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[ Abstract] Objective To investigate expression of YAP in idiopathic membranous nephropathy (IMN). Methods
Expression of YAP protein in IMN patients and normal renal tissues was detected by immunohistochemistry. An injury
model of the human podocyte line MPC5 was established in vitro with C5b-9. Expression of YAP protein in podocytes was
detected by Western blot. siRNA transient transfection was used to silence YAP gene expression in podocytes. The
transfection efficiency was assessed by qRT-PCR and Western blot. Podocytes were divided into four groups: control, C5b-
9, C5b-9+si-NC and C5b-9+si-YAP groups. A CCK-8 assay was used to assess the proliferation activity, annexin V-FITC
double staining combined with flow cytometry was used to assess apoptosis, DCFH-DA staining was used to detect the
content of reactive oxygen species (ROS). Western blot was used to measure the apoptosis rate. The expression of podocyte
marker protein nephrin, WT1, tight junction protein ZO-1, phenotype transition protein snail and fibronectin was detected
by Western blot. Results Compared with normal renal tissue, the expression of YAP in IMN was increased significantly
(P<0.05). With prolongation of the C5b-9 stimulation time, the expression level of YAP protein was increased in
podocytes (P<0.05). After si-YAP transfection, the mRNA and protein levels of YAP in podocytes were decreased
significantly ( P<0.05). Compared with the control group, cell proliferation in C5b-9, C5b-9+si-NC and C5b-9+si-YAP
groups was decreased significantly, while the apoptosis rate and ROS content were increased significantly ( P<0.05).
However, compared with C5b-9 and C5b-9+si-NC groups, cell proliferation in the C5b-9+si-YAP group was increased
significantly and the ROS content in cells was decreased significantly ( P<0.05). Expression of nephrin, WT1 and ZO-1 in
C5b-9, C5b-9+si-NC and C5b-9+si-YAP groups was significantly lower than that in the control group (P<0.05).
Compared with C5b-9 and C5b-9+si-NC groups, the protein expression of nephrin, WT1 and ZO-1 in the C5b-9+si-YAP
group was increased significantly, while the protein expression of Snail and fibronectin was decreased significantly ( P<
0.05). Conclusions This study showed that YAP protein expression in glomeruli of IMN patients is significantly increased

and silencing YAP gene expression in podocytes significantly improves C5b-9-damaged induced functions and

inhibits apoptosis
[ Keywords]

B 15 9% ( membranous nephropathy , MN ) J2& 43
B A B e 25 G Ak i) E B P R A Y
AR P2 259% ~ 30% 9 MN HE % 5 HE
BUBIRAH G, TR G VR LL AR B g S A Tl
o B A T | RS Y R e M g A5 T 2 4 D D A
AN BB SRy R P B M S (idiopathic
membranous nephropathy , IMN) |, J& # £ 15 70% > |
JRUEEAFREE XS IMN A9 HF 5070 AR ic 9 i 01 5
WG 7 — 5 By (LR A R A s L AT A
B B RS20 T IMN 3R 9T R TS

BETERTSEUESE IMN 2 — Fh AL G e 2 5 Py el
VAP e E WU T B /NER bR, JF 51k
MR S O B OMA IR A it 525 ) C5b-9, it
T3 475 FEL 200 L 9 1 RS 45 F) B D) R B A DG
HHp IR CSh-9 A S 2 4 MR 5 7E IMN
HAF BN Z AT AR U A O I I i ) Y C5b-9
X 2 20T 7 AR B AR 0 0 A 58 AT RS8OV, (ELRE RS
W AL AN b 2 TP A5 50 B R A K SR
F % %A (reactive oxygen species, ROS) & & H 47
5, B A A TR S AR i A A (RIS AR | 4l
B 2R AL A T A e A B /N R ) B i B
CARE PN w1 e AL EUL VTR S 1SS ¢

idiopathic membranous nephropathy; YAP; C5b-9; podocytes

A Yes A% £5 H ( yes-associated protein, YAP ) J&
28811 Hippo {5 5 % 1Y 2400 72—, HAE
P 5 A R RISE TS E A ST B A
AEEHATY AR, B Xt YAP/Hippo i %
1E B B AR E U, AR YAP 55 1)
SH RIS G T 2R ORI R R
SRIMAE IMN 7 YAP 76 B 4120 i 338 B A AR
A HGE . ARPFSEAGE TR SE YAP 1Y IMN B3
Hg ek, IR CSb-9 405 15 /INER AL 40 i A A A1
REAY T ) B AR G AR T, DU i — 2548 7R IMN
() &AL
1 #EF7E*E
1.1 ZIw
1.1.1  4ijfg

B /NBR L 4N MPCS 41 280 [ A R B
A B
112 I RARAS SR U

PEHL 2018 4F 2 H % 2020 4E 2 A Fig O H AR
BE e B NARHRIZ I IMN 5 121 B (IMN 41) |, Ay
BE B IEAEESN IMN, Hog B4k 62 ], %k 59
] SFIAE WS (47.1£3.9) %, 53 BUAEIS M0 AR DT



P PR PR AR 275 2022 4E 3 A4 32 %45 3 1 Chin J Comp Med, March 2022, Vol. 32, No. 3 3

e Py [ s 03 6 e s PR ABHA T ek 98 10 3 R 1) 9 5%
TEH X BRI 2120 91 ) (Normal 2H) . ZIASRUE: (1)
A ZiRE W =18 % (2) IMN £54 Ehrenreich-
Churg 12 WibR e | ELHERR 281 PR 92 R} 2 A I S 5
AT R IR R E IMN B3 (3) 28 # ABERT
3 A AL FHAT AT S 38 400 11 5510 | 40 B 75 v 24 0 ok
FRUMER S (4) IMIRPER e 3%, H A K B8
AE R, ARSI G EOR, H &
F N R B Befe B2 51 254 #fE (2018 AKB206-01)
1.2 FEAFEME

DMEM/HG 85 3% 3 0. 25% B B ( 35 E Hyclone
] S AD13203319 . AD15802247 ) 5 Jif 2 it ¥
(ZEHE Gibeo A7), L5 :11416-791) ; TRIzol | 2 %
Sk ) &L 7 Y2 iR 77 Lipofectamine 2000 (36 [
Invitrogen 72 A, it 5 : 4339218, 426019, 711035 ) ;
SYBR Premix Ex Taq ( H 4% TaKaRa /A A, #it 5.
T108241R73661) ; CCK-8 ik 7] £, Annexin V-FITC
YA TR & BCA B e Bl & RIPA 21
U5 R FBEHM 7 (V9828 KA R A A
it 5. C191029, C200914. C190518, ST170514 .
ST190211) ; DCFH-DA 7 & ( 3&[H Sigma 24w, It
. EZ1911D0032) ; T2k YAP f) siRNA (si-YAP) &
FAEXT BR8] si-NC ()N B A P H AR A R 2 A
fIt5:201029BZ) ; #MAK B 8 44 fdt FE A 35 5 & 1l
7% (normal human serum, NHS) ; A #MA CSb-6 B &
Y ( L E Merck 23 A, fIL5 . M1129) ; K $T YAP,
p-YAP B-actin HUA ( 35 [H Cell Signaling 237, L5 .
191128,200711,20120706) ; K FR#HT Nephrin, WT1
7Z0-1 ( £ [E Cayman A #l, it 5. CI1908A04
C2004A16 ,C1811A26) ; 4t Snail , Fibronectin ( 3¢
Abcam A 7, 415 ab924417  ab101732) ; Ha i K B
SRR bt (L = M AR R A R A A
5. A190211  A191122) ; qRT-PCR 5| ¥ 1 i
TAM, BERBBR RS, BER UKL, PCR J qRT-
PCR ¥ ( 3 [ Bio-Rad 24 7], #5 ;005 ,X10-7 , T10-
9 105) ; i 2 4 M A FACS-Calibur ( 35 E BD /A A,
A5 FACSC-11) 5 8] B ¢ % Wl ( H A Olympic
AN BS 536 CKX-19)
1.3 XWHE
1.3.1  Edd 214k 2% %4 4 (immunohistochemeistry ,
IHC)

W 15 T 4% WV W) B L SR AS SR AT 5
AR YR AL TSR Y) AR, R B

JE IR, 3% W3 Ak S0 B o TR M AR
il , =5 AT IR IR SR AT B JRAK B, 5% 11 A 1ML 3 11 2K
HE PRI , AR RS H YAP HTiR(1 = 800),
ACHEH LA, MAZHT(1 = 1000) FilR#FHF 1 h,
DAB B, SRR E Y, P MR E A )5, B T
pUE S E I

1.3.2  ZHAERYEE SR F gy m o A Ab 21

MPC5 7E5 10% 64+ 135 A1 1% 5 5557 R IR G
) DMEM/HG #5573 3-8 F 37°C,5% CO, 5
FEEE AT R IR, B T B A K ) 2 A
0. 25% [ JRREF FUHAL IS , # Sx10* A~/ FLEF T 6 1L
B, 24 4 i A K Rl 2 70% B, 275 Lipofectamin
2000 % Jik 3 16 B 5 7 20K Opti-MEN F B 5 1) 5
Yk & si-YAP o si-NC #% 1 ¢ 1 FbfilinA 2 4iiarh
PEATHE Y 6 h J5 BN BT B AR RS 48 h R
I qRT-PCR J Western blot SIS RGN B YR B
S5 S0k i, (8 I ¥ A 9 ) CSb-9 5 NHS
HEFT AL B MPCS 4HHfL, IR A A5 Ry 4 41, I8 55 57
# MPC5 4 }g ( control 2H),0.4 pg/mL ) C5b-9 5
NHS ZbFEF) MPCS 20 it (C5b-9 4H) 1 0.4 wg/mL )
C5b-9 5 NHS Kb si-NC 40 ( C5h-9+si-NC £1) il
0.4 wg/mL A C5b-9 5 NHS 4L B A si-YAP #f fifd
(C5b-9+si-YAP 41) , AZHANAS & F LR AR 55
TR 48 h 5 TSR SR OS5
1.3.3  SEATZOEE E PCR(qRT-PCR)

B8 20 155 T J2 41 Jifg , TRIzol % & B 4 g H &
RNA, B I % 5 iR & R e sk i cDNA, S %
SYBR Premix Ex Taq &7 & U4 W] 458 % qRT-PCR
FNAR 2 B 44 qRT-PCR BS54 M . YAP-F;
5’ -CAAGCTGGCTAGCGTTTAAACGG-3 °, YAP-R:
5’ -GTAGTCGGATCCTAACCACGTGAGAAAG-3’ ; B-
actin-F: 5’ -CCTGGCACCCAGCACAAAT-3" , B-actin-
R:5’-GGGCCGGACTCGTCATAC-3" , L B-actin 1
KNS IR 2 g PRI A R E R
ik,

1.3.4  CCK-8 Kuilll i 4 i 34 58 % 7

BOSEUE KIS AL 4, 42 1x10° A/ FLEEFh &
96 fLAH, TEEFRAH PSR 0,12 .24 48 h JF A 10
pL CCK-8 7], A2 5 1 h i, ZEBEFR{Y 450 nm J%
KA & FLOCEE FEME, BELH BRI ) AR 3 4
B, BRI oM 25 AL AN A RS TR T
1.3.5 Annexin V-FITC ${H% kB4 i =0 40 o AR 46
DU 20 A T

B 3% 48 h )5 R4 41 40 e, H K0T 1k 40 i



4 rhE He AR R ek

2022 4E3 A% 32 55 3] Chin ] Comp Med, March 2022, Vol. 32,No. 3

J5,2000 r/min B S min J5, B IEGTIE A
195 wL () Annexin V-FITC 254 A7 240, b
JEERINA 5 ul 5 10 pL B V-FITC 5 PI 444,
FOTIRAIJE 37°C#OCIFE 15 min, i 38 40 i A B
J& , BT

1.3.6  ZHMEANTEPES(ROS) Kl

HOW A A K 0145 4L 40, 4% 5x10° A/ FLisfh &
6 fLik P, FRan i AR KAl A & 80% I, 3 & R KR 57
W, BALIMA 1 mL &€ B R 5 pmol/L ) DCFH-
DA ,37°C %8 30 min J& , PBS PEik4iia )5 , W an
JiL, 7 FH S S A A T A, SIS A A 3 UK,
1.3.7 Western blot 22I&

FUA%- 2L 157 00 40 B, 85 RIPA 200 o 2 fie ik K% 28 1A
B4 100 « 1 B LBIEATIR A IS , S EAn
MIE,4°C T 24000 r/min .0 15 min, W4 FiF
W, BCA i T A E &, IR H B2 iR s
PR R o 2 Wk K iR P 5 min, 10% SDS-
PAGE LUK, % B, 5% i RE Wk =5 Ui T A7 oA f
P2 h 5, A YAP(1 : 500) Nephrin( 1 : 1000) .
WT1(1: 1000) .ZO-1(1 : 1000) F1 Snail (1 : 800) .
Fibronectin( 1 : 800) M B-actin (1 : 2000) ,4°C $& K
WFE R, BES AR, —Hi (1 : 10000) , TBST ¥
WPERL S , A ECL & GH T Bio-Rad EZR 53T {Y
J&ﬁ%lﬂ%&%iﬁﬁ?ﬂ?ﬁ, Ll B-actin j{]ljil%%, el
MR HRIAAKF, S pph s 3 K,

1.4 FitEHZE

GraphPad Prism 5.0 #4758 8T, s 45
FH IR bR IS (x2s ) T, PR B REA ) ¢ K62
55, 2 o ) b 3 R FH IR &R 7 22 70 B ((one-way
ANOVA) , i L 32 K H Turkey #5%:, LI P<0.05

7 . 5 Normal ZHAH L, * P<0. 05,

T EFAAGITFEX,
2 SR
2.1 YAP 7 IMN BARAFRRIE

HC 3o 25 8 B 7R Normal 4B /NER P A /D
YAP & 3Rk, H 32 53Rk T 41 M 53, ifi 7F
IMN 5 YAP 35 AR B /Kb 2R B B3 i (P
<0.05), HZHRATHMZ D (K1),
2.2 C5b-9 HiERMAH YAP (S FRIE

Western blot SE3525 5 i 7, B C5b-9 H 3 st (1]
MYIE A, p-YAP £ [ 3R IATC W] b A2 4k, i AF w2 1k
YAP (A FRB B, BLLL 24 b #8 i $ids i
B HOR M p-YAP/YAP AR FE C5b-9 H3
J) 1T AN R AR ( P<0. 05 ) . T 7E 4B L p-YAP 25
ASREHE AR DLSOTE T e L P B % 5k, (H YAP
HEENRE S 58 ) EARVE R, $£78 C5b-9 BE 8 T
YAP fF5RE(E 2),
2.3 g si-YAP FERMAF YAP mRNA REH
B RIEIKF

qRT-PCR } Western blot 3% 56 4% 5 i 7R | 4% Y
TUER YAP iKY si-YAP J5 L 400+ YAP mRNA
R R AR KT 34 i R AR (P <0.05) T 4% e
si-NC J5 /2 240 oI 222 4k (P>0. 05,181 3)
2.4 E YAP EE X C5b-9 Fi /5 B 2 40 A i
E:ab=A1|

CCK-8 #rllzh S 7R , 5 Control LA HE, C5b-9
ZH .C5b-9+si-NC 4 2 C5b-9+si-YAP 44 M 1% /114
B EFEAL(P<0.05) ;/H5 C5b-9 411 C5b-9+si-NC
HAHEL, C5b-9+si-YAP ZH 40 ff 7% 1 & 3 m ( P<
0.05) , A2 JC A i 22 5 (P>0. 05,81 4)

B 1 YAP 7€ IMN FA18UR iRk B 51N

Note. Compared with Normal group, * P<0. 05.

Figure 1 Expression of YAP significantly increased in IMN renal tissue
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;5 Control HAHIL, *P<0.05,

B2 C5b-9 #iE LA YAP (55 %k

Note. Compared with Control group, * P<0. 05.

Figure 2 YAP signal expression in podocytes activated by C5b-9

TE: A :qRT-PCR K 2 41 F YAP mRNA 235 ;B : Western blot £l 241 YAP & 135k, 5 Control 414 1L, *P<0. 05,
3 B si-YAP J5 AW R AU YAP mRNA MR H A&k
Note. A, Expression of YAP mRNA in podocytes was detected by qRT-PCR. B, Expression of YAP protein in podocytes was detected by

Western blot. Compared with Control group, *P<0.05.

Figure 3 Expression of YAP mRNA and protein in podocytes was significantly inhibited after transfection of si-YAP

IE: 5 Control HAALL, *P<0.05;15 C5b-9 HAHLL,*P<0. 05,

4 PUEK YAP LT C5b-9 305 19 A2 240 I T 0 52 )
Note. Compared with Control group, *P<0.05. Compared with
C5b-9 group, *P<0. 05.

Figure 4 Effect of YAP gene silencing on podocyte

activity after C5b-9 stimulation
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5 ULEK YAP FEPRG CSb-9 RIS AN E TR
Note. Compared with Control group, *P<0.05. Compared with C5b-9 group, *P<0. 05.

Figure 5 Effect of YAP gene silencing on podocytes apoptosis after C5b-9 stimulation

.5 Control ZHAH L, *P<0. 05; 5 C5b-9 HAH L, #P<0. 05,

B6 ULEK YAP JERXT CSb-9 MBS AN ROS /7 AL R
Note. Compared with Control group, *P<0.05. Compared with C5b-9 group, *P<0. 05.

Figure 6 Effect of YAP gene silencing on ROS production in podocytes stimulated by C5b-9
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TE: 5 Control 1AL, "P<0.05; 5 C5b-9 414 1L, *P<0. 05,
B 7 YUK YAP BERXF C5b-9 RIS 2 4 b R A AR G PR 1 Nephrin \WT1 M BB A 1 20-1 FIRAYEEAR A 1 Snail 5
21 3% 8 H Fibronectin 3k 521
Note. Compared with Control group, *P<0.05. Compared with C5b-9 group, *P<0. 05.
Figure 7 Effects of YAP gene silencing on the expression of podocellular marker proteins Nephrin, WT1, tight binding protein

7Z0-1, phenotypic transition protein Snail and Fibronectin in podocellular cells stimulated by C5b-9
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5555 V) A O, SR 1 L EL R VR AT A AR 4,
Campbell ZE'VBF5E &I, YAP 25 [ BB 44 20 T 25 1)
H) WWW 25K 38 5 0 58 25 11 dendrin [ 4H C 751
PEATES A, AT 0 3] 400 A% P9 O O T 45 S I A SR
R B R SR ML R TS S A T
[ RETE Jay 0 B B /N ER B A b ) A2 Al A N
YAP & A S s di D, I 1 35 5 e SR AT 4 1 7
A BRI ERNT XS ST R YAP ZE AR
JE ANA T BE B Ak B /N ER 08 B R B G A
o BRI, AL I R W, 40 A% Y YAP {5510
1 B R ) 2 s BRS04 405 B R T, AN e b
PRI BT (DN) H, JE 40 A% Hh 5 5 R YAP 2R
P55 R I iR 2 AL, LT 75 B2 DN 439
AR IEAHSG S I YAP 36 1T e HLA 1%
DN #ERAME TS [ 4 i ml ) e 8 R
B IR N AMIE ST & B, i Tk R Al YAP 2R
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1 7] BEiE Ak i R I AR OCEE 11 CDK4 Al CyelinD1 #Y
FeIk , DT 75 5 w1k 09 1 2 400 i BB 1 A A i )
W1, 9 K A= 18] 75 5T 240 W 43 Ak, 7™ B 5 e 2 A0 MY I

e, T LA A A 22 43 R4 TME™ ek 2 4
M ER , ABFFEE RSN ST C5b-9 1145 2 21 A
RGP, B2 CSh-O Hlnst 18] () 4K | 2 200 it v
Rk YAP 25 [ () B2 Wi, vt Bk YAP L
FIRHE N E G C5b-9 175 3 1Y 2 20 39 3% P
I, PRTHE 0 ROS 77 A= K e 40 A 63 495 5 1) Joit 40 i
FRVAL NG | RIREHE R YAP 78 2 400 19 5 63k

Ko s 5 vl BEE L 0 47 I A0 M A T e, fEadE IMN B &
HRIE,
ZE b AR T4 R0 YAP & I /E IMN B ¥

B /NER RS N DU A P YAP JE A
FORRRIE I W A3 C5b-9 i S A ML D RE 475 , 4
TR T KA. BAR YAP 16 2 20 i i 05 Hh i B
PRAEIBLRAT R 2 — P05 (A BTS2 YAP
5 IMN {2 I 18 98 A6 71 RS i 42 43 52 30 2 e e
Jehit

S 3k
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P SF 8 T ox-LDL 55 19 RAW264. 7 4L J# T f&2
RAE 152 ]
FEE REA,ZE BE w@' K F L ELHT FHE
(LMK 2 B Se b 2 3 SR ST 3, KB 1300215 2.5 MR 45 —BE R AL, KB 130000)

[HE] B BFSRERT (ICA) XA ALK 35 B2 BE 4 11 (ox-LDL) 755 1 /IN B8R % 15 W 40 0 13 100995 40 fd
(RAW264. 7) JHT- B RAERIFE I , b — 2L B B ICA PLsh kb AR (AS) MPEFT ., Fiik RN IR RAW264. 7 41
JH, ox-LDL %5 RAW264. 7 41 MEA HE IR A0 MaAS 0 WLEE 1CA A% . rp i 700 %k RAW264. 7 410G 1 A0 JE v i
AR SRAEH F 1L-18 . IL-6 FI TNF-a 43 B 52 0, [R] 2R . Western blot 480 ICA Xt Bel-2 ., Bax , Caspase-3 ., IkBa
NF-kB p65 FE AR, &R TCA 0T LR 4IRS J1 , B8 AR 206 0% 08 -3 5 920 3 vk 5 I 40 i 19 9 i 5 R A1
JEIE T TIL-1B IL-6 F1 TNF-o B9 23 i ; K 14 Bel-2, Caspase-3 . NF-kB p65 # 131k, I ¥4 Bax IkBa HIE 1A,
50 1CA REMSURIR I IR B LN A PR T, 410t S R TR 23k, DT W R AE 2% 3h K ik B A Ak 1) & JE R AR

[R8RA]) EFEET; KR F A 08 T RAE

[HESFKS] R-33 [ HEktRIRAE] A [ XEHS] 1671-7856 (2022) 03-0009-07

Effect of icariin the apoptosis and inflammation of RAW264. 7 cells
induced by ox-LDL

LI Tengteng' , XU Dongsheng”, LI Qi', WU Di', ZHANG Yang', REN Liqun'* , LI Xiangjun'"
(1. Department of Experimental Pharmacology and Toxicology, School of Pharmacy, Jilin University, Changchun 130021, China.
2. Department of Oncology, the First Hospital of Jilin University, Changchun 130000)

[ Abstract]  Objective To study the effect of icariin (ICA) on apoptosis and inflammation of leukemic mouse
macrophages (RAW264. 7) induced by oxidized low-density lipoprotein (ox-LDL) , and to clarify the anti-arterial effect of
ICA and the role of atherosclerosis ( AS). Methods RAW264.7 cells were treated with ox-LDL to induce foam cell
models. The effects of low, medium, and high doses of ICA on RAW264. 7 cell viability, apoptosis, foaming and secretion
of inflammatory factors IL-13, 1L-6 and TNF-a were investigated. Western blot was used to assess the effect of ICA on
protein expression of Bel-2, Bax, Caspase-3, IkBa and NF-kB p65. Results ICA improved cell viability and reduced
apoptosis, the formation of foamy macrophages, secretion of inflammatory factors IL-13, 1L-6, TNF-a, Bel-2, Caspase-3
and NF-kB p65 protein expression, and up-regulated protein expression of Bax and IkBa. Conclusions ICA reduces
apoptosis of foamy macrophages and inhibits the expression of inflammatory factors, thereby delaying the development of
atherosclerosis.

[ Keywords] icariin; macrophages; atherosclerosis; apoplosis; inflammation
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Bifi 5 A 5 A5 1 R St R B 25 R i) AR 4L, TR
O ISR I B R A R RIBE T 8 Gl M K 45
F 1= RO A A B 2.9 42, HAE T2 T M
FAB RS, 7 & REEWRIE T 40% VL b, J/ T8
it B RERE AL ( atherosclerosis, AS ) J&—Ff.r»
LB | A2 P TR 2 98 FNT R 2 A BT 5 RS 1) R
iE SR KO R TOAR PR 4405 | 9 VA 400 i
FURIASRRUE BESRL A ol 24 A Lo 2 ) R R BB
Ty KAWL HE AR B, B I A 2 B R
T f R R 2 L G R ) B R B R 1 R/
FVRSE VA L4 1Y 52 e, O 38 3 43 W 22 b A0 B
F, 20 A T G A IR T N R B, 5| R B
TN 4 I R TR BT E TR AN AR B A
SO0 TR, ] v A A R T B R R
B A RF IE SR AS HE A R X,

EEZET (icariin, ICA) B ML S 425 2R
R — R S, R R IAR
PER RS A DU FRERAS BT R B s
P EER . BT, ATV E R, ICA i
S BT p38 MAPK il ERK1/2 {553 &l | VSMC
L RN S =R B BUR TN N vafs wiukz N =N it )
R FRIF ICA X IR B g 40 e 0 1~ LA R 95 PR+
SFUARIRZIR , RPT AS IR YT R AT L

1 #E7TE

1.1 4HA@

RAW264. 7 4k ( 75 MK 22 Az Bl 27 22 e 52
U9 Z WG | BT AR 2 2 B SL g 2 1 5 1 AR
WFEVREE) o
1.2 FERXFSUEHE

DMEM @EibiREFR M ( Hyclone A ), EH) ; i 2k
MLYE (P2, WL R A YR e A IR A R 5
TR R-BER R APUA W (2 E Gibeo 2] ;R F7
H (U 4E5e a7 LE R A R A W] 45 98.0%)
AR B I8 45 11 (ox-LDL, )7 N 25 AR W R AT
) ;CCK-8 ikl & ( L HR m RAEMHEARARA
F]) ; Hoechst33258 YLt if 7 & ( LR A TR
ONHED) AT O (L RS ERHE A RA R s BEA
PREURA & (b 58 RS S H AR BRA ) 5 1L-
1B .IL-6 Fl TNF-ae ELISA {7 & (_LEEES) . TGL-
16M £ 25 BV VR B O L (R VDI B O ALA R A
7)) ;Nikon ECLIPSE 80i 1F & . 5% ( Je AL A% ( 1
1) A BRAFD) 5 £ EAA 2R Bio-Rad T B AL Ik %5 BN &R

e ( BRSO A BRZF]) s MD 42 i 1 6 WO il
P SpectraMax 190 ( 447 1A% ( i) AR
F]) ;4200 4 H b7 ROCBUR i R 48 (LR
fiE) s 818 9 i e A= 9 8 8% ( Nikon {345 ( 1
) FHIRAR) ;CO, THERKEF4E (£ E BD A ) ;
11260 RUKE 2 L+ RF-

1.3 Ak

1.3. 1 ZHiEss IR A SCa o4l

RAW264. 7 4 s JH & 10% Jif 4= 1L 3% i DMEM
FEFEEFRILT 37°C 5% CO, FFEMP 3R 552 K
PR AL G 3, M A A K% 2 70% ~ 80% A it
HERIEFR, 2~4 RABH T LI, HEEFRN
RAW264. 7 4l il 53 >~ 25 (41 ( CON &) | #5572
(MOD #H,50 wg/mL ox-LDL) ICA Ik H /&30 & 21
(ICA 10,2040 pmol/L %4 +50 wg/mL ox-LDL)
i R MR B Y ICA Tl 4b #E RAW264. 7 4 it 30
min f5 , SRV FT ICA ik, | & 41 om A 50
wg/mL [ ox-LDL 5555 24 h, 25 U AEAL B, A
SRR
1.3.2  CCK-8 ¥R A0 1% 77

fii G L3 79 DMEM £ 35 38 1 45 46 FE 40 1 A
10,20 .40 pmol/L ) ICA TAEW ., & BAfLAE=ZT
1. 5x10* A2 A B0KE Ab T X3 5 K308 RAW264. 7
HRLFERNE] 96 FLAR T, L 100 wL, ¥ HR 1.3, 1 35
TR LRy AL PR AR 6 NS, Hige
24 h 5, &L A 10 wL CCK-8,37°C W H 4 h
Ja W2 A FL A Y RS FR I, 37°C FE IR 5 min, BEARY
490 nm ARG I A FL A IROGBE , A0 LG 7 = SE 5
ZH A /X IEZH A i x100%

1.3.3  Hoechst 33258 K40t 1~ %

Wb T35 BUE KA RAW264. 7 40 i ¢ IE 45
fLEZTE 2. 0x10° A B EHERD T 35 3% 6 £L
M, #e B8 1.3, 1 S5 R 4 S Ar 2 b 38 24 b
Ja SR IR, P4 B PBS BE 138, TA 500 pL
49 1) 22 5 W ] 58 W 2R A7 [ % , B [E] 10 ~ 15 min,
Frdwi [ 2 WO F W04 19 PBS Uk 2 &, Bl A500 pL
Hoechest33258 YL (O, P2 IR 8 5 min J5, 3w G
B, PBS Uk 2 i, I BB TOL K, TH T
FRADEE I A IR, B J2 IE W A A% & R3S,
IR O T AR R R Y BB,
1.3.4 04 O Yete

Wik F x5 BUE KA RAW264. 7 40 i i 1E 4
FLEZTE 2. 0x10° 20 M ECE Pl TCH S5 3% i 6
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Uik F R 1301 R A S e AL B 24 h
Jo  FEPERE IR, PBS Uk 2 i, N 4% 22 B W E, [ E
30 min, FHZ B PBS YEM I , A 2 mL JH4L
O YL ,37°C T 30 min, 55 FLEE, Fdaihr O Yo
W, IIAREEZYE 2~3 min, K, HIMARE A, 85 F
LA RE

1.3.5 IR SR B S50 (ELISA)

b F X3 KR KA RAW264. 7 20 it i 1 4
FLEZT 2. 0x10° A ECEE RN T 6 FLAk i, # IR
131 BEgR 4 F R Sz A3 4L AL 3R 24 1 )5 W45 FL
T RE SR T - 80°C P77, /™ % 44 B ELISA 5]
ik BB fE, I E ICA Xt ox-LDL 5 % 11
RAW264. 7 4l fifd ¢ 4iE A 7~ IL-18 ,1L-6 1 TNF-a F§
AR
1.3.6 fPEENH S5 ( Western blot)

BRAE T XA K A RAW264.7 40 il 4% 18 45
fLEEZF 2. 0x10° A4 LR T 6 fLAk | 3%
PR30 L SR 4 S S A A A B 24 h 5, 34
Br AP () 5% 9% 9, PBS ¥k 2 3, 2R 5 e SE 4 i,
PRI 2 240 M S AR 1 A e R AR R Y U B
4, R BCA &tk AR5 47T SDS-PAGE HER
VK, T R R PVDE B L FH B RS 058 &5 6
2 h, IACKE B — PP, 4°C vKA i R SR
552 KH TBST PRt 4 ¥k, AKX 5 min ARG B )G
B0, E IR R E 2 h, TBST YEIK 4 Wk, BRIk
5 min, 32 BE R SHORR 1k 2% R A I 3 7R & B
WA TAEW B 6 )5, N2 LI GAPDH fE &
8 R H Image proplus 6.0 #K 4 47 JK B 43 #7
Western blot 256 i 2 WP 5 K 1) B0 1A B s Tk 8 L
# 1, HWEARKEKY = HWE KW KEHE/
GAPDH 257 JK BE1H. .

1.4 SFitFEH*E

GeitefR A SPSS 23. 0 Geit# kAT o0, it

TEPORMZEAS /A0 Ty 26 FF PER I, SE 00 25 R DL

PPRPRUEZE (w2s) R FTR , Z A8 BR
[K 277 25347 ( One-way ANOVA ) | 2H [a] 9 ¥ b 4
JH SNK-q #5565, LA P<0.05 HESHGH =X,

2 #R

2.1 ICA 3% ox-LDL %5 # RAW264. 7 40 iE 51
spA

YRZHAL T 24 h 45 CCK-8 ¥4, 5 CON 41
FbAs, MOD ZH 20 M 15 1 W W R AIG, 22 S A 4e it
=X (P<0.05) ;5 MOD 4 Hb4s, ICA 20 40 pwmol/L
AL E PR A M, BASIFE L (P<
0.05) ,ICA 10 wmol/L ZH 41 M35 Sy, B 22 5% 76
Gt (R 2),
2.2 ICA I ox-LDL %S H) RAW264. 7 4 B 1=
Eap=Al

YA ZHHETE 24 h )5, 28 Hoechest33258 Yt (o W1 %<
KLAZPPAE IR CON L0 A FKORTS K4, 40 A%
TEAY)— BRI i S B8 50 1 i 256 55 CON
4 H A, MOD 21 4 A% AR T 3 4 HL % H B 8 1% £
T, RIVZH i e €0 57 2% S A 4, I s B I T/
T A T AR B I B3 2 B St e R
S(P<0.05) ;5 MOD 4 HbAs  1CA % s34
SEHE W55, R s i R T /MK B 2 D
P T AR R D, B Sei e L(P<0. 05)
(F3,K1),
2.3 ICA X ox-LDL i S H) RAW264. 7 20 4T
O I

AL BE 24 h 5, A4 0 Ye gt , 5 CON
2 HE, MOD 2 4 i AR K FL A Ih4r O Yt
PR 6 A, 20 B BE TR R B, BA STt X
(P<0.05) ;5 MOD 41 He %8, 1CA H SRl s dlima
O Y BHPE A0 2R v /D, 4 PN B A /s FLg b
HAGE i 5 L(P<0.05) ,ICA K5I H4Hh4r 0 4t
A BH PR k> (H2E R TSR L (E 2) .,

R 1 Western blot A5 I i 6l F T A FIAR Bk 2 L9

Table 1 Antibodies used in Western blot method detection and dilutions

Hi& Antibody TR Dilutions  #1J& Source A ] Company

Bel-2 1:800 1t Rabbit ABclonal, ' [E#J (Wuhan, China)

Bax 1:800 %, Rabbit ABclonal, HE X ( Wuhan, China)

—3{ Primary antibodies Caspase-3 1:800 4 Rabbit ABclonal, H1[E X ( Wuhan, China)
IkBa 1:1000 1t Rabbit ABclonal, H'[E#IX ( Wuhan, China)

NF-kB p65 1:800 4 Rabbit ABclonal, H'[E VX (Wuhan, China)

GAPDH 1:2000 4 Rabbit ABclonal, H'[E#X ( Wuhan, China)

T4t Secondary antibody ~ HRPGoat Anti-Rabbit IgG 1:5000 112 Goat ABclonal , [ #IX ( Wuhan, China)
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R 2 ICA X} ox-LDL i55A0 RAW264. 7 40 3% J1 B9 520

Table 2 Effect of ICA on the viability of RAW264. 7
cells induced by ox-LDL

3 ICA X ox-LDL 559 RAW264. 7 AL T 1520
Table 3 Effect of ICA on RAW264. 7 cell apoptosis

induced by ox-LDL
]| AR 1 (%) ikl G T
Groups Relative cell viability Groups Apoptosis number
1EH 41 CON 100. 00+0. 00 IEH 41 CON 6+0. 82
FiRIZH MOD 60. 000. 69 * HEHIZH MOD 17+0. 82"
R 10 pmol/L. 62. 10+0. 39 10 pumol/LL 111.62*
ETRH 20 pmol/L 67.88+1. 49* FEFFIFICA 20 pmol/L 9+0. 82*
o 40 pmol/L 80. 63+1. 00* 40 pmol/L 6+0. 82*
1.5 CON 4HAf L, *P<0.05; 5 MOD 1ALk, *P<0. 05,

.5 CON 4, *P<0.05;5 MOD 41tk ,* P<0. 05,

Note. Compared with the CON group, * P < 0.05. Compared with the
MOD group, *P<0. 05.

Note. Compared with the CON group, * P < 0.05. Compared with the
MOD group, *P<0. 05.

B 1 ICA X ox-LDL i S 1 RAW264. 7 41 JE T 19540

Figure 1 Effect of ICA on RAW264. 7 cell apoptosis induced by ox-LDL

.5 CON 4 AL, *P<0.05;5 MOD 44tk ,*P<0. 05,

B2 ICA X ox-LDL i 1) RAW264. 7 4 IR LR
Note. Compared with the CON group, * P<0. 05. Compared with the MOD group, #P<0. 05.

Figure 2 Effect of ICA on the foaming of RAW264. 7 cells induced by ox-LDL
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2.4 ICA X ox-LDL i
FSEaFEydz oAl
iYL B 24 b RN RE #R 1S, 4 ELISA
M, 5 CON 41 HhA, MOD 20 4 Jifd 43 IL—IB IL-6
FTINF-a A7 3 2 35 34 0, B A 4t 2
(P<0.05) ;.5 MOD 4 b, 1CA 10,2040 ;Lmol/L 5L
PRI AT LAREAIG 1L-18 . IL-6 A1 TNF-o RT3, B
BB E X (P<0.05) , HEFEHIIE (£ 4) .
2.5 ICA 3 ox-LDL %S/ RAW264. 7 A Bel-
2 .Bax, Caspase-3.IkBa 1 NF-kB p65 & B RiLZH
A
ICA ¥ J¥ M 10,20 .40 pmol/L kL FH 30 min,
R4 ICAXf ox-LDL

B RAW264. 7 4 ff1 K FE

ox-LDLiES: 24 h J5 , FEHAI I 85 1, 48 Western blot
Kl 5 CON 2H %, MOD #H 4H iy Bax , Caspase-3
HINF-kB p65 £ [ %3k 4 W 1, Bel-2 1 IkBa
HARBRETRE, ZRUAGRITEE L (P<
0.05) ;55 MOD 41 4, 1CA10,20,40 pmol/L b
st AT DA REARR: Bax , Caspase-3 #1 NF-kB p65 EHRFE
iK,#R&H Bel-2 Al IkBa 3 AR IK, BA G EE X
(P<0.05) , HE KK 3) ,

3 it

AS T B KBk M4
A KR AR 1 5 AU kR

T RE I M M ST , B
A5, AS BEIZAE T

75 S0 RAW264. 7 2 i S RE [ F B 5E MR (x+5,n=3)

Table 4 Effect of ICA on the secretion of inflammatory factors in RAW264. 7 cells induced by ox-LDL

2151 Groups M % 1B(pg/mL) IL-1B

F % 6(pg/mL)IL-6 JIgEYRBE N F o pg/mL) TNF-a

IE# 41 CON 127. 30+0. 82
FHIZH MOD 202.19+1.20"
10 pmol/L 188.94x1. 20"
TR ICA 20 wmol/L 164. 20+0. 90"
40 wmol/L 133.27+1. 40%

92.42+1. 14
149. 65+1. 17"
127. 36+ 1. 60*
100. 65+0. 88*
95. 74+0. 74*

430.04+1. 67

821.31+2.33°
680. 07+ 1. 64*
627.75+1.93*
508. 18+2. 45"

.5 CON gl M, *P<0.05;5 MOD 4i#fi k., P<0. 05,
Note. Compared with the CON group, *

1.5 CON ZHAHLL, ™ P<0.01;5 MOD AL, * P<0.01,

P<0. 05. Compared with the MOD group, *P<0. 05.

B 3 ICA Xt ox-LDL i 509 RAW264. 7 4 }id Bcl-2 Bax ,Caspase-3 . IkBa A1 NF-kB p65 & [ 3235 H 52 1
Note. Compared with the CON group, ** P<0. 01. Compared with the MOD group, * P<0. 01.
Figure 3 Effect of ICA on the expression of Bcl-2, Bax, Caspase-3, IkBa and NF-kB p65 protein in RAW264. 7 cells
induced by ox-LDL
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PR R RS IR 28 B ARG, LLAnBE ki |
e LR DR B g L T af i 2 E AT 26
2T AR YT Sl Kok AR AL 0 5 25, (02
i T2E25%nT e 2s BRI LA FiA: SO A 55
WUPRGAE , ™ S 50 38 0] fE 5 | e 2k B 3 0l F1
ez,

AR T /NBER Z AR AR BN W) F 58
iR R B VR A B B R TR
HAER ek o, B E &, hERIKZ T 5
PH O 2, PHZE S0 AE , 028 0, KU 0T , JRR K 1 22
EHE, BAEEEAKANGD S, IR iC R
(PfeAR T ), AR LRI R, R
T Z Tk By, H b DL A 2 Oy 32 AR A i
o1 RBLFEHE | 2SS AR s S oA 2 ik
ST R R Z R AR, thand R B
B PO E PR TRAN S R (ICA) &
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[ Abstract ) Objective  To investigate the protective effect of quercetin pretreatment on hepatic ischemia-
reperfusion injury by autophagy mediated via the AMPK/mTOR signaling pathway. Methods Rats were randomly divided
into control, model, quercetin, chloroquine (autophagy inhibitor) and quercetin+chloroquine groups. Three days before the
operation, the quercetin group was administered 0. 1 g/kg quercetin, the chloroquine group was intraperitoneally injected
with 0. 02 g/kg chloroquine, the quercetin+chloroquine group was administered quercetin by gavage and chloroquine was
injected intraperitoneally at 3 days, and the control and model groups were administered an equal volume of solvent once a
day. The rat model of hepatic ischemia-reperfusion was established and rats were sacrificed at 6 hours after reperfusion.
Liver function indexes, which included glutamic pyruvate transaminase ( ALT) and aspartate acyltransferase ( AST) , were
measured by an automatic biochemical analyzer. Pathological changes of liver tissue were observed by hematoxylin eosin
(HE) staining. The serum levels of inflammatory factors, which included interleukin (T1-6), tumor necrosis factor-o
(TNF-a) and IL-1B were measured by enzyme-linked immunosorbent assays. The autophagy rate was calculated by
monosulfonamide (MDC) staining. Expression of Beclinl protein and the phosphorylation of AMPK and mTOR proteins in
liver tissue were detected by Western blot. Results In the control group, the liver tissue structure was complete,
hepatocytes were arranged in order, and there was no significant necrosis. Compared with the control group, the liver tissue
structure of the model group was disordered, the arrangement of hepatocytes was loose, and necrosis had appeared, the
levels of ALT and AST, contents of IL-6, TNF-a and IL-1f3, phosphorylation level of mTOR protein were significantly
higher (P<0.05), and the autophagy rate, expression level of Beclinl protein, and phosphorylation level of AMPK protein
were significantly lower ( P<0.05). Compared with the model group, the above pathological damage of liver tissue in the
quercetin group was alleviated significantly, the levels of ALT and AST, the contents of 1L-6, TNF-a, IL-1B and the
phosphorylation level of mTOR protein were significantly lower ( P<0.05), and the autophagy rate, expression level of
Beclinl protein, and phosphorylation level of AMPK protein were significantly higher ( P<0. 05). In the chloroquine group,
the above pathological damage of liver tissue was aggravated significantly, the levels of ALT and AST, contents of 1L-6,
TNF-a and IL-1B and phosphorylation level of mTOR protein were significantly higher (P<0.05) , and the autophagy rate,
expression level of Beclinl protein, and phosphorylation level of AMPK protein were significantly lower ( P<0.05).
Compared with the quercetin group, the pathological damage of liver tissue in the quercetin + chloroquine group was more
serious, the levels of ALT and AST, contents of IL-6, TNF-a and IL-1B. and phosphorylation level of mTOR protein were
significantly higher (P<0.05) and the autophagy rate, expression level of Beclinl protein, and phosphorylation level of
AMPK protein were significantly lower ( P<0.05). Compared with the chloroquine group, the pathological damage of liver
tissue in the quercetin+chloroquine group was significantly reduced, the levels of ALT and AST, the contents of IL-6, TNF-
o and IL-1B, and phosphorylation level of mTOR protein were significantly lower ( P<0.05), and the autophagy rate,
expression level of Beclinl protein, and phosphorylation level of AMPK protein were significantly higher (P <0.05).
Conclusions  Quercetin pretreatment may activate autophagy mediated by the AMPK/mTOR signaling pathway in liver
tissue of rats with hepatic ischemia-reperfusion injury, thereby reducing the inflammatory response and alleviating liver
injury.

[ Keywords]  quercetin; hepatic ischemia-reperfusion injury; autophagy; AMPK/mTOR pathway; inflammatory
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R T XA (P<0.05) ; SR AR L, M e Rl

K EUME T IL-6 , TNF-a IL-1B & & B E A% (P<
0.05) , M4 A BT H 1L-6 , TNF-a | IL-18 & i
WEFFE(P<0.05), St RAM L, ML R +&
W20 K BRI 3 A TL-6  TNF-  IL-18 & i & T
(P<0.05) ; 5541 M He , M iz 28 + 50 4 K Bm
1 IL-6 \TNF-a TL-18 7 & i ZE [ K (P<0.05)
W2,
2.4 MR ETAL XY BT ER B E K RATHLR A
B B Tk 2R 4 B2

55X L AR LE , A8 21 K BRI 41 2L 40 g 1 s o
B F AR (P<0.05) 5 SEAYALAH L, #2241 K B
JHFE 2 A AL 1 3 25 T s (P<0. 05) , e 4H K B
JHZH A A F W 38 0 2 AR (P<0.05) . St &R
YAH EL iz 2R + s 2 K BRUBF AL 2L i 1 i R
FIEAK(P<0.05) ; 5 LU HL, 16 e 38 + s 4l
KNP AN F e 8 2 T = (P<0.05) , WLk
3.4 2,
2.5 WEEHAEBENFRLBEEFTXRFAR
Beclinl AMPK .mTOR % 8 &% 7k F BI85

FEARIZH K BT 4 2 Beclinl & A R iA K K
AMPK #5 R LK - i 35 KT % R 41 ( P<0.05)

F1 SAKRBRIFUGESER L (2£5,n=10)

Table 1 Liver function indexes of rats in each group

2H 5
AL ALT(IU/L) AST(IU/L)
Groups
i HR
XyiRaL 32.09+3.31 72.34+7.53
Control group
4]
i 1024. 55+118.37* 1326. 67+133.29*
Model group
] 4
W&%’E 458.33£76.51"  725.39+73.69"
Quercetin group
A
Wi.ﬁ’ﬁ 1935.56+20. 28"  2107.52+216. 89"
Chloroquine group
e R+ e

985.42+99. 250 1279. 34+128. 59

Quercetin+chloroquine group

T S X HEZEAR LG, P<0. 05 5 S RERIZE AR LL " P<0. 05 ; 51 B2 3 4L AH
H, ¢ P<0.05; 5 5MEL LA, 1 P<0. 05,
Note. Compared with control group, “P <0.05. Compared with model

group, "P<0.05. Compared with quercetin group, “P<0.05. Compared
with chloroquine group, ¢P<0. 05.

1 FHKFIFHLRHEY: HE Je @K

Figure 1 Hepatic histopathological HE staining of rats in each group
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mTOR & B LK1 i 35 T-XF IR 2H (P<0.05)
Wil Hz 25 2H KRR AT 2H 21 7 Beclinl 28 A 35 7K K
AMPK & IR IR 2 & TR (P<0.05) ,
mTOR & IR LK i I TR 4L (P<0.05) 5
s K RAT 4 21 7 Beclinl 28 A F 5 K E K
AMPK & IR LK B K TR (P<0.05) ,
mTOR 2 IR LK T 2 TRIRIA, Sk R

éﬂtlﬁ,ﬁ*ﬁ?*‘%@gﬂﬁfﬂﬂ?éﬂ@:{t}:‘ Beclinl ZFE 3+
IKIK - S AMPK [ 2 1k K P i R (P <
0.05) ,mTOR & FIBEIR LK i 3 & (P<0.05) ;
5%@?ﬂtt,ﬁ4ﬁ%+%"§gﬂkFﬂ«ﬂ??ﬁ%‘%*‘ Beclinl
EHFRIBIKF K AMPK 25 [ 8 B2 1k 7K 3% T+
(P<0.05), mTOR #& A # B fL /K V- B & FEAL (P<
0.05), W4 K3,

®2 AMRBMIE D IL-6 TNF-a IL-1B 75k [LEE (x5, n=10)
Table 2 Contents of IL-6, TNF-a and IL-1 in serum of rats in each group

205 Groups

IL-6( pg/mL)

TNF-a( pg/mL) IL-1B( pg/mL)

XTHEZH Control group
HEFEIZH Model group
Hit i 241 Quercetin group
240 Chloroquine group

Hit iz 2+ 4 Quercetin+chloroquine group

34.23+3.56
1067. 24£128. 53°
543.17+57. 31"
1328. 57+133. 09"

943, 86+95. 564

28.34+2.95 22.76+2.39

976. 83+978. 54° 679. 24+68. 29°
213.56+22. 47" 154.85+17. 23"
1242.29+126. 27" 916. 13+92. 34>

909. 88+97. 29! 554.35+57. 18!

T X BRALAEL ,* P<0. 05 SREBIALAN L, P<O. 05 5 St B2 R AL EL ,© P<0. 05 S ML I, P<0. 05,
Note. Compared with control group, *P<0.05. Compared with model group, "P<0.05. Compared with quercetin group, °P<0.05. Compared with

chloroquine group, P<0. 05.

T #i Sk BT7R  MDC Y 5 FH: 20

B2 A A s MATOLIE

Note. Arrow is MDC positive cells.

Figure 2 Fluorescence of autophagosomes in each group

R3I SUARBUITALAM A AR (x2s, n=10)
Table 3  Autophagy rates in liver tissue cells of

rats in each group

2H 51 MDC BHP:AIIE R (%)

Groups MDC positive cell rate
RS
XA 36.17+3.72
Control group
R )
Model group 11.26+1.29
1224
W&%'ﬁ 29. 48+3. 06"
Quercetin group
4]
%%ﬁ 4.330. 42"
Chloroquine group
R R+ M2
W‘%ﬁ %ﬂ% , 13.36x1. 48
Quercetin+chloroquine group
e S XHIRALA L, 2 P<0. 055 SHAILI M EL " P<0. 05 S5Hit i K AL

L, P<0. 05; 5 &M 4 Lk, 1P<0. 05,

Note. Compared with control group, *P <0.05. Compared with model
group, "P<0. 05. Compared with quercetin group, °P<0.05. Compared
with chloroquine group, ¢P<0. 05.

B3 &HKREAFHLF Beclinl .p-AMPK AMPK |
p-mTOR .mTOR #& (4 ik 4417 [
Figure 3 Expression of Beclinl, p-AMPK, AMPK,

p-mTOR and mTOR proteins in liver tissue of rats in each group
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R4 BAKRBIFHL D Beclinl & 1335 M AMPK Fl mTOR & FERR ALK HL# (ks ,n=10)

Table 4 Comparison of Beclinl protein and AMPK, mTOR phosphorylation proteins expression levels in liver tissue of rats in each group

205 Groups Beclinl/B-actin p-AMPK/AMPK p-mTOR/mTOR
X HEZH Control group 0.94+0. 11 0.96+0. 10 0. 14+0. 02
FERIZH Model group 0.35+0. 05* 0.29+0. 03* 0. 84+0. 09*
Hit Jiz 41 Quercetin group 0. 73+0. 08" 0. 84+0. 09" 0.27+0. 03"
M2l Chloroquine group 0. 12+0. 02" 0. 15+0. 02" 0.92+0. 10"
itz 2+ % 4H Quercetin+chloroquine group 0. 38+0. 04 0.33+0. 041 0. 36+0. 04

T SXHRALAALL ,* P<0. 05 SHIRIALAALE " P<0. 05; Siffi e RALAA L, < P<0. 05; HELL L4, P<0. 05,
Note. Compared with control group, *P<0.05. Compared with model group, "P<0.05. Compared with quercetin group, °P<0.05. Compared with

chloroquine group, P<0. 05.
3 it
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PKase £H K il HR \LVSP 1 FS {23 71755 (P<0. 05) , .U JJLZH 23 96 B3 45 45 W (2 2 3% , CK-MB  Mb , ¢Tnl Fil MDA 5 & &
FE AR (P<0.05) ,SOD il GSH &t THEs (P<0. 05) , L LT 4E AL A2 B B A5 Bk 2 |, Bax/Bel-2 , cas-9  cas-3 ,a-SMA |
TGF-B1 . FN Fih /K K (P<0.05) , 518 IR0 DRt 2% it U JUL dgfe iy P08 3 452405 A RO L4548 Ak o 38
Mmerdefe,

[RBIR]  JBEBOIKTEEG ;O I 0 FERE T 5 AL 4R ik

[HESES] R-33 [ XiktRiREE] A [XEHS] 1671-7856 (2022) 03-0023-08

Pancreatic kininogenase relieves oxidative stress and fibrosis in rats with
myocardial ischemia-reperfusion injury

LU Yinghong, WANG Dan, JING Haiyun®, WANG Mengchao, LI Zhihui
( Department of Cardiology, Zhengzhou Central Hospital Affiliated to Zhengzhou University, Zhengzhou 450007, China)

[ Abstract]  Objective To investigate the effect of pancreatic kininogenase on myocardial injury, oxidative stress,
and fibrosis in rats with myocardial ischemia-reperfusion injury. Methods SD rats were divided into sham, model and drug-
treated groups. The heart rate (HR) , left ventricular systolic pressure (LVSP) , and short-axis contraction rate (FS) of rats
were measured in each group. HE staining was used to detect myocardial pathological lesions. ELISA were used to detect the
contents of creatine kinase isoenzyme ( CK-MB) , myoglobin (Mb) and cardiac troponin I (c¢Tnl). Assay kits were used to
detect the contents of superoxide dismutase (SOD), malondialdehyde (MDA), and glutathione (GSH). Western blot was
used to assay the expression levels of mitochondrial pathway apoptosis-related and fibrosis marker proteins. Masson staining
was used to observe myocardial tissue fibrosis. RT-PCR was used to assay the expression levels of a-smooth muscle actin (a-
SMA) , transforming growth factor-B1 (TGF-B1) and fibronectin (FN). Results Compared with the model group, HR,
LVSP and FS in 3 and 6 U/kg PKase groups were significantly increased (P<0.05), pathological damage of myocardial
tissue was significantly improved, the contents of CK-MB, Mb, MDA and cTnl were significantly reduced ( P<0.05), SOD

and GSH contents were increased (P<0.035), the degree of myocardial fibrosis was significantly improved, Bax/Bcl-2, cas-
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9, cas-3, a-SMA, TGF-B1 and FN levels were reduced significantly (P<0.05). Conclusions Pancreatic kininogenase

relieves myocardial injury, oxidative stress and fibrosis in rats with myocardial ischemia-reperfusion injury.

[ Keywords]
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WFEELS 5], FH RIPA 25 A 2@ T vk 3R B 2R
F, F BCA 5 v 5 ) s 3 50) & 0 2 B VAR B
FfL EARE 20 pg, 28 SDS-PAGE HiLyk /3 85 FE I i
U B S, INA—HT (1 & 1000) ,4°C FEIRIFH
R, H 2 RIS —HT I A HRP AR X N 4t
(1:5000),ZHIFE 2 h, H ECL fb2x kel F
HESN AT LY aE RE T P a kST G S
I A A R B (AR N 8 1, B I AE X 3Rk
R HREHT NS4 (ACTIN) HEFR /R, JS7
EE K 3 HCEAE,
1.3.6 Masson Je (0 IRE 0 ILEH 24T S AL A2

B 4% Z2 58 W I 1 5 1900 JILZH 2, #42 BB Masson
BH AU BT KBGO IL41ZE Masson Yt 5
ORI JE A4 2L AR R NLEF Yk,
1.3.7 RT-PCR ¥l «-SMA . TGF-B1 #1 FN mRNA
FIkKF

OB A R IR B LA 212 80 mg, IR =
TARURALL R WS I 5] J5 78 4°C (3000 r/min 4%
RO 15 min, A TRIzol {57 & $2BUE RNA F-J1)
JE RNA WRBEFNSRE e e Sl ) e vl B B i A7
L S cDNA | i RT-PCR 7] &5/ 156 I fic i)
FWARZR . 76 PCR ™ AL - A7 3G (918 5544
PRFFLER96°C 15 5,40 A ,95°C 10 s F160°C 30

s), L HBYIE A A 2 U EE R mRNA KB K,
SRH 278 oy T s R A I 3 IR, S5 R BT
¥, SIWFHILE 1,
1.4 FitEHE

fdi I SPSS 19. 0 B4 17, i 3R R 348
22 (xs) o RAR R Dy 2201 741 IR U, A5 255%
T LR T LSD 125, #5777 26555 WM 9 LR H
Dunnett-t ¥, DA P<0.05 NESBSGITFEL,

2 #R

2.1 BREAKIRESXTORALER I E 5 KR HR,
LVSP #1 FS R0

SIRFARA i, A KR HR \LVSP Al FS
PR EREAR(P<0.05), SHRAALE, 1.5 Uskg
PKase 41 K il HR \LVSP Il FS ¥ ICH] .22 5% (P>
0.05),3.6 U/kg PKase 41 KL HR \LVSP F1 FS F
m, H2ERHA G L (P<0.05) , WA 1, 45
IRAETN | J I D I 2 i o0 ML 50 P 3 63 400 KRR
LIEYIRE,
2.2 FREAKEEEXSOALER M B EFRG KR O
f5 B2 4545 B B2 i

HE 4% (8 0058 45 41 K B0 UL ZH 295 3450 15 A%
FE i 2 Fos BT ARG R B0 LA ZUE5 1 E 5,
HESHLI, R DL R PR iR e, ST AR i,
BEAIZH K B0 WL 2R 454 25 6L, 2O JULAH J i K, ]
DA ILER 2 Wt 224 F 58 M A M 3 e, SRS A 1
B,1.5 U/kg PKase ZHATSSR AT UL R i W 54 1.0 ILER
AEFNRYEANBLIRZ I , 3 U/kg PKase 2H R BRC LA Y
] UL/ AR 2 IR R D T S Y UL 4
TK I AZ P RO LA, 6 U/kg PKase 2H K U ILEH
ZUHEFN RN A L AR 2D 1 4 P 4 L3R4 oA L b 284
(400 UL ZE R0 i S A P 0o UL L, 285 SR 47 TR
0N L = 17 | REER T RE S 1 K il = N 1 4 E A

pL LTI
2.3 PREAKIE B X O AILER M 5B EE 454 K RO 3R
RIEY BRI

ELISA £ £ 20 K B0 #iFric %) CK-MB , Mb
A eTnl FE(WHE2), SIRFARL L, BRI K

®1 51WF5

Table 1 Primer sequences

FEH Gene

L5191 (5’ -3 ) Forward primer

TUESIH (5 =37 ) Reverse primer
P

a- P NIBIEE a-SMA
Ak A K T-B1 TGF-B1
SYELEEHE I FN
WUBhEE [ Actin

GAAGAGTTACGATTGCCTGATG
TGCCCTCTACAACCAACACAACCCG
CACCCAGTATTCTCAGAGATTAC
AGCGGGAAATTCCTGCGTGAC

ATGATGCTGTTGTAGGTGGTTTC
AACTGCTCCACCTTGGGCTTGCGA
CTGTCAGCCTGTACATCTAAAG
ACATCTGCTGGAAGGTGGAC
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F CK-MB Mb #il ¢Tnl 7 i & 45 (P<0.05) . 5
FERIZH L8, 1.5 U/kg PKase 2H K Bl CK-MB  Mb il
cTnl &5 o B84k (P>0.05) ,3 .6 U/kg PKase 41
K EL CK-MB Mb il ¢Tnl & i Z K (P<0.05)
SEILHRIR | IR D it 0 e 2 o JUL Bt o P8 3
KB ILIRE
2.4 BREKEEXOISnEETRGXREMN
R 7K T B 22 i

5B F AR e, SR R UL YE H SoD Al
GSH 7 it B Ik, MDA & T+ (P<0.05) , 5
BRIZH %5, 1.5 U/kg PKase 2H K BT 51 SOD .
MDA #1 GSH & & JcH] i 2 7 (P>0.05) ,3.6 U/kg
PKase 21 K BUIMLE FF SOD A1 GSH & & 7+ &, MDA
L, HES A SR E L (P<0.05) , WK
3. GERBER BRI RE A% O itk O WL 1P
EL N =R SR v G
2.5 FREBKIREE XSO ALER I B i R K R &R
Sy = EA

BT A e, SR A B LZH 2L Bax/
Bel-2 .cleaved cas9/cas9 Fl cleaved cas3/cas3 & H /K

PR EFE(P<0.05), HSHAIAH K, 1.5 Ukg
PKase ZH RO LA LU 8 K Jo ] i 22 5 (P>
0.05),3.6 U/kg PKase 241K .0 L4121 Bax/Bel-
2 cleaved cas9/cas9 Fl cleaved cas3/cas3 & H /K0
FHREIR(P<0.05) , WL 4, Z55HEIR UK i BE
B it O M LR AL R 153 R SRR AR T e
2.6 FREAKIRBEXTORLER M BB KR O AL
£ 40 S E B F RIS

WA 5 Jrzs BT AR R B LA HES 3 55
e 2y 5], R DL S AE 20 M IR HL 1) 5T P JC 4 A= £
4k, ST ARE A, AL K B0 DLA0 B HE S 25
L, TB] BT PN SRR R B | 28 &) 1 R B 2T 2 ), 3 7021 4
Wrd, Ay LR AE AN . SRR ZH R R AL, 1.5
U/kg PKase ZH K ERATS T UL K 8 98 i 40 IR0 | 8] Jo
W A E A 85 . 3 U/kg PKase ZH38G A 1Y
LFYER ] gl T DL S A AR L, 6 Us/kg
PKase 41 K FRUA] 5T P38 25 19 4 €0 27 48 D) ik 35 0 /L B
TH R AT WA 2D Y 21 4 2%, 0 UL AR i v o DL 58
MR, SRR UK e RE % Dl O WLk
P R RO WLET 4R 1L

Ha BTFARY b AR AT +1.5 U/kg PKase 21 ;d A7 +3 U/kg PKase 21 ;e #5i%1+6 U/kg PKase 4, SIRFAR

AL, “P<0.05; SHRIIAH H, ¥ P<0.05,

Bl 1 £ KE HR . LVSP fl FS(x+s,n=10)
Note. a, Sham group. b, Model group. ¢, Model+1.5 U/kg PKase group. d, Model+3 U/kg PKase group. e, Model+6 U/kg

PKase group. Compared with sham group, *P<0.05. Compared with the model group, *P<0.05.
Figure 1 HR, LVSP and FS of rats in each group

TE DA R R IR L6 AR R TR O, I OET L FRR RR AN , 2 (75 K Fm Wi LT 4

Note. Myocardial fibers are stained red, the nucleus is blue-purple, the black arrows indicate inflammatory infiltrating cells,

and the green arrows indicate broken fibers.

Figure 2 HE staining of myocardial tissue of rats in each group
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F2 AUKE CK-MB Mb 1 cTnl 4 (245, n=10)
Table 2 Contents of CK-MB, Mb and c¢Tnl in each group of rats

ZH 5] Groups LR 4 W] T8 ( U/L) CK-MB WLLT 2 A (ng/mL) Mb D WUILES EE A T(ng/mL) ¢Tnl
% F-AR2H Sham group 20.42 + 4.13 26.17 = 5.06 0.11 + 0.03
HiRIZH Model group 119.66 + 21.24* 138.16 + 18.45* 0.68 + 0.09*
FEHI+1. 5 U/kg PKase 21
117.78 £ 19.32 136.43 £ 19.54 0.67 £ 0.07
Model+1. 5 U/kg PKase group =19 =19 *
#i7+3 U/kg PKase 4 M N M
Model+3 Ukg PKase group 79.64 + 14.58 91.06 + 20.42 0.43 £ 0.08
iR +6 U/kg PKase 4
& g L hase 31.43 + 6.21* 48.22 + 7.34* 0.17 + 0. 06"

Model+6 U/kg PKase group

T 5P ARLMIE, *P<0. 05; SHILIAL,* P<0. 05,
Note. Compared with sham group, *P<0.05. Compared with the model group, *P<0. 05.

Ha PR b B ;e B +1.5 U/kg PKase 71 ;d ;B8 +3 U/kg PKase 20 ;e : B8 +6 U/kg PKase 2, S{RF R4
I, *P<0.05; SRR, * P<0.05,
B3 4K T SOD MDA Fl GSH & & (i+s, n=3)
Note. a, Sham group. b, Model group. ¢, Model+1.5 U/kg PKase group. d, Model+3 U/kg PKase group. e, Model+6 U/kg PKase
group. Compared with sham group, *P<0.05. Compared with the model group, *P<0.05.
Figure 3 Contents of SOD, MDA and GSH in serum of rats in each group

4 : A Western blot fll 2R B AR i W8 B8 B R EMEXT Rk, HIRFRAMLL, "P<0. 05; SEAIZH AL, P<0. 05,

B4 PR T O LR P A K R DI BE RS2 ( 2 5 ,n=3)
Note. A, Detection of mitochondrial damage marker protein expression by Western blot. B, Relative protein expression level. Compared with
sham group, *P<0.05. Compared with the model group, *P<0. 05.

Figure 4 Effect of pancreatic kininogenase on mitochondrial function in rats with myocardial ischemia reperfusion injury
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2.7 BHRKEEXONRODEETRGARIE B o-SMA TGF-B1 Fl FN 7£ mRNA FI& HK -0
ARiEEAKFER I B i 255 (P>0.05) ,3 .6 U/kg PKase ZH K B0 JILZH
ST ARHA M, #A4H K RO WLHR 21 o-SMA [ TGF-B1 Il FN mRNA F14E 7K 44 i
a-SMA [TGF-B1 F1 FN mRNA & /K FHEE - FFRE(P<0.05), WWE 6, 455 $E7R , 3 ik i il
PW(P<0.05), SR HE 1.5 U/kg PKase 241K BENS S At O LB I P 1 R RO LA R 27 4k 4k,

TE O LT AR e IRAT 10, I I 2T i e i (0, R Sk 3Rm S PEIR I |, SR (77 Sk SR SR BT 4

B 5 OLZHZ Masson Jefd
Note. Myocardial fibers are dyed red, collagen fibers are dyed blue, black arrows indicate inflammatory infiltration, and green arrows indicate
collagen fibers.

Figure 5 Masson staining of myocardial tissue

A RT-PCR #i1 «-SMA [ TGF-B1 fil FN mRNA /KF ;B Western blot ¥l «-SMA | TGF-B1 Fl FN /K C. EAMX £is ., SHFAR
AL, *P<0. 05; SRR L, * P<0. 05,

6 TR Tt Xt O JUL SR It P Y B0 405 K BT Ak AR BRI 2R UK B ( 25 ,n=3)
Note. A, mRNA levels of «-SMA, TGF-B1 and FN were detected by RT-PCR. B, Protein levels of a-SMA, TGF-B1 and FN were detected by Western
blot. C, Relative protein expression level. Compared with sham group, *P<0.05. Compared with the model group, *P<0. 05.

Figure 6 Effect of pancreatic kallikrein on the level of fibrosis marker protein in rats with myocardial ischemia-reperfusion injury
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3 Tt

O WL L P R AR AT 2 A R AR A R
B, N5 O ILEF 2 Ak AL LI 05 , 00 JIE ) 6 i
AR R, R BRI SRR A O LET 4
IR BES AR S O NIRRT RO BEZRE . Xie 251
I, O LG I P v R UMY CK-MB \Mb il ¢Tnl
KB T, o-SMA  TGF-B1 #l FN & 4 &5,
SOD 1 GSH &%, MDA & THi , &4 251807
Jei O JTLABHe ot -8 7 K R0 LA 405 I W B | SR Ak
O S RE K B, £ e (L AR BE A5 2 ik 3 . A
FAERR I, 2 B IR JE 6 45 2536 97 e, O LBk I
TP K B0 W ) RE IR S 45, O JIL BR824 75 381
s O LRI 3 2T i TR ARG, R,
R it A e o A1 AL ke L P 3 8 5 K B L4
ARG G 2 ) S 875 N RN [ E 7

A ST RTIARGEI T 4% 20 K RO E DD RE 0 LR
PR P 2 BE RO LA G b il B R KOE A5 R
7 BRI R B HR (LVSP  FS B AR T, 0 UL 3
55, CK-MB \Mb Hl ¢Tnl FMWE, ZBEHIK
JREEEA 253657 5, O WL a0 T 43 0 A R K R
FIE T 25 A5 3 el 3, o0 UG BB 45 K i ic
TrED RN TP OUR D lTCo JUL B ol P
HERECOIEDIRE O WU B AR E R . B
Tk A PR D i ) A AR A R0 L) BB 1 1 R ML A, AR
SRR I T 4% 41 B O WLEH 2 v S Ak N 38 R £
Hefb K,

AN & AR BB B R i A R SRR O L
5t PR Y A 40 A RS AL 4 e e 55 1 34 hm, DT
AN G SOD B2 40 4h, TRIEE, MDA & &t
Bl A AL AR R 0k SR A S, S IR HILAR
IEH AL SPUAACT-BOR A  #E— 28 g0 Lk
PR R RO A 7 AR S R AR A
AR B0 WL 4R SOD Ml GSH & 2 B i R A%,
MDA & i Fh55 , 28 BRI BRI T S, O WL i 7
WK BRUC IL4E 21 SOD A GSH & i b 35 7 i
MDA Frs &Mk, o TFERIRTIaE S A AN % 1)
[P =R AR & S = A s S €S R TR N B ]
g DI IDSENE N B iU NG T Rala o U LR G S TR N
K T REAZ A A0 N S B TR A, B s R AN i AT
T R, SR AR A R B B A DA T 2 L
PR R OK S B OE # L2 T fig, ARWFSEE A
W25 21K RGO R i b i 9 B 1 335K, 45

BRI, P I 45 250697 5 O WL il P
K EOWIZHZ H Bax/Bel-2  cas-9 ., cas-3 /K- ik %
K, 4545 T 400 92 36 448 2R m R0 IR ORI D g T i i
PAPEARAY I B0 JUL A8 A I K 1 10 K R I
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MU 1 F A MTSS1 A3 45 i o A g 1= 28
i A% 1 S8 g F 5T

# o, E OB EmA,AHRY

(LR B Be o — M BE B A A AMRE B 5701022, g BE 27 e 55— R BE e LGB AT B i 1 570102
3R B B — MR B BE IR FL M 1 570102 ;4.1 /g B2 27 e 55— B B2 B i@ MR ¥ 11 570102)

[HZE] BE SFEHEED FE MR RS E 5 1(MTSSL) Ml ss s B, 7k
SEH5 1:10,25,50,100 wmol/ T BRAE 21 43 7N AL BN 10.25.50,100 pumol/T BfUAE , ¥t BRI AN B & |, fe
TEFE T REFR 24 h; SEHG 2. X BRAHIEF R SR, 100 wmol/ L BUHUE LA MM BE 47 100 pumol/T BHEE , 100 pumol /T B
B+ 3T 1B siIRNA 2H .100 pmol/T BRI ZE +MTSS1 siRNA ZH7E 100 pmol/ T AN ZE 4H (A IRl b 43 A8 I 28 & >4 50
nmol/L X it siRNA MTSS1 siRNA, 4% 4 h B 2GR 100 pmol/L HAZFEIE IR . CCKS il 41 g 4% FE 1% I 5
Transwell KU 4H A= 22 15 100 ; S0 S 90 K600 240 B30 A8 A% 00 5 2 1 U e 82 328 ( Western blot ) il 200 i o B 52 1
(TRPV1) MTSS1 FEFT 4@ 25 M (MMP) -2 MMP-9 /K-, &R IRl B SO R A SR 40 g 4 0, 5 % FRH
A ,25.50 100 pwmol/ L BHHZS 2H 40 M3 54 8 71 =i, 10,25 .50 100 mol/L BB ZE 4H 40 igth TRPV1 MTSS1 &
FKSE T, AR 2250 B T 40 L A R MMP-2 MMP-9 & 7K AR (P<0.05) , T4 MTSS1 I #84n 100
pmol/L B &I, 5%t FRAAH EE, 100 pumol/L AN Z A1 100 pumol/L A +XF B siRNA 41,100 pmol/L BRAZE
+MTSS1 siRNA 4R 284000 B8 | 40 b AL MMP-2 MMP-9 28 FH7KFEREAIR, 4 MTSS1 & KT+ 5
(P<0.05) ;4315 100 pmol/L BHIZE 41,100 pmol/L HHIZ +XF B siRNA 4L AH L, 100 pwmol/L BfIH Z + MTSS1
siRNA AR 284500 B | 4 L 4l i MMP-2  MMP-9 & 11K SF T i, 40 i MTSS1 25 1K B AR (P<
0.05), £ FBIZERE L LA MTSS1 F A4 45 Wi 41 M 12 28 G, DA T ke 0T 25 iz s 0 AR 7R
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[ Abstract]  Objective To explore the mechanism of capsaicin in inhibiting the invasion and migration of colon
Experiment 1. 10, 25, 50 and 100

pmol/L capsaicin groups were treated with capsaicin, whereas the control group was untreated and cultured at a constant

cancer cells by upregulating tumor metastasis suppressor 1 ( MTSS1). Methods

temperature for 24 hours. Experiment 2: the control group was cultured normally, the 100 pwmol/L capsaicin group was
treated with 100 pwmol/L capsaicin, 100 pwmol/L capsaicin+control siRNA and 100 pwmol/L capsaicin+MTSS1 siRNA
groups were treated with 50 nmol/L control siRNA and MTSS1 siRNA, respectively, based on the 100 pwmol/L capsaicin
group. After transfection for 4 h, 100 pmol/L capsaicin-containing culture medium was added. Cell proliferation was
assessed by CCKS assays. Cell invasion was assessed by Transwell assays. Cell migration was assessed by a scratch test. The
protein levels of transient receptor potential vanilloid 1 ( TRPV1), MTSS1, matrix metalloproteinase ( MMP)-2, and
MMP-9 were measured by Western blot. Results After treatment with capsaicin at various concentrations, compared with
the control group, cell proliferation in 25, 50 and 100 pwmol/L capsaicin groups was higher, the protein levels of TRPV1
and MTSSI in 10, 25, 50 and 100 pwmol/L capsaicin groups were higher, and cell invasion, the percentage of migrated
cells and the protein levels of MMP-2 and MMP-9 were lower ( P<0.05). After RNA interference of MTSS1 and addition of
100 pwmol/L capsaicin, compared with the control group, cell invasion, the percentage of migrated cells, and the protein
levels of MMP-2 and MMP-9 were lower in 100 wmol/L capsaicin, 100 pmol/L capsaicin+control siRNA, 100 pwmol/L
capsaicin+MTSS1 siRNA groups (P<0.05), and the protein level of MTSS1 was higher ( P<0.05). Compared with 100
pmol/L capsaicin and 100 wmol/L capsaicin+control siRNA groups, cell invasion, the percentage of migrated cells, the

protein levels of MMP-2 and MMP-9 were significantly higher in the 100 pmol/L capsaicin+MTSS1 siRNA group and the

level of MTSS1 protein was lower ( P<0.05). Conclusions

Capsaicin inhibits the invasion and migration of colon cancer

cells by upregulating the expression of MTSS1, thereby exerting a protective effect against colon cancer.
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1.3.2  siRNA 51931

Whitehead siRNA Selection Web Server 7E £k 15%
71, MTSS1 siRNA ;5 -GGTTCTGATTACAGCTGGT-3" |
X B8 siRNA ;5° -UACAGACCCCUCGAUCGGUTT-3"
1.3.3  ZifsreH

HCT116 40 i 2 % SCHR' " b BEOF BEAT TS
S5 1:10,25.50 100 wmol/L BAZE4H (10,25 .50,
100 wmol/L capsaicin group) 43l INA LMK EE A 10,
25.50.,100 pmol/L BAZ , XF BEZH ( control group ) A
TRINBHUE | 37°C 5% CO, 1HIRA PR35 24 h; 52
56 2. XF R 2H (control group) 100 wmol/L B2 4H
(100 pmol/L capsaicin group) .100 pmol/L BfiHIE +
XTHE siRNA 41 (100 pmol/L capsaicin+control siRNA
group) ,100 wmol/L HHIZ + MTSS1 siRNA £ (100
pmol/ L capsaicin+MTSS1 siRNA group) ,100 pmol/L
BB ALV N2 W BE 2 100 pumol/L B 5 100
pwmol/L BRI ZE + % I siRNA 2 100 pumol/L A &
+MTSS1 siRNA 417 100 pwmol/L HUHIEE 411 Ak [
SRR M BE Ol 50 nmol/L X & siRNA | MTSS1
siRNA (S 8 Lipofectamine™ 2000 UiFH-FHE YY) | %
e 4 h HHLIRIE N 100 wmol/L AR F IR,
X HE AL E B 55 5% 24 h, CCKS8 A% ) 240 it 18 5 155 1L
Transwell #5021 A (= 28 175 0 ; K] 918 S 96 A6 0 41 ffd 3
A 8 B R BN ( Western blot ) 610 4 fifg +p
TRPV1 MTSS1 MMP-2 MMP-9 % /K,
1.3.4  CCKS A I 240 i 43 5 175 10

A ANEAE 96 LA HALHE 24 h, A CCKS 4
SR 2 h, A A SRR E 450 nm BT & fL
W2 B (optical density, OD) , 3§ 58 1 i 8 = (% B AL
0D~ L5 FL 0D,y ) /X BE4L OD 5, x 100% , 6 4>
AL,
1.3.5  Transwell F 0240 L2815 50

FLHANMIAE 24 LA P AR PE 24 b, AR, 0

A L 55 TR RO B 22T 1x10* A1 40 i

W, Transwell /NZEZFEFRIE R A8 5 A 24 fLA
H/NE TR ZE 500 WL SE R SR, EJE 500 L
AR, BT 37°C . 5% CO, B FRAE g
48 h, 45 SRS W U A RROT AL
1.3.6 IR S 046 0 240 A AT F%1 L

KA ANMAE 6 FLBR P AL 3 24 h, 8537, PBS
THVEA M, SR S5 7 BRF0 R U 10% Jig 2F i i
DMEM 35 7%, K5 5% 48 h #1118, Image J Ka:i 41 ig iF
BB, TR E = (0 h BRI -48 h X)JE
) /0 h R A x100% .
1.3.7  Western blot ] 4fl }fg * TRPV1, MTSSI .
MMP-2 MMP-9 ZE [ #3515 il

HAHANMEAE 6 FLAR AL PR 24 b, G 28 1 26
WK F 2@ 40 0 10 min, 10000 r/min 4°C &5 0> 20
min, FVE R, BCA 8 150 &0 e BB ik
FE o RRALEAE 20 g, RV 0 19 e B G P YK Ve 0 JE
ST AT B AR NC B ES | 59% i s Wk == T
M2 h, in¥t i —3; TRPV1 MTSS1 MMP-2 MMP-9,
4CIFE R, VRS IR R, — B s IR TR E2 h,
DAB i (8 3240500 65 b 60, B 1 58 S UG AT BRI A2
30T .
1.4 FitEHZE

SR H SPSS 20. 0 #A4xF £ s 47 S8 it bt i
ORI B R 22 (& £ 5 ) RO, 2 A] AL
KRR Ty 2200, iE— 25 P EL AT SNK-q
5, P<0.05 FREFAGI2#E L,

2 R
2.1 BRI X 20 B3 5 B4 52 0
%t FELHAR G, 25 .50 100 wmol/L B ZH 4

JI g SN AT 7 (P<0.05) o WL 1,
2.2 HWEXHEEZING

x4 A, 10,25 .50 100 pmol/L B &
2H A0 M 2R A (P<0.05) . W31 &l 1,

R AFIR BB A BRAR G S ) R R BCR: TTAR 1A EERY LB (n=6)

Table 1 Comparison of cell proliferation inhibition rate, invasion number, and migration percentage at different

concentrations of capsaicin

51 BATEMHIR (%) M IR ZEEE (1) TR E (%)
Groups Proliferation inhibition rate Cell invasion number Migration percentage
X HEZ Control group 0. 00+0. 00 34.16+4. 16 84.16+6. 15
10 pmol/L M ZE 4 10 wmol/L capsaicin group 1.53+0.25 24.76+3.69* 56. 86+5. 48 *
25 wmol/L BHIZE 4 25 pwmol/L capsaicin group 16.49+1. 16" 21.38+3.86" 46.85+4.88"
50 wmol/L #HIZE 4 50 wmol/L capsaicin group 34.46+4. 56" 13.49+2.96 " 36.48+5.49"
100 pwmol/L FHIZE 41 100 wmol/L capsaicin group 39.46+5. 18 6.48+1.17" 24.46+4. 44

T S50HRAALL, *P<0. 05,
Note. Compared with the control group, “P<0. 05.
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2.3 HMEITHEITR RN

x4, 10.25.50,100 pmol/L BHI %
AT RS o LA (P<0.05) . WL 1 & 2,
2.4 FHWEIHAA P TRPVI, MTSS1, MMP-2,
MMP-9 & 8 7K F B 220

XA, 10.25.50,100 pmol/L BH %
ZH40 Mo B TRPVI MTSS1 %5 14 7K F FH 55, MMP-2
MMP-9 2 FI/KF-FEA% (P<0.05) , W2 K3,
2.5 FH MTSS1 XI5 A0 12 40 A 1= 28 1 52 i

55 %F B ZH A6 e, 100 wmol/L 3 ML Z 4H | 100
wmol/L BRI ZE + X I siRNA £ 100 pumol/L A&

+MTSS1 siRNA 41 21 i {2 2845 &= FEAIK ( P<0. 05) 543
15 100 wmol/L HANZE L 100 pwmol/L HfHLZE +XF
I8 SIRNA ZHAHEE , 100 wmol/L BRHIZE +MTSS1 siRNA
2 A0 fR 2R B T (P<0.05) , WLIET4 33,
2.6 FH MTSS1 XFERH R 40 12 4 BT 19 3 M
X HRZHAH G, 100 umol/ L BHIZEZH 1100 pmol/
L BHLZE +X R siRNA 2H 100 pmol/L BRHZE +MTSS1
siRNA A EERS B 43 LURR IR (P<0. 05) ;43511 5 100
pmol/L BHIZ 2 . 100 pumol/L HHLZ + 4T il siRNA
ZHAHLEE, 100 wmol/L B ZE +MTSS1 siRNA ZH 41l jifd i
BE T (P<0.05), WK 5 %3,

B 1 AR R A B A R R 1

Figure 1 Invasion of cells at different concentrations of capsaicin

B2 A [ o B R Ak B A T AR 1

Figure 2 Migration of cells at different concentrations of capsaicin

FR2 AREEEHRZE LTI TRPV MTSS1 ,MMP-2 MMP-9 & /K H A (n=6)
Table 2 Comparison of TRPV1, MTSS1, MMP-2 and MMP-9 protein levels in cells with different concentrations of capsaicin

il
TRPV1 MTSS1 MMP-2 MMP-9
Groups
X HR A
0.21x0. 04 0. 1620. 04 1.08+0. 17 0. 96x0. 08
Control group
10 wmol/L B Z 4
pmol/1. B Z A1 1.16+0. 18 0.470. 04" 0.67+0.07" 0.36+0. 04"
10 pmol/L capsaicin group
25 wmol/L HHEL . v
pnol/L AL 1.23£0.33" 0.5120.05" 0.7120.08" 0.3120.04"
25 pmol/L capsaicin group
50 wmol/L BHIZ:4
pnol/ L FRHR A 41 1.2820.41° 0. 570.06* 0.73£0. 05 0. 13£0. 04
50 pmol/L capsaicin group
100 wmol /L Bt Z 4 \ .
pmol/L BRI A 2.14£0.45" 1.0320.12* 0.22+0. 04" 0.09+0. 02

100 pmol/L capsaicin group

e HXFIRAAE L, “P<0.05,
Note. Compared with the control group, *P<0. 05.
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2.7 FH MTSS1 MR EABHP b MTSS1,  MMP-2 MMP-9 & 4 /K F &K (P<0.05) ; 43 %l 5
MMP-2 MMP-9 & 7K F #8501 100 pmol/L ML ZE 20 . 100 pmol/L B HIZ + X 1R

55X MR ZH AH FE, 100 wmol/L BEML K 41,100 siRNA ZH4H L, 100 wmol/L i #l Z + MTSS1 siRNA
pmol/L B +XT H siRNA 41 100 pmol/L BHZE 440+ MTSS1 & H K FEF#EAK, MMP-2 MMP-9 &
+MTSS1 siRNA 2140 i i MTSS1 & 1 K 7t &, KT (P<0.05) , W4 Kl 6,

B3 AR EHHE A S TRPVL MTSS1 MMP-2 MMP-9 & /K- F1% 1
Figure 3 Protein levels of TRPV1, MTSS1, MMP-2 and MMP-9 in cells with different concentrations of capsaicin

B4 T4 MTSS1 J5HHR 2 40 iR 22 115 Ol

Figure 4 Invasion of capsaicin-treated cells by interference with MTSS1

B 5 TP MTSSI Ji5 B AL BN T RS 175 Ol

Figure 5 Migration of capsaicin-treated cells by interference with MTSS1
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&3 T MTSST AU AL B0 M IR 2R K R [ LR L (n=6)

Table 3 Comparison of the invasion and migration of capsaicin-treated cells by interference with MTSS1

265 I 1R 2R () TR E (%)
Groups Cell invasion number Migration percentage
X} HEZH Control group 33.56+3. 46 76. 89+8. 46
100 wmol/L HHZE 4L 100 wmol/L capsaicin group 6.58+1.16" 26.49+3.48"
100 wmol/L BfHZE +%F i& siRNA 4 100 wmol/L capsaicin+ control siRNA group 7.06+1.25" 21.46+4.59 "

100 pmol/L BHIFE +MTSS1 siRNA 4 100 pmol/L capsaicin+MTSS1 siRNA group

18.46+6.48*#4 61.16+7.48*#2

0 SRR, *P<0.05;5 100 pmol/L FHZE AL, * P<0. 05;5 100 wmol/L HHIZE +Xf M siRNA 414H L, 2 P<0. 05,
Note. Compared with the control group, *P<0. 05. Compared with the 100 wmol/L capsaicin group, *P<0. 05. Compared with the 100 pmol/L capsaicin

+control siRNA group, 2 P<0. 05.

F 4 T MTSST G BB AL #A L b MTSST MMP-2 MMP-9 £ 17K F- L4 (n=6)
Table 4 Comparison of MTSS1, MMP-2 and MMP-9 protein levels in capsaicin-treated cells by interference with MTSS1

Ggrli;fgs MTSS1 MMP-2 MMP-9
T HEZH Control group 0. 18+0. 03 0.87+0. 12 1.03+0. 12
100 wmol/L HHIZE L 100 wmol/L capsaicin group 0.86+0.08*  0.26x0.06* 0.12+0.02*
100 wmol/L BHHIZE + X} 1B siRNA 2 100 pmol/L capsaicin+ control siRNA group 0.87+0.09 " 0.28+0.05" 0.13+0.03 "

100 pmol/L A ZE +MTSSI siRNA 41 100 wmol/L capsaicin+MTSS1 siRNA group

0.43+0.06“*4 0.68+0.07 4 0.48+0.05**4

T R HRALAALE , *P<0. 05555 100 wmol/L BBUEHAA L, *P<0. 05555 100 wmol/L HBUE +X1 18 siRNA 41AA 1L, # P<0. 05,
Note. Compared with the control group, *P<0.05. Compared with the 100 wmol/L capsaicin group, *P<0. 05. Compared with the 100 pmol/L capsaicin

+control siRNA group, * P<0. 05.

6 T4t MTSS1 J5 Bl Ak HE A i o
MTSS1 MMP-2 MMP-9 % {1 /K P55
Figure 6 Protein levels of MTSS1, MMP-2 and
MMP-9 in capsaicin-treated cells by interference with MTSS1
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525 R R B JU R X Tt 25 v i e O B T 4 2 4
WA P A &% ATIR/Smad3 & 1R FIALHIBF Y

R, KA
(AT ARER, #H  570208)

[HE] B8 R E I REREIIRM %R & M 10 BT Ik EL 40 A A0 B B 4% &% AT1R/Smad3
BHMER, FiE ATEIL N34 IEFA(NC ) BBIZ (SHR 4) M2i W4 (TMGT 4) . 2l bk 3 4k
FRAS [ s [0 94 00 28 A 5 3 2H R BRAI BT T 988 EX4 4 SO0 P 9 X S A7 s 28 5 3 & R BRI s v ) R A TR
IL-6 Fl TNF-o 75 ] ELISA #EATHIN L3R 53 20 R B0 B AH 2L 1 50 R HE B2 (R0 PAS YL OIS LU ;3 AR
U ZHZE Y ATIR/Smad3 45 FH M mRNA KA 505 8 H BLEN L B F0 RT-PCR BTN IR, R THEAE
2.4 F1 8 JEIRT NC 41K UM L%, SHR 41K B BB Bl ik R Tt =i ( P<0. 05) 5 A1 SHR 41K BRUAH LG, TMGT 41K B BB
KIS FEAE LA 25 )5 2 4 F 8 JHBS 153 T B MIK (P<0.05) . SHR 41K B CD4*/CD8* WAl #% NC 4H 1 35 T+ (P<
0.05) ; TR TMGT 41 CD4*/CD8" Hu{E B K F SHR 44 ( P<0.05) , SHR £H K BT H 1L-6 Al TNF-o &7 845
NC £H B i FF 5 (P<0. 05) 3 A1 SHR 4K BUILIE T 1L-6 1 TNF-o £ 840 L, TNGT 41 i 3 B4 A% ( P<0. 05) . SHR 4k
FUB 12U NC gl 057 B, B /NBR AR R HL BRI B JEE | o B /INER AR g 223 30, 6 40 I/ e 7 LR A 25 5 T 00 1)
TMGT 20K B 4H4U% SHR 4H158) T 0 B A9k, A1 NC A EL, SHR 40 K BB 441 Smad3 1 ATIR 2 H K
mRNA ik W10 (P<0. 05) ; THUF B9 TMGT 41K A 420 Smad3 A1 ATIR & 1 & mRNA ik SHR 413
WERAL(P<0.05) , &5iE &7 RINRE AR R PTG 200 37 0 R B T 9k B4 40 M P, s LA 1 e B2 T
SR 5 LT S B S B R 1R B R B 2R Y Smad3 R ATIR 2 A 263K, HET % s R B HEATIAYT .

[E8iA) &7 RMREIRBIK A B &M U T R EL 408 Rl 45 ; ATIR/Smad3 EH
[hESES] R-33 [ XkRiZFE] A [XEHS] 1671-7856 (2022) 03-0038-08

Mechanism of compound Gastrodia honey cyclic glycopeptide tablets in
T lymphocyte subsets, early kidney damage and AT1R/Smad3 proteins in
essential hypertensive rats

FENG Jing, ZHANG Xianchun "
(Haikou People’ s Hospital, Haikou 570208, China)

[ Abstract ) Objective  To explore the effects of compound Gastrodia honey cyclic glycopeptide tablets on T
lymphocyte subsets, early renal injury, and angiotensin II receptor type 1 ( ATIR )/Smad3 proteins in essential
hypertensive rats. Methods The study was divided into three groups: normal (NC), model (SHR) and drug ( TMGT)
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groups. Changes in blood pressure, T lymphocyte subsets in peripheral blood, IL-6 and TNF-a in serum, pathology in renal
tissue, AT1R/Smad3 protein expression were assessed. Expression of AT1R/Smad3 mRNA was detected. Results
Compared with the NC group, tail artery pressure in the SHR group was increased at 2, 4 and 8 weeks after administration
(P<0.05). However, no significant difference was found between SHR and TMGT groups at week 0 (P<0.05). At 2, 4
and 8 weeks after administration, systolic blood pressure of the tail artery in the SHR group was significantly higher than
that in the NC group, and the tail vein of the TMGT group was systolic after treatment. Blood pressure in the SHR group
was significantly lower than that in the SHR group (P<0.05). The ratio of CD4"/CD8" cells in the SHR group was
significantly higher than that in the NC group (P <0.05). The ratio of CD4"/CD8" cells in the TMGT group was
significantly lower than that in the SHR group after treatment ( P<0.05). Compared with the NC group, the serum levels of
IL-6 and TNF-a in the SHR group were increased significantly (P<0.05) and those in the TMGT group were decreased
significantly ( P<0.05). Renal tissue of the SHR group was more seriously damaged than that of the NC group with
glomerular hypertrophy and basement membrane thickening, a large number of glomeruli became vacuoles, capillary
stenosis and occlusion. After treatment, renal tissue of the TMGT group was significantly improved compared with that of the
SHR group. Compared with the NC group, protein and mRNA expression of Smad3 and AT1R in renal tissue of the SHR
group was increased significantly ( P<0.05) and that of Smad3 and ATIR in renal tissue of the TMGT group was decreased
significantly ( P<0.05). Conclusions Compound Gastrodia honey cyclic glycopeptide tablets effectively regulate T
lymphocyte subsets, improve immune functions, alleviate early renal injury caused by hypertension, and inhibit the
expression of Smad3 and AT1R proteins in renal tissue to treat hypertension.

[ Keywords] compound Gastrodia honey cyclic glycopeptide tablets; essential hypertension; T lymphocyte subsets;

early lung injury; AT1R/Smad3 protein

J5 & M 15 1L ( spontaneous hypertension, EH )
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ARG T 1 g/kg RIRE IR B T 9, 1
K3 W HELE T 8 JH;NC 4K U SHR 2K flE
BT AR A B K T, B 3K, IS T
8 Jil,
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BB, 43 5D A 2 K BRI Y IL-6  TNF-o (1)
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= =Es
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KH HE @1 PAS e @b Bk, 438 3 4K
SRR HCHE B 2L ) A g 1 D) R 2 2R A R
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(Y3 5.0 5 min, U EVEWE, B AR EE ] BCA 63
AR, PERE LI 50 pg 2 FIRE S AR 2R 1k
FETHRREARMRTR . HEHRZE R SDS-PAGE Z2 i it A
B WP N BV, S min S5 7E U] G FL R
U AR FES MRS PIFE . 1 h 5
A—¥t, TBST ¥R 2 LR ST U 3 U, BEI &
RGMECHUR , 250 Hr
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R 27 AR T
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2.1 FBAKXRENKGSEENELE

1 NC AR EAH L, SHR 40 H1 TMGT 4 Kk B4y
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25)5 0 J& SHR 20 F1 TMGT 2H K KU 3 bk e 4 15 1%
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(P<0.05) ; #l SHR 4H25 2 )5 2 .4 F1 8 Jalih K LR
Sk 4E AR LG, TMGT 40K B4 45 21 W 2 3 il (P
<0.05) , WFE 1,

2.2 HBAKXRIMNEAM CD4*F1 CDS* ARG K 1% 57 &
% CD4"/CDS8*tb{&

NC 41K RAME L CD4" A 2505 % 0 (63. 21+
2.13) ,CD8" i F I (34. 21£1.65) ; SHR 4
KEAME I CD4*(81. 15+2. 62) 4 il F 1k 47 2K &% NC
2T (P<0.05) ,CD8"(25.33+1. 96) 4 fifl K1k
WAL NC 4 B FRAR(P<0. 05) s T-HUF 19 TMGT 20
KEAMEIM CD4"(66. 73+1. 57) 4l F X545 SHR

20 53 3 WA, CD8” (32. 76 +2.35) 4 fifd 2% ik i R 4%
SHR 41 & # T+ (P<0.05) . A1 NC 40 K KL CD4"/
CD8" HUAE (1.62+0. 15) AH Eb 38, SHR 41 K [ CD4"/
CD8" HUfE (2. 26+0.31) & T+ (P<0.05) ; T HiJ5
B TMGT 2H K BLAY CD4"/CD8" FfH (1. 85+0. 12) %
SHR 41 i} Z %K (P<0.05) , WLIE 1 FEEl 2,
2.3 MMmi&E® IL-6,TNF-a & 2L

FNC 41K B0 3 A 48 5% - TL-6 Al TNF-a
TEAM L, SHR 4K R W& F+ 5 (P<0.05) 5 F
SHR ZHAH L, TMGT 4K Bl v 1 IL-6 F1 TNF-a0 1%
L E L (P<0.05) , L& 2 FIid 3,

R ASUIRBUANTE I ] R 3l koo 46 e I LE#R (x4, n=20)

Table 1 Comparison of tail artery systolic blood pressure in different groups at different time

215 Groups 0 J& 0 week 2 J& 2 weeks 4 J& 4 weeks 8 J& 8 weeks
NC 4 NC group 143.36+3. 98 148. 71+4. 06 148. 64+3. 87 147.32+3. 14
SHR #41 SHR group 162.78+2.71" 189.42+3.77" 192.76+3.65" 190.31+3.27 "
TMGT 41 TMGT group 163.99+2. 46" 168.25+2.46 "% 167.33+2. 18 *# 165.54+2.49*#
F 275.1 676. 8 890. 3 1044.0
P <0. 0001 <0. 0001 <0. 0001 <0. 0001

.5 NC ZHAHEL, *P<0.05;5 SHR 204, #P<0. 05,

Note. Compared with NC group, “P<0.05. Compared with SHR group, *P<0. 05.

B e MR 5 4Lk AT A I CD4* I CD8* 4l 365 45% J CD4*/CD8” LA
Figure 1 Expression frequency of CD4" and CD8" cells and the ratio of CD4*/CD8" in peripheral blood of rats in each group

were detected by flow cytometry
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2.4 ZAHARSELAREFTHLE

FINC R RE A2, SHR 4 K BUE ek
HH G 4 R, LG R G R B /N ER K s
S, B AN B B B AE, HH B P 2E ; f SHR 41
KEE AL L, TMGT 45 4045 5] T 8 8 /9L
= LK 4,

2.5 BHAKREHLATH Smad3 1 ATIR EARIZE
7%

HINC 4K BB 4148 Smad3 Fl ATIR EHFE
ISAHLEHE , SHR 413 380 (P<0. 05) ; 1 SHR 41
AHEE, TMGT 4 K B 441 Smad3 A1 ATIR &
FEIRH i F FRAK(P<0.05) , WLl 5,

.5 NC 4L, *P<0.05; 5 SHR 41AH1L,*P<0. 05,

R2AHKEUMTE T IL-6 TNF-o 5 LA (x5, n=20)
Table 2 Comparison of IL-6 and TNF-a in serum of
rats in each group

5
IL-6( pg/mL) TNF-a( pg/mL)
Groups
4]
NCAL 2.83+0. 41 282.41+51.73
NC group
SHR 21 3.96+£1.02" 1455.92+111. 34"
+ +
SHR group T T
TMGT 4 i ou
TMGT group 3.17+0. 87 376.12+89.76
F 10. 26 1103. 00
P 0. 0002 <0. 0001

. 5 NC 4l *P<0.05; 5 SHR 414# 1k, *P<0. 05,
Note. Compared with NC group, “P<0.05. Compared with SHR group,
#P<0. 05.

B2 AHKRIMNEIM CD4" I CD8" Ji F LM B CD4"/CD8” LB L%
Note. Compared with NC group, *P<0.05. Compared with SHR group, #P<0. 05.

Figure 2 Comparison of the expression frequency of CD4"and CD8" cells and the ratio of CD4"/CD8" in peripheral blood in

each group of rats

. 5 NC 4L, *P<0.05; 5 SHR 441, * P<0. 05,

B3 ARG IL-6 Al TNF-o £ i LA
Note. Compared with NC group, *P<0.05. Compared with SHR group, *P<0. 05.

Figure 3 Comparison of IL-6 and TNF-a in serum of rats in each group
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H A KREHZ HE %E,Bkﬁlﬁgﬂgﬁ PAS %@:c
4 FAREFLLHE (@M PAS Jefs
Note. A, HE staining of rat kidney tissue. B, PAS staining of rat kidney tissue.

Figure 4 HE staining and PAS staining of rat kidney tissues in each group

A3 AREUE AL Smad3 H M ATIR #1235 B:3 4UK U AT Smad3 8 A ATIR &KL, 5 NC 4IMILL, "P<
0.05; 5 SHR 4Lk, *P<0.05,

5 HUURRE LU Smad3 H A ATIR SRS
Note. A, Expression of Smad3 protein and AT1R protein in renal tissue of three groups of rats. B, Comparison of the expression of Smad3 protein and
ATI1R protein in renal tissue of three groups of rats. Compared with NC group, *P<0.05. Compared with SHR group, *P<0. 05.

Figure 5 Expression of Smad3 protein and AT1R protein in renal tissue in each group of rats

2.6 ZFHAKXKREMHLASF Smad3 1 ATIR mRNA
RiLtb%:
NC KB H4H Smad3 F1 ATIR mRNA 43
B (1.01+0.10) F1(0.27+0.02) ; SHR 41 K K&
ZHZ P Smad3 mRNA (3.27+1.21) 1 ATIR mRNA
(0.89+0.05) & NC H ¥ W ZEWA(P<0.05); #1 .5 NCUUMLL, "P<0.05;15 SHR 41HLL,"P<0.05,
SHR Z1AH H, TMGT 41K BUE 4121 Smad3 mRNA 6 FFAUKEUHALZUT Smad3 Al ATIR mRNA ik A%

( 1.58+0.23 ) F ATIR mRNA ( 0.34+0. 03 ) I % IK% Note. Compared with NC group, *P<0.05. Compared with SHR group, *P<0.05.
{EE(P<0 05) . LI 6 Figure 6 Comparison of Smad3 and ATIR mRNA expression in
A . , U o

renal tissue of rats in each group
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AT Smad3 F1 AT1R 25 [ 3RIA #5107 2E 5% /5 1%
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Role and mechanism of ORMDL3 in neutrophil asthma through endoplasmic
reticulum stress-mediated autophagy

WANG Longmei” , SUN Yongxian, ZHANG Xinjuan, CHEN Xiaoyan
( Western Medicine Teaching Department, Shandong College of Traditional Chinese Medicine, Yantai 264199, China)

[ Abstract ) Objective  To investigate the role and mechanism of ORMDL3 in neutrophil asthma through
endoplasmic reticulum stress ( ERS)-mediated autophagy. Methods  Adult male SD rats were randomly divided into
control, model, model+NC siRNA, model+ORMDL3 siRNA, solvent control, model+solvent control, model+NC siRNA
group+ solvent control, model + ORMDL3 siRNA + solvent control and model + ORMDL3 siRNA + agonist groups. The
neutrophil asthma model was established by lipopolysaccharide and ovalbumin sensitization. An ORMDL3 siRNA lentivirus
or negative control (NC)-siRNA lentivirus was administered through the airway and ERS agonist, carotene, or solvent was

injected intraperitoneally. Airway function, 0.2 s forced expiratory volume ( FEVO. 2)/forced vital capacity (FVC), peak
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expiratory flow (PEF), pathological changes of lung tissue and the expression levels of ORMDL3, ERS marker genes
PERK, IREla, ATF6 and autophagy marker genes Beclin-1 and LC3 were analyzed. Results FEVO0.2/FVC and PEF
levels of the model group were lower than those of the control group and the expression levels of ORMDL3, PERK, IREla,
ATF6, Beclin-1 and LC3-II/LC3-T in lung tissue were higher than those of the control group ( P<0.05). FEVO0. 2/FVC and
PEF levels of the model +ORMDL3-siRNA group were higher than those of the model+NC-siRNA group and the expression
levels of ORMDL3, ATF6, Beclin-1 and LC3-I1/LC3-1 in lung tissue were lower than those of the model+NC-siRNA group
(P<0.05). The expression levels of PERK and IREla showed no difference compared with the model+NC-siRNA group
(P>0.05). FEVO. 2/FVC and PEF levels in the model+ORMDL3 siRNA+agonist group were lower than those in the model
+ORMDL3 siRNA+solvent group and the expression levels of Beclin-1 and LC3-II/LC3-I in lung tissue were higher than
those in the control group ( P<0.05). Conclusions In the pathogenesis of neutrophil asthma, ORMDL3-induced
autophagy through ERS ATF6 pathway is a possible molecular mechanism. Blocking ORMDL3 is a possible treatment

method for neutrophil asthma.
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Figure 1 Comparison of ORMDL3 expression level in lung tissues among four groups of rats
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Figure 2 Comparison of airway function among four groups of rats

B3 4 HREUMH LR B BUE R LA (HE )

Figure 3 Comparison of pathological changes of lung tissue among four groups ( HE staining)
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Note. Compared with the control group, *P<0.05. Compared with model+NC siRNA group, *P<0. 05.

Figure 4 Comparison of PERK, IREla, ATF6 expression levels in lung tissue among four groups of rats

o SXHRAAH, *P<0. 05; 588 +NC-siRNA ZAH H, * P<0. 05,

5 4 HREMAHZ P Beclin-1 LC3-11/LC3-1 F KK P19 HLAK
Note. Compared with the control group, *P<0. 05. Compared with model+NC siRNA group, *P<0. 05.

Figure 5 Comparison of Beclin-1, LC3-II/LC3-I expression levels in lung tissues among four groups of rats
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Note. Compared with the solvent control group, *P<0.05. Compared with model+NC siRNA +solvent group, *P<0.05. Compared with model +

ORMDL3 siRNA+solvent group, %P<0. 05.

Figure 6 Comparison of airway function amomg five groups of rats

B 7 5 HREUMHLUR IR BUE R LA (HE B )

Figure 7 Comparison of pathological changes of lung tissue among five groups ( HE staining)
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Note. Compared with the solvent control group, *P<0.05. Compared with model+NC siRNA+solvent group, ¥ P<0. 05. Compared with model

+ORMDL3 siRNA+solvent group, ¢ P<0. 05.

Figure 8 Comparison of Beclin-1, LC3-1I/LC3-I expression levels in lung tissues among five groups of rats
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[ Abstract]  Objective In terms of the TLR/NF-kB signaling pathway, we explored the effect of Bushen Yigi

Huayu granules on the formation of blood vessels in osteoporotic rats. Methods Sixty SPF female SD rats were randomly
divided into sham operation, model, granule and positive control groups with 15 rats in each group. Except for the sham
operation group, the other three groups were subjected to bilateral ovarian extraction to prepare an osteoporotic model. The
sham operation group underwent surgery only without removing the ovaries as a control. Rats in the granule group were
administered 5 g/kg Bushen Yiqi Huayu granules by gavage, rats in the positive control group were administered 0. 5 mg/kg
alendronate sodium tablets by gavage, and rats in model and sham operation groups were administered a gavage with the
same amount of normal saline. After 12 weeks of continuous administration, the rats were sacrificed. Femoral tissues of the
rats were subjected to bone density testing, HE staining, Micro-CT three-dimensional reconstruction analysis, CD31
fluorescence immunoassay, and blood perfusion imaging analysis. Serum VEGF and HIF-1a concentrations were measured
by ELISA. Western blot was used to detect expression of p50/p-p50 and p65/p-p65 protein. Results Compared with the
sham operation group, rats in the model group had a low bone density (P<0.05), trabecular bone growth was sparse,
blood vessel formation was slower, the number of blood vessels was smaller, serum VEGF and HIF-1a concentrations were
significantly decreased (P<0.05), and expression of p50/p-p50 and p65/p-p65 proteins in femoral tissues was increased
significantly. Compared with the model group, the trabeculae of rats in granule and positive control groups grew well, the

number of blood vessels was formed, bone density was increased significantly, serum levels of VEGF and HIF-la were

increased significantly (P<0.05), and the protein levels of p50/p-p50 and p65/p-p65 were decreased significantly ( P<

0. 05). Conclusions

Bushen Yiqi Huayu granules may promote the angiogenesis in osteoporotic rats by regulating the

TLR/NF-kB signaling pathway and plays an important role in alleviating osteoporosis.
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Figure 1 BMD comparison of femur among four groups rats
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Figure 2 HE staining morphology comparison of femur tissues among four groups rats
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Figure 3 MicroFil angiography of rat femur
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Figure 4 Micro-CT analysis among four groups rats
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Figure 5 Immunofluorescence results of CD31 and DAPI in the femur tissues among four groups rats
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Note. Compared with Sham group, *P<0.05. Compared with Model group, #P<0. 05.

Figure 6 Serum VEGF and HIF-la concentrations comparison among four groups rats
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p65 protein expression levels. Compared with Sham group, *P < 0.05. Compared with Model group, *P<0. 05.

Figure 7 Western blot detection of p-p50/p50 and p-p65/p65 protein expression levels
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RFEEF] X SHR KB eNOS .iNOS 34 19 52 11
BEW L E R T #
(1. g ERHe szl B 201203, 2. B EZ KERHE S2IG b, B 201203)

[BE] HH H it H &85 ME KB (spontaneously hypertensive rats, SHR) 78 = Il & e UERE Y, R 4T3 )
X SHR 4 7 il — 484k & & B ( endothelial nitric oxide synthase, eNOS) g 58— AL & 45 B (inducible nitric oxide
synthase, iNOS) FILIEVER] . AiE L WKY ( Wistar-Kyoto) KBRS FIX IR SHR iS4 74340 2y 7~ 24 J8
1 SHR FEMRRFEEF(3.375 ¢/ (kg - d)), A& 25 ME = 32 JBIE, Wt 1M % | 22 % Bt 38 40 (left ventricular mass
index, LVML) | Sk EFIKIIAE | L5 WASERAR 5 F (NO, ™ ) & i \iNOS .eNOS mRNA UK E A& Ak, R (1)~
R0 SHR 262 B850 IS NO, MR T WKY , F3h Ik 475K 5 15 34K T WKY, (2) mRNA %k S/
4k 5 WKY AR H, AR ER B SHR 8.0 LRSIk eNOS I INOS mRNA 235374 , Hirh eNOS/INOS H ok H BL7E
18 JAi s S HE MRS HE A 7 24 32 JEIIA AT AT i 2 B AR.O LRI B K iNOS T eNOS mRNA #9335, (3) BHARK S =
A4k 5 WKY ML, 18.24 Al SHR B0 LRI 3h ik iNOS 25 1 2 2 i 3 TH s, 24 B SHR B s ik DA % 18 .24 J& %
SHR 9.0 L eNOS 75 1 & & i 2 i ; A E IR RATE A, 78 18 .24 Jali: 2 (KB Ik iNOS R A3k 1524 J5 VE K
s #E 24 R0 32 JEIES B 2 RGO L INOS ZE I ERIA 7 32 JRS W FRAIN Bk eNOS & [ FAFIFH 0 L eNOS B3R
®, Bt BMERENR AT R INOS (eNOS BBk, 1M INOS Fl eNOS 75 1A P A4 K het AR S 1 SR e 85 1fiL e
HI&A: AR SHR = MR 2R, — S b A Gl -— S A RS S 2 S NE R B DR A — 5 AE G ; RAT
W FE—E TR IFIR P INOS FI eNOS HYZEIK , I ok 38 70 25 HE S M 1048 P B2 ShBE .

[X8iA] HEMSIE; N8 —SILA A 5T — LA A RS F

[FE %S ] R-33 [ XktRiZFE] A [XEHS] 1671-7856 (2022) 03-0062-08

Effect of captopril on expression of eNOS and iNOS in spontaneously
hypertensive rats

JIANG Jiaye', LI Yuan', KE Yan®*
(1. the Experimental Center for Teaching and Learning, Shanghai University of Traditional Chinese Medicine, Shanghai 201023, China.
2. the Experiment Center of Science and Technology, Shanghai University of Traditional Chinese Medicine, Shanghai 201203 )

[ Abstract]  Objective To investigate the effect of captopril on expression of endothelial nitric oxide synthase
(eNOS) and inducible nitric oxide synthase (iNOS) in spontaneously hypertensive rats. Methods WKY ( Wistar Kyoto)
rats were used as the blank control. Spontaneous hypertensive rats( SHR) were used as the model group. SHR aged 7 ~24
weeks were administered captopril (3.375 g/ (kg + d)) and observed at 32 weeks. Blood pressure, left ventricular mass
index (LVMI) , aortic diastolic function, serum nitrite ion (NO, ), and mRNA and protein contents of iNOS and eNOS

were measured. Results (1) The left ventricular mass index and serum NO, ™ concentration of SHR were higher than those

[(BE£TE] PR RFWAENTUE (20211LK031) ,
[EBB N 1B (1984—) | I3 | i Sz i W58 J5 1) - "2 TR M A3 0 %6 . E-mail: jiayejiang@ 163.com
[BEEMEE ] THME(1969—) , & M4, 2%, WF 95 7 1) . P 2G 16 P LA % . E-mail ; keyantem@ 163.com
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of WKY rats at various weeks and relaxation of the aorta was significantly lower than in WKY rats. (2) mRNA expression
changes: compared with WKY rats, mRNA expression of eNOS and iNOS in the myocardium and arteries of SH rats were
higher at various weeks, among which the maximum value of eNOS/iNOS appeared at 18 weeks. After administration of
captopril, mRNA expression of iNOS and eNOS in the myocardium and arteries was significantly reduced at 24 and 32
weeks. (3) Protein expression changes: compared with WKY rats, the iNOS protein content in the myocardium and arteries
of 18 and 24 weeks SHR were increased significantly, and that of 24 weeks SHR and 18 and 24 weeks SHR was increased
significantly. Protein expression of iNOS in arteries was significantly reduced at 18 and 24 weeks by captopril and the effect
disappeared after discontinuation. iNOS protein expression was significantly reduced at 24 and 32 weeks. Additionally, at 32
weeks, eNOS protein expression was significantly reduced in arteries and increased in the myocardium. Conclusions The
pathological state of hypertension can lead to overexpression of iNOS and eNOS, and accumulation of iNOS and eNOS
affects the occurrence of hypertension. Along with the pathogenesis of SHR hypertension, the nitric oxide system has a

certain correlation with left ventricular hypertrophy and endothelial function. Captopril inhibits the expression of iNOS and

eNOS in vivo to a certain extent and improves the left ventricular fat thickness and endothelial function.

[ Keywords]

g UL AT 5 R A R R B e 3 | ol
PR T RERRERS S A — UL A (NO) ARV B
i F A A BRAE T, T NO s R I 2 514 200
PR, KEIFIE R, NO 5 & iR VIAH G, 1
2 Il A R S 56 SR A s B A i s B AR
R RN A NO =1 2 /DA TE—E 4R, 1 s
TR T2 NO Wb ARSI IS AT i

NO 174 F 2 i — AL A5 U (NOS) #Efk
LK 2R 5 A0y 78 i SR Al U N AR s, T
NOS 2N A L NO f i —FR#E , © AL L-KS =
FRHE L NO, fEIZ4 N 1R & BLRY NOS /Y 3 Al
o fh 28 50 B — S Ak & A B ( neuronal nitric oxide
synthase ,nNOS) Fl A 7 B — A Ak A A T (eNOS) 7E
ARG T IR kAR, RA BT Ak
FAH(INOS) 7ERELRAS T AL NO 20 = i
FER & A R fH 2 NO 2B L A2 By kil
PRUMCAE A L A o A6 ) — 481k L5 il (NOS) R[]
ST NO WUVE T, © A il 3% WY Bl 4F % 19 1
K, A& E R K B (SHR) 7776 — E AL A A Y
IERE KT {0 SHR R AT I 3 im0 BE 5 30 Bk
iNOS F1 eNOS B2k S AR I 2 5 NO 2B
1Y EAA NOS Jf R A RGERYBFFEARIE

ABFFER LL SHR AR AF 5% H bl o 48 i 1
K, MES Bk iINOS il eNOS HYZE (A% 1, I 17
RICH I3, % 5 25 % SHR #iA — S LA &
it — — A 16 Al & G2 1Y 52 W, R BF SHR A [W] 5 48
iNOS il eNOS fi0JIE 5 ik b il BES 5 NO Az i
AL TR B AR FE 38 ) Xof 7 % S JEE A0 I 4 PN 2 ) i
HRIEH

spontaneous hypertension ; inducible nitric oxide synthase; endothelial nitric oxide synthase; captopril

1 #RfnrE

1.1 W

B 6 J8 #% HEPE SPF 2 Wistar-Kyoto K i
(WKY) (24 H)FISHR(42 H) {KH 150~180 g,
T 3 S S50 S A PR DA A F [ SCXK (97)
2017-0005 ] , Fr A sh 7E L ifg i s 25 K24 S 3l )
HULSE G % SPF 8 W) i i 37 [ SYXK (IF7) 2020 -
00097, (22+1)°C,12 h J&ME/12 h BESHEHR, A
AR YRR, TGRSR 1 RS A4, #E T AR
IERE, TESCE T RE T, 78 3R RN A48 5 R A T3
A NIE F SO, IS IR R B 2 K s s
BN (o L v B U 1 B S T VR =4 ST & 71 Y
(P2SHUTCM210129001 ) , 5256 25 3R JEI
1.2 FERKFSE

RAEE A R 3E i 5T 5 25 A PR R R
HE (it 5. 0809031 ) ; TRIzol ( 32 Invitrogen ) ;
RealMasterMix ( K # 4= 4L Bl £ F R 2 7 ) ; BioDev
RT-PCR kit ( 57 F4 %8 MBI ) ; Rotor-6000 % ) i&
PCR A (B KA MR F), PCR ¥ 3 AL (12
Biometra) ; D-78532 & # % % & 0 AL (18 [
Hettich ) ; #KHR VKFE (S 1# Thermo) ;4= H sh £ JIHE
AR ( 35 E Molecular Devices ) ; Griess 1851 & ( 3¢
¥ Promega) ; BP-600A 4 1 3/ /N BRI A 1 0]
RY (AR AR AHD)
1.3 SLBH*E
1.3.1 ah¥irdd Jesab st

6 JEIETEYE WKY (24 H) #1 SHR (42 H),6 J4
WA I 23 9 4b B WKY F1 SHR % 6 H, # 4 18 H
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WKY K36 H SHR, #IH A SHR K5 R M
2H AR FE A X BE AL A ol R AR (SHR) 4, A4
18 HURE, XF BRZH HE iR 4835 F1 (3.375 ¢/ (kg -
d)),SHR 4 M WKY 45 THEMZERK, #EEZ
24 JAIRZE R, SR 1 25 RS2 M S8 &8 32 Sk, 45 417E
18 .24 1 32 JA#A AT 4403 1 #iE(n=6)
1.3.2 i)k

SIS 1R] A5 79 ) TC A SRR st Ik i R I 43
G0 S W R B AR A, S 56 o i el R A
TRGEAE T LR SER WD KR B,
B FRERI 3 Wk BOHA-359ME /b S i 25, A
SR AR E e AR AR I DS R 25
1.3.3 ZEDEFEiEH

AR BRI 58 58 05 KO IEBUE R =
()98 S I BR BT 2 3= i sl kO 48, Kk, .00 s
KA E PR E B, 0. 9% A4 FEER K sk, H
WK AR 7K 43, ik A 0 5 B i (280 = + = ] P
Hi) IR SR 0 LA A2 % e K
(LVMI) ,
1.3.4  Griess N5 ML NO, Wi

KB NO, ™ Ve B2 A 5 SR A Griess 17 £,
KRBT EL % 44 (40 mg/kg) BRI IS, I 3 3l ik
B2y 10 mL,3000 r/min 8.0 10 min, B3R T
—80°C A7 FHTAEI . B 0. 4 mL BES: A 0.1 mL
Griess IRFTI S I 10 min J& , 3 1 22 D) R B Ar 4SO 0
540 nm Ak WOEAE , 455 wmol/L NO, ¥ B 3%
1.3.5  Ach M BEAREPE M 5 &7 5K 5205

Jif WKY 1 SHR K AL SE IS , 43 25 I 3 3l ik
JCE T Krebs-Henseleit 2% ik ( K-H ) 0, 20 B 1L
EIRFERR M5, K M F2 S Bk BT A 3 mm 22 47 14 0l
I, PRIk A S W 45 5 E T 5 mL (KT 37°C
THIEVAFE N Ml — A S 95% 0, F15% CO,
PR A AR, IS A — i [ 2 TR, 59— b 2
sk B M Bk SR A RS T 2.0 g BT,
20 min #3 1 YCOPA 3 k33T 60 min, 60 mmol/L
B KCl 46 PR 5 T 10~ mol/L ¥ /Y PE 1
a5 PRSP IR BN PRAE S , AR BE MR 3 1) £ Tk
REH (acetylcholine, Ach) (107,107 1077, 107 Fl
107 mol/L) , ML IM A KE Ach IIABIEFIKIEIL, LA
FSK 107° mol/L YT AR EEAE N 1009% &7 5K B, fid4iE
107 mol/L ¥ Ach AYET 5K BE JI T P Bz SE 36 7
1.3.6 SEHbE st PCR Al

By 100 mg R EOALALZL, A 1 mL TRIzol

A, LU B ETT RNA $2HC, BT H RNA 19 A/
Aot FHE 1. 8~2.0 Z[A], %% 5455 cDNA , 435
i iNOS .eNOS il GAPDH 5|4 ¥t 17 52} ¢ ) 2 &
PCR &N, 1% 5045 51 R, iNOS LiiE5 1 9.5 -
ATCCCGAAACGCTACACTT-3" |, F i 51 #. 5°-
CGGCTGGACTTCTCACTC-3" , eNOS FiiF5|4).5" -
CCGGCGCTACGAAGAATG-3 ", T U 5l #. 5 -
CAGTGCCACGGATGGAAATT-3" . GAPDH I % 5l
1.5 -CAGAACATCATCCCTGCATC-3" , R 51 4.
5’ -CTGCTTCACCACCTTCTTGA-3" . RT J Jii 4% 1F
9429 ,2 h;95°C |5 min, SZAEEGE B PCR R
R . 95°C TAE P 15 min, 1 MEFR;95°C 15 s,
60°C 20 s,72°C 30 5,40 NME, LhlIE ML, 45
R POEE =T A B R A 45 H Y 5 KR XT
ML 1Y Ct A, Z BSOS Ce (B 5L A AR 2L
FER kR SR g X IRl = 27 A g AT A,
Hp22Cr=(Ct BB -Ct XTI/ 5 — (Ct H I -Ct X
HR) o DHLAISN K eNOS Hl iNOS mRNA ik Z
)B4 s 4 270 AT R, BICA (27°9) o/
(272 nos» 2 Ct=Ct H-Ct X 18
1.3.7 Western blot il

SRR RO LA 24U B R L, BCA 1A
BEEMRRE il 28 SDS-ZR PN Ik Jiie B Jig , b i 44
PEJGBAL A 80 pg, HLUKTEVRAR I i 80 V
L, BB LA (8 120V, B 9k 28 7 I 22 W1 i
HRIATZE R Bk, R R X R RS SOR B A B
HERAT 4 2K |, 4°C T IH IR 400 mA ¥55 1.5 h,
5% AR WIAT TBST 22 il = E ] 1 h, —HT iINOS
(1:200) .GAPDH (1 : 5000)4°C & it 7%, TBST
BRI, 230 3 AT — BT (1 = 5000) , #5 K 4458
1 h, TBST ¥ERJE , INA ECL 1 min, B & 85 2~5
min, WP R, GRERE , 2B BT R Gt
HORBEAE (B & A AEXHE = B /9K B {5/ GAPDH
JREETH) .
1.4 FitEHE

S5 R V- YR e bR e 22 (w2s) KRR, il JH SPSS
16. 0 WA SEREAS (1) ¢ K30 HEAT G240 HT
P<0.05 R EREAGIHFE X,

2 #R

2.1 MELR
B I a4 SR UL 1, S5 R RS WKY
HAH L, SHR 7E 6 ~ 32 JAl & il J& & 25 &5 (P<
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0.01), RILHEFILE 16 ~ 26 JH A 7] & 3 4% SHR
M, #5245 5 % AE FE 2%, & B F+ % SHR %5 1
K
2.2 EERERPMMENO, 82

6,18 .24 F1 32 J& 5 Ab B 45 5 W5 1, SHR 7E
6 Ju] I s 20 2 Jo e AL R B — SRR e (E, I
W e AR E S 5 WKY AL, Bl
SHR 21 /¢ % BTt A8 B0 i, 103 Y NO, Mk B2 A5
BT B EERT(P<0.05) , UL 7E SHR = ifiL 7k A2
B JE IS B 30, NO ik i AR R, H R RE X
MRS & O WL R 738 I ) — R AR HLE] . R E
W FILL 18 JE IR SHR 9 26 % o #2458 500G Wl 5
M), fEAE 24 JEIS AT db 35 KRR A = T e i 50 i 25 7
E LG NO, /K- (P<0.05) , it W 301 il R 3%
R X Ul A A 3 R TSR A e e O
2.3 AEERRME Ach KBk mE &K IhAE

6.18 .24 Fl 32 JE i AL HRI 45 S LA 2 FilA 3,
SHR 6 Jil i 1) ) 32 3l bk o8 1 &7 sk D e 3 58 4. B
SHR 6 JEIf&AR L, I =2l ik 18 JEIIAET 7K B I S R AIX
(P<0.01),24~32 JA#HE— 2 RRAC, B 4RI BoR
POk RS B 24 B ERE (K 2), 5
WKY 4AHEE, SHR 41 45 A~ B 30 9 47 5k 52 I8 35 R AR
(P<0.01), RICEFIZHLE 18 JEIEE I 3= 20 bk i) &7
AR SHR 25 14 b4 4 K (P <0.05) (Kl
3A) 24 RS (K 3B) #1132 JE#A (1K 3C) By 22 53 0 i
., USSR IE FIFE SHR A& 00 ik i 25 ek
L1 FE S IkEF R IR
2.4 OALFNZENEK iINOS,eNOS mRNA Rix

18 .24 F1 32 J& % kb 3t LA S ik iINOS F
eNOS mRNA ik L3 2 K3k 3,45 R Wbl 5 8 i
Ay, SHR D HILRIEK eNOS (iINOS mRNA ik A
THE (% 2) , Hi eNOS/INOS mRNA fiz KfH H
PUTE 18 JE#E (3% 3) , &7 SHR L WLFE i 1M & AR
FIATREA eNOS BMBOR IR AFTE . YoMk
P R4 JE % SHR 1) eNOS F1 iNOS mRNA #ik &
B RS T WKY 41(P<0.05), H iNOS # eNOS
AR BE TR, $E s INOS R B ik & SHR 0L
FBNPKAE (e I 2 2 v A i — AR BIL L . 45
HRIGER AT 05 &R 25 68 0 & AL 24 32
1L B BK INOS mRNA 263k (P<0. 05) |, [A] i 32
FEAIK 18,24 .32 JAL.L L. Bl ik eNOS mRNA ik (P<
0.01), Z55 50 /RBEA R 3, SHR O LA Z)
Jik iNOS mRNA 335G F & e, 10 LR 3l ik

.5 SHR #AfLL, ™ P<0.01,
B 1 AR R bk
Note. Compared with SHR group, ** P<0.01.
Figure 1 Mean systolic blood pressure (SBP) in

each group of different ages of rats

R ARFEE DA A 7 0 3 45 RO
i 75 PP SR 75 AR
Table 1 Effect of Captopril to left ventricular mass index and

concentration of NO, ™ of different ages of rats

o S PN v WP AHFRAR
) () (el
LVW/BW NO,
y 6 2.68+0.19" /
18 2.47£0.25™ 1.29+0. 13*
WKY 24 2.34£0.13 ™ 1. 13+0. 06"
32 2.44£0.18 ™ 1.21£0. 19*
6 2.98+0.25 /
18 3.02+0. 13 1. 65+0. 09
SHR 24 3.08+0. 13 1. 60+0. 09
32 3.05+0. 17 1.78+0. 08
18 2.85x0. 07 1.75+0. 05
24 2.84+0.11*% 2.75+0. 02*
SHR-K 32 2.99+0.23 1.4320. 16

TE: Y SHR 420 F B L, “P<0. 05, ™ P<0.01; 5 SHR 4 ./
TR &\, *P<0.05,*P<0.01,

Note. Compared with SHR group of left ventricular mass index, *P<
0.05, ™ P<0.01. Compared with SHR group of concentration of NO, ",
#P<0.05, #P<0.01.

£ 5 6 A% SHR 4LLL, ** P<0.01,
B2 AN[E] A O B 2 IR B S g 3 2l ok 9 B A& 5t
Note. Compared with 6 weeks SHR group, ** P<0.01.

Figure 2 Ach-dependent relaxation in theoretic aorta in

each group of different ages of rats
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eNOS mRNA FIK7E 24 JHMF 8%, 5 WKY fHEL,3
ASASTE] JE & 9 SHR. 1.0 WILAT 30 ik iNOS A1 eNOS
mRNA FikE 7 (P<0.05), R FIL47E 24 .32
I I dnd 2 R AR O LRI Bl B iINOS mRNA %3k (P<
0.05) , & 3 /NI JE % i A0 1 i 2 [ ARG O UL AN 36
Jik eNOS mRNA 3k (P<0.01) . SHR 7F 18 JE i
LML BN ik eNOS mRNA FY 35 35 3t 6 #8 5 iNOS
mRNA B35, 70504 89. 13 F1 123. 52 %,
2.5 OALFIENAEK INOS.eNOS EARIE

18 .24 F1 32 JE S Ab B LA ik iNOS 25

HEAWE 4 K5, 258 8/R5 WKY H E, SHR
shlk e 18 .24 32 JA®, O LFE 18 .24 JA#E iNOS
EHRIRBE (P<0.01), shKALE 24 R, .0 0L
TE 18 .24 JH % eNOS H H £ L8 & (P<0.05)
FHEE A T WG, 86 BoR 25 7E 18 24 JH BT
B2 AR B K 0 L INOS 2R 12235 (P<0.01) 5
[ BT 25 ) 7E 32 JR %t 35 B IGO0 L iNOS & 1 3R
K (P<0.01) ,7F 32 JA % i 5 FEAK 3 ik eNOS &
F#RIE(P<0.01) F w0 WL eNOS R K IL (P
<0.05),

WA 18 Ji;B.24 Ji;C.32 A, 5 SHR 4Lk, *P<0.05,* P<0.01,
B3 18,24 F1 32 &4 KR L WEARAR S | 2 i = sh ik P Je ROl dT ik Hh %
Note. A, 18 weeks. B, 24 weeks. C, 32 weeks. Compared with SHR group, "P<0.05, ** P<0.0l.

Figure 3 Comparison of Ach-dependent relaxation in theoretic aorta at 18, 24 and 32 weeks

WA 0L B: M9F3hk, 5 SHR 4 iNOS B ik b, = P<0.01,
4 RICEFIX AR JE e LAk INOS B F1 2238 B3 )

Note. A, Heart. B, Aorta. Compared with SHR group of iNOS protein, ** P<0.01.

Figure 4 Effect of Captopril on protein expression of iNOS in heart and aorta of different aged rats
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A 0L B: MESINK, 5 SHR 4 eNOS HEHFEIALEL, ™ P<0.01,
B 5 RICEFXAF RIS eNOS i H 21K HY0
Note. A, Heart. B, Aorta. Compared with SHR group of eNOS protein, ** P<0. 01.

Figure 5 Effect of Captopril on protein expression of eNOS in heart and aorta of different aged rats

2 RATERIXTA RO AL SIK iNOS and eNOS mRNA HIZIA (n=6)
Table 2 Effect of Captopril on heart and aorta iNOS and eNOS mRNA expression of different aged rats

41 5 JH 1% (weeks) LILINOS Bk iNOS oL eNOS Bk eNOS
Groups Age Heart iNOS Aorta iNOS Heart eNOS Aorta eNOS
18 0. 80+0. 07 ** 0.44+0.01 ™ 0.26+0. 01" 0. 64+0. 04*
WKY 24 1. 80+0. 03 ™ 2.36+0.33 ™ 0. 36+0. 04" 0.36=0. 01"
32 1.32+0.19* 1.81+0.27* 0. 53+0. 17" 0. 30+0. 03*
18 1.02+0. 03 1.010. 15 0.97+0. 03 0.97+0. 13
SHR 24 2.120. 02 5.79+0. 05 0.70+0. 05 0.76+0. 10
32 5.59+0. 77 4. 64+0. 40 1. 73+0. 06 1. 61x0.27
18 0.99=0. 30 1.05+0. 13 0.31+0. 03* 0.32+0. 05*
SHR-K 24 1.62+0.20 " 1.90+0. 16 ** 0. 560. 02" 0. 30+0. 03"
32 0.78+0. 16 ™ 0.48+0. 02 ™ 0. 52+0. 03" 0.27=+0. 02"

E: 5 SHR 2 iNOS mRNA ik lLEL, "P<0. 05, ** P<0.01;5 SHR 41 eNOS mRNA ikl *P<0. 05,% P<0. 01,
Note. Compared with SHR group of iNOS mRNA, *P<0. 05, ** P<0. 01. Compared with SHR group of eNOS mRNA, #P<0. 05, P<0.01.

£3 AEJER SHR OHLAIBIIK eNOS 5 iNOS mRNA kY H(E H#
Table 3 Heart and aorta eNOS/iNOS mRNA expression of different aged rats

eNOS/iNOS
21 5]
Groups 18 A 24 A 32 i
18 weeks 24 weeks 32 weeks
L IE Heart 89. 13+4. 35 30.73+1.83 34.17+1.72

HaFEzhk Aorta 123.52+12.95 18.03+2. 42 46. 68+2. 45




68 rhE He AR A ek

2022 43 A% 32 &5 3] Chin J Comp Med, March 2022, Vol. 32,No. 3

3 Wit

SHR FE MRS A8 fbad Bt A2 76 26 AN R R
12 B MR S M A A, ELAR R INAE 20 38 T i 4R A
Hahn KBk Ach ¥ BEHOBUPE G SRR S5 . H TN
i A i I 7 | R 2 L O B AZ B
K, M —F LA G B - —E L A R G R4 R
FERIPGE S NO J&— NG BRAY SR 4, vl aE
Rl NO2™ 5 i, 7 — e BRI OF U R WA SE ) NO
AT BT 2 W AE R LR AR R eNOS il INOS
XF NO B4 B EAT BRI eNOS 7 T £
PRSI A M | 67 52 1E 5 0008 4 K NO = A
IEFAHEEGT, eNOS LA A NO S5 4EH50E
ARG R, R B EF 5K a0 A ] R AR
BRI ATV LA A S L s I A EER
AT RS eNOS BRERIYINGE , ILET eNOS A
FEPEAE NO R = A KR AR H 2, T Had A e A
REAS L eNOS 75 IS BE Ay FES I, B — 2 5
PEP L INOS HAERELR A NS, LR IR A
A NO, = AT 35 107 ~ 10" mol /L, 1 ik 74 3t 172 #4881k
eNOS Jir=£E 1) NO, Hop= A= 1) NO Al 3 i R B A )
PP FUREAEL ER AR AR 215 E B
YRR, [ INOS 7= A 5 & NO X HAF — /2 B 4 g
BEHAER

I AR SR EE S B, AT DU AE 5 0 s Y
A R iU 5 1O LA R K 45 B 5k 5 3
eNOS F1 iNOS i /=4 | T eNOS F1iNOS i3 & 35
XA KA NO W —Fh R L LA — o R
AT g i R v O 5 g e U T B ik
PE— A5 BRI, 7E SHR R IR kAR o, EUA
J& eNOS 3L INOS iR J& P & 2L [F/E AR B NO 77
F—EM Y T AR ST RO 4 AT, 18 SR iR
it eNOS mRNA 13RI FLIE = T iNOS mRNA 3%
ik ;24 JEAI DL K iNOS mRNA FNEE 1) 2
kYRR, 0 LA 3 ik eNOS mRNA FIEE 1Y &
KA, 1M H. eNOS/iINOS mRNA () He ik 2 1 1
ke E MR, ILIRE SHR L1 NO, ™ #e B I i T
WKY, ZRa AW JATHEN . 76 SHR H 0 NO F2 %L
H eNOS 74, SHR J& 1 (24 ~ 32 J#¢ L5 ) NO &
B ANOS F7AE . AT R R T A A 1 A O 5K

HEAT TR AR SE R T, & BR F0 8 A e — e AR
e 4w MR B I A Y B T RE, 18 .24 JH 4 e
% 5 F AR SHR Bk INOS 1936 387K 1525 5 1
FHIE AR 7 24 32 J8] i 5 2 B A% SHR L UL iNOS 1y
FEIRIK X eNOS ) mRNA A B8 i % & 1
FEATCAE T #0035 0 X6 20 Jik i 8 5 4 R T
L, ATRE = 1 INOS a3 B 38 3k T e 0 LA
Sk IRE .

B K PR R v I 2R R Y & R L iNOS Al
eNOS [R5 23 Bifl %5 93 18 & e 3o B 384 hin , [) A3 34
IRET S INOS Hl eNOS FEAK P it K AR B i gt
KSR I () A RAEE B — o BB A
HlAR P INOS 1 eNOS (235, & I He 0o JUE 0 il 45
i 5 — ARG B A AE — 2 MR DG 8 i ol
— A A G T -— R AL A R G LLCE O LR B ik
TIHE , AT o i H A — AN i S

S 3k
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Rnf43 GRKARHE Kras & SRS S HI IR BRI AR 32 FIAR M 1L

WA N 8% iR e 9% 4E ( pancreatic cystic lesions, PCLs) , PCLs f&— 41 JCHEIR | 5 Bk ok a9 K7
Mg, Hor—3B 00 S48 N LS R B M AR (intraductal papillary mucinous neoplasm, IPMN ) Hz 24238 A8 b Jik
B 545 B8 ( pancreatic ductal adenocarcinoma, PDAC) , FRIRIE R A "EAEZ £ " WFRS  #112)5 5 SFAEAE R
230 10% , FEi . T IA ML IMRLE PCLs P RE & J'e Ry JBE i , DRAF I DU A 2 TR T U2 I R — K
MER, PR, SRS % e Ry e i 43§ HIL] 6T & /& PCLs # PDAC BRI T 2L

YT RNFA3 S5 287 F1 KRAS BT 288765043 IPMN Il PDAC F 38 4140 b L [6] Hh B, 6 s v AN P 2
Bt - T ] B 2 2 e il = 2 9 9 i 7k 2 DR R B 0 9 AT BA 23 i A T TR Rinf43 R BR F Kras 00T
(Rnf437"; Kras®") /N, 3 26/ )8 LU B TR e v g | WS 0 BARAE T 98 W i AR 28 SR i 55 7% A A7
A%, 107 wnt/B-catenin 38 AP LCK974 HEHH i HE /N RUEAT

L5 LFTIR  RNFA3 J2&— Bl i e B 1k 4 A0 B Il il il I 7, RNF43 2R 96 8 A48 /2 PCLs J A2 1Y 3 f 1A
X RNF43/KRAS 78 5 B R B i 3 SR ANREF AR AN Wat/ B-catenin {5 5 il BB RIAL 697 . ATIRTF
Sh 53 v A TR P B N, K VT I i e AR R A A B AL TR

A 5T R & 2 T S R 5 5206 5 2 (3 30) Y W) (Animal Models and Experimental Medicine , 2022,
5(1): 61-71; https://doi.org/10.1002/ame2.12203) ,
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Mao HX, Kang T, Wu WH, et al. Expression and significance of HIF-lae, RhoA and SOX9 in rats with adenine-induced chronic
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JUR M 8 375 S5 P P e R BB T H HIF-1oe . RhoA |
SOX9 Wy R A M E X

BWE L E OB, XM REE KW B

(1 PH R RS B 12 Be PR R, IUJIT 991 646000;
2. U148 R e PR B2 E 5 vhCs I 390 646000)

(=) HEY  WEURERE SR U M BRI b HIF-1a,RhoA F1 SOX9 Y &3k K H: 5 15 a) B 2T 4k AL iy
KFR, ik 20 LREBEYL Y J 5t R (Con 4 ) FBLRY A (R IEERS 5 5 () CKD KRR . 2051 F48 3.6 A
AEBER R WRER IR A5 A 5 43 ARG K B 20 K 24 h FREE EI /KK s HE 3 (BB B G BRAS A s KR AL 4 e (o 8%
W /NG ] R AT R O 5 s 2R AL e (B LR 1 40 40 HIF-1ce . RhoA ,SOX9 , Col-I Fll a-SMA & 92534 ; RT-PCR #5:ill]
KEE HIF-1a.RhoA H1 SOX9 F1 Col-I, . a-SMA mRNA 7KF 43471 HIF-1a,RhoA F1 SOX9 ik 2 1 5 5 /N& 6] T £F
AL A AR SCAE s ELISA AT 20 K BT SOX9 AKF, &% 5 Con 41AHLL, CKD 41K E 24 h FREE AR BUN
Scr ¥JHA B 341 ( P<0. 05) ; CKD 2 HE Y (6 R AR B 21 Y% (6 UL BH 2 B /N ol S IR0 B 2 Ak Ak, , HL e A ) 20 o o
GeEdl b X RT-PCR #4327~ CKD 41 HIF-1ae \RhoA \SOX9 £ 1 X mRNA ZRik 38N ; CKD 41 K B i o SOX9 7K
Bk B L T, H R AR A (R B, AR SEE AT R HIF-1a, RhoA .SOX9 mRNA #3555 Col-1 Fl a-SMA A3,
H HIF-1a. \RhoA \SOX9 =HWAFATEIEME KR, &id  EMRIER AT CKD KRB d 777 HIF-1a, RhoA |
SOX9 1=k , H T RES B 18] SR 47 4t ALl AR B U AR € 5 1T SOXO (/KA B2 A 2 T CKD 14 F5 it

[k8iR] M4 5% ; HIF-1o; RhoA ; SOX9
[HE5>2%ES] R-33 [x#ftRIREE] A [XEHS] 1671-7856 (2022) 03-0070-08

Expression and significance of HIF-1a, RhoA and SOXO9 in rats with adenine-
induced chronic Kkidney disease

MAO Haixia'*, KANG Ting'?, WU Weihua'**, ZHU Tingting'”*, ZHANG Liling"*, OU Santao'**
(1. Department of Nephrology, Affiliated hospital of Southwest Medical University, Luzhou 646000, China.
2. Sichuan Clinical Research Center for Nephropathy, Luzhou 646000 )

[ Abstract]  Objective To observe expression of HIF-lae, RhoA and SOX9 proteins in kidneys and to determine
their relationship with tubulointerstitial fibrosis in rats with adenine-induced chronic kidney disease. Methods Twenty rats
were randomly divided into a control ( Con) group and model group ( adenine-induced CKD rat model ). The rats were
sacrificed after 3 and 6 weeks. Morphological changes of the kidney were observed and the renal functions and 24 h urinary

protein were assessed. Renal pathological changes were observed by HE staining and interstitial fibers of renal tubules were

[EHERIN ] BIFE (1995—) , @, A -LAF5e A AR5 O 1) e 0 B -5 LA 454k . E-mail : 1245622086@ qq.com
[EEEE IR =B (1976—) , %, 808% A 00 R385 ] < 12 PE B 5 1L 451K . E-mail ; ousantao@ 163.com
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observed by Sirius red staining. Immunohistochemical staining was used to observe expression of HIF-1la, RhoA, SOX9,
Col-1 and a-SMA proteins in renal tissue. HIF-1ae, RhoA, SOX9, Col-I and a-SMA mRNA levels in the kidney were
measured by RT-PCR and the relationship between the expression levels of HIF-1a, RhoA and SOX9, and renal tubular
interstitial fibrosis was analyzed. The expression level of SOX9 in serum of the two groups was measured by an ELISA.
Results Compared with the Con group, 24 h urinary protein, serum BUN and Scr in the CKD group were increased
significantly (P<0.05). In the CKD group, HE staining and Sirius red staining showed obvious renal tubule dilatation,
interstitial fibrosis and aggravation over time. Immunohistochemistry and RT-PCR showed that the expression of HIF-1 o,
RhoA and SOX9 was increased in the CKD group and the serum level of SOX9 in the CKD group was higher than that in the
control group, which was increased over time. Correlation analysis showed that the mRNA expression of HIF-1a, RhoA and
SOX9 was correlated with Col-I and «-SMA, and there was a positive correlation among HIF-la, RhoA and SOX9.
Conclusions HIF-1a, RhoA and SOX9 are highly expressed in the adenine-induced CKD rat model, which may be

closely related to the progression of renal interstitial fibrosis. Moreover, the serum level of SOX9 is expected to be a

molecular marker for early diagnosis of CKD.

[ Keywords]

P24 B9 ( chronic kidney disease , CKD) f&—F#
LA Ty B 25 20 4 o0 A R AE Y ik MR B
TR AR B R S e 1), 2 S Bt BN 1 3t
ToMFEPR . CKD &hmblliil &2 2 ZhE  Horpir
/N ) 4T 4E AL ( tubulointerstitial fibrosis, TIF) J2& H:
B UL BRARAE A CKD i Ay L Rl a2 3
i) ' () B T AL P R AR 22, o Je Z2 0 {5 5 R A
558 B4 R g8, b B 8] 58 51 5% 1L ( epithelial-
mesenchymal transition, EMT ) 7] 3 i 24 48 43 304 1) 4
MM TIF (4% e, Horp S S 572 T
TR RERY, EE R Fla
( hypoxia-inducible factor-1a, HIF-1ar ) E Ay it S AHUER
(10 R S TR IR S 5 AR AR T
4FH , RhoA/ROCK {53 i ik 52 1 fie 2k ' 27 4
b TR 2 R AR FE S i SOX9 1A R iFIA T &
FEVE, HIF-1o [R]I 002 RhoA %% s (1) 2 20 5 [
T B AT T HIF-1a #05 RhoA/ROCK 55
I % R T A ZRAR i M 2, KEGG {55 3 %
R SOX9 5 HIF-1a {5 5@ g {H HIF-1o 2
Al i RhoA (SOX9 e # fie #E ¥ [l 5 21 2 Ak (9 77
H, BT A G HRGE B, AT ST
HIF-1a \RhoA 1 SOX9 7 IR BRI 7 K K CKD £
R I8 DL S CKD ‘B R BT 4k it ¢ & |, Ltk
— RV CKD ' 18] B 27 4E Ak 1) AL

1 #E7E

1.1 SRIEEY

SPF % 5~6 JE#HEYE SD K EL 20 H,{AE 180
~240 g, 4 [ V5 pg B BL K 27 55 5 3 ) Hh oo [ SCXK
(J11)2018-0017 ], 135 T V4 g B BF K2 sh Wy 52

chronic kidney disease; HIF-lae; RhoA; SOX9

HUC[ SYXK (1) 20180065 ], 1% 5% 1 28 74 1 155 B
K2 S8 30 W 16 B % 51 & # it ((TACUC-
SWMU20210350) , I8 E S5 s i 3R JE
1.2 FERLFSE

Ji 1L 1 (' VO00471-100G, Sigma A, 5 ) ;
HIF-1a $t &, SOX9 i & ( ab8366, ab185230,
Abcam, %&£ [H ) ; RhoA HTIAK (10749-1-AP , i =24
) ; Col-I #i14 ( BS1530, bioworld 23 7, £ H ) ; a-
SMA HifA (192458, CST A #], 3 [H ) ; SABC i &
( bioworld 227, 25 [) ; RNA 2B 7] £  RNA ii%k
S & L 98 2 B PCR 57 & (R701, R323-01
Q711-02/03, 7 &t 4E i %8 23 F] ) ; HIF-1a, RhoA |
SOX9 . Col-I .a-SMA il GAPDH | FiiE5 |49 ( 154
TA Y T8 AR A A ); SOX9 ELISA iRl &
(30899, M EFAEDREARAF) . 2AIA
A (VAT P8 ) o2y AR5 (Nikon 24 H]
HA) s RNA 33055 5543 ( Eppendorf 23 7], f#5 & ) ; RT-
PCR {¥ ( Eppendorf 2~ ®], 78 [ ); H 3i B 5 1%
(BioTek N ,73%) o
1.3 EWAHE
1.3.1  rdd Jass

K20 HAEBEHL A 3T IR ZH (n=10) Al CKD
H(n=10), FirAKEABFEEERE DK, B
BTEDEIR, SRR R R SE 1 S, RS
¥, CKD ZHZ5T 250 mg/ (kg « d) A 2. 5% R L4 TR
B RUERS 1 ~3 JARERBEE 11K, 4~6 JE 5K
FEE 1 UGRTIRA G TR A KIS
1.3.2  BHum R | EFHL A

RS 5 3.6 JAR, 43 AL FE AL KR4S 5 1
ARBERT 24 hot K BUE TS R e 24 b
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PRGN AE 24 h JREE A, AT 10% % B HZ- BRI i 48 1
TR AN, B0 J5 B 53 2% I PR A7 T - 80°C vk
FEREHT, 43 MVE T A7 B S Re A I, &R 4 T
ELISA Kl ; Kb 38 J A B R o S A 73 TR S, 26
TR LT 10% kA R AR P IR i 8 e |, il 1E
AR (4 pm) , HAETE A UE 3650 B 1 2%
17T -80°C vkA H 25 H .
1.3.3 'BHLUEEHUES

HE L6 BOR BB H8UA U1 R, ORI 0
BAKIEITHARRW LR Yy, E W, b
Ao TOUB T WSS HE R E

KRBT Ye U S 2K FARR YL 3~5
min, ZKPEJF KA R LAY YL 15 ~30 min, TG/K L1
HEESOSAK, ZHIREW KT 5 A v
A Lo
1.3.4  GaRe A Qe A A I B ZH 2 HIF-1a . RhoA |
SOX9 . Col-I il a-SMA & [ 015

BHZY) e 60°C B /K AL, S PTRE &, G i
2 Ak B 1 P PR 4 2, 0T P VR e I P P AR
PEOL A AR TS I —$T , 9t . ABC E &4 .DAB &
W, IR R G WK 5 R 3 R, B
BE R,
1.3.5 RT-PCR Kzl K BUE HIF-1a .RhoA FI SOX9
A1 Col-1 .a-SMA mRNA

AR A7 B 2H 2 4 00 W] 45 42 BCEL RNA, R
RNA # % 5% & ¢DNA, %11 HIF-1a, RhoA , SOXO
Col-1 Fil a-SMA 519551, W.3% 1 Z ML & 171K
SN PCR ¥3 , i 5% PCR S b PR (B (CT {H) ,
DL 2722 B B R A ek
1.3.6 ELISA &I SOX9 7K

UK BUMLYE , #2218 ELISA 57 & e £ 5 5F
FHBEARAE 450 nm P W€ OGRS (OD ) |, 8
I FRUEITZITSEAE S SOX9 &,

1.4 SitFEFRE

K HI SPSS 20. 0 A AFHEAT GE T2 00, 1T BT
BRI B bR 2 (s ) ORI AH 8] FL AR H]
MSTREA ¢ K, 2241 8] FeBCR HI AR R J7 2240 #
AR & 8] A AR M 23 M1 - Pearson K555, LA P<0. 05
WA ES BAG R E L

2 #R

2.1 BEAMYEAGCRENTREBEE. BE/&
B

TR R BV R/NES IE® , R4, i
AR T R B BT A RR 4B 5 CKD 4K RV 22 K
FUR  RFRAR I, 8K 11, BRI, fik 2 A 0k, HL
VI Rz BE RSSO, CKD 4B & B E/AR T

XREZA N, HERBA ST AE X (P<0.05), U
#2 KE 1,

2.2 MAXKRSER 24 hREAEELE

CKD H K ELUF PIREH5F5 (BUN  Scr) 1 24 h JR
FEHE R 3.6 R A B e, H2ERHE
HE 2 X (P<0.05), W3,

1 JOLER PCR 51W1F51%
Table 1 Sequence table of primers for RT-PCR
HEH BlE/2]

Gene Primer sequence

Forward, 5’ -CTCCCTTTTTCAAGCAGCAG-3’

HIF-To Reverse, 5’ -GCTCCATTCCATCCTGTTCA-3’
RhoA Forward, 5’ -GCTTGTGGTAAGACATGCTTGCTC-3’
© Reverse, 57 -GGCCTCAGACGGTCATAATCTTCC-3’

SOX9 Forward, 5’ -CTCCTACTACAGCCACGCAG-3’

- Reverse, 5” -AGCTGTGTGTAGACGGGTTG-3’

Col-1 Forward, 5’ -GGATCGACCCTAACCAAGCC-3’

o Reverse, 5" -GATCGGAACCTTCGCTTGCA-3’
SMA Forward, 5’ -GCGTGGCTATTCCTTCGTGACTAC-3’
o Reverse, 5’ -CCATCAGGCAGTTCGTAGCTCTTC-3’

F - AATGTAT! TIGTG-3’

GAPDH orward, 5’ -CCCCC GTATCCGTTGTG-3

Reverse, 5’ -TAGCCCAGGATGCCCTTTAGT-3’

®2 WHAKRNEE FHEAKELK (n=5)

Table 2 Comparison of kidney weight and kidney weight/body weight between two groups of rats

6 J&
2H 51 3 weeks 6 weeks
Groups Xof I 2H HEHIEH XF IR ZH HEAYEH
Con group CKD group Con group CKD group
e 1.316+0. 112 4.482+1.293 ™ 1.404x0. 111 4.092£0. 455
Weight of kidney T T T T
I % 3
HE/ & 0. 004+0. 001 0.018+0. 004 ™ 0. 003+0. 000 0.016+0. 002 ™

Kidney weight/body weight

0 S X IR LG, ™ P<0. 01,
Note. Compared with the Con group, ™ P<0.01.
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2.3 'BHEARENT
HE Jean] WX BRAL 2 3 6 JE R RV 4 4h 4
T, JCH SR, CKD 2K LB 2H 2 Bt ok ) e
GERARAFZETL, B /N ERBCE B b D B T 5K B
W E/NEY IR AR AR DU, RIRE e
D B2 A R 1) 5 TG A A e S AR, 1T CKD K
SR a2 e, R R A kg Sy E, ELBE R[]
R N, WK 2,
2.4 B 4542 HIF-1a, RhoA, SOX9, Col-I #1 «-
SMA & HWL

I AL 45 A Image Pro Plus 34T 45 S B, X}
WAL AR AT UL /N HIF-1a, RhoA , SOX9 A #
b B F B PRSI B/ NEKAY R ], CKD 4K B
B /INE R 8] BT AT DL 2 R DU, 2R HIF-
la \RhoA (SOX9 WK IR 4 £, H R[] 2 Ji HL 3R 5k
B R, R B A AR IE, Col-l M

o-SMA 2 H 72 X} I 20 ' 8] 5t Rk B /b i /e CKD
2B ) 5 2 2 R ik, LRl ) Jre HG 3 a5 7 R
#H, WA 3,

1 PR RS KMo B A

Figure 1 Pathologic change between two groups of rats

x3 WAHARREIIN 24 h IREHEE K (n=5)

Table 3 Comparison of renal function and 24 h urinary protein quantity between two groups of rats

34 6 Ji
2H 51 3 weeks 6 weeks
Groups X} HEZH FRAZH X} HEZH FRAI L
Con group CKD group Con group CKD group
v /L )
Wﬁa};&m" ) 6.26+0. 65 54.44£19.70* 5.80+0. 67 71.80+31. 59 ™
: /L .
Hmfrr(gmo ) 29.36+7. 34 215.10+55. 82 ™ 24.04x1.18 199. 40+46. 56 **
CI
24 h JREEAE R (/24 h)
24 h urine protein 13.32+1.50 23.32+2. 64 10. 45+10. 45 28.75+5.52*

T SR BRZAH L, P<0. 01,
Note. Compared with the Con group, ™ P<0.01.

TE:AHE Qg2 B KRB LR AL,
&2

Note. A, HE staining. B, Sirius red staining.

P REFHA HE Je 0 LR LAY

Figure 2 HE staining and Sirius red staining in the two groups of rats
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2.5 B4 HIF-1a, RhoA #1 SOX9 # Col-I, o-
SMA mRNA RixE5R

5 B4 E , CKD 4K BV HIF-1a AT SOX9
mRNA 7KV B B (a2 e 2 B 2 38, B HIF-1a 1
SOX9 mRNA 7E 4% s} [8] & 19 22 S B B A Gi it % &
X, RhoA 7E55 6 JAlm) 22 5 HAA it 5 L ; CKD 41
KA S E] 5B Col-1,a-SMA mRNA 7% B 4 7
L, HESEAGIEE L, WK 4,
2.6 FEXMESF

K Pearson X858 bp it AT A S0 Hr, 45 R 42

75 HIF-1a. . RhoA F1 SOX9 mRNA #6355 Col-I mRNA
FIRE BFE ML (r=0.993,P<0.000;r=0. 864, P<
0.000;r = 0.957, P<0.000) ; HIF-1a, RhoA F1 SOX9
mRNA %3k 5 «-SMA mRNA b 5 B i iF 40 56 (r =
0.820,P=0.001;r=0.758,P=0.004;r=0.779,P =
0.003), FfJ&,#t—2543H7 HIF-1a \RhoA F1 SOX9 2
BRI AF DG , 2 BHL T 9 (1] 350 7 7 I 3 1 AH G (HIF-
la 5 RhoA mRNA r=0.871, P<0.000; HIF-1la 5
SOX9 mRNA r = 0.944, P < 0.000; RhoA #l SOX9
mRNA r=0.715,P=0.009)., W& 5,

T SR BRI, "P<0. 05, ™ P<0. 01; S5Hj—Bf A CKD 4Af L, * P<0. 01,
3 s
Note. Compared with the Con group, *P<0.01, ™ P<0.01. Compared with the previous time point of CKD group, *P<0. 01.

Figure 3 Immunohistochemical results of renal tissue
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T S BRI, “P<0. 05, ** P<0.01; 577 —A i CKD 414 L, *P<0. 01,
B4 PAIRHE mRNA X kG
Note. Compared with the Con group, *P<0.01, ** P<0.01. Compared with the previons time point of CKD group, *P<0.01.
Figure 4 Relative mRNA expression of the kidneys in the two group of rats

5 mRNA HIEME5Hr

Figure 5 Correlation analysis of the mRNA
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2.7 KR MmiE SOX9 7k FE

3 JE R BN B 1ML H SOX9 K F- Ky (13.63+1.
595) ng/mL,CKD 21} (16.16+1.390) ng/mL;6 i
KU R LI T SOX9 7K (12.63+1.540) ng/
mL,CKD 24 % (18.27+1.334) ng/mL, CKD 4K i
L3 7 SOX9 7K 45 Al W X} FRZH ¥ 7t v, H 22 573
HAG 478 L (P<0.01) ; I3 SOX9 7K - Fifi 1 45
i PRI ZE A T RG22 S B G278 L (P<0.05)
2.8 ImiE SOX9 KFE5EINEE. 24 h REBRMHE
K5

FH Pearson #5045 H . 17 ' SOX9 /K5 IR %
AUEF 24 h JRE FE BIFATEEAH X CR (r, =
0.759,P=0.000;r,=0.757,P=0.000;r,=0. 822, P
=0.000), WK 6,

3 e

CKD F H LA HL R B B 4R AL, B4 45
B /INERBEAL, | B /NG 25 40 R TR) R 41 4 Ak, it ' I]
LR AEAAE R R R LRI B I E R AR 2 —
WRE S EEE L, HAF R L WA TCF-B/
Smad3 . JAK/STAT FI PI-3K i f& 251 {H IR g5
SRR R, R AR T R B, LE N8 M
2] 2R e A7 B SEOIR S T R A 3 7 T A 0 f R
3T (HIF-1) i 42 R A ik 5 (] 5T 45 4 fL 1T 2
g r i, BRAEDFFE R RhoA il SOX9
¥ 5 HIF-1 M2¢, HACA W2 5 5 R L 4F 44k
AR, LA E A K HIF-1, RhoA il SOX9 &
ik KRG B AR i Ak ds b, #8597 HIF-1, RhoA 1 SOX9
BHZ5T CKD 15 H B Lr g fbad f

JR ST A S CKD =% 2l i i b B N
[ B LT 44k B /N 25 40 T b (AR T 1, BB A iy A
PIAKMIER CKD WA R BUS R 2 2Rk 05 S
CKD PRy 202 AR S50 R F AR i B, T
DUBTZE R RV S RS MO B Be N R H 24

h IREFE RIS, H HE Je 60k BLE 45 M 2= a0 A
B/ INE I 5K, KRR B 21 (0 R B CKD 20 i JF 2T
A PURR H AT A AL R B Bl B 1] 32 J 0 B F S A 1
1455 CKD KRS RIAL )

HIF-1o S 64755 R i — B, 353 A7
TET NFHZL W (%) 4B, 7T LA T 3iF 100 2
Tt 55 RS DG Y IR - S 3R 3k 32 2038 3o IR 45 40 i
TEFE | FWE , ARAE , T N A A T 0 A i AR
B R e B 5518 R e ) R AR R R % D) A
S CKD B, HIF-1a A] 3 1 #5% NF-B ., EPO
GLUT-1.IGF-1 1 INOS &A= 41 B 1) S5 B 21 4 20
it 1) FL G 2T A4 200 Jf % Ak, 328 1 408 28 ' ) J5 21 4k Ak
[vi) st T U O 65 A B ARG 2 TR R
WA CKD K RUE /NE I K 40 it B A Hh A7 A HIF-
la YR RIS, H mRNA KR A 45 & Rk, HHRE
S5 A4 F T Col-1,a-SMA mRNA £ i 2 1F 4
X, $8R HIF-1a AT RES 59F4EHE T CKD /%'5 8] it
oAb B SRR UM A5 R — 5, HaK HIF-
la 5 RhoA H1 SOX9 mRNA FYZEik L BEAR S, H
RhoA FI SOX9 7E 5 /N 1 Bz A M A% v 1 W] I i 3%
ik, BEAE A 58 & 90 76 3L B 9 b HIF-1a 7] 303
RhoA/RhoA fill, 5250 2 M R L B i 4, 76 fifrd
it 20 Jok v . 45 22 b 5 R BB IIE S5 T HIF-1o/RhoA
WRAEAE (B CKD A SRR A AW 5E & I
7E CKD [i] R 4Efb i HIF-1a 55 RhoA fEAEAH &
R AT — P HFIESE

RhoA 1E N WF 5T i B M 1) RhoA-GTP Jiff 1) 5 ji%
BUGY FEVRT AR B AR AR 1, AR S R RS A
N B3 A AN AR O IR ¥R T B ORIAE R, I,
S HAETRE T IS 22— WRT e B RG of R %
c-Myc \HIF-1a/2a  Stat 6 Fll NF-xB Z&J#$, T i Al
¥ 1% MAL, AP-1, NF-kB. YAP/TAZ . B-catenin
SOX9 %5 & YT MEME Y Z IR IE 2 1
RhoA 38 13 A [Fl3d % 2 5 IR A2 3F T 15 1R BT 41 4k Ak i)

6 IM% SOX9 /K- 5153 24 h JREE AE B WA CHE 0T

Figure 6 Correlation analysis of SOX9 with renal function and 24 h urinary protein quantity
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HERRS T ORBFSE & B RhoA 7E CKD 20 KRV
JNE I R A TR s, B mRNA /K5 Col-1
Fl a-SMA mRNA ik & IEAHC, #F — 20k T
RhoA A] BEAE 1k ¥ [8] L 2T 4 AL N 1T 2 5 CKD Y 3k
J&. RhoA 5 SOX9 mRNA FiAEH B IFMHERR,
B RhoA n]REIE 1 G SOX9 7E & [b] Jit £F 4 fb. 1)
HERE T R AR

SOX9 ( sex-determining region Y box9) Z: 55 F.14
G Z B 28 B 1 & B U, 5 Mo i & A A
K AR K BT Ay T 1 B 20 B SRS Ak A
Wi RSN A S SR E A gk,
1M, SOX9 7 ' 8] B 21 4 A vh i B 72 A 45 /0 H i
FF5E A SOX9 Tl i PI3K-AKT i@ #2840 ik 5/
T AL A AN EE RO R, KR
FERWTE 2P B W55 SOX9 FEak i s | n] it vk &
PR 18 52, N AE 22 ) T AR 4k Ak Y &
Az 2021 SOX9 R BE 7 U B 4 45 R AR
YRR, 7603 5 3 45 v R 42 4 ) (ELAE i ) T 4
Ak b i BRI 7 IR F 58 R UE BH
5T & BLBE CKD Bk, SOX9 78 /INE b Ik 41 i
rhE I TR 6 Jilih g, HH mRNA 7K°F5 Col-1,
a-SMA mRNA 2 35 IEAH5E, KIATE CKD HERL 77
TE SOX9 MR A, H HRB RS 5IHEH T
' () S0 2 A A A, 3 — 25 UESE T 56 F SOX9 7'
] R AEALRIVE ™ BEAh, A B 5T [l st i 2 B i
1 SOX9 /K F-7E CKD KB A B i 75, 5 % R 2 A
Fe a5 BA G F X, H CKD 41 6 J&#5¢ 3 JH 33k
PE—2 Tk, A 1 K SEBE CKD i R i b T,
Nakagawa 252 32 11} SOX9 A 7E g #2757V B i
FIIE) BT 2T A0 3T B AR 254, (8 H R S AE I T 2
J7 T A HE AR5 45 R B 7R LT SOX9 7K -1
AEfE— @R 2 CKD LA R 7% CKD i 72 1Y
i

g5 b RS R IRAE R ERS 175 1) CKD K AR
Atk 777E HIF-1a ,RhoA F1SOX9 A3 , HLH A
BT R 5 B M AR A A O, AR AR B i — 2 F
FE 6 UETZ 38 % I UE B B0 46 3800 A B 4 o] )
R A I K, SE T 28 CKD HERE, Ak i v
SOX9 7K VA A F A2 B CKD DL R 7m I 1
HER B bR S

SE Lk
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1,25(0H), D, 3@t %] TLR2/NF-kB 125 %
P4 S g0 M 8 B o 3 P HOBR R A8 KBS IR IR T RE A 5%
OB ATWHLE 8
(L B PEER (THEZEER) WAWEL, INZR 355 266033;2.55 B P EER(THE2EER) M2/, INR 355 266033)

(#%E] B8 JET TLR2/NF-«B {5 SIS 1,25 OH) Dy XS E A B S v ORI R KB a1
FAPLHL, A5k KR RBELAY AT B BRI G R i X6 B R 1,25 (OH), D, IR P il . Bt R4
Ab AR BUR BT i 5 R IR EREE (1 (PTe) FE 57 A B G e P HUR AR R R B RS 1,25 (0H),D, I, &
A MG TS 0.5.1.0,1.5 neg/kg 1,25(0H), D, 57, o B 20 AR 20 39 5 25 0 26 48K, Al R 1 %o B
20 G A A DR (R 1IR) L 3ESE 4 8, WS K B IR AR 2L 2R b A6 oA B FRIR AR T B R | It 33 4R 1k
A FURAR B Sk & i Jd TLR2/NF-«B {55 B CE K RIEE Rk, SR SHEMA KRR ILE,
1,25(OH) , Dy 2% 4R BN I 25 =i HOR AR U0 (FT3) (I HUIR IR 3R (FT4) K fie HUIRIRIR (TSH) KPR
HREREE FIHUIR (TGAD) (VIR B ALY BEHUA (TPOAD) | AN R -6(1L-6) IR -12(1L-12) iR IRAE
A —a( TNF-o) Bz HUR IR0 4R TLR2 MyD88 . TRAF-6 1l NF-kB mRNA FIZE [ 3 35 24 A [R) B2 BE AR 1M (9 4 A R
—10(IL-10) AR[RI & B 8, & 570 & 1,25 (0H),D, 4 58RI 22 7 B St L (P<0.05), &t 1,25
(OH),D, X [ B Geyze o B R AR R R BN FR IR DI BT — 8 MU0 F , T RE 4 &5 A B S e LA Ko, AL v] fig
5 1,25(0H) D, #li| TLR2/NF-kB {5538 # 15 E , 4% 1L-6 \IL-10 IL-12 F1 TNF-a0 555 5E P FRERCA K

[%#3R] 1,25(0H),D,; A BB FRMEAR ; KE; TLR2;NF-«B
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1,25(0H) ,D, protects thyroid functions in experimental autoimmune thyroiditis
rats by inhibiting the TLR2/NF-kB signaling pathway

ZHAO Hui', CHEN Wenwen'* | ZHU Liping' , GE Hong’
(1. Department of Endocrinology, Qingdao Hospital of Traditional Chinese Medicine (Hiser Hospital) , Qingdao 266033, China.
2. Department of Neurosurgery, Qingdao Hospital of Traditional Chinese Medicine ( Hiser Hospital ) , Qingdao 266033 )

[ Abstract ) Objective  To study the protective mechanism of 1,25 ( OH),D; in experimental autoimmune
thyroiditis rats based on the TLR2/NF-kB signaling pathway. Methods Rats were randomly divided into control, model,
and selenium yeast tablet control groups, and 1,25(OH),D; low, medium and high dose groups. Except for the control
group, the rats were injected subcutaneously with thyroglobulin (PTg) to establish an autoimmune thyroiditis model. The
low, medium and high dose groups of 1,25( OH),D, were injected intraperitoneally with 0.5, 1.0 and 1.5 pg/kg 1,25
(OH),D;, the control and model groups were injected with the same amount of distilled water and selenium yeast tablets,

and the control group was injected with the same amount of selenium yeast suspension (once a day) for 4 weeks. Thyroid

[EHERA DR E(1981—) , % AR, GBI, WFFE 1] . 53 . E-mail: zhaohuiqd2018@ 163.com
[BEEEHE IR (1984—) &, it , EIREIF W57 : N4, E-mail; chenwen129@ 126.com
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function factors, serum inflammatory factors, thyroid autoantibodies, TLR2/NF-kB signaling pathway-related protein

levels, and gene expression were analyzed. Results

Compared with autoimmune thyroiditis rats, serum free thyroid

glycine, free thyroxine, thyroid-stimulating hormone, thyroglobulin antibody, and thyroid peroxidase antibody, and

interleukin (IL)-6, IL-12, tumor necrosis factor & (TNF-a) , thyroid tissue TLR2, MyD88, TRAF-6 and NF-kB mRNA

and protein expression were reduced, and IL-10 was increased in 1,25(OH),D, group rats. The difference between high

dose 1,25(0H),D; and model groups was statistically significant ( P<0.05). Conclusions 1,25(OH),D, improves the

thyroid functions of rats with autoimmune thyroiditis and increases the level of autoimmune antibodies. The mechanism may

be related to inhibition of the TLR2/NF-kB signaling pathway by 1,25 ( OH),D;, which regulates the release of

inflammatory factors such as 1L-6, 1L-10, 1L-12 and TNF-a.
1,25(0H),D,; autoimmune thyroiditis; rats; TLR2; NF-«kB

[ Keywords]

H 5 e 5 P H R B %9 (autoimmune thyroid
disease , AITD ) 525 22 #3423 22 & A= 7 AR IR 9 A
B VN , FEALHE Grave J (GD) A A HIR
MR R (hashimotos thyroiditis, HT) , H & MLl &2 4%,
W Keiste s MR S 2 R R H AT
FER L, AITD 5 HR IR 40 28 6E AH OG5 5 5 5 57
W ORIERON A KD M4 D fENUAZF A &
BoENERI TR IR T S R ST SR B A SRR RS
A0 A P S RGEROAE Y 1,25 T
Ik H: FE D, (1, 25-dihydroxy vitamin D,, 1, 25
(OH),D,) &4t 4= R D 7EM N 1 32 2035 AR ™
Yy, i3 5 A0 N R S P AE AR R D 324K (vitamin
D receptor, VDR) 256 TEHLIARBE5ACHT 4l i A K A0
SR EBEERS . KW R, 4k
2 D 5 AITD A5G, k= 464 K D w] B4 o ik 48
AITD B KUK , (HOG TS ATTD 945 FH AL i e JH o
B B o 15 DL BT SR e e = 1 Rt
AT TG0 H B G2 1 FHOR R 28 R B AL,
WH5E 1,25(0H) D, XF F B G et HUR IR 28 K LA
PESEHR X L TLR2/NF-B {5 53 B A5 0, LLIDT A
FI B S M HUR R AR I PRIGYT 4 12 % 14l

1 #EF7EE

1.1 SR

SPF 9% SD MR KR 120 H 4 ~5 Jiiy, 14
H(200+10) g, FH 7 & PR 5250 3 W A RN w44
[ SCXK(#)2017-0006], Frf sh¥ia s T &
TR BEBEsh P b [ SYXK (5 )2018-0026 | £ 77, it
FERFFAE 21°C ~25°C , MXHB B K 50% ~60% , A 94
JEHR, B R SRR PR R R 0 T a0 N
T 1 JE G PR TSR A A v A T SE R sh 2
TR R B S A 8 B 2 B4 W R O L UE
(TACUC-2018-0141) , 5255 PG 3R JFII,

1.2 FERFENSE

1,25(0H) ,D, {550 (7195 5 rh B 2548 A1 A fR
AT, 15 mg/mL, 5 130232) 5 58 4 96 1K 4K F
(complete Freund’ s adjuvant, CFA) (AN 5¢ 4 3 oAk
| (incomplete Freund’ s adjuvant, IFA) ( 3 [F Sigma
INFEL) 5 ROBCH IR B BR 25 H (mouse  thyroglobulin,
mTg) ( IR AP RHEAT BRI ) 5 05 0 25— fit
FEUIR IR IR 2R ( free triiodothyronine, FT3) | MLiE Ui 25
AR B R (free thyroxine, FT4) A fi2 IR i i =
(thyroid stimulating hormone , TSH ) i 5} 6 2 43 #1 i
& (Aeatdb M HORI ) s AL R -6
(interleukin-6, I1L-6) IL-10 IL-12 & & 3058 K 1
—o( Tumor necrosis factor, TNF-o) i 55 5095 0 2
(ELISA) A5 1 70) & ( 1 84 MR A R A
A ) 5 HOR OB BK 8 P AK (thyroglobulin antibody,
TGAb) | H IR AR 1 S04k i 50 4K (thyroid peroxidase
antibody, TPOAb ) (3 HE K 36 4= Wy LA BR A
Al) s SPIR B TLR2 \NF-kB  MyD88 \ TRAF-6 Hit {4,
B-actin % FAHLIR (P2 Abcam /A 7)) ; DAB & i
A& (AL P el AW E AR R ) s HRP FRid
FHR 196G ( LEFFR AW FHA BRAF) 5 TRIzol
A& RNA 2 U] (Invitrogen 23l ) s RNA S #% s
& ( HA TaKaRa 23 ) ; SYBR Greeb PCR Master
Mix 387 & (3% [ Bio-Rad 2 A ) ; RIPA 24 ( I+
R R R HARA RA A 5 B8 RO
& (Fi+ Thermo /A H)) ; HE B85 & ( B A
) TR ) o

CX41 DL BB A H A Olympus 2 Al
ChemiDoc XRS HUEE 2 W& AW H ¢ [H Bio-Rad 2
HJ; Centrifuge 5430R 1% Vi = 2 25 .00 AL W 2 12 [
Eppendorf 2] ; HM 340E ] A LI [ T8 2k /R
(D) A BRAE]; UV2100 BN ERETH (B A
B BRA ) o
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1.3 L%
1.3.1 sh¥dfi

PRS2 SOk o B v B 2H AD B0 S2 6 R R E
PR X AR B2 T 100 wg B mTg+CFA 2
TG, %Lk 2 Ji B 1R, SER BRI S s S
3~6 J, P AR B 4A T4 )59 42 19 mTg+ CFA
B2 B 15 PR AT A R, R IR AR LA T K + CFA
FETR S VRS I ) M R B S A — B, 5 T A
B 455 K BN K i, SR A ELISA 3% WU 2 1M %
TPOAb 7K, TPOAb>60 1U/mL Bl i s, 1
B R AET 3 HRR, A% R 97% .,
1.3.2 R4

W 35 A5E B ) KRR B ML 7 3k 4 R 2
F1,25(0H),D, & b misfl s, B 15 K, A
557 BRI XNIA T A K RS T 25 T3, A% P
R ARG TR EME TS 0.5.1.0,1.5 pe/kg
1,25(0H),D, FEFFF, XF BB 2H AR AR 21 4 5 45 1w 78
TR G JE 1 R %o R A 3 S0 G B TR B R (R
1IR) ST 4
1.3.3 HE Jf5

KUK LA I R B AL HE R B, 478 RO B R R IR 41
21 R 4% 22 5 SV V11 R B BRI 4 4
1 A, 2 CBEK AR JRAKE -4 (HE) Y
IR (5 wm) 62 AR T AR A 20 R BRIk
R LU BREE R AR | I Tmage ] BUR T8 1F 58
T2 EAZ ESORT FF PR R e T A
1.3.4  REUMGE FARIEEE | B S ek 2t
PR

RIRELG 245 )5 R R B, R A2 ORI 2 mL, B0
20 min (3000 r/min) Y& 35 W, >R ELISA {5

SRR R A 25 4K B s BB e B iR
(TGAb . TPOAb ) 7K ¥ e & MK F (1L-6, IL-10 , IL-
12 TNF-a ) 7K 5 % RIA 34600 K B 3% FT3 .
FT4 J TSH /K,
1.3.5 RT-PCR

R BRI PR 40 DA 3 [ 8 A 4 R Hp o A+ O
Bl i A 1) 445 38 3 Primer Premier 6. 0 24 1%
T, 51WFs (R 1), B B A TR R A R
AIA L, B BUH R IR 4 21 9% SR R 75 R R
TRIzol 4 HUEL RNA , 58 4h 436 % B2 1H I 2 W % B
{E, 53 1 E. RNA 4l B2 & % s i 50 & A il
¢DNA,PCR ¥4, 565 i PCR U mRNA ik
K. WA ZE A 30 wL(SYBR Greeb PCR Master
Mix(2x) 15 pL,cDNA 1 pL,Primer A Primer B £
0.5 pL,JC RNA fiif H,0 13 pL), E&EY TN .
95°C FiAZ P4 10 min, 95°C 281 15 s,60°C iR K 50 s,
I 40 MEH, RBFHILL B-actin S, R 270
B mRNA AXF A,
1.3.6 Western blot

BUNRHARBRA S, B TAI A8, A RIPA
20 24 i R 2 A S ) K AT v 0 L
(12000 r/min, 10 min) , Y& | I K FH BCA %
D7 3 IR EE . B30 L. 25 F1iE4T SDS-PAGE BEE
HLYK, FFE 2 PVDF I 12 A& 5% BRGS0 1 &t
P IEE 1 b, I AGE Bk — B i~ B
o W HIMABAR S ALY B bR i — P E 1 h,
TBST #h{k )5 R FH ECL fb2% & 6l ) & b A7k,
B iA% 25 A%, UL GAPDH SH NS | 43 #r 5i IK
FE(E, T3 /N B TLR4 \NF-kB p65 il I-kBa £ [ 41
X RIR

F 1 TLR2/NF-«B {55l BAH G KA 251 Y751
Table 1 TLR2/NF-kB signaling pathway related genes and primer sequences

GlL/ B2 Gkl PR
Primer name Primer sequence Amplification product size

TLR2-F 5’ -GCTCACCGATGAAGAAG-3’

TLR2-R 5 -TCCAAGATGTAACGCAA-3’ 106 b
NF-kB-F 5’ -AAAATGCCCCACGGTTATG-3’ 134 bp
NF-kB-R 5’ -ATTCGCTTTGCCTTCCTCC-3’

MyD88-F 5’ -GCGAGGTTTGCATCTTCTTATT-3’

MyD88-R 5’ -GGAGACTCACTTTCTTGGGGAC-3’ 10 bp
TRAF-6-F 5’ -TCTGCTTGATGGCTTTACGG-3’ 183 bp
TRAF-6-R 5’ -TTACCGTCAGGGAAAGAATCTC-3’

B-actin-F 57 -GCCATGTACGTAGCCATCCA-3’

175 bp

B-actin-R

57 -GAACCGCTCATTGCCGATAG-3’
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1.4 ZITFEFE

ARSI R F SPSS 21. 0 844, Bl >k FHFE 1
B UEZE (x+s) Forn , Z 4] HLBCR AR R 7 22
ST, AL ] e 3R ) LSD-¢ £ 45, 2K H Graphpad
5.0 AT 0 dr, P<0.05 B =R HA 512

2 #R

2.1 BHEXRRBARBRARRELEZERL

Xof HEZHL R BRHFAR BRI /NI o, i N T 7
B8 R AN e R S ARSE TR B A i AR
ANERRERIR, DB B A R v AR AR A R
BRI 22 JEE Sk A, TR AN LI, 440 i s P9 B 440

SRR D, U E R A0 M = AR A SR ST
Ty FEAR, 20 MAZ KR el 2D, U T A4 L PN R B 2
TR X R/ INRER 22 1,25 (OH) , D, IG5 &
ZH 5N ARBEE 1,25 OH) , D, H ) 2 A DL 7
R AR, 1,25(0H) , Dy i ) i 41 5 i ARk
L ULE 1 3R 2,
2.2 BAKXKBREPRBRHRETRRIRINGELE

5N R L, B AL 2 G B o6 R A DA e
1,25(0H),D, %7+ 20 TGAb  TPOAb .FT3 . FT4 ¥
HEhn, TSH SRR, P AR 40 5 %) IR LA, 25 5%
HA G778 L (P<0.05) ; S RIZH FUHT A4 1 B
AR RRZH AN 1,25(OH) ,D, 455741 TGAb . TPOAD |
FT3 FT4 YRR, TSH 4350, 52 80 1 57 o st 14

(] B ) DR B R P LI T 5 4% 2 2 4L R R IR 2RI BA G AR L (P<0.05) , WK 2,

TE: AT RRZL, KB HVIR AR UE I S8 5 /NE v, s N BT L, ) SR DL AR PE AN R 10 5 B . | B e P HOMR AR R AR AL 21, R Bl H AR R e
A/ NSRRI T8) A Rt 2 VAN IS s P I /0> . AR o ke R, A L Y SRR 0 L 245 4 265 5 4 i) 50 96 4 4 M 32 i)
WD R SR D2 1,25 (OH) , Dy ARG I 2H , 52 R IRIBCE , HOIR BB R/ INAN Y | ) 5T AT DL 58 P40 e, s I B 3 20 s B2 1,25
(OH) , Dy Rl E 2, K B PR AR BB TG O, 1) o /b it e M IR, i P RS B4 5 F 2 1,25 (OH) Dy i 1) i 4, S /N R B , SR B PR BR
PRUEILSE By Se R ) AN L BACE AR AR LR I R
1 1, 25(0H),D; & HARBHFREEEFLHHW(n=5)

Note. A, Control group, the thyroid follicles of rats were complete, moderate in size, filled with colloid in the cavity, and no inflammatory cell
infiltration was found in the stroma. B, Autoimmune thyroiditis model group, the thyroid follicles were reduced or destroyed with uneven size, a large
number of inflammatory cells infiltrated in the stroma, and the colloid in the cavity was reduced. C, Selenium yeast tablet control group, the structure
of thyroid follicles in rats was relatively complete, the infiltration of interstitial inflammatory cells was reduced, and the content of glia was slightly
reduced. D, 1,25(OH),D, low dose group, there were patchy changes, uneven size of thyroid follicles, infiltration of inflammatory cells in the
stroma and less colloid in the cavity. E, 1,25( OH),D; medium dose group, the thyroid follicles were enlarged, a few inflammatory cells infiltrated
in the stroma, and the colloid in the cavity was increased. F, 1,25(OH),D; high dose group, the follicular structure of rat thyroid was relatively
complete, only scattered inflammatory cell infiltration was found in the stroma, and the content of colloid increased.

Figure 1 Effect of 1,25(OH),D; on thyroid morphology of rats in each group
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2.3 FBAKXRIMFRMEREFKFE

5 X) B4 b e, B AN 4l K BRI TL-6 , 1L-12
A TNF-o 7K 32 35 T 85 ( P<0. 01) ,1L-10 7K F- &
FREAR(P<0.01) ; SR A LA, il B /X ]
ZH I 1L-6 . 1L-12 Fll TNF-a 7K F i Z L (P<

0.01),IL-10 K F & FE WM (P<0.01),1,25
(OH),D, &4l 1L-6 54 22 % B A 41t
FREX(P<0.05), P &l 1,25(0H),D; 4
IL-12 \IL-10 J TNF-o 5#8I 20 22 7 B A it
X (P<0.05), WA 3,

&2 AHRRIARMRR L HARIR A A RO IS AR UL (45, n=5)

Table 2 Comparison of thyroid coefficient, number of thyroid cells and nuclei and follicular area in each group

21 5 R I 2= 4 I A% AL TEIL TR (um? )

Groups Thyroid coefficient Nucleic number Follicular area

X HE A
. 0. 009+0. 001 976. 50+108. 57 26306. 12+£3283. 79
Control group

R 2

e 0.057+0.016 * 1692. 12+33.45 " 5298. 54+2038.37 *
Model group

TG %) R 21

0.030+0. 008 *#

Selenium yeast tablet control group
1,25(OH) , D, {540
1,25(0H),D; low dose group
1,25(0H),D; 4
1,25(0H) ,D; medium dose group
1,25(0H),D; R4
1,25(0H) ,D; high dose group

0.027+0.008 **

0. 027+0. 006 “*

0.050+0.013 "

1238. 98+189. 43* 15450. 74+3634. 54 ™

1554.20£135.80 " 7066. 32+£2752.71
1499. 33+226. 69 * 10950. 81+2839. 60 *#

1354.21+290. 82 14219. 15+5439. 87 **

S IRAAH L, *P<0. 05 SHU A E , * P<0. 05,

Note. Compared with the control group, *P<0. 05. Compared with the model group,*P<0. 05.

H SAHRAIA G, 2 P<0. 05,2 P<0. 05; S RIZH M L, ©P<0. 05,4 P<0. 05,
B2 A4 KBF AR ORI RE LR (x5, n=5)

Note. Compared with the control group, *P<0. 05, ®P<0.05. Compared with the model group, ¢P<0. 05, *P<0.05.

Figure 2 Comparison of thyroid antibody and thyroid function of rats in each group
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2.4 FAHAKXKRPRIEHALR TLR2, MyD88, TRAF-6
# NF-kB mRNA £ix
5%} MR 2 b g, B A 2 R RRHR R iR 4

TLR2 ,MyD88 TRAF-6 1 NF-kB mRNA ik i 1
WM (P<0.05) , SRR LLE, il e Rk Fr %t iR
20 )2 1,25(0H) ,D, £ 7 & 41 5 Fa br 2 1 R IBHA
[F) e EE RAAEG e B e X6 HEZH 45 F8 PR B ) mRNA &
ACFSRAMA R ZS BASIF 2 E L (P<
0.05);1,25(0H),D, £ 7l&# 4l TRAF-6 S5 4]
EZRHEAGIFE L (P<0.05), &5 &4 TLR2,
o E R 2 MyD88  NF-kB S I 4 25 5 HLAT 4
THFE L (P<0.05) , WK 4,

2.5 FRAKXREIREALR TLR2 MyD88, TRAF-6
1 NF-«B EHRIX
50 B4 b B, A A R RRHR IR IR 4 4

TLR2 ,MyD88 . TRAF-6 il NF-xkB 5 [1 33k I &1 2
FHIM(P<0.05) , SHAYLH LA, lEERE X R ZH
J 1,25(0H),D, 7l & 4 A5 hn 8 (R BAR]
TR RRAIG, L, B %) HE 2H 45 36 b 2 1 68 S5 A A
HmEF HASIM*E X (P<0.05);1,25
(OH),D, &2 TRAF-6 75 133k S RIZH 2% 7
HAG 25 L (P<0.05) , m A4 TLR2 H &
F 4 MyD88 \NF-kB # 1 Kk 5B A2 22 7 B A
GiitFE X (P<0.05) , WK 5,

E: 5XHRALMLL,  P<0. 05, P<0. 05 ; 5HEARILLA L, < P<0. 05,°P<0. 05,
3 BYIKEUMLYS IL-6 1L-12 IL-10 1l TNF-a H4% (545, n=5)
Note. Compared with the control group, *P<0. 05, "P<0.05. Compared with the model group,P<0. 05, *P<0. 05.

Figure 3 Comparison of serum 11.-6, 11.-12, 1L.-10 and TNF-« in each group
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T 53T IRAIA H, * P<0. 05,5 P<0. 05; SR AL H, © P<0. 05,9 P<0. 05,
B4 FHAKEIREHL TLR2 MyD88 TRAF-6 1 NF-kB mRNA ik (z+s, n=5)
Note. Compared with the control group,®P<0.05, *P<0.05. Compared with the model group,®P<0. 05, P<0. 05.
Figure 4 mRNA expression of TLR2, MyD88, TRAF-6 and NF-kB in thyroid tissue of rats in each group

i 5 IRLAALL ,* P<0. 05, P<0. 055 5B LL, © P<0. 05, P<0. 05,
5 KLHICEHRIRZEZ TLR2 MyD88 TRAF-6 Fll NF-kB & 13634 lL#5 (k4s, n=5)
Note. Compared with the control group,*P<0. 05, "P<0. 05. Compared with the model group,¢P<0. 05, ¢P<0. 05.

Figure 5 Comparison of TLR2, MyD88, TRAF-6 and NF-kB protein expression in thyroid tissue of rats in each group
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3 Tt

DR AR REAE 15 MUK e AR B LR A
DL T LA XS 22 R R A B, AR
1,25(OH) ,D, X [ B s 1 H R R R K B 52 ),
R R 2 TS mTe+CFA 47K B A gt 7
H B pe e HUIR IR A HE G 0 45 5 R, A
LN RN TSR R N i 2 DRl I U 2
S0, T AR AN RO B 7R 3 B 1l 2y A 7R KRR
M35 7/KF FT3  FT4  TSH M TGAb  TPOAb /K- i
B, 48 s A R R B OIR B T Be R, T 1, 25
(OH),D, T, A B H AR B 20 258 M 200 i 32 il 9
> R TE BR R TR R PN S BT 3G I 3R K -
FT3 FT4 'TSH 2 TGAb . TPOAb 7K [T FAAIK
PR 1,25(0H),D, 7] $0ME B G o HUIR R
RKBHARIRIIGE

H B e Pk H R AR R T e e, FL R
2 55 g AL | G R 7 S HL A A G A5 3l B A
K A D R —FRE AR R RS T 4
JitL B 41 RPN i B k1, 25
(OH),D, EH G, /T 3 38R RS
AR YA 2 D K B G P B R ) 3 B
RIAE CDA™T AR DIRE R 1| 285 Bt T 40 R
(helper T cell 1, Thl) F1 2 Z&4HBhPE T 40 (helper
T cell 2, Th2) W 4<8E M B HE BT P4, Thi
R M AT 43 6 A2 R P A M P IL-6, 1L-10 #71
TNF-o, TR 2 G 0 2100, Th 78 20 i ] 43 st
S M40 N TL-10, A 90 i S g i 207 106
AR GG R DL, B R T bk B 200 it 3 7
WAL, SR B4 M 3G B R A I P AR S T g TL-
12 FEH B A AE g = A, A et is vk T
Y gE AEHE Tho kL) Thl ZHAE S b 75 541
FE T IR EL AT 5 NK 20 A0 2 P O 4 08 4 b
TNF-o INF-y B/EHIN . IL-10 AT RS AL T k2
A, J8 /> HUR AR Y CD* AT CD® 9k B 40 i S5 i,
il FECBR R 20 20 r bk L 40 i i2 i > TNF-a A i 4R
T, 2 5 B G 5 R A9 RE J v, AT 5%
7 BRI RS 10-6 IL-12 1 TNF-o /K48 1F
WO B W TR, IL-10 5 ) O AR,
1,25(0H) ,D, U5 AT 5k 25 B AR K BRI 1L-6 1L
12 1 TNF-a 7K, 8501 3% 10L-10 /K- (K 3) , £
e E D FEEMEN T, 1,25(0H),D, fgfl#l Thi
YA 4330 PR T, DTG B ARG L7 1L-6 . 1L-10 Al TNF-au

K, EMRAIEDR R BFST M ,1,25(O0H) ,D,
AR INF-y 7K | F 3R TL-10 ZKSF A F T 5 A
HERF Th1 F Th2 P4

TLR &P B3z AR 8 1, YLK 32 20 S0 45
TR, TLR 5 MyD88 254, TL-1 SZ A AH G I ity 4
(IRAK-4) B2 Ak J5 5 U0 I Jed SR B8 [R5 32 AR AH G
L 6 (TRAF-6) M E A, {2 1-«B B R bR i, 3
% NF-xB, if5 3 RIE N F KK, A RBRIEL
AR ONF-kB R — A A R 5 S T, T ok
RAEANME R TR IK 76 g2 A AR AE S g B
BAEMY . ARBFIEAS RN, 5 H B et R R
R K B AL, 1,25 (0H),D, 4% 74 4 TLR2 .
MyD88 . TRAF-6 il NF-kB mRNA il 25 [ 3¢ ik ¥ [%
. 456 RAEM T IL-6 1L-10 . IL-12 FI TNF-o [75
fk,3H] 1,25(0H),D, figifid TLR2/NF-«B {5518
PRI 48 RE A T 1L-6, IL-10 , TL-12 1 TNF-o Y3
ik, TS [ B fsie i B R R BR A AE RN

25 FRRR ,1,25(0H) ,D, XF [ B G o HUR AR
KRR AR PRI BEA — & B ke384 1, JF REBLIA
H B e iRk HALHIATRE S 1,25(0H) ,D, il
il TLR2/NF-«kB 15 538 % 3 14, i 9845 10-6 | IL-
10 IL-12 1 TNF-o %5 A8 R F B HCA 5%
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Flipper classroom mode taking and teaching of animal ethics

ZHANG Qian, XIAO Xinhua”
(Key Laboratory of Endocrinology, Ministry of Health, Department of Endocrinology, Peking Union Medical College Hospital ,
Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100730, China)

[ Abstract]  Animal experiments are a major part of medical education. At present, there are some problems in the
laboratory animal ethics teaching mode, such as low popularization and limited teaching method. To resolve these problems,
we focused on education of laboratory animal ethics and 3R theory (reduction, replacement, and refinement) to help
medical students enhance their laboratory animal ethics knowledge. The flipped classroom design of animal ethics is a
student-leading classroom. Before class, a teacher transfers knowledge to students on an online platform. In class, the
teacher guides the student groups to discuss and analyze the animal experiment protocol to enhance the research ability of
students.

[ Keywords] flipped classroom; animal ethics; teaching reform
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1 LIRS 3R IEif

1822 4F 2R L E R s W i o, HIRE Ak
RS RS FE S S e BOCTE AR IR . 1966
AR SEE AT T S5 2 W 1 R OGRS F, B
J& , et A E S 4y #5835 10 S A0 B AR
%, 1988 4 FREMIAT 1 (S5 s YA B4R AR
HERELR Y TR A LS, 2006 4, B4
BRAAAT O T 5 SE I s Wy 0 45 PR B L) |, X SE 5
P SR B s N AR TR e
EIRA I, B T 3l 4 1 3 ) S AR RE DG 37k Y
SEt, Wel AR R AR g v B A Ay, Bl G A
TEHOAE TSI 3 b Bl % 20 ) 1 AR L o, A
SRS BROT IR NG . 1959 4F S E 5h W)
2298 Russell A YK Burch 7E N IE £ L5
BRI — 42 1T sh ¥y s g 2 AU ik Hhig
B3k 2B ( reduction ) . & 18 ( replacement ) FI i 1k
(refinement) , fRiIFR A 3R SIS | 3R N BT
U/ S T Y S ) A T S, S 0 Aty
RSP XA sh W) S s 5 S i, s/ 2
SRR T B 45 T AR B2 32 O 4
3R S A4 e ST S, 1997 A, FREEE — K
SEREHNE 3R MEEE AZHERA AT
T IR S g B A e i A T L) IR LR Bl
P ARIESE 91« SE I s Y i M 98 i S
LT E ST,

2 EEFIRAHREFEENE KK Y EIE[EE

SEHG S WA FLIR TR BE A SR T E A s 1R
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Research progress on the regulation of non-coding RNA in glucose metabolism
re-editing in oral squamous cell carcinoma

YANG Yiyan, GAO Jiping, XU Guoqiang, WANG Xiaotang, SONG Guohua *
(Laboratory Animal Center, Shanxi Medical University ,Shanxi Key Laboratory of Experimental Animal
Science and Human Disease Animal Model, Taiyuan 030001, China)

[ Abstract]  Oral squamous cell carcinoma (OSCC) is one of the most common malignant tumors of the head and
neck, and its incidence is increasing yearly. Glucose metabolism reprogramming is the most representative metabolic feature
of tumors, which has unique characteristics of energy metabolism. In the case of sufficient oxygen, tumor cells prefer
glycolysis over highly productive mitochondrial oxidative phosphorylation. Current studies have shown that non-coding RNA
(ncRNA) directly targets glucose transport protein and key enzyme to change glucose metabolism or indirectly changes
glucose metabolism by regulating cancer-related signaling pathways during the occurrence and development of OSCC. This
article reviews the mechanism of ncRNA in the regulation of aerobic glycolysis in OSCC.

[ Keywords] non-coding RNA; oral squamous cell carcinoma; glucose metabolism; aerobic glycolysis
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AT TRE RS AN R 4B R eI Fr A A AR Rl
5] 41 2L, 5% 98 400 M o, miR-155 38 3 miR-155-s0CS1-
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R 5T B 41 ML JE 4= 22 e B, A v MR B OR T R
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B 1 ARG RNA J8T5 OSCC e 4i L T 2k 40 O e i s 2 ]
Figure 1 Schematic diagram of non coding RNA regulating glycolysis of OSCC tumor cells and fibroblasts
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3.2 IncRNA 7 OSCC #EHER G HAREER

IncRNA, & —28 K #3200 %1 R 1Y I 5%
A Z it 3 A R, e S 5 L R
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Roles of leukotriene in pathogenesis and treatment of atherosclerosis
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[ Abstract]  Atherosclerosis (AS) is a common cardiovascular disease that can cause serious complications and is
one of the most common causes of patient death. The inflammatory response is involved in the pathogenesis of atherosclerosis
and leukotrienes (LTs) are important inflammatory mediators that play immunomodulatory and proinflammatory roles in the
inflammatory signaling pathway. Leukotrienes are closely related to atherosclerosis. Leukotriene B4 ( LTB4), cysteinyl
leukotrienes, and the 5-lipoxygenase (5-LOX) pathway trigger a plaque formation disorder that promotes AS by inducing

neutrophil aggregation, enhancing endothelial cell permeability, and mediating nuclear calcium signal transduction in
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vascular smooth muscle. Additionally, obstructive sleep apnea (OSA) and diabetes that produce LTs are associated with

AS. Intermittent hypoxia in patients with OSA increases production of LTB4 and expression of 5-lipoxygenase. Increased

matrix metalloproteases in diabetic patients promote expression of 5-LOX and LTB4. This article discussed the current

research on the roles of LTs and related substances in the metabolic pathway in the pathogenesis of atherosclerosis and its

treatment. Thus, some new treatment strategies aimed at LTs for anti-AS effects have been proposed, which include

inhibition of LT receptors, the 5-LOX pathway and LTA4 hydrolytic enzyme.

[ Keywords]
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H =¥ B4 (leukotrienes B4, LTB4)i}%35F Z e
REFMLERIL, WL LTB4 52 {4 (BLT1) i/ i
FEA TR 40 A BT, LTB4 fE R] 422 51 2 i 45 0k
2 , AT 32 B kN Bz A MY T 2 AR R
Wi PR R — S A AR R, 5 A AR i
Wit IR HE AS, ed, LTB-4 aJ 3 Jin 241 Jie i
IR 2R BORE, (8 BLT-1 32 RSR AR5, BLT-1 Z /4
mRNA 35 b, i 4 #F AS', LTB4 i it
BLT1-TAK1-P38 1553 f41 i L AU4% 38 8 , 3X 7] fE

leukotrienes ; inflammation; atherosclerosis; 5-lipoxygenase; leukotriene receptor antagonist

5 AS SRt g o

S BE 1 =5 (LTC4  LTD4 1 LTE4) REHS 58
DA 12 240 B 35 P L0 LR 6 4 , 5T 5 5 2 Hfth R
JEARA 2 EEER 1 = it 4% CysLT-1 %44
AT I - LA A 5 {5 5 R R R 1)
MR FEN AR I KT W LA i B 2 b B
P CysLT-1 324K, I 1 2 3458 LTC4 755 A0 240 i 9 45
AR

LTs TEVF 2 RAE D FEA A5 538 B h o2 2 A ez
PET R RAE PR EBHG RA Y AR SR B A
LTs X} AS i FRAGFZ

2 BEHESEBOREREL

2.1 S-FEEEERESERIFREL

5-LOX J& LTs A= ¥ & i) SC Bl , 5 47 % S5
BRI R AR e —Fh A A M2
RSB 0B T, 5 FLAP L& 9k
B S-Ead Bk d-— R s Y EA IR
5-LOX/ LT3 F 3G I F 240 B fh 1 | i A8 4% JiE v
sEGE AL UE AS'PT ) 5-LOX i AE AS FIFE Bk
ZE 10 I L P ke 2 B AR L O R
BEHerp ) O 20 ik 5k 5-1.0X, 3 LTB4 FUE&,
TR I 0 4 T B 1A 0 1% 7 B RT R, DA T AR 1 B
Heph

Bs 20, 5-LOX @ A2 KR AY LTs 38 1 #406
ERK F1 p38 MAPK i % /v 5 4 - 32 5 T & (4-
hydroxynonanal, HNE) /5 5 ) 3% Jit & )& S5 H i - 9
( matrix metalloproteinase-9, MMP-9) A= i, , M1 524
AS BEHARFEE L 10 AS WE7E I B W 20 it HNE
H15-LOX K3k i, BTG Y 05 40 i 7 2 B i AS
BEH B 43 19 MMP-9, M1 £ 1 BE B i 24 3 i
LTB4 174, | HNE Jl3 J774A.1 20 M 336 7 BT
5-LOX, LTB4 Fl CysLTs 3458 T [ b 41 ffd tf MMP-9
7 A 4178 5-LOX 7E HNE 4S9 MMP-9 7=/ rf
FEEEVE . fE MAPK 18 J% 1, LTB4 Il CysLT 4
3% 7 ERK I p38 MAPK #y R 1k, P38 MAPK #fi
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il A ERK L w4 7l LT 35309 MMP-
9 frEA

#H % 5— 1 - R ( sphingosine-1-phosphate, S1P)
2 5 BN 4 AR AL FE R 4N i Y 3z d A
BB, SIP {55 AR 5 5 JRGE a8 i ifF Je R0 3 ik ok
FERL A RTR G ER, SIP BEIAS: SIP 2R/ S4k
HNFVA DY A 8T 2 AR T, ) 5-LO 3 $ , T4
il AS, 7 Ca™ B F IR A ki il S1P B
R LTs AR
2.2 HZ=% B4 SHERHEBEL

TERG SR B AR 4N Mo rh |, LTB4 1 BLT1 1l BLT2
WA 2257 R4 50 £ FHBONE ( MAPKs \ERK1/2 F
JNK1/2) Fl PI3K/AKT HHe s s iR 1k A S fE MAPK
G P S A L 3% A% - «B (NF-kB) DNA
ZEATREEDT . NF-kB B930S ATl LTB4 % S Ak
g0 7k R 4l M # fE B O ( monocyte
chemoattractant protein-1, MCP-1) , 3455 MCP-1 i3
KU MCP-1 30 W B 4N I , 76 8 B P 40 it A B
A% S L v 5 | B 4 L 3 3 0 25 05 7K P i, AR AR B
T fioh 2 g 4 B S, B AL B AT AR
AS, LTB4 ifid NF-«B #Liil ' BLT1 #il BLT2, i 5
FIA A 25 -6 BRLA% 4N i 4 Ak 28 1 - 1 R 03T
7 o mRNA 3 B ek, T A afF 46 i 2R 5817
[ =% B4 i@ it NF-«B K#i ) BLT1 Z A&7 5 ik
SRS AR A0 T PN 18 A= g i 45 S LA B 3 AT A5
SALS SE SRS e N A R 8
il LTB4/BLT1 {55, o] s 2 P 46 A= | 38R
LTB4/BLT1 {5 5 i % 1] B S 3R J7 AS AYHE 5,
LTB4 3 i #4 1k A% 40 B L) K38 5 34 5 CD36 3
TR IR 5 R P L B0 A 200 it 2 A6 A o A 4 A, o
fEpE ASY
2.3 ¥MBEE -8 =% (cysteinyl leukotrienes,
CysLTs) (LTC4 ,LTD4 #1 LTE4) 5zh ks #ERE 1L

CysLTs 2 F 7% T4 A9 120 it o 85 4 e 1 Qg 7 A
B FERAEEL AS i B vl fEfE AN R AR AR T
L% F ¥ WL 4 B2 ( vascular smooth muscle cells,
VSMC) , 7ER:FE KB VSMC f LTC4 F1 LTD4 %t
VSMC HFEA W EH . VSMC 458 /38 fin 5 LTD4
FIEITAERE Y IL-1 7 A 3 A 6, X g L mT fE
Sk AS TE i B R RE 2 5 W HIL AR S T T R 4
K, PR CysLTs M AT REZE VS S IL-1 AR AE 1 72
HR SR, LTC4 3% LTD4 HI1380 14 P 1 20
A BRI B 19 1 /N AR TG A6 PR AT RE I S AT R A2

L PMNs R B, X — 3 B2 mT R 5 R | i e B
BRI A B340 A LA 5%, 0 dE AST 2 bk iR
F =452 4K (CysLT-1 1 CysLT-2) {15 LTC4 . LTD4
LTE4 F1 LTF4) | CysLTs 755 B3 4= K 2 )i 35 7
1.2.3 FIsFE A2 (9 mRNA FIZE (#3013
LN B, X AP R CysLTR2 5 G (Q/11) Y
I WA -C LB 1,4, 5- =ML 0O 380 4
fife Gl TEN-y JIBCT 5 5 CysLTR2 13Kk, 1Y 9%
CysLTs I3 M RAE R, CysLTs {7 5 5% 51l 3l
i cysLT-1 SZ PR F1 1L-4 P3[R 4E FH A2 E N PR 20 A
CCL 20974 i 5 5 RAE KW, LTD4 i 5 K R
M LA TL-18 A AR TL-18 %%
R A F (G 3 = A T [ AS™

2.4 H#mLTs WEZES AS

2.4.1 %AAbOBENS (oxidized cardiolipin)

Ak U5 B (oxidized cardiolipin, oxCL) H.A5 fi¢
SAEFT, AT 8 AL G PR A0 B, 2 T R 4 A
200 R b 4T G 1) 00 I PR R S R b B
5 B IR A A 5-LOX By FE R Kk 755 LTB4 ()4
Y& B, Wit AS, BEAh, oxCL AT 2 55 Y Hz 41 i
HHRl B3 210 ) 2R B 31— 1 0 I8 2 AR R
T—1 BKF, BB T AS (— R A A 48 i
KEN, A SIS ERD) 7T LU S 455 oxCL R IH
BRILE AR . Mo, BB AR (1 AS 38 7] D iE i
P06 s il B B W BH K ( lysophosphatidylcholine
LPC) MR RAE T A FE I AS FIFE . LPC 24
PR TRIAR 25 B i 2 11 A9 2 AR W P R 2 i o, 1
JORE AN P B2 41 BE 7 A 1 2 ROERUN Y B
5 AR bR T- ¥ JILAM 0 2 38T , 1 98 E 5
035 Ve LA L DA MG 45 2R 2 A S B B/ 43 W FR 7 AS
T BRI 1 1048 J A4 AR s . LPC 38 3 i A8 A=
VUSRI B4 LTB4 6 -RIFI AR R Fla Ak hist
AE A0 M A= < R 7 DL SO 4 L PR F- GM-CSF | IL-6
I TL-8 MBI 2 AR AR . BRERER 4 AS T
I8 2> OxLDL Fl LPC A4 & 4/ FT, LA K 30 46
OxLDL f9455 Al E WA MU A 8 BUTE AS SH: B e il
b R iR EE R
2.4.2 -3 IENIMA (omega-3 fatty acids)

WATI AR R, -3 B8 7R W] P ARG O 1 45
FET- MR LR F, o-3 JEIBRIETE; AS J5
A VF 2 25 AR BRI, st A5 28 (AR,
3 L i (b I A () R i R R A ) | BEAIG
I T 24 2 P D, B3 A6 A DU i S A A o AR
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R I MR 3R A LTs 09 & B, B IR s A R &
B, Bick Y@ it w-3 HE MR Bk U R
(-3 fatty acid eicosapentaenoic acid, EPA) -+ il 3¢
IS 3RWI EPA 1 CHRIE 2, e b 25 Wl /D o i A 920
HEENJE, EPA HABHIM R IEMTHIER . o-3 B
BETE 9 0E I N FT AT AS & A2 AT BEFEAIK LTs 17K,
SEA R RIEFH . o-3 AT R 2 A
SAE NG A 5T EBEUE I AT A TORA G PR AS'
2.4.3 o-EBB/RAGAEEH

A a- LB WS AS 1Y & A A ¢,
FAPE) a- BB RETT AS, o4 BB A7 )5 AT
W0 NP AR R -1 R4 2 -6
PR, H oA B BrE 0] 5-LOX #6135 £k 1)
N FRAZ A b 98 SR AE R F- - mRNA FITEE (19 3R
iK, Devaraj 257 R TRAN o-A B IS, BAA% 40 0
A ST B R BE B A IL-18 BRI S S N R Y
KRR X5 2 25 PR AIG, LTB4 J2 5-LOX M 2 =¥, &
RERS N IL-18 BRI, 7€ o-A B MAEZE I, LTB4 Al
TL-13 7KF-BH 8 B A 5 76 A 401k Il o0 il 550 s Poge 56
FEET, oA B IL-18 351, o4 B i % 1L-
18 mRNA ZKF-FfE e M o g, o-2E 7 Wil 1
P 5-LOX 41 i 3% 1k (9 N SR 40 i rp IL-18 1Y
R
3 MEEMERFREESEM ERFSSEKMEE
w1
3.1 PE ZE % BE AR ME IR & 12 4% & 1 ( obstructive
sleep apnea syndrome , OSA )

LTB4 J& ¥ K A AS JE il (19 5 JR A i,
Lefebvre 457 HF 58 T R4 S8 1E X LTB4 72 4 ()
SO, SO 2 R R 2L RE IF R W BEAR T 50%
[ LTB4 , BH ZE P e B 0 I 7 452 1 LTB4 1197 2E 5 4
TRNBEA G LTB4 Al fig i v i 2 o i {1 A P BHL ZE 1
R S PP B 45 R SRl A F v Y

OSA B3 LR AS B LTs i 2 30E , 7F
OSA &, H =M= As OSA W™ EREA
O, S 20 A [R) BCPE AR AU B A SR R R S T
LTs @485, Ak, LTs i 5 R 00
MASFEIRHIE

OSA &35 LTB4 1y A, Jf 5 KL 40 48 =
A o, HHLH i ASJE 28 . Stanke-Labesque 25 19] 35
TSI 2 A% A0 LTB4 38 B 0 ML A
OSA 10 1 A5 55 A4 K [] i P A SRR R AR . F
FEFEW] OSA Y PMN 1 LTB4 A& 53 in, 5-LOX

WS R A mRNA FIEE 3 5, O 5 S s kg
JiE EAR TN b R SR FE A OC . 7E OSA J& & F A% 4
fad, LTB4 (10 ng/mL) 34 fiil 1L-6 ( P = 0. 006 ) £l
MCP-1(P=0.002) 7= A=, 7EXT RRZH (51 5 6
TR HEAR A IA ST T ) 28 A% 20 i T 345 FLAP 119
mRNA 7K (P=0.027) , 588 TH FRENZ P
ANMAR EE , LTB4 B0 W38 i 2.7 5 (P=0.028) ,
Zi F AR 2T A% 40 i v 8] B AR 42000 3R T g
Z: 5 0SA B By M A E A, $275 FLAP 7] BB/
TBIT OSA AHIE YO LA B0 A TR AE R A5,
3.2 HERRIA

IR B AS JRAZ | 5-LOX/LTB4 & 12 &1k
ARG, FEBEATRE . 5-LOX 7EWE IR 8 35 h
(R Z%3h i T AR Bl R s PEBE SR, 5 MMP-2 Fl MMP-9
PRI OGBS AT R |, 5 AR RS R B B
HHEL BRI B35 MMP 16 P B Y IR
H1,5-LOX Fl LTB4 7£ AS BEH () 13 & 32 1k T RE
P MMP 53 BEBE 24 LTS J& 5 W R Rk
EPTRAE G S AN LA TE A B, IR A =0 E4 5
2 RUME PRI £ B D) REAE DG, ZE 0 R g A 2 e
RENBKEEAAE H IR A =05 B4 g firig it

4 B=HSHBOREELREE

4.1 LTB4 Z{&(BLT1 #1 BLT2) #5$H1 5|

LTB4 JZ46 A4 UM R 2 5-LOX AR5 (1 20 o ¥4
AR, 2 rh Mo 20 i 9 TR PR 4 A R T Ak 12
MM A R TR 4 el o e B AR i R T
Z K BLT1 F1 BLT2 &4%4EH* | BLT1 Ml BLT2, 4>
IR B N 2 AR R E A ) 324K 78 A3 AS
BEHerh S 45 LR LTBA 80 1045 -1 WL 40 i |
Difietk ) BLT1 524K 5 S HoBa b F3g 58 . BLT1 32
TRIE T I JAEG B/ NF-wB MMM B4R R, AE M5
i B R AT LTB4/BLT1 A5 52K Ja /D P 3
AT FEARTRI A /N USRS cf ) 25 R T LTB4
ZR(BLTL) A F FREAL AS'™ . BLT1 7E5C7T K |
AS iz i o 1y 5 AR Y BLT2 A2 40T #5542
AS 15514 AN FE Biil284 (3 mg/kg) 16T 24 &
(47N B b O 2 1) B S A /N 1 2 sh ko A8 L kb 1
AS 59755 B0 T LA I B B 3l ik MMP 7
PEFN AR A9 I TNF-o F IL-6 KA X [
Bf, LTB4 7 (A BEL 7 750 388 3 o0 o] P A% 40 i 508 42 1 4 2%
AS FEJR AL B I IE , LTB4 i & —Fh A &k iy #a 1k
A, WL LTB4 52 A skt . 28 LAk, #2
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75 LTB4 SZIRFEHIRINT AS BNEYT A TN E,
4.2 CysLT Z&#EHm7

CysLTs f& A6 A UM IR i 5 - R g A2 7=k
HsRA TR R A, BT S 2 BT 32 1k
(1N CysLT1 F1 CysLT2) BYAH E A & B E 1 24
PRVEF, Hoxha %23 52 X 9 Ah 36 R 3 9 L) S A
FAFEHEAT T R Go i [l i DL o2 3 =0 52 AR F5 be
FIATBEEr CysLTs AIVER , AT BE7E KL 7 T I /D00 o
R AR 28 MR AR . FLE R,
CysLT 2214 ( CysLTIR) #EFE S PL I, fE N TNF-a
75 B G S A A T PN R A0 e AR AR
IF AL w RriE o S ) MAPK 4 B% p38 Fil NF-kB
AR BTG A AR G RE A A A
4.3 HZ=Y¥ A4 /kf#E5 (leukotriene A4 hydrolase,
LTA4H ) #P#15l

LTA4H & —Fh 12 5340 1 69107 & EF 4 M i
JoT , EL A K A N R IR TS ME Y LTAGH i
EAFRE MR E ALY LTAS 5540 — i LTB4, B¢
LTB4 J2&—FfA 20 Ak 50 R e 4 B 06 77 A
B g R MR A0 I | A A TS DK 2 L T 40 L
fe2Emg 5150, Wi LTB4 AT A BB A B TR 97 &
FEPESOE AT AS! ) | LTA4H 5 BEHORFE & M rAE 56
PER B SC80 H, LTB4 A=A i i 3 Fl G R A
(5-LOX ,FLAP F1 LTA4H) ) mRNA 7K & &
BEB A ESE IR B SR, LTA4H 3k 88 ! |
LTB4 FL 2 F- 2k MMP &G BRI, Wi 2 1E
BEHLmE S N AR A1 20208 A A DU 0 R e Ak ok
K LTB4, 1 LTA4H $fil 7] w] LABH W7 i F i
LTs 18 f% BB 260, LTs 3l B rT 835 AS st |
4.4 5-LOX #P#IF

A6 DU R AR PT LA B A IR (MR A
M el e A5 ) AL, MRS BERT 402 5- 12-H1
15-BRAABEE LAWY LTs J& i 4645 DU R
FPAERY AT FLAP fiEfb ™Az o FLAP A2 —F
PEER (32 1R A SR AE AR DU I TR B AL Sk 5-
LOX'"' . VIA-2291 J& —Fh A 2% i) 5-LOX M il 5
FE— T BUE BF 5% R B, LTs A R s 2> BE 5
ASI FE SIP J3Y7 AS 1, SIP i55S SIP 24k 4 4
SR SR A BT R AR, R 5-LOX 1
PEUST R 5-LOX R COX X AS AR A T 4
PEHI™,
4.5 Hi(fthTRZEYW)

T 2580 AS HRE 0 S e Abe & I v 2 A

R AU EEAR B (0 2 v YT 28 2 W R )
AR B B B T &, e R TR H R AE A R
WP AN FH RS O ML 2 05 R FIBET R, il -
i ASPY ) AE APOE JE R R /N B X HE 5286 v
B G He AT 38 2 48] 5-LOX 3 5% A1 R P8 APOE ™~ /)N
R CCL3 Y3k, BE % AS KA FHRTFE Ik
I TIRYT R R MKk 39 7k 05 i S g h 2= W
B FEARALT T T 98 9 K B 5-LOX iR R Ji sl AS
PEH PR AR FHAESE AS HERED

5 NBERE

AS IR 5 K IL B2 2%, 6T LTs 5 AS WJE
S RE Z B BT OC R, B N AN IESE H 55 3
2%, LTs Je—FPsia F1 00775 550 A4 f kbt 50, mg =
HAZIREE G RIEGER, BERERN, S5 5%
Pl spg i B AR 5 55 LTs A5 5 B9 S8 E 18 5 45 1 A B
Wit AS A I SAE K S — A EARIE, [ = RTE
AS A AR R AR B 2 i — R S0 5 R S
TE AS HVE FHMLEI 38 3 =S B i it o8 15
S PR, (HIXFP 25 1E F 506 RIE T O 0 2 9
ATH8R 53 B AE Sy %l Bl FH 245 2B 28 18 0 40 o0 I 7657 96 95
(AR I T B — 2B A2 B 1 = A5 P RO a4
B SEPIR H TRB AR A ALE N AL

SE 3k
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Research progress on animal models of exogenously induced
primary biliary cholangitis

CHEN Haiyang, ZHANG Wei "
(Longhua Hospital Shanghai University of Traditional Chinese Medicine, Department of Infectious Diseases, Shanghai 200032, China)

[ Abstract]  Primary biliary cholangitis (PBC) is an incurable rare autoimmune liver disease with low incidence
and an unclear pathogenesis. Studies have shown that external environmental factors have led to a yearly increase in
incidence. Therefore, it is of great significance to establish an animal model with similar pathogenesis to study the
pathogenesis and treatment of PBC. After reading relevant domestic and foreign literature over the past 20 years, we
summarized the method to establish PBC animal models induced by various exogenous substances. Various exogenous ( 2-
OA-BSA, polyl:C, N. aromaticivorans, AMA antigen and BDP) and analyze the characteristics of various modeling
method. Induction method of PBC animal models are summarized and the characteristics of various modeling method were
analyzed. We provide a reference for researchers to choose more suitable animal models, explore the pathogenesis of PBC
and develop new drugs.
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Jt & PR IH 3 P IH 4 48 ( primary  biliary
cholangitis, PBC) , SOFR i & P IE P A A, 2 —
TR PR PR TSR B 0, HRRAE S N /NI A
WEIR, 1T Bk ) Bl R E | £F 4 4k, e & T BUR 4L,
PBC 1Y IfiL 7§ % 4% 1E J& $1 & A0 4K $1 4K ( anti-
mitochondrial antibody, AMA) FHYE, X J& —Fh7E 2y
95%1) PBC BB P & BI85 i e R S M i A
ZAEZ AT AR Y] PBC B BAR R H
8.55/100 Ji/4F, /R4 118.75/100 Ji/4F, K[
IR TC 16 72 & 28340 2 2B 8 40 22 S 280K
S EAMRAT G A o R A R IR
FEYPR T M X AR TG P LA R BRI R A S
FERARG T, Chen F /X LIRS HIIX 19012
2 TE BPr bR PriE M2 A (anti-mitochondrial
antibody subtype M2, AMA-M2) F*) i 1€ ¥4 2 H & R
A AE B IR IFI 7R i SR R 3 W DA B A G % 51
FHOAN R SE R R, BB AT 2l s il
Tl DX, PR TS Je A 2 2 TR L X AR PBC AR
RELR Probert %7 7E S I & & BT AT LA
P SR A A Ak W 192 Ak RN 75 S JHEAH 40 A 0 T i Ak
P, HAE S — P S AR S R A AT 200 e A 35
P 3 HOAT LA 2k SRR R It A R A R B AL T
WA E SN B2 S s G, 20t
FERARIMIRAE AL 7 24 Wy 55 nl RE 38 A8 A A
TR i U 2 A9 E2 5 ( pyruvate dehydrogenase
complex E2 subunit, PDC-E2) o H:Ath B &5, &
A B G 5y A AT 32 1 32 2 T 75 % PBC. 1Y
KR SMIRE RS YA R T Bl R TR R
XF PBC A& (520 | I LAAG o %5 b5 5 PBC
SRS D7 AR AT RS (R 1), U
TERRAEHTST B Rt 2 n sy

1 AYESER

1.1 2-FHREMEEY MiE B E 8 (2-octynoic acid
BSA conjugate, 2-OA-BSA ) % S48

Y RZH PBC (8 H #REA AR B2 B A HL Zoks
PGB, X SET AR Y B BT 2 2-5 R
S 2 A 1K (2-0x0-acid dehydrogenase complex, 2-
OADC) BIRE B, F¢ 02 PDC-E2, S | X LE 4R
QURSESRUSE F =X 1 BRI ESE V7l 3 ' e
W02 2B (2-octynoic acid, 2-0A) AV HA
TEVR N PDC-E2 (98 Ty, T HEE 29, B
PN REZN U A R AR NI R AR A R 2 o 2

HOLAE SR R

Wakabayashi %' 5 5668 FHAME 1 2-0A 54
1L A #8 H (bovine serum albumin, BSA) {84 (100
ng/25 pL) , XFHEPE C57BL/6 /NERIEAT S i 3iF
FHIZE PBC SRS, ATk 2-0A-BSA 552
4 FCAAF (Freund” s adjuvant complete, CFA) fi}}
L T E R S, 5K 2-0A-BSA HASE 4
I AL (Freund” s adjuvant incomplete, IFA) #E4T
G BERR 2 AR AL/ N U S T4 1 U 4728 12~
24 J& , ARRUEEAE . S AR SRS 4 JA S s v R RTAG:
M F] PDC-E2 47T M FH 4 JF 35 T v, 8 A B ik
100% ., MEEERBER T o tumor necrosis factor, TNF-
a) FIF3E 2K v (interferon-gamma, IFN-vy) 745 4
JELJG 1 -4 TL-5 F1 IL-10 JEAR % 4 28
b, A2 s 14 JAJE DI R o 1148 Gk e
AR /NI 0 % T N B TR 2
i, HFPI CD4/CDST 4l i LB A, 1 CD8™ T 41
MEAECR B2, Lleo 221" % B 7F PBC B H
w2 RIS TR L 1148 X A7 AE L RL (Y CD4™ T A
CD8" T ik L4 fiEiR i, HARIZAALA PBC S ALH
A T bR 2 A 2 3 L 2T 2 A 3 A s e R
DR FEURRE B 1) 4 O I o A0TSR A AE B B, BRI, 2-
OA 1] JH T ZFh/N RS R AL S /N RS 3k 5]
LAY Y AL B S | R B 2-0A 5 S REALRY T
NS (PR R

Wu 25120 Chang 25" % 21 2 LR 56 o 22 i
Jfie (-GalCer) I iNKT 20 il 23 0 578 X AR AE
N REAES 5 | TR ZE R BRI 27 4R A A A= e
JrLA Chang AL AR ) S 0 JBRLL T
TSN, 55 0 a-GalCer FH 0. 5% i 20 ¥ f# AL 0. 2
mg/mL, 10 pL 5300 56 1.2 3 IR BE LR AT 1
d FKES 2/NRAR I . O BB UG SN TR
PE 4 & Fe B BT I B e (4 T KA | IR 455
FONKE R EIE G 12 A AR AT 48 5 AMA 7=
A RIS BRI IF£F 4R AL AR IR 42 . Zeng S5
Miyake %5 %) AR 45 33l 67928 /) BRUASE AR 34 % #1L iNKT
MR A FPURN R W EA Bk, XHEA
LIHANGE N e 5 PBC I & I, T HL5E Kt
eI TEAR I A LR e SR vh e 3 F BT
1.2 B A # B8 i 1% UE #% F B8 ( polyinosinic-
polycytidylic acid , polyl:C)iF St

Polyl: C & —FTHRFEZHA, il 1 B THRER
(IFN-1) B 7= A2 FUF iF IFN-o/ B 32 AR #5155 1
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Table 1 Summary of animal models of PBC induced by different exogenous substances
TER) 5T b PRy 5 FEARLIE R AL Bl 5, ML E= BTN
Inducer Processing method Advantages of model Model shortcomings Application Reference
2-0A-BSA 43355 CFA HI ;
" , ‘LY S PBC
FA #B 4, BB VE SF 48R0 M2 B i B, TNFa e
CSTBL/G /NEL 2 /U, ¥ TFN—y FFi5; 14 J80 4% I bk e 40 WEJF"&@%%“Z
B12~24 B, BIETRAE RN, HEBRGEE K, & 4P ERENIK, 5 Xj“ P;é W %
B ZER_ B o-GalCer,  TEJRAPDRNERIER S, B A i £ e o
o " .. 2-OA-BSA was coupled with At 4 weeks, M2 antibody was AN, Jue
2-37 LR 1B B R . . Study on the
e s .. CFA and TFA, respectively.  positive, TNF-a and IFN-y levels Drugs are expensive, the .
A HEA . . . . correlation between [ 10-14]
C57BL/6 mice were increased. At week 14, lymphocytes  modeling cycle is long, and .
2-0OA-BSA . . . o . . o environmental non-
intraperitoneally injected for ~ were infiltrated in portal area and  the experiment cost is high. aini 4 PBC
2 weeks/time, and the bile ducts were damaged or There was no obvious g a.l.r(llmg ar;t d
model was established for 12 disappeared. ~ The  pathological  change of liver fibrosis. merdence. S ,y o
- - . . . the pathogenesis of
~ 24 weeks. The modified manifestations of the liver were more i
. e PBC by modified
scheme was supplemented  consistent after modification. . . .
with a-GalCer innate immunity.
S AR, 8 JH M2 P B,
IFN-o 383K, A 00, IR BBl IR, Y R L R AR
Polyl:C(5 mg/mL) JEjiEid: MWL AH IR E WIS, 16 JRISX 3] R i b LS L PBC 11
f C57TBL/6 /MR 2 IR/ J& i o KRR AR B .
o 5t N 2 B o H?il‘}cﬁﬁx,ﬂ?%% PBC 35 57 %5 W
BN R MmE 1522 28 JH . Experimental cost was low. At 8 55, Wige
NEAZH IR Polyl: C (5 mg/mL) was weeks, M2 antibody was positive,  Extrahepatic  inflammatory D e b for th [15-16]
Polyl;C intraperitoneally injected  IFN-o expression was high, the bile  lesions similar to PBC also ‘ I'thg res?archBOé ¢
into C57BL/6 mice twice a duct was damaged, and the appeared in salivary glands, reatment o ’
week for 28 weeks. infiltration of lymphocytes around  pancreas and kidney, and
the bile duct was obvious, and the liver specificity was weak.
peak was reached at 16 weeks.
2-0A-BSA Tt Mol BaR Uk IR I, AR R AN R A e e . w
e " e SR AR, BT R PBC B ¢ WK 4T
SERNTIRNE G5 8 A, L DL 34 25 FTF AR o [
- - . . M. w7 BB SE
1 WA T iR According to the Model time  was shortened , . . .
L ) . Cost of the experiment is  Study on the [17]
2-0A-BSA combination of the above lymphocytes and proinflammatory . . “ L
. . . . high, and the mortality rate Second  Strike
combination methods, the model was cytokines were increased and liver £ animals i hvpothesis of PBC
polyl.C built for 8 weeks. pathological features were observed. Of AIMmATs MEreases. YPOTIests o ’
N. aromafici?\)off&ﬁ B E%ﬁ?ﬁ%%7ﬁ¥f§ Lg(i, ?E%% SR CH 5 A I SR 735 11% E7] % ESg
114 K B 54T 2 NOD - RAEAARIR I, G ML MNE ; PBC & ¥ HY Bl 1l
i LT RALBUE AN e
e i e /DL R 4~ 8 JH Ji e . S W,
BT S AT .. . . . Experiment is cumbersome
N. aromaticivorans  After infection, high levels of IgG K . Study on the
N. . . . and requires high . . [18-19]
= suspension was  persist, inflammatory cell . . pathogenesis of PBC
aromaticivorans . o . T . ) experimental conditions; the
intravenously injected into infiltration in the portal area, bile . . . caused by
K changes in liver fibrosis are .
NOD mice on days 1 and 14  duct damage and  granuloma © obvious environmental
for at least 4 ~8 weeks. changes. ot ohvious. microorganism.
C57BL/6 /DU IE I T M2 HriR PP | Bl i AR i e g .
CSTBL/6 NRITRTER M M2 SRRIRERF, MILBRMT g s pmm i,
PR E A SRR 100 IR IXCGOAR AU R I A ., T WFLT 4l A
PIRRAPUR ng/200 L, & 66 Ji SR Fxre;imemalxcondilionz we TBC B2
Anti- C57BL/6 mice were  Positive rate of M2 antibody is B P . . BT,
. . . . . . . . high, the modeling cycle is [20-22]
mitochondrial  injected intraperitoneally ~ high, alkaline phosphatase is . Study on  early
. . . long, and the changes in . .
antigen with 100 ng/200 pL of elevated. Inflammatory cells in the | 0 diagnosis of PBC
. . . . . liver  fibrosis are  not
recombinant antigen protein  portal area are infiltrated obviously, .
. . e obvious.
triplet for 66 weeks. and the liver specificity is strong.
BDP 5 CFA Al TFA FLAL 3 94 ; M2 0 B4t 3
AT CSTBL/6 /B 1 I EL 40 M 736 1 3 i V48 X R AE - 8 N
PCTIEA CSTBL/6 /RBLL G ROR L TCIAE oo | kmmssitsann  poe %0 70
e Yo/ SR 4, AN, WALER
JHEE . ZEEE O,
. BDP, CFA and IFA were Short mold making cycle. The . L
Bile Pathologically, there were Molecular mimicry [23]

duct protein

emulsified  subcutaneously
into C57BL/6 mice once a
week, and the mice were
modeled for 4 weeks.

positive rate of M2 antibody was
high and the lymphocyte activity
was enhanced. Inflammatory cells
infiltrate the portal area.

bile

damage and granulomas.

no changes in duct

for the pathogenesis

of PBC.
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%38 o FT MR 2k A S 2 B R R R
RN RS R A IFN-1 S RS LTE A
BN R BRI e, SR SUR G RER Y £
RGNE [ B R PEERON B A RS A TEN-1 (13
% JF R TFN-o P45 56 R e sk 18 > | kdh,
2R B AR A B S e M A 1 L il
ATFmEZRIrma B E BT A S REEFLEn
e AR BAFAE 7 4R TFN R G A B e
PEPIE I &I HLTR] RS

Okada 215 i Fi§ IFN-1 H975 55 polyl. C &7
H B e A Rl 7K. 6~ 8 JEIIY
WEME CSTBL/6 /INBRL, 4 i I TE 5 2 IR polyl : G, LA
5 mg/kg Jp 1A AR IR B, AL AL 28 A, L)
37 PBC /NERUBEAY | RERRR 5 A 8 S 5 A 4L ]
DLABAS 5497 , REAES ) Bl o 28 400 B v B i, 1) IX
IR B AR R AR R AR 16 JEE B i, L
ARERE YRR —KF-, BN i 7E 8 J8 IS nT LA
i) [ Shuik, 2 24 J5 5 87 % AN B AT A T
AMA, BEAb, IFN-o 7E3EAR 4 JH E 4 m ik 53] 16
JalJG IF 4R BEAR, 24 J8 Ak F 8K A R &, Hanada
208150 Sk TFN-B 1 IFN-ac 1 LA 74 82 0 20 R 45 440 i
SO TR0 B BE T B, 3 o AR BRI 5 i AR
SKHE ARG 40 L B SR Stewart ' DAk FEAIG
T E LW A S PRI 25 47, TIFN-a I
FIRMIEH T IFN-B & B R IR, AT BRI
RS 5 g B R AH P I, AT RE S PRy oAt 40
HL PR3 R 8 BT, 2 T BRI TERR R A
Tt — T
1.3 20A-BSA EX#& polyl:C F SR

Ambrosini 217 IA 7 20A-BSA 5 53y PBC #
U2 4 Ak 5 95 B AE AN A5 6 I 300 0 2 44k 19
ARG, BT LATE 3R 2 EBEA polyl: C, 353 T8
UFRRCR . WA DT . E B IR 20A-BSA BX G CFA
M S 5 B 3 d A 5 me/kg 7 1Y polyl
C, Tl 8 JEJEAbFE/ N, F1 20A-BSA 75 111 AH
P LAR S, AR TR . 9 35 2 204 A ) 3 1k
EL A3 00 L A 25 I BRI 58405, B R AR
LA CDAT 40K A Y . AR AL B polyl .
C 5 FAYBRL Th 40 HF 1L-12 . IFN-y F1 TNF-«
W% CD8™T 4 Jifd 1 g i A 41 i 0 e 38 &2, 1T Bk
B X RAE FEFAEALTE A (2, 1 A1 s A s i) 55
8 J&l, HJZ polyl. C FI A &G oy R4t , WA (4
Je AR ™ S A IR s S, B e T B sE TR

polyl:C 1 20A B s T T #EAT RS, k52
PBC i [al Hifly A B S e e — ke JB T 2 RS0
PSR RE N

2 HRESER

2.1 REVESER

WA TR Y] PBC 558 K& PEIR BB A
K Selmi AR B PBC B ML TH X
( Novosphingobium
aromaticivorans) ) J& N 3§ P X K B A
( Escherichia coli ,E. coli) %5 1 100~1000 %, HJ5
Nt —2H4% N. aromaticivorans E. coli %5 ZFh 2 1A 1
PDC-E2 NE5HI a2 1Ry 51 0F L BT & 5 2%
(4 PDC-E2 HAT i e 1 [A] P, JF ELAEXS L JLAH 20
WS PBC BEAVRR S, DA N. aromaticivorans Lt
ZHIHR Y E. coli WRATTA ( Helicobacter species, Hp)
ZLH AT EE S PBC 1%

Mattner %““1@ J N. aromaticivorans ¥ 1% 5%
i 52 3 Y ELAT .25 A B S e i s i) PBC /RS
ERJT AT 4 N, aromaticivorans 40 T8 B (
100 wL &4 5x10" 4>) o 230 T4 1 KA 14 K
V8- 40 P R K T S 3 4 ~ 20 SRR AR B AU BE DR
( non-obesity diabetes, NOD) /N AR P 47 776 1A Jg&
Yoo BERVRR R TR 1A H S /D BURF BT R85
BIOWG s A LU A A K (major
histocompatibility complex, MHC) II 284> F-7E 52 45t /N
JEAE Y3k 5 AT DL ™ A 1) kR T AIE A 45, OF
PER IR T e U, XA R ARG E. coli 1)
NIRRT AR B, 185 6 D H IR MK AE
BT ZE MY B L E. coli Y2 HAA I i
ZE5t o MR R A GY 2 J& 5/ BRRD H B8 PDC-
E2 Al AMA F9SREE AT T bk T 40 i 3R 1 /) I AE 1Y
MG IERRBAC I ] = 7K1 TG, B it , i Fh
RERIENA B 5 A28 PBC & J& F A2 vh AR AL (%) T 27
AEAL R, B B 5T R B3 21 44k k02 R B
WAl BEE T NOD i £ 15 5 2T IFN [ &
B XA PBC B I K AR T RE 5 B Rk
Ty B FE R A 5&, Wang Ly S E. coli F1N.
aromaticivorans B4 NOD /N7 PBC #iA s K
E. coli JEH/IN Rl 2 U MBI 1) IEAE S A 45145 0F:
H7 A W /) AMA, SR TS PBC A8 2 1ML AH
L, E. coli YL /INER AT PDC-E2 1Y Il 3 2% Hi 44 52 1o
AT A W Wang IAH TE YL E. coli

aromaticivorans , N.
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S R DAFT i S 2 i A2 IF F B BT PBC B
BRI,
2.2 mEREHETERE(AMA 1R ) FSEE

B [ () — 001 R AIF 5 & BRAG: 1 M2 HiA B A
TCAER B A BE PBC AEAR FARAE 22 Rif , A 8] 7] B
Kk 10 RAFZ AN . H ATHEE B B0 AE T A9 1
AMA R Ry S AU R R, 5 — 353
WA B2 BT AR X PBC 12 W7 i sk
B8 Jn o #EE, Kikuchi il Miyakawa axl48] gy
AMA SN B2 [ Bl e BT 4 O 2- 5
I8 S 52 AR G B« VY T R I U A R B2
(PDC-E2), X #f 2-% 4 M Wi & B 2 & 1k-E2
(BCOADC-E2) 1 2-% B¢ — g Wt A i & & 1K-E2
(OGDC-E2), Jf H &k AL B HMIME S
BCOADC-E2 1 OGDC-E2 £ 1] DL W 1Y, 2 4E i
Moteki %5 05 28 K BURT N R b (R BT R O TR &
Yy, B 3 AN [] S 4% 235 # 3 A A8 T b, fiv 4% A pMIL-
MIT3, i F PBC %5 A K il & 3] LA B I $2 & A

Jiang %520 MRS FE R TR A0 7 0 IR
RN U5 R4S A R R 1 =B R (4L AMA
HUE) RIS R4, PBC AR A2 Ay
/N (C57BL/6) — UK ME e Ve S B A P s 1 — Bk
4 100 pg/200 pL, FEAYARE S FE P 66 i J5 i 2E
LTz AN WV B N e R = S D 1 OB N s
PR, I HL AT DLV A8 DX bk B 44t i 32 v /N A 5145
ML H AMA-M2 HUiA BHPE 5 100% , I H A8 T
W (ALT) AL (TBil) T W28k, UL E4RAE
5RH PBC AL, ANEA AR S, R

il B A R A T4 BY PBC % Y 0 A8

Miyakawa 55 # i 52 AV cDNA F FHB T % 1)
IR G BE W B2 ok eIk AL 25 1, T PBC BATENR
NHIREI A 90% 5 2 /0 1 AN H 448 H & S
T
2.3 BEZEE (bile duct protein, BDP) i S1&E

A PBC &9 YL EVERAE , Ma %5615 38 5 W] U5
BDP 555 7. PBC /N RUREAY | 3051
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Eh/K (PBS) HF ks 3 KA KGR E T PBS, il &
JRAS A B A S0 P T R E & . K 4 mg/mL

) BDP 5 CFA S5i&FZLIL, 5E 271k )5, B BDP-
CFA FLRI7E/N RIS #8205 K R g, B 1R,
£ 3 ., B BDP 5 IFA FLAK, BDP-IFA FLHI{Y
TEf e — A e fi i, BDP-TFA 4b B 1 8 )5 4b 5
INELHEAT A3 BT AR R AR A RS B b R BT bk
A5 X R A8 JR] Pl 7™ B 00 JFF AR S 0 R R, T 0 g
CD4" T F1 CD8" T 4 A& FIJs RS m . DA
Kerb T 20 M40 AT 2t 3 200 b 20 i 1) 5 5 bR 4 i 7 JH
FR B AT BT, A 2R g i AR R
HUC ROV SR LTS T AMAs 100% B , R34 T
M35 H 1) AMAs, @45 $1 PDC-E2, BCOADC-E2 Fl
OGDC-E2,, ZA5 A ) g 7 5 B T IR B s, i
N PR R R FRAS 5k 5%
{23 PBC & .

3 WHtERE

B Tl PRAEAS | IR BRI 5T (RS0 52 56 R A7 9
SRS, Sh RS R A T 4R PBC IR IR T AR
Al TR, B HFT IR, PBC B &R HLHITI SR
AN, FORXHR G & R BTG A —E T
fitt, AEZLAAIHMAR (ursodeoxycholic acid, UDCA ) J2&ME
—%: FDA WIER—£6 2547 (A Ak & B %
NEVHIRFR AR REARAR A, RS PriE IR A
#1135 30% ) PBC X UDCA B RAE, WA R A
AL 3 1 I JAE 1 K A2 2% T 45 by ik ey I i
b, H BT TN RS AE , X 28 fB 3 2 Dl R R =
JEF7 B s RS AL I PR 4 DL R 25 2 1k
4 UDCA WAUAX AT DA 1L 375 AR DG F8 b, 5 Sl
JH UDCA L, RHREAR FNFE T 2R 1) 5% 1 I e A . 3

S I, M55 2 AarE TR AN 14 Kk
BLI LA & B35 5 PBC BYHIZ

H AT e 7 B s A BB PBC JE— g 2
BB, i ANRESE AU B B, AR A TR TR R
ZeISE T [ B G PR = PR 2 TR 2R R gt
RN R F B RE N Z R PT 8, DA B R /N R
BRI AT RE R R R FRATT B P R s 7 1k L Rgd &
T PBC HE— [ B BEAR 55 A0 Sh # i | B A if
FH N 20A-BSA BE4S polyl: C 1] DA U482 25 sh s
FUABE L T3 g B it R A2 2% 1 5 s A R0 )3
ZFT AL g B N R 1 AR %, N2 R (AR BR 4B
VEMEAS) %8, oUE 455 2R Ak R Ak 597 2y
YIRS AR ik SR & 2 R R Bk IR &R
HEINAT A A2 PBC &4 s sh ki Al



110

rhE H AR R A ek

2022 £ 3 A% 32 &5 3] Chin ] Comp Med, March 2022, Vol. 32,No. 3

SE Lk

(1]

(2]

[5]

[6]

[7]

(8]

[10]

[11]

[12]

[13]

[14]

Carey EJ, Ali AH, Lindor KD. Primary biliary cirrhosis [ J].
Lancet, 2015, 386(10003) . 1565-1575.

Zeng N, Duan W, Chen S, et al. Epidemiology and clinical
course of primary biliary cholangitis in the Asia-Pacific region: a
systematic review and meta-analysis [ J] . Hepatol Int, 2019, 13
(6): 788-799.

Gershwin ME, Selmi C, Worman HJ, et al. Risk factors and
comorbidities in primary biliary cirrhosis: a controlled interview-
based study of 1032 patients [ J]. Hepatology, 2005, 42(5) .
1194-1202.

Mcnally RJ, Ducker S, James OF. Are transient environmental
agents involved in the cause of primary biliary cirrhosis? Evidence
from space-time clustering analysis [ J]. Hepatology, 2010, 50
(4): 1169-1174.

Dyson JK, Blain A, Foster Shirley MD, et al. Geo-epidemiology
and environmental co-variate mapping of primary biliary
cholangitis and primary sclerosing cholangitis [ J]. JHEP Rep,
2021, 3(1): 100202.

Chen BH, Wang QQ, Zhang W, et al. Screening of anti-
mitochondrial antibody subtype M2 in residents at least 18 years
of age in an urban district of Shanghai, China [J]. Eur Rev Med
Pharmacol Sci, 2016, 20(10) ; 2052-2060.

Probert PM, Leitch AC, Dunn MP, et al. Identification of a
xenobiotic as a potential environmental trigger in primary biliary
cholangitis [ J]. J Hepatol, 2018, 69(5): 1123-1135.

Gluud C. Acute, serious drug-induced liver injury [ J]. J
Hepatol, 2002, 37(5) : 675-677.

Amano K, Leung PS, Rieger R, et al. Chemical xenobiotics and
mitochondrial ~ autoantigens in  primary biliary  cirrhosis:
identification of antibodies against a common environmental ,
cosmetic, and food additive, 2-octynoic acid [ J]. J Immunol,
2005, 174(9) . 5874-5883.

Wakabayashi K, Lian ZX, Leung PS, et al. Loss of tolerance in
C57BL/6 mice to the autoantigen PDC-E2 by a xenobiotic with
ensuing biliary ductular disease [ J]. Hepatology, 2008, 48
(2): 531.

Lleo A, Invernizzi P, Mackay IR, et al. Etiopathogenesis of
primary biliary cirrhosis [ J]. World J Gastroenterol, 2008, 14
(21) . 3328-3337.

Wu SJ, Yang YH, Tsuneyama K, et al. Innate immunity and
primary biliary cirrhosis: activated invariant natural killer T cells
exacerbate murine autoimmune cholangitis and fibrosis [ J ].
Hepatology, 2011, 53(3): 915-925.

Chang CH, Chen YC, Yu YH, et al. Innate immunity drives
xenobiotic-induced murine autoimmune cholangitis [ J]. Clin Exp
Immunol, 2014, 177(2) . 373-380.

Chang CH, Chen YC, Zhang W, et al. Innate Immunity drives
the initiation of a murine model of primary biliary cirrhosis [ J].

PLoS One, 2015, 10(3) : €0121320.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Okada C, Akbar SM, Horiike N, et al. Early development of
primary biliary cirrhosis in female C57BL/6 mice because of
polyl; C administration [ J]. Liver Int, 2005, 25(3) : 595-603.
Stewart TA. Neutralizing interferon alpha as a therapeutic
approach to autoimmune diseases [ J]. Cytokine Growth Factor
Rev, 2003, 14(2): 139-154.

Ambrosini YM, Yang GX, Zhang W, et al. The multi-hit
hypothesis of primary biliary cirrhosis: polyinosinic-polycytidylic
acid (polyl; C) and murine autoimmune cholangitis [ J]. Clin
Exp Immunol, 2011, 166(1): 110-120.

Mattner J, Savage PB, Leung P, et al. Liver autoimmunity
triggered by microbial activation of natural killer T cells [ J]. Cell
Host Microbe, 2008, 3(5): 304-315.

Wang JJ, Yang GX, Zhang WC, et al. Escherichia coli infection
induces autoimmune cholangitis and anti-mitochondrial antibodies
in non-obese diabetic (NOD).B6 (1dd10/1dd18) mice [J].
Clin Exp Immunol, 2014, 175(2) . 192-201.

Jiang XH, Zhong RQ, Yu SQ, et al. Construction and expression
of a humanized M2 autoantigen trimer and its application in the
diagnosis of primary biliary cirrhosis [ J]. World J Gastroenterol
2003, 9(6) : 1352-1355.

L AHT, TR, S5 PUEORIRBUA M2 LRI 5/
FUSCR MNP R AL T i Sy [ 0], P AR e 24 5
2006, 14(3) . 202-204.

F/NME MPOGHT, FE N, A TR M2 AR SGR A I B
R EUR TR PR AT AL [J]. AR AT IER A4 &, 2002,
10(5) : 341-343.

Ma WT, Liu QZ, Yang JB, et al. A mouse model of autoimmune
cholangitis via syngeneic bile duct protein immunization [ J]. Sci
Rep, 2017, 7(1) : 15246.

Rieger R, Leung PS, Jeddeloh MR, et al. Identification of 2-
nonynoic acid, a cosmetic component, as a potential trigger of
primary biliary cirrhosis [ J]. J Autoimmun, 2006, 27(1). 7
-16.

Wakabayashi K, Yoshida K, Leung PS, et al. Induction of
autoimmune cholangitis in non-obese diabetic (NOD).1101 mice
following a chemical xenobiotic immunization [ J]. Clin Exp
Immunol, 2010, 155(3) . 577-586.

Hsueh YH, Chen HW, Syu BJ, et al. Endogenous IL-10
maintains immune tolerance but IL-10 gene transfer exacerbates
autoimmune cholangitis [ J]. J Autoimmun, 2018, 95; 159
-170.

Zeng SG, Ghnewa YG, O’ Reilly VP, et al. Human invariant
NKT cell subsets differentially promote differentiation, antibody
production, and T cell stimulation by B cells in vitro [J]. ]
Immunol, 2013, 191(4) . 1666-1676.

Miyake T, Kumagai Y, Kato H,
activation of NK cells by CD8a* dendritic cells via the IPS-1 and
TRIF-dependent pathways [ J]. J Immunol, 2009, 183 (4):
2522-2528.

Huang C, Chen S, Zhang T, et al. TLR3 ligand Polyl: C

et al. Polyl: C-induced

prevents acute pancreatitis through the interferon-B/interferon-a/



rp ] LA R e gk 2022 4F 3 A 32 55 3 1)

Chin J Comp Med, March 2022, Vol. 32, No. 3 111

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

B receptor signaling pathway in a caerulein-induced pancreatitis
mouse model [ J]. Front Immunol, 2019, 10; 980.

Luo S, Wang Y, Zhao M, et al. The important roles of type I
interferon and interferon-inducible genes in systemic lupus
erythematosus [ J]. Int Immunopharmacol, 2016, 40, 542-549.
Ronnblom L. The type I interferon system in the etiopathogenesis
of autoimmune diseases [ J]. Ups J Med Sci, 2011, 116(4) .
227-237.

Crow MK,
autoimmune disease [ J]. Annu Rev Pathol, 2019, 14. 369
-393.

Olferiev. M, Kirou KA. Type 1 interferons in

Braun D, Geraldes P, Demengeot J. Type I Interferon controls
the onset and severity of autoimmune manifestations in Ipr mice
[J].J Autoimmun, 2003, 20(1): 15-25.

Sigurdsson S, Padyukov L, Kurreeman FA, et al. Association of
a haplotype in the promoter region of the interferon regulatory
factor 5 gene with rheumatoid arthritis [ J]. Arthritis Rheum,
2007, 56(7) . 2202-2210.

Lorke J, Erhardt A, Hiussinger D. Induction of autoimmune
hepatitis by pegylated interferon a-2b in chronic hepatitis C [ J].
Clin Gastroenterol Hepatol, 2004, 2(12) . A20.

Cholongitas E, Samonakis D, Patch D, et al. Induction of
autoimmune hepatitis by pegylated interferon in a liver transplant
patient with recurrent hepatitis C virus [ J]. Transplantation,
2006, 81(3) . 488-490.

Rathi C, Pipaliya N, Choksi D, et al. Autoimmune hepatitis
triggered by treatment with pegylated interferon a-2a and ribavirin
for chronic hepatitis C [ J]. ACG Case Rep J, 2015, 2(4) . 247
-249.

Hanada S, Harada M, Koga H, et al. Tumor necrosis factor and
interferon directly impair epithelial barrier function in cultured
mouse cholangiocytes [ J]. Liver Int, 2003, 23(1); 3-11.

Van de Water J, Ishibashi H, Coppel RL, et al. Molecular
mimicry and primary biliary cirthosis: Premises not promises
[J]. Hepatology, 2001, 33(4) . 771-775.

Bogdanos DP, Baum H, Vergani D, et al. The role of E. coli
infection in the pathogenesis of primary biliary cirrhosis [ J]. Dis
Markers, 2010, 29(6) . 301-311.

Selmi C, Balkwill DL, Invernizzi P, et al. Patients with primary
biliary cirrhosis react against a ubiquitous xenobiotic-metabolizing
bacterium [ J]. Hepatology, 2003, 38(5) : 1250-1257.

Selmi C, Gershwin ME. Bacteria and human autoimmunity: the
case of primary biliary cirrhosis [ J]. Curr Opin Rheumatol,
2004, 16(4) : 406-410.

Mukai T, Nagaki M, Imose M, et al. Prevention of hepatic
fibrosis in nonobese diabetic mice: a critical role for interferon-y

[J]. Liver Int, 2010, 26(8) : 1006—1014.

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Oertelt S, Rieger R, Selmi C, et al. A sensitive bead assay for
antimitochondrial antibodies: Chipping away at AMA - negative
primary biliary cirrhosis [ J]. Hepatology, 2007, 45(3). 659
-665.

Metcalf JV, Mitchison HC, Palmer JM, et al. Natural history of
early primary biliary cirrhosis [ J]. Lancet, 1996, 348(9039) .
1399-1402.

Miyakawa H, Kawaguchi N, Kikuchi K, et al. False positive
reaction in ELISA for IgM class anti-M2 antibody and its
prevention [ J]. Hepatol Res, 2001, 20(3) ; 279-287.

Kikuchi K. Immunoreactivity of recombinant human oxo-glutarate
dehydrogenase complex ( OGDC)-E2 protein in primary biliary
cirthosis [ J]. Hepatol Res, 2000, 16(3) . 211-223.
Miyakawa H, Abe K, Kitazawa E, et al. Detection of anti-
branched chain 2-oxo acid dehydrogenase complex ( BCOADC) -
E2 antibody in primary biliary cirrhosis by ELISA using
recombinant fusion protein [ J]. Autoimmunity, 1999, 30(1):
11-20.

Moteki S, Leung PS, Coppel RL, et al. Use of a designer triple
expression hybrid clone for three different lipoyl domain for the
detection of antimitochondrial autoantibodies [ J]. Hepatology,
1996, 24(1) . 97-103.

Miyakawa H, Tanaka A, Kikuchi K, et al. Detection of
antimitochondrial autoantibodies in immunofluorescent AMA-
negative patients with primary biliary cirrhosis using recombinant
autoantigens [ J]. Hepatology, 2001, 34(2) . 243-248.
Hirschfield GM, Gershwin ME. The immunobiology and
pathophysiology of primary biliary cirrhosis [ J]. Annu Rev
Pathol, 2013, 8(1) : 303-330.

Pares A, Caballeria L, Rodes J. Excellent long-term survival in
patients with primary biliary cirrhosis and biochemical response to
ursodeoxycholic acid [ J]. Gastroenterology, 2006, 130(3) : 715
-720.

Corpechot C, Abenavoli L, Rabahi N, et al. Biochemical
response to ursodeoxycholic acid and long-term prognosis in
primary biliary cirrhosis [ J]. Hepatology, 2008, 48 (3). 871
-877.

Namisaki T, Fujinaga Y, Moriya K, et al. The association of
histological ~ progression ~ with  biochemical  response to
ursodeoxycholic acid in primary biliary cholangitis [ J]. Hepatol
Res, 2021, 51(1): 31-38.

Zhang Y, Chen K, Dai W, et al. Combination therapy of

bezafibrate and ursodeoxycholic acid for primary biliary cirrhosis

A meta-analysis [ J]. Hepatol Res, 2015, 45(1) ; 48-58.

(%5 B H#A)2021-02-01



2022 43 1 SRR NS March , 2022
$328 FH3W CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 32 No. 3

Eifan, WO, WikER, 5 Lo MEh RO R [T]. T E IR EEEAGR, 2022, 32(3) ¢ 112-116.

Wang JR, Zeng GR, Chang LL, et al. Research progress on animal models of social defeat [ J]. Chin J Comp Med, 2022, 32(3) .
112-116.

doi; 10. 3969/j.issn.1671-7856. 2022. 03. 016

2 P W B ) B R 5T 9t

Toae L YRR LVEEE 2 77k FLNURET Mo

(1. SeMhBEZy K224 Br S 550025 ;2.1 B 4 25 W22 TN TE vh ot & B2 25500 5 e M W s 48 1 Se e 28
K 410331;3. 7 H B AR B At 5t DA S 27 e 24 FH A 0 I 5% Br 25 BB B 8 PP o0 BT 1001935
4 WEE AR FEEER L, KD 410001)

[FEE] LSRN EOE LW FR 1] ) B 56 22 o0 LR 4k & B 307 3K, B3l 2t 6] 30 0 A [B) Sl A [R) s R A
A ] B PR AT oM S MR S H AT MRS . B RT, Ut S 25 i o i /b B S AR BT A — 2 R, HL
TG —rif, A SRR AR AL S PRI S WA T Ry FH AT 5% B L RO HIL R A T R38R , S T BBk S i 25 4R AL T
HES 2 (W SRR

[SE$#iA] L Seii; S By s st SRz i ; L ImbLil

[HE4SES] R-33 [ XktRiZFEE] A [XEHS] 1671-7856 (2022) 03-0112-05

Research progress on animal models of social defeat
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Beijing 100193. 4. Hunan Drug Examination and Inspection Center, Changsha 410001)

[ Abstract]  Social defeat stress is a social stress method based on the subordination relationship between species. It
leads to depression-like and other behavioral changes through frustrating behaviors between individuals of the same animal
or different strains. Currently, few studies examine anti-social defeat drugs and the existing animal models have certain
shortcomings and there is no uniform standard. This article reviews recent research on the application of social defeat animal
models and their pathogenesis and provides a reference animal model for the development of anti-social defeat drugs.

[ Keywords] social defeat; animal models; anti-social defeat drugs; pathogenesis
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Research progress on ion channels and their functions in neutrophils

LI Xue', FAN Junfen', WANG Yugqing’, LUO Yumin', ZHAO Haiping'*
(1. Institute of Cerebrovascular Diseases Research, Xuanwu Hospital of Capital Medical University, Beijing 100053, China.

2. Department one of encephalopathy, Dongfang Hospital, Beijing University of Chinese Medicine, Beijing 100078)

Abstract] As a major type of phagocyte, neutrophils are involved in many physiological and pathological processes
jor lyp phagocy p y phy g p 2 p

that include inflammation, phagocytosis of pathogens, elimination of tumor cells, and removal of necrotic tissue debris,

which are closely related to the ion channels in neutrophils. This review discusses various types of ion channels and their

roles in neutrophils, which include voltage-gated proton channels, potassium channels, ATP-gated P2X, channels and

chloride channels. With a focus on the ionic conductance mediated by partial ion channels in neutrophils, the pathological

processes of neutrophils mediated by each channel are summarized. Recent findings are discussed from a functional

perspective to contribute to selecting therapeutic targets.

[ Keywords] neutrophils; ion channels; Hvl channels; transient receptor potential channels; chloride channels;

reactive oxygen species; chemotaxis
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P2X, JHIE AN SGEIE TR 530 A 4k 2 B
I & HIIRE
2 HBEI#EKRFI#EIE (voltage-gated proton
channel/ votage-sensing domain only protein, Hvl/
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YEN Hyvl B3I, 1E Zo® 716 30 HVCONT BRI 1
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AFEME pH, AR A . R AT, Hvl S48 T 4E4F
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3.1 553iE 8 i ( calcium-activated potassium
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PO B LI K Cay, 00 TE 2 B T P 30 0 K
A)— b1, HLAR TR SRR I, 7E N 2R i kL 4 i A
FES J8CTE MR L R Henriquez %57 15 UCUE BH
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rhRL 20 M S BRI T, 2 KCay B BH T, 25125
RIASHP RN S K. KCa, 105200 b 1
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3.2 NEEREERK,,
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it o TR Z XoF v 200 i 49 A o Y AR PR [OhE
40 i 4 75 1 38 ] 7 ( granulocyte  colony-stimulating
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channel ,K ;)
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F3ZAK(CXC chemokine receptor 2,CXCR2) B 1k,
o b R A0 O Ak S I, PRI, AR A S 58 5 ) R
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A E0) 76 37°CHER 1 h Jm, BRI R &
FH — 2 ( neutralization of macrophage inflammatory
protein 2, MIP-2) 755 i r s 240 i # fho vk o 25 1
TN AR A SE 7R HL S SR K-ATP 38 18 40 il ™
L FEIE 5 A 4 R B B 07 (ICAM-1) T, 3%
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FBE/INRAETE KL 129% 3 5 512 80%
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Fe Rkt , JF7E U1k 8 0 B v 3 18] 52 i 1 532
HF e A g 5 H ATP BUBHR (K-, ) 30 I8 5 PE 4 FH
Wi &2 Pompermayer 5517 [ 5255 B IE T iX —
TR WS S AS IR 35 M) 1 P T 5 ) v PR 4
i 2R 4R 5 T e 1040 LA S S P, X6 R R O ol P
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YUPEOR e (9 By M R, U B P2X, B 3R
il g 2 G 385 e 200 L e 3 A RN SRR RN, A
SR UL P2X, B A e R Y 4 B ek g
J s A A AR 1, DA PR a4 Ak B2 B AN A B
FE N B R MRE PR ER

5 SEE

ERiibER L e v TG N SR (S PR T
I P i e i ) Bk E B Ak, B LA A
PERLAN A NADPH A0 BE ™ A= 9 HL 7 HL (1,) & 2E
HLME Y e R (I R A it R T PRIE
NADPH 48 At BEDI RERYHFEE , 1, WA OR T LR 35
H P 7 ) ek g3 1) 26 A0 AR BEL 1k v 5 O 40
TR IR R L D RE, PRI AR IS NADPH %Ak
it 7= A 1) 25 A A 6 20050 20 S T B s R HIRTH Y L T
FR L 20 P BT 1 S T R R T T
JOT 38 3 # AT DAHGIH A W20 i NADPH & (L7 =
PSS AR St e il R ek ] R N I s R
R CL R BEAR w2 7 v b 40 At v 528 1
TECA RS0 O R AR A B A PR T IR TP R A
Hu A AL T RET ZRA B Pl c1e-377 T Ak
LA A AR A S, A AR 40 e e O 38 o i 3
1t & H Uit ( swelling-activated chloride currents,
ICL, ) , 2 KIS 1) S0 738 38 T AR T NADPH
SE AR TS I 1 A A Ahluwalia ! IR
TER RN L e B 7R B BOK S | R T AR

R G B 200 PN R 0 Y A S R R I K G B
SR TR IE S AT LARIH AT W40 NADPH S AL Bl
Fr SR A LA, H I 1CL R0 R T 45
S8 18 % 8 H L B 3 (voltage-gated  chloride
channel family protein 3, CIC-3) 7£ 1% & #4) o PR 41
Jfn] BE EAT AR BRI R

HERT, CIC-3 BN K 2 1C,, 0 3 43 71
B4, kL CIC-3 = AR RS 5 ICL,,
FHIFIWE? (EA5 10 B A S, CIC-3 7= A5 Y HL I LA VT
L, STE ICL,,, W EE S (1 L AR AL dn 2R
ICL,, 388 DA 2 2 AR BB 78, AT e 5 CIC-3
FEEGY), BATT— & vl REHIKTH NADPH A fL i)™
AR S T R 4 CIC-3 PR AR
RLILE 75 1CL,,, AH AT 5 B R — 20 i S 56k fige e
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P, XL IR AL T 2 LY 3 3l A AR A
JERAL S ) B it H O R A TR B A 1) R g SRR
2 Eisenman1 Y BE M T 51 XFAMNA pH AE A U
ALK =25 \DCPIB (—Fh (AR IURR B B 73 18 FHL
TEFFNICL FEAE ) A WW781 AYsRZUIMH] . Behe
SR P LA R R S AR Y 8A
% J¥ %) (leucine-rich repeat-containing 8A , LRRC8A )
XHFR), 75 LRRC8A A1 3 i HA B R 21
ebo/ebo /N, HL A AR & A ) LRRCSA #{JH 284, %
AR R 0A, B2 B3 FE AR VRAC (volume
regulated anion channel , 7R R 45 P FH &5 1358 ) 15
P 33K 98 A2 RO AR 1 rhr MR A1 1 CL F 52,
IXLE ebo/ebo HIPEAL AN L AT AR ERE D 40, pH
(B T DR A AN A | LA W R P R i 2 e T DR A
A AW R/INIE R, 5 BT AR ALY [F]2E 4 BeA IX 1)
R W] P PRI A T LRRCSA 1 C1™HL X 451
AT IR AT NER S A2 5 1 o PRk, i PRk 4 A 1Y)
LRRC8A L T AEAR R B b B 1 I B
WS CU HLUL , (H AN R A WA R A % AR S T A
0 HAN B KB LRRCSA B I F RIS
TR B i e UL ] R N A AN 1 A TN ST
PRI AR AR AT LS L U A A0 RS O T
FEAERTEVEH]

6 BREERZE
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FIRFSE 45 5, 045 Hvl @8 A1 @ iE  ATP 181
P2X, 18 G 8 JLAN 853, ¥ b ek 20 i pH
S A M B AR RGBT (=287 ROS A
ETIRE ., WA B T e A O i b MR 41 i )
AEZPZEREANT - (1) pH ¥4 : Hvl/VOSP; (2) Hfif
#MZ  Hvl/VOSP I AK 3876 503838 LRRC8A i
S ; (3) RGPS A4 Hvl/VOSP; (4) f ki
TGRS A ATP [T P2X, B ; (5) Bk tE.
KCa, ,(FIZEHLH]) , K-ATP; (6) itk 98 45 #a e i .
ATP [14 P2X, il . W Hvl/VSOP i ki 4=
A= PR AR L P2X, PN 7 2 IAE AR A
AT U FF e 20 S 1 38 T Y ) e X RS R Y &
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BsR AR — B AE IR R, AR, AT E
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SRAH YW, 530 18 78 v b4 M T R b i 1
A 58 A B A, XoF L Ath 308 8 2 75 7E R 40 i
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(1.2 EREERFLB YL i 7100322 84 R BE 2R BETE T2 716000)

[WE] MRWREMERS5EZ N EZMK, 2R AR RIS WEER A, WA LR BN ETE
FRAF R TR M AP BT (ECM ) X — R AR B e, 5601 42 ) 2 U i 2 (MMP2 ) LA ke (09 I 1, A 8 i ECM 1Y g
1, TR R B K A, AR SRR bR v MMP2 3 3 8 22 el % R 0 2 bR IR e R K TR AR AT
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The role of MMP?2 in tumor invasion and metastasis

LIU Sensen' , MAO Yuning'"** | ZHANG Caigin', SHI Changhong'*
(1. Laboratory Animal Center, the Air Force Medical University, Xi” an 710032, China.
2. Medical College of Yan’ an University, Yan’ an 716000)

[ Abstract) A poor prognosis in cancer patients is closely related to tumor invasion and metastasis, which is
affected by many factors. A prerequisite for tumor metastasis is the breakdown of the extracellular matrix (ECM) , which is
a natural cellular barrier. Matrix metalloproteinase-2 ( MMP2) has a unique enzymatic activity with the ability to break
through the ECM, which may promote tumor metastasis. MMP2 influences tumor invasion, metastasis and patient prognosis
through various regulatory pathways in different malignant tumors and may be a marker for predicting cancer metastasis. This
review demonstrates the role of MMP2 in tumor invasion and metastasis and proposes MMP2 as a new target for the
diagnosis and treatment of malignant tumors.

[ Keywords] MMP2; metastasis; invasion
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Horp 3L J 4 J8 25 A % ( matrix  metalloproteinase ,
MMP) &35 T HEAVEIH . MMPs 28R ME N 12
I, TEALMAR A AE B ) 7R Rl B AR,
ORRALEY BERE " RIS
B S BLELRAE 9 MMPs & 20 ZFf 1R
it L2 K8y R o5 DL Bk A RS 90 1 S0 AN [
MMPs 43 2h T 28, [A] BT I8 5 B ( MMP1, MMP8 |
MMP13) ; W it fil§ ( MMP2 . MMP9 ) ; [f] J57 %5 it %
( MMP3 MMP7 . MMP10) ; i %1 3 i 4 & 25 1 fily
( MMP14, MMP15, MMP16, MMP17 ); H fi 2%
(MMP 1T 25) 10 I fg il DRt el £ g 375 2 T L
fiff IV AU SR 1, 9 35 S BB 1l sl 3, 5 800 4
W | DR AE IR A 5 Pk 0 R AT

IR MMP2 1 MMPO [ fif Ji& 4 b 4778 K 1)
AHIE K 43, 2 MMP9 G T % 7K fiff B J5 26 1 Y BE
F11 . MMP2 R (4 1 F AL, AT 4540 i o
LR e S B AR B RS AR
it MMP2 £ i 8 1= 28 R 7% vb & 3508 I I 45 6L
TR HEATERIR | LA Ry 1 e 1432 W A o7 4
PEBAHE

1 MMP2 & 5IhEE

BLAY Y MMP H H K AL 4 8 2R 0 2544
I R (BCEEIX ) AR I PR 26 A P S e A,
A 2RI 72 T ¢ PRCGXPD, He 2 e 22 12 %7 ik
(-sH) B 5GP SUBE B 3G i MMP {5508
FEfY) MMP2 Fi {4 (Pro MMP) fi 5207 fi AL 45
M B R B 45 B KL 41 HEXXHXXGXXH, 2 4
o™ BT (VAEMBAER 1 AR ER) . H
ESEERY S1,S2,++-Sn A1 S17, 827, -+-Sn” F148 (I
TR 5 2 8k 34 ca SRR,

B B it 41 45 B RS B A ( MMP2) A K2 i B
(MMP9) ' EATHESEF 5 MMP )% b it HoAth 25 19
Al (AR Z A FE T e 1 AR 5 IR 25
B UG R RS A S AR SE R I N 3 3 4 T ARAT
IR A ALY, X 5 A G A B s
(s EIESE, MMP2 Fl MMP9 %% 5 ECM & 14
K, H MMPO G 327K fif e B 2 R g 10
I MMP2 7ERIg BFFE ANz

MMP2 Wl Bk Ry A R il A 5 IV 50 Js S5l 7 e
ik 16q13-q21 LA 1 AFEHEEE, MMP2 §)#] i 5
I3 RSB B, SR — Ay BE2E AL T [ 5 e i il T o
SR T B D, 265 A B B e £ 4 34 e 2 P 45 4 A

HERIWIIR A% pro-MMP2 ¥y S5 4E B 240 g F T
TE 5 R 5L T 4 8 85 11 B ( membrane type matrix
metalloproteinase , MT-MMP ) & & ¥ ) 25 T, 7E 41
PRI T HEAT A A4 2L, DT AE 40 i N AR 2R T 5 i
I 0. 11 Je P S D e T P R 4 T, i 4 i 2 i A1
SEIRRIAE AT 2 MR S RS Y R A BUESE,
B A A 5 M TR T (HP ) ARG 3 DA O
HP 7] [ 3 MMPs (935 P AR F R AL g £
MMPs 733 LA K At 22 b 2R 2 ) 4 I A 2 5 98 7Y
RBHH

MMPs F 145 5 28 5 45 52 2 (H SO LG HK 3
il 52 Z= R P ML I 48 45 5 ALK I AR BIDIRES T ECM
AUIEFIR S, (H 2 709 BARZE T, MMPs Z BE 1) 5
L O IR R 2R A S I E R L IR 2
03 A B85 ) J5 40 7™ A VI 9 A A i o
JSS3 Aol Y T FSC e A5, A ) T R 40 i
AL 38 MR RS

2 i MMP2 X EERNES S F

2.1 GLUT1 if# MMP2 7By 48 i th f R 1%

P96 200 it 7 358 58 R 4= 28 7 T ELIEFE R 2 1
AE i, 38 o SRR A AT W AR AR 1 O AN REWE R T
SR, T B T A A 2 3 o R A AN A5 B
i, W % BE a2 1 (glucose transporter 1,
GLUT!1) SR e At (%) B S, e T 40 6 1 348 B A 28
JITT (1 K 2 B Ok [ TR A, DR O T g X
GLUT! B4 e [ g %) & A= A g, iF R 3R
GLUT1 5 MT1-MMP A 5, MT-MMP 1] 4 & T 4l g
BRI, LAKIE Ve IR X AE7E , MT1-MMP 215 -4
RILH MT-MMP , 7 W98 1912 28 5% 7 55 5 T & 1%
HEEAEH, MMP2 f9 4& B ad 2 H, MT1-MMP &
TIMP2 JE W AW, 1 pro-MMP2. 14 42 3] 41 ifg JIK ¢
T2 1, B J5 pro-MMP2 il i 2 7K fi# AL 8 1k 1
KIE ALY MMP2, MT1-MMP 15 MMP2 £ |34y
T, 7€ MMP2 19 3406 rh & ¥ 22 VR T, B Bl A
1 MMP2 (#3571 . Liao 2™ BFSY 287, 40 i
Higd 263k GLUTL, AT LAf# MT1-MMP 1 MMP2 ()3
KT, #2578 GLUT1/MT1-MMP2/MMP2 7 I 8 12
MR PR EEEH

KA MMP2 7 % fige IV 50 5 S 28 1 2 Tl
TR, BUAE AT 38 DA S MMP2 B A Sy — ol i3 47
FRFER B A Ybr &Y . MMP2 1T B IV A fi
JEZE A, DT (5 e e 3 40 3 3 7 48 1 356 e A=
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R ELRIIALAE {98 40 A S B8 21 4B 3 ) 2H 2L R 2
B, GLUTL i@ it 5 i MT1-MMP/MMP2 ()%
ISARHE R 112 2R AL RS O X Sk R AR S 4R A4 T
— Tl JEL B | MM A R 400 A3 i D)y e 4k SRR R
A FiE 2 4R B 5 1 Je e A 7% 3 B B AL
2.2 TGF-B iA1= MMP2 7 BhiE 4 B v B Rk

IR A T B8 p T R 4 AR 5K Bl I R 1) 5
Ak ( epithelial-mesenchymal transition, EMT) , AT
il HCELA T M0 i IR B oM A RS 1 R [ ok
PR RS AR AR K NP (TGF-B) R
AT S S EMT A E 5 B
VAR T, R A0 RS RS I BE O L TGF-B
A7 S a6 microRNA (12635, $2 0 2 1 Y 5%
SEFEN PR, CEsE, TGF-B v i@ i3 45 MMP2 1
microRNA , T30 MMP2 [ & 1k FEAR, 47 45 i g 1 12
ZERE R Z B0 2, Tang %2 F £ miR-429 =
FEIR IR AN M AR, BEAR AR BUR &K miR-429 1] 1§
FUE T MMP2 1 3Rk, 42 ok 8 0 % % fLiR 28,
Yang 22 BB 5% & ¥ miR-101/TGF-B/SDF1 - VE-
cadherin/MMP2/LAMC2 2% 0 LL & 45 b Jég 1 1l
Az B, T A% T 3 7 MMP2 J2& —ME
PRI e VAT 0

Bl BT AR ER A TR5E TCF-B 54Nk
%65 RNA (noncoding RNA) 4 3¢ 2 AR #5058,
VFZAEYE 2 K AE TR 4D RNA 56 SR 5 )5 i
HWEER T R N T 54 A E B L&
TERE 1 & A R0 4% Tl Ol b R 09 42 2817 Kim
S 5T W] TGF-B nIFE M ANBAR HH 1) microRNA
Fik it — DR R IAMIMA K A IR S ES RNA
AR HE MMP2 19 3% 35 R Jn b iR 09 B B2, Wu
250V B gE e W B TGF-B AL BE A AS549 4 Jifd 5 i i
21 it K Jii ke 0L P B 40 B R A IAMAS R Lne-MMP2-2
SEEE, AR T Ine-MMP2-2 7£ TGF-B AbFH 5 )
SRR 2w A RIS B S BT R B Inc-
MMP2-2 A 34 /i1 MMP2 23k, MMP2 25 3k ] & 35 fii
TN ML = 22 T 5 7% 4275 1% IncRNA A fig 2 i 6
BT R 5 AU AR 24
2.3 MAPKSs i# % 8= MMP2 7 it J& 48 B s B9
Fix

MAPKs Sz — 41 i P 119 950 2 1 2 11 il , ml il
YA = A A Tl B R A WA T REL A RFSY R
MAPKSs 3 J% 38 1< 18 7% MMP2 F1 MMPO i 75 41 fitg 71
FE R e A A 00 R T R R bR A B, L A

98 & B, MAPKSs {5538 [ ) 3806 T 386 Jim 22 24 JR 6
LA A 4 (MLK4) B9 3R 3k, MLK4 (% @& 1% fif
MMP2 [)&3R08055 , 7 Mk 2D T -9 40 e 34 5 Fn e
B, e BT, MAPKSs 38 T M0 MMP2 ()35
KBV R MR, RSP IRR BOoR, B i
Vel —Fp e 2 45 MAPKs 18 B% oK 5 i MMP2 |
MMP9 VEGF BRIk, F 1fii 52 i Mo i 7% % . 2K
AR B 5T e BT #6 L4 O L RE KRR P
MMP2 Rk, bR S50 0 58 K W] — 2L rh 24 58 1o
MAPKSs 3 #% 8 7 MMP2 ] 5 S8 Hir A2 , 300 1 41 i
(AN TE 14 5, 100 16 o 9 1) 1R 2R N5 B | LA B 4 T
NRAGRE 1 S 2 Fh05 A w3 e Y

3 ERE&REQBMGIFEGMHNER

B 5T 4 J A B AR 50 ( TIMPS ) 2 6 [ 4 J 4
PR AR, 5 MMPs ABUHEAL AL ARSS & X
Pl G e Aa s B ol i (), JE i MMPs AN RE & 7
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I8 2 3 A G, MMP2 76 £ 879 1= 28 v A ] i
IES TR, MMP2 K- i ] f 3 7L 2
AR, SRR R B E Y, fEIEH A4
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FEMTRY B 8 K & 1, B2 46 DNA #5558 L
4 J B I I RO 5 Ak LA R MIMPs 35 2 31 41
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PR AT A E 5, N T A B MMPs
FIIFRNE S — 2 245 0 6 200 400 ol RN e it 5 A B v
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1 MMPO FTEAL et T R SIE IR B FEE RS

ARk Bl G Bl 2E HR 1AW &R o = ARk
B R R 2R M 2 IR G T ST,
TRk 2 i kW% o S5 10 36 T 4 i . 1 T D A
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P i/ DN R B MRS S P R A, A 2 LA
VR RIS WT B AR L 38 AR, DR I 7 2 AU R R
P R AR R S, AR FHE DA R T, MMP2
Wl TR H G, WE 1 R, A

VI DA 5 11 B s 2 U A o D A6 A% A 2 AR R
TR T, S 5 A RS AR A AL 5 o K ARG RS
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AL R b MMP2 (0 RA B % Eil, &
F R R W, H 4R AT A VEGF . MMP2
MMP9 7K - & F 5%F B4 1l 7% , R J5 VEGF , MMP2 .
MMP9 7K 58 AR T AR, IF H SR IA 5B E D
HEAEBIAR G X T MMP2 223K 78 BE 1 ) o — o 72
B AT g AR TS R, IR T BRI 4R &
AAAE G, Aradjo 259 7RSS iR 0T 98 Pt &
B, MMP2 7E iR i 2 A, o R NG A% R B — a2 1Y
YER, 5 BB TG 2R, BRIEE™ B
Fe i FUIR R R LT T MMP2 B %0k, 5RZEM
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Vi — 00 F 2 ) 8 s 25 R D I geg 1) & A DL B X i
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Table 1 Role of MMP2 in various tumors

PN i IR 45k 275 3CHik
Name of the cancer Method Conclusion References
EE] SRR R AR A MMP2 F 8 2 At 3 AR ) 56 75 (41
Gastric cancer Xenotransplantation model High expression of MMP2 promotes tumor metastasis
. i B S I BB I LA MMP2 £ 8 AR5 3 L3 e s>
gj ':' Comparison of serum between patients MMP2 was significantly decreased in serum of [42]
stric cancer
astne canee with gastric cancer and normal patients patients with gastric cancer after operation
MMP2 FY 15 32 3K 74 45 W s 10 e S PR R 28
) rieatinc i) i (43]
Colon cancer Immunohistochemical staining High expression of MMP2 makes colon cancer more
metastatic and aggressive
- b MMP2 {697 5 B T SR FLAR R A R TBUS
LI VLA R b T B TR A N
) . Elevation of MMP2 after treatment suggests a poor [44]
Breast cancer Collect patient data for analysis .
prognosis for breast cancer
MMP2 ] i JEFU R 426 3%, ] A g s 00 5L A
P O 19— 0 T B A
BN W 4B J s B AR AT 4B MMP2 can promote the metastasis of breast cancer r46]
Breast cance Collect patient data for analysis and can also be used as an important indicator to
monitor the prognosis of breast cancer
. 2 SN R MMP2 A LVE Ay I8 15U A0 14— 5L F s
. Gene expression profiling interactive  MMP2 can be used as a prognostic indicator of [45]
Pancreatic cancer . .
analysis, GEPIA pancreatic cancer
MMP2 [ 25 {1 COX-2 1 70 1 3 35 B I, 310 o)
JiTdE SRS A FEAE R (471
Liver cancer Xenotransplantation model Expression of MMP2 decreased with the use of COX-
2 inhibitors, inhibiting cancer metastasis
b g7 MMP2 7EfE T ARG R RIS IR A E A RS
W VLSRR 3 MP2 LA PR 6 B AR LA
High expression of MMP2 after lung cancer surgery [48]

Lung cancer Collect patient data for analysis

suggests a poor prognosis
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COX-2 A1) 771) v 410 o JHF-988 240 B 1) e £% , [R] h MMIP2
(A AN A, Han 551 RO RF5E 289, fili9ia
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MMP2 [, DT A5 31— B A 45000 il fif Jed 5 7% 1)
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Establishment of blood-brain barrier damage model for cerebral ischemic stroke
and the quantitative detection methods and progress of its dysfunction
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[ Abstract)

This article reviews dynamic pathological changes of the total blood-brain barrier (BBB) in the process

of ischemic stroke as well as the destruction process of BBB in the process of ischemic stroke and the progress of current

experimental method in the quantification of BBB destruction.
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BT L 3 i A A 2 AR X A E 5 25 A 3
B, ANJETampusim B fese % A 2p
BN ARL T JVR 65 Pl 4% S0 ) S A B il 3 N 2 Dy g 1
20 (hPSC ) B2y 1wl fili P 2 40 i 46> A5 i Py
M BAA V2 BBB JB M fudhi 2021 R A7 Y % i
Fe B R E IS 2 R A AR AL Y A e 15
T, BCERAG I 2 45 A9 W FE 15 2R 1 GLUT-1 & 2 E
1 occludin-5  claudin-5 VA 5 p—¥l 25 76 N 2 40 it
AR G SRR B S R AR S ARy ik B T Ak B
JEEA RG] 851 K o i ST A SN O 4
BEERPLS:
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RSN I 20 M 15 57 B R B #E 2 AR A1 1Y
BBB 45 #4) 1 Dy gt BOR R Hz i S 56 sl W () 7R 1Y,
{H BBB J&— & m45H , Hw A B A £ &
22 B A TR AR EL A, ELAF 98 0 A o 56 3 A AU
J&5 BBB WIfigfi B R MM 1, I B Bk
SMY BBB S5 HAE R — A WLEh S AR AT RS
B 11 DA 40 AR I — 2 B i 142 4 BBB F 5% 11
RS, O 20 K S IY 40 B B 8] 40 it 5 P9 1 200 if 3 T
BEFE IO R BR8P B2 40t A oG D g
FARR T HIR A TEE IR B BT I E SR
A A T PR AL K AR L B hCMEC/D3 Al AL
hpBEC £ A 32 1) A JE PR R K 3%, T 300 il e A7 PN
FZ AL ( BEC) v 8 B2 1) T BB AH G JE R 1% 2 35 B
TR R IER] BEC Hh Rk TR R i
5K BBB DJBE A4 Sk B 1 A R OG5 R 3R 3k A7 31 4y
BRG R AN AR, 3K T BE 5 DR AR PN REE 1 1 2F
YIAHZE , BRI MIF 7 78 AH 56 1) 95 B A= BRI 5% A5 9%
A S JR BR A
2.2 BuERIMZEAEIYEEE L 5 BBB AURE IR

ZRE (/NER B A R IR R K5
W) % FH TR S BBB T BELZE e ik ke i 76 1
TR 205 P A B R S A R A G IR . FE A
FCHR T R ZH R B (24 80% ) , X 2 A A BR
(/N R PR sl i e i 2 S 75 g o Sy LA R
JrfE BAARE M eEE SRR, Bl
S o A A A v AR AR 1 B B B 2 MCAO (e 7
TR H Bk Ry b e i B AR AR ) | A SE s ] — N
60~ 120 min A% FLARSCI A PR FHR P
P B S MCAO 403 J5 AT 68 i T o ik 52 454 i
FEAR TR, BT B A AR TR £ AR R
TREFTEL) 37°C

H A ik 4 b g Y5 5 BBB D) fE i AH ¢
WF5E F A TE BBB 78 1S J5 i sh &5 781k, B BBB
FE 1S Je 45 At 1] BE G S 2t 48 T BE S5 A G 2 1
FIR RIS, 5 Z A0 0 45 Bl 2O 3 25 0 1
N B 25 5% BBB 1) Ty i & 37 AL i A 5 45 O I
X BBB [T BE 2% I 1 B T 5% 32 A 4L £ )
) 2 ARG R SC T i (EB) Y 2 B AG I 5 S AR
P9 R ~ A W T ( FITC-Dextrans ) 22 92 0 K5
DU, 1T 2B ARSIy i A TR
2.3 R B (EB)i##1T BBB iZiREEHK N

EB JeRf ELAT AR 58 59 45 4 175 1 55 11 60 fig
AR Ry 7 B SRR DU I 45 95 T OF 2 1t BBB 43 fi#, EB

145 T A T 2 — b A N LU A, B T
TP G456 il i A4 i UL P %) 1 28 952 05 v ) I s e
FEoE R PRI RE Y O R T RIE R, B
ABREE T EE M, I BT LGS H AR5 =
HAG) 32 B FH T 45 Fh okl 5 BBB A9 I fig 2= AL 5¢
Hr BRSO AE MCAO #ETh 5, R H
F IR ST (R e ik 20 i/ I bk ) 28 18 1 A
EB JL 5] (5 min {ES 58 ), # BR B 04 I 1] (G5
IS5 6 2 B 1 a8 P 1 45 s BsF (R 45 ) A 38, B HE R
LAY 2 O 37 =S 1 22 S s i I
HEBE IR IR G vh R K il A1 3K 9K J A iR i A
BHE52.5 mL =5 4R (60%) RA Z )5 175
> 15~30 min, M5 EE T IHHREAFZ 10 min,
W 3, (8 FH 20 YO T E 610 nm 4031 EB
R AR A EB A BR E i AT EB B A
&, I RER I uy/e,

EB a2 v R T LTI . (1)
BBB HH OGS a4 A A A4 1) BBB Thifg A8 4k, {ff
F EB Y5 n i fir i BBB HIREIRRRE 454 4
J& i MMP %5 BBB VR AR I B9 /K e i, 4k i
53HT BBB WEIRAR B 11 8h 25 A8 1k K 5 A1 56 505 s At
Ak A e pEDTY i 5 BBB 54 2 1 (Z0-1,
occludin-5 , claudin-5) 55 AH ¢ Dy RE 8 FH 1Y F ka0 LA
T BBB BEIRAUHLEI 5 (2) ZE 255 h L FAT
i A0 254 (R R 2R ) X5 i AL (YR 7/ G2 Ak
SRS O Y R 9 22 B S B AR S R4 BBB IR
T % LA B, 4k T T A S5 36/ X FR A AR R AT T
Tilj5 %) BBB TREZE 5T, I AR AT P4 5 (3)
T HUE BBB 5 T M A A2 75 il 2y

IR EB € EAGINL R R Y 4T  (HJ2 EB YL 78
For N ik R v R B HEAT IS P A o v AR S P
A3 Wi S 5 P P kB B, 33— 3o A v T R e R P
NI P 2 S B S R P e a3 22 HL
VEMI N AR S A 22 ] B8 P BUEs S 25 5, %
T A IO 1 H & M & 2 B B BE, e
THHEAY EB Jupbik B 78 Rk B IJCiA#E1T EB L8
X s 4 7€ 2 ( BBB B JL ) |, Reeson 251 YEHF 5T
T VEGF {55 5% 5 0k 26 v i R4 8 s FH 4
DN MG 3 BT 19 7 125, B AR BE DX B 5 A
TR 2 000 A8 B s PN 2 S T R, 22 0 o ) L e 2 1y e
R T AR /)N B X Rz TR B ) X6 G et 5@ s LA
HILEB BB, R Y et —2
N
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2.4 REESBRAE-IRICHR N (FITC-) #H1TE
=K

8 SR IR 26 6 R (FITC) ARic A [H) 4 F &
BIP T (B L /AR 3 S A TE R TR A 2 b
%), JLHJE FITC-Dextrans 42 H Tz BBB &% 5
FAF 7 g B AN R A, — R
T BBB B LSRR ., 5 5 FH A S A D
B3 FH LABRIC BBB 5 U 0 B % (X0
T4 (2000% 10° ) A4 FITC-Dextrans 7] LAAE - b 1% Fff
TS RE DY, ARV Ry b i S A5 1 1) 1 S8 OO
BMHERA, B AE BBB H B WA IR B W, Ko
F FITC-Dextrans 1] DLAEAE AN 1), et T LA
FIT BBB B 422 fE 55 1, Chen 457 7548 F K
SEAT AR BRI 25 e BBB B YR X ] LA 21 2L 5%
32 [ 3 FITC-Dextrans FRICIIZE G M T,
PRI 1R 2 DX (RIS 45 S P 1Y) FITC-Dexctrans &
B ) PR S R A, TR LGS T AR, Ak A B
HIZEETRAUE , JER] T BBB IR AR (15540 F FITC-
Dextrans J& @@fﬁﬁﬁl) 5 v 2H 251405 i AR FR 2% )
HHE s Michalski 257/ o 40 B E0 A4S & RS
JEAL BT HXT FITC-EH 8 H (70x10°) 193 Y] F
It m B, 22 Rt (x2E) 515 H
BBB & U 20 2L A9 BL; Jin 266 K BRI X1 Ry 3
SRRV A BRI ZE G 5 2 mm B A 1R W
LUV R Af MR AL SR AR P 64T 22 12 TR 28O0 8 i
(R FITC-Dextrans 4% & fie i 1 B ) ¢
DG ARG, A5 317 18038 U i ARAE A o 48 bR dk
M3 EAE] 5T K /INB) FITC-Dextrans 78 K B IS A~
(][] 5P 92 T , 4% 177 S B BBB 7E 1S J5 s A48
L5 HISEHLH s Bankstahl 45" 78 HE A7 K U %
Y95 BBB DREAR LT 5T i I 2 g oW vk (B R
Y HT T 4 AR R A E FITC- 8 1 A 4
WIS A AT PE 53, T =0 43, HE 0 ILAE (A /)N 1Y) 24
Hashor A =1 43 ekt MR AR BN R 4R = 2 43 Ko
HISREC A R B =3 41, THESF31H) #5417 BBB &
T BRI PEAY LT % BBB TE R & AE 5 B 3h 25 2
A PRSI R TR AR RER R EmN, H
I8 AT B — B0 A AR f PP AL ik

Xu 2 FH EB 765 05K 43 F 4 (2000
x10”) FITC-Dextrans & ¢ Y 4s e, th K5
F FITC-Dextrans 2> R AEFE M5 S 9, BonT LAAH
X4 ETHE FITC-Dextrans 78 55 11 X DL AL B0 1M 48
TAIAR il FH 8 R R A B AR X ) R R A7 43 A 945

# EB 706 YL {4 1) 5 5 6 % (integrated optical
density, 10D ) 5 FITC-dextrans & Jw 1 2, 1158 W &
¥ B ( 10D/ AreaFITC-Dextran ) , 3% Fft fif 75 7T DA
fRIMAEFOERT T BBB B AL ry 520, {H 23X Fh oy
L BTN 5519 BBB B, JE AR T 1S 5l
EH) BBB Bl MRIEREENT ST, 24 1S KA e Kk
BBB & J " o i B 56, UL A5 P A4 T DL FITC-
Dextrans 4345 , Q1SR 0] U254 Chen 257 Y HF 5T 5K
W, 7B EB 2E56 Y 10D {H5 FITC-Dextrans %6 H)
TR AR s TP (R TR AR — I T AR 79 G 2 D A R
U9 BBB B ITAL T-B, (AR — 4R
3 BEFEFEXNF KR ERIRAEXENRAR
i 2

TEIEH AR BAM N, CT S ag A A b r i FH 21 9
X EE A Ao ) 5 MRI 38 5 BT FH 21 14 %3 1 550 4n
BLIEXT LT X D R o o, o i a5 DI B AE 1Y
BBB #E A KA 2 BT Gl PR 5 P SOFE T Y R R
A S R 235 Ak, W BBB M) HE & AR B IR, W 2 &
A He i I BBB HE AR 2B, A5 % S5 5 e iR
&, 806 T BBB BYBEIA DAl S B b % I A AN B 3
ik BBB #9450 (X 3R] ) E AT AR LS Bk BBB i3
FREE,

T 2 BIF 50 3 5 G 00 kg 552 J5it o O 41 %k L
2R 52 IR DG 5 g 0 3R A M 9 9 A5 6T T I i e
BE ) RE A FZ M, AN Patlak ARY 9 CT ¥E 7 A%
HRBIE R 15 3% P - 3R T AR AR ( permeability-
surface area product, PS) [54] A X S B0k sk
JifseE it i A v 4955 A8 X T BBB A IR A A,
A TP Y AT Bl 28 98 R A% AR ( dynamic
contrast enhanced MRI, DCE-MRI) , /=4 2RI S5
MR FFE #55% B0 K™ (transfer constant) , H Hij X Ff
R F AP 28 RGEP 0 20, AT G
ANIAEE 7V R S VP Ak 0 0 /)8 1T 7 9 0 e o M 3T
I AR AR 7 IR TR B R4
THE X TR A 2N 52 A 0T FE A2 e 15 0 TGV 1)
S e

I HITE 28 6 T 10 552 J57 oA X L 790 7 o 23 A 1Y
BOR, FEZ N CT XURE & f 7 B 5K 5 g IR A6 A
14 e SR S PR T AR 1C ) (HARM) A H A X
TR LA, BUE B i CT T B5 85 7 B
23 TR Sl T =400 Jo A A B 12, P L T T % e X
A 2L RS B AT E &, H RDBURE S AT L
K FAE 0.3~0. 5 mg/mL AR B2 AL HE 705 0 110
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TR R OE A HEERICY
(hyperintense acute reperfusion marker, HARM) , #% &
SR AR T B F XS LSS FLAIR R Bk R~
Jis ke DO S s (14 B AR 485 | IR 5 BBB [l
BEEAA OC, B4 A ST T IR AR BT J5 %) B 5 1Y)
SN 5 LAY HARM 22855 CT HEA T30 HE e i 7 25
P I 5 7R A5 ST U R T HARM 5
AEEE CT 7EXF FE AR AME (9 RH SC P 5 i ok 1t 2= v A
N .

4 REERE

ZERT SO, X TRk e A S BBB AYAH S
AiFF 5T H T 3 A ik R 0l fS ) BBB DR AR Ak 5 A G
B, &0 T30 R 2 (259 ) ZERw kIS % BBB DjhE
FORAPHLR ST RO A MR 4 B i SOk 4 b s e
BBB BT, Bl G TC AR A AR 1 i 25 (MR,
CT UIRERUR) , BARAH CHOR C 4 i, (H B iy
i JCAH OGS & I I 9 5 BBB S5 1 AH G 1
sl iy i - B, an SR AT DLFE T AN K A 5% & BBB BZIR
Z ] TN AR OC 1) S 40 B 48 AT LS4 L A ek
§i15 BBB AR PRAG I v DA i 5215 24 A0 A B, 4k
N T g syl 754 J5 1Y) BBB AHOC S 5
HoR R RERPE R HEE
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Research progress of telomere-binding protein and telomerase in
different species

SHI Guiying, HUANG Yiying, LEI Xuepei, LI Xinyue, BAI Lin~
(Institute of Laboratory Key Laboratory of Human Disease Sciences, Chinese Academy of Medical Sciences( CAMS) ;
Comparative Medicine Center, Peking Union Medical College(PUMC) , Key Laboratory of Human Disease Comparative
Medicine, National Health Commission of the People’ s Republic of China; Key Laboratory of Human Disease Key
Laboratory of Human Disease Models, State Administration of Traditional Chineses Medicine, Beijing 100021, China)

[ Abstract ] Telomeres are at the ends of eukaryotes chromosomes, protect chromosomes integrity in replication.
Telomeres shorten with mitosis, telomerase prolong telomeres in cells, such as embryonic stem cell. There are two protein
complexes binding on telomeres: shelterin complex and CST complex. Telomerase synthesize telomeres use its RNA components.
Both the telomere binding proteins and the telomerase play great role in maintaining telomere length and stability. Although
telomere sequences are similar in different species, telomere and telomerase functions are not related in physiological and/or
pathological conditions. Here we review the composition and function of telomere binding protein and telomerase, to understand
the biological function of telomere and provide scientific basis for the treatment of telomere dysfunction.

[ Keywords] telomere; shelterin; CST; telomerase
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[f) | ACHE AR I SR 1 B2 24 0 8 ~20 kb, B B ik 1
FEL N 15~ 18 kb, 15250 8 K/ R s A 1< BE 24
J325~500 kb(F 1), #ipki DNA F 37 A3 f1—
Be>12 BB 1 BRBE P 41, I BB P 81 4 A B A
HEFP AL AL T SRE5R T ik e 2 B A0 i A2 )
A, i R A B 0 4 5 3 G A 52 A 1Ak 52 i R
shelterin 11 CST. MHiFLzh¥) shelterin B -51KH 6 &
FIEH A, Bk 842 255 H 7 1 Fl 2 (telomeric repeat
binding factor 1 and 2, TRF1 TRF2) Jihiff 18 1 1
(protection of telomeres 1,POT1) 'TRF1 Fl1 TRF2 fHH.
YEFI#ZEH 2(the TRF2- and TRF1-interacting nuclear
protein 2, TIN2) ]/ #3155 F 1 (repressor/activator
protein 1, RAP1)  POT1-TIN2 £ 21 % H ( the POTI-
TIN2 organizing protein, TPP1, X # & ACD, TINTI ,
PTOP .PIP1) . CST 45 3 2 A HI CTC1 ( conserved
telomere maintenance component 1) ,STNI1 ( suppressor
of CDC thirteen homolog ) F11 TENI ( telomere length
regulation protein TEN1 homolog) . shelterin {43
MEGE DNA 505 107 25, 388 3k S Ar g 80 1 g 4 2 5 1
CST 42 il vriAer Jt o v o 1) A2E AV T C B A7 AT 81 1)
R LE D,

1 shelterin

ikl DNA & J7 51 5 shelterin 454, 7] LLIX 43
Yo PR TE B R s N5 1 W 2458 40, 90 DNA 852 )
N, A i A A R B 2B ERE D shelterin
i 6 e 2 AL, Bl TAZI . RAP1 POZ1  TPZ1 . CCQ1
I POT1, TAZI1 454 Siki BUAE DNA , Potl 454 Skl
bk DNAY' D W FL 31 ¥ shelterin 1 TRF1, TRF2,
POT1.TIN2 .RAP1 I TPP1 4148, FHorhmiglahsk
HH TRF1 il TRF2, 58 TAZL [RIJRE™S) | 45 & Wik

wiki DNA ,RAP1 Buph 5 TRF2 #HH AR, #2155 TREF2
otk 52 A AR SR L POT 45 & P S hr
DNA,POT1-TPP1 &2 A X} Bsk ik DNA A5 = 4k
SO TIN2 2B AR E 1, (7 T shelterin
gy fir & [RIA 5 TRFL TRF2 1 TPP1 AHE AR,
PR A RmfaE " (£ 2),

R AFEY R R A A
Table 1 Telomere biology of different species

g SRR AEOCHY
sty IR T 1 ity
Yy wiki B (kb) ik AR
. Telomerase
Species Telomere length . Age related
activity ..
telomere attrition
N & A
Human 8~20 No Yes
" .
YIS 15-18 s el
Macaque monkeys No Yes
N A /
25~
Mouse 5~500 Yes
R s A
Rabbit 20~30 No Yes
j‘, 10~23 X A
Domestic dog No Yes
aii Jx A
Domestic cat 5~26 No Yes
> .
o oy % #
Sheep No Yes
i)
% 10~30 A gl
Pig Unclear Yes
g 791 J A
Donkey No Yes
] 7 H
.5~4
Chicken 0.5-4000 No Yes
B £ f
Zebra fish 2-10 Yes /

SRRV . A K S OB AR 2H 4 v R ) ) v O 5 C
A B H 23 e SR A ) B S AL O 42

Note. Telomerase activity. Yes, Telomerase activity is detected in the
majority of somatic tissues. No, Telomerase activity is undetectable in

multiple somatic tissues.

1 AR shelterin &2 &14H CST & AR 2K

Figure 1 Schematic of human and mouse shelterin complex and CST complex
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F2 AFYF shelterin AR L AL

Table 2 Shelterin complex of different species

Yy Fh Shelterin & &4k
Species Shelterin complex
A TRF1,TRF2 ,POT1 TIN2 ,RAP1 TPP1
Human
N L&L«t[ 12]
TRF1 TRF2 POTla ,POT1b TIN2 RAP1 TPP1
Mouse
Z it 1
. i TAZ1 .RAP1.POZ1 TPZ1 .CCQ1 . POT1
Schizosaccharomyces pombe
§ PRI .. RIF1 RIF2 RAP1 STN1/TENI CDCI13
Saccharomyces cerevisiae
an=cN
}%ﬁ TEBPa . TEBPB
Ciliates

1.1 TRF1 7 TRF2

“HH TRF [FEZ59 5 ( TRF homologydomain,
TRFH) 1 C K% SANT/Myb DNA 4544, TRF1 #]
LA S r DNA BRI BE X e R, TREF2 AT LA i s
DNA JERL T H25# . TRE [a] J5 25 4 35 nl 25 & 3
EHH, TRF1 FITRF2 S HRIBFE, ol LA a6 6
ANRL, R T LA BRI AL R R AL % R
ZREE

EAWTIE AR, — 3 nl it 2 R 5 4R ki
FasE o TEANF/N BT BEAE RS 1<, TRFL ZKF FEAIK,
S TRF1 AR IK , AT HE 52 5 28 A0 5C AR BV AL Y &
A, TE/NRORTRI AU TRFL S AT 5200+ 41 i 2
fE, AT 5 BT VRS R A1 L 2/ B i e e
TRF1 I}, DNA 453475 18 5 0 e (2 57 i B A G 9 2
SRAETEMH, NECTREL AT P ] R4k 20 i 1 1
# H ( promyelocytic leukemia , PML) breast cancer 1
(BRCA1) . Y f8, it 25 #4) 4t 35 ( structural maintenance
of chromosomes,SMC)5/6 & &R 2, X EEH
A {2 1 [ 5 4 AR RNA O BRI

TEAR M 390, T S0 A R BEE 2 (cyclin-
dependent kinases 2, CDK2) ##% TRF2 BY#EfRfk , #2
il T BB, DT PR 37 A, I kA A o Y
DNA #8453 18 27 . TRF2 #9 TRFH AT LD AT™M
( ataxia-telangiectasia mutated ) {9 15 P, R Bf 2 5
P T AMIEAL . TRF2 5@ a0 Sk 4 s 0
JNZ AW 2 (origin recognition complex, ORC2) 2| i
WL, AR S 1 R 3l , LABT L i 2 68 B A, 10
FEMEAE A BE H 2 [FUR Y (sucrose non-fermenting
protein 2 homologous , SNF2H ) i 5% 2 /> ORC2 1
SEEEFRLIN S 3 . TRF2 SR SRR A
TCOF 1 IS 4 s S 2

{EJ2 7/ BUR G T 40 B ( embryonic stem cell

ESCs, fajFr ES) F1 | 2 140 il i A 5 v & B, TRF2
TEsRAR T R A R G, ES 400 T S IE A
AT TRF2Y . TRF2 BBk ES I H B0 il A
PG AT AT LATGRRY 1>
1.2 RAP1

RAP1 J& % Bk A1 0 L 20 4 b ME — & 57 10
shelterin 2 [, 7E H 28 5% 8 FA4 2 8 Db 7 BF
DL-1 H', RAP1 £ 2 /> % [A Bl HpRAP1 A HI
HpRAPI B, HpRAP1 B A iH jI {4 4 %% ki DNA,
HpRAP1 A 5o br X ARG . AERZ AR B 1 2R A
(a7, HpRAP1 A Hl HpRAP1 B HY 454 4%
B AR P R R R B 2 T LA RAPL
ZA SRR, {2 2 RAPT 5 BQT4 1 POZ1
FARE ELAE FH 28 T 4 5 i 5 A2 0k %) B, i ol
Yot JFUTER G T ), R EERE RAPT 7E4R
IR S el = WA AR G VA I S S (95 R

IHFLE Y RAPL J& TRF2 4545 1£15, 5 TRF2
TERUE A 1A, FLAE i i A6 8 RN R M RO T
TRF2, #ifl% TRF2 B, RAP1 W27l 5% . 7 s hor il i
RGBT, RAP T X otk () 4 45 Fn O 4 HAg B %2
YER . S eh sk /N BURH LL , AR B2k RAPT Al
SR /N B, BE A A7 T Bl A AR R AT PR AR
TEAS A BASRE I N &b dn i rh, N U RAPL & %
St 25 % R G 5 7 it A 8 BH 1 200 R 2 g R
B, BERR RAPT 238 s O al s>, 7E
N ediffirh ,RAP1 SHEAFURES S, 25
NN ANTTRGRTE - Y E S A ER S - AT E 183
Zit

TE N ) 78 5T T 240 M R b 28 1 21 il o RAPT £
Pl kA B2 ] IR A B S PR A A
JA B PR H SRS . RAPL Bl s o] LA #E A 0] 32
Jr AR [ TR BT, S HE s fE A& T A
2R ISR AR k2 SR kit AR
H TRF2 Fl RAP1 KP4, AH# T TRF2, RAPT BE
R, FEZ AN b, 40 R A% AR iR T 9 RAPL
Frm A L, o A Ak AL B A0, a0 e A T
RAPT /b, T 2005 Py B A i s 17
1.3 TIN2

TIN2 i F shelterin [ H1.00 i B, 7] LA &5 &
TRF1 . TRF2 F1 TPP1, if 4 5 vt K i 5 o A% 1) &5
4700 TIN2 5 TPP1/POTI1 PME AT LA 3 o i 7%
P OTIN2 A5 3 Fl S A M, B TIN2L, TIN2M
TIN2S, = FHA Tk o, TIN2 SRR TR A A g1k
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FIRE I 58 4 AN [A], TIN2 2 5 5L PR 28 748 i s A=
shelterin TIfE & A B AE P L RS RIEMILA RAE H
TIN2 &A= 587 | 78 i b it 9] 4 Bl 1A 240 B v 25 1 300
DRGSR A | 7 itk PH 200 Bt w00 Jon o
WA 2k £ 7] AP R (human antigen R,
HuR) 254 TIN2 mRNA 3° JEEHEIX . HuR FEME AT,
A LA HE TIN2 3835, 3 34oni i TIN2 85/, i ROS
S | DY NRTITN 7 A ol i v N (5 NS = 1 11 U 3
TIN2!3! o Siah2(seven-in-absentia honolog 2) £ HH
B E3ZRELEM AN, \TAT —SEANZ R
FE RIS TIN2 R H 22— 7ERN, TIN2 55 Siah2
g8 R iz £k, Siah2 i £k Al LS 2 TIN2 & A
Rfige , DT s o ) TIN2 R 2% ; W R Siah2 J=
TIN2 FasE HEg =
1.4 POT1

POT1 J2AEAE T 2 Fh AW —FhBEE DNA 254
EA, 5 E S SER AR DNA 3° Bipmas 4,
A POT1 R—MEREN,H 22 MINEF,7EAR
SRA LMz Ris, POTL BaFiEMS
POT1 FRak v 1< BE 1E A0 O, 5 N s br il 3% 35 122
fAASEEY ) POTL 5 TPPL 458 T R E &1k, L&
AT B S kL DNA A B 4 4. POTI-
TPP1 & AR AT LU o — G4, 4 o bt B 1
P AR R AN M £ RIS Bh F, microRNAs
(miRNAs) A] DA 5 3K 33K miR-185 7] B 4%EAEH]
T POT1 3" AERHIEIX 76 A ls 240 e A J s A4 4
i miR-185 #o Ik AT T Bowi ki DI RE K M, 7E
JEARAIE  , miR-185 s Fak n] s sE bR =

Witk 2534 2 4 POT1 # 11, ) POTla Fi
POT1b, — # % Y #1 54, POT1a #ll i ATR ( ataxia
telangiectasia and Rad3-related kinase ) /1% ) DNA
P B 2 AL v b A S U3 S DNA W g
POT1b A um kL 3° B o B, A POTL [R] i E
AXMRIRE, EANGIM, CST & G145 4 POTI
FTPPL, 7 /N H 454 POT1b, POT1 5 34%
DNA 254, fiiJ2 G4 DNA &544, Il IR AN S
BB S IR, AT AR 2 A 477 St R BELEE DINA 5 4100 il
ATR 45 DNA S0, 7E 2B (0 200 18 PRk E 4
R F I 25 22 AR |, R B POTL 5848
1.5 TPP1

TPP1 M N R AT 7 DA% 1 IR/ B WSS & 45
¥ 3%, ( oligonucleotide/ oligosaccharide binding, OB ) ,
Sk B IAR G ; L TPP1 N K3 OB 25 b1l g5

] AT H X i o it %) SR P 52 e i . 5 i A
gk, FEOmRI 4 . TPP1 C K Hg A
SHS TIN2 M EAER BN TPP1 295
T p53 AT A A AT ATM AR# I DNA 5475 17
2B A/ INERUIRBG LT A4 i b, TPP 1 5 PR 34
JUER 7S RO N YA e S A T o YA TS YA
waE

TEVRZL S 40 b TPP1 5 240 i 8 309 9 425 X
WHE NEK6 AHEAEH, 76 G2/M ] NEK6 45 TPP1
Ser255 FRAERR Ak, , TR 15 Sy b Jil 175 P4 S L 5 TPP1
I EAEH . 1 POT1 135 TPP1 Ser255 HYWH2
6197 FENJHREAIAL T, TPP1 OB 2540585 11 40 i
vty A 3 siokr -, DA T 490 o1 400 346 4, 375 5 4
BT N2 BE T 0 s A B 18 R A A IR
FEARHE T TPP1, TPP1LI04A 545 0] g 48 A T 4
it e R

2 CST

CST &A1 3 AN B 4 A, B CTC1 ,STN1
MITENL, EEHE CDCI3 ZMFL Y CTC1 1y [A] &
Y1, CST & AN T Hdi itk DNA , BR il stk il 1
H, AR 27 it BEAE . TENT A By FRE CTC1-
STN1 Y ok DNA B9 B AE ., CTC1 AT L3 %
DNA A o (Polar) , 78wtk & il o A 1E
STNI-TEN1 MPEFZE I HIE A A FEE RS T
o8 40 1 A

/N CTCT JER B G 2L C B vkl DNA YR
SRS, DI Bt r A 9 e vk 25 2k Fnad BB T,
CTC1 7E CST & A7 ke SR |, 58 728 X5 44 il
W EAESEE, B CTCl A A R ITERE 5
Coats plus disease ( CP) Fl ¢ K ¥ f L AN R
( dyskeratosis congenita, DC) #15%, STN1 £ 2 ~4%
F 3R, N K v OB XA C A v STN1 454448, TEN1T H
A 14 OB 458, A TEN1 A5 85k DNA 41
HAEA, Wi A STN1 5 Busk ik DNA 35 f1 &, H
Bz H 5%E, STNI-TENL &4 %) 1078 ikt F 1E #
K CST BV RE R CE 2, STN1 RAE 5 CP
A

RUETELE B R A Y A L 3h 4 v 3 47
e CST Z A, P50 R RAR, P Fp e 2 55 8 %
FERE R CST & AR STNT F TEN1 FEZ5#4 I
=R SE, M CST & A R 1 #2241 4r CDC13 Al
CTC1, &AFHRIIENE FE KRG L 2 5 B2,
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FEEE CDC13 5 wiphr i 4l 9 EST1 AH BAE T, A
[T Svray a5 =y vl RN O N O WU Efik | by A s 221
iR B T ARG & B FA DU 5 HLU Y p75-p4S5-
pl9 5 CST FHEA R, B H D) REZR I £ &
CST 544, M G BER C BERA '

3 imfirfEs

Uit L B — P A% A T, A b A% 2 1 SR
fif RNA (telomerase RNA component, TERC) . 3t 1. fil§
S 5%} (telomerase reverse transcriptase , TERT) , LA
L W Jm 2 F dyskerin, 3 ORL B RO R K E A
(telomerase Cajal Body protein 1 homolog, TCAB1) |
B E H NOP10 NHP2 .GARI 'Y, KRE4¥)
M), TERC 9 R/NHIFF 22 53 0.3, hTERC A 451
MEZHE R (nucleotides , nt) , £ & H ~ 150 nt, [ iH B%
BE~1150 nt 3 (4T 55 18 >2000 nt, TERC #YR/I
FFF AR S BEORSE , A TERC A 4 DRkt .
S s RS A 5 TERT M EARE IR 126
(stem-loop) \RNA F22E Fr 5 1) 3° Jt % . hTERC H
RNA &0 1L NH A B8 8 73wk, 280k
Yy TERT 3 H & A 4 DIIRESS I - S ki il N R
¥ity % #4) 35, ( telomerase essential N-terminal domain,
TEN) . TERC %% 4 %5 #4135 ( telomerase RNA binding
domain, TRBD) , fz % % B 45 # 1 C S 9™ Ji X ( C-
terminal extension, CTE) , hTERT "' TEN 7 ¥ $7. i}
SEAR B i Y 3 AR R DGR T, 2 5 4 Al A
SIFHNA

25 2R 2 g A TG P ERTGE  H AR |
Mt 55 NARRL - 75 22 B8R 21 2 v s o il 37 1 52 340
Tl ZERR R T A b A 0 P S R PR
Bro TR G H R AT A 0 A R AR 2
) JICAAR 2H 2 v A A A DN 38 g R O M, R Y 2
SARZHEL, Atk L 25 it B RN A B B 2 K
S G P R g it R T A T AR 3 R
FNIBORE AN /) Bl D1 S5 v 2 [ 5 3R ik P vy e 3k
T AR

iR R 2 1 AR AT EEZEAE . dyskerin
RS EE R & DKCL T X Jefa ik, dyskerin 7] L)
FE hTR, #458 hTERT {f 1. dyskerin i 2 8 2>
o FEURIE, TR ARSI dyskerin 7K P
5, dyskerin 7K - RIS 5 i T AR 95 2 A &, DC
dyskerin 7KK, DKC1 FEH 248 /N T & 4= &
FIOGHERPR Y, NHP2 B T LU TERT 23k,

BRCOR S it 52 G A P e, DA TG 90 i 400 i 44 7, 2
FEAME I T2 5 NHP2 19 095 M 28 48 Wb /A
RNA (small nucleolar RNAs, snoRNAs) B9 28 521
B {K RNA ( ribosome RNA, rRNA) A9 0 T 4b ¥,
NHP2 2% 7] 9 2 xRNA A= 1, 5 U £F 48 4k Al
Hoyeraal-Hreidarsson Z5 & fiE'™ . NOP10 ] 5 iy i
JEW TG , FEAH G snoRNAs AT DLAE 37F il 488 40 M /9 A4
K B GERERREDY . FEFLIRE T NOP10 = 3%
BURBUG A R, DKC1 Fl NOP10 %8748 S5
BRER AL, 45 N B W ) RS N 25 T R
00 AESRAINL R 3] TCABL 3R35, Al /b p21
RIS N7 U8 e e

4 RESRE

Uit RL A 5 B L S, LA S sl B I 2
TEAERF SR I RE AR E R JE 2R, X S 3 2
PRAE R IR R U, i) S B0 RO, I DL S
R AR e B8 S R , 455 ST R PR A AR AN B 4T 4
o AR BT ISR 7 22 MR vk S
RIZh 5 8 RS, e LR 18 | UK S5 I 25 iR
R POTT 58781 X5 g Ty il e A AH G 1y %
o AETEST I, AT RLRE S E 25 45 2 1 L S Rl | i AL
[ Y SRS (VSRR WY

EABTFE R, W 7L 3y v b i) 15 5 7 i B
FARRDR, Sk I 1E 55 PR E R AR G /N B i
B AR BN R A, 25 AU A [R] 7 L
G ST B 50 SN N 5 NI A
22 RIS R O P, DR O A R B
G0 AL R 1 G A 28 B A R IR B 5 i
S R TR A A W e P ) R A TR (ELAR K P T TR
ABIRFE N 2 5 28 R b S 6L 0 S A 63 1) 1 o
BEDRAWT I S A S AL i 7 N 2B P BT i

T R A TE AR
B3k
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Research progress on animal models of paroxysmal narcolepsy

WANG Xiaoran, ZHENG Pan”
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[ Abstract]  Narcolepsy is a chronic nervous system disease with arousal sleep disorder. Its specific pathogenesis is
unclear and it is difficult to treat by traditional Chinese and western medicines. Animal models are important to study the
neuropathological mechanism and potential treatment of paroxysmal narcolepsy. This article summarizes the preparation
method, evaluation, and application scope of existing animal models of paroxysmal narcolepsy to provide a reference for

basic experimental research of the disease. It also provides ideas to optimize the preparation of paroxysmal narcolepsy animal

models.
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Ry sh &, B OX2R EEH 14 i FBkER R AE 5 i,
WA A T R 2 M e B 5 ki 5 T P £ R 22 ik
FRRARAT 5, LRI R 5 4K 19 L5k g 3t 2% bl s
SHHR BEHR (rapid eye movement sleep, REM) & AE, B
UK A T A WA, AR SR RE R AR R T A
LA 3L T T B G i 2/ B AR R 48 (hypocretin,
Hert) B S W) BEAUAR AN [W] 9 B 5E B B9 ST

2 HEETIE&ER

2.1 ERFERBRER
2.1.1 Hert/Orexin & EFR/N

BE (orexin) , XFR T W R, & T EEish
MK BRER B 22705 LR A3 I I /N o F i 42 22
ﬂj(( Hert-1, Hert-2 36K Orexin-A \Orexin-B) , Hsk g
F [l — Bl L RO o B K AR A
B R (prepro-orexin ) H > A i Fil— 4
N T2 R, 8 35 5E & prepro-orexin-nlacZ A FE K
Bt /N prepro-orexin LSS —ANF 3R 15 E
LI F A CSTBL/6) /IR G T 40 i, 185 B 4%
EHNT A AT Orexin JEF AR /N, £ difb .
TS ARS8 RS e 92 53 A T i SR 2 1%/ B Hert
P APERIE 25 5 A S NRL AHALL Y o i |
R ) S0 40 ol S B NS5 IR . R BN REML ¥
PRI % o T I 1) W A 080 /0, 6 T -~ REML %% 4
P AB A E H By AE P 2l R BE R (non-rapid eye
movements, NREM )" Mochizuki %" X%}
Orexin PR/ B#EAT IR A9, UESE H B A TE
‘i AR 58 B AT O B T AR A ], HLSZ Orexin 5
JEE SREC £1 o TEE P g 2 o 22 388 o n 25 R IR R
FNLH 55 R WL %, Orexin &R R B/ BRAERH T
Hert #1125 7002 PN 5P B R /-5i B 19 R 40 () B 2L 4
BCER A3 AEAREE IR G SR A T Fr i S 8 €538 e 4
AN TTATy R IR T B IR - B ] B B AR T
WFFEXT Orexin i AR By ek 77 A WG IR (1 fie )
2.1.2  OX2R/OXIR P R/

Orexin i it 5 G & HH B 32 & (OX1R F0
OX2R) 4545, Z 5 Z Rl AL R N, 7F K i iz
JZ,0X1R Fl OX2R B9 mRNA 2354 B B 18w 45
FEVOT S Willie S50 gk 2 M Ak 2AA 1 ) 5L FR 4
TEMRNGT 40 9 ( embryonic stem cell, ES) H1H B 2
FUWEH M (LacZ ) FUBT 8 R Bt (NEO) Rk & &
OX2R FEH 55— M7, IEHE 19 /Y ES 4i i 5e
B B 1 9 3] C5TBL/6) Bk, a4l R/ R

JoiERE I OX2R mRNA Kk, 7EHE AR 2544 T R 90
R REM BRI AR AR O 00 MRS
TH NREM HERRZ A Kalogiannis 2191 e - il
A7 PR 3 TR B BR 4% B F OX2R/0XIR A4 2 WL
Orexin 32 A PR RER /N B, SR EE L T4 OX2R A&
[ /N BT 5 B 1 AV B 2R 1R, SRR AIE S O B R
A b T — B MR 400 s REEME R A T R 3001 4 i, st [ i
B RS 1] S S 0 I IR AR & A, FE S Orexin
FE B /NFBRAT A AL, X Hert 3244 19 35t 4% 1
Vi SR RE 2 VR PR B A R Y 5y — i
2.2 HEREER
2.2.1 Orexin/Ataxin-3 3K/ R,

Ataxin-3 J& 5 B/ L 5F AT 3 A BE B
H, 2% H SD K ak Wistar /N LA, Beuckmann
WFSE /N2 B IR B & Orexin/ Ataxin-3 mice, 18 i 7F
prepro-orexin Jii 8l ¥ J5 4 — B AE N i RiIA T A £
REAMR Wi ataxin-3 I, 7F C Wi H T4
BULRGA 1) Myc S8 3L RT3, X R 5 6 A 41 21 17 3
[KZH DNA #£47 PCR 9 H8 TS 3] Wistar /)N B SZHKG
PR R, 77 Orexin/ Ataxin-3 3 R0 H
F Hert J5 s FIRSh IR AR S A 729 PolyQ-ataxin-
33 TR Hert MG TTB ML 2Rk, 17 i,
FH Mye Hric 692 21 210k 2 G €0, 0 A P I /s e 356 [
JNEUT B M DX PR Hert BHPERFZRIC 208 EFL
S R BT B R R A% L R A R A e =
Hert #5176 B HR 25 4 L, A0 /)N BR38 BE o 22 30
REM ¥R 1145 4, g o A (1) 980/ | REML i AR
[ SEH S e~ REM 5% 8t {B7E 24 h 15 B Fl
NREM R i [] PR 1 AN AS AR H Hert #4870
TH R PR D T A A M B AR I TR R
MIACEEE R, R AR SIS A A i i 3 el %
2.2.2  OX2R #¢HH/R

OX2R X} Orexin-A Fl Orexin-B FEI H [F145E 54 2
FJ7  HER MG K )2 BaA% 5y | Bk P A% | 2 %
M2 T et (e 2k %) b3k
KRR BT Cre-loxP ALY R TR
THURBEAE EL250 2 P 240 Ffd v by Tl 500 ) 280 44 1
loxP 3L F 25 PR €0k 48 OX2R #9742, M T I
Jgi 15 L 3k # (tuberomammillary nucleus, TMN ) #ff
2570 orexin-A I i HE A SN A0 R 56 TE 2 TR AR
OX2R (55 myskk . i — 24 gt Cre H12H B 1Y AR
MG RE AR (AAV-Cre) 141 5] CSTBL/6J /N R
AT SHA% X, LA & SRk 2 OX2R Rk ; Ifim it
OX2R 5T/ S MEPE IR R 3638 Cre H 4 i
#J Zp3-Cre /]NER (jackson laboratory ) 24738, 52 & VK &
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OX2R 55> ARRL/N B2 35 5 R A0 i ) PR A1, 35
TRy W e 11 R B 5% 7 AE 5 55 Orexin @55 /N BROAN]
OX2R ¥ s TH /MR R A &0 5 E k46, H
AAV-Cre JRIERPKE TMN #2550 AR T Bk 5 &6
) OX2R J5 W EREIRAT BT sl s , (AT A7 A R AR A 1
AR 5 B R AT Y, TR S B ST R
A NRL BIFR a6 7 3R ALE R HoM T & B 21k
FEPURH T IR IR 46 T R8s
2.2.3  O/E3 5t HFH /N

O/E3 J& T M2 — PR A s IR 1 5, i it
P LT 10T Fr i #2832 o A9 28 38 BT P i b 22
AR IER KB AEDIGENE Hert 8 M1 H 1 #3713 72
ikt A% D AE R, BF5 & B O/E3 £E NRL
Hert A BE IR L (A5 50 th K35 F ™', De La
Herran-Arita 2528 fifi FH pRVKI WA HE O/E3
A A I FH AT B4R iE PGK-neo X O/E3 3
IR S MM T, FEFE—A~3.2 kb 19 O/E3 JH 3l
F X3 Xho 1BamH 1 F B, /F b B4 96 92 9 27 1
IR 5 pRVKI ) PGK-neo ¥EFEFRICZ B 5°
U, M O/E3 JERIEZ5E 5 b T8 5.3 kb
1) Spe 1-Sal 1 Jy Be#li wf >l pRVKI 2444 pGK-neo ik
Bhric NUERY 37 AR . FfF PCR Il Southern 4%
ARG S B, 4 T A 0 S ) 4 A ES 40 i
T3] C57BL/6NCrl /NRZERRH, 3645 O/E3 Bk
aia T/, HFEHE REM NREM HEHR i} 6] 4E
1, REM W AR 10945 J , i 5 0 Tt ] ik 20>, b 90 B G
L1596 B R IEAR . s gl Ak Y 0 % BX, O/E3 {2k
SECF B Hert UM B 2080, 5 BR T /5 38 A
EREJE I X, WP B A R e A 2 S IC Az 40,
FRIKTE ST Hort-1 ]300 5% S A Mg e 10200 pe At
FUGE T S PR~ 70 4 i e I — i T ) 300 ) b 280
TRV TR A L, S R A B R R 4ot
BT RE T B £

3 KEFSHYRE

3.1 HBMEEZ= A(diphtheria toxin chain A, DTA)
FHHEE

P RE R — B e S v i 2R
AP M PBER . 3L T Tet-off R R
il BE PR IR B | 1R 75 3R 32 AR B P Ry o 3R
BTN Hert JE8) 7 b M Teto DTA /N, FHT
FLBh Y U PR 2R 45 5 S B0 B (tetracycline-
controlled transactivator, TTA) i BEEAL Hert/nLacZ
LRI AR nLacZ FEH, IFFEF ] Teto DTA /)N
FUAZHE B (CSTBL/6 /N B9 A% o, i id C57BL/

6] /NEL 1S B R A U Hert-TTA %% B4 5 210,
Hert 4t 28 50 28 #1034 % B 00 I Tet-off
(Teto) Z ¢ 45 il 1Y, i B 2 74 35 3% ( doxcycline,
DOX) 5 TTA 454, i i Tet-off 75 2 [ FH 1 DTA
AR, BT TTA ##EH3] Hert J5 807 1, WK &
H LR DOX £330 DTA 194 %, NAE Hert #1£55C
o 2 B S XA Hert-TTA /)N B R0
Teto DTA /N RFEFTAZES =4 Hert-TTA/Teto DTA /)N
B, K 109% DOX a8 A IE & GRRE, 76 7= Ji A A
J& 12 JE P DOX FRREIE 37 | I 0 Al 3 1) )
MEFEZE 14 JH FHEEFH DOX [k 555 25 J&, 1
BENR 454 |, 76 2R DOX "R & )5 14 d, Hert-TTA/
Teto DTA /MR BT SPR A8 KA, 288 AR TR 5 1)
KA SE R R 0 s REM W8 AR 300 45 2 e HIRG FsF ] 428
o BEEHIR — St B S e B I, 4712 L, R i
BEIGNAE  (HE shid /D, RER N, DAT i 544
RUTT5E 3o LA ] — AR S W 7E Hert #ZTTIHRLZ
T B2 5 AT R AN AR B2 R AFFSE Hert #1258
JUIH Al R e NRL SR 1 5 H Hert #P223R 17
PR AT FEE A S A AJE NRL A
HERR , BERL/N R E B0, (BB AR AR, X
5 AZE NRL R R 2L, SCoe & vl {HATH
Hert P28 70 T4 Rl B () A 22 st 18], AT F 24481 A9 24
PTG, 7 Hert #2855 A 32 BB 19 1) 4% 25 241
I
3.2 1Z¥EKSKIEE A (saporin, SAP)FSiEE

H TR M EL AR Hert2 5 SAP fHHK, #49 # Hert2-
SAP M & 8 &, W IUF 5L Hert2-sAP W 5 & A
HertR2 2R 456, 1a) K BT Fe oG 22 5
Hert2-sAP AR Hert #1228 5T, WA T V820 ik B
Hert &8, % SRR K AETERERG T8, Blanco-
Centurion 25 F| | Hert2-sAP B S AR B,
T E s AMU AL RSN 0. 5 mm 4k, 24 Hert2-sAP i T
N EER MM, 3745 K R B NRL 2R ; i 45
MIBAIX Hert SZ R 2250 AR L EL 2] NRL AEAR, W
B R S I REM/NREM Bt AR B [a] ZE K LK
o ELH B2 B EAIE B, Arias-Carrion 257 X
IR R B — 5T R B, 24 73% Hert Z A2
TR LI B, Bl A Hert ZKF-BEAIK 50% , I
1) D W G 1 25 Y A 0 e i 49 6 AR 838, kel ik
AR R 19 () Bh A A AL, 25 R BRI 5 6 h,
W ARE KR ILIE AN, Hert2-sAP 5 S A4 7] 33
T H T 05 2 AR 2 R R AR RE Y Hert 1 28 3T
FEMERR -8 BEAT R P VR T, IR R B AEAE A NRL
FIRYT F BRI T . A F Hert2-sAP ] 4 Al
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HA R A TR ZRN LH 4 MR s R AR
VRE D) & ELSTW |l Bl =N LU i
BT LA LA 5 A 2K NRL B9 &R LA e 22 572
3.3 HELFEHE-FHEBFSHNREEKE

Hert BEf1 28 T 7E B L5 £ rb 38 B0 13 381 75 B A A0
VBT N W XU DIRE ™ o Elbaz 557K K AT B
Y AE B A R B (nitroreductase B, nfsB) 5 3 K47 5+
PEFRIET Hert REMZICH M EE T B2 ATHE Y Hert
REA 2T TH Rl i e S DX B 25 A8 i 33 i il
3 R TG E B AT AR 25 9 B 1 ( metronidazole,
MET) 567480 BA #EVE R 779, X Hert #f1 &80 4T
AL BRI B (K REM B R A [R) 2E 4
M IR — i PR 350 VR B I, 5% 7138 o) 95 s oy P A
HI T BEL £ Hert #RZETC 2% H 20 ~ 60 A fili i 22
TCA I, P AR (AT SR ) T4 B 5 A2 A fit
BRI LAl s P ¥ (=

4 RBEEFRE

Williams %51 76 & SR JFUH 30 7 R lifdE A G
%) Arch-3 gene, FH 1.5 kb 1Y Arch F B4t Hert/
nLacZ A RN LacZ PR 4 H3RGA Sy 15 1 o 70
8, %¢ & 8 H ( enhanced green fluoresce protein,
EGFP) W& 8 1, DT 375 % B R A, 2
PR (5 1) BDFL /s B2 s B A4 B b O B
FEE R Hert/ Arch Fe L & B EOLH Arch-3 i
TIRAE Hert M2 TT P R HR R S PRI . A
Pt EGFP HiikiE AT S LUk 2= Wb , UESE Arch 7E
Hert Moo B35, T8 G Xz 8/ BT O
FERT DA S R B J A B IR, (B 5 S ROR 5 e
RRAFEEA L, HKF Arch F3A5M T Hert f#
Zguemr P, BAL/N R B REM/NREM 7 4K 38
4558, REM FEAR ZEK | 52 BEA A 9820 . Hert/ Arch /)
BUALVEXS Hert #2250 AT 40 30 FT 306 ) #824  fiET
VAL Hert #2211 A48 72 J7 18 &2 Hert 38005 5040 )
MR

5 RENMSRE

5.1 FEZHEHFESH CCR3 ERRKRIER
HaALE F 221K 3 ( chemokine receptor 3, CCR3)
T2 55 RN R A OC 114 5 SRR DR | LA SR A i g
SN T ) 2B KPR . CCR3 A —Ff
G H IR SZ A, T8 715 5% 4 L 194 2 157 B 5 A 4
I3 USRI 5 BE | T TP A 28 R G TR AR D R AE
I IRBRFEVER . Toyoda 45V KB WT /N RAH

Fb, CCR3 JE A Al I /N B Hert #1280 B0 I/ 2
10% , A 7= R AR BERG AY R B, b — 0 (f FH 4 2%
ICBA ME B AN B RS B 45 R 0 g £ K
(lipopolysaccharide, LPS) M 9035 2R G il 344, iE
ST A CCR3 FE P AR/, /N B 3 REM i FIRG
(R 2, NREM i I s 7] 247 %6 110 2 76 U 2038 T,
ZIUFFEIESE  LPS RETEZ 25 )5 24 h N AR W6 145 )
Py IR AR - B ERARE 20 LPS 15 F 19 CCR3 A
e 5 /0N BT T 10F 5% el BR85 fish & [ 28 5 e i 92 A
S Hert #2T0IB AL, S B SV B 5 1) S 038 %
5.2 CDS8'T /M 5H) Hert 2 TTIR{GHEEY

BAE M E S 5 O 28 40 M T R ( human
leukocyte antigen, HLA) %547 3K HLA-DQB1 * 06 .
02 BYIFC, 98. 4% 1) e F #5473 I, 7 R AEME
Wi £ 1) I 3 G T ) & B T R 2
ARG FIRA RIS B H F PR Bernard-
Valnet 25 558 T 7F Hert BEH 2250 (FR N Orex-
HA) HRRERE R IR M EEER (hemagglutinin, HA) 1ER
B A SR /N, B Rosa26tm (HA) 1lib /N R
5 Orex-Cre /NRZRZE , 6 NERRER A 2 F I T
3K Cre, 3 5 & RT-PCR J7 ¥4 M 3E 4L HA 78
Orex-HA /N FGAS [RIEBA 1 7 S A 00 . SR A8 A
BHF S PER) CD8 T ( CTL) 4 i 13 54 5 Orex-HA
NP 2812450 BT 7R Orex-HA /NERUT R A
AR T YIMRE , fE MG 26 5 ~ 8 R IR B i
15 d JEF-R 52 CTL, U H BLAH 8 (1) & AE 1 B 9
TR ALFEVER AR REM PR 39 45 4 | 1) 18] 28
R >, CTL 53635 MHC-T 2§ Hert 12250
BEEAREAE 5 200 M g R AR AL, OB S
CTL J& , X Fh R B — ™ A5 RE T &
VEME RSG5 AL 9, ELORER I s
FPEE AL T FIESERE

6 :%\ gﬁ

NRL J&—F H AT 15t 4% Z) Sl | 32 2145 TF 3852 T
ol fih & B, R R ILE A 2, sh A R & Fl
MR NRL I 3L p9 3 at . HRTE P & 3 s
Tl RN TR A S S, BT
i SMII X Hert 28 T0RR S 12 2%, A2 NRL
(1) B3 BRI R FRAE , H b T30 56 3h i 5 N2 AE
FEE A E AR A0 M S A S A — o 2200,
DXSRERIGT NRL J677 H5 5 F0 a6 A BR, 4575 ik
—HIAIE, WTE O/E3 F5 53t 7 S A b 3 i
E kST Hert-1 73054 NRL 2240 {HXF T A 2% NRL
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FET Xz A BRI B G A 5 1T Fe iR A X
Hert M22ICIRM, UL, PTHE— 2D A0 h B B i
S-S0 NRL i YR80, o Al 3t 1 A O P2 R XS
NRL {7 Hert 2858 Sc4d (95 BEAL A, AT A 8BS
7 BBH L NRL AR AR BERR R A6 T A

L b, AR H AT SRR R E 52 A A S
S AR 9 A RFAE (EL7E 8 78 e A P e g 52 4%
T BRATL B TR AR R T SN S5 T 1, Sh AR K 4% T
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