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Anti-inflammatory effect of Porphyra yezoensis ethanol extract through
the inhibited NF-xB and JNK activation in LPS-PG stimulated HGF-1
cells

Chung-Mu Park', Hyun-Seo Yoon®"
"Dept. of Clinical Laboratory Science, Dong-Eui University
’Dept. of Dental Hygiene, Dong-Eui University

8 oF A B A E(human gingival fibroblast, HGF)&= | &22 ¢l EAshH= T3 A2 Je F stz 9%
2=l HEgshe] thfst A Al E S ALAkett 2 Aol = S0 eeFEE(PYEE) ] Porphyromonas gingivalis
25 223 lipopolysaccharide® $350] ¢ %% HGF-1 cellol|A 39 &35 Ro|=x EX a1} g49th. LPS-PG
o o5 FLFE INOSS COX-2& PYEE®] Aol o3 % &4 o7 wdo] 745 AL nuclear factor (NF)-xB
3 FUE o g BiJo] A NS AEEA F c—Jun NHy-terminal kinase (JNK)¢] ¢14Fs}wto] PYEE®] |4
AAF AT}, g o g Zgol BofslE AR IdH 24 &4 F kel NAD(P)H:quinone dehydrogenase (NQO)-1
T #AelaL, o] &4 PYEES Al o3 ZatA wdo] fwrt Houtk ARA o R EheEFEES X%
izl ARE 93 FREAR I8 75T Ao AlRHL.

FAO] - BUFEE, 95, Mitogen—activated protein kinase, Nuclear factor kappa B

Abstract Human gingival fibroblast (HGF) is the main cell type existed in periodontium and produces a variety of
inflammatory mediators by external stimuli. In this study, the anti-inflammatory activity of Porphyra yezoensis ethanol
extract (PYEE) on LPS-PG lipopolysaccharide from Porphyromonas gingivalis activated HGF-1 cell. Up-regulated iNOS
and COX-2 expressions by LPS-PG were significantly attenuated by PYEE treatment in a dose-dependent manner. In
addition, activated nuclear factor (NF)-kB was also dose-dependently inhibited by PYEE treatment. Among upstream
signaling molecules, PYEE treatment inhibited phosphorylation of c-Jun NH,-terminal kinase (JNK) but did not give any
effect on other molecules. On the other hand, one of phase II enzymes, NAD(P)H:quinone dehydrogenase (NQO)-1, was
analyzed due to its anti-inflammatory activity, which was upregulated by PYEE treatment. Consequently, PYEE could be
candidates for the prevention and treatment of periodontal diseases.
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% (gingivitis) 2} X]o}X 4

2|5 (penodontltls)il T2 F i
Agte ol FH
Porphyromonas gingivalis?t 7V 2
o2 dEA ArH45l. P gingivdlise ~1
o w2 X FAgho] WAG W aolA Frtst
glof ZFsh o] FAA P. gingivalis7h A
AR O B4 Eo] = Cytoklneoﬂ 93] =
o] S UA AH67I. P. gingivalise] 7+
T ATz 2—.-4 T3 o} 2 2z AF
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H-g H A A 229 94
3 HPEAR 2> AFEA i(human gingival
fibroblast, HGF)9} 7%o] LPSe] A=) st &5
ol AAlel #ofats AER JTHILL 53], X AT
RAEE P gingivalis25-F 2% LPS (LPS-PG)el
tsle] extracellular signal-regulated kinase (ERK), c¢-Jun
NHy-terminal protein kinase (JNK)$} p38 mitogen
activated protein kinase (MAPK)#} 22 M) 2154
G548 -] 45 vzl QA9 interleukins (ILs),
tumor necrosis factor (TNF)-a, inducible nitric oxide
synthase (iINOS)¢} cyclooxygenase (COX)-22] w3 o
ot Zow 4yA izl 2eRR AFd5e
Fra zleel W3] AHE olE dF il A=
& 4ol AF2A 9 dF WS dAsh= o
HAolegal & = Ut
NAD(P)H:quinone dehydrogenase (NQO)-12 A|3E

£ LH A FretagS Fol AER TGS S

fa 7 sfuolrk o] Eae Fe=e] iAol A ks
o] =& Au]Fizo] ol]g} EAJo] HL Flo|= R
OF WIS FozM NENT TS Hol= 0%

oA eIl
MR, B, wvs vebvle] FRE v Ay
TP e HaFE dYo] wu FVF YRS
M F83 I E F stz gzsn glekdl. o
EFE FASHEAO] Fahu, R el B RO
2 Q1s) A opgel, TRek, R 4UAE B
FIIY T 9 o Selgeiisl 1 F v,
APkst @7 A 0% del 01§51 9= A (Porphyra)
& Seivetel Ajsl, waleld skl s Qe

uetgatsl szne

< 323 PAol| & eicosapentaenoic
WA AdolAt sl g &

h= . o
A7} 58 AER IS o S 2 5 1 4
el HAN, B3 FPF A3t 2ol 9
Ysglont giitel A 44

W”*ﬂjg o]- &3 Aol wgkE]o] QITH17,18]. A< A
FEAMEZHGF-1)E o83t Curcuma xanthorrhiza
supercntlcal FEE (CX9)9] &4 axpF gaHd oy
°]%= HGF-1 cell &=0] opd B4l x2E 9 12313
tH19]. & AFfdM = B4 FE2E0] AFE X2 AFE

AxEe] G5 ZAol tigk A B35 EAlstd A9
sl gt 228 E AFTetaAt sk
2. A7

2.1 A7

2.1.1 AxvjeF 2 Als

Aol ARE3E Al X245 A E(human gingival
fibroblast, HGF-1 cell line)= American Type Culture
Collection (ATCC, CRL-2014; Rockville, MD, USA)e°l|
A Bokakory o 10%9] fetal bovine serum (FBS,
Hyclone, South Logan, UT, USA), 100 Unit
Penicillin/Streptomycin (Hyclone)®] ¥3%+g Dulbecco’s
modified eagle’s medium (DMEM) HjA| & A}-&-5to] 3
7C, 5% CO; 7hg4 7oA wjgstdnt 41 ol



Abeh A& frEA ol NF—«B2 INK 2] A1 S &

FZE(Porphyra yezoensis ethanol extract, PYEE)-2

AFAY BT AT 2 (Jeju, Korea)oll A Eobikic), P
gingivalisoll A £2]8 LPS (LPS-PG):= Invivogen (San
Diego, CA, USA) 2.2 4-¥ dimethyl sulfoxide (DMSO),
sodium dodecyl sulfate (SDS)& Sigma-Aldrich (St.
Louis, MO, USA)ZH-E FY43akc} 12+ akA)21 iNOS,
COX-2, phospho—p5, NQO-1, phospho-Akt, phospho-ERK,
phospho-JNK, phospho-p33%} 23 a9
peroxidase (HRP)-conjugated anti-rabbit IgG &A=
Santa Cruz Biotechnology (Dallas, TX, USA)<¢} Cell
Signaling Technology (Boston, MA, USA)el A <&}
of Aol AR&-stT

horseradish

2.2 A7

2.2.1 Nx54 57}

MFEAZEEL EZ-Cytox cell viability assay kit
(Daeil Lab. service, Seoul, Korea)= AFH8-3l A 313
t}, HGF-1 cell& 24 well plated] 1x10°cell/welld] &%
2 3E3 5 24Nt vlYketal PYEE Al 85 559
=2 Agstth. 1E)al 2417F $ LPS-PGE 1 pg/mle]
ez Adshn ol 2047 skt 1§
EZ-Cytox Al19F 10 ul& H7kste] 1A17F &2t vigad 5
microplate reader (Benchmark Plus, Bio—Rad, Hercules,
CA, USA)Z 450 nmollA &F=E Z4359 )

2.2.2 Western blot &4

HGF-1 cell% 100-mm dishol] 5x10°cells/dish¢] &=
2 353l UM H-23 3 PYEES s 5HE A
Ptk 247 3 1 pg/mle) FEZ LPS-PGE A28}
I URA] 24A]3FERE wlkakde 1ol W o R AE
d AZE 922 INOSS COX-2)9] EAjo] o]&
st9lch 183 929 AEe] PYEEA S LPS-PG (1
ug/m)E SAll Helsta 4AZEERt wiYkE M2e A
ALQIRFL AT AGE A 0] Ao g3l A8 A
7} Bt A= PBSE 23] AlF ko 05 me) g 3
% £ 9 (PRO-PREP, Intron Biotechnology, Seongnam,

Korea) &2 88t & d5oll 103 5t A8t} Al

£ gafstleh. &aia AE7F 3 weld S5 &
& 13000 xgoll A 55t AAEe 3 § Fed s

i <
A FRE 2 F A6 Agsdr e R
Al

a1
BradfordH 0.2 sttt E2jsh whuld 25 pgo] &

St A 82 43 § 10% SDS—polyacrylamide gelol]
71995 3% polyvinylidene fluoride membrane (PVDF,
Bio-Rad) 2.2 o] sAZth ©@¥jde] o]5¥ PVDF
membrane< 5% non-fat dry milkE TBSTe] =91 &
Aoz [AFEt A2eA] E2AE st 1 &
1:100-1,000] ¥l&= 848k 12} gA|e} 42 4T
A 24X st BRNREE SFlTh 1A} @A oke] weyt
$°] ¢ PVDF membrane< TBSTZ 33] A% $ t}

Al 11100082 3]k 23F &Al|of Aol A 2A1HE3r
Hwhe-& stk 22k FAAA §kEo] i
enhanced chemiluminescence solution (ECL, Santa
Cruz Biotechnology)< ©]-&-3}o] Rkg-& %3 3 ECL
sensitive filmell 7FA17 A o] vy Wsls ZAs)
93 Gel Doc EQ system (Bio-Rad) .2 A& 241519tk

Jl

3 o APz SPSS A 22
#(version 25.0, SPSS Inc., Chicago, IL, USA)S o]-&-3}
of Ht + EFHAHmean +SD)E YERUTE AT
el frold Aol dduiA 244 (one-way
ANOVA)S ©]-838}931, Duncan’s multiple range test

WHos AR HSE APsith

3. AT+A3}

3.1 LPS—PG&E %9 HGF-1 cell®] F=ollA
PYEES] iNOS¢} COX—2 oA @z}
PYEE7} HGF-1 celloll 54< mx]=4] o RZ2 wA]
Qg A}, & Agdol A A3 50, 100, 200, 400 pg/ml
ol M= AEAEES] WMl douA] e
o1& = At} (data not shown). 2] 12 PYEE
7} LPS-PGel| &J8) =¥ HGF-1 cell?] €% 94 &
HE HHEAL oFE ERlE] ko] INOSe
COX-29] A S 243 27 Fig. 1ol He
uke} 2ro] LPS-PGel 9f&l W& o] 713819l PYEE
£ 50, 100, 200, 400 pg/mle] FE2 A PS o =
ey g Fadte AL FAT 4 Sde) o] A=z
nfojHo} PYEEE LPS-PGel 98] =¥ HGF-1
cell-% o] = glo.o. OJ;Q]%EL Z,: 9\111 —‘gE‘j}o %

HO vo= AL
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A)
Porphyra yezoensis ethanol extract
Conc. (ug/ml) < < 50 100 200 400
LPS-PG (1 pg/ml) - + + i i +
iNOS Do D - -
cox-2 R e
Acn [ - - - -
B)

OiNOS

ee

Targets / Actin

LPS-PG (1 pg/ml) - + + + + +
Conc. (ug/ml) 5 2 50 100 200 400

Porphyra yezoensis ethanol extract

Fig. 1. PYEE inhibited protein expression levels of
iINOS and COX-2 in LPS—PG stimulated
HGF—-1 cells. Panel A shows protein
expression levels of INOS and COX—2 by
PYEE treatment. All signals were normalized
to protein levels of actin, an internal
control, and expressed as a ratio (Panel B).
Data represent the mean®SD of triplicate
experiments. Values sharing the same
superscript are not significantly different at
p<0.05 by Duncan’s multiple range test.

3.2 LPS-PGE §%% HGF-1 cell®] 93Zol|A
PYEE®| ©]gk NF—«B&} INKe] &4 A a7}
LPS-PGell ¢]&) f=9 iNOS COX-2¢] i o
AZ AARIAR NF-«Bell <] vj7fgi). o] 95 %A}
A= AEA ellA] BEgde] FelR EAsTh7E NF-
kB2 subunit & pe57}F 14tatE|of B3 stEw & e
ol s3] AT uI/NIAE] FAS Sk FHAE AL
A #rl B AFo| = PYEEF LPS-PGE FEd
NF-kB9] 3w 4Ql p65] <litstel 1 9zl ad
G Ael MAPK®  phosphoinositide  3-kinase
(PIBK)/AktES western bloto.2 EAst9ch 71 A}
Fig. 29} Fig. 3el4 B kel o] LPS-PGell o)
=¥ phe] ¢14ksl7t PYEE® 98] = o5 o= 7t
2dhs 2SR 4= g, AT AGED Fol
A= INK7F PYEEO 93] ¢14bsl7} A== A& &

T ATk

A)
Porphyra yezoensis ethanol extract
Conc. (ug/ml) - - 50 100 200 400
LPS-PG (1 pg/ml) - + + + + +
p-p65 P | - D e - — J
Actin e
B)

120

p-p65 / Actin

o
LPS-PG (1 pg/ml) - + + + + *
Conc. (ug/ml) . - 50 100 200 400

Porphyra yezoensis ethanol extract

Fig. 2. PYEE inhibited phosphorylation of NF—«xB in
LPS—PG stimulated HGF—1 cells. Panel A
shows phosphorylated status of p65 by
PYEE. All signals were normalized to protein
levels of actin, an internal control, and
expressed as a ratio (Panel B). Data
represent the meanxSD  of triplicate
experiments.  Values sharing the same
superscript are not significantly different at
p<0.05 by Duncan’s multiple range test.

—~

Porphyra yezoensis ethanol extract

Conc. (pg/ml) 50 100 200 400
LPS-PG (1 pg/ml) . + e + * )
p-Akt >‘—-a—iu——‘
p-ERK | —— — — —
p-JNK A e -
p-p38 >‘ — N —— —‘
Actin »
B)
140
op-Akt Bp-ERK mp-JNK mp-p38
120 "
bbdd b bb b
< 100 b
2 80
£ 60
1=
& 40
20
0
LPS-PG (1 pg/ml) - + > + ” +
Conc. (ug/ml) - - 50 100 200 400

Porphyra yezoensis ethanol extract

Fig. 3. PYEE inhibited phosphorylation of JNK in
LPS—PG stimulated HGF—1 cells. Panel A
shows phosphorylation levels of Akt, ERK,
JNK and p38 by PYEE. All signals were
normalized to protein levels of actin, an
internal control, and expressed as a ratio
(Panel B). Data represent the mean®*SD of
triplicate experiments. Values sharing the
same superscript are not significantly
different at p<0.05 by Duncan’s multiple
range test.
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3. LPS-PGE f=¥
IANQO-1 & i
o & ayt

A= g 0l 24 T4 (phase 1T enzyme)d] &
93] d5o] AP ARdo] Hag] uf
B F sl NQO-19) 23S

L 4ollA] Bz A3 o] LPS-PGl| 24
o7 FAPd NQO-12 PYEE?S Ao ¢jste]
ojEA 07 ] FUkekE Ale 1T # AATE
7o A3 PYEEE LPS-PGel <3 f=d
MAPK % sfubel JNKSF 2AF12H1 NF-kB 2]
AAE B 6H ZAstaL, 24 4% sl NQO-1¢]
d =28 T3 2dste 3o® WeRth

HGF-1

=
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A)
Porphyra yezoensis ethanol extract
Conc. (ug/mi) - - 50 100 200 400
LPS-PG (1 pg/ml) - + + + + +
NQO-T | M —— g W -
Actin »’- “-ﬂ
B)

NQO-1 / Actin

LPS-PG (1 pg/ml) - + + + + +
Conc. (ug/ml) 2 5 50 100 200 400

Porphyra yezoensis ethanol extract

Fig. 4. PYEE induced protein expression level of
NQO—-1 in LPS—PG stimulated HGF—1 cells.
Panel A shows protein expression levels of
NQO—1 by PYEE treatment. All signals were
normalized to protein levels of actin, an
internal control, and expressed as a ratio
(Panel B). Data represent the mean®SD of
triplicate experiments. Values sharing the
same  superscript are not significantly
different at p<0.05 by Duncan’s multiple
range test.

LPS9 22 95 Fd=d 2589 A5 o) 5
| 2 g A ol A= NO, PGE,, %4 cytokine
QI TNF-q, IL-6, IL-1B 50 1] Hth il A ]
EEAZ 53] A8+ NO+= NOSl| 93] L-arginine
o 2HE dAE I NOSl+= endothelial NOS (eNOS),
neuronal NOS (nNOS), iNOS9] Al7Fx]7} 48kt o]
% INOS9] ol o3k NO ¥t} A4z WwE2 st
S Fske 98-S o, 2AEST A4
& B2 A0S dog)7| & S21,22]. & v
03%94 2% COX-2%= arachidonic acidEPrEi
prostaglandin®] A& £38= §42 11 F PGE,
g = zA3) oba] Eok Z A o)A 7} W o] J‘J_rE

71% eH23] Daghigh F. 59 A7 Zijol] =
TNF-q, IL-1B, interferon (IFN)-y9} 22 d54 Alo]
E71019] Aol 2a] HGF cellol X NO2| @& o] %7}
HAa, AFE i FEEEAAE 23 NO9| Z7F
7} AFEATH2A4]. COX-2 T3 g0 T B&2
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Siﬁr, —“&% A x = LPS-PGE &7d 8kl peoe] Q14ksl

7} PYEE®] Azl a4 5% < )

2 Ho} PYEE= NF«B &4&

cell?] 85S JAsk= o=z /‘37—}515}, ol Kim %

[19]-4 AToNAM C xanthorrhiza 552 HGF-1 cell2]
T AR} A= Ao R e A frAkeE 23

E H3ou 95 ol 9lo & A& LPS-PGE 9]
431911, Kim 52 LPSE o|&3}e] ol HTh

MAPKs® A2 Z2, #3}, A& Apd ) 2& vk
gk A WhE-o] 283 P- ¥ serine/threonine kinase=
ANods Wl AzrEe] wde 2-sE NF-«B,
activator protein (AP)-1%53} 7+ AAIzLe] &4 3l
FFE T 7P OxA AsAgELo|t). dA7A
Efr2] Al M= ERK, NK, p38 & 34 Al 572
MAPKs A3 A9 27} Bauso] gioH3] oz A3 ¢
T-& &3 ERK+= A1 €]5-9] vheksh 2= Qlxjel] i3]
HES-5kal WARIANE &3 4= 9= ubd, INK9} p38
& LPSH TNF-a9F & d54 Ato]E7RRIolu Alx
2Ed 2 fit 2 o8] fr¥ ~Eg 2o o3 &
Agte = Ao w deiA QUTH26-28]. Akt B3+ Al 5
A3} 3%, aa MESFT T T AE 9hg-e
Z43} so] 9lt Aog 4] ¢lar PI3Ke 9] 3]
FAEEA 9F AEE AANE dgdoi3]. & A
TolA+= PYEEZ} HGF-1 cellol A LPS-PGel 93
e 95 Wl MAPKst PISK/Akt 24 5ol v
2= FFE B8] 98k Akt, ERK, INK, p33<] <l
213} A2 Western blot analysisE ©]-&-8lo] 413191
A7} PYEE® Akt, ERK, p339] ¢14tslel= &
S VXA Bekg ot INKe| 242 giA o2 oA s}
= A& A9 = Adeh o] A3}E PYEES INKe] &
Ao 2N dAF AE-S YEh= AoR A7t

] ZA

?l 3}"1 ”“ﬂ st ROSE /‘ﬂ*oﬂ ERE
% shela, M= superoxide (SOD), heme oxygenase
(HO)-1, NQO-13} 22 @513} 48 dAszles
B o|S2BE] AL wrolait) 1eu} LPSe| wZEH
ko] ROS7F Aaks o, ofof whet A ksl ~E

g7t SAEE o] Sl ko] fiEY| =

[29]. M EE o &A43= NQO-18 quinone 3}3H&E2S
UAZ13L o] AN ikl oJet AE 54&
A7 E sk o= 44 it Yang {3019
TolAE Nrf2el 93t NQO-13F HO-19] &7 9%
A1 INOSSF COX-29] & Ao} #a 58 Ko
A}k B Ao M 24} &40 NQO-1°] LPS-PG7H
A2 HGF-1 celloll A o 9A FHAHEAS dolr s
3, 71 A3 LPS-PGE Al o8] A€ NQO-1<] &
&

Z,:

N R u}L rﬂ

pid
=
T

o] PYEE®S] #zlo] &) thA] S7hsl= Als oled

4421 o]E Yangse] ¢1ollA] ﬂ%v& A 2
71701 HGF-1 cellol A= dofd o= Sl&-& HolE Ao
= A7k o AoH30l.

AE# 0% PYEEE HGF-1 cellell 4] LPS-PGell ©]
8 %EEJ SollA NOS% PGE;A = sk

NeARARA S AT £ Uit

¢l HGF-1 celloﬂ
AS& =3 ¥ PYEES] d9ads 24siint 43

¥ PYEES] Aol 93 5% &A= A=Y
a1, AAFeIAel NF-kB H3F 5U3HA 2do] ZojE
o} 282 o]Ee] S 2dste AN HdEEL]

MAPKs¢} PISK/Akte] 14F8Hs
Aol ofel INKe] 2 9
o= FFE VAA S-S %} T Ak =g 7}
o FETaHE Uehlle dow

T ol NQO-15 2413 23 LPS-PGell <3
53l PYEES] A2 thr] wile] S7hH ek 2 &4
= PYEE:= NF-xBe9} NKe| 24 o -1 3
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