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tivated protein kinase, MAPK ) 7F 45 F 20 Mo i i 0915
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GG RN R B S TS . WU R
W i 1 ( dual- specificity phosphatase, DUSP1 ) , i,
FRA MAPK #5 iR li5-1 ( MAPK phosphatase-1, MKP-
1) i3t p38 MAPKs 1 LM AL , M il i i 42 A T
RAF YR o BT AHE DT AE 1 40 A
R-1p(interleukin-18, TL-1B ) 5 5 By HF 41
Cur BT 22 i HCH 20451 477, 400 <) 0B 200 i 04 T 0
RAE 3 —HARIMEDS Cur BEAE L #E DUSPL £
5 A p38 MAPK 5538 R I 2 B G35 R A Bl
BT .

1 #M85FZ*

1.1 #pasgs  AUECE duik A b E N Rk
ZH 901 BEREE R R T RIS B4, C28/12 4l &
W B 3 [ MR A ) 9 U5 O 58 P o0 ( American Type
Culture Collection, ATCC) , 40 i {E =¥ DMEM ( HD-
MEM, 5 5t 4EARFRA 1)) thBE SR A 10% Jig 4 1
(M EAERFEAFD) 1% AR (FHR -#HER,
FBEIRAA) . N OA S 80y 40 i 78 HD-
MEM i3s3 1 -3 wiERE T, Tl
IR AE 37 C 5% M - F AR A5G T 21755
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Feo SPAHEH N IL-1B (K EIRE 2w A H]) p38
MAPK 8 % # #] 7 (SB, I # MedChemExpress 7%
) Fl Cur (18 [ 3R 5020 A, 4l =98. 0% ) #1474k
B

1.2 CCK-8 #ill e HE K C28/12 4
F LA B SR AR A, LABEFL 1 x 107 (26 B e b T
96 fLA, 1 fLH] PBS I E,5% CO, .37 CHEH =
Y RE . AR FELS , M BESLMA 10 pl CCK-8 ¥k
(REEAR]) . HIEFRIETEFRAENIET 2 he
FABGHRACI E £E 450 nm Lb AR EEE

1.3 @BEXIR M T 6 fLAkR s (RAL 1 x
10° ANIAE) o 440 K BN AT, 6 200 wl f%
IR AR SR AE R AL IR R T 1, R A A
ML A PBS P4 3 W, A IL-18 4L #H 12 h, Cur 4
24 b, i R 2 50 ( Primovert iLED, {8 [ 44 7] 2%
A AR EG, I o A R R = ) R
1.4 Western blot {ifi F | £ 1) SDS 247 2% ik
M A SRR 1, TR A B . ARG,
{1 FH SDS-ZR PN A5 Ik e B e 73 25 12 g 2 1 B EP b
FNRAw I IR - (PVDF, fEERwAR) . A
S REAE 5% iR Wb % B 1.5 he 430 AAH
N — 4T, B-actin (| i LT 7] ) | Collagen 11 |
MMP13 (PLFH T 254923 w) ) (DUSPI (b 3% 1 8 2
2sw)) JIL-1B ,p-p38 .p38 . Bel-2  Bax (L FH T 25 2E )
ANFED4 CF IR, R IA HRP FRid i) — 4t
(A& AR EE 1 h, I ECL BB R
S ORIl K R A

1.5 GERXEN 4% 2R WPEEE 2 H0E, 1
0.3% Triton-X 100-PBS %], F 5% BSA #t[4] 1 h,
SRJ5 5 SOD2 | IL-18 ,DUSP1 Z&Hu4& (1 : 200 i F)
TE4 CTRRRA, SR PBS ¥k 3 I, L 511
E/WAN R e NI TS 257 A i Ny [ 7 DR i DS
1 =H0(1:200) 55 F 1 h, B, K540 5 DAPI( -
R AR A BRI E 10 min, )5, Hit
PV K AN LI RAT]) BB 5, FIE B 25
R (PR PR R A ) #- AT 2O6UR

1.6 qRT-PCR RNA £ 5050 & G pa S0 2
A)) PEHCAN L RNA, 28 5853 6 56 FE TH R I RNA ¥
BB -80 CE1E4 . #JH SYBR Green 7 4L
AT S LA PR R AR R (RIS RAH),
1E % (K LightCycler 480 LI} 9¢ Y6 E & PCR R4 #a
Il DUSP1 \MMP13 ,Collagen Il %33k, LA B-actin
NS IR BOT3 CT (P38 3 g th &P sl 4%
27T R AT, TR A JE DR ARG A

I e E AR IS LR 1,

1.7 Annexin V-PE/AAD JUR % & A Ba L6
Mg A T KR A WA M 45 & AnnexinV-
PE/AAD 855 & (BB A ) 24 ) AR i e 4,
e AN TR BOR AU K A, #i2 B 2 x 10°
A/ LR T 6 FLAR, £ IL-18 il Cur 4B, IR
THAL IS SR A . F2c AR a0 S I H A - 48 PBS PETk
g 2 ¥k, H 400 wl Annexin V AW, R Y
1 x10°/L,iInA 5 wl (1) AnnexinV-PE YL (&3 , 574418
5,2 ~8 CHOLIER 15 min, SRJF A 10 ul 1Y
AAD Yeta iy F2RIR 51,2 ~8 CHEEIFE 5 min, T
iR )i 08 & T

1.8 Hpafkf 58 WY AE R T8
% DUSPL fi) siRNA (siDUSPL) ., 3 35 il 3 7 % D8
B, {1 FH] Lipo2000 ( 3¢ [EFEER /A A ) Ff siRNA 4% i
50 nmol/L ¥k LY C28/12 4if., SR HE 40
1.9 Sit=abiE AR P R 2 3 4y
KA. N GraphPad Prism 8.0 # {17 %4 o
B, LA P <0.05 R AR, 547 ¢ K 30 5l 50 K R 43 Ao

BELB RN x £,

&1 qRT-PCR3|#F5!
Tab.1 qRT-PCR primer sequence

Gene Primer sequence(5'-3")
Bax Forward TGATGGACGGGTCCGGG
Reverse CAAAAGGGCCCCTGTCTTCA
Bel-2 Forward AAAAATACAACATCACAGAGGAAGT

Reverse TTCTGGTGTTTCCCCCTTGG

MMP13 Forward CCAGTCTCTCTATGGTCCAGG
Reverse AGGGTCACATTTGTCTGGCG
DUSP1 Forward ACTCTACGATCAGGGTGGC

Reverse ATCAAGGCAGTGATGCCCAA
Forward CCGTTTCGCTGCGCTC

Reverse GCCAGCCTCCTGGACATC
IL-1B Forward TGCCACCTTTTGACAGTGATG
Reverse AAGGTCCACGGGAAAGACAC
Forward CAGCCTTCCTTCTTGGGTATGG
Reverse CGCAGCTCAGTAACAGTCCG

Collagen 11

B-actin

2 HR

2.1 Cur RZMH IL-18 F FHI R E 40 A& F1 7Y
TREFRHR B AMIETE MK 1A B, 8 T
E I8 ) A0 AT, A [l 2 TL-18 40 L )
CCK-8 I A4 FE 1 00 , A0 TG J1 R (F =25.4)
AR BE Y Cur AEHT T TL-1B8 (10 pg/L) 4b B )S
C28/12, CCK-8 JLA5 I A B 1% O, IL-18 A B 44
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WG IR T B (F =33.6) , B A [al e B2 Y Cur
XX A A 2 AR B Car YR EE B
s, C28/12 1) 40 M 1% 77 3 hn @R BB B (F =
16.99) , 40l 1B 4IRS 5 f s, TL-18 AbBRZH
0 N3G 5E RE 7 55 6 BRZH A L AR, Cur 3697 5 41 i
PERE T g

2.2 Cur &7 IL-1B iFESH) C28/12 HREpIER R
MARFRBBEHMBRAEKTF WK 2A Western blot 45
BN, 5 IL-18 AP M L, Cur JGITHFMR T
MMPI13 IL-18 HJ2E 2k, N T Collagen I
FIB(F=18.8), [EK12B IL-1B & H BT LR
L IL-1B8 3520 RAE KV T imi , Cur WU HLHE 73X Fh
A (F =23.69), & 2C K IL-1B . Collagen 1I |
MMP13 () qRT-PCR 55, 5 IL-18 AbFRLH M HE, Cur
TR T MMP13 (IL-18 ) mRNA K-, T fin
T Collagen I B93RiE(F=19.8),

>
W
1

#k
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* %k

0
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2.3 Cur @7 IL-1BESHARAT WK 3A
Tt A ARSI 45 SR B, TL-18 75 4 40 M O
FET- B B 2 Cur JGYT AR TP T (F =
56.9), IL-18 554 Bel-2 () RNA FI& 1 /K- F%
i, Bax ZKF-F iy, Cur WE AN T Bel-2 4% st 2 F R
IR, B T Bax BRI IR RIE (F =
39.2), lLE 3B.C,

2.4 Cur 3t DUSP1/p38 MAPK BEmIZm
Kl 4A Western blot 45 iR, 5 IL-18 AL FEZHAH I,
Cur fig#F 7 DUSP1 2 H B35 M| T p38 Y
BEER AL, T ) 1 p38 MAPK {5 5 id j# (F =
19.6), Kl 4B HoR,IL-1B 4315 DUSP1 #KikH B
Jg/b, Cur DU 3 Ji DUSPL ()35 (F =26.88) . [
4C 5 R ULW, 5 IL-18 A B4 AH L, Cur 350 T
DUSPL Ryt 41 335 (F =17.89) . & 4D W, si-
DUSP1 £ 9e i 2y, H DUSP1 BRI T2 AH b 7% BE

1.5
2
< _l ok
A 1.0 L
9, * T
§ #Hi
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o0
o 0.5F
O
O
0
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40|
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El1 Cur 3E0 B4 RE H FEE 00
Fig. 1 Effect of Cur on chondrocyte viability and proliferation

A The effects of IL-1B stimulation and Cur treatment on cell viability detected by CCK-8; B: Cell proliferation capacity detected by cell scratch as-

say x40 ;#P<0.05,"P<0.01 vs negative control group; * P <0.05, ** P <0.01 vs experimental control group.
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Fig.2 Effect of Cur treatment on chondrocyte collagen and inflammation levels

A: Western blot detection of Collagen II, MMP13, IL-18 and B-actin of each group, and semi-quantitative analysis; B: The protein expression level

of IL-1B was detected by immunofluorescence x200; C: The transcriptome expressions of 1L-18, Collagen Il and MMP13 detected by qRT-PCR;* P <

0.05,"P <0. 01 vs negative control group; *P <0.05,

HBEIRAL p38 R RIK I Z (F=23.7),

2.5 p38 MAPK BEESHEBMMEMGHEXE W
[l SA Western blot Z5 5 FfiR , 7E A [A]¥ BE (1) SB
25 B A N B R T Y p38 B 2 ik W g s b
(F=16.6). [ 5B i IL-1p 4bFE5 DUSPI %3k ]
By IL-18 kBN, itk SB F Cur &b FE Y
41 IL-18 KRB BRI ; Cur B34 DUSPL )Rk,
{H SB %} DUSP1 [ZRKFHMAK(F =21.8)

Cur JE2 BRI A TG PRS0, FE 2L 2K 1 — 4
A TR TR ARG R 52 3 TR 5%
FEN L B R VR A 2 AL B
I R AR SR PR R A B e b

** P <0.01 vs experimental control group.
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(10 pg/L) FEHL OA Jjg A M4 N R BT 175 5 200 B 453 {5 45
B AEIMA W Cur J5, W IL-18 551
O AMETE 1 B R, FIRIT AR Cur ¥R B IE
FE, 20 B 95 S2 36 A3 B Cur BEA% 19 38 5B 40 M 0
I3 A, A BB ARG I 45 2R R 7 TL-
18 AP S5, A0 ML T2 B 3G, 28 Cur AEFE S
P T2 98 /0 ; Western blot | 4ff Jfd 42 382 % St 46 ) 45 2 5
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Fig. 3 Effect of Cur treatment on chondrocyte apoptosis
A Apoptosis of C28/12 was detected by flow cytometry and Annexin V-PE/7-AAD staining, and the apoptotic cells were quantitatively analyzed; B:
Western blot analysis was performed for Bel-2, Bax and B-actin of each group, and semi-quantitative analysis was performed; C: The transcriptome ex-
pressions of Bel-2 and Bax were detected by qRT-PCR; P <0.05, #P <0. 01 vs negative control group. * P <0.05, ** P <0. 01 vs experimental con-

trol group.
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Fig.4 Influence of Cur processing on p38 MAPK signal path

A Western blot was used to detect DUSP1, p-p38, p38 and B-actin in each group, and semi — quantitative analysis was performed; B: The protein

level of IL-1@3 was detected by immunofluorescence x200; C: The transcriptome expression of DUSP1 was detected by qRT-PCR; D: Western blot detec-

tion of DUSP1, p-p38 and B-actin in each group, and semi-quantitative analysis; *P <0. 05, #P <0. 01 vs negative control group. * P <0.05, **P <

0. 01 wvs experimental control group.
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Fig. 5 Relationship between p38 MAPK signaling pathway and cell damage

A Western blot was used to detect p-p38 and B-actin in each group, and semi — quantitative analysis was performed; B: Western blot was used to

detect DUSP1, IL-1B and B-actin in each group, and semi-quantitative analysis was performed; *P <0. 05, *P <0. 01 vs negative control group. * P <

0.05, ** P <0.01 vs experimental control group.

(1]

Katz J N, Arant K R, Loeser R F. Diagnosis and treatment of hip
and knee osteoarthritis: A review [ J]. JAMA, 2021, 325(6):
568 —78. doi: 10.1001/jama. 2020.22171.

Sadeghi M, Dehnavi S, Asadirad A, et al. Curcumin and chemo-
kines: mechanism of action and therapeutic potential in inflamma-
tory diseases [ J]. Inflammopharmacology, 2023, 31(3) : 1069 -
93. doi: 10.1007/s10787 —023 - 01136 — w.

FuY S, Chen T H, Weng L, et al. Pharmacological properties
and underlying mechanisms of curcumin and prospects in medicinal
potential [ J]. Biomed Pharmacother, 2021, 141 111888. doi:
10.1016/j. biopha. 2021. 111888.

Zeng L, Yang T, Yang K, et al. Efficacy and safety of curcumin
and curcuma longa extract in the treatment of arthritis; a systemat-
ic review and meta-analysis of randomized controlled trial [ J].
Front Immunol, 2022, 13 891822. doi: 10.3389/fimmu. 2022.
891822.

Cheng Y, Sun F, Wang L, et al. Virus-induced p38 MAPK acti-
vation facilitates viral infection [ J]. Theranostics, 2020, 10
(26) : 12223 —40. doi: 10.7150/thno. 50992.

Sharif-Askari F S, Saheb Sharif-Askari N S, Goel S, et al. SARS-

[9]

[10]

[11]

[12]

CoV-2 attenuates corticosteroid sensitivity by suppressing DUSP1
expression and activating p38 MAPK pathway [ J]. Eur J Pharma-
col, 2021, 908 174374. doi; 10.1016/]. ejphar. 2021. 174374.
Tomeh M A, Hadianamrei R, Zhao X. A review of curcumin and
its derivatives as anticancer agents [ J]. Int J Mol Sci, 2019, 20
(5):1033. doi: 10.3390/ijms20051033.

Chainoglou E, Hadjipavlou-Litina D. Curcumin in health and dis-
eases: Alzheimer’s disease and curcumin analogues, derivatives,
and hybrids [J]. Int J Mol Sci, 2020, 21(6) :1975. doi: 10.
3390/1jms21061975.

Zia A, Farkhondeh T, Pourbagher-Shahri A M, et al. The role of
curcumin in aging and senescence; molecular mechanisms [ J].
Biomed Pharmacother, 2021, 134 111119. doi: 10. 1016/j. bio-
pha. 2020. 111119.

Abd El-Hack M E, El-Saadony M T, Swelum A A, et al. Curcu-
min, the active substance of turmeric: its effects on health and
ways to improve its bioavailability [ J]. J Sci Food Agric, 2021,
101(14) ; 5747 -62. doi; 10.1002/jsfa. 11372.
Pourbagher-Shahri A M, Farkhondeh T, Ashrafizadeh M, et al.
Curcumin and cardiovascular diseases: Focus on cellular targets
and cascades [ J]. Biomed Pharmacother, 2021, 136 111214.
doi: 10.1016/j. biopha. 2020. 111214.

Mathieu S, Soubrier M, Peirs C, et al. A meta-analysis of the im-



- 1910 - ZHEAKFFIR  Acta Universitatis Medicinalis Anhui - 2024 Nov;59(11)

pact of nutritional supplementation on osteoarthritis symptoms [ J]. alleviates OA by inhibiting the MAPK and NF-kB pathways [ J].
Nutrients, 2022, 14(8): 1607. doi: 10.3390/nul4081607. Int Immunopharmacol, 2023, 115; 109624. doi: 10. 1016/j. in-
[13] Wang X, Guo Z, LinJ, et al. Indirubin protects chondrocytes and timp. 2022. 109624.

Curcumin attenuates IL-1B-induced chondrocyte
damage by modulating the DUSP1/p38 MAPK pathway

Song Fei'” | Fan Xuefei’, Liu Nannan®, Chen Suhuan’, Jiang Min®,
Chen Guangyi®, Chen Wugi*, Chen Xiaoyu’, Zhou Jian'
('Dept of Orthopaedics, The First Affiliated Hospital of Anhui Medical University, Hefei 230022 ;
*Dept of Orthopaedics, No. 901 Hospital, PLA, Hefei 230031; *Dept of Histology and Embryology ,
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Abstract Objective To investigate the inhibitory effect of curcumin (Cur) on IL-1B-induced cartilage damage
and to study the relationship between the regulatory mechanisms of the DUSP1/p38 MAPK signalling pathway in the
above process. Methods Chondrocytes (C28/12) and postoperative primary chondrocytes from osteoarthritis pa-
tients were divided into control and experimental groups, and the experimental group was treated with different con-
centrations of Cur (0, 10, 20, 40, 60, 80 wmol/L) after applying the inflammatory induction treatment with IL-
18 (10 pg/L). The cell proliferation inhibition rate was determined by cell viability assay ( CCK-8) , the apoptosis
rate was detected by flow cytometry assay. Real-time fluorescence quantitative PCR ( qRT-PCR), Western blot,
and immunofluorescence assay were used to detect type Il collagen ol chain ( Collagen II ), matrix metallopeptid-
ase 13 (MMP13), interleukin-1g (IL-1B), BCL2-related X protein (Bax), B lymphocytoma-2 (Bel-2), dual-
specificity phosphatase 1 (DUSP1) , p38 mitogen-activated protein kinase (p38), and phosphorylated p38 mito-
gen-activated protein kinase (p-p38) RNA and protein expression levels. The role of the DUSP1/p38 MAPK axis
in the inhibition of chondrocyte oxidative stress, apoptosis and inflammation by Cur was further validated using
DUSPI interfering RNA and p38 MAPK pathway inhibitor (SB). Results Cur significantly inhibited the IL-1B-in-
duced decrease in chondrocyte viability and significantly reduced the levels of oxidative stress, apoptosis, and in-
flammation in chondrocytes; Cur inhibited the expression of MMP13, IL-18, Bax, and p-p38 proteins, while the
expression of Collagen II, Bel-2, and DUSPI1 proteins significantly increased; IL-18 and interfering RNA silencing
DUSP1 activated the p38 pathway, while Cur inhibited the activation of the p38 pathway; the use of p38 MAPK
pathway inhibitors reduced cellular inflammation. Conclusion Cur attenuates IL-1B-induced oxidative stress, ap-
optosis and inflammation in chondrocytes by promoting the expression of DUSP1 protein and inhibiting the activation
of p38 MAPK pathway.
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