Original Articles mﬂw;%n% ....... %]%

2002

00000 0000 00000 00000000, 0000000 00000000003
1 3. = 1 2
9% AR A4S g

Expression of Nitric Oxide Synthases in Nasal Polyp

Seong Kook Park, MD', Dong Kyoon Kim, MD? Kyung Wook Heo, MD' and Young Il Yang, MD?

'Department of Otorhinolaryngology-Head & Neck Surgery and *Pathology, College of Medicine,
Inje University, Pusan Paik Hospital, Busan, *Dong Gyoon Kim ENT Clinic, Busan, Korea

—ABSTRACT —

Background and Objective : The pathogenesis of nasal polyp is poorly understood. Nitric oxide (NO) plays
a major role in a number of physiologic function and may be cytotoxic in high concentrations. NO is formed
by the oxidative deamination of L-arginine by nitric oxide synthases (NOS). Three NOS isoforms have been
identified in human. Constitutive forms of NOS are present in vascular endothelial cells (Type III NOS, eNOS)
and neurons in the brain and the peripheral nervous system (Type I NOS, nNOS) whereas the inducible form
(Type II NOS, iNOS) is transcriptionally induced by cytokines in macrophages, neutrophils, mast cells,
smooth-muscle cells, and fibroblasts. The aim of this study was to detect and localize three NOS isoforms
expression in nasal polyp tissues, and compare these findings with inferior nasal turbinate tissues. Materials
and Methods : The authors examined the expression and localization of three NOS isoforms in nasal mucosal
specimens from patients undergone elective nasal turbinectomy (n=10) and nasal polypectomy (n=23). The
mRNA expressions of three NOS isoforms were determined by semi-quantitative reverse transcription-poly-
merase chain reaction (RT-PCR) followed by Southern hybridization. The protein expression of three NOS
isoforms were examined by immunohistochemistry. Statistics were analysed using Wilcoxon rank sum test.
Results : Semi-quantitative RT-PCR Southern analysis of RNA obtained from 23 surgical specimens of nasal
polyps demonstrated that the mRNA expressions of iNOS and eNOS were significantly increased in nasal polyps
compared with inferior turbinates. The nNOS mRNA was similarly expressed in nasal polyps and inferior
turbinates. The immunohistochemical studies revealed that the immunoreactivity to iNOS protein was mainly
localized to epithelium, whereas eNOS protein to vascular endothelium, and nNOS protein to inflammatory
cell, epithelium and vascular endothelium in all specimens reviewed. The high level of expression of three NOS
isoforms in the nasal polyps were demonstrated in this study. Conclusion : The authors suggest that iNOS
mRNA, eNOS mRNA and their product, nitric oxide may play an important role in the formation and growth
of nasal polyps. (J Clinical Otolaryngol 2002513:85-92)
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00000 (Biospec product, USA)O QlAshredder
OO (Qiagen, Germany)[] O00O0O0O OO0 OOO O
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0 2 pgOd total RNAO oligo(dT)15-18 2 pgd O
0 70000 1000 O O0OO O 1 mM dNTP(Ta-
kara, Japan), 200 unit Moloney murine leukemia
virus(MMLV) O OO0O0 (promega, USA)O 1 00O
0G0 mM Tris—HCI, pH 8.3, 75 mM KCl, 3 mM
MgCl,, 10 MM DTT)O OO 25 p 10 OO OO 420
00 100 00O000.00 O oDooooo ooo
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goooooo oooo

000 DOOOooooooo oo oo primerd
(Table 1) 20 pmol cDNA 2 p 10 Premix PCR kit
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O O00O0OO. 9000 500 predenaturationd O
0 940 200, 62000 200 OO0 72000 100
cycledl 350 OO O 72000 700 postelongation
0 000.000 OO0 O 0000 (target sequence)
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0000 000 0000 o0ooo oo oog B -

uoo oooooooo ooobobobooooo bo

actind OO agarose 0 OOOOO southern hybri-
dizationd OOO0 OO0 OOOOO.

Southern hybridiztion

B —actinD O0O0O0O OO0OO0O O OO0 OOOO
000000 1.5% agarose OO0 TBE OO0 (50
mM Tris—borate, 1 mM EDTA, pH 8.0) OO0O0O
33 Vv/emd 10000 OO0OO0O O O, ultraviolet
illuminator(UVP Inc, USA)O 0000 0000 OO
O OO0. 00 depurination buffer(0.25 M HCIO
denaturation buffer(1.5 M NaCl, 0.5 N NaOH)O O
OO0 0000 DNADO 00000 00 0O ooodg
(TransVac—TE80U Scientific Instrument Inc, USA)
O Hybond—N+ membrane(Amersham, England)O
tranfer0 0 0O.

DNAO 000 Hybond—N+ membranel prehy-
bridization 00 (6 SSC0.01 M sodium phosphate,
pH 6.8, 1 MM EDTA, pH 6.80, 0.5% SDS, 100 p g/
ml salmon sperm DNA)O OO OO hybridization
chamberd 00 68000 blockingD 00. [y —2P]
ATPO end—labellingd probed O 1x 10° cpm/mid
00 0000 62000 hybridizationD 00000,
Geiger counterd] OO0O0O background noisell OO
000 00O 2x SSC, 0.1% SbsO OO0 O, me-

Table 1. Primer sequences in nasal polyp and inferior turbinate tissues of RT-PCR for the detection of nitric oxide syn-

thases

Oligonucleotide primer and probe sequence

Product size  Annealing temperature

s 5-AGA AAATCTGGC ACC ACA CC-3’
B -actin as 5'-AGG AAG GAA GGC TGG AAG AG-3'

544 bp 620

p 5-GGC CCC CCTGAACCC CAAGGC CAAZ

s 5-AAG CCG CAT ACG CAC CCA GAG-3'

eNOS as 5'-TGG GGT ACC GCT GCT GGG AGG-3'

345 bp 620

p 5-GGGAGA GCG GCTGCC CGACTC AGG TCC-3

s 5-CTICTATGITTGC GGG GAT GTG CG-3'

iINOS as 5'-GGATAT CAC TITCCTCCATCT CCC CA-3’

334 bp 620

p 5-GGGTGG CGGTGC AGC CCA GCAGCCTGG-3

s 5-AAAGCG ACC ATC CTC TAT GCC-3'
nNOS as 5'-CATTIC CAT CAA AGC ACA GCC-3'

225 bp 620

p 5-GGAAGA ATATGA CATTGT GCA CCTGGA-3'

st sense, asO antisense, pO probe, INOSO inducible nitric oxide synthase, eNOSO endothelial nifric oxide synthase,

nNOSO neuronal nitric oxide synthase
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mbranell Kodak X—AR(Kodak, USA)C OO —-700
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0000 00 O 0000 00000. 000 peroxi-
dasel 0000 OO0 OOOO 30% OOOOOO
0 9010 000 00O 000 1000 0000 tris
buffered saline(TBS, pH 7.4)0 30 OOO0O0O. O
0000 OO0 000 000 1% zinc sulfate(Sigma
Chemical Co., SL, USA)O OO0 10 mM citrate bu-
ffer(pH 6.0)0 OO microwave OO0 OOO0O 50
0 30 000000 00000 000 00 O ogo
000 0000 OO0 05% 0000 OO0 05% O
000 (Dako, CA, USA)O OO0 TBSOOO 3000
0000 D0000. 0000000 000 oo o
00000 0000 4000 0000 O0ooo. o
000 000 00000 000 00000 Table 2
0 00.00000 000 00 00000 1% Tween
20(Bio—Rad, CA, USA)O OO0 TBSO 1000 3

00 000000 00000 ooo ooooo oo
OO0 biotinylated goat anti—mouse 1gG(Dako, CA,
USA)O 0000 0000 3000 ooooo. TBsO
300 000 O 00000 horseradish peroxidase
(HRP)—conjugated streptavidin(Dako, CA, USA)O
0000 3000 oOoo O TBsO 300 OOOO
0. 000 0.05% 3—amino—9—ethyl carbazole(AEC,
Sigma Chemical Co., SL, USA)/0.01% H.0.00 OO
0 TBSO 0O0O0OO 1000 OUOOOOO oOoooO
0000 OO0 TBSO OOOO OO OO0 OQO O
O OOOOoo.0ooood Mayer' s hem-atoxylind
000000 0O0O00O0 OO0 0 00 ooooo o
0000 00 00000 oooo ooooo. ood
0 OO0 OOooo, 00O, oooo, ooooooo
00 0ooOo ooooo.

0000 oo

0000 OD00O SAS(release 6.12) OO OOOO
0000 Wilcoxon rank sum testd 000000 O
0000 0000 pO0O 005000 OO0 OOO.
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B —actinD OO RT—PCR productd OOOO0 544
bpO O, iINOSO 334 bp, eNOSO 345 bp, nNOS 225
bpO O RT-PCROO PCR productl OO0 OOO
O 000 (Fig. 1). RT—PCRO Southern hybridization
OO0 OO0 OO0 00 0000 B —actinD PCRO O
00000 iNosO ODO00OO0oo 2300 140, OO
0000 1000 400 00000 eNOsSO OO OO

Table 2. Primary antibodies used for immunohistochemical study

Antibody name Source Isotype Dilution fold Production company
INOS/NOS Type I none lgG2a 10250 T[ergrfg:i:s”
eNOS/NOS Type |l Mo'\rlw‘gglsjnol gG1 10100 T[Zrkfg#g:izsn
NNOS/NOS Type | noe lgG2a 10250 T'L‘;rk‘)sg:;‘i‘gs”

iINOSO inducible nitric oxide synthase, eNOST endothelial nitric oxide synthase, nNOSO neuronal nitric oxide synthase
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Fig. 1. Results of RT-PCR of B -actin and nifric oxide syn-
thase isoenzymes in nasal polyps and inferior turbinate
fissues. iINOSO inducible nitric oxide synthase, eNOSO
endothelial nitric oxide synthase, NNOSO neuronal nitric
oxide synthase.

0000 2300 190, 000000 100 0000 O
00000 nNOSO 000000 2300 110, OO
0000 1000 500 00000 (Table 3). iNOSO
B —actinO0 00O OO0 O00DOO 05627+
05931, 000000 0.3278+ 040120 00000
000000 0000 00 D00 0000 (p<0.05),
eNOSO 000000 26370+ 09578, 000000
0 1.8713+ 062080 00000 OO0O0O0OO0 OO0
0 00 000 0000 (p<0.05), nNOSO 00000
0 04036+ 0.4549, 000000 0.4608+ 0.632601
0 000 000 000 (Table 4).

DI\ R{IOL B

300 DOOOoooouo oo oooboo oooo
0000 000000 iINOSO Oo0o0, oooooo
0 0Oobobo 0O0bOo oobooob boo gooo
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Table 3. Detection of nitric oxide synthases in nasal polyps
and inferior turbinates

Nasal polyps (n=23) Inferior turbinates (n=10)

%) %)
iNOS 14 (61) 4 ( 40)
eNOS 19 1) 10 (100)
nNOS 11 48) 5( 50)

iNOSO inducible nitric oxide synthase, eNOSO endoth-
elial nifric oxide synthase, NNOSO neuronal nitric oxide
synthase

Table 4. Mean value of density ratio of nitric oxide syn-
thases

Nasal polyps (n=23) Inferior furbinates (n=10)

INOS* 0.5627+ 0.5931 0.3278+ 0.4012
eNOS* 2.6370+ 0.9578 1.8713+ 0.6208
nNOS 0.4036+ 0.4549 0.4608+ 0.6326

*0 p<0.05, INOSO inducible nitric oxide synthase, eNOSO
endothelial nitric oxide synthase, nNOSO neuronal nitric
oxide synthase

00, eNOSO 0000, D000D0OO ODOOO OO
000 000000 000 DOoODOO. nNosO Od
00, 0000,0000 0000 oooOod(Figs. 2
and 3).

i

000000000 000 00000 0000 ca®/
calmodulin 00000 00000 D000 0OOOO
0000 OO0 (constitutive form)O Ca”*/calmodulin
000000 000000 000 000 00 00 O
0000 0000 O000(nducible form)O O OO O
0002 Lundberg 090 00 00 0OOOO iNOS
0 0000 0000 000 0000 00000 O
00 (inducible form)d OO O (constitutive form)O
0 000 00 0000 000 000.

iNOSD 000, 0000, 0000 EMT-6 OO
00, 0000, 000 00,000 O 0000 00
0 000 00 00 000000 0000 000 O
0 D000 iNOSO 00 000 00000 000 O
000 0000 eNOSO OO0OOOO0O OO OO
0000 D000 0000 000 000 00000
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Fig. 2. Immunohistochemical staining for Nifric Oxide Synthases in the nasal polyp fissues. A INOS was mainly expre-
ssed in mucosal epithelial cells. BO eNOS was mainly expressed in endothelial cells, and occasionally in inflammatory
cells. CO nNOS was diffusely and highly expressed in surface epithelial cells, inflammatory cells, and endothelial cells

(streptavidin-biotin-peroxidase method, x 200).

were markedly decreased than nasal polyp tissues. NNOS (C) was mainly expressed in epithelial cells, and occasion-
ally ininflammatory cells (streptavidin-biotin-peroxidase method, x 200).
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000 000 00000 00 0 000 0000 00
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000 0000 000 000 ooo® oooo 0o
000 00000 000 0000 000 0000
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000 00 00000 0000 000 00 0O
0 00D00. 00000 0000 000 0000 O
00 00 00 000 00000 000 00 000
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00 0000O0 000 000 oooooo oooo
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00 0O 0000 0000 000 00000 o000,
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eNOSO nNOSO 000000 0000 000000
iINOSO O eNOSO OO0 eNOSO 0OOOOOOO
000 00000 iINOSO 000000 00 000
000 0000 0000 Jung 00 0OOOOD O
000 000 000 000 000 0 0000 00
0000 0000000 0000 00000 0000
000 000 000 0000 0000 00, 000
O OO0 0000 OO0 mNOS(macrophage NOS,
type 0 NOS)O OO0 OO0 OO0 OO eNOS,
mNOSO 00 00000 OO0 00 0000 0O
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00 eNOS mRNA, mNOS mRNAD 00 00000
0000 00 mNOS mRNAO OO densitometerl] O
00 00 000000 0000 000000 000.
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diaphorase 000 OOODOOOOD OO0 OO0 O
0 000000 000 000000000 000 00
0000 0000, 00000 0000 000 cNOS
0 0000 0 00000 000000 0000 iNOS
0 00 0000000 0000 00000 0000
0 000 00 00000, 00 00000 0000
0 0000 000 0000 00oo.

Watkins 0?0 0000 iNOS mRNAOOO OO0
00 0000 00 iNOS mRNADDO 000 000
00 000 000 000 0000 00 00000
00 iNOS 000 000 000 00 000 000
0 RT-PCRO iNOS mRNAD 000000 0000
000 0000 000 0000 0000 0000 O
000 000 000 00000 000 000 0 O
00 000.0 00000 iNOS, eNOS, NNOS mRNA
000 0000 O 000000 0000, iINOS mRNA
0 eNOS mRNAD 000000 000000 OO0
0 00 000 0000 nNOS mRNAD 000 OO
0 000.000000000 00000 0000 O
0 00 iNOSO 000000, eNOSO 0OOOOO,
nNOSO 0000, 0000, 000000 000 O
0000.00 00 000 00 O 0000 iNOSO
eNOSO 000 000 000 0000 00000 O
000, 0000, 0000 000 00000 0000.

a4 E

000 000 00O OO0 iNOS mRNA, eNOS
mRNAD 000 000 00 00 000000000
00 0000 00000 000 000 000 000
0000 0000. 00 iNOSO 000000, eNOS
0 000000 nNOSO 0000, 0000 O OO
0000 000 00000 0ooo.

ZA OoOQOO000000- O0- OODOOOO O
O000O/southernblot: OOOO0OO0O0OOO.
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