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[ Abstract] Objective N-methyl-D-aspartate (NMDA) receptor subunit 2B (NR2B) and its phosphorylation are
involved in cerebral ischemia/hypoxic neural injury. Hypoxic preconditioning ( HPC) can serve as an endogenous
protective intervention to protect the brain from ischemic/hypoxic injury. This study intended to explore the effect of HPC
on NR2B and the phosphorylation of its two tyrosine sites ( 1252 and 1336) in hippocampal cells through in vivo and in vitro
experiments and thus determine the role of NR2B in HPC neuroprotection. Methods 6~ 8 weeks-old male SPF-grade ICR
mice and the mouse hippocampal neuron cell line HT22 were repeatedly exposed to hypoxia to replicate HPC animal and
cell models. Western blot and immunofluorescence were applied to detect the levels of NR2B and the phosphorylation levels
of its tyrosine 1336 (pY1336NR2B) and 1252 (pY1252NR2B) residues in the hippocampus of mice and HT22 cells. The
distributions of NR2B, pY1336NR2B, and pY1252NR2B in the synaptic site ( TxP) and extrasynaptic site (TxS) were
analyzed by Western blot. The levels of cleaved caspase-3 and a-spectrin, which indicate cell apoptosis, were also
detected. Results HPC downregulated the levels of NR2B and pY1336NR2B in the mouse hippocampus and HT22 cells.
Changes in NR2B and pY1336NR2B levels in the TxS of the mouse hippocampus were similar to those in hippocampus and
HT22 cells, whereas changes in the TxP showed the opposite trend. Conclusions Downregulation of NR2B and
pY1336NR2B may be involved in HPC-induced neuroprotection, and their localization at synapses and exirasynapses may
play different roles in neuroprotection.
[ Keywords] hypoxic preconditioning; NR2B; synapse; apoptosis
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methyl-D-aspartate receptor, NMDAR ) J&— F 2§ 1 %
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MU, e 2 R VR
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Hs K Bl W i 48 R A B TR DI JE B IX N R BE
b S0 Sh W16 B ZE B A4 E (2021035DW ), AL G
PR ARG rh A N R (5250 3l i A8 B 5%
), SR BTt KA 3 AT AR A 3R 5
1.1.2 4R

/N ERVEE S A R HT22 1 T [ e 2= R 2 B b
B R S 2 B 40 i J2E (4201MOU-CCTCC00673)
1.2 FERAF S

DMEM }53% 3 ( Gibeo 24 A, L5 . MA0O215) ; iR
PRI (P25 23 F L 415 19080504 ) ; 7 % 3R /i
% (BBI 24 ), #t5 . J922FA0004 ) ; TRIzol it 71
(Invitrogen 7y A, fit 5. 391303 ) ; RevertAid First
Strand ¢DNA i ] & ( TaKaRa 2% ®], it 5.
ALF0602A) ; Goat anti-Mouse IgG (H + L) Cross-
Adsorbed Secondary Antibody ( Invitrogen 23 Al , 41t .
A-11045) ;RIPA & 2 (R = RAEWE AR L
H] 4t 5. POO13B) ; BCA 1% 2 1 ¥k B2l 5 150 &
(s AR A DR A RS | 45 . MA0082-2-Mar-
061) ; PVDF i ( Roche 24 Fl , 45 :51457600) ; NR2B
—3$L.pY1336NR2B —#i . cleaved caspase-3 —9$1T . B-
actin — 37T ( Cell Signaling Technology 7\ H], it 5 .
4212S 3 .4208S 2 .#9664 3 #4967 2) ; pY1252NR2B
—HT ( Phosphosolutions 2y #], it 5 ks4160) ; a-
spectirn —3T (abcam 23] | #it 5 :ab154811)

SCATRE F PCR A S0 (Applied Biosystems , -5,
ABI 7900HT) ; {27 &GRS B R 48 ( F iR AEFRE
FARA T, B : Tanon-IVDT-1) ; ZFHRAH I 1 (A
AL ARA BRI A, B . STT-100M ) 5 3728 (A ( i
RAF, 8945 68025 ) ; HOGI 4 3 3R 48 WA (JE Bk
Al, %I . HD25/A1R HD25) ; NIS-Element [E15 43 #r
Y ( R, M5 . AR/BR/D/F)
1.3 SRBWAE
1.3.1 HPC KRR ST ) s34 HPC SRRl

SRR R AS IR A S TR T A AT
/N BRI REA i 25 S0 125 mL ) O TR
FEREE , — ELH I i P WK AR B FE ST IT, K/
SN UL A 31 5 — AN A B fif s S, JF
SERIFERCEE B /N BRI T FR 2 B B T IT
BB FENE N 1 AR 2 8, /NUBENL Y 3 21 3%
% i 1E % (normal oxygen content, N) ZH; it %
( hypoxia, H ) #1; @t %A i 4 # ( hypoxic
preconditioning, HPC ) 41, HPC 4L & # &% 4 IX;
H ARA R EE 1 UGN AR IRA 2 R

1.3.2 HPC 4Hjim

HT22 4MI7E 5 10% 16 45 135 1) DMEM #5575
R TR IR, W3R Bt & 100 U/mL 75 % Z F1 100
pe/mL BEE E, WA (21% 0,/74% N,/5% CO,)
37 CHAMEFE, HPC HYNEMRA (1% 0,/94%
N,/5% CO,) 21 T 5 3% 30 min, #& J5 % A K 5+
30 min, AT 4 R, SR KA H 4140
il — AR AR PR 3R 13 h SRR A 6 h, N4
LA E R SR A
1.3.3 RNA $#2HUZ SR 2 5 PCR

{8 1 TRIzol 70 /IS BRI 5 1T HT22 4t v 43
BB RNA , F£{# FH RevertAid First Strand ¢cDNA 25
B4 cDNA, 7E ABI7900HT S2i} & PCR R4
HEFT 3 W s SEE PCR, i 20 L AR RHEFT5E
A% PCR W A2 J7: 95 °C, 10 min; 95 °C, 30 s,
58 °C,30 5,72 °C, 30 s,40 MG ;72 °C, 2 min, I
i 1] 275" J79 43 BT mRNA (AR 20 . (A5
Pifede 1 gt
1.3.4 Ay HED ( Western blot)

i FH RIPA 28 (24 A i B2 50/ BRUig 25 F HT22
YU AN A, I BCA SRR Bk F
JH SDS/PAGE #ATHLIK /3 B EE 1, SR S5 F EN )| PVDF
i |, 35 NR2B,pY1336NR2B, pY1252NR2B | a-
spectrin , cleaved caspase-3 Fll B-actin —PLHFH (1 :
1000 #i k) , SR J5 5 9 E ,ECL I B 5 R J5 E it
Tanon 4600 34T PVDF JIE i) 4575 .
1.3.5 GEst

N 2 H 4141 HPC 23t 3 4 /)N B2 SR AL )5 [ 58
L LRI 7K, hIAVE 12 m JEE 14 /0N B i vk 5 51
o FH0.01 mol/L PBS 5V A, 4 B8 U5 BH 4543 3]
5 NR2B,pY1252NR2B F1 pY1336NR2B —$i (1 :
300 Fi ke ) 4 CFF IR ZHRBT(1 = 500 Firks) =
EIEE 2 h, FEROGH IR AR W AOE N A g
PR i NIS-Element B 34T £ 50 40 B ¢
e
1.3.6  SEMMFNZGE filh 55 FEE 1 5353 B3

MON 41 H 41 HPC 4136 3 21 /N flor B8 i Eh 4

&1 51975
Table 1 Primers sequence
R Bl
Name Primer sequence

Forward 5° -CTGTCATGCTCAACATCATGGA-3’
Reverse 57 -GCGGATCTTGTTCACGAAGTC-3’
Forward 5 -AGGTGAAGGTCGGAGTCA-3’
Reverse 57 -GGTCATTGATGGCAACAA-3’

NR2B

B-actin
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4, I Goebel-Goody AT Ty ok 4l Ak 2 fipk A 5
fish S5 RS 43, 125 1k A2 A 22 B O O IR R A
Triton X-100 F% 4% HS% i i S B0V 40 i 8 4343 2% 43
B9, BB 2H 2147 3 E 1000 r/min %5 3 F 550 10
min , K FRAMAZ RN AR 58 4 5K 9 o, A5 200 3
WAE 10 000 r/min FH T 2500 15 min, I3 UIIETE
0. 5% Triton X-100 127 20 min /5 32 000 r/min %
R B0 20 min, IAARTTHE (TxP ) %A Triton X A%
PR fih 5 %5 B2 (PSD ) 8 1102 58 fik i 43, 10 1 75 TR
(TxS) & A AT T Triton X-100 HK 5 PSD 'Z 2545
B FPE SCh Rl 55 147, it BCA J5 ik
SE S fil ('TxP ) RIS fih 55 JE 26 1 (TxS) BYMRBE | SR )5 f
FEAE-80 C AL — 250047

1.4 FitEHRZE

A Bd 2448 1] GraphPad Prism 8.2 F SPSS
25.0 HFAT530T o B LY B iR 25 (s ) 30K
XTI A SRR 5 = W, RHHF R
Bonferroni K gt 17 80 K R Ty 22007, M 8E 5 1E
SO AR T 224550, 54T Dunnett 73 K35, P<
0. 05 #N b 2E F HA G L,

2 H#R
21 HPC TEABEISKEFSH NR2B #
pY1336NR2B 7k

T IR NR2B SOH B2 fL7E HPC iR i9 N
TR 2 AR R B9 /E T, % HPC 2R3 0~4 d /)
SRR T 1) R BLHEAT TR, BE BRI AN B[R]V
FElE o T BRAf HPC 55 19 #l 28 PR 4 R 40 g
1 NR2B B LB LIRS M sh 28 . 5 N 4]
AHEE ,H 41 NR2B mRNA £k 87 1.3 4 K FI%,
I HPC 407655 0.1.4 XN, 5 H 404k, HPC
4155 0.1 X NR2B mRNA A N (K 1A), 5N
ZHAH L, H 4R HPC 4179 NR2B & /KA 0~2
R¥JERHG N, seah, 5 0~2 K, HPC 411" NR2B
EHKFEMT HAHA (K 1B, 1IC, P<0.05),
pY1252NR2B 3 40K V- g & 2= 5% (K 1D, P>
0.05), %% 0~4 X, pY1336NR2B /K ¥ NR2B &
MR E AL (& 1B 1E,P<0.05) ,{H N 2071 HPC 21
pY1336NR2B /KI5,

RPBEDOL BN 0 RifF D X I NR2B,
pY1252NR2B #l pY1336NR2B & [1 5 [HYE(S 5 (K
1F~1H) , FHEA L Hr b WL E] 1) NR2B F
pY1336NR2B A4k —2, 5 N dUAf EL , H 41 A
HPC 4/ B NR2B & A 905 98O0 B 1,

5 N4, H 4/ pY1336NR2B & 4
PEVENC W F I, 15 HPC 4l 5 58 e S i I T
H 21 (& 1F 1H,P<0.05) , WF5E45 832, HPC 7]
DAREAR/IN BRI SH IR 4015 5 (1) NR2B 1 pY 1336NR2B
K. 5 Western blot 7345 52401, 55 0 K 3 4[]
pY1252NR2B 45 I 0 9 G A7 5 %5 B A 2 Ak (&l
1G,P>0.05) .
2.2 HPC izt NR2B #1 pY1336NR2B, T
Z2fi 5= NR2B # pY1336NR2B HJ7k

SR FH T4 L B 53 53 B85 AR i S i #62 ( TP )
S f S50 (TxS) |, K FH Western blot 6 1l 5 F A~
[ W 40 B B 4 ' NR2B. pYI252NR2B il
pYI1336NR2B HRIATEOL (K 2) . 5 N 4, H
ZH /7N B 5 28 fil 350457 ( TxP )/ NR2B |, pY1336NR2B
B 3 REAIR, 28 filk 55 B8 AL (TxS) H' NR2B,
pY1336NR2B HY7K-F-TEHS 0~2 K 3 T (& 2B,
2D 2F 2H,P<0.05), 7 HPC 4 K& 51
NR2B il pY 1336NR2B 119745 16 7 I 480 038 L7 J 26 0
~2 R, R K & A2 h NR2B A
pY1336NR2B 7K - it 2 7t i, 2 i 5% NR2B 7K F- i
FREAR (K 2B 2D 2F 2H,P<0.05) ., AWFIELE 5
0, /N RO DK &M HPC 4b P S, NR2B Al
pY 1336NR2B 715 fil FI 5 fish 555 67 14 43 A 42 IAH Ji
HAR{k, HPC AL 35 5 fill #1158 fil 55 17 55 7Y NR2B
H pY1336NR2B /K ¥ JL-F- 5 N ZHAH[A, & U] HPC
FIREMK S OB A W) # DhRe . o —Jr i, 52 fil i
AL (TxP ) F12 fih 58 3847 ( TxS) Y pY1252NR2B 7K
FAE 3 e 2 R (81 2€ .26, P>0.05)
2.3 HPC MIFREFSH/NREDHMAT

RS H 120 kDa BY a-spectrin 43 fiff 7= 4 i
cleaved caspase-3 #¢ FHAE AN T- A9 ARic '™, &
it Western blot Ml & /N B i & ' a-spectrin FI
cleaved caspase-3 25 FHHJ/KF(E 3A), 5 N 44
He, H 4/ S H cleaved caspase-3 Fil 120 kDa a-
spectrin 7£ 0~2 d B Z F+ &, 17 HPC 417E 0~2 d
iR (& 3B.3C,P<0.05) . 5 H 41, HPC 41
/NERTEE S 0~2 d B cleaved caspase-3 I 120 kDa a-
spectrin . E /0 (K 3B .3C, P<0.05), %% HiE
7k HPC 7] R MR 4G 3 00 /N RIS A i T, X
A g5 NR2B il pY1336NR2B 17K V-4 5%,
2.4 HPC &3t T NR2B #1 pY1336NR2B 7k T
Xt HT22 A& RP1ER

R T — L B UE AR N SE 5 JF UL NR2B,
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pY1252NR2B il pY1336NR2B 7 {1 4 FiUiE 17 B 4 22
PRI VE T, R Western blot FIHHE 5 64 AR WL
AR A RIG & WE Y 5 HT22 40 g 1 NR2B,
pY1252NR2B il pY1336NR2B #/KF., 5 N 4
I, H 41 NR2B Hl pY1336NR2B /K- i3 & FH & (&
4A 4B 4C,P<0.05) ;7 HPC 4+ H 4R E 5| E
) pYI336NR2B JK “F T+ i 2 2 ¥ e, i 153
pY1336NR2B HY/KF5 N 4L AL (& 4A . 4C, P<
0.05) . pY1252NR2B 7£ 3 40 HT22 4 g H i) 7K
To #2557 (181 4A 4D, P>0.05) . IV RIRTE

HT22 4 i H NR2B . pY1252NR2B Hl pY1336NR2B
B X 5 O 5 B 5 2 1 J5T B 38 43 A b U ¢ 31 Y
NR2B .pY1252NR2B #l pY1336NR2B {1745 1t — 3¢,
5 N 40l EL  H 4070 HPC 4 HT22 Zififih NR2B
X i N (] 4E, P<0.05), 5 N 414
Fb, H 4/ B E Hr pY1336NR2B 5 H e 9Ot i
FHhN, 5 H AR, HPC 2H B4 5 S 98 e 3 i 25
KA (& 4F, P<0.05), pYI1252NR2B X} 3% 654
JEIG i R (E 4G, P>0.05) , G ke,

4R HPC Y520 HT22 40 i pY1336NR2B 1Y

1 : A:NR2B mRNA #iA7K¥(n=6) ;B:NR2B pY1252NR2B # pY1336NR2B fit) Western blot #t5[& (n=6) ;C~E; 2} 5E /0 Hr 7 8] NR2B |
pY1252NR2B Fl pY1336NR2B (45 AR 1k F~ H. 45 0 K/NEURE 5 NR2B  pY1336NR2B ,pY 1252NR2B Y He i 5 0 S HARX 550 BE (n

=5), 5 N4, *P<0.05;5 H HM L, P<0. 05,

1 B B BTN U D NR2B . pY1252NR2B Fl pY1336NR2B [y 521
Note. A, NR2B mRNA expression levels (n=6). B, Western blot typical plots of NR2B, pY1252NR2B and pY1336NR2B (n=6). C~E, Semi-

quantitative analysis showing protein changes in NR2B, pY1252NR2B and pY1336NR2B. F~H, Immunofluorescence of mouse hippocampal NR2B,

pY1336NR2B, and pY1252NR2B and their relative fluorescence intensities on day 0 (n=35). Compared with N group, “P<0. 05. Compared with H

group, " P<0. 05.

Figure 1 Effects of hypoxic preconditioning on mouse hippocampal NR2B, pY1252NR2B and pY1336NR2B
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IR AHAREZ MR pY 1252NR2B 17K - AT AR T (1 SA) . & 5B i 5C s, 5
2.5 HPC MMHIERRIF S HT22 HAT N ZHAH L, H 41 HT22 4iffi 120 kDa a-spetrin 53

HT22 20} A {8 Western blot 734 120 kDa B9 FEWI I cleaved caspase-3 7KF & 84 1 (P<0. 05)
a-spetrin Z3# 2 cleaved caspase-3 7K - ) A5 1k, 120 kDaa - spetrin 43 ff 7= 9 Fll cleaved caspase - 3 7K

. A 5 (TxP) H NR2B ,pY1252NR2B Fl pY1336NR2B HJ Western blot 25 [ 4547 ; B~ D 2 2 & /0 Hr 58 il ( TxP) * NR2B, pY1252NR2B FiI
pY1336NR2B {2 H R ZEAL (n=6) ;E: 58fih55 (TxS) H* NR2B ,pY1252NR2B Fll pY1336NR2B HJ Western blot 25 4 454 ; F ~ H 2 2 543 B 58 fil
57 (TxS) H NR2B,pY1252NR2B Fl pY1336NR2B HYE G2k (n=6) , 5 N 41H1LL, “"P<0.05;5 H 4L, *P<0. 05,
B2 HPC X/ S il o FZE iS55 Hh pY 1252NR2B pY 1336NR2B il NR2B 4347 f 5 1
Note. A, NR2B, pY1252NR2B and pY1336NR2B in synaptic ( TxP) Western blot typical plots. B~D, Semi-quantitative analysis of protein changes of
NR2B, pY1252NR2B and pY1336NR2B in synapses (TxP) (n=6). E, Typical plot of Western blot of NR2B, pY1252NR2B and pY1336NR2B in
the parasympathetic ( TxS) synapse. F ~ H, Semi-quantitative analysis of protein changes of NR2B, pY1252NR2B and pY1336NR2B in the
parasympathetic (TxS) (n=6). Compared with N group, *P<0. 05. Compared with H group,* P<0. 05.
Figure 2 Effects of HPC on the distribution of pY1252NR2B, pY1336NR2B and NR2B in synaptic and extrasynaptic

components of mouse hippocampus
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A : Cleaved caspase-3 fil a-spectrin ] Western blot HL# 25747 ; B 2 28 43 #F 120 kDa a-spectrin 2 281k ; C. 2F & w40 #r
cleaved caspase-3 K FEHYE H ML, 5 N 414 1L, *P<0.05;5 H 41401t , *P<0. 05,

B 3 HPC X/l cleaved caspase-3 & H Hl a-spectrin [152 17
Note. A, Typical plot of Western blot for cleaved caspase-3 and a-spectrin. B, Semi-quantitative analysis of 120 kDa a-spectrin protein
changes. C, Semi-quantitative analysis of protein changes in cleaved caspase-3 levels. Compared with N group, “P<0.05. Compared
with H group, *P<0. 05.

Figure 3 Effect of HPC on cleaved caspase-3 protein and o-spectrin in mouse hippocampus

1:: A:NR2B ,pY1252NR2B # pY1336NR2B [ Western blot J17 5547 ; B~ D . 2 5 5 43 H13R W] NR2B .pY1252NR2B il pY1336NR2B 1)
EHRAAL (n=3) ;E~G: HT22 41 s NR2B ., pY1252NR2B . pY1336NR2B (45 5% 0 M A X2 6 (n=5), 5 N HM L, *P<
0.05;5 H 4i# ke, *P<0. 05,

B4 HPC X HT22 40figH NR2B.pY1252NR2B Fl pY1336NR2B 2 H AY 5210
Note. A, Typical plot of Western blot for NR2B, pY1252NR2B and pY1336NR2B proteins. B~D, Semi-quantitative analysis showing protein
changes in NR2B, pY1252NR2B and pY1336NR2B (n=3). E~ G, Immunofluorescence of NR2B, pY1252NR2B, pY1336NR2B and their

relative fluorescence intensity in HT22 cells (n=5). Compared with N group, *P<0. 05. Compared with H group,* P<0. 05.
Figure 4 Effect of HPC on NR2B, pY1252NR2B and pY1336NR2B proteins in HT22 cells
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A cleaved caspase-3 Fll a-spectrin £ 4 Western blot [ 317 & ; B, 2 %€ #4347 120 kDa a-spectrin 25 FH /K F-AE1L 5 C . 25 43T cleaved
caspase-3 KA L, 5 N AALL, *P<0.05;45 H 41H1 1L, *P<0. 05,
B 5 HPC X HT22 i cleaved caspase-3 il a-spectrin &5 [ (5

Note. A, Typical plot of Western blot for cleaved caspase-3 and a-spectrin proteins. B, Semi-quantitative analysis of 120 kDa a-spectrin protein

level changes. C, Semi-quantitative analysis of cleaved caspase-3 protein level changes. Compared with N group, “P<0.05. Compared with H

group, "P<0.05.

Figure 5 Effect of HPC on cleaved caspase-3 and a-spectrin proteins in HT22 cells

SELE HPC PR I |, X sbgb IR HPC W fE
i AR E S A 40 T,

3 it

R/ B JG NR2B /KPR fb PesE 1 i 2 4 i
(A= FE , NR2B /K- F 3 T BEAT BY TR &/ e i 4%
PR B AR, 4 Ik A0 ) A G dfe ot 55 R £ 453 4
AR b FE i ) R0 B B NR2B R ik & 4k k-
PAUT KR b Sk AT 2E / FEEETE (MCAO/R) £33 il
KBS ) NR2B 7KF, AR NR2B ZKF-£3 40
il 2R A M S B 5 ARBESE & B HPC FEAK T
/NS5 R (55 0 R) R ISE 0~2 K NR2B
IR AN A S B R HPC AT LAFAIR NR2B (1)
KV, (R B, 38 3 AR N A S0 K D pro-caspase3 F
cleaved caspase-3 KB /R7E HPC AbBH5 ] DL FEAIR
A SR M40 H 05, Zha 25015 0082 3 B2 40 125 1
AR RAR A AT B D CA1 X NR2B 97K 1 #1k
IR T M 2 T AR B T, A 5 45 R iR
HPC 5% NR2B W FEARTEM &b T aEAC 2] 1
KHEEH

TE BB IR 16 5% 4/ B it i PR 5 2 A iy
MM R A e, NR2B B2 Ak il LLE i i o Sre K
W Fyn AT, I Sre AT ARG S Bl i 1 45
P [ 1 i 28 360 405 A 22 8 B AR 4K NR2B TE
BN C ot AR 25 AN E IR Ak L, Hop
1252 1336 Fl 1472 A i 24 12 5k B 72 N R iR B L 21
Yedi L b 5 Fyn L3RGk 0 o g BE R L, pY1472
NR2B i) LS 5@ AW A J 00 AR O 530
A -SR03 7 . FATHFFE T NR2B #£ Y1252

Y1336 {7 s B RR 1L , & AR S8 in /s B Eh 41
ZURMARSN HT22 4 pY 1336 AY7KSF- o & 58, i
HPC &b 5 HK - B AR 2 % B8 41K 7, IR
HPC &b B4 AR S0 pY1252NR2B (07K V-, SCHk R
i NMDA SZARFIE T RE S Fyn /519 Y1336 NR2B
B ik A 26 H Ik, HPC % %19 pY1336NR2B
R T REA B TR MR A

ZE ek 5 k57 NR2B /K71 fig &5 i 22040
AR AL/ Bl 45 1 T I AE TS, NR2B i T 28 il
GEfSE 2 75 YL E 4 L A 38 J7 A A G, Zhou
10200 SR NR2B 28 fil 12 fphi 5% NMDAR YD 2
I, IEBEA T/ NMDAR /-3 4 A= 7715 5 Frgi &
TCEET B R w) 5 Hf AR AN 2 AH S VR
Tu 2520 RIS fih5e NR2B 7 5L 7 >4 v KUk 283601 45
AT HX AL, Buonarati 45 1 5 % A 5 fih 55 137 45,
NR2B %54 X 3k 1) 28 28 v LA By 1F #f 28 oe 4l i AE T
AHE Y e BRAK A 2% 1 T 28 ik 55 35 4 9 NR2B il
pY1336NR2B 7KF-44 i, {H7E HPC J&5 Pk & 31 HL £k
TE 5 ik 358 007 XL 28 30 A sz 1 e A, IR 0 TRD K S
R, HPC JE7KF L Fh, A o8 45 2 0, 28 fih 557
S5 NR2B F1 pY1336NR2B v A BT HPC i
P2

HPC W] DAAES i/ I 45 18 T 40 il 40 B s 1~ 9
TEdE N I 215 3 1Y cleaved caspase-3 M a-
spectrin 233 502 ML PR T30, 32 B il G A ik 45
Birp AR AE T B A5 AR M Deridder %1 fiy
WF5E 2% B 76 B 5 4% 1 F BH Wi &% 4 NR2B 19
NMDAR | Caspase-3 F1 45 25 FH i {4 3% £k #B 2 00 55 .
F AT AHE HPC W DA AR St i/ AR AR 25 44 38 3 1A



ob [ LA B 2R 2R 2024 4F 11 45 34 %45 11 8] Chin J Comp Med, November 2024, Vol. 34 No. 11 9

2 NR2B/ Caspase-3 iX — & 72 410 ] 4 i € 7~ - {2 ik
AN AE 3G, TEARMFRE 0~2 KRIEIEH cleaved
caspase-3 Fl a-spectrin 7K -4 A5 £k #3455 2 fih 55 356
f7f) NR2B F11 pY1336NR2B 251, HPC A fig & 4t
R RS NR2B fil & (#1220 A8 T (5 5 3 %
FATIERTUER] HPC m] 755/ B T 174 g 6 1 1 28
FFEHF (BDNF) H 0™ BDNF AE % 34 5 ik Sk i
Je R St R I 5 200 B A 35 R 40 B U 1 22 1)
(-, BDNF 4 il # 28 70 i A2 06 R K 7
TR R i DX 311 5 ik 42 3 R0 AT 90 1 v % PEAE T, OF
fil B T AR R A 2o Wk, HPC i
SR 2S5 7 15 NR2B H pY 1336NR2B Y 14 7 fig
A B F 3 1 4 ) B0 1Y cleaved caspase-3 il a-
spectrin SRILFI ML EH]

M2 ARG B HPC 7E A P FITAR SR ] AR
/NELHE S NR2B Hl pY1336NR2B FUKF, 785 fih
S0 5 ISR B 722 Ak 5 4 40 i /K SF B AR AR AR AR, T
FES R AL UL SR B 1) A2 Ak 5 A A ML KCP A R, R
filh 52 {7 55 NR2B #l pY1336NR2B (0870 i) fig 2 5
HPC P53 N IRMER 2 R VE 0 73 L. SR,
bR A7 NR2B Fl pY 1336NR2B 34 I 7E # 22 {47 vh
A 22— B R AFAE

S 3k

[1] GUO B, SONG H, FAN J, et al. The NR2B-targeted
intervention alleviates the neuronal injuries at the sub-acute stage
of cerebral ischemia: an exploration of stage-dependent strategy
against ischemic insults [ J]. Exp Brain Res, 2023, 241 (11/
12) : 2735-2750.

[ 2] CHANG Z, LIU Q, FAN P, et al. Hypoxia preconditioning
increases Notchl activity by regulating DNA methylation in vitro
and in vivo [ J]. Mol Biol Rep, 2024, 51(1): 507.

[3] WANGL, FU G, HAN R, et al. MALATI and NEATI are
neuroprotective during hypoxic preconditioning in the mouse
hippocampus possibly by regulation of NR2B [ EB/OL]. [2024-
05-29]. https://www. liebertpub. com/doi/10. 1089/ham.
2023. 01357 wurl _ver = Z39. 88 — 2003 &xfr _id = ori% 3Arid%
3 Acrossref. org&rfr_dat=cr_pub++0pubmed.

[ 4] MONTORI S, DOS-ANJOS S, MARTINEZ-VILLAYANDRE B,
et al. Age and meloxicam attenuate the ischemia/reperfusion-
induced down-regulation in the NMDA receptor genes [ J].
Neurochem Int, 2010, 56(8) ;. 878—-885.

[5] CHEN M, LUT]J, CHEN X J, et al. Differential roles of NMDA
receptor subtypes in ischemic neuronal cell death and ischemic
tolerance [ J]. Stroke, 2008, 39(11): 3042-3048.

[ 6] KNOX R, BRENNAN-MINNELLA A M, LU F, et al. NR2B

phosphorylation at tyrosine 1472 contributes to brain injury in a

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

rodent model of neonatal hypoxia-ischemia [ J]. Stroke, 2014,
45(10) : 3040-3047.

BESSHOH S, BAWA D, TEVES L, et al. Increased
phosphorylation and redistribution of NMDA receptors between
synaptic lipid rafts and post-synaptic densities following transient
global ischemia in the rat brain [ J]. J Neurochem, 2005, 93
(1): 186-19%4.

SHAO G, GAO C Y, LU G W. Alterations of hypoxia-inducible
factor-lac in the hippocampus of mice acutely and repeatedly
exposed to hypoxia [ J]. Neurosignals, 2005, 14 (5): 255
-261.

LIU N, ZHANG X L, JIANG S Y, et al. Neuroprotective
mechanisms of DNA methyltransferase in a mouse hippocampal
neuronal cell line after hypoxic preconditioning [ J]. Neural
Regen Res, 2020, 15(12) : 2362-2368.

GOEBEL-GOODY S M, DAVIES K D, ALVESTAD LINGER R
M, et al. Phospho-regulation of synaptic and extrasynaptic N-
methyl-d-aspartate receptors in adult hippocampal slices [ J].
Neuroscience, 2009, 158(4) : 1446—-1459.

LIU N, ZHANG Y, ZHANG P, et al. Vascular endothelial
growth factor and erythropoietin show different expression patterns
in the early and late hypoxia preconditioning phases and may
correlate with DNA methylation status in the mouse hippocampus
[J]. High Alt Med Biol, 2022, 23(4): 361-368.

SUN D, LU F, SHELDON A, et al. Neuronal deficiency of
hypoxia-inducible factor 2a increases hypoxic-ischemic brain
injury in neonatal mice [ J]. J Neurosci Res, 2021, 99(11):
2964-2975.

GAPPOEVA M U, IZYKENOVA G A, GRANSTREM O K, et
al. Expression of NMDA neuroreceptors in experimental ischemia
[J]. Biochemistry, 2003, 68(6) : 696—702.

LIANG X, SHI L, WANG M, et al. Folic acid ameliorates
synaptic impairment following cerebral ischemia/reperfusion
injury via inhibiting excessive activation of NMDA receptors [ J].
J Nutr Biochem, 2023, 112 109209.

ZHU M, XU M, ZHANG K, et al. Effect of acute exposure to
hypobaric hypoxia on learning and memory in adult Sprague-
Dawley rats [ J]. Behav Brain Res, 2019, 367 82-90.

QIU H, QIAN T, WU T, et al. Src family kinases inhibition
ameliorates hypoxic-ischemic brain injury in immature rats [ J].
Front Cell Neurosci, 2021, 15. 746130.

ZHANG X, PENG K, ZHANG X. The function of the NMDA
receptor in hypoxic-ischemic encephalopathy [ J ]. Front
Neurosci, 2020, 14, 567665.

WU H Y, HSU F C, GLEICHMAN A J, et al. Fyn-mediated
phosphorylation of NR2B Tyr-1336 controls calpain-mediated
NR2B cleavage in neurons and heterologous systems [ J]. J Biol
Chem, 2007, 282(28) : 20075-20087.

ZHOU X, DING Q, CHEN Z, et al. Involvement of the GluN2A
and GluN2B subunits in synaptic and extrasynaptic N-methyl-D-
aspartate receptor function and neuronal excitotoxicity [ J]. J Biol

Chem, 2013, 288(33) . 24151-24159.



10 WP E P BE A 24 2024 4F 11 A58 34 55 11 Chin J Comp Med, November 2024, Vol. 34,No. 11

[20] ZHOU X, HOLLERN D, LIAO J, et al. NMDA receptor- 165-176.
mediated excitotoxicity depends on the coactivation of synaptic [24] ZHANG S, TAGHIBIGLOU C, GIRLING K, et al. Critical role
and extrasynaptic receptors [ J]. Cell Death Dis, 2013, 4 of increased PTEN nuclear translocation in excitotoxic and
(3): e560. ischemic neuronal injuries [ J]. J Neurosci, 2013, 33(18):
[21] TU W, XU X, PENG L, et al. DAPKI interaction with NMDA 7997-8008.
receptor NR2B subunits mediates brain damage in stroke [ J]. [25] ZHANG S, FU W, JIA X, et al. Hypoxic preconditioning
Cell, 2010, 140(2) : 222-234. modulates BDNF and its signaling through DNA methylation to
[22] BUONARATI O R, COOK S G, GOODELL D J, et al. CaMKII promote learning and memory in mice [ J]. ACS Chem Neurosci,
versus DAPKI1 binding to GluN2B in ischemic neuronal cell death 2023, 14(12) . 2320-2332.
after resuscitation from cardiac arrest [ J]. Cell Rep, 2020, 30 [26] ZHU T, WANG L, XIE W, et al. Notoginsenoside R1 improves
(1): 1-8. cerebral ischemia/reperfusion injury by promoting neurogenesis
[23] DERIDDER M N, SIMON M J, SIMAN R, et al. Traumatic via the BDNF/Akt/CREB pathway [ J]. Front Pharmacol,
mechanical injury to the hippocampus in vitro causes regional 2021, 12: 615998.

caspase-3 and calpain activation that is influenced by NMDA
receptor subunit composition [ J]. Neurobiol Dis, 2006, 22(1) . (U5 B H#3)2024-05-15

R

i RiE ACE2 @3 #)#) NF-kB/VEGF/VEGFR2 B E ARB-ES
) I fi o B 453 4% A & 4 A

B[ /R P13 BRI ( Alzheimer’ s disease, AD) i WLAIRFI AR AT 000 , Ho AR AL W AN TS 28 . H R 2%
PRERAE 22— B-TE M REER 11 (AB) YN IANIURR , n] X I 45 28 4 A0 LA o o s i i 3, e T AT 98 6 A
NG 1455 ST R 5 L 9 2 I i 5 3 378 e o ko 20 i ) R A R, PRI, ol ol A S R T
AD AR TR A A X, A Bk R - 2(ACE2) 2B R - BKRRE T MEE K
gy, HEBAEFHIIRE RN B R T, A Bk 2 TR T A s fg e, LgEREm i e . AR
Wi, ACE2 EZGA TN AN A 200, BEoT R0, AD FRE 1 S FHIAT 12 2 b ACE2 B FRGRFEAL, 76
PR IR 1 E(APOE) e4 250 3L N AD JE H  ACE2 AU TERRAR , 13X 55 AR /K B&EMIE, SR1, ACE2
£ AD P EARVE AT 2

o I B 2R R A B B 2 S I sh W T 5 T b 2R AT B I I T N OB AL FE AR,y RA WIS
SR REFE bEnd. 3 4HMRIE RSN AD PN R A 4T3 , I8 i 18 5 FE % YL AE bEnd. 3 4HiffL R SE L ACE2
1 3k 5 ] CCK-8 REMAGIN T AR 55 X AN ALIE 7 (A5 M, I 08 FH A8 A BRI T 40 3k ACE2 X 145 4
FLHIF 0 5 8 Western blot A4 502 5 YA AG I VEGF/VEGFR2 18 [ | 5% % B2 86 (1 Fll NF-«B 18 % 321k
ARk,

ZERTIR AR ysas AP RN T ACE2 MRIATFREAR T 40MIE 1 . ACE2 i 33K B/ NETE il
A3 ST R BB, ] AR, V551 VEGF/VEGFR2 38 B (180 , B TIPs 1933k , 345 Z0-1 F claudin-
5, WKE T ABysss 50 NF-kB BT

ZE AR W5 ACE2 [t 335 0T LUGE i3 11 4] NF-kB/VEGF/VEGFR2 3l % 3if o4 5K i K 4 AD P
B A AR m ) R I A R IR B AT . PRI, ACE2 5 B AD R PN R A0 AR ) R R A 3R 7 Y
W,

AT R K 26 T ShiRa i 5 5206 PR 27 (92 30) Y HH I (Animal Models and Experimental Medicine, 2023,
6(3): 237-244. htitp://doi. org/10. 1002/ame2. 12324) ,



2024 4F 11 H HE R E R LR November, 2024
34t 1 CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 34 No. 11

IAL, RTTUL, 4x T L FOKARIARIH X SMMC-7721 B AN 1 e - ] B AL i Ve A (0] v B B AR BR 242G, 2024, 34
(11): 11-18.

Jin AH, Zhu JB, Quan JS. Boschniakia rossica boschnaloside inhibition of epithelial-mesenchymal transition of hepatoma SMMC-7721
cells [J]. Chin J Comp Med, 2024, 34(11) . 11-18.

doi: 10.3969/].issn.1671-7856. 2024. 11. 002

FR R NPT N SMMC-7721 8 4m i | Rz —Ja) i
Ak B H AR

S FW REWR, A F R
(LIEH R B E R (IEAERS) , 5 Ak $E2 13300032 3E 1 KAFEE B Ak B 133002)
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SMMC-7721 iR 72 3R AT A 256 1) i B FEAIR ( P<0. 05) ,E-5 R0 R 11534 & TH iR (P<0. 05) , N-45 2L 2 1 R %
R B EFEAR(P<0. 05) , Slug  Twist] \ZEB1 4 3R A I T8 (P<0. 05) , STAT3 BERAL/K T B AL, &
i BRBN n[#iiil SMMC-7721 FHEA4NMLIR % 182 , AR RIFLE T GE 5 STAT3 4 A9 EMT #4564 ¢

[SESBIA]  BOHUR B AN s SMMC-7721 40 ; I f — A % £ ; STAT3
[HEH3KS] R-33 [ EtERIRAE) A [XEHS] 1671-7856 (2024) 11-0011-08

Boschniakia rossica boschnaloside inhibition of epithelial-mesenchymal
transition of hepatoma SMMC-7721 cells

JIN Aihua', ZHU Jiebo®, QUAN Jishu®*
(1. the Affiliated Hospital of Yanbian University ( Yanbian Hospital ), Yanji 133000, China.
2. Yanbian University Medical College, Yanji 133002)

[ Abstract]  Objective To investigate the inhibitory effect of Boschniakia rossica boschnaloside (BRBN) on the
epithelial-mesenchymal transition ( EMT), invasion, and migration of human hepatoma SMMC-7721 cells. Methods
Transforming growth factor B,( TGF-B,) was used to induce an EMT model of SMMC-7721 cells. The cells were divided
into a control group, model group, and BRBN group. Cell migration was detected with a wound healing test, and cell
invasion was observed by Transwell chamber assay. The expression of E-cadherin, N-cadherin, Vimentin, Slug, Twistl,
ZEB1, and signal transducers and activators of transcription 3 (STAT3) were determined with the Western blot method.

Results TGF-, resulted in spindle-shaped SMMC-7721 cells, down-regulated the expression of E-cadherin, and up-

[E&mHE] EE QAR HSE (82060113)
[MEEREIN ] & BAL(1984—) Lo i+ BF5E 7 1) . 5 F 2%, E-mail ; aihual 028@ sina. com
[BEEE]2HM(1968—) , & ,T@i VR IS T I A TR A E-mail ; quanjs@ ybu. edu. cn



12 WP P BE A 24 2024 4F 11 A58 34 #5511 Chin J Comp Med, November 2024, Vol. 34,No. 11

regulated the expression of N-cadherin and vimentin, suggesting that SMMC-7721 cells obtained a mesenchymal phenotype.

Compared with the model group, the BRBN group SMMC-7721 cells’ expression of E-cadherin was significantly increased,

their expression of N-cadherin and vimentin were reduced, and their expression of Slug, Twistl, and ZEB1, as well as

STAT3 phosphorylation, were down-regulated. Conclusions BRBN inhibits the invasion and migration of human hepatoma
SMMC-7721 cells, possibly by reversing EMT through the STAT3 pathway.

[ Keywords)

Boschniakia rossica; Boschniakia rossica boschnaloside; SMMC-7721 cells; EMT; STAT3
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¥
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2.2 BRBN %t SMMC-7721 AR A 14
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Note. Compared with the control group, “P<0. 05.

Figure 1 Construction of TGF-,-induced EMT model of SMMC-7721 cells
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2.3 BRBN X} TGF-B, % S #) SMMC-7721 48 k8
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2 BRBN Xf SMMC-7721 £ g (46
Note. Compared with 0 mg/L BRBN, "P<0. 05.
Figure 2 Cytotoxicity detection of BRBN on SMMC-7721 cells
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Cad ik FJH(P<0.05) ,N-Cad . Vim £k F I (P<
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BB TRIF

M S AT UL, ME A 24 h B, X BB A AR TR 2
BRBN 41 SMMC-7721 4 il i # 43 5l Ky (0. 58 =
0.05) . (1.08+0.10) F1(0.85+0.07) pwm/h, ¥
48 h ¥, 3 ZH 4 MG B8 843 O (0.67 £0.04) |
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ZH A0 3T F 00 ) B 229% 1 27% (P<0.05) . 45
WL SR, BRBN 0] G i EMT 59 3% %% M i 4 i A
SMMC-7721 i 40 it 7% he
2.6 BRBN I TGF-B, %5 SMMC-7721 4 f1 {2
ZHE MR

Hi Il 6 7T UL, % B2 R4 F BRBN 41122841
MBS 510 (110£9) L (174+12) FI(151+12) 5 F5%
IR ZE AN A B4 T %5 58% ( P<0.05) ; BRBN
HZZE AL T B 13% (P<0.05) , 45
P25, BRBN Al 3@ 1 EMT 433555 M #l il A SMMC-
7721 FHEANIRZERE T

B3 BRBN X SMMC-7721 4L 25 152 0
Figure 3 Effect of BRBN on the morphology of SMMC-7721 cells

T XTI AL, *P<0. 05 SHEIH A, * P<0. 05,

4 BRBN Xt SMMC-7721 il E-Cad \N-Cad I Vim A (517
Note. Compared with the control group, *P<0.05. Compared with the model group,* P<0. 05.
Figure 4 Effect of BRBN on the expression of E-Cad, N-Cad and Vim in SMMC-7721 cells
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EMT #HX#EREFRIZHZG STAT3 EBRIZHF I
R 7 o] W, S0 R4 g, iR R4 SMMC-7721 & 8 n] WL, 5 X} BB 4 b %, 558 4 SMMC-

MM EMT AH5CHE 55 KT, 10 Slug Twistl ZEB1 fZ 7721 AUHRY STAT3 SR /K P38 & (P<0.05) 5 5
LY 1 (P<0.05); 54 4% BRBN 41 FBIBUAH HL#, BRBN 41 STAT3 BER kK7 T K (P<
EMT HH5656 55 T 3GR 2 R (P<0.05) . %45 0.05), 4nfE 9 T UL, >4 7 B #fi BRBN i i 4 #%
5 BRBN $i SMMC-7721 4ifd EMT YEFFHVIA . STAT 34 ] SMMC - 772 1 4 Bis EMTAE 1, 4 55 5 3%

TE: SR IRAUMI L, "P<0. 055 SR 1L, ¥ P<0. 05,
B 5 BRBN X SMMC-7721 4T # i /1 5400 ( x40)
Note. Compared with the control group, “P<0.05. Compared with the model group,* P<0. 05.
Figure 5 Effect of BRBN on the migratory ability of SMMC-7721 cells( x40)

TE XA L, "P<0. 055 SR 41IHMIH, * P<0. 05,
6 BRBN Xf SMMC-7721 40 a6 i 1 iy 5 i
Note. Compared with the control group, *P<0.05. Compared with the model group,* P<0. 05.
Figure 6 Effect of BRBN on the invasive ability of SMMC-7721 cells

e SXHRAUMLEL, “P<0. 055 S HIHL, " P<0. 05,
B7 BRBN Xf SMMC-7721 #fififd EMT AHOCHE 3¢ T3k 1525
Note. Compared with the control group, *P<0. 05. Compared with the model group,* P<0. 05.
Figure 7 Effect of BRBN on the expression of EMT-associated transcription factors in SMMC-7721 cells
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T S BRUARLE, "P<0. 05; SRR L, FP<0. 05,

B8 BRBN Xf SMMC-7721 #ififi STAT3 25 13555
Note. Compared with the control group, “P<0. 05. Compared with the model group,” P<0. 05.
Figure 8 Effect of BRBN on the expression of STAT3 protein in SMMC-7721 cells

S BAHI L, *P<0. 05 ST AR, * P<0. 05,

9 BRBN F1 AG490 X} SMMC-7721 #ififd STAT3 Slug Fl Vim £ H 5 A2 0H
Note. Compared with the control group, “P<0.05. Compared with the model group, * P<0. 05.
Figure 9 Effect of BRBN and AG490 on protein expression of STAT3, Slug and Vim in SMMC-7721 cells
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Effects of combined exposure to PM2. 5 and high-salt diet on liver
inflammatory cytokines and lymphangiogenesis in mice

DING Shibin, JIANG Jinjin* , LI Yang
(School of Public Health and Management, Jiangsu Medical College, Yancheng 224005, China)

[ Abstract]  Objective To investigate the effects of combined exposure to PM2. 5 and a high-salt diet on hepatic
inflammation and lymphangiogenesis in mice. Methods Thirty-two C57BL/6]J mice were assigned randomly to control,
PM2.5, high-salt(HSD) , and PM2. 5+HSD groups. Mice in the HSD and PM2. 5+HSD groups were fed an 8% high-salt
diet for 8 weeks, while mice in the other groups were fed a control diet containing 0. 4% salt. Mice in the PM2.5 and
PM2. 5+HSD groups were treated with PM2. 5 by tracheal instillation (twice per week) , and mice in the other groups were

instilled with equal volumes of saline (twice per week). All mice were sacrificed after the last PM2. 5 exposure. Tumor
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necrosis factor-a (TNF-a) and interleukin (IL)-6 levels in the liver tissues of the mice were determined and lymphatic

vessel endothelial hyaluronan receptor-1 (LYVEL) expression in the liver tissues was visualized by immunofluorescence

staining. Protein expression levels of the lymphangiogenesis markers PROX1 and LYVEL, and the lymphangiogenesis

regulatory proteins vascular endothelial growth factor ( VEGF) receptor ( VEGFR) 3 and VEGF-C in liver tissue were
measured by Western blot. Results TNF-a and IL-6 levels and protein expression levels of PROX1, LYVEL, VEGFR-3,

and VEGF-C in liver tissues were increased in the HSD group compared with the control group (P<0.05), and in the

PM2. 5+HSD group compared with the HSD group (P<0.05). Moreover, there were significant interaction effects between

PM2.5 and a high-salt diet on these above indicators. Conclusions

Combined exposure to PM2. 5 and a high-salt diet

aggravated hepatic inflammation and may increase hepatic lymphangiogenesis by upregulating VEGFR-3 and VEGF-C in

liver of mice.
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Figure 1 Combined exposure of PM2. 5 and high-salt diet on hepatic TNF-a and IL-6 in mice
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Ve BN 0 Ak PM2. 5 SEEE 1 PM2. 5 55 Aal ik Rk s AL R A R s s kA,
B2 PM2.5 FE ke xt/NEAF TNF-o Fl TL-6 7K - B 5200 28 B AE R 40 B

Note. Horizontal axis, O indicates non-PM2. 5 exposure, 1 indicates PM2. 5 exposure. Vertical axis, blue indicates non-high-salt diet, red indicates high-

salt diet.

Figure 2 Interaction effect analysis of PM2. 5 and high-salt diet on hepatic TNF-a and 11.-6 in mice

B3 LYVEL fEdetge

Figure 3 Immunofluorescence staining of LYVEL
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Note. Compared with control group, “P<0. 05, *

* P<0.01. Compared with HSD group,P<0. 01.

Figure 4 Effects of PM2. 5 and high-salt diet on PROX1 and LYVE] protein expression in liver
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i, EEh 4 /NEUTFh VEGFR-3 il VEGF-C X H & 2.7 K5 PM2.5 5% & Xt BF VEGFR-3 #A
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Note. Horizontal axis, 0 indicates non-PM2. 5 exposure, 1 indicates PM2. 5 exposure. Vertical axis, blue indicates non-high-salt diet, red indicates high-
salt diet.

Figure 5 Interaction analysis of PM2. 5 and high-salt diet on the expression of PROX1 and LYVEI in the liver of mice

e SXFHRAUM L, “P<0. 05, ™ P<0. 01; S dh 44 1L, P<0. 01,
56 PM2.5 FlE IR E XN VEGFR-3 Fil VEGF-C 25 13RI 2
Note. Compared with control group, “P<0.05, ™ P<0.01. Compared with HSD group, ™ P<0. 01.
Figure 6 Effects of PM2. 5 and high-salt diet on the protein expression of VEGFR-3 and VEGF-C in liver of mice

R 0 MR PM2. 5 852,10 PM2. 5 282 YU b GO AR e Ao S IR,
E7 PM2.5 FEE ikt /NEHF VEGFR-3 Fl VEGF-C Fi532 HAE M /04

Note. Horizontal axis, O indicates non-PM2. 5 exposure, 1 indicates PM2. 5 exposure. Vertical axis, blue indicates non-high-salt diet, red indicates

high-salt diet.
Figure 7 Interaction analysis of PM2. 5 and high-salt diet on the expression of VEGFR-3and VEGF-C in liver of mice
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MicroRNA analysis of the regulatory effects of Gualou Xiebai Banxia
Decoction on the Epsinl-fibroblast growth factor receptor 1
pathway in atherosclerotic mouse

WANG Zhaobo”, PAN Yi*, LIN Qian”
(Dongzhimen Hospital, Beijing University of Chinese Medicine, Beijing 100700, China)

[ Abstract ] Objective  This study aims to evaluate the therapeutic effect of Gualou Xiebai Banxia Decoction
(GXBD) on an atherosclerosis ( AS) mouse model and explore its underlying mechanism. Methods Male ApoE™" mice
were fed a high-fat diet for 16 weeks to induce the AS model. Mice were divided into a model group, control group, GXBD
treatment groups ( at different doses), and a lipid-lowering drug group. Histological assessments ( HE and Oil Red

staining) were performed to observe arterial changes. MicroRNA (miRNA) sequencing was used to analyze the regulatory
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effect of GXBD. Western blot and immunofluorescence were applied to confirm key protein expression. Results

GXBD

significantly reduced plaque formation and regulated several AS-related miRNAs, notably impacting Epsinl and FGFR1

protein expression. Western blot and immunofluorescence further validated these effects. Conclusions

GXBD

demonstrated a therapeutic effect on AS by regulating miR-3102-5p, miR-3547-5p, and miR-7080-5p, downregulating

Epsinl, and upregulating FGFR1, thereby inhibiting endothelial-to-mesenchymal transition.
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coronary heart disease; atherosclerosis; miRNA; Gualou Xiebai Banxia Decoction
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KO U SE S P = BT, CAD 193G
7 E AR T RN R BEHR S BT i MR 25 1) 1 Bk
AL ORI B AR — a8 TR BE b RE A AT G2 Y
b R AN (T = R G (EREWSR N7 A GRS
WA, BB KBS A6 e s,
I, PR ARG T RS B N R AR A4

TEX—TF 5, PEZN CAD 245 TR T 5T
Jia) o e U Ja T B ML R Y , HOC B
PR BAGAISI5Z™ , BB A0 o B JE Y B, S Bl
M 22 B, DT 51 4 Mg O RS REAR . sk A
STE( 4 MG ) vh B Hh 1 KB 12 2 ( Gualou
Xiebai Banxia Decoction, GXBD) IF &4t % iX — R HL
BIST . 7 PSR ST DUAL R # T M B A P )
DA P B SRR, 2 Ak ik =22 998 e [m] 7 FH 35 31
PRAARER | T i 388 285 1) 8RBT 2 e i 950
GXBD ALY B2 W5t — 2 48R 1 AR O i
PRy R TEAL T, BN, Sese R R WY
FIEE . Bt O JUAE i sl 20 o0 AL fte ot 7 9 7 452
i SR RS WAL B ST A R A N, Rk
PERILHA T R AR

%% RNA (microRNA, miRNA) A Ry J 55 41 4w
TR R, e BE DR SRk 42 b R G HEVE . WFSR
R, miRNA 7E.0 I % 7 8 D ae | N R B A 18
52 RAE R K A - ULAR L (vascular smooth
muscle cells, VSMCs) i 5555 Bl AL B B b A
BT I A DUBR AR 2 B, miRNA GBS
M E A B NI A0 LD g, 78 AS Ik
JEE AR, miRNA 1] AE 38 o 6 F2 - T JUL 2 6 5

PR S S A AR TG | o BREBR ()9 B A i S
P EE R,

ARBFSTE I miRNA WP 54T, 858 I ZE 2 14 2
%t AS ApoE ™ /N IAE FHALE . ApoE™" /N
HHT AS WF5Y, Hsl R # AR 1 E (ApoE) , 7E 1=
BRKE 554 F By H B 20N 2 30 Tk A+ Bt Ak 11
A5 AHFSEE T HT miRNA k1828 4k B w4
RIT GXBD 7E43 17K 1 i FHHLE]

1 ##7E

1.1 SEISzh4

SEG B W N ApoE” " Al CSTBL/6J M4 /)N B
(SPF %), Wy [ db 5 37 DU 4 A8 9 4 R A5 BR 2
[SCXK( 5%)2024-0001] ., /NERAERS 6 &, IR EE 2
20 g, T [ v R AR B b B Al RS T 5T BT
SPF 245235 5 e [ SYXK ( 5%)2021-0017 ], % i
(26+2) °C, SCHGFRAG o [ o B b2 B I 2 S 56 v
OB ZE 52 At E (ERCCACMS11-22-09-03)
S ARG 3R SR
1.2 FEKFS5NE

JN 2 3 H 2 E % ( Gualou Xiebai Banxia

Decoction, GXBD) FHdt 5t [Rl{ - s HEAE ( HhRr 254t 5 .
10878793) , & 7 130 g; BT ¥C £& fth 7T 45 A ( NO.
DN9900, %5 1~ 10 mg) W [ 12 3 il 245 A B A 7] 5 FoAh
5 FEAR T 2 A (BR VD 4R, NO. W021856, % F 10
mg) , TRIzol™ Reagent RNA #2HURF & ( Thermo
Scientific, NO. 15596026 ) ; RIPA %L fi# ¥ (24 = K,
P0013B) ; BCA & i il & (£ = X, P0012) ; PVDF
JIE (Sigma, IPVH00010) ;—#7 Epsinl ( 1 57 | bs-
13101R) ;-SMA (5 £% , bsm-52396R ) ; FGFR1 ( #
BAR, bs-0230R ) ; TGF-B ( H B4R, bs-0086R ) ; — 41T
(ABCAM, ab6721-1 mg) .

53R ¥ Uk 5 0 HL ( Thermo Fisher Scientific,
Sorvall Legend XI1R); VK % U1 A Hl ( Leica
Biosystems, CM3050S ) ; % 2% & f 5% ( Olympus,
BX53) ; A& (OLYMPUS, BX61VS); & M
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EN3f @ 524% (Bio-Rad, NO. 12009077) .
1.3 SLEAHE
1.3.1 SEEere

TITFLART, /N RS NS A 1
12 H C57BL/6] /N AE J 5t B8 (C) 2, 4 W o o )
16 Ji, HA ApoE ™ /INERBHBL A AL (M) 4
(12 H) & (LD) 41 (10 )  FF#I& (MD) 4
(20 F) FiHlE (HD) 4 (12 H) FIFEE 2 (W, B4t
BAbTT +AT 2240 ) 4 (14 R) A ApoE™ /N Rl
BT mElsk e 16 JH ., GXBD %t | =5 #1525 43 )
W E AT P25 (LD:8. 45 ¢/ (kg - d) ,MD:16.9
¢/(kg - d),HD:33.8 g¢/(kg - d)), W 2 ApoE™"
INE IRFTHERRARTT (1.3 mg/kg) AKITEA (1.3
mg/kg) o XiF FE AL AR 20 /)N BT 1 45 i 28 IR K
SEOG AR, A 0 /N BUAEE
1.3.2 HE #:f

24T BRI IR IR SR 16 JES , BRIRALBE /)N
SRUR B O I, HEAT AL 2L I A 3 B kO b D)
AT HE Bt DIVTAL 20 JikoRE Bz B gtk e, Al
Thermo fisher 3 %Y B AU R ZHR VI E M 10 pm
Wh ., VIR ZBAKELA 10 min, FE 10 min J7,
R k. BEJE , VIR 7E HE ¥ gefa, ik
IEES N
1.3.3 Jherijef

YIHRA 60% 7 REEH 1 min J5, 37 BIECA
LTY A0 TAETR (7 60%IMLL YLK ) 12 YL 15 min J5 , i
A 60% SENEE IR S5 min, B 5 75 75 AR H et
30 s, IFTEIE K Pk
1.3.4 MiRNA ¥

iz RNA $2 BT G AT FR A A5 78 2 e 5]
/N E B PR ZU B LS RNA, RNA 194k
J£ 38 1k Bt i AR 5 B HL K AT NanoDrop #E A, i
Agilent 2100 #AF 4611 RNA By 58 8 M A cDNA
CEFF AT DNA BIE, [F] B FH Qubit 2. 0 %2 & %
RNA ¥ . % HiSeq™ 2500 Z 48 %) 4% 4 R A ik
T EIY . ARBOE EEAE S, FH TopHat #44: L
X/INRS LA,

TE miRNA 3R 3k 43 #r o, 8 & 240 191 3
miRNA 235K, I8 0 HE 4 SRR 4 | Bl 4] 5
i IEAT HL AR, 24 P<0.05 H 3 RAR fb 475 5L
(FC) 4% {H>1. 5 B, 18 22 5 K3k miRNA, RiX
GXBD Xf miRNA ) 8 42 1 34 55 952 i i R 3% 36 i 3
AL, U AT BEXT B AT R ITAE

1.3.5 SHEHRPEENIE ( Western blot) S5

RIS FEAR Bk 2L, #0081 2 100 (mg/
mL) BN RIPA % 3 48 B AL 2V A, i
BCA 12057 & I A AR AS 10 35 P 2, i L Dk o)
B T RE A S R R R R O
J# ( polyvinylidene fluoride membrane, PVDF) f#,
H15% BSA R TRES 2 h, 1% BSA ¥ WU B —
POIF 4 CHEF LK, W HZREBE, MA Zhi#E
IR 23R 2 h, Ja A G 5
L4 FItFEHE

AHIGT B 43 # i SPSS 19. 0 # R4 T,
& HAHE 1 LI 2 B bR 22 (xxs) HOIEUE BE
KT ANOVA B J7 2200 M Geit i £ 207
Bio TEHEATLHIRIIC X LI, >4 5 25 55 PR AR AT
i LSD & ; 27 2555, fdF Tamhane” s
T K5, GEitas R, P<0.05 g B & 1k
FEFt,

2 SLIRHER

2.1 BIBKWSEEREL Y R Fr 5L

TER IR IR R IE 16 )5, ApoE ™ /N 3
FKHIE G T 3 AR BT B e, R TE B kS
Bk AR (WL 1A 1B) , 53 BRZHAR LE , 15450
20 /N BB 1L 75 E R ( cholesterol, CHO) A2

B H (low-density lipoprotein, LDL-C) 7K~ H &g

T, 1 = % BEBE 25 1 (high-density lipoprotein ,
HDL-C) 7KF-0NAT AR a5, 78 245 i 25 (BT 4G
FABTT SARAT 22 413 ) BE# A S AIK CHO #1 LDL-C
BY7K S, 1 GXBD Xt 4% 45 1l A 7K ~F- (9 5% i AS B &
(Bl 1C), #t—20 k3, GXBD 5 7 5K 25 9
KIREWD BEHUE i, A PRAUZH BE AL B T — Se A
AHEAT HE ALY %E . HE Je (@ R BRI ZH
970N B2 Sl K A B0 T A ) LA R R T A
J R AR, A BSEAF A DR i i S BRE B T %) R R DL
BEHIE IR, MHZN FENR 2541 GXBD 21 i IfiL &
AR AT BT (] 2A 2B) o ik X HE A 3 gl ik
ALYt ] LU S b PP A AR R T 45
75, GXBD 20 {1 BEH i BRI 1T 0 FE 24 10 e ek />
AEH (K 2C.2D) ,
2.2 MiRNA ZRERE 53

X IEZL BRI 4T A GXBD 455 4 41 3 sl ik b
9 miRNA AT T il B0, LFFE GXBD BAEH]
BLEL 0P SR o, 56 BZE AR e, AR ZH A7 30
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TE A OGNk AS 675 5 B MO T E Bk AS W78 C. A AL MAS BB, SXFIRLAR L, P<0. 01,%* P<0. 001 ; S #1
ML, *P<0. 05, ** P<0.01,

B 1 ImAsRK AS
Note. A, Coronary AS lesions in M group. B, Aortic AS lesions in M group. C, Lipid profile of each group. Compared with the C group , ™

P<0.01," P<0.001. Compared with the M group, “P<0. 05, “ P<0. 01.
Figure 1 Blood lipids and AS

TE:A B EFKIF AL AS 578 (HE BMLLYe ) ;C D EFIIAL AS Hi%E (HE Smzrie ) o 53 AL L, ™ P<0. 001 ; SR
HLE, " P<0.05,™ P<0.01,
2 ASYHEE
Note. A/B, AS lesions at the aortic opening ( HE and Oil Red staining). C/D, AS lesions at the aortic valve ( HE and Oil Red staining).
Compared with the C group, ** P<0.001. Compared with the M group, * P<0. 05, ** P<0.01.
Figure 2 AS Pathology
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A miRNA R AR T W E 24, AHEEZ T GXBD
1A 56 > miRNA H K AR XF T84 8 41 A B g 25 7
(EI3A) o R P 22 5 B AR A2 - A7 SORH 9G4
B (GXBD X} 5 R g PR i a B S AR 4 M I )
15 /> miRNA 3£ [H 3% 5] GXBD A &% 8 ¥, % W
GXBD R HEXT 71. 4%( 15/21) F“ $9 miRNA” HAY
BITTER (B 3) o 3% 15 AR B 5L EE miR-
674-3p . miR-1946b | m1R-30a—3p . miR-30c-5p, miR-
100-5p ., miR-30b-5p, miR-133a-3p, miR-1906, miR-
143-5p ,miR-676-3p , miR-5620-5p , miR-99b-5p . miR-
3102-5p .miR-3547-5p .miR-7080-5p,
2.3 MiRNA ZREE GO 1 KEGG EES 1

B 15 A EHE ) miRNA §ij A Targetscan Fl
Miranda 04 2 5 , 1531 T 6849 MHIELA  F Lk
[LE! Hﬁﬁélﬁﬂiiﬁ?ﬂ] 867 AEBILR B ix s
FL[H 5 A Metascape Wi 1T GO fil KEGG & £ 4)

B, B 115 Zm g (151 4) o 14 265 AS e
DIAHOC R 8 %, H N 45 2R 8% GXBD _IuL
1L # miR-3102-5p . miR-3547-5p , miR-7080-5p 4
WRLAERKHAFIRYEM 1 (epidermal growth factor
receptor pathway substrate 15 ( EPS15) interacting
protein 1, Epsinl) , [A]H 3 i microrna-7080-5p ¥ 77
FGFR1 ik,
2.4 ERXWEIE

M5 miRNA I FPEER (I 5) K BRTERTST a8 id
R EIIE SE S (Western blot) A Ry oGS 5
XF O % A6 B K I F B (transforming growth
factor-B, TGF-B) . Epsinl \FGFR1 , o —F & AL L 3h 2&
1 ( o-smooth muscle actin, a-SMA ) #47 T SEEGI6IE
SERER X AN, KA RET & T
Epsinl .a-SMA BJZIX, [FlIF GXBD #4717 A1 K 3
(9 98 55, BT 9 TR 2 Epsin 1 & - SMA F 2

T A P — 0 XA Y (AR miRNA (93234t . AR PIZ miRNA FEARLCOX AT Y (EARRL)  HJE 285 (IR €) , FIZE “ Y =X
i, ARRR A B2 S (e E)  WEEE R Y =X ;B X L1 FC T IPG R R 22 F RN, Log, FC>0 FRH Kik,
Log, FC<0 /R RFIE . Y FFHTIFAl P EIIR/N, P<0. 05 Tl RRAFTEGE 5 3 C~ DAL (B () AR IR i AR TR
BELH PR A [ 60, DA ) 23 A1 22 P X R AR BRZH ) miRNA Rk i W35 22 52 GXBD A RIHE T B4 e " HE A

B3 GXBD X AS /NELE Ik miRNA Hy iR 1EH]
Note. A, X and Y values at each point in the graph represent miRNA expression. If two groups of miRNAs are expressed similarly (similar X and Y
values) , they are undifferentiated (grey) and distributed around “Y=X". If there is a significant difference in expression (red or blue) , it is away
from the function “Y=X". B, FC value on the X-axis is used to assess the magnitude of the difference in expression, with Log, FC>0 indicating high
expression and Log, FC<0 indicating low expression. Y-axis is used to assess the magnitude of the P value, and P<0. 05 usually indicates a statistical
difference. C~ D, Red (or orange) represents up-regulated genes, and blue represents down-regulated genes. The distribution of the different
coloured regions in the two graphs is centrosymmetric, and there is a significant difference in miRNA expression between the model group and the
control group, which indicates that GXBD effectively regulates most of the “disease” genes.

Figure 3 Regulation of aortic miRNAs by GXBD in AS mice
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T :A~C:GXBD 1 GO AWy Iifie AN B oy T DIRERT ;D GXBD 1 KEGG & 4 707 i el

B4 &5 miRNA KCHIIRE R 407
Note. A~ C, GO biological processes, cellular components and molecular functions plot of GXBD. D, Atherosclerosis-related KEGG enrichment
pathways bubble plot of GXBD.

Figure 4 Enrichment analysis of key miRNAs and their functions

. A: Western blot £l , JoHt Epsin R 1A 208, B 7E 2 500 B2 150 ; B .C: Western blot 257 X RIK ST R ;D B JufE st
WG R T G RO G, SRR, * P<0. 05; SERILIARLL, "P<0.05,

5 RHEHE LR S BIE
Note. A, Western blot bands. Epsin protein has multiple isoforms, so there are cases of multiple bands showing up. B/C, Relative expression statistics
of Western blot bands. D/E, Immunofluorescence density statistics. F/G, Immunofluorescence staining. Compared with the C group,” P <0. 05.
Compared with the M group, “P<0. 05.

Figure 5 Experimental validation of key proteins and factors
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ik, SLE AR R Y] & Bl FGFR1 K& TGF-B 7¢
Western blot 3256 7 i 52 A & 3, AL b AS 3 7 21 %o
FGFR1 J¢ TGF-B #AT T Sy o L g, 453 it
RIZH TGF-B X Hoxf BZH ik i 3 iy, T FGFR1
UM% BE 4, GXBD ¥ AT 1 AH SO 341

3 itig

FEHEEAF R SRR B U 2k < B B
BRI ARRE . TR P REC B ) h BT X
FRRHLIE T GXBD, 75 7 B R AR S 2 12 5
PN, XS P2 & AR A SRR | 58 1k
LS VE T, BRI PR rFopl UE B X p 8 ok BEL S O ok
| P B o LA I T A, R I A % R R O
I Pl ANIE S8R 7 OR3P R AR
T GXBD 7E5E iR 97 B RCR . R I 45 2R
FRZ T FITERERR Jr 1 WA ORI 7E IR g
JEBEHIE W 1A R B I A E R, X — &
$&7R , GXBD 1] BEil i HAh AR L GE & 4% | fE et o
e

AS 1 BRI R IR A B DK EE R HE AR, A BE R
T A AE FET YAk, B 24 1T e T B o) Bk 28 il 42 I
AN miRNA 2 —28H 20 ~ 25 A RR 4L R Y
S BEAR RS RNA, &) LU 5450 mRNA 454,
il BHESAE E mRNA R, 7677 5% 5 K7 s 5t
I35, miRNA 78 2 Fl Az 38R 5 38 72 oh B
CHEAEF, 6 B AN 0 A o3 Ak DA B AR 1 8 4 45
Z 7 VI RE , A By HL 38 5 8 45 R A )W, VSMCs Al
IR A0 T RE IR B AR 4 2N il 4R, 7E Bh ko
BERBAL G A0 0 e ke 25 SE A 0 AR
58K W GXBD A & & 4 45 AS /N B 3 3l Ik miR-
3102-5p . miR-3547-5p . miR-7080-5p (¥ ik, H
miR-3102-5p #%IA A v] G838 5o 8 15 A 4E e b, 3 3k
NF-kB {55 538 [ # [a] RAE PR TR IR SRE i 2 . 1t
Ab , miR-3102-5p ] REidH 1 P VSMCs RIDIHE , 521
I A5 BE B S5 R A8 £k, DTS2 i) o kAl Ak 1 A, Y
F A AL T P A 2 o 1A 5 T A — AN AT
JUHE A Sl ko BERE AL 1 R BY B, miR-3102-5p
AT REIE L PR T P R 40 M i D) 8 1T R ) I 1)
BRSSO AT B, 38 I B ) P R A A
KL, miR-3102-5p A ¥ 12 5 0¥ N B 40 i
(B3 16 2 NG A oo AR | 3500 I A 9 0 1) 1
PIAR SE4S e Ah ) miR-3547-5p . miR-7080-5p &
— 5 & PRI miRNA | % HC A B ) BE (0 F 9 38 78

AW IF R, AR E H AT ST, miR-3547-5p , miR-
7080-5p 1R 1T e 7E W5 S S8 AV L QI ] 45 K 4t i
SRS S 5

N iz — 8] 78 5t %% 4k ( endothelial-to-mesenchymal
transition , EndoMT) 1E  — Fi i 45 & 5 5 18 (W0
TGF-B 55 ) W45 0 240 M 5% fb o 72, H N Je 4
P35 e 2 LR 2 b R EL A T 70 0T 40 B RE 1 7Y
A 3k FRTE AS FLH T REEA — 5 R
PERT (B AR I e 1, B G JRRE 520 A ] X
PR R /R 20555 =K . 78 EndoMT 13 72
H o-SMA 2 PN B2 4 1 i) 7 5 200 Jif 4 Ak 1) T LA
B, FHX— B KA, EndoMT #A N &2
P LA PG (U0 AS FEFLEfh) & B Y S HL A 2
—, TGF-B {55 FEHE S EndoMT (141 2 e 3]
THEEMER? G 1 Y 40 SN I R Y | R
SV 20 M B GE AN T AR R, TGF-B A6 2 Fls B A
R R R T O ER

Epsinl f&—Fpif o Hz ZAHEAEHRF 52 %
fLI%) FCFR1 E 45 A M T, X Fhd & 42 il
FGFR1 Z MW A1) N7 A A, T I8 45 FGFR1
15 5 1% 5. EIEFI%L"%(R—F, Epsinl 18 i e i
FGFR1 [R5, Dok /0 AE 40 e o7 B L i AR 3R i
] TGR-B {7 53 %, Tk 2> EndoMT fY % 4=
SR, 4PN 5z 20 L T () Epsinl 2838987 83 R B
FGFR1 e I AR S 8UFE S5 S U, X Fh
SRR BB A R AE 1 S 0E PR T ] EndoMT 1 2
1370 fF5E 2 W, GXBD W] Bl iF . miRNA
(N miR-3102-5p . miR-3547-5p . miR-7080-5p ) 411 il
Epsinl 63K B FGFR1 HYFR & | [RIFE 35 TGF-
B 15T 1 B, Nl EndoMT Y & A= Fil AS fY i
&, 3K — K BA AR IR 2 B A v 25 7 5 O B AS
HITH RVE FIPLRIER AL T8 LA

AR EA — BRI, 5, AR
P IC P I R AR 22 52 Bk = 5 — 1
A 5 TR RS A, 3 AT RE X ASAIF 5T 1Y 25 5 7= AR S
BN, £ 55 e O A AS A SCFE I, v] R 23 it I
— LU Y 3TN, B A — BB G B Y S
PR, 3 ] S0 B 7 S 22 0 5T rp ol o O 22 ) S
SRSk e, HAOR AR F DT
Epsinl-FGFR1 38 i hOCHEBR (M RIE . SR, X —
i % AT RE I P e HoAth AR TR A 5 19 20 F U 53
B, PRI, Ao Hrisk S0 G B 2R 1 A0 SRk T BE RS AL L
ST~ GXBD 8309 & AS IR T T 4R AL
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il e, AR BB FE LT IR A MR 2% 08 %
A A RTRES 53 IFWIF 5T % 28 73 7 2 1] Y A B
FHARMATSE MR AS TR 3RR e

i b, ARWFIT S5 R BN, GXBD nf i@ i i 5

miR-3102-5p .miR-3547-5p .miR-7080-5p F i AS /)s
FESNIK N B Epsinl ik, [ & - FGFR1 & H
FeIR IR N K A A ) T) 3 S5 Ak, DT 2435 50 bk
SREREAL
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DNMT1 & 4% LSM4 £ Hey 755 /) BUH-4H it
T A B9 VE H 5T

FEE. 5 FV alms KES TRE HEH, KEW,
2 OYNLE B EBN L

(1B R BAFEREZ: SO MR I BRI 75000452, 7 B ERIR A= IERE R 4B 4111 750004
3BT HER KR B 750004;4. T B ER RS M ER, 4811 750004
5.F A PR BB B 2 AR, KV 410008 ;6.7 H RN K22 B E BEE YL 41T 750004)

[#Z)] HB %7 DNA B I ET 1 ( DNA methyltransferase 1, DNMT1 ) ¥ LSM4 5 H ( Sm-like protein-4,
LSM4) 7£ [R] 4 2§ b (2 ( homocysteine , Hey ) 175 S/ RUF AN T (9 VE A RALHIBFSE . o5k B ApoE™ /INEL(12
FO)B353 09 2 4, 45T 2w DRI SR B M AR X IREE (ND 41 ,n=6) , 24 T B AR AR R SR 350 i B & MR 41 (HMD
2H ,n=6) ;NCTC1469 /N FLIE H T4 43>~ IE X B 26 ( Control £ ,0 wmol/L Hey) \Hey T #i2H (Hey 41,100 pmol/L
Hey) & T4 A BEXT B AL (si-NC 21,0 wmol/L Hey) (F5 4% LSM4 Tt A B4 (si-LSM4 2,0 pmol/L Hey) % 4
DNMT1 T4 Fr Bt 41 (si-DNMT1 4,0 pmol/L Hey) \Hey 1 I X BT HE 41 ( Hey +si-NC 41,100 umol/L Hey) | Hey
THT LSM4 T-HL4H (Hey+si-LSM4 £, 100 wmol/L Hey) #l Hey T-Hil F DNMT1 T4t £H ( Hey +si-DNMT1 4, 100
pmol/T. Hey ) ; NCBI B ZE 43 B LSM4 76 2 F i 2 38 3k SE A 96 ) € & PCR( quantitative real-time PCR, qRT-
PCR) I [ 5 EJ1385 5 ( Western blot) #1171 B 4H 27 ( HMD 41 ND 41) FlAT 48 i ( Control ZH 1 Hey 41) LSM4 25 %
K225 Western blot #:90 J8 -8 % Bel-2 #13¢ X 2 [ ( Bel-2-associated X, Bax ) #1 B bk [ 41 fifd 83 — 2 25 1 ( B-cell
lymphoma-2, Bel-2) 23k 284k ; Tt 2NN I AR A Control ZH \Hey 41 \Hey+si-NC ZH A1 Hey+si-LSM4 ZH 40 i 8 7= 484k
MethPrimer 7ELRHE40HT LSM4 JH 81T IX CpG 5 ;qRT-PCR il Western blot £l Hey+si-DNMT1 £ 7 LSM4 & H %
ik, R 5 ND 4  Control ZHAHEE , HMD £H Hey £ LSM4 75 A 635 B W55 (P<0. 05) ;5 Control 20 H%E, Hey 4H
t Bax 2R3k W FIA (P<0.05) 1 Bel-2 3B WAL (P<0.05) ; 5 Hey+si-NC 4 132, Hey +si-LSM4 21
Bax 8 135k & W W/ (P<0.05) ,Bel-2 ZR FIRB R B 2L (P<0.05) ;5 Control 4148 LY, Hey 40 TR i
FE T (P<0.05) ; 148 Hey+si-NC 41, Hey+si-LSM4 2 40178 13 T [ ( P<0. 05) ; MethPrimer 7£ 48 5 {4 741
LSM4 JE 31T IX GC &8 T HAEAE 14 CpG 5355 Hey+si-NC ZLAH L, Hey+si-DNMTI1 £ LSM4 2 1335 5 ( P<
0.05), £5i& DNMTI @ LSM4 (R EAb -k T A fe i Hey W5 00/ BUIF 4T T

[X88i17] P45 ; LSM4 ; A A1 22 T~ s DNA H LG RO 1
[hEH%ES] R33  [XEIRIEEB] A [XEHS] 1671-7856 (2024) 11-0034-09

[E€TIB ] B K A RPL 34 (82370293, U21A20343, 82060110) ; 7 & [0 j% [ & X # 4 8F & 31 % & & I H ( 2023BEG02074,
2022BFH02013,2022BEG02054,2021BEG02028 ,2020BEG03005 ) ; T 5 EE R K 2E R URHF I H #4550 H ( XZ2022005)

[EHEBN ) EHEE(1997—) , Lo, W-HWF5T A 05587 1) A Il A% 27 E-mail ; xiayezi77@ 163. com

[BIS1EE ] R (1965—) , 5, 883 Wi S0, BF 58 07 1« A S AR DL ST . E-mail ; lilylove36@ 163. com
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Role and mechanism of DNMT1 in regulating LSM4 in Hcy-induced
hepatocyte apoptosis in mice

XIA Tongtong' , MA Fang'”, LIU Honglin'®, ZHANG Zhenghao'*, DING Hanshuang', HAO Yinju*,
ZHANG Huiping’, WU Kai*, JIAO Yun®, JIANG Yideng', LI Guizhong'**
(1. NHC Key Laboratory of Metabolic Cardiovascular Diseases Research, Yinchuan 750004, China. 2. School of Basic
Medical Sciences, Ningxia Medical University, Yinchuan 750004. 3. School of Laboratory Medicine,
Ningxia Medical University, Yinchuan 750004. 4. General Hospital of Ningxia Medical University, Yinchuan 750004.
5. Department of Medical Genetics, Hunan Maternal and Child Health Hospital, Changsha 410008.
6. Department of Infection, General Hospital of Ningxia Medical University, Yinchuan 750004 )

[ Abstract]  Objective To study the effect of DNA methyltransferase 1 ( DNMT1) on sm-like protein-4 ( LSM4)
in hepatocyte apoptosis in mice induced with Hey. Methods 12 ApoE ™" mice were divided into two groups: normal diet
(ND, n=6) and high methionine diet (HMD, n=6) groups. Normal hepatocytes of NCTC1469 were divided into a normal
group (control, 0 wI/L Hey), Hey intervention group (Hey, 100 pL/L Hey) , NC siRNA-transfected control group (si-
NC group, 0 pmol/L Hey), LSM4 siRNA-transfected group ( si-LSM4 group, 0 pmol/L Hcy), DNMTI siRNA-
transfected group (si-DNMT1 group, 0 pmol/L Hey), NC siRNA-transfected Hey intervention group ( Hey+si-NC group,
100 pmol/L Hey), LSM4 siRNA-transfected Hcy intervention group ( Hey +si-LSM4 group, 100 pmol/L Hey), and
DNMT1 siRNA-transfected Hey intervention group ( Hey+si-DNMT1 group, 100 wmol/L Hey). Analysis of the expression
of LSM4 in various tissues was conducted using the NCBI database. Quantitative real-time PCR (qRT-PCR) and Western
blot were used to detect differences in LSM4 protein expression in mouse tissues ( HMD and ND) and hepatocytes ( control
and Hey). Western blot was used to detect the expression of Bel2-associated X (Bax) and B-cell lymphoma-2 (Bel-2).
The cell apoptosis rate in the Control, Hey, Hey+si-NC, and Hcey+si-LSM4 groups were detected by flow cytometry.
MethPrimer online software was used to analyze the CpG islands of LSM4 promoter region. The expression of LSM4 in the
Hey+si-DNMT1 group was detected by qRT-PCR and Western blot. Results The expression of LSM4 in HMD, Hey group
was higher than that in the ND and Control group (P<0.05). Bax protein expression was significantly higher, but Bel-2
was significantly lower in Hey group compared with those of the Control group ( P<0.05). The expression of Bax protein
was significantly lower, but the level of Bcl-2 was significantly higher in the Hey+si-LSM4 group compared with those in the
Hey+si-NC group (P<0.05). The cell apoptosis rate in the Hey group was higher than that in the Control group ( P<
0.05) , while the apoptosis rate in the Hey+si-LSM4 group was lower than that in the Hey+si-NC group (P<0.05).
MethPrimer database analysis showed that the promoter region of LSM4 was GC-rich, and there was one CpG island.
Compared with the Hey + si-NC group, the Hey+si-DNMT]1 group’ s expression of LSM4 protein was increased ( P<0.05).
Conclusions  DNMT1 regulates LSM4 hypomethylation to increase its expression, thereby promoting Hecy-induced
apoptosis of mouse hepatocytes.

[ Keywords] endocrinology and metabolism; LSM4; homocysteine; apoptosis; DNMTI
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[ 76 2 bt 202 ( homocysteine , Hey ) & 25 & FR 1
I R A RN A A R s A v B A T, 2 T AR
IR LW EAL R R =Yy, SR oe o & e B
P& R IILAE ( hyperhomocysteinemia , HHey ) 500 1ML
B BRI AR BOURR SRR MU AR TR
Hey S5 20 A= W) 53+ 19 S5 S AR U E &% , 7 R 424K Y
Hey 7K & 4% 8 2/E HT, E 908 BUTFIEB] Hey 7K
ST A A AR DG o 114 S S 0 1 e B AT
FB0 0 R AT S8 Hey 1RSI, 1 Hey 7KSF

Thes AT BG4 = (H Hey 5 AT
240 ML R0 T DT 75 R 45140 v A B A P AL AT A
A, DALY A0 BT IR A BIERIS

A5 & B LSM4 & [ ( Sm-like protein-4,
LSM4) 2 5 FL I | Bk PR S B A 5
PRI A SRR 940, LSM4 ) R AR AT 4
S 2 0 Y 3 A AR RLR RN A R
BL,LSM4 202 mRNA i {4 57 M mRNA 5t i 9
SLE ARy, AT 3 58 mRNA (RS P75
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caspase I FAYAR M A T L SR, LSM4 J2 15 AE
Hey 5 R R ITFAMIE T A #E R AT . DNA
ORI OR AN R AN LB S AN S (o
Horp B Al PR R A A DNA H Ak 7 8 5 2 R 3k
SZNE 1V I B IR A = R P A A T R S
H—DFEING H, ABFSE B AR R DNA F 5L
¥ W 1 ( DNA methyltransferase 1, DNMTI ) I ¥
LSM4 7E Hey 75 5/IN US40 B 08 1~ vh 59/ F SO HL
HIBIFSE , AT RE A D03 A0 SR A 12 W AR 7 $ it
B A

1 #efnrE

1.1 SEIHM
111 SEsh¥y

SPF 2% ApoE~ /INERL 12 HL(HfE) ,6 JEI#S , 4 25
~28 ¢, [ b ME 1 57 75 AR Y R A BR 2 w A
[ SCXK( 5%)2021-0010] , #HEsh )L N R 2T B
PE R R e IS B T 48 B A 2% B 25 AN [ KYLL-
2024-0303 ], T 7 H ERFR2E DY L 50 0 SPF
Y B T s RS2 56 [ SYXK (77)2020-0001 |, 57K
WHAEERI (12012 h) ,IEE (23£2)C, HiR %<
4 °C FHRHREE 60% , /N T IVC S25 s 78 B rh

T F% | R U1 O e RORE R IE B IR R K, 43 5 45 7 3 3
TPk RN v B R AR R IR T A S R T
BRI RS S e BERLYE A 3R BN, 457 N GE
1.1.2 4ijfg

NCTC1469 /]NERIE # JF40 My T g Bk A= 9
THREARAR, E5:4% 10 /L 1,
1.2 FERFSMNE

SV RO SR B e R & (R
KGP250/23227, Bl &4 9) ; RNA $#BUR 7] & (92
5. DP304, KA ) 5 30 % S ) & 58 & PCR
K7 (575 : RRO37A/RR820A , TaKaRa ) ; i X I8 T
KA & (185 . BD556547, BD) ; Bel-2 $i 4 (57 5,
BS1511, BL{§45 ) ; DNMT1 Hiik (525 GTX116011,
JikIE L) 5 Bax $ILAK (5751 50599-2-1g, Proteintech ) ;
HRP #ric B9 L 240/ B/ %R 126 (585 bs-0296 G/
bs-0295 G, 2% ) ; /N GAPDH & 5[4 1.SM4
A1 DNMT1 F Ri#514) & NC . LSM4 il DNMT1 T3
FB( R, 5 SER SOt E T (PR I
) 5 MUK AN H R AN R B R R AX (36 [, Bio-
Rad) ; =S (26 [F , ACEA Biosciences) . T
TR BRGIWFII R 3K 2,

&1 TR BUFS
Table 1 Sequences of the siRNA

K siRNA JF5] 74/ bp
Name siRNA sequence Product
NG 1E S 8% Sense 5’ -UUCUCCGAACGUGUCACGUTT-3’ .
JZ 4% Antisense 5° -ACGUGACACGUUCGGAGAATT-3’
1F X% Sense 5’ -CUCGCUGAUUGGUCAUAGUTT-3’
LSM4-Mouse-1 N 21
S S 4% Antisense 5° -ACUAUGACCAAUCAGCGAGTT-3’
1E 5% Sense 5’ -GCUGUGACAACUGGAUGAATT-3’
LSM4-Mouse-2 N . 21
J2 X% Antisense 5° -UUCAUCCAGUUGUCACAGCTT-3’
) iF S 4 Sense 5” -GCAUCCCUGAUGAGAUCAUTT-3’
LSM4-Mouse-3 - 21
J S 4 Antisense 5° -AUGAUCUCAUCAGGGAUGCTT-3’
1F X4 Sense 5’ -GGGAGAAAUUAAACUUACUTT-3’
DNMT1-Mouse-1 o\ . 21
S Sk Antisense 5° -AGUAAGUUUAAUUUCUCCCTI-3’
1F X 5% Sense 5° -GAGGCCUACAAUUCAAAGATT-3’
DNMT1-Mouse-2 . 21
J 4% Antisense 5° -UCUUUGAAUUGUAGGCCUCTT-3’
1F X4 Sense 5° -CGCAUCAGCUGCAGUUAAATT-3’
DNMT1-Mouse-3 N . 21
J2 X% Antisense 5” -UUAACUGCAGCUGAUGCGTT-3’
x2 5FH
Table 2 Sequences of the primers
R EEe]l F=8)/bp
Name Primer sequence Product
V=il F . . ’ A TC ~ 7’
GAPDH-Mouse m@m orward: 5’ -AGGTCGGTGTGAACGGATTTG-3 .
TS 19 Reverse: 5° -GGGGTCGTTGATGGCAACA-3’
#5149 Forward: 5° -CAGCGCAGAATCACCCCAT-3’
LSM4-Mouse . 21
U514 Reverse: 5° -TTGATGTTCATCCAGTTGTCACA-3’
DNMT]-Mouse F#514) Forward: 5° -CCGTGGCTACGAGGAGAAC-3 )

T U514 Reverse: 5° -TTGGGTTTCCGTTTAGTGGGG-3’
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1.3 ZEWHE
1.3.1 ¥ lord

BEHC 12 H ApoE ™™ /IN BB HL 43 S TR B %o HE 4
(ND 4 ,n=6) FIEEEFRLAL(HMD 4 ,n=6) , E N
ISR (25+2) °C , MXHREE 60% , 5% 12 8] )5 it
T35,
1.3.2  4ifiEss 3R K ord

NCTC1469 /|y BUIE 5 I 40 i 15 37 F 37 °C 345
(95% 0,+5% CO,) {iFFa P, R DMEM 555
(10%FE R T I +1% T 58 R ) #E17T 8 5%, 40
A & 5% s TR . T Bt gt 24~48 h
J5 RH M4 RNA FIAE [, 5250 43 20 R 1F 0 IR
2 ( Control 21,0 wmol/L Hey) \Hey T4 (Hey 41,
100 wmol/L Hey) & U141t i Box HEZH (si-NC 41,0
pmol/L Hey) F&4e LSM4 T4t i B4l (si-1LSM4 4,
0 wmol/L Hey) . # Yt DNMT1 T 4 A Bt 4 ( si-
DNMT1 #H,0 pmol/L Hey) .Hey T Hi KX BE T4 20
(Hey +si-NC 2H, 100 wmol/L Hey) . Hey T #l T
LSM4 T34 (Hey+si-LSM4 21,100 wmol/L Hey) Al
Hey T3 F DNMT1 F4£4H ( Hey+si-DNMT1 41, 100
pmol/L Hey) .
1.3.3 NCBI $tdlg 2504 1L.SM4 76 ZFpas B 44
ik

183 NCBI %048 )2 ( https : //www. ncbi. nlm. nih.
gov/gene/ ) A LSM4 7E/NERU 5 55 2 A 4 41
FRIBTE L
1.3.4 RT-PCR il DNMT1 1 LSM4 mRNA 23k

ND ZHF1 HMD i/ FARSE I, B H R B H
I35 80 mg HEAT A 2143 NCTC1469 40 Jifd 28 100
pwmol/L Hey 1701 24 h J5 W £E 4 Jfd ; si-NC/si-LSM4/
si-DNMT1 T4 i B il 5% 44 48 100 pumol/L Hey 1+
LI P9 JHF A0 LR LE R STF A L, 24 h S5 43 5 4T 40 e
KAE, H RNA $EHUA R 6 U6 15528 RNA ; 3 5%
S cDNA LU s i 106 BH O 608 s PCR 7 3
PA StepOnePlus™ qRT-PCR R4t WEAEF-6
1.3.5 Western blot 52 46 & Il LSM4 . DNMTI
Bax 1 Bel-2 A ik

U ND 40 Al HMD 41 /N BUHF 4 20 o B,

NCTC1469 ZHifiZ: 100 pmol/L Hey T 24 h 5
LM 5 si-NC/si-LSM4/si-DNMT1 4 A Be 4 ) 4%
Ye22 100 wmol/L Hey T J5 B - 41 Bt 01 1E & 41
il 48 h AR A AR, A3 S A 24 o S e R A T L
FE, LA BCA EIAS 26 1 & 5 R A, >R T Loading

buffer B AN ) R 49 85 U HEA T X S0 B o3
SN ZE AN R] B fARE £L 5 ) R D A e e S R 1
305 R YRAH AR RS B0 1~ 2 h 5, 2000 DL —3it
(% HULH B ) 4 CWE TR, ZHi(1 -
5000) ZEHIFF 1~2 h; R A B AL F LRI B
J& R KA IL ] Tmage J BT IR BEARL S A A
.,

1.3.6 i QA B A I 4 i 4 7%

e Control 2 Hey 241 Hey +si-NC 2 Fll Hey+
si-LSM4 ZHL 19 T 240 0, K5 246 J0 %% 32 ) 8 Oy 1% 10°/
mlL; FBREE F B - EDTA 1AL (AN & By 4L) i ALl
RJ5,8.0 5 min £ FIE; WY 1 xPBS H &, 2000
r/min B> 5~10 min J5E [TE; 1 X Binding Buffer
(300 pL) =740, %5 5 Annexin V-FITC (5 ulL),
BERVE R LIRS RO E 15 min; FFAL S min
L0011 /NGO O U7 1 8 2 i) R e 8 O [ 1
AN 1xBinding Buffer(200 wL) , B2 i 204l A &
AT,

L4 SitFEFE

AL A SR TR BURE, L Prism 8.3.0
B T RS 2 0 M AL 2] BT A7 GRS LLF
PP bRifE 2 (xxs ) F7n , DA ¢ A0 IEA T I A 1R) LA
FIFHEAR & J7 2250 81 ( one-way analysis of variance,
ANOVA) Ke AT 241 i, S8eit=#Ab B, DL P<
0.05 NERA RETEZESR,

2 HR

2.1 FFHALFIRTFLZHAE LSM4 BIRIETH

NCBI #la 2 RNA R385 45 3R WoR | £14E
FIbR i X3 N, LSM4 7EAS [7] B ) 7 JH 41 21 b 3R ik
KA (F 1A) ;qRT-PCR F1 Western blot 51 4%
R, 5 ND 41H1 Control 2H %, LSM4 mRNA Fil
FEAFRAEAE HMD 41 F1 Hey 4 b & 38 (P<
0.05) (K 1B),
2.2 LSM4 siRNA Tt B BI1E

qRT-PCR 1 Western blot £ 2% & 8L, 5 si-
NC H 4L, si-LSM4-1 2H | si-LSM4-2 ZH il si-LSM4-3
ZH I LSM4 mRNA %3k & 98 /> (P<0.05) , LSM4
siRNA T4 7 Betg @ i 2l (K 2) . &R %%, THE
RO B B LSM4 siRNA-3 T4 H B T )5 4
2.3 Hey THTT# LSM4 RixFHAMAT X
=

Western blot £ 4% 5 & BH, Hey 21 Bax 25 [
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TE: A:NCBIZdi 2 RNA 553718 B 1.SM4 mRNA FIZE FIRB B, SIREXHRAML, ™ P<0.001,
B 1 Hey 45 LSM4 131k
Note. A, Analysis map of NCBI database RNA sequencing. B, Expression of LSM4 mRNA and protein in liver tissue and hepatocytes. Compared
with ND group, ** P<0. 001.
Figure 1 Hcy regulates LSM4 expression

¥ :A:LSM4 mRNA 3k ;B.LSM4 F %Rk, 54T BBAMHLL, "P<0.05, ™ P<0.01, ™ P<0.001,
B 2 1SM4 siRNA T3¢ H B
Note. A, LSM4 mRNA expression. B, LSM4 protein expression. Compared with the si-NC group, “P<0. 05, ** P<0. 01, *** P<0. 001.
Figure 2 LSM4 siRNA interference self-validation
SRAES Control 41X o 2 B 2B (P< 3A), ME T Hey+si-NC 41, Hey +si-LSM4-3 41 1)
0.05) ,1fi Bel-2 2 (/K M) i & R (P<0.05) (K Bax & 23 T (P<0.05) , 1M Bel-2 &
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W EWN(P<0.05) (#3B) . NI ARLE R B
/R, 5 Control ZH H#, Hey 2H 24098 1~ 1 B T+ &
(P<0.05) ;55 Hey+si-NC 21 0 #¢ , Hey+si-LSM4-3 20
AP T R IR (P<0.05) (K 3C)
2.4 LSM4 DNA B#1FKX CpG Sl
MethPrimer 7E £8 K /4 ( http://www. urogene.
org/methprimer) 43T LSM4 9 DNA J5 8 F X GC &%
i, B8 CC i FEE HAAE 1A CpG 5, 3R
LSM4 Fik Al fig sz AL (8 4) .
2.5 DNMTI1 siRNA T3t B HI1F
qRT-PCR Fl Western blot &l 25 5 & B, 5 si-

NC 4 %, DNMTI mRNA F12E [ 26 ik K EAE si-
DNMTI1-1 41 . si-DNMT1-2 20 Fil si-DNMT1-3 41 %5
H AR (P<0.05) ,LSM4 siRNA T4 Fi Bokl g i 2
(E5) . TR R A9 DNMTI siRNA-3
TR B T IR S50,
2.6 Hcy 7 T F3# DNMT1 R i% /5 BT 4 B
LSM4 ByRIiEZT4L

K 6 r7s, qRT-PCR F1 Western blot A% 5 I
SR EI, 5 Hey+si-NC 4 HLE, LSM4 mRNA FI#
F 02235 K FAE Hey+si-DNMT1-3 2H B @ JH 25 (P
<0.05) .

TE AP TR R I 3RIA 784k B T TORIOCEE T R IA 2 Ak C i NN M ) T R i B e i 1, S IEH X IEEAR IE, ™ P<0.01, ™™ P<

0.0001; 5 Hey TH FXTBEFHL4IMILL, *P<0.05,%*P<0. 001,

B3 T4 LSM4 4 Hey 75 5 9/ U 4R A 0 7

Note. A, Expression of apoptosis-related proteins. B, Expression of apoptosis-related proteins. C, Flow cytometry of apoptosis. Compared with the

Control group, ™ P<0.01, *** P<0.0001. Compared with the Hey+si-NC group, *P<0. 05, * P<0. 001.

Figure 3 Inhibiting Hey induced hepatocyte apoptosis in mice by interfering with LSM4
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B4 LSM4JH3hTIX CpG Tl
Figure 4 CpG island prediction in the LSM4 promoter region

1::A:DNMT1 mRNA 33k ;B:DNMT1 R IL, GHG T BT AAHLL, "P<0. 05, ™ P<0.01, ™ P<0.001,
B 5 DNMTI siRNA T4t B S 53F
Note. A, DNMTI mRNA expression. B, DNMTI protein expression. Compared with the si-NC group, “P<0. 05, ** P<0. 01, *** P<0. 001.
Figure 5 DNMT1 siRNA interference self validation

7 :A:LSM4 mRNA %3k ;B LSM4 133k, 5 Hey T FXTHETHRLEAH L, “P<0. 05, ™ P<0. 001,
6 DNMTI 7 Hey T30 Fi#5 LSM4 933k
Note. A, LSM4 mRNA expression. B, LSM4 pression expression. Compared with the Hey+si-NC group, “P<0. 05, *™ P<0. 001.

Figure 6 DNMT1 regulates LSM4 expression in response to Hey intervention
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3 Wit

Hey J& 2 MFE b R~ e 2 iR o 72 v BT IR A i)
iRl =Y R TR AR AR, IR Hey KT
T SRR 55 A K, 05 EFREFE A, gt
ik AirEE B, B E B, MEAMRBARELTZ ",
Hey 313 PR A A2 ARG, BV HY 35k 2 3 o o ik
JN . AR B, Hey 76 MZR AT MR AE 0 L4
A B DR 975 TGRS P JHF 0 55 0 & R h 33 &
5. A E, Hey Rl Rt ZFh 405N TORIL,
41 NF-«kB IL-1B . IL-6 F1 IL-8, 1, AT S S 40 ifd P 8 4
BH B 1 14 7 A4 1, DA 35040 i Py 4R Ak R ) T
15, NO i T B, J2E 75 & P J5 9 I 35, HE & A L
il 412 Hey 303 U5 20 B 08 T R I 3 FRURD 9% i 55
WA FEAN R G AR A AR g B
5 Hey ABAZIH 5 2 845, HMD 4141205 ND
AL, /N 254 HES £ 6L, B Hey 755 AR
FFEARBIE T (EXF Hey 51T 40 3 07 T i) B Ak
AT HURMASTE 2

LSM & /2 RNA 255 B H 0%, 34 13
L (LSM1~LSM14B) , iX#Eh 51 5 2 PSR g &
ERE R UM 6, Horp LSM4 2 8 3iE 1 2 5 T 46
TR 7R3 R W R o o | L L AR 1
FEUA AR TSR R LSM4 A Rl A% mT S0 6 B9 S5 41 i )
AT R AR 58, i o ik LSM4 s % @Ak cire_
0,025,033 Xif bk it A A9 30 i £ T 5 DR LSM4
A/ miR-503 % CUGBP1 FEik (4] , M FEAI
Jie b R 4 i ok 8 T A R e AR ST R B
LSM4 7 HMD 41 Fll Hey 2 " ik L, X R
LSM4 A[EZ Y5 Hey BUHH 00 10 & ek #2, SK T,
LSM4 2755 Hey BUHAH R TH T 47 AR . i
ARWFFT I Western blot A6 I T~ AH 5 8 br 25 (4 28
A A A AR 2 2 AR T K7, B8 Hey 7T i
VERFAm g8 T, i 4 LSM4 11 335 7] {55 Hey X
JEARALR T A P2 2E/E T . DNA H b —Fh 256
B IS AL B 1 75 5K, T 5 | AH 5 5L i e 5%
i R U NIRRT e ) DRPI =P A NG 3 /3
I 1) % A= AL R X AT 2 B AE DNA FE 34k 9 AR
61290 il 4, CYP2D6 F1 CYP2E1 By 3 Ak /K S 7T
S L B ek I TS e 2 0 1 2 S ) AT 5
HOF A0 52 . ik, 3 F SR 3 3 Hey 3134
LSM4 4] % A= 2 48 | 38 38 MethPrimer ¥ 3 43 #7
LSM4 1Y) DNA 33 71X GC &, s GC SR 35

HAFHE 14 CpG &, 478 1L.SM4 %35 1] fig 52 H 31k

DNMT!1 & —A~ VZAF7E T DNA H A0 &M i
PRI, TFE DNA & il i b & ¥ d B 4 P Ak
YER, 38 75 5 A~ B 3 Ak o 72 vh & 45 5 2298 19 1E
FAPB B SE &K B CFPL i 2 AT 58 5 B A
DNMT!1 4 13 DNA 45 i 38 Jm'>* | 55 46 #F 5% & 3K
DNMT1 2GR/ NRAE R B TG AASET:, IF BT
ZHEES) & DNMT1 DIRE A A iE 4R | [F
WK T DNMT1 5 FF8 05 2 D1 A 562, S B uF
LSM4 5 DNMT1 J& 5 7F Hey 55/ R4 i 98 T
HRAEAE SR ABFSEAE Hey T 1 F T3 DNMT1 %
iKJ5 , i1 Western blot A1 qRT-PCR il LSM4 3
SMEN ., RN, 7E Hey T F T4 DNMT1 3%
K5, LSM4 23k 7K K- B & 3R, #8278 DNMT1 3 i
W LSM4 H 3L AL B Hey 55/ BURT 40 j =
HERR

SR, % T P05 v 40 B 08 T AL R B B 5T AT
JBRFAHA I AP IncRNAY 55 A3 E
WA DNA HIEABTE Hey 5 S/ BUHF A IBIE =
FIBLHIVE L, B+ DNMT1 %F LSM4 ft) B 35 Ak 38 45 A
Hey S 41 M 98 T 5 A1 61 8 556 kS >k, > I 458 43 v
Hey SO0 A T AL HIIF 58 2008 B 3%

g BT AW R AR R I B ik DNMT1 4 45
LSM4 7 Hey 75 3 /> BUH- 28 i 98 1= v 09 76 H 22 Al
i, LSM4 A B i IG YT Hey SUIFR MU T 10— 4
BTG T TR oI A L 403 47 A S 5 9 149 12 7 A
BITHAREEE Y,

SE Lk
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T CRISPR/Cas9 RGEMI HE Lep & DA 5% /)s B S A2l

g ORI, AR R A IR BB R

(H T il 245 Al G S TS Bt S B s ) BRI S I, [ Ak D R SR s B 5%, ALt 102629)

[{#E] HE ABF5EEHEF A CRISPR/ Cas9 REIH Lep 3 N RER/IN L ( C57BL/6N-Lep™ /Nifde, fRi R ob
INER) L VE R REIHEAE B8 PR S5 I R BB AR N 25 i sh A B . 7535 AR4E CRISPR/Cas9 1S B 1+ R, 1t
EGE LA /N, Lep FEH B9 sgRNA , 2K SNEE ¢ | 5 Cas9 mRNA — IS AN HE N, Bl S 32 B0 A /N B U
DNA, R PCR Faill Bl pHe A 45 B BHME /N, W 5B AE BN BT R AR A AR 405 ob /N, I X 46
A ob /NI T UL TE A= AL AR PRGN R BEAG TN . 4557 &4, I8 5] 8 HIHME/NR, &k fe i, 5 2l ge gt
AL/, 4G ob /N BAY LT A AL 38 BRIl = B8 (triglycerides, TG) | SR [E i (total cholesterol, TC) (%5
V%% Z i (alaninne aminotransferase, ALT) ¥ 53 W25 5 T AL AN, PRI LS RE W, 405 ob /NI
TEE B R R IR T B T2 HIRE A . 258 RRINEEST. Lep ZENERR/NEL, £ T B R Wi ik 2R 5256 Sh i R R 2
NETYIERAT RN B AL T Sh Wil 45

[£82iE]  JEH MU ; ob /N ; CRISPR/ Cas9 FEAR ; Lep FEH

[hESEE] R-33 [ XEk#RiZED] A [XEHS] 1671-7856 (2024) 11-0043-07

Construction of Lep gene knockout mouse model based on CRISPR/Cas9 system

CAO Yuan, YANG Yuansong, GU Wenda, ZHAO Haoyang, ZHAI Shijie, SUN Xiaowei, FAN Changfa”
(Division of Animal Model Research, National Rodent Laboratory Animal Resources Center,

Institute for Laboratory Animal Resources, National Institutes for Food and Drug Control, Beijing 102629, China)

[ Abstract]  Objective We generated ob mice ( C57BL/6N-Lep™' /Nifdc) with Lep gene knockout (ob/ob) using
the CRISPR/Cas9 system, to establish a suitable animal model for preclinical drug evaluation for clinical diseases such as
diabetes. Methods According to the principle of CRISPR/Cas9 target design, single guide RNA targeting the mouse Lep
gene was designed for transcription in vitro, and microinjected with Cas9 mRNA into mouse zygotes. Mouse tail DNA was
extracted and detected by polymerase chain reaction and sequencing, followed by mating of positive and wild-type mice.
Blood biochemistry and liver pathology were assessed in homozygous ob mice. Results Eight positive mice were identified
and a stable mouse strain was selected for further breeding. Serum triglycerides, total cholesterol, and alanine
aminotransferase levels were significantly higher in homozygous ob mice than in wild-type mice, and liver pathology showed
inflammatory infiltration and lipid vacuolar transformations. Conclusions We successfully established a Lep gene knockout
mouse model, which will provide an important addition to the national rodent experimental animal database and an animal
model for preclinical drug evaluation.

[ Keywords] knockout; ob mouse; CRISPR/Cas9 technology; Lep gene
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BEIR S RE A RS BB 40 L DNA 351, I el AR
HEIRRHE SO IR AR R BB TR, H
v SBAG B T Sl A T R oY N R I B T
H BIHTN Ik, & T8 8 i sh P a8 kg e 4 7
LM, AUHG ES AT B SR R 550
Yy ¥ R B ( transcription
nucleases, TALEN ) . % $§ % MR 0§ ( zinc-finger
nucleases, ZFN ) | CRISPR/Cas ( clustered regulatory
interspaced short palindromic repeat/Cas ) 25 PN Vil 5
4, Horb, R FI CRSIPR/ Cas9 7 AR 14 2 1) 3 H 45 4
SRR EAT R R H P AR R, B SRR ALY
FEH RS Y

J8 R (leptin) & —Fl IR IWTZH LU0 TR | BE
RS AERF LR B RS, 5 W 3L 3l A o 9 5 %5 DT AR
K HFIEIN (Lep ,ob) I T 6 YL fh 7 1994
- Friedman HAZHI ARG e |k —f KR I
TEAATTIATRUE I Ji A PRI 1 58 U G &R e 1 S
R AL B 5 JB 5 SR ARG AR O, TR S 2 BB IR
o IX — AR il A E | AU B AR BT 18 M A G
B PIAIOCT DR, e S A e A 34 A
WF5E 2 ALBE IR s AL B B 2 — o A SCA
CRSIPR/ Cas9 H AR Lep e PR 5% /)N BUBE Y ( ]
PR ob /NEL) , SRy itk — 2 TF & ROV AT R i AH S AR 5
PP Nk R I 24 4 S Ak R4 ) Sh DAY

1 #RFTE

activator-like effector

1.1 Sz

SPF % 4~6 JAlIA#EME CSTBL/6N /MR, 14 13
~18 g, 2K A B it 24 5 A6 E WIS Be [ SCXK (1Y)
2022-0002 ] , f 37 T [ 2 it 24 it 462 5 A5 e S
YT IRAT TP SPF 2% Bt B 36 85 o [ SYXK (30)
2021-0019 ], 1] 37 4 6] 25 57 /0> B b o ) Rk L2 3 4
YRR (R B AL BB R AR K i AS B
Zeve M K i %5 ) o IR IR IR BT IR T 18 ~
26 °CREMEE, H D (BRAAFEZE) , A%
B P BRI AT G A B S I S AR B A R (rh
¥ 3h (4) 55 2024(B)016 5 ) , AR 3R S5,
L2 EFERFSME

Cas9 %% 5% X 7| & . MEGA shortscript T7 high
yield transcription kit MEGA clear transcription clean-
up kit mMESSAGE . mMESSAGE T7 transcription kit .
Poly( A) tailing kit ]I H 32 [# Life Technologies 2
a5 I MIIAGR & . RNeasy mini kit 1 F 78 F Qiagen

/5] TRIzol . RT-PCR i3] & . TB Green Premix Ex
Taqll % )t % &t PCR i | & AR WE I A H A&
TaKaRa 23 ] ; JI0 i #5845 0 1325 W] Joi 1R g g 1 5 1
Sigma A7) 91 B AL VE IR R W A TR TR
I HAt i A S iR an o | S AR B b stk
TSR A BRA B B A 51 2 i 2R TR TR
(L) Iefi A7 BRZA w5 B 5 ML IRCAE AR 7 A 1)
& (TC in vitro diagnostic kit, TG in witro diagnostic
kit ,ALT/GPT in vitro diagnostic kit) #Jl4 H HpAEJt$
Biosino 2\ #]

Roche 48011 7% 5%E & PCR 1 ( Roche 2 7l , %
1) ;Nano Drop # i it 43 6 B i1 ( Thermo Fisher
e, EE) B K F (Sartorius, 75 E ) 5 250 L
(Thermo Fisher A w]), JE[H ) ; WAL 441Y ( Eppendorf
Nl FERE) PCR AL (ABI A A 2 H) ;2 A 84k
SHTAL (OLYMPUS 23w, HAS) 5 9 BEED A 49 4 A%
(HAMAMATSU A+, HA) |
1.3 SREHE
1.3.1 sgRNA RIARSM RS 5%

M4 Genbank 3B 19 /N Lep FEH ¥ 31, i 22
YIFIA, i FAN R F 3 KB (B 1A), R4
https ; //portals. org/ gppx/ crispick/
public TEZRERPFFEAT IO, e FEL8 5P 7 e m AR N
HAx sgRNA JF41], Bl sgRNA f Fll sgRNA r( WLFE 1),
VO 5 a Rz, #4718 K HEE R
Bbsl fi§ Y] pT7 Bk b, R J5 5 % 4k, Uk H Bk
2 NRVE AT BRI, JF HEATI0 R SAIE . AR LA
W IERA ) sgRNA OB AR, 514 T7 £/T7 v( WL
1) PEFT PCR P71, PCR 4514195 °C 5 min;95 C
30 5,55 °C 30 5,72 °C 15 s, 3L 30 NMEH, K5, N
A2 fEARFTEK 4B, 12 000 t/min &5 10 min, 57
X 3 A 500 pL 70% 2 B B 2 UK, SR 5 H4-I5C
TEW i T 30 pL RNase free 7K /1, f#f H MEGA
shortscript T7 high yield transcription kit #E17/& A%
5,37 CIFE 4 h, 2RI TURBO DNase i 1L 20
min, 5 J5 8l MEGA clear transcription clean-up kit
XA T AL, Al AR S X 7 W AT I S Iy
3 F-80 CHAE
1.3.2  Cas9 mRNA [{{RIMN%

LA px330 JEKE M B4R, >R T HindTIT i 2 47 Al
DI, B ISR, B2 A 30 wL RNase free /K%
fiko LA Il W = 8 O B AR, A mMESSAGE
mMESSAGE T7 transcription kit PEATIR AN 5 37 C

broadinstitute.
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5 2 h, %85 A TURBO DNase {44k 20 min, F{#i
FHl Poly(A) tailing kit fill & 50 min, 5¢J5f# ] RNeasy
mini kit Xt BT atifk , aliAk g % e A e R
%L, T -80 CIR-AT .
1.3.3 SRS AR

6 JEli% CSTBL/ON MfEt: /)N B £5HE O /e 5 2 B
GO, Pk WAL E B 00T R B £ B B0 A A S i
NGV, KA 4T 1Y sgRNA A Cas9 mRNA
HFUK LR, IR G RN sgRNA 50 ng/plL, Cas9
mRNA 100 ng/ L, 13 000 r/min B 40 min , WHL
T8 o FH TR AS IR B A4 MV S5 4 o v A AR vy, iE
(RRTATE N X (S RITIVE 31N PN YR 1
H1.,37 °C,5% CO, K537 30 ~ 60 min, B 5 /R PR AL
SRR B N, 48 5 5 B R U 95 T 1VE
Wi,
1.3.4  F, A A/NEATF, AN BRUAG 3 R 0 % 5

XA AR /N IEAT BY R S DNA iR
100 ng DNA #E47 PCR, #3549 F/R W3k 1,94
24%:95 °C 5 min;95 C 20 5,62 °C 30 5,72 °C 60 s/
kb,35 MEA ;72 °C 10 min, KPPk £ 4 T
A TR () ey A BRZS R AEA TIN5, P 5 1 4
KE/R(WFE 1), B2 RS, B H 5 8
C57BL/6N /INRAATACHL A5 2 Y F, R [RIE ) 7
B TS E
1.3.5 ZOEER PCR IZEKGINIE R 2k K7

B 50 mg ZE47/NEREL 2L, TRIzol HE 2R 4L G ob
/INFURN T A 78 CSTBL/6N /N BRSO I L B8 A
B LR A2 B RNA, I 5% PCR 3k 15
cDNA, L cDNA N B R BEATRI . 345149 . b
J¥%1 5° -AGCAGTCGGTATCCGCCAAGC-3" , T li¢ ¥
5] 5 -GATAGACTGCCAGAGT-3" , /N il GAPDH &
HERIN S, NZS5I1YF G B . Lifvs 5 -
CAGCAACTCCCACTCTTCCAC-3" , T % )5 %1 5°-
TGGTCCAGGGTTTCTTACTC-3" . ¥ # 4 . 95 C
30 ;95 °C 15 5,61 °C 30 5,40 MEH ;4 C o,
413 AR AR E 3 ANE AL, B s

#®1 PCRIIWITFSI
Table 1 Primer sequences for PCR

LB S FIFHI(5°-37)

Primers name Primer sequences (5’ -3")
sgRNA f TAGGGTCCAAGATGGACCAGACTC
sgRNA r AAACGAGTCTGGTCCATCTTGGAC

T7 f TGACGGGACGGCGGCTTTGT

T7 r AAAAGCACCGACTCGGTGCCACTT
F TCTGATAAGGGCAGGAGGCT
R ATGGATGTGTGCACATGGCTCTCTT

Lep/GAPDH WAETHR . e WS L ¥ — 4k, BT H
HY B P24 Ce H - NS A3 G fH = ACG 2R 5
R R AR B AR LA . ACH BLBURE A - ACE X
HEREAS = AACH, R J5 5 802 4k 2722 Bl Lep/
GAPDH [ fH .
1.3.6  MLIAR SR

ANEURRIE IS R = S BRI T 1.5 mL HTEEE
b, 34 A 2 AR A B ASCRS: DN i 3% b i ol = e
(triglycerides, TG) &L JH [# P ( total cholesterol, TC) |
W/ﬁ@f{%/ﬁ( alaninne aminotransferase, ALT)
1.3.7 JHEH LR A 2E A I

/NEURRTR IS, JRUFF2H 20 H R R T, R A7 950
AN =21 Y% {4 ( hematoxylin-eosin staining, HE ) &
L0 0 Jett, HE Je(t. ZBEph BBk, — H 2% 0E
WDV AT HE Je 8, GhZD O B i 60% 5 9 B
RUEE AR ML O Qe i, B 4@ 10~ 15
min, 60% LA )5 /K PE , 1 Harris ¥R 3%, FRIK K
VR T 2, Tl B R B B 5 8 P i 3
Y1 R A AGHAT R 50 Hr
1.4 FitrEFRE

KA Graphpad Prism 7.0 #4750 11, £u4s £ =
R+ R UEZE (x£5) , One-Way ANOVA J5 ik 4y
Pridls | L P<0. 05 R 225 B Gt 7 X,

2 #R

2.1 FEE/NRHIES

Lep FEHALF/NR 6 Y aff, 3k 2 AN AR
( Ensembl ; ENSMUSG00000059201) . T 5E7E Lep
3 SHNE AL BEBUK BE R 250 bp (FS, SR 5 F
FHAELE TN AR A4 %X 250 bp 51 #E47 sgRNA %
Th, MRIETEAG  EBELE AT e 1Y sgRNA 5 A
JP3, Lep Fk PR Rl /N ERA EHESR W K2 sgRNA (1 9)
DS UNE 1A,

ARWFFE S AT T W HE Y MO B, IR
205 Mg, A 83 HUNBL (R 2) o R A AT B RUR i
FTHEP RIS e | B A RN B A R BER 736 bp, 28
FFIAIE, FE 3875 8 HUF, /IR, ¥ 045 S 1K s
(Bl 1B~1D), fElase st b/ NREF 1
S E GO FEOCEIEFEARI, LR Fo#2 N
AR EHY , fir 4 C5TBL/6N-Lep™ /Nifde ( f#j R ob
/NE) o KA RT-PCR BARKMEE A ob /N ERFNEF A
B C57BL/6N /N CoIE 8L il R
HEWGZHZTH Lep LAY 3k, 259 WK Lep A
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Table 2 Microinjection results

iR/ SLES BAHING/n AN/ n HHR/n
Batch Stain Transferred zygotes Pups born Founder
1 C57BL/6N 80 43 4
2 C57BL/6N 125 40 4

TE: A Lep FEDRIRRIR /N BUREME K sgRNA (U0 FIOL s 78 REIED 5 B o kR B 3 5 4528 C D B0 43 D P 45 21, 2L 3 3R sgRNA JF 515 E: Lep

mRNA z‘!%it7j<¥o WT:%T'/:I?@;KO:%F&%EQO

1 ob /)N LR R SR M S S R 5 23
Note. A, Schematic diagram of Lep gene knockout mouse of cleavage site of sgRNA. B, Genotype results. C/D, Partial sequencing results,

Red indicates sgRNA sequence. E, Relative expression of Lep RNA. WT, Wild-type; KO, Knock out.

Figure 1 Construction strategy and identification results of ob mice

TERFA R C57BL/6N /N F AR D L 2L A7 e R
ik, MATE ob /MR ICRIE (K 1E) , Ut Lep JEH i
2.2 ob /MNEBEEMT

WE 2 fioR 7R IEH DEMR SR 50 T, S B AR A
C57BL/6N /INRAALL , 4l ob /NEUE SRR, Jie AR
KR, 4~8 JEIE I ob /N BRI HE 8 v T[] JR % 7Y
B A= RU/INER, HLAA o Bl ) B) S AR D LT a8 T
% ob /INER A [ JA] % B A5 AU /N BRURH BL, (AR 3 i 2 ~
315,
2.3 ob/MRIMEMLMELER

TG F1 TC J2& 3 ik s 4 £ 35 9o A ) 1) 3 A

bro TG EEAFAETIEMIHLUb | I & Mgk & g
BB L IUAE | 20 Jok o5 A5 s Ak W DR 9 A2 9 27 B 1
SEHS AT M TG R S, TC R B 5 F kil
FEREAL TR BT G, TN RS 2 (ALT) 2 AEAE
FHFAML R, 25 40 32 3 i), ALT BEHOA L, £ 1
W A TR, X8 JEEE ob /N Rl AR Ak R £
R, 464 ob /NRUME H TG (P<0.01) . TC(P<
0.001) 3 = THFAE AN, BB ob /N LT
MRS ; 4l ob /NEUMLSE H ALT(P<0. 001) .
FETEA RN, W ob /NEUH B T AT E R
W M2 A ob /NELVS BFAE R/NRUMT EE, TG\ TC  ALT
TESEHIENEES, mE 3,
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2.4 FHRAVRER ob /NEUIFRBEHES B L, (ARROR, R £, AT
Wk 4 Feos RN BRUIFH AT HE G2 @Rl HEUE BURTHARI 25 1R H B AR VR 2 ) K
L0 Petn, HE Q45 R Bon, BF/E R C57BL/6N R UEH AT U B o, 4L O Qe (g R

NP R e 4 HES % BT /N RS T 7 AR T C5TBL/6N /N SUR R AR IR BT

B2 25 ob /NRUE(8 ) Motk ALk (n=5)

Figure 2 Appearance of 8 weeks homozygous ob mouse and the change curve of ob mice average weight

.5 WT M, ™ P<0.01, *** P<0. 001,
B3 8JA ob /NRAIMAAMEE R (n=3~10)
Note. Compared with WT group, ™ P<0. 01, ™ P<0. 001.

Figure 3 Biochemical results of 8 weeks ob mice

B4  ob /MR HRBELLS

Figure 4 Representative histopathological result in the liver of ob mice
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Preliminary studies on the mode of activity of CdCl, in combination

with nicotine in spermatogonial cells

HAN Xue'?, JIANG Li'?, ZHANG Yuan'?, WU Desheng'** | HUANG Haiyan® , LIU Jianjun’
(1. College of Public Health, Shanxi Medical University, Taiyuan 030000, China.
2. Shenzhen Key Laboratory of Modern Toxicology, Shenzhen Medical Key Discipline of
Health Toxicology(2020-2024) , Shenzhen Center for Disease Control and Prevention, Shenzhen 518055)

[ Abstract]  Objective To investigate the combined effect of CdCl, and nicotine on the cell cycle and apoptosis of
mouse spermatogonium (GC-1). Methods A CCK-8 assay was used to detect the inhibition of GC-1 cell proliferation in

the CdCl, groups, nicotine groups, and combined groups at 24 hours. Flow cytometry was used to detect the effects of
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CdCl,, nicotine, and the combined treatment on the cell cycle and apoptosis of GC-1 cells at 24 hours. Results The
inhibitory effect on the proliferation of GC-1 cells increased with the rise in CdCl, and nicotine concentrations. The ICy,
values of CdCl, and nicotine alone were 5.409 pmol/L and 2814 wmol/L, respectively. The 1Cy, values of CdCl, and
nicotine combined for GC-1 cells were 4.422, 4.532, 3.309, and 2. 532 pmol/L at nicotine concentrations of 0. 175,
0.350, 0.700, and 1. 400 mmol/L, respectively, thus there was an obvious decrease with nicotine concentration. The ICy,
values were lower than those of the group administered CdCl, alone, and the combined action of CdCl, and nicotine had
synergistic effects. Cell cycle result showed that CdCl, concentration of 2. 5 pmol/L increased the percentage of G,/M
phase cells in the combination groups. Cells were arrested in the G,/M phase in the combined groups (P<0.01). When
combined, CdCl, and nicotine had a synergistic effect on the cell cycle, and the synergistic effect of CdCl, was stronger.
The result of apoptosis showed the proportion of cells in apoptosis increased in the 2.5 pmol/L CdCl, group. Compared

with the CdCl, and nicotine single-treatment groups, the CdCl, and nicotine combined group’ s percentage of cells in

apoptosis increased significantly( P<0.01), and CdCl, had a stronger synergistic effect. Conclusions

Combinations of

CdCl, and nicotine had a synergistic effect on mouse spermatogonium( GC-1) and led to enhanced cytotoxicity, G,/M cell

cycle arrest, and cell apoptosis. CdCl, was the main effect factor in the synergistic effect.

[ Keywords)

nicotine; CdCl,; combined effect; male; spermatogonium
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4.5%x10"/mL, LARFFL 100 L #F0F 96 fLAK, A4l
W6 NI, IR PR E 24 h, 43 CdCL, 414,
8.12.16.20 pumol/L)  JE i T 4 (250,500,750,



52 i LR R 2 2% 2024 4F 11 A% 34 %45 11 Chin J Comp Med, November 2024, Vol. 34,No. 11

10001250 ,1500 1750 ,2000 pmol/L) , %> ¥k Ji 1%
B 6 AT AL, I IR B B B (AT 2y )
Fizs T IR AREER 5% 24 h 5, BALTPIIA 10 pl
CCK-8 X7 ,5% €O, 37 CHkLERE37 2 h, BAr X T
I 5E 251 450 nm AJCHFEEAE (OD fH) . MR A,
M9 1 = [(ODyyy — ODyyen )/ ( ODupg =
OD yyq ) 1X100% , T8 AS[R] VR BE R 0 40 i 3% 7, 1
JH GraphPad Prism 8. 0 #1554 41 #5490 1 1 404
Hil3%  ( median inhibition concentration,ICSO)fﬁO
1.3.3  Qeapilk i KA

CdCL, fiff 2% W& 19 TC 5 . 0 A1 K 1K 1 R i
0.549 96 g CACL, By K T ELOEH A 3 mL 4K,
RRRG O LWRE N 1 mol/ L Je il T i &
W WE . fE A 1 mL 2l K B .08 i A
157.20 wL e TR, B2 R, o0 s i, 40k
JER 1 mol/L, SCHRHT 75364 LU AR B
1.3.4 AR

BOW BOE KT GC-1 20, 4 4% 490 Jif vk 1
4.5x10*/mL, LI FL 100 pL /0T 96 fL#k, &4
Hix 6 ZAL, IR SR 24 h, RIE“1.3.27 31
B IC,, (688 5 22 21k B 8% GC-1 4l 43
} CdCl, 4 (0.3125.0.625.1.25.2.5 pmol/L) . J&
W TH4( 175,350,700 1400 pmol/L) JEFH4H (3 16
AN B cdCl, FJed THEE 12 1 AR
BE, BB E 6 PRl - FET s & B
XFHRAL (AN ZY ) Fzs (0T HRZH , 4k S5 5% 24 b, 4
FLHA 10 pL CCK-8 iX#,5% CO, 37 C 4kLe ks
7% 2 h, BEARUT 52 45 L 450 nm &b 6% B {E (0D
ﬁ)o i G/ W B R [1-( ODoypoq. =
OD yyq)/ (ODpi = OD g ) 1 X 100% , THEAS [
FETT 40 A 3 ) 22 fdH GraphPad Prism 8. 0 {7
TR A YN IC,, HIFZL K, KM Compusyn
LO B3t 5 cdal, 5 T 18k & 48 %
( combination index,CI) ,CI<1 $&/R P [RIZLN , CI=1
FEARANPERLN , CI> 1 3R Hi/E
1.3.5 i)

B GC-1 400 4. 5x10*/mL %80 F 6 LA, %
EAEXIRA CdCL, 4 Je T T B4 4 e
MO YIAE PV BE /] 1. 3. 47 4 3 AP A7xt
HR, 2850 24 h ARFR S  WCAR 40 4 ., 40 240 i S 10
Ao & 156 B 5 T Ak Y E e T, A A
JFER HAIIA 0. 5 mL BUAE P BE YL (63, FH TR =S4 i
ACGHEA TG 434

1.3.6 #iffaET

B GC-1 400l 4. 510 /mL 42/ T 6 fLAR P, %
B X IREE  CACL, 21 el T 4 B HI4H, 4 4
W25 Ve R Mk B2 R 1. 3. 47, B A% 8 3 AN AT X
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CdCL, FJely T Huph S B -AAF FH T 09 48 fL s g,
CompuSyn8. 0 3 {473 M5 21| S s 2 1K B BK 5 J7 22 11
BEAHRE CI, W% CdCL, YR FE EFH, CI<1, H B
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0.625.1.25 pmol/L CACL, Bt AF FH i AH B , B¢ F 41
Go/G, W4 5t i 3 FRE(P<0.01); 5 2.5
pwmol/L CACL, B3 AE R I AH EE , BC R 2L (R Je iy T ik

A 0.175.0.7.1. 4 mmol/L B} G,/G, ¥4 5 kb
BETFH(P<0.05), 5 0.175.0.35,0.7, 1. 4
mmol/ LJ& 1l T 840 £ I B AH LE , B FH4H G,/ G,

F1 CdClL, AUEE THREAEMT GC-1 40/l 24 h J5 19 1Cs,

Table 1 ICj, values of GC-1 cells 24 hours after exposure to CdCl, and nicotine

SALH/ (pmol/L) CdCl, JEil T/ (mol/L) Nicotine RN A 1Cs,
0.3125,0.625,1.25.2.5 175 4.422
0.3125,0.625.1.25.2.5 350 4.532
0.3125,0.625,1.25.2.5 700 3.309
0.3125,0.625,1.25.2.5 1400 2.532
0.3125 175,350,700 ,1400 8457
0. 625 175,350,700 ,1400 12 460
1.25 175,350,700 ,1400 3260
2.5 175,350,700 ,1400 1782

AR EE CACL, fEFTF GC-1 41 24 h 5 A AIILAFETS 5 B SRR BE e T/EH F GC-1 4l 24 h J5 M A0 IAETE 2R ; C AR R
CdCl, AU THEAVER T GC-1 4 24 h J5 BIAHAELEIS 2, D : Compusyn BFFHEE CACL, FJE Tt THEAVE I B9 CLE IR E . 706

IR TR WLEE GC-1 IR

B 1 CdCl, FUBT T3 GC-1 4ufe sz g i1k

Note. A, Cell viability after 24 hours of different concentrations of CdCl, in GC-1 cells. B, Cell viability after 24 hours of different concentrations

of nicotine in GC-1 cells. C, Cell viability after 24 hours of different concentrations of CdCl, and nicotine combined in GC-1 cells. D, Compusyn

software calculates and plots the CI values for the combination of CdCl, and nicotine. E, Morphology of GC-1 cells under a light microscope.

Figure 1 Inhibitory effect of CdCl, and nicotine on the proliferation of GC-1 cells
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M LY R, 22 S A ST E L (P<0.01, A
2). AU, cdcl, #e st T R E T, CdCL, XF
Gy/ G, JHANML &7 L RYSZ B 3 . s I IR
A, CACL, R 2.5 wmol/L B} G,/M 140 i /5
I EFH(P<0.01), 5 0.3125 pmol/L CdCl,
AR EHAE e B ALE T T W BEE A 0. 7 mmol/L A}
G,/M B4 5 L 3% ETF(P<0.01) R4 ety
TYREE R 1.4 mmol/L B G,/M W40 A & b 3% 1

JH(P<0.05) ;5 0.625.1. 25 wmol/L CdCL, Hihfi/F
FHEAR L B AL G,/ B4 B 5 b o 2 BT (P<
0.01) ;5 2.5 pmol/L CACL, B 4 FHIAR L, 1 7
ZH CdCl, #FE A 0.625.1.25.2.5 wmol/L i G,/M
WA 5 3 F TR (P<0.01) ;5 0.7 mmol/L J2
T R R FHE A B R AL CACL, R R 0. 3125,
0. 625 pmol/L W} G,/M W4l & [ 2 T (P<
0.05) ,CdCL, ¥ M 1.25 2.5 pmol/L i G,/M

T : A CdCl, A € F7 0,0.3125,0.625,1.25.2.5 wmol/L [, AN[FJE i TG EHINT Go/Gy 81 lgeit; B Je il TR & EH 0,
0.175.0.35.0.7.1. 4 mmol/L i} ,/RIF] CdCl, Bk A1EFHRT Go/G, 5 b Geit; €. CdCl, FlE 52 R 0.0. 3125.0. 625.1.25.2. 5 pmol/L B,
AEEE TECAVERIN Gy/M gt D, B THREE % 9 0.0. 175.0. 35.0. 7. 1. 4 mmol/L i, R[A] CdCl, BEAA1E RN G,/M 3 45 He
Giih B AR Go/Gy W HUBHE SR A Compusyn K {43158 CdCL, RE 7 T ECA1E I CT (T2 B T AR G, /M 5 8k R A
Compusyn 35 CdCl, A1 CdCl, BEA RN CHEIFA A, S22 [t R4IR L, ¥ P<0. 01; 5 cdCl, AARJe T4, * P<0. 05,
" P<0.01,
B2 e SRS I 20 R W e
Note. A. Percentage of G,/G, phase cells after exposure to different dose of nicotine combined with 0,0.3125.,0.625,1.25 and 2.5 pmol/L
CdCl,. B, Percentage of G,/G, phase cells after exposure to different dose of CdCl, combined with 0,0. 175.0. 35.0. 7.1. 4 mmol/L nicotine. C,
Percentage of G,/M phase cells after exposure to different dose of nicotine combined with 0,0.3125,0.625,1.25 and 2.5 pmol/L CdCl,. D,
Percentage of G,/M phase cells after exposure to different dose of CdCl, combined with 0,0. 175,0.35.0.7,1. 4 mmol/L nicotine. E, Compusyn
software was used to calculate and plot the CI values for the combination of CdCl, and nicotine based on the G,/G, phase data. F, Compusyn
software was used to calculate and plot the CI values for the combination of CdCl, and nicotine based on the G,/M phase data. Compared with control
group, ™P<0.01. Compared with CdCl, group and nicotine group, * P<0.05, ** P<0.0l.
Figure 2 Cell cycle analysis by flow cytometry
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pwmol/L B G,/M Hi4i g 5 L 2 2% - F(P<0.01),
AU CdCL, A T PR EAE A A, cdCl, XF G,/M
AR 5 LR S BT 1B R G,/ M BE Y
R GC-1 4HAEAE AR MR FE ) CdCL, FJe T T 2
KERAVE R T /94 it 5 B8 5 te, FH CompuSyn X4
SIHTAS BN R B SIS T R G TR CL, R

FEYIERA ROV AE CI=1. 0 B AR, CI<1. 0 A Ky By
[f],CI>1. 0 B W3t BRAGVE B AU TE SR
o7, H CHER<1. 0, #8725 HoA PR RIVE A .
2.3 AT

WK 3 fron, N2 ab 3 24 h )5, W =40 M AR A
Wz X B CACL, 21 et T 20 3R T 41 440 e oA
T4 R, CdCL, W BEE R 2.5 wmol/L B, g 1
Fe i g, 2 R BA SR L (P<0.01) . 5

1A CACL, IR FEZE N 0.0.3125.0.625.1.25.2. 5 wmol/L B}, A8 [ nicotine 4 15 I BF 40 J U8 T- 58 11 B JE T T 4 [ 22 4 0,175,350,
7001400 wmol/L B , R[] CACl, BEAVEFR A IET-4511; C . R Compusyn 543155 CdCl, Fl nicotine Be-A1E AT B C1{EIFLE ;DR
FlowJo 10. 8. 1 ¥ AR T-I€ . 525 x4, ¥ P<0.01; 5 cdCl, ARBH THMEL, * P<0.05, * P<0.01; SBTAM L, P<

0.05,%P<0.01,

B3 s AU A i ga g i

Note. A, Apoptosis rate after exposure to different dose of nicotine combined with 0,0.3125,0. 625 1. 25 and 2.5 pmol/L CdCl,. B, Apoptosis rate

after exposure to different dose of CdCl, combined with 0,175 ,350,700,1400 pmol/L nicotine. C, Compusyn software was used to calculate and plot

the CI values for the combined effect of CdCl, and nicotine. D, Using FlowJo Software to generate cell apoptosis graphs. Compared with control group,

#P<0.01. Compared with CdCl, group and nicotine group, * P<0.05, ™ P<0.01. Compared with combined group, $p<0.05, ¥ P<0.01.

Figure 3 Statistical graph of apoptosis detected by flow cytometry
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Comparative study of light, caffeine, and combined methods
for inducing a zebrafish model of insomnia

SAN Yuqing, SHI Jianing, ZHANG Zhenxian "
(Department of Traditional Medicine, Yueyang Hospital of Integrated Traditional Chinese and Western
Medicine, Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai 200437, China)

[ Abstract]  Objective To establish different sleep deprivation models in zebrafish to provide reproducible and
practical modeling reference solutions for basic research on insomnia. Methods Zebrafish insomnia models were induced
by two interventions: continuous light (150 Lux) and light plus caffeine. The zebrafish were divided randomly into control,

light, caffeine( 100 pmol/L) , and combined light and caffeine groups. The locomotor ability of zebrafish in each group was
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observed using open field and circadian rhythm behavioral experiments. The expression and secretion of related sleep genes
and the neurotransmitter 5-hydroxytryptamine ( serotonin; 5-HT) were detected using quantitative polymerase chain reaction
and enzyme-linked immunosorbent assay, respectively. Results Sleep time, resting time ( during the day), and sleep
rounds were significantly reduced ( P<0.01 or P=0.01) and the distance traveled was significantly increased in the light
group compared with the control group (P<0.01). The resting time ( daytime) and sleep rounds were increased in the
combined and caffeine groups (P<0.01) compared with the control group. There was no significant difference in the
activity distance between the combined and caffeine groups (P >0.05). The percentages of swimming distance and
swimming time in the central area were decreased in the light group compared with the control group (P<0.05), and were
both decreased in the caffeine group compared with the light group (P<0.01). HT receptor 1Aa ( HTRlaa) mRNA
expression at 6:00. and 12:00 was up-regulated in the light group compared with the control group ( P<0.05), but there
was no significant difference in HTR1ab mRNA levels between the light group and the combined group (P>0.05). 5-HT
secretion was decreased in the light group at 6:00 (P<0.01) and at 12:00 compared with the control group. 5-HT levels
were reduced in both the light and combined groups (P<0.01) , and secretion levels in the light and combined groups were
still lower than in the control group at 18:00. (P<0.01). Conclusions Light alone is the best intervention for modeling
long-lasting insomnia in zebrafish larvae. The responsible mechanisms may be related to the HTRlaa gene as well as
biological factors such as 5-HT.

[ Keywords] zebrafish; insomnia model; light; caffeine; behavior
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SRR AT NS HTRlaa 5 HTR1ab 3EHFE KL
Je 5-HT 43 A8 A S5 48 Fr ok DEAN 1 Fb 2 IR AR 7R (1) ]
SEME, BOK A BT IR AL TR IS IR A AL L K
ATBEAIATT T

1 #FRFFxE

1.1 SR8z
ST B R B AR AB R B, B D £ AR

IR Z R fE 7 d, AR AN (I /N T A A
) PRI BE (BB Y ek X o pE ), 3 160
B2, BTN R A R A PR A w44 [ SCXK (#7)
2022-0003 ], 1A 5% | B B AE AT AR AE MR
FRZS ) 58 B [ SYXK (#) 2022 — 0004 ], 52 5 5% H
7 dpf W& it AT, WA . IR N
(28.5+1)°C eG4 A 14 h/10 h JEACE:, Fifa
7K pH=7.0~8. 0, 7F I 1] [8] B 5 £6 AT DA [ B B 3 4%
HORICE IR, TR R R, ASLIRIK IR 3R S, AR 1k
ST /D T BE ) SO0 R, AR S AR AT L
R 2GR 2E I s B R T R A B B SE R sh 12
PRZE 51234 E ( YYLAC-2023-ZN)

1.2 FERFSNE

miHE P, 5% [ Sigma 23 7] CAS. NO. 58-08-2 (it
5 BCCC8969) ; BCA A ¥k B I 52 ik 7] &, g )
SR YR A BRA F) (65 SD6012500T) 55 -F8€5
Ji¢ (5-HT) ELISA 57 & , iR L Rk A B2
A (fit5 m1064304V) ; [ 5% 5 & , H A TaKaRa
oy HE] (L5 RRO47A ) ; e ik 7 &, H A&
TaKaRa /A ] (4lt%5 RR420A)

PEL 6 47 R0l BR S R 4, faf 2% Noldus 23
(4% DanioVision) ; %68 & PCR Y, JJFEAEY =
JrRHR A PR A (845 CG-05) 5 B0 #L, Eppendorf
(7455 S810R) ; BFARASIAY , Tecan (Y5 F50) ; &5
WAL S, LiBERERARA R (S
Tissuelyser-48)
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1.3 LA E
1.3.1 Sreaf

¥ 160 {7 dpf BES g fa Lok 4 41,
BReH 40 B, B (Al oMk Al OB BR A B A A
OEROmmEER ) 2540 FFET DL 45 2R F
2% L BE T 40 1E H 1A 3% 36 e, MIHE D 28 B 2 £ 7 4%
P 2H LA - 4p 2 2 5% AE Ok PR vk B2 R 100 wmol/ L
MFR K H 36 h(FERIAYEE 1 K 2200~ 3 K 12
00) , & MALH BE Tt /25 4L FE R 5 150 Lux 1956
FRACHE I 6 h (T FMSE 2 K 2.00 FFIR 45 7Ok
B EH RS 2 K 8,00 RS IE 5 i GRE A Bk
B AR RE A LA T R 2% B AR v R B2 Dy 100
pmol/ L HYFE 7K 36 h(WINMER 55 5 IR 22 58 1isf 1] [+]
) ERE 3R, AT 96 fLikh,
KA A SIUGE B 2R G iE 175 5 %) £ ) BRI/
ERAT A AR IR, SEERHT I B O R 28.5 °C
VLA 25 BR 1) 96 FLAR 5% 8 2 B T £ 47 by A i 4X
L AR P, 1 181 2 V= 1 e R P A T K T AR R
W, SCPRARTT, B ST AUATOULI S L, 7 25 96 L., R
FHALATGE 5 o B =0 S A FL PN 4 #1938 Bl I
Ol VBE R IRI A (40) Je/ MR E(E (4) B
SIE SR AE (25) , B 1 min M1 1 h A sh 4
1 REE ., AR OE IS E0R & o OB IRET ] 2,00
~22.00 F1%5 2 K 8.00 ~ 12. 00, J¢: /B 38 ¥ . 4%
(150 Lux) , T R2# W M Z K5 J5 56 5 K 22.00 JF
IR (2K IE 20 168 h) , HALMIGE Bf R 48 A ik & IF
A AR S HE | ESE W 38 b S i BE . AR
AEPRLA AT 3 YA H A S, DGRBS DL 25
FHUE B LI 1,
1.3.2 BRTEAT R R EREAT I

7 dpf BE A 96 FLAH , BRFL 1 4% BT
ol LIAEAL F R 3 AT o i RS2 A sl
B BE 1 10 18 B 3T 45 A2 B 00 AR 23 B, 38 2
B[] 36 h (3B R A () [) 1 J00 s ) —3%0) . A FHBE
AT o HT RGBS A (2 B, R BB S

. movement threshold , small/large ; 25, In-act/Small ;
5. MER 1K 2200 TFUUEEIF L , R4 BB HL
24 RRBE S gt 47 95 2 e AR IEARAS BRI . AT
Rl hE W N S B N T R R = R
Lh £t A SEREARAS B AR 24 mm AYFLAREI 43 AL
FRC DXEORILEL X3, Pt X EL AR 12 mm, FERL X
BB 172, 50 A 2, BEALECA 1 200
TEHAE T A s gl KRR 15 min, WETF L5
AR B DX O X TR AR IS ], B A0 6 UK

1.3.3  qRT-PCR ;] HTRlaa,HTRlab % A 11
ik
2 SRR A A AT 15 R fa, B

HBEYLT-34 51 3 Oy iEAS , A TRIzol & RNA
FEAH L HUHZUE RNA 34 A% cDNA . HTR1aa
SIS . 5° -CTACTCAACTTTCGGGGCGT-3”
T i#: 5’ -CACCGCCAAGCATTTATCCG-3 , K JF N
145 bp; HTR1ab I i 51 ¥ J¥ %, 5’ -ACACCC
AATAGGATGCTTCG-3 *, T~ ff: 5’ -AGCTGCGC
TTCCACTTGTAT-3" , &K -4 184 bp; X Real-time
PCR AY Ui 454:95 C 3 min, 95 °C .5 5,60 °C .30 s,
T 40 MEES , T 65~95 C 2kt 2, W&
HTRlaa HTRlab Ul K B-actin Ay W% EE(H, &
ACUA B 2722 SEATEUR /3 At . ACt=Ct B I 3EH
—Ct N, A ACt= ACt SEE4H - A Ct XFREZH
1.3.4  ELISA £l 5-HT 433 1% 50

25 4 RG] K B A 4145 B 20 R B S 1, 4
HBEVLT-2453 R 3 Oy FEAS , Kl S-HT (¥, in A
129 BE ol B R SUM G sh s W, 780 213K, 5 0
Wby, FM R 5-HT R & Ui B eI
1.4 Sit=EFHE

iz 883 B SPSS 21.0 DL K 2 1 Bk
Graphpad prism 8. 0 X 5250 B4fs FE A7 A0 H X IEZS
A3AT 22 2 18] b R R R 7 2 43 BT ((one-way
ANOVA) , Jr 2 550, 4 18] bR A LSD- 3%, J7 25
AFFEE 4118 e R H Tamhane’ s T2 35, XF FARIE

B 1 EHRE LY T IR 2K

Figure 1 Light pattern and a schematic diagram of the drug intervention
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oA B8 UE , K Kruskal-Wallis JF 2 5066 5
P<0.05 INAZESRAS I FE XL,

2 HR

2.1 BRAERIFHIAERAPYERHTRITHE
M

A4 A2 B ) £ 573 B Bl R B S 3 —fb b B
A LSEHEA 4 ~22 h RS S I B PRI A A 4L v
W PR 55 B A A RS sl B PR R AR T2 L, LA 3,
SR BE I i I R) 482 4L B b (P =
0.01) , BA 2155 il PR 20 B 2 £ e B Psf ) T 58 31
S, LR 1, 6 R4 BE T An M HR 0] A g s A
B B0 (P<0.01) A 20 55 i PR 2H B0 o £ B IR
mlE s 4B B3 (P<0.01) , W3k 2, SEHR4
BE I £ 1 KRR R 52 (2 I B /b (P<0.01)
K A 2L 55 i e R A B 1 R RS TRD 3 i (P <
0.01), WL3% 3, JEHE L BE L) A S I R) 45828 1
B> (P<0.01) , W3 3, SEREZHBE )41 A7
10 h 3 Sl B 42 R B B3 ( P<0. 01) , 5728
FIALAH Eb , B6A 205 v R) 20 3 25 £ 2K 30% sh E
TGt E L, Wk 4,
2.2 FHAEBRIFHIEEIEEFERSUE

WA 4 B S50 25 B3R B O B2 v X S
IR A o s U AR (P<0. 05) |, Tig b e PRl 2
w3 B0 B B 43 b G R AL e AT X —
ML RAE G TT2E E R B 22 57 (P<0.01) 3ot
HEZH s DX S0 3l )[R 40 3 s LRI (P <
0.05) , T Mhi il A1 2 s X 3 i 2 st i) 40 e Aok
HRZH ] I AR ( P<0. 01) o ARXFINT 55, WP PAT 2 1 35
iy T (i ] T S 50 3 Hb ) 30 %35 B, I KA 4L

BE I 8 3T 2 800500 D) 4 7S A o PR A IR g 2
[i] , [ 2 0 2 M 25 57 (P<0. 01)
2.3 XBASBKESEANSE HTRlaa HTR1ab £
BARIETLIER

LU BE 40 440 QRT-PCR A 45 5 B 7R ,6:00

2 WIS N A X I A A
Figure 2 Distribution diagram of the areas inside and

outside the open field test

1 BBEIRAE (xs)
Table 1 Total sleep duration
2151 Groups SSEAR AT [A]/min Total sleep time
JGHRA Light group 403.29+87.95 ™
16441 Light+caffeine group 503. 86+72. 39 ™ #
WNAEX ZH Caffeine group 537.13+81. 67
%5 40 Control group 438.25+57.42
TE: 575 AU EL, ™ P<0. 01; 506IREIHIH, ™ P<0. 01,
Note. Compared with control group, ™ P<0. 01. Compared with light
group, " P<0.01.

F2 FEIRMIE ()

Table 2 Sleep round

[ AR I/ R Sleep rounds/times
16.20+5.23 "
31.31£7.67°%

251 Groups
FCHRH Light group
A4 Light+caffeine group
HnHEP 4 Caffeine group 34.66+4. 11 #
%5 F 41 Control group 26.30+6.92

T A AL, T P<0.05, ™ P<0. 015 5B M I, " P<0. 05,
*p<0.01,
Note. Compared with control group, “P<0. 05, ™ P<0. 01. Compared
with light group,*P<0.05,"P<0.01.

3 BUAFIRE e

Figure 3 Average moving distance of each group
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F 3 HEEE (xxs)
Table 3 Resting time

ikl FEMEKFR R R/ s FWLRRLR LI ]/ s
Groups Objective daytime resting time Objective dark night resting time
JERA Light group 20 091.22+6068. 46 * 20 693. 94+5907. 97 *
HRE 4 Light+caffeine group 32 560. 677046. 79% 26 236. 21+7168. 43"
WIHENZH Caffeine group 33 094. 70+8096. 89" 26 996. 72+6543. 71"
%5 121 Control group 28 489.31+8245.43 27 224.38+7327.74

T 5 AL, T P<0.05, 7 P<0.01; 5YGIALME L, ¥ P<0. 01,
Note. Compared with control group, “P<0. 05, ** P<0.01. Compared with light group, *P<0.01.

R4 BOHE (vs)

Table 4 Movement distance

il FWE K ShEE R/ mm H RS S EE RS/ mm
Groups Objective daytime movement distance Objective dark night movement distance
JGRRA Light group 77 960. 71+7874. 28" 62 283.37£9027. 68 ™
B4 41 Light+caffeine group 71 460. 7427006. 36 46 159. 43+8625. 24"
WIMER 2] Caffeine group 73 226. 53+9202. 53 46 017.70+8156. 53
25 2 Control group 74 059.56+14 180. 77 44 187.36=+11 088. 19

T 5 FALL, ™ P<0. 015 SOERELILL, " P<0. 05, P<0. 01,
Note. Compared with control group, ™ P<0. 01. Compared with light group,*P<0.05,™ P<0.01.

TE: A BES AR SR 1AL B BE 1 £ 38 S 80 AR C Pl KRR S FE B A 43 L D PO KR S A B B 20 e, S B4, "P<
0.05, ™ P<0.01,

B4 [ B B i AR £ SRR S
Note. A, Zebrafish movement trajectory diagram. B, Heatmap of the zebrafish movement trajectory. C, Swimming distance in the central region. D,
Percent swimming time in the central area. Compared with control group, “P<0. 05, ™ P<0. 0l.

Figure 4 Anxiety-like state of a sleep deprived zebrafish model
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YR BT S HTR1aa mRNA /KRR S T 25 A
(P<0.05),12.:00 Y4 5E A 4B D i HTR1aa
mRNA KRB & T2 14 (P<0.05), G4
SEAHBE D AR N HTR1ab mRNA /K-35 00
BG4 L (P>0.05) , LA 5,

A HTR aa 3P KR A BB UL B HTR1aa FEPH R BIE O ; C HTR1ab SR R I5 4 A1 BB B0 ; D HTR1ab B RL B, 5

HAM L, "P<0.05,

2.4 RZRESHESEMDSE S-HT T4 ER

mEl 6 Ui, 52 A4, 6.00 B SEIRALH
5-HT 431 (P<0. 01) 51200 IG5 4
4H 5-HT #3970 (P<0.01) ;18,00 B G IE4H 5 1Bt
G ARSI T 25 14 (P<0.01) .

K

B 5 HTRlaa HTRlab 3EHFAA L IFH

Note. A, HTRlaa gene expression at each time period. B, Total HTR1aa gene expression. C, HTR1ab gene expression at each time period. D, Total

HTR1ab gene expression. Compared with control group, “P<0. 05.

Figure 5 Changes in the expression of HTRlaa and HTR1ab genes

H. 5 A4, ™ P<0.01,

B 6 5-HT /A1l

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

Figure 6 Changes in 5-HT secretion
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3 itig

AT R 7R 0] 5 55 T 2 SR MR AT LI
A NSRRI, T ' 5 8 R 8 ik /> 1 G e G o
[0 o R S R Y e e R R A, A R B
P E R XAy, P51 & — BB 1 R IR EY
BEARIRE" ) s uE e RA 545 S
RIRARA S HAT RV R 2257, SLIR4L4)
oL TR B RS R B B R S 4 22 R S ()
W BEAT O AT O 5 NRRIR S 2 W S
S FEAT AR A o A HOGRREBC A e B, BRalit
FE SRR B8 AV S B A IR ) R s30T B TR
B FRATT 08 2 380 5 BEAS 25 5| 6 B 5 £ B I8 17 e IR b
X 5 Z BT 4 AR A

WP R Sy — b R 32 AR A B ), L5 | Ak 2k AR
(1) F 2N AT 45 G BT A2A SZ U0 ] BB | 385
SRR R AR A PR R A O ) e 2 R
WA 9 9% B 5 B Y 7 T T B 0 P S R R 3R A
S mE DR £ | B T G A R RRIR S R B
ORI SE A SCRE I TR o A A 2%
5B £ (3 BE VR BRAT N (R A 1k IR
0 (0 BIF 5 S B oo e R 6 B B R T AR
FsZ RIS, G AT UE Bk R 1R A R 7R
S A [R] Py S R, AT LA 5] & /)N BUTE BRR A 35 H
T B B R IR AR A 5256 AR IR 2k
S5 T, FRATTVE AT 1E B Rl g e R A TR 0 A7
HTR1aa HTR1ab R Fik &5 5-HT 43U 14 15 4
RN B IR 37 A B A A (3 R AR T ] ) R B IR A
Fa A ML ( B R 341 25 S B RS 5 2 1435 82 s i) A % 2
PRSI ) WA T RIS AR A b ) —
AN R 2, Y — 2 s a] A9 Ol 8 T DL AR A=
B (AT IR BIR D 32, AR SRS A AT R SR 4 R A
WESE T3k — WLk, T O R il R )5 B T e R
1 L2 5% /b E A BE ) £0 0] 58 BT Y IR Y
FRZR T ik 2 1) PN RS ML ) DTG T 5 T e G 2% 3
%, Sl B S BN 2 b 28 4 T R 2 R Y
FI R REIEEL AR

R BRE £ s 39 I B B AT B T
VER B R B BRI E S A
GER IR, 5 Wi R R B A AR A L Ol B 25
I A FT LA 388 0 B £ 1) 35 3l 20y B 2 O el /0 e iR
[l 550, B S 00 ) B e %) B MRS, DA TG T e 2 4 b
I IEH 21T IRy 15 1T DL SR B 2R IR )
SR G BB A w1 150 B L £ (4 B B

Wb BENR 0538 2| 1R B P RNE 5 T BB A7 AE
STHRIEAE R, PR IEAE SR 7' FR A [] B o A 35 22 %) i
MER IS B 2 Pr [ VR . W7 37 S 9 45 SR 3R W i
M PR 4 5L A B ) ) SRR SR T, T L i e A1 5
AT ERNEERAE S HE ) LRI 3
Al BR L TS A T o el AR B I 0 Y B T ok
SE LR IRAR Y (1 T,

475 56 v i ek PR 2 A A RS B B ., O
U S 25 e A T e A1 259 3 o ) B £ (1) £ R
RAS MU0 S AT O B 35 R IR AT BRI
LA A G R A ik 5 5-HT 1R, S8k
SR R RS R B AT {66 5 5 £ 4 [ ok A
Fou DX, kDR AT AR i S-HT S5 R 485 I R
G BRI GE S, IS R B N E
IR AR TASLE M EH N R T IEE RN ER
P 118 2 RS g P R 7 ) 2 R A 78 D) G 1
BRE TS B T AR RS B B 5 R R R BT L
FRATIN R 6 BE 3k 57 2 MR R IR 25 51 WA I )
FETEOIRES WO A S R 5 4 DR 28 4 1 2 IR e A
FE.

S-HT1A ZARA] g5 g AT 61 12 h Bk
BRI ZF IR TR BRI D S-HTIA SZR Rk,
TEAF ST, S IR 30 2 B AR T 4 26 4 b 9 B 1Y
B, F 8 HTRlaa W BB M, X e
HTR1aa FHICSZ AR 25338 5T 19 S 8 B A O, AT
S2CS-HT 43 F 30, 3t 5 15 A B 5% 458 4
—# P FENEL S R, 5 O AR A R BRUM B,
B AR 25 i R BUHE D 5-HT1A 324K 36 1k K S T
w0 IE B R AR R 2R S S-HT1A Z kKL
LS A7 e —B0bE, (EREHRAS 2 %A B 5%
Wi HTR1ab £ R FRIL, THREERR](2:00) 45 T 5F
T Gyt H 2 G IR EE (150 Lux) HHF8E 6 h DL E 4%
RRMCIR A 410 HTR1aa UL K 5-HT %5 E 8 H 1
AT AARA I HE AT AR BE A 41 %)) . HTR1aa &
PRI LB 5-HT S5A 4 B3 2850 R AR A 19 5028 AN 4
e A2 R | 4R B4l IR ik el T B T A 4y £
I HRAF IR g T

M3 2R (5-HT) B Ty BE S £ 2 v 4 il P skt
MR ZhEENS(REMS) 2 fEBE b 5-HT 7] RE7E %
03 A A7 250 A I A A B M ) D T e o
BB 8 5 SR ) T8 A A B4 B v 8 s )
FE I W R PR Sk pih 2 24 ) S A 5-HT S5
2530 R RSV HTR laa FER Y F3E  Am Ak



66 P A PR A A 2024 4F 11 A 34 %55 111

Chin J Comp Med, November 2024 ,Vol. 34 No. 11

BG4 AE 1200 B HTR1aa K& PR 2% 35 (4 T8 53 1
151, T AE -5 P A1 S 381 FE RN B 5 2 ) £ JEOIR S
A, W R S pi 2 2y R AT R 5-HT &
RO PR S ik A, et S-HT 0 X —
RIAR ARG ST B 43 F BLH LA B 30 555 A
XA HR A T RERE T B A A A Y
AR B EEEE X,

L5 TR AR ST AE s T O R PR BE
FaS T AT RN B AR AT A 1) 38 H A%, B B I
5-HT 435 HTR1aa .HTR1ab KPR 2235 B B0 1
VTR, AR 5T TN Sk o BRI G b e DR T 94 B
At RS Bl I B v /D | IR AR 1] 5 3 22 | G R o R b
5 BT A RIS A DRI AR R AT 6 R A TR s A
T N EE R R AR B RAE R, SR 4
HTRlaa VI J¢ 5-HT S5 4 K 5 4% 0 A AH A7 /) 42
BSOS, AH HE G RRIDE A i PR S s <5 3 4
B Hy £ 2 R P Ak A T B I A S s LT
RERYIRIENLE] 5 HTR1aa JER RN 5-HT (15 5 18 #%
A, X ST AT AR AT kg
SRR A 4 b 2R G5 0 2 0 T R P AR A T B
PRI A T st Ay 8 2R e I s 5 K S 5 A AL 1
BEE T AN, Ak B ST AT DL — 2 R ST AE G 4
FHLT RIS 538 0, LA 4 T b At A > R i v A1
X A B AT o R IR P 52
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Preliminary study of three-dimensional time-of-flight magnetic resonance
angiography for observing cerebral arteries in Mongolian gerbils

JIAO Kun', ZHANG Jing'?, MENG Xia', WANG Zhanjing’, LEI Jianfeng’ , CHEN Baian'** |, LU Jing'?*"
(1. Department of Laboratory Animal, Capital Medical University, Beijing 100069, China.
2. Department of Experimental Zoology, School of Basic Medicine, Capital Medical
University, Beijing 100069. 3. Core Facility Center, Capital Medical University, Beijing 100069)

[ Abstract]  Objective To explore the feasibility of confirming pre experimental conditions in Mongolian gerbils
using three-dimensional time-of-flight magnetic resonance angiography (3D-TOF-MRA). Methods The cerebral arteries

in Monglian gerbils were imaged using a 7.0 T magnetic resonance imaging scanner and the data were processed using
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RadiAnt DICOM Viewer software. The imaging result were then validated and compared using the latex perfusion method,

and 3D reconstruction of the posterior communicating branch and surrounding cerebral blood vessels were performed using

analytical software. Finally, we attempted to use this method to screen for abnormal vascular development in Mongolian

gerbils, to verify the effectiveness of this method. Results

3D-TOF-MRA effectively demonstrated the cerebral arteries in

live Mongolian gerbils. The technique showed high accuracy for observing the main cerebral arteries in Mongolian gerbils,

but its ability to show finer vascular branches was not as good as the latex perfusion method. The data obtained using 3D-

TOF-MRA could be used for 3D reconstruction of blood vessels, and the technology could be applied to screen for abnormal

arterial structures in Mongolian gerbils. Conclusions

3D-TOF-MRA technology can be applied for the structural

observation and related research of the cerebral arteries in live Mongolian gerbils.

[ Keywords)

magnetic resonance imaging; vascular imaging; Mongolian gerbils; cerebral; artery
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Note. A, Axial image. B, Coronal image. C, Sagittal image. 1, Superior cerebellar artery. 2, Basilar artery. 3, Vertebral artery. 4, Anterior cerebral

artery. 5, Middle cerebral artery. 6, Posterior cerebral artery. 7, Pterygopalatine artery. 8, Internal carotid artery. 9, External maxillary artery. 10,

Lingual artery. 11, Occipital artery. 12, External carotid artery. 13, Common carotid artery. R, Right. L, Left. H, Head. F, Feet.

Figure 1 MRA images of cerebral arteries in Mongolian gerbils
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Note. A, Ventral view. B, Dorsal view. C, Left side view. 1, Anterior cerebral artery. 2, Middle cerebral artery trunk. 3, Internal carotid artery. 4,

Posterior cerebral artery. 5, Superior cerebellar artery. 6, Basilar artery. 7, Vertebral artery. 8, Olfactory bulb. 9, Ranches of the middle cerebral

artery. 10, Longitudinal fissure of the brain. 11, Cerebellum. R, Right. L, Left. H, Head. F, Feet.

Figure 2 Latex perfusion results of cerebral arteries in Mongolian gerbils

R PIRITEEEAR] SR A RCR UL

Table 1 Comparison of two methods for observing arteries
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Note. A, Rat cerebral artery. B, Mongolian gerbil cerebral artery. C, 3D reconstruction of rat cerebral arteries. D, 3D reconstruction of cerebral
arteries in Mongolian gerbils. 1, Superior cerebellar artery. 2, Posterior cerebral artery. 3, External carotid artery. 4, Middle cerebral artery. 5,
Anterior communicating artery. 6, Anterior cerebral arteries. 7, Occipital artery. 8, Lingual artery. 9, External maxillary artery. 10,
Pterygopalatine artery. R, Right. L, Left. H, Head. F, Feet. The red arrow indicates the location of the posterior communicating artery in rats,
while the blue arrow indicates the location of the missing posterior communicating artery in Mongolian gerbils.

Figure 3 MRA images and 3D reconstruction of cerebral arteries
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Note. A, Normal structure of cerebral arteries. B, Stenosis of the anterior cerebral artery. C, Lack of posterior cerebral artery. D, Lack of vertebral

artery. The red arrow indicates the missing position. R, Right. L, Left.

Figure 4 MRA images of abnormal development of cerebral artery structure in Mongolian gerbils
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[ Abstract] Alzheimer’ s disease ( AD) is a degenerative neurological disorder that can lead to cognitive decline,
mental behavior abnormalities, and a reduced ability to undertake daily life activities. Tryptophan is an essential amino acid
for the human body and is produced by three main metabolic pathways, namely kynurenine, 5-hydroxytryptamine, and
indole derivatives. Influencing the metabolites of tryptophan can ameliorate neuroinflammation in the brain and significantly
improve cognitive ability, while the occurrence and development of AD are reduced. In this paper, we review the research

literature on the use of tryptophan metabolism intervention in AD in the last 3 years from CNKI, PubMed, and other
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databases, and summarize its mechanism of action, with a view to providing a reference for further research on anti-AD drugs.
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e L AR R L ey T S = S (5
MRS 8 3 A EEIBR (RIRERIBRE.5-
HT &4 5 WEiR A2 ) |, 18 o o8 45 60 2 R A S) ) A ]
wAR, AT LA Z2 R AR BRI g, L AE AORE R e
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FRHEAR A BE AR TP R Hh RE A% 1 H 1 h) LA b 2 1 1k
1 B-TEMFRE I RALT . B2 G E R
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2 BRBRAH—KRRIERERE
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0 €4 2R T 3 ok 2 A W i R 22 Rl AR S A A
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XUHN 48 1 (indoleamine 2, 3-dioxygenase, IDO) F1 €4,
IR 2,3 - XU %A B (tryptophan, 2, 3-dioxygenase,
TDO) J& iz @A rh i 2 B iy, ALl (=R &
L KYN 3 PR A # rh ™ 2k 1 B 22 i
PERGTAR AR A A 7 W, X T 4E 45 A A TE B (9 2E
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N - H 3 - D - K & 2 R 3% 1K ( N-methyl-D-
aspartate receptors, NMDAR ) & —28 52 23 & PR LT 1)
BCAR T T4 B 7l 32 A il g 2 5 2 ay R TS 3 A
FONFRRFAF s B AR Nt AD iR ;7 - £ 1
fH #8 3% & ( 7-nicotinic receptor,
oTnAChR ) ¥ B M 24536 M 28 S0 i B, JF 5 AD
) Z A~ 5 BE & 42 % V) A Y. NMDAR Al
o7nAChR 33K 5 5 23 5 W K 3212 07, R IR IR
(kynurenic acid, KYNA) /& NMDA Fll «7nACh 321K
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P, I KYNA (945 02 2038 AD /Y 205K
W&, {H J&, KYNA f7 7£ 38 2of 1l fili 5 B ( blood-brain
barrier, BBB) FB B AL | 45 25 8RS B2 1R R
Majerova 25" i Fil BA7 AHARL A= 49 3% PEAE IR 8 1%
B IR RIS - R IRR N-(2-N, N-— HI 3%
3 2 F ) -4-0x0-1 H-quinoline-2-carboxamid ( KYNA-
1)skve e BBB PR, % 825 K ) 43 25 1], KYNA-1
AT e BE DR R B R AN IR tau £ AR BER
b, G AD £, T Pathak %57 % 30 A5 R R £
(KD) & SEUHEAIL(GTN) FEL H £ L 2 74 5
AT KAT ZKSPHE SRS I, i3 R IR R (KYN)
FHII D KYNA JKF-34 0, 45w 2 R4 VR HT, ek
¥ AD IER

Siddiqui 452" 2% 3 i B S 0 S, $iE Y T
ALV KYNA 35 B 40 A A0 Ak, At 37 1) ol
RN AR B, TR SR 28 R4 7R B A 1 S
T K AD B INRE, > AD BE R 2R
SiE, M3 AD,
2.2 EERKER

MEPRIR ( quinolinic acid , QUIN ) J&—Ff A M Y
Dot PEE R , R W 0 YR )N 5 S5 4 5 ok
A=A, QUIN BE AT AME N tau 8 F1 A BERR AL,
AT LAFES NMDA 52 K98l ) 14 7 A i 28 1 1k
PEFI s B80T UIAE AR 4 A 02 RVIR S Ak 43 1, 36 A
FZEITCIIREREAG ) | BRI, QUIN 3@ asd Jin il 25 7
el AD fryiE R

AWFFERY eV B R ¥ 1z 5 1 ((excitatory
amino acid transporter, EAAT) BE #ll il QUIN f¥) $%
B K KP A 22 5 M QUIN # ) 4t 25 {4
NMDA SZRF5Hi7] KYNA 7f f8JE —FhiA 7 5 2L, 76
X B K BAR Z B Sam v CniEl 1) BF5E
HXFITFRE T Z I oE
2.2.1  RIREM-3-FIm A

RIR 2 MR - 3 - 550 % B ( kynurenine-3

monooxygenase , KMO ) J2& {8, 2 ik — K FR 2 2 — 4 W i
A P B OCHE B 2 — , 5 R IR A R = B RS T
( kynurenine aminotransferase , KAT) 43 3 # )2 , KMO
it #E KYN 2 31k 3 - 5% 5 R IR &R (3-
hydroxykynurenine,, 3-HK ) , J& # f# ft KYN JE A%
KYNA, KMO 25755 R IR SR il Wy i 7K

i (UERRTE IDO A1 TDO fEMF , A2 i KYN, KYN 7 P 2 Gl
I, FRTER IR TR AL A W (KAT) /R T Bl
HAEHEAIE R KYNA o5 — A i 1 R PR 2002 - 3 - 5 S g
(KMO) %A B S B i 3-8 2R R E 2 (3-HK) , 3-HK £
RIRE WM (KYNU) AT, C-C #UK RIS ay 3-Fdk-2-
FHHE W R (3-HAA) |, 3-HAA f )5 S8 AL 1w 2 3PS 4
QUIN, QUIN fe 28 4= SO RE AR A0S X 1R (NAD™) .
B RIRE RS %

Note. Tryptophan generates KYN under the action of IDO and
TDO, and KYN has two metabolic branches, one of which is
catalyzed to form KYNA by transamination under the action of
kynurenine aminotransferase ( KAT ). The other is the
hydroxylation of kynurenine-3-monooxygenase ( KMO) to form 3-
hydroxykynurenine ( 3-HK ), which is catalyzed by kynurenase
(KYNU) to hydrolyze and break the C-C bond into 3-hydroxy-2-
aminobenzoic acid (3-HAA), and the 3-HAA is finally oxidized
into the neurotoxic metabolite QUIN. QUIN eventually produces
nicotinamide adenine dinucleotide (NAD").

Figure 1 Metabolic pathway of kynurenine pathway
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Py T e i SARLA YT A (HE RS KMO 10 i 551
fA1E BBB BB M2/ M) 8, Gotina 2 [24) TR AR
BECME LT 6 Bl Al KMO #I5) , JF3 k&
Py VS1 Fl VS6 Al fit AT BBB B &Mk, X— KA HE
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R AW PRGBS 5-HT KR AD

Table 1 Biological drugs, traditional Chinese medicine and modern drugs regulate 5-HT to regulate AD

VIS 7ln FEHIBL
Sort Matter Action mechanism
o - I S-HT 3848 B A M PRI 2R PERFAE R e AD /1By i AZ D e
fRLTAR A R . L . .
. Activation of the 5-HT pathway, anti-inflammatory effects, and neurogenic features to improve
Erythropoietin L .
memory function in AD mice
ﬁiq@é’.{] Aot b LA = Hel = S P [36]
Biological  Zefi & 14 1 5-HT  Ach DA S5 2256 BT w7 , 90 16 S0P 0 350 S A 2
dici ) . 5-HT, Ach, DA and other neurotransmitters increase, inhibiting oxidative stress and
medicine  Synaptoprotein-1 X
inflammatory response
SRR R P2 5 S-HT1A SZ4H 5-HT BRI 5-HT AHXCHER 7
Triiodothyronine Regulation of 5-HT-related genes involved in 5-HT1A receptor and 5-HT reuptake
HEA725 2 nobiletin WEAIRAE P £ R (MG) FE TR THE 9 AR, J7 5-HT AR fE ™
Citrus flavonoid nobiletin Reduce AB elevated under methylglyoxal (MG) and regulate 5-HT reuptake function
TEPEVEHBIT ) 5-HT1B IF30T 5-HT1B 35S {5 5 2%, M) TNF-o /K, R4 2240
KEH-8-0-B-d-MEMMAMF 4052 AR B FHOSET . WA
Emodin-8-0-B-d-glucopyranoside Selectively targeting 5-HT1B and activating the 5-HT1B-induced signaling pathway inhibits TNF-
a levels, protects nerve cells from AB-induced death, and alleviates cognitive deficits
2 b P 5 AN DA ¥ (IL-6 | IL-8 45 ) BRI /b, i TREM2 MM BT 58 42, Y s P4 1 /K
iy, ek FRANMLIE Sk HT22 20 B = A i 2 S A
Ay 2 ; . .
g . . i Release of pro-inflammatory cytokines ( IL-6, IL-8, etc. ) decreased, activated the TREM2-
Active Olive oil polyphenols o o . . .
ineredient dependent anti-inflammatory pathway, enhanced the activity of protective microglia, and
(I)Iflgé(;linese produced a neuroprotective effect against HT22 cytotoxicity
medicine ywi t 1645 2 BEHLIY SRR T A9 HT22 A0 MO REPE 7= w2 S g T4
Ethanol extract of Roselle calyx It has neuroprotective effect on HT22 cell toxicity induced by glutamate
SmR AT W id PINK1/Parkin 4 FHIZERAA B EARAP AR, 4510 HT22 4Hfa 1+
Senegenin ( SEN) Mitochondrial autophagy mediated by PINK1/Parkin protects A, damaged HT22 cells
Miquelianin .
(Hithe % -3-0-B-d- M S BARERR) {23k HT22 i AN ML 28 1 K TrkR PI3K/ Akt 1 )
Miquelianin = ( Quercetin-3-O-B-d-  Promote neurite growth of HT22 hippocampal cells, and increase TrkR and PI3K/Akt
glucuronide , Q3GA )
- 5-HT, Ach Glu GABA FI NE 841, s AR , 9270 ) Fic Az gy
AR 2 Increased concentrations of 5-HT, Ach, Glu, GABA and NE i ognitive deficits and
125777 Danggui Shaoyao powder Increased concentrations of 5-HT, Ach, Glu, an improve cognitive deficits an
Traditional improve learning and memory
Chinese 0o 2 3% JEPELHMIP LA K NF-xB Jib, BELLE HT-22 45 g 4 e+
medicine  Naoxintong capsule Inflammatory cytokines and NF-kB decrease, preventing HT-22 cell-induced cytotoxicity
prescription ez 351G - 25 5-HT ACh NE J% DA /i1, 23 AD[
Mongolian medicine black suka-25  Contents of 5-HT, ACh, NE and DA were increased, and AD was improved
WA AD K BRZE 5-HT 7K 34 7 18 T 5-HT 7K F 5 40 il 15 T JNK 38 $ 5-HT6R INK .c-
e JUN #ll pe-Jun MG IAT
o Ho A Electroacupuncture Level of 5-HT in the colon of AD rats was decreased, and the level of 5-HT in the hippocampus
BT P was increased. Expression of 5-HT6R, JNK, ¢-JUN and PC-Jun-related proteins in hippocampal
Other JNK pathway was inhibited
treatment of
Chinese PG T U PR ZE T S-HT  Glu DA B9 27 i, AT $2 o5 et g S /DN BUAY 2 T A2 g
medicine  4H Vil (48]
Mugwort Regulate the content of 5-HT, Glu and DA in hippocampus, thereby improving the learning and
memory ability of rapidly aging mice
Bl <7 R e W 22 B D2 R S-HT1A D SR 149 38 75 g A ey
Aripiprazole Activation of dopamine D2 and 5-HT1A alleviates streptozotocin induced cognitive deficits
B PRHE/NEEBT AR A WEVE T, /D VE MY AL ZR (1 BELAR , 384 5-HT2AR/ Camp/ PKA/CREB/Sirt1
Modern  HiSAFAlLE AR AL 1 it I el 28 8 e
medicine  Desloratadine Promote microglia AR phagocytosis, reduce amyloid plaque deposition, stimulate autophagy
process and inhibit neuroinflammation through 5-HT2AR/Camp/PKA/CREB/Sirtl pathway
B R 5-HT2A 1 D2R ik W R BE R 5 62 0942 S I A (RO R L) B
E;ltire%tat Restore 5-HT2A and D2R expression and reduce risperidone-induced movement side effects

(extrapyramidal reactions )
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Figure 2 Indole pathway metabolic pathway diagram
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6 BEMEE

EERIS AD WAL L REDIM, B
iR EELE i 3 AT AR AR T AD AER IR
FAPRRIEAR T, 8 A I 79 Tl e A0 5 e D T g OE AR
78 5-HT & 42w, il ol W7 5-HT 051, 1845
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Role of astrocytes in traumatic brain injury and therapeutic strategies

HUANG Yizhen, CHENG Hao, WANG Haowei, ZHANG Qianyao, LUO Chengliang” , ZENG Xiaofeng "

(School of Forensic Science, Kunming Medical University, Kunming 650500, China)

[ Abstract)

Traumatic brain injury (TBI) is caused by the direct or indirect effects of external factors that result in

structural or functional loss of brain tissue. Astrocytes are homeostatic cells in the central nervous system that proliferate

and activate rapidly in the early stages of TBI. They then participate in a series of pathological processes, such as

neuroinflammation, blood-brain barrier disruption, glial scarring, and excitotoxicity after injury, and thus play a crucial

role in secondary neurological injury following TBI. This paper reviews the role of astrocytes in the repair of TBI damage,

with the aim of providing new strategies for the prevention and treatment of TBI.
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astrocytes ; traumatic brain injury; mechanism of injury; therapeutic strategies
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Figure 1 Molecular mechanism of astrocytes in traumatic brain injury
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LRRC8A/VRAC & i & Pt Mg 18 FH i ik 538 1k
R AR K EAE KR
(LHWHEZ RS EAE S, =M 7300005288 % KRR, T4 716000;3.25 4 R RS s oG 194 710000)

[BE]  AFEBHE 7l ( volume-regulated anion channels, VRAC ) 75 HE S 4 40 i Fl 4525 70 14 fi 988 41 it
i ik . Hi w5 &R 1 2 P ) 8A (leucine-rich repeat containing 8 A, LRRC8A ) Fe H 4 A TRTE 2% % i R
(LRRCSB-E) 4/, H:$ LRRC8A AW, TilF5E LRRC8A/VRAC il i & Fis 5 &4 5 5 g 40 Mo nd 14 58 T
B R ZLNMEN I R MMEIIRE . 28 538 B 7R AN 13 e 200 A e T80 57 P e v St R I N
F1, AT AT R0 S . A S04 IR T LRRCSA/VRAC 2 5 i & 1E R RIS T 5, 945 LRRC8A/VRAC
o F 548 i B LA e v (S s A ), S A8 55 T LRRCSA/ VRAC 76 IR Wi AN S e 387 Fh I B A, LA A
K LRRC8A/VRAC BN MR 1A YT I T s R b

[X88i7)] ABUENHE FEE,; &5 A REE T 8A W 1T 278 L2420, IR fa s

[HE5>ZES] R-33 [ ERFRIZAD] A [XEHS] 1671-7856 (2024) 11-0091-09

Research progress on anti-tumor effects of LRRCSA volume-regulated
anion channels

YANG Runze', HU Yaohua®, QIN Jing’, WANG Yongfeng'* , SHI Changhong’*
(1. Basic Medical College of Gansu University of Chinese Medicine, Lanzhou 730000, China.
2. Medical College of Yan’ an University, Yan’an 716000. 3. Experimental Animal Center of Air Force Military
Medical University, Xi’ an 710000)

[ Abstract]  Volume-regulated anion channels (VRACs) are present in vertebrate cells and a variety of tumor cells.
VRAGCs include leucine-rich-repeat-containing 8A (LRRC8A) and its four homologous family members (LRRC8B-E) , of
which LRRC8A is an essential subunit. It has been confirmed that the VRAC LRRC8A is involved in the proliferation,
migration, invasion, and multi-drug resistance of tumor cells through various signaling pathways. This ion transporter has
shown good potential for use in strategies to kill tumor cells and prevent the development of tumors and can be used as a
new target for tumor therapy. Therefore, this paper reviews the latest research on the involvement of LRRC8A in
tumorigenesis and development. The molecular structure, function, and regulation of LRRC8A in tumor and immune cells,
with emphasis on targeting LRRC8A in tumor diagnosis and immunotherapy, are discussed, providing a reference for
studies exploring LRRC8A as a new tumor therapy target.

[ Keywords]  volume-regulated anion channels; leucine-rich repeat containing 8A; proliferation; migration;

invasion; multidrug resistance; tumor immunity
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i e AR AR Y E R 2 —, R
SEEFERN, S5 E AL UL 1000 761, B
B Ik AR ASY BRI TR ST A 255
BITITRA T —E W R B 7 REE 52 21 g
A R 22 R BR ], b R AR AR PR 22, 2
HVATT T RIRCR LA BRI KR . Bk, g
PRI RS — A BRI BE 27 PR R, 5 258 i v e
A, BTHEEE NN S S Z UL e B R,
S F) RPN G2 TE . A bR 4 i rY K 5E T
¥ [RENZ AT 2T, © 8Ok SEAF R 2 8 il
TE Y S IR A0 H He 1) 458 38 38 R 1B N A2 44 L A7
(transient receptor potential, TRP) &>, LA
WFFT e S 18 3 W] RE A R 2 B IR 9 RN
Je AR AR

LRRC8 (leucine-rich repeat containing 8 ) Z % #
B A 1A B A 95 P B 25 ¥ 3 1 (volume-regulated
anion channels, VRAC) B B % 40 W # 4, i
LRRC8A-E 5 LS 241 1, e LRRCSA by
WA BFFER I, AEVFZ IR LRRCSA ¥ 3%
K, JFA IR 20 L Y 1S 5 RGBS . T LRRCSA 11
T 5% D) 8 AR Ao R A 1 G R RS 5
TR A -, LRRC8A/VRAC & 73l i #ii
g VE 1T 84 23 7 HL L 181 1, A SC A LRRC8A/
VRAC B 38 18 % I8 240 B A% 38 5 | 1% =2 28 A
LIRS, BR8240 %) 45 A T IR 2503, JF
Xt LRRC8A/VRAC 3 38 18 19 i 96 i2F Jié i TS A
BILH Ko 7 il 96 S 52 06 97 v B N S A, DU O
LRRC8A 1E AT TERE SRy I SR S E IR 4

1 LRRC8A/VRAC Tl IBHUME A 7 T HL
Figure 1 Molecular mechanism of anti-tumor effect of LRRC8A/VRAC ion channel
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1 LRRCSA/VRAC BFiBEHSFRIE

1.1 PAEFiEE VRAC @37 R iR 44540
IR =TS

90 i A R 1 B A e S A0 L I T RE R 4 1
HIEE AR, S5 40 M P i i 200 i 4 T 1) 45
JS 3 T e is R X — i R A G, Hop, VRAC J&
— PRI R Y B 5 13030, A A e 40 it e
VAR 45 il 26 R 40 i T T ke R KT 1988 AR
Hazama %5715 UCFE K EL 40 i P X VRAC 9847 T
DIRe MR, VRAC 1% 1L 2 th 40 A i Ak =l L At A
T CUAMHER A5 | R i s o B A i 8, o=
BURRIE 2 0 & BB A i) 8 L U DA B T2 T
BiE, I, VRAC MR A R B %) 41 ) 5% 0
[ 2 ¥ i 18 ( volume-sensitive outwardly rectifying
anion channel , VSOR ) 3 & B LA HLIB 15 5 I 25
F il & ( volume-sensitive organic osmolyte anion
channel, VSOAC) '™ | VRAC A] il it ) 3 88 1 %5 55
S PL PVE AI T, DT A8 4 A A R 52 IE R X
— i B FR A IR T AR R 2D (regulatory volume
decrease , RVD) WL AN, VRAC TUEEA AT DL Y
AT SN 40 M F A= B A M B Y R B
RS A SHEMISE S 0k SR E5 RS R
AR R DA DG SR R e R L
AEHLEET T T2 AFSE, (H VRAC (5 T 254 EL 3
AR AR /R | 3% IR PR A 2 iy e A SR
1.2 LRRCSA 2 VRAC BB TEENZOES

Bl XT VRAC BIFFE AR A, e H A B
AR 7R, 2014 AFHSBIFE /NG T8 o R B R A B
AN Z 0 2RI 2 R, K s 5 e /R 1Y
FEH LRRCSA , kN SWELLL, & VRAC AYAZ .0 i
4301 LRRC8A J& LRRC8 7 [ % Wi i — B,
LRRCS8A 1A U4 [ Y5 5 7% B 5% ( LRRCSB-E ) 41
A VRAC A, FfiJE W58 £ 9 LRRCSA
SRR B AS IR 2 A A S ) A 30 R A 4
WO 3 ) = R YR 5 AR
LRRC8A 4 5 =& 41 ] 48 j b i N 9 PE VRAC, fiff
VRAC ZIRE™ & 2Z it 2 58 2 #8578 LRRCSA
7E VRAC HRgEEAEH
1.3 LRRC8A/VRAC £ 544 fEF FH 2
e 25 4 B

LRRC8A/VRAC £ 3/E A2 5 4 A B A

o 2 REAE TE X A0 A A B I AN S B |k Y
LA A 87 0 AR R AR R AR IR B g
T F ARSI 2 A Y BE & X E 2,
TEM P2 LRRCSA/VRAC ] 75 B 1 Rk 5 it
By, AR 20 B 32 2o B 1) 40 AR ek ik sl i v . i
Bk BAT F1 s F W], LRRCSA/VRAC 1187 2 g 4
FEURI A 47 AF 6 TE 2 79 200 44 FR T v & 5 o A
M B 2z Ah, f i 59 BF 98 3E 52, LRRCSA/
VRAC W] 38 3 AN [R5 538 6 52 M) fih 924 200 6 ) 34 |
RET B A L 25Tt 2, 3+ 5 0T 5E % h i 8 12 W | B
Je FRTT VAR

2 LRRCSA/VRAC EMEA 4 XEHHER

L 3F 5% LRRC8A 1EH VRAC 1975 & [ 7] LA
WIS FE TR S 5 MR AN i 1 e R R
N2, 21 8457 LRRCSA/VRAC 1E Jif 97
KA R ERZFER .,

2.1 LRRCS8A/VRAC % 515 & 40 Ay 1L 58

I 9eE 240 6L %) o K A 200 P 184 B L o i o
WA, BF ST & BLTE M 40 i LRRC8A/VRAC
A RFE LA S ARBUGA X, EAHR
W], LRRC8A/VRAC TE 177 4 i JB A 5 ¥ A ¥5
FEAEM, Lu 75 1 5 X oAt e 4 it k4 7
THREI 555 R, LRRCSA/ VRAC 1147 235 40 iy
JE R S WA A N, G /G, A0 i Es
LRRC8A/VRAC K& Al I 1 oif 5, 200 Jfd J&] 40 i1 455 2R
F1 Cyclin D1 A1 CDK2 7£ RNA F1%E [ /K- (9 2235
P4 B, M Cyelin E Fl CDK4 By 2% 35 A Fifi
LRRC8A/VRAC 1 3 3k 1 gl 42, ik 26 45 JL 3% W]
LRRC8A/VRAC i #f T i Jw 40 i 1 G,/S §% A%,
Konishi 257" 38 12t % [A] #f B 52 56 22X, 40 M J 390
G, /S KA 1 19 3 % LRRC8A/VRAC 3 [H B i
Bk S5 5 M 5 . (R 5 am  , dE— 2B M B 1
Jifrgeg & A v R HE VR FH R CDK #0461 7 p21 Al
p27 WAEAH S IERFE LRRC8A/ VRAC JE K R 5 58
FU_L 3, WA CDK-cyclin & &4, BHLA5 410 i )&
WA BEAh, JE g — I 5T & 30, PI3BK/AKT /&
LRRC8A/VRAC 14 /it 241 Hfa 4% 70 F1 240 e J) 91 e 46
B R W55 . LRRC8A/VRAC (46 AR 1 Iz 4
i PI3K/AKT FORERR /K-, A1 7 Fifrygg 4 fifa 3%
B2 &% B AT LRRC8A/VRAC 76 V815 fiftyed 4 g
g R R E AR,
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F 1 LRRC8A/VRAC T/ B h i 1
Table 1 Role of LRRC8A/VRAC in tumor progression

Jifrg 2 1M Yyl
Tumor type Effect Species
Jig JRE 4T g 1 W T 7% N
Glioblastoma Proliferation, migration and invasion Human
AT ANAE AR TR T A
Nasopharyngeal carcinoma Cell cycle progression, migration and apoptosis Human
B S FATH A0 I R | 2 A
Ovarian cancer Proliferation, cell cycle progression and drug resistance Human
B 20 6 S S0 0 A
Cervical cancer Cell cycle progression Human
/N g 2 48 013 A
Small cell lung cancer Cell cycle progression Human
iz R WAFE 2 N
Glioma Proliferation and drug resistance Rats
A I SRS N
Hepatocellular carcinoma Proliferation, migration and invasion Human, mice
A 25t A
Osteosarcoma Drug resistance Human
it s 2 i 24 A
Alveolar carcinoma Drug resistance Human
ST 9 TR N

Colorectal cancer

Proliferation and migration

Human, mice

[ i, LRRC8A/VRAC 3 AJ 5 M) fier 32 200 Ffd £ k7
KIhRE, BF5EZ W], LRRC8A/VRAC #5553k 1Y il g
0l ROS P A=/ 28  ROS 77 A 5 2 biik g
YIRS, [RIA, i B 3235 LRRC8A/VRAC 11 4 it
A OATP K, B BE, X g6 g5 R K B
LRRC8A/VRAC i 41 il 2 br AR Ty e i Sl A 3 i
JeA AN M G2 UR T (RS2 (R 2 P e 20 e b 5

T2 BIBFGE EL ZUE 52, 40 i P AR 7S 7 g 1ot e
il E S EE/ER™ . LRRCSA fE R —Fh =
S N RS I 2 m R 0 B B Pl i AR, T
308 3 07 240 B A /0N 0 A4 A TR L R Y T e e
(5, Chen 27141 T LRRC8A/VRAC TEAK5
ZAF IR S 55 G F 88 200 FEL 1% 240 J PN 3 5 S
W52 W] LRCC8A/VRAC i [H & b3 ik 71K 8 W)
Qb BT iR 40 A A ek Bk R 2, ] CCK-8 L ik
5 A8 VAL 3 S [) st () P 200 A7 005 R, 25
R X BAAH L, LRRCSA/ VRAC i F ik i7F
TARE WAL P S b 9 4 M A7 S, T LRRC8A/
VRAC BB B 35 R T Mo 40 i i 773 2R, 33K
Jifeg £ 6 B4 98 T3S i, B LRRC8A/VRAC i 3k
I F A A A O e L) A S R

AR, LRRC8A/VRAC FE KT ¥ m] 1 il 4 B AR
DAY 9 20 1) PR R R L 2502 g Sy T AT A
FUL TR AR 45 3 & B LRRCSA B4l

NS PR R B I/ T X B4, HOR PR 4 Kie7 A
CD31 (B W F 8, UL @ik LRRC8A/VRAC
A RN R A= K #2785 LRRCSA/VRAC & ] 417
i b B8 40 B Y B4 B, Zhang %51 ¥ LRRC8A-
shRNA (LRRC8A R 2H ) 15 ik w5 B g 1 i 723 4 i %
X BRI BE 43 0 BB TS TR UM S, 2 JA e as
FEAE IR ST RS A IS R 7 T RE AL ) i e
S HE KT LRRC8A FiFR4], %9 LRRC8A/
VRAC £ 8 T P8 g A= K A8 18 | #75 LRRC8A/
VRAC T I8 AT REA i BR FRUIAS PR Jie 8 240 B4 5

S IAAR 2 i3 A B 45 v 240 B ) e TR ) A
I, CA GRS A A8 2 8 75 i I8 i B 1
JRLA3 5 W 8 240 e 4) 348 5 R A% SR Rk ik e
HIERE . Zhang 557" %t Vesiclepedia 5045 22 H i 41
IMARTE A AL RS HEAT T 0k, & 3 LRRC8A & H
FELE TN [R] b 96 240 B 7 B oh/INifd v JF H LRRC8A
mRNA A% 78 i g 20 M i L AR v, R i 3R Gk
LRRC8A 5 [0 20 il Az R 3018, {HL ok 26 248 g 34 i 1
SRR ) A WA B B, IX 2B IR g S RF Ok 3R GA
LRRC8A/VRAC 1 LAFE2E e 4 g i A i A= 9
AL, B EK 2, LRRCSA/VRAC J2& 4k 5 41 ik
IRARBIRRE BTS2 22—, LAIR R 41 f S5 T Y
Ak, MR D Ah LRRCSA 25 A 5 i 20 M 77 1%
124 i (R 38 TR 3 DD AH G, I LRRC8A ] AE iy —Fh
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A HITE B PG A bR S A TE IR TR A
2.2 LRRCSA/VRAC 25T MBHEMAEZE
T

5% % B LRRC8A/VRAC R 415 40 it B 28 &
HE, S 4 A% v A ] sl i A 2 R 43, T Y A
FL B 2R e LS 85 1A PR 3R R i SR A S
TN RS A B TR

Chen 2557 T 4848 LRRC8A/VRAC 15 i 21
Mo ) AE I, 78 Hela 40 g H i %6 35 LRRCSA/
VRAC, Transwell 53 47 & B, LRRC8A/VRAC i %
R EROM T WA E R AR ERR S, kT
HE— L IE 52 LRRCSA/VRAC 15 fifogd 40 Jfd o i) 412 %
FEAE ), L 2ok 15 5 5 Sk e Ay 2 m I LRCC8A 1Y
HeLa 4fiffl, ENFI A IEFE , LRRC8A/VRAC FKik
kA T HeLa Z0AEAYIERS AR ZE, Xu 451
RINEAL LRRC8A X Jih 97 4t A i # Al {2 28 AT
AN E . Lu 8870 S0 86 B TE 2, 1A
LRRC8A/VRAC W E o T My i B E 55, 2
LRRC8A/VRAC i 3% ik B 3iF 7% 41 i Y %5 i P 8 5
o LRRC8A/VRAC TEJH# I 40 M it % h A 45
SR, @ LRRC8A 1138 35 Al i il Jd 40 i b 38 55
RATRREAL, T AR K A FE 515 5, il ar
HeAn M 1 4 B 25 I R 4 it 3 0 GRS
LA A A T HE LRRC8A/VRAC 7E iR
21 it A PSRN i 8 A T A 3 e R R DK S
N7 RR B R S RS AR AR Y S AR R i
1) A XL %58 9 BEAS: 5 ok Pl LRRC8A/VRAC £
i g e B v B VR L 4 R R B, 1 5T shRNA
LRRC8A ZH i /N L R 9 i 2 0/ AH G F
78 K& PAE LRRC8A/VRAC it F A MM T, Jun &
FEAR Ui P4 (Jun N-terminal kinase, JNK) Ff) 3¢ 15 14
Jnn, M LRRCSA/VRAC #] i 35 I JNK /K-,
Transwell 25 5 B | LRRCSA/VRAC X} 40 je i #% 11
TR B INK 415 SP600125 W&k, |-
REE AR LRRC8A/VRAC A fEil i INK i 211
HE BolvE 4 A ) S

WA 2 28 B b ogg A B8 vh A EE LA 20
JHLZRE B RE T 1 32 2% BN R R — A B 3 1Y BUE
fE™ B SCEE B F i LRRCSA/VRAC ik Al
bR 20 ML G B O R RS, i — 2P IR R
L, LRRC8A/VRAC ik v] T B8 41 i &2 v b Bz
—[8] }ﬁﬂfiz( epithelial-mesenchymal transition, EMT)
PR (AnFE 4w 2R ) Ak FRARDY g5 T

X segk LB LRRC8A/ VRAC 15 [ 40 Jifd i 1T
BEREPRE EEEM,
2.3 LRRCSA/VRAC £ 5itE 4Rk & 25T 2h

RIF SR H AT IR Y I R B F Bz — 1
SEARST I 0 £ 2 T 24 0 7 RS T MO R T .
K25 W) 2 1 F T R 3 97T, LRRCSA/
VRAC AN S 25 W18 L, 55 % B, v 98 400 il
PNEA ( platinum , Pt) A 25 LRRC8A/VRAC & H
FEIRFIEE T MG O, BRI 24 LRRCSA/VRAC i it i
FAR AR BRAC TS 40 A P B9 R, 0 P R,
M7 24 37 38 5 PE A 5 LRRCSA/VRAC 21k 32 1)
GRS ==w d =A (YN T R )
il LRRC8A/VRAC 1] {f I A4 U I, $2 %5 T 24
Y UEYE . BRI 2R R AR T — A
8 SRR 2 A M AR A /)N | 33X — S R R Ry R T
& Bk /> (apoptotic  volume decrease AVD )
Serensen %' JIE5Z LRRC8A/VRAC 1 il ) AT {12 1
WEA S S 09 AVD DA caspase-3 Ji0 , B AR 8 40
Je it 24P | DT i g JE o A 0 SRR L IR A R A
FEOH, TE 24 4 MO %) g R A i R I T
LRRC8A/VRAC B33k T 1 H M 4 i i 3 17238
T VAR A A A T 24 1 4 R 40 B H LRRCSA/
VRAC ik @%b,

Zhang %5 15 AW 28 25 Wy B Beksg 107 A+ 4
RITAHBINBLG: . By R =Ry,
FHF Mg i — e Aky7 . BRI, e B i BV A
B BRI 250, PR R R TR T ROR, R8T R
W, ST T BV RN A R I 25 M 1 R-Oxa
A, I M2 F] LRRCSA/VRAC 1E R-Oxa 2 )
FEIR P 3 T AE K R bR AN i Rk R OR
LRRC8A/VRAC - FT g /2 e 240 L 4R A5 B v F 40
it 25 09— BB R R, %P8 IESE LRRCSA/VRAC
AT BV R AT 245 1 & A=, {0 LRRC8A/VRAC P
Bl i Ie A AR SR A it 25 P ML 1 A8 28 R i — 2
Wt

A1, Rubino 25" #F 5% % B, LRRCSA/VRAC
O RN o R BEORE 40 M R G B BT omk i
( temozolomide, TMZ ) 19 (& 1, H ' LRRC8A/
VRAC F{EiE TMZ 175 5 I LR AR MO ME R T, f
5 B k409 -2 8 H ( B-cell lymphoma-2, Bel-2)
FIR BN, Bel-2 AH K x & M (Bel-2 associated x,
Bax) 3R ik W /D, 4 M 0 F ¢ Bk, caspase-9
caspase-3 P {i . LRRC8A/VRAC _I ## W #1012
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JEECPRR 200 B 2 A A0 P O T 3 B O TS TR SR
LRRC8A siRNA 51057 25 YA 45 5 i), 1097 BOR
gy, HEAIR PR UE T s 40 i G2/M B
Wi, JF 3G N UE T A4 M gk i, Rk, R 9 LRRC8A/
VRAC FEAK T i Jed 200 B 0 384 5, -3 1 b2 4 i
XTI R TMZ, (st |

25 L BT R, FE UM 25 W36 97 T LRRC8A/
VRAC ] RS2 A 25 P 24, B 9T 0 T AR
[F] i LRRC8A/VRAC HYHE [a] 411 il 5 457 245 1) i Bk
A T A B AR E, I Bk, 3F— 25 T R g X
LRRC8A/ VRAC 5 41 il 51 A 5% S il ke 24 W
FfrIgg 67 v e B 24 ) ) S, X6 T R I IR B
T AR AR N A L

3 LRRCSA/VRAC 14 g & 1E 8T8 = 19 &L
AR

Ok &2 (R BF 58 IE 2, LRRC8A/VRAC 78 i
TS e ¥ 0 AR ], AT A 4
(B H2VE FH T S e 4 M, 5 | & 40 b 988 S 58 B AR i i od
SR dE A, TEMRIR T T R AR, A
LRRC8A/VRAC i ] 1 Sy —Fift fifr 8 931 5 AE W) 4 75
Yy, LI s i) T I, R e Jie g A9y I 0, A 28
P IR B IS TR R R B AR UG
3.1 LRRCSA/VRAC £ T & MmAm

CAE W98 %£ W, LRRC8A/VRAC 7E Fa s 45 rh
R HEAE FAIS 5T 3 (0 b 9RE e 8 T A IR
(tumor immune estimation resource, TIMER ) B 5% H:
Tk w5 B R e Ko, g5 R BoR,
LRRC8A/VRAC KA 5 CD8"T 4 ffu | rfr e 241 il
FA 2R 240 M B 2% A 56, Kumar 2% % 3]
LRRC8A/VRAC 7£ T kL 4N 1) & 7 AThBE b & %
HEEA/EH ., LRRCSA/VRAC 2B VEREG/NRIET:
RO, AEKBREIF HEZMARNLE R, ZmAR
/0N TR M i e A0 A 3 B ™ Y A0 i o T
BEEA ) i 4 5 2k /0 R T8 i, AN R T A
Uifig 32 i, X 2l T M AR b R 40 M 3R Gk — F
LRRC8A/VRAC BCAA , 2 FC A4 T 1o B 41 i 4 43 4k Al
AR LT, XL MR T LRRCSA/VRAC
ET M AE AEMYaeh EZAEN, Wikl
FHEEP JE’ ﬁ J}’E ﬁ:}’ 1‘):[ ’;';‘5[ EFE E|:: ( tumor-immune system
interactions database management, TISDB ) X fif J& A
A< LRRC8A/VRAC 1 CD8* T 4 it R 47 ) AH &
BT R A OC, X R BUESE T

LRRC8A/VRAC it izt 5 2 3= 11, 45 i) S Jie g v i)
CDS™T 4UfEHI E AR, S B il PR SR LU
ZERAE] LRRC8A/VRAC X T 4l 4k & & X &
B W REAE MR G BEIR YT T R FEE AN T s A

AN, LRRC8A/VRAC FY 41 il v] 412 1 5 0k 441 ity
BRI AR T T e R 5 500 40 A e ek 88 Rl 3 45 1
EERER 2R i 4 1K= A o 11 U0 O T E I
YR TE A h R FEAVE o 38 Y S B W 4 ]
DA e 200 174 7 s 0 40 2 P b i R 0, 0
SERMEFIIE O 1 e 98 2R G0 10 AL R 43 (47 8
L] AFECAE FH DA i e a0 8 WIS 4 SR B,
] L W 40 Mo P 9 LRRC8A/VRAC 1] LA i 25300 F
Wi A, £ 2 JFL A e A P . MABILTRD o 3 B sl BHL
Br LRRC8A/VRAC 3 i 7] B {2 i Bt 11 MR 3 1L 25 1
P T ( adenosine 5-monophosphate-activated protein
kinase , AMPK ) 7 1% Rl 721 40 i 2 #H A+ 2
(nuclear factor-erythroid 2 related factor 2, Nrf2 ) #% %%
7, 8 CD36 3k, Yl 05 A4 AL X JirhJe8 40 e (%)
W A X 28 K B {8 /R T LRRC8A/VRAC
TEE VR D) fe rh MVE T, I8 b iRy S
3% 200 7 55 T e kA S 190 95 05 2 13 T VR E 1Y
TRITHL
3.2 LRRCSA/VRAC 3| % g%

I R 55 1 — W R R 5 LB (cyclic GMP-
AMP synthase ,cGAS) 171 7 /81 i I8 200 o 1) B 3% i 4
MR AT I 20 ~ 30 BRI 1 B2 e 1 -
2 (¢cGMP-AMP ,cGAMP) , cGAMP j#ii i STING &4
FEAETIRER . MR IEE cCAMP 1 LIFEiZ 315
YA IF 5 R TR RO, A s AR R A0 i e
ARG ) T R VIR G B S E TR T S
LRRC8A/VRAC, H:AE R cGAMP A1 it A1 P9 37 B4
K cGAMP %58 2 55 4l i rh 34 38 STING A3 1
T N, B, 7T LD LRRC8A/VRAC 4 &
) cGAMP #N i L/ B8 P9 3 76 1 32 %) i ogg B 48 v &
FESCHEERY . 5T 45 % W], LRRCSA/VRAC v
T cGAMP fE5 2 3 cGAS-cGAMP-STING i %8
T, MAREERRIEHE H AVF cCAMP 769 B H2 10 240
Jifl =2 [8] % % , {5 LRRC8A/VRAC A LI i#f cGAMP
MR BIANNN , X — R BT B e g, B
bR R i &, X —&5 R LRRCSA/VRAC
R B T REZ 25 T ¢GAS-cGAMP-STING &
RyTREAYT ™, 45 LTI LRRC8A/VRAC 7E%%
BEE A M AR F — 20 gY, O N AR R OB
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LRRC8A/VRAC ¥l A g 35 i v cGAMP 11y
WA R AT BEME

LRRC8A/VRAC TE M FEA i 258 73
N, EBRE A 21K (ephrin-A receptor 2, EPHA2)
TR Z B I8 %504 2 h 5 LRRC8A/VRAC &2 1E A
T EARGE , EPHA2 2 5 I8 (1 22 Fh 58 30
TRAR A2 IR 7 A IR T T 24 1 Y P A 3K 3
. EPHA2 G AT 300 5 Jgd T 240 M HHo Pk I 38 o
Jiffeg T IR T U M, 2 LRRC8A/VRAC £ i Jgd
20 it P R R EPHA2 9 mRNA 22k /K F i 35 1
%, PR, 3@ 9875 LRRC8A/VRAC LA AR fith 924 41
Hirf EPHA2 (14 3R3K AT BEJ& — Fi o 76 0 Ji g e g i
igr

LRRC8A/VRAC I TE Mg AH OCEF Ak rh 2 454
TVEH ., AR, IR i A 55 v 14 £ 4 fh 3
i 4s 77 A 4 B Ah B BT AR 1 (extra cellular matrix,
ECM) |, fie 37 ffr92 440 it 06 s G0 328 Y47 10 e o, M 8
—SBSARIRE 9] 00 R R S AR, X B YT RN
ARAESY PRI LRRCSA/VRAC AJ g 167 il
S8 0 —Fh A B B R, WF5E 278 LRRC8A/VRAC
FEMPIRE 7 A A 2 i) 23k W 2 T v, R R
TR 32 (R B8 1 1% 2 IR P 2 (janus kinase 2,
JAK2) - 15 5 14 5 I 5% 5% #4076 B 1 3 ( signal
transducer and activator of transcription3 , STAT3) {55
S AR T - 15 T IR SR A 1L
A, LRRC8A/VRAC il i H: C K& & se &M 1)
i 25 BT JAK2-STAT3 4%, Bk 54K
F K4 A& H 2 (growth factor receptor-bound
protein 2, Grb2) AHEAEH], i, LRRC8A/VRAC
JAK2 Fll Grb2 W, T — A& A it & & 1k, 1 i
JAK2-STAT3 3 4 A8 G , DA 1 B 9 356 S5 21 4k L
5 LRRC8A/VRAC 7E 5 Jih 98 #H 5C £F 4 Ak th AF
BT HR AR
3.3 LRRCSA/VRAC 2— MBI SHMERE

ONCOMINE 45 22 46 2% 1 5k A 3R 38 3% 22 B
BT ( gene expression profiling interactive analysis,
GEPIA) , ¥4 & B i J88 £ A< v LRRC8A/VRAC 1Y %
B E TR REARY ) U — 50 BoR,
LRRC8A/VRAC 11321k 5 e 838 s o3 A = ]
FEAE R & A OCPE, A TIRERIA 4, & LRRC8A/
VRAC [ 5 44 47 R 8] B 4K Tk LRRC8A/VRAC
H, 5T 9 DA (M AR IR R

AR b KR ER KR TE | pT JE 51 pN 251
H1 LRRC8A/VRAC 33K ) X 42552 I I ARG M VI B 19
B TR W2 & B, U 5 8 KA A0 pN 2R 51
LRRC8A/VRAC FikWEMK, LR3I PMHEMNZ
AR A3 UE S K IR T A LRRCSA/VRAC ik J2
ML WUSFE bR, R, LRRCSA/VRAC 1Y i 3k
FTRE S IR A R RIS P, X s gk R AR
LRRC8A/VRAC J& — FI A Tl 5t 1Y I 135 A8 0

I st A1 41 B 52 56 3R A5 T AR LG 25t
2k R R 2 e B DD ) B RE A1 24K A i R B
LRRC8A/VRAC 3k 58S MR YA ., It
AN, HR 5 GEPIA il Kaplan-Meier 2 & {X 3K 15 1Y 4%
g T LRRCSA/VRAC By ik S8 25y
I REEH A OC, R4 Wik, LRRC8A/VRAC 7E
iR v 1 2 4 2 T RE R TS A 8 1 O R A5 31 4
HYZRAE , AR R v6 97 i i SC A A - HIL AT
T Bt — A

4 BESRZE

LRRC8A 1E} VRAC 1275 4 B A, 5 i 9
1) 2 A R TR 2R3 R e ) A DG | G L2 A b e 24
M Bas % RB R Z AWM hEd N T BT
TR RO el o s e (S St I i 1 < £ s e W 22 R v
5 R PEAE T, T LRRCSA/VRAC 7] fE 1l A
JibeE ) v AE VR T S AE(EAS T R, B X
LRRC8A/VRAC W58 £EIELL VRAC N E,HA
K LRRC8A H S M FE AHXT 5 /0 | J5 22 % LRRC8A
H B T 58 T e R MR A o P kT 1 R L kA
S Bk LRRCSA/VRAC AL T4 ffg fiEE |-
T B FAS b, SERrmm s R, — S iRE A
S PR A A7 1 A8 Ak 2 5 il i JeE A Rk e E Ao
AR TR 5 AN 2 AT 55 i — 2D i 5 ok i W
LRRC8A/VRAC TE4H T & 5 HA A FAEH

S 3k

[ 1] DEOSVS, SHARMA J, KUMAR S. GLOBOCAN 2020 report
on global cancer burden; challenges and opportunities for surgical
oncologists [J]. Ann Surg Oncol, 2022, 29(11) : 6497-6500.

[ 2] PAPIEZM A, KRZYSCIAK W. Biological therapies in the
treatment of cancer-update and new directions [ J]. Int J Mol
Sci, 2021, 22(21): 11694.

[ 3] ANDERSON K J, CORMIER R T, SCOTT P M. Role of ion
channels in gastrointestinal cancer [ J]. World J Gastroenterol ,

2019, 25(38): 5732-5772.



98

rh [ LR BE A Ak 2024 4F 11 A 45 34 455 11

Chin J Comp Med, November 2024 ,Vol. 34 No. 11

[7]

[8]

[10]

[12]

[13]

[14]

[15]

LUCK J C, PUCHKOV D, ULLRICH F, et al. LRRC8/VRAC
anion channels are required for late
development in mice [ J]. J Biol Chem, 2018, 293(30) : 11796
-11808.

KURASHIMA K, SHIOZAKI A, KUDOU M, et al. LRRC8A

stages of spermatid

influences the growth of gastric cancer cells via the p53 signaling
pathway [ J]. Gastric Cancer, 2021, 24(5) . 1063-1075.
OSEI-OWUSU J, YANG J, VITERY M D C, et al. Molecular
biology and physiology of volume-regulated anion channel
(VRAC) [J]. Curr Top Membr, 2018, 81 177-203.
HAZAMA A, OKADA Y. Ca®* sensitivity of volume-regulatory
K* and Cl™ channels in cultured human epithelial cells [J]. J
Physiol, 1988, 402 687-702.

KITTL M, WINKLMAYR M, PREISHUBER-PFLUGL J, et al.
Low pH attenuates apoptosis by suppressing the volume-sensitive
outwardly rectifying ( VSOR) chloride current in chondrocytes
[J]. Front Cell Dev Biol, 2021, 9. 804105.

FORMAGGIO F, SARACINO E, MOLA M G, et al. LRRC8A
is essential for swelling-activated chloride current and for
regulatory volume decrease in astrocytes [ J]. FASEB J, 2019,
33(1): 101-113.

FIGUEROA E E, DENTON J S. A SWELL time to develop the
molecular pharmacology of the volume-regulated anion channel
(VRAC) [J]. Channels, 2022, 16(1): 27-36.

VOSS F K, ULLRICH F, MUNCH J, et al. Identification of
LRRC8 heteromers as an essential component of the volume-
regulated anion channel VRAC [ ] ]. 2014, 344
(6184) : 634-638.

FRIARD J, LAURAIN A, RUBERA I, et al. LRRC8/VRAC

Science,

channels and the redox balance; a complex relationship [ J].
Cell Physiol Biochem, 2021, 55(S1): 106-118.

GHOULI M R, FIACCO T A, BINDER D K. Structure-function
relationships of the LRRC8 subunits and subdomains of the
volume-regulated anion channel ( VRAC) [J]. Front Cell
Neurosci, 2022, 16: 962714.

XU R, WANG X, SHI C. Volume-regulated anion channel as a
novel cancer therapeutic target [J]. Int J Biol Macromol, 2020,
159. 570-576.

YOSHIMOTO S, MATSUDA M, KATO K, et al. Volume-
regulated chloride channel regulates cell proliferation and is
involved in the possible interaction between TMEMI16A and
LRRC8A in human metastatic oral squamous cell carcinoma cells
[J]. Eur J Pharmacol, 2021, 895 173881.
WONG R, CHEN W, ZHONG X, et al. Swelling-induced
chloride current in glioblastoma proliferation, migration, and
invasion [J]. J Cell Physiol, 2018, 233(1) . 363-370.
KONISHI T, SHIOZAKI A, KOSUGA T, et al. LRRC8A
influences

carcinoma [ J]. Am J Pathol, 2019, 189(10) : 1973-1985.
PLANELLS-CASES R, LUTTER D, GUYADER C,

expression growth of esophageal squamous cell
et al.
Subunit composition of VRAC channels determines substrate

specificity and cellular resistance to Pt-based anti-cancer drugs

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[J]. EMBO J, 2015, 34(24) : 2993-3008.
SHEN M R, DROOGMANS G, EGGERMONT ],

Differential expression of volume-regulated anion channels during

et al.

cell cycle progression of human cervical cancer cells [ J]. J
Physiol, 2000, 529(Pt 2) : 385-394.

LIU T, STAUBER T. The volume-regulated anion channel
LRRC8/VRAC is dispensable for cell proliferation and migration
[J]. Int J Mol Sci, 2019, 20(11) : 2663.

YANG C, HE L, CHEN G, et al. LRRC8A potentiates
temozolomide glioma cells via

sensitivity  in activating

mitochondria-dependent apoptotic pathway [ J]. Hum Cell,
2019, 32(1): 41-50.

LU P, DING Q, LI X, et al. SWELLI promotes cell growth and
metastasis of hepatocellular carcinoma in vitro and in vivo [ J].
EBioMedicine, 2019, 48: 100-116.

CAI S, ZHANG T, ZHANG D, et al. Volume-sensitive chloride
channels are involved in cisplatin treatment of osteosarcoma [ J].
Mol Med Rep, 2015, 11(4): 2465-2470.

SORENSEN B H, NIELSEN D, THORSTEINSDOTTIR U A, et
al. Downregulation of LRRC8A protects human ovarian and
alveolar carcinoma cells against Cisplatin-induced expression of
p53, MDM2, p21Wafl/Cipl, and Caspase-9/-3 activation [ J].
Am ] Physiol Cell Physiol, 2016, 310(11) . C857-C873.
FUJII T, SHIMIZU T, YAMAMOTO 8, et al. Crosstalk between
Na®, K'-ATPase and a volume-regulated anion channel in
membrane microdomains of human cancer cells [ J]. Biochim
Biophys Acta Mol Basis Dis, 2018, 1864(11) : 3792-3804.
ZHANG H, DENG Z, ZHANG D, et al. High expression of
leucine-rich repeat-containing8A is indicative of a worse outcome
of colon cancer patients by enhancing cancer cell growth and
metastasis [ J]. Oncol Rep, 2018, 40(3) . 1275-1286.
NOOROLYAI S, SHAJARI N, BAGHBANI E, et al. The
relation between PI3K/AKT signalling pathway and cancer [ J].
Gene, 2019, 698 120-128.

CHOI H, ETTINGER N, ROHRBOUGH J, et al. LRRC8A
channels support TNFo-induced superoxide production by NoxI
which is required for receptor endocytosis [ J]. Free Radic Biol
Med, 2016, 101 413-423.

XUk, EUH, BRAE. AR S R RS AN U AT 5 i
[7]. hESLEBhYE, 2023, 31(3) : 374-381.

LIU Z C, WANG J, CHEN X. Establishment and application of
human tumor xenograft models in cancer research [ J]. Acta Lab
Anim Sci Sin, 2023, 31(3) . 374-381.

CHEN Y, ZUO X, WEI Q, et al. Upregulation of LRRC8A by
m’C modification-mediated mRNA stability suppresses apoptosis
and facilitates tumorigenesis in cervical cancer [ J]. Int J Biol
Sci, 2023, 19(2) : 691-704.

ZHANG H, CUI S, JING Z, et al. LRRC8A is responsible for
exosome biogenesis and volume regulation in colon cancer cells
[J]. Biochem J, 2023, 480(9): 701-713.

HOFFMANN E K, SORENSEN B H, SAUTER D P, et al. Role

of volume-regulated and calcium-activated anion channels in cell



[ LA R 2R 2k 2024 4F 11 ASE 34 55 1131 Chin J Comp Med, November 2024, Vol. 34,No. 11 99

[33]

[34]

[35]

[36]

[38]

[42]

volume homeostasis, cancer and drug resistance [ J]. Channels,
2015, 9(6) : 380-396.

SLACK R J, MACDONALD S J F, ROPER J A, et al. Emerging
therapeutic opportunities for integrin inhibitors [ J]. Nat Rev
Drug Discov, 2022, 21(1): 60-78.

PATTEN L W, BLATCHFORD P, STRAND M, et al. Assessing
the performance of different outcomes for tumor growth studies
with animal models [ J]. Anim Model Exp Med, 2022, 5(3):
248-257.

PASTUSHENKO I, BLANPAIN C. EMT transition states during
tumor progression and metastasis [ J]. Trends Cell Biol, 2019,
29(3) . 212-226.

FRIARD J, CORINUS A, COUGNON M, et al. LRRC8/VRAC
channels exhibit a noncanonical permeability to glutathione,
which modulates epithelial-to-mesenchymal transition ( EMT )
[J]. Cell Death Dis, 2019, 10(12) . 925.

ZRHL SO0, EEELE, GFL P PD-1 BTG AN BTG B
TRIT IRMEXT NSCLC NP/ USSR il g 52 % 5 e 7% 14 52 1
[J]. "PESRSR, 2022, 30(6) : 751-758.

LI H, GUO W W, WANG H H, et al. Neoadjuvant treatment
strategy by anti-PD-1 immunotherapy combined with cisplatin
inhibits recurrence and metastasis of NSCLC in a humanized
mouse model [ J]. Acta Lab Anim Sci Sin, 2022, 30(6) : 751-
758.

SORENSEN B H, DAM C S, STURUP S, et al. Dual role of
LRRC8A-containing transporters on cisplatin resistance in human
ovarian cancer cells [ J]. J Inorg Biochem, 2016, 160. 287
-295.

ZHANG H, JING Z, LIU R, et al. LRRC8A promotes the initial
development of oxaliplatin resistance in colon cancer cells [ J].
Heliyon, 2023, 9(6) : el6872.

RUBINO S, BACH M D, SCHOBER A L, et al. Downregulation
of leucine-rich repeat-containing 8A limits proliferation and
Increases sensitivity of glioblastoma to temozolomide and
carmustine [ J]. Front Oncol, 2018, 8. 142.

XUR, HU Y, XIE Q, et al. LRRC8A is a promising prognostic
biomarker and therapeutic target for pancreatic adenocarcinoma
[J]. Cancers, 2022, 14(22): 5526.

CONEJO-GARCIA J R. Breaking barriers for T cells by targeting
the EPHA2/TGF-B/COX-2 axis in pancreatic cancer [ J]. J Clin
Invest, 2019, 129(9) : 3521-3523.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

ZHOU C, CHEN X, PLANELLS-CASES R, et al. Transfer of
¢GAMP into bystander cells via LRRC8 volume-regulated anion
channels augments STING-Mediated interferon responses and
Anti-viral immunity [J]. Immunity, 2020, 52(5) ; 767-781.
KUMAR L, CHOU J, YEE C S, et al. Leucine-rich repeat
containing 8A ( LRRC8A )
development and function [J]. J Exp Med, 2014, 211(5) : 929
-942.

CONCEPCION A R, WAGNER L E, ZHU ], et al. The volume-

is essential for T lymphocyte

regulated anion channel LRRC8C suppresses T cell function by
regulating cyclic dinucleotide transport and STING-p53 signaling
[J]. Nat Immunol, 2022, 23(2) . 287-302.

LIU J, SHEN D, WEI C, et al. Inhibition of the LRRC8A
channel  promotes microglia/macrophage  phagocytosis  and
improves outcomes after intracerebral hemorrhagic stroke [ J].
iScience, 2022, 25(12) . 105527.

EFRE, HML, R, . NK A0 R ey R e R e
FERIT RN [J]. P ESER s ek, 2023, 31(11):
1479-1484.

WANG S F, XUN J, WU X L, et al. Application of NK cells
and their immunotherapy in tumor immunotherapy [ J]. Acta Lab
Anim Sci Sin, 2023, 31(11) . 1479-1484.

LIT, CHEN Z J. The ¢GAS-cGAMP-STING pathway connects
DNA damage to inflammation, senescence, and cancer [ J]. J
Exp Med, 2018, 215(5) : 1287-1299.

MARKOSYAN N, LI J, SUN Y H, et al. Tumor cell-intrinsic
EPHA2 suppresses anti-tumor immunity by regulating PTGS2
(COX-2) [J]. J Clin Invest, 2019, 129(9) : 3594-3609.
NAIK A, LEASK A. Tumor-associated fibrosis impairs the
response to immunotherapy [ J]. Matrix Biol, 2023, 119: 125
-140.

CHEN X, ZHANG F, HU G, et al. LRRC8A critically regulates
myofibroblast phenotypes and fibrotic remodeling following
myocardial infarction [ J]. Theranostics, 2022, 12(13) ; 5824-
5835.

ZHANG H, LIU R, JING Z, et al. LRRC8A as a central

mediator promotes colon cancer metastasis by regulating

PIP5K1B/PIP2 pathway [ J]. Biochim Biophys Acta Mol Basis
Dis, 2024, 1870(4) : 167066.

(%5 B #3)2024-02-01



2024 4F 11 H HE R E R LR November, 2024
34t 1 CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 34 No. 11

XURK, FEELDE, #0055 1787 F- 18 JULAN B 9 20 2 o 5 A JH 8 T A I = sh o vh i VR T R IR SR gk e (1], b B U B IR 22 40k
2024, 34(11); 100-106.

Liu X, Tang HY, Guo C, et al. Research progress in the role of vascular smooth muscle cell phenotype switching and cell pyroptosis
in abdominal aortic aneurysm [ J]. Chin J Comp Med, 2024, 34(11) . 100-106.

doi;: 10.3969/].issn.1671-7856. 2024. 11. 013

I/ 1T L 200 it 3 28 3 45 5 4 i 4 T A B = 2 ks
H AR I Bt 52 1E

x| ﬁkl’s’é,%ﬁl/f\z,% %3,5,6’% 2\4’%% g 5.6

(LI ERF RS A 2B , A FE 050017 ;2.0 b8 AR EBeki ik, A% E 050051 ;
3ABILIR TRSEWFFT A B AL I 0632104 30 b E R Ko FLrti B 2f B A AL T 9E % , AR E 050017
5.0 dbA AR E R AR E F .G A FEE 050051 ;6.7 b AR T S S0, A %FE 050051)

[{BE] M E3HKIE (abdominal aortic aneurysm, AAA ) 1 b —Fl [ BE B0 0% , HAT I 19 & SR AL i AS
B WIS E LR PN WA (vascular smooth muscle cell, VSMCs ) 2& 15 R4 il #2 1= ( cell pyroptosis ) &
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$RALHTI T ], A SCKE A 28 VSMCs REVEHRA AT 5 AAA Z [H ISR BT IR IR
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Research progress in the role of vascular smooth muscle cell phenotype
switching and cell pyroptosis in abdominal aortic aneurysm

LIU Xin"*% TANG Hongyue’, GUO Chang’”-®, MA Dong*, ZHANG Mingming” "

(1. Graduate School of Hebei Medical University, Shijiazhuang 050017, China. 2. Blood Transfusion Department,
Hebei General Hospital, Shijiazhuang 050051. 3. Graduate School, North China University of Science and Technology,
Tangshan 063210. 4. Department of Biochemistry, School of Basic Medicine, Hebei Medical University, Shijiazhuang 050017.
5. Clinical Medicine Research Cener, Hebei General Hospital, Shijiazhuang 050051. 6. Hebei Key Laboratory of Metabolic
Diseases, Shijiazhuang 050051)

[ Abstract]  Abdominal aortic aneurysm ( AAA) is a hidden and fatal disease, but its underlying developmental
mechanism remains unclear. Phenotypic switching of vascular smooth muscle cells and pyroptosis have been identified as
biological processes closely related to the appearance and progression of AAA, with potentially important roles in the
mechanism of AAA and in providing new directions for its diagnosis and treatment. In this review, we discuss phenotypic
switching of vascular smooth muscle cells and the regulatory relationship between cell pyroptosis and AAA.

[ Keywords] cell pyroptosis; phenotypic switch; atherosclerotic disease; abdominal aortic aneurysm
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6 3 3l Bk J& ( abdominal aortic aneurysm, AAA)
et BN P % 7 R BE T DR PR AR, Y Bl bk e
HAR A E I F 3K 50%5>30 mm B AT PR 5E
AAA P2 HGE H R T B I B R R R
MR IRRRNFET R AAA B UL Y 1 B8 IR AT 1
IER =0 | WA N I 7 N s S B € R e T
fREE bl s ORI A N B kO 1B B/
(EVAR)JTIEM AT, HAE>5.5 em (ZHE>4.5 em)
(o sh ko vT LAAS B0 A R0a . SR, BT R
10% B FFFE T ARG, N TARRT AR B M
TCA B 56T Ik, R0 12 B A 7 R
HEE,

1L - 45 LA B ( vascular smooth muscle cells,
VSMCs ) J2& 3l Jik BE~F- 5 JUL A 1Y 32 52 1861 A7 20 i 3 ik
TEIE R E kb G R Bk 4EH5 2 S Ik &5 44 1y
L5 3K F1 R, FERT B 1R R, VSMCs & 4
iR R Fe BIFE 4 ( phenotypic switch ) ¥ L 72 | 7F
XA R, VSMCs 2% 25 W 4 11 0T 5 4k & 3R
AU ) VSMCs 233 J32 38 58 5 DA I 7% 21 IR
AT S0 00 7 A 26, R 8 22 (IR 98 R 1] VSMICs
AU HEZ 5 AAA B Kk A&, £l 5 BE d
VSMCs 280 H W4 2 80 A4 15 1045 5k 7, 4 Holk 4
ek i i /8 5k 7 28 it 32 3l BkOBE 8 3 3G,
fiEdE AAA AR,

YHHIAE T (cell pyroptosis) J&—F A & H
(gasdermin, GSDM) 3K 3l i & P MR A8, 5 e KR
SERBEN = BEAH OO HARRAE 2 R /MR 12
b Z R KA il — 1 ( caspase-1) 1% , 15 T A0 B AR TR
37 (GSDMD) 4%} N 3 GSDMD H Bt ( GSDMD-
N ), SPEUREALIE B, 40 M 346 1 R Ui 22 4 i A
T BEAERF ST R AR TOTE AAA R IR TR
SR O S i e e A 3 gl JORE 1 45 BE
ST T4 NIRTINEE AAA OESED AT REJE AAA &
ARSI, AR SCLEAR T AR T
-0 LA A 2 B A AL > B AR Y AR S R 23
Jiked A R R Z IR G 2R o

1 MmMEFFNARRBEERSEENIE

1.1 VSMCs HIEE £EIEINEE

TEH KA AR B AL 1 KB = A 2 L,
MUK S 20 B A B o S RD A1 S L i R 2 B
PN B A4 LA S, b TS FR B kit A8 - T UL 4 A A
B, T AN B2 ) H BR £F 4k 40 M RN 40 B A 5 B

(extracellular matrix, ECM) ¥R, A=3EM T, 8
JiK (R 5P SRR IR T VSMCs 19 3 Bl U4 Al i R
L 2T AR 2H SR S R BB S X Rl
ARFFPEM VSMCs BEAS IR Y LA BLAR | A R I I 43
i, TERBNKH, VSMCs TEUSCAR 5 il 39 Wi 4 DA 4 ¢
KA IEFIE R, MAE/NH Sy 3 bk VSMCs 2
ST M, 46 /NN sh ki B AR
SAA TR R G E B IREOR | A T 1 KRN T
AT IR TS P BT AT Y VSMCs B4R TE

1.2 VSMCs FRE

VSMCs AJ ZBVER 5 | H 58 BEI3-ifk 5 () 540 12 25
R, A R E R H EN, W T EA
(calponin) (o - HLALBN L 1 («-SMA) 553 25 [
2t 4 % M (caldesmon ) Al AL 30 25 H M 22 45 H
(SM22a) 117 R EE AR, VSMCs AT g Ak K
[A-¥ (transforming growth factor-g, TGF-B) . IfiL /) it
fit A A= K Bl ( platelet-derived growth factor-BB,
PDGF-BB) .11 % %5k & 1 (angiotensin Il , Ang-1I )
SR R R A R B 240 E Y VSMCs
8 EERAEIRIR Wi 5 R IR KRR, SN H
il #r & H (osteopotin ) | epiregulin ( EGF K % W
B1) (PR B R (tropoelastin ) 55 32 3k KT+, B
A e BB FE RS R ), OF A UK i ECMEO IL
®1,

VSMCs R4 32 232 FE N e 5 Mgt 1518
WA S5 SR, TE B #E SKF | VSMCs
FEAUPAPE 1) S BEAE T 103 S0 P F (serum response
factor, SRF) , O LR AE N SRF ) — i S 4 406 1A
¥, S TTYERF VSMCs Wi 2284 HALHI 4 78 & A 5
BRI CArG & b ¥ O ILER S SRE 454, Ji i 7 5
VIO - 8 LR S PR U 4 3R B AR IE, f 65 o-SMA |
SM22 Fil SMMHC, [l it CArG-SRF—0ILE & AW
e MUZ4ERE VSMCs 734k 1Y G5, — B & W) 9ok
I, aEes & A VSMCs £k A i AL R A5t
TEZ WL 38t A% 18 4 7K ~F B, /v RNA (microRNA,
miRNA ) 31 454 37 UTR 00 il #0035 (R 055 3 i %
ST IR R e R B A, BF Y K B miR-134-5p
miR-128-3p Fll miR-145 7] LLIK Bl VSMCs [i] 51k %
T A5 i miR-199a-5p ,miR-19a-3p M) Al L)
9K 5l VSMCs [] 25 43 fb 28 78 14y 3 A5 110 ] st L Ay
KA AE 4R IS RNA, 41 cireMAP3KS | circDebld1 Hl
circLrp6 AT LAJH T VSMCs (1) R0 R (5
S Gl R D, AV 2R Sl S 5 VSMCs
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&1 MDA R R Sebr G
Table 1 Phenotypic switch markers of vascular smooth muscle cells
bRk 4 x ke
Name of markers
BHiEH Osteopotin
EGF Z A Epiregulin
L 2 I Tropoelastin
I/ L B 1 Thrombospondin
HJF Gla EE 1 MGP

o FHAULBIEE o-SMA
i T2 1 Calponin

PRI

Types of markers Function

BB R A PRI B B M A o

Proliferation, migration into the vascular intima, and

R

Synthetic phenotype . . K
v P P synthesis of extracellular matrix proteins

Wi

Phenotype of contraction

WLEhEE FIAHCER 11 SM22a

A A TR SR 0

Maintain blood vessel elasticity and constrict blood vessels

- WULER EE T 5E SMMHC
A5 R K 1455 21 Caldesmon

FRIELH U1 TGF-B/Smad 1 PI3K/Akt/mTOR {55
I AT LA ] VSMCs & AL 47 i NF-xB Al
MAPK {5 5 i B W n DL 2 #F VSMCs % Y
B2
1.3 VSMCs REHIRAE AAMA RELZRBFHEHR
ML

VSMCs 7E 3l ik 8 JE B e 4% 0 /E H, £ i
VSMCs S L BERS BRI SE 50 P AAA BOTE A, il B 1L
ERETE) VSMCs FBHH W0 4a 2 70 D AR5 45 K T
WA DI RE B 12 % AT RE 2icA8 A5 5K T, 38 = 3 bk R
N7 AR BB i, 75 AAA BN V] 1R B Bt
AT DUULER 31 5 5 20 i3 8 sl ks | f2 98 A 5 1) 7
AN, SR 5 R T A I Ak & 4 0E N fiE iE VSMCs
MR ZMESERE LIS S
VSMCs FeRIEH 152 AAA 193 72, VE & (5 5
i, TCF-B {5 5 1 % Bl & B0 n] LA 3 98 4
VSMCs RAIRZ I AAA f 724 F1 & . Zhou %Y
FF5E 2 BR, 5 falt F 0 BE AL AR L, AAA 3= B JikRE A
) Runt #5456 567 3 (RUNX family transcription
factor 3, RUNX3) Zik 4, S50 TGF-B1 UL 2R, MM
Pl VSMCs o SM22 MYHI11 H1 CNN1 [ &35, i
MAEHE T AAA B ERR ; BRI Z 41, NF-kB 15 538 i
S5 VSMCs RS AR | Jiang 1% KB, ifF
TP Ei AR (Hexarelin ) /5 2y —Ff & Y 2E 4R BRI
JU, BT BH X0 JULASE B 11 3 Jok o8 A0 el Ak 45 05 i 57 952
oA DR AP AE T, L RE 8 1K 2 - T JUL A8 i 7 Wi 4 =
R 3R BED 1 58 AE 40 AL 3= NLRP3 48 1 4436 1k A
IL-18 f7= A, 45 51 J2& , Hexarelin RE %1 i /1 &
i SN S5 R Y NF-kB {5 5 B, ik sk 3
W] Hexarelin 181 VSMCs F AT NF-kB 15
A G RAE RIS AAA Y& A EIEE, B

H A N IRAIEYE 2 W, PISK/ Akt {5518 6 70 4 75
AP IR VSMCs 1 Wi 45 26 7D b ke SC A1
PI3K/ Akt 38 X VSMCs 22 B9 9875 A4 7 FH 8 M it
FXF FoxO Bt i HEAIIH], Lu 2550 W52 % B
FoxO3a i# i P62/LC3BII H M5 S8 B AL #E VSMCs
RAVFEAG N AAA TE R, FEAIK FoxO3a RikMIAR
ST AT RERH IE AAA BYJE AL, VSMCs ARy
Jy—ZFE il JE miRNA, Shi VR A B, T O E
X ELAY PH 45888 1 & F/E N miR-126-5p (148
AU, AT HE VSMCs P45 % 4 , AT Ang- T
AN AAA P2 E  miR-23b 5l B #IE W 78 4
FF VSMCs W4 2 10 b 5 524 1, i 45020 % 1t e
FF T W58 15 3 2518, miR-23b i i f ] FoxO4 )
FEI8 DI Sl VSMCs 26 B 5% ok B 1E AAA fY
A,

2 HRETSEENE

2.1 ARETHZMEEEMIELBRE

AP T caspase-1 /1, BB K AETE
EWgEn i b, H OGP BRI caspase-1 F 3545 AT
W2, LLNLRP3 e ME/MAN ], 24 NLRP3 2 1132
FIRE 5 M 9 J5AH OC 43 - 15 B ( pathogen-associated
molecular patterns, PAMPs) Fl 45t {7 Al & 43 F 4 2
( damage-associated molecular patterns, DAMPs ) (1) 3]
A, NLRP3 #E H L4 ASC | caspase-1, I 7E
NIMA A5 7 (NEK7) BB N 2035 8 NLRP3
RPN, WLE 1, NLRP3 48 1 /1N 1k 21 %5 3075 iy
caspase-1, J1% J7 B9 caspase-1 AN AT LA 1L-18
I TL-18 Y G 3 , 38 AT L) B4 2% GSDMD A=
1% GSDMD-N ., B/ , GSDMD-N i i:f I i A 4%
5 I PN T 1) W9 A T JUL T | B TR W M T 22 1R
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B 1 NLRP3 /MR IE DL

Figure 1 NLRP3 activation mechanism

458 NG BT 1 R BN AR R 10 ~ 20 nm B
RAL(GSDMS L) , 485 LDH IL-1B IL-18 L K& Hfth
/NS A o AR e R AL U Ok e B
:%t[sﬂ 5

T KI5 B 52 P caspase-1 25 I AH A
AN caspase-4 Fl caspase-5 LA M W 145 2 4 H 1)
caspase-11 WAE N Z 1R & HEAE Y caspase-4/5/
11 ) CARD Z5#4skid i 5 8 245 (LPS) FR YIS BT A
454, 32 caspase SERFIIE , 24/ GSDMD () N
Ui, 5 EIEEFLIE L, 40 WA 9 IE A 5t , 5| & 4l U 4 1 A
RAED
2.2 HRETHEXER
2.2.1 GSDMD #EH

Gasdermin ( GSDM ) J& 3T 4F >k & B — > il fL
AN FE G, FEGE R W 5 TR AN [ 1Y) 4 2R 4 i v
KiE AR, Hh & RHEZED Gasdermin D
(GSDMD ) J2& 4t it £5 T 1) —FhFL B U3k A+, &
YR E &Y caspase-11 v caspase-8 CINYR=
GSDMD Z4f#, GSDMD N ¥t 45 ¥4 38 N-GSDMD B &5
TE FL A0 A 1) o2 5 5 3R IFIE WAL, B 1 GSDMD
FLAAT T 25 5T P 25 90 8 B I, T L3 5 B30 i 1
AnsET=""
2.2.2 NLRP3 /MAg

NLRP3 & /N4 2 — Tl b % 240 i i 0 1% 5 1Y

JRLRR S g% N T, — B NLRP3 48 M /INMATE 10T Bl ik
I g caspase-1, pecs IL-1B L AR i 7 W
H T TIL-1B J&— Rl Ay R i 4 28 4 i DA -, PRt R
TR 25 T B [ 2H 2B A 0E . NLRP3 R AR/ H.
AIGHTREZDI WA SR, T NLRP3 Fl pro-1L-
18 WA UK TE# R A rh AR X AR, JE 3 15 il
AL 8l Toll 52 1A (TLRs ) B2 ML P 152 (R A J: 1Y
BT -kB (NF-xB) {5 5 18 # R b ik 26 4 1 7K
S B OR S B  ( post-translational modifications,
PTMs) , 412532 2 A0 MR AL , 0 Bk W mT A%
NLRP3 25 [ PR s 2% L B, B0 15 5 1 ik
NLRP3 RM/IMEE S YA %, 353U caspase-1 3%
R LB 1110y Wyl A

2.2.3 Caspase & 1%

Caspases T2 5 5 4f i 9 T F1 R AE ) W7, € 4%
TEWRAE Y A A M & B IESE T LA B B, 7R
EH AL, caspase i H PATCIE S AU ETERRZS (pro-
caspase) f &, TE 2 B W2 Iy 5 K it 5, JoT% J1 Y
caspase AJ IZE A 16 109 caspase , N T V) EIVE
W,V R A0 (0 B0 | R | B
HRIELEF AN RERY AR , caspase T 43 A P8 T- I A1 5
FERLY P TR caspase 5 I T VM OE, AL 4R
caspase-2/3/6/7/8/9/10, Hitf' caspase-3 ¢ A 2L ;
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RAETY caspase N AT RAE fe b A4 AE 1=, B0 4%
caspase-1/4/5/11/12/13/14"*)  Hrh caspase-1 7E
R FHETR caspase-1 WA AL 1M caspase-4/
5/11 WA FEET- IR caspase-1 IKFFIRTE
2.3 MRAETE AA REXBHAERNE

W R IRAR M A T 5 AAA 077 48 R FE %5 D) AR
X TESIWRSZE | Liao 251 BFSE & B0, % 3 S5t
Ang- T FHE AAA BRI CSTBL/6] /N RiEFT RNA
WP A A5 B2 0T S5 R R AAA ST
SORE A OG0 3 R 3 B A Fu Y TR R A R
ApoE /R AAA FEFRY 25 5L % /N B P Al 2 T
N GSDMD il NLRP3 48 M /MATE IE 3= 3l ik
P | N P ARE R F TR, X AAA R HEATEE
¥ A AR T LAS 20 A0 [A) A 25 5%, Wortmann 251 37 Fi
H R I8 BE 20 B R R A S 8 45 AH O 1 4 B X
(damage associated molecular patterns, DAMPs) Jil| 3
AAA B E N VSMCs, & ¥t NLRP3 F1 IL-18 F¥
mRNA FIHE [ RIE 7K 5 T X6 F AL, VSMCs %% )
RIEFA,UESE NLRP3 /- R RAES 5 T VSMCs
AT BERERF AIAE T J20E T AAA KRR, 55—
¥R I NLRP3 R E /) A 517 2 5 3004 E M 9%
AAA KA B BT, AT fig 5 LR AL A G,
Ang- T ] 38 A U5 P B 40 i 7= A 1E pE AR, 3 R
NLRP3 (3% , Wi B TL-18 175 S 1ML 48 R AE 1 7
A YR AR SOV, A1 HAE I RE SRR S IR, 3K
AAA [IEIR ST, R, AT RIIAH AAA S 40 fa T
[ AAAEAR ELAE AL (3 BRI A BT

3 FENAmRREESR ARETS AAA ZEE
PIEXR

H AT B 2878 K 10 SCRk A 58 43 0 BUAR T
VSMCs & 7 5 3 FI A0 i £ 172 P A AR ) 2 0 R O 4
AAA TAHSCHLT (21 PR ool P =22 ]2 75 [ A A7
FEAREAE AR GRS AAA 772 R FILE
J& I R AR S a4 70

Gao 21 {F 57 8 1 i 1 5t Ang- T #J  AAA
JINERABE AR | L e B b 2 SR 2 S0 BT 25 SR SR TE Ang-
55 AAA v, 3= 2 ki 45 F 18 L 20 il 2% 3k
GSDMD |7, Western blot 243 .78 VSMCs 4555
P GSDMD it = 2= T W 48 % B HE 1 «-SMA |
SM22a FIET 45 25 1 1Y 3k K P T, 3X 3 FhdE H
TE/NTHE RNA (siRNA) %S/ GSDMD sk iy A 3
SIKT-UE WLA0 M (HASMCs ) fP s B, 28 F R,
XUELE L], VSMCs A5 55 75 GSDMD it i P A%

TN AAA BY R A FE JF AT LIS VSMCs ZE R 7R IR
i FAVIRZS . Burger %573 5o #4) £ /)N U Y Ji IF
THFFE, 43 BT T R4 AR  ELISA A4 i g2 1=
FHOG 523 Sk GiF B ox-LDL 34 0& 14 20 2% 40 B 7F
VSMCs F:85 3704 2 p A9 BLIEAE T, 3l i S e 9ot e
AT NLRP3 48 P /NMA 9 3005 F1 VSMCs 3% 1 5%
e, 285 J R B ox-LDL I 76 Y 50 8% i i BRI T
VSMCs 1 a-SMA SM22a B35, B3 T caspase-1,
ST OIL-18, R T A M AR T, DL b g5 B E
NLRP3 R /MK BTG 7] LU #E VSMCs 6 AL 4
FAMIAET ., 2 FEAAA P fER R . NLRP3
VAR BTG B2 IE A S VSMCs 3 B RE 45k 5,
Bai 25 K BRI T 1 WL o - WL3h 8 (A 5 1
circACTA2 7E T VSMCs £ BI% i fl NLRP3 4+ 5
ST 0= Wl RV g (S S I Y T S T N 2
circACTA2 1 Z& 3k i Al DAFI il NLRP3 3 [ #% 5% Fl
RAE/IMER AL, [FIB 6] NLRP3 /MATE A AR 1E
VSMCs G B R A ] W 4 = AU Ak il 4 Mo fE o
B 7= A DA T DR I A5 R , TRl AAA & . Yang
SEOVHE g A R Won 12 R R I R I K R B LS
(UCHLS) & —Fh iz ZALEG, HAEDIRe ok s
Smad2/3 FIFA LA K KT -B1 (TGF-B1) 15 =1 #%
S UIAR G, i M3 s SRS AT LA HE VSMCs (38
B GERS RN RIS | R A %€ UCHLS 5 VSMCs 4]
oA 06, 200 45 R W UCHLS o] DL i 3 0%
NLRP3 & PE/IMAE #E VSMCs 1385 1T 7% F1 36 !
Eefe, JE AAA BAERE N R R KB, B8
B B PR E I , FEAR SN AT LA NLRP3 .caspase-1
FIL-1B B35, 76 ApoE ™ /Iy UM P9 ) AT LA R A
NLRP3 il CD68 3Rk, [AlHTfE%E NLRP3 ik i
> P A A R T A A B 1 AAA AT

4 BESREE

H T AAA ELA 9 AN B A 24 )5 1 i JE TR
FAARE AL, 2 E TR 2 AR i B 1Y) )™ B Jg 22—, R Ut
B FL RS LA, & BT 00 8 B80TR 97 7 AT 2 I R
WIS E B H bR, 78 AAA B2 J597 B T8 Bl 4035,
PR it FERBE S TR A S HT , AT 22 TG AAA 1)
LEZIARCR AR W D TH , H T B2 K B AAA
WA ARG bR 75 0 s TEIR T J7 T, AAA JR9T LA TR
S AIRIT R B A R A R i, BT
AAA &9 B itk AL 6 oK 52 4V 28 IR e i LA AT
BT AAA KB, BERTT AAA 1953 F-HLE I
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RiZIE TAERA EEME, A LB VSMCs
TRV AT AAA 1R AR KRBT,
[Fi) I 3 79 4 98] 92 3 e 350 4 B 1) 48 R 1 AR 4R Ak i
T TR SR TRATT 2K I 5 B B A O R 5 R
AR KR AR & B IOE e I S R R i
1,k AAA 1y iR 4R AR B B ET Y A 5

PI3K/ Akt {553 % . Smad/TGF-3

55l B NF-xB

175 5108 % TS A S 5 0 A R R s M O, RV T AF R
SRR R 5 0 B Sl i 22 7 T Fi 2 BH 3
A FEA LIS 5 AAA B LA KR BT X
T Z I A IR M AT A D B A
JZ T G AAA RRHLEL, O AAA $2 45T kS
WERIATT B IE I B BT 55, IRl i T AAA AY%R
IR AREAE AR I SRR 0 W 5T, DR I B = A 5

Al AR K Hls , R AEAT &

BT T, B

JRE BT Z2 B0 Tl PR AR RS, K 357 A i W
T AAA S B PR, D J S 0 B 24 3R 7 £ It
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BT ( neurodegenerative diseases,NDs) ) A R AR TN, T H AT % NDs 1 258 FeAx

AR AR AR R Al FF A RAGT YRR AN BRI Pk g . AN AR AR SN — A T4, AR A LT BT A 26
A R LA T LA A SR A , E BORE ORI M S MRS | 3l 5 2 B 7 SR A W AN, 2 RIS SR WD T A A i
IRTE PR R G BAA PR, (AR ) A 2 R VAT AT D NDs TR (S BT 2 Wi TR, AR S0
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Biogenesis of exosomes and their role in neurodegenerative diseases

GUO Sixu', MEI Xinxin', LI Jin"**
(1. Key Laboratory of Infectious Disease & Biosafety, and Provincial Department of Education, Zunyi Medical University,
Zunyi 563006, China. 2. School of Preclinical Medicine of Zunyi Medical University, Zunyi 563006 )

[ Abstract)

The incidence of neurodegenerative diseases (NDs) has been increasing. Current drugs targeting NDs

are mainly based on relieving symptoms rather than effecting a cure, and fail to prevent disease progression. Exosomes are

a subset of extracellular vesicles that can be produced by almost all cells in the human body and exert biological effects in a

variety of ways after their release into the extracellular environment. Many studies have shown that the unique biological

characteristics of exosomes mean that they can be used as a tool for the prevention, remission, treatment and diagnosis of

NDs. This article reviews the biogenesis of exosomes and their roles in ND, to provide new ideas for the clinical treatment

of these conditions.
[ Keywords)

disease

exosomes ; neurodegenerative diseases; Alzheimer’ s disease; Parkinson’ s disease; Huntington’ s
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PEIC A I FO , 2025 AE A 65 & L A
F LK DN 9% T+ 2 16% , “ AR K& Wi s 45 423K, B
ZM0 K 1Y 2 2 R AT PR R ( neurodegenerative
diseases, NDs) F AT, it 5 DA 2 214 H 48 il
Harath 544 #8id 5500 7 N (JeH 65 %L 1) %
NDs $78% , 31 H AN BUAEZ 28, Flfili 78 2030 4F

¥ ETHE] 7800 71 A, F] 2050 4EmF A BOK Ik 1. 39
{21 T R NDs B R Sk OHEL G, IR
A S AV R IR R I %R IRIT 2
NDs B9 AR # A D ER) . NDs Je& K 4on oi
WERGIUER, ATRe A R EM A AE R, iz
Bl B L R T ANAIZ RN, e SRR R
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B ARASEL BB, B UL %) NDs 4045 B )% 2 6% B8R
ﬁﬁ( Alzheimer’ s disease, AD) \mﬂéz\?;fcﬁ(f’arkinson’
s disease, PD) . % ZE 10 J ( Huntington’ s disease,
HD) %

NDs B —~ 3 [R) o5 2o I e W3 B 2 1 76 M 240
M NS ES DR AT B A FIAR R | X SRR 5 SO
[Fi) 4 i 2 A ) 52 2 ) B PR, DA AR S A 5
T, 25 TSI TR 240 A A/ T 1% 2 45 2 X A 240 i [1] R
Per)—Fpor o SR A0 i AR 3 1 — T4
AL 40~ 160 nm (“FFIZ7 100 nm) , N EF R E
FIBE T S R A 7 W 253X 28 13 AT DL
BB A A VR A P LT i A S 1 20 A
AL AR AD AR, X R 28 R e AL 4 /DN I BT A
T A 5 A0 L L T I S5 40 e A et 2 e 4 T T
DAREIRCAN AR B 5% S B A0 6 4% B 472 328 156 195 i
TR P2 58 KA 2 oo A7 TG, AR 2B
FFEA vh A F AR, TR A A S A i 22 &R 45 v
() A AL AT S0 2 1, 3 28 1 AT RE AR E 0 1Y
PR, 2019 AEAR TR 7 E VR R I R 45 AIE
( coronavirus
coronavirus 2, SARS-CoV-2) U717, 4F % /& NDs
5 2019 & 4R % FF K ( coronavirus disease 2019,
COVID-19) L [F) fs |6 [H 3%, & 4F /% I e SARS-
CoV-2 AR | Il R B o5l 7™ 1, MM MAMA 2 4 H]
TIRITALEE COVID-19 7E Y Y 4 Rl * ) o A3
SUAMIMA 1 A2 ) S e R A E i 2 3B AT PR B Hh Y
VERIVE—Z53 3RS IMATE NDs HiZ2 Wt 1697 1Y)
e e 471

1 SMbEREEiR

HNIMA ( exosome ) — Tl e 5T 20 42 70 AL
SIA LGSR DNA R B 5 5 58U+ J2 ik = OCHk
P, 33 L6 ORI Sk 2 A R R % A5 1 DNA R B
M Rose Johnstone FF 4 fifi 1« Hh A" — 1l fg X 2 4%
AR5 AL 5 RO« v |, Ja ok R RS
SEHAA W A= 1 A A= 43 0 1 A3 0 RN A b A
5553 AN ZE AN AP 2L, B (100 ~ 1000 nm ) Al
JHT-/MAE(50~500 nm) X 43FF8  TREERFIIH T/
AR 5311308 3 5 400 A T B T A R P R ) A0 S 2E
R, ST 45 A 1 B IR BT A% 19 AR A 7 532 e B
AR SEAN MAT R B S PR LAY, AN IR SR R R A
AR P ZE 7 AR O TE 2 B R e Bl Py 4%
W, 5 BRGSO, PIAE T 40 A ™ A 08 T/

severe acute respiratory syndrome

PR W 20 B DR R B3k, 32 8 B AR W) 2 R
AN, TR R R,
A RE LA A BT 2 A S Y 2 1 B, (E AR AR A
BIRIZA IR AN AE /N B R 35 R A 38 e 1 11 i
YA, HAETE LB SMBAR T RIS TE 1983 4
AR LT 4 L v e B, e )l 5 v, - Wl f B
W AN N S FE L BB T IR S 58 B i
BROE A I T SRR AR R B T
{10 2 Rk T R RE 2 pl R i A AR Rk A T
L1 ShpEeERERNETL AN

AP A (B 1) T TR LA LA B
B BB — N BT I — D AR G50, B & A 4
P2 2R 5T R B AR A5 PR O L o 1 i
K (early sorting endosomes, ESEs) . ESEs Bfif5 &
Ji& A U 43355 L A 4K (late sorting endosomes, LSEs)
HoE i DNA ARZitS RNA 55 13 48, 1= 5
TR N BB B N 22 0 (intraluminal  vesicles,
ILVs) . LSEs ¥ hli £ % {0 /K ( multivesicular bodies,
MVBs) , £ MVBs J& e 2 H MVBs DA 41 i 2
A4 P g 7R 0 285 D J5 1) R HC Al 400 i I % b |
AW, ILVs it — 20 2 | i) MVBs
I AR R B A A 21 oy — R R, 55 A
JH B4 SO B B A, BRI TLVs, X 26 ILVs 5 B A 4h
WA

ZMA RS 5 I SN MR IE BRI R G R .
A FFFERIIINBRTITE B MVBs 132 5 75 2 i
4 Ak ST 8 A N4 1§ 08 2 A 1K ((endosomal
sorting complex required for transport, ESCRT) 1} [A]
TAE, HALHE i ESCRT-0 1932 R 454 W3, K iz
F AR U T B 5 B M P A R R X, TE
Y5 ESCRT- I Al ESCRT- L #3355 . iUEIRE 1 E &
YIRHEAER , B E &Y ESCRT-L45 5, &5,
ESCRT-1I & & % 75 & 61 85 11 4328 N ¥ 4 (vacuolar
protein sorting 4, VPS-4) ¥ A8 1 ()17 0 T 8 1ILVs
M MVBs [l B IR, T ESCRT( i ESCRT-O,
-1, -1, MW A0 ATP B & VPS-4 21 A%)
PR 2 A5 5 AD WA R A SC Ik, H | IS A TE S
W, (H AR T AN A S B 53 13 1) S b A rp S5 AN
A ESRT oy Az RALHE H . @M IR ESCRT &£
BRIz R, Bz RN E A b £ R,
[F) R L S 3 ILVs o B2 22 RATFA Ay
PR E Y, B ESCRT ML Y Alix I HP-PTP
PN BOZEL P15 AR AL, BIHE ESCRT 48 i
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Figure 1 Process of exosome formation

B% Al 4E 55 ESCRT- I H1 ATPase VPS4 ¥ 65 M4 35 3]
ILVs 1, Ml BHA TR ZE 0 PE N - 2 JE T ok ok W e
U 7 B E A2 K2 A K (soluble N-
ethylmaleimidesensitive
receptors, SNAREs) #2{it MVBs f@l & 2] 5 I8 Br 75 19
R, AT P B 9 5 22 () A B AR DA AR )
AR B, 2 1 Rab-GTPase F 1 (1 T £Y,
5 Rab2B 5A 9A 27A 27B 35 %M1 SNARE H k%
FH ) VAMP7 1 YKT6 SR4K SN, 6141 Rab27A &
HALR B Slpd A5 MVBs Y 5 BB XF 42, Rab27B &
HAK R Slac2B 415 MVBs M AZ JE X [ia) 48 fits & J&
(5%, ILAh Rab35 i 38 o 9 45 BT fsE L (%) PIP2 7K
SSRARTE NI A 1 A AR e A R D 2
DR — LI IMIBR BT, @ Z Fh S R 3R g
BT A B A T B A A R AR A AP R A Y A=
WkA ., AN, WG B AR A AT B & G R
L PR R M 1) A TR R TR T 1Y) B o 23 0 TLVs I
BLZ B

AN B 0N A BT 5, 22 5 Hb o AR TE I
I IR RS MR S SUEWR RV ( cerebrospinal

factor  attachment protein

fluid, CSF) BFFL FEK W HW R iy E
PR SRR R AN A 3 A 1 22 0 ) 0 2 et 3
PRI % ) BT s Ak A, A IR & HE AR Y
SN e NN A S N T N
YER NN AR AE L, DT A 80f% b it AL 4 . D
FES ) 422 il B A WA 5 o B il & DT 4 L N A5 )
PRI, 3 F A 0 & AR R AN, QAR R
T ) AR T 5 40 i 3% T 32 AR 45, i 2 R0 400 B 1Y
{F5 RN, QW AR — R Ut 8, K2
A CANLSTEUN AR A U S PRSI e SN
N R AS Sl MVBs, fie 76 #0240 i B i, (Dl
FHEMEHR FE LTS SN AR A B, BT LA K
S B AR BT A T 1 TR 37 A AT i % TR T A R
(IERERE= i P eI P SN Y/ R B LR U WX LN )
B S Bk B A ol R AL I, B a5 Ak A K
6_1[7,11,I8—25: .
1.2 SMBEEIAERK

AN T AL AR TR BT A AR R F
MR 2 AR SF 52 4y F . B4R LA RNA  DNA Al
microRNA 4T 20 5z it S8 b A i) 2 YR Tk | A #EAR
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fEFfiris FEEBRALE D, SR & A AN R Y
RNA, RNA 5 43 A1 7, 76 I 2% ke 5 1 4/ i 44
RNA PJF1H microRNA & e N FE 5, 58 R IH—
H microRNAs #EFT L E| i A bl DL7e 40 ffa ] i1 7
PR RS | DT A ST 4 L [ 3 i D 2% T 5 R A
PR B SRR A I R B AR L, 5 2 K (Piik) M
Vb, R IR EL A A2 A8 1 1 50 AR R A 5 4%
KRt A S B, AP IR (AR or 250 R
PR, — 2 AR 55 ot , 5 308 m 43 W
IR, A 45 B2 i A0 Al Al TR OC B U0 Rab
GTPases , VA ST (4 HSP70  HSPOO , Ik 2% Ifij v &
F & M . DU IR B S % (CD9 ,CD26 ,CD53
CD63 .CD81,CD82 %)  ESCRT & & W % & 1
(TsglO1 Alix) BEAR%, 71— RKERRET, 5
FELAH 6L 285 D10 A O, BI040 f AR S 4, A0 Sk U T 4T
JRAR B AU AY CDA5 MHC- 1T 45 3AE A FH$T 5 gt
ARG I G928 o7 285 A PR3 4 11 BT ) B R & e iR, I
RPN AN E A & I N
P 2R T 40 i S VR L % 5 S AT i o A i A A
Yy kA R i A BRI A R T A AR 1 £
FEE IR 1 T, G 55 F Al 8 30 DX 43 o, O O A
BRI WibR 20 AN R B & 4 1 B
Jl WU 2R 18 454, A0 WA B T X 53F 2 1 i AR
TEPEAT B T O 40 LA W i 32 T 5 7 48 RV B4 K fif
FitF s G O o 2 A AR S Y R R ST
(1), Horp 2 R RE R 5 LU A9 G S S |l TR e 22 R |
IS O FUTL s R JEL T st 5 AR A 48 vl %) B Joi 450 i AH
FEA B IS, A Bl 14 5 A0 06 AR 5S4 I | g I
AMUERINBEIE R A BEEH 1055
AN R B A Y & A R E T S R A

;F%jﬂw,zmn—zsj
J o

1.3 SMMEREEYE

AN RS /N | AT A 5 G PR I A A
e, DRI AT 4 A 26 49 284438 38 1ML i 5% % ( blood -brain
barrier, BBB) #F A X #1222 45, BBB &1 B2 HE
TR PN B 200 16 28 00 1 EL AT e 3 AR A 1) 3% 82 2
L2, X i A , T I YRR K ik 2 (]
— TR RGP, F L, 98%
LI ER/INY T 25 MULF 100% 1 K T 259 (£
WK A on BEBUAR LR T4 RNA) 46
AfeZEt BBB, H TS AH 2 2 A8 B = A 2
RTT IR R0 25 2505 5K, andi 23R A7 PR
FEAE S, T RZB6IT Y AR A 2 28

BBB 3 i 28 L, DT 245 1) A= 0 A1) 8 R X s
i, BIRIBYTFHIL AT DIl o 4 B AR E I
08 3o B A TR M2 ST A P ke ) T f, DA
TRTT 25 18 B G, (B2 ki =5 N A I 2 2 72 1
AME IRTT 1 [R) It 7 o 17— 28 UK, T A0 8 44 7T
T AR AP A AR A D S B IR A %8 5 BBB
FGATP X 2 R GE, AMMATEAR N Y F 218 JL
I3, RZ AN A C e A AE L/ I HE M 75
BRIRST B RE R AMB R N A T TR
JOL PRV | HCAE P I A IF 1) 1 4 % i DR A, B Ab
WMAS AT B RIIGIF AT 5, LUT R RS 2 0F
FENGTE BT AN IR Ry 22 Fh B 10 97 7Y 12 1
A O 1 20 Jf T8 50 119 S0 AR 1 A 2 1 200 i
MR H N A Y (A REEE . mRNA F 5 ) F
miRNA ) 2834 45 32 A 20 i, 2 5 40 i 8] 38 TR ELAS 18
R ]2 5 B b A 52 i 2 A Wk AR
FEBEEE DT AR SN, @SN A RNA Y
FsEVER T A0 RNA, 5185841 i 97 A0 L, ik
PRIRBE T S B RS E M | S 32 M O i 4 B
K, T HLA5 905 1 AN (] 58 2o b WA A 25 24 K 23 3
INFER 35, @MLK Z A& i 5 mT HE ] R 2 &
BAMEAIRYT, TG BR AR, 38 T LU AR SR 20 21
15 B A IS 18] | ] ) A 255 | R If 4 A 2, e 2
M S, A W 1K B % if BBB, £ WK R K 11 4
(intravenous injection, IV ) B 1L EI/EH , I AE3
G 20| ew) ) 1 A

BN, SRR Y A M R K T 1 I A R AR
RN IO IR YT 259 T 5 BBB 12 iy
A A B EUA A BRYT AD PD HD 45, HOR B
ZRYIESE R, T RS IRt — oA S A IR YT
A, AN A BEHRHT B 3B A0 2 451, B IR AN
AT B 2 52 M6 14 T 174 2 200, 2 17 308 3 1 97
SO AL RS 0 Jey P R AN R 2 N i AR R
HRX 22 RS CSF P28 1L R 58 DL SR R J2 4
WAMATY = R TR, T A 40 T DURE A A A
A AR P 28 28 48 AL, AT I DA 97 B
Hh o3 H 0 P S AR AT LA T M 0 e A e 2
RGP , NI ECEIGE RIS W RIS 7

2 SMpMEFEMEIRITIERR P HER

2.1 ShibETERR% iEEE R EER
AD JE 5 L WM B AT P,
SURNERRIEZ M B TER RS F (B-amyloid, AB)
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ANV PE SR A AN S b AR R A T B R R B 3o
BERR 16 1 tau & 51 B P& L 4 g 2
( neurofibrillary tangles, NFT) . ILAN, #£8 RIE | &
AL BB RE A 28 T4 105 25 PR 3Rt vl 5 | 1 2208
TP . AD BOAFAIE S BE A I B) 7% 128 7 48 hn 22 Fh
HIBREE , A FE7E AR BOHT 7 B AR 5215 B i1 12
IBAE, LR S LT — a2 R D RE AT (2R 1 2R
i RINIE SCPHAT B i3 255508 ) A G, T AD s Al
DL g & — iy S B3 255 0E . HRTET X AD Ay
W6 I DL A R O FE Al Y, OF A B IR T I
(0, B B4 v AR 0 BT RAE K 5 m, (E TR BEREL
IEBARIE R, 36 A 2 B A R AL e T
AD A 257 DU R, G046 3 b JE g6 1 -0 i 590
Fl—FhAETE 4 PE NMDA 3244 2 983550 A Jo] %
AD 7 H B RS AR Z Ji 0 JLHAE 2 R A 1Y
P BRAS AL S B PR T BT B 24K SRS HE I D R
JENFIRERT I8 ATE AD Bl AR AT B, RIEARIAE
ARA BRSO ARG AN R 53 5 2 i, 4k BIESE 2 BT
EEA T E [0

Tl RS AN FE i, T L 5 W J2 43 4
%1 CSF 1 AB42  T-tau HI P-T181-tau [ J& % 4
RN AD W AR R W), (H 225 B B AG 30 4L
ARAY B 5 B i B R, SR R B, WF
FERIIMBR TN CSF b i A= W4 25 ) [B) A7 E AR OC
P PRI I3 R T B 0 WA AR 5 T AL A AR A
/NELREXT FE F A [ 240 1 28 R0 69 A= W0 AR a5 9, 1L
P PEVESN AR R AB42  T-tau Al P-T181-tau 7] LA
H AD SR I RO B2 X 23 IF ok HLWE9E & B4
WA A= K A0 & 85 43 ((growth associated protein
GAP43)  th 2 WKL & 1 R M R E B 25
('synaptosomal associated protein, SNAP25) Fl15& fi 45
A 1( synaptotagminl ) AYEE S, AT LLAE L\ 0 B 1
BRI S ~T AT AD Q0 SR i RS Ik T RE
IR 2080 T AT I A B3 0 A 0 LR T, DS
NN KB =AW U B A VF 2 50 b 4 aE
TLIEPESN A miRNA ATVESN AD (855 (9 4= P b
A&, T B JE M miRNA E4UERTE AD Jofetk
TR0 K-, BFSE R IAAE AD R AEA 20 Fioiln 3 U5
PE AN AR miRNA 7R i 2 3% 25 5%, o 7 b
miRNA , £ ff miR-185-5p . miR-342-3p . miR-141-3p
miR-342-5p . miR23b-3p . miR-338-3p I miR-3613-
3p, AT DA G BE s 00 AD (ARES, B2 AD f&
# miR-223 JKF B R TIEAE L3R IT 1 AD &

# ,RWIAT LU miR-223 PEAG P R il I E S
WMATE AT FAE S 512 Wi, AD FB3E I MR miR-
384 (N AR FE AR YRS ) MUK BT & T I
PRI R < B PR B R S, IR miR-384 AT
DL X3 AD I A8 1 9 20 I 46 BRI PR SR AL, 5
S AD HEANBA T miR451a Al miR-21-5p /K- i
FART 5 R g R, AR miR451a Al miR-21-5p 1]
DURIEIX 2> AD Filff o) g

SMIMATE AD i JE b A AR . /MR
A0 A B ] LIRS A S8 B AMIBE R AL 1) tau HE
5 AR MYRRZETCANIMA I R FE TG BRAE T, 10 /N B BT
1 i P51 A1 W AR ( microglia-derived exosomes, MG-
exos) ,— 7 I TE AD & o F2 o & 42 7 55 16 H
RESHEAT tau AN AR, AT BE 2SR ZUHT N AR AY
2 R RE AL RIE S . 55— J7 T MG-exos
TE AD & 9m ok A2 ol R 97 VE FH, MG-exos 1T DL LA
TREM2 ( TREM2 J&—Fh 55 2L A4 B 85 1, 78 /)M 5t 41
M AMIMANSE b3k, H R AR AN I A i 73 Wb, AN 52
M SM IR I /) IR O N AR 45, U AB
JE FEL I 9 i PR B, A1 38 /0N J5E I 40 i 2 e AR
MEPERIEREBE TSR AD /N B P tau 25 H 95
HRPEYH, SHICAZ BN, MG-exos 1Y) miR-146a-
Sp A AEE 2 #0 ) HIF1lo/mtROS 3 #% , 41 il 4% 11
2h G o B AL 25 W 3 FE Z 4K 3 ((nucleotide-binding
oligomerization domain-like receptor 3, NLRP3) & 1
AR ] B ke 475 3 1 DA RN B2 %, PRL T MG-excos
1Y miR-146a-5p # I\ Jy i — M A A B IWIGIT R
W5, FEAD ) 3R BT 4N MO R P A 0 1k
( mesenchymal stem cell-derived exosomes, MSC-
exos) Ak /> AR ULFR, By 1k 28 fih 463 17 , 4 ¥ 2 441
Jf 552 S8 AR LI, TR b B 2 e R T, ok A AR D7 1)
FU 5T AN AT AR 8 S A 5 A fik I KR , RE 25 e
1K AB o FI1 AR, BRI, AT 48 AR e A il 1) 245
Wik 248 78 AD R RUBIEY rh il 3% 23 ] iC A2 RE
T B 28 TR A5 2 A BE R R R el A
RAE, MSC-exos S5 9 BIL 5 i DX I 11 B 92 37 5 1
M RAENE , RE .35 3% AD e Bk K /N B 25 7]
2 ) B S RICACBE RS, 30 R 38 A 410 705 A 1) /D R o
)OIV =S g R ISR R IR o
FEPURAEN], PGS AD SR8 R T N2 Hoph 28 3 e iy
(027 N AR A
2.2 SMMEERERFRPHEA

PD s A 5 R AT M 2B AT I



112 WP P BE A 24 2024 4F 11 A58 34 #5511 Chin J Comp Med, November 2024, Vol. 34,No. 11

T2 PR E 2 R B B T 2 L e P 2 T Y
KM RFTEWAENE «-KMZEA (o
synuclein, a-syn) RETE W1 5 /MK, K PD
iz sh ARz sh i 2 TR 32 B, fir D2t Bis
IR (B BR G2 R PR AR B DU R (A RN 2 O
T ISP A AT PR (0] ) AR Iz ShE AR (B
M AT A AR AR AR ) > B, £ e
EIRIRYT PD AR (HACTE L UIRYT AN BE
FEZE PD WHERE , HRZH PD BFH 2 2 kY
YRGIT 2y 6.5 4F J5 23 th Bz sl I & E , Herbise i L
R AT Z B 3 118 2 i, R H S s 3l
MZz 3h | FE IR iz 2 Al G2 2, 38 2 sk
FBA LK 7 B RS 3 SE R AR R M52 e PD SR 2 1Y
A R, TR IR T T A R JE R

22 UL i 071 280 1) T 4 ke U A1 WA K FE PD IR YT
SRR AR i I S S
MSC-exos TR%%5) 5 % BBB, #5256 K fl BBB B /&
WK Z U IERERR 28 TT , I H AT LAY Bi) 4 b iy M () AN
XFPRIER: I8 22 LU RE A 2 T i A T2, TEEAT 1
PD Hi#Irh MSC-exos REIUR NIRRT, X 5 #1470
RH [ BRI B AR A S, e Ah , MSC-exos 1] g i 1
3% miR-100-5p #PHIFEELR NADPH AL 4 1Y%
ik, HEUEZ 16 4 48 ( reactive oxyen species, ROS) HY
FRAE DR A AN, 3 S SR A 2 R B
HACE =Y B 7K, U HH MSC-exos BE i & 2 3% PD
W) 2 U RER ZOT I DI RE . [RIAF b, 1 4 i ok 15
() ST 8 38 5 PR AE AR % miRNA %55
kAl HE # 22 oAk, ££ 3% miR-133b (PD R IR Y
miRNA Z—) {23 PD ARSI P 52 30 450 7 o
g AT R AN R X PD A B AR
FH AR TR B & 30 PD AR 000 3R A v i 22 T Rk
HMNIMA c-syn BH 5 Tk, EL A28 ST R 4 AR W AR T A
I /N B AR LA 328 PD AHOC miRNA e a-syn
R RAE, NTTAEHE PD ) R AR R, 1E
NEUBERS B PD AR DG 28 8 MK LRRK2G2019S Y
BIE B B0 M IR M AF W AR (astrocyte  derived
exosomes , AS-exos) 5 1EH# AS-exos ZUEAH Y, VIEE: -
H PD MK AER LRRK2G2019S Y AS-exos TE#{
ELRERERI 28 0 N AL S A RE BRI 58 42 1Y Bl 288 3 3¢
R, H3EAEHE PD BiEJE . MG-exos BEIE L /IME B2
M- ITAE 1% a-syn KR, 1 a-syn T MG-
exos Z AN, AT OB PEDG R, inJi] MG-exos 41
T c-syn SR ERY L, Y AP MRS REE R A, £

PEJRAE N, T2 PD FE R, 410 i 4 R B i 14 24
YinlRef Bl T2 /% PD Rk, vt B i 1l 2
(neutral sphingomyelinase 2, nSMase2 ) fig 7K fiff i B
B AR A 22 I i, DA 12 2 i oA 0 A A R T L
nSMase2 A DDL-112 A 7444 M4t A5 76 rpf
AN 7 2 | R P DDL-112 VA7 23/ B )i
a-syn FREEIF M2 BT fE O

AN miRNA AN 32 A2 WH A% R R A 04 5 W), 7
R P REAETE , AIAER PD A bR Y. PD &
HMLIE L CSF R P58 1Y S A4 miR-24  miR-151a-
5p .miR-485-5p . miR-331-5p 1 miR-214 & & T+,
I HME N T miR-19b F &l miR-24 .miR195
IR & PD M2 Wb, ShAh, S ik
H miR-425-5p .miR-21-3p Fl miR-199a-5p A LLIX 43
PD FUE B 1R 12 0 3F 47 A% R BRI Y
miR-223-3p A T [X 4> PD 13k NDs, t Al LA X 43
AD %H PD[50,62—63] 3
2.3 SMHMEEFEWRPRIER

HD J&—Fh 5 W R AT 1 ek is A fi 2R
TPMEBNR , RIR A IS 35~45 % IFFE LW 15~17
AEFETS, HD iR J&—Fh i G o i i st A% P b 22 0R
TP, 4 5 Je @k - = 28 1 8 [ (huntingtin,
HTT) JEH ) CAG EE Y 51k, T3 %48 HTT 1)
ﬁﬂi%, Fiéﬂﬁﬂﬂm%/}ﬁ?ﬁ@jﬁﬁ (mutant
huntingtin, mHTT) B3R EMA, M RERP R E LS
RERLR I BE B B SOIR AR 20 i 19 FE T2 (H e sk 2k
JH TR AR A B A AR B - M AR R
BB FE) . HD BURERUR TP R8T (S
S IR 3N T IR ER AL A RIHESE ) A T RE
BEEREH (hI2Re ) RIS il Bk (VAT | £ 0B VR e 4 ) | HLiF
Tz B B & S 80U a2 1k IF R AE I F2iET
H RIS 2% fif i 1F & 697 7 i, HD I9YR YT
TR R FERER G HE L, B 0S4 2 sl ARG b
%ELLS&M—GSJ .

SN AT BTk HD BUAEIR, AS-exos 1] [
fIE HD mHTT RAERMZRE . AT T4i i 5
THEMAEFRHET (5 HD JER 2 FAHC) o
PRBEREHCIE A T A 8 1, JF 3@ 1 39 i PGC-1 AR
1& CREB W85 KPR bl b 2 AR T R R i, O A
WFFE R IALEAR A HD BER | J T 40 i Uk 2 2
PRBEARANE AN mHTT A, JE 1 B AR 28T Y P
FRREEDY A R 1Y HD BB I, & B miR-
877-5p .miR-223-3p . miR-223-5p . miR-30 d-5p . miR-
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128 .miR-22-5p . miR-222-3p . miR-338-3p . miR-130b-
3p. miR-425-5p . miR-628-3p . miR-361-5p . miR-942
S5 13 Pl miRNAs 235 L, #2808 1 S s A AT
PLKHE R HTT /9 miRNA ##53) HD & &0
d AT H ] HTT mRNA B9235 i i AR A G0 3
MLE Y 5 (adeno-associated virus serotype 5, AAVS)
1B ) B e N AR B9 TR AL microRNA
( huntingtin-targeting microRNA | miHTT) ZE4K P 4h 44
R R E AL HTT WAERH ., IR AR NIERZ
RE T p P2 IT , R T & AAVS-miHTT 1Y
HMIBA TR AN R T miHTT 231 LU
AR 1 1Y) T X Ll A 22 e i, L A
AAV5-miHTT BJ4h W4 7T 58 T oK ok HD f9 %
?ﬁﬁ[43,58,60,64] .
2.4 HMMEZRTBERE ST SARS-CoV-2 i) NDs &
BREBANBTAE

2019 4E K SARS-CoV-2 I BL, 51k T #Hi e
ARIFBENT 5 AR & o 33X B 5 L 1) e bR o 7 A% 4 1
e, 7F 4R P G & 2 R T B R 3
T4 SARS-CoV-2 L £ Fh 5 5 mi K, 510
BT 1 AR N1 A kg EL A P 28 O 1 T B ]
R0 28 R TG 25 5 R M 5 A8 RN L U 40, IR
Y SARS-CoV-2 JF i & 23 A7 # 20KG M R, AL 48 Sk
= WA PR AN ERPE 6 2 L) 0 FAAER S5 B
XU SR S 272 B X TRE SRR
e 2 R AT PR B R R I AR T R Y &
AT ANIRAR, 5 51 MSC-exos # T COVID-
19 BB YT, MSC-exos REVE /D21 g IR 7 XU 2%, 100 4% 5
COVID-19 AHICITE EHUe s B AL, TR 172k
KRR = ThfE” . 2T 5T £ B, COVID-19
KPR 2 R G0 5 18RE T R 76 IR S 5 AR
FKf[E], AMARBE AT JGYF COVID-19, L A[IAYF NDs,
PRI ] i A i SARS-CoV-2 Y NDs 8 % i HL i
TIIRIT TR,

3 BESRE

AN IAASE: PR R BT R B 7 A 1, 2 Z R IR R
PR E AP R R A M AP R 8 ot 2R Uk
EWIEEBON . AN IR LA AT R | S A2
P AR N W 0 16 45 2 IR AN, R R £ A
Wik, el BBB AT A& R G, Bk B
3% ELIE BRRAR, AT DATE 38 20 21 58 B A A I ]
ZW IV WA AT RIVE R, P Al VB NDs JR 97 i

A A B 25 )3 18 2R R, S WA A A AT A
NDs (4= W1bs & ) A4 52 W i TR JE R
KRB TN RANE/INE RES LA [7] 41 i 25 71
F A= W0 b ARy, A SR LU A A A D) B A 3]
A B2 R LA 7 A5 A0 K B30 97 il 23 1A T RE
SR BT AN S B S, fH— S R LR T
FUIl R, AN 75 28 5 v SN B AR 1) 0 B 15 AR R A
RS> B W S NUA Al B A K 45 R AR ) 56 e e G
Il I A R SN B 35 05, O 0 DR 22 4= Y 71
ALY T EAR SRR, B R
fift o WLAD, A RIS 2 A0 B A U ) S A A LA 2 AT 2 4
A SR 2% 3 2 A0 i R U SN AR AE 3R T NDs
TR 2 5, AN AT NDs 19 XUCE 1R, A I
SNIARZ 5T NDs (HERE , 7600 TSN (A ] 1 25
WIRG RIS , A 45 B A WA A Al 22 2k AR T, B
JETEFIAMBARIG YT I, 1 28 SMIB AR JE 15 22 5 B
PRI AL 1, ] 4R 3] — A4S i, B3R T RS
UAPARKE T i, B2 A X 88 )3T 5 fige 2, 5 200
KA B A T T 2R AT R R T B B
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Role of PI3K/Akt signaling pathway in peripheral nerve injury and research
progress in traditional Chinese medicine interventions

GUO Xiaojing' , ZHANG Bo', WU Shanhong®, ZHANG Li*, WANG Yan®"
(1. Heilongjiang University of Chinese Medicine, Harbin 150040, China.
2. the Second Affiliated Hospital of Heilongjiang University of Chinese Medicine, Harbin 150001 )

[ Abstract]  Peripheral nerve injury ( PNI), caused by contusions, fractures, and other traumas, may lead to
abnormal sensory function, limited motor capabilities, neuropathic pain, and muscle atrophy, which can severely impact
the patient’ s quality of life. Post-PNI, Wallerian degeneration occurs, involving axonal degeneration and myelin sheath
collapse. Notably, the dorsal root ganglia (DRG) , as the primary sensory neurons in pain signal transmission, are crucial

targets in neuropathic pain ( NP) induced by PNI, and changes in these targets trigger a series of complex signaling
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pathway alterations. Among these, the phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signaling pathway, as a

vital regulator of cell survival and death, promotes Schwann cell proliferation and migration, thereby enhancing axonal

growth and myelination to facilitate nerve regeneration, and supports the survival of DRG neurons to alleviate NP. Current

treatment method, including stem cell transplantation and neurotrophic medications, all have certain limitations. Traditional

Chinese medicine (TCM) has the advantages of low cost and few side effects, and is widely used for the treatment of PNI.

This article reviews the relationship between oxidative stress, apoptosis, autophagy, inflammation, angiogenesis, the cell

cycle, and other pathophysiological mechanisms in PNI and the PI3K/Akt signaling pathway, as well as its associated

molecular targets. We also discuss the potential mechanisms of action of TCM monomers, compound formulas, and

acupuncture based on the PI3K/Akt signaling pathway in the treatment of PNI, aiming to provide systematic and

standardized theoretical guidance for the healing of PNI with TCM and a useful reference for the development of related

medications.
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JE I #h 28 45145 ( peripheral nerve injury, PNI) J&
— i WL R , 8 H R S8 AR B I R T | s Ak
JIBHA B PR A 5 | R, 5 BUR I Az 3l R A
MZE TR O RN b gk K MR AR T IE 4 i
(Schwann cells, SCs ) J2& J& [l # 28 & 4t ( peripheral
nervous system , PNS) & 85 1% i 19 == 22 40 i, nl e
Ve AL BEER AL T, R A At 28 R
T LR O i AR AR SR SR E A
SR TCAE TG 2 I AE . PNI R 32 v b 48
B o AR IR AR | SCs 2404k T8 A, Bh AR
T LAV R RS R RN A A 8 FR R T E
Y SCs, 5| 4 28 746 JF A A0 AR AL B HE e B
AR O ] LA 28 A R A — S R RO TR
I, PNT RS2 — DN R 28 9 id 2, fe 2E SCs
FENE A0 P T2 X PNI J5 #h 28 2 & 0 H %,
WA, A S P 9 A% A 40 b 28 o8 75 AR Al 42 Y
( dorsal root ganglia, DRG) X PNI J5 B3¢ )15 156t &
FEOCHEAEFIS . PNI By RIR AL B2 22 208 ¥ i
P4 (reactive oxygen species, ROS) 40 i 8 1=, H
Wi JAESE 73— R 5 538 B 0 s, Hor
TR Tk UL — 3 — 8% i ( phosphatidylinositol 3-kinase/
serine-threonine kinase, PI3K) /%5 [H I i B ( protein
kinase B, PKB/Akt) i [ /& 4 il {5 5 1% 5 A1 40 g
PR AL AE AL, W B SR T A W R
PN (1K= 28 0 e Y O R €y e i DR ST
PR mEAER

HHT, X7 PNI AR YT 45 T 40 i i B 4, 1H
FEAEAE AR 2, AR T RS A 9 KN R — %6 J) PR
PE, MO, AL A 28 TR Y IR T 4 AT
Y B ot 55 Jmy BRAE 17 HP B2 25 7E W X PNT 1Y By iR

J7 TR 2 A, L R A P A A R AR 22
P DL R D R ROV 3 A 4 Bl S
Bt — RS o BE 2 n] Sl A JE T PIBK/ Akt {5 538
BEARHEZG R, T AR A 28 TR RE Y PR SR R
{5 E A AP SCHR G A A R 2458 5 PIBK/ Akt {7
SRR R G LRIR . L, AR SO PNI
AR PR T | R | SAE | I A8 A B 4 A A
SR PR AL 5 PI3K/ Akt 15 538 BE 1Y 6 2R L H
AHSEATF 505 B 58 SR TR IR 3R, IR IR A Hr 3 T
PI3K/ Akt {5 53 % v 2 B AA | b 25 52 5 Ko g 9 xt
PNIL VAT RIS TEAE FHALS] , LU PN Y BE 2597
WHEHE R G ) B IS 4R T T G 25 W B A R B
BEA 2R IS AR

1 PI3K/Akt 5S1EEK

PI3K/ Akt {55 3 2 — A~ 2 2 A 240 i 9 A
SR G TR MBS T RE M TR AR R T
TR FECHENE . PISK X T4 22 43 %4 12 1o 0 440
BB A7 TG AR BT A o AT Y, W 4B R PI3K
S WA BENLEE -4, 5- — B ( phosphatidylinositol -
4,5-bisphosphate , PIP2) BB FR{k , 7= A= 5 — A5 i i
NEBEALEE 3,4 ,5- =B% R ( phosphatidylinositol-3-4, 5-
bisphosphate , PIP3) , B i i fiff 5 5K 71 & A W 9
( phosphatase and tensin homolog, PTEN ) 7£i% & 72 H
FEM P IR Ak, S 22 SR/ IR
T VRt T v AL DR ST Y 22 SRR AR 1 R , 2 PI3K
MR EE G, Akt B Akt] Akt2 A1 Ak3 =ANE
AES D 2 (SRR R R G T B R B e g e
3( glycogen synthase kinase 3 beta, GSK-3B ) Fl1 X 3k HE
#E H ( Forkhead box protein, FoxO) ¥ ¢ K+, H BT
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AR A 20 LR I R TR A AR, A e PR
4, PI3K/ Akt 15 53 [ 76 40 i 4 1 S04k L A
Wat R T ARAE | ILAE AR A A L TR B by v
()2, DRI 93 5K — {5 538 B A B T IR A B T
5T PNI B BRA BRHLAI (B 1) .

2 PI3K/Akt {5 S8 &7 PNI 91
2.1 BERSER R AL
DLt i ROS M AHFE B9 58 AL N 2 PN () 5

RENIR' it ROS if b —PL AL iR R 5t
BATIE, T BCERLR D RE B A% | iR o 416 1 40 it

P17, SCs it Ay ROS T30 DNA £33 2 1R
FIE KA RAATIRERE AT, PRI, 1 d 5 ROS 97>
AR THERF PNI S SCs BITIRELL K SCs FIAREMIAH
HAERHZREE, BHET E2 XK F 2 (nuclear
factor transcription erythroid-like factor 2, Nrf2) 7£
RER R A L A R (2 B R I o F 71 9
B 40 M bk B -2 ( B-cell lymphoma-2, Bcl-2) =
KB IE ML R M - 1 (heme oxygenase-1,
HO-1) (735", PNIJ5 , Nef2 st 85 0% 1 i B
PPl 2 BE WS P AT BL AN, PNT 5 Py J5 9 57 34
(endoplasmic reticulum stress , ERS) FIAR Y& & 11X

T N2 A% AT B2 A T 2, HO-1, LT M4 M- 1;NQO1: NAD(P) H B4 fLid JF i 1; SOD2 ; R ki A # E AL Wb Ak B 2 ; Bax ; Bel-2 #H
% X EH;Bel-2: B 4O VR -2, mTOR ; HFL Y 3 A8 KA E A TL-6: HAIEA R -6, TL-18 : HAIMI A K - 1B TNF-a; iR IR FE IR 1 -
o; VEGF : ML N A K P s PCNA AN MIAZ ST 5 eyelinD 1 - 40 SR IZE 11 D15 PI3K . BE R WENLRE - 3 - At/ 22 I3 S MR 26 1 B 5 Ake . 25 1K

Wit B; PTEN . Rl 5 7K ) 4 H R

Bl 1 PI3K/Akt {5 538 BB IS 76 PN b A5 R H
Note. Nrf2, Nuclear factor transcription erythroid-like factor 2. HO-1, Heme oxygenase-1. NQO1, NADPH dehydrogenase [ quinone] 1. SOD2,

Superoxide dismutase 2. Bax, Bel-2 associated X protein. Bel-2, B-cell lymphoma-2. mTOR, Mammalian target of rapamycin. IL-6, Interleukin-6.

IL-1B, Interleukin-1B. TNF-a, Tumor necrosis factor-a. VEGF, vascular endothelial growth factor. PCNA, Proliferating cell nuclear antige.
cyclinD1, Cyclin-dependent kinase 4/6 inhibitor D1. PI3K, Phosphatidylinositol 3-kinase/serine-threonine kinase. Akt, Protein kinase B. PTEN,

Phosphatase and tensin homolog.

Figure 1 Role of the activated PI3K/Akt signaling pathway in PNI
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¥ ( unfolded protein response, UPR) A %", UPR
e Al Bl 28 B T 453 Al 5 R AR Y R RO 2
— 21 R[S ESC PR IA T SR I T C/EBP AR
H ( C/EBP-homologous protein, CHOP ) B33k

PI3K/ Akt {5 518 % 76 ) 55 40 0 A4 481k B ok
S CHEAE ], WEST BT, SCs P Y AL AR
Al I PISK/ Ak I SL 3 ) & A 55 E R
1 ( mammalian target of rapamycin, mTOR) {5 5 i
B NI BEL AR M 2 A0 AR, TR PI3K/ Akt {5
S ST R L F N2 NAD (P) H i ik
it J5U B — 1 ( NADPH dehydrogenase [ quinone ] 1,
NQO1) | £ #i {4 i % 1k ¥ B 1k i 2 ( superoxide
dismutase 2,50D2) Fl HO-1 fy &3k, [A)wh F 98 94 1=
A% A Bel-2, F i Bel-2 #1356 X & H ( Bel-2
associated X protein, Bax) , N2 #F SCs #4958 il 2
FEAFILREMR Y, A, Nerll 38 8 #0 PI3K/
Akt SE B BES R RN, 25 E PIBK/ Akt 3l
B AT B OR R PNT R A LR K
2.2 i SCs AR

I 55 2 2 i P 25 40 0 B2 B 4 ) 0 28 B )5
12 B WA TE B ) W 8 A A T i ok AR .
WA f 5 2 o 20 M A . W A AR OS2 4 A
PR B, IR e it ™) i B A A s 2
SPECANML AR 1 S T BR, S E AR SE TS PN
J& , ELETT LT IR A 5% o 0 5 B 6 R N A2 45 A i
e, I ASZ AR 2 s 2TV BFSE 4R, mTOR
Xf A BE R RN 2 T R B B R R, R
PRV T LA E F W RE PR Y 2 38 hin A A
FOTEBR . PI3K/ Akt 5 538 BO0F SCs ARG 11 15
HT R L A T B I8 19 4 T, T 0 22 T 49 Joia 33
il 5 P A B B L RN AMIE S R B, CXC
T4 A R T B 12 ( chemokine CXC motif ligand 12,
CXCL12) i i PI3K/Akt/mTOR {5 5 18 #1558 SCs
HWERE ST, IR SCs 13T 7% KA 1 TH P 22 D) fig
B2 WL, PISK/ Akt {55 38 3 5 5% i 1 0
25 PNI WRERIE,
2.3 MHIERET

T SRR P ST R, fEIE A R
AR A e €8 BTSSRI DNA W 4
MR AR AR T/ MATE R T 3 Fhik AR,
— MR R IR B N TE R AL, W FR S BCL-2 74
PR, ) — MR SE T Z KA s i AME IR 1R, e
JG— 2 ERS AR R IRSE R T2 K 2

(tumor necrosis factor receptor-2, TNFR-2) 7E ¥ 55
SCs BLIAT-fE Sy iR B EEAMEHY . PNI G,
fithZe DRG HHE A 40 M TR 88 > 3%
NP i BRI 24 K B 12218 . PI3K/ Akt i
PEES 5 A0 E T ) DGR A Sl I . BTG PI3K/
Akt {55538 % 0] LA /> PNI J5 SCs & DRG # 1=,
PTEN JE [ J& PI3K/ Akt i #% 19 F 2 A HE H 72
— 7l PTEN Rl {23k s iR SR o FA: 2 9T
P, P R R 48 4310 175 S 19 SCs BT 43 WA 14 240
Jia /14 30, 3 3k miR-21-5p %F PTEN 3 X gk 47 7 3
2, NI PI3K/ Akt {5538 B , #F M55 T e s
ST H9FE3k, 40 Bax Fl Bel-2, Hid Bax/Bel-2
RIEAR, A B T o3k DRGs (M & g A= K13 7T
UL, PI3K/ Akt {55l i i 2 541 -2 5 PNI
W RAERE,
2.4 HNHIRAE R R

FAEANML | JAE 4 M R T Rk fE IR 77 PNT 1)
RIEHLGIrh i 2 X EENEH, BB FHR
i S5 I3 3 7 A R A AR E W A4 i R il B
PE AN 1] SZ B 22 F DRG 1Y 5E [A13E A%, 72 Ak 20 i A
TR E I F 300G SCs AT ST DRG #2800 A9 1
PECY PNT EH i RAE S & NP, X F& e B4
FEI A X ML U8 1 SRR, RPATL AR M o o aok
B, DL AR AR IR R A 23 77 A R IR, B o
PIRAE IR IL-18 . T4k & —v (interferon gamma,
IFN-y) \IL-17 .IL-6 Il TNF-o 7£ NP 3446 54 (it
2N, Hirp IL-6 F1 TNF-o 75 ff Z2 MK
B A I A L ) 98 DA R 3 ok B 5 SR S 5 L AT
FH 25 F i if ( transient receptor potential cation
channel , TRPV 1) S5 508 e 25 S A 0
WEAN  FEAL B fh 28 B AR S R v B A A 15 S
AP RIS RGKk RG] S SCs TR R Pl %
FEAERPY SR, B VAN A T R A R
FIE R T, TNF-a IL-6 2635 7K B # THi . BFse
FH  PI3K/ Akt {55538 4% -5 B e 41 i i) 12 48 AR
A TR B R 56, T R W NP Y & A R R
Maresin 1(MaR1) &—Fh4t 2 FE iAo, 2k B
AT LATE 3 0% PI3K/ Akt/mTOR {55 18 6 S A1 1
2R DL U N IR Y DRG W40t )
B T PNL /N BUA BT A 02 2 4L R TIL-18
IL-6 Fll TNF-c 477 A=, MUTH 300461 T 4% E Js B 7
Botticelli 25 3 52 /1N AR B #4803 B H G ST SCs
SRR AERERY | K B o7 MR 2 1 A B8 S2 A 110 98
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WAl LA PIBK™Y R (1, AK™ R p70
S6K™™ [ BEIR 1k B /K-, R o7 NHAK AZ 1A 11
WO T LAYE Y PI3K/Akt/mTORC1 {5 5 18 % 3k 411
Tl A2 58 240 M P 0% ik, AT Bl 3% SCs 1Y i #% g
TP R A AR A E ¥, £ 1, PI3K/Akt
T 2 5 Z 2 DRG R AE 2 K 1 2
PNI 5% NP,
2.5 RFMBEERMN

A8 TR BT et 28 72 R R 28 G T 22 7 ] L A
214 1) 5L B B, N R 4 ( endothelial cells,
ECs) 2 44L M % N fz 4= K A F (vascular endothelial
growth factor, VEGF ) I B 145, $2 4L &R
BN TR R UG ECs R IV BE A
F AR 2 50 e 11 T 20 it S 4 RN 4T Ak
Mg R LT ERY T, A ECs B Z
3| SCs M PI3K/Akt {5538 % 5 PNI Il 4
A ARG, Bl — T 5T 2 BH , P B 4R v A 14 41
WAE 3 miR199-5 #U[a] PTEN Z£ [, LI PI3K/ Akt
WA 5 AL SC R4k, I AT
AN ARG SR 4R O I IR I AT A 1 A i
P4 PR 5] 5E 5T 40 M ( MSCs ) 3833 387 PI3K/ Akt
S WK AR HE PN 5 SCs 3958 FITF RS | [R5 1
S 45 1, PIBK/AKL 5538 i 1 2 5 M
B, S A LA RS S PNL YR
K,
2.6 AEAMmER

it 2 240 ] 00 %) AR A KT b 28 P A e
AEREMIE G, .S .G, WA M IO By B4l
i, HEIE 32 1R 2 41 1 5 Y OGS PI3K/ Ak
1755108 4% 308 o R0 3k 4 0 i R 40 9 B Ok R it 22
PR Akt A H] GSK-3B AR H 27 B
551 1(p27kipl) ,i?ﬁéﬂiﬂ@}%,ﬁﬁﬁé D1 (cyclin D1)
FRZRIA , DT A2 1A 240 S 100 3 R0 4 B 34, 3
SN A 0 FEAR TR Ak BRER AR B I R 5 S 2
Gl W5, 5 R A ga T, B 2 FE AR A
F N, E PI3K/ Akt {5538 B T {2 ik G,-S W11y
Feff, cyclinD1 R p21 B8, 25k T SCs 55,
AT UL PI3K/ Akt {7 53 [ 3 2 81 5 40 i &) 3 5% i)
PNI & K .

3 hEZEE PI3K/Akt (5 5@ K74 PNI

AEZ I o SR TR PN IR 4R
PO WS4 S I PRAEAR , 7T B8 T S S E

SEEMEDY L (FEM - R IDE KIER SR AE
BRI AR 55 P KUFE IR S8, (h
Y iCEk EE M, HAES IR TR, 6T
B, HITANAT B ETE TA R JB0E A R <
R FEHLIABEAIE . (A BEEEmg ) 1C# S &
PR AS , PA PR AP R E 7, i I RS A, L R
B RSN 2 BRI, 36 DR 08 38 4% | % 25 1 451, 45
BIEAS, R LIAME 25 T M AL 2 F, Ry
DUEE R FIHRIE ISR L, L Z R 2 )2 IR
S TR RAR 5 KA S DL 2238 X
THE PNL R R AR, AN R B /0 Bk, it
T PNI B9 ER 25 3 A7 %) TR iR PNT HAT S L,
3.1 HRsZ

H 24 P I A3 2 R 4 T 2 2 R0 Y ) o
fith . 31X 26 AR 43 2 BLE i PR PI3K/ Akt 15 5538 #% i5
FIPTEALL AT AW PR T R A AR A A e
AL AR 25 B ), T AR 1 40 A 154 B | 5 R g 58
FAE S R A
3.1.1 KWk

(AREYHE ) Pid R BREA B HAR #5571
PAETIAL, TG KGR R S, RIR R 2 %
WG, BA YR PUEIERT . Zuo Y LK
JBR R i 3 3% RSC96 SCs H AN Ak B R 1k e fiE F
RSC96 SCs Ay s, 28> 3 ik 3h ) 52 8 ik —
AR TR & 8 i PI3K/Akt/mTOR i A -
LB WK RIS S DI RE Il 2 1k
3.1.2 Hifp

Hb O £ B 2 A P e ARl 2 AR AR
Chang %5 BIF5E 2 Bt fe 42 U4 F PI3K , Akt ()
BERR AL, , W0 4 5F A0 A% B i ( PCNA ) K3k e i 20
FRE G, I, 5 5 40 S I R 55 2R 1 eyelin
D1 .cyclin E #1 eyclin A BTk L PI3K/ Akt {55
i RSCO6 2 A 3 4 FHAFI .
3.1.3 W

B BABIR Pra sl 2R 4R
WPk, Yin 5507 5 S A B H Rl AL 1Y R RSC96
YU [ WG P, 27 AN IR T, R TR R R
BEES0G , Fs T A TiRg i@l Y miR-155 4
1Y PI3K/Akt/mTOR 15 5 i # £ #F F w5 s 2L
T2, Wb, B EEAE S b s 2 40k i 2 DR 25
i, FESE AN A A AL 3 o A B LA R 2 T g R G
TIREJT i K 5 EEAEH, Zhang %57 38 13 1A P A
S % BUE EE TR R AT B EE 2 (100 pg/mL) 2
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ERONT ECs LR AN AT B TE B, AT 68 8 1 T
Akt/eNOS 15 538 [ LA s i 45 A= s i & 45 VE .
3.1.4 FEH

ZWMBHAHR YUAMMEM, Zhao 5
G P20 2R TR R A i i 2 400 O B T
R FEA A 28 P A A R T Ak 3 [ T 20 Ff
AW, 98> SCs PR T AR HEBERI 1L, I ph 28
3.1.5 EAR

FAR F e — P S AR T AR B B 25 A
Y, BAPURA IR ELZF P, T
SRR 2 P4 PIBK/ Akt {35 530 R 1) i 35
NS AR I 475 K B B BE T A o 18 S & TT
ST, S5 HAN] INOS # H %5 fEdt CGRP HEH &
AR,
3.1.6 #mA

JR LA R BA B P s Ak PR sl 2 O 4P
AOFERT . Ju 200 & B2 B A SR U R L AS R BE
g {2 #F RSC96 2 M 1Y 14 %, Jf 38 i 9/ 5 IGF-1/
PI3K/ Akt {555 4 18 15 200 Jifa Ji) 39 4 G 85 P o A2 9 4
I 54 5 R A0 A
3.1.7 HZEPEE

HE P EE— R Z MBI EY, AR
b g B IR BT 0 S AR W TE P, Ding
OV R B, IR BT DL G S Ak [ 5
FEAEHE p300 BYBERR L, T 3G i VEGF YRk, 3
e AR B B B0 5 A2 S D RE K &, A O R 2
A,
3.1.8 JEH

EHBABR BUAAAER, TR 3l 22 O 4
VERE, BAHE ) i PR A 52 56 & RS FE A 4R U
REHZ KR E SCs (iR, 5o F 1) ] 32 {4
UNCSB 25 & & X SCs MBI A, 8T s
P38 MAPK #1 PI3K/ Akt {553 [ ok 35 Ak B #f 25 4
KBz sh o e fph 248 Sl B (R 2 A
FIHERHIE L,
3.1.9 HuHe

FERE I —Ff DA b B (AR SR B L & 9, 1E N
ZRUPE SR 2R, AT X i 48 50 B I 40 i 7 A R
PWER ., Zhu 551 & BUREBE AT 0 25 o 36 Ak B i 46
Pt/ INE T RE , 3 I R b 20 2 4k 1) 5 RE R R B,
AIR/D LA-L6 FBEHT A 40 M08 T4, 1 p-Ake,
p-mTOR , p-p70S6K , GAP-43 il BDNF f¥) ik , i it
B Akt/mTOR {5538 B Ao AE R, WK 1,

3.2 HHEF

25 T TE PNI R R EEAEH ., PR
S, PFSMLIAELL 3 ¢ 1 B e, S A
Z R E B AR A, e A RE K M T an 7
SR LIRS 415 IR A HERR | DL RS 1k
HEYWMFSE A FEPFSE, ERN AR
0 ot /0N 2 R A SR A | A S RO B | AR I YRR
Aped YA PR LR EIE T Gao 51 L HLST
217 B W o O PI3K/Akt i % fiE 98 F M
CXCLI12 Fik/K -, Wi fE 1 SCs 38 5 1 7 , i i i
S UIReR S MBETEAG PR A A HEZh R .
3.3 EHfth

BT Al it PI3K/ Akt 38 J%-410 1 40 e 07 1 DA 1
1GY7 PNI, FEBAMR ) % BLAT il « BRBE 7 aT LA ot
AR E BT R BR L4-LS W21 b i 2 27 4 1 15
BRGNS s e, BLak,
PI3K Akt Bel-2 8 & 3k 1R, & B &Rl nT 300
PI3K/ Akt {5530 % A il #e 28 e 4R M A R T, L
GRRIAUHCR W TR, A, B i gs & 3
CARIBYT AT 38 o 3 i A 22 B K S PI3K/ Akt
WG SRS NI SEB G 2 B

4 INESRZE

IAESR  PNI R AR @ 2 P EH fE R
FYA TG B, PNL ) AR HLE S — N2 31 2
RE e B, 58 A0 N RAE R, F W AT
S S BT A A A A e R A DD AE O,
PI3K/ Akt {555-38 [ 75 {2 1 4 B A7 15 J7 TR 40 3 1 =
B (A, o i 5 IGF-1, mTOR | Nrf2 45 56 4 [
T, BE SCs DRG M40 ECs (365 JHT-5
H WS A T A P2 BRSO R R I
PR S PISK/ Akt {5 5538 I, (R EREEN 12 5
SIS PR NI A RO 0 p 2 A s 2 5 O
¥ PI3K/ Akt 17 53l BR Y7 PN 22 LIR30 I3 2%
25 IR IT RS S T B < ERAEN, AR
T AR OB EAR R E Hod i I A8 = i 25 )
A MR O S5 1S 38 45 2459, D3 HL 2
JP RN 32 v, HOR AW 98 4 22 4 1 £ 25 7E PN
TRYT N AR T 2R AR 5 A T B, R
1M, PI3K/ Akt {5 538 [ A IR 42 2 8 PNI IR 1Y
SRR S (A S A I 2P, — i, TR 2y
fE PNLIRIT 58 248 b T rh 24 B0k i % rh 2
2 R RIT MR R W B A5 AR
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F1 PRSI PERSRE T T PIBK/ Akt {5538 RS PNT 94 F AL
Table 1 Molecular mechanism of traditional Chinese medicine monomers or active components in the treatment of PNI by interfering

with PI3K/ Akt signal pathway

2 B R S PR A
. - S W .
Chinese medicine . . 8 1 FALH B
. Chinese medicine . . .
monomer or active . . Model Mechanism of action Mechanism
. K ingredient
ingredient
PN S H RSC96 Z s PI3K/Akt T, SCs H#5H 1
Gastrodin Glycoside RSC96 cells MAPK/ERK1/2 | SCs proliferation 1
; A B2 D) SD R i
PN = LES oo B A 1
. J Sciatic nerve PI3K/Akt/mTOR T . .
Gastrodin Glycoside . o Myelin sheath regeneration 1
dissection in SD rats
ZMLET T SCs S 1
H 4 LS RSCI6 4L
&%ief&% Clveosid RSC96 cell PI3K/Akt T Cell cycle T,
rong yeosice e SCs proliferation T
T HHK RSC96 # N R
REHH b i PIK/Aky/mTor] R .
Astragaloside TV Glycoside RSC96 cells AutophagyT , apoptosis !
N SGEEK Bz 20 L+ A - P 22 5%
L2 AR SRk JEA5 SD KB ML T A T a1
Radix astragalus njc, Human umbilical vein endothelial ~ Akt/eNOS T Angiogenesis 1, axonal regeneration 1,
Polysaccharide o o . ) )
polysaccharide cells +sciatic nerve crush injury in myelin sheath regeneration 1
SD rats
Ae BT A SD R R+ i A T BER A T A T
R LIRS RSC96 4 T
A SRR Rseoedmie Akt/mTOR 1 N 4 ,
Curcumin Flavonoids Sciatic nerve crush injury in SD rats Autophagy T, myelin sheath regeneration
+RSCI6 cells 1, axonal regeneration T , apoptosis |
AR ZAR PN A SD KB
R pES E=RIATR
HIRE 7( Brachial plexus radicular avulsion  PI3K/Akt %\4 \' el
Puerarin Flavonoids o . Oxidative stress |
injury in SD rats
) , AT | SCs B T A0 )
ULz R W% RSC96 4l (SC T A T
IGF-1/PI3K/Akt T Apoptosis | , SCs proliferation T, cell
Protocatechuic acid Phenol RSC96 cells
cycle T
[l S Ap AR A% SD KR 1L A A,
il " [ o Akt/p300/ VEGF | LT
Resveratrol Phenol Sciatic nerve crush injury in SD rats Angiogenesis T
, E-R A QUINSOTE: 37 I TN SN
RSCO6 40}l + 4 5 9 2 451 5 SD %ﬁﬁ\iT ST T
2K ZhkE KR P38 MAPK T ,PI3K/ | o
. ] e Oxidative stress | , SCs proliferation T,
Velvet antler peptide Peptide RSC96 cells + sciatic nerve crush Akt T ) )
o axonal regeneration 1, myelin sheath
injury in SD rats .
regeneration T
i A B W2 B TER KM /1N HRERTMAUET | BB
A - HWGHIR RAR L W LT
Sciatic nerve crush injury in Spinal cord anterior horn cell apoptosis | |
Catalpol Terpene R 70S6K/ 1 . .
KM mice myelin sheath regeneration |

TE: T FRRFLACTHIN, < | " RN KBTI,

Note. “ T indicates an increase in expression level, * !

ROV TE . 3 — 7, AT PNIAFSE 24
TAME RIS S5 G B, Bk = TE AL 91 R dE S 0
UEBE PR SO 4 Sl iz U ) TR A K, R R

”

indicates a decrease in expression level.

it BT R e B i RORLARE 4 i PR3, DA 41
HER BTG PNT A SEPR B ACR . R, % Tl

LILYSR e A UE W N Sl 1D S B i DR 7 N

SE 3k
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Relationship between insulin resistance, hyperandrogenism, and
mitochondrial oxidative stress in polycystic ovarian syndrome

ZHAO Qi', CHEN Ping*, YANG Liping'* , SUN Jianhua'*", MA Zibo'
(1. the First Clinical Medical College, Henan University of Traditional Chinese Medicine, Zhengzhou 450046, China.
2. Department of Obstetrics and Gynecology, the First Affiliated Hospital of Henan University of Traditional
Chinese Medicine, Zhengzhou 450000)

[ Abstract] Polycystic ovarian syndrome (PCOS) is a prevalent reproductive endocrine metabolic disorder within
obstetrics and gynecology. Two pivotal features of PCOS, insulin resistance (IR ) and hyperandrogenemia( HA) , are both
instrumental in its pathogenesis. There exists a discernible correlation between PCOS and mitochondrial oxidative stress, a
relationship heavily influenced by various factors, most notably IR and HA. This article endeavors to elucidate the interplay
between IR, HA, and mitochondrial oxidative stress while also exploring the impacts of insulin resistance and
hyperandrogenemia on mitochondrial oxidative stress among PCOS patients.
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Z PP B ZE A1 (polyceystic ovarian syndrome,
PCOS) R FH LAY A= 56 4 43 WA, 3=
BRI AL A O 5 22 4 D T e HE DI v VR If
JiE ( hyperandrogenemia , HA ) F1fi# & F K T (insulin
resistance , IR) , IIfi R [, PCOS & £ AL
AR AN RN | SRR B AE MRS JHE | ¥ O 8 A
A e ML g AL R PR o LT e = T
SEARSERMEE B AE, PCOS 2R AR5 5% ~
10% , H AT & H A b i R B , 2% rs H 2 —
SIRMZIL NP, W R EVR BT 2, I K B2
DIMHEIR ST 8 £, W HFEHHE, g2, WA
[E; .

LORLA T N 0 WA 2R 8 O S 0 L 2, BOR B 22 1
WE5EE N PCOS A HLEI T GE 55 Lk A Iy BE F i
FAAERAOCHE  EAR LR A AE )5 /0 1 RE A 344
BEAT , ZORiAR Bl ) 27 s K A SR SR AR I
RAEFNE 2 20 M AT A S0P I % i ek A i 32 22
TELORA TP HET , =R IRIA A5 AL BERR TL 2 17 97
A OB Y R Rl i A Zeobn A GE 2o A8 AL B IR
A7 A 1 20 i A i 3 3l Y B8 B, JF RS TROTE PR AR
(reactive oxygen species, ROS) , U1 A4k ¥ F13d 4
LA, XY AR E B XA e di e, i
9 ROS X 1558 A |k PR 3K R A 82 S I 25 A W)
FUIRE R SR S ORI SR AL N R
LR R A A 1 — B O, B 1A 7™ A= 1 H
FEAEAY IR R 22 | 5 2040 L N AR AL I - A
KL, ROS 7= 2 MG R C R, ot — 2
o 4 S AE RN BT

PCOS B A HA K IR, H 2 3L 431
RIHZERL, ERA BRI, PCOS B #FAFTELhL
RE AL D OIS, EZRIA ROS KT, 4ok
& DNA 45145 2R 0k 55 el 7 3 2 | i it S qE
SR, SRS AL B N g2 HA 2 TR S5 AR 5¢
SR PRIERIE,, B4 PCOS B 1A AN B A
FIHA J2 IR A7 KWe? ASCERA T IR HA SR
EALRIII S 2, LU TR CHA X PCOS 3 £k 1A
SEALRIECIRZS SR . LIS PCOS Iim IRIG ¥ $2 it
B AR E AR

1 IR .HA RZfi{kE WA

1.1 IR 5S&NESURH
IR B A A S g 5 A E A (036 e 5 A
S IR 2 B A L) A SRR B T RRAIG, S8k B

ML RS Z R R, AEBAEMET RS
ARG B A — AR S B = R
DN TITT 33 500 ) 20 8 110 Ak B, R A 4 A IV 38T 40 3%
LRLRT R S 450, JE M AL =R R IG5 A AL
fRAE , 98D =B IR 1 (adenosine triphosphate , ATP)
A, B0 MR 1 R R R B e B R AR S A
T, WEATR AR M R IR 55 2R 114 o JR e R 2 2 R 1100 5 5
AR TR AR A0 R R IR, LIS
FIFAAS /25 i — 20 5 30 i o e, i 3 R Ak 1)
RE IR A L, B BCEPEIR R, IR £ PCOS f&
B ONEINBE T E A IR SR B A v e 3 A O
TEA, 2SI RER L AR ERRTHZ
LML SE AN T AT p38 22 R4 i Ak 2 11 Vg
(p38 mitogen-activated protein kinase, p38 MAPK) ,
AR R 85 322 AR EC 1 R IR &5 3R 32 AR 1) 22 R/ 9
RRWERAL , 3 B0 20008 W 1R AL AT, 300 i HC T i
Wi g ME LB 3 — B B% ( phosphoinositide 3-kinase,
PI3K)/4& Hi4hE B (protein kinase B, AKT) WAz, If:
R0 e By R A T A S BT, PIBK/AKT {5
S T P R 2R ik S, DT S BOR A R L s
4 A ( glucose transporter 4, GLUT4) By v I & A i %
BB, 1M 5% B9 PI3K/AKT {5 53 5 PCOS &
U DIRISET . FE SIRT3 553 PCOS JUHKLAN it A
SRR B U/ I, 2 1A ) R e 6 23 15 i Ak
B, SRR AL RIS T (9 p38 MAPK A1l PI3K/
AKT 157 15 5 - i g SIRT3 Jdi/b 5 PCOS
FLA A A AR A S Z AR
1.2 HA SZpikeL s

HA J&— P LUE R K P TH 8 S R AR B 500
S BSR R IER A U OGR4, HOK - TH e
SR HE AR G U N, DA 5 1R A P 3R KT
FAOTH R o 3 S IR L A SR, S SR M
P JI5E S0 9 e ) R A R G S R I, T e ME LA
O RREOR — ORI T 90 B AT B R B R K B
THEWIH L, WA RN, A 5% ~ 10% M LB A
HAP! APk HA 9 32505 /& PCOS, 24 (5 95 191
i 80% , A GLAG 24540 | I B e 3R 1 98 40 ilb ik
21 BRI ARIITR B LIS I, AL N
VACRT BB S M LR AR DA T 1) T P RN 25 A BELAH i U7 TR
IE AL, FETT AL B AT, oAb, Lo ih 4R
AR A b B2 B, T & s B AL, iR AN
LR SE R | ik — 20 52 e g B A . I R R AR
P TS OB s R il = TR K 1 T i [
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I s 2 iR I Pt 7 O R ARG 2 iR A il 2R
ALAY BRI R VR 5 IR S B A0 R 5 L [
P A SRy 22 T P A Ry B3R S L[] Pt 7K P T
SR EOMERCR S g, A REFRE R, PCOS B
LR T AE AR R PR G5 6 R A KN TR
KK ¥ ( heparin-binding EGF-like growth factor, HB-
EGF), Wik =& ) HB-EGF 7] fEifiJ JNK/ERK
ARG MR 1 3 2 230, BUWURL A0 L 0 1 A
LRI REREAT Y o MR A R A U
SR T DL S A O I, W MR 1 2 A
IR XA AL BRI AN AT 30 Y 2 e A A
W ME— & ke, MERCGR it 2 F 202 i T
e R L B i, e X BN AR T e R, — T
PRSI ST R, S AV 1 B 55256 [ et 7 £ i
(T T JF I T iz i
1.3 ZHESELMHESHEN IR 5 HA

W ESCRnR  ORR E AL R 2 T2 IR, HA il
AL E AR OC , TI8 4 SRR 1Y S AL T 5
A IR 5 HA Z A2 R AFTE KR R 209 #
ZAJ7 TR RRLRLAA S AL BLTE TR AT HA Py AR
o BRIREAR 2 2 BATP A lUAS 2, 3511 38
LA BE B A A 2, 52 el ) 4 W 1Y 5 RN A
FH o TRV, 480 A R J8RT B 3 A 0 i i 7 S e
PE, 51 R IR BT Ak, S BUIR BRI R AL, R 14
DAY JEL 1 A R il = R K T, X e ELA
XA BRI R 5 U AN, 38 368 e 52 i JBRe 5 3R AR 5 e
T, RGP R o Wk 22 0P B R HUBE AT, A
T 36 2 W S e T AN L, S B K- T, R
BLiH HA IR (9 ACJHE PCOS H8 35 Bt A= 1l 57 il
YR REAAARE T 22 B9 XU B . HA 5% T i -3
RV R, 3 B0 e I 3R R TR R Tk b A AR 4R
sehEn, i AR R E (luteinizing hormone , LH) iy
Wk Z, HE A AR BRI AR O R (follicle-
stimulating hormone , FSH) [ 433, 155 JBE % % 1L AE )
PN EL theca A 1) LH 3G PEIFAEUE B0 B HA,
TAT BEL Lk B s 2 A2 1k B b 4 IR T LA &
—FRIVBER ST, 4 45 e B A A B, MEBOR
AR HE AT i 107 200 B 23 A g BSE N s 208 M 5 4 In i
I, RO AR TR (free fatty acids, FFA ) B4
o, BT PCOS 1Y 2o PR B W P B B 1Y FFA
K-, 5 BRI ER B8 R I 2 1 A 5 R R
WU A IR W) AR R 2B B
SE W NR TR N I EE BN, LA KGR IR T AR b

JIRA IS S SEIR AR T HA I IR 5@ B ek
[A]HE 3 IR (A S AL D 3, T8 3 PCOS (1 B
VL PSRRI B A0 S TS PR ORI R

2 PCOS Stk &L i

2.1 PCOS BEGELNMEEUEHRE

SR IRUNER AR O e i s ¥ IR NS KR (%Y
N H A K ROS [ ad i, ok A 2 40 it Ay = 22
e AR = ey I A A B R T 2R B ATP £ ittt
T 80 1 A S5 R K B A I AN 58 42 3 T 23 7
A= ROS, 4 ROS A B it 8 1 41t N e A0 7 180 &
BEIMEBRAE I i, BE 2 5 R AR I, 5 BUE A
13 I 5% W 240 WLV A A RN DI RE . AR A R O U= 4
AT RE 55 125 5L B8 5 R 2R A 1) fi B A
LML DNA ) 52 S8 A0 403 , 1 1T 52 e SR 1A 1) £ )
HHIIRE, 7E PCOS S5, S804k 7 38 i 384
55U D) R RS | 28 A S S5 g 3 AR 3 g
HYIFA G, ROS A piit 202 PCOS F 211 & s Al
R, HE 54RAK DNA & il fgdebi A A b B bk
TR, MP0 AL 1) KPR T 2 Z AR,
ROS & FE AW 7 F . X — W53 TJE 2 ROS
PRy (T 1 | 4R A A il R 2 b K 4
fEW ) HIESE 76 PCOS R hix sbbr i o & Tt
w7 TR ROS &4 DNA B R EH, T3
2P B SRS SRR A W TR Ak D) B R A A B £
ROS 77 A, 4 A 5208 OB 5, — S qy
PCOS 117 P Bt 480 £k Bl A8 AL il B A1, 3 mT BE 5 2
ROS 77 A= R 8 A B 80 =2 1) 1 2 A, 5 S80S 1 1oz 98
BN, BEAh, LH  FSH R A AR 55 33 28 09 22 18] 1Y) 2%
i AT BE 23 52 W O S 1) Bg, O W] i 5 3 ROS 1Y
AT I PR I TS ROS 22 1] A 2k Al vl
B3 RE A BB 240 i J5T i, AT S 30 PCOS S8 =8
HEBR AR ZgE )
2.2 #H IR PCOS BEGFELXNEINIH

A 2 A RN O D7 T AR 3 A e R 5 R A VR
AR B4 TR 5 2R 30 o 0 A S 2B ROBE 0 i o
SN R A A, T B PR AR A TR, RS
FRTE P 1) 3 2R AU i i R 3 g A B
JEHIHIREf# . 7€ PCOS BB JiR 5 Ik 2 1 40
ST W/ ol 2 W %) v BB RO G I ik v 00
ot WL S U B rh ] 28 R R U R KT T, B
UM EERL, PCOS B H A IR, T 2040 f Xt
I 5% 225 B 1) S . e 1K, i 40 W R ik 2> |
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1M FECATP A= AR JE RN RE R AL AN, Gk &
0 A REE A 7 Rl ATP 2B A 2 S 8t =1
ROS 7= Az, 30155 R R T RE R 25 440, ifF — 25 52 Wi 4
LRI e BRI ER . 75 TR B P il
B iE oF NADPH 4 1k fi§ p47 ( phagocyte oxidase,
phox)éﬂﬁ'}'iﬂﬂ ROS 7= Az, {8 {7 B A% 20 fif R ik i Jed
WA T o, 3458 T NF-xB (935 #E . NF-«B JZ it
Sk 3ot 03 NADPH 42 £h i i ) 420 £k 57 384, A i 38
JROS 174 JF 4 RAE N, A IR 1Y PCOS
B ZAEAENE I, NADPH 481 i 76 78 JPE A 14 v o
F7HE ROS R OCEEVET . FERR D 40 i v, 38 fin 4 i
17 iR 7K V-3 10 3800 NADPH 4804k it frk % 4804k 17 3%
IR #HAE PCOS HoB I A B MR ™
Az BN, PCOS 2o Y i 7 40 e A i 375 v e 1 %
ZAKJEY) 1 (insulin receptor substrate 1, 1RS-1) fi& %
FRTEIR AL K P8R, 15 IRS-1 22 Z MR IR 1L /K - i
FTHEY IR R 4L SR BP0 Uk 41 A TRS-1 /K
I, T PCOS B /A J50kE 41 At A TRS-1 K5 i,
PCOS A4 i i 41 B A LT 0T BE 2 59 i 1)
TR A I M S T R O 1 R 2, (R R 2
& GLUT4 H PI3K ZKFREAIE Y AL NIORT IR %5
PIAE X, AL B AT BE & PCOS 1 IR 19 = HiHE A
BRI A N R B) =4 8 e i P
SAL S T TI0 E 240 X I 2% 1) S T AT
2.3 8 HA PCOS BEEFELNE WA
HA /& PCOS [H— A HAVEEAE , A H & bl
B OAEHT . PCOS IR FF Fh i i K F T+
R, EEE T HERCER 07 A AR 2 R A AN
', PCOS B3 BUIR B AR 5+ 3, 2 B i K 7
SRR H i =g, R R R L MRS
I AT RFSEIE A, b 2 v 2 i R S Ok
YRR AE T TR A W, T RE 2 PCOS HORiE &
HARP HHF5EW A HA 1 PCOS &,
HA &0 T 120 M X v A ) SRkt HLmT RE T
THAALR B, 7E PCOS Ltk 1778 St F 1
T (A2 ) 7 20 B N AT R S i LR 1 A T i
FRERARI ™ BFFT R, HE 25 n] LASE i 2k (A
(R RIS, A S b AR Y 26 14 J5 & B R B o 7
Az ARk i A B KO AT BE A ELA R A P
AR I S N R B 0 AR N R kAR X FT
FEEAARP ROS (A BIEG I, M 52 0 SR A4 (1)
L Be 40 A P AL I T A, e A B M T Y
K, REAEAEH R K T BRI B 3K —— M 55

{H 2RISR AE PCOS 2o AR UG A 19 B 3= 5 Ml iR
BRI G IR SR 45 2 Bl IE 55 4 52 4R
TR REFAHSCHE bR, 5 A 40H R ROS KSR i pd7
(phox ) FEPH Y 1 8 LA K B /35 (4 1L 3% TBARS 7K -
Sl LN R PCOS 22 kbt 245 5 ek
R EZORIE, H—2L B4 PCOS M2 Mt n] fig>
FUR R R P e R R CR ST
MERR ALY 7 T A T - 4o 1 35
FEAK, S 30k 1% = 45 & BR 5 A (sex hormone-binding
globulin, SHBG ) /K- A% , X 25l HAPY

2.4 IR #0(8)HA X} PCOS B& &k Sk R

sEA!

Xt PCOS B F M5, IR Al HA 54k 1A % 1k
P BB PERAFAE OCHR (& 1), B4 PCOS &
LR AL O B IR 382 HA, B 3 3L TH
YEF? PCOS 3 g 1% 2 Tk 3 2 K - S IR A o6
1o 5 KO S B R K TR, S
S0 BT HRE A 08 2R 1 7 A S > P ] R AR R
RIVER BB T8 bR A B 2 B MR Rz T
RIBURAE , P — IR S M R K, TR
LH bk tvh 3 DA 23 S5 S50 09 S 170 80 A 248 it R0 [ J5 240 L
MEBE L = IR B R 5 KT B R
5 LH PrRIE T, 038 01 S Y 35 A 4 A A ) 5t 40 A
AR IR SHBG B4, J5 & 5 i b iy &R
A TR S TR AR RN, ik
IR 2K 5% T s, SHBG 1 45 7 8 it o 1)
i 5 ZEAM AR, T S 000 B i K e e
PO S TR E NG N R e (T U = g
BRAE R BRI T R sg R or it Z i IR . FSH
S 1) 5 B Ak it 3% P R DT B A0RE 240 i v A2 A AR
PR Z M A Ao i ) I B R I, O R
FEa R, DRSS ANHE R FSH BTG PER N, B R
P 45 1 & (anti-mullerian hormone , AMH ) fi¥) 3¢
Ik VAR B TR R T T B X SR A
SSHENE IR A AR E M M, AR A,
PCOS B R 28 AL R0 21 1) I 45 38 % 2 il IR
AR P EAY, PCOS B 1 IR W &R |
ML AN 2 22 18] B A B AR N, 0k — A 5 i 2
BRSEAL R, PCOS g HA i &k, 82
P T P T v 4 B U 28 T B B 7 A R P R S R
VEFHBTEK 1 9 25 W00 mT BB % 5 M 10 4 4L 1 B 22
o HE NG 5, I R R IR W 4L IRPY
A PCOS R BRSO B, 3R] 5 B R
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Figure 1 Relationship between IR, HA, and mitochondrial oxidative stress in PCOS

(R AR &

ZE ERFR HT PCOS s IR R & s AL i A
A, VE R —Fh 22 R 2 05, 1E 5% T 2 Bk B 2 2
PERERR . HRTIGRIG T 322 DIHE AL BN 2, iR
SRS AT AE — R B R R BRI, B# PCOS 19
PR A ML A B TR YT, ASCE ST
RRR AN IS PCOS Z A AU C R, 5 H Zeohi i
ARG PCOS 1 & A= Fi ke B S 252 ), IF
H PCOS [ TR F HA 5 Zki 1A S AL 10 18 =2 1]
FEEAR L DRI , J2 75 W L3 aod ol 5 2 7 1A S 4k 1
R IEIT PCOS, A it — 5T
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Research progress on hypoxic cell models
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[ Abstract]  Hypoxia is associated with the occurrence and development of many diseases in clinical settings. Cell
hypoxia not only serves as a vital marker for disease advancement, but also plays a pivotal role in exacerbating the disease
process, and improving tissue hypoxia may thus provide new strategies for the treatment of related diseases. Further
investigation of these diseases at the cellular and molecular levels requires the establishment of a cellular hypoxia model.
Current extensively employed hypoxic cell models can be categorized primarily into three types: chemical hypoxia, physical
hypoxia, and glucose deprivation hypoxia models. This article reviews the various types of hypoxic cell models and
scrutinizes their applications and limitations in disease research.
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R4 D A U AN A2 ORI A
T S B LU S RE LR A 45 e A e
A E B R, H T, 2B BT 0 LT
4 2K ARTRPE AR, T EE i TR A R Y A0 TR
ARG I B 4 < ) R R A, SR ML TR A
SRS S 5 009 R kSR, ph B 0 L £ P A
Wl B 2T 2 1 TE AT R S, DA SRR SR
Jyid v T BUR S 5y B A D DR 3 s 2 2 sk
B, i 2 AR M) P AR A | 5 A P ik
S, DU P 2L 2L A A B AU T B, B4R
TERG R RGP A R RS B2 X HE
AOVE T, DRIk, ke 3 2 2k S ml BB R 3 0 ol SR
SPGB AL 2 MR 2 ) A 4 A 5 4 T )
REEAAL , 20 M k4 1 4 B 25 R GEBMN 1 K LR 5 4 e
PR A A RO IR AN I R
i FER ARG AN T7 8 2 D0 AR, O T T 40 M ik
AR POR I BT B, NI, 57 40 i B AR
AT I 14 S T 05 R B

1 BREHMEHLR

1.1 REMEEE I FEIRE

TEIE 20 e e e Y v LA A 6 R R AR
ZITANE 73 =W 1 B S v e (1 A = 7 S S B e T
( hypoxia-inducible factor-1ac, HIF-1a) FIALE PN B2 A=
£ K F (vascular endothelial growth factor, VEGF) 3
IR TV A R B B ) B s o, PR kg 355 4 P e
PR 20 ML P EL SR B AR AT, AT LA T 5 M08 A e AE
AR T RS SR AR 1. IR A2 i SR
TR T b o 5 R A AR 8L, TR AR AR A
XL bR E N7 T 90 B A IR A (extravillous
trophoblasts, EVT) A9 it S 41 A5 Y i 2L B0 i A
AT PRI 1 240 FOIR A . 7E A S8 DK 24 49 5 rh 24 %
20 B 1) PRV P LA R ASE AL 0 A 1 2 o I 3
EPEAN ML IS FAE 50% ~ T0% ) 564 T AT R 5T
TEF5 T 20 1 2 4 A S 2 30 v i DA 0 T 30
R 38 5 R A Ay S DR A B 5 U i b e . 7T
FEAR AR DG TR -1, 7 LA 40 i A= 77 23 5 i /s 1K
SEURH DG BE PR 3K 1 35 3 e e o
1.2 Zer{dk 2 R T IR 5%

TENARN, B3 90% 1 5 SAE LR A b BT
FE T AL R Ak Sy 1) Je W 7 32 4, L7 AR
— MR IR 7 ( adenosine triphosphate, ATP) , i A4&
POt BIR R G , SORL A A A IR I BE 35 2 i Ak

PR B B4 4 B S WAL, B S5 W08
PR H B R B T A SO A, X e R
B Z MG R T I AR U T IR A AR R S K
NV EHGE IR IS5 45 8ok, ZaYEism
I 2 TE 2 R A 5 I AL R JRE [ B 22 i) 7 A= 1
2R BT BE RS BT R A MR B R B 80 ATP i
IR 2R AR FFOFIR B ATP B9, I AR 2 H
ORI i o AR 1IN N B F 7 S W 5 AN
T B DI REAZ AL, R B ATP AR R R, AT
IR ST OIIRE R S AR
1.3 HIF-1la

HIF-lo s NARTESRE AT 1Y 2055 7
FEIEH B4R, HIF-1a 19 S840 M1 R fifk 45 4 )
(oxygen-dependent degradation domain, ODDD) 5 Jiffi
2L (prolyl hydroxylase domain, PHD) 454,
HIF-1a #5234k, B 5 #% pVHL (von hippel-lindau
tumor suppressor protein) WUlIFiZ Rk, B AW
MR o SR, FE B RS P HIF-1a A 234
PHD AL, BN 2 [ A, DI, 067 i 5 A9
HIF-1o S AZIEAE , 55 A SC A 1 U0k A7 =
F—1B ( hypoxia-inducible factor-18, HIF-1B) 254,
-5 ¥ A B 7 B R E1A H15CHY 300 kDa
£ H (adenoviral E1A binding protein of 300 kDa,
p300) FHERBRR IR H S BLTCHF4s & E H A & E A
( CREB binding protein, CBP ) ¥ HAEH , TE Wi % &
L/ R - < i/ (U U AN RS S
(erythropoietin, EPO) \VEGF 5E3E K f 1534 i, #5
B HLAE AR SR PR

2 REMAMRE

2.1 {FERSR

2 ke SRR AR 1 A e — 3 ) 3 5 e v
IO E A2 ok S B, H A R AR N Y 21
ZUBRAEUIRAS | 31 FE S 35 37 v 0 A s T P 4
X AR A R S BI, 3k SAk 2 ) BT AR i HC AR
HLA AT 43 =28 . B HIF- Lo 700 (5 SRURE 700 35 3541
n 5 1t &5 ( cobalt chloride, CoCl, ). 2% #k B%
( deferoxamine, DFO) Fl — H & 2 — [k & H & R
( dimethyloxaloylglycine, DMOG ) ; % FE %l it 5 151 %Y
WA, i W B R 49 ( sodium  dithionite,
Na,S,0,) 5 LA K o 1 itk B 0By 28 ke S B 3755 591, 4l
FALEN (sodium cyanide, NaCN) Fl& & 4 ( sodium
azide, NaN,) ., HH1 CoCl, 1755k PR A 2 w5 Y
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BRSO DL BN 32 A1 A 858 52 T T e )32 R A
SR, 20 BT CoCl, 1Y) S5 i ¥k J82 R Ak BRI [] )5 A 5
HE— DR, TR Y 1K S Y A5
AT R 20 B A AR ES A T TE A5 F , P A SRR
JHELER
2.1.1 CoCl,

5T R, Co™ REREHLIL PHD i Fe™ , 5L
PHD 25306 HIF-1a (32 FEAL, TS5 HIF-
Lo O SR S0 7= A 2 {00 400 it e S A sk s ) b Ah,
Co™ I RE ELHZE M L1k 1Y HIF-1a 55 pVHL B9 45
A A0 HIF-« (937 2R, Rk
) CoCl, ] HE 2 E2 TR 3 o AN A7 35 2, (EL Bt 5 e J
(BG40 BAF 16 R B T B 5 FH %) A B i)
24 h, YRR H O 150~400 pmol/ L, i s ik
JEE RN A FRESHE] 38 AT LABH 5% A ) A B ke 420 0T 44 e 2
WAT R (NG EE T R T) DL RS
FIRHIFEM, CoCl, 1755 1Y Bl 48 410 i A% 0 7E Ak 22 1F
FEIR R HA Tz N AR EAS BR T i RE 4t A 1
SRR BT AR L2 B 5 R A i AT A i A v
TR PR I 400 P R 28 A s A5, L3R 1
2.1.2 DFO

TEIG RIGIT H, 2R e 2 18 M ke ask 480 1) —
BT BRI, SR RERS 5 PHD BT b 5 1Y
IR F Fe 254, 230 PHD K {G IFM il HIF-1a
R SEAb T B E T L 1k HG ol 3 o, DA T 4 248 i P
FEAEZSRIBE RN AR SRR,
FERMe T A I B AR Rtz T
TRERURFFE AR BeAh, 8k M B S e A 1
FPTALEA T RE, W 5 AL TR KA Ykt

RIS, ARk I @G 8 R B T 8 52 5%
R ASUE RN - 3 /R 0 A W7 e OF || B
BUAE AR B0 T FH 56 5 A5 A0 i i o vh LA 2 AR
SCPOT A DFO IS 0 41 M S5 SRS G TP R A
JEM 100~ 150 pwmol/L, 40 F i} [A] 58 H A 24 h, T
HIEE S HIF-1a &Rk, 28000, DFO JL-FAH
TASTHLLE B R A 1 s PR 45 25305, 3 v g 5
TRAE BT AR A G, AT BE 2 52 i) 52 06 25 SR 14 o
ik, DFO 7GR AE S50 H 9 R L3 2,

2.1.3 DMOG

DMOG J&—FpdEFe SRR PHD P15, HAF 5
WoRREMS I H] PHD B35 %, 30 HIF-1a MR,
HAREE IR, DMOG 774 1 Gk S R 55 5 4 B 4
A AN, T RE S 51 A0 K A B B 4 LA A
fbAEAE ) I R Rk — 4, DMOG 75 il S AH 56 512
55 v LT AN Ay Bt SR HD0 R i, T 8 22 bl FH 1
HIF-1a R E R, LAFFT HIF-1a XFHR IRIFE 0,
MR BRIRIT P AL B A S . 4N, FeE HIF-1a 7]
DABUE B /N ) S 40 47 ) % B /INBR I AN R s ), 2
ik DU Bz BT 2R ik k5 | e 1 288 1 b e Sk IR
A 080 2 8 9 rp i W A0 kA, DMOG
WH AL TR AR MAY MRS MR, DL E
I A BB R B
2.1.4 Na,S,0,

Na,S,0, &—Fha 45 G5, BRI 7R AT [ N 5 5%
FRENARLE A, N FEA R AR M, AT
GERM X P AN S 4B, H 2 mmol/L Y
Na,S,0, ¥R REHS 4EF5 TC 4IRS 20 1 h, 17 pH {HA
SEAEAEAE M Z T, 1 mmol/L #J Na,S,0,

R 1 CoCl, if5 AR A A A
Table 1 CoCl, induced hypoxic cell model

i CoCl, ¥/ ( umol/L)

Cells Concentration of CoCl,

AR S A R SKov3 !

200
Human ovarian cancer cells SKOV3
NFLBOE MDAMB-231 4l fg [ 12! 00
Human breast cancer MDAMB-231 cells

R HepG2 4] 150

Human liver cancer HepG2 cells
NI R A & 2510 200

Human glioma cells line U251
/N2 I R N2a 40 300

Mouse neuroblastoma N2a cells
R 35 Lz i 00

Human retinal color epithelial cells

75 S /h BT
Induction period Simulate diseases

24
4 AP IR 2 e S A A5

Hypoxic environment of tumor cells in the body
24
" B LS B AR SRR

Hypoxic environment in the brain of newborns with asphyxia

o4 R Pk I 325 10 i 4

Cerebral apoplexy due to prolonged ischemia
" PR R D) i 72

Diabetic retinopathy
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R 2 DFO 5SS A ML R
Table 2 DFO induced hypoxic cell model

i DFO ¥/ ( umol/L) i T[] /h DFO 1 Ay fil US40 7 S50 v Ay 1o

Cells Concentration of DFO Induction period Application of DFO as a hypoxia simulator in experiments
AR R # R R ERA T AR IR S T T «B 2K 7% 4L A BE 4K ( receptor
MLO-Y4 2! 100 12. 24 48 activator of nuclear factor-«B ligand , RANKL) {3 151 =
Mouse bone like cells line T Proved the receptor activator of nuclear factor-kB ligand under low
MLO-Y4 oxygen conditionsis increased

T SCC-15 412

Tongue squamous cells 100 24

carcinoma SCC-15 cells

BV2 /B B4 ffg 1

BV2 microglia

1D8 /)N B 51 S5 98 4f | A o
HURE AN OVCAR-4[

ID8 mouse ovarian cancer 150 24

80 24

cells, human ovarian cancer

cells OVCAR-4

0 A L ) 7 R A

Adipose-derived stem cells

150, 300 24

BRIV P B 24 i 2
Human umbilical vein 100 48

endothelial cells

TEM T & 404 7 F SOX2 ( SRY-like HMG box 2) 1 OCT4
(octamer binding factor 4) [ #3544 5
Proved the increased expression of SOX2 and OCT4 under

hypoxic conditions

BRAE R AE (hypoxic inflammation , HI) 1 58 151 173
Hypoxic inflammatory related brain injury

UEWT T ST6 -2k FLWEH o-2,6-MER MR I 1 (ST6 B-
galactoside alpha-2,6sialyltransferase 1,ST6GALL) T] f#fi IDS 4 fity
1 OV4 A MI7EARSARA T S AR 2Rt

Proving that ST6GAL] can make ID8 cells and OV4 cells more

invasive under hypoxic conditions

TEAA TR S AT R S DR i AR A I I A DAY TR) e 5 4 i
(adipose-derived stem cells, ADSCs) P11 A A R T
It proves that hypoxia can restore the angiogenic potential of ADSCs

in diabetic patients

fRAR AL R, |3 HIF-1o F35

Hypoxia pretreatment and upregulation of HIF-la express

URERE B2 20 min AYELAESS ) B i A A I TR
SEEEWER M2 L, FEH Na,S,0, W1
JIFNAL BRI [R] (19 3 4 403 A0 77 16 82 BT RE AR
W E R 2~5 mmol/L, b HH A [a] 38 % Hy 1 ~4
h, Na,S,0, 5 H T #4 gt fl 4/ 5 SR ) I gl
AR E R E N 2. 5~5 mmol/L, AL BRETE 2 30 min
~4 h, BEE HTK A Na,S,0, BRF IRk
IERIEIRAL S S [ H N 4~ 24 h,, Na,S,0, 7%
3 ) S 20 MR A i L PR T AR i R A R
PR FTLZAT P o P 0 3 i 0 55 s ) 0T 9 v 45 31
Tz, W 3,

2.1.5 NaCN FI NaN,

WHE R BT (CNT) MIS A B F(N;) —H
PEAMME, M MH 2SIV (AR ER C Ak
it ), SELOBTT IR v 1) P, % 328, 5 B0 i D 12 0]
AU ATP, AT 51 R RE S AR R A% . SR, X
PP 5T B A e e B BRI, X NSS40 i X 25 3 1
TR SN AT S E R N I ST TN Rt B U
NaCN FEF S5 A JE Ab B B0 LA M, TE S 1 &7 5%
SRR LA I CRA AR, el 25 Sl s e
b 7 FLELO LA A H A 5 mmol/L NaCN, 3%
F% 24 h J5 WAL FL R I U (lactate dehydrogenase ,

LDH)  HIL R 3 i ( creatine kinase, CK) FI N — i
( malondialdehyde , MDA ) ik 3 = | U&7 T B4R
Y RAARY TR TP 2L AR R X LA L ) DR 4R
FH o A ] 1 mmol/L Y NaN, 4b P B0
JULEM A, BB ST T G AR
2.2 YEHRE

Py PR ol S8 Y 7 V5 A A OUE B SR IR B o AU
F ) B 2 200 55 D BRI SR AL TR N ARk
BRAR KRy T T U i AR P 1 i AR PR A (H Lk
SRR AR A R LR B 4 o i SRR
2.2.1 REAUEEFRE

RAURE IR LW SO 0,) VAN, il
AT (CO, ) 4% BEAS [ LU 31 751 5 1l 28 4 5 i A 85
P3G SR Bl = A R A b, TR IR
LA — A R — AN A DU T4 i i
IR E AR AU, R R O, W
JE IR 3 B 5 1k 58 S, SR 5 B 2 B
B 37 C 5% CO, H A BE (Y 35 52 48 kA7 45
Fro ZAIEIRAE R R T B BAR R 3 REAE NS
R SUASEL, BE AR R B SR, BT
S T AR A A Y BRAR B AR, HT R OG
PSR FRAR T , SR IR 31 5 i 0 I R 4 7T R 2%
FEEAIRG A, B A B S, B AT
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PIESE 0% 1% 2% 3% A%H) O, , i P B A &
£ 1% 0,.94% N, 5% CO, , AbFRIF[A] AT LIS 12
24 .36 .72 h, HiH 24 h JEaE AL PR ] {0 A
Qb BERS ] 25 PR A M S Rt S, R T T B A i i
BEA AR 3 AT LA 2 2 A8 A 38 (] SR B 53 A ) A
RO A R A 52, TR G AR 7 ok A ST 1 B A
20 BEASETR A 200 T T e ot e B A e TR 4 i gl

AR SR TN, LR 4,
2.2.2 IRA I SRR

WA A 05 T AN T oK B R 6 R T
F, W RR, FERE SRR I T A, B R
SEAE SRR I, ) LS RS 55 0L 5 A R A AR
PR B2, 7 4 AR I 355 7 35 v 1% S0, DT 2K 381 e
ARROCR SR, A A BE TG 8 2 e 1 9 B 3R

£ 3 Na,S,0, FHRMHE L0 AT
Table 3 Na,S,0, induced hypoxic cell model

i ity Na,S,0, ¥

Cells Concentration of Na,S,0,

Induction period

5[] REALLBR

Simulate diseases

SD K FUA B o 22 4 i 7

) K 2 mmol/L 90 min
Spinal cord neurons in SD rats
/NG SRR 2870 HT22
4 [38]

2 i 2 mmol/L
HT22 cells in mouse
hippocampal neurons
K EUF4H I BRL-3A"!
5 mmol/L
Rat liver cells BRL-3A
o Tl 2 it [40]
HOe2 L LA 2.5 mmol/L

H9¢2 myocardial cells ah

i 2 LA 2 M -
At AR 5 mmol/L, JoHRs 77 3

. [41]
SH-SYSY .5 mmol/L, sugar free
Human neuroblastoma cell line .

culture medium
SH-SY5Y

1 mmol/L, JoB¥
PC12 4142 RPMI1640 353570 -
PC12 cells 1 mmol/L, sugar free

RPMI1640 culture medium

B 1 h, HH 24 h
Hypoxia for 1 h, reoxygenation for 24 h

A4 b, ZHA2h
Hypoxia for 4 h, reoxygenation for 2 h

4 30 min, B4 4 h
Hypoxia for 30 min, reoxygenation for

Hypoxia for 1 h, reoxygenation for 3 h

it
Spinal cord injury

I e AL P

Cerebral ischemic disease

JF 400 4 A RV

Hepatocellular oxidative stress

A L2 i fe 0 9B 45 40
Myocardial cell ischemia-

reperfusion injury

BB 1 h, E%4 3 h

Pt L 1 0 A BE 45 i, A4 g
i MR A A

Cerebral ischemic disease, cerebral
infarction, ischemic stroke, chronic

cerebral hypoperfusion, etc.

R4 RBUKE SR BER
Table 4 Hypoxia cell model induced by mixed gases

il RS RENEA ]

Cells Mixed gas ratio
/N GC-1spg 5 5 41 ff 146 3% 0, .5% CO, .
Mouse GC-1spg spermatogonia 92% N,
INEAZ TN c17. 28 1% 0,.5% CO, .
Mouse neural stem cells C17. 2 94% N,
NE SN Hela 1% 0,.5% CO,
Human cervical cancer cells line Hela 94% N,

1% 0, 5% CO, .
94% N,

BN 1 !

Human renal tubular epithelial cells

FLEUSAC LA 1% 0,.5% CO,

Primary myocardial cells of suckling mice 94% N,
JRET 4 4n 3% 0,.5% CO,
Fibroblasts 92% N,
e 1% 0, 5% CO,
Bladder epithelial cells 94% N,

1% 0, 5% CO, .
94% N,

NHTLRAAR

Human breast cancer cells line

B )/ b i
Hypoxia period Application scope
36 AT
Cell apoptosis
. e M A 7

Ischemic stroke
24 AP I 400 L ke S B A5
4 — S A N A i B T 2 Al o e

24 Hypoxia inflammatory response promotes the progression

of renal fibrosis

O NV FESE O LR S PR

24
Myocardial hypoxia diseases such as myocardial infarction
b RO
Keloids
. RSN T DE LT 4R 1L
Hypoxia exacerbates bladder fibrosis
" BRI Rk

Hypoxia related gene expression
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AT, B AURE B e LA, b I E — AR
PEYITL , AN Zp s, R VAR, 76 5 i e B Al
A2 LAY

2.2.3  JREAAR/IRERED:

TR Bl — N A R R A R AR
AR N A, B L) 2 i i PR AR AR AR S
FIARESE G A SO A AR, BAE T
SRR BRI R A4S AR AR R R A G FR
EEIEFRREIT WS A AR R A B A 22, KA
A%/ IR AR TREAF5 3 1) B S 200 AR A 7R A0 JUL AR &4
AL PR | 2 SRR A kA b KA
PSR 3] Tz W, IR 5,

2.3 1 | % F (oxygen glucose deprivation,
OGD) &%

BEI R AR 2 BB IER IR, AARHEA B B2
A STEM ML N B o flf A s, TR AR ETE
A 2 S A T AR R A2 7 A VR A PR s T T R
NGRS 50 T BE RSN S SR A LB, 15
FRIELE DV P E N BB TR, RO WK A R R A
R = W54y, 20 1) I R % 2 v B, S S04 i IR
L SN k087 = R o L T RV S G e
I 38 AN 2 B 7 A R 0 P 5k 4, LU, OGD A
Ry S R AUL S L R SR 5 T AR R 4

OGD Y5 2 AL 5 K 1E 8% 15 77 33 ey (00
TOMERE I 0 240 i B TR AR R 3 3%, 40l
A DABE LA A sl A SR A A
RF S 27 ) IR T S A TR SR R R A O R
T FHJCHE RS 75 3k, 14 40 e B F B SR B b, b 3
B E)3E 5 R 12 h, XFP BRSSP BRI
sRPEBA . PFRERIT IR SR OGD BT AT 5 ik
378 T2 AN A2 B A G0 L A5 9 722 R0 kg Pt 28 45 47 1) F R
SR | RSB i A A5 5 M b 28 O R ) B
PRAE A PR AME AT

o2k OGD HEH R D | B i ik Ak 244
JifddE CoCl, Fl Na,S,0,, %77k FE M T 27 6h
A/ AR, OGD B S 1F il 0% 0, 5%
€O, .95% N, FTCHE 5 5 | B4 A] 2 7E 1.5 ~
4 h, AN B W A 24 h, OGD 5 5 1 i %0 40 it
R T2 b FH T Sk ot ke S PR R A 14 A9 9 DA B A5 41
Sl P E R S, ILER 6,

3 GREZAREAEEY B PER A LB R R SR

Wy B Bk A 7 v RE A o S MRS S P i 4
PRI, EL B M 2 ] R SR A I, O I 00 il SR B 35
AR E P, JEL TR N AR R PR B 4, Al R4
7k RERS G E LT Bk S CR , AN 52 51 IR 1 B2

RS RELY/IRE LS S B A AN A
Table 5 Anaerobic bag/anaerobic tank induced hypoxic cell model

il
Cells

BRI

Hypoxic conditions

B4 (]
Hypoxia period

B

Simulate diseases

H9e2 L LAT
H9¢2 myocardial cells

NTEH# T4 o2t
Normal

cell LO2

human liver

INi i & )

Human  umbilical  vein

endothelial cells

Wog oot AR B R R
4t

Neurons and astrocytes

Anaero Pack JRE =S 4%, Farle’ s
TCHEF A L R

Anaero Pack anaerobic gas bag,
Earle’ s sugar free equilibrium

salt solution

GENbag R4 U4R, oM IRk
GENbag anaerobic gas bag, sugar

free culture medium

Anaero Pack JR%( " A48, [l
I3 B

Anaero Pack anaerobic gas bag,
low sugar serum-free
culture medium

Anaero Pack R4 =48, JOHE T
b

Anaero Pack anaerobic gas bag,

sugar free equilibrium salt solution

B 8 h 5 12 h
Hypoxia for 8 h, reoxygenation for
12 h

A 6h ZH2h
Hypoxia for 6 h, reoxygenation for

2h

B 3h 6h9OhEH 2N
Hypoxia for 3 h, 6 h, 9 h,

reoxygenation for 2 h

BOBFB4 1 b H 4 24 h
Hypoxia due to sugar deficiency

for 1 h, reoxygenation for 24 h

AU LR I P9 45

Myocardial ischemia-reperfusion injury

200 L e P98 454 0 an T U 17D 8 A
JFREAE T A AR AR 5

Hepatocellular ischemia-reperfusion
injury, such as liver resection and liver
transplantation surgery ,

hypovolemic shock

HLURF AL

Tissue flap transplantation

eI A R

Ischemic stroke
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®6 OGD Ty A LY
Table 6 Hypoxia cell model induced by OGD

4l B R RS 8] BB
Cells Hypoxic conditions Hypoxia period Simulate diseases
0% 0,.5% CO,.95% N,, JoHi %
PC12 4ijfg e Frdk D
PC12 cells 0% 0O,, 5% CO,, 95% N,, sugar
free culture medium
1% 0,.94% N, 5% CO,, JCHiH;
BV2 /Mg S ter Frdk 8 h
BV2 microglia 1% 0,, 94% N,, 5% CO,, sugar
free culture medium
. . 0% 0,.5% CO,.95% N,, JoH &
B R 26 2 I I : ’ : )
Frhk
il R 12 h

Primary rat astrocytes

AN R 2o

Mouse cortical neurons

BV2 /NBe R 4 L
BV2 microglia

SH-SYSY %165
SH-SY5Y cells

HT22 4 .PC12 4 fifal o

HT22 cells, PC12 cells

H9e2 L LAT 7
H9¢2 myocardial cells

H9c2 L L0
H9¢2 myocardial cells

0% 0,, 5% CO,, 95% N,, sugar
free culture medium

1% 0,.95% N,.5% CO,, JCH &
It

1% 0,, 94% N,, 5% CO,, sugar
free culture medium

0% 0,.5% CO,.95% N,, JC K
Frdit

0% 0,, 5% CO,, 95% N,, sugar
free culture medium

0% 0,.5% CO,.95% N,, {& I 1%
Frdk

0% 0,, 5% CO,, 95% N,, low
sugar medium

0% 0,.5% CO,.95% N,, JG b &%
Frdk

0% 0O,, 5% CO,, 95% N,, sugar
free culture medium

0% 0,.5% CO,.95% N, , Jt ¥4 &%
Frdk

0% 0,, 5% CO,, 95% N,, sugar
free culture medium

1% 0,.94% N, 5% CO,, fik ¥ 55
IRk

1% 0,, 94% N,, 5% CO,, low

sugar medium

BB 90 min, 4 24 h
Hypoxia due to sugar deficiency for
90 min, reoxygenation for 24 h

FOREE 4 h HH 24 h
Hypoxia due to sugar deficiency for
4 h, reoxygenation for 24 h

BREBA 4 b, ZH 12 h
Hypoxia due to sugar deficiency for
4 h, reoxygenation for 12 h

BB 2 h A 24 h
Hypoxia due to sugar deficiency for
2 h, reoxygenation for 24 h

BHBAA 4 b, ZH 24 h
Hypoxia due to sugar deficiency for
4 h, reoxygenation for 24 h

24 h

J e ML g i A B | e 1 A
A Mg A L A
Cerebral ischemic disease, cerebral
infarction, ischemic stroke, chronic

cerebral hypoperfusion, etc.

L WLt ot P CE A 3
Myocardial ischemia-
reperfusion injury

L WLk A V2

Myocardial ischemic disease

M, {5 AT R 2 of 4 0 3t o — 7 R RE B4 45, ek,

CoCl, \DFO #1 DMOG i i 5 i€ HIF-1or A5 L1 52 4
MBS A AR S, I A BEASE 40 40 e ol S0 o 7R

SR, =G FRAE R A B, JE R

Ja A ]

R KA, !ID%%QA% SHEA RV, RAAR

IRAAHE i TR T
B,

.

N RAAR, AT R S — A A

Na,S,0, B4 1Y 52 40 i 19 K 5K 14 5k %05 NaCN il
NaN, 38 3 i SR AT e % | 7 A= ST 2H U1 il 4
IR

TEAN[A] A 5L, ok AN ] 1) it 280 20 A S 2 7 3
ANRIEERE, T PR PSS HY A B 5 S0 H 19 53 3] g
PARA N7
3.1 EEfE

TEZ% &) B B R, = ARG AR A 2 A A
(e, DR HL BB A5 K5 8 455 ] AR LU 1) B A T A

XA PRSI AR, CoCl, R HMERE R ZERE PR LY
Iz, 31 H E WUk 52 AT DA 5 S 40RO 1 R i 4
b, 4n 4 % B %% iz 8 1 1 ( glucose transporter 1,
GLUT1) Fl VEGF BRIk , 3 5 Bk ik 4 F) 3 1 L
FIARL ) fHJE Na,S,0, B 454015 B B4
‘fiﬁﬁﬁ@ﬁﬁﬂ%ﬂﬂ%] B Na,S,0, 52k i 48
TS IZ S B B G s I e, DFO L H A 4t
AL A R TR, AT SR 5 1 e Y E 5
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DMOG 25| A B A LA A1 Y A8 Ak , 7 it 480 52 56 v vy
B0 NaCN il NaN, X AR FA M #0545, AN g
A,
3.2 XHAE

H A, E 7 S A A0 I 22 B R Py B
S G AR IR BRS040 T e RN 9 B A BE T
FHOCIEPR 2R IE . OGD A TR fi 445 45 e I ke 4 14 952
Sk FRRF I PH- T 460 10 19 R ML AR, TR0 Ot A 5 X 2

PRI 1 B | AU A R B S B R S I, =K
BEFRAA TN CoCl, St i I ik . IR A/ IR AU
8 Na,S,0, AR NEE ek, U BLE &1 F
AHOE 3 R Y R R i, B ] = RRE FR A B CoCl,,
DFO J&55 —3E#%,

B T B R N 25 A 5 R ST R
I3 0 IR ML A B S 6 28 A 4 F . AR SOt B
SRR T T A BRI 7.

RTINS OB LR R T B

Table 7 Principle, advantages and disadvantages comparison, and application of hypoxia cell models

BRAET Ik J 3 Pesi
Hypoxia methods Principle Advantage

A

Shortcoming

JO7 91

Application scope

AR PR AR L
TRESE

R o4 2% RIS
B, BeE A T B B
A

HERERRRN Changing the oxygen ratio
K . . Accurately control the
Mixed gas in the environment and
. parameters of each gas
reducing oxygen .
. and set different
partial pressure . »
hypoxia conditions
A48 R 2 A B o
PRECHE/PE BRSO A AR . .
B , SO BN A
. 143 Anaerobic  bags  deplete . o
Physical . . Practical, small in size,
. Anaerobic oxygen in a closed .
hypoxia . and low in cost
tank/bag environment and produce
carbon dioxide
WS AN R B IR
AN UR IRS e o e
. HA . I
WA , AT AT
o Isolate the culture medium . .
Liquid Safe and non-toxic, with
. from the external
paraffin . low cost
environment and deplete
the oxygen in the culture
medium for cells
B PHD Ay Pl T .
; AR A S PRI
PHD % i, M T #0 o B3
HIF- 1o SR AN S SRy
CoCl, 5 Low cost, unaffected by
Replacing Fe’" in PHD to .
external environment,
inactivate PHD and inhibit .
stable hypoxia effect
the degradation of HIF-1a
IAE A HP SRS
Y Fe A, M HIF- S BURUR R,
Lo RS X 240 I TR
DFO Combining with Fe?* to  Low cost, unaffected by
inhibit the degradation of external  environment,
HIF-1a stable hypoxia effect,
and non-toxic to cells
il PHD AY3E VR, B A AR A2 ARG
A, HIF-1a R4 S A RUR R E
Chemical DMOG Inhibiting the activity of  Low cost, unaffected by
hypoxia PHD, causing HIF-1a external  environment,

accumulation

stable hypoxia effect

AU B Bt ATIT IR B4 A 1
R

Instrument is expensive, and
the hypoxia conditions change

after opening

AT it
w1

S W e
Unable to accurately
determine oxygen content,

requires real-time monitoring

of oxygen concentration

BREESCRAERE , A REH B
B R B, ELYE LAY VR,
WA 2 BB AR

Hypoxia effect is unstable,
the degree of hypoxia cannot
be determined, and it is
difficult  to which

affects under

clean,
imaging

the microscope

Xof 240 LA 7, AS [ 200 6
TR AN ) AR

Toxic to cells, with varying
concentrations and times of

action on different cells

AT 240 JEL AR T e 0 ]
ENE]
Different cell action

concentrations and times vary

ANTR] B VR T 3 52 R B ]
PNz
Different cell action

concentrations and times vary

W, AT TR A O AL
2 if0 55 440 i R

Commonly used, can be
used for cell lines such as
cancer cells

and cardiomyocytes

BOR T, AT T 0 LA A
(LERES R FITEN

Commonly used, can be
used for cell lines such as

myocardial cells and nervous

system cells

A

Not commonly used

HHL, AT H TR A R
LRGN AN FR

Commonly used, can be
used for cell lines such as
and nervous

tumor  cells

system cells

BEH T T R 40
SR NEIES

Commonly used, can be
used for cell lines such as

tumor cells and bone cells

A

Not commonly used




140 ] AR R 2R 2k 2024 4F 11 A%E 34 55 1131 Chin J Comp Med, November 2024, Vol. 34,No. 11

BRT
BEEITIE JE 3 N A 13 FHE
Hypoxia methods Principle Advantage Shortcoming Application scope
MEMAE AR C AL, = e RIEE, AR F S [R) AR
T o R K NUE Sl T ISP PR

Inhibiting cytochrome C

R BRESICR T E

A

Highly toxic, harmful to the

NaCN NaN 208 affected by
B 1 xidase  and blocking Low cost, unaffe(ted by human body, with different Not commonly used
. R external  environment, .
respiratory chain . cell  concentrations  and
stable hypoxia effect . .
electron transfer durations of action
‘ B s g L4
WA 25 B4 g, BRI L
S B B JHL I Bl 25 2R G 20 M Y ik
N :~/ N o4 “ NGl N WA H e u:ﬂ
U S SRR %fzﬁ TR e BE A mE ] 4R E%&ITE .
Na,$S,0, Depleting the oxygen in the  Low cost, unaffected by o Commonly used, ~mainly
2 ’ ’ ’ Different cell action  used for hypoxia/

culture medium external

stable hypoxia effect,
and fast speed

AR I % 5% T, R
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PN R AT REIERS, 45 RO B SR BE 18 I v o o 4 A 00 Tl A4 18 58 0 0% 32 14K +y ( peroxisome proliferator-activated
receptor Y, PPARy) J& 3l 4F ¢ & BRI — Fh A A (1) 7 Sy 1 IR, mT s Mg i Robl 26 ARt R E B sz it i, F
TR, PPARy JERXT OA BCHAR AR 35 W A 0E Mg 7 95 70 ke = A A, O WI 3 ok MR 7 1 1% K 2 1 U ( AMPK) |
Wit JTERAE BT F 1(SIRT1) %5 5@ B0 OA #EJR . AN SCHE PPARy FE DR 3 0G5 AH G4 40 I KA 53
BETRHE OA WA AR FH B ALHIVE — 2534
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Research progress in the mechanism and role of key signaling pathways of the
peroxisome proliferator-activated receptor y gene in osteoarthritis

ZHANG Jian', WANG Dong”, QI Tiantian'*>*, WU Liangbin'**, YANG Qi', YU Fei**

(1. Peking University Shenzhen Hospital, Shenzhen 518036, China. 2. Binzhou City Bincheng District Municipal Hospital,
Binzhou 256600. 3. National & Local Joint Engineering Research Center of Orthopedic Biomaterials, Shenzhen 518036.
4. Shenzhen Key Laboratory of Orthopaedic Diseases and Biomaterials Research, Shenzhen 518036.

5. Shenzhen Second People’ s Hospital, Shenzhen 518035)

[ Abstract] Osteoarthritis (OA) is a chronic degenerative disease with a high incidence rate among middle-aged and
elderly people. It can cause joint pain, deformity, and functional impairment, leading to a heavy burden on patients and
their families. Peroxisome proliferator-activated receptor y ( PPARy ) is a recently discovered ligand-dependent
transcriptional regulatory factor that can regulate fat and carbohydrate metabolism, inflammation, and immune processes.
Research has shown that the PPARy gene plays an important role in OA cartilage degeneration, synovitis inflammation, and

adipose lesions, and can affect OA progression through signaling pathways such as the AMP-activated protein kinase, Wnt,
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and sirtuin 1 pathways. This review focuses on the role and mechanism of the PPARy gene in OA, in relation to joint-

related tissues and key signaling pathways.
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PPARy gene; osteoarthritis; joint tissues; signaling pathway; mechanism of action
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‘BRI R (osteoarthritis, OA) F&—Fh L 55 5K
B AR AR TR K M oG A SR BRI, 22 R Ak
15 I 3o 1 25 R 3R B i A 1 AR A T e AT
LY CSIE G-I 1 N NN S e £ 3
L IFZ R T EHEEIRAL, OA WK T 50 %
PLERSHRBAFE N, B3 247 AP0 AR bk
WA AR B RHE AR 2% OA AT RS IG
I7, BURE R AR i i o s S o AR 0 7 AR 5
PEATIRE B AR 25 IR T  RE R — 2D R e JE R
AR SHARBTR 25 BEAT 25 Wi , JE AR )™ IR D0 R A
FKATEBETF AT . (HET OA (KR EDF
AT I ARTR T SCR AR

PPARs JERZHER S AR SR b (9 BCAR TS 2 14
43} PPARa ,PPARB/8 Fl PPARy =FhilV. B AS[a] ¥
B PPARs 1YL (A TE AL MU [ 88 B vh ik L 2
AT 7 A X5 (3R 1) ,3 PSS p LIk
SRR G Bl AR A, JE 1 T YR AR
JFER B an OAY B B AT | T B i 22 4t
i R AR, AR T IR, AL A
OHE W1 S AR v ( peroxisome proliferators-activated
receptors y, PPARy) % 10 5 Yo R B2 1 i 2 i
Kok 1R (I FJE LR (PTEN ) | B BEJE 5 o R 45 &
51 (SPEBPs) 25 K2 INTE OA &5 T RE 28 Ak X & ok
Pt R P e 3 B EAE T, o T OA WFSE s
(R0 AR SCRE PPARs 3 R () PPARy 7E

OA " AE FHHLEIAE — 2538, 9 OA WF o8 $2 4 B i
Y.

1 PPARy BEENE

PPARs R e e T & 310 T PPARy
J& PPARs LR Z R WAL 2 — | LAEFR A NR1C3,
WG A 2 F AP AR, PPARy X855 H
4 F V. &Y. PPARy1 . PPARy2 . PPARy3 Fl PPARy4,
Hrp PPARy1 (3 4 a5 0 8 H A [R], 1 PPARy2
iR AR ON i 2 28 S R R AR L
PPARy A5 J57 b — S e AR 1 & i iR 15 R -, B
A ERASTHY DNA 255X PPARy 5 H il i 4k
£ 5 AT LR X B2 MR (RXR) B 05 i — Ak
J5i 5 DNA N2 oA — ik 4804k B it A 344 8 4R S 1 o
1 (PPREs) 45 &, S ZAE T 05 Wi FopE 2403 &
SiE K G e SRR A G I S SE BT, 1 — 2l o R TR
AL I ( AMPK) {5 53 B Wt {5 5
BT UTERAE EEAT R 1 (SIRT) {5 53 i 1) 25
PIVERS S8CE B BCE T8 LA SF 4 8UR AR
IR OA i RHBR 1 &R iR

2 PPARy EE3t OA HHXHLB BN

OA ] LR BB 1 I I 107 A5 L
o i L SR ) B A S O R S A R
W IF HAe R T AT AR A O O, O T R

F 1 PPARs i 3 FE RIAENLA T #9041 2 D E
Table 1 Distribution and function of three subtypes of PPARs family members in the body

T # FEAL B Dl
Subtype Location Expression site Function
L AL 7
BESE VRPN AN A S AR AT AE R AT RS 2 5 dom g
PPAR«a 22q12-ql13. 1 Liver,  heart, kidney, Regulating adipocyte differentiation, lipid storage, maintaining glucose
skeletal muscle, vascular  homeostasis, participating in inflammation, etc.
wall, etc.
EIN NG 7R R AN B B R R , 4 k2 a0 e
PPARB/& 6p21.1-21.2 Stomach, brain, Regulating cellular basal metabolism and lipid metabolism balance,
colon, etc. maintaining macrophage function, etc.
WL PN BRI SRR AN A B BRI, B A S e, B e AL
PPARy 3p25 Heart  muscle, vascular  Regulating adipocyte differentiation and lipid metabolism, affecting

smooth muscle, fat, etc.

inflammation and immunity, participating in the aging process, etc.
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HERY L BCEYEIE IS, fRT 8 BRI SE A
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B LA 2 AR B E AR R T
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PSR E PR M AR 4, S B0 1 B E | iR
HiH R, PPARy JER AT DIVE T 5675 M S 21
21 S OA [ el
2.1 PPARy X} OA HRBIRZT R

KA EIRAEIE OA RAMIERE, Y 0A k/E
B B R A A | BB TR WO R JO T el B i
Ji 22 TEDREDRE - 11 B0 R 308 40 A | 3oL ek 55, i 9 I
HERE WIS R TS TE, Wi, OB R 2
OA WAL R RE S MHESE PPARy K AEH iy
VERAFIT MR OA F572E A9 &R L, Chen 457
Pt TSR PPARy 355 3h 70 i 371 i ) 491 40
] ARG PR 2 G B A T e 2 4 R o
T RUAE A5 S A 2 20 O T B S PR 4R (ROS)
B, K540 B R ok AR 1 B ER A 7 A T 0 1
BN 4 SR A U (MMPs) 235, 080 T 2 fise s Al
T R AR | TELE OA e, Ni 120 J2 (i
MIHZHEEG PPARy J5 2ESE OA FRFE RGN, & 2R
MIHZHEGE T PPARY/SOD2/ROS &2 1E OA #&
HAE T ERAER X — R T 3 A A i
ST A PPARy VALY (LT 2 3534
T, VA BRGS0 it 2R A AR, 42 v AR
LS IR L T AR, O T 0A KUY
POBARE IS A0 M AP L T A R, AT S E RS
JIRIHAS SR AR 51 308 OA BERIR1ER, &
PRI AS B B 3 0 PPARy ANAEZE T 8h%) OA [k
J& AA T WA B AR R A SR A A
KEE WL 4 33K, IKE T #EE W 1/Parkin
M A A A 1 30 e S A P R e Ak
e I AR BB R R . PPARy TE/0
WARA ) OA Hh e B EZAEH , 7680 T 41 C 5 OA
(TMJOA) 1 ,DNA 5 H AL F] 5- 44 -2" - B 42Ul
 (5Aza) AT @ L6 PPARy 410032 11 0ok 22 4 B 1B
AR I A G A3 A A R e P A R AR
A EMREIASE N T o (TNFa ) i 5 19 R 5E TMJOA
BCE ML SAza T PPARy J5 8T 1 FH
PG S0 SR AE VL, NI A TMJOA BRYT 2
BET R B RREAAE OA(OPOA) i F ik

LRGSR YT AT AE SRR AR LR R N
Xt A e 5 PPARy b BB 40 o T A
JREAYAN I LA B [ WERES EAA 2E)  Thuta 257
DX BLFER Kriippel FEEETS 5 5% 7 15 (KLF15)
1E OA IFER AT T4, KB KLF15 @il ] LA
AR PPARy MMPs 2235, 80/0 F RN L 98 40 L g8 1
HnE OA HYHERE

AT T, PPARy BT 53 2% OA iR A8
BA LR, L RT BE 2 5 e 4 4 A
1) ROS 7K (GORAAR T fE | 40 AE R A H | S0E S0
SEPRE O AN W S R T R R A R il
FoT I AEA, R A B ) A A3 AR
Py VAT P e 1) R 20 P A R B 1 5 i
SrRACHE, TR OA S HE . ISR PPARy X 4KH 41 i
T2 L2 D BE R IR AE 5T, DB 400 R ) R A
FEVFIE OA By A& HL, 870 02 R R 1 — A BF 5%
Jimal,
2.2 PPARy XF OA iBERIERIF M0

LGB OA S 72 Hp i) T JIEE 5 745 L e T 4K
HHA BB 2= AU AR OA JR A8 it B 4
SVERT, OA T IR AR Ak 55 288 XU 5G9 4 1) ¥ I 722 4k
NI Ve FEELE 20T e 049 A R Vi 6 % R & 4 R o i
RGFCRES, BT W B, RS £, 5 & X
TS, M B2 U] i S RO AT A A AU
Harasymowicz % IEE T 69 12K ) OA BHTE
ARG B T U BN R BRI AR, e S R
OA [BH T BANEE T BRI PPARy Rk KV
OA HFML W LIESE T PPARy 1EEE OA B 4
JEIES OA Tl /E M. Tavallaee %52 ML 5% 1| i
B OA H# T miRNA-27b-3p /K F8EHn, I H /)
U OA 1 5P miRNA-27b-3p 13 ik 2t 7H &,
RNA Il % 81 OA 15 5 PPARy/ A ADAM 4 ik
it 7 M/ S B 1 FETT 8 ( ADAMTSS) {5 5
EEE AR, I B miRNA-27b-3p AT 5% 1 5 5 20
JAMEFRIEP F ik, Liv 570 AT OA BIKME
W 201 i, 2 B 288 15 4 v s 1R il R A 6 8l S
(PGAMS) KA T, AT BA3E i 45 14 Pk B & 30,
BGAMS W33 25 I B (AKT) - 3L sh %) 75 I &
Z ¥ E 1 (mTOR ) /p38/40 M 41 I 5 & 1 1% i
(ERK) & 72 14 5% F W3 240 A i M1 A4 Ak, JF 38 i
STAT6-PPARy A& T F W4 i M2 Rt 1k, Jy
BIT OA [ 5 1) I 20 5w $ fE T 00 R
Sadatsuki 50" X — R BB £ BE AT X B H 2B
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perlecan #17 T W97 IF & B, perlecan #7514 51| e i
X Y HEFE 4 9 ( Sox9) Fll PPARy FE IR 26 ik J2- i it )
B Rt T 2 = oA = 1 o /T AN I ]
perlecan TEFCE — T I 22 FEAL 1 37 I rp 23K 32 IR
OA ‘BHIE AT G/ 11

KL, PPARy J25 JEEZH 25200 OA %5 95 12E A2 1Y
S i, LT i A o R T AR AR R R
v I 4 A A T S ] 7 B T 200 i ) Gt 285 7Y
A LA DL S B BE R B microRNA FIEE RS 0 [ B
RAEFRIF S5 OA B, W B AT A1, IR A5
PPARyy 38 3 ¥ I 21 23 S [) 200 i 21 780 X6) 3 65 4% i
(R REI , PR I St 2 J2 1T 1) 0 R A B PR i
WF5E & I OA 19 &I bILi
2.3 PPARy 3t OA FERhiimZHIS N

B 0 LA DG 1 T8 R AN ] e b ) ] LUA
JEREZ S OA IR OA BIRHLEI I 5T M Hoia T #2
BEBr B, 28 KRBTSR OA &
IR B ARITALLL, R LE LA
PR G i 2 20055 ] i g 18900 4 B 1A R R 56 Y 7
s AU R 25 0A R, Wl i f5 i
RIHAREHLAMAL, nE AL LR A, Rdlig
17 2R B A IR 4E T VR 43 W , % o O BE A T T
HA o 2 ol By AT R ST PR AR R R B
Bonet 2530 A5 5 R S R T 40 i A0 3
e\ 1o e e S v ) s =g R R e o)
AT AR S S TR T DA A )
Al miRNA &5 | YRR 4L 8UE IS5 M 4 i
TIREMUAR 1) A W 2 38 XA 4 )2 10 1 52 i R R
Dragojevic %5 I Ay, 56 P A 7 A= 0384 i mT 1A
SN OA B¢ OP, )\ OA BY OP i 5C 15 B # AR B35 h
PAFEMEA, KB OA B PPARY2 IFHK % | Runt
AHIHL SR 2(RUNX2) FIE £ Rk B & T
OP 5, UESE OA i i Az U B 4 ML 2B 155 T OP,
WA PR ETRDT T He I OA #: T Ag 1 2 BE i1
W RE AR MR A BURN S A DG I R I 25 57, K
PRI OA B H R T HR 8 b, PPAR-y | BB
TR AL FL W 2( DGAT2) .CD36 FNHUIR B %= [ 0
SERN(THRSP) 45 B i A= 6 IR o], 5 41 OA 4
SUH L, LR PPAR-y2 B8 IR A 2 R I 5. 4
%, PPAR-yl WY& R E R W& 1.4 5,
Kitamura SEHOIE SEAE AN BRUIE B ST e I AT
Z CL-1 0] [ & M3k B0CH A Ak ( 1T e it X 7Y
D R R IR ) AR 107 4L ( PPARy \aP) H%s

SEPEIEDR R A 2 /N B R AT AR AL 4R

BT X —id BT b AE K I B (TGEFB) 5%
We), SHETTIESE T8 VBl IR A Z E R E YT,
Ak OA ISR HR AL T H.

K2, PPARy V&R 55 1R i 21 23 K g 107 40 i 56 &
VIR T BobR a4, T LA e 56 JE R 40 A 1) A
A 434k, 76 OA R[] [ BE 3 1ok 8 4 He 3 70 3
RE—F I, VAR e B8 S 4 5 g W 41 2148 Ak
I OA BYSRAS . T LA, PPARy 45 19 40 i i 195 1k
KR ALL 36 £ | ] PR I e AR K 40 i | 4 4L T
HMOAE RS OA HERR, X AR 5 Bl A N O T Y
Eib

3 PPARy8#Z OA HERIBXHLH

20 B AR R AR R R B A5 S Tl LM AH e Y
ST 3 A LR AT LS 41 B & A 19 A2 Ak A
R, X FPE B AL i i R B RS S L R
5300 T AR I B AR H R AR ke B
YERE AR 538 B A 2, K 2505 5 8 B AH 5 ¢
BT dE I 2 5 0A S0 I kK 4k
JEUT . AMPK {5 Sl Wt {5558 SIRTI {55
PR A E A E S, X 3 K E S
HEEHATIRR
3.1 PPARy &3 i8#E AMPK {5 S i& ¥ OA
it R YR K AL

AMPK {5538 % 7 BE 2 0 45 ke 31 224
AR LA A0 O R RS O AR EAZ AR W bt ok R
K, ATRE ST - —BEIR AR Y (AMP) WG 1L, TEAEDH,
AMPK D) =ZRAKTE A, 3 5 A 5 o FIR Y
WEHE By, S 50 B s 0 At AR 12 5 0 1) O A
W, A T B B R AR B R LU %
e, IEHE )RR AR T OA ZRpm Y

w2y i L AES 5 PPARy i+ AMPK i % %}
OA BIFEIR, i 250 il 5 17 = (o iORG I 40 K 2L,
P58 LI R B oy ) 6 Ak bk B, AT DAk
ZZHE OA K BRI RS2 2 ) 4 ik 200 BE T2 i A 1 28 e i
TORR 1T HL T 40 B A 3R IL-18  IL-18 | BRI 32 A Ha or
BEEEM 1(TRPAL) Fikw b, IR iz LIRS m 1T
AMPK [y FR 1L K-, 34035 T PPARy PPARy 3Li%
R F-1a(PGC-1a) L &% AMPK-mTOR {55518
Ma %50V 5351 T TR R 2K R R (Hey ) 7E OA R4
FH, %8 Hey AT LA RE AR 4KCH 4H il SIRT1/AMPK/
PGC-1a/PPAR-y 155155, 8 i 45 S A N X% 4
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HLJR T8 R A D) R R AT | - i 45 4% K T kB
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F |, PPARy 33k In 8, Pasold E B h
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BT AL, LB SIRTL £ OA BEHE FahE
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H A T4 7 R ESE OA BERDY ., M Huang
SRS IG RS W W IR AL 2874 (AGEs ) Rl i
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ARCEIRAS W RAE RIS, IS S 0A %
SREFRE (K 1), FEUIEMM R, 224 2 R
PPARy Xt OA &7 H— 2L 8L 520 17 56 1 AR 5 /2
— AN S LR R B A R [ A 2 2 R A7 A R B
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B 1 PPARy Jr {5 Sl OA LIRS
Figure 1 Effect of PPARy-mediated signaling pathway on OA tissue
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Research progress in the roles of epigenetic mechanisms in improving
Parkinson’ s disease through exercise
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[ Abstract] Parkinson’ s disease (PD) is a highly complex neurodegenerative disease, and its pathogenesis is
influenced by DNA methylation, histone modification, and non-coding RNA. Research on Parkinson’s brain tissue and
blood has shown that changes in DNA methylation/histone modification levels and variations in ncRNA and its target genes
may trigger neurodegeneration changes in the brain and serve as potential non-invasive biomarkers for PD. Exercise can
ameliorate the neurodegenerative diseases caused by aging and PD by reversing epigenetic changes. This article reviews the
role of epigenetics in the pathogenesis of PD, explores the benefits of exercise, and provides a theoretical reference for
research into improving PD by regulating epigenetics through exercise.
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A4 595 ( Parkinson” s disease , PD) 21 A5 —
KAZAB T8 , H James Parkinson T 1817 4F 15
I, 2 2030 4F 4 it R BT A 830 U1 PD A
H . PD RRE R BT SUIR R 2 T BE Al 28 TT 1 TR
JERBEEEE 2%, Holfh R R AL 45 12 3 B A, T
IEVERE B SR % LA RME R, H AT 24
YeyT R BEZE AR IR, 0k i — 0 B 1F 22 T2 B RE il
ZICHYFET:, HLRDN 3 302 T BBl 28 T AL T2 Y 9
TR RER) TR R B R 2 O AT R T i AR
ASTHIRINE . Bl AT 2 2 TR BE T 48 T AE T Y
PURWHR SRS, [ N ob 2 BList A Byl Fn 3R
B R B 25 G T A SC SR T, IR AR 52 50 vh Bl ik
S, 40 PD A&t AR A DNA H ALK AR b 4
HEAB R K AR g i RNA WA E AR, X sl 72
SR o A T3 T e T BILAA P A AR R

%ﬁuﬁo
1 PAEFREEESILE

PD & 1 A i 2 0% B (substantia nigra pars
compacta, SN, ) Z 1 Jf ( dopamine, DA ) RE i 22 7T 42
£ STR N DA 7K REAR , -2 B 1 98 19 P 4 ¥ 2 1))
%52 N FRIE B P 2R AT PRSI . DA S T
JFIFRAT D RE R 2238 1, 22 L JH RE i 28 T ] o L
PRALTHAE N SN, JE A B ZORAR T FTE SUIR AR 9 B TR
DA, DA JK-F- T BRI PD R AP AE M IZ 3h
TRERERT ANz S8 2 | WL IAEAE | 2 5 5 245 4
ANER, VA B AR AR AR M AR A A5 A R | e B
BT (AL MR Ak R A i — D BRI A
WD Y o - %% E A (a-synuclein, a-
syn) B SNCA K [A 7 £E 1% 57428 55 58 5 14 A 48 A% A
Ko HET, FEEILR BN 6 fi72E 5 PD 14
Peta ik i MIE 204 5C, i SNCA A3 45 1Y 88 &2 f =A%
PE S PD B H R ik BAETE XA C . o-syn (Hf
ZRREVEA Z T RE  F X5 2 T8 O A0 L TR AR
PP 2 TTAET R LB, 78 PC12 UL &b, AS3T %
A a-syn (Y3 SRR AT I DL L S B 4205t
T2 (1) B FLORLAR NN (B3R C BT, 5 20V B
2 15 PES (reactive oxygen species, ROS) ifit{is , 26 ki
RTRERREAG 75 A P25 B 40 83 40 il | a-syn 1)
1 FRIEFEROS THE AR NS, (2) 350 BT
ML, 7E SHSY A, a-syn 1k Rk il 1
5 TRE NI TN R O = G U B B U B P
SNCA FE[NZRAE 51 % PD,

2 RVBEFEMERESPHIVHFR

2.1 DNA REXTEIR S FRERS R RYLHE R

M a-syn F4 LAY % 5 /IMA (Lewy bodies, LBs) HY
iR R 2 SR BSOS | 1T a-syn 32 DNA
FRLIE R 3 ) a-syn 76 20 M B P 23 B 2 DNA H
TR 1 (DNA methyltransferase 1,DNMT1) , {40
JURZ B AR AR KPR O 5 B0 SNCA B [ 3o 5%
ik, AT R, PD B I SNCA J: I
AL X i 45 SNCA 33 3k I 74 K a-
syn, J3—HF5E KB, PD AEAS R SNCA e 5 A
/N BRRE B e DNMT1 A% 7K SF B ik, 5 0 SNCA |
SEPW1 Al PRKAR2A [ i CpG & DNA H A4k
AR, DNA HIEAES Y PD 1 4 005, WF 58 3%
HH,PD H & SN,. 20 i+ B JRE IR AE T F — o ((tumor
necrosis factor-a, TNF-a) J& 8 FH ) DNA H JL{b 2
JE e e A T HAM A X 9 DNA | ifif TNF-o J3 8535 1
1 CpGs AL H R P B 1k T AR BRI 1 5% s A
¥ AP-2 FI Spl &5 5, X i TNF-o i3 3515 £
REARR, AT SN T 22 Ll RE A 22 70X TNF-o 41
RIE M HUBNMET . — %ML A A B (inducible nitric
oxide synthase,iNOS) #& i NOS2 & [H 2 i ()42 4 A
F,m#E T PD A SN, . NOS2 JEF 2 DNA
AL 45, NOS2 e A A 3 7 X CpG Ao s Y 7y
AL 22 AR INOS 3 e, i 8 FH e Ak 22 35 i iNOS
WM AR LKL, PD A NOS2 H 38K F 45
X, FBCE = A9 INOS i H, Tl iNOS RE sk 2
ZEITTIN, T VA Eh R o 4 R 1 T RS 1 ) I 4
PSS WA B TET 3 5 M2 RAE AR
K, RS 89 TET B fE DNA 25 B EE AL v i o
B, L XT 1657 £ PD &M 1394 £ %) iR
H WBFSE P & B, TETT 3 K AT 3@ 5 55 ShmC K
SERIER RS S PD AN i ALY EEK
HE5E W) OG22 ARy B R - 1o ( peroxisome
proliferator activated receptor y coactivator-la, PGC-
Loo) 2R A N o, BRI 4l b PGC-1o i
KAWL BEWDRIERNFHMAMA R -6
(Interleukin-6,11.-6) A ¥4 {k Kl ¥ Be A& 2 19 7= 4 A4y
Wo, T 2D ROS 1 7 A I 41 i S8 A4 43 R A6 i
AL i 225 v sk PDY . IS &K B, PGC-1a
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PGC-1a JF 8l a1 Ak DL R AR SR 5K A 32 4% i A
JHEPH ki Kk PGC-1a W2 PD A5 A
LR T TR B A 2 B TR 1 3R, T R I i 22
TRAPPERN S BIFSE R B, FEi75 50 4 AR FE R 28 725 1
HLZRe T M Z2 Bk RE R & T Fi b, LR
My — O — H 3 7% % i ( catechol-O-methyltransferase ,
COMT) FEH A 3 F-4b B B> CpG Az A5 H HE ALK
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REA 220 b Y ok 28 3K (15 28 fih 22 0 e A% 33 2 40, OF
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WL 53 A5 R AR, 120 B2 P T BR 2 25 A e
i , U/ 5 DNA 2 55 A 09 AH B AR (675 G 85
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B B 1 25 Z TR AL T ( histone deacetylase , HDAC) jifi
e | AR ST

R H PR e & AR AE H3 FI H4 4L
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T 280 e s HATT 4190 1 50 9 44 1R mT 400 ) H3 A0
H4 (1 LB ALK R R 22 T i e A 4 e AR Pk,

R 1 PDRH NP IR AR AR

Table 1 Trends and effects of gene methylation levels in PD patients

5t ALK - YEH
Genes Methylation level Effects
e s N
Reduce Generate a large amount of alpha synaptic proteins
S e 5 4 L R M2 AT TNF-oc J1 S0 460 OB
“ Reduce Enhance the sensitivity of dopaminergic neurons to TNF-a-mediated inflammation
o e HIZIE RN 50
- Reduce Enhanced neuronal stress and aggravated nerve damage
S FEAiE 2 S
Reduce Aggravate neuroinflammation
T IL-6 .ROS ik [ Th, 220 Hh U AL H 05 L R RE SN s, Hh U AR
PGC-1al 114 I = IL-6 and ROS expression increase, leading to oxidative damage and increased inflammatory
nerease response in neurons, resulting in degeneration
CoMTLIS16] SIS i fiuh 22 T e fe 1 52 45, 10 3 12 B R
Reduce Impaired synaptic dopamine transmission and impaired motor coordination ability
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A B AE PD & LA Pk 2R Y
B2AR JBN VD T e Pt J2 — ol 75 Mo % g 25 49, W LA
AREAL PD &R 5T R B2AR Fo 4 ] i i
S0 SNCA Ji 8h 7 G 5 1 41 85 (1 H3K27 i 2 R
(1 CBEAR AT R S BT RS | KA e i
AT LA S 4L 85 0 5 B 2 BEA , 338 i K G 45 e 22
EFEEFHPTIR T K 335, DTS 20 %5 17 45 2% 14
B ER™  Zhang %Y S2ER S5 R R | a-syn Tl
TE R LT 4 2175 5 H3K9me2 45 H H3 — H 34k
FEXG I w Y R 4 R R RS EHMT1/2 3%
K, AT 3 B 58 i 25 2R B Ty g B 4 it FH 400 ) 5
A-366 fE i E MK DR AR 28 00 TP 28 il 2 P Rk, B
3 PD /NRUZ AT
2.3 3EZRF5 RNA ZEMH & FREERS ML SRR 32

2% Fh Ak 4 B% RNA 2 microRNA | IncRNA | BRIk
RNA J tRNA 74z B a5 HA7 I 7 S R Rk Fn el 22
RGHER M TIRE ., I, AT BEAVE 45 Fh e 1412 Wi
YIRS B BA T S S R SR AT M,
LR 4 A0
2.3.1 ncRNA ¥ a-syn ik

o-syn b IREAR AR B 5 /A i SR I B
HZ, #B45 ncRNA Al 75 PD o1 a-syn B3R5 FIER
£, KAEIESmS RNA—NEAT] 33 2K EA2 7 a-syn
FR%: 3% Ko 3458 PD P Bax/Bel-2 HUAE, 32 55 2 K
Zfi-3 WM I a-syn R IE, AP 6] NEAT1 1] {2
HE1-FRE-4-2K356-1,2, 3, 6- DU SUMLIE (1-Methyl-4-
phenyl-1,2, 3, 6-tetrahydropyridine, MPTP ) 5 5
PD /| U A 22 240 B 35 1 - A JA T 5 miR-
34b/c T2 B HA M a-syn 19 3’ UTR, 3 o-
syn A, Qa-syn ) BT R 22 A PR S AT
miR-34b/c, e a-syn 45 A e 11 R T
HIT0(HSP) 2 5B RN a-syn, Il miR-16-1
A FH9 HSP70 A a-syn AR A K" ; miR-
133b AJ A a-syn F63k  Bax/Bel HLIE A pAkt 11k,
PEER 2 ICAEE ) E— BT & B, miR-133b 38
A[HEL ] RhoA Az A1
2.3.2  ncRNA 7EZERIR TR A5 A HIL R 5

LR AR Ty B B A A A AR 2R AN 22 [ ke
P TR B, neRNA B 3035 ki {A D g
EREWNTTES ESE AN 4 i-F i EZPIvei S =] S iiEu)
AP ] 7 T A Sk Ve i 200 L o 8 10 SR AR R AT B0 o 240
JiL#8  BE R AR, 1 W EEEL S A0 I P D R 2R R 1 2k
BIRA &, X2 3 PD M2 A T, T BER

Jif 3 K15 5 B9 kinase 1 25 H 3 1 ( PTEN induced
putative kinase 1, PINK1) X§ 175 S2RBLA F WM H &
R PINK] RAFS S8 A WE =L 51 & PD,
NEAT1 fE#IH] PINK1 25 (1 B, $2 i PINK1 A% 45
FKF, Tt 209 PINKIL 29 22 LU RE #2405
PEMZ I, fufi 2 A 44 Ty B 52 10 i 1717 35 3 LA 1, T
5% PD R BEAEIR . Yan %570 & B, MPTP 7£ {5k
FUAR P ¥ 0] $2 @ NEATI , PINK1 & (3 #l LC3-11/
LC3- T Rk IFFEAR TH #F 2 u e, 1M Ik NEATI
REA &AM MPTP 753 IR N B b 92 i 2 L e g
Mz geiti, BT, 7E PD AR E K B 4 HE 1]
PINK1 #J microRNA , 4l miR-27a 1 miR-27b HE1E i
P PINK1 3Bk FEAL A WEdr &4 LC3 (LC3-11) i
PEIE A FR 2 ) 32 45 LR A4 (R 18 B A e

SRS AR B 3R AR S & PD B EE 2 A
R, EAEMEE DI-1 72T PD i 4 Ak N 3
AR EEAEM . fEDIRE B, DI-1 3@ G AN miR-
221 FIRRLRP M TC G T T, DT A2 R T
BIM, H AT, miR-221 7E PD " Ay B #5045 14 AN 3
4 (B DJ-1 7] Al i3 MAPK/ERK {5 5 1 % 4
miR-221 5452 | HFES —HF5T o, DI-1 55 5 AR ot
miR-494 #[a] G 8 55 ik, P T 40 M AP AR
fepste
2.3.3  ncRNA TEAM IR T AL A 5T

LncRNA NORAD 7& DNA #8453 J5 #3800 , Hook
H Chr20q11. 23 (40155 5k Al g 2 PUMILIO
HEORE R RS e M, JEad MPP* LB 4t
H) NORAD T 4, 40 M 25 PR 3 I, I R 41 3/7
TEAL R B TRl 7= 42 ROS F-8¢ LDH,, T i
T2 BEF A 19 NORAD W] LR 47 4l il 4 52 MPP + 4l g
FEDT 5 —Fh neRNA i (RNA RiER R B, 5
PD 220 B 20 it 7 38 R e 2 AR A Y B Ah,
#R43 microRNA R 3 a5 7 $2 310 1) 6k DR 26 38 ok 8 7
PD M E4EME I T, 1 miR-126 2 5985 #h & oo
PEFIARMIAE T3 72, 7€ 6-OHDA Ab LAY PD 4 oA
Al rp, miR-126 | o I H # ¥ 17) p8Sb, IRS-1,
SPREDI LI IGF-1/PI3K/AKT {5 51 %, S5k
A TEED . MiR-96 7 MPTP AbFHf% PD /N B
FIr |3 # ) CACNGS, CACNGS #il Bel-2 #i 5
iNOS IEAL AT A 5, b, MPTP Ab B
BN UG miR-342-3p |3, MiR-342-3p B 40
] Wnt 558 B H p21 15ILIEEE 1( p21-activated
kinase 1,PAK1) , JF FEAL A A R 512 A A 1
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( glutamate transporter, GLT-1) Fll L-4F & iR/ L- K4
AR B E M FRIEKT, M Se/E H S M4
DIUR LY AR 11 )

HRTHTFE W, IncRNA/microRNA/mRNA [ 4%
Xt PD Ui T A EEAE R, MPPT /NG, K
BEAESRAS RNA—HOTAIR 12 UEA0 M8 -+ RS 4n e
16 77, Ik HOTATR RE 38 1k 41 1] 2 ok K A< it 3 7
PR 2 B RE S 4T % TAE TS, RAB3IP & [
EE A IS5 PD M4 I0FE T, microRNA-126-
5p AEFE M) RAB3IP KA #F 40 i 4 T, 1 HOTAIR W]
Bjj 1 microRNA-126-5p #E 1] RAB3IP KM 35 2 [ i
REMIZ T, LB & A p Y . K] HOTAIR/miR-
126-5p/RAB3IP i 5 PD £ ¢, R0 & PD HIGYT
B, /IMZAT RNA 15 5L 1(SNHG1) 78 MPP* 4b
P 41 B AN S A A v 3R IR SNHGT 7] B A
LC3- Il F3A Fl MPP* i 4l ii3E T, #E PD &
Il 7§, microRNA-221,222 H B K i, 1M #2 &
MicroRNA-221/222 iR REAE I LC3- T JE B I BEAIK
MPP* i S AU AR . p29 J& mTOR B2 b I
YHMIFET 1Y SC A IR 75 R F-, SHNG1 7] LAAE A miR-
221/222 () miRNA ¥4, FEB 1E#E i p29 1™

3 EHHEREREBHRWEEHFTR

3.1 iEzhi#id DNA FENX K ERERES

SE I Zh T DL i bz iy i i A L e
P19 A R 22 JAE AE B XF PD 7™ A AR 4
FH ANt 3 7T 5 gk 3 WL 35 A% 48 1 0 66 PR ) 42
GiIE Syt i 3 A R R PR TN SR e o3
HIEAT 3 D AR R ARSI R k2
E R TR A SR AR B | e e 2 v B 43
AR 101z B R A (AL A5 RR R /)8 A 3 5 2k AL
PSR EL) FIlFz 3 R B (B FE A 32 0 22 D RE e 65 A
NI ) 13X 3 2 I S P AL O A G
B AR % 2] LASCE SNCA /9 H IR JF
FEAIR AL o-syn FIZESRE -G il 26 1 A 5, B0 A
FER, A ERBERORBEN B
( glycoprotein non-metastatic melanoma protein B,
GPNMB) Je&—Ff T B 5 B2 11, Al ok A 3 2 11 o
RALMIF PP IAE , RIER 2R T LG
PD %, 4k A SCIERAE 5T (GWAS) % B, A T
7 SYaik [ GPNMB 3K Ah i F X CpG i A4,
5 GPNMB JE[H 9 B ARAR S A SG , il ad X 5 7
1442 £ 52 R E BEAT 50T R B, 32 3l T 35 AR 5

GPNMB cg17274742 1y W 54k 7K 7 Jf |94 GPNMB
LN Rk, & HE AT 9 R G 5 - Y SNCA
N 1 BB IR S 38 N a-syn RIX T T EL
PD &%, Daniele 252" X5 A AL AN Bl A BEFIE 3 61 0
TR, B n) SR TGS g = SNCA W& F 1 H
FEAIK I BE AR a-syn 2 F1 K F-, HAF % 80K,
SNCA H R /KPS B AR, HT SC 3k, Sk i T he
WS R 175 2 A 4 AR i LR K Tk S Ak 4 il A
HAFE Y IE 32 /K =y ( peroxisome proliferator activated
receptors-y, PPAR-y ) /PGC-1a i % 5 28 i /K T fig
KREY], PCC-la JEZRi AR A: ¥ & A AV Ak R 3
B A TE 7], PPAR-y Al LA PGC-1a UL I ZEH
%% 5% FF A (transcription factor a mitochondrial ,
TFAM) [ 3% 35 K 8 5 LRI 1Y & B, PGC-1a 3k
R AT I b A E RG] A AR B, BRI ROS 7K
- SEIPLA 2T T VE R, Sellami 85 AT &
L6 1~ H B A iz s S BEAL PGC-1a FE 1Y 5 3))
T H B A I LR 58 |, I &2 PPAR-y/PGC-
Lo 3 ORI TA AL DB, W D i e R T S k3 4k
FARINRE, PINKI 25 a-syn B2 [0 JiRE I 45
TORRAS AT, e H A R M A 4 A s K]
TR E SRR 5T R, 12 2 AE il L PR 5 PINK1
TP o3k, IS PINK1/ Parkin 38 [,
BESRZRLAR F WS T S AR LR A 3 | e 2R B
AERIGEIIAHITRE ™, ARSI X 3L fb K S AR T
BIRIAEF W 2,
3.2 EmENAEAEIGKNENSKRERS
HE B R L2 E R REM 2Tk B /L gk
FERSCEE IR Y, 328 3h W) nT LLJE 5 41 8 A 2 Bk ad
T FEEE M S Sl ) 55 b 2R AT e A G
FIRFEFRIN , BEA MR RN, 2t s+ B 5]k
5 HATs ¢ [F]25 HDACs (054 810 2 3 5
Btk # HDACL A1 Sint3 ik, I/ TH)5 0.5 h
IR FE A, X/ B ™ A4 A R R T 4 CREB
S5 N FE Y p300 78 B 2R % 1 SR E ANk )
Gl =y A NS R T R R St e S S  IRT
T T 532 Sl T 3G i (4 Sl AR R iy 2 R it
RA AR HAT 35 4, JF %% HDAC2  HDAC3 F1
HDACS , ¥ in 2 25 11 Z kA, 32 = g i 28 ) 4
ML, AR, A2 B AT 5] A G2
HEH OBk, 045 H3K9 H4K5 Fil HAK12, I dle % 5
ZoRMIEIZER Y EAN T 2w, i 8
JEl i 2 5B T R 2R A T B L P
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R 2 12 THPD iR RO RE N IR fh 3

Table 2 Trends in gene methylation changes during exercise intervention in PD process

HE I E ALK - YEH
Genes Methylation level Effects
e T RN, ooy FUSEBE SR RA 11005 5031 PD AR
Increase Reduce the expression of total a-synuclein and oligomeric synuclein to improve PD symptoms
o 0 PERS B RIS
> Reduce Improve anti-inflammatory and immune balance function
R A i3 PPAR-y/PGC- Lo 38 BEARHT M1 8, W0 Ph 28 0 I8 T M B ok i D i
PGC-1al%! e Resist oxidative stress, reduce neuronal apoptosis, and improve mitochondrial function
Reduce ’ ;
through the PPAR-y/PGC-1a pathway
PINK1!%! T P PINKI/ Parkin i , HSRBORLA 1 GG 14 S G i ZORL A AR B
Increase Activate PINK1/Parkin pathway, enhance mitochondrial autophagy activity and promote mitochondrial health

i WG SNARE ST PIRERE J) AN A I o i A AR R [ A
Bl R ZH 25 1 H3 AR R i 1 b 228 3 R K
AR . 5 g A, Lavratti AEL0) oy
90 d, B 3 U B 1 h KA AR Sl A ) R R
> BB EATORT A 40 2L il b 41 2R 1 HA S kAL
KA BEARCAH G BE DR A e s s PE AR I R ik, L b
W RN G2 3l AT DL o k28 240 28 B R Aok
s S, F = A R, 78 PD JiTH , Oliveira
PV X 19 44 PD HE T 4 JEK g g1
Ja KRB, HA 1 HA SR /K- 0 i 51 i 22 8
F% K F ( brain-derived neurotrophic factor, BDNF) 2
KB E T R PD B A 6 min L4701 )
fit 71 (the timed up and go, TUG) BH {g £ /57 , AR XU
(berg balance scale, BBS) & # [E Ik, zh4) S5,
S5 BENG IR (short chain fatty acids,SCFAs) i G
HEHZK 41 ( G-protein receptor 41, GPR41)
HDAC & #F CD4 T 4il it A1 [& 45 3k B 40 g ( innate
lymphoid cells, ILCs ) = £ [ 40 il /v & - 22
(interleukin-22,1L-22)  JF A2k b BORG IS B 1 5¢
kM 8 JH iz sl ZRRg 4 = PD /N N R A
SCFAs 1Y il Y 42 B2, A 3 [l iz '8 28 i e A
MRS IF G PD EAR S E s S i i - A -~
i PRI S R 2 BFSR B i B T S 4oL Y AL R
FHEM KPR E PD SR B i T H AT 7R85
DR i 23 T 1t — 2D SR
3.3 EEEITIESRED RNA MEMHEHRIER

PD B FME A Z A miRNA 7K A77E 1
%225 4045 miR-30b . miR-30c ,miR-26a , miR-450b-
3p .miR-148b miR-1 miR-22" ( * ftFAHH F HAb
RNA 3 75 0 2 197284k )  miR-29a  miR-103a-
3p. miR-30b-5p, miR-29a-3p, miR-1249 | miR-20a
miR-18b . miR-378¢ . miR-4293  miR-652 , miR-15a"

miR-29¢ . miR-376¢, miR-143 F1 miR-19b ( T
miRNA ) #l miR-1826, miR-626 . miR-505 . miR-16-
2a” miR-26a2" . miR-30a, miR-7, miR-9-3p , miR-9-
5p.miR-129  miR-132 , miR-423 . miR-365 . miR-486 .
miR-1260 . miR-218 HI miR-331-5p ( I miRNA) ,
123 )R] 38 3 P87 microRNA 38 15 3 52 ) 1A 4 2% 0
AR, RLE BN, 15 4 PD AL
4 B Esh s, HiE s+ 10 4~ miRNA B2
L2545 R (P<0.05) , [FAT PD & iz
BlREAR AN ) RE S AR T T E A5 2 W] i ek . MR-
106a-5p P35 F AR SCHEN ATGT Fik , H kil
52U EREM 4 ICRIZET- A a-syn BRI R A K, 57
#h miR-106a-5p i A 4 57 fk 4875 B F 1 R 3%
ik, IS A 2R AT MR I A st T e
miR-103a-3p 7835 DKK1 #&ik Jf FHIKr 25 . Wit ji
H, FHCPD WM& Y AT R, 8
% PD B AEHEAZ 8 JHM B AT ZE sk I 25, I3
o miR-106a-5p .miR-103a-3p Fl miR-29a-3p H) ik
KT, R PD AR A D ReAH 2] b 2 ek 3, %
W3z S g 12 % 77 miR-106a-5p ,miR-103a-3p ik
KA 2 40 AT T A AR M IR PD EARTS
MiR-29 7€ PD A I3 i 25 T A, 8 Jiiz 3
THife F RSN T K EUMK miR-29b Fifik 20
41 miR-29b 3 ik K F, ik B W AR B4R DT
MiRNA-299-5p fgif & ¥l SP1 Xf MPTP i S:(%) PD
/N Rl 20 I R T A R R T AR PD RE
AT, MR AR Y I Cai %Y B G B 3
AT 25 HY R AR 08 i A I B2 miRNA-299-5p %
ik, I PD A A M T ik 72 . MiR-320d 7
IEHAMES PD B E MK EAAEN 2%, HY
PD & A e S it L5 | 12 30 i
i miR-320d ik LR, FBH miR-320d 20w N 55 2%
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SRR G I 588 B8 T 77 328 20 B4 A b ' . MR-
181 FR % S — Fh 5 3z 3y I 0 15y JBE A 56 i JIL IR A O
miRNA , 11 6] 78 5% 20 A2 40 ffd &0 9% 3 5% 7 A9 miR-
181a-2-3p AI LA o # il NOX4/p38 MAPK %l 18 57
EGR1 k4] PD b0, 4l , A 48z 3l
7 miR-181 f)ﬁﬂ:ﬂ(—ﬂz[m o Zhang %[62] k¢ & 2R,
X 13 44 PD BE BT 3 D H B EE AL SRR T
J& , miR-1268a , miR-181a-2-3p . miR-320c , miR-320d .
miR-619-5p, miR-877-5p, miR-115-5p, miR116-5p .
miR209-3p \miR255-5p ik b, M miR181-3p ik
TH, LR miRNA 78 PD S8 KombLi o & 5
. HAERSr miRNA X5 PD i B2 AH DG E % % 1)
KR, inZ UeReth 20 A2 fil & p38 MAPK
M SRR TGS T miR-181a-2-3p HY_EJH AT
T4 MAPK 38 B3935 PD i 8 LR ; Wnt 3@
FEAEANML RIS PD BB iR R sl 2 AR, K
SEEVERERTG T Wt {7558 S Z A 0y P 0 T 2 1
W REARZ TR 2 B A1 PD i A 1) 200 it A= 9 24 Th e
FEHET N FAREFTE R miR-320 FEEIA R EH AT
I PET Wt 5538 BRI PD gt kT,
FHOCHE A ALK AR a3 S AR L 3,

4 s

=]

ZE W15 AL ] i o DNA FF 34k 20 B 1 B4

ncRNA k25 PD W &AL, H 76 p 2 3R 17
AR FIRR 2R TCAE Ty T R D) RE, (H H AT X PD
HyFM AL LRI 7 i — 20 oot . R H R
ZWR iR T PD MR R s A& A HLH], 0%
W52 27 O i A Ak R 365 5 i DR I FH B9 26 0 A
WY, FLPRIE — 7 T 7E T B2 2740 38 T 3 B i) AR A
WEREL PD BE ST Ja B L2 5 5 — D7 T A F PD
SR AN [R) 1 DX ik 7R H 08 AN [] 14 2R O35 2 16 T A
Ko I, PR K 75 2 22 A 5 R iff o 01 4 AR 12
HHRE RS L B A A Y., B
SlAE R AR AT M RN TR S AR
A ORI T B A B BT T, 3k 5 RS AL TR
Horp B AE T3 UIAR G, v 4 3 40z 3l ml
GPNMB .SNCA .PGC-la \PINK1 45 3 K 14 HY 35 4k 7K
S A S e I I T H R GA s WK H HATs #1 HDACs
TEPER AR 2 H3 (HA S A /K 7= A 5 0 38 5 14
5 HE H P ncRNA U1 miR-106a-5p . miR-103a-3p .
miR-29 . miRNA-299-5p . miR-320d . miR-181, miR-
181a-2-3p .miR-320c 45K IkIK Tk ks PD (4T,
{H R T3 W8t A% i A Ak A3 4 I DR N 1 2B )
PRy, DI TC i S A VE (932 Bl 3 PD Y 0
WAL AL T 58, ARk A BT LUK L35t 4% 27 5 Ak
9 PD 2 Wi FAYT BB A WA &, SE IS iz 3
U3 PD A R,

#x3 BshTH PD A ncRNA ARkt s

Table 3 Trend of ncRNA changes during exercise intervention in PD process

HN ALK YER]
Gene Methylation level Effect
miR-106a-5p | T T2 A BT T AR P I G PD SR

Inhibit neuronal cell death and degeneration, and improve PD symptoms

SRk i) ob hwe < S S R (B

Related to neuronal apoptosis and exerting brain protective effects

W PD PRAANAE I T

Reverse the process of PD neuronal apoptosis

SR 7 o 2 A ARAR O (R S8R BE T 328 )1 ) A A ik ), 7R IE SRR PD R I PP A S 22 5

It is a biomarker that responds to high-capacity and relatively low-intensity endurance exercise,

with significant differences in blood levels between normal individuals and PD patients

miR—lO3a—3p[54756: Increase

miR-29"%") This
Increase

I

miRNA-299-5p %% "
Increase

FHE

miR-320d %’ "
Increase

miR-1811%] il
Increase

miR-181a-2-3p %) I
Increase

Tt

miR-320c! %! "
Increase

I MH NOX4/p38 MAPK % EGR1 3l PD rf i & Ak i
Inhibition of oxidative stress in PD by regulating EGR1 through inhibition of NOX4/p38 MAPK axis

il MAPK 38 IR0 PD P i) S AL R

Inhibition of MAPK pathway and reduction of oxidative stress in PD

Wit Wnt 5 ST PD ALK H
Regulating PD neuron development through Wnt signaling pathway
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[ Abstract]  Microglia efferocytosis, the process by which microglia phagocytose damaged and dead cells, has anti-
inflammatory and pro-damage repair effects. Recent studies have shown that microglia efferocytosis plays a crucial role in
the pathogenesis of Alzheimer’ s disease (AD) and may be a novel therapeutic target for AD. This paper reviews the
relationship between microglia efferocytosis and AD pathogenesis and the potential of using efferocytosis-related molecules as
therapeutic targets for AD. The aim of this review is to provide new ideas and approaches for the treatment of AD.
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BA] JR % 165 R ( Alzheimer’ s disease, AD) J&—
A LA R A5 O 3 BERE IR 1Y & 4 1 22 IR AT PR
VIR AN B-TE M HE 2 1 (amyloid-B, AR) BEBRA14H
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2 HF AD AR AL N B AR R B
R AD SN BE R 1Y J7 s, BLlm R TR
T AD I— 25 5 FBOE LA RN, I,
iE— L ERE AD B BLAIL I I -8 1Y T P A2
[ 2 A0l T ks ) R BRG] o 2 2 i N A2
OEERPIE

/NS ST LR A AR R 28 R G Y L R A
AT R AD RHELE R RS 5 H Y Ik
{180/ INJSE 5 248 L 9 B0 g 0 o ) RE AR S 1 R 2 ML i
RFBIREHARAEA BT TR RIE 2T, T M2
PR R B oo & 45 A7 W A R AE R I s 2 4
JRLEOTI IR R A L A A — A T T R ek
JE I I FEAE PSR AT A LB 1k AN i 4k
PEIRFE 41 L P 25 0 I 5 | A 11 R RE B

UTAE R, R B 22 1 BIF 5 3R B /D JiE 5T 4 i i 3
(microglial efferocytosis, ME) 7£ AD ¥ # i F2 v &
HEAEH], PRt ML ZE 9 £ BE RIS AD 19 & A
R B — 25 BB AD (9 BRAILEI, I I R
RIS R K

1 FaZEHLiA

JHLZE I i 5 e 200 A 5 52 450 R B0 T A0 Y 1 it
FRUSTIO R W A R SR 1 A WA AN ]
FEARAUR— P i BEAL] , i BA BT A, %
THFFHNARESMEHBM BB EAAEEER
SCERTT R AR R K947 5 3000 12
ANAIMIZET | I A A 5 i 2 P R B X
SEZE T AN, REAT R 1k FE T 20 i e R T A 4 i
5473 AH 5% 43 F 45 X ( damage associated molecular
patterns , DAMPs ) 5| F LA G e 5w

I ZETFE LT 43k 3 SRR B (B 1) 1 (1)
PUNBT B, 4 1 40 M o R s T s A B e ¢ ke
I (find-me) " 15 =, LASEREAFWRANM ; 5 1 [F] 1
TXLER] PR A BT AR A T A e A T A 2R O

TE 1 PRI Be A7 W 0 MR SE T A IR A9 find-me” {55 2. BER B Be - A7 W AT ML IRUB PR T~ A0 BRI A eat-me” {55 5 3. THAL BT B A7 s 40

JO A BE T 20 A Y TR B BT S A0 I

B 1 JEZER 3 CEERYBL( i Figdraw 23])

Note. 1. Identification phase, Phagocytes recognise the “find-me” signal released by dying cells. 2. Ingestion phase, Phagocytes recognise the “eat-

me” signal released by dying cells. 3. Digestion phase, Phagocytes digest dying cells, releasing anti-inflammatory mediators.

Figure 1 Three key stages of efferocytosis( By Figdraw)
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PEAT I SZ R FIIOG F 3815 5, o E B AN AL B B
Hees L (2) MY B, 8T 4N A R 1 R 1 W A
Mk 22 5 iR ( phosphatidylserine , PS) S5 Bl « 12 3K (eat-
me) " {55, WA REARAL LAY T 40 At S e Bk A 1 B g
HE AL 4(T cell Ig and mucin domain, TIM-
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specific angiogenesis inhibitor 1, BAI1) 532 & {151,
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[ b, Y% BER ekt R 1 40 e o 8 11 4 P o3 A B it 47
(cluster of differentiation 47, CD47) .4+t ¥1 R 31
(cluster of differentiation 31, CD31) %% “ 50z 3% (do
not eat-me) " {55, LABEG B MR AR IO A5 01200 L (3)
TH AT B B0 T 20 9k A e 200 J 0000 R A Wi I, 4
JRURAE S5 U8 T T 2 A R o I W 4 i S i £ g
JE 77, PRI A Wk 240 e 300 5 o s L 3 e G R X 32 i
HIIRE E2 (prostaglandin E2,PGE2) ALK AT
—B (transforming growth factor-g, TGF-B) . H 4l g /-
% -10( interleukin, IL-10) 2541 & A FoRg k7142 1t
SRS LIN A R AR T TEMZE R & I Bl
T 200 R Wk 2 3 5 4 1 3 TR P [ 9
BRUAT-ARL , AL E S TR FIZHSUE S

2 ME IjEEERSF0 AD

2.1 ME XFSH AD #EZRKE

TE AD 5 B 72 v RS2 (0 0 28 RE 23 3L
b5 W AE BT ok £, dE SO RE T E L F
BF A 28 S I 25 5 | S /DN 5T 240 ifL M2 3 Ak N 7
e i, T4 28 02 2 4t B R B, fe 48 itk —
AT A 28 e RERR R 28 T 2 ik fit
ORI AR AR — A g B R P /DN T 40 A
EEBEM L FHE NS 55, AR BB A
TR T X AD ik A R B g2

ME 38 52 55 B3 58 T 40 412 4 /)N 1 J5 240 Jfd 1] M2
PUARFRAMN AL, IR b 4 4t A X+ 35 35 L+
B VREPURAER, AU E 200 AR R
RETHIR M EZHLE 7 ME DA FEAT 2 1 sl K i
ZAICT - AIMAE LU R B X SR 40 A A B
REAE A N 5P PR i 0 i 3R 56, RE AR 2 S E R
N3 T3 AN AT BR B AL T 40 B B OK  DAMPs DL &
& (40 HMGB1) '™ DAMPs i@ 1t %% NLRP3
JORE AR /N T A ML B Ab £ T T A
it — 2B R S e B (B 2) , S BUmR A R

TE : ME DIRERE R 1 S B 2404 AR BEMVTBUHIMI Z 05 fih B % 1600 25 AD BRI,
B2 ME UifgkafitsS AD RELHLEIZE VI 5C (i Figdraw 227 )

Note. ME dysfunction is involved in the pathomechanism of AD by causing neuroinflammation, AR plaque deposition and abnormal pruning of neuronal

synapses.

Figure 2 ME dysfunction is closely related to the pathological mechanism of AD(By Figdraw)
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microRNA 7F IR i bk Il A4 T2 B 45 sk v gy i 5 8F e
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(13T B 2 R 5 — B S 2 B SR LA B M 450000 5 2.7 1 F B2 25 2 5 — I AR 2 22 B, #5900 450000
3RS EAE = NRERE, HIH 450000)

[#ZE] miRNA E—RREM RNA 5F, K N 19~25 METFER , 38 U0 R W51 I A5G 58 Bl
SCF AL  AE  R SE R A 2R K, miRNA FEURTVK A T B & 2B | & e SR o7 rh e 3 VA 14 g A
(B, VRTHBK AT B (DVT) A28 TR I P4 ML TR 5 5 205, BHL JE 00 ok A I, 3 B0 ok 1 3 R, 22 L F R e, 1
M5 AR AT 5 1EIET ., AR SCERR T AER 56T miRNA 78 DVT FF L oefb ERMLE, 2 TFd i a1 pitr
BoJA 15 miRNA (932357 REXS DVT W RS LA R HEE T, A SCGAFEA I8 T miRNA £E DVT I Ri2 Wi AE 57 i
TELER L, B 78 DVT Uk I PRANFE RIS $2 8 MM 2%

[SE4iA] R IKINAETE B miRNA  VE FIALE ; 2R MkREM) 1697

[FEH3KS] R-33 [ X#RARIRE]) A [XEHS] 1671-7856 (2024) 11-0169-08

Research progress on microRNAs in deep vein thrombosis

LI Lei"?, YUAN Qidong’* , PENG Xitao’, ZHU Jin’ , PENG Juncai®, HE Changhai'?, FU Liging'
(1. Department of Peripheral Vascular Diseases, the First Affiliated Hospital of Henan University of Chinese Medicine,
Zhengzhou 450000, China. 2. the First Clinical Medical College of Henan University of Chinese Medicine, Zhengzhou 450000.
3. the Third People’ s Hospital of Henan Province, Zhengzhou 450000)

[ Abstract]  MicroRNAs (miRNAs) comprise a class of endogenous RNA molecules with a typical length of 19~25
nucleotides. They regulate gene expression levels by identifying homologous sequences and intervening in transcription,
translation, or epigenetic processes. miRNAs have potential applications in relation to the pathogenesis, progression, and
treatment of deep vein thrombosis (DVT). DVT refers to the abnormal coagulation of blood within the lumen of the deep
veins, blocking the venous lumen and obstructing the venous return, especially in the lower limbs. Furthermore,
detachment of the thrombus and entry into the lungs can lead to death. This article comprehensively reviews recent research
findings regarding the diverse mechanisms of action of miRNAs in relation to DVT. Given that the regulation of miRNA
expression using targeted therapeutic approaches may promote the recovery of DVT, this article also discusses the potential
applications of miRNAs for the clinical diagnosis and treatment of DVT, and aims to provide valuable references and
insights for future clinical and basic research in the field of DVT.

[ Keywords] deep vein thrombosis; miRNA ; mechanism of action; biomarker; treatment
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P ik 1fiL 72 42 2E ( venous thromboembolism, VTE)
SEARTE— & AT, W DK N I0LVBAS TE 5 B4, A 1M
EATEAREGE M ZERY L , 4FLHN 1~2/1000
N AR T O WU E 0 v US55 = R il A
PR 32 A AR VR DK I AR TP AR ( deep venous
thrombosis, DVT ) 1 Jiili #& %€ ( pulmonary embolism,
PE) . RAETERFNKT VIE Bk DVT, SLRER Hy
R PR b K | g NI Sl BB, 0 AR A B e AT
MR IY, & v gl & #5485 1R ( post-
thrombotic syndrome , PTS) , Xf A= i it & 185 b¥ ™ 5 52
M ZE AR DK I O IR e JD R U, 5 BO1ER P TR
VK ) RE B 5, A I AR 7 T 3 0BT P i A
FEL W DVT S FI R FE i D- KI5
EIZAG £y 3 SR B, A e MBI i R 5 BB 5
AL BE AR S W . 1 T B = 5 KA T2 1K
FHOC A RE S P I R AR AIE RN 5 M i bR, 7T R 2
ZWHEIR SR, R A FERE IR AR, K
DA, S i 5 i T o e A S A0 O 1) 95 o DXL RS B 55
BVTE /Y B HERG 2 B, 54— R iU T SE Y 2R
Yt B E S

/N RNA ( micro-ribonucleic-acid , miRNA ) J&—
Pl (4 N R AR g % RNA 431, 38 30 42 F mRNA
1 K i sl A0 17) mRNA 19 37 UTR S ] 5 5 [H 5%
ik miRNA HA R 1 40 F Rk L R 24~ 03
KA EAEFEE ST, 2 = AR EHE A Y Th e LA e
AL HGE A BT, 2 5 R E 53 ik BEFIGEE AY &
AR R B BIIE B BE A% 5 W 1 22 B B AR W) e ol
£, miRNA B 2SN MA s M, IS E ik
FEEARGIR T L | I A5 A i B A TG
TPEST . miRNA & R 3K 1 78 £6 AT DL R 95 9
AR I LA I BE S v AR R 0 A ) s i 1Y
miRNA #3Z Fl T — RIVBIR 2 W AT | 4345
SRk EERE AL O WULAFE it A A e i
A B ED B R, B
Z ,miRNA YE2h— R X a8 1 B Rk %  1R
FEHAE DVT {95 LE ML LI 3 i 1 3408 11297
T EARKIE T,

1 FHEMEFEEOIEIRBEXEREE

1856 4F, Virchow B UK ML FE TE A Y & 9% HL il
VS 20 A LA PR R 400 B 63 405 IO 38 0 e A0 AL 38 8 53
HISL L DVT & AR R B 9 R i Ik o ek 2
55 DKM 5 | PN B2 3y RE R RS | I A0 I S A | BT I TR

b RAE - miRNA 40 1~ Bk N 155 2 07
T, B 5, M OE 5 L A2 ) T 40 i O B Y ik
AP BN B AN TG AL, 9 R A R T b 2
YL B A0 55 1 4 55 4 190 2 B T SR as G
IMATE B AR BRI 1 o HR, 300 o/ N 7E
WO SE R 3L 46, 2 5 (A ) 45 & FNG 1L, ok
7 2 YL FT-EP A 240 L 3 303 3 v e 240 e i A1 375 4
M ( neutrophil extracellular traps, NETs) i1 B Fil 2H
LA - (tissue factor, TF) fFK | 8 15 PN IR PE R AR
PR I A28 P B I, () s 97 AR B 22 1l A i, R
FUMAR T RG22 Fh B 3 )
Wil DVT [ & Az 4 e | T AR 2T it s ity P 4 i ) - 1
(plasminogen activator inhibitor-1, PAI-1) | ZJi] Jfd 74
1 (extracellular vesicle, EV) Z5AH 4 F AL LL K %
PEERLHINT SR R, DVT J& Ha e K
FMAR SMEFFEAR AR iR | F MR RE 28 25 55 AT P A 16 [
BN MoE S v G B R A A B & i
JE R, AW AR A 0 498 4 2o 38 g ik
IR A KBS 3 BB 5T, Lindstom 250 )7
BT 16 RS EEM HUEE  RIESFH R A VIE
Dy IBALRAEAE . R S BRAIL ] 2 T HIL] | S
FALHISFHLE] 5 fE R K R B B AR EAE R, i DVT
F) A IR SR IR P RE

2 miRNA #ffiA

55—~ miRNA T 1993 4E7£ 75 iR B AT 26 i rp
KB IEF 2000 AFAENMRN LI miRNA 2
— B NEME K 19~25 AN IR A BERY AE R s
P PABE RNA 20 7, miRNA A9 i 20 72 4 T 40 g
¥, B EAE RNA RGBT bl 5t 8 KR 80T
A ¥ RO I K e 45 K 1 W % miRNA ( pri-
miRNA) SR J5 T4 i A% P9 40 T Ak B35 52 & W V)
E)4E B HTIA miRNA (pre-miRNA ) | i J5 Bif /4 miRNA
FEHCE 20 M T, 2835 i T A B AE BOOUEE miRNA  fi
LN A miRNA . BT miRNA 5 52 (K2 il
4555 55 S I A AL B XTS5 K 1) mRNA A
HAER AR5 SR JE K b 3m i ] B sk mRNA [
fiff S R T i PR e 3k [ s 45 22 4 i R ) &
7 LT A B 4IRS 2l b miRNA #R0] & ¥ A AR
FH, 2 51522800 9 BRA= BR, 45 4 20 i i 384 5 L 43
b GEBMPET ) RRRIA R, miRNA L #0 [
EHAAE i i RNA, WK 55 E 4 5% RNA (IncRNA )
s FRR RNA (cireRNA) Y A GBI SE4E , AR Y
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miRNA 7E DVT &4 )5, 8 i3 £ Fp 4 i A (2%) 40+
(13815, SR BUAS [) ) 8 92 7 =X, S B0k 20 1fi A FE
A A P AN R Y H

3 miRNA 5iRE8Rk M F R

ULAFEA, — R FN B SEHE miRNA 7545 FfoB
(R HE R SR L By Y iR 45 T AR PE
TE LA PG 75 T, miRNA 78 2O UREBE A 2 ik
ARG A B AF T 5 4 E b A7, T Aok, A AT
Fi Pk miRNA 76 DVT B4R #E4T 7 RS, IR
BWIRA . A W5 HE , miRNA B85 b k20
HE I PR - | P K7 A 41 B ( endothelial progenitor cells,
EPCs ) FILT 75 B H0G Ay  hl RUAR B AR T
3.1 miRNA B FERERAEERMERNS S
MmiefRIELTE

Laridan %5 O RF 52 UE 32, 24 16 % B i R S0/
SR PSENSEIREEE ¢ & n L e Vg
SEAE PG S A A AR, T 7 A= T LA SR A R
o Ji A4 4 o 1 R 20 L B A 355 4 M ( neutrophil
extracellular traps, NETs) ., #R10, #43 H DNA FlIA
[ A B PR ) NETs A BB 231755 5 4 Al A4
TE AR SC A PRBE SN, NETs A 2040 ifin /NS A If
IINKR BB A3 B A A IR TR Y S A R
23 TP Ry e i D22 =N v a - RN SRR e SN I
PEFISNEEEE I A2

miRNA LR L L 2 S 6] NETs #9245 0L,
1M NETs 124 1A% 8 18019 ) 5t BE Al 2 — , diy o] LA
BT, miRNA 7] 38 3 8 #5 NETs 245 1k (978 i 5k
R Aguila %57 ST miR-146a 7E HE kL
41 B 9 4 B B AH & BE T ( neutrophil extracellular
traps-osis , NETosis ) FIVE T, 2B miR-146a LLIAR A
FIBLHI 25 NETs I, R /KF A9 miR-146a A L
ek NETs (9% L, 3+ H. miR-146a [)35 43 5% 434 it
RS PRI B NETs 89N FERE ST, Chen
SEUOEWR ST IR S, AL A1 A #E 1 (ox-LDL)
PR miR-505 & & A /M A 5 A alifb i b vk
ANHE Y A B AR 3G TR S NETs B9 i, Jiao
SR B, /AR K U Y AP 3B 4K miR-15b-5p Al
miR-378a-3p i i #8 [ £ B % b P kL 40 i
( polymorphonuclear neutrophils, PMNs ) H f4) B i ik
UBEEAR 4 14 26 11 3 ¥ 1 ( phosphoinositide-dependent
protein kinase-1, PDK1) #ll#i] Akt/mTOR if #% 5 ¥,
MATHT I 2 S [ AR i NETs 9B, mTJLAE, 76

R A5 A B I 56 T miR-1696 Al miR-16-5p i i
FXMLHEIZ 5 NETs a8 , 59— , Yang
VR, miR-1696 38 i 410 il 7% e H K E k4
Jiff 3 ( glutathione peroxidase 3,GPx3) , DA A5 224754
JEIE Ak 25 1 4 T ( mitogen-activated protein kinase,
MAPK) A7 14 48 (ROS) B9 TE i, T4 PI3K/ Akt i
P&, FECNETs 17742, SR, miR-1696 124~ AT Ik
B GPx3 TEMFL 3 W NET B8 e /5 B 69 oF
58, I, Yin SR PR, SR
YL A (H,S) LIE T miR-16-5p B3Rk, %
M 7~ NETosis FIPIANTEAE TR R T 34, B Raf-1
Ji i R IR 22 S 1R/ S A FR B ( RAF L) B R LB 3
TS 75 7 5 1 ( phosphoinositide-3-kinase regulatory
subunit 1,PIK3R1), b3 P 5 F 53 &4 SR (A5 F —
5T LIE 78 miR-1696 Fl miR-16-5p 7E I F.3h 4
2 5 NETs 4 A LI, DU #F— 22 B 5% miRNA
FE I B e AL R A VE . Hawez 260 fF 53 3%
WY, miR-155 AJ LA i ik B [ JOR P oA 2 1R 1 IV Ve it
( peptidylarginine deiminase 4, PAD4) mRNA I ¥ ¢
FEDL AR VE NETs (375 R o R, MR 408 AF 58
258, miR-155 AN AP S PERAE NETs B U 7
TEAEHIRE AL

miRNA 38 A [A] AL 45 NETs (94 1580, M i
SEI A TR B, FLrh 4R E miRNA 41 miR-146a . miR-
505 .miR-15b-5p . miR-378a-3p ,miR-1696 . miR-16-5p
Fl miR-155 f7m HiFE NETSs 8 B8R i AL mh i v
TEAEH . #E— 2 F5E miR-1696 I miR-16-5p 7E M
s 25 NETs A a i HLH DL &% miRNA 7 Il
Fe S BE AL b B )2 AR T, 6T 2R A% DVT By L]
FBIERAWIGIT ik B BB E L, HHh, Xt
miRNA J& 75 233 i 5% e A 40 i, 2 5 NETs f)JE
B, i T Bt — 2B WA M AR
3.2 miRNA BEAEENLEFS5 nidRETE
3.2.1 LFYEEHIR

214 H B (fibrinogen , Fg) /& —F i IR &
AR, BA 2 X EZENE MR, HoTFe
KECH 340 kDa, B 3 XA H) 2 IkdE—o By 5
W, Fg LEIMARTE B 2 v 7 08 A% 0 A 40 AR
AR R VIS, B S 5918 T A e s
FHELIR IR, Fg AL 20 B AS A 5 ik i 4
TV B = B8 2 o808 4 AR Ik o A S XU 1) R
PRI 1T EL R 2 5 i K O e A 2 1Y) A FHL 38
REIBT Fe 55 K AL 1) 45 G X8 T 08 20 1 ok ot A4 A4 2E
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TR K I A% ZE A OC 5 5t RE 1 R A R B AR B
VERAEIRIT A L Fort 2510 38 xof 7 Y A JHF98 40 i
Z (HuH-7) J& Fg ¥ BEME BFFERE T 23 4> T
Fg /=4 f) miRNA ( hsa-miR-29a , hsa-miR-29¢ | hsa-
miR29b Z5) fil 4 4~ L Fg 74 i miRNA ( hsa-miR-
365 .hsa-miR-126 hsa-miR-592 %) . £ 4k 4& 1 2
SEMLFGFAE T Fe MR, A 100 A i 58 B, Bt
I/ ( antithrombin , AT ) J& —Ff th A= 15 00 B , E
OV 0t 37 AR I AT Ak, AT BT L £F 4k 2R TR
BT Jian ZEU A 1 DVT A BR3P
UESE T miR-200c-3p L[] AT JE[H SERPINC , I /)22
RAIRE B Z % C bt 1(SERPINC) (&I, 15
AT (35, NIMTECGRE VTE A9 R,
3.2.2 HHHTF

HZUA ¥ (tissue factor, TF) ,VEH—4~H 263 4~
FIEFR R I B 5 B B 2 1 8 T I A
RERYAMNE M 2 i, — ELIL A BE G 52 38 0 22 B
N, TF i 2 288 TOEM M b, @2t 5 7 VI Va
SE-GMT I B0 B I 20056 1 5B A48 45 A 381 o O AR
. Eisenreich S8 5 T miRNA XF TF Az Ho 7] 43
SEFUAREG = A DA S TR B A 902 D) RE (A2 T A% )
MPE T MER . Sahu %7 BT AEYE B %S5k N
YIRSV AR B 5T 0SS & 0 5 7%, K B miR-145
PEMEPETT TF /) 28 328 2k A 3 5 ik i A2 T2 B ( venous
thrombosis, VT) i & &, #fi & T TF /& miR-145 A9
R, BRI ILEEE] miR-145 78 VT B F
KK R R, miR-145 5 TF BFR kKb, H
T, £ miRNA (miR-223 .miR-451 .miR-19 %) © ¥k
UEBA AT RS TF Fak7
3.2.3 B X

#E MK XI ( coagulation factor, FXI) | /b —Fh
FH G B 22 S A 11 I, A P UM 8 I ik 42 v
REE REEVER . AR ZEME R M i B RS F
XU 7K - FH A5, Nourse 25 il i WIS & BHL, F
XUE & A miRNA £ i 2 W& L 7, Salloum-
Asfar 25 IERH] | AE AFF A F XD 80k % — Pl g
5P miRNA B miR-181a-5p A B 31845, miR-181a-
Sp SFELFXIA F11 mRNA /K- B A%, 76 A
FEFIHFH, F11 mRNA 7K 5 miR-181a-5p 7KF- i A
KXFRME ., [, JLEMSE &3 F11 mRNA (1)
3’ UTR ¥ miR-181a-5p THEHN (] | 1A ¥ T AJF
FEUESE T miRNA A2 S 220, U] T miRNA
B S PR T RE sl 2% FXDVE 1, R XK T 5 5

FUf A g, M F XIS Z 59 85 nT Hp7 VTE ik i

PEACH,
2 b miRNA 38 3o R I ) 45 2F 4 2 1 )t 2

PR FIEE 1l PR~ XA 3R 3K, KT 7, miRNA 7E&E
I FRGE I Z2 A543 vk JE IR R, 52 ) i A4
BRI ZE IRV 3 26 e B RS T #K43 miRNA 7
AL I AR AE T, o DVT B9 15 B AR Y7 $2 446
TR R AR R A
3.3 miRNA B EEFRBRATOIHTSS
Mg RIE 12

21 V5 Tt D 38005 0 40 1) 351 ( plasminogen activator
inhibitor, PAI) 43> PAI-1 1 PAI-2, PAI-1 7E 375 IfL
WA EEA/EH] . PAL-L B T2 &Rk
P 5%, 2 I A5 = 0 e v i) OGS B 1, 5 Bl ik
AR TR BRI JDK It A T o8 LA B A i 78 1t 4% B B AT
Ko PAI-1 38 2 400 i) R % Bl 0 2 V75 i Dl 383 7
(uPA) FNZHZIRVEF 15 S0 ) (WP A ) R8T £F %
Z G0, ATl 553 T 5 T D T R 7 4 2 A R
Karnewar 25 BF 58 % B, ZORLAARE 7 -£ - 20 5 2%
AL 1 305 P2 miR-19b Fl miR-30¢ A i 41
il 7N BRUSEY 1fi 335 PAL-1 K SF- A4 T 5, s /0 il 45 4
2, A 58 N AR I A T s A

RS BB = KR ARG 3 I miRNA 318
2 PAL-1 3R, 0% S8 3] miRNA 75 [ A PR
T IZET, LU PAL-1 7ELT VA 2R 50 vh i 1 B 4
A7, 4D miRNA AT G838 o (88207 % e PAL-1 B3
Pk R KT, X 0] BT B — 25 W 5 Ok 4 R
BARBAE B

4 miRNA 7= DVT H i & Nz B

4.1 miRNA BE A DVT MEMRED

AR 2 W T 92 B DL K S W L
A R HE B, TR A B T T A0 i 1A
BITBR B R RALE BTG R B X DVT A2 Wi
BRI PRAE IR 125 b B G | 3 el B G
AL D- RGN R (5 23 #h A 75  CT il MRI
KSR DA S 8 & 52 (45 A 4% . B ET miRNA
ELVE R 2 (o0 i L9055 ) T TE 12
Wi AN TG A= bR . miRNA [RRELE DVT (9 %
AR SR T B A, OB DVT 12 Wi 7 vk
PP BB TS 0 AT BEVE IEFE AR 22238 i,

Xu 251058 13 X% 130 i) £ 2 1 2% FE AR miRNA
B % BEATE 9T & B, DVT B34 R T AR 5 BE A
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1, D- B {K miR-125a-5p . miR-223-3p H Ifi. 3 /K
SIS 3T T R S DVT 2 W i USSR S
M2 WCR , AR DVT 2 WS bR 71, ROC
2k 23 M 9F — A3E 52, miR-125a-5p Al miR-223-3p
JEZIE DVT [ KA B0 R, Lu %7 (BF5E 35
W, 5% miRNA-185 2 il (1 W WA B AL 20K 7 ) 32 4K
5500058 P B 40 MG B4 156 58 R OE T2 A G miRNA-185
AT LIE Ry — Rl 72 0 A= i br A T DVT /92 Wi
RIS RE, Anijs 503 ad 25 ST OB SE , A5
miRNA & BT A AR AR B VTE KUK 70 7Y
AABNGEEREDIREY AL, Bir T M
miRNA G0 {2 3E VTE Fhe AH 5C i bk il 4298 iy
KEREB A TRAFTIAEDIREY. Yang
ZELOT R FHAE 45 B2 B ROC TR 43 B I3 1 WL ¢
K R & SC 8 &K B, DVT H 3% 41 R 1 miR-
181¢-5p ik F i, miR-181c-5p A LA i 71 ] 9 7
FBJ ‘& N 98 % 7% % %E A ( osteosarcoma oncogene ,
FOS) U2 4 A A % B2 i 25 1 (ox-LDL) 75 3 B N J¢
41t ( endothelial cell , EC ) 45 47 A1 il #2E BYAH G A
(2235 , miR-181c-5p X DVT HAF %5 &5 i 1 PR 12 Wt
e,

ZE b, 3 R E miRNA 7K1 A 407 E 8.2
P75 DVT 2 Wi 9 MERR 1, H 4% % miRNA U1 miR-
125a-5p .miR-223-3p .miR-181¢-5p Z:7E DVT 2 Wi il
IRIT I R HIETEM (., 2 W DVT 3248 T8 14 i
VEAE YRR
4.2 miRNA &N A DVT Mg =

W5 R B, 76 DVT Zh i gl SRR T %8 1
N B2 #1411 ( endothelial progenitor cells, EPCs) il i
PR PN R A0 B A | i A P A R i A R A D SRy
WML G IR i | B L AR (R 9 HOR & & S5 L
4 R I AR A 3R, PR LA EPCs 1T
FEELA DK I T 18 1 PR 7% Ak T 1) 240 Y6 7
T 1o AE R PN B A M TR 41 LAY EPCs, [l 218 i
TEREIF o1k 0 B N K A B 1) 3 B2 A2 Z2 Ff miRNA
IEFE . miRNA B 2K I8 530 EPCs M T RERR TS, A\
MH DVT B & AEFE

AHOC S5 R i PRAFFFE 2 B, miRNA 38 13 Z2 FAL
Hil /5 EPCs 13T # M558, 25 DVT i #2  fe 458
I/ EPCs (3R A afF P Bz 40 M P2 | A8 A B
Ko Tk A W58 EPCs 78 DVT H i f A% 1 g
JF Ul #R K A2 55 H AR, miRNA 7E7H 755 EPCs
el B EXLEEMER(IE D),

Jin 25U RESE KB, E DVT S35, miR-195-5p
PFRIBKV-BE ETE, X A BT S MVE B 40k
t983 2( B-cell lymphoma2 , Bel-2) &35 T JE 4776 1H
WASCIRPE, 2 miR-195-5p FIZRIAIKF- ETHNF, 2%
TR JBE Dk oA B 200 JL ) 3% 1 075 S L o R
PR R IR, $2 1 Bel-2 1Y 3RIA 7KV AT LA R HE 3%
RPN AN T 4 . miR-195-5p AT BE @ 1 I
WIMENEZHAEA T2 5 DVT W #, RNaF
FERMW], 718 miR-126 (9 EPC fi7 4 B9 4N B AR 97
Jei , AR 2 7 e e 1 RIS 3 i D 3T L A
DVT S8 v | 1 25 A2 8 1 i 1 3 i, DA Sh s
AR AR B miR-126 845 7T BB &8 TE RV IR YT DVT
FBt, R, 7 Du 5 [BFSE T, miR-150 38 52
% Ak/FOXOT FH4H] o-Myb {5 53 B 5201 EPCs 43
Ak, MTTT 78 AR A8 15 52409 9 2 AL 40 S (early EPCs,
eEPCs) Fll N Bz v [ T2 h 41 B ( endothelial colony-
forming cells, ECFCs) fJ DI RE, TEAR P, miR-150 ¥4
Gei) eEPCs 5 ECFCs F[a] 751 ] 42 1 1 35 #4308 A
AR

ZE iR, miR-150 , miR-195-5p . miR-181¢-5p/
FOS 55 miRNA A B im RIG YT DVT A 4 1)
TRITHE AL, O BIRYT He . RIS AT 2 DVT 3697
T3 BT R B B (4 T ) RO S SRR

5 RESRE

miRNA 31 845 5 AR T2 A 56 1 3k P 33k
TE DVT JE fad 72 o Kk 8 8 ZAE ., 058 & 9L,
miRNA 7E DVT 835 5 158 ALK 1 () 238K A7
FEREZES WA A I P AR 2 miRNA 335
K T LLR DVT 20 54508 1 S8 B A i 38
1 A5 AR TE AR S ) miRNA 221k, il REA B T
Wk DVT 14 % A & J&, 5288 DVT 1A SR YT
PALH IR

UHTET miRNA 7E DVT JE A 9 VE FHHL I 1%
AGEARNERE AT DLt — 89T miRNA 5 DVT JE B
AR FE IR A 530 1% =2 (o) A AR VR G &R, IR
ABRf# DVT 0 2L B 2k &, BT DVT
(A W7 = B T 52 A5 A6 88 AR I V027 4 A A 0
FAMFF ] LU — LR E FET miRNA 19 DVT 2
B 5 =512 W % o o AR i, mT L
F & T miRNA FRE R DVT 2 W B sl )
&P EEERIZ W, 4 DVT BYiRYT £
Wi THUREL RN R 250, F ok ] DLtk — 20 4R
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Table 1 Mechanism and significance of miRNA in endothelial progenitor cells

ieRNA AL X
’ Mechanism of action Significance
miR- B I3 SN R /b EPCs BOITR% FIINL B 1, 1 5 A A2 g
483—3p:47: Target serum reaction factor. Reduce EPCs migration and angiogenesis and enhance thrombolysis.
PO BERR AR GK ) 2R 1 R B IR R, W3 Ak . X )
e g : o B3 EPCs DIAE ; (EIE 1045 A B, 9/ IR A 5 (1 39 5 JK P30 0 0
1 WA 15 0 7 0 8 11 -2 ik Sooinhe et o e ek
miR-205"4 Targeting phosphatase and tensin homolog; regulation ° . . .
. . . Enhance EPCs function; promote angiogenesis, reduce venous
of matrix metalloproteinase-2 expression through Akt/ . - .
thrombosis; promote venous recanalization and thrombolysis.
autophagy pathway.
Wit PI3K/ Ak/ [ W 6 #E [0) BRI S2 AR L AL B8 7 A5 EPCs 40 ML 3T #6 4R58 B4 L, i e J o, e 1) 0 38 00 1f 485
o WHEA-T, Fil,
mez=op Targeting transient receptor potential Mediate the migration, invasion and proliferation of EPCs cells, accelerate
melastatin-7through PI3K/ Ak/autophagy pathway. the regression of venous thrombosis and vascular recanalization.
7 WL FAS FEfk PEHT EPCs 114949 FE 0 L8 AR 1 D a2 A 8 e R L A 88
miR-21%] i ; .’ Regulate the proliferation and angiogenesis of EPCs; promote thrombolysis
Targeted FAS ligand. .
and revascularization.
g T SRC B -1, R IR L e
e Targeted SRC kinase signaling inhibitor 1. Promote venous thrombolysis.
it iof PI3K/ Akt 38 i EAHL ) PIK3R2 JE[A SRS RE ) 5 30 ML B ) 5 DR MR A
miR-1261%2 Target PIK3R2 gene directly through PI3K/Akt Enhance the ability of tube formation; enhance the ability of vascular
pathway. recanalization ; promote thrombolysis.
miR- #U[7 SPREDI T3 EPCs TERS AT A I 5 FEE ML AR A A7 o
204-5p:53: Target SPREDI. Accelerate EPCs migration and angiogenesis; promote thrombolysis.
ik EPCs F W, 345 EPC B39 58 | 1T 8% 0L AR JSCRE 7 5 39 Jon 1l e
s MEEBUERCIEN ol ik, AR,
i Increase the expression of gap junction protein al. Inhibit EPCs autophagy, enhance the proliferation, migration and
angiogenesis of EPC, and increase the rate of thrombolysis.
miR- VRS AR A e - 1, BE5E EPCs TR AN MR A2 pi 5 PEt AR VA

125a—5p[2(’: Up-regulation of myeloid cell leukemia sequence 1.

miR- i FUR BRI,
136-5p'55' Inhibit the thioredoxin-interacting protein.

Strengthen EPCs migration and angiogenesis; promote thrombolysis.

R T K LA P A%

Stimulate venous thrombolysis.

RILT miRNA (69 DVT 3697 77, 1 DVT 36774
B i S AT v . [RIEE HAT LA E miRNA 51
iy T BRI BT, AR 5 ¥R 7 BOR AR
&

SNZ, miRNA 75T K LR iU A T 58 B
AT TR BT SRR (E, 4S5 R — B TR AR
X miRNA 78 DVT JE B i) B AR AL T OF K 5
miRNA ) DVT 2 W 37 5 R MG 97 75 155, 8 DVT
HY AR LR 0 B B A T
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