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ABSTRACT

Background and Objectives : Extracellular uridine 5 -triphosphate (UTP) regulates a variety of biological functions in the
airway epithelium including chloride and fluid transport, mucociliary clearance, and mucin secretion via P2Y purinergic receptors.
This study was undertaken to investigate which P2Y purinergic receptors are expressed in the normal human middle ear epi-
thelial (NHMEE) cells. We also determined the levels of mucin secretion and its mRNA expressions following stimulation with
UTP. Materials and Method : The level of P2Y (P2Y, P2Y,, P2Y,, P2Y, P2Y,; and P2Y,,) receptors and mucin gene SAC
(MUC5A4C), MUC5B, MUC8 messenger RNA (mRNA)s were measured by reverse transcription (RT)-polymerase chain
reaction (PCR). We also determined the levels of mucin secretion following stimulation with UTP by dot-blotting method in
NHMEE cells. Results : Middle ear epithelial cells expressed P2Y |, P2Y,, P2Y,, P2Y); and P2Y, receptors but not the P2Y,
receptor. Apically applied UTP induced increased the mucin secretion. On the other hand, UTP did not enhance the mucin
mRNA expression until 72 h had lapsed after treatment. Conclusion : Our study suggests that UTP acts as a secretogogue on
mucin secretion in NHMEE cells. (Korean J Otolaryngol 2003;46:100-4)
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Table 1. The PCR primers for P2Y receptor

Name (accession No.) Sequence Site Size (bp)
FO CCCTGGGCCGGCTCAAAAAGAAGAATG 613— 639

P2Y1 (NM002563) 389
RO CAAGCCGGGCCCTCAAGTTCATCGTITIC 1002— 974
FO GCTACAGGTGCCGCTTCAACGAGGACTIC 310— 338

P2Y2 (NM002564) 428
RO GGCAGGCCAGCACCAACACCCACAC 738— 714
FO CCACCTGGCATIGTCAGACACC 405— 426

P2Y4 (X91852) 424
RO GAGTGACCAGGCAGGGCACGC 820— 809
FO CCCTGCTGGCCIGCTACTGTICTCCTG 823— 848

P2Y¢ (U52464) 455
RO CTAATICTCCGCATGGTTTIGGGGTTIGG 1278-1252
FO CCCCCGCTIGGCCGCCTACCTCTATCC 239— 264

P2Y11 (AFO30335) 396
RO CGCAGCCCAACCCCGCCAGCACCAG 635— 611
FO AAGATTCTCTCTGTTIGTCATCTG 498— 520

P2Y12 (AF313449) 432
RO ACAGAGTGCTCTCTITCACATAG 927— 905

P2Y, P2Y2 P2Y4 P2Y¢ P2Y1 P2Y12
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Fig. 1. Effect of UTP on mucin secretion in passage-2 normal hu-
man middle ear epithelial (NHMEE) cells. Passage-2 NHMEE cells
were exposed to 100 p M of UTP. Results are expressed as means
+ SD. Apical freatment with UTP (hatched bars) dramatically
increased mucin secretion at 10 min compared with the control
(open bars) but this difference gradually decreased, and at 24 h
after treatment, no significant difference was evident between
the two groups.
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Fig. 2. RT-PCR analysis for P2Y receptor mRNA NHNEE cells com-
pared with posifive controls (b human brain fissue, p0 human
platelet). Passage-2 NHMEE cells expressed mRNA for the P2Y;,
P2Y2, P2Ye, P2Y11 and P2Y12 receptors, but not for P2Y4.
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Fig. 3. Time-course study of the effects of UTP on MUCS5AC,
MUCS5B and MUC8 mRNA expression in passage-2 normal human
middle ear epithelial cells. RNAs were isolated at various fimes
before and after UTP (100 p M) freatment. No significant differ-
ence was evident between the two groups. The expression levels
of B -2M mRNA (PCR control gene) remained constant.

NHMEE OOOO 000000 OO

RT—PCROD OO0 passage—2 NHMEE 0000
P2Y,, P2Y,, P2Y,, P2Y4, 00 P2Y, 0000 OO mRNA
0 000000, P2Y, 0000 OO0 mRNAD 0000
000. 000000 000 00 000000 PCR O
00 0000 000.00 0000 00 000 00 O

Korean J Otolaryngol 2003:46:100-4



O 00 00000 OO0 000000 oooooFg. 2).

UTP OO0 000 OO0 00 mRNAOOODO
Passage—2 NHMEE 00O UOO0OO OO OO0 O0OO
uTPO OO0 OO0 0OO0obOdo oob 0o odod
0ood ood. o 00 100 pMUTP OO O 24000
0O 000 O0O0MWUC54C, MUC5B, MUC8) mRNA OO
O 0000 00 000 000 ooo oooFg. 3).

O U

00 00000000 OO0 0000 PY 0DOOO O
0 OO0 00 00, 0000, 000 0000 00 O
00 0D000 D00 00000 000 0ooo og4®
0000000 00 000 P2Y 0000 00000 O
00 00 00000 OO0 0000 00. Yen 00 O
000 0000000 0000 000 000o0o0o
(extracellular nucleotides)dl OO OO0 OOOO O
00 00000, Furokawa 020 mongolian gerbilDl O
000 00000 000 00000000 00000 O
00000 OO0 00000 00000. 000 000
0 D000 000000 0D0000 0000 000 O
0 000 000,00 000000 00000 00 O
0000 O00(gonist) 000 0000 OOO0O0 O
og.

0000 00000 PY OOOO 600 OO(P2Y,,
P2Y,, P2Y,, P2Y, P2Y,,0 P2Y,,)0 00000072
0 00000 passage—2 NHMEE 0000 P2Y,0 O
00 500 0000 mRNAD 0O0000. O O P2Y,,
P2Y,0 P2Y, 0000 OO0 OOO0OOO 000000
0 0ooo®™®g oooo, P2Y, mRNAD 0000 O
0 00000 000000 00 000 000.00 O
00 0 00000 0000 00000 000000 O
00 0000 00 P2y, P2Y,0 P2Y,0 OOO0ODO.
000 D000 D000 D000 0000000 PY
0000 00000 D0000 00000 000 O O
goog.

P2Y 00DOD OO0 00000000 OO0 0000
00, ATP, ATPy S 000 2—methylthio—ATPO ad-
enosine nucleotide—specific P2Y 00 0O (P2Y,, P2Y1)
0 0OOO0O0 UTP, UTPy S, UDPO P2Y,, P2Y, O P2Y,
0 OO0 uracil-sensitive P2Y OO00 00 00000
0ooo. 00 UTPO 00 000 000 uracil—sensi-

W SR

tive 0000 00 000000 OOOOO 0OOOOO
000 00 0 0000 DOO0OD NHMEE 0000 O
0 00D 00 UTPOOOOO ODOOOO.

0000 00 00 UTPO NHMEE 0000 0O 0O
0 D000 0D000D0D 00 0O O 000.000 UTP
0 00 00000 OoooOo oo,”® ooo™o oo
00 00 OO0 00 OO0 000 00000, 00 O
00 00D 000 0 0 000 000 00000 OO0
0 UTPO 00 00000 000 0000 00O OO
0 000.0000 0000 OO0 000 00 100 O
00 00D 00000, 000 000 UTPO 000 O
00000 00 0000 000 DO000O0 (exocytosis)
0O DO0O000O OO0O00D(secretogogues)d OO0O0O
0000. 00000 0000 uTP-000000 OO0
0000 UTP OO O 240000 OO0 00O0OOO. 0O
0 000 OO0 00D 000 000 OO0 0000 mRNA
000 0000 O 000 OO0 000 00 000 OO0
000 00D 0ood.

J0000dOoOd UTPDO OO OO0 0OOO OO UTP
0 00 0000 000 000 000 0000 000
0 0O0.0000 UTPO OO0 00O0OOD 00 0000
00 000 000000 0000 000, RT—=PCRO
0000 UTP OO OO0 OO0 OO0 mRNA OO 000 O
0000. 0000 OO0OO0 0000 000 MUCSAC
0 MUCsB™0 00, D000 00 0000 NHM-
EE OD0O0O0 000 00O OO0 MUCS mRNAD OO
0 00000.0 00 000 mRNAD UTPD 0O0O00O
00 00 0 240000 O 000 000.0000 O
O mRNA 0000 2400 000 OO0 00 OOOO
00 OO0 0O 720000 UTPO 00 0000 OOO
000 (data not shown). OO0 OO 000000 UTP
0 00 00D 000 00 00 00 00000 00 O
000 00000 DDOO0OO00 000D O (secretogogue)
00 000D O 0O 000d.

00000 O OO0 OO0 NHMEE 0000 P2Y,,
P2Y,, P2Y, P2Y,,0 P2Y,,0 0000 OO0, 00 O
00 OO0 OO0 00 UTPO 00000 0OOOO OO
0 000D O0.

UTPO OO 0OOO 0OODOD OO0 000D D000
00 0000 000 0000 0000 000 0 00
000. 0000, 000000 UTPO 00 00O OO
0 000D 00 000 OO0 000 0000 000 O
00 0000 ooo.

103



S0|H oA UTPS| Zat

00O O0O0Uridine triphosphate: 0OO- O0O- 0O0O.

0O 000 200100 O0OO0O0OO0 OOOOO0 OO0 oo oo
ooo.

REFERENCES

1) Ralevic V, Bumstock G. Receptors for Purines and Pyrimidines.
Pharmacol Rev 1998;50:413-92.

2) Lazarovski ER, Boucher RC. UTP as an extracellular signaling mo-
lecule. News Physiol Sci 2001;16:1-5.

3) Storey F. The P2YI2 receptor as a therapeutic target in cardiovascu-
lar disease. Platelets 2001,12:197-209.

4) Boucher RC. Human airway ion transport. Part one. Am J Respir
Crit Care Med 1994,150:271-81.

5) Boucher RC. Human airway ion transport. Part two. Am J Respir
Crit Care Med 1994,150:581-93.

6) Korngreen A, Priel Z. Purinergic stimulation of rabbit ciliated airway
epithelia: control by multiple calcium sources. J Physiol 1996;497:
53-66.

7) Kim KC, Lee BC. P2 purinoreceptor regulation of mucin release by
airway goblet cells in primary culture. Br J Pharmacol 1991;103:
1053-6.

8) Kim KC, Park HR, Shin CY, Akiyama T, Ko KH. Nucleotide-
induced mucin release from primary hamster tracheal surface epithe-
lial cells involves the P2u purinoceptor. Eur Respir J 1996,9:542-8.

9) Furukawa M, Tkeda K, Oshima T, Suzuki H, Yamaya M, Sasaki H, et
al. Effects of extracellular ATP on ion transport and [Ca®*] in Mo-

ngolian gerbil middle ear epithelium. Am J Physiol 1997,;272:827-36.

10) Yen PT, Herman P, T van DA, Tan CT, Bourdure P, Marianowski R,
et al. Extracellular ATP modulates ion transport via P2Y purinoce-
ptors in a middle-ear epithelial cell line. ORL J Otorhinolaryngol

104

Relat Spec 1997:59:170-5.

11) Moon SK, Lim DJ, Lee HK, Kim HN, Yoo JH. Mucin gene expre-
ssion in cultured human middle ear epithelial cells. Acta Otolaryngol
(Stockh) 2000;120:933-9.

12) Choi JY, Kim CH, Lee WS, Kim HN, Song KS, Yoon JH. Ciliary
and secretory differentiation of normal human middle ear epithelial
cells. Acta Otolaryngol (stockh) in press.

13) Chung MH, Choi JY, Lee WS, Kim HN, Yoon JH. Compositional
difference in middle ear effusion: mucous versus serous. Laryngoscope
2002;112:152-5.

14) Yoon JH, Kim KS, Kim SS, Lee JG, Park Y. Secretory differenti-
ation of serially passaged normal human nasal epithelial cells by
retinoic acid. expression of mucin and lysozyme. Ann Otol Rhinol
Laryngol 2000, 109:594-601.

15) Chen Y, Zhao YH, Wu R. Differential regulation of airway mucin
gene expression and mucin secretion by extracellular nucleotide tri-
phosphates. Am J Respir Cell Mol Biol 2001:25:409-17.

16) Communi D, Paindavoine P, Place GA, Parmentier M, Boeynaems

IM. Expression of P2Y receptors in cell lines derived from the human

lung. BrJ Pharmacol 1999;127:562-8.

von Kugelgen I, Wetter A. Molecular pharmacology of P2Y-recep-

tors. Naunyn Schmiedebergs Arch Pharmacol 2000,362:310-23.

Lethem MI, Dowell ML, Van Scott M, Yankaskas JR, Egan T, Bou-

cher RC, et al. Nucleotide regulation of goblet cells in human airway

epithelial explants: normal exocytosis in cystic fibrosis. Am J Respir

Cell Mol Biol 1993,;9:315-22.

Jumblatt JE, Jumblatt MM. Regulation of ocular mucin secretion by

P2Y2 nucleotide receptors in rabbit and human conjunctiva. Exp Eye

Res 1998:67:341-6.

Thoronton DJ, Howard M, Khan N, Sheehan JK. Identification of two

glycoforms of the MUCSB mucin in human respiratory mucin. J Biol

Chem 1997:272:9561-6.

17

=

18

<

19

=

20

=

Korean J Otolaryngol 2003:46:100-4



