creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Identification of Compound 48/8@ctivated
Chloride channel in RBI2H3

Compound 48/80
RBL- 2H3

2015 02



Compound 48/80
RBL- 2H3

Identification of Compound 48/8@ctivated
Chloride channel in RBI2H3

2015 02

2015 02

—_— =
~_ N~




ABSTRACT

Masdel | s ar e present i n ti ssues in t he
physi ol ogi cnacll ugli mge sasledsekriggyg, tf Bbuesiremodagi ¢
and autoi mmunitytedhley mamy bediami|Cifa i ncl udi
i onophoQoespound 48/ 80, neuropeptides and i mmu
mast redlslas er al me d i tamionres,, csyutcohk ianse shiasnd br ady

According rntos mainyicmempa€al bdlt&dar key factor
ma s t celli oBempannud a# 8/ @@ mankeidli iaz @tdi on was r eg.l
by 4i48o0thsbchkbadesal foni g, agiehled RICDS
channel bl ocker. In this thesad&lchwmenniedenti fy
whiicthinvdil vedanscer of iCdAtamalc enlilsulaari ne degranul at
Basophilic Le@K8Mi aetéell ( RBL

l on channel activated by Co#BpHBumrcdkl 48/ 80 v
usi ng-cwhodl @ at cto nepl caurmpdo KIeBd BrOair u satn RBL c el | s
and these curr e@licd awbareode ki @éhsi dii n g dDibySoand 5
22(PdPhenyl-pmiompo)lbenzoi c acifdbuhNCRBai.tc NEiXI T, 0 swies

Transmembraneke@QanGiERprgtexpriessed by RBL cel



usi n-BCRiIur data showed that Cyclic AMP, known
Clcurrent was abol i sthieiv)lye I OBTRnids C&EXRr es s e
HEK293T <cell s, Compound 48/ 80 whndhcewvhs CFTR
i nhi bited ibtyutADPM saunbdstacti vated byTRkResekol in

findindsthadge€ompounCdc 8 8B&d|l mesli GF EHR.

KeywoRBE® H3, Compound 48/ 80, @yasttcihc CHiabnrpo sT esc
Transmembrane cofGRITTR ance Regul ator
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| NTRODUCTI ON

Mast cells were foundedaboutone centuryago by Paul Ehrlich who
calledthem mastzellemeaningii we | | fedo celtrggdshhpesc ause of
(1, 2).Mast cellscan contaircouple hundreds ajranules(3-6). They arewell
scatteredthroughout the body systenvirtually all types of tissues and
vascularized organ These cells aremainly originatedl from basophilic
pluripotent progeitors in the bone marroW?, 8). Thoseprogenitorstransfer
via blood vessealto thetargettissueswhereprogenitors arelifferentiatal into
mast cell(9-11). Matured mast cells generally clustaround blood vessels,
nerves epithelia, including gasimeestinal tract and pharynx (L2

Ubiquitous mast cellfave afunctional rolein many pathological and
physiological processessuch as allergy, tissue remodeling fibrosis,
angiogenesis, and autoimmunityt3]. They can betriggered by several
pathways, andeleasenumerous mediatordHowever, in this thesis, we only
coveron limited types of pathway and mediator.

Mast cellscan be foundat mucosal barriers and aisvolved in
inflammationby releasing granuldato surrounding tissue (18, 19)hey play
an importantrole in immune diseasesuch asasthma andillergies 20-23).
Degranulation iggenerally occurred ithe beginningf inflammation,whereas

some newly formed mediatorsuch as cytokines and lipid mediataase



associated withater phaseof inflammation.Mast cellgranulesare acidic which

provide appropriate environment fatoring mediatorss uch as hi st ami ne,
hex os ami-hex)demd motegsbsuch as tryptase and chymabkose

granules ardocated near the plasma membrane of the cellssgnthesied

from pro-granules(24).

In primary mmune system, there is no doubt about the fact that mast
cells play eminent rolethey recruitimmune cells such as neutrophilyhen
bacteriaor/and virustrespassnto the systen{25, 18). While they areabiding
on the tissue, they caprodwe growth factors, angiogenic angeurogenic
factors such as granulocyte macrophagsony stimulating factor, vascular
endothelial growth factor anterve growth factorespectively (126, 27). Mast
cells also promote tissueegenerationand remodelingn order to maintain
homeostasi$28, 29). Theyalso play thdfirst line of defense against invading
pathogen®y densely dwelling at possible peril zoii®, 26).

Mast cells getnvolvedin many diseasesncluding chronic bronchitis,
atopic dermatitis, sy®mic mastocytosis, inflammatory bowel diseasancer,
atherosclerosisallergies and asthma@35). Mast cells are welknown to be
the major factorin the initiation and propagation of allergic resporise
degranulationof mediators 13, 36). For instancejn the airway of patients
experiencing asthma, increment in number of mast cells is observed. Then,
mediators released from those cells directly contact into epithelia tissue of

airway, which causéypesensitivity(31).



Cells in general function and communicate through ion channels.
Function of cation (N3 K" or C&") channels are well known whereas anion
channels are not. Among anion channels, chloride channels are the most
significant and abundant especially in mammsgues. (37)CI" channelsare
participatedin modulatingintracellular pH, cell cycle, cell volume, apoptosis,
synaptic transmission and ce#xcitability 37). In mast cell mediator
degranulationis directly regulated byntracellular C&*; C&* flow is directly
affected by other ion currents, including (38). In previous research in our lab,
Ccd* signal was completely abolished by4,4 Diisothiocyane2,2-
stilbenedisulfonic acidDIDS) which blocks Clchannels in general in mast

cells.

There are searal compounds whicstimulate the mast cellsy induang
C&" influx to the cell.Most often thought of in the context wfast cell isigE-
dependent pathway; when antigen is present two IgE molecules bin@td R 1
which triggers signaling mechanism (10, 14). Yeast antibiotic calcium
ionophore A23187orms stable complexewhich form channels or transporters
in the transnembraneso that cation, especiall§a’, cancross the membrane
(15). Substance P binds to neurokifinreceptor, well known €rotein

Coupled Receptor (GPCR), which induces secretignl@).

Compound 48/80 ia polymerartificially synthesizedy the conderisg

N-methylp-methoxyphenethylamine with formaldehydé&vhen Compound



48/80 is applied to the skirtissue, itinduces scratchingbehavior due to
itchiness (51).1t encouragetistamine releasef the mast cellbut the specific
mechanism needs to be elucidatéd/, 45). Moreover, Compound 48/80
mediates intracellular Gaincrease in mast cells along with membrane currents
(52).

Cystic Fibrosis Transmembrane conductance Regul@l6fR) is aCl’
channel/ transporter protein which is activated by intracelllAdiP binding
(37, 39 and40). Thisproteinis composed afwo membranepanning domains
(MSD), each containing sixansmembrandomainsjinked by a PKAbinding
intracellular regulatory domain37). CFTR has two cytoplasmic nucleotide
binding domains (NBD)after 6" domain where ATP bind¢41). CFTR is
triggered byPKA phosphorylatiorat the regulatorydomain, whichleads to
confirmation changehat allowsATP binding to NBD1. Binding of ATP on
NBD1 executesanotherconformationalchangein NBD2 for ATP binding
Then, thoséwo NBDs interact togetheto openup the channeWhich allows
ClI" influx (37, 42). When ATP atthe NBD2 become hydrolyzed, final
conformational changeccurs which inactivagthe channelnd close the gate
(7, 40, Figure 1). Therefore frequency of CFTR activitdepends otthe rate
of binding of ATP at NBD1, whereas the duration of chamutivity depends

ontherate ofATP hydrolysis at NBDZ7).



MATERI ALS AND METHODS

1. Celclul tur e

HEK293T cel-2KH3 amdal IRBBLwWwere nourished in Du
Eagle Medium (DMEM) which contains 10% fetal
pyruamd e0. 5 % tpxerpitooimylciim . Each typleC of cell s
and 5.,0 WoCpPerform electrophysiology techniqqu

on ndownldeoy eroNnleiqoda ypywiodahet @xperi ment .

2. Pl asmids and Transfection

Al | pl asmids were cl oned bHuwsman oGF TNRCBI Ge
gemem pcDNA 3.1 vector, NOtHEKR@R3ds Ictedige 8FP, w
that were ~75% conflOepaf wWeFERNhga@fasfbect ed wi
empty -pNEGHRRCtoOTr, expireg siFnu@gGE GERB,( Poreormetglaéd
manuf gdctimrse ruction and aght O®@7dto0 liexzutba?24 hou

prior to use.



3. El ectrophysecotltdigmgg

Recordings wérye meamf oa fenle dvh @lae ¢ h cl amg
configwarmrtows . types @H3 sbapésobnd®RBEI|I uor
HEK293T <cells were chosen f oAx opeactocrhdi ng.
2008mpl i fier Cd mtmpelxV edD.idyi dat edadld440A
acquisystem (Mol ecul ar Devices) . I n mo s t
hol di ng p6o0t enmM.i ala t-pah swse rfei Iltoew ed at 5bkHz a

usiClgmpFsbof 1@WM_Rleecul ar Devi ce) .

4. Sol uti on

Solutions were preparedinraanmdlxt s adelk bulcareat
envir omhonemda\ uc &r v e, the pipette solution con
mM MgCll mM EGTA, I10mMMMAHEPESd 10O mM GTP. Th
solution contai-€ed: 21 manMNMCRMDOWG HEPES. Il n or
const[Cajuftreaa d ciamp emmembil eommenpti pette sol uti
cont ai ned: G0, nPM mM\WMDMg GM, 1BGTTMM HERBD® mM
ATP and 100 Tnive GblféPt h s ol4udx i oM -BMDEG 2i rmevid :

MgGand 10 mM HEPES.



5. Drug

Agoni sts amudednhinbitthoirss research were pur
Al drTlhére fiugst her noord i £ h eBastciho nDr ug was di ssol
appropriate soRWEICly cadmdb GMIEFPc KEHEO G ,nmMMT P
(100 amMl) GIPGPO weM)e di ssolved in triple distil
Compound( Hg8//n8D0) DES1 M), N P(P1BQ B1), OoP1 mM)
CFTR(-1 hhyMm), For 6¥M)amd I eMOM)wer e soluble to

Di met hyl Sulfoxide (DMSO)

6. Tot al RNA puamidf fcatsitom DNA synt hesi s

Tot al RNAs2H3 ocmre IRRBsL wer e purifeadyand col |

spinE Tot al RNA NEXRQNacBiiootne ckhi,t Kor ea) . Then,

were reversel o $cHainRsdovreirbseed TwiatnfsPor roinpetgiagn Sy st

7. ReverTsanscr PpltymzhraiReacti on

We per fRewvmérdaaer s c Polpy medhashRema c t(RWPICR

anal ysbseami haq DNA hRa$agomem3yisfeihecsD Nele do f



RBR2HBnder wewit gPC&®&n pri mer s. The best

resul ts

the con3d0tcypald@®da mrte adl8i n gT hteeempuesonfactell o ewa r d

anrdev er ssealrel st ed bhenl.ofmbl e 1

Tabl e -ACR Rplr i mer s

Target protein

Primer Sequence

Forward 5-ATG ACT CTACCC ACG GCAZ3'
GAPDH Reverse 5-ACT GTG GTC ATG AGC CCT3
Forward 5-TGG CTC CAT GGA CAAGAAGT 3
LRRCBA Reverse 5-AGG ATC TTG AAG AGG GTG GE3'
Forward 5-CTA AGC CAT GGT CAC AAGCA Z
CFTR Reverse 5-TTG CACTTCTTC CTC CGT CT3'
Forward 5- CGT GGT CAT CAT TCT GCT G&3'
ANO 1 Reverse 5-TTATGT ACT CCT CGC GGT CE3'
Forward 5-GCT GTA CGT GCC CAG TAT Ta3'
ANOG 10 Reverse 5-AGT GCC CATTTC CTT CTC CA3'
Forward 5-GGT TCGGAC AGA TGT CAG GTF 3
TRPC 1 Reverse 5- GGG CAAAAG TTG CCAAGT AA 3
Forward 5-CTAACACCC GTC CCCCTT3
TRPC 2 Reverse 5'- GAT TAA GGG CTT CCC TCE3'
Forward 5-CTT GTG TTC AAC GCC TCA GA3Z
TRPC 3

Reverse

5'- AGG GTC AGA AGG AAG CCATEZ




8. Statistical anal ysis

All recsulltcualdalineedatS. E. of at |l east three
exper i me mtve r,adgastindicating the number of trialsSt at i st i c al
significawag WHNOVA(whneth post hper Taokmgd anal
using a st af{Sisgtmag¢ Sthtistghbsighifcanee was accepted pat

values of: *p < 0.05, *p< 0.01



RESULTS

1. Compound 48/ 80 surmehas2BHB3CRBL

To determine whether Cocmprasuenindn -24RBB L8 0 gener
celwWwes exami neeg utrre¥ v orletlaagtei onshi p of Compound
curr evet sc,ormdsdtiiftfubllee€ht concent-raand omxtorfaciedtl rud a
solution: respectivdheny70i mMo etdhder 1r6efv epnMead i c t
potentgdafl-vVr(e/l at,i oNehnpt Equdthieeng u iwlais b rui suend
potent)fadCl ( ¥was cal cwltdédteedunoonnsiadeerterd s
experiment due to canceling out. RAveonrding t
Clequi |l pbrendpwa¥o(¥2 mV.

After Compound i48//18c0ut three aotumtewnatr,di rect i fyi
currents in response protwerdde paog Ea@E rzmvth gatr a mp
whi copprsoxi mat e ci(oFigalfekeélat. eMegwd ihcedt g@at e

t hat t he Codnopecsu nsdciicndBulBatne2 Hidre.| RB L



2. Clcurrent | @odmpcoeudn dby4 8/ 80 i s abl ated by
channel i nhRBH3t or s

Endogemrmiustiyng channuebli guursad emer sc alrles nodnt &
and someThdie,nptopul ati on <stomdy pwesdeeof or med
Compound 48/ &0 oriinddau d emhBatPcH.8 To constitute t he
environmentpenrnmé atwii amg Lpeci fi calld gl buitomot ceé
waasppliinedotahn di netxrtaNatcabll w,| a27 (6E8I1%) s exit boft e4lO
r obusitr raenvde rcsuirtrleentClr esponse (abogfi duméd) to
2) .

I n addiotviaodna,t e t hécharermeloffnulilce ¢ pponns e
CompoundphmMa8rdadcol ogi cal i'chiaminedr wasef feexatmi o
Remar kabl ye got men't of bgtemed&Eba&nmald INP&FBker s,
el i milhaureidedtuced byl 8CEBMOp o Uk ed) .ttohg est hdeart, a

show that Compound 4 8c/h8a0n naecl2iHia tRBIL unknown CI

3. CompoundacAt8i/@BEOT Bsi A2 HBB L

3.8FTRendogenously e2HB8essed in RBL

Texami ne whathakninmednsbdgre@ousl y eHBr essed in



in the molecul ar -PERelRTCRwanpéybodgmedeRal ed t
werCEFTRRRCB8/ARA G nAnoct andanQ@lrle (expressed (figur
Among t hos@F TcReEah@lcehlaswhd liceni de k pr e s smendi nien
celalngll ays a sestuictmelasr @lreot ecti o@Qa)pd®di nst bac
Ther ewebr est CiFaldign®tihgd many hatnmerd ClanBBOat es
2H3.n adadi teixeamif nt@e cafhe@MmBRoNi t ored the current
cyclic AMP, knownhsasp@FbRdhet cHBDestohr md g RBL
the el® otwl ydacuili Meh.tidsvghrdg curred DaD&, anden,
CFTR (7vBhwere treaReendhr kalttbgleelasateé yr ecovered

back to base (figure

32ldlcicurrent induced byef€pmpELiEdiRe 486 80 i

Next, we sought to determine whether Compc«
genercadwersr elnt-2H3n. RBhle currents stimulated in
were treated with CFTR specific pharmacol ogi
172. Notably, we observegcuohmréentCCompeuadsd@p BeE
by CFTR s peer¢sf f g.o oM le®@whHeern, ADP is substituted i
i nstead of AT P, CFTR activator, current in r
(figuQoel I7e)c.t i vely, t hlersenddiat€a mpegpndissdB@t 80 hat

ger mam eCiFRARRIZ H3 .



4. Compound 48/ 80 c warcrternvtags e s n CFTR overex

HEK293T cell

ToexamCHk&R i n t eCsopmoprosuen d wed 8 f 8 0 st assessec
over ex LCrFefTRsean HEKZB81Te cebl no endogenous CF’
expressed . Thu#HEKREO83TdTurrent was observed in r e
48/ 80 and mixture of Forskolin and | BMX (fig
which generates a&pAMPsdpahacslt d iBeveXe riiswhi ch pr even
c AMP de g;r acdvaaAiM#Hnl ctornateinon remai ned steady i n c
factHEK293T cel |l contaimscoéoonrwaot raacskeepedr .
hCFTRMtbe HEK29rBa&dbust current aacptpiavirietnites wer €
response of( fbiogwhr ealghbbnadd s®hd@GFTTR oa¢chi vity
HEK293We ®&ApPpPlnterda €CEMRuUl aanlidong owi,t h Compound 4
treatAme etr eplllacemenADR fs uApTpPu etsoe e @Whi ch was t he
same response in TRRI nichtdorlget ( d d gtuld@T&R0 ) .

channel i s crceusrproennsti bilned utcoed. by Compound 48/ 80
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