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[WEE] B WEEH-EATREE AT TNF-o 355 095 5 U040 S8 3% 09 10058 P9 B A i o R R 1 5
AP-1 MCP-1 2 (A GO, 5 AT Rl i 48 s 58 i /R FA ML . ik RIF RE B F TNF-o0 BCA I
A5 PN B 200 MR I PV B B 355 5 R R A v U S R, B R SR A AL B AL 43R 7 4, BIVIE B % 2
(A) BRI (B) %5 FIMLTE X RLL(C) MRS2578 41(D) JE W VMR A &2 MiE A (E) EI7-EATRE R A& 25075 41
(F) \MRS2578 + H LA E R & 25 MTEAL(G) o BRIEH X R Ab , HAR 4 AN A 4 AE B T TNF-a, ¥R 10 ng/
mL; JEULVDIE R B 25 105 40 8 5 -E AT R 2 25 10U T5 40 MRS2578 + B -EAT MR S 25 s 4 A 10% B9
2y 1ML ; MRS2578 £H5 MRS2578 + & -EATHE I & 20 s 4 A 10 wm A P2Y6 SZHABH T 7] MRS2578 ; 3t f5 5
SR 24 h 5 >R F CCKS8 kil P B2 4 R B2 11 FTLAH B 19 77375 3 5 SR A ELISA 32K 3% 3% % 1 375 W v 48 [
FIL-8 BY7KF s SR FH A28 Western Blot | 52 B 2¢ 6 5 11 (qPCR) B ARG P B2 40 i AP-1 MCP-1 [ 35,
R L EE O IR LA AR 2 R s 1 3 T R P B 200 R P LA ML 2R B IR (P< 0. 01) ,1L-8 7K
B TR (P< 0.01) , N EZ A AP-1 MCP-1 R9ZE6R FEE K FEME HAE .mRNA ZKCFEB B F & (P < 0.01) ;5
MRV B, B2 7L AT W R 5 25 100 75 4L PR 15 400 A B P ek LA 77 375 S5 B2 73 (P < 0. 01) , TL-8 7K ~F- Bt A%
(P <0.05), 4t H AP-1 MCP-1 2GR BEA K BE (A LU(H .mRNA KB WEER(P < 0.01) . &it EF
EATREE B BEAS G B A BT TNF-o0 75 5 199 P B 200 A S OF- 9 LA A 1) 7 335 3 [AIS AP-1 R MCP-1 Y3, 0
il P I 2002 i B, T PN B A 5 , BT LA A IE R TR
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[ Abstract]

stimulated vascular endothelial cells and co-cultured with smooth muscle cells following treatment with the compound Qishao

Objective To observe the expression levels of inflammatory factors, AP-1, and MCP-1 in TNF-a-

Jiangya tablet, and explore the mechanism by which the compound Qishao Jiangya tablet inhibits vascular remodeling.
Methods A co-culture system was established using vascular endothelial cells and smooth muscle cells. Stimulation with
TNF-« was used to mimic the hypertensive inflammatory environment. The cultured cells were randomly divided into seven
groups: normal control, model, blank serum control, MRS2578, irbesartan tablet drug-containing serum, compound
Qishao Jiangya tablet-containing serum, and MRS2578 + compound Qishao Jiangya tablet-containing serum. Except the
normal control group, all groups were stimulated with 10 ng/mL TNF-a; the irbesartan tablet drug-containing serum,
compound Qishao Jiangya tablet-containing serum, and MRS2578+compound Qishao Jiangya tablet-containing serum were
treated with 10% drug-containing serum; the MRS2578 and MRS2578 +compound Qishao Jiangya tablet drug-containing
serum groups were treated with 10 pwm P2Y6 receptor blocker MRS2578. After 24 hours of modeling and drug intervention,
CCK8 assays were used to detect the survival rates of endothelial cells and smooth muscle cells. ELISA was used to detect
the level of IL-8 in the culture supernatant. Immunofluorescence, Western Blot, and quantitative PCR were used to detect
endothelial expression levels of AP-1 and MCP-1. Results Compared with the normal control group, the survival rates of
smooth muscle and endothelial cells decreased significantly in the model and blank serum control groups, while the levels of
IL-8 were significantly higher (P < 0.01). Compared with the normal control group, AP-1 and MCP-1 in endothelial cells
in the model and blank serum control groups were detected by fluorescence intensity value of immunofluorescence, gray
value ratio by Western Blot, and mRNA levels by quantitative PCR were significantly increased ( P< 0.01). Compared with
the model group, the survival rates of smooth muscle and endothelial cells were significantly increased in the compound
Qishao Jiangya tablet-containing serum groups, while the levels of IL-8 were significantly lower (P < 0.05). AP-1 and
MCP-1 in endothelial cells were detected by fluorescence intensity value of immunofluorescence, gray value ratio by
Western blotting, and mRNA levels by quantitative PCR in the compound Qishao Jiangya tablet-containing serum groups
were significantly reduced compared with the model group(P < 0.01). Conclusions Following stimulation with TNF-a,
the compound Qishao Jiangya tablet can improve the survival rates of endothelial cells and smooth muscle cells, reduce the
levels of AP-1 and MCP-1, prevent endothelial cell inflammation, improve endothelial damage, and protect normal function
of smooth muscle cells.

[ Keywords] inflammation; AP-1; MCP-1; endothelial cell; smooth muscle cell; compound Qishao Jiangya tablet
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( spontaneous hypertension rat, SHR) Jis 2 sl fik [ 11
EEIBIR G YT R AE T 235, o 4 &
AU (HR T S E N R A AP-1 MCP-1 & H
FEIKFEA P B AN & E SN, T 7 T UL 4 i
BEA O, W ANTEAE . DR, AR S 56 R ARE X
JREIRFE A F-a (tumor necrosis factor-a, TNF-at ) 15 5
DAL R A0 65 S Ve UL 200 o % 7 A R A v Ol R R
SEPRBE , WA T -E AT B e X PN B 2400 b 4R i PR -
FTAP-1 MCP-1 152 0 S 55 104511 LA 463 43
HHSENE AR B ml 3R B - EAT R ARG T3
BLH

1 #R5F=E

1.1 ##

L11 LR

15 43 ~ 4 A#E) SPF glfErE SD KR, A HE
230~250 g, W T~ i 34 3 o S ak S S A BR A )
[ SCXK(#)2016-0002] , % i 22°C {2 50%,12 h
o6 B/R RS R R, L 3 W W it S
(ZYFY2018112503) , i1 pa 4 BT S 40 2l 5 2
IO E AL S5 5 3 W B4 B it B A% IE S [ SYXK
(i)2015-0003] .

1.1.2 #i

JEAR K B A5 1 T AL 40 ok AT P B2 400 i ik 35
W4T Procell 2],

1.2.3  FZH S5

BOr-EA R B (520181026, HUAK . B Fr
0.46 ¢), NE K HH & 12 i, MY THA 2 &
97 g, W 11 51 R s 24 KA A — B = B o R =
JEULYP3H A (35 17122111, B4 . B H 75 mg) , A
Il R H 28 300 mg, 1 F 4% 711245 b 42 P A i
WA FRATF]

TNF-o 9 A 3¢ [ eprotech 2 A, it 5.
101373A2918,P2Y6 ZARFH I MRS2578 Il H 3¢ [
selleck 247, #t5 . 8285501, 1L-8 ELISA #4772
W b it R A R AT BR A W) 45 20190305,
AP-1 —$i MCP-1 —¥i  B-actin N ZHilk I At
SERREME ARG RA A, #5550k,
Al03113818 . AB05105689 . AH11286487 .,

MK3 7 il b5 A (5 %, oF %), HL Uk X ( BIO-
RAD, mini protean 3 cell, &[] ) , %5 .03 #L ( Eppendorf
Centrifuge 5424 R #Y, 78 [¥ ), vK % ( Haier, BCD-
196TMZL B4 i []) | 4 A g4k &6 i ( iR

BERL A FR 2y ], Tanon-5200 %) | 52 56 25 # 4l /K
(MilliPORE , ULUPURE A  ¥:H) .

1.2 A%

12,1 2510050 Ot BRI 9 il 4%

SPF 2t SD KR 15 H AREARFBEHL /K
3, HEXIRA (5 H) JulvbH A H)
LRI R (5 B o 43 I R 5800 i i
PRI H R 3 545 T SRR R K e Vb 3e
F7(0.081 g/kg) R 7 EATRE R (1. 50 ¢/kg) , W
., BR2IK,ESELE TR, KKRGZ)E2h, B
F= B KB T 135 45, 250 10 min (4500 r/min) |
B V5 W, K KA (56°C,30 min) , B T -80°C VK
AR
1.2.2 4ifakss:

K5 B PNz 200 6 S UL 4 iR 4 ) S
FEM (A 5% €O, ,37°C ) AR F7  BO AU K
WIAH M T Ie 22505
1.2.3 MR AR AL

FRAMM I B R, B N B A0 L A s e
FFET 24 FLANMIRE SRR T A TR K o
AL IE A S 460 2= B T Transwell /NZE NI, BT
Y5 FR A N (5. 5% €O,,37°C) B g 1~2d
J , BIVAT B T4 g P Rz 400 B A S i UL A0 i e 8 3R
&R
1.2.4 SN2

N I R B AN L BE AL 73k 7 A, B IE R X R
(A NZANME + ST 1 LN M BRI (B) . RAE
T + R 20 + V18 LA AR ; 25 1 O 3 % R 4
(C) RAEHF + NE A + I NIAIME + 25 F i
H;MRS2578 44 (D) : RAEH F + VUM K 4t i +
SEU LA JE Vb B 2GS 4 (E) - 958 1
+ PRI + SE LA + JE DUVb I A il B O
LATREIE R SIS AL (F)  RIEH 7 + N A
+ U LA + &2 5 AT e R I ; MRS2578 +
BH-ENFEER SHMEH(G) : RIEF T + VIEk
WM + I LA + 207 AT R v .
bR A MY ILER SRR R P INA 10 ng/mL A TNF-a,
Ay ERABTADL 50 000 R A TR B, 25 25 4L 10% ()7
I, AR A AN A S 2 I, DOBR N R A
HL A 10 wm B MRS2578 FY P B2 40, 3 455 K 4%
25110 24 h J5 EATAH TR AR
1.2.5 23 JoAs i

SR CCK-8 32 A6 ) 45 24 - 4 WL A it B P9 2 240
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IR SO { WA I 7 NS S | VAN o3 S - 8
200 pL, FEFEFLINA 10 pL CCK8 ¥, T4l s
T AR LR 3 h, i AR T 450 nm 3K
U E AL OD AE, FOBRARSAA , H 355 4 41 40 i 1
FEXSAETE R, L4 A7 56 = 25 25 A A A7
R/EH HAMBATE R,
1.2.6 [ ¢ B 728 W BRF 550 I 5 75 ( enzyme-linked
immunosorbent assay, ELISA ) £  *F- ¥ WL 41 ftL 5
B A SR SR R 1L-8 BY7KF

WY LA B 55 PN B A e 5 7 R, B8
> 15 min (3000 r/min) , B _E7F , #% #8 ELISA 377 &
RIS, R e 2R & h R b 1L-8 7KK,
1.2.7  SRPEsOGA I N B2 40 i b MCP-1, AP-1
(AR 1R IR

PSR G A L0 40, F8 25 Transwell /NE K
FLNWAA, ¥ PBS Vi Pk, 2 5 W EE [ 2 30 min, H]
0.25% Triton-100 i# % 15 min, i% Il 5% BSA #} 4]
10 min, #24% 1:100 MR IMA AP-1 MCP-1
—PURE R, 4°C HEOEIE R, PBS WV, ARHE 1:400
A ARBL I A — B B, 37°C B EIEE 30 min , 1%
PBS J9%k: 4 YK, T/ DAPI #:56M & 15 min, PBS 18
Uk 4 W, DRI R A BIE, JF i s 4 M ~F- 35 9%
JEOREAE
1.2.8 FHHBEEENIS T ( Western Blot) &0 PN Bz 21
Jirf MCP-1 AP-1 f7E (1434

FEREHE HE BCA B R I 0] 6 1 B A 84 AR
PEbritE i 2k R FEA R B R, RIS A
AN E |, 100°C 221 5, SDS-PAGE Hi, ik Jii % i
FEEEIE & SR MR fE S iR BT 2 h, — B
H 4°C 1%, PBST PE% 5 min, 3 K, I H,
PBST £ 5 min,3 ¥, B ECL & ik 5 B Y 1
FEOrHERIEA A2 RO, BT A A sk R OE AT
IR i 3 TANON GIS A4S BUR & 26 1 0 4%
G/
1.2.9  SERF 26 RE #7E (qPCR) Kl Py Jz 41 it
AP-1 MCP-1 mRNA ik

JAGE i TRIzol 857, 0> 12 000 rpm, 5 min,
VWA 200 wL S5, I 2R 715 sJa 8
O BT W, I S5 AR R S5 D9 P O A DT
HI) RNA, £ RNA T3 T8 5 7T A RN Ase-fre i i
FE WA T L 58 s . #e iR & Ui W B # AR  af
BEE4 W cDNA, #H4T PCR )%, @3t Primer 5.0

BAOFIT51Y, 51975 L3 1,
Rz1 PCREZEHT T

Table 1 Primer sequences of PCR genes

FEN 51975 (5'-3")
Gene Primer sequences(5'-3")
APl Forward: CAGCCGCCGCACCACTTG

Reverse;: TCCGCTCCTGAGACTCCATGTC
Forward; GCAGGTCTCTGTCACGCTTCTG
Reverse: GTTCTCCAGCCGACTCATTGGG
Forward: CCCAGGCATTGCTGACAGGATG
Reverse; TGCTGGAAGGTGGACAGTGAGG

MCP-1

B-actin

1.3 ZFiESHR

iz JH SPSS 21. 0 BT gt 27 o0 by . 45k
BRI E AR E R (x = 5) FoR, 2RI L
IR R T 220, WAL ] EL 8 LSD G 56,
P<0.05E5 H i EHE,

2 &R

2.1 XFH R 4 Ra K i A48 B iE S B B2

5 A H, B ALAT C AP R 40 BT v LA A
TR WK (P < 0.01) , 2B TNF-a /510 R IE
AR A — 2 B E ;5 B 41t D
21 E A F AP G B P Rz 40 A -5 LA A
PRI RANEFEE AN (P < 0.01 8P < 0.05), 5
D 4L, G 41 P9 B 20 S T ¥ LA A7 36 SR 14 (P
< 0.05) , MRS2578 % Jr LATRE % 24 1L 7 ¥
Al BH K B2 9 I SO 358 450403 5 1 A 52 A4 R -
LA ARG (L 1)
2.2 XEBMAMSHEAMEERRDRER
F IL-8 7K F B

5 A 41LE, B 411 C 417 WL 55 P9 Rz 40 i
BRI P 1L-8 JKFBH W T+ (P < 0.01) , 3R B
TNF-o - FUF 3 S AE IR BT 5 23 1 AR AE 7 11-8
SrEEIN ;5 B 4L, D E F.G AN S N
il S A A | DR A NI o
(P<0.015 P <0.05);5 D #L,G 4 1L-8 KF
Bl (H 22 F G243 L (P> 0.05) , MRS2578
FZ J7 L AT B R R 7 24 1L 359 RE 70 1) 28 0 Tl 34 45
5 JAE I T TL-8 43I (LR 2) .
2.3 XWHEMAKT AP-1 MCP-1 EARIEA I

BREPNCEE R B R . 5 A A, B.CHNEM
i AP-1, MCP-1 %¢ % & JF 4 B & J+ &
(P<0.01); 5 B4, D.EF.CHNEME
AP-1 MCP-1 %R EE B (P < 0.01), 5
D 21, G 41 AP-1 MCP-1 £ 4 %¢ 65 B2 B RFAIG, (H
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TE: A 41 B X ARZL B 21 BRI 5 C 4 25 1 L X B 5 D 4 . MRS2578 41 F 41 )IJJ_](" G2 MIE A F 4 Z I LATRRIE A & 24 100
4156 41:MRS2578 + )7 LATMEIR A M 41, S5 IEH X AL, © P< 0.05, ™ P< 0. 01; SRR LA, " P< 0.05," P< 0.01; 5
MRS2578 ZH L%, 4 P< 0.05,44P< 0.01, ( FEIR)

B UL B AR S LA MLTS J) HEEE( %+ 5,n=3)
Note. Group A. Normal control group. Group B. Model group. Group C. Blank serum control group. Group D. MRS2578 group. Group E. Irbesartan
tablet drug-containing serum group. Group F. Compound Qishao Jiangya tablet containing serum group. Group G. MRS2578 + compound Qishao

Jiangya tablet containing serum group. Compared with the normal control group, * P< 0.05,

*P< 0.01. Compared with the model group,”P<

0.05, *P< 0.01.Compared with MRS2578 group, 4 P< 0.05, 44 P< 0.01.(The same in the following figures)
Figure 1 Comparison of the viability of endothelial cells and smooth muscle cells in each group( x + s,n=3)

ZRTCGITFE L (P> 0.05) . B I LATEE F fE
AN SERE R 175 N B B B AP-1 MCP-1 4
FI 25K, 5 MRS2578 & B, 3 A4 il
JEEMBE (WK 3 4),

Western Blot Z5 8.5 A 4AAHEL,B.C AN
e 4 i R AP-1, MCP-1 6 %5 W W 8 7 &
(P<0.01), 5B4L#,D.E.F.G 4N
AP-1 MCP-1 6% FE LU 3 B B IR (P < 0.01)
5 D A E, G 41 AP-1 MCP-1 6% B2 LU W] 2 [
flK(P <0.01), BI-EATBE R R Rt i il 0 N+
PRI AL AP-1 MCP-1 Ry 3Rk, H
5 MRS2578 & It /RS & (WK 5.6) .
2.4 XHEMAKF AP-1 MCP-ImRNA #2200

qPCR gER IR 5 A4, B .C AN Egnfh
AP-1, MCP-1 mRNA % ik K F ¥ 0 B 7 &
(P<0.01), 5B4t#,D E.F.G4lN At

AP-1 MCP-1mRNA ik /K F B 8 (%% (P <
0.01), 5D 4% ,G 41 AP-1 MCP-1 mRNA #jik
KEREAG B 22 R G4 (P> 0.05), B
LA R Fr e 08 141 A RE P35 S 1 P9 B 40 B h
AP-1 MCP-1mRNA B)ZEIEAF(IE 7)

B2 A4 TS o g i SR 1L-8 K
& (x£s,n=3)
Figure 2 Comparison of IL-8 levels in co-culture medium of
smooth muscle cells and endothelial cells in each group( x + s,n=3)

3 NN AP-1 MCP-1 28 1335 Lg%
Figure 3 Comparison of AP-1 MCP-1 protein expression in each group of endothelial cells
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B4 HHNEAMEH AP-1 MCP-1 %M B AL (= 5,n=3)

Figure 4 Comparison of the fluorescence intensity value of AP-1 and MCP-1 in each group of endothelial cells( x + s,n=3)

5 KN4 AP-1 MCP-1 FHFEIK I

Figure 5 Comparison of AP-1 MCP-1 protein expression in each group of endothelial cells

BE6 4NEa AP-1 MCP-1 JKEE(E HAE LA ( % + 5,n=3)

Figure 6 Comparison of the gray value ratio of AP-1 and MCP-1 in each group of endothelial cells( x + s,n=3)

B7 A4 A AP-1 MCP-1 mRNA /KA ( %+ 5,n=3)
Figure 7 Comparison of the mRNA levels of AP-1 and MCP-1 in each group of endothelial cells( x + s,n=3)
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256 HIE B A5 #b, BH TS, k4515 1% , 561515
BRIk, AR L. =
RPN R | B S (1S R = 6
F7 I 3 R BRI o AR A
fREEFEAR N K2 2 -1 ( endothelin-1, ET-1) Fl3E in— 4
LA (nitric oxide, NO) ¥ B, vhes8 P9 Kz D dg , I8 79 i
EEM R

ML AE7 P8 JUU 200 JHL R0 PN B 200 L 2 i 2 o 1
L W A3, PR R A M 22 R A E LN B B B i
F, FRVFHL RN o3 1 W) o A% 32 0 IR 0 A AT 4 A
FrikohRerh R EEAE Y . R T RE R
A i T IR AR SR A RE R F TNF- 15
S U IR D i DR S DR S e oy A w1 1}
W2, N B2 40K £ 53 WA 1A R 6 (interleukin-6,
IL-6) A4+ % 8 (interleukin-8, IL-8) , TNF-a,MCP-1
TR -, S BN P B A0 A 5, - i LA
MO8 EE T F% , 20 SUEF 4E b B 4 5 A Y ek
AR XA AR BT R T R ek 0 i A5 PN
AR A PR 43 Wb AR, 52 el 48 7 i UL 48 A b
p3SMAPK 5 53 %, fie &M il HL g 7 8 oy 250>
FE PN K A0 — - 1 LA M Rk R rh R B, N R
Y A 5495 1T 51 Toll A 5Z 44 4 (toll-like receptor
4, TLR4) ARAEHE B FRIBIE I, 3 304 Kz 20 M A
SIS SIRR - ILAE B 58 3 A% | 2 1T 75 A i A
I3, LA P R A R A 4, AT DL O A 4%
E PR3, 4 T i AR L, 52 i 1l 48 47 5K 2
RELA M AR 1A E 00, PRLHG, AIF9 P B 400 R - T
JUZE ) 52 %k O 477 10 468 1 ) R R T o A
IR R S ST N R A A - T LA A B R
RZ B PN 40 B TR B, 2 B I 90 N B 4
ISPV UL AR AR FH A AR R AR 5256 D)
TNF-o B55 10145 P B2 240 AR 16 A8 LA A S 1
A Z2 R85 IR AR RE PR, WL P B 24 L 4 S XofF-

T WLZE MG 5 BB Y52

AP-1 JE MR P — 2 8 2 0 B 3% s B, i
c-Junfil c-Fos PH VR 4 Y AP-1 iR — Rk
OB MCP-1 J& TS g+ 2 E 20
2 20 MG R, 76 A% A0 L L P9z AT -3 UL i
GEANFAE A RIE, NS AP-1 A
AV HAA e-Jun Fl e-Fos A T _EJE MCP-1 B3Rk,
PR A RE P 14 43 6, 5 R i 4 T g L3 B |
TR, 51 K BRI A AR AT IBAEY
o SHR KB R BEZh Ik AP-1 /3% 4k, 30 6l
MCP-1 3R 1K, BRAE B IR 98 AE I /K SF, 3 il 4%
FE SO, BRI LA, o3t i A, AR AR IR
HH BN Z K -1 (lectin-like ox-LDL receptor 1,
LOX-1) it KLF2/AP-1 3484 5 4 Je D) RE B A Al
0, P R T RE 14 48 0 2F — 20 IR N e A hE B
SHCE T LA MG R, 5] & i A
ZfE AR DY BB R RS TSI 1A it A5
PP R R K B sk MCP-1  TNF-a B IA I8
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[ Abstract)

combination, on bone loss induced by dexamethasone in rats. Methods Twelve-week-old female Sprague-Dawley rats were

Objective  To analyze the effects of simvastatin and risedronate sodium, either alone or in
divided into five groups (n = 8) as follows: control group, osteoporosis model group subcutaneously injected with
dexamethasone (2.5 mg, twice/week) , simvastatin group (5 mg/(kg-d) ), risedronate group (0.1 mg/(kg-d)), and
combination group. Eight weeks later, all rats were sacrificed, and the left femurs were harvested for bone mineral density
(BMD) and three-point bending testing. In addition, micro-CT was performed on the left tibia. The right femurs were
embedded in paraffin for immunohistochemical analysis of OPG and RANKL expression, and the right tibia samples were
subjected to RNA extraction to assess OPG and RANKL expression. Results BMD was lowest in the osteoporosis group
(0.207 £ 0.02) g/cm’, and BMD was markedly lower in the simvastatin (0.226 + 0.023) g/cm® and risedronate
(0.237 + 0.021) g/cm’ groups than in the control (0.282 + 0.013) g/cm” and combination groups (0. 257 + 0.012) g/
em’. The maximum load in the osteoporosis group was significantly lower than that in the control and combination groups.
BV/TV and Th.N were significantly lower in the osteoporosis group than in the other groups, whereas the opposite trend was
noted for Tp.Sp. BV/TV was significantly lower in the simvastatin (21.6 + 2.8) and risedronate groups (21.9 + 2.6)
than in the control (29.5 + 2.7) and combination groups (25.3 + 2.9). Th.Sp was significantly higher in the simvastatin
and risedronate groups than in the control group. On immunohistochemistry, OPG expression was significantly lower in the
osteoporosis, risedronate, and combination groups than in the control group, whereas its expression was significantly higher
in the simvastatin and combination groups than in the osteoporosis group. RANKL expression was significantly higher in the
osteoporosis, simvastatin, risedronate, and combination groups than in the control group and significantly lower in the
combination group than in the osteoporosis group. Meanwhile, OPG expression was significantly lower in the osteoporosis
group (0.74 % 0.17) than in the control (1.00 £ 0. 16) and simvastatin groups (1.27 + 0. 19). RANKL expression was
significantly higher in the osteoporosis group than in the other groups, and its expression was significantly higher in the
simvastatin group (1.31 £ 0.16) than in the control group (1.00 + 0. 18). Conclusions Dexamethasone induced bone
loss in rats, and this effect was more obviously prevented by combined treatment with simvastatin and risedronate than by
either drug alone.

[ Keywords] simvastatin; risedronate; bone loss; biomechanics; microarchitecture
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I, Image-Pro Plus % 3t 17 #1356 %5 B2 AH 70 A
(integratal optical density,I0OD) ,
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MasterMix 25 wL,cDNA B4z 5 wL, 514 (10 pmol/
L) 4 2 pL, PCR 4. OPG Hl RANKL 4 [F]—
4195 ,5 min;95°C , 10 5;69°C ,30 s;45 MEH;
72°C,5 min, 5145 . GAPDH (" H7=H1H bp) 1
1.5 -TGCTGAGTATGTCGTGGAG-3', F 5|
#.5'-GTCTTCTGAGTGGCAGTGAT-3"; OPG |1 51
¥.5'-GTCCCTTGCCCTGACTACTCT-3', F i 51 .
5'-GACATCTTTTGCAAACCGTGT-3' ; RANKL 75|
Y. 5'-CCCATCGGGTTCCCATAAAGTC-3", F ¥if 5l
H.5'-GCCTGAAGCAAATGTTGGCGTA-3'
1.3 SitESH

SEUEE SR Excel A% >R SPSS 21. 0 i#47
GEiteE o, R R 208 o0 i R B AR AR
] 225, RS2 PG LR LSD-¢ A 56, S50 554 LA
A + AUEZE (& £ 5) FR,P< 0.05 FRnEFH
A EE,

2 &R

2.1 BRE

B ERINGE T XUARE X L9 B e 46 S
B rR, A 48 % i, B3 TH A
(P<0.05), FI 25 I R g 40 & 3% & T 5 7 4
(P< 0.05) ,BRAIRYT 4 3 o T AL R Sk
2540 (P< 0.05) ,
2.2 E¥hERN

A2 R BB e 38T AR ZH (90.2 + 7.1)N
BEMT X R (104.6 = 10.62) N (P< 0.05) FlBE
BIRITAL(101.4 = 7.7)N, 2EARAMBTTH1(94.7 £ 9.6)
N FIFERERR N4 (98. 5 + 10.9) N FHAMK-2H A4
T EMEZR(E 2) .,
2.3 Micro-CT 4

Micro-CT 7 I B 3% s WA 00 B 45 SR & 1
TR 2 INGEAR R 2 0 AR A N A6 T 4H 1Y AR
TXFRRZH (P< 0.05)  BK-AIRYT A4 B35 TR
ARk FH 25 41, (HAI K X5 B 4L (P< 0.05) , B /)
R AR ZH RN 45 25 25 40 2 0 I T X B B
SHHZG 40 W T XHR 4 (P< 0.05) , B/NGEJE
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JE BRI BT A A A B E ST
BIRIZ (P< 0.05), AR b T & 25,
BN B AR R 43R T 4138 3 i T
H(P< 0.05) , G IR Y7 4 1 3 K T8 18 41 Fn s
FHZG4 (8475 T 4R (P< 0.05) .
2.4 HEANKENER

GaREA ARSI OPG 7E 45 2H A5 0 15 408 Joi i
IR EE AL BRI R SEBER A B A 2513 1B
FALT XA (P< 0.05) , Sy T A FER & 245
R T (P< 0.05) (K 3),

GRS I RANKL 75 55 20 A7 ) B 1 408 I i
FIEMEEH . B A K45 R 25 2 RANKL [ %351
BEFETX A (P<0.05)  BEEHAGH B HIKT
FiRIZH (P< 0.05) (& 4) .,
2.5 Real time PCR #4582

Real time PCR & &4 OPG mRNA 7E454H &
FER.BHEEMR T AHA CHEES T B A
(P<0.05), HAth el 0] 22 R ¥ LGt 4 L (P>
0.05) ;B #H RNAKL mRNA A5 % w5 T HAth 4
ZH(P< 0.05),C 41 RNAKL mRNA #3585 T
A AL, HA PP LR L 2 22 51 (P> 0.05)

TE: 5 A LHEE, P< 0.05; 5 B 41 1L#E,"P< 0.05; 5 C 4l Lk
#,°P< 0.05;5 D A HLEE, 'P< 0.05, (FE/ER)
B1 BEERNGER(x+s,n=8)
Note. Compared with group A, *P< 0. 05. Compared with group B,
bP< 0.05. Compared with group C,°P < 0.05. Compared with
group D, 4P< 0.05. ( The same in the following figures and
tables)
Figure 1 Results of BMD test( x + s,n=8)

B2 GEERNER(x%+s,n=8)
Figure 2 Results of BMD test( x + s,n=8)

F 1 Micro-CT 345 (% £ s,n=8)
Table 1 Results of Micro-CT test( x = s,n=8)

A5 IR /N H/NRERRE /NG R RE
Groups Bone volume/total volume Trabecular number Trabecular thickness Trabecular separation
A4 Group A 29.5 £ 2.7 2.9+0.3 101.6 = 4.9 231.4 + 63.8
B #1 Group B 20.1 £2.1° 2.3 +0.2¢ 93.3 + 4.6° 394.1 + 41.3¢
C 4 Group C 21.6 £ 2.8° 2.4 +0.1° 98.8 £ 8.0 356.1 + 36.4*
D 4 Group D 21.9 = 2.6 2.5+0.1° 98.9 7.5 354.9 + 33.7°
E 24 Group E 25.3 + 2.9« 2.6 +0.2% 103.7 + 6.4° 294.9 + 49. 6

B3 g4 OPG iIRIA( x = s,n=8)

Figure 3 Immunohistochemistry staining and 10D analysis of OPG( x + s,n=8)
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B4 AR Ab R %4l RANKL (92635 ( x £ s,n=8)
Figure 4 Tmmunohistochemistry staining and TOD analysis of RANKL( x + s,n=8)

B 5 PCRIGMEER( % +s5,n=8)
Figure 5 Results of PCR analysis( x + s,n=8)

3 iTie

3.1 HMERDFTLAARERELRIZE

ABFFEUESE , R K B T ST L ZEK A 8 i),
WK EEER AR A =T R,
XA SEAT A ST 25 S — 2, WFoT R, M ZER A
30 A1) S 1 200 0 6 34 B % 2 L A 3 o R
TRACERE S, BEAb, i ZE KA 1S 40 %) 134
BRI M SR AN IR YT R B E R
REIFRS , AFAE S T LA B PR Bl
T X6 R B 2R ORD B A0 4 AR IR G B R
mRNA 7K HCEE 0 & PR, i 28 KR ] DA o]
PRI ZE IR, HL IR B o) e 1 20 B ok PR 1 3
K, IS SRR M FEOR A S & K B & R VEH

ML -5 90 1) B 1 40 A 2 R [ i 2 - 400 B 7
K,
3.2 FEMITEREMNERBNNIERAERIRE®L
FEMAZ

AR TTVE R R 2 25 v v A 22 18— F B
TREREFEF , HXH B A A Rl H 2552 31 56 7
L 43 1A S 56 € 28 UE S AR 1F T B sl i )
WA f A AR A T AT L TGF-B/
smad3 {55538 %45 B b 2E K AN 5 T A0 B B 4T e O
700 HPORE /R A 515 S OPG #3615 1 il
RANKL fyZAA " SRI00, FEARTF 9T, 2 A Al
VU0 B o 8 38 % e 1 KRR 25 2 1 F TAIUR:
PR RRRIA B FUH , AR 1 X OPG . RANKL
GREA AL TN PCR 4 G I 2 7R 2 A Ath 7T 2 A8 3 3%
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OPG FH-9Iiil RANKL ik, (H7E 4 2124 fn A
Y1712 K10 4 B 45 4 7 AR RS B BHL 1k i A%
IR FIG 5 2 AR 1), 1) 5 Jl T A o) 12 A 7
B EIE RN 3, 3R L (Rt 7T 55
AR 5 G AR, ELR SR BN |~ AR 7T B
25 B9 BOR B = TRIAUZ KR R {1 22
SIS 5 T ZE M R A 4 A A )
AR KRR, WA i — 2P AT A 25 sk
B BRATRIERA FH 25 41K R 2 B AR T
ZH KRR, 3 v T P A B 2 0 K R, 4R R Bk
G Z 25508 BT s A A g, 4R
17, 38 35 5 1 R R B L3, FRATT R 8K, Jois B
M FH 2530 SR 06 FH 25 B %% BE AR R e K 2 3 1E 4 1A
BEAR AR FE B =F At 7T ) 2 Jole 12 60 245 ) 351 £ 2
FUIMERURFFE ) 25450 e 4 4 L (E IR R
WA A FH 22 5 B m 2 mIVE 464 5 i 5
BT A AR,

R BEAL , AT — 20 0 A T 25 4 K BB B
(I R AT, ot — 250 S T Bl FH 2 350 R AN J Bk
G2 G R S BCA 254 R R i ek
AT I R AR A T PR 24 4 5 R AR A L
B, RATE B AERNIEA R, MBS,
TR FE R T i A 25 = AR T e O ey (B R B 1 o
EREEFEY, F A8 T micro-CT 40 #r % #4351 B Tk 25
IS B R B, R T 24 2 A Bl F 285 A1 3R R
R R CE /DR AR N B
PEARIRA FH 24 55 ol FH 24 6 F PR 4 B i RO 25
P ELA T S AR
3.3 "ESRE

BEAN, 55 2 AR A VT RN I ZE B R A H kT A
Fb BEA FH 24 4178 24 224 A0 0y 7 /K 19 VB #0 E
5, FZERERRENAE R 55 —ARBUBE IR ER 2525, B Al
eI B IR M E 2z —""" oy
A AL =5 2400 ) At 440 P ) R 0k , X5
A M EL G0, R Ay i v L I FH 80 R A K3
T, H AT ST T S T M R 2 W Ik
A XA A S AL 50 ) 5 IR S5 R R
1-3400 gk 2 KV BB A N , Horb 5 HOIR 35
BRFAER 1 -34 WA o7 53 7 FH AR 55 Bl oy FH B
fEEXEHEM S, 5445 R K WA R A R
I OL TR ZERERR N A R 25, IRt AR R oY AR
WILAUESE 2 (At VT 5 R € Il 1% 4 B0 45 17 FH e B 4
WRTT IS R R Bl &% AIF AR B 52 4 3 i

HLEFE A5 BE 38 I o 5 AR R R B e
AR T17 S Ny BUIR T S — A0 BRI A 1 Y
F7RY, XA it — D BFOEIESE
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miR-328 TE iz 8l i35 i I T R SR 3= s bk L Y
53 1E R A e rEH
Bt RM K, AR, I RAR, Ry BB EmE

(1. AAFERE KB AT AL 100084 ; 2. JbHIARE K24IE 5l 5 1R B fa e 20 & 3 2 St 2
LA 1000845 3. JbEUAE K Hiz sh SEEM T, AT 100084)

[#E] HBH# T microRNA-328(miR-328) 764 iz sl i 36 i il K UM 32 3l ko 38 LA L A e R )
PEH5IE i (voltage-gated L-type Ca®* channel, LTCC) 25 PR SE/E . J75E  1EHC 12 JE IS M 1 & 1if 7% K B
( Wistar Kyoto, WKY) 15 B & & Ifil K R ( spontaneously hypertensive rat, SHR) B #L43 & 1E % I & X B8 2 ( WKY -
C) JIE® IMUEIZ Zh4 (WKY-EX) | &1 XT R4 (SHR-C) | & 1R 12 3 41 (SHR-EX) , i sh 4l 4T 12 J v 4558 &
B, 12 J8 5 R FH RSN bk A8 ARG I R B O 1M A8 B 5 IO BUMG = 3l ik, SR HE 3 €46 I i == sh IROE 3
qPCR 3 LTCC o, H1 B, W5 mRNA .miR-328 %35, Western Blot Al o, F1 B, W IEHE 5k, BMSm %
WKY [ 32 50 5k 1 WLAH L, 8 3R R %5 ¢ miR-328 mimic I miR-328 inhibitor /i 22 F A8 UTER , #:1 LTCC o, M B,
W mRNA FIEE HRIABA, &R (1) ARSI W E AL SHR KE | MUEFLC R (2) 230 7T 2 % SHR
i 32 3 B BEJEL ; (3) iz Bl AT S R SHR X 25 F B L B3R A e S i R 4 M- Niifedipine ( LTCC BELIETF ) B4 F
SN ; (4)SHR-C /Y LTCC o, S B, W5 mRNA (2 [ R34 W3 = T WKY-C 4, 1fif SHR-EX 4 o, 2 B, W5
mRNA ZE 17535 B 25T SHR-C 41; (5)SHR-C 41" miR-328 1323k B KT WKY-C 41, 12 A %32 315 miR-
328 Fik g BN, (6) BRI, SXF A L, 55 U miR-328 mimic 4 o, F B, WIE mRNA FHHAFRKBET
V&I, %% 4% miR-328 inhibitor 4 o, A1 B, WAL mRNA FH[IRADE LIH, &g HEA Ais 9l A 2% K SHR 1
JE, A4 miR-328 R[] LTCC o, A1 B, WAERFRIX , I He iz 2l s i i i £ 8l ik LTCC BRI ALEIZ —,

[F&i[] &)k ;miR-328; 4 £z 5h; LTCC ; & -1 UL40 g
[hEH2ES] Q95-33 [ XERARIRE] A [XEHS] 1005-4847(2020) 06-0749-10
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[ Abstract]  Objective

exercise-induced improvement of voltage-gated L-type Ca*" channel ( LTCC) expression in thoracic aorta smooth muscle

The present study investigated the effect of microRNA-328 (miR-328) during the aerobic
cells from spontaneously hypertensive rats (SHRs). Methods Twelve-week-old male normotensive Wistar Kyoto rats
(WKYs) and SHRs randomly were separated into a control group (SHR-C and WKY-C) and an exercise group (SHR-EX
and WKY-EX). Rats in exercise were subjected to moderate-intensity treadmill training for 12 weeks. The cardiovascular
responses of rats were then detected by femoral arterial and venous cannulation. The thoracic aorta was stained with
hematoxylin and eosin ( HE) for histological assays. The mRNA expression levels of LTCC «,.and B, subunits and the
expression of miR-328 were detected by qPCR. The protein expression levels of LTCC o, and 3, subunits were detected by
Western Blot. For in vitro analysis, primary vascular smooth muscle cells (VSMCs) were isolated and cultured from the
thoracic aorta of WKYs. Both miR-328 mimic and miR-328 inhibitor were transfected into cultured arterial myocytes to
produce miR-328 overexpression or silencing. The mRNA and protein expression levels of LTCC a ,; and B, subunits were
detected. Results  Aerobic exercise significantly reduced body weight, blood pressure, and heart rate in SHRs. Aerobic
exercise significantly reduced the wall thickness of thoracic aorta in SHRs. Exercise significantly reduced the pressor
response to norepinephrine and the depressor response to nifedipine ( LTCC blocker) in SHRs. The mRNA and protein
expression levels of LTCC a,;and B, subunits were significantly upregulated in the SHR-C group, compared with the WKY-
C group, while the mRNA and protein expression levels of LTCC a,;and B,subunits were downregulated in the SHR-EX
group, compared with the SHR-C group. miR-328 expression was significantly lower in the SHR-C group than that in the
WKY-C group; this expression significantly increased after aerobic exercise. In the transfection experiment, compared with
the negative control (NC) group, the mRNA and protein expression levels of . and B, subunits were significantly
downregulated in the miR-328 mimic transfected group; these expression was significantly upregulated in the miR-328
inhibitor transfected group. Conclusions Regular aerobic exercise may effectively reduce blood pressure in SHR and
enable miR-328 to inhibit LTCC «,;and B, subunit expression. This mechanism might contribute to exercise-mediated
improvement of LTCC channel remodeling in hypertensive thoracic aorta.

[ Keywords] hypertension; miR-328; aerobic exercise; LTCC; vascular smooth muscle cells
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P H: AR 2 SO LA S s i
B A SE TR R 2 2 25 2 e UL |
40% I AR N, HOR AR RT3 AR &, K3 e i
FE 4 B Sk R G052 148 N v s 1 52 23 77
RS , BN 45 F RS RE A O . 7 e 1 s
R RS IR I R 32 e I ) Y SR S S A
IO 1A B, 2 0L A S R S 0 SRR, I A
S LA MY ( vascular smooth muscle cell, VSMC) J&
A R I A8 BE A5 R AN DI BE Y T Ay, L B e 1] 4%
F538 i ( voltage-gated L-type Ca’ channel, LTCC) &
FAAET VSMC 5t b i) — i 32 24058 08, 42 1 245
L, VSMC Wi 25 H4 LA, 763815 U5 5K 77 A i
JErii E AR Y LTree oAl o, B B
o, d Fl oy WAL AL, &AL R T A TR . L
H o PSSR LTCC M A B Ca™ B B ALIA,
VE R SCBRAE B EHE A] LUE (57 F 8 5 20 i N 15
PASEIR LTCC 4545, AF5EIESE, VSMC f LTCC
18 9 2 v L P — A A PR AE L A0 R
LTCC & A3k i 5 R P i K 2 IEH 3 H
FORAERIBL i AT R . A RS A B, 5 IR I

KB ( Wistar Kyoto, WKY ) #H b, A & M &5 1L K B
( Spontaneously hypertensive rat, SHR) I & i 5l Jik
LTCC %% 55 7K - B 5, {H R (K /3.4 i
TER I sl Bk i FEASE A o il 3l bk LTCC 2R 1 23k ik
FTbE AL SR A AR UL, B SIS R
AT BEAE LTCC Fikh R HEEHEME
MicroRNA ( miRNA , miR ) & — %5 19 JE % 5
RNA B, 3 4 ) mRNA 755 5% 845 5L D3 A i
FIRAE I . miRNAs (25 18 1T B S 205 0 &
&, NS5 2R o e, FlansE s e R R T,
Z LRI RGE miRNA 7E (= I ) s 33 AE F o 7 v
REFRBAEM T WIEE & B miRNA 1§82
LTCC 5% J5 KV 1) —Fh =ML, miR-1, miR-145
M miR-328 B 4% ) 55 15 VSMC H LTCC 192
RE'ST . RIS AL ILZR M ARG % B, miR-328 it
LTCC o, WV 3E I K ( CACNAIC) FIl B, W 3 3t [A
(CACNB1) A ¥R E % M58 & BlmiR-328 AT LA
S B Pk 5 e LTCC 92635, miR-328 13 %
IR T DAREAR AT O 2 WS s ARy 2l J e JRE 101
AL A2 By 2 T B A ) s o A AE R
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Tk, JATHIINEGE & B, A Az gl ] i 5 5
L7 M4 1 UL LTCC S5 44 F S RE E AL, ok 1 A8
DIRg , P M AP (H S 2 i T 1 L
B EE S RE R I TE ML R A TE R . LA Rz
ENAE Ry — P AR e st A% ) 1) 4%, WTd i DNA FH 2
b AL (B A miRNA 45 38 038 5 184, T8 30
MAE AR OC i PR 36 38, T 2 3 0 1 487 435 4 R0 2
BN miRINA AR A 2 U0 3 2 119 B 22 4 B 40
I RGP EERIL, 2 5% VSMC B 11 iE
IRet . MU S SR — Pl R, AR
FILE LTCC A 72, miR-328 2155 5 Hr,
HAGH A, R, A0 5238 o 5 57 A7 4Alis Sl s
B WLEEAT S g0 1 I DR BT g i R LA
EBIk s LTCC WA miR-328 (A5 M, H-45
i miR-328 fEH A AYREAEA
1 #M#57E
1.1 #F#
L1 L83

SPF 2% 12 JAR M IE ML B WKY HE &
PR I K R SHR 45 24 H, WKY AR5 2 270 g,
SHR K 2 245 g, M T Jb 50 4 i A 4 S50 3 1) 45
AA PRI [ SCXK (51)2016-0006] , 7 3% Tk 5t
BRI S8 % [ SYXK ( 57)2016-0033), KB
U AROK 6 TR 22 ~ 24°C, AR XHE B 40% ~
60% , BT A S50 7 28 A AL 5T IR B R i sl Bl 52
K # (R HEZ 1 24t (TACUC 2017003A)
112 EEH S

b2 4l 25 B R 3R ( Norepinephrine,
NE) F1i# %% #i~F ( Nifedipine ) ¥4 3K F sigma 23 A,
Rabbit polyclonal anti-o,; ( Alomone Laboratories,
Israel) , Anti—1 ( Sigma, USA) , GAPDH ( Santa Cruz
Biotechnology ,USA ) , Rabbit Polyclonal to a-SM-actin
(Abcam,UK) , BCA i3fl & ( Pierce, USA) , miRcute
miRNA 243 #1057 & ( Tiangen, China) , RevertAid
First Strand ¢cDNA Synthesis Kit ( Thermo Scientific,
USA), Alexa Fluord88 goat anti-rabbit IgG antibody
(Life Technologies, USA ), Lipofectamine RNAIMAX
377 ( Invitrogen, USA ) , DMEM % 5% %t HBSS 2% v
WG4 LIS ST Penicillin/ streptomycin Y4114 3K F
Gibco N,

ST A3 4% f 45 B fE JC Y 1M {X ( BP-2010A,
Softron  Biotechnology, ' [ ), PowerLab & %t

(PL3504,AD Instruments, Australia) , B RS Il 45 2R
5K 73 % & 48 (620 M, Danish Myo Technology,
Denmark ) , PCR 1% ( ABI, USA) , % Yt & & PCR X
( ABI,USA) ,Chemi DOC XRS + {4 Z%: ( Bio-Rad,
USA) ,CO, 40853544 ( Thermo, USA ) 18] & A= W) .
f##% (1X71-F22PH, Olympus, Japan ) , Leica SP8 TCS
WO IR A R 40 (Leica, Germany )
1.2 FHi&
1.2.1  KEOY A Rz shi i gy

WKY F1 SHR BEHL 3 % i 6 BE4H ( WKY-C,
SHR-C) A1 %8 3h4H ( WKY-EX, SHR-EX) |, 541 %%
12 2, i@shH R RS T 1 A rE gk, Z e it
712 Fh S MM G s s, 3% 00, 5 5 d, 5
K1 h, HEEN 20 m/min, #4 T 55% ~ 65% VO,
max, WKY-C F1 SHR-C £ Ry X B A iz 8l 1 i,
1.2.2  REURESNIKICA] i He b il

KT W | &2 B Y I TG 2R (heart rate,
HR) R H B 20 ik % fig JC 81 1 % { ( BP-2010A )
M,
1.2.3 RO i A8 s il s

FHKRRT 12 A RzEE, &R 6 H, it
17 sl ok 48 AR I s R B0 A8 B B, R U
JETES G FE 2280 (50 mg/kg) BRI, 4331 T 1% 3 ik
FIBERR IR B T O v (2 AR ZR) RN oo (1 HRER ) 5F
2, Bk e Je A i 45 35 0 iy , T 376 400 g 45 FL AR A7
RISY—/ N B 45 W A A A7 A8 O 1 4 A
2 e S, HA 50 TU/mL BYHFZESH 0.5 mL /&
AR, ARG 24 h KERIKE B4, 7675 B2 i
PRSI, 3 PowerLab £ 8t 3% 122 1% 8l ik 4 &7 41
Mk 0 SRR B Il Fe o =2 J5 78 K BB ik 49 531
S22 H 'S AR 2 ( Norepinephrine , NE | 18 pg/kg)
N LTCC BH W7 Al %ﬂﬁ’T‘( Nifedipine, 1 mg/kg) , p)
FER BRI A Ak, g Tl 245 49 9 33 33 18] B BER]FE 5 h
PLE, DA I AR A T 5 K
1.2.4 HE 8

BOK BN 3= 3 ik, 310 88 Ji s A 207 A7 8 e
ZoMB I I T R S 0 T A W U0 R S I
ARZE ML e o, OB R A H S B R IR0
£, FH Image J AT, R MREARZLZLY) J bl
BL5 AHEF BN IUEFIN 2 3 YR IEBCEIME B 5 A
PRIF ()P SAEAE A g 3= B R I
1.2.5 S dE I

K R F SRR T 5 23 IR 2, B30 )5 H
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IEWNE R R . ] SDS-PAGE HLTK /3 B 55 5
FEHE (2 50 ng) 55 % PVDF B L, FH 5% BSA
£, A —$HC Rabbit polyclonal anti-a,.(1:200) ,
Anti—B,(1:200) il GAPDH (1:500)4°C W& 1 %,
B2 RMAZIEIREE 1 h, N ECL &G E
PVDF fi# I, it A Chemi DOC XRS + % &% 5.
1.2.6 Real time PCR

LTCC o, Ml B, WA mRNA Il & , By 3= 3 ik
() B RNA #E47 % BLAY Real time PCR, miR-328 il
7E K A miRcute miRNA $& B3 25 34 7] & 38 B =

K ) miRNA ; 2K H RevertAid First Strand ¢cDNA
Synthesis Kit, L U6 NS HE | fifi FmiR-328 & FF
SHEEERZE 5 1)) BEAT S SRV 5 cDNA 37 34
K Power SYBR Green PCR Master Mix 4T %
N, LTCC a,. .3 ( CACNA1C) il LTCC B, W%
(CACNB1) Lk GAPDH kN 2 B8 miR-328 L) U6
NS B, Fr 5 PCR KN ¥ 8 & 3k 47, R A
2B IEAT VR AR, 43 BT B Y 3k B A X R R
Ei BT 7/ I 3 2 /N e o A = 71 I
(&)

&1 RT-PCR5I¥F5]
Table 1 RT-PCR primers sequences

EIL/EA S EmG1Y) LG
Primer name Forward primer Reverse primer
Qe 5'-GCCGCAGTTAAGTCCAATGT-3' 5'-GCACTTCTGTGAGCCAATGA-3’
By 5'-GCCGCGACTACTGCTAATGT-3’ 5'-GCACTTAGCTGAGTCAATGA-3’
miR-328 5'-ATTATATCTGGCCCTCTCTGC-3' 5'-TCGTATCCAGTGCAGGGTC-3’
ue6 5'-CTCGCTTCGGCAGCACATATACT-3’ 5'-ACGCTTCACGAATTTGCGTGTC-3’
GAPDH 5'-CCTGCCAAGTATGATGAC-3' 5'-GGAGTTGCTGTTGAAGTC-3'

1.2.7 VSMC JFAt 510837

B 12 JE e R et WKY | RIS , o &4 T
W R R 3k, 18 T HBSS i, 35S Tidsh
ik JE R iR P 2L 280, 305 3l ok 9 It W HE B , 522 1
FEG SRR FR LA, 37°C R E K ER B k2945 min , 3
BIBIKOMEL, JF 25 BR N B2 5 556 4% 2 s 2R g 8 o
LA FE S Bk T R4l /M (1 mm x 1 mm) ,37°C i
B 30~35 min, U QWA HE 17 I 52 WO AT fifi 2H 2L
J 2K 51800 rpm B0 10 min, 35 PR, B EAT
VSMC % 10% i 4 1075 A1 1% AT E) DMEM £ 3%
WEFR A 37°C F1 5% CO, Wi F- 46 h R 37 40 i,
MEEFEML A VSMC % FE 15 80% ~ 90% I, Jin A Jigs it
HATTHATFARAR ; VSMC 1% 2 5~ 7 X H 4 Mo %5 i 35
60% ~80% It AT Yy A FHF- i LA S 1 WL Bl 2
H a-actin 255 VSMC, 41 5 223K 90% ~ 95% J7 A it
1 Ia S Je 55
1.2.8 VSMC %t ye o

W E R SR ML AP AR R 5L, VSMC T 4% 2 R H
1% [ 5 30 min; JH 0. 2% Triton X~ 100 X 4 it 17 st
ZEFLIET 15 min, PBS 14k 3 ¥ 5%BSA 5 60
min , B A IR T 45 A BUATEB AL ; 1 I —$T Rabbit
Polyclonal to a-SM-actin( 1:200) ,4°C i &M H , PBS
THYE 3 /& 0 =3t Alexa Fluor488 goat anti-rabbit
IgG antibody (1:1000) , XF 41 i & 60 min, PBS &2
PRE T INE R LS5 B R FE 24 h JREOEIE
RENBRRGEHITE SRS IR,

1.2.9  JRBTAREE G
BUE KRS B9 VSMC B 41 i ML 4>y =
2 miR-328 mimic 2 ,miR-328 inhibitor £ F1%5 fig 5
& negative control ( NC) #H, >k F Lipofectamine
RNAIMAX i 7] 6 45 miR-328 T 4 ¥ 5] %% e it
VSMC( % 2) . TH Y45 24 48 .72 .96 h LbE VSMC
AT VARG, 464 J5 12,24 48 72 h i 5E
VSMC #17 mRNA 1,
£2 4 miRNA THFS
Table 2 miRNA interference sequence
413] Groups J751 Sequences
5'-CUGGCCCUCUCUGCCCUUCCGU-3
5'-GGAAGGGCAGAGAGGGCCAGUU-3'
5'-ACGGAAGGGCAGAGAGGGCCAG-3’
5'-UUCUCCGAACGUGUCACGUTT-3’
5'-ACGUGACACGUUCGGAGAATT-3'

miR-328 mimics

miR-328 inhibitor

NC

1.3 FITESH

SCIBAE Y LSE G + iR (& + 52 ) FR,
{1 GraphPad Prism7 #{HERE], R SPSS 17.0 4&
THROEEA T AR 28 ORI R ) 254007, P< 0. 05 3
NS EA BE,

2 4R
2.1 BEEHXNENEXREAE MEMOED

2200
FH KRR Fizsh T (12 Fis) f 12 JJA
BTG (24 JE) R A R 80 ik Je ) i A &



o [ S 86 sh W~ 4 2020 4F 12 A5

528 %545 6 1 Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6 753

KB AL, 32 3 FT SHR-C 4R 8 E KT
WKY-C 4 (P<0.05), i SHR-C 4H #Y W 4§ J&
('systolic blood pressure, SBP ) | 7 7K & ( diastolic
blood pressure, DBP) fil HR {2 3 5 T WKY-C 4 ( P<
0.01), WKY-EX 1l SHR-EX #41{k &  SBP  DBP
FHR 54 AXT A AL E B E2Z 7 (E 1),

12 JAA EiE 8 5, WKY-EX 41 fil SHR-EX 2 {&
FIBFLT A AL (P < 0.05) ,SHR-C 4{AH
{558 FR TWKY-CZH (P < 0.05) ., WKY-EX #H SBP

HEMT WKY-C 41 (P < 0.05) ;SHR-CZH SBP .DBP
A1 HR M5 T WKY-C 4, 1M SHR-EX 4H SBP,
DBP F1 HR & #XT SHR-C 4H(P < 0.01) (1),
2.2 ﬁaLmﬁﬂﬁkmmfm%,u AN

HE G4 (80052 2% 2 K B 3= 2 ok e 22 4k (&
2) . WKY-C 2HH1 WKY-EX 20 B 3= 3 Jok s )5 G
B 225, 5 WKY-C 414H Ltk , SHR-C 41 M 3 3h ik 4
BEH] B3R (P< 0.01) ;SHR-EX 20 Jik) 3= 3 ik e )52 4
F/NF SHR-C 41(P< 0.05) ,

TE: 5 WKY-C 4L, * P < 0.05, ™ P < 0.01; 5 SHR-C 414 1L, *P < 0.05,%P < 0.01, (TEIHE)
B 1 AHIE3% WKY Fl SHR (R AL AR B (n=12)
Note. Compared with group WKY-C, * P < 0.05, “* P < 0.01. Compared with groupSHR-C,*P < 0.05, #P < 0. 01. ( The same in the next figures)

Figure 1 Effects of aerobic exercise on body weight, blood pressure and heart rate of WKY and SHR(n=12)

U A T BRI ALBUFL5H (HE S, x400, BRI =50 ) 5 B J 32 80 JRHEEGEHHEAR
B2 A RIS R B = 3 kB IR R SE R (n=6)

Note. A. Histological structure of the thoracic aorta ( HE staining, x400. Bar=50 pwm). B. Statistical histogram of thoracic aortic wall thickness.

Figure 2 Effects of aerobic exercise on the thickness of thoracic aortic aorta of rats(n=6)
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2.3 BREFMNZFHXRONE RN
FSHARRT 12 AA 3G, Rk E
AR WD I RS 0o X A8 B NE A AR IR K T S NE
(18 we/ke) Ji, POZH R BRI ¥4 (2 25 14 0 5 55 WKY -
C Z0AH L, SHR-C 4175 NE J5 F- 330 ik & ( mean
arterial pressure , MAP ) Ft & i 5 ( AMAP) I 3 54 i
(P< 0.05) ;5 SHR-C 414 [t, SHR-EX 4114 NE

Ji AMAP % FF&(P< 0.05) (& 3A 3C) ,

Je s ik 3 Bt Nifedipine (1 mg/kg) J , P4 K B
MR R T B SHR-C 41K Bl MAP T R e B B B
i, HB#Em T WKY-C 4109 F R IE B (P< 0.05) ;
5 SHR-C ZHAH I, SHR-EX 41K FL MAP A% i B 0
B (P< 0.05) ; WKY-C 405 WKY-EX 41 MAP
FAALC I 2 0B (. 25 5% (€1 3B .3D)

B3 HRENTEAKBROME A (n=6)

Figure 3 Effects of aerobic exercise on cardiovascular response of rats(n=6)

2.4 FEREHXNEMLEXRMEREK LTCC o
fn B, LE mRNA FIZEAFRIEM I

qPCR Kl & 41 = 3l ik b LTCC o, F1 B, I
F 54 A GAPDH ) mRNA A 2 ik {8 (14 4A
4B), SHR-C 41 LTCC «, f B, B mRNA ik 5
Bl ST WKY-C 4H(P< 0.01) ., & 12 A Rizsh
J& ,WKY-EX 41 #1 SHR-EX 41 () LTCC o, A1 B, 1Y
mRNA FIL AR I RS (H 54 3 X A
b, SHR-EX Ay ZRiA & M T (P< 0.01) 1
WKY-EX gl Rk m T EMW2ZS

Western Blot #4520 6 = 8l ik LTCC o, Fl B,
WP FEE AR 1Y GAPDH (1) 25 A X 63518 (1] 4B,
4D), 5 WKY-C 414 tb, SHR-C 41 g = ah ik

LTCC o, M B, £iEEFH FM(P< 0.01), 5 SHR-
C ZHAHLL , SHR-EX ZHHY LTCC o, BRI E B
PE R (P< 0.05),LTCC B, FEHF L LA B &
PEFIH(P< 0.01), WKY-EX 4 o, A FKILH
F T WKY-C 4t A7 ir B (HR A AR
2.5 BEREIHRHSMEKRKES K+ miR-
328 FiLHE N

iz g4 A1 i 3 Bl bk e miR-328 5 A R Y U6
AR (K 5) . 5 WKY-C A Eb, SHR-C 21
miR-328 [3RiA 2 8 MR (P< 0.01), i@t
12 AR Rz f5, 54 AXT A A L, SHR-EX 44 h
miR-328 15 B i 7F 7 (P< 0.05) , WKY-EX 4 &
WEEER(ES),
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B4 FAKFEMESKLTCC a, M Bl WH mRNA FMIEFFRIE(n=6)

Figure 4 The mRNA and protein expression of LTCC o ,cand B1 subunits in thoracic aorta from four groups(n=26)

5 HHRBRM I3k miR-328 £ik(n=6)
Figure 5 Expression of miR-328 normalized to U6 in

rat thoracic aorta(n=6)

2.6 miR-328 ¥ @ & LTCC o, F1 B, L E
mRNA F1EZEBRIX
2.6.1 VSMC %5&E

WK 6 fiR, KE VSMC JRACHR B 8 37 91 1%
A, - U S E LB 2R ) a-actin R8¢ BT
HEATSEAE I OGS AR W RN & B, VSMC
BHRE M a-actin MR UL, 40 BT N A TE K 4L
A 22 , KU AR VSMC,
2.6.2 miR-328 X} LTCC «, V3 mRNA 14 4 %
BTy g i0p=A1 ]

BRFE YL 12 24 48 72 h J5 K VCSMs N

LTCC o, I3 mRNA ik, qPCR 5 R WE 7A, 5
FH AR BEAY NC ZHAHHE , o, . mRNA 63578 Bk i 3%
Yt miR-328 mimic 41 24 h LT R (P>0.05) ,
48 h FiAE B EMEFEK(P< 0.01) ; 7 Y4 miR-328
inhibitor 41AY o, mRNA ik H7E 24 h(P< 0.01) Fl
48 h (P< 0.05) & &M FiH,

BRFE YL 24 48 72 .96 h K VCSMs N LTCC
o, WHEHE H %18, Western Blot Z5 3R 41E 7B.7C, 5
][] B NC ZHAH EE , 754 miR-328 mimic 41AY o,
F#IARATE 48 h (P<0.05) F172 h (P< 0.01) & H

Bl6 ~FHIURESFIENLEIE I a-actin BT
FRichy VSMC fR
Figure 6 Representative immunofluorescence images of

VSMC stained with a-SM-actin
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Feik i i E R, i miR-328 inhibitor 417 o FEE A
FIRTAE 48 h(P< 0.01) F172 h (P< 0.05) B I
PE, 0L AL, miR-328 XA Ah B 5% () VSMC ()
LTCC o, A B B3I EH]

2.6.3 miR-328 % LTCC B, W % mRNA FI4E 3%
K5 R

BIRE YL 12 24 48 .72 h JE KT VCSMs N
LTCC B, W3 mRNA %35, qPCR 5% B/RWE 7D,
Ej AR B B NC ZHAH H , 7% % miR-328 mimic 211
B, mRNA FRik7E 24 h B & T (P< 0.05) , M G
miR-328 inhibitor Z1 1Y) B, mRNA 1K iEH7E 24 h
(P< 0.05) 48 h(P< 0.01)F172 h (P< 0.05) & i
FE L,

BIRELE YL 24 48 72,96 h J5 K VCSMs N
LTCC B, WIEHE 151k, Western Blot 45 R UM 7B,
7E, 5[RIEE] B: NC ZHAH HE , 75 9% miR-328 mimic ZH
B, HHHKILTE 48 h (P< 0.01) Al 72 h
(P< 0.05) 2 W ZEVE T, MFE 44 miR-328 inhibitor
AP B, MEH Ik 48 h(P< 0.01) F1 72 h
(P<0.05) 25 EM L, BILAT UL, miR-328 XA
SR FE B VSMC By LTCC B, T 3 A W W il 311
HEH

3 g

ASCHESE T 12 ARG Az 3%t SHR i £ 3
ik LTCC ik 52 m, FF48T T miR-328 76 H o 1y

MEfER, 45REW, 5 WKY-C 4141, SHR-C [
F 3k miR-328 ik T, LTCC o, M B, WIHEHF
ik ;12 A Az 8 s AT B i SHR B 3= 3 fik
miR-328 ik, $L [ M LTCC o, Al B, T3 %
ik, T A SRR SHR. L%

6 3 B KA Sy A fie R I b Il 47 E A R
A5l JE ) HR Bl i ) AR X R e S o EAE
DRI, 3R AT 358 BN = 20 Bk AR R F e vk 42, R 98 3%
IR 0 % ARk e 5 I A8 45 4 A ) e AR Ak
YIAHDG, =22 3R 3 0 I P B 40 A ) i e 15, I A8
SF-TE LA A ol 7 RE A R A I R A LA I
PR, SRR T RS B ] A R
i K BRA) il R S0 I S 2 ALl ™
K12 3l 7 00 JIE AN Bl k45 A8 K T BE & A 1 N 1
A O SRR 2RI 55 , 2K B TR I, BBk R
St A5 P AR K, A R i A B T 9855, DY 2 )
RETICGEE 45, T RRARG O3 AL ARAFF 5T SHR-C
2H 1 3 Bl ok 4 A8 RE JEEBE WY &5 T WKY-C 41, i
SHR-EX 20} 3 2 Ik &% )5 B 2 AIK T SHR-C 41, Ui B
12 JEA Gz sl o] DL S ol 56 e i e R BRI A R R
A,

LTCC j& VSMC I —Ff Ca® il , A W F
I o, M By, oy 35 B 1 il 20 M A0 A 45 8 1 N
WL, B, MITT o, A BTN RE RIS , —F L REH 2
5 LTCC PIfEm ZRetE  BFFEIEW, 4% LTCC
V. BN ZH R B K 5K g R0 KOS il e IR R P

B 7 VSMC 4% miR-328 mimic BY, inhibitor J§ LTCC «, fl B, W3 mRNA FIEH XK (n=6)
Figure 7 The mRNA and protein expression of LTCC o, and 3,subunits after transfection with miR-328 mimic or inhibitor in VSMC(n=6)
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LTCC FRiAFTIRE S5 2 5 BOUUIEM: 7K 77 F0 i 1
SEHARAL VSMC W LTCC b 30 2 v i s B — >
SMERRE ) B T WFSE LTCC hBETE il JE 8 45
AOFE T, 341138 4 76 4R Ik 1 47 NE F1 Nifedipine
(LTCC 5 PEBRWT A ) | 45 5 % Bz sl ] B o P AIK
FR IR R B NE (%) FF 520 AT Nifedipine 1B He
F2INE . VA R LR K B LTCC ShAE 2 B, A
SFUEFN G AT SRR LTCC 7E 845 i rh i Bh e T
Ao MR F L LTCC ik i3 290Nl 2
Hjge LR R, & i R R VSMC ] | LTCC
FIRBG N, KA Ca™ PTG I, DA 51 i A i
45150 AHFSE Western Blot 1 qPCR #6145 SR 7R 3
B, O R BRI 3 B ik LTCC o M1 B, S
mRNA FIEE 15K 25 8 TR R KR, M4 12
JilA Sz 8 iR KBRS LTCC «y A1 B, W 3
mRNA R R BURREL, 2315 LTCC EikME
AT S8 LTCC DhRE T~ , X v] /g2 5 20 4 o hg
BEEMRRZ —,

PO 2 E WA ol 2 5 IR 9] 1 47 O
N RA SRR IR 1 AR Ak, FWAE A A8 1 A
DNA F 564k | 21 2 9 5 08 0 A0 Al 2 A5 miRNA Y
CLIFESE miRNA 78 & 0% S E A v B HEAEH
AIJEE VSMC P35 A4k JR T FLR B 4 a0
MR HE AT AT miRNA /B R 2
(R FEIEHE ML 2 — IR Z A 58 R B, B2 g il
DA 3 3 38 % 9 003 1 ol T A ARs B
Al fd SHR 3k miR-27a Al miR-155 b, miR-
143 N, 2 R - Bk R RGOV, 30
S E Sk ER MR | Liao 25 & #7523
FHuEFE S, miR-145 LT RES 5 T &1 & s ik
VSMC M2 53k 22 70 i) Wi 45 28 TR 1 2 72 | DT il 5
M, TEABFSE Y, SHR-C 41 M = 3 ik miR-328 1
Tk B F LT WKY-C 41, 1 SHR-EX 41 i = 50 Jik
miR-328 ik B &= T SHR-C 41, Vi miR-328 11y
k5 LTCC o, 1 B, W3 mRNA FIZE £ A L
FEAH G, A S 3 nT i T i e R BRI 32 3l ik
miR-328 F &, # Al LTCC W33 1k DA T A
JEo ST % 300 30 Dk = B, miR-328 ] L4 i
LTCC a, W 3 (9 32 35, 08 55 Il 2 ik 981" T
AU AR /INRR O LA AR 3 2R 2 B R B, B BR miR-
328 FH o, M B, HARKWN &, N TH LK
UE miR-328 X Jig F 8l ik VSMC LTCC o, M B, 3
TR GO . BATHAT T M £k vSMC &

Ah K5 3%, B AR % 4% miR-328 mimic, miR-328
inhibitor fff 2 i3 IR B UTER , HESE miR-328 A [a]
i LTCC o, M2 B, WHE mRNA FIEE AR IL,

48032 BT Y miRNA B97KSF 4O i
EHOEIE I I R R0k, R S B AR B il 4 1
FH o A5 38 i 18 20 k& 48 R HE Y2 i qPCR
Western Blot 48 55 57 4% Je S5 B R O 1L I
N BRI L5  LTCC & miR-328 Fik, IEM T H
A B BT A A SHR LK , P8 miR-328 1E
S IR S Al LTCC o, M1 B1 WHEAY R IE, #2718
miR-328 W] BEJE18 3l el w1 I i = 3l ik LTCC &
FRIMLE 22—, hriz s 4 a0 i A8 e e 42 13 T B e
AR
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Establishment and identification of an immune-humanized mouse
model of prostate cancer
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[ Abstract]  Objective An ideal animal model for the study of prostate cancer (Pca) immunotherapy is needed.
We aimed to establish a mouse model humanized for the immune system and then transplant these mice with human Pca
cells. Methods To humanize mice with a reconstructed human immune system, peripheral blood mononuclear cells
(PBMCs) were separated from fresh human peripheral blood by density gradient centrifugation and injected into NOD-scid
112rg”/" mice via the caudal vein. Peripheral blood from these mice was collected at the 3rd, 4th, 5th and 6th weeks
following injection, and dynamic changes in human CD45+CD3+ T cells were monitored using flow cytometry analysis. At
the 3rd week after humanization, cells from the Pca cell line 22Rv1 were subcutaneously implanted into the right flank of
humanized mice. Tumor growth was monitored twice a week. When the tumor grew to about 1000 mm’, the mice were
euthanized. The infiltration of human immune cells in the peripheral blood, spleen and tumor tissues of humanized mice was

analyzed by flow cytometry, immunohistochemistry (IHC) and hematoxylin and eosin ( HE) staining. Results High levels
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of CD45+CD3+ T cells were detected in the peripheral blood of mice from 3 to 6 weeks after PBMC transplantation. The

mice were euthanized at the 6th week and the result of HE and IHC staining demonstrated that the spleen and tumor tissues

of the mice were infiltrated by human immune cells CD4+ and CD8+ T cells. Conclusions The immune-humanized mouse

model of Pca was successfully established. This model showed high levels of human immune T cells in the peripheral blood,

spleen and Pca tissues, laying a foundation for the construction of an ideal preclinical model of immunotherapy for Pca.
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Note. A. The percentage of human CD45 + CD3 + T cells in the peripheral blood of donor 1 reconstructed mice was monitored by flow cytometry at the 3rd,

4th, Sth and 6th week. B. The level of human CD45 + CD3 + T cells in peripheral blood of mice reconstructed by donor 1 and donor 2 (n=4).

Figure 1 Percentages of human immune cells in peripheral blood of NPG mice after humanization
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Figure 2 Growth curve of tumor in humanized mice

after inoculated with 22Rv1 cells(n=4)

A Hu-NPG 5 NPG /NEUHIE 21240 HE Yo €0 K Jifg 1330 1 bk B A b A CD45 .CD4 . CD8 Y515 M ; B i 4121 A CD4 il CD8 #usi

Aede a2 E B oM, 5 NPG ML, ™ P <0.001,n=4, (FEIR)

3 Hu-NPG 5 NPG Fhygg 2023 A e U A0 32k & HE Jeth

Note. A. Expression of human CD45, CD4 and CDS8 in tumor tissue and tumor infiltrating lymphocytes of Hu-NPG and NPG mice. B. Semi-quantitative

analysis of human CD4 and CD8 immunohistochemical staining in tumor tissue.Compared with NPG, ™ P< 0.001, n=4.(The same in the next figures)

Figure 3 Expression and HE staining of human immune cells in tumor tissues of Hu-NPG and NPG

A Hu-NPG 5 NPG /NEURALZUR A CD4 CD8 AYZRIANTAL; B FALZH A CD4 il CD8 Gafie A AL A 0 i~ A2 hk 53 AT
4 Hu-NPG 5 NPG /NURZLZUH A CD4,CD8 Gee 4 ALY (1520 5 B 43
Note. A. Expression of human CD4 and CDS8 in spleen tissue of Hu-NPG and NPG mice. B. Semi-quantitative analysis of human CD4 and CDS8

immunohistochemical staining in spleen tissue.

Figure 4 Immunohistochemical staining and semi-quantitative analysis of human CD4 and

CDS8 in spleen tissue of Hu-NPG and NPG mice
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Detection of MRTF-A-binding gene expression in the MCAO/R
mouse model via RIP-Seq
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[ Abstract]  Objective To detect the expression of RNA-bound myocardin-related transcription factor A ( MRTF-
A) -binding genes using RIP-Seq technology in a mouse middle cerebral artery occlusion (MCAO ) /reperfusion model and
explore the potential mechanism of action of MRTF-A. Methods C57BL/6 mice were randomly divided into the sham and
cerebral ischemia/reperfusion (I/R) injury groups. The model of focal MCAO was constructed using the suture method.
After 24 h of reperfusion, total brain tissue protein was extracted. Furthermore, the expression profile of MRTF-A-binding

genes was detected using immunoprecipitation plus high-throughput sequencing. Additionally, the differentially expressed
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genes were analyzed using GO and KEGG. Results

Compared with the findings in the sham group, 429 genes were

differentially expressed (203 upregulated and 226 downregulated genes) in the cerebral I/R group. GO molecular function

analysis revealed that the differentially expressed genes were mainly enriched in RNA binding and Poly( A) RNA binding.

KEGG pathway analysis illustrated that 10 pathways were significantly enriched, among which the estrogen signaling

pathway was most enriched. Conclusions The expression profile of MRTF-A-binding genes was significantly altered by

cerebral I/R injury, which provides a theoretical basis for in-depth exploration of the molecular mechanism of MRTF-A.

[ Keywords]

myocardin-related transcription factor A; RNA-binding protein immunoprecipitation-high throughput

sequencing; cerebral ischemia/reperfusion injury; differential gene analysis
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O UL HH K 5% S I F A (. myocardin-relate
transcription factor-A, MRTF-A ) J2& Ifil ¥ & I [+
('serum response factor, SRF) AR RIS R, )
ZAFAE T ORI B JZ O I A8 VR I B2 i 97 4 21
1, 2 55 A5 B SR i R U e o VR I A
052 BB RERE AL b B A T P 2
g LR B R, BFST R B, MRTF-A 252 {3 Mg
ot Al 5 WUSh 8 46 S R A0 o 4
B Z T 2R, A0 S SRR (AN ke I | ik A5 ) w5
BTN G-IL3h & 5 MRTF-A fif &, {2 i
MRTF-A i il 5 % 7% = MU B, A K%Y MRTF-A 5
SRFIEE W5, 45 &I K G 3h 7 By CC
[ A/T]6GG DNA ¥4I, XFR CArG &, 5] i § A
e SO , 2 5 A5 oA W T MR S R
SRR DR S S5 o 3 A b e P
WSO BT R B, 26O LB P T 5 e, B
PO AL MRTEF-A 2235, W2 #E Bel-2 Mcl-1 ik,
M Bax 35, 4 /N0 WUREZE AR, 0.0 AL 20 Jd
JAT, RO WUR S T RE . A TR 20 i 3 AF 58
RS, 78 i B 1l 75 1 (ischemic/reperfusion, I/R)
5 1 R RUBE Y 7 S8 ) 25/ 52 4 (oxygen-glucose
deprivation/reoxygenation , 0GD/R ) 175 3 1) 21l fifd 45 71
Hi, MRTF-A A i@ i SRF/CArG A2 305 P i T 3k
Mel-1,Bel-2 % s R 7 BB b 2 R4 PE T

HH, 5T MRTF-A HLH 9 BF 5% 1 58 T %) 5%
SEOKE Y I Y, AT 5 O 45 S RNA 45 H A
AYTIRE H AT AR, L, 8 TIRA T i
MRTE-A fE[K I/R 452 4 o 1) 73 1 D g, A F 52 A1)
F RIP-Seq £ A X}/ MCAO/R #i7 ft MRTF-A
455 RNA B3R5 1% EA7 IR 2 DU Fe | LAAZ 4 22 5=
SN gk i AR W AR BT B TR TRE RS
M A 7 T AT ERT, R — 2D SR B S 4 At 3
W

1 ¥MRER=E
1.1 ##
111 S8

18 H 6~8 JH i SPF g fi fE It C57BL/6 /)
B, IREE 20~ 25 ¢, W [ 148 525 3h W A 5 o0
[ SCXK(%)2015-0018] ., /K 35 T il i BH% Kk
SIS EY O [ SYXK (5)2018-0045]) . 4 35 44
/N B E B KOK, RFR IR B R A A I
WERH VR EEAE 8 TR EETE 22 ~25°C , SEE TR/ FLFE
WL IBEFARA S VR 4 (n=9) ,i#17 2,3,5-Ffk
ZIRFEPYE M (triphenyl tetrazolium chloride, TTC) 4%
& RNA 454 8 M 5 UUUE - = 3l & 0 7P (RNA
immunoprecipitation , RIP-Seq ) A I /3 25 SR 5 iE (n =
3) o FTABAERRE G B R 2% 5 5 3h ) 18 3
SEFLR (HIES:201849)
1L 1.2 EZEF S5

LA T MAER AW PR w5 RIP 57 &
IgG HifR E Millipore 23] ; MRTF-A Hi&t) [ CST
N AR A AR Y B AR IC I SR BT SR R B A
Santa Cruz 2~ Al 3 B G405 : 5 G HE = 125 :24 1 ( pH=
4.3) W HZREFERHEARA A,

1A MBS ( Motic SMZ-140, 7 v 83t 521 4E
FAEBRA T ;582 & PCR ¢ (Bio-Rid CFX96, 2
B 5k ) BE #% IR ) #% ( SilentShake, 3 [
CRYSTAL) ; fHIR¥E K (KYC-100B , |- 1648 ¥ 52 460 %
BB E]) M F LA (Hiseq 2500, 32 [# Hlumina
NP
1.2 A&
1.2.1 /NELMCAO A AY 3 57

SR Y Longa 3£ il 45 /N BUA 00 Js) b 1
MCAO B ARHT/NRESE 8~10 h, A KK, 1
J BRI AMENE 2 T 37 CHEIRFAR G B, BT
FE Ik, = R T 2 58 A 0 35038 A4 Bl K ( common
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carotid arter, CCA) , 4Pl ik ( external carotid artery ,
ECA) #1301 N 8 ik (internal carotid artery, ICA) , %%
. ECA Jz.0o3ii)i , VITF ECA 4l A% | fliZk i 28 Hy
CCA ICA J Af, H 2 KM 8l ik ( middle cerebral
artery, MCA) JHEATREZ 0.8 ~1 em, fFHLIL 1 h
JE NS P 2k SE IRV, 24 h JE AR AT/ B, B
FE o ARTARH H R AH OGS T A AL
1.2.2 MZUIRE =

SR I B S, R Longa’s 5 VAT VR
OFo 077 oA ZAATREAR 5 1 73 A BE & 20 ) iy
J2 43 AR ZE M ES 33 43 [ ZE MBS 5 4 43 AN
AE A &ATE, iRk, BB 0 70 M 4 43 1ML 1~3
3/ N T RIP-Seq,
1.2.3 TTC 4efn,

PHIETE 24 h 5, B ALREALIEHR 3 JUNEL, Wik
S P EAT R ZE AR ARG I 5 i i 2H £ - 80°C 3 VR
3 min/5HUE DA 2 mm JEEESGEIR Y . bifi J5 1296 T
1% TTC WERRER S8 vhi i, 37°C REOCIEE 15 min,
(PR e R B = 1R 2 el s, TTC
PSEIR A A SR SAN S A P R R
FEE, RGER AR T 4% 2RI, 4°C [
SE AR TR AR SEAR R A Ay L, IS
B 73 LU A Tmage J R S Hr 1 XS BESEAR TR E
refh, m e T R e il AU R SR AR R B
FAEFEARF = FEAE T AR x U) R R, FFoR RN
FEACARA I FEAR T 43 LU = S AEAAR TR/ 4 ik {4
L x 100% .,
1.2.4 RIP £5

RIP SE50 AT A7 iR 4 g JORgAb B . P 24 h
Je SRR R i~ BRZH R (REAE X S AEAEAE LX) | HI
Y PBS vk &) 3K, Ol B A0 i R K. 4°C
1500 rpmE5.Lr 5 min, 3¢ 35, I S5O BUR AR 1R UK

3% 5 min, -80°C R FEA A, RIP 5255 HAK#RAE
Fi R Millipore 23 7] RIP {77 & 4 /E Ui A 2R 47, BD
EH4H 50 L BEERH, N MRTF-A/IgG $UK 5 pg, =
RIEE 1 h, RIS REERBURE AW, BEEIEER, 900
pL RIP SR dLiivE e ik i inA 100 L fixiZH 2154
ffR, 4°C IR R, A K TS By &5 - %
f=125:24:1(pH=4.3) 2B RNA, {7 R S H# 5
EAT e 0 B U, R E AR A ] F 25 5% RNA £k
qRT-PCR 51l ,
1.2.5 RNA Fpl &7

FEAS (Sham MRTF-A- RIP %41 & I/R MRTF-A-
RIP 41) ZHE) M i AR A RAF, R
[lumina HiSeq TM2500 il 5 77 =47 .
1.2.6  WFEHE B

[Mlumina HiSeq TM2500 R Fr i 50 nt 7 41
(reads) , i & #1 4F iF u&, 15 8 T 7 51, A H
Tophat (v2. 0. 13) MK H 5 2% BL 41 LT, Pkik
HHEXT veads HEAT 423 P 4L o0 A 45 4 16 (Peak ) K
W R AR G50 AT, 55 349 25 5% Peaks, If
X 25 FIEHPEFT GO 1 KEGG 4307, R F kR H
RPKM 15485, H Zscore (/R Peak 7E AN FEAS
PRy 2E FRE Ll Zscore | > 2 /) RNA 22 k3%
Sz 1)1 priry S o
1.2.7 qRT-PCR HiF & F £k

{#iF Thermo Scientific 10 %% iR % RIP 4li{k
JE ) RNA FE & SEAT 300 7% 5%, 308 7 SR 450 R . 42C
60 min,70°C 10 min,4°C , & 1)), qRT-PCR #2118
Yeasen {855 & B HE 474 18 , SN 55489 h : 95C ,
2 min;95%C 10 s,60°C 20 s,72°C 20 s, 3t 40 PMEH,
SRS FG W T AR B A T A B 432 2748 A
R AR s . 5P 5 W3 1,

£ 1 qgRT-PCR 3|¥E75
Table 1 qRT-PCR primer sequence

FHEH EmFIH(5°-3") RI51#9(5°-3")

Gene Forward Primer(5’ =3’ ) Reverse Primer(5°=3")

Gm33780 TTGTCTCACTTCCCTTTCTCTGC TCCAATGCTCAAACTCCTGCT
Gm3871 TCCAGTTCTCTCAGGCATTGT TGAGGGGAAATGGAACACCG
Hic2 ACTGGTTGACCCGTCCGTTC CTGATGAGGTTGCGCTGTTGG
Malat1 GAGATGAGTGGGATCGAGCG GAAACCTGTCTGAGGCAAACG
Hsp90b1 ACACTAGGTCGTGGAACAACA GCTACTCCACACGTAGATGGG
Hspa8 CCAGCCTGGTGTACTCATTCA ATGCCTGTGAGCTCGAACTTT

Calm1 CGCCACGTCATGACAAACTT TTGACTTGTCCGTCGCCATC
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1.3 SitESH

CF B o TN A PR BR 2 W A A
PLP< 0.05 0 i 25 B(H . S286 5048 A FH GraphPad
Prism 8 JPFHEATEEIT 30T, 45 R A ME + prifiizs
(% = )37, I HLEER H Wilcoxon kA 56 (55 4%
BOkE) SO REA ¢ R e (THERBERE) ,P< 0.05 A
Gtz

2 #HR

2.1 RINE/INERA /R EE

/NEL MCAO B B A8 2 AN S 06 7 OC AR
I FRATTR b 22 Dy R Bk B TF 43 F0 TTC 3 456 fii 43
PR EE AT VAL AT DRI P R AR AT 5 i /R 45
5 IR /R A3 R [RI R BE 19 b 28 B O3 R IR
Wk 2.5 + 1.0, M T ARHTCHh 240 etk (1#

1A) , RRAFMHLER 3 H/NRAT TTC e o, 25 5%
1B s (B F ARG SN0 b %, i /R 412
PRI RE B B AT L, B AEAR R 43 LUy (28. 42 =+
7.73)% (K 1C) , DL B4R AR /N BUIK I/R #ERUA
AL,
2.2 MRTF-A £& RNA £RRiE

ARG LA | Zscore | > 2 VE Rk 4644, Fe3k 15
429 4~ RNA 22 545 G0 Ho 3R 203 4>, R 226
A5 38 X RNA 28 AL 23 A &2 B mRNA 384 1,
ncRNA 45 4>, Hop K 88 3F 4 i5 RNA (IncRNA) 24
Ao 2 BoRBER T ER 10 MG, BAR N
Gm33780, LOC105245688 ., Gm3871 . Rpphl . Hic2 .
Olfr856-ps1 ,Gm32291 Jarid2 .Gm10845 Malatl , H:
IncRNA A 7 4, 7] W, IncRNA 7E MRTF-A £ 5 (19 ik
I/R $455HvT B R HE T ZAEH

TE A AZEAEPE B AL TTC Yt C AT B At S BT ARAMLL, ™ P < 0.01,
B 1 U 1R AR

Note. A. Neurological score. B. TTC staining. C. Percentage of cerebral infarction volume. Compared with sham group, ** P < 0.01.

Figure 1 Successful construction of mice cerebral I/R injury model

T2 10 DRI RNA 252 A
Table 2 Ten most significant RNAs differential binding peaks

ety s R 2 e 4 AR RNA 27

Peak ID Start End Gene Zscore RNA type
Merged-chr2—98666801 -1 98666701 98667901 Gm33780 24.51 IncRNA
Merged-chr14-19416076-1 19415976 19416176 LOC105245688 15. 64 IncRNA
Merged-chr10-110009971-1 110009871 110010071 Gm3871 14.07 IncRNA

Merged-chr14-50807611-1 50807511 50807711 Rpphl 12.83 RNase_P
Merged-chr16-17222253~-1 17222153 17222353 Hic2 12.42 mRNA
Merged-chr9-19657951-1 19657851 19658051 Olfr856-psl 12.33 IncRNA
Merged-chr18-85698301-1 85698201 85698401 Gm32291 10. 54 IncRNA
Merged-chr13-44869478-1 44869378 44869578 Jarid2 10. 43 mRNA
Merged-chr14-79861111-1 79861011 79861211 Gm10845 10. 18 IncRNA
Merged-chr19-5802218-1 5802118 5802318 Malat1 -11.96 IncRNA
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2.3 RNA £RERIEETNRETHRFEERIEREL
B m o

LSBT RNA 228 58 45 5 W e A [R] 25 X 40 g
RETCHF oA, R 22 SR 25 5 e £ 220 A T4b
BF (exon) N & F (intron) & 3> UTR X, 5351 K
63. 40% . 14. 69% & 13.05% , HiAth 8. 86% /31 T3
[AE] X ( Intergenic) .5 UTR X #1715 3 FE A [ iF
(upstream ) J¥ %1, 4351 A 4.20% . 4. 20% 1 0. 47%
(BI2A) , Qe fiskifinbr kB, K2 mthes &
VERIRT 45 & 7 S @k (K 2B), Hri 4 540
AR 178 A, 20 i S 2= R4 G IE Y 41.49% ;7 =
ek 100 4>, o S 25 T PESS BN 23.31%, 111 6,
11,17 X Yok & B peak &4, LI F45RILR,
i I/R J5 MRTF-A #HCH) RNA AT Rese it b

SN, B S5 Q kIR R %),
2.4 RNA ZRFIEERE GO 7

Xf MRTF-A 454 RNA 2253 RA 3L H 51T GO
SYRT R IR, 25 5 S PR R A g R b 2 B 4R RNA
mRNA (0T BFeE QTR | 40 M R B SR 4 B Lk
ERUSEA TS, R0, &
FLFEHITE 5 fioh P28 T | B 28O0 O il s B B BRGY
Mo, N TUIREER D R EEE S Z MY
FILEAIIRE, 5 MHC 254 e A R45A JIRE
SRS A4, o BRI 2 RN RNA 454 4t
B 31 LA T AR Bk i 352 Poly (A) RNA 45
BR3P <1.09 x 107), GERHLR KL R
MRTF-A A DL o 55 48 ¢ 57 %k RNA, 7E RNA 456
Poly A RNA 454457 H RS EZ AV IIRE,

1A RNA Z 585K IETETNRECIE L9434 ; B . RNA 22 45 B 16 YL (ol I

B 2 MRTF-A 454

RNA 2% 3455031t

Note. A. Distribution of RNAs differential binding peaks on functional elements. B. Chromosome source of RNAs differential binding peak.
Figure 2 MRTF-A binding RNAs differential binding peak analysis

2.5 RNA ZRRiZEE KEGG @S

Wt X MRTF-A 454 RNA 25 5 26 38 5 4 ok
1T KEGG 55l R, 22 3 Rk W F 2 5
£E10 A5 il i, o 2 R BRI R A L B R o
W MRS T R AR S | 2 e RE R ek 4Y
TR fih I 15 2 43 2 AR At B BUIRE | P9 S5 PR 2
BT K RNA 54z, 78 10 48 % & £ 0015 5 %
v EER (5 B A W I i (3R
4,P< 6.09 x 107), &4 6 MEH, 4500 K
Hsp90b1  Hspa8 , Gabbr2 . Hsp90aal . Calm1  Atf2, #%
/N TER /R 555, MRTF-A 32538 i M R (5 5

% R AR SR T RE
2.6 ¢RT-PCR iEffikERE K RIE

T gAY 45 R R AR AR S SR 45 2R Y AT
G R ARSI 7F 22 5 2R IK T 10 () RNA H Bl L L
4 NHEH (Gm33780,Gm3871  Hic2  Malatl ) #k47 ]
FE45 R IEAE ; R HE KEGG T & 42 B {25 114
WEAR 53 MR 3 A% A (Hsp90bl | Hspa8 |
Calm1) #1474 W {5 B2 9000 285 SR 40 ik, 25 2R &k 3t
MRTF-A HUATCIRTEMR F AR IA & I/R HIhe s 4
BIAHNE RNA 235 (1 3) , Hab kR 22 S kel
AR S I P A R — 3
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T SRFARLMLE, * P < 0.05,™ P <0.01,
B3 25 RNA % qRT-PCR KiilE
Note. Compared with sham group, * P < 0.05, ** P < 0.01
Figure 3 qRT-PCR verification of differential RNAs

3 e

MRTF-A J& SRF #% sG], 32 20 i % %
{5 SRF 454, e 4k SRF 25 &L N 3h 7 1Y
CAYG &, PO #O L R 538 DA 2 S /K7 & #5298
TIRES! SR MRTF-A 275 A7 75 Hoft A I 7 =X
H R A BB B A5 R R R R B
FARM LR, IR T FHEAR R K B4R AL 48
BETHARLFE, RNA 456 8 A s i Te - =il &
MF A (RIP-Seq) JEMF 40N RNA SE LSS
T 53 I Vs I 4% sh &SRR A T HL RE S Bh & PR
F-RNA 5 RMAHEAER, ik, 5 TW®RA T f#
MRTF-A 7Ef§ R it W EH r X, %3 5

&3 GO TIIREERE

Table 3 Annotation of molecular functions in GO analysis

GO i GO HFE SN P{E
GO number GO annotation Number of genes P value
Poly(A) &4+ -5
0044822 Poly(A) RNA binding 28 1.09 x 10
B fiE G ALk
0050750 MEmRIERR LSS 4 1.09 x 107*
Low—density lipoprotein particle receptor binding
RNA 254 ”
0003723 RNA binding 31 1.15 x 10
PN YN
0044877 AATRANES 30 1.61 x 107
Macromolecular complex binding
© N N
0070325 . IRRFIZES S 4 1.78 x 107
Lipoprotein particle receptor binding
> YEME KR LE A
0008135 _ BRATEE BmAsS 6 2.12 x 107
Translation factor activity, nucleic acid binding
N AT
0003743 BIFERIGIH Fifft 5 2.69 x 107
Translation initiation factor activity
BIRENLE -4
0005516 Calmodulin binding 8 3.04 10
MHC I KEHZAWE S ”
0023026 MHC class II protein complex binding 3 3.48 x 10
MHC EAEZ&WEE -4
0023023 MHC protein complex binding 3 43910
F®4 KEGG ¥
Table 4 KEGG signal pathway analysis
KEGG i KEGG signal pathway FFI%L Number of genes P {H P value
HE RS Tl B Estrogen signaling pathway 6 6.09 x 107
RNA %%iz RNA transport 7 2.03 x 1073
FROR IR T8 25 A i Thyroid hormone synthesis 4 6.74 x 1073
PN BT H ¥ ZE BN T Protein processing in endoplasmic reticulum 6 8.07 x 1073
g i Z 43 Tnsulin secretion 4 1.25 x 1072
TR GE 2 fih Glutamatergic synapse 4 3.01 x 1072
TN e NG Amphetamine addiction 3 3.41 x 1072
B4 Gastric acid secretion 3 4.04 x 1072
WY 43 Salivary secretion 3 4.44 x 1072
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MRTF-A AH G 0 ¥ 76 48 5 X, F AT R A RIP-Seq 4%
AXFEIE & /N5 /R #5457 BN 2 21
MRTF-A FifR%E G RNA ik, LIRS 22 5 R385
B 5T 45 R WoR, fE M /R 5 i), 429 4
MRTF-A 454 RNA 2B ks, Kok E8h
mRNA , /D HN neRNA, 7R M0 3 1Y 10 D22 5%
RNA 7 IncRNA 5 7/10, A U IncRNA 7] fE 7E
MRTF-A Z 50l 1/R B4 v & ¥ 35 AN AT 200 1) 4
4 . LncRNA & — K K JE K T 200 nt 1Y
ncRNA , fEfS 5 DNA RNA 2 H JRAE FH 2 50Uk
(R AL BT HEL AR O BIRSE KB, I 1/R 45405
FEAER R IncRNA S8 381 e A3 i 5w 41 i
P ARAE | W I3 A i 5 AR 5 0 1) 20 8 R e )1
W R A 5T 3R AT £2 4% B I S A I A
W% ¥ B AE B IncRNA, 41 Malatl . Meg3 &
Kenglotl 282750 BRI T 1 H 224 i K 117 18 2h g
i) IncRNA, 11 Gm33780, Gm32291 , LOC105245688
& RN T ERTED T 25 R v SE 0, RATTHE 2 88
W E R 10 > RNA Hik B 4 447 qRT-PCR 5
UE, A4 HE IncRNA 3 />, 2553 IR MRTF-A $ifk
AT LUE A2 4 RNA [ B 78 S o e g 74 v 5 & 2 22
SEPERAR | HAR bk 4 5 0 e 25 SR — 3, T DL AR YR
IR 235 A 5 T X248 RNA, JEHE IncRNA 0] 18
it 5 MRTF-A 245G KLY DIReA 15— PR,
JTERA T f# MRTF-A 70 1/R 45345 7 i1
BUE, FRATR AW AE B 55 J7 156 22 S e ah KL R gk
17 GO J KEGG 73 #7, GO ZrHr &3 MRTF-A &
BT RNA 454 Poly (A) RNA 454 KR35 EW L
e, T HEM MRFT-A AT REFEF RNA 2554 HEH
(RNA binding protein, RBP) } Poly (A) Z5&HEH
(Poly (A) binding protein, PABP) = 5 i I/R i1}
JRIEIERE, RBP J&— 28 0] 5 0055 o 54 RNA 45
G R SRR R IR TEM, AR R
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[ Abstract) Objective  To explore the differences in modeling influenza virus infection with two different
respiratory tract infection modes in mice; and provide a reference for choosing the appropriate infection model for pathogenic
research on influenza and developing vaccines and drugs. Methods The A/Puerto Rico/8/34 (HIN1) virus strain was
selected to infect C57BL/6 mice by intranasal instillation and aerosol inhalation. The mice were weighed daily and their
clinical symptoms were observed visually. Mice were killed on the 3rd, 7th, or 14th day after infection, and the lungs were
weighed and used for virus assay, pathological observation and cytokine detection. Results  Both infection modes

successfully established an influenza virus infection model in a mouse, and their general trends of disease progression were
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similar. However, there are some differences in infection characteristics between the two models. Compared with the

intranasal instillation group, weight loss occurred earlier in the aerosol inhalation group, and the lung index and viral load

increased significantly on the 3rd day after infection (P< 0.05). The lesion range and degree of inflammatory cytokine

infiltration were also significantly increased in the aerosol group. Furthermore, the levels of cytokines interleukin( L) — 1o

and IL-6 in the lung increased significantly on the 3rd and 7th days after infection, and tumor necrosis factor-a increased

significantly on the 7th day (P< 0.05). Conclusions

Both modes of infection established a model of influenza in the

mouse , but aerosol inhalation caused more obvious inflammatory infiliration and cytokine expression in the lung at an early

stage of infection. The aerosol inhalation mode led to a more ideal animal model of influenza virus infection.
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Note. Significant difference in lung index of the groups of intranasal and aerosol, * P< 0.05.(The same in the next figure)

Figure 1 The body weight change ratio of the mice and lung index of the mice after inoculation
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Figure 2 Viral load of the mice after virus inoculation
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Note. A. Gross pathological changesin unaided viewing. B. Histopathological changes in microscopic. HE staining.

Figure 3 Pathological changes in the mice after virus inoculation
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Figure 4 Level of cytokines in lung of mice after inoculation
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CRISPR/Cas9 /5 A\ HBB %t A 28 25 A £x
¥ AT 4 20 it A ] e A

KA B B, B AR B IR A R F
xR4T E G

(1. YR = AR BRA A TR I 5180005 2. AR AL B & Fh TARSE40 %, T 7% B3I 5180005
3. IR A N FHAFGE RS, T4 IRl 5180005 4. T PRATEEZY A~k , TEPE 408000
5. BN  ANRER:, RYIKR¥E—MEERE, T 74 WY 518028)

[{W@ZE] HE K AMETAHSEEEE HBB(hHBB) I 545 58 45 (R FE F # Condons41/42 (-CTTT ) #L7) i A KK BL£F
e, FE0 e LN R P H M A& FA R, ik (1) B A 3L K HBB(hHBB) RAEK  H- 4 2 %
HBB i 5 P S5 [ U A4, (2) B infusion £ AN hHBB % 715 (A 45 A G A ) Y58 =[], 4 22 () 9 1 20 24 414
(3) FTEL B hitp ./ / crispr.mit.edu/ TR [0 5% HBB 1Y sgRNA , I 16 PK15 40 rR 36 E HEPE . (4) R A%
ekt CRISPR/ Cas9 ,sgRNA il H (A IE [ AW g G L Er e gt rp i v i vifle , 8R (D) AMT
hHBB Z75 44 | W A5 260 [ Top B DRI 20 | 34 16 22 IRV (1. 062 x 10°) DL B2 A5 R (1. 024 x 10°) , 344 = i 4
P& pGH-LA-hHBB-RA, (2) BETA AL T 11 ZH % HBB 3£ AY sgRNA , 23000 UF 16 P 5 f A Bk ik #25gRNA
F#11sgRNA FHFJS L5050, (3) it CRISPR REuILHI 451 15 ¥R hHBB 225K S A M T 440 7=, 3L
W6 FRANAGIE 7 635 hHBB £, 858 AHFZE Il 35 ARk HBB JE R 287 (AR 4 36 LT A 4 A, 8k ) 61
o FEE RSB Hb BT (4R R B
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[ Abstract]
related HBB gene ( hHBB) was knocked into genome of the porcine fibroblasts by using CRISPR-Cas9 Site-specific

Objective  The high-frequence mutant genotype Condons41/42 (-CTTT) of human thalassaemia-
recombination systems. Then the transfected fibroblasts were screened to establish homozygous cell lines with positive
genotype. Methods (1) Synthesize the human HABB mutant with Condons41/42 (-CTTT) and cloned the left and right
homology arm located at the flanking sequence of the pig HBB gene. (2) Then the HBB mutant was inserted between the
left and right homology arm using infusion PCR method to building a final homologous recombination vector. (3) The
sgRNA targeting pig HBB gene were designed using online software and then were verified its activity in pig PK15 cells.
(4) Bama pig fetal fibroblasts were co-transfected with CRISPR/Cas9 vector, sgRNA and pGH-LA-hHBB-RA using by
(1) We synthesized full length of the hHBB CDS
with a mutant Condons41/42 (-CTTT). The left and right homology arm of 1. 062 kb and 1. 024 kb were cloned from Bama
pig genome. Then we constructed a final vector pGH-LA-hHBB-RA. (2) Two sgRNAs targeted pig HBB gene were

electroporation and then were screened to establish single clone. Results

validated in PK15 cells and used for further experiments. (3) Finally, we identified 15 single-cell clones of the porcine
fibroblast carry the human HBB gene mutant. Conclusions We generated porcine fibroblast carrying the human HBB gene
mutant using CRISPR/Cas9. Our study provides key materials for scientist to generate pig models of human thalassemia.

[ Keywords] thalassemia; HBB mutant; homologous recombination; targeted knock-in; fibroblast
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b HR I BT IRE B R AR R A
KA B R A | SR RN 2T 3 Y o« 5 B B
PR B FE IR AN | 21 40 M 75 i 4 S f) — T i .
PRI ER . 2FR 160 ZAEZFBIX AL 2. 8 12
A B . B HB AU AR RN R A
fEFRRM AR Z —, HBURERES 11 55
AR B -2k 1 ( B-globin ) K& [ % Ak i 2 B i 28
A5 N BB H A e A uE A, F e/
B L) A A, 0 AR R IR AT, AEZ D B RN
AR 2 th | Codons41/42 (-CTTT) 28725 24 |5 B—Hi
TAHRAFM 36% LA 11— LI, i i+ 40 M RS A
JEME—IAML B MY AT B (H RS A 1 iR > 2
N AR HE TR R AE S SRR TR A
h B HF K AE R AN TR —,

S AE T IF X Codons41/42 (-CTTT) RAS %I B
RN B PSR F T N S DA P BB IR U A 7 Y 3 = VA
THEAT 1 R AR AR A M D D AR
R, Niu ZEUPURIAR A M AT A AN Y 4
4 HBB Codons41/42(-CTTT) 2875 1) iPS 20l , 454
CRISPR/Cas9 RGEHAT 5L M IE, I PF-0 7 1F 48 i
AIThREREYE, BRI, iPS 40 At 52 56 A R SN I 44
BRCR I RERRE | JC 58 BRI 0 D) BE AN 48 4 1k
A, Jamsai % R FH IR AT $ 8 R & T A
HBB 41/42(-CTTT) /N, I G /N UAF 6 24T
IRIG ], R E S MR, R B /N
BERU AT DL A (A A UL G B A B (PG b 2 R0 3

I R Ak O AR G A S B B B AN RE
SEATUA, ANREAR G s o AR . PR, HAE A I
PRI 25 4 i 500 i e 2 E M IR AR AaE"
I, HF R N B B KSR+ b2

AT, BN F 55 A B-BRE 1 2
TR — B o i, a5 3 85%, A, KRN L1 &
H5 ANMLLE AR 5> PRSIV —3, —FH A & E
AL PR ES | SRR TAT M B-BRE I AEHAE
Ve iee ol 5 N B-BRER S AR, W5 LAgE
HBB & [ 287 R F4 F b 2R AY  B B ASEA0L M A b
FUREMIALE, R, TR RN B bt Kah e Al
T g, RN TS E R T R AL BN
R DL SR A 7 51 O T AN 28 5L R B AR AR
S N Y BRAL ST IR AR Bk vz v B A g s
SR AE MR A B AR AR I, /N 19 TR A
Fibr 9 WAL AR AR AR S (E 18" Lk
B AN B 98\ b 3% 45 R DG 5 i R 78 B A L i L
PP

AWFFEH H CRISPR/ Cas9 5 A 45 T #54 A
T4k HBB 2:£[A Codons41/42 (-CTTT) 22 KA 2
¥EHE ) LRLET 4E 4N i ik , 42 PCR J7 3 Fi1 DNA ¥ &
BSE T4 A hHBB RS IR FE N 75 IE W, fe)e,
Wt PCR J7isAs I 2 223k /MR hHBB Codons41/42
(-CTTT) B 20 bk 6 MR, x4l Bk itk — 20 3R
(YN RO NE 3 i R T S g b R
SR 2580 1 29 He A
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1 #R5F=E
1.1 ##
L1140 Rk

CRR JEUREL AR 52 560 22 4% 11 9 A B, hCas9 K 4E
H Rl R 2 TR D 2 0 B A T SR % PK
2 AT S8 i LA 2T 2 4 R b L B 2 B
J6 3 & B T i iR MR o8 2L B AL
112 FERFI SR

B 14 N DD T7 A% R VTG T4 3% B2 34
F NEB Aw]; T R ok i SO & W T Omega
/5l 5 Lipofectamine2000 i Jit 14 % 4L i 71 & W F
Invitrogen 7% F); ML %% ¢ 3 5] & Amaxa Basic
Nucleofector Kit Primary Fibroblasts 14 Lonza /A A ;
% % 5% 3K ) & TransScript  First-Strand  ¢DNA
Synthesis SuperMix 1§ Tt 5404 E YA F]

1553825 U AL ( Eppendrof , 752 ) | 8] '8 622 BT
BRI 5L (Lonza, it ) , A ALBRES
F:46 ( Eppendrof , f5 ] ) , AW 88 (AL AS—AYER )
HL VKA (b 5ioS —AL 48] ) , PCR #7344 ( Bio-Rad,
K BER B (Bio-Rad , L H)
1.2 FHi&
1.2.1  sgRNA it Mgk sttty e

WS4 HBB H:H 751 ( Gene 1D 407066 ) , F
TR S IG FEAE LR M http :// crispr. mit. edu/ BT T
11 25#0 5] sgRNA (small guide RNA) JE51 (% 1),
seRNA J3 41 (A R JE R G ik, b TR 9 # R B
e 1:1IR A, 95°C, 10 min;25°C, 30 min; 285 1B &
J&, LA T4 DNA S 4EREN-F 342 A Bsal W UI Y]
I B R 3K CRR, fe A A #E Y CRR-sgRNA
FEAREAR, KRR AL KRR R DHS o, 2808
Pk s e B DA P MDA 75 PCR 480 BHME iR
1.2.2  sgRNA iG55

BEYLRT 24 hoPERE PKIS 405 T 24 FLAR(1 x
10° 4L/ fL) , K H B H HE 4719 sgRNA 56 42 41 i
(Z M8 Lipo2000 #& e iz @ U W45 ) | % G ook Gl i
500 ng,hCas9:CRR-sgRNA =3:1, 40i T 55 =M 55
7% 48 h, WAEAN L IF P HUIE R 20 DNA (gDNA) |, #%
2 5|91 PCR, 4K & 7. gDNA 0.1 pg, Premix Ex
Taq 10 wL, FFHESI¥ (10 pmol/L) 4% 0.4 plL,
ddH,0 %M 2 AT E 20 wl, PCR JZ W 2 7. 98C
1 min;98°C 10 s,58°C 30 s,72°C 10 s, f§¥ 32 ¥K;
72°C ,5 min,

T7 ZPEFLF:95%C , 10 min; 95 ~85%C (=2. 0°C/
s);85~25%C (-0.3°C/s) ;25°C,1 min,

T7 BV VK Z . PCR 774 17 wL,NEB Buffer
22 wL,T7 0.2 wL,ddH,0 #MERFRE 20 pl, 2
N 554 :37°C 45 min,, H5EEY) P LIRS FIH] DNA
BEWE UG R Gekaril

*x1

sgRNA #5751

Table 1 Sequences of the sgRNAs

HLFPE 4 5

Target sequence number

HALEFAN(5° -37)

Sequences of the sgRNAs(5’=3")

pHBB—#1sgRNA
pHBB-#2sgRNA

CACCCTGTGGAACCACGCCC
AAAGTGAATGTGGACGAAGT

pHBB—-#3sgRNA AGGCCAGGGCGTGGTTCCAC
pHBB—#4sgRNA GAGGCCGTCCTCGGCCTGTG
pHBB-#5sgRNA AAGCAAATGTAGGTGGCTGC
pHBB—#6sgRNA TCTAAACGCATCCTCCGTTT
pHBB—-#71sgRNA AGAAGAGAGGGCCGAAACGG
pHBB-#8sgRNA CTCAGCCATGACCAAGGAGC
pHBB—-#9sgRNA GTTGTTCTGGCTCGCCGCCT
pHBB—#10sgRNA TGACTTCAACCCGGATGTGC
pHBB—#11sgRNA GGGGAACTTAGTGGTACTTG

R 2 sgRNATETEYEET Y
Table 2 Primers used for PCR of sgRNA targeted sites
THTHESE 5194 B JF51(5°-3")

Primer name Primer sequence(5’-3")
pHBB(Exonl,2) -iden-F1 CAGACTTGCTAAGGAGGATGAA
pHBB(Exonl,2) -iden-R1 GAGGAAATGATGGCTGTGAATA
pHBB(Exonl-3)iden-F1 TTGAGGCAAGAAGGATAAAATG
pHBB (Exonl-3)iden-R1 TTAGAGGAACACGGTGTCTTTA

1.2.3  AJEAL HBB FEDIATHE Ak 1
HUA7 5 R 1000 bp 22 A7 B F SR S [] Y8
BEH, &H Notl il Y)07 4 A4 it [R] I 5|
Yy A Xhol BI04 R i IR 5 | 9 S & 9
WBIYI(F£3), DG L] DNA AR, I3 1|
FUEEVEE ROV ZR M gDNA 0. 1 pg, KOD Buffer
5 wl,2 mmol dNTPs 5 wl.,25 mmol MgSO, 2 L., ||
TSI (10 wmol/L) 4 1.5 pL, DNA B4 il
1 uL,ddH,0 #MEARFLZE 50 pL, PCR K2 ¥
94°C ,3 min;94°C , 15 5;55°C ,30 5;72°C,2 min, JG ¥
35 K ;72°C,5 min, PCR F=4) I VERE M, 2817 @l
4 PCR, {4 PCR /=¥ pGH-T 44 (Notl il
Xhol YJid ) AT G, FlA KN AK F A pGH-T 214K
5 pL, @4 PCR 7=¥) 3 pL,infusion fiff 2 pwL, JZ
FEIF 4 :50°C , 15 min, #4 & 5 20 20 /& pGH-LA-RA,
DU 790 56 B8 5, KPR BN 2 R ToRi 25
Pl hHBB ( CD41/42 ,-CTTT) -T J5i ki J RAR , 43
BIY 5w A BB, IO BB F 5 W2 4, hHBB
(CD41/42,-CTTT ) F B ¥ 3% & B 1& & . DNA
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0.05 pg,KOD Buffer 5 pl.,2 mmol dNTPs 5 pl.,25
mmol MgSO, 2 pL, I FIE514 (10 pmol/L) 45 1.5
pL,DNA B4R 1 wl, ddH,0 M EAKFLE 50 ul,
SV FRF A :94°C |3 min;94°C 15 5,55°C 30 s,72°C
2min, fEH 35 X ;72°C ,5 min, PCR =¥ RIS, HE
1Tfl& PCR, filf PCR ¥4 Bsal liN FHIHET
A H YA pGH-LA-RA

1.2.4 CRISPR/Cas9 #5{4 Jz [a] 5 8 41 2044 e 12
GG LT i 4 i

# CRISPR/Cas9 3 wg.sgRNA HIR R 1 g Al
hHBB [A] 5 B Ak 3 g 8 ) H SF FLL ek i e 10
NG LIET A, 5244 60 h J5 , SR A FRAG B¢
TR 4 P A YRR B 2 DB SR ML 5000 1S4, A
BRI B A4 37°C 5% CO,,

R3 AEARBEY 555 KRS 51951

Table 3 Primers used for PCR or infusion PCR of the homologous arms

GIL7Ep 7

Primer name

SIMIFESI(5-3")

Primer sequence(5’ =3")

pLA(pHBB)-F
pLA(pHBB)-R
pRA(pHBB) -F
pRA(pHBB)-R
pLA ( pHBB) -infusion-F
pRA( pHBB) -infusion-R

ACATTAAGACATGGAAATATGG

AGACTCACCCTGAAGTTCTCAG

TAACGTCTACACGGCAGCTCAC
TTAACGATGGATTTCAGTCTCCTC

TTAGGTACCGCGGCCGCAATACAGCCCGTACTATAAC
CTTCCCCTTACTCGAGCAGGCATCATTATCAGTGAT

F 4 AU hHBB H By 34 R A5 1975
Table 4 Primers used for PCR or infusion PCR of the human HBB gene

194 Fx

Primer name

ST E) (57 -3")

Primer sequence(5’=3")

hHBB(Ex1-3)-F1
hHBB(Ex1-3)-R1
hHBB( Ex1-3)-F2
hHBB(Ex1-3)-R2
hHBB( Ex1-3) -infusion-F
hHBB( Ex1-3) -infusion-R

GCACAAACAGACAACATGGTGCATCTGACTCCTGA
CAGGAGTGGACAGATCCCCAAAGGACTCAACCTCTGGGTCCAAGGGTA
TACCCTTGGACCCAGAGGTTGAGTCCTTTGGGGATCTGTCCACTCCTG
ATCAGGAAGGGGAACTTAGTGATACTTGTGGGCCA
GCACAAACAGACAACATGGTGCATCTGACTCCTGA
ATCAGGAAGGGGAACTTAGTGATACTTGTGGGCCA

1.2.5  PATTREYN 5 00k S 2

YL IS AN, F 25 400 weg/mL G418 20%FBS
(1) DMEM 24 i 55 32 5L 2457 5 d, M5 &% 20% FBS
() DMEM }5 3R BLGkSE1E 5% 7 d, 256 12 KPR e
R AL, FH B o Bk o 2E RORAS i  K/N A i
(1) BR e AN i 1A 2] 48 FLANRRES FRA, RRA I &
JE K 90% % HL i FE AN AL IE AL , #E7T PCR %7€ .

XIS 3] 1) SR B B 2 B R AT AR, R AR T
60°C, 60 min; 95°C, 10 min, D\ 40 Jid 2 fi# 7= ¥
(gDNA) MR, 40 5 3 % 5 A5 R % 5E 5 | i it
T84, 51 P H LK 5,

51 XS 1 W R B B B S e 51, 5
2 XM 5 W) s 2 R IRV S S 1) R 3 X
AR R S 51 Wy, = X519 N AR & k. DNA 2
pL, Premix Ex Taq 10 pL, B RS9 (10 pmol/L)
% 0.4 pL,ddH,0 #F R AT ZE 20 pL, K FRTFH
$9:98°C,1 min;98%C 10 s,65°C 30 s,72°C 1 kb/s,
PG 35 ¥ ;72°C ,5 min,

3 XFSEAE G YA HEG X hy B A A0 R o AR
FRF] 12 FLARAR SR 7% AR AL A B 5 3 90% K LA

I TR
1.2.6  ANUE{L HBB JEH5E mi i Al RE 20 & 1
TG THE

EF X8 HBB JE D F A 1 T — % 48 78 2 A
ARtk el G Falide s IS E s 1Y),

K1 2.5 AR 5% 1) (¢DNA ) AR,
ai/ QBT REGI M ATY 1S, WS sp-pHBB-
iden-F1 ( AGGCAGGATGCCGTTTAGAA) ; FiF5| %y
sp-pHBB-iden-R1 ( CACTATCACGTTGCCCAGGA ),
JLW AR Z A . DNA 2 pL, Premix Ex Taq 10 }LL,J:T
W51 e E M 10 wmol/L 458X 0. 4 wL,ddH,0 #p 2
RAZE 20 wL, WV FRFFEZER 1.2.5,

RS OPTTREAME SR K ET Y

Table 5 Primers used for hHBB knock-in examination

FE AT Y JFH1(5°-3")

Targeted konck-in primer Primer sequence(5’ =3")

sp-hHBB-iden-F CCAATAGAAACTGGGCATGTGG
sp-hHBB-iden-R AATCCAGCCTTATCCCAACC

sp-LA-iden-F ATTCGTTACGCGGGGAAGAG
sp-LA-iden-R GCACTTTCTTGCCATGAGCC
sp-RA-iden-F CATGCCTCTTTGCACCATTC
sp-RA-iden-R CCCTCCCTTTCTTTTCTGAGTTG
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1.2.7 Ntk HBB BEPRITERE LA 2 4 i rh 351

RGN F1%E HBB FE[H CDS X [ 22 5%, % it —
XHEExE NG HBB R GRS e 519, L5149
hHBB-iden-qF1 ( CTGAGGAGAAGTCTGCCGTTAC) ,
T U751 % hHBB-iden-qR1 ( CAGGCCATCACTAAA
GGCAC) , $REUATEAL HBB 3L [H % A 5 5 A 4l
R B RNA, BE 5 5L 5% 5% 0 cDNA, 2 € 51
hHBB-iden-qF1/R1 FEATRM , F % S I AR 2R R
RNA 500 ng, Anchored Oligo (dT) 18 1 pL,2X TS
Reaction Mix 10 L, TransSeript RT/RI Enzyme Mix 1
nL,RNase-free Water M BRI 2 20 pL, SV FREIF
$7.42°C ,30 min 5 H .

PCR WA % :cDNA 1 wL,Premix Ex Taq 10
L, B FIES M E A 10 pmol/L 451X 0.4 uL,
ddH,0 %M 2 2 20 pl, KNP H:98C, 1 min;
98°C 10 s,62°C 30 s,72°C, 13 s, f&¥ 35 ¥ ;72C
Smin, [R5 [ W0E Ry xsd BR e BRI TED PO 4K R
KSR AT 1

2 #HR
2.1 AN JEF0R HBB EELLES T

il 1F MegAlign7 ¥ {4 Construct-Test Neighbor
joining Tree SEEEX AR /Nl S k55 8 Rl FLE3h
Y15 N HBB JEPHZR G2 K B B b, 45 R R B N
HBB A6 H 5 RAK K sh Wy Il , U O # , #5 H:
YR/ BIAREE TN 3% 5 A28 HBB JE A
BB BT (18 1A) . FATTHE— B UniProt
Wk 7E £ B AF Clustal Omega XF A B A/ R B — 2R
HHEIEMR T IV IEAT X, 2R RS A B~
PRER LR — BN 80% , i 5 N B-BRE A
SR — BN 3k %) 85% (1 1B) . B2, Bk

SEREUR BB Y E R LR S A
B—ER I 1 AL, W5 /R LUK HBB 2K [ R AR A0
P g B AT R RRASLALL s N H 2 ML
2.2 CRR-sgRNA FRiEFHAEFHWIELER

RGP E BT 11 558 0 sgRNA, 43 ) % 42
CRR JFokL, & A 11 4> CRR-sgRNA ik #4k, If
43315 CRISPR/ Cas9 ik 4R A LHE YL 2 PKI1S 4
Wi, 48 hJE, SEHUAIA 3L K 2 DNA 1ER PCR BEA,
FHYER Y PCR, 7358 7= Wy 2E 4T T7 BE-UIF05E e
BUGAESE e . A5 AR 5 W)X #2sgRNA 53
S R Be K /N 913 bp, T7 B U1 G i Be K /Ny
364 bp 1549 bp; 872 51 P1X%T#11sgRNA 334 )5 7= 1)
B R/NR 877 bp, T7 BV G BB K /N R 393 bp FlI
484 bp ,#2sgRNA Fl#11sgRNA 3X Wi & 8T U136 M = 1
HAo (Kl 2),
2.3 NBEWUITHHBFHEHEER

TG, LI FE R 4] DNA i di, #) 8 [R) 5 28
& pGH-LA-RA , Hirh 725 1. 062 x 10°, 77/ 1. 024
x 107, H, FHRE S PCR 77 B0k A HBB %875 44
i A\ pGH-LA-RA 1) W A~ [m] 58 2 [, 44 2l it A
NIGAL HBB HE[H 9725 14 (-CTTT) 1 [w] 5 H 2H 24 2%
& pGH-LA-hHBB-RA , #4T sanger Il J7> 5 30E , I /¥
SEFW A AR HBB JE K 5 75 (R [ Y
H AR BT, B 3 Fron A& “-CTTT” 4§ 5 il
I R S e I ] R — 2 i EE G
2.4 BREAMKLEESER

FIFH | ZE L %% Yt ¥5 CRISPR/Cas9 Ji ki,
#2sgRNAF1#11sgRNA 2 pGH-LA-hHBB-RA [a] i #
2 R [F] e A B S8 i L 4T 4R 40 i, 28 G418
e ARAT T 99 PRIPTEREANAL , A HIEE B
YE T WX R A B A TR AL HBB IR 98 28 R i PCR
Pat PB S BOR/N A 1105 bp, BERE RS 45 54

TE: A B 55 8 R FL2E 35 N HBB ZEN MRS A TR S B A BRI/ B, B-BREE F AR IR FF 91 LE X
B B A SEHVN HBB 2N 51

Note. A. Building the phylogenetic trees for HBB genes of 8 different mammals. B. Identities of B-globin amino acid among human, pig and mouse.

Figure 1 Identities of the HBB gene sequence among human, pig and mouse
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W gR1~ 11 705 sgRNAT ~ 11 FOR B 2B MR 5 ; EGFP . 5 Y EGFP JTURL 9T 18 41 40 g % 5 ; M1 : 100 bp DNA ladder marker; M2 :200

bp DNA ladder marker,,

B2 J& HBB JEH sgRNA T7 VI ML IES, S
Note. gR1~11. Cell samples transfected with sgRNA1~ 11 plasmids respectively. EGFP. Control cell sample transfected with EGFP plasmid. M1.

100 bp DNA ladder marker. M2. 200 bp DNA ladder marker.

Figure 2 T7 Enzyme digestion for Pig HBB gene sgRNA activity examination

B3 [l AT R R A A 2R

Figure 3 Homologous recombination targeting vector sequencing results

Kl 4A iR, Z5 RGN E 4B iR — 255 T 99
AR, %% 5 DT B P 448 S e R 69 1y, e R BT 4k
L E N 30 3

e i (R S o, B U0 5 | 0 S T vt [ 5 A1
M, RS 10 T N AL HBB 3 R 4 5 v X sk Py
Al 58 A 3 72 R R 4 K G 4 hHBB JEIA
PCR F=#) K/INA 1550 bp, P38 25 L an i SA FioR,
SERGETHNE 5B, —FEE T 99 PR, BH % 241 Ffd
ol Sk 25 Bk, BRI s A 74 1

A v [ 5V %0, BIRS 1 A0T hHBB A FF
SR XIS W7 T A v R AMIL, PCR =
PR/ 1507 bp, P IGEERANE 6A iR, 45345
THNE 6B Fros , —3L 805 1 32 PRAMAG, FH: 240 il 5
W&k 15 0y, BIPE AR I ve B R 17 My, 22, 2 X
99 /™4 Jfd b e ) i 1E 5 i PR AR 8 | R AT — L3RS
69 PR G N HBB 5 A 1) 5% BUAT 4 240 M, v o
A 15 PR BEPLE SRS 54 1k

Wit iR 3 # PCR %, it h 3 X5 [ #R 4
S A PEPE P B s R 20 L, I8 hHBB 58 A8 (A s 1Y
sanger W ¥, W1l 7 Fir7s, % HBB K& A #0741 hy
CTTC,1EH AU HBB ST 5 Ry CTTT, 1 A

HBB & [H 5 78 (K X B 1 47 B Bk /D 4 A Bl 3 (-
CTTT) , P45 5 (1 7A) UEBT . FRATTZE I 5 i 4 i
JIE LT 4 40 i rp B ) oA AT AN URAE HBB LY
AN, BEJS , Fe A 138 5 X 4% N IR HBB ( pHBB )
PRI, % B4 AE S I RE T 19 2] pHBB 4577, IR
YoE BNal AT ANM , BIASSC G TS 15 AR AN M A 24
AT (ETB), fJa, @i HEHCAN M A RNA FiiE—
A1) PCR Bk, FATTILGRAS 6 MR FHPEFRIL SN HBB
B AR (K 7C) o
3 iie

REM T BHE EENA T &R0 5,
PUNIT 2= RS A R (8, B i AT )
A KRBT A2 B s K F) 200
ZR B BRE TR, MR R AR
Codons41/42(-CTTT) . IVS-11-654( C—T) ,—28(A—
G) IVSL. 6(T—C) .-87(C—G) %, Hirf Codons41/
42(-CTTT) VBN EE W RARRL) 5 & AFER 36%
DLl B ERER AR TE 2L sh ) b PR .
Foli A iR i /N R R i Bl =2 e 1) 58
AR R PR 2 . M ECTTT &, #EA AR Ak 28 A8 1A
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T A LN E T | )9 #4558 , M ;100 bp plus DNA ladder marker, P B4 BRI B, WT . 85 A= BRI AR IR, 1~ 5 S A e B A 4R 5 5
B+ e A1 70 S 1 B e A e B R e 3

4 FESELPRBABAME L E S 1P A R
Note. A. Amplification result of transgene identification primer. M. 100 bp plus DNA Ladder Marker. P. Positive control. WT. Wild type control. 1~
5. The number of cell clones identified. B. Number of positive and negative cell clones.

Figure 4 Amplification result of transgenic negative and positive identification primers

TE: A BSZEN IR S 51 8 45 M1 1 kb DNA Ladder Marker, 1 ~6; %5 410 52 I (0 45 5 B - i DRI 8 B 44 11 B 140
M sERERISETT

5 B v ) RS S E S | g A R
Note. A. Identify primer amplification results across the left homology arm. M. 1 kb DNA ladder marker. 1~6. The number of cell
clones identified. B. Number of positive and negative cell clones.

Figure 5 Identify primer amplication results across the left homology arm

T A B Vi TR VAR 2 T | B 45 3R M2 1 kb DNA Ladder Marker, 1~ 5 ; %50 20 i 5 1A 4 4505 5 B « 35 [ 80 944 A1 44 400 54 e 4
it

6 A ) PR M S | g A R
Note. A. Identify primer amplification results across the right homology arm. M. 1 kb DNA Ladder Marker. 1~5. The number of cell clones
identified. B. Number of positive and negative cell clones.

Figure 6 Identify primer amplication results across the right homology arm
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A EE AR HBB JER BT AT HBB JeR B N RAS R HBB R T30 L ;B 15 AR E M AR 4G F 8B FRES R, C.E

SRR AIEAL HBB JE K 35 1 B S 2 452

7 FEMRILALET4E 40 hHBB kPRI K 6 R 3 A6

Note. A. Sequence comparison of swine wild-type HBB gene, human wild-type HBB gene and human mutant HBB gene. B. Identification of 15

homozygous and heterozygous site-specific knock-in cell lines. C. Identification results of humanized HBB gene expression in targeted knock-in cell

lines.

Figure 7 hHBB genotype and mRNA expression examination in the pig fibroblasts

ARG/ R BERAF AL, B~ 23 AR AH SCHEAR , ]I £
FREE NG AR, R AT SR AL T B AR Y
SRR SR, FRAT /N 5 AR HBB 3
DRI & R Le X & B, /N 5 N HBB
I Y5 0 531 ok 80% 1 85% , B8 /N H 45 A
HBB BRI AR 0 Lo 5cH FR AT T4, JE 18
JEWF5E HBB SR Difig , sk 298 HBB 5 28 /R 3 ith
FURIFAIL , R SE W 5% 0 5 0T RE AR 481 H e A (A
WA AT, HN Bl AR RN Fi A B AR
PR — SRR BR 1, A 2 B AT o BEAR Y
PRI | A SR FH R RE 9 S B R T AN
U5k HBB JE R 28 AR AR [l F T 0 2 4, I F o 4540
Y E 5% IR HBB 3E R 1 sgRNA X =47 T #i
B, IS G [R5 i 208 5, A5 45 1T B iy 5248
A IR HBB 5 DR v 1 i A 21 B2 25 8% i Ll &7
HEAHR I R 2 22 3207 A I 8 AR AR A FH
PRI TR R A% HE A 16 B AR 4 se BE R R, 8
— A 4 G R AL HBB 3 R (1) Hb 53 A5 A
B8 HeA

W5, T A1 CRISPR/ Cas9 14 2 K [A] I &
RSNy e NIRRT 3 D | Wi o 1 O
JEEEE GAL8 Y TRE AR PR SR, FRATT— 2k
YEE T 99 PRERSRE  H g LD BH M TR R 69 PR, AL
RN 69. 7% , 5E s A NIEAL HBB R 58748 (R 1 B
PEARM 15 Bk, BAMER R 15% , TEXEEIINAE S A
ML 1 BREES AR A G, S AR B i [a] I
T RSO R TR SRR

CRISPR/ Cas9 A (19 41 5 7T 2 5 [F] 5 5 20 2%
IR TAGUA b, 2t i T 4% 40 5 R AT REAOCR, A T

M, ATZERFEICT R 2 E S G ROR, X
R R E S G ROR S 2R A, i 2k
IR JIR S e DN B T I YN
il DNA B E ML, A5 7 U5 A i 148 1218 52 F (] 5
EAEE R EHAFAE (B 7E AR 53 240 00 41 i b, 40 ik
x5 g ) TR AR OR Wi i B &, ik —>k , A
BOCRIE—ERRIE B2 3 T, AT H NHE] 1
M) Ser7 8 HDR #H5C RADS1 #85#] RS-1,
il VR B B AR B R Y R YRR
DL, — 7T AN B e S i OR 18
SR g L L A Y R IO AR A L e e SR T
15 93— J7 I, SR R A A — e R s
S YL AR 2 R L Y i A 2 BE R 3
RAACRAR M8k, BAT AT LA i 25y 07 2
T AR R AR 1 5 O VRN PR A A
(g7 = b/ e E ey

TE R K BE A9 T I, A% 496 1) 56 R A TR 5
A )RR KOS A Rk R O E Y, (H AR
CRISPR/Cas9 4519 HDR b, [R5 1 5 i - A —
RESEIEAHSE , RIR BB 58 A AN R 45 9L, 4n i 250
FIFH S 0 1.2 x 107 R EE,3” 45 5.6 x 107 [H]
TR BE 1 4T 2R 45 & TALEN $R7E#E Rosa26
PR 31. 3% A HE A RCR ; Ruan 5 R 22 45 W)
VK E R 0.8 x 10° AYZE K %54 CRISPR/ Cas9
FRTERE HI1 A7 SRS 23% R G R0R ; 1Ak, Xie
AU SE RN Y 57 S 3 i A PRV K BE ) )
J90.5 x 10° Fl 1 x 107 W &8 R, fig ik 2
29. 6% ; FHELT 7 , A TFTHEEUA LT 1.062 x 10°, 44
1,024 x 107, A WL, [RI SV A RE A — 8 R
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i [ 5 B 2 AR HO R BT — B AL
ABIFSE LA T 5% i JL B 2T 24 40 Y44 b F 58 61

BE, FIH CRISPR/ Cas9 3 A 4 5 T Bt , il £ H #717
NUEAL HBB 3 R 58 28 A (1 7 BE D9 BH PR A i ik, oA
oK, 33 0 BH P 20 i W] A S AR SRR — 2 A
B BE R R AL HBB HE R fi6 1 53 AR R0 % B4 5 LAl
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[ Abstract)

containing Astragalus on erectile dysfunction (ED) in rats with cavernous nerve injury. Methods

Objective To explore the therapeutic effects of two different doses of Buyang Huanwu decoction
Thirty-two Sprague-
Dawley (SD) rats were randomly divided into four groups:; sham operation model, 30 g ( model + Buyang Huanwu
decoction containing 30 g Astragalus) and 120 g (model + Buyang Huanwu decoction containing 120 g Astragalus). The
cavernous nerve of the rats was surgically clamped (but not cut) to establish the rat model of ED caused by cavernous nerve
injury. Five days after the operation, a 30 g or 120 g dose of Astragalus was used for the gavage intervention of Buyang
Huanwu decoction, or the same volume of normal saline ( sham and model groups) was given, once a day for 30
consecutive days. After 30 days, the intracavernous pressure (ICP) of the rat corpus cavernosum was measured. Masson
staining was used to observe the content of smooth muscle and collagen deposition in the spongy tissue. Fluorescence and
western blotting were used to detect changes in neuronal nitric oxide synthase (nNOS), neurofilament light polypeptide
(NF-L), growth associated protein 43 ( GAP-43) expression in each group. Results Compared with the sham group, the
model group showed significantly decreased ICP (P< 0.01), decreased area of penile smooth muscle/collagen ( P<
0.01), and significantly decreased levels of NF-L, nNOS and GAP43 (P< 0.01). Compared with the model group, the
rats in the 30 g and 120 g Astragalus groups showed significantly increased ICP (P < 0.01), increased area of penile
smooth muscle/collagen ( P< 0.01) , and significantly increased levels of nNOS, NF-L and GAP43 ( P< 0.01). Compared
with the 30 g group, the rats in the 120 g Astragalus group showed significantly increased ICP (P< 0.05) , increased area
of penile smooth muscle/collagen (P< 0.05) , and significantly increased levels of nNOS, NF-L and GAP43 (P< 0.01).
Conclusions Buyang Huanwu decoction containing Astragalus obviously improved ED in cavernous nerve injury model
rats. The higher dose of Astragalus (120 g) , which is used in the original prescription of “Medical Forest Correction” , was
more efficacious.

[ Keywords ) Buyang Huanwu decoction; cavernous nerve injury; erectile dysfunction; Astragalus;
intracavernous pressure
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DI HERLAS (erectile dysfunction, ED) J&Hi51 i
FEMRIAR (radical prostatectomy , RP) J&5 5 A WLAHIH
IrEAE R BT RP AW, (H AR FH AL R
KU ZE LR RP AT5AN ]kt Gt 1 30— A2 B 1
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T R A BR A F] (415 . D026-1-3) , fili 28
#— % fk A & B ( neuronal nitric oxide synthase,
nNOS) HT{K ( Abcam, fit55 : ab15280) , M & 22 FE 11 4%
5% % JIK ( neurofilament light polypeptide, NF-L) $ {&
( Abcam , #1t5; ab134460) , £ KM &5 1 43 (growth
associated protein 43, GAP-43) $ii {& ( CST, it 5.
5307S) .

MP160 %Y 16 i A Hid ko RE 0 T2 EH
BIOPAC /A 7l ; Master—8 A 4 2 4l i # W4 F LA (2,51
AMPI; SDS-PAGE 3 [ Hi, kA ( MP-8001, Jb 5 #L T
ARAEYRHEABRAR) .

1.2 Fi&
12,1 @R T

e = SUEIN R SR W R e LI N
BRI Jis PR B 39 3G B BU 2 AR TE A T IR e o o3k L
THE B TR EE R, TRER T
LAME—PITUI 0, REETIFI RN L, AR B
BE T T 0 A AR M i 2R TR ) s b T
oA i 2 Al 25 R R o il B e v 4 A b 22
2 min, K70 J5 ] BRI 20 2U0E R S5 A R R 88 S
Kl RIGHUEZEMEFES d, TR 05 i

5  AVERT I RF B, RIS d IFLR
Uh2l AR 2R AR SC 5 Bl e N AR 3R TR
oA AT 0] B B 5 28 DA 12, 8 o/ kg XoF I B EE K
AN HAME E | (R TF AR SR 35T DL A5
APRERKHE . BR 1K, EZE30 d,
1.2.2 ICP #&:

HH 30 d 5, @I N TS 3% %0 e Zen T
PRI S AV R T 2 e 455 753k v BT A 3 0 Vg 4 K
PR BRI AT VI, o B8 B2 5 IR, 22 2% 1]
SRR AH A 256 &R %k e PESO 4, B4
HERT R ne %, LA 25 4R R N, Ui
FL ) 0 SRR AR 25 0 S TGP, LR S 8.5
15 Hz,5 ms, B BCHRFLEHT[E] 1 min, 5 0051 3% ) BR
5 mint'%
1.2.3 FeARIE

1CP P S5, { R R 5 2 Wiy B 25 AR, 43 25 )
E NN E N o o N N e o 43537 R N
M, WPk se B B 25 41 810 ok = By, — BEAE i
PBS 1385 L BRPRAE i 5 S A - 80°C VK AR TR AF
T JG4E Western Blot &30 ; ] 43 B2 2H U 4%
ZRHEEEE
1.2.4 Masson J:ff

25 T PPV T 351 52 R B 2R 2L 1, o Ay e ) 1
YR 288K IR A 30 s, Ui et 60 s, 3¢,
PR MR 30 s, FRULIR YL (R 30 s, K57, tPUE TR b
k30 s, BSOS min A FESOWR,
EREEHWEOE YR S min 2247, B 0K
SR PPET ¥, B R T S A S,
e ER
1.2.5  SgEs R

25 T PPV T 51 5 R B 2R 21 0, o Ay el 1
YR, A0 R FUBES 22K, PBS whk 3 K, &K
3 min;3% H,0, EEBFE 10 min, PBS #pk ; Gk
FMEE 15 min; PBS Wk 3 WK ;5% 1112 103 = iR £
P41 30 min ;4% 1:200 F R LU 53 590 A ST nNOS | NF-
L.GAP43 —4i, DAPI 174 M A% Y €2, 4°C 1L )5 77
AIAIA 1:1000 FRBERY2EE 0, BOGHFE 1 h, #H N
Pro G R B e BT 4C &0 TR, K
S BT T REA A, I FH Tmage T #0440 22 BHE X
iU AN
1.2.6 Western Blot £l

U 4 B 25 20 2B BE i2) 9%, A RIPA 24
WE Tk E 2% 30 min 5,12 000 t/min 4°C 5.0
15 min, B0 3R 158 1 H BCA 35 W B, in A
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5 x HH EFEZ whii 95°C ZE M 10 min; 10% SDS-
PAGE HEEHLIK 43 B 85 1, HLUK S 1Y 2R AR 5l 4 7
F| PVDF 8 I SR 5 5% B IR Uk 2= BT 1 b,
TBST PRI 3 WE AR, —Bt 4CHEF R K H
TBST ek —4t, INAX R Fh & i 90, =R F
1 h, TBST ¥R 3 I, L& FOKBERE 1 IRz )5, H
ODYSSEY X 21 #h i % i A8 & 48 49 L, O i H
Image Studio Ver 2.0 BRAR A 3R S 56 24
1.3 FitFESR

HHEVORI R A £ ArfEZE (1 +5) 3R,
FF% 1T SPSS 20. 0 #AF4r s . PRI IE] F Bk
ST REA ¢ K50, Z2 21 [H] LA R F B R R 7 229087,
P< 0.05 25 HAG I L,

2 #R
2.1 BHREMERAGE FRRAEERENE

ME

FERREETT T P AT B A Ty, 2N F
B, oA iR A 28 B Ry g 4R AR b 28 (1B 1) 5 TR 403 A ol
2295 (B 1b) 1CP ME ik (F 1e)

T MR AR IO b MR 2 A I ED 5 e ICP PISE
B 1 A AR S A B 2R A AN
Note. a. anatomic location of cavernous nerve. b. ED caused by cavernous

nerve clipped. c. ICP determination.
Figure 1 Anatomical location of cavernous nerve,

clip injury and ICP measurement

2.2 KRBAZEBHMEAEL Masson — B

A K B 2RI 43R 40 2T Masson = (A 4% (o
KRR W LN 2a, 2T 68573k R, S8
TR LA, 155 AU 21 K B 25 v 2 A1 3 UL TS A/
T A T (P < 0.01)  SEIRIZE E#,30 g
ZH % 120 g 21 K B B 25 7 405 R 7 1 L v L Jie i v
B (P <0.01) ;530 g 5,120 g 44K
BRI 25 v A4 AT e L TR B/ e o T RRR v AT e 12
BEX(P<0.05) (WE 2b),
2.3 XKERBAEBHENENE

SBF A, A4 K R ICP A W
FVEZES(P< 0.01) , RIS BI ATy, SR A 1L,
30 g 415 120 g 4 ICP YA &= (P<0.01) , 5
30 g #H I, 120 g 2H KB ICP BH & (P< 0.05)
(W 3) .,
2.4 KRBHEEHMERERLKEN

AR T BT AR 2, #5570 21 K ROV 40 A b 28 op
nNOS \NF-L GAP43 & i 7RG 43R ol 2 4 17 )5t 25
FEAIR(P< 0.01) , £ HIE HAIRIT I, 30 ¢ 1A
120 g 20K BB 281 2 AR M 28 nNOS \NF-L GAP43
FiA R B EWE(P<0.01), H 120 g HFE AR BFH
T30 g 4H(P< 0.01) (WL 4),
2.5 BAKXKRIFHMAEAL nNOS,NF-L.GAP43 &
=T

ST AR 4L A L, B 2] K R 4 A 4] 4
nNOS NF-L 3 F [ (P< 0.01),GAP43 B 425
(P< 0.01); 5HEAIA A H, 30 ¢ 20 A1 120 ¢ 41
nNOS NF-L GAP43 & B & T+ (P< 0.01) ;5 30
g AL, 120 g 41 nNOS NF-L GAP43 £ & I i)
m(pP<0.01) (WK 5),

A AET I L, SEFERAE, ¥ P< 0.01; SHEBA LT, ™ P< 0.01;5 30 g A HE,*P< 0.05,"P< 0.01, ( FEIF)

2 Masson — (040 g /n K USRI 4 AR 4 21

W WU R 2T 2 B (n=3)

Note. The red arrows indicate smooth muscles. Compared with sham operation group, ¥¥P< 0. 01. Compared with model group, ** P< 0.01. Compared

with group 30 g,*P< 0.05, #P< 0.01. (The same in the following figures)

Figure 2 Masson trichrome stain shows the content of smooth muscle and collagen fibers in the spongy tissues of rat penises(n=3)
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B3 AR I R AR E LR (n=3)

Figure 3 ICP measurement results in each group(n=3)

B4 R AR 2 RSO (x 100,n=3)

Figure 4 Immunofluorescence assay of cavernosum nerve in rats( X 100,n=3)
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B S5 AAKRIELA nNOS NF-L GAP43 KL (n=3)
Figure 5 Expression changes of nNOS NF-L and GAP43 in cavernous of rats in each group(n=3)
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[WE] HH® FRFERERBAHE AW AT T 400 (human umbilical cord mesenchymal stem cells,
hUCMSCs) /2 75 AR A3 897 H AR R R H AT R BGE = il T AR, ik SD KRR E
WA (24 A% AT 2 A IR B B A AR B, A RS A 2 (H A1) AR BER kA (Cc ) ,3 AR
SD KR KMIEHA(NA), H A BEIKES hUCMSCs 4R B 500 L, = A H 2 x 10° 4, C 4 N 414y
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[ Abstract]  Objective

To explore whether transplantation of human umbilical cord mesenchymal stem cells

(hUCMSCs) can improve learning, memory and cognitive decline by regulating autophagy levels in naturally aging rats.

Methods Sprague-Dawley rats were reared in a barrier environment to the age of 24 months. Behavioral studies select

aging rats with obvious cognitive decline; the rats were divided into a cell transplantation group ( group H) and a normal

saline group (group C). For comparison, a normal group ( group N) of 3-month-old rats was included. Rats in group H

were injected with 2x10° hUCMSCs in a volume of 500 L through the tail vein. Rats in groups C and N were injected with

an equal volume of sterile saline through the tail vein. Injections were performed once per week for 4 weeks. Changes in

learning and memory ability were assessed using the Morris water maze, Y maze, and novel object recognition test. Changes

in rat hippocampal neuron morphology were assessed using hematoxylin-eosin staining. Relative expression levels of

hippocampal LC3I1l/1, Beclinl, and p62 were assessed using Western Blot. Results Behavioral analyses showed that the

learning and memory abilities were significantly better in groups H and N than in group C. HE staining of nerve cells in the

CA1 and DG areas of the hippocampus revealed more regular arrangements, more complete cell structure, and more intact

nuclei in groups H and N. Conversely, the number of neurons in the CAl area was reduced, cell arrangement was loose,

nuclei were shrunken, and degenerative disease was present in group C. p62 protein content was significantly lower in

groups H and N than in group C, while Beclinl and LC3IL/1 protein levels were significantly higher in groups H and N than

in group C. Conclusions

naturally aging rats, presumably by restoration of autophagy.
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B4 ) e 3 S AR AR (A4 117 N5 528 Y 10 4>
ATG 28 48 ) ) 1 Bl JR 2% ¥ BREE ( Alzheimer’ s
disease, AD) Fl = AL 105 v, B Wit A3 #f & AR 37 (A
FIN . FEIE R N KM, A WA SC3E A 5
( autophagy-related5, Atg5 ), H W # ¢ 3 7
(autophagy-related7 , Atg7 ) Fl Beclin 1 Fik T, 5
AEIAR DG 1 5C 1T & T UNC-51 FE IR 1 (UNC-51-
like kinase 1,ULK1) .Beclinl A& MHEEH 1 &
% 3 11/1( microtubule- associated proteinl light chain
3 1/1, LC3IL/T) Feikts Rl ixee k3£, A
Wk 1) 355 T RE 1 I S R AL — LA A g 2
i AU B A RCT B

M5 18] 78 %+ 48 B ( human umbilical cord
mesenchymal stem cells, h(UCMSCs) H & LK | A
FEEA R FE Y B R R 22 1) 23 AL v R T 552 G
T, B2 T 2R g 1 BE b AT 5 11 PR 12050 A7

Intravenous injection of hUCMSCs improved learmning, memory, and cognitive decline in

aging; autophagy; human umbilical cord mesenchymal stem cells; cognitive decline; rats

9% . SCHRGE , hUCMSCs 3 3o M35 28 fish m] 38 P Fl Py
PRI 2 K R T 2B A7 /N BRI S Al 1 2 > il
TZRES1' . B WFSE B8 hUCMSCs-exo A] LS H
1 S E R o (|1 = R BN/ T o =l L B o N
(Parkinson’ s disease , PD) K BRI (14 N X R e % ik
WAt AEBEMERh R TR E sd AKT/mTOR {5558 %, fiff
Atg5  Atg7 F1 Beclinl |- & I 1 8% 2 fb 85 (1 3l B
(p-Akt) | B 12 1k Wi 7L 3h ) 55 A 25 R L A (p-
mTOR ) T340 i e e (1wt e de B iR 4T
P AR BR8] 78 5 40 it {1 45 0 2
M WA ¢ 2 A Beclinl | LC3I/T 7 £ ik, WF B
hUCMSCs il i 8 15 [ W 3 s LR BT S84k 7 3 g
FIHAEE R L H hUCMSCs %t F 32 & ik fth 5]
A A WA ZE AL B A RER, DR S
AT LS e R R A5 ek 4 e ek A I g
T AHRER D R, AR Y B B9 & PPAN ik 1 5
hUCMSCs X F K 3 2 5 | A2 19 o\ 0 R 15 19 VE FH A
R S X WK

1 #MR5FE*

1.1 #
1.1.1 LY

50 H 24 F & IS GOEE SD KR, R E 24N
800 g;15 H 3 A W15 s P etk SD KR, IR 40
300 g, T IIPH BRI S5 i i [ SCXK ()
2019-0005] , 1RlFEF 1L PG B R} R2E 5050 s s ik i
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M [ SYXK () 2019-0007], fRIFRIREL: B A%
PRI IR R E IR ARSI 22~25°C, T A
FRVESAT G S0 R B ] 55 2ok R R At 52 S 45 VR 1y
FFE SRR B YIE B BOR (HAILS . SYDL2020004 ) LI
R N RN S0 sh P BRAR) o

112 RS

Anti-LC311/1 Rabbit pAb  ( Wanleibio,
WLO01506 ), Anti-P62 Rabbit pAb ( Wanleibio,
WL02385 ), Anti-Beclinl Rabbit pAb ( Wanleibio,
WL02508 ) , Anti — B-actin Rabbit pAb ( Wanleibio,
WL01372), HRP Conjugated AffiniPure Goat Anti-
rabbit/mouse 1gG ( BOSTER, BA1054 ) , PageRuler
Prestained Protein Ladder ( Thermo B
26616) , Beyo ECL Star ( Beyotime, POO18AFT ) , HE
Ye(ei8 7) £ ( Solarbio, G1120) , 3 F %1 21 4 [# & W
( Servicebio,G1101)

Morris 7K 2 & Fl 2l ¥ iz 3l 9L il IR ¥F R 4
(Noldus, a7 %) , Y 2KBE SZEGAH ( A6 |, B iR )
SEERAE (E ) 405 5746 (Heal Force, HF240, H
) , AR5 RHL(Leica RM 2245, f8[H) , 56
Bi(OLYMPUS, HAS) , HLIKAX (Bio-Rad, SE[H ) , F2 /I
X (Bio-Rad, 3¢ [F) , fa R B b KOG IR R 5
(Bio-Rad, £ [H) ,

1.2 A&
1.2.1 Zh¥ord RS g+1

St AT R O Y B TN IR Y 24 1 1%
K30 5, #RR L BEHL > A AL AR 2H (H 2H)
(15 5 B K4 (Cc4l) (15 H) . 3 KR
P EFAFRA(N A) (15 H) . H 4 B#bkiE
51 hUCMSCs 4 il 1R B 500 L, 7 & H 2 x
10° 4>, C 4UR1 N 4430 B # bk 32 5 NaCl, % 2% 4
W, AHIRS R ZH BT A R BRIS JC I 2k, T 5 40 B S e
o2 HEFR RO A 2R EE RO TS S 1 S A F(A]
WETA SD K B ToH At 5 7 4 .

1.2.2 4k

B HZURIE T Il v L E BB, 28 F 2 D1
SAEIF & il K R m A R & A s 3Ry
ES IR K 3~ 4 RANET 0. 25% BT/ EDTA
THALJS , PR 0. 9% 1) A= BRER KR, B 8 410 it IF: 14
R BT 4 x 10° A,

1.2.3 HiAR)

i) RSN I W= F S /R NPT R s
SIS B ) AR A R AR A B ) R R R
UB BIRR KB x 100%™ HiPiRHEN 250
R CHRARIR R B — IHRER R )/ GBI

Scientific

RERETE] + B R RER]) Fm Bl R
LEALFE Y ANY-Maze 354 ( Stoeling, 55 [ ) 58 1.
1.2.4 Y 5

AR B SEI S 1 d J5, PR Y R SEE
A & 3BT A . FH T I K RS 0 TR IE 12 B
J1o SEERTFAR BT B R BB Y 2K B AT R AR g,
1EH A ST 8 min, FHE R GIC RSP I3, il
SEAIHIT R B A A5 B I AN A R B, IR TR AE
BRIERG, 38 IEH % = TER IEAff i k(R A
WE-2)x100% 1

BRI F TR I K BRUAY 2 AR R g
F1, 57 RS oy W R0, RS AORE B 58 B T, 8
KERBAT R FE b I A B 3% 30 10 min, 24 h
Je AT R 43, XA, I A, K R BB AL
A —RE (S HAESCIRA TG 2 S min, SEIFIC
s FUR R AH S B R B, Bl SR 4R A0 BE
ANY-Maze 4% ( Stoeling, 2 H) 52 i o
1.2.5 Morris /KK &

Y REEWR 1 d A, FF R Morris 7K 2 B S5
FHAIA R R K TAEICIZRE )1, LR TES
g ls) S BUER AP A Ethovision 3. 0 24 ( Noldus
Information Technology , faf *% ) 52 i .

1.2.6 HE 8

KU s T 5 1% 098 EL L 240 (50 meg/kg)
SRR G 282 0 E, JE A 180 mL 0. 9% JG i A=
AR IPYE ARG 180 mL 4% 2 B W EREE . R
WG, B R, BT 4% 22 5 H R N IR T E
24 b HVEG Y R, SR G HEAT HE Y, B Jm h ok
BIEE A RS FUE I R id sk, @it HE Je @i
SR PR AN B S5 R AR Ak
1.2.7 Western Blot

H4 SD K BRUBR R S e 7 Sk, oK b B R BT
i TH 2 4L, -80°C R VR PR A7 . B i A 41 21 24 i
UK RS AR R A, A BCA A
DUEE e B, 45 AR AS N 2R 1 7 AR 4l A o il £ 0T
B BRI A0 g FEAT IR N s Tk i i J R Uk (SDS-
PAGE) , HRE- 2B AFE RS &= PVDF JIE b B & 5%
NG WA Y TBST 22 i, EIRFEIREF M 1.5 h %
B AF I PVDF R L 7E DL TBST i B 1Y LC3IL/1
(1:750), P62 (1:1000), Beclinl (1:750) , B-actin
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Image Lab #X453#7



o [ S0 sh 2 2020 4F 12 A5 28 55 6 ] Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6 799

1.3 FitFESR

SERAPFIIE + brifE2s(x = 5) TR FrA B
HIH SPSS 19. 0 1 GraphPad Prism 5 #4403, 240
[ 5850 U RR T B TR 38 Ty 2 43 il ol A0 i 1 O 25
S3HT, BIAHLIR] LR FH ST BEAS ¢ K556, DL P< 0.05
FoREFAA BENE,P< 0.01 FR2EFWEE,

2 #HR

2.1 hUCMSCs WS

B hUCMSCs 557 14 d J5 W REA K 55 3 1€
AR S R4, 2 KA IE e i ik, HLR 4276 A4
K (E 1A, 1B) , diifE A 2 80 ~90% i FHF5L5:
2.2 hUCMSCs MERZXREFYEIRH LI
R SEIZ 8

H 21K BT N 21K B AR 15 R R 3 R
BEESHT CH(P<0.01),H 4 N 4[5 E
Z (K 2A,2B) .
2.3 hUCMSCs MERZAREY XEXHWFH
ST EiRiZ A= EIR R A

HAMNAARZEITMEEST CAH
(P<0.05) ,HAMNAHM LR EZS (K 3A), H

AMNAFEAFTFEHEIRBEEST C A
(P<0.05) ,H 44F1 N 48] Jo g % 22 5 (& 3B)
2.4 hUCMSCs MEFZEZAXRAEZLHKKELI
PR K TEICIZNS IR EEE

H 211 N 20 K BRUBE 2 DI At [a) 9iE 4 | b hE 8 R
BT C AR, EINZRIE 4 K270 3%
(P<0.01);HAIM NI (F4A) ;5SS K
23 [ R R L Wikl vl & H 20 N 45
HAAHR,CHEME IR (K 4B) ;H 4R N
2H 15 T 5 YROBOR B B 4 FR A5 B8 B 1R B KT C
4 (P< 0.01) (K 4C . 4D) ; BEAb, 25 4R B ik 3
BEERAS I ER (K 4E)
2.5 hUCMSCs MEZEZKRED CA1 X7 DG
XHETHERES

H ZHAT N 21765 CAL X 4R MIHED A L% | 454y
SEUF AR MLAZARLTHG , C 2H CA1 XA oo | HE
GG, A A% A [ 45 R B % (K] 5A 5B .5C)
H Z4F N A5 DG X JE AL #l 28 40 e HE 51 5
%ML R R A AR, C AR RS DG
XIEASAFLEE 20 M B /b | 40 A% [T 40 e 2 ™
(¥ 5D SE 5F .5G .5H .51),

1 OL BT AL TR A KA S 3 8 hUCMSCs 4HHIE 25
Figure 1 Morphology of the third generation hUCMSCs growing in log phase under light microscope

.5 CHMLL, * P<0.01, (FEIRE)

B2 HERisR(x+s, n=10)

Note. Compared with group C, ** P< 0. 01. (The same in the following figures )

Figure 2 Novel object recognition test( x + s, n=10)
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B3 YRELE(x+s, n=10)
Figure 3 Y Maze( x +s, n=10)

TE: A B R BUEE AL AT 256 v 4 218 65 i ] LS 1] 5 C D« SR BUFE 2 R FR 2R S 360 v 5 5 B 8 LA B 7 I G IR A B g et ]
B+ BRGS0 T B ek B

Bl 4 Morris KEELEK (x+s, n=10)
Note. A, B. The time and track of the rats to find the platform in the positioning cruise experiment. C, D. The number of times the rats crossed the
platform in the space exploration experiment and the time they stayed in the target quadrant. E. Swimming speed of rats in water maze experiment.

Figure 4 Morris water maze( ¥ = s, n=10)

2.6 hUCMSCs THGIERTREARESHE (P< 0.05,P< 0.01),LC3I15 LC3IAY L fE%: C 4l &

EHE X E AR RIE T (P< 0.05,P< 0.01) (K1 6A .6C) ,H 41F1 N 41K
HAMNAKRES T L3 TEASER CH RSt P62 A & C 48 # [, Beclinl

WEFE(P<0.01),LC3 IEAEGER CARERMIL  AEFERCAREA(P<0.01) (K 6A 6B),
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0 AT Sk R E 48 R
Bl 5 AU SHAHE Jeft(x+s, n=3)

Note. Black arrow for nuclear shrinkage, fragmentation.
Figure 5 HE staining of hippocampal tissues of each group( x = s, n=3)

7 : A:Beclinl , P62 Fll LC3T1/T Western Blot 253 B .C: 5 C 4L, * P< 0.05, ™ P< 0.01,
B 6 HEAKwHMHMNEE(xxs, n=3)

Note. A. Western Blot protein bands of Beclinl, P62and LC3II/1. B, C. Compared with group C, “P< 0.05, ** P< 0.01.

Figure 6 Protein bands and relative protein content( x + s, n=3)
3 it PR, A DTSR, R 22 R Gi de 5 2 3
WS H R R S BON DI RE T R 2 AR

o
FOETEREA AR B MR I BRI AR 0 S e, X S AR N A 3 1 R TR 5
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i), ffi 2 4 BRZ W A0 N 10 H i3 2, X — [n] AR 7
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P14 o S AR A B A i AR L0710 R 22 S BN DA J5 455
SEALR LR AT hUCMSCs X ki 22 5 A
Wit Z [ i SC R WP 8b . BRLIt , A SR B S A
1028 ) iR 1 AR 2 R RO RS XT 42,
IS A hUCMSCs R H 5 52 22 i iy A i iR
HAMEZ LR,

25 I S 56 v K o E M R A T A Dk G
JERY 225 3 T 2 SR B I A A ok L
P25 55 AN A 52 B0 T B — A8 5 (9 JE 0]
BRIL AN S L AF 5T 22 80t 2P — B 1 K RRUAE Sk 52
B4 0 R A A S o S e R T B — 1k
e BRAE TIN5

P BATIT A, LR IR L, B 2 7 S 400 T G
it P SR L L A ) I 4, LR A A A
o en R A A, ML T EIk A A MSCs
WM A X — 5 AT Y R — TR
FEMAEN] Tk Al A2 e S P2 R
G A W B IR IR IR SRIF A S %,
D] A1 7 A S22 56 v SR BT K 3 G 3 4R A
B /INA T 2, R R S H B A [ A A Bl 4 A A
HEATIEYEIAYT B 0 57 2 15 ] 2 3 3 990 5 460 0k
T

Btz S, 45 W 5% 2 B Bk B A MSCs 76 6 1l
PR RS S SR 2 R AD ) S R rh by ] AT
Bt o B KA X 4k 27270 0 A — /NS4 i 2%
FIRRAEA L X R EAN IR E R AT RE & T
A EL A 5 TR I 3R T 10 A 9 A
TR AR, Jear s £ W, 1S
PR, MSCs i SAEM & RGE AT (W)
FAE AR IR S e 2 AR IR R X s
RO (B 75 T 40 i 93697 85CR T BE 2 o
WA A= P T 3T S 2 A A 1Y

Beclinl \LC3 Fl P62 25 T AW &AM AT
o N R A 1 A AR T e AR Y
HEFRPR . Beclinl Ji& F MER LR 10 T 2L AR 4, H S
PI3K 255 S G , 48 55 MUK v i) I WA G Y
MBS R A WA ) LC3 L S0 40 i b
BE Atg8 FEH By R Y, — M LA LC3T A1 LC3IL 7

BB A Argd BOVEHTT , LC3T S 85 YT fniz
AR TAEM , 5 1 A R T A 5 Al 15k 2 e A
gha B LC3IL, — L LC3IT 5 LC3T 11 HefE K
TEAS B WK VA s e [ 5 3 4 w8 A1 A — S 3%
FaAR 7 p62 B AE R A0 A v R s o A R
— PRI BERR Y, H BRI R A WA R i Y
P62 # AT RN A WERE IS , it P62 5 H MK
S AR S AR BIF 5 Ok B X R 4 A E RS A
hUCMSCs 19 F 28 % 2 K R BT H 2 21 Beclinl Al
LC3II/T A (B R IA 1 i 25 38, P62 2R 3Rk i 3%
TR, F27R hUCMSCs T 11555 Beclinl & B3N, 3%
T AW GG I BE . LC3I A, 25 A ww
it A S %) F0E A | L 380 WS il AR B, AR R T
P62 HHE ARG P62 76 75 B 1A B A , T8 il 58 2 1Y
HIFER . IEB hUCMSCs T 15 3658 T 5 2% K BUE
L AR 2l T R AF G N S 20 B R B

AR A K PRAE Morris 7K 3K B S2 586 /b, B2 4
hUCMSCs J& IR BUFE E AL AT SE B A 2.3 4 K
4 2k s PR R S0 B S AIG T x BR AE BER K 4, IR HL S 3
IR BRIC 2 5 (CREGEHR ) s TERUEsUK T B &
J& , A AL A 2 280 JEF 5 7 B AR U B LA B e H Y
SRR 5% B8 A Isf 1] B 4 2 0 B A R R K A, U RS
i hUCMSCs & , B2 =2 KRR TAE g2 i
R BE ST 7KV P . Y 2R B SO0 A DU
K2 B TAEIC I B R BeaeE 2T e e, 52 &
FEHI hUCMSCs 41K [R5 4 BEER K 40 b [ & 38 #F
17 TE B 26 R HE ACHT 5208 i OB 3G, B
PR S I6: H | 240 R A 2 K R R 28 0 A A TR 8
B TABEE KA R, L LAT 25058 R,
hUCMSCs X} F A3 K B v BeXide, K T4
OIS MR RGE IIA i, ALK A
BT 4H AL AS A T 0 AR o KRR T PN A B
iR, KRR AR E

25 L A S ) g 5 T A R — AP ARG
HR IR YT 71, O o385 2 5 | 1 i 350 o 22
JCES, E WU L K6 TAEICAZ Fwt By ik K v fr
H e R R A HEIER . MSCs 167 M &
IRAT MR AT AL T AW 5% B B, 75 I () DR E
S N BT T A T S R I I B BL L R A
hUCMSCs Uifar 544 52 ) 5 22 K BRI 55 79 ) K -
DA K R A 0 oA i o 1 AR A TA R D ) AR
AT IR A AIESE
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Continuous hemodiafiltration combined with enalapril improves renal and
intestinal function in rats with severe acute pancreatitis
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[ Abstract]  Objective To explore the beneficial effects of continuous hemodiafiltration ( CHDF) combined with
enalapril on renal and intestinal function in rats with severe acute pancreatitis (SAP). Methods Sixty Sprague-Dawley
rats were randomly divided into a control group and four treatment groups: SAP model, CHDF, enalapril, and CHDF +
enalapril. Rats in the treatment groups were induced with SAP using sodium taurocholate. After modeling, the CHDF group
was given CHDF for 12 h, and the enalapril group was given enalapril 10 mg/kg/d by gavage, for 1 day. The CHDF +

enalapril group was given both treatments simultaneously. Histopathological changes in the pancreas, kidney and intestinal
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mucosa were observed by hematoxylin and eosin staining. The plasma levels of endotoxin (ET) and D-lactic acid ( D-LC) ,

and serum levels of amylase ( AMY ), blood urea nitrogen ( BUN) and creatinine ( Cr) were measured. A fluorescein

isothiocyanate-dextran permeability test was used to examine intestinal permeability. Western blotting was used to detect

expression of a-vascular smooth muscle actin (@-SMA ), E-cadherin, high mobility groupbox protein 1 ( HMGB1) and

occludin. Results Compared with the model, CHDF + enalapril had the following effects in rats with SAP . effectively

alleviated damage to the pancreas, kidney and intestinal mucosal tissues; significantly reduced intestinal mucosal
permeability, the levels of serum AMY, BUN and Cr and plasma ET and D-L.C, and expression of a-SMA and HMGB1 in

tissues; and significantly increased expression of E-cadherin and occludin. The combined action effect was better than that

of either single treatment. Conclusions CHDF combined with enalapril significantly improved renal and intestinal tissue

damage caused by SAP, which contributed to the recovery of renal and intestinal function.
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Note. Compared with control group, *P<0.05. Compared with model group, "P<0.05. Compared with CHDF group, ¢P<0. 05. Compared with enalapril

group, 1P<0. 05.(The same in the following figures)

Figure 1 Pathological changes of pancreas, kidney and intestinal mucosa tissues of rats in each group
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Figure 2 Comparison on the levels of renal function indexes among all groups
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Figure 3 Comparison on the levels of intestinal function indexes among all groups
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Figure 5 Expression of related proteins in each group
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[HE] BW HIEESMYEER D(Ca/VitD) BB K BUERSCT B Pr G5B 28 5 40 I 06 1 i = 152
Tk 8 SRR MENE SD RER BRI 4 H R BRBENL S = 2H X BRZH (C) .Ca/VitD 2 IR 2 (D) S Ca/VitD
ANFEREA(S) BT B QAR 8 3 K BRI A4 OB B HLRTZ I (nCT) S b LSBT
SR RER AL AT MR BB BT 5 2 SR B ) K AT 58 Ca/VitD BEZ R B/ S E S B E . ML IFD
T BN s ] 5 T AR FE IR B TP AN TS Ca/ VitD 2B REISSR BT A, &R 5 CHIMHLL,D 45 %% (BMD) &3
MR (P< 0.05) , B HI8 /A (P< 0.001) P4 REH il (P< 0.05) . fEB TR, D 5 40 i A0 2 i
MEHWP B (P< 0.01), BT HITIEH I Ca/ViD, 5 D AL, S HA G HA PR & BERm
(P< 0.001) , ML 4eZH 2080 (P< 0.05) . MAh, S 4RI = BT AEER(P< 0.05), S 4T AU C s i
JR(CTX) KU B P B85 2 1 ( ALP ) R X 725 B 1R R 0115 ZE A (Phex) SRIXIG N (P< 0.05) , FMkIFIET, S 4H
iFGF23 & cFGF23 Wy IME K3 W& T8, 5 DU, Cc HM LB AR B ESIT#2£5 (P<0.05), {H iFGF23;
cFGF23 =R EGHIF# 2R (P > 0.05), it FEAIGFEHIE Ca/VitD AIJK /> Ca/VitD B2 K& 5 B
YRS PR AR RIS BRI E . MR AREELEA R R R,
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Effects of dietary calcium and vitamin D supplementation on osteoclast
activity and bone mass in a rat ankle fracture model

PENG Liang, YANG Peng, LIU Chong, YANG Jinfeng, MA Sanhui”

(Department of Orthopedics, Dingzhou People’ s Hospital, Dingzhou 073000, China)
Corresponding author; MA Sanhui. E-mail: y00jingf@ 163.com

[ Abstract) Objective  To investigate the effects of calcium and vitamin D ( Ca/VitD) supplementation on
osteoclast activity and bone mass after hand and foot trauma. Methods Eight-week-old male mice were randomly divided
into three groups: control (C), Ca/VitD deficiency (D), and Ca/VitD supplementary diet groups (S). Group S
underwent hand and foot trauma surgery after 8 weeks of standard feeding. Mouse serum analysis, micro-computed
tomography (CT) , histoeconometric analysis, immunohistochemical analysis, and gene expression analysis of fracture calli

were used to investigate whether Ca/VitD deficiency could impair bone repair and cause bone loss after injury. The study
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also investigated whether Ca/VitD supplementation in the diet from the time of fracture could enhance fracture healing.
Results Compared with the findings in group C, BMD and bone mass were significantly decreased in group D, whereas
the fibrous tissue volume was increased. In the fracture callus, the number and surface of osteoclasts in group D were
significantly enhanced. Compared with the result in group D, the bone mass in the callus was significantly increased in
group S, whereas the amount of fibrous tissue was significantly decreased after Ca/VitD supplementation. In addition, group
S exhibited a higher fracture healing rate. In group S, expression of the C-terminal telopeptide of type 1 collagen was
decreased, whereas that of alkaline phosphatase and X-linked phosphate regulatory gene was increased. Meanwhile, the
serum levels of iIFGF23 and cFGF23 were significantly higher in group S than in groups D and C. However, the iFGF23.
cFGF23 ratio was not different among the groups. Conclusions Ca/VitD supplementation after hand and foot trauma
reduced osteoclast activity, increased bone mass, and suppressed bone absorption in mice with Ca/VitD deficiency. These
findings should have guiding significance for clinical postoperative nursing.

[ Keywords)

Ca; vitamin D; osteoclast activity; bone mass; trauma model of ankle fracture
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HL(Eppendorf, #£[E ) , TP600 % PCR 1% ( TaKaRa, H
Z
1.2 FHik
1.2.1 SEEiEit

PR BB g =4, XTI C AbriER &
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Wk (CTX) 1 AURG IR N S Bk ( PINP ) | FOIR 55 i
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AT, SR O Y kgt Tl gUB 220 #r,
FHEMG ST I i o #E A i A b i Rl Fer
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EREH (F:5-ATACGCCTGCAGAGTTAAGCA-3' Fil
R:5'-TCACATGTCTCGATCCCAGT-3") ,
1.3 SFitESH

RS K H GraphPad Prism 6 %4 %F £ 4 i7F
TR IR oA o BUIR 45 R R R - YA 45 1 22
(x £5) o M= 2AHE BT, B 2R Jr 2547
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2 HR

2.1 FRAUGEARMBER pCT HHFTER
FREANGIRTE AR T T (D M S 4l) KR AxE
MRZH(C 41) KR Z I, M3 wCT FIHLUE %S
BESTREEP >0.05)(F1),
2.2 {REH Ca/VitD B Z 3T BT A E W
HFPFAl Ca/VitD B2 IR XK BT R A AR G
HIAE N, Q055 10 X, KWL E Ca/
VitD Sl Z X @ a1 4 ) s, B8 23 R, 5
C HKFAME, D R B AE I @ 414045 1) BMD
B REAK (P<0.05), BV/TV %4 B &M% 7
(P> 0.05), MAEHLIEATHRE2AH, D KR
U 10 A5 2 40 0/ (P< 0..001) |, 214
AR B ERN(P< 0.05) (L3 2, K 1A,1B) , i
TER P A b, D 2 K SURE B 40 i i) e A
R EH AN (P< 0.01), D 2H 1Y J80CH 20 i35 P 3%
AREE2ZER(E1C), XELERRIFTE D 4 KK
HeE A D B AE Ca/ VitD Bt Z AR 4
FRAGARGBEEEGZH T T,
2.3 {REF Ca/VitD #h 3T BT A E R0
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BRI EITRER(P<0.05)(£3),

5 DAL, FREIGAE 23 d,S HRRME
i H 40 M AR R ) ALP mRNA 33k B 2 3
(P< 0.05), 1% PTH 7K B FEAK (P< 0.001),
A1 C ZHAH i R SbR i 9 CTX B IS K REA, (H
HIE AR PINP (410035 K- 22 R B EH (P >
0.05), XELERY] AT RAWIARE IR Ca/

(£ 3),

SR, S 4 iFGF23 K ¢FGF23 4 IfiL i /K F
PWESE, 5 D4, C A A BEEER
(P< 0.05), {HiFGF23.cFGF23 = JC i EME 2%
(P > 0. 05) DLHIR B H AN FE Ca/ VitD X dr i 4

ZUP ) iFGF23, cFGF23 Fik/K - HA LM, 5D
HA A L, S ZH " Phex mRNA 3 35 I & 19

VitD A SR A T8 Ca/VitD BRZ AR (P< 0.05) UESE T FGF23 iz R4 i, W3k 3,
xz1 FREAMGHRIKR pCT RIS TR (n=8)
Table 1 CT and serum analysis results of rats before hand and foot trauma(n=238)
R C ARk
I R i 1 BRI fH/j}]‘é 214k s B BN HNGE HNGE
4 Comomfk B N s fik P YA 5 (HAmg/em) B4k BNRFE it T
415 A 23 IRIER .
G (ng/mL) (ng/mL) (pe/ml) H-F (pe/mL) Bone mineral (%) (%) (1/mm) (mm)
Toups CTX PINP ,‘;?GFI‘;3 (pg/mL) PTHP ( m Ly density BV/TV  Th.Th (%)  Th.N Th.Sp
(ng/mL)  (ng/mL) (1 L) 2eFGF23 PEML) Amg/em) (%) (1/mm) (mm)
P (pg/mL)
C4l 18.122 + 34.030 £ 190.242 + 18.473 + 18.247 + 734.432 +  19.298 + 0.056 + 3.212 + 0.171 =
Group C 4.221 6. 831 12.278 4.221 4.209 27. 675 5.101 0. 006 0.934 0. 034
D4 17. 462 + 35.042 £ 200.092 + 17.976 + 320.341 + 721.341 +  18.924 + 0.057 = 3.037 0.194 +
Group D 5. 145 7.098 17.281 4.221 27.231 53. 041 3.724 0. 006 0. 642 0.043
S 2 15.443 + 38.212 =+ 200.251 + 18.247 + 320. 128 + 742.214 +  19.808 + 0.060 = 3.195 + 0.204 +
Group S 4. 821 5.331 19. 034 4.209 20. 873 40. 076 5.706 0. 006 0.502 0.022
®2 AR 23 KRBT AHAL pCT 4R (n=8)
Table 2 CT analysis of callus of rat fracture on day 23 after trauma(n=38)
21531 B (HAmg/cm) B/NEEBE(%) HLUAF (mm®) BIEE (%)
Groups Bone mineral density (HAmg/cm) Bone volume/Total volume (%) Tissue volume (mm3) Fracture healing (%)
4
C A 369. 871 + 73.262 19.477 £ 5.633 5.721 + 2.344 62. 500
Group C
D 41 .
303. 121 + 47.273 16. 845 + 4.326 7.022 + 2.565 50. 000
Group D
S i
341.984 + 45.437 18.171 £ 5.025 6.912 + 1.744 75. 000
Group S

W5 CHE, *P<0.05, ™ P< 0.01;5 D 4%, #P< 0.05,%P< 0.01,* P< 0.001, (FK/#EF)

Note. Compared with group C, * P < 0.05,

figures and tables)

** P < 0.01. Compared with group D, *P< 0.05, #¥P< 0.01, *P< 0.001. (The same in the following

R3 BHIWESE 23 XRAREHEE

Table 3 Fracture healing parameters and serum analysis results of rats on 23 d after fracture(n=238)

SR TR (n=8)

IIRGE-2 4 S
Serum parameters Gene expression
V2T Y
BR o, BEE . Lo ek
- BT .y BT ; C K% il
B g R g e wyg R a4 ar '
4 ik . H%k 4 1 A0 1 27 Eiyas IRETAE K Wik A ALe A vor 4
4 A mEE  gowm o REN Anfk 23, Phex
Groups (1/mm) (%) (1/mm) i (%) . s KK l"l"l‘ L}F\*" JiRih 3 mRNA %35 mRNA #ik RNA ik
N.0c/ y N.0b/ i i F23 ~ MM (pg/mL)  Relalive  Relative Tt 22
Oc.S/ 0b.S/ o/mlL o/ ml & 23 A I . ative slativ Relati
B.Pm B.Pm (ng/mL) (ng/mL) L JNETAE PTH ALP VDR elative
(1/mm)  PS(%) (mmy  B3(%) CTX PINP <.ngé;n23> (pg/ml) Ak PHEX
(ng/ml) (ng/mL) (1 D FGF23 KAT pg/ml expression  expression expression
pe/m (pg/mL)  23iFGF23:
FGF23
CHlGop e +22% 1023 26320 x  18.532% 9.5+ 42257+ 220.651% 351.342x 0.6+ I8L431% 1.000x  1.000x 1.000x
AL Group 0.862 4.432 6.087 5.023 4.210 5.008 18. 098 34.123 0.081 19.221 0.087 0.076 0. 095
DGy p %2 M4964r  10.381: 16125  19.271x  45.753x  251.234x 422654 0581 40.443x  0.820x  0.82Ax 0751
e T R Wb S 5.931 3.219 6.109 6.125 12.987 38.671 0.053  30.132% 0.076 0.054 0.074
Sl Gy s A2 OSBx  226s  24R= 13109 50.231x  30.761x  610.236:x  0.62s  80.87Ix  12Mx  L26lx 1253
SRS s61 2,098 5.3209 4.298 3.000 % . 32,921 *## 60,640 * . 12.963 0.132 0.097 0.123
P 61# e it # " 7.342 w60, 640 # 0.097 63 # # # #
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Note. A. Percentage of bone, cartilage and fibrous tissue in the fracture callus at 10 d. B. Percentage of bone, cartilage and fibrous tissue in

fracture callus at 23 d. C. Ankle callus stained with safflower O and tartrate-resistant acid phosphatase( TRAP) .

Figure 1 Histomorphological analysis results of rat ankle joint

3 it
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BRI
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Oct4 F Cdx2 XF 25 i PN 248 e 1A % 7 S0 IR =
434 B 52 W)
BT, B, B A, e R, KR
(AEAb B TR B2, b L 063000)

[HE] BB W75 Octd Fl Cdx2 BAERXT 4 ICM Fl TE ZMEHH 56 By BL R 223k A SE I , ## B Octd Fl Cdx2 754
W R EBTFR/EM, FiE RNA THUAEURA RN Octd B Cdx2 FEH , S2if 299G E & PCR M AR50 G YL Ak
AR Octd 2% Cdx2 FEFEIXT 4= IR i B0 & & MOAH G BRI Rk 52 ma, S8R 51X Octd 8¢ Cdx2 [ 09 F¢ 55 1
SiIRNA AEREINHI4-I0HG Octd BY Cdx2 Feik, Octd MRS IRNG BN 2L 2 8 — 20 i 2R TCH2 M, {ELIIAR i 28 JIR 356 I 25 R A%,
mRNA /KFE B ETHE(P < 0.05) , Cdx2 FEAEMIH Octd mRNA Fik(P < 0.05), £ Octd iHid BT Cdx2,Sox2
B Nanog H)FeiR &l 4= NG 534k o

[£@RE] Octd;Cdx2; 48 WG R E A4k
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Effects of Oct4 and Cdx2 on differentiation of bovine embryonic inner
cell mass and trophectoderm

ZHAO Nannan”™ , WANG Yan, GUO Yanjuan, GAO Jie, YUAN Jinling, CHEN Yan

(Affiliated Hospital of North China University of Science and Technology, Tangshan 063000, China)
Corresponding author: ZHAO Nannan. E-mail: nn0814@ 163.com

[ Abstract]  Objective To investigate the effects of Oct4 and Cdx2 knockdown on the expression of genes involved
in ICM (TInner Cell Mass) and TE ( Trophoectoderm) differentiation in cattle, and to elucidate the roles of Oct4 and Cdx2
in the early development of bovine embryos. Methods Oct4 and Cdx2 genes were knocked down in bovine embryos by
RNA interference. Real-time quantitative PCR and immunofluorescence staining were used to observe the effects of
knockdown on early embryo development and gene expression. Results Specific siRNAs against Oct4 and Cdx2 inhibited
Oct4 and Cdx2 expression, respectively, in bovine embryos. Oct4 knockdown had no effect on embryonic cleavage and
eight-cell proportions, although the blastocyst proportion was significantly reduced; moreover, the mRNA levels of Cdx2,
Sox2, and Nanog were significantly reduced (P < 0.05). Cdx2 knockdown inhibited the expression of Oct4 mRNA (P <
0.05). Conclusions Oct4 controls the differentiation of bovine embryos by regulating the mRNA expression levels of
Cdx2, Sox2, and Nanog.
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HiFL sh ) I AG & & AR 2R — A Tl LAY o Ak
FEN M A (inner cell mass, ICM) F17% 33 4R
JZ (trophoectoderm , TE ) 4325 . 1ICM J& —H#F Z g 4l
JitL, B 7 TE IS, T Ui L RIE G et 28,
2, TE J2& [ 58 3% i 5 & 5 BR  1) 5 J2 A Ak 2
', 1CM FITE A48 B v B 224~ L DR AR B4
(R ) R B AR R

Oct4 Fl Cdx2 WAPEE 5% K1 XF ICM Fl TE 3% &
()5 B I RE R R TF 1 . Octd (Pou5fl) Jj& POU
S F R — 01 AR IRV BR AUAE 1CM
Feik KRR 22 e P R IE H 4 Ak R 3 R 4 i Y
AR E ) Cdx2 S TE B 60 20 i i o e E R
TE 4L B i TE 45 15 S 75, Cdx2 , Sox2
H1 Nanog /& Oct4 11 ELRNHE 1, = 2538 5 B i ) 45 4t
[ 4% A A5 JE K, Octd FE[H 55 Sox2  Nanog 3t
()T B A 248 5 B i T 40 M 10 22 e PR R B 3R R
=z Octd 3 Cdx2 ik 1Y /N B G A5 53 501 08 1
ICM 5§ TEP™) | XS4 R W], Octd FI Cdx2 7E4E
WIE RS ICM 1 TE B9 50t b #8 A48 T /E . 4K
ifi, 55T Cdx2 Y85 Octd 754 Wi B9/E T, 8 &
HY—mPi ik, Schiffmacher 251 48 Y Cdx2 7E4F
WEAG v A7 P8 T Octd T H: At F 5% 26 B, 4 IR i
Cdx2 B FEIEARTM Octd fYFRIET L HATXH 4
ICM 1 TE 4316 i 5 F ALK B 58 A5 BR . AR BF 5% A
it Octd A1 Cdx2 @ X4+ ICM 1 TE 43 fL 4H
KL R TR 52, i BE Octd T Cdx2 7 4 R G -
WRETMERN,

1 MR5AE

1.1 ##
1L1.1 4

A= BRBR A A A BT 9 2 R BT R AR
112 FERR 5

QuantiTect S %% 5% 1 7 & W A Qiagen 723 Al;
VECTASHIELD with DAPT B 9¢ 6 %8 K 54 51 W
Vector Labs; Oct4 ,Cdx2 ,B-actin P44 B Santa Cruz
Biotechnology ; #7142 4~ ML 75 . RNA $2 B0l 5] &1 F 4=
THAY THRARAF,

2G5 A B V- B O AL 15305 H HAVE IR K R
SSW-420-2S B ; A ALk K5 #7246 MCO-20A1C-SC;
B AE AL Nikon Eclipse Ti; 9¢ )6 i i %5 ; T H
qPCR 1%,

1.2 A&
12,1 IRSMZRE R AG B 7

SR A4 51 L4 IO B 240 g, 46 OO e - B R 2
M5 A 1K ( cumulus-oocyte complexes, COCs) , COCs
25 P IR LA 53 U 3 ~ 5 IR, TR A 1
3522 h, Wi g2 400 39°C 5% CO, MR, oH
WY 55 O . BUAE F 2 TVF-100 5555
AR BORG AR TVF-100 15 32 56 7 2000 1/min & 0>
5 min, IEPK KRS TIIA COCs, Kk ik B 2 Tt
5 x 10° 4>, 7E 39°C 5% CO, HIBIEIRES hIEF6 h,
ZHG G, RBRON A 2 A RR T, B S
siRNA, fff 1 & 1% BSA B9k B TALP ¥j 3 It
(mTALP) ,39°C 5% CO,.5% 0, f190% N, HJ¥ziH
W TR, 5 2 REB EE 3% 4 i
B mTALP 3 MR 28 7 K, Bk
Wi gt iR & B SO
1.2.2  siRNA BRI G 5

HRAE Octd Fl Cdx2 Y 5& A 5 4 43 A A ik 1 5t
W], 5 % Octd siRNA fJ Sense Strand I Antisense
Strand 43 %l N : 5’ -GGAAAGGUGUUCAGCCAAATT-
37, 5’ -UUUGGCUGAACACCUUUCCTT-3 ’; Cdx2
siRNA f{ Sense Strand Fl Antisense Strand 73 1) 24 .
5 ’-ACGUGAGCAUGUAUCCCAGTT-3 >, 5 ’-
CUGGGAUACAUGCUCACGUTT-3" , siRNA J¥ %1 th
IR R A A R 2R IR AR DR
MEEIIEGFER 25 1 mg/mlL BSA A mTALP ;5%
RGO AT WO S VR IR IT R ik 4
P TSR

FRAE v 55 15 D0 52 58 X 52 43 Ry 25 O IR
(Ctel) 20 5 B4 X BR siRNA (siCtel) 4H ; FE ST Octd 45
S SiRNA (siOctd ) 41 Fl Cdx2 #F 5 P siRNA
(siCdx2) 41,

1.2.3  SERFERPOE PCR(qPCR)

W STV A I | 2 1 il 2 B R IR 4 A7
FRAE U8 BH E AT RNA $EHRL | S e 55 I S B 58 o o o
PCR, it 11 51 ¥ M. Octd F: 5’ -GGTTCTCTTTGG
AAAGGTGTTC-3” , R: 5’ -ACACTCGGACCACGTCTT
TC-3" ;Cdx2 F:5’ -GCCACCATGTACGTGAGCTACC-
37, R: 5’ -ACATGGTATCCGCCGTAGTCCGG-3  ;
Nanog F: 5’ -AATTCCCAGCAGCAAATCAC-3’, R
5’ -CCCTTCCCTCAAATTGACAC-3" . B-actin YEHH
2 ,SYBR Green Rl =¥ -1 H AT Rk &
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1.2.4 et

49 Z2 T FH i 2 ik 1 5 SR AMEAR 20 min % 0. 1%
Triton X—100 & PBS( TXPBS) ¥t 2 I, &K 10 min;
TR BORER T 0.2% Triton X—100 £ PBS % 30
min, FHEYE 2 ;7% ILZEIME S 1.5 h T Octd 3t
4,,0.5% BSA + 1% WIEWHFIEIA 1.5 h 11T Cdx2 44
£, TXPBS W53 5 min, —$i 4°C I H 1278 ; TXPBS W5 %k
—H0 4 YRR 1S ming “HUEIRIFE 1 h; TXPBS 7B VL
4 YR, AR 20 min; DAPT 443, VECTASHIELD # 1, f2l
O RTA L GRS e
1.3 FitEHH

fifi H SPSS 20. 0 F1 4 X 55 56 %5 40 i 47 G2 1 43
Mo FTA BRI VEE £« (2 +5) TR, 2
2 1] Lb 35 R FH B PR 28 07 22 40, T L ) L 3R
LSD i, P < 0.05, 2257 HA WM,

2 R

2.1 Octd siRNA F# 3T Oct4 mRNA F1E B Fix
SOpA

qPCR 455 7R | siOctd 4R i Oct4 mRNA %
KB E KT Cul 4LA0 siCul 41 (P< 0.05),
PEPE Y AL R R | siOctd HIRIR Octd 5 538
BEMCT Cul 4080 siCul 41, 80 RNA T4 hi2h il
ARG Octd FER (W 1)

2.2 Cdx2 siRNA F#3F Cdx2 mRNA FAEHFEKIE
sEA)

5 Cul 41 siCul 4 5, siOctd 21 iR i o
Cdx2 By mRNA Fl & 11 5T % 35 K F #)  3 B AR
(P< 0.05), Vi@ T RNA T30 3 6 4= Wi 1)
Cdx2 FEH AT T @ik (WL 2) .

A Octd mRNA FIXTRIEE ;B Octd GPEVIEEER, 5 Cul LA siCul ZHHLEE, * P< 0.05, (THE/ZEIR)
B 1 Oct4 siRNA TH X Octd mRNA Fl4E [ K (500

Note. A. Relative expression of Oct4 mRNA. B. immunofluorescence results of Oct4. Compared with Cirl group and siCtrl group,

“P< 0.05. (The same in the following figures and tables)

Figure 1 Effect of Oct4 siRNA interference on the expression of Oct4 mRNA and protein

;A Cdx2 mRNA AHXTRIE & ;B Cdx2 s L4 R,

B 2 Cdx2 siRNA T3XT Cdx2 mRNA FIEE [ 235 5200

Note. A. Relative expression of Cdx2 mRNA. B. immunofluorescence results of Cdx2.

Figure 2 Effect of Cdx2 siRNA interference on the expression of Cdx2 mRNA and protein
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2.3 siRNA T34l RHEZ &0

5 Cul Z0A0 siCirl 21 b %8, Octd AR A B HG OR
S5 N 8- A LI I 25 = (P> 0. 05) , B R
EREIR(P< 0.05) (£ 1), Cdx2 @ik iy IE iR B9 2
RS- R AR R Cul 41R1 siRNA 21 T 22
S(F2), VI Octd FE P 5w I iG F I & 5 o 72
T IR B, Cdx2 X R iR & & 2 48 iR By BL G
AN
2.4 Oct4 siRNA T # 3t Cdx2, Sox2 F1 Nanog
mRNA 7K F B 20

5 Cul 41H0 siCul 1A L, siOctd ZHAYIRRG Cdx2

Sox2 il Nanog mRNA FEZENF BRIk /K-F-35 i 2 T
(F3,P< 0.05), UtBILEAIERIG R HIL &, Cdx2,
Sox2 F1 Nanog mRNA FiA7KFE5 Octd FERAT 5,
2.5 Cdx2 siRNA F # 3f Octd, Sox2 #1 Nanog
mRNA 7K F B 200

5 Cul 200 siCurl 4LAH EE , siCdx2 LRI 76 AR
BBt Octd mRNA 35KV W ZEREAL (K 4, P<
0.05) ,Sox2 mRNA Fl Nanog mRNA JC2% 5 (K] 4B
HME 4C, P>0.05) , BEWITEA IR BRI A F +,
Cdx2 F:PH FEFEEL 0 Octd P Y F2 3k, X Sox2 FI
Nanog &[5 W TS50

R 1 UK Octd J5 ARG A
Table 1 Embryos early development after Oct4 knockdown

el R S AR IR A (%) 8~ LB (% ) B (%)
Groups Embryo numbers Embryonic cleavage rate (%) 8-cell stage rate( %) Blastocyst (%)
Curl 237 168 (70.89 + 2.95) 114 (48.10 + 3.80) 93 (39.24 £ 2.53)
siCtrl 232 160 (68.97 + 3.45) 107 (46.12 = 5.17) 83 (35.78 £ 4.74)
SiOct4 228 146 (64.04 + 5.70) 112 (49.12 £ 7.02) 49 (21.49 +7.89) "
2 T Cdx2 AR IR R A
Table 2 Embryos early development after Cdx2 knockdown

Gl i S AR IR A (%) 8~ LB (% ) B (%)
Groups Embryo numbers Embryonic cleavage rate (%) 8-cell stage rate( %) Blastocyst (%)

Cirl 210 164 (78.10 £ 9.05)
siCtrl 205 157 (76.59 + 5.85)
SiCdx2 192 142 (73.96 = 11.98)

109 (51.90 = 10.95)
109 (53.17 + 7.32)
93 (48.44 + 8.30)

60 (28.57 + 8.57)
54 (26.34 + 6.83)
44 (22.92 £ 7.29)

B 3 Oct4 siRNA THXF Cdx2 ,Sox2 Fll Nanog mRNA 7K (5
Figure 3 Effect of Oct4 siRNA interference on levels of Cdx2, Sox2 and Nanog mRNA

B4 Cdx2 siRNA T4EX) Oct4 Sox2 Fll Nanog mRNA 7K (5
Figure 4 Effect of Cdx2 siRNA interference on levels of Cdx2, Sox2 and Nanog mRNA
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Oct4 Fl Cdx2 J&/NFEAGH 1ICM Fl TE 534011
HUD IR T B2 Octd ANTE 8 IR 1Y 2% 5% 2 vh 3
iK,0ctd FEE R BT HNMMLAY . Octd A4
ICM 534k, 45 SR T 40 i 4 fivis e g 1290 Bt
TiFEFEA A ZREEECE Y Cdx2 fig
Wi FR& A TE SRR PERE AR 8 Oct4 55 Nanog
FHFMESE TE 3% R A0 Cdx2 FEPRE AR 1) 38R
ANEELERF RN I | TC Y AR 50 2 1 1 e, LS A
9 ICM FEFPEFE SR F Octd J2 Nanog, AT R
o (0 Cdx2 EEF B M REINAEAS T AL ICM, H RETE
RANEFAS IR T4

ARIHFFE T, TATHFH RNA T HERER T
Oct4 Fll Cdx2 7EA4 MG RN A B fEH . 458 %
W], — X% T4 1ICM F1 TE B9 1F 5 20 4k A g 4 1 5
I B REE, 5N L, Octd R IE X4
WG R B g 3 Ry E . ANE TN ERIRAG , Octd
A TE R R T8, BRI 76 528 25 5K 1 4
JRB Bt 2 it 2 . Octd T BETE 28 IR G 19 2E IR [y
BERFEASF BOPE T, Wb 365 78 19 TE 40 i PR F5 75 43
FEAER AR SR, Nganvongpanit 2 R v
BF Oct4 dsRNA 55X 4= WA 7E RN BY B (1) & & R
WA W ER M, AT, Octd MRS 2R IR IG &
EELEL =S AN EE NS A AT 2 i e
ARG, 2T TES Octd dsRNA 5 siRNA fi ik

6% R 1R A IR R i R B, TE S Octd dsRNA
(18 IS iy 5 LA T B 4 (1% 355 FR I5F 8] A BE T i 8 AR s
TCM 2 4 50t B R IR 3 3 I 7 4 IR I
AR, Octd FEAR [R) 9 Ff R AT BE & 4% T S [ 5ol
FrRTE . 5 Octd ANRIAYSE  ARF5E & B siRNA Fif
I Cdx2 J5 RN, D452 8 — 4t it 347 L f31) K 98 i
WE XM IC 220, — T , Octd 3K 7] 252
M 7 RGBT R IR R, S — i,
WA ATREH T siRNA @R RICR Ul 55 B0 2%, M5
B T R sIRNA BIRIETE A

RN IS R & B T B W, BIK Octd 5§
Cdx2 FE XTI & B A S A i ) 35 1
Octd Fl Cdx2 7 /Iy BV JHG 1 200 M v 400 ) 40 1kt 1
K B e R Cdx2 FEL Octd 76/ BRI 5
PR R B R EARHIF G & B, Bl A1
ARG P Octd 8] Cdx2 &K, 55 — Fh 3L K 16
mRNA 7K E ek Z 206, Kk, 784 R AG

A REANAEAE Cdx2 5 Octd AHE I A HLE] . Nanog
LR Octd 1955 — A HEHE AL G hh— b [m] 5 5 B 2
PSR 3P 4EHF IOV RIR B T 40 i /9 £ RE
WAA]D 5 Octd AN[A], Nanog TEJE BUAMIE 2 FTN
R ZH R Y EMIEA . /MR Nanog mRNA 7E80% 5
BB B A 235 78 1ICM h 2R M 7E TE g
K, BB Z fe b iy 4 15 0 75 2 st I+
Sox2 HIIEPE , Sox2 TEPE AN A 41 il 22 HA ZF0Th
B, /N Sox2 Fe sk W TE RALUIRH BOT th 3Rk, 78
ICM " 4EFf, HZE= MR Z B B, Z3HFFEIESE T
Sox2 FERRE ICM J3 Ak P i E Y . ARBF9E R 3,
Oct4 FAE T2 Sox2 F1 Nanog mRNA IS ATE N
Cdx2 FEAEXT Sox2 1 Nanog mRNA 7K FTCREM , X
VLR Octd 30 328 1415 2% b ik PR o) 4 R JIG 18 204k Tl
Cdx2 7EA WG Y 434k v T RS2 38 3 TR 45 Octd BH:
T REPR R AR
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[ Abstract]  Objective To explore the protective effect and associated mechanism of action of estrogen on oxidative
stress injury of mouse MC3T3-E1 osteoblasts (OB). Methods MC3T3-E1 cells cultured in vitro were divided into a blank
control group, H,0, group (300 pmol/L), H,0,+ 0. 1 pmol/L estrogen group, H,0,+ 1 wmol/L estrogen group, H,0,+
10 pmol/L estrogen group, and H,0,+ 1 mmol/L NAC group, which were incubated with the corresponding concentrations

of the drugs. The proliferative activities of cells in each group were determined by CCK-8. The apoptosis rate and
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mitochondrial membrane potential (MMP) were determined by flow cytometry. The levels of malondialdehyde (MDA) and
superoxide dismutase (SOD) were determined using kits. The level of reactive oxygen species (ROS) was determined by a
fluorescent probe method . The expression of Smad5, Runx2, Bax, Bcl-2, and cleaved Caspase-3 proteins was determined
by western blotting. Results Compared with those in the blank control group, the proliferative activities of cells were
significantly decreased (P< 0.05), apoptosis rate and positive rate of JC-1 cells were significantly increased (P< 0.05),
levels of MDA and ROS were significantly increased (P< 0.05), SOD activity was significantly decreased (P< 0.05),
expression of Smad5, Runx2, and Bel-2 proteins was significantly decreased (P< 0.05), and expression of Bax and
cleaved Caspase-3 proteins was significantly increased in the H,0,group (P< 0.05). Compared with those in the H,0,
group, proliferative activities of cells were significantly increased (P< 0.05) , apoptosis rate and positive rate of JC-1 cells
were significantly decreased ( P< 0.05), levels of MDA and ROS were significantly decreased ( P< 0.05), SOD activity
was significantly increased (P< 0.05), expression of Smad5, Runx2, and Bcl-2 proteins was significantly increased ( P<
0.05) , and expression of Bax and cleaved Caspase-3 proteins was significantly decreased in the H,0,+ 1 pmol/L estrogen
group, H,0,+ 10 pmol/L estrogen group, and H,0,+ 1 mmol/L NAC group (P< 0.05). Conclusions Estrogen may
reduce the level of ROS in MC3T3-E1 cells damaged by oxidative stress and improve the differentiation ability of cells by
activating the expression of the Smad5/Runx2 signal axis.
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estrogen; osteoblast; oxidative stress

Conflicts of Interest; The authors declare no conflict of interest.

48 2 J5 B BT B FA SE ( postmenopausal
osteoporosis , PMOP ) J2 Il R i UL i — Fofr 2o P 45 14 A
KRG B # R AT PP, 540 T WY IR B
ot & e AT R B B BETT R T R SRR IR 2
SR B LA iR W R, KRR AT 3k 10%
~20%""7 , BRAEBFICIA N, PMOP 28 il T HERR
ez gl SR U AR R A 5T R Y AR R R
PMOP 1) T 22 & 95 ML, 7% P % ( reactive oxygen
species, ROS) ¥ i n] LA 5 hl A 41 M ( osteoblast,
OB) M AN AR 1, 522 ) - o ) PRI 8 B, 3
AT, OB & &8 i iy 2 D) Re 40 M, >k
T8 B CERE S E AN AT LG TS 2
PV T, B 5B R M E S o
TR, B 26 28 9] 43 20 A 0 38, HLA 40 4R
RGBS PR, S 240N ROS B2, 7]
BB AT g, S B T MR R
PR SR IR OER T LAV S R 4 A
20 e 160 %) A, %k T B BT ORI B B ey B
YERY . ITAESRBI ST W, e 9 3% mT LA i 55 1k 1
PEENER 8 b A A Bl 0 3k ) I8 755 i 240 B A
JS AR B ) T35 P, A 45 B WSO RN % i 1) P, (LG
FLAHFE FH AP i AR A R, AR 58 4
b TR/ US4 MC3T3-E1 A Ak B 30
I RAP AT, DR BE— 20 BT T X MC3T3-E1 46
o3 AERE T3 02 i R ML, & A o MESCER 72 PMOP
BT B SR A —E R BRI

1 #Mel57FEZ%
1.1 ##

1.1.1 Zujim
MC3T3-E1 20 o FE R B L A BT
e

1.2 FEEH S5

B-UE P (HIL5 190409) M [ i 8 A R
HA R A o-MEM B35 5E (H#t%5 190615) [ 10% i
A 1MYE (5 190407 ) . CCK-8 6 Mt 3 & (4t 5
190712) g I _F i 2Bk 2 Bl 4 A FR A 7] 5 Annexin
V-FITC/PI i T4 M1 7] & (5 190916) F1 ROS
DENCHRET W H b SRR DR A R 75 JC-
1 %% W H Molecular Probes 72y ] T - ¥
( malondialdehyde , MDA ) (It 190410) F1#8%& fL¥)
AL ( superoxide dismutase, SOD) (L5 190326)
W A R AR R A R W b B Smads |
Runx2 Bax ,Bcl-2  cleaved Caspase-3 . B-actin H. 5[5
PURFIHAR 1o % 1L B (horseradish peroxidase , HRP)
PRCEPTR 1C BT 3EE CST A H],

MECHAMIAY ( FACScan ) W H 2 |8 FranklinLakes
N 22 T RE B AR AR I X (iMark680) ) ' Bio-Rad
o)L (ix71) 1 B B A Olympus A #]
1.2 A&
1.2.1 MC3T3-E1 i i Ak 1 i A A 780 iy gt 57

¥ MC3T3-E1 403557 T B /050 10% 340K
TEIRAE T B o-MEM B3 52, & T 37°C .5% CO,



826 rh [E SE I B 2020 4F 12 A4 28 %55 6 1 Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6

T IRAA RN RERE 57 R R A 2 A IR, R BE
TR XU KISy R as A BR 2 HL,0, 4
(300 pmol/L) \H,0,+ M2 0.1 pmol/L 41 .H,0,
+ MEFLE 1 wmol/L 41 H,0,+ HEFZE 10 wmol/L 41
Al H,0,+ NAC 1 mmol/L 4, BEZs FAXHRAUIMA o-
MEM 5535041, Hofl 45 A 40 Mo 34 A & H,0, (&9
4 300 pmol/L) W5 FRIEIFE 3 h, 5T AN
05, AP SR TCINIE B IR ITE 2 i, BR2S A XT
HEZH A1 H,0, AINA o-MEM 55350 40 , Hofth 4% 20 40
PRI TIN5 A R 3 24 ) 1 B R R AR 00, B
24 h R, FHF ARG A ) A = AT
1.2.2  CCK-8 S50 6l 4 o iy 34 58

UM BE B 37 24 b 256550 R 0 100 200 L R T
bS5 PR A M B, A 3 x 107 mL WA 2
96 fLHR,37°C .5% CO, FiF=AH T IGBERT 3% 24 h )5,
ST S AR 2R , 4300 T 24 .48 .72 h (A,
FEREFRUL , LA A 10 pl. CCK-8 IRk , AkLi by
3% 4 h, R HEEFRUE 570 nm K B OGEEE
1.2.3 BRI 4 E MDA F1 SOD /K-

B 41 S AHDHE BE 2000 24 h (40, 2
R FR3k  PBS Uk 3 WKJE R 1P 20 2467 T AE i 24
08, B0 (10 000 rpm, 10 min) , B E3#% , BACEL L
PR EATI MDA ; B ERe S8 AL A SOD 7KK
1.2.4  ZOUHREFEAN A LAY ROS 7KF-

FTCIM G 19 o-MEM 3% 3% W # B¢ DCFH-DA (4
WIE R 10 pmol/L) B8R B 2 5 40 I vk 3
Z5YIWEE 24 h (AHHE, W L3553, A DCFH-DA
B3 w0, R 20 min ST, SR G LY 40 i
REFRMVE AR I A AN DCFH-DA | 28 G RFHR X
Kl ROS 7K,
1.2.5 G e A SRS 4t e g 9 1

U 2 SAR N R BE 2T 24 h B, 250
(1000 rpm, 5 min), 3 B, KN A 5 wL )
AnnexinV-FITC F1 propidium iodide #£17 4 =&
BEEIFE 30 min, 28 70 H B9 405 i g5, R AR
AL ST T AR TR
1.2.6 3L 40 A SRS 4 i 2 o A% 5 Hi 7

B A SH N R 25 BEE 24 h 19 40
2. 5% i 1 K, B0 (1000 rpm, 10 min) , Il A
1 mmol/L#Y JC-1 Y0 TAEIEW | mL,37CIHH
30 min, JC-1 Z& Ve 3 WK , B8 20 WA T 4
Mrac o R AT JC-1 PHEER
1.2.7 Western Blot &0 40 04346 A8 17 AH 5 25

ik

HUAS A1 5 A MR FE 2008 24 h (400, 40
SRR IR TE 4 BCA LT 2 i, SDS-
PAGE &E i LUK, % B, = iR 36 2 h, n A — it
(Smad5 .Runx2 , Bel-2, Bax Fll Cleaved Caspase-3, #i
FELLBIE R 1:1000) 4°C ¥ 5 3372, LA B-actin 1E R
WS, YE BN HRP #5140 A9 — BT (56 Bt 6 A
1:5000) =M EF 2 h, AL ROCRZ, Xt L
AR
1.3 HiTES

K HI SPSS 22. 0 B A4 X} it A5 #5 4 HE A5 40 H7,
RIESS TR R LS + bR (x £ s)
o, R LR R 5 22 0 BT LB AL ) 25 S i 5 A
W] LA 25 5, SR FH SNK-q L 488 19 2 18] 22 Sk, LA
P< 0.05F /R ERHEAGIE L,

2 R

2.1 WEHEXT MC3T3-E1 4B 58 i 521

R 1R BN, 525 A0 A e, H,0, 4140
PRLAEAS [ B 8] 55, 0 38 5 35 14 B 2 T B (P< 0..05) ;
5 H,0, @, H,0,+ HEFE 1 pmol/L 41 H,0,+
WEBLZE 10 pmol/L 1A H,0,+ NAC 1 mmol/L ZH 4
JHLAEA [ 0] o5 A 348 5 P W s (P< 0..05)
2.2 BEEEX MC3T3-E1 4B0E 7K R 820

T AN ASCR I 45 SR s (R 1), 528 et g
ZHHEE, H,0, AN T TR W s [ (11,74 +
2.18) vs (4.85 + 0.53),P< 0.05]; 5 H,0, AL
B,H,0,+ MEE 1 wmol/L 41 H,0,+ HEFLZE 10
pmol/L 41 H,0,+ NAC 1 mmol/L 41 4 fifd i & T
R TR (8.86 + 0.95) (6.71 +0.72) .(6.53
+0.65) vs (11.74 + 2.18) ,P< 0.05],
2.3 WEEEXT MC3T3-E1 40 Bl 2 4 44 B% B8 {3 f4
=21

T ARG I 25 SR R (] 2) , 5245 X R
LA H,0, AN JC-1 PHAE: 20 it < 0H 5 38
[(9.70+1.53) vs (3.85+0.42) ,P< 0.05] ;5 H,0,
ZHELEE, H,0,+ BEFEE 1 wmol/L 4 H,0,+ M E
10 wmol/L #1F1 H,0,+ NAC 1 mmol/L 4 JC-1 PH¥E
YRR R (7.82£0.93) . (5.61+0.65) .
(5.5420.62) vs (9.70+1.53) ,P< 0.05],
2.4 BEHEIT MC3T3-E1 4056 & 16 5 8 7k F 54
=AU

K24 RER, 5 AN B4 i, H,0, 4



o [ S0 sh 2 2020 4F 12 A5 28 55 6 ] Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6 827

MDA F1 ROS 7K-F-H] i F+ & (P< 0.05) ,SOD & W]
BRME(P<0.05) ;5 H,0, 41 1L#, H,0,+ M
1 pmol/L 41 H,0,+ M 10 pmol/L 411 H,0,+
NAC 1 mmol/L Z1 MDA Fl ROS /K °F B & T [%
(P< 0.05),S0D {EPEHE F 5 (P< 0.05)
2.5 i EX MC3T3-E1 4 il Smad5, Runx2,
Bcl-2 . Bax #0 cleaved Caspase-3 Fi% RS20

K3 383 45 B, 52\ A AL H,0,

ZHANM Smad5 . Runx2 Fl Bel-2 2 1 R iAH  TF #%
(P< 0.05) ,Bax #il cleaved Caspase-3 & [1%35H] i
FFE (P< 0.05); 5 H,0, 4 lL#, H,0,+ M %
1 pmol/L&H \H,0,+ MEFLZE 10 wmol/L ZHF1 H,0,+
NAC 1 mmol/L Z14fi il Smad5 , Runx2 Fil Bel-2 & H
FEIKW] 58 TH R (P< 0.05) , Bax Fll cleaved Caspase-3
HEAREYE FFE(P<0.05),

R MEMEXT MC3T3-E1 AR FEI IR (n=6, x £ 5)
Table 1 Effect of estrogen on proliferation of MC3T3-E1 cells (n=6, x £ 5)

2151 Groups 24 h 48 h 72 h
25 FXF R4 Blank control group 0. 685 = 0.024 0. 804 = 0.023 0.975 + 0. 028
H,0, 41 H,0, group 0.324 + 0.018* 0.381 = 0.021* 0.448 + 0.024 "
H,0,+ WEZ 0. 1 wmol/L 41 . .
H,0,+ estrogen 0. 1 mol/L. group 0.331 + 0.026 0.388 + 0.020 0.452 + 0.022
H,0,+ M E 1 wmol/ L £ s ; i
H,0,+ estrogen 1 mol/L. group 0.427 + 0.021 0.483 + 0.025 0.576 + 0.021
H,0,+ M2 10 wmol/ L 4 i ; e
H,0,+ estrogen 10 wmol/L. group 0.514 + 0.023 0.587 + 0.026 0.671 + 0.027
H,0,+ NAC 1 mmol/L i s . i
H,0,+ NAC 1 mmol/L group 0.520 + 0.025 0.591 + 0.026 0.674 + 0.028
F 96. 752 117. 341 104. 593
P < 0.001 < 0.001 < 0.001

H 5 AXIRAM L, * P< 0.05;5 H,0, 4, *P< 0.05, (F#EF)
Note. Compared with blank control group, *P < 0.05. Compared with H,0, group, *P < 0.05. ( The same in the following tables)

1 MEEEXS MC3T3-E1 4l ML 17K P (52 1
Figure 1 Effect of estrogen on apoptosis of MC3T3-E1 cells
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2 MEBCEEXT MC3T3-E1 012 b 1A 5 H 37 4 522 i

Figure 2 Effect of estrogen on mitochondrial membrane potential of MC3T3-E1 cells

R2 MEMEST MC3T3-E1 QA LR KRR (n=6, x  5)
Table 2 Effects of estrogen on oxidative stress in MC3T3-E1 cells (n=6, x + 5)

2051 Groups MDA (nmol/mg) SOD(U/mg) ROS(%)
25 X} BEZH Blank control group 3.45 £ 0.34 27.80 + 2.13 9.75 £ 0.78
H,0, 41 H,0, group 6.78 + 0.68" 20.36 + 2.07* 14.48 + 1.24*
H,0,+ M 0. 1 pmol/L 4 . ; .
H,0,+ estrogen 0. 1 wmol/L group 6.51 + 0.66 21.07 + 2.20 13.42 £ 1.25
H,0,+ MERE 1 pmol/L 41 i v i
H,0,+ estrogen 1 pmol/L group 5.32 +0.51 23.65 +2.24 12.56 + 1.21
H,0,+ MEFE 10 pmol/L 4 s ok eh
H,0,+ estrogen 10 wmol/L group 4.76 = 0.43 25.71 + 2. 15 10. 61 = 1.06
H,0,+ NAC 1 mmol/L 41 Y e v
H,0,+ NAC 1 mmol/L group 4.51 +0.45 25.89 + 2.21 10.74 £ 1.02
F 87.451 26. 143 52. 695
P < 0.001 < 0.001 < 0.001

%3 MC3T3-El 40 Smad5 ,Runx2 Bcl-2 Bax Fl cleaved Caspase-3 3215(n=6, x + 5)
Table 3 Expression of Smad5, Runx2, bcl-2, Bax and cleaved caspase-3 in MC3T3-El cells (n=6, x * s)

2073 Groups Smad5 Runx2 Bel-2 Bax cleaved Caspase-3
25 FIXF R4 Blank control group 0.25 + 0.02 0.30 + 0.03 0.27 + 0.03 0.25 + 0.03 0.24 + 0.02
H,0, 41 H,0, group 0.18 +0.02" 0.21 +0.02" 0.22 +0.02" 0.48 + 0.04" 0.45 + 0.03"
H,0,+ M Z 0.1 pmol/L 2 R . . . R
H, 0,4 estrogen 0. 1 pmol/LL group 0.18 + 0.02 0.22 + 0.02 0.23 £ 0.03 0.47 = 0.04 0.44 + 0.04
H,0,+ M2 1 /L4 . . .
O oy 0.20£0.02°*  0.25£0.02°%  0.27£0.03*  0.41£0.04""  0.39+0.03""
,0,+ estrogen 1 wmol/L group
H,0,+ ME#Z 10 pmol/L 41 v v v v v
H, 0,4 estrogen 10 pmol/L. group 0.22 £ 0.03 0.27 £ 0.03 0.30 = 0.03 0.34 = 0.03 0.33 £ 0.03
H,0,+ NAC 1 /L 41 . ;
22 o 0.22+0.02°%  0.27+0.02°%  0.30 £ 0.02°%  0.33 £ 0,03 0.33 +0.02"*

H,0,+ NAC I mmol/L group

F 77.961 63. 285 17.632 95. 240 89. 437
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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3 MC3T3-El 4/l SmadS ,Runx2 ,Bel-2,
Bax il cleaved Caspase-3 ik
Figure 3 Expression of Smad5, Runx2, bcl-2, Bax,
and cleaved caspase-3 in MC3T3-E1 cells
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[ Abstract] 1In this review, we summarized research approaches involved in animal model preparation of modern
medicine, TCM syndrome, and the combination of disease and syndrome. Based on it, we proposed to set up integration
animal model including congestive heart failure and TCM syndromes, which is realistic and strong operability, and will be

of great advantage to carry out the experimental study, objectification and standardization research of TCM syndromes of

congestive heart failure.
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Research progress of the mouse model of HBV-related hepatocellular
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[ Abstract] Viral infections cause approximately 12% of cancers worldwide and approximately 1.3 million cancer-
related deaths each year. However, representative in vivo models for all types of tumor viruses are lacking. Liver cancer is
the fourth leading cause of cancer-related death in the world, and hepatocellular carcinoma (HCC) accounts for 80% of all
liver cancer cases. Hepatitis B virus ( HBV') -associated HCC is particularly a public health issue in China, which consists
of more than 60% of domestic patients. Chronic HBV infection is the critical etiological factor for liver cancer. However,
curable treatments for these patients are still lacking. The prerequisite for developing effective cancer drugs for HBV-
associated HCC is to disrupt the mechanism of HBV interaction with the host. The mouse model of HBV-induced liver
cancer has been remarkably advanced in recent decades, and multiple novel models have been developed by precision

medicine. This review comprehensively summarizes the viral and oncogenic properties of in vivo models of HBV-induced
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HCC, with a focus on genetically engineered mouse and humanized mouse models. In addition, we discuss the benefits and

caveats of each model and present a selection of the most important findings obtained from the respective systems.
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SBREAE YA 200 T8 A g R A ) 5 B gL AR
K, P RAEF R FERER DI 15. 4%, JERGL ARG
TEHENG 2 26, 1%, J& WU Z 8, UK 3507 s
AR P S g Xof D 8 A OF 4 BR R A B FE0BE 7 2E R
R R Y BomR A R T E BT 7
T NS i 968 9 75 - HBV | N BY I 48 9% 5§ (hepatitis C
virus, HCV) EB J% 7 ( epstein-barr virus, EBV) | AF,
SRR (human papilloma virus, HPV') AT
VA0 A A 155 9% B 1 & (human T lymphocytic
leukemia virus type I, HTLV-1) -~ P4 P98 #H 96
¥ 9 7 (kaposi® s sarcoma-associated herpesvirus,
KSHV) FlEHT 1Y Merkel 40 il 22 95 95 % ( Merkel cell
polyomavirus, MCPyV) , HBV J& H Hrilffi K f& 3 iz /™
T DNA MRS, 7EFR [, HBV 2K HCV 4 &
(IERE T S0 AR AL 2 S O & A AR A
JENZ—, Herb HBV AHSCHY HCC /4% B A 9 1] /9
60% A 11 B AT AR G I A I R R R
MTIFBCSA TASERA RN (H HBV EU#
A EARBLHIAT AN o0 i A, — > A BR 3D 3R
MEEZ G 5N BUR Sh LR, H AT
Izl HBV AH AT sh A B 32 24 v T
AN, T ER AR RS O | 20 R 5 D e R
A FHZH AU P )R 3 AR BT, MBI /) Bl
Hh R B S RO AR N 26 Y (4 5 BB ), sl f 1] HBV
FELPAE P e 200 i 2R B8 T 988 2 2R A 0] 4 32 Bk B4
ANERE B AR DGRBS, HBV T /) BRUAS [ 45
T[] 1) 2 R DN ek A P 3 R 22 5 BLOR, AR SRR UL T
SRR HE B AT 22 18] B 9 B SR e A2 i A a5 S B
FARAE , LU O BIESE 4 16 6 T A B T R L 1] 24
Yra e it s iR it 2%

1 EFERIREMFENRER
1.1 EF HBx HEEE/NRAAFEZESE (HBx

transgenic mice , HBx-Tg)

TE HBV 4af iy 4y F i, x S A 7E HCC M &4
R EE R ME R DA N 2 E AN B A
F1 o HBx 8 I A i 7 4 D 4 53¢ i) B =30 R 1,
USR] T2 55 40 i 1 58 A7 09 SC B A o
AR, SEUFAIMRER & A . AR 1991 4 BF5E

hepatitis B virus; hepatocellular carcinoma; mouse model; tumor virus; oncogenesis

N GURAER T A B oA #EAE TR K HBx 5E P 4
/ISR 5 PRI 2 v g ST B g 1 R TR A I R TR
ANERASERL R JE LGS B 320N BRI v 3 2 A X
SR E , 2K LA R A R S R TR S P b [
i5f,84% 1) HBx = i/ R BT 13~24 AW
KMz HCC, HBx-Tg #A N EWTFE x 8 H A BE 5
PRI e 8 45 DA TT 80988 1) 23— ML ot LA B I PR TiiT 245 4
it A B R AR

{BVF Z 4GB 45 Hh e w) 257 A9 HBx B DY/ Bl
HA WA (1) /NS RIE R ZOR & | i 48 Ja 19
Ko —MRAE 13~24 A 77 A AR bR, 1) 57 5[]
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22 SRR, AR AN S B R, BIFSE N DR R
7 HBx &8 -5 41 g Jag 5L A an c-Myc .c-Met FEA
BN S E G S OT RS G DU ]
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AN AT H IR — b ] B 1 A S R
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WM Wy R GEOR L TR MK 3h ol e i B g
(hydrodynamic transfection, HT) 73R G & HBx-%%
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FEH A A Fah™ ™ /Rag2™ " /12ry” " (FRG) 7N AT
HpErh . ARSIt ik R RS T AR B
H5 HBx i 5L PR A 200 5 A7 1B 458 1 4 5, et
UESE T A HBx 2848 1] LAVE S A4 i 5™ . HT
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PR IXC5 NS B 2218 AR RN HE ), 5
ANERURAEAL S T W) 5T, JC vk IR Sz e AR T 1Y)
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Xof IR R BV T, J0 1 B e 4 56 i 1 A 1 AR %
JRAE N B BUR AU,
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WA R BN & AEREN . BRI, B
A HGE IR Ry 14~ 16 A H AL 40 HBs #3E
R/INEUHR AT RIN B 1 & TR I HOCH '™, i, 5%
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6 FRILEFEAL, I T Ui STAT3 W5 55 S 516
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INRFEE RN L2 B, WG 33 R IR 5 Ak BT 5 | 1
R 3t BE A8 B AT i S TR A o IR AE 9 > H kg
R/ INEL T 1 2R R AT 3K 63. 64% , I ST T
A9 HBV 05045 52 4 40 0 B E T 9k 12 46
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YA EAR TR, FRESRIERTE HBY #;
i RO SR ARG A RIR T, W] RE R I iE M i R
PERERY R AR . eAh A BERE N AR RE R G
SEAY Fah™ /I BRI rh s o M 5 56 7% HBs-Tg /)
SR TR, RIARIESE 1 2 4 S v T 20 i A4 3 Ak
ST/ N EUR AR G R, AR RTE 6 DA
B A Jie R & A= 38R 100% , 358 (1) Ho 938 e 7 fift Ll
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PR IR AT HBs-Tg /)N A A T o 7EIZBERL/N B
HEEZE 8 JEUE AR SR A A LSS RS R RO
[ TEN-y 2500 43 Pl 3 1 EpCAM-EMT {555 il
A48/ NRAE 6 A H E 38 & B

A WF 5T LR R B HBs-Tg 5 5L K /N U BF 5
R EEAOC HCC 1Y S8 AL A G2 A OCTT 1 i A
FiAl {8 HBs-Tg 5 HBx-Tg /N EUELAG [RI A£Gk 5 D
Y41 hy BN B JE DR 1) 2 R RS AR | O LA 1 T LK
A A A2 sy vk EA T P R T, A BE R 3R
R AR T R TR,

1.3 ET HBV EEARF/NMNRMEESE (HBV
transgenic mice, HBV-Tg)

/N EUFF A0 BB E S22 1T A SZRF HBV 9 & il 5
HAE, AN 0N A SR G I JE B HBV
cceDNA'™ | 2011 4, Huang 51" 1 FH IR 06 £ 40 ¢
%22 ( adenovirus-associated virus, AAV) 1E NIk B2 2%
& WF9E HBV FE i e 2/ NP R ik R A ] 7
FHHCC, Wi H KIS AAV 2k HBV L4 2
C57BL/6 /N HY, BT A7 i Yo /N R AE AP 2L 12~ 16
A JE S B 257, )5 22l 2105 B 2R 4 B 4
N HCC RAFRN 83%, AR 57 HE B AR
JEVRE SRS E MR AR SE S A 2 2w, B
HZBRIC 42 F T8 78 HBV 8 & il A 2
PR LR IR R R AR R R (B 1) .

CRISPR/Cas9 % A 2H g 48 T H A9 1 B 5 il 1
Fs B A A HBV =T /I B o 1 455 J1 4014 114 Bl
&, CRISPR/Cas9 £ 4t & — Fh a] LI ¢ s 2k K 21
DS YIE B RGN BB TR I &
50 10 i) o o3 9 P S B A 200 41 e 56 R 1 A Bl B
FBohms @A S BT HBY 518 240 F EAER
FORAL, R ARE T 2 R A R AT R YT T
Beezi e T05 R HBV S 2585 (L R 4 B e
XFT HBV FFERYLOCHE 5>+ cccDNA BYKIA 181
SRE T 2 R 0 A AR . SCHER A,
CRISPR/Cas9 RG] WA C57-HBV-Tg /)N U [F]
BF5IA p53 i Pen 2878, AJ Jis & Az FF o, et vl
PTG 4 N H o wrE /N B IS RS
A PG 2 I HBsAg 7K - ik 32 5 T % i Bk 2
A RIS HBV 18 MY () — IR 7 HE S RN
BENFYIM HBV cccDNA & FEAs e I MELATE BR , £
PRI hHRF L R IR BEAH G40 1, B /& HBV 1K
PRI & AR AR T PR PRI L S T ) 0 e
G ) S e L Greggi 45127 Ramanan 252 155
JERH VST HBV 1.3 $8 DUy Bk B 8 57 i) 5L A 20
S gy /N AL R A A S AT 1) T HBV 4% 2[R A
RS IFH) 24 451 T sgRNA 45 5 B R0 B %k
552 ] J cceDNA 7K 7 4 38 4% B & 30 1, $2 7R
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CRISPR/Cas9 A TR BB o8 5 42 il (H IR
A BEASL R AL R AT 2 L)) 2= Y
=R e AR P AR (EARHIOC R H
) CRISPR/ Cas9 4t O HA7 58 K Ay # m) PE B, {1 5
AR D) 2 PR 4 i Dy = mT i () B 75 400 i 3 PRI 4
WEEWTR NS | R EHER U . SEGH AR, i
LAY CRISPR/ Cas9 i 1o B4 (i FH B 20 2 16 1)
Cas9 INYIRELL K APOBEC i & i, A S| % C-T/
G-A BRI A AL [R] Ak 4 HBV 85 s i 1 32
FEPRITRL S ZEFE MM HBV 35 PR 2H 1% [ I {547 40
N BB #E 9875 . CRISPR/ Cas9 2 4t 1] RS 1 #EL [1)
g B DR ZH R, (S HC AT KR T BRI Vi A P
HBV B HABFRR A R VMG 40
BAHGE AR  CRISPR/ Cas9 T FU 25 (19 S RE RSN BIF
7% Hl EEAEASIN R G BT, R L R B A 22
RUGR BERLF DR AN

AL 3 A A HBV 5 35 /N BRUM 1
AAV/HBV-Tg /NRBAG &) THAE 5 R R  EH
PEEFRIDE R . B R TE 58 4= e /I BR A A 4800 2 Al
18 E AR FIGE#E— 2P 0E5E HBV AP T
S RN 2 AL R A FHILRI A AT AL

2 ETRMEBENKRERN HBV i
INFRAREY

2.1 MARECAFEAR RN /DRZER (cel
line-derived Xenograft, CDX &%)

I HI Tl A BUFF i & B8 Y HBV FHA 1
PR BT A0 M 22 . HCC LM3 ZH fitd . Hep3B 41
Jiti . MHCCO7H 41 Jfd . HepG2. 2. 15 4fl Jiii . HepAD38
45 NI £ CDX BB A5 AL A %
(1) ZH/N T SRR A ) LA AT g R & 7=
A G HE T B A ™ AN RN ; (2) AN R TE

1 HBV Jj 2k AL 2 A O ) AT 400 M 78 /) BURE 25

Figure 1 Various HBV-related hepatocellular carcinoma mice model by ectopic viral genes or HBV genome
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/N ER A B AT R M

Hl CDX B8 8445 12 T e R SR AT N
JENEOIASRE (B 2) o B2 AU I A% R A A 3 o 2
A3 HBV BHAME 98 20 Mo TR B v 5 1/ BUR R
WM, SR E T, CDX AP R A5
T3 2 SR /N B T R A AR, S8 IR R b
A O TN BURALAF Y di DL A e fRT B
AR R Rz T RS AR AT 2 m Db e 3R A5 ik R 4
2130 TR B 98 40 1) 25 W = 7 B 40 i — o 7
AR FHLE B R R, 12 RN e
7o ABJR ERREER At 98 & A i i 5 1 4% P-4
JiL A5 43 R B A 04 B B B, T LA AN A A 7
B IR 2 A K S LR T LA #2019 4, Xu
50200 Sl HCCLM3 4% F 4 7 K e
R/ INER P RIS I B, R R B B . (HJRFRIR
W L2 A 42 R T /0N BRUFF 22 P A i A 98 IX 3
B, SR 2] 45% 19/ B T B R

FERR TR M OI6 YT RIS b, PUR B 259
ARANH HBV FH A I 40 M i 38 B 3R T P
RITRE BN W BN R E B R
T -a2b 40 T AT R T 40 M HBx K1k IF
R A0k 5E | (HFEYK 5 HBx 55 R385, = Fht
R BE 2GR T HU AR, LA B4R 7R HBx AT BE
JEHT HBV 25840 il 25 PH A JH- 988 40 e 385 5 1) 3 2L
L
CDX BRI HLA H A o] 5 4 e ) S | IR
SRR B T P9 A RS AT A AR T 5 B L5 ) i
T B IRTEANGE RS | Fz T A R F5R 1 A g ) L s
RN G| & M 28 B )12 BB L%, B E 80 fifi
o BEAL, T8 3R 4 1R s — | BR oAb A0 i R e K
WA R P A A 2 3R A — B A A AR AL R AE, HL
RANE R A SR Z B B 3 22 R i 18
CDX FEHLY B 53 2 2 AR S 96 40 M (9 R A1, 31X
B CDX SR RS 4 i = 1 PR i 28 3 P i 21 20 v i
TR B4) 240 i 2 P R S R T e R g /0N B3R o 4 i
(R, CDX A7 B 1 5 A 28 i+
IMERAR, A5 1B RS B T 245 9 07 38 T 4K
AR,
2.2 BERBEMZHBEWEE (patient-derived
xenograft, PDX &%)

5 CDX #i 8 AH L, e B M IF 98 PDX /) B
(HBV-HCC PDX) # B iy R A #) >k A HBV FHM:RY
JFF 200 B g S5 A %0 £ vk 2 4 s 40 5 1 BRI

FEARRE (B 2) o A SR T K AR AR s A M R TR
2GRS T3 v 2 W 25 % o 9 240 T S I e 1 e
FEI L T T RR A A G0 i R 5 R 4
SFRHIE

TEZAERI | T SR8 SRR /D BU S R S A )
TEfrIRE AL AR AR e, b i AU T3 200 i 3 /N
BROR IR TR AR, PRI AS R 43 O B8 T 18 3 i s P 98 1)
FERFRARE, (AR 2 Ab 2 | B 5T 18 i A
ST 20 R B 01 R0 G g5 3 B R T O SRR IR Y 3R
IRTERSAE D gk T I8, 1T 5 200 ) TR0 DNA &2 i 4
DRI LR F TR 2 4 . A, ISR A aE O 2R
B TR oY @A ) FE p HBV BU I 38 28 T 037 26
SIS A, A M %A B2 S R T b R o B 2
gyl ZER SR HBV-HCC PDX 8 M 15 3= Filps
BRI TARALL 1 A8 8 DR 5 I 9 2H 2R R i, UL
J& HBsAg Fll HBcAg &5 FI 4 it 7 3o 9 1
HEERHA AL AR, HBeAg IR T 78 ) iR 41
S KT 2R3k H ST | MA% R4 40 i 3 A1 Y A2
Zet5is HBsAg W PP I T 8 5 R 2 4Uh Jo ik At Y
ML,

B2, AR T 7 13N HCC J o
SR PDX BRI R B S AV A A /N R
WRFEEAE AR, HBY & il i 581 Lol jz T 4
AU D S AR B0 5 T e i v B IR O R A
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Figure 2 Xenograft or chimera-based HBV-related hepatocellular carcinoma mice model



PP [ S2E B2 2020 4F 12 A5 28 45 6 3] Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6 843

A TR HBV JR % i D) REPE 52 (B 5 1 4 fl
AEPR 3 %% 32 75 H ( sodium taurocholate cotransporting
polypeptide, NTCP) , K itk = HF A= 5 HBV 1) H SR 2%
Yt Fe, XA EA HAR SRR (2 Ak (B AER
BEAF T vh i W 5 G 5 A T AR DG B . %
e i NIEAR /N BB /D G2 R G TR ST PR B
FHCIIRE S iR YT 5 T A2 B A KRR, BR 1 1 H
AT B RPEIR IS 45 1 BUA AR T AH G AT
A S BB AR A AP0 e s AL P L
BEFRATAE S B 107 1 AR i B B 0 Y 1R 4
L RIS, SRy 1 3 — 25 0 o 2 MR 7 S e 2
D5 TR AR, 5 2 FATAR S K RE A 58 42 ik i
NZRAIE F2 G2 1Y I3 75 AH O i A AR N BB 3 57
AL e B SRR TN B0 FRAE I AR B AY  Hhy
WFFE IR R I BOR AL SR 7 5, B 28 Hh i il
R SRR A E
8 % 3 #k(References)

[ 1] de Martel C, Georges D, Bray F, et al. Global burden of cancer
attributable to infections in 2018 a worldwide incidence analysis
[J]. Lancet Glob Health, 2020, 8(2): e180-¢190.

[ 2] Vescovo T, Pagni B, Piacentini M, et al. Regulation of
autophagy in cells infected with oncogenic human viruses and its
impact on cancer development[ J]. Front Cell Dev Biol, 2020,
8. 47.

[ 3] Zhao H, Zhu P, Han T, et al. Clinical characteristics analysis of
1180 patients with hepatocellular carcinoma secondary to hepatitis
B, hepatitis C and alcoholic liver disease[ J]. J Clin Lab Anal,
2020, 34(2): €23075.

[ 4] Zhang W, Lu Z, Kong G, et al. Hepatitis B virus X protein
accelerates hepatocarcinogenesis with partner survivin through
modulating miR-520b and HBXIP [ J]. Mol Cancer, 2014,
13. 128.

[ 5] Kim CM, Koike K, Saito I, et al. HBx gene of hepatitis B virus
induces liver cancer in transgenic mice[ J]. Nature, 1991, 351
(6324) . 317-320.

[ 6] Ahodantin J, Lekbaby B, Bou Nader M, et al. Hepatitis B virus
X protein enhances the development of liver fibrosis and the
expression of genes associated with epithelial-mesenchymal
transitions and tumor progenitor cells[ J]. Carcinogenesis, 2020,
41(3): 358-367.

[ 7] Singh H, Huls H, Kebriaei P, et al. A new approach to gene
therapy using Sleeping Beauty to genetically modify clinical-grade
T cells to target CD19[ J]. Immunol Rev, 2014, 257(1): 181
-190.

[ 8] Keng VW, Tschida BR, Bell JB, et al Largaespada DA.
Modeling hepatitis B virus X-induced hepatocellular carcinoma in
mice with the Sleeping Beauty transposon system [ J ].

Hepatology, 2011, 53(3) . 781-790.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Kebriaei P, lzsvak Z, Narayanavari SA, et al. Gene therapy with
the sleeping beauty transposon system[ J]. Trends Genet, 2017,
33(11) : 852-870.

Zhang R, Real CI, Liu C, et al. Hepatic expression of oncogenes
Bmil and Dkkl is up-regulated in hepatitis B virus surface
antigen-transgenic mice and can be induced by treatment with
HBYV particles or lipopolysaccharides in vitro[ J]. Int J Cancer,
2017, 141(2) : 354-363.

Song J, Zhang X, Ge Q, et al. CRISPR/Cas9-mediated
knockout of HBsAg inhibits proliferation and tumorigenicity of
HBV-positive hepatocellular carcinoma cells [ J ]. J Cell
Biochem, 2018, 119(10) ; 8419-8431.

Zong L, Peng H, Sun C, et al. Breakdown of adaptive
immunotolerance induces hepatocellular carcinoma in HBsAg-tg
mice[ J]. Nat Commun, 2019, 10(1): 221.

Hao X, Chen Y, Bai L, et al. HBsAg-specific CD8* T cells as
an indispensable induce murine hepatocellular
carcinoma| J|. Cell Mol Immunol, 2019, 10. 1038/s41423-019
-0330-1, Epub ahead of print.

Chen Y, Hao X, Sun R, et al. Natural killer cell-derived

trigger  to

interferon-gamma promotes hepatocellular carcinoma through the
epithelial cell adhesion molecule-epithelial-to-mesenchymal
transition axis in hepatitis B virus transgenic mice [ J ].
Hepatology, 2019, 69(4) . 1735-1750.

Allweiss L, Volz T, Giersch K, et al. Proliferation of primary
human hepatocytes and prevention of hepatitis B virus reinfection
efficiently deplete nuclear cceDNA in vivo[ J]. Gut, 2018, 67
(3): 542-552.

Huang YH, Fang CC, Tsuneyama K, et al. A murine model of
hepatitis  B-associated hepatocellular carcinoma generated by
adeno-associated virus-mediated gene delivery[ J]. Int J Oncol ,
2011, 39(6): 1511-1519.

M, EHERE, XU, A R CRISPR/ Cas9 J [ % 15
AREST FeyR KRR BB /N[ J]. 250 sh 2
#z, 2019, 27(5) : 583-591.

Wu X, Huo GT, Liu SS, et al. Establishment of a large fragment
FcyR gene knockout mouse model using CRISPR/Cas9 genome
editing technique[ J ]. Acta Lab Anim Sci Sin, 2019, 27(5):
583-591.

Liu Y, Qi X, Zeng Z, et al. CRISPR/Cas9-mediated p53 and
Pten dual mutation accelerates hepatocarcinogenesis in adult
hepatitis B virus transgenic mice [ J ]. Sci Rep, 2017, 7
(1):2796.

Lin G, Zhang K, Li J. Application of CRISPR/Cas9 technology
to HBV[J]. Int J Mol Sci, 2015, 16(11) : 26077-26086
Greggi S, Franchi M, Aletti G, et al. Management of endometrial
cancer in Italy: a national survey endorsed by the Italian Society
of Gynecologic Oncology[ J]. Int J Surg, 2014, 12(10). 1038
—-1044.

Ramanan V, Shlomai A, Cox DB, et al. CRISPR/Cas9 cleavage
of viral DNA efficiently suppresses hepatitis B virus [ J]. Sei
Rep, 2015, 5. 10833.



[ SEIG B E R 2020 4F 12 A% 28 %55 6 ] Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6

[24]

[25]

[26]

[27]

[29]

RfHE, FAEA, 5. CRISPR/ Cas9 LD 44 R 55 10 K’
RHAC R AR SRR [ J]. o [ R 2250k, 2019,
29 (2): 116-123.

Zhu PQ, Jiang WD, Zhou N. CRISPR/ Cas9 system and its
application in medical research [ J]. Chin J Comp Med, 2019,
29(2): 116-123.

Yang YC, Chen YH, Kao JH, et al. Permanent inactivation of
HBV genomes by CRISPR/Cas9-Mediated non-cleavage base
editing[ J]. Mol Ther Nucleic Acids, 2020, 20 480-490.
Zhao GJ, Xu LX, Chu ES, et al. Establishment of an orthotopic
transplantation tumor model of hepatocellular carcinoma in mice
[J]. World J Gastroenterol, 2012, 18(47) . 7087-7092.
Ruggeri BA, Camp F, Miknyoczki S. Animal models of disease:
pre-clinical animal models of cancer and their applications and
utility in drug discovery[ J]. Biochem Pharmacol, 2014, 87(1) :
150-161.

Xu ZT, Ding H, Fu TT, et al. A nude mouse model of orthotopic
liver transplantation of human hepatocellular carcinoma HCCLM3
cell xenografts and the use of imaging to evaluate tumor
progression[ J]. Med Sci Monit, 2019, 25. 8694-8703.

Zhang S, Gao S, Zhao M, et al. Anti-HBV drugs suppress the
growth of HBV-related hepatoma cells via down-regulation of
hepatitis B virus X protein [ J]. Cancer Lett, 2017, 392. 94
-104.

Liu J, Chen S, Zou Z, et al. Pathological pattern of intrahepatic
HBV in HCC is phenocopied by PDX-derived mice: a novel
model for antiviral treatment[ J]. Transl Oncol, 2019, 12(9):
1138-1146.

Huynh H, Soo KC, Chow PK, et al. Xenografts of human

[30]

[31]

[32]

[33]

[34]

[35]

hepatocellular carcinoma: a useful model for testing drugs[ J].
Clin Cancer Res, 2006, 12(14) : 4306-4314.
Cheung PF, Yip CW, Ng LW, et al. Comprehensive
characterization of the patient-derived xenograft and the paralleled
primary hepatocellular carcinoma cell line[ J]. Cancer Cell Int,
2016, 16: 41.

Ice RJ, Chen M, Sidorov M, et al. Drug responses are conserved
across patient-derived xenograft models of melanoma leading to
identification of novel drug combination therapies [ J]. Br J
Cancer, 2020, 122(5) ;. 648-657.

Gao H, Korn JM, Ferretti S, et al. High-throughput screening
using patient-derived tumor xenografts to predict clinical trial
drug response[ J]. Nat Med, 2015, 21(11) . 1318-1325.
Tentler JJ, Tan AC, Weekes CD, et al. Patient-derived tumour
xenografts as models for oncology drug development[ J]. Nat Rev
Clin Oncol, 2012, 9(6) : 338-350.

Zhao Y, Shuen TWH, Toh TB, et al. Development of a new
patient-derived xenograft humanised mouse model to study
human-specific tumour microenvironment and immunotherapy
[J]. Gut, 2018, 67(10) ;. 1845-1854.

I, TRz, kR, % R RGN/ RS 1Y
F R AR YT IR TS AR T[ D). o B LA R 2 s
2019, 29(11) : 98-104.

Guo WW, Qiao TY, Zhang CQ, et al. Establishment of mouse
models with a humanized immune system and applications for
tumor immunotherapy [ J]. Chin J Comp Med, 2019, 29(11) .
98-104

[KFEEHH] 2020-05-27



2020 4F 12 H o [ S5 Sh P A A December 2020
F28% Ho ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 28 No. 6

FEF8L, TS sk, 26, BT LR Aefsh DR R B St SOt [ )] SR sh )~ 4f, 2020, 28(6) : 845-852.

Zhuang ZR, Wang ML, Zhang T, et al. Research progress and evaluation of animal models of hepatorenal fibrosis [ J]. Acta Lab Anim
Sci Sin, 2020, 28(6) : 845-852.

Doi; 10. 3969/].issn.1005-4847. 2020. 06. 016

B 2 4 b sh W A Y 1 i 58 0 e S py
EFH, FRZD KED, a8 A4,
WE? wEm A
(1. B EZ RS W ET 210028; 2. VLA R ELS S ER, B 210028)

[WE] I FFAAE R AT 5 2 240 M 45 5 SO 1 5T ( extracellular matrix, ECM) 4 BEDTAR |
ST A L e B AR T AT AL RS M T B B e S i R b 2 i AR BR T AR B R, 2R i Ak B B R
TERA KR IRTT 2SR SR S BERN BE . H BT R 22 B4 2 1 k0 27 4 AL A ik U7 sh A 180 D) B /b 1T 4 4
A 5 G BT AT LB T S RN 25 e . AR SORE 8 A T | B 27 i Ak S L A G S Y () i B 5 vk S LI AT 250
I A TR R3S AR, R B G AN S RN 58 38 5 s G116 R 14 T 15 21 AL 2 & sh D 4R i 52

[£82i7)  NFerdifk ; Berdei; iT S e gk 2 SR

[FEHES] 095-33 [ XEktRiIZEE] A [ XEHS] 1005-4847(2020) 06-0845-08

Research progress and evaluation of animal models of hepatorenal fibrosis
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[ Abstract] Fibrosis of the liver and kidneys is a pathological process in which extracellular matrix (ECM) is
overdeposited and parenchyma cells are reduced by continuous damage to liver and kidney cells. Liver and kidney fibrosis is
an inevitable process of chronic liver and kidney diseases. Except for organ transplantation, the early stage of fibrosis is now
considered the key part of treatment for chronic disease. There are currently many rodent models of liver or kidney fibrosis,
but only a few models with combined liver and renal fibrosis are available for research and drug screening. This paper
summarizes the modeling method and mechanisms of common liver and kidney fibrosis, and composite models. We also
compare the merits and demerits of different method to provide a reference for the future establishment and improvement of
more clinically relevant compound animal models of liver and kidney fibrosis.

[ Keywords] liver fibrosis; kidney fibrosis; liver and kidney fibrosis model
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FES R, R, AR Z A A 22l —F i
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V12 s 1) A B B, e 1 27 24 Ak B Bk
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SR 7 N1 A SRR i = e o A e WD 5
/u?f”f PRI 05 37 O VDA S, 02 o 1
IR Bt A a m ey v e tE . H A g X I AT 44k
AR Z AR F A BRI, RE A Dh 37 5 in i T
e AR PR A5 TR0 | Bl oy 5 il BEL VBT &7 4k £ | 336 5 T
WAL OGRS 22— AR SCRGES T I LR 4ifb | B 27 4
FEFI B 47 44k 52 A A8 T 0 ST vk, DI A IR
BT RERIHLG] 6 B T A 6]y v 8] (R A B, B FE
Shy g ST TR 3 NS DR B A7 A Ak i A R R A 2
(W 1),

1 BFeF4EfiiRsy

1.1 HERAFE

2% Y S A | B A £ T e, NS Ak &
WA, AR R DRI A 3 S AT
— R LR LA R BL I AN 25 D 5% 5 AR 2 R AE AR
5 AN A 2 S BOHIRAE , IR 3158 5 T T
AL I B B A B 5 5 N-SI i 64k 5 W0 FE DL PN T
M T A A SN T AR
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PUSEABR (CCL,) A T (A 1 5 R MR, B
FERIN TRy ERW U R BN S SN NI AW R G =8 i)
1EWEA CCl, o PR 5 2T AR AR A ) g 52 il
55 NZEET 4 A s BAZ Ak 1) v AHBLEE R B i T
N2 kA2, CCl, i AT 4R b i o
HLHIBRAE IR 14 A8 58 42 78 48, {2 Dong %57 BE 4 FI
SR B AL S4BT A AR M M B R UESE Cl,
B T SRR 5L A N RN AR R
A5 I B EARAE AE A DO IR A5

TE < A5 05 F 0 AT A0 S AE R T, 0 AT B R A0 ke
W B — ] JBT fk, ARR SIE DR A0 3% A R B — ] 5T 74
A SCATAE HEJEIE DA B4 53 s , 40 1545 82 2 AT, AT 5 B2 M
SR BEUR, EAR LT 4477 22
B 1 JFELF4Ebiigm

Note. The injury reaction can make the liver and kidney secrete
inflammatory factors, activate hepatic stellate cells and promote
renal epithelial mesenchymal transition. On the contrary, activation
of hepatic stellate cells and epithelial mesenchymal transformation
can promote the secretion of inflammatory factors, so that the injury
continues, resulting in excessive deposition of extracellular matrix
and organ fibrosis.

Figure 1 Formation of liver and kidney fibrosis
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I B B A 5T T2 1 i 2k .

1. 1.2 #ifR L BERE ( thicacetamide , TAA)

T S BN T (B A4 5, 1948 R 9
HARFEEY, 2017 4F WHO K H0 A 2B 25508
Y1, TAA TEARPIFIRSMYTI8E CYP 2E1 B , 1R
AT E B9 RN Y TASO, 5 HF KR T3 as &
M5 &ZIRHE, Bashandy 51" A TAA % T 45 4
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[ Abstract] Vascular calcification is an ectopic calcification phenomenon caused by excessive deposition of calcium
salts in the vascular wall. This pathological manifestation is common in diseases such as atherosclerosis, diabetes,
hypertension, and chronic renal insufficiency; it is an important risk factor for cardiovascular and cerebrovascular diseases.
Current computed tomography ( CT) techniques can completely reconstruct calcified arteries and provide accurate
quantitative information. High resolution micro-CT can distinguish and quantify areas of macroscopic and microscopic
vascular calcification. CT combined with 18F-sodium Flfluoride ( 18F-NaF) micro-PET/CT can enhance the detection of
microcalcification in vivo and aid in understanding the roles of signaling pathways and drugs in the development of vascular
calcification. Furthermore, three-dimensional micro-CT can be combined with histopathological, immunohistochemical , and
proteomic analysis method to provide complementary information regarding a single vascular segment. Advances in micro-CT
techniques may provide additional method for the analysis of vascular calcification in animals in vivo.
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Research progress in a mouse model of endometriosis
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[ Abstract] Endometriosis (EM) is defined by the presence of active endometrial tissue in the lining of the uterine

cavity. Because its etiology and pathogenesis are unclear, the diagnosis of EM and the combined use of Traditional Chinese

medicine and Western medicine are difficult, and thus, EM has become a research hotspot in recent years. Animal

experiments are important for exploring the etiology, pathogenesis, and drug therapy of EM. This paper discussed the

selection of animals, construction method , and advantages and disadvantages of various EM mouse models in an effort to
provide a reference for model selection in animal research of EM.
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b BT 1) — 2 R e I ML 23 M PR ) S TR) A7
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Ja , BZ RN,

RIS TESHE T T B PR L 4B o 3 T TR
b OBHAEE 0.5~1 mm® K/ANWEER, EHHE
PBS 1, BEH SCID /INEUF BB 1E &R A7 Rtk £ AT
R 2200, 16 S Sk i A S L2 B % PBS
0.2 mL & %5 R 2, B IR

Bz FRAEE RSN N T
JCB PBS W UE 3~4 K, BT E 1 mm® K/ANWHEF,F
YICE T %A DMEM 858 352 AR AT 9
SESK A A N IR URE R BB SR W A R 0.5
mL A #RBRAT R CET S R T il S 22 L%, SCID
ANERIEEICR 3R R, LA 2l R b4t ok,
3.3 BEEFERBELE

EMs sh¥ 45 5 % BiF 5% He 9 AL ) B PRI 7
BA RN, SR 2 e 7 A & 25
K, AREITCA R B L, A Ik, BUA Y RS AR Tk
{SRIRATAT 45 A AN L 2Z 4k L, DLSES: B AN
AIAT A B BR S, 255 AUAT 45 PSS 780 7 2 1) )
W P RE TR AT R AEAS R S AT AR H L
P 37 /B EMs A58 7 ik B DR R A LR LR 1
3.4 NERHERE

Bl B0/ N B B H AR T, /N B A P
Wi R T I R, A AR H Y
PRAEHR B BE I R ke P AR R S 5 /N R, mT DLtk
— R AR BT R R SR e . Hoan,
FaS7 EMs B A/ N RS Rl DL B s S 45 Bl

RO ETEILR 2,
4 BERTH

4.1 REBIESTR INERAE

PR AT DLW 2 31 S A7 b A BRI R, 52 36 1] 4
AR, A B G A S5 o k3 1 vl 7 S5 A 59 40/
T € N IR X VR S W e SR =4 I RN
1) o 200 ., 4 348 PN R T 52 ] DL 3 R A
4.2 WMEIBMREFE
4.2.1 RIKWEL

PR EE /N U RS MRS, B, I
0 K% SR s SR Rz R AR vk s AR R S0
KRGS KN, A KB L, Ab BE T HE SR A I,
SEEREA B O, TS, 7 B, A oK 745 I F XL
JENEIL I R S A KA RN
4.2.2 YA

B AR T HE Y085 T WA K G e 41 Ak i
¢ T A UE A A B S, S EMs B9 &
Ji& CEALERAL TR A AR
4.2.3 RHMER

AR AL HE MRI 75 S5 #07F EMs 34
BERVBIF 58 v A7 T I 5 A8 2 s A iT L 2 (B4
S B 19 4K BT 75 {5 8., JF 0T B4 U AT 508
B, A3 550k e T S AE T Wb T 3h W G N
JR o AHAZ 7 3 R A% B B, FE S 56 R A5 #)
Tz

F 1 #AL EMs /NFASE T S0 Bl i

Table 1 Advantages and disadvantages of the mouse model of EMs

TR % PEsi
Building methods Advantages

B,

Disadvantages

i1 .
FHRRSA [y
Autologous . L . . .
. The implantation site of heterotopic focus is accurate, which
transplantation .
can better locate and evaluate the progress of endometriosis
FIFHSTARTEAE SRR, A i ST
Allotransplantation ~ Simple operation, less bleeding and infection death
AT A AR SUL R KA A W T 9
s i S ME IR AT DS X
SRR . . - )
It is beneficial to maintain human tissue morphology and
Allografts

and make the experimental results more clinically significant

S A B TR PS5 YA | REASCHF B E 5L VTA P9 S AE B4

various biochemical indicators, reduce species differences,

BAERIX 2%, BIOIVER K, ARG 5 K AR i 5 53 86, T AR
IS G B AT T TR, AN3E T W S 2 F 5

The operation is relatively complex and traumatic, and
postoperative adhesion is easy to occur. In addition, the surgical
intervention on the immune environment of the abdominal cavity
is relatively large, which is not suitable for the immunological
study of endometriosis

TR AR LA RERAE , AT WAL, 5 DAl P e 0 J
J7 Wi 2%

The implant site is uncertain, which is not convenient for later
observation, and the quantitative evaluation of the progress of

endometriosis is poor

ST /N B G S R R B , AN RE I T PN S AR G 1Y
S BL Iy A BEFE , H/N ARSI ARR , A 5 i | ) 57
Fh e

Because of the deficiency of immune function, the mice used in
the experiment can not be used to study the immune mechanism
related to endometriosis; and the resistance of mice is low, it is
not easy to survive, and the feeding conditions are high
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Table 2 Advantages and disadvantages of mouse and the applicable modeling are commonly used in experiments

i i SEgeH PEH A I B TE A 12
Varieties Experiment used Advantages Disadvantages Applicable molding method
KM L ﬁ*ﬁ@ﬁ;”ﬁ?/ﬁ]?‘?iﬁﬂﬁﬁ ARG AR AR IER AR R S T R T
- op e moerkETE KA O TAEBE
Closed colony KM mice Low price, easy to raise, strong Petite individual, the operation  Autotransplantation and intraperitoneal
ICR mice > vitality, can be repeated in of autotransplantation is more injection can be used, but they are
large quantities difficult than that of rats more suitable for autotransplantation
patyc P2 SEEN SED 2 T
EL. C57BL/6 Al I DN BB E L5 I Elﬁﬁz;f‘ﬁ\@ljﬁ‘({ﬁ‘ ERINEE S
N o HEFR 2 1 - P
Pl BALB/C The difference between individuals — $&PTIEART 5 K HESET Autotransplantation and intraperitoneal
Inbred strain . is small, the gene is highly Low resistance, prone to death injection can be used, but they are
r(?;(’;;[ Y homozygous: the genotype is more suitable for
6 mice relative stable, and there is almost intraperitoneal injection
no allograft rejection
o R I A ANCI = VA N =1
P S (00 A /)N BE 25 G o SPRA A A I FE A R A T
SCID /I FRBS AEL I A A A7 305 % HIEZ T AR Herb SCID /NRUEZ T i
SRR R KAHEAZ 72 RN o s AR ) FR AR B e
# OB, SCID ij:%%lfmljrifi fzjji\t?ijztzht Eﬁji ﬁﬁ%% NGk %ﬁ: RREES Iﬁt{ffjiﬁa{!z&ﬁ% ﬁ‘izplantation
G PE BRI PE: N ol of h . o TR BT raneritonel N ]
Immunodeficient 228 ' model o ur'nan enc o-melrn')ms High price, high feeding intraperitonea . lnje(,lIOl"l arr
. Nude mice, can be established; the survival .. subcutaneous implantation in
animal SCID mice rate of SCID  mice after conditions, unable to carry out allografts; and the success rate of

transplantation is higher than that
of nude mice, and SCID mice are
invasion

more prone to

and metastasis

immune research

SCID  mice
implantation is higher than that of

using  subcutaneous

nude mice

4.2.4 YL

PG ST — PTG A AR B AR, 0] 0 18 7
EERUNESTSIE N S IFAR G & i S B Y L EL PN R
U ARR B, 6 A AR ASORe 52 e W 0 s
BN L B e s b R AR > L I T IR AN B T
AN W iy L A 50 E A e R PR R bk b B )
FET s R (i SRR AR, HAG AR i e et
4.3 EEFEH

ST /N EMs 345114 fee AR F 10, BB Bt 1 N 41
HITF TR 45 R A GE— , AN [R] AT 5T 2 BE 55 19 B[R]
RRAHME, ity ™ @it #37 CS7BL/6 /MR EMs
BRI 5, RS AL B RS 5 Kl TRE , K
INFEER 9 KA ik B R , Wi R 28 9 Kl RE R etk
WEE I (], PR B A SN S 407 kk KN 4 A K
BALB/C /)N PR 5 05 T T 55 & BLER 4 K526 21
KI5 RS 4 RO R AW, £
BRI IE KM /DN B A5 A ) 26 B 76 RS 46 2 A
RN 0 gy B, F S 7 AR AR FRAE S 4 R b T i
Ko FEBEES @ BFSE SCID /)N BRI AR s IS 1R 7
RIGH 2 AT RS, B4 2 B 55 4 J& S0kt A3
T B2ES BT 6 B SAAARS N,

2 BRI VRN B R AR R ) e A A ] 40 O
ANGE—  WEFEE R T AR b R S 0 kAR B b B
i, ANAE 1] Ml S AR RS B AR AE B, R el L
EMs 3R e AR R 40, IR Gk ] S 75 55 /0 B 26
ANTRY T A A8 22 S 1 45 TR) AATS 9K 7 2 ik — 2D IR A
W

5 #HANERSMML

5.1 EMs §HERBMEL

EMs fE—/ & Z2 (0 R, LB e R
R I ZA D51, REAER R A P9  H
SR o AR I AL AR E , 4T 4 1k 45 £ Ty 1w i 3L R AR
FH o BB s P e 70 2 5 m] DL T 5 — 7 Y
TRAISY , T3 ZLIRA e e mty F i — 0 5 AR

EMs AN Z2 A8 70, i PHBH 252 SR < e + B
T ESHE ST EMs /) BUBC R 8 i 2R B Ok
DU GRS T AR /N B A R e D 8 IE H /N RARR
TR AT (AN BB HILZE 0] DY A T %
DURS I T S el S7 EMs /N BB AL, FELL 2 2 LAY L
RHERAE, F 2N, T H T EMs A4
INEBEARL,



rP E SR S 25 AR 2020 4F 12 A 45 28 555 6 ] Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6 861

EMs SRR, (RS AE R A A IRES RIS I
g /N EMs B8 FARJF ESE B AMESR 12 d
Je RS S 40 R 8 N B LR s
T EMs SRRl EMs B AR 4L T
VORI RV

EMs ZF A0S A0 45 ) R PR s 1 5k
IR ] EMs /N BB A S5, FH Masson % 875 43 5
R/ BRI A S 5 7 14 21 KA SO0 kAR N
JELFAEALFRE R I TSRS 14 REFAEAr R LL
FRIRFI B, HEEE AR R i Ak vk & I EMs
PRERBEI ISR AR TR AR5 55 14 R R IHE LA
Iy B BOEUR KRG E T UL EMs /N USSR EE ST S 14 d B
AIYERBEGE EMs £F AL HL i AT 5 s el
5.2 HERIEEGERETL

HEUEIS TR B S (R R BB WA o,
T B AR G BRI A AR EMs 1 2 R AL
il RS EE 25 AT EMs BOVEFAHLER, BRATAY EMs
SR C R R L S T 2, IR, O R B
WESS G EMs s R G F S AT

S SR EMs B, Y A [ R RS AL
MERAR S 1R T (1) S EIRER T 5
(2) B HIHHEE ; (3) fEde T LG 2 A o Je /R
H, B 5 ming (4)45°RHRIE 2 h; (5) AT,
FRAIE A 2 h; (6) VKZKTE 5 ming (7) 2561 7K 1 d;
(8) BREff 1 d, B RREEHLIELELL 3 Fh7ikT
P RE T S, 1D 245 4 s s e T ik
SET A IR Y EMs AR R SI256 B ) BORS B
B, SRR, 5 VAR A SO R IR, I CA125 {5 T
L PR IE RN ), R T SR T LS A kb P L
A0 T, RS HHE, S5 A AN T 1) 2 2 B2 e A

FEPE MR EMs A5 . MV S AE [ RS A
R1FEAR, BHET 0~ 1CIKKESY TR
20 min, #EEE 2 JA LDy EE 37T FE BE /N R A
L 4 20 O R Y R L B R R R S B vkok
B )5 v T g T 1 TEBE I A BR BB AY S
B sl BORS # 25 BE , BN IR gl B FLME A5 FE R B
ek, BRI RS IR , & SR, R bk
HEOREL S8 PSR 45 G I IR U A8 2 FEE I ) e 48 A
AP R E B, B T WS W] DL Ao kb PN
R A R AR HES A RS E S, b e 4
JEEHE ] ST A B G 2 ) BRI BC B 22 IR b R
B HES, B

B BH R I T EMs AR . BY o A e e K
FRIE TP —E BB UKOK, BT 4°CUKAR 20 min, &

K2 W, AART BERBEA, ARG PR ESZ AR
BIVETRAT R B T S T FE R EMs B S0 5
Yy B TELRRAIG , o 1 R 250, I AR 4, 445 4 i
By, RAB S I AR, 45 & 28 50 I Rk
AR 25 AR s i By, B T L8] L 547
A RS AR R BH 5 45 s v 2k, R 4N LB £, 4N
JaHES A 5280

DL E=AMER HETE A £ (B A 2
= HE ) BTG T 7 SE 5 P R B, e A, I8 T
PRI S R R BB AN RESE B, EMs A9 HP [ 0 TE &5
ARG T — R R R 5583,
5.3 BHRIMERNEISNA
5.3.1  FEHRFR/NR EMs A () EE ST

A 3 3 PR i 83 5 A S 7 A i A s W R AR T A
HALZWAE EMs WF53 10 #4852 73, 2k PR R o
AREFH—E MR F B, SRVrEEE 1 H 56 R B
SR, X ot I3k %) 6 DR AT A 2 v s ), A T
B At R 28 X S 0 45 SR A T B, S 0 &8 AR A5 T
TR SRR 35 DR Rt o /S B B A R 4 i i
PR AR 18 2 A /0 R AR PR 5 o 356 R Ty i e 2 10 A
P AR B EER AR N M R 2 B SR R A
Fr/N g5 A AR B L & T EMs £ % ; Burns
S0 B TL-6 i DR /N BRI ER 32 (R B ok 7
BRI s VR R R DA 8 T EMs BRAL, R S
PRI R B /DN B A 57, EMs B A ) 1 fifk R 3k R A
EMs JE G A2 o iV F e S A SC R 7 2Z IR 6 &R
S IHE EMs & A & JR A5 0 R 2R SR IR 24 1 S 56
Bl , A PR A B B AR IR 9T 24 1 L )
S
5.3.2 FEYAREE SRR 0 N K v

EMs J2—Ff Z N R E I M50, 2R 2N &
)RR R TR 5 R4 AR 90 3 AT SR A 56 A A T s 27 T
ARSI & B, R 2R T HA N REH
IR 2 T AT REAE FL R R AL R T —E W)
VEFRE | PRt 2 7 T $E 1Y EMs 759 2 88 3h i B
JEARATER I FT 45 S 0oy B4k, A BRAAE Y R
FHHE S 50 (4 7 1 0 52 2 R 88 T TCDD ™=
TR, R AR A 7 T Bl EMs B Al
ks T ORISR R MY EMs /DN UL Bruner-Tran
DR T R Y + L) R A o R R M R
G LS AR A, BT 3 R 2 R /N RO
— IR T BB EAE EMs S TENLE, Bk
FZ T FE R EMs 1) 22 3 R 1% B kv 5 3R 5
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[ Abstract)

Pneumonia involves the inflammation of terminal airways, alveoli and pulmonary interstitium, and can

be caused by pathogenic microorganisms, immune damage, physical and chemical factors, allergies and other conditions. In

recent years, many domestic and foreign scholars have used lipopolysaccharide to induce the incidence of pneumonia in

animal models. However, there are many differences in these models, including the induction dose, modeling method , and

selection of evaluation and detection indicators. Therefore, we sought to review the literature on animal models of

lipopolysaccharide-induced pneumonia to provide a reference for the study of the pathogenesis, prevention and treatment of

pneumonia.
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Research progress in the construction of type II diabetes animal models
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[ Abstract] Diabetes mellitus is a metabolic disease characterized by hyperglycemia and caused by many factors.
Diabetes poses a serious threat to human health. It is of great significance to construct a corresponding animal model of
diabetes to study its pathogenesis, prevention, and diagnosis and to screen new drugs. On the basis of summarizing the
construction of animal models of spontaneous and induced type 11 diabetes, this paper focused on the construction of animal
models of type Il diabetes using genetic engineering technology and discussed the advantages and disadvantages of various
construction method to provide appropriate animal models for unraveling the pathogenesis and treatment of diabetes.
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BRI W A7 288 3l R AR Sl D B R R AT B
I B A TR /R0 | DS B S e M 5 9 N E
FHOGHE T f) 1T BRLH PR A sh U7 A ) 5 A FE A
FI3 7K L B N8 PR B9 K BIL R, 7 3C
TEMEIR B & P FiF5 -S4 1 DB bR g 2l ) A5 250 Ay o
OB~ e =i LB DS R Y P M s N o o | i
Bl PRI Sh IR 75 9% Je s BEALE], 20 b 1 AN A
10 A F s 2 0 A58 80 9 I e Bk R Y L, A
18 DR AR I A IRHILH K3 97 B8 BRIE LAY

1 B0 BERR SR E

FI & T BB PR s P 15 B2 48 18 A SR %1
T ARG N AR B & A T B0 bR 14 52 56 5
Yy, I A A T B8 R B Sh By ot 47 & F, H S
FOAT AR I BHE bR . 9 32 A ) I RE A by o 2%
TRAF TR F R PR B s sl s ) 3 2 2 ki ik 2
. AR T B PR R AL Bh ) ) PR &
AR eI R R R B N 1T BB PR AHARL, T
HIBAEZ ALY v 58 T A0 PR S A AR
I A5 22 TR 2% 92 0 55 2R LA e W A e I A6
R R EEE RO WA X R A AR B B,
FIR IR A, T ELA B 10 [) 2% 0 Il 1) B A
DRI AL 5L 2 5l 0 A B 1) 2B LR SR R P 5 N
FWE IR AT T 2 50
1.1 EIERTF
1.1.1 GK(Goto-Kakizaki) K Fs

GK RS2 Wistar K223 F IR W i e 52 46 5
i 0 2 R WO e iR 1) DR B, 280 10 A2 A S A2
TR MBE BT A, 5 Jm T2 5 26 T B BE IR
ST AR ) 22 PR IR R I 8 b 1 BRRR T . GK
R T BRI A WE I 2 A R, B 4 s 52 40
2% Y e OB R v S IALRE , R D A s 22 ) LA
FAR T ZH L B B2 B 5 SRR 55, KM R /5
BB O EF 2 RE R 28 00 53R SO RN AR
I, GK R B E 32 BT I BB bR IF 50 1 25 1
D3 D AMELFEAR PRI 1) e 2 2R 43 W ke B LA & B 4
MBS S5t F I RE R AL AE AT IE, 38 W SR IR %
PO RIERIWTSE . IR T GK R UL AT 1) DA
LU R 2 B SE 2 A A B R s T B IR
s S LT A I BUR LI
1.1.2 OLETF(Otsuka Long-Evans Tokushima Fatty)
N

OLETF K B2 F ] Long-Evans K B#17iE 7

FAE e PR > 400 g B9 HENE 5SS A E A IF
HLEY 9~ 10 JE 0 MR 5 AR T AL, SR 5 4
20 R 1 AR 1E A5 AT RE Bk T DB R 95 K B
B OLETF K RUBR T 3% BB & 2 R P A AR AR
WEEELAN 16 R B BE R, R Bz sh B AL 3 5 F
WFFE AR RES R A 1T RS RS . BT OLETF K
LAY RHE K 45 22 A B 32 {K ( cholecystokinin type A
receptor, CCKAR ) HY 2 [ 3R ik 58 4 6k 5, I itk
OLETF KRR 26 81 0 H 8L & BT i B B, b 4h,
OLETF K X Yotk 9 ODB1 K1 14 S
A iy ODB2 JE [R5 11 A BH JR % (1) & 9% 2 D) A
SO0 A B, OLETF K B %5 7 7] fE 4 CCKAR
ODB1,0DB2 3 N5 sh btk
1.2 EEGER
1.2.1 db/db /N

db/db /N 4 5 G A 1 98 2 52 A Ik PR % A Gl
B, NI 28 3 &P I AVBE PR W . db/db /N U 32
BEFEIN R RC I | 5 W | o5 1B FIOBE PR S5 RE R A
S A7 oM ERAE 5 O T RUBE BR R 1 % B
MR,
1.2.2 KKay /)M

KKay /)N B €0 I i 58 B % A KK /N BT
TE R T BOE R9% sh IR . KKay /)N BRI 23R
IRy SR 7 2 AN T A7 i 5 R ARBLAE, 5K
T 2R PR A AR, it L2 B /N 1 s B AR b 5 N2
PR B s Fr O 2 3 1 B AR Ak — 3, I HL KKay
/NERFRBE PR ORE OF & 09 B AL 200 A e KK /D R
FeE

2 FSME D EERFIHEE

Bk 11 ADEE s sh Py e R e Fa a3 A
YAk S B0 R 2R 4045 2 ikl ke 22 400 i 3 i
SRR R B 50z A RS BRI R B R Y
YER, N T35 A 1 BO0E PR FRAE 19 s Py A A,
P S 1 RUWE PRI 2l A 78 i DA 35005 i IR 1
£ RE RN 1 ALBE IR , 38 o DA 25 B g
PRl A S e 1 AN I A AR 1) 7 vk LR
ff B, WE AR AR, HAT) iz T I O PR 9 1)
WFFE , AH R R A K
2.1 FEERVIBRE

JER MR U0 53 2 2 e L A DR G 50 ) A AR 1) Ay
Ik M BBR B TIRR S IR BLZ IR 21k 2/
PR RS PR ELGET LIBAR MR R A R ) A T
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T IEH, AN AT b A PR AR L (AR I Bk
P B ] — R A I RO PR e AR A A 1T
RUE PRI IR T B Hofh Ak 22 259, an g A
I X (streptozotocin , STZ) | PU AR M g4
2.2 BERBESE

JREAT A S 1 J R4 R fA7 B0 5 44 1 R s 3
PSR B RA)  J T , — MR e R v B ) e 3
Tl S0 sh Ay | L JE A W AR R P B T S B0 I
W TE R R IR 5 3 T B R AR R gk
SHCROBEIRG , BLAh, G 5 0 B AR 5, iF
7SI ARUBE PR, Vb B ) M s B RE 1 5 R B
OB PRI AE AR, s BLULIEE & R AP . B AT AE ok
N B RN RS D) 1IN P B R B o TR
FE) VG /NS DL R IR N R KR s n 3 &
T AR A S IR R A T TR R
R, BB Sk B Ar BB T R K s
Y 5 1) IR I A6 I 2 i S5 1) A G ATF 9
2.3 UEHWMIFSE
2.3.1 SIZ

STZ 2 F R 85 )32 (R DR G sh i R Ak 2
R, CRe LS B A A R
P, STZ F 2@ A4 [ 0 B 40 Thag, 51
AL 5 R A s>, NI KW IR . o T U
R4 11 ZRME PR 38 B8 AL, STZ 5 5 MR D) B ik
BRAH 3 o T AR 1) Bk 2 56 30 4 19 Ji i ) 5 I
IRBER , SR I5 JRydB ol 4 B i 5 STZ , 2 1 #4) g fie 5 R
SYUAAS IR A T1 DS PR sh s i) X R s 2
PR va IR T V1R 238 1 P By Ho At 25 5 0y )™ &
B4, FLE o T AR el A STZ X oAl 40 20 38 B 60
FEEG, AL, STZ ] UK & S IR A EiA S 1
RUBEIRG . mlRTAEHAE T KR 6 ~ 8 JAJF KD
RICHT, AR5 M s 1 /N 1 STZ, 1 7808 R 1)
R R Al 38 799%™, STZ WIF & Z M REIR
IR B () %) 52 ), 15 BB A B 15 2 A IS ) B K, 3 )
(A JER I R DT BBk B 32, R 1) STZ 31 32t 5 AH N7
Yl STZ 4 2 A% a2 AR A 57 (1 B v AR [l A
St TR STZ A5 i B 22 5
2.3.2 DU MERE

DUSE S E R HLER S STZ AR, 328058 i 7= Ak
A H IR B AN, U S R A 0
STZ AH LL, DU A0 W 5 | 76 114 2 Mt W LA A e
AT PRI, p D 4 W 5 S 1) M DR AE AR AN
JE DI 224 b DAl B0 R 96 25 9 0 [ ot s A AT

— YR L s 3 S DU S M BE () 7E 100 ~ 250 mg/kg
O FE A R A ) 3 5 T O R A S IR AR O, BB TR
50 R R A O, RS R W R 4 2
170 mg/kgFl 200 mg/ kg FJ VU 4 5 WE 114 SO% PR 9% 7E
FAFEWTAS5 i Z [ A R R 3 (P < 0.05) 2
SRR IR E A 90% , HAEFET-H b, 170 mg/
kg FIEALAFET 2 REHE

3 ERIERKRFINIEE

LR TR B s 2l 0y 55 R S AR PR e
AXPRFRE DNA Fr Belb AT 28 s Rk A LS ok
SR DR AR Y b R B IR, DA T A e R DG 5 P A
4 10 B B Sl AL AL, M) i A T AR AR A
74 11 2% B sh A 8L ml DLRR e st , A A1 TS
11 A R o B JFE I D R 194 25 9 WL 1 RV A B4 BT
HEEY L AR IR 2 th 22 3k R 3Rk U B 2R
B AL R R A AL W] 5 kR iy, iy KR PR AR A Y 1T
RUBH DR Ss S IR B AT 0 1) S AL, TR AR
MESE AL R 52 B b ) I RURE DR 1 2 A 5 &
R, MERE SN TREARMIEL Rk
4 PR T Bl W o 2 1 R E T T 2ROHR DR s ) = 2
R
3.1 NEMERREXER

S A B BB R ARPURR S B 40K 4y
WA RERE A2 11 AW PR S ao A v i) PR A
AT JBR IS R AR e S R o 7 A R B SR AR R
M i £ 3R AT AR TR BEALARN Y B R S R 2k
(insulin receptor, IR) | i &% & Z K IK ¥ (insulin
receptor substrate, IRS) | il & ZAEAE K F 1 24Kk
(insulin like growth factor 1 R,IGF1R) J& ¥ VLA H# IR
PIRICIER 2 B E S IR 454 5 vl LA B A
TR , 0 IRS A AEWERR AL, BERRILIY IRS W] LA
T B Mk LA — 3 — 3% A ( phosphoinositide-3-kinase ,
PI3K) /%5 H 8 B ( protein kinase B, PKB) {5 =il
%, PKB —J7 I A] LA 23805 AL 3h W) ih & &R
H0FE F1 ( mammalian target of rapamycin, mTOR) , 73
—J5 T 8 AT LA i g5 v Ak 2 A R (tuberous
sclerosis complex , TSC ) 8] 3% 445 mTOR (923517,
P T 5 WD W 38 2 1 5 R e AR o /K252
BFSE B, IR HE R B 2l 7 (IR™7) /N RUAE Y A
AAJE A RFL KBS RS R
PU B A A3 25 e J 5 2 e 5 TRS— 1 kPR
RAET (IRS-177) /N BUTE AR J5 H BB &5 R A5t
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5 e g e Z A KN 1 (insulin-
like growth factor 1,IGF1) 5 IR HAFLIAZE#, 0]
WIS IGFIR 456 KA 2R Z AL, IGF1 2 [H]
SRR AR R B T A B S R AT S e b
IR

RS B R 19 K A AT V)R &R, &
R HERZHAGE GG Wl AR R AR
ieg, —RAEM T el pgARSaHE 3 rhoax, il &
bR A BPR AR, R R R R
FRRR L, ) 4 W 1) i e R AR 35 45 T T, B A0 R &
Y AEANE ALY 8 KT Janus B 2(Janus
kinase 2, JAK2) <614 34 45 80 0% JHF 410 g b AMP 384
% W) 2 H 4 ( adenosine monophosphate-activated
protein kinase, AMPK) "**'  Ff-5£0i mTOR {55 18 %,
T 3R] 76 A W 2P 1 2 1 1) 2 5 R 400 i 6 T 7K
eSS SR TN 14224 I LIREN IR AW
gt R NI & T ROBE SR, Bhab, % s A
F 7 Z2I%) 2 (transcription factor 7 like 2, TCF7L2)
FERRAZ A 1k R A5 1 RUWE i AR OGP £ i
0 PRl 22— A 8 T 9 5 2R 0 b L A L B R kBT
AR 5 A /K PR g Y T BB TCR7L2 S e A%
ST AR R A W KT BRAIG, BE G iR T AR
PRI A % I ( glucokinase , GCK) /& T 41
JRUFIER &5 B 40 s vh A A A AR SR AR P R B — AN ¢
B, )T MR AR A 1 4 B B R AR
JifiEg I8 B PR - 32 1R 8 2 1% 7 51 9 (‘tumor necrosis
factor receptor superfamily member 9, TNFRSF9 ) 3
PRAT LA st 4 6% CD137 52 i Sl BB SRk B R 9 ( no
obesity diabetes, NOD) /)™ B (%) 4 PR 95 #F 72, T 41 Bt
TEFKSR TNFRSFO % (K5 n] {2 2 1 284 8% F i 1) &
JEUO g 35 B TR & 1 ( pancreatic and
duodenal homeobox 1,PDX1) 7EBEAR & & M B 41 jifd
T RE 445 bl B R AE T, PDXT AR (N 45 e 2k
S U7 Y S N R g R NTTRS
B IR KT, ATP f B PE B ( ATP-sensitive
potassium channel , K-ATP ) i i& )\ J& PN [r] 2% 355 4
i IE (Kir6. 2) L A8 98 I8 5 e & 3R 23 M, 4 i b ¥k
FETF w5 I, B 4R MO AR I BR, 7 A2 KO E ATP, ATP
5 Kir 6.2 454 J5 fff K-ATP 3838 56 4, 5| 41 i
FoM Ak, 7 R AR 1 1 A 5 3 R, B
PSRRI B R PR, 2 5 PR AR
IR B PR H R PR A O R AR kR X 4 LA
BB PRI Y 22

3.2 BEEIEFAEIRBERFEHWERFE
W
3.2.1 MG 410 (embryonic stem cell ,ES) T4

ES 20 4T 2 30 5[] 9058 o 2 3 AR R A A
18 o DR A TS TR A ] 50 DX ) 2 A i P 21
HHE, R G S S R RS T R ES
RS I ASZ ARG N, 505 RS RE TR A 35t 1 1) 5L R
MR SRR B ETE A ES TR AR R
FHROARSC T BUWE RS SRR, FIH] ES FTHEEOR
FRER/N TCF712 2 A FER IR IR AiE ST,
/N Bl ) 2 T R L IR B % R A2 A0 e
Oy AU D AR IR I 4 2k T R ES
FTHOE AR R /N B, GCK A 19 C57BL6J iz 4, HU
AR/INEURY 25 6 14 7K 1 3 30 4 2 A ) o R
RS R ES FTHRE A @R /N B Kive. 2 B5P A
K-ATP 3 38 8 30 , B 48 A X v 4 8 2k 25
IV 5 B RN BE NI, SR TTRAAIR T R 5 3R Ay 43 s
P, il ES $THEE A Al A e 13 3 0 A 2 Y
11 ZUBE PRI Sh I
3.2.2 JERgEEHA

BEPR e 2 R A% PR Bl T DNA Ry B A7 408 o)
M — b N TR RO . W 8RR T HL il £
FEEHE B R I (zine finger nucleases, ZFNs) % 534
TG FE BN 7 #% TR I ( transcription  activator-like
effector nucleases, TALENs) . i¥%2 i) R 1] 5 114 4 [l
X H 2 ¥ ¥ (clustered regularly interspaced short
palindromic repeats, CRISPR) A& CRISPR #H A% ik it
( CRISPR associated , Cas) 225t 1 T1E 50940 Y
FTROHEA B X G LB R 5 A R AR T
e, I AT R[] A S B B S B DY e 22 A R Y
At

(1) ZFNs fH H & 09 B 48 8 [ (zinc finger
protein, ZFP ) Fl FokI 4% 12 PN VI 2H 1%, $ 46 & 1 H]
THUNFIGE &€ 1 B F 51, FokI AR A D) il T
DURE ST #] B 3R T R 5 DNA XUEE &
Wr 2L, 240 it ok (] 9 e 2 8 [ 9 AR g o 4 AT
DNA 25, NI, 3l A B 51 AR R AL A
B e i A e m] LSS B0 TR A B i, A
FH ZFNs A 38 52 10 i 2 GU0E S8 1 H AT R i B
NOD /)UK TNFRSFO HE A, B pg Ly byt i 11 LAk
PRIE/INBRERL T T 454 ZFP 22 R REAH B3,
Ty A Bt RGO, A A8 b AT JR BRAE, PRI Nishiio
SEUSINT ZFNs AT T AR Gl 3 DNA I8 A ZFNs
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S @i\ H WA 85 A, SR e g F
HEK293 MM /N , iXAE ZFP 22 ] A4 B T4 w23 B
8 AR, ZFNs 110 356 R 2 B AR A0 R 0 4 o

(2) TALENs F 303 P16 3500 9 Fll FokI % iR
BEFZEL A, 384195 R R 500 9 B R S TR B N 2
DNA BEEEXS , FokI 4% PR [l BE 7F 7 5 137 53 DI W7 DNA
UBE00 kTS DNA XUEE & Z HLHl, S5
ZFNs BiAR A H, TALENs BE3+ 3 faj 20 5 S o g
B2 2% 0 R A B, oA — @ MO =R
TALENs BRC #1222 fisi X 3l 1y i 2 [
B, A TALENs HAR X PDX1 5 PH 517 2
J& B4 T PDX1 SRFEHE , BRI R = (08
A N B E BoRIEHY TR D) ik
BEMESE VISR IERR , 5 78 78 50 VI B I B 5 mT BB 46
g b g1 21 ) R ik, A TALENs $ AR M #
Se RN IR Bkt = 11 5 R 975 6 40 A R L i R
[FRERApEHNE R

(3) CRISPR/Cas /& —f RNA-EE A& &
fA, H B A B A P R) B Y TR S R B
CRISPR il Cas # R B £ AL, CRISPR/Cas9 E &
fEfE— B/ RNA $8 5 F g PAM FR515E 17 -4
HA® DNA, SR J5 X} DNA X% UE A7 U0 %1, i IS 30
DNA XUEEIB R

HHT CRISPR/Cas9 & K 4 5 £ AR Tz HI T Ik
/KT 1) 3 R 2 A, DT 26 A5 36 BRI A8 i 1) 2 4 A5
#II3  FFH CRISPR/Cas9 ik b3 JiE 12 Z 5L )5, 11
H P P A B 5 R A, MR R I WS T v R PR A5
Sk Y . I CRISPR/ Cas9 Bt B 4HAEIY IR, &
BRERER /N PIBK-AKT 155 S /b | 3 2 i
BERARE TR, S 2800 BRI 52 A ) SE 1
BT ZROBE PR itk >, Al CRISPR/ Cas9 ik K
FRIRS FEH, KRR B i 32 32403 , 1k A e
SRR 0 2 AE 25 1T BB PRI REIR O, A
FH CRISPR/Cas9 [RIF Rk TRS Fl9E 52 AR H 5,
KBRS B RE P ot B S R M T e A
PRIFAEAIRT A, B A CRISPR/ Cas9 5 A il
| BRURE DG R 2278 T 1) 98 3R A2 AR SR TR I /DN BRUASE 78
HH BRLA TR G | B R 0 B RE S AR DR
SEARPS . PG, I CRISPR/Cas9 2 %5 7] LA 2%
bAe) IR PR Bl 2K 1 R B sh A A

4 g
FRERI PR 149 3 90 52 0 2 O S PR 59 L

il K it R LR T 245 1 B OGS (H E I G A RE R
SERRLPI N WE IR & A K T R s P LA,
ARSCRGE T R AR 11 O PR v 2h WA R Y
2, 0T R T ARG Oy e g, BT A R
W PR S PR %) TOBE T = AN B 2 A2 S 1 3h
WAL BB AR B AT L T 885 A DR T AR DR
BIYIBERYFE B A DA K X6 B AR T 2% ] % PR 45 22
SRA A, R, PERIFSE 100 PR s & s L i 1)
PR BT R e R e 3 R B Sh LA 4
A I FHASEATG P9 180 AR A 6t ] A B Dy ) 2 T 7800 R
s S S AU, 2 DS T 5 5 2 g R () X
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