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Effect of Retinoic Acid on the Differentiation and Lysozyme Expression
in Human Airway Epithelial Cells
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ABSTRACT

Bakground and Objectives[] Retinoic acid (RA)-deprived cultures of normal human tracheobronchial epithelial (NHTBE)
cells became squamous metaplastic, failed to produce mucin and instead secreted or released large amounts of lysozyme
(LZ). The purpose of this study was to elucidate the relationship between RA-deficiency induced squamous metaplasia and
increased LZ as a function of time. Materials and Method[] The change of lysozyme protein and lysozyme mRNA was
investigated over time in cultures using passage-2 normal human tracheobronchial epithelial (NHTBE)cells and passage-2
normal human keratinocytes (NHK). The amount of lysozyme and mucin was measured with dot blot, message of lysozyme
with RT-PCR, and cornifin mRNA with Northern blot. Results[] Lysozyme message levels were consistently higher in RA-
sufficient than RA-deficient cultures. Intracellular and extracellular LZ increased to a peak on the day 16 and thereafter
decreased in the RA-deficient cultures. LZ gene expression in the RA-deficient cultures was barely detectable on the day 7
but was clearly expressed between days 10 and 14 , but thereafter message levels decreased markedly. On day 12, large
numbers of cells began to exfoliate in the RA-deficient cultures. Extracellular LZ appeared simultaneously at the apical
surface, presumably released from the exfoliated cells, which contained high concentrations of LZ. Intracellular LZ levels
were more than 11 fold less in NHK cells compared to NHTBE cells. Conclusion[] This study suggests that cellular
accumulation of lysozyme protein is a unique feature of metaplastic squamous differentiation. Further studies are needed to
find out what mechanisms are involved. (Korean J Otolaryngol 1998:42(12): 39-46)
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Table 1. Normal human tracheobronchial epithelial cell
culture media

Components Concentration Supplier
BEGMO DMEM 10 1 mixture  Clonetics orp.,
GIBCO
Insulin 5.0 p g/ml Clonetics Corp.
Hydrocortisone 0.5 p g/mi Clonetics Corp.
Epinephrine 0.5 p g/mi Clonetics Corp.
Triiodothyronine 6.5 p g/ml Clonetics Corp.
Transferrin 10 ng/mi Clonetics Corp

Collaborative

Epidermal growth factor 0.5 ng/ml Res

All-tfrans retionic acid 50 nM Sigma
Bovine pituitary extract 1% v/v Pel Freez

) .. 50 pg/miO :
Gentamycind Amphotericin 50 ng/ml Clonetics Corp.
Bovine serum albumen 1.5 p g/ml Sigma

*BEGMO Bronchial epithelial cell growth medium
DMEMO Dulbecco’s modified Eagle's medium
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Fig. 1. The effect of RA on mucin secretion and cornifin
MRNA levels. NHTBE cells were cultured for 14 days in RA-
sufficient (O ) media or RA-deficient (O ) media. A. Apical
washings were collected and assayed by immunoblotting
for mucin. The data represent the meant SD from triplicate
cultures. B. Total RNA was isolated and the levels of cornifin
MRNA and 28S rRNA determined by Northern blotting.
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Fig. 2. The effect of RA on extracellular LZ protein and LZ mRNA
levels. A. Extracellular LZ levels from RA-sufficient (O ) and RA-
deficient (O) cultures were determined in the apical washings
obtained from the 3 experiments shown in Fig. 1. The data
represent the meant SD of friplicate samples. B. The levels of LZ
and B2M mRNA expression were determined by RT-PCR from
the total RNA collected from the experiments shown in Fig. 1.
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Fig. 3. The effect of RA on growth and cell exfoliation of
cultured NHTBE cells. A. NHTBE cells were grown in RA-suffi-
cient (O) or RA-deficient (O0) media. At indicated times
the number of attached cells was determined following
enzymatic dissociation of the cultures. B. Prior to the enzy-
matic dissociation of the cultures, the apical surfaces were
gently washed with PBS to determine the number of exfolia-
ted cells present in RA-sufficient (0 ) and RA-deficient cultures
(0). The data for attached cells represent the mean cell
numbert SD obtained from triplicated cultures. The exfoliated
cells from three cultures per time point were pooled.
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Fig. 4. The effect of RA on mucin secretion and cornifin
gene expression during different phases of growth (same
experiment shown in Fig. 4.). A. Apical secretions were
collected from RA-sufficient (0O) and RA-deficient (O)
cultures and were assayed for mucin. Data represent the
meanz SD of friplicate cultures. B. Total RNA was collected
at the indicated fimes and the levels of cornifin mRNA and
28S RRNA expression were determined by Northern blotting.
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Fig. 5. The effect of RA on LZ protein levels and LZ mRNA
expression during different phases of growth. (Same
experiment as shown in Fig. 3). A. Extracellular LZ protein
present in the apical washings. Data represent the meanz
SD of triplicate culturest B. Cell lysates were collected and
pooled from 2 cultures at each time point and the levels of
intracellular LZ protein were determined. C. LZ and p2M
MRNA levels were determined by RT-RCR from total RNA(O
0 RA sufficient culture, O O RA deficient culture).
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