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Abstract

Macrophages secrete various cytokines and inflammatory mediators, resulting in playing
critical roles in inflammation and immunity. In this study, we investigated anti-inflammatory
and immune enhancing properties of PB203, which is a water-soluble extract powder from
the fruit of Actinidia polygama, in macrophages. A. polygama is a medicinal plant tradition-
ally known to treat abdominal pain, stroke and rheumatoid arthritis. However, the molecular
mechanism for the immune modulation of PB203 is still unclear. Therefore, we assessed the
effects of PB203 on the lipopolysaccharide (LPS)-induced inflammation and immune activa-
tion, and elucidated its action mechanism in mouse macrophage, RAW264.7 cells. PB203
significantly suppressed not only the levels of nitric oxide (NO), prostaglandin E,, tumor ne-
crosis factor-a (TNF-a) and interleukin-1 (IL-18), but also the mRNA expression of inducible
NO synthase, cyclooxygenase-2, TNF-a and IL-1B in LPS-stimulated RAW264.7 cells. We
also found that these anti-inflammatory activities of PB203 were mediated through the inhibi-
tion of toll-like receptor 4 and nuclear factor kappa B (NF-kB) induced by LPS. On the other
hand, in normal macrophages, PB203 dose-dependently elevated the gene expression of
immunomodulators including granulocyte-macrophage colony-stimulating factor, granulocyte
colony-stimulating factor, monocyte chemoattractant protein-1 and TNF-a in a statistically sig-
nificant manner. The expression of IL-10, IL-18, IL-6, and interferon-y were also remarkably
upregulated by the treatment of 500 ug/mL PB203. In addition, PB203-mediated produc-
tion of NO and TNF-a was attenuated by NF-kB inhibition in RAW264.7 cells. Interestingly,
PB203 promoted the production of nuclear factor erythroid-2-related factor 2, resulting in the
increased level of heme oxygenase-1, which is a representative antioxidant enzyme, in both
LPS-stimulated and normal RAW264.7 cells. Taken all together, these results suggest that
PB203 may have great potential as the candidate of anti-inflammatory agent for improving
inflammatory diseases or immune enhancing agent for preventing infectious diseases.
Keywords: Actinidia polygama extract (PB203); macrophages; immunomodulator; nuclear
factor kappa B (NF-kB); heme oxygenase-1 (HO-1)
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% (adaptive immunity) -2 FTEHTH1-3]. Ad HFL HJsH HUA|7F TLR(toll-like
receptor) 6= 2= &5 A|2o] oJ5f QIA|H o] 4= A7 Yol AFHNSE o= HY
A& AH AAss SolA Q] "HRESS ofulettt. ojet g, 2§ W2 AH A3
O3t ARl Hpof o] % YA o] £ o] gt 719 ¥k Sl UEhts - vt
SO & AT HYUAY A T Al B AIE S AHY HAWHGT T Al S49 Alx/d
AHYRHS-S &3l AEotal A&H o2 HAAE A AH "2, 4, 5].

H, 95 (inflammation)°]et KA F-AHE Alet, HiolZlA, 34 5 folEd
AJo2HE 2] BS Books tiAQl A WHRhe o2, tf4A| E(macrophage)7t &
= 4o7)= T8 AERE LA UTH6]. tHAAZE= AR A1 A E 28, Al =73, Al
2Ael s S E8ote] Ad WY LA Bt oflzl, & AXE Bof H8 WS

me

LPS(lipopolysaccharide)s= 1% 57 Alet 9] FHECE HhAARE 59 EHo] &4
S+ pattern recognition receptorQ] TLR4%} ¥H-g-ol=t, H|Z 7Y 2 7]ofl&= o|#3t ¥k-go]
&3 dolo] 33290 IS si, Fegt LPS Aol 9o E4435kE thAAMEE TNF-o
(tumor necrosis factor-@), TL-1A(interleukin-18) ¥ IL-69} 22 HAISA Aol &7
(proinflammatory cytokine)®+ NO(nitric oxide), PGE,(prostaglandin E,) 5-2] €5 #i7} A=}
(inflammatory mediator)E Hg &H|5to] FFHH-Z P2 7]A Hrh9-12].

olZ|gt AHUZA AF]E7IIT NO ¥ PGE, A4H& ©ddH= iNOS(inducible nitric
oxide synthase), COX-2(cyclooxygensase-2) 52 FAA} &L 2 MAPKs(mitogen-
activated protein kinases)?} NF-«B(nuclear factor kappa B)°l 2J3]] 4 =+=d|, £3] LPS7}
HAM 2] TLR4S} ¥1-3-51H, MyD88(myeloid differentiation primary response gene 88)
< &9 NF-«B7} €/33}=HA NF-«Bet 23l AU¥ IxkBe(nuclear factor of kappa light
polypeptide gene enhancer in B cells inhibitor, alpha)7} =231 %=]0] NF-xB7} AZZofA] 30
& S0|7H =™, o]F TNF-ea, IL-18%2} 2 AR|E7IRIS] AARIALE 21-g-5to] o] 59| &
dS SX5HA HoH13, 14]. ol MAPKs T NF-4B ASHG A2 E 2HT 49, o4l
Azzof Al E7IR] W A w7 AAFe] AARE 2T EE, o|&0] 93 WS /IA
3 = o1 AT 5 U= AR

Nt (Actinidia polygama)= TFIUFIH Actinidiaceae) Q] THAAY A &2 Sh=), =T,
gjAlot, Y& 5ol Ex2ohH, BE, 55, FUEA HEY 5& X Eoke d AREEo] ot
[15, 16]. @A7HA] X3P ohast Ao w2 ™, 7fvef] +5&-2 ovalbuminO = {31 &
A uReAo A SAMLEEFIL 7| WA 9] HRINRS-S A5k, IAAo] f e H|RE uRe-A0]
A et AT Blow, S T A A FA A AHES 7H AR &
A=A TH17-20]. #9F ok}, ultraviolet BE RAFSE F I 0l-9-A0} Q17 ZHAA| 25 o]&

¢

SF A3 ATtof| A ZHcte] 2550 collagen¥}t matrix metalloproteinases &8-S Sof I3 F
S= MAA7 AL, D7 R 98] A 7)5E FATCEHN FedlE AAT & 3l3o]
= A = HY FX

S| QTH21, 22]. 2=, Aok EEC] AAZo A 9] ASEEE =
FAH o R ojmgt AvE UERHEA AAH R A4H 22 A9 it
olof B iof A kA A EFQ] RAW264.7 A EE o]g3to] LPSZ f=d 9§
Hhgof w|2]= Aot &5 autet 3 Ao FEEC] dAMEE 1Y S35 Z
UEA] RS Tty 1 714S Eelstarzt skt

4 oy
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MATERIALS AND METHODS

F2B(PB03)E AZSH 915 Ak Arketre] du) AZES 7Y T,

o1% ¥ % AHsL AAZY F 1480] Y FHE FUT 5, 85 + 5TY 2

A 48X B TR FEAAT FEBS B2 AT The, 60C olstolA U 3t

Aot olF FRAG ALEL Yl IYE 39 71 7302 Boku 47 A BER
3]

e 71X 22 Feho] AFS D PB203L AZSHAT. £ 0] A8H PB203Y B
% 33% TYE feos 4N,

RAW264.7 MIZZ2| HjQF

Mouse macrophage cell line?] RAW264.7-> ATCC(American Type Culture Collection,
Manassas, VA, USA)O|A] £ gro} AR851 0 A3 viFS 5l 10% heat-inactivated
FBS(fetal bovine serum, Sigma-Aldrich, St. Louis, MO, USA), 1% HEPES(Sigma-
Aldrich), 1% L-Glutamine(Sigma-Aldrich), 1% Penicillin-Streptomycin(Sigma-Aldrich)°]
-7 RPMI-1640 medium(Sigma-Aldrich)Z ©]-8-5t] 37°C, 5% CO, Z7ollA] B g5t
=8

HEEM 28
RAW264.7 AlZoflA] LPS A2 f5of wh& PB2039] AlE 548 B7let7] f1gt Al
I AEE AFL2 WST-1(water soluble tetrazolium salt-1) assay W'H< o|-&stch |

A RAW264.7 AIZE 24 well plated] 4 x 10 cells/wellZ 0.5 mL* E3=3510] 24Xt &
b ¥ % 71& HiXE AA% 7 PB203Z w20, 125, 250, 500 pg/mL)= #=]et
I} =40 LPS 500 ng/mLE 7}ato] 18A17F ¥HS519iT PB203 ©HE AejAlols H=d
(0, 125, 250, 500 pg/mL)& A 2Jsto] 24A17t &< vlgst Tt vl F A5 Holl WST-1
solution(EZ-cytox, Dogenbio, Seoul, Korea)Z 10 pL H7}sto] AZujF71(37C, 5% CO,)
oA 3AIZF HRS5FATE. HS- & 500 1L ¥iFH-E microtubeol €371 H 1,200 x gollAl 3
B ARSI, A5 100 £LE 96 well plateo]l &7 450 nmo|A SFE=5 S35
A2 AYE-E(cell viability, %) AAFSFATE

H &

PB2039] &95 &1} 5782 I3 HAA|Z Al Yang 59 WS -85t AAISHA
TH23]. WA, RAW264.7 A1ZE 24 well plateo]] 4 x 10 cells/well& E3=510] 24 A7+ &
QF viFet ok, 7] wi A& AlASHL WA PB203E 5= (0, 250, 500 pg/mL)E A =3t
7} 5A10f 500 ng/mLe] LPSE A= 7F5to] 18AIZF 53t vl Fstiet. Hide] B & Al
2 HFAE L, A|ZofA RNAE F5510] A E7HR] 5-2] #4]0f ARE-sHiTt.

HASZ
PR32 O 551 R LT AR Y L 09 HYk 1
tH24]. FAIH o E RAW264.7 AIZE 24 well plateol] 4 x 10° cells/well2 E3510] 244]
7+ &<k Hﬂookﬂ' 2, 71& HHX]§ AASEL YA PB203S 530, 250, 500 pg/mL)Z A

ot

Jl)h

|1>|I

X
o
=7

Q)
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23t & 24 A7t S7F viFetgict. ERL PB2039] W9 574 A3V NF-4B ASAGHEE
B3 ANA] Fls7] 918l PB203 A 2] 30+ #of NF-4B A|A|Ql BAY 11-7082(Sigma-
Aldrich) 10 M AA 2T o, PB203< 5=4(0, 250, 500 pg/mL)E A2 otal LA
247 B vt vkl B & AlE viFAS ok, A EEHE RNAE 5

sto] AjolE7}el 59 HAo] A-g3lgi.

o ok

gRT-PCR(quantitative real-time polymerase chain reaction)

RAW264.7 M|ZZHE] TRIzol reagent(Cosmogenetech, Seoul, Korea)< AH&5H] RNA
= %3519t} 325% RNAS FF O 2 cDNA synthesis kit(Cosmo Genetech)S ©]-8-5}0]
cDNAZ 45ttt o]% F4E cDNAO| primer®t &7 TOPreal . SYBR Green qPCR
PreMIX(Enzynomics, Seoul, Korea)E 7}t tf2, StepOnePlusTM Real-Time PCR Sys-
tem(Applied Biosystems, Waltham, MA, USA)2 A8-5}] qRT-PCRE AA|SH3tH 2+ &
AL drAFFS A Ct(cycle threshold) S ©]-8-5Fo] AAFSF AL, internal control2 glycer-
aldehyde-3-phosphate dehydrogenaseS AF&51% 00, E AJY9] 2} gk A}
wnormal)2] kol 19 wj] A<l vix(fold)= EASIAT. - FAAPE = AR primer
9] A|g-2 Table 13} 2.

NO(nitric oxide), PGE,(prostaglandin E,), TNF-a(tumor necrosis factor-a), IL-18
(interleukin—1B), IL-6(interleukin-6) 444 =&

NO 5=F Z7517] 21o vidH A5 50 L2} Griess reagent 50 #LE 96 well plate
of EFoto] 15 £7F Ao A ¥r-gAIZ] &, microplate reader(SpectraMax ABS Plus;
Molecular Devices, Sunnyvale, CA, USA)E ©|-&5}] 540 nmo|A SZ =& =75t o}
£ nitrite/nitrate standard?] 5L ¥ FFIAE o|-&slo] YN £ NO =5 AA51%
o} &, 8iFH W PGE,, TNF-¢, IL-189] ‘5E=+ R&D systems(Minneapolis, MN, USA)2]
ELISA 7]|EE, IL-6= Koma Biotech(Seoul, Korea)2] ELISA 7|EE o]-835}o] =435}9ct.

Ofm

rin £l

o 1Z

A
o]

A

d Z3= mean + S.D.E FEASFH OH, one-way ANOVA E+= Student’s #-test
paXel 0.05 ]9kl A-fofut SASHA Q1 7o) /4do] Q= AL 2 IHEseitt.

il

RESULTS

PB2030]| LPS(lipopolysaccharide)2 X123t HAIM|IZ | M=EE U SHikst 4 wh30f| O]X]
=&

LPSE E43IAZ] RAW264.7 AN Z= 95 B4 2= AXE F¥6k= e
2 g8 AR2ET 9t} LPS AR 713 RAW264.7 Ml ZoA PB2039] §¥%5 EAS ¥
7¥st71o] Al WA PB2039] Al =/ F-75 E2lst7] 98l WST-1 assay %2 o|-85t
of A& &S EA061T 1 A3}, LPSe PB2032 B A 2|ohA] 92 A (normal)
of ulsf LPSRE A 23k FU T 2H(LPS+media)d] -9 Al AJEE0] O 5% Je F7HE =
LI5S HYou BAZHCRE FostAl= gokon, LPSe PB203S & Aegh Aol
Aoy iR+ ] PB203 A2wte] SAA Fol4de B WEEA| ghol PB203

https://doi.org/10.12729/jbtr.2023.24.2.23
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Table 1. Primer sequences used in the quantitative real-time PCR

NCBI reference

Gene sequence or gene ID Primer sequence
Forward(5' — 3): ACA GAT GGC GTC ACT TCG
mouse HO-1 NM_010442.2 Reverse(3' — 5 TGA GGA CCC ACT GGA GGA
Forward(5' — 3): ACATGG AGC AAG TTT GGC AG
mouse Nrf2 BC026943.1 Reverse(3' — 5 TGG AGA GGA TGC TGC TGAAA
use INOS NM_001313622.1 Forward(5' — 3): CAT GCTACT GGA GGT GGG TG

Reverse
Forward(5’ — 3'): GAAGTC TTT GGT CTG GTG CCT G

5): CATTGATCT CCGTGACAG CC

mouse COX-2 NM_011198.5

Reverse(3' — 5): GTCTGC TGG TTT GGAATAGTT GC
e RN BE L e
LR+ B c v
mets o SRS AT oM
mouse TLR4 NM_021297.3 Forward 3):AGC TTC TCCAATTTT TCAGAACTTC

Forward(5’ — 3'): AGGATT TGC TGAGGG TTG GG
'— 5'): TGG CAT TTAGAC CTT CCC CAT

Forward(5' — 3'): CCC TGG AGC AAG TGA GG AAG

mouse NF-kB NM_008689.3 Reverse

mouse G-CSF BC120761.1

Reverse(3' — 5'): AGG CGC CCT TGAGTTTGG TG
Forward(5' — 3): GTA GAG GCC ATC AAA GAA GC
mouse GM-CSF X03019.1 Reverse(3' — 5 AGG CGC CCT TGA GTT TGG TG

Forward(5’ — 3'): TGATAC GCC TGAGTG GCTGTC T
'— 5'): CAC AAG AGC AGT GAG CGC TGAA

Forward(5' — 3'): CGG GAA GAC AATAAC TGCACC C

mouse TGF- XM_036152883 Reverse

5—
3—
5
3—
5
3 —
5
3 —
5
3
5
3
5
3
5—
3 — 5): TGAGAG GTG GTGTAAGCCATG C
5
3
5
3
5—
3—
5
3—
mouse IL-10 NM_010548.2 g
5
3
5—
3—

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
Reverse(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

Reverse 5): CGG TTAGCAGTATGT TGT CCAGC
moelfy oo FoveE =3 OTICTL oA o ons o o
moweNCP1 LoweTo1  EerdS - 5 COOMT GASTHG ST Gonon
moweGAPDH  Lterisss  Eoerd - S TeS ac concm suoTeT o

PCR, polymerase chain reaction; HO-1, heme oxygenase-1; Nrf2, nuclear factor erythroid 2—related factor 2; iNOS, inducible
nitric oxide synthase; COX-2, cyclooxygensase-2; TNF-a, tumor necrosis factor-a; IL, interleukin; TLR4, toll-like receptor 4; NF-
KB, nuclear factor kappa B; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating
factor; TGF-, transforming growth factor-B; IFN-y, interferon-y; MCP-1, monocyte chemoattractant protein-1; GAPDH, glyceral-
dehyde-3-phosphate dehydrogenase.

9] A7} LPSE A 2]t RAW264.7 A| 2ol 544S HeP A= Y= A 02 FRIE A HFig.
1A).

&, LPS A=ol W ARshd AEHA @AYo thgk PB2039] F3F2 &5tz {8l Al
Z U Ak} @491 HO-1(heme oxygenase-1)2] mRNA 452 qRT-PCRZ EA3}%
T} HO-12 heme?] £3f #H4o] ojst= £ XHAAE AMSl2] AEFHAZERE AR
o} 245 Hootl JFHEEe= Aolohs v A% A st AR A HIL 25,
26]. HO-19] Td-2 41514 AEH A0 tf-8-5H= Ux}A Q1 AARIAR] Nrf2(nuclear factor
erythroid 2-related factor 2)°ll Q&2 07 ZAEE=H|[27, 28], Tsoyi 5= RAW264. 7 Al
FZoJAl HO-19] IEES FE3Z o, LPSol 2J3t NF-xB ¥ STAT1(signal transducer and
activator of transcription 1) &/do] FEZ0Z AF]o] NOL} iNOS AJ/do] A 6HQ°*E}—‘=
BIE 3t vl 1oH[29], Han 58] 97Ol 4+= procyanidin A1°] Nrf22] @& 2 3] iff o
S EAA7|1L HO-19) EdS S7HA .24 LPS| 9t RAW264.7 A2 o] 54t
< SR A 0= YERATH30]. 2 A7-ollA RAW264. 7 A2 HO-1 TS 243

iy, oo O
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(A)

120
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Cell viability (%)
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0
LPS (500 ng/mL) - ‘ +
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+

250

+
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(B) ©
15 # 2.0
o
=
= £
2 e
=
H g 154 #
£~ z
£2 10 s
V= —
<= ]
—_ o
Za . <= 101
EX Zg .
° =z
Z 05 4 5
=3 =
E g 0.5 A
Y
-4
0.0 0.0
LPS (500 ng/mL) - + + + LPS (500 ng/mL) - + + +
PB203 (ng/mL) _ _ 250 500 PB203 (pg/mL) - - 250 500

Fig. 1. Effects of PB203 on the cell viability and antioxidant gene expression in LPS-stimulated RAW264.7 cells. RAW264.7 cells were treated
with media, PB203 (125, 250, 500 pg/mL) and/or LPS (500 ng/mL) for 18 hours. The cell viability (A) was measured using a WST-1 assay and the mRNA
expression of HO-1 (B) and Nrf2 (C) was analyzed by qRT-PCR. All data represent the mean + S.D. " p<0.05; ~ p<0.001 versus normal (non-treatment) group.
* p<0.05 versus LPS+media group. LPS, lipopolysaccharide; HO-1, heme oxygenase-1; Nrf2, nuclear factor erythroid 2—related factor 2; WST-1, water soluble
tetrazolium salt-1; gRT-PCR, quantitative real-time polymerase chain reaction.
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I} LPSE A=5E S 279 mRNA $F2 HAEET oF 42% 714AE d) vhsf], 250 2
500 pg/mL] PB203& A3t AEo|HE HO-10] HEoEH 0oz Z7stdon, E3]
500 pg/mL HelZol A St iu] oF 2.28)9] S-o)Hel Z7kS RATkFig. 1B). E,
HO-19] & £735H= AARIARI Nif29] 4217 B2 SIS wol = LPSe] o3 &
oJstA TAHE Nrf22] ¥rdo] PB203 500 pg/mL Aol A f-2lsH 5ol AAE H
AUrh(Fig. 1C). °]&= PB203°] Nif2& &3l HO-19] ¥d& FE3ko xﬁ LPS xmi QI3H
AsH AEdA 9 R QS YRG0 R RE XS B34 9

)(1

PB2030| CHAIM|E S| H= O{7H QIXKinflammatory mediator) MAofl 0jX|= g
LPS A=of| 9J5f EA4lske 44| Z= NO, PGE, 5 27] 945433 FE35H= 9% w7
QIAE theF B s HrH31]. NO= 23k o4 A|=xof A —ﬂﬂ iNOSe©] 9J5f| =]
—‘E‘:ﬂ, iNOS°ﬂ Q?} NOQ 3}5@1— /\gl\é‘_ odz S OH]— ]_oq %_ﬂr 9}11— /\ﬂiE/ﬂ xx] _J_/\P S
ol 282 L27IH[32, 33], ofet7| =4 2 5B WHE0] A= PGs(prostaglandins) 2] Y&
2l PGE, t FSHS T Al = COX-29 o] A= o] S5 £5= st 44T
AF5A B4 2 F83tH34]. LPSZ A3 RAW264.7 AlZof PB203S F 7HA] 5= 2
A 2] 5fo] HOH U MG 025 E NO2t PGE, =5 5743t A3, LPSE A2 &
2 B W = NO&} PGE,7F ¥} 36 pM3} 9,688 pg/mL7HA] A X S 2 3-9]oHA| 455}
et BHd, PB203& A3t oA NOE= sol&d oz Ao 77%71A] oJu] QA HAE
oLt PGEZ‘; 500 pg/mL sEo AT 3-2J2 Q1 A GIE YEFHTHFIg. 2A and B). I,
NO ¥ PGE,Z A43H= 8491 iNOS COX-29] &S BASH 23}, = 714 a4 %
LPS] 93l mRNA Z<20] $8i~=H vl zol5 o, PB203= A3t 4% iNOSE F 7t
A & BFoA, COX-2+= 500 pg/mL SEolA Fo6HA Had B B drh(Fig.
2C and D). ©]i= PB203°] LPSe] 25l &/d3ts thA]A 2ol A iNOSeF COX-29] &S <
Algto 24 NO2F PGE, & HAAA 27| d5H-85 245t H 719 & 22 ou]gtct

PB2030]| CHAIMIZES| MESA ALO|E7IQ1(proinflammatory cytokine) A4440f| O|X|= H&k
LPSO] 93] AIAZ7} BA5tE = 504 TNF-a, IL-18 ¥ IL-69F 22 ALSA

https://doi.org/10.12729/jbtr.2023.24.2.23
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(A) B)
40 - . 12,000
.
_I_
30 4 9,000
-
= ) ]
= £
=1 )
= 20 A S 6000 |
2 g
i 1%
=%
10 + ## 3,000 4
0 +—— 0
LPS (500 ng/mL) - * + + LPS (500 ng/mL) - + + +
PB203 (pg/mL) - - 250 500 PB203 (ng/mL) 250 500
(©) D)
800 4,000 -

%

600 - 3,000 -

400 + 2,000 -

COX-2 (fold)

200 4

# #
0 0
LPS (500 ng/mL) - + + + LPS (500 ng/mL) - + + +
PB203 (ng/mL) B R 250 500 PB203 (pg/mL) R R 250 500

Fig. 2. Effects of PB203 on the production of inflammatory mediators in LPS-stimulated RAW264.7 cells.
RAW264.7 cells were treated with media, PB203 (250, 500 pug/mL) and/or LPS for 18 hours. The levels of NO
(A) and PGE, (B) in cell culture supernatants were detected by commercial assay kits. The mRNA production of
iNOS (C) and COX-2 (D) was evaluated by qRT-PCR. All data represent the mean + S.D. ~ p<0.01; ~ p<0.001
versus normal group. * p<0.05; * p<0.01; * p<0.001 versus LPS+media group. LPS, lipopolysaccharide; NO,
nitric oxide; PGE,, prostaglandin E,; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygensase-2; qRT-
PCR, quantitative real-time polymerase chain reaction.

1,000 4

Relative mRNA expression of
iNOS (fold)
Relative mRNA expression of

A EZFRIS] A3/ NO ¥ PGE, 53 3 4355S Uetll= 523 A 3olth35].
PB203°] LPSE A 2|3 RAW264.7 AlZA o]t AAFA Alo|E71R1Q] AF/dof ofw]
3 WalE 314 gelsly] 98 TNF-a, IL-18 D IL-62] 4 =59 mRNA UE<
ELISA®} qRT-PCRE 217} 715t ieh. |A], A2 s HofA] Zh Ato] E7|Q19] Thilld &
L& 243 23, PB2032 LPSOll 95l 57HE TNF-et IL-18E HH 78%%} 75%71A] &
LolEA 02 FOI5HA AAsH . 12H, olet e IL-6 5k PB203 A 2o® E+-5t

WSS Ho|A] eokth(Fig. 3A, B, and C). °1E AFC|E7FR1C] Tl A34to] tigt PB203
FHoZ 274

o

S
o JFe HoF3UH(Fig. 3D, E, and F). o[& &3 PB2032 955 frddohs AAS/ A
o|E71}l & TNF-o9} IL-189] §A4 €@ 9 ol ik ARG 2N FIS EHE
UERd == g ZRlski.

PB2030]| LPS(lipopolysaccharide) XF=20i| CHSt TLR4(toll-like receptor 4)/NF-kB(nu-

clear factor kappa B) A SHEZHZ0 O|X|= 1t
TLR4+= NF-«B 2E&2Ql AASA Ao|E7IR] E A5 vzl QIR 3 Tl 5] AL
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Fig. 3. Effects of PB203 on the levels of proinflammatory cytokines in LPS-stimulated RAW264.7 cells. RAW264.7 cells were treated with media, PB203
and/or LPS for 18 hours. The protein concentrations of TNF-a (A), IL-1B (B), and IL-6 (C) in cell culture supernatants were measured using ELISA kits. The
mRNA levels of these proinflammatory cytokines (D, E, and F) were assessed by qRT-PCR. All data represent the mean + S.D. ~ p<0.01; ~ p<0.001 versus
normal group. * p<0.05; ™ p<0.01; " p<0.001 versus LPS+media group. LPS, lipopolysaccharide; TNF-a, tumor necrosis factor-a; IL, interleukin; gRT-PCR,

quantitative real-time polymerase chain reaction.
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£ FEFO2HA LPS A=l thigt A5EHE2] AsdgH 2ol 5835 IS FIIITH36].

PB203°] 93t TNF-¢, IL-18 2 iNOS2 COX-29] 747} TLR4/NF-¢B AT HEH

Z A0 W2 AQNA &Rl5t7] Ysf TLR4Q} NF-¢BY] G4} WS Aok BAsiqict. 1 2

3} LPSof| 93 2]l 71 TLR4S}F NF-«B2] mRNA AJ4te] PB203 A&l 2Jaf &

& A FEEH 02 {5 JA| == Ao] WHEUTHFig. 4A and B). o3 A

IH= PB203°] TLR4/NF-«B ASHAGHRE o}F2d TOEH TNF-¢, IL-18 ¥ iNOS,
00

COX-29] HALE OJAete] BESE A2AD 4 S-S oJrlaiet.

f

PB2030| &4 HAMIZS| WES U &t} 52 WHl0) DIxl= 57
IREY AUL Y WA ANTFOEA A Wolo] HAME Fste GamE A

A2 0] B3t F-7= A Wolofl Wl S8 9uE ZE=tt PB203°] LPSE A &5HA]
&2 B AAEE AR A | FRo] 7]ofst=A] &RIst7] 5] RAW264.7 A3
o PB2032 w=E & AZsto] vt & WA N2 AEES S5kt 1 23, A
(normal)¥} PB203 A &]-2] Al &S Itol] SAAQL Fol/do] = A %ol PB203°]
RAW264.7 Al32ol| 542 WetA] g2 2 o= ZRl= UtkFig. 5A).

SHH, LPSE A 2514 92 A4 ti4] Al 2o PB203% A 2|2 o= Fig. 1B} 1CAHH
HO-1 9 Nrf29] 'Ido] FF= F=A4 &2t Y3l 0152 mRNA 5= qRT-PCRE
E45H A3}, PB203 250 pg/mLE At A X A= HAE tiH] BAZ 02 2|3t &}o]
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Fig. 4. Effects of PB203 on the expression of TLR4 and NF-kB in LPS-stimulated RAW264.7 cells.
RAW264.7 cells were treated with media, PB203 (250, 500 pg/mL) and/or LPS (500 ng/mL) for 18 hours. The
expression of TLR4 (A) and NF-kB (B) was analyzed by qRT-PCR. All data represent the mean + S.D. * p<0.05;
" p<0.01 versus normal group. ¥ p<0.05; * p<0.01 versus LPS+media group. LPS, lipopolysaccharide; TLR4,
toll-like receptor 4; NF-kB, nuclear factor kappa B; gRT-PCR, quantitative real-time polymerase chain reaction.
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O 2R M| /st 9 ArstA AEH Ao gigt AR SOl 71T 4= S AJAKRITE
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growth factor-4), IL-10, MCP-1(monocyte chemoattractant protein-1), TNF-a, IL-
18, IL-6, IFN-y (interferon-7)2t -2 Thyet Afo] E7IQIE AAJsh=H], o2 2 3A|
29] F4], E3tet A L E3to] 7]ofst, Ato| EFRRIS) wS Z A5
q9] FH= FABHAY, dFSEeS %ot 5 A HoS 2dsks WY
(immunomodulators) 2 2-8-3Hc}H[37-44]. PB203°] 84 tHAAZE SASAIA AH
HREGol| 7]ofst= o5 ARIEZIRIS] A& SX15k=A] E2lst7] 915 RAW264.7 Al
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Fig. 5. Effects of PB203 on the cell viability and antioxidant gene expression in RAW264.7 cells. RAW264.7 cells were treated with media or PB203 (250,
500 pg/mL) for 24 hours. The cell viability (A) was analyzed by a WST-1 assay and the mRNA expression of HO-1 (B) and Nrf2 (C) was evaluated via gRT-
PCR. All data represent the mean + S.D. ~ p<0.05 versus normal group. HO-1, heme oxygenase-1; Nrf2, nuclear factor erythroid 2—related factor 2; WST-1,
water soluble tetrazolium salt-1; gRT-PCR, quantitative real-time polymerase chain reaction.
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sttt 1 A3}, GM-CSF, G-CSF, MCP-19] mRNA 452 g4t tfH] PB203 A&
oA HrojEA o Gol5lA F7lsl9don, £3] PB203 500 pg/mLE AL u, 7
Z} 90Hl, 7,5784l & 148 Dol FEBX S7HE E At (Fig. OA, B, and E). 0|2} &,
TGF-8< 741} PB203 A Ateloll 9] Qli= Afo]& Holx] ggkow, E o2 24
AP E7FRI] 5hRI TL-109] Wd-2 PB2030l 9ol skol&d o0& F7kekzl st o, 4
At Bl SAIARI 21482 PB203 500 pg/mL A 2]wtoll Aet &RI=] I ch(Fig. 6C and D).
HA, HAAE AASH ] g A W9 Rl HSWES FEote ABFA AlET}
%l ¥ TNF-2] mRNA &2 PB203°] 93 5=o&E2 0 & FoJstA 208 o) 57ts
=BS5S HOl U 1L-18, IL-69] &2 PB203°f| 93] s Eol&4 07 AlSdl= AFS
Uebd oy, HAkt div] 541291 5242 PB203 500 pg/mL A 2|wtolAvt =k
(Fig. 6F, G, and H). F, A% ¥ &8 23 " &/d3}of| 583 IFN-79 mRNA 4%
AT 500 pg/mL A2l ATk 1.68] ol §-9J3t S7H B TH(Fig. 6D). o149 Ait=
Al PB203°] LPSO] o3 frd H=dt FFEHsol thote] AAS/ Al E7IR1 59 t
e AAFeZN FAF S HQl AT v E= ZAEA, PB203°] F3liEE2 A
=0] gl AGolME B dhAM ] FFE Fo] T Al E7RI 9 AlR7RIC] A4k
= FEFoEH AH WA &dsto] 7]ofT = 32 Kol

PB2030] 4 CHAIM[ZL | TLR4(toll-like receptor 4)/NF-kB(nuclear factor kappa B) 4!
SHIHR0| 0|X|= &1t

34 AN oA ElE PB2039] AtelE71Ql F7F &XF7F TLR4/NF-£B A HE7
2 -0 93t AA| &HRI5l7| Y5l TLR4, NF-,B2| |4} @S Ao BA5= 3HH,
NF-«B 9AA|Ql BAY 11-7082F PB203¥} o7 A|2fsto] vjdgt &, NO2F TNF-a9] &
=5 BA5Ht). WA TLR4SE NF-¢BY] 341 S H7ket A3, HAk<Eol vlsf PB203
At B4 sroEF oz oot W 7Pt ERIEQleH, 53] 500 pg/mL A
ol A GAT tiH] TLR4SE NF-«B mRNA 3o z+2} 3,389} 5. 78 S7bd 702 vret
WoHFig. 7A and B). E3F BAY 11-70822F PB2039] 2] 430 W& NO ¥ TNF-¢2]
g vluet A3t PB203° 9o EEoEHog Fo5tA F7HH NO9 TNF-e/g4to]
NF-«B AAl0l| oJsf BASFH o2 ofu] A Had A& RIS 4= U HFig. 7C and
D). °l:= PB203°] 2J3F NO, TNF-¢9] 57} % o|= QIgt thAA 3 &/J5}7} TLR4/NF-«B
AT AGHZE F5to] Yefh= Zlolw, 234 0= PB203°] TLR4/NF-£B2| 8435+
Bl AR WY F310f 7199 = g AT
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2 B9 B BAE QAT 4 Y TLR 52 AW BANES} HAAE ARt %
AZE el 34 AU §UH 5 Sol4Ql w82 ekt 5, 9]
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Fig. 6. Effects of PB203 on the expression of immunomodulators related to innate immunity in RAW264.7 cells. RAW264.7 cells were treated with
media or PB203 for 24 hours. The expression of immunomodulators including GM-CSF (A), G-CSF (B), TGF-3 (C), IL-10 (D), MCP-1 (E), TNF-a (F), IL-18
(G), IL-6 (H), and IFN-y (1) was measured using gRT-PCR. All data represent the mean + S.D. " p<0.05; ~ p<0.01; " p<0.001 versus normal group. GM-CSF,
granulocyte-macrophage colony-stimulating factor; G-CSF, granulocyte colony-stimulating factor; TGF-B, transforming growth factor-3; IL, interleukin; MCP-1,
monocyte chemoattractant protein-1; TNF-a, tumor necrosis factor-a; IFN-y, interferon-y; qRT-PCR, quantitative real-time polymerase chain reaction.
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HEEo] 28 e 2EIE AR, 2EEA] g2 et dFHe2 T 454 E9,
22 &4 9 FF 52 drlol H71& 36, 45, 46].

HSHSOIM 71 AR 9L she tAM 2 FA4A RS AdFo =z 272 YA
E2RE QAE Wolols 9T ot LPSet 22 A=E4ol et a2 27]
S-S LHHA 22 iINOS, COX-29} o5 T o] ofsf Aitd AF 7l 1=kl NO,

PGE,°ll 23} S-=Htt NO= NOSO| 93]l L-arginine . Z5-E A E =0, NOSE E#7]

http://www.jbtr.orkr| 33



Anti-inflammatory and immune enhancing activities of PB203

z

Relative mRNA expression of
TLR4 (fold)

=

NF-B (fold)

wdk

Relative mRNA expression of

\ L]

Normal 250 500 Normal 250 500
PB203 (pg/mL) PB203 (png/mL)
(©) (D)
15 4 5% 28,000 4
$88
$5%
N ‘ 583
5 200 | P
— 10 1 g
Ei . =
z s 14000 A .
z z
. =
7,000 -
P o i
0 e 0
PB203 (pg/mL) - 250 500 250 500 PB203 (ng/mL) - 250 S00 - 250 500
BAY 11-7082 + + + BAY 11-7082 + + +

Fig. 7. Effects of PB203 on the production of NO and TNF-a mediated by the regulation of NF-kB signaling in RAW264.7 cells. RAW264.7 cells were
treated with 10 M BAY 11-7082 (NF-kB inhibitor) and 30 min later incubated with media or PB203 for 24 hours. The mRNA expression of TLR4 (A) and NF-kB
(B) were analyzed using gRT-PCR. The concentration of NO (C) and TNF-a (D) in cell culture supernatants was measured by commercial assay kits. All data
represent the mean + S.D. * p<0.05; * p<0.01; " p<0.001 versus normal group. * p<0.05; * p<0.001 versus BAY 11-7082+media group. ** p<0.001 versus
PB203+media group. TLR4, toll-like receptor 4; NF-kB, nuclear factor kappa B; NO, nitric oxide; TNF-a, tumor necrosis factor-a; gRT-PCR, quantitative real-

time polymerase chain reaction.
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St A4 INOSEF COX-22] mRNA TS [-oI5H ojAlstlom, PB2032] ol=3 &
M= PGE,2F COX-2ETH= NOgH INOSOIA o FEA Aoz FRl=thFig. 2). #vt
otyz}, PB2032 TNF-¢, IL-189 Ehﬁé_ur mRNA ZF8 5Lol&dod {o5t 50
2 Z4aAZ=d(Fig. 3A, B, D, and E), © A= PB203°] 952 F45h= NO 52
S w7 ARk} A TNF-e, IL-15 Z2 %i?"g =4 Afo|E7IolS AA|5to 24 7}eE st 5
S A YErd 5= a2

LPS7} tHAIAI 32 9] TLR4 S} E‘l%;ﬂé o, 7P R o2 SstEE ASHGE R
NF-xBZ&, MyD882 53 TGF-S-activated kinase 1°] Z/J5}=H A NF-«B2} 28H3] QL
A IkBe7t QA 9 EofjE|o] NF-£B7} MlZAA Hog Zo|7bA =¥, TNF-e, IL-
18, iNOS, COX-2¢} 22 F42e] R e Fe9lo] Ao =X o529 HAE £XIst
Al ©H13, 14]. A9 TLR4E 538 LPS AH=2 INK(c-Jun N-terminal Kinase), p38
MAPK 59| Q4SS k=Y, 14 © INK, p382 HAF Q1RSI Activator protein 1
7} STAT1-S E4J3}sto] iNOS, COX-2, TNF-a, IL-18, IL-6 59 A4S 7341714 €
o} AA R 01‘:‘4 7oAl PB2032 LPSE AF=-3F RAW264.7 Ao 4] TLR42} NF-£B2)]
B} olyz}, NF-4Bo] 28] 24 5% iNOS, COX-2, TNF-e, IL-189]
£ 2192 U PB203°] 23t 3% &4d0] TLR4/NF-«B 41545
gt AYS AUS3FATHFigs. 2, 3A, B, D, E, and 4). thet, PB203°] 25t
TLR4 9 NF-xB9] &d 7H4e} o] 2 QIgHINOS, COX-2, TNF-¢, IL-18 A= E+-5t

1, LPSel g8l S7tel= A A5 Al E7RIS] sl IL-69] W= o F3F= 5

A o= A2 & Y =tl(Fig. 3C and F), 7L ¥R1& #3571 YsliA&= IL-69] ik &
5= MAPKs, STAT1 59 T2 A5 HG7 20 v|X|= PB2032] #-&of thgt 71 A+
7F E 83t ol
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7} e Al AR %?41%1_ 0] S0 AL, TRt JREC) A5A8-2 B wel
9192 eksAL Aotel Mo 818412 4 Qi vk, Sak4] B FsHA 27o] H]
8 4102 Pkl ke 340l slof 1612 202 Ick52), o1 B Yang 5
© RAW264.7 AN §4 olshe $550] ¥ofe] 57 G3HE BISHCM[53], Chen

52 Russula griseocarnosa®|~] —i,—éﬁ polysaccharide PRG1-10] RAW264.7 A|XofA]
MAPK®} NF-¢B A S AGH 2 E S8 W X avs Yehdots 295 TESFAI[8],
Hong 52 Cervus nippon mantchuricus extracts, Li 5~ Astragalus complanatuso| < &
& ETH 0| EE o]-goto] AN 2o HARE B/ AFE F5HATH 54, 55].

Holo] 7]ofsts tiAA| 2] SRS 11T 1|, PB203°] 4 tAAEE A=5t
of M9 53 aBE UehlieA Eelst7] 918 RAW264.7 Ao PB203E w2 A
sho] HjQFRt & A W A% W /d3lo] Sa3F Ae| EFRQl E A1) WS o
QIgt A3}, PB203-> GM-CSF, G-CSF, MCP-1, TNF-¢9] 47 @ sEoEH 0
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A E oot A5A171= A2 THE U HFig. 6). O1F ACIEZIRIT} ARl 5
AA 0] &3} E o] & B3 AH WYY 7|5 KA A1 AAXAAR, o]&9 &
o] PB2030°] 9J3 S7H= itk 22 PB203°] tiAAE He F71, 8 Yot A
A A1 FAA FA0 710 4= S-S H 3ok At

E5] LPSE A3 RAW264.7 Al2£of| A #H2HE PB2032] &S S48 okt A4 Al
ol A trehd Ao EZIRI F7F E o] & Q1% A2 E/d3} IA| TLR4/NF-4B ASHIH =
Afrole Ao AS5Hol mEkFigs. 4 and 7), tHAA| =] gt PB2039] FEF &3t 9
o $2 &7 250 Slo] TLR4/NF-£B9] 2Eo| 7P HAARQ] 7140 &1 4= 3l
At AAZ Eo 52 4. polygama®] EHE EZ A2(4TC) FEot] tFH9] 588 =
Q1 APEW. polygama extract)s A X3 th3 RAW264.7 M Zol|A| APEE A 23S W, APE
7FINOS, COX-2, TNF-g, IL-6, IL-189] mRNA ¥&& S7HA%E B ofyeh, NF-«
B JAA 5-& o83 ¥ B3l APES] WY 331 53/} thdol 9t Zlo|w, TLR4/
NF-«B ASHAGHRE Aot dd== AU BAotATH56]. & AFolAx 0|9t &
AtsHAl PB203°] TLR49] B S7HA713L NF-kBE 451 NOSE TNF- 2| A4k
FEgtth=s AHo] ERIE QO W Fig. 7), APES} & o] thE PB2039] WY 54 At
7t APEAE AH 0 & thdFo] 7|18t ARIA|, &2 Ho 5°] Bt St lco|=9} Ze
H=o] gt ARAA[22], oFH W T2 FaAEo] Aol daiAs T A7t o Y]
ofof & Zo & WHHETh E, NF-«B A4l BAY 11-7082 #2|o&= E+-5l1 NO 4
TNF-e7} PB2030°] 9J3ll BAY 11-7082 ©=A42HBAY 11-7082+media) tHH] ]3] #
ogt £E0 2 YA SS 1T o, o] AAEY] Ao FFE FE= MAPKs 5ol o
3k PB2039] ol toiA e 71 A7} Qlojof & Ao = Helrt,

F71 0 & PB2032 LPSE A2Igh thAA| &t opy e}, 4 tAA oA Nrf2 &
&9l HO-19] ¥&dS Fiot= A 28-S Ul 2™ (Figs. 1B, C, 5B, and C), o4&t
-85 53l PB203°] B5EHS 8 A9 45 AEA A= BE, X 243HE B3t
e SH AZolA9] P FAClE o] 2 Ao AFzhdrt.

o|4e] A¥E F9T of, PB203 LPSE A=5H thA Ao A] A ui7f A<t AE S
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