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ABSTRACT

Background and Objectives : Nucleotides such as adenosine triphosphate (ATP) and uridine-5-triphosphate (UTP) play
fundamental roles in the early stage of secretion in nasal epithelial cells via P2Y receptor. In the present study, we examined the
expression pattern of P2Y subtypes and their functions on Ca*" influx (/Ca”* ];) in normal human nasal epithelial (NHNE) cells.
We also examined the effect of UTP (agonist for P2Y,) and ATPyS (agonist for P2Y,;) on mucin secretion and mucin gene
expression. Materials and Method : The expression pattern of P2Y receptors and mRNA levels of MUC5AC, MUC5B and
MUCS8 were examined after treatment with UTP and ATPyS by RT-PCR. Mucin was quantitated by immunoblotting assay. We
measured the [Ca®" J; in NHNE cells with a double perfusion chamber. Results : Two uracil-sensitive receptors (P2Y», P2Y,)
and two adenine-sensitive receptors (P2Y,, P2Y;;) were expressed in NHNE cells. UTP and ATPYS increased [Ca" ]; via
caffeine-sensitive pathways, and these two agonists stimulated mucin secretion to a similar magnitude without their gene enhan-
cement. In addition, the mucin stimulatory effects subsided when the intracellular Ca®* was removed by 2-bis (2-aminophenoxy)
ethane-N,N,N’,N’-tetraacetic acid-acetoxymethyl ester. Conclusion : Our study showed that P2Y, and P2Y; receptors were
expressed in NHNE cells and that their agonists, UTP and ATPYS, act as secretogogues on mucin secretion via Ca**-dependent
pathways. (Korean J Otolaryngol 2003;46:302-8)
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Fura—2—AMO Molecular Probes(Eugene, OR, USA)
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Table I. PCR primers for P2Y receptor
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000 00 0DDOD 000 0000 D0oooo.® ooo
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000 00D ODOO00000 Doooo.0og oo o
00 00O chamberd OO0 OO0 2 mmOdOd OO
ool oo boodd oo oo ooo godgo
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000 3700, 000 00 0d 3=-5mi0 OO0 cham-
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excitation wave lengthO O OO0 OO (PTI Delta Ram,
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00 000 000 00000 ooooo oooo oo
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Reverse transcription—polymerase chain reaction (RT—
PCR)

000 ooo2Y,, P2y, P2Y, P2Ys P2Y, )0 O
00 0000 00 0000 ooo oo o 70 0 00
RNAO 000 O cDNAO 0000O0O0. 000 000
000 OOO00 OO oligonucleotide primersl Table
10 O00. MUC54C, MUC5B, MUCS8O mRNAO OO0

Name

. Sequence
(accession No.) 9

Site Size (bp)

P2Y, FO CCCTGGGCCGGCTCAAAAAGAAGAATG 613— 639 389
(NM002563) RO CAAGCCGGGCCCTCAAGTTCATCATTITC 1002— 974

P2Y2 FO GCTACAGGTIGCCGCITCAACGAGGACTIC 310— 338 498
(NM002564) RO GGCAGGCCAGCACCAACACCCACAC 738— 714

P2Y4 FO CCACCTGGCATIGTCAGACACC 405— 426 404
(X921852) RO GAGTGACCAGGCAGGGCACGC 820— 809

P2Ys FO CCCTGCTGGCCIGCTACTGTCTCCTIG 823— 848 455
(U52464) RO CTAATICTCCGCATGGTITIGGGGTTIGG 1278-1252

P2Yn FO CCCCCGCIGGCCGCCTACCICTATCC 239— 264 396
(AF030335) RO CGCAGCCCAACCCCGCCAGCACCAG 635— 611

303



UTPSE ATP vy S7F Zhs & HAZH[0f 0|X|= &

0O 0000 OO0 OO RNADO 000 000 ooooo
UTPO ATPy SO OO0 0,0 OO0 OO0 OO OO
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00 00 00000 OOoOoDO ooooo. oo ooo
O 00 100y MUTP OO ATPy SO OO0 O0OO O
oo o 0ob ooobb Ooob 0o 0ob oobo oo
000. 00 0000 OO0 gog time—control OO0
0 oo oobd oboo.obo oo oo bodg gd
0 00O 2-bis(2—aminophenoxy) ethane—N,N,N' N’ —
tetraacetic acid—acetoxymethyl ester(BAPTA-AM,
50 p M)O UTP OO ATPy S OO0O0O 10000 OO
00 0O 4000 DO0ODOO. 00 ODO0O0O OoOooOo oo
0, 2500 rpomO0 300 OO O0OOO0O dot—blottingl
000 mucind OOO0OO0.* 00 OO0 mucin(a gift
from Dr. C.W. Davis, University of North Carolina, Cha-
pel Hill, NC)O O0O0OCOC OOOOO, 000 OO OOO
0 OO0 000 HecC5(a gift from Dr. C.W. Davis, Un-
iversity of North Carolina, Chapel Hill, NC)OO O0O0O0O
g. odd bodog bbog boo 0obbo oodgo
gooobooboodo 00 0 0o oo gooo o o
0 00 (horseradish peroxidase—conjugated goat anti—
mouse 00 anti—rabbit IgG)0 0O00OOO, chemilu-
nescene(ECL kitd Amersham, Buckinghamshire, UK)
0 ooodod. oo bbb ooboboboo oooo o
0odboododobooog obbobo goooo. oo
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00 000 000000 P2Y subtype 00000 mRNA
00

00 000 0000000 wacl 000 0000 P2Y,
0 P2Y,, adenine 000 0000 P2Yy, P2Y,0 00O
00. P2Y,0 000 00 0O0O0.00 000000 O
00 0000 0000 0000 00 0000 0000
00000 (Fig. 1).

B2M >

‘ NO NHNE cells B0 Human brain tissue PO Human platelet

Fig. 1. RT-PCR analysis for P2Y receptor mRNA in cultured normal
human nasal epithelial (NHNE) cells compared with a positive
control (B, human brain fissue P, human platelet). Cultured NHNE
cells expressed P2Y1, P2Y2, P2Y4, P2Y11 purinergic receptors mRNA.
However, the P2Y, transcript was barely expressed in NHNE cells.

>

Ratio 357/380
0.1 Units

100 sec

t 4 t

2-MeS-ATP utp ubpP ATP

—»

+i

Bz ATP

ATPy §

Fig. 2. Mobilization of [Ca?*}; by uridine-sensitive P2Y agonists
(A) and adenine sensitive P2Y agonists (B) in cultured normal
human nasal epithelial cells.
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00 0000 00000 (Fig. 3C and D).
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ySO 00 000 0 000 00000.00000 100
uMUTPO 000 O 0000 0000 100 O 3150
+6.2%0 00000 300 O 387.1+ 52%0 0000
0000 000 0000 100 000 278.3+ 7.2%, 2
00 000 249.4+ 8.8%, 2400 0000 113+ 5.8%
0 000 00O0.ATPy SO 00000 OO UTPO O
00 000 0000 00 000 000 00 000 O
000, 00 O 100 000 3700+ 6.9%0 00000
300 O 390.1+ 6.9%0 OOOO 0000 OO0 OO
00 100 000 2581+ 6.6%, 200 OO0 2558+
79%, 2400 0000 1211+ 93%0 000 000. O
0 UTPO ATPy S 0000 00 00000 0OOO
0 00000 000 000 000 (Fig. 4).
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Fig. 4. Effect of UTP and ATPy S on mucin secretion in cultured
normal human nasal epithelial (NHNE) cells. NHNE cells were
exposed to 100 u M of UTP or ATPy S. Results are expressed as
means+ SD. Mucin release increased rapidly versus the 10 min
control after freatment with 100 p M UTP, peaked at 30 min affer
freatment, and then gradually decreased (hatched bar). The
stimulating effect of ATPy S (dark bar) had a similar pattern to
that of UTP, and there was no significant difference between the
stimulation effects of UTP and ATPy S at each stimulation time.

2 Ca?*-free Ca?*-free
S
0 »
N
Q> | 100 sec
o —
x O
TP 1 M TP 1 M * 4
@U 0 u UTP 100 1 ATPySWOOpM ATPy S 100 p M
Caffeine Caffeine
Fig. 3. Effect of Ca?* -free solution
A A * (A) and caffeine (B) on UTP- and
i 2+ 11
@ UTP 100 y M UTP 100 y M @ATPV $100 4 M ATPy S 100 4 M ATPy S-induced [Ca?*]; in cultured
normal human nasal epithelial cells.
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UTPO ATPy SO0 O OO0 OO OO mRNA OO
000

00 000 000000 UTPO ATPy SO 000 O
000 0000 00 00 000 000 00000. 100
uM UTPO ATPy SO 0OO O MUCSAC, MUCSB,
MUC8 mRNAD OO0 UTPO ATPy SO OO0 OO
000 OO0 000 000 (Fig. 5).

Stimulation timed 30 min 2-h 24-h 48-h 96-h

MUCSB

MUCs8

ok

Stimulation timed 30 min 2-h 24-h 48-h 96-h

ATPy SO — + - + — + — + - +

MUCSAC
MUCSB

MUC8

Fig. 5. Time-course study of the effects of UTP (A) and ATPy §
(B) on MUCSAC, MUC5B and MUC8 mRNA expression in cultured
normal human nasal ear epithelial cells. RNAs were isolated at
various times before and after nucleotides (100 p M) freatment.
No significant difference was evident between the two groups.
The expression levels of B -2M mRNA (PCR control gene) rema-
ined constant
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Fig. 6. Effect of intracellular calcium depletion on UTP-(hatched
bar) and ATPy S-(dark bar) induced mucin release. We de-
pleted infracellular Ca?* with 50 yu M of 2-bis (2-aminophenoxy)
ethane-N,N,N'N'-tetraacetic acid-acetoxymethyl ester (BAPTA-
AM). BAPTA-AM completely blocked UTP- and ATPy S-induced
mucin release as well as constitutional mucin secretion.
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000 000 00 000 000 000 0000 00
50 y MO BAPTA-AMO 0000 000 000 OO
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000 000 0000. 00000 UTPO ATPY S O

Korean J Otolaryngol 2003:46:302-8



000 00000 OO0 2400 OO0 OO0 OOOO O
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