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Sparassis crispa (Wulf.) Extract Inhibits IL-1p Stimulated Inflammatory
Mediators Production on SW1353 Human Chondrocytes

Eun-Nam Kim and Gil-Saeng Jeong*
College of Pharmacy, Keimyung University, Daegu, Dalgubeol-daero 1095, (42601), Korea

Abstract — Osteoarthritis (OA) is the most common form of joint disease, characterized by articular cartilage, osteonecrosis,
and osteochondral bone erosion. It is an early, progressive disease that combines joint stiffness and joint pain and reduces car-
tilage function and condition. Interleukin-1 beta (IL-1p) is thought to be important to the pathogenesis of OA and significantly
increases the expression of matrix metalloproteinases (MMPs), which play an important role in cartilage degradation in OA.
Sparassis crispa (Wulf.) is an edible / medicinal mushroom that has been reported to variety of biological activities. In this
study, investigated the Anti-inflammatory effect of Sparassis crispa (Wulf.) ethanol extract (SCE) on IL-1p stimulated SW1353
chondrocytes. SCE decreased the expression and activity of MMPs by IL-1f3 and decreased the levels of cyclooxygenase-2
(COX-2) and inducible nitric oxide synthase (iNOS) associated with the inhibition of prostaglandin E2(PGE,) in IL-1p stim-
ulated SW-1353 chondrocytes. In addition, SCE inhibits the expression of MAPK (mitogen-activated protein kinase) and NF-
«B (nuclear factor-kappa B) signaling in IL-1f stimulated SW-1353 cells, and SCE inhibits the production of reactive oxygen
species (ROS) through heme oxygenase-1 (HO-1) expression. Thus, it is suggested that SCE has a potential as an anti-inflam-

matory agent in osteoarthritis treatments.

Keywords — Sparassis crispa (Wulf.), Interleukin-1 beta (IL-1), Mitogen-activated protein kinase(MAPK), NF-kB (nuclear
factor-kappa B), Heme oxygenase-1 (HO-1), Reactive oxygen species (ROS)
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Aok A 717] - & 3ol A-8¥ recombinant Human
IL-1B= PeproTech EC Ltd.(London, UK}e] A|&E-& AR
3192, ECL western blotting detection reagents} PVDF
membranes, BCA protein assay kit~ Thermo Scientific
(Rockford, IL, USA)elA 943t th PGE, parameter
assay kit?} MMP-13 ELISA kit= R&D systemARe] AE-S
A18-3}3 ). Dulbecco’s modified Eagle’s medium(DMEM)
7} fetal bovine serum(FBS)< Welgene Inc. (Gyeongsan,
Korea)Ale] A FS AF&3} Tl 2, 7'-dichlorofluorescin
diacetate} NE-PER kit= Thermo Scientific(Rockford, IL
USAWEE] A FS ARS8 2™, 3-(4,5-Dimethylthiazol-2-
yl)-2,5 diphenyltetrazoliumbromide(MTT)A] 22 Amresco
Inc.(OH, USAYF] AlF-S AM&-3Htt. B8k phospho-JNK,
JNK, phospho-ERK, ERK, phospho-p38, p-38, phospho-
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&A= Cell Signaling Technology Inc.(Beverly, MA, USA)
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Seoul, Korea), BX-51 ¥33-317]7(Olympus, Tokyo, Japan)
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Type Culture Collection(ATCC, Rockville, MD, USA)®l| A
TA3FE L™, 10% FBS, 100 units/m]l YA A 2 100
mg/ml streptomycin®] 7 DMEM HIXZ 5% CO* $H3
oA 37°CE vl skt 2 F SWI353 AIXE 96 well
plate] 5x10° cells/ml®] E%= 24 hr ¥l & SCE 10, 20,
50, 100 pg/mlZ 1hr §<F A2 3FL IL-1B(40 ng/m)E
24 hr AF3I3ATh AlE AYEEL 540 nm®] 3gel|x] MTT
A4S slsith

Nitric Oxide (NO) &8 - NO2| 2§42 Griess reaction
assayS B3l S43FAE SW1353 Al EE 24 well platec]]
3x10° cellyml 2 ¥33F F, 24217k 5§ SCE 10, 20, 50,
100 pg/ml= 1 hr &< A2 8FaL IL-1B(40 ng/mL)E 24 hr
St A &l dTlES FASKI 35 AH standard
(NaNO2)Z 100 u¥ 96 welloll 3132, Griess reagentS
100 pr¥ H7¥sk 5, 540 nme] 3o FBEE S
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PGE,, MM-9 ¥ MMP-13 &4 - SWI353 A|Z2& 24
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20, 50, 100 pg/ml= 1 hr &<t 22| 3kaL IL-1B(40 ng/ml)E
24br A F, Wi JHAL SAsle] Y59 F| PGE,
9 MMP-13 € PGE, parameter assay kit(R&D
Systems, Inc. USA)2} MMP-13 ELISA(R&D Systems,
Inc. USA) 7|ES AF&-3}o] A 2ALe] x| Al ule} A 23}
31921, Western blot analysisE 53l MMP-92] ]2
S A6

Western Blot Analysis — SW1353 43S RIPA ¢+
o 83AI7]13L 14,000 rpmellA 30 min ¥4 E2IsKTh
Wz FrE A 229 7] E(Bio-Rad, USA)S AM-&31o]
Brad-ford 22 A &F3}5tA T 2 5 sodium dodecyl
sulfate polyacrylamide gel electrophoresis(SDS-PAGE)Z. i+
2 st 17 ¥F § @HAS PVDF 25 AREste] &
Zct. Skim milk 5%%E 3+ g TBS-T 25422 blocking
3} 3 Membrane®l ZFzte] 12} SIS 12 hr A28 o=
PBS-TZ 5&witt 53] AlH&far, 221 AE ARE-sto] AF
oA 2 hr RESAIZ] §, PBS-TZ SEwrit) 53] A2 3819t
1 % ECL 892 AZ3|aL LAS 4000(GE Healthcare Life
Science, Tokyo, Japan)ollX] 7sgA1A ©hald @S- 3ls)
At

MZE o 8 EHHE & - SWI353HIEE 1x10° cells/
mle] B2 60 mm A|3E BiF FHAJol| 24hr ¥l 3 SCE
10, 20, 50, 100 pg/ml] F==Z 1hr A2 F Nif2 &S
ek Al 9 slo] Thlg 323 918 Thermo Scientific.
(Rockford, IL USA)AF2] NE-PER kit A|&-& A ZAFe] A
A ket Abgate] Eelssict,

M MAFE Y HE - SWI353 AIEE 24 well plate
ol 3x10° cells/mlZ 53+ 3 24 hr T+ WA ZTE SCE
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10, 20, 50, 100 ug/ml®] F== 6 hr 323t & SnPP(20 uM)
= 2hr A28 & IL-1B(40 ng/ml)S 24 hr SFATH 2 A
EE 4% vt ZELUEI=(pH 74)Z 20 2F AT
PBSZ A& & zp3ste] 2, 7-dichlorofluorescein diacetate
(DCF-DA) A2k 3] 307+ F4131e] micro plate reader
(485 nm)°] FFelM HZ si3iet

SHEYN - RE A4S W FFTAUARE FAES
), SPSS(Version 22.0, IBM, Armonk, NY, USA)S A}-&
3lo] one-way analysis of variance(ANOVA) testS 2 A] 3k
T least-significant differences(LSD) testZ Z-g315.°H, &
94 p-value<0.05914 3533 Th.
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Fig. 1. Effects of SCE and IL-1B on SW1353 cell viability. Cells were incubated with the indicated concentrations of SCE for 24hr
(A), the indicated concentrations of SCE before 1h incubated, and IL-1§ for 24hr (B).
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Fig. 2. Effects of SCE on COX-2 and iNOS (A) expression and COX-2-derived PGE2 (B) and iNOS-derived NO (C) production
in SW-1353 cells. Cells were pretreated with different concentrations of SCE (10, 20, 50 and 100 pg/mL) for 1hr before incubation
with IL-1B (40 ng/mL) for 24hr. Western blot analyses for COX-2 and iNOS expression were performed. The nitrite content was
measured using the griess reaction. The PGE, concentration was measured in culture media using a commercial ELISA kit. *p-

value<0.05 compared to the group treated with IL-1f.
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Fig. 3. Effect of SCE on the expression of MMP-9 and MMP-13 in IL-1p stimulated SW1353 cells. Cells were pretreated with
SCE (10, 20, 50 and 100 pg/mL) Thr prior to incubation with IL-1p (40 ng/mL) for 24 hr. Western blots were performed using an
antibody specific for MMP-9 (A). The culture supernatant was obtained and the amount of MMP-13 (B) produced was determined
using a commercial ELISA kit. *p-value<0.05 compared to the group treated with IL-1f.
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Fig. 4. Effect of SCE on the NF-xB pathway in IL-1f3 stimulated SW1353 cells. (A) Cells were treated with SCE (10, 20, 50 and
100 pg/mL) for lhr before IL-1p treatment (40 ng/mL) for 1 hr. Total protein was subjected to 10% SDS-polyacrylamide gels fol-

lowed by western blotting using anti-NF-kB p65 and TkBa, p-IkBa antibodies.
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Fig. 5. Effect of SCE on IL-1B induced phosphorylation of
Akt and MAPKSs in SW1353 cells. Cells were treated with the
indicated concentrations of SCE for lhr before being incu-
bated with IL-1B (40ng/mL) for 1 hr. Total protein was sub-
jected to 10% SDS polyacrylamide gels followed by western
blotting with antibodies specific for the total and phosphory-
lated forms of Akt and MAPKs.

0,
Z
&
>
ol
2
v
o

o] 27} AFEHI o, 3 A} ezt
2l Nrf2 218 Age AXE W 4ks} 2EHAE Wolslr] 9



Vol. 49, No. 4, 2018

(A) (SCE pg/ml)
Control 10 20 50 100
o —
p-actin | g D P GNP TN

Nuc.
wi | e S WS
'-*““'"5' e S S —-l

309

(B) (SCE pg/ml)

Control CoPP 10 20 50 100

HO-1 —_— Pp—

p-actinl__.___.____..__—

Fig. 6. Effects of SCE on nuclear translocation of Nrf2, Nrf2 mediated HO1 expression in SW-1353 cells. SW-1353 cells were
treated with SCE (10, 20, 50, 100 pg/mL) for 1 hr (A) or 24 hr (B). Nuclei were separated from the cytosol using NE-PER mam-
malian protein extraction buffer. Protein was subjected to 10% SDS polyacrylamide gels followed by western blotting with anti-
bodies specific for the total and phosphorylated forms of Nrf2 and HO-1.
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Fig. 7. Effect of SCE on IL-1B induced ROS production in SW1353 cells. SW1353 cells were treated with SCE (10, 20, 50 and
100 pg/ml) for 6 hr after treated with SnPP 50 uM for 2 hr. And then treated with IL-1 (40ng/mL) for 24 hr. ROS production by
incubation with 10 uM of the ROS-sensitive fluorophore DCF. *p-value<0.05 compared to the group treated with IL-1f.
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