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FES dmM=ollA st mE
=2 H MEME=Zol 23}

57 UAEZE uEEel glof uigErITtel wet AE Y RIAE, AlEZ FH,
HAFARFY WF A o] TS = glovm g AFEZ | wet HAd HX A 7S AR
37] YElA= o] E ol= Aol Fasth B ATe AFY 84 T M EE w S
so] dRAER Raleherbe dolra Wk R AZE 233rhe uj k7|t u)
2 ARA G FHAEY FAHIEO] of DA HIEAE LolH Al sFRom, T
Hj F71 7o e b} gAY ERlE O fAzke] ddS dolr it sttt
A Ad IS A st AFst7]d TSk passage-2 cellS F2 F o]
235 F53517] Y3t air-liquid interface &2 A 7]7F vt H o FHE ol F
329, 15, 27, 47w S E M2 Feehd #E 9 A2 358 dAs A
s, ZF v Al ZIveh ot E M EZ o] AFFoll A 24417 ok EulH Eﬂlg——;- A #
ste] AT} gAztd o] %S immunoblotting S 2 A a0, 7k v FA7EE A
F¥o| A FZ%3 mRNAS RT-PCRS ©o|&3}o] W A7t

ARAELZE 7 F29A40e #H2HA F4a, 1575H 32T 5 dlon ajek
717bE AN S-S 159 3.1202%, 250 7.440.5%, 459 14.5+0.6% =2 8] F 73]
AAAFE Z7tste S Bt BuAEe §F 5 2940 35.6+2.8%, 159

32.8+7.8%, 25°l 32.8+2.5%, 4Toﬂ 494+1.4%2 FARE RYoH 2371 A= Wi
717t et  xpolE HolA ot 4FA ol oFt St ATk 2 v FTIbE R
AT HAo] BulFe 7 2¢A e 69.049.7ug/10° cells, 15 ol 147.1+12.4ug/
10 cells, 25 & ol 473.0+36. 8yg/10 cells, 45 ol 459.5+62. 2/1g/10 cellsZ THF= o|F

T 27A 0l 543 S7tske s Ho|trt o|Fov & HlE Ho|A] ¥tk it
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HSd wFog Fews 329 BAdA siue ZHYS AAN S 1%
Pronase (type 14)7} E 35 o] 1= Dulbecco’s modified Eagle’s medium (DMEM, Gibco, NY,
U.S.A.)¢} Ham’s F12 nutrient mixture (F12, Gibco, NY, U.S.A)2 1:1 &38| 1847t
S AXF AFIAEE EEEtA ) ol ZEtaE &7 Hue £ 37°C g7 A
603t Hj et AFEAE 55 AASL TA] FehaY &7 A & vt
Hj ko © 2= bronchial epithelial growth media (BEGM)< A}-8-3}92 ™ hydrocortisone
(0.5ug/ml), insulin (Sug/ml), transferrin (10ug/ml), epinephrin (0.5utriiodothyronine (6.5 ng/ml),
gentamycin  (50pamphotericin B (50 ng/ml), epidermoid growth factor (25 ng/ml),
all-transretinoid acid (107 M), bovine serum albumin (1. Sugfml), bovine pituitary extract (1%
volfvol)S i el F7tstqdeh g2 B sF Fof ZopFen, 2 F2+= 299
HA ZolFQ ) 80% 3t (confluency)E ©|F= Ao A trypsin/EDTAS ©] &3} A
58 wgiryg 27|28 2PAA GAZE A7 T AE 471 2,000 cells/cm’
HeF At Zekay ujdE 7ol o3 e UM, o] passage-2 AE7} 70~
80%< FFHE ol FAUL w A FHERE WE] A3 FAo] 1.8x10° celljvialZ FFH T

2. AO|M 2o BSIRTE 2| air-liquid interface (ALI) Hi Q¥

AE E3E QeiM utEFHATgo g Ayt FEE 8] 7] (Transwell-clear, Costar
Corp., Cambridge, MA, U.S.A.)°] BEBMZ} DMEM=<- 1: 12 &%3F 83 ngd s ¥,
WE 2AE <1009 QA A4 Zd9 A9 4 F(normal human nasal epithelial cells,
passage-2)S F-frate] HAEHT olu) wjde] IrtE zEEI 4F AFAAEL
epidermoid growth factorS 25 ng/mlol A 0.5 ngmlZ 243 A o|ol= A v FA 9} &

AstA stk AZSS A AL WFde] F FHZ Fof WAL 9 D ofeh%
RS W G F 199 olF AL A0 golRedth 097k wgkale] 7 AE

3.



Fet & 9% wjFAS A AT air-liquid interface (ALDE F/dsto] Az FFE ¥
719 2R eH ol HH° 2 v wgsk ot vl 2 37°C, 5% CO,ol A W33k
CHIFT7IZES 100% HRE ClE ¥ 29, 159, 259, 459 sern, 74 A7) 73

Z 7} w77t b} S wellS 10% A T=2do| 1 3 2% of7}
MEQxFoz do] &3 & et Zufste 5um FAZ é%o}a’iﬁ}. A
A

22 A
" XAES H&E G5 AASte Alxe 23 A= AEAMze EAE gRlstath
w3t zb vjokr) 7ttt Al X o] S FALHAAE U] 7 (SEM; H-800, Hitachi, Japan)2 ©]-&

- 1
sto] #ASIAT o] E 93l A chamber slideol] ¥ E MEZE 4°CY 2.5% glutaraldehydeol

[}
4~6A17F TAAIZ] T 0.1 M A4 S58Ho 2 MAHSAT 1% osmium tetroxideol] 2A]7F
OAl g% & &4 AS AA critical point drying ¥ & =5 (300um thickness)d}o] 2+
EA=s

4. HANMZSISIAMS S5t MDMZl 2H|MES| 2MH| &

1 e F4°CY oMAE L HELES 1
1 &9 14 = @EH]EQ} %uwu TRHIE gAsty] fal WsstE dAas A
st @Exﬂgﬂ AL e -tubulind] 3 SZE3A (1 : 1000, Sigma, St.
Louis, MO, U.S.A)E AH&-3stom EHAEE HHd gt ©ZE 321 H6CS (1 : 1000,

a generous gift from Dr. Davis, University of North Carolina, NC, U.S.A)E ©|&3}o =3}
AT O-tubulin®] TH3F A 2 HEC59] FA A A X HES =A37] Y] & 1,00070
o AT % FHA HES £ o] 2Ha

5. o4 o 2|axjelol Bofd AE U W

7} ) FA 7]kt FE A9 Aol A 24X e A HE BRI EA HA T izt
o] S immunoblotting® 2 FFFH T 4 AAH Y (a generous gift from Dr. Davis,
University of North Carolina, NC, U.S.A.)3} 2] 4%} (Sigma, St. Louis, MO, U.S.A)S EF2
2 AMEE RO HAo it dAFAZ = THFEA Q] H6C5 (10 1000, a generous gift
from Dr. Davis, University of North Carolina, NC, U.S.A)E AF&3l¥ 1, ) 4&A o sk o
A 2= A Z A ) rabbit anti-serum3 (1 :© 1000, Dako, Capenteria, U.S.A.)E A}-8-3}
Aok AHE EREHR EFES AT HIER A5t Yo|EZAEZ = 283510
Jx}gtA| 9} WH§A1Z] $ horse-radish peroxidase conjugated goat anti-mouse IgG =
anti-rabbit IgGol WHS-A|#H 2™, chemiluminescence (ECL kit, Amersham, Buckingamshire,

-4 -



UK)E WA Standard curveE A F 3| AL A& o]t 1d § 7 AAMES] LAY
A9} Hluste 11 &S AFSAT BHIEY AREAE HT+RFHAZA YEH S
o, BA83 el Student t-testZ AT

6. AU} 2|AXI2I9| mRNA &2 2|5t reverse transcription (RT)-polymerase chain
reaction (PCR)

%9 2] mRNA level©] northern blotol] &8 A4 A AZo] A o} Gusman 50]
B33 RT-PCRS AME-a3th 37FA A /A A MUC5AC, MUCSB, MUC8)9} 2] 24+
a8 EFHAZ AFE3SE B2 microglobulin (3-2M)2] mRNA| t3}4] Gene Amp PCR
Kit (Perkin Elmer Biosystem, Foster City, CA, U.S.A.)2} Gene Amp PCR system 2,400 (Perkin
Elmer Biosystems)S ©]-83}¢] RT-PCRS A&ttt 1 WS 71d3s] &7)std 7 vj¢
A3z A FZ% total RNA (1ug/20ul)E random primers$} Moloney murine leukemia virus
reverse transcriptaseS ©] 83l cDNAZ S HAKRT)AIZ T olu A E cDNA 4uls FH3}
(B-2M9] 749+ 04ul) HFF5X7F AmpliTaq DNA polymerase (QIAGEN, Valencia, CA,
U.S.A)E 2.5 U/100ul, primere 0.2 mM, MgCL+= 1.5 mMo] H =& E33F & o] FZ A
Zt}. olu] AFE-3l oligonucleotide primer= A}3 MUCSAC (Genbank accession #U06711, 5
primer: TCCGGCTCATCTTCTTCC; 3 primer: ACTTGGGCACTGGTGCTG)$} MUC5B (Gen-
bank accession # 772496, Sprimer: ACTCCAGAGACTGTCCACAC; 3 primer: TACCACTG-
GTCTGTGTGCTA)$} MUCS8 (Genbank accession # U14383, Sprimer: ACAGGGTTTCTC-
CTCATTG, 3 primer: CGTTTATTCCAGCACTGTTC)Sll t3h on] ¥ H A7ujgde o] &
3], MUC5ACE 680 bp, MUC5BE 388 bp, MUC8-S 239 bpE TIA}13tth ti=HAAE
A AF8-3F B2 microglobulein (3-2M)2] primer= 335 bpE WF=+H| Clontech Laboratories
Inc. (Palo Alto, CA, U.S.A)9 AES AFE3IA T HHS-E 9] 2 37|+ denaturationS 95°C
o| A 17k, annealing= MUCS5AC, MUCS5B, B-2M< 60°CollA] 133, MUC8%} 2] AAtd &
55°Col A 187 A3t S extensione 72°ColA] 1&7F A stH. 2 SZF71E
MUCS5ACS} MUC82 353], MUCSBE 273], 2|42t 253 18l R2M2
Atk FHF AHEo] mRNAZFH A 7]al genomic DNA 20| it= A& SE8H7] 9
3l RT reaction®] ] reverse transcriptaseS A sl SANZTOZ A3kt

PCR AH&S 50 ng/ml ethidium bromide”’} ¥3HH 2% Seakem agarose gel (FMC Bio-
Products, Rockland, ME, US.A)olA 1A &t A7]FEo2 #83 § CSC Chemilu-
minescense Detection Module ver 1. O(Raytest, Straubenhardt, Germany)Z band®] 3 3JE]E
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Percentage of Ciliated cells (%) ~
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Days after confluence

381 3. w7170 meE AR AL} RulAE) FAu). A )
A2 Z=7l5l= okalel B, v k7] 7kl

stZ ujF7)3te] 2o

F 237HAE 2 Wb} gkt 4Tl ok

=

p

o= 32.842.5%, v 7]kl W
F F7FHAHHZE 3B).
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Z7kshe e

3. 7|2k Eoy I B|Axjel Ch#
A A¥ 27(4111} AT ZTE A HOkg}oq
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FdE Bolnrt
EESAME

ojFd= &
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HstE H

Percentage of Secretory cells (%)

Aol 1ol

A

O-tubulin®] th3t dA o] YALS Hole

| A 3 (x1,000).
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50 A

40 +

30 A

20 A

0-

H| 2|

A&
147.1£12.4ug/10° cells, $F 257 ol &= 473.0+36.8ug/
10° cells, &F 4F A E 459.5+62.2u/10° cells® FHE o] Z

B9k} 47

1l

Days after confluence
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REDEEEOREEE ]
].

s
0 B
=

o= 49.4+14% = <F
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HAe] Hulzke 7 20x 0=

A 27 343 Z7hshe
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234 FAF Frkshe e Boltst ol Fdle & sl 918 B w41zt BE gaxq BHF
o W3k §F F 232hAE ANE Brlethrl 454 FH8) ket Pabol wAH.
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10° cellsZ §5% ol 24 2774 AM3 F7hstebrt ARAZI} BolAE 454 37
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th. MUCSAC mRNAS] 2% &7 ¥ 29498 230 4257 A48 F 13, 25714
C ZANE PRE FAND AUOY R 4FAL YT/ IS, MUCSE
mRNAS] 79 94 FF 20A%H LF] 42F F R 1F Folt nok FAsde
W olFol §F 4FAZA REF LAHE Fol 715tk MUCS mRNAS] F 9t
TR 2940 vnaA wEEYon IR 13 FREE 2 Fo| A P
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MUCSAC mRNA2] #&o] <3 x v MUC5B9 MUCS mRNAZ} 2 23 HT} 24219
S IR T 4FA7A FE3] mRNAY Tdo] FuksteE Yodol AT
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Iv. 1 &t

=
A7k o, elel g 9 FAALE 44T 3
variation®] 714 23 sl4j0] o€ W, 99E F5) B EAY SO Astel 4

ARl Algz o] AT 1996'd Gray 52 AMg 3H71= AIAHZE HARuIAZ} A
2R LR et 58] ARl At dste] 7 passagedl M 1 54 IR
A, Aol TR g AXE Srsted AFsAoH & §02 A ZHY F9NE
€ o] &3to] BHAEe ARAERS T35 H S LA e AulolA A gl 4
ot 7= AR Aol A2 A7E vt : 7] Au) A E o] uf ok

o]-&- ol Wi & 1259 Z7]9| o] FojAH o] ot
Azel F8T Y A e, FAe] Enle} O FAe ddgdo] HEd 3o
W, mebd F O Rewd AnE 271 ANt 557 ANAEY B0 e §
3l 2 v 7IERE 54 WstE #FSE vt o

B AP E AAg A4 249 A A ZE A el Feto] passage-2 cellS SH A 4
ol 4713 Wkatel 7 WA 549 Wske BRen s,

B AFe Ay ARAIAEE B35 F53517] 93 airliquid interface™ 0. 2wl &3}
o FRE olF F 1FUA0] A% BAYACH o] B4 Usui Gray,' Hanamure® 5]
Haoh Hls2g Aol ek ARAIAEE 7 5 1FLFH S7st7] AlFeto] g &
AN 145%2 A ES TANEE HYoH, ol S JAALE o &3] FF
3FA O 13.6%2 ARAYAMEL FAEES R Gray 59 AFAF} 2o YiFo]
Atk olH3 ARE Fa ZHT FIHAEE wigst] ARAIAEE A8 HsiA
= 288 Bob ol ROIAE §F F 4540 NS Aol £2 A0 A€t aF

g & S 43l 59%2 Hig

Ao 2 AH A H 8
Chapelin 5'¢] A3}o} vlus] & o A I
2 AolE Hola glon, o) gog wjkde] LR wj g7
#A yoprtel & Al Al H

S WP BAALE WS TR F 2AANE TR 27 FAAE JIALY
A 1

°

r

B

32~35% AEHoH FF 4F Folle Triete] FHAEY 494% 7t FHIAE UL o]
H EHAEZT ARAEEG dF Eitste AL IEHEESAE wd Al debAel |

o
ro
&}
~
RN
o
O

VS
=
otk EF o] A AY Y AT ATAZAAY BT v

L3l 2 "oty wepA ERAE dg A= &7 2<4ARH AP

&
X0,
o

L



2 AlgdY.
2 AT wjd7Iztel wep HAAG BHIES HAy gay F8lEQ Al
H S dot-blotting= ©]-&3 AFH 2 SASAT. EHlE FH9 ¢

F2 w71zl ut
2t S7kste] &7 5 25 Aol plateau phased] =28ttt o] 9} Zo] FFE °o]EA| 2¢ ©
FHEH g 277 A= EHIAEY vEe 2 Wt glou Mo ErlFo] &R F 2%
M S7F AL 7 F 25 7HA= dAAETE BRlske A9 Fol AA S7v=
AL gA@ g Y. FF F 450 BHANEI} 494%2 S8 EUE B8
1oAY Fe FAEA B A BHALY wso] o3 HY FulEo] tha Do)
A Aoz AgdEY. 22y ZAA EHEQ] dadde §F F 4FA7A AL S8t
T Fde ol HAE FdIde Aol A0 ol d Adte H A faxds
T

o
et oAzl A A M 7F34¢ MUCSAC, MUCSB,
MUC8 % 2]4:29) mRNAY] WE & A7 R ZAFSIG T A AT A 13744
7} 9 A QAR B A e 8l7]1% 2 (ower airway)oll Al F& HAow Adez
MUCS5AC, MUC5B""¢} polyp epithelium®l| A Z7}atE A 02 veEhd MUCS S Helahg
E} MUC5AC mRNAE 7 F 2F A7 4ol S7lete 213 BAou 45740
379)ol = FAF] 7Asdh o8 e AFE w)d 399712 MUCSAC mRNAS] wH& o] 7
2V AThe Bemacki 519 B35k Jolsttt. oejat Aole] ol f 2, A ol T
A EE o] &3t e WHoz HAPsAS HE IF F 4574 MUCSAC mRNA %
o] §43] 7A3tn Bud FH 5% AFfE E u), Bernacki 5”2 collagen coated
membranes ARESFH O} B Ao A= collagen coating©] ] o] O'X] 92 transwell-clear
membraneS AHE-31 7] WY 7bsAdo] vt AZgt MUCSB mRNAE &7 % 15
A FA3] S71 o] F & 4F FUA wjFTIZte] AolHAFE Wdo] Flete el
At} o]y 3t A= Thornton 5'° 2 Bernacki 579 R19} X3 9t} A MUCS
mRNAE Hj¢7]|3to] ZdojRel wte} Hap ddo] S7hste S EAd oled dd=
k71 7kell A §le] MUC8 mRNA &o] ww 34 FHETHE Bernacki 59 R 119}
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[AARE Y FHA= w7z wet M2 g8 BE S BT 5 37 F 294
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Abstract

Mucociliary differentiation according to time
in culture of human nasal epithelial cells

Jeong-Joon Lee

Brain Korea 21 Project for Medical Science
The Graduate School, Yonsei University

(Directed by Professor Joo-Heon Yoon)

It is important to know the state of differentiation, cell phenotype, and expression of genes
for mucus production at the time of study because these may be different at different times
during the culture period. The primary purpose of this study was to determine whether the
number of the ciliated cells increases as a function of differentiation in NHNE cells. If we
observed that there was an increase in the number of ciliated cells, we determined the
composition ratio of ciliated cells and secretory cells according to the culture duration. We
also examined the levels of mucin and lysozyme secretion, and their gene expression at the
same time. The presence of ciliated cells was not evident up to 2 days after confluence.
However, 3.1£0.2%, 7.4£0.5% and 14.5+0.6% of the cells were ciliated on the 7th, the
14" and the 28" day after confluence respectively. Meanwhile, the percentage of secretory
cells were 35.6+2.8%, 32.8+2.5%, 32.842.5%, and 49.4+1.4% on the 2", the 7%, 14"
and 28" day after confluence. The amount of secreted mucin showed an abruptly increasing
pattern by the 14" day after confluence, but showed no significant changes thereafter. The
amount of secreted lysozyme increased as a function of differentiation. MUCSAC and
MUCSB mRNA were mainly expressed between the 7" and the 14" day after confluence
with relatively weak MUCS8 and lysozyme expression. However, as the MUC5AC mRNA
expression became weaker, MUCS5B, MUC8 and lysozyme mRNA expression became
stronger by the 28" day after confluence. In conclusion, we speculate that in in vitro studies
with NHNE cells, the time point of treatment should vary according to the purpose of the
study. In addition, the MUCS5SB and MUCS8 gene may play an important role in mucin
secretion in fully differentiated human nasal epithelial cells.

Key Words: mucociliary differentiation, nasal epithelial cells, ciliated cell, secretory cell,
mucin
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