the degradation of the mRNA or nucleic acid encoding the SK4 channel
resulting in reduced expression of the SK4 channel.

25 Regardless of the type of catalytic nucleic acid molecule used, sequences of at
least 25 nucleotides, 50, 100, 200, 300, 400, 450, 500, 550 nucleotides or greater can be
used. Methods of using ribozymes to inhibit or attenuate expression of mammalian ion
channels are well known in the art. See, e.g., Liu et al. (2000) J. Biol. Chem. 275:8711-
8718; and US Patent No. 4,987,071, each of which is incorporated herein by reference

30 asif set forth in its entirety.

For micro RNA (miRNA) interference, an expression construct can be designed
to express a nucleic acid molecule complimentary to a native gene or nucleic acid

sequence encoding the SK4 channel monomer, such that the miRNA is transcribed, but

not translated into the SK4 channel monomer (i.e., a non-coding RNA). Each primary
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nucl ei ¢ acid nol ecul e. Regardl ess of the type of nucleic acid nol ecul e used
for dsRNA interference, sequences of at |east 25 nucleotides, 50, 100, 200,
300, 400,w02010/B6884 550 nucl eoti des or greater can be uged/USkMO@SO f Or
using dsRNA interference to inhibit the expression of manmalian ion

channel s a 05)

Bi ochem Br{rglﬁ)sl\gﬁb (6@9%%?8 rogéﬁe%gg ggﬁdrgste C@Bﬁ mer{rilCt eC%?led%l%geOG) Cel |
Bi ochem BhtiRNsand/fiiallfSntb%lfunetiaial afiRWA. ahiRISAk beivigof ab@d t\herrtgertmb(y
reference as if set forth in its entirety. For anplicon-nedia

i nt er f er enBROUL Sentimhiee sikoryGisatides. oMagss RN aredrghy eéfecgrnjﬁéulhmn&g a
nucl el ¢ actl RBANEDH BT ARTNE Bt Attid: ULidliAsIlalIe LRbaRRMERKE dlitheiCont al ns all

or part of a native geneor n encodi ng nel nononer.
The viral seqomeceBeqaussmaturé miRNA mokogles axptpaaiauyro@mpiemaftaﬂyhe oaepti con

expressi on cassett.e aIIo e transcrijptjon product to its
reBI i cat i oﬁ‘orem‘ectl‘?‘? afdam B‘E‘gesp?"ﬁﬂﬁlé‘g(ﬁh%%/kgﬁegm?gmo%ﬁeﬁé "@} ferge‘%tesense

or anti Senéﬁieré?(k?ésblﬁﬁ bS'QnﬁlhﬁmgQﬁﬁslgﬁor{‘&cio%éim%'ﬁlﬁﬁﬁﬂ REBvARCHHURRId he SK4
channel . Regardl ess of type of nucleic acid nolecule used, sequences of

at | east 25=ld|m1@<bldqswe1§0dlﬁgSKﬂOIhammDmOII@O&rS Adethodsof ug@@mIBBT@ maolecules i des
or greater used. Methods of usi to inhi brt att enuat e
expressi on OPH%%%FX%{SSS odhmélﬁgﬁ‘ﬁg? ) MF‘”%@@H‘?‘W fhiae %Jééé”eg e.g.,
Wiite B alee £&24003993) CHEDS - @pNRSH:QAInd 3846 2&&‘[9(22)1)57J BiOLC THRY QSZNIQW ein by
reference as if set forth inits entlretﬁ For ribozynes, an_expression

B Ir

construct &2 7peachafivdrelistincasperateddhezein by referenge pyifivel forthiie ith autinety-

catalytic activ - . I ucl ei c
aci d sequence elr:ré% g‘\é@'ﬁé‘@%ﬁ%ﬁ@mﬁ;ﬁéﬁfﬁ@g%{% Q&%’}e\égﬂgg Eetgé %% nol ecul e
causes t hedcbegread@bmﬁsswf nuidheic aaw@naecuwecbrﬁpmna@taﬂ/ teraqmﬂﬂva getidér histeic hannel

resul ting |n reduced expression of the SK4 channel g{rdl ess of the type
of catal yt #ud AncdingSK4 ichanns| mopemersdhat makss adighbhaigyin jymthai gan be used

nucl eofq deg, sifee ét(ﬁg exﬁl%gsmﬁgﬁ R & ntefRnce OQhRI@QQn@H%}e%% hidESaPbe OF €2t er
can be used. Methods of using ribozynes to inhibit or attenuate expression
of mammal i atroneentaiEing bhispia RN AdihpRRN7Ovinter ferdnke irmwhich$beexmesgign dassettet  al .

(2000) J. (I:%{notl)e decs:lrzcg%gzi toZZXSprgs?s]é n%lclelc acid encoding intron-spliced RNA with a hairpin

structure.
Regardless of the type of shRNA molecule used, sequences of at least 25
20 nucleotides, 50, 100, 200, 300, 400, 450, 500, 550 nucleotides or greater can be used.
Methods of using ShRNA molecules to inhibit the expression genes encoding ion
channels in mammals are well known in the art. See, e.g., Weaver et al. (2006) Glia
54:223-233; incorporated herein by reference as if set forth in its entirety.
The expression cassette for shRNA interference also can be designed such that
25  the sense sequence and antisense sequence do not correspond to a nucleic acid
sequence encoding the SK4 channel. Instead, the sense and antisense sequences flank a
loop sequence that comprises a nucleotide sequence corresponding to all or part of the
nucleic acid sequence encoding the SK4 channel monomer. Thus, the loop region
determines the specificity of the RNA interference. See, e.g., Int'l Patent Application
30  Publication No. WO 02/00904; incorporated herein by reference as if set forth in its
entirety.
In addition, transcriptional gene silencing (TGS) can be accomplished through
use of sShARNA molecules where an inverted repeat of the hairpin shares sequence

identity with the promoter region of a gene or nucleic acid encoding the SK4 channel
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8718; and US Patent No. 4,987,071; each of which is incorporated herein by
reference as if set forth inits entirety. For mcro RNA (m RNA)

i nt er f er eNOEP1020338Xpr essi on construct can be desi gned t @CeAse@oPo@smucl ei c
acid nol ecul e conplinentary to a native gene or nucleic acid sequence

encodi ng t %ngxﬁ T nsﬁlgl g@zrﬂ esSmé B?ﬁletsﬁﬁi\lﬁ 1n?o SHEOWAS t}lg ?&ﬁ%t‘ﬁﬁ%ﬁ but

not transla annef nononer €., a non-co Each

pri marytrawih rthqomoxﬁ@logdsmspfbiﬂ&&)r regop g esged dbgﬂaaata)rsmmthﬂaﬁﬂh koRpult
structure called a prem RNA and finally into a functi

m RNAs
consi st of ma%'@ﬁ‘fmg&wiéﬁt‘ﬁuf% of gl SHY Pf%’eﬁ\faﬂ dred Sct |9801r§&8?éét59@é’§d Mat ure
m RNA are Mg& aleqdo%nco d@U M‘Ei@ﬂ %2 ﬁ&eof‘ax%lﬂ&‘?%sihﬁ’&p@ifatédh?er&ﬁ%

nucl ei ¢ aci ecu hannel " MONONMer ecause matur
m RNA rfol emﬁéremceasefmrfdmﬂaidrysmmq:w)arrent ary to one or nore nucleic aci d

nol ecul es encodi t he SK4 channel oner e -regul at e gene

expression by i eavage of
ATiloPR AR bt da Pher ICD bRk O RecHid 42 Hghele

nucl ei ¢ achhtifed, pesteRS of Smaf nfiflecaitd tﬁmﬁk&ﬁhatgemr@laﬁnel Mefiviedse ﬁBcﬁbﬁi ng

m RNA nol ecul es to inhibit the expression manmalian 1on channels are well

known i n t ke pentide Sweteiroysmall molesuleahay inhiisBjonGettinsofSI4 Sannelsnd, Xi ao et

her el n by FEr 8RS BUstes Fangar st 1 (19888 7o bt JZhSTHeRarT o n' Rua

(ShRNA)Q i Nin@bipdf A& Kereid byt RIr@5ce a8 if ¥ ihStsCAlrddP) s1agh4Bethat Rl €SS a
nucleic acid nolecule conplinmentary to a native gene or nucleic acid

encodi ng 8%4@hmbl(smmﬁhetﬁa@0%ké§ld Chgrnt ZHab§pPM8;tinearpenated can be
used to si]gngg, o %ﬁ?en%)é%%;ssselt? 15%5%%@ e%lfte%{{%l%?yn tﬁ@{%&fld Sl gpence

al so can be& F'ntrPon-contai nlng ter e in i ch

t he expr esshahmobtakihey sdulae tdeactgn@cbrtfanamrcﬁ“&a adcdyusiyaheleadle q:lwm;:odl ng
intron-spljced RNA with _a hai rp| n structure. Regardless of the type of
shRNA nol eﬁiﬂl@e&%lé@d bé’eﬂﬁ‘bﬁ]éaé’é‘e cliyatiQlegst 25 nucI eotides, 50, 100, 200,

300, 400, 450, fﬂé 9"?‘%@9& bld}[?réte%s fcGRbEan H56lnadet SRS Of

usi ng shRNA nol ecu he expression gen encoal ng 1ron channels
i n mamal sclmmel\mdmorkermMSKMchahnelammotﬁm;ere.Ag; used\berear, "aititeidy” 02006) GHa
223 203, BRSSP EURE ubdo iy b ik b
particular antigen or epitope of the antigen. The term also includes genetically
engineered forms such as chimeric antibodies (e.g., humanized murine antibodies) and
20  heteroconjugate antibodies (e.g., bispecific antibodies). The term further includee
bivalent or bispecific molecules, diabodies, triabodies and tetrabodies. Bivalent and
bispecific molecules are described in, e.g., Kostelny et al. (1992) J. Immunol.
148:1547-1553; Pack & Pluckthun (1992) Biochemistry 31:1579-1584; Zhu et al.
(1997) Protein Sci. 6:781-788; Hu et al. (1996) Cancer Res. 56:3055-3061; Adams e¢
25 al (1993) Cancer Res. 53:4026-4034; and McCartney et al. (1995) Protein Eng. 8:301-
314; each of which is incorporated herein by reference as if set forth in its entirety.
Antibody also includes antigen-binding forms of antibodies, including
fragments with antigen-binding capability (e.g., Fab', F(ab'),, Fab, Fv, and rIgG).
Treatment of antibodies with proteolytic enzymes, such as papain and pepsin, generates
30 these antibody fragments, especially anti-SK4 channel antibody fragments. Antibody
also refers to recombinant single chain Fv fragments (scFv). Preferably, antibodies

employed to practice the methods described herein bind to its target protein with an

affinity (association constant) of equal to or greater than 10’ M.
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The expression cassette for shRNA interference also can be designed such
that the sense sequence and anti sense sequence do not correspond to a
nucl ei c awodopagsssace encodi ng the SK4 channel . | nst eadpCriusS2eem08@5@and
anti sense sequences flank a | oop sequence that conprises a nucl eoti de

sequence oor 1 eSRRAOGMIR Qibl « oA dhalr IS LSRG AREUBRES, B0 N

the SK4 channel nononer erm nes € Spec ity
of the RNAartitody thse(ies. IgG@EgMeIg@, etcl)ntMéthRﬂastbntnakmgl morddl@mal autﬂddmt i on
No. WD 02/ orporated herein by reference_.as if _set forth |n its
entirety. ?%XBBHPM“E‘H‘“OWHH%? bt Femiampn ons of erinary skitlasphecarhcaggmake

acconpl i shg gng,a{)ﬁa{gﬂtlb&ﬁesoﬁgm | M%UW% M BlstheMen ViR ﬁl?/gloﬁ%%ﬁg, of the

hai rpi n shares sequence id he pronoter region of a gene or
nucl ei & acﬂldrebm(pwﬂuuglgtﬂ}é)rlsKthSameIgnmmtan o Iﬂmdboblenﬁédperi?nmdssi ng of

th hRNA t h t
Fogi on mayEPRBRGE aMRtsl PORER pelspinaioa: pbd KbGink T VERPRRBTing (see.
Auf sat z et Aﬁhbocﬁé’sgqg)nc?ﬂl%and%&twe’%ﬁ%ﬁdeﬁ@ |Pr859:, 1@@§P%amhlcﬁ'i§j Mette et
al . (2000) EMBQJ. 19:5194-5201; each of which is incorporated herein by

ref erence’ imeonpprased hareintby refererice as i set forth)in itacatiratynkhe elgaed byhridemasf f ect

RGO ST R R

pr ot eirp or arﬁn%liies(mé E4itibedidR Yhat Bmdmréfef&ndmptoasm channeKdoabmenel s or, e.g.,
activity of calnmodulin (see, Fanger et al. (1999) J. Biol. Chem

274: 5746- ShomoteEagers o zﬁltaéﬂleﬁ(?rtb‘FrﬁOiBy Maspgloaplcantibedics agathus aetilimited byt s
2000
entirety) g ﬂ%@?@é@ E‘S@‘J £UBbAES areifo d&{}&g&j gﬁiﬁ& érssr%gl? Bg%ﬁ&@&l‘ls% fsﬁL or ( )

J Biol. Chem I ncor por at'e rence as | forth
inits entnestety). Alternatively, the peptide, protein or small nolecule may

ogul at od by SkAEmaKay. ABPYSt Fabe PORUIPIREUPP TR NaeEcaOI ot of ns,
e P, 0T Ol 5 5540 QTS St o
i mmunogl obmainmatigh ecllilives. nmrreshmplec ahd 9f ardmatyi skall w the azt eadily canliselatzdt i gen
or epi t0pe, of el MrhudRM: ackd Sequehd? SleSing AhetefordP ASiitoas usthe
conventional procedures (e.g., by using oligonucleotide probes that are capable of
binding specifically to genes encoding the heavy and light chains of an antibody).
20  Hybridoma cells can serve as a preferred source of DNA for the nucleic acid sequence.
Once isolated, the nucleic acid sequence can be placed into expression vectors, which
are then transfected into host cells such as E. coli cells, simian COS cells, Chinese
Hamster Ovary (CHO) cells, myeloma cells, or plant cells that do not otherwise
produce antibodies, to obtain the synthesis of monoclonal antibodies in the recombinant
25  host cells. Review articles on recombinant expression in bacteria of DNA encoding an
antibody include thefollowing: Skerra (1993) Curr. Opin. Immunol. 5:256-262; and
Phickthun (1992) Immunol. Rev. 130:151-188; each of which is incorporated herein by
reference as if set forth in its entirety.
Alternatively, antibodies can be produced in a cell line such as a CHO cell line.
30  See, e.g., US Patent Nos. 5,545,403; 5,545,405 and 5,998,144; each of which is
incorporated herein by reference as if set forth in its entirety. Briefly, one of ordinary

skill in the art can transfect the cell line with vectors capable of expressing a light chain

and a heavy chain, respectively. By transfecting the two protein chains on separate



engi neered forns such as chineric antibodies (e.g. , humani zed nuri ne

anti bodi es) and heteroconjugate anti bodies (e.g. , bispecific antibodies).
The ter mworotoas3isacl udes bi val ent or bi specific nol eculPesjusdioaioocdses,
triabodi es and tetrabodies. Bivalent and bispecific nolecules are described

b ekt bun V5345 HinBlic Bhuinddleih pl prd U Chno iPadafiad 8PHRE RO Bolls
6: 781- 788; ishhe eanaitgly(cagaa)omheanmy 56: 3055- 3061; Adanms et al. (1993)

Cancer Res. 53:4026-4034; and McCartney et al. (1995) Protein Eng. 8:301-
314: each of whl&gwise, mg gtagﬁ*%@iﬁlwaémféﬂ&%weaéﬂwm*@ﬁ heatth in

LS entirefy e AROAY of ﬁf?ndrg%iq‘l‘l%?h@éﬁ Laieal Al DepdiohTBodis Bt L0od! oo,

i ncluding fragments wth anti gen-bindi ng cap F(ab' )2,
Fab, Fj anomphigi@g. a shiteblerhest ammakheaig soch esa mbbh, withte dnptunogem@yges, such

as papain epsin, gener 5 ant i body fragnment lally
e - Sk o RRA B op g Ry AING TR T o (LG TRRPeeED FPO S8 nant
single c hahlra) pENy B3B8t §Si86Mling PhRLRSASWins T RRAERN STHE BYigthi t O
practice the nethods described herein bind to its target protein wth an

affinity (ﬁ@mﬁ@neav@nbn inesniatechwith glie lelqu@nogteo, with hloedtsubseqghentlyllingg 1 . The

ant i body ol e ol R Ao an LRt ORer AR Ro Al omat

ant i bor) esircrade)a dh[cﬂteh\ﬁ%(dat Jsheay) guineh PRy, &dt! or thoiseeXpdaRired, tﬁé\ﬁnﬁﬁm@% nary
skill in the art can e nonaocl onal ant i bodi es by |solat|ng Iynp ocytes

and f usi ngcamaadministargdaongonivgate in whish iy cowpled ¢ hgvinpisideddiatisof o

Publ | shi ng LSBT CgRt B § KRR o e Tt e e Hrrﬁf‘é?%?é'sf;ﬁd

Practice (pewidogicalBr &espthbRIThtriceadhe ahtivddydbtiised candepnirdieddo hgueiynohy
reference as if set forth in its eptiret The cl oned hybri domas are then
screened fBP%?QS’GEuZQ%’o%Oéf%é’ 54,%?1("“513 /°channel mononer or honot et raner

anti bog§ es (i eMetl?st'o‘??l@dk‘ﬁfgr iMRSKhicA 5@1@; bethd otteﬁ‘inﬁgﬂarﬁﬁ)%ﬂﬁglare

nNoNnomer s, hormt etraners agnents t reo noc onal anti bodi es are
t hus not | kmewmreuh thy atthSeerpeng eBoétigenhi @h(2002) Bmun h25i262-268 eFynesiez adl,

e e S et O sl Pk R o0 GOl 51 026005 Mror B0t o can be
275:37137-37149; and Hoffman et al. (2003) Proc. Natl. Acad. Sci. USA 100:7366-
7371, each of which is incorporated herein by reference as if set forth in its entirety.

20  Likewise, commercially available anti-SK4 channel antibodies are suitable for use
herein, and can be obtained from, e.g., Alomone Labs (Jerusalem, Israel); Millipore
(Billerica, MA), Sigma Aldrich (St. Louis, MO), and Santa Cruz Biotechnology (Santa
Cruz, CA), respectively. See also, Sandow et al. (2006) J. Anat. 209:689-698; and
Whulff et al. (2001) J. Biol. Chem. 276:32040-32045.

25 Alternatively, the SK4 channel inhibitor can be a protein designed to bind SK4
channel monomers or homotetramers. As used herein, a "protein designed to bind SK4
channel monomers or homotetramers" means a protein designed to bind SK4 channel
monomers or homotetramers, wherein the binding inhibits (i.e., reduces) SK4 channel
expression, activity, or function, as noted herein above. Inhibitory peptides are well

30 knownin the art. See, e.g., Wulff et al. (2007) Curr. Med. Chem. 14:1437-1457,
incorporated herein by reference as if set forth in its entirety.

Alternatively, the SK4 channel inhibitor can be a small molecule that binds to
an SK4 channel monomer to prevent it from forming part of a homotetramer or binds to

a homotetramer and prevents is activity or function. As used herein, a "small molecule
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including, but not limted to, expression in bacteria, yeast, plants,
insect cell lines, or mammualian cell |ines. For exanple, one of ordinary
skill in wbeoavas3sseadi | y can isol ated and sequence a nu@CEius2@i0d608€guence
encodi ng a nmonocl onal antibody using conventional procedures (e.g., by

using olig P&'nﬂﬁ%d ﬁxesp?li 995131 fl%horﬂé (EaBﬁE’lk fhobdcull tﬁ&gﬂ tﬁﬂgéﬂ%@ §K4:al ly to
genes enco Ing t eav alns of an anti bridoma cells
can serve hmnatepaméé’rmaﬁsaomlemle)bf Dhige tamparablerto chese endedutesgegeratige. Once
i solated, th | ei ¢ aci eque ce can be pl aced. |nto ex r J] vect ors,
which are PHHn PRamcRdiat (R DS PSS B o B fore N of i an
CCS cel | s, cKdnhBIGRENITRERS bEhoM R mEfHPreoRkd §maﬁh’1%l@dmes%hlr§n%$(31fl_sﬁle% t cells

that do not otherw se produce antibodies, to obtain the synthesis o
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r ecombi nant XQ@§§§|on in bacteria of DNA encodi ng an anti body i ncl ude

t henrfoll O\I\fﬂ?‘P fa (1993) Curr. Opin. Immunol. 5:256-262; and Phi ckt hun
(1992) Immnol NBﬁulmlﬁageiéﬁplk%fsrﬁmhmq)efcuva@If@ﬂrudeaxetdwﬁfcmre&meﬁh&aerel n by
reference as if set forth inits entirety. Alternatively, antibodies can be
produced i ePrapQusdp, inrganis yagleeess oxgaaicoapleclph @rgageemolecyles cogamingat  Nos.

5, 545, 403; 1.3, R AR Brodati 14 aRg R Rlightive hidet, LAGRLPRIALESENAGEI N BY
ref erence as ser RO I'n | S BhtTT y. %rle Iy, one o inary skill

i n thel@rt pgaidoinimbsésaele. tshertogdptide fragments that egihoe meqapabbmnﬂfn mppdessi ng a
|l ight chain and a_heavy chain, res ectlvelgg. By transfecting the two

protein chaPHE 6‘|‘Fhsaé5‘§r°ah@\?‘e‘értﬁjﬁlsee Je ARyt shannsbimhiitordhe praakh modgralsy
Anot her adxlagﬁo@%r%e aegst{;'églmiélsﬁggcggm@ 1& Q& rs&a&log'a;ag@ésx' g{ io%fhcf t he

anti body ew se yclonal antibodies are we known
in the artundéenecémﬂph@resmediandatgenmlycxﬂdxs Il in the art can nake

pol ycl onal antipodie ni zi a sui.tabl e host ani such as a
Pobbit i t b anfobRRIRE gt Carile Sxbmita famoah SR Fon gikd % S ol

honot eiff anEfanfEl hoREHRYrhollddBRicr. @M ISt BIsRAIPRRIdANIRidsefueHereRY iym Or
i solating i munoglobulins fromthe serum The animal therefore can be

i nocul at edtrigrylmetiases. nhniarlpecthangs chn bivsolbe Selbwengetustyrabéirmyla:enoved from
the animal and an 1gG fraction purified. Qther suitable host aninals
i nclude a chicken, goat, sheep, guinea pig, rat, orf nouse. |If desired, the

I mmunogen >
\ R

[ >\((R)n

z

wherein X, Y and Z can be the same or different and can be independently
20  selected from CH;, O, S, NR;, N=CH, CH=N and R,-C=C-R3;
R can be H, halogen, trihaloalkyl, hydroxy, acyloxy, alkoxy, alkenyloxy, thio,
alkylthio, nitro, cyano, ureido, acyl, carboxy, alkoxycarbonyl, N-(R4)(Rs) and saturated
or unsaturated, chiral or achiral, cyclic or acyclic, straight or branched hydrocarbyl

group with from 1 to 20 carbon atoms, optionally substituted with hydroxy, halogen,
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can be adm nistered as a conjugate in which it is coupled, e.g., via a side
chain of one of its amno acid residues, to a suitable carrier. The carrier
nol ecul e we 2010pisess|l y a physi ol ogi cal | y accept abl e carr iPem/USTHg/006956 body

obt ai ned can be purifi ed to a purity of up to about 70% 80% 90% 95% 99%

or 100% MerhRdRc AT AOGIAR! & %ﬁjgﬁw%ar B, Bon Q%@ t

anti bodi es are own ‘in t’he a ) Braln
125: 252- 26R4)(Ry) gemp; et al . (2004) Autonom Neurosci 112 93 97; Ghanshani
et al. (2000 J, Biol 5 37137 37149; and Hoffrman et al.. (2003)
Proc. Natl. Acaff!cathe ﬁglﬁ%e 7a¥6al 73?7110%%?&19/1o%rympblrmdsar%ﬂc@ﬁtmaar ed

herein by §Lﬁ)§ﬁ{u?ém1tﬁﬁydrt)x§%nﬁug %@sﬁtﬁteﬂ%ﬁnﬁ@{c&%ﬁ% kdx'yijse %&rz ecomrer cially

avai l abl e anti - SK4 channel "’ant’i I es are sul and can
be obt & nettihaloahyl,eilgo,, thid), allkghhloLedubm()dmrdwélacbmarbbsy]agbmps MIIlipore
(Billerica, MA, Si Al drj oui s and Santa Cruz

Bi ot echnol ogy (%éﬁ?‘gﬁ%%be E&)r ?8%‘855’?@@?9“ sgtyratad oy unstniisg et al .
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576: 32040 35048 AL Gt v (R E R e e ERPY br ot n
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“protein desi i.nd SK4 channel nomners " means a
protein dega?lg(%ﬂgg?eo%bt?na adRe “1%‘ shfief C%go oorpu%%g{%‘{%tsé C{by Wherein the
bi ndi N i Nhdt&rioh®n{ teleted frEAUT.ES dr ISHG channel expr ession, acti VI ty, or

function, as not ed herein above. |nhibitor peptldes are well known in the
art. See, e.g.,Rygarrbe Hyalgyl, akkzermlkwlr cyciadkylcpstipxypdkyl 43 parbesyalkyl;

.ncorporatﬁgam@é 'Sng%nr f1e5 Gt onﬁ?éthBP%rB&}n%ahq% 1%{ dofoH,

Al ternative ann In or can be a snal
to an SK4 GNamrbd)xymtkm;rNF(R7g(my e:w}&ret RI; and Rpaan‘hmrm logvepalilyl Of-4@),honot et r aner

or binds to tetra d éeve S is activi or function. As used
herein, a 9% y’n‘B'V]eé e@rﬁgg B 8%?6“9@"6‘?1 BD A BHBAEA O or sl |
ol eCUise tﬁ&?shtu?ét@@ﬁet%&c?ﬂc §Kéaﬂ@8§ﬁ(ﬁ¥a(l?@§5st1tﬁ@@%tﬁl% 'ﬁé&&llt‘?orﬁ a size
conparabl e to those nolecul es generally used in pharmaceuticals that

i nhi bits thaderestomssytivag NaOtandiS; r -ISH- Halmotyow vdferSite hetmonyele caortemer s or
honotetra

oo e Sl S SIL  PBhSC GA R0, Dol B 2R 5000
be a spacer of from 2-10 carbons as a straight or branched, chiral or achiral, cyclic or
acyclic, saturated or unsaturated, hydrocarbon group such as phenyl.

20 Examples of triarylmethanes useful herein include, but are not limited to, 1-[(2-
chlorophenyl)-diphenylmethyl]-1H-imidazole (clotrimazole; Ishii et al. (1997), supra;
Joiner et al. (1997), supra; and Logsdon et al. (1997), supra); 2,2-bis(4-fluorophenyl)-
2-phenylacetamide (ICA-17043; Stocker et al. (2003) Blood 101:2412-2418 ); 1-[(2-
chlorophenyl)diphenylmethyl]-1H-pyrazole (TRAM-34; Wulff et al. (2000) Proc. Natl.

25  Acad. Sci. USA 97:8151-8156; incorporated herein by reference as if set forth in its
entirety); 1-[(2-fluorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(4-
chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)diphenylmethyl]-1H-
pyrazole; and 1-[(2-chlorophenyl)diphenylmethyl]-1H-tetrazole. Additional small
molecules are known in the art. See, McNaughton-Smith er al. (2008).J. Med. Chem.

30  51:976-982; Wulff (2007), supra; and Int'l Patent Application Publication No. WO
2007/033307; each of which is incorporated herein by reference as if set forth in its
entirety).



about 1000 Da. Non-limting exanples of small nolecules for use herein

i ncl ude chem cal conpounds, inorganic nol ecul es, organic nol ecul es, organic
nol ecul eswoantoiseisag an i norgani ¢ conponent, nol ecul es POTIUSANRGHO@S0

radi oactive atom synthetic nol ecul es and peptidom netics (e.g., short,

eptide fragnen 1c13). I T ch as an
g- Ee: i X or g shggﬁ)g%%gn%tgggp%qgﬁﬁé?&?’?@%54{2@??}0? ﬁeeﬂps?fr?%'lrlﬁet}r?a%ecul e may be
nor e per melabyantide (beldve), déesibed i WERMBIEA9873 (erdmed Abapdtemn 7:008,3295B2)apt] t 0

elicit an i i.mmune response thap | arge nol ecul es. For snal

mol ecul es,ng%ﬁg%?)ahqsﬁl@r%apore@ﬁﬁaaﬁ&rwa can bind an SK4 channel
mononmer or honotetraner. One class of small nolecul es puseful herein is
triaryl methanes. Triaryl Z i ng structural

i ndependently selected from @2, O S, NR, N and R2-C=C-R3; R can
be H, hal ogen, trihal oal kyl, ; X koxy, al kenyl oxy, thio,

al kylthio, nitro, cyano, ureido, al koxycarbonyl, N-(R4)(R)
and saturated or unsaturated, chirs iral, cyclic or acyclic,

strai ght or branched hydrocarbyl group wty gyl to 20 carbon atons,
optionally substituted with hydroxy, qg-n,trihaloalkyl, al kyl t hi o,

al koxy, carboxy, al koxycarbonyl, oxoal kyl, cyano and N (R4) (R5) group; Ri
can be 5H, al kyl K,al dhanydl bladkkisvflthe myehtivdl dayilinclade/d cordpyindastfdh@fodyula:
optionally substituted with hydroxy, am no, substituted am no, cyano,

al koxy, hal ogen, tri hal oal kyl, nitroR3t$Pd$;alkylthio, car boxy and

al koxycar bonyl groups; R2 and R can beMg or can conbine to form a saturated
or unsaturated carbocyclic or heterocyclic ring, optionally substituted
with one or nore R groups; R4 and BN=ce®—bRRL, al kyl, al kenyl, al kynyl,

cycl oal kyl and acyl or R4 and R can conbin o forma ring, wherein a
carbon may be optionally substituted by a heteroatom selected fromQ S or
NR; R can be H alkyl, alkenyl, alkynyl, cycloal kyl, hydroxyal kyl or

g::}bgéyi‘! k\)(%he;:rg{x:l Iggq{gé'?ﬁzm%’ RAL&PEE PBividiRily 2eleWel Bronl 8d RN 1S By drB@dn, When m
alkyl of one to eight carbon atoms, inclusive, cycloalkyl of five to eight carbon atoms,
inclusive, phenyl, phenalkyl where alkyl can be one to three carbon atoms, inclusive,

10  and mono- or di-substituted phenyl or phenyl moiety of the phenalkyl wherein the
substituents can be the same or different and can be selected from the group consisting
of alkyl of one to three carbon atoms, inclusive, halogen, trifluoromethyl and alkoxy of
from one to three carbon atoms, inclusive, halo, and trifluoromethyl; hydrogen and
alkyl of one to eight carbon atoms, inclusive, cycloalkyl of five to eight carbon atoms,

15  inclusive, and when taken together with the nitrogen atom to which they are attached
form a saturated heterocyclic ring with methylene, or nitrogen coupled with hydrogen
or alkyl of one to three carbon atoms, inclusive, oxygen; or sulphur. When the
heterocyclic ring is with methylene, the heterocyclic ring can have from four to six
carbon atoms. When the heterocyclic ring is with oxygen or sulfur, the heterocyclic

20  ring can be piperazino, N-alkylpiperazino, morpholino or thiomorpholino, and
pharmaceutically acceptable acid addition salts thereof.

These Katp channel blockers can include those selected from the following:
2,3- butanedione monoxime; 4-aminopyridine (4-AP); 5-Hydroxydecanoate; 7
nitroindazole; 8-oxo-berberine; A-184209; acecainide; adenosine (ATP); Aflatrem;

25  Agatoxin, o-type (o -Agatoxin); Agitoxin-1; Agitoxin-2; Agitoxin-3; AL 275;



CN, carboxyal kyl', N-(R7)(R8), where R7 and R8 can be H, |ower alkyl
(1-4C), cycloalkyl, aryl, acyl, amdo, or R7 and R8 can conbine to forma
sat ur at edwonr2ouwsaisur at ed heterocylic ring and optional | yCIaIssaoonodosed w t h
up to 3 additional heteroatons such as N, Oand S; or -NH heterocycle,
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are known |n the art. See, IVtNaughton Smith et al (2008) J. Med. Chem

51: 976- 982 lapganamidexp donm); Slassanamidel (rapemic); e & HumApY 150 HES; GHofHiwshi cat i on
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. nci’r o o el Rty T 0: Eerlic it sbforisies DR erosalih BYIG (376arD dospah

incl udg a pRERPMEIDRHethPNSul Bk ! éxp{mfﬁ@ dﬁMlb 3. D%ﬁet 3. ppe §33. ¢} be
ty roge

i ndi vidual 'y selected fTom adanan of “one t'd ei ght
car bon at 02,106 dtonsdarene 8363689 KOTXob- typev(a DEX&J IQEX tiper(BdDXE,DTX,

el usi ve, ™ B8 G RS Pl ssubetr Rl Et G ERGein angis mabersdbrame
phenal kyl pRektgide (+hgorm); Ersentilide (S-form); Ethanol; Evodiamine (S); Fampridine 4-
aminopyridine EL 970; Fosinoprilat; Gamma-dendrotoxin; GEA 857; Glemanserin
20  MDL 11939; GLG V 13; Glibenclamide; Glimepiride; Glipizide (GLP); Glipizide K
4024; Glipizide TK 1320; Glucagons antagonists; Glybenclamide; Glyburide;
Guanethidine; Guanidinium moieties; GYKI 16638; HA 7; HMR 1372; HMR 1402;
HMR 1556; HMR 1883; Hydroxy; Iberiotoxin; Ibutilide; Ibutilide U 70226; ICA
17043; ICI 181037; SK4 Channel Blocker; IMID-1M; IMID-26F; IMID-4F; IMID-4F
25 hydrochloride; Imidazoline moieties; Ipazilide WIN 54177; Ipidacrine NIK 247;
Ivabradine; JKL 1073 A oxy-berberine; JTV 519; Kaliotoxin; KCB 328; KMC IV 84;
KW 3407; L 691121; L 702958; L 706000; L 735821; L. 742084; L 768673; L755860
and related compounds; Levosemotiadil SA 3212; Levosemotiadil SD 3212;
Limbatoxin; Limbatustoxin; Liriodenine; Lq2; LQE 908 Pinokalant; LY 190147; LY
30 97241; Margatoxin; Mitiglinide KAD 1229 S-21403; MK 499; N 3601; N-ally)
secoboldine; Nateglinide; Nateglinide AY 4166; Neuropeptide Y; Nibentan; Nifekalant
MS 551; Niguldipine hydrochloride S(+)-form; NIP 142; NOS inhibitors; Noxiustoxin;
NS 004; NS 1546; OPC 88117, ORG 20781; Pandinotoxin-Ka; Paspalitrem; Paxilline;
PD 157667; Penitrem A; PGE 844384; Phencyclidine; Phentolamine; Phentolamine;
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substituents can be the sanme or different and can be selected fromthe
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G cl azjsndoycL G481 e a3 0RO U@L@@Ob%@ﬂﬁdﬁ%@@@lﬁj@ﬁmqm de (-

form; O ausenam de (racemc); CofiliumLlY 1 8, dofiliumtosylate;
C ot ri maxoMAY AR3223; VEAY! K33eRSWINIT31EB; W@WBCF{EB@JSYS”@ 3’%@@@, CP

pendr ot oxi ¥V e raemags Vi ePeee- B v T et Ea s it raRBRe G aslog ™ 1)
d-sot al ol ; ZM 181037; ZM 244085. See, WO 2007/009462, herein incorporated by reference.

Compounds of interest also can include those having the following formula:

/ /I (F)m
|

A

e O—c_(

7

N

X
20 (Fo ,
wherein m, n and p can be independently selected from 0 and 1 and at least one of m, n
and p can be 1.
In an exemplary embodiment, when m, n and p are all 1, the fluoro substituents
atring 1 and at ring 2 are located at a position independently selected from ortho to the

25  acetamide substituent, meta to the acetamide substituent and para to the acetamide

substituent, and the substituent at ring 3 is at a position selected from ortho to the
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Di centrine; Dinethyl sulfoxide; DKAH 269; DWW 543; Dofetilide; DPC 543; DPI
201 106; Dronedarone SR 33589; DTX, a-type (a-DTX); DTX, (b-type (b-DTX);
DTX, g-tywwe 2010/05338FX); DITX, s-type (s-DIX); E-4031; Ef aPoxas2o@@dsay229;
Englitazone; Ersentilide (+/- form; Ersentilide (S-form; Ethanol;

Evodi am ne %% ;Qs

Gama- dendr%’?g&l E%&?&%f@ré%@%% %ﬂ%su%t&%& I('i: Xg%@kgencl am de;
G i mepi ri dembédimeng wden Gk B) andGniipil ahda i1 462 fluofd subktituest af King 320 para

G ucagons an agonl St s; bencl %m de;. @ yburide; Guanethi di ne; Guani di ni um

a
noi eti es: qtyaisie SPW%M 1he substifurnyat gng 2yrocateskat ammoRitipgg 3

d 81037;
A %ﬁénneF@%tﬁﬁé*P%WW RSt did T R sk b Subaront 0

| mi dazdi i n8eepV@12063/075 0z heietteinddiiobddrty, refprentzcr i ne NI K 247 | vabr adi ne;
JKL 1073A oxy-berberin TV 51 Kali o MC. IV 84: KW 3407,
L 691 121 L 705 9‘%’8’“’&‘?&7‘6‘%@6&“ 1%59/ fu8 hf’&‘?g%%nga‘e?f@%‘?@g forel850 and
rel ated conpounds; Levosenotiadil SA 321 ~Leypsenotiadil SD 3212,

Li mbat oxi n; Linbatustoxin; Liri oe[z')\n, Lg2; "™QE 908 Pi nokal ant; LY 190147,
LY 97241; Margatoxin; Mtiglinide D/1229 S-21403; MK 499; N 3601; N-ally)
secobol di ne; Nateglinide; Nateglinidé AY 4166; *Neuropeptide Y; Ni bentan;

Ni f ekal ant wiErenbthe rlnﬁlsgb&:ﬁil@bzﬁﬁbé‘%”s%tﬁd@r'ﬂ@ubﬁ(lﬁhed %manwlsa)sml&ed bIcS

i nhi bi tors; Noxiustoxin, NS 004, NS 1546; OPC 881 17; ORG 2

Pandi not oxumﬁukstautewés@amb@rreérh;etenagyplel iThe: symohaxsmser%ﬁﬂlﬂs&h A‘S(@’BE

844384 Ph nt sPhent.ol,agine A eng Cl

Pi roci xan %I‘Qg]'ﬁgs(ogl\l% 3&@2‘3@&6% §§’€§‘2‘ ﬁ{‘ﬁ&ﬁ%‘““{-‘iﬂiﬁ‘%ﬂﬁgs PNU
94563; PNUse%b?éiDﬁrorBWdR@l:K9subE’tNUte916ﬁ%suH@NL&t&YB%EaIk@Nlﬂ)I@@QﬁBCFPYlTth
triazoles; Quinidine, Qunine, Qunine hemsulfate salt; Repaglini de AGEE

623: Repaghiihld& NFPYG%HS Ireslsegsns prbstedprnsabsitsted e RikyS; oTE ot Thej de:

1000 Rob TS M asi A noR o IERRNAR, Fehsord (SRS oS BGRA D

Sal i cyl al danyl m&bstiﬁﬂxd bounsupst8Bted TR Gary Serplip,atnibstitnted SDZin N3t GHARKL (Cs-

Senat i tilide 1752; Se t| [ i Z 10516;. Si nom ni ne; Sodi um 5-
hydr ox ecgﬁﬁ%\r CYClg, PLyubstitutgd\grgmau S§B¥?‘g&§ ¢<'H etergerclen97448; Sti chodact yl a
t oxi n; R2
H\ /R1
S
O,

wherein the ring system Z can be selected from substituted or unsubstituted aryl, and
substituted and unsubstituted 5-membered heterocycle. The symbol R' represents a
substituted or unsubstituted aryl group, a substituted or unsubstituted heteroaryl group,
20  asubstituted or unsubstituted (Cs-C;)carbocycle or a substituted or unsubstituted (Cs-
Coheterocycle. The symbol R? represents COOR®, substituted or unsubstituted 2-

furan, substituted or unsubstituted 2-thiazole or

X
7\
Y. N

\(
The symbol R° represents a substituted or unsubstituted C;-C alkyl group, e.g.,

25  methyl, ethyl, and —CF;. X represents -N=N-, -N=C(R")-, -C(R'R®)-C(R'R)- or -
C(R7)=C(R8)-, in which R7 and R8 independently represent hydrogen, substituted and
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Sul fonyl ureas; TEA (tetraethylamoniun); Tedisam|; Tedisam| KC 8857,
Teri kal ant RP 62719; Tertiapin; Tertiapin-@Q Tetraethylanmoni um chloride;
Tet r aet hywearenowvissdsti ons; Tetrodotoxin; TH 9121; TH 9122PCTiusgaoioesosn K;
Tityustoxin-K a; TMB-8; TN 871; Tol azam de; Tol butam de; Toxi n based

t her apeut i o QpreTr i . 34; 0 : 883A;
U 45184&; | @?:Sﬁﬁ%%%?q%&r oc? 65 ?%ng&s@@ @%{g%réuﬁ&g@ﬂ? ?f%K
78282; WAYH]1RB®23AlkyWiy—0TP3398; WN 17317-3; WN 61773; XE 991 ; Y 39677; YM
026; YM 19348 Racerrate YM 193489-R. YM 193489-S; YT 1; Zat ebr adi ne; ZM

181037; ZM 18 .; 4085 See, JM@"2007

462, hereln in .orated by
ref erence. nt erest al ko glan ude those Eave .
foIIovvingf A N aptd s CgsC be dependent Ny e fromoO
and 1 and at s@ oﬁe of m n an cgh e 1. In an %ary enbodi nment ,

when m n and™p are all 1, théucfo substituents goeand at ring 2
are located at a position independently selected from ortho to the

acetam de substituent, neta to the acetanide substituent and para to the
acet am de sub§PiMeuent _~and the suff¥¥?t ue t ring 3 is¢eM

sel ected fromjortido t eacet am ubs ent and par @
substi tuent . -TW ‘s DO ~Nohen p

is 1, the fl gOflos paratothe :
substituent, ¥nd the substituent &t ring 2 is |located at a position
selected fronmcortho to the acetam de substituent and para to the acetam de
substituent. See, WO 2007/075849, herein incorporated by refer ence.
Compounds of in rest al so can inglude those gavi ng the follow ng
wherein the rin 2syste an be gubstit wFey unsupstld ut ecﬂ ar
substituted or nSLﬂostl ed 5- nefberikd u@ ocycl e. SYWH ﬂ1
represents -N ,,S\\ O ZNH- B3R4A)S(0Fh-, or -S ,d;[
whi ch R3 and eYi Mdependent |

gel @ct®d from hydroge bstituted or
unsubstituted | ower al kyl, OR5 and CF3. The symbol R reptes®ts hydrogen,
substituted or unsubstitut ed | ower alkyl, or CF3. The integer n is selected

fromO to 2. e symbol Rl represents suhstituted or substltuted aryl,
substituted Qr, N.unsubst tuted heteroaryl Qup, subst ed or substit ut ed
(C- CFs o
N
|
s COzMe O
_0

5 éﬁ“@*ﬁ



C7) carbocycl e or substituted or unsubstituted (C5-C7)heterocycle; wherein
the ring system Z can be selected fromsubstituted or unsubstituted aryl,
and substwourbshsassd unsubstituted 5-nenbered heterocycl eCTiiseompninsd R1
represents a substituted or unsubstituted aryl group, a substituted or
unsubstituted heteroaryl group, a substituted or unsubstituted (C
-C7)carbocycle or a substituted or undfhstituted (C - C7)heterocycle. The
synbol R represents COOR6, substituted sXynsubstituted 2- furan,
substituted or unsubstituted 2-thiazol & he synbol R6 represents a
substituted or unsubstituted G -C4 alk .g., nethyl, ethyl, and
-CF 3. X represents -N=N, -N=C(R7) -, R 7R8)- or - C(R7)=C(RS8)-
in which R7 and R8 |ndependentl r &present hydypgen, substituted
andunsubstituted | ower al kyl R Y represents 0, NR9 or S,
in which RO is H |[|ower aIkF)/ n and/? can be

i ndependently sel ected from Cand 1 and of m nand p is 1;
when m n and/? are all 1, the fluoro tuents at ring 1 and at ring 2
are located at a position independentl cted fromortho to the

acetam de substituent, neta to the aceta substituent and para to the
acet ami de substituent, and the substituent af ri ng 3 can be at a position
selected fromortho to the acetam de substituent and para to the acetam de
substituen d : t r tjtuent
at ring 1 M’er@ﬂ] gy\?%ﬂg éagc?gt"é%ﬁ nﬁ@n‘t sst%lle rﬁbn‘lﬁa dtlhagaggkg%%q}ezblr{?ﬁadt ring
2 is |ocatad pats 13 Wisaint,incandgedre atled tﬁerﬂxmmlsmlsmtaemtstdtemgclemmrntdmgsamSt| t uent

and para to the acetam de substl t uent nm n and/? ca
.ndependenkopvegéi 2RO iIngmpendspdy &ele%%mgam qriedp thecetpmids s %St%&t,p is 1;

wherei ny m h?taQFRﬁ@5ce& He bs % 2o fh@ta@ét%ﬁdeagu%gxtﬁéﬁ Aifinede those
havi ng the follow ng erein, ring systemZ can be sel ected from
substi t ut esilbetituunlsajlbmgBtaméd aaay)bsltmnselbeibcﬂ fmneotthmtobbcwﬂtamd@f from5 to 7
menbers, su stitute ubst| t car boc hayi ram4 to 8
Tenbers. <HSHHEtEd wre GG A iSRRI Aot It AR P v
menbers, aﬂh@ fﬁl‘éﬁ%dﬂsﬁiu%ﬂt eerm'grlSl'd batd fouheskehhiae @@Es‘fﬂtuéﬂ@\ﬂnﬁghef Mttt 8
nenbers; X can be a nenber sélected fromthe group of -NHS(O)2

~ S(0) 2NR3- at ringc? isHiczagBat agresitisnrseRgteddrom erthe I the @gethmida SH%S@WGntsﬁ!ilﬂst ituted

or unspypst ;I)egrg 0 Hw(acétamlc}e sulf)gtlt’uent

((5
/2\"n J
&1 4

NH,

(F)o

b

wherein m, n and p can be independently selected from 0 and 1, and at least one of m,

n,and pis 1;
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Rl can be selected fromsubstituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted (C5-C7)carbocycle
and substwourbadsess4unsubstituted (C5-C7)heterocycl e; R2pcanish@omosmenber
selected from-GC, -CF, - CO2R4, substituted or unsubstituted aryl,
substituted or unsubstituted heterocyclg of from5 to 6 nmenbers, and
substituted or unsubstituted heteroaryl Jof from5 to 6 nenbers, wherein R4
can be a substituted or unsubstituted ACC4)al kyl group, which is
optionally connected to ring systemZ mng a | actone having from5 to 7
menbers; and wherein the doubl e bq e two carbons marked * can
be endocyclic to ring system Z. : 8, Incorporated herein by
ref erence. Carbonyl am no deri ¥ the invention include: any
of its enantioners or any m 4 Brs, or a pharmaceutically
acceptabl e addition salt theree mhereln A can, be CHor N, R can be

hydr ogen, al kyl, al kenyl, al kynyl, b&@goalkyl-alkyl, al koxy or
CF3; Y represents hydrogen, alkyl, al , al kynyl, cycl oal kyl

cycl oal kyl -al kyl, or a group of the fp a: ' wherein Rl, R2 and RS,

i ndependently of each another, can be ¥ ogen, hal ogen, CN, NO or CF3; |
can be 0, 1, 2, 3, 4, 5o0or 6; and m n and o, independent of each another,
can be 0, 1 or 2. Alternatively, m n ahd o, independent of each anot her,
can be 0 oy, Hﬂﬁl§&ﬂwt dn.n, Y, R Rand Rare as defined above.
Alternative e car onylénlno derivative of the invention can be a
conpound of Fornula I1, wherein Y can be al kyl, cycloal kyl,

cycl oal kyl - al kyl or al kenyl. | can be 0; mand n, i dependently of each
anot her, can be 0 or 1; § R represents hydrogen. ernatively, the

car bonyl am no deri vati velg ormula I'l can be N-pe

di phenyl - acet am de; } \xy -2, 2-di phenyl - acet gmr-ge; cfblopropylnethy

1- 2, 2- di phenyl - &et d @KNeL am de; or a
pharnaceutlcallyacc +ahl e| addition salt here rein Rl, R2 and R3 are
as defined above. Alterng p ivative of the
invention can be a triar

; and

F Q C(O)NH,

wherein, ring system Z can be selected from substituted or unsubstituted aryl,
unsubstituted carbocycles of from 5 to 7 members, substituted or unsubstituted
carbocycles having from 4 to 8 members, substituted or unsubstituted heterocycles

10 having from 4 to 8 members, and substituted or unsubstituted heteroaryl having from 4



met hane of Fornula 111 wherein R1, R2 and R3, independently of each

anot her, can be hydrogen or fluoro. Alternatively, the triaryl nethane

deri vat i weocar/isassgel ected from 2, 2, 2- tri phenyl - acet aniPd&[US2009/006050

2- (2-fluoro-phenyl)-2, 2-di phenyl - acet am de; 2-(2-fl uoro-phenyl)-

2, 2-di phenyl 4-1 | oro I e

2 2-bis- (2%&%‘%?{8% sé%e ajq%e e vse&%@?g}{or)&me’ grogf) BP ‘?\1“13{&(05‘3 ts"(‘@}zﬂﬁs-

2- phenyl - 2a{@NHIO+NR Wheﬂ&)ﬂ R? @ar( ¥e $ella@sdofr )yt -sab@itasil deunsubstituted
2,2-bis-(2-fluoro-phenyl)-2-phenyl -acetam de; 2, 2-bis-(4-fl uoro-phenyl)-2-
phenyl acet@nfdalk Bf a pharmaceutical |l y-acceptable addition salt thereof; in

whi ch fornul a PIaS% the triaryl
met hane i nvent :?%n CE%R@EQ ‘g%‘?f{g’ b%(?tfuﬁer el gﬁéﬁtut%l &gr @%ﬁl‘ﬁgtg% anot her,
repr esent mstbsageted hetetdanyll subsAtutet mainsubdtyutedi K@;s-Crlcambyptydie bithsnbsdeddvat | ve

gf 2t g?t Ir :1 V%‘rg&rhcl) &@tgﬁz‘gh;%g%ﬁag can be a member selected from -C,, -CF;3, -

2, 2-bi s- (2cbpu0rsebs@#ﬂ&ea/b> m?suSémmeu%mpmwu}ed ARk Red hetgrogycle of
22b|s(4f uor o- phenyl ) -2-(2-fl uoro-phenyl)-acetam de; 2,2, 2-t

(4-f1uoro- f;hmrﬁyﬂo)6 mcmtbam atet swstltatqdrmmaldsutut@hhfttyroarmef)fram %tqa@dl tion salt
t her eof ;

Al ter nat i v‘é’FS" e'ish‘é’hﬁfﬁfng%ngﬁ t?ﬁ%%ibagé'lt%g?rl‘{Péu%sln%ftﬁ‘g((?‘n{;@ﬁﬁ(g' 1)%“)88 B r ul a

V, wher@i nopfidn@Ry esgitfedad kﬁﬁg srﬁ&’xﬁ'p%ﬂﬁﬁhg a@¥RbRANA¥g BbIYSLEI7 Mekdedst ; |
can be 0; mand n, independent each another, can be 0 or 1; R can be

hydr ogen; adwigreiritie fouble h@l@fbbﬁﬁ’ém the tep cahems araskase? carnchmensiocysligriogen or

fluoro. Ca n gl ted from

(RS) - Ncyc|%§$%y‘i%t ﬁSﬁ? é"?@{ 2H%yr ofptEd ﬁ%%‘“lb" ‘{rglfn “de:

(RS)-2-(3, 4-di fCutbbﬁylﬁhﬁm’dék)vau%shﬁ%kasél.mah@ytfvledndih ihcwdeacet am de; or
(RS)-N-hexy 1-2-(4-nitropheny 1)-2-pyridin-3 -ylacetam de; or a
pharmaceutically acceptable addition salt thereof. See, WD 03/004101

i ncorporated herein by reference. Conpounds of interest also can include

t hose having the follow ng for . Whgreingm n and/? can be independently
selected fromO and 1 and at | g one |of M on and pis 1; when m n and p
are all 1, the fluoro substit At _rjing\1l and at ring 2 can be | ocated
at a position independent!| yrsglected frjom ont_ho((t;pz)t;lae acet am de

substi tuent,

(R

15 any of its enantiomers or any mixture of enantiomers, or a pharmaceutically acceptable

addition salt thereof, wherein A can be CH or N; R can be hydrogen, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkyl-alkyl, alkoxy or CF3; Y represents hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl, or a group of the formula:

" (RY),

b

20  wherein R', R? and R?, independently of each another, can be hydrogen, halogen, CN,
NO; or CF;;Icanbe 0, 1, 2, 3, 4, 5 or 6; and m, n and o, independent of each another,
canbe 0, 1 or 2.

Alternatively, m, n and o, independent of each another, can be 0 or 1;
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nmeta to the acetam de substituent and para to the acetam de substituent,
and the substituent at ring 3 can be at a position selected fromortho to
t he acet anDAe1003Bi t uent para to the acetanm de substit remtus2edoshen p is
O, and mis 1 and nis 1, the fluoro substituent at ring 1 can be para to
the acetam de substituent, and the substituent at ring 2 can be at a
position selected fromortho to the ac¥tam de substituent and para to the
acet am de substituent; wherein, n apd p @an be independently sel ected
fromO and 1, and at |east ong /p is 1;wherein mcan be either 0O
or 1. See, WD 00/50026, incorpeg ¢ by reference. Qther small

mol ecul es useful in the in{BfYIM6R jlncl ugte= (@) oxi n (Castle et al.
(2003) Mol. Pharnmacol. 63:409-418). dliher small nol ecul es usef ul
herein can include those disclosed i | Patent Application Publication
Nos. WO 97/034589, WO 99/ 026628, WO 826929, WD 2000/ 050026, WO

2000/ 069439, WD 2000/ 069794, WO 2000/0923 WD 2001/ 049663, WO

2004/ 016221, WD 2005/ 003094, WO 2005/ OOSiﬁté);n WO 2006/ 084031 and WO

2009/ 027292; each of which is incorporated herein by reference as if set
fort h in ijgeRM] GENYY, RSRUWRhEJeG‘a'sGeﬁﬁ‘éH aghvbective amount” or
"therapeutically effective anount” (i.e., dosage) means an anount of the
SK4 channel |nhAliiﬁth¢iVobhcd@dbonyﬂamxmq deromativeol/ihgdnvensiopean bg elcympound

suf ficient co and per n aci od| ng SK4
channel o, 21 orBRE% it ~aRam DA B pikyEaSPlofito b RePtiglsEhFL Ao ey 178R
noncovay enp; i Janint hld%féhd@mg,naeéacﬁtahuﬂhbi c@@bé’p%@ﬂ* &%R%pﬁewﬁ@t Rfdrégen or
to contact and operab | ex with upstream .,. enhancers, prom)ters

etc.) or downst amatléelg the v@arrbsmé@mcn\mraﬁkyeo ﬁ@rsrpmmﬂa@@sbedﬂ -pentyl-2,2-
hosphor yI f t t
bt her ape PSS EMAEN fexBa SO Rera MYE R Elcl b 0Py a2 4F 20U

anount t haﬂlph&)&-la‘cétamuc&l’lbr NohaxchHeryb22-diphé¢nybdcahimbitor ssplriimaseutedliyeasi ng
SK4 channel I\%ﬁi gcreay ng SK4 channel activity, or decreasing function
of el enent ¥4 PAgRioNSAlt 8REOEhannel s. For exanple, this can be the anount
of the SK4 channel inhibitor useful in preventing or overcom ng various

i mmune di sorders such as arthritis, alld®gy, or asthma. The therapeutically

ef fecti ve anobunt of the SK4 I
CNAA
R2 NH,

10 R
wherein R', R? and R® are as defined above.

Alternatively, the carbonylamino derivative of the invention can be a triaryl
methane of Formula III wherein Rl, R?and R® , independently of each another, can be
hydrogen or fluoro.

15 Alternatively, the triaryl methane derivative can be selected from 2,2,2-

triphenyl-acetamide; 2-(2-fluoro-phenyl)-2,2-diphenyl-acetamide; 2-(2-fluoro-phenyl)-
2,2-diphenyl-acetamide; 2-(4-fluoro-phenyl)-2,2-diphenyl-acetamide; 2,2-bis-(2-fluoro-
phenyl)-2-phenyl-acetamide; 2-phenyl-2-(2-fluoro-phenyl)-2-(4-fluoro-phenyl)-
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channel inhibitor will depend on the subject being treated, the severity of
the di sorder or disease, and the manner of adm nistration. Alternatively,

t hi s anouw0 208m)5B®84t he anmount that woul d achi eve a t ar geCTIUSS@IB06050
concentration simlar to that which produces a desired effect in vitro.Wth
respect to 81l UEH_ Gl lve a . 10f5 5 he. 5K 3 A
oy bi or e 2RG: Blloth) S bR PARUBAR 2 o 0 MG 2. e
t her apeut i pldyfraeftdraiejor @ phammadeuitaly-acceinstig ajidician shlettresdfni stered to the
subject to provide a target tissue concentration simlar to that which has
been shown to be effective in the animal &says. It is contenpl ated that
genetically nodified animals may be useful| for exaggerating SK4 channel
expression, activity, and function. Exanp of genetically nodified

ani mal s that can be used include, butrar ] limted to, SK4 aninmals and
the Iike. See, e.g., Begenisich et al. ) JBiol. Chem
279: 47681-47687; incorporated hereip by re ce as if set forth inits

entirety. The effective and therapg fffecti ve anounts of the SK4
channel inhibitor can and will

provi ded. For exanple, the therapeusal l effﬁn}ive anount of an anti-SK4
channel antibody or small nol ecul e | {

can be from about 0.0001 ng/ kg
to about 200 ng/ kg of body wei ght per d the treatnment of immune system
di sorders, or alternatively fromabout Oy to about 20 g per subject per

day. For exanple, osteoporosis can be effertively treated by the

adm ni stration fromabout 0.001 ng to aboyl, 100 ng of a small nol ecul e such
as a triaryl net hane per kg of body wei ght per day, or alternatively from
about 0.5 ng to about 10 g per subject per day. As noted above, the

conposi t i oin whish feala RE| RAdmdR drengdefiiddabagent or combi nati on t her eof .
Exanpl es of therapeutic agents |nclude, but are not limted to

anti - bohe- | 0ss medvelynthe trigry| meihane iyeniiehean be Farmwa opreaeinRk s Bgent s
and chenot : i i -bone-1 oss agents include, but
t hel RPeUEH &@%g%megggqu@%m ﬂa&tg;. g

are not limted to, ca mn D sphosphonates (e.g., sodium
al endr onat e ( Fosdrma(ivgly, e tokryRm@thane Hergvativilbi thehousrioStcah ibeseletay

risedronatg (A65 308! 6 Aors PRS-, £ 2 MIIRESHL biSed 12-(4-fluoro-

phenyl)-acetamide; 2,2-bis-(4-fluoro-phenyl)-2-(2-fluoro-phenyl)-acetamide; 2,2,2-tri-

10 (4-fluoro-phenyl)-acetamide; or a pharmaceutically acceptable addition salt thereof;

Y
0]

R? — (CH,)-
(R?), _ NN (CHy)-R
~ |

(R

wherein I, m, n, Y, R, R' and R? are as defined above. ,
Alternatively, the carbonylamino derivative of the invention can be Formula V,
wherein Y represents alkyl, cycloalkyl, cycloalkyl-alkyl or alkenyl; I can be 0; m and n,
15 independently of each another, can be 0 or 1; R can be hydrogen; and R1 and R2,
independently of each another, can be hydrogen or fluoro.
Carbonylamino derivatives therefore can be selected from (RS)-N-
cyclopropylmethyl-2-phenyl-2-pyrid in-2-yl-acetamide; (RS)-2-(3,4-difluoro-pheny1)-
N-hexy1-2-pyridin-2-yl-acetamide; or (RS)-N-hexy1-2-(4-nitropheny1)-2-pyridin-3-yl-
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C ncinnati, OH, and ibandronate (Boniva(r); Hoffman-La Roche Inc.; Nutley,
NJ)); estrogen repl acenent therapy; parathyroid hornone and teriparatide
(Forteo(rwp 2mooseiskl y & Co.; Indianapolis, IN); stronti ecTrs2ead@0
(Protelos (r) or Protos(r); Servier Laboratories; Neuilly, France);

sel ective ..l . | f-e i nh; El
1y & oGS R el TR RLGNTIE RO shPlRaroREe, WO BIOHAIL]  o
but are noincbipotdt&bhdrein bstrefeednds. such as the glucocorticoids (e.g. ,
Cortisol, prednisone, prednislone and hydraocortisone.); . non-steroidal
anti - i nf | ammat oFgmaguiisof dnferestalsoean inplude Hinse having the falloypigdeamaia:

i ndonet haci n, diclofenac, difenpiramdg, fenbufen, flufenam c acid,

ket opr of en, necl of enanat e sodi um nefe i ¢ aci d, nabunet one, naproxen,

pi roxi cam suprofen and tiaprofenic acidXRerbs having anti-inflanmat ory
qualities such as hyssop, ginger, turnmg Arni ca nontana (whi ch contains
hel enalin, a sesquiterpene |actone), WX bark {which contains salicylic
acid); and the like. Exanples of i nosyppr essi agents include, but are
not limted to, calcineurin inhfhi ycl osporine and tacrolinus;
cal citonin gene-rel ated peptidé @Bse Nos. 5,635,478 and
5,858,978, both of which ar edM= i ncorjporated\ by reference); nlOR

i nhi bitors such as sirolinus and everoligus; antiNizoliferatives such as
azat hi opri ne and nycophenolic acid; corffi teroi ds such as prednisol one
and hydrocortisone; antibodi es such as ogl onal anti-IL-2R areceptor

anti bodies (e.qg., Basiliximb (Sinulect ~ Novartis Pharnmaceutical Corp.;
East Hanover, NJ), and Daclizumab (Zenapax fh%; Hof f man- La Roche Inc.));
pol ycl onal anti-T-cell antibodies; anti-thynocyte globulin (ATG;

anti - | ysyphasivie Al Akt p Bad beé-fadep@idenil Selédié®froX@aml Pandht 1642 BRE bEMAReUt i C
agents include, but are not limted to, alkylating agents such_ as

ci spl at i n, anskr isojIvéen . reandloph el gh e fikoro shbssituambrat iring Ingndrat 6n&t2neai ne and
oxal i pl ati e 10%5%5 ngk(%?ttl noin%gﬁ\@l_rdeﬁtﬁ %]qucqu fr%tdr{ﬂ%ttg%)é éctegﬁmﬁgg sftuent,
azat hi opri ne and nertaptopurine; a racycl rnes such as daunorubi CI n,

doxor ubi ci metagpitiddvetintide bdtatitilehCand puia to/thk avdthide; supbtioéntaaddathei ds such as
podophyl | ot oxi.n, taxanes, vincristine, vinblastine, anorerine and
vi ndesi ne; SYPSPHRRIGHENS Secan g ah  Pepition selpetgd from ortho to the acetamide

10  substituent para to the acetamide substituent; and when p is 0, and m is 1 and nis 1, the

fluoro substituent at ring 1 can be para to the acetamide substituent, and the substituent
at ring 2 can be at a position selected from ortho to the acetamide substituent and para

to the acetamide substituent;

(Flo

>

15  wherein, m, n and p can be independently selected from 0 and 1, and at least one of m,

nandpis 1;
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type | topoisonerase inhibitors (e.g., anptothecins, irinotecan and

topot ecan) and type Il topoisonerase inhibitors (e.g. , anmsacrine,

et oposi devoebwps3isde phosphat e and teni posi de); other amRCirtuseeno@gent s
such as dactinonycin, bleonycin and others; and the |ike. Activation of
Cell-Cell Fusion In sone instances, SK4 channel activity or function can be
stinulated with an SK4 channel activat to pronote cell fusion, especially
in situations where it may be useful i
(osteocl asts). Such situations includg ients with abnormally increased
bone density, patients with a chr bction or patients having

ost eopetrosis. Osteopetrosis,
Al ber s- Schonberg di sease, is 3 di sorder whereby bones harden
and becone denser. Patients w < tend to have bones that are
nore brittle than nornmal . ExanpMe=¥ of activatons, of SK4 channel activity or
function include, but are not S Nﬁz-z benzi m dazol i none. The
i nvention includes conpositions havinp effective anount of an SK4
channel activator and optionally a thegapeutic agent for treating a disease
or di sorder nedi ated by macrophage-deriyed nultinucleate cells. In one
enbodi ment, a conposition is provided that conprises an effective anount of
an SK4 chanpel activator and a therapeutic agent. in other enbodi nents, a
phar maceut VBHPING® spobe eithss 0 & lprleei Wk 00458026 srgsrperated heraie by sfeteneal | y
effective anou as a
phar maceuti cal II(?tth: (S:Iggltl %I%&gégru\ré%? In tﬁg%@en{ Qﬁg%gﬁgwd% %%%I%IAIO ;(g\r%gt (I
activat or "eraf. (28K MblaRrhatmaol. 63240974 8.9 8titl thmamallamﬂ&hﬂest wseful dbfeiict SK4

h I t I t SK4 ch I
ety (angnuge e Salesst o det oGt SanlicBRIBIER PSR O IRHGES.

effectors o 99/02 BTN G 00RRHIRNRD00 MBS W OPHRRIRIAFP Swcf epr essor .

ki nases, etc. r onot e chHannel activity. I'n sone enbodi nents, the
SK4 channel008d169794,0W Oc200HE 982 hr W02 00 146G eW ﬁO(lzsI/(thBKAW@annel s and

A ter nat 1 Va0 OB HEE B adelan 4 SV st e3P Bud W G 3P ron ek Bt e
speci fi cal W¥icRigWsofpBrar¥h&Gbianiyatferaitd aPifRPiRfh ihNRidhtiagy. vity or

10 As used herein, an "effective amount” or "therapeutically effective amount”

(i.e., dosage) means an amount of the SK4 channel inhibitor provided in vitro or in
vivo, respectively, sufficient to contact and operably complex with nucleic acids
encoding SK4 channels, to contact and operably complex (either covalently or non-
covalently) with SK4 channel subunit polypeptides or homotetramers, or to contact and

15  operably complex with upstream (e.g., enhancers, promoters, etc.) or downstream (e.g.,
kinases (MEK/ERK), phosphatases or phosphorylases) effectors of SK4 channels.
Moreover, the effective amount or therapeutically effective amount of the SK4 channel
inhibitor is an amount that is sufficient to achieve a desired effect, such as decreasing
SK4 channel mRNA, decreasing SK4 channel activity, or decreasing function of -

20  elements downstream of SK4 channels. For example, this can be the amount of the
SK4 channel inhibitor useful in preventing or overcoming various immune disorders
such as arthritis, allergy, or asthma. The therapeutically effective amount of the SK4
channel inhibitor will depend on the subject being treated, the severity of the disorder
or disease, and the manner of administration. Alternatively, this amount can be the

25  amount that would achieve a target tissue concentration similar to that which produces

a desired effect in vitro.



function. Regardl ess of the exact nature of the SK4 channel activator, it
I ncreases one or nore of SK4 channel expression, activity or function. The
expr essi oOWP 2000G5838ty or function increases by a stati stipcaiusgomsiogevsd i cant
anount including, but not limted to, about 5% 10% 15% 20% 25% 30%
35% 40% 45% 9 0 9% 100%
220% 1200 150805 3Reet (gL ﬁeﬁ%&%g’g‘r‘{?&mﬁ?ﬁ%gggﬁth%&

Pr ef er abl yinhititer,SKdarceadeteriminedbe sstira or &cbivey ammab stutliesc Thetharapendedbs by

at | east abfi?ut 10% or gor Conver sel f he SK4 channel acti vator shoul d
not stati sEACAIVF ¢MQURT ¢ 4s dowes) eanbrrdminisiared to the sublestito prayidsa @rgt i on.
Phar maceut {;¢ak cGRERESHid gﬁﬁlapemnaﬂ WhilH hhd DR sheevﬁ tQbe AELAMAL ﬁ'ﬂz} Mheq) the
conposition is a pharnmaceutical conposition, al so can I nc

phar maceut assays. Jit Beostsigihited dat gclwtlcalksmuééhtdhenmlmmaa bbptsefullrﬁlreut ically

acceptable carr a,materi.al tha | ol.ogi cal | .

physi ol ogi %’%ﬁggffa?gg Sgtﬁﬁgl?%‘e% EXRISERY ragtb‘flé' an guncuf’ﬂekﬁ%f'@% 8?(9%‘}?}}0%}&‘/

admi ni st er gddifdanihdlh gfat cAlbaudedimdIhdd, baNare mof RAMES kd, ISk WadiR@ltangaksi Ng
any undesirabl e biol ogical or phy S|olog|cal effects orlnteractlng in a

del et er i oubkevataser.gwiBerenipigh 6f al @@O&bﬁrﬁjﬂbﬁhgmoim Heo&doiffisdi tricorporaieduni ch
it is cont GeRthca eptabl e carrier enployed can be a
solid, Ii qﬁérgﬁd%/ rlﬂ?ed%@%x”ias F%Ior{h soelniircf%éar riers include, but are not

limtemto, | actrhseffedt@eraadalhd@q;eusluﬂmef&mmathgeloathenSKzagladnnepiahtHimr
acaci a, magnesi um stearate and stearic acid. Exanples of liquid carriers
i ncl ude, btAn adeviflorary ﬂ?ﬁq‘éﬂlgtltponé%%fpe 99?&?@ piviged: For exampleyideoi | | wat er

and sal i “etheglé@gﬁr%ﬂzleﬁfec ?‘%ﬂ éﬁh&‘t‘f §Id4%hhe antt nﬁresn{b?lt }) @hl%ed to,

car bon di oxi trogen. tionto tically acceptable
carrier, thﬁlmﬂmacmabeﬁbmwoucmﬁﬁmsntgﬂ@m abeunt 20®ahg/¢lg of bedpppighpperaday, one

or nore addl | onal add tlves such as dil uents, buf Iavo I ng agents
fh fows hik&n o

bi nders, %H&at%f’f UPRM Yystep Fisr & alfegmtive P%tsQe g ves
(i ncl UF@ ngab"%ﬁ? b0 @ e a0k pefds). LR ekhkifle, SREGRYSs cd?ltﬁ'éeéffe%qbél‘{/aféta{%d%n be

included to rendér the fornulation Isotonic with the bl ood of "the subject
for intravikwadminstnationsromtabout.0.001 mg to about 100 mg of a small molecule such as a
triarylmethane per kg of body weight per day, or alternatively from about 0.5 mg to
about 10 g per subject per day.
As noted above, the composition also can include a therapeutic agent or
20  combination thereof. Examples of therapeutic agents include, but are not limited to
anti-bone-loss agents, anti-inflammatory agents, immunosuppressive agents and
chemotherapeutic agents.
Examples of anti-bone-loss agents include, but are not limited to, calcium and
vitamin D; bisphosphonates (e.g., sodium alendronate (Fosamax®; Merck & Co., Inc.;
25  Whitehouse Station, NJ), risedronate (Actonel®; Procter & Gamble Pharmaceuticals;
Cincinnati, OH), and ibandronate (Boniva®; Hoffman-La Roche Inc.; Nutley, NJ));
estrogen replacement therapy; parathyroid hormone and teriparatide (Forteo®; Eli Lilly
& Co.; Indianapolis, IN); strontium ranelate (Protelos® or Protos®; Servier
Laboratories; Neuilly, France); selective estrogen receptor modulators such as
30 raloxifene (Evista®; Eli Lilly & Co.); and the like.
Examples of anti-inflammatory agents include, but are not limited to, steroids
such as the glucocorticoids (e.g., cortisol, prednisone, prednislone and hydrocortisone.);
non-steroidal anti-inflammatory agents such as acetaminophen, aspirin, ibuprofen,

indomethacin, diclofenac, difenpiramide, fenbufen, flufenamic acid, ketoprofen,
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Desired additives include, but are not limted to, pH control agents, such
as argini ne, sodium hydroxi de, glycine, hydrochloric acid, citric acid, and
the |i ke.wOreonddaisson, | ocal anesthetics (e.g., benzyl aCtalsedop,006050

i sotonizing agents (e.g., sodiumchloride, mannitol or sorbitol),

adsorpt on, Ak hafed soﬁ 9 meABERGE, Bum §A&%?gﬂo&§ ,gg;g&gjé{)mgﬁﬂt S

(e.g., cyc rens an deri v ves g., serum

al bum n), sebtiwpro@ngeit; hefbs hgvingghtitinflimmamry qoalities sadr asdtyisvas glmgey. |
antim crobi al s and anti oxi dant s), can be_incl uded. Phar nacle@ztl cal

conposi t i oWEMERE: Airian marsdare(whikh %tﬁP%B%EP%IG,ﬁSWItF@FH‘? ore-Hlahe art .
For exanpl flavoring agents,
preservatl%g\e@hﬁﬁgpgﬁg&gég?l?%m %LMF & may be used to f or m or al l'iquid
prepar & i ons suEkaraples ofpemsncsuppresdivecagentsancdude| tut aen®t limhiteddocar ri ers
such as starches ars, crocr stalline cellul ose, .diluents anul ating
agent s, | uBTBEHInREqEEh B PKGIAtRaG AR FCTRIIS SHRIOTAERS ety be used
to formor pti%le §2, DSHRAMNRNS 6531418 ARl HYEI97S bolPPSWhiRA afkkrtiabl ets. In
tabl ets, SK4 channel inhibitor or activator can be repared by

conpr essi omcolrpomdjbmg:feromq)omm&lnmhlwrmh@s smlmeuawgmlynmgn@du ents

or adjuvants ed tahl.ets ma r ed. ressin

Ui s abl o nBHfTR VRS R e R i T BB S EoARERERIR 8L Towi ng
form suEh pedRieyvdas atd h@drafdHiesne; itoditlshyh 88 eHobidd afti DL BRI recéptbr | cant ,
inert diluent, surface active or di s ersing agent, or other such_excipient.

These exci #Itdedies fag B@sxhémgab (Sll’ﬁé}ep dNoyaris Pharnaceytiea CarprEas Hasnuete

sodi um car iy &BU r di

granul ati ng ég%i 8aé1|%rft egr Zt ﬁ% aggh .%ﬂl%ﬁ&maﬁ&h%ol?%% F g&gﬁ%gfmﬁﬁﬁpc aci d;

bi ndi ng agaiib®dies; gnti-thyhmcete, glgmiliat(AT®)E amé-dahptiocateczlobilin @HiG)gnddent s,
e.g., magnesium stearate, stearic acid or talc. The tablets can be

uncoat ed, ®they can be coated by known techni ques to del ay disintegration
and abﬁ)r ption gRah 5913l ern%tﬂérgﬁédtl'aaageﬁtg ?r&tlu(ﬁngutti?gﬁgtblYmRE@w dfkyPiting
sust ai ned action ov onger specially for treating i mMmune System

di sorders agents smsh asltllspllatmmarl;o;tlnimbydolﬂmpmn(ukisﬂ)hlmmbucﬂ,t abl e bowel
syndronme (I B material suc

monost ear af®&®¢ PngPWB? @{piaé}naflgtll&% esjj@ typograntigens; antlmeta%oytes sﬁ/ch as

azathioprine and mercaptopurine; anthracyclines such as daunorubicin, doxorubicin,

epirubicin, idarubicin and valrubicin; plant alkaloids such as podophyllotoxin, taxanes,
20  vincristine, vinblastine, vinorelbine and vindesine; topoisomerase inhibitors such as
type I topoisomerase inhibitors (e.g., amptothecins, irinotecan and topotecan) and type
IT topoisomerase inhibitors (e.g., amsacrine, etoposide, etoposide phosphate and
teniposide); other antitumour agents such as dactinomycin, bleomycin and others; and
the like.
25
Activation of Cell-Cell Fusion
In some instances, SK4 channel activity or function can be stimulated with an
SK4 channel activator to promote cell fusion, especially in situations where it may be
useful to have increased fused cells (osteoclasts). Such situations include patients with
30  abnormally increased bone density, patients with a chronic infection or patients having
osteopetrosis. Osteopetrosis, also known as marble bone disease and Albers-Schonberg
disease, is a rare inherited disorder whereby bones harden and become denser. Patients

with osteopetrosis tend to have bones that are more brittle than normal.

vl -48 -



In hard gel atin capsules, the SK4 channel inhibitor or activator can be
mxed wth an inert, solid diluent, e.g., calciumcarbonate, calcium
phosphat eworzoloasbism. Conversely, in soft gelatin capsul (P@:f/lrshmbmb’@smhannel
inhibitor or activator can be mxed with water or an oil nedium e.g.

e o o RS BE bl F K bl ML SR TR0 By BRSE

or acti vat imited i tlesitbryl -Wbérvimidazokdnel i qui d d| luent. By way of exanple

only, a pharmaceutical ,copposjition intended, for adm nistration to a
human subj ect ¢ S EBREtIHITC Rl SBRES O ms&nfgfﬁmwesaraow of 38 S§é4 channel
I nhi bitor t aad

anount of %E}ag?xﬁladgie’lg%t%%ncf acl‘ém ?g}tl) elwéli't;ll?r%l %?qéﬁgédtﬁg% var SQ'/&?{]%LI Egut 5%
to aboui 9t%defedtyemaaophageatepiosd mudtmucldaie cetles dgené embedimdnit, gener al |y

cont a1 n Vel LM SREML P L0, SH0M 7§ 2y S SR tor o
500 g, 60&tivEior A0 a Mbrafiiitic APentd O ofler Sbd@lBRnIYa BharhiiBewtitdl 661BPREon

inhibitor or activator. Pharmaceutical conpositions for parenteral
adni ni st r atsipsevidechthebcqmpnines edherspesically effectiye amoypleofsindyiss adtivatay 28k 4

"ol uded stsheadic Segl % Wil Fambolfiliel S5 S Menti cal compos

i ncl uded suC py ‘eutical conpositions
can al p» be pr emm@&l lheﬂelgl HEESI4 charingladtiveot'y &t THK edtrngélveal stimabeRi xt ur es
thereof in oils. Alternati veIX t he pharnaceuti cal conpositions can be
prepared | MepRsAgEBiTdkat affset Sk ejhanrfhﬁgmssms(ge) trapslatipmeor arapsargption) 5384 and
Cancer (LopesiRdedRRy k. fopRARGIRY, ch ok Pl WY Aiinficqo MIEF SIS hafise anc
preservati {e.,gasmber aamattdadndm:ersr, Wéssbﬂ%ﬁre@fﬁssom’dnhzsles,gava))l\tofprcfnote

m cr oor gan ew se, pharrrac ut.j cal |on for injection can be
pr epar ed aéﬁg?émega%{w@odg QB GHIPSALIGS, él‘i‘r%@g\g Pactveir a8 bo y, the
Compos|3 | Of%ditBedinddio bkt $10A EhHrat Cldl o RMNE Bfckr fRESH Gl Billphect abl e

sol utions di spe si ons. final in ectable formnust bé sterile and
must be ef flgmidrizeloy répodardze) oAl@m@pvdglr@n SKt4r<zhLanmi acfivetompdaarbesecanall cal

iti b t dj t f f act d st
o0 chus, CHPubR bR e BEE HRTE oS bl ot s BRI ARALB ng act L on "
of function.

Regardless of the exact nature of the SK4 channel activator, it increases one or
20  more of SK4 channel expression, activity or function. The expression, activity or
function increases by a statistically significant amount including, but not limited to,
about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 100%, 110%, 120%, 130%, 140%, 150% compared to an
appropriate control. Preferably, the SK4 channel expression, activity or function
25  increases by at least about 10% or more. Conversely, the SK4 channel activator should

not statistically decrease SK4 channel expression, activity or function.

Pharmaceutical Compositions Comprising Inhibitors or Activators
When the composition is a pharmaceutical composition, it also can include a
30 pharmaceutically acceptable carrier. As used herein, a "pharmaceutically acceptable
carrier" means a material that is not biologically, physiologically, or otherwise
undesirable, i.e., the material can be administered to a subject in a formulation or

composition without causing any undesirable biological or physiological effects or
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m cr oor gani sns such as bacteria and fungi. As such, the pharmaceutically
acceptabl e carrier can be a solvent or dispersion nediumcontaining, e.g.,
wat er, etwenoloospssiyol (e.g., glycerol, propylene gl ycolpCarus2000m06080

pol yet hyl ene glycol), vegetable oils and suitable m xtures thereof. By way

Of X3! &1 tingAnANRIARERN LAl GATRAZIE LB hcopoaRL AR

adm nistration orf injection to a ect can contain om about 0.5
ng to aboutvhizhgt Bfcohtame8K4 channel inhibitor or activator, conpounded wth
an appropriate d conveni ent anount of pharnaceutically cept.able carrier
that may vary ¢ 1 Birp BATBECus Rl ASHsBRD essop ey %yqdo%aﬁe@o%@@shl YidhrPr gai ¢

dosage forEﬁaﬁ‘iqSl'eé oSSl Alriofs FRMNAR! Butel ¥&Qnitd ,PaQEHE, téifBalb?, KLRNE, 2 9 of
the SK4 channel 1 nhibitor or activator, typically about 25 ng, 50 ng, 100

nmy, 200 nytal@@elatimy, agaf)Peotip, abada,myagnefidnmyeara® @ndygteaBObcidy Ex8Mplesgfor 1000
ng of the $SK4 .channel i nhibi tor%grl. activator. Phar macLﬁutli C$l| crqpagsitions
for topi calq‘élar?flmeést'r“& ErP UL 4FF ‘[5‘?%‘8 Pt EASYGUP PTG 8T BSYL, V& eam

oi ntment, Aqf daBife. EH%{)I@QOPQX&@@&S &iridrd ndlideS burirt 8bRhit¥@loy carbBg dioxide
pharmaceutical conpositions can be in a formsuitable for use in

t r ansder ne#ndj@ifPe@s. These pharmaceutical conpositions may be prepared by

met hods well kn .t [ F ex | e cream Qr eQin ni. gan be
prepared by aden‘)’(\?dr%ié@%{a:t}rlép ]%'%rbnea? uetlrca\f/\}klng?lcegggb TN opt%(%mtgl coﬂ{lc 0 wm % of

the bi rali ngporag®itionstcan pichillés & &ppeoiiiie, dhe O Aor® additienl agdidvetesiich ag
of exanple only, a pharmaceuti cal conEosition I nt ended

consi st encg,. B¥ﬁ wa | [ I .
for topi caflilugats Rpdersfavering geentpUnaders shjfaca-activg agenis.dhiskencginlubyingntsp. 5 ny

to about 5 B ﬁ{g%e 1 nhisbi g agk r Lth an
appropri at %Iggér){gatgc%ﬁ\slgﬁﬁlgn aﬁo%xﬁ?ﬁg%)’ %ié;{hrerglgg'uﬁ (%:rg 63’ %ﬂclgrepﬁ abp{ei%gg\ryfi er
t hat may vaciuded conealauhe SSfniudatadnasdtoRibdwidf the doddadfahe sudjguo $ortintavenons t
dosage for%.\/\/’tll .ﬁeneral |y contain between from about 1ng to about 2 g of
the SK4 ch¥RA®SUaHARh tor or activator, typically about 25 ng, 50 ng, 100

ng, 2005 ng, 300pRBred MitfRs imPHeTBut £0HofMBmitdPR, PB coB@BI Abntsd Aknhdg or 1000

mg of the SK4 channel inhibitor or activator. Pharmaceutical conpositions
for rect al argimiqisedinm hysinoxidey gherine, dpdroghilovictahidacitric acid, and the like. In

addition, local anesthetics (e.g., benzyl alcohol), isotonizing agents (e.g., sodium
chloride, mannitol or sorbitol), adsorption inhibitors (e.g., Tween® 80), solubility
enhancing agents (e.g., cyclodextrins and derivatives thereof), stabilizers (e.g., serum

20  albumin), reducing agents (e.g., glutathione) and preservatives (e.g., antimicrobials and
antioxidants) can be included.

Pharmaceutical compositions for oral dosage can be prepared in any form
known in the art. For example, water, glycols, oils, alcohols, flavoring agents,
preservatives, coloring agents and the like may be used to form oral liquid preparations

25  such as suspensions, elixirs and solutions, while carriers such as starches, sugars,
microcrystalline cellulose, diluents, granulating agents, lubricants, binders,
disintegrating agents and the like may be used to form oral solid preparations such as
powders, capsules and tablets.

In tablets, the SK4 channel inhibitor or activator can be prepared by

30 compression or molding, optionally with one or more accessory ingredients or
adjuvants. Compressed tablets may be prepared by compressing, in a suitable machine,
the SK4 channel inhibitor or activator in a free-flowing form such as powder or
granules, optionally mixed with a binder, lubricant, inert diluent, surface active or

dispersing agent, or other such excipient. These excipients can be, e.g., inert diluents
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solid pharmaceutically acceptable carrier. Preferably, the m xture forns
unit dose suppositories. Suitable pharmaceutically acceptable carriers

i ncl ude cwocalomssiser andot her thi ckeni ng agents commonl ycudmsdooooodobe art .
Supposi tories can be conveniently formed by first adm xing the conposition

wWth a sof &:gﬂ%g 1“&&3&1&1?@%58%&6%5&1%4 Yac?o%ge&ﬁéﬁ.{nﬁ)h%gﬁﬁahe%r Jaald@md by
chilling an api n ’exanpl e only, pharnmaceuti cal
conposi ti Ophdsp]ha&e‘;cgiﬁhlﬂm[ngramitcakm&@fﬁtllﬁg&gélﬁi leq), ¢on taith@ralginik) 2ad; can
contain fromabout 0.5 ut 5 g .of the SK4 channel inhibitor or

to a
acti vat or , PIRBRESERIES S chngeiﬁm‘éfpﬂcﬁ‘éﬁeanéda brGHRE RBERE, groWAgnastum
‘phar nncemét@ﬁﬁt'ef’st@é}ﬁ%ﬁcﬁ&l 1S At 188 1efs 8k bgPMco‘é?erdyof He CQPBHF?MB about

95% of the tota osition. Unit dosage fornms w enerally contain
bet weerp fr meHb'@uhmqmq; to delap didint2gmytiof ammabsStfmouham]n‘ﬂegastrnhltd];tmairtract and

activator |caII about. 2 100 ng, 20 , 400 ny,
500 g, cobeiy Bavide s hindharoa o5 or b Recins Sineatiin s vRIng R

i nhi bi tor @rsteﬁﬁa1%U@Ef%rsucl'f’ﬁ§frﬂﬁﬁﬁﬁ§tb%ov&é@HB@e?s'et(I@lﬂfoxf RfitabRNvRA
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adm nigtration In(haiid Belatn capbd) R Cthe S cHanheliithibitebralkRvitoPedn mixedabout 5
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SK4 channel inhibitor or activator, compounded with an appropriate and convenient
amount of pharmaceutically acceptable carrier that may vary from about 5% to about
20  95% of the total composition. Unit dosage forms will generally contain between from
about 1 mg to about 2 g of the SK4 channel inhibitor or activator, typically about 25
mg, 50 mg, 100 mg, 200 mg, 300 mg, 400 mg, 500 mg, 600 mg, 700 mg, 800 mg, 900
mg or 1000 mg of the SK4 channel inhibitor or activator.
Pharmaceutical compositions for parenteral administration can be prepared as
25  solutions or suspensions of the SK4 channel inhibitor or activator in water. A suitable
surfactant can be included such as, e.g., hydroxypropylcellulose. Pharmaceutical
compositions can also be prepared in glycerol, liquid polyethylene glycols and mixtures
thereof in oils. Alternatively, the pharmaceutical compositions can be prepared in
liposomes. See, e.g., Langer (1990) Science 249:1527-1533; and Treat et al., 353-365
30 In: Liposomes in the Therapy of Infectious Disease and Cancer (Lopez-Berestein &
Fidler eds., Liss, N.Y. 1989). Moreover, a preservative can be included to prevent the
detrimental growth of microorganisms.
Likewise, pharmaceutical compositions for injection can be prepared as sterile

aqueous solutions or dispersions. Alternatively, the compositions can be in the form of
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agents {i.e., steroidal and non-steroidal anti-inflammtory agents),
anti-bone-| oss agents and chenot herapeutics {i.e., alkylating agents,
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Pharmaceutical compositions for topical administration can be prepared, e.g., as
an aerosol, cream, ointment, lotion, dusting powder or the like. Alternatively, the
pharmaceutical compositions can be in a form suitable for use in transdermal devices.

20  These pharmaceutical compositions may be prepared by methods well known in the art.
For example, a cream or ointment can be prepared by admixing water, together with
about 5 wt % to about 10 wt % of the binding agent, to produce a cream or ointment
having a desired consistency.

By way of example only, a pharmaceutical composition intended for topical

25 administration to a human subject can contain from about 0.5 mg to about 5 g of the
SK4 channel inhibitor or activator, compounded with an appropriate and convenient
amount of pharmaceutically acceptable carrier that may vary from about 5% to about
95% of the total composition. Unit dosage forms will generally contain between from
about 1 mg to about 2 g of the SK4 channel inhibitor or activator, typically about 25

30  mg, 50 mg, 100 mg, 200 mg, 300 mg, 400 mg, 500 mg, 600 mg, 700 mg, 800 mg, 900
mg or 1000 mg of the SK4 channel inhibitor or activator.

Pharmaceutical compositions for rectal administration can be prepared with a
solid pharmaceutically acceptable carrier. Preferably, the mixture forms unit dose

suppositories. Suitable pharmaceutically acceptable carriers include cocoa butter and
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fuse" is intended the macrophage cells reside within an environnental
setting that is conducive to nmacrophage cell fusion. For exanple, under in
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SK4 channel inhibitor or activator, compounded with an approprlate and convenient
amount of pharmaceutically acceptable carrier that may vary from about 5% to about

20 95% of the total composition. Unit dosage forms will generally contain between from
about 1 mg to about 2 g of the SK4 channel inhibiting binding agent, typically about 25
mg, 50 mg, 100 mg, 200 mg, 300 mg, 400 mg, 500 mg, 600 mg, 700 mg, 800 mg, 900
mg or 1000 mg of the SK4 channel inhibitor or activator.
The compositions and pharmaceutical compositions may include, in addition to
25  the SK4 channel inhibitor or activator, one or more other therapeutic agents to treat an
underlying disease or disorder, as discussed in greater detail below. Examples of other
therapeutic agents for use herein include, but are not limited to, anti-inflammatory
agents (i.e., steroidal and non-steroidal anti-inflammatory agents), anti-bone-loss agents
and chemotherapeutics (i.e., alkylating agents, anti-metabolites, plant alkaloids and
30 terpenoids and topoisomerase inhibitors).
The compositions and pharmaceutical compositions may include mutagenized
macrophages that carry mutations in SK4 channel genes, where the mutations reduce or
eliminate expression of the SK4 channel monomer or inhibit the activity of an encoded

SK4 channel monomer.



macr ophage cell fusion conprises providing an effective anount of an SK4
channel inhibitor to macrophage cells that have the potential to fuse,

t her eby pwewerwdssip4or reduci ng fusion of these cells. | RCotusesovmnddsadi nent s,
t he met hod for inhibiting macrophage cell fusion conprises providing an
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i nhi bi tor decreases nacrophage cell fusion by at |east about 10% 15% 20%

25% 30% @Ymarygodl im8mar50% or 55% when conpared to a suitable control
sanpl e, where thesuitable control sanple conprises conparabl e macrophage
cells under the sanme environnmental conditions in the absence of the SK4

channel0 i nMeltoti®for Modidhdvey Cendaredli FIBnSandt THer&leuB€ ihdl ScraeRimp U pdlicbiighs SK4
channel inhjibitor decreases macrophage cell fusion by at |east about 55%
60% 65% IhgOS; 75% 80% 85% 90% 95% 96% 97% 98% 99% or 100% (i .

mact ophage cel |1 W5 bt ERLERL Slnodda theAIRAT Bl chfort Al abl e cont o

sanple. Methods to assay nmacr ophage ce usi on are nown in the
art. See, m@cxlnymgmmmage’zaﬂﬁ)wltmatpeﬁecti\/a@hﬂ:uﬁmm $X 4 ahannePinlithitod or Leukoc.
Biol. 85:617-626; angﬂéhe assa%ﬂsj described ip the % peri nment al sectlon
herei n bel ¥HvaRE thaehyderseasing weaﬂ%a’aﬁqoag?geaqe@ POBTERRFGHEE A ASi . e

abnorng ) ABiEd W?ﬁe &R4 cHaHFE1QRhiBAGY &?cﬁ§§t9f3ézﬁ1tﬁ'edoﬂ’é‘ thit aife'cyém cﬁd}ﬁlelt i ssue

damage in inflammatory and i nfectious diseases. The nethod I nhibrting
macr ophageexpe¢ssioni{sé. pimanbdationi dydnbaipgion), ISKfdshaosd activithGreapeuduaanced,hods
aimed at pgrelyl)%{-rlgaim? or ownstream SK4 channel effectors (i.e., promoter activators, inducers,
suppressors, repressors, kinases, efc.), so long as it effectively decreases or increases
SK4 channel expression, activity, or function.

20 In inhibiting SK4 activity, without being bound by any theory or mechanism of
action, the inhibitory effect of the SK4 channel inhibitor on SK4 channel expression,
activity, or function within macrophage cells that have the potential to fuse, or are in
the process of fusing, results in a decrease in macrophage cell fusion. By "potential to
fuse" is intended the macrophage cells reside within an environmental setting that is

25  conducive to macrophage cell fusion. For example, under in vitro conditions, such as
would be used in a screening method (for example, the screening method described
herein below), macrophage cells having a potential to fuse would include a population
of macrophage cells that previously were not fusing but are now being exposed to
fusogenic conditions (i.e., conditions that promote or foster macrophage cell fusion, as

30  noted herein below). Under irn vivo conditions, macrophage cells having a potential to
fuse would include any population of previously non-fusing macrophage cells that
becomes exposed to an in vivo environment that promotes or fosters macrophage cell
fusion. Thus, macrophage cells having the potential to fuse may be stationary (i.e.,

fixed) macrophage cells located within the in vivo environment, or may be
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treatnment of diseases nedi ated by macrophage-derived nultinucl eate cells,

I ncl udi ng di seases related to abnormal osteoclast formation (e.g.,
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macr ophage cell fusion can be ainmed at stationary macrophages, and/or
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about 5% haSopAdgide?ivtd nibihuckde cedlsyo LikeHisedatiore middroiage c€l0¥sidabi%ito 70%
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conpar ed tPF‘é‘C_Eeﬁ‘quoafHIaé“E% Hpan ’”%Y%W&&%@%?ph%e_cﬁﬁ%m%‘b Tcel | fusion
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means an appflcatlon or admnistration 01; an SK4 channel inhibitor or

acti vat or ¢lmnael actidator, cheke thetherhpeusipplly efficctiva anouatisideiesmiredibyrthof a

phar naceutcliecs?rled%gtrggr%se! tion conprising an SK4 channel inhibitor or

Thus, in some embodiments of the invention, the method for inhibiting
macrophage cell fusion comprises providing an effective amount of an SK4 channel
20  inhibitor to macrophage cells that have the potential to fuse, thereby preventing or
reducing fusion of these cells. In other embodiments, the method for inhibiting
macrophage cell fusion comprises providing an effective amount of an SK4 channel
inhibitor to macrophage cells that are in the process of fusing, thereby preventing or
reducing further fusion of these cells. The methods for inhibiting macrophage cell
25  fusion can be aimed at stationary (i.e., fixed) macrophages, and/or macrophages
migrating into a particular in vivo environment, and can be aimed at homotypic or
heterotypic fusion of macrophages. Thus, these methods can target macrophage-
macrophage cell fusion, such as occurs in the formation of osteoclasts (in bone) and
giant cells (in multiple types of other tissues), or target macrophage fusion to other cell
30 types, such as fusion between macrophage and cancer cells, which results in formation
metastatic cancer cells.
In some embodiments, the effective amount of the SK4 channel inhibitor
decreases macrophage cell fusion by at least about 10%, 15%, 20%, 25%, 30%, 35%,

40%, 45%, 50% or 55%, when compared to a suitable control sample, where the
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activator to a subject, where the subject has a disease or a synptom of a
di sease, where the purpose is to cure, heal, alleviate, relieve, alter,
renedy, awol2oovesis4 | nprove or affect the di sease or symrprarsgooofodohe

di sease. In sone enbodinents of the invention, the nethod for inhibiting
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vivo, with er apeu reven r treating bone | oss.
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surface area, ar.e decreajﬁ resultl? in verg$ rease i n osfeocl ast
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adm nistering to the subject a therapeutlcally ef fective anount of an SK4
channel i nh§uspe.driok 85i6dAraRiot anskthe gesays descobedin tha Exppramenipl gpciorheteify or
decreaS|ng §€$ subj ect's bone loss. This nethod of therapy finds use in

mai nt ai ni ng" bohe density in a subject susceptible to or having bone density

| oss. 100 a rel apedordibettimabdve, ifappidptibedr feghlatade(ite], ABnsraly eat i ng bone
| oss can include combi hation therap with at | east one anti-bone-I oss
agent . Roumagophaggsell {usien gan B‘haséPClt“ﬁé watheellnlar Aaq tissigidamage In and t he

anti - bone-{,a95 Sﬁ)inﬁe%éds d??eaﬁefe sf %E‘S;‘Pﬁd?% 4 o Eh‘i‘i?lg de{c?%;a %'591 of the

predlsp03|t|on or “bone 1 oss or t act one e orally,
I nt r avenouSision depdibed derdiy fidds esetindedrapentiy memhddsalxhed\et prEmﬁmhaury

condi tions where the net hods of .t he present inventjon can b
prevent or ¢St Oah&ﬁ%ea#aggeqs %He%bg dcenhaggderd mylinugleate sefls. |niwﬁxl41@a to,

ost eopgy 0sa1§eas&5&%mo%harmﬁaﬁﬁebcﬁst%ﬁﬁﬁﬁﬁ » (el rds%gasc@is Jisfeg and bone
| oss secondary to other pathological conditio cohollsn1 celiac

di sease, cformaiien (etg;lmiyomp seflaemaohy discases)yand ﬂmlea@epf mpfakeps gancer
gastroi ntest| '

Py mphoma, ssue At BTier FHREF MEMIR and v) Lamin D defi cf ency) . and the
li ke. As used herein, "prevent" or "preventing" and the like means an application or
administration of an SK4 channel inhibitor to a subject, or the application or

20  administration of a pharmaceutical composition comprising an SK4 channel inhibitor to
a subject, where the subject has a predisposition toward a disease or medical condition,
where the purpose is to keep the subject from developing the disease or medical
condition. For example, an SK4 channel inhibitor, or a pharmaceutical composition
comprising an SK4 channel inhibitor, could be administered to a subject whom is or

25  will be undergoing an implant or transplant procedure, with the purpose of preventing
rejection of the implant or transplant procedure. As another example, an SK4 channel
inhibitor could be administered to a subject who is predisposed to developing
osteoporosis, with the purpose of preventing excessive bone loss and development of
osteoporosis.

30 In embodiments for the activation of an SK4 channel, the method comprises
providing an effective amount of an SK4 channel activator to macrophage cells to
increase fusion of the cells. The methods for activating macrophage cell fusion can be
aimed at stationary macrophages, and/or macrophages migrating to a particular in vivo

environment and can be aimed at homotypic or heterotypic fusion of macrophages.
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I n ot her enbodi nents of the invention, the nmethod for inhibiting nmacrophage
cell fusion is directed to inhibition of giant cell formation in vivo, with
a t her apewDi2010015p38dt i ve of preventing or treating an auPoirms2e08/006050

i nflammat ory di sease or disorder in a subject. In this manner, the present

nventi on gEoYds. iRt APl ¥a AN DAoPleh SR Mot UL or

I nfl ammat ory di sease or sor n a subject suscept eto o avi'ng such
a di sease arleadt slooud 894, 1001 6%4, R6%1R6 %) 0% APYol 4@%, 45l H%T £I%NE0%p63%e

bi o ri . fIOF 4ot
bt g 0. L Stk B v P D DR g1 B2, PRI SOPEEER of rrne
or inflanmmgy a)fedjiosﬁg?ji@e}lﬁé cSHeRAT ARLthddd tb Bsa§ $oH rﬁ&éro}p_lﬂa%e el Bh3biPhke

enbodi nent, the net or preventing or treating the autoi mune or
i nf | anrfat oknowh sssdisdosed abbwor der can i ncl ude conbi nation therapy with at

| east one anti-infl t.ory agent. Routes of adm nist.ration of .the SK4
channel 1 nhi bi t 8 SRR SR i [T Peaer B catan § PDIBFFaed by
t he under | yf BOSKAEBMnef inhHtoP bL At BRRT S bR ThdiAiudl N6t Y hEHIBAHBE of I

i nflammat ory di sease or disorder, or the actual autoinmune or inflamuatory

di sease oradmhigistrgden oby pharmaceticel edmpositian qoapistngsanySK4 ghanngl injubitos@r even
by direct jnjection, .for exa e..to.the site of infl | ary
condi ¢ onseRhEPE Rl AGURRE oyt biCa Jbbde Bh e PoRRILRE 3 Sk e

prevento or thepRggosa s Bwued, iBalngldifeaskeve! altirsitdy, dmélldige, inipibvase not
limted to, acute dissem nated encephal onyelitis (ADEM, Addison's disease,
al opeci a, &ty thedispgsepovyammtems of thedisedsosphol i pi d anti body syndr one,

aut oi rmune i nne LSSAS: | oL h?{g% | RETHA; | e
hepatitis, Chagglsﬁg‘lgeséeigge, gﬁtrsg)trﬁﬂgé obst ir%tﬂlf: | veéﬁﬁ%‘f%nar yﬁlgiggg%cg%, gl I ac

di sease, Ceadhfusiobiiséiased wdnhibittomyafisteoslastdioabati asinmild, mithsa thgmapeutic
endonetri osj.s, . Goodpasture' s syndronme, G aves', di sease, K Quillai.n-Barre
syndr one (@s*jt}ve#ﬁ@mvr?ﬁ%g or r A DEHON Rosiia BB nEASIFoClag) FREHIT

thr ombpLyt gRENN L RUHBES And/BY 5$t8F015st SIRAR oPEadrE AEBEARH Sresilihg iPhPoP&GhIET OS S
(M5), nyasthenia gravis, psoriasis, primary biliary cirrhosrs, rheumatoid

arthritis, decéase ovestermjassfingtion, s mojaddressie abowngonrtiermerneeby inhibifing 4 nown
E)S( e'r'rrg): ZP ; %&%sﬁ%&%@v&%&})él’u?c:ﬂé)%eorf%tstle\éc agtg,lﬂl;[lclztlso’n of osstcelcj)cl:llagtls Zan BC gltérre]& flo{r ke.
example, decreasing osteoclast bone mineral resorption activity. By decreasing
osteoclast formation and function, bone density and/or bone thickness can be favorably
20  increased, In this manner, the present invention provides a method for preventing or
treating bone loss in a subject susceptible to or having bone loss, where the method
comprises administering to the subject a therapeutically effective amount of an SK4
channel inhibitor to inhibit osteoclast formation, thereby preventing or decreasing the
subject's bone loss. This method of therapy finds use in maintaining bone density in a
25  subject susceptible to or having bone density loss. In a related embodiment, the method
for preventing or treating bone loss can include combination therapy with at least one
anti-bone-loss agent. Routes of administration of the SK4 channel inhibitor, and the
anti-bone-loss agent(s), will be affected by the underlying cause of the predisposition
for bone loss or the actual bone loss, but can be orally, intravenously, and even by
30 direct delivery to the bone.
Exemplary conditions where the methods of the present invention can be used
to prevent or treat bone loss in a subject include, but are not limited to, osteoporosis,

osteomalacia, Paget's disease, periodontal disease and bone loss secondary to other

pathological conditions (i.e., alcoholism, celiac disease, chronic kidney disease, chronic
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met hods of the present invention can be used to prevent or treat an

I nfl ammat ory di sease or disorder include, but are not limted to, acne,
ast hma, awOhlnoesBsaosi s, chrom ¢ obstructive pul nonary @CTass@9/oc@soti s,
dermatitis, glonmerulonephritis,inflammtory bowel disease, kel oid,

nephritis, . ost thritis, vic.lnfl | e &Sl s,
heumat or oS 8hdpsh g RSl R bR S SBRRE Ly PIREBSIE & o e
I nvent i on, lebkemizplygrhoh@l rHenfiabdid anBringcewphage vitehin D dsficiendyd, slidthet ed to

inhibition of giant cell formation in vivo, with a therapeutic objective of
preventingh$%plant or transplant rejection in a subject. In this manner,

the present i nvEnghOerREARAY, of‘t%ﬁ&ﬁioﬁ@fhe%fﬂ?{&gﬁk %&Bimgﬁ%r%agh | ant

transplant rejection In algu | ect s or w e underg

or trartspl il fupioodedueoted tatiphibitidmeofrgdrit celll farmatios é&s viadnvith 8 tlerapegtito t he
subj ect a thergpe¥ticalL effective ampunt of an. SK4 channel inhibitor to
i nhi bi t gi QHECEEIT PFYCRIRS Bhireatiig an A QIMImHER OF H@r)h%"é‘}’%tem disease of fisordFpl ant

or transpl gy subldet. 8l thlsah&thel TROPiSE R invenllb® pfBRARRA REhbD BSrahdvenfifig bpcl ude
conbi nation therapy with at |east one i mmunosuppressant agent. Were

appl i cabl etreatinglagrautsfimmhws or mdiamandatonadis¢ase budsordenin msibjest sadeeptaly tani t h at
| east one anti-bone] oss agent,. for exa e re an. i ant .is directed to
Loy sy ot Vi eh 3o Bl T diserdr. BFERLE melibY Bl B AT M on of
the SKf chaibjet aithdpapeutiodlly eidtit 8mbiRLLTRRIEKY ERsaslinRiBRBE {oSThhidRdigt

anti-bone-10ss agent(s), will be affected by the type of inplant or
or gan/ t i ss¢f! formatigs, heretylpreventingor dieating thejagtoimyame 95 inflammgppadissase py

direct deljyv o) [ ] ' i > | ary
pt ant s O ughnth s, i Rl BBANRenL S TR0 AR e TR 0,
rej ection iremtingdie albimrange srohflamfatesl diseaseoralistill@atan Geotidecondbihationci al
knee joint, artificial hip joint, bone cenent, breast inplant, cgrdi ac

i mpl ant ( ethgrapy ayith atileashonavi-inflammyatery agept JRoytesRiqdminisupon it PEH ar
assi Sty glevifanelARAbRAE SHRGR!hli-infafiBlory HBLANY, whPSE dideidfner bal | oon,
I ndwel 't ng catheter, i'nsulin punp, I ntrautCerine device, neurol ogical

st i mul at or yndeglyingalansecofi thp beedispositibh dgrettie eutoimuinant or inélamneatenyeatiscakeor

D OSLNES! Sy SLEPt, W SLI Bl S0, VL L OStheEL o AR APE LIS s o
1 SHent DAL A e TS KR SO0R Lo
inflammation.
20 Exemplary conditions where the methods of the present invention can be used
to prevent or treat an autoimmune disease or disorder include, but are not limited to,
acute disseminated encephalomyelitis (ADEM), Addison's disease, alopecia,
ankylosing spondylitis, antiphospholipid antibody syndrome, autoimmune inner ear
disease, autoimmune hemolytic anemia, autoimmune hepatitis, Chagas disease, chronic
25  obstructive pulmonary disease, celiac disease, Crohns Disease, dermatomyositis,
diabetes mellitus type 1, endometriosis, Goodpasture's syndrome, Graves' disease,
Guillain-Barré syndrome (GBS), Hashimoto's disease, Kawasaki disease, idiopathic
thrombocytopenic purpura, systemic lupus erythematosus, multiple sclerosis (MS),
myasthenia gravis, psoriasis, primary biliary cirrhosis, rheumatoid arthritis,
30  scleroderma, Sjogren's syndrome, temporal arteritis (also known as "giant cell
arteritis"), ulcerative colitis, vasculitis, and the like. Exemplary conditions where the
methods of the present invention can be used to prevent or treat an inflammatory
disease or disorder include, but are not limited to, acne, asthma, arthrosclerosis,

chromic obstructive pulmonary disease, colitis, dermatitis, glomerulonephritis,
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val ve transplant, intestine transplant, kidney transplant, |linb transplant,
liver transplant, lung transplant, pancreas transplant, platelet

t ransf usiwo,20roed3iskood cel |l transfusion, skin transpl antCTAtSein9oedoso
transpl ant, tendon transplant, vascular transplant, white blood cell

t r ansf usi Ofr‘xlﬂrﬁ@%}térfbowelfﬁlseé n ]Qeloﬁgmp'ﬁ?g SRlbA {15 Efv dﬂ{fﬁm%zﬁ&gl the

nmet hod for ng nacrop age C 1121 On |s r o1nn tion of

met ast at i cdig@dst, gsoriass, lrmummowlmltlw tehdigitishaidapetike.c objective of
preventing cancer netastasis in_a subject. In this manner, the present

i nvention provi Heether epphadiments of H}eémé‘?ﬂtioﬁgthé athed fosinhibiting gnqcpppgage
subj ect pr egéélsﬁgi%ﬁqs aﬁ’eﬂ@d’t%l Ib%bd%tjeﬂﬁ E@ltl SrfafiBft BF viv ftﬁ’ ??ﬁ@aﬁ@hgc’d

conprises admnistering to t t at erapeutlca ect’i ve anount
of an SK4 clb]actmloflprduebtmgmnplann mhralnsplamtabyzsmm ina Mynrer In:tdaisl mmuren;ahe on,

t her eby prevent| ng cancer . petastasis. In a.related enbodi ne
t her apeut i BFeRgY B EspIoY &én?fﬁﬂ%f%mvcﬁnt%gmw B i OB of her

form of anfjp;&R0h8"is bHEIIPRY undrgbing §ﬁ'frﬁﬁ%¥t HraAsNHATr6&ddub, %ﬁ%@ or
adm ni strati on of another anti-cCancer therapeutic agent, e.g.

chenot her apethod compeints, adarinistering da thessubjeat a Bueapeutsmllyl effmh&mheumﬁ ad

i i st r ap kel R & REMHER AR ERorBR o, IR mtnbrkP e H” %ot her

ant i - cenceimplafiRPRHSpISnt2GE Aélsted ebolinikéht ahisanétBed By thehPytoRenchide | ocat i on
of the primary tunor and potential site of netastasis but can be orally,

i nt r avenousmbingtigs) thetapy widyatfgastppeimmurgsuprressaniagent Whieresapplicaitier .

Exerpl ary_GARE BF el hetise Dt NENBELOANRAAL SRR 01530 R6- bugs.d. to

prevent ne as asi s i nclude are no one cancer rain
cancer, brkashgengfoesxanilds,wited ag anglant is direasd eatherpy fond bede-reddtecancer ,
i ver cancer, Iung cancer, pancreatic cancer, éprostate cancer, rectal

|

cancer, st@ieashoEdiserer. Raytssef administration of the Skdghappel ighigitpr, and fhee
Deloe”difﬂg HA0nd lﬁgprgh t’ﬂ%%nﬂé%élt &raﬂﬁrbo%@q@s%%sﬂtgﬂ} \Fvﬁﬁf;éfgﬂécte&ty fHeGGhe

response to an Itor, or annel actlivator, a one or
i n conbi naof iorplant ol ogyaottisewe urdrspmpemtloanbgerﬂllyointraegmorsm, thmallyebassessed

usi ng any &cceﬁt abl e t hod.known in the aI{t., i.ncluding, but not [imted
to, screenfi? EléY‘FﬁYcﬂE §°§ﬁ€‘?¥%’s‘“ﬂﬁ§$¥@f‘?§ oidlce i maging (M) scan,

x-radi ogr aphi ¢ ER&@pIAL) inkPI&te fér Whiek FRUh&Hds of the invention can be used to

prevent rejection include, but are not limited to, a cochlear device, artificial knee joint,

20 artificial hip joint, bone cement, breast implant, cardiac implant (e.g., artificial heart
valves, defibrillators, left-ventricular assist devices and pacemakers), dermal implant,
gastric band or balloon, indwelling catheter, insulin pump, intrauterine device,
neurological stimulator, ophthalmic implant, orthopedic implant, penile erectile
prosthesis, stent, urethral sling, voice prosthesis, and the like. Exemplary transplants

25  for which the methods of the invention can be used to prevent rejection include, but are
not limited to, bone and bone marrow transplant, corneal transplant, heart and heart
valve transplant, intestine transplant, kidney transplant, limb transplant, liver transplant,
lung transplant, pancreas transplant, platelet transfusion, red blood cell transfusion, skin
transplant, stem cell transplant, tendon transplant, vascular transplant, white blood cell

30 transfusion, and the like.

In other embodiments of the invention, the method for inhibiting macrophage

cell fusion is directed to inhibition of metastatic cell formation in vivo, with a
therapeutic objective of preventing cancer metastasis in a subject. In this manner, the

present invention provides a method for preventing cancer metastasis in a subject
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t onographic (CT) scan, biolum nescent inmaging, for exanple, luciferase

I mgi ng, bone scan inmagi ng, tunor biopsy sanpling including bone marrow
aspi rati oNO@BMAS3SSil ow cytonetry or fl uorescence-acti vareu/usedod/o8a@se er
(FACS) anal ysis, histology, gross pathology and bl ood chem stry, including
but not Ii C I ography, and
the Ik, Deds ‘iftegim @%}g&%ﬁ@@g&%}@%ﬁ%ﬁ%@é g??:"r%@&‘igg{é@g?ést he

t her apeut | sdmhinistedinzac thevabirpa terafeutibedlySiffectibammnetnti oflan fik4ochannelact i vat or
can be adm njstered at about the sa her apeutically effective anmount (/.
e ., dpse)lnpmﬁhﬁ’n’ﬁhtb‘%n?t?%@web&_ﬁi IISEP??tF ’§P?r RIFYRNURG CBREE regi nen or
a | oadi ng-&eaetagisgm@{fﬁ;@ eAAARIeRt, thil st Rt RAGNHCIHAS SorhBinghi Gt e
than the mai ntenance dose). Alternatively, the therapeutically effective
anount Sof themp@kdthcdtdeasednd othedfiotrarof anti ®endev dtevapys aig. ,lsergeay oealsutgicehg t he
course of a trdzlgt rrenémibased. on . the,condition t?‘f t he. subj ect being treated,
the appar effP¥¥¢8HEhE ¥strahion;of apather %{ﬁ’d?a.dlrcero AapPeYifd Ee?fs’ﬁ udged by one
of skill TghehfRhdafeutibapéin! Sl dHti-SalcBRAtibolY, NnidlembRenaRaKd Gabénthebppct i ve
anmount of the SK4 channél 1nhibitor or activator is also contenplated.

Fur t her nor @, vagpiae/emiyaotherapychasest caner therapnRouiey ofi adminigatipn of thecdnbi ned

t herapeuti g regi.ne th t her api C be..gi ven .sinmul tan KNYooit] w€-
the Ska craRRar e £af Tae iRt D fher e P b RaBRE v o
the otfter iffetciutht ¢ypeagidTBentioh ofitidprimidyaumadntnd pétentidl sfieobmetabrasiot her

t herapeutic reginmen (i.e., the ther_%gi es are going on concurrently, but the
SK4 channebuticanbppradly, traxenquskys gpigadlynen byadirgch Helfary ip the PEMAEY YUIBer. ¢ he
same tinme as th )b ' g 4 ,nhi bitor
or activator nagng]@gfybéeangé ?h?%ri %?@l%%%%ggf{)%mgﬁ%ﬂﬁéaﬁgﬁat&g t!t)he ot her

t herapy. Vjrevent Gevdstasistinclindé,beit agynat difgitedtesbone randet chrbinadntar] breasit i on of
an SK4 channel inhjbjtor or activator and at |east one other therapeutic
agent, t heCaSREF: EFAIALTANCH FRIPR SANGST: IBIESTRAL CRRCCEALY of FRNCEE NS ¢3iEFTapeut i c
agent () Cﬁﬁc&%tiﬁ@%c@héﬁ@s&ﬁg cAiiced GEALALAcH) RLARER BAleR thGaDAREL LRRRe OF
formul at ed t oget her and adm ni stered as a sSingle pharmaceuti cal

conposi ti ocancﬁlbambﬂlerlikeadm nistration of the SK4 channel inhibitor or .
activator can beglf el dife SHRLES distrdl 31898 e Yealriert HRESH SilpBfschavi no

to an SK4 channel inhibitor, or an SK4 channel activator, alone or in combination with

another therapeutic agent or regimen, can be assessed using any acceptable method

20  known in the art, including, but not limited to, screening techniques such as magnetic
resonance imaging (MRI) scan, x-radiographic imaging, micro CT, computed
tomographic (CT) scan, bioluminescent imaging, for example, luciferase imaging, bone
scan imaging, tumor biopsy sampling including bone marrow aspiration (BMA), flow
cytometry or fluorescence-activated cell sorter (FACS) analysis, histology, gross

25  pathology and blood chemistry, including but not limited to, changes detectable by
ELISA, RIA, chromatography, and the like.

In any of the therapeutic methods described above, the therapeutically effective
amount of the SK4 channel inhibitor or activator can be administered at about the same
therapeutically effective amount (i.e., dose) throughout a treatment period, in an

30 escalating dose regimen or a loading-dose regime (for example, in which the loading
dose is greater than the maintenance dose). Alternatively, the therapeutically effective
amount of the SK4 channel inhibitor or activator can be varied during the course of a
treatment based on the condition of the subject being treated, the apparent response to

the therapy and/or other factors as judged by one of skill in the art. Long-term
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Acceptabl e therapeutically effective anbunts of the SK4 channel inhibitor
or activator are discussed above and will vary dependi ng upon the age and
wei ght ofwohelibisect, the particul ar di sease or di sor decThseeng/oveeat ed,
the severity of the disease or disorder being treated, and the route of

admi ni str afl fhendWn LG p%ﬁ%{hicﬁugﬁ Q@%ﬁ%&?&ﬂh@%éh‘&ﬂn&%@ﬂgﬁr' se a

single admnistration o era ective anount of an SK4
channel i nitiviatonis also ecmtemp]lamd or mul ti pI e adm nistrations of a

t herapeutical ly_effective arm SK4 channel i nhi bitor or activator.
To be clear, thEVEREBMOE: vhest ot (oS eeR PSR GO TR IS of

the presenfhefaw@ﬁu fegﬂna{setheyéthe%féa%@b& gn)%ﬁ stRkAE bS] et\é' riﬂeh§r§h*a 2 [

sickle cell disease. e present "I nventi on al so provi
i denti fyi nglhd:g@nt)s attth’atorlmdidrmntsteredl Eerwaidently wiithrthe bther ﬁierdpleum@reguﬁen dre
expression

| t unct| n i nt er medi at ndugct anc
cal ci um acYVfts ﬁﬁ?g EﬁWeC?F tﬁﬁ@ﬁ‘ gl?ﬁap(‘?ﬁta\ﬁﬁ@l‘r)’e‘b C}E ﬁl‘f&ﬂ“?sf%}? ng agents
that activadifigef chn&ﬂ}dmw Usiit @i Sih%hiiﬁ‘kmﬂh&@%f h&%t&qaﬁacadhn&s@r@del |
popul ation with a candi date SK4 channel inhibitor or activator and

det ermi ni ngremdmérhetsn@edmma@etfagémanyhhﬁtbtien@twclya@puw ¢hanpd| | - cel |

fusion wt Iar eres

i dentifi ca{ﬁ:h!)brllttogﬁ %ﬁj at(ﬁ ﬁ)ﬁzﬂ eﬂa%rgtnbresre‘% Rat’ QﬁSB Steqlﬁ%ért%%haoggercel I

f usi onj0 anthetdpys Windie bbmbfrﬁnmthe@arpyafonrmisé@@&mgﬁeﬂardwﬁdtrawéﬁ ofuncsieat e
cells, including, but not limted to, osteoclasts, giant cells and

met ast at | ceheRBRnkiBItPEOT aptiyator and atdegst eﬂ%@%@ﬁta@eutﬂ%geabﬁm 2K shamgel cel | s
conprises gg &PB@Q&W‘&% aﬁ? tﬁé‘otﬁéhﬁéragémgdé\ﬁgﬁ@ﬁ%an%Q%dmﬁ LAl 21 ;%{rastg?rle I's

conprises at least two cell types I'S macr op ages
enbodi rrentpharmlaeelmma)lLdoaipoemonﬁ ardbinsulaedpogetiees andadmptisiged aaadinghe second

type of ce resent. within the population is somatic or cancer cells. See,
Vi gnery, W%@&?‘F 8l 0GROSHI9Br ophages in vitro," 383- 395 In: Methods in

Mol ecujqar Bi ol ogjoredRl, |adEH§1%9£hc(nQﬁHe S’ 4, chhbMER éhi B 5ot 28Q0HR0n can'te i’noor at ed
herein by reference as if set forth inits entirety. Preferably t

screeni ng whemthe subjectais diagdosedtorunsispedted ofjlaaving ﬁl@rﬁ@ﬂeammshsoﬁ&éerused her ei n,
net or ot ypi ASRE PaTpelielly BRI 4R el ket Sanna bERA @ HeaoT i ons
can i ncl udgre @ictisiet @Bo@@éﬂdswimvzir? depnaiRNGRnAhe Mo wEANSS tho isjéct) L- 4.

the particular disease or disorder being treated, the severity of the disease or disorder

20  being treated, and the route of administration. The therapeutic methods of the

invention may comprise a single administration of a therapeutically effective amount of

an SK4 channel inhibitor or activator, or multiple administrations of a therapeutically

effective amount of the SK4 channel inhibitor or activator.

To be clear, the subjects for treatment in accordance with the methods of the

25 present invention are not intended to be subjects having asthma or sickle cell disease.

The present invention also provides methods for identifying agents that inhibit
cell-cell fusion via inhibition of the expression, activity, or function of an intermediate-
conductance calcium-activated potassium channel (SK4 channel) or for identifying
agents that activate cell-cell fusion. The method comprises contacting a cell population

30  with a candidate SK4 channel inhibitor or activator and determining whether the
candidate agent inhibits or activates cell-cell fusion within the cell population. Of
particular interest is the identification of SK4 channel inhibitors that inhibit
macrophage cell fusion, and thus inhibit formation of macrophage-derived

multinucleate cells, including, but not limited to, osteoclasts, giant cells and metastatic
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The invention will be nore fully understood upon consideration of the
follow ng non-limting Exanpl es. EXPERI MENTAL Genone-wi de cDNA m croarrays
wer e usedwoaoiodesisufy genes bel onging to the fusion nacRCHAISZOR006050
identified KCNN4/ SK4 as highly expressed in osteoclast and giant cells, but

and col 1. ORI TR T Bl b PR BR R op MO8 bSO ERER o ouna. b ca.

and genot ympecroplagercells;dh sther dabodinkemts, (HBg@pniasios lbf eéllsconziiiés atlleast Bvo! .
Chem 279(4? : 4768 1-47687).. The animals were housed in standard cagi ng on
a 12-hour &'lgipese9rs ef whighupmaciophagesd [ saee gabedimepts, thsonplatipp af ¢qlisr | an

oL A ey 5 PSR MR Dyl

received two 1.p. 1 nectrons o 0 el ght and one
bef or e Sacsanfdticer canced geliam SzehV sgnory I pledods Lty fima alagsiphagdaagyéns,s 38M5C- F and

RANKL wer e chased,fr reprqoTech CHLL Phal L oi di.n- Al exa
R hor ot 10t NRRSad W BB, Bl S Febionuiin SxHuiae Satse POtk ¢

sl ides frQ%&Qofié@l@féihfbyh@ﬁ?&celﬂélfseNdrth%HFPﬂ’s"ehﬁl%tﬁnd reagents for tissue
culture were endotoxin-free. Unless otherwi se stat'ed, all chem cals were

from Si gma ChenPrekdraldy thig Sgreeming snethyd)is caimied outunder fesegeniocgnditiong. i As s
caApA. A i nduged in twor.gont,h old mge by, i raperitoneal injection

0 2 g (AR et AR atle bARHERR nt e br ERR RO SRERe) "br ond

(M I'1'i yor ehet&otylpss fusidn JYRE1I RsEERYAlIG- madibshages KEdbberft comiaensdaalingdadd bodi es

is directed agai nst epitopes recognized in the region CBl 1 of collagen
type I1. Ciliuapesellsia thypreseneg@ef M-Gdi, REYKbfandiosdbdl ysacchari de (LPS) was

adm nistered in Lt NSa b § O 4 ] all wer e
noni t ored dai l ym%?l%%ﬁe ongielfe rgﬁ%@?gﬁ%gﬁ@g?%ﬁn &?%P&eénddr{@etﬁle nj ection
site on eafohioamgidn-MmitirgvEkanysles) for signs of infection such as, heat,

redness, and/or exudation. Mce that felt as "cold,"” which |Iikely underwent
cachexia in response to LPS, received 500 m s.c. (subcutaneous) of warm

Ri ngerjssolution. Arthritic severi pypg\EgTAered daily using

Genome-wide cDNA microarrays were used to identify genes belonging to the
fusion machinery and identified KCNN4/SK4 as highly expressed in osteoclast and

giant cells, but only at the onset of fusion of macrophages.

20 MATERIALS AND METHODS
Animals and cells. sk4”" mice were generated on a mixed 129J/C57BL6
background, bred, and genotyped as previously described (Begenisich ez al. (2004) J.
Biol. Chem. 279(46):47681-47687). The animals were housed in standard caging on a
12-hour light cycle and were offered free access to rodent chow (Harlan Teklad #2018)
25 and water. Mice were euthanized at 8 weeks of age. Mice received two i.p. injections
of calcein (5 mg/kg/day) on day eight and one before sacrifice for dynamic
histomorphometry analysis.
Reagents. MSC-F and RANKL were purchased from PreproTech (Rocky Hill,
NJ). Phalloidin-Alexa fluor 568 was purchased from Invitrogen (Carlsbad, CA) and
30 osteologic slides from BD (Franklin Lakes, NJ). All supplies and reagents for tissue
culture were endotoxin-free. Unless otherwise stated, all chemicals were from Sigma
Chemical Co. (St Louis, MO).
Chronic inflammatory arthritis (CIA). CIA was induced in two-month old
mice by intraperitoneal injection of 7 mg (700 pul) of Arthrogen CIA monoclonal
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a visual scoring system The scoring systemis O = normal; 1 = erythenma and
edema in 1-2 digits; 2- erythema and edema in >2 digits or mld erythema
and edemayousuwalsbig4i n t he ankl e joint 3 = noder at e eryPrherns2eado@dena
enconpassi ng the tarsal joint; = severe erythema and edema enconpassi ng

t he tarsal
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s oi ven BpRRGRR e ulyorts PR RsRuRnds oY ol d % hindR SR EhRRS

i nvol vead, 1hedigits; Relery@héifh and védnta BRH digits bﬂmﬁlﬂ%rﬁﬁérha afY edehy, usually in
affected/maj orlty Of§J oints. Inflammtion: O=Normal; I=Mninmal .infiltration
of i nfl ammiegnlledeints T mogdorR FiyteRRRndSOpmA eNeQMpASSINE 4% @13t 1o 46t ed

| oi nt 2= t
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2t ect | ng Mebkind pES Tt arliey stk wets sl A B hps Oy b
presenis 53§§>Vse'h§su@§ Wei'bst?m'nrﬂéd 'giré&"séé&%i"béx@ffﬁ%ﬁ&idﬁ%e g&t@hé&ﬁﬁs P& #d

joints and perrarticular tissu Pannus® 0=No M ni mal Iltration
of pannus stainedmithl talyedingbilus u Botlohicd plaws orogh fararpgwa,eandzhmﬂielsmeezﬂvmw d

PRGN R TN CIE L
af f ect ed j plahé &5 arkiVBhikEBe sdetibhdd with (hihdfspam iTARKRentdEsihhid! CAll @Bctfnsjvadrat
architecture, affecting nost joints; evere infiltration associated
scored without knowledge of the treatment groups. Groups were later identified as
20  follows. When scoring paws or ankles from mice with arthritic lesions, severity of
changes as well as number of individual joints affected must be considered. When only
1-3 joints of the paws or ankles out of a possibility of numerous
metacarpal/metatarsal/digit or tarsal/tibio-tarsal joints were affected, an arbitrary
assignment of a maximum score of 1, 2 or 3 for parameters below was given depending
25  onseverity of changes. If more than 3 joints were involved, the criteria below were
applied to the most severely affected/majority of joints. Inflammation: 0=Normal;
1=Minimal infiltration of inflammatory cells in synovium and periarticular tissue of
affected joints; 2=Mild infiltration of inflammatory cells. If referring to paws,
generally restricted to affected joints (1-3 affected); 3=Moderate infiltration with
30 moderate edema. If referring to paws, restricted to affected joints, generally 3-4
joints+wrist or ankle; 4=Marked infiltration affecting most areas with marked edema, 1
or 2 unaffected joints may be present; S=Severe diffuse infiltration with severe edema

affecting all joints and periarticular tissues. Pannus: 0=Normal; 1=Minimal infiltration

of pannus in cartilage and subchondral bone, marginal zones; 2=Mild infiltration with
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with total or near total destruction of joint architecture, affects all
joints. Cartilage Damage: O=Nornmal; 1-Mninmal-generally mnimal to mld
| oss of twbubdiesasskl ue staining with no obvi ous chondr o®¢TASE@LH0ES0

col I agen disruption in affected joints; 2=M|d=generally mld |oss of
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surface wi $93traPEQIsOlgPINg atebtectysg aﬁfacqnaggostm*mr%e%%ﬁrla Hratiga @s9ciatedt ui di ne
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and/ or col |l agen di sruption onesurf h tota
to neard toDaimagar 0=|=Nagmalj bdinihaSenerattyseingnad tdinfildikoss bﬁsmldlhe bhieui di ne

bl ue staini n |foc | severe (de | de .mat drocyte | oss
and/ or col & HW‘H‘i P?JB YIGHS a?P"EF‘fcyf"olP%T%‘p rl]]1" ‘i’éru?t‘B’i‘ “h%)flf PidEes with
total to neaviiotdlertR thilll RS of RISidiBYIE RERAY; %F\th?ﬂ)cal S=Nosebondrocyte

| =M ni mal =smal | areas of resorption, not readily apparent on | ow

magni f i cat loshand/erraollogencdisiuptios ini wrm afém@joms eModesateTgeneradlyt o nar gi nal
{ t
RO, TS 45 B e DA PG g o o

to marg na&ollég&e&mr@ﬁwﬁ@eéﬁé@ed)ﬂvﬂ@Ls%n{eﬂﬁﬁhmrérﬁélm@f)n ARy ufft@ey surfReeat ar
and cortical bone without full thickness defects in cortex, |oss of sone

medul | ary eamRicayere matasiess 4p\akearmarker dovsiohdplnidinehlpe paining wih| ast s
or € “U”‘E‘r%ﬁlfbé@ ﬁIafrl‘?e% gptigﬁl% Ak zo‘hem&%gof&l% losd &l&&f‘c%ﬂﬁ edisa! ﬁ:ﬁocg}’

cortical bone en WI |on pr ot fenal A ng co
sur f ace, mbhqdmltgsﬁqmé oﬁedutlfdmrwltlbmnﬂ to Redraoalisartige dess astSevesd-kewtrs nost
joints; q?gvere Fu%)tplt hi ckness defects in cort I cal d[b% e and destruction of

j oi nt ar chiifigss loseoboluidine plerstaining gyithomuliifaeal sayere ¢ tﬁft}dgrm%r lon,
h of
pannus;s Caéﬁdnhﬁﬁ%eqag%ﬁ/&%n A afl»agg@flmgj bfits wmedf{ﬁhm&%ﬂfa&&r each o

the 8 jOI nts submtted. A sum ints) ani mal score and an eight
j oi nt meanwithitotal togear tetalaartitegedossi Med@smhbndk—‘MI almMiI@:imEsmaH each

of the individ araneters Paraneter for t ar i ous .were then
conpar ed t%re@%?fﬁs‘ﬁpt(%ﬁ%feéﬁh%@?%“ﬁo gecta 1PRSA ﬁ?é% Wppropriate

anal ysi s ngfh@d j8irtd) restricted to marginal zones; 2 Mlld—more numerous areas of
resorption, not readily apparent on low magnification, osteoclasts more numerous in
20  affected joints, restricted to marginal zones; 3=Moderate=obvious resorption of
medullary trabecular and cortical bone without full thickness defects in cortex, loss of
some medullary trabeculae, lesion apparent on low magnification, osteoclasts more
numerous in affected joints; 4=Marked=Full thickness defects in cortical bone, often
with distortion of profile of remaining cortical surface, marked loss of medullary bone,
25 numerous osteoclasts, affects most joints; 5=Severe=Full thickness defects in cortical
bone and destruction of joint architecture of all joints. For each animal, the
inflammation, pannus, cartilage damage and bone damage scores were determined for
each of the 8 joints submitted. A sum total (all 8 joints) animal score and an eight joint
mean animal score was determined as well as sums and means for each of the
30  individual parameters. Parameters for the various groups were then compared to Group
A (vehicle) using a Student's t test or other appropriate analysis method with
significance set at p<0.05.
Calvarial LPS/in vivo bone resorption assay. To assess osteoclast formation

and activity in vivo, a single local subcutaneous calvarial injection of
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significance set at p<0.05. Calvarial LPS/in vivo bone resorption assay. To
assess osteoclast formation and activity in vivo, a single |ocal

subcut anew00walssmri al i nj ecti on of i popol ysacchari de (PETAI$2600/026059 ;

Sigma) was administered (see FIGURE 13). Mce were sacrificed 5 days |ater,

and cal vary: | . ' . | 54 Si o]
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effects, if any, ni'strat1on of LPS, can 1 nduce fever and
| oss of5 wedalytfpr therfaleginyi disativer & thelexperigtent, enclbdisg cveskersisragd holdaysnifwi t h a

veterinarian.. Bone tfadi ography. Excised femurs were subject to X-ray
Usi g 5 MAYCT R, ThP AR hesinbay HEnes of R S ngophc ER5RY for 3
seconds. XsbRMen WefFcaze MHIE asSiehslt SfexpRed alRiréeatdcty) ifkfhiOfroBone density
and mcroarchitecture. Bone density was determ ned as descCri bed previously

(Bal | i ca etdministrationof LBS, vBaish can indued ferexandilossiafoyeight)manalgesise wepher al

quantitatiyve .conputed tonmography - XCT Research M Norl and Medi cal
Syst ens, F%nt’m}f?%?&ng%sﬁfl OW;?H%"‘B aéoé%%awt?h%ngrr"oss section of the distal
femur 25 nm pBeMé Fidiograph)) CELEi Sl fomiikaivere slibjeadditd Xofy WBirptaMX-20urs were

scanned with a m_croCI scanner_ (M croCT 40; Scanco, Bassersdorf,

Swi t zer | andpxifiontXsayComgratiop, Ydwehag. Al xatifky fond tspeds X vRYRVEK of 9 mmB
with 12 YA us ' ' | trabecul ar neasurenents in the
secondar%cpongl%sfz%e}ragﬁr}aq%gfeg?@gi 'y, as previously described (Li et al.
(2005) J. Exp. Bbde daiity ahlleRicioakdhiYectr!) Bohédemsityoedsrdeyerminddeds RNA from

oed Tor rASEBGRIBIG Ry BY CBRDSR Pl DRy gBescHiTSEat Figmt PO IO TR, Sant o
C o Stk R s dpopuppy qoctE LR SN
HG U 33PI Medical Systeays Fort ARKiE80, Wiuef avirtaglsl mandross spetibn o€ theadistain
femur 0.25 mm proximal to the growth plate. In addition, distal femurs were scanned
with a microCT scanner (MicroCT 40; Scanco, Bassersdorf, Switzerland) with a 2,048
x 2,048 matrix and isotropic resolution of 9 um® with 12 um voxel size. Three-
20  dimensional trabecular measurements in the secondary spongiosa were made directly,
as previously described (Li et al. (2005) J. Exp. Med. 201:1169-1177).
DNA microarray. Total RNA from cell samples was isolated using a RNeasy®
Kit (Qiagen; Hilden, Germany) and used for microarray hybridization using genechips
from Affymetrix (Santa Clara, CA). Total RNA was used to synthesize cRNA using
25  the Affymetrix expression protocol. 10 pg of labeled and fragmented cRNA was
hybridized to HG-U133Plus2.0 Arrays or RAT230 Plus Arrays, and signal detection
was performed according to the manufacture's instructions.
Histomorphometry. Femurs and tiboiae from sk4"* and sk4”" mice were
dehydrated in a graded ethanol series and embedded without decalcification in
30 methylmethacrylate, as we described previously (Baron et al. (1982) in Bone
Histomorphometry: Techniques and Interpretation, ed. Recker et al. (CRC Press, Inc.,
Boca Raton, FL), pp. 13-35). Four-um-thick cross sections of the distal femur 0.25 mm

proximal to the growth plate were stained with Villanueva Mineralized Bone Stain for
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was performed according to the manufacture's instructions.

Hi st onor phonetry. Fenurs and tiboiae fromsk4 +/+ and sk4~ mce were
dehydr at estoi2n10e05838aded et hanol series and enbedded w t heat/use@aloedose cat i on
i n et hyl net hacryl ate as we described previously (Baron et al. (1982) in
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Epub 2007 AugusBo&Bn@arraBzmmdmplerenvdmdd spluse bsteadlisss. WEliese iceltd wted,
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Car | sbhad, 1% MEM vi tam ns, 1% gl utam ne, and
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concenfd at].on of. 40 ver ree . T sess
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were cul t up@dnd Q:rifn’ﬂ HRCESRNE8gAY, U CRI0 drdfd/mDpenlidillamnéredpiiycin 4Qibag/ M ) on

gl ass slides for e@ &%@@ fixed and reacted with phal | oi di n- Al exa 568 and
ar:

Topr o- 3. THVitragen s&A}.dSe MitMaatamins, 1% glutamine, and 30 ng/ml M-CSF
(PeproTech, Inc. Rocky Hill, NJ). RANKL (PeproTech, Inc.) was added at a

concentration of 40 ng/ml. Media was changed every three days. To assess the

20  formation of an actin ring, a landmark of osteoclast activity, cells were cultured in the
presence of M-CSF (20 ng/ml) and RANKL (40 ng/ml) on glass slides for 8 days, fixed
and reacted with phalloidin-Alexa 568 and Topro-3. To further assess resorptive
activity, cells were cultured on Osteologic slides that are coated with artificial bone
made of calcium-phosphate crystals. After 8 days, cells were lysed and the substrates

25  stained with silver nitrate according to the supplier's instructions. The resorbed areas
on slides were recorded by histomorphometry.

Human osteoclasts. These cells were generated using normal peripheral blood
blood (Allcells, Emeryville, CA). Peripheral blood monocytes were isolated using
Ficoll-Paque and cultured at a concentration of 3 x 10 cells/ml in MEME

30  supplemented with 10% FCS, recombinant human M-CSF (25 ng/ml) and recombinant
human RANKL (40 ng/ml). The medium was changed once a week.

Western blot analysis. After seven days of culture, osteoclasts were serum-

starved for two hours and stimulated with the indicated reagents. The cells were then



activity, cells were cultured on Osteologic slides that are coated with
artificial bone nmade of cal ci um phosphate crystals. After 8 days, cells
wer e | ysewloant/asbis4substrat es stained with silver nitrareTasecawdddngoto the
supplier's instructions. The resorbed areas on slides were recorded by

hi st h : - i

nor el per SR e Sl A rblonl AR i UE TGRS EORRIAE N,
nonocyt es Tsbletsj RadhetMadleuslanBidehemidalshaqdmnafidoridd, tuud e phadphatasoinhébitor at i on
f 3 106 | 1. i n MEME A ted with 109 i t h
R A T T
changed ongemahirl mefshfdsNaid Qibjé%:'ik%l' tX%}n%xuﬁ%f)fo?t'ingsﬁ‘s\fﬁQerﬁf%}i&cpf culture,

osteocl asts were serunstarved for two hours and stinulated wth the
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washi ng bqu@lsal’r@r FACS anal ysis, which was perfornmed using a FACS Cali bur
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pol ymer ase chai ﬁgélgtgé% ??g‘r’lér rlgg scltwrraes-e 5@%’7‘;’%‘5’&%‘@{&‘%&5@ (gé%? ?gigt}égkﬁ n
Trizol (I nVotal RyenwaCexttabraldn Teixpl @avcitioden) @Carisbady i eaxcordéng fonst r uct i on.
First-strand c was synt hesj zed usi 1 of the. total nd Mol oney
mur i ne | euRERECHTS PR IEIRR < Briirsiaed FPRKLYE spihasized pained et BRioEcR
reacti pns ARN@ M&Woﬁﬁféghﬁnfﬁ%%tﬁ(e&ia 120 Rvérse trRhRripids8® Piindef paild fIPER

Studi es. Gene Forward Priner Reverse Priner
PCR reactions are provided in Table 2.

Table 2: PCR Primers for RT-PCR Studies.

Gene Forward Primer Reverse Primer

SK4 GCTCAACCAAGTCCGCTTCC CAATGGTCAGGAATGTGATCG'

(SEQ ID NO:8) (SEQ ID NO:9)
GGAACTGGCATCGGACTCAT CTGGACCTCCTTGGCATGGAA?
(SEQ ID NO:10) (SEQ ID NO:11)
GAPDH AATGTGTCCGTCGTGGATCT CCCTGTTGCTGTAGCCGTAT
(SEQ ID NO:12) (SEQ ID NO:13)
1. Located between exon 2 and exon 3.
20 2. Located between exon | and exon 2.

Statistical analysis. Data represent the mean + one standard deviation (SD).
Treatment groups were compared using the analysis of variance. Pairwise comparison
p-values between the treatment groups were adjusted using Tukey multiple comparison
25  procedure. Statistical significance was declared if the two-sided p-value is < 0.05. All

computations were performed using SPSS.
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SK4 GCTCAACCAAGTCCGCTTCC CAATGGTCAGGAATGTGATCG 1 (SEQ ID NO8) (SEQ ID

NO 9) GGAACTGGCATCGGACTCAT CTGGACCTCCTTGGCATGGAA 2 (SEQ ID NO 10) (SEQ ID
NO 11) GWODbILoAATIBIGTCCGTCGTGGATCT CCCTGI TGCTGTAGCCGTAT PCSEQ2000006050.2) ( SEQ
D NO 13) 1 Located between exon 2 and exon 3 2 Located between exon 1 and
exon 2 St afl Ul?larﬁ anal ysis. Data represent the mean one standard

devi ation Fgﬁ reat ment groups were conpared using the anal ysis of

vari ance. PRavirwis®roghapafiusianagsayal ues bet ween the treatnment groups were
adj ust ed using Tukey .myl ti pl e conpariso rocedure. Statistical .
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condi tions 4l | e presence. of M CSF and KL, the.nmacrophages fused
Coro mutt; AUCRERE dBE o REerRiaRRirE R asSos e dn Bl Gonot HAuPRowl SR ¢ od
inlittle si@ainyVRANKI SimaRtofkeffeftol show any RANKL stimulation effects.
| nt er nedi at e- Conduct ance Cal ci um Acti vat ed Pot assi um Channel Expression Is
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rat al veol nchan one U t_was
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up to B dayprephiedcDoimat Rat OsteSclidvgentsiseat ed nmacr ophages.
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Upr egul at ed Dur Pkd chapreh mossags dn Sssingyahalypelar maereophages was anghangad afiet e t hat
hunman macr S . ' '
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elevated for up to 5 days when compared to 0 hour-treated macrophages.

15 Intermediate-Conductance Calcium-Activated Potassium Channel Expression Is

Upregulated During Human Osteoclastogenesis.

These results demonstrate that human macrophages/PBMCs can be used in the
macrophage fusion assay described above and that SK4 channel expression was
upregulated in fusing macrophages/PBMCs.

20 Freshly isolated human macrophages/PBMCs appeared as multiple and distinct
cells and fused into osteoclasts. SK4 (SK4) channel expression increased after 7 days
of culture under fusogenic conditions and remained increased until day 21 when
measured by the Affymetrix® U133 Plus 2.0 GeneChip® (FIGURE 3A) and TaqMan®
Gene Expression System (FIGURE 3B). An evaluation of SK4 channel expression in

25  other blood cells and blood-related cells showed significantly increased expression in
B-cells and dendritic cells (FIGURE 3C). Therefore, human cells, like rat cells, show

an increase in SK4 channel expression under fusogenic conditions.

Role of Intermediate-Conductance Calcium-Activated Potassium Channels in

30 Osteoclastogenesis and Osteoclasts in Mice.

The results demonstrate the role of SK4 channels (SK4) during
osteoclastogenesis by using SK4” knockout mice and pharmacological inhibition.
Splenocytes from SK4” mice showed a defect in osteoclastogenesis, as these

cells failed to form the same number or size of osteoclasts as cells from SK4* or WT
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upregul ated in fusing macrophages/ PBMCs. Freshly isol ated hunman

macr ophages/ PBMCs appeared as nultiple and distinct cells and fused into
ost eocl aswe.200K43388K4) channel expression increased aft ecTisdayso@so cul t ure
under fusogenic conditions and remained increased until day 2 1 when

measur ed by . IX( R 3, Rl LRCE Yel QPB%&%@) and
TagMan(r) ééén%@llz'gg?{?g‘% r?s S%%Vgn‘%eg ﬁegfjé'éﬂ%%& @Eﬁéﬁ\@lgﬁuaé%r}eodgé 0 c}ﬁa nnel
expr essi onrdlativetpieportibwofiBaells $B220), Dicelisl¢CR4 ahddDSg| | s showed
significantly inpcreased expression_in. B-cel

| s and dendritic cell FI GURE
30). Ther eP3F@Phpgesgrandqytes (ﬁmqualtlbwla%?p@smFégoa 9’85 b‘é@ﬂrﬁs 4
channel ex ' ' 't'l@p/s :
| nt er nedi atH éelﬁﬁcgfﬁgagg%gﬂgetlfc‘a cf?nt‘?%cc? %gftees PO{né.SS umg%ﬁEasr?hel S in
Ost eocl ast ogenedilevase b@st mebwsdesivied mdcophadisdrore SK4 smitershowed adefeche
role of SK4 channe|l s (SK4) during.ostepcl astogenesi s by using,SK4 knockout
i co and pHATYCURIGFRSHS HAVE TTUR toapraOEy Ll T ReA e Ed S owed &
defect in Gﬂtﬁﬂ@@ék@ﬁn&%&ﬁfﬁdaﬁﬁﬁeﬁ%}hﬁ?rfog\%ig%gfﬁo%SKﬂmrﬁiIE@w%@”E number

or size of osteoclasts as cells from SK4+/ o m ce (FI GURES 4A- B(%.
However, dedrifumeddy petchStamp btadies] whighshewell defegsivedikechannpleaciigity(daie
proportion otf B-cells (B220), T-cells (CX and CD8),

nacrophageg?gsthgn ‘ocytes (GRI, CD 1b), macrophages (F480, CD Ib, CD 1Ic)

or dentlyitic celdteretidily,ISKLOBnockBUL e showbd icfdsdedrirgtec(fat GhIREI sty
Li kew se, bone marrow derived macrophages from SK4 m ce showed a defect in

ost eocl ast (ieeadisiownktBethgnale and famale SKAAknopkeut wige shovd| a8r/89t e- der i ved
[ FI BA- f : _ :
Sas cont 1 1 PSERSATEbondtb86H whien ShoSRAN0 hhop b RCHRACIAR AR (B RadbaT Pe

activity (dseeclastd froh@MY)”” knorkeuemideriid wot r86tb cakmesphodphaiccabsttaesed

I ncreased trabecul ar bone depsity (data not shown)., Bo mal e and femal e
SK4. knockottticindl ($pRetsha Y%GBPBWQEEeﬂéﬂOFtﬁO‘a%%ﬁe% ildMiSfhen conpared to

i d mots resor b anl B R e e G R Shown)
when conpackintlonbibitersc1G4t150#3 and WRANMe. These inhibitors attenuated

osteoclastogenesis in a dose dependent manner in bone marrow-derived macrophages

from WT mice (i.e., SK4*"") (FIGURES 7A-B). FIGURE 7C shows TRAP-stained

images of ICA-17043-treated samples, in which cell fusion was significantly inhibited

20 at 0.36 pM.

Role of Intermediate-Conductance Calcium-Activated Potassium Channels in a Mouse

Model of Rheumatoid Arthritis.

These results demonstrate that a deficiency or pharmacological inhibition of
25  SK4 channels in mice prevented bone resorption in rheumatoid arthritis.

In repeat studies, SK4-deficient mice showed significantly attenuated arthritis
scores (FIGURES 8A-B) and a substantial protection against bone erosion when
compared to WT mice. In addition, paws from SK4-deficient mice had significantly
less bone damage (FIGURES 9A-B). Female SK4-deficient mice, however, also had

30  significantly less inflammation, pannus and cartilage damage (FIGURE 9A).

Further studies showed that osteoclasts from SK4-deficient mice were defective
in resorbing bone minerals (FIGURE 11A), which likely was because the SK4™ cells
failed to form sufficient numbers of osteoclasts (FIGURE 11B). The decreased

ostoclasts in SK4-deficient mice thus manifests in increased trabecular bone density.
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The rol e of SK4 channels in osteocl astogenesis was confirmed with two SK4
channel inhibitors, 1CA- 17043 and TRAM 34. These inhibitors attenuated
ost eocl aswogernasss4i n a dose dependent manner in bone neCTas2eeniced

macr ophages fromW mice (i.e., SK4+/+) (FIGURES 7A-B). FIGQURE 7C shows

TRAP- st ai n £d sj on was
signifi canpﬁjsyé :}aﬁ&%ﬁ) “am%?é (gé%rﬁiﬁ §%%I én%?ﬁ% ?E eﬁgrg&&%oﬁg Slt?' zﬁﬁ

Cal ci um AcfromeSie4l'RalcegBIGURENZYnel s in a Mouse Mbdel of Rheunatoid
Arthritis. These results denonstrate that a deficiency or pharnacol ogi cal

i nhibition of SK4 channels in mce prevented bone resorption in rheumatoid
arthritis. ihdn{aREAEORENAARE ﬁz%n‘_j&&ﬁ)a?éEPdﬁs%ﬁm?@ﬂ (1 THBidrl G3ihlife

att enuat ed artnr TI'S ScCores SA-B) and a substantlral protection
agai nst5 boResi@r msHmnamBennplma_t@oedexchlaarc@ellsl n addition, paws fr om

et PIF A BB b €T BB RIS g 550 5 Bhin

i nf | ammat i gdlis iRaMHRePAfhiBRTd thhAIBWHATBIE fdr R dddRE R h Eaififgr st udi es
showed that osteoclasts from SK4-deficient mce were defective in resorbing

bone mineral s (FT4JRB43 prg TRANI 34 ihhibgtd human bgicealatogenesiSKavitrelin g fal | ed
to formsufficjent nber s | .a . B decre

ost ocl ast S99 %W%Erwmﬂt(ﬁiﬁ@wﬁ@é ﬁél (?‘gsltggj RFH*\ qudeca?@gtﬂmf)? 3% uI ar
bone densi fuyl 10159t dhefe@s TRANIAThABItEd 8¢1HfulsRMedt ©. 851 IWS0E [hikdivide, NCaher
trabecul ar densi ty than from SK4+/+ mce (FlI GURE 12

| nt er medi al @43snd IdtAMc degredsedrnotrenly osteedlasbonaber %ma@mmclasmriape ors
At t enuat e 5@ [ﬁggb%&&ggﬁ&ﬁﬁg{&%}eral Bl ood Mononucl ear Cells. This exanple

denonstrat es I'hhi bitors prevent fusion of human cells in a
manner simlar to that shown above for nouse cells in Exanple 4. |CA- 17043
and TRAM 34 i nhi bited hunman osteocl astogene5| s invitro in a dose-dependent
manner ( Fl R E LR/ vivq ene resorpton 83sa¥i t ed cel | fusion at 0.3 mM | C50;
wher eags TRAM 34j,0fi %ﬁ@%eﬁlef.étmftélﬁia&)@ #deBcln nggﬁﬁqmcle'sﬁwré&ce CA- 17043
and TRAM 34 decreased not only osteoc ast nu al so osteocl ast
surface  osteoclast formation in vivo in response to local LPS calvarial injection.

In order to define the role of SK4 in the inflammation that causes rheumatoid
arthritis, lipopolysaccharide (LPS) was injected locally subcutaneously above the
calvarium to induce a localized, rapid and efficient inflammatory response that leads to

20  the formation of osteoclasts that resorb bone. Anatomically, calvariae are separated by
a suture, free of superficial blood vessels and nerves, and easy to locate (see FIGURE
14). Results are shown in FIGURES 14 and 15A-C.

An absence of SK4, and thus SK4 channels, dramatically prevented bone

resorption in response to local injection of LPS (FIGURE 14). Note the bone surface

25  augments when holes are being made by osteoclasts in calvaria bone of SK4** mice,
but not in calvaria bone of SK4-deficient mice. Mice deficient in SK4 maintain a
higher calvaria bone thickness and density 5 days after LPS injection (see FIGURE
15A-C).

Unless defined otherwise, all technical and scientific terms used herein have the

30 same meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains. Although any methods and materials similar to or equivalent to
those described herein can be used in the practice or testing of the present invention, the

preferred methods and materials are described herein.



area in a dose-dependent manner. Calvarial LPS//" vivo bone resorption
assay These results denonstrate that SK4-deficient (SK4 ) m ce show reduced
ost eocl aswof2orom&s3isen in vivo in response to | ocal LPS calcyarse@b/opéepect i on.
In order to define the role of SK4 in the inflammtion that causes

r heumat of d art gl SnoditiORRAL YSRGHIPLLAGH RS MRSinb Bl S S8 oA BELY

subcut aneously a e calvarium I'ocal 1zed, rapi and’

ef ficient wilftanmeat mind toespskiledtimdte drietddehitipthebeinfventimisipertaimfhaoiigabhel ast s
that resor Anat omi cal |y, cal variae are separated 'i‘%/’ a suture, free

of superfi @?ﬂgﬁt Bf RB‘S&“\‘)E%@PECS%‘HES Hethg daregaing desesiptipps prstiie @syosialedr| GURE
14) . Resul §gwak Whoreit b %ﬁ%d@%t@a%ééﬁe frveMbRRFERGE0 Bk 1mkitkd tend t hus
SK4 channel s, arratl cally prevente one resorption 1 n response to | ocal

i nj ection tbtbsp@ﬁfw{ ﬁh@zﬁﬁ@ents)dlsdibﬂed ahdelldbnwelliiaumIlbasmchmgamnIsOMemtslarﬂ es are
bei ng nade. cJa SII’.I calvari a eof 4+ 1 ce, t not in

cal vari a bglﬁ%ld8$ ¢ pdthin {heéﬁop dBe AP Tl’%eﬂ?m?%madl% Rhintain a

hi gher cal Mﬁbécﬁm@ﬂt@@héclﬁs%ﬁ&%ﬁn @\Hdloqgl'i‘%&méeﬂﬁé’&e%mﬁéye'd%rélm 186} hRn (see
FI GURE 15A-C). Unless defined otherwse, all technical "and scientific terns
used herei vﬁeﬁaweg?mlcwﬁéieﬁ@mmge@x apdyranshing fqmmp@seeoﬂhbyta@ne of ordinary
skill in the art aventi erta met hods and
materials sim Ié}l glgyxgértlogat&?‘gg%ﬂen é lc?qhooggqe 1%?(}161 h ﬁ%%glicﬁ’%gﬁrebe used in
the prHecti@dicativd ebthe igebdf thbse sKik&EMithé A eivhidh, thishevddkieh pertgids nRailhods and
material s are descrihed herein. Many npdifications and ot her enbodi nents of
the i nvent Pelisatiens and patenhaprlications are beyin ingornprated: by tsfrrende tpithaisane ¢ he ar t
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Al'l publications and patent applications nentioned in the specification are
indicative of the |evel of those skilled in the art to which this invention
pertai ns.wel2biopibdsiscat i ons and patent applications are ReraiSaoooe@spor at ed
by reference to the sane extent as if each individual publication or patent
application was specifically and |nduytggqgly i ndi cated to be incorporated
by reference. CLAIMS The invention clalne L A nethod for nodul ating
cell fusion of a cell expreSS|ng an i nternedi at e- conduct ance
calciun}activatﬁg taSSI m (SK4) channel, the nmethod conprising the step
of contacting t FP“Q& Wnﬁﬁléffective amount of an SK4 channel inhibitor
or activator, wherein cell fusion is nodul ated. 2. The method of claiml,
wherein cell fusion is inhibited. 3. The method of claim 1, wherein the
cell isSa hemat bpoi eAi metdned for modultengnee Hosionfof e lcell expressmgarei n the cell is

sel ected fr m t consi st.i ng cra ndrjtic cell, and

RO AR A HE S G R P R R
net hod of Edrapriidg th%%%f%ohi&@ﬁﬂ%ﬁﬂe ceH it arl STREVPhYBUSt Fan!BRLERIMEI C. 7.
The net hod of claiml, wherein the SK4 channel inhibitor is selected from

the group wbidiosor agjiverorawherein asiltfusion iumbdulatedci d, nonocl onal anti body,
and small nolecule inhibitor. 8 The nethod of claim?7, wherein said
inhibitory nucleic acid targets expression of an SK4 channel conprising the

sequenpe set fo2th | ThE&HRHIA I¥Rlalm B .whEhein dell Aatbrols ishibit¢d. 7, wherein the
nonocl onal anti body recogni zes a pore region or small nol ecul e-bi ndi ng
domain of an SK4 channel. 10. The nethod of claim 7, wherein the snal

nol ecul e i nhibigor i glh%ﬁleeﬁﬁd ?12{119)] rcgﬁ cetl993 il%%'a%o&fnc cell.

| -[ (2-chl or ophenyl ) - oIe
bi s(4-fl uorophenyl) - 2- phenylacetanlde
1 [ (2- chlorophenyl)d

[ (2-f1 uor ophefyl )d|B Bl Oﬁgt%}ﬂ S laﬁaﬂ%ﬁﬂl is s¢lected foB} B KERKA )
d' phenyj ”ectzcméls}lng bHa RHcR%MLSs, dbndritk éelllugﬁchtt%ﬂyl ) di phenyl net hyl ] -

1H pyrazol e; and

5. The method of claim 1, wherein the cell is a macrophage.

6. The method of claim 1, wherein the cell fusion is homotypic or

20  heterotypic.

7. The method of claim 1, wherein the SK4 channel inhibitor is selected
from the group consisting of an inhibitory nucleic acid, monoclonal antibody, and small
molecule inhibitor.

25
8. The method of claim 7, wherein said inhibitory nucleic acid targets

expression of an SK4 channel comprising the sequence set forth in SEQ ID NO:2.

9, The method of claim 7, wherein the monoclonal antibody recognizes a

30  pore region or small molecule-binding domain of an SK4 channel.
10. The method of claim 7, wherein the small molecule inhibitor is selected
from the group consisting of 1-[(2-chlorophenyl)-diphenylmethyl]-1H-imidazole; 2,2-

bis(4-fluorophenyl)-2-phenylacetamide; 1-[(2-chlorophenyl)diphenylmethyl]
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1-[ (2-chl orophenyl ) di phenyl nethyl]- 1H-tetrazole. 11. The nethod of claim
7, wherein the small nolecule inhibitor is |-[(2-

chl or ophewgl2ptodispsseny| met hyl ] - 1H i mi dazol e. 12. The netrhoasedooob@sm 7,
wherein the small nol ecule inhibitor is 2,2-

bi s(4-fl uor : nyl ' .Qfr gl i erein
the srml | FOFacLrek; GEaTisoPrEnPa R Snvts TERARb RS s floRhont

1H pyr azol diphdryimEg1|ELpyehzofe; ¢} [€d-fudrophenyl JdgsheaolmethHi-NEl-pirazalé;emdof
assaying for SK4 channel  expressjon or activity in the cell. 15. The net hod
of cl ai m 1!-[(heHesophenyd)diphenymstaylii H-t97q)8 net hod, and wherein the
effective anount of the SK4 channel inhibitor is a therapeutically

ef fective anmount provided to a subject having or suspected of having
abnorme cel |l fubi onThd Gethiddeofridiinod] vatfereth éhieneniAl] mblectkkanhibaompisilsi(2g

co- provi di t o, t he subj ect apeutically effective anount of an
ant Pl nf | aﬂﬁﬁ’f%’mnyjlja'ﬁggnyjﬂ’?ﬁ‘yﬁ)gﬁé’-‘&b&(’%gen%/, i Munosuppr essi ve agent, or

chenot herapeutic agent. 17. A nethod for nodul ati ng osteocl ast
differentiation and function, the nmethod conprising the step of contacting
an osteocl ast ol2.an dbe awthabef gaipclirvhereinithasmall mbleguleiinkibianis2-of an

i nt er redi at.e;c@onduct an t assi um.gcti vat ed potassi um (SK4) channel
i nhi bitor %?(4;@?%93]{‘6 ﬁ%@ﬁenﬁﬁ%cerﬂ?lﬁ%'d of claim 17, wherein osteocl ast
formati®n is inhibited. 19. The nethod of claim 17, wherein the SK4 channel

inhibitor is selected fromthe Cgr.ou consisting of an inhibitory nucleic
aci d, monocl onal3-ant Tbemethadef d3im 1. whsrais thesmathmplecsle inbibitghis Iné2hod of

claim19, mg{oﬁg&dg@@g?&%ﬁ%gk ) rid%}gy recogni zes a pore region or small

nol ecul e-bi'n ann€el. 21. The nethod of claim 19,
wherein the small nol ecule inhibitor is selected fromthe group consisting

of | -[(2-chl orophenyl)-di phen thyl] -1 Himdazole; 2, 2- .
bi 3(4E ]£| uor opheﬁ@'l )Y}‘I‘A%ﬁgﬁgﬂ yé:trir;gm% yrther compri51zng the step of assaying for SK4

-1 Z'ﬁ" Oélgag&ﬂ@l@k geggiB %PX{;tm{}hYl:t%)e' {:éﬂoyr azol e;

| -[(2-11uor eny I phenyl nmet'hy H pyrazole; |-[(4-

15. The method of claim 1, wherein the method is an in vivo method, and
wherein the effective amount of the SK4 channel inhibitor is a therapeutically effective
amount provided to a subject having or suspected of having abnormal cell fusion.

20

16. The method of claim 15, further comprising co-providing to the subject

a therapeutically effective amount of an anti-inflammatory agent, anti-bone-loss agent,

immunosuppressive agent, or chemotherapeutic agent.

25 17. A method for modulating osteoclast differentiation and function, the
method comprising the step of contacting an osteoclast or an osteoclast precursor with
an effective amount of an intermediate-conductance potassium-activated potassium

(SK4) channel inhibitor or activator.
30 18. The method of claim 17, wherein osteoclast formation is inhibited.
19. The method of claim 17, wherein the SK4 channel inhibitor is selected
from the group consisting of an inhibitory nucleic acid, monoclonal antibody, and small

molecule inhibitor.
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chl or ophenyl ) di phenyl et hyl ] -1H- pyrazol e;
1-[(2-fluorophenyl)di phenyl nethyl] -1Hpyrazole; and

| - [ (2- chiwoaptensgiskdi phenyl net hyl -1 H-tetrazol e. 22. Thecwaish@d/oofose! ai m
19, wherein the small nolecule inhibitor is |I-[(2-

chl or ophenyl ) - di phenyl nethyl]- 1Hi m dazole. 23. The nethod of claim 19,
wherein the small nolecule inhibitor is 2,2-

bi s(4-f1 uor ophenygl ) - ZhphenakdBerdaim U8 wiktein Themorsdiothl ahtisddyi recddhizeshaer ei n
the small nolecule inhibitor is 1-[(2- chlorophenyl)di phenyl met hyl]-I

H pyr azol eporegegpper gk splesulebuidingidomain of ak aAKditdamrsinod is an in vivo
met hod, and wherein the effective anount of the SK4 channel inhibitor is a
therapeutically effective anmount provided to a subject having or suspected
of havifg abnor @dl o4%theosdthsd ofiélbitret 2ntheatinolne omalf onoteculennhibBor iFlselenetihod

of claim2§, further conpr.isi 0-admi ni steri o th bj ect
ther apeut i S e@rw&%ﬁgt%faﬂﬂﬂf@hﬁaﬁﬁ’p ?fty}ll-flwggwﬁﬁlﬁ{‘gﬁyﬁi@%ﬁfa,zoé; 2,2-
anti - bone- LRgk AaGRBhenylIIIHRCIHRRISAEY £-[@I&NSropRinyPRRIRhIGIARAN HC agent .

27. A nethod for prevénting or treating bone |0ss’i'n a subject susceptible
to or havi pygragolrel@sByorppleenybdipbdnyloretnilki Hepyramolestlelfd-of adni ni stering to

t he subject, a ther ticall ffective a nt of .an .

| nt or et atWOREEa e Farty (i EBviat e igonud o iy e sty H-

i nhi bi 1@r poralzéle] Md 1-pSt@sTophdnyl AipRh{iaitthyMreHakRadde | oss is prevent ed
or decreased in the subject.28. The nethod of claim 27, wherein the SK4
channel inhibitor is selected fromthe group consisting of an inhibitory

nucl ei ¢ aci d, - maRoc gl @l BONim PRIBR ndBhAFH:fech W ThRit Y is 122 The

nmet hod of cl ai 8, wherein nonoCl onal an ody recogni zes a p

regi on, or chlosophkhyljdiphenylercthyidil Hoinddaveien of an SK4 channel . 30. The

met hod of claim 28, wherein the small nolecule inhibitor is selected from
the group consisting of |-[(2-chlorophenyl)-diphenyl nethyl]-IHimdazol e;

2,2- bis(4-1fl uohgphenylnidhRNEMALAL 89 aMHEN the small molecule inhibitor is 2,2-
| - [ (2-chl or ophenyl ) di'phenyl net hyl ] -1 Hpyrazol e;

| - [ (2-f | uobsfh@ngtoptemeyphemtlagdtdmidel pyr azol e; | -[ (4-

24, The method of claim 19, wherein the small molecule inhibitor is 1-[(2-
chlorophenyl)diphenylmethyl]-1H-pyrazole.
20
25. The method of claim 17, wherein the method is an in vivo method, and
wherein the effective amount of the SK4 channel inhibitor is a therapeutically effective
amount provided to a subject having or suspected of having abnormal osteoclast
differentiation or function.
25
26.  The method of claim 25, further comprising co-administering to the
subject a therapeutically effective amount of an anti-inflammatory agent, anti-bone-loss

agent, immunosuppressive agent, or chemotherapeutic agent.

30 27. A method for preventing or treating bone loss in a subject susceptible to
or having bone loss, the method comprising the step of administering to the subject a
therapeutically effective amount of an intermediate-conductance calcium-activated
potassium (SK4) channel inhibitor to inhibit osteoclast formation, wherein bone loss is

prevented or decreased in the subject.
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chl or ophenyl ) di phenyl et hyl ] -1H- pyrazol e;
1-[(2-fluorophenyl)di phenyl nethyl] -1Hpyrazole; and

| - [ (2- chiwoaptensgiskdi phenyl net hyl ] -1 Htetrazol e. 31. Thecwaish@d/oofose! ai m
28, wherein the small nolecule inhibitor is 1-[(2-

chl orophenyl ) - di phenyl nethyl ] -1 H-i m dazol e. 32. The nethod of claim 28,
wherein the small nolecule inhibitor is 2,2-

bi s(4-fl uorophengl ) - Thpmhesidbefdlaim ZE . whdsein TheeSK# thathebinhillitr is s2fctedher ei n
the small nolecule inhibjtor is |-[(2- chlaorophenyl)di pheny] net hyl] -

1H pyr azol &omsthe goup Gepsishag of arcinhibatopynudleie apidy meBpgIPRaljaRgbody, and small
co- adm ni s} RRd A6 LAiile subject a therapeutically effective amount of an
anti-inflammatory agent, anti-bone-|lo0ss agent, imunosuppressive agent or
chenot her apeutic agent. 35. A nethod for preventing or treating an

i nfl ammat ory or _aut ol ne dj sease aract.erized b bant. cell formation in
a subj ect susceatsli bl é[hF(?“e(Sl?o‘in%ﬁﬁWﬁ‘ fgé”}}eﬁ?lpgfﬁﬂf”&? 0’%’1" AR FREAERIZSS Gease,
the et hodp6RIBEILA! A% il BbREuRIbiAGIHE BbhAY dMa SK4 E@nsub] ect a

t herapeutically effective anount of an internedi ate-conduct ance
cal cium activated potassium (SK4) channel inhibitor to inhibit giant cell

formati on, wherejn t infla tor r_.aut.oi.mmune, di sease {.s..prevent or
treated in the ggbj e ?é‘%ﬁth 2 (}lr%lf‘%%fg %}er%Pg?erﬁI%agl, m\?ﬁeec‘rﬂzei"ﬁﬁl?) ng léﬁﬁe%t}%lgalnnel
i nhi bi tEr ensHk geduprtonkisihg HE1-H20¢Hloroph&ysL dipBerSimathyl|PiH-inidarylen2ie! ei c

aci d, nonoclonal anti bod#péand smal | nolecule inhibitor. 37. The nethod of

cl ai m 36, RisE-Ererophenyhb?rpbewiagetamide by -shderephgybdinhepymetindhidn or snal |

nmol ecul e- bi,pdi ng. ' . . od of cl aim 36,

wher ei n thgws%?r@ 1Pﬁ@?ﬁé@bﬁ?@h@%%ﬁf@?ﬂ{%@ﬁ@e}Igg?ré%afefgﬂ%‘he group consi sting
of 1-[ (2- cbhloraphbeyiydiphetiyphethyl]+1éi-hyratele 1 Hf 2rflwtaaphenyl)@ipRenylmethyl]-1H-

bi s(4-fl uorophenyl ) -2-ph | acet am de;

|- (2-chl opggﬁ@ﬁﬁ%ﬁgﬁéﬁ%ﬁ&w@lﬂ%ﬁwm&b}H-tetrazole-

1-[ (2-{4 uorophenyl ) di phenyl mrethyl] -1H pyrazole; 1-[(4-

chl or ophenyl ) di phenyl met hyl ] -1 H pyrazol e; o

| - [ (2-f1 uor ophed¥! ) diThhereghareefrataim 2&wheseinthe; snealbimolecule inhibitor is 1-[(2-

36, wner o FIDRETE PGB Bl £ 7% e e hed o eram

32. The method of claim 28, wherein the small molecule inhibitor is 2,2-

20 bis(4-fluorophenyl)-2-phenylacetamide.

33. The method of claim 28, wherein the small molecule inhibitor is 1-[(2-

chlorophenyl)diphenylmethyl]-1H-pyrazole.

25 34.  The method of claim 27, further comprising co-administering to the
subject a therapeutically effective amount of an anti-inflammatory agent, anti-bone-loss

agent, immunosuppressive agent or chemotherapeutic agent.

35. A method for preventing or treating an inflammatory or autoimmune
30  disease characterized by giant cell formation in a subject susceptible to or having the
inflammatory or autoimmune disease, the method comprising the step of administering
to the subject a therapeutically effective amount of an intermediate-conductance
calcium-activated potassium (SK4) channel inhibitor to inhibit giant cell formation,

wherein the inflammatory or autoimmune disease is prevented or treated in the subject.
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chl or ophenyl) - di phenyl nethyl]- 1Hi m dazole. 40. The nethod of cl ai m 36,
wherein the small nolecule inhibitor is 2,2-

bi s(4-f| vwoaptesgisk- 2- phenyl acet am de. 41. The net hod ofcTlkomB6q0smher ei n
the small nolecule inhibitor is 1-[(2- chlorophenyl)di phenyl nmet hyl]-1

H pyrazole. 42. The nmethod of claim35, further conprising co-admnistering
to the subject a therapeutically effective anount of an anti-inflammatory

agent, anti-bonge| 0sThag@ithod 6METRAMAPSS RiieRsih itheeSIag eRdnneDinhitliviid sebscbgeeut | ¢
agent. 43. A nethod for pr eventlglg |rrpl ant or transpl ant ection in a

subj ect haﬁrpﬁgtharsrqwoamstl@s oban inhibitorangcleie a@dsnpéwl@eadtaéalwdyb AN smpald
subj ect, rising the step of admnistering to the subject a
therapeutl cal%&?ﬂ%ﬁ;lﬂee anount of an intermnedi at e- conduct ance

cal ciuns activated potassium (K) channel inhibitor to inhibit giant cell
formation at or

LN t VIC e site, wherein on of .the
i mpl ant or t ranézi an #“é‘{/%%l {;‘IF]' whgeis ) mepod al?htéb tHEPHAS A ai m
43, wher ei gofer}g giohor %Qﬁ%ledu'fﬂlbiﬁ'cﬁr%'ddn%ﬁ@fE&Sﬁd chagfe t he group consisting
of an inhibitory nucleic acid, nonoclonal antibody, and small nolecule

i nhibitor. 45. The nethod of claim 44, V\/ner ei n the nonocl onal anti body

Channal - a6, ThaSmet 08 Rt O gk oo A el Emr g B iPEissRkF 6 or

i s sel egt egrofd @ 'E(hﬁ) (Q)‘h@idﬁn%@flb‘-l[@téﬁ]&oﬁflenyl) d1phenylmethgl] 1H-imidazole; 2,2-
1-[(2-chlor ophenyl ) - di phen methyl]- 1H-i m dazol

bi s( 4- f | uobisffhBAgIophenybh2phrryaciamide; 1-[(2-chlorophenyl)diphenylmethyl]-1H-
I-1

I

c

15 1 uoPEBrE8y G AT biihpay RURE S iyrazole; 4L
dhl ﬁr OplhenVﬂhlbﬁiphFﬁﬂ)dlﬂmﬂlthéthYHﬂ*bvyﬂZﬂbﬁl [(Q‘ﬂlﬁﬁelﬁﬁﬂmgf)d@hemhl)ethyl] 1H-
t -
I IF( (zaméhngﬁéﬁ%lﬁﬁf)dg{Bﬁéﬁ%rﬁ%q{yﬁfllnh@ﬂg{eﬂy}bﬂé -tetigZolerhe et hod of clai m

44, whegein the small nolecule inhibitor is |-[(2-
chI orophenyl ) - di phenyl net hyl ] - 1Him dazole. 48. The nethod of claim 44,
wherein the smaBy. noﬂ‘dacm¢®h¢d1¢ﬁ dainp36,ivehepeif the small molecule inhibitor is 1-[(2-

bi s(4-fl uor]%Broprﬂ n))l) (211p%eny ?l?y‘?]t-?ﬁi-idmefdazole.

40. The method of claim 36, wherein the small molecule inhibitor is 2,2-
20  bis(4-fluorophenyl)-2-phenylacetamide.

41. The method of claim 36, wherein the small molecule inhibitor is 1-[(2-

chlorophenyl)diphenylmethyl]-1H-pyrazole.

25 42. The method of claim 35, further comprising co-administering to the
subject a therapeutically effective amount of an anti-inflammatory agent, anti-bone-loss

agent, immunosuppressive agent, or chemotherapeutic agent.

43. A method for preventing implant or transplant rejection in a subject
30  having an implant or a transplant at a site located within the subject, the method
comprising the step of administering to the subject a therapeutically effective amount of
an intermediate-conductance calcium-activated potassium (K) channel inhibitor to
inhibit giant cell formation at or in the vicinity of the site, wherein rejection of the

implant or transplant is prevented in the subject.
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49. The nethod of claim44, wherein the small nolecule inhibitor is |I-[(2-
chl or ophenyl ) di phenyl net hyl]-1 H pyrazole. 50. The nethod of claim 43,
further cwoppimiseip4co-adm ni stering to the subject a thecampsanvoedosy
effective anmount of an anti-inflamuatory agent, or an i mMmunosuppressive
agent. 51. The nethod of claim43, wherein the transplant is a cell, organ,
or tissue transplant. 52. A nethod to prevent cancer netastasis in a

subj ect havi ng @anceThe ifghdEsIAnCMRHEiN thd $184 ShameDinhiudivk iv wletddng t o
t he subject a therapeutically effective anmount of an

i nt er medi affenchagtripaeasising of aminhibitonanedeip geidsmoneslprakantibedyn aed sHal bi t or
to inhibi tn%‘?écﬂiseti fbﬁo ancer cell formation, wherein the cancer netastasis
is prevented 1n theé subject. 53. The nethod of claim52, wherein the SK4
channel5inhibitor is selected fromthe group consisting of an inhibitory

nucl ei ¢ aci d, ocl gnal antj body, d small, nolecyle,inhibjtor. 54. The
met hod of cl ai 83, %ﬂsp&%cﬁé‘%&%@m&qmmm@@%% dyggcigssa
region or ggﬁrkgiHHbF&Hbl‘PnﬁiléUﬁ!élginﬁﬁ@ddﬁlé?ﬁ oftih SK4 c_ﬁﬁlﬁ{é'ﬂe'- 55. The net hod
of claim53, wherein the small nolecule inhibitor is selected fromthe

group consisting of |-[(2-chlorophenyl)-diphenyl nethyl]-IHimdazole; 2,2-

bi s(4-fl henyl ) - 2 phenyl acet ami de: .1-[.( 2- chl 1.) di.phenyLmet hyl | -
Trpyr azol o: -1 08 11 45 SEeROaRR &R ptiseh i rall BRRED b ROFR feELR
chl or ophenbohing Besipl dombikihg of ﬁg@y&ﬂé’l@bﬂényﬂ}cﬂibﬁeﬁyﬂmeﬂhs)ghl&ll'l-‘,’(rh)dazole; 2,2-

di phenyl net hyl g-l H-&yr azol e; an ) ) _

| - [ (2- chl obishERgIopaEyRe?rphemst asetamidet t-ERredeophenybdivhgaylmethdl 1 Bf ¢l ai m

53, wherei 1008 i mhi i i 13-%%42% - 1-1(4-

chl or ophenEY‘;‘A?@F’pmyﬁ]&n%{)ﬁ@ﬁwﬁdlfﬁ%%h%g{gg gl.{ . ]ﬁ’lel [ﬁst hod of cl ai m 53,
wher ei n t hehlsraphbnytialigieuly bnéthfii AiH-pyrazsle 21 -A2-fluorophenyl) _ _
? Ihz( ésl;TIa: :Jorﬁ_&{ﬁhe %lgzl]-yﬁhﬁgg{;fgz%fegggg [1 ?[gz-cl?lgfop ngl) 1lgl§]e%?/ln?£th§ll]?lme?r%’zol\émer ern
chl or ophenyl ) di phenyl net hyl ] -1 H pyrazol e.

47. The method of claim 44, wherein the small molecule inhibitor is 1-[(2-

chlorophenyl)-diphenylmethyl]-1H-imidazole.

48. The method of claim 44, wherein the small molecule inhibitor is 2,2-

20  bis(4-fluorophenyl)-2-phenylacetamide.

49.  The method of claim 44, wherein the small molecule inhibitor is 1-[(2-

chlorophenyl)diphenylmethyl]-1H-pyrazole.

25 50.  The method of claim 43, further comprising co-administering to the
subject a therapeutically effective amount of an anti-inflammatory agent, or an

immunosuppressive agent.

51. The method of claim 43, wherein the transplant is a cell, organ, or tissue

30 transplant.
52. A method to prevent cancer metastasis in a subject having cancer, the
method comprising the step of administering to the subject a therapeutically effective

amount of an intermediate-conductance calcium-activated potassium (SK4) channel
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59. The nethod of claimb52, further conprising co-admnistering to the
subject a therapeutically effective anmount of an anti-inflammtory agent,
ant i - bonewbaswy/magsat , | nunosuppr essi ve agent or chenot Reraseaiocsoagent .
60. A nethod to identify an intermnmedi at e-conductance cal ci um acti vat ed

pot assi um <4 hannel inhjbitor th i nhj.bits cell-cell fusion,. the

ot hod conptatardd Tt ishatege btk bk farRghih oo il FinerroEaRRs

candi date pidestb@nngle subjtdi tor; anddeterm ning whether the candi date agent
inhibits cell-cell fusion within the cell population. 61. The net hod of

cl aim 60, wherein the cell population conprises macrophages and the SK4
channel inhibit i nki Qi f usi . met hod
of claim 60, vvhgé'ei nbt:hgéﬁ e?&ﬁﬁ“p%%ﬁ* %%’iv%lﬁelréég}rl%ﬁlgzgﬁ%ﬂafg%g?m? v?\sose?:%ﬁd t ypes,
one of Shi éom the FaaUpOoIASigES ofdh inAibitorpmsdléit acidecmwpoclendl gntibodye hfikshalN e
amount of an i nterpedi at e-conduct ance cal ci um acti vated potassi um ( SK4)
channel i nAIoH IPE@HBr'a t herapeutic, wherein the therapeutic agent is
selected fromthe group consisting of an anti-inflammtory agent,

anti - bone-1o0ss agent, inmunosuppressive agent and chenot herapeutic agent.
64. The conposi t#on dhe ahethod @&laimhEY, evhereih ¢heSKanedienah entibadyirbéagnizes ¢

sel ected fromthe group,consisti.ng. of, an.inhi bitory nucleic acid,

nonocl onal PESFH8H fsrgﬁ%%qi%qu?e WBglé’édiloglai"hﬂ ?)r}$%§.cx§gl.eﬁThe conposi tion of
claim 6@, wherein the nonocl onal anti body recogni zes a pore region or small
nol ecul e- bi ndi ngﬁdomai n of an SK4 channel. 66. The conposition of claim 64,

wherei n the smaPf- noiThe meashodef dhaimo?3,ivehesein s ssaplt meleculednkibionisselgsiedt i ng
of I-[(2-c | )-.qi t -1 Hi m , s )
2, 2-bi s a- FP IR AR oy SRR L P bl SPEG mcthyll- F1-imidazole; 2.2-
f h I[ ? r2 O]E) Ih en }61s}[ﬁﬂphﬁphﬂ:ﬂ?ﬁ)—h—plhkn)}lhéeﬁﬂiilaEH,Ol -ﬁz—chllorophenyl)diphenylmethyl] -1H-
- -fl uor opheny] ) di phenyl net hyl ] -1 Hpyr azol e;
1-[ ( 4-chl onfﬁﬁ%‘ﬁ'yl-i&rfgvfgﬁplr%i)aw?nylmef i}é‘iwéa}mi% Lcl&45 | uor ophenyl )
15  chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)

diphenylmethyl]-1H-pyrazole; and 1-[(2-chlorophenyl)diphenylmethyl]-1H-tetrazole.

56. The method of claim 53, wherein the small molecule inhibitor is 1-[(2-
chlorophenyl)-diphenylmethyl]-1H-imidazole.
20
57. The method of claim 53, wherein the small molecule inhibitor is 2,2-

bis(4-fluorophenyl)-2-phenylacetamide.

58. The method of claim 53, wherein the small molecule inhibitor is 1-[(2-

25  chlorophenyl)diphenylmethyl]-1H-pyrazole.

59.  The method of claim 52, further comprising co-administering to the
subject a therapeutically effective amount of an anti-inflammatory agent, anti-bone-loss
agent, immunosuppressive agent or chemotherapeutic agent.

30

60. A method to identify an intermediate-conductance calcium-activated
potassium (SK4) channel inhibitor that inhibits cell-cell fusion, the method comprising
the steps of:

contacting a cell population with a candidate SK4 channel inhibitor; and
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di phenyl nethyl ] - 1H pyrazole; and 1-[(2-chl orophenyl)di phenyl net hyl ] -
1Htetrazole. 67. The conposition of claim64, wherein the snmall nolecule
i nhi bi t orw0D=20M/058382- chl or ophenyl ) - di phenyl net hyl ] - 1H i mpdaask@9®68:050he
conposition of claim64, wherein the small nolecule inhibitor is

2,2 bl f I Uor opheny ) P e A2 Eh 8 08 @Syt I SARELH AR ™ %
[ (2- chl or oplerMIpbgulheny! met hyl ] -1 H pyrazole. 70. The conposition of claim

63, further conprising a pharnaceutically acceptable carrier.

61.  The method of claim 60, wherein the cell population comprises

5 macrophages and the SK4 channel inhibitor inhibits cell-cell fusion of macrophages.

62.  The method of claim 60, wherein the cell population comprises at least

two cell types, one of which is macrophages.

10 63. A composition comprising:
an effective amount of an intermediate-conductance calcium-activated
potassium (SK4) channel inhibitor; and
a therapeutic, wherein the therapeutic agent is selected from the group
consisting of an anti-inflammatory agent, anti-bone-loss agent, immunosuppressive

15  agent and chemotherapeutic agent.

64.  The composition of claim 63, wherein the SK4 channel inhibitor is
selected from the group consisting of an inhibitory nucleic acid, monoclonal antibody,
and small molecule inhibitor.

20
65. The composition of claim 64, wherein the monoclonal antibody

recognizes a pore region or small molecule-binding domain of an SK4 channel.

66. The composition of claim 64, wherein the small molecule inhibitor is
25  selected from the group consisting of 1-[(2-chlorophenyl)-diphenylmethyl]-1H-
imidazole; 2,2-bis(4-fluorophenyl)-2-phenylacetamide; 1-[(2-
chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)diphenylmethyl]-1H-
pyrazole; 1-[(4-chlorophenyl)diphenylmethyl]-1H-pyrazole; 1-[(2-fluorophenyl)
diphenylmethyl]-1H-pyrazole; and 1-[(2-chlorophenyl)diphenylmethyl]-1H-tetrazole.
30
67. The composition of claim 64, wherein the small molecule inhibitor is 1-

[(2-chlorophenyl)-diphenylmethyl]-1H-imidazole.
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68. The composition of claim 64, wherein the small molecule inhibitor is

2,2-bis(4-fluorophenyl)-2-phenylacetamide.

69.  The composition of claim 64, wherein the small molecule inhibitor is 1-

[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole.

70.  The composition of claim 63, further comprising a pharmaceutically

acceptable carrier.
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