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HlZS0A HHEH(f HHFMALL L
g EHETE e AAdez 713 31} g Zo] shfo|t}. Hl L TFHoR v H
H 59 thd a3l os) wAste d AT & 4%l A Yehhs Aoz gHA A
H|- Lo A el F a2 ‘d’*(mucus hypersecretion)2 Y2} 0 2= H|-§ AT A E
7 A AAIEHE AT ALY, ZL& o]ZH o2 HE AA L R Fe] widTE =
So2A A7l BHEdd s fEET|= strh 28y v g oA THEHE F o
od FAFHARANA FAHEAE ofH7A g A AA gk

E AFdA AFA= HEdlA MUCS mRNAS] #tdtd-g Hu AFu7fAldl o
MUC8 mRNA ©d9o 24 @ Z43E B gk A7 2z AT Fdo gL
st N B} v §-ol A FAH] Ho] HEFH AT MUCSAC mRNA %2 67 5 47) <]
H] & A A AAsta| gl el B8t FAFH o MUCS mRNA 42 671 F 570 <l A]
Astu Al ol vlste] Frletdth Wl E AA A 2T FI M EAA A5 wAA
of B3 Fod ot 2o H FA YT MUCSAC 5 MUCS mRNA 49| W3 BH H A
2 A2 24X 7F ol | YA FIFFR AL, MUCSAC mRNA -2 24417 ol 7o
Hl3lo] oF 50% TrAstH ot MUCS mRNA %2 2] 8AIZF T5E 9 n| QA F7}13h
48717 ¥ Ao TE3FATH MUCSAC mRNA 9] ZH47t 454 WiAIE 5 owd
aj7j A el o gk AQNA LotR 7] ) ZhzEe] MUCSAC mRNAC thst &7+ ZHAbgh A3
IL-48F Fojgt 1} 7]29 5744 43543 w7l A9 i@lz,_oq T A= MUCSAC mRNA ¢}
MUCSAC A do] B 5 20|50 IL-47} 7 do vi7Ad & T A AT MUCS mRNAE
H] 8233 o] wj A o] s ol A LA, AIEZ Ao A kLA ‘?—-_}“?ﬂﬂ A3 MUCSACS} vl A & €]
AZAANA A FHFATE =3 WA E Hol| T2 EA5t U™E MUCS mRNA7}
354 A ME & AEzAdA By FHEA T3] Ftste Ag #AF AT

ol¥ AIER 1 Fo] MUCSS Hﬂxﬂ;oﬂ/\i A HE Fad g9 shtoln, B4
A5olAM &3] BEEE FAAEH o Boldte T HH JAFAAF Y Fo=
Azt

@45E 2 6g, BTN, MUCS, MUCSAC
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HHlsde v A A7 14%7F AEshe 7H
TAZ] B 2 7153 Wiyt dojdnh gL
Adzol o velyg A AT oF 4% A BAsE A
Ho2e HE FIA 47} A4 Ao FoAsr|E ot 52 ojAH oz H§ =}
A7t Brlse WjdTE HEo2d FHlEdd s HATEn} fEE
23 Holgry= T:vt}ou ddo] 2 & eon dF4 wheS A

Aa(mucinye Aol Febde dFS A
core peptideF¢]o FA37} T =
dGAzLe] 2HE oldsle A HARHEY
d & dthe HolA FosAT ol A WA AF dHld A9 %d‘)“" ARl ek A
ettt ZHGA HAEH=, H]E ZZF A A granunocyte-macrophage colony
stimulating factor (GM-CSF), interleukin-3 (IL-3), & tumor necrosis factor- @ (TNF-¢)E @3

ahe 434 AE7F 7150 gvke A3} interleukin-1 8 (IL-1 5)9} TNF- @] B4 E
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interleukin-4 (IL-4), platelet-activating factor (PAF), % interleukin-9 (IL-9) o) o& A
o)A MUCs mRNAS] Al 3 A7A e s v ok AR Al o]
25} ou] AFelA] BB AAgAAls 2 wslyh 919 eu MUCS mRNAZE W]l 4] @A 3]
zo1gle) 9l @ARS WA} o]eld BA-S MUCSo] HHhn] E- u]8-8 HAl
Fojsl= 29 gasAAte e Akt mEbA £ dTelAe nlell A MUC8
mRNA<2] 7123 (hyperexpression), 541 w7 Al 23k MUC8 mRNA &= ¥ xS W2
MUCS mRNAY] W& A 22 zAbstzat shsict
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Ay A A 2 1099 A A Adare] SRl oA scrapingdhe] AH S A
7} 370€] pooled sample-& Zo} 17} total RNA, 27]+= cell lysates =g A3t A}
e WA Y, 018 TE RS A e FIFRLER LA 08
PR 632 95 WA AN B E A, 2L A, B
zo] #AGe] gl T 3L L obH ]E—.:ﬁ_ Fe Aol glglor, e 27
v Ay BT SAY AgE A4 biﬂ} S AL s, w8
1% pronase-S-oj 18~204]7F &<k 4°CellA A A8 B A=A A H sl e, 025%
{rypsi/EDTA &l ol 4] A A 5lod thel AT HEATH A2 e 75475 &3 +
2 Algch deizl Al Ee] Ld¥-3= total RNAE, 45+ cell lysate S "t==d| A48k
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2. Air-liquid interface (ALI) HH2F

0% Q1A Ay mAd e Alu) A E(passage-2)E ¥ pasal epithelial growth medium (BEGM)
5 DMEMS 1: 12 &35 Sdo] 2285 745 JAaxrt A7be §-84 ekl
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A ZAA HAZSFL AT HHS EFAE S0 2447 T B0 F

[e]
s Gray 5o] 71€3 W& AHgste] FFatn” &

_—

ofg 2=
immunoblot assayZ ©]-&
7 d(a gift from Dr. Davis CW, University of North Carolina, NC, USA)& ¥ F 0 & A
o F Ao tg dAFAzE GFEA A H6C5 (1 1 1,000, MUCSAC 79
gk Y8 (Neomarker, USA)E AF&-3kiTh wid® A ZoA AHAED BHEE JJr
(standard)}& LA W& 2 FAMsto] Yo|ERAER =T HEato] AxIaA 9 v
71 & horse-radish peroxidase conjugated goat anti-mouse IgGo| ¥H-$-A]#A chemiluminescence
(ECL kit, Amersham, Buckingamshire, UK)Z 2 A] Z t}. Linear regression analysisS ©]-8-3}
o EETHL AL F 7 AR AR RS vmate] HFa Tk wlFH A3IA Lo
Hel 7 A% Ave 2L 49L 3 o4 Adad BEid EEUAE Yehjglen
EAA A E]= student rtest2 3} T}

_|== ;l; ‘h‘ ]I>_‘1,

OIOFH—EL‘rEEL‘
>N 2 oxp o2 @

4. Total RNA, nuclear RNA 2! cytoplasmic RNAS| 22|

Total RNAE v A A4 Z- = A3 A| E ol Tri-reagent (Molecular Research Center.
Cincinnati, OH, USA)E o] &3} H#]35tgth RNAS] H& 1 ug RNAE ethidium bromide
o} A 6.6% EELUFO|EE TR3t= 1.5% agarose gelo| Al A7) E3se] &2lstH Tt
A7k ATA RNAS) 222 98 wjobe A2 94 mdh 4uHEe Buffer RN (50
mM Tris - CL (pH8.0)/140 mM NaCL,/1.5 mM MgCL,/0.5%NP-40) 175 x1E Y31 1.5 ml tube
2 & F oo 52 HASATE 4°CAA LAET 72 300 < gl A 227 AR
A7IE 5 dols Axdo] BolA HH ofef & AAE Ho| 2o A" o] & &
Z} Tri-reagent®} RNeasy Mini Kit(Qiagen, Valencia, CA, USA)S o] &3} Z}7} total RNAS
w2l st

5. MUC5AC mRNA2} MUC8 mRNAES ¢|5t RT-PCR

Guzman £°'¢] B33 RT-PCRE A}4314th Oligonucleotide primers= 14 MUCSAC
cDNA $47]4 ¥ (Genbank #U06711)& EUZ, 5primer, TCCGGCCTCATCTTCTCCS} 3
primer, ACTTGGGCACTGGTGCTGE A}-£3l4] 680 bpE FZ319 2™, MUC8 cDNA 4 7]
/) & (Genbank #U14383)2 ETWE 5’primer, ACAGGGTTTCTCCTCATTGS} 3’primer,
CGTTTATTCCAGCACTGTTCE A}&-3}e] 239 bps FZE35l MUCSACS MUC82] mRNA
£ RT-PCRE A3l th RT-PCRO thxFHAE A= (2 microglobulin (335 bp, Clontech
Lab)& o] £3l¥th A7) 713 2+ FA2e] mRNAE v w3dl7] 98] comparative kinetic
analysis2 A5} th? PCR AFHEL 50 ng/ml ethidium bromideE ¥-53l= 2% Seakem
agarose gel (FMC, Rockland, ME, USA)ol A A 7|9 & o2 E st AA-S HJtk. PCR
9] linear range= PCR cycle4d FEFEE A Fsled A4t HFAHE 0] genomic
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DNA9] @ 4ol gIttE A&
2Zslo] 24 YFRFoZ A9ter RT-PCRY Eo]4L PCR 2HE9] G714 ge #9ls)
o #EsHA

6. In situ hybridization2f T ZAIS15tM HAHo| oS H A

H-§ 22g Bz o2 A5t 4% ﬂﬂ}ﬁ%‘gtﬂﬁ}ok‘ioﬂ 24417k B 4°Col A 1L
Th2, 12% 2 18% sucrose &q o] & F 10 pm FAZ Y FE TS
29 ANE &I SR 4% AAEEATAAEE 08T $21E 47
3l T}-S- periodic acidol] 587k, Schiff reagentd] 1587 B2 &, 82= |
AN 3} th Harris hematoxylin® & tHZG A slo] FA8F & AZA|AH BY3Y
21 T7 RNA polymerase 2 in vitro transcriptionS 3}¢] Z}Z} antisense & sense probe
XﬂZ]-o]-ﬂﬂ- MUCS (riboprobe): forward-ACAGGGTTTCTCCTCATTG, reverse-CGTTT-
ATTCCGCACTGTTC. 4% 3}e}Z 24| —} ol=2 3087 TuA3 th diecthyl pyrocar-
bonate (DEPC) buffer & SSCZ A3+ & hybridization mixture (DEPC/SSC/Formamide/
ssDNA)E pre-hybridizationA] Z T}, T2, digoxigenin (DIG)-labelled cRNAZ 56°Coll A 3}-FF
QF ] %3t anti-DIG 3HA| 2 2A)7F B+ ¥HS-A]| 7| nitroblue tetrazolium chloride (NBT)<}
5-bromo-4-chloro-3-indolylphosphate (BCIP)Z ¥H-$-A| 71 & Fetdn|F o g #aAs ¢t o F
AMe 93 2AAHE 3027 4% T ELH =2 TS T, 56°CAA 2417 &
F pre-hybridizationdt TF-8- MUCS probe® 56°Coll 4] 8} 5%<¢F A il st ggd, AT
H Eo] A w33 Wx|5t7] st HFEH o2 3087 AA g & MUCSAC FA = A&
ol Al ¥FSAlZTE &3 2HA A (FLUOS-conjugated F (ab’) fragment of ant1-d1gox1gen1n-
fluorescin, RPE-conjugated F (ab’) fragment of rabbit anti-mouse IgG)Z WA A]7] & TCS NT
Imaging system2 ©]£3}4 DM RBE Leica @r|F o2 A&}
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m. Z o}
1. 8 AmMZo|A MEL M1} MUCS mRNAS} MUC5AC mRNAS| Hi3}

2 AFA viNAIES] FTe vhe v L] ATM T AE
A2 Buxt 39t & F A 3-A (pan-mucin antibody)?l H6CSE
A e A7 vE AIHE = 30150110098 pgo = HA
&tH| %‘711 “«4/31401]/‘14 001.4+263.8 pgH Tt oF 3ul] FA}THFig. 1A). Th3 TAZ o]
# Aol 2717} oW e WAa AR o F AAAE L] 9lsl, WA E mE HY
#77ke] mRNAS 33 o1h MUCS mRNARHO] AHHA F3AS Z7h7h 225 Ack
ool HAGAA 3 MUCSS] 2L TR T ML WA Ze] SHHoz wdDT
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Fig. 1. Intracellular level of mucin(A) and the expression of MUC5AC
and MUC8 mRNAs (B, C) in the epithelial cells obtained from normal
turbinate and nasal polyps. The intracellular levels of mucin were 1001.4+
263.8 ug/lO cells for the normal inferior turbinate and 3015.0+1009.8
ug/lO cells for the nasal polyps (Fig. 1A). Expression of MUC5AC mRNA
decreased in 4 of 6 cases (case 2, 3, 4, and 6). However, expression of
MUC8 mRNA increased in 5 of 6 cases (case 1, 2, 4, 5, and 6) (Fig. 1B).
Relative intensities of MUC5AC and MUC8 compared to the control gene
decreased 20% and showed 3-fold increase respectively (Fig. 1C). Blank bar:
normal epithelium, Filled bar: polyp epithelium
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Fig. 2. The changes of MUC5AC and MUC8 mRNA levels after treat-
ment of a mixture of 5 inflammatory mediators including TNF- ¢, IL-1 3,
LPS, IL-4, and PAF. The data shown in Fig. 2A is representative of results
obtained in 3 separate experiments. The mucin secretion 24 hours after the
treatment showed 40.6% increase (Fig. 2A, shotgun: 313.7+29.3 ug/lO6
cells; control: 223.1+18.6 ug/lO6 cells). Expression of MUC5AC mRNA
gradually decreased after 24 hours of treatment. However, expression of
MUC8 mRNA significantly increased after 8 hours of treatment and gra-
dually increased over time (Fig. 2B). Relative intensities of MUC5AC and
MUCS8 compared to the control gene at 48 hours after treatment with a mixture
of 5 inflammatory mediators showed 50% decrease over time and 2.1-fold
increase respectively (Fig. 2C). Interestingly, these results showed a similar
pattern as was seen in the results of RT-PCR from isolated epithelial cells from
the polyps. Blank bar: normal epithelium, Filled bar: polyp epithelium
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AAT. HxFAAE AFEEE 2 microglobulin® & }o] 7} 1A THFig. 1B). o] & 8 #F
S EH MUCS5AC mRNAE ¢ 20% A% HU o™ MUC8 mRNA= ¢ 3u] =718t th
(Fig. 1C).

I MEZM HSM oA o &st MUC5ACR} MUCS
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Hefel Hlm

ks @34 w7NAS 0] MUCSACS MUCS mRNAS] 2@ & zdets A2 2A15H9
o oldel Al £U Aol G gogE 3
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ol G4 AR THE o] gate] Ztzk A ZAHY ATMEAA YA B o hE &I}
2 Azsgout olud vd 94 AT FARuE Z7A7] A Zatoh’ whetA
AR A A GFAES fAS 2AS BT H8l 7R 94548 WUiAE B
FA5tHth & IL-13, TNF- @, LPS, PAF 12|31 IL-4Z FAlo T3 Az, 242t £ A
FH7 QE Aol BFFAA AR 2443 Fo 10°HEF 31371293 gl B Uz T
22311186 pgell vl 212 YA 40.6% Z7}8t tHFig. 2A). 8, MUCS5AC mRNAE 3
2} 7Aadte] 24X 7 e 2T B3 50%E Fo] 5021} MUCS mRNAE A7 &
of F7tst7] Al&ste] 48417 Foll= 28] F715FH thFig. 2B, O).
3. A=A OfJHA| = IL-42] MUCS5AC mRNA2} MUCSAC Moo CHEt &t

&7 BA 9 AlEH AP A FAIY MUCSAC mRNA7} ZHAdtkes A= 9454 w7

A So] MUCSAC mRNAS F7HAthe 7129 Rashe Aute Aoty 7 wehs o

TAZ} AFE-S A5 vl ZfA S ojw @ wiA A 7 MUCSAC 2@ ZHAd 7loste A& &
71 A3 Zzke] MUCSAC mRNA©] tgh 235 HAgE 23 IL-49]9 g& fAxEL o}

A B
2 30
3
B 20
A B C D 3
mucsac £ 10
o
=]
b2Mm | s i o | =,
A B C D

Fig. 3. Effects of IL-4 treatment on MUC5AC mucin gene expression and mucin se-
cretion in cultured normal human nasal epithelial cells. Treatment with both IL-4 alone
(B) and shotgun treatment (D) decreased the expression of MUCSAC mRNA (Fig. 3A) and
the secretion of MUC5AC mucin (MUCSAC mucin) (Fig. 3B). A: control group, B: group
treated with IL-4 alone, C and D: group treated with inflammatory mediator mixture without
and with IL-4.



T8 ko] gl < & F UATh MUCSACH w3t IL-49] S35 47] Hsf ofFd
AR T 5FA ge ERFEA), IL4% T3 Z(B), 424 wWAASA IL-47 #W 7(C),
71E9 57HA A5 WAAES EF FATD)E A7 AT F 2447 Fo] MUCSAC
mRNA9} MUC5AC A& S th IL-4TF B4 1 7]&9 5714 A543 w7/l &
9] BFEA T A= MUCSAC mRNASH MUCSAC Aol B ZoEgoH d=A4 /)
A Sl A IL-45F Bl Foj A= MUCSAC mRNAS] ¥3}7} ¢l thFig. 3). 3H9, IL-4= MUCS
mRNAd| WA= o}F &EF7F YAt

4. H| 20| A in situ hybridization2 0|25} MUCS mRNAS| ZA 35|

47191 Aol M MUC8S] AdA FaAde 7hsdE AASHE AT MUCS mRNAVE
ol AEo A=A o Hug nf gler = olF dolr 7] $18) riboprobeE o] &3
in situ hybridization& At HTH v & FIAMEZAA = 7AAE 2L wjHE Ao 7
SHAl, WAl 2] Az Fo okstA o 80}%‘3“‘# detst AzAdqxE FE Hof oA
W o] = UTHFig. 4A, B, C, D). 3t dFo] fIE B4 2= FAEE F
A= MUC8 mRNA7} oAl Z ok utst Azxz s A wrde] HA o %rh(Fig. 4E,
F, G, H).

5. 9= AN DA o 2|8t MUCS mRNA2| sHoAM MEZzRZe M=z}

A= MUC8 mRNAZ} in situ hybridization A3}l A of oA A ARt ﬂs} Al
UEtEAd et E8E 7HAA HAY ZA] v @ E4 FHE EAste do 3l
+ MUC8 mRNA7Z} |34 v S o] AZdz A=, AZZA A HH}EHI il
AF o] FHE7] i AEAAA e FstA YEIRE TS AFstTh A 2
At AEAEZE st 57FA 9 A5 WA BFoE AXSHS W A AE
Ao 9l MUC8 mRNA2] ¥H3E RT-PCR¥Y} in situ hybridization® 2 ZA}stH T A=
A wiRA Bz A s 24*17J o] AEeA MUC8 mRNAS] F717F QlSith o
A B3 AZAL Rt 4L total RNAAME Mo & War) gldey Ax
Ao AE MUCS mRNAY] %7}7} T 25 QY hFig. 5A). o]H 3 A= A LA
MUC8 mRNA Z717} 2 A Z A A2 MUCS mRNA2| F7ld] 7)dstdtte AL T
e, A5 WA B3 2= o8] Ao AEZEE MUCS mRNAS| Ao 2|3
U AL IAEH Y. o] 28k AL in situ hybridization Z 3ol A 9} o] A4 ulf 7Y
A EFOZ AXS T AEFd MUCS mRNAVF F-310] F7tgto 24 A&l d 5 9l
A th(Fig. 5B).
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Fig. 4. Periodic acid Schiff (PAS) staining and ir situ hybridization with antisense
probe of MUC8 mRNA in the epithelium and submucosal glands of human nasal
polyp (Fig. 4A, B, C, D) and normal nasal mucosa (Fig. 4E, F, G, H). All left
figures shows PAS stainings on adjacent sections. Brown-colored positive area for
MUC8 mRNA was very distinct in the nuclei of the surface epithelium, weakly
expressed in the cytoplasms of the some surface epithelium (Fig. 4B) and weakly
expressed in the nuclei of submucosal gland (Fig. 4D).
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Fig. 5. Effects of the mixture of inflammatory mediators on expression
and translocation of MUC8 mRNA in the nucleic and cytoplasmic mRNA.
Interestingly, the nucleic MUCS8 mRNA was not significantly increased but
cytoplasmic MUC8 mRNA strongly increased (Fig. SA). This result suggests
that the increased levels of total cellular MUC8 mRNA is due to the
increased levels of MUC8 mRNA in the cytoplasm, which is translocated
from the nucleus. This finding is further supported by the observation that
signals of MUCS messages were strongly intensified in the cytoplasm of cells
treated with inflammatory mediators as determined by in situ hybridization
(Fig. 5B).
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=4%goz Uehld sol ol2GAL & A, AUAZAAE Q%) WAL AT

o oz el Go 2R MUCSACSE MUC8o] Z& HjA|Zo ZA3tts AL & 5
9t MUCSACE dE o] A EojAgt &3o] Fglom w3 MUCSAC= MUCST}

FAd HEE R T MUCSACT 2d st wjAZE A2 IdthFig 6A). dos Az
oA E MUCSE THE QoY MUCSAC e ZAatA] o $rhFig. 6B).



Fig. 6. Double localization of MUC8 and MUCSAC in the surface epithlium (A) and submucosal glands
(B) by immunohistochemistry and in situ hybridization. MUC8 and MUCS5AC were co-localized (yellow color)
in the cytoplasm of goblet cells. But, in submucosal glands, MUCSAC was not labelled. Green color indicates
positive for MUCS in situ hybridization and red color indicates positive for MUCS5AC mucin.
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Abstract

Mucus secretion and mucin gene expression in nasal polyps
Ji Hun Hong

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Hee-Nam Kim)

Sinusitis, an inflammatory disease of the sinus, is one of the most commonly reported diseases
in the world. Nasal polyps represent the ultimate manifestation of chronic inflammation of the
sinus and their prevalence has been estimated to be about 4% in the general population. Polyps
are believed to cause mucus hypersecretion, primarily or secondarily. However, mucin genes
responsible for mucus hypersecretion have not been known for nasal polyps. In this study, we
described the hyperexpression of MUC8 mRNA in nasal polyps, the regulation of MUC8 mRNA
expression by inflammatory mediators and its cellular location. The intracellular levels of mucin
showed that the epithelium of nasal polyps contained a 2 to 3-fold higher level of mucins
than the epithelium of normal inferior turbinates. The level of MUC5AC mRNA slightly
decreased in 4 of 6 polyp samples. However, the level of MUC8 mRNA increased by 2
to 3-fold in 5 of 6 polyp samples compared to normal inferior turbinates. In in vitro
experiment, mucin secretion was significantly increased by treatment with a mixture of the
inflammatory mediators 24 hours after treatment. The level of MUC5AC mRNA gradualily
decreased by about 50% compared to the untreated control 24 hours after treatment. On
the contrary, the level of MUC8 mRNA significantly increased 8 hours after treatment and
reached to a maximum at 48 hours after treatment. The decrease of MUCSAC mRNA was
due to the presence of IL-4 in inflammatory mediators. MUCS mRNA was strongly
expressed in the nucleus of goblet cells in the surface epithelium of the nasal polyp and
weakly in the cytoplasm of the goblet cells. And interestingly, MUC8 mRNA was
co-localized with MUC5AC mucin in the cytoplasm of goblet cells. These results indicate
that MUCS could be one of thc major mucins secreted from polyp epithelium and play an
important role in the pathogenesis of polyposis in chronic sinusitis.

Key Words: Nasal polyp, mucus hypersecretion, mucin, MUC8, MUCS5AC
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