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Background and Objectives Unlike the normal skin, cholesteatomas characterized by
hyperproliferative keratinocytes exhibits up-regulation of connexins (Cxs) and gap junc-
tional intercellular communication (GJIC). Currently, there are no appropriate clinical
methods that can inhibit cholesteatoma progression nor are there available optimal in vitro
models of cholesteatomas. The objectives of this study were to identify the regulating mate-
rials that control GJIC using human keratinocyte cells (HaCaT) and to get preliminary in-
formation about how to inhibit cholesteatoma progression with an aim to make in vitro
models.

Materials and Method Acetic acid (AA), H,O,, dexamethasone, retinoic acid (RA), or
green tea extracts-epicatechin (EC) and epigallocatechin gallate (EGCG) were used for this
study. After HaCaT cells were cultured with chemicals for 24 hours, cytotoxicity was quan-
titatively analyzed by cell counting and Neutral-red uptake test. Reverse transcriptase-poly-
merase chain reaction, Western blot and immunocytochemistry were performed to analyze
the change of Cx expression. GJIC was functionally evaluated with scrape-loading dye
transfer (SLDT).

Results After the 24-hour culture, H,0, or EGCG (100 puM) were observed to have inter-
fered with cell growth. In the Western blot, Cx26 and Cx30 showed higher up-regulation by
EGCG or dexamethasone, but less down-regulation by AA or H,0, than the control. In
comparison with the control, immunocytochemistry (Cx26, Cx43) showed less expression
and abnormal location of Cxs under AA, H,0,, or 50 uM EGCG than the control, and in-
creased up-regulation or equal expression under SuM EGCG, EC, RA, or dexamethasone
was greater than the control. In SLDT, dye transfer was significantly lower in AA-, H,0,-,
dexamethasone-, or RA-treated cells than in the control cells. EC showed higher dye trans-
fer than the control cells.

Conclusion The expression of Cxs and GJIC on human HaCaT keratinocytes can be up-
or down-regulated by chemicals such as AA, H,0,, dexamethasone, or EC. These results
may be useful information in understanding the progression or inhibition mechanisms of

cholesteatomas. Korean J Otorhinolaryngol-Head Neck Surg 2010;53:675-85
Key Words  Gap junctions - Connexins - Cholesteatoma - Keratinocytes - Intercellular
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HaCaT Al225E Dulbeccos Modified Eagle’s media
(Gibco, New York, USA)e|| 2o} dH(fetal bovine se-
rum) 10%(Gibco, New York, USA), penicillin/strep-
tomycin 1x(Gibco, New York, USA)E 37}t vl #]of| A
37C, 5% CO, HjF7]olA vieFataict, wie Mx2s
0.25% trypsin/EDTAR B3t &, 70% Lo M2
AuiFstaict, 16417 B 71 $, acetic acid(AA) 2,
4, 6%(Duksan, Ansan, Korea), dexamethasone 5, 50,
100 ug/mL(Ilsung, Seoul, Korea), H,O, 1, 5, 25 uM (D-
uksan, Ansan, Korea), Ex}5£%&E2] epigallocatec-
hin gallate(EGCG) 5, 50, 100 uM(Sigma, Steinheim,
Germany)?} epicatechin(EC) 10, 50, 100 ug/mL(Sigma,
Steinheim, Germany), Z12]al retinoic acid(RA) 107,
107°, 10°° M(Sigma, Steinheim, Germany)2 %% A
2BFolaL o] % 24 X7t vkt xR A=A
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p7] sl 2417k o= A & 2008 An]7dstol| Al 1871
9] 1x1 cm AAH Q] HaCaT A4S Algich 33 fn_'%lg_

A3t o™, one—way ANOVA $A1Z Ael& 319,
)42 p<0,058 Blgon B L e spss®(spss
Inc., Chicago, IL, USA) 10,02 A-&3}%ich

OE MZSAAAAE M AlzaegrE A daE 7|2
2 529 A seE A5 Neutral red uptake test
E A 33 A=), o] Alolgli= A|EZoul MAE
incorporation A7l 2of = A 5h e AeEa] Alg
oo}, 6714] oFES Z7+e] skol Yo multiwell
plateol] gol v HT} T 24417 Sk N2 5 vjet &
benchof|A] HiFY-& A ASH F 0.33% Neutral Red Solu-
tion[N—2889](Sigma, Steinheim, Germany)S i
&l 10% == St LA H7ksto] 3A1KE v & Al
ZZ 27 Neutral Red Assay Fixative[N—4270](Sig-
ma, Steinheim, Germany)©. 2 A3t Zof AJoFS HjoF
Ha} 7o oko] Neutral Red Assay Solubilization Sol-
ution[N—4395](Sigma, Steinheim, Germany)® =9Il
ol 540nmolA FF=EE S5t

AN ET LS| o5 mRNA 7

A RNA’C_‘ Easy—BLUETM Total RNA Extraction
Kit(Intron, Sungnam, Korea)< ©]&sto] Ea|=]gic)
AojA AHA RNAS AccuPower RT Premix(Bioneer,
Daejun, Korea)& ©]83}9] 1 ug?l 5= cDNAZ 42C9]
Al 604, 95ToflA 57 AHALsHITE ofn] ezl ¢7]
Adef w2} oligonucleotide primersE QI k2t

9] primer+= th At

Cx26 S 5— tgttttccagageaaaccge —3
AS  5— ctgggcaatgagttaaactgg —3’
Cx30 S 5— gcagcatctttttccgaate —3
AS  5'- atgctcctttgtcaageagt —3
Cx31 S 5— atggattggaagaagcttcag —3
AS 5 ttaaatgggggtcaggctagg —3
Cx43 S 5— taccatgcgaccagtggtgeget —3
AS  5— gaattctggttatcatcggggaa —3
B—actin S 5— tacatggctggggtgttgaa —3
AS  5— aagagaggcatcctcacect —3
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8 4223 (polymerase chain reaction, PCR)2
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o}, FFolzl 2o A wiekE HaCaT AlZF=] 1.0 mLe]
RIPA ¢590(150 mM NaCl, 1% NP40, 0.5% dooxy-
cholic acid, 0.1% sodium dodesyl sulfate, and 50 mM
Tris-C)2 o] 83to] Thilge Helsiolr), Hejs iy
2 Bio—Rad protein assay(Bio—Rad, Hercules, CA,
USA)E o]&ste] & SAsIGth vl He s 9ls)
sodium dodesyl sulfate(SDS)—polyacrylamide gel ele-
ctrophoresis(PAGE)S AR5l o He|d ohads:
polyvinylidine difluoride(PVDF) membrane(Amersham,
Arlington Heights, IL. USA)o| &A 4Co|A 552t
polyclonal rabbit anti—Cx26 antibody(1: 30,000 Zymed
Laboratories Inc., San Francisco, USA), monoclonal
mouse anti—Cx43 antibody(1: 30,000 Zymed Labor-
atories Inc., San Francisco, USA)S HFSAHTH &
Y membrane2 0.2% Tween—20°] 33l phosphate
buffered saline(PBS) 810 & A3t & peroxidase—
conjugated donkey anti—rabbit antibody(Santa Cruz
Biotechnology, Santa Cruz, USA)2} anti—mouse IgG
horseradish peroxidase linked whole antibody(Am-
ersham, Buckinghamshire, UK)2 Z}Z} WF-SA|ZTh 1
AlZF B9t WFg-AI7l & enhanced chemiluminescence
detection system(ECL, Amersham, Buckinghamshire,
UK)Z ©]85+o] X—ray film o= gQI5}3ic,

WA Z sFsHImmunocytochemistry) QM-S E3t
Cx26, Cx432] YFEA

Zatay 8700 B33 HaCaT A|Zo] z4zhe] Foizl
5= 2 acetic acid, dexamethasone, EGCG, epicate-
chin, H,O,, retinoic acid® #gjale] 24417} B¢t 377,
5% CO, Hi7]olA ujerstqict. uietE HaCaT AlZE
PBS&E A A3t & 3% paraformaldehyde® 2087t 49|
A AR, a1 ASEE PBSE 3~581t 39 A5t
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I 3% bovine serum albumin(BSA)7} E§HE PBSO|A]
A7 &9F 114 (blocking)A1Z1 -, PBSell 345 poly-
clonal rabbit anti—Cx26 antibody(1:30000, Zymed
Laboratories Inc., San Francisco, USA), monoclonal
mouse anti—Cx43 antibody(1: 30000, Zymed Labo-
ratories Inc., San Francisco, USA)S 24A|7F Z<oF 1t
SAZATE PBS9}F 0.1% BSA7} 23HE PBSZE ZH2; 1587t
MZBIL o8 Jroll A 3% BSAZ} EgHE PBSE 34
fluorescein—conjugated Affini Pure goat anti—rabbit
IgGH+L)Y CyTM3—conjugated AffiniPure rabbit
anti—-mouse IgG(H+L)(Jackson ImmunoResearch,
West Grove, USA), 4',6—diamidino—2—phenylind-
ole(DAPD)(Sigma, Steinheim, Germany)S 1A|7F Z¢F
A2steiet, PBSE 3W Al&3t & &efolof AlZE 1
7|12 confocal microscope(Olympus, FV300, Tok-
yo, Japan)& A83to] Cx26, Cx439 W& g 24

AA Z& AHESk] AA=S Wtz AdT 22
Lucifer yellow(0.5%) 81& do] 55

PBSZ 3~43] A|Z3}t o]3of &34 &ujZ(Axiovert 200,
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Z719] AP 53¢ o4 93tk Imaged”(National
Institutes of Health, Bethesda, USA) 1.37vE A}83
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AR Fell, o] gl Sl e "olA Sl= A
A A= 7 2-ebe 14304 2gske] 7 AR e S
A zte] A=E inch @92 Z43sk9ch SPSS™(SPSS
Inc., Chicago, IL, USA) 12.0& AR&-3te] Bl Az|9]
Hat, BEHUAL G ok, diRta AT 1 2HAF A
of zpo]7t gltk= AF7HEOl el t—testE AlYSFRIT.
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acid 1, 2% &%ol4 Cx31 Wdo] Aol yate]x] oottt
(Fig. 1).
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s
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78‘?% o] Wk}, JHAL S5
HE FrofA Cx 26, 30, 43
)R] ghokeh(Fig. 2),
100 pug/mL FEo)A] Aj2EEA

AAMY A3z e] 4= W Neutral red uptakeA| AlZAE A

w7h et vjwstel 2
Aol7t ggiek. RN
Cx26, 30, 31, 439 ¥4

I:I

3y

WPt glo] $AMO 2 FoIRt
A= S0l o
ool Wt QiickFig. 3),

EGCG+= 5, 50, 100 uM 7} %E‘ﬁi 24AX7F A|3E vjSF

djoF 3 A|EO] 47h AAE 0w Zhasts AgFolgont £
Number of cells 160 HaCaT-acetic acid
160 l 140 -
140 120
120 Z 100 o — 4 —+ ¢
100 | S 80
80 - ;,>\° 60
60 - 40
40 - 20 -
20 + 0 | | I |
0 I | 0.01 0.05 0.1 0.5 1 2
A Control 0.1 1 2 (%) B Concentration (%)

0O
o
N
e

Cx26
Cx30
Cx31
Cx43

B-actin

Cc

Fig. 1. Effect of acetic acid to the proliferation and Connexin mRNA of HaCaT cells. The proliferation assay (A) and Neutral red uptake
test (B) of HaCaT cells do not show significant change of cell number after 24-hour culture under 0.1, 1 or 2% acetic acid. RT-PCR
shows the expression of Cx26, 30, 31, and 43 mRNAs in control cells. However Cx31 mRNAs were nearly not defined under 1 or 2%

acetic acid (C). HaCaT: human keratinocyte cell.

HaCaT-H,0,

Number of cells 160
160 [ l 140 -
140 120 -
120 £ 100 -
100 F S 80
80 % 60
60 - * 40 -

40 + 0 -

20 0 |

0 1 | 0.1

A Control 1 5 25 (UM) B

1 5 10
Concentration (UM)

20 30

(@]

5

N
3
=
B

Cx26

Cx30

Cx31

Cx43

B-actin

Cc

Fig. 2. Effect of H,0, to the proliferation and Connexin mRNA of HaCaT cells. The proliferation assay (A) and Neutral red uptake test (B)
of HaCaT cells show significant decrease of cell number after 24-hour culture under 25 yM H,O,, but not under 1 or 5 yM H,0,. Cx31
mRNA was not expressed in all concentrations of H,O, in RT-PCR (C). #*p<0.05, one-way ANOVA. HaCaT: human keratinocyte cell.

HaCaT-dexamethasone

Number of cells 160 -
180 T 140
160 . 120
140 g 100 -
120 g 80 -
100 [ >

80 - e 60
60 F 40
40 20 -
20 0 I

0 I I | 1

A  Control 1 10 100 (ug/mL) || B

10 50 100 150
Concentration (ug/mL)

200

0O

10

100
(g/mL)

Cx26
Cx30
Cx31
Cx43

B-actin

c

Fig. 3. Effect of dexamethasone to the proliferation and Connexin mRNA of HaCaT cells. The proliferation assay (A) and Neutral red
uptake test (B) of HaCaT cells do not show significant change of cell number after 24-hour culture under 1, 10 or 100 ug/mL dexameth-
asone. RT-PCR does not show any different expression of Cx26, 30, 31 and 43 mRNAs compared with control as the concentration of

dexamethasone increases (C). HaCaT: human keratinocyte cell.
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Ao} AEZEA0] Q1= 100 uM sE= A9k
oM =S A2 Aot

ECE 0.1, 1, 10 ug/mLoflA Ali254] AAbollA] izt
I AjiZa7E HaPE giglem, QHASER AN At

Sorr &l b ©
T
o
flo

ut
(@)

A= Cx26, 30, 31, 43 BFolA 2 W37} lcHFig. 5).
RAE 107, 107, 10° M s=olA AZEA HAAM Al
9| ) 2t} vl wate] Zvket AS-E QAN B
22l ztoli= glolon, AHAZTE NS ATt A= m
RNAQ] whglo] sieof| wha} it} 2to)7} §igich(Fig. 6).
9] AE B2 7H53 Al ZEAo] glema Cx mRNA
o] HglE Hol= Ad) HEE Ao o]F AdS 3l

Acetic acid 2%, H202 5 uM, dexamethasone 100 ug/
mL, EGCG 5, 50 uM, EC 50 ug/mL, RA 10" M& W-

ol

Number of cells 160 HaCaT-EGCG C 5 50 100 (uM)
180 l 140
160 L 120 b Cx26 o T N v
140 > L
o 80
100 >
80 " B 60 Cx31
- 40
ol al | it uding
20 | 0 1 1 1 1 | .
0 \ \ 15 25 50 100 150 |[Pactin
A Control 5 50 100 (uM) B Concentration (UM) c

Fig. 4. Effect of epigallocatechin gallate (EGCG) to the proliferation and Connexin mRNA of HaCaT cells. The proliferation assay (

>

)

and Neutral red uptake test (B) of HaCaT cells show significant decrease of cell number after 24-hour culture under 100 uM EGCG, but
not under 5 or 100 uM EGCG. C x 31 mRNA was not expressed in all concentrations of EGCG (C). *p<0.05, one-way ANOVA. HaCaT:

human keratinocyte cell.

- (ng/mL)

Number of cells 160 HaCaT-epicatechin c 1 10 ugso
180 - 140 +
140 > L

L = Cx30
120 g 80 L
100 [ >
80 - 60 cx31
40 - 40
20 | 0 Il Il Il Il Il I}
A Control 1 10 50 (ug/mL) B Concentration (ug/mL) C

Fig. 5. Effect of epicatechin (EC) to the proliferation and Connexin mRNA of HaCaT cells. The proliferation assay (A) and Neutral red
uptake test (B) of HaCaT cells do not show significant change of cell number after 24-hour culture under 0.1, 1, or 10 pyg/mL EC. RT-
PCR does not show any different expression of Cx26, 30, 31, and 43 mRNAs compared with control as the concentration of EC in-

creases (C). HaCaT: human keratinocyte cell.

Number of cells 160 - HaCaT-retinoic acid C 10 105 10* (M)
180 - 140 +
160 |- o+ 120 b Cx26
£ 100
| £ Cx30

120 § s ’/H/\/,
100 S

w - 40

20 | O Il Il Il Il Il i
0 ! | -8 -7 6 -5 -4 -3 p-actin
A  Control 10+ 10° 10 (M) B Concentration (10x M) C

Fig. 6. Effect of retinoic acid (RA) to the proliferation and Connexin mRNA of HaCaT cells. The proliferation assay (A) and Neutral red
uptake test (B) of HaCaT cells do not show significant change of cell number after 24-hour culture under 10°, 10°, or 10* M RA. RT-
PCR does not show any different expression of Cx26, 30, 31, and 43 mRNAs compared with control as the concentration of RA in-

creases (C). HaCaT: human keratinocyte cell.
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estern blot, HAX|Z 3}t Mo|| A2}k
Western blote]] 2J3F Cx @9 AA(Fig. 7)

Cx T o] AIRstE ghelslr] ffste] Cx26, 30, 439
Western blot 53] A3ttt Cx263F Cx30 o] d
IS A9 FAFIA=H, acetic acidolA ALl HEo]
g7 oS Jrw 2 7hAast I, H0.0 A% Cx26 Thaurs
o] 4aske). Dexamethasone w3} vlwsto] 7+

2(1el), FAHB), F7Hee] B9t BE QAo AL

et BTt 7H wokal, ECoF RA= 2wty AR ol

9 oFARS Bt EGCGE % S71d WS K=
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Fig. 7. Western blot analysis of Cx26, 30, and 43. Acetic acid,
H,O,, and dexamethasone show down-regulated expression of
Cx26 and Cx43 bands compared with control. The expressions in
5 uM EGCG, EC, and RA are similar to that of control, but the ex-
pression in 50 yM EGCG is up-regulated in Western blot. 1: con-
trol, 2: 2% acetic acid, 3: 100 pg/mL dexamethasone, 4: 5 uyM
EGCG, 5: 50 uM EGCG, 6: 50 pyg/mL EC, 7: 5 uM H,0,, 8: 10* M
retinoic acid. EGCG: epigallocatechin gallate, EC: epicatechin,
RA: retinoic acid.
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Fig. 8. Immunocytochemical staining of Cx26 and 43. Immunocytochemistry of HaCaT cells shows abnormal condensed expression
(white arrows) of Cx26 and Cx43 under acetic acid, H,O,, or 50 yM EGCG. The expression of Cx26 and Cx43 under 5 yM EGCG, EC,
RA, or dexamethasone was similar to those in control cells. A: control, B: 2% acetic acid, C: 5 yM H,0O,, D: 100 pg/mL dexamethasone,
E: 5 uM EGCG, F: 50 uM EGCG, G: 50 pg/mL EC, H: 10™* M retinoic acid. AA: acetic acid, EGCG: epigallocatechin gallate, EC: epicat-
echin, RA: retinoic acid.
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Table 1. Expression of Cx26 and intercellular communication in HaCaT cells treated with several chemicals

AA H.0O, Dexa EGCG 5 uM EGCG 50 uM EC RA
Cell proliferation | 1 > > “ “ >
MRNA o 1 o o o o o
Protein 1 l l > 1 - o
Trafficking 1 ! © ot ! 1 1
Dye fransfer 1 l l > - 1 1

1: up-regulation, |: down-regulation, «<>: no change. AA: acetic acid, Dexa: dexamethasone, EGCG: epigallocatechin gallate,
EC: epicatechin, RA: retinoic acid, HaCaT: human keratinocyte cell
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