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<ABSTRACT>

UTP stimulates chloride secretion via CFTR and'@ativated chloride
channels in cultured human middle ear epitheliiéce

Eun Jin Son

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Won-Sang Lee)

OBJECTIVE Nucleotide binding to purinergic P2Y receptorstautes to
the regulation of fluid and ion transport in mideiar epithelial cells. Here, we
investigated the regulatory mechanism of the P2¥eptor agonist
uridine-5’-triphosphate (UTP) on Qlansport in cultured normal human
middle ear (NHMEE) cellsMETHODS Monolayers of cultured NHMEE cells
were mounted in Ussing chambers to perform elebgrsiplogical
measurements. Molecular expression of'‘@ativated chloride channels
(CACC) was examined by RT-PCRESUL TS Apical addition of UTP in
presence of amiloride evoked a transient rise asubstined response in short
circuit currents @c) due to Clefflux. Application of different chloride channel
blockers to the apical side of the tissues was tbdggnificantly decrease
UTP-induced gc. Niflumic acid (NFA), a known blocker of CACC, and
CFTRIinh-172, a selective inhibitor of CFTR, paitiahhibited the
UTP-induced Clsecretion respectively. Calcium-chelating agenPBA-AM
blocked the UTP-induced activation of CACC. Inhimt of PKC reduced
UTP-dependent stimulation of @fflux. CACC mRNA expression was
confirmed by RT-PCRDISCUSSION & CONCLUSION CI transport across
airway epithelia plays a predominant role in regntpairway hydration.
Nucleotides are known to stimulate anion secredicnoss airway epithelia by
acting on P2Y receptors on the apical membranthisnstudy, the P2y
receptor agonist UTP is shown to increase both CAGECCFTR-dependent



CI" secretion in NHMEE cells, and that the PKC pathvgapvolved in CFTR
activation in human middle ear epithelial cells.

Key words : UTP, chloride secretion, cystic fibssiransmembrane
conductance regulator, €aactivated chloride channels, middle ea
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[. INTRODUCTION

A fluid-free middle ear cavity is maintained by rdid ear epithelium. The middle ear
epithelial cells control the airway surface liq&ISL) volume and composition tightly by
regulating both fluid and electrolyte absorptiord a®cretion. Otitis media with effusion
(OME) results from retention of cellular exudatesthe middle ear cavity following
upper respiratory tract infection. OME is a verymgnon childhood disease and about
80% of all children experience at least one episol®©ME in preschool ages. The
number of annual hospital visits for otitis medieover 130 thousanidand the visits cost
about 3 billion dollars in the USAIn Korea, statistics report the prevalence of OME
over 2% in 1993 and rising.

Inflammation in the middle ear mucosa, caused Wslg bacterial and viral pathogens,
is the primary event in the middle ear predisposhwey development of OME. However,
little is known about factors leading to retentioheffusion. One important feature of
OME involves goblet cell hyperplasia in the midéar epithelia and resultant mucus
hypersecretion. Goblet cell hyperplasia is esphcialore evident in mucous effusions
that are usually refractory to medical therapy aequire surgical interventioh® Since
the middle ear mucosa is considered an extensigheofespiratory tract epithelium and
its surface is covered with a thin layer of mucus airway surface liquid (ASL). The



volume and composition of ASL in lower airway isom to be meticulously maintained
by various ion transport systems such as epithsbaium channel (ENaC) and cystic
fibrosis transmembrane conductance regulator (CFDRallow effective mucociliary
clearance. Recent studies report similar ion trartsgystems in the middle ear epithelium
and their role in the pathogenesis of ONME Alterations in the function of these ion
channels are proposed to result in increased $aeret reduced absorption of ASL and
lead to development of OME.

Airway epithelia utilize active ion transport to thdate the ASL volumé&: Chloride ion
(CIN transport is thought to play predominant rolesirway hydration. Electrolyte and
fluid transport system of the middle ear epitheliisnsimilar to that of lower airway
epithelium. Inflammatory mediators can stimulatngepithelial Clsecretion in middle
ear epithelial cells, and resulting fluid transpovay be involved in the pathogenesis of
OME?

CI" enters polarized airway epithelial cells througisdateral N&K*-CI" Cotransporter
(NKCC) and is secreted by two apical channels: CFfid C4'- activated Clchannel
(CACC). CFTR is a well-known cAMP-regulated”@onductance and plays a critical
role of maintaining ASL volume under basal condifd®** CACC is a recently
identified anion channel in the apical membrane cwhis stimulated via a P2Y
receptor-mediated increase in intracellula’Ca both human and murine airways.
Contribution of CACC, as an alternative €hannel, in fluid transport and thus ASL
maintenance is considered even more important sticyfibrosis patients who lack
CFTR.

Luminal nucleotides are known to stimulate aniorrsgon in airway epithelia by
activating P2 receptors in the apical cell membrdnethe respiratory system, P1A
P2Y,, P2Y,, some P2X receptor subtypes are expressed anakontcociliary clearance,
ion transport, ciliary beat frequency and mucireask®*® The middle ear mucosa shows
slightly different patterns of P2Y receptors: B2¥nd P2¥ receptors have been
identified!* Also, UTP has been shown to induce mucin secrétioniddle ear epithelial
cells™ However, little is known about the role of UTPtire ion and fluid transport in the



middle ear mucosa. Since abnormal fluid retentioth mucin hypersecretion are the main
pathologic processes, the effect of luminal UTPQInsecretion may be important in
understanding the pathology of OME.

The aim of this study was to examine the effectUd® on Cl transport system to
elucidate the possible role of CACC in cultured mar human middle ear epithelial
(NHMEE) cells.

II. MATERIALS AND METHODS

1. Solutions and chemicals

The HCQ -buffered NaCl solution contained (in mM): 120 Na& KCI, 1 MgCh, 1
CaCl, 10 D-glucose, 5 HEPES, and 25 NaHCGOpH 7.4. The HCgbuffered solutions
was continuously gassed with 95%, @nd 5% CQ@ to maintain solution pH. The
osmolarity of all solutions was adjusted to 310 moEkg with the major salt prior to use.
All other chemicals were purchased from Sigma-Aldr{St. Louis, MO, USA).



Table 1. Function of chemicals.

Chemicals Function Concentration Reference
Amiloride ENaC inhibitor 100pM Gary & Palmer(1997f
TEA (tetraethylammonium) Apical Kchannel blocker 5mM Rechkemmer & HaIm(198§3
UTP (uridine-5'-triphosphate) P2 receptor agonist 00 LM von Kugelgen & Wetter(2006‘3
CFTRinh172 CFTR inhibitor 100pM Maet al. (2002f°
BAPTA-AM(2-bis 2-aminophenoxy| C&'-chelating agent 50 uM Dormer (19843

ethane-N,N,N',N'-tetraacetic acifl

-acetoxy methyl ester)
Niflumic acid CACC inhibitor 100puM Gruberet al. (1998)25
Calphostin C PKC inhibitor 0.1 uM Chenet al. (2001f°

2. Céell culture

Primary cultures of NHMEE cells were prepared ascdbed previously’ All
procedures were approved by the Institutional RevBoard of Yonsei Medical Center.
Passage-2 NHMEE cells were plated on a collagetedosemi-permeable membrane
with a pore size of 0.45 um (Transwell-clear, Co§ta., Cambridge, MA) at a density of
1.0 x 10 cells/cnf. The cells were maintained in a 1:1 mixture ofrimtuial epithelial
growth medium and Dulbecco’s modified Eagle’s medicontaining 10% fetal bovine
serum and all supplemerffsCultures were grown submerged for the first 9 dats
which time, the air-liquid interface was created t®@moving the apical medium and
feeding the cultures from the basal compartment ant further cultured for 7 to 10 day
for complete differentiation. Confluence of passa@g®lHMEE cells (8-9 days after
seeding) was verified by measurement of transejathesistance (R> 100®/cn’ at
room temperature) using endohm meter.




3. Ussing chamber Study

Passage-2 NHMEE cells were grown at an air-liquiterface (ALI) on Snapwell
permeable supports with a surface areas of 1.73€wstar Co., Cambridge, MA, USA)
for 4 additional days after confluence until theymed a tight epithelium. The cells were
then mounted in modified Ussing chambers (WorldcRien Instruments, Sarasota, FL,
USA). The epithelium was bathed on both sides sitml of warmed (37°C) regular
bicarbonate solution circulated by gas lifts with%® O-5% CG. Solution pH was
maintained at 7.4. The epithelial culture was \gdta@lamped with an automatic voltage
clamp and the short-circuit currentsq) was measured. A 15-min equilibration was
achieved to stabilize the transepithelial currefien, to measure ENaC-dependent
current, amiloride (10QuM) was added to the apical bath. Data were acquéed
analyzed with Acquire and Analysis (version 1.2f\ware.

In Out - Out In

Figure 1. Ussing chamber to measure
transepithelial Isc (short-circuit current)

4. RT-PCR

Gene-specific PCR primer set for hCLCA1 was degigtee detect mRNA in cultured
NHMEE cells (Table 1). Oligonucleotide amplimersr {82 microglobulin, which

generated a 266 bp PCR fragment, were used asotfiteok gene for RT-PCR Total
RNAs were collected from cultured NHMEE cells usiiigzol reagent according to
user's manual (Gibco BRL, Rockville, MA, USA), amCR was performed. RT-PCR



products were separated by electrophoresis on aag@étose gel containing 50 ng/ml
ethidium bromide. Bands of the expected sizes westgalized under ultraviolet light and
photographed with Polaroid Type 55 film. Negatiwaiols were performed by omitting
reverse transcriptase from the RT reactions tofwehat the amplified products were
from the mRNA and did not originate from genomic ANontamination. No PCR

products were observed in the absence of reveassdriptase.

Table 2. PCR primer sequences specific to the taygee.

Primers Sequences

hCLCAl  Sense: 5'- GCAAGGTGGCTTTGTAGTGG-3'

(471 bp)  Antisense: 5-GGAATTTGCTGGTGTCCTTG-3'

B2M Sense: 5'- CTCGCGCTACTCTCTCTTTCTGG -3'
(266 bp)  Antisense: 5'- GCTTACATCTCTCCATCCCACTTAA-3’

5. Immunocytochemistry

Cytospin  slides were prepared. Immunostaining wasrfopmed with the
horseradish-peroxidase labeled streptavidin-bigtinique (LSAB2, Dako, Germany) to
assess hCLCA1L protein expression (anti-hCLCAL axlyh Abnova, Taiwan). Dilution
of antibody was 1:100.

6. Collection and preparation of middle ear effusion

To evaluatein vivo presence of ATP in the middle ear, middle ear sffus were
collected after myringotomy in 6 patients with chio otitis media with effusion
undergoing ventilation tube insertion proceduree Bamples were frozen immediately
after removal at surgery and stored at -20°C.



7. Bioluminescence detection of ATP in middle ear effusion

ATP assay was performed according to previous es3ti?’ Briefly, Standard curves of
ATP (Sigma, St. Louis, MO, USA) at known conceritlas were performed with 2
mg/ml luciferase-luciferin reagent in OptiMEM-I miedh by serial dilution from a 0.5 M
ATP stock (made fresh at the time of performinghdtad curves) to approximate the
concentrations of ATP released from cells. The sanieture of luciferase-luciferin
reagent was mixed in a 1:1 volume with the colléateddle ear effusion aspirate, and
luminescence was assayed. Luminescence was catrémtethe total volume of the
middle ear effusion, and the concentration of AmMRiigiven middle ear effusion sample
was determined through comparison to the standancec

8. Statistical analysis

The results of at least four different experimeants presented as mean + SD. Statistical
analysis was performed by paired Studeitest. A value ofp<0.05 was considered
statistically significant.

[ll. RESULTS

1. Apical UTP induced Isc (short-circuit current)

To examine the effect of apical UTP on ion transporNHMEE cells, the short circuit
current (kc) was measured. The cells were pretreated: amdddd0 uM) was applied to
the apical side of the epithelia to block Na chdsrend tetraethylammonium (TEA,
5mM) was applied to the apical side of the epithédi block apical K channels. Apical
addition of UTP (100 uM) induced a significant atrdnsient increase insd due to
electrogenic Clion secretion. UTP-induced peak response was8®97 uA/cnd) (Fig.



2A). The cells were exposed to different €Channel inhibitors during plateau phase
induced by UTP. CFTR-specific inhibitor CFTRinh17200 uM) reducedst by 44.6
18.3%, and CACC inhibitor niflumic acid (100 uM)deced éc by 46.7 £+ 6.2 %.Kig.
2B& C) Cotreatment with CFTRinh172 and niflumic acid uedd UTP-inducedst to
baseline. The findings suggest that the UTP ine@®& secretion through both CACC
and CFTR in NHMEE cells.

A.
i | |
! 0
i U -
ol WW
B C
20 CFTRIinh172 NFA
400ul 100uM
P P
o min T 1
3, £
2 £% o5 T T
5 - 1 | §'§ 1 l
Amiloride TEA UTP 52
0 | 100pM SmM 100uli "’ln'__ o
a &nw 2 CFTRinh172 Niflumic acid

(NFA)

Figure 2. Apical UTP-induced Isc in NHMEE cells.

A. After pretreatment with amiloride (100uM) andréegthylammonium (TEA, 100uM),
apical addition of UTP (100uM) induced a signifitarcrease of Isc.

B, C. UTP-induced dc was inhibited by CFTRinh172 (100 uM) and niflumacid
(100uM). Drug-sensitive portion of UTP-induced @mts are shown.
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2. Effects of P2Y receptor antagonists on UTP-induced | sc

The cells were exposed to different P2Y receptotagonists to confirm that
UTP-induced Clcurrent was due to P2Yeceptor activation. Suramin acts as a strong
antagonist to P2y, 11 1,ands and a much weaker antagonist to P2avd P2¥. When
UTP was added to the apical solution, UTP-inducslwas significantly decreased to
0.8+0.11 uA/cr (Fig. 3A& C). However, the UTP-induced Isc was relatively waraed
after treatment with PPADS, which acts stronglyR#X and P2Y and only weakly on

P2Y,, P2Y;; and P2Y (Fig. 3B&C). The findings suggest that UTP activates P2Y
receptors.

A. B
” -
20 - - utP
~ 100ull

: 15 1::1:':}. E 5 ]
5 w < |
g | Fi
2 8

§ Amal TEA Suramin 100uM (ABL) LI T e

100pM 5mM ° ki
W W e

C.

4
= 3
5
< 2
2
21 ‘

il
0 |
uTP UTP

uTpP
+Suramin +PPADS

Figure 3. Effects of P2Y receptor antagonists on UTP-indulse
UTP-induced current was significantly decreasedpimesence of suraminAj, but

remained unchanged in presence of PPABS (TP-induced 4c in various conditions
are shown irC.
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3. Effect of Ca**-chelating agent on UTP-induced Isc

To examine whether the UTP-induced Current is dependent on intracellular*Ca
concentration, the cells were pretreated with BAPAM, a C&" -chelating agent. UTP
—induced current was decreased to 2.87 #0.42 uA/cmhs expected

CFTRinh172-sensitive portion of UTP-induced curreainained relatively unchanged
and niflumic acid-sensitive portion was signifidgrdecreasedHig. 4).

20 CFTR-
inh172
o 1%’\';“ 100uM  npp
E 15 | A)  100um
< @
3, I
[+]
2
5
|
Amiloride TEA —
0 100pM(A) SmM(A) 2 min
A.
20 10004 NFA CFTRinh172
(a)  100uM100uM
= @ @
El Il
o
:_51 Wy NFA-senstive /¢
= CFTRinh172-sensitive Igc
5 | ]
Amiloride ~ TEA  BAPTA-AM 50uM (A)
B 100pM(A)  5mM (A)
B.
4
& 3
£
L
< 2
2
a1
[/}
UTP  UTP
+BAPTA-AM

Figure 4. Effect of C&'-chelating agent on UTP-inducest |
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Representative tracings of Isc in conditions withand with BAPTA-AM pretreatment
(A, B, respectively). UTP-induced Cturrent was decreased when the cells were
pretreated with a Cachelating agent BAPTA-AME).

4. Role of PKC in UTP-induced Isc

Next, the cells were exposed to a PKC inhibitorpbaktin C. UTP-induced Isc was
decreased by about 50%, suggesting a role of PK@hénsignal pathway of UTP
activation Fig. 5).

A. B.
= 7 4
— I
o uTP
£ 15 100uM GETRin172 T3
@ A 100um (a) 5
=10 | <2
(5]
@2 etk b
5 | 811
Amil dI -
miloride TEA _
Calphostin C (A) 0
0 100pM {A) S5mM UTP uTP i
{A) +CalphostinC

Figure 5. Role of PKC in UTP-inducedd
A. Representative tracing of UTP-inducexd in the cells exposed to PKC inhibitds.
UTP-induced current was decreased in the presdrzaphostin C (n=2)

5. Expression of hCLCAlin NHMEE cells

Human CLCAl (hCLCAL) protein is a member of a novamily of proteins that
mediates of Cé-activated conductanc@® The molecular expression of hCLCA1
MRNA was confirmed by RT-PCR using a specific prinfleig. 6A). Immunostaining
with anti-hCLCAL antibody was performed. Positivedtaining cells were scarce, but

_13_



when the cells were treated with 113-110nM, 48 h), positive cells were increasé&tig(
6A&B), as expected when considering the current uraleastg of the role of hCLCAL
in mucin hypersecretion in inflammatory conditions.

A.
NHMEE (+)control (-)control
NHNE no RT
rorcar [t
B C.

(6 )~

0.0 um|

Figure 6. Expression of hCLCAL in NHMEE cells.

A. Expression of mRNA of hCLCAl in NHMEE cells werenéomed by RT-PCR.
Cultured normal human nasal epithelial (NHNE) calese used as the positive contiBl.
& C. Immunostaining with anti-hCLCA1 antibody in cultddt NHMEE cells was
increased after treatment with 113-110nM, 48 hYC) compared to contrdB).

6. ldentification of ATP in middle ear effusion

One of the limitations of the Ussing chamber experits is that UTP was added to the
apical bathing solution to simulate the local ef$eaf the purine agonist in the middle ear
mucosa. To be able to extrapolate the physiologmpbrtance of our study in the clinical
situation, the question whether extracellular notites are present in adequate amounts
in the ASL in the middle ear mucosa needs to beesdeéd. However, it is technically
difficult to assess UTP and we investigated whe#imerther nucleotide ATP is present the

_14_



middle ear in patients with chronic otitis mediatweffusion. The middle ear mucosa is
normally covered with a thin layer of airway suddauid which is difficult to collect for
ATP assay. Therefore we collected middle ear effusi from 6 patients and
bioluminescence assay of ATP was performed. ATP detected in the middle ear
aspirates in all six patient§iQ. 7). The concentrations varied over a wide range (mea
853.67 nM, range 97 pM — 3.75 nM). Our precedingesiments showed that an outward
chloride currents were induced by both UTP and ATPBultured NHMEE cells (data not
shown).

106
107
108
o 3.75aM
10
@]
1010 8 97pM
10—11
10—12
mM
[ATP]

in middle ear effusion

Figure 7. A middle ear effusion luminometry scatterplot 8fT[P] detected in middle ear
effusions.

Bioluminescence assay of ATP confirmed the presen@elP in variable concentrations
in middle ear effusions (mean 853.67 nM, range ®I73.75 nM).

_15_



IV. DISCUSSION

Purinergic receptors play a major role in regulgtiepithelial electrolyte and fluid
transport, prerequisite for mucocilirary clearaacel host defens®.**2Major functions
comprise upregulation of Cind mucin secretion and ciliary motilit§>° P2Y, receptors
are the dominant purinergic receptors in the airwdgxtracellular purinergic agonists
ATP and UTP play significant regulatory roles inrigas biological responses by
activating P2Y¥ receptors. Stimulation of P2Yeceptors in airway cells activates*Ca
dependent Clsecretion and inhibits Naabsorption by the epithelial sodium channel
ENaC.*"*® As a part of respiratory tract, the middle ear osa also express P2Y
receptor UTP has been shown to upregulated mucin secratiarC&* -dependent
pathway in the middle ear mucdsdhe present study addresses the question whether
UTP influences ion transport responses as wellnasdellular C& signaling in the

middle ear mucosa.

The experiments were designed to focuse on elamiodCl ion transport in the middle
ear epithelium. The cultured cell monolayers wenetrpated with amiloride and TEA in
the apical solution to block Nand K channels. Purinergic agonists such as ATP and
UTP are known to exert inhibitory effects on Naaipsion in polarized epithelium by
blocking epithelial sodium channels. Also,” kefflux through apical K channels
contributes to hyperpolarization of the cell potahtshifting towards Clsecretion. By
blocking apical Naand K channels, the electrophysiological measuremerilsctethe
isolated effect of UTP on chloride secretion acrtss middle ear epithelial cells. As
shown in Figure 2, UTP induced a significant arahgient increase irsd attributed to an
outward chloride current. Using specific inhibita&different Cl channels, the suramin
inhibitable UTP-induced current can be explained GisTR- and CACC-dependent.
Treatment with both CFTRinh172 and niflumic acid qglective inhibitor of CACC)
nearly abolished UTP-induced "Cturrent. As expected, the niflumic acid-sensitive
portion of UTP-induced current was dependent orf [Cavhile the CFTRin172-sensitive
portion remained unchanged. Present results sughesCFTR-dependent portion of
UTP-induced CI current is partly sensitive to PKC inhibition. Marious tissues,
involvement of cAMP-dependent protein kinase (PKajd PKC pathways in CFTR
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regulation has been studied. Phosphorylation of2R&R channel by the PKA, regulates
CFTR, and C#-dependent and Caindependent isoforms of PKC activate a
recombinant CFTR Cthannef® Synergistic modulation of CFTR activity by both RK
and PKC has been identified in a heterologous esjwa systeni’ P2-receptor activation
has been reported to stimulate both’@ependent Clchannels and Ginsensitive,
CFTR-like CI channels in rat submandibular glafid° Further experiments are needed to
understand the mechanism by which UTP stimulatibR2Y, receptor might modulate
CFTR activity in the middle ear epithefta.

The sources for extracellular nucleotides such &® And UTP are considered as the
airway epithelial cells themselves. Respiratorthegial cells release ATP and UTP both
apically and basolaterally under basal conditioasd various stimuli induce acute
increases in nucleotide reled$é&’Particularly, membrane stretch which occurs during
coughing leads to a transient accumulation of ratdes within the thin airway surface
liquid, which reaches sufficiently high concentoas locally liquid®® A similar scenario
can be postulated in the middle ear mucosa. Althotige presence of extracellular
nucleotides in the middle ear cavity could not Hentified in healthy ears, ATP was
detected in significant concentrations in the méddar effusion aspirates collected from
all six patients with otitis media with effusioninBe disruption of ion/fluid transport
leading to abnormal retention of fluid and inflantorg exudates contribute to the
pathogenesis of otitis media with effusion, it che presumed that nucleotides are
involved in regulating epithelial responses crud@imaintaining effective mucociliary
clearance. ATP concentrations in the middle eaunsafh varied over a wide range.
Different characteristics of the effusion samplefiected may correlate with the relative
abundance or lack of ATP detected, although nondefobservation could be made due
to the small number of samples. Retained effusiothé middle ear cavity has variable
viscosity due to variable mucin and serous comjorsitvhich may also change over time
during the disease course. ATP release can be &xptrvary depending on the cellular
response to various inflammatory stimuli.

Interestingly, CACC has been implicated in gobledll chyperplasia and mucin
hypersecretion in tracheobronchial epithelium. Adomally increased mucin content in
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the airway surface liquid can critically impair noedliary clearance just as imbalance in
the aqueous component. Overexpression of CLCA innzetic airways correlates with
mucin hypersecretion due to increased mucin gepeesgion, mucin granule release in
response to external stimuli and goblet cell hylasip. Consistently, the CACC inhibitor
niflumic acid has been shown to be able to reduceimhypersecretion induced in by
various inflammatory cytokines, extracellular nutldes and cigarette smoke in airway
epithelia. Mucin hypersecretion is considered oreth® main mechanisms in the
pathogenesis of chronic otitis media with effusiofihe disease is characterized
histologically by mucous hyperplasia of the midéler mucosa as well as abnormally
retained effusiod? Identification of hCLCA1 protein expression in lahmatory
cytokine treated conditions in cultured NHMEE cedisggest that CACC may also be
involved in the mucin secretion in the middle epitleelia and it can be speculated that
the inhibition of CACC may suppress mucin secretima ion transport to interrupt the
development of middle ear effusion. Further studiesrequired to clarify the relationship
of CACC and mucin secretion in the middle ear macos

V. CONCLUSION

In summary, the findings of the present investwainclude: (1) a demonstration of that
apical stimulation by UTP activates a Cl- currehd)( (2) a partial inhibition of
UTP-induced & by CFTRIinh172, a partial inhibition of UTP-inducég by niflumic
acid, (3) an inhibition of UTP-inducedcl by suramin, but not by PPADS, and (4) an
inhibition of UTP-induced & by PKC inhibitors. These results are believed uggest
that UTP-induced & is due to the activation of CFTR and CACC via R2¥ceptor
linked to PKC signaling pathway in cultured NHME&ls.
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<ABSTRACT (IN KOREAN)>

ArbEol A ab M|z o A UTP A=) 93 CFTRY} Cd*-activated
chloride channe® =3} Chloride 1] &4 3}

B3 SoldTA o] e T FT EHl9
o2 gt} P2y FRA g Ao MExe] dAito] A
olT & Xdst=d Ttk # ATl = By
A XN P2Y, F&A ZEA Sl uridine-5-triphosphate  (UTP}
Chloride (CI) o]2¢] #RIE FX1A7]= 71l el Gobr iz} gt}
As E WE A FolHYAIANEE AFHS AW wideto]
air-liquid interfacell A 35 FE3 F, AY¥ ol olFS U}
7] 98] Ussing chambefi] voltage clamgtejols @ AF
(short-circuit current, )2 =343} th. Cd™-activated chloride channels
(CACC) o] &ds =elstr] $d RT-PCRE Alddstolch. Ad: Absh
oA A LA amilorides A A 5, FH =5 FFH UTP
E AR E A5 CI ivlel Y3l Isc 7} AHO0E Fbs3dt

.

A& E g 2T & At Cf Ad dIgAE HE 5 LR/
Mol F7}13FA S 7 UTPl 23k Isc7F 2 Al E ATtk CACCY < Al A
2 &3 niflumic acidel CFTRe] A=A oA 4]Ql CFTRinh-17Z& A
218k A9 247 UTPoll 9 f=® st oz oAAFEAY. &
& ZeolE AACl BAPTA-AM & H7Fg ¢ UTPo| 2]3F CACC
g st A=A, PKCE AAIsHH CI ]l 9t Isc7t A= S

T}, CACC mRNA &d & gla 4 At A& 7= dgolA CI
o] 9] olF2 FE 9 olF Ao FAastH, P2Y, FEA A=A

anion wH|7} S35 = Aol &#A Aok & ATl A FolA

¢
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SRS A Lo A P2Y, EA 2HgAlQl UTPo & CI o] #1]7}
=251, o] CACC% CFTRI 93 Jio] % Z7le= Ao

= =
olsfgtt. wgk UTPI 98 HXF CI o]& 1|7} PKCY &= o
A= AL & F AT

A E = @ Fo]Fu UTP, Chloride 1], cystic fibrosis
transmembrane conductance regulatof;-@ativated chloride channels,
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