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Intervention effect and mechanism of second generation proteasome inhibitor
on rheumatoid arthritis model rats
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Abstract: Objective To explore the intervention effect and mechanism of the second generation protea-
some inhibitor on rheumatoid arthritis model rats. Methods Thirty healthy SD rats were selected,and 10 SD
rats in the normal group were not treated, while the remaining 20 rats were modeled and divided into model
group and inhibitor group with 10 rats in each group according to random number table method. SD rats in the
inhibitor group were intraperitoneally injected with the second generation proteasome inhibitor every 2 days
from the first day of successful modeling. Arthritis score of model group and inhibitor group were compared at
different time. Tumor necrosis factor-a(TNF-o) , interleukin (IL)-6,1L-10,alanine aminotransferase (ALT),
aspartate aminotransferase (AST) levels were detected by transmission turbidimetric method. The expres-
sions of nuclear factor-kB (NF-xB)/p65 and IkBa were detected by Western blot. The levels of IgA and IgM
were detected by enzyme-linked immunosorbent assay. Results Compared with the normal group, the levels
of TNF-¢,I1L.-6 , ALT,AST,NF-kB/p65,IgA and IgM in model group were increased, while the levels of IL-10
and IkBa were decreased, with statistical significance (P <C0. 05). Compared with model group., the levels of
TNF-¢,11.-6 L ALT,AST.NF-xB/p65,IgA and IgM in inhibitor group were decreased, while the levels of IL.-10
and IkBa were increased, with statistical significance (P<C0. 05). Conclusion The treatment of rheumatoid ar-
thritis model rats with second-generation proteasome inhibitors can regulate inflammatory factors in rats and
reduce the severity of arthritis by activating IkBa and inhibiting NF-«kB/p65 pathway.

Key words:second generation proteasome inhibitor; rheumatoid arthritis; tumor necrosis factor; im-

munoglobulin
KRBT RAEN —Fh B B e Mg, £ IR T RAR b K 208 55 W R A5 A 21 Kt
EE® . £ 5 FIREIN, EZNFE R R ZRHE RS .

A A B AR B A AU PR ) 50 X 2 DR DG T AR A Y R A T TR AR AL AT S LD ] [ B g R o AR
2021,42(13):1606-1609.



EfrhlhE¥4F2021 £ 7 A% 42 4% 1338 Int ] Lab Med,July 2021, Vol. 42,No. 13 + 1607 -

BIT 2 R W e T S IE R g
BRBHERTRELEDXTRE R E . AERENE
I RN EBR R S — Bh 4 B P G B ™ S ] R
A 3G T L B R R BB L R R T
& B3 oy O T T QY B A R e L 8 T AR R X R Pk
MG 32 B0 R 1 R B BT oK 58 42 B ff
HRTIZ AT R e BNA 7 i BEAE 25 . R AR K AR
Ry o AR AR R AR AR T A — AR A
;L HAT P2 & MBI 0 A E R AR EE . HoBE
— 5 TR B IR 2 KR R T R A T ] T B
(NF-«B) 16 £k » 410 1] 10 -1 200 1 10 - A RO & 1EL 2R AR
2 A R R A T PR YR T 28 KR G T & B i
WSS AE . T LA A RIS AT A A R A o R
X 24 R P G Ty R A K IR BE AT IR YT B TR AR AR —
AR R ¥ TR 1 i) 5] e 28 IR P O Y R A AR K R T
T R A AL

1 BREFE

11—kl selcf@ B SD AEdE R R LA R
JNFE]D) 30 HL, K A 165 ~ 190 g, F (177, 5 £
11.87) g 4% M BEAIL K 5 % 40y 1E 5 21 L BE RV A 410 )
FI4l .4 10 2, F 23 °C.45% ~55% Vi B 70 55 T mg
IR K SR #E AT IH R S KR A
g,

1.2 FERH RIELIL NF-«B/p65 v B P ik
(CST 227D s BRI #% H F-«B il 8 1 o (IeBa) 51 58
PR (Abcam 28 7] s R AR K CLREFER % A R A
A 5 58 4 i T4 ) (b o PR T A R AT BR A D
1.3 Jik

1.3.1 KRB RER Ay .S Rk
BB S RS R Y R L 30 HUR RUIE # IR R 1 )5
JE L IEF A 10 B SD KA TR B, X Fl 4% 20 AR
HEATEERE . X AR Y 4 K B R A o A AR B A S R
THEE TN E2B AR, B H 0.1 mL.1 JHKHE
BEAYZ BRI R BRAE R T H s W R
ANGE AR IR T om AL S 8, A 11 d J5, 45 41
TR R B L R AR A N A AL 4 B P O

y

|
A B

TE A IER AL B ORI C g i 4

BF AR BT . e AR Ty 18 L, B L 43 o A
BRI 9 HL A 9 K. 4425 4l SD K B 7E
AL IhEE 1 KRN 2 KK BUE 55 —
A B 3 7 QAR T 0.5 mL DMSO % 71 iy
1.5 mL RAEAK)

1.3.2 W RS AET PR FRAE. LB N
0 43 /NBE DT ERBELL NN 1 43 /N Bk 515 2 o i i
F2 5y BRI AR KR 3 4L BT A HR O
KA 4 3. ¥ bR MEXT R BRI RS AR R BE E AT PR A
JERUG IR RIF 47

1.3.3 bR g tn  SCERES 28 KA, 4 B R
REFE A5 AR B, 78 R BB 3 Bk Ab B 15 mLL % 20 Bk i
BLOEUS PSR, T —80 CUki IR, B IE K
SRR DG S i B4 40, B T — 80 “CUKAR IR A7 FF
Ko HOKR BB G W AR Uk JE w MK L B LA i
3,3 pm FEZY R U] 7 45 T S AT IR Ak B
ZE Wy BN A B i LB . il R R RORS Y
15 min J5 ¥ ¥ 3 K./ 1% HCL-Z B 4> fk 4b 3
30 s IEVEZ A 1Yo ar e fa, (i £ B AT R K
b PR AT I A B RS A8 R R T IR
13,4 KWJrsk RS Gk I TNF-o.
11-6 . IL-10 /ALT.AST /K, % ] Western blot 3E#;
W NF-xB/p65 IxBa £ 11 3R 351 B » SR FH 1 3% 9 5 W
RiF i g A I SD K B Ig AV IgM 7K,

1.4 SZEiteghb3 R SPSS21. 0 84 47 8U4E 58
TP iR R x5 Ron, ZH M BRI £
S S 2ELTB) T A B 3R FE SNK-q #6156 . P<<0. 05 Ry 2%
SAGIERE X,

2 % R

2.1 SRR THBEALHMEE  EwE AKX
T A 2 A, 2R BT OB G i B4 2
AR UL FE L AR 3 AR B G R L AR A L AR A
LR 21 R BRSOG4 0 VRS R 4, 3 S 2 2 48 B R
HAAE IR A KB 1 5 0 i M A 1= 5 300 R0 2 KRG
T A 220 M B AR D R R D Y R A
2. WK1,

C

B 1 EHRRAXTRRMEE(HE 8, <400)



+ 1608 - EfrhhE¥LF2021F7 A% 42 4% 138 Int ] Lab Med,July 2021, Vol. 42,No. 13

2.2 R 2 S R T A R BRAS [ R (] 5 58 48 oy
P HEAUSSE 714,21 K, 40 R 4R B T R

X(P<C0. 05) ; 5 #1820 A bb, #0457 20 K B ALT,
AST /KR B, 22 5 A G it 2 38 L (P <<0.05), WL

TR 20 R B, 25 A S i 2% 3 L (P <C0. 05),
W1,
®1 MHFNASERAXARFEMESXH L
EHL(x+s), 5]

215 n ¥R 514 R ¥ 21 R

LT 4] 9 2.4640.52 6.1840.88  12.0941.39

00441 77 26 9 2.0840.42"  4.3140.61° 6.5241.03"
L S5 RITYIA .t P<C0. 05,

2.3 SHKRBAARNRIEN TR 5IE 444

H, B 4 K B TNF-o 1L-6 K F+,IL-10 /K F
W, ELA I F) 41 K B TNF-o 1L-10 /K F [, IL-6 /K
S FTF. 2R A SR E X (P<C0.05) s 54 KR
AHEE 4 0 500 2H K B TNF-o 1L-6 /K F T B 11L-10 7k
R, ZER A FE X (P<<0.05), WWE 2,

250
m EEE

200 HRAH
2 150 2 .

g/mL)

B (
®
o

100
] T
& 50

0
TNF-o IL-6 IL-10

S5 IER ML, P<<0. 05; SER LA L, " P<0. 05,
2 FZHKBEA TNF-o,1L-6 1L-10 7k F Lk %

2.4 YRR I 4140 NF-«B/p65. IkBa M
TR KPR 505 4 AR H A R 4 A R OGT
HZ NF-kB/p65 K FF, IkBa KT K, B 405 )
ZH KRR T U I 4 20 NF-«B/p65 /K - F [, IkBa 7K
F BT, ZRA G E L (P <C0. 05) ; 5 A 4 4
L o 30 461 500 4 G 9 B 4 21 NF-«B/p65 /K F T .
IkBa K EFH. 2R A/ 52 L (P<<0.05), I
& 3.4,

W | — — —

IBot A asssas S

pectin DD A A
A B C

TE A IR 240 B R BEALL s C i
B3 BAXRXTEEAL NFB/p65,
IkBae EERIZER

2.5 FHAHKK IgA IgM KFEHE SEWFHME,
BEAUZH KB IgA L IgM K b, B 4 7] 20 K B
IgA IgM 7K F B Fb, 2 5 A G it 22 = X (P <<0.05);
SRR L 0 5 AR B TgA LV TgM K TR R, 2=
SES I E L (P<0.05, WE S5,

2.6 H4KE ALT.AST KFH  5IiF % 44
I, MR 2H A R ALT L AST sKSF -, H #0567 20 kK
BUALT K F R, AST K EF. 2R A5 2

&l 6.

2.0+ a
B EHE

HEA
& )48

BERRIEKE

I
[
1
i

0.0-
NF-kB/p65 1kBa

TS IE R AL, P<C0.05; SR A 1L, " P<<0. 05,
4 £ HKE NF-«B/p65.1cBa T B 5150 L&

8.
W A

" a i
a
S T -
o 4- ab
® a
@ 24 T ab

0-

IgA 1 gM
W 5IEEAME, P<0. 05; S M ., P<C0. 05,
5 FZHKXR IgAIgM 7K FE L5

800+

[ nae

o004 a HRARILE
g T - I
R 400 ab
na
&

200- a @b

o_
ALT AST

B S IER A P<<0. 055 SR AT, P<0. 05,
B6 HAXRALTAST KFHE

3 3t it

B A 56 5 48 S — Ml LA 56 5 95 748 o 9 18 1
FI B G0 8 k955 9 5 128 A AT ] 48 % BE 2 0T % 0 L
20~50 ¥ A E, L ERREBEN 2~3 5. &
SRR B R O e i P g = 53 A ARk i e aFTIN
I — S Y 25 A AR R IS S T R,
9% AEA il 8 AR PR R S AR P A
AL T —CHE R0 61700 1 5 B B2 &b
Jed (00 V0 Rk AR B M O AR . R AR R AE A AR
B P S 50— A S RS AT i 4 4 5
i T 2 v B R A

GRS R A KRB X TR ELE KBS
HUR R SE A & B 6HE Y, TNF- 1L-6 ,1L-10 &
I PR3 R H 89 & E I F il o & ) TNF-a, IL-6 .
TL-10 7K - BE % %5 g W1 3T 28 XUIE A 56 45 48 & 8
P L 20 ST T R R % 0 i T A R
RN RENTHE SR RHN T EKHE T &
IR 755, B8 5| & ROAE » AT 5 B 1 B A0 .
AL A BT B L 28 KRR S 4 K R R M bR



EfrhlhE¥4F2021 £ 7 A% 42 4% 1338 Int ] Lab Med,July 2021, Vol. 42,No. 13 + 1609 -

WA H B B 6 SRR M 56T R R AT A AL
IRYT - BERE I 325 R P Aw 5 9 K7, 400 i ML A4 98
N o ASAIEFTEE S R R A AR B A 1 5 X
28 KR ST R K R AT 3697 J5 » K TNF-a,
IL-6 7K FF [, IL-10 KF - F, 3B TNF-o.IL-6,
1L-10 B HZHY 2 N TNF-o 1L-6 . 1L-10 #4745
A Bl T I 288 R DG R 1 R A LR R A B

ALT FFFE T 4 Fh 40 A P9 o LU I L0 J0E 41 22 40 fifg
o Y R A AR i, ALT K 43 & fu 1 ot
AST F= 255 A0 A8 0 L, U2 BE B 85 UL A5 21 41
FET RS B T R L 28 KB LT R R R
ALT AST KF-5 % EF #1708 80697 I - 28 KGR
KR KR ALTAST /KFREE . BT 4R R .
8RR 28 AR B PTG A AT ) 7 T 28 R A S T R R R
WATIBIF . KB ALT.AST KFEFRE. 5 ERBESE
— S0, A TS AR A o R0 X 2 XU M G
TR KBMRIT RO AT

A5 GERE 7R NF-kB 7E AR 2 9 5E M5 58 1 1)
JET o B R AR M S N R A AL A R
LI NF-«B 25 Z 4 K1 28 0845 it
AT A . Toll Z 4 40 M N ¥ 52 & X ik 5 AL A L A
HEE R, A HFSE R NF-«B 105 AL m 52
T8 A % 2 (B A7 AR DI R L TE G AN i %
SIS WL 28 o e FE R R ARGl it & A
BEAR R A NF-«B Al 85 A 1B, 2 5 9835 5% R
4 NF-B (19 3% 0% FF-I6 28 . NF-«B 38 & DL Jois v
HITE AT AE T R 52 i 35 0 4 i P HC BB g 0 1 S0
RN LI A0 3 T K AN B O T A BIE O 4 R R
I A A AR AR A A A R X 2 KU M ST R R
AT IRYT . BRI HOE TxBa, M NF-«B/p65 i i

25 RTS8 KR
P 5T R T R BUHEAT IR U7 B 2 3 i B i) NF-«B/
p65 3 [ JH T R B N 1 R B2 L BRI G T 56
) 7 R B RO

S % Uk

[1] SPARKS J A.Rheumatoid arthritis[J]. Ann Intern Med,
2019,170(1) . ITC1-ITC16.

[2] LITTLEJOHN E A.MONRAD S U. Early diagnosis and
treatment of rheumatoid arthritis[J]. Prim Care,2018,45
(2):237-255.

[3] MARCUCCI E,BARTOLONI E,ALUNNO A,et al. Ex-
tra-articular rheumatoid arthritis[ J ]. Reumatismo, 2018,
70(4) :212-224.

[4] VAN DER WOUDE D,VAN DER HELM-VAN MIL A
H M. Update on the epidemiology., risk factors,and dis-
ease outcomes of rheumatoid arthritis[ ]J]. Best Pract Res
Clin Rheumatol,2018,32(2) :174-187.

[5] NEUMANN E,FROMMER K,DILLER M,et al. Rheu-
matoide arthritis[J]. Z Rheumatol,2018,77(9) ;:769-775.

(6] BRBAHE, Bhive il R BB, 55, MEYE Lewis KEUAFIF X
TR [ S 5P LT 1 BE R R 2= 2R, 2019, 50
(10) :1453-1460.

L7] A%, Rarak, XU & 4. 5% 28 UM OG5 & KL TL-23/
IL-17 55 il Ko A OQ i R ME IR iy g L) ], B 4T &
Z=35,2020,39(12):1491-1498.

(8] XI5, 38¥y & 45, 55, Fyleif OF bb il ik 5 5 Lo ik A )
MRz C my g2 e (I ], h E AR E A, 2017, 55
(21):96-98,102.

[9] SIGAUX J,BITON J,ANDRE E,et al. Air pollution as a
determinant of rheumatoid arthritis[J]. Joint Bone Spine,
2019.,86(1) :37-42.

[10] GOSSAGE DL, CIESLAROVA B, AP S, et al. Phase 1b
study of the safety, pharmacokinetics,and disease-related
outcomes of the matrix metalloproteinase-9 inhibitor an-
decaliximab in patients with rheumatoid arthritis[ J]. Clin
Ther,2018,40(1) :156-165.

[11] CHOUDHARY N.BHATT L K,PRABHAVALKAR K
S. Experimental animal models for rheumatoid arthritis
[J]. Immunopharmacol Immunotoxicol,2018,40(3):193-
200.

[12] BTS2 15 0. T miR-217 M S KB T3 & B &
A1 JE i B A 0 M A M S g ) S B A SR L ). ] e 2
% ,2020,36(8) :933-938.

(1370 P SR 350, 5 AH 45 PRI %o 28 XU M 0G4y 48 KRR A o
S K e R A o T s e [ 0. A 4 4 AR 2020, 36
(4):574-577.

[14] B A LM B FIRIF NG RA B MW RAE
PRl 7K B B A% 200 B 8 BEE 0 2 24 400 B 4% O PX - 3 I
FsgE[)]. A BE2,2020,60(3) :50-53.

[15] SRABHE AR, BT 8, 5. SC RS20 M S KB M e 7 &
KELME 1L-6.1L-8 & TNF-o W52 m[J]. & & #: & =
2£,2019,17(5) :305-311.

L16] FeWc, FE LT, F5 2 T FE 20 7 o 2 32 w6k CTA KBRS
T B 5 A FH B3 005 155 0 f % b k5 L . i Bt v P R
7 ek ,2017,12(3) :357-360.

[17] 2%, FAL, 9 4E. Foxp3 W MR 1k 8 o W 42 98 15 1t T 4t iy
REXT 28 K 561 R K B TNEF-o 310 AR 2552 Wi (9 53+
HUT LI . e PR 0 52 8 2 2 ¢ 7 2020, 19€9) 1 921-924.,

(18] B 7, sk il oK  BR 52 , 4. A % 28 R OG5 & R B I IR B
O EH R 2 B BB AR g L) . [ b BE i R
R ,2017,23(9):1284-1287.

[19] S5 M-, 14 A, B0 S 55 CHE B 2 2R R IR A R 4 B v e
TR AT 9 KB NF-kB/ 1B {5 538 B 1 52 ma [ . h B2 24
A4 ,2018,46(5) :18-24.

[20] X WN, F &8k TNF-o/ NF-«B {5 5 8 8% 76 4 75 % 28
i R B2 KU M 5G4y 4 mh R VE LT . o [0 ) A 3 2
#,2017,33(4):373-376

[21] i SR A TR/ A R AR AR AR R BRI KGR O Yy
SMGRIT VR B ML IS¢ L) ], #i v B2 2%, 2019, 41 (14) «
1480-1485.

U F 91 :2020-10-22 4[] H 9. 2021-05-17)



