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Glucosamine is commonly taken by the eldedy without
prescription as a nutritional supplement to attenuate the
progression or symptoms of osteoarthritis. Previous studies
demonstrated that glucosamine shows anti-inflammatory
effects in tissues such as blood vessels and the heart. However,
there have been few reports about the effects of glucosamine
on oral inflammatory diseases. Therefore, in this study, the
effects of glucosamine on lipopolysaccharide (LPS)-induced
inflammatory responses were investigated using human
periodontal ligament fibroblasts (HPDLFs). HPDLFs were
incubated in the presence and absence of glucosamine (10
mM) for 24 h, followed by treatment with E. coli LPS (100
ng/ml) or vehicle. Quantitative RT-PCR and ELISA results
showed that LPS exposure significantly increased the levels of
IL-6 and IL-8 mRNA and protein, while the effect was
significantly suppressed by glucosamine treatment.
Glucosamine did not attenuate, but slightly increased, the
LPS-induced activation of mitogen activated kinases (ERK,
p38, INK). However, it suppressed the LPS-induced increase
in the DNA binding affinity and transcriptional activity of NF-
KB. These results suggest that glucosamine exerts
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anti-inflammatory effects on HPDLFs exposed to LPS via
inhibition of NF-kB activity, necessitating further studies
using animal periodontitis models.
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SFIALE AL BE Alazef| EAjeH |7 X2
A ZrE e FEzE FAo dast Jo] 3 Qo
[1]. 250 hexosamine W PFHAEZE FY =] o
S AA #HEF2 S = uridine diphospho-N- acetylglucosamine
(UDP-GlIcNAc)©] TH501 A O-GIcNAc transferase 2] 218
of] oJal] 32 o] Az} Byl %719 O-GleNAcylation
(0-GleNAc W13)S Fiedhed AF-ETH2] wd e
O-GleNAc ¥13-2
A0 755 WA= BloR defA St Al
SFFA S Fo431H hexosamine A7 Z oA Fnt=
UDP-GleNAc §Adell ARS-5 22 Al UDP-GleNAc 3
o] 7k o] ARkA o7 T o] 0-GleNAc o] F7}
ok

M 3] ©1¥] kinase, phosphatase, TAFIA}, M| 3Z=2A
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FIA Folx  FriE ojyd opekst Wi
0-GleNAc Mg A3A 02 Aol ofe] J&F& n|A
Aol HaEa glom 53] egdsays vehd
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el &4 5wy} AEE A
o] WA Eo] dFNkgo] dojup, 25
] A543 viZiRIARE ] ko] |3 rashs FUTa
Yol d¥Rg adrt yelga 2 e @Al
0-GleNAc H& 717} fofdithar B s Qlok4]. &3t 3
A T HYTA| Fof| FFEAAPNES FoEHE NF-kB p65
W2 9] 0-GleNAc WS § 538} o] NF-kB AA1EA]
S A3l5F] tumor necrosis factor-a (TNF-a)°] 2]+ A543
wiZRIARE S WS ojAsthaL SFGITh2) F3E el
st SFIAE] 5% FAcael dAst slow W
aE 3 vk =3EE F9lel= TNF-q, interleukin-13
(IL-1B) 32 A5 AE7elo] Wol Wy 3, 71 A3} o]
5 93579 NETIRIO] A7 vl AFS Adllskar
matrix metalloproteinase 3 (MMP3)#-2 7] A& 3l a4 w3
= /A A=xA 9 g7t AgE= Fow delA
AT AFA | SFFAS FoI st A4 IL-18¢] o]t
NF-kB &4312 A&)sta Akt 84312 FEslglor 1
A7} MMP3 'Fd-E Adllshz &3E HERdo] RarE gk
[5]. 22 Slelle miMlobm A ot T A A oA SFF A1)
lipopolysaccharide (LPS)l o]3t 5wl 7] Q1#}e] Hhed-& o
Asto] AT aE Bl A% e v 9lom[6,7],
A AT T H AT 55 Rl FFA
AR Fofshd AAIEY HAES] &S AT )=
a7 = Aoz YERGUHLE]

719 Hate wE LpSel| o) fEHe
of NF-kB &43}7} T3 g8 dddsi, &
o] godZ zH2of| NF-kB HAEZ 9A5H= o]
7o A4 Qlrh6,7]. NF-kB:= Rel ©HA ftof %
= g o] o]dhA| PEE BAGAR AALS 24s}
i AARIAFITE Rel T o= c-Rel, RelA (p65),
RelB, pl05/p50, pl00/p52 TrAo] & glom, 7}
SHAl W2 E = NF-kB HARRIZR= RelA/ps0 ©] 34 <]
glojt}, &A3} 21571 Fo]AA] & W= NF-kB7} 94|
ol kBl Adtsl FejE AEZA YollA vjEA s A
Bl Qlou, Aol &3t Alert A= kB kinase
(IKK)°l &J3f 1kBe] N'Zek A2l 27]7F 1Absls a1 4
7} kB FrH|F B3} 9 Z R EolEol|A o] Bajlug-S AX
Al =™, kBl A HolA L& NF-kBE 8 QFO.= o535}
o] AR AALE 2E3) RelAE Q1AM & &
A0, RelA QAbsH= AAMEA, & 9] 9%, whalz] ¢t
Aol 28 &35 Holx oz d#HA QJri9,10].
FPEY, dH9E, HAE 95 5ol U3 FFIAM
FAT a7t QAN 279 5o 7o 452
ghof| igh SFIFAMS] dsol ek B 2Hs 5 9l
th uebd 2 Aol Al XAt EA

ot ot

1o

Al 3wl

A X521t A - R4 SE(HPDLFs)+= ScienCell Research
Laboratories (Carlsbad, CA, USA)ellA +dst 5 7ldjnlj kst
o] p7-82] MEE Ao ARtk A= 10% 233,
100 pg/ml streptomycin, 100 U/ml penicillin (Hyclone; Logan,
UT, USA)©] 325+ alpha modified Eagle’s medium (Hyclone)
o A uleksalth

71 Y el mEWE AFEAIEY Az
CD143} LPSE 37 AHelahd LS WA el vla] 95
g AEFRIF AT FEdkso] SXEE AoE &
A4 Qlal, & AN E AFE A SAFEAEZE o] &
Sk 7]E ATtellA vlsesh e gRlg vk Qlvk11-13].
T E B o A% HPDLFsol| LPSol| <3t A5iks
S #5371 98 100 ng/ml E. coli LPS (Invivogen; San
Diego, CA, USA)®} 10 ng/ml CDI4 (R&D systems;
Minneapolis, MN, USA)E 4104 A &3stith =574
(Sigma-Aldrich; St. Louis, MO, USA)<> 10 mM 2] -2 A}
gskleh

FHAE L -F A S (RT-PCR)

Easy-Bluem RNA Extraction Reagents (iNtRON Biotechnology;
Ay 31 E 0]8-519 total RNAS 54|38k AccuPower'™
RT premix (Bioneer; th7, &=h)E o]&-3l cDNAE #|2}3H
< SYBR premix EX Taq (Takara; Otsu, Japan)= AR2-5}oq
4 PCRES 33Tk PCRe AHE-E primer?] 947
A o5 2ok IL-6-f 5°-AAC AAC CTG AAC CTT
CCA AAG A-3°, IL-6-r 5>-TCA AAC TCC AAA AGA CCA
GTG A-3’; IL-8-f 5’-CTG GCC GTG GCT CTC TTG-3’,
IL-8-r 5-CCT TGG CAA AAC TGC ACC TT-3%
glyceraldehyde  3-phosphate  dehydrogenase (GAPDH)-f
5-TCA ATG ACA ACT TTG TCA AGC-3’, GAPDH-r
5’-CCA GGG TTT CTT ACT CCT TGG-3’.

Transient transfection

96-well A vljeF Z|o]Ee] HPDLFsE +73tal Tha
4 NFkB " ETER502  pg/iwel)9F  NF-kB
responsive elementS 3315k luciferase reporter (0.2 ug/well)
< Lipofectamine2000 (Invitrogen; Carlsbad, CA, USA)= ©]
8-t transient transfection 3t M3E7} 8 3HH & =5
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AbR1o] SESFE AL SERTEA] k8- vk ol A 441 7F bl
Fet 5 LPSE 7Kt 3 7kshA] e kel A 24
AZF o vkt 1 ¥ Bright-Glo Luciferase Assay
System (Promega; Madison, WI, USA)S ©]-2-3}07 luciferase
SHd& SAsI:

(o]

Western blot £4]

HjeFo] v M|3ZE phosphate-buffered saline (PBS)= Al
2] % 10 mM Tris-Cl (pH 7.5), 1% Triton X-100, 150 mM
NaCl, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM EDTA
(pH 8.0), 50 mM NaF, 1 mM PMSF, 0.2 mM NazVO,, 1 pg/ml
aprotinin, 1 1M leupeptin, 1 UM pepstatinS E3shH= H¥-&
3l ehgelS o] g8l AlEE G § I AR E
STtk Modified Bradford reagent (Bio-Rad Laboratories;
Hercules, CA, USA)E ©]-&-afo] ohlal-& AJ&kstal 20 pgol
S 5X Laemmli sample bufferoll 412 3 10% gelS
o]-g3f] SDS-PAGEE A|33fil PVDF membrane?]
electrotransferdFSI T 0.1% Tween 20°] &% Tris-buffered
saline®l] 351 5% B4+ 89 S = membrane blocking<
Alggetar, A e ot Ax}EHA| 8- ollA] 4°C ol A
AR WESAIZ] - HRP7F = o xFaA| ol 4] REG-A|ZiTY
71 ¥ Sensi-view"" Pico ECL Reagent (Lugen Sci Inc.; 3%,
Sk=) 2} MicroChemi (DNR; Jerusalem, Israel) “gH]E ©]-8-3}
o] WMo Eakx| S B3l Th RelA, phospho-RelA (ser336),
IkBa, phospho-IxBa, IKKa/B, phospho-IKKa/B, Akt,
phospho-Akt, extracellular signal-regulated kinase (ERK),
phospho-ERK, c-Jun N-terminal kinase (JNK), phospho-JNK,
p38 mitogen-activated protein kinases (p38 MAPK), phospho-
p38 MAPKe] st 3hali= Cell Signaling Technology
(Danvers, MA, USA) A% AHE8F1 31, Bactin A, rabbit
anti-goat HRP-conjugated IgG, goat anti-mouse HRP-conjugated
IgG, goat anti-rabbit HRP-conjugated IgG+ Santa Cruz
Biotechnology (Santa Cruz, CA, USA) A& AHE-3FGITY

Enzyme—linked immunosorbent assay (ELISA)

6-well Z2HjSF Z o] Eo|| HPDLFsE 535l1 25
FAE sV FHshA]l o kel 244
HjFet $ LPSE H7FeAY H7kebA] ekar 24431
7h wjekstalth miFd S ke AR E & A
o5 Ko} ELISAC ARg-atltt. AFE IL-6, IL-8°f t
ELISA kit (KOMA biotechnology; A&, 3=hE AR

of 242 Adstet

S o Al

Biotin pull—down assay
NF-kB2] DNA ZA35& &elst7] 23l biotin pull-down

A4S AlSkelth HPDLFsE = F3AS $HskAY
FHrobAl o> wliekellol 2441%F v <kstal, LPSE 3d7tskA
w H7VebA] 9kan 24417 F71 v e¥Et ¥, NE-PER Nuclear
and Cytoplasmic Extraction Reagents (Pierce Biotechnology;
Rockford, IL, USA)E ©]&-ato] A2 3] TS ]
SFith ek Ayl NF-kB binding element consensus
sequences X3Sl biotinylated DNA probe (371414 (f)
5’-AGC TTC AAC AGA GGG GAC TTT CCG AGA GGC
TCG AG-3")E HH8-A17] 1L, streptavidin—agarose beadsS ©]
8311 DNA probeol] A%k NF-kBE dEd]eto] A&
< RelA &A1& ©]43F0] western blot 295 A3}t

“J%F2] PCR, ELISA, luciferase 2 A3} Ht+ ¥
k= AJAISFS AL, Student’s t-test = =218k pgke] 0
o A2 A5 FAFOE fo3 Afol7} 9l A ow vt

‘

S F AR o] LPSel| & =% IL—-6, IL—8 &l
12+ 98

| FEAES LPSE ASS v S71EE= o
49 NEZIRIY WS FFFIANIO] A 5= EAE
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Fig. 1. Glucosamine significantly suppressed LPS-induced
IL-6 expression. Human periodontal ligament fibroblasts
(HPDLFs) were incubated in the presence or absence of
glucosamine (10 mM, GlIcN), followed by treatment with
vehicle or E. coli LPS (100 ng/ml) for the indicated time
periods (A) or for 24 h (B). Then, quantitative RT-PCR was
performed using total RNA (A) or ELISA was performed
using conditioned medium (B). IL-6 mRNA levels were
presented as the relative fold changes compared with that of
control group (LPS(-)/GlcN(-)). The data represent the mean +
SD. *p<0.05 compared with control group (LPS(-)/GIcN(-)).
#p<0.05 compared with the indicated group.
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Fig. 2. Glucosamine significantly suppressed LPS-induced
IL-8 expression. HPDLFs were incubated in the presence or
absence of glucosamine for 24 h, followed by treatment with
vehicle or E. coli LPS for the indicated time periods (A) or for
24 h (B). Then, quantitative RT-PCR was performed using
total RNA (A) or ELISA was performed using conditioned
medium (B). The data represent the mean = SD. *p<0.05
compared with control group (LPS(-)/GIcN(-)). #p<0.05
compared with the indicated group.

rolr 7] £]3)], HPDLFso E. coli LPSE A 2]35}al 1, 3, 6,
12A17F %-¢] total RNAE 52319 (DNAE TH=1l A7
PCR-E Al383l IL-6, IL-82] B oF& vlawste] Bkrh IL-6
9} IL-89] mRNA W& 58 #2sE A3} o z7tof| vl
LPS Ag]$ IL-69} IL-82] o] BF AA F7lekqlch
(Fig. 1A, 2A). SFFANE 2477 A A =x)5ka LPS 2 EH7)
SFIANE A2 et Z-5-olli= LpSell 2t IL-6, IL-8 &
F7t ApekE]o] et BE A4 LPS W A2t
FAAOE Fost xfo]7t Q= AR YEFITHFig. 1A,
2A). T S A ERIEE] SEl LPS F7F 5 24A1%E
Aol w Al wekelE 3 eko] ELISA 45 A3
SISt LPSE w5 A28t ol A IL-6, IL-8 T 24
7} 8 ST E e, SFFAMIS § Algh ol
A= LpSell &3t S77F BAIA SR folsHAl A= AT
(Fig. 1B, 2B). Z1eu} @ ol 4 o] SF3AIS] oA
A¥H= mRNAC] tish oA 280 A= Egkrh
o]z gt ato]7}F U= o] el tslix= sk $om,
olg| st d/do] mRNASH T AS HEsH= A% 719
zfolef gt 1A ol FFFAMI] AAZ o)E
mRNAZFE 8] M-S Fxleh= i 24 28-S 7HA1
AeAlel ek e S F7F ATE F3f Helxjof &
y-goleta A7tk

73 AR o] MAPKs &4 3lol] m) x| &= g3
=F3AFo] HPDLFsol|A] LPSel 2J%t IL-6, IL-8 &
S7Fe AASs Aoz #EEHY] "ol 2FFAM
H AEAGA Rl JEFs vH=A Lotry] sl
MAPKs &3} m]x|+= %3S western blot +29 0.

MR O

30 5 10 30 5 10 30 (min)
LPS - = 4+ + o+ 4+ o+ o+
GleN - + - . S
p-ERK — — -— e

4% ¥ == E I ¥

p-p38MAPK | — —
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p-JNK _" R i R -vn-q_
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Fig. 3. Glucosamine did not attenuate LPS-induced activation
of MAPKs. HPDLFs were incubated in the presence or
absence of glucosamine for 24 h, followed by treatment with
vehicle or E. coli LPS for the indicated time periods.
Activation of MAPKs was examined by western blot analyses
using the antibodies to the phosphorylated MAPKs.
Glucosamine treatment did not suppress LPS-induced MAPKs
activation, but showed the tendency to enhance the activation
of MAPKs.

gelslglth o] 2 $13] HPDLFsS FFFAIo] 23157
b E3hER] ok uljoFel ol A 24 A1 7F v OFS)AT vehicle B
= LPSE 71t %5, 10, 307 5o da A5 )
3191 0 ERK, p38 MAPK, INKS] 43} Ax: o5 o
Wz 0] QlikskE FHEate] ER18HIT HPDLFsol| LPS A
2 5, 103 F°ll ERKZA 3] 5, 10, 30+ $-ol INK]
G437 B AR p38 MAPK 2] B4 3k 3161
B2 A ekdtKFig. 3). B FTAMIS LPSS} 84 22l sh
ol A LPSell 23 ERK, INK B3+ Adljehs ik
TEE A ok, 239 ERK, INK, p38 MAPK S| &3}
7} B Frkele Ao ® UERTHFig. 3).

FFFARI ] NF—xB 4 3lell m] x| = 9

LPSell &3t 9574 AEZI] Wdol NF-xB7} 5.8
AARRIAFE 288 4= Ql5o] Bl vf glovmw S
FIAFH10] HPDLFsol A %= NF-kBE&/J3}ol] &S m]x|+=
A <oty 1At slith MAPKs E413tS #dsl=d] At
&3 sLdT AEE o]&3o] IkBadl IAFSE 9 ol
o] Wl AAEch LPSE Hdha 108 Fof 1k
Ba Qlitske] S wEE gl en, LS A $ 30-A
of= IkBa iAo oFA TArt FHlo] YERLTHFIg.
4A). LPSS} FFIAS BF A3k FoA= LpS
= Ao vlE] 10 $ol YEhs 1kBa 4EEE
o7F ZAAEAA, 308 Fof YERE IkBa wHE 9
oA 7kl $AE|A] F9kTHFig. 4A). LPS A& & 10
Aol 1kBa 14HEF 7HE HFslo] YO ERE iz
T, FEIAN W= LS W= LPSS FFIAME 10

T

.



Glucosamine Inhibits Lipopolysaccharide-induced Inflammatory Responses in Human Periodontal Ligament Fibroblasts

225

A B 10 min
30 5 10 30 5 10 30 (min
(min) LPS - - + +
LPS = m s GleN - + - +
GleN - + - - - + + + SN Py
-lkBa [‘ — —— - wtsuse .1
P ’ POSREIA | (N gt et bt
IKBO | G e e au> R =
— IKBO | e WP e -
-ACtin | e e P  — cﬂ‘— e
B B-actin | \a U~ =
C D E
= 2 24h
g ! Biotin-oligo + + + + + -
= % iotin-oligo 5 = 3 &
QA 20 Nuclearextract - + + <+ <+ N = . . &
3o LPS - - - + +
S GIeN - - + - + pIKKag [ =+ e
s —
ERC . Beads 1 IKKa/p -
Input D sun Sme -| p-Akt(S473) o~
0 4
LPS - - + + AKL |'weme aagp o d
GIcN - + - +

Fig. 4. Glucosamine suppressed LPS-induced activation of NF-kB transcriptional activity. (A, B) HPDLFs were incubated in the
presence or absence of glucosamine for 24 h, followed by treatment with vehicle or E. coli LPS for the indicated time periods. Cell
lysates were then prepared and western blot analysis was performed. LPS induced phosphorylation of IxkBa and p65 NF-kB (RelA)
and degradation of IxBa, which were attenuated by glucosamine treatment. (C) HPDLFs were transiently transfected with luciferase
reporter plasmid containing NF-kB responsive element. Then, cells were incubated in the presence or absence of glucosamine for 4 h,
followed by treatment with vehicle or E. coli LPS for 24 h. At the end of culture period, luciferase activity was measured and data
were presented as the mean = SD. *p<0.05 compared with control group. #p<0.05 compared with the indicated group. Glucosamine
blocked LPS-induced activation of NF-xB transcriptional activity. (D) HPDLFs were incubated in the presence or absence of
glucosamine for 24 h, followed by treatment with vehicle or E. coli LPS for 24 h. Nuclear protein was incubated with 5’-biotinylated
double-stranded oligonucleotides that contain the NF-kB responsive element. Biotinylated DNA-protein complexes were then pulled
down with streptavidin-agarose beads, and bound NF-kB was detected by immunoblotting with RelA antibody. LPS increased DNA
binding affinity of NF-kB, which was reduced by glucosamine treatment. (E) HPDLFs were incubated in the presence or absence of
glucosamine for 24 h, followed by treatment with vehicle or E. coli LPS for 24 h. Western blot analysis demonstrated that
LPS-induced phosphorylation of IKKa/3 and Akt was maintained after incubation for 24 h, which was suppressed by glucosamine.

F A AEls ol 7HA 7o) @l A|lgE FH)E
RelA ¢14F3} =9l [kBa @2 o] oA w3ls o
gelatiey. 2 A3 LPS w5 A2l Rela
A4S 57k 1kBa TR L] FA At FElo] wE
H o LPSe} SFFAS 7 A st dtellA= o]
23t W37t AAHE Ao Z YERSTHFig. 4B).

LPS 9 =FFAF ] o]t [kBa2] ¥4 Rigtol RelA <
Abb7F Al NF-kBO] AANEA] S A=A Lolr7]
$13l NF-kB responsive elementS 38— luciferase
reporterS HPDLFs©l| transient transfection &3 NF-kB A}
44 H3E SHeqlth LPSE w5 A 2l$h -9 NF-«B
A o] SAIA o7 FolsHAl T7lskal o, S F3A
TS Sl A2l st 9ol LPSell &J3t luciferase &4 5
7He A9 A= A o2 YERITtKFig. 4C). SFFAM
of gt IkBa N3} oA g vtol] vlwate], SFIAIS
RelA 14Fs} 9 NF-xB AAMEA A @37} o F5i6H7

>R

PEEG o E b2 FFFAC] AP I of|A] RelA
o] DNA Agsel vA= d&Fs AT NF-kB
responsive element consensus sequences -3+ DNA probe
£ o] §-3t biotin pull-down -4 Az} LPS A& gt Al=
A= RelA2] DNA Ago] &4 8] F7Fsk v LPS9F =
FANE A A3 Al FEo e RelAS] DNA A g0
LPS w5 A 2]l vlal] dA8] 7hadhs dEe 5 S8l
TKFig. 4D).

LPsoll 9Ja] F71E RelA QAFsl7} ZF AR of 9]
ke = 7 0 7 LFEFE O H 2 (Fig. 4B) TS RelA 914F
35 sk Hojshs Zlow Azl 4] kinase?!
IKK 9} Akto] B0 = FFFA0] F&-S n|x|=x] &
A3HATE NF-kB A 9 DNA A3s A3S 98
AlEi= LPSE 24413 HElst & vhEoj5lon s 2471
A% o5 9] Akl tigt a7t A&y =] glst
A LPSAH 2] 24 A3 o] TfA] Al 55 F=H] kAT LPS
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W= A g o A= IKKw/BSF Akt Q1AFERe] 717} ozt
o), LPS 9} FFFAPIS 3 2 2] ol A= LPS
off °J3 IKKw/B2} Akt 14k} S717F A== Ao 1}
EFJTHFig. 4E).

ks,

AME A 71Est viel Zo] ) Hh woA] Aot
= ANk digl] SEAY £ 7 23 N EE &
g5t Al AIES B8l 253 FRSaNE
vebdo] BuE A 77 22 HAAEY A FE 2
S T d5ASy BEE SF A FASm I
3t B 2S¢ Qth et 2 AFoMs 25
FARo] Ak X|F=9del A madE 7H 5 lsA el
st 7hsd S AR S18) AFE XTI fEAIE
& o]&3to] AFE Hselty 1 Ay SFIAMIo
LPSol| &J3t IL-6, IL-82] Wd F71E A&l 4= 9low,
FF AP oA G 3= LpSol| o8 A ste = A A
S F NF-kB 43} 9 AARA Aol &8-S gl
=

AFJPEFEA LS FEAELR Eijete] A2
e ol 5= Q1S W o el Alrtell =EHUS
AETRL ARIIRIES] #HE FHst] X734 9]
SHESOl 71ofshs Ao A A Qlek webr x5 A
= =07 M e AEA AT NEER] 5T,
DA A, B]TAIE FollA sk AIETRD ol
AT/ FEA A E8lehs 9573 AETRIS 7
271 Hel® 258 gEoof shtar shlth14]. G(-)
Alete] thEA el HAjelxtel LpSol mEE W X|Felt)A]
FEAE] A ETRI, AR #h)7F S7hdo] & o
A QTH15,16]. XA FEA E gk LPSS] A5+
T a7 ulad v 55Q1 1-10 ng/ml LPS®Y| oJ3|A =
UeRd Tk a1 0 u17,18], BlaA] &S AlZE LPS A A]
= Alsk 2 Ao A= 1-10 ng/ml FEoM = FEIgH
AZ=4 g2 BEetA] EEG O E 100 ng/ml FE
o] LPSE ARESIdt) B Ao IL-69) IL-8 ©] 2ol
TNF-q, IL-13°] th3t RT-PCRS =33} A1k LPSel| ] st
TNF-q, IL-1B8 & S7H= 2 32 EA] 2907 IL-6,
IL-8l thgt A¥wt A AIskSleh ol gh A= Ak 25
Nh A EAEo E. coli LPSE 2] 8+S v IL-6, IL-8,
transforming growth factor-B2] W& F7h= FEHAIRE
IL-1a, IL-18, TNF-a9] w&e 2 #FEx] 9kgjrh=
Yamaji 52 Ha9} FAFSFATHIS).

A AFEAN A EA LA FFTA0] Y

I =

2 & o

o\

A YR g ERIEIIeER o]d avEo]
ofdl FAHA 7S Sall dojuAl H=A ol tisl obk
7] $18l Al A g Aol digt avks $Eskelck 7]
9] Haro] FFFANI0] MAPKs B34S o A|ate] 3¢
S 295 Uil oz dEA glormg 2 oA
% LPSe] 2Jst MAPKsS] &/ ®¥3}e} ole| gt =-F-3Ak
ol ayE FESIIE E AgtolA= HPDLFsol|A]
ERK, p38 MAPK, INK 432 LPS w5 A2|tel vlsl] 2
FIAE A A3 FellA 23]8 FH S sk A
o % vepdth F7FAN A7k MAPKs B4 wA) =
Gkl digt 7] HuE AR, Axpuekst Al &3
YR 5L 3 (synovial fibroblasts)oll A 2 FFAMI-E 2]
shd IL-18°1 <l =% ERK, INK, p38 MAPK €435}
= dAHC R ST7PI7IH19], ST EFE o] &8
A= SFIAN AAR7L IL-18 &3] fr=d
ERK, INK 243+ 1 Z3HA71A|%F p38 MAPK 2/J 3}
e AAaHE Yol delA lols), & A7) A
+ olF Bale} FA 0% fAks 210 YRt 17
U Al SR G A s SFFAR] DA A7} IL-1
Bell 913 =% ERK29] &2 F7HA171H INK 243}
o= oFFdl kS mAA] ¢kal p38 MAPK 443k 2b
el Aoz By uf 9lomo], AH A EeA
p38 MAPK S| O-GleNAc Ho| F7t=w 31dA e 2] A
o Beshs a3t Sk a21] A=
FFIAM | 9] MAPKs E/d3}7} oFslE|o] IL-8 1]
7h AAE TR 2122] 7 Sl T el AdnkE A
S5 BuE v glth MAPKs &3] tj3t SF3AM
o] &7} vpeFst o7k WA (ko olst Aits
2 Al FHel upgl, el Az wEFE A= F
Froll et SF IS 395 2Hg-o] mAo] depd
WS ANAKEHE A3tz AZEh

NF-kBi= LPSel| 9Jst (54 AlE7RI d feel &
Q3 oJ3ks gdgdel= Ao g deA Qa, FFFAAIe
AFA|F 9} Tl HETA| LA NF-kBEZ B4 3hol]
A EHE Bt Ryvt gglorma B AT
NF-kB &43} 4= 9 [ALA el v A= JTFS #Es
th2,5]. HPDLFsoll LPS= W50 2 223t 7% kBa 2
JIAsl 57k} IkBa WA ] 7R yER O™ LPS 9}
FFIAE 7 A2lg A9 kBa Q1AFEF 571 9 1kBa
il vt ekste]E Zo® Vet BEdE NF-kB
AR Ul 2] =A] st A} LpSef| 24
S7HE NF-kB AAFEAo] SF3AM el 98] #2381
s, o)y gt Aol thst 92 NF-«B 2] A8
¥ DNA ds Wty sdstA vebsttt 2ev
NF-kB AR o oish 7AW @At oA a2t

o
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Hl&l [kBa QIAHE} 571 9 [kBa W2l Zhaof tfat &5
FTAFI S st g = oFshA et 7150 B w
2w, IkB/NF-xB 2= &/d3} W RelA2] I o]F8
oz} RelA 9] QlAks} 24 (419 276, AlE 529, A= 536)
% NF-kB A 24 F23t Aghs dddshiz 5o
2 44 QrH23-25]. = RelA9] Q1A= DNA 285
= 7713 A S ST 2EYgEs gt
t}. RelA9 QAFEE &8 4= Q& kinaseZ caseine
kinase II, Akt, IKK 5] &#A lom G(-) Mol o3t
RelA <QQAFSHAIA 529 T AlF 536)°] IKKBS
phosphatidylinositol 3-kinase/Akt 74 =7} oigto] R
vl QItH23]. B Ao A% LPS Aol 9Jal RelA Al
536 2719 QIitsElrt Sk L, IKKaw/B, Akt Q1AHE}F &
7P7F EE oM, SFIANE ] A e FelA=
olglgt Qiksl S7F 48] AlE-S #EE 5 ATk
ool Az ol FFEFANI °]g NF-kB WA
Aol = RelA 14ks}F A8l 2 1% Q13 DNA A3 7+
2% T 7|HoR Agst Ao A7t

SIS wlde] Afz Eged 7]
0-GleNAc HES A1A B diA 5] 758 szl
th3). 7158 Hael ostd SF3AMIo] tied I
HE A Eo| A RelA?] O-GleNAc HES F7HA]7]H =
Aol RelA A|7536 H719] JAksks AaA7]aL 1 A3}
NF-kB AAMHIS AT sl9lom s 2 AgolA
5 FFIFAMI | 93k RelA 214} 7HAol AH9] kinase &
3] A oy} RelA®] O-GleNAe HIE T7H= ¥k
& o7 AAAY o] tjgt 7} A77F B Qs AR
ciEana=N

2 AFellA] FFFIANE aE dolrr] S8 10
mM FEE AHESISITE A7 s AE SRR T oR
ARE = SFFAP S o2 3 1500 mgo|™, o] A=
L5 Bashd duola astasat Al 98l 1t
Hoj AA| #AE = dF =FFAN F55 FHdl 0.005
mM FEeba B vl Q6] et AEelde &
o WE] QEIA AFEshE S FIARIE 7l 2-50
mM FEE K727 olu) Aelete] a¥E dEet
], 2 Ao A% HPDLFsol 2] Al7HS Eghste] 5,
10 mM ZFFAIS Hoj 48417 HsH2th 5 mM =
FAAPL IL-6, IL-8 2 A3 237 10 mM Ho} $ A
A AQorE F7 10 mM FFIANE o] gato] A
Aol zlegedint. AAl SFIA HEO0% dojA= 4
FFIAN T2 AT AeA Ale] A st
SFIA FEE 2 A7 Qlom® APy AF
= A Jhgoll A4 AAA717] AfHRE THE
QoL FH AT Ao w2 Al dF SFIAN

30wt e ofy

L9 AR T E 98 T Qv §HOE dAH =5
FAE 677 Folehd, A= A7A transforming
growth factor 313} connective tissue growth factor®] W& o]
Al MEZe s SFIAS A2 e o dof
A= 9 AR S7kshs AeZ Bay uf glof
27], ALEE SFIANE o] &3 Al Al A34

kl

] i =
T} QA ) FFIAR whE3 Axbde] 98 5 98

AATstaL Sl

oo AT AxE Tk =F Ao A A5
Ao ASE A LPSel| &8t HF W= A
Qom, I HHe| 53] =FFAN 2J$t NF-kB €4
A7F Fost s @ AdS AAKeRGlth ol st
AT A SFIAI0] AFHel dlF 2dE UE
d 7FsAdol e AlAFHAIRE didiatelA = 18
©o 7 Q& A3 W UDP-GleNAc AAdo] 7t 7 Ax

A 9] 0-GleNAc W3o] F7lshy o]+ TAIA ThA
of 7]oJstth= B8] 7okste] B w) FEIAIY T
o7} Az AFH g3to] TS & F U2 A Yolry)
A= A7 TE ZdS o] gt F7t Ayt Z st
thal gzbech

At =

o] TR 0UEE FR(rIAAF AR A
sojeta A ojetrisre PAelerd wely 715l o

TAIE A,
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