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[ Abstract] Objective To explore an establishment method and influencing factors of an intimal hyperplasia model
of common carotid artery in rabbits. Methods  Thirty New Zealand white rabbits, half male and half female, were
randomly divided into a sham operation group, high fat + unilateral cannula group (divided into 2— and 3-week subgroups
in accordance with the modeling time ), and hyperlipidemia + bilateral cannula group ( divided into 2 - and 3-week
subgroups in accordance with the modeling time). In the unilateral cannula group, a silicone tube (20 mm in length and
inner diameter of 1 mm) was placed on the lateral side of the left common carotid artery and fixed, whereas in the bilateral
cannula group, a silicone tube was placed on the lateral side of the bilateral common carotid artery and fixed. Both groups

were fed a 2% cholesterol diet for 2-3 weeks starting from the day after the operation. In the sham operation group, the
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common carotid artery was separated, no vascular cannula was performed, and the rabbits were fed a regular diet. At 2 and
3 weeks after the operation, pathomorphological changes of the injured common carotid artery were observed, the index of
intimal hyperplasia was measured by morphometry, and expression of a-smooth muscle actin ( @-SMA ), osteopontin
(OPN), type I collagen (Col-I ), inflammatory response factor interleukiN-13 (IL-1B), and tumor necrosis factor—a
(TNF-a) in intimal hyperplasia was determined by immunohistochemistry. Results ~After treatment with high fat and the
silicone tube for 2 or 3 weeks, intimal hyperplasia was found in the common carotid artery. The intimal area, intimal
thickness, intimal area proliferation rate, and intimal thickness were increased significantly. Intimal hyperplasia in the
bilateral cannula was more obvious than that in the unilateral side, and intimal hyperplasia at 3 weeks was more serious
than that at 2 weeks. After 3 weeks of the bilateral cannula, expression of a-SMA in the vascular intima was reduced
significantly and expression of OPN, Col- I , IL-1B, and TNF-a was increased significantly. Conclusions A model of

intimal hyperplasia can be successfully established using high fat and a common carotid artery silicone cannula, and the

bilateral common carotid artery cannula should be applied for more than 3 weeks.

[ Keywords)

568 R Bl Jik ks A+ A AL P O IE SR ( coronary heart
disease, CHD) J2 ™ 5 5 35 A S EHE 1.0 M550
2 Kz s R 3 Bk A A R ( percutaneous  coronary
intervention, PCI) &Y 7] DAAR 45 b 52 80 568 ik 11 12 FE
R R R A A T, I R R AR T R
B H F M PN A5 40 i 5 | S 1 L A P B 4
A ATOTT BMERT 2 52 ) F8 2 T P e ik
MO B 114 B SR AR T A R IR A 1Y
FEAT BRI L Y RS A 78 PCLARJS , i T I
BN, BN BT I P15 JL40 M ( vascular
smooth muscle cell, VSMC) i 5 & N i I & A= 3 5H |
o AL PR e R T 00 A B R 1 Y
I, BiG PCT A HILAE PN S A= 751 S A ol P e A
i PRI s N P O (TR =8V B B K=
RS A AR B IR IS R A4 . A, I P 5
Bl A AR ) g Ny 5 vk A Bk S B 5 M N
IR | R DAY S 498 £ R TR PR 3 5 | RS S Jok ok A 5 £ 1.
PG A A T O BRI I A
Bz, BRG] TR B L 58 0k 5 oA R A A
RS AT ARERAEIL 2% s A UK, 5 1R
P A8 R P A S B AN T B i T s Y . 3h
ok ok REAE AL AR Y 3 2 F T/ N BRI 8 B, AT 7R —
JE b R A PN R A E S 6 TR e AR R A
MELAFE 1 o RGeS sh Bk RERE AL 14 5 R s
e JE v IEL ] T ) ) M % AT LA B2 AR B0 ok ok A
REAL R 22 T Bl P v i v JIEL ] P O R 9K T i
RSk ks A Ak A2 (EL i 4 PN RS A o 18 N
AL S I o PRk ST — o A B R 4R T
PP I A PN R A AT A SR A 5 L AR BRI B IR
AU RT3, AN S0 R T 5 G g L [ P A W
WK A5 R AR A8 405 2 JDk 25 A8 R ol B9 B0 kb 7 1Y

intimal hyperplasia; vascular stenosis; rabbit; animal model; hyperlipidemia

Tk AL T — P SR Sl KL PN R AR R
LA DAY R4 A 0 3 A BRI 7 9 7 ik i F o 4 it T
ARTBL,

1 #RFTE

1.1 SCIEEh4

3 ORI == AR A 15 H 10 A
RTE 1.8~2.0 kg, 0TI KPR A R
A [ SCXK (1) 2015-0004 ], Lo eI p A h B2y
5T B s e AT [ SYXK () 2015-0008 1, 314
SEAS E ) R B 2 KA B B W L 5 AR B
2:4it#E(2019-0027) , I SE 5 3 Y 3R 50
BT NIB RS,
1.2 FERKFSMNE

MR Masson — YL iR & (b R ERHE
A IRATE L HES 20190613) 5 — A G ie 40 Ak s A6
A& (bt A2 & 87, fit5 2015G0115) ; DAB I
IR & (ALt P AZ &8, 19 K196721D) /Nt
a-smooth muscle actin( a-SMA ) B 5% BEPU A (abeam
L5 GR3257713-3) ; /N BT Osteopontin ( OPN) Hi
TR (NOVUS, #it5 NB110-89062) ; %t TNFa
Z PR (Bioss, L5 bs-2150R) ; %2t 1 L-1g £
SLEYLAR (Bioss, #iL5 bs-0812R ) ; fe Pt Collagen 1
(Col-1) Z F IR ( Bioss, #it 5 bs-0578R ), 1 i
PIAHL(FEE Shado 24 &), HM325) ; Y627 W il s ( H
A% Olympus 2~ H] ,BA410E)
1.3 KWHE
1.3.1 sh¥ord Jehb s

SO A N PR SR 1 G R T E s s
K% IR 25°C R 45% ~65% WAL, A
I FK, HR RN B TFARA (A D), &



[ LR R AR 2R 2021 4FE 4 A4S 31 555 4 1 Chin J Comp Med, April 2021, Vol. 31,No. 4 3

JiE+ B A 2 (B A, F B ) 20 BT, B2 JIE.
W), F IR+ 4 (C 4, e Bt [a] 438 €1,
C2 W), 6 H MErfEs 3 HARERME DI T, 1%
FUEA B K 45 el R AR 20 B0 ok ol 45 PN A A
BAL L SIARET 12 h 2R B RAS K B f ki it
2. 5% BN Z AR (1 mL/kg ) JRR B S A0 B 1 72, 25350
EHRYIE, 4 S PETUR Sk, e+ RO A A
A — D TCTE R B B AR (K 20 mm, NE2
1.0 mm) WA Y I 5 | 22 7E 53 25 00 2000 35042 50 ik
SN, T 22 R A5 FL I 8 o e i + DU 48 20K P
RERRIRAE 53 AL 73 B 1 20 A I U 3h ik &b i,
2 RE5FLE . RIGH 1 KR 1% 22 W57 & B ) R
(2% 1N [ 2+ 39% MR il + 95 % 5@ ikt ) o I TFAR
HHGEAT PRGN B SRS IK, A AT mEE
BOMARESE | KEELWFE TR, R A
4 B1 41 .C14URMERAMET: 1 1 AR5 UL
HRR T dPURG, RERASIPIET, 530 T AR
J& 2 A 3 TR BESh YR I | HURE I R AR I 7
BT e B2 411 H,cr 4l 1 Hoc2 4
2 K,
1.3.2 HilfEdr

A8 N RS A T 28 2 3 s 43 A BB s B 39
Bk, 7E PBS 2l roRE IS R B T A 4% %
RPWERE 7 d, CBERREEIK £ 5 4 ELE 1) A
T B 48 8] Wr 35 2 UTHC 8 F i 5 i 50 & v A7
Masson €8, DL B R 20 Br & 48 0 2 o i 1 AR
(media area, MA) , ETAIFH (intimal area,IA) | P4 &
Mg JE G R A SR G, 3SR R (media
thickness , MT) . PN JJE JEL B (intimal thickness, IT) . N
JEC T R 38 A= LY R (hyperplasia ratio of intimal area,
HRIA) | PN B JRE B 34 A= b % (Chyperplasia ratio of
intimal thickness , HRIT) , LAPEA 1L/ PN 884 A R T
HRAXT

MA = ( Zg8 5% A T AR — P 5L IS T AR

TA = (PN 3L 7 B P T AR =4 s T AR

MT:J&F?ﬁﬁHﬁWE*ﬂ _JW?iﬁHﬁWﬁ*ﬁ

T T

- [FAIE_ (R
m v

HRIA = [ ( P BRETE AR) /(A B T A+ e S v AR
x100% ]

HRIT= [ ( IR BE ) /(PN R JEE 5 + v i 52 32 )
x100% ]

B BE2H Ak 125 0 5 461 405 B S50R 3 ok 3 A P i e
a-SMA .OPN . TNF-a \1L-1B . Col-1 % 13535 . ¥t I fa
LA TR G U B AR L 4 0 B i A A 2
4% REEFEE 7 d, ZERERE LK , A7 05 2 5E 17
A AT R LSV B BERE ) 4 wm;;60°C 15 H
TR KA SO B RAE & s e H B RS Rk
YIR T IM—4T 50 pL(/NEBT a-SMA P78 REHTIA,
PR 1:2000, /NPT OPN L BT, 7 B vk
£ 1:200, 40 TNF-a 2 e BEHUAR TR B E 1:200,
L 1L-18 £ TC PR, W B 1:200, %t Col-

I ZribEdiih, M Bu B2 1:200) ,4CIFE ;24
JE ¥ PV-9000 25 kA 50 S in —41, 37°C il
30 min; DAB W8, RARFE R Y, Bk 55 W )5 £
Fro UGB AT UL BH A 2 0k 5L b B € 50K B 2 iR
et RESKR IR BEBE S A [ WL BT A7 0 e,
Image-Pro Plus6. O EI{R 73 144 D0 52 BH P 4 2 8 53
4 B (integrated optical density, 10D ) {H DA & FH P
et A A S 10D EA B H BE AN
TR IR G E{E =10D Sum/Area Sum
(pm?) o

1.4 FitFEHZE

SRR R B A R iR 22 ( & w52 ) TR,
iz SPSS 23. 0 SRtk i geit ot . el & A
BT I SR, 22 41 1a) F A R B I
ZEMT, HFEFEM LSD K, F EAFHEH
Dunnett's T3 ¥4, P<0. 05 RERAGIHHE X,

2 #R

2.1 MENRREESFNE

Masson %4 €8 8, {5 T= A 20 1l 457 PN R P 8 0 g
SEAE R R UL A A% S 00 A I A P R
B — R — A KR VSMC 384 4 HES 25
WL, PRRREREG A T ) o ol A A 2 1] o P B A O
R, HA A AR S 2 JEA 3 R R
FREERGA: R 3 R A B T 2 A, U &
BN Z B LR E RS 2 A R R,
ARJE 3 T DLW A R A= A A P A8 ]
(El1),
2.2 BAMENBEESITEFERNER

BFRAMAE MBI B E, 5BRFRA
ok BRI 4S 2 40 HRIA HRIT W38 (P<
0.05) , FfliE=4% 3 JE 20 1A 1T .HRIA HRIT ¥ i 3
RN P<0.05) ; BIESE 3 R4 2 R4l 1A |



4 P R BE A 2R 2021 4FE 4 AAE 31 55 4 ] Chin J Comp Med, April 2021, Vol. 31,No. 4

IT \HRIA \HRIT 22 % 4t X (P>0.05) , W
MASAF 2 JH4H 3 JHI41 1A 1T HRIA (HRIT ¥5:( T
ARG ETHE (P<0.01) ; BUMES 3 A4S 2 A
48, 1A IT . HRIA . HRIT ¥ 5 & F 55 (P <0.05 -
0.01), WMEE 2 4590 MmES 2 i,
TA IT HRIA \HRIT # & 2 F+ 5 (P<0.05) , AU £
B3RS RMEE 3 A4l 1A IT HRIA (HRIT
R EWHN(P<0.01), (£ 1)
2.3 HAWBEMBENEF a-SMA,OPN,TNFa,
1L-1B.Col-1 R iEHILL 8]
ERFARA A, s 2 4 3 E AR
MRS 2 ) 2 3 A P B e o 265 ST o LA e 4 e 7Y
WEEF o-SMA RIEERLRIFFHE L (P>
0.05) , WS 3 JE 41 E M N o-SMA £
K EREMN(P<0.05) . (K2) 5IRTFARA K, H
MBS 2 4 3 A RN ESR 2 4.3 41
A PO I A ST Vi LA B R R (254 )
Y OPN BT 5) Col- T\ #&E S Al
F IL-1B TNF-a ik i E 4 = (P<0.05) . (& 3,

K4 K5 K 6)
3 itig

F AR FH A8 T A 1 A Bl A A A T o 7725,
— A LA A SRR A P i A T ol S
SRR, R R LR BN ) 2 AR Ak R Bl Bk
A BRI nT 375 S LA SR TR SR O A IR Y
RAESLIE , T HE SR P BEAG AE 1) (H B Al Il
AR R A LA P A B I TR ARG, O A AR
TE o T3 —Bh T i RAE ILAE EE Y EAL v I A
Fe L RYGUR T Ik R AL ) B, i
YA L, i T G 14 2 3 Wy ke = IE [ e 15 4% 7%
Bl AN 25T i R ARDREJC 12 75 R ) A 1) gl ok oS e it
DR, NG, WG 147 2 3l ) AN 25 2 PR s Ik A A Ak
PG , TSR AR PR A7 I T 5 P 5 A2 1, 20 7 i IR
TRDEERT 5 1B AR e A BT AR, DRI g R A Rl 7% 2
KA DKok RERE AL (HSLAl i ik £ e FR AL A
SRR, HL 7 A7 X LA ] T A v i
HAth Ll A0 04 B A T BE, 5 = B A

TE A ARTF AR B SN 2 J8 B2 SIS 3 5 C1. BUNEE 2 J8 5 C2. BUNEE 3 1,
B 1 #FEshk Masson 4 {0

Note. A, Sham operation group. B1, Unilateral cannula for 2 weeks. B2, Unilateral cannula for 3 weeks. C1, Bilateral cannula

for 2 weeks. C2, Bilateral cannula for 3 weeks.

Figure 1 Masson staining of common carotid artery
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Table 1 Comparison of blood vessel morphology measurement indexes in each group

215 Nﬁiﬁf MT MT 1A T HRIA HRIT
Groups — (pm) (pm) (pm?) () (%) (%)
samples
A 5 126188. 50+8359. 12 53.37+3.87 17330. 00£1302. 05 8. 8320. 60 12.1520.91 14.2620. 74
Bl 5 98511. 40+8249. 99 46. 56+4. 12 28397. 20+8183. 88 15.49+3. 89 22.0045.40 * 24.74+5.37
B2 5 132937. 409779. 20 49.92+2.34 39637. 40+5450. 12 * 16.9620.52* 2.71£1.47* 25.51+1.43
c1 4 106725. 40+11931. 04 42.04+2.51 62069. 60+8655.30 * * AL 27,0842, 95* * AL 36.5743.13% * A4 30.7343.19% * A4
2 4 108896. 00+7438. 70 42.78+1.79 100494. 00£5161. 38 * * YV AL 44.8622.05* *VYAL 48 (B+1.67* * VAL 51 14£1.67* * VAL

TEA BT ARYL BL SAUEAE 2 8 B2 O 3 45 C1. AU 2 Ji 5 C2. UM 3 ., 5T A4, * P<0.05, ™ P<0.01; 5 2 Al L, Y P<0.05,
YV P<0.01; 5 [ B A FEE, A P<0.05, 2 4P<0.01,
Note. A, Sham operation group. B1, Unilateral cannula for 2 weeks. B2, Unilateral cannula for 3 weeks. C1, Bilateral cannula for 2 weeks. C2, Bilateral cannula for 3 weeks.

Compared with sham operation group, *P < 0.05, **P < 0.01. Compared with 2 weeks, YP < 0.05, YYP < 0.01. Compared with the same time, 2P <

0.05, 24P<0.01.
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FEABTFARA, B A MES AT 2 4 B2, SMIEEAE 3 JA CL U AE 2 Al c2: U4 3 A, S FARA LA * P<0.05, ™ P<0.01,

* p<0. 001, FEE,

2 o-SMA by

Note. A, Sham operation group. B1, Unilateral cannula for 2 weeks. B2, Unilateral cannula for 3 weeks. C1, Bilateral cannula for 2 weeks. C2,

Bilateral cannula for 3 weeks. Compared with sham operation group, *“P< 0.05, ™ P< 0.01, ™ P<0.001. The same as below.

Figure 2 Immunohistochemical staining of a-SMA
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Figure 3 Immunohistochemical staining of OPN
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Figure 4 Immunohistochemical staining of TNF-a
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Figure 5 Immunohistochemical staining of 1L-18
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Figure 6 Immunohistochemical staining of Col-1
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Particulate matter 2. 5 aggravates cognitive impairment in mice via
hippocampal neuroinflammation

FU Xinjing, ZHANG Yu, GUO Jianguo, ZHANG Ling” , QIN Chuan
(Institute of Laboratory Animal Sciences, Chinese Academy of Medical Sciences (CAMS) ,
Comparative Medicine Center, Peking Union Medical College (PUMC), NHC Key Laboratory of
Human Disease Comparative Medicine, Beijing Engineering Research Center for Experimental

Animal Models of Human Critical Diseases, Beijing 100021, China)

[ Abstract]  Objective Particulate matter 2.5 (PM2.5) is an important source of air pollution and can cause
respiratory and other systemic diseases. Additionally, PM2. 5 can cause cognitive decline, though the exact mechanism is
not clear. This study aimed to explore the mechanism by which exposure to environmental PM2. 5 via air pollution induces
cognitive impairment. Methods This study used the PM2. 5 online collection and exposure system on C57BL/6 mice to
make a PM2. 5 exposure mouse model. Mice were exposed for 4 h per day, 5 days per week, for 15 weeks. After the model
was established, mouse behavioral symptoms, pathological features and related molecular mechanisms were examined in
each group. Results PM2.5 exposure result ed in pathological changes in lung tissue in mice and exacerbated their

cognitive impairment. Immunohistochemical staining of the central nervous system detected microglial cell activation. The
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[EEMERE 15K (1986—) , 2, Wit AR5 Jr 1] . NS00 S5 40 Sl ALl A BEA:= 322 HLHIWFST . E-mail : zhangling@ cnilas.org
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level of IL-6 also increased in the central nervous system of exposed mice compared with control mice. PM2. 5 exposure did

not cause damage to other major organs in the mice. Conclusions

The result suggest that PM2.5 induced

neuroinflammation and promoted the activation of microglial cells in the hippocampus, thus aggravating cognitive

impairment in mice.
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Note. After air exposure, the mice in each group were subjected to
behavioral tests, pathological sampling, pathological tests and
molecular biological tests, respectively.

Figure 1 Schematic diagram of experimental design
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B3 kU S A/ R B A RIRE S TR (n=6)
Note. In the new object recognition experiment, the discrimination
index of PM2.5 group was significantly lower than that in the
Control group. The time of mice’ s exploring new object in

exposure group was significantly shortened. Control group

compared with PM2. 5 group, * P<0. 05.
Figure 3 Cognitive decline in new object recognition

experiment after PM2. 5 exposure
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Note. The results of lung HE staining in mice showed that compared
with the control group, alveolar septal were broaden and
inflammatory cells were infiltrated in the PM2. 5 group, suggesting
significant pathological changes in lung. Model of PM2. 5 exposure

mice was successfully built up.

Figure 2 Pulmonary pathological changes in mice after modeling
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Note. Immunohistochemical staining in the hippocampus of mice
in each group showed increased Iba-1 expression ( microglia
activation) in the hippocampus of the central nervous system
after PM2. 5 exposure.

Figure 4 PM2.5 exposure increased the activation of

hippocampal microglia cells in mice
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B 5 PM2.5 25 TEUNUEGD ba-1 RAHN (n=3)
Note. Statistical analysis of Iba-1 expression in the hippocampal region of
mice in ecach group showed that the PM2.5 group had significantly
increased Tha-1 expression in the hippocampal region compared with the
control group. Control group compared with PM2. 5 group, ** P<0. 005.

Figure 5 Increased expression of Iba-1 in hippocampus of

mice caused by PM2. 5 exposure
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6 PM2.5 REE U N AIER T IL-6 &N (n=3)
Note. Statistical analysis of IL-6 expression in mice brain in each group
showed that the PM2.5 group had significantly increased IL-6
expression in mice brain. Control group compared with PM2. 5 group,
* P<0.05.

Figure 6 Increased expression of IL-6 in mice

brain caused by PM2. 5 exposure
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Note. HE staining and pathological analysis were carried out on other major organs of mice. The results showed that the morphology and

structure of liver, heart, kidney and brain tissues of mice in each group were regular and complete, suggesting no obvious pathological

abnormalities in each important tissue and organ.

Figure 7 No pathological abnormalities were observed in the liver, heart, kidney and brain tissues of mice exposed to PM2. 5
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Effect of Fushen recipe on peritoneal function and VEGF, TNF-«,
IL-12, IFN-vy in uremic peritoneal dialysis rats

YANG Bo', WANG Mengmeng’, SUN Lin', LI Jie', QIAO Yanheng', YANG Hongtao' "
(1. Department of Nephrology, First Teaching Hospital of Tianjin University of Traditional Chinese Medicine,
Tianjin 300381, China. 2. Department of Endocrinology, the Fourth People’s Hospital, Fuyang 236021 )

[ Abstract]  Objective To observe the effect of Fushen recipe on peritoneal function and on peritoneal levels of
VEGF, TNF-a, IL-12, and IFN-y in uremic peritoneal dialysis rats. Methods Fifty male Sprague Dawley rats were
divided into 5 groups according to random number table method: normal control, model (uremic peritoneal dialysis) ,

model + low-dose Fushen recipe intervention, model + high-dose Fushen recipe intervention, and model + celecoxib
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intervention. A model of uremia was established by 5/6 nephrectomy and a peritoneal dialysis model was established by
intraperitoneal injection of peritoneal dialysis solution. Peritoneal tissues of rats in each group were collected after
continuous administration for 4 weeks. Hematoxylin and eosin staining was used to observe morphological changes of
peritoneal tissues, a peritoneal balance test was used to detect peritoneal transport function, and a liquid chip method was
used to detect the levels of VEGF, TNF-a, IL-12 and IFN-vy in peritoneal tissues. Results Compared to normal controls,
the expression of VEGF and TNF-a in peritoneal tissue of model group rats was up-regulated, and the expression of 1L-12
and TFN-y was down-regulated (P<0.05, P<0.01, respectively). Compared to normal controls, the expression of VEGF
and TNF-a was down-regulated and the expression of 1L-12 and IFN-y was up-regulated in the low-dose Fushen recipe
group (P<0.05, P<0.01, respectively). The expression of VEGF, IL-12, and IFN-y in the high-dose group and the
celecoxib group was down-regulated ( P<0.01). Conclusions Fushen recipe can alleviate peritoneal injury and improve

peritoneal ultrafiltration function in uremic peritoneal dialysis rats, which may be related to down-regulation of VEGF and

TNF-a, and up-regulation of 1L.-12 and IFN-vy, which are angiogenesis promoting factors in peritoneal tissue.

[ Keywords)
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Table 1 Comparison of renal function between normal

control group and uremic group rats

axil 1515 MM ALEF Ser JRZE % BUN
Groups Number ( pmol/L) (mmol/L)
LR RS
IER XA 10 37.90+3. 15 2.99+0. 55
Control group
& hil
kmr 40 95.72+8. 78* 7. 49+0. 96"
Uremia group
T 5 IE % X IR HAE, * P<0. 05,

Note. Compared with the normal group, *P<0. 05.
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S E L R A
E1
Note. A, Control group. B, Model group. C, FSF-L group. D,
FSF-H group. E, Cel group.
Figure 1 HE staining of peritoneal tissues of rats in each group

R2 SARRUEER AR E AR
Table 2 Changes in ultrafiltration volume and
glucose transport of rats in each group

itk R YE R (mL) B 2 i (mmol/kg)
Groups Ultrafiltration Glucose transport
=3 HR
ERH R 3.37+0. 62 14. 600. 47
Control group
G004
b -19.36 +0.92* 18. 2020. 62
Model group
| ik
RETIRARA ¢ 46 20, 6o 17. 21£0. 52*
FSF-L group
W7
fjﬁf“}j‘flﬂnjm i -15.92 +1. 69** 15.45+0.91"
FSF-H group
kA 14
R A -16.90 =1.34" 15.61+0.74"
Cel group

T S IEH 0 B L, * P<0. 05 SRR LL, * P<0. 05,
Note. Compared with the normal group, *P<0.05. Compared with the
model group, * P<0.05.

3 Wit
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Tl AT A VEGF 235 T U, e 4% ME R 1l 45 3 2
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R3RE IS H K BUIE RS VEGF [ TNF-a IL-12 Il TFN-y 5 4 ) S0
Table 3 Effect of FSF on VEGF, TNF-a, IL.-12 and IFN-y contents in peritoneal tissue of rats in each group

Y
G}}(E VEGF (pg/mL) TNF-a( pg/mlL) IL-12( pg/mL) TFN-y( pg/mL)
Toups
R 4
LER XA 40.01+14. 19 1. 40£0. 26 217. 46£63. 66 9.26+3.29
Control group
7 2
BRu4 70. 62+12. 58" 2.70+1.37* 126.31+19. 09** 2.23+1. 06"
Model group
=4 X[ 4]
wE N EA 44.09+14.40 ™ 1.28+0.45" 214. 86+90. 98 * 6.65+2.28"
FSF-L group
B 7
BRIt il Al 48.92:7.72% 1.510. 54 172. 63£31.55 12.58+1.85"
FSF-H group
FERI AL .
REA 49.29+6. 10" 1.95+0. 74 264.72+94.27 7.19+2.69 ™
Cel group

T SIEH IR LB, ¥ P<0. 05,7 P<0. 01; SEEBIAAALL, * P<0.05, ™ P<0.01,
Note. Compared with the normal group, *P<0. 05, *P<0. 01. Compared with the model group, * P<0.05, ** P<0.01.
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Prpf40b deletion causes cardiac structural abnormalities in rats

LIU Mengdi', DONG Wei*, ZHANG Xu', CHEN Wei', GAO Xiang”, GAO Shan’, ZHANG Lianfeng’*, LYU Dan'"
(1. Beijing Engineering Research Center for Experimental Animal Models of Human Diseases, Institute of
Laboratory Animal Science, Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100021, China.
2. Key Laboratory of Human Disease Comparative Medicine, National Health Commission of China (NHC) ,
Institute of Laboratory Animal Science, Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100021 )

[ Abstract]  Objective To establish Prpf40b knockout rats for biological research of the gene and explore the
effect of gene deletion on development of the heart. Methods Prpf40b knockout rats were established by CRISPR/Cas9
technology. The genotypes of the founder rats and offspring were identified by sequencing and PCR. The cardiac structure
and function of knockout rats were analyzed by ultrasound imaging technology. The microscopic morphology of the rat
myocardium was analyzed by histopathological observation. Results PCR and sequencing confirmed successful
establishment of Prpf40b gene knockout rats. Compared with the wt rats, ultrasound imaging analysis showed that the
cardiac structure and morphology of 2-month-old knockout rats were not significantly abnormal; whereas the ventricular
cavity diameter and volume of 12-month-old knockout rats decreased significantly in the systole and diastole, and the

ejection fraction decreased significantly. Histopathological analysis showed that the myocardium of 12-month-old knockout
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rats was arranged irregularly, the thickness of myocardial fibers was uneven, and the sarcoplasmic reticulum was dilated.

Conclusions Deletion of the Prpf40b gene induces changes in the overall structure and morphology of the rat heart and

abnormal myocardial histology.

[ Keywords] PrpfdOb; knockout; heart; rat
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2.1 Prpf40b EERBRABRMEILIRES

FIFH CRISPR/Cas9 $£ A , # 57 Prpfd0b JE A il
BRAE, 207 2 PCR BEAR % &, iR RS 5.6,
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Kl 1A,

. A FIFH CRISPR/Cas9 $2 K , Prpf40b B&PH ik K A R B B sitel | site2 : ¥ B IF 07 B, B PrpfdOb B K il
BRI BRI PCR %5 VK BERL EIR , P1~ P3 00l R i bR el A, 24 & F I R 63 P A U HRFL 5 1.2 4 .50 miBR 24
B FREIERBILAT ;3 [7 550 A B BE R 2505 6. R4l F K IR R A&7

Bl 1 Prpfa0b B H RBR A RS 2 K %

Note. A, Schematic diagram of Prpf40b knockout rat with CRISPR/Cas9 technology. sitel/site2, target design sites. B,

Genotyping identification of Prpf40b knockout rat through PCR. P1 ~ P3, Sample for reference of homozygosis,

heterozygosis and wild-type. 1,2,4 and 5, Heterozygosis band. 3, Wild-type band. 6, Homozygosis band.

Figure 1 Establishment and genotyping of Prpf40b knockout rat
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B2 Prpfa0b J KRR BB A28 3 M M-mode A&
Figure 2 M-mode screenshot from echographic analysis in

Prpf40b knockout rat
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3E, P=0.0229) F1 25.9% ( Kl 3F, P =0.0306),
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SR R B, 2847 JBLCo JUE B T 7 T ) 0 L ZH 21
AEEY) R BfE 3R T HE 3260, U B A 5 42 Aperio
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5515083 B X R R BRURH B B A B0 3
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(1 4B) .,

[, FRATE T g1 12 A 88 m bR K RO I
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WIABGE SV, A i F . CO O th i, 5 BFAE X IR AL
H#, * P<0.05, ** P<0.01,

B 3 Prpfa0b B:FIRHER K R A4S BB
Note. A, LVEDD, left ventricular ( LV ) end-diastole diameter. B,
LVESD, left ventricular(LV ) end-systole diameter. C, LVEDV, left
ventricular( LV ') end-diastole volume. D, LVESV, left ventricular
(LV) end-systole volume. E, SV, stroke volume. F, CO, Cardiac
output. Compared with wild type rats, * P<0.05, * P<0.01.

Figure 3 Echography parameter analysis in
Prpf40b knockout rat



[ LR R AR 2R 2021 4FE 4 A4S 31 555 4 1 Chin J Comp Med, April 2021, Vol. 31,No. 4 25

A 12 A Prpfa0b #l5R AR BLC F K Rl R U1 B HE 3
;B AR RO IE R A AR U1 A HE Ze (R A C 3
FRORBLOERE L, SEAX A LA, * P<0.05,

4 Prpfd0b IR K BURBLH L2 0B
Note. A, The whole-heart longitudinal sections with HE staining
from Prpf40b knockout rat at 12 months old. B, Magnification of
the whole-heart longitudinal sections with HE staining from
Prpf40b knockout rat. C, Ratio of heart weight/ body weight.
Compared with wild type rats, * P<0. 05.

Figure 4 Histological analysis in myocardial of

Prpf40b knockout rat
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N-butylphthalide ameliorates cognitive dysfunction in db/db mice by
regulating hippocampal synapse-associated protein expression and
mitochondrial structure

ZUO Wangsheng, ZHANG Yu, ZHANG Ling, QIN Chuan”

(Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences;

Comparative Medical Center, Peking Union Medical College, Beijing 100021, China)

[ Abstract]  Objective In this study, we aimed to investigate the effects of different doses of n-butylphthalide
(NBP) on cognitive function in db/db mice, the expression of synaptophysin (SYN) and post-synaptic density=95 ( PSD-
95) proteins in the hippocampus, as well as mitochondrial structure in the hippocampus. Methods A total of 20 db/db

mice were randomly divided into four groups: model group, and low, medium and high-dose treatment groups (five mice in
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each group). In addition, five normal db/m mice from the same litter were used as the control group. At the age of 6
weeks, db/db mice in the low, medium and high-dose groups were intraperitoneally injected with NBP at a concentration of
20, 40 and 60 mg/kg, respectively, while the control group and the model group were given the same volume of normal
saline. Injections were given once a day for 6 weeks. Body weight and fasting blood glucose level were monitored weekly.
Morris water maze was used to assess spatial learning and memory abilities. Western blot was used to detect the expression
of SYN and PSD-95 in the hippocampus, and the structure of hippocampal mitochondria was observed by electron
microscopy. Results Compared with the model group, there was no significant difference in body weight or blood glucose
in any treatment group. However, during the water maze exploration period, escape latency was reduced (P< 0.05), the
number of platform crossings was increased (P< 0.01) , protein expression levels of SYN and PSD-95 in the hippocampus
were increased (P< 0.05), and there was a positive relationship between cognitive improvement and protein expression.
Under the electron microscope, mitochondrial structure in the control group was normal, the ridge structure was clear and
tightly arranged, and the membrane structure was intact. In the model group, mitochondria were damaged, and cristae were
sparse, fused and vacuolated. In the treatment groups, most of the mitochondria in the hippocampus were intact, while
cristae structure was slightly perturbed, and membrane structure was relatively intact. Conclusions NBP alleviates
cognitive dysfunction in db/db mice by regulating the expression of the hippocampal synaptic proteins SYN and PSD-95,

and by improving mitochondrial structure. The therapeutic effect in the high dose group was better than that in the low and

medium-dose groups.
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Figure 1 Comparison of body weight (a) and blood glucose (b) in each group
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Figure 2 Results of learning and memory in water maze experiment were compared among all groups
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Figure 3 Comparison of the expressions of PSD-95 and SYN in the hippocampus of mice in each group
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Note. The red arrows indicate the mitochondrial structure.

Figure 4 Electron micrograph of mitochondrial structure in hippocampus of mice of each group
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Effects of storage conditions on the activity of CD8" T cells in
rhesus monkeys

LUO Jiahui, LU Qiuhan, LI Guocui, ZHANG Jingjing, CONG Zhe ", WEI Qiang "
( Comparative Medicine Center, Peking Union College (PUMC) & Institute of Laboratory Animal Science, Chinese
Academy of Medical Sciences (CAMS) ; NHC Key Laboratory of Human Disease Comparative Medicine; Key
Laboratory of Human Diseases Animal Models, State Administration of Traditional Chinese Medicine; Beijing

Key Laboratory for Animal Models of Emerging and Remerging Infectious Diseases, Beijing 100021, China)

[ Abstract]  Objective To use intracellular cytokine staining to detect the intensity of the CD8" T cell response
and explore the effects of different storage conditions on CD8" T cell activity. Methods Rhesus macaque peripheral blood
was collected and peripheral blood mononuclear cells were separated. Some fresh cells were used directly for analysis and
the remaining cells were frozen at —80°C or in liquid nitrogen and used for analysis after 1 week or 1 year. A positive
stimulus was applied and flow cytometry was used to analyze the proportion of living cells, secretion of MIP-13, TNF-a,

IL-2, and IFN-y, and expression of cell degranulation marker CD107a. Results As the storage time was increased, the
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cell survival rate decreased, and liquid nitrogen freezing had a higher survival rate than freezing at —80°C. Secretion of

MIP-1B and TNF-a from cells cryopreserved for 1 year was significantly higher than that from normal cells and the cell

status had changed. The status of cells frozen for 1 week was more similar to fresh cells. Conclusions To maintain low cell

death and a normal CD8" T cell response, fresh cells or short-term frozen cells should be used for experiments to measure

the level of the CD8" T cell response.
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PBMC HiG40AE &7 (95. 19+3.37) %, AW A G 2.2 FEMERBRIEABHAES DHABEFRR
1 AJG TG L]l (84.23+4.35) % , A7 1 4F HR

Jo TIN5 (54.43+6.79) % , B FH R T 20 A% PL CD8" T itk L 4 MUHEASCR H A 20, DA R AL XF
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Y AT (75. 46+4.50) % , ZRAF 1 AR IS . Inomyein f5C BH P 300 38 9 0 3 1% 55 T 6E 40 I 6 h
17 (40.63£5.26) %, B ELT-80C A7 1 JAJGH  J5, 40 i & 32 35 MIP-18, IL-2, IFN-y, TNF-a Al
0L ( P<0.0001) (1), CD107a, UL 2,

T SR ELAR , ™ P<0.0001 ;5 40 3% B A7 — J5 FL g, ™ P<0.001, ™™ P<0.0001 ; 55 4il il - 80°C % 77— J& FL4&, ™ P<0.001,
7 P<0.0001 5 5 41 IR FUARAT—4F LR, ™ P<0.001,

1 ARFELRAEZFRAET PBMC A
Note. Comparing to fresh cells, *** P<0.0001. Comparing to cell frozen for a week in liquid nitrogen, ™ P<0.001, *** P<0.0001. Comparing to
cell frozen for a week in —80°C , *** P<0.001, *** P<0.0001. Comparing to cell frozen for a year in liquid nitrogen, *** P<0.001.

Figure 1 Survival rate of PBMC under different storage conditions

2 i HT CD8™ T b B 200 A A A PR - s 15 L

Figure 2 Flow cytometric analysis of intracellular cytokine expression in CD8" T lymphocytes
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Table 1 Expression of intracellular cytokines and cell degranulation markers under different storage conditions

MIP-18 FiEH (%)

Expression of

AL ERAT A

Cell storage conditions
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Expression of 1L-2
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Cell frozen for a year in —80°C

3 AIRRAFAAE T A 20 PR S 20 R A 7S ) 2R 1 0 23

Figure 3 Analysis of the expression of intracellular cytokines and cell degranulation markers under different storage conditions
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[BE] BHH HEILIFKITEE( Fingolimod, FTY720) XF A H1 f5 AR ( post-stroke depression, PSD) K AT H2
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Effects of FTY720 on monoamine neurotransmitters in rats with
post-stroke depression

WANG Yidan', ZHANG Lei’, WANG Jiannan', WU Huiru', ZHANG Ling', YANG Yang', SUT Rubo'*
(1. Department of Neurology, the First Affiliated Hospital of Jinzhou Medical University, Jinzhou 121000, China.
2. Department of Nursing, Jinzhou Medical University, Jinzhou 121000)

[ Abstract]  Objective To explore the effect of FTY720 on the behavior and monoamine neurotransmitters of post-
stroke depression rats. Methods Fifty male SD rats were randomly divided into sham operation, stroke, PSD, FLU, and
FLU+FTY720 groups(n =10 each). The middle cerebral artery thread embolization method was used to establish a focal
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cerebral ischemia rat model. The PSD rat model was established by combining chronic unpredictable mild stress and
isolation method . At 1, 8, 15, 22, and 29 days of stimulation, the behavioral indexes of rats in each group were evaluated.
The rats were sacrificed on day 29 and the content of monoamine neurotransmitters and expression of the rate-limiting
enzyme of monoamine neurotransmitter synthesis in the hippocampus of rats in each group were analyzed. Results

Compared with sham operation and stroke groups, the open field test score and volume ratio of sucrose water consumption of
the PSD group were significantly reduced at the same time points (P <0.05). Levels of 5-HT, NE, and DA were
significantly reduced in the hippocampus ( P < 0.05). Expression of TPH2 and TH mRNAs was decreased in the
hippocampus (P<0.05). Compared with the PSD group, the open field test score and volume ratio of sucrose water
consumption of FLU and FLU+FTY720 groups were increased at the same time points( P<0. 05). Levels of 5-HT, NE, and
DA were increased in the hippocampus( P<0. 05) . Expression of TPH2 and TH mRNAs was upregulated in hippocampus( P

<0. 05). Conclusions
levels Of monoamine neurotransmilters.
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ZH . ERFR EE T (5 meg/kg) +FTY720( 1 mg/kg) o
RTARH P2 PSD 4 PR LR TK,
1.3.3 A7 R34
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(1) W BF 5256 2 18 Papp %7 1k il 2R BE 1
JIE 80 ¢cmx80 emx50 cm JC#F 4 , IKHR4 K 25 4%
BB R BUE T e o, 5 R B e 5 s s
1053, DU RS T A% B0 K38 sh A5 4, 1 #8311
53, VA BE SR BOR 1 1532 545 41, s BUE B8 I IS
I, Joie vl a7 2K i) B B XUE R i 14, JKid
5% 5 min,

(2) FEME K I FESL 56 . 2 1] Willner 5507351,
SEEG TN ZR R BURH 1% K, KREZEEEK 20 h
G, 5T U 1% BERK R 1 RZEIRK, 1 h JFEUE,
D R FRURERE /K T AR 5 BB TH AR B2 LU A
1.3.4 ELISA ¥4 K B 5 5-HT, NE, DA
o

KR TFARKAT 248 b % e W sk UG , 7K b
I3 EHE S 2 NS s A AR B K AE UK
T FP B A, B0 20 min JEE FIE . i ELISA
R & B A5 4AE % 5-HT NE DA &4,

1.3.5 Real-time PCR £l K i 5 v TPH2
mRNA .TH mRNA (33X

U eV 21 SRR 4l 18 5] B i I B B URE AR
RNA , #7005 5545 3 cDNA #£A )5 F TPH  TH 4
RS [ 7o e i PCR P71, R 2 ~ 22
JEHA IO E R AT, BIMTAIILER 1,

1.4 Zit=EAH*

FT A BUEFR FH SPSS 20. 0 #E47 4007, %k}
PG RS A RN J5 22 551, A [6) 2 53] 1% He R
T 25508 , TR 43 B B 1] 0 21 591 56 28 e 2R FH 2 42 U
RJ7REIPHT, IR LR LSD-t K, 5 L3
Babpizz(x =5 ) Fon, U P<0.05 NEFEES
ES-3'@

2 #R
2.1 B EFSCIE
(1) K3z 855

551 KB, B U R B S IR TFAR ALK A L
IR BB/ (P<0.05) , 55 15,2229 Kt 5
TR A4 L, PSD 20 K UK - 13 3 ooz i
W/ (P<0.05) ;5 PSD 4 L, FLU 4 S5BEARTT 4R
SRRz S B 353G i (P<0. 05) s 35 4 A) L3

SEAY R L (P<0.05) (W3R 2) .,

(2) T Hiz sh i o

551 R, AR U 2 R RS T AR 24 K R
e H iz sk BO > (P<0.05) . %5 15,22 .29 K
i, SIFARA A gl e g, PSD 41 K Bk Hiz o)
UEC 3/ (P<0.05) 3 5 PSD 4 Lb#g, FLU 445
AT ALK BT B sh iR B0 N (P<0.05) ; =&
HIH P22 7 i (P<0.05) (WK 3) .

(3) H A 455 B 15 i)

551 KRBT, A5 4 R B S 45 B B ) TE e 1
Z5(P>0.05), % 8.15.22.29 Kit, 5F AR,
R g, PSD ZH R B HR A 5% B R (] 328 o A28 4
(P<0.05) ;5 PSD 4 Hed, FLU 4 5EGIRIT 4R
Sl HP S 152 BR B[] 45 45 ( P<0. 05) 3 & 4 1) i 22
FERE(P<0.05)(WE4),

2.2 FEHEKIEFESLL

S5 1 R, BEASY U4 KBRS 1 TR LR A
U REME K THAE L9 AR (P<0.05) . 5 8.15.22.29
K, SRFARY b4l A, PSD 2H K BURERE K

x1 PCREIYF
Table 1 PCR primer sequence
I LEWS(s-3) TSI (5'-3")
Genes Upstream primers Downstream primers
TPH2 GGAGCAGGGTTACTTTCC AGGTGGTGATTAGGCATT
TH CAGTTCTCCCAGGACATTG GCACCATAAGCCTTCAGC

K2 BHKRFKEEHES B (£, n=10)

Table 2 Comparisons of horizontal movement scores of rats in each group

KB FN R ()
21 1) Horizontal movement score ( score )
Groups 1K PN 15 K 22 K 29 K
1d 8 d 15d 22d 29 d
B F AR Sham operation group 45+4. 4 50.3+5.79 63.2+6.09 68+4. 67 72.1+6.01
4 Stroke group 39.1+4.77" 48=5. 46 60.3£3.77 65.8+5. 61 70+£5. 25
PSD 26 PSD group 38+4.32" 35. 1x4.82*# 31.8+5.81"# 28.2+5.27"* 25+4.85"*
FPGT 2H Fluoxetine group 38.2+3.82" 44.8+2.53® 51.9+4. 48 57.7+5.93® 60.9+4.7®
KEVAYT L FLU+FTY720 group 38.1%4.51" 45.1£2.47° 56.5+3.14%% 65+5.08®% 67. 1+4.86%%

T SRFARELEE, * P<0.05; 554 A, *P<0. 0555 PSD 4104, ® P<0.05; 5 FLU 4 I, © P<0. 05,
Note. Compared with the sham operation group, * P<0.05. Compared with the stroke group, *P<0.05. Compared with the PSD group, ®P<0. 05.

Compared with the FLU group, *P<0. 05.
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THHE LU 58 F B (P<0.05) ; 5 PSD 4H Ib#%, FLU
5B IR YT 4R B K I AR LB (P <
0.05); “FHAMILEER HAASRITFE L (P<
0.05)(LFs5),
2.3 #5341 5-HT NE.DA &£
H5FARL AFrp 4 i, PSD 4K g D rp
5-HT NE DA {5 B P& (P<0.05) ; 5 PSD
HILH, FLU H 583697 A4 K B 5 5-HT,
NE DA #5715 (P<0.05) ; 3 0] L 22 5+
BE(P<0.05) (WE 1),
2.4 #5h TPH2 mRNA . TH mRNA F&i%

SIRFARL A4 L, PSD 41K U 5
TPH2 mRNA \TH mRNA f¥) % ik 7K 3 i & K (P<
0.05) ;5 PSD 4 b4, FLU 4 586867 A K R 5
1 TPH mRNA TH mRNA A3 RTHE (P<0.05) ; —
TN R ZE R BAG T2 L (P<0.05) (WLE 2)

3 itig

PSD 2 N4 i fi i LA 28 RG24
SAASE TR B E AL, SR H TR X PSD Y
R 20 HRAT SRR, N PSD R 28T Y
HIT IR R CHEE,

®3I FUAKRBEEBIHHEIHE(x =5, n=10)

Table 3 Comparisons of vertical movement scores of rats in each group

T HIB N (5)
21 53] Vertical movement score ( score )
Groups 1R 8 K 15K 22 K 29 K
1d 8d 15d 22.d 29 d
BT A Sham operation group 12.1+3.73 14. 1+£3. 64 16.1£2.92 17+£2.79 18.1+£3. 84
714l Stroke group 8.5+2.84* 13+3.3 14.9+3.25 15.6%3. 1 16. 1£2. 69
PSD £ PSD group 8+1.94* 7.6+2.55"% 7£2.31"* 6+2.36"* 5.2+1.87"*%
FIGIT2H Fluoxetine group 8.2+1.93% 11.1+1.91® 12+2.58® 12.5+2.59® 13.5+2.64®
BEAIBY72H FLUAFTY720 group 8.1+2.03* 11.3+2.21® 14.5+1.43%% 15.0£2.31%% 16.4+3.72%%

T SERFARLILE, * P<0.05; 5APLLLE, *P<0. 05555 PSD 4114, ® P<0.05; 5 FLU 411L%, 2 P<0. 05,
Note. Compared with the sham operation group, * P<0.05. Compared with the stroke group,* P<0.05. Compared with the PSD group, ®P<0.05.

Compared with the FLU group, © P<0. 05.

R4 SUARBPRAEIEREBTLE (2 £ 5, n=10)

Table 4 Comparisons of central grid stay time of rats in each group

rp A% 5 B B IR] (5)
21 51 Central grid stay time
Groups BN 8 K 15K 2K 29 K
1d 8d 15 d 224d 29 d
fBFAR4L Sham operation group 0. 81+0. 47 1. 02+0. 36 1.81+0. 4 4.52+0. 56 5.5+0.77
4 Stroke group 0. 81x0. 42 0.9320. 38 1.93+0. 65 5.2+0.58 7+1.06
PSD #H PSD group 0.9x0. 37 4.02+0.8** 7.07+0.89 ** 12.18+0.93*# 14.03+1. 17 **
FELIE T 41 Fluoxetine group 0. 89+0. 37 2.4+0.65® 4.5+0.78® 8.82+0.91° 11.05+1.11¢
BAYRIT A FLUAFTY720 group 0.81+0. 43 0.95+0. 38®% 2+0.65%% 5.71£0.82®% 8.5+0.97%%

U BT ARALILE, * P<0. 055 SAPALIE, *P<0. 0555 PSD A1HEHE, ® P<0. 0515 FLU 41 I8, © P<0. 05,
Note. Compared with the sham operation group, *P<0.035. Compared with the stroke group,” P<0.05. Compared with the PSD group, ®P<0.05.

Compared with the FLU group, “ P<0. 05.

x5 FSARMERKIHFREBIHRE (2 £ 5, n=10)

Table 5 Comparisons of volume ratio of sucrose water consumption of rats in each group

PERE K IEAELL B (%)
2H 5 Volume ratio of sucrose water consumption
Groups 1K 8 K 15 K 22 K 29 K
1d 8d 154d 22d 29d
T A4 Sham operation group 66+13.78 69. 6+10. 56 75.3+12.53 84.3+15.71 89.7+15.9
A £ Stroke group 53.7£10. 14* 63.3+13.38 69.6+12. 15 79.5+14. 85 83.7+14.24
PSD £ PSD group 52.5+11.94* 46.5+12.43*# 42.6+8.46"* 36.9+8.95*# 31.2+8.85"*
FRPG VT 41 Fluoxetine group 51+12.33* 57+10.77® 61.5+11.94® 65.4+14.82® 69+17.49®
BXBVAYT 4 FLUFTY720 group 54+13.42" 67.5+5.529% 72.3+11.53%% 78+10.95%% 82.5+13.87®%%

G BFARLLILEE, © P<0.05; 54 hALHLER, " P<0. 0515 PSD A1HEE, ® P<0. 0515 FLU A1HAE, © P<0.05.
Note. Compared with the sham operation group, * P<0.05. Compared with the stroke group, *P<0.05. Compared with the PSD group, ®P<0.05.

Compared with the FLU group, *P<0. 05.
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T ST ARE S, * P<0.05; SR ILE, *P<0.05; 5 PSD 4 4, ® P<0.05;5 FLU 4 [L#¢, 2 P<0. 05,
1 KEG D B b e i 7 =2 L

Note. Compared with the sham operation group, * P<0. 05. Compared with the stroke group, *P<0. 05. Compared with the PSD group, ® P<0. 05.

Compared with the FLU group, © P<0. 05.

Figure 1 Comparison of the content of monoamine neurotransmitters in the hippocampus of rats

0 SR T ARALE, * P<0.05; 532 ILE:, *P<0.05; 5 PSD ZH IL4L, ® P<0.05; 5 FLU 4 b4, 2 P<0. 05,
2 KRR I e B A 22 50 ST A BB R i R A i LA

Note. Compared with the sham operation group, * P <0.05. Compared with the stroke group, *P<0.05. Compared with the PSD group, ®P<0.05.

Compared with the FLU group, 2 P<0. 05.

Figure 2 Comparison of the expression levels of rate-limiting

enzymes in the synthesis of monoamine neurotransmitters in the hippocampus of rats

AR S TE N FHZRAR 75 1 £ MCAO ASER1 Y 3L |
T CUMS L4855 IRFR 156 45 PSD K RABLAY, %45
U E) il 25 LA 15 28 sh A 28ad CUMS B2 J i
PTG SIRE ) N 24k B = RS — R SMER
FERPL ) B R T IR PSD A9 OEIR
[ s PR BB 1 AR o 1 B s A IR 2
K IR RUAE PSD AUAISCHFZE ) iz i A

S R FRUARE AU 11 1 Ty ) % SR A AT R A AR b
ERFTH . B B S50 7K 38 3 2 Bk R Y 32 3
TG SRR ; T 138 Bl S W K R B S 2R 58 10 -
PR v g f52 57 Aot 1) S K U 3076 30 A v AR
11O T K T RE S S T K B B A PR
RN ARSI SR BoR SRFARA A4t
4, PSD 2K BRI S 00 45 43 B W /K T R LL 31 B
R 7 PSD BEALE B ) . 5 PSD 41t
FLU 4 K BCARIT R AT R 2a 3 e, &t

— 2 U R I B AT AL A 3 UESE FTY 720
AU e PSD KR EGIMAREEAT R, E i S E i
HIFFEIGIT PSD 7 BB IE /0 A /b B R s
FTY720 °] LBk 38 B4 J Al ke 45 o0 PSD 1 —
FRAFRIR B I AR IS AY AR 5L 55 L IE 58 FTY720 XF PSD
[ RE B RV RIS, 9 PSD BIIGT T HR AL HT REL

HiSCEAIESE FTY720 % PSD K ELEIMARKEST Ky
FUA AR A58 B9 55 — 0 S ik — 2 AR X
Pl s 0 FH R 15 5 B e i 22 T AT G, 45 R &
P, PSD 2H K B D 5-HT  NE DA & & 1 B [%
i, FLU H 58 A7R 7 4 K U 5 5-HT \NE | DA
()& Tk, 2 — 20 e R B, Bk A IR YT ALK U
ot 5-HT, NE, DA 9 & & T & o 8 3%, §iF 52
FTY720 X} PSD K AT R22 5 AE F &l o 52 &
PO 25 356 FROK S SE PR, BRI E R 25 3 T
—RHA T AR Y B, Ho 5-HT NE |
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DA S5PARAE ¢ R %Y, HurA #Hig £
W, 2 e s X S A L e A B 98RE SR IV Ak R — R
FIBCAR 7200 AL BE S TDO i, 53500 2R ( 5-
HT ARG ) Bl R AR, i A A s R R B K R TR 411 il
DA (B | i EL4s 3k BE S80S HPA fih, il i
AT P — 20 S R R I BR (NE Y D
)12 FR AT LA 2R 2 TR A AR R E T
JAE SN BTG, A U 5 A 4o 3 4 S B UE SE BT
oI5 AT AR e B S b 22 38 TR 1 S B, O R BRI
o ERAE T R AT,

KT HE—AARSE FTY720 45 5 B RS 20386 i
EEMIHLEH, AR LI A K B FTYT720 AT DL #2250
JHle A 25 3o Jo £ B PR Tl 1) 3k, 45 SRR, PSD
LU Db THP2 & TH mRNA 355 W3 T,
5 PSD 4l tb 4, FLU 4 M Bk & 3697 4R Ui 5
THP2 K TH mRNA FikmFte, —FHkE— L Lk
P IRAIG YT ALK B TP THP2 & TH mRNA #ik
THE B B3, TPH2 5 TH J& I5 & ik & JE iR B AL il
K, i 5 5T 5-HT S L2 B e 2w 48388 5 (NE |
DA) & Al R Rk 5-HT NE DA &%
AOPR B, HATE N TE FTY720 X B2k i 25356
A B S il 2 Ky T %) FH 10 TG 43, AR S 565 UF 5K
T FTY720 TE R B2 208 ot 6 il PR 3 il 3% 38
DT R R, SR SE T FTY720 Al 0 b ik
AT B S b 28388 T KT

z FRrd  FTY720 XF PSD K B AR EEST >
LA W GEAE T, AR F ML A e e 4 S 4l
2L AU S il 2 350 I A A IR S B 1) 3 K R R v
JHie 2t 238 o 04 /K-, 2R T G BA YT RO . AR
WFFEAAL A PSD B3R S7 AL T 8T A4 7 1], Ay PR
PP 255k T UL BRI T B AN AT

Sk
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Mechanism of bupleurum-scutellaria baicalensis in the treatment of
sinusitis based on network pharmacology and molecular docking technology

LI Qingyun', XIE hui**, LI Yunsi', WANG Lu'
(1. Chengdu University of TCM, Chengdu 610072, China. 2. the Affiliated Hospital of Chengdu University of TCM, Chengdu 610075)

[ Abstract] Objective To explore the mechanism of bupleurum and scutellaria herb pairs and their effective active
compounds and targets in the treatment of sinusitis. Methods The chemical components and their corresponding targets in
the bupleurum-scutellaria drug pair were screened through the TCMSP database, and the relevant drug targets screened in
the UniProt database and sinusitis disease targets screened in the Genecards database were intersected. The STRING
platform was used to construct a target protein interaction action network. The Metascape platform was used to perform GO
enrichment analysis and DAVID was used to perform KEGG enrichment analysis. Cytoscape 3. 8. 0 software was used to
construct a component-target pathway network diagram and Autodock software was used for molecular docking of key targets
and compounds to select the best binding target. Results  Thirty-nine related compounds were screened out and the

component and disease targets were intersected to obtain 92 targets. The main active components were quercetin,
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kaempferol, wogonin, baicalein, acacetin, and sitosterol. The core genes were TP53, AKT1, MAPK1, PIK3CG, PTGS2,

HSP90AA1, and six others. In molecular docking, the energy of the main active components and major targets was lower

than =5 kcal/mol. Conclusions Through network pharmacology and the molecular docking system, the potential effective

components and mechanism of bupleurum-scutellaria baicalensis for treatment of sinusitis were identified, which provides a

basis for future in-depth research of the mechanism.
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Table 1 Basic information of Bupleurum-Scutellaria active compound

BLf 1D ay AfRAYFHE et WA
Ingredient ID Chemical compound OB(%) DL Medicine name
MOL001645 LR JMEERS Linoleyl acetate 42.1 0.2 2515 Bupleurum
MOL002776 AT Baicalin 40. 12 0.75 Eri| Bupleurum
MOL000354 52 & Isorhamnetin 49.6 0.31 4EH8 Bupleurum
MOL000422 11251 Kaempferol 41.88 0.24 458 Bupleurum

3,5,6,7-PUH S EE-2-(3,4,5-= HHAURE AL ) (4
MOL004598 3,5,6,7-tetramethoxy-2-( 3,4, 5-trimethoxyphenyl ) chromone 31.97 0.59 %15 Bupleurum
MOL004609 T IR Areapillin 48.96 0.41 459 Bupleurum
MOL013187 BEPEHIHZE Cubebin 57.13 0. 64 41 Bupleurum
MOL004624 KAEHZE Longikaurin A 47.72 0.53 4597 Bupleurum
MOL004653 1R Anomalin 46. 06 0. 66 4E1 Bupleurum
MOL004718 -5 2% i B a-spinasterol 42.98 0.76 4EHH Bupleurum
MOL000490 174 &K Petunidin 30. 05 0.31 4EHH Bupleurum
MOLO000098 Wil iz &£ Quercetin 46. 43 0.28 Er| Bupleurum
MOL001689 HI#EZ Acacetin 34.97 0.24 #WAS Scutellaria
MOL000173 WA Wogonin 30. 68 0.23 WA Scutellaria
MOL000228 (2R)-7-Fe36-5- AL 2 A JATE -4 55.23 0.2 % Scutellaria

(2R) -7-hydroxy-5-methoxy-2-phenylchromaN-4-one
MOL002714 WA & Baicalein 33.52 0.21 HWA Scutellaria
5,7,2,5-M¥EHE-8, 6-— I 48 AL i

MOL002909 33.82 0.45 A Scutellariz
? 5,7,2,5-tetrahydroxy-8 , 6-dimethoxyflavone B Scutellaria
MOL002910 21 4% Carthamidin 41. 15 0.24 A Scutellaria
MOL002913 A A Dihydrobaicalin 40. 04 0.21 FHA* Scutellaria
MOL002914 Wb Eriodyctiol ( flavanone) 41.35 0.24 WA Scutellaria
MOL002915 SRR Salvigenin 49. 07 0.33 WA Scutellaria
5,2',6"- =507, 8- H A L B e
MOL002917 o ’ . 45.05 0.33 % Scutellari
? 5,2’ ,6 -trihydroxy-7, 8-dimethoxyflavone B Scutellaria
5,7,2,6'-PUFR L ST e
MOLO00292. P .01 . 24 2 Ilaric
01002925 5,7,2',6'-tetrahydroxyflavone 37.0 0 R Scutellaria
MOL002927 5 & T 11 Skullcapflavone 11 69.51 0.44 A Scutellaria
MOL002928 AWHHEZE Oroxylin a 41.37 0.23 HH Scutellaria
MO1002932 VA HEHER Panicolin 76.26 0.29 # % Scutellaria
R e RN .
MOL002933 3,7, . 235 X NW 36. 56 0.27 4> Scutellaria
5,7 ,4'-trihydroxy-8-methoxyflavone
MOL002934 A H 2 Neobaicalein 104. 34 0.44 FEA* Scutellaria
MOL002937 TAAMWEZ Dihydrooroxylin 66. 06 0.23 % Scutellaria
MOL000358 B-4 i 5 Beta-sitosterol 36.91 0.75 A Scutellaria
MOL000359 A 5 B Sitosterol 36.91 0.75 B4 Scutellaria
MOL000525 2= Y #% E Norwogonin 39.4 0.21 A Scutellaria
5,2'-F0k-6,7,8-= HUA AL B
MOL 2 ’ T . 1.71 . 2 Scutellari
0L000S5 5,2'-dihydroxy-6,7, 8-trimethoxyflavone 3 0-35 % Scutellaria
MOLO000073 #JLZEF Ent-Epicatechin 48.96 0.24 % Scutellaria
MOL001458 T %S, Coptisine 30. 67 0. 86 % Scutellaria
X[ (28)-2-Z AT A ] KA1, 2-— F i - .
MOLO0014 43. 0. (%4 Scutell
OLO01490 Bis[ (2S)-2-ethylhexyl | benzene-1,2-dicarboxylate 3.59 35 H Seutellania
MOL002879 87— H iR — 558 Diisooctyl phthalate 43.59 0.39 FEA Scutellaria
MOL002897 2 /NBERH, Epiberberine 43.09 0.78 B Scutellaria
MOL008206 FEA R Moslosooflavone 44. 09 0.25 WA Scutellaria
— — — R TE 1=
MOLO010415 M ’.13'*Tf%f%&$ﬁﬂ 39.28 0.23 B Scutellaria
11, 13-eicosadienoic acid, methyl ester
5,7, 4"- =R k-6-H AL BT
MOLO01224 > . . .27 54 Scutellari
Lo 5 5,7,4'-trihydroxy-6-methoxyflavanone 36.63 0 % Soutellaria
4 = FR k-8 F S KL B Tl "
MOLO012246 5 7 i 8- A 74.24 0.26 % Scutellaria
5,7,4'-trihydroxy-8-methoxyflavanone
MOL012266 PHGEFER Rivularin 37.94 0.37 # X Scutellaria

MOL000449 T Stigmasterol 43. 83 0.76 L&ty wE% Bupleurum, Scutellaria
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Figure 1 Venn diagram of Sinusitis disease target and

Bupleurum-Scutellaria target B2 SelI-SOSZIXATT SSE RN 2 - Y - W
Figure 2 Bupleurum-Scutellaria baicalensis’ s drug for the

treatment of sinusitis disease-component-target network

B3 Sl -BAR)T SE RPIHLAL PP R 45 K SRR i 1o 2%

Figure 3 Target PPI network of Bupleurum—Scutellaria in the treatment of sinusitis and its key target network

4 SEWI-BRIRTT SRR ITIL R GO AR K

Figure 4 Target GO histogram of Bupleurum—Scutellaria in the treatment of sinusitis
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Figure 5 Enrichment analysis of potential therapeutic targets of Bupleurum—Scutellaria in the treatment of sinusitis

Bl6 S-S5 20T S S RPIR
3 — U A B R0 2% [
Figure 6  The composition-target-pathway network diagram of

Bupleurum-Scutellaria baicalensis for the treatment of sinusitis
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3 it

WA 5T & B, S - B R 2 ) Y J2
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ST TLR A9 67 38 775 171 300 ] i 22 W05 5 15 2 T 266 Y
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SREH TR 1L-1 1L-6 1L-10 2572021 |11 23 i i B
A SR S L A e A IR Y BRAE R, 1l
] A LPS 5% 19 MDC (IP-10 IL-8 [;™
A RS IR PUAL  PRARE [ PR |
PEAT TR R R R M2 &R G AR YL Choi
P NBIFE KRB B-4F (85 BT 2 VB FH AL 2 30 i
D NO B9 R, I VA T0-6 316 M /b TL-1,
TNF-Z5 G VLR F (0 70 0, T8 5 2R | B 257 3% Rfil A
LT R A R AR DG 8 A0 it PR G Rk e
RAEA LA B 2 AT MR Ay I
WA AR BIBLER B-4F B AE7E T 580 -5
KARIT BRI ROy 24 b, bR R R S -
KPR R AE ] R 2 Rk i R B AE A
BESS

ARG, 0 8 G- R IT R AR
e §0 5 KL [ 4 TPS3 | AKT1 , MAPK1  PIK3CG .
PTGS2 \HSP9OAAT , ixX &£ #1584 H #8 5 R IE & WL
Flf g N 22 % V) AR 06, Tps3 i i H i £
miRNAs (9335, 15 S 40 /1 A TR e &, 8
2R JE S0, A R A A A0 L AKTL R 4R
PR/ i 2 I TR ( AKCT) # %) v — A S Y 3 ek
PR AL H T U IR P R e k0 e A= AR T A
B A A B2 o RS MAPKT SRR 40 i A
5 5 VR T I 2, 2 22 406 AL 2R I ( MAPK)
fYC O R B — AN JE R PR MAPKT &k 48 1)
I W R b A i R T el AR L R 3R G IR 0 R T T
FrABE AR, S5 RERN ™ ES KR
FEUOTN D PTGS2 B Ry 35 4 A i 2 (COX-2) 1Y 5l
PR, B G COX-2 ik i, A5 p38MAPK |
NF — KB 4555 5% 58 B AE b A 240 i B R R
i, A A SN ML A B 55 R P B MRS
HAB R kB, 202 Lo v AE 81—
MOAJLAS F  HE R WA R T LIAE R
ESR1 #8517 — b 2 i 43t n] DLAVE T 31 24§
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R2 EEETERIY RS SRR SR

Table 2 Network node characteristic parameters of main active ingredients

i 1D (=g AR I E i
Ingredient ID Chemical compound Degree Betweenness centrality Closeness centrality
MOLO000098 Hitf2 % Quercetin 61 0.269251807 0. 624390244
MOL000173 WA Wogonin 24 0.04133878 0. 458781362
MOL000422 11251 Kaempferol 22 0. 036419779 0. 45229682
MOL002714 A Z Baicalein 17 0. 026434036 0. 436860068
MOL001689 FIFEZR Acacetin 14 0.011937919 0. 428093645

F3OEEI ML SRHIESEL
Table 3 Characteristic parameters of main target network nodes
LYy AR e BHE
Target Degree Betweenness centrality Closeness centrality
PTGS2 42 0. 17894201 0. 551724138
HSP90AA1 34 0. 103307027 0. 520325203
PIK3CG 32 0. 069606752 0.512
PRSS1 23 0. 054101493 0. 47761194
NOS2 22 0. 021106201 0. 474074074
RELA 21 0. 017293745 0. 470588235
AKT1 26 0. 046756307 0. 463768116
TP53 17 0.012186774 0. 457142857
MAPK1 17 0. 011995655 0. 453900709
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Table 4 Molecular docking results

Z ik (IS At AHXS 43 F Jot £ ((g/mol ) 454 hE (kJ/mol)

Receptor Ligand Chemical formula Relative molecular mass Binding energy
TP53 Wil 2 % Quercetin C15H1007 302. 25 —-6.38
TP53 1125 M Kaempferol C15H1006 286.25 -5.83
TP53 I HEZE Wogonin CI6H1205 284.28 -5.74
TP53 HEF Baicalein C15H1005 270. 25 -5.55
TP53 HJIMEZE Acacetin C16H1205 284.28 -5.88
TP53 B-74 #§ % Beta-sitosterol C29H500 414.79 -7.24
AKT1 Witz % Quercetin C15H1007 302.25 -7.12
AKT1 1112 gy Kaempferol CI5H1006 286. 25 -6.77
AKT1 W H A ZE Wogonin C16H1205 284. 28 -7.26
AKT1 # %2 Baicalein C15H1005 270. 25 -7.23
AKTI FIREE Acacetin C16H1205 284.28 -6.77
AKTI B-%+ i B Beta-sitosterol C29H500 414.79 -9.56
MAPK1 #il iz 2 Quercetin C15H1007 302. 25 -6.63
MAPK1 1125/} Kaempferol C15H1006 286. 25 -6. 85
MAPK1 IHEE Wogonin CI6H1205 284.28 -6.61
MAPKI1 HWAZE Baicalein CI5H1005 270. 25 -6.9
MAPK1 JIBLZE Acacetin C16H1205 284. 28 -6.95
MAPK1 B4 {1 Bela-sitosterol C29H500 414.79 -10.2
PIK3CG it 2 2 Quercetin C15H1007 302. 25 -6.11
PIK3CG 1125/ Kaempferol CI5H1006 286.25 -5.97
PIK3CG M H#HAEZE Wogonin C16H1205 284.28 -7.93
PIK3CG HEF Baicalein C15H1005 270.25 -7.8
PIK3CG HIBEE Acacetin C16H1205 284. 28 -8.11
PIK3CG B-45 i % Beta-sitosterol C29H500 414.79 -8.37
PTGS2 Hit iz % Quercetin C15H1007 302.25 -6.42
PTGS2 111458 Kaempferol CI5H1006 286. 25 =7.12
PTGS2 WH A ZE Wogonin C16H1205 284.28 -8.15
PTGS2 # %2 Baicalein C15H1005 270. 25 -8.5
PTGS2 FREE Acacetin C16H1205 284.28 -8.44
PTGS2 B-%+ i W Beta-sitosterol C29H500 414.79 -10. 41
HSP90AAL ¥l 2 % Quercetin C15H1007 302. 25 =7.37
HSP90AA1L 1125 M Kaempferol C15H1006 286.25 -7.71
HSP90AA1 IHEZE Wogonin CI6H1205 284.28 -7.58
HSP90AAL1 H A2 Baicalein CI5H1005 270. 25 -8.7
HSP90AAT1 HJIMEZE Acacetin C16H1205 284. 28 -8.87
HSP90AA1 B—?—\\r(ﬁé@?‘ Beta-sitosterol C29H500 414.79 -9.58

Wit GO BT, St E EIRIT B ER
{14 35 DR ) = B R B0 2 X 9 4 240 e AR i ko SR A
P SN | A ) RS RIS A B R Gt R A
KEGG il i & 4 0 B B om T 48813 R 07 S R
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N (IL-1,10-6 TL-12 %) 7 S 52 R Ay k0
NF-KB 15538 [ 7] A [ ] 45 98 AE F1 90 588 AH G 1) 240
ML F-2e5k 765 5 55 A Y A RN Th A () E
BRI B AN KRR Toll #E5Z
ARIE [ (TLR {5558 1% ) ol 8735 35207 Thl /Th2 4H
JHL PR R A 0T DT A A RS S i R A AR

PI3K/ AKT {5551 & A 450000 1 g 192 1 bz 40 A A rp
HAH M PTG AL, SRR T A G B R B I — FoRT iR
Il MAPK 5538 2 5 40 T B 5
A T8 T AR AR B B O AR A B Y R L i
p38MAPK {5538 [ 1) A 12 Ak 7] s 2 b S T 4% 441 i
TR VR S 2 I S 0 S N, D 2 R 5 A A L
EF‘@T[S(}S” .

Gy RGBT TSR 4 R (I AR RN
ZAR) A AR AR 5 2 AR 25 5 M S ER
M F TR &5 A Ml BE BRI 7 L AR 9 AR L
TRAE R 3 O 2, 0 A2 1055 8 0T 422 43 B
PR /N T IR BCAAR TS 43 3 A G A5 5 1 R A
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Figure 7 The optimal composite structure of key targets and active

SRR G AT R I, B-AF SR PTGS2 B-A+ 8 2 nlor 5 CHEE I A AP M 45 6 TR 1 ik — 25
FEFT MAPKI | B-7% §55 M5 Al HSPOOAAL  B-7% §§ B AT fAIE T 3T W45 24 B 22 A 0w o A T 5k

AKT1 I # 2 F1 HSPOOAAT | 5 %5 2 Fl HSP9OAAL A SE T T R0 26 245 32 153 1 RHE SR ) 25
PG RAFISs G R G- B A 2 0 I OCsEAL 0T T S-S S 2 XA T S S R IAE AL, (A



LR R AR 2Rk 2021 4F 4 A4S 31 555 4 1 Chin J Comp Med, April 2021, Vol. 31,No. 4 53

WFSEATAFAE —LEAR e 2 b - AW 52 i Bl a2 14
HER R S ] SEVETI AT 155 2k — 2 2 0k, AN (] ) K
PAFHEIG S P FE LR ] BEAF A —E 2 5, Jm ik
T TR 2 B BT QAT 5 BT 4 2 A4 ) T 4
Wa ¥ o e PR T 245 52 7 R oy 2%, A
HARHISE R 2%, MXE T 5 U 10T 5, A W 5e 4
WRHERR R i A FF it — P&, OABETE v R
RS- B 2 X SR i O T IR DT YR A R
ERRGHATT I SEPRACR , H H A R Lt R A 5
- B 2008 B S S0 5 AR SEHG: , Jim 0 1V 1% 4G
BRSPS HE — 20 50 UE S8 5 - B 5 25 XRS5
R 70 FHLH

BIMFHEZ, Py B 280 2 20 %
PIMEIVE TR R R AR SORI P 19 265 24 PR 0] S - 3 5
FAYE P 28 ST R 550 5 A RS P o, A 2 4
A P 25 AL R 25 | 73 B H v 25 B BF 5 1 24 BEA
o A SCHIBESE R A — 7 9 000 1 A0 2 0, al
A BTS2 RYR T S R (Y B ) S B
FEHE—AESHAE LA

S 3

[ 1] Bruaene NV,
rhinosinusitis [ J]. Curr Opin Allergy Clin Immunol, 2011, 11
(1), 8-11.

[2] AESH, 8. RIZEERTSSERMIGREREL (1], #
T 25 B3, 2019, 19(96) ; 246-248.

[ 3] WA, B, wass. (NE) “ IERSIAT i, U 4R S K
PIFFAR [J]. Wi, 2014, 32(1) : 29-30.

[ 4] Benninger MS, Ferguson BJ, Hadley JA, et al. Adult chronic

Bachert C. Tissue remodeling in chronic

rhinosinusitis;  definitions,  diagnosis, epidemiology, and
pathophysiology [ J]. Otolaryngol Head Neck Surg, 2003, 129
(3): 1-32.

[ 5] Anamika A, Chakravarti A, Kumar R. Atopy and quality of life
in pediatric chronic thinosinusitis [ J]. Am J Rhinol Allergy,
2019, 33(5) : 586-590.

[ 6] Shi JB, Fu QL, Zhang H, et al. Epidemiology of chronic
rhinosinusitis: results from a cross-sectional survey in seven
Chinese cities [ J]. Allergy, 2015, 70(5) :533-539.

[ 7] Fokkens W], Lund VJ, Mullol J, et al. EPOS 2012; European
position paper on rhinosinusitis and nasal polyps 2012. A
summary for otorhinolaryngologists [ J]. Rhinology, 2012, 50
(1): 1-12.

[ 8] Rosenfeld RM, Piccirillo JF, Chandrasekhar SS, et al. Clinical
practice guideline (update) ; adult sinusitis [ J]. Otolaryngol
Head Neck Surg, 2015, 152(2) . S1- S39.

[ 9] van Drunen CM, Mjosberg JM, Segboer CL, et al. Role of innate

immunity in the pathogenesis of chronic rhinosinusitis: progress

and new avenues [ J]. Curr Allergy Asthma Rep, 2012, 12(2):

[10]

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

120-126.

Li C, Shi L, Yan Y, et al. Gene Expression signatures: a new
approach to understanding the pathophysiology of chronic
rthinosinusitis [ J]. Curr Allergy Asthma Rep, 2013, 13(2):
209-217.

Toppila-Salmi S, van Drunen CM, Fokkens W], et al. Molecular
mechanisms of nasal epithelium in rhinitis and rhinosinusitis [ J].
Curr Allergy Asthma Rep, 2015, 15(2) . 495.

Sundaresan AS, Hirsch AG, Storm M, et al. Occupational and
environmental risk factors for chronic rhinosinusitis: a systematic
review [ J]. Int Forum Allergy Rhinol, 2015, 5(11): 996
-1003.

B2, IR PR I UE R
34(12) ; 5835-5836.

KRB, (HFEIR) SEZGRTIRAT [T]. b Ak, 2014,
36(1) . 47-48.

SEGE, R, BT, S LR 2 A A v S 2 AR AL A 5T o
HIHERE [J]. WmE, 2020, 31(20) ; 2688-2691.

fiffie, A2, ZEH, SE. 4K 2 HI A A v 2 AU b i BIE ST
JE 5 R R [T]. ThREZy, 2019, 50(10) ; 2257-2265.

Liu CX, Liu R, Fan HR, et al. Network pharmacology bridges

[J]. i B2 ek, 2019,

traditional application and modern development of traditional
Chinese medicine [ J]. Chin Herb Med, 2015, 7(1): 3-17.
i, AEHOC, SRR, G5 SR T MR A E IS 2
XIPUMARSEERTSE [J]. P E R B2, 2020, 30(5) :
47-53.

WA, TR, RSOH, A M E O R R R S R LT
Th1/Th2 AR FFRIB M2 [ J]. e 5 Gk 0 e s AR
Zeidi, 2018, 24(6) : 557-560.

Byun EB, Yang MS, Choi HG, et al. Quercetin negatively
regulates TLR4 signaling induced by lipopolysaccharide through
Tollip expression [ J]. Biochem Biophys Res Commun, 2013,
431(4) . 698-705.

JATE G, whA, RMEER, 5. AR RR A K F ARSI R AE
BESE [1]. SRk, 2017, 38(10) : 56-61.

Oh HA, Han NR, Kim MJ, et al. Evaluation of the effect of
kaempferol in a murine allergic rhinitis model [J]. Eur )
Pharmacol, 2013, 718(1-3) . 48-56.

Huang CH, Jan RL, Kuo CH, et al. Natural flavone kaempferol
suppresses chemokines expression in human monocyte THP-1
cells through MAPK pathways [ J]. J Food Sci, 2010, 75(8) :
H254-H259.

XER, WS, B, B-A AT SOT A e [T]. &
FEEINT, 2019, 1 77-79, 82.

Choi JN, Choi YH, Lee JM, et al. Anti-inflammatory effects of
B-sitosterol-B-D-glucoside from Trachelospermum jasminoides
( Apocynaceae ) in lipopolysaccharide-stimulated RAW 264.7
murine macrophages [ J]. Nat Prod Res, 2012, 26(24) . 2340
—-2343.

Ryu NH, Shin JM, Um JY, et al. Wogonin inhibits transforming
growth factor B1-induced extracellular matrix production via the

p38/activator protein 1 signaling pathway in nasal polyp-derived



54

I LA R AR

2021 4E 4 A% 31 54 4] Chin J Comp Med, April 2021, Vol. 31,No. 4

[27]

[28]

[29]

[30]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

fibroblasts [ J]. Am J Rhinol Allergy, 2016, 30(4) ; 128-133.
Zhi H], Zhu HY, Zhang YY, et al. In vivo effect of quantified
flavonoids-enriched extract of Scutellaria baicalensis root on acute
lung injury induced by influenza A virus [ J]. Phytomedicine,
2019, 57. 105-116.

Chi DS, Lin TC, Hall K, et al. Enhanced effects of cigarette
smoke extract on inflammatory cytokine expression in IL-1B-
activated human mast cells were inhibited by Baicalein via
regulation of the NF-kB pathway [ J]. Clin Mol Allergy, 2012,
10: 3.
Huang WC, Liou CJ. Dietary acacetin reduces airway
hyperresponsiveness and eosinophil infiltration by modulating
eotaxiN-1 and Th2 cytokines in a mouse model of asthma [ J].
Evid Based Complement Alternat Med, 2012, 2012, 910520.
He L, He X, Lowe SW, et al. microRNAs join the p53 network
—-another piece in the tumour-suppression puzzle [ J]. Nat Rev
Cancer, 2007, 7(11) . 819-822.

Hermeking H. p53 enters the microRNA world [ J]. Cancer cell,
2007, 12(5) : 414-418.

Testa JR, Bellacosa A. AKT plays a central role in tumorigenesis
[J]. Proc Natl Acad Sci U S A, 2001, 98(20) : 10983-10985.
WA, Ak IR BT R RS [J]. o B BARN 25 %
2016, 33(2) . 250-255.

Kumar S, Principe DR, Singh SK, et al. Mitogen-activated
protein kinase inhibitors and t-cell-dependent immunotherapy in
cancer [ J]. Pharmaceuticals ( Basel), 2020, 13(1): 9.

Bai F, Matton DP. The arabidopsis mitogen-activated protein
kinase kinase kinase 20 ( MKKK20) C-terminal domain interacts
with MKK3 and harbors a typical DEF mammalian MAP kinase
docking site [ J]. Plant Signal Behav, 2018, 13(8) ; €1503498.
XJETF, WP, #EPAZR. p38 MAPK 572517 £ 42 (1 WF 5T ik
JE[J]. WA H SR AR Sk MR 2R, 2015, 29(23) : 2094
-2098.

Chuang HC, Tan TH. MAP4K family kinases and DUSP family
phosphatases in  T-Cell
erythematosus [ J]. Cells, 2019, 8(11) . 1433.

signaling and  systemic lupus
Newton R, Holden N. Inhibitors of p38 mitogen-activated protein
kinase: potential as anti-inflammatory agents in asthma? []J].
BioDrugs, 2003, 17(2): 113-129.

Chang MS, Chen BC, Yu MT, et al. Phorbol 12-myristate 13-
acetate upregulates cyclooxygenase-2 in  human
pulmonary epithelial cells via Ras, Raf-1, ERK, and NF-«kB,
but not p38 MAPK, pathways [ J]. Cell Signal, 2005,17(3) :
299-310.

Chen T, Zhang X, Zhu G, et al. Quercetin inhibits TNF-a

expression

induced HUVECs apoptosis and inflammation via downregulating
NF-kB and AP-1 signaling pathway in wvitro [ J]. Medicine
(Baltimore ) , 2020, 99(38) ; e22241.

Jia Z, Nallasamy P, Liu D, et al. Luteolin protects against
vascular inflammation in mice and TNF-alpha-induced monocyte
adhesion to endothelial cells via suppressing IKBa/NF-kB
signaling pathway [ J]. J Nutr Biochem, 2015, 26 (3): 293

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[52]

[53]

[54]

-302.

Fan B, Dun SH, Gu JQ, et al. Pycnogenol attenuates the release
of proinflammatory cytokines and expression of perilipin 2 in
lipopolysaccharide-stimulated microglia in part via inhibition of
NF-kB and AP-1 activation [ J ]. PLoS One, 2015, 10
(9): e137837.

Yamamoto Y, Gaynor RB. TkappaB kinases: key regulators of the
NF-«kB pathway [ J]. Trends Biochem Sci, 2004, 29(2). 72
-79.

Wang W, Zheng M. Mucin 5 subtype AC expression and
upregulation in the nasal mucosa of allergic rhinitis rats [ J].
Otolaryngol Head Neck Surg, 2012, 147(6) : 1012-1019.
Poynter ME, Cloots R, van Woerkom T, et al. NF-kB activation
in  airways but
hyperresponsiveness [ J]. J Immunol, 2004, 173 (11). 7003
=7009.

XU, FRFR, AU, % Toll FEA2 1k 2 & Toll #5321k 4 18
RIS R P RIS [T]. v E S8 S A 4
2008, 16(1): 36-39.

Park SK, Jin SY, Yeon SH, et al. Role of Toll-like receptor 9

modulates  allergic  inflammation not

signaling on activation of nasal polyp-derived fibroblasts and its
association with nasal polypogenesis [ J]. Int Forum Allergy
Rhinol, 2018, 8(9): 1001-1012.

Sarkar A, Hellberg L, Bhattacharyya A, et al. Infection with
anaplasma phagocytophilum activates the phosphatidylinositol 3-
Kinase/Akt and NF-kB pathways in
granulocytes [ J]. Infect Immun, 2012, 80(4) . 1615-1623.
Park WS, Jung WK, Park SK, et al. Expression of galectiN-9 by

survival neutrophil

IFN-vy stimulated human nasal polyp fibroblasts through MAPK,
PI3K, and JAK/STAT signaling pathways [ J]. Biochem Biophys
Res Commun, 2011, 411(2) ; 259-264.

T, mottH, 22511, 45, MAPK {553 % 76 12 v - B 5
HAF G L TR RIS A G B 1A B 2 I b 1 1 S L) o B 4 T
(07 PR - o R R Sk 35000 B0k 2018, 32(21) : 1618
-1622.

Simsek F, Eren E, Bahceci S, et al. High PI3K/mTOR and low
MAPK/JNK activity results in decreased apoptosis and autophagy
in nasal polyposis [ J]. 2020,
15 S1808.

HOHE, AR, RDEST, A BT 0 45 2 B o 0 HE AR
T UL ST ROAY T T B ARG B I 4 (COVID-19) B/
BLA [J]. HE PR 2EIRGR, 2020, 30(7) : 57-64.

Morris GM, Huey R, Olson AJ. Using AutoDock for ligand-

Braz J Otorhinolaryngol,

receptor docking [ J]. Curr Protoc Bioinformatics, 2008, 8(1) :
1-8.

Hsin KY, Ghosh S, Kitano H. Combining machine learning
systems and multiple docking simulation packages to improve
docking prediction reliability for network pharmacology [ J].
PLoS One, 2013, 8(12) . €83922.

(%5 H#3)2020-12-07



2021 4E 4 A v ] bl R 2 e ik April, 2021
®3HE HBaW CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 31 No. 4

BPNE e, T AR HE T U TR M o 1 S O SR A S PR AP AR T (D], R I PR BE A, 2021,
31(4) . 55-62.

Li SX, Xiao XL, Yin L, et al. Geniposide protects against oxidative stress in early brain injury after subarachnoid hemorrhage [ J].
Chin J Comp Med, 2021, 31(4) . 55-62.

doi: 10.3969/j.issn.1671-7856. 2021. 04. 009

AE X R LR P JBEE T s ot i - 3000 G 45
SEAL I I PR P AR H

g Hm xS, F F L Eww  AERLE E L AR

(LT MR EZ R B ER: g0, M 510120, 2. P EZ R4 — B ER LB,
oM 5101205 3.0 MM A EE 2GRS IR PR E B M 5101205 4.75 58 K BE 22 B M B SRR EE B Ml 240k,
FiE  210008)

[HZE] BHE ABFEERIHE T (GNP) X R BRUIR BT i 1 ( SAH) J5 54 W5 495 ( EBL) 40 Fb 7 389 £
PYER. ik SR 38 ST th e ol 32k o 25tk Do S Jois i A GRS R B A P Wistar K BRUBE L 23 R BT AR 4 A
T GNP K m a5 — R B ST . 24 b S5 AT IR O I s i I #3703 BBE T 20158 5 S e ol g
Lo RN 7 J2 A 2 2% K F 2 AH2C R F 2 (nuclear factor erythroiD-2-related factor 2, Nrf2 ) 32 iK1 ¢ ; Western blot
05 $UI 7 2 1ML 2T N4 - 1 (hemeoxygenase-1,HO-1) i {1k i J5 -1 ( NADPH quinineoxidoreductase-1,NQO-1) |
AW H BR-S-5% F2 1iff ( glutathione S-transferase, GST) 25 & ; TBA Fb 8,36 K i 35 B2 J2 W 9 % ( malondialdehyde,
MDA) & # , TUNEL Je 75 A A T, S8R SIRTARE R, BB 2 R BB T E 43 e s it
J2 2 Nef2 BEPEAEAEELCH \HO-1 NQO-1,GST £ FH /K -0 B ; MDA /K .38 =1 R 4l & A= 98 1~ (P<0. 05)
SREAULE U, GNP 9 5] 20 O SR B2 )22 Nef2 BHPE 41 F O HO-1 . NQO-1, GST 25 F K - 1 8 3 19 fin (P <
0.05) ,MDA 7K-F- A -3 B T [ (P<0. 05) ;s Horh i Rl HAE T 1 2r LUOF IR LR e, 8538 AP R
GNP XK EL SAH J5 EBI BAA — & /AR, HAEHIHLHI AT B 538 20 30l IR MU AL R e Nef2 SE %, BT R i
AP R 2 o) o 28 40 B ) (R P VR 3 DA G

[RBIA]  HEF; WRIBE T B o i s B 403 5 i dal At Nuf2
[(FESES] R-33  [X##RIRE] A [XEHS]1671-7856(2021) 04-0055-08

Geniposide protects against oxidative stress in early brain injury after
subarachnoid hemorrhage

LI Shaoxue', XIAO Xiaolan®, YIN Lei', Meng Miaomiao® , CEN Xuecheng', CAI Jun', HANG Chunhua**

(1. Diagnosis and Treatment Center of Encephalopathy, the 2nd Affiliated Hospital of Guangzhou University of
Traditional Chinese Medicine, Guangzhou 510120, China. 2. Department of Pediatrics, the 2nd Affiliated Hospital of
Guangzhou University of Traditional Chinese Medicine, Guangzhou 510120. 3. the Second Clinical School of
Guangzhou University of Chinese Medicine, Guangzhou 510120. 4. Department of Neurosurgery,

Nanjing Drum Tower Hospital, School of Medicine, Nanjing University, Nanjing 210008)

[E€mB ] REAHELRPAPIEH (20192028) .
[MEEE N 1 2RI (1985—) 53 Wit , 0 RIS J5 1] « i 10 A87955 14 Th P 2 45 39RYT . E-mail ; ouka@ 163.com
[EBIEEE IMHEE(1964—) , B Tt FATEW, 44 00, BF 58 J5 10« B 1l 9% K AMEHEYY . E-mail ; hang_neurosurgery@ 163.com



56

P B BE A 2R 2021 4FE 4 A 31 555 4 ] Chin J Comp Med, April 2021, Vol. 31,No. 4

[ Abstract)
stress in early brain injury ( EBI) after experimental subarachnoid hemorrhage (SAH). Methods

Objective  This study aimed to test the hypothesis that geniposide (GNP ) protects against oxidative
Male Wistar rats(n=48)
were randomly allocated to four groups, including the sham+vehicle group, SAH +vehicle group, SAH+GNP low dose
group, and SAH + GNP high dose group. The experimental SAH model was established by injecting blood into the
prechiasmatic cistern and treatments were then administered. Outcomes were measured at 24 hours after treatment. The SAH
score and mortality rate were calculated. Nuclear factor erythroiD-2-related factor 2( Nrf2) expression in the temporal cortex
was detected by immunofluorescence staining. Heme oxygenase-1( HO-1) , NADPH quinineoxidoreductase-1( NQO-1) , and
glutathione S-transferase ( GST ) protein expression in the temporal cortex was determined by western blotting.
Malondialdehyde (MDA ) levels in the temporal cortex were detected by the thiobarbituric acid method . Apoptosis of nerve
cells was determined using TUNEL staining. Results In the SAH+vehicle group, MDA levels and the rate of cellular
apoptosis were significantly higher compared with those in the sham+vehicle group ( both P<0.05). The number of Nrf2-
positive cells and HO-1, NQO-1, and GST expression were significantly higher in the SAH+vehicle group compared with
the sham+vehicle group(all P<0.05). Compared with the SAH+vehicle group, Tireatment of either a high or low dose of
GNP result ed in a higher number of Nrf2-positive cells and higher HO-1, NQO-1, and GST expression, and lower MDA
levels and cellular apoptosis rate (all P<0.05). In addition, Llower mortality was also observed in the SAH+GNP high dose
group. group treated with a high dose of GNP (100 mg/kg). Conclusions

GNP exerts a protective effect against oxidative

stress in EBI after SAH. This effect is probably mediated by activating the Nrf2 pathway and upregulating the downstream of

pathway—antioxidants.

[ Keywords)

Bl Jik J8d P Wk BB R B W I ( subarachnoid
hemorrhage , SAH ) J&—Fh 2 7L 250 % B 55 B4 i 1L 48
faadEaE" . SAH J& 53 40 21 B4 ( early brain
injury, EBI) 55 1 MBIV H i 3 i 8958 25 & AR i
72 h N, B2 — R 90 e B A U 2
HSAH 12 BUR B R FZHLHI Y L
1 B P 2 A ML T P ) — AN E AT

K F A & F 2 (nuclear factor erythroid 2-
related factor 2, Nrf2) &2 5 877 4l i HT AL N U
IV (Y B SR R ) TR SRR IR TR N2 43
WO I I B T Y B PR e s, i ik B R 2 R A
B 23k, DASR @ 40 M b AR pe e e A
(geniposide, GNP) J& T M ik il H 21654, S 75
HRMEYIIIAE ( Gardenia jasminoides Ellis ) 552 H Ay
Horp—Fh 3 BEE PR3 . GNP A 25 BRAE FHAH 24 )
Z  BATUR BUAAA B W R MR AR 2
PO IEAERR Y B, GNP FE e K i
JI0G 11 4 L K Bl S AR Y vp | R B —E Y
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FERT R BRI O 6T Jos SRS 34T GNP J A0 B, 38
I WS N2 38 B AH SC BT A A A 2 B Rk 1y 22 4k
Rz AL JE T PR AT BEAIRTTRUR .

geniposide; subarachnoid hemorrhage; early brain injury; antioxidant; Nrf2

1 #FRFnFix

1.1 Y
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(MDA) 5 & (W A m ot AR W) TR B 52
A003-1) ; Nif2 Uik (L5 AF7603) . NQO-1 #L {4
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e (A) JEM 6 431X, 6 AT HOR IS B0 I 43 LAVPAL FC B R 1 1 5 00 , e IR 43 0 43, Jieimn 43 18
G%o 043 AL ; (B) « BRI L, 1 43« Bk B8 Bk 52 43 v &5 ke 0O 5 s o o, (ELAT ] 6 345 I
5 (C) FBEBRMIBT T R I, 3 4« Rk L, 320 43 1 AR LA BN

1 WRMIBE T IS I Sugawara 43
Note. (A), Six segments of the basal cistern. The subarachnoid blood clots are assessed in each of these segments to allot a
score from 0 to 18. 0, No blood. (B), Moderate SAH. 1, Minimal subarachnoid blood. 2, Moderate blood clot with
recognizable arteries. (C), Severe SAH. 3, Blood clot obliterating all arteries within the segment.

Figure 1 Subarachnoid hemorrhage grading

T A BT AR BARAIAL; C GNP IRFAIHE 4L D GNP R4
B2 GEAS 24 h SR SR R R H A 0
Note. A, Sham+vehicle group. B, SAH+vehicle group. C, SAH+GNP low dose group. D, SAH+GNP
high dose group.
Figure 2 The whole brain of SAH rat model at 24 h
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(K3),
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S EN R, YT A B R TR AR AL
HAT AT (P<0.05) , HERlI A &b, #n
GNP fE &3 085% SAH J&5 ti MDA (%7} &5 , 31 i 40 ff
AR (B 4) o

T ART AR B AIAIL ; C. GNP IR 4 ;D GNP &5 i 4,

B 3 GNP % SAH K BRI

B2 J= Nef2 FIB R (n=6)

Note. A, Sham+vehicle group. B, SAH+vehicle group. C, SAH+GNP low dose group. D, SAH+GNP

high dose group.

Figure 3 Effects of GNP on Nrf2 expression in the temporal cortex of the SAH rat model

2.4 GNP 3f SAH X REEF I EZE HO-1,NQO-
1.GST EEFRIEHF M

SRFARAA e, AL ) HO-1 NQO-1,GST
AR IEA A BT (P<0.05) , SHEEIH L,
22 GNP AbFRJ5 HO-1 NQO-1,GST & A1y R ik vk —
I (P<0.05) , 275 GNP HE B E 58 SAH J5
H Nef2 55 09 T UE P AR HO-1 NQO-1,GST 1Y
Tk S AR EEARRE T (B 5)
2.5 GNP 3t SAH X RAZ S Bt 57 /= #4022 40 B )
T HIR M

YERT 24 h BEIZH TUNEL P40 M 1 51 B 1
IR, TSR K (50.88 + 6.22)%, BAR TR A
(0.00 = 0.02) %A W EMZS (P<0.05) , 1fi GNP
ALBRAGWIZL TUNEL BH A 40 0 Lo 491 A i U 20 B i R
K, H GNP & 7 2 4 40 i 8 7= % o (28.76 +
7.37) % ,fIk T GNP K2 (39. 86 + 8.57) % (P<
0.05), #E/nmEFIE GNP GBS % k3% SAH &
J& 24 h AP AIIIET- (L 6) .

T AT AL BB, C. GNP IRF 4 4l; D
GNP &5l dl . SHHLIAHLE, © P<0.05,

B4 GNP Xt SAH AR K2 JZ N — 8 (MDA)

TR (n=6)
Note. A, Sham+vehicle group. B, SAH-+vehicle group. C,
SAH+GNP low dose group. D, SAH+GNP high dose
aroup. Compared with model group, * P<0. 05.
Figure 4 Effects of GNP on malondialdehyde (MDA) contents

in the temporal cortex of the SAH rat model
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T ABRTFARY; BB C.ONP IKHIREAL; D.ONP w4l SHAILIMEL, * P<0.05,
Bl5  SAH K RUSRIEIT & 240 40 HO-1 ,NQO-1,GST & [ A X 3R (n=6)
Note. A, Sham-+vehicle group. B, SAH+vehicle group. C, SAH+GNP low dose group. D, SAH+GNP high dose group.
Compared with model group, * P<0. 05.
Figure 5 Rrelative intensity of HO-1 ,NQO-1,GST protein expressions of temporal cortex of the SAH rat model

TE: AT B AR C. GNP RFI AL D GNP Al B2, SHEAIIARLL, * P<0.05,
B 6 GNP Xf SAH K BUR AU B2 2 M 2 AT JA T A9 2 (n=6)
Note. A, Sham+vehicle group. B, SAH+vehicle group. C, SAH+GNP low dose group. D, SAH+GNP
high dose group. Compared with model group, * P<0. 05.
Figure 6 Effects of GNP on TUNEL positive nerve cells in the temporal cortex of the SAH rat model
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T B S 453002; 3.5 2 E2EEE SR B E B =8l # & 453002)

[HE] B8 AU BERRRE T (EA) XHMARES R R RERRB G, Fix  Brkhis -5t
HR(SD) KRB 5 40 X IREE gl EA 20 AR I8 e AR PG VT 4, SR St 1 kA W 39 200 A 5 E
71 (CUMS) ¥ K BRAMARIERE AL, JAY7 40K BUE I ST EA 30 mg/ (kg-d) , e K BRUACER A6 I K SRR 7K I 445
BOEAE K BT, HE Y @RI % 21 2135 0545 100 ; TUNEL 46 0 % 25 2040 M 08 455 0 5 JC-1 3 A6 000 2 o A 5 vl 7
ELISA 6 58 iE - 1fiL 375 7 1L-6 \IL-18 .\ TNF-a F1 IL-10 7K F ; Western blot 8- Jf 5 o8 i iR £k e R4 3l 7 AH G B
(p-Drp1) TE M5 i B A I 48 AL BEBFRIC ) SOD MDA 1 LDH W&, G538 SXTIR4IAHIL, Bhal EA 41
P& TTUR I 48 A 22 S o Ge 24 S TS5 % HR A AH Bb BT 21 K BRER I AR B AR ( P<0. 01) 5 MK i S B AIK ( P<
0.01) ; MLV MR 44 K F 1L-6 IL-18 H1 TNF-c0 K380 2L 2V 45 N 2 5 p-Dip1 6389820 (P<0. 01) ; Il 21 & b
MK (P<0. 01) 5 AT LRI HIAYT VR, AR IR R CUMS 5 ALY LR B 1, 4518 AR H vl iz
CUMS HIHBREAST AR FRER b A145i .

[E$ER]  IECLE ; CUMS A3 T s SRt 7 s KB
[hE4ES] R-33 [ XEktRiIZEE] A [ XEHS)1671-7856(2021) 04-0063-07

Effect of echinacoside on mitochondrial damage in a rat model of depression

YUE Lingfeng', MA Jing®* , WANG Ning’
(1. the Second Affiliated Hospital of Xinxiang Medical University, 4th Department, Xinxiang 453002, China.
2. the Second Affiliated Hospital of Xinxiang Medical University, Department of Mood Disorder, Xinxiang 453002.
3. the Second Affiliated Hospital of Xinxiang Medical University, 3th Department, Xinxiang 453002 )

[ Abstract ) Objective To investigate the effects of echinacoside (EA) on mitochondrial injury in rats with
depression. Methods Sprague-Dawley rats were divided into five groups of control, EA, model, treatment, and fluoxetine
groups. A rat model of depression was constructed with chronic unpredictable mild stress (CUMS). Rats in the treatment
group were intraperitoneally injected with EA mg/( kg« d). The weight of the rats was recorded, and the sugar water
preference index was detected to evaluate the behavior of the rats. Hematoxylin and eosin staining was used to detect damage
of brain tissue. Apoptosis of brain cells was detected by TUNEL assay. The mitochondrial membrane potential was detected
by JC-1 method . Serum interleukin (IL) -6, IL-18, tumor necrosis factor—a, and IL-10 (inflammatory cytokines) levels
were detected by ELISA. Expression of phosphorylated mitochondrial dynamic associated protein ( p-Drpl) in the cytoplasm

was detected by Western blot. The content of superoxide dismutase, malondialdehyde, and lactate dehydrogenase, which
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are markers of oxidative stress, was detected by kits. Results There were no significant differences in the detection index

in the EA group compared with the control group. The model group showed weight loss compared with the control group ( P<

0.01). Sugar water preference was lower ( P<0.01), serum levels of the pro-inflammatory cytokines IL-6, IL-1B, and

tumor necrosis factor—a were higher, and levels of the anti-inflammatory cytokine IL-10 were lower in the EA group than in

the control group (all P<0.01). Brain tissue injury was aggravated, p-Drpl expression was lower ( P<0.01), and

oxidative stress in brain tissue was higher in the EA group than in the control group (all P<0.01). However, the treatment

group showed therapeutic effects and the above-mentioned pathological injuries caused by CUMS recovered. Conclusions

EA can alleviate mitochondrial injury in rats with CUMS.
[ Keywords]
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1.1 =Wz

50 H 4 ~ 6 J& W15 i 9 HEE Sprague Dawley
(SD) K, 140~ 150 g, M F rp =R B 52 56 sh v
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Note. A, Weight gain histogram of rats in each group. B, Histogram of sugar
water preference of rats in each group. 1, Control group. 2, Simple EA group.
3, Model group. 4, Treatment group. 5, Fluoxetine group. Compared with
Control group, * P<0.01. Compared with Model group, *P<0.0L.

Figure 1 EA increased weight gain and sugar water

preference in depressed rats

T XA ;2 B2 BA 4153 BERA ;4 3R A5 P TT 4
iR HRAEL L, * P<0. 015 SHEEIAL LA, #P<0. 01,
B2 AASRAG T XHIARAE A B AT 4 A

K F IL-6 .IL-1B TNF-a . IL-10 7K - () 50
Note. 1, Control group. 2, Simple EA group. 3, Model group. 4,
Treatment group. 5, Fluoxetine group. Compared with Control
group, " P<0.01. Compared with Model group, *P<0. 01.

Figure 2 EA Effects of EA on levels of inflammatory

cytokines IL-6, IL-18, TNF-a and IL-10 in depressed rats
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TE: A HE Je (60 & 21 R BUI 2 2051003 ; B : TUNEL % 6245 90 - 2 R B 2L 2R A0 i 0 1 5 €0 25 2 R B I 2 400 M 0 T i el 1 X R
2 B4l BA 2053 B 4 36745 RPETT 4L, S ILAL, * P<0. 01 ST LSS, " P<0. 01,

B3 FASRAG S IIAIRE K UK 5 3
Note. A, He staining was used to detect brain tissue damage in each group. B, TUNEL staining was used to detect the apoptosis of brain tissue cells in
each group. C, Histogram of apoptosis rate in brain groups of rats. 1, Control group. 2, Simple EA group. 3, Model group. 4, Treatment group. 5,
Fluoxetine group. Compared with Control group, * P<0.01. Compared with Model group, *P<0.01.

Figure 3 EA improves brain damage in depressed rats

TE A TSR I 25 20 K FRERL IR R FL A (9 254k s B IR L JC-1 ZL/ 40 LU B, 1o 6 BB 52, BBl BA 4153 BT ;4 307 415 . 504
T, SXHERALLEEE, * P<0. 01; SR LA, ¥ P<0. 01,
B4 FASRAG T R ARIE I R AR (A L o
Note. A, The changes of mitochondrial membrane potential in each group were detected by flow sorting. B, Red/green ratio of JC-1 in each group.
1, Control group. 2, Simple EA group. 3, Model group. 4, Treatment group. 5, Fluoxetine group. Compared with Control group, *P<0.01.
Compared with Model group, #P<0.01.
Figure 4 EA decreased mitochondrial membrane potential in depressed rats
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TE: A: Western blot Al 2R A bR 5 )35 ; B p-Drpl SEHFRIX AT, 1 XL 2. Bl EA 2153 B804 ;4 3RYT 45 P T4,
XYL, * P<0. 01; SR LEHE,* P<0. 01,

B 5 AAREG T I ARE A U Z AL AR 545
Note. A, The expression of mitochondrial injury markers was detected by Western blot. B, Histogram of p-Drpl protein expression. 1, Control
group. 2, Simple EA group. 3, Model group. 4, Treatment group. 5, Fluoxetine group. Compared with Control group, * P<0.01. Compared with
Model group, *P<0.01.

Figure 5 EA reduced mitochondrial injury in depressed rats

A AR E LDH K H 7B A KB SOD /K H 7K C 4 AR B MDA AKSF B, 1% IR, 2, Biall EA 203, B,
4RITHS FITITA, ST LE, * P<0.01; 5EAIL A, ¥ P<0. 01,

B 6 ANRAGH o AR S A RG4S s
Note. A, Histogram of LDH level in each group. B, histogram of SOD level of rats in each group. C, Histogram of MDA level in each group. 1,
Control group. 2, Simple EA group. 3, Model group. 4, Treatment group. 5, Fluoxetine group. Compared with Control group, *P<0.01.
Compared with Model group, *P<0. 01.

Figure 6 EA reduced oxidative stress injury in depressed rats
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(WRA A LE E 2 PO AR E S0 T 570206)

[#ZE] BM  F mmu-miR-672-5p ¥ KBRS A T % IR ZAMM T FHLH . Ak W RIAE
K mmu-miR-672-5p J& , Rl K SURR 298 B G 3% )2 A0 A A U8 727K OF . a3 R SIS mmu-miR-672-5p & , il i
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JEARAE R £ Bh 3R I B SRR W R Y, IR 2229 . Z/p503 | Sledas | Stk24  Tmem106b . Bax . Adgrb3 . Tmem63b . Pmp22 .
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Mechanism of mmu-miR-672-5p in regulating apoptosis of placental
chorionic trophoblast cells in rat

CHEN Lin" , ZHOU Zhi, MA Ning, ZHOU Jing
(Hainan Provincial Medical Center for Women and Children Reproductive Medicine, Haikou 570206, China)

[ Abstract]  Objective To investigate the molecular mechanism of mmu-miR-672-5p in regulating apoptosis of
placental chorionic trophoblast cells in rat. Methods Apoptosis of placental chorionic trophoblast cells was detected after

overexpression or knockdown of mmu-miR-672-5p. After overexpression or knockdown of mmu-miR-672-5p, the expression
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of genes regulated by mmu-miR-672-5p was detected by RNA-seq. After setting the threshold and knocking down relevant
genes by siRNA, the level of placental chorionic trophoblast cell apoptosis was determined. mmu-miR-672-5p targeting
particular genes was verified by luciferase reporter assays. After overexpression of the gene of interest, the expression level
of cleaved caspase 3 and the level of placental chorionic trophoblast cell apoptosis was determined by western blotting.
Results  After overexpression of mmu-miR-672-5p, the level of placental chorionic trophoblast cell apoptosis decreased ( P
<0.05). After mmu-miR-672-5p was knocked down, the level of placental chorionic trophoblast cell apoptosis was
increased ( P<0.05). After knockdown or overexpression of mmu-miR-672-5p, high-throughput sequencing reveled the
differential regulation of multiple genes in placental chorionic trophoblast cells, including Zfp229  Zfp503  Slc4a5 | Sth24 |
Tmem106b Bax ,Adgrb3 . Tmem63b . Pmp22 . Mroh2a , Dsnl , Pramef25 | Naaladl2 | Clk2 | Stx16 , Usp28 | Clint1 | Jph4 . Msl2 |
Krtap8—1 Pkp2 MIli3 \Rail4 After knocking down the above genes, only knockdown of Bax caused a decrease in the level
of placental chorionic trophoblast cell apoptosis ( P<0.05). After overexpression of Bax, the level of cleaved caspase 3 and
the level of the placental chorionic trophoblast cell apoptosis increased (P<0.05). After overexpression of mmu-miR-672-
5p, both the mRNA and protein levels of Bax decreased ( P<0.05). After mmu-miR-672-5p was knocked down, both
mRNA and protein levels of Bax increased (P<0.05). In addition, mmu-miR-672-5p targeted the 3'-non-coding region of
Bax (P<0.05). After simultaneous overexpression of mmu-miR-672-5p and Bax, there was no significant change in the
level of placental chorionic trophoblast cell apoptosis ( P>0.05). After simultaneously knocking down mmu-miR-672-5p

and Bax, there was no significant change in the level of placental chorionic trophoblast cell apoptosis ( P>0.05).

Conclusions

inhibited the apoptosis of placental chorionic trophoblast cells.
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T34 . CDLG-4997 ; fit 5 . UJV93S3727 ) ; 9 it
PCR A & W v v i 2R W) BB FR A | (4%
5 BL705A ; #t5 . IVG4GA2N) ; TRIzol 257 ¥ [ Y
JNZ 2 R R A A) (174515596 -026 ;4165
MA6-WP6CZCWS ) ; Bax, GAPDH , CLEAVED-CAS3
RIHLARIL H abeam ( 575 : ab32503 | ah9482 .ab2302;
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Hit5 . PNCER6SXJSTS8BC8 . YN1J21A4YKBMXTO7 .
O0DQ7K45DO3FMO7IC) ; —Htl A b 5t g Rl 41 4=
WRHEAT IR A (535 :Y2011) ; ECL AL RO R GE
ChemiDoc™ XRS + Wy H Bio-rad 2 & ( # 5.
1708265) ; CFX96 Touch ¢ A€ f: PCR Kl R 42
H Bio-rad A A (%145 .1845096) ,
1.3 SKEHE
1.3.1  diffasi e S

T FH O BUIG 28 980 76 I 004 5% 2 A0 D 5 4 i 7 ik
1E 37°C,5% CO, WIEFFE h 3572 K BUG M4% B K
WFRZANE, B2 d RGN
5  mmu-miR-672-5p inhibitor, mmu-miR-672-5p
mimics , Bax BT K7, siRNA ( Zfp229 ., Zfp503 . Slc4as5 .
Stk24 . Tmem106b | Bax . Adgrb3 . Tmem63b, Pmp22 |
Mroh2a ., Dsnl ., Pramef25. Naaladl2, CIE2 . Six16.
Usp28 . Clint1 ., Jph4 . Msi2 | Krtap8 — 1, Pkp2 , MIli3 |
Rail4)IRGEEZEIR THEE 15 min 5, 250 A K
SR BB I R = Al
1.3.2 SRyEnil

i 1 2 4 5 ER IR A BAX il CLEAVED-CAS3
AFRE s IO S 2 T TE I 7€ (RIPA) 2 ik 32
fir 2L, F SDS-PAGE 435 SR 1 (30 pg) , A5
R R R I ORI L RS BT BAX(1:1000
Fis B ), $ii. CLEAVED-CAS3 (1 : 1000 F& B ) 5 4t
GAPDH (1:1000 %) 7 4°C W H %, RIF KR
JH TBST ¥t 3 ¥, I 5 BAR i 4 Ak 1 A 16 1) —
PU(1:5000 FiBe) WFE 1 h, A 3658 A9t 24 &
(ECL) 1R nl ML £ 1 o 2%
1.3.3  FOGRMHRE LR

¥ Bax 1) 3 Ui 5% X 50 2 pmir-glo utrl K
NI ,ﬂfjﬂ pmir-glo utrl-Bax-WT, ¥ Bax B9 37 ymaE
HSIX M G—C R, 7 2 pmir-glo utrl Zk{K
I, YA pmir-glo utrl-Bax-MT, KB K BRUIG #5540 B
WFRIZE0M0 S pmir-glo utrl-Bax-MT (800 ng) . pmir-
glo utrl-Bax-WT (800 ng) . %f M # A& (800 ng) . TK
Renilla 2 %5 3 X (8 ng) A 4 1 5 & U691, o
Lipofectamine 3000 #E1755 5%, %YL 48 h J5 , 34/% T
SN AR 1 I TR 26 3R B A R G R I 1
PEIGER WG (R K B ) |
1.3.4 Annexin-V ¢

S ARSI TE 6 FLAR A KA
K BRI 2595 76 B55 00 57 )25 40 6 R0 J 2 1 Il 4 5 1 4
M, IFHH 4°C TS Y I xPBS ¥Rk, SR B 40 i i i
WHEZEGZ R ES, IIFREANGE RN
Annexin-V Y40, 9% BB L B 52560 4 v o

T ALY B 53 b5 ) BEEG e el 64T LR, A A
i — X = A
1.3.5 RNA-Seq

a3 5] A A AT 2R 38 mmu-miR-672-5p J5, 1 HL
KRR B B 7 2 A M) 5 RNA, RNA i
Bl 3% A o PR 2 A 9 B (v BRI ) 4T R
RNA-Seq ik % F1 & 48 73 #r. ffi 1l SOAPaligner/
SOAP2 ANVERL, T 1 11 132 Bz e 58 1] mouse U4
VB TR FE R 2l R, SR S K AR AR
FEE T2 — 8 (kbKM) | iZ i 8o 5o 5
FEHFEACEA G, FIH log2 B R E 3 K 1H
P, R log2 HER -1 5 log2 HLF N 1 By fupE st
AT HE— 2 08T
1.3.6 RNA flilit 552 m 9 & PCR

] 390 5 5% %E B PCR %F mmu-miR-672-5p #il
Bax [ mRNA i f7@ &, R4 E i vl B,
fi HLEL RNA 438530500 AR BRURG #8590 6 % 57 )2 4
M P43 25 5 RNA . f# ] Prime Script RT Master Mix
7620 WL SR HKB 1 g B RNA L85 554 ¢DNA,
HRFE ) 3 T AU, 48 FH cDNA A AR A StepOne
Plus #£47& # PCR, i 1% mmu-miR-672-5p #11
Bax it MG WY 1 10 wL R W AR g 1 pL
cDNA, Fr mRNA WY PCR )2 . 7E 95°C 4]

AR 30 s FE 95°C HEAT 5 s FF 62°C #4730 s A1l
40 MR, P3O R JE BTG R I 2 b, K
> mRNA 9 3= AN T84 i 9 GAPDH #r
HEfk.

1.4 SitZEH*

FEA St 43 A 2448 ) SPSS %44 20. 0, %54k LA
FEPE AR ZE (& x5 ) Fn, SRAFHEEA R
ORI ZE Iy 200, T 2255 & R LSD ik 1t
B, 2558 K H Tamhane' T2 B L #E, M P <
0.05 WESAFIT¥E XL,

2 #R

2.1 mmu-miR-672-5p | K R AR B ER %I
BEHpET

W1 Frs 5% 9% mmu-miR-672-5p mimics 1358
ik mmu-miR-672-5p J& , & 3K BUIR £ 950 6 B0 57
ZAE AT KT TR (P<0.05) 5 5% 4% mmu-miR-
672-5p inhibitor B mmu-miR-672-5p I R B,
JR 39 B I SR 2 A L ) 98 T2 K BT (P<0. 05)
2.2 mmu-miR-672-5p EX R EREELFTE
MR ZMERERIE

k2 Fras, o il e A i R 38 mmu-miR-672-
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S5p i, a8k e I A K BRURG A AR B ARG 77 )=
2 g v 22 AP L PR ) 2 3k 9 R, DL mmu-miR-672-5p
inhibitor/mmu-miR-672-5p mimics Ratio ¢ F 2 A [
B, K TEEMEHEA 23 4, 258 Zp229,
Zfp503 | Slcda5. Stk24 . Tmem106b, Bax. Adgrb3.
Tmem63b, Pmp22, Mroh2a., Dsnl, Pramef25.
Naaladl2 . CIE2 . Six16, Usp28 . Clintl | Jph4 . Msl2 |
Krtap8—1 . Pkp2 MIlt3 \Rail4,
2.3 Bax Rt KRB HAERELZFEHRAT
L siRNA mIG ik 23 A FER K 3 m ik
Zfp229 . Zfp503 . SlcdaS. Stk24 . Tmem106b. Bax .
Adgrb3 . Tmem63b , Pmp22 . Mroh2a , Dsnl | Pramef25 |
Naaladl2 | CIk2 | Six16, Usp28 . Clintl . Jphd, Msi2 |
Krtap8—1  Pkp2 Milt3 . Rail4 B, K BIG #5090 E E 2%
Fr )2 A 1K 22 5 T8 B3P (P>0. 05) 5 24
I Bax B, UG A 2% 76 M 12% 7 25 40 M 1 R T2 7K F
FRE(P<0.05) , WIE 3, 1815 Y Bax Bk ek
Bax, & ¥ CLEAVED-CAS3 M ZAKE EFH(FE 4),
K B 8 206 % 7% 2 A M i 0 T2 K BT (P<
0.05) (Kl 4),
2.4 mmu-miR-672-5p ¥B[5 Bax A 3 iHIE4RIBX
LZ LY mmu-miR-672-5p mimics 1115 mmu-miR-
672-5p )7, B Bax BY mRNA FI8E K2 FRE(P
<0.05) ; ¥ Y% mmu-miR-672-5p inhibitor # Ik mmu-
miR-672-5p Jii , % Bax A mRNA FIZE F17K-F4 1
TH(P<0.05) , WL 5, il 2R MG R, K
L mmu-miR-672-5p #[n] Bax ) 3 ¥ g X ( P<
0.05), WK 5,

2.5 mmu-miR-672-5p/Bax [E%MS2I6

[A] B 3 2235 mmu-miR-672-5p fil Bax J&5 , &K
BRI 240K T J 3% 5% J2% 40 M 1 9 T2 KO T i 2 AR 4k
(P>0.05), W 6; [A i @ ik mmu-miR-672-5p #il
Bax Ji7 , &I K UG £ 4% 6 3 5% J2 A M 1 20K
STE i AR (P>0.05) , ILE 6,

3 Wit

AT 1 1 2% 38 5 AR mmu-miR-672-5p &
ARSI K IR 25 90 B I 35 2 A, & B mmu-
miR-672-5p il K UG 890 B G 32 2 A i 1,
I 37 RNA-seq FlI RNAi A9 J7 ¥ & # mmu-miR-
672-5p #i[n] Bax 9 3 Sl E 4t X5, 70 T K EUIG
SHEE )RR T, AR LI T KRG
FRO B IR IZ AT T B F AL, AIE T R R
W1 E AL T ERS LA

TP I — b 3 A 2 0 Y iR
PN e BRI R R E B R e A ERE
SR L LA AR 20 RS R A RS . %k
()RR AT B 5 02 G 800/ 806 JLAR G, 3 Honl fig
WIGVFZ R a0 S e U8 19 528, N R A M i 43
AR FEFEFREE " SR, WA AR — AW E
AL LA N il 7 b A R L RN ML T . —
SERF ST IRAE " | 3R )2 A0 R T R A AR T R Y
oI RT RS A R R SCEEVE . R AR
mmu-miR-672-5p A5 miR-672-5p 7 GELE T Aif
W Ik I HAE 9 BT A kA R TR e E
BE HX T Z i — 2 B 50 E, SR 1M, miRNA 7E

S Yk Annexin-V lfﬁrééﬂﬂﬂﬂﬂﬁdﬁﬁéﬁiﬂﬂ,ﬁégéﬂdsDNA BH A4 E"]éﬁﬂﬂ@;mmu—miR—672—5p mimics 415 Control 4H %2, # P<O0. 05;

mmu-miR-672-5p inhibitor ZH Y5 Control 21 Hﬂﬁ, * P<0.05,

B 1 mmu-miR-672-5p &K UGS B 7= A T

Note. Green dye, Annexin-V positive apoptotic cells. Blue dye, dsDNA cells. Comparison between the mmu-miR-672-5p Mimics group and the

control group, *P<0. 05. Comparison of mmu-miR-672-5p inhibitor group and control group, * P<0. 05.

Figure 1 mmu-miR-672-5p promotes apoptosis of placental trophoblast cells in rats
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FIRATH R TR )2 M T R R R
VE IR (EA I — 4R 5T,

miRNA JE/NYIES S RNA 70 F (19~22 nt)
Z 5k mRNA 5 G PRy, Jeri s &
BT miRNA 551 22 A W 2 T B2 0 12 25 UM
XK, AL IRANREIE A, BT, IR & A, LA B 2 A
MOk ML ARG R H5Z miRNA 25T 7
ST, HES, B E A 500 FHARTEAY miRNA
FERRIEE SR AN ek . ORI 22 A IEH 2 ] S,
miRNA 7R AR h 2R 75, 905 T i 25
PIFA DG, FEX W58, i &35 mmu-miR-672-5p
Ji , KB SE I 2 AN A T T K F R (P
<0.05) ; Fi Ak mmu-miR-672-5p J& , K BTG 51 40 F
BESRZ A T2 K L JF (P<0.05), Pineles
SR BT A I AR 3 IR A miR-672-5p ik R
. B, mmu-miR-672-5p [A] J5 miRNA miR-672-
Sp B 3R T BB S 8 T A G 3R 2 A0 i U T
MBS 1o 430 A AR R 3 2R 35 mmu-miR-672-5p
J , ven a0 e A B BTG 4 0 1% 77 )2 4 v
LR 3 ) 2Rk A T, IR 2229 Z5p503 .
Slcdas | Stk24 . Tmem106b . Bax ., Adgrb3 . Tmem63b
Pmp22 . Mroh2a . Dsnl . Pramef25. Naaladl2 . Clk2
Stx16 ., Usp28 | Clint1 | Jph4 . Msl2 | Krtap8 — 1, Pkp2 |
MIl3 Raild, mff§ 1R 3 N5, & BUALHE @ K Bax
i, KBRS 9B B IR 2 A A 127K TR (P
<0.05), H&, BE T Bax 3K, H AL 1E 2 mmu-
miR-672-5p W45 (1) L P2 75 76 T 17 9 & AF iF
RS HA R A E A 20— 2 R 5T, (AR 4 Ak
K SBEREMER, FE, A5 HER T mmu-
miR-672-5p inhibitor/mmu-miR-672-5p mimics Ratio

7E :siBax 415 siGFP L, * P<0.05,

KT 2 ML ORI T JR T ARG AE FH IR 5%, 2 T3
b Ratio 13 P 75 76 40 M 08 T b & 35 4 (B
PE— R0, AN, mmu-miR-672-5p #2[5] Bax Y 3
sidE g S X (P <0.05) . i %235 mmu-miR-672-5p
J&i ,Bax [ mRNA F1ZE K F4 TR (P<0.05) ; #
& mmu-miR-672-5p J& , Bax f) mRNA FlE [ /KF1
FTH(P<0.05), i, mmu-miR-672-5p it 5 Bax
) mRNA J& B XU RNA J& , Bax ) mRNA # [ fi#
Bifif5 Bax & H I RIBKF TR,

B2 mmu-miR-672-5p 7K EJREE
3% 5% 2 A M 42 22 R T 30K
Figure 2 Expression based regulation of mmu-miR-672-5p in

rat placental chorionic trophoblasts

B3 mlAOCHEE NS K BUR BN B I 7 2 A A U Tk

Note. Comparison between siBax group and siGFP group, * P<0. 05.

Figure 3 apoptosis level of trophoblast cells in placenta of rats after knockdown of related genes
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7T . Bax 415 Vector 2 L85 , " P<0.05,
B4 Bax fedF KRR EREZESR)Z A

Note. Comparison between Bax group and Vector group, * P<0. 05.

Figure 4 Bax promotes apoptosis of trophoblast cells in placenta of rats

7 : mmu-miR-672-5p mimics 2415 control £ FL45 ,# P<0. 05 ; mmu-miR-672-5p inhibitor Z15 control 41 FL#%, * P<0. 05;Bax—3" UTR-WT 41

5 control 4 FL#Z, * P<0. 05,
B 5 mmu-miR-672-5p M Bax (4 3 sl 4fith X

Note. Comparison between the mmu-miR-672-5p Mimics group and the control group, *P <0.05. Comparison between mmu-miR-672-5p

inhibitor group and control group, * P<0.05. Comparison between Bax—3 '"UTR-WT group and control group, * P<0. 05.
Figure 5 3-terminal noncoding region of mmu-miR-672-5p targeting Bax

e : mmu-miR-672-5p mimics HY control 4 M85 , © P<0. 05 ;mmu-miR-672-5p inhibitor 205 control 4 IL#KL, * P<0. 05,
B 6 [Fifid 2RIk Bax Al mmu-miR-672-5p J& K FUIA £L4% B % 57 )2 AN A0 0 T /K 7

Note. Comparison between the mmu-miR-672-5p mimics group and the control group, * P<0.05. Comparison between mmu-miR-

672-5p inhibitor group and control group, * P<0.05.
Figure 6 Apoptosis level of placental trophoblast cells in rats after simultaneous overexpression of Bax and mmu-miR-672-5p
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Bax 4 % A 46 1 8 T BCL2 EARE K,
BCL2 ZJ Y 51 i 5 — AR B[R] — R, 31N
PUAT- SR TR R, S 5 2 MG,
Bax 5 BCL2 JE Jii 5% B 4A, I U8 T 300 5 i 4
AU 2835 Bax J§ , CLEAVED-CAS3 (13535 7K F-
BT R EUG RS E % 77 2 40 i 0 98 KT BT
(P<0.05), BAX 5 BCL2 (A L]t e s 1
ANMPA TS AN A A TS B AE T HERGE Y Bax
SRR FEARISEBA B 738 38 ( VDAC) A ELAE
FEH8 I TR R | DT S50 R A3 174 2 2 0 440 i £
K c R, [RIRY, caspase3 #{YIEIIE i CLEAVED-
CAS3, B J5 5 A My 9 =, [W) I 5 % 35 mmu-
miR-672-5p Fl Bax J& , K BUIG B 2% 6 504 5% J2 40 1l
AP T KT 3 AR AL (P>0. 05) 5 R i AR mmu-
miR-672-5p Fl Bax Jii , & FLAK UG 38 90 B I 0% 37 )2
SR Y I T K P T B 2 AR R (P>0.05) , B,
mmu-miR-672-5p /& Bax 5| & 11 L%, If H Bax
& miR-672-5p T i h 5B K BUIR 8 988 % 77 2
YRR T SRS T
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Research on animal model of depression induced by chronic unpredictable
mild stress based on literature database

LI Shanshan'?, LIU Xinmin'?* | WANG Qiong'~*

(1. Affiliated TCM Hospital,, Sino-Portugal TCM International Cooperation Center/School of Pharmacy,
Southwest Medical University, Luzhou 646000, China. 2. Institute of Medicinal Plant Development,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100193.

3. Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193)

[ Abstract]  Objective To summarize popular stimulation factors, model duration, and main behavioral tests used
in the chronic unpredicted mild stress (CUMS) model of depression, so as to provide a reference for the use of CUMS in
depression research. Methods Literature related to CUMS models from the past 10 years was searched for in PubMed
databases and screened according to certain criteria. The animals, stressors, and duration of CUMS models were
summarized. Results Male rats are most often used in CUMS models. Seven to nine stressors should be chosen for an

experiment and should not be repeated within 3—7 days. Among the stimulation factors, deprivation of food or water, damp
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bedding, cold water swimming, tilt cages, and changes in light rhythm are recommended. Three to four weeks are

recommended for the model duration. Behavioral tests included sucrose preference test, open field test and force swimming

test. Conclusions This study provides a useful reference for the use of CUMS in models of depression regarding the

animals, stimulation factors, and model duration.

[ Keywords)

FARAE & —Fh S A P , I K R IR 2 R 5
FBOREAR , W B 22 Fh B REART 7 R AR
R, T 3k =43 2 — R SR IE 2 5 XL Se bt
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ARHANARIE IR YT O vk, T Sh WA B = R AT & e pL
THIBFIE S 245 TT R kit B
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Figure 1 Distribution of CUMS related literature by year
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Figure 2 The usage of animal sex and strain in CUMS model
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Note. A, The number of stimulating factors in CUMS model. B, Popular stimulation factors (frequency 10% ~100% ). C, Popular stimulation factors

(frequency 1% ~10%) .

Figure 3 Usage of stimulating factors in CUMS model
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Figure 4 Usage of modeling strength in CUMS model
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[ Abstract]  Objective To investigate the effect of daphnetin on the TRI4/NF-kB signaling pathway involved in
nerve regeneration and functional recovery after spinal cord injury (SCI) in rats. This study aimed to provide a basis for
study of the molecular mechanism of SCI. Methods A laminectomy was performed at the T9 level and the exposed dorsal
surface of the spinal cord was subjected to a contusion injury as established a spinal cord injury model. On the 1st, 8th,
14th, 21st, and 30th days after the operation, the Basso Beattie Bresnahan motor function score and combine behavioral
score were used to evaluate neurological function of rats with SCI in each group. The activity of SOD, CAT, and GSH PX
enzymes, and MDA, TNF-a, IL-1B3, IL-6, and IL-10 expression were detected by kits. Western blotting was used to
determine protein levels of Bax, Bel-2, caspase-3, Cyt-C, BDNF, TrkB, and p-TrkB in the spinal cord tissue of
experimental rats. Results The BBB and CBS scores were significantly improved by daphnetin ( P<0.05), and the effect
of the high daphnetin group was better than that in the low daphnetin group. Additionally, daphnetin improved the activity of
SOD, CAT, and GSH PX and MDA levels in the spinal cord of experimental rats ( P<0.05) , and reduced TNF-a, TL-183,

IL-6, and IL-10 levels in the spinal cord ( P<0.05). Western blot showed that daphnetin significantly regulated abnormal

expression of apoptosis-related proteins and the BDNEF/TrkB signaling pathway. Conclusions

spinal cord injury by activating TRL4/NF-«kB signaling.
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HREH 493 (spinal cord injury, SCI) f& H 4 11
AR RGN, & R EGS S Y RERE S 518
PERIREE AR AR IEAF Sk WHO 045 26 W 4 i
Pt B kot B, &tk B4R R A A 25000 ~
50000 £ REBGTRE D L AR BEAR 45 09 0 DR
PR o AR Ak o AR VAR AR A5 R A, DR A Ol R R
PR BRSO Fdk & B SR . BFSEIA R B RE
15 e ) # 26 T) BE BRS04 A S PR
B, e 5 05 B — R VDB 1 N, S B oH
IR, Ak R M RE B 2 — Fh P A AE 4 i A
SRR S P R AL — R S A B A
AL A BE L 20k AR Y B L RE R
P IRBERIK I 4 | #1525 7™ 35 52 Wl o 22 T g L I ot
PTG S H IR 5 20 R R A AR T
75 22 7K K 98 B AR TP I A | e 8 S 8 A3z B
REFESERE F1 e R

TRL4/NF-«B {55 %) 12 2 5 MR Z Fh
A B AR Ak 3 R 5 LA G VR T R SRORE SR
HABYIKZR, YR BEH 032 20803 )5 75 &
MUARRAE IV, 175 S TRLA B35 NF-kB {5 538 1%, /v
TR IR R TR RO R 55 . B fr % ( daphnetin,
DAP) J& M ARk v v 2 h S B 77 5 3 20 1
By, BEAEWFSE R, 5 28 B B fb biodes e
SN AR 5 2 Fp 25 BRI PE | REAS 38 2 10 i HLAAK
GERE A AR IO 0 45 1 T e AL AR 4
I A5 R A B 4040 KBRS, AR SR i i R
Xof A R AT AR TR R B ) S 7 A8 47 L 9 K P B
TRLA/NF-«B 5538 % 0 98 55 VE H , IR R 9 HAE
BL

Daphnetin may play a role in

spinal cord injury; daphnetin; TRL4/NF-kB signaling pathway; inflammation

1 #RFTE

1.1 SEIEEh

ARG BERE 75 L SPF G lfEbE Wistar K FL, 8 J
W% 0 Sk A T B BE R AR 5L s ) bl [ SCXK
(77°)2016-0003 ] , B 3% T 7 B W% A ia X R
BE e sh ) SE 5% [ SYXK (79) 2016 -0012 7, /K & Ky
(180+20) g, ¥ fH FEMH IR (25°C ) HIE (50+5) % 5%
PR, PR 1 SR ) T PR R X T 8 e
W DL 12 h B RAEA , AWt & T 2 BE AR
X A R E B sh ) 18 2 & i & 4t fE (TACUC-
NY2018AC04) , 7 555 1) Jir 47 50 4y 55 e A 47 3
7 3R JEIN ) LS5 KRR B ORAIE S 50 A A
1.2 FERKFSNE

EimRWE A L E 240 A RA A
(4l =97% 45 . SIG-D5564 , i, ) ; SOD
(#t5.A001-3-2) \CAT(#t*5.A007-1-1) ,GSH-Px
(415 : A005-1-2) MDA (#t 5. A003-1-2) ¥y K
H g gAY TR T (5T, T E ) ; TNF-a
(#t 5. TNA-HS2E3) | IL-1B (#it 5 ; 11.2-H4256) .
IL-6 ( #t 5. CD6-H82E8 ) . IL-10 ( 4t 5. TRL-
H5259) ¥y 3L [ ACRO Biosystems 23 A ( 35 [ ) ;
Bax (lt%5:5023S)  Bel-2 (b5 :3498S) | Caspase-3
(#1t%5:14220S) | Cyt-c (1t 5 11940S) . BDNF ( 4it
5 :47808S) \TrkB (it 5 . 4603S) Fl p-TrkB (#t5 .
4619S) —Hi %L P (5 :5366) L F Cell
Signaling Technology ( US) ; BCA £ F #¢ B Il 22 157
& (45 A045-4-2) W 3K [ B 5t 2 AR W) TR B
FEAT (M at, thiE)



86 I LA R A AR

2021 4F 4 A% 31 555 4] Chin J Comp Med, April 2021, Vol. 31,No. 4

1.3 LWH*E
1301 2524 J 3 4 RS 56 K SRS 1 sl 45

L 25 R B 5 A8 18 N — JA J5 I 1R ik AT
PURIRSE B 00 A7 i E ST . R FH L R ) 3K 5
P (10 g,12.5 mm) FEAT T10 PE45PEE BEH 15 ;
A FE W R4 Z HER VIR R . AR5 & 5250 BR7E
TNEEST R 4EFAR IR AE 36°C ~37°C, R H 5227
T2 RS AT R R L R B (50 mg/kg
Temgesic, 2 T ) 4B ER K (0.5 mL, 2 ) PAB; 1k
PR | SR JGFE K K Froin A Be A R il - a2
P 1, A5 6 h 384T BBB 18 Bh I REIE43 A1
CBS W4, 31K 75 HORERBEHLI 70 5 dH (n=
15) : 25 H 4 ( Sham ) , 5 B 20 ( Model ) |, Fi 75 2% K 5
20 (30 mg/kg) 741 (60 mg/kg) v 7 & 4H
(90 mg/ke) s RIGHE 4 RIFIRE LA T a2, 1%
ZLenth 4 1,
1.3.2 =3 ThREiEm

K H BBB P43 Al CBS #F4312: LAPET 45 4H i
BRI EREI BRI GO, AEREBIAT 1 d B
JAH 1.8,15.22 il 30 KAF 4% 2H S0 K B o ) gk A7
BBB P41 CBS PF43, AV 45 2H 5256 K B B Y
B YIReRAL . 7€ BBB PF4r 11538 0~21 43 o,
0 - FRIESE 2 TCE SR 11,21 43 M B RE 71 58
2IEH ;#5 BBB PFAMTE 5 43 LAF WIRR 5 B 45 K
RSN, 76 CBS P44 R 0~ 100 43 Ho,
IEH 00 43, 2R 100 73,
1.3.3 &4 5250 K BUB 8 41 20 b S A0 R SR G il
5 440 it PR 0

R PEE] |-, 2R BIELEL 24 4 4
J& , GRS G L H 240 (40 ~ 60 me/kg) RIS,
ABFE, et A BOA BE 4L ZUREAS ) SR 5 R FH Ve AR B R
IKHAT O, LG 2550, R REA 20 in A &
(1) PNS 2 ol , R PR A AT 0S| 203 7E 4°C |
3500 r/min 254 F B0 15 min J5 B F i, A 52
AR 359 7 A i BEORH 7 3 7R 1 A5 R AT A
SOD ,CAT ,GSH-Px i i ¥4 &2 MDA % 1, LA K 4 g
HF TNF-a IL-1B8 IL-6 .IL-10 {35 &,
1.3.4  Western blot Kl 25 A 5 25 H i) £ A =

KEG AR b 5255 K RO AL St S
TS 4 S50 K BR A RELH S UREAS | SR FH R AU
KT RS N A TS O AR, B A fE 1)
RIPA S i 15 3 (I L LT 4 4 I, 7 ks 4
TFHCE Th, 3 A M09 18] X6 A V2 0 A7 0 2 ) 7

U FES RIS TE 4°C 54T, LA 12000 v/min #5000 15
min JEHCEE . ARG F BCA 5] Sk e He i
WP R MR, 1F 10% SDS-PAGE |/ B3 HEHL
IR, I F2 2 PVDF I, 37°C &4 F &) 1h,
SRIGIMAKA I B — A 4°C 5 T E o, J s
FE TBST Hkisk 3 Ik, SRIGIMA —PL, 78 37 C &M T
WE 1h JGUEATEEE, UL B-actin HNZS, BER G
ARG  Image | BAFTHE K EAE,
1.4 SitZEAHZE

AR S0 S5 B 1 GE 3 43 BT R FHSPSS 26.0
B R B HIVERFH GraphPad 5.0 #4485
DI B e bR 22 (xos ) RO 5 SE G0 B0 v 22 20 ) 52
BB 1 L AR HT SRR O 22534, DA P<0.05 A
N EA B EEGT 25 7 BBB P43 F1 CBS PF43 5%
ST HSCHE 9 53 BT SR FH O 26 0 i A T LA

2 HR

2.1 SCI X BBB ¥4

BBB a5 R & 1 s ; AR AT 45 4 AL K
U BBB W G it2¢ 25 5, & 4S50 KUY
B YIREHI IO, SR, YL R B h A
BEWI T , 45 ALK BRUAY 2 3 D e 2 I S A1, %
MRS REN) , ABR T AR 4L 45 5250 K ELAY BBB 1143
FEARTT ARG T M 27 (P>0.05) , R FAR
XSRS K R TE sh I E B B, M4 THi&R

TE:ARTARE B AR CAF R+ R 30 mg/kg; D:
HHE+H AR 60 me/kg; E BB+ 5 & F 90 mg/kg;
ST AR (Sham) AR, * P<0. 05, ** P<0.01; 5 8% (SCI)
4, *P<0. 05,7 P<0.01,

B 1 4 TiRY7 e SCLRBUEIEREHT G5 19 BBB 3173 &
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ke. E, Spinal cord injury + daphnetin 90 mg/ke. Compared with
sham group, * P<0.05, ™ P<0.01. Compared with SCI group,
#P<0.05,*P<0. 05.

Figure 1 BBB score map of SCI rats before and after treatment
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Figure 2 CBS score map of SCI rats before and after treatment
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Figure 3 Effect of daphnetin on the activity of SOD (A), GSH-Px (B), CAT (C) and
MDA (D) in spinal cord of rats were affected by treatment
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B4 HidrFu SCI A RA B+ TNF-a(A) \IL-1B(B) IL-10( C) Fl IL-6( D) & 2t A5 1]
Note. A, Normal group. B, Model group. C, Spinal cord injury + daphnetin 30 mg/kg. D, Spinal cord injury + daphnetin 60 mg/kg. E, Spinal cord
injury + daphnetin 90 mg/kg. Compared with sham group, * P<0.05, ** P<0.01. Compared with SCI group,*P<0.05, *P<0. 05.
Figure 4 Effect of daphnetin on the contents of TNF-a (A), IL-18 (B), IL-10 (C) and IL-6 (D) in spinal cord of SCI rats

TEART AR B AL COF BRI+ 3 F R 30 mg/kg; DA BB+ B R 60 mg/kg; B FHEG+5i F % 90 mg/kg; 5T A (Sham)
A, * P<0.05, ™ P<0.01, SHAI(SCI) 44, * P<0. 05, % P<0. 01,

5 EREEXTCRA RS B4 LT Bax/Bel-2( A/B) \Caspase-3(C/D) Fl Cyt-c( E/F) K F-HY i
Note. A, Normal group. B, Model group. C, Spinal cord injury + daphnetin 30 mg/kg. D, Spinal cord injury + daphnetin 60 mg / kg. E, Spinal cord

injury + daphnetin 90 mg/kg. Compared with sham group, *P<0.05, ** P<0.01. Compared with SCI group,”P<0. 05, *P<0. 05.
Figure 5 Effect of daphnetin on Bax/Bcl-2 (A/B), Caspase-3 (C/D) and Cyt-C (E/F)

levels in spinal cord tissue of experimental rats
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Note. A, Normal group. B, Model group. C, Spinal cord injury + daphnetin 30 mg/kg. D, Spinal cord injury + daphnetin 60 mg/kg. E, Spinal

cord injury + daphnetin 90 mg/kg. Compared with sham group, *P<0.05, ** P<0.01. Compared with SCI group,*P<0. 05, *P<0. 05.
Figure 6 Effect of daphnetin on the levels of BDNF (A/B), TrkB (C/D), p- TrkB (E/F),
TRI4 (G/H) and NF-kB p65 (I/K) in spinal cord tissue of experimental rats
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Neonatal rAAV2/9 delivery of SNCA to generate whole-brain transgenic
mice
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[ Abstract ) Objective  To establish a human SNCA whole-brain transgenic mouse model, and to obtain
preliminarily data on the role of a-synuclein in the central nervous system. Methods rAAV2/9 (1 x 10" genome copies
(GC)/mL) carrying either human SNCA-EGFP or EGFP was bilateral injected intracerebroventricularly in mice at

postnatal day 0. The expression pattern and subcellular localization of a-synuclein was examined at 2 weeks and 3 months of
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age by immunofluorescence and Western blot. Glial profile and pathological changes were analyzed by immunofluorescence

and immunohistochemical staining. Results hSNCA transgenic mice were successfully constructed, and a-synuclein was

widely expressed throughout the brain, with high expression in the olfactory bulb, cerebral cortex, hippocampus, interbrain

and midbrain. Furthermore, nuclear a-synuclein was detected in the olfactory bulb, cerebral cortex, CA2/3 of the

hippocampus and Purkinje cells of the cerebellum. Overexpression of a-synuclein caused the proliferation of astrocytes and

microglia. In addition, pS129 and aggregation of a-synuclein were observed in the olfactory bulb and cerebral cortex.

Conclusions hSNCA whole-brain transgenic mouse model was established successfully, with high long-term expression of

a-synuclein and enhanced gliosis and a-synuclein pathology. This model should be useful for studying the physiological

function of a-synuclein and its role in Parkinson’ s disease.
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Note. A, Cartoon describes the surgical approach for ICV injection in neonatal mouse brains. B, Immunofluorescence stain reveals the expression of o-

synuclein in the whole brain at 2 weeks. C, Level of human and total a-synuclein expression in the transgene was assessed by Western blot at 2 weeks.

D, Level of human and total a-synuclein expression in the transgene were assessed by Western blot at 3 months. GAPDH was used as an internal

control.

Figure 1 Construction of SNCA transgenic mice
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Note. Level and distribution of human a-synuclein expression were evaluated histologically. A, Olfactory bulb( OB). B, Cerebral cortex(CTX). C,
Hippocampus( Hip). D, Interbrain(IB). E, Middle brain(Mid). F, CB Cerebellum( CB). A partial enlarged view is attached after the figure.

Figure 2 Widespread a-synuclein expression of the transgene throughout the mice brain
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Note. A, a-synuclein is expression in the Substantia Nigra( SN). TH, The marker of dopaminergic neuron. B, Expression and subcellular

localization of a-synuclein in different brain regions.

Figure 3 Expression and subcellular localization of a-synuclein throughout the whole mice brain
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A RIE - A 5B (SN) (9 R0 BT 40 G A= 5 B . i b -8 fMlAZ R 11 5 1 218 5 (Hip ) 1Y BV IS0 240 i 3 A=
C.id3RiE o-ZE A% AR 1 51 & 5 (Hip) M/ BT 40 MG A 5 D ad 3R 5K - il R 512 B2 J2 (CTX) 1 /0N i 5T 41 i 38 A=
GFAP . LB ST A f bR 590 s Tha 12 /MG BT AR BLbR 540

B4 o5 fild% R H 3Rk 5 | b A ot 4 it 3 2E
Note. A, Overexpression of a-synuclein incraese astrogliosis in Substantia nigra. B, Overexpression of a-synuclein incraese astrogliosis in
Hippocampus. C, Overexpression of a-synuclein incraese microgliosis in Hippocampus. D, Overexpression of a-synuclein incraese
microgliosis in Cerebral cortex. GFAP, The marker of astrocyte. Tha 1, The marker of microglia.

Figure 4 Overexpression of a-synuclein associated with astrogliosis and microgliosis

TE A SRPEAERIIER (OB) FIEZ (CTX) H -2 fiA% B 1 pS129 BFIE 434 5 B . S A AU (R I IEER ( OB) I K2 (CTX)
thIRAIE Y - Sl 1 R FRIK AT

5 RHPERY o- T il 2 F BRI
Note. A, pS129 was detected within the neuronal soma in the olfactory bulb( OB)and cerebral cortex(CTX). B, Aggregated a-synuclein
was detected within the neuronal soma in the olfactory bulb( OB)and cerebral cortex( CTX).

Figure 5 Detection of a-synuclein-associated pathology
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Lipofectamin2000 %% 4% B6 /N LR 6 £ 4 240 1 ; Real-time PCR 1 Western blot 525 )\ mRNA 145 [ 7K 43 5146 ]
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HSP70 3L 3k, I W M AR . HSP70 1l B2 55 BT 4 40 A AR I A & B il , 238 il EOB R A1
FLEFEHZ —,

[X%iFA]  MRIGHLFZE4NHE ; HSP70;C57BL/6 ; B6-Co; i F%

[HE4S2ES] R-33 [ XERARIRA] A [ XEHS)1671-7856(2021) 04-0099-08

Growth curve and HSP70 expression of eyelid fibroblasts in B6-Co mice

JI Guiging'*, QIU Tian®, JING Jin’, ZHU Shunxing’, SHAO Yixiang”*
(1. Key Laboratory of Nerve Regeneration, Nantong University, Nantong 226001, China.
2. NO.2 High School of East China Normal University, Shanghai 201203.
3. Institute of Comparative Medicine, Nantong University, Nantong 226001 )

[ Abstract]  Objective To examine the mechanism of the eye-open at birth (EOB) phenotype in B6-Co mice at
birth. Methods C57BL/6 (B6) mice were bred at a ratio of male to female mice of 2:1 to obtain pregnant mice. B6-Co
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mice were bred by B6 (male) mice with B6-Co (female) mice at a ratio of 1:2 or B6 (female) mice with B6-Co ( male)
mice at a ratio of 2 :1 hybridization to obtain pregnant mice. We selected 18. 5-day embryos of pregnant mice and then
collected embryonic eyelid tissue to culture mouse eyelid fibroblasts. We used immunofluorescence and hematoxylin and
eosin staining to identify primary cells and observe morphology of fibroblasts. The difference in growth curves between two
cell types was observed using the direct counting method with a hemocytometer. Real-time PCR and Western blot were used
to detect HSP70 expression in the two cell types. Lipofectamin2000 was used to transfect the fibroblasts. The HSP70 gene
mRNA and protein expression levels were detected by Real-Time PCR and Western blot to determine the interference
efficiency. The migration ability of fibroblasts was detected by Transwell experiment. Results The growth curve of eyelid
fibroblasts showed that B6-Co mouse eyelid fibroblasts proliferated more slowly than B6 mouse eyelid fibroblasts ( P<
0.01). However, HSP70 expression levels in B6-Co mouse fibroblasts were significantly lower than those in B6 mouse
fibroblasts. After the fibroblasts were transfected with HSP70 siRNA interference vector, the expression levels of HSP70
gene on mRNA and protein were effectively inhibited. Among them, siRNA-HSP70 -3 has the strongest interference
efficiency, and the interference efficiency was up to 70% (P< 0.05). The migration abilities of fibroblasts in the siRNA-
HSP70 group were significantly lower (P< 0.05) than those in the siRNA -NC group. Conclusions Downregulation of
HSP70 gene and protein expression affects the growth curve of fibroblasts in B6-Co mice and may be involved in regulation

of embryonic development of fibroblasts. The constructed siRNA-HSP70-3 interference vector can effectively inhibit the

expression of target gene HSP70 on fibroblasts, and can significantly inhibit the cell migration. This could be one of the

important reasons for the EOB phenotype of B6-Co mice.
[ Keywords)
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Table 1 Design siRNA sequence based on HSP70 gene

FEH Gene 1E SL4% Sense JZ 5% Antisense
BAE X} HB Negative control 5’ -UUCUCCGAACGUGUCACGUTT-3’ 5’ - ACGUGACACGUUCGGAGAATT-3’
/NF4E RNA-HSP70-1 siRNA-HSP70-1 5’ -GAAGACAUAUAGUCUAGCUTT-3’ 5’ - AGCUAGACUAUAUGUCUUCTT-3’
/N4t RNA-HSP70-2 siRNA-HSP70-2 5’ -CGAUUACUGUCAAGGUUAUTT-3’ 5’ -AUAACCUUGACAGUAAUCGTT-3’
/NFHE RNA-HSP70-3 siRNA-HSP70-3 5’ -CCUUCCUGCAUACAUGUCUTT-3’ 5’ -AGACAUGUAUGCAGGAAGGTT-3’
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TR, G5BV () . £ 4L RE XTI K 11y
mRNA N8 [ 2k 77 AE 6l H , siRNA-HSP70-3
ZH A A AL P F5csi , B6 /) BUHR 16 Ji 21 4k 400 it
HSP70 LR Rk T ol B 3, TIBCR & ik
70%L) I (P< 0.01) , A 4530 siRNA-HSP70-
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T A B C:B6 /NRUMRIG LT 4E AR ; D \E \F: B6-Co /MR I AT L 4H I .
E1 B6.B6-Co/INEURM: A HEANNIE A
Note. A/B/C, B6 mouse orbital fibroblasts. D/E/F, B6-Co mouse orbital fibroblasts.
Figure 1 Morphology of orbital fibroblasts in B6 and B6-Co mice

TE:ABOEE N ;DA ME ;B E:DAPL QL2 C F. 5,
B2 fErdtsE B6 /NG IR S s LT 4k 4n i
Note. A, Vimentin. D, Cytokeratin. B/E, DAPI staining. C/F, Merge.

Figure 2 Immunofluorescence identification of orbital fibroblasts from B6 mice

WA EA;D . A MEN ;B E:DAPT ¢, C F. 50K,
B3 ST B6-Co /N RIS BLET 2k 40 i
Note. A, Vimentin. D, Cytokeratin. B/E, DAPI staining. C/F, Merge.

Figure 3 Immunofluorescence identification of orbital fibroblasts from B6-Co mice
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1 A/B/C:B6 /N BRI 2T 4EZR M ; D/E/F : B6-Co /INERHR IR AT 2 2
4 HE Q%5 B6 55 B6-Co /INEUHR G 2T 2 40 At
Note. A/B/C, B6 mouse orbital fibroblasts. D/E/F, B6-Co mouse orbital fibroblasts.
Figure 4 HE staining of B6 and B6-Co mouse orbital fibroblasts

9 MERHEOR L B6 A1 B6-Co /)N BURET 44441,
5 B6 4L, ™ P < 0.01,

Bl 5 B6 il B6-Co /IMRUSET AELMN M K 25
Note. The number of fibroblasts in B6 and B6-Co mice was
counted by blood cell counting plate. Compared with the B6
group, P < 0.01.

Figure 5 Growth curve of fibroblasts in B6 and B6-Co mice

TE : Real-time PCR £ B6-Co 1 B6 /)Nl B 2F 4k 41
P HSP70 mRNA 3Riki, 5 Be6 4lflL, ™ P < 0.01,
6 B6-Co 11 B6 /)N RUSCET 4E4H g P9
HSP70 mRNA ik & X} 1L
Note. The expression of HSP70 mRNA in B6-Co and B6
mouse fibroblasts was detected by Real-time PCR.

Compared with the B6 group, ™ P< 0.01.

Figure 6 Comparison of HSP70 mRNA expression in

fibroblasts of B6-Co and B6 mice

3 RERSA G 1A ] HSP70 & R (%) 263k, Ik i 42
SEE A O RE
2.8 siRNA-HSP70 X} B6 F {F 4R aE Y
A

i1 Transwell 1% SCEG K HSP70 FEA T 98 5
AT RS NERSRE T, SR IRgs A (18 9) T AT,
siRNA -HSP70 211 BAT 44N , 75 Transwell /NZE 325
Kt 24 h e, HgE /NS 0 A0 i 5 i e E R T
siRNA -NC 41(P< 0.01) ,iX R {IE HSP70 JE K REMS
T ERAIK B6 LT 4IRS MT RS BE

3 itig

Se R AE 1 BEIR L ( congenital corneal opacities,
CCO) J& — F a5 Jhy 5% DL Y 35t 4% 1R i, H X T
CCO WZWHRITAIEARWIIRFR Z b | X & 7 B i
IR B BER I — ) IR BRI K

R AT R A R 32 2 s T R S 3L
X5 EOB AR A LG 2Bl NS el 301 HR i
R B LA LUF LA S IR AR K —
IR BR——2 A G ——F R IF (hAR)
TE/ USRI I & Bk Ft b, IRl RE 22 7 BT HR I
AR —F 35 IR BR——2 T Rl & ——F BT T T 1Y
AR5 ORI G /N B AR R R &
AR 12~ 14 d A H#IR, T EOB R ALY/ BU7E
A RVBHIR b S B T BUR AU/ BUIR AR
A EEFHZ —, B6-Co 275 F /N Az BHHR G
BIVSRIF | (8575 401 4F 30 I 350 5 32 0 Dt M IR e AN g
PRAr /IR I B9 IE 5 & &, T 5 58 AR S 58, i
A R T Ry FA TR T, 5 N S A TR e ) A L
e R AL, ST A2 CCO B RS sl
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 : Western blot &l B6-Co 1 B6 /> R I AT 4R 4N N HSP70 2 £k K G E . 5 B6 4AAfikL, * P < 0.05,
B 7 B6-Co il B6 /IR I AT 4k 4N i PN HSP70 2K 1 Rk Xt

Note. Western blot was used to detect the expression of HSP70 protein in B6-Co and B6 mouse eyelid fibroblasts and its statistical diagram. Compared

with the B6 group, " P < 0.05.

Figure 7 Comparison of HSP70 protein expression in fibroblasts of B6-Co and B6 mice

13 : A :Real-time PCR ¥ )& 2T 4 A A 7E 5% 4 siRNA-HSP70 J5 HSP70 mRNA {9 AH X #2354+ ; B: Western blot 41l HSP70 #& [ 193 35

H,C:B WISEITHEE R, 5 siRNA-NC ML, * P< 0.05, ** P< 0.01,

8 siRNA-HSP70 %I HSP70 &[N ) etk
Note. A, Real-time PCR was used to detect the relative expression of HSP70 mRNA in fibroblasts after transfection with siRNA-HSP70. B,
Western blot to detect HSP70 protein expression. C, B statistical results. Compared with the siRNA-NC group, * P< 0.05, ™ P< 0.01.
Figure 8 The interference efficiency of siRNA-HSP70 on HSP70 gene

7 A siRNA-NC 21 %858 Transwell /NS A 02T 4E 40 i ; B siRNA-HSP70 41 %8 3 Transwell /N2 A B ETF 4E 40l ; C. A B UG IHIR, 5

siRNA-NC ZH#fl L, * P< 0.05,

B9 siRNA-HSP70 X 2T 4 4i L F% BE 1 i sE
Note. A, Fibroblasts passing through Transwell chamber in siRNA-NC group. B, Fibroblasts passing through Transwell chamber in siRNA-
HSP70 group. C, Statistical charts for A and B. Compared with the siRNA-NC group, * P < 0. 05.
Figure 9 Effect of siRNA-HSP70 on migration ability of fibroblasts

HSP70 & 2 R s & A KR h g R i £
) —FP IR, KB & ST E HSPT0 Kk i 45
¥ IhfE LA R ek I HLBE 7 T A P g LE T
S5 3 A B P RPN B R SV A b &
PRZE7E 2 B6-Co /ML HSP70 2 [ () ik & B 3%
TR B B6-Co /NP HSP70 23k (Y if—
H: AR AT RES 0 T HIR 06 B 2T 24 490 it 156 5 7% 1) ik
1, FECLIR G B R IR e E W AR KRS,

SHOZ /N A B EOB R, A BT R,
HSP70 7EZ01 N (95 B vl RE S IR iR & & R RIS
PEARY A S 40PN HSP70 1 2235 Bt 1 & K AT
RE S JR 2T 4 240 M AE R R 301 R 27 IR 3 2%
PRI A% B 2 51 & B6-Co HiFL EOB R ALY
LN DR AT 4k 240 1) 3 A% s 2 RE 77 56k 55 2
ANEUR AR RTIR IS AT B R, mSes (& 9) il id
ANFPESEER IR BO /N BUSCET 4R 40 i HSP70 (19 3%
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ik {8 Transwell #6020 i i 7% € 71, A& B A% £F 4
Y AT RS B ) Bl SRR IR (P < 0.05)

ARSI ZE R I B6 H B6-Co /N B R THR 16
AT HEZR I HSP70 A mRNA 2 ik & I (H %k
WAPAE 2 SR/ BUR I 218 1 e
B HL K 45 S — 3, UL HSP70 PN K B H &k
PRSI T B6-Co Y BLEF 4E 40 M A K i 48, Rl A
P& HSP70 Rk FEAIK T A% Bo LF 44Nt B 6E 11 .
It HSP70 LR AT G825 Jl £F 4 20 AR BB 1 & B 1Y
PR e 2L 8 B6-Co /INERL EOB 7Y, HSP70 A
U I BT A 20 M A 39 5 R R AR T LAl A
KFH R SR Qi 5 ) i £F 4E A I AR K R F 2 IR
H: | MR BT s gt LA S HIR £ J5E 55 R i i 5 3 2 v 8 TR 90
BLI SR An el S22 31X — R A [ R A 18 T 5
SRR A GE B A 1T B6-Co /N BUKF A BE TS 1E N
AR AIE 52 1 A RLA 75 i — AL R0
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/N SRR BE A0 M s S R 5 SR TR - NOBOX 1 #5892
U & AL A AR

K OEVLAEEDF OB AR
(1. EBERFKASZE S T 110000, 2,37 TR S F 5T i S 50860 I 110000)

[#ZE] B NOBOX JZ 78 JF If U v i i i 4 v i G HEAE F 3 SR BB, n] B R A9 Gao 6 5%, 95 5
GDF9/SMAD 3 4 5% i FUkE 41 R 6 5 534k, (R AR 9 O T 2 5 i B JR P LI O ANV 28 L K 1B s i B %
AWEZEER  HE S THAEZA NOBOX 45 G0 5l o AR RIERHONINL K F W B, 5% 5% K NOBOX X Kit
G SRR VE T, ARG 3 GDFO/SMAD i Xt B & B I5E . ik RIMEFRM RIS & B ) qRT-
PCR #0535 3 5 Nobox-siRNA BRI EN L Nobox Kit Kitl .Gdf9 ) mRNA A5 1L ; Western blot K {2 f074 &
Nobox-siRNA FIHIZ IRl H NOBOX KIT P-SMADY#E 1 #3548 fk ; ChIP S50 56 15 s [l + NOBOX 7E Kit [ i
T EMEAME, R WIRIDBEAERINEEIRE 5 KT KB NIRHIBIH, 5 Nobox-siRNA [ HIHIP I AELE 2 d
RE RS W F TP TE S Nobox-siRNA J& , BH L Nobox . Kit  Kitl ,Gdf9 mRNA 2635 .3 T 1%, NOBOX . KIT  P-
SMAD2/3 4B I A B FEAG 5452 X T NOBOX AT UGS T Kie RNE3h T, 4 NOBOX 2/NRWIAIMN AT =
RIS EE R NOBOX W] ELH45 & Kit FER R 2, HAZ W #1494 BRita i KITL/KIT ! GDF9/SMAD 3 # .

[X8iA] WU ; NOBOX; ChIP; Kit
[FEHZES] R-33 [ XEktRIREE] A [ XEHS)1671-7856(2021) 04-0107-08

Study of the mechanism by which the mouse germ cell-specific transcription
factor NOBOX regulates primary follicle development

ZHANG Xue'?, JIN Meiyu'"*, YU Yang'?, ZHENG Zhihong'**
(1. Department of Laboratory Animal Science, China Medical University, Shenyang 110000, China.
2.Key Laboratory of Transgenetic Animal Research, Liaoning Province, Shenyang 110000)

[ Abstract]  Objective NOBOX is a transcription factor that plays a key role in the activation of primary follicles.
It directly regulates the transcription of Gdf9 and participates in the GDF9/SMAD pathway to affect the proliferation and
differentiation of granulosa cells. Kit, an important gene affecting follicular development, has multiple NOBOX binding sites
in its promoter. In this study, we aimed to investigate the transcriptional regulation of Kit by the transcription factor NOBOX
in the primary follicular development stage as well as the influence of the GDF9/SMAD pathway on follicular development.
Methods The development time of primary follicles in vitro was measured. qRT-PCR was used to detect the mRNA

expression changes of Nobox, Kit, Kitl and Gdf9 in primary follicles injected with Nobox-siRNA. Western blot was used to

[MEE RN ]5KT (1994—) , 2 A+ 5T 07 1) o /N BRAR B8 5% . E-mail ; zhangxue99248@ 163.com
BEIEE DPRLL(1969—) , &, Bd% , WF 585 1) . S0 3l W7 JE R R B TR R 39 . E-mail: zhihongzheng@ 163.com
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measure protein expression changes for NOBOX, KIT and P-SMAD in primary follicles injected with Nobox-siRNA. ChIP

assay was used to identify the binding site of NOBOX on the Kit gene promoter. Results

Primary follicles developed into

secondary follicles on the 5th day in vitro. Injection of Nobox-siRNA into primary follicles delayed their development into

secondary follicles by 2 days. After Nobox-siRNA injection into primary follicles, the expression of Nobox, Kit, Kitl and
Gdf9 mRNAs in follicles was significantly downregulated, and the expression levels of NOBOX, KIT and P-SMAD2/3

proteins were decreased. NOBOX showed binding to the Kit gene promoter. Conclusions

NOBOX is a key gene in the

development of primary follicles to secondary follicles in mice. NOBOX directly binds to the Kit gene promoter and affects

the KITL/KIT and GDF9/SMAD pathways in primary follicles.

[ Keywords] primary follicle; NOBOX; ChIP; Kit

R K B AN M I SORS % R s e AR
TSl A B 200 4 Ay B 4, 8 D B 9
BN, 27 T — R G0V Re e 56 0 P 2
iK™ Nobox Je/IN B 98 40 i ek S ME Rk 26 X, 4
W — NG  F, R GA T U0 S 4, HI
B/ B o O SR DS MR EAE R T
Nobox TEFEAIN L& B M Be A ik, & 5 IR I
WA R TG . T O R & RS ah &M it
T A R 20 0 A S 1 R TR EL A Y B MR AR AR A
SrBrBOC G SR AR TSR . HATT 2
MR Nobox HREHRF¥ HAE J5 1R 51 v v i A FH AL,
FLAERI R0 Je 2 J i AR R g R AT, K 1
R MEFRIREE A AR B AN vt K R R
YER. Kit 38 T & WA B B, 51 28~ Y
TR AR, % PGCs B Mk, 25
PI3K/AKT H1 KITL/KIT & B2 k&', 78
JEFC U B9 90 38 TG 2ok R e A B A0 B R S PR B SR R P
SOHLH1 7] B #: 5% S 0% Kir #2355, JfFil 1 PI3K/
AKT 38 5 5 EIGIEEeE ™ ", 5 NOBOX %
AR, SOHLHT H 235 T 01 5 40 i | i 4 o
L, FERTR IR 3 Hh e 38 120 W T A%, T A UK 2 B 3 A
HZ G BEAFRE " SHFGIWNEE N
WIZLIRIEL 5 , SOHLH1 ik i 2%, Kit 32 K
RIS, R Kie 38 5 32 2 HAFE S R 7 1R
kA B A0 R S 2 SR T, NOBOX 7E B LA &
BB RIK 8 A AT R B K IS B AE
TEZA> NOBOX 455 i s (NBE) | fA7E 7% s 2 1Y
AlREME, MRS, ERT R IR R F A R R i
H TGF-B/SMADs {5538 A Ay BR324 it 55 ik 240
IR 70 308 ) o o e O R AR B T R
KK GDF9 £ TGF-B 8 9 i L 51, FER 9
B rh IR Rk, A A5 R W NOBOX ] 45 4%
SV AP 325 GDF9/SMAD il 14 5 i ik
YR IE k. AR BHR RAEDI RN K & B

BB s NOBOX X Ki 1 FE s JHEEAE T, DA K
W3k GDF9/SMAD 18 % %t UVl & B AU SE R, 58 35 4%
SR F NOBOX 78 5P &% 7 i A2 v A FEBIL ] .

1 #FRFnFx

1.1 Kz

ARSI H 20 H 20 d Hit & 9 H 6 Jiik
() SPF £ CS7BL/6J MEME /N R ( =R E S8 | 1K
FEMA9~12 g M 16~18 g(IREARKT 10%) , K
V5T o [ BE R R 27 92 3 B W) v [ SCXK (AL) 2018-
0004 ], BUbF 7 v ] B2 B} O 27 S 56 sl )Rk 27 3 e Bt
Sh L R T [ SYXK (A1) 2018-0008 ] , HUbA it
FEF S Sl Y 3R SR 25T NGB G, ASE
By v [ PR RR R S 0 sh W 4 R 5 40 B DR 2%
T S U6 Bl ) 45 BRI FH 2% 51 2> (Institutional Animal
Care and Use Committee, IACUC ) # & H if
(2019260) ,,
L2 FERANSMHE

M2 B #: 3 (Cat#M7167, Sigma ) ; a-MEM ( Cat#
32571036, Gibco ) ; FBS( Cat#FB15011, CLARK) ; ITS
(Cat#13146, Sigma ) ; 4+ 2 R £ ( Cat #25030 - 801,
Gibco) ; 7 ¥ i ( Cat #M8410, Sigma ) ; Nobox-siRNA
(b 5@ 8 ARA RS A, b E);
Lipofectamine™ 3000 ( Cat # 13000015, Invitrogen ) ;
Minute™ 3 4 #2 B 5] & ( Cat # SD001/SN-002,
Invent ) ; Anti-NOBOX ( Cat#sc-514178 , Santa ) ; Anti-
KIT ( Cat #3074 s, Cell Signal Technology ) ; Anti-
Phospho-SMAD2/SMAD3 ( Cat # 8828 s, Cell Signal
Anti-GAPDH ( Cat # YM3029,
Immunoway ) ; mirVana ™ miRNA Isolation Kit ( Cat#
AM1561, EZ-ChIP™ -
Immunoprecipitation Kit ( Cat#17-371, Millipore ) ; /&
2B (22 ve Bl L AR Ry A PR A A, i) 5
W 9\ %% ( Eppendorf, 78 [H ), % &= 7 8 1%

Technology ) ;

Invitrogen ) ; Chromatin
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( Eppendorf, 78 ) ; P £ ( Sutter, 38 [ ) ; g 4
B (AR, HA) ; Western blot HLIKA A 5% A ( Bio-
Rad, % H) .
1.3 JBH*E
1.3. 1 WIZIR 5 B RIS S S

BEFR SRS . (1) RSNy 8 M2 Ki g3k (2) b
B HL . a-MEM+20% FBS+ I XITS+ I x A & Rt + 1%
HEHER, PR RET 6 cm FEFRMLPIRELE
A5 w0, B0 P, B ET 2 h B TR
T

ToHE S TS 220 d Bl C57BL/6J M FLEN
HUE T 4°CTHA 1 PBS w3 25 J5 AR 5 B 45 46 4
UG e 2 M2 W 1, 0 1 SRS ik O O 38
SRS R R E A TN U BN IR NER YN
TEA X 4325 G IR . AR IRV LA /N T 40 pm, BB
21 it L P 2 i - SR 40 A 0 W R B B AR
25 40~100 pum , P RE2H A R 502 57 5 R B0RL 4H 42
L RPN A2 100~200 wm, /152 DL B0k
R, H—4WE 100 IR RS S
BRI R S I8 VR A s A B BIAS I ] Ak 2
RIZ (R R 1D 0I90003 ) 5 55 20 I K
100 NI BN HEERS 25 M2 Wi Y, 14T 10 pL &
W (DEPC 7K ) ZE BRBEAI IS , PR UR 55 75 2= 00
BEFRIENE R BIPEXT B 55 = 4102 L 100 /490 2% B 3l
AL E M2 WE P, FEST 10 pL Nobox-siRNA % B
YA, P U0 U R B A U0 R R AR O T
siRNA 4, =21 BRI 34 ¥ F 37°C ,5% CO, &/ T H;
FERH BRI, B 24 h WELIHEC % = 4119
WEB RO KT Z W NIRRT E
1.3.2  qRT-PCR Il 7 5T Nobox-siRNA Ji AH G K
mRNA FiEE 1

37°C,5% CO, 1T 4 33 35 D25 [ R AL
(ARTESH, ASInAT ] b 2R 2R ) @ BH X B2 (7
$ DEPC 7K) QLI 4 ({H 5F Nobox-siRNA) =2 %]
R, B2 200 DRI, 24 h JEUREE, SR H
mirVana ™ miRNA Isolation Kit X7 &4 B H2 B =20
MIRIZLOIIL RNA I I 5% 5% ¢DNA , qRT-PCR 5l
FHOC I R Rk 28k, 51 W) 7 5 40K Nobox F. 57 -
GGCACTAGTATCGCCTCACC-3 *, Nobox R: 5°-
CATTGAGCTTGGGATGGGGT-3 *; Kit F: 5 -
GATGGTGGGAATGGGTCAGA-3 °, Kit R: 5 ’-
TCCATGTCGTCCCAGTTGGT-3 *;  Gdf9 F. 5 °-
GTCACCTCTACAATACCGTCCG-3 ", Gdf9 R: 5°-

CACCCGGTCCAGGTTAAACA-3 °; Kitl F. 5 °-
TCTGCGGGAATCCTGTGACT-3 *, Kitl R: 5 -
CGGCGACATAGTTGAGGGTTAT-3" ; B-actin F: 5’ -
GATGGTGGGAATGGGTCAGA-3 ", B-actin R: 5°-
TCCATGTCGTCCCAGTTGGT-3" ,
1.3.3  Western blot ;0 5} Nobox-siRNA J& #H %
FERE R IA R AL

37°C,5% CO, AT 43 15 3= O B M) R 2
(FEST DEPC 7K ) @SE5541 (1 5 Nobox-siRNA ) [P
HRIIRL, BT 100 DHILIPHL, 24 h J5UEE R
FH Minute™ 2 1 $2 U 8553 1B H0ES 400 20 0 3
(K Phospho-SMAD2/3 $2BUA% 2 1) , 100°C
Wl 5 min 251, SDS-PAGE Hi Uk, %% i, &5 4],
Anti-NOBOX HiAKLL 1:100 Ho 955 B ; Anti-KIT Hifk
) 1:1000 H {8 ; Anti-Phospho-SMAD2/3 $i44 L)
1:1000 Fb % & ; Anti-GAPDH Hif&LL 1:5000 H 44l
Wik, 4CHIRM T ., H EBR—PEE —40
(1:5000) ¥ i ECL A& G i FH Ak 2% & 643 B SR
HEEEIHARILSE,
1.3.4 YR PEEUE (ChIP) B 3E NOBOX 5 Kir
FFH G ST ATHN

B 6 X} 6 i CSTBL/6J /N ELOR | $i2 IR EZ-
ChIP™ - Chromatin Immunoprecipitation Kit 37 &
UL A3 $E B NOBOX i1k 45 & 1) DNA F B, %
XF Kit %% SRR v s, i -6177 bp~—-5218 bp -
4092 bp~-2228 bp J¥ 4 (M XK Kit 53 3hF A
SR 3 X 480 ) il JASPAR K¢ 110 5 S
T NOBOX 5145 A 17 4 NBE, 15 Kir 3£ K )5 5
T i SR T NOBOX 148 1 5 454
{25 NBE (& 1), 3% it ChIP-PCR 5| ¥ % 3iF
ChIP 5| ¥ J# % 4 F: Chip-Kit-960-1F; 5’ -
ATGAGGTGCCCTTGTGAG-3" , Chip-Kit-960-1R ;5" -
TCCAGACCGGAAGTGTTC-3" ; Chip-Kit-960-2F : 5" -
CTCCGTTGAGCAGGGTTA-3" , Chip-Kit-960-2R: 5 -
CCTGGGAAGGAAAAGTCC-3 *;  Chip-Kit-1865-1F
5’ -GGTTCATTCCCATAGCCC-3" , Chip-Kit-1865-1R ;
5’ -ACCCACCTCACATCTCCTTA-3’ ; Chip-Kit-1865-
2F:5° -TGTCTCAGGAGTGGGTTG-3" , Chip-Kit-1865-
2R: 5 ’-CGTTCTGATAAGAGGCAAT-3 ’; Chip-Kit-
1865-3F: 5’ -TGCCTCTTATCAGAACGG-3" , Chip-Kit-
1865-3R: 5 ’-CCCAGGACTTGCCAGTAG-3 ’, PCR
P14 S F- NOBOX 454 X 38, iR 7E K 1A S
BT EREES RN,
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1.4 FitFEHE

S IR R R R T O R G i e
i EU ) K BRVOAF TG SR8 ik ANOVA K56 2H [|] 22 57
HHAGIT#E L,

il 5 3L mRNA FRIRAS I &4~ H 5
& 3 K qRT-PCR L5, W B3I N B-aciin,
ACHER B EER CtE-NSHER CfE, AAC
{E MRS Nobox-siRNA 41 H B3 1) A Ct B - FIPE
XTHEZH H 5L R A Ce (B, K B 1 X B 2 iy 32 [
FIREW N 1, B 5T Nobox-siRNA 240 H 3L K £
IR AT R A H Y R R A FL(E (2722 ),
SRR 8 GraphPad R4 BEATRCE AL BH | LS

PUB bR E IR 25 (& 252 ) o, R ¢ K50, DA P<
0.05 WEFBEAGIFE XL,

2 #R

2.1 WKIEAEKIMNERR BRES

T I0 I DR AIE 43 55 1Y B W) 9 B i Ak T 58—
KBRS, PRI T 38 1 70052 56 53 2 1 480 412 b
HW(E 2A) e 2 96 fLARBEAL s gl
ST 480 NI INIL & B A WK IR BT 75 i B) K BT o5
i, S5 SN RSMEFR RO KT IR EP
WSR2 d, 5K R 7 d,55 5 K, WI12000
HWERE B IR L 5 & (B 2B) , BB AR A1 15 5%

Bl 1 Ki ¥R iR fm AT 80% NBE

Figure 1 NBE with higher score upstream of Kii transcription initiation site

TE < A 5 RO S 53 8 B B0 GBI, NF Sk BT
B2 TS s R g K Ik I R S

Note. A, These are all single primary follicles successfully isolated in vitro, as shown by the arrows.

Figure 2 Statistics of single primary follicle and follicle development time isolated in the preliminary experiment
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IR IR & B WP IRHL B S d,

37°C,5% CO, AT 4 mlHs 37 O 28 A X R4l
(ARTESHH, ASAT AT b B R 2R ) @ B % IR 21 (7
$ DEPC 7K) QLI 4 ({H5F Nobox-siRNA) =21 ¥]
ORI, B 24 h A BRI SR O L B N LT HEAT H
B, LRI OP S IR B AR T SR TS
ULIE 3, i = A BRI AETE 5 St 2E o i R T
GiiteE 25 (P>0.05) , 45 SRR MRS 385 S b i
S SRR AR X W) R P AT 176 15 s ]

WL IIE S = W) R BR  & 2 R O it
T BT o L), 25 5 R 28 O IR S B
X RRL 450 2 RIFUR B R BB A4 10, 5 5 R
KB ZRHIIE (PR EAR KT 100 pm) (& 4A

TE B OB T WE = AR TR 7 d SR TR,

#3

PRI SN TR R R EAFE A (n=100)
Figure 3 The survival rate of three groups of

primary follicles was different in vitro

4 PRONEESR =R A IR B A I () A i R

Note. B, The development of primary follicles in three groups cultured for 7 d in vitro was observed under microscope.

Figure 4 Development time and survival rate of primary follicles to secondary follicles in three groups cultured in vitro
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T AR AR = B S50 (0 T B e bR iR 22851 B
PEXTHRZH (FEST DEPC 7K) 5278 HA BREH (R4 ) 53 582
B02H (VE ST Nobox-siRNA ), 5 B #: Xt BR4H L #%, ns: P>
0.05, ™ P< 0.001, B.1;8¢:x} 082 (7 4 DEPC /K) ;2.
LY AH (TS Nobox-siRNA) |
B 5 Nobox-siRNA T4t fE04 R+
Nobox mRNA K& 1 #ZiA1H B

Note. A, Error bars represent the mean + standard error of three
replicate experiments. 1, Negative control group ( injected
DEPC water ) ; 2, No-treatment control group ( no injection
group ) ; 3, Experimental group ( Nobox-siRNA injection ).
Compared with the negative control group, ns, P> 0.05, ™ P<
0.001. B, 1, Negative control group ( injected DEPC water) ;
2, Experimental group (injection of Nobox-siRNA).

Figure 5 Expression of Nobox mRNA and protein in

primary follicles after Nobox-siRNA interference

4B) ; 4T Nobox-siRNA 205 B M X AL AH L . B
X REZH AR R B I DB 2 KT Uit & AR TR A8 24 A%
6,55 5 KAl KT 2R TS Nobox-siRNA 4111
IR 1~4 d ToH BRI AFA2A, 59 H A T
WA 5 RIFIR B W E , OB AN A G 5 51 i
PRBUE I, 55 7 R R B RPN, 45530,
Nobox-siRNA T-HLAIR I )5 , UP B a5 1k &k &,
UKL 2 R B A5, WD R DB AESR 2 d R B BRI
(51 4A 4B)
2.2 #2908 & E G Nobox-siRNA Jg Nobox
mRNA R EHRIKFR

37°C,5% CO, ZAF R 4 ml 837 028 [ X 4l
( RTFHH , No-treatment Control ) Q) FH M X BE2H ( 1
# DEPC 7K, Negative Control ) @) 352 % 21 ( 7 4
Nobox-siRNA ) ) = ZH A IR, 740 300 1~,24 h J5
FEHCHE R 200 S RIEN I RNA, L5604 ¢DNA , 28
qRT-PCR &I, 25 U0k BEZH 5 BP0 HR 20 A L 25cai

TolEVE2E 5, P>0. 05, I S S 45 1 A 52 i ) 9%
UYL Nobox 223K ; 7 5 Nobox-siRNA 2H 5 [FH P Xt
HEZH A EL , Nobox mRNA 23k 7K i 35 F i , 2 550
B3 ,P<0.001 (&I 5A) o 43l S BB M0 B 2H 578
Ht Nobox-siRNA ZH Y 100 4~ % 2% BP ¥ 2& 11, &
Western blot & 3, 7 41 Nobox-siRNA 41 5 FH ¥4 % HR
ZHAH L, NOBOX £ [ Rk B i jdi /b (K] 5B) . 4528
FHH, A6 07 9% 01 ¥ 09 BF A1 i P S S S Nobox-
siRNA T4 E0CF B IR AL T Nobox FERITTER
2.3 MIZIiEH Nobox F#ij51H % EE mRNA
BREARIETWL

37°C,5% CO, #4535 32 D28 0 R4l
( RVFHFH |, No-treatment Control ) @ B4 % B2 ( 1
% DEPC 7K, Negative Control ) 3 5% 5 2H ( 7 &t
Nobox-siRNA) ) = W] 4% BB ¥, cDNA AR 5 45
2.2 MRl —HERLFE S =15 24 h J $ HRUSH : X6F B 4
53 5F Nobox-siRNA ZH1A9 100 P19 E 1, 3
i qRT-PCR SE56 & L, 25 F 0 RE L5 B T B4 AR
FeBETC B 22 5 P>0. 05, AT SHERE AR
W) 2% B9 6L T Kie, Kill . Gdf9 mRNA % ik ; 1 5
Nobox-siRNA 21 55 B P X B8 20 4 LG | %7 2% B o Bp £
Y Y Kt Kitl , Gdf9 FE P mRNA ik K- 3
T, P<0.001( & 6A-6C) , %4 Western blot & ¥, {1
) Nobox-siRNA & 9] 2% 51 32 v KIT, P-SMAD2 /
SMAD3 H I RIA I B 6D) , Z555RkW,
NOBOX 7E#] 9% U1 i k& & 2 Uk 9% B i By Bt W] fig 28
KITL/KIT &% GDF9/SMAD 3 J& 520 Bp il 2 7 .
2.4 FEREZEIE(ChIP) IEIE NOBOX 5 Kit
B FEEXE

ChIP SZ5 v 5 NOBOX FiiAR%: A DNA H B
VEML AL IS #6407 PCR AU, K57 T 2% BB 5
JREHL YK , 5 5 R O B — H B 2%l AR DL LA 4=y
Sk F NOBOX 7E Kit Jii 811 F (-2933 bp ~ —2926
bp) .(-2874 bp ~—2867 bp) I (-2676 bp ~ —2669
bp) 7 S AERE 454 (B TA, a-c) , 1E Kit JA3h T (-
5638 bp~—5634 bp) M (=5432 bp~—5425 bp) fif 14
ToEEs G (K TA, d-e) , B SR F NOBOX 7 i
PE/INEUIR ] A S Ki SRR BT

3 itig

B b SOHLH1 . SOHLH2 \NOBOX %5 £ i 4= 5
R SR SR RO R B AN F B B R
AFEFIVER . SOHLH1/2 ,NOBOX ¥4 5 546 51 il
T 1 ST ok B, AN [) Y J2 | 7% 5 I F SOHLH1/2
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T A-CRZELRAR W LR AT IR ARERE 1. PIEXT IRLL (FH DEPC K) 5228
siRNA) . 5B BRAL L4 ns: P> 0.05, ¥ P< 0.05, ™ P< 0.001,

DEPC 7K)

FXT BRZH (R VRS ) 532 SE362H ( 5T Nobox-

DM [ Marker; 1 ; SE5G2H (1251 Nobox-siRNA) ;2 ; B X FE4H (735

Bl 6 Nobox-siRNA THL/FHIHINHL P AH K EE R mRNA K a2 1B 0L

Note. A-C, Error bars represent the mean + standard error of three replicate experiments. Compared with the no-treatment control group, 1, Negative

control group (injected DEPC water) ; 2, No-treatment control group ( no injection group); 3, Experimental group ( Nobox-siRNA injection ).

Compared with the negative control group, ns; P>0.05, " P< 0.05, " P< 0.001. D, M, Protein Marker;

Nobox-siRNA) ; 2, Negative control group (injected DEPC water) .

1, Experimental group (injection of

Figure 6 mRNA and protein expressions of related genes in primary follicles after Nobox-siRNA interference

H A E R a-c 103 NOBOX AT 5 Kit 381 F (~2933 bp~—2926 bp) . (~2874 bp~—2867 bp) 1 (-2676 bp ~-2669 bp) fi 454 ; d-e £

NOBOX 7£ Kit J 8 F (-5638 bp~—-5634 bp) Fll(—5432 bp ~—5425 bp) i £ T4

A1EM] ;M TaKaRa D1.2000 Marker; 1 ; : NOBOX-Kit;2; Input;

3. PERT IR B %5 T NOBOX 5 Kit J3 31--6177 bp~—5218 bp X F1-4092 bp~-2228 bp XIs&h & b m E K,

B 7 #5kHF NOBOX 5 Kit Ji 8 F245 A1 il
Note. In Figure A, a~c means that NOBOX can bind to Kit promoter (—2933 bp~-2926 bp), (—2874 bp~-2867 bp) and (-2676 bp ~-2669
bp) sites; d~e shows that NOBOX has no binding effect at the Kit promoter sites ( —5638 bp ~ —5634 bp) and (—5432 bp~-5425 bp); M
TAKARA DIL2000 Marker; 1. NOBOX-Kit; 2: Input; 3: Negative control. B: Schematic diagram of binding sites between transcription factor
NOBOX and Kit promoter —6177 bp~—5218 bp region and —4092 bp ~-2228 bp region.

Figure 7 Binding of transcription factor NOBOX to Kit promoter
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Sacubitril/valsartan inhibits myocardial injury by regulating
TGF-B1/Smad3 and NF-kB signaling pathways in rats with heart failure

SONG Jianmin', CHEN Can®*, SONG Bo'
(1. Department of Cardiovascular Medicine, Suizhou Hospital Affiliated to Hubei Medical College, Suizhou 441300, China.
2. Department of Cardiothoracic and Vascular Surgery, Suizhou Hospital Affiliated to Hubei Medical College, Suizhou 441300)

[ Abstract ] Objective  To investigate the effect of sacubitril/valsartan on myocardial injury and cardiac
remodeling in rats with heart failure, and to investigate its regulatory effect on transforming growth factor—B1 (TGF-B1)/

Smad3 and nuclear factor-kB ( NF-kB) signaling pathways. Methods An animal model of heart failure was induced by
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ligation of the left anterior descending coronary artery in rats. After modelling, rats were treated daily with sacubitril/
valsartan at 10 mg/kg ( sacubitril/valsartan group, n=15). Rats in the sham group (n=15) and the model group (n=15)
were treated with an equal volume of normal saline. Rats were treated for 4 weeks. Echocardiography and histology were
used to assess heart function and fibrosis, respectively. Protein levels of TGF-B1, phosphorylated Smad3, phosphorylated
Smad7, collagen I, alpha smooth muscle actin, tumor necrosis factor—a, interleukiN-6, NF-kB, and phosphorylated kB
were determined by western blot analysis. Results Left ventricular ejection fraction (EF) and left ventricular fraction
shortening (FS) in the sacubitril/valsartan group were significantly higher, while LVIDs and LVIDd in the sacubitril/
valsartan group were significantly lower compared with those in the model group (P<0.05). Collagen I expression was
significantly reduced in the sacubitril/valsartan group compared with the model group (P <0.05). TGF-B1 protein
expression and Smad3 phosphorylation levels in the sacubitril/valsartan group were significantly lower, while Smad7
phosphorylation levels were significantly higher compared with the model group (all P<0.05). Tumor necrosis factor—a and
interleukiN-6 protein expression was significantly reduced in the sacubitril/valsartan group compared with the model group

(‘both P<0.05). NF-kBp65 and phosphorylated kBa protein expression was significantly reduced in the sacubitril/valsartan

group compared with the model group (both P<0.05). Conclusions

Sacubitril/valsartan inhibits myocardial fibrosis and

the inflammatory response by inhibiting TGF-B1/Smad3 and NF-kB signaling pathways in rats with heart failure.

[ Keywords]
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JEMEFEAL LI 5% & W30 ) NF-«B ] 30 il

sacubitril/valsartan; heart failure; myocardial fibrosis; inflammation

RAESLIL RO ELF 4eAl . Bk, 58 TGF-B1 Al
NF-«B {55 18 #Ou Tl O WU 5 O 7 v J
8.0 JIHE 98 AT ER BV TETR Y T EL

Vb P B Hh 4570 3H ( sacubitril/valsartan ) 1Y 7 & 44
MY 5K Z- (entresto) , J&—FPIMLAE KK 11 24K A i
W OB P XU A R 28 25 ), o A SR 0K R 1T 24
TP A A0 1K o M IR 157 HiT 4 AHU377 20
B PR ARV I T 2015 4F 3K [ FDA St
BT, 2016 FEREHERE O I IRAR R B 1 2R,
I HIBAG T BBy A%, AR, T L it 4 JH 6
O B A VE AL g AN B, DRt AR oY ST
T NUEEBE S0 g s v A0 PEAG T v e 1 it 4 v
X0 R D RE L O WEZF 4E 4L DL K2 TGF-B1 , p-Smads
collagen I, TNF-a #1 IL-6 F 52 M, I #F — 25 4
TGF-B1 Fl NF-«kB 3 #7215 2 5.0 JJF 9 i # vprid
JE e th Ay I A pR AP VR

1 ##7TE

1.1 SCI8Eh4

60 M SPF 2l Sprague-Dawley K ER (7 J&#,
{REE 220 ~ 250 ¢) F 1L 44 52 56 3l W ool $i
[ SCXK () 2019-0008 ] , 1@ 7% T = 252 B it i
PP [ SYXK(56)2019-0031 ], 4 3y ) i A v
TPRFRIZK , I FE7E 12 h JGHEFT 12 h 2BRE (20«
2)CHRER(50+2) %R E R, A shi) s
5577 ZE 3 O ARAT 1 b = 24 2 e B T il ] s e 12 B8
B ZE B2 VE (20180211 , 45 & SL 80 &= 5h )
IR FRLE , SEEe A6 3R SR,
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1.2 FERKFSNE

O i AV (U R %, B 2T
J20171054 ,Novatis Pharma Stein AG ) ; Masson — {f,
Yetm i ge s (525 . G1340, L st KK R A BRA
A]); a-SMA — ¥t (41 1k) (ab119952, ¥ [
Abcam 28 F] ) ; HRP-5R & Wb ic B BT 1eC 9L
(ab6721, 9% [E Abcam /3 F]) ; RIPA i 2% v (1™
i P0013 K, 38 2 RAYHE AW ) ; TGF-B1
—4i (ab215715, & [E Abcam 7 ) ; p-Smad3 Fl
Smad3 — #T{ ( ab52903 #l ab40854, < [E Abcam 2
A ); p-Smad7 Fl Smad7 — L ( ab227309 FiI
ab226872, ¥ [E Abcam A #] ); TNF-a — ¥
(ab215188 , 9& [E Abcam A H]) ;1L-6 —#1 (1 :1000,
ab233706, B< [ Abcam 7Y F]); Collagen 1 — #i
(ab138492, ¥ [ Abcam 2% 7 ); a-SMA — #%
(ab265588, HL [E Abcam 7\ 7] ) ; NF-kBp65 — Pt
(ab183559, ¥ [E Abcam 723 H] ) ; p-IkBa — $i ( sc-
8404 , 3¢ [E Santa Cruz Biotechnology /A H] ) ; GAPDH
—3i(ab8245 , ¥ [E] Abcam /A A)) ; BAR i3 F ALY B
FRic B 1L 2 1gG (ab205718 , 9E[E Abcam A7) ) .
1.3 XWHE
1.3.1 O HUREFE S5 0 1 3208 sl A 7Y

SEFLLETTRE S R Bk (LAD ) Ji5 H o0 LA B
VR J) 5y, I N VR S 19% 18 EL L 22 4 (50
mg/kg) FRIEE K B, SR 5 2F AT S84 48 01 & 2 07
LIRS, RATICSE 12 SEO R E, ZKES
e F W IF 0, F AL HARF R 7 2 mm 45 4L
LAD, fBFARAMKFAENGFL LAD 1915 T i
AR FAREAE, LR FICR T ZREKOH
K, R RIER SR 1R, AR 28 i .0 3 1A
K Ar 45 5 | 24 LVEF F#AIG 45% I 367150 ) 2B 15 1
HRIRLY)
1.3.2 sh¥ord Kesnsh

A K BBENL 0 LA N 4L B F R4l (n=
15) MBI (n=15) FIVPEE AP A (n=15)
U P L 45 3H 20 KRR R K — UG o A Rk 4G T
VPR R VD IH 10 me/ke, FRIRYT 4 JH, A4
BT AR A G T SRR A BEER K
1.3.3  ZflE sk A

SR IC A 28 i 8 75 0 3 7 s P AR 2O &
JEATIIRE, TERRIFEh ) h AT 8 P 0 3l B A A
ISR O SR AR N A2 (LVIDs ) FlI 2.0 % &F 5K K
HANAE (LVIDA ) DA K A2 O 2 55 115345 (EF ) F1ZE O

BEARFTE(FS) .
1.3.4 O WLEFZEfb it

B2l 4 SRS W R RO IE , AR 5E 22 vl
HYER 7E 4% 2 R B e ok, R R AR A
e RS A S AL RO BE YT AL 4 pm JE A D)
h, IFH MASSON =@ gL @il ge . HAY R 7E)e
R BB T A%, 18 3 Tmage J 3R T 5 4F 4k 1k
PRI,
1.3.5 At gk ietn

I e AL Y AR a-SMA 2R 1Y 5
ik, KO REH LY R AR % A 20 min, RS
TR B B L BEAKAR, ] PH 9.0 1Y Tris/
EDTA P T dif & =2 . 7€ 3% H,0, THEE
10 min > 3 A IR o S AL DI G, V)RR 1%
PBS thstisk 3 ¥, K 6 min, JF7E 4°C N 5 1%4- 1
THEE AR —PT(1:500 #ke) —EBFF SR, ¥
VIR H 1% PBS Y 3 I, BIK 6 min, RJ5HU) A
5 HRP-REWFRCHIPL R 1gG =Pt (1 :500 k)
FIIFE 1 h, FU A B 1%PBS YEk 3 K, 5
K 6 min, SRJG IR ARG L 30 s, f#i 1] OLYMPUS
BX 50 ¥ W id . 7Ex400 RSB WA B4
BEALIERE 5 OUEF E 4T BHPE YL (8 PF 43, BHPE YL a3
51 = P20 BT o3 < e (0 B T 43, PHA: 41 i
TEOER T . <5% R 0 5 ,5~25% K 1 41 ,5~25%
H153,26~50%HK 2 43,51 ~75% M 3 43, >75% H 4
IFe BEIREEENT SRYE N 0 4 R B AR 1
Oy AFEEN 2 5 REE R 3 4
1.3.6 FEHREILHr

42 4 JEJE 0T S S 4 AR AT, St BIICER
O REFFRAAAER A o (1] RIPA SR 57 i 224 i
A, EiL BCA Wl e & A i B, A e A
10% SDS-PAGE 73 B 315 3% I R 47 A R M |, 4K
JE 5N —Hi7E 4°C T &M . TGF-B1(1:500)
p-Smad3 Fl1 Smad3 (1 :500) | p-Smad7 Fll Smad7 (1 :
500) . TNF-a(1:1000) \IL-6( 1:1000) .Collagen I( 1 :
1000) .aSMA(1:500) . NF-kBp65 (1:1000) . p-IkBa
(1:1000) F1 GAPDH(1:1000) , 4B 5 AR i 4201k
YIBARIC B 1L A4 TG (1:2000) 7E= IR R H 2
h, GAPDH fER &t B8, 4t ECL 2% 5 Jfff
H Gene Gnome %I B R Gefitiak £ LI EIE
1.4 $it=EH*

FITA SEI R R B R P B e i 25 (&
s ) o fHFHGETTHE AT SPSS 17. 0 #EATEAN )5 22400
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(ANOVA) ,Jf il LSD S sk ik 2 & AL, P<
0.05 FnEFHAGIFE L,

2 #R

2.1 WEBHHSIBEREOCNTBAROESEH
FNIhEE

33 7 O Bl B PTEA O ) 3 0 R BRIR T R
OHETHRE, BRI ER (1), ST R, B8
HAR LAY EF A1 FS 2 A%, i LVIDs A1 LVIDd {2
EFRE(P<0.05) . MLk, SHRIZ AR L, V0 P 2 it
SivbHHZA R EF A1 FS 23 TR, i LVIDs Al LVIDd
1 FE AR (P<0.05)
2.2 WEBHMHSBREOCATERROINLT
2N

[E1) ¢ £F 24 Ak 2 0 4 00 A B 9 1Y) 3 AR A
181 Masson X 0] B4 b AT B9 = A4 (0 s (&
2) , SERFARAAM L, O WU FEA B A2 28 BE 45 L
SYREFE X 3500 S B S ) R) 5 41 e Ak, e IR
e X e AN (P<0.05) . MAh, 5455 40 A1
EE, U0 L g 5 2 A e D A 1 e e X3 T
ik (P<0.05) ,

& 3 FE 4 Won, SIRFARGIAE L, B K R
O NELH LU LA 4 20 MR 7S ) o-SMA 1R 35 ik
FTHE (P<0.05) , SR AR G, V0 2E ) il 45 v 30
4 a-SMA H) 35 B EFFIL(P<0.05) . o-SMA PHH
{14 AL 2T 24 240 ] A 2 A4 L A1 56 5 ( ECMD) 196 1
ARWEFEREIM T Collagen 1 FFEIR | 33X S /0o JIE B £T 4 41
M= R REATA, FREs (K 3),5
RFARAAM L, BRI A Collagen 1 FKIRWET S
(P<0.05), AR AH L, V0 e I il 450 v 41 41
Collagen 1 B3k i Z AL (P<0.05) .

23 WEBHSPEMNHE O NZEXRON
TGF-B1/ Smad3 {5 5i& 2%

TGF-B1/ Smad3 {5518 i 5 5 a0 UUAEAL 5
ORI AR R (K5) , 5HRFARA
FH L, A0 20 K B0 IE L 20 TGF-B1 B8R R ik
DA Smad3 (BRI K 8 3% T, 1 Smad7 B
PRAL KT BFFRAR(P<0.05) , SHBIHARLL, VD
EL VI TCF-B1 AR 23k LA K Smad3 AYHE
TR ALK T B B A, T Smad7 (98 IR A6 K - 5838 T
& (P<0.05),

2.4 EBHEEMHOHRBEXRARET

AR T ( TNF-o0 Fi1 T1L-6) A8 26 3 760 JIF 51 9
LGl e B G E I, AR R (K 6)
SR AREHM L, BRI TNF-o F1 1L-6 (9 1321k
WEFHE (P<0.05) , SERIZEAA LG, V0 B il 4 vb
A TNF-a FlIL-6 M E A RE B EFRFEML(P<
0.05)

2.5 WEBHIDIBMEHEL S FIBKEROH NF-
kB 5 SiE K

JERTIIEIY R I, 1 R A0 IR 755 5 1B 9
FRALFIFE AR AR5 1755 NF-«B WA HI P A /M
BRI SR, 55 8 B A0 A I 5 T 2 JE IR I 3 5
AT B A - 40 TNF-o 1 TL-6 F ik, ASHT
FEhR (B 7)), SETF AR, A4 NF-«Bp65
Fl p-IkBa AYEE A B E T+ 5 (P<0.05) . S
AR, VD L 4 VD HH 4 NF-kBp65 #1 p-IkBa 1)
BRI W EFRIL(P<0.05)

3 Wit

OIEE IR — AN 2R B A 2 S M

T A-DAKIH EF FS LVIDs #1 LVIDd; 5B FARLLLEL, * P<0. 05; SHBA 1#,* P<0. 05,
B 1 41K EF . FS LVIDs Al LVIDd
Note. A-D, EF, FS, LVIDs and LVIDd in sequence. Compared with sham group, * P<0.05. Compared with model group, *P<0. 05.
Figure 1 EF, FS, LVIDs and LVIDd of each group of rats
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7 A :Masson = {0 A%, B KR YL A X I T 40 b SIRTFARA L, * P<0. 05; SR L, *P<0. 05,
2 REGOHEZ LY Masson =4

Note, A, Masson three-color staining image. B, Percentage of collagen staining area. Compared with sham group, * P<0.05.

Compared with model group, *P<0. 05.

Figure 2 Masson trichrome staining of rat heart tissue

;A Collagen 1 FYZE FIAHXT I8 5 B o-SMA AYZE AR 235 & ; € Western blot f8ZEM: 5417 ; 5B F R4 LA,

* P<0.05; SHERIZ HLE , ¥ P<0. 05,

3 Western blot &l K B ELLZ Collagen 1 Fl a-SMA B8 1315

Note. A, Relative protein expression of Collagen I. B, Relative protein expression of a-SMA. C, Representative Western

blot bands. Compared with sham group, * P<0.05. Compared with model group, *P<0. 05.

Figure 3 Western blot detection of collagen I and a-SMA protein expression in rat heart tissues

BRI B 0 I R RSB X
WA AAE BT B IR 25 . 42 T ok, ¥
T2 E A O LAY 45+ 5 HE BT 8K 3l 4 465 0 JUL 4t e AT
KD WU AEAC UL B AT P 22 D =k, O LA AL
JE L Y RO W A A R N . — (HE,
N X/ SALT P INE N E T F A SN A N TR
By, WA B0 % 5T A0
BEFE IS O ) W 1 R SR R AL T R AR 8,
ZRUESE (] BT AR A 2 0 07 5 98 I O I o 9 Y i 7Y
FEAE, HCRe E 76 F 40 M A 56 B (ECM) 1 3 B
2197 Collagen I i Collagen III 4% F & i ECM Ji§,

97 FEODIELF4EfbRiRI | Collagen 1 Lt Collagen 111
FI G B o ZUAN A I R) Y B 3 A Y AT 4
I 2 £ AR O P I B R R AR, o
SMA B C W12 FHAE BUET 48 240 i 43 A s AR Ik
B NURET e bricy ' o EARTIE T, Al
NRZL 0 (LA E 5 o0 7 3 3 R BRLC Ik H Collagen 1
I o-SMA. 3 I E i, 0 5 2 ek U 2 B i 24 >
HIRTTAS LA, 3ok ¢ WY v e L il 45000 3H ] AR i
O BT Ak A0 i T A R D A T B AT A AL
.

TGF-B1 &Ryl A B A B A 5, o 2 2H 21
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TE:A:a-SMA 9 G 2L 3 6 155 B o-SMA (1 BHPE I 3% 435 SR F AR 4L EE, * P<0.05; ST 4L 1L
5 ,%P<0.05,

4 KREVODHEAIZ a-SMA [ Stk @
Note. A, immunohistochemical staining image of a-SMA. B, positive staining score of a-SMA. Compared with sham
group, " P<0.05. Compared with model group, *P<0. 05.

Figure 4 Immunohistochemical staining of a-SMA in rat heart tissue

A TCF-B1 AYHE FMIXS RIA L ; B : Smad3 AYBERRHLKF ;5 C:Smad7 RYBERRHLIKF ;D Western blot fUR LM ;
SRFARALLEE, © P<0. 05; SHAL LEKE,*P<0. 05,
5 Western blot &l K B0 EZLZ! TGF-B1 (Y HE IR IA LI Smad3 1 Smad7 HBERR 1L
Note. A, Relative protein expression of TGF-B1. B, hosphorylation levels of Smad3. C, Phosphorylation levels of Smad7.
D, Representative Western blot bands. Compared with sham group, * P<0.05. Compared with model group, *P<0. 05.
Figure 5 Western blot detection of TGF-B1 protein expression and phosphorylation of Smad3 and Smad7 in rat heart tissues

A TNF-o B985 F A A 335 5 B IL-6 #Y 2R AR XT 3R ik &5 € Western blot £ R 44 ; 5B F AR A LA,
* P<0. 05 ; SR R, #P<0. 05,

Bl 6 Western blot &l LU EZHZ TNF-o 1 IL-6 2R 3235
Note. A, Relative protein expression of TNF-a. B, Relative protein expression of IL-6. C, Representative Western blot
bands. Compared with sham group, * P<0.05. Compared with model group, *P<0. 05.

Figure 6 Western blot detection of TNF-a and IL-6 protein expression in rat heart tissues
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;A NF-kBp65 I HAIXT R I5 1 ;B p-IkBa IR FHAIXT 35 ; C: Western blot fUE ST ; SIFARL L,

* P<0.05; S HLEE, ¥ P<0. 05,

Bl 7 Western blot A K B EZHZH NF-kBp65 1 p-IkBa 75 [ 32314

Note. A, Relative protein expression of NF-kBp65. B, Relative protein expression of p-IkBa. C, Representative Western

blot bands. Compared with sham group, * P<0.05. Compared with model group,*P<0. 05.

Figure 7 Western blot detection of NF-kBp65 and p-IkBa protein expression in rat heart tissues

YRV EZ R AR 0 NS E 1)
KELOIE P WEEE] TGF-B1 B W i 3K, & 5 i f
A 290 e ) LT 24 40 1% 27 £ DA S B () Smad {7
SRR A O VBN TGF-BL M T R
S 3T, Smad3 PG Y TGF-B1 (1 1 Y32 (A wE
M2tk , S8 )5 5 Smadd W LR & W) IT 5 A0 #F A 40 H
¥, AR B 1 S i S R R4 i R IR A 3R 3k
£U4% Collagen I Fl Collagen 11T, A W55 %], TGF-B
R B AL 2T e AL TG M 2 Smad3 A Tyt 0
Smad7 & —F PP Smad 25 H, i1 5 Smad3
TGF-B ZAKIE G TGF-BRI 454 555+, T BH. i+ B8
JEHIfE S 2 B, SMEME Smad7 1R A AT L
M Smad3 WBERRIL Y . FEARBESE R, V0 L il 46
VPIRIANER] T 7 3E K BGO E TR Y TGF-B1/ p-
smad3 {55 i@ B A1 T iiF Collagen T (5815, [RIA, 7F
2 VDI EL I AV IR YT 100 ) R R R, a-SMA
FRAKEZEINE W p-smad? ik LH, X g
SR V0 P 5l 2570 3H 8 1 B Smad7 B9 R
AT TGF-B1/ Smad3 {5538 i, If it — 41
il B ULET 4 41 AR A3 5 A Collagen T [ L
SR A M 21 I R - 19 2% 58RI e 50 LB AL
R DS A O E M FEIREEZE B0 L 2
JHL PR 1 2o 2 3k 2 0 0 IR 20 8L 5 S 41 ik
BT UL, NF-kB {5538 2 RAE Y« £ 2
PR, EEEAAE T 5HMER kB EALE
ORI e T A2 4 M R sl A S U
IkB 8 18 1xB JABGEIEAE . 1B BEfFIS ,NF-kB 2 i
MM, I 40 R 2 X 48k «B 7 45 A9 DNA

SEA IR E AL S TR AR NF-kB 23 38
TGF-B1 TNF-a IL-6 FI IL-1B [ 33k, M1 8 0 e
JFUBR [T BURLG WLER 4 4k, S 8o L 581700
NF-kB 76 20 g PR 7 R £ 2 A6 R 1 08 P ) S =80t v
B AR X S (K 1 5 .0 ) v J5 0 LA 4
FK, ARG, VbR B i 4 Vb ] T ) 5
U R RO I B NF-kBp65 ., p-IkB #1 K i TGF-B1 .
TNF-o Fll IL-6 HYKIA , X LELE RR T Vb 1 il 465
VO IH Z AR 4338 0] TkB B R Akl ) NF-kB
(A5 o 38 B T i — 2D A 2 R A B R Rk

R ARG e BV PR B il 4V $E AT 5 B0
W AL IEE B TR PLH AT R S T R
£ gt 450 70 45 60 LAY B £ 4k Ak R R AR A 6
U 2 2 2850 L3 40 ) D 1 A A I G
2T 24 240 B 1% 755 A6 RN B T 20 40 B 1Y) T B A R M U %
T 4 fe, V0 Tl 45D 20 2 A
TGF-B1/ Smad3 {5 T 1& ik ik K # HAT £ 4E A i
o 5340, V0 e EL i A vh 10 n] 3 5 ] NF-«B {55
A T DT AT 2 28 M4 4t ol PR Py o B 3R

S 3k
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[#Z] BRI (diabetes mellitus, DM ) J& L5 HME A HREAE B AR o W PRI B I A7 26 09 15 U, 323K
ARG RRRIR B GO A RIS TR E | DB, X I RRE I R AR E RO A R A, B
YT B G A BN 2 YR T ORI I R HE . 38 SR 3 LA R Th 2, B AR Z U IR h 25 2 I G B 4 i =2
— R S 2 (APS) S IF (ASS) (EERE ( ASF) SEHUNE PRI LA , X PR I B ARG A VR . AR SO i 2 4R
BT WO R e B AR FHALSIEA 7 SO 72538, 3 i T HURE RIS 5 S e i e e i 5%
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Review of Astragali radix for treating diabetic complications

DIAO Yuanyuan, LI Yumei” , LI Xiaowen, WANG Chuying*
( Changchun University of Traditional Chinese Medicine, Pharmacy College, Changchun 130117, China)

[ Abstract] Diabetes mellitus is a metabolic disease that is characterized by high blood sugar levels. Chronic
hyperglycemia in diabetes leads to chronic damage and dysfunction of various tissues, especially the eyes, kidneys, heart,
blood vessels, and nerves. These complications often threaten the life of patients. Therefore, there is an urgent requirement
for safe and effective drugs to intervene in diabetic complications. Astragali radix is a common tonic in Chinese medicine
and one of the main components of many anti-diabetes treatments using Chinese herbal compounds. Astragali radix is rich in
polysaccharides ( APS) , saponins ( ASS), flavones ( ASF) , and other anti-diabetes components, which have a good effect
on the complications of diabetes. In this article, literature on the complications and mechanism of Astragali radix for
intervention in diabetes in recent years is reviewed to provide a reference for future studies on complications of intervention
by Astragali radix in diabetes.
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Figure 1 Anti-diabetic complications effect and mechanism of Astragalus
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Research progress on the effect of gut microbiota on tryptophan metabolism

WANG Liqun', PANG Rizhao®, HU Xiaomin', YE Jiamei' , ZHANG Anren’*
(1.School of Health and Rehabilitation, Chengdu University of Traditional Chinese Medicine, Chengdu 610075, China.
2. Department of Rehabilitation Medicine, the General Hospital of Western Theater Command, Chengdu 610083.
3. Department of Rehabilitation Medicine, Shanghai Fourth People’s Hospital Affiliated to Tongji University
School of Medicine, Shanghai 200434 )

[ Abstract] As a complex microecosystem, the gut microbiota has a close relationship with the host and plays a
central role in regulating physiological functions related to nutrition, immune system activation and host defense. Tryptophan
(TRP), an essential amino acid, must be obtained from the diet. TRP participates in a variety of physiological functions
and affects the growth and health of the human body. Abnormal TRP metabolism has been associated with many diseases.
One of the main ways in which the gut microbiota interacts with the host is through metabolites. Tryptophan catabolites
produced by gut microbiota are important signaling molecules in the microbial community and in host-microbe crosstalk, and
play an important role in physiological and pathological processes. This study describes research progress on the
classification and function of gut microbiota, the influence of gut microbiota on TRP metabolic pathways and related
diseases, and the potential mechanism of these effects, and discusses new clinical research for disease pathogenesis and
treatments.

[ Keywords] gut microbiota; tryptophan metabolism; kynurenine; serotonin
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Wi — 2R SR G WA — 1
T 2R AR WU RE T, PR o i 3 T R I 1 R S 1
TP ARSI AHE G R, 18 W RO N 2
— AN SIS B R B4 T RERS S e AR T
AHE AR Ik 2 Joy &8 A 4> B R I, A 3 - Tl A Y
(A B P B A AL E A B R Y RS
W KR e Ik sh s £ 5 HUEY A Z
RS E 4, (%R (tryptophan, TRP) J&— P 0A 5 &
LR AR B PRI, IR Pk TRP 234
Wit s F1 5 B B T A RIS ) TRP AR
Jo B B AR A EE PR AR T PR TRP AR e &
AP R I O A T AR, 2 Bk 2 1Y
Kk, RN, B AR 26T TRP B4R ™ A g%
SR, R IAIE LS TRP AR 2 18] i AH B4R
Wi T Y A B ER S, A SCF B R T g 1 R
AYIEFNIRE il AR TRP Q552 00 K A &5
FIBIF ST, SR 9dis 2 s LTI FIE I 46 It R B 9 B2 A1
LA

1 BEFEFNSEMINEE

9 T AR DE R A2 2R AT Fh s 3k 500 Fifr
T SEGR 100 142, JiE RE 2R IR E ke
IR 460 AT R 46 R 2L, HG b DR o 999% A BT
TENK G E AR, BRTC KA E A 9
AT, AL FE JE BE B 1) ( Firmicutes ) . #81FT & 7]
( Bacteroidetes ) . ZZ FE 1 ] ( Proteobacteria ) | i £% #
["T( Actinobacteria) MRFTH ] ( Fusobacteria) JEfl i
["J( Verrucomicrobia ) | # 4l i ( Cyanobacteria ) | 12 JiE
&17] ( Spirochaeates ) 1 VadinBE97 T ], H v % &
B RE TR ) AU I 1), W 18 2 A0 i A A 1Y
BRAE ERIEOT B R 16 3 5N
HEST BV i 18 T A R S R A
XRER  (H 2 Z BRI M 259 TR E A 2
PRI 2R B2 T i A el s, 5 [ Wil B RE 2R W . i
TAE WA Sy & ANG B AR RS =R L K
I BE AT NS A X s E A EEE X,
Horboxd 8 M 8 A 09 5 T AL A TR AR
W R E AR R AT R —, K
5 1Bt W AE OG0 8 s 1B AR B A A T
2w g EANML ok 2R KA AT T AR, A
XA 3277 A 22 i 2B B0 BEAE T, R WA 9 e
IR sh s £S5 HAMUE YA Z A R B R
98 WS K qw £ - TR W REAR AR A AR A

—  JETENR TR, i 2T 4 S I AR AR R AR
HETTIR , AR MR e B Z AT S A e e =,
A, Hrh @RS A SO IR T, 14
ZIRACHS W) 18 Jn i AN A1 rp R % 5 B,
111 3 T AR S 3 (8 R A A

2 BRBRAKEHERE

TRP B TN T8l E A Fiz s, 72
J il b EEEAE =R RS RIRA TR IR 5-5
IR E AR
2.1 RERFBERE

BRI 294 95% fy TRP 38 328 K JR 20 IR 4 2 4
R K IR & B2 ( kynurenine, KYN) ' KYN f{) 7=
AR T T A0 b Ry R 2, 3-X N A
(tryptophan 2, 3-dioxygenase , TDO ) FIfF7E F HAth 41
o /Y 51 e B 2, 3-XU 0 4 B ( indoleamine 2, 3-
dioxygenase , IDO ) "*' . TDO A LA Hy H# fz Jii 3% 2 =%
TRP A 555, 1M IDO 52 = 46 58 i PR ) 8 1) 52
M, 40 fib 988 IR 3L PR ¥~ (tumor necrosis factor-alpha,
TNF-a) . T4 & g (interferon-g, IFN-g) . THL & v
(interferon gamma , IFN-y) , H: v IFN-y J& 5 A 400
PR KYN — Bk i 2 d W RO 5] 19 4
R — DA RIRBR iR A2 FIME KR R 72 . KYN 7E
RIRPREAE TR IR 2 R 2 5 e 7% M i AL e B
R PRI REIRHE S o 7 MEMR IR i 42 o KYN 5%
PR IR AR AL AR i 3- 58 BE R IR &R, i
B 3-FBLAR A BRI R 3, 4- XU b il A A0 i e
DR TR R AR AR R R A K e —
Fh2es 7k N-H 2 D-K 4 24 R ( N-Methyl-D-aspartic
acid,NMDA ) Z A7), A3, TR IRIR
W —Ff i 2 A M NMDA 550550 a7 KAH AR Bk
1231 €511 RS
2.2 5-RBERRE

5-F24 1 (serotonin, 5-HT) X A L1 &, A It
TRP R 19 5-7% €4 i i A2 SR FR ol 1LV 3R i A2
K2 1% ~2% 1) TRP 1E {8 % IR = At B ( tryptophan
hydroxylase , TPH) B/ T B A AR 1 5-72 (0 & R
(5-Hydroxytryptophan , 5-HTP ) 12/ TPH 3= % L i Fif
WA AETE . (42 1R F2 {1 (tryptophan hydroxylase
1, TPH1) Al 424 12 J2 4. B 2 (tryptophan hydroxylase
2,TPH2) , TPH1 £ ZAF7E T I 18 7 V8 5% 40 jE | i
JE A SRR A AR | TPH2 58 2 A7 7E T 2ot 40 i
S S-HTP 1 7 55 B #2192 I 42 1t 1) T it
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FRIGIE L 5-HT, 5-HT i 1k B i S 1 il 10 18 M =0 ity
AL N BT ) 5-F2 05| W &R ( 5-hydroxyindolacetic
acid,5-HIAA ) , AT 76 SR bl HE s 5-HT &
S 18 i B A R R S
AR 0, ERAR 5 B 1% 18 B N 7 BN E
IR ZETT , I iy 38 055 sh Az 2l 3 W | g gk
FE IR
2.3 WAEMKERE

RIRRZH TRP A/ N ThaH ALl {8 72
k7> TRP AT5 AT LABI IR S5 1, -9l vh i) 2 Fh L2
PRAERE A . SIWJE TRP (9 3 240 78 73 7 ), 1 €8
IR o T IR, (2R A AT I BOIR
PAAEAFE AL ST T | 38 B R TR A2 Bk
TR A 20 T SR T A ek mIR S
BlAA L R ] O B | 5 L TR R 35 T i s | A 19 o TR
AR BB 2 HE RSN T R i i et
flb & Fh & 12 TRP %% 1k @ e, Wl W3-8 R
( indolepropionic-3- acid, IPA ). M| W F[ iR
(indolelactic acid,ILA) M|k —3—Z, 1% ( indoleacetic-
3- acid, IAA) | F5|W-3-Ji% ( indole-3-aldehyde, 1Ald) |
NS PN M5 TR (indoleacrylic acid, 1A ) FIFERZF 4

3 EEEYeRERAERERXERIRMN

3.1 RREBER

ek R 22 A 5T M T T TR T € R K
PR A 8 78 S HA S B By e, 7RI
A B P ol R PR AT DU T, 128 H TRP vk 2
B, R IR @ s A2 Ak 2, T R B R R 2 R/
R & (KYN/TRP) FLE R, (HAE W A S
SAF MK A TRP IR PR 2 BR i 12 i A IR & 1k,
AT XS A5 g = A E B R )

WF5T & BUAMARAE & 19 B 8 P& R A g,
M2 TRP ¥R EE AR, X 5 1DO 7% P3G 3 A 5, i
2555 P s IR TR 18 Jon AR A 2 R P K PR R 8D, KYN/
TRP FCAEABE N, 1 %5 A= A 0] 5 S AR AE 28 3 0 B
T H R R R Z BRI 4% . Desbonnet 25
il FHEE ) LAUBCFF RGN AR IE R R 14 d )5, B 1
JNT A2 TRP ¥ B FN K BR R/ R IR 2 8 LU AR, FEAIR
T KYN/TRP FCAE A0 IDO 64, [R] Bk i S 5056 i
JEH S-HIAA M B ) AR, 28 B OBUEL FT B R R &
fRi DO I MR, 12K TRP (7] HE 38,
TEARIRAR T U E — 25 7= A p 2 AR 3 M R R 2 1)
PHEAN, I, Rudzki 55K 60 44 5 FIARAE

HHEHL B R — 01 75 8 J&] ik 4 S 39 o B AR 56 o
30 24 B E R i AR AR FLAT I 229v (LP299v) iR
I7, 535h 30 2 B E B2 R ANRYT S5 R R g5 A
LP299v FEAK T 8 BEAAIAE F8 5 I A KYN ¥
FEFNBGIN 13- B R IR = B/ R IR 2 1R Fe e, JF B
545 B LP299v HC3E T B A AT RE J1 . Kazemi
OV ARAE A T 352 T (LT BRI L
EEFFR) AR T 1 8 Ji G A B UL R, 5
GRIFIHA L, 254 B4 KYN/TRP H(H i 35 F%
%, I HIVARAEIRAS 2 2 it

P ZRIRAT 1 95 9 R DR 20 IR A 3T 38 A 1 U0
SRR IR AR A, 20 7 AR AR g A,
Pl BE PRI 2228 M 1 T T P 3 TR R 2 e R
PRAEFRACHE R, 2 K PERALIE (MS) J& HAx fif 48
RGN A S pns, SIAE e LT LR
Ko, RIREBRIE AT A b 2 A ok b 22 3 A
FEY(ANWEMRIR ) RS2 MS, 7 MS BFssit R, K
PR TRIEAE WG AR vT R 2 Hh 02 48 40 it R 7 (A
TNF-a I IFN-g) MIfifE i IDO-1 323k, #£ MS [#5E
Y PEAR S R SR B A R 48 (EAE ) BRI b SULEEF K
BRI 75 s ok 5% A1 KYN/TRP FU (B Y K SF S 35 T
1o, I FLX S 7K - 5 5 7 T AR A 34 AR 56
BT IR Pt B [ (AD) 1 5 R IR AR 42 A ¢, FF
SR 5 WA A I A O 1Y 48 iE XL~ F: B IDO-1 Fi1 TDO
(R ZRIRIE T 2 10 SR PR 2 18 A 3 A58 i s
WRER AR R ST & B, Ml el A W R T LA
ol 20 240 /N S T 4T A L 8D WA R 7 A s K R
ST EETE NMDA SZ ARG S5, il NMDA 214 )3
A2 B A YA PR Y, 2R A g T e W R T
FIE VR b 52 M K PR 20 1R A3 428 O 52 e A DG Hp 22
IRTTHESE
3.2 BAEEEN 5S-HT R EFHH0

7B REXT 5-HT B TRP Qi1 B Ay & % 5%
M, AR 2 2 B B PR T BB 7E AR SR AN TRP = A 5-
HT, X SRR ARG KIAAT I AR FLAT IR (FI8595) |
WEIAEEER A | JEE AR BR il 4% 5 B AT LG BR RN R e
WA 5-HT EEAE I A R, il ok
YIBEE RIS 5-HT PN FES 5% XEFE GF /)
RS EESE , 5% # SPF /NEUAH L, GF /N 9 45
WA AL o S-HT F i 0 5 FEAIK, JF BL7e A i
Yt 4% i VAT Siig 435 iy v 35 T R 2, i 72 /N v ) 38
X R YA TS50 5-HT B FRik
YERPY , [FIEE,5-HT 25164 47 kR T8 1
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P,

119 5 #4475 A AE (irritable bowel syndrome, IBS) f&
— TP S 52 R AR T P , 5-HT TEH 35 11 18 I
gy o3 WA AR e vk A OCBEVE T, AT RS R B 1BS
HipiE Rk anEs AR ALY,
Jalanka-Tuovinen 25V BF9Y 22 8] IBS R ¥ 78 #
BEZREPERAE T e 8, I W Hh fd R X HE 5 IBS
SBE Z R LA IBS f8 3 20 22 [R] R s A= e 4 il 2
S, A IBS B A 27 i AR A (H 2 /D 7S SE Y
LA b VRSB 8 T RETE 1BS A HLEE
FEN . TErP AR RGE, 5-HT 2 51§54 A7 Hh
FATI ) REFORS 1B . ] 21 00 R G 0 452
ARBFFE 5-HT X 15 25 f 2w, b B IR & b (=
MR K2 S 8O0 5-HT K- 59 B, it al LA
SIHT S-HT (AT N2 o [l B g 3 BT 2 i £
JERIMAS A S 4T A, Bravo 250 WF 5 & PR, 5 %t
HRIRFR /N BUAF LG, B L AT BT 1 08 IR T 5
TR B S AR T GABA 22 AR 2l A% [A] B i
REAVR T I 38175 5 ) B o R 7K ST LA B 5 8 rE R AR
AHOCEYAT S o g 3 TR R X 8 SRR AT A G A7 24 1Y
SRR B (2, X TRP A1 S-HT AR5 i 1)t b
SRBCER 2L 17 Mg 3 T A 0T B A 9 5 TRP A 5-
HT X £ JEFHIAR ™ A2 5200
3.3 BEVREEE

o S TR AFE RE 8 B A (0 =R O i oA &
IR AT M, B T LUK TRP AR
W G LA IPA (TAA (TAd AT ILA S5 (U™
Py, 3 S 20 T (0 2 R o AR R Y AR R 2 K
(AHR) WYRcik, AHR 5 AHR B4 & n] LURISCT
TR RE DR 2R3k A1 fo i 20 TR IR v 09 2 A PR 3 3
o B, MR 5 1 T2 R 4 B ARAS R TN MS Al
RNMEIIR TR

Rothhammer %BIJE MS AT AERA
( central nervous system, CNS) JiZ8 Hh A I 2] T 22
A I XT 1 43 & (type 1 interferons, IFN-I) A9
S OV, AHR SR RO R /KT A, A AT % B
T TE R A s e A R 5| e B TP AL I
TAld, Al 22 B A 23R YT I EAE BBV CNS
RIE o HE—2HF5E K AT I o 240 it b 9 TFN-T A5
A% T i MO 15 Sk R AHR FIAH B R 5
T I R U > R AE L EAE Ay, X SR
WFI, CNS ™ A 1 TFN-1 52k B 6 2R 1 1 1E
AR ™ P 46 &, T OO B P IS 5T 40 i vh 1Y)

AHR {554 SH-MH CNS 24E, Lamas %57 78
A SR /0N B R P A P ISR 51 AHR i
TRES i B AR, I 2 A B = R 1 s By IRk R
CARD9 /N H . CARDO 3 3 38 fin 48 5iE K 1 TL-22
(7= HE AR R 25 B A (K A, T Card9 ™~ /NEUEE 5
BEEA R, Cardd 7 /NP RUEYRE R A T 8
A5 5 LM IIREN Card9 ™ /N UG 7 28 B85 A4 350N
B, Card9 7 /NRICHA R IC N 7T 582 AHR
B Y . RE AR 1 € 20 R 19 ZLAT PR A B
M AHR BhFNGYY/NRUG W8 RAEIHES

4 BEEAFHATERBRAHEEERNH

4.1 BFERHFHELZ DO AT RKRERER
ORI T R R X €0, R R PR A R AR i i AR L
Tl A TE R (E A A Y 2R a2 R A
TR IR RS IDO A F Rk FiE vk 3 TR B
AT RAsE ) R PR 2 R i A2 Th e 0 i . A HE T A
1EH A IE /N B, TCHE (germ-free, GF) /N U
B IDO Fik A BB Harrington %5 %} IFN-y
FED R/ BRURT GF /NRUA SE 96038 W] IFN-y JE 1 I
PR T 1E 8 AL AR TR, T IFN-y 2 IDO fefY
R0 PR /N B 38 R Y € M S IDO 3R
BEHE N, Clarke 257 & B0 GF /N B A9 1M 2% o
KYN/TRP FUABRRAR, (EJ&KE Wi 3 (3 JA %) J5 1 GF
/NN GF Bt S ) AR 5 T 4l 3 i R/ B
TR E 8~9 WY, DLk B @ A IE W WA H
1, 48 R I R A/ B KYN/TRP FE B AT 1R
HEIEH K-, HAb 22 E Gl 1 /N B E A S
(55 4 KA 30 KM KYN ¥ KYN/TRP
FOABCHR A AR RIS B A 1S, SR, DT AR BT A Al T 24
REfE#E IDO TG PEMTE PE, A BFFE I AT A & PE A
5 4 $%& P M IR #5 ( BioBreeding  diabetes-prone ,
BBDP) K B3 2453 [Q FLAT 11 5 2 81, 29583 3 [G
FUFFRAMHI T IDO A TEPE, [R5 BBDP K BRUAY IfiL v
KYN ¥ FEREAIC, 252 A BA A ol 20 3 [QZLAT L
[l fiz it AR & (H, 0, ) Y BE T AT fE 2 #0 il IDO
WM X5 Gao A REG —2, 4
G E A G IDO T P R AR Y = ZEHLH]E ] i
BN H,0, P-4 2 H,0, 8415541, Il
1F S i 3 - PR AR AR ELAE ARSI IDO A TR
AT 5E > KB 0,0, AT DL i s i A
DL S8 H A AL IE ] IDO 764, Moloney L 10)
JE L L CE LN B G /NN B FERS AR/ BRI S 44



[ LR R AR 2R 2021 4F 4 A4S 31 555 4 1 Chin J Comp Med, April 2021, Vol. 31,No. 4 133

T miRNA , R A YRR 5 RIR &R AR
WHAH A miRNA B3R, H3IE BH B 38 0 19 0 o
R RIRA MR IBRFEN B FRIE, REGA3 & H il
P — e B 2R 1, B RE 8 R I i 3 T R G AL,
AT 0 L AT P ) B, e, A R SR R
H REGA3 34 hin iy FLIRFT 14 7 fig 8 i )~ A= 5 2R I
VA L 4R A 1DOT LA™ A KYN,
4.2 MEEFEEHI TPH A 5-HT &2

WEFE A T Waia A P A JR T S-HT M3 EAL
W3 R T RESE T TPH $20 5-¥2 (aflicis iz, wF
FER B, AH T JC FF 28 95 JEL K ( specific pathogen
free ,SPF) /N, GF /N B 7 3 i W 4% 40 JfL 76 T2 2
R, $R A AR W RT B s ) i P A A Y
KB FIIHRE ) i A% AN T Bk TPHI, R
o 1 VR T B3 L R R A Al i b TPHL (3R 5K
K Me) 17 248 BT A VR (%) 4% b A A ) B, DT 5 ) 5-HT
G, Sjogren 55100 & B, A S5 g ANt 35 o 5-
HT /KA 2 {H GF /)N B il F il v 8y TRP
(TPHI WYREY)) 7K &334, iX £ W 15 & TPHI
FIRMHIBE I T TRP AL, Yano 457 iE—2
W5 R, FUIR TPHL 89774 5-¥2 48 2 R (5-HTP)
A TS GF /NS i AL i 5-HT FiAH AR,
MAMFE TPH1 BYJIRY TRP W EK&E 5-HT Ay Kk,
FEUA TR Wi o H v &5 1 i e S 40 B P TPHIL 1Y
FIRRALHE 5-HT WA B, Mk — W5 I 18 R
S 5-HT 7= A B AL, BF9E 50K GF /N RRU&S g b it
SRR ) PN e B 4 v 31 SPE /N BRI KK, & BT
AR TINGE i AT A% 5-HT , R Al AT A i 1 7k
A A 3 IO 43 0 1 R TR B A kg oG 4 1L 7 a0 i
fEHE S-AT 7= A:, Beah, A AFFT A TPHI
FaRL(TPH1™" ) /NEUBIE P 9 5-HT & 2 & FRAIC,
Kwon £ AW S [E] 55 TPH1™~ 1 TPH1Y /N2
() P B T P A T A A S o 2 5, AT TR R s A
A RSN R GEVEAS K IR, 5-HT 1EAR SN L e FE AR Hsi
AR SR 0 S B R A A M AR K
oy — T AT 4 At S SO 2t PCRRIE G
REENI LS GF /N B FLAA 3% /N BRI E A T A28
738 B A (HM) /0 BBy 3 o 45 % 79 Be b TPH1
mRNA I H B EIE, & HM /N TPHT mRNA
M ARSI 8 & T GF /MR, FE GF /N R 45
HS-HT 1 & & B & 0T HM /R, b T 8
TPH1 mRNA FIEE A9 2R IK 02 7560 A28 7 18 i 18 A
HEE A R 7 Pk, & VAL T % B 5% /N B TPHI

mRNA FIE 109 %3k, K H TPHI mRNA #3510
HOnE HM /NERZERL, X eI A5 R, A
FErs = 54507 TPH1 RIKBIREAA O, ARFI/N
S B A 4 R0 1T LA W) S-HT A9 A= 9 A Bk
1o IR TER SN N W % 20 A7 v 2 B,
T A A W A R RERR TR (T R AN TR )
A E I TPHI mRNA 35, #2718 14 18 f4: ) 18
1t 5 B AR 17 R 52 T i % A AR TPHLL, F 1 412 ik
2l 5-HT 8722

Jig i B BE R T RE A ) SR B MR 2 B A
('serotonin transporter, SERT) 521 TRP {{i#f 7= 4= 5-
HT, SERT f] LM HF 5-HT % 40 s P Y BA i 481k Bt
Rofigt , JEAERETEAR N 19 1E 5 K7, T #E SERT™ /NER
M= 5-HTY ) i, Singhal 2% 374 T
SERT"F SERT™~ /N B P) 2 {8 F1 E i S 26 Wy iy 21
B, RIS SERT /INRAHEL , SERT /N AT A= 4
HBFIE SRR T A Z, SERT /NREAH
Z 10 B B A ) T AE TRRE I 4%, 1 SERT™™ /1N BRI
B A W 4 ) P OR 2 ) 4% 4L, X R I
SERT™~/IN BBy g 38 4l 18 =2 (8] (4 #H B4 3 2%,
SERT flt = B8 T N BEVE 4544 . Golubeva %% JF
A T PMRE 1 2 RS9 BTBR /NS EIFI C57BL/6
IR 2 i A R i 1 20 rp S-HT B9 ] FAE A LT
C57BL/6 /IR, BTBR /|N B 45 g 1 [l i 2 4 i1 5-
HT /KRR T 50% , H BTBR /MRS TPH1 Fi5 T
JAFN SERT JE R ik L, BT TPH B3 M v
T TRP =419 5-HT W&, Ifi SERT =% S-
HT (O EE R 20, PRI 98 45 SRR B S-HT A %
WD TN 3G 0, 530 BTBR /N 545 i F0 (8] fig H
5-HT BYLED) R EE AR, TR As, flufi] & 30 5-HT 7E
S5 1R [l gy 21 2 e B T R S5 AR0MR 2 A AT B
Ja& AR 3 B % YD AR G It HL2F 0 FF R 8 5 TPHI
FSERT J[F 22 35 7K - 22 [8] A7 A2 AR 38 i A OGPk
DOUESE T AR ZEMIAT IR 4 B 7E TRP 7245 5-HT iy
HEAE,

AN Hata 265 & B, 16 GF /NRUEY B g A 4h
W N 5-HT A KT SPF /N, 1fif HLAE SPF
INEUR, R0 S-HT RS B i & X, M AE GF
INEH, KA 50% 1Y 5-HT LA 2 B R 45 4
FAFAE, 16 BH i 18 DA AF % 4 26 B I TR 45 A 1Y S-HIT
() R AL A8 ] BE AT B 02 1 g s N TE S 5-HT 1)
PR, ANE RS HRAE Y WA B T A e R Y
JULTE] At 28 DA Hb B 0 28 50 BRI 5-HT FETE 5-HT4
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ZAK
43 HEEHEERH TRP HXTHBE+
TRP 7T A4

F5E 220, i s A S BRI TRP Ik AR
HAm b TRP W] . Wi B RE AT LK TRP B
PR (At ZE IR R IPA TAA TAd I ILA 534U
P, DR R I, A AT R C89 H AR AL MR 14 ik
A I R R 2 5 B T U B D T -2 ik e Mo % ity
5 TRP AR TE W he A 56 TR, g 4R e B0
FRAtAEAR I TRP 7= A ™, (AR B,
Williams % B 53 & BHAE #0048 14 6 0% 38 1 45 2 19
BRI PR BRRE TRP B8 A (U, Wikoff 450 fff
FERBEAR WA Y bl L™ 42 IPA, T2 H
AR ATCC15579 RS GF /N R A7 e 4, If:
FEE A i B — B i ] SRR A, 25 5 % BAE 5
AEP G AS AR R A 3] IPA  FEE M IS
555 K WRAE LT FPRgE 5] IPA 7658 10 Kik%
TEH FRFE /N AR 17K X R WK N e g 7 2k
IPA (A= FRR R e AE T 15 il n] LIKE TPA 5] AfE
MR, A2EE e A i 3N T
FEBH WA AR R A TRP YD RES , /N BUNLTE P Y
IPA JKF-REAK, 2 B ECFLAE 18 AT LA TRP #e 4k
TAAS . Wilck 2508 38 3 16SrDNA - K& X 5 43 #r
TR B IERERIRE A SR E SRR/ R 2,
IR AR AR 2 wUAR /)N BRI 28 R W A O T R
FLERFT A, [F) B Sk 25 AR 2 05 rp TAA RN ILA A9
a0 1Al B A kAR, T — 20
/NEREEE & I R LR T 181 A B2 2L AT i, OF 5
TEFH R FLAT 0 20 B3 ) B0 S e 1 /)N R A
E] LA TAA F1 1AL, TFE GF /NFRIEME R B A
T M ZLAT B HL A 7 4 TLA L TAA A1 TALd (Y RE
I IR, I A Y (LA R TR IR
VAR MR Rk R A R R 45 ) el i
UL 2% B AR TAA AR AE I E AT & il 3% R
2 MEETFR IR A, & B E R Y e
i AR TRP 5 28 R K . Whitehead %5 7E
KRS v O AR DA RN 3 DR 1T 199 85 L 5% 5% 2k v 4 b
7t TRP, 3| 48 h WA ZE LR T IAA (177 4E R
T PR 40 A 22 T AR A (0 SR T B TAA ISR ER

5 BE

JiE A U REXT TRP YR IR E R . 5-HT F1i%
A i AR A R, ORI R TSR

IR TRP AQHF 2500 A 5%, B A1 S LI s i
Ty ER G E M2 IB AT VRS FURS P A (£ 08
A8 PS5 ) (% SRR AR e o LY
PR T e — 20T AR S 258, ek P 400 4] 570 >F B 1 -
LB AR Y, B AR A 22 2 VEAC S K F [ g
B i 2GR AR = 0, 2 T8 BR T A DC B
AOVEF RIS, Jm il v A 7 K 26 0 Hh -t H A
YR, R Wi R AL W A9V RT RERTE 20 i il TRP AR
T, TRP ) 4 B 0] 42 3 95 18 B R A
i, A AT DL o 2 AT 5 0k A Bl e o 18 1R
TS 28 OB 4952 i), G045 £ FH e = T A 1) TG T 8
W g A AN ST B0 AE B TR 2 AR A A T
A 3 i A R S ) i T R A BRI T TRP A
AR — PR AR RUIR YT T ik . I, AR S0
1 R G5 WA i 3 R BT TRP AR5 12 2 A 56 g
T ERRZ L, ] UK S 9 BIL A MDA 7 45 i R 42 14K
BTSSR, P T T A - i R R A
YRI5 e LA R o FASE Y 114 52 2 e i EL H
RZHI TR FE Ak I 5, DRI Xt g 38 B R o et
TRP AR5 6 AR AR ST 0 — PR A

S 3k
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The mechanism of TLR4/NF-kB in atherosclerosis
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[ Abstract] Atherosclerosis ( AS) is a chronic disease characterized by lipid deposits in blood vessels. An increasing
number of studies suggest that immune-mediated inflammatory responses play an important role in the pathogenesis of AS.
Toll-like receptor 4 (TLR4) participates in various stages of AS as a member of the natural immune pattern recognition
receptor family, and thus has become an important target for the treatment of AS. This article reviews the progress in
research regarding TLR4 and AS.

[ Keywords] toll-like receptor4 ( TLR4) ; NF-kB; inflammation
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B ER—IE B2k, T 4E R 2 i WF 98 HAE AS &k
PRS2 . Toll A 3Z {A (' Toll-like receptor, TLR),
TLR4 E2R TLR 5 i — B 3 2 00 T 3 R M
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FEERE AN AN, S5 AS 1
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ShK R FEBEHIE W Pl B VR

Michelsen 25 Ff Apo-E™ /IR AU 5T F 1
TLR4 K H: MyD88 (i 5 il 43 3= 3l ok KR 1 i £
N, AR T AS YRR, Bjorkbacka 55
FI MyD88 /N BUIE B, TLR4 Bl = 55 56 IR 2 fik 5
HdH s s A O 3 A U AR T AR AR TR - R
T RIRIA
2.3 TLR4 7 AS R E/GHIM1ER

TE AS B9 78 J5 3, 28 P 240 JfL 4 0 1) 28 11 Tl e
PR 1 ST T R A R E R
BAE WA, e R EHE A B - 9 (matrix
metalloproteinase-9, MMP-9) 7£ sl ik ¥ FE BE BT E
RS R R A EH] . oxLDL J# i TLR4/
NF-«B ¢ #i 1 42 42 78 W 40 i B i 10-8  TL-1B .
TNF-c, b MMP-9, Jil# BESe f g 2407

Il AR 5% 22 BH , 20 ILRE ZE (acute myocardial
infarction, AMI) £ 35 A 4 Lo 43 B R 1) 15 10 400 i
FRITTBR EL 200 6 LU R A0 29 (stable angina pectoris,
SA) AN &, 7 S B BE VT 5 B B
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SR G AT O, AZ12E M R TLR4 7E
JREARAS 4 5 Wk 20 6 5 i 1 e bR Bl Jok B e e o 3
K, KW TLR4 2 58k BEH A B 24 7 . Yu
25 U8 S et Al B AMIT S8 25l S B B = R b A, 2
BARZ AN, FBE BB LR T BAX A 1Y) TLR4 5
T HKF, Ui TLRA 7858k 3h k= 1 w4
JH r ) 22 38 T B e R 2l Ik B e O S R R 2 1
B[R &, Montecucco a1 o ApoEf/f N B Pe-
apoA-1 HLIA, WF9Y & Bz b ifid i TLR4 & 15 53K
PR LR MMP-9 75 380, B i e B AIR, i
T3 0 3l Jik B Bk 19 2 483 1, B0/0N BB B8 T 3R 38
23%, UEEEE O G A MBS B A (FN-
EDA)YEN TLR4 A PR FCAAR , o] 3006 TLR4 38 5
Doddapattar 250 %t Apo™™ /N B Y BF 5 45 S K 0
FN-EDA & R 2l i TLR4 3812175 5 1) 3l
ks BEHR AR E
2.4 NF-«B 7£ AS &% id 2 hE{E R
PRAE I B PH T R T 2 — R S T NF-
kB, NF-kB #AHE—FE AS HF, 25T
AS TGS AR A 2R B AR
NP R 5 B3R B T NF-kB 2 5 T
AS IRAE L FE . Methe 5512 R B S 5t Bk 25 5 AIE
FUASERE B0 B9 R85 10 40 ) I BR A% 240 M FN
YA NF-xB #5380 , 4878 NF-«B 1930 & Rz
14 AS HEJR I —FE S ML, Tang 55 H] siRNA
A% Apo-E KO /NS TLR4 J& , NF-kB ik Bl 2 9
0, F 3§ IL-18 \TNF-o F1 MCP-1 7K - i
FREAK . Wolfrum 25 ] NF-xB I F) )5 , FEAK T
Apo-E™/INER FE Bl BRAR T B ok ok Ao Al A s A8 TET A
16 AS 572 BRI 3 , ox DL 435 I Bz 4t & 2E &
i S, NF-kB 2 5 005 P9 R 4 EORG B 40 40 etk
PR IS 40 KL B 49 -1 (vascular cell adhesion
molecules-1, VCAM - 1) . 40 JE (8] 4§ B 43 -1
(intercellular adhesion molecule-1, ICAM-1), N}
21 R B30 0 5 A A R 4 R R AR T
AS 19 & ) Plotkin 2810 A4 Apo-E~~ /N B
FH NF-xB #6515 , 9D T 0 R 40 i A T i
RIEA- T VSMC D) E -3 B30 ik o BEES A=
S AS RAERSCHE L 8N EBGE, VSMC H
FEUIR AR A AL i R, NF-kB FE AL p50 .,
p65.p52 .c-rel Al RelB i3 i, Ml B A 4ET
P, I HAE VSMC BUE 5 , BN IRE 5 VCAM -
1 MCP-1 ik A7, M3 422k 4 B 18] 19 32 43, s T

SMC #kZE ik VCAM—1 1 MCP-1, E W 4 i F5 4%
Wz  HHETE S BKBES Y AE XS Bsh ko A= i
(R B B AE BE LR AIF 5 o, NF-B 3 JE 300 |, Fasl 36
iK,NF-kB 2 52 1= H Fas At /& ( Fas ligand,
FasL) B 845, R Y NF-kB/Fasl, 2 5B A Fa
TEHIHLA

3 TLR4 {EASIBYT AS

AS JEAE R —FpHAth O B PR Y A A T
B FNAYT AS BN FRATTE s DG By [, TLR4
T AS W& A R EE /R, R TLR4 K& H:
TV AT AR VAR A IR YT # A, Shen ZE B 5T
R, T s BRI A S 0 AS B G 7 A Hb T B
FERRAMTTIA YT 4119 TLR4/NF-xB #3501 i T+ 55
PEBTHE AT T AT R 238 it 0] TLR4/NF-kB #1276
JT AS. Boekholdt 45 X 47 AR Sl ik ok AL A8 Ak ()55
AW & B TLR4Asp299Gly 22 25 5 9 0% 1) & E
K, MRS TTIAYT G, 95 A sl bk o i
JEERE R W, BE B /s JF HOBE R kOB A
TLR4Asp299Gly Jt R 0o i 7 S 4 XU AR TR 4547
AL % AR S S D AR YT A 3R 2R
%, AR A M BT AT A2 A %
X R IR ME SR B Apo-E ™~ B Z f/NBL AS VEFH L
B FHBATE AR A YT X AS A1 A58 38 5 14
il NF-xB #755 /) TLR4, X} AS B9k & HA — & 1)

=\ [ 51
p= 0 R
4 itig

TLR4/NF-«B JE&[E A7 fe 9% i — 4% 5 2538 %,
I RIE VL TE AS BB & R E A Bk
PEEEMMER AR, SOk 2 00 53 38 1o ik A
P BRI IESE T TLRA K HF s S0 i%
55 AS KIR IR SAE I BAE AT AS (—AE %
B, HH BT A7 — 2 0] 8T 2 IR A Y
oxLDL/TLR4 i1 I 1 I 41 fifg 22 17 1) CD36 53
FEE W A4 0 ) 0 AR A, 21717 75 1 7 4 i PR %) R 75
RAE SN, (A& I A A BFFEIESE TLRY 5 4 i 7
PR B HEAE FIBLE] , G R A BF5E R B TLR4 #E
I 24t L s o gt v IR T st 25 AR b 1 /R YK TLR4
SR ZBMES AS S50 A F 1 U 19 & A 56 R AT
B, AR RV TLR4Asp299Gly &+
LT T KRG WIR T R 2, K
TLR4Asp299Gly JER 228X AS 19 & A A7 A9 1
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FH AL A BF5E & B Asp299Gly #5417 25 55 1k 5 2 0
JUUASE B0 XS A2 3 I 1, T Lo M JE Gk, DR e 7 e
LW IR EEA M —2 B TLR4 3L 285105 AS
KAERXZR, HIRITEAES G5, 8 it
BRI IA AS I AS 1) & A AL HE A8 LA
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Research progress of long non-coding RNA involvement in angiogenesis
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[ Abstract)

prognosis of diseases. Long non-coding RNAs (IncRNAs) are important regulatory molecules of angiogenesis that are

Angiogenesis is closely related to many diseases and plays an important role in the development and

involved in the pathological recovery process of ischemic stroke, tumor, atherosclerosis and other diseases by regulating the
phenotypic transformation of vascular endothelial cells, angiogenic factors and miRNA expression. Here, we review the
biological functions of IncRNAs, and describe their expression and regulatory effects in angiogenesis and vascular diseases
to provide reference for ongoing research into IncRNA mechanisms of action and their clinical application in angiogenesis.

[ Keywords] IncRNA; angiogenesis; EC; VEGF; miRNA; signaling pathways
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IncRNA KIEVEFIDIRE) 12 , ¥ & T FE P ki
() 5 T, = N AMIFSE & B, IncRNA J2 L4 2k
RS T, 2 5Btk A b e | s ik
FERFAb S5 905 ()s BRAK B 3 B8, SRl JLAR 45 32 Gk
P TEIE 73, ASCLRIR T IncRNA Y AEY 24 1)
A6 K HLAE 1A A BSOR I 45 95 HP %) 3% 38 78 Ak RN i
FEAE B AR OGS, DL R I 252 1M 8 8 A= (R AL il AF
I8 K R RS

1 IncRNA HI4EHIZIhEE

IncRNA F= 2250 7 7E 40 A 9, SR T, A S Jm)
FRTEANM S rh, B PR 20 B o rp e B, ARR T 4
e 57, IncRNA HAG I8 75 35 PR 5 S (51 2, 3 R 352
AR e SRV 45 B SR I K- IR ) (A
TR U YL B M A miRNA SEAEYSATRE
1.1 IncRNA ZEZA A% BT BEHL &I

(1) IncRNA YER B HPEE 5 DNA 3 H Al
HEM4EE A IncRNA-E K AF i Re S Ve 52 W) 5
( growth arrest-specific transcript 5, GASS) /i i 55
MER Y, R B2 T 2R N 2 TG (glucocorticoid
response element, GRE) 5 #f 7 it ¥ £ =2 EN
(glucocorticoid receptor, GR) i DNA 54 f8 45 5
M5 DNA GREs 354+ 5 GR %54, YUHRZES
T ,GAS5 /B GR (1 “ A% Wil K77, il 1 94 15 GR
(e Si % P 52 T 0 B AE O R AR IS B, (2)
IncRNA 14 4840 55 RNA 454 8 (A, K AR Y 2
FHRIBTE— R IE R B 55 9, P8 45 e 66 BT 45 44 71
FeR 35, IncRNA-DKK1 Y35 9895 %% (IncRNA -
activating regulator of DKK1, LNCAROD)"*' 3= 4}
MEAEZEN, 5 Y-&45 A& H 1 ( Y-box-binding
proteiN-1, YBX1) F1 # K 5 5 1 70 ( heat shock
protein, HSPA1A) & H %45 &, Ui B YBX1 3§
HSPAIA ¥ K 5 W LNCAROD 7K *F. 4R 1,
LNCAROD ffisc S8 YBX1 & (12 s 4 je i
FIRM AL HSPATA AYERE SE YBX1 AR
FI R % fi s, LNCAROD fE b YBX1 Al
HSPATA ME AR SCAL, B 1k T YBX1 78 HNSCC
20 P A A R R A e E HNSCC 200 it 3 58
T, (3)IncRNA W5 E£EMEBTH2 . IncRNA Jifi it
J6E T B M O SR R 1 ((metastasis-associated lung
adenocarcinoma transcript 1, MALAT1) RS R R
22 Z 1R & 5 5 H ( serine/arginine-rich protein, SR
proteins ) 5942 Kl A BLAE Y, e 728 HEAE A% B A X 8
1) 5 T2 Ak R 28 0 A, TR T R Y R
MALAT1 3 F] LA 32 9815 SRPK1 45 59 U] (5] 7~ i ity

A E AL P, B Bk SR E L I SR
BERR AL , 52 Wi e BV BT HE A B MR Tl ( PP B PP2A)
(4) IncRNA 38 32 R[] Ji 2l 5 B 0 5% 5%, SE v
S A A B (05 T I Pl R i TR 5, R A
ZH DNA (%306 5 1 5 A, AT LA e 248 5 R 2 1) — 44
2,00 5 3OO 10 5 9 8 3h 7 B i B R A 4
IncRNA-SK 41 Jifl 98 22 % 55 £i2 B A ( plasmacytoma-
variant translocation 1, PVT1) VR R A LA B
PR S5 T, BB 2o g 8 R P L R 4 B IR 3 7 o
o PVTL B A Y5 3 7= 40 MYC i 2 [H 3%
KA R ] DNA Jofd, = b /Y )3 31 58 4 fil
PVT1 J53 35 HA DNA 1 FocfF i oiag, FLiE MYC
i R DR 22 30 A P S A S R 1 R 1
1.2 IncRNA ZE48 /@5 B Th BEHL

(1)IncRNA [A] 5 3 -3 dE B X (UTR) 45 &
(V26 A VR, % mRNA ARt A HLBE
F ¥ iz K 1bl ( organic transporting
polypeptide1B1, OATP1B1) j&—Fh =2 Fik T AN
240 0 R PR S MO L ) ) 5 5 B U G2 4 IncRNA-
HOX #% 5% )& X RNA ( HOX transcription antisense
intergenic RNA , HOTAIR) " A L i 4 k. miR-206/
miR-613, ] #f miR-206/miR-613 5 OATPI1BI1
mRNA 3°-UTR 454 07 58, 1B IncRNA HOTAIR
Xt OATP1IBI A9 fie #E/F F. miRNA il i 5 H 5
mRNA Y 37 -UTR H 58 A 5070 AN Y B 5 e 51 A
HAER, T AR B Rk, OF 5 T M, (2)
2 X IncRNA jf i 5 mRNA JE BOBUEE SR 4% mRNA
ARS 2 . IncRNA-B 73 WA — 1 B9 [ SCHE SR
(antisense transcript for Bsecretasel ,BACE1AS) I
BT RNA US55 T B 43 W — 1 ( B-site amyloid
precursor protein-cleaving enzyme 1, BACe-1) mRNA
AFRE E . siRNA 43/ IncRNA BACE1-AS T i
TUBR, AR T B o 22 A0 i #5540 (SH-SYSY) 4ff g
BACE1 X 3 %y #¢ A & #£ 1 ( amyloid precursor
protein, APP) ) HIREJ), % W] BACEL 7E SH-SY5Y
41 Y R E P S IneRNA BACEL-AS (£ 5% 1]
K. (3) IncRNA fE 2 35 4+ £ N I8 £ RNA
(ceRNAs) , AT LAFE 5 miRNA , M7 BH (- HH mRNA
A, IncRNA-SIHURY 57 2 38 B 52 0 [A] JRAE 2 e
X RNA 1( dysregulated ladybird homeobox 2 antisense
RNA 1, LBX2-AS1) "/ i ceRNA HL #1410 il miR-
4685-5p B LBX2 #ik, Mk, LBX2 AT LIFEN
LBX2-AS1 ARG N T, LBX2-AS1 miR-4685-
5p A1 LBX2 JE WL IE S 5t 3, 4R 50 K . (4)
IncRNA AJ DLIE [a) 567 ) 995 25 1 B Tgf2r 2

anion
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E & H % 15 RNA ( antisense of Igf2r non-protein
coding RNA , Airn) ") J& PAAC 28 Yo (8 AR 5% 3% 1 A f) EfD
WREER BRI B BRI Aim B B35 RS
ZHAKKEF 2 mRNA 55 8EH 2 ( insulin-like
growth factor 2 mRNA binding protein 2, Igf2bp2) 4%
& i3 Tgf2bp2 #5 mRNA B BI1%, Aim B9 DTER
53 Ief2bp2 5 Hfilh mRNA 19 25 4 0 b, § 5
Igf2bp2 £ FAY BT, (5) HELE IncRNA 465 B
BIRBEREMMAK, B & BIFZ IncRNA A5 %8 T
J R EEHE (sORF) , sORF gt 11 /NDI B8 IKFR R S8k
e o NCIRDRUIN I EAL Bun SR o i R A TS
PN MLAE 5 1% . IncRNA-HOXB 7% 2 L RNA
3(HOXB cluster antisense RNA 3, HOXB-AS3) ' 4y
fith— A5 ) v R 240 AR Y 53 AN ZEEIR Y RUIK 3
W EFEST A RNA 255 5 P I B AL
(hnRNP A1) #1] #l P Bl 2 98l ML( PK-M) 119 55 12 5%
MdlEAE 2 . (6) IncRNA I8 A DL 35 41 i 5
(15 08 . Ras [A) J50HE BRI % i 61 A (RhoA ) /
Rho 5G4 MR 2 11 30 (ROCK) £5 5 i 30 il
B SIS A G, TUERAY IncRNA-F-3 L4 A
5% 1k & il 58 4L ( smooth muscle-induced IncRNA
enhances replication, SMILR) R T miR-
141 235, FE 06 RhoA/ROCK 3 4 7 57 i
IR %

2 LncRNA 3t I & # 4 /0iE=E/ER

2.1 IncRNA iFEMEHEBXEBRIRIE

IncRNA 25 I 45 N Bz 4 i | 1l 8 o9 2 A= B A
+F .miRNA SEE W) 0 F BRIk, IR, IncRNA
FIR 5N AR Il 5 A PR B A B DA O,
PV R IS A 18 (andhe i P A 2 0 ILEESE )
o B 048 A B An g L oA R S 6 1S A ) S A
YEM . JFEAEA miRNA 36 4+ PR PE RNA, 171 1]
£ miRNA 9 3K 35 K Ui 38 o5 35 A, AT AR 41
miRNA (440 IR U8 A 00
2011 VR A P R AN

I A8 A B T 2 i A A A R R i L S
VET, HoiP I8 N 2 48 i ( endothelial cells, ECs)
HIEAE X B A MEMIE B CEZ, —1
IncRNA HEPRES 60 I 78 5% K A B2 200 2 ( human
umbilical vein endothelial cells, HUVECs) fl \ E jZ
WO & N % 40 M ( human dermal microvascular
endothelial cells, HDMECs) "™ 135 T 116 4> ECs
&M IncRNA, HATE A £ IncRNA $41E T 7574
P Bz A R

Kottt IncRNA 7 B IfiLPE i A i Js e ik e
PSS K48 TS U R I (1P A 3 L =R oV VR K
A A RAESE . TEBRIMLPEMG A P S IncRNA -G
B HMEKZ K 137b - i 5 K (G protein-coupled
receptor 137b-pseudogene, Gprl137b-ps) ' ik i &
I e ECs BB TR LA, S 0 i A %
(microvascular density, MVD) , 2 3% fixi 25 7 J5 1L R
BN, R E S T la ;2 L RNA 2 ( hypoxia-
inducible factor 1a-antisense RNA 2, HIF1A-AS2) "
S X IncRNA, SR T HIF-1a (8 F 2R 2 L%
S, AR HIF1A-AS2 3235 B, {2 #F HUVECGs 1
HAFRE ST RS RE D FAE TR BURE ), Bh T Rk il S
M AR, 78 B4R DL R I A8 P e AR A TR 1 3l i3
T, MALAT1 ' JUBRAE A0 ] ECs W95, IR T 7%
FAY KRNI G 0] RE A A T 40 ] 4 A e
ENi N

TEJG FRYE IS A2 AP, IncRNA 3 31 5 35 10
TAE H. IncRNA-Z % 25 & B E2C B3 3
(ubiquitin conjugating enzyme E2C pseu dogene 3,
UBE2CP3) """ {E T4 19 ( hepatocellular carcinoma,
HCC) Zl 4321k, eS8 ECs MBS 5H iE B Ak As
AEy Bk 1 i 6 A0 A 75 S 1) I AR K, R BT
#X UBE2CP3 13 35 Jim WU B 400 o 1t A A= i, B 22 fe
JEERE, KILH I E S S RNA (LINCOO ) 284 ( long
intergenic  noncoding RNA ( LINCOOO ) 284,
LINC00284) "'/ £ B} #1985 ( ovarian cancer, OC) 4141
FZH A 2R3k A, YUBR LINC00284 3@ o i i iR
JZ 5 5 M B S R ((mesoderm-specific  transcript,
MEST) F1'F 8 41 i #% A -« B1 ( Nuclear factor kappa
B, NF-«B1) BEAM il P 52 &4t i) 36 5 32 A= 22 R
1A A . P, OB LINC00284 (1) 2% 34 AJ fE /2
OC A BRI KL

A IncRNA 7E-5 = AR G 1Y) 1A K 3 e I
FIREDR 9 10048 I & 0 vh i Bl 2ok B B 3] )
B MR SR 24 h J5, 100 4~ IncRNA 23 F A,
186 ™M T, MAEAIE T, IncRNA MALAT] ™
FARIK- T I B BR MALAT AT GE s o 0%
PI3K/ Akt {55388 %, At 1 N Bz 200 0 1 5 | 3 76
WA B A UE T, O B, DU MALATIRY G
1 P mir-203-3p Y2 A =R S A0 A0
WO 4 N K2 48 Bl ( human  retinal microvascular
endothelial cells, HRMECs ) iFF2 F1 &, A0 /9 B 1145
PORRAR | AW BRI 190 55055 78 ) V6 7 S ik 1 —Fof T
RERY 36 97 7 ¥k, MALAT1™ 3 (5 B fg wl 31 i
VEGFR2 A1 , el s55 /) BRI T A a6 2 i
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TEANTREMK I, 4004 JHE i JUL 2 e ot s ) I A2 5
FIBA0 M %, W] MALATL nJ DA i 2 25 HL il
BN I A A2 R, IncRNA FENDRR '™ R i 5 [F) BE
il HRMECs 3§ 5 1T 4% | B 40 I 4 B 245 & A2 A
VEGF 33k, #2758 T IncRNA 7E mBp h 55  %
ik, HZ: 5N A0S RE , 5 0m i 4584

PN B T RE R A2 10487 W0 ek B, O HLJ2:
B ik o B 1 M A 5 s Y T TS PR AR, Yin
SRV % B IneRNA - T 988 785 3 38 7% S AR (highly
upregulated in liver cancer, HULC) i #F A4 L4 Y
J% (human microvascular endothelial cells, HMECs)
Y AL AR, IR AR T O VRE S Y
IncRNA-AZIN2 BY £2 28 {& ( AZIN2 splice variant,
AZIN2-sv) "5 S0 JIE N B 2, i N B2 SR 1 £
JEE R F, #03] HUVECs iF#, ML L 7T g8 i BH
T Akt B PR A LA 0l A5 2
2.1.2 JEEEIE AR T B2 AR R G

1148 N B2 A= 4 [ 7 ( vascular endothelial growth
factor, VEGF) J2& PN B2 41 B 5 S MR e A 22 0 24T
Bl 5 N A0 S T AR Y 32 /R VEGFR-1,
VEGFR-2 Z55 , P01 40 i N s s MR B g , 51 o — &%
SRR 53 e, PR P LA A2l # . VEGF fE 2 Fif
TEAARASRD Hh i ZU A2 10078 A8 W AVE T & &8 bl 24 5
WUkt , H VEGF YR ISR 5 42U b Sl & 1Y 4
J& R A A B B DA G

Ho- H A OBE R /8 A ( oxygen-glucose
deprivation /reoxygenation, OGD /R) Ji , ixi f# il & Y
S 40 Bl ( brain microvascular endothelial cells,
BMECs) H#J IncRNA-/NZ{~ RNA 15 F 2K (small
nucleolar RNA host gene 1, SNHG1) 200 R N A It
N B 40 Mg ( brain microvascular endothelial cells,
bEnd3) H1f%) IncRNA SNHG12"" /K -2 T & | 3 1ot
JA¥E miR-199a & miR-150 B9k, 1t A5
F-la(hypoxia inducible factor, HIF-1a) fil VEGF i}
ik fEHE OGD/R AL B A I8 A2 i, IncRNA-X-
inactive $ip 57 PEHE A& ( X-inactive specific transcript,
XIST) 2% (1 2R 3K 7K 1 IRV Bif 25 it S 2 18 F TR] £y 1 o
M FFes , DLER XIST AJ 2 2% B AR Gk 4 VEGFR2 Al
VEGF /K3, DL X% ERK1/2 il Akt B 1k K S, #i
MAEA K, T IneRNA-BE R £k 3 K 3 (maternally
expressed gene 3, Meg3) 2 IfiL 457 A= 1) £ I 4 R+
R IncRNA Meg3 '™ {1 fif 1fil 45 A A AR G 3%
VEGFRA Il VEGFR2 b, #58 4 ¢ 40 i i 4% Fn A
TE I, 1 A o i 1) =6 0 14

Qiu 2510 % B AR 4275 G ] T (antisense
hypoxia inducible factor, aHIF) 7E Sy & PR [A] Jit
HAPE IR, IncRNA aHIF BEAE 0F 1M 45 A B A 56
L (VEGFA \VEGFD) Flgs i sl 41 4 4 it A 1 1 7
(basic fabric growth factor, bFGF) f %3k 175 T 1ML
Al

FEON B 20, IneRNA-A R 45 Bl 26 1 4
fih RNA ( differentiation antagonizing non-protein coding
RNA, DANCR)"™ 3£k |8, DANCR fg {2 it
VEGF 23k, St b 8 A i, Bk DANCR &[4
eI A0 O A A R ) B R e R B AR K
IncRNA-PRASEZ IR 5 3 WK A i 5L 4 (olfactory
receptor family 3 subfamily A member 4, OR3A4) >
TENPE (HCC) 18U L, 4% VEGF M4 55Kk &R
(angiotensin, Angl ) 1 2F 4 4 i A= K K + 2
(fibroblast growth factors 2, FGF2) 2 [A/KF-, m ik
FECRL ML % ((microvascular density, MVD) 3%
5, 7] OR3A4 ATRE/Z HCC KRR BUS M HibrEY,
I 5 18 A A DG, IncRNA-E 2 W2 W Il 2 1k 2
JZ 3L RNA 1 ( tyrosine kinase non receptor 2 antisense
RNA 1, TNK2-AS1) ) 2B /N1 i il g v 19, B
U/ T AN SRV PR - 3 (STAT3) A Yz =4k
7 45 5 FCASE T, AT 4 3R VEGFA 3Rk, I i
STAT3/VEGFA {553 i , 75 F ML £ i, IncRNA-
Nz Z W F 1 B EE K (small ubiquitin-like
modifier 1 pseudogene 3, SUMO1P3) ** ¥ 2% iz Ji 21
U iR IA ,SUMOTP3 i 4t 8 Az A 1<
HF VEGFA 953, I/ IfL 3 A2 /i, Yuan 250 %
L IncRNA-EJ2JE A (imprinting gene, H19) ¥4 Il
EAKN TR R, I B WS AN BA0MJ8 T, 2 A
SF B ] 78 5T T 40 B2 ( human amniotic mesenchymal
stem cells, hAMSCs ) H {2 #F 1L 48 A& A i) J S0 9 4%
ESI
2.1.3 ¥4 miRNA

miRNA 552y 1A ) 1y o A 200 e A 39 4 i
O AT ANIESTE R R B S — R BB
AT S A BB AH G, TEALAR 2 Fb AF e 7 R 4
FEAE, WS & B, miRNA T B 5% i il ——
Dicer i (14 B 4 5 340™ A 155 5 A= B0
BEIA N miRNA 55 188 28 56 R %), 21> miRNA
FEAR 3 K A ) i 45 B A= 98 Y b & i EAE AL
IncRNA 5 miRNA 254, 5e - P52 miRNA 5§05
PR 245 G, I 4 88 5 PR A K1 A AT G O 4R
miRNA #3838 7K F |l #0K A 08 T, 98
miRNA F7KF-, DA T (] HE 52 Wi Bk PR A 2 3K
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TGF-b ZWfs 5 5% % (DIGIT) ¥5F GSC 7L
IncRNA (IncRNA divergent to GSC induced by TGF-b
family signaling, DIGIT) ST R miR-134 4y 15
23 4 miR-134, DIGIT 312K 38 1o 4 4% miR-134
KT S B A0 AR S PR 5 2 e BB 1 L
TR KL (Bmi—1) YK, /D VEGF 2510 A=
KPR 19 3R 38, 30 2l Bk oks A 8 4k 5 1 48 A= i
IncRNA-JR f#% b Bz Ji Al ¢ & A 1 ( urothelial
carcinoma-associated 1, UCA1) " BT 2k 5 5 miR-
195 335 b, 1 22 2000 A A A5 - 8 7 R
H ¥ B ( mitogen-activated
regulated kinase, MEK ) /4 I8 &} {5 5 8 7 3% il
(extracellular signal-regulated kinase, ERK) 7F1H Z,
YA R MK E H ( mammalian target of
rapamycin,mTOR ) {5 53 % #01% , 5% 9 HMEC-1 28
ML A K A . Qin 4B & B UL BR 5 T A
IncRNA-FE i F2 5 15 9 ( regulator of reprogramming )
AT miR-26 YA, T NF-«B Al JAKT /
STAT3 {55 % , [FIAEA§ T HMEC-1 LAY A= 4 |
TR S B AN ML 1, SR Sl bk ok A B Ak 1t 48 A Y
HE 1) 3A 7 42 6 BT 19 L B, IncRNA TCONS _
00024652 V£ miR-21 1955 4+ PE P9 I RNA, FEAR
HARIR W55 HUVECs 1y 58 A0 A A= 18, R0 sl ok
SR RERE AL BER A9 TE A, & W] TCONS_00024652 ] fiE
S NE B TARIC, B8 E 3h Dk s A B8 AL BE B A
182 B0 K sk A A Ak i) 2 e

FEIFIE (HCC) Y B NFLIRE (BC) 1
PIA] & B0 IncRNA MALAT1 ik F#, 7E R miR-140
. miR-145 (4 38 4+ P I RNA, 98 £ 1 Ui 40 51
VEGF M HZ ARk, 2 5 M8 B A HLfl. Gao
SE Rk B B S U0 8RR 3k B E) I 4 % RNA
( LINCOO ) 488 ( long intergenic noncoding RNA
(LINC000) 488, LINC00488) # ik Ji , 18 i 7 4 Mk N
PR FHH4% miRNA-330-5p M H#ERL R TLN1 3%
IR RS 1G FE R P R o A A A2 B 0
TG JHF 9 1 I
2.2 IncRNA A2 I EH A XESEEE

A5 A AR T 412 2 60 410 1 475 5 3 B =2 [ fy
F iy, BF 58 % W, ®E OIS MG OUL AR - 3 0 g
( phosphatidylinositol-3 kinase, PI3K)/ZE [ ¥ /i B
(protein kinase B, Akt) MEK/ERK, Delta F£HC {4 4
(delta-like ligand, DLILA4)/Notch, HIF-VEGF-Notch
SR T X TR O PR B A B X 2 0 A A ORI R
3T 2 S 0 2 T2, IncRNA 38 i JE4E H 255
T PR RO, A S Y LA

extracellular  signal

IncRNA GAS5'* i 5 HUVECs ™ 4 2 11 1% 54
TR i PR 1t 3E K] ( protein tyrosine phosphatase gene
PTEN) 7 4+ V£ 454 miRNA-29-3p, 4% ifii 34 PTEN
25, M PIBK/AKT RBERR 1L, FLAS PI3K/AKT
I T W A A B, B4, ik ik GASSH
[FIFEREMI ] Wnt/B 2 2R F1E il B R JOs . 3R
Wl GAS5 2 5 P45 2 45 f% 7 18 B A = 145 8 2
IncRNA PVT1 GefEt g A= K 175 5 i v L 7
Ai. AL L PVT1 5 STAT3 {5538 B AH HAEH],
WO STAT3 {5 53 %, 101 VEGFA ik i S 1L
A, MM, STAT3 Jid Sk ORI PVTI 5 5% , A
FREE YR B AL

TESN K 945 FF B8 AL %05 P, IncRNA-Alu 4 5 1
p21 5 5875 A F ( Alu-mediated p21 transcriptional
regulator, APTR) """ A i i 71 % miR-126 ¥4 %
PI3K/AKT #1 MEK/ ERK 15 5 i %, M\ M4 i3k 240 Jg
WA GE B RN R L, Zhu FYBE X R B
IncRNA H19 i FIK B L T4 miR-181a Fi IR
IR 1% 4k 25 H 4B ( adenosine monophosphate-activated
protein kinase, AMPK)/c-Jun 2 3 7K %t 34 B ( c-Jun
N-terminal kinase, JNK) {5518 1%, & ¥EA2 145 A AL
EH . IncRNA-fZ46A4E K ¥ B (transforming growth
factor—B, ATB) " il i 8% miR-195 3% PI3K/
AKT F1 MEK/ERK i i , 18715 A K2 200 14 32 4% i ifi
A, S DY SRS koA RERE AL Y AR

FE JE B 1% 9297 1, IncRNA-Wilms JFigF 1 ARG
GA=REE" 1 ( Wilms Tumor 1 Associated Protein
Pseudogene 1, WTAPP1) """ /£ miRNA-3120-5p
58 4PN R RNA Tl PI3K/ Ak f5 538 i 8]
SRS & R OE A - 1 ( Marrix
metalloproteinase-1, MMP-1) i3k | 145 EPCs
{180 40 LT A LA A1 i, TR A T 1 A8 1) A s AL
il v R SR E SR

3 NEERE

PR LT IncRNA JEIEFE R R IK  FE R4 ED
10 R BRI DL R e 8 B M ST e TR
A N 3z i A5 1 FH AL o %) A o B A Rk e, il
BT A RV 2P e B A B SC B ER T R i e T
IncRNAs 432 48 5 A= iR SE R aE # /0 , I0A 1 3¢
MRBIFFE 2 B, IncRNA 38 5 B 32 45 A0 O 21 1 el
miRNA AT BE , (] H2 5% e $18 5 DAL A 7K1, DA 1T 52 e
I35 PR R AR R TR 19 2 35 | PN B 400 i 1 98 AR 2 4 |
miRNA f93RK, M B A, R IncRNA 25
P A A A R L B SRR EEEH,
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fHZ , IncRNA 7 145 38 A o i v B FH LI
PAANTEE:  IncRNA JRF5 14 T 1t 56 PR R {3 % 1) 43
FHLE AT, DS PAY EE IncRNA-mRNA-{5 5
i % ™ & IncRNA-miRNA-mRNA 4 #5 ™, B #ffi
IncRNA 45 1 4578 A5 BATL I, Shy i 38780 A6 A DG B9
At W B 297 O k. JF B, R 2 el 1
IncRNAs %35, W15 & B #2 ,  H F Il IR R
7, WIS I L SUTTE
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Research progress of establishing atherosclerosis model in rabbits
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( Department of Cardiovascular Medicine, Shandong First Medical University Central Hospital, Jinan 250013, China)

[ Abstract]

to humans. In addition,

Rabbits and primates have similar evolutionary history and vascular morphological characteristics similar
rabbits are very sensitive to cholesterol overload. After eating a high cholesterol diet,
hypercholesterolemia can be formed in a short time. Therefore, rabbits have unique advantages to establish atherosclerosis
models rapidly and concisely. Many method establish rabbit as animal models, including the traditional high-fat diet feeding
method , the femoral artery balloon injury combined with high-fat diet feeding, CRISPR/Cas9 gene editing technology and
other emerging modeling method .  In this paper, we review the establishment method and advantages and disadvantages of
rabbit as models commonly used and emerging in recent years

[ Keywords] rabbit; atherosclerosis; hyperlipidemia; animal model
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