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Abstract

Effect of intedeukin-1 8 on epithelial sodium channel and

fluid absomtion in nomal human middle ear epitheial cells

Yoon-Seok Choi

Department of Medicine

7he Graduate School/, Yonsei University

(Directed by Professor Jeung—-Gweon Lee)

Liquid secretion and absorption by airway epithedige driven by active
transport of ions across the epithelarrier via ion channels. The middle ear
epithelium, an extension of airway epithelia, hasrbfound to be able to absorb
and secrete electrolytes by various ion channatsawiloride-sensitive epithelial
sodium channel (ENaC) is the rate-limitinstep for Na transport in airway
epithelial cells. Recently, accumulating evidenshewed that cytokines inhibit
fluid absorption by suppression of Nahannel in airway epithelial cells.

Interleukin (IL)-113 is one of the important cyto&min the inflammatory process



and increasel@vels of IL-13 have been reported in the effusibotitis.

In this study, we tried to investigate the rolettid ENaC in fluid absorption in
normal human middle ear epithelial (NHMEE) cellss €ffects of IL-13 on ENaC
expression and the underlying signal pathway.

We measured remained volume after application 6fil@f fluid to the luminal
side of NHMEE cells. Amiloride-sensitive short-airt current, was measured
with/without IL-13 and various inhibitors treatmersing a Ussing chamber.

Addition of amiloride, a potent ENaC blocker, imrlunal membrane of NHMEE
cells decreased the fluid absorption in a dose+udgr® manner. At 24 hrs after
treatment of 10QuM of amiloride, 86+ 2.3ul of fluid remained. Transepithelial
short circuit currentl{e) decreased with IL-1R treatment. Treatment &heb with
10 ng/ml IL-1B reduced théte from 14.8+ 1.9uA/cm® to 9.8+ 0.9 uAlcn.
However, when the NHMEE cells were pretreated WitlC inhibitor (U73122, 10
uM), PKC inhibitor (Calphostin C, 14M) and ERK inhibitor (PD98059, 10M)
respectively, the amount of amiloride sensitiverentr was reversed to the control
level. But both p38 and JNKs inhibitors did noteatt

These results suggest that ENaC has an importéatimadfluid absorption in
NHMEE cells and IL-18 suppresses ENaC-dependenid flwansport and
PLC-PKC-ERK pathway are involved in IL-13 induced suppression

Key words: epithelial sodium channel, interleukibeta, signal pathway
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(Directed by Professor Jeung—Gweon Lee)

[. INTRODUCTION

The physiology of the middle ear is primarily comed with keeping the
middle ear cavity air filled and fluid free, to @l transmission of the sound
vibration from the ear drum to the inner ear. Madar epithelial cells are
thought to play a key role in this procésBhey actively absorb water to clear
any fluid present in excess. The origin of the @kary fluid is not known but
has been proposed to originate via transepithelsmhosis as governed by

mucosal ion transport mechanisfs.



Liquid secretion and absorption by airway epitheli@ driven by active
transport of ions across the epithebakrier via ion channeft! In particular,
sodium absorption by an amiloride-sensitive chamnéhe main driving force
of lung liquid clearance at birth and lung edemeardnce in adulthood. An
amiloride-sensitive epithelial sodiuainannel (ENaC) is the rate-limitirggep
for Na transport in airway epithel%e’. This channel constitutes the main
pathway for active Naflow and periciliary fluid absorption. The middéar
epithelium, an extension of airway epithelia, haerb found to be able to
absorb and secrete electrolytes by various ion redlan Previous
electrophysiological investigations have shown tlaamiloride blocks the

short-circuit current in a middle ear cell line ayetbil epithelium:” 8

Recently, accumulating evidences showed that ayéskiinhibit fluid
absorption by suppression of Nahannel in airway epithelial ceffs.
Interleukin (IL)-1R is one of the important cytokm in the inflammatory
process? and increasetbvels of IL-1R have been reported in the effusién
otitis.** Since the activity of ENaC is critical for Naependent fluid
absorption, we hypothesized that IL-13 may modulEiaC in middle ear

epithelial cells.

This study first examined the role of the ENaClindf absorption in normal
human middle ear epithelial (NHMEE) cells. Secondhe effects of IL-118 on
ENaC expression and function in middle ear epi#thelells were investigated.
Thirdly, we tried to elucidate the underlying signgathway of ENaC
suppression by IL-113.



ll. MATERIALS & METHODS

1. Chemicals and Solutions

All chemicals, including amiloride and interleukimyere acquired from
Sigma-Aldrich (St. Louis, MO). The HGGbufferedNaCl solution contained
(in mM): 120 NacCl, 5 KCI, 1 MgG| 1 CaCl, 10 D-glucose, 5 HEPES, and 25
NaHCQG; at pH 7.4.All HCO3-buffered solutionsvere continuously gassed
with 95% Q and 5% CQ to maintain solution pH. The osmolarity of all

solutions was adjusted 310 mosmol/kg with the major salt prioruse.

2. Cdl culture

Primary cultures of NHMEE cells wepgepared as described previously by

Yoon et af**?

All procedures werapproved by the Institutional Review Board
of Yonsei Medical Center. Passage-2 NHMEE cells were plated on a
collagen-coatedsemi-permeable membrane with a pore size of 0.45 um
Transwell-clear culture inser{€ostar Co., Cambridge, MA) at a density of 1.0
x 10" cells/cnd. The cellswere maintained in a 1:1 mixture of bronchial
epithelial growthmedium and Dulbecco's modified Eagle's medium coimz

10% fetal bovine serum and all suppleméﬁts.

3. RT-PCR



Total RNA was isolated from NHMEE cells using TRIZvitrogen) and
cDNA was synthesized with random hexamers (PerkimeE Roche,
Branchburg, NJ) using MMLYV reverse transcriptasd;(Rerkin Elmer Life
Sciences). Oligo-nucleotide primers for PCR wersigieed based on the
GenebanK" sequence oENaCa subunit (5'primeiGAGCCCATACCAGGTCTCAT;

3 ' primerATGGTGGTGTTGTTGCAGAA), B subunit (5' primeGGGGTACTCGTGGATAA
GCTT; 3' primerGAGACAAGACGTGGAAAATCC), v subunit (5' primeACCACCAGCCA
TGGTCTAAG; 3' primerGTTCAGGTCCCGGATTTAT). The polymerase chain reaction
(PCR) conditions comprised 35 cycles of denatuna@d 94°C for 30 sec,
annealing at 54°CB(; 57°C) for 30 sec and polymerization at 72°C30rsec.
The PCR products obtained were run on a 1.5% ag@®lsand visualized with
ethidium bromide under a transilluminator. To werithat the amplified
products were from mMRNA and did not result from gmit DNA
contamination, negative control were produced byittorg RT from the

RT-PCR. In the absence of RT, no PCR products waserved.

4. Western blot analysis

Cells were lysed with 2 x lysis buffei250 mM Tris-HCL, pH 6.5, 2%
sodium dodecyl sulfate (SDS), 49@-mercaptoethanol, 0.02% bromphenol
blue, 10% glycerdl . Equal amounts of whole cell lysates were resolyv&dg
10% SDS-polyacrylamide gel electrophoresis and steared to a
polyvinylidene difluoride membrane (Milipore, Bedflh MA). Membranes
were blocked with 5% skimmed milk in Tris-buffersdline (TBS; 50mM
Tris-HCL, pH 7.5, 150mM NacCl) for 2hrs at room teengture. This blot was



then incubated overnight with primary antibodyGrb% Tween 20 in TBS
(TTBS). After washing with TTBS, the blot was fuetiincubated for 45 min at
room temperature with anti-rabbit or anti-mouselady (Cell Signaling) in
TTBS, and visualized using the enhanced chemiluscmgce system

(Amersham Biosciences).

5. Measurement of fluid absorption capacity

To evaluate the fluid transport activity across tNeIMEE cells, we
measured remained volume after application of (lOOf fluid to the luminal
side Briefly, NHMEE cells were cultured in a 12 welked Costar Transwell
insert forat least 35 days as previously described (37°C, &% in a
humidified atmosphere). The luminal surface atligirid interface of fully
differentiated NHMEE cells was washed with PBS ¢htienes and the surface
liquid was completely aspirated. Then, 100of Krebs bicarbonate Ringer
(KBR) solution containing 2% blue dextran (BD), allémpermeable fluid
volume marker dye, was added. After 1, 4, 8, 12a@d 48 hrs incubations in
the humidified chamber, microaliquots (2#60f luminal liquid were sampled.
BD concentration was measured optically and remgirfluid volume was

calculated as previously describéd.

6. Measurement of Bioelectric Properties of NHMEE cells

Primary, NHMEE cells grown at ALl on Snapwell (1.&82 surface area)

permeable supports with surface areas of 1.13 (@ostar Co., Cambridge,



MA) for 4 additional days after confluence untiethformed a tight epithelium
were mounted in modified Ussing chambers (WorldcBren Instruments,
Sarasota, FL). The epithelium was bathed on batéssiith 5 ml of warmed
(37°C) regular bicarbonate solution circulated by tifts with 95% Qand 5%
CQO,. Solution pH was maintained at 7.4. The epithetalture was voltage
clamped and short-circuit currems¢), and transepithelial resistané®e) were
measured with an automatic voltage clamp (Physicébdnstruments). After a
15 min equilibration, amiloride (100)//) was added to the luminal bath. Data

were acquired and analyzed with Acquire and Analggersion 1.2) software.

7. Satistical Analysis

The results of multiple experimerase presented as means + S.E. Statistical
analysis wascarried out by analysis of variance or Student'sest as

appropriateP value < 0.05 was considered statistically signiftca



lll. RESULTS
1. Effect of IL-1 on ENaC gene expression in NHMEE cells

To investigate whether ILBlaffect ENaC gene expression in NHMEE cells,
we carried out RT-PCR after treating IB-1or 24hrs. The results showed that
the levels of MRNA of ENaC subunjtdidn't changed, that af decreased
slightly by 16%, and that o3 decreased significantly by about 41% (Fig. 1A
and B).

A IL-1B

ENaC o, _&4— 220bp
ENaC B =<—376bp
ENaCy [ ¢ — 209bp
B.M i ¢ 366bp

o
T

Normalized relative ENaC gene
expression (fold over basal)
e 2o o =
= [} oo o

o
N

o
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_ 4 - 4 - 4 IL-1B
ENaC a ENaC B ENaCy

Fig. 1. ENaC mRNA expression in noramal human midd ear epithelial (NHMEE)
cells. All the gene expressions of three ENaC subunits3 and y, expressed
significantly (A). After treating of IL-f for 24 hrs, ENaC subunt mMRNA expression
decreased significantly (A, B).



As a next step, to elucidate whether Ik-ihduced ENaCB suppression
occurs in protein level, we carried out Westerrt blealysis. ENaCp protein

activation decreased by about 52% (Fig. 2A and B).

IL-1B
- +

ENaC B S . <+« 80kD

actubuiin S« — 55KD

0

0g

04

expression (fold over bhasal)

na

Normalized relative ENaC B proetin

0.0
- + IL-1B

Fig. 2. Westem blot analysis of ENaC subuni. Activation of ENaC subunit$

decreased significantly after treating of IB-for 24 hrs (A, B).

2. Role of ENaC in the fluid absorption

In order to identify the physiologic role of ENa@ the fluid absorption in
NHMEE cells, we next measured fluid transport asrtse NHMEE cells.
When 100ul of KBR solution (0.1% DMSO) was applied on theminal
surface, cells absorbed the fluids with time and8$651.9 ul of fluids are
remained at 24 h after the application. Interesfingddition of amiloride in
luminal membrane of NHMEE cells decreased the flalosorption in a
dose-dependent manner. At 24 h after treatmen0D0fuM of amiloride, 86+
2.3 ul of fluid remained (Fig. 3). These results indeahat ENaC has an

important role in fluid absorption in NHMEE cells.

10
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boyo
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Fig. 3. Role of ENaC in fluid transport. The fluid absorption rate was measured after
application of 100ul of KRB solution on the luminal surface of NHMEEls
with/without amiloride. The fluid absorption rateas reduced by the amiloride in a
dose-dependent manner.

3. Effect of IL-1£ on transepithelial resistance and basal current

The bioelectric properties of NHMEE cells were ¢gstunder control
conditions and IL-f treatment. There were no significant differenaedie
between control and ILfAlLtreated cells (control; 1670+ 83), 48 h IL-18
treated; 1609+ 69). However, transepithelial short circuit curremcteased
with IL-1B treatment. In unstimulated cells, &e of 14.8+ 1.9uA/cm’® was
detected across the monolayer. Treatment for 48ith %0 ng/ml IL-1

decreased thiee to 9.8+ 0.Q1A/ cm” (Fig. 4).

11



® Basal current

O Resistance

20F 12000
o o —
e

Ng 15 71500
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S 10r 11000 &

5¢ 1 500

oF 1 D0

0 4 12 24 48 Time (h)

IL-1B 10 ng/ml

Fig. 4. Effect of IL-1B on transepithelial basal cument and resistanceTransepithelial
short circuit current 1éc) decreased with IL{3 treatment, but on the other hand

resistanceRte) between control and ILf treated cells didn't change.

4. Effect of IL-1 on ENaC function

In order to evaluate the effect of Il3-lon ENaC function, we measured
amiloride sensitive short-circuit current in NHMEEIls. Figures 5B and A
show typicallsc traces for determination of ENaC in NHMEE cellsatesl or
not with IL-18 for 24 h, respectively. The luminal addition ofikomde (100p
M) produced a rapid decrease of current due tobtbekage of ENaC. The
mean amplitude of the amiloride-sensitive curremhich reflects ENaC

activity, was 15.2+ 1.:;§lA/cm2 in NHMEE cells, which decreased to 11.3+ 1.4

12



pAlcm? after IL-1B treatment (Fig 5C).

A 20 B 20
< <
E 15 1 — £ 15 —
L \ 2 min § 2 min
<
210 210 7 o
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0 0

Control group IL-1B treated
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$ 2
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Fig. 5. Effect of IL-1 on amiloride sensitive short circuit cument (Isc) This graph is a
result from six different experiments. There isighhamplitute of amiloride sensitive
current before IL-f treatment (A). This current decreased signifigaafter 12 h IL-1

B treatment (B). Amiloride sensitive current decrebd®yy about 30% after ILfL
treatment (C).

5. Inhibition of ENaC-mediated fluid absorption by IL-1p treatment

In order to identify the physiologic impact of Il3linduced ENaC
downregulation, we next measured fluid absorpticnoss the NHMEE cells. In
resting state, middle ear epithelia absorb fluidd &4.7+ 1.4ul of fluids are

remained at 24 h after the application. When this oeere pretreated with IL-1

13



B luminally for 12 h (10 ng/ml), the transepithelifilid absorption was
significantly reduced and more fluid (66.8+ 11§ remained at 24 h after the
fluid application in the luminal cell surface (F8A).

Treatment of amiloride (100M) suppressed fluid absorption in both control
and IL-18 treated sample. Interestingly, amiloride-sensifivi transport at 24
h after the fluid application decreased from 32118l to 23.1+ 2.1yl by IL-1
B treatment (Fig. 6B). These results indicate thatlfl suppresses

ENaC-dependent fluid transport in NHMEE cells.

>

Apical volume
after liquid load (ul ) _

B

@
o
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S S
jj
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+—®— Amiloride (100 pu M)
—&— IL-B (10ng/ml)
—©— Control (DMSO)

N
S

o
o

Amirolide sensitive
fluid volume (ul)
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0 4 8 12 24 48 &

Time (h) @ R

Fig. 6. Effect of IL-13 on fluid absomption by ENaC. In resting statelL-1Btreatment
decreased fluid absorption capacity about 100 (A). Treatment of amiloride (100
uM) suppressed fluid absorption in both control Hnd B treated sample. Interestingly,
amiloride-sensitive fluid transport decreased by pLireatment (B). ¢ p<0.05)

6. Inhibitor Sudies of signaling pathways involved in IL-1f induced

ENaC suppression

To determine which signaling pathway is involvedllinl3 induced ENaC

14



suppression, various inhibitors were used in thiglys The first task was to
determine whether the phospholipase (PLC) and iprdtmase (PKC) are
involved. When the cells were pretreated with Phliibitor, U73122 (1quM)
and PKC inhibitor, calphostin C (1M) respectively, the amount of amiloride
sensitive current was reversed to the control lews also evaluated which
MAP kinase is involved downstream. Inhibition of ERy PD98059 reversed
the amiloride sensitive current to control levelt both p38 and JNKs
inhibitors did not affect. Our data indicated tiRAiC-PKC-ERK pathways are
probably involved in IL-1 induced ENaC suppresgioig. 7).

20 r O
! ]
D ‘

% 15 |
® o
F=N<p
c E = [F]
9 210 r

<
o =3
IS
o
z 5
<

O 1 | | J
S R USES Sk & &S
N \3/\% (96 R N 3*0\\0
® S <Q & N
MAPKs
Inhibitors
+IL-1B

Fig. 7. Inhibitor studies to detemine which signahg pathway is involved in IL-1B
induced ENaC supressionOnly when the cells were pretreated with PLC irtoibi
U73122 (10uM), PKC inhibitor, calphostin (1@M) and ERK inhibitor, PD98059 (10
uM), respectively, the amount of amiloride sensitivgrent was reversed to the control

level. (* p<0.05)

15



IV. DISCUSSION

The amiloride-sensitive epithelial sodium chanri&N&C) is important for
transepithelial liquid movement in various tisst&@he channel consists of 3
subunits,a, B andy, of which thea subunitis prerequisite for appreciable
channel function buf andy play an important role aIs%.Experiments in
several animal models indicate that the functio®ENBC is vital for lung fluid
clearance at birth. Instillation of amiloride, a ‘Nehannel blocker, into the
trachea of newborn guinea pigs results in impediroétung liquid absorption.
Amiloride-sensitive apical Nachannels have been demonstrated to be the
major determinant of baseline electrogenic iongpamt in Mongolian gerbil
middle ear epithelium’'®Since the middle ear epithelium is an extensiothef
airway epithelia, it is appropriate to suggest thAlaC has an important role
also in the middle eaHowever, it has been unclear whether ENaC is essent

for the fluid transport in NHMEE cells.

In this study we also demonstrated that ENaC istfanally expressed in
human middle ear epithelial cells (Fig. 1A). Outadahowed that amiloride
strongly suppressed fluid absorption in NHMEE cefisa dose-dependent
manner, which strongly suggested that ENaC playsmportant role in fluid
absorption in NHMEE cells (Fig. 3).

It is possible that transepithelial fluid transpisrtactively modulated during
inflammation. IL-1R is one of the important cytogmin the inflammatory

process which is produced by macropha%ﬁeléecently, there has been an

16



increasing body of evidences supporting the impntale of cytokines in the
modulation of ion channels and transporfér§.It has been shown that IL31
altered Naabsorption and fluid transport in the airway enim% Moreover,
previous reports demonstrated that the effusioltitt media contains high
levels of IL-1R'° These findings promote us to hypothesize thaidi¢gnansport
are regulated in response to inflammatory stimoll &est this hypothesis by
investigating the effects of the pleiotypic, eamgponse cytokine, ILfLon
cultured NHMEE cells.

In this study, we could see that II3-Isupress ENaC mRNA expression
(especially subunif), and activation in protein level (Fig. 1 and 3p, it
might be postulated that various inflammatory memxls including IL-B, in
chronic inflammatory conditions reduce ENaC mRNAr@ssion resulting in

decrease of ENaC function. And its main targetabpbly ENaC subunj.

Figure 4 demonstrated that transepithelial shedudi current is decreased
by IL-1B treatment. In figure 5A and B, we can see mordausly that basal
transepithelial current decreased after fLtdeatment and the luminal addition
of amiloride (100uM) produced a steep decrease of current to the sament
level. It means that IL{l suppresses ENaC function because the amiloride
sensitive short circuit current represents ENaCtion. Our data is consistent
with several lines of evidences, which suggest blaaterial and viral infections

modulate the amiloride-sensitive Neansport in lung epithelial celf8.

Futhermore we demonstrated physiologically thatlpLsuppresses ENaC

17



dependent fluid absorption in NHMEE cells. As shoinfigure 6A and B,
addition of amiloride (10@M) decreased the fluid absorption in both control
and IL-13 pretreated NHMEE cells. However, in II3-Ipretreated cells, the
decreased absorption volume was smaller than thabmtrol cells. Because
decreased ENaC function due to Ig-@aused decreased effect of amiloride on
ENaC. These results indicate that Ig-Suppresses ENaC-dependent fluid

transport in NHMEE cells.

If we understood the underlying signal pathway ®&faE suppression by
IL-13, we might be able to inhibit that suppressibtitogen-activated protein
kinases (MAPKSs) pathways are thought to be mosonapt in transmitting
inflammatory signals from cell surface to the nusleMAPKs may be
subdivided into extracellular signal-regulated k@a(ERKs), p38 and c-Jun
amino-terminal kinases (JNKQ)ERKS control cell division and proliferation.
p38 MAPKs are activated by inflammatory cytokinesdaenvironmental

stresses, and JNKs are important for controllingpégsis’™

In these inhibition studies, we could inhibit thBl&C suppression by IL-113
with PLC, PKC and ERK inhibitors. It indicated tHatLC-PKC-ERK pathways
are probably involved in IL{1 induced ENaC suppression. Although the
signaling pathway of IL{1 induced ENaC suppression may depend on various
conditions, and more exact molecular mechanismsl neee determined in
future studies, however, such a understanding ignang pathway as this
would provide deeper insights into the manageméritual control in otitis

media with effusion (OME).

18



In this study we showed that ENaC is essentialtlier fluid absorption in
NHMEE cell. We also showed that I3 Buppresses amiloride sensitive current
and fluid absorption in NHMEE cells. Our data sugighat fluid overcollection
by suppression of ENaC-dependent fluid absorptionlcc be one of the

pathogeneses of OME.

19



V. CONCULSION

ENaC was found to be expressed in NHMEE cells, @ay an important
role in fliud absorption. PLC-PKC-ERK pathways arevolved in IL-13
induced ENaC suppression mainly via suppressionswdjunit f. Fluid
overcollection by suppression of ENaC-dependernitl fabsorption could be

one of the pathogeneses of OME.

20
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Abstract (in Korean)
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