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Innate immune response is initiated by the recognition of
unique microbial molecular patterns through pattern
recognition receptors (PRRs). The purpose of this study is to
dissect the expression of various PRRs in gingival epithelial
cells of differentiated versus undifferentiated states.
Differentiation of immortalized human gingival epithelial
HOK-16B cells was induced by culture in the presence of
high Ca™ at increased cell density. The expression levels of
various PRRs in HOK-16B cells were examined by real-
time reverse transcription polymerase chain reaction (RT-
PCR) and flow cytometry. In addition, the expression of
human beta defensins (HBDs) was examined by real time
RT-PCR and the amounts of secreted cytokines were
measured by enzyme linked immunosorbent assay. In
undifferentiated HOK-16B cells, NACHT-LRR-PYD-
containing protein (NALP) 2 was expressed most
abundantly, and toll like receptor (TLR) 2, TLR4,
nucleotide-binding oligomerization domain (NOD) 1, and
NOD?2 were expressed in substantial levels. However, TLR3,
TLR7, TLRS, TLRY, ICE protease-activating factor (IPAF),
and NALP6 were hardly expressed. In differentiated cells, the
levels of NOD2, NALP2, and TLR4 were different from
those in undifferentiated cells at RNA but not at protein
levels. Interestingly, differentiated cells expressed the
increased levels of HBD-1 and -3 but secreted reduced
amount of IL-8. In conclusion, the repertoire of PRRs
expressed by gingival epithelial cells is limited, and
undifferentiated and differentiated cells express similar
levels of PRRs.
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=& shu)l =AS
==Aal
A3k (Dale, 2002). E3F,
-3 Elo] = (antimicrobial peptide)tt e}i‘%ﬂﬂ 231 (anti-
microbial proteiny> Zdoll gt s}k WS AlF3t
tH(Ganz, 2003). Al AEH ez HESAL e A
Axe 579 3FeFA4S =3 interleukin-8 (IL-
8y -2 A EFFl (chemokine)?t Ato] E7F] (cytokine )
AAglo 24 o]Fo] tigh HukS-& AJ=Rlch(Dale, 2002).
AR A, who]e|, R 28 ekt 1)
AESo] ARz Qe WA El (pathogen
associated molecular patternys ThFgl SEIQ1A)| -
(pattern recognition receptorsyz°| Qlx|gre 2x| A|ztE]=
dzde] wkgo g 4o F WA nlo] AL delslc)
(Medzhitov and Janeway, 1997; Janeway and Medzhitov,
2002). 7+ T’/HJXJQ_ e84l toll like receptors
(TLRs)7} =# ¥}&{ %31 (Qureshi and Medzhitov, 2003)
2L EoiA Xﬂi W gl Az 24 nucleotlde—bmdlng
oligomerization domain (NOD)-like receptorss2] =%
Aol wo] Ba=a Qlrk(Werts ef al., 2006; Carneiro
et al., 2006). AA7FA] AltollAlA 107]2] TLRe] XL
=19=dl(Uehara et al., 2007), 5 TLRI1, 2, 4, 5, 6=
AZ vt 3Ho]] EAfsl= #bH TLR3, 7, 8, 9+ 4 %o
5—7<H€P1’4-(Qureshi and Medzhitov, 2003). TLRe] 4%
A5 Al o Algfe]ut vlelzi~E TLR B]9jE4 W
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°2 <XF 4 Sl& NODw} WiElew &A= NOD-
1} NOD-2E 231t thofst 79 Al =hildEo] v
3218} AeH(Masumoto et al., 2005) °FA 7= 15
714 AF7E ola=A] Fakar Qo A<l 224
AZol A& TLR2# ozl TLR4= & ko glow
NOD-12} NOD-2°| 74-¢- ZysiA] wadsl= Zlo] Hars|e]
3L (Suqawara et al, 2006) T7+F| ALl A= TLR2,
TLR3, TLR4, TLR7, NOD1, NOD27} &= cla »3
=] 3lch(Suqawara et al, 2006).

A-2Ak9)= 77349 (oral epithelium), 774%74] (oral
sulcular epithelium), % 3§44 (junctional epithelium) |
Freg v oledl, e Ases Ay
2 FAE] e vk AT e Adele vzt
seEHHAlE| 2 A E]o] dch(Presland and Dale, 2000;
T e al., 2007). 23RS 714 oA
3} 7|* S (stratum basale)] ZFShA| 2 (keratinocyte)’} -
3kgtol] whe} =412 3 (stratum spinosum), 353 (stratum
granulosum) % Z}8}=(stratum corneum)s 1At 7|
#1%2] % A|9AF (marker molecule)= keratin 5, 14°]wq,
A2 Fe] FA|9)A= keratin 1, 100]9] IHZF] 3%
Z¢lA}+=  involucrin, loricrin, filaggrin %!  transglu-
taminase©|™, Zt8}5-2] FX|QlA= comified cell envelope
o|th(Masumoto et al., 2005). 3-H, w7533 Alg]
T 7]A % (stratum basale), % %(stratum intermediate),
¥ Z(stratum superficial) o221 FAEH}, 71AFe] %A
QIR= keratin 5, 14, 19o|7] F=3} ¥=2] 7% K4,
K13o|ch(Presland and Dale, 2000). HBD-12} HBD-2+=
A Z2AollA] ZlsiA] W El=d] 53] A2 s A
glo} AEH R HEsh v Tl A 7Rl
A ZdsHAl weElE AL S 4 33tk (Dale, 2002).

2 A7AS Zsh g Ao ATl
gk A 2AdgAlze] A gnukge] e 7=l gl
oh woFg Al W AgellAl B E3kER] 3 71AS A
glo] X 2A A 2o} o] g ke, 77 W AdE] 3
ZollAl E3HH 78k v 35 ARAEo)L AR F R
At Al Qlot. whepa] E3hE]A] 5 X242
7h sk AeAeA e} F S
A ofire] A=A, £ dqelre E3kEA ¥

2
=

17

el w3k A2 zelA A vl
= AEIEAlL] W

>
ook

WE W

Il

A oF Bl A F el ok

1} 3] (University of California Los Angeles, USA)L
T2 e ol Bshy AeAsAlZ, HOK-16B+= (Park
et al., 1991) GA-1000 (Gentamicin®} Amphotericin B)

I 0.15 mM CaCl2, Zg|x AR QRS 23sl= A+
] A zulj okl (Keratinocyte Growth medium, Clonetics,
San Diego, CA)2E 37C, 5% CO2 Z7o4 A|xZ
Al sk3iet

A A 29 Fepel 3 L3}F=E

H3hE]A] ok Alele] x2AvAlZ+= HOK-16B AlE
= 6x 10%cells/well2 24-well wjeFgA]ol] £33 Ao
Az (0.15 mM CaCl2Z3helA Z= 45471 wlj ksl
ARgdlon] BslEl H2ATAZE 12 x 10 cells/well2
HOK-16B AlZE 24-well iAo 23] 1.2 mMe]
CaClyz #7kel As|Alzufoflo A 2147k 53t wljoket
5 odub Al Eeokalel 2447k F7} wiokel] EEHE
fr=gict.

A7 GAA T8 E 4 A A5 HE-S(real-time reverse-
transcription polymerase chain reaction)

A|2Zof| 4 Trizol®Reagent (Invtrogen Ltd., Paisely, UK)
= AREslel RNAE % shodoh. 93AF ukgel ot
cDNAE 4357 98] F 1 uge] RNAE oligo dT
primer (Bioneer, Seoul, Korea) 1 pg?} A L g45 A
7keted 2E 25 ple] MkgHollA 42°CollA 1X7E =71e
A A7 SREAdsA RS 20 pl b
slollx] 3 sigler, wkeele 1 uie] cDNA2H SYBR
premix EX Taq, ROX reference Dye (Takara Bio,
Otsu, Japan)2} 7+ primer (0.2 uM)E- 23Fs}ict. Oligo-
nucleotide primersi= 29¥ gDNAS| T35 WA|sp|
Ssted o= F Ao d=(exonpll A SEFsEE ¢
2ol 3k, A% primer sequence= Table 13} 7},
TEHE 94°Coll A 1 59k 7] ¥4 (denaturation)s 4]
ALt 95°ColA 152 Fate] HA, 60°ColA 152
F<ke] Y& (hybridization), 72°Cell4] 33% -Eqke] F3
u-3-(polymerizationys 404 HkbEsl= 27102 &3 o
<3} k57| (Applied Biosystems 7500 Real-time PCR,
Foster city, U.S.A.)E AF&3le] Algsl3ict. AX|zE o
AAL FRFELAMAERS AR SolAd dllE] 34l
A3} 3% of7fZ~ 7 (agarose gelpllAle] HAoz 3lo]
3}ict. Housekeeping gene, glyceraldehydes-3-phosphate
dehydrogenase (GAPDH)E A 3lax}l st +Axle}
sl vehs| SE3 GAPDHe} vlagk 5% FAxle] 4
2ol RS 2% 7 AXlsiglct. AXZE A F
Fasdi e 233 Ao s & RNAY
7t Almolet 38] Sslol e Auke BARA s

FxE Y gHAZ Ee

FoIxlZHE ol "ol 10 mke Dulbecco’s Phosphate-
Buffer saline (DPBS) 10mlell 1:1& 343k ZAS 10
ml®] Ficoll-Hypaque (Amersham Bioscience, Uppsala



Table 1. & A] 7+ <
primer 9] ¥ 714 <€

%
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At FHELAA AL SRS ALg

Primer sequence(5' — 3')

GAPDH Forward CAGCCTCAAGATCATCAGCA
K13 Forward CGAGAGCCTGAATGAAGAGC
Reverse CGACCACCTGGTTGCTAAAT
Involucrin Forward GGCAGCTGAAGCACCTAGAG
Reverse CAGTTGCTTCTCCTCCTGCT
NODI Forward TGGTGGCCAAGTGATTGTAA
Reverse CAATCTCCACCTCTTGCCAT
NOD2 Forward GGTGTCTGCAAGGCTCTGTA
Reverse TCAATGCCAAGAAGTTCTGC
NALP2 Forward GAAATGTCATCTGCCTGGGT
Reverse ATCTCCCGGAACTTCGTCTT
NALP3 Forward TGAAGAGGAGTGGATGGGTT
Reverse TTCAATGCACTGGAATCTGC
NALP6 Forward GCGCAGGAGAAGAAGAAGAA
Reverse CACAGTGGGTCAGTCATTGC
IPAF Forward CAGAACCCTGCTGACTGAGA
Reverse CCAAATGGAAAGGTCAAAGG
TLR? Forward ATTGTGCCCATTGCTCTTTC
Reverse ACCCACACCATCCACAAAGT
TLR3 Forward CGACGAAATGTCTGGATTTG
Reverse GATGCACACAGCATCCCA
TLR4 Forward AACCAAGAACCTGGACCTGA
Reverse GAGAGGTGGCTTAGGCTCTG
TLR7 Forward TGCTCTGCTCTCTTCAACCA
Reverse CCAAGGAGTTTGGAAATTAGGA
TLRS Forward TGCTGCAAGTTACGGAATGA
Reverse CGCATAACTCACAGGAACCA
TLR9 Forward TCCTTCCCTGTAGCTGCTGT
Reverse GTAGGAAGGCAGGCAAGGTA
HBD-1 Forward GTCGCCATGAGAACTTCCTA
Reverse GITCATTTCACTTCTGCGTCATTTCTTCT
HBD-2 Forward ATCAGCCATGAGGGTCTTGT
Reverse GGATCGCCTATACCACCAAA
HBD-3 Forward TGTTTGCTTTGCTCTTCCTG
"~ Reverse CTTTCTTCGGCAGCATTTC
Sweden) % #loll ¢ F 400 golA 30%7k ARz

ek, o= ok
bovine serum)®} 100 U/ml penicillin, 100 pg/ml strep-
tomycin (Gibco-BRL, Paisely, UK)°| E¢17} 9l= RPMI
1640 (Gibco, U.S.A)E 7 W AFe & ARE-3I3r.

A ZE F2J3l] 10% 4 sloFEdA] (fetal

A G F-AZ EA(flow cytometry analysis)

ARZE QAL FPILAA ARGl 7] FY
gk who g wiokgt AXE DPBSE AA3] F &
1 mM EDTAS 23kt Al H2]go(Sigma, U.S.A)S
AR AlZE wlolilch. TLR4S Az Fw dAle

739~ phycoerythrin (PE)e] %#% 3-TLR4 wHIZES
A (eBioscience)Z 4°Coll4 30%87F A& = o2 DPBS
2 F 9l AAsIdet. TLR49F NOD2¢| Al Wi =hy
AS A7) 9ellAl, CytoFix/CytopermTM (BD bio-
sciences, San Diego, CA, U.S.Aye AR&3lo] 37°Col|A]
2087k AlEE 24, 72 A7l F DPBSE F i Al
T AR 4°CellA 30:7F AR NOD2 fAlell= &
-NOD2 t}&E38H| (Santacruz, CA, U.S.A.)¢} FITC7} 3%
A -5 o|AFHAE AR AT R g
TLR4 THIZ23H|9} FA3t ool &E}S] (isotype)e] HIE
o] A olxARke R s Aldsisict. dAlE Al
¥+ fAIZ 47](FACSCalibur, BD Bioscience)2 -
AFdet.

E 4w ¥ Z A 4 (enzyme-linked immunosorbent assay)
F4wY9EA 7|E (R&D systems, Minneapolis, U.S.A.)
2 ey AlE Aol o ATIe] wljokellof] FwlE IL-

£33y A 2AHA L Zgo 93 13 F=
6 x 10 cells/welle] AZE AEx Z4rol|Aut uljoks)
3= %] ke AElE %4171 HOK-16B AlZ+= 33t

e sloflA {7 Sl S5EE3 el 3T 4
aglet. vk 12 x 10 cells/welld] AZE 155 Z4rol

= o
2147 224171 HOK-16B AlZE Huddh mokog Y
A A ek AL FEE el 4% Fkn)7d o

2 3 S Qlodek(Fig. 1A). 3 1 %Efro +
A7 A ZollA H-2A A 29 —rﬁ} A ¥l K133}

involucrin®] W&ol o4 Al (p<0.05) vﬂﬂ—t—
e AL QA FEELAAES o7 g
t}(Fig. 1B).

T3 A g2 Ae et £33 A A 2AAA R
oA o3t el x| 4€-3 2] mRNA 3 vz
AR AHAL TREAAM AR R kgt '
olAl-gAe] RNA Hdoks +A4% Ax, 24942
= NALP2, NODI, NOD2, TLR2, TLR4Z AreF ut
#3stgda NALP3, TLR3S <43 Wasllch(Fig. 2).
IPAF, NALP6, TLR7, TLR8, TLR9Y &S aatxw]z|
OLOP—;ﬂ Ui]—iffﬂou E]-%ﬂ,{«ﬂio—ﬂ/qu_ o]-‘é— ] Hl—‘é‘:]_ol 751} "?l’
Asfglemg AR primerdlZell o7k Zo] ohds 3t
datdctli er al., T F). E3HEA B2 A-2ATA
ol wal 3k A4 A 24 NOD2 W&ol F7}
9} NALP2 % TLR4 W] ka7t = 9ck(Fig. 2).
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1.35 mM Cacl,
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A 0.15 mM Cacl,
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0.15 mM Cacl, 1.35 mM Cacl,

Involucrin

Inv. / GAPDH (x10™4)

0 — 1
0.15 mM Cacl,

1.35 mM Cacl,

Fig. 1. Differentiation of immortalized human gingival epithelial (HOK-16B) cells was induced by calcium. HOK-16B cells, plated at either
6 x 10* or 12 x 10" cells/well into 24-well plates, were cultured for 2 days in KGM containing 0.15 mM or 1.35 mM CaCl,, respectively. A.
Morphology of cells was examined by an inverted-phase-contrast microscope (x 400). B. Expression levels of K13 and involucrin, the differ-
entiation markers of oral keratinocytes, were examined by real time RT-PCR. *, p <0.05
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Fig. 2. The expression levels of various PRR transcripts in undifferentiated versus differentiated HOK-16B cells presented difference only in
NOD2, NALP2 and TLR4. The expression of various PRRs was examined by real-time RT-PCR. The expression levels of PRR transcripts
were presented as relative ratios to that of GAPDH. *, p <0.05 by paired t-test.

¥315 7] 92 AE o £33 AH (A AE
o4 NOD2 ¢} TLR4¢] ©i A 43 v]w
kgl RNA waeke] xjolzp whd widdol] o kg

FREA Belsh] flal, FAE £45 o]-83le] NOD2
9} TLR4 &S #Aside), Alxd =hi=e]l NOD2E
A 052 Alej|o} 3}

A5t At 23]
Aezke] W zpolE AT 4+ gllth(Fig. 3). Al
ot okl o] TLR4E Al g3 Alzu gaS =
18] WAt Az, v]E EshE Aol EshE]A|
A Zo] ulal AZuo] TLR4ES 85k u|go] 7t
Aoz Hglor} ol w3kEl Ao w|Ee] &
o] &gt sAAMNET] dAo] FTtE] et dA
Algsh7] ofE el v Fo], Alxutel] TLR4E 44
vle F Zol7h §l7] wiirel AT Ee]

- -

UES R}
3

i,

fo

B 52
l'fl‘t

2
i

ol

e

H3}7} TLR4 whilA ulaoke] of3kS-
thskch(Fig. 3). ol sk 22Aku|Al s} 2hdAl
il EskElx] 9be Alxel fAlgh

o

ek As g

13 A g2 Ae et £33 A N 2AAAE
ol 4] HBDs$} IL-89] 43 v]m

AR AL FHEAASAES 2 E HBD-17} -3
WS wlasl Ay} E3kE]x] ok 22T A 2ol v
Al 3R A2 A ZoA o] 5] wEeke] folH e
S7HES AT F Uit 2 oo g Fu)
HOIL-83-2 W3k Alzold tha Zhashe A B
Adedl, ole AHgoll 53 AZ 7 zbo|E 1T o
E3foll whel IL-8 o] s ofn|gict.

i
ol
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0.15 mM Cacl,

1.35 mM Cacl,

s
=E | MI : | M1 :
£4 | T77.58% 79.56%
=
NOD2 (M= ) =
=
109 104
g -
SE | M1 : 8 | M1 :
£ | 14.31% £ | 16.6%
w %3 =3
TLR4 (¥ %) §. ] 5.
7] F 3
5 7
. FLZ2H e
=L | M1 : 4 M1 :
23 | 62.93% £ | 38.92%
TLR4 (M X W) 31 P _:"":5._
= =
59 EE
5100 10! F:éi 10° 109 510‘3“ 10! 162 - 10° 107

FL2H

Fig. 3. The expression levels of NOD2 and TLR4 protein in differentiated HOK-16B cells were similar to those in undifferentiated cells.
Cells were stained with Ab with or without permeabilization and analyzed by flow cytometry. Cells stained with isotype control or secondary
Ab alone served negative controls. The percentages of stained cells compared with negative controls are indicated.

IL-8
HED-1 N HBD-3 300
' .
- - 250
3 ok 5 E 2001
- =]
2 3 £ 1504
a € o0
e 2 1 I N 100
1 I =
50 1
o - . P . ol 0
0.15 mM Cacl,  1.35 mM Cacl, 0.15 mM Cacl, 1.35 mM Cacl, 0.15 mM Cacl, 1.35 mM Cacl,

Fig. 4. Differentiated HOK-16B cells expressed higher levels of human beta defensin (HBD) -1 and -3 but secrete lower level of IL-8, com-
pared with undifferentiated cells. The expression of HBDs was examined by real time RT-PCR and the amount of secreted IL-8 were mea-

sured by ELISA. *; p <0.01 **; p <0.0002

3

2]

a

BodFol|Ae XA 2] BspAteel| wlel wiedE)
A EAo] wilel=A] dotnr] fa E3EA 2 A
EH% 3k A2tz e sERIAEH WEE v

A d3lich, 2 Az _ngqo]/ﬂ_rﬁ_xﬂ ah.ﬂoﬂ Z zlo]
7} glo] 3t A2A e A g AlZet
FARE Hukgo & Zleg AlsH

HOK-16B AlZ= U} wofgl A3 2394 2o A =
3tel 2l7ke] papillomavirus type 16 DNAE- transfection
stod EH3} A7) JAHFAERE 2F 25 copies®] HPV-
16DNAE 33k ot AlxFAe] wHEgo g ols) AAk
Z|eAE] 2oks ARSIl A2 W myc proto-oncogene

s sk 91t nude miceoll4] 2 FASIA =
= —t}—‘wﬂ—?ﬂ,d g HEY Al EZolch(Park et al., 1991).
oFglt Tl T3k HOK-16B 4|22 Axdmojuls
= A oiF**liE} AR vRS-S BATk(Ji er al., 2007).
Ao A 2 Gl wheld Zof vls) - AlgkE
Tl AR FEAE Bt 53 SuEA=E,
2% Aol &A1= TLR % TLR7, TLRS, TLR9¢| Wt
o As IAEA ook, TLR3S wi$ Lskat wkg
e Aeg BAEH(Fig. 2). o3 Axe A
2ATAZE o] 83t AgolM= Felsiick(E@ S A=),
$2]e] oA Ade} =] Uehara 5 (Uehara er al.,
2007)& xli*wﬂlioﬂﬂ TLR3, TLR70] Ak wkad
He v slolov, 259 A= & A ks F

o
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Z35= primers °o]-83tgom® 2935 genomic DNA
o TE2 WA 4 gl Aol Ax Aol Exd=
e

ElRIAl A9 P2 o] A2z} FhedAl 9
Q

\
O
}O{I
_IE
O
2
25
[N
o ¢
N
i
[
i
<l\>‘1,
N
Lo
3
N
e,
ko
ol
e

+3ER] @ A2 2o wEl] 3k 224l
¥ol4 NOD2 -3} W&o Z7ke} NALP2 % TLR4
A W o] Aot B oV (Fig. 24), =R 1
kol Aol= A T S glodek(Fig. 3). ol A= oF
Ll RN ] P s R S I ) g S P R P B S Yo s el |
Aoz Azt=lw, AuiA oz 24w 27t wedhe
IR Ao et oFo] E3lll o3l 2 gk
W] ok Zlog Moty

el x| -&Ae} 2] HBDe} IL-89 wale Hapat
ol wel & zte]E ®glth. HBD-13} HBD-3+ 3}
H AT A Zof|A whE ko] v o] Frkekwrl,
ol& X222 Au5e] sk F9lol4 HBD-13} HBD-
27} 7 o3-S B33k Dale (2002)2] oA-773}e}
A= gk}, HulE 1L-89] ok HslEl A2AkuloA ok
= e Boled, sk ALY 2 9
A 25 wiefsiglorng o] E3fol ol IL-89 0|7}
2l o4k 7R ZE ofw|gltt. Dale (2002)2 Zgoll
oJgk Alzisrt IL-8 WdxE F7MAZIeka ®agl w)
Uovt, 259 A= AR FTHEAAM AL
AlgYek Adte|tt, 2w AT EE woFg Aol +
Fato] wijekr|zte] AITETE IL-8 FFIAF Wdfe] 7
43 ARZE FAAL FREA AR o2 Ak
vl ok A ). 2o AdATE opfs x24T
7} At Al 7P w3kl 335014 HBDs HES
S7HA171aL, IL-8 W2 st =7} Hojx= 3
ofA] fro] WHEEE XAty MdE 4 ot

o r

A
5
ez -
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