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All-Trans Retinoic Acid Induces Mucociliary Differentiation in a Human
Cholesteatoma Epithelial Cell Culture

Jae Young Choi, MD!, Hyun Seung Choi, MD!, Kyu-Nam Cho® and Joo-Heon Yoon, MD'?

! Department of Otorhinolaryngology, Yonsei University College of Medicine, Seoul; and *BK21 Project for Medical Science,
Seoul, Korea

ABSTRACT

Background and Objectives : Retinoic acid (RA) can prevent keratin formation and induce mucous differentiation in epithelia.
In the present study, we attempted to induce keratinizing squamous epithelium from human cholesteatoma epithelial (HCE)
cells using an air-liquid interface (ALI) technique. We also examined the effect of RA on the phenotype of keratinizing HCE
cells. Materials and Method : HCE cells were cultured in RA-free defined media at an ALI or in a submerged state. We
examined the morphological differences between ALI and the submerged cultures, and histologically investigated changes of the
phenotype after RA treatment. We also determined the effect of RA on the mRNA expressions of the cornifin- @ and mucin
genes as indicators of squamous and mucous differentiation, respectively. Results : Using an ALI technique, we were able to
diffe-rentiate HCE cells into a keratinizing squamous epithelium. When we treated the keratinizing HCE cells with RA, the
morphological phenotype progressively changed to mucociliary epithelium. In addition, the expression of cornifin-@ mRNA
was suppressed, and the expressions of mucin gene SAC (MUC54C) and MUC5B mRNA were increased progressively with
RA treatment. Conclusion : We successfully developed a culture system for keratinizing differentiation of HCE cells using the
ALI technique in a defined medium. Our study also clearly showed that RA treatment led to mucociliary differentiation of HCE
cells. (Korean J Otolaryngol 2003;46:727-32)
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00,00 0 1,4,10,210 00 0 O0OO0OO, 000
000 dimethylsulfoxide(DMSO)OO COOOOO. OO0
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TGGTGCTG, MUC5BO 5’ primerJ ACTCCAGAGA-
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(Fig. 1B). 00 OO0O0OOO OO0 OO0 OO Doo
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Fig. 1. The morphology of the epithelium formed by human
cholesteatoma epithelial (HCE) cells. HCE cells were cultured in
retinoid acid-free media for 7 days after confluence. Cross-
sections of infact cultures were stained with H & E. A In the air-
liquid interface culture, the HCE cells formed a keratinizing stra-
fified squamous epithelium that resembled an in vivo choles-
teatoma. BO The HCE cells cultured in the submerged state, no
keratin layer formed.
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Fig. 2. Phenotype fransition of human cholesteatoma epithelial
(HCE) cells treated with retinoic acid (RA). Cross-sections of the
intact cultures were stained with H & E. The HCE cells were
cultured in RA-free medium for 7 days after confluence and
then treated with 107M RA for up to a further 21 days. The ke-
ratin layer began to detach on the 15t day following treatment
(Fig. 2A), and progressively exfoliated on the 4t day (Fig. 2B).
On the 10" day, only 1- or 2 layers of basal cells remained (Fig.
2C). The epithelium eventually changed into columnar epithe-
lium with cilia (arrow heads) on the 21t day following RA freat-
ment (Fig. 2D).
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Fig. 3. SEM image of human cholesteatoma epithelial cells on
the 21t day after retinoic acid tfreatment. Note that the apical
surface of the epithelium is covered with abundant cilia.
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Fig. 4. The time-dependent effects of refinoic acid (RA) treat-
ment on the expression of cormifin-a in human cholesteatoma
epithelial (HCE) cells. HCE cells were cultured in RA-free me-
dium for 7 days after confluence, and then treated with 107M
RA. The comifin-a MRNA levels were measured by Northemn
blotting from total RNA isolated on the 1¢, 4th, 10t and 21 day
following the RA freatment. In the RA-treated group, the ex-
pression of comifin-a MRNA was gradually suppressed in a time
dependent manner. The control gene, B -2M, was not affected
by the RA treatment.
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Fig. 5. Induction of mucin gene expression by retinoic acid (RA)
in human cholesteatoma epithelial (HCE) cells. The HCE cells
were cultured in RA-free media for 7 days after confluence, and
treated with 107"M RA for up to 21 days. The total RNA was
isolated from the cultures at different time intervals, and the
MUCS5AC and MUC5B mRNA levels determined by RT-PCR. The
expression of the MUC5AC and MUCSB could be detected on
the 10t day following RA-freatment and their expressions signi-
ficantly increased as a function of fime. The control gene, B -2M
was not affected by the RA freatment.
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