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=15 YEd Utk o' zHEolE EFF9 £8A, HFAA ads
endometrial cell(Koukouritaki &, 1996), vascular smooth muscle(Steiner <,
1988, Muto &, 2000), 183 renal cortical collecting duct(Harvey 2 Higgins,
2000059 oA AEZEANA ZEH vk E=I AR ZIEFE A9 A Z A
dexamethasone(Urbach &, 2002)3} aldosterone(Urbach &, 200Del 2|3 &84,
Az a7 ExH7| = AT

H]
2 AAES g

o

A AL FZAH Aa A E(mormal human nasal

epithelial cell : NHNE celDoll A B EH] AxzoA 7€ B0 FAAZ I8 A
2l+= adenosine triphosphate(ATP)o ol&] AZU ZHs=9 HYEn|o HIE
gQlstar oo tisle] dexamethasone¥} aldosteroneo] <&, vHIFHAZAH a3E

St

BN
>



A2 A B T

2.1 Al=&e 9 vj

lem oA AAFAsAS AHE =22
7} 012k 1:1 DMEM/F129] Y31 4TolA 15-18A1tE<t EA R ATt £l
MEELS AFIHEE AASI7I9I8] Petri dish'da 37C, 5% COz vl 7]l A
3087 £k 2 3 248 A9AEZ 6x10°7]1S 75cm’ tissue culture flaskel @
L & wjokEdth. Wik e Dbovine pituitary extract, insulin, hydrocortisone,
GA-1000, retinoic acid, transferrin, triiodothyroinine, epinephrine, 1&]3 hEGF
£ X33 bronchial epithelial growth medium(Clonetics, Walkersville, MD,
USA)S AHg3t . wldkE ME7F 80-90%2] 3F7F ol Foidu 74A] o] &9 &
HA vy S Zdob FAoh FRIVE o o] FoA W trypsin/EDTAE A elste] &
2% A A Lo YEsHBASHT. Al ESE hemocytometerES Ag3ste] A5
=3

2.2. 3% Av AL ol &7 AEY ZHolF=(Ca¥])) 3

AZY  ZHoles=(Cahel Was =4str] 8l FFo|mA Ax=d
(fluorescence imaging system)& A3t T WA wlgd  ImLol 4uM
Fura-2/AM& Z71% of7]o @9 passage-2 AtE ZAHE AIAZ7F Bojde
coverslipe ¥2 T A, A20A 30&3F FshAzTh Fa7t Ud =
u] 74 (IX51, Olympus, Japan)$9le] #7F AW (Warner Instrument, Hamden, CT,
USA)el &d ¥ FF #AFHES TYo 9 2ml/min £=2 1583t #FAIA

Z 13 2ol ~H 2 3 (deesterification)’} H == s}



g Folu = 75-W Xenon lampEZHE v Fdight source)Z Fura-2/AM
of #g3 340nme} 380nme] HFo = o 7)(excitation) Al AW 510nme] 3}
A W (emission)® = &3 Al7]1E CCD 7h#l2H(Cascade, Roper, USAE &3 =
ZAA olmAE Yehfo] Fow(ad D, 8F H=9 v&Ful/Fp)ol AEU
Lol =(CaDE stk AZU ZHoles=(Ca Do wWsle 4L

HA 72 AFA MY JFEHE FE3e T84T dFSEAFTY sl ATPE
Fojste I oMz AEZY Zgolewie WsE #FIINAT ATPE
Fd FEAQ P2XeF P2YE BT AFshe HI5o|d FHXAZA ATP00 «ME
287 EQslHA 3% 7tAo g =AY ¢ 5B GBS AHA 30x A0S
2 Z2A3te Bl ¥ AMTEHS

Hassidot, 1 & oAl 10w3t
dexamethasone ¥ aldosterone< Z+ =107 - 10°Mell whe} 108-3F A= 2] 3}
M 3x HHo 2 =A3a 283 ATPA00 «M)e} dexamethasone X+ aldosterone
= A Tty PFoln S FAHeAT

=243 FPFolm A AZEYO H7)A<0 MetaFluor 6.1(Universal Imaging
Corporation, USA)Z 7|23+ 5, A AZo] ATPA0 . MZE @5 Fof & yehd
340/380 ratiogre] LS 7IFFOZ dte] AHRo|E TES HAAX FT ATP
FoJ A9 340/380 ratioe] Higks 7lE=gkel tigk WE-&(% above controDZ
Effo] vl #4353t

23 EAAYALFHANE o] 8T HAR o] B

oft

A4 Abgr 2o AsAEe] geRule 24 Lin 519899 WEe WEs

rlo

of E4AAFASFAHAAAE(ELISAZ Al &6t

9 12 well culture flaskel] 3F welld passage-2 = AL 2x10°/mL&
0.5mL# i1, 80-90%¢] 77t ol Fold wj7hA] kst ¢R7F EF o] Fof
AW 27, HHAAE, dexamethasone(10'M) A x|, aldosterone(10°M) =

X2 Ugi, AAHAA FEEZE AFS 108, 1AZE 24A2F 22 3tk



A X ol A A&-3F dexamethasoned} aldosteroned] %= MX ojnd ¥
Al ATPoll &3k AEW Zgoles®d 45s 7ME Wol ZaA 52 2R
SHATH AAA7F £ & dz2FS A ZE wello] ATPA00 M-S 3083+ A
g3t ZE welle] A5 FASFT. FA% 4S5 H¥L  double-sandwich
ELISA methodE &3t 2 w59 {3 =(optical density)s ™z HlLsto]

fzaoA AEFE $FS xHstE wFo] o2 MES(% above controDZE YERY

21t} double sandwich ELISA method® g ekstd o3 2t}

rulo

A AH 17B1(Covance research product, Berkeley, CA) IgG 10xLE coating
buffer(0.05M sodium carbonate buffer, pH9.6) 10mLel 3243 96well EIA
plate(Costar Co, cambridge, MA)oll ¥ 31 A2 4 12-16A1ZF W3 welldl &
ZAZATH 1 % 0.05% PBS-Tween®20(PBS-T)e] &S o] &3te] MAEAT 1%
S8 A gHE A (bovine serum albumin: BSA), 5% sucrose, 1&]3 0.05 NaN;& 3
33k PBSZ 7+ welloll 300 L8 Qi 1AZESE ¥HSAA welld] F2E A ka
Fe oo BSAZE F2HA st BIEolH whgo] dojubs AE WASAT 1
AZEE oA AA S st AHT S-S AW A o2t 2 welld 100 «L
] B AeoA 2A1ZES WAEIAT. Al olE AAHEZFE 1% BSAS 0.05%
Tween®20& 41& TBSEA(TBS buffer: 20mM Tris, 150mM NaCl, pH 8.0)o]

l

17Q2(Covance research products, Berkeley, CA) alkaline phosphatase-conjugated
IgGE ¥ ol & 7} welld 100 LA @i A4 2AZ WX & MHS 33T
nx]geto 2 phosphate  substrate  solution(p-Nitrophenyl — phosphate  ligiud
substrate, Sigma, St. Louis, MO)& do] #Ankg& AlA ELISA®=7]Z 405nm
oA ZAsA.

24. GHA A FENNSES T MUCSAC FAAY] 4

Dexamethasone A X Al7bol]l w2 MUCHACY F4A &3 A oRE

ol o ZX 1087+ dexamethasone = x]3% v}l



Ao oF AUA opdAZ AR dolr 1A st 3709 10cm® plastic
tissue culture dishg tHZT, 108 dexamethasone(10'M) A X, 2443t
dexamethasone(10'M) % A i]—'rLP_i U1 dishd wjeFe} 10mLel| Passage-2 =
Mt AIAE XIS B F 80-90%7HF FHIF o] Fo1d WA Wl FE S
o,

A guanidinium thiocyanate-phenol-chloroform F& WH-S AR&3te] uj =

passage-2 A" AuNEZERE HAA RNAS &8 39 tHChomczynski

N)

[o

Sacchi, 1987). &, A|XZE guanidinium thiocyanate buffer2 lysisA|z] =
phenol ¥ chloroform& 7}t dS 9ol A 158% o] HASIATH °]E 4TE
A1 10,000 xg=® 20&3F A EEete] FFTARSE A ~HA Ao o] A
NS FTFY isopropanol# 42 T -70TollA 1AIZF o] RNAE HHAAG.
oAl 4Tl A 10,000 xg= 201 ¥4 #2]5te] RNA pelletg dAoH, °o]&
Al 75% ethanolZ A ojdl & A4l ZF23te] RNA A& A3l

cDNA9] A& 2 g RNAS} 0.5g random hexamerE WA 70Co| A 5&3t vt

|
o

S Al 7131, reverse transcriptase 200 units, dNTP 25 nmoles, RNase inhibitor 20
unitss o] EFHE A st 37Tl A 1AZF RESAIF 024 o] Foth. o]o] PCRo]
o] Fojxlom, ol Q3 MUCSACe] thdt AEA(primen)+ o|n] #xE ATt
MUC5AC cDNA $7]4<¥(Genbank accession No. AF015521)& Edi& |, 5
primer, 5'-ACATCAGGAACAGCTTCGAG-3’2} 3’primer, 5 -
ATCATAGGCTTCGTGCAGAC-3'E AF&3te] 283 bpe 7Iti=rl=Z A #35H
PCR ¥Fgdo= A E cDNA 0.05xg, 272l primer pair(10 pmoles), 1.25 units
9] AmpliTag DNA polimerase(Perkin-Elmer, Norwalk, CT), 10 nmoles®] dNTP
5ol TEFHA shH, 94T 30x, 60T 30x, 72C 18S=Z 35 cycleset WA
t}. PCR AFE2 ethidium bromide’} E3¥ 1.1% agarose gelol] Z7]%9 53}
U.V.stell A #zstdo



2.5. 4889 2 F&

Fura-2/AM2 Molecular probes(Eugene, OR, USA)lA FU3H L, ATP,
dexamethasone, ¥ aldosterones =33 & =E =42 Sigma(St. Louis, MO,
USA)ellA sttt s 388 A Mz #FA(external solusion; PSS)<]
ZA4mM)-e 137 NaCl, 54 KCl, 1.8 CaCl,, 1 MgCl,, 5 HEPES z8]a 10
glucose(pH 7.4)°] At}

2.6. A5 EA

Ay HdMean)# EEZLLAHCEME Yetlom, AR o9& paired

=2 unpaired t-fHAF o2 HFsk, pakel 0.05 olstd wWE o7 Ael7E AT



e, Sam ple

Fluor Objective

Dichroic Mrror

Relay

CCcD
Lens

Image
Intensifier

Inverted microscope configured for fluorescence rati o imaging.

39 1 AZEY Zgoles: FAHLS A% ¥F AR 24X luminatord]
A YU+ F¥UF Fura-2/AMe] A$Hsk 340nme} 380nme] 40 F  excitationAl
Z<uw 510nme] A emission® = FF Al71E CCD ZhWetE S3l A
A olm A2 Yetfo] Fom ojZio] HFH Y = yzIo| AAHAH.



A3 23

31, AT Zgolexss wW3ld W3 dexamethasone}
aldosterone &3}

Zg oA ANzEHS Tl AP A3 Ae 2 Al Ze A ATP00 4
FAA Az ZgolesEe] dse BFD & JAHTH 2. 18y 7]

Ao A EAN  AEW ZEol2EEE

bl
N
=)
)
&
)
kL

dEA e
dexamethasone®} aldosterone& F A uF Ay A Zo] InMFE 1xM7A @% Eo
Al AIZY ZFoleRe Hees #EEA Adti(aE 3).

I I A x| dexamethasone T+ aldosterone2 1083t A X X3 ATPo|

o AW Zgoles=d WstE AFsTh 1 A3 ATP F9q 5 10
B AAA glol AL & ATPE A Fo A yehd Alzy Zgol2sxe
s 1w viaste yebd WEE(% above control) ¥ Hla Al InMEF
B 1 M7HA BE AARATANA AlZW Zgols =7t Az Fol3t &
© 8 Zavt UeRES Sttt =3 AATeA AAAE ATPO W35 &
T S5EXF AlFs A A ATPE T8 ol AlZY Zgol2es=d wstaz



ATP 100uM

Ratio 340/380

QZunn|

100sec

a8 2. ATP7} ZA9 AMEdA AxY ZEoleEE ®WHdld nmxes o
3. ATPA00 . ME =AY AuA o) »=Z3a F43 AZY ZHoles e W
37 #E = A

o



Ratio 340/380 Aldosterone 1nM
0.2Unit

100sec

1% 3. Aldosteroneo] ZAut A M EAA HMEY ZFoleFE ¥l HX
= 93 Aldosterones FoJstR o AlxY ZEsEe Wes JEEHA E
o} &3 dexamethasone?] 79-ol= TLT 237 YEFSTH



ATP 100 M

®

Aldosterone 1nM +ATP 100UM

ATP 100UM

Ratio 340/380
0.2Unit| -

100sec  Aldosterone 1nM

ATP 100uM ATP 100pM ATP 100uM

Ratio 340/380

0.2Unit|

100sec

ATP 100uM

©

Dexa 10'M+ATP 100uM

Ratio 340/380
O.2Unitl ol T
Dexa 10'M
100sec
39 4. ZFHG FVAENA 2EHRolE EFE AXNX AP} Fo ATP %
AXY ZHolesE W3HATP-induced [Ca*]} response). 1% A: aldosterone
o] AR M} 59 ATP = AEZW ZEsx HSIEA HA-A F dbg9 7+

A5 AT F JdRoH, 22 ANNAE F AXA glo] AFg ¢ At
9% WrE A= AFE A 2othB). E3F dexamethasoned] A-$% aldosterone
F Zo] AXX T S AE FAT 5 AATHO)



® =

50

% Control

Control 10° 108 107 10
Dexamethasone(M)

1004

50

% Control

control 10° 10® 107  10°
Aldosterone(M)

3% 5. 498 ®X%9 dexamethasones} aldosterone ol &g ATP f% Al
T ZHolLE =9 W3l Dexamethasone(A)} aldosterone(®)e] o1& %107
- 10°Well wE ATP = AZU Zus: A3k /P a9 %
dexamethasone?] 79~ 10"Me] 1.2 aldosterone?] 7<% 10°M< YeER AT

rr



3.2. Dexamethasone3} aldosteroneo] 2&J3F ATP = HY &
H] o] s}

SR g A LA B ATl A 3057 ATP 1004 MS Fo] & 7429 3
oo oke tlmol whEke] of 250% shee] FEd H4+e slstdnh L

dexamethasone X+ aldosteroneS 108, 1A17F, Z28]3 24A7F B<F AHAAx =

~

ATP 100 xME 3083 AA&A-S A5 vl A-A o] Bl FAEn e F7tRth
ZaEE s gelstdnh 14Z

AR Yo|YA  AAHIFS  FAsA, 108 AHATZANAE
dexamethasone2 A& °]o]& X321} aldosterone Az o7 giAG et
aldosteronec] dexamethasone®t} ThA WHE HT7F =58 & & AAHH

6).

.
ofX

Ak 24X AAA T2 B A Aol Hls)

rlo
of



300 A

% p<0.05

1 Control

~ . \o PreTx

o * DEXA(10”'M)
£200 - EEE ALDO(107°M)
3

S

H
3
|

O.D.

10 min 1 hour 24 hours

g 6. ZFEY FyAEA 2HEol= FESL ATP #%= HYEH]J o
Z+2 &3}, Dexamethasone(10'M)®} aldosterone(10°°M)S 10%, 1A3F, 18]3 24
A ZHE <t T ATPA00 . M)E T3 A3 AAHAE A &2 TR} 9y

A =]
AE A4S FAT = AU o] A= ZHH A He AFS AX AAh



3.3. Dexamethasone®] MUCSAC &= B3| tid IF

dexamethasone A X2 ¢ MUCSAC mRNAZ} #d3s HA2EQo) 244
7t dexamethasone®] A X7} AR +& MUCSAC mRNAS =do] AA A
£& Festgtiad 7). o] E3&) 105 dexamethasone Aol A2 ATPo| ¢

g HAEn e ZFae HFAA Eddd o3 Ade SHY F A



MUCS5AC

B-actin

control  10min  24hrs

a8 7. ZAY A9AHEAA  dexamethasone®] MUCSAC AY HFHAAY
mRNA E&o] i@ &3} 10% dexamethasone A= & ATPA00 . ME 30E3t
Eog 9o 4% MUCSAC HAFxztel wrdo] #FEY 24417 AAH A 9
749 MUCSAC AHA izt wrdo] yepbA] gt f-actine ¢4 2o =2
o] &3ttt



A4y o

2 AARESS ol AP AAE Tl vidE AR AR 2 A Azl A
dexamethasone¥} aldosterone®] X ulo] wX= &a4, vlFd4d a3 ok
SAE AANT 4 Ao o]= Fernando 5(1997)°] At I AF3] Al o A
aldosterone®] 484 &3to] o3 MIEY Zgolsol HIE B3 o9
At 29 A A o A dexamethasoned} aldosteronee] &&A, vl &3
& B33 A =woldt Adr

2HRo|E FE9 AEZUY ZgolxF=d e £34 BHE A AEAA
olm] WE=F AT mineralocorticoid?! aldosteronee] 749 human bronchial
epithelial 16HBE14o-cell(Urbach &, 2001)3} skeletal muscle(Passaquin 5, 1998)
oA AEXU Zgol2sE=E ¥FH, vascular smooth muscle(Wehling 5, 1994),
rat colonic epithelial cell, T84 cell, ZZ2]3. murine cortical collecting duct cell®l
A e AsS 83t s thiDoolan %5, 1996, Maguire &, 1999; Harvey
2 Higgins, 2000). =3+ 178 -estradiol> cardiac myocyte(Jiang ,1992)<}
coronary arterial smooth muscle(Prakash &, 19994 AXZY ZEo|2FEE
w=A 3 3t 6™, glucocorticoidi=  cortical collecting ductMHarvey %
Higgins, 2000), proximal tubule(Han &, 1999), Z¥]3 vascular smooth
muscle(Steiner &, 1988)old wWE MEY ZEolEiEe A, W=
myocyte(Passaquin 5, 1998), human lymphoblast(Gardner = Zhang, 1999),
airway smooth muscle(Chhabra -5, 1999), =8]3 16HBEl4o-celllUrbach <,
20024 A4S RSt ol oad WEES ZHEOE R AEY
ol mat £8384, HFAH 23U 47 & FEA% A GAAE A st
22 AAYE AR FH3a At Ae 29 FoAEe] A9 Fernando &

aito o8 AzW ZAgol2sEY dsol e
See Husdth a8y B AARSY A3l aldosteronet®  ofuzh

dexamethasoneol| A= ATP Qlo] ©= FAAl Az ZgolsEd WHILE &<l



APe @ ool 1 Exb} el $EAS FAfAA] HHol 7

2HA FeS FAFoEN 2HEOE FE9 HIFHA

7 Azbskal ok

Urbach &(2001, 2002)2 HjFE AMg 7132 F3Axe} 16HBE14o-cellol A
dexamethasone3} aldsoterone2] gk M Eu] Zrgolyxo] AH3E FlsPa o]
28 &3} adenylate  cyclase®}  protein  kinase @ AZ  AF3
thapsigargin-sensitive Ca”-ATPased] 2|3 A< FHAT. Ty B AAE
o] A% ZHu Ao A Eo| dexamethasoneiE aldosteroned & Fo| Al A
W Zgoles e WE #FET F AoEE I FIAZAA Z2EH ZO
T &Y £83A4, A A #oste AlEW AsHDA A= AlEF(cell

line)et primary cell®] =po] = ZHE FujAlzel 7|dA] Hupda A zeke] =

k

o)

_,d
N

NucleotideE2 7, 3 &
ow, 53 AaAxe HT AxEu  dde  P2Y F8&A = inositol
1,4,5-triphosphate(IP3)$} Al Zo]-22
Ag¢g Gty dEA vk Choi 520032 widd A4 Alg ZH9 AT
M3Zo| A  P2Y subtypeo.Z P2Y;, P2Y, P2Y, P2Y; 7} ©&dEH] Qo P2Yge=
AR A FAtha stk B AAE =23 B =& MASz LA R uj g

% AR ZAHE Az A P2Y subtypes EANG A FUT AAE AU

O

15& wilste] %7] &xld Fa3d

¢



jud

ZHEo|E FE HAEHA BHRE B ojde APEe A 1 23
b A S AMS FEE] A8 ZHEolE EEo o3 HAFHA
T oA 5 SAE AAEAT. Kai 50199634 Kim (2002 ZH2
dexamethasone¥} budesonide’} NCI-H292(human pulmonary mucoepidermoid
carcinoma cell line)uleF AEZA HAFHAAe] FHE AAFS FHEIHRAL ©]
E 53 ZEIZolE E&9 HARMY HAAHAVE FHA Ao o3 AYES

FASA[T. B AR EE 24475 dexamethasoneo] =28 I AU A A E o
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ABSTRACT

Rapid, Non-genomic Reduction of Intracelluar [Ca®']
and Mucin Secretion by Steroid Hormones in

Human Nasal Epithelial Cells

Kim Tae Hwan
Department of Medicine

The Graduate School, Yonsel University
(Directed by Professor Dong-Joon, Park)

Airway mucus hypersecretion is one of the major clinical manifestation
of patients suffering from various upper or lower respiratory tract
diseases. but unfortunately, no drugs are yet available to control airway
mucus hypersecretion. Although current pharmacological approaches to
airway mucus production are limited, among a few wuseful drugs, steroid
hormones seem to be the most effective. The effect of steroid hormones
is classically described as a genomic mechanism involving nucleus
transcription. but there is growing evidence for rapid, non-genomic effect
of steroid hormones through various second messenger systems and ion
transporters. In order to investigate a possible rapid, non-genomic effect
of dexamethasone and aldosterone in cultured normal human nasal
epithelia(NHNE) cell, effect of dexamethasone and aldosterone was tested

on the intracellular calcium response(d[Ca2+]i) and mucin secretion to



external ATP, a known secretagogue in airway epithelial cells, with
fluorescence  imaging system and ELISA, respectively. Also, we
demonstrated the effect of dexamethasone on mRNA expression of
MUC5AC mucin gene for evidence of the existence of non-genomic
mechanism of steroid hormones in NHNE cells. Pretreatment with
dexamethasone or aldosterone with various concentration and duration
caused a reduction in the J4[Ca2+]li and mucin secretion to ATP. In
RT-PCR, 10 minutes dexamethasone pretreatment did not attenutate mRNA
expression of MUCS5AC mucin gene. but 24 Thours dexamethasone
pretreatment attenuate it. These data indicate that a few minutes steroid
hormone pretreatment decrease the A[Ca2+]i and mucin secretion via a
non—-genomic mechanism. In this study, We confirmed the rapid,
non-genomic effect of steroid hormones in NHNE cells and suggest this
study model for the research of the development of antisecretory drug,

which have rapid effect.

Key words: nasal mucosa, mucin, dexamethasone, aldosterone, MUC5AC
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