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ABSTRACT

Effect of purinergic receptor agonists on mucin secretion in

human middle ear epithelial cell

Jae Young Choi

Department of Medicine

7he Graduate School/, Yonsei Oniversity

(Directed by Professor Joo—-Heon Yoon)

Puringeric agonists regulate mucin secretion indineray epithelial
cells. This study examined the effects of the mrgit agonists on Ga
influx ([Ca®]i), and mucin secretion along with their underlying
signaling pathway in normal human middle ear efisthdNHMEE)
cells. The effects of caffeine, an inositol 1,4jptosphate (1B
receptor inhibitor, on the UTP induc§@a*]; and mucin secretion in

NHMEE cells were also examined. The NHMEE cells evstimulated



with various purinergic agonists, including UTP dathe [Ca®']; was
measured using a miniature Ussing double perfusttamber. P2Y
receptor in NHMEE cells was also localized by immiistochemistry.
UTP-induced mucin secretion was quantified by amumoblotting
assay. The order of the purinergic agonist potewdi respect to
[Ca’]i determined in this study was ATP=UTP>2-MeSATP>
ADP>>adenosine which is consistent with that olgdirfrom P2¥%
receptor activation. The P2Yeceptor is expressed in the apical and
basal cell layers of cultured NHMEE cells. UTP-indd [Ca®']; was
inhibited by2-aminoethoxydiphenyl borate@PB 10Q:M/ml) but not
by ryanodine(10uM). UTP-induced mucin secretion wésbited by a
Ca* chelating agent, BAPTA-AM, and was stimulated bpriycin.
UTP-induced mucin secretion was also suppressedJT§122 and
2-APB while Calphostin C suppressed it to a smekmt and PD98059
was ineffective. Caffeine also inhibited the UTIkined[Ca*"]; and
mucin secretion. These results suggest that the, R2¥eptor is
expressed in NHMEE cells, and plays a major rolenodulating the
[Ca®]i. from the IR-sensitive intracellularCa® store. UTP-induced
mucin secretion in NHMEE cells is strongly depertden C&'- and

IPs.

Key words: mucin, caffeine, signaling transduction, IPs, Ca’*
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Effect of purinergic receptor agonists on mucin secretion

in human middle ear epithelial cell

Jae Young Choi

Department of Medicine

7he Graduate School/, Yonsei University

(Directed by Professor Joo-Heon Yoon)

. INTRODUCTION

Otitis media with effusion is the most common caw$ehearing
impairment in children. Moreover, the results ohservative treatment
are disappointing, when the effusion changes inteow fluid and
surgical intervention is needed. The hallmark ofcoid otitis media is
mucus hypersecretion from middle ear mulosklowever, the

underlying mechanisms of mucus hypersecretion aoelypunderstood.

Nucleotides such as uridine-5-triphosphate (UTPJ adenosine

triphosphate (ATP) regulate mucin secretion by vatig the



purinergic receptors in the airway epithelial cellsRecently, we
showed that purinergic receptors are expresselerctltured normal
human middle ear epithelial (NHMEE) cells and ttheg agonist, UTP,
stimulates mucin secretiGnHowever, it is unclear what purinergic
receptor subtypes are functionally active in tewhghe intracellular

calcium level in NHMEE cells.

In contrast to the apparently universal activatanthe exocytotic
mechanism by C3 the role of C&and the underlying signaling
pathways in nucleotide-induced mucin secretion anelear. UTP
up-regulate mucin gene expression and stimulateinmsgcretion via
Cd*-independent, diacylglycerol (DAG)-Protein Kinase(lPXC) and
extracellular signal regulated kinase (ERK) Mitogeativated protein
kinase (MAPK) pathway in hamster tracheal epitteliells™®.
However, depletion of intracellular &astrongly suppressed the
UTP-induced mucin secretion in our preliminary stu@his result is
consistent with the reports on conjunctival epitival, cholangial
epitheliunf where nucleotide-induced mucin secretion was tepoto
be C&"-dependent. These results suggest that tHé-dependency of
mucin secretion by nucleotides might depend orcétietype or species.
In addition, C&" release from the endoplasmic reticulum (ER) is
endowed with two types of €a release channels, the inositol

1,4,5-triphosphate (Hp sensitive channel and the ryanodine-sensitive,



Ca* induced C# release (CICR}

This study first examined the effects of the pumgne agonists on
cd” influx ([Ca®'];) and the underlying release mechanism from the ER
in NHMEE cells. Secondly, Gadependency of UTP-induced mucin
secretion and the involvement of signal moleculehsas IR and PKC
in UTP-induced mucin secretion were investigatedstly, this study
aimed to confirm the effect of 4Rnhibition using caffeine, an another
inhibitor of IP; on UTP inducedCa’‘]; and mucin secretion in NHMEE

cells.



[I. MATERIALS AND METHODS

1. Cell culture

The isolation, expansion, cryopreservation, and dbeal passaged
culture of NHMEE cells were performed as descrilpeeviously (5,
22). Briefly, the passage-2 NHMEE cells {t@lls/well) were seeded in
Transwell clear culture inserts (Costar, Cambridgé), and cultured
in a 1:1 mixture of the bronchial epithelial celadal medium and
Dulbecco's modified Eagle's medium containing ladl supplement®.
Cells were maintained in an incubator in a humedifb5% air/5% C©
atmosphere for 7 days until confluent. An air-ldjumterface was then

created by removing the apical medium and feedallg basolaterally.

2. Chemicals and Solutions

Fura-2-AM was purchased from Molecular Probes (BegeOR).
Calphostin C, and heparin were obtained from Calieon (La Jolla,
CA). All other chemicals including UTP, ATP, UDP,
2-methylthioadenosine 5-triphosphate (2MeS-ATP)enadine, 2-bis
(2-aminophenoxy) ethane-N,N,N',N'-tetraacetic  awdtoxymethyl
ester (BAPTA-AM) and caffeine were acquired frongr8a chemical
(St. Louis, MO). The standard perfusion solutiomtamed (in mM)
140 NacCl, 5 KCI, 1 MgCl 1 CaC}, 10 D-Glucose, and 10 HEPES (pH
7.4 with NaOH).



3. Measurement of [Ca™*];

The[Ca®*]i measurements in monolayers of the NHMEE cells were
performed using previously reported protocols veilight modification
! Briefly, cells were loaded with Fura-2 by incuibgtthem for 30 min
in a medium containing 3 M Fura-2-AM. A membraneaiigg
Fura-2-loaded NHMEE cells was then mounted in aiatune Ussing
chamber (AKI Institute, Uni. of Copenhagen, Denmattached to the
stage of an inverted microscope. A transparentrstipewas placed at
the bottom of the perfusion chamber, which allowiabrescence
measurements from the dye-loaded monolayer usipecie lenses
having a long working distance (more than 2 mm)thBlaminal and
basolateral perfusates were heated to 37C andedetivto the chamber
by gravity flow (rate = 35 ml/min). Fura-2 fluoreste was recorded
(PTI Delta Ram, Photon Technology International,)atlJexcitation
wavelengths of 350 nm and 380 nm, and the 350/38@rdscence
ratioswere calibrated by exposing the luminal siefaf the cells to
solutions containing various purinergic agonistd blockers. When we
examined the effect of caffeine ¢€a’’]; , the cells were pretreated

with caffeine for 1 min, and then stimulated witfi Rl



4. Fluorescent immunohistochemistry

Fluorescent immunohistochemistry was performed ha tultured
NHMEE cells by using an anti-P2Yreceptor antibody. Briefly, cells
were fixed with 4% paraformaldehyde for 24 hourypprotected with
sucrose and stored in a deep freezer until requirezzen samples were
then sectioned at 10m and stained by dropgifigul. (10 ng/mlL) of
primary rabbit antibody directed against B2(1:500, Alomone Labs,
Jerusalem, Israel)onto a histologic section. Afteubating for 1 hour,
NHMEE cells were washed 3 times for 10 minutes WiBS. The section
were then incubated with Fluorescein isothiocyarigté& C)-conjugated
goat anti-rabbit immunoglobulin G secondary antip@d:200, Jackson
Immunoresearch, PA) for 30 minm a dark room, washed with
PBS, and mounted with 10 ul. glycerol. Sections so treated were
then examined under a fluorescent microscope (pegfermance cooled
charge-coupled device (CCD) imaging systems Apdgsteuments Inc).

Negative controls were performed routinely an @mse peptide.

5. Quantitation of mucin secretion

Before collecting "nucleotide-treated” samples antheir
corresponding "time-controls”, accumulated secretwwas removed
from the apical surface of the cells by thoroughigshing cells with
PBS. To collect "time-control" samples, NHMEE celsre incubated

in medium alone for 30 min, and cellular secretiorise apical medium



were collected and saved. These cells were thensexpto medium
containing 100pM UTP and cellular secretions in ied
werecollected as "treated" samples. The incubatiores of these
treated samples were the same as those of the-Comteol" samples. In
experiments designed to examine the effects of BRRM(50uM),
caffeine and other inhibitors, they were added 1l prior to UTP
treatment thus extending the total treatment petmd40 min. To
remove cellular debris, collected samples were rifaged at 2,500
r.o.m. for 3 min and supernatants were assayed nfocin by
dot-blotting method using 17Q2 mucin monoclonal antibody(Covance

CA)™.

6. Statistical Analysis

The results are expressed as a n¥eatandard deviation based on the
triplicate experiments and at least two independgperiments from two
different primary tissues. The data was analyzéwgus Student'stest
for the paired and unpaired valuBsvalue<0.05 was considered

significant.



[1l. RESULTS

1. Regulation of [Ca**]; by purinergic agonists

The cultured NHMEE cells were stimulated with vasagpurinergic
agonists. Both ATP (10@M) and UTP (10QuM) induced relatively
large [Ca’']; responses. 2MeATP (100/) also induced Ca’’]; but
adenosine (100uM) did not (Fig. 1). The agonisfilgobtained for the
increase ir[Ca2+]i i.e, ATP>UTP>2MeATP>>adenosine is consistent
with that obtained from P2Yreceptor activatioi. In contrast, UDP

(10QuM), a P2Y; agonist, barely inducgda™]; (Fig. 1).
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Fig. 1. Mobilization of the[C&"]i by the purinergic

agonists in cultured normal human middle e&hepal cells.



2. Localization of the P2Y; receptor

The P2Y; receptor was immunolocalized using confocal flsoemce
microscopy, and was observed in the apical andl lcaidayers of the
cultured NHMEE cells, but not in the intermediatell dayers. No

signals were observed in the samples treated halanti-sense peptide

(Fig 2).

Fig. 2 Immunohistochemical analysis of the normahan middle ear
epithelial (NHMEE) cells using antibody against #2Y, receptor. The
NHMEE cells showed positive immunofluorescent riest in the apical
and basal cell layers (A), whereas, the negativ@raols, which were
treated with the anti-sense peptides, showed naimoneactivity (B)



3. Contribution of intra- and extra-cellular stores to UTP-induced

calcium mobilization

This study further investigated the pattern of Ufiéced[Ca™]; in
NHMEE cells. The increase Ca’*]; evoked by UTP persisted in the
Cd*-free external solutions, suggesting that the mseein[Ca’']; was
due to its release from the intracellular “Geore (Fig. 3A). The
application of 10uM ryanodine, a CICC antagonist, did not inhibit
UTP-induced [Ca™]i . In contrast, 2-aminoethoxydiphenyl borate
(10QuM), an IR receptor antagonist significantly inhibited the RJT
induced [Ca™]; . (Fig. 3B and C) This suggests that UTP stimslate
[Ca®™]; from the internal stores, presumably via the-dénsitive C&

channels but not through the ryanodine-sensitivéCClI

0 Ca?*

= 100uM UTP = 100uM UTP
; ‘ ‘ ‘ ‘ ' cec
0 100 200 300 400 500
B C
5 2-APB(100 um) 5 Ryanodine (10um)
; J‘V—-’N‘ "
= 100uM UTP = 100uM UTP
= 100uM UTP = 100uM UTP

| ‘ ‘ ‘ ‘ ‘ ; ‘ ‘ ‘ ‘ ‘

0 10 a0 o a0 50 0 100 200 300 400 500

_10_



Fig. 3. Effect of the inhibition of the €auptake from external and
internal stores on the UPT-induced*@aflux [C& i in NHMEE cells.
The increase ifCa2+]i evoked by UTP persists in a Ca2+ free solution
(A). 2ABP (10Q:M/ml) inhibits the UTP inducefiCa]i but ryanodine
fail to inhibit. (B & C)

4. Ca** dependency of mucin secretion

The role of intracellular G& on mucin release in NHMEE cells was
investigated. The UTP-induced mucin secretion 40®% % of control)
was suppressed by the depletion of intracellulaf* ®@édth 50puM
BAPTA-AM (176t 19 % of the control level.) and increasing the
intracellular C&" level with 1uM inomycin, a CGaionophore, enhanced
the UTP-induced mucin secretion (52821% of the control).
Furthermore, the BAPTA-AM suppressed the constihgl mucin
secretion (73 9% of the control) and inomycin increased constihal
secretion (163 12 %) (Fig. 4). Therefore, it appears likely thwaith
UTP-induced and constitutional mucin secretion @&&-dependent in

NHMEE cells.

_11_



SO0 o

=11 -
NN

retion (% of control)

ucin sec

Fig. 4 Ilff?éct of intracellular calcium on m:'l'réin setion in NHMEE
cells. The depletion of intracellular €aby adding 50 puM 2-bis
(2-aminophenoxy) ethane-N,N,N',N'-tetraacetic amdtoxymethyl
ester (BAPTA-AM) suppresses both the UTP-inducedimsecretion
and constitutional mucin secretion and inomycinu{d) enhanced the
constitutional and UTP-induced mucin secretion. BAP
BAPTA-AM; Ino, inomycin. * indicates significantiffierence from the
control and ** indicates significant difference o the UTP
treated-control.

5. Involvement of PLC and 1P in the signaling pathway of the
UTP-induced mucin secretion.

UTP-induced mucin secretion (3#8L9% of the control) was strongly
suppressed by blocking the PLC with 10 uM of U73(218+ 25% of
the control). 2-ABP(100V/), an IR inhibitor, also suppressed the
UTP-induced mucin secretion (16519% of the control ). Calphostin C

(0.1uM), a PKC inhibitor, partially inhibited theT®-induced mucin

_12_



secretion (28% 12% of the control ), but was less potent than 1223
and heparin. However, PD98059, an ERK MAPK inhihitbd not

suppress the UTP-induced mucin secretion £338% of the control).
(Fig. 5) This suggests that the PLC angpBthways are essential for

UTP-induced mucin secretion in NHMEE cells.

400 r

HH

300 [

HH *

200 *

100

HH

Mucin secretion (% of control)

C UTpP U7zat22 2-APB Cal PD

UTP

Fig. 5 Effect of the inhibitors on the UTP-induceulicin secretion in
human middle ear epithelial cells. C, control; Gahlphostin C, PD,
PD980592-APB, 2-aminoethoxydiphenyl borat# indicates significant
difference from UTP treated-sample.
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6. Effect of caffeine, an another IP; inhibitor, on UTP-induced

[Ca’]i and mucin secretion

Caffeine is widely used as a blocker of the-dependent respondé

Because IRis essential in UTP-induced mucin secretion, wd nanted

to confirm the effect of caffeine on UTP induck@s"]; in NHMEE

cells. UTP-inducedCa; is partially suppressed by 5mM caffeine. Fig

6 shows that the inhibitory effect of caffeine grally increased in a

dose-dependent manner.

W ak

k.l

J’Mml

Fig.6. The Effect of caffeine on the UTP-induced2€anobilization
in NHMEE cells. Caffeine suppressed UTP-induced im@z" influx
in a dose-dependant manner.

_14_



As a next, the effect of caffeine on UTP-inducedcmisecretion was
also evaluated. 100M of UTP promptly induced musgtretion in
NHMEE cells and caffeine suppressed this UTP-indunecin secretion
in a dose-dependent manner.(Fig 7A). More than 10shihaffeine also
suppressed constitutional mucin secretion in a -dependent manner

(Fig 7B).

A

400% -

200%

MNMucin secretion {“%o)

-

Fig. 7 Effect of caffeine on mucin secretion in NHM cells.
Caffeine suppressed the UTP-induced mucin secretidHMEE cells
in a dose- dependent manner.(A) More than 10mM affeme also
suppressed the constitutional mucin secretion. (B)

_15_



V. DISCUSSION

Extracellular purinergic agonists play significaegulatory roles in
various biological responses. They also regulate thucociliary
clearance of the airway epithelium via uracil-sewsireceptors such as
P2Y,, P2Y, and P2¥.>****We previously reported that P2Y2 and R2Y
MRNA transcripts are present in middle ear epighelells bothin vivo
andin vitro *. However, in this study, P2Yould not modulat¢Ca"];
in NHMEE cells because its potent agonist, UDP, dat activate
[C&]i. P2Ys inactivation in NHMEE cell is a unique finding. P2was
found to be as potent as P2Yh the nasal and tracheobronchial
epitheliunf™®. The order of potency (ATP>UTP>2MeATP>>adenosine)
described earlier suggests that P2¥ts o C&”']; *. The activation of
the P2Y receptors in the middle ear epithelium by purinergi
stimulation resembles findings in the tracheobréaithand nasal
epithelium, and is also consistent with a resuthemmiddle ear cell line
'® 1t was also confirmed that the P2heceptor is localized in the basal
and apical layers of cultured NHMEE cells, but mothe intermediate
layers. It is unclear why the P2Yeceptors are expressed only in these

layers.

Nucleotides have previously been shown to stimulla¢erelease of

_16_



C&* from the ER in mammalian cells via the RB2¥ceptor:’ The ERis
endowed with two different types of Eaelease channels, i.e.sIBnd
ryanodine receptorsOur data suggest that the intracellulaf'Gevel is
increased through thedReceptors in NHMEE cells, but not through the
ryanodine receptors. These results are consistéht the report by
Yang et af'® where UTP directly stimulate PLC-mediateds IP

accumulation and Gamobilization in canine tracheal epithelial cells.

There are conflicting reports about the role of *Can
nucleotide-induced mucin secretion in airway epi#thecells. Mucin
release by ATP does not require an increase irintinacellular C&'
level in primary hamster tracheal epithelial céllOn the other hand,
nucleotide-induced mucin secretion is regulatedepashdently with
Cd" and the PKC pathways in human nasal epithelials'@elthe
spontaneously transformedrat goblet cell line, SPQEII<®. These
discrepancies  suggest that the “‘@ependency of the
nucleotide-induced mucin secretion differs accaydmthe cell type. In
this study, the removal of the intracellular ‘Cavith BAPTA-AM
strongly blocked the UTP-induced mucin secretiond anomycin
enhanced the UTP-induced mucin secretion in NHMEHs.c These
results suggest that UTP-induced mucin secretion nmre
Ca*-dependent in NHMEE cells than in the other airvepjthelial

cells.

_17_



There is some controversy regarding the signaliogngtream of
nucleotide-induced mucin secretion. The activatbthe P2 receptor
by nucleotide has previously been shown to trigiper activation of
PLC, and subsequently PKC. Both of these enzymes haen linked
to mucin secretion in hamsterhuman® treacheonchial cultures or
SPOC1 celf®. However, the stimulatory effect of PKC variesa@rding
to the cell typé. This study found that U73122 and 2-ABP almost
completely inhibited the UTP-induced mucin secretiowhile
Calphostin C suppressed it slightly and PD98059 wwedfective,
suggesting that PLC andslRre important signaling molecules in the
UTP-induced mucin secretion in NHMEE cells. Thectalrole of IR
in nucleotide-induced mucin secretion has not genbreported in other
airway epithelial cells, and a more detailed rofell; needs to be

elucidated.

An additional aim of this study was to confirm té#ect of caffeine
on the UTP inducedC&"]; and mucin secretion in NHMEE cells.
Caffeine, although best known as an activator efrffanodine receptor,
also inhibits the opening of the slPeceptor?’ In this study, caffeine
partially inhibited the UTP-inducediC&]; and mucin secretion in
NHMEE cells, which confirming that NHMEE cells hava

caffeine-sensitive IPreceptor, and WPplays an important role in the

_18_



UTP-induced mucin secretion in NHMEE cells.

V. CONCLUSION
The P2Y receptor was found to be expressed in NHMEE calisl,

play a major role in modulating ti€a"];. from the ER. UTP-induced

mucin secretion in NHMEE cells is strongly‘Gaand IR-dependent.
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