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ABSTRACT

Modulation of sodium transport in cultured human middle ear epithelial

cells by dexamethasone.

Hun Yi Park
Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Hee Nam Kim)

The efficacy of steroid therapy for the treatmeftotitis media with effusion
remains controversial, and a putative modulatiothefmiddle ear epithelial function
has yet to be demonstrated. The effect of glucmmids on sodium transport and fluid
absorption capacity was investigated on culturechdnu middle ear epithelial cells.

Dexamethasone produced a significant increase iode-sensitive short-circuit



current (Isc). This effect was related to sodiumnsgport because amiloride is the

specific sodium channel inhibitor. Expression of MfRfor a—, [3-, y- subunits of

ENaC was demonstrated in the presence and absehcgluoocorticoids.

Dexamethasone significantly increased expressiveldeof a- and 3- subunits. In

addition, the fluid absorption rate was signifidgnincreased after dexamethasone

treatment. These data demonstrate that steroidegupate the trans-epithelial sodium

transport and fluid absorption rate. Extrapolatimgse experimental data to the in vivo

situation, the beneficial effect of steroid therdpy the treatment of otitis media with

effusion may result from a glucocorticoid-inducedprovement in sodium transport

and fluid absorption in the middle ear.

Key Words : glucocorticoid, fluid absorption, emtial sodium channel
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I.INTRODUCTION

The physiology of the middle ear is primarily comes with keeping the cavities air
filled and fluid free to allow transmission of teeund vibration for the eardrum to the
inner ear. The middle ear epithelial cells aredwad to play a key role in this process
by transporting sodium and water from the middieteahe subepitheliurh

Various mechanisms involving Nand Ci~ transport across cell membranes have

been identified. These include electroggmcesses, such as epithelial Mhannel



(ENaC), and electroneutral processes sudteisi* exchange. ENaC have been
demonstrated to be the major determinant of baseliectrogenic ion transport in
Mongolian gerbil middle ear epithelium.

ENaC allow for passive gradient-driven diffusionN#" into the cell, while the NaK*
ATPase, a Napump located on the basolateral aspect of the, @dtively exchanges
intracellular N& for extracellular K using ATP as an energy source. The net result of
these ion exchanges is establishment of a podi@eradient between the apical and
basal surfaces of the epithelial cells which, immodulates osmotically-driven water
transport from the middle ear to the sub-epithelitiiese ion transport mechanisms
are responsible for controlling intracellular pHlasell volume, absorbing excess water
from the tympanic cavity and maintaining the degitthe apical water layer that
promotes effective mucociliary coupling and cleasmarimpairment of this process is
involved in the pathogenesis of otitis media wittugon, which is the main cause of
acquired hearing loss.

Steroid administration is one of the useful medicdtment modality in otitis media

with effusion. There are reports that steroidsaliyenodulate sodium transport in



various epithelia through ENa¢°, but the molecular mechanisms by which steroids

are achieved in human middle ear epithelium remaite elucidated.

The purpose of the present study is to identifyeffiect of dexamethasone on the fluid
absorption and the expression of ENaC in the cedtinuman middle ear epithelial

cells.

I1.MATERIALSAND METHODS

1. Cell culture

Primary cultures of normal human middle ear epithetells wereprepared as
described previousl§/Passage-2 normal human middle ear epithelial valte plated
on a collagen-coatedmipermeable membrane with a 0.45-um pore sizedansity
of 1.0x 10" cells/cni. The cellsvere maintained in 1:1 mixture of bronchial epiidiel
growthmedium and Dulbecco's modified Eagle's medium doimiga 10%fetal bovine
serum and all supplemerits.

Confluence of passae-2 normal human middle eahe@t cells (8-9 days after



seeding) was verified by measurement of transdjgthesistance (R> 500@/cn? at

room temperature before treatment with dexamethlegaming endohm meter.

2. Measurement of the short circuit current

Cultured cells, grown at air-liquid interface (Aldh Snapwell (1.13 chsurface area)
permeable supports (Costar Co., Cambridge, MA, U8k mounted in modified
Ussing chambers (World Precision Instruments, StaiafL, USA). The epithelium
was bathed on both sides with 5 ml of warmed (3'K@)s bicarbonate Ringer
(KBR) solution circulated by gas lifts with 95%-6% CQ.

The pH of the solution was maintained at 7.4. Tpithelial culture was voltage
clamped, i.e., short-circuit currens€), and Rwas measured with an automatic
voltage clamp. Data were acquired and analyzed Agtjuire and Analysis (AD
instruments, Colorado springs, CO, USA) softwarkerA15-min equilibration,

amiloride (10@M) was added to the luminal bath.

3. RT-PCR



Total RNA was extracted from both dexamethasorstdértand nontreated cultured

human middle ear epithelial cells using TRIzol er@#gaccording to user’'s manual, and

the concentration was determined spectrophotoraéiyrid otal RNA (2ug) was

converted into cDNA using 400 U Moloney murine leoka virus RT (200 Wd;

Gibco, Carlsbad, CA, USA) reverse transcriptase liffer containing (in mM) 250

Tris-Cl, pH 8.3, 275 KClI, 15 MgGJland 1 D-nucleotide triphosphate (final volume: 40

ul). The PCRs were performed with a Perkin EImetu€&NA Thermal Cycler

(Perkin Elmer, Branchburg, NJ, USA) according tonofacturer's recommendations.

The main characteristics of the primers used tolifyrthe cDNA of thea-, -, andy-

ENaC subunits are specified in Table 1. The cDNgusents were amplified from il

of the RT product in a PCR buffer (in mM: 20 Tri§-80 KCI, 1.5 MgC}) and in the

presence of 0.2 mM of dNTP and 1 U of Taqg polymeass Ujl (Gibco, Carlsbad,

CA, USA). Each PCR cycle comprised denaturatid®atC for 30 s, annealing

during 30 s at variable temperature (Table 1),e&ladgation at 72C for 1 min. The

reaction was stopped by a temperature decreas€ té\4.0ul sample of the PCR

product was run on a 2 % agarose gel with ethidiuomide. A 100-bp molecular



weight ladder permitted the verification of thedémof the amplified fragments. For

comparative analysis of mRNA levels, luminesceragmanalyzer LAS-1000plus

(Fuji Photo Film Ltd., Tokyo, Japan) and TINA (Rest, Staubenhardt, Germany)

software were used.

Table 1. Primersused for PCR of a-, B-, and y-ENaC subunits

Segment Annealing  No.
PCR product/Primer Sequence

Amplified, bp TemperatureC of cycles

ENaCea

S: 5-CAGCCCATACCAGGTCTCAT-3’

220 55 25
AS: 5-ATGGTGGTGTTGTTGCAGAA-3’
ENaC4$
S: 5-GGGGTACTCGTGGATAAGCTT-3’
376 57 25
AS: 5'-GAGACAAGACGTGGAAAATCC-3
ENaCxy
S: 5-ACCACCAGCCATGGTCTAAG-3
209 54 29

AS:5-CTTCAGGTCCCGGGATTTAT-3




4. M easurement of fluid absor ption rate

To evaluate the fluid transport capacity acrossctiks, we measured the remaining

volume after apical application of 1Q0of fluid. Briefly, cells were pretreated with

dexamethasone for 24 hr at 37°C and 5% @@ humidified atmosphere. The luminal

surfaces of cells at the air-liquid interface wemshed with PBS three times and the

remaining surface liquid was completely aspirafé uL. of KBR was then added to

the cell surface. After an additional 24 hr of ibation, remained apical surface liquid

was measured with micropipette.

5. Statistical analysis

The results of multiple experiments were preseatetheant SD. Statistical analysis

was performed by paired Student’s t-test. A valup<®.05 was considered

statistically significant.

[11.RESULTS



1. Effect of steroidson Isc

Dexamethasone (100nM) was added to apical sideuldfired human middle ear
epithelial cells. 12-hr incubation in the presendéedexamethasone increased Isc by
267% from 17.6%2.31 to 46.56:5.77 pAlcm? (*p=0.0182, n=3). The results of the
time course of this effect showed that most sigaiit increase was at 12 hr (Fig. 1).

The kinetics of this process suggested a trangmmiit effect followed by protein

synthesis.
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Fig. 1. Time cour se of activation of amiloride-sensitive short-circuit current (Isc)

after dexamethasone tr eatment



The amiloride-sensitive Isc is reported, calculaedhe difference between steady-

state Isc and the value measured after additiamdlbride (100nM) to the apical

compartment. C, control; DXM, dexamethasone.

2. Expression of ENaC genes

Transcripts encoding-, p-, y- subunits of ENaC were detected by RT-PCR in cettu

human middle ear epithelial cells in both the abseand presence of dexamethasone

(100nM; 12h) treatment (Fig. 2). Bands correspogdanthe expected lengths for each

subunit fragment were observed. No contaminatiogeofomic DNA was observed in

reverse transcription-negative controls (-RT) afrgaliby PCR. As shown in Fig 2A

and 2B, the expression levels of ENaGxnd ENaCB significantly increased after

dexamethasone treatment compared with untreatetbbanRNA levels of thea-

subunit were increased by 176% (p<0.05, n=3) d@itgamethasone treatment. Levels

of [3-subunit MRNA were increased by 221% (p<0.05, raf®r dexamethasone

treatment. Despite significant increase in the esgion levels of bothi- and [3-

ENaC mRNA, the expression levelsyasubunit were not statistically different after



dexamethasone treatment (p=0.532).
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Fig. 2. Expression of ENaC genes

A: Detection ofa-, B-, y- ENaC subunit mRNA by RT-PCR in cultured human died
ear epithelial cells without and with dexamethasiweatment (100nM; 12hr). A single
band was visualized far-, -, y- ENaC subunit mRNA at expected sizes (+RT); no
signal was observed in negative RT controls (-FCT)control; DXM, dexamethasone;
B2-M, B2-microglobulin. B: Effect of dexamethasone treaiti@ 00nM; 12hr) oru-,

B-, y- ENaC subunit mMRNA. Dexamethasone significantbréased ENaG- (*p<0.05,

n=3) and ENa@ (*p<0.05, n=3). C, control; DXM, dexamethasone.

3. Fluid absor ption rate

In order to evaluate the effect of dexamethasonuid absorption, the absorption
rate was measured after application of @O06f fluid to the luminal cell surface.
Dexamethasone (100nM; 24hr) increased the fluidbrpisn rate from 2.88).22

ul/cm?hr to 3.280.15pl/cmé/hr (*p=0.0139, n=5).

11
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Fig. 3. Effect of dexamethasone on fluid absor ption rate

The fluid absorption rate was measured after agjptioc of 10@ of KBR on the

luminal surface of cultured human middle ear efiidheells. Dexamethasone

stimulates the fluid absorption rate (*p<0.05, n#3XM, dexamethasone.
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V. DISCUSSION

ENaC, which consists of three homologous subuisitsxpressed in a wide variety of
epithelia including sweat glands and Ith§NaC is the rate-limiting structure in
inward transport of Naand plays a vital role in the absorption of pdidcy or alveolar
fluid in airway epitheliun®'’® The basic function of ENaC is to allow vectorial
transcellular transport of Naby electrochemical gradient coupled with the'Ka
ATPase of basolateral membrane and the apical eofryNa is blocked by
submicromolar concentrations of amiloritleldts mutational defect causes
pseudohypoaldosteronism, whose symptoms includeryahinorrhea and increased
bronchial secretioft: Since the middle ear epithelium is an extensiorthef airway
epithelium, ENaC may have an important role inrttiédle ear. In addition, amiloride-
sensitive current has been shown to be a main ibatdr of basal current in
Mongolian gerbil middle ear epithefflaAlso, the observations that patients with
pseudohypoaldosteronism present with frequent dpsmf otitis media as well as
lower airway hypersecretion, support the importaoc&NaC function in the middle

ear’?

13



Clinical evidence that glucocorticoids have benafieffect in the treatment of otitis
media with effusion is abundant. Glucocorticoidsnatate fluid absorption by up-
regulating Na transport such as ENaC in airway epithelial c&lisin addition, there
are reports that glucorcoticoids could stimulatdiwm transport in the gerbil middle
ear epitheliurff. In this study, dexamethasone directly modulatediusn transport
across the middle ear epithelium, thereby enhanflind absorption. The action of
glucocorticoids in middle ear epithelium is througbnomic regulation because the
time course is on the order of hours; nongenomiomevould be expected to occur on
a much shorter time scal.

ENaC consists of three homologous subunits 3, andy, which share 35% identity in
amino acid sequendé>*®Sodium channel regulation may occur through ditama in
channel kinetics, channel number or both. In tltjseeiment, dexamethasone induced
significant increases in ENa€C-and ENaC8 mRNA, but not in ENaG- mRNA. It
has been observed that when corticosteroids birttidiv receptors, they can trans-
activate the GRE and stimulate ENaGQranscription..However, this is probably not

the only mechanism of ENaC induction by steroidscduse ENaG- responds to

14



corticosteroids depending on the cell type. Formpla, treatment of intestinal
epithelium with corticosteroids does not signifitginduce a subunit mRNA, while
increasing ENa@, and ENaGCr gene expressioh'®?®? suggesting that tissues

specifically express transcription factors that egquired for steroid regulation of

ENaC subunits.

In summary, dexamethasone, a major glucocorticgishiat, increased dramatically
both the ENaC-dependent Isc and the fluid absorptte in cultured human middle
ear epithelium. Such up-regulated ENaC functiomgliogocorticoids might allow dry-
out of middle ear cavities and enhance the healingess in the course of otitis media

with effusion.

15



V.CONCLUSION

This study demonstrates that steroids up-reguladrans-epithelial sodium transport

and thereby fluid absorption rate in the human heidshr epithelium. Extrapolating

these experimental data to the in vivo situatibe, lieneficial effect of steroid therapy

for the treatment of otitis media may result froroosticosteroid-induced improvement

in fluid clearance from the middle ear.

16
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