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[ Abstract] Objective To observe changes in blood glucose, bone strength, and intestinal microflora in db/db
mice. Methods Six male db/db mice and six wild-type( WT) mice at 20 weeks of age were used to assess fasting blood
glucose. A three-point bending test was performed to assess mechanical parameters of the femur. 16S rRNA high-
throughput sequencing technology was used to sequence the V3-V4 gene region of intestinal contents and analyze the

bioinformation. Results The body weight ( P<0.01) and blood glucose ( P<0.05) of mice in the db/db group were
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increased significantly. Tibial stiffness, maximum displacement, maximum energy absorption, and maximum load of db/db

mice were significantly lower than those of WT mice( P<0.01). The Chaol index, ACE index, and observed species in the

a-diversity index of db/db mice were decreased significantly ( P<0.05). There were significant differences in the intestinal

bacterial community composition between the two groups( ANOSIM; P=0.02). Lachnospira was significantly decreased in

db/db mice( P<0.01). Desulfovibrionales, Proteobacteria, and Deltaproteobacteria were significantly increased ( P<0.05) ,

and Alloprevotella was increased significantly (P<0.01). Conclusions

db/db mice with hyperglycemia and decreased

bone strength are suitable animal models of T2DOP. The diversity of intestinal flora and the abundance of specific flora

were different between db/db and WT mice, which provides a theoretical basis to study intestinal flora and diabetic

osteoporosis.
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Note. A, Body weight. B, Blood glucose. C, Stiffness. D, Maximum displacement. E, Maximum energy absorption. F,

Maximum load. Compared with WT group, * P<0. 05, ™ P<0. 01.

Figure 1 Differences in body weight, blood glucose and bone strength between db/db mice and WT mice
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Table 1 Data preprocessing statistics and quality control statistics

orH K FroEL(#) THHEE (nt) SEHREE ()
Groups Sample name Number of sequences Base Average length
WT1 62 588 26 098 768 417
wT2 57 866 23 743 010 410
it 2 WT3 60 206 25009 314 415
WT group WT4 60 635 25 322 251 418
WT5 59 649 24 588 905 412
wT6 69 830 29 208 680 418
dbl 62 908 26 229 924 417
db2 60 250 25 113 452 417
db3 65 916 27 347 207 415
db/db 4
db4 62 348 25 870 756 415
db/db group
db5 47 121 19 715 830 418
db6 61 610 25 747 491 418

B2 Wt ZRAEhZ

Figure 2 Species diversity curve

1 A:Chaol $58%4;B: Observed species 841 ; C: ACE /5] FEH84L; D ANOSIM 4347, 5 WT 4iXF L, * P<0.05,
B3 db/db /MRS WT/NRBIERER o 2% B 2R T LU

Note. A, Chaol index. B, Observed species index. C, ACE evenness index. D, ANOSIM analyses. Compared with WT group, * P<0. 05.

Figure 3 Analysis and comparison of intestinal microflora a and  diversity between db/db mice and WT mice
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Note. A, Relative abundance distribution of phylum. B, relative abundance distribution of genus horizontal flora. C, Analysis diagram of different

species of flora at each level.

Figure 4 Relative abundance distribution of bacteria at level and genus level of four phylum and analysis of different levels of bacteria
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[ Abstract)

dementia model mice. Methods

Objective To explore the mechanism of Shenfu injection improving cognitive dysfunction in vascular
Male Kunming mice were randomly divided into a Sham operation group, VD model
group, SFI group( 10 ml/kg), L-Arg group(25 mg/kg), and L-NAME group ( 10 mg/kg) with nine in each group. The
VD mouse model was established by repeated clipping and reperfusion of bilateral common carotid arteries and
intraperitoneal injection of sodium nitroprusside. After modeling, each group was administered drugs for 21 days, and Sham
operation and VD model groups were administered the same amount of physiological saline. The Morris water maze test
assessed learning and memory abilities of mice, HE and Nissl staining was used to observe pathological changes. The
Griess method was used to assess the NO concentration. ROS, MDA, and GSH contents were assessed by kits. iNOS,
nNOS, and eNOS protein expression was assessed by Western blot analysis. Results Compared with the Sham operation
group, the latency time of the VD group was prolonged in the Morris maze test, pathological damage in the hippocampal
Cal region was obvious, NO, ROS, and MDA contents were increased, GSH activity was decreased( P<0.01, P<0.05),
nNOS and iNOS expression was significantly increased, and eNOS protein expression was decreased( P<0.01, P<0.05).
Compared with the VD group, L-Arg treatment group showed no significant improvements in learning or memory abilities,
pathological damage in the hippocampal CA1 region, or expression of NO, ROS, MDA, and GSH. Compared with the VD
group, learning and memory abilities in SFI and L-NAME groups were improved, pathological damage of the hippocampal
Cal region was significantly improved, NO, ROS, and MDA contents were decreased, GSH activity was increased, eNOS
protein expression was increased, and iNOS and nNOS protein expression was significantly decreased( P<0.01, P<0.05).
Conclusions SFI improves cognitive dysfunction in VD mice, which may be related to the NOS/NO pathway.

[ Keywords] Shenfu injection; vascular dementia; nitric oxide; nitric oxide synthase; cognitive function
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Figure 1 Morris water maze test
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Figure 2 HE staining of pathological tissues in CA1 region of mouse hippocampus
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Figure 3 Nissl staining of pathological tissues in CA1 region of mouse hippocampus
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Figure 4 NO content in mice serum
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ST ARAMLL, "P<0.05, "P<0.01;5 VD 41, " P<0.05,
B 5 /NEIEFDAZ nNOS, iINOS eNOS 123k (n=6)
Note. Compared with sham group, *P<0.05, *P<0.01. Compared with VD group, * P<0. 05.

Figure 5 Expression of nNOS, iNOS and eNOS proteins in mouse hippocampus

T STFARAMLL, ¥P<0.01; 5 VD HBI4IMLL, * P<0.05, ™ P<0.01,
6 /NEUROS MDA &t & GSH 11k (n=6)
Note. Compared with the sham group, *P<0.01. Compared with the VD model group, * P<0.05, ** P<0. 01.
Figure 6 ROS, MDA content and GSH activity in mice
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Effects of electroacupuncture at Zusanli and Neiguan points
on neuroplasticity-related factors GAP-43 and SYN
after ischemic injury in rats

ZHANG You, JIN Ziyan, YIN Yalong, WANG Jiayi, WU Xingui "
(Department of Traditional Chinese Medicine, the First Affiliated Hospital of Guangxi Medical University, Nanning 530021, China)

[ Abstract ) Objective To investigate the effect of electroacupuncture (EA ) at Zusanli and Neiguan points on
neuroplasticity factors GAP-43, SYN and MAP-2 in cerebral ischemic rats. Methods Eighty rats were divided into Sham,
EA 3 d, middle cerebral artery occlusion( MCAO)3d, EA 14d, and MCAO 14 d groups by a random number table with 16
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rats per group. Except for the Sham group, a permanent MCAO rat model was established using the Longa thread
embolization method . The EA group was treated at Neiguan and Zusanli points for 20 min daily after surgery. The motor
function of rats was assessed by the balance beam test, and protein expression of neuroplasticity factors GAP-43 and SYN in
the cerebral cortex contralateral to the infarct was assessed by Western blot. mRNA expression of GAP-43 and SYN was
assessed by Real-time quantitative PCR, and colocalized expression of GAP-43/MAP-2 and SYN/MAP-2 was determined
by immunofluorescence. Results Compared with the Sham group, the MCAO group had significantly higher balance beam
test scores at each time point( P<0.05), GAP-43 and SYN mRNA expression was significantly lower in MCAO 3 d( P<
0.05)and 14 d(P<0.05) groups, a significantly reduced SYN/MAP-2 colocalized mean optical density was found in the
MCAO 14 d group(P<0.05) , and GAP-43 and SYN protein expression was not significantly different in MCAO 3 d and 14
d groups. Compared with the MCAO group, no significant differences were seen in balance beam test scores at 1, 3, and 7
days in the EA group, and the balance beam test scores were significantly lower at 14 days(P<0.05). Compared with the
MCAO 3 d group, GAP-43 and SYN mRNA expression was significantly increased in the EA 3 d group (P<0.05).
Compared with the MCAO 14 d group, GAP-43 and SYN mRNA expression was significantly increased ( P<0. 05) GAP-43
and SYN protein expression was significantly increased in the EA 14 d group(P<0.05), and the colocalized mean optical
density of GAP-43/MAP-2 and SYN/MAP-2 were significantly increased (P<0.05). Conclusions EA stimulation of
Zusanli and Neiguan points improves motor functions after ischemic injury, and the mechanism may be related to promoting
expression of neuroplasticity factors to induce axon sprouting and activating neuroplasticity after injury.

[ Keywords] ischemic stroke; electroacupuncture; neuroplasticity; motion function
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Figure 1 Experimental grouping and intervention protocol
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1.5 Sham 41 b3, ™ P<0. 001 ;5 MCAO 41 b3, ™ P<0. 001,
2 R AL 547 5 A ZELAS [ IR T T AR PP U (24 ,n=16)
Note. Compared with Sham group , **P<0. 001. Compared with MCAO group, ** P<0. 001.

Figure 2 Comparison of balance beam test scores between groups at different time points after cerebral ischemic injury

T 5 MCAO 14 d 4lH#2, * P<0.05,
3 SRR B S22 nT BB R 1 3K UL (vt ,n=6)
Note. Compared with MCAO 14 d group, * P<0. 05.

Figure 3 Comparison of neuroplasticity-related protein expression in the contralateral cortical layers of infarcts in various groups of rats

¥E 5 Sham 41EEE, ¥ P<0. 05, P<0. 001; 5 MCAO 3 d 4HH4, 2 P<0. 05,22 P<0.01;5 MCAO 14 d 41ELE:, ** P<0. 001,
4 FUKE GAP-43 Al SYN mRNA ik L4 (7+s,n=5)
Note. Compared with Sham group,* P<0. 05 ,*# P<0.001. Compared with MCAO 3 d group,” P<0.05,%% P<0.01. Compared with
MCAO 14 d group, *** P<0. 001.
Figure 4 Comparison of GAP-43 and SYN mRNA expression in various groups of rats
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¥ : 5 Sham 41 [L#5%, " P<0.01; 5 MCAO 14 d ZH b4, * P<0.05, ™ P<0.001,
B 5 FAHAKE GAP-43/MAP-2 Fl SYN/MAP-2 5 {37 F- R G B L (x5 ,n=5)
Note. Compared with Sham group, P<0. 01. Compared with MCAO 14 d group, * P<0. 05, ™ P<0. 001.

Figure 5 Comparison of mean optical density of GAP-43/MAP-2 and SYN/MAP-2 co-localization in various groups of rats
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Neuroprotective effect of liuwei dihuangwan on aged mice based on the
mitochondrial quality control system

WANG Shijie', YANG Jing', MA He', WANG Luyao', ZHANG Zijuan®, SU Yunfang', ZHANG Zhengiang'*
(1. Academy of Chinese Medical Sciences, Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. School of Medical Sciences, Henan University of Chinese Medicine, Zhengzhou 450046)

[ Abstract]  Objective To observe the effect of liuwei dihuangwan on the mitochondrial quality control system in
the hippocampus of aged mice and its neuroprotective mechanism. Methods Fifty 20-month-old C57BL/6] mice were

randomly divided into five groups with 10 mice in each group, including a model group liuwei dihnangwan low, medium,

[EETA 14 @ ARHE BB AT BA SRR B B (21IRTSTHNO26 ) 5 11 4 BHE BOGH H (212102310314,222102310280)
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and high dose groups , donepezil group. Ten 3-month-old C57BL/6] mice were selected as the normal group. After 60 days

of treatment, behavioral tests were carried out. Immunofluorescence was used to assess TNF-a and GFAP expression.

Transmission electron microscopy was used to observe mitochondria and the number of autophagosomes. Proteins of the

mitochondrial quality control system were assessed by Western blot. Results Compared with the model group, behavioral

tests showed that liuwei dihuangwan improved learning and memory abilities, enhanced the exercise ability, and reduced

anxiety. Immunofluorescence showed decreases in TNF-o and GFAP expression. Transmission electron microscopy showed

that the number of normal mitochondria was increased. PINK1, PARKIN, ATG3, ATG7, LC3B, MFN2, OPA1, TFAM,

and PGC-1la protein expression was upregulated in the high-dose group, while P62, DRP1, and TNF-a protein expression

was downregulated. Conclusions

Liuwei dihuangwan improves the cognitive learning ability of mice, reduces

neuroinflammation in the hippocampus, and improves the quality control system of mitochondria.

[ Keywords)

liuwei dihuangwan; brain aging; mitochondrial quality control system; neuroinflammation
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(] B ARUCRE /N BUBCE S7 AR Ty 6 14 e XU, 4
B (BRI AW G, #0F H 75% WK i 47 15
B, 07 1L R ER B S S ) o 7R AP R IR
TR LI A5 00T, /N BRAE W35 5L B 18] A
5 min, SEH RS0 R/ R BB R B 3 S
HhC X5 B Y I (]
1.3.3 Western blot 3255

11077 S0 a5 5 R BEALPR L 3 H/N Uk

AR PR OB 3 T 2 20 A SRR, TR R
TN RSN TN = 1| A R R D=l W 7 £ 0R7 95°°
JmA 5 xbuffer, =R 10 min, i 20 215 AR P s Bl E
BEIE , AT S 4F A 5 FRL vk G T (0 2R B e 7% 30
PVDF 5 I, 5% AR 4F 05 LA 2 by — P M i
A, TBST WP —H L2, “HiMFE 2 h, TBST 7i¥t —
PLEWR, AW, i S 52 A0 55 R T 5%
A Image J X 25407 47 20 A, VR AG 25417 09 52 3t
1.3.4  HRETSESL

AL/ B L B 2 B AL PR BE 4 /R, X/ R
HE WS S 1% 13 UL LU 22 BV W AT BRI, /N B 42
ki , B FR 3B5h 49% HE R (1 A B 5 % kg 241
| R R O YR EEAR VTN of 1 P 3
UM VR B S, AT U0 R b B HURG
T35 UE, B AT 3] — P & a1, PBS 5 Tk
ZW, P E 1.5 h, PBS B ¥EZL UK A DAPI,
PBS JEBEZ U HUR I F , R4 I 7, Jm AR 250
G AR B AR e SR, R POkR
BT H Image J 5A4F,
1.3.5  iESTHBEWES /N BRI B X GO IR i IE A8 45
fibkr e

AN B B2 B AL PR RE 3 /N, AbSE IS
HOE S 0 2, B TR 80 1% 3R BL [
2 h, ZHEVAE R R K AL | 2H 2PN R A K Ah B B
ARBERTH AT, BRI R A, TR, F
FHAR D] ML L L AT U0 Fr g 4L Bl AL e BT
LL SUREAS | 5 5 e T SR L A 174 {2 B %
H L/ IMABFECE . 30 000 FFECHLET T 4521 R HL I X
5~8 ALY T IE B b AR 55 408 55 e AR 1) 45 i
Ko H W/ IMA B
1.4 SitEHE

ARSI AR B e Y% A GraphPad Prism 9.0 4t
TR AT GE 500, T LA B8 A 25 (x£s)
HATRIR  Morris 7K 28 B 52 50 1) 4% 2H /)N el i sk v AR
IR LA, SR WL R 5 22 3547 3 0, AR & 2
] () L3R FH B IR 2R O 22 k47 90 #r, IR DL P<0. 05
FRFHZ M EFHAGIEE L,

2 #R
2.1 AKMFEAFTIRSER/NRFEIICIZEE
REIEsheef PEIRERE

2,11 JKRES
HIEWHAMIL BB ARSI 4.5 K/ Rl
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W IR A 46 55 ( P<0. 01 . P<0.05) , ZE 8% H AR U B
/D (P<0.01) , 75 H ¥R 5 BRA5 B8 () i [A] 92D (P <
0.05) , A G2 X ; m i 20 S AV LA,
IKRE LB AR 4.5 K/ Bk bk v AR 1 46 46 ( P<
0.01 ,P<0.05) , 28 Hbrm B £ (P<0.01) , H
bR G BRA5 BE () Bsf ] ZE K ( P<0. 001) , BA G it 2¢
M ZRWRFT A SR LA, KR B L S 4.5
TN Bk VR AR 3 456 45 ( P<0. 01 . P<0.05) , i H
PRIURESE 2 (P<0.05) , BARS BRI R A sl i) 22 4
(P<0.01) , HAGI2HE L, RZSHRHLE L] L
e/ N 2 (R 2E 2T A2 aE S (B 1)
2.1.2 Y RErsi

HIEWAM L, BRI A kBRI (P<
0.01) , HAG 22 X SEAIA AL, rhfl 4
ZRIRFTLH A RS HRIG N (P<0.01,P<0.05) , B
BEITFE A B IS BTG 2 X
(P>0.05) . 3 BI7S PR B AL RE 0% B35 /) BLAY 25 (7]

TARCAZRE (K 2)
2.1.3 B

SRR LB, IR b R R A 2 AR RS A
FHERE I £ (P<0.05.P<0.01 , P<0.05, P<
0.01) , HAG 72 AR s Al 4 2480k
FUL R B A EE BN (P<0.01.P<0.01.P<

0.001,P<0.001) , HA G228 ;v mlmad .
27 WR ST 2H o X 45 B A IR IA] E K ( P<0. 05, P<
0.01.P<0.001) , BG40 X, FSIR B
JURT ARk /N BRI 32 Bl g ) FIRE AR AE I (81 3)
2.2 AEHMEABRRELNMNREIHARERF

PV R BN, 5 IE W A e, A 4
GFAP . TNF-o “F ¥ 9 o R (P <0.01, P <
0.05) , HASG 72 AR sl 4 280k
40 5 R R4 8 GFAP (P<0.05,P<0.05 . P<
0.001 .P<0.05) , TNF-a( P<0. 05 ,P<0. 05 ,P<0. 05 .
P<0.01) Y&k &= B, BA g% 5 3
Western blot 455 7~ K, H  m = A 2B URSF
SRR LS, TNF-a (3R 18 e 4RI ( P<0. 01,
P<0.01,P<0.001.P<0.001) , EH G482 X, 4
SRR 7S W b AL AT AR A /DS BRI 5 X 4% 0 PR
HZRIL (K 4)
2.3 ABKhEAFTEMEENMNMWBERRS
gk BRI BE

35 SR L U T B4 2 A W/ IMA I B
EIL RPN, 5 IE R UM L, B A MR B 3
B (P<0.05) , BA G243 3 SRRIZL A EL , & 7
HH ZRURFTH R F MR R IR £ (P<

T A IR ML T AU Z2 AR DR ST X0 45 2/ R MWML B 06 ER TS 5 B < 7SR i 28U 22 25 DR 5 % 2/ U2 LA B ORI WL €2 o
R 3 3 L 22 28 R ST 0o 25 2/ BRUPE L b 5 PRS2 B8 1 I D B2 000 5 D 2 45 4/ UK R BT B P, 5 TE W 4 L %8, " P<0. 05, P<0. 01, " P<

0.001; SHIIZE L4, * P<0.05, ™ P<0.01, ™ P<0.001,

B 1 SR EIUN /N R 2T IEIZRE T RIS (n=10)

Note. A, Effect of liuwei dihuangwan and donepezil on the escape latency of MWM in mice of each group. B, Effects of liuwei dihuangwan and

donepezil on the times of crossing targets in mice of each group. C, Effects of liuwei dihuangwan and donepezil on the time of mice staying in the

target quadrant in each group. D, Water maze trajectories of mice in each group. Compared with control group ,* P<0. 05, % P<0. 01,** P<0. 001.

Compared with model group, * P<0. 05, ™ P<0. 01, ™ P<0. 001.

Figure 1 Effect of liuwei dihuangwan on learning and memory ability of mice
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A SR B IR Z2 2R WRSE R /N BRI R A AR 5 B« /X TR B IR 22 2R WR S0/ B SR S 5 € /NI Y
EHLEE , SIEH L, P<0. 01; SEORIL AL, * P<0.05, ™ P<0. 01,
B2 MR U /NS B TARIEIZ88 T RS2 (n=10)
Note. A, Effect of liuwei dihuangwan and donepezil on spontaneous alternation rate in mice. B, Effects of liuwei dihuangwan and donepezil
on the total number of arm entries in mice. C, Y maze trajectory of each group of mice. Compared with control group,* P<0. 01. Compared
with model group, * P<0. 05, ™ P<0.01.

Figure 2 Effects of liuwei dihuangwan on spatial working memory in mice

TE A 7SR MBI 22 28 WR S0 /)N BB B OB 5200 5 B« 7S R M BIL A 22 28 DR S5 0 /IR 2l B E 5 52 C . S R M B 22 7%
WRFF %ot /I BLAE PO I sl 5 B IR A 500 5 D - 45 41/ RIS B B . 5 1E % 4 Hb 3, ™ P<0. 01, P<0. 001; S BERI4] LR, * P<
0.05, ™ P<0.01, ™ P<0. 001,
B3 FSBRHLE LN/ NUZ B RE T R AR IERSE IR (n=10)

Note. A, Effect of liuwei dihuangwan and donepezil on the times of hair dressing in mice. B, Effects of liuwei dihuangwan and donepezil on
the total distance of exercise in mice. C, Effects of liuwei dihuangwan and donepezil on the residence time in the central region of mice. D,
Open field trajectory of mice in each group. Compared with control group,™ P<0.01," P<0.001. Compared with model group,* P<
0.05, ™ P<0.01, ™ P<0. 001.

Figure 3 Effects of liuwei dihuangwan on exercise ability and anxiety in mice

0.05) , B G iT2¢ 7 X ; Western blot 25 R B/, 5 FE X SEREBIH A, PINKT K A &,
IEH A, BRIZH PINKI PARKIN (ATG3 ATG7.  ZZ4SWRSF4HFEATHE (P<0.01 ,P<0.001 ,P<0.01 .
LC3B #£ik F & (P<0.001,P<0.001 ,P<0.001 P<  P<0.05),BA4 & L ; PARKIN & #lE4 £
0.001 .P<0.001) ,P62 FiETHE (P<0.05) , BAS  ZURSFAFIATHE (P<0.05 P<0.01) , A G2
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1F::A:GFAP 5 TNF-o S oOLIE Rk BP0 GFAP FHMERIX 4650 TNF-a PRI, #6500 DAPT BHMERE ;B &
AN IR X GFAP [WHOGIREE ; C . & 4L/ X TNF-o I95ECHREE ;D - 2% 41/ B B X TNF-o 25 1 R 3K 15 8L ; E : TNF-o/ B-actin A%
FAFBBEGE, SIEH4HE,"P<0.05,"P<0.01," P<0. 001 ; SHRIL LE:, © P<0.05, ™ P<0.01, ™ P<0.001,

4 NURHL B AL i /N BT S A 2T P RIKM5E IR (n=4)

Note. A, GFAP and TNF-a colocalization expression of immunofluorescence, green fluorescence is GFAP positive expression, red fluorescence is

TNF-a positive expression, blue fluorescence was DAPI positive expression. B, Fluorescence intensity of GFAP in hippocampus of mice in each

group. C, TNF-a in hippocampus of mice in each group fluorescence intensity. D, TNF-a in hippocampus of mice in each group protein expression.

E, TNF-a/B-actin statistic diagram of relative protein expression. Compared with control group,*P<0. 05, P<0.01,*#P<0.001. Compared with

model group, * P<0. 05, ™ P<0.01, ™ P<0. 001.

Figure 4 Effect of liuwei dihuangwan on the expression of inflammatory factors in hippocampus of aged mice

G ATG3 il ZRIRFFAHRIETHE (P<
0.001,P<0.001) , B G it2% 5 L ATGT H =l
A 2R ST A R IB TR (P<0.05,P<0.05,P<
0.05) , RAGIFE X, Pe2 Ik P EFIEY 24
WR 55 2H 2535 T+ (P<0. 001, P<0. 001 ,P<0.05 .P<
0.001) , HA G 11228 3 LC3B ik i &l i 4l
ZASWR ST K THE (P<0. 001 P<0.05 ,P<0.05,
P<0.05) , A Geit2¢a ., 45 3 B 75 bk b ¥ AL
AT LA NV B B I AT DR R ok A A
WE(ES)

2.4 AKKHEFEATMUBREER/NMNRIBEDALRLN
TR RS ERERE S ek

HUBE T ISR R AR iR, S5 SR A . 5
IEE A L IR 2 B 40 i SRR B B 2 (P<
0.05), RA G245 S SHAT A K
TR 5 £ N 2 A3 WR 55 20 1) 08 A fe o e e, 2464
Gy e ik /> (P<0.05,.P<0.05,P<0.001, P<
0.01) , HAT G247 X ; Western blot K6 28 4 4 fill
BABEAMES, LI R TR, SIEWHM L,
FAIZH MFN2 ,OPA1 ik % (P<0. 001 ,P<0.01)
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DRP1 £ikTFE (P<0.05) , RA G it X 5
RIAARLE G Rl i 2 | 228 WR ST AL MFN2 3%
KTHE (P<0.01,P<0.01 ,P<0.01 P<0.01), A
Guit B SR P s A 2RSS AL OPAL
F3KTHE (P<0. 05 . P<0.01 P<0.001 ,P<0.05) , H
AGitF g 3 SRR AR L AR Rl 2
ZRWRFFALAY DRP1 kR ( P<0. 001 ,P<0. 05, P<
0.001.P<0.001) , RA G 2= 8 L, G50 TS

M B HUAT DL b A0 7, 25 4 v AR R B i

HOPRAETI (K 6)
2.5 AKMEATURSZR/NREIARALKHN
EEMEERIBEN

Western blot #:MZ5 SRUn& 7 prs , 5 1E % 4140
o BERLZ] TFAM  PGC-1a 35 R [% (P<0.01,P<
0.05) , BG4 3 SR A L, AR =l i
H ZEIRFFHN TFAM F£ikTHE (P<0.01,P<

A A T AN R S AL 2 Y MR (BT SR TS S /M) 5B B I IMA R AL ST C 2Rk Ak A A S R
FI &6 D bR B A B A S i, SIE#H A B, P<0.05, P<0.001; SHBH L, * P<0.05,* P<0.01,** P

<0.001,
5 BRI /N LT T2

Wit/ INAF) Bt B R0 F AR DGR AR IB RS2 (n=3)

Note. A, Autophagosome in hippocampal tissues of each group of mice under transmission electron microscopy ( The blue arrows point to

autophagosome ) . B, Quantitative statistics of autophagosome. C, Bands of mitochondrial autophagy-related proteins. D, Statistical analysis of

mitochondrial autophagy-related proteins. Compared with control group,”P<0.05,"* P<0.001. Compared with model group, * P<0. 05, ™ P<

0.01, ™ P<0.001.

Figure 5 Effects of liuwei dihuangwan on the number of autophagosome in hippocampal tissue and the

expression of mitochondrial autophagy-related proteins in aged mice
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0.05.P<0.05) , BASGIHFE AR P mAlE4 ., P<0.001.P<0.01), HAS 228 X, 450K,
ZANRFFHM PGC-1ae 35 THE (P<0. 05 . P<0. 05, 75 M T ALTT DL R R AR R I A= A A RE T

A BRI F REE T S AL GBI N IEAS (LT kI 2 R 3 657 Sk I g il LR R0k ) 5 B . 4% 2/ BUZ 30 (9 SO A
M RALGETT 5 € ORLIRRL G 43 B DGR I 45417 5 D - ORI AL & 432U G I I Ak e, 5IE R AL HE,* P<0. 05, P<0. 001 ; 545
RIS LA, P<0.05, ™ P<0.01, ** P<0. 001,
Bl 6 FNIRHLE U E W/ BUE T 2 AL AR AT 3 SR G 23 B SC R F RIB BRI (n=3)
Note. A, Morphology of mitochondria in each group under transmission electron microscopy( The red arrow point to damaged mitochondria, and the
blue arrow point to healthy mitochondria). B, Quantitative statistics of damaged mitochondria in mice in each group. C, Bands of mitochondrial
fusion division-associated proteins. D, Quantitative statistics of mitochondrial fusion and division-related proteins. Compared with control group,
#P<0.05," P<0.001. Compared with model group, * P<0.05, ™ P<0. 01, ** P<0. 001.
Figure 6 Effects of liuwei dihuangwan on mitochondrial morphology and fusion division-related protein expression in hippocampal

tissues of aged mice

TE A LR R AEHDGER 1 M 2541 5 B SRR M R AR MG (AR BSE T, SIER 4114, "P<0. 05,7 P<0. 01; S B4 L
., P<0.05, ™ P<0.01, ™ P<0.001,
7 FSURHB BT /N L T VORI E ) R A A DGR RIS (n=3)
Note. A, Bands of mitochondrial biogenesis-related proteins. B, Quantitative statistics of mitochondrial biogenesis-related proteins.
Compared with control group,”P<0. 05, P<0.01. Compared with model group, * P<0.05, ** P<0.01, *** P<0. 001.
Figure 7 Effects of liuwei dihuangwan on the expression of mitochondrial biogenesis-related proteins in hippocampal tissues

of aged mice
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Effect of Marcksll gene knockout on adult hematopoiesis in mice
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(1. Comparative Medicine Center, Peking Union Medical College, Institute of Laboratory Animal Science, Chinese Academy of
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Center, Peking Union Medical College, Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences,
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[ Abstract]  Objective To establish hematopoietic system-specific Marcksl1 knockout mice and explore the effect

of Marcksll gene deletion on hematopoiesis. Methods Using fetal liver competitive transplantation of E15.5 Marcskil
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gene knockout mice, we analyzed the proportions of various hematopoietic cell types in peripheral blood at 1, 2, 3, and 4
months after fetal liver transplantation. KSL cells were sorted by flow cytometry and analyzed by RNA-seq. We used
CRISPR/Cas9 technology to generate Marcksll conditional knockout mice and obtained hematopoietic system-specific
Marcksl1 knockout mice by crossing with Vavl-Cre mice. The genotype of the produced mice was confirmed by PCR and
Sanger sequencing. Real-time PCR was used to assess Marcskll mRNA expression in bone marrow and hematopoietic stem
cells. Flow cytometry was used to analyze the proportions of various hematopoietic cell types in bone marrow, peripheral
blood, spleen, and thymus. The effect of Marcksll gene knockout on hematopoietic reconstitution was analyzed by
competitive bone marrow transplantation. Results Marcksl1 gene knockout decreased the proportion of B cells, increased
the proportion of myeloid cells, decreased CLP and CMP, and increased GMP after fetal liver transplantation. RNA-seq
showed that 252 genes were upregulated and 400 genes were downregulated. GO analysis showed that the differentially
expressed genes were significantly enriched in the immune response, plasma membrane, and low-pressure gate calcium
channel activity. KEGG analysis showed that the differentially expressed genes were significantly enriched in hematopoietic
lineage differentiation and cytokine-cytokine receptor interaction-related signaling pathways. We generated hematopoietic
system-specific Marcksl1 knockout mice successfully. Flow cytometry showed that Marcksll deletion did not affect the
steady-state hematopoietic functions of adult mice, but it did affect the hematopoietic reconstitution ability after competitive
bone marrow transplantation. Conclusions We successfully established hematopoietic system-specific Marcksl1 knockout
mice and found that Marcksl1 gene knockout does not affect stable hematopoiesis, but affects hematopoietic reconstitution.

The underlying mechanism requires further investigation. This study provides an animal model to examine the gene function
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of Marcksl1 in adult hematopoiesis and other aspects.

[ Keywords ]

myristoylated alanine-rich C-kinase substrate like 1; Marcksll; conditional knockout mice;

hematopoietic stem cell ; bone marrow transplantation
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HEIIREIG , it — 2 Bk 58 1% 5 R TE AR 3 il i)
ifie, F 411 F F CRISPR/Cas9 4% A, €7 Marcksl1
SRR /N B, T 2 IR SRR S Vawl-Cre /N B
FAZ ARG I R G S MarcksI1 5/ N, S0 b
T % R Xl AT 3 0 R 3 ot B P R )

1 ##F7E

1.1 X

ARSZIAd ] 2 H % SPF 9% C57BL/6 /)N R
%25 H IR N 22~32 g;6~8 JH#E SPF K Vavl-
Cre /NERMEMES 5 W IRE A 15~20 g;2 A% SPF
9% CDA5. 1 /NRUMERESS 3 H IR 22~26 ¢;2 A
% SPF 9% CD45. 1/CD45. 2 /NEUMERESS 20 H 1A
H22~35 g, BPARI C57BL/6 /N B T AL TR FLEE
IR A RN 7] [ SCXK ((5%) 2020-0004 ], Vavl-
Cre /IN B H HH B2 2 B 24 B LV 27 F 52 9T 118 o 1
HPz W CD45. 1 /N A CD45. 1/CD45. 2 /N
TR S L A N | S0 T i 1 s ) il 5 T
AL SPF 24 5 BE 2l ) Bt 9 [ SYXK ( 5%) 2019 -
00117, 1Al 3% IR B2 45 & A0 L A B R b o, ) 37 300 )
ANERA PR R, AT X 0 A s
S 3E AR B S B MR B2 51 45 (TACUC) 1)
FHE(MYW20005) , 75 2 49 52 56 3o A v 7™ A% 3870
SRS 3R BRI,
1.2 FERLFSNE

MEGA shortscript T7 A F & ( Ambion 2%
A ,Am1354) ; &R K4 DNA $HUA57) & ( TransGen
Al EE101-22) 5 Scal it 2 A& (Invitrogen 23 7],
25598182); c-kit Jii 2 T & ( Invitrogen 2 W],
17117282 ) ; CD34 VAN AL N ( Invitrogen N H) s
11034182 ) ; FIt3 ( Invitrogen 72 ], 12135182 );
CD45. 1 i 28 $T 4K ( Invitrogen 23 F], 12045381 ) ;
CD45. 2 T H I (Invitrogen 23 7, 45045482) ; CD4
PR (Invitrogen 23 ], 11004286 ) ; CD8a i 2 HT

& (Invitrogen 2% 7], 17008182 ) ; B220 i =\ 4t &
(Invitrogen 7\ ), 13045285 ); CD11b Wi = #i {&
(Invitrogen 72\ Fl, 47011282 ); Ly6G Wi =X $t 1K
(Invitrogen 22 ), 13593182) ; 10X EDTA i 5 ( £
FRTEA N ) M10128) 5 10X 2T 20 i 246 7 ( BD 2%
],555899) , PCR {X(Bio-Rad /A #], ) ; 5Lt
Y& 1 PCR 1 ( Thermo A #], £ H) ; i 20 40 o X
(BD 2~ F], SEE ) B EE I G AL BE R 48 ( Tanon 23
Al D
1.3 XWAHE
1.3.1 3EF CRISPR/Cas9 i RET. Marcksll A%
BN

FATTHFH CRISPR/Cas9 45 R ## 57 Marcksll 3
R & m b /N B . B B E X MarcksIl JER 356314
A sgRNA BT 80 05 BLILER 1, ARG B M
HEREA R, B KJGEED Dra 1 MERED
pUC57-sgRNA #ifdrr, Fy st if i) 444, 2 AL
iy AT EE S5 |, 1E AR ) MEGAshortscriptT7 T
SR G RSN S AR AT AT sgRNA, 3 L T /%
FBL VG Marcksll JE v BEOIF SR b+ B
TEAE A loxP J7 5, H-#y# H) pUC19-DNA Zh {4 rfiE
Sy e Y58 F LB

X C57BL/6 Mt FRIE SR PMSG Al HCG i#47
FBHEDD , B EME LS CSTBL/6 MERLAZE, I H ,
O L O A8 T R AR T FH T S 2 A O

4 sgRNA | Cas9 3 FH 1 4lifb J5 SR B IR &,
T 3 S A S O 0K T A R A R B R
TS IE 32 K5 B RS A 0 M 2 ok U B A, S 1R/ R
AR R TR R S 0 ARAS B SR A RS /D B S
Vavl-Cre /|NRARZE3RAT 1 1ML 22 G0 R Sk w7 B
1.3.2 /NEERE AL E

SYHORTAE/NEL(7~10 d) BYBIREE, 42 IR 4 X4 4
FE 41 DNA $2HGA G 20 RIZHCEE R 40 DNA
T 0. IXTE 1, 347 PCR 9759 Bl /Iy BRI 5|

R 1 sgRNA FLGFISE R IREE & fE S
Table 1 sgRNA target sequence and oligos

LILYSY 5]l
Target Sequence
sgRNA1(PAM) GGTGATGTTGGATGGGAGTG (AGG)

M-Marcksl1-E2A-sgRNA-up
M-Marcksl1-E2A-sgRNA-down
sgRNA2(PAM)
M-Marcksl1-E2B-sgRNA-up
M-Marcksl1-E2B-sgRNA-down

5’ -TAGGTGATGTTGGATGGGAGTG-3’
57 -AAACCACTCCCATCCAACATC-3’
GGGAAGAACTTAAACCAACC(AGG)

5’ -TAGGGAAGAACTTAAACCAACC-3’
5’ -AAACGGTTGGTTTAAGTTCTTC-3’
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¥ &. M-Marcksll-F/M-Marcksl1-WT-R il M-
Marcksl1-F/M-Marcksl1-KO-R , PCR &4 1. 94°C 4
£ 5 min;94°C F54E 30 s,62°C 1742 30 s,72°C F54E 30
s, WAETE 30 NMEHR;72°C F54E 10 min; {3 T 4°C,
B A 2%l IR IR 457 23 il A& 1923 bp il 316 bp.
PCR W 1% W B REWEERE R FLIK S iR . 51907
B 2, F A mi bR /N BB 2L 5E - 51 %) M-Marcksl1-
loxP-F/M-Marcksl1-loxP-R, PCR 4% {4:: 95°C FF &&
5 min;95°C 4L 20 s, 60°C F4E 30 s, 72°C F54E 2
min , J} A B 30 NG 72°C $5 42 10 min; {FRT
4°C, 514 Cre-F/Cre-R, PCR 414 °7:95C $74E 5
min;95°CFFLE 20 s,60°C 722 30 s,72°CH52E 30 s, I
IR 30 MEH ; 72°C FF2E 10 min; SR T 4°C, 5
PR S5 T R B 2571 49 1) & 1842 bp Fil 235 bp.,
PCR W1 1. 5% 14 35 RS 0 588 Jie v DK J RO 22
SIIFSI I 2,

1.3.3 ZEfPERm s

G5 e PE R A B2 50 . I E1S. 5 /NERUIR I, il
AN R, B 0. 01 ee BRATAIMEAN 1x10° 4~3%
Sk E BEAE I (CD45. 1 /NER) TR G, 8 i Dk S i
AZGHBLER IR Z AR/ (9 Gy, X H4k) (CD45. 1/
CD45. 2 /NR) R, Bt G HA4 H R&EZ /N
BIAME I AT 2 M I 40 AE & EE L 4 S A S T
SZAR/N R B BE A AT AT . Cul X I
B, KO AR /N

BUAE BRI SE 4 B SRR A 5200 . % 1x107 A8
BEA M ( Marcksi1/Vavl 7N B0 BB 4, Marcksi17”
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(CD45. 1 /M) TR A, & i Dk S ik A 28 3 3ot B
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Table 2 Primer sequences for genotype identification

519 ¥l PCR =4
Primer Sequence Amplicon
M-Marcksl1-F 5’ -TCCAGGCCCGGTGAG-3’ 1923 bp
M-Marcksl1-WT-R 5’ -GCCTCATCTGTTCCGTTCAC-3’
M-Marcksl1-F 5’ -TCCAGGCCCGGTGAG-3’
M-Marcksl1-KO-R 5’ -TCTGTAGGTGGAGGTTGATAGC-3’ 316 bp
M-Marcksl1-loxP-F 5’ -CTGTGAGGGGTGAGGGTGATGTT-3’ 1842 bp
M-Marcksl1-loxP-R 5’ -AACTTATATTGCCTGTCTTCCC-3’
Cre-F 5’ -TACTGACGGTGGGAGAATG-3’ 437 bp
Cre-R 5’ -CTGTTTCACTATCCAGGTTACG-3’
1.3.4  GiorAr

A7 Ji 1 P00 L YR M /0 BRI 78 JOk AR I
100 wL, $ERTERE A 10 wL 10XEDTA HiEEF]
RS, BEJEIMA 1 mL 1 x 2040 i 2L IR S G T
37°C1E LA T E 10 min, B0, FE B, A
PBS H A0 H

TV 240 L 7 ) e 200 L B 200 R A A« O A
e/ NEUR Bt RN (3 ~4 mm®) B M IR B4
ZUE TR Bl —0, ) — 83 Bl —
MZEHC PBS J5 AFES 220, il B 40 M B a5

T B 240 B B R I S« BB/ DN BROSUAN 12 B R i
B 1 mL 3528 HC PBS M RSk Wi S &R
B BRI B SRR AR B A

A PUIAR Y RN IS _E Lo AT iR e 41 &
L3 3, FE X R PR & AT Y (0 )5, 4°C Bt
& 30 min, LA PBS W5 UE, B .05 25 &, A PBS
FRAME 70 pm A EE AR AR U T, LA
D=7 I

£3 MK
Table 3 Flow cytometry antibody combination
L) EANZS
Cell Antibody
T I T 40 KSL
Kyt i T4 LT-HSC
S 0L T2 ST-HSC
ZWSRetl 40 MpP
& MmAHANN HPC
BEFAHANH CcMp
LR AN GMP
FLi% R A0 MEP
W R CLP

c-kit* Scal® Lin~
c-kit* Scal® Lin~CD34” Flt3”
c-kit" Scal® Lin~CD34*Fli3~
c-kit* Scal” Lin~ CD34" Flt3*

Lin~Scal " ¢-kit*
Lin~Scal " c-kit* CD34* CD16~
Lin~Scal~c-kit' CD34*CD16"
Lin~Scal " c-kit* D34~ CD16~

Lin~ Scal™ ¢-kit" CD127* F1i3*

T MR ELAHAE T lymphocytes CD3"CD4*/CD3*CD8*
B L4 B Iymphocytes B220*
BER A Myeloid cells CD11b*
RN Granulocytes Ly6G”*
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1.4 Sit=EA*

i 2N 40 B A4 SR Ad T FlowJo 10 #4047 £ i
AT B2 R e B R 8 ] GraphPad Prism 8. 0
B, FFRI bRt 22 (x+s) 378 5256 A 4L
Wi SRS FEAS ¢ A 30 47 41 1A A, I P<
0.05 ZRAGiHE L,

2 #R

2.1 Marcksll EEFR /N RAORFSmMERE
B
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/NEUELS. 5 REIFEAT 58 P MRS A S0 50, HLAR SR VR I
FRANE 1A Frz, 40 B 6 I 3 ol i S e g Ty, 45

o, 32 AN B AR A )N B2 B A i A R AR B A
2P HIEIE 90% L I R\ (B 1B) . XT#
HEL I AN [ B8] 55 40 J&] 1t v 3k 2R R R 40 B o L F
T An M b , 45 5 7R m B AL T 90k 20 ) o
L5 X6 REZH AR LU TG 8 25 5 (181 1C) , B R EL 4 i Y
o7 LG AR (R 1D) B R A0 L e 2 T (]
1E) , XTE8AH 4 A~ )5 52 /N B B B 36k it /4.
YA IEA TR AT, 245 5 B K 0 3 i 40 (LT
B4 E AT e, 30 3 1T 40 B (ST ) AN 227k i #HL 400 i
(MPP)RY 5 b I & 2 7 (K 1F) . S5 X 44
LG | mi B 2 bk 2R AH 40 it ( CLP) FIEE & 40 i (CMP)

TE:A:E15. 5 JRHF ST PR AR BEIRT s B 2R/ NG 0T 5 C 2 20 IS BN A I AR IR T LA LE 15 D« 3206/ BRI ] I P A Aok
TR B AN AY LU 5 B 2 AN BN A i F O e YR 28 AR M By L1 5 F < 2 P/ Bl B R U0 a1 200 M R S0 T MM 22 9 B AL 400 ML ) L
15 G 2 Z AN B BE P R AN B AR AL AN R R AN A RN A L], S0 BREARLE, * P<0.05, ™ P<0.01, ™ P<0. 001,
Bl 1 Marcksl1 D RBR O e i i B AR T A SE0R (n=>3)

Note. A, E15.5 fetal liver competitive transplantation diagram. B, Percentage of donor cells in peripheral blood of recipient mice. C, Percentage of
donor-derived T cells in peripheral blood of recipient mice. D, Percentage of donor-derived B cells in peripheral blood of recipient mice. E,
Percentage of donor-derived M cells in peripheral blood of recipient mice. F, Percentage of LT, ST, MPP in bone marrow of recipient mice. G,
Percentage of CLP, CMP, GMP, MEP in bone marrow of recipient mice. Compared with Ctrl group, * P<0. 05, ™ P<0. 01, ™™ P<0. 001.

Figure 1 The effect of Marcksll gene knockout on hematopoietic reconstructive ability
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() o Bb 5 TR R R AH AN I (GMP ) /9 He i) f 2 7t
m(E1G) . VU Lg5 SRR, Marcksl1 3 R 5 B 52 10
5 I 1M R
2.2 Marcksll EREFiF KSL A RIEERSHT

FyiE— B RE Marcksl1 §0% B3R FE R 3k K
T AR DL KRT e v K AR 0l B, FRATT X
Marcksl1 SEPR @S A RN BB KSL 4 e 8 9 it
AT ST 2 B, 45 -3 B R AR FE 652 2557
FIRFEPH (P<0. 05, Fold change =2) (& 2A) , Hir
252 A~ BRI, 400 SR E A (El 2B 2C) , Bl
Ja , FATTHEAT T 22 R FE A B GO ( Gene Ontology ) & £
S3HT (list hits =2) , 25 5 R 25 53 R L P R 24
HTEGRE N 25 | AP 1145 5 38 T 76 1k S5 AR
S (8 2D) . KEGG B4 R R, 5L %
TR 25 5 2 B AR AR A IR R 0 Ak R A iR R 22 A

HARSEAHCAR S B (8] 2E) .
2.3 EIEM RGN Marcks!l BIER/INR

T Marchsl1 w552 FBURBRIET, XE LA 5T
HE AR AR D RE. AN TR 3, O RS AR
Marcksl1 FEF D) RE S FE L 4L B H g D ge, 3471
FIJH CRISPR/ Cas9 AR ST Marcksl1 4% 1 Rk /N
B, RO SRS AN 1] 3A BT R A /N BRGEEA T
PRI U5 (€] 3B) AT Sanger 7 (& 3C) , 25 R
HMTBINHNL T Marchsl1 ZF R/ N FHT A Y
Marcksll 2 F R /N SRS Vavl-Cre T HL /N 24 38
(B 3D) , &7 I R Ge 4 51 Marcksi @ BRI B
(Marcksl1”! /Vavl ,Marcksl1 ¢KO /NEL) |, FE R 1 %
455 (8 3E) 1 Cre 471 loxP J¥51) 22 ] ) 5 2H )
P (K 3F) , RIATE HARAL LU mT LLSEEL Marcksl1
FER AU ERs . FI A Real-time PCR 43-#7 /) BB 56 40

TE A 22 RABFE R KL B 22 S B R R 40 ; C PR /R 22 57 3R K JE K ; D GO BT AR MY 22 e RIBFE R S B B X 22 e RAB TR K]

HEAT KEGG {5 Z 1l i B 42 04T

Bl 2  Marcksl1 w§ER/NE KSL A 22 2k KL K & 407

Note. A, Volcano map of differentially expressed genes. B, Number of differentially expressed genes. C, Heat map of differentially expressed

genes. D, GO (Gene Ontology) enrichment analysis of differentially expressed genes. E, Enrichment analysis of differentially expressed genes

using KEGG signaling pathway.

Figure 2 Enrichment analysis of differentially expressed genes in KSL cells of Marcksl1 knockout mice
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TE: A FIH CRISPR/ Cas9 AN B Marchksl1 2544 R /1N BUREHE P15 B : Marcks1 %44 R /1N BUHS [K] B4 452 19 PCR = HEL K 1815 M
Marker DL2000,1.2 29 WT,3.5.6.7 4 Marcksi1” |4 8 4 Marcksl1”™" ; C; Marcksl1 i A loxP B 80 7 45 52 4, D - i 1 22 46 45 57
Marchksi1 F55/N UARISIS AR S E 3 1L R GERFSE Marchsl1 R/ UL R B4 € PCR 7= H)Hi VK I ; M 2l Marker DL15000; N 2 [ 1
XTHR 1 R Marcksll7' ;2 % Marcks!t”* 33 4 3 Marcksll”* /Vavl ;5.6 K MarcksiV’ /Vavl ; F: MarcksI1 # [5 A BE 0900 Fe 45 5 &5 G
Marcksi”! /Vavl 7> BB BE20 MO RIS 10T 20 M2 h Marcksll mRNA BRI R BT (n=3) . SXERAM L, ™ P<0. 001,

3 HSTRE IR GRS Marcksil BRI R
Note. A, Strategy map of Marcksll conditional knockout mice was constructed using CRISPR/Cas9 technique. B, Electrophoresis of PCR
products identified by Marcksll conditional knockout mice genotype. M, Marker DL2000. 1, 2, WT. 3, 5, 6, 7, Marcks!1’'. 4, 8,
Marcksi1”*. C, Sequencing result diagram of Marcksl1 inserted loxP fragment. D, Acquisition process of hematopoietic system-specific Marcksl1
knockout mice. E, Electrophoresis of PCR products identified by hematopoietic system-specific Marcksl1 knockout mice genotype. M, Marker
DL15000. N, Negative control. 1, Marcksil”/. 2, Marcks!'”*. 3, 4, Marcks!?”* /Vavl. 5, 6, Marcksl1”//Vavl. F, Sequencing result of
Marcksi1 knockout fragment. G, Relative expression level of Marcksll mRNA in mice bone marrow cells and hematopoietic stem cells. Compared
with Ctrl group, ** P<0. 001.

Figure 3 Establish hematopoietic system specific Marcksl1 knockout mice
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O 0T 40 A ) R TE O, A5 R — 2 BRI
NIRRT Marcksil 5K (813G , £ b, FRATT
a7 L RGeS PE Marcksil 855 /NRL
2.4 Marcksll &M R G R AR AN ETE

XF Marcksl1 5B/ B AR TG BL AT SE 1T
381,76 KA/ R JE R B e 1145 2R W oR 10/
LAY H AR R AT G ol TR B A LR (3R 4), R
Marcksl1 3 Il 38 Ge 4 S PE R AN 2352 W0 AR B
2.5 Marcksl1 B 8200 A S I

R T Marcksl1 72565 BUAF /N B LAY 520
BATES T T 2 H X BEAL MarcksI17 /NER
FIEEERZE Marcks!1™/ Vavl /)N BUAMJE 1l 20 S | - 40
JHL VB0 R e U 2 1) o b, SR R N R
ZHAH L, m 5 /0N BROZE 368 001 40 B | 33 ofi -/ #H 40 Ji LA
K EAT) e 20 A T i 40 I B AR Ak (4 8 5)
LIRSS IR Marcksl1 15 145 S PE R R AN 52 0 AT
Sz (198

2.6 Marcksll BEBR MM /D RAIEMEREBE

BEJG , T T Marcksl1 B0 1804 5 1, 5
ARE I X 2 H#8/NBREAT e e R
oS, i fE an &l 6A firn, 45 R WoRBHEE 1
A H SRR G 23R 5] 90% DAL, F B RS AH AL
Yi(El 6B) . XA G M E IR T 40 B 20 L0
AR MLHEAT 5 LT, 25 R R cKO 4 AR T Xt
FEZH,T 40 (&l 6C) B 4 (&1 6D) Filde & 41 i
(K 6E) By Lol g 4 sy . LR S5 R 3R W, Marcksl]
A 53 R TR J AT 2 1ML B i

R4 Marcksll FEP SRR /N BUARY H2E 6

Table 4 Birth rate of Marcksll gene conditional knockout mice

He R R HAER

Genetype Birth rate
Marcksi1”™* / Vavl 21/76(28%)
Marcksi1”* 17/76(22%)
Marcksl1”! 18/76(24%)
Marcks!1"! / Vawl 20/76(26%)

TE:A:2 B MarcksiV™ F Marcksi1™ 7 Vavl 7N ERATBEH T 20010 B 2000 6 2R 40010 RL20M A4 L B2 A Marcksi1 ™ F Marcksi1? / Vaw1 /)
FRAME L T 40 B 2 B 2R A0 CRLAR LI LL 8] C .2 8% Marcksit” F1 Marcksi /Vavl /NGB T 400 B 40 B 2 400 20 1
Fedl ;D22 A Marcksi ! #1 MarcksI /Vavl /NEJ AR T 40009 L4, CD3:CD3*T 40 ifd; CD4. CD3" CD4* T 4 Jifd ; CD8: CD3* CD8* T 44
Jitd; B220: B 41 fifd ; CD11b g% R 401 ; Ly6G A 4 il ; DN . CD4~ CD8 ™ XUBHAPEZH Y ; DP . CD4* CD8 ™ X BH = 21 i,
4 Marcksll SRAFEMFRAS A T RIEAM N LBl (n=5)

Note. A, Percentage of T cells, B cells, myeloid cells and granulocytes in bone marrow of 2-month-old Marckst”’ and Marckst”’/Vavl mice. B,
Percentage of T cells, B cells, myeloid cells and granulocytes in peripheral blood of 2-month-old Marcks?”’ and Marckst”’/Vavl mice. C, Percentage
of T cells, B cells, myeloid cells and granulocytes in spleen of 2-month-old Marckst” and Marckst”'/Vavl mice. D, Percentage of T cells in thymus
of 2-month-old Marckst” and Marcks?”’/Vavl mice. CD3, CD3" T cells. CD4, CD3*CD4" T cells. CD8, CD3*CD8" T cells. B220, B cells.
CD11b, myeloid cells. Ly6G, granulocytes. DN, CD4™CD8" double negative cells. DP, CD4*CD8" double positive cells.

Figure 4 Marcksl1 deletion has no effect on the percentage of immune cells under steady-state conditions



o H A PR 2R 75 2023 4F 6 A5 33 #8245 6 4] Chin J Comp Med, June 2023, Vol. 33,No. 6 43

TE A2 A Marcks!V ) Marcks! V7 /Vawl 7N L0 A0 0k 3 SRS 5 B2 H I Marcks!1 F1 Marcks 1!/ Vavl /N BV
IMALAIAE EA] 5 C .2 A& Marcks!V” R Marcksi1” /Vavl /I BUBHHH 6 R AL 400 B R A4 | B A% RALATM AR R i L BUR D .2
Wty Marcksi1” A0 Marcks!1! /Vawl /INEUVE- 86 P bk B 22 AL 2000 86 28 40200 B B 3R MLANM | 155 4% R MLAN ML A9 L ), .2 Al Marcksi1? A0
MarchsI7/ Val 7N BB B3 10200 4 £ etk 0 = SEGE 2 Ak Marcksi1” T Marcksl1" /Vavl 7> B 86 7 1T 41 i 1) Hpl;G.2 A
MarchsIV F MarcksI1/ Vavl /INGUBH 86 1 300 1 10 20 307 36 101 400 22 9k B AL 40 L A 4 e M SIS P . 2 A IS MarcksI L R
MarcksIV/Vawl 7N GUB-B T I8 8 100 4006 S8 300 36 10—+ 4B 22 985 RERELAT L L9
B 5 Marcksll HRASF AR ST & T/ ALA A LB (n=5)

Note. A, Representative flow scatter diagram of hematopoietic progenitor cells in bone marrow of 2-month-old Marcksi1”/ and Marcksi1”// Va1 mice.
B, Percentage of hematopoietic progenitor cells in bone marrow of 2-month-old Marcks!1” and Marcksi1”//Vavl mice. C, Representative flow scatter
diagram of CMP, GMP, MEP in bone marrow of 2-month-old Marcksi1”/ and Marcksi1”'/Vavl mice. D, Percentage of CLP, CMP, GMP, MEP in
bone marrow of 2-month-old Marcksi1” and Marcksl1”'/Vavl mice. E, Representative flow scatter diagram of hematopoietic stem cells in bone
marrow of 2-month-old Marcksi1” and Marcksl1”//Vavl mice. F, Percentage of hematopoietic stem cells in bone marrow of 2-month-old Marcksi1”/
and Marcksl1”'/Vav] mice. G, Representative flow scatter diagram of LT, ST, MPP in bone marrow of 2-month-old Marcks!1”’ and Marcksi1"”/ /Vavl
mice. H, Percentage of LT, ST, MPP in bone marrow of 2-month-old Marcks!1”/ and Marcksi1"!/Vavl mice.

Figure 5 Marcksl1 deletion has no effect on the percentage of hematopoietic stem/progenitor cells under steady-state conditions
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T A NRSES B BER AR AR I8 5 B 524/ BB A AN AR 15 00T 5 C o 1 T4/ T it LA B 7E 52 44/ BRUTR 89 o3 LE 20T 3 D - 32 4/
SO AP AR TR Btk T 20 M 9 L B 5 B2 32 M/ BRI JA L o 3t (AR IR 2R A M A L, S X IR AR 1L, © P<0.05, ™ P<0.01, 7 P

<0.001,

6  Marcksl1 RIS T BLAF 3 1~ 28 i 3% 1 S5 2 AE T S0 (n=3)

Note. A, Competitive bone marrow transplantation diagram. B, Percentage of donor cells in peripheral blood of recipient mice. C, Percentage of donor-

derived T cells in peripheral blood of recipient mice. D, Percentage of donor-derived B cells in peripheral blood of recipient mice. E, Percentage of

donor-derived M cells in peripheral blood of recipient mice. Compared with Ctrl group, ™ P<0. 05, ™ P<0. 01, ™ P<0. 001.

Figure 6 Effect of Marcksll knockout on hematopoietic reconstructive ability of hematopoietic stem cells
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PRI ) AT DA S 2H 220 R S ME DD BB 9. Sl FR
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KIN Marcksl1 15 VRF 5 PE SR AN A2 56, Rl 3R
Vo3BT T AR B B 1 T 40 i o3 1k & 8 AS IR B B
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P IRATIRA T A 3 1M & 7 3k A 3 i 30 425 1 2%
WA B T3 1l R GEPs (I W TR9T R R o3 B4

25 b GBI A, AT T Marcksl1 ¥ 1l &
ke e bR /N B, 455 4 B R /N R AL ) 20
B 1A% P i 2 AN 532 Wil A R A8 36k i, {H 2552
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F AN P - 52 R AR 4515 50 % 52 R 3 i
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Tl IR Ge B IR T R, FRATTA TAE R
Marcksl1 J R ) AR & DD REAF 5T, LA K iz FE 1A 1)
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Mechanism of LINC00662 regulating temozolomide resistance of glioma cells
via miR-144/C0OX-2 signaling

YAN Wei', JIN Qing®, SUN Rui®, SHUI Bo*, YU Han'* , DUAN Peng'*
(1. Xiangyang First People’s Hospital affiliated to Hubei Medical College, Xiangyang 441000, China.
2. Xiangyang Hospital of Traditional Chinese Medicine, Xiangyang 441000. 3. Wuhan Fourth Hospital, Wuhan 430033.
4. Xiangyang Blood center, Xiangyang 441000)

[ Abstract]  Objective To explore the mechanism of LINCO0662 in regulation of temozolomide resistance of glioma
cells through miR-144/C0OX-2 signaling. Methods qRT-PCR were used to measure the mRNA expression levels of
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LINC00662, miR-144, and COX-2 in glioma tissues, normal tissue adjacent to cancer, U251 cells, and U251/
temozolomide ( TMZ ) cells.
LINC00662, miR-144, and COX-2. The five groups were a blank control, knockdown LINCO0662 negative control ( si-
NC), knockdown LINCO0662, and simultaneous knockdown of LINCO0662 and inhibition of miR-144 expression. Cell

proliferation were analyzed by CCK-8 and Edu assays. Apoptosis was evaluated by flow cytometry. Expression levels of

The dual-luciferase reporter system were used to assess the regulatory relationship of

target proteins were analyzed by Western blot. Results Compared with adjacent normal tissue, the mRNA expression
levels of LINC0O0662 and COX-2 were significantly upregulated and the expression level of miR-144 was downregulated in
glioma tissues ( P<0.05). Compared with U251 cells, the mRNA expression levels of LINC00662 and COX-2 were
significantly upregulated and the expression level of miR-144 was downregulated in U251/TMZ cells. Dual-luciferase
reporter assays showed that LINC0O0662 targeted miR-144, and miR-144 targeted COX-2. Compared with the si-NC group,
cell proliferation of the knockdown LINC00662 group was significantly decreased, the apoptosis rate of the knockdown
LINC00662 group was increased( P<0.05) , COX-2, PCNA, MRP1 and Bcl-2 protein expression levels in the knockdown
LINCO0662 group were significantly downregulated, and the Bax protein expression level in the knockdown LINC00662
group was upregulated ( P<0. 05). Inhibiting miR-144 expression reversed the effects of LINC00662 knockdown on U251/
TMZ cell proliferation and apoptosis (P<0.05). Conclusions LINCO0662 regulates the proliferation and apoptosis of
glioma cells through miR-144/COX-2 signaling and is closely related to temozolomide resistance of glioblastoma cells.

[ Keywords] glioma cells; LINC0O0662; miR-144; COX-2; temozolomide resistance
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2 I 968 2 J N T i L AR 28 4 1 D R M i e g
s — BT Z B AR ZB M R X A% S8R T B AR
HM. H AL, FRYIBR G BT OB 5ok ik
(temozolomide , TMZ ) [ 4057 2 fis¢ S 968 i 3 dme &% FH 1Y)
WBIT MG 2 — X TMZ 7= AR i 24 4 2 iR e
BIT R E TR K, I TMZ B4 0L
il BT R S SR A 9T B AV A B o L

K 4% 9F 4% % RNA (long non-coding RNA,
LncRNA) B —25 K g 200 4 RR 9 RNA 43
T, SRR F R EE D B, —
W, LncRNA 785 & A8 & e R i EAE
U LncRNA HOXA-AS3 7 i J5t 783 40 Jifd v 2 % 5
ik, HE5AR SRR B s Lne-TALC W 2i0 35 it i 88
X TMZ AR 251 JEF LneRNA A9 3E K 21
B ] OSSR TMZ HLbE SRR3R Y7 Sems . M G F
TR LINCO0662 75 8 Hh 78 4 Bum 5L, 55 7
JE AR, AT 0 T PR A A ) AR KT AR, 6T
LINCO0662 J2& #5471 3 i 5198 1 (1) TMZ Hit HEBL AT
KA,

VT B 5E 2 W, LneRNA S 3 34 4% f7)F RNA
(microRNA , miRNA ) FIHE L R R 3 423 Jih 98 1) & A2 &
R HE A FSTIESE, miR-144 7] 3 1 81 ) 8 42
AL R 40 ) S 5 R 0 R, O 4w X TMZ 1Y R
P I AN , R AL 2 (cyclooxygenase-2, COX-2,
MR PTGS2) A2 —Ff 4 JiE AH C it , 5 158 988 11 & 24
RIEMIFE , Yao %M HRIH COX-2 J& miR-144 T

TERR DN, 7E B R i R AR AR . Rt AR
LR LINC00662 2 7538 1 4% miR-144/COX-2
SR IR TR AN TVZ Tt 254k, DL R Jise R i
7 PR A DL A

1 #RFnFix

1.1 SEIEHs
L1 1 R4
ARWFFE— LU AE 30 1 B0 2H 2UREAS B dd

SRIE A BUREA (M R AR ] — ), Hovp B 1k
16 1, 2tk 14 ], 4% 35~55 % . & F 2018 41 3
H ~2020 4 12 A %2 FARIFAEE AERIE S
FARVIER G S B dl @ R AR A D, AR 2
L B 24 e o Jis 22 BH T 5 — N IR IS B A8 B & 5%
SAEUME (XYYYE20220012)
1.1.2 i

U251 41 ffg, U251/TMZ 40 i g [ & 1]
IMMOCELL, %75 . IM-H421 . IMD-007
1.2 FERAFSMHE

Dulbecco B K Eagle %% ## % ( Dulbecco’ s
modified Eagle’ s medium, DMEM ) 4 3 FE8R KR
RHE A BR 2 W, 8% 52 300305 TRIzol 42 B 71 |
LipofectamineTM 2000 M H E Invitrogen , "=,
15596018 ,11668027 ; One Step PrimeScriptTM RT-PCR
RFE W A H A TaKaRa, %5 : RR064B; CCK-8 41
A FELAG I 128 70) 6 R X 1 3Rl A1 A 35 DR A ) 3K
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FEW H # 5 Vazyme, 585 ; A311-01 1 DD1205-
01 ; Annexin V-Alexa Fluor 488/fll4L [N BE ( Propidium
Todide, PT) ZH A8 - I3 &0 § 115 YEASEN,
185 .40305ES20; Click-iK Edu i H & (4L 598%)
4 [ b 5T Biorigin, 525 : BN16017; 5 %% RIPA Z4fit
W H At 5t BIOSIC, 525 : EX6010; — T COX-2, £
2yt 25 A1 & 85 H 1 ( multidrug resistance-related
protein 1,MRP1) PCNA  Bax,Bcl-2 1 GAPDH 331ty
HJEE Abcam, 575 ; ab179800 . ab233383 . ab18197 .
ab182734 .ab182858 Fil ah9485 .,

1.3 XWHE

1.3.1 4ifEssss

U251 A 25 10% 6 28 1035 RN 1% 75 B 25 -4
FE M DMEM, T 37°C . & 5% CO, IR -4
9%, U251/ TMZ 20 MAR Y Ui B P 72E DA L 35 57 45
FERHR A TMZ 16 pg/mL K5 3%

1.3.2  4ifisr4n

DL U251/ TMZ 2RI R B9 0 42, 1 8 25 0 R
( Control ) 1 . #i ik LINC00662 BH 1 X} B (si-NC) 4 .
HAK LINCO0662 ( si-LINC00662 ) 41 . B ik LINC00662
il miR-144 BH M XF B (si-LINC00662 + miR-NC
inhibitor ) 20 | B & LINC00662 F13il ] miR-144 33k
(si-LINC00662+miR-144 inhibitor) ZH, Control 4 1
W IR si-NC 4155 si-NC; si-LINC00662 £ % Yt
si-LINC00662 ; si-LINC00662 + miR-NC inhibitor 4H %%
Yt si-LINC00662 F miR-NC inhibitor; si-LINC00662+
miR-144 inhibitor 2 % 4% si-LINC00662 #1 miR-144
inhibitor, ¥4 & LipofectamineTM 2000 5 ek 3
B S Y J 3557 48 h,

1.3.3 qRT-PCR # I £H 24 70 21 g b #8431 23K
K-

FH TRIzol UK A DL _F 45 41 2R 40 i i) 4
RNA, Jf44 5 RNA 5% 558 <DNA SR J5 LA cDNA 2y
AR, TS TIRR L P 5 | 0 R0 5 5t i i) s 1) 7
1 qRT-PCR A&, i 1] 2724 w3480 H A4 35 K AR o
F3hKF, U6 Al GAPDH H] T 4% i 1k miR-144
LINC00662 1 COX-2 mRNA %3k,

5% F %) 40 K. LINC00662 ( iF ). 5°-
TGGACATCTGTCTGGAGG-3 *, & [: 5 -
GGCTGAGGCATAAGAATCG-3 ") ; miR-144 ( iE [i] .
5’ -GCCCCTACAGTATAGATGATGTA-3" |, JZ []. 5" -
GTGCAGGGTCCGAGGT-3" ) ; COX-2 mRNA ( iE [f]
5 *-TCGCTGTGCCTGATGATTG-3 *, & [ 5 -

TCGCTTATGATCTGTCTTG-3 ) ; GAPDH ( 1E [f]: 5 -
GCACCGTCAAGGCTGAGAAC-3 >, Jx Ii: 5 ’-
ATGGTGGTGAAGACGCCAGT-3" ) ; U6 (1E [i]: 57 -
CTCGCTTCGGGCAGCACA-3 °, | [: 5 -
AACGCTTTCACGAATTTGCGT-3" ) ,

1.3.4  XGCER S B A6 D)

StarBase v3.0 FF il LINC00662 5 miR-144
Hy45 4 57 5., Target Scan7.2 T i1l miR-144 5
COX-2 19 3” dE B £ [X (3 untranslated region, 3’
UTR) Z Al B 4T 51, 4 miR-144 Fl LINC00662
5 COX-2 Z [a] i 2 [ F B 7o B I 4 A 2] pmirGLO
s AR P 2 8 WT-LINC00662 F1 WT-COX-2,
DAAH IR f3 7 XA 2 A X6 28 48 /& MUT-LINC00662 Fil
MUT-COX-2, R4 N 4 55 miR-144 mimic BY
miR-NC mimic FE55Y% U251/ TMZ 40, F) WG
B S RS AR PP AG D 2R W A A
1.3.5 CCK-8 K440 U251/ TMZ #3458 1% 1

W e YL 1 25 AL A A0 2] 96 LA, B 57
24 h J5, 5% 10% CCK-8 it 55 37 ey i AL w9 &
2 h, i FHBEAR UG 450 nm AR FGWROERE(EL (A {H) .
1.3.6 Edu ¥:iM42H U251/ TMZ 40 a8 58155 I

W 1R e 5 1 25 L A0 MR 3] 24 FLAR R, 85
7% 24 h )5, BELPE AN 10 wmol Edu 3, F-REE 37
2 h J& 4% W B E 30 min, B R 20 M0 P Hoechst
33342 44t 30 min, HAREEAE T 1L S ] Click-iT Edu
WA G UL A, 2 B MBS 1T WLEZ , Image-
Pro Plus #/4:%F Edu FHE 20 M (20 40 i) 173t
20, Edu FHYEZH M2 = Edu BH4: 40 1 5 2. Hoechst
33342 FHMH A0 (i i) 1t
1.3.7 XS I -2 U251/ TMZ 4 T

W AR e IR 3R T 3k B Y 1 45 4 A0 L, AR
Annexin V-Alexa Fluor 488/P1 #H i 8 T 48 I35 &
PiEH 45 #: 47 Annexin V-Alexa Fluor 488 F1 PI Q,%ﬁg,
it FACS AR AT AT R,

1.3.8 Western blot £l #%2H U251/ TMZ 4 ifd tp#
K

i FH A B BRI 0 1% RIPA 2 76 K
PRI IR R TR SRR A A S R L B
HF L 10% SDS-PAGE HL3k /32 -5 % 5] PVDF
B, FEER T ASH 0. 1% Tween-20 Y 5% i
JEAE AT 1 h, #RJ5 i H COX-2 MRP1 ,PCNA Bax
M Bel-2 F¢ Stk —dr 4C W H ., VeI EH
HRP #tric i IeGC ZHUEHE 2 h, b5 8 1 fb 2 %Ok
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WMEE, it Image J #AEA T 8 3R IA IR ifEAL
GAPDH,
1.4 SitEAHE

AR T GORMGE T R N A B e AR M 2 (w2
) R MR R 7 2250 el ¢ K g0 R 47 Ge it
M. VAU P<0.05 Fn 2255 A Gt XL,
FrA Geit o B SPSS 25. 0 # .,

2 HR

2.1 LINC00662. miR-144 1 COX-2 mRNA 7EBZ
[RIEA LR P RIEKFE

59 55 IE W 420 b B, e B A
LINC00662 7K F-Fl COX-2 mRNA ik 18] B 7,
miR-144 FIRPFFAL(P<0.05) (£ 1),
2.2 LINC00662 . miR-144 1 COX-2 mRNA 7£ 8
H R R IE R K E

5 U251 41 M9 bk B, U251/TMZ 4 g
LINC00662 Fll COX-2 mRNA 353 i 2 T 55 , miR-
144 RIFKFFER(P<0.05) (W3R 2) .
2.3 ZABah LINC00662, miR-144 1 COX-2 % id]

T8 3 R 3 T %2 PR, LINC00662 5 miR-144 22

] .miR-144 F1 COX-2 (1) 3* UTR Z I ZEAELE A i
(W 1), HSER ML LR B, 5 miR-NC
mimic Fl WT-LINC00662 &% 4t iy 41 Jfd kb 3¢, miR-
144 mimic 1 WT-LINC00662 %% 3t 5] 4 Jifd v 7]

FREARAR T 9 E G M (P<0.05) ; 1L4M, 5 miR-
NC mimic il WT-COX-2 5% L (%) 41}y bb 48, miR-
144 mimic Al WT-COX-2 H:%% L 51| 21 fifg v n] f 25 %
TRARXT D R WG PE (P<0.05) (WL 3)

5 si-NC 4 H %, si-LINC00662 4 U251/TMZ
A LINC00662 Fl COX-2 mRNA 21k B i [J#1,
miR-144 £ AW (P<0.05), 5 si-LINC00662 +
miR-NC inhibitor 21 [ %, si-LINC00662 + miR-144
inhibitor 2 LINC00662 ik /K V- JC & & 224k (P>
0.05) , miR-144 FiEEAK (P<0.05) ,COX-2 mRNA
FIBH R (P<0.05) (W 4)

{E:A: LINC00662 5 miR-144 125 & {3 15 B ; B: miR-144
5 COX-2 W45 & T
B a8 s
Note. A, Putative binding sites of VLINC0O0662 and miR-144.
B, Putative binding sites of miR-144 and COX-2.
Figure 1 Predicted binding sites

%=1 LINC00662 .miR-144 F1 COX-2 mRNA 7EZH L 235K F (n=30)
Table 1 Expression level of LINC0O0662, miR-144 and COX-2 mRNA in tissues

ZH 21 Tissues LINC00662 miR-144 COX-2 mRNA
I 5% 1EH 2H 21 Normal tissues adjacent to cancer 1. 00+0. 08 1.03+0. 09 1.04+0. 11
e TR 2 Glioma tissues 3.15+0.30 " 0.36+0. 04" 2.94+0.25"

TE . 5EZIE LM, © P<0.05,

Note. Compared with normal tissues adjacent to cancer, * P<0. 05.

2 LINC00662 .miR-144 FI COX-2 mRNA 7E R 19T kKT (n=3)
Table 2 Expression level of LINC0O0662, miR-144 and COX-2 mRNA in cells

A Cells LINC00662 miR-144 COX-2 mRNA
U251 1. 0420. 12 1. 08x0. 15 1. 06+0. 13
U251/TMZ 3.09+0.33 " 0.42+0.05" 2.88+0.27"

.15 U251 Mk, " P<0. 05,
Note. Compared with U251, * P<0. 05.

R 3 WHOEE MG E 4 HT LINCO0662 5 miR-144 miR-144 5 COX-2 Z K FR (n=3)
Table 3  Analysis of the relationship between LINC0O0662 and miR-144, miR-144 and COX-2 by double luciferase activity assay

2173 Groups WT-LINC00662 MUT-LINC00662 WT-COX-2 MUT-COX-2
miR-NC mimic 1. 08+0. 10 1.07+0. 11 1.09+0. 13 1. 08+0. 07
miR-144 mimic 0.36+0.05" 0. 96+0. 09 0.43+0.06 " 0.97+0. 08

. 5 miR-NC mimic AL, * P<0.05,
Note. Compared with miR-NC mimic group, * P<0. 05.
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2.4 &4 U251/TMZ BAEIE IS R 247

5 si-NC 2 b #8, si-LINC00662 2H U251/TMZ
20 8 G 7R Edu FRAE 20 R B R4 ( P<0. 05) ;
5 si-LINC00662 + miR-NC inhibitor 4 It %, si-
LINC00662+miR-144 inhibitor 21 U251/TMZ 4l ffti 4§
B 1% 10 Edu BHAE 20 Ml R 3438 15 (P<0.05) o (UL
Kl 2)
2.5 £ U251/TMZ FRATER 9

5 si-NC 21 H %R, si-LINC00662 £H U251/ TMZ #ffi
T R = (P<0.05) ;5 si-LINC00662 +miR-NC

inhibitor 4 H %%, si-LINC0O0662 + miR-144 inhibitor ZH
U251/ TMZ I 123 FEAI (P<0.05) , (ULIE 3)
2.6 &HU251/TMZ W EREBKEDH

5 si-NC 4 L #8, si-LINC00662 2H U251/TMZ
4HfitsH COX-2 . PCNA \MRP1 F1 Bel-2 & /K FE X%
1%, Bax & /K185 (P<0.05) ;5 si-LINC00662 +
miR-NC inhibitor 41 I %%, si-LINC00662 + miR-144
inhibitor 41 U251/TMZ 4ijifirf COX-2 ,PCNA ,MRP1
A Bel-2 25 FI/KF- B 3G 57, Bax 85 K FEAR (P<
0.05) (WL 4,%5),

% 4 LINC00662 .miR-144 #1 COX-2 mRNA £ U251/TMZ 4 k235K F (n=3)
Table 4 Expression of LINC00662, miR-144 and COX-2 mRNA in U251/TMZ cells

2151 Groups LINC00662 miR-144 COX-2 mRNA
23 % IR
CI'? 11 A 1. 04£0. 09 1.07+0.05 1.03+0. 07
ontro. gl"oup
R LINC00662 [ %} HR 4
i NG BAtERt FRA 1.07+0. 10 1.05+0. 09 1. 06+0. 09
si-NC group
AR LINC00662 20 - " b
<i-LINCO0662 group 0.22+0. 05 2.37+0. 20 0. 48+0. 06
THAR LINCO0662 A miR-144 B % I 20 N N N
si-LINC00662+miR-NC. inhibitor group 0. 25+0.04 2450, 24 0.530.07
R LINC00662 FMHl miR-144 Fik4
At WA mi ik 0. 2740, 03 1. 5820, 18 0. 800, 09

si-LINC00662+miR-144 inhibitor group
T 525 X IR L, " P<0. 05 ; 5 # Ik LINC00662 B4 % BRZLAH P P<0. 05 ; S5 REAK LINC00662 ZHAH Ft , © P<0. 05 ; 5 Al LINCO0662 FIii ]
miR-144 PIHEX AR L ¢ P<0. 05,

Note. Compared with Control group,*P<0.05. Compared with si-NC group,”P<0. 05. Compared with si-LINC00662 group,°P<0. 05. Compared with
si-LINC00662+miR-NC inhibitor group,?P<0. 05.

TE: A28 IR IRGL B #IT LINC00662 B XT R4 ; C . Afik LINC00662 21 ; D« i Ik LINC00662 A4l il miR-144 B4 XF B4 ; B A AIE LINC00662
Tl miR-144 Rk, 523 {RFIRAM L, P<0. 05; S LINC00662 FAHERS IR L, " P<0. 05; S5k LINC00662 414, © P<0. 05; 55
R LINCO0662 A miR-144 BIHE%S BEARLL , ¢ P<0. 05,
B2 &41U251/TMZ 43458 % 0
Note. A, Control group. B, si-NC group. C, si-LINC0O0662 group. D, si-LINC0O0662+miR-NC inhibitor group. E, si-LINC00662+miR-144 inhibitor
group. Compared with Control group,*P<0.05. Compared with si-NC group,”P<0. 05. Compared with si-LINC00662 group,P<0. 05. Compared with
si-LINC00662+miR-NC inhibitor group, 1p<0.05.
Figure 2 Proliferation of U251/TMZ cells in each group
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T A28 FIX HEZ S B . IR LINCO0662 FIVERS HEZH ; C . AEAIR LINCO0662 £ 5 D # ik LINC00662 FIII ] miR-144 PFIVEXS HEZH ; E . AR LINC00662
FHIH miR-144 FR4, 528 AR IRAUAR L, *P<0. 055 S5 i LINC00662 BHPEXH IRZALHI 1L, P<0. 05 ; S fik LINC00662 AL, “P<0.05; 5
RIS LINCO0662 I miR-144 BIPEXTHEA L, P<0. 05,
B3 541 U251/TMZ 4 Ja T i
Note. A, Control group. B, si-NC group. C, si-LINC0O0662 group. D, si-LINC00662+miR-NC inhibitor group. E, si-LINC00662+miR-144 inhibitor
group. Compared with Control group,®P<0. 05. Compared with si-NC group,”P<0. 05. Compared with si-LINC00662 group,®P<0. 05. Compared with
si-LINC00662+miR-NC inhibitor group,*P<0. 05.
Figure 3 Apoptosis of U251/TMZ cells in each group

x5 &4 U251/TMZ 4R K8 (n=3)
Table 5 Analysis of target protein level in U251/TMZ cells of each group

ZH 5] Groups COX-2 MRP1 PCNA Bel-2 Bax
2% % R ZH. Control group 0. 69+0. 08 0. 89+0. 09 0.99+0. 12 1.01+0. 14 0.41+0. 05
% PEXT IR si-NC group . 75+0. . 84+0. . 08+0. . 97+0. . 43+0.
Ik LINC00662 B Xt FE 41 si-NC 0.75+0. 09 0. 84+0. 10 1.08+0. 13 0.97+0. 12 0. 43+0. 06
AR LINC00662 41 si-LINC00662 group 0.26+0.03"  0.3620.05"  0.44£0.05"  0.37+0. 04" 1.12+0. 15®
FEAR LINC00662 FM | miR-144 BT BE2H W " " " "
S-LINC00662-+miR-NC inhibitor group 0.28+0. 05 0.33+0. 04 0. 48+0. 06 0. 40+0. 06 1.20+0. 13
G LINC00662 A1l il miR-144 k4] ‘ ahe abo abe abe
m = 0.47+0. 06" 0.55+0. 06" 0.69+0. 08¢ 0.72+0. 08 0. 81+0. 09

si-LINC00662+miR-144 inhibitor group
57 FXTRATH G, P<0. 055 S % LINC00662 B IRALHIEL , " P<0. 05; 5% LINCO0662 4140 1, © P<0. 055 ik LINC00662 A4l
miR-144 PIYEXTBEA L, P<0. 05,
Note. Compared with Control group,*P<0.05. Compared with si-NC group,”P<0. 05. Compared with si-LINC00662 group,°P<0. 05. Compared with
si-LINC00662+miR-NC inhibitor group,®P<0. 05.

TE LA LS I IR AL B L IR LINCO0662 BATERT R4 ; C . # A% LINC00662 41 ;D : #if Ik LINC00662 FiM il miR-144 B4k X BE4L; E . 5% LINC00662
AN miR-144 Fik4,
4 424 U251/TMZ 4 h ¥R AR 1 3k K P
Note. A, Control group. B, si-NC group. C, si-LINCO0662 group. D, si-LINC00662+miR-NC inhibitor group. E, si-LINC00662-+miR-144 inhibitor group.
Figure 4 Expression level of target protein in U251/TMZ cells of each group
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3 Wit

I SR JRE A 9T T B R DL TR i kT R
SR, HA T RO I AR BRAR, & K ORI BE T A0 X
B TMZ B RUEFRPURAE T, BEAR AT M i s
G 2 SO 96 R 3 A AR i R, O db 3 0 /0N e e A R
BT TMZ (ARTT S 24 1 i S8 dee ) 2 A5 FH IR T
ik 2z —" BRI I KBRS A i Xt
TMZ PGS IE e S R, 5 BN i o
SR TMZ it 25 0L HEA THR 5T

CAREFREN, MEAL T REN
LncRNA #] £E g 10 I B 88 B0 )5 (9 20 1 #5 3&
Pyt Wei 6N 5T B, LINCO0662 1 B #i
SR SURNAH I 5 2 80 3R, WA A U A L )
R PUME . FFE, ASBE 58 & 3 LINC00662 7E
R A 4 Rk, ST AR ST A AR —3 T
LncRNA 5[5 0 J8 25 g (9 T 250645 5%, 20 LncRNA
DILAT W 38 =5 400 1 240 B o) O3 26 11 D1 o i o o 2L A
AN M A A, IRk & % b 55 SR G R
LncRNA SNHG12 AJfE 5 miR-129-5p ) ¥ 4 9] 4%
MAPK/ERK 3 % 3% 1 #F 1M {5 5 o1 5 244 Ffd s 2 A
TMZ HuPE . ABF5E45 R B, LINC00662 15 it 245
IR U251/ TMZ 3Rk 3 5 T U251 400, 78
U251/ TMZ 4t e s I G 22 36, mT b 285 e 11 400 it 14
BTG 1 B A0 M A T RE T, B R B AR LINC00662
AT i R T TMZ, A U

LncRNA A 1k 2 35 4+ P 9 8 #£ RNA 4 [
miRNA S35 miRNA #E 5L g ek R4,
LINC00662 7] 1 4y 5 4+ P Py ¥ #4 RNA # 1] miR-
34a-5p/BEEZH @454 2 F (LMAN2L) 5 miR-
107/ /B RS FRMRME 1 25 H (HMGBI1) il ok 9 35 i Jot
JERPERE T NI, £ F i id StarBase v3. 0 M3
W T LINCO0662 ) 4 K& A, % W Jf % ik T
LINC00662 1 miR-144 Z [A] f¥0 e & &R, UL, 2
FYRZEE T Target Scan7. 2 M us I IFUESLE T miR-
144 1 COX-2 Z[A] A #0 ] OC £, 55 AT 4 18 45 A
— g B RFSIESL, COX-2 TEI BRI 414t rh 3k
KR g 3k T i O R SRR Y e A g
AWFSE % PR LINCO0662 A 5 F 14 miR-144 %
ik, L COX-2 ik, #8 LINC00662 ] 4E A miR-
144 SE4e R RNA SRIE T COX-2 ik, I
Hh AHIFSE R m AR LINCO0662 7] 7| i 41 i 1% 1 %
AT R T 5, [F Z B AR miR-144 ik

1Y U251/ TMZ Al b 950 5% | B2 7R LINC00662 fig i
Ji2 S 4R X TMZ 15t 25, HL miR-144/COX-2 (552
Hizad ke,

Tt 2451 2 E R AR AT B S A R
PR —Se AR RS2 2R (1 T MRP 1 (95 B 635122
A 5 45 S B ow, AR LINC00662 ] i 3 [ AIX
U251/TMZ 4l fd MRP1 3% 35, F WK UE B T @ AIK
LINCO0662 Hé5i 1 it 5 J88 %iF Ak y7 25 ) o dg s vk, R
A T BRI TMZ T 254 . A1, PCNA & —
H#%Z 5 DNA & E A, KBRS N2k
SR HE B RE S8R ) Bel-2 B Bax EJHT-AH G
F, Bel-2 i 5 4o AR AMIE I 1 Z IR 25 5, A B
T YE R 2 R PR B B 58 B 1, FE 24 40 M R T Y A o
570 Bax AAESE AN TR VE T, 25 40 M 5 25 TR
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[ Abstract]  Objective

To observe changes in retinal functions, structure, and glutamate content after retinal

ischemia-reperfusion( RIR ) injury in Long Evans rats to provide a reference for the study of retinal injury and possible

protective mechanisms. Methods Thirty adult SPF level Long Evans rats were randomly selected, and the left anterior

chamber of their left eye was perfused with high-pressure normal saline for 60 minutes to establish an RIR injury model,

while the right eye was untreated as a control. At 1, 3, 7, and 14 days after modeling, changes in retinal

electrophysiological functions were assessed by flash electroretinogram. The retinal thickness was measured by optical

coherence tomography ( OCT) before and at 3, 7 and 14 days after modeling. Changes in fundus vessels were observed by

fundus angiography. Rats were sacrificed at 14 days after modeling, and the retinal morphology, apoptosis, and distribution

were observed by hematoxylin-eosin ( HE ) and TdT-mediated dUTP nick end labeling ( TUNEL) staining. The content of

glutamate in the retina was detected by ELISA. Results

Compared with control eyes, the B wave amplitude of the

electroretinogram in the model eyes were decreased significantly (P<0. 01) and latency was delayed significantly ( P<0. 01)

from the first day. OCT showed that the thickness of the retinal ganglion cell complex( GCC) was significantly thinner from

day 3(P<0.01), the thickness of the whole retina was significantly thinner from day 7(P<0.01), and both of them

became thinner over time( P<0.05). Fundus images showed that the retina had obvious ischemia from day 3 and did not

recover to the normal level until day 14. On day 14, the HE staining showed retinal atrophy, obvious thinning of the inner

layer and a reduction of retinal ganglion cells. TUNEL staining showed obvious apoptosis in all retinal layers. ELISAs

showed that the glutamic acid content in the retina was increased after modeling( P<0.05). Conclusions RIR injury in

Long Evans rat causes serious damage to visual electrophysiological functions, retinal atrophy, an obvious reduction in the

GCC thickness over time that becomes irreversible, RGC apoptosis, fundus vascular ischemia, and an increased retinal

glutamate content, thereby providing a good animal model to study retinal injury diseases.
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Table 1 Analysis of erg test results in model eyes and control eyes at different time points after rir injury

b WA IR b PRI
A ] b-wave amplitude b-wave latency
Time BRIRATAR (V) . SERA ] (ms) R
Amplitude reduction Delay time
D1R-D1L 185.8+52.4 * P<0.01 11.2+7. 1 * P<0.01
D3R-D3L 134.5+50.9 “ P<0.01 11.2+7. 1 * P<0.01
D7R-D7L 193.0+59.9 " P<0.01 19.1+16.4 “ P<0.01
D14R-D14L 154.0+54.0 * P<0.01 30.0+16. 8 ™ P<0.01
P 0. 078 0.01

{E:D1.D3.D7.D14 A HIF/R KR RIR Hi45/5 1.3.7,14 d; L FR AR GERIR) R FRATIR IR . SXT AR gL, ™ P<0.01,
Note. D1, D3, D7 and D14 respectively represent 1, 3, 7 and 14 days after RIR injury in rats. L represents the left eye( model eyes) , R represents the
right eye( control eyes). Compared with the control eyes, ™ P<0. 0l.

TE: A B:RIR $i /5 AR A1 HEHIR b o 45 58 P ; C D RIR 54755 A [ s ] 3 A HR A5 0k B HRE b iz i Wi R AR I 5 2R HL ¢, EF:RIR
P05 J5 AN TR [E] s A AR AR5 T BRHR b AR b P R IR IR S 0L . S0 BRIR HL A, ™ P<0. 01,

1 RIR BEAIR B b A N2 3R B H LA (s ,n=10)
Note. A/B, b-wave detection results of the model eye and control eye after RIR injury. C/D, Comparison of b-wave amplitude and latency results
between the model eye and the control eye at different time points after RIR injury. E/F, The reduction of b-wave amplitude and delay of b-wave latency
in the model eye at different time points after RIR injury compared to the control eye. Compared with control eyes, ** P<0.01.

Figure 1 Comparison of b-wave detection results in RIR model rats
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Table 2 Three and full retinal thickness measured by OCT
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T SRR H AL, T P<0. 01,
Note. Compared with that before modeling, ™ P<0. 01.

2 Long Evans RIS BHRAN [R] B A] OCT A6: 4R o0 155 1
Figure 2 Retina of Long Evans rats was detected by OCT at different times

T ST AL, © P<0. 05, ™ P<0. 01,
3 RIR 55 A R [R] 5 s AR
A0 IR S P 2 L LU A (x5, n=10)
Note. Compared with that before modeling, * P<0. 05, ™ P<0. 01.
Figure 3 Comparison of retinal thickness between
model eyes and control eyes at different

time points before after RIR injury
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Figure 4 Retinal fundus photography results

TEINL: AZJZ ; OPL: AP MARJZ ; ONL: AMZJZ 1S/ 08 : WL UFFAITALZ
5 HE B ) 7 gl RS54
Note. INL, Inner nuclear layers. OPL, Outer slave layer. ONL, Outer nuclear layers. 1S/0S, Cone, rod cell layer.

Figure 5 HE staining section observation of retinal structure

T INL: PI#%J2  OPL. AMAR 2 ; ONL . SMZJZ 1S/ 0S WA AT 4i 22
6 TUNEL % 65% (e 002 00 I A A1 A 0 1
Note. INL, Inner nuclear layers. OPL, Outer slave layer. ONL, Outer nuclear layers. 1S/0S, Cone, rod cell layer.

Figure 6 Retinal cell apoptosis was visualized by TUNEL fluorescence staining



60 o H A PR 2 2R AE 2023 4E 6 A5 33 %45 6 ] Chin J Comp Med, June 2023, Vol. 33,No. 6

R3S AN [ )AL A SR 5 B R A (45,0 =10)
Table 3 changes of retinal glutamate content at
different times after modeling

B R (mol/g)
it ] Glutamic acid concentration
Time %I BUIR
Control eyes Model eyes
DI 41.6+7.4 68.6+8.8 "
D7 40.0+13.6 77.6£22.6™
D14 55.3+9.2 60. 1+11.8

T SXHRIR L, ™ P<0. 01,
Note. Compared with the control eye, ™ P<0. 01.
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Protective effect of exogenous cholecystokinin octapeptide on glutamate-induced
neuronal apoptosis in the rat cerebral cortex

WANG Yan', CHEN Ling’* , PANG Yin®’ , ZHANG Haifeng’ , LI Heyang®
(1. Department of Medicine, Cangzhou Medical College, Cangzhou 061001, China.?2. Department of Gynaecology,
People’ s Hospital Affiliated to Cangzhou Medical College, Cangzhou 061001. 3. Department of Basic Medicine,
Cangzhou Medical College, Cangzhou 061001. 4. Department of Neurology V, Cangzhou Central Hospital, Cangzhou 061001 )

[ Abstract] Objective To investigate the effect and mechanism of exogenous cholecystokinin octapeptide ( CCK-8)
on neuronal apoptosis induced by glutamate in the rat cerebral cortex in vitro. Methods Rat cortical neurons cultured in
vitro were treated with various concentrations of CCK-8. An MTT assay was used to assess cell survival and screen the

appropriate concentration. Rat cortical neurons were treated with glutamic acid( Glu) to establish a neuron injury model and
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were divided into model, CCK-8, and control groups. The cell cycle and apoptosis rate were assessed by flow cytometry.

The Ca® level was assessed by Flou-4 staining. Bel-2 and Bax mRNA expression was assessed by Real-time quantitative

PCR. Bcl-2, Bax, and cleaved caspase-3 protein expression was assessed by Western blot. Results Compared with the

control group, the survival rate of neuronal cells, the distribution of G, phase cells, Bel-2 mRNA and protein expression

levels were decreased, and the distributions of S and G,/M phase cells, the apoptosis rate, calcium ion level, Bax and

cleaved caspase-3 protein expression levels were increased in the model group(P<0.05). Compared with the model group,

the neuronal cell survival rate, G, phase cell distribution, snf Bel-2 mRNA and protein expression levels were increased,

whereas S and G,/M phase cell distributions, apoptosis rate, calcium ion level, Bax and cleaved caspase-3 protein

expression levels were decreased in the CCK-8 group( P<0.05). Conclusions CCK-8 has an inhibitory effect on neuronal

apoptosis induced by glutamate by inhibiting calcium influx and regulating Bax/Bcl-2 expression in cells.

[ Keywords )

related protein

exogenous cholecystokinin octapeptide ; cortical neurons; apoptosis; B-cell lymphoma factor 2; Bel-2-
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ENG R0 B T &, B2 Bk BRI (P<
0.05) . AR XF 4 M3 7 (%) 5% w45 SR | J5 2L 5%
CCK-8 #EH#E 1 pmol/LAEAG —LA WAL, WL 1,
2.2 HHEMAERSHILE

41 6 ) 1A A A I T DA s 45 B A0
BV 2 I R A BRSO
S B ) A o3 A 25 SR s, 50 R L A, AR AR 2 R
o J2 JE M2 on 4 G, A0 LA AR k2>, S .G,/
M A 40 B 3 A H A5G (P<0.05) . SALRIZ L
B, CCK-8 AL Al Bz Z AP 2 e i il G, 3 40 i 43 A7
B, S 11 .G,/ M S 4 A 53 A e il D (P<0.05)
&2, K1,

2.3 HEMAMBTEILR

Annexin V-FITC/PT X4 it X 40 {0 I 45
SR, 5N IR (6. 43£0. 77) % FLIC AR IR 20 K i e
JER TN M TR (34.26+1.60) % THiE (P <
0.05), SHEHIL H#, CCK-8 2H KK iz J2 1 22 9T
AP T-3 (9. 45+0. 83) %A% (P<0.05) , WK 2,
2.4 HHAMATSEFKELRER

Flou-4 AM %8 25 5L 1 7R, 5% 4] (0.23 «
0.02) Fbd, #5578 20 KM Kz J23 P 268 50 40 55 25 - K
F-(0.760.04) B 75 (P<0.05) , SHAIA L
B, CCK-8 41 K Mo Kz J2 Fi 28 JC 240 MU 45 25+ 7K °F-
(0.27+0. 04) &K (P<0.05) , WK 3,

R SUMAATERE O (x2s,n=3)

Table 1 Comparison of cell survival in each group

25 ¥ JE (umol/L) HMAFTE (%)
Drug Concentration Cell viability
#ER 50 62.36+0. 53"
Glutamate 0 100. 00+0. 00
0.01 65.78+0. 64*
CCK-8 * %A
0.1 68. 67+0. 63

1

74.95+0. 5944

¥ :5 0 pmol/L CCK-8 4LAH I, * P<0.05; 5 0. 01 wmol/L CCK-8 ZH I, 2 P<0.05;5 0. 1 pmol/L CCK-8 4k, 4 P<0. 05,

Note. Compared with 0 wmol/L CCK-8 group, * P<0. 05. Compared with 0. 01 wmol/L CCK-8 group, ® P<0.05. Compared with 0.1 pmol/L CCK-8
group, 4 P<0.05.

T2 UMM LI (x+s, % ,n=3)

Table 2 Comparison of cell cycle distribution in each group

251 G, M S Gy/M
Groups Phase G, Phase S Phase G,/M
XTHE4H Control group 44.34+1.72 22.17+1.75 12.21+2.01
FEHIZH Model group 35.49x1. 63 29.75+2. 08 26. 68=1. 69™
CCK-8 41 CCK-8 group 48.82+1. 722 23.33+2.26%° 11. 64+1. 94

IR, P<0. 05 SHBALMILL, © P<0. 05,
Note. Compared with control group, *P<0. 05. Compared with model group, 4 P<0. 05.

1 LA A 3 0 A s

Figure 1 Cell cycle distribution in each group
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2.5 Bcl-2 1 Bax mRNA 7K FE L5

Bel-2 Fl Bax mRNA 7K-F-1] DL Bt Bel-2/Bax
2 M2 A T 30 A e TR K ) R R O, 5 ) T
2 LA B LH KNG K2 2 28 e AR Bel-2 mRNA
FRKE B K, Bax mRNA R IEK B B T &
(P<0.05), SHRIL AL, CCK-8 41K Bz 2
JUH ML Bel-2 mRNA 3K 35 K7 B & A+ &, Bax

2.6 ATEBKFELLR

Western blot 256 2% R g 7~ , 5 % BR 4] %, 5
RUZH R B JE M2 TT 40 i Bel-2 28 1 R 357K F- B
A, Bax Fl cleaved caspase-3 #5 13¢5 7K - IH i
THE(P<0.05) , SRR HEET, CCK-8 41Kk B J=
ML Bel-2 8 FH R IKKF-I TR, Bax Al
cleaved caspase-3 & [1 & ik KB B REAL (P <

mRNA 35K B AR (P<0. 05) , L3 3, 0.05), WL 4,/K 4,

B2 USG5 2 A UA T

Figure 2 Apoptosis was detected by flow cytometry

B3 Flou-4 #2055 25 57K (Flou-4 AM)
Figure 3 Flou-4 was used to detect the level of calcium in cells
RT3  SUHYM Bel-2 F1 Bax mRNA 7K HdsE (x+s,n=3)

Table 3 Comparison of Bel-2 and Bax mRNA levels of cells in each group
205 Groups Bel-2 Bax

X HEZH Control group 0.55+0. 04 0.35=0. 03
Hi#IZH Model group 0.22+0.03* 0.91+0.07*
CCK-8 24 CCK-8 group 0.52+0. 06> 0.39+0. 04

T SRR L, P<0. 05; SBUBALME, © P<0. 05,
Note. Compared with control group, ™ P<0. 05. Compared with model group, © P<0. 05.

R4 SAMMEATE KT (225 ,n=3)
Table 4 Comparison of apoptotic protein levels in each group
26 5 Groups Bel-2 Bax

cleaved caspase-3

T HEZH Control group 0. 67+0. 06 0.35+0.02 0.26+0. 03
FIRIZH Model group 0.28+0. 03 0. 89+0. 07 0. 690, 04*
CCK-8 41 CCK-8 group 0.56+0. 06 0.43+0.04% 0.33+0.04%

T SRR LL ¥ P<0. 05 SEURMALAE, © P<0. 05,
Note. Compared with control group, * P<0.05. Compared with model group, “ P<0. 05.
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4 SN T R KOKP A
Figure 4 Expression level of apoptosis protein

was detected in each group

3 Wit

A5 GRS T PN A 1 i 34 o, 5 400 RS 1= 1Y
FRMZEE G S 5 24 Rg A B g, il
VAN TSI R ) OR S = i i I I ¢ R 6
R, R A A R X 48 T T 3 B — E R
OB EZes o o ! N RG2S Toes ) RO = RN B P N
T, ARSI R B A AR s BE S 2 AR, 51 R
ESN s E2 i) L | DA o 2SIl I B L 2 i 3
WA, K] 2 S8 g e T Mo
0 It ) I 28 2R G IR B A S R R T BE BRAL, 4%
PR 2 R BN A ], AR B AN T AH 2T
W, H AR 4] 20— 22 0 40 B 1) SE AR AE A K 2R
AR Rk, PR Ah 8% 37 K BRUK M Rz 2 1 28 ot 4
JibL, AT ISR 26 70 A0 e e VR B P R R T R A
PR RE

CCK-8 2—F i Z N A EMA MM Z IR, 25
PETIR A | 2 2 A R 2858 ot ) BRI A5 A B 0
T YE4lGHE , CCK-8 BEMSAM il ph e 40 B gR T, HoA #h
ARG EAE T ARG KB, CCK-8 1]
TS VAT R T A KPR AR S G 3R B A 2 s A
B AT g R AR [RI M CCK-8 Ah B A4 4
TR R BRI B2 J2 2 e AN, M T HILHI B
TF CCK-8 X4+ & R 175 5 1) i B2 23 il 48 7 40 Jfa 34
SRR T RE I, 253 WK, 78 MTT SE56H , £
1R VAR T 4 S TR b 3 B2 J2 b 8 e 20 L A
15 77 B S IS, HR AR [RD R B2 7 CCK-8(0,0. 01,
0.1 A1 pmol/L) VEH KM Bz )2 M2 oAl i s | 45 41
UMAEAF TR T, HLE B B AR, BN
FE R R BE A 2 R 45140 45 14 K, CCK-8 W] LA K Mg JiE

A i KRB JZ 1 2 T A O AT 38 e Ah, R
TRF RRE, A5 AU 20 B 28 0 40 B I T R W] R
UL AR5 T, i 2T 20 ML SR FE RN U8 T 1 15 150
WA (H CCK-8 LA £ 0 1 4t i U8 T2 R A B
TR, $ER CCK-8 RERE AN 25 & IR 1% T 1Y
R B J2 P 28 0 A ML IR 1, XoF DR i 1 23 bt 28 50 44
HARYYEM ., #5903, CCK-8 Xf & 4 MR 1% 1
LTI R BT I AR S AR A A
A0 2 e JE A 26 v R ISR 21 20 i 2 53 A T G,
B, %50 CCK-8 YE & , REAS 1. & h /b #i 28 JC 41 e
Hi G, 1) M AT AR i i 40 B p R T, 10—
HAIESE CCK-8 XFH i i R ar Ve

FEARMESE 550 BRAT b A, 150780 21 b 28 5T 2
JELPN Ca® . Bax F cleaved caspase-3 HHAKEI 8T
15, M0 Bel-2 BT B R BT, BB 5 N-
HIE-D-K (1) & AR, X & —FhiE 7 Ca™ il
T FEZAR, kB @R T L5 H A S 5
B Ca™ MIPNTI, 5 | 505 R 4, S50 I G198 YR
PRl 3k I ek A | i B b 28 TE 4l I IR BE R T
Bel-2 SRR HE AR 2 08 T A PR R 5, AT LA i
OIS 2R A S IR 38 37 1, 35 i R TRD B ) 9 T2
B, SR T BT Ss RAR A RS
MR 2RI ML 12 5 F 94 Bax/Bel-2 [WEAHDG, 5
BRI AOE — 8, fEABSE ] CCK-8 4b 3
LS, SRR L, CCK-8 42T Ca™ 7K
SIS A, HLAMA 28 1 Bel-2 Rk AT, A2
JAT-8 H Bax il cleaved caspase-3 & [ 3¢ ik /K15
BB, KU CCK-8 XA Z R 1 #2211
MHE AT RE S 30 H Ca> WU, LRAMIE &
Bel-2 Fk K-, IR 2 ST A I T A G,

25 LR, CCK-8 X3 AR5 5 i # £ o0 40 i
PATA —E ARV, AT e ] Ca™ I,
PATTAIAE A Bax/Bel-2 Rk AR, bl R
IR B TR VSR BE SR AR AR

SE Lk

[ 1] Mahmoud S, Gharagozloo M, Simard C, et al. Astrocytes
maintain glutamate homeostasis in the CNS by controlling the
balance between glutamate uptake and release [ J]. Cells, 2019,
8(2) . 184.

[ 2] Manucha W. Mitochondrial dysfunction associated with nitric

Clin Investig

oxide pathways in glutamate neurotoxicity [ J].

Arterioscler, 2017, 29(2) : 92-97.
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w1 #5258 1 35 miR-135b-5p k= ik Hela
M1 28 L R 1) S B A 5T

HE%H',E R EAS, e

(1 AE T AR AR, Wl 25 071000528 M7 AR ERERE, WL 290 073000
3L E - NRERER, WAL M 073000)

[BE] HH W5 REREL AT miR-135b-5p FIkXTE 8 Hela AR S R 095 i B HR AL
Fik  FHWREE N 50 wmol/L(HFZE [ £1) Al 100 pmol/L( B F 2K Il 41) it HE K AL HH ey BR Hela 40MI, 53 %25 B %
BB MTT 200 5% Hela gAY A KB . K Transwell 3200 52 Hela 2012 2818 0, 27 FH X1 S2 56 46 00 2 2509
Hela 445585 RE J1 , K Real-time PCR 358 Ak 2E AL 32 K2 400 Hacat F1'E 30098 Hela 21 i miR-135-5p A3
TRTROF- AN [ e Jig ot B2 AL S XS miR-135-5p MR IAACE-HYFEI 7% 4 miR-135b-5p mimic % F U Hela 411,
FF2R H Transwell £ AR SC 5600 B 505 Hela AUARAIIZZERE I RIGERERE S, S6R  IMARFE 5 E HUE Hela
1 A A 7 ) i AR LR i R ) R P AR TR B & (P<0.05) , B 3 Hela 21 H miR-135b-5p 1%
SEAKEH(1.9720.07) , W3 T ATK AL AL 35 Bz 40 i Hacat 402 5 miR-135b-5p AYZE KK (1. 01£0.03) , 4[] Lk
BEFHARIT#E XL (1=28.187,P=0.000) , A RKEE)5 5 HE Hela 4117 22T FH A% I miR-135b-5p
FIR I WAL ; FLm ok B A B ' U Hela JUARZESRAGE B Z L, AN b= FHEASIH¥E L (1
=138.614~317.100,P<0.05) , i 715 miR-135b-5p b 35 44 1l 2 50 Hela 40 L (1412 2R AR R (1=7.145, 1=
7.465,P<0.05) , H Vimentin FiEIEIN E-cad FILFFEMR(1=8.223,1=7.473,P<0.05), it WA R0 3 L #1H
miR-135b-5p FI8 MM H Hela 20 IR 22 FNGERS |

[£4#iA]  BAE 5 I ; Hela 410 ; 778, 55 ; miR-135b-5p

[FESH2%ES] R-33 [ XktRiZFE] A [XEHS] 1671-7856 (2023) 06-0068-07

Cordycepin inhibits invasion and metastasis of Hela cervical cancer cells
by regulating miR-135b-5p expression

WEI Xingru'*, WANG Cui®, PANG Xujiao’ , DU Tingting'
(1. Department of Gynecology, Baoding Maternal and Child Health Hospital, Baoding 071000, China.
2. Department of Gynecology, Dingzhou People’s Hospital, Dingzhou 073000. 3. Department of Gynecology,
Hebei Seventh People’ s Hospital, Dingzhou 073000)

[ Abstract]  Objective To study the effect of cordycepin on invasion and metastasis of Hela cervical cancer cells

by regulating miR-135b-5p expression and its regulatory mechanism. Methods Hela cells were treated with 50 and 100

[E£TH e ffe iR TR H (20412F276)
[EHEBN 1AL (1978—) , L, B FALEEIR , WF 55 7 1) . i9RFIRE . E-mail ; weixr_1978@ 163. com
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pmol/L cordycepin, and Hela cell growth was measured by MTT assays. Transwell assays were used to assess Hela cell
invasion, a scratch assay was used to assess the metastasis ability of Hela cells, and Real-time PCR was used to measure
the miR-135-5p expression level in human immortalized epidermal cell line Hacat and Hela cells, and the effect of various
cordycepin concentrations on miR-135-5p expression level. miR-135b-5p mimic was transfected into Hela cells, and the
invasion and metastasis of Hela cells were assessed by Transwell and scratch assays. Results After cordycepin treatment,
Hela cell growth was significantly inhibited, and the inhibitory effect of the high concentration cordycepin was more obvious
(P<0.05). The miR-135b-5p expression level in Hela cells was (1.97+0.07), which was significantly higher than that
in Hacat cells( 1. 01£0.03) , and the difference between groups was statistically significant(t=28. 187, P=0.000). After
cordycepin treatment, the invasion and metastasis rates of Hela cells and miR-135b-5p expression were decreased
significantly. After treatment with a high cordycepin concentration, the invasion and metastasis rates of Hela cells were
lower, and the differences between groups were statistically significant(z=138. 614 ~317. 100, P<0.05). Overexpression
of miR-135b-5p significantly increased the invasion and metastasis rates of Hela cells(¢=7.145, 7.465, P<0.05), and
vimentin expression was increased and E-cad expression was decreased (¢ = 8.223, 7.473, P<0.05). Conclusions
Cordycepin inhibits the invasion and metastasis of Hela cells by inhibiting miR-135b-5p expression.

[ Keywords] cordycepin; Cervical cancer; Hela cells; invasion; transfer; miR-135b-5p

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

B SO A U004 A B R G R S A R R
FEFET- MR R S AT DL TR
DI, FL 2 B 300 By S8 1 A VR T 2 B AT,
{ERS S LG R ES 7 aale o 1 2T i AN P I i 15 =11
P E U2 e R 8, KM E A U
PRI S A 5 2 T e &0y ke ) 4 TR A A BT A2
B AR TS R R R,
BAMTRERG JUE PR THR B S L2 F
IR ; BB 2R 0] LLE S B caspase /- RO AN T
A T ROS 123K 7K PS5 AL 1 e 175 5 i 20 4
T, [7) B 375 200 J) S0 BEL v | 490 o 440 L 1 e
PPN 9E SE B pS3 1 2R A /K ST Sk 41 i J A0 i Y 1
B0 H R R R X N S 1R 2 A RS A LA
FeA= 9 2 BLH i 7 VOIE X R, miR-135b i F
1 YAk A miR-135b-5p Fl miR-135b-3p Pifh
BT RV | WIS /R miR-135b-5p 75 £ 45 il 98 v
AENZE L 10 smad2/3 BERR L2 5 TGF-B 15 %
TR, B A W T R 5 12285 H miR-
135b-5p 7 £ 59 41 il & rf R 35 K 1, miR-
135h-5p 155 EF S0 40 M 4384 47 0 AH ST
PR AR F00Ks 30— 25 BF 5T HLRE 28 7 5 30098 Hela 40
MR 28 A IV L, FEXT miR-135b-5p ik 5%
M), LA S B A A ey S0 24 ) B Sk

1 #efnrE

1.1 #4pa
‘B 295 Hela 20 J A1 A 7K A= A6 36 B2 40 Bfd Hacat
Y57 b o R R B 40 M 2R B AR

1.2 FERFSMNE

B4 113 RPMI 1640 15353 (25 [ Gibeo) 5 HUE
F (Sigma, 4li i =99%), CO, 1% 7% ( Thermofisher
Scientific ) ; fiff &5 1% ( RT-6100, Rayto ) ; ¢ ¢ . i 5%
(BX43, Olympus ) ; 2 F1 % 2 5t ( ChemiDoc XRS, BIO-
RAD),
1.3 SLWAHE
1.3. 1 ZpEssgR o

W SR AN HEA AR AR

SLEGrEH R | 4 (BRI 50 pmol/
L) RFZE T4 ( AR 100 pmol/L) FIZS X}
R (MR 0 pmol/L) , 1% 5 MEAL,

1.3.2  MTT il M nd AR KA AL

MTT 5 40 H A9 A8 K A ELAR B 1 2 18 ek
AT, B SEIE 1C,, 8. & HFE RN 0,20,
30.,40,50 60,70 80 pmol/L, HoAth 451 2 HE Skt
AT,

HRAE 1C, A58, SRR EE S 50,100 wmol/L 1Y
MR AN M, 12 0 B, 0 R R k)
SR AE R R, 25 2H oI A B RE . =S Lo
A 10 wL K532, HAr L4351 A 50,100 wmol/L
B R,

1.3.3 PCR M E miR-135-5p ik

% 48 h INF, D2 i 3% FRAE Hh BCH 40 i, PBS
TP, LA 1 mL 40 i 2% K TRIzol, 32
LBV RNA, IR R 43 Y66 BE TH R RNA 19
WeRE Al | Wikk A A cDNA SR AT P38 5]
Ve Lifg A T A T AR A A R JIHIE A A,
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JVAKRZ :SYBR® Premix Ex Taqg TM 11 5 pL, FJiF
TS 14 0.25 pL,ROX 0.2 pL,cDNA 2.5 puL,
BABU10 pL, P40 . 95°C A8 1 30 5,95°C 4%
P30 s,57°CiB K 10 s,72°C ZEAH 15 5,40 PMEHR,
GAPDH £} N2, GAPDH B ¥ /¥ % h I Ui, 5° -
GACAGTCAGCCGCATCTTCT-3 * #1 F %: 5 -
AAATGAGCCCCAGCCTTCTC-3 ", miR-135-5p 51 ¥
51 R .5’ -TGCGATATGGCTTTTCATTCCTA-3’
M F %: 5 -CGCAGGGTCCGAGGTATTC-3 *, #%
278 IR B RS AR X ek

B U Hela 40 L 35 3% )5, 20 0 n A & 50,
100 wmol/L [ HUEL R MIE IR, JF i — 4 25 FIXT R
B R, SR)5 K Real-time PCR 32510 %€ ‘H 8
S Hela 410 miR-135-5p FIZRIAIKF,
1.3.4 Transwell I % 40 M A 12 78 HE 71

Transwell I 22 21 il 14 1= 28 BE 1 (9 IF 58 2 B SC
BRIEAT HRAED NG R RIS AT LTS 1 50,
100 wmol/L [ B B IR, T — 2 25 FIXT R
A, FENEPIAAE IS 550, e g an i
B 2815 I 2% miR-135b-5p mimic 1 miR mimic
NC 534 J5 19 40 ff, BARERAE 5 ik 5 28 (0 IR
A
1.3.5 XPYRSCEAI Hela 0B A F5HE

B 50,100 wmol/L Y HUHE ZE Ko 43 X A 4H 1)
B SIURA AN Hela 20 31 P08 W6 o0 2 5100, 4 /s
TS T LR, SRS I B s R, T
YRR A P S 3R 48 b, SR A BB A IR,
Image J AT 04T, AEAFFS 38 = (0 h 4 MR
BEHE 48 h 40 R JR 5 BE ) /0 h 40 M R R B E x
100% ., % 3% 40 Jd i %% # 1% &0 >k F miR-135b-5p
mimic Fl miR mimic NC 3% 5 40, BE 52 A
X HRALAH A
1.3.6 miR-135b-5p mimic l miR mimic NC [
ey

FH PBS KB 55U Hela 40 MO 35 ¥k 938, A
2 mL SER IR, fEB A N, BUAS 1.5 mL EP
B A 200 pL FEfili 55 57 5L SRS 40wl A
5 pL miR-135b-5p mimic Al miR mimic NC, it #
5 min, SR J5 43 A 0 A 5 pL Tubofect Transfection
Reagent # 44 il 7], IR A) G #fHE 25 min, R/EMARE
6 Lk, AN FRAG Th Ak SR 5, 48 h JF WA
AL FRPIR S, 2R ] Transwell $2 A 1) J5 52364600
B S Hela 4022808 ) L #4 fig

1.3.7 3F5%35 miR-135b-5p Xf HLH Z AL Hela 41
ML 2% e R 5

B ERRAY 1.3.3 M 1. 3.4, B MR E N
50,100 pmol/L Y H i 3% 4b 5 2509 21 i) Hela 2
i, 8K J5 2 B8 Oy 35 3R 43 1.3.6 %% 4+ miR-135b-5p
mimic i miR-135b-5p T ERIA 48 h JE WAL A it Atk
A, IR Transwell 45 A F1) R 52 56 K6 I 87 591968
Hela 41112 2868 11 FniL B B
1.3.8 Western blot £l Vimentin fl E-cad &
ik

YRGS 48 h J5, HUE I H] PBS KBRS, $2 3K
B, SR G INAGE 8 5 xR 1 RS s, AR
5 min, SRJGHEATHVK VIR R, B 2 h S,
A—$i,4°C M F 7%, PVDF JE ] TBST %k 5 Ik,
SRIGIMA — 40, M E 1 h, F TBST YL, ECL
WA B AR R G0 RO B K BEAE, TH5 EMT
bR A ( Vimentin ) Il E-E5%6 26 (E-cad)
B RLE,
1.4 FitFEHZE

KA SPSS 22. 0 A B s AT AT A B, T
AL R B bR 2 (x2s) Fom TR Z
Y] L AR F R 36, 2 [R] W5 9 % 1L 25 5543 B R
LSD-t K386, 259 L) P<0.05 £n 2R HA G

2 #R

2.1 HMEZHEXFIE Hela ZHR4E KA RN

T I AINAAS [] 9 B2 1Y) M e 28 6) A4t g Ak B 48 h
2 AR FiE Hela 40104 1C,, °F 50 pmol/
L a5 R UL 1A, S 50 pmol/L i ¥ &
100 pmol/L #47 J5 2L HAF 5T .

WA T AR A 45 FU% Hela 410 OD
EX/INF 23 O IR AL, L ok B 1) e R 2R i £
HHIE (P<0.05) , 45K LK 1B,

2.2 AKENREMAA Hacat 1S 17E Hela 20 il
1 miR-135b-5p HIRIZE R

B S0 Hela ZH M0 miR-135b-5p 4 363k 7K F
H1.97+0.07, 8.3 & F A KA T K 41 Hacat
AL miR-135b-5p B RIEKF- 1.01+0.03, i [H]
IR HAG2#E L (1=28.187,P=0.000) ,
23 HEEXWNSHE Hela AREENERR
miR-135b-5p &% HI#2N

IMARFE RGBSR Hela 40072 R M
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K miR-135b-5p F2 35 B 0 B AIG; Ho s i R &R
AP B S0 Hela 20 42 28 2 TG RS SR AR, 40
) bb 4% 22 S 8 B A it 2 5 L (¢t = 138.614 ~
317.100,P<0.05) , W& 1 & 2,
2.4 333X miR-135b-5p Xt Hela {AfAY 22 5
BREAREHNEIE

miR-135b-5p i IR X5 9 Hela 2191222
R KA BN (¢ =7.145,1=17.465, P <
0.05) , H 1% i Vimentin AN E-cad 33K &AL

(¢=8.223,:=7.473,P<0.05) , Western blot %5 {2
7~ ,miR-135b-5p 1 LK 45 NC 414 L, Vimentin
BEHFRBBEFEWM(1=5.284,P<0.05) ; E-cad ik
AL (1= 10. 284, P<0.05) , W3 2 & 3,
2.5 1R i% miR-135b-5p Xf HEZH 40 IE Hela BT
MEZE . EBEIT

miR-135b-5p AbH /5 28 HUE AL PR Hela 41 1Y
1278 5% B F & T miR-135b-5p 4L HL AT (P <
0.05), (#%£3)

T A AN RIVR I3 HUF BN B 350 Hela 20 A= A7 3 AR 5 B . 45 4L 5 B U Hela ZHH T BUS 0D, {8

B 1 MR E R Hela AMIAAF R LU TBUS 0D, R
Note. A, Effect of different concentrations of cordycepin on the survival rate of cervical cancer Hela cells. B, OD,s, value of Hela cells of
cervical cancer in each group after intervention.

Figure 1 Effects of cordycepin on survival rate of cervical cancer Hela cells and OD,y, after intervention

F 1 WREEXE U Hela 401758 FE R K miR-135b-5p ik 150

Table 1 Effects of cordycepin on invasion, metastasis and expression of mir-135b-5p in Hela cells of cervical carcinoma

WiH 25 N IR HmEZEIA WHRRTH P P
Objective Control group  Cordycepin [ group Cordycepin I group
B 3R Hela 4 ZFER (%
E5U Hela ALELEE(%) 85.63+4.22  68.23+3.58" 49.02+2. 38" 138.614  <0.001
Hela cell invasion rate of cervical cancer
B/ 5 Hela 4 R(%
EUR Hela SIFERH (%) 60.00£5.42  45.28+4.07" 19. 87+2. 30* 22511 <0.001
Hela cell metastasis rate of cervical cancer
iR-135b-5 O sy A
m p HXIRIA B 1.99+0. 05 1. 68+0. 04 1. 3420. 03" 10.328  <0.001

Relative expression of miR-135b-5p

. S EX B, * P<0.05; 5B R T 44, *P<0. 05,
Note. Compared with control group, “ P<0. 05. Compared with cordycepin I group,*P<0. 05.

R 2 IR miR-135b-5p ¥ Hela AUMEIA2E B 7% FIHE H R8540

Table 2 Effects of overexpression of miR-135b-5p on invasion, metastasis and protein expression of Hela cells

415 23 P10 IR

iR-135b-5 P
Groups Control group m b !
a4 i by
Hela 7HH@%$§$( %) 26.23+8.39 64.45+5.34 7. 145 <0. 001
Hela cell metastasis rate
Hela 212255 (9
cla AR () 33.587.59 113.49+4. 86 7. 465 <0. 001
Hela cell invasion rate
E-cad 0.97+0. 04 0.57+0.02 7.473 <0. 001
Vimentin 0. 87+0. 04 1. 11+0. 05 8.223 <0. 001
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TE: A HBUGEER X B U Hela 41 GRZR 005200 (RIRSEHY) 5 B BOR XN H BUE Hela 4RI SENA
2 MEENEHUE Hela 4R 1R 22 LI A0 R (1520
Note. A, Effect of cordycepin on the invasion of cervical cancer Hela cells( scratch test). B, Effect of cordycepin on metastasis of cervical cancer Hela cells.

Figure 2 Effect of cordycepin on the invasion and cordycepin on metastasis of cervical cancer Hela cells

Fz 3 Rk miR-135b-5p X HUEL R AL HE Hela 40 IM1R 58 5L 0

Table 3 Effects of overexpression of miR-135b-5p on invasion and metastasis of Hela cells treated with cordycepin

miR-135b-5p Ab B i miR-135b-5p 4b B
i H Before miR-135b-5p treatment After miR-135b-5p treatment
Objective L ) | MR IH BRER 1A BERIA
Cordycepin [ group Cordycepin Il group Cordycepin I group Cordycepin Il group
‘BT 3 Hela 4 {228 %
B Hela AR (%) 66. 65+3. 34 49.04x2. 33 76.56+5. 01 65.39+4.02"
Hela cell invasion rate
‘B Hela A0TSR (%
FIU Hela SUILHRS % (%) 44.87+4.54 19. 902, 41 53.47+4.89° 48.48+3.89"

Hela cell metastasis rate

T 5 AL BT LA, * P<0. 05,
Note. Compared with the same group before treatment, * P<0. 05.

AR 5 il S T) e g R 2R Ak BT 309
Hela £ 0, X AS 5] 41 40 0 fr) 338 0 S5 0 A 5 AR, 45
TR A HUR 2 5 B 3008 Hela 40 A K 37 51 3%
(R L e B ) s R B A R . 0
1o BT 2 (R TE R 3G I A B RS TN R R 28
B SRR G PRYA YT TP A 32 BB A R 2R AR P e 4
L B (R 28 I i A% ST DR e I R VAR L AR
B et S TR L{E%F&ﬁﬁéﬁ%’é Hela 4l
Hela 40 Vimentin il Focad B3R L 222 R 38 L i VR 3 1)t o 3256 3500
Figure 3 Effects of overexpression of miR-135b-5p on Hela A1 152 22 A B (9 410 I ROR AR MR 2
Vimentin and E-cad in Hela cells AU R TG T, BA 2R AL, s
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o PUPA DL A B3k T R BT MR e g R S AR
FAN sRECEEE 22 Al g 4 G g 40 i 2 40 i
(RS A —a ke AiFsRe
SRR S R S A A TR T LA A A A
BEZ ARSI A AT UE S AU R A
AT LA B 5595 Hela 20 AR T, REAR M8 41 i 1
L ZE A B AT 4G R B AR AT 45 FAIE L, i
R R LAY A e e 200 1 14 B S T 400 ) ek R 4
(R ZE RN | B ST 38R

HASCHR 4 38, AR T 55 AL 40, B 4 41
i ZF miRNAs Rk KF- 5%, miR-135b-5p J&H
(1) miRNAs 22— X [l Jed 240 g 19 -+ 40 it Ak 2L A e
YRR, BRI LR 1 K7 1T DA S B2 W i dE b 2
— miR-135b-5p ZEZFH LR A — EKFHY
Fik | HAE ZFMEEAE Q15 98 55 SC R boigd & 2B & ek
TP FRACERE AN | miR-135b-5p J&—Fp g Jis 3k
DAL %o e 4 B 1) 26 A — s AR VR T, 410 ) miR-
135b-5p &3k 1] LIl S A 68 % 285 1 P s A5 O 240 e
3G E | o AL R 22 86 11100 AR B 9T 45 4R R,
miR-135b-5p 1£ 5 Fi Hela 400 220K B 2
T T K A A2 B2 40 Hacat 408 H 0 26 15 /K-
HE AL HS AT D)L S R miR-135b-5p mRNA f
FHXTFRIBIKAY-, B2 PR FE AR v, B/R B3]
DL S0 miR-135b-5p B35, HL I 3 s v 1 1
VERTBRSR . A 58 i — 25 %% Y miR-135b-5p mimic
F1 miR mimic NC, Z5 5 /R i 35 miR-135b-5p A]
DL N ey # Hela 40 0 19 1= 28 R AL R K
miR-135b-5p Fi 5K Hela 40025 2 E A0S
HAZZER R W% 5 T miR-135b-5p K IBW
Hela 411l #2757 S Hela 20 0 (4 1= 22 Fn 4 5% ]
A5 miR-135b-5p it KIEA K, DL EBFIE S RAIESE
miR-135b-5p i Fik A ik I i & Je

AT — 2P WE5E T 3 %35 miR-135b-5p X & 8
I Hela 0 EMT b 769 235 K 1052, 25
TS U T miR-135b-5p BT Vimentin &
RN, B-cad 8 H F B KEREAL, R
F35 miR-135b-5p % EMT #EFE LA dEEH . &
T 25 R AR X miR-135b-5p #iA/KF B A
PR A PRk S e R 22 AT DL i A ) miR-
135b-5p AR TN E]E 50 Hela 4 (=28 F1%
B, BRI R & A 2R R AL Sk
18 7R BUFLFR AT DLUSE I B ) R Bel-2 \p53 AF Ak
PR 238 DA T 175 5 960 200 O 1, 400+ L5 B8 R4

ZB10)  ARTR G 4 S ah — A S B A ] L
0] miR-135b-5p 1235 X8 50 Hela 4117 28
TR 2 AE ] EMT #E 8 (02 R
0] miR-135b-5p FR K MY HLEI i AT A, v 75 22
—HmsE

g b, R Z Gl ) miR-135b-5p 3k, i
MM H] Hela 40MRERFEHR At — 248 7m s
FAMHE B Hela 410 1912 28 155 7% 09 4% F B
BEOE T SIS o i — 20 SRR S0 25
PRI TR B 5 1), AHJE AT 5T H R T S A
Fol 4 miR-135b-5p 1Y% 35 HE 410 ) = 25 98
Hela 20 il 18 (= 28 FHG 4%, 75 B 0E— 20 (W S0 E A7
TESE,
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(R = EBE 2R, DL 430060)

[FE] BB T JAK2/STAT 15518 B 7E S MR #5145 (acute lung injury , ALL) 3 F2H X Th17/Treg 2% i
G AR, ik ¥ 24 2 CSTBL/6 /NRBENLAY Ay 4 21 % R BB JAK2 400 77 4 A1 STAT3 410 i 741

M, 6 H o, X IRASGHE NI EEA: LK, 8 h i B IR T G A A R K BRI JAK2 IR 41 R STAT3 41 il
S A GE R 2 0 ( lipopolysaccharide , LPS) #4 A ALL B8 h 5 43 0l I8 i O &5 e A R ER UK | Fedratinib Al
NSC74859, LPS i 24 h J5illE /N BURIZEHE,/ T H (W/D) ,HE J& @ WME i LU AR AL i 2 A6 I il 2H 22 Treg
A FN Th17 Z0H A Ho1, ELISA A3 i 2H 2740 3 P 11-6 .10-10  IL-17A F1 TGF-B1 7K-F-, Western blot 46 il fii 2H £
JAK2 STAT3 p-JAK2 Fll p-STAT3 EH R, LR SXTIRAM L, A4 W/D Fh& (P<0.01) , il 41 2145 473 7™
A KR | 220 Th17/Treg AR 98 4% Bl 1L-6  IL-17A ' TGF-B1 7K~F  p-JAK2 Fl p-STAT3 # [
F IR 2 F S (P<0. 01) , IL-10 7K 5 Z A% (P<0. 01) 3 SRS EIZH AR LY, JAK2 30075170 25 Fi STAT3 400751500 20
W/D R (P<0.05) , il d1 U154 Irmids , e PEAN B 32 0 s 0, il 41 2 Th17/Treg FUAE  J0E FIF 11-6 1L-17A |
TGF-B1 /K \p-JAK2 il p-STAT3 £ 45K 13 1 # FEAR (P<0.01) , IL-10 /KPR THis (P<0.01) . ZEig 4
i JAK2/STAT3 15538 B 1805 RERS T35 LPS 75 5219 ALL /N BUMIZHZUrf Th17/ Treg 20 M0 i 5 467 , 1011 48 58 BN , i
B

[E48R] SR JAK2/STAT3 5 538 I S Bt T 400 17, 7551 T 400
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JAK?2/STAT?3 signaling pathway regulates the Th17/Treg imbalance
in acute lung injury

ZHOU Bin", WAN Shaobing, WANG Ying, YU Ping, DIAN Wankang, ZHOU Ying, ZHOU Qin
(Department of Emergency, Wuhan Third Hospital, Wuhan 430060, China)

[ Abstract ] Objective  To investigate the effect of the JAK2/STAT3 signaling pathway on the Th17/Treg
imbalance in acute lung injury (ALI) and its mechanism. Methods Twenty-four C57BL/6 mice were randomly divided
into control, model, JAK2 inhibitor, and STAT3 inhibitor groups with six mice in each group. The control group was
instilled with normal saline in their airway, and the same amount of normal saline was injected intraperitoneally 8 h later.
The model, JAK2 inhibitor, and STAT3 inhibitor groups were instilled with lipopolysaccharide ( LPS) in their airway to
establish the ALI model, and the same amount of normal saline, Fedratinib, and NSC74859 were injected intraperitoneally
8 hours later, respectively. The wet/dry (W/D) lung weight of mice was measured at 24 h after LPS infusion, the
pathological changes of lung tissue were observed by HE staining, the proportion of Treg and Th17 cells in lung tissue was
measured by flow cytometry, and IL-6, LL-10, IL-17A, and TGF-B1 levels in lung tissue homogenates were measured by
ELISA. Protein expression of JAK2, STAT3, p-JAK2, and p-STAT3 in lung tissues was detected by Western blot. Results
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[EERIN ] A (1975—) 58 Bt @l AT B0, AR5 07 ) o WA A DG IR fE BEAE . E-mail ; zb750725@ sohu. com



76 rfE H A PR 2 2k aE 2023 4E 6 A5 33 %45 6 ] Chin J Comp Med, June 2023, Vol. 33,No. 6

Compared with the control group, the W/D ratio was increased (P<0.01), lung tissue injury was severe, there was a

degree number of inflammatory cell infiltration, the Th17/Treg ratio, the levels of inflammatory factors I1L-6, IL-17A, TGF-

B1, p-JAK2, and p-STAT3 were significantly increased( P<0.01), and the IL-10 level was significantly decreased in the
model group(P<0.01). Compared with the model group, the W/D lung weight of JAK2 inhibitor and STAT3 inhibitor

groups was decreased (P<0.05), lung tissue injury was alleviated, inflammatory cell infiltration was reduced, the Th17/

Treg ratio, IL-6, 1L-17A, and TGF-B1 levels, p-JAK2 and p-STAT3 protein expression levels were significantly decreased

in lung tissue( P<0.01), and the TL-10 level was significantly increased (P<0.01). Conclusions Inhibiting activation of

the JAK2/STAT3 signaling pathway regulates the imbalance of Th17/Treg cells in lung tissue of ALI mice induced by LPS,

inhibits the inflammatory response, and reduces lung injury.
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acute lung injury; JAK2/STAT3 signaling pathway; T helper cells 17; regulatory T cells
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ZVERT5 475 (acute lung injury , ALIL) J&—Fi i UL
F1%y Fi it PR U A PR 26 G [ 4 T 5 AR I PR 27 5 1
HIET-HE A 30% ~60% , 7] S EUli A gk | = HE i &
JR N ZAERE N A LE AR ALL Y T T AR
UE Ay 7™ EEAR AECIAE | A 7K b 60 Ay v 3o v e 4
AR BRSNS, ALL B4 & 5 BIL ) 40,35 48 4 #l
PRI 0 2 A5 LA K 8 AR 8 SR8 T i 2k gt {EL
ALL 9 g AL 1 A 56 4 i B, L & s HL A A o7
MG — TSR

AR R BIBFFE R B, CDATT 4UIAE ALL 1 & %%
ML & ¥ B EAEH . CD4™T 40 M AFE Sl 3 2 1) £
FEVE T A0 AR, T 0 A ol il e A Y B
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2 RAE N [ B G0 8 TR 1 K R B v & A
Th17 2038 1536 T1-17 7 ZFh S S M b &
FESAR AL RAE T, Treg 40 0] [8] 3245 P Th17 40
Jt, DT 90 o] 06 R A e S R, PR, Thi7 41
I Treg AMMLIMIAFEAEE R 2 OM ELAE R OC & (H A
DA s ML % £ B WY, H R B 5T R W, JAK2/
STAT3 {555 B AEALIAR Th17/ Treg 43 fbF- i v ke 52
SRR AR H R W HAE ALL FF X Th17/ Treg
T NS W A N DR I A
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(14 £ A AL 295 ) 26 SR

1 #FRFFxE
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it 2 £ B2 it BL, PBS YRS, IR CD4 AT CD25
Poik, BEOEHFF 30 min, S5 5 A [ 5E 77 AR,
AR P 1L-17 1 FOXP3 55 45 min, PBS H
BJEROGIRAE , ALK
1.3.6  ELISA £ fifi 20 215 % f 11-6,1L-10 , 1L-
17A 1 TGF-B1 /K-

VR /N BRI ZH 250 3% A% Fae B ) 6 it BH 5
K 10-6 1L-10 IL-17A F1 TGF-B1 f/KF- .

1.3.7 Western blot gzl fili 2217 JAK2 . STAT3 }
HBEIR I A R IA

Wt 21 20 5 B 5 N A 4, o8 e 24 JE 4°C
12 000 r/min &> 15 min, B E3% , BCA 20458 H
JE s, I b AR % vl R, T K U 1 AR 1 T A
SDS-PAGE BECHLVK 7> B H , {854 2 PVDF il &f
M, —Pi. P E ,ECL B3, & [ bE & 60
BrAHF G, TANON GIS R {4 B 45 IR FE(H.
1.4 SFitZEAHZE

FIFH SPSS 19. 0 B A4 HE17 5045 5 07, 25 R FH
PR bR 2E (x4 ) R, Z 4L A EEBCR RN R 7
ZE00T, I 25500 AL T LR T LSD 5, I 25
ANFF, MR A Dunnett’ ¢ 35, P<0.05 F£/n2 5 HA
GtEE L,

2 #ER
2.1 FA/NMRAET W/D BLbE
5%t R4 (3.30+0.25) A kb, BEAIZH (4,53«

0.34)W/D B B FFE (P<0.01) ; 58 84 41 [,
JAK2 #1451 7 4H (3. 67 +0.28 ) Fil STAT 411 1 7 241
(3.65+0. 34) W/D 0 g [&4I% ( P<0.05)

2.2 HBHE/NBRATAL HE SBERILE

W 1 FR R BRI U ZH 28509 15 5, R L
W S 3 005 5 B AL 2 /) Bl 28 245 4 ™ o, i 6 2 4
FEAEBE R £ 2 A 40 A 352, Jili [ [0 7 o 34 )5 5 JAK2
TRV LT STAT 90551 370 4L i 26 295 B 163493 59 45 BT
T, JNE 20 B I T A ik b
2.3 FHHEMNRALR D Th7, Treg 4 A Lk 6 59
2%

5555 BRZH AR e, AR AU ZH /N BB ZH 209 Th17 20
Fefi 0 Th17/Treg H{E .3 T+ ( P<0.01) |, Treg 4fl
i L 451) 5 SRR ARG ( P<0. 01) 5 SR BUZH A 1L, TAK2 41
TFZH AT STAT 1l 550 28 /)N BB 2 2 Th7 20 g
FLf RN Th17/ Treg HCAE 3 & 3 FRAIK (P<0.01) |, Treg
A LB B 2 T (P<0.01) (K 2,3 1),

B 1 /PEUITEZUHE Qe

Figure 1 HE staining results of mouse lung tissue
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2.4 FHMNRBRMAL D IL-6,1L-10, IL-17A F1 2.5 BHANRAFHELAP JAK2 STATI Kk EBERL

TGF-B1 7K FH L35 EAFRIEKFHELE
5 HREH b, RS /N BRI ZH 29 1L-6  IL-17A F 5% FRAAR L BRI 2 /N BRI ZH 2 h p-JAK2 FiT

TGF-B1 7KV Tt (P<0.01) ,IL-10 /K- WP p-STAT3 & /K153 T 8 75 (P<0.01) 55
fR(P<0.01) ; SEAULH [, JAK2 FPRIFIZHFD STAT #1 AEAVZH AH L, JAK2 410 550 ZH F1 STAT 410 i 570 26 p-
72 1L-6 IL-17A 1 TGF-B1 /K44 B K (P<  JAK2 fl p-STAT3 & /K 155 T W R AL (P<
0.01) ,IL-10 7KF- 8 EF 5 (P<0.01) (£ 2) 0.01) (K 3),

2 PEECKEI N RAGZHZT R Th17  Treg 40 Al Lb 4]

Figure 2 Results of flow detection of the proportion of Th17 and Treg cells in mouse lung tissue

F1 SU/NRITLL Th17 Treg 4 LB LLEL

Table 1 Comparison of the proportions of Th17 and Treg cells in the lung groups of mice in each group

28 53] Groups Th17(%) Treg( %) Th17/Treg
X HEZH Control group 0.68+0. 14 3.65+0. 13 0.19+0.03
FEHIZH Model group 4.50+0.17 1.03+0. 19 4494107
JAK2 #0572 JAK?2 inhibitor group 2.51x0. 18" 2.51+0. 12" 1. 00+0. 10™
STAT3 kI 2H STAT3 inhibitor group 2.35+0. 12* 2.89+0. 06" 0. 81+0. 05"
e SXTRRAL AR, ™ P<0. 015 ST A, ¥ P<0. 01,

Note. Compared with control group, ™ P<0.01. Compared with model group,* P<0. 01.
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R2 PEITALSI T 1L-6 10-10 IL-17A F1 TGF-B1 K1 L #
Table 2 Comparison of 1L-6, 1L-10, IL-17A and TGF-B1 levels in mouse lung tissue homogenates

20 5] IL-6 IL-10 IL-17A TGF-B1
Groups (pg/mL) (pg/mL) (pg/mL) (pg/mL)
X R
Contrel 59. 88+8. 31 519.58+57.73 106. 13+8. 63 116. 968. 50
ontrol group
AR ZH . .
Model group 256.30+16. 44 * 137.51+15.40* 415.47£29.92* 542.84+24.70*
JAK2 il 50 41
JAK2 inhibimr’ aroup 137. 85+16. 68" 301. 20+9. 98 223.05+15. 89* 309. 63+34. 54
STAT3 157 21
STAT3 inﬂi’r’ ngup 124. 50+15. 70 279.95+21. 63% 217.00+12. 59% 270.79+41.23%
T S0 B AR, ™ P<0. 01; SHERIL H AR, ™ P<0. 01,

Note. Compared with control group, ™ P<0. 01. Compared with model group,™ P<0. 01.

A /N2 JAK2 (STAT3 B B IR AL 2R 14 3235 2517 18] 5 B 45 41/ ZH 2 vh JAK?2 8 (B R T /K 7 7 B C & 4/ L
JiligH 43 STAT3 2B AR AL AKSE B 1, SXFIRALHLES, ™ P<0. 01 SHIRA H#, ™ P<0. 01,
3 NEUHZ R JAK2 STAT3 K H Bk kK F

Note. A, Expression band map of JAK2, STAT3 and their phosphorylated proteins in mouse lung tissue. B, Histogram of JAK2 protein

phosphorylation level in lung tissue of mice in each group. C, Histogram of STAT3 protein phosphorylation levels in lung tissues of mice in

each group. Compared with control group, ™ P<0.01. Compared with model group, ™ P<0. 01.

Figure 3 Expression levels of JAK2, STAT3 and their phosphorylated proteins in mouse lung tissue

3 it

JAK2/STAT3 i #7241 i S Y 1) e 28 1 24
P R PR SR, RS R 1 2 B IR I R
FOFEAIMLA F RSB TR RE A T R
PRWFFE 22 W, JAK2/STAT3 18 B{7E ALL w4 45 ¢ i
VB, Han %52 5EA] JAK2/STAT3 /K78 ™ 8 201k
JHRAR A ALL K RRUBAY vp 18, T 147 22 BF 9k B4 il
JAK2/STAT3 38 #% A 3805 Al eie s i g 020, KAk
5 R, =2 QB M B 2 2 B0 ALL e LY
I PR 22— T =% TG P TR A IR A =22 A3 LPS 1]
3 | REC T B3 475 A0 98 E S, LPS 75 S 17N L ALL J&—
PP Iz 2 AL R AR T R LPS 4
/N ALLBERL 454 JTAK2 F1 STAT3 411 il 371 S 448
5% JAK2/STAT3 @ 7E ALL HX%F Th17/Treg “F-1i i)

O, S50 NN LPS ACHEE /NI W/D TR i
TR T, AT A I 46 T 21 B 3 5 1
AU I RFT A SR, 1T JAK2 Il STAT3 41l il 5] 1
WG /N W/D BEAR, il 41 20540515 51 22 i, ¢
PRI R, 1 5 05R) JAK2/STAT3 B 45 4%
LPS i1 ALL,

5T 2 W3, 400 JAK2/STAT3 3 i fi % I8 15
Th17/Treg RS, 410 i) 5 5 S 107 2% fige JHF £F i 4617
1M JAK2/STAT3 i@ #7E ALL H1XF Th17/Treg V- (1)
SRR AT BFE, LB ATTAR I T JAK2/STAT3 i
FAMFFIXT LPS 35519 ALL /N 441 Th17 4
JLAN Treg AR LB, AL R R LPS 55 ALL
J& , Th17/Treg LA T}, M JAK2 F1 STAT3 41 il 51
T J5, Th17/Treg b 5] B A%, 3= B 30 4 JAK2/
STAT3 A [l Th17/Treg LM, 1] Th17/Treg %



80 P P B

2023 4F 6 A% 33 555 641 Chin ] Comp Med, June 2023, Vol. 33,No. 6

g, A ALL /N BB 48 AE SOz, B JAK2/STAT3 3
BRBEASTH T ALL H Th17/ Treg [RIF-A

AR 4 44 L R —F R4 2 4t A DXL 22 (] ) S i %
TR ENFAEEXREEY | iR, &
ALL 3 A8 v HLAAR (2 58 40 if PR 7 RN % 4 i IR 7 ¢
i 22 H 3 B A, 51 6 980 SN I R, S
S ALL JEAR . Th17 40 nT 38 53 40 WA 42 40 i
P F 1 TNF-u IL-6 A1 IL-18 ZE IR RAE N, Treg
20 B P 3 k4 A A I A Al | L R A AR
W AT 40 I X T 40 1L-35  1L-10 . TGF-B 25411
il JE A A RE M HIME 0 PRk, FR AT i 4
UG RAE 74T TR, 25 58 B ALL 7
FRURE 7R il 2 20 b i R TR F 1L-6, 1L-17A Fl1 TGF-B1
T E, Fi R T TL-10 /K P B, 11 JAK2 Al
STAT3 #4177 + ¥ J& , 42 & A F 1L-6, IL-17A Fl
TGF-B1 KF-FEAK, It R K F TL-10 KT, £
i JAK2/STAT3 ] $ifil iof B AR E S I, i 2 AR i
THIR R AR

B BATEI T LPS 5 S 49 ALL /N Bt 41 21
Hi JAK2 Fll STAT3 5 H BB R fL /K, 45 R Wow
LPS i35 /N BT ZH 24 p-JAK2 Fl p-STAT3 5 1
KT, JAK2 Al STAT3 il 50 i , p-JAK2 A1l
p-STAT3 H 1K FHIREAL, 5% 1, 4l JAK2/STAT3
T PR O BEAZ R LPS 51 ALL /) Ul 4 21
Hh Th17/Treg A0 B AR S H R S8ORE e N, VE S il
i
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e T S AR DT T HE AR IR X HCoV-0C43 S e
I S A 225 R N {5 o T IR T P 52 T

FRELE R MR F T A et T B A X

(LI7RERR S, &R BT 5240232 55 7 ERMRZ55 T IE R 58 (AR ZETT N RBE ) | A 58 17 AT I RN 8 AE B= 2= 5T T
FREEFBL, R R5E 523059;3. MR T RS kb2 SHEARSER, B 650500;4.) N ERF KA B —
2[5 T 1 I A SR T 5 5 3 ) 5% . S 6 2/ TR R VP G R BRI I PR S 2 0F 5 bl T 5100005
S5TTMEZERE M 51000056 PN T AL Ge Mg il PRI W 5 T S 9080 %, M 5100005
THIRHE R 2 2 BT i 98 [ K i 0 =, ] 519020)

(WE] B# R SAFHARTIT 2 K (arbidol, ARB) XF HCoV-0C43 JE&YL 5 1 A5 5 38 B I 1k
HIRZE  JFERIT ARB BU R IEME S AR THAE SRR FE 5 @R, FiE  JH 0C43 &Y HRT-18 41, I LA
ARB AT T, B 96 h J5 FEHUE RNA, #F 1756 4 22 50 Br | 3R A5 25 57 3R 1K JE A (differentially expressed genes,
DEGs) , FFREILFHAMR(GO) AR ERIEH SEF A G 241 (KEGG) EHEHT, Fidk i ARB 7 BEFEH 19 2L W) 2# 1 #2
FARAE S, #E—FFH RT-qPCR JrkIGIE ARB T HUxH 1 228 37 N 115 5 % 56 B2 1 2838 i i VE A
LR SRR ALY & P AR (6.2 F10. 67 pg/mL) ARB T-T 45 7R i) 9459 4186 il 1744 1> DEGs,
GO ZrHT 7R , ARB F2 21 J01 14 2 40 2 2o o S R % 2 S o 0 T 0% 40 JL 4 2y s 5 B R 40 i — i 40 1) 3 2
SN 5> FIIRE RS R 454 . KEGG 40 b & B, 55 5 R Js RE I e AH DG I 40 M 0 11 ol B A 228 2 I 715
Sl A B R AE L ARB X B 28 5% N 15 538 B i MAPK  PI3K Il NF-«B i 8% 7 W & W H/E M.
RT-qPCR ¥ 7% , ARB %t PIK3CA ,AKT . TRAF-6 . Bax . p38 Fll c-JUN %54 ) mRNA 3% B B 540 075 H .
it AFRHEIR T ARB W H TIRIT R R B 5 R 2 RAE M T REME

[R8BiA] a2 B L 2K ; HCoV-0C43 ; #1478 37 R 15 5 i
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Transcriptome-based exploration of the effect of Arbidol on HCoV-OC43
infection-induced activation of the neurotrophin signaling pathway
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[ Abstract]  Objective

To analyze the influence of arbidol ( ARB) on HCoV-0OC43-induced activation of host

signaling pathways and to explore the correlation between the anti-inflammatory activity of ARB and its effect on the

neurotrophin signaling pathway. Methods HRT-18 cells were infected with OC43 and treated with ARB. After 96 hours,

total RNA was extracted, transcriptomic analysis was performed to identify differentially expressed genes (DEGs), and

Gene Ontology ( GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG ) enrichment analyses were performed to

identify potential biological processes and signaling pathways related to ARB treatment. RT-qPCR was used to verify the

inhibitory effect of ARB on the expression of important molecules in the neurotrophin pathway. Results ARB treatment at
high, medium, and low doses(6, 2 and 0. 67 pg/ml) resulted in 9459, 4186, and 1744 DEGs, respectively, compared

with the virus-infected control group. GO analysis showed that ARB mainly affected biological processes of cotranslational

protein targeting to membrane, cellular components such as focal adhesion and cell-substrate junction, and molecular

functions such as cadherin binding. KEGG analysis showed that apoptosis and neurotrophin signaling pathways related to

coronavirus infection were significantly enriched, and ARB had a significant inhibitory effect on MAPK, PI3K, and NF-kB

in the neurotrophin signaling pathway. RT-qPCR analysis revealed that ARB significantly inhibited mRNA expression of

PIK3CA, AKT, TRAF-6, Bax, p38, and c-Jun. Conclusions

neuroinflammation caused by coronavirus infection.

[ Keywords)

This study suggests that ARB can be used for treatment of

transcriptomes ; arbidol; HCoV-OC43; neurotrophin signaling pathway
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TR % E ( coronaviruses, CoVs) i A A2 I (1Y
IR IESE RNA i 7, 5 5 00 T S BB B 2 K
27 ~33kb, J& H 1y 2 1 3 N 4 £ K ) RNA 5% 3%,
AR UL B 35 A% R 1 ] 0 — 2D TR B 0 o
B.y.d WUAE, o FII B Jm 2 B G N Rl 7L 3
Pt ERG R PR 5 K e N S R S A
7 F# ,HCoV-229E il NL6 J& T o 7R % 75 , ifii ™ &
S0 W E I8 2 /a\ ik ( severe acute respiratory
syndrome, SARS ) | 1 7R W W 25 &5 1iF 5 IR 95 75
( middle east
MERS-CoV ) . #r 5% IR J% B ( severe acute
respiratory syndrome coronavirus-2, SARS-CoV-2) |
HCoV-HKU1 1 HCoV-0C43 J& T B 5 kWi 8. H
2003 4= & 4, SARS-CoV . MERS-CoV #l SARS-CoV-2
IG5 1 A AR FEL N B B 21, JE T4 K 109% ~
38%"* i HCoV-229E . HCoV-0C43 . HCoV-NL63
I HCoV-HKU1 2% WY AR 2, 2GR
EHPRE LIFRIERN . 125 1k, SR T A 5
ISEUEEBI Shd i e TP S 2T e St
JeRA R SR MKt U | W0E 3 Ok L 2

respiratory syndrome coronavirus,

A A 4 A b XU A 2R R AN O K e H T
Fr BT % 2 AT SARS-CoV-2 B YL 25111
BHEIEES R/ RIS R, ST 66 % 1 2P0
B

B [t 22 /K (arbidol, ARB ) 2 ELA % 5 i 15 1 1
BIAX TR IEY IR R 259, HH TR ER 25 W) 1k 2= it o
UL BFHI XGRS W E L 20 &4E, T
2006 AFAEH E R ME LT, E ik R & B R
FEET R Y b R GE R I R B ST 4 SR R,
ARB J&¥7 1] B 5 COVID-19 M 1R B IR 5%
FAR, JF L AENS W& 4 i f2 7 WE9E R ARB
Al 3 40 ] SARS-CoV 7E Vero E6 2 i H (1) 3
B AR 9 4 1 W0 & B, ARB AT 3 0 o
HCoV-0C43 7E HRT-18 21 g H iy 3451 , DL Ko i BH
Wr p38 Erk1/2 F1 INK 25155 38 3 i S0 AT 410 )
IL-6 ,CXCL-8/1L-8  IFN-a Fl CCL-2/MCP-1 % 48 i
TRk, Ait—2 W% ARB $iL HCoV-0C43
YL ML, AP 5T 8 1 RNA-Seq 7 F1 RT-gPCR
Jrikit—4E 7~ ARB X #4878 3% R -3 B% i 4
NS
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1 #efnrE

1.1 SEI##
L1 4

NH W 40 i HRT-18 40l ( ATCC, CCL-224)
HAS S 36 2 AR AT
1.1.2  JR8Efk

HCoV-0C43 B Pk Hi | M B BE R~ X 4 77 B %
f it
1.2 FERAHS5XF

ERBR BT e 4% /R A (arbidol hydrochloride tablets,
ARB) W F it 47 il BR 4 ] 245 45 BR 2 7 5 ARB ]
DMSO B il B B R 100 mg/mL (9EER, T 4°C 14
17 1% F; TRIzol ( Ambion/Invitrogen, 3¢ [¥ ) ; RPMI
1640 35575 ( Gibeo, £ ) ; I 1135 (FBS) ( Gibeo,
ES ); RRO36A PrimeScript RT Master Mix
(TaKaRa, HA) ; AceQ) Universal SYBR qPCR Master
Mix ( Vazyme, H [ ), Illumina NovaSeq 6000
(illumina, 3¢ [H) ; ¢ )E%E 1 PCR ABI 7500 ( ABI, 3¢

ESHI
1.3 LWHE
1.3.1 4R EEEs 57

HRT-18 40 g ¥ RPMI 1640 35 F# & (& 10%
FBS, 19%3&0) 5, WX B4 K 1 1Y HRT-18
ML 2 6 fLAR, AR 2 H0)R R RIG R,
FH PBS ¥k 2 WA, LA 100 4~ TCID,, i) HCoV-
0C43, 34CHEE 2 h )5, 7K L, PBS PEik 2 Ik
Ja, T R AR MR #E S A 6 pug/mL
(ARB6 ). 2 pg/mL ( ARB2) #1 0.67 pg/mL
(ARB067) 19 ARB, %R EF 4L (V) FIEH 41 ( Cul) ,
BT 34C 5% CO, FMF4kL853% 96 h i, 5 L%k,
FHMA 1 mL TRIzol,

1.3.2  RNA #il 4, SCEMES RNA JF5)0E

J3 Fi TRIzol 157 2 LA RNA, JEAG I RNA 52
FEPERN S, G RV SERE (dT) BRalifk mRNA , Fifi
JG1E Fragmentation Buffer T M P AR
mRNA BEALITWT . DL R Be b mRNA SRR, Rl AL
FRAF IR N G1Y) , 78 M-MuLV 30054 S EHA 2 b4
cDNA 25— 4%4% , bifi 5 Fl RNaseH [%f#% RNA £, 376
DNApolymerase 1 K ZF, L dANTPs J J5 K& i
cDNA 55 "4k, 4lifb)5 AU cDNA 2858 K b &
2 A RBIFERNF K, H AMPure XP beads fifi
& 370~420 bp ZE A B <DNA , 4T PCR ¥ 14 - FRR

fdi H1 AMPure XP beads £lifk PCR ;=4 , fie & 4R 45 C
. SR )5 1 illumina NovaSeq 6000 -~} & F sy
W,
1.3.3  For#r (PCA) 52 R IK LN R L)
Bk

PCA SR HZAMERE 11537775 R T 1
FLDRAR B AT R 2 B = 8 BRI, X T A RE AR
SR FA(E (FPKM) #E4T PCA 43 #r, K Br e g
HMZERIEHNBOMEZ JGE N 22 5 E, R
FFAYZ R BIT H R A FPKM {E 17 R0 M1,
XTAT (row ) AT — AL AL B ( Z-score) .
1.3.4 FEHBy2ZERRIE S

fifi H DESeq 2 3K {470 A1 B Y 21 5 45 AR
FERFE BTN, LL | log,(Fold Change) | =1 H%
FRRKIRE )G I P<0.05 Jg 544, Tk i 2% 5
FIRFM
1.3.5 ZRFREEKNA GOl KEGG &5/

13d ClusterProfiler (3. 8. 1) B {F 5L B 22 57 3K
FER) GO & 4T A KEGG 3 [ 22 55 ek R A
Gt s 4, GO & 4 0 A Al KEGG il % & 4R LA
padj<0. 05 1F A i 35 & 48 1Y) R {E,
1.3.6 bR 2 B AH OG5 5 38 i h DEGs #H
PALES T

FIH STRING v10 7EL 53 P15, AT S HAR
MR 2% (PPL) B4 5341, Wi Cytoscape A A8 E 8E
FIE M A W g il 5 Cytoscape H () i 1
CytoHubba AT 145 8 1 517 45, AR 4 Degree 23 {H 1)
I, B E PPT 45 Hh ) SRR 0, I 1 DGR SE TR
1.3.7 SYBR Green RT-qPCR VLA {5 5-38 f& 431
) mRNA 23k

BADTIA 1.3.1 B 40 TRIzol IR G, IR
JG LA 12 000 r/min 4°C 5.0 15 min, WLV, A
SENEE W& )5 L 12 000 ©/min 4°C B0 15 min, W%
7 WER A 75% B W, 7500 1/min 4°C 250
5 min, W3 )G, INAZ DEPC AbHEAY/K , TE4E
Pl A G EE T A I A RV 5, Ll cDNA 38
B SN AAR ZR (£ 5xHiScript I gRT SuperMix ,RNA
FEAR LI 2 DEPC ZbBRAYK ) , FH PCR AX 7306 §%
S, :37°C, 15 min—85°C |5 s—16°C , » , AL
il qPCR SR Z& (& LT iE5149 .2XSYBR Green
Mix LA K& 28 DEPC BRI 7K ), iTA cDNA #EA 4T
qPCR W, 2 i 2% 1 4 - 95°C, 30 s ( TABPE ) —
95%C ,10 s( 251k ) —60°C ,30 s (1B K IEM) | A5 K
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BIIEARIL 40 DEFR, S5REL 2755 H5 ARB T
LS 6 53 F mRNA AIXS Rk = 0520, 155
ST IFIIILER 1,
1.4 SHERE

i GraphPad Prism 9 XF£u4i 475387, 45 %
I A 22 (wxs ) 3R, PR Z 18] Y LR
HRZ 5 2087, P<0. 05 N ZERAE G FE X,

2 &R

2.1 MEHEREAHLCE
HR i AR S 065 BT N7 A0 SC L 15 AR Y

R1 FTEBSTHTIFS

Table 1 Primer sequence for the molecules in signaling pathways

5T 519
Gene Primer
5’ -GAAGCACCTGAATAGGCAAGTCG-3’
PIK3CA

5’ -GAGCATCCATGAAATCTGGTCGC-3’
5’ -TGGACTACCTGCACTCGGAGAA-3’

AKT
5’ -GTGCCGCAAAAGGTCTTCATGG-3’
s 5’ -GAGCGTTACCAGAACCTGTCTC-3’
p
5’ -AGTAACCGCAGTTCTCTGTAGGT-3’
57 -CAATGCCAGCGTCCCTTCCAAA-3’
TRAF6
5’ -CCAAAGGACAGTTCTGGTCATGG-3’
I 57 -CCTTGAAAGCTCAGAACTCGGAG-3’
c-Jun
5’ -TGCTGCGTTAGCATGAGTTGGC-3’
B 5’ -TCAGGATGCGTCCACCAAGAAG-3’
ax
5’ -TGTGTCCACGGCGGCAATCATC-3’
5’ -GTCTCCTCTGACTTCAACAGCG-3’
GAPDH
57 -ACCACCCTGTTGCTGTAGCCAA-3’

raw reads 7F 4. 1x10" ~4.3x107, &1tk 63.2x107,
2ot R IR B L U8 S , 294 58. 9x107(93. 2% ) I i
W VE 81 B 12 Bt (clean reads) # - B T
Koo 15 MAEEFL Y reads 2257887V, Q20 =96. 96, Q30
=92. 09, B0 7 45 SR 84y, ol T )5 2219 53 i
(%£2),
2.2 mRNA iFIERERRIEZER D

fdi ] DESeq2 #4: (1. 20. 0) AT M4 L8 2H &
Z A2 53235007 . i Benjamini & Hochberg fiY)
IRV RS P, | log, (Fold Change) | =1
& padj<0.05 B EEFRBEMBE, 45RER, 5
Cul b4, HCoV-0C43 JE YL 41 V i gk 1 13 409 4>
DEGs, H:rp 8 A1 F %9 DEGs 435114 6515 A~ Fl
6894 > (Kl 1A), 5 V I, ARB ) DEGs Ky
9456 />, Horh B RAN T JH A DEGs 435128 4722 A~F
4737 4~(E 1B) . ARB2 i) DEGs &y 4186 4>, H.rp
AR A Y DEGs 435128 2187 A~F1 1999 4~ (&
1C) ,ARBO67 () DEGs Ky 1744 4~ o F 80T 9
# DEGs 2314 1011 /N1 733 4~ (E 1D)
2.3 EHHFMBRESW

PCA W5 — A~ & (PC1) 5 B 22 1)

69.39% , Mi%H = A (PC2)WLEE T 9. 56% 1 )7 2%
(E2A), PCA 7R HCoV-0C43 &Y HAEAR 5 1E
TN BB AEA B, 5 A FRLH A N FEA B A AR
SAMTiEN,V 5 ARB2 Fil ARB067 255, 5 ARB6 41
PR, RIS ARB W] RE 3 500 T R
Yv HRT-18 45| AL i L I 5E (K 2B) .

WA RRRH vs IEH4L;B: ARB6 vs JR#:4H ; C: ARB2 vs JRRE4 ;D : ARBO67 vs JE R4, 7 P<0.05 1 | log,(Fold Change) | =1 &A1 h 5%

EER B ENIEE ,*ﬁé&ﬁ%&ﬂ?%%%&ﬁmiﬁ&ﬂ:(l% Fold Change) VI ARAR R IR Rk

PR AR,

=5 (9 B K (—log, Pad)) 5 T RIER (A i 73514 C

1 ARB 1% HCoV-OC43 /&Yt HRT-18 i i) 2 5 35 KL P K 1L &]
Note. A, Virus vs normal control. B, ARBG6 vs virus. C, ARB2 vs virus. D, ARBO67 vs virus. Significantly differentially expressed genes were defined

as having a P<0. 05, | log,( Fold Change) | =1. X axis represents fold changes in gene expression( log, Fold Change) , while Y axis shows significance

levels of DEGs. Red and green dots represent up- and down-regulated genes, respectively.

Figure 1 Volcano plots map of DEGs in HCoV-0C43-infected HRT-18 cells treated with ARB
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T2 AUMIREA cDNA SCPRDN P Kt
Table 2 The ¢cDNA sequencing data of cell samples

FR [ A BRI BUCR(%) Q%) QM%) GC AE(%)
Samples Raw reads Clean reads Clean bases Error rate Q20 Q30 GC content
Ctrl-1 42 168 068 38 650 830 5. 80G 0.03 97.15 92.48 50. 87
ARB6-1 42 542 216 39 046 794 5.86G 0.03 97.08 92.11 46.07
ARB2-1 41 454 118 38 884 308 5.83G 0.03 97.03 92.09 47.62

ARB067-1 43 745 898 39 994 102 6. 00G 0.03 97.17 92.43 47.34

V-1 41 336 374 38 015 590 5.70G 0.03 97. 09 92.30 48.03
Ctrl-2 42 208 406 38 170 680 5.73G 0.03 97.08 92.28 48.71
ARB6-2 41 763 494 41 687 318 6.25G 0.03 97. 04 92.13 46.73
ARB2-2 43 141 988 40 309 962 6.05G 0.03 96.97 92.10 48.71
ARB067-2 41 625 968 38 577 392 5.79G 0.03 97.03 92.19 49.11
V-2 41 904 598 39 003 642 5.85G 0.03 97.03 92. 14 49.12
Ctrl-3 41 441 876 38 712 530 5.81G 0.03 96. 96 92.10 50. 87
ARB6-3 41 680 700 38 779 652 5.82G 0.03 97.11 92.28 48.19
ARB2-3 42 240 354 39 133 272 5.87G 0.03 97.13 92.37 48.54
ARBO067-3 41 881 500 39 571 018 5.94G 0.03 97.19 92. 49 48.24
V-3 43 017 748 40 578 528 6.09G 0.03 97.07 92.17 48. 60

B2 ARB Tl HCoV-OC43 %% HRT-18 i % s 2058 (19 2053 4311 (PCA) 5 ARB T 22 57 ek JE PR i SR 2 43
Figure 2 PCA of RNA-seq data from HCoV-OC43-infected HRT-18 cells with ARB treatment and Cluster analysis of DEGs
regulated by ARB treatment

2.4 ERFTIZEE GO 1 KEGGC EEHH

J9HRZZ ARB Tl HCoV-0C43 JEYL 24 ifd 1) 7] fiE
ML, HE—4 %t ARB6 £ 9456 /> DEGs #£47 GO F
KEGG 7EFf, 45 £, DEGs B & & £75] 237 &
GO %H(P<0.05) (K 3A), ARB FH Ty LY
et R I R R AR 1 A e, 1 R 1% 200 e 2L 1A A
A BEFNZ0 L — I 40 (B) 3% 2, 52 0l 19 43 —F L) B8 R 25 K%
G SEATE

PR 568 bR s 25 J% e T 98 TE £ b A0 B AE S T I
T 51 3k B 1) 9 S s N7, 410 11 K 2 3 % 1) 3 Ak

AR B % fif e E R AR . AR BIESE G TE ARB
TG B TGS E ., KEGC 45 Won,
ARB THil)5 B F I8 9 DEGs 3 & S 7F 49 &
WL FEHEAA R S M R, AR T S
% RN iR 288 7 TR -1 5 38 I et R s 2 R L A
K(3B),
2.5 DEGs HXMESth5XxBERNHIE

FIIF STRING (v11.5) 4341 7 PR s B 8% 4L AH O
B 28 75 TR 15 538 1% R0 4 B O T 45 5 3 it v
DEGs FEHAHTAEH (PPI) M4, NE 4 Fia, 5
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HCoV-0C43 YL M L, TEZ8 48 6 pg/mL ARB T
T4l (ARB6) H 42 4~ DEGs T ¥, PPI W & 335 )2
42 A5 SR 209 i, 3% ] Cytoscape, AR
Degree TTH A T PPT W45 H1) 10 4 BEFEA | B
AKT1/AKT, JUN/c-JUN, PIK3CA, TRAF-6,
MAPK14/p38 RAF1 .IKBKB ,CRK ,CRKL #1 RELA

454 RNA-Seq 45 5%, 1EHU %3k & 8 & 19 AKT1/
AKT JUN/c-JUN , PIK3CA , TRAF6 Fl1 MAPK14/p38
S5 NI TIIE, BT Bax J2 Bel-2 KT

FEAE TR A, BN 2 I 5 & A AR AR
PRt 2R B Bax LR BEA T EGAIE
2.6 ARBXHEEREFESEBENIHIEAR
it — L FIH RT-qPCR ¥EFEATIUE, X8 6 pe/
mL ARB Xf PIK3CA AKT . TRAF-6 # Bax fiY) mRNA
FOREA B EMHIEN (B 5A 5B 5D 5F) . 1A,
ARB A 5 Z 4] p38(6 pwg/mL 12 pg/mL) il c-
JUN(6 wg/mL F10.67 wg/mL) () mRNA 3k (K
5C.5E),

B3 ARB 115257 RIAF NI GO WM 55 EE S FIHEIEN KEGG & £
Figure 3 GO enrichment of DEGs and KEGG enrichment of downregulated pathways regulated by ARB treatment

11:: A : STRING W48 43-#T ( 26 57 F2 35 FEDAAG H ) 28 11 3 — 2 1 B AR ELVE I 4% ) s B ARB 111 HCoV-0C43 & HRT-18 4 Jifg i) 2 5+
FERBE R BAER LSRG Degree” HEAT % (0, B IR FKIR Degree B ; C . CHEFE AR T AE P4

4 ARB T HCoV-0C43 YL HRT-18 £ e Y22 5 1k FE R TAE M 4%
Note. A, STRING network analysis. B, Interaction network of DEGs in HCoV-OC43-infected HRT-18 cells with ARB treatment. The

network was colored according to the level of Degree value. The higher the Degree value, the darker the color. C, Interaction network of key

genes.

Figure 4 Interaction networks of DEGs in HCoV-0C43-infected HRT-18 cells with ARB treatment
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IE: LA GAPDH fE NN, 40l mRNA FRiEAL R 1.0, 5 HCoV-0C43 dHAHIL, * P<0.05, ™ P<0.01, "™ P<0. 001,
B 5 RT-qPCR Al ARB XJ i1 289 37 K 38 43+ mRNA RIB A5
Note. Normalized with GAPDH,, the celluar mRNA standardization was 1. 0. Compared with HCoV-0OC43 group, * P<0.05, ™ P<0. 01, ™ P<0. 001.

Figure 5 [Effects of ARB treatment on mRNA expressions of molecules in neurotrophin pathway were detected by RT-qPCR assay

3 itig

HCoV-0C43 J& —Fh g it 28 0 I 3 ik 25, AL
SE AR TR B OC43 7 B H8 9 A% R FH 4 R ik
23%" " 5T ARG MR B R LB AR 1 A T
HAr B ARAR 0C43"™ s R 0C43 i S e /N U
B9 B AT 28 MLER A B AR B 42 &R BE (central
nervous system, CNS) ‘%)

B SR N T 2 A K N F (NGF) iR
P28 SR F ( BDNF ) M 2235 32 1 3(NT-3) |
NT-4 FI NT-5,J&5 5 CNS ey mEHE A . X
Sl 25 R R T — 2 A SC 2 R UL, An T ULBR
T 2 A8 (Trk ) 11 75 kDa NT 3244 (p75NTR) M
S T U 2R A5 5 38 B . X 2838 % 1Y 38 4 1% 1k
BT K OE F R B L o0 A7 I S fal mT 9
RN ORI, M2 E SR N T ROEH S R R (T
HIV F1 HSV ) JEGe T & AR oieds . H A 7E e bRos 7 Ik
Y5 T B Z 06 T8 IR FAEH S CNS %R
PR IRIE . A PRIEIE & B, SARS-CoV-2 i i
i ACE-2 I i BDNF 215", BDNF
()RR 5] % COVID-19 (#2838 1k P9 (Anfin
T AE AR 1 A2 R RE AR T ) Y MR A
GG S AT Es R, e B HCoV-0C43 J& e HRT-18
411l J5 , BDNF F1 NT-4 435 H B 6. 5 1551 5. 2 {5510

TH#IL,6 wg/mL 4 ARB T Al FRPIAN T
SR 3.4 £ 2.0 £, ABFSEIRGE , #h S AN
PE BDNF 1] 76 /)Nt 28 18 Jo 40 i o ] COX-2 DA %
LA A W (EPO) A5 AE T (Shh) |, AT
HIE R R F ARk 45 AT IR AT ARB
XoF & ik PR~ ELA 100 48] 356 1) & B, LT AR 800 1T g
5 18 BDNF [WAEFHAHE, HCoV-0C43 i il #if 28
EIR N T 2K MHLEI LR ARB i bk K15
IR K B 52 A R it — L AR SE Faf A
FEIEF THOUT , CNS G052 00 32 B0 i 1 Jg
BEARIE = A A TR 2 MUK 1) )RR 4% i
SN, BRI, 3 B 1 AR AE mT B0 28 R 58 7= A R AE
A I, TS EC SV 40 (R 32E— 25 R, i 48 R
S TEER I B YL I RRAE P BOR L 2 — . 7F SAR-
CoV-2 JE Yy v i 25 2 iF 8 & f: Bl CNS $i 13, vl iH
WEE LR A CNS S E2 5 4> B 2 B ARE 1M 5|
KRB ECRHLE A SARS-CoV-2 R T3 F A
o LN 5 0 , & COVID-19 By B AR &,
P28 TR N5 530 3% 0] B 24 RAE (R 5 JUk
2 I, 45 4% MAPK/Erk . MAPK/p38 . MAPK/JNK .
PLC-y .PI3K/ Akt Fl NF-kB &5 & *") | PI3K/ Akt
PIRAE/ NI R e h R AEEEAE N, CHESE,
AHEE NF-kB, LPS 1 56 3 1% /)N Ji 53 40 il v 9 PI3K/
Akt, 7] Il PI3K/ Akt £ NF-«kB #1498 AE S e
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ST EAERT Beah, BT PI3K/Akt/mTOR {5
538 % 1] 5 E R MERS-CoV 1 SARS-CoV-2 &
il e, RATHED ARB 3 i BH W PI3K/ Akt
{55300 4% AT 2 2 % e PR 5 19 BTG 2 e R A
., p38 iS5 2R RGwwA X, T HES
P2 JAE N AT DG, 1 38 3 O B S 18 S
Peam it > BN p38 E S A (G /1
PR 0T AL ) 1) 9 i PR 7 AR R &
YER™ A 4RaEE KB, 7 Mk 4 8Ll i P 2 1 T 4ol
p38a Hl p38R I [ K #f £8 4 E F1 4H L H + R
JBCO TR /NI T A M Y p38ax E/IN B HR AT A 4
LPS 5 F 1 28 JAE | RAPR/IN I Jo 240 B 800 A1
RAEAMM A TN | 5 filh 72 28 T 2l 38 sh a7
AAFFE RNA-Seq BUHEEE R 5 qPCR 509k 45 5 W 1
T ARB T rT A &30 p38 A9 mRNA ik, 58,AT]
MIWIZEE A K FR A —5", B4, Bk
TRAF-6-JNK/p38-ATF2 i o] fig it /)N 5 J5 400 Bfd 11 %
PN OR CC N (1)L L G EZIVE 1 /R > W i =95, W)
TRAERIA T HL ) I, ARB X 48 0 IR F A 0
il 1E I AT BE S5 BHIT p38 il TRAF-6 A% ALAHE .

Bel-2 il Bax 4394 Bel-2 i rh i Ht i 18 1
AR T, B R 0 & A= bR, A
WF5E LB 6 pg/mL B ARB 7] J} 55 Bel-2 55 Bax [
FPKM FCAH (V0. 1. 54, ARB6,,, 5. : 3. 84) , 5
RNA-Seq Z4li—3(, qPCR HUE45 R 2 ARB ] i
EMH Bax 9 mRNA £k, /8 T ARB Al fE 7€
OC43 B A B T-VER ., ILsh, MT-ml 51 &
HRAE LI, AN TNF 52 AR ) 98 T S I, AT A ik —
YRR F AL R TR, Fas 25
(8 T I AT 4 55 2 FhoRE ABL Y 4, 40 FADD |
RIPK1 1 IKK & &%, M7 S A2 48 20 i X 5 Fi s
fE I (4 TL-6, TL-8 . CXCL1 #1 RANTES) f4 7=
AU AT, ARB X 40 PR 4 3 AR A T
30 3 00 o O T R 7T S

ZE b AR E R T BT L 2 SR N TR YT R
S FEIER G 5 R PR 28 RAE B AT BEME, ARB $T HoV-
OC43 JE&GL (1) AT REHL i Ay 40 il 2298 R P 15 5l
B BE | AG RatE— 25 7E B 28 0 41 I R e 28 ¢ S5 40
MLLL e 7 OC43 J& % /Iy BB 48 1 A58 A v i 47
BiE
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T =l B BE S SR s ) S e R R T
= ELRAELBHTELRKEPE LR OLLE K ,a KB BLFKEY
(1 2SR R A EY L V82 7100323228 L5 K AFHBHERE .G, P48 710032)
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Teaching method innovations in medical laboratory animal science under
the “new three centers” education concept
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ZHAO Yong', SHI Changhong'*
(1. Laboratory Animal Center, Air Force Military Medical University, Xi’an 710032, China.
2. Teaching and Research Support Center, Air Force Military Medical University, Xi’an 710032)

4

[ Abstract]  The student-centered “new three centers” education concept is the direction of teaching reform in
colleges and universities. Medical laboratory animal science is an important foundation subject of medical education. To
fully motivate student subjective initiative, develop their experimental skills and scientific research thinking, the teaching
model of medical laboratory animal science gradually changed from traditional concept of teaching knowledge to centered on
students, such as a flipped classroom, online and offline mixed teaching, MOOC, and other new modes. This article
examines the knowledge framework and teaching important difficult points on the basis of the curriculum features, explores
the advent of the era of the new three centers education concept on the basis of curriculum features, achieves improving
teaching quality in course teaching and the scientific literacy in medical students by teaching method innovations and an
intelligent teaching environment. “New three center” education promotes a combination of college ideological and political
education with professional theory courses for a good synergistic effect with the teaching content of medical laboratory animal
science.

[ Keywords ] Medical laboratory animal science; new three centers; intelligent teaching environment;

cloud classroom
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Research progress on the correlation between gut microbiota
and autism spectrum disorders
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YANG Zizhong'?*? , ZHANG Chenggui'**, GAO Pengfei'***
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[ Abstract]  Autism spectrum disorder ( ASD) is a kind of neurodevelopmental disorder that has attracted global
attention because of its continued rise in incidence. There is a correlation between gut microbiota and ASD. Homeostasis of
gut microbiota ensures normal life activities and may affect the occurrence and development of ASD through changing
neurotransmitters, metabolites, the immune system, HPA axis, and intestinal permeability by losing its homeostasis. Gut

microbiota treatment method , such as probiotics, prebiotics, and fecal microbiota transplantation, have a treatment effects
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on ASD. Additionally, traditional Chinese medicine may exert a certain treatment effect on ASD by through gut microbiota.

The purpose of this review was to summarize the mechanism of gut microbiota disturbance affecting ASD as well as related

research method and models to provide reference for the research and treatment of ASD.

[ Keywords)

gut microbiota; autism spectrum disorder; mechanism
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20 k7R 5 i 3 TR A AT LA Sk 2K G M2 1] CNS
L A5, R R W 1 i K S BE 515 810
WEFEHR 7R, T 18 T8 R AT RE 2 8 o i - -k
B E PR R ORI K E, R ASD 1Yk A
KR

W EOCT W RO sl A, 4R A

PRAGERR , X V- B T I 1T B 2 S0 A fY CNS , #E T
SN AT 51 ES . BFgEHGE , % ASD
SBE W T TR AL A 2 B AR T (GF) /N EUAR N IS
GF /N B AZ i s /b | HE 2 AT D 14 I 25 ASD # AH
JAERRTS S A RS R, X R 1L, ASD
JUFE A PN 3 T Y 22 R RRE M A A5 & A
Ak AU T | RO R AR e | S TR R A
PRZFAONT B Jm B b T, M RUBAT 1 s | 2SRk T
J& Akkermansia F-JE TR B 9% BN ,ASD H
FVRN B B AL A BT AL 5 X B AR L, R
T ( F2 R O BRTA ) DL BRI I8 B Y R B T
1o, R ECRE R ORI LA KA 48 RAE A, S0 ASD
MR

2 HFERAER

H AT, 5% ASD KA K T 180U R iR AL o
K2 AR AT SRR K ASD Ilf PR, 4 A Y
B A0 A B AR b 22 Ji R 41 ( phNPC) |75
L B8 T 40 il (iPSC) . N2a ( Neuro-2a) il PC12
( Pheochromocytoma-12 ) #f 22 40 ffd 1A & e l18-19]
ASD 5 H S AR W3 1,

3 ETHERERI ASD & HILH

3.1 HEBRRE

P 22 38 Jo 2 — AT LAGE o 58 il 7E i 48 90 22 )
1L A5 B LA R I 25 L3z sh Fe A 55 iy A+ ) o
45 5-7% 4} (serotonin, 5-HT) | y-2 % T 1R (-
aminobutyric acid, GABA ) F1Z I 1% ( dopamine , DA )
S T R 0 AR T B S S B R i I
KA, 5l kWK B,
3.1.1 5-HT

5-HT 1R —Fh o] LU A5 1 45 02 A7 FnE
Wiz 2y (0 il o 22 326 I3, P P R TR R BEBK TR IR
A PQ T & A0 3K o J 7 AR, ] el 68 2R I R IE
B BRSO, I P S-HT K5 ASD M G HE
ARETEA I, ASD S8 AN B & R K V- FE A%, 5-HT
AKEHE N s A 45 A2 T3S 5-HT KRR, B
¥y ASD SERAF N,
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R 1 ASD HFFEH H S
Table 1 Commonly used animal models for ASD studies
Jo T AR
Changes in gut microbiota

TURFB T RIHUAT BT 16 2 2 O QLT B BOIR 2 AT s

Bacteroidetes and Parasoidetes were increased ; Lactobacillus reuteri and Clostridium were decreased

&P IRFLAT B>

Lactobacillus reuteri was reduced

el

Animal models

BTBR jii {2021
BTBR genetic model

Mfehiny  Shank3 KO 212
Genetic models Shank3 KO model

Bacteroides uniformis, Bacteroides acidifaciens Fl Bacteroides vulgatus #=E 5 F&AI%

Chd8 ™~ e 247 ) L : e ,
Abundance of Bacteroides uniformis, Bacteroides acidifaciens and Bacteroides vulgatus

Chd8""~ model

was decreased

Duncaniella dubosii, Barnesiella sp. , Turicimonas muris 55 F B 38 Jl; Eisenbergiella sp. ,

BT /N RS R 2

Lacrimispora saccharolytica, Ruthenibacterium lactatiformans %5 & T [%
Exposure to para-cresol

Abundance of Duncaniella dubosii, Barnesiella sp. , Turicimonas muris was increased. Abundance

mouse model . . . . . . .
of Eisenbergiella sp. , Lacrimispora saccharolytica and Ruthenibacterium lactatiformans was reduced

BE R e 2 WO D BLORE Y
(MIA) L%
Maternal immune-activated

reduced
mouse model

HAb A
Other models
TR IR T TR (VPA) (27
Valproic acid induction model
were decreased

molE kBB B KA

(MHFD) [
High-fat diet induction model

Alistipes J& H BRI T8 ; FEBRE R 1t B s R e R A1

Alistipes and Ruminococcus were increased ; Coprococcus, Erysipelotrichaies and Actinobacteria were

JELBETE ]/ AUAT BT T O 98] RS AT B B0 I T | T 0 TR RO A TR 5 MO 2 AT
Prevotella_9 , Phascolarctobacterium T [
Ratio of Firmicutes/Bacteroides was reduced, Proteobacteria, Desulfovibrio, Cyanobacteria and

Saccharibacteria were increased. Clostridium, Prevotella_9 and Phascolarctobacterium

Parabacteroides distasonis FLERFT T JFIZAT P& a2

Parabacteroides distasonis, Lactobacillus and Helicobacter hepatis were reduced

T BTBR B 5 2 M 1 PAE /N FRAS Y ; Shank3 J&—Flkl 28 5 7 A AH DG I 2 ; Shank3 KO A#1 % Shank3 FE R/ il ; Chd 8™~ R A . e 44,

PARAFBERF DNA 454 2 8 ( CHD8) MRS AR R R,

Note. BTBR model, Mouse model for idiopathic autism. Shank3 is a gene associated to a neurodevelopmental disorder. Shank3 KO model is a Shank3
knockout mouse. Chd 8"~ model, Chromodomain helicase DNA-binding protein 8 (CHD8) haploinsufficient model.

3.1.2 GABA

GABA 2 — B i P 4 22388 02, vT thy LR AT I
&= Y GABA REM 4% 3 Bt AR ), T BB 2 IR
K ) 2465 /408 (E/1) P-4, DT 2l 28 il 2845 = A
AN BE LR S REAT R AT R, ASD Mk
FEAEBEIE 3 X GABA /0 | $5 A % [CFLAT I
1) Shank3 KO /N R GABA Z K548, H b
PE/IN B EE 52 A7 S AR /N B AR A 2 AT o A5 3
B
3.1.3 DA

DA J&—Fh L2 M Ble 2 b 22346 I3, 7T H 28 f0FT
[l R N AN W ata BT s W B Tk VAR 0 L 4
J A T RE LA B2 s i A S Z R R
8RB, TaTRE /N B T 6 = i 18 TR R I 52X DA fiE
P2 B L AR, BB AT ASD AONA, i i 2105 5
B DI RE AR | R T SR A ) B R A R A GE
1117 S B ALI > A S Zh RE B Az AR AT R
3.1.4 Hith

W9 &0, AR % 1B Rk 1 v, o] L fE ik

LT A A 2 ST Jg 7K - T v, 150738 il A 4 R 7K
T (AR ) LK /1P AT ASD
FEAT R s 4D FEFIE AT TR AT L) AR 2 BE IR 5 1 1A
IR RN Y S SN C N R VAR S IS AT €N
fASD SEAR™
3.2 BERERHERHYRE

WEFEIUE S, i 38 T A ) 0 45 5% I 07 2
(short chain fatty acids,SCFAs) | 9y 2516 &% A S i
PR EIR S H w235 e 2 R GRS AL
SELASD BAE,
3.2.1 W

NTR ( propionic acid, PPA) J& SCFAs f—7Ff, 1]
PA3E 32 1M 57 B ( blood brain barrier, BBB) 77 ZFf
MHE T Sl i, Hid S oy — i 28R,
SEGEBEERT AR ARG AN S i 3 ) R A
Abdelli %54 38 3 BF 5% % B, ASD HR % B 26 il v HL
A FKF PPA, HEYRHAREE T PPA A AT A
M2 T AL (hNSC ) HEFE A | AR ko 22 Jke e 4
JfLA3A , DT S 350 28 45 ) 28 L RN 4 SE R M 15 o
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HEI S8 ASD f kA,
3.2.2  XTH@

Xof B 3 (p-cresol ) J2: i 1 DR X T 1R 1) o4 fi
PR, oy T A N2a Al PC12 2 n4n i &
FRRR 28 43 A0 TN Bl 28 58 A K, W0 1 28 T 1 R 5% R
H R E AR e, st M s 2 kT,
WFFE KB, 72 ASD /)N RS HR 1) R Vi S 3 4 P A7 AR
IR R et Y B 5 2 8 % HE I A9 /0N RSURSE 780 3 B
AT ARG ZHR T E 2SR ASD 14T R, H/VER
JEAN B 56 DX DA i 28 50 %A PERRAIG; B2 1 18 B
FEACIHH X B B 1 R 238 9/ Al DA B2 o0
okl & ASD™!

3.2.3  4-ZHIKEERIRE:

BEAN  4- £ FE IR B B R £ (4-ethylphenol sulfate,
4EPS) B TR UE T &4, . nT LU U I 28 F T 18 4F
i PR i 2 J5 T2 BB AL I 1 7=, HomT LAk
AT 388 38 5 M K ik v /0 2 58 I 200 i ) R R e 28
JCRERIRL AR E /N ERERIBAT 245 ASD BE IR
FH AB-2004 ( J5 75 16 F Y 25 /o3 F B W BE R0 =, £
I8 TR ASD SRS Bkt
3.3 RRERGRE

o iE Z2 GEAE T -1 - e %) 0L 1] 3 2 P S
FHEAVER I A 3 BE A% AH B A, 3 A
YRR RS I OGS I B IR AT R R T
WRIEAE IS, nT LA | & e NG g T8 AH DG ik
ELZHZ( GALT) W] LA FH bk 0 40 ™= A= G g 3Kk 2 1
(TgA) , 4UE W4 5 ENS H BB 2 4R 200 it 422 il
B, TgA AT RS Se K g SO 5 I 7E ASD S8 AN &
P K 1gA , $278 ASD & I R G H W,
TFIAWIE LI, ASD H A 1 RAE A G D e R fig 2
[ AAAE AR G, ASD AN 58 v L IL-1B8 ( F1 4
R-1B) JL-6( FA2-6) IL-12( 14 FR-12) IFN-y
(THEZE-y) Ml TNF-o (B IR H T ) 7K FH
i, AT LLZE ST BBB B 3 ik a8 o5 Al N R 40 i
BRI e Y, AN, ST RGE , ASD
R I P R — T 5 1% 7N 2 o 40 i 1) G 358 IRV
ANB B ANLAE CNS 7 21 32 3l G 8 B A T, {H /)N
2 IO A L %) S S 2 S BUW T AR B A, WFSRY
TR, GF /N ERUFEAS TR) AR DX 114 /N J5¢ S5 200 i 285 o
HA—@ 6B, H GF /N BUEAT A 07 (1% 4 58 0]
A7 R RN B SR e (R I S 988 N, #h 38 SCFA J= 71N
SR /N JBE 5T 4 M Bk B S5 ASD A OG E IR A5 F)
e

3.4 HPA HR%

T Fr g -2 AR AR il ( hypothalamic-pituitary-
adrenal axis, HPA ) &2 — X B9 R J1 R 50, REWS
PR IER XL N AR ER 7 A 1 S g Y AL 32 3]
JE R, 2 fih % F Fo -2 K- B IR A B
7, AR b R AT A B, A B R Huo 51
FIRSE s, GF /N BRURE JoT I 45 08 38 7K P-4 =i, HPA
G sh S R TEER , GF /BB R IS A D RE R i
SRR, P2 8 B AE 0T BEXT HPA A2, AFSY
KB, BB R AT LI AL AT HPA BTG slok A
HX 8 E S I0E, AT S0 ASD 4 % J | 18 1o b 78 K X
AT R B CCFM687 Wl Ug e HPA il (133 B [ N7,
WG SNE RAE , NS ASD HISSRTHLIRA S
3.5 HEBEMERE

J B RN L R M e AR S, S R R
TTE B — 2 EOW AR T 24 S 124 5t
PR Ay g 200 G I 5 g 3 R 2 ) 2 5% T i 8 6 %
W EHE H (Occludin 1 Zonulin ) A3k, 18 i 2 X
BRER e M Z BB B9 R L, It BTBR
/IR Occludin il Zonulin Rk AR | 5 7 18 38 385 14
SEE, o5 200 BE 28 (lipopolysaccharide,
LPS) /K 3G AN LPS i i 5 25 A 55 iz ML 2E A
v, BE J5 05 % 7 «B (NF-kB) {5 538 1%, gE 1
WS /NI AN, 75 S S AT RS It
A, W B M R H s (R G A L PR (4 TINF-
o JFN-y IL-1B8  1L-4) 7= A=, 4l fifd X+ 28 58 BBB,
Wk 4 B J CNS RAER I, BFFE R, 424 K
BTG LPS 5, SR BE ASD #:47 4, HZ LPS Ak
B A /N 40 P 7 (TNF-a  IL-18 25) /K36,
NF-kB {5 518 B A 2 1 (TLR-4 1 IkBa) B £ 1k
BE, /INEU A 28 G E BN IR >

4 ETFRHEEE T ASD

4.1 HmER.FHET

UEAE K BT R I, 25 4 R — IS ik
Yy, Re I 5 0 8 B 11 238 | IR Rk A 2 R ek /D
2R ot A KR TR Y M 3 R R T A [ B A e 22
IR KR /T S R i BE BT fE , D80 RE,
M ASD AHICAEIR ) Wang %57 B 5%
R FNFE 25 A PR AR R — Bt ] 5, ASD JLEE
XMUEFF RIS N, SCFAs K-35, 5-HT KF-FEAR,
BB I R IR AR, ASD JLE W H IR
T AT AT R R ™ AR R AL
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i AR TC A — S, R A AR T B A s R A
A DLSBAA OB T TR L BR AT TR A5 4 o 1 Y
It W KRB, i 25 2k OISR FUBE ( B-GOS)
ZJ5  FURR AT T AU AT 1 55 A 2 1 1Y BT,
H R BTl 53 WA T e, A2 48 IR ik 2D 1T ASD L
[ 9E SRR AT e
4.2 EHRBHERBMEVHERITE

WFSE 7, Ao A e AR S b 10 i 3 T RE A A
# ASD B AT ASD AR 35 1 i T8 B A 2 AR
{8 VA S T RE S KA, ik B — %€ IR Y7 ASD W9 H
()t €T A% H (fecal microbiota transplantation,
FMT) {6975, ASD J8 VK N 1l 18 T/ 1 i T 1R # 1k,
H ASD JLEMR N Y 5-HT . DA Fl GABA /K F-ik 75,
ASD SB35 1Y 0] R KAt S8 e B | A IS RE IR 3
BEIEDY | Abujamel 25 BIBFSE & B, FMT 34
75 BUBCRF I A5 AT 4 1 F BE S, 7K -F PPA 5
S0 T8 AR R R A5 B B0, ASD Y AH G E IR

A, WF R kB, AW BB T &
( microbiological transfer therapy, MTT) (2 Ji 14 &
RITIG, 24 h ZERE LUE W I8, S 158 w4 46 51
it FMT, $5 5 5 H R SEAR R 4 1 B R il 9]
FRel 7~ 8 J8) AT A4S i i e W A 8 3 T
T8 =F B R 22 R 2 w5, 0 HH 19 A 1 R KT B AR
HETWAR ASD B AHSCHEIR 7
4.3 HEZH

ASD 7TEpEH e B T m B “HR” R
557 AEVuE P RSN 2 rh 2GR IR HIATR YT
ASD B JUAH AL IR A BT el ; H. 16S rDNA £ P4 il
FPR B, v 251697 24 K Tl R R TR
b, i $E7n kb BHIE TLATRYT ASD ] BE-5 I 9 i 18 T
TR W R B, B AR IBYT RT LAIR Y i T T R
A D R IR i BGEHLA SEE T R  UEYY
A3, [RIEHE ASD S8 L3 8 35 & AT
SFRERAS BT

5 #iE

ASD 1By — Bl & 9 REF S LTI P2 Kk R
MBS , AR HE St 2 ok T Ui i, KA
FERI, ASD [ & A 2 e T e il o R 25 AL )
FASE ., HALHI AT RE ¥ e ppr 2 5 AR | g R
45 HPA fh iz s v o 45

WFREI, B T 5% A% ke i RS

FEASD Fh, ASD ] BB IA 5 AR — i CHK, WAL
BERSAEEA R (IBD ) ] 582 0 [ 7= 199 G0 5 25 4
P R R WO ’DL K AT, ik S B
JL ASD®

H A ASD i #F F1i2 Wi 22 DL L3 47 R R AiE A
KB LRI, LT B RS ASD R, F5R
R Wt AH G A= M)A 5 9 (SCFAs | LPS | B-H 193
FNAN TR FE R 55 ) DL S g | i 28368 0T 55 A9 R O o
V5w nl DAE S 2 W0 ASD (1) T2, iy ASD (1)
IR B Y

BB, B4 ASD HIRYT EEAR ThIE A F Ik
T, A il BRI R Rk A
Al FE DAL AU v i M AT, H ORI IR sk
ZATZABIIGIT ASD BIZhd " BEE X i
5 ASD I R AW ZE , WF5E & BT L3 23 14
WmE R TP ASD, 4 A2 W 45 2E o0  FMT
MTT 577 % AT LA 3d 4o 18 75 i 18 TR 3 ok T 130 ASD,
rhzE 245 ] D o R Y i R R B — o Y T
ASD HIFEH,

B ETHT, H T s Rk T 150 ASD 1% 2ARHL ]
WA TR AW ST, anF 58 & 80 rp s 245 ] UL
ASD, [EE EAARHL G v A B, oK Ok mT 25 ks = 3l
T AL R A 2 S 2 AR R AT
Y2 W 4% 2 PR SR D i s A N T T RS
ASD FYFHIRHFFE R, MR ABEGE ASD 155 BRATL i K
TBYT BT LK
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Role and mechanisms of intestinal microbial metabolites in cardiovascular disease
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[ Abstract ]

microbiota participates in the occurrence and development of CVD through various mechanisms, among which the metabolite

Cardiovascular disease (CVD) is hazardous to human health. Recent studies have found that gut

disorder is the main mechanism. To better understand the relationship between gut microbiota and CVD), this article focuses
on the role and mechanism of metabolites from gut microbiota in the occurrence of CVD, which will play a positive role in
the discovery of microbial markers and therapies of CVD.

gut microbiota; metabolites; cardiovascular disease; molecular mechanisms
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Rl T 5 B AR RS 400 s AL A 0 UL 1 e e Wi i, o
AR ok sk A B8 1 1) A A, BHL Lk O 1078 5 0 1) 5 T
I3 —J7 T, — L8738 A W R A P, s e =
Wit 7 7 5 A R R BT IR Xk FFY I A IR £ v e
LRI £h 55 ) 2 T M A5 Y B A R e

1 FREEERS Y E O I E &R IER

1.1 SU=Fp

A AL = H % (trimethylamine-N-oxide , TMAO ) J&
— M AT AR A I R AC Y, A AT
= B % ( trimethylamine , TMA ) #5442 1, &9
R B D Tt JIEL . JIEL 6k AR A o 2 0o Mo T R R R R
(HEBR-TMA 224 gt i A1 DA B Rieske 78 i1 46 i3/ 348 Ji
i) DR Fe AL =W , 29 95% B9 = W e A9 3l
iz )77 2O i b B 20 IS T IKAVE B B 44
Bk g M, 7B S R B A B 3 (flavin
monooxygenases, FMO3 ) B 1E H T % fk 4 i
TMAO'™ , TMAO W] L3 3o 5 Wi 1 = W i A3 | 1f
/NRIIEERIBLAAR S 2 R CVD & J, 2 Wi IR
WFSEAE TS, TMAO 15 3l ik ok A A8 1k 1Y & R | it A JE
BGOSR H LA PN B A ARG O UL RS L
TEVR SR HA A OCHED T X 4000 £ 4 21K
7 B R ILA s RAIF 52 14 25 SRAIE 52 TMAO K- T i
S Mg (O WUREZE B A v ) & AR 1Y 2 ST 1 6
PRUER i ok ) 410 i i 2 0 5 1S B9 TMA/ TMAO 38
I, AT AR R B A 5 RS (9 sh ko R R e BF
FERIL, 5 TMAO FCSHAH G Y i 38 1 A T 2 A 1R AR
MM R A [OE A A S A
FFLERFF S o AR A 5 i T8 R S 70, R
FORZE BRI U RE AT TMAO ZKSP 77 1R 22 52,
REHTVE=H R RE BRIk, B 5% I 8
TP T R B i e R R B AR Z ) A5G R
AR TAE I ARG T Hh i A AR TR B IR T
T8 B A B A M A5 A I BE, S0 TMAO
AR, b CVD kA
1.2 JSsERERAER

S HENR TR (short chain fatty acids, SCFAs) 2
H AR T RERE | FUBE RIS R A ok I & 91 e 1Y
=Y, 5 O AR T IR R AR, Horp
LIRAELE AT S i iR w171 SCRAs Bofr —
8 A BTG, AT LAAE S W 66 - e 40 i 32 S Y e e
KR, W ATE RS20 52 5 TG R 8 15 15 £ 1Y
BRI RGO N , SCFAs W] LUl i % G 2R

HBIERAZ 1R Gpra1 FI GPRA3 S 15 G328 41 i PR 7~ 1y
ORI A5 2 PR 285 B 21~ 9 2 3, DT 52 Wi i 32 1Y
AT S FUHERR AR A

SCFAs AT LU B 5 38 90 - O R 5 LB, 72
REBA R EAZNER T, IR SCFAs 1]
WER AP i IR AR MR 7 1 /) B A 0 o G Jk 15 3R
JEEY HETFR A S S LG B e A i
BRI IR QT BB i ST i e R
Wi e 2 BT | S TR AT 57 e TQTA L B R 2 AT TR R B R
WA 2 5N G L B A SRR 5 R
ANFFR R R IR ER T R CE BUIKR T | R PG 2EBR 1A
DTG B0 B BRI S 25 T RS R W E A
RIGHERRE WL FEER G | B B AT E & [REAT
WP P TG | BIRTE W R | = LR Bk
AN RS SRR SCFAs 1B —Fi 55
I3 R NI IR ST I 18 T R ) R W) TE
GRETIRE T I RN i 18 26 R BE B 1 Ak v R 4
B HEEAEA], i R A 230l 5 B SCFAs AR
i, 2 CVD R R,
1.3 SER

HWISV\]%T%M( amino acid) R E—E/RE -
MM T MBI R, 0 2R 5 IR L 40 24 PR A S ik
LR 2 i 18 TR RE 20 i A 0 0 5 R IR . WEOR
R, SCHE RS S S CVD KA R A
PIBCRN . SCRE SR | e ) 2 2 2R v LA 1y
BN R, Qa5 A B R A A
Fe A ARI S S A R AR W 38 in T R
EL 3 ¥ & 0 A& ¥ A ( mammalian target of
rapamycin, mTOR ) mTOR 15 53 %, § Z Rk 1)
REFRAT , V5 R R s o U7 o A AT
TN, SRR R R e IS 1 e e PR BRI S
SR I 48 A i 2 5 B0 IR A & A KU 3
SCHE A BRI A v M Y A T RE L KR
mTOR {5538 # 0 |, IF15 B 5 2R AT AR bR s A
Felwl o Pedersen L0155k 75 A PR R R 291 44
AR o A R AT 100 A 2 0 g 3 R 2R
SR AT HT, e IR T TR DG T RN 38 DT TR RT3
I L Hh S B A R Y iR g R AL R R
T, AR b A ) 3RS TR S
SR RHIR A iz A 3 AL IA) X i A TR ) i B
BOULA G ik BE R 3R 5 LR R 5 A0 R
FIBUZ CVD LA ny B a3 | Sk R K
FTHES CVD Y A 58 ARG X R AR DGR 3 22
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128 BRI 5 ZR AR BT Iy 1T, DRI ok S e 2 S e A S+
B BER MR A CVD LR e %12

— ST T R W R R RN AR L (R
2 AR S A b 25 CVD R R, 1
AR FNZR TN 24 R A i 18 DA A AR R AR ™ A R
SR AT H Py, o FEY Iy 76 i 1 200 L v A A st R
Py B R ER: , v AR BEE P T Y T At I 6 A ST LA 3 3 4
AR s A28 % LA DAY B2 4 L R T 2 L 240 B 3 A
P, B AT DIE Ry PR AT 5 2k 18 I 18 1 5 i A
H CVD By R AR s R T e LR R W
AT T R I A B K TR A AR T B Ak A | g
FNS| AT A= 4, 3-Ps| W N 2 | 3-Ps Dk £ Mg We-3- TN
IR S I LA LR IG M, FTXT CVD (& AR
AR, AR e JH r A 35 7 A A 1| W T i IR 62—
Flv B R TR 2, m RN B TS G S TR K
W T R B W T TR R S L R A T, 5
R IR DIME PR 1 2 TR PR B LR AT T DK e d
F LT, It & CVD [T R DKk B 1y | 12400 JoT T 3 ok
MAPK 38 F R SR WL AR
1.4 PFEjTER

RE TR (bile acid) 42 M 8 A4 90 ) 32 2 AR =
Wz — IR 2 5 R, & 2 P B0 o
PRGBS BT, I IR FR PN A0 [ 8 g, IR
[P i S A 2R 2 A A R TE R | 68 B 4R i 45
WM R 5 WEAR v 3 AR 36 , -+ 48 B4z i iR
TR E A SRR AR TH ARG & R Tl A
PRAERRE VEAEAE 2R 0 W, 19 g B )RR T 3 sk T
a2 1K SR - rf | 8] i 328 3 1 400 6 IR 7
PR 5 2 W R N H 2 R 45 5 T8 iU IR 3 | 78 BUBCAT T4
THALBRTE IR ZF AT PR 55 B R R I 6 7K A il 170 S
[FVE AR Az a A RH R A 40 RH R 55 vk 4 IHL 3T
RO S R AT A A MR R R 4 IR R T
S R I X AZ AR (FXR) S il JH B BE 7o
FRARG (CypTal ) HFRK , 21 1 BCATL A4 TH [ st 7K -
T A P E SN KRR (L BEBR AT B BEAb,
TR K LR BRI IR 7K S 500 5l Ok
B e L[] IR | e o0 DA B 5 A A 1 9 i
PIAAE  RAY T FRam i 5 1) g 3 A 4 98 5 BRT T
AR T Wi CVD,
1.5 HMABH~

1) W 4 R ( phytoestrogen ) 5 A 25 i % &
(estrogen ) ZEA AHALL , £ CVD & Ji 3o 72 v A 490 k934
FRE— XTI A, FRE AT LR S 1 A 5k i — 4 A

RARHAL AT DU A 148 T2 B, 4B P I8 3R 78 1 18 T R
HIAE T n] A A= B P TR ( enterolactone ) |, 7 P TR
ST — TR 2R BT AL, T LAGE i g 22 B ARG 0t
HUAR R #£75 % (anthocyanin ) J&— Fh 7 7E
TAEPHL P K M R AR 3R XTIE b B I i
M CVD BAA #ifEH . WIRE T ERARIET R K
FR A ANUAZE i FR A, 7 M 38 TR 00 4 T B A
A W JEULAS R (protocatechuic acid, PCA) , 167 % -3-
I APRE T I8 5 H 38 SO A ) PCA e
IR s i e s Y BT R A I R R
Ty — AR W B IR A o e PN R A —
TR G i o IR Ak ok 38 m ALK — &1L & (NO) 7K
S T M 3 AN R 4 1 R TR A i
B 1 B HE R RSN S AU S R, 1
Il 7 3t S T L 20 T T N AR AT R S Y v UL
P I RE B4 I % B [ o B2 K R ( benzoic
acid) & —FOF BRI , i 25 B E Wy e
TREHHSEBI G YR A, R 5 H A
TREE A Je A2 A S PR IR (hippurate ) , Bl /R 8CHE H AR5,
TS 7 T PRI K V-5 LA 5 o P 22 Fr e 260
I A5 0 T T8 W E T B0l I8 BE R 2 R, IR 20
(lipopolysaccharide , LPS) 45 N 3 R A MK 5, £
il it 5 Toll FEZAK 4 (toll-like receptor 4, TLR4) {E
PGS NF-kB 38 BB 28 40 M DA 5, HEBR 1
A T2 B RAE M AE T A& 7 58 i 385 hn HL A
5 R AR 1 KT8 T 6L TR A AR Y TR RN I s
TURR, R (2 2k 3h Bk sk AR RE A 2 2

2 FREE RO ME A PR AL

2.1 JiE

51 1ML ( hypertension ) J2& i LA AAAIE 25 2l Jik 1fi e
(Wi s N/ ST 5K R ) 3 8 A 2 BRI (IR R =
140 mmHg,ﬁ;gKE290 mmHg) CATPEA O LS
A E L RE Eg TR I R ZR G AR, = Il s
SRR UL P R, s O B LA A B B
PRI LA 9 0 T PN B ) g o A2 85 I R & AR 1
KHERZ . TMAO X IR TG B H2 5% i, {H = n] D)3
SER I A B 7K 3R A LU BN ) RN, 5 TS TR /N BROA
Fb, 20 4E 5 5K R 5 S g A0 B 1 1E F B 1L-4 A
1L-10 7K P55 a7, 22 B i 38 1A B 2 08 5 5 ke Il 48 R
i, T B0 LA AT 3 3 B AIE TMAO 7KK, A &K
A LR SCFAs AT 3 45 A 00 T 15 O
ST RN P Y Gpral . Gprd3 Fl olf079 MELE
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AT HLAR I 7K Natarajan 255 % B8
S A RN R AR B, Gprd 1 F PR R R /)N BR 2 H B
Sl s ) e i AT TR R A B 25 S, R
Gpra 1 SZ AR I8 1o R AR 10 48 7k 07 f B il s R 4
1, OIr78 JETE M -F-H WLANME b 2RIk /Y G &
IBCAZ ARSI A 51, O1r78 i I 1 /)N B2 B i 3 1 e
AR, 7E OMr78 ok /I BR v e Jik i St P R T LA 3 ok
T B 2R 40 WA ORI I A 5K P SR R Y ot K
R AE A R BIPE T 4HM6 17 (Th17) SR 52 i B i
SRS A IR = (NS =TE=N 7 G =AY R
e FRCELAT TR I R i e 2L IR K P38 hin, 6 Th7 2
M TE Ak , R R i R AR B e Y AT IR L,
e I A R TR T S F AR T | o B H TR
PR ZFAAT TR 53K T 5 T & || Lh A |, i
PR B EIR TR P EC R AU AT B 2SR L T RN
R R = A S N A B w i w1 R
HEIX SE T REA ] RE AR YT i LT A7 ORI
2.2 EhBKREEEL

of ik 3K £ 18 4k ( atherosclerosis, AS) & 76 00 95
Hii A HEAN SR JE LS Y =25 . TMAO 5 Bl ik ok
FEREALZEVIFHIE . TMAO 25 Sk R R ALY i
P45 .

(1) TMAO 33 2 54| Cyp7al FIZFH R
3z 75 11 ( Oatpl , Oatpd . MRp2 Fl Ntcp ) &3, # iil
W 40 R 5 50 Warrier 2807 AR
FMO3 JE R FBR A CSTBL/6 /N R E 40 i A
T 35142 L[] 5 (0. 02%,0. 2% ) , & BLRER FMO3 3
PRI A I 2 O[] ot 7 5 oA /) BT ] e
i, FMO3 #4657 LA B ALK 4 (iodocholine iodide,
IMC) AT 3 B CypTal P FEIL, B & iR
[ P X5 L ) A [ i R

(2)TMAO |- ¥ [ gk 240 i 7 3 5k A2 /K SR-A #l
CD36 FRik , T 20 [5 FEAE E g 40 g b e AR 0 7= 2k
R 18)  AE CSTBL/6J. ApoE ™ /N RUK &
HSIARAREL TMAO 1855 3 J8 5 &8, 5 IEH ke
ZHAHEL S M AR A% 2 TMAO 4 CD36 il SR-A1 3Z &
mRNA FIHE [ 3R3K P Y3 i | e IR AR £ 20 B 1
AR I 20 A A (7 e SRR A 4 AT 1

(3) TMAO i i # 7% NF-xB F1 2 [ i Bl C
(protein kinase C,PKC) A #F HLA% 4 M 26 B,
11145 AR AL 73 T-1 (vascular cell adhesion molecule-
1,VCAM-1) fyEik , 30 J Thfigpsig 070 45
TF TMAO X ILAE PN B2 20 6L AT T AL 44 A 1) f 52 il /)

WFoE B0, 5 155 TR AR L, BRAS AR £ 24 LDLR ™~
/N Bk SORE A S R R0k IR i 25 i
PE—UEB TMAO 155 VCAM-1 55 8 iE 3 PH ik &
i i NF-xB {55 LB

(4) TMAO i34 F 1P3 {555 T8 B A2 40
P Ca™ BRI, 48 5 JEE o T A0 e B 26 1 55 38 3 57
X I /N R A T, AT 2 /N A 1 o5 i g 1
RO AT B 10712 FE FeCl, 75 T 19/ B33
kA AR G ) FMO3 366 (R 3k % TMAO /K- |
ML /INRR SR P4 I A T i ) 5 ), BF 9 % B FMO3
FE IR JE TMAO & o 5 25 Ty, IR T At ]
B 245, T A0 FMO3 3 (K Y 26558 5 1 /N 45 i
A B A R4 R o /B 3R 4 S5 i 45 i AR

TMAO FAEME—Z 5Bk AERE LI B I 36 B
R, (LR 2 5-F2 K (5-hydroxytryptophan , 5-
HT) AT , i/ B FPEE I S-HT J5 76 1075 35
P B, vl (e bk ot A ILAE PN B 40 AR R ot
I T REARE I 3 TLR4 (¢35, TLR4 W] LPS-
TLR4 {5550 B 2E i/ MR R PEA A R &
A BFFERT 1162 24 523835 (0 FH AR R ) FQ I 4 2% 4y
BT, & 30 3 TR B AT A AR R 2 T A T e
( phenylacetylglutamine , PAGIn ) AJ i 33 18 55 & | g
ARSI 5 10 /N AT b AH DG 1 2 28 O 42 T il A
R Fe WP Sh AR p | SRR IBEAA
P BB E R R R KA.
SR | 2R A Q™ P 38 i 5 4 A 2% 1 A2 (A
HAER$EE T Sre FABEATEE , A JAK-STAT {5538
BN TS 50NN &R,
2.3 ILWHFB

U1 8 (heart failure ) F2& U I 1 W 46 T BE A1
(%) & 5K T RE & AR A, AN BEKE Ak [l of £ 78 43
He O WE 5 BRIk R G IR AR, 3 ik R G il
FEEAS IR DT 5 | A 00 R 20 B RSHRE A, 0 ) 38
ViR U R 05 R R (LR B B, 0 1 3 0 T
BB A7 400, W 3 DA RE 45 0 e A R B I 1
HERE AT R IO YT IR HR R B A &
PRV S5 H0R TR W 210, H 5 SCFAs ARiHH ¢
1) T TR VR 6 MR R A i 28 T e BRI T S
TMAO AR & B TR B 3 0t 0 ) 5808 i
TMAO 7K T, TMAO 3 33 FEAK I 8 P K2 40 A 1)
H FRAZZ DI RE RIS R M 0 5 | S N B ) RE R A
PRk T v I R e, o IR AR AR 175 = 1 3 3l ik
SR /NS TGF-B 5538 B B0 |, /N B
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B LA 44k B 47 difk o0 2= TR TMAO
b PR RO LA B il Ca® , Rl O LR 4 e
fig a8 5 B D) BE A YR 1 A5 3 38 38 PR, A0 R R
R MG ALK R AE I, IR 2 H515 % TLR4 15 1L
AMEHE TNF-o TL-1 K2 TL-6 25 R PR, 3k 26 48 1
K2 5.0 L4038 T I8 K Fn &7 4 b /07,
SCFAs i 47 i Z B 5 W, BHL 1k 40 B8 B AR 9
HEAMBAE 25, %50 ) 32 B G VE R, /0 BB
T PR3 22 AR T T I TL-6 A IL-23 A Wb A2 ik
Th17 2 i 7 fk, 1 55 $0FF 18 AT LAKE CD4*T 4 i 5%
W Treg 4HAE , 75 FHL R K TGF-B F1 IL-10 #Y 53
W, DU SE R B = B P 3l
) KA FUE AT 5 77 A SCFAs Y 4 18 s /L il =
A= TMAO 14 B HE InAT 56 , 38 2 #0401 3 A= 4 5|
HLIY SCFAs/TMAO NP AIGC 1 32 1) &AL
2.4 DEXE
LR (arrhythmia ) 20 lE v sl 8 R JE AR AL

PR RN A DL S oh AL i B S R
JH AT O IS0 | 24 0 TP B L R SRR SO R - A
RIS, AT AH A EM LT Re =Lk,
N, b BUEE R T BR TR B BR B R BRI
PRI T ZEAT B R R R B I B A ]
WY RO A B A RGN B A
WX FEE 0 B r AR SRR M T I AR A G B
YERD, Yu %5 78 S2I K B0 By i 28745 DA R 7 B
TMAO, & BUA5 T 44 45 17 B9 ) BE I 22 7% 3 I 35 1
5%, ERP {H45 4 ; TMAO i it p65 NF-kB i 3855 T
IL-1B . IL-6 1 TNF-a S84 52 [ F I 35, 0 T T
22758, R0 TMAO B JE O E A EMA RS H
A PR B B AR E AR RN R n D B B ) kAL AR
e IR /DN BRAS A ) D TR T AR AT 5 O A R 1 5
JEAE W] SCFAs S0 HER B 1 & A2 T BBAEAE —
(S AR B 3 A RO A 2 22 TR] 9 B R
E 2  (HE P VE FIPLEIA FrIR AR

3 RESRE

g5 b Wi A XA AR CVD KA &
Jerh k¥ T SRR, M dE TE A i TMAO
SCFAs ZBEMAE MRV IR SEACH ™ Py ] 55 ALK S e
25, Bt A AR 2 18 BT 5 | P 3 R B ) E A
FHUAR SRE RN, 5 R SN E CVD, 4 IRk 77
PEAFZ2 Tty RIS B It AR 5T, 10— 21 W ff g
B R AR = 07 CvVD HhEYERT, i CVD 5L

Tty BIE 5 Al PR Y7 4R A3 7 0 A B AR
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Research progress on the effect of exosomes on bone histocytes and its application

WU Xi'?, WANG Zhongqi'**, SONG Muge'*, YANG Shichao'*, GAO Yuhai*®, CHEN Keming"***
(1. Clinical College of Traditional Chinese Medicine, Gansu University, Lanzhou 730030, China.
2. Basic Medical Laboratory, The 940th Hospital of Joint Logistic Support Force of Chinese PLA, Lanzhou 730050.
3. Key Laboratory of Stem Cells and Gene Drug of Gansu Province, Lanzhou 730050)

[ Abstract] In recent years, exosomes have been used as a medium for cell-cell communication, providing a new
perspective for information exchange between cells. Exosomes from various cell types, such as mesenchymal stem cells,
osteoblasts, osteoclasts, and their precursors, are play an important role in bone remodeling. Many studies have shown that
common bone metabolic diseases, such as osteoporosis, fracture, and osteoarthritis, have obvious correlations with exocrine
bodies. Although bisphosphonate drug treatment, autologous and allograft bone grafting, and other treatment method
achieve good result , they may lead to various complications and adverse reactions. Therefore, it is very meaningful to
develop new targeted therapies with a strong bone regeneration ability, lower complication rate, and more accuracy.
Therefore, this article reviews the mechanism of exosomes from various sources acting on bone tissue cells and the
application of related bone metabolism disease treatments to provide ideas for developing new bone regeneration treatment
method .

[ Keywords] exosome; osteoporosis; fracture; osteoarthritis
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55 I SRR e R R e A A5 R 2 T AR R B
OYES M E BOR B R SN AR B )2 TSR
UMY AR L, SN A A D — b G AR I T ) T
B, TR IR YA IR e 1 i 98 o 24 1 XU #ET
AR RERNE T, SN IB A 40 i A AE B

BB aR R H oAl B T M 0 A5 Zlijcﬁdn
AN TR SH R A A0 b R et 2 2 41 B B 52 Wi L B AE AR
Ko B EA T LA | i Y AL
1 ShirEk

5T B MSCs 38 1 55 43 WU 3k e #57 Hoyi )y

YEH , MSCs F 55 1% il 4P 22 3 ( extracellular vesicles,
EVs) 25 T A IR HE T MSCs 1955 53 WA AL

B, EVs E—F g BN R b i g i I
HAEAZMIERA PRI 558 A& NEY)
FVRR 5K 5 38 W) 55 R i 00 A W) AT 43 o A6 W 1k
¥ ( microvesicles ) M 8 T= /M K&
(apoptotic bodies) ™ (F£ 1),
SNBAAFAE TR Z B AW b, h i By 1 )2
YU BT AT RARE A KR A i 5,
%ifih RNA .mRNA DNA FIEE (4 BRUHAB S, 7T A
BKCHl AT 4 L 1) RT3 3 8 26 A REAE miRNA AT
AR E S, W 1 ETR AN R i A
HEHNFER, B — A FR 2 8 4K (endosome )
R0 JL PN 00, 7 2 AR 1 BT R AR T S N A W)
J& , WE S Z 881K (multivesicular body, MVB ) #H H.4%

( exosomes ) .

F 1 ANEMZ Evs BRHE
Table 1 Characteristics of different Evs

e EiA% (nm) WEY bRk
Classify Diameter Cargo Markers
LRV &2 R .DNAs, RNAs
30~150 ’ TSG101,CD9,CD63 ,CD81 ,Ali
Exosomes Lipids, proteins, DNAs, RNAs h : h i
ot 501000 JilFES CKI8 MMP2 B &3 JEFEER CD40
Microvesicles Lipids CK18,MMP2, Integrins, Selectins , CD40
AT /MK YR BA%IE R ZHHEH | Caspase-3

50~5000
Apoptotic bodies

Cell organelles and debris

Histones, Caspase-3

1 SNBRELEY) R R B IR

Figure 1 Biogenesis of exosomes
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TET 74 W 20 L LA 0 AR A, Qi A
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2 A 1 A 1T L 3 miR-222 134 %) BMSCs,
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BMSCs BUH , T 6I Ag Wi T8 1, AHOCHE 5T R WA, 76 (1]
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I B 4 43 1 5 PR AT B i R 00 i ke R 1 411
WA ) miR-8485 , 3 i+t § ] GSK3B #l1fil GSK-38
F35, JF# ] DACT1 5% p-GSK-3B (Ser9) , i
Wnt/B-catenin i #, it #F BMSCs [n] 4K & 43k
U, BMSCs HAT Z L g, 2685 T8 iU e 2 ¢
AR
2.2 SRS R 4 R A RSN

B AR S S R A AN i . — |, AN ]
SRR &1 VA 388 38 18 5T R B M 1 Ty DA i 9 T
A, ARSI, BMSCs P51 B S s A 75 1A
DA A S v e 0 20 O T, T R 0
ML HEBE , U0 Xie 25110 % B IE T BMSCs HYAMBA
AT AR RS 0 L5 490 ) 240 o 9 R sl 2D AR
o3k, Zhang % HFGE R RUE T BMSCs (195N
& miR-935 i id T I8 STAT1 i 2F 15 41 it 40 Ak A
BB, FR B A D) B SRR R R S5 miR-935 R
(R BRI IR A i 8 B R R B B8ORS /N R
EWIUETE 2 = 20 R P UL N o = |
J 43 Ak AN ) BE -t B B A PA TR, Cui AR
W78 % B IR T8 AL B s 40 i MC3T3-E1 414/

AN DA S B 5 3 I3 200 5 4R 2 G ) g
L5374k o [ B 0% 1 4 i R T B S0 Wb Ak % #5 5E R
MR, Ren 261 WF 58 45 5 & L, R VL0 15 40 i
FE R B AN AR TE 3 ephrinA2/EphA2 45 5 M 40 [i) i
UM, IncRNA LIOCE ‘& 8 16 A PR 4 My S A
o HE A A £ 2 A M e AR Osterix
Mz B AR B E B e sk LT Osterix, {2 #F 8
TEK. Yang %50 I BA B 1 20 M ok U ) SRR miR-
23a-5p il 3 #0 H Runx2 #1423 YAP1 N S 1Y
MT1DP il BB L 734, 25 bk AN R IR Y
I IAARE 33k RS 1 2N PG B o A R R BT A AR, DA
A E AR, o SR AL 5 1Y miRNAs 7] fig 2
RAIEZIIREMEE R
2.3 SMMEITEE S 40 R A R

B 2 B B SV E A 2 5 i ) 7R
AT BT E 200 P 1 A B O ST A A R AR A
HEE BN, AN TR VR 11 S I AR 85 1 90 B 400 i
TyGE , RIS 5 Wi 2 B B A0 A T . Wang 260"
5T & PIT 3 X (Hpse ) & miR-503-3p 11 40 3
R — | B 4R U5 A8 A A miR-503-3p 1] 38 i
miR503-3p/Hpse Jili 0 il 65 B 40 I (%) 734k s AL 671
T, BMSCs A iF A SN AIE 1T NF-xB 15 538 B0 il
RANKL 175 5 PR 15 40 A B, I e e s /) BRUBE 7R
HHLB T s B R A 5 R IR AL S A
4[] BT 1 200 B oA R 1 1 W8 1R T miR- 146 38 535 411 i
TNF-a \IL-18 Fll IL-1B B3k, Al ik 40 f A 57 AR 15
SIAE N 8 e 05 B 20 A R, B Lk
RIP Yu SEPVHRGE A R iR ok IR Y A i A
W R AR A D4 1Y miR-92a-1-5p R H 1 R
Rk i, TR 2 40 B 53 Ak 1 L o Bl v
41101 0 o e e 5 = T I B T S O N i B/ 3
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PTVER 0 ROS AL 2 C A A caspase-3
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OB 200 O T R 0 ML A S T R A R
[ RELE B M B S5 E T, Zha 25720 5% AR K SF 306



rp [ A PR 2p A ks 2023 4F 6 H A 33 555 6 1 Chin J Comp Med, June 2023, Vol. 33, No. 6 111

HE SR A 319 i J 1 70 5 1 &40 B R T 1 41 s 14k i
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It H miR-21-PTEN-AKT 15 53 [ 75 5 40 L 98 1= 1
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Sk —Fh 22 Ty B 20 16 388 5 P O AR A0 A R A
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YA TR R e s A EE A,
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TSN B B AR e B 55 DG S ] A AR T 28 45 ()
T3 K Bl 53 B AN 8 BR B R R O A B I
B CEAT CE G R AR E UL A v AR B Y
L AR TR 20 A S R

B TRBA S — R 4 B B RGN, R IR 2
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R T 9 BRI B AR B R SR
JR AR (1) 95 B A B 2R PR A 1 22, 0 R 40
WA 5 o8 A0 B R ) AN ST A 5 8 A3 i s 2 I
TR IV 43 A (R JRE 100 5 9 A AR 00 2657 A S 5% W - o A A
i 114 B P 255 R miRNAs 38755 598 1R 35 25 4
R O P A TR R R Y Qiu P Y
WF5E KB, BMSCs eI 1AM AFT miR-150-3p A LI
18 Runx2  Osterix . ALP I osteocalcin, % Bf BMSCs
VBB AP AR TN miR-150-3p 7] LA i 425 53¢ 2 i
PR R R A P 386 RN A, N R A
i A ROIRT TR T A B, Yang 4577 LB
DAL RZ A0 43 00 14 &7 6 T L 3B o 1 AR BE T, R B
LA R ORI 2 R A S 0 I T R AR T
B H I 0 P W B o 28 2R 25 ) 1 4k R M
BIAME . [FIRE Zhang %5 8 5 S PRAE A DR % 51
(R4 P B SRR E H, I U 1R 58 3 400 o U 1Y
SN LA miR-146a 1] A5 25040 ] 1% - 20 if v 2 5% 200 ff
PR 14 77 A= e 10400 o) B IR R B2 R R I A
FH, AL AM A miR-146a #1H] TNF-a IL-18 F
IL-1b [ 23K, 175 T JRE /IMA R T, I 2008070 1 )
W, MR E B F K A SO & A0 B B R A
FHRRIATT R RIS Ve 5 TR A e R LB i . Qi 1

W E T £ BE T 40 M A7 25 Y 18] 78 53 1 40 i 43 1k
AR I AR 25 B9 35 K BRI B R SE B ettt o, e R
HNIMAAE A J5 TT 38 58 25 B0 SR R BMSCs 341 1
BB e PR T 2, I L R B R A 56 3 ) mRNA Al
EHAEE SIS N EQTE SN NN R =g ikl
4B A LA A

B A R— R AR, R A R IE
NI R SN, AP Bl 2 45 B0 A 0 O, 32 405 0 ) 4L
SR IR LA I I KL 2 0 0 T 200 i ke
FBLAE A TERS I A0 R R R AN R A
L4 Bt I U S R B S A 1 T 7, A I
T R S 3 TR A R R B A a0 A RO AR I
FWG B a ik ATE YRR B MOk 2 S
B miRNA 76 B 37 i A o 2 vl S 34 F , miRNA
JEH I R A A A S S R TR AR R
TP Y T AR miRNA AEOS RS 8 M B 5 s 75
F IS R B ) 7T R T A, O A B T R 4 Ak
FE P A . Huang 2507 #F 5% % B, BMSCs %
T ZR WA miR-19b AT WWP1 8¢ Smurf2 (13
ik, [R] Bl A Wnt/3-catenin {65 E & T KLFS
Fok , NS @ A . Yu %07 KB, BMSCs fif
A B AN IMA T DL % miR-136-5p 2/ BUIR G BB
YR, T4 2E A 3 56 A1 43 4k, miR-136-5p 38 i #1l
il LRP4 235 LA TE Wnt/B-catenin il j% ) 5 44 55
BCH BT A 1, R AR UE BT A R,
R AT R SO AMIAR S S MRS & R
TANARTE B PR A A B A T, M AR5 R Y
e e S 38 7% miR-26a-5p Fl APY29, 73 4
FHT AT 01 40 e 0 e 4 e, wT R b T s 2
FIREN R Bk, Lin 200 % 5038 3 3 b B 47 %
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L1 FESPESE S T 4iMe 3R I PD-1 NG T 40
MG A, AN R PD-L1 5% BMSCs 7] BUH 431k
[l s S A PD-L1 3% A K 88 cis F /08 BUBH T
BRI 2 b 28] PD-L1 EA 5252 i B i ik
M A e, B8Ok L s &M,
miRNA S 768 8 9 1 A% v e 25 SC R F /N oy 7
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SZRRH IR P, BMSCs 1] LIMBE #Hog Wi, H s
TE Ak 20 Y s B A TR IR Y B G K. Huang
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Elf3 Z 5098 X R EEEN, &4 miR-206 1
HNIMATER SN REEHE BB A0 ALP 36 S DTRUK
V- (OCN 43106 0 84 5 5 400 1) i 1 40 R 0 T, X/
BRI & miR-206 M AMBARIRYT G, BEHE N/ B
B 44 rh OCN Fl BMP2 B35 , M 1825 /N LS
KT RIE Y K, Zhang 254 BFSE & B BMSCs 3k
TR S LA TT e 38 1o 22 A R 340, Dl B 00E 1
T S W LI 0 A MO e A A e
M2 B WA AR B, I 6 W BRI AR 48 400 if PR 1
IL-1B IL-6 F1 TNF-o [ 3K 7K, 384 hin470 4 440 i [
T IL-10 1 B OK 22 it B 5615 R, He 551 R BE
BMSCs eI 9 S WA R AN AN RE A& 52 3508 3 43 34 W] L)
G A ATTHE S S g v R B, AP WA R Ak B S
AE I3 L O R RACE 42U COL2A1 &
F, T MMP13 EEH . 5 AR 1Y E 5T R KR
*mt%%%ﬁf%ﬂ%%%ﬁﬁ%ﬁm@@ﬁ%
e IF HGE 1B ST R KRBT R 8
(mm%MMBMLﬁom%ﬁﬁ%meﬂs%ﬁ
() FMIMA B A R 1 OG99 R R BB & &2 T 4
JHL A I 5T 5 L, 2 i IR O T e

4 RE

SN S DI 75 1) AR A T S A 8 v A%
3B 200 1] 435 5, A R PRHC B R Y 1 0 i 1 2
PRSI 51697, ASCESS T 2 Fh 40 R I8 1)
HMNIB A B LAV B B4 52 R L T B 3 L BB A
BORAT AR R P S IR 22 b il A
FEATL IR T e PRAT B B, FH T 23 5 SN 1) 3 KL 7
IEIFANHEE Tl R IG YT, BALHI R 5E B B R IR,
PRt — 25 TR A ST SN I A B A 7 5 A 1Y)
I AR B A AL o0 528 DU SR g O
BRI T S T 2P BINRIT
SrBUME, B, HAETE. ARIRDRUE I FE 5 T A A T
SR ALV BRI [J]. T R R AR,

2019, 25(6) : 858-862, 879.
Pang HL., Zhao QQ, Ma Y, et al.

(1]

Long noncoding RNA H19
participates in the regulation of adipose-derived stem cells
cartilage differentiation [ J ]. Stem Cells Int, 2019,
2019 2139814.

Cheng P, Cao T, Zhao X, et al. Nidogenl-enriched extracellular
vesicles accelerate angiogenesis and bone regeneration by
targeting Myosin-10 to regulate endothelial cell adhesion [J].

Bioact Mater, 2021, 12. 185-197.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Lyu H, Xiao Y, Guo Q, et al. The role of bone-derived
exosomes in regulating skeletal metabolism and extraosseous
diseases [ J]. Front Cell Dev Biol, 2020, 8. 89.

Pawitan JA, Bui TA, Mubarok W, et al. Enhancement of the
therapeutic capacity of mesenchymal stem cells by genetic
modification; a systematic review [ J]. Front Cell Dev Biol,
2020, 8. 587776.

Bansal S, Sharma M, Ranjithkumar R, et al. The role of
exosomes in allograft immunity [ J]. Cell Immunol, 2018, 331;

5-92.
mdrbE, A, SRIRAE, S ANIR S B HOR K I R B

FHBFER [J]. €@i%, 2019, 37(10) : 1071-1083.
Hashimoto H, Olson EN, Bassel-Duby R. Therapeutic

approaches for cardiac regeneration and repair [ J]. Nat Rev

Cardiol, 2018, 15(10) ; 585-600.
BEE, EHT, RN, % JNBIE miRNA £S5 1920 A 8]

WIRTE S FHCE HER T RE RS e [J]. S E AR
REFIZ42, 2022, 39(6) ; 827-832.
Joshi BS, de Beer MA, Giepmans BNG, et al. Endocytosis of

extracellular vesicles and release of their cargo from endosomes
[J]. ACS Nano, 2020, 14(4) . 4444-4455.

Sato K, Meng F, Glaser S, et al. Exosomes in liver pathology
[J]. J Hepatol, 2016, 65(1): 213-221.

Extracellular

1658—

et al.

Cire Res, 2017, 120(10) :

Todorova D, Simoncini S, Lacroix R,
vesicles in angiogenesis [ J].
1673.

Qi Y, Zhu T, Zhang T, et al. M1 macrophage-derived exosomes
transfer miR-222 to induce bone marrow mesenchymal stem cell
apoptosis [ J]. Lab Invest, 2021, 101(10) ; 1318-1326.

Li Z, Wang Y, Li S, et al. Exosomes derived from M2
macrophages facilitate osteogenesis and reduce adipogenesis of
BMSCs [ J]. Front Endocrinol ( Lausanne) , 2021, 12 680328.
Li Z, Wang Y, Xiang S, et al. Chondrocytes-derived exosomal
miR-8485 regulated the Wnt/B-catenin pathways to promote
chondrogenic differentiation of BMSCs [ J].
Res Commun, 2020, 523(2) . 506-513.
Xie Y, Hu JH, Wu H,

Biochem Biophys

Bone marrow stem cells derived

by

et al.

exosomes improve  osteoporosis promoting  osteoblast

proliferation and inhibiting cell apoptosis [ J]. Eur Rev Med
Pharmacol Sci, 2019, 23(3) . 1214-1220.

Zhang Y, Cao X, Li P, et al. microRNA-935-modified bone
marrow mesenchymal stem cells-derived exosomes enhance
osteoblast proliferation and differentiation in osteoporotic rats
[J]. Life Sci, 2021, 272, 119204.

Cui Y, Luan J, Li H, et al. Exosomes derived from mineralizing
osteoblasts promote ST2 cell

osteogenic  differentiation by

alteration of microRNA expression [ J]. FEBS Lett, 2016, 590
(1): 185-192.

Ren L, Zeng F, Deng J, et al. Inflammatory osteoclasts-derived
exosomes promote bone formation by selectively transferring
IncRNA LIOCE into osteoblasts to interact with and stabilize

Osterix [J]. FASEB J, 2022, 36(2) . e22115.



rp [ A BE 2R A ks 2023 4F 6 H A 33 555 6 1 Chin J Comp Med, June 2023, Vol. 33,No. 6

113

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Yang JX, Xie P, Li YS, et al. Osteoclast-derived miR-23a-5p-
containing inhibit
regulating Runx2 [J]. Cell Signal, 2020, 70 109504.

Wang Q, Shen X, Chen Y, et al. Osteoblasts-derived exosomes

€X080mes osteogenic  differentiation by

regulate osteoclast differentiation through miR-503-3p/Hpse axis
[J]. Acta Histochem, 2021, 123(7) : 151790.

Xiao F, Zuo B, Tao B, et al. Exosomes derived from cyclic
mechanical stretch-exposed bone marrow mesenchymal stem cells
inhibit RANKL-induced osteoclastogenesis through the NF-«kB
signaling pathway [J]. Ann Transl Med, 2021, 9(9): 798.
Zhang L, Wang Q, Su H, et al. Exosomes from adipose tissues
derived mesenchymal stem cells overexpressing microRNA-146a
alleviate diabetic osteoporosis in rats [ J]. Cell Mol Bioeng,
2021, 15(1): 87-97.

Yu L, Sui B, Fan W, et al. Exosomes derived from osteogenic
tumor activate osteoclast differentiation and concurrently inhibit
osteogenesis by transferring COL1A1-targeting miRNA-92a-1-5p
[J]. J Extracell Vesicles, 2021, 10(3) : e12056.

Ren L, Song ZJ, Cai QW, et al. Adipose mesenchymal stem
cell-derived exosomes ameliorate hypoxia/serum deprivation-
induced  osteocyte  apoptosis and osteocyte-mediated
osteoclastogenesis in vitro [ J]. Biochem Biophys Res Commun,
2019, 508(1): 138-144.

Zhu CT, Li T, Hu YH, et al. Exosomes secreted by mice

adipose-derived stem cells after low-level laser irradiation
treatment reduce apoptosis of osteocyte induced by hypoxia [ J].
Eur Rev Med Pharmacol Sci, 2017, 21(24) : 5562-5570.
Kuang MJ, Huang Y, Zhao XG, et al. Exosomes derived from
Wharton’ s jelly of human umbilical cord mesenchymal stem cells
reduce osteocyte apoptosis in glucocorticoid-induced osteonecrosis
of the femoral head in rats via the miR-21-PTEN-AKT signalling
pathway [J]. Int J Biol Sci, 2019, 15(9) . 1861-1871.

Kemp JP, Morris JA, Medina-Gomez C, et al. Identification of
153 new loci associated with heel bone mineral density and
functional involvement of GPC6 in osteoporosis [ J]. Nat Genet,
2017, 49(10) ; 1468-1475.

Peng Y, Wu S, Li Y, et al. Type H blood vessels in bone
modeling and remodeling [ J]. Theranostics, 2020, 10(1) ; 426
-436.

Barnsley J, Buckland G, Chan PE, et al. Pathophysiology and
treatment of osteoporosis: challenges for clinical practice in older
people [J]. Aging Clin Exp Res, 2021, 33(4) . 759-773.
Qiu M, Zhai S, Fu Q, et al. Bone marrow mesenchymal stem
cells-derived exosomal microRNA-150-3p promotes osteoblast

proliferation and differentiation in osteoporosis [ J]. Hum Gene

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Ther, 2021, 32(13-14) : 717-729.

Yang RZ, Xu WN, Zheng HL, et al. Exosomes derived from
vascular endothelial cells antagonize glucocorticoid-induced
osteoporosis by inhibiting ferritinophagy with resultant limited
ferroptosis of osteoblasts [ J]. J Cell Physiol, 2021, 236(9):
6691-6705.

Qi X, Zhang J, Yuan H, et al. Exosomes secreted by human-
induced pluripotent stem cell-derived mesenchymal stem cells
repair critical-sized bone defects through enhanced angiogenesis
and osteogenesis in osteoporotic rats [ J]. Int J Biol Sci, 2016,
12(7) . 836-849.

Loi F, Cérdova LA, Pajarinen J, et al. Inflammation, fracture
and bone repair [J]. Bone, 2016, 86: 119-130.

Einhorn TA, Gerstenfeld LC. Fracture healing: mechanisms and
interventions [ J]. Nat Rev Rheumatol, 2015, 11(1): 45-54.
Huang Y, Xu Y, Feng S, et al. miR-19b enhances osteogenic
differentiation of mesenchymal stem cells and promotes fracture
healing through the WWP1/Smurf2-mediated KLF5/3-catenin
signaling pathway [J]. Exp Mol Med, 2021, 53(5) : 973-985.
Yu H, Zhang J, Liu X, et al. microRNA-136-5p from bone
marrow mesenchymal stem cell-derived exosomes facilitates
fracture healing by targeting LRP4 to activate the Wnt/B-catenin
pathway [J]. Bone Joint Res, 2021, 10(12) . 744-758.

Mi B, Chen L, Xiong Y, et al. Osteoblast/osteoclast and

immune cocktail therapy of an exosome/drug delivery
multifunctional hydrogel accelerates fracture repair [ J]. ACS
Nano, 2022, 16(1) . 771-782.

Lin Z, Xiong Y, Meng W, et al. Exosomal PD-L1 induces
osteogenic differentiation and promotes fracture healing by acting
as an immunosuppressant [ J]. Bioact Mater, 2022, 13. 300
-311.

Huang Y, Zhang X, Zhan J, et al. Bone marrow mesenchymal
stem cell-derived exosomal miR-206 promotes osteoblast
proliferation and differentiation in osteoarthritis by reducing Elf3
[J]. ] Cell Mol Med, 2021, 25(16) : 7734-7745.

Zhang J, Rong Y, Luo C, et al. Bone marrow mesenchymal stem
cell-derived exosomes prevent osteoarthritis by regulating synovial
macrophage polarization [ J]. Aging ( Albany NY), 2020, 12
(24) . 25138-25152.

He L, He T, Xing J, et al. Bone marrow mesenchymal stem cell-
derived exosomes protect cartilage damage and relieve knee
osteoarthritis pain in a rat model of osteoarthritis [ J]. Stem Cell

Res Ther, 2020, 11(1); 276.

(%= B #A)2022-10-25



2023 4F 6 H R R A 2 R June, 2023
338 Hol CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 33 No. 6

TG RV AR R A I TE A W R A G A A s IR R T 24 BRI SE R R (0], P e R AR, 2023, 33(6)
114-119.

Gu JB, Liu JL, Zhang CX, et al. Research progress of gut microbiota in improving resistance against immune checkpoint inhibitors
[J]. Chin J Comp Med, 2023, 33(6): 114-119.

doi: 10.3969/].issn.1671-7856. 2023. 06. 016

i TE D A R A O PR A A e ) ) 5 i 2
HBIF 5 10F

BEE AEE VKA 2RE ,F P& BALBRARY

(LITHAE PER T 2100172 8 =TT TR ERE 7T =i 222004,
3P EZ R BT 210029)

[fBE] R S35 (immune checkpoint inhibitors , 1CIs ) 7 & H Al e 8 2 B BTG 1697 i, (H 5
PEIRYT TN 2B G T G TR YT AR o AR SCABL X SR 285 o5 400 ) 590 i 245 4 DG ATL il AR 1 1 2B D 5 B O A 2 A0
I S0 it 25 WL T 08 DG A — £33, LAY 2 30 F T A T R 4 oo Y 7 SRR I 2 ik S PR TR T T 25 B 52, S e
SSRGS AR R T 2548 R A RO,

[k88iR] ferefrdr mmin ; o B A Y RE T 24
[HhE452%ES] R-33 [ EtFRIREE] A [XEHS] 1671-7856 (2023) 06-0114-06

Research progress of gut microbiota in improving resistance against immune
checkpoint inhibitors

GU Jiabo'?, LIU Jianlei', ZHANG Chunxia', JIN Heiying', WEI Ping’, MENG Jun®, XU Xiaolong®"
(1. Jiangsu Provincial Second Chinese Medicine Hospital, Nanjing 210017, China.
2. Lianyungang Hospital of Traditional Chinese Medicine, Lianyungang 222004.
3. Nanjing University of Chinese Medicine, Nanjing 210029)

[ Abstract]  Immune checkpoint inhibitors is currently the most important anti-tumor therapy, but immunotherapy
resistance affects the therapeutic effect. This article reviews the related mechanisms of immune checkpoint inhibitor
resistance and the mechanisms of the relationship between gut microbiota and immune checkpoint inhibitor resistance. By
improving gut microbiota to increase treatment sensitivity and alleviate immunotherapy resistance, an effective method has
been explored to address immune checkpoint inhibitor resistance.
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HAEREAHEAT LU R B, & R A B R Y
SR A Sy XU PD-1 4 50 7 AR A R PR 2%
SERF R 1 B B R AR A
TRYT ISR IR 1Y) % A Ok e 5 g 3 AR W e )
/0 K R AT LR G AR, R i A R ek
L IR R B2 1T LU BN S XL PD-1 U2 IR YT Y
i 245, 05 53 1 2B 0 e T DA 4 e 20 M K 4 g
PR ARBEIRIT YT ALY . W IE S YRR 2 R
ARG E 1R 5 Mg 9 A= K 22 RHRLP F7 7 — 8 AR G
P, S AN BR T BE 2 BT Z M Y EK 5, iE
A I~ B 722 A 6T i Igg 1 35 B A AR D PR 5
], S R B ey , U A

4 ING

SRR AL A HR AR R 6 Tz L B
BAAN A B3R ST T B, (R A i b O 1 it 2
AL AN A (1] e L F55 fifp 2R ) e P [ AL, A S8 5 )
ICITs i 25 ASCAIL BRI T, 2 BUBrHUIR AR AT F A
R T R IK R Gl P S5 A A e R A
SFHL, nlRE T2 ICTs YR Y7 N A SR RE T 25 . A SR
FUMTE Tl 2R W) AR A 72 AR YR T R 25 TR AR, T
ICITs M 25 AL, K B3 o Bl 3 Mo 18 A A Oy A T
DASE 5 1CTs VAT U LLGE AR IR T 24, S I R A
PRI 2R TR BT IR I 4R T — i BRI S
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Research progress on animal and cell models of nonalcoholic fatty liver disease
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[ Abstract]  The modeling method of non-alcoholic fatty liver has always been a research focus. The selection of
appropriate animal and cell models in accordance with experimental purposes is of great significance to study the
pathogenesis of non-alcoholic fatty liver disease. The commonly used modeling method are high fat and sugar feeding,
choline-methionine deficiency, drug induction, and saturated or unsaturated fatty acid induction. Rats, mice, gene-
modified mice, and cells are most frequently used to model non-alcoholic fatty liver. This review focuses on the research
progress of rats, mice, genetically defective mice, and cell models of non-alcoholic fatty liver.
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ZEA L, A A5 LA S 107 AT ( NAFL) 2 5E 70k 1

B & ( non-alcoholic steatohepatitis, NASH) | E
A VG 7 P A Ak A0 28 98 ( hepatocellular
carcinoma , HCC) '™ | JE4E¥ , Eslam 255 7 9 v
b Sz A s B , AR ICHE NAFLD 5544 S A AH
X g Wi P BF 9% ( metabolic associated fatty liver
disease , MAFLD) . #ilfi R E 5% SR , NAFLD %
TG HE R | i N ILAE B T PR S AR DG, H kA=
JEH SR B A 16 7 A B UK & . NAFLD
— B B LI R AR I B | LT o A L B
FHATIZW, H A5 K N 28 MR S R B AR 1Y
JRPRE R TG A S PR NAFLD B 4 bR i,
JHTE R ARAS B I 5 22 1 5% LA AT i2 W NAFLD,
FAFEAS AT LLIX 4> NAFL 5 NASH, I 97 i £F 4
f . NAFLD HO5 5 B0 2 Ak S0k 15 A%
NAFLD AFBLA) 3l Py 458 180 5 240 J0 A58 250 T 5 0 o 1 —
ZEAR AR AN TR RE R L IR Y 20 20 B A s, DA
E— WA 1 AR AL SR T 2510

1 3FEE RS AT A RARE

KEAEAGE AR B RE S SR IMAE T A0k, 45
A NAFLD B &AL, mT DR KB 0 oh 8 55 AR
R PP BRI FURR IR o R B SR R R (1) 3
By 02 R TR K B e W e e R, O T
MCD ; 2459 U 455 7 3 3 il Jon PO 40 f6 ik ( CCL, ) | PO 35
R ZEUOR 118 S5 25 R HE 25340 N 5] i
HREIR B A AN 1) B I 5 R IR T AR AR R R 1R U
SERT L AT BRI | 0 A 45 5 NAFLD ¢ &
FYIPERTBE Z FT DL A & 13 NAFLD A G HE AR
IR, BRRY B S 50 % #4385 NAFLD P T K
FUBEAIAT Wistar KEL .SD K Zucker K4,
1.1 Wistar X REH

Wistar A FRUE IR B 52560 2= 058 h 5 | ik e i il
P2 B 2 0 R, Gheibi 2800 38 13 X I
P Wistar K UM & 4 35% 18 5 (31. 6% 1 F1 5 By
H1 3. 2% AFIRG I ) , 57% Y wl AR 35 RE 2 A0 v s Tk
B 14 d RBS KB NAFLD Bi# | EHtagle g
P At B I AE I 1 T T A Wiistar K RREAT 22 S
118(PCB118) 5 T Ky 1 %t BB 5286, $54k 13 JA |, 5
B R0 R PR B PCB118 DL AR 5 ik &
FERELR 2T i 22K B~ ALT TG\ TC .GLU ,LDL-C ,
HDL-C 7K & 340, 1L-18 . TNF-a ,\ TGF-B1 ,MMP-

2 .a-SMA mRNA 7KF- &g 2 34 fin, 9 #E2% HE B2 AR
FFRERR B AP S SE =, /N 25 4 25 6L, B R 2F
Yifk, % B NAFLD A9 %E AR, Stephen %570 ff
Wistar K B FR1E (21+3) CHIZE R L (50+20) % 1Y
AEXT YR BE R 12 h W BAKE (/D) 3R, A 4 i
(1: )RR CCL, 1 mL/kg, 58 2 YRR s 1 5, A
RUPRE T3, 5 B2 0 7 JHF 200 B o 00 2 42, I 4
#5532 ALT , ALP  AST H1 GGT 25Uk il T &5
FINET FEEE S X 1 T e Wistar KBS T @ 6l
AR RE (LT 2 229% 55 T + 8% i + 2% I [&] i + 2%
AR +66% SR AL ) IR F ARIK, KB AR |
REJE 4G i 35 38 K o B 2 B R AL 20k A IR
A PE S £F difk, H AST  ALT | A il A5 5 2%
R AE B TNF-a KV 2 5 3% s, KRR
NAFLD ¥ 55 -1
Wistar KECA MR IFR e Bl i 5 T %
B A R B D A G B HE BT T B0 S R AL
HAE B A HE AL Y s BE 1 FVIE A b g e Ao
i HARZE 5 77 e AN . R A&, g i AR
PRI 5 AL, A AR, X8 SR s =+ 4y
B LRI IS T 25 A IR AR R A 5T, (R
KB AR 6 2 M B A R ) 32 BN S TR 5
T RIS, T DA T2l NAFLD f4 3 78 a2 21 4 A
T AREE Ty 5 ) 52 9 45 2 | H A 545 1l i) 5=
Wistar K FUAG AL R0 22 5 88K, 1 FH 28k AT,
o R
1.2 SD KR#&EH
SD KB Fl Wistar KBRS 35 100 B A9 S Rl 045
Vs, d2 IR BE NAFLD K BRI o i i )
KB Hod DUt SD R BRI T K R
Z ., Amirinejad %" 2 18 L SD K RIEAT =R
TREE 2 7 JR) BB AR Ty SR AR
B 2R 1 L[S B AST | JHF B 195 28 14 i1 NAFLD 7 15 B
By B &t RS 349 i T Ll 2, o K B NAFLD 45
R AREAE S BERE 16 HSD K ERBEAL /> 4
A3 308 5 v A A X R 3 6 ) i o B 2
KPR e R AL R 87. 5% K BT I I AR AR B >
33% , T4 MO ARG I, 4T s R NS A5 1 g
725 90, 200 B A Bt A 1] — 300, 38 43 DX 35 mT L 4% 440 e
R B BT A R R KB R B NAFLD AR
Qin ZFMXF HAE SD A B HEAT B MLEK £ (60% ik 7K
G, 25% 8 T, 8% IR NT ) 5 @i iR IR & (HFD,
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50% KA E ), 15% 5T, 35% N7 ) R R 5%
5 JE G K R U £ 200 B 2 S o T 4 e
ik Rkt MEIRFE , 3 NAFLD A4 RH DGR R FARLE
SRR P SPF GufENE SD KRk T CCl, 15
VA X RS 0  25 T CC, ERIAH A3 2 Ik, 4
K 2 mL/kg 4 CCl, (40% CCl, % THOHE ) B2 T i
St R I PORR TR AR B 3 S 0 AR S R L v
STRYISCA RN, SERREE 4 JA SV 2SS
JHF 2T A B, T RGO, DA ORI B AR A A
AR 3R K BLE 4 NAFLD, BT RESE Sk —
2R BRI T AR ) Z S TR IR IR TR, 0 — 48 Tk
= NEBR A S LR IR B ST NAFLD R | 28 S >
JIFLE P 22 5 TR TR £ T 75 KRR A 40 3 2 2 9
Ve RBE  FAE RIS, AR G AR, B AT
Hifl, 255y KA fdi T 60 H g 9% SD A K R
BEALM2H | W5 5 MR 1R R (78, 8% LAt 47] B+ 15% %
T+ 1% JH [ 5 + 5% FERE +0. 29% JHER B ) 2 57 K Bl
NAFLD ##! | L H TC TG ,ALT ,AST ,TNF-a LA
KIFH A F TC TG FFA W& & 58005 M F I A
TLR4 MyD88 Hl JNK A mRNA FI7E 435 M p-JNK
R RR 1 2 TR 7Kt 3 T TL-10 /35 1 i 3 PR AIE,
3 BHL 2 R BT 200 L P B R /NS — B B 9 2 T A
AERBRAS M I bR, BEPORESE S 24 ]
SD K FUBEAL 53 B IE H 2H AR R 2 | W 2H A B K TE
KRB AR 55 FH 5% CCL, A6 M (0.3 mL/
10 g) Z 5 TS, B 5 d 1R, EE2E R FFAn i
i, ISR T, A B R, FEF 400 B A [ 4, B 4 20
UCP2mRNA FIEE 1325 ¥ W] o & T 0E % 4, g 57
NAFLD KRR 245 %0 3374 SD KR A
A 2.4 .6.8.10 KT A AR AN (MSG) %
Y, 95 32 A JF 440 L A B 7 72 1 A 2R 1 At R
I, iF 5 ALT, AST, ALP /K Ft &, i 5 7= B il
NAFLD &7 |

SD KBS B 2 B AR KR Tl
BRI A A 0, SRS R AN G T, I B AR
KRB Wistar KRB, Bh1 R, &%
T it 457 BH. 77 %65 2459y S o B0, 8 FH 24 W A R A e 2k
SRR B b S A SN BUS NAFLD AR
TR, i L 3E o PE R0 BE 1 B, 25 5 1)
TR I HANES Ty 18 A5 9 1 5 0 S 3 25 S | (HL H
WrAs 3t IR A Wistar KU VZ .
1.3 Zucker X

AL TENE BE Zucker K, B&H Fa ZEHEA

TR etk SR A fa BT, A0, 455 98 28 A JH 28 G 4 VI
R, XK fa/fa KEL, —FIIERES AL KR, )12 0
FHR S AL PERC RS AT ] [ & T BObE PR IR |
NAFLD, R R 50 & R S 7 A8 Pk s 5 &R
MEE RIS BT, R R R R BT
HEKLP 06 ORI R fiff 3 B e, AR 2 BUBE PR
9 KB ( Zucker diabetic fatty rats, ZDF K ) /2768
JHERY Zucker KR % B RE % A J8 B ™ Y 2 A
BEPRI IR B, AE 8 2800 AN AB I, 488 B
T NAFLD #5744 5% . Matsumoto 25180 %f B M 35 7
JES B HEPERC BE Zucker (fa/fa) KB, 81 53% E K
TR PRR R BR , o B O B R T 40 M e R R
ALP ALT 1 AST Z5bR 90 A9 L5 AKSF B 8 7, K
L 3 NAFLD %9 . Hong 2500 FH R Bk 38 4% 1
Zucker KM &4 KA AIN-93G TR&, KR
MR ARE Y3, 6 B2 BRI S L R
SRR ASYE  ALT AST S5 DI HEAH G A= W bm i)
%5 NAFLD AU,

ISR R DARE i 56 TR 38t 15 B9 Ok i
NAFLD shiiinl, 2 [ & HiJE i NAFLD AH 3¢ (1) 5
ARG , 755 N2 Kk 42 NAFLD A3 2, ) if At
PRk £ B 1A B T NAFLD B &0, W2 1 BT 5T
NAFLD $24 735 L | [ B 45 % T &3 NAFLD (1)
NI N Lo = &

2 AFBEFETERR AR FT N AR R

/NEREER A 93% B IX ARSI 5 261,
HEFWFERM B WRE  5 T AR R 245
IV TFPAT SR WSS SRR A, NAFLD /)y RS AL AT
R [ 3505 TR 25 2 NAFLD B B s 155 o e

B4t NAFLD 79 & 95 HIL il F0 08 76 136 7 48
AR HF NAFLD 2599 i 3744 , 5 NAFLD 9
WFFE B VI, /N BB v A e AR R L R
gt ccl, HEEMERBESES, TEN T ERIR
R, YRTSEER ST bR /N A CSTBL/6]
BRI/ B R R /N RS
2.1 C57BL/6J /MR

CS7BL/6 /INEURHE B 2 RUBE PR A1 NAFLD 1)
KA E A W77 LT, 258 NAFLD %55 7 H
s A, e AP 32 H 8 Ak SPF 2
C57BL/6 /N, BT 12 h 56 I T 06 PR 095 42 il
RIS | =5 B 7 I & ( Research Diet D12492) 24 i
Jei o A AGI HL HFRC o BR V TORR, B s YA AR
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JE IV NAFLD B8 A2 MR TR 4%
30 MR AT P J0 A A, 4 v B AR ) U < 2ok 9, S
FURE ol 76 B8 P $ E E O, HOK S R
(59%) JEM(15%) 53 (3%) A B (18%) (&
(5% ) B KA AT, I BOKFELE R %R,
AT T 100°C T A%, 12 J8 5, i Hil2y
ARG I JET- 40 e P G 5 A A S %) g O LR SR AE, 4 e
)5 o] DL WA R R 40 i R AR i s
SR MG s 1 S L FE KR 1 me/ kg, [RIBF XA
PRAAALIR S 23 d A5 R 2 /)N BT 200 i PR i 3 2 G
HEE K 2T A R T, VS A I ALT , AST TG, TC |
LDL /K 2 2% 75 , HDL 7K S 2 B AR, T2 i/ B
NAFLD #5570 Z=ig 22 bRy /N RO 37 o BRI
Hh RS/ NRESS CCL, VW, IR /N U S
CCl, ¥, L 0. 72 ml/100 g 75, 42 F kY
3 JE4EEE 17K 0.42 ml/100 g,40% 1 CCl, 403 %
WAEAT R NS R BE L B, 4 S8 S 2/3 DL B
Y& AR AR AR |8 TR A 2 MR 40 iR Vi k-, R
LT YA RN R i 2 R AR 1 A, T2 B/ BRU NAFLD
B Ik #4512 SR SPF A E C57BL/6J /)
B, el PR TR 1A FEAG /N RO T W SR (I
J78 10% FERE  10% 54510, 3% X5 85 8 2% A [ B
1% AR EM 0. 5% P Bt S W5 E ) , A ik 20 B X6 70N B
() R INE , D/ INTR) S T B i e 4 B R IR, %
2L 16 JA g Wi/ A R B AROK 14 JE B/
BTG TC & aEsan 16 JEF, /N BN B R &
(R S TTAR 36 A 00 BHE 2 2 B /I ST 400 i o 0
B i (L 30% ) I LAY ) NAFLD J57%

C57BL/6) W HPERIZE R 5 T %50 AR et |
T I e ) B R i — SRRk
s LA CS7BL/6) #43E NAFLD AR fif i &
(7 1 2 v R DR 5 R iREL 51 C57BL/6)
/NERUIMAE TC F1 ALT Fi i W] & 3 5 NAFLD
R R VR (2 Ll A X Lk 31 AT AL I BE
2.2 EBEB/IMR

EB/INRUR TR AR 7 h | fif i e R I sS #F
ANER, ELAT I I 5 | B o | T e e A
SO I T 2 AR B A U B 5 LA B
2idh AR A SRE . A EH 6~8 JHiR
RN B /N 45T = BV TR (60% g 17, 20%
KA G, 20% 8E H J50) , 8 J& I 9 B~ s /) B
4L 20 v BE G A9 B B U0, NAFLD A5 78 4 57 %
P ERAERRE/NRRFEE A REIRIKE

(EERBARRE+29% A [ B + 109 5 3 +0. 2% P 5255 48
WENE +0. 5% AR &, ¥4 B L35 i i o 800) 25
WSS 5%CCl, R BoR R 6 AR ASIE Bl 1 #L7AY
FIRR TS AE , 55 8 JRI A HR 43 /N B B0 T B 784 g JH
YRS 278 NAFLD BB Ih#E Sy, Lin 25127
Hedh T /N A B OK FFRERDRE, 14 d 5 IE
TS 275 S5 CCl, (0.8%, CCl, . £ =1 ¢
125,v/v) ESHE/NRES 6 24 W, v 4RAIRFK I
AR/ UM TG TC K- B Th i, i B 4G
YA T AN NITE T A8 7 7 i) P i R

L B /N SRS A 7R T 5 BsF () 2 /0 B I T AR
50, FETRAK, 1 ELANAK HLEE B, O NAFLD 14 &%
BT 245 ) s A 52 B 44 T ) (R H A R A
BRI P 22 SR FH T 8 ol s T S T 5 v AR e, AN
B, By AET R LTt
2.3 EREERFNR

ob/ob /NFAFAE ob (Lepo) 4li-& %25, 5 K& B
JHEFIIR IV A8 M, BRG w BR AR 2 45, vl 1 S NAFLD
FERL, ob/ob /NERIE P Hi T F AR AR, 1 B K ik
Z A YAl R A AR, H 2 B gk
KA ARG B 3R B = (15 L, BOZ AR A
5 ANZE NAFLD EZbLHIFE2 R, db/db /NERER
AL ob/ob /N, 198 25 7% 2 LE ob/ob /N R, 25
/NEUMRSE MCD PR, I IE R L1 30 B 8 100 g i A
YAk, AR MR ) NAFLD B8 FH T 25 ¥ 7 ik
PEAE5 0 ob/ob ZNEAT db/db /I LB S 18 A4 1 8
Rz A RZHCHTRA, B TR 4 (melanocortin
receptor 4, MC4R) o] T E e sh ik & " Mecdr™™ /N
SO R HFD, 20 J8 )5, SR I 4 B 2 1 £
YEAL, IS T ELAT B 5 T RS 1 g I 1 B 46 e 44 I
NRERAS AT 1Y FIRIRSED AR IEE A E &
PRI B ( ApoE™ ™) /Iy B =i i A L (10, 0% $5 3
20. 0% FEHE . 10. 0% &5 B H1 .0. 5% MR £ A 59. 5%
HRUERL) MR 7 S /NI TG\ TC K- 3
TheEn o5 BRAFAG AT JIF AT DL 3/ T8 23 A B T 400 i R /)
ANV AR A R B 3 B AR A8, 4278 NAFLD
PEAIHENT , Yang 55 R VG IR BRI ITF CGI-58
LR AR (LivKO ) /NER, 14 JRLS e 327 7/ BRUHF
MR B R T HE A NAFLD AR s I 57

AR N B R B R, Y kA T
JHRR 25 10 ob/ob  db/db /NI AT H BT £F
HEAL RN AT Y R GE . L PR /N RSl B 1 )N B A A%
NAFLD BEA | AR & il [ 4, 2 F FHC A AR
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I3 , H Z2BOE R SBE/ N5 A28 NAFLD &
BURIAFAERE KN 25 52, UIR 20 sl 144 2 NAFLD
A

2.4 HhFRFEmA

FVB/N /R WK BH 25 e 7 6 J&1 & i B
P FVB/N /NER, i1 2570 BB i Dk e R 3 A= R
JKF AKT/SB ok 1 Uk, e B2 s 1 J8 e M s iy
FEIE KNS IR T 25 360, 20843 40 A B e A i
ORI, 2 8 J R 43 200 e ik, 240 i s 390 B 8 1 g
W TAR, 3 J o I 400 e P ik, 22t ep 2 R R 5 AR,
43 /INBRUFEIE H B 22 > 9 i SR A0 AL, {H A DL BH I8 194 1
oAb A B NAFLD #5580 38 iy i
SRR P R BB TR ARG  BUAAIR 5 N B
FEARAL, v T4 5 i R

AR5 AR R SE 8 A R R R B R A
BT IR AS |, FE LAl D RE a0 5% %81 0. 5% AR [
P 0. 1% AR MEFR A R, 6 JBG , s B2 B m i
SN BN o A e LR kR I D AR 1, I R
TIUAEE I NG 105 375, I 200 J A% A X R /N AR 3
Yy sy NAFLD BAY | i 55 B () 45 0, vl DA 1530
[ S S T T 0L S A

ICR /MR Li %55 ) 7 A ICR /MR, e &
TEIRBE (23+3)°C TR (50£10) % W2 Al
FE12 h/ 78 0E 12 h 3R, RGN 1 RS, 45 /NS iR
TREE (BN 60% K FIIEWT ) ,8 JAlJG 32 s K
o I 32 A D 4 4L, 45 /N BRI TAG
S T e 2 i T T 5 1 00 7 i A
BT, B A S A T ] 45 6, FJ2: B 1 ICR /)
S EAME 1 HE 5 45 S AT RE 2 B 3 PR el AR A &
4.

VOB VD B R 14 B B sl 4 B D | I 3%
SO TS R YD B 45 R 1 IR TR (89%
FERHTA R+ 19 B BB +109% 3530 , A d gEE, s
F7,16 JE JEm B 27 G A5 8 7 JFF 40 B 7 96 B T, 1 R
ST YR 16 AR IR AT 4 18] B T DX PR AT 4
b, 3RS RN, ZIR I T AN B A 4k
F| NAFLD & B0 f A s Ae e 1) 5 A\ S8 & Je
AR —B, HaE Bk R, R R e e
IR Y S 56, ARV B LR /INBRUE 5

KO B AR 25 57 257 KO B 80. 5% 1)
FEnl B 5 19. 5% = BE B4 (FE BB 10%, $5
7% ,NHEFE 2% ,3 5 JHER 0. 5% ) #  B TeRl R 7%
4 )G FRERA R KR U204 B 1)

2B AR AU AR SR B, B A % B R A #a 3, Bl
TygEsr, NAFLD R 7D BB 5 i frel iR 77 4K TG
U BRUY BRI AR Y 551166 DR 8 3 A — 2 R AR DL, BLAG
AR I A 4

3 FEEAEERE AR BT 4 AR EY

XFF NAFLD (58 B i 5 R FH 2 sl s
R BB EAE A A 22 7K Gl AR I | SR
KNG FER A B 5 NFEAFAE 22 R FEAFI K
R, M40 A 7Y B8 45 4 Hh v AR R PR AR 6 5L 56
BURN AR LR FF AN TS T, 5 NGB i B AR,
AL S P b B 5 B 0 9 2 M AL R, R ot R ST
NAFLD 4520 16 455 78 %55 A 5 JHL 9o AL 5 9 9 &
& Rk —E 6 NAFLD B &S A e L 5T
Z I B . [ PN A0 27 35 1 )P AR 0 B8 AN 1 A
R TR S5 5 ARk L-02 ( HL-7702 ) 4H it A
FE AR HepG2 4HHIA #: NAFLD 4HHEAEA #7 4
IR (palmitic acid, PA) J& TX & AL  f F & i
FIRITER , W R (oleic acid, OA) ik 3 & B A
FUNRIR ¥ PA FI(E) OA I AJF40 b | i S AT
i N AR BT TTAR , A IEAS 219 NAFLD AR 7 238 i
@FHBS—S‘N .
3.1 L-02(HL-7702) Ak

L-02 (HL-7702 ) 2 i & A IF 5 JH- 40 A, 32 48 i
TR G T | A5 IS TR] 24950 20 b, 280 1 R AR 40 it
TEA R T BT, ol R R gk ) R 2R
dE, RHEGEOLEIE W R 102 41 RR i A ES
NEWTR TR A (OA = KARR=2 1 1) ,7E}5FR 24 h
J&i , L2 20 Ji JFF 1 17 HE R, i D 82 57 NAFLD 4 i B
pil 8 E}%f}%[mfﬁ 0. 4 mmol F10. 8 mmol ¥&E PA 4t
FELO2 400,72 h J5, 102 4 Aa K is Ui,
BT AL NAFLD #ERS, 5K 350 ) 58 i fk oh 85 57
HL-7702 #0 jig, DL AL #E 24 h J5 In A K& H
0.6 mmol/L ) OA, B335 24 h J 24 W R M iy H
P R 7 B 1, 45 G A N TC . SOD 17 #4545
b, BN AL L, SR PS4 50% B 2F T
OA 43 5l #E 57. HL-7702 41 i Jig 105 - 19 25 1% 240 i A
AU I3 A0 240 3% 200 L PN B T S L A
TG & ,0.5 mmol/ml OA ZHH1 50% I 4= 1fiL 1 40 %P
FiE A 37 AT ) 240 LR 7 A8 MR R {H 0. 5 mmol/
ml OA 755 (1) 20 it g 722 50 B & | o B 52 F 1 A
AT, RS PA U MG AR FH I )
1, 102 4 147175 A4 BRAIK, PA A B 40 it PT S 3 L-
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02( HL-7702) 4HAE AT ; OA 175 5 41 Bt A % £ 22 B
IS W (R TR

R FEE R AR AR S, TR R
1EF N BT 40 M HL-7702 , 76 H 40 55 35 % b fim A
FRIKE R G D L3 , o B 2 S s A e = 4 ) g
PERR I HERR, AL AR 35 7% W3 AR & B0 AT 4l i 5 47 , = A=
RREVEIT, 57 NAFLD 40 MR [ 25 i 4]
K LO2 4, inA 209% g 5 7L 1 1640 5537 7 54
7,24 h JEAEAR ARSI A A R BE FR K5 57,24 h )5
S B R LO2 4 P HH B0 K A 1 e R i, FL 40
M AS K 3h J1 3945 8 A NAFLD BRI, g %
FANTF 102 40 5% < FINR M FLiE A, 24 h )5, 40
AR RE T , 8ESr NAFLD #5080 A0 L T 3% 18 R 1y
ZL, RN %S L-02( HL-7702) R4 i, BE 78 %
i MRS MG | LA A R B (R 3 A L-
02( HL-7702) 402 NAFLD B A ST

L-02( HL-7702) /& & % FH A #8 i NAFLD A9 41
JOAE AR B AR A Jr ik 2k PA LOA R FL
P IR RS 5 75 B R B T 7 0 AR,
JE 5 15 AR T, B R B W 3L T F TR s B S
Kr SR R T
3.2 HepG2 #HfE

HepG2 2 )& T 40 i 3R, £ 25 T 200 e 17 Ak
YRR ROME TR 5. SN R
OA F1 PA L2 : 1 FbWlIR & 4 i 1 mmol/L I 25
P D R TR YA, VAN I A K BRI P 15 3% 19 HepG2
YR, 24 h 5, B2 B HepG2 4l i I i BH 2
R, & AERR DT AR, ) A NAFLD A28 M 2%
724 SR A 0. 4 mmol JHIRIY 1% JCHE iR BSA-
MEM 3555 Hep G2 ZHJif 24 h, 55 BE A2 A6 0 2 1 4 g
JEUCRR B 58, 41 M A B 7 A P R T ) R R 4
NAFLD #5700 385 H 2 78 5 10% Jif 4 1375 00 = b
DMEM 35353645 3% HepG2 410 T 5%CO, 1 37°C
PEIRRG A T, 2 FL AR P9 40 i 2 B 18 31 70% ~ 80%
BF, A OA 1 PA VRS YI(OA : PA=2: 1)}k
24 h, AN IR BT A TG & & A B 35 1, JE i g
T BRI R AL, RSN B 109 6 4F 1L
MRS ELIGSR BTIRE N 37°C &1 5%CO, 4
MO, O B K 0T HepG2 21 ML, 4570 T
SARINL, B SR A0 ML, A 0. 6 mmol/L OA 4b
B8 h, o LA G I K o i T 2 B oA, IR T AR
i RIS

Fy# HepG2 ZH il NAFLD B 250 g i

PR B E T, O vk B ] B, RS AU Al i o5 I 1 L
SR, WA TSI 06, e v A TR o A 9 D
DUIAET A,

4 ING

AN T AN R R 2 A7 & 04 B 105 I sl i
YA AR IR B U IV %) 22 s WL AF 5% A 25 0 3R
FRIJLEE, £ LR Z M E NAFLD 1) 3h Pt
FIvh | E RS IRRNA S0 NAFLD A5 5 A7 4544 i £
BAEAR FET %A, HJE ) NAFLD #1585 A2k
R 1 B A B 5 T 5 A A DL S O L, 2 N AT
FEBHE RGBT, s ahs, Jorb it
PRI 7R 3 5k i PR Yy ek AR 1 & O R 17 I, 2 NAFLD
) FEUT R FBE AN AH DG AR BT IE B — e i3,
LR s | BE SR I ] 52 56 M ) B B 45 22 O i A
#, Wistar KFL.SD KA1 CSTBL/6] /N Bl 44 3 A
R A AN AR T s Ay | 4 i b
RERILER E] 1 5 TAR KA PR3, Hoh PA L OA 5%
S AN IR fi i 8 IR J7 ¥, 102 40 5 HepG2 4
b2 o FE G 20 S R 2K 0 A 75 S o A0 R iy
AT LR ARSI FSE NAFLD A5 TR, A F) T3
R RE /K 2 (0 20 R ASE 7R il = A4 A 2%
PR et

NAFLD J&—F 47 P 1 5 B 22 Fi 452 493 1 1K
MR, T Al )« kT T 2Rk
JEE|ZEATH 2=, B — AR AN I IR A 25 6L
SN A AN RERRRT Lok R R AL 3 TR
PR R 2R R R A AL, [ HESh T NAFLD
Wk, W& NAFLD [ &AL AW, Hox
B RIS BT A0S 7 XL R i
BIT W 2 AR 1036 T 7 Il TR B
PR ARy ek A BT AR i T HE 2
RIFHLE, WA AR A W 18 T 7 55 AN ] 7 T8 43 5
JAE A 2 e L T8 — 2, nl DU s
GEAE AN A T IEN IRy o i A (AL 7R F2
TP BB | 51 A TG I AG 25K A e PR I 56
SRR R AL T B IR RIBRUE

P ST T A TR 6T 9 5 1) 24 W E R LR T R
E o EEAEN, SCR A R B 5 S RS
B A R R R B B A G (EAS [R] 30 A 2 r
TE U NAFLD AL 5 i PR B AR AF R 25 57, e
ARt FEARTR], PR, AR A 5 e 2 5 3 Y SE 50
CEUETD S 6
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Research progress of targeted treatment of brain diseases with
Chinese medicine nanotechnology
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(1. College of Pharmacy, Gansu University of Chinese Medicine, Lanzhou 730000, China.2. Department of Clinical Pharmacy,
the 940th Hospital of Joint Logistic Support Force of Chinese People’ s Liberation Army, Lanzhou 730050. 3. Gansu Plateau
Pharmaceutical Technology Center, Lanzhou 730050. 4. College of Pharmacy, Lanzhou University, Lanzhou 730000. 5. Institute of
Chemical Technology, Northwest Minzu University, Lanzhou 730030. 6. Institute of Radiation Medicine Sciences, Academy of Military
Medical, Academy of Military Sciences, Beijing 100850)

[ Abstract]  Brain diseases are common in clinical practice. The blood-brain barrier prevents harmful substances
from entering the brain and maintains homeostasis, but it also prevents drugs from entering the brain to exert effects.
Nanotechnology has the advantage of tissue targeting. Active substances in Chinese traditional medicine have a good
treatment effect on brain diseases. The combination of nanotechnology and active substances in Chinese traditional medicine
for the treatment of brain diseases enhances targeting.
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Figure 1 Way drugs cross the blood-brain barrier
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Figure 2 Classification of brain-targeted nanotechnology
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UM 4 8 %17 5 £ — WAk PR 1 [ 4 i T3 4
KR, 38 o A PALAAR 1 S 30 A B, B T AR i o A
ZNRRLAH T 1 25 W A6 R O S 1 AUC
T C e MR o A2 My FI T ) 12 55 5
TE LAY TR R ST ACRE A3 5, TR D 240 i P 4 i
GUHL T B, 3% i ifi ik 5 B A ML S 0X26 4t
PRBES N B2 40 i b B e Bk 3 1 4 5 AT S B 25 )
5 e iz

Wang 552 i 5 DK 181 1) 55 A 28I 36 A S I



132 rp [ A PR 2R ks 2023 4F 6 H A 33 55 6 11 Chin J Comp Med, June 2023,Vol. 33 ,No. 6

YKL, 3 B S I 4 2 e B AR B I [ AR Al
JERG KRR G AUC R C 53l e RIE 259 1
7.31 A1 7. 29 475 , 2 W] [ A 5 o 1A A K R Ak 2 55 AR
B AR

2. 1.3 YOKRESHNR BT A

A S5RGBT 284 ( nanostructured lipid carries,
NLC) Ay 24 5 [ 4% Bl JB 4 94 KR (4 AN J IO 3 T 26
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[l A% i S A% 20 KL 14 i Jo A% A 4 A 22 05 B 2
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CR YL {05250 9IE 55, 7E 408 405 16 B X AR A N T B 4K
FLATIR D TE MR AR 1 B, TEAR N SE R, AR A N TR
B YK L RE R BT 7R it B K B e A2 sk . 7E
AL R R B 9K AL 5 R B2 YA
Fb B0 PN 24 e J3E 0 5 1 ey, SR R T ) R
2.4 EBWKK

ER L TR TR IR R S B A I R EU DS
$io PRM IG5 B I LAT-1 GLUT-1 LDL F¥45k &
F 32 AR TEZLAERE " MM e X 3ak [ B T AR K i B
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YR, B DU A RBLAE S e ) 5l A T A
A 398306 250035 2o I A0 5 R 20 A e DX AR
M7 T2 25 DK | B A R Ay v 4R U R 2
AU IY 2- DR B A A AR Ay T G R D G S 2
BAEHER] . VKR REAE T I8 20-1 & AR IK I im
i B A5 Ao 7 T A B R T T A1 X A
FHOCTR 1110 3K, A 800 o LA o e Fr) @ i 1
Liang 457 43 5l £ 1 2- IR 5 | B 75 R £ 12 =
i S I ARORE T8 3o R A R N 245 ) 23 A S
L, =i b2l AR ARORLRE 23 B e I N O R
JFERNZG WA | W] 22 i B Wi ) 9 2 1 00 KR e
By MUk R R, RS SC R R, = MR HE
AR ) RE A% 375 48 IR 6 2 L P B2 400 D A A I
J JTe v, 2R A R 24 AR A AROR L A R 1
i 2 L — i B AT A 1 E 7 O R AR B R
Fo 10-E2E S RIBRAE 5T R (E 2 0, X LA
1o LA 5% B, Gao S5 SR Ak 2 22 Bk v o 45
o BRI AR 1AL AB M 1 1072 S 3 B 9 Kok, 4
BRSPS, 5 A LT R N KR A L A P
Pl £ SLAB A 119 10-58 25 R Al 290 A AR 7 I J5C S5 9
290 I A 6 00 ALY PN B R N v 2 Dl i B R 8. 72
7, UL TS 4 P AT i 5 S T P 0 KR L 1Y
TP A A A SR R TR R /N B 25 1052
L R P 1 N ORORE, 2 R e B SR /N B AR
BRGNS, b A A I 8] S35 SE I U B I N

KA B 10-F8 38 5B Bt A K i I HLAE — o R B
A R A
2.5 HHBEEMKNL

V2 T 2RA YT G 9 HL A R A s R, 1%
o T 7AW A R AR, E T 25 A B gk RE
AN AR D8/ N B K R, S R v A R
Vs Hh BE RID I A R R O 0 kR, B EY s
SXQM AUNAT B IR EE ML £ H 25 52 7 IR RE 4K
k. TENE R ER TR KRR R, 8
it Western blot 6 I 43 % 25 5 AE /N BRU b fii 28 0340
DA DGR PR B 3 5 (0 FH AR RS 40 K 0k i 77 45
25 A ARER A TR AL /N B, LA ik B8 S5 350 4 G Joit 4
JH I 25 7% 32 I 7 ( GDNF) M HZ f& GFRal |
Ret NCAM 5 FHRIBHE . ARG 9 K w0k 7T LA
7 3 10 A e B O LB R ) 4 ARAR A Bl 4 i GDNF
T HAZ AR 23k T3 B 035 0 4 AR 38R

Qu %51 il 2% 20 K Ak B4 FISE AN Y, 44 K Ak i Fn
JEEANEY 38 1 4] INK/CDK5/GSK-3B 15 53 B 1 38
T AW AR UIRR, tau 3 BEBERR Ak, AT e /N B
NIRRT, HBOCR L T3 25 AL A FUR AN . 98 K1k
B IR AN B L U 25 A 190 R R A i LA B 0 1 i 2
TRITER . X SbZb G R | 9K AL AR RS fiE i 3
BT IR % T RS

Hh 245 i 8 ] 20 K B R B 4 AL ) S R o7
W 1 iR,

R P YOREAAE R AR AL

Table 1 Mechanism of Chinese medicine nanotechnology on brain

5 =/ . " .. L WA y
gopoR  REIEEERUR P R (EFL
N Active ingredients ) . Treat the . .
anotechnology of Chinese medicine Carrier material Performance parameter disease Mechanism of action
KL A2 h102.7 j;m, PDI {H
0.239,Zeta EE’fﬁ“ -30.8 mV,@ P r A A
, \ 1] 88.7206+0. 9% _ EARERER SR Haa, B
H!ﬁ‘ﬁﬂzfi[zz‘ LR TERIF TR Particle size was 102.7 nm, the [N/ FR A el S
1 . ) . . Rabies virus glycoproteins bind to
Lipidosome Curcumin Rabies glycoprotein ~ PDI value was 0.239, the Zeta Glioma . o ] .
. — receptors and cross the blood-brain
potential was —30.8 mV, and the bari
encapsulation efficiency was arrer
88. 72%+0. 9%
RifE A (181£2.3) nm,PDI{H N )
ST 0.228, Zeta {79 +(16.520.9) éﬂﬂﬁgi’ﬁ%/\ﬂw%é,rﬁ%ﬁ
& e e [23] BRI, 2R e mV B g PD-L1 5%k
LF" E'j:l{/‘k Camptothecin, ,?‘ Hkt[ . Particle size was (181+2.3) nm, ?g{ﬂﬁ( B\‘T@ Tryptamine promotes drug transport
1p1dosome curcumin ryptamine the PDI value was 0.228, and the troma into the brain and reduces PD-L1
Zeta potential was+ (16.5+0.9) expression
mV
. 5%?}?%7(139- 97+0.64) nm, Zeta ??%g%ﬂ%ﬁt,ﬁﬂ%ﬂﬂ&%ﬁ
v [63] P IR A , 1H [ B pi—(7.00+0. 74) mV S s PR IR 2T A 1
?”}%ﬁ: EI%?F ?fl Ovolecithin, Particle size is (139.97+0. 64) nm %Hﬁ(ﬁ@ Apoptosis of glioma was induced
Aprdosome esveratro cholesterol and Zeta potential is — (7. 00= 0™ and the proliferation of glioma cells

0.74) mV

was inhibited
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3 ya sy ya . " N N ==
gppspk  BATERIE gy e sl R
Nanotechnology e mgrecien Carrier material Performance parameter S Mechanism of action
of Chinese medicine disease
I iR ¥ A% AR 1 MMP-9,
MMP-2 FAK Al PI3K )ik , %
I s . e 15 2 5
B [24] K 5 MR R MAEZ) 100 nm, FLE 2 90% .
Li E‘Zﬁi ttﬁbl%fm Wheat germ  Particle size is about 100nm and the E;MIIHSL Fiud Down-regulated  expression  of
Ipraosome tnblastine agglutinin encapsulation rate is 90% toma tumor transfer proteins MMP-9,
MMP-2, FAK and PI3K, wheat
germ lectin binds to receptors and
transits the blood-brain barrier
HiAE A (107.57+2.62) nm, PDI CXCR4 5 32 25 4 1t i g #8815
{H4 0.2, Zeta LAV - (10.2+ P BEAR IL-1B, 1L-6 1 TNF-o 7K
0.5) mV, 5 Ry 04.12% = 1o s F 141 SOD i /7, T MDA 5
B A2 T % CXCR4 fik 1. 8% w ot
Li E%MX CK 7'5 act CXCR4 pentid Particle size was (107.57 £2.62) (. 5 CXCR4 binding to the receptor
1p1dosome midium factone pephide nm, the PDI value was 0.2, the d.Z CIMErS  ncreased brain targeting,
Zeta potential was-( 10.2 £ 0.5) 1sease decreased IL-1B, IL-6 and TNF-«
mV, and the encapsulation rate was levels, increased SOD activity,
94. 12%=+1. 8% and decreased MDA content
BEAIE MDA & ik, 138 45 B 1T K
ﬁ’ﬁfh%@ﬁ*ﬂﬁ%{t%ﬁ%@ﬁ
RS PN R )
PR RN B 5 R
B8N (115.3924.29) nm, 34 ﬁﬁfkﬁ”ﬂ"":“t deereased
A ' e N 81.84%x1.84% ik 1 content was | decreasec,
BT >0 B FERIRHERIE T p ) e was (115.3944.29) Cerebral ~ Sutathione  peroxidase — and
Lipidosome Piperine Rabies glycoprotein nm. and the encansulation rate was ischemia superoxide dismutase levels were
81. 84%=+ 1. 84% P up-regulated, the production of
reactive  oxygen  species  was
inhibited in ischemic brain, and
the rabies virus glycoprotein was
bound to the receptor to pass the
blood-brain barrier
g L
P B, DRIAIERE, g2y 87 am, PDI (% 0.017, o o B B 0 )
I 5 Bk 44 PEG oL . il
**Hzg] I i Dioleovl Zeta BV -24.97 mV liny A E
S 1.é i B | h l}?t'd lothanol Particle size was 87 nm, the PDI Cerebral Borneol  relaxes the tight
f) ! ) 'p f)lsctme orneo ? OSphalidylethanol  yalue was 0.017, and the Zeta infarction connections in the blood-brain
nanoparticles . .. potential was —24. 97 mV barrier
amine,, succinic
anhydride , PEG
BB B K9 (75.847.5) nm, Zeta HLAY N
A S A 4 L EERE ,PEG fLfil Shy—(26. 92:15?5) mV , ARy N ﬁk)ff*’ﬁ?mmmllb:ﬂ%iﬂ@ ]
e o I i 80. 1%, B2yt 0. 75% i BB LS
S 1.j i Borneol Dioleoyl Particle size was (75.8+7.5) nm, Cerebral Borneol relaxes the tight
f) ! lpolsome i phosphatidylethanol-  Zeta potential was—(26.92+1.95) infarction connections in the blood-brain
nanoparticles amine, Pegylated mV, encapsulation rate was barrier
stearic acid 80. 1%, drug loading was 0. 75%
2 B 9 KA N (21.60+0.10) nm, £ Ef U .
Qﬁﬁ%{ﬁﬁg & Je— %% 46. 89%+0. 73% %E{ﬂl PEBE ppG o) pegp 4 HESE (135 1
S 1.é I Breviscan PEG Particle size was (21.60+0.10) Ischemi PEG inhibits P-gp efflux protein
olid - liposome reviscapine nm, and the encapsulation rate was ¢ activity
nanoparticles 46. 89%+0. 73% stroke
AUC. T, .C,. !
Rif%h (47.68+1.65) nm, Zeta I RE s Cs *HEE;FMJ
N oo B5(0.533£0. 115) mV, Gk TR 0X26 ALK TS S 12 411
A e A b 0X26 Fiif, Hill 5t y ac ’ ki ke 1 P Lf‘i’ﬂ%%ﬁlﬂ ﬁgé esuniil
R A W PEG 4 83.03%=0.01% VTR X
P S IAME WA A Particle size was (47.68+1.65) [ 157 . v
L . . Antibodies to , . Cerebral Improve AUC, T,., C,. and
Solid liposome  Baicalin 0X26 Ivcerat nm, the Zeta potential was (0.533 i<chemi: . A max max
nanoparticles > BYeerale, 0,115 ) mV, and the 'S¢rema bioavailability. The 0X26 antibody
PEG encapsulation rate was 83.03% = reperfusion  hinds to transferrin receptors on
0.01% endothelial cells to cross the blood-
brain barrier
*jgﬂﬁij( 154.2+1. Uﬁ?’fﬁ%ﬁ
#70.12£0.01, Zeta HL AL {H Hy - T AUC. T KRS
c e é N . 4 42— = NN 1=] N T omax N m‘ax’ (]
ok e dor s (LS 20) Vs B R g e i 1 60 o e
IRl - Borneol , stearic S Parkinson’s  Increase AUC, T, , s
Solid liposome  Pueraria flavones acid Particle size was (154.2+1.1) diseas L max max
nanoparticles acl nm, PDI was 0.12 +0.01, Zeta 015€3%€ borneol relaxes tight connections

potential was —41.5+ 2.0, drug
loading was 4. 60%=0. 01%

on the blood-brain barrier
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K R REZTR i . v IRIT IR
ENARLA Active ingredients ﬁﬁbﬁ*—} N PEE Treat the ﬂzmm‘%u .
Nanotechnology of Chinese medicine Carrier material Performance parameter disease Mechanism of action
» RN LR L0 % s
- e 42411 {:; 1;])\2[ zg nJmKLeta LA Hﬁ' i % g&c@%bukxﬁzﬁ%%uﬂm%ﬁ
o f NG FFE 1A PE(;’ i Hd' ﬁ_ Particle size was 102.49 nm, the Blood Borneol relaxes tight connections
Nanostructured ~ Tanshinone 1TA v medum= - 7ota potential was =21. 11 mV, and 00 in the blood-brain barrier, and
e . chain fatty acid T o shortage to L
lipid carriers the encapsulation rate was 84. 12% the brai PEG increases long-term
h 84. 12% € brain circulation to achieve passive
targeting in the brain
#em AUC. T, , PEG &1 44
K R I **m%ﬂw P B 20 3 o A R AR
2 Zhf9) | it PEG, g, ey i
k) o GRS , PSR ncrease AUC and T, PEG
Napostruc:tured Nicouline PEG, granulesten, disease modified nanoparticles are taken
lipid carriers glyceryl tristearate up by brain endothelial cells
through ingestion
414 i > % H
R %%W}Iéﬂiﬂﬂﬂﬁﬁmkaﬁuﬁﬂ
49K I B T RS 160 nm Zeta W IR g ils e e
A3 BE Red cell 24 mV e hd ies v{rus gycopr}?tem )}nhb t(i
Nanostructured ~ Resveratrol membrane, rabies Particle size was 160 nm and the Alzheimer’s the hltccep lf’r" t d? l}np eny
Sy y . . i . phosphate cation adsorbs to the
lipid carriers glycoprotein Zeta potential was 24 mV disease . M m d th
triphenyl phosphate negative ce wall, — an the
ati erythrocyte membrane improves the
caton long-term circulation to achieve
passive targeting
R ILALTE 80 5 i N H@J:E’J
5 1L L5 - 80 B 2012 o Zeta gy BB %ﬁ%éﬂ it te a il
PBCA!! Pg*ﬂ? Tripheny! . 7. 72 mV Cerebral Polysorbate 80 binds to very low
uerarin phosphate cationic  Particle size was 201.2 nm and the .” ] p AR ’
lvsorbate-80 Zeta potential 7 mV ischemia density lipoprotein receptors on
polysorbate cta potential was = /. 2 m reperfusion  brain endothelial cells and crosses
the blood-brain barrier
, £ F AUC, Ty Coys 0
NN 7 . e 3 vl v Al max max ?
5 ILIALEE-80 I %“Q%‘;?;%%fg ﬂg*}% M FFHMGBI TLR4 . NFB ( P65 ) Y
H%E Triphenyl o mv, : . 0 TR FEHFEIA
PLGA!#! e "y ... Particle size was 145.0 nm, the Cerebral o . )
Puerarin phosphate cationic 7 al 1481 mV. and ischemi Increase AUC, T, and C, , and
lysorbate-80 eta potential yvas . mV, an 1SC emlg inhibit th ¢ nax P
POty the encapsulation rate was 90.51%  reperfusion }—IIIMI (ilel ) ?TLPP){X ‘:;‘ 4 GNXFP—rlS]S;(Hg%SO)
& AUC C,,, WO 86 F1R B
y A S
fi/éj‘] 70 nm ALER K 919% W14 256 E(illilségﬁjﬁg M RE-38
: e o 8
PLGA#! ﬂ%%z A PEG 2}3?}] 23 e . Parkinson’s Increase AUC, C,  , and activate
Schizandrin A Particle size 70 nm, encapsulation di R max
rate 91% , drug loading rate 28% 1sease protein kinase B ( Akt)/glycogen
synthase kinase-3B ( Gsk3B )
pathway
VIR R 98 i B AN ML 75 P B A0
I " RLEETE 100 o LI Zeta 1000 B/ 5 6 Y AT AV Pogp SHEER L
[44] Al PEG,W =22 mV
PLGA Hupezine PEG, borneol Particle size is below 100 nm and Alzheimer’s BOI.]“?Ol depleted ~ ATP ar}d
the Zeta potential is =22 mV disease mh.lb.lted P-gp eff_ector protein
P activity ~ in  brain  capillary
endothelial cells
kit A 716.65 nm, Zeta Hi, fii Ky oo >
“ AR 1042 mV, BEGRR 8. 6% B T Do LT R
PLA! ifz;loxenoic acid PEG Particle size was 716. 65 nm, " the Alzheimer’s NF-kB pathwa;
Zeta potential was 10.42 mV, and diseas p Y
the drug loading was 8. 6% 1sease
FiAE M (91.6+1.34) nm,PDI N
0. 17£0. 01, Zeta HL{i - (12. 09+ ‘ .
0.97) mV {0355 87.52%, 8 18/0 DA W #E, #2# DA, DOPAC
B S B 2k 26.93% MAGA0 A HVA K
pcL Gi Fll( 1.; B PEG Particle size was (91.6 + 1.34) Parkinson’s Reduce DA consumption and
Finkgonhde nm, PDI was 0.17 £ 0.01, Zeta disease increase DA, DOPAC and HVA

potential was ( - 12.09 = 0.97)
mV, encapsulation rate was

87.52% , drug loading was 26. 93%

levels
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of Chinese medicine disease
KiA2H9(73.24+2.84) nm PDI Jy
0.129 + 0. O%%elaj?lﬁ—(l 7%;
0.92) mV, 25N 4. 64% BT 35
om0 ’ IR o "
" 6% : K 79. 68% T B2 €., FVEYIFIE
PCL f PEG Particle size was (73.24 +2.84) L, . R
6-Gingerol am. PDI was 0.129 + 0.03. Zeta Alzheimer’s  Improve C,,, and bioavailability
poténtial was —(2.74+0.92 ), mV, disease
drug  loading  was  4.64%,
encapsulation rate was 79. 68%
g . SLBCE (15 2P S (TR S 4
ORE] 2%?§ﬁt 0.15, PDI Jy i}ﬁﬁ’ﬁﬁﬂ% ;ﬁ&iiﬁwﬁrmwww #A
s [52] ST = 0. 15, Zeta {3/ 2. 74+0. 84
éNW*?L Isi ’Ifl';};ﬁﬂl 1 il“%ffﬁlél Particle size was 20.96 + 0.15, Cerebral Lactoferrin  binds to lactoferrin
anoemuision ansnone actolerrn PDI was 0. 15, and Zeta potential hypoxia receptors and enters the brain
was —2.74+0. 84 ischemia through receptor-mediated
endocytosis
WER w5 AvC, ., .1, FIEWH
s JPEMIA P A Fife 32,5 o, GBS 95% R AUCo— 1y MEBAIN
’N ¥ Isi Tanshinone IIA Tetramethyl Particle size is 32.5 nm and the cerebrov- Iy‘ AUC . and
anoemuision pyrazine encapsulation rate is 95% ascular mprove - AULo e 5 12 an
disease bioavailability
_ PR AUC.T) )5, C, , WD TEHE
KEBER, LR By JR PR FEERI MY R B B Bl
kgL AN B 1 KA A 80~ 100 nm 2R 3
Nanoemulsion Ginkgolide B Granulesten, ethyl  Particle size is 80~100 nm Alzheimer’s  Increase AUC, T),,, C,,, reduce
lactate disease amyloid protein, enhance choline
acetyltransferase activity
HE B9k PRI J5F 7 T L ) TR ZO-1 B R k4 5 0
(5] *ﬂ%h@; A IE A #4249 100~200 nm,PDI 4 0.3 i e s o0 1
Alb . 2-Butanol , Bovine serum  Particle size is 100 ~ 200 nm and Gh SME Down-regulating  ZO-1  protein
ummn s muscone and albumin the PDI is 0.3 toma expression enhances blood-brain
nanoparticles menthol barrier permeability
. . Aol 7T 2
- Zeta 330,26 mV L EF %)y BRI RN, S
MEHA 10-J3 5 2 W 909% , B2 it Iy 9% RN BT (A PR
- [ 60 ] L2 i e =) 0, 2 0 Nl ] m N y
i 10-Hydroxvos T 8, e Tet: ial was — 30.26 mV B To  improve the fluorescence
Casein HYAIOXYCamMP= - Casein , menthol cta potential was X MY Glioma intensity in brain and prolong the
. tothecine ’ encapsulation rate was 90%, drug . . ]
nanoparticles load; 9% ’ median survival time of tumor
oading was 7 bearing mice
N b ﬁCFRal Ret A1 NCAM 2 [
2 2
?JJCFEWE Shi e R . W04 200 T et BT 2 AN U T
Nanificati f Cist he . Y, Rift A 200 nm P k A lncrea%e the activity of GFRal,
anification o 13tanche, Particle size is 200 nm arkinson s - pet and NCAM proteins, and
Chinese epimedium disease . he : s of substanti:
dicine itself improve the apoptosis of substantia
me nigra nerve cells
W AUCy ;. tyyy G
MRT,_, , FUAH A4 3 F)
I ) A Y TNF-or  1L-6 Al
‘ IL-18 H9 7K -, B 1k /) 6 T 240
s KiAEh (23. 30£0. 46) nm,PDI K (IBA-1) I 2 I K& Bt 44 i
el {594k 0.087+0.00, Zeta LA (6. 19% 1,0 o o (GFAP) HUMGH | W D ik
pCMZJ e 1.70) mV. g TN IR 4
Nanification of lﬂl;:l‘l‘% PEG Particle size was (23.30+0.46) ol . , Increase AUC, 5, t1,5, Cous
. Honokiol Alzheimer 2
Chinese i nm, the PDI was O 087 + 0. OO, s disease [WRTOA’12 and relative
medicine itself and the Zeta potential was (6. 19+ bioavailability. By inhibiting the
1.70) mV levels of TNF-c., IL-6, and IL-1B
in the brain, blocking the
activation of microglia (IBA-1)and
astrocytes ( GFAP ), significantly
improving cognitive deficits
ISV IS TS
lﬁlﬂlﬂ’}{ﬁ?ﬁ; 5 R A A 75 51
NETETIES IR 50 T4 TiRE. RREHHAEN
,f [64] ?Eri m g H[Z\I_ZF‘EP M.Rl .
Nanoicati 0 F+& Gelatin,  sodium RiFEN 133 nm Cerebral Dissolution ~ of  fat  soluble
anocalion oL gyalyia miltiorrhiza g " Particle size is 133 nm - ingredients such as tanshinone and
Chinese cellulose methyl apoplexy rontotanshi . als
medicine itself carbocylate cryptotanshinone was also
improved compared ~ with  the
original powder. Improve

bioavailability and MRT
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