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Ciliary and Secretory Differentiation of Normal Human Middle Ear Epithelial Cells
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ABSTRACT

Background and Objectives(] Recent technical advances allow serial culture of normal human middle ear epithelial (NH-
MEE) cells. However, the ciliary differentiation of these cells has not been achieved. The purpose of this study was to est-
ablish a culture system to differentiate serially cultured NHMEE cells into ciliated cells. If the ciliated cells were to develop,
the percentage of ciliated cells and secretory cells throughout the duration of culture would be measured. We also examined
the levels of mucin and lysozyme secretion and their mRNAs in a time-dependent manner. Materials and Method[] Normal
appearing human middle ear mucosa was harvested and subcultured after enzymatic disaggregation. These cells were diffe-
rentiated in air-liquid interface (ALI) culture for 2 days, 1 week, 2 weeks, 3 weeks and 4 weeks after confluence. On each
culture period, the ratio of ciliated cells and secretory cells and the amount of mucin and lysozyme secreted from the cultured
cell were measured by immunohistochemical study and dot blotting. The level of mucin genes SAC (MUC54C), MUCS5B,
MUC8 messenger RNA(MRNA)s and the level of lysozyme mRNA were measured on each culture period by reverse
transcription (RT)-polymerase chain reaction (PCR). Results( Ciliogenesis usually started on the 16th-18th day after con-
fluence. The percentage of ciliated cells increased over time up to 10.6% but that of secretory cells remained at about 40%
throughout culture duration. By the 14th day after confluence, the amounts of mucin and lysozyme secretion increased rapi-
dly and then maintained a plateau. The expression levels of MUC5B, MUCS and Lysozyme increased with culture time.
Especially, MUCS showed a dramatic increase on the 28th day after confluence. In contrast, the level of MUC54C mRNA
showed a peak on the 14th day after confluence, and then decreased. Conclusion[] Ciliary differentiation of NHMEE cells
can be induced by ALI culture system. Our study also suggests that secretory function develops earlier than ciliogenesis, and
that the expressions of MUC5B and MUC8 mRNAs increase as a function of differentiation. (Korean J Otolaryngol 20025
45:208-13)
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00 000 0O 000 0000.

00000 0000 OO0 00000 0000 000,
000 000 0000, 0000 00 000 D000 O
000.0 00000 00 000 00 0 00 00 00
0 D000 000, 000 000 000 00 0000
0 OO0 0000 0000 00.00 000 0000
0000 00 000 00000000 (mucociliary tra—
nsport system)l 000 0000 00 000 0O0OO
000 00 000 000 0O0.0000 000000 O
000 000000 00 000 00700 0o0O000®
00 00 000000 000 OO0 Moon 0°0 00O
00000000 000 000000 00000 00 O
000D. 000 000%0 0 000 00 000 OO0
000 00000 OO0 000000 00000 D00 O
00 000 00 00000 0000 000 000 OO0
0 00 00000 000 00000 000 00 000
0O DO0O0O0D Moon 00 OO0DO 00O O OO0 OO
0 ooog.

00 0000 000 passage—2 0000 0000 hu-
man middle ear epithelial cellsOHMEEC)O OO0 OO
00 0000 00000 00000 000000 000
0, 00000 00000 00000 OO0 00000 O
0000 D000 00000 000.00 00 00000
00 000 0000 0000 mRNAD 00 000 OO
ooo ooo.

oo o od

HMEECO 0O0O0O0O0O OOO0OO0 OO0OO0O OO0 air—
liquid interface(ALI) OO

000 00 00000 ooooooo oooooo o
000 0000 OO0O0O 000 oogoo ooog@er-
omontory)1 00 O0O0O0O0O. O OOO OODOO OOOO
0 000000 000 oooo, 000 ooooo 30
0 00000 000 000 000 ooo ooa.

000 000 1% pronase(type 14)0 0000 OO
Dulbecco’ s modified Eagle’ s medium(DMEMUO Gibco,
NY, USA)O Ham's F12 nutrient mixture(F12, Gibco)
0 101 000000 1800 00 0000 ooooo o
0000.00 0000 000 00O O 3700 0ooo
0 3000 0000 00000 00 0000 Oog ood
O 0000 00D000.000000 bronchial epithelial
cell basal medium(BEBM)O O OOOOCO, 00 OO0 O

oo o

000 00000 Moon 0O®000 OO. 0000 OO
00 00 000000, 0 000 200 000 o0oo
0. 50060% OO (confluence)d OO0 OOOO trypsin/
EDTAO O0O0O0 0000 0000 O 000 00 2000
cells’em’0 000 0000 OOOO 000000 00O
00 0000, O passage—2 OO0 60070%0 OO0
0000 0 00 0000 000 00000 6x 10° cell/
vialD 00 00000.

000 000 0000 00b0ooboo oo Oobo o
O 0 (Transclear, Costar Corp., Cambridge, MA, USA)O
BEBMO DMEMO 1010 000 OO0 0OO0OO OO,
00 000 passage—2 HMEECO 4x 10* cells/cm? [
00 OO0 00000, 00 0000 ooo oooo o
00000 epidermoid growth factord 25 ng/miO O O.
5ng/ml0 OO0 O 0000 OO0 OO0 OO OOOO.
0000 0 9000 O0O00 0O bo0O 0o opoo
000 00000, 00 1000 00 0000 oooo o
00 apical surfaced 000 000000 OO0 00O
000 00000.000 370,5% co,00 00000.
0oo00oob 000 0o 0 20, 100, 200, 300, 40
00 0000,0 000 3welD 00000 ODOO OO
030 0oooo.

oooo oo

00000 OO0 000 (©lympus Light microscope,
Vanox—S type, Japan)l 0000 OO 000 OO OO
0000, 0 000000 000 00 000 ooooo
000 0000 000 0000 00b0b0 OO0 H&E
000 00000. 00 0 000000 ooooooo
(SEMOH-800, Hitachi, Japan)d 0000 OO0 OOO
oo0000. 00 000 chamber slideD OO0 O0O0O
400 2.5% glutaraldehydell 40600 O0OOO O 0.1
MOO 000000 00000, 1% osmium tetroxide[d
200 00 OO0 O OOoooO OO0 critical point dry—
ing 0 000300 p mthickness)O O OO0OOO.

Ooooooooo

0 000000 10°00 000 eytospin 00000 O
00 400 000000000 101000 000 O 00
000 00000 000 0000 00 0oooo ooo
00000. 00000 000 00O 000 000 Hecs
(101000, a generous gift from Dr. Davis, University of
North Carolina, NC, USA)O 0000 000000, 00
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Ooo0O 000 0000 B —wbulinD OO0 OO00O0O0QAO
1000, Sigma, USA)O O0O000. HeCs5O B —tubulinO
000 000 0000 0 1ooo00d OO 0 O 0OOO
ud oo ogooo.

000 00ooOooD ooo oo o od

O 000000 OO0 OO0 DOo0OO 2400 00 O
OO0 00000 000 00000 OO0 dot blottingd O
00000.00 00 00 (a generous gift from Dr. Da—
vis, University of North Carolina, NC, USA)O 0000
(Sigma, St. Louis, MO, USA)O 0000 O0OOOOO,
000 00 D0O0O0O00O 000 000 Hecs(101000,
a generous gift from Dr. Davis, University of North Ca—
rolina, NC, USA)D 00000, 00000 OO 000
000 000 OO0 rabbit anti—serumd O (10 1000,
Dako, Capenteria, USA)0 00000. 000 0000 O
00O 000 000 OOoOoo oooooooooo oo
00 00000 D000 O peroxidase conjugated goat
anti—-mouse 00 anti—rabbit IgG0 000000, che—
miluminescence(ECL kit, Amersham, Buckingamshire,
UK)O 00000. Standard curvel linear regression
analysisO 0000 OO0 O 0O O0O0O0O 0O0OOOO OO
00 0 00 00000. 0000 00000 oo+ 00
oooo ooood.

000 00doOd mRNAOODO OO reverse transcr—
iption(RT)—polymerase chain reaction(PCR)

300 O0O0(MUC5AC, MUC5B, MUC8)D 0000 O
OO0 000000 000 B —2 microglobulin(B —2M)O
mRNALO OO0 Gene Amp PCR kit(Perkin Elmer Bio—
systems, Foster City, CA, USA)0 Gene Amp PCR sy—
stem 2400(Perkin Elmer Biosystems)(0 OO0O0 RT—
(PCR)C OOOOO.O OO0 OO0 ODoobo o oodg
OO0 000 total RNA 1 p g0 random primersd Mo—
loney murine leukemia virus reverse transcriptaseld [
00 ¢cDNAO O000RT)OOO. OO0 OO0 cDNA 4 p |
O ooo@-2MO OO0 04 pl) OOODOO Ampli—
Tag DNA polymerase(QIAGENC Valencia, CA, USA)O
2.5 U/100 p |, primer0 0.2 mM, MgCLO 1.5 mMO O
00 OO0 0O OO0 ooDooOo. 00 ooo primerD
Yoon 00 0OOO OO OO. B —2MO primerd Clo—
ntech Laboratories Inc.(Palo Alto, CA, USA) 000 O
O0O0OO0. 0000 00000 denaturationd 95000
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100, annealingd MUC5AC, 3 —2MO 00000 600
00 100, MUC5B0 MUC8D 55000 100 0000
00, extension 72000 100 O00000.0 O00O0O0O
0 MUC5ACO Mucsd 350, MUC5BO 270, 00O
00 250 000 B-2MO 300 O00OO0O.00 OO0
mRNAO OO 000 genomic DNA OO0 0000 OO
O0OOCO OO RT reactionOO reserve transcriptasel
000000 O000oooo ooo.

PCR 000 50 ng/ml ethidium bromided OO0 2%
Seakem agarose gel(FMC Bio—Products, Rockland, ME,
USA)OD 10000 000000 00O O CsC Ch-
emoluminescense Detection Module ver 1.0(Raytest,
Straubenhardt, Germany)d bandd O0O0O0O0O O0O0O
oo.

[ [

o0o000 00 HMEECO OO0O0O OO

000 0oooO0 0ob 00 O0ooobo 0o o100
0O 000 00000, 00 0 2000 30 000 ciliary
beatingd 00O 00000 OOOO 0D0OO00OO0O. 0000
0o0od 00 0 2000 OO0 000 oo oooobo, o
0O 0 2000 10200 000 000 000D oog o
oodg oooD. 000 00 0 33000 gg ooo goo
oooo ooo ooo obogoo, oo 0 4000 0
00 00 00000 00 000 boobo ooooodFg.
1). 00 0 400 OO0 0000000 GEM)OO 00
000 0000 000 000 000 000 (Fg. 2).

00000 00 00000 00000 000

Cytospin 100000 B —tubulind 00000 000
00000 00 0 20000 0000 000 00 0 3
000 00000 30+ 07%0 00000 000000,
00 0 4000 00 000 106+ 1.2%0 00000 O
0000. 00 00000 HeC50 00000 000 OO
000 000 00 O 20(41.1+ 3.1%), 10 (36.3+ 4.2%),
20 (36.0+ 2.9%), 30 (33.6+ 4.7%), 40 (39.7+ 1.2%)
0 000 OO0 (Table 1).

00000 00 0O 00000 0000 mRNAD OO

10° 000 000 0000 00 0O 2000 27.8+ 5.1
mg/10° cells, 00 0O 1000 133.1+ 41.3 mg/10° cells,
00 0O 2000 218+ 10.6 mg/10° cellsd OO0 OO
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Fig. 1. Time dependent changes in histology of passage-2
normal human middle ear epithelial cells. Cross-sections of
intact culture are stained with H & E (A-D). Flat epithelial ce-lls
form a monolayer on the 2nd day after confluence (A). On
the 14th day after confluence, the cells consist of one or two
layers, but ciliated cell can't be seen (B). On the 21st day
after confluence, several cell layers in thickness are no-ted
and cilia can be occasionally seen (arrowhead)(C) and on
the 28th day affer confluence, polarized columnar epith-
elium is observed having abundant cilia (arrow-heads) (D).

000, 00 O 30(224.8+ 21.9 mg/10° cells)d 40
(233.9+ 535 mg/10° cells)I 0 O OO0 OO0 000
(Fig. 3A).

10° 000 00000 0000 00 O 20(0.38+ 0.02
mg/10° cells), 00 O 10 (0.78+ 0.09 mg/10° cells), O
0 O 20(1.68+ 0.13 mg/10° cells)D 00 OO0 OO0
000, 00 O 30(2.03+ 0.20 mg/10° cells), 40 (2.33

+ 0.25 mg/10° cells)00 O 0000 00000 (Fig. 3B).

RT-PCRO OO OOOOO OO OoOOO ooO0O Do
OO0 mRNAO 000 O00O0O0. MUCSBO OO OO O
0o0od oo 04000 OO0 0oOoo oooooo, Mu-
C5ACT 00O 00 0O 20000 OO0 ooooo o o
000 0oodoo oooo 0ob 0 4000 OoOoooo.

oo o

Fig. 2. Scanning electron microscopic findings of cultured ce-
lIs on the 28th day after confluence. Abundant healthy cilia
are observed.

Table 1. The percentages of secretory and ciliated cell acc-
ording to the culture duration

Days after confluence Ciliated cells (%) Secretory cells (%)

2 0 41.1£ 3.1
7 0 36.3+ 4.2
14 0 36.0% 2.9
21 3.0£ 0.7 33.6% 4.7
28 10.6+ 1.2 39.7+ 1.2

Data are meanz Standard Deviation, Ciliated celld anti-cilia
antibody (B -tubulin) positive cell, Secretory celld anti-mucin
antibody (H6CS5) positive cell

00O ooo mucsd 00 00 0 30000 000 00
OO0 00 O 4000 mRNAO 00000 00 0000
O.00000 00 O 20000 mMucsB0 MUCS5ACT
00 ooogoo mucsd 000 ooooo. od go
0O 4000 mucsBl OO mucsd 00O OODOOOO
MUCS5ACO 000 0OO00. 00000 o0 oo o 2
000 mRNAO 00O OO0 OO0 OOOO0O oOO0OO0

(Fig. 4).
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Fig. 3. Time courses of mucin and
lysozyme protein levels in pass-
age-2 normal human middle ear
epithelial cells by dot-blotting an-
alysis. The data are expressed in
logarithmic scale (A & B). Mu-
cin secretion increases in a time-
dependent manner between the
2nd and the 14th day after co-
nfluence but almost constant af-
ter the 14th day after confluence
(A). Lysozyme secretion also in- 10 !

1000

100

Mucin (ug/10° cells)

Lysozyme (ug/10° cells)
T

1 | 0.1 L L 1 1 -]

creases over time but the incre-
asing rate is reduced after the
14th day after confluence (B).

2 7 14
Days after confluence

21 28 2 7 14 21 28
Days after confluence

©)

Days after confluence
2 14 21 28
MUC5B
MUCS5AC
MUCS
Lysozyme
B2-M

Fig. 4. Time course of mucin and lysozyme messenger RNA
(MRNA) levels in passage-2 normal human middle ear epit-
helial cell cultures by reverse transcription polymerase-chain
reaction. Total RNAs are exiracted on the 2nd, 14th, 21st, 28th
day after confluence. The expression levels of MUC5B, MUC8
and Lysozyme increase with culture time. Especially MUC8
shows the dramatic increase on the 28th day after conflue-
nce. In contrast, the level of MUC5AC mRNA is peaked on
the 14th day after confluence, and then decreases. The ex-
pression levels of b-2M mRNA (PCR confrol gene) remain
constant.

0000 00D 00000 0D0OO00.00 D0000 O
00 00 000 00000 00000 0ooooo®®
00000 OO 00000 00 000 000 00 00
000 00000 0000 00 0000 oooo®®0
0O 00 000 00D 000 0O OO0 00 000 OO0
0 00000 0000 000 000 0ooo.™2 oo
00 D00 00™Y%oog ooo™o 00 D00 000
O 000 000 OO0 00000 air-liquid interface
(ALD 0000 00000 00000 000 0000, 0
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00 passage—2 0000 00000 ALl D000 OO
0 000 00000.0 00 000 000 000 40 O
OO0 OO0 0000 00000000 000 000 O
ooo.

000 D000 B —tubulind OO0 OOD OO0 OO
00000 00 0O 20000 DOOO OO0 00 O 3
000 000 00000 00000 00 4000 000
00000 00 D00 00 000 000 O 106%0 O
OO0 000 000 000.00 00 00000 00 O
2000 40% D00 00 O 000 000.000 000
00 0D0DO0DO0 00 0000 OO0 00 000000 O
00 000D 00DO0™® go 0000 000 0000
0 000 000 D00 0000 00000 ooo OB
00 100 OO0 OO0 0OO00.00 0000000 00 O
000 000 DOO0O0D 000 00,00 000 000
00 OO0 000 00 000 000 0000 00 00
000 00 00 000 000 000 000 0D000.0
0O 00 000 OO0 0000 00000 000 0000
000 000 0000 000400000000
000 O 000 0ooo.

000D 0D0000 00 00D 000 0000 OO0
000 0000 Dot—blottingd 00D 0OOODOO OO0
0O0.000 D000 00 20 0000 000 0000
00 00 40000 O 000 0O00.00000 000
00 0 2000 0 0000 000000, RT-PCRO O
00 mRNAD OO0 000 00 000 0O0O00O0.00 O
0 000 DO0O0O0 00000 00 00000 00 O
2000 00000 0O 000D 00 0 200 000 pl-
ateau phase] 0000 0OODO 0OOO. 0000 plat—
eau phasel] 0000 OOD 0OODOO 00000 OO
000 0D 00000O00™%®00 00 0oo0. 000
0000 000000 00000 0000 00 000 O
0O 000D OO0 O 140 OO0 00ODO OD 000 OO0
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00000 000000 0000 000000 00 O
00 0000 0000 MUC2 0000 OO0 00000
0000 00000 DO00000 MUC5ACO MUC5B
000 00000 D002 000 0000000 00 O
00 000D 00 000000 OO0 000 0000 OO0
0 00 Moon 0%0 000 OO0 passage—2 0000
000000 MUCL, MUC2, MUC5ACO MUC5B 00
000 000000 000000 000.000 0000
00 000 0 00000 OO0 0000 000 D00 O
000 000 0ooo?? goooooo 000 000
00000 0000 D00 Moon 090 0OOD OO O
oo.

0000 0000 000 1300 000000 mMuc-
5AC0 MUC5B0 MUC8 0000 00 000 0000
0. MUC5ACO MUC5B0 00 00000 0000 OO
00 000000 000 000 00 000 00 00 0
000000 0 000 0000O0. mucsd 00 OO0
0000 000 00 000 000 000 000 00 O
0000 0000 00000 0000000 0 0000
00000 0ooog.

0000 0000 mMucsBd OOO0 0DOOO OO0 O
000 000 00%00 0000 000 000 000
0, 00000 MUC5ACO 0000 MUCSD 0000 O
0 000 0000 000 0000.000 000 000
0000 00000 000 0000000 00.00
000 Bernacki 000 OO collagend matrix0 OO
0 0000 0000,00 0000 0000 mucsd O
00 0000, MUCSACO 000 0000 00 O 380
000 000 000000 Thornton 09 000 0000
0 000 210 OO0 0000 OOO.

000 000 0000 0000 0000 00000 O
0000 000000 00000 00000 00 0 00
0 0D000.0 000 000 000000000 MUC-
5B0 MUC8] 00 OO0 000D OO0 D00OOO O
0o.

00000 000 00 0000 00000 ALIO 00
00 000000 000 0000, 000 00000 O
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