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[ Abstract] Objective: To study the effects of licochalcone A (LCA) on the proliferation and apoptosis
of rheumatoid arthritis fibroblast-like synoviocytes (MH7A) as well as the related inflammatory factors, also to
reveal the relevance between mitogen activated protein kinase (MAPK) signaling pathway and LCA regulation

of MH7A cell proliferation and apoptosis. Method: MH7A cells were cultured and divided into blank group,
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LCA groups (10,20,40 pmol-L"). The proliferation of MH7A cells was detected by methylthiazolyldiphenyl-
tetrazolium bromide (MTT ) and immunofluorescence staining. The cell cycle of MH7A cells was determined by
flow cytometry after PI staining and apoptosis was detected by flow cytometry after Annexin V/PI staining. The
effect of LCA on interleukin-18(IL-18) mRNA was detected by Real-time fluorescence quantitative polymerase
chain reaction(Real-time PCR ). Western blot was used to detect the effect of LCA on the key proteins of MAPK
signaling pathway, meanwhile, PD98059, a specific ERK inhibitor, was used to observe the expression levels
of p-ERK and IL-18. Result: Compared with blank group, LCA could inhibit the proliferation of MH7A cells in
a dose-dependent manner, and the number of living cells decreased significantly (P<0.01), while the number of
early apoptotic cells increased significantly (P<0.01). Compared with the tumor necrosis factor-a (TNF-a,
10 pg- L") group, LCA could reverse the expression of IL-18 mRNA induced by TNF-a(P<0.01). and compared
with the blank group, LCA also promoted the phosphorylation of ERK, JNK and p38 in a dose-dependent
manner (P<0.01). After ERK inhibitor PD98059 inhibited ERK phosphorylation, the inhibitory effect of LCA
10, 20 wmol-L™" on IL-18 disappeared. Conclusion: LCA can inhibit the proliferation and induce apoptosis of
MHT7A cells, which may be related to the phosphorylation of MAPK pathway related proteins, and then inhibit

the expression of inflammatory factors.
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v -1B (IL-1B) , 1 41 B 3 F1 2L it & & 2 1 i
(MMPs) #5252 50 3T T R 4 it 5 5 184 48, 0 1 5] e
TR ZH 2 58 T A N OGO IR . U, 7E RA
ST AR R AL 2R R v U AN i R R OG5
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PO & 4 38 T TS Keleh £ 2R 420 G P B AH ¢
B -1/ s I B2 A0 G B 2(Nrf2) 5 5 38 % 40
il 22 2 2 349 (Ser349) I p62 1)l fiz £k WA i 311 7l 2%
R T & A W 9 26 B LCA i 9% 38 ik B By
G,/M it I B ) 248 e ) B0 2 2 075 S R o R 400 o il

I A0 1 A T 22 24 DTG K B (I (MAPK)
5 T 3 I T 0 T 200 R E RN I  A ME T Y
AR R AR T R B A TR i
PRZZ LCA XI5 R 240 i 2 XU P O 40 4R B 2T 2 5 i
A0 B (MH7A) 38 58 A8 T DL KA 56 R M T
IL-18 ) 52 1 , #& 7n MAPK {5 5 3 % i i 1k 5 W I
0 3G A P T LA R R T G &, ATl LCA
BT RA 1Y 43 1 LI AE 58 £ At 52 50 4 40 L 9% Ry il IR
L RABIR 25 Y T & SR AL B0 JE Rl .
1
1.1 48 MH7TAYER, WA LEESAY T &
FAIRA A, 5 CO878 1% 245 6~101CH T 555 .
1.2 2555 LCA( LRk B4 R
Al L5 C15A10M94486) ; DMEM 5 35 4 |, JId 4 1f.
7# (35 [# Gibeo 2> # , 1t 5 43 ] 4 C11995500BT,
16000-044) ; ¢ C YLk 4, 6-15¢ Jpk -2- 2% FEng| s — £ iR
£h (DAPI, %[ Sigma A A, it 5 D9542-5MG ) ; #h $if
i X-100, RIPA 241 % , 5xSDS-PAGE 28 1 2 11 b #
2% M, Bradford 32 25 (1 i 1 3070 & (b 0t 35 R 3k
B R A R AL S 4 A1009, C1053,
B1012,P1510) ; 41 i M5 5 98 45 S B (ERK) , 2 2
K iy ¥ B (JNK) , p38, % 2 1k (p) -ERK,, p-INK, p-
p38.B-WLEh i 1 (B-actin) P& (SE[E CST A A L4t &
I3 9 4695, 9258, 8690, 4370, 4668, 4511,4970) ;
TR R/ BT (26 [ EarthOx 24 AL 415 43 5 N
E030120, E030110) ; trizol i 7 ( 3% [& Invitrogen A
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A, it 5 15596026) ; RevertAid First Strand cDNA
Synthesis Kit( 3 ] Thermo 24 & , It 5 K16221) ; Mg
MeE (MTT) IR (REFE WA RA A LS
M8180).
1.3 XA 31118 Z A Ak m B R 48, MK3 Al 4
o) i A5 AX , ABI7500 % 52 i 2% )t % # PCR (Real-
time PCR) Y ( 2% [ Thermo /A &) ) ; LX-100 J- 2 1 55
Oy MLV T 1 ol AR DL 7R A i 1 A R A ) 5
3K 15 BUAR I = 3 2.0 AL (36 [ Sigma A H] ) ; CKX41
YR B BT, CKX31 AL B 26 W B (B A&
Olympus 2\ 7] ) ; Powerpac™ Basic %! B, Jk 1% , Mini
Trans-Blot Cell Y %% £ Hi Ik ## ( 32 [E] Bio-Rad A ] ) ;
Fusion FX AU EE B AR AL (125 B Vilber 28 F ) o
2 FHik
2.1 MH7A 40 8 & 09 8 57 FRE 52 R SRk
MH7A 40 8 55 5% F & 10% i 2F 1L 7% &9 DMEM £ 3
F A 100 U-mL" 85 % E A1 100 U-mL" 5 %
BT 5%CO,M37 CHFAMNIE IR, 2 do
WL o OG0 0 At M R A T S 5
22 MTT ks 4efaiE . DL 6.3x10° 4 /mL
W R T 96 FLA P, AL 200 pL, K5 3R B 4R
oA KR (24 h) #5258 By 43 21 O 1k R AL
JA R #e B B LCA(1,5,10,20,50,100 pmol-L"),
B SAEAL, MR ES AH. K24 h)5 65
IO N USRI A AR R B o /NGO BUE B
A 90 pL B B35 SR W, M A S g- L7 1 MTT % il
10 pL 4k 2255 3% 4 ho W0 3% 35 WO A — H 36 17 0
(DMSO) 150 pL, FHEIR LK 7Z % 10 min, {45 5
F0 50 e, ol P IR ASCRS T 490 nm I K Ak A W O B
AR AT 520 T .
2.3 DAPI Y2 {0 75 46 I MH7A 40 g 34 58 1% 0 LA
7.5%10*A>/mL B 4 ffd %5 B2 45 F 21 6 FLAR i A
2 mL/AL, 5558 24 h J5 I AR TR ¥R B2 1) LCA (10, 2,
40 pmol-L™") , 25 [ 4L 45 T 1E K5 57 3k, gk 22 5% 3%
24 hJE R A4 Y 3% R B L 4% 2 R E R
[ 7€ 10 min, 0.1% Ttiton-100 4 {1 % fL 15 min, DAPI
et 3 min, I Ji PO AR E R OF TR0 R AL
AW TSR
2.4 UL MO ARSI MELT A 48 i JE 359 A T
240 4 E IR DL 7.5%10° 4 /mL B 41 i %
FE R E] 6 FLA T, 2 mL/AL , 55 9% 24 hJ5 43 B A
A [A] ¥ BE A LCA(10,2,40 wmol-L™") , a5 A 44 T
1E W BRI Ak B2 85 9% 24 h R BEEE O AL, Yo gk A0 i
HEAT PL YL 1, Ui X 40 Jf 430K T 4% 41 MH7A 28 il
. 70 .

2.4.2 AIMEHFE TR DL 7.5%10° 4N /mL B 4H i %
JE R R 6 FLAR P, 2 mL/AL, 55 3% 24 h S 40 m A
SR He B B LCA(10,20,40 pmol- L"), 28 (1404 T
IEH G IR Ak S 5 % 48 h 5 IR T 1k, I AR 41 it .
FITC #5ic B Annexin-V Fl PI1 4% 5 wL 1R 2] Ji kit 5
H 20 min, #EIEIFAEIR S, 30 min Py _E 5 =40 AL
I MH7A 28 B 08 T2 50

2.5 Real-time PCR K IL-18 mRNA 5635 DU
7.5x10° A~/mL 1Y 40 ff % B 5 R B 6 fL Ak b,
2 mL/AL, 15 9% 24 h )5 fdi Fl TNF-a(10 pg L)% 540
M, [ HF 45 LCA(10,20,40 wmol-L") , 25 H4H %4 T
IERREIER . 24 h)a WM, A trizol 5 12 BL4%
ZH A B A RNA L JF DU 8 v B I FH s 2 s il ) 4
i 5% 5k A i cDNA. #17 Real-time PCR JZ Jif , PCR
PR WA 94 °C 5 min; Bl S M 94 °C 15 s
60 °C 30 s, 735l J 40 A 3 o I )i # 2™ ik T
IL-18 mRNA A X} ik & .

2.6 1 P EN I (Western blot) K6 Il MAPK i
PRAH R IR IL L 7.5x10°>/mL f 4H g 4 ) 4
Pl 2] 6 LA H, 2 mL/AL , K5 7% 24 h J5 40 5 A K [\
W FE ) LCA ( 10,20,40 pmol-L" ), 25 H4H % T I1F
WG SRAL AR . RFWCERMIEE S A R
Jit 41 1) 570 Y RIPA 24 i W 48 MU A 1 o >R M) Bradford
W AT A E B M POE AT E P Y, T 10%
SDS-PAGE #4753k , 80 V, 30 min; 120 V, 60 min,
B f5 120 V, 100 min K 8 1555 % 51 69 B2 2F 4 3=
(NC i) |, NC B 5% 09 i fg 2F 5741 2 h, TBST
YE ¥ 3K, 5 min/ik , B-actin(1: 1 000) , ERK (1:
1 000), INK(1:1 000),p38(1:1 000),p-ERK (1:
2000),p-JNK(1:1000),p-p38(1:1 000)Hii4k 4 °CH#
Hi . K H A TBST Pk 3 Uk, HBUR o S 1k P iy
(HRP)FRICH) 40 (1:5 000) = ¥ 7 2 ho TBST ¥t
Y3 WG & B ECL 00 & 7 ik W5, Ik 45 Rk
Image J 1.44 B0 52 4% 5570 09 K BEAHL

2.7 GitE4r Mt SR GraphPad Prism 8.0 48 314X
A%k 52 9 B M AT et o B, 4 R) HE AR R R
DN, LR EIE X £ s Rm . LRI IR K
PLEEE,P<0.05 KR EZRBAG IR,

3 &R

3.1 LCAXI MH7A 4 fI3E 58 /Y52 M MTT 45 1 2
R HE AR RRWE R LCAEN 24 h 5,
MH7A 20 ] 5 5 ¢ B .4 461, Horb 50,100 pmol- L
LCA ZH XJ 4l Jifg i) 3 i 4 FH #5235 (P<0.01) ,LCA 1E
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We R 50 pmol - L B X MH7A 41 i 3 5 i 30 il 2R
T 50% , 5 0[] B 0 f0BE T O848 A0 i oA L B I Y
HHREAET o T A5 R A 5L 5 5 LCA /Y 45 25 7k
JE 4 10,20,40 wmol-L"'. DAPT e 45 R W, Y4
Y5 F A [a e B LCA(10,20,40 wmol-L™)YER 5 , 40
i A% T B . 1 [ 4 R ¢, JC B B A A i AE T, 1
B 525 AL E, A KR I e PR B T
LCA # il MH7A 4 i 3 58 17 A J2& 2 P 5 2009 40 i
B, Wk K

#1 LCAX MH7A4HAETENBIFIE (X+s,n=3)

Table 1 Effect of LCA on MH7A cells viability (X + s,n=3)

4151 e /wmol - L Yl WL AE 15 /%
&yE| - 101.01+1.89
LCA 1 97.37+2.01
5 95.24+6.94
10 96.81+5.91
20 94.51+5.87

50 57.85+5.62"

100 5.04+1.86"

W 5 AU VP<0.01 (£2,3,5,6)

A B
c D

A. %5 H 2 ;B.LCA 10 pmol-L"' 4] ; C.LCA 20 pmol-L' 4] ;D.LCA
40 wmol- L4 (& 3 [w])

El1 LCAXI MH7A 4 RIIEEM N (DAPI, x200)

Fig. 1 Effect of LCA on proliferation of MH7A cells (DAPI, x200)

3.2 LCA X MH7A 40 I s2m 1 i —2
FIWr LCA X MH7A B4 56 520 , 45 25 24 h 538 o PI
e fa Ji5 i =4 B ASOR: T A BT L S R R, S A A
P, Bl A7 LCA 25 254 2 1 35 0 G, 19 1 328 7 B A,
S Fl G,/M & Wi 125 (P<0.01) , 3 T DL |45 7 LA
I B LCA E T MH7A 40 Jfd L4 {6 20 J 350 2 452
£ S L G/M 1, 48 B il 399 32 BHL, o0 — 2P WA T
LCA HAT # il MH7A 40 Ma 8 58 9/EF o IL3& 2.

3.3 LCAXIMH7A4HMIA T-AY52 M  LCA BH Wr 4t

2 LCAX MH7A @M BB (fts,n=3)
Table 2 Effect of LCA on MH7A cell cycle (X+5,n=3)

45 G,/% S/% G,/M
/pmol-L-!
=M - 78.84x1.36 10.16%1.15 10.10+0.24
LCA 10 67.70+1.33"  14.30£1.22 17.10£0.29
20 59.90+2.83"  25.10+£5.90"  15.00+3.08
40 41.48+1.73"  18.60+4.60"  39.91+3.91V

MRS A S AR AR T BT, 5504
Fo 4, LCA 7E Fl MH7A 40 /g 48 h j5 , nf B & fi iF
MH7A 40 g B 08 72 (P<0.01) , 15 & WL & (1) 16 10
P T, Ul W B B 45 25 i) ) SE K, LCA BB % i T
MH7A 4 it A R T . W3k 3.

#3 LCAX MH7AMMATHEM (x+s,n=3)
Table 3 Effect of LCA on apoptosis of MH7A cells (x + 5,n=3)

215 e /pmol - Lt i A7 15 2/ %
= - 3.40+0.53
LCA 10 5.10£0.96

20 9.00+1.91"
40 21.06+0.35"

3.4 LCA X} TNF-a %5 5 19 IL-18 mRNA A9 5 M

52 HA R, TNF-a 5T MHTA 418 24 h )5,
IL-18 mRNA ik I # 14 5 (P<0.01) . TNF-a i &
B TRl B, i AAS [] 57 & LCA Tl , 5 TNF-a 35 5 41
FL 48, LCA RE ) &2 40 fi 1% M B fIK IL-18 mRNA 7K -
(P<0.01), W34,

4 LCAXHBETF IL-18 mRNA HIEME (¥+s,n=3)
Table 4 Effect of LCA on IL-18 mRNA (x+s,n=3)

4157 W /wmol - L IL-183
2 H - 1.00£0.03
TNF-a - 103.50+37.38"
LCA 10 42.27+23.03?
20 21.40+4.66%
40 4.77+1.96%

TE: 5% FHA LE Y P<0.01; 5 TNF-a i 4 L2 P<0.01,

3.5 LCA X} MH7A 4 i MAPK i# f p-ERK,
p-JINK,p-p38 Z [1 KLU M  LCA 40 pmol- L' fE
JHT MH7A 4 f A [6] f (8] 250 (1,2,4,8,12,16,24 h)
Ja, 52 A, LCAYEM 1 hJ5 ERK Fl INK
8 1R fb /K S 8 35 36 5 (P<0.01) ,4 h 5 p38 A4 iR 1L
KT 5 3 8 (P<0.01) o BRItk 56T DA b B A A
B8] &5, 20 B 45 T A TRl ik % LCA(10,20,40 wmol-L™")
. 71 .
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T, 525 14l A, LCA BE 0% 31 2 45 i M 09 42 iF
ERK,JINK,p38 fy iz fk. WK 2,3,%5,6.

44 kDa
p-ERK‘--_a C— ;=42kDa

ERK s (B S BB S & o= e 14KDa

42 kDa

_ 54kDa

pINK S - _— i
P S ————— — 5 kDa

- == - 7 46 kDa

p-p38 e — R e —— — 43 )a

P33 WP WP WS W e s s === 40 kD2
[-actin W W W W S ——— 45 kDa
A B C D E F G H

AZEHABAZ T hAC. 8252 0h4;D. 5254 h 4B 45258 hdl
F.4525 1204 ;G. 4525 16 hdl;H. 452524 h 4l
E 2 LCA40 pmol-L"YE T MH7A A ER B SHMERQRIE
Fa ik
Fig. 2 Electrophoresis of Protein expression of MH7A cells treated
with 40 pmol-L' LCA at different time points

p-ERK s T T W 42 kDa

ERK . . s w— 42 KDa

p-JNK 46 kDa
54 kDa
46 kDa

p-p38 S — W— m— 43 kDa

P38 e — wm— w— () kDa

[-actin ee— A A o 45 kDa
A B C D
B3 FRERELCAERTMHIAMABNKEBQRZHX
Fig. 3 Electrophoresis of protein expression of MH7A cells treated

with different concentrations of LCA

3.6 Wil ERK 8 2 1k J5 LCA XF MH7A 41 g+ p-
ERK R A M L RAEHFIL-18RY5 M 5 ERK
44177 PD98059 4H ek, LCA 45 25 41 ERK (1 71 & 4K
P W R A 1B 9t 55 4k, [ i LCA 10,20 pmol-L"
75 25 4L %F TL-18 #4300 3 4 FH 35 25, LCA 40 pmol- L
4525241 5 PD98059 21 Lb A X IL-18 475 4% A 1 il 4
F(P<0.01),LCA "] i 14 2 5 MAPK i % ¢ # 5
F1 A B 18 A 410 ) 4% i PR - 3 1T 52 ) MIH 7 A 448 Jifd 149
MMM T ., WK 4,5R7,
4 itig

O W R S BT R R A T M, T G
FR T B AL F7 30 FF SR M RA B W A
VR AN i T 2L R PR M A B A K A R A
JfL, 5 BT WY S RN G TT T RE RS o R B
Az 3 B RA SR A QT O RN 20 2R Y [ L 4
S0 W TP RAE A, HF— AR E T S R
AW AR B T8 A O I T S 5 4 AT Fas
YU AR B FasL >f 7 1 e A55 40 M A1) S 8% 38 A=, 3 b i il
TR Y T U5 B A AL 2R R RA Bl 1 A R g
Jr o SR SE o G,/ BEL W A ok R A0 A g
B, 0 5 1 5 T A R O TR R AN M e A B
P X R 384 Y T R 20 BRI ACH A0 B A A A
B A 5P 29T B IR L DRI, ) AT A R
FEE 200 65 B 175 T A R T A0 1 O T AT AR R
— MR RA Y7 k. MHTA 40 2 52y 2 KU
I R BB E I BT A T AN I 25 SVA0T it Ji 5k
DR 2 Al i o i LA R E M O 40 B &R, 4R A RA K
ET 2 FF U AN M 0 R o5, T AR N RA BT 4 FE
FEZ0 B FH F RA M BIF S o ASHIFSE 1 585 254 LCA XF
MH7A 41 Jitd 3% 5 0 240 B 0 T 1 52 i 7 Sl OF 245 5%
BT B AR AR . 45 TR, LCA fEAT LAY 3 MH7A
2 o 448 5 M 5 MHTA 40 8 i 08 72

%5 LCA40 pmol-L"' A -F MH7A 4} K [E B} i8] S 49 & 5 REHER (3£s5,n=3)
Table 5 Protein expression of MH7A cells treated with 40 pmol- L' LCA at different time points (x+s,n=3)

215 W BE wmol- L7 25 241} ) /h p-ERK/ERK p-JNK/INK p-p38/p38

7 - - 0.53+0.06 0.07+0.01 0.16+0.11
LCA 40 1 1.15£0.04" 1.05£0.10" 0.51+0.24
2 1.07+0.05" 0.7120.03" 0.62+0.10
4 0.54+0.18 0.08+0.01 1.07+0.08"

8 0.52+0.02 0.16+0.03 0.74+0.35

12 0.59+0.20 0.060.02 0.63+0.12

16 0.86+0.02" 0.07+0.03 0.61+0.34
24 1.23+£0.22V 0.29+0.15" 1.0240.33"
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®6 ARIRELCAN MH7A K EAREMHI (Fxs,n=3)
Table 6 Effect of protein expression of MH7A cells treated with

different concentrations of LCA (xX+s,n=3)

A% W /umol-L' p-ERK/ERK  p-JNK/JNK  p-p38/p38
2 - 0.61£0.01 0.18+0.04 0.38+0.06
LCA 10 0.58+0.03 0.32+0.15 0.74+0.07

20 0.98+0.18"  0.51£0.30"  1.08+0.08"
40 1.24£0.28"  1.20£0.28"  1.00+0.16"
- — - - 44 kDa
p-ERK | — - e T 42 kDa
IL-18 . - 31kDa
p-actin QPGPS /5 D
A B C D E

A. %5 H 4 ; B. PD98059 41 ; C. LCA 10 pmol-L"' 4] ; D. LCA
20 wmol-L'4 ; E.LCA 40 pmol- L4

B4 MANERKHFFELCAS p-ERKEBRIEMNHIT

Fig. 4 Effect of LCA on expression of p-ERK protein after adding
ERK inhibitor

®7 MNERKI#HIF /5 LCAX p-ERKEARIZEHEMW (F+s,
n=3)

Fig.7 Effect of LCA on expression of p-ERK protein after adding
ERK inhibitor (x+s,n=3)
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