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[ Abstract]  Objective

To investigate the effects of moderate aerobic exercise and high intensity intermittent

exercise on myocardial mitophagy in mice with nonalcoholic fatty liver disease and its possible mechanism. Methods Forty

3-week-old male C57BL/6] mice were randomly divided into a normal feeding group ( Chow group, n=10) and high fat-fed

group (HFD group, n=30). At week 18, mice in the HFD group with a body weight exceeding 20% ~30% of the ordinary

diet group were considered obese mice (n=26). Two mice were randomly selected for liver oil red O staining to confirm

successful establishment of the NAFLD mouse model. Sixteen NAFLD mice were randomly selected and divided into a

moderate intensity aerobic exercise group ( MICT group) and high intensity intermittent aerobic exercise group ( HIIT

group) with eight mice in each group. The two groups were subjected to exercise training for 8 weeks, and samples were

weighed after treatment. Masson staining was used to observe myocardial fibrosis. The ultrastructure of myocardial cells was

observed by transmission electron microscopy. Mitophagy and mitochondrial biogenesis were assessed by Western blot.

Results

Compared with the Control group, the body weight and heart index in the Model group were significantly

increased and decreased, respectively. Compared with the Model group, the body weight of MICT and HIIT groups was

increased significantly, and the heart index of the MICT group was increased. Masson staining showed that, compared with

the Control group, collagen fiber content in the myocardium in the Model group was significantly increased, and the

myocardial fibers were disorganized and broken in electron microscopy. The myocardial morphology was disorganized,

mitochondria were swollen, cristae were broken and blurred, and lipid droplets were observed. Compared with the Model

group, the myocardial collagen fiber content in MICT and HIIT groups was significantly reduced, the myocardial fiber

arrangement had slightly recovered in transmission electron microscopy, the z-line was clearly visible, the degree of

mitochondrial degeneration was slightly improved, and lipid droplets were slightly reduced. The improvement in the cardiac

tissue structure in the MICT group was better than that in the HIIT group. Western blot showed that, compared with the

Control group, PINK1 and Beclinl expression levels in myocardial tissue of the Model group underwent no significant

changes, while Parkin, LAMP1, and PGC-1la expression was significantly decreased ( P<0.01). p62 protein expression
and the LC3- 11 /LC3- I ratio were significantly increased (P<0.05, P<0.01). Compared with the Model group, PINK1

and Beclinl expression levels in MICT and HIIT groups were not significantly changed, while PGC-1la expression was

upregulated, and Parkin and LAMP1 expression in the MICT group was significantly increased ( P<0.05). p62 protein
expression and the LC3- I /LC3- I ratio were significantly decreased ( P<0.05, P<0.01), Parkin and LAMP1 expression
levels were upregulated, and the LC3- Il /LC3- I ratio and p62 protein expression were significantly decreased in the HIIT

group (P<0.05, P<0.01). Conclusions Different forms of aerobic exercise effectively ameliorate myocardial structural

and functional injury in NAFLD mice, which may be mediated through stimulating autophagy flux of mitochondria in

cardiomyocytes, activating autophagy, and restoring the normal autophagy function of cells to ameliorate myocardial cell

damage, and moderate continuous aerobic exercise has a better improving effect.
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Figure 2 Liver oil red O staining of mice in each group( 18 weeks)
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. 5 Control HAHLL, #P<0.01, * P<0.001;5 Model ZHAHH, * P<0.05, ™ P<0.001,
B3 SAkE ORI

Note. Compared with Control group, *P<0.01, * P<0.001. Compared with Model group, * P<0.05, *** P<0.001.

Figure 3 Comparison of body weight and heart index in each group

T B AR, 20 (85 AR LR A, B 7 LA NG . 5 Control ZHAALL, *P<0.05, ¥ P<0.01;45 Model 4141, * P<0.05,
4 BN E Masson e 0, 35 G i85 KOO U AR FRGE 0 80

Note. Black arrows represent sarcomere, red arrows represent mitochondria and yellow arrows represent lipid droplets. Compared with Control group,

#P<0.05, *P<0.01. Compared with Model group, * P<0. 05.

Figure 4 Masson staining, transmission electron microscopy and myocardial collagen volume statistical fraction in left atrial

tissue of mice in each group

R R E (K 5,P<0.01) , @t 8 s sh T
J& .5 Model 41AH LA, i~z S 40 fILAH A PINK1
TR TE i EMEZE R (P>0.05) , i 7E MICT 41
L WLARIE A Parkin 348k W 2005 (P<0. 05) , HIIT
4 Parkin £k /K F-HA FIEBEH HESE %5
X, DA SR K BRI wT A BRC L

N PINK1/Parkin /F iR [ W, 200 REFE 1S
B SR AR B AL LIS 1) & 8, i AN [ ik B iz
BRI 1 PINK1/Parkin /S 0942 ki [ 15, ok
HLRRTIRE
2.5 BRIEFEHIT NAFLD /MRO AL BB

P T 2R A AT 38 3 — M 1 W R B0 o, Rt



[ A R 2R 2k 2023 4F 11 A5 33 %55 1131 Chin J Comp Med, November 2023, Vol. 33,No. 11 7

FoAT HE— 25 K I — e R TR R O 38 B
Beclinl LC3 .p62 #l LAMP1, W& 6 Z45 5 8%, 5
Control ZHAH Y, Model ZH.CJILATHE N Beclinl 23k 7K
SETCH AR L (P>0.05) ;M LC3-11/LC3- T g A
p62 & HFRIKKFHR R 2 18 (P<0.01,P<0.05),
{H LAMP1 ik /KF 3 TR (P<0.01) , X2k R
T, KRR RN R, SO LA P [ v E
HAZPH, O] RE S T BT T A N A R R
fife A AR R 3, Zad 8 Rizsh TR, 5
Model ZHAH LL, 1~z Zh 20 LA Beclinl 23570
WEMZEF (P>0.05) ; MICT 4 p62 % ik /K M
LC3- 1 /LC3- I thfl i BE K (P<0.05,P<0.01),
LAMP1 3 P 9% B 35 #4096 (P<0.05) ; HIT 41 1L.C3-
M/LC3- T HAE B 3 F R (P<0.05) \p62 £k
IKOEA B R (P<0.01) \LAMP1 & [ #£ ik K F

HA bHEs (B E 25 (P>0.05), LLE4S
R G2 S nT i = g A A O LA R S A
Wi £, e Ah 30 T i 2 B s s A5 F T LAMPL &
PR (e 0F 1 W Mty (R R i

P A A Y- i 4O T Gk R 1 A R B A2
PRALRLAAR T B, DR FRATT SLaTE — 25 4G I 2 b Ak A=
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PRRRR LIS P RE 2 vh 0 WILAN A 785 B 2 b Ak 1
fie )32, iz gl n] DAek S IF Wk & 2R [ W E H
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215 Control ML, *P<0.05, ¥ P<0.01; 5 Model 4141, * P<0.05,
Bl 5 Western blot £l 2H/N il LAY PINKI F1 Parkin 8 112235 7KF-
Note. Compared with Control group, *P<0.05, *P<0.01. Compared with Model group, * P<0. 05.

Figure 5 Western blot detection of PINK1 and Parkin protein expression levels in mice myocardium of each group

1. 5 Control AAHIL, #P<0.05, #P<0.01; 5 Model HAHI, * P<0.05, ** P<0.01,
6 Western blot A6l & 20 /N BLCy LN A WEAHSCH I 3R IB KT
Note. Compared with Control group, *P<0.05, *P<0.01. Compared with Model group, * P<0.05, ** P<0.0l.

Figure 6 Western blot detection of related autophagy protein expression levels in mice myocardium of each group
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JKF-REAR , NAFLD 41 UA TG \LDL [%1% ( P<0. 05) , Western blot 455 7R |, 1525 41 &S, NAFLD 20 AKT .p65 WiiiR
Fb/K 8 24 T/ , HUA-NAFLD 20 AKT PI3K . p65 . IxxB B2 b K 8 2 7+ & (P<0.05) ; 5 HUA-NAFLD 4H tb %5,
HUA NAFLD £H AKT . p65 W2 b7k F 5 2 T M, HUA 2H kB BERR 1L /K F B3 T (P<0.05) ; 5 HUA 4 I #,
NAFLD £ p65 B ALK BETH e (P<0.05) , 4538  HUA-NAFLD 48PN 4 A b 18 bR 5 % T EH 5, P
ASFR R T PI3K/ Akt/NF-kB {5538 % 7] iE7E HUA NAFLD, Ll & HUA-NAFLD &3 72 b LB T EAE
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the PI3K/Akt/NF-kB signaling pathway
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[ Abstract]  Objective To study the pathogenesis of hyperuricemia combined with nonalcoholic fatty liver disease
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(HUA-NAFLD) based on the PI3K/Akt/NF-kB signaling pathway. Methods
into blank, HUA, NAFLD and HUA-NAFLD groups with 16 rats in each group. Samples were collected at weeks 8 and 12.

Serum biochemical indexes were measured. Pathological changes and lipid deposition in liver tissue were observed by

Sixty-four SD rats were randomly divided

hematoxylin-eosin staining and oil red O staining. Relevant proteins in PI3K/Akt and NF-kB signaling pathways in liver
tissues were measured by Western blot. Results Compared with the other three groups, the liver index of rats in the HUA-
NAFLD group was increased significantly ( P<0.05) with a large number of fat vacuoles in hepatocytes, s blurred structure
of the hepatic cord, and more severe liver histopathology. Compared with the blank group, UA and LDL levels in the HUA
group were increased, HDL levels in the NAFLD group were decreased, UA, TC, TG and LDL levels in the HUA-NAFLD
group were increased, and HDL levels were decreased (P<0.05). Compared with the HUA-NAFLD group, TC, TG, and
LDL levels were decreased in the HUA group, and UA, TG, and LDL levels in the NAFLD group were decreased ( P<
0.05). Compared with the blank group, AKT and p65 phosphorylation levels in the NAFLD group were increased
significantly, AKT, PI3K, p65 and IkkB phosphorylation levels in the HUA-NAFLD group were increased significantly.
Compared with the HUA-NAFLD group, AKT and p65 phosphorylation levels in the HUA-NAFLD group were decreased
significantly ( P<0.05). The IkkB phosphorylation level was decreased significantly in the HUA group. Compared with the
HUA group, the p65 phosphorylation level in the NAFLD group was significantly increased (P<0.05). Conclusions
Compared with the single disease group, the HUA-NAFLD group had more abnormal biochemical indexes and more severe
liver lesions. The PI3K/Akt/NF-kB signaling pathway might play a major role in the pathogenesis of HUA, NAFLD and
HUA-NAFLD.

[ Keywords] hyperuricemia; nonalcoholic fatty liver disease; PI3K/ Akt signaling pathway; NF-kB signaling pathway
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HUA 41 L%, HUA-NAFLD 41 K Bk & F & (P<
0.05), 525 14 k%8, NAFLD ,HUA-NAFLD #4 K
SUFHE 80T (P<0. 05, P<0.01) ; 5 HUA 4 [h%5,
NAFLD , HUA-NAFLD # K §UHF 48 $ 7F & (P <
0.01) ;5 NAFLD 4 4% , HUA-NAFLD #H K BUIT$S
BT (P<0.01)
2.2 BAKXKBRMBFENIBIRIER

F &l 2 AT, HDL B RS B) HERS 0T T R, HAY R
Prbl IS [ HERS Y T, BER 1 AT RS 12 AR,
Has 4 S, HUA 40 UA (LDL 7K F+ 5, NAFLD
2 HDL /KF-F%{% , HUA-NAFLD 41 UA . TC TG .LDL
KT, HDL KRR (P<0.05,P<0.01); 5
HUA 41 Lt %, NAFLD 41 UREA /K F &K (P <
0.05) ; 5 HUA-NAFLD 4] I %, HUA 4 TC . TG,
LDL 7K - [ ik, NAFLD 4] UA TG ,LDL [&{% ( P<
0.05,P<0.01) .
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TS 12 AR, S 4L, FP<0.05, #P<0.01;5 HUA 41H#, * P<0.05, ** P<0.01;%5 NAFLD #1[#, 44 P<0.01,
B 1 (REMFE

Note. At the end of 12 weekends, compared with the Blank group, *P<0.05, *P<0.01. Compared with the HUA group, * P<0. 05,

** P<0.01. Compared with the NAFLD group, 44 P<0.01.

Figure 1 Comparison of body weight and liver index

B2 EffERRA

Figure 2 Comparison of biochemical indexes

R ASHAACARER LEL (249)

Table 1 Comparison of biochemical indexes in each group

ik
(;Etj UREA ( mmol/L) UA ( pmol/L) TC( mmol/L) TG( mmol/L) HDL( mmol/L) LDL( mmol/L)
roups
"
=R4 6.79+0.27 84.38+8. 50 2.88+0. 14 0.90+0. 034 0. 68+0. 038 0.20+0. 02
Blank group
oA Al 7.53+0. 25 133. 80+6. 00* 2.97+0. 18" 0.89+0.061 " 0.6x0.03036 #
. *U. + + + . 0L,
HUA group . 80+6. . 97x0. . 89+0. 0.29+0. 02
NAFLD 2
A sk i +0. 1 ok # ok
NAFLD group 6. 13+0. 28 106. 00+11. 31 3.38%0. 16 0. 85+0. 053 0. 56+0. 022 0.25+0. 01
HUA-NAFLD 41
7.95+0. 41 153. 60+9. 48* 3. 69+0. 14* 2.05+0. 18* 0. 51+0. 02* 0. 53+0. 03*

HUA-NAFLD group
S5 AIE, *P<0.05, #P<0.01;5 HUA-NAFLD Z1 b4, * P<0.05, ™ P<0.01;5 HUA 4115, 4 P<0.05,
Note. Compared with the Blank group, *P<0.05, *P<0.01. Compared with the HUA-NAFLD group, * P<0.05, ™ P<0.01. Compared with the HUA
group, 4 p<0.05.
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2.3 HELRETK

HE YL /R, 25 VALK B 20 i 43 A 450, HE
SHESE , K/INEIFR, FFSEIE B, J0 40 B A% D A% A g
21 s HUA-NAFLD 41 K BsUFF 400 o o 0 K i s s 25
T, UL ARERREAR | KA R 7 25 0K 240 A A% 55 )
— A, 225 M AR s NAFLD 2H JH 200 o 40 i 55 o i
Pz BRI 23, {H % HUA-NAFLD 20 B S sk /b, 41
Az AR & AW AS s HUA 4200 At 40 i 5 Hp o] D20
NEWi 2, IR A VE 28 (LR 3) o W4l O B fh
R, 2 FHTFMEL O U R oA W28 21 21 €8 JR 3% 5
HUA 455 12 FIAR AL 0 81 A7 vl g 21 i iy
2L SR s NAFLD 2120 20 nT UL R i 21 5 Jg 3, 21
{6 )8 5 HUA-NAFLD 4H fi /)y ; HUA-NAFLD #H n]

UUGERTE:- B AL N OEAR N EH IS T R K ST e
(WK 4),
2.4 BF4AL PI3K/Akt #1 NF-kB 15 S B %
ERMRIEKE

Western blot 55 /R . 5525 140 LA, NAFLD
ZH p-Akt/Akt, p-p65/p65 /K ¥ W F T+ i, HUA-
NAFLD #H p-Akt/Akt, p-PI3K/PI3K | p-p65/p65 . p-
IkkB/IkkB 7K & & F+ & (P <0.05,P<0.01) ;5
HUA-NAFLD 4 F ¢, HUA NAFLD # p-Akt/ Akt p-
p65/p65 K- F B, HUA 2 p-IkkB/IkkB 7K F
BE T (P<0.05,P<0.01); 5 HUA 4 %%,
NAFLD 41 p-p65/p65 7K1 3 Tt 7 (P<0.05) (i
Kls),

3 IFHZUHE 6

Figure 3 HE staining of liver tissue

B4 HFHLUM 0 Yea

Figure 4 Oil red O staining of liver tissue
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T 525 AL, "P<0.05, ™ P<0.01;5 HUA-NAFLD 41 I, * P<0.05, * P<0.01;5 HUA 414, 4 P<0.05,
B 5 JF4141 PI3K/ Akt Al NF-kB 15 538 i A DGR 111y 2k K7
Note. Compared with the Blank group, *P<0.05, *P<0.01. Compared with the HUA-NAFLD group, * P<0.05, ** P<0.01. Compared with the

HUA group, * P<0.05.

Figure 5 Expression levels of related proteins in PI3K/Akt and NF-kB signaling pathways in liver tissue

3 itig

HUA 1 NAFLD #BJ& TPk 9 s i %, B §i
I AR b 322 1 FH e PR 2 55 B B ORI 45 25 0 Bk ok
A7 HUA-NAFLD' | ply 74 24 1 i o — I/
B S, (A5 R AR AR B AIG, R 01 2 T E IR HUA AR
HLOAGA 2538 T MERE™ . HUA 5 NAFLD 7
e R 8 AR 2 A (H 38 0 9 O A Rk e Hp
S HAHRZ W, H Al e FLAE R AL 5 B 5T e
ISR SRR, PRIBR IMAE A2 R 7 7 S
AL A & 5 B F WL, H TR 2
I DI RERRAT A bR B . CAFREY], =5
IR 2 SBR[
BN PR R FE K 1 ) WA DR BR T iR 7E NAFLD &
A= ELRBLEI T B A B T8 K R IR IR I 1R R T B
NAFLD W88 55— J7 T, A5 PR IR B Tt e L S 2
BLAXT NAFLD Jir = A= 9555 800 i — B 3 3R AR, XF
NAFLD S8 3E 17 AR b 78 PR e 17 7T LLAS Ji iR
J7 NAFLD f— 7 B

£ PI3K/Akt/NF-kB 5 5 # 1, AKT 1E Ry —

T 22 SRS BRI | 2 PIBK/ Akt (5 55 S BE N ien
BN, 20t PI3K B B Ak 05 )5 v] 1 — Al
HTFWE 515 S A M F Tees BERRIET™ , Tkk
J&F 22/ AR B A, — MBS LT, NF-
kB 5 IkB Z5 GAFFE TR BERR LG 19 Tk ]38
3117 ZALEBERR AL IEE 1B, [ 2 5 NF-xB f# 55, )\
MifE NF-kB & A %A NF-kB Jg&:— Fl % s A
T ESAE HE JB 2o A v & A A O VE T, 0 J5 T
WEHURFA C RV IR FE F -a R
PR i & RAE O KBS R, PI3K/
Akt/NF-kB {5538 % 5 HUA F1 NAFLD [ & £ 4 %
VIEK Z . 0 e B 9T & B IR IR IA B AT
PI3K/Akt/NF-kB {5 % i J% AH ¢ 8 (1 & 18 K F 1
VA, 51 k9 4 M IR oK T, S BN NVE
F AR, 0 PIBK/ Akt il NF-kB {5538 5% AT
Ak HUA #5570 B UA .CREA |UREA , 2038 K BRUIE 4
U HIE A 2E O P HUA BRI RUE #0057
P12 38 B8 T LAREAR I TC TG & 2, s P4
JHL A I 2% 4 0 46 A IR, DA T4 NAFLD A= 1)
om0 OB PIBK/ Akt/NF-kB 5 53 5 1
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O T BB I 2 A AL dE bR s R 2 20
PHPCAR | T 45 HP IR0

AR EE R L, 5 HUA-NAFLD 4H 48 , HUA
44 TC TG ,LDL 7K F-F# 4%, NAFLD 41 UA TG, LDL
A, HE 259 575 HUA-NAFLD 41k BT 200 Jfd Hhy
KA AR 725 60, 52 W] S SORAE AR, K B i 25 7
4 20 RAZ T ) — 00, R G5 A AR 5 21 O e (5, ik
7, HUA-NAFLD 41 7] 0L B 5 55 22 () K21 68 i, &
HORLIR AR T 9 A8 P2 BE AR NAFLD 41 F1 HUA 41
H™E, Western blot 45 R 7, 525 HA AL,
NAFLD 21 . HUA-NAFLD 21 PI3K/Akt/NF-kB {5 5
A % PR SC B B R AL K P B E TR 5 HUA 4
FL#, NAFLD 41 p65S BEfR AL /K- 8 3 7 & ; 5 HUA |
NAFLD 4H [t %, HUA-NAFLD 4 PI3K/Akt/NF-«B
5 P AH ORI BERR A KT 8 3 e

ZE L ATIAR, 38 3d X 2S 140  HUA | NAFLD DA K
HUA-NAFLD #5583 B3 1) A= {48 A5 5 3 &% PI3K/
Akt/NF-kB {553 #1748 5%, A0 5% & 3 PI3K/
Akt/NF-«B 15 5 i % 7] ig /£ HUA | NAFLD DL}
HUA-NAFLD & % i< B2 % 45 85 ZEAE F, X i 1Y
RIFHIL AR YT A AT S S AR
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ANET U O OB T CAFs SR FRIE T
EC9706 4l it fe e Gl Ay AL ] B 5

OB, EHF WA AR, o amm e R E A
(1. P EE 2GR FBM 45004652 3 R4 TP IE T IEE 55 S ALK E M 450046)

[HWE] BE HERAETHIMIBEEEEY (EAELD) XA 6 AT 4540 M ( CAFs) 4R FR 3 F 8 i
EC9706 AAERERACHHE M A4 FHLH], ik WERREE (MTT) B4 EAELD X ECO706 34 5 i M A0 52 0 5 He (o ik
Kl EAELD Xf CAFs 251357735 (CAFM) T EC9706 AL L 775 Hh FL AR S A 0 2 5 U F2 1 ; Seahorse RER AL 43 HF
ZGekill EAELD X} CAFM T EC9706 4i Jfd 6 2 18 5§ 19 5% i ; 5C 8 28 5% 2 & PCR (RT-qPCR) | £& [ %0 2 B3
( Western blot) Bk EAELD X fEfHACIEHAH G/ T mRNA RELIFIANEN, &8 5 DMEM M, B 10 pg/mL
2041 EAELD X} EC9706 4 Al 384 5 3 14 #4047 BH b #0i4F F (P<0.05) , BEHUAM il v BE (1C,) ) 25 pe/mL, 2 900 il v
(IC4, )40 pg/mL MM 5 2 BEA TS 425080, 75 CAFM 553514 EC9706 4441  EAELD Ik | &5 4 R e §
F AR SR ARE S IEREVT RS SR RIFIRAE & A ATP FEAR 25 FHIFIRBE 7 LRI MR A v
fiE(P<0.01) , 8/ EC9706 41 il - 3% FLMR & ik (P<0.01), T8 GLUT1 B mRNA %35 (P<0.05,P<0.01), T ¥
p-PKM2 HK2 PKM2 MCT1 %5 1335 ( P<0. 01) ; EAELD =57l S 2HAEE T I ECO706 MM (14 L b (AFE 4 5 SR % e
FUAE (P<0.05) /> EC9706 0BT HEFR I (P<0. 05) , T ¥ p-PKM2 .GLUT1 [U#E 1235 (P<0. 01,P<0. 05) ; EAELD
FEFI BB T8 MCT1 [ mRNA ik (P<0.05) . &it NE T LM OFRIEEYBENS TF CAFs R ET
EC9706 4B RERACIS, oML Al fE 5 EAELD %45 HK2 PKM2 GLUT1 MCT1 MCT4 1 mRNA FI5E k406

[ X821 JEAHSCRLET RN ; SR 3708 N T LR SRR B s g AV &80
[PESES] R-33 [ XEARIZAE] A [XEHS] 1671-7856 (2023) 11-0017-08

Mechanism of ethyl acetate extract of Liujunzi Decoction in the
energy metabolism of EC9706 cells in CAF-conditioned medium

CHEN Xing', LOU Xiangyu', SHANG Yiwan', ZHOU Zhexu', LIU Yang', LIU Yaru', HU Xiaobo', CHEN Yulong®*
(1. Henan University of Traditional Chinese Medicine, Zhengzhou 450046, China.
2. Henan Provincial Key Laboratory of Prescription and Syndrome Signal Transduction, Zhengzhou 450046)

[ Abstract ] Objective  To explore the molecular mechanism of ethyl acetate extract of Liujunzi Decoction
(EAELD) on energy metabolism in esophageal cancer EC9706 cells in conditioned medium from cancer-associated
fibroblasts ( CAFs). Methods Methyl thiazol tetrazolium assays were used to assess the effect of EAELD on EC9706 cell
proliferation. The effects of EAELD on lactate and glucose in the culture supernatant of EC9706 cells in CAF-conditioned
medium were assessed by colorimetry. A seahorse system for energy metabolism analysis was used to assess the effect of
EAELD on energy metabolism of EC9706 cells in CAF-conditioned medium. Real-time quantitative PCR (gPCR) and

Western blot were used to measure mRNA and protein expression of energy metabolism-related molecules. Results

[E&mE ] EEAAREHEL N FIH (82074313)
[EBBAN IR (1996—) , & A5 A B9 )« IR s HL5 53R . E-mail ; 1183761889@ (q. com
[BIEEE MR E I (1972—) , 5, 88% 1A 500, BF 58 7 1« B 25 B iR IR HLAT . E-mail ; cyl72621@ 163. com
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Compared with DMEM, except for the 10 pg/mL group, EAELD had a significant inhibitory effect on EC9706 cell
proliferation ( P<0.05). The 30% inhibitory concentration (ICy,) of 25 pwg/mL and half inhibitory concentration (ICy,) of

40 pg/mL were selected as low and high doses for subsequent experiments. In EC9706 cells cultured in CAFM, both low

and high dose EAELD groups had significantly reduced non-mitochondrial oxygen consumption, basal respiration, maximum

respiration, oxygen consumption of ATP synthesis, spare respiration capacity, basal glycolysis, compensative glycolysis,

and glycolysis potential (P<0.01). Lactate content of EC9706 cells was decreased (P<0.01), mRNA expression of
GLUT1 (P<0.05, P<0.01) was downregulated, and protein expression of p-PKM2, HK2, PKM2 and MCTI was

downregulated (P<0.01). The high dose EAELD group had downregulated mitochondrial oxygen consumption and basal

respiration. The glycolytic ratio of (P<0.05) and glucose uptake of EC9706 cells were reduced ( P<0.05) and protein
expression of p-PKM2 and GLUTI1 was downregulated (P <0.01, P<0.05). The low dose group of EAELD had

downregulated mRNA expression of MCT1 ( P<0.05). Conclusions

EAELD interferes with the energy metabolism of

EC9706 cells in CAF-conditioned medium, and its mechanism may be related to regulation of HK2, PKM2, GLUTI,

MCT1 and MCT4 mRNA and protein expression.
[ Keywords]

metabolism; esophageal cancer

cancer-associated fibroblasts; conditioned medium; ethyl acetate extract of Liujunzi Decoction; energy
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B8 (esophageal carcinoma, EC) J& % UL TH
P S i =2 — , MR FI 2020 45 v [l s i 3 4 4R 4
SR BB R R R HE 2 R S AL b R
JE T BT KT B & R Ak 2D | B e 1Y AR A=
A T — T AR 18% /A7

eI 200 0 118 A A g B 35 TP A T A e A
AT YE 4 ifd ( cancer associated fibroblasts, CAFs)
KEFY, EMIERENE T, CAFs 2 il Eh 5 v
B R AAINL, nT R i 20 e 32 A A R )
S5, A R AR A A R AT R, CAFs X Ji
AN BE LA B AR

RIS L S H 15 SR SR U (ethyl
acetate extract of Liujunzi Decoction, EAELD) A D3
17T AMPK/mTOR i #8215 ECO706 41 fE i
PG, 30 ] 32 4 B A 3% 1, O 39 R AT 24 I XF
EC9706 4AEA72L ™), H 709% ~ 80% 41 i filt £ £ 1Y
CAFM, it 60% M HERS A i {2 2 EC9706 4H LAY
RERLIQHME, PRI, AR BFFE L8 3d CAFs 5 EC9706 4
JfL 1A A ] 42 AL 55 3% %07 EAELD J2 15 3 5 -+
CAFs ZFREFRFE T EC9706 41 i i AR, 0k i
S JI 9 A L 3 5L, S 7SR 1 A i DR R A
SEEG A

1 #efnrE

1.1 #Zapm

NEE B £C9706 AL, i g 5 24 K2
S ORI AR A ARG TR, NFRAESG
BETAEAN AL ( CAFs) |, FHIFEIA 70 2 585

1.2 FERFE5NHE
DMEM =54 55 97 4k (52%5-:12100) | JBe 28 H il -
EDTA 34 1k ¥ (%% 5 T1300 ) , & M ¥ ( methyl
thiazolyl tetrazolium , MTT , 5% 5-: M8180) ( Solarbio 2
A]) s B 45 L7 ( Lonsera 23 A, 585 A97E00G ) ; —
FF LV A ( DMSO, Amresco 23 ], 525 . D8370) ; .
R G (e @ U TR SR T, 1845 A019-2-
1) 5 #2890 L 32 X & ( Elibscience A H], 5745 . E-
BC-K234-M) ; XF ¥ B fife 8 <0 o 120 & (175
10334-100) ; KL ( 55°5-:08418001) | XF96 fL4H i
B (17875 . 101085-004 ) | 6 Al K6 I 15 77 3 (1%
5:23217002) . XFp 41 g £& 40 4k 1&g 33l 57 &
$5:103101-100, Agilent 2 7] ) ; Pt A M2 RIN
B P 18 B BT AR ( Pyruvate kinase isozyme type M2,
PKM2,5%%5: 4053s ) ; oL A p-PKM2 Hi ik (5345
3827s) bt A C WE I 2 14K ( Hexokinase 2,
HK2,9%%5.2867s) . I N o-fllE A PLIK (a-
Tubulin, $8%5:2125s) (CST /A &) S T 45 b4
BEA1 :J’JTMK( Glucose transporter 1, GLUT1, e,
YN4056) . e HL N R R ¥ ois K - 1 B Ak

( monocarboxylic acid transporter 1, MCT1, %% 5.

ab179832) 4t A\ MCT4 Hii& ( Monocarboxylic acid
transporter 4, 575 : ab234728 ) ( Immunoway 2\ H) ) ;
S sk A ) &2 (Toyobo 23 H], 5% %5: 117000 ) 5 2 X
SYBR ® Green ( i, ¥ ABclonal & #), % 5.
RM21203) .

74X ( BIO-TEK 2% 7, %12, ELx-800) ; CO,
Ri oA (32 Thermo /4], 855 .371) s B TAED
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(TR RN T RS 37997) s fe AR &
45 (9 Agilent 2\ A, #I45 . Seahorse XFe96) ; 5
BB (8 Laica 23 ], 15, DFC450C) ; 28 6
i PCR Y (£ H ABI 2 A, 15 . QuantStudio™ 6
Flex) ; %¢ 643 H 6 BE i ( 32 F Thermo 28 A, #l45 .
NanoDrop One) ; LK AY ( & [E Bio-Rad 23wl , A5
PowerPac Basic) ; B K 14 &R 4 ( £ [H Bio-Rad 2y
7, %5 . Universal Hood Il ),

1.3 ZWHE

1.3.1 NE TR OB I

ANEFHHNS BESIEL) BB AS Y
RIS HE EEEE=1:1.5:1:1:1:1.5
FTCHIR ST, L M E AL ) .V (70% S BAR TR
=1: 8 HBIRAF R B N, 3 B A8
50°C, &8 1.5 h J5,8 E& it gy, EE MK,
W 25 W B R TR 4 R AR R LR 2y 5k 2
SERAY RS LR CERIRF A 2 ¢ 1 T
AR, FEM 6 K, A T AR, 3 08 | e 78 AN mTlie
LTRCTRIG , KU B e 4, AR IR B 28 T4 R, hy
EAELD, £k #r 45 e HoALAT 663 R4 i, %2
WY LA 2-FR LN RERR 4- "R IEIEHIR 5 - R IEMR
PR R R -8 -C-H AT (&R A
T % -8 -C— A ME T S MRS B2 3=,

1.3.2  ZAufmfe b 5537

EC9706 4l ffl 5 CAFs YR F th 10% %) )i 4 i
TE A1 90% DMEM 75 XUt Y fe W 455 37 35 1 o) i 19 5
ERFRMIFTRFE, BT 37°C 5% CO, WK 3746
WA I Rl BE Gk 80% ~ 90% AT 1 1 3~1 15
AR
1.3.3 SRR FRE M %

BB A KA 0 CAFs 20 i, AR 40 52 36 i 7 1)
A%, A 8 mL BRI AL E A CO, H5 5746
W EESE 24 b e AR S R 70% ~80% , 1 mL
PBS YE %5, IR A 10 mL A & i 4 1 36 1)
DMEM 5 WU st 15 77 5, 4k 2215 97 48 h e, I g
Ri gl CAFM, -20°C P47 1 J& , -80°C KPR AT,
1.3.4 MTT A0 EAELD X EC9706 4 ffl 1 5 1)
AU

OO A K519 EC9706 4H i, 4L 1x10* 4
PR T 96 fLAHCH BT CO, Ri g4 1535 24 h, ]
AERG A I W B9 DMEM 2 SUHT & 0 55 95 3
EAELD T AR AL HI AR EE (0,10,20,40 .60 .80
pg/mL) & T CO, i FRAH Ak 2 15 5% 48 h, %I

DMEM :5 mg/mL MTT=9 : 1,441 100 wL LA MTT
TAEW 4 h )5, BFLIA 150 wL ) DMSO, FEHR Y
Rl 570 nm P A FLOGAE , THE AL 25 i
FOIEHLIC,, ICs, AJF LI, SR ER 3 K,
IR = (25 X R4 OD {E- FH 2540 OD {H)/
22 XTI OD {Ex100%
1.3.5 fem U AT REEAI EAELD X CAFM T
EC9706 2 il fitg 24 C i 1y 5%

BOWBA: K10 EC9706 41, 3 Fh F Seahorse
96 fLAR 1, FEALAH AR 80 WL, BEFL 8000 i
BH3IANES, BT CO, B it 24 h 5 1R
P 1.3.4 v MTT K25 RN 2h | e Ok B R 25 pe/
mlL VE M4 40 we/mL VE Ml a 4L, &4
BRI IO EAELD T AR, 430 A 40 L, 4k 2L 35
7% 48 h, AEIN EAELD AYiH/E CAFM 40, #1815
BB, R I 2% 4 400 B R AR L, SC IR 45 SR
Wave X{F0H7
1.3.6 @R EAELD X CAFM F EC9706 4
L 35 LR % a2 e

IO B0 K I EC9706 4 it e I — 5 $i e
BT 6 FLACT 5555 24 h J5 gy (4R 1.3.5)
PRELEESE 48 h 5 AR 37 , 1500 r/min, 5 min
BL  PBS T 3~ 5 4%, & U B B ZOR AT AR I
TR E S 35 % B vh ZLIR 35 480 W ) Wk B2 11580
IR R R P LR AR O R ARk
1.3.7 RT-gPCR 3% & Il EAELD Xf CAFM T
EC9706 #iJifd fig f AL AH G/ F mRNA 23K 1) =200

A4 TR) (1. 3.5) , F TRIzol $£HUEL RNA | #8
TR0 EE BE I 2 B RNA 7E 260 nm A1 280 nm
A A {H T RNA W DL 10 wL AR R AT s s 5%
FELL 10 pL AR R XF o-DNA #E45 49734 DL p-WLsh&
FI(B-actin) A NS, FH 2722 IFRAAFER TP H T
mRNA AHXT A, 5190 i A s A R &
B PHNILER 1,
1.3.8 Western blot 7% #3 Il EAELD X% CAFM T
EC9706 #fi ffd fitg A I AH DG 738 1 R A 152 )

A2 TR (1.3.5) , LA RIPA S M - 5 11 0
PR A 550 . B VBRI R = 100 < 1 < 1 AY LB,
il 40 i 24 B 9, BEFLINA 100 L 24 40 i
Fie BCA 7 65 Ud B 2 2 vk B, 98°C 28 1 8 miin,
B 20 wg 2 A FFE, FH 10% 89+ Z Bemi B an - R N1
P i U P2 FL K, T JBEE 75 min, 5% JB S A 45 5 UL ) A
4 h,—#i HK2, PKM2, p-PKM2 , GLUT1 , MCT1 , a-
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Tubulin #% & 1 : 1000 b 5] #4 ¢, MCT4 #2181 -
3000 HLfIHG RS, I E 4°C i, TBST 3%k 3 Wk, —9iL
FERR 1 2 1000 Fo RS, S iRIEE 1 h, AR 3
WL ECL &6, ALK, Bagdiig, L
a-Tubulin N2, i FH “ Image Lab” 43 #¥7 5 4H 55717
OGR AR, DL H OB B/ NS 500 L%
FEAH AR A E AN R
1.4 FitEHZE

TS E A 3 R, B s R A IBM SPSS 21.0
BAFHAT BT, BER R B R i 25 (xxs) AT
ik, ARG IEA 0 HJr 2255, AL Z R
FESR FHAMST FEAS ¢ A5 56 5 22 21 22 () Bb 35 U oR i B PA
FET, XS DL LSD MGk E . S
Eﬁ%ﬁﬁ%%ﬁi“Mmﬂmﬁ%ﬁm%o%
AFEIES 0 EBAE SR T, P<0. 05 R
ZRARGIERE L,

HR

[\%]

2.1 EAELD Y& &Y% EC9706 4H i3 58 A 5 i
5 DMEM A, BR 10 wg/mL 2HAN, AS[a]He

&1 519F5)
Table 1 Primer sequence
EILZER S Fr5i
Primer name Sequence
hGLUT1-F 57 -ATTGGCTCCGGTATCGTCAAC-3’
hGLUT1-R 57 -GCTCAGATAGGACATCCAGGGTA-3’
hHK2-F 5’ -GGCACAGACATCATTATGGGTC-3’
hHK2-R 5’ -GATGCAGACTTGTCGCTGG-3’
hPKM2-F 5’ -ATGTCGAAGCCCCATAGTGAA-3’
hPKM2-R 5’ -TGGGTGGTGAATCAATGTCCA-3’
hB-Actin-F 5’ -ATTGCCGACAGGATGCAGAA-3’
hB-Actin-R 5’ -GCTGATCCACATCTGCTGGAA-3’
hMCT1-F 5’ -GGTGGAGGTCCTATCAGCAGT-3’
hMCT1-R 57 -CAGAAAGAAGCTGCAATCAAGC-3’
hMCT4-F 57 -AGGTATCCTTGAGACGGTCAG-3’
hMCT4-R 5’ -CAAGCAGGTTAGTGATGCCG-3’

1) EAELD X} EC9706 4l ()34 58 2454 0 /£ ( P<
0.05) , 4 R EAELD ¥ B8 &9 T 5= i T e, 178 He
25 pg/ml 40 pg/mL 43 BRI AL AL
LT,
2.2 EAELD X CAFM T EC9706 48 if1 gt £ X 5t
Eap=Al

5 CAFM 4 AH I, EAELD IG5 2 41 0 v 77 1k 44
A ATE A SR RN s S A S R N
WPIRAE A B ATP B i A& TP HE ) | RlbE
it RMEARTE A W T % T BB (P <0.01) ,EAELD &
FE L REDS T 8 ECO706 21 it () A PR FE 48, 5 S il
BEREMR LLIE (P<0.05) , W3k 2 £ 3,182,
2.3 EAELD X CAFM T EC9706 #H i I i& ZL B8
SERFIREENENZIT

5 CAFM ZH A 1t , EAELD 25 31 & 41 fig % s /b
CAFM B33 EC9706 4 Jifd 4 7 B L (P<0. 05) ,
EAELD {151 2 20 1 & 57 1 40 S BB I8/ CAFM 85 57
) EC9706 4t il L35 LR & &t (P<0.01) , VLK 3,

.5 DMEM dAH L, * P<0.05, ™ P<0.01,

1 EAELD X} EC9706 4l i35 52 (n=3)
Note. Compared with DMEM group, * P<0.05, ** P<0.01.
Figure 1 Effects of EAELD on EC9706 cell proliferation

%2 EAELD Xt CAFM F EC9706 4 I iA b 11 HR 6 (x£s,n=3)
Table 2 Effects of EAELD of soup on mitochondrial capacity of EC9706 cells under CAFM

LRI AR JTHE AR ( pmol/min ) EAELD (jug/mL)
Mitochondrial pressure index 0 25 40
(S TR N =) » .
. i”ij@*\lﬁiﬁiﬂ . 77. 80+10. 44 40. 80+4. 84 ™ 17.00£3.03 ™
Non-mitochondrial oxygen consumption
Tl . .
& '} &{E 115. 40+6. 89 61.00+10. 85 24.72+1.68°
Basal respiration value
SNl o
" BRI IR 162. 26+9. 81 79.94:10. 44" 34.69+3.28 "
aximum respiration value
AR ATP FEA L . .
= ok %
Oxygen consumption of ATP synthesis 11.16+2. 15 3. 41£2.3 159215
1% B .
AR 46. 86£9. 23 18. 943,27 9.9723.33"

Spare respiration capacity

5 CAFM AL, ™ P<0.01,
Note. Compared with CAFM group, ™ P<0.01.
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2.4 EAELD X CAFM T EC9706 4 kf1 & = /X 5t 2.5 EAELD X CAFM T EC9706 40 1 8& = 1% 5t

HH¥£5F mRNA FikB 200 HESFEEARIEZNEN
5 CAFM ZHAH , EAELD B 42 40 s 1) o 5 CAFM ZHAH I , EAELD {015 e 350 2 4H fiE

HARRERS T 18 GLUT1 ) mRNA 33k (P<0.05,P< % [ p-PKM2 HK2 PKM2 MCT1 % H ik (P<
0.01) ; EAELD X7 &40 BE#% T % MCT1 9 mRNA  0.01) ,EAELD & 7541666 T4 p-PKM2  GLUT1
Fik(P<0.05), W4, [ (13214 (P<0.01,P<0.05) , W35, 1K 4,

£ 3 EAELD %f CAFM F EC9706 4 UM% i SIS0 (x£s,n=3)
Table 3 Effects of EAELD on the glycolytic capacity of EC9706 cells under CAFM

FEREAFFE FR ( pmol/min ) EAELD ( pg/mL)
Indicators of glycolysis 0 25 40
HEAili
'*‘%@ﬁ% 789. 72+146. 04 410. 18+148.77™ 311.11£75.93 ™
Basal glycolysis
V1 e
B 1274. 88+197. 67 678.48+169. 42 424.26+129.51™

Compensative glycolysis
SRR VAHE S SRl 5 AR LR
Mitochondrial oxygen consumption and basal use; glycolytic ratio “
R
Glycolytic potential
VS FORKILIE AL, 5 CARM 414t P<0.01,
Note. ® indicates the ratio has no unit. Compared with CAFM group, ™ P<0.01.

0. 14+0. 02 0.15+0. 05 0.08+0. 02 ™

378.41+73.27 210. 1+44.33™ 88.03+44.38™

A ZORARNE L RE T 5 B B E R
2 EAELD X} CAFM & EC9706 2 g Zer (A1 R ) OB it o S 52 0 14 ¥ 25 i 2%
Note. A, Mitochondrial respiratory capacity. B, Glycololysis rate.
Figure 2 “Hippocampus” curve of the effect of EAELD on mitochondrial respiratory capacity and glycololysis rate of EC9706
cells under CAFM

A PRI B LRFLIR S &, 5 CAFM 4IAfLL, " P<0.05, ™ P<0.01,
3 EAELD %f CAFM F EC9706 ZHAfAC 9 Bt 520 (n=23)
Note. A, Glucose uptake. B, Lactic acid content of supernatant. Compared with CAFM group, *P<0.05, ™ P<0.01.
Figure 3 Effects of EAELD on the metabolism of EC9706 cells under CAFM
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B4 EAELD X% CAFM ' EC9706 g fE
FRISAR 737 L 52 R
Figure 4 Effects of EAELD on molecular proteins related to
EC9706 energy metabolism in CAFM

%4 EAELD X} CAFM T EC9706 4 I g &
FUBIARIE T T mRNA KIK B (x2s,n=3)
Table 4 Effects of EAELD on mRNA expression related to
energy metabolism in EC9706 cells under CAFM

mRNA %5 EAELD( pg/mL)
mRNA name 0 25 40
HK2 1 0. 85+0. 06 1.45+0. 4
PKM2 1 0. 820. 21 0.9+0. 18
GLUT1 1 0.71£0. 15" 0.64+0.07 ™
MCT1 1 0.72+0.16 " 0.99=0. 14
MCT4 1 1. 04+0. 28 0.96+0. 27

TE: 5 CAFM 4iffLE, * P<0.05, ™ P<0.01,
Note. Compared with CAFM group, “ P<0.05, ™ P<0.0l.

&5 EAELD Xf CAFM T EC9706 41 il fit i {15}
FHICF T A RIKIFZM (xs,n=3)
Table 5 Effects of EAELD on molecular protein expression
related to energy metabolism in EC9706 cells under CAFM

EALFR EAELD(pg/mL)
Protein name 0 25 40
p-PKM2 0.310. 06 0.31+0. 01 0.2+0.03™
HK2 1.74+0.52 0.86+0. 17 0.8+0.33™
PKM2 1.42+0.29 0.71£0.25™ 0.42£0.2™
GLUT1 0. 65+0. 12 0.51+0. 1 0.39+0. 13"
MCT1 0.47+0. 03 0.28+0. 06 ™ 0.23+0.08 ™
MCT4 0. 1=0. 02 0. 15+0. 03 0. 16+0. 04

TE: 5 CAFM #lAHLL, * P<0.05, ™ P<0.01,
Note. Compared with CAFM group, *P<0.05, ™ P<0.01.

3 it

BEEE T ES IR RNeE, S8
MERESHEDRSEAESDRR, EN(R
X - DURFA) H: “IREBEAR T, IR %A, A 7E
Joe 00 M R R L SRR AL, fE MR B PR R
J7 < MG R X — IR AL H R O, R
WG Z— AR HRNEF7, b A(E
IR HAS AR RE TR PR CEE N
URZGUIL NN, 07 L 25 25 SAB M R IR Z 8%, 2
BT EEENE T2y, I RN RS E Fia A
AP X AT 1 RO R | I o
TEEDIRESFEA

PSRN S CAFs 4 Y BE 3 B, R 7E LR
MRt B (MCTs) FIVERE , IoRd 4l il 5 CAFs 2
]S BT LR | PR R A s ORI i A 5
KIKEE EAELD ¥R B3I, X EC9706 4 i %
Wbl = 4, 3 H ¥ 357 AMPK/mTOR 3 #% 5 1
EC9706 4l RE AR, Hok & B 70% ~ 80% 4
JIFl& BE 1Y CAFs 251155 372 BETE 60% 1Y ¥k FE isf %of
EC9706 [¥EFAME R e i, 5 T I, AR WF5E DL CAFs
Sk 8 32 B 3R 1Y EC9706 41 i K X 4, WF 5%
EAELD g T H A8 A,

195K FH Seahorse fiE AR 1 43 1 & 48 A6
EAELD Xf CAFs Z&f- 3532 52 19 EC9706 4 il it &
PRSI, 455 7R EAELD 448 7] 4 28 1 s 77
HAH AT LA BAMEAE CAFM Y EC9706 4 il b
PR i i )RR RLARNT IR BE ) . B TSR 1 2
THIAIBE T A B 2 43 F B9 = BERR IR T (ATP) , H I
57 200 L S 445 T 2 W 1) BB IR A8 R R KT 1
Peefig 1 EAELD A LAJ& /b CAFM 157219 EC9706 4
I %) R 2 B A BRI L T LR i

GLUT1 J& 5% iz Ml i DG 2 11, GLUTL ik
JEE A8 B o5 A W e a2 S5 A0 B P, Ay PR 4 A R AR
R HK2  PKM2 AR A b A B ok Al , HK2
REAE 55 LA A I I ) HR PSR 2 B 28 - 8k 3
B 1(VDACL) M EAE IS5 G, f23F ATP & A
FHSCH IO | BA5R ATP (977 A A2 I A 3 5
211 ORI S O L U ) U S el o N A S LR /3
PEUSTTE L PKM2 S i 2ok R 1 i — A PR
R 1 A P AT 2 PR A Sy PR R P
Al % 7 A T 21 ATP 21 PRM2 19 8% S5
BRI PKM2 BY3E M PKM2 (B & AR 7R 3 105
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(Y105) B AL 5 , RE U A2 9 PKM2 — R IK (1% B
JS, A9 O SRAAR T P 1 ok e 240 L ) A G G, DA
R E Py 4 i ) 48 5 12 MCTs gk L-3L
T | TN T P S B T 5 R 2 B I s 199 ot o e e
18 e R B E MM o
MCT!1 HRHE 4 L P9 1 1) 32 28 IS vk B DL K B85 T B 1
pH #6381 L-FLRRTE B b i %% 32 | 1 MCT4 7
PR IG BRI LA U 3RIRTE 2 ) =24 F 2 M2
HHl LR, CAFs 5 b e 4 i 22 i v 3 i
MCT1 MCT4 5230 2L 19 w3 850F 08 0 4 1 A 5
AALBERRILRE 7 (3 i, £ 1 T yes 200 i fe A 103 5 44
LTS WRSR AR R EAELD fERS T H GLUTI .
MCT! ) mRNA ik, F{% GLUTI, HK2, PKM2,
MCT1 .p-PKM2 2 10234, (5l EAELD fE45 3 it
W4 GLUT1 HK2 PKM2 MCT1 431, #0#l CAFs 2%
PERE IR EC9706 4 i BE S5

A WF5E & B MCT1  HK2 . PKM2 mRNA 1
KPR EAELD ¥ B ik B2 A v i o e, H R B
A[HESE MCT1 XFFLIRE A1) = T MCT4, MCT4 7E{I%
AT TG BR, FE B /D MCT4 B 40, MCT1
HRAB AN P9 D FLIR 7K, phe s LR o 1 40
P JH A A SR R B | EC9706 40 i 3= % i MCT1
SCEUFLER (L2, R T R A i i AR s AR 2
WA A2 Ak, A W5 R W s YUR S, AN BT
TEARAE U251 1Y AL BE IR TL KT 23 38 B 1% 1 fig
Wk €1l I R P T3 U D e ol o K
EAELD 01T, HACH 77 =X 32 S0 HE i, MCT1
IR T E T2 3R . T HK2 \PKM2 BARA
Tt (HEIF gt = 25, K mRNA %
EA,PRIZEZHEZ W IEE, Kb EEgcE EA
BT P 3 ik 15 25 52 T e 24 2 1 A 3R , B HIL A A
WA B AT ik — 2D Sk

Zi LTk, EAELD BEf#% T 1l CAFM T EC9706
A1 BE AR 52 e, AL S R 08 O 4%
HK2 PKM2 GLUT1 ,MCT1 MCT4 f) mRNA F17& 4
FIRAI, SR EAELD 1845 B8 s A Qi AH G % 1Y
BUEIA FpiE— DR ABESE
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A% 0 iE IR 52 M A 5
kA ARV ERAET VRRE VHIAL, TEH
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(WE] BH @0 R Morris /KRB S FRTT B4 1 U 12 10 2 BR B 22 3 W ik S W A A% 00 I RS IR
M7 I TENL . i3k 4 30 H SHR KREBENLI AR ZH Eh AR H S (MPH ) 2H B4 2 B4+ TR
ARWRZH A MPH+ T TR, B4 6 2, 551k 6 X WKY KECHXIRAL, MPH 41(1.5 mg/kg) B4 41 (150 mg/
k) #AAE (1 mL/100 g) #E B 45245, 25 20 BERUZH 45 % R A IRk O MPH+ T AR 2H | B 51 + T 2RI R 4 A
2RI AR (0.5 mL/100 g) ARSI ST T 2RTIB0E (3 me/kg) o FELELAEN 4 A, FERLE B [ R4 T S ARG
TRy GOSRIFHTIRLE R, R MPH U BT A AR 7 52 590 s 3l SR B RN T 1 1R A A TR 2 I 20/ > (P<
0. 05) , 77K F S IR BRI 2] 1 25 4 7 ( P<0. 05 ) 7 H bR 52 Bz Sl 2 A5 B (] o5 b R 2 1 5 T
BB RIZE N (P<0. 05) , HaX PZH R JC I 22 57t 5 B4 + T R IR R 7E 1037 S 9 v i 2y S 8 A1 2 3
FERBITIZH b 25980/ (P<0. 05) 00 551 2H W S B4 O, 7 7Kk B S 3 rh s AR A BB U 4 I 26 45 08 ( P<0. 05) , B B
KA W HE A (P<0. 05) TE B AR G B2 2y B 2 R0 45 B8 B[R] o LU A T 20 W Gl 3G I A v A A W 3 U (P<
0.05), &t WEHRESUGE SHR KRZ3) b3l FEE AL P ERLIER, FITAUN R # 7] B8 5 R % DA %
ks 3wy P

[88iR] FEBEZ R B AR MR 51 7 0 = 5050 D E R
(PESES] R-33 [ X#ARIAE] A [XEHS] 1671-7856 (2023) 11-0025-08

Effect of baicalein on core symptoms in an SHR model
of attention deficit hyperactivity disorder

ZHANG Yongting' , ZHOU Rongyi'** , MA Bingxiang’* , WU Chenlei', XIE Xinyue', DING Xueying'
(1. Pediatric Medical College of Henan University of Traditional Chinese Medicine, Zhengzhou 450000, China.
2. the First Affiliated Hospital of Henan University of Traditional Chinese Medicine, Zhengzhou 450000 )

[ Abstract]  Objective To explore the efficacy and potential mechanism of baicalin in regulating the core clinical
symptoms of ADHD by Morris water maze and open field tests. Methods Thirty SHRs were randomly divided into five
groups: model, methylphenidate hydrochloride (MPH) , baicalin, baicalin+tetrabenazine, and MPH+tetrabenazine groups

with six rats in each group. Another six WKY rats were used as the normal control group. Rats in the MPH group (1.5
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mg/kg) and baicalin group (150 mg/kg) were administered the corresponding drugs (1 mL/100 g) by gavage, and those
in normal control and model groups were administered an equal volume of normal saline by gavage. In addition to the
corresponding drug gavage, rats in MPH+tetrabenazine and baicalin+tetrabenazine groups were subjected to intraperitoneal
injection of tetrabenazine (3 mg/kg) in accordance with body weight (0.5 mL/100 g). The course was 4 weeks for all
groups. Open field and Morris water maze experiments were conducted at predefined time points to record and analyze the
result. Results In the open field test, the total distance and average speed of rats in the MPH and baicalin groups were
significantly lower than those in the model group (P<0.05). In the Morris water maze test,the latency of rats in the MPH
and baicalin groups was significantly shorter than that of the model group (P<0.05), and the proportion of movement
distance and residence time in the target quadrant and the number of times crossing the platform in the MPH and baicalin
groups were significantly higher than those in the model group (P<0.05) , and there is no significant difference between the
two grups. The total distance and average speed in the baicalin+tetrabenazine group were significantly lower than those in
the model group ( P<0.05) and larger than those in baicalin group in the open field test. The latency in the baicalin+
tetrabenazine grup was significantly shorter than that in the model group (P<0.05) and was significantly longer than that in
baicalin group ( P<0.05) in the Morris water maze test. The movement distance and residence time in the target quadrant
in the baicalin+tetrabenazine group were higher than model group and significantly lower than those in the baicalin group (P
<0.05). Conclusions Baicalin controls the core symptoms of hyperactivity, impulse, and inattention in the ADHD
model, and its curative effect may be related to regulation of dopamine vesicle transport.

[ Keywords] attention deficit hyperactivity disorder; SHR; baicalin; behavioral experiment; core symptoms
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R 1 WS EAUR s 3SR Y AR (s, m,n=6)

Table 1 Comparison of total distance traveled by each group of rats in the open field experiment

25 51 EAPN ENIN 94514 K 9521 K 9528 K
Groups Day 0 Day 7 Day 14 Day 21 Day 28
z3 4
=4 7.9+3.9 4.3£1.3 4.0+0.5 3.3+0.4 3.6+1.2
Normal control group
HEAIH
45.8+3. 7" 31.0+5.4° 29.9+5.0° 30. 7+4.5° 28.4+5.6"
Model group
MPH £ 44.2+2. 5 19.7+5. 5% 17.2+5.9* 16.2+3.0* 14.5+5. 8%
Methylphenidate hydrochloride group T T T T T
W
o 42.4+8.7° 21.6£2.2" 17.8+5. 8" 14.9+6. 1* 12.3+5. 4"
Baicalin group
MPH+ T #0241
" Kﬂ% 46. 1+4. 5" 33.6+5.9* 29.2+5.2% 30.4+4. 1% 28.4+6. 1%
MPH +tetrabenazine group
O+ T ORI R2H
. Wﬁ 45. 1+5. 6" 28.2x6.7° 26.5+6. 7" 24.36. 6" 20.2+6. 1%
Baicalin+tetrabenazine group
F 33.514 18. 646 14. 148 21. 040 13.348
P <0. 001 <0. 001 <0.001 <0. 001 <0.001

W5 AHILE, “P<0.05; SHEEIH LHE, "P<0.05; 5 MPH 4 [lL#, “P<0.05; 58 X140 L%, 'P<0.05; 5 MPH+ T KB 4H L %5,

“P<0.05,

Note. Compared with normal control group, *P<0. 05. Compared with model group, "P<0.05. Compared with methylphenidate hydrochloride group,

°P<0.05. Compared with baicalin group, *P<0.05. Compared with MPH +tetrabenazine group, °P<0. 05.

1 WS g 4R G2 3 SR LA

Figure 1 Comparison of total distance traveled by each group of rats in the open field experiment

2.1.2 W ok RS gh V-S4 S s G
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TR (P<0.05) . SE55 7,14 21 28 K, B A1+ T
TG L 328 25 - 147 0 3 A A R 2 P B AR IR, R 5
TR IAE, k2, K2,
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B FHREAR(P<0.05) , HLaX W4 B TG I 8 25 5% s 7
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BRI E R (P<0. 05) Pl A #E R
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K2 WS R KRB 3 T 418 S B LR (25, om/s ,n=6)
Table 2 Comparison of average movement speed of each group of rats in the open field experiment
2H 5 EHIPS E NN 9514 K 9521 K o528 K
Groups Day 0 Day 7 Day 14 Day 21 Day 28
ag=r
=4 2.5+1.4 1.4+0.4 1.3+0.2 1.1+0. 1 1.4+0.2
Normal control group
e
BRI 15.4+1. 4" 13.1+2.2° 11.3=+0. 8" 11.3+1.2° 9.1+2.3"
Model group
MPH AL 14.9x0.8° 7.8+3.2% 5.7+2.0% 6.7+0. 7% 4.9x2.1%
Methylphenidate hydrochloride group T T T e T
B
o 14.3£2. 8" 7.6x3.5% 6.7+2. 8% 6.8+1.7% 4.4x2.4"
Baicalin group
MPH+ T Z AR B4
IR Bﬂéﬂ 15.5+1. 4" 11.2£2.0° 10. 1+1.8* 10.4+1.0™ 9.5£2.0"
MPH+tetrabenazine group
O+ TR
- e Bﬂﬁﬂ 17.8+3. 3" 9.7+2.1* 8.6+2.5° 7.122.3%° 6.9+1.9"
Baicalin+tetrabenazine group
F 28.536 10. 745 13.795 28. 469 9. 860
P <0. 001 <0.001 <0.001 <0. 001 <0. 001

T 54 (AL, P<0. 05 SRR AL, "P<0.05; 5 MPH 4LILEE, “P<0.05; 55 MPH+ T A HBRLL 4%, ©P<0.05,
Note. Compared with normal control group, *P<0. 05. Compared with model group, "P<0. 05. Compared with methylphenidate hydrochloride group, “P

<0.05. Compared with MPH+tetrabenazine group, “P<0. 05.

i 2

W 37552 56 g 2H K B2 21 2 2 LR

Figure 2 Comparison of average exercise speed of rats in each group in open field experiment
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W37 92 6 v 2% 2K R L R 5 sy s P

Figure 3 Typical movement trajectory plots of different groups of rats in the open field experiment
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MPH ZH VAR 1 555 U 2 B 3 45 4 ( P<0. 05) , iX

HAE2~4 d AMLHI R 225 765 5 RES T4
PRI MPH 41 B 3 4646 ( P<0.05) , SLEH 1~5
K, MPH+ T R AR MPH 2H 1 3K (P
<0.05), SEEREE 1.3.4.5 K, EAH+ T HRIBEH
TR BT B A1 20 1B I K (P<0.05) ;58 4.5 K,
BT+ T ARIB R A VR U R A 2 1 3 4 e (P <
0.05), Wi&3, K4,
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R 3 Morris /KK KR & S804 KA LR BRI ] FUAL (525,5,n=6)

Table 3 Comparison of latency periods of different groups of rats in the hidden platform experiment of the Morris water maze

each day
5 CURIPN 2K EPRIPS 4K SR
Groups Day 1 Day 2 Day 3 Day 4 Day 5
By=F
ZR4 38.3+9.8 41.3+£3.9 38.9x4.7 47.9+8.0 28.8+4.1
Normal control group
FLRIZH ‘ .
- 27.6+3.0* 20. 6+6. 4" 26.5+5.1° 25.4+4.1° 22.6+6. 2"
Model group
MPH £ 20. 6=4. 8° 10.2+1. 8" 12. 6+6. 4™ 9.8+4.7" 13.7+1. 6%
Methylphenidate hydrochloride group T T T T T
BT , ‘ .
o 14. 8+3.2* 11. 6+2. 8" 14.9+3. 6" 8.9+2.4" 9.3£3.6"
Baicalin group
MPH+ T 4841 .
KI% 33.2+9.0° 16.5+3. 7% 21.8+4.7% 19.0+4. 0™ 20. 7+5. 1%
MPH +tetrabenazine group
B+ T R4
-~ G Kugg 27.4x7.8 15.4x3. 4 22.8+5.8% 16. 8+2. 7" 16.5=1.3"
Baicalin+tetrabenazine group
F 6. 122 33.834 13.277 37.522 11.725
P 0. 002 <0. 001 <0. 001 <0. 001 <0.001

SR AL, P<0. 053 SHMALHAL, "P<0.05; 55 MPH 4LHEE, “P<0.05; SHS AL ILE, 'P<0.05,
Note. Compared with normal control group, *P<0. 05. Compared with model group, "P<0. 05. Compared with methylphenidate hydrochloride group, °P

<0.05. Compared with baicalin group, ¢P<0. 05.

4 Morris 7K 2K F e B 3 3 52 56 25 20 K LR OR S0 B s 1] 22 A 1

Figure 4 Changes in the latency period of rats in different groups during the Morris water maze experiment over time
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O BB T H AR % IR A2 3l BE 2 A5 B Ao 1] o
Fo A as 4 i 3 0 (P<0. 05) ; MPH 41 B 2%H 41
RO BB H AR % BRI 3l BE B A s B B[]
AR R 5 35 1 ( P<0. 05) , L33k 9 20 7] 6 B i
Z 5 MPH+ T R ARE 2 28 887 15 B 7E H R4 B
i B BE 2 S B )R] o e MPH 4t 200 (P<
0.05) ; A1+ T AR 7 H Ar % FRiz g #E 25 A
15 R [R] 7 LA S A 5 AR (P<0. 05) |, 5504
RIHIA W, WK 4,

2.2.3  Morris 7K 5 2 (AR AR 5 50 BRI B35 (5]

Morris 7K 2K B 25 [M R R Lk K v, 25 F 413z B
BRI, 25 5 BRIz 2h 303 43 A 3450 5 AL AL 52 B
PUBIR AL, & S RV 504 ; MPH 4 X4 7E H
PR BRIE S & L AR T 4 B i 1 K MPH+ T
FIRELL A2 BB 5 AR A 2 S+ T ARTR
WRZH 7F H ARG FRAZ sh Bl (5 He A A A 2l 36 T, 40 v
KA, anE s,

Morris 7K 28 By S5 45 3 ik, MPH 4 | # %-FF
LI AR R R 2] I 25 45 0 ( P<0. 05) , ZE - 5 IR
B TE B ARG RAZ Sl i A5 B8 B[] o L R A 2
T (P<0.05) , HX AL AESLER 1~4 d 4RJC
W25 5% 50 5 REEFr AR MPH 41 1% 2 4

=
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R4 Morris 7K F 23 IR Z LI 25 4R BUZHBCF 5 YR, H ARG Bz Sl B g A B I 1] 5 L (x45,n=6)

Table 4 Number of platform crossings, distance moved within the target quadrant and proportion of time spent in the target

quadrant in the Morris water maze spatial exploration experiment for each group of rats

FIAR S Rz SR 5 e (%)

FIPRER KR 45 BRI i) 5 L (%)

2H 5
415 Number of platform Proportion of movement distance Proportion of time spent
Groups . e s
crossings within the target quadrant within the target quadrant
Pag=ri
Al 0.80.6 16.3+4.7 15.7+4. 1
Normal control group
A2
A 2.0+0. 4* 25.1+1.8" 25.6+5.6"
Model group
MPH AL 3.420.8% 38.5+7.2% 38.5+5.3%
+ + +
Methylphenidate hydrochloride group T T e
wAHY
o 3.1£0.9* 34.1x1.4" 34.4+3.1%
Baicalin group
MPH+T B 41
T Bﬂ% 1.5+0.9¢ 21.9£3.1° 24.4£2.7*
MPH +tetrabenazine group
BEE+ TR ZH
ST ORI 2.5+0.6" 27.7+3. 4 27.6+3.7"
Baicalin+tetrabenazine group
F 7.825 15.558 14.313
P <0. 001 <0.001 <0. 001

T 5 AL, P<0.05; SEUMAL AL, "P<0.05;55 MPH 4lILER, ©P<0.05; SEX 141 L, ‘P<0.05,
Note. Compared with normal control group, *P<0. 05. Compared with model group, "P<0. 05. Compared with methylphenidate hydrochloride group, °P

<0.05. Compared with baicalin group, ¢P<0. 05.

5 Morris 7K 25 23 [RIREE S0 06 Hh 4% 2R B AL 0 L s ]

Figure 5 Typical trajectory plots of different groups of rats in the Morris water maze spatial exploration experiment
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B 1.3.4.5 K, BEETHEELER(P<0.05),7F
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HilT SN

P DA J2: i e RE i 2 Wi W5 It Y P i R 7
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SRR B 1B (VMAT2) %38 3F A 52 il /)N
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5 BN DL B 4R IR Y DA TE R OK T CE R, R
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Effect of cobalt dichloride regulating the inflammatory response and insulin
resistance in 3T3-L1 adipocytes through the HIF-1o/autophagy pathway

YUE Xinxin', FU Yang2 , LI Yiran', YIN Xiaoyan] , YU Fei', FU Quanwei“
. Liaoning Ho’ s Medical College, Shenyan , China. 2. General Hospital of Northern
1. Liaoning Ho’ s Medical College, Shenyang 110000, Chi 2. G 1 Hospital of North
Theater Command, Shenyang 110000. 3. Dongguan Kanghua Hospital, Dongguan 523080)

[ Abstract]  Objective To investigate the effect of hypoxia inducer cobalt dichloride ( CoCl,) on autophagy of
3T3-L1 adipocytes. Methods 3T3-L1 adipocytes were cultured and induced to mature adipocytes. CoCl, was used as an
inducer of hypoxia in witro. Mature adipocytes were divided into control and CoCl, treatment groups with various
concentrations and times. In accordance with the result, 150 wmol/L cobalt dichloride was selected to treat adipocytes for
0, 12, 24 and 48 h. Then, the cells were collected for related tests. MTT assays were used to assess cell survival.
Expression of HIF-1a, autophagy-related protein LC3-1I , Beclin-1 and Glut-1 was analyzed by Western blot. The level of
autophagy was measured by immunofluorescence. TNF-a and 1L-6 levels in culture supernatants of adipocytes were

measured by ELISA. Results 150 pmol/L CoCl, is the optimal intervention concentration to regulate the autophagy level
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of 3T3-L1 adipocytes. The levels of autophagic activity increased without reduction in cell viability after 150 wmol/L CoCl,

intervention in mature adipocytes for 24 h. The expression protein levels of HIF-1lae, LC3-11, Beclin-1 and Glut-1 were

significantly increased in adipocytes. However, the secretion level of inflammatory factors TNF-a and IL-6 did not

increased significantly. The level of autophagic activity and cell viability were decreased at 48 h. The expression protein

levels of HIF-lae, LC3-1I, Beclin-1 and Glut-1 were significantly decreased in adipocytes. However, the increased

secretion of inflammatory cytokines TNF-a and IL-6 were observed. Conclusions Autophagy was moderately activated in

adipocytes by 150 pmol/L CoCl, treatment for 24 hours. Autophagy was activated in a HIF-la-dependent manner, which

plays a role in protecting adipocytes from inflammatory damage and improving insulin resistance.
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HIF-1a; autophagy; 3T3-L1 cells; inflammatory reaction; insulin resistance
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7548 h, FEJS LA 10% FBS (B8 DMEM Zk45 55 5% |
P 8~12d AT, WEER] 90% LA iy 4l
JiL AR IR A K iR B, IR 3T3-L1 #iE 3 ik
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[E 38 0, AN /) CoCl, ¥ B2 2H g iy 40 A 3 13 307 3%
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Figure 1 Effect of different concentration and time of CoCl,

on the survival rate of adipocytes
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2.4 CoCl, SEERT MM fh K fE H F TNF-o IL-6  FAU/KF 25 ULIE 4,5 0 h 41 (XFIEZH) AL 12 h FI
A=A 24 h A0 RAER F TNF-a 1L-6 7K V- JCHH (i 3%
0 G 105 40 35 P 8 RE I TNF-o IL-6 M, G222 L (P>0. 05) ,48 hZH 4l rh 48 4 A

50 hdltfikk, " P<0.05;5 12 h 41HIH, *P<0.05,
2 RIEIWHE CoCl, XF RN 41l H HIF-1a LC3- 1 . Beclin-1 Fl Glut-1 25 I B 363K B 52 1)
Note. Compared with 0 h group, * P<0.05. Compared with 12 h group, *P<0. 05.
Figure 2 Effects of CoCl, on the expressions of HIF-1a,LC3- 1T , Beclin-1 and Glut-1 in adipocytes of different times

B3 SOl LC3B #YRIE ML

Figure 3 Resulis of L.C3 positive cell staining in each group
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TE. 50 h4IMLH, *P<0.05;5 12 h 41MIH, *P<0.05,

B4 JEA0H VR RAE T TNF-o Fil 1L-6 7K
Note. Compared with 0 h group, “P<0.05. Compared with
12 h group, *P<0. 05.

Figure 4 Effects of CoCl, on the expressions of

TNF-a and IL-6 in culture supernatants of adipocytes
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TG A KO- 35 e, HL e o B3, i —WFoR 4
5 24 h i E WEATEHEE 1 LC3- 11, Beclin-1 3k 7K
F—E, Wk, AWFSE L, T HIF-1o/ 3 W%
#£,150 wmol/L ¥ £ 1) CoCL, T TG40 24 h n]
PR B W A SR D Al A L BEAE B SE K
P 150 wmol/L HREEAY CoCl, T-TRARHT AN 24 h )5,
PR AR AT 46 A T 8, A T A B p53.
Bel-2 Ml caspase-9 ZEF kN | XA FT N 55 —
AT 24 b JE A W bR & 45 42 HE 20 4545 A
PATZAE T N 55 — A J7 IR SE T A B 53 1 45 SR
EHH-F,

REAAF T UE 52, 5 98 M N HEAR L, I8 i
BEMFZHZIH F WA G B 1 LC3 [ ek /K3 v, HL
SRR 2L RS FI R 5 28 HH0 5 DI AH G (E2 X
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FHE DR SR NG 105 20 M W 355 4 R 5 IR A 9 AR
AFAE LY T BB, itk — 2 A S
F HIF-1o/ AW 42, 150 pmol/L ¥k JF Y CoCl, T
TG AR 24 h vl R S 1 WG Ab & P R 37 40 L 1)
VEFH 5400 ] g 17 200 i 48 68 PR 19 43 WA AH O, A BF
58K H 150 pmol/L ¥ FE 1Y CoCl, 1 1 A5 7 4 Hu
0 h.12 h .24 h 48 h, 534 iR 5 240 it v g 7 4 PRI+
(R IR B | BT 5% 45 T 2 30 B 2 T I ) f0) B
B R AE T TNF-a, IL-6 23 b K F B W TH e, 5
0 h AL, 12 h .24 h 85 RAEH F TNF-o  IL-6 43
WK TG B FH v, 48 h B IS Wi 44 Bl F TNF-a
1L-6 43K I ol 3, X 5 24 h B [ BEAH G
FEH LC3-T  Beclin-1 235 7K - 1 25 8 s 3440 I,
.5 24 h B} HIF-1a X FER Glut-1 8 3R IAK
R E RGN R A B, X B AR A WS PR
RAEH T80, X —25 R T 50 pmol/L
WEER) CoCl, T 10 AR DT 40 AL 24 h AJ 4% H WIS AL,
I RE 7 A 6 0 R 1 4 W, A AR A L A T
RIEWIIER . RAEH F TNF-a 1 1L-6 43306 1]
TS R A5 5 W i G 58U S B,
H i, AW 58 0] iF — 25 HE D 150 pmol/L ¥k JEE 1)
CoCl, TR AN 24 h ] JTF HIF-1a/ A &R
O WIS P A A A R W 4 T A G M 2
JHL ) IR 5 R AT R AR A R AP VR
25 PR, AW 9T & BRI T HIF-1o/ A WEIR AR,
150 wmol/L ¥ EE ) CoCl, T-THfG M 24 h vT 4
H W LIS HIF-10c 175 28505 A, 150 1 10 200 L 4. T
i — 2D SRE B 1, DT 2R 1R 1 240 L 1) T 5 2= 41K
RAEHARAP g 107 20 M A o I BRI A 4% Wk i
SIGTT IR 2 ROHE PRI 8 B A A R o B Jioas v
PP AR A A WIS AR EE S AT AT RO PR
IR 3 BIL AT 20 2 T e R A IBISR
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Krr 2 i JAK2/STAT3 {5 50 I G S b A S 10
J\HEH%IEH&@HJH@—IEH?EE%%

HAZ Fu’ mfag ,x m . F 2, 2F5E ,K=H4"

(1. PG P AR~ B s I e 5 AL RL O T4 W i e PR =~ WS oL, DEIT 90 6460005
2.7 g B R R A4 B I BE e R A RE, DU 0 646000)

[HE] BE SRR R SR S5 S G BTN B 40 - 58 ST AR A OGP, Ak Brm AR AR
5] B2 40l (human peritoneal mesothelial cells, HPMCs ) J5 ¥ HFEAT Wik 4040, 4020 1. DX IR 4H ; @8. 5 mmol/L D-7
A FAL(8. 5 mmol/L DG 4) ;317 mmol/L D-E A #H A FAL (17 mmol/L DG 4 ) ;@34 mmol/L D-H#j %M i% T
2H (34 mmol/L DG 4) ;368 mmol/L D—#%##i% F2H (68 mmol/L DG 2H) ., HrhBRxt B4 &b, A 2H 43 51T 8.5,
17,34 .68 mmol/L [ D-#i#i 515 48 h, 414 2. OXF R4 ;@34 mmol/L D-#i #5515 41 (HG 41) ;334 mmol/L
D-HIZE M+ = KGR R AT A (AL-L 4) ;@34 mmol/L DA+ I KR HEIBF T4 (AL-M 4) ;&34 mmol/

L -4+ S H R K E RS (AL-H 4H) ;®34 mmol/L D4 FE+JAK2 M FIFES 4 (JAK2 4) , Hrf HG 4

FH 34 mmol/L i D-HZHHA ST 48 h, AL-L 20  AL-M 2 AL-H Z1 A 34 mmol/L () D-# M HiALBE 6 h J5 4351
10,20 F140 ng/mL KFFZEFET 48 h, JAK2 AIMA 1 umol/L AG490 FALBE 6 h J5 H 34 mmol/L () D—#j 2 BHA S
48 h, ELISA #&ll HPMCs 3% 1Y IL-6 TNF-a F TL-1B (555 ; CCK-8 A 41 it 33 72 - MEEIE 5 ; Western blot 46
JAK2 p-JAK2 STAT3 p-STAT3 N-cadherin E-cadherin , Vimentin ,a-SMA \MCP-1 ,p65 | p-p65 FEHRFERIEEN, &R
555 BRZAR 1L, m W75 20 HPMCs IR AE I R W] W AIK (P<0. O1) , A MUTE S 3R IS, (R - Bz 4 — 1) 5
oAk ( epithelial-mesenchymal transition, EMT) KA a-SMA N-cadherin Fl Vimentin 350 5 FJ# ## EMT &4
1) E-cadherin 2 A5 W] i NI, JAK2/STAT3 {558 FE W TE 230 EMT (98 42 (P<0. 01) ; 17 K7 Be B 42
PEERA 2 9 HPMCs 385, P2 38 MO AIRIE S A5 5 EMT & 28 AR S P K- i HPMCs A9 1 B2 18]
Ee oAk SRS AU L, KGR R AL HPMCs AfR A0E I F IL-18 | IL-6 1 TNF-o B WA, {2 S AE 2 1 p-pS0 il
MCP1 F&AA B I, RIAKFRE GBS EMT 51 M RAE, &8 RFRE nl i W] JAK2/STAT3 {5538 fif 4y
EMT ZAEMSRER A RAE(E 5 8 AR B F/K T I S5 500 EMT JRE

[E82iR]  AJEMRIE] Bz 200 EMT; Kof 5 JAK2/STAT3 {5 5 il

[RES>%ES] R33 [ XEIRIREB] A [XEHS] 1671-7856 (2023) 11-0039-09

Allicin improves human peritoneal mesenchymal cell-mesenchymal transformation
induced by high glucose through the JAK2/STAT?3 signaling pathway

GAN Linwang', LI Qiancheng”, GAO Lichao', LIU Qi', LI Ying', WANG Yujie', OU Santao'*
(1. Department of Nephrology, Affiliated Hospital of Southwest Medical University/Sichuan Clinical Research Center for Nephrology,
Luzhou 646000, China. 2. Department of Respiratory Medicine, Affiliated Hospital of Southwest Medical University, Luzhou 646000)

[ Abstract]  Objective To investigate the mechanism of allicin in improving human peritoneal mesenchymal cell-

mesenchymal transformation induced by high glucose. Methods Human peritoneal mesothelial cells ( HPMCs) were
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divided into the following groups. Group 1: (DControl group; @8. 5 mmol/L D-glucose group (8.5 mmol/L DG group) ;
@17 mmol/L D-glucose group (17 mmol/L DG group) ; @34 mmol/L D-glucose group (34 mmol/L DG group) ; &68
mmol/L D-glucose group (68 mmol/L. DG group ). Except in the control group, the groups were treated with the
corresponding concentrations of D-glucose for 48 h. Group 2: (D Control group; @34 mmol/L D-glucose group ( HG
group) ; @34 mmol/L D-glucose + low dose allicin group ( AL-L group) ; @34 mmol/L D-glucose + medium dose allicin
group ( AL-M group) ; 334 mmol/L glucose + high-dose allicin group ( AL-H group) ; ©34 mmol/L D-glucose + JAK2
inhibitor group (JAK2 group). The HG group was treated with 34 mmol/L D-glucose for 48 h. AL-L, AL-M and AL-H
groups were pretreated with 34 mmol/L. D-glucose for 6 h and then treated with 10, 20 and 40 ng/mL allicin for 48 h,
respectively. The JAK2 group was pretreated with 1 pwmol/L. AG490 for 6 h and then treated with 34 mmol/L D-glucose for
48 h. IL-6, TNF-a, and IL-1 contents in HPMC culture supernatants were determined by ELISA. A CCK-8 assay was
used to assess cell proliferation and morphology. JAK2, p-JAK2, STAT3, p-STAT3, N-cadherin, E-cadherin, Vimentin,
a-SMA, MCP-1, p65 and p-p65 protein expression was detected by Western blot. Results Compared with the control
group, the relative survival rate of HPMCs in the high glucose induced group was significantly reduced ( P<0.01), cell
morphology was abnormal, expression of a-SMA, N-cadherin and Vimentin that promote epithelial-mesenchymal transition
was significantly upregulated, and expression of E-cadherin, which inhibits EMT, was significantly downregulated. The
JAK2/STAT3 signaling pathway was activated, leading to EMT (P <0.01).

proliferation induced by high glucose, reversed the abnormal cell morphology, regulated the expression of EMT-related

Allicin significantly promoted HPMC
proteins, and improved epithelial-mesenchymal transition of HPMCs. Compared with the high glucose group,
proinflammatory cytokines IL-1B, IL-6 and TNF-oe in HPMCs in the allicin treatment group were significantly decreased and
expression of proinflammatory proteins p-p50 and MCP1 was significantly downregulated, indicating that allicin improved
the inflammation caused by EMT. Conclusions Allicin improved EMT and inflammation induced by high glucose by
inhibiting the JAK2/STAT3 signaling pathway to regulate the expression EMT markers, inflammatory signaling proteins,
and proinflammatory factors.

[ Keywords] human peritoneal mesothelial cells; EMT; allicin; JAK2/STAT3 signaling pathway
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RIIGF R AP DU IR 42 THILIA G

184 B 9% ( chronic kidney disease , CKD) F2& 5% i
NATMgE R iy B, PR ge IR E BN S CKD 1 [
BIE o 10% , Hoih & K W 'S 9% (end-stage renal
disease, ESRD ) £ 2 2}y 300 K'Y JE BB #r
( peritoneal dialysis, PD) EAG -9 T AE | 4 F7 10
HFRE R ML, ESCNTRYY ESRD 1Y
FEI A Z —, TG A AL T A WA A A
(1) i AR 325 A YA EG 2 2 5 ) 45 o 41 0 T 5 | 45 4
IS B LT 2k AL ( peritoneal fibrosis, PF) i AT &%
RE T B, A U s vl & 2B DT i) 249 1 R 3%5 ATr e AR AE I
PR R ARSI Bz 40 A Ay b Bz 4 e — 1] 72
Jo e 3 A A 300 A T B 375 A 28 3 1% i 2 21
AR LR g BRAFAIE | - B0 2T 24 A 1k 3 i
e EERF Z — ) EMT LN L 40
i e 20 O, C£T A A i A O, A K
AR T B e T B T SR RAE L B R A A
52 R4 R Sam s A Ao, MEH
HI, % EMT 7E4F 4B AL AR B 2 iR 5E, 1B A
[E) B2 20 B & A EMT 1943 AL i AR T 4

Kir & (allicin, AL) J2& Kk 7K 28 Z& 08 1M1 15

B — RN, RS BB A RO BT

BEFVEETT I R AR KR R BT e AR
R R M A ER Z — . PR K55
R AT E L O 5 5 2 PR RE 9 b Bz 18] BT %
b, IlEE R R T T g 4
SIS R 0] 30 3 40 ) A RE S I R B A 44T A
PP 2 PR D RE B I KRR, BRI, KOs R
TR AL AL i L B (H H A H X 18 LT 4k 1k
S AN 48 L AR 9T 8 0 43 A D - 250 (D-
glucose , DG ) XF 4l ff I 75 Je 40 M 38 5 L EMT & A K
JAK2/STAT3 {55518 B 52 ), ) B HA S EMT K&
A AL 5 RIE, 38 2 o0 A s WS S e R AT
FRE ARG AR EMT FIJAE , s/l i g fa] e
2T P 0 A B A A OB A7 T R S e R R A 1Y) T
Je BRSNS AR | S R 3R 28 AR I PR L %) 0 FH 2 1L 2
WIS RARYE

1 #RFFxE

1.1 AR
NV TR Bz 40 g Bk HMxSVS 1 B Procell 23 ],
%5 .CP-H180,
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1.2 FERFSMUE

%W ( Solarbio , 525 G8150, #iA% : 250 g) s K
#7 2 (Solarbio, 575 : SA8720, ML4% .20 mg) , ELISA
R 0] & (LT R AR MR A BRA L, S
7C-32420, 7C-32446, 7C-35733 ) ; WL sh & H (B -
actin) \F&Z R EE U 2 (JAK2) W12 1k 1Y) 1% 2R
MBS 2 (p-JAK2) BERRAL IG5 5 3 A% S
G F (p-STAT3) | 5 5 &% 5 A% S 3006 B+
(STAT3) \E-45 K 1 ( E-cadherin ) | FRA% 40 i ¥4 1k
HH-1(MCP-1) \E-55HK5 2 1 ( N-cadherin) ,p65 ,p-
p65 I ( Vimentin ) | a1 WL 3 2 ( Hi ik
(a-SMA) (abclonal , #¢ 5 : AC026, A19629, AP0531,
APO705, A19566, A20798, A7277, A19083, A19653,
AP0123,A19607,A17910) ; A= ¥ AL 1L F-Hi %R 1eG
(abcam, 5845 ab6721) 5 AN R[] B2 20 i 50 42 15 77
FE (Procell, 575 : CM-H180) ; i i} ( Hyclone, #75;
SH30042. 01) ; i34 IfiL 3% ( TRAN, 5% 5 P20522) ; %L
P ( Basalmedia, % 5, S110JV ) ; CCK-8 ik 7| &
( Biosharp, %% 5. BS350A ); JC & PBS & W
( Servicebio, 5% 5. G4202), 8 B 4 W W B
(LEICA , 745 DMI1) ; & 2R3 O (R VIS
DU A BRA A, B S TDZ4-WS) ; CO, K3R48
( = VERALE PR 5 A R A, B . MCO-15AC) ;
B B0 HL (R HE T, B, SI010E ) 5 [l A AX
( Molecular Devices, %15 ; spectra max PLUS 384 ) ; 3
ELFE VKR (AU B BRIk IS AR A A B
JY-SCZ4") s R KA (AL B B AR Ty F Uk e A A PR
AL S JY200C) 5 KB AR IR (VLRI S A
RN F] RIS TY-80A ) ; fh2 K G HE IS 124X 5200
( B RBERHE A FRA ) 5 B R KV iy (b5
HSARLAE A FRA R A ™ B . DZKW-4)
1.3 ZWHE
1.3.1 4tz

H N T ] B2 40 S HMeS V5 i R B0 ),
10% 4R 135 1Y DMEM 35 33 He 8 0 A M 75 3155 55 1L rh
HEATHERN T 37°C 5% CO, MFIBRE A T 1G5

1.3.2  Hiffusred S a3
O3 1 RS N I TR) B2 0 e FLREAL Al 5
4. OXFHEZH ;@8. 5 mmol/L DG 4H:8. 5 mmol/L D-

HiEIHHA 4 ; @17 mmol/L DG £H ;17 mmol/L D-
A S 4 ; @34 mmol/L DG £H ;34 mmol/L D-
2 S 4H ; ©68 mmol/L DG 4 :68 mmol/L D-
WERSE A, BRX RSN, A% H 8.5,

17 .34 .68 mmol/L ) D-H# 2 HH15 5 48 h, 474 2.
Br R NN R R] B 4 M J b LR AL 43 R 6 21 DX R
ZH;@HG 4 :34 mmol/L D-#i%j Bk F41; ®AL-L
4 .34 mmol/L D-HZME+KF i K RiA 541, @
AL-M 4 .34 mmol/L D-#iZii+ i KEZEAES
2 ; ®AL-H 4 ;34 mmol/L—#j & bl + 5 7 | KiF &
541 ; ©JAK2 41 .34 mmol/L D—Hij 45 HH+JAK2 i
S S 4, % BRZH A AT T AL 3, HG 28 1] 34
mmol/L [ D-F %5 H45F 48 h, AL-L 41 AL-M 41,
AL-H 41 /H] 34 mmol/L f) D-#Zg M TALFE 6 h J5 4>
I 10,20 1 40 ng/mL KR i%ET 48 h, JAK2 4
FIA 1 wmol/L AG490 Fii4b 3 6 h J5 ] 34 mmol/L
1) DA HE 5 48 h,
1.3.3 CCK-8 7#r

HOWKiE K9 R HMSVS 20 i, PBS Wik, JHE
HBEHAL G URSE 250 1/ min B0 5 min, W FIEHK,
AT 2 355 77 B L b o P20 M BV s A LT F4507
AT AR Bl 4x10%/mL, 441 100 wL #2250 T 96 fL
B ,37°C 5% CO, fHIR$HEFR, T 41 MG RE 5 AR 4
1.3.2 #4740 HIF A0 38, T i 5 5 4 1110
CCK-8 X7, I A E R B CCK-8 TAEM AL 110 pL;
AR R BN FEFHOBR ,37°C 5% CO, 1H IRk LERE 53
2 h, (BRI 450 nm P AL 5E 2L BT
1B, MR A AR ARLAF X A7 1 % = (4541 OD {i/ % IR
S5 0D ) x100% , 40 L il % = (1 -2 4171
OD/ X FEZH -4 OD) x 100% T840 IV 1 40 B A7 5 %
T I8 NS IE IR
1.3.4 ELISA 5] &4

FR A ELISA 5570 &5 v BH 5 4G 0 45 4 40 g I v
FENE-6(1L-6) JRRSEH T —a (TNF-a ) F1H
NZE-1B(IL-1B) By &4,
1.3.5 ZEHRIZEENE ( Western blot)

el T S 2 1 B 6 4 A AN B ] Bz
YRR R, I BCA kT &, A4S
AR SDS-PAGE #1743 55, 432 J5 1) 8 1 ot
A E PVDF B 1, 5% W AR W5 Ry £ 1 h )5,
fin A B-actin, JAK2, p-JAK2, STAT3 , p-STAT3 . E-
cadherin , MCP-1 N-cadherin | p65 | p-p65 ., Vimentin |
a-SMA Pl ,4°CHEF LK J5 TBST Uk, R 5 — 9t
JFE, TBST vk, ECL BE = B, B a5 mEAM
H Bio-Rad 4= J1 i W15 & 4t >k 4E K14, Image-Pro
Plus 8K 43M1 63 UL B-actin AN, ITH 454
S P ESEEROE Suy
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1.4 SitFEFRE

K JH SPSS 20. 0 e it o0t A AT SE o3 #
BE I TEBe bR v 22 (ws) TR, X T4 E
BRI E 7 20T (one-way ANOVA) | X T4H
[ P41 500 P 35 R T dse /N Wit 3 22 80 (LSD) 125, DA P<
0. 05 VE AP 22 5 A Ge it 2 SCRIARIE

2 #R

2.1 HG FE3 HPMCs K JAK2/STAT3 5518
B B0
2.1.1 HG iFESX HPMCs H958 A 500

550 REZEAR LY, 4 Fofid B %) i 260 W A e AN [
JE M HPMCs (93858 . b 8.5 mmol/L D—7ij
EPMES S AL B BN SITTE L (P<0.05) , HAR
3 AW EENG T L (P<0.01) , 34 mmol/L

T SX A R, * P<0.05,  P<0.01,

D — 81 25 0 175 2L 440 1 R ) A7 3% 3R X L2 ) —
2 HAT DL S R HPMCGs 345, H S 25 o B
i, B LAE$E 34 mmol/L D %505 M J5 2L = s 5
BRI EE (ILIE 1) o
2.1.2 HG SR HPMCs TE 24510 1 5 i

W 2 fis, 65 T IEE HPMCs JE A8 fb &
PRIE B 25595 T 4R 4] HPMCs LR JR ISR
FIRBAIRECEE S AR TR TR [R R BE Y D7)
EREALER S, 5% RRALA HE 4 AP D- AR S S 4
HPMCs [IEA A AN [F) HL i) 2 80 5 5 i, i HL
WP, S TR A LBl
2.1.3 HG iESXF HPMCs &4 EMT B30

i 3 Western blot &I AS R B2 1 D — 46 28 bl %o
EMT MSCHE FIRIB W52, 55X A L, 34 mmol/
L D-#j 25 S 41 2.3 T W E-cadherin [334 (P<

B M TR I ] Bz 290 0 B ) R

Note. Compared with control group, *P<0.05, ™ P<0.01.

Figure 1 Effects of hyperglycemia on proliferation of human peritoneal mesothelial cells

SR RIBAM(T) .

PN 7 SUPNGY T ETNa b o A AL

Note. Abnormal spindle cells( 7).

Figure 2 Effects of high glucose induction on morphological changes of human peritoneal mesothelial cells



[ LA R 2R 2k 2023 4F 11 ASE 33 %55 1130 Chin J Comp Med, November 2023, Vol. 33,No. 11 43

0. 05),68 mmol/L D—7ij%j 155 T4 0] 2 4 E-
cadherin Fl [ & N-cadherin fJ 35 (P<0.01) ;34
mmol/L D25 F1 68 mmol/L D-7 %115 S41 W]
2 _FE Vimentin 9335, 17 mmol/L D -4 % # . 34
mmol/L D25 F1 68 mmol/L D205 S 2411

T SXIRA g, ~ P<0.05, ™ P<0.01,

W1 i a-SMA B335 (P<0.01) (WK 3)
2.1.4 HG iES X HPMCs 1 JAK2/STAT3 {5 5
iz giok=A11|

gEIR LI 4 5% A 5, 34 mmol/L D-%5j %
W% G4 W I p-JAK2 1 35 (P<0.05) ,68

B3 EESX EMT &G E AR RN

Note. Compared with control group, * P<0.05, ™ P<0.01.

Figure 3 Effects of high glucose induction on the expression of EMT marker protein

. SR B, ¥ P<0.05, ™ P<0.01,

4 VS X JAK2/STAT3 {55 S A5G F AR I 2

Note. Compared with control group, *P<0.05, ™ P<0.01.

Figure 4 Effects of high glucose induction on the expression of JAK2/STAT3 signaling pathway related proteins
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mmol/L D —#ij % ¥ 175 20 W1 . I p-JAK2 Al p-
STAT3 %35 (P<0.01) ; JAK2 1 STAT3 H H %K1k
FEXT BRZH 55 DU b AN ) o 5 1 D — 6 28 W75 5 41 1) O
MR (P>0.05),
2.2 KFHREX HG HE5H EMT K& H5| AR
Eap=Al
2.2.1
1) 5% ]
i CCK-8 A6 M [] v B2 1) K55 3R % HPMCs
TR 45 R HG 195 S 9] 5 R 9 HPMCs
FIFISETE R, T HG S H, LB Pk E R
AR BE 1 KR 2 S 34 B8 I R HPMCs 19 A4 X
N (P<0.01) , 1 34 mmol/L D - %5 4 + &5
R RFR R T A 002 388 58 VE F B 01 823 T X

K Z X HG 5 T (19 EMT Hh HPMCs 1 5

HEZH AN 34 mmol/L D - %5 b5 + JAK2 41 il 551175 = 41
(MES),
2.2.2  KGEEZEXN HG A EMT H HPMCs JE &
C i A

ML HPMCs JE 22840 & 3 HG BB R 5 5=
WHILH) HPMCs WS 2, iS5 HG 4L,
3 i B2 1 KRR R Y REAT 5 H Y HPMCs 38070, 3 H.
KR 2 MR B2 8 R, S5 T 285 440 R 1) L 461t e /0
Hrr 34 mmol/L DA+ Al KGR R IFFAN
YT A5 5 X B 3 (LR 6)
2.2.3  REREX HG i1 EMT &A= 1510

HG % F )5 E-cadherin 25 H A 2 T 7, N-
cadherin , Vimentin 1 o-SMA & A Z AW B _FiF( P<
0.01) , 1M ZE3F0 vk B 19 K7 R AL H S |, E-cadherin

. SRR e, *t P<0.01; 5 HG 4 ki, *#P<0.01,
5 KEREXTERE SR EMT o E EE) K 40 M58 58 1) 52 1w

Note. Compared with control group, ** P<0.01. Compared with HG group, *P<0.01.

Figure 5 Effects of allicin on proliferation of human peritoneal mesothelial cells in EMT induced by high glucose

R RIEAE(e) .

Bl 6 Rara b Bz S i) EMT AR I E) Bz 40 PP 25 A2 AR

Note. Abnormal spindle cells( 4).

Figure 6 Effects of allicin on morphological changes of human peritoneal mesothelial cells in EMT induced by high glucose
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T HFE L I, N-cadherin . Vimentin fll a-SMA &
FHATIH, Hrbh 34 mmol/L D4+ F i K
RiHF A E-cadherin , Vimentin 1 a-SMA & 1 #*
K5 HG 5S4 A B M2 % (P<0.05) ,34 mmol/
L D20 + 8 ) i KR F 5 541 .34 mmol/L D-
IAIBE+IAK2 15 SN EMT ZAEMKEARES
HG S AW T E 25 (P<0.01), 34 mmol/L D

AR+ A KR RIS AL EMT & ARG
FA A0 7K -5 06 B 2 B (LR 7)
2.2.4  KERZEXHG P30 EMT 5 & 1 9 5E 1Y 5%
M)

il 8 i, HG 53 )5 IL-18 . 1L-6 F1 TNF-a
5 R TR (P<0.01) T 3 Rk i 1Y KRR R
o JAK 291 441 590 b #1545 2 B B B AR ( P<0. O1)

LGN A, ™ P<0.01; 5 HG 4 H#, *P<0.05,"P<0.01,
B 7 KgZEAHE HG ESH EMT & A b G E A 20

Note. Compared with control group, ** P<0.01. Compared with HG group, *P<0.05,*P<0.01.

Figure 7 Expression of marker protein of HG induced EMT after allicin treatment

L SRR A, P<0.01; 5 HG 411b%¢, *P<0.05, *P<0.01,

8 R AR AL HINS RAEN 75 B SR VEAS 5 8 AR IR I
Note. Compared with control group, “* P<0.01. Compared with HG group, *P<0.05, *P<0.01.

Figure 8 Effects of allicin treatment on the content of inflammatory factors and expression of inflammatory signaling proteins
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Caspase-3 ,Bax Bcl-2 & HFA AL TUNEL BT A S A, &8 SXTRAMIL, BEH Rot HERY
T, SH-SYSY 20 A= 7 4 5L e B2 O M P AR ( P<0. 05 ) 5 S5 % IRZELAH L, PD BERSZH v OMAT Y RIK i T8 H
Caspase-3 1K THH , Bax/Bel-2 fETHE (P<0. 01) ;45 PD BORIZHAH [, OMAL siRNA ZH 40 0P 25~ A8 AL g ik 52
T [ Caspase-3 KR Bax/Bel-2 {EHFE ML, TUNEL AT Y /R A T2 (P<0.01) , 4518 i Sk fdk Py
HEH OMAL I LB Rot 375509 PD AIMIARAL S [ A T, Xl 20 nT RE A SR YE
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Effect of inhibiting the mitochondrial inner membrane protein OMA 1
on apoptosis in a Rot-induced Parkinson’ s disease cell model

SHI Jin', LYU Yue', XU Ting®, XUAN Tingting' , YANG Juan', DU Dandan', ZHANG Junmei', LI Haining'"
(1. Department of Neurology, General Hospital of Ningxia Medical University, Yinchuan 750004, China.
2. Department of Nerve Electrophysiology, Cardiovascular and Cerebrovascular Disease Hospital ,

General Hospital of Ningxia Medical University, Yinchuan 750004 )

[ Abstract]  Objective To investigate the effect of inhibiting the mitochondrial inner membrane protein OMA1 on
rotenone (Rot) -Induced apoptosis in a Parkinson’s disease (PD) cell model. Methods SH-SYSY cells were cultured in
vitro, treated with Rot ( final concentration of 0.05, 0.1, 0.2, 0.3 or 0.4 pmol/L) for 24 h, and the best Rot

concentration (0.2 pmol/L) was selected for subsequent experiments. The cells were divided into a control group ( without
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special treatment) , PD model group (0.2 wmol/L Rot treatment for 24 h) , negative control group ( control group which

was transfected with OMA1 negative sequence), and OMA1 siRNA group (0.2 pmol/L Rot treatment for 24 h and

transfection with OMA1 siRNA). CCK-8 was used to detect cell survival rate, and an inverted phase-contrast microscope

was used to observe cell morphology in each group. Western blot was used to detect changes in the expression of OMA1 and

the apoptosis-related proteins Caspase-3, Bax and Bcl-2, and a TUNEL apoptosis kit was used to detect cell apoptosis.

Results Compared with the control group, the survival rate of SH-SYSY cells decreased in a concentration-dependent

manner with increasing Rot concentration ( P<0.05). Compared with the control group, the PD model group’s expression

of OMA1 and the apoptotic protein Caspase-3 and the ratio of Bax/Becl-2 were increased ( P<0.01). Compared with in the

PD model group, in the OMA1 siRNA group cells, morphological changes gradually restored, apoptotic protein Caspase-3

expression decreased, Bax/Bcl-2 increased, and TUNEL apoptosis staining suggested reduced apoptosis ( P<0.01).

Conclusions Inhibition of the mitochondrial inner membrane protein OMA1 ameliorated the apoptosis induced in the Rot-

treated PD cell model, and in turn, may have a protective effect on neurons.

[ Keywords)

mitochondrial inner membrane protein OMA1; Parkinson’s disease; rotenone; SH-SYSY; apoptosis
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W 4x #8974 ( Parkinson’ s disease, PD) f&—Fh 8
PEARTIG A A 2R AT PR, 5 B AE N,
BRI S, PD AR EHEA S =Y, PD B
Pz RAAA BRIRYT . PD R LS ShaE
ARIAEIZ Bl IR HAA A 22 B2 i B P 28 T T
K 50% ~80% ", PD HH&TCIEIA @M, A BRI
AT Tl R T 98000 i bt H R B LR R 28 4 . H AT
SECPD WE VIR PMA TR R AHOCHTE B , 2
KRB A2 PD 1% KATHLE Y RiA3)
IS RS AR, 35 M g
AT

T4 , OMAL1 (overlapping activity with m-AAA
protease , OMA1) YE R —Fh F TR LRk 30 J1 24 0F
FNEE FHE B2 S E AL, OMAT 7EABURET
TG PEARARG, (H 2 2o A 17 I8 s 0l BT | oo B 0
BRI OMAL 2 B0 M 170 AT o B 30 A i 22
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OPAT(KIE) R 458, S-OPAT (B ) Rl
5 B ) S-OPAT AT 3 a4 1R 42 & Bax/
Bak1 1 fbJ5 1Y A1 BRGE 35 P JT 2 E 4 Ml (L 32 ¢ AR
T, AR LA AR 1) 43 BRI T I T T4,
AASCHF S 41 1 P 5 DX T il OMAL AT iy 1k OPA1 2
fige , 3R /N B Al 20 3R AL A AL op i e 2 e R Tt
OMA i3 BTG L-OPA 1 Y A i 417 ] 2 Aot 1Ak il &5
ML IHT, OMAL 7 )y i i iF s e 2 (R
J& OMAL 1E PD HFABIFEA R, I, W5 A8 4 il
OMA 1 7] BE 38 128 410 1 240 AR 00 T DT Ay DA 2ok A4 2 g
BRERGR 32 2 & L A PD s B 5 B A 96 T A
Mo ABRFEEH Rot 175 S b 25 51200 i 983 401 Ff. SH-
SYSY #AZRSN PD A ERIRL, B LENTSE PD 4A K

- OMA1 B3R IE K KA OMA1 B335 %F PD
AR AL T RS2 IR, A A 4 298 BOR T SRS
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W 1 B U 9 R i B A BR 2 Al DNA RNA
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ab154949) | Anti-caspase-3 ( 55 : ab32351-10 pL) .
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Bgitortr, LREE 3K,

1.3.3 SEIRZ4 AbHE K OMAL siRNA 43

SIS 43 SR % BR (control ) 41 ( 40 A 22 5 5k Ab
FE) . PD £ (PD model) £ (0.2 pmol/L f Rot 4b
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6 60 min, ¥ % ; i Ml Streptavidin-Fluorescein #5 ic
W, FEAE 37°C 3BEG 30 min, BE¥ ; DAPT & YL 40 4%
FRRPEI ; 9Ot B NS4 IR (& I K 450
~500 nm, KHK 515~565 nm) , SLETEE 3 IR,
1.3.5 Western blot £ {lll OMA1 , Caspase-3 ., Bax I
Bel-2 F KA

B AL PR AR BUR TR (R EL BCA :iE4T
FEAWRE NI E, 5 — S HEAWRE N 2 ng/pl,
100°C 4@ i H AL BREE 14 5 min, [ 8 A8 ME, FREE
H 30 pg, TEHL 10% SDS-PAGE 435 18 . 5% e 48 &
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IR GAL AT R Y, {8 FH Tmage J 30F %t
H AR R IR BT T
1.4 FitEHZE

SRS ECHE I AT ORE, 25 5 DLOE S B A i
7 (x+s) 7~ , W GraphPad Prism 8. 0 ZE it~ {4t
P8R 73 BT, 7 225508, R R BRI 2 O 22 0 7, P<
0.05 Fm R BEAGI L,

2 #R
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W1 FrR, AT R 2 40 B A7 35 R N 100% 11
BOBEE Rot 1FE I SH-SYSY 4 fifd i B 7% ¥ 384
R 1 AR Rot XF SH-SYSY 4l A7 2R A 52
Table 1 Effect of different concentrations of Rot on the
survival rate of SH-SY5Y cells

o AT (%)
Groups Cell survival rate
T HE4H Control group 100. 00+0. 00
0.05 pmol/L 80. 70+0. 61 "
) 0.1 pwmol/L 62.30+0.39 "
T 2H .
0.2 pmol/L 50.00+1. 01
Rot group
0.3 pmol/L 41.00+0. 71"
0.4 wmol/L 30. 12+0.31"

T SXHRAAM L, * P<0.05,
Note. Compare with the control group, * P<0. 05.
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(0.05.0.1.0.2.0.3.0.4 wmol/L) , SH-SY5Y 4l ifs
HEAE AR TR FE RO PR AR (P<0.05) . 1 T-7E Rot
YEHIMEE 2 0. 2 wmol/L B, 4l M A7 1% 2R 4 (50. 00+
1.01) %, K 0.2 pmol/L Rot e JF % Jm 452
B s R TR
2.2 AEIRE Rot i 5 SH-SYSY 41 OMAL
RATHXEAMNRIE

WE 1A B FiR, 55 BA A, 0. 1 pmol/L
M10.2 pmol/L Rot /55 SH-SYSY 414 & i) PD
AR A OMAL | [ R K K B Wi TH s (P<
0.01), WE 1C~1E Frx, S5 A ML, 0.1
pwmol/L F10. 2 wmol/L Rot 4 Caspase-3 3¢k g 7t

&, Bax/Bel-2 fHH 2 T (P<0.01) . $27RBEE f
TR B (0 T, PD 4 AR A i OMATL A T,
PATEE IR 2R T, DU T8 A 3R AR 1
FEAR
2.3 % OMA1L Xt PD AR R A T- RS20
2.3.1 4 OMAL X200 it JE 245 1 52 i

WE 2 FioR, £434k SH-SYSY 41 /Ny — |
Y IR B B RARIE KR Z Y ; 45T Rot AP IE
A% PD 4 AR TR A0 I A el AR | A AR ] | 2 fi
g H B R 5 PD 40 i B A 4] A FE, OMAL
siRNA ZH 40 0 Bk A | 5 fil i W K 52, 440 AT
GRS a=1

. A FH Western blot XEAR R AR OMAT EURIEAT AT B 4240 OMAL 2 (KK M 04T 5 C: JH Western blot X R[] 4 144 2 14
B Caspase-3 Bax ,Bcl-2 B HEAT 34T ;D - %41 Caspase-3 25 I IB M it 00T E - 454 Bax/Bel-2 B [ 335 8 & 1Y LU 40 #7500 B AR

I, ™ P<0.01,

B 1 AFHE Rot 55 SH-SYSY 4ifEH OMA1 A T-A 8 H Rk -2

Note. A, Representative protein of OMA1 image by Western blot in different groups. B, Quantitative analysis of OMA1 protein expression in each group.

C, Representative protein of Caspase-3, Bax, Bel-2 images by Western blot in different groups. D, Quantitative analysis of Caspase-3 protein expression

in each groups. E, Quantitative analysis of Bax/Bcl-2 protein ratio expression in each groups. Compared with control group, ™ P<0.01.

Figure 1 Effect of OMA1 and apoptosis-related protein expression in SH-SYSY cells induced by different concentrations of Rot

2 il OMAT Xf Rot % SH-SYSY 4 A~k
Figure 2 Morphological changes of Rot-induced SH-SY5Y cells byinhibition of OMA1
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2.3.2 Pl OMA1 X PD 4 J{o A% 70 8 1~ AH 56 8 1 2.3.3 4 OMA1 X} PD 4 A % J& 7= TUNEL %%

Ik IK 5 ) 0,55 LK) 5 i)
WE 3 Fin, 5 PD BEAIZHAH EL , OMAT siRNA W& 4 Fr7s @3t TUNEL G (855 3e 708 756

HPPT-E I Caspase-3 F KK FEFFEAK (P<0.01) , UE, SXFRRZH A LY, PD AR TR 2 I8 1 1) 28 (6,96 Yl o JiE
Bax/Bel-2 ] BIFE (P<0.01) ., #240H OMAL  BFETFE; 5 PD ARI4IAH L, OMAT siRNA 41JH T
MRS, o] L4 PD AR AY R T- A 1 3R P&k E¢ G0 FE 1 2 BEAR, $E/R ] OMATL 3 it
K, FHEPUET B A RIS, TUNEL #68 @7R il LLsF2 PD MO R 5 T

1. A il Western blot Xt AR 4 A8 F£ M H Caspase-3 . Bax Bel-2 FIMGHEFT /34T ; B 441 Caspase-3 8 H R A M E & 53HT; C: 441 Bax/Bel-2
FFIEE I LS. SRS, ™ P<0.01; 5 PD BIZI4L LA, ™ P<0.01,
B3 il OMAL 7€ Rot i SH-SYSY 40t Ji T4 5 2K 11 k5L 1l
Note. A, Representative protein of Caspase-3, Bax, Bcl-2 images by Western blot in different groups. B, Quantitative analysis of Caspase-3 protein
expression in each groups. C, Quantitative analysis of Bax/Bcl-2 protein ratio expression in each groups. Compared with control group, ™ P<0.01.
Compared with PD model group, *P<0. 01
Figure 3 Effect of inhibition of OMA1 in Rot-induced apoptosis-related protein expression in SH-SYSY cells

¥ ;A TUNEL Y R0 45 4R A T- 98 65 %, TUNEL; £ (05 6 bR 8 T 41 M ; DAPT, 85 (4 98 SEARIC 41 I 4% ; Merge : TUNEL 5 DAPT 5 %A ; B
FUHTSRBMIIT R, SHIRALHHE, ™ P<0.001; 55 PD BERILL AL, " P<0. 001,
4 I OMAT %I PD 4HMIBERJA T TUNEL He(n
Note. A, TUNEL staining to detect the fluorescence intensity of apoptosis in each group, TUNEL, Green fluorescent labeling of apoptotic cells. DAPI,
Blue fluorescent labeling of cell nuclei. Merge, TUNEL and DAPI synthesis chart. B, Relative amount of fluorescence expression in each group.
Compared with control group, *** P<0.001. Compared with PD model group, **P<0.001.
Figure 4 Inhibition of OMAT on apoptosis TUNEL staining in PD cell models
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Application characteristics of animal models of osteosarcoma based on
data mining

YU Shuaike, LUO Maoli, WANG Lianrui, ZHOU Tianbao, MIAO Mingsan” , BAI Li"
(Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract]  Objective To summarize the important points of animal models of osteosarcoma and to provide a
reference and suggestions to improve the modeling method and evaluation indexes. Methods Using osteosarcoma and
animals as the main topics, literature on animal models of osteosarcoma from CNKI, Wanfang Data and PubMed. The
species of experimental animals, gender, modeling method, types of cancer cell lines and detection indicators were
summarized, and a database was established for statistical analysis. Results A total of 284 reports were included. The
most selected osteosarcoma model animals were BALB/c-nu/nu mice (227 times, 75.17%) , followed by SD rats (20
times, 6.62% ). Subcutaneous cell fluid transplantation in the back (66 times, 21.85%), subcutaneous cell fluid

transplantation in the axils (55 times, 18.21%) , and in situ cell fluid transplantation (51 times, 16.89%) were used as
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modeling method . Human MG-63 cells (100 times, 33. 11%) and mouse UMR-106 cells (39 times, 12.91%) were

selected as the cancer cell line. The most analyzed indexes were the tumor tissue apparent index (238 times, 83.80%) ,

HE staining of tumor tissue ( 129 times, 45.42%), and Animal epigenetic metrics (94 times, 33.10%), and

immunohistochemistry of tumor tissue (89 times, 31.34% ). Conclusions At present, osteosarcoma BALB/c¢-nu/nu mice

aged 4 1o 6 weeks are used as experimental animals, and human MG-63 cell heterotopic transplantation ( back and axillary

transplantation) is used to establish the animal model, and the detection indexes of osteosarcoma are comprehensively

evaluated by animal apparent index, tumor apparent index and tumor histopathology. It is suggested to select serum

biochemical index, apparent index of tumor tissue as well, HE staining of tumor tissue and immunohistochemistry of tumor

tissue to evaluate the model. However, there is still a lack of animal model preparation and evaluation criteria with high

clinical consistency. In this paper, the advantages and disadvantages are summarized through literature mining and data

analysis, in order to provide reference for the establishment of a good OS model and better application to OS mechanism

research and new drug development.
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Osteosarcoma; animal model; data mining

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

‘B A I8 ( Osteosarcoma, OS) 42 B 4 21 WL Y Ji
RANEGNENIE 2R R — A T ANAA 4 N5
KT 15~19 Z DA FBRIN I
P BATEE B RN TS 28 N & R I
SRS oS BURIAYY 2R RO AT RA
PEFARUIBR A I 2 RS AR BAR
AT LA s 2 P96 2 R/ B 8% RS, 20 S BILAAR Y
AT WA FIFR P, A7 TV A 24 1 5 BhL 4
G TR IR TR MR I, X oS 1
BRI, AR O I697 I ik 2 W) it AT IR A
BT AR A 2 AR E W] 58 1Y 3 W s AL 2
JF I OS AHSCAT 5T 1 B AN LAl . OS Bl B R I
T B R R AR, Bl T 2
AIATROTEAS 7 2, B0 3515 AR A e i
AR iR RS AR AR AL T A (R O Sk e 45—
FRHL TR 5 N2 PEAN B e A SORE I 58 %o B YR 3
YIBRIBIEGE I SCHRFEA T IR 20 53 A, AR AR Sl ) 1
PEFE GRS E AR bR A, LU B R 3
PRI SE R BT 9 2% |

1 #efnrE

1.1 &ERkE

FEHEAIR (CNKL) 3 5 8 i R AR IR 5 F &
(Wanfang) i DL« B R “ W™ Sy 3280 E 17 K
R PUER RAEFR 2000 4 1 A ~2022 4F 10 A, 7F
PubMed % 45 £ LA “( osteosarcoma ) AND ( animal
model ) " HEATHE 3, K 2L B H] Y5 R 3433 O 2019 4F
10 H ~2022 48 10 H o e e [ 0 o0 $i 40 e A 2R
FHOCHATRISCHR 1478 K L5 7 858 1 799 £ . PubMed
B ARG 2 OSCHR 227 B, SCHR SRR 2504 B

1.2 MNRHEBRARE

NNBRUE e BAT B N R S WA R B 5
BRI TSR, HEBRBRE : (1) 2 B0 SRk A L
SR SC ERIRZE SR BRI B ST S SOk (2) R
B SR AL 5 125 B S 6 sh W v 28 ) SCHR 5 (3) B
J2 22 i) 5 ) SCHR o
1.3 #HEME

SCE B R PSS 2 R (SR s AN B
PSR ARY O AT R
L4 HFELERSHT

PR IERY 284 F SCHR 19 S 56 sh B b 2 1
il GEAR TS Wk | A A 2 AR I i R A R SR A
Excel 3%, @ 57 A & o W 8% B 808 1L A ]
Microsoft Excel 2016 #1748 1124403 5 534,

2 #R

2.1 NHIFESER

IR K2R B SCHR 2504 5, HEBR AT S An i L &
B SCHR , e AT AR BIAF 5 R v Y SCHR 284 T,
ST EWRIE TR R B 0S sh P AL A
R 302 ), — i SCHER A H BRIk S DA | OS AR A
R JE PR RS A R R A3k DA R i A i i 2
JEER S B ) 25k 2 S AR R R T R 25 5
2.2 BABSESNMMHE

¥ 284 SCER R s R R T g, 2
B 15 272070 Hoh AR > 10 3L
3 Fh, 4 5% £ 19 5 BALB/c-nu/nu £ B (227 i,
75.17%) , Fk 2 SD KB (20 i, 6.62% ) F1 C3H
NE(TL 1],3.64%) . SAEREZ (4~ 6) i,
(6~8) JHli , SCEe sl 1 ) £ LA MEPE S 32 38 101



[ LA R 2R 2k 2023 4F 11 ASE 33 %55 1131 Chin J Comp Med, November 2023, Vol. 33,No. 11 57

B, 07 kb 35. 94% , FoUR A e (99 i, 35.23%) ,
T2 (81 i, 28. 83% ) (21 K SCHk A 13 B 1 1 15
O BONTEASET) , SR i L L 1,
2.3 BHENPRENERA

GETTHN ANRUERY 284 Ji SCHR B AR SR Y
(R TSR0 | 2 RSN RS A il FHARLESCA 230 3],

%, FLR N B B2 T B4 (55 i, 18.21%) | J5 B
KRR (41 1] ,13. 58% ) ; I Aor RS A i & FE Fh A i
328 v S B 30 i ) B S, v 4 RS A (51
#1,16.89% ) ZHLIHFEHE (21 6],6.95%) , 4N
FEAE W 3 B A MOS0 A 242 8], 2384 1x
107/mL 58 1x10°/mL 45 41 v 5 7 55 5 98 L S 7%

LR 72 ), H SO A AR AR LA AR S A A
F, FAUBEERE WL T (66 6,21.85%)  fHHILE 2 £ 3,
R HREERSY R

Table 1 Osteosarcoma model animal species

IR AL EAR L, 1~2 mm K/NAE PR

IR/ S B (n) A (%) AW (A
Animal species Frequency Percentage Age(week)
BALB/c-nu/nu #f il BALB/c-nu/nu nude mice 227 75.17 4~6,3~4
SD K Sprague Dawley rats 20 6.62 3~4
C3H /IN§L C3H/HeJ mouse 11 3.64 4
KM /R, Kunming mice 9 2.98 4~6
BALB/c /N, BALB/¢ mice 9 2.98 6~8
SCID 7>k
. C e .. . 8 2.65 6~8
Server combined immune-deficiency mice
Wistar K F, Wistar rats 5 1. 66 4~5
C57BL6 /)M C57BL6 mice 3 0.99 6~8
Hi P 2= 4 New Zealand rabbit 3 0.99 8~12
HAth Other species 7 2.32 /
R2 CHRESYBRAIES
Table 2 Methods for the animal model of osteosarcoma
TERLTT LA B (n) HA (%)
Methods Vaccination position Frequency Percentage
Ay
H HKEZT
21.
Dorsal subcutaneous 66 85
A
R T 55 18.21
Axillary subcutaneous
JE M
Hindlimb subcutaneous 4 13.58
JEFR
14 4.63
Abdominal subcutaneous
HIBE T
Forelimb subcutaneous 7 2.32
M T
2 ¥ 7 2.32
SR AL 20 e RS A Chest subcutaneous
Heterotopic Cytosol L lantati s
transplantation yiosol fraspratiation L 5 1. 66
Subcutaneous inguinal
KA T 5 L 66
Unknown subcutaneous
Eﬁ%% 5 1. 66
Tail vein
IR
Neck subcutaneous 4 1.32
A
2 0. 66
Muscle
L 1 0.33

Abdominal cavity
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gk
TR 1 P B (n) Hor (%)
Methods Vaccination position Frequency Percentage
A 1y
BT ; 5 3
Dorsal subcutaneous
-
. [ p 199
Axillary subcutaneous
JEREEE T 2 0. 66
A AT Hindlimb subcutaneous ’
Tumor tissue transplantation TR RE R
1 0.33
Chest subcutaneous
MR
1 0.33
Hindlimb subcutaneous
KEET
Unknown subcutaneous ! 0.33
L L S S b [ L S s g L e e
MRS R &g J_EJ.JUJWHE)EJH'LHH;;
N . Cell fluid ¢ Jantati thod Bone marrow cavity of the distal 51 16. 89
JR AR f I e Hnd transpafation metho femur or proximal tibia
Orthotopic UL Y Sl b [ BT N s B e
transplantation I R R T B 325 vy 1 3 i )
. Bone marrow cavity of the distal 21 6.95
Tumor tissue mass graft method : e
femur or proximal tibia
R3 MRS I A v
Table 3 Cancer cell concentrations by cell fluid transplantation
URE) b e B (n) HA (%)
Number of cancer cell Frequency Percentage
1x107/mL 60 24.79
1x10%/ml, 44 18.18
2x10%/mL, 36 14. 88
5%10°/mL 34 14.05
2.5%10%/ml 9 3.72
2x10°/ml, 8 3.31
3x10%/ml 8 3.31
2x10"/mL 8 3.31
1x10°/mL 6 2.48
4x10°/mL 4 1.65
5%10°/mL 4 1. 65
1.5%10%/mL 4 1.65
1. 5x107/mL 3 1.24
HoAlh Others 14 5.78
2.4 BABDWERSEBBIHE i WK 3, R ARG a0

TEGIARY 284 Fi SCHR H, 958 4 AR b 2 feff Ak
>15 A 5 43 i NS AT MG-63 il 100
1], BLIR - N UMR-106 20 i 39 1 A 5B Y 98
143B 4l 31 i | 2835 e 20 e TR 2 v 23 4], IR
BRI U20S 40 17 51, TE400Am Lk 4,
2.5 BAENPEEKNIEFR

ST ABRIEN 284 F SCHR B RJEE B Asi Al
R INHE B , 50 DU 48 5 A ) — 2 2L Y 224 [] 2 08

K TNF-o | IL-6 . VEGF 1L-2 7K -4, 2 [ — 4140
B3 AN [ A 288 ) A T 4 s, DU 43 S e 3, i od
A YULE [] — 20 1) Sz 56w ARG ) e 98 £ 4 S s 4L 1k
SUAGHI Bob e 2H AU B, LA [] — Sk, S [] i A
D53k BRI FE B AR [, BRI 6 A5 & 43 Ll i 48 A
SCHRECE TR, HA >S50 B9A 5 I, kel i 2
{14 A IR A 203 UL FE s« i K/ R AR A B
15 (238 1, 83.80%) ; Mg 41 41 HE 5 L 4% (4,
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(129 ], 45. 42%) ; Sh¥y K WAE R K FE B K K CD31 HIF-la Ki67 % (89 f4],31. 34% ) ; G F (71
B RS (94 61],33.10%) s M AL S iedl 1611,25.00%) . 5 A IR o0 4 A5 AU 4G I 48 A 1E 17 L
ft.: VEGF . Bax, Bcl-2, Caspase-3, NF-kB, CD34 %5,

T4 BRI Sh PR AR AN B AR A 2

Table 4 Type of molded cancer cell lines in animal models of osteosarcoma

UREIIE S T 2 A U5 WK (n) B (%)
Cancer cell types Cancer cell source Frequency Percentage
MG-63 A\ Human 100 33.11
UMR-106 KE Rat 39 12.91
143B A\ Human 31 10. 26
S8 Ty 2 L R B
_ R AR B . A Huuman ’; 7 6
Patients tumor cell suspension
U20S A Human 17 5.63
HOS A Human 14 4. 64
Saos2 A\ Human 13 4.30
LM8 /INEL Mice 12 3.97
08-9901 A\ Human 8 2. 65
0S-732 A Human 8 2.65
S180 /INEL Mice 6 1.99
KHOS A\ Human 6 1.99
K7 /INERL Mice 5 1. 66
K7M2 /INER Mice 5 1. 66
VX2 42 Rabbit 3 0.99
SOSP-9607 A\ Human 2 0. 66
HiAls Others / 10 3.31
RS BRSPS bR
Table 5 Test indexes of the animal model of osteosarcoma
LRI =g AN et 5 iRl WRFS B (n) AI(%)
Detection index Surveillance project Test method Frequency Percentage
Jir R AR IR AR IR AR A T , 238 83 80
Tumor tissue epigenetic indicators ~ Tumor diameter, number, weight ’
B _ o g B
AR PR B2 IR TS g
. . L Body mass, hair, diet, 94 33. 10
Animal epigenetic indicators . Viviperception
activity status, etc.
Yu
HE 5 129 45.42
HE staining
PTG 17 5 o8
I F T2z g ¥ Immunofluorescence ’
Pathology Tumor patholog Mallory = a4 0, 5 0.70
Mallory trichrome staining ’
Majsson' :‘@ﬂk@, ' ) 0.70
Masson’ s trichrome staining
ELISA 4571
AN TNF- - - ‘GF . . 24 8.45
HEALAE b INF-ot, IL-2,sVCAM-1, VEGF, Enzyme linked immunosorbent assay
Biochemical indicator TGF-B1,HIF-1a,11L-6, - .
alkaline phosphatase L5 e P 18 6.34
Serum alkaline phosphatase
Prad
ﬁ&’ﬂﬂc . 89 31.34
Immunohistochemistry
LR B A T VEGF, Bax, Bel-2, Caspase-3, T s B i 0 14,08
Genetic protein detection NF-kB,CD34,CD31,HIF-1a,Ki67 Western blot ’
P o |
CR A ’ 8 10

Polymerase chain reaction
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&Rs
Rl A fer st H Aer 7y 2 B (n) B (%)
Detection index Surveillance project Test method Frequency Percentage
{ﬁﬁibjd% 13 4.58
Living imaging
. X % . 13 4.58
AR A JisE oA 25 o3 Ari X-ray inspection
Imaging examination Tumor distribution, drug distribution st R 4 L4l
Magnetic resonance imaging ’
. cr {E g . 2 0.70
CT perfusion imaging
J e 3% B 32
W g Y 8 2.82
Rate of tumor formation Rate of tumor formation
TUNEL 461l o1 3. 45
20 M AS I ANM P TR G T 4 TUNEL assay '
Cell detection Degree of apoptosis, immune T cells T G S ) o 6. 69
Flow cytometry ’
fon 228 L gBn 228
= . = . / 71 25.00
Tumour suppression rate Tumour suppression rate
JIERR 5% ¥ A e AT E L KRR 5 176

Organ index Thymus index, liver index

Electronic-scale counting method

3 it

BRI A = K, — A LR R D AR
W, Z RN R TRAE R T, LUBCE I i & i
3 v e N R LS RTRE S B A KIS s A
KT SR R R AR R b £
Rk K MBI, 5 Pagets ‘B R (Paget disease of
bone ) BT Jr AR SEAHDC T L A IR IR R Z
N R S K, ELAR (RS & Al T B (HE
A OS BRI M ANSE A A OS I A SE 7 a5, PR e F
—GRFE OS BERL XE OS AW AL, LA BB 25 0F &
B R S T RO AT 2B, LA
ST AR E B R AR R S
3.1 ERXWHWSHT

AIGE I 0S B P AL 52 55 M SCER oAk BE
B ARSI DL R 2R R, /N BLLL BALB/
c-nu/nu BEECHEE, KERLLSD KEAEFE, BIEHER
2 By ARV RS D S N RAEEAHAL, B
AR I ] AR, A AR R, 2 Al sl 4y 52
B AR R AL R AL Zh ) BALB/c-nu/nu
PRI = R i JR RN B T AN D A B 62 ) R
IR, X Rl Al S5 Fp AL A P HE T A% SRR BT
B 5T W0 E A A g ) AR B T, 0 BALB/ -
nu/nu HR BRUEEIE T A B R R LY g0
BALB/c-nu/nu #R EUAEFRJE I, 4 J 8 LUT #1 BAT g
AN 27, FHERRIET, 1 6 JE#E LB # BRI NK

20 M T PR RO, S T o BB — o R R Y A
5 T R EURUR R RRAR, PR 4~ 6 SRR R
AR TR A SRR
3.2 ERERGERMEERS T

HESL S IR RY)G BB B9 0S i AL HAL ]
WFFE 558 25 IF 2 Y o R it K 40 B k9 H
OS FETY 4 7 vk E R LIS BRI AR O 32, o 1
76. 16% , HrP g il B T MR 22, R O GRS B
Pt Je B T R At AR A1 AR S 7 1
FHMS (1) B P AR R R AR T, iR
T, T WM 1 2B IS 0 SR 0 A it £k, (5
XA AT A S IR A AR P R RS A B
FERN 5 (2) REFR IR M RS A 1 e 2% 5 F O
TR R A B BT B, B T 5 (3) IR RS 2 T
iR A B SR O B, B R A
P, HECAL A2 0 e 2P OR R AR, B R Il Wiz
B R BT RS BB R Ge  10) B (4) 40 TR
PRI TR T e 200 i 5 ) P2 0 1 422 sl v AL i
Je A AR T O SR AR B gt 36, (EL7E A0 9
R A AL T B RS, AT RE S I AT IEE AT, Bl
AR ) B LR AR A ) R (5 ) AU B A
o TIEE AR SN R s e BB o) 1
BT AR AL AU a3t , 52 T bR A2 A0, AL
AT AR T A R R

R T J5 200 0 Aol 288 S 52 W DAY 9 sl A AR
MEENRZ —, 25001, B 2 18 AR 4
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RNE MG-63 4i it F1 BLJR UMR-106 41 i, W 3%
BABGES SRR, Hrp AR MG-63 40 it BA 4
o BB AL 3R S HNTR MG-63 401 i BE T g Hh S
W PR JRE B I R RRAE | LA 52 56 &85 S 19 lfe PR
o RIS ORI RIS J7, PTFEfr R AT 1 d B4
TR PR
3.3 BImKRNIEERS T

MY GE T & B, i 5% 3 32 4858 5 SRR Fr 411
R IR L 20 B bR 2 2 e e LAk bR 4l 21
PCR | IfLT7F H 20 A R -3 8 S e A A i, P41 B 1R 97
B AR OO RN 25 )97 80, e i SCrk v, R AE
B 45 g 2H SRR A (b g 42 B L i)
e RUAE IR (A E  BL KRE EIRE
85 AT AL I A B PR TR R A ARG . R 4 Y
o LR — 20 ) W B R R S B 1 i R R E R G 9T
Mo PR 4 2R A E 20 4K . PCR . Western blot 4543 F
AR 2 S A AR MR T SORE Y L 4
UG MR I A A A RO i R S
Z M % ) Bel-2, Bax, Caspase-3, NF-kB, STAT3 |
MEPK \VEGF 454 563 % 1t 47 ffF 5512040 | [] Bt fie
PR L 2RI IS 1) A Ak 48 0 5 9 38 % € A0 B A/ E , i
—HRGT OS MBI H

25 bRk, HADS B IR 2 k4 4~ 6 S i
HJ BALB/c-nu/nu ﬁﬁ,ﬁ%ﬂﬁﬁﬁ , Z Al AN %
Rl SRR 9 40 it S B P MG-63 4 il UMR-
106 Ziif9 143B 4ifiwak U20S 40, K610 48 br 22 1 ¢
Jibfgg L SRS b IR 020 HE Ye ot B 2140
AL SR TG bR SR Rl 750 i
PR R T — ) (1) Frge it SCmk b B 25 v
KA 5 (2) R 2 SCHRAR L e 3l B iy s o, LA
RIS F e A 5 — bR e, 2R G s fe B2
5SS PR B /N BB HE A /)N UM (A
THAE 100~ 150 mm®; (3) Il iE4E 4k 357 LDH F1 ALP
JE: e ARSI r 7 T B 4, AR ISUA SR 1) B A A
T AR S AR bR AT B 455 (4) M EIN A
AVl AW AN 13 73 ST E i T = SRR 7]
A A X o7 () R BE HRAIE , R I ] FE i B i AL
e 20 PR 2, s B Rl R R A Ok O R B B )
Yrpe MO, T A iR 20 IV R T AR, A AT
TP R i PR TE 235 5 55K %) B R TR s s A

ARSI 3k % B PR 9 Bl ) A A G SCRRAZ A
G0, X B R Sh B AL B sh ) e | B
e ARE A B R DU F8 bR AT R LA, IR SRS R

ZALHATHRGE , Ay AR SCR] O Jm S R 58 3 R 1R
e ST AT AL A Sh T R R IS %

SE Lk
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W4 A, T35, IncRNA SNHG16 38 % miR-570 XHFEE 40 IR AL AR JE i 25 i AL BE 5 [T]. b [ B B 24k, 2023,
33(11): 63-70.
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doi: 10.3969/j.issn.1671-7856. 2023. 11. 009

IncRNA SNHG16 38 1o 4% miR-570 X ¥z 21 fid
R ALAR JE i 24 By AL A 5

o, e F,T
(LA N R EBZ RSN 3, 380 550002 ;2. 3t M08 N R ERE MR, = 550002)

[#H=E)] BH# oMK eEIESAS RNA SNHG16(long non-coding RNA SNHG16, IncRNA SNHG16) 1 i3 4 15 1
/N RNA-570( miR-570) %t - 4 g H AR e mif 25 ML P 5T . ik SRASEAT 20 RT-PCR A U A {4 IE % JiF 41
21 A0 42 HepG2  HepG2-R 4 IBHY IncRNA SNHG16 .miR-570 3%, 3% HepG2-R 4L | 5 23 53T
A HepG2-R+pcDNA 4] HepG2-R+pcDNA SNHG16 4 HepG2-R+anti-miR-NC £ . HepG2-R +anti-miR-570 4 . HepG2-
R+pcDNA SNHG16+miR-NC £H . HepG2-R+pcDNA SNHG16+miR-570 £, F] T )5 22146, H ¥ miR-NC . miR-570 . si-
NC si-SNHG16 FIAH[E J7r 20 44 2 HepG2 41AfL, 43 511C 7 miRNC 4 miR-570 41 ,si-NC 4 si-SNHG16 41, F MTT
P TR AN Transwell S35 46 I 200 i 4 48 98 T~ K 1228, Western blot 351 %€ 20 ifl CyclinD1,P21 ,MMP-9 MMP-2
FeirAfb, R 5 ARIEFFHSAM L, RN LI A IncRNA SNHG16 35 THE , miR-570 #6358 F R (P
<0.05) . SIEH M HepG2-P ZHAH ., HepG2-R ZH 1% IncRNA SNHG16 % IC,, {H42 75 , miR-570 . HepG2-R il ffi7E 2
PEARJEWREE 1.2 .4.8.16 wmol/L H I i 7K F-F [ (P<0.05) . HepG2-R+peDNA SNHG16 fF hid # k21, H
IncRNA SNHG16 35 B THE (P<0.05) , 5 HepG2-R+peDNA % L, HepG2-R+pcDNA SNHG16 20 43T # 11 21 Jifd
H% CyclinD1 (P21, MMP-9 \MMP-2 B KK 7K FEAR, R 28 A T3 &% P21 R EBAKF BT (P<0.05), 5
HepG2-R+anti-miR-NC 41AH H , HepG2-R+anti-miR-570 #0 miR-570 21k 7K - [&AK ( P<0. 05) , 5 HepG2-R +anti-miR-
NC 2 b4, HepG2-R+anti-miR-570 41 CyclinD1 MMP-9 MMP-2 ik 7K F-FEAIG, 0 3 P T2 & P21 AR kK
T (P<0.05) o WHEEEE MR 5286 7R, 5 miR-NC ZHAH b, miR-570 fif WT-SNHG16 %% ¢ £ B I 1E K (P<
0.05) , 1% MUT-SNHG16 532 BHE P /N (P>0. 05) o 23k IncRNA SNHG16 W] {#f HepG2-R 40 miR-
570 F3K FR#E(P<0.05) ,5 HepG2-R+peDNA SNHG16+miR-NC 204 kb , HepG2-R+pcDNA SNHG16+miR-570 41 #%
HIZE ML A5 CyelinD1 MMP-9 MMP-2 (357K, 1R JAT-3 K P21 19 3RA AP REIL(P<0.05) , 4t
IncRNA SNHG16 AT ¥ HepG2-R JIF48 40 i AT 2454 , AL 55 IncRNA SNHG16 8 [ 4% miR-570 5 3¢, ARG
I7 P A M AR AL TR A B

[3£48iR) T, Ka%EIE4ED RNA SNHG16; f#/)s RNA-570; % HidE 8
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[ Abstract)

Objective To explore the mechanism by which long non-coding RNA SNHG16 (IncRNA SNHG16)

promotes liver cancer cell resistance to sorafenib by regulating microRNA-570 ( miR-570). Methods Real-time fluorescent

RT-PCR was used to detect IncRNA SNHG16 and miR-570 expression of human normal liver tissue and liver cancer cells,
HepG2 and HepG2-R. HepG2-R cells were transfected to provide the following groups: HepG2-R+pcDNA, HepG2-R+
pcDNA SNHG16, HepG2-R+anti-miR-NC, HepG2-R+anti-miR-570, and HepG2-R+pcDNA group. HepG2-R+SNHG16+
miR-NC and HepG2-R+pcDNA SNHG16+miR-570 groups were used for follow-up tests. miR-NC, miR-570, si-NC, and
si-SNHG16 were transfected into HepG2 cells in the same way to give HepG2+miRNC, HepG2+miR-570, HepG2+si-NC,

and HepG2+si-SNHG16 groups. MTT assay, flow cytometry and Transwell assay were used to detect cell proliferation,

apoptosis, and invasion. Western blot assay was used to detect the changes in expression of CyclinD1, P21, MMP-9, and

MMP-2. Results

Compared with normal liver tissue, the liver cancer tissue showed increased IncRNA SNHG16 and

decreased miR-570 expression (P<0.05). Compared with the normal cell HepG2-P group, the HepG2-R group had
increased IncRNA SNHG16 and ICy, values, and the inhibition rates of miR-570 in HepG2-R cells were decreased at
sorafenib concentrations of 1, 2, 4, 8, 16 pmol/L (P<0.05). In the HepG2-R+pcDNA SNHG16 overexpression group,
IncRNA SNHGI16 expression was significantly increased ( P<0.05). Compared with the HepG2-R +pcDNA group, the
HepG2-R+pecDNA SNHGI16 group’ s number of migrated cells and expression of CyclinD1, P21, MMP-9, and MMP-2

were decreased, while the inhibition rate, apoptosis rate, and P21 expression were increased ( P<0.05). Compared with
the HepG2-R+ anti-miR-NC group, the HepG2-R +anti-miR-570 group’ s miR-570 levels were decreased (P <0.05).
Compared with the HepG2-R + anti-miR-NC group, the HepG2-R + anti-miR-570 group showed decreased levels of
CyclinD1, MMP-9, and MMP-2 and increased inhibition rate, apoptosis rate, and P21 expression (P<0.05). A dual

luciferase reporting experiment showed that, compared with the miR-NC group, miR-570 reduced WT-SNHG16 luciferase

activity (P<0.05), but there was little effect on the luciferase activity of MT-SNHG16 ( P>0.05). Overexpression of
IncRNA SNHG16 decreased the expression of miR-570 in HepG2-R cells (P<0.05). Compared with the HepG2-R +
pcDNA SNHG16+ miR-NC group, the HepG2-R + pcDNA SNHG16 + miR-570 group’ s number of migrated cells and

expression levels of CyclinD1, MMP-9, and MMP-2 were increased, while the inhibition rate, apoptosis rate, and P21

expression were decreased (P<0.05). Conclusions IncRNA SNHG16 can regulate the drug resistance of HepG2-R liver

cancer cells. The mechanism is related to the targeted regulation of miR-570 by IncRNA SNHG16, thus miR-570 provides

a new target for the clinical treatment of liver cancer cells.
liver cancer; IncRNA SNHG16; microRNA-570; sorafenib
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SRR AR S D RNA  FE B 41 8 (B 8 3L N
Pt e sk Beagi A% Je 3 R I ek S Rl 31 T —
SERIAE ], SNHG16 J& T IncRNA 52 ji% v il Hovp —
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ARSI T IncRNA SNHG16 3 1 ¥ [7] 3 #2 miR-
570 A 5k ek 3 PR 401 HepG2 X T iR e (it
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1.1 4HAm

NN 240 HepG2 W F F (AR EWHA
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1.2 FERFSXNE
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2000 YR (11668019) W H T A6 5T 7 A8 B
HABRAF BCA AR & (FEBR IR B, 5%
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3.23221-23230) ; CyclinD1 , P21 ,\MMP9 . MMP2 #i
P53 A T PR S0k A R E] R
FARR TR A A 65 SO MR B A B A
Al BEPRAL (AR ( B ) AR AR B
SpectraMax iD5) ; Jit ZCAH A ( b AR A BR 2
A, 15 . FACSCalibur) ,
1.3 ZWAHE
1.3.1 Zifassss

3o Ve JE 3o 34 X AR A M HepG2 S <
W R R A E R P AR JE T 25 HepG2 4 g HR AR AU,
BRI HepG2-R. i 1] HepG2 1 3 4< 4 it , i i 7E
37°C 5% CO, MHREEHIEE, o 4 Bl i RSP 52
J&  ER R B 1.2 4.8 ) 16 pmol/L AR
J AT 1 B IR, Rh AR e o 5 s 0 & i, JE
TERNARIE (16 pumol/L) B 5 FR UK Hh 20 i BB AR € A=
K, UL 5T HepG2-R 4UMUL Y, JeSefe o s
XF HepG2-R 4l AfL o I v B 19 R 7 3E JE it LA # B
|45 25 1, Ho¥ HepG2 AY IE # 40 M A5 iC ik
HepG2-P,
1.3.2 IncRNA SNHG16 .miR-570 75 /-9 4i it v 3¢
br.y) & & all

PRI 98 40 M | IE H BF 20 M b AL RNA | 33 5% 5%
i cDNA, 3 BUSE B 96 5 22 1t 325 7 DA I IncRNA
SNHG16 .miR-570 ik, Kk H Primer 5.0 #{4i%
51975, PCR WARFR 0.5 wL 1Y 1RG4
AR 2 wL ¢cDNA 8 pL AY SYBR Green, il 781 /K
£ 30 pL, WM 96°C 6 min 92°C 30 s.75C
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1.3.3  4ifigfE g

W ad X SNHG16 (1) siRNA #5474 i, HepG2-R
YN B R 2% 10°/FLE T 6 AN FLAR I, R 40 i FF

®1 51975
Table 1 Primer sequence
314 JFHN(5=3")
Primer Sequences (5’ =3")

IncRNA SNHG16-F 5’ -AGGCTGAAGTTACAGGTC-3’

IncRNA SNHG16-R 5’ -TCGCTCCCAGTGTCTTA-3’

miR-570-F 5’ -TGCGGTTTGGCAATGGTAGAAC-3’
miR-570-R 5’ -CCAGTGCAGGGTCCGAGGT-3’
GAPDH-F 57 -GGACCTGACCTGCCGTCTAG-3’
GAPDH-R 5’ -GTAGCCCAGGATGCCCTTGA-3’

TRISRESS A& 10% BG4 1L /9 RPMI-1640, K
FAANEEE 24 h AIRE G FEEE N 35% ~55% , J5 %
5E B i BE A9 HepG2 siRNA R & T Lipofectamine™
2000 ik 7 #, 7= 4 HepG2 siRNA/Lipofectamine™
2000 & A W, B2 3 AE 40 M 85 57 AR AL oin HepG2
siRNA F YLk 7 LI &, JF & A 5% CO, 37°C 1)
WAL A, 6 h Z 58 RPMI-1640 5537
(% 10% BRI ) ,20 h B A K il PO B 7
BRI A1 L 2 G B ) 2R i, i qRT-PCR 1546
DAY BN Y05, 43 5 2 AF HepG2-
R+pcDNA SNHG16 +miR-570 4 , HepG2-R +pcDNA
SNHG16 + miR-NC 2 | HepG2-R + anti-miR-570 £ .
HepG2-R + anti-miR-NC 41, HepG2-R + pcDNA
SNHG16 24l HepG2-R +pcDNA #1, J T )5 2L 1 ik
I, LK si-NC . si-SNHG16 . miR-NC . miR-570 i
i BRI IRAETE HepG2 20 PN SENtE S 42 , 43 lic si-
NC 4 .si-SNHG16 2H .miRNC 2 F1 miR-570 4.
1.3.4  MTT 350 240 e GE 41 1) 2%

SEHAH L JH % 5%10°/mL, T 96 FLAR N1 745
T MTT %5 (5 g/L 25 pL) K& 4 h, KRG
W, A EEE AR ( DMSO) (120 wL) ,#5%5], H 5
S TT IR RLAL 5 F B AR (LR 2] 470 nm K, DA
LT A LR (A ) (ELHEA T 200 34 B 41 ) % =
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FEARE 25 ik B KA i) 2R 53 il e AR Rl 5 A
2 R Ve JRE X oy ) B 2, B A B 4 ok B 1C,
1.3.5 DA A SO ) 240 Jf iy g 1

Fie B8R B B 5 41 1) HepG2-R 4 Jfd 38
it PBS Y5 il B4 A 9 0 R (2x10°/mL)
FAH 100 mL A0 PR WO 96 FLAR S5 iR
Annexin V-FITC 6 mL,7E 5°C 38 th 555 2 30 min,
A4 mL FBYEINIE  5RA R TER T
10 min, IR U0 24 A4S a4 i ) R T
1.3.6 Transwell € 20T 55

KA e T R SR PG E 24 b B
HAni, 9495 2 5x10%/mL, B 150 wL #4240 i i T
Transwell /NI EZ= A HU550 pl & A WA=
FEHLTF Transwell /NE T ZEH, J54 Transwell /NE
B TREFFANEE T 48 h, 5 A4S L Y O
5 e W T L&, S5 B Transwell Z/NEEHCH
I R 45 02 i 5 40 o 508 Al 12 Pl 2 1T - 1) 4400 L
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SEBRTHE T ( PMSK ) 11 24 ik 8 9 085 200 i & A 28 ik J
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HLEF] 120 V G 4kZ2HIK, 90 ~ 120 min J&5 5 1k, ¥
A2 ZE PVDF I I 7ECIRIRES N AL,
SERUG T 5% BRI HEAT 1 h E AL, 57
—$i (¥l P21 CyclinD1 \MMP2 MMP9) . —#i (&
1 EALEE TR C T (0 LeG P ) | I 75 I % i B
I ECL 3270, FH 38 e A I 4 R 5% 55l 14 K 3 2
{, N34 GAPDH,

1.3.8 XHOCRBHR A%

SR L, B2 A Y 224 ik 200 L, 0 7 ' 2 il JIC
YI(5 pL) ZE Py, IRAT, D 5 o B, LA 22 o
WIS, TR AT, X 56 6 i ik B HEAT AN, SC 56
525 o0 IR EARNES AL 3 A I a X HOt R
Wi B L0, K SNHG 16 BE 4 miR-570 7541
JiL e R
1.4 FitEHZE

&I SPSS 19. 0 #5341 , shapiro-wilk 46 5 17
GIER A, USE- 8 bR 25 (245 ) B8, R E
5l wyi = v [ R N D R N kS v
FEAS ¢« K250, Z R TEAT LLECR A F AR, DL (%)
TR RER H «° K23, P<0.05 BamZ R A4

PEI-E

=3

2 #R

2.1 IncRNA SNHG16,miR-570 7£ BT % 40 Al 42 47
RIEEFARBHRIE

w3 2 Fiw, 5 ARIE R P2 e, 40
ZHZUY IncRNA SNHG16 35T, miR-570 £k F
R, HA B 25 5% (P<0.05)
2.2 IncRNA SNHG16 #1 miR-570 7E B4 40 g &
FrEARRRENRAAE MMM b RE

N3 3 frs, 5 HepG2-P ZHAH I, HepG2-R 41
LncRNA SNHG16 ik [ F+, miR-570 kKT FE
(P<0.05) , %W 5 HepG2-P 4%}, HepG2-R ZH 4
MitE PR R K 1.2 4.8 .16 wmol/L Hr g4k
R, IC,, A LT, BA B 22 57 (P<0.05)
2.3 IncRNA SNHGI16 TR EB AR IERI
HepG2-R HREIG3E AT . EH AR

k4, B 1, K 2 iR, HepG2-R + pcDNA
SNHG16 fE Mt #ih 4, H IncRNA SNHG16 Fik 1

&2 IncRNA SNHG16 .miR-570 7EF 41 f 41 214 K
TEH TR I RIE (fs)
Table 2 Expression of IncRNA SNHG16 and miR-570 in liver

cancer cell tissue group and normal liver tissue group
415 15 F M 16

iR-570
Groups SNHG16 m
w4 4 4
AT AL 1.13£0.14  1.08x0.20
Human normal liver tissue group
JH- 2 L 2H 2R 4
. - 2.10£0.27*  0.61x0. 15"
Liver cancer cell tissue group
t 12.350 7.281
P <0. 001 <0. 001

5 ARIER R, *P<0.05,

Note. Compared with human normal liver tissue group, *P<0. 05.

IncRNA SNHG16 1 miR-570 7 98 40 A S 8 S TR B2 9 R P A JE Tt 26 4 B v 19 383K (& +5)

Table 3 Expression of IncRNA SNHG16 and miR-570 in liver cancer cells and Sorafenib resistant cells with different concentrations

of liver cancer

N S Fhidee /L
oy BERE 16 FARIKEE (umol/L) e mol/L)
miR-570 . Sorafenib
Groups SNHG16 ICs,
1 2 4 8 16
HepG2-P 4
P & 1.12+0. 16 1.05+0. 18 30.28+2. 11 6.97+0.71 20.95+2.77 38.86+3.18 69.34+6.06 86.24+9. 05
HepG2-P group
HepG2-R 41 . . . . . . . .
2.08+0.22" 0.59+0. 10"  200.46+12.07* 5.06+0.57" 16.57+2.03" 24.43+2.26" 37.41+2.58" 40.57+5. 69"
HepG2-R group
13 13.670 8. 652 53.790 8. 125 4.940 14.330 18. 780 16. 550
P <0. 001 <0. 001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

.5 HepG2-P 414, *P<0.05,
Note. Compared with HepG2-P group, *P<0. 05.
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WIHE (P<0.05) , 2B IncRNA SNHG16 i ik 2R (P<0.05),

HepG2-R 4 ¥R FG #1030, 55 HepG2-R+pecDNA 4 2.4 ##] miR-570 RIZBK A FHJEB 3t HepG2-R
FHEL , HepG2-R+pecDNA SNHG16 AR A4 dAmigsE AT EB MR

% CyclinD1 P21 MMP-9 MMP-2 £ 3 1k 7K - FaA% ks, & 3. 4 FiR, 5 HepG2-R+anti-miR-
IR TR P21 ERAKFE LT, HAEE NC 41, HepG2-R+anti-miR-570 £ miR-570 ik

4 IncRNA SNHGI16 i3 Rk B AR PR EXT HepG2-R 4UMIE 4 T ITAL M RE00 (745 )
Table 4 Effects of IncRNA SNHG16 overexpression combined with Sorafenib on proliferation, apoptosis and migration of
HepG2-R cells

2057 HepG2-R+pcDNA # HepG2-R+pcDNA SNHG16 £H

P
Groups HepG2-R+pcDNA group HepG2-R+pcDNA SNHG16 group !
i EHEN 16
1.17+0. 1 4 13. . 001
SNHCG16 7+0. 15 2.12+0.24 3.000 <0.00
ES
#H%J}:( %) 11.72£1. 10 42.29+2. 44° 44.240 <0.001
Inhibition rate
T2 (9
F]r&( %) 17. 87+2.09 22.41+3.24" 4.560 <0.001
Apoptosis rate
SR (A A
AR HYAIN T (n) 138.51:10. 16 83.28+7. 55° 16.900 <0.001
Number of migrated cells
EECE)|
ﬂ@]? 0.95+0. 13 0.51+0.07° 11. 540 <0. 001
CyclinD1
p2l %ﬁﬁiﬁx 0.35+0. 09 0.73+0. 14° 8.843 <0.001
LT A B 9
. 67+0. a 13. 14 . 001
MMP-9 0.67+0. 08 0.35+0.05 3.140 <0.00
Fe 4 Ja A I 2
i’ﬁilﬁﬁ L 0.83x0. 09 0. 490. 06" 12.170 <0.001

1 : 5 HepG2-R+pcDNA #Af 1, *P<0.05,
Note. Compared with HepG2-R+pecDNA group, “P<0. 05.

£S5 0l miR-570 FkWEA FNLAEEXT HepG2-R AIHEAT JA T GER IS (s)
Table 5 Effects of miR-570 inhibition combined with Sorafenib on proliferation, apoptosis and migration of HepG2-R cells

21531 HepG2-R+anti-miR-NC 2] HepG2-R+anti-miR-570 20 . P
Groups HepG2-R+anti-miR-NC group HepG2-R+anti-miR-570 group
/s RNA-570
1.11+0. 12 # 15.2 . 001
miR-570 +0 0.52+0. 09 5.230 <0. 00
| 22
?m]ilﬂ}:( %) 12.36+2.25 41.61+3. 18" 29. 080 <0.001
Inhibition rate
TR
HEE( %) 18.32+2. 11 24.46+3. 47" 5. 856 <0.001
Apoptosis rate
T 1Y 2 i~ %
ILRE YA T (n) 76. 86+8. 10 40. 43+6. 06" 13.950 <0.001
Number of migrated cells
EIHZER DI
ﬂﬂ;ﬁ% 0. 76+0. 09 0.39+0. 06" 13.250 <0.001
CyclinD1
p2l %Eﬁﬁs 0.330.04 0.790. 09° 18.090 <0. 001
B i ;
ARG IR FI 9 0.68+0.07 0,250, 04° 20. 660 <0.001
MMP-9
g’ﬁ%ﬁéﬁ;ﬂ% 2 0. 790. 08 0. 36£0. 05° 17.650 <0.001

TE: 5 HepG2-R+anti-miR-NC 4141k, *P<0.05,
Note. Compared with HepG2-R+anti-miR-NC group, “P<0. 05.
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1 H4%E T RS A RE
Figure 1 Expression of proteins related to proliferation,

apoptosis and migration

2 AT
Figure 2 Cell apoptosis

B3 s T IR AREA RS
Figure 3 Expression of proteins related to proliferation,

apoptosis and migration

KRR (P<0. 05) , B H] miR-570 () HepG2-R
M ARF 2D, 5 HepG2-R+anti-miR-NC 41 %%,
HepG2-R+anti-miR-570 £ CyclinD1 ,MMP-9 MMP-2
PR BEAR, A5 P T2 & P21 SRk KT
&, - BAGEHE L(P<0.05)
2.5 WEOEREmREAR

k6 iR, B G F Mgk 2 190 7R, miR-
NC #H WT-SNHG16 . miR-570 41 WT-SNHG16 . miR-
NC 44 MUT-SNHG16 .miR-570 241 MUT-SNHG16 4 i1
AAXF DN R MERIB TGS 528 (1. 16+0. 14) (0. 50
+0.10) . (1.02+0.08) . (0.98+0.07), HAH# T
miR-NC 20 WT-SNHG16 , miR-570 4 WT-SNHG16
IKTH PR, 350 IncRNA SNHG16 #5545 miR-570,,
2.6 it FRixX miR-570 F# IncRNA SNHG16 Xi
HepG2-R £ B ifif 24 14 A9 54 Ml

Wk 7, & 5 froR, i %3k IncRNA SNHG16 #]
fifi HepG2-R 40 i ' miR-570 Fik F & (P<0.05),
5 HepG2-R + pcDNA SNHG16 + miR-NC 4 A I,
HepG2-R+pcDNA SNHG16+miR-570 41 f)3F % 41 iy
A CyelinD1 MMP-9 MMP-2 (1) ik 7K - T
PR JHTH P21 BRI KRR, B W
P25 (P<0.05)

4 AuHdE T
Figure 4 Cell apoptosis

R 6 DO ML (52s)

Table 6 Double luciferase reporting tests

215 P RILE FIEN 16 AR SRR £ 16
Groups WT-SNHG16 MUT-SNHG16
iR-NC 4

miR-NC 41 1.1620. 14 1.02+0. 08
miR-NC group
miR-570 41
a . 98+0. 07
WR-S70 groun 0.5020. 10 0.98+0.0
/ 14. 860 1. 457
p <0.001 0.156

¥ .5 miR-NC 44l [k, *P<0.05,
Note. Compared with miR-NC group, “P<0. 05.
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R7 A miR-570 T IncRNA SNHG16 % HepG2-R AHMITH 251 B 5200 (%£s)
Table 7 Effect of overexpression of miR-570 interfering IncRNA SNHG16 on drug resistance of HepG2-R cells

HepG2-R+pcDNA
HepG2-R+peDNA 1 oPOZR+peDN

HepG2-R+pcDNA

HepG2-R+pcDNA

25 SNHG16 2 SNHG16+miR-NC 2 SNHG16+miR-570 4
HepG2-R+pcDNA P
Groups HepG2-R+pcDNA HepG2-R+pcDNA HepG2-R+pcDNA
group SNHG16 group SNHG16+miR-NC group SNHG16+miR-570 group
miR-570 0.93+0. 13 0.44+0.07* 0. 38+0. 06 0.79+0.11" 14. 880 <0. 001
1461 222
m %Jz( %) 13.29+1. 12 45.35+3.76" 47.30+3. 13 18. 68+2. 09" 39. 620 <0.001
Inhibition rate
N e
JIJEK( %) 17.95+2. 11 20. 46+2. 87" 29.40+3. 06 17.75+2. 09" 11.930 <0. 001
Apoptosis rate
T A A4 (n
SR 2i0) Hﬂﬂ@_ M (n) 90. 48+8. 29 50. 21+6. 75° 47.37+5.42 80. 54+7. 67" 16. 860 <0.001
Number of migrated cells
E=
JEJ%H% bl 0.71+0. 07 0.25+0. 03" 0.24+0. 04 0. 6220. 06" 22.580 <0.001
CyclinD1
21 BB
P %:hﬁ: 0.310. 03 0. 720. 08" 0. 76=0. 09 0.4520.05" 18.370  <0.001
H 4 ;9
IR E A 0. 68+0. 07 0.29+0. 04" 0.25+0. 03 0. 540. 05" 21.870 <0.001
MMP-9
R )E 2
. Tﬁpﬁ 2F| " 0. 80+0.09 0. 360. 05 0.32:0. 03 0. 600. 07" 19.600  <0.001

E: 5 HepG2-R+pcDNA 4HAHIL, *P<0. 05;5 HepG2-R+pcDNA SNHG16+miR-NC ZHAH I, " P<0.05,
Note. Compared with HepG2-R+pcDNA group, *P<0.05. Compared with HepG2-R+pcDNA SNHG16+miR-NC group, ”P<0. 05.

5 CyclinD1 P21 MMP-9 MMP-2 %3k Western blot [£]
Figure 5 Western blot expression of CyclinD1, P21,
MMP-9 and MMP-2
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Establishment of chronic alcoholic brain injury model in mice

CAI Yu', WANG Luwan®, XIE Donglin®>?, GAO Dapeng®**
(1. Zhejiang Pharmaceutical University, Ningbo 315500, China.2. Ningbo University, Ningho 315211.
3. the First Affiliated Hospital of Ningbo University, Ningbo 315020)

[ Abstract) Objective To establish an effective and reliable chronic alcoholic brain injury model in mice.
Methods Forty C57BL/6] mice were randomly assigned to a control group or a model group. Mice in the model group
were given free access to 5% (v/v) alcohol in drinking water and were intragastrically administered 28% (v/v) alcohol.
The gavage dosage increased gradually over the first two weeks (from 0 g/kg to 6 g/kg body weight) and remained at 6 g/
kg body weight for the subsequent four weeks. Mice in the control group were provided with normal water and given the
same amount of saline via gavage. At the end of the experiment, the cognitive function and motor ability of the mice were
evaluated through behavioral tests. Morphological changes in the brain tissue of mice were examined by histopathological
staining. Results Compared to mice in the control group, mice in the model group showed cognitive impairments and
motor dysfunction in the behavioral tests. Pathological examination of brain tissue from the model group mice showed
morphological damage and cell necrosis in the hippocampus. Conclusions A mouse model of chronic alcoholic brain
injury was effectively established in this study, providing a valuable tool for investigating the underlying mechanisms of and
potential drug interventions for chronic alcoholic encephalopathy.
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Figure 1 Modeling process of chronic alcoholic brain injury and timeline for behavior experiments
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Note. A, Body weight changes of mice. B, Y maze test. Compared with the control group, * P<0.05, ™ P<0.01.

Figure 2 Comparison of body weights and the performance in Y maze between two groups

TE: A A 5005 B BT 5 I3 O S MIRR ML, SXFRAAMLL, © P<0.05,
B3 KREE SR
Note. A, Visible platform trial. B, Hidden platform trial. C, Probe trial. Compared with the control group, *P<0. 05.

Figure 3 Comparison of the results of water maze between two groups



[ LA R 2R 2k 2023 4F 11 ASE 33 %55 1130 Chin J Comp Med, November 2023, Vol. 33,No. 11 75

HOT- 5 OB 2 D (P<0. 05) DL AES- 6 % R 15
BAINFIAL T 20 L B 2 PR (P <0, 05) o TEAR R M 7
17, IRV /N B B AR B AN R EE TR T 5 T E 4
B, 2 b, 5% AL A L, K R 2 2 2 80N R
fr) 2 8] 27 =] FEAZ B
2.2 HAPMRIBEIINEELLE

FESF- A S v | AR 2 /)N 3 e ST A A £
A [] 4 25 R T X B2 (P<0.01) , WLIK 4, 7ENEATFSE
e AR ZE /)N BRUAG TE AT (1] 5 X6 HE ZE A L I8 3 2t
£ (P<0.05) , WLIE 4, 25 L, 55X RELAH b, 12 M
2 T 20D B2 s Uh I 8 77 BH S REAIR
2.3 WMANMBRRARAESELE

HE Je @ 57 B 41 /N U 2 X 48 e HE S v
WA , 2 L 25 52 e o T AT, AR A 20/ R 42 0T
FOUA BT (K 5A)  IF H fE R W 2 B 2 55
Ja ,/NEURE A2 CA1 X on et gm0, e
FRYL a5 S — 25 UE ST T 4 4 28 6 A 3K 6 3

T A SALUHE Qe B IR DA BUB R G E,

AP EARSE; B RATSE R, SXH AL, “P<
0.05, ™ P<0.01,

4 CFETAMIEHT SEH 25 R AL
Note. A, beam balance experiment. B, pole test. Compared
with the control group, *P<0.05, ™ P<0.01.
Figure 4 Comparison of the results of beam balance

experiment and pole test between two groups

B 5 S HE FUE R (55 R i
Note. A, HE staining of hippocampus. B, Nissl staining of hippocampus.

Figure 5 Comparison of the results of HE staining and Nissl staining of hippocampus
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FAC RN AT 7 B RS O KB e R
i Lieber 1 DeCarli & i), ZE B B v ik &
Vi S50 Bl 4 ME— B9 ) AR RS Lieber-
DeCarli A53/5 B 4R 1 A5 fA7 i (EL R B 05 A B4R, I
H, O FAESEBRFERT K IKEBRRZ R BRGNS
IEHRERAE 2R B, Tsukamoto-French #5671 2
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KM Z B 5 (0 o S I R i ke 0 58 R B
ZFAh A5G /N B R BRI R i A A
AL SR Y A R R | Ay (P, AT
KL (8 A A LA L) (ARSI IS, I oAl
RE TG ABE UL 28 K 53 975 1O I 30 o BE 45 R 1210
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W AHRAY AT DA 913K 310 485 1Y (200 mg/dL) 1L
ARG , 3 A 09 RS BORE 7 TR A F 5, (EL I AT A
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FEERSE 5 R i /N R s R 5T, R,
TR T VO SR FETI A 790 0 B T 4 v /N BRUITT A2
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SR FH S0 4 A A0 2550 13 6 AR BIF 5 9T 57 1) /s B
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LncRNA FGD5-AST X 11 i @ bR 24 i Jes 20 it
M 2R R S

/B - S (D AR o< ¥
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[HE] B HITKEEIESS RNA(LncRNA) FGD5-AS1 T 1 JE 4R 40 i 6 ( OSCC) 43 a T 3T #%
FURZBHE W SHLE . i FIHAELEIRIE/HT FGD5-AST 78 0SCC HiEEA . LITEREM T oo AR B g 1 i
FHIFER) 30 1] OSCC B MY MR 2120 7 AH SRR SRS SR N E B 6 IR 48 i ( HOK ) it OSCC 4 i ( SCC-9 \HSC-
4 SCC-25 ,CAL-27) A5x4, 5k H qRT-PCR K5l FGDS5-AS1 Hl miR-129-5p 323k, # FGDS5-AS1 ik i = 1
CAL-27 48 53 i Control 41 . si-NC £ | si-FGD5-AS1 4 . si-FGD5-AS1 +NC inhibitor ZH 1 si-FGD5-AS1 +miR-129-5p
inhibitor ZH , CCK-8 171 57 BT 1l S92 o 6 I 48 i 185 580 B 17 5 ¥t =X 200 D A ARG T 4 J 00 T 7 ST 5 S0 5 52 S A 10 40 Y
TERERETT ; Transwell /N5 46 I 41 L 4= 28 8 7 5 X% 56 K Bl 4 15 55 30 30 iF FGD5-AS1 5 miR-129-5p By 4[] 3¢ &R
Western blot #7illi= iF B 2% % 1 BL(HMGB1) & A&k, M EM N SRR 3454 sh-NC 41 sh-FGDS5-
AS1 # .miR-129-5p inhibitor Z1 Al sh-FGD5-AS1+miR-129-5p inhibitor 21 , 46 M fit 88 (& R A i 98 5 qRT-PCR #7448
JE L FGD5-AS1 \miR-129-5p ik ; e LR AL AR 414 HMGB1 [ Ki67 ik, &R BdEHHr iR, 0SCC
JiigE 2H 21 FGDS-AST fUZEIA KSR IEH ALK 4 £, H FGD5-AS1 #3515 0SCC BF /A2 M6, SIEWHSR
BN G ZH 5 40 M A7 L, il 83 41 20 R OSCC 40 2 ' FGD5-AST 21K B B TH 55, miR-129-5p 1K B &A% (P<
0.05) , 3+ FGD5-AS1 Fik/KFix i i CAL-27 AU AT L 500 . B FGD5-AS1 AT A 4L JA 7228 | Rt i
1 REAE % B2 2%, FF 1S58 miR-129-5p 33k, F i HMGB1 ik ( P<0.05) ., miR-129-5p & FGD5-AS1
FORMIL N 0] miR-129-5p FIXATSEFEULER FGD5-AS1 Xt OSCC A iy 1= BB AR R, 1R 3258 B
7N, ULBR FGD5-AS1 BH B 3k B A% A < A1 HMGB1 Ki67 235 (P<0.05) , ¥ miR-129-5p W AH 5 ; $1l1 l miR-129-
5p AL LR FGD5-AST Xt i A < 1 HMGB1 [ Ki67 Zeik il fEH (P<0.05) , &5if  FGD5-AS1 7E OSCC 4iifif
o 98, T4 FGD5-AS1 7] 3 12 #1845 miR-129-5p/HMGB1 %, %] OSCC Z40MIIss 1778 228 AR T,

[X%A] FGD5-AS1;miR-129-5p; [ JF iR 40 e ; 4978, A T
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[ Abstract]  Objective To investigate the effect and mechanism of long non-coding RNA (LncRNA) FGD5-AS1

on the proliferation, apoptosis, migration, and invasion of oral squamous cell carcinoma (OSCC) cells. Methods FGD5-
AS1 expression in OSCC was analyzed using an online database. Tumor and normal tissues of 30 patients with OSCC
collected at the Stomatology Department of Tengzhou Central People’ s Hospital, and human oral mucosal cell line HOK
and OSCC cell lines SCC-9, HSC-4, SCC-25, and CAL-27 cultured in vitro were investigated. qRT-PCR was performed to
measure FGD5-AS1 and miR-129-5p expression. CAL-27 cells with the highest FGD5-AS1 expression were divided into
Control, si-NC, si-FGD5-AS1, si-FGD5-AS1+NC inhibitor, and si-FGD5-AS1+miR-129-5p inhibitor groups. CCK-8 and
colony formation assays were used to assess cell proliferation. Apoptosis was detected by flow cytometry. Cell migration was
assessed by wound healing assays. Transwell chambers were used to assess cell invasion. Dual luciferase reporter assays
were sued to verify the targeting relationship between FGD5-AS1 and miR-129-5p. Expression of high mobility group
protein Bl (HMGB1) was detected by Western blot. An in vivo xenograft tumor model was established and divided into sh-
NC, sh-FGD5-AS1, miR-129-5p inhibitor, and sh-FGD5-AS1+miR-129-5p inhibitor groups. The tumor volume and tumor
were assessed. qRT-PCR was used to measure FGDS5-AS1 and miR-129-5p expression in transplanted tumor tissues.
HMGBI and Ki67 expression was detected by immunohistochemistry. Results  Database analysis showed that the
expression level of FGD5-AS1 in OSCC tumor tissues was 4 times higher than that in normal tissues. FGD5-AS1 expression
FGD5-

was associated with a poor grade in OSCC patients. Compared with normal tissues and human oral mucosal cells,

AS1 expression in tumor tissues and OSCC cell lines was significantly increased, and miR-129-5p expression was
significantly decreased (P <0.05). CAL-27 cells with the highest expression level of FGD5-AS1 were selected for

transfection experiments. Silencing FGD5-AS1 increased the apoptosis rate, decreased cell viability, the scratch healing
rate, and number of invaded cells, enhanced miR-129-5p expression, and downregulated HMGB1 expression ( P<0.05).
MiR-129-5p was the target gene of FGD5-AS1. Inhibition of miR-129-5p expression reversed the effects of silencing FGD5-
AS1 on OSCC cell proliferation, apoptosis, migration, and invasion. In vivo experiments showed that FGD5-AS1 silencing
significantly inhibited tumor growth and expression of HMGBI1 and Ki67 ( P<0.05) , and inhibition of miR-129-5p result ed
in the opposite trend. Inhibition of miR-129-5p reversed the effects of FGD5-ASI inhibiton on tumor growth and expression
of HMGB1 and Ki67 (P<0.05). FGD5-AS1 is upregulated in OSCC cells. Interfering with FGD5-AS1
expression inhibit the proliferations, migration, and invasion of OSCC cells and promotes apoptosis by targeting the miR-
129-5p/HMGBI axis.

[ Keywords]

Conclusions

FGD5-AS1; miR-129-5p; oral squamous cell carcinomaj; proliferation; apoptosis
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1S 85 IR 21 B 982 (oral squamous cell carcinoma,
oscc)mz S UL A g 2 — |, B A 26
PR R UG B4R BARTE TR AN
ﬂ:ﬁﬁﬁﬁﬁju_ﬁ,@ 0SCC %%E’Jwéﬁ%#
ToHA R AT A FE RS R 0SCC HE B
i S %EH K 5 4E 4 5 RNA ( long non-
coding RNAs, LncRNAs ) 765 Mg (235 0SCC) it
JEh k¥ EAE AP FGD5 i X RNAT ( FGD5
antisense RNA 1, FGD5-AS1) & — 1 # & ¥ 1
LncRNA , 75 M 850k 240 87 e i 1 4 e g ) | 7L
Jida ) A 2 R AE R S R Rk . Ol R BL, FGDS-
AS1 FIKME 0SCC 2 ZUR 40 i v 5 % B9, mi Mk
FGD5-AS1 ff 4l ] 0SCC 41 g %% ¥ 17 K1, |
FGD5-AS1 7£ OSCC Hr i/ HIAIL I R 56 4 W
W95 B, miR-129-5p B F ik KEFE 0SCC 41
ZUrh Y Hom i R 5 4 1 (high-mobility

group box 1,HMGB1) #J 3* —dE#1¥IX (3’ -UTR) 5
miR-129-5p fF7E4S G0 ., miR-129-5p ] 38 1§ [r]
FE T HMGB1 2 25 4170 1 98 40 19 X% 1k 2B ) 22 17
R, HMGBI BB IFSEfE OSCC P &KL, 5
OSCC 1 Zy Je 1t R o itk JB A M R,
FGD5-AS1 7£ OSCC HAE HE 5 5 miR-129-5p Al
HMGB1 A Xk K nl 51, B, AOF 5 B T
FGD5-AS1 X OSCC 4 il A= ) 747 A 19 52 e - 53 Bt
AR

1 #RFTE

1.1 SREE##
111 4

N F1 O 76 B 40 Bfd ( human oral keratinocytes,
HOK) il OSCC 4 Jffd (SCC-9, HSC-4, SCC-25, CAL-
27) ¥J0 H 3L [ ATCC Al
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2018 4E 1 H ~2021 4 1 A, WM .0 AR
B2 B 1 JEs LR 45 30 5] OSCC 8 25 1 b e 2H 28 K% 40
R IEH 4, 30 f] OSCC H& 4% 26 ] B, 4
B2V AR 32 ~76 %, TNM 43045 1389 3 4], 11 184
8 9, W41 9 43, IV A 10 1915 s B oAk s 17 191, i 3
SRR 13 ], AN AARIE . SR BRI W 25 R
OSCC B s RETAIEZIUMIBIRYT . HEBRbRUHE. R
HIHEZ U 1R 97 SO0T AT R A e
AU (1) BB 5 BB S RGN R A ™
FOE iR 45 R G0 M 1 R R S B
MR, ARSI R A BRI E B o A 2 2
feE, A, A5 E R BT E T A A
TR, HYREAST RIZE-80°C VKAR A 4 .

1.1.3 S sh¥

40 H SPF 2 1Pk BALB/c # BB E 114 K2
SEEEH RO [ SCXK (£8)2019-0001 ], 1A 19~22
g,6 JER IR T T E B 5 N [ SYXK (4)
2021-0030] ,

A /N BB WA 3R AE 18 ~ 22°C T8 20% O
HE/ BRI R 3 12 h/12 h A4 58 o JRR SR T,
T B 55 56 35 22 B 7 s 2% e B I i M i bt A
R Be shW 18 B2 51 23 ikl (H20220513) , 754 3R
JE I
1.2 FERKFSNE

FGD5-AS1 /Tt RNA/ T 6 38 4844 (si-FGD5-
AS1/pe-FGD5-AS1) Je AH L % B8 (si-NC/peDNA ) |
miR-129-5p 4 L #/40 1 4 ( miR-129-5p mimics/
inhibitor) K AH MW % & ( NC mimics/inhibitor) g B |
g 3 25 BOR AR 2 Al (k5. 20181019,
20180511) ; Lipofectamine 3000 I A 11 7 1 &l 154
BE2F A BR S 7 (5 :20190322) ; RevertAid 2 —fif
H % DNA ( complementary DNA , ¢cDNA ) & AR 7 &
WA e st = AR A R A A (S
20170605) ;SYBR Green PCR a7 &l [ b 5t Ee 4%
A AR R TEA A (#E5:20150627 ) ; 40l
THEGAF & 8 (cell counting kit-8, CCK-8) It H it 7Y
B YR A R 2 7 ; Annexin V-FITC/PI 40 i1 7
TR & BRI R PER A IR A A (5.
20140520) 5 B 't 2 i i 5 35 PR ARG 03k 50) 0 0
iR AR RS A RS A (S,
20170825) ; HMGB1 Hi& I H Abcam 2\ w] (fit 5.
20201123) , FACSCalibur 3040 i 4% ( 25 BD 2

) ; ABI 7300 S2A 2 6 2 & PCR 1Y (35 [H ABI 24
) ; Varioskan LUX 22 ) B B 45 4% ( 3& B Thermo
Scientific A F) ) o
1.3 XLWHE
1.3.1 TANRIC $d8 25 br

KR E AE 4 % RNA &3 ( TANRIC) Sk 3R
F/3HT FGD5-AS1 1E 0SCC H il F ik K, ok
H JE3 9T F K 21 E13E (the cancer genome atlas, TCGA )
B RHAL RNA-seq FUE 4R RE LncRNAs B DI HE
( http ://bioinformatics.
TANRIC: Overview)
1.3.2  #iparsss

HOK 4 Jiid 1 0SCC 4 fifd ( SCC-9, HSC-4, SCC-
25 .CAL-27) I 1% 75 % 2/ 5E % 2 M 10% G4
MR DMEM #3735, 78 37°C il 5% CO, %/ F
P
1.3.3  SERFaE 62 1 B A M8 I N ( quantitative
real-time polymerase chain reaction, qRT-PCR ) £ Il
FGD5-AS1 Il miR-129-5p ik /K

HAVMZHML Y RNA $2HBCR FH TRIzol X5,
F RevertAid 28 —4%% ¢DNA & 3850 &% RNA < i)
553 ¢cDNA, F SYBR Green PCR i #| & 7E ABI
7300 52 B %% % & B PCR Y | #E 4T PCR 3" 14,
GAPDH F1 U6 1} N3 xF R R 2744 kit &
HARZEH A X F ik 5, 5140 . FGD5-AS1, 1E
[l 5’ -TTTGCTGTTTGATATTGG-3 >, JZ [l 5 -
TGTTTTGAGTTGTCTTCG-3" ; miR-129-5p, iE [ 5° -
ACCCAGTGCGATTTGTCA-3 °, & [ 5 -
ACTGTACTGGAAGATGGACC-3 " ; U6, 1F [ 5 -
GCCAGCTCCTACATCTCAGC-3 >, J2 [ 5 -
AGCCTGACTTGCTAGTGGATTAT-3" ; GAPDH,, iF [f]
5’ -CAGGAGGCATTGCTGATGAT-3 *, JX [l 5 °-
GAAGGCTGGGGCTCATTT-3" .
1.3.4 ZHjEikye

CAL-27 40353~ Control 4 ( IF # 15 3%, Nk
Yu) si-NC 41 (55 4% si-NC) | si-FGD5-AS1 4H (%% Y+
si-FGD5-AS1) | si-FGD5-AS1+NC inhibitor 41 ( $£%%
44 si-FGD5-AS1 I NC inhibitor) #1 si-FGD5-AS1 +
miR-129-5p inhibitor # ( 3 % 4 si-FGD5-AS1 FlI
miR-129-5p inhibitor) , % 44 4% i{ Lipofectamine 3000
VLA AT, YL 48 h )5, EE4N i,
1.3.5 4 sE e IR

CCK-8 ¥ F: YL )5 ) CAL-27 40L& T 96 LA

mdanderson.  org/main/
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W, TERGIR 24 48 72 F196 h )5 FH CCK-8 K6 41 fify
W1, BJE, Wl MR {GE 5% 450 nm Ab 16 R E
(OD)fH ., Lk OD {EARFAHMUIGFH 15 7 ( (8T FR 20 %
F1) o FEREIE RSB0 - K 40 M LA AL 300 > 4 it 1Y
R 6 FLARD, FE AN SRR P R 3R 14 d,
MO RER IR AT UL, B R Ak, 3R 4%
22 5% F S ] 52 4 15 min, 25 f 2294 45 15 min, 7F
G N OWEE I TR I e R A (>50 AL
1.3.6 it 2 A AAS DU 240 B o 7

BE4] CAL-27 A EE 2T 100 pl 255 2% il
H1 3915 5 wL FITC-Annexin V Y@@ F1 5 wL PI
Yea i — W% F 10 min, 8 1] FACSCalibur i =48
JRASCVTAS 20 M T
1.3.7  RVJEAA S g I 4 i i 7% g

P20 CAL-27 R4 Rl T 6 fLAR, 15 5% 24 h,
1240 M i 809% LA I AR S, FH G B RS WA ) 43
JEAHM SRR IR IR, AR5 CAL-27 4 U 7E
TCIfL 7 DMEM K5 5P 4k S 15 9% 24 h, FUOWEE &
JREIFHAIR, T Image ] AT RR @A %, X
JRAAH=(0 h RPYRTEE-24 h RIJEFEE) /0 h X1
JETEREX100% ,
1.3.8  Transwell /NZ A4 1R 256 1

W25 4 CAL-27 200 Jif 0 2 A T il v 15 97 kv
B 200 pL Z0HEE K (2% 10* AN I A B Bk A
FEFEH L2, FEIMA 600 wl & 10% i 248 1135 1
AR, WEE 24 hJE K RE RSN IR 20 A4y
S FH PR RN & 2R R B, 7E OB T RE AL
TEH 5 N IREF AT AR AN 15
1.3.9 XA E M g & 55 50 S0 ik FGD5-AS1 5
miR-129-5p [#HE[A] E &R

# WT-FGD5-AS1/MUT-FGD5-AS1 7% [ 3|

pmirGLO 3% 't & Wl 2 4K o, #9 2 pmirGLO-WT-
FGD5-AS1/MUT-FGD5-AS1 4 #44, ¥ pmirGLO-
WT-FGD5-AS1/MUT-FGD5-AS1 #% & 4% %1 5 miR-
129-5p mimic B NC mimic Ft45 % 5 CAL-27 400,
R FHRUHE 2R B 4 0 B 38 98 0T 206 s 38 Il 4% 2
FvEAd
1.3.10 Western blot Ki{l] HMGB1 £ FH7KF

M OSCC ALz hHE i a s H, EHRAH
T e LR £ — SR D A T e BB S LK o0 S e
R I 5% N AR 0B A 1 by
B B 54 HMGBI  B-actin B9 —PT 4°C T H
S =P E 1 h, B3, I Image) F4T

5 HMGBI & 1A, B-actin NS,
1.3. 11 BREAEAHIE 25

84 5% e BF P X5 IR (sh-NC) . sh-FGD5-AS1  miR-
129-5p inhibitor ¢ sh-FGD5-AS1 5 miR-129-5p
inhibitor FEA5 YL ) CAL-27 41 (5x10°) f¢ F it &
BALB/c B (n=5),i2 M sh-NC 4 sh-FGD5-AS1
4], miR-129-5p inhibitor 41 Fl sh-FGD5-ASI + miR-
129-5p inhibitor 41, 4 J& ic 5% #% ML A9 58 K
B TR R R R g R R = (K x5E%) /2, 5 JHJE
SEFE/INER B PR, K bR 2 20—y [ s
Hil & A Y R, V) R 4w BB RS IS AT Ki67
HMGB1 %% 41 1k 4 €5, 55 — 3 43 dE 47 50 K DUl
FGDS5-AS1 Al miR-129-5p ik,
1.4 FitEHZE

SPSS 20. 0 #AF#E AT Ge it o b, i+ = BT &
IER A VS B £ bRl 22 (x+s) Fon, AL L
BERH k5, Z2 4] AR FH B R 3 5 25 40 BT
SNK-q #5:, P<0.05 A5 HAGHFR L,

2 #HR

2.1 TANRIC ##EFE 5 #1 FGD5-AS1 . miR-129-5p
7£ OSCC R

TANRIC -5 #5048 12 96 2 7~ , 78 OSCC Ji g 21
ZUrp FGD5-AS1 WERIKIKF 2 1R H W 4 %5, WL
1, 288 fiy OSCC RNA-seq FEZA T FGD5-AS1 %
K5 0SCC i G HILZEMAK, Wk 2,

R 1 TANRIC *FHHAFHIAZE 0SCC HLUMIEF
L FGD5-AST fRIBKT (x2s)
Table 1 Expression level of FGD5-AS1 in human OSCC

tissues and normal tissues obtained from TANRIC platform

2041 Organization n FGD5-AS1
IE# 221 Normal tissue 38 0.36+0. 12
Jil i 2027 Tumor tissue 297 1.29+0. 35

t / 16.239
P / 0. 000

F2 ARG 0SCC ALH FGD5-AST BRI (F+5)
Table 2 Expression level of FGD5-AS1 in OSCC tissues of

different grades

25 Classification n FGD5-AS1
Gl 43 0.79+0. 18
G2 178 0.98+0.25"
G3 62 1.32+0.41"
G4 5 1.51+0.43"

5 Gl gL, * P<0.05,
Note. Compared with G1, * P<0. 05.
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2.2 FGD5-AS1 . miR-129-5p 7£ OSCC H &K% %3 FGD5-ASI miR-129-5p £ 0SCC 12y

HiE# 48 g8 2] 21 _ N FRIBK (x+s,n=30)

. %IE HALEU ’ HEIJJ;I /E%EF‘ FGD5-ASL Rk Table 3 Expression level of FGD5-AS1 and miR-129-5p in
RN, miR-129-5p ik W E WD (P<0.05), I 0SCC tissues
23, 5N RN HOK A5 H, OSCC 41 i & 241 Organization FGD5-AS1 miR-129-5p
SCC-9 . HSC-4 ,SCC-25 .CAL-27 1 FGD5-AS1 ik B Eﬁiﬁ 1‘ tissue i ’Zig i;‘ 3 ;‘Zig ?;

o . . - JE 202 Tumor tissue . 78+0. . 89+0.
BT, miR-129-5p ik i F K (P<0.05), H . 51 315 55 375
CAL-27 ZHfii v FGD5-AS1 FiA/KFF 5 . miR-129- P 0. 000 0. 000
Sp G, LR CAL-27 NI 175 265000, R AT (=6
il 4 S JRIBIK-(x£s,n=6
W4, . Table 4 Expression level of FGD5-AS1 and miR-129-5p in
2.3 F# FGD5-AS1 X OSCC 4 A 58 i 22 M 0SCC cell line

si-FGD5-AS1 4 CAL-27 i) FGD5-AS1 3 AAR Cell line FGD5-ASI miR-129-5p
P4 OD {H.(48 h.72 0,96 h)  SEREL AL 2 3 4G . o L

. SCC-9 2.46=0. 12 0.45+0. 04
F Control 4 F1 si-NC 4H( P<0.05) , L3 5 FiF 1, HSC-4 3. 4740.23 " 0. 4240. 06 *
2.4 F#H FGD5-AS1 X OSCC AT .. E#% & scC-25 4.35£0.29" 0.39=0. 05"
2 1 241 CAL-27 5.12+0.34" 0.35+0.03 "

N ;5 HOK H#, " P<0. 05,
5 Control 411 si-NC 41 LA, si-FGD5-ASL 241 Note. Compared with HOK, * P<0. 05.

CAL-27 40 Y8 1R B . 1T, MR A4 R 0 W %
1%, (R 2B e 080 (P<0.05) , W3 6 FIE 2,
2.5 FGD5-AS1 # @ F#E miR-129-5p K&
Starbase 4 i & 78 FGDS5-AS1 5 miR-129-
5p Al REAEAEAH AR OC R, BAR B 45 6 457 s an ]
3A Fi78, 5 NC mimics + WT-FGD5-AS1 4 [t %%,
miR-129-5p mimics + WT-FGD5-AS1 H CAL-27 40 iy
I3 56 22 i T 4 B S A% (<0, 05) | i NC 1 T3t FGD5-AS1 % OSCC £ fifd 7 b 20 5 14 22 i)

.. . .. Fi 1 Effect of interferi ith FGD5-AS1
mimics + MUT-FGD5-AS1#H 5 miR-129-5pmimics + tgure ect of interiering wit
on the number of OSCC cell clones

£ 5 T FGD5-ASI XF OSCC AT BEFE (KI5 M (x+s ,n=6)
Table 5 Effect of FGD5-AS1 interference on OSCC cell proliferation

5 0D & (450 nm) OD value (450 nm) SLREZE AL (n)
FGD5-ASI
Groups 24 h 48 h 72 h 96 h Number of cloned cells

) 1 2
Control 21 1. 00+0. 06 0. 46+0. 03 0.75+0. 09 1. 1620. 13 1. 400. 25 489. 52+56. 23
Control group

si-NC 2H

o 0.99:0. 05 0. 49+0. 05 0.78+0. 11 1. 140. 15 1. 42+0. 23 488.94+56. 12
si-NC group

si-FGD5-AS1 24

*#0.47+0.06 o o # i
G-FGD5-AS] group 0.21+0.02 + 0.53+0.08 0.67+0. 12 0.75+0. 16 245.61+37. 45

U 5 Control 41 AR, * P<0.05; 5 si-NC 414, " P<0. 05,
Note. Compared with Control group, * P<0. 05. Compared with si-NC group, * P<0. 05.

F6 T4 FCD5-AS1 X} OSCC AMIIHT ZER (RGN R (xs,n=6)
Table 6 Effect of FGD5-AS1 interference on apoptosis, migration and invasion of OSCC cells

415 TR (%) RIREEH(%) REMIE ()
Groups Apoptosis rate Scratch healing rate Number of invasive cells
1 4
Control 2 3.74+0. 13 83.45+9. 21 89.26x10. 15
Control group
i- 4
SNCH 3.7220. 17 84.16+9. 34 88.47+10. 24
si-NC group

si-FGD5-AS1 4]

s # w # * #
Gi-FGD5-AS1 group 8.69+0. 35 37.58+2.57 28.76+1. 89

5 Control 41 IL4K, * P<0.05; 5 si-NC 411, *P<0. 05,
Note. Compared with Control group, * P<0. 05. Compared with si-NC group, * P<0. 05.
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2 T4 FGD5-AST X} OSCC MU T~ AR Z&FNIL R ) S
Figure 2 Interference of FGD5-ASI1 on apoptosis, invasion and migration of OSCC cells

TF:A:FGD5-AS1 5 miR-129-5p HI%5 A7 45 ; B B ilE FGD5-AS1 5 miR-129-5p ¥ [f] 3¢ 2 A WL 5¢ 5t 28 B 5 PE AR M 45 3R, 5 NC mimics+ WT-
FGD5-AS1 4HAHI L, * P<0.05;C:FGD5-AS1 # [ #5 miR-129-5p ik, 5 si-NC AL, * P<0.05;5 peDNA 44, * P<0. 05,
3 FGD5-ASI #0jm] P85 miR-129-5p ik
Note. A, Binding site of FGD5-AS1 and miR-129-5p. B, Results of dual luciferase activity detection to verify the targeting relationship between FGDS5-
AS1 and miR-129-5p. Compared with NC mimics+WT-FGD5-AS1 group, * P<0.05. C, FGD5-AS1 targeted miR-129-5p expression. Compared with
si-NC group, * P<0. 05. Compared with pcDNA group,* P<0. 05.
Figure 3 FGD5-ASI1 targeted regulation of miR-129-5p expression
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MUT-FGD5-AS1 2H CAL-27 40 Mo i) AH %t 28 ' % Bl %
I B (P>0.05), WK 3B, 5 si-NC 4l It
3, si-FGD5-AS1 £ CAL-27 4ifg 7 miR-129-5p ik
JHE (P<0.05) ;5 peDNA 4 H %, pe-FGDS5-AS1 41
CAL-27 40 miR-129-5p Fik[EAK (P<0.05), WL
Kl 3C,
2.6 &l miR-129-5p ] i & si-FGD5-AS1 3t
OSCC 4 Rafy 220

5 si-FGD5-AS1 ZH Fll si-FGD5-AS1+NC. inhibitor
HHA I, si-FGD5-AS1 +miR-129-5p inhibitor 1 CAL-
27 ZHf T miR-129-5p ik W EREAL, 48 h 72 h Al

96 h 1Y OD fH {2 T, FERE 20 A AL ] 0 3 22 ) 4 i
PAT R F B R G oR  E RG n = 2R A
B EW L (P<0.05) , WLE 4 FiE 7,
2.7 FGD5-AS1 i#iT miR-129-5p E3#= HMGB1 &
EES0

5§ Control 441 si-NC 414 [, si-FGD5-AS1 4
CAL-27 40 s v HMGB1 & 4 ik W FH AL (P <
0.05); 5 si-FGD5-AS1 41 fl si-FGD5-AS1 + NC
inhibitor 20 A kb , si-FGD5-AS1 +miR-129-5p inhibitor
ZH CAL-27 il rh HMGBI 75 H 2635 W % TH i (P<
0.05), LKl 5,

B4 #0 miR-129-5p A% si-FGD5-AS1 %F OSCC 4G P T R AT R0
Figure 4 Inhibition of miR-129-5p can reverse the proliferation, apoptosis, invasion and migration of si-FGD5-AS1 on
OSCC cells
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R7 40H miR-129-5p Al %% si-FGD5-AS1 % OSCC LAY (2+s,n=6)

Table 7 Inhibition of miR-129-5p can reverse the effect of si-FGD5-AS1 on OSCC cells
TS T Sy =1
OD f#1(450 nm) OD value (450 nm) SURELE AT R fk
4151 iR-120.5 H(n) (%) BER(%) W (n)
Groups P Number of Apoptosis Scratch Number of
24 h 48 h 72 h 96 h . . .
cloned cells rate healing rate  invasive cells
si-FGD5-AS1  3.38+0. 32 0. 48+0. 4 0.55+0. 10 0.69+0. 14 0.78+0.17  245.74+38.21  8.57+0.29 36.75+2.63  29.46+2. 4
si-FGD5-AS1
R 3.36+0.34 0.49+0.03 0. 54+0.09 0. 68+0. 13 0.76+0.18  246.15+38.67 8.61+0.32  36.94£2.59  28.85+1.96
+NC inhibitor
si-FGD5-AS1
+miR-129-5p  1.2120.15"% 0.51x0.07  0.810.16" 1.21£0.16"" 1.45+0.27"" 497. 8986.52"" 4.030. 11** 84.24+5.62"" 91.26+7.38""
inhibitor

5 si-FGD5-AS1 414 EL, * P<0.05;5 si-FGD5-AS1+NC inhibitor 414, *P<0. 05,
Note. Compared with si-FGD5-AS1 group, “ P<0.05. Compared with si-FGD5-AS1+NC inhibitor group, * P<0. 05.

1. 5 Control ZHAH L, * P<0.05; 5 si-NC ZHAH I, " P<0.05; 55 si-FGD5-AS1 #HAH b, ¥P<0.05; 5 si-FGD5-AS1 +NC

inhibitor 414 L., 2 P<0. 05,

B 5 4541 0SCC 4ifiidf HMGB1 &1 3&iA
Note. Compared with Control group, * P<0. 05. Compared with si-NC group, *P<0. 05. Compared with si-FGD5-AS1 group, * P<

0.05. Compared with si-FGD5-AS1+NC inhibitor group, “* P<0. 05.

Figure 5 HMGBI protein expression in OSCC cells of each group

2.8 FGD5-AS1 i#iT#E 5 miR-129-5p/HMGB1 {2
BHE R OSCC #H R

gERANE 6 fin, 5 sh-NC 414 I, sh-FGDS5-
AS1 2H i g 5 i R R B FGD5-AST 38 K&
Ki67 HMGB1 FH - 40 i b 6] 5 25 B K , miR-129-5p
%ﬁﬁ%ﬂ‘%(fko 05),1m miR-129-5p inhibitor H
iR = 2 R b R A B FGD5-AS1 3 5 K Ki67
HMGB1 BHE 40 i Lt ) 5 2 55, miR-129-5p K ik
WEREAK (P<0.05) ; 5 sh-FGD5-AS1 41 4H Lb, sh-
FGD5-AS1 + miR-129-5p inhibitor 21 #l miR-129-5p
inhibitor 1 /i3 5 it A1 9 /R B FGD5-AS1 ik K
Ki67 . HMGB1 FH 140 ffd Eb 451 (2 2% F+ 57, miR-129-5p
Fik B FFER(P<0.05)

3 e

LncRNA B #iIE 5 0SCC A 61  HHiE
/R FGD5-AS1 ly OSCC Y AE 2 Wi Ak Wihn ik )
FGD5-AS1 BRI AT OSCC 40 B () 34 5 4%
1228, AWF5EE T TANRIC - 1508842 46 & 91,
FGD5-AS1 7£ OSCC " &2 3Rk, H 5 HUE A R AH
O AR ABRTOE & B, 0SCC 4 GUREA T2 iy
Z 1 FGD5-AS1 Rk T+, @ik FGD5-AS1 J5 , CAL-
27 YN FE G ) iR R 22 6E ) 5 32 B, 4
B TR, 3 5 DA IR 45 R — 3, $27R FGDS-
AS1 ATRELE 0SCC il s R A,

LncRNA 7] DL 25 W B R 15 miRNA 3Rk, o1
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A B RS FGD5-AST Al miR-129-5p X ik /K- 5 C R RI L T i A 2 Pk EAR 5 D« bl 3 o oA s B R R B HL e F
S 20 Ak 7 AT B RE 40 21 Ki67 HMGBI1 BHPEZR K, 5 sh-NC HAHLL, * P<0. 05;5 sh-FGD5-AS1 4HAH L, * P<0. 05,

B 6 FGD5-ASI1 i

J3HE M) miR-129-5p/HMGB1 A& P 0SCC 7 &

Note. A/B, Relative expression levels of FGD5-AS1 and miR-129-5p in transplanted tumor tissues. C, Representative images of subcutaneous tumors

in different groups. D, Tumor weight comparison. E, Tumor volume comparison. F, Positive expressions of Ki67 and HMGB1 in tumor tissues were

detected by immunohistochemical method. Compared with sh-NC group,

* P<0.05. Compared with sh-FGD5-AS1 group,* P<0. 05.

Figure 6 FGD5-AS1 promotes OSCC progression in vivo by targeting miR-129-5p/HMGB1

PE e YRR miR-129-5p AT AE 3098 (K- BHL
SRR PLR g AR R R AR,
miR-129-5p 7E OSCC 412U M Ml 19 23k 1 T [,
X5 Supic % ARFIESE R — 2, L miR-129-5p
£ OSCC R & #EM s AE ] . WIFSEIIE S | 78 1 5 I8 40
fh FGD5-AST 38 33 ##% miR-129-5p #illi#% Wnt/B-
catenin {51 #7842 00 40 i AE K AR 28 ) AR
W92 & B miR-129-5p 5 FGDS5-AS1 F{) 55 ik & # A
]2, Starbase B AFFN miR-129-5p 7] g /& FGD5-AS1
(R AHIFGY 38 2 U 2R il S 56 Fn it ik /
WK FGD5-AS1 SEEGHIESE T FGD5-AS1 A1 miR-129-
Sp BB I A EESC R HAh, M miR-129-5p AT

557 Ik FGD5-AS1 1Y i 988 410 il 4/ H, 2 7R i A%
FGD5-AS1 7] fig 3 i b 8 miR-129-5p F ik, #l il
OSCC A fr Bt AR W2 ATl

AT 5% 38 A B4 A I R A e Sk kB
HMGBI1 J& miR-129-5p AY#IE[R ') Western blot iIE
SCTHE FGD5-AS1 7E L8 miR-129-5p & ik (1) [A] B
AT HMGB1 3Rk, N T i — 2P 5k FGD5-
AS1/miR-129-5p/HMGBI1 fli £ 0SCC H 4E HI, A
WFoE S TR N S AR R A 7Y | R IR TTBR FGDS-
AS1 7] 3 i 3 % miR-129-5p/HMGB1 #li 3k 8 55
OSCC 4l it 19 b 38 & B, SR A 25 R — 34, #2om
FGD5-AS1 i it ¥4 % miR-129-5p/HMGB1 fi¢ it
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0SCC #EfE . {H 1 75 11 HMGB1 i % 35 DU 2
FGD5-AS1/miR-129-5p 1EFFP AR 0SCC H 1Y
YEH .

Zi FJFR  FGD5-AS1 1E 0SCC 33k Eill, T

Pt FGD5-AS1 AJ 3 ik 2 1] 171 442 miR-129-5p ik,
i OSCC A3 5E AZ 2 RERIHE M T, A
58 FGD5-AS1 1E 0SCC H iy HL I B 5% $2 LB 1
i, AR OSCC B3 R At — P il 76 TR TT SR %
SR, miR-129-5p TiFAYFL AR 2, FGD5-AS1/miR-
129-5p fig & i HAWAL L 2 5 0SCC #E & i 75
— R, WAL, AR G AL AE ] — o 4t i R R AT
FGD5-AS1 YIRERSY , Jo W3 i HoAth OSCC 4 Aok
HE— B IAIE FGD5-AS1 BYEUEAE .
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4 2y BEAEE 8 7 AMPK/mTOR/ULK1 {2 538 1% %] 1555
ZEA IR KOS B WE SN Y 5 W

FLES,E &, B, R, B
OBEmARERE AR WL RS 054000)

[BE] BB RS20 H (Hyp) X556 %5 A ik (nephrotic syndrome, NS) K ER'E H 1 & AMPK/mTOR/
ULK1 @AM, 773k 32 H 6 Jike SD KEUFMIEH 4L (N ) ELi G IE4L (NS 4) 4 22 Bk tr 41 (Hyp 41,
60 mg/kg Hyp) 4= Z2HkF+AMPK #1154 ( Hyp+CC 4,60 mg/kg Hyp+0.2 mg/kg CC) ,FF4 8 . B N 4H4h, H
RASHR R A — MR Bk S B 8 2 (6. 5 mg/kg) HESL NS AR RIS I F K 75. 0%, Hyp AREHEFHT
60 mg/kg [ Hyp, Hyp+CC A 45T 60 meg/kg 1Y Hyp B A1 0. 2 mg/kg CC IS, N 4 NS A4 TEHEBRA, &
RV ELE 14 d, HESEEHRE 2 [ S HrUEI 24 h R EIE H (UTP) (IR 40 (BUN) LT WLET ( Ser) F1H4
I (ALB) K s HE Yt 8 2 2L BRIE A 5 35 5 FEL T W A% ( TEMD) LS B 2H 2 A 45 44 A8 4k ; Western blot 46
T b | |2 40 L . AMPK/mTOR/ULK1 3 B8 25 [ 338 i 9O Je WL 8¢ B WK T R Al B i 2 i, &6 R
FHILT N4, NS 2B /NERIRFRAR K B /INE 2245 sl 43I ¢ FENR G J5 ; UTP \BUN | Ser  BRJICHRJELBE | 2 28 58 i e
p-AMPK/AMPK FUAB B3 ( P<0. 05) , ALB LC3-11/ 1 . Beclin-1. Atg5 ., Atg7 .NPHS2 %K 14 7K F- \NPHS2 , Beclin-1
FARX 5608 BE S p-AMPK/AMPK \p-ULK1/ULK1 FAH 2 B A% (P<0.05) . AHELT NS 20, Hyp 3657 AT B0 B /h Bk
B2, 4% UTP , BUN, Ser, 3% JiS IR B | 2 %8 %8 ¥ & p-AMPK/AMPK L {E (P<0.05), 3 ALB . LC3-T1/ 1 |
Beclin-1, Atg5 , Atg7 NPHS2 2 4 7K - | NPHS2 , Beclin-1 A X} 5% Y63 & & p-AMPK/AMPK , p-ULK1/ULK1 FLAH (P<
0.05) ., #HLF Hyp 41, Hyp+CC 41 /NRARFRAS K /NS S48 B0 40T % RIS B s UTP \BUN  Ser | SEJIE R
BE L 56 BE M p-AMPK/AMPK HC {8 i 3 58 fim (P<0. 05) , ALB . LC3-11/ I . Beclin-1, Atg5 . Atg7 .NPHS2 #& H /K ¥,
NPHS2  Beclin-1 FHXJ 22 638 )% & p-AMPK/AMPK , p-ULK1/ULK1 Fo{l B35 MK (P<0.05) , 45 Hyp Al gt
PG AMPK/mTOR/ULK1 3 B A 15 15 40 i (3 ey P, U NS R BRI 2 A 46340 55 B e A

[ 8817 42T SR ; AMPK/mTOR/ULK S8 ; [ ; /2 4045
[HE5>ZES] R-33 [ XHERFRIZAD] A [XEHE] 1671-7856 (2023) 11-0088-08

Influence of hyperoside on autophagy in rats with nephrotic syndrome through
AMPK/mTOR/ULKI1 signaling pathway

KONG Lujiao, WANG Xin, LIU Jing, GUO Xiaoyang, XUE Mingwei "
( Department of Nephrology, Xingtai People’s Hospital, Xingtai 054000, China)

[ Abstract]  Objective To investigate the influence of hypericin ( Hyp) on renal autophagy and the AMPK/
mTOR/ULKI pathway in nephrotic syndrome (NS) rats. Methods Thirty-two 6-week-old SD rats were grouped into
normal (N), NS, Hyp (60 mg/kg Hyp), and Hyp+CC (60 mg/kg Hyp+0. 2 mg/kg CC AMPK inhibitor) groups, with
eight rats per group. The NS model was established by one-time injection of adriamycin (6.5 mg/kg) through the tail vein,
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and the success rate of the model was 75. 0%. Rats in the Hyp group were given 60 mg/kg Hyp intragastric administration;
rats in the Hyp+CC group were given 60 mg/kg Hyp intragastric administration and 0. 2 mg/kg CC intraperitoneal injection;
and rats in the N and NS groups were given the same amount of solvent once a day for 14 days. After administration, an
automatic analyzer was applied to detect the levels of 24-h urine total protein (UTP) , blood urea nitrogen (BUN) , serum
creatinine (Scr), and albumin (ALB). HE staining was used to observe the pathological morphology of the kidney tissue.
The ultrastructure of the renal tissue was observed by transmission electron microscope. Western blot was applied to detect
the expression of autophagy, podocyte, and AMPK/mTOR/ULK1 pathway proteins in the kidney. Immunofluorescence
staining was applied to visualize the localization of autophagosomes and podocytes. Results Compared with the N group,
the NS group had increased glomerular volume; atrophied or partially disappeared renal tubules; a thickened basement
membrane ; and obviously increased UTP, BUN and Scr levels, basement membrane thickness, foot process width, and
p-AMPK/AMPK ratio ( P<0.05), while the levels of ALB, LC3-TI/1, Beclin-1, AtgS, Atg7 and NPHS2; the relative
fluorescence intensity of NPHS2 and Beclin-1; and p-AMPK/AMPK and p-ULK1/ULKI1 ratios were obviously decreased
(P<0.05). Compared with the NS group, the Hyp treatment group had improved glomerular morphology and decreased
UTP, BUN, and Scr levels, basement membrane thickness, foot process width, and p-AMPK/AMPK ( P<0.05) ratio,
but there was an increase in the protein levels of ALB, LC3-II/1, Beclin-1, Atg5, Atg7, NPHS2; relative fluorescence
intensity of NPHS2 and Beclin-1; and p-AMPK/AMPK and p-ULK1/ULKI ratios ( P<0.05). Compared with the Hyp
group, the Hyp+CC group’ s glomerular volume increased; renal tubules atrophied or partially disappeared; basement
membrane thickened; and UTP, BUN, Scr levels, basement membrane thickness, foot process width, and p-AMPK/
AMPK ratio were obviously increased ( P<0.05), whereas the protein levels of ALB, LC3-II/1, Beclin-1, Atg5, Atg7,
and NPHS2; relative fluorescence intensity of NPHS2 and Beclin-1; and p-AMPK/AMPK and p-ULK1/ULKI1 ratios were

obviously decreased (P<0.05). Conclusions

Hyp may enhance the autophagic activity of renal cells and attenuate renal

pathology, such as podocyte injury, in NS rats by activating the AMPK/mTOR/ULK1 pathway.

[ Keywords ]

hyperoside ; nephrotic syndrome; AMPK/mTOR/ULK1 pathway; autophagy; podocyte injury
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B 5 2 5 1iE ( nephrotic syndrome , NS) J& FH 3
UG HRESZ A58 RS /)N 35K 30 75 P 1 25 S R I R 2555
fiE, Z PR K i R PR AR 1 2 1 IRE S50 R,
ANREARLANIE, AT BE S BUR S | ML FRTE A B 2 RE
WA R E A A S SRR X R
BB B 5 52, AR 30 IR ] 25 T e ) A6 5 T I
T2 | 4 B IR B I B A S O RRE 1 XU
I, A BT ARG IT 25, el g i
2GS PR B ) 2 S EUR AR, B E D
BRAUEIS T RE , (145 8 1 B A5 R 280 U8 B E AR
W, FECERIER ™ . 15 NS ARSI (1) 2l P 2
PE NI EIYANIUPN GRS S g 69 i i S]]
JR NS B B 1A as AL, 2 2 LA T 5T NS 193]
PRSER  BE TR AT i R VR T B AH OGP 2 Y 24
ROPAY . /R A0 25 R J5 0 125 36 e 19 B K A2 i H
TEH i TR T S 25 3 25 ) 1 T, RE LE 2 40 i AK 52 3
fEREIRA  HR R, ) Bl e A5 23 5 S50 4 i
05, M AMP {5 Ak 5 1 S 1 3L 3h ) 7R i R A
T H/unce-51 FE B WE 375 B 1 ( AMP-activated
protein kinase/mammalian target of rapamycin/unc-51

like autophagy activating kinase 1, AMPK/mTOR/

ULK1 ) 38 B i 36 AL vl 75 5 A e ml B J2: iy 1k 2 4
W 2 A 1 R AP BILT A R A NS TR YT R
W&, 4226 (hyperoside, Hyp ) M5 FERL SR} 4
BB AR IE M, A B R
ML BB R TR E T 9T R, Hyp Al i
T LRI 73 22498052 2 A R 47 , 5080 PR s ' s
KB B SAE B/ NERBE AL A5 14555 (EL X S 4
JEL Y I A R A R B ARG AR S AU A NS R
FUBLRRS $R0T Hyp % NS K RUE 41 F 15 Fil AMPK/
mTOR/ULK1 38 #5520, LA — 223871 Hyp Xt NS
BRI, A Hyp B9FF & S5 3R]

1 #MEFFEE

1.1 SEISzh4

32 HUfEME SD KB, SPF 2%, /R & 190 ~ 205 g,
6 Jal iy (b 5t 4t ) A 52 5 3 ) 28 B [ SCXK (5T
2019-0009 1) , Gi—7Eidb RN K 24525 sh ¥ o
[ SYXK( %£)2020-0002 ] B84 55 Hh o S i 37 , TR
(25.0+1.0)°C JRJF (46.0+2.0) % , &/ AGIABE N
12 h/12 h, #fiff A R ARBOKFIE Y, A5 8 1
JUEE R K 2% 52 50 3h i 16 #2514 # ik (TACUC-
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202103008) . S5 2l Hy 1] 77 F1 92 4 3o e vp i S0
YA 3R 4T NIE G,
1.2 FERFSUHE

G 22 R AT (Hyp, =95% 40 ) (35 [ Merck 23
Fl, 41t 5. 20200405 ) ; AMPK 1 #il] 51| Compound C
(CC) (EHE MCE 2w, #L5:20200811) ; ] 75 &
(32 10 mg, WY T7 AR 250 A7 R A A, 4L 5.
1905E1) s HE 12 & | LUk I e ( R = KA
AR B2 A, it 5. C0105S . P0539S) 5 4 U5 $iT
pAMPK ,AMPK | 45 #H ¢ 2 (M 7 4% 3 ( microtubule-
associated protein light chain 3,LC3) i -3 Bk
fii & B ( glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) . H M #1 5¢ £ H 5 ( Autophagy associated
protein 5,Atg5) (Atg7 .pmTOR .mTOR Hi/A ( 3 F CST
ONE] HE S #2535 #2532 #4108 #5174, #12994  #
8558 #5536 . #2983 ) ; fu I NPHS2  pULK1, ULK1 i
& /NERIR Beclin-1 iR B304 ( Cy3) GIEEWANE
( Alexa Flour 488) %¢ 5 41 ( 3€[H Proteintech 2 #] it
45 :20384-1-AP . 29006-1-AP . 20986-1-AP . 66665-1-Ig ,
SA00009-2,SA00006-1) . 5 G A A 1 D' 2 B Bl 5%
(51H Leica 23 #]) ;7100 B4 H sh 4 b4 B AL i 4t
HL, 7 @ i3E ( H A HITACHI A w]) ;4 A 3 E 1k /b
(S [E BECKMAN 2% 7)) 5 e 58 B L P AX A2 (5% [
BioRad A7) ;7500 & RT-qPCR X ( Z£ [ ABI AF]) ;
MDF-392 BLEARIRLUKAR ( H A SONY 227]) .
1.3 EWFHE
1.3.1 NS KEUBEARI AT K42

¥ 6 JAS SD KBS W MEFEZ 7 FAlS, 43 M IE
H(N ) EMRZEAIEAL(NS 41) 4 2B 41 (Hyp
2,60 mg/kg Hyp) . 4 22 Bk H + AMPK 1) i 771 41
(Hyp+CC 1,60 mg/kg Hyp+0. 2 mg/kg CC) ,BE2H 8
Ho B N4/ 8 HAN, HA R B — vk ok g i bk e 2
6.5 mg/kg BTFEZE AT NS KRB | oK W Bl
RIS 14 d 5, R KR 1 A6 I 1 iR 3R 2 ( blood
urea nitrogen , BUN ) il Ifil & L BF ( serum creatinine,
Ser) K, FFUEE R B 24 h R, RN PR 5 H % &
DL K B BUN I Ser K B T N 4R R, B
24 h JREE A H>100 mg B I SR
FH 32 HREGER, fEiE i #rh A 5 HORRUAE T,
3 HOR RS AR e e, J i o 3 A 24 K B, #2780 B
HFH 75.0% , Hyp 5 (IETE 1% R B L2 4 R
R ) AR SR AR SR A E ) 60 me/kg HL
TS5 i 7 60 mg/kg Hyp 7 H Al A 2085 NS KR

B35 R e AR SR # e R 0.2
mg/kg, N 41F1 NS 4145 T 55 i 1% 72 P SLAF 4 R ih
T RN PR KR I T A . BER 1 IR 82K 14 d,
1.3.2 FEACREE

YA RE IR AE 24 h BRI E PR R 1
(urine total protein, UTP) ; 5 5 Bif iR % K LS M 301
S BKAEF IR 1L, 4°C 250> (3000 r/min, 15 min ) W AR IfiL
8, 5776 - 80°C VKAR FH TR BUN  Ser K (2R
1 (albumin, ALB) 7K~F; &b B8 K B, HIME BUE, 87
e B S s — 2 B [ T A D0 (5
pwm) HF HE Je @ e st ge o o — 0
BT [F 7 IO A IR U0 R F 3B A T B R
(transmission electron microscope , TEM ) SZ5; ; By i 45
B A RIPA 24 3R BUEE (1, 40 % bR ic JF A7 7 -
80°C VK46 [T Western blot SZH
1.3.3 UTP .BUN Ser K ALB /K-l &

QR (R = 2 NI 3 5 e o E ) 4 X T 0 oL
24 h JRIKEFE A (UTP) .BUN  Ser #1FH #5 H (ALB)
K-
1.3.4 HE Je 5B U LU0 AR 1k

BUB A R, R AT s 2K e, R IR R &
P e e o, Bk E R, 7RO R R E A
LURIIE S
1.3.5 TEM UL F LU AL

V8B R AR D10 R S D s PR TR R A
FARPEERR AT WE YL {5, TEM T WLZE B /N BR R 1 45
¥4, 3 H Tmage J BAF5 3105 R RIE—"E V1 i
BEEIBAENL 5 A LEF T B /INBR LRG| 2 200 if 2 45
e e b R T N L[
1.3.6 Western blot #il]

¥ 20 e B FRES UK DR L B E
FHE Pk, TH U # B AW 9 £ & ( polyvinylidene
fluoride, PVDF ) &, B £ M J§ B9 i 5 pAMPK
AMPK ,GAPDH , LC3 . Beclin-1 . Atg5 . Atg7 . NPHS2 .
pmTOR .mTOR FeS M —$HFHE (4CHR) , 255
“HURE (IR 15 h) HE RO R &A1, TE
BEIC R 2 S0 1 i 5 b B DA IR 43 B A X K B
(Lh GAPDH HNZ)
1.3.7 Bt

B AU &k R BrREE B RNR PR
FALEL IR T M/NRIR Beclin-1 S NPHS2 4§
PP E (4°CHE%) W H TS (Cy3) F
Wi/ B (Alexa Flour 488) %t — Pk Y IF &
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50 min, #45 i1 DAPT YL M A% ) B R, 90 1 3
T (FFEBE SRR WA IR, 2R 55619 Beclin-
1N A WA 21685 56 i NPHS2™ 41 ity 2 41
J, Image J BEMLSGE T 4E RR AL — B U1 7 9B KT Y
BEAL 5 ALEF B /INER X S8k i 9 65 B, 15 350
1.4 FitEHZE

Koy d GraphPad Prism 8. 0 BAF AT AT AN
YRR, T TR P BB e i 22 (wxs) o, 241
B L4 R FH B TR 28 7 2% 0 B Fil SNK-q R 56, P<
0.05 Fm2 R HAGI =R L,
2 #R
2.1 Hyp X &E{IE+REVE I

AT N 2H, NS 4 UTP .BUN Scr 7K - i 3 14
7, ALB K i 2 AR (P <0.05) ; #HEL T NS 41,
Hyp #H UTP BUN ,Scr 7KV 8 B, ALB 7K1 8. 3%
Wiy (P<0.05) ; # tbF Hyp 4, Hyp+CC 41 UTP |

BUN Ser 7K i 3 14 25 ALB 7K F 1 K (P<
0.05), W3 1, /R Hyp Al k3E NS KRV /NERTE
T IIfE,

2.2 Hyp XBHARSH I

Wi 1 PR N AR /NER VB NVETE SR R 4
AT AT s NS 1B /NERIRBRAZ O R IEEE B A R

B /NG 25 U AR Hyp HAEIEEHEKE; 5 Hyp
Y LR, Hyp+CC 21 B HOE S 80 03 I o, B /N s
WA MRS 2 IR Hyp AT 42 NS K RLUE 441
it .
2.3 Hyp X'B/IEkBHEHRI T

e 2,3 2 s, TEM T A] UL NS kK FRIR R AR
R AR R SR BOTERL G, mEfk
B zs , AH LT N 2, NS 21 F5 R 52 14 e 28 5 13
FHEIN(P<0.05) ; ML T NS 41, Hyp 2L s E
FIESE T8 1 & PR (P<0. 05) s #HEL T Hyp 41, Hyp

&1 %4 UTP BUN Scr #l ALB K- LLEL (2+s,n=8)
Table 1 Comparison of UTP .BUN Scr and ALB levels among groups

215 R (mg) 1fit /R 2 2 ( mmol/L) I3 WU ( pmol/ L) HEM (/L)
Groups UTP Ser ALB
23y
B4 6.28+1.47 4.27+1.05 28.61£2.53 43.89+4. 16
N group
BN LE AR , ; .
FEs 45.37+5.46" 6.86+1.16" 46.02+4.17" 19. 46+2.53"
NS group
Koaias R
20.75+3. 52% 4.51x0. 73" 31.38+3.76" 37.68+3.17%
Hyp group
S 2B+ AMPK #0461 577 20
i A 30. 644, 274 6. 63£0. 944 40. 424,284 25.74+3. 024

Hyp+CC group

FGIERALLE, ©P<0.05; 5B EMEALILE, *P<0.05; 542641 1L, * P<0.05,
Note. Compared with N group, * P<0.05. Compared with NS group, ¥P<0.05. Compared with Hyp group, A P<0.05.

E1 SIS HLEME(HE Jef)

Figure 1 Histological observation of the renal issue among groups ( HE staining)

B2 A4B/NERESHRER

Figure 2 Representative image of glomerular transmission electron microscope
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+CC AL MRS IS M1 A2 58 5 )3t 5 38 v (P<0..05) R 2 AR IRF AL JE L AR (s n=8)
R Hyp nlU%2 NS K EUEZHZUE /Nekii Table 2 Comparison of glomerular basement membrane

thickness and foot process width among groups

B /NERBEIEBEBE (um) R TFEFE (pm)

2.4 Hyp X BEEEBMEHMEZHN

_ Q =]
flﬂ Fé—l 3 FJ?/j_\‘ ’ NS éﬂ LC3-IT/ 1 Hﬁﬁ . Beclin-1 Cfi:gs Glom}(jrular l})lélsiment Foot 'l:;(;lcess
: thic SS widt!
Atg5 \Atg7 Fil NPHS2 & /KB EMLT N 4 (P< S membrane thickne h
0.05) ; Hyp #1 LC3-11/ 1 . Beclin-1, Atg5 ., Atg7 £ N group 0.220.06 0. 14:0.03
R St g BN LE AL . )
NPHS2 & FI/KF- 2 & 15 5 T NS 41 (P<0.05) ;1M %ﬁsgrojﬁéﬂ 0.34+0.08 0.2120. 04
Hyp + CC 20 LC3-1/1 . Beclin-1, Atg5., Atg7 # %ﬁ%ﬁ?ﬂ 0.25+0. 05" 0. 1620, 04*
’ A 2 4 = f—
NPHS2 i E K- AT Hyp H(P<0.05), #n L AMPK
Hyp AT 3 NS KR 402 A WK, ERIE 0.310. 094 0.200. 054
], ke N Hyp+CC
2.5 SRV G MR 7E I NBR R Y kil _
g FESIERALE, *P<0.05; 58 aMmA, *P<0.05; 54
E i 2R A, 4 P<0. 05,
e 4 &5 P ’Eéﬂiﬂ@%ﬁﬁ NPHS2 ?ﬁ'ﬁi*ﬂ? Note. Compared with N group, * P<0.05. Compared with NS group,

#P<0.05. Compared with Hyp group, * P<0. 05.

L FIEWALE, *P<0.05; 5 ML AMALE, "P<0.05; 54 2HkH 41 1L, * P<0.05,
B 3 Western blot K&l LC3-11/ 1 .Beclin-1,AtgS Atg7 } NPHS2 & £k
Note. Compared with N group, * P<0.05. Compared with NS group, *P<0.05. Compared with Hyp group, & P<0.05.
Figure 3 The level of LC3-11/ I \Beclin-1,Atg5 ,Atg7 and NPHS2 protein detected by Western blot

4 AWEARFE A ARCE H R st g K

Figure 4 Representative images of immunofluorescence staining for autophagosome and podocyte marker proteins
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e, Bt AWK Beclin-1 HUiAFRIC, &
GO0, GOV AR PAELLAUEHE, NS
20 NPHS2, Beclin-1 AHXT2¢ 6 E 55 T N 41 (P<
0.05) ;Hyp 20 NPHS2  Beclin-1 75 [ AH % 2¢ 6 o Ji7
#F NS 41 (P<0.05) ; Hyp+CC £1 NPHS2  Beclin-1
HAXT DO BE 55 T Hyp 41(P<0.05) . #8278 Hyp A]
HEGE NS KU H 2 4 [
2.6 Hyp X} AMPK/mTOR/ULK1 i& 2% & 2%
mE 6 i, Mtk F N 41, NS 4 p-AMPK/
AMPK | p-ULK1/ULK1 o {H & 2 F% i, p-mTOR/
mTOR H{A &3 (P<0.05) ; ML T NS 41, Hyp
4H p-AMPK/AMPK | p-ULK1/ULK1 7K - % 3 34 i,
p-mTOR/mTOR {8 i ZE FE AL (P<0.05) s tHEL T
Hyp %, Hyp+CC %1 p-AMPK/AMPK , p-ULK1/ULK1
HoAE I 2 [ I p-mTOR/mTOR E B En(P<
0.05), #&/~ Hyp A& NS K RU'E 4141 AMPK/
mTOR/ULK1 i .

ESIERAE, " P<0.05; 5 KL AIE4LLE, 'P<0.05;5
LA LIE, 4 P<0.05,
B 5 4541 NPHS2 Beclin-1 AHX] 5 Y68 L 4%
Note. Compared with N group, * P<0.05. Compared with NS group,
#P<0.05. Compared with Hyp group, * P<0. 05.
Figure 5 Comparison of relative fluorescence

intensity of NPHS2 and Beclin-1 among groups

T HERAILLE, © P<0.05; 5BME AR AL, *P<0.05; 5o 44l tE, * P<0.05,
Bl 6 Western blot £ll AMPK/mTOR/ULK1 il # & 11 /K F-
Note. Compared with N group, * P<0.05. Compared with NS group, *P<0.05. Compared with Hyp group, * P<0.05.
Figure 6 Level of AMPK/mTOR/ULKI1 pathway protein deteced by Western blot

3 itig

NS B M AT AL AWEES S 2K [ i
Y T ELATT G, (B R RS B A A
HRCRA R, B 2 FO — M R A A B T iR
25 AR N 25 W A 0 7 TR R B A i
B PR A A RS S S A R AR S T R
P39 T e Y i e S AR AR, Xt i
W0, INTITZ S B /N Bk b K 240 B s T i S Al B
WA IEL I 45+ R DI RE, 7 2R 3 R, IF 5 BUR /D

TR NER & A e BAR AR R bk B T R
SETIE NS KRB R A S 807 %, HA B e
B AR ST R AR AL, E) Tz
T NS IBIT LW ZRF o PRI g A
RIZH R ERAE GRS 15 K 24 h JREEA & &  BUN
F Ser 7K 258 T 0B KB, 2R W1 i &2 i By
RERL Hyp O 90IESCEA R E 20 6 T4
P45 ol ot PR A 3 A A R T
T PR A O B/ INER SRS BB 0 AR, TR
Hyp FIYER B 254, ABE5ES Zhou %" 5T
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*ﬁ(,Hyp ] FEA NS KBl UTP . BUN ., Ser A1 ALB 7K
U B /N R R B AR ORIV R 4 A i
ik T R AT, B Hyp TR R A4S
PR R /NER B T AE, X NS K BB 0 A R
1EH.

SR — 28 A R £ R TJ0 ik il L R
Frfb b B2 AN, £ LG B /N R IR B B A0 M 4 5
A A I o e, LA S 0 e B P A R T A e A
FIEKE S RS, AWK AL 5 e i
MRS VIMK S 5 LM BRI LR 41
M Y LC3- T 585 A5 Bt £ BER 45 A I 1 A8 A i
R LC3- 10, 2 A WER B 0 D AR R S FE ATG
KRR MIVERTT A WA — 25 e 5 53 41,
Beclin-1 Al E I FAZEHAL AW E A S5 A a2
fE s i, LC3-11/ 1  Beclin-1 Fl ATG %5 [
FEARMAR R A WG . TEARHF ST, NS KR
LC3-11/ 1 Beclin-1 Atg5  Atg7 & 117K - FEAR ; [F] s
JEANMIAE S AR O NPHS2 FRIkREAK, I NS 41K
B FH VTG AN 2, S BCZ AN g R A
RN R L R, 4T Hyp T
WiJa, LC3-1/ 1 | Beclin-1, Atg5 | Atg7 & [ 7K F Fl
NPHS2 A7+, #2785 Hyp nl 8558 NS K KA W
W IO R A RS AR R AR E L SOk,
REPE N & 4 T B, B 414 H NPHS2 Al
Beclin-1 A% % b i 34 52 NS 41 Hyp 41 N 41Kk
W e, 5 Western blot 45 2R & #4177, H
Beclin-1" A% €5 [ W44 2 2240 A 76 NPHS2' AU 41 (4
JE AR R BT AZCIE T AR 0 R 1 IO T 3 R ) L
.

I TR Shyadh IO o7 95, 2 0 % A 0 o ) T
Bk, ok 4% 40 i 94 405 s AE T2, AMPK/mTOR/ULK
5 T B W S — L AMPK Dy R
RE B 12 80 ok B 4R BRI AL T % AL ULKL SR 4E4F
MR BRI AR R AR A AR L
mTOR .38 52 8% 12 1k 15 1k, 1% 1k 1% mTOR 7] 41
ULK1 A 3876, J2 A ot A o6 o 6 3 1 37007
AMPK/mTOR i % £ 9 IE 52 25 B K U A gtk
&, AMPK/mTOR 38 i P30S A R T 3 WEAAR I TE B
JE 20 A R R s B R 45 A ks ) Hyp X
Wi EL A S R A A, — D7 D Hyp ) 3 2o 40 il
AMPK-ULK1 A58 [ Wik il 55 D -2 2L 0HE 5 10
B0 5 55— Hyp nlEad s TR
BT K F 1 (silent information regulator 1, Sirtl)/

AMPK {55538 [, AR 2 15 At e i o A R
BUEARIE ) e e s b, Hyp ATH4% AMPK 55,
VoSN [ R T, SR A Y AR ST
25T Hyp T 15 KBl p-AMPK/AMPK #il p-ULK1/
ULK1 7K “F-# fi, p-mTOR/mTOR 7K - R A%, 45 &
Hyp Al 34 /n LC3-1/ 1 . Beclin-1 1 ATG & 147K -
FIZER, $E78 Hyp ol {2 #F NS K BRI AMPK/
mTOR/ULK1 F Wi #% 3% 1k, BL4h, 78 Hyp (9 3Lk
>R AMPK/mTOR 38 # #ll il 57 CC #7] AMPK/
mTOR/ULK1 i % (% 1% 1k, 45 R 7R, CC Al Ja 55
Hyp f 2 48 Jfa O 4 45 FH SR B VR T, 38 43 HIK 9
Hyp % NS MRS 8CR , 59E T AMPK/mTOR/ULK1
PR AT AL AE Hyp 4597 NS K BUE 40 i 475 b ok 4%
THWAEA , AR EE R Hyp £ NS il i%
% AMPK {555 &4 A WELE A, #:00 Hyp XF F w52
RPN 242 HEVE L, BT AR 5 5 0 b 28 o R A
K, ARV B[R] — 95 A AN [R] s 1A JFE 1 g /K S 2
ENEILDN

ZE L RTIR  Hyp nl b e oF B 4 A s, i 2
20 A 5 45 52 BT NS R 97 AR, HoR AMPK/
mTOR/ULK1 38 % Ry HAR o [ W 2, F —
N o B AN, — 2T Hyp X2 40 A A W Y
YEFAML

S 3k

[ 1] Rodriguez-Ballestas E, Reid-Adam J. Nephrotic syndrome [ J].
Pediatr Rev, 2022, 43(2) . 87-99.

[ 2] Ijima K, Sako M, Oba M, et al. Mycophenolate mofetil after
rituximab for childhood-onset complicated frequently-relapsing or
steroid-dependent nephrotic syndrome [ J]. J Am Soc Nephrol,
2022, 33(2) . 401-419.

[ 3] Barutta F, Bellini S, Gruden G. Mechanisms of podocyte injury
and implications for diabetic nephropathy [ J]. Clin Sci, 2022,
136(7) ; 493-520.

[ 4] Blaine J, Dylewski J. Regulation of the actin cytoskeleton in
podocytes [ J]. Cells, 2020, 9(7): 1700.

[ 5] Miller-Deile J, Schiffer M. Podocyte directed therapy of
nephrotic syndrome-can we bring the inside out? [ J]. Pediatr
Nephrol, 2016, 31(3) . 393-405.

[ 6] RePiey, UGG, 20%H0. A9l 134 SIRT1 34350
B o R B B R A D Y R AT 2 A B [T,
PP AR, 2022, 38(4) ; 680-687.

[7] WulL, LiQ, LiuS, et al. Protective effect of hyperoside against
renal ischemia-reperfusion injury via modulating mitochondrial
fission, oxidative stress, and apoptosis [ J]. Free Radic Res,
2019, 53(7) . 727-736.

[ 8] ChenZ, An X, Liu X, et al. Hyperoside alleviates adriamycin-



[ A R 2R 2k 2023 4F 11 ASE 33 %55 1130 Chin J Comp Med, November 2023, Vol. 33,No. 11 95

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

induced podocyte injury via inhibiting mitochondrial fission [ J].
Oncotarget, 2017, 8(51) . 88792-88803.
Zhou J, Zhang S, Sun X, et al. Hyperoside ameliorates diabetic
nephropathy induced by STZ via targeting the miR-499-5p/APC
axis [J]. J Pharmacol Sci, 2021, 146(1): 10-20.
wES, whn, XK, S R BB R L e A et
FEAGHE (1], SiPBEAIERE, 2018, 39(5) : 61-63.
NG, B, KR, . 6T AMPK/mTOR {5 5@ H /v
I H BB B 2 B0 2 M TS M I 58 K B 2
WGP R (1], i B B4 R 2% AE, 2022, 38(2): 311
-317.

AT, B
méﬂ]ﬂ@ podocalyxin , a-actinin-4 fFZI [ J].
W%, 2022, 32(12) : 49-56.

o K. BRI U X B R R R B
[ AR R A A

Chen Y, Ye L, Li W, et al. Hyperoside protects human kidney-
2 cells against oxidative damage induced by oxalic acid [ J]. Mol
Med Rep, 2018, 18(1): 486-494.

An X, Zhang L, Yuan Y, et al. Hyperoside pre-treatment
prevents glomerular basement membrane damage in diabetic
nephropathy by inhibiting podocyte heparanase expression [ J].
Sci Rep, 2017, 7(1) . 6413.
Tagawa A, Yasuda M, Kume S, et al. Impaired podocyte
autophagy exacerbates proteinuria in diabetic nephropathy [ J].
Diabetes, 2016, 65(3) : 755-767.

Chen XC, Li ZH, Yang C,

et al. Lysosome depletion-triggered

autophagy impairment in progressive kidney injury [ J]. Kidney
Dis, 2021, 7(4) . 254-267.

Sun B, Zhai S, Zhang L, et al. The role of extracellular vesicles
in podocyte autophagy in kidney disease [ J]. J Cell Commun
Signal, 2021, 15(3) . 299-316.

de la Ballina LR, Munson MJ, Simonsen A. Lipids and lipid-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

binding proteins in selective autophagy [J]. J Mol Biol, 2020,
432(1): 135-159.

Hill SM, Wrobel L, Ashkenazi A, et al. VCP/p97 regulates

beclin-1-dependent autophagy initiation [ J]. Nat Chem Biol,

2021, 17(4) . 448-455.

Li W, He P, Huang Y, et al. Selective autophagy of

intracellular organelles: recent research advances [ J ].

Theranostics, 2021, 11(1); 222-256.
Puustinen P, Keldsbo A, Corcelle-Termeau E, et al. DNA-
dependent protein kinase regulates lysosomal AMP-dependent
protein kinase activation and autophagy [ J]. Autophagy, 2020,
16(10) . 1871-1888.
Xiang H, Zhang J, Lin C, et al. Targeting autophagy-related
protein kinases for potential therapeutic purpose [ J]. Acta
Pharm Sin B, 2020, 10(4) : 569-581.

Liu H, Wang Q, Shi G, et al. Emodin ameliorates renal damage
and podocyte injury in a rat model of diabetic nephropathy via
regulating AMPK/mTOR-mediated aulopha y signaling pathway
[J]. Diabetes Metab Syndr Obes, 2021, 14. 1253-1266.

Liu B, Tu Y, He W,

et al. Hyperoside attenuates renal aging

and injury induced by D-galactose via inhibiting AMPK-ULKI

signaling-mediated autophagy [J]. Aging, 2018, 10(12) . 4197
-4212.
FEm K, BaJr, SR, . S2HTENE Sinl/AMPK A

IS8 % TR A A B O B A R B A R 45 4 1) L i
58 [J]. TRESGEA AR, 2023, 39(3) : 434-444.

Kong Y, Sun W, Wu P. Hyperoside exerts potent anticancer
activity in skin cancer [ J]. Front Biosci( Landmark Ed) , 2020,

25(3) : 463-479.

(e#s HH#3)2022-12-20



2023 4 11 H
338 H11l

rhE H AR R
CHINESE JOURNAL OF COMPARATIVE MEDICINE

~L U

FoR November, 2023
Vol. 33 No. 11

XA —, FIER. ARG AR PR (9T 20 [J]. B R R 222G, 2023, 33(11) : 96-103.
Liu SY, Wang ZB. Behavioral assessment of the Parkinson’ s disease model in non-human primates [ J]. Chin J Comp Med, 2023, 33

(11): 96-103.
doi; 10.3969/].issn.1671-7856. 2023. 11. 013

RN R K00 5 B s WA b 5947 o0 22 PRAG

5=t EEH

(LEWH T R%R KB ELRGE, A ddE AR KA Y EHEREGLRE,BW 650500
2. AmP R R KA EAEE IR E R 650500)

[HE]

WP R (Parkinson” s disease, PD) J& — R Z2IB AT ML , H A AR AL AT, S5 25 305 5

MR E S FARE SRR . et S S S I BEFR 3R AR UL R 3 IR IR , 5 BORH 5 19 1 PR RIS A 58471 Joy BR 1K
FENR KSR RERS R B VRAN X R B A AR AR PD BERY 432 2 Rz ghai R 59 A4 R T Ko bl
W FRAT T BT AL T A T AR T R it ATy 5, RIS He T AR5k Z B L4k, AT PD AR iF

FEARME T A2 2%
[ X&&ia)

[FES%ES) R-33 [ XEkFRIZE] A

WA AR s JE N RASZE PP 132 s RS 20328 Bl 5 G i A DA e
[ XZHS] 1671-7856 (2023) 11-0096-08

Behavioral assessment of the Parkinson’s disease model in non-human primates
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Science and Technology, Kunming 650500, China.2. Yunnan Province Key Laboratory of Primate Biomedicine, Kunming 650500)

[ Abstract ]

Parkinson’ s disease (PD) is a neurodegenerative disease. Its pathogenesis is currently unknown.

Patients may present with motor and non-motor symptoms. To explore the mechanisms underlying these phenotypes,

appropriate animal models are needed. Rodent models only partially recapitulate the symptoms of PD. Therefore, relevant

preclinical studies are limited. Non-human primate animal models are better able to recapitulate such symptoms.

Quantifying motor and non-motor symptoms in non-human primate models of PD is useful to study its pathogenesis and

treatment. This review summarizes various approaches to quantifying behavioral paradigms and compares the advantages and

disadvantages of the approaches. It also provides a reference for behavioral testing in PD monkey models.
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s disease; non-human primate; rating scale; fine motor; mental disorders;
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Table 1 Comparison of content differences of eight rating scales
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Figure 1 Schematic of a Brinkmann plate at rest and rotating
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T FE i, S F-3R PD R & R L S A
ARSI
4.2 MHEFMEXHINGIERS

T EOA N A (%) 4 A AN S AL R A
WFFEIA A X Fh ARG AT BE 5 2R A D e R AR OE
BTy B — 2D Bk, AH DG 14T R e 98 7 A4S
— B AR IR AR R AT 55 FIRLSEAT 551

FERTZRAE S5 T, ODRT et A5 I 2l 9y X A 7 4F:
SR AR RE I HR LT W 2 s A T A A
7K B B Y 8B SEE 2 S v AR 55 TR 2L A
SR RAE B Z RIAETE th 521k | ) s SR SE 52 0H
HARBCE W), X FhaE g 2 A7 i HoAE B AR ) B AE
SRR ) RERE ) AR AR, i LAAT LU T4 A
HIfE

52 08 & 0] AF FiE 3R 2 W AT 55 ( variable
delay response task, VDR) ' Fl& ik 438 2 AT 45
(modify the delayed response task, MDR)'*! VDR
155 =2 mT AR+ A A 00 iC 2 i e g, B e
fCRE I RN RE ) AR 2 ) — &R 4y, AT 55 2
P AT X £8 2 B 2 B I3 R 0T B S R R 43 20
(wisconsin card sorting test, WCST) AR AR
XI55 H A 5 A JLASAS [ Y I3 el 45 R 38 )
FRIEANWT & A2 22 | 33 2R s ) 06 2 R 5 2 1Y
TS SREMS DT AT 2 3 90 R PR A T 0 RS T

PD iRz shdE R B AR A Wz e SRS
AR AR R R A8 48 1E R I PD
SER, HAETATRZ PD gh ki B e 2215 i [A] £ J&
A, IR Y PD R, RGP AR G i A 7

VAL S X AEAR AR PD L g R ARG
PIRIZIET A W hr 25 1 7 2 | A0 e 22 AR 25 )
T, 2 DR 7 R W P G 00 458 8 1 A e 2 i)
IE‘O

5 FARKEREFERPITAHAFHEXREER

XFFAE AR KL PD BB ROITAR B T LA B A
AT R A8 bR, 0 0] DL & — e IR 2 F5 b — i iF
Fro0bT A S AR e A A AR 2 i Fig 27 o3
Mrée, AR5 A 3 545 & 13k 4R &
( magnetic resonance imaging, MRI) ! B57 % 5f
T AL W )2 49 4 (single photon emission computed
tomography, SPECT ) "' I IE H1 F % 5 W7 2 43 Hi
(positron emission tomography, PET) %%, FJ DX it 4%
¥y IHREFI > TR LS5 HEAT LR, 45 847 P 8 R,
AT LATTAR H A Y S5 A S5 ARG 54T 2 IR R R
AN IR B I Y — 26 i AR AL, WA
R LA R A s ic W ok il PD BYAETE, Hidh 4
FETERNE W (CSF) (M 1Y a2 flA% 8 H (o-syn)
i R TR AR M OC AN AT microRNA S
FRIER ARG 4 Horh — 2 Ybr i ) 45
BB A LU SAT AR, 7T LAXE PD A B
B2 WP AR S50 A0 1

DL _F ARG 5 v T LATE TS (R 3 ) b S BEXS PD
ST , o L2 A I D0 m] DLAE 20 2127 2 D6 PD Y
—SEFRBR AT RN | 25 S 174 o B G A . R B
FNBOIRAA 1 22 T e Be i 28 T B8 i 5 g vh U 2
SRRSO AR 996 BEVE c-syn AR SR Y

R 2 AEARREME MRS T PR R

Table 2 Nonhuman primate psychopathic-like behavior scale

ik Wb B/E

Behavior Standrd of scoring Yes/No
gk a. BFNTCHE B SV 15 AN [ 7 I HURPEEE ) s b. K 15 (510 s/min)
Anxiety a. Hyperkinesia: fast driving, mechanical running in different directions;b. Sound (>10 s/min) 0/1
KISERERLRE o AARDT SRR BB (> 10 o/ min) sb. SEBL: BREFRRIL, I IILEE F— )7 17 (210 o/min)
Fantasy-like a. Following of non-obvious stimuli (> 10 s/min) ;b. Gaze: keep still and observe the same direction for a long time o/1
reaction (> 10 s/min)
SRIAPEREE IR/ R (S BE 2 )
C Isi

omp.u e Repeated scratching/combing (> 2 times/min) 0/1
grooming
SR a. ZeATBRER  RHUBRIR (> 5340 2 UK) sb. SKARSIE . A A R Bl IR R (> B340 3 1K) 5. ToH LR

BRBR (> B4 2 U0 5 d. AU LTI (>4 2 %0

Stereotyped a. Jump left and right: quick jump (> 2 times/min) ;b. Head movement: left and right rapid swing, large amplitude o/1
behavior (> 3 times/min) ;c. Aimless circle jump (> 2 times/min) ;d. Climb up and down repeatedly (> 2 times/min)
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ARG AR ok U T R E TR A AR BEAE T
PRI E AR AT SR 4 T, ] P &5 45 A7 A A D0 45
R, Al LUHS B 42 6 — 26 Al i2 g e IR s B9k B
LI

6 Z5iE

AL LS T AR AR K PD BRI 4%
iz SRR AR IZ ShAE Rz R A I 5 1
B BT % | REAE BT 538 X AN [R) D7 1) 2k
FraRBUMPLIRES & A, 3 FAEAR A R K250
Yo B E AT PD SR SERIBE S e o i
TH,
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Advances of CREB in the regulation of memory through synaptic
plasticity and its relationship with Alzheimer’s disease
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[ Abstract]  Alzheimer’ s disease ( AD) is an irreversible heterogeneous neurodegenerative disease. AD patients
have memory loss and impaired synaptic plasticity. In view of cAMP responsive element-binding protein ( CREB) , which is
intimately associated with synaptic plasticity, this article summarizes the research progress on the structure, signaling
pathways, downstream genes, and relative memory regulation. The involvement of CREB in AD development serves as a
reference for AD researchers to improve synaptic plasticity.

[ Keywords] CREB; synaptic plasticity; long term memory; Alzheimer’s disease
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modulator, CREM ) A1 3 1% ¥% 5% [ ¥ - 1 (activating
transcription factor-1, ATF-1) P[] 5 5 PR A [R] 44)
CREB #3755 o AE Jy — i o 2 0 2 S T
¥,CREB Z 53545 M B R A7 20K 15
53 (L B A T A 7 T 3 T A R
TUARSCAR 1 10 3 3K A48 B Pl 28 50 S B A i 28 3
PRATRE , 2R 204 A AR AT ] SR S 2y ]
A2, IF 5 A4 ARAE KT Ao R0 RS AR AR
R AT 2P ZRG BB I A R SR IAR G

1 CREB W4&#5#iE

CREB % 1/ ZELEM AR Q1 X 4SS
ZER I (KID) X, Q2/CAD [X 5% 5 R 7 5k 435 #4) Jaf
(bZIP) X 4 ANk, 1 TR C i Y LA 45 1) 35k
4 CREB 5 DNA 454, Q1 1 Q2/CAD PiA4~454
WA R NS E BN, bZIP X515 DNA 1945
AR AL, AR X iE CREB 5 300 1 80 4%
SREEWE A, KID X1 Ser-133 R ILBE MR L5 5
RS T CREB 456 H ( CREB binding protein,
CBP) Z54 , TE INTESUM S 1Y & RS FE B g 4 T T
CREB 54055 SEHLAS AR B AR FHA 3 5% SR AT, i
THFEAT RSB N2 | Ser-133 37 45 J& CREB B0 1Y
PRk, WF5E & B Ser-133 {37 s538415G (1) CREB X4 5% 1
i, AR R 1 Rl A 28 A%, 2 Ml mT 98 M RN 23 )N
HURHAE T AFTEEAI/EH . CREB S133A 2278 /N iR
FEZS IO A 2 A% Hn R A 22 r 67 55 7 THT 2R AL
YR T Ser-142 37 45 B MR 1L 5 1 i CREB
TR ISR L [ SO 1 TGACGTCA”
J& cAMP R JGfF, Al #% CREB FE5 M50, AT
YR CRE JF 97 22 55, {2 < CGTCA ™ J3 51| A Xt
(S R

METPER T A KT GO
SR (G-PCRs) LR R 7 45 AT CREB YW R
b, % ULAY S CREB B R 1k 1% 388 B 44 SR 5 mT 4 Ry
cAMP {5510 i 58 755 0 i A K E 715 S8
JE S5 05 58, U465 Ca/CaM/CaMK/CREB G-
PCRs/AC/cAMP/PKA/CREB ., RTK/Ras/ERK/RSK/
CREB 1 RTK/PI3K/AKT/CREB {3 5 i f% 2% | i
43k & ¥ PPARo/CREB™ 1 CCR5/CREB 1
g% 4E 1 W5 R B ( protein phosphatase 1, PP1) J&
CREB fx LB IR, 10 CREB 1KLY Bk
FRALAEM AN BIFSE &K B CREB 7 7EA 510 84 , BHL
Wi CREB 1145 554k ] 345 #2805l 28 AR 28 4

PR AZ U

CREB J& % 55 X 1 [ 2% (1) F 2240 558 43, CREB
I B SR 52 He SR T A ) 5~ 2L [, CREB
PR SRS A 45 U005 2 1 - 1 (activator protein-1,
AP-1) . CREB 8 ¥ 1y % 5% % ¥ 1% [ + ( CREB
regulated transcription activator 1, CRTC1) #1 CREB
24 251 (CREB binding protein, CBP) , AP-1 J&4%
MR DLHEH 1 Fos F1 Jun 19 5 R AK il 4 4 5
CREB P 5K P81 5 floh i 2 11 2 ik 5 H 1] 42 41
o fln] B4, CREB ST IE S (52 141y AP-1 i) 3%
B FREVIRA T A2 e H 1 CRTCL 17T 58 fih
b FERTFR RIS CRTCT 8 85 U 5 85 I8 ol 17 1t 9%
W R AL N, 5 IR ARSI AZ 32K (fed-
state sensing nuclear receptor, FXR) e R
CREB'''_, CRTCI A% N FiL3Z cAMP 535"
CRTC1 5 CREB f bZIP X 454, f2i#f CREB 5
DNA LS54 TS CREB BYAERERRILAIRES " |
CBP/p300 HAHE A LB RGP, 5 CREB 1Y
KID X254 I 5H1 Serl33 A AHEAR M @i
N p53 ., ATF-1,ATF-2  junB | c-myc , E2F | c-jun ey
S FA T

2 CREB W TiEEREER

CREB # Z M558 K W5 J5 , 7T 7E T 40 JH
20 0 RIS 1 200 i 19 43 A 48 < A 3 7 oo e rp R P A
M. C#fixER CREB HFRHEPE I 100 F, ix 463
HTELS ) L&A — DA CREB 454 3 55, 5%
sk (5955 M &AL i ACH J0 i 5l 5 4
K g s rm >,

CREB R 38 12 98 5 9l 55 PR 5 5 fink w98 42
—J7TH , CREB W] J{TE — Z2 51 5 i w8 14 A 5C 3 K]
£33 BDNF ,NGF _tPA  Arc . PPARGCI . PLCy. VGF
4E05)  BDNF Ml NGF M8 57N F 78k B i i
TSR 2 T MRl e g8 AR K, R TR I A0 R T
YRz AP 4G TR LA . BDNF 7815 5k
Hg SRR TE S T RN S il S A B R R 55 0
WARL T 43U R A T AR 1035 3R RN 22 8 e
Wi, N FIARSMIESE % B8 BDNF 7] fi g pf 28558
R, B S AN LTPYS | A g —Fh s 4 R
-, BDNF X 17 22 i 28 FIAE #9548 B A 3R 97 1
F117 BDNF P85 PR 2 R G R & 5T B,
FE LTP Hhvid £ 384 i 2 fih 28 0 1% BE J3C0 775 53 fioh 119 &5
FRThAE , ZIO KA ER T . NGF i
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ARBRRE 2 S 7 LTPH™ . (PA SRS 22 B TR R
PG , R S 27 3 il i e A Oy 21 0 il , 1 il T %
PR AN A BT 3 Aok 9 Y A R 52 AR N 4% AR
PG B, 3 PRA 36T Are J&—Fh
AR FE (immediately early genes, 1EG) i i 875
AMPA B %5 & R % K ( a-amino-3-hydroxy-5-methyl-
4-isooxazopropionic acid receptor, AMPAR) Y %% iz Fl
24 B 4R s % i B0 OB S A 40T
IS ARSI 5, 2 EAZ A0 I N 1Y £ 53 R 1 A 25 N
PP AN & , T 55 A AR IR AF S, 5 LTP Y
KA SGUERF R IR OCY  PPARGCT 2 9 5 2k 14
e B L Y 2 TR 2 18 1 AL 2T 4 52
LRI B RS T LY L PLCy 38 B TekB 4
55 VRO R 5% fok T BNV S B, 2 B AT
WIS SRR I D e VG J&—Fh 43k
Z I, TERI 2 A0 B Fpf 28 P 3 0 A A b 4 3Rk E
7 TS 5 by 500 R I 2 il A3z 2

F—Ir, VR 2 BRI B B R sk T,
U C/EBPB Egrl Nurrl %5 33X S8 3L PR X i 28 D) fig
R ) H S A

3 CREB &I R vl 2B =R |2

ST EVESE AR 2 RS 5 IR 2= T A
TOICI AR 277 2 filk iy RS R8T Ao 28368 I i 2
S il J B PRI B8 0 Bk oA 2 fik S5 e , 2 S BT 2 ik
RE AR PAR A 2 o] S 27 B AL ) 2 Mk 384 L 55
3000 RS AR AL ARG 452 58 T 9 v A
B, S Ml T F 1 A 28 4% i R IR 2 15 1 10 4 ek 2 | A
R G BT 20 SR 9 2 i R PR A
P2 TR T 12BN 2 fol S A P g€ AR K Y AE
7RI A K AR 55 (long-term potential , LTP)
K HFEER ] (long-term depression, LTD ) Bi#f, LTP
FLTD M5-R , 283R FVRH ELAE PR AH DG 28 ik £ 1
P 5% 5 BRI 28 B 4Ry o IR
i 28 BB A 1) A5 85 B[] 2 fik w998 P W - Sy e 4B 5%
fi AT SV (R 2 JLZZ R0 2 LA B ) A I 5 fiok ] 9
M (R L4040 7 L S b Re AR fL 15—
W Be A0 i N AR A 19 8 B AT B A 58 B B
FIEBER

ICPC R T B A 220 2, A4 A IS A A
ST VA TR R TR VARV 1B R R BTN VAW 3 5
{ERARX A O I AR [, 75 245 AR OE mRNA F
BAFSY ) ICICHENE S X T R, 78 K R 2

FYILEE , PEICHCIE Y A ] B B 2 finh T 28 P 4% 1Y
VEFIRI R I 2 R S P2 B9 R LS 5 4R 1
HRZH /N B O B AR/ B i mT S8 1 B 1 e, Y 28
YRR 5 5 H ok 2D, A= W) I % 458 43 BT (ingenuity
pathway analysis, IPA) 255 &H] CREB 7E 1% 28 fill 7]
IRPERR 2 I 25 v b i b 7 B AH BE 7 AR X BRZH /)N
fL, ZAE/NRL CREB (AW 8 R i L5E
FAFIR , RNA THLHIEE A S8 % 35 CREB 15T
JEI K B BREE S 2T RE . #H I, CREB
ELSvie D) 1110 TRl vZe: L R

CREB 3 2 15 55 28 fih v 28 P 9 99212, 2%
MRIIEZ . BF5E A BRI & CAL X CREB %%
SR F RGN IS, 5 BATAH /s BRI e 12 T8
W22 5 KRANCAZ Az [ilic 1232 481 . CREB &
PAEMIEZS 5/ ORI R CRIBEZ MK
WA B S Y CREB X 58 filh i %8 1 1
PR R BAE LU JUAS 7 . (1) 520 85 Ui,
CREB 03 J5 P45 By e 1] 458 Na™-K ™38 18 ) 758, 44
BT U Ign, B Es  iib (2) R B TR,
CREB i J 2 ik /iy J5E A4 22 328 Jo 1) R 03 I, 5 i
KRBT, (3) REMAR 2 TT 24 A 1k, W58 K S
P S A= TR AT L AH [ 2 2 %) i B PP 7E CREB 3 3R 6 40
JL 5| B v 1 2l A r A B SRR Y Bl 4 H A s e
€, CREB i Jim 165 S DX MU S #4200 L-LTP 5%
INEO RIS TERE N, 1y CAL K& TT
L-LTP s 2 IR (4) SRy 28 1
TR TE I, ] CREB J5 R H ™, (5) %
M) 5 A B AR SCRE DR ) e 3%, i 9 4 R DG A P
FEUS . CREB 3 3 35 [ A5 B 46 70 19 2% 4 M 1 52
Wi 28 T HE AL AZ B B a] REVE, 3G TEG 1K
K PRSI AE S HE R A e 5%, SR ICAZ B8 3 BT
SRt MIREE & A AR KR CREB 2 5 i 2
AR A B it 13 2 e i 1) TR P, S o 5 H
TR TCR IS K H | 55 ] b BT 3 4 O i, 78
A R S vh R AR Y
4 CREB 5 /R% 5 B 5% ( Alzheimer’ s disease,
AD)HIX &

WA B CREB A2 17 24 28 n] S A O
FED e 53¢ b 895 AD AHOCHEE FHMERGA . %2 CREB
PR B E A B R 2 P S5 A O O B
( ankyrin repeat and sterile alpha motif domain
containing 1B, AIDA-1) 3= 270 4 78 28 fifh J5 %5 FiE [X 35§,
(post synaptic density,PSD) , AIDA-1 F&[H (115 537
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CREB JA#E" J&3B KA AD 1 18 KU 6 107
—J7 1T, ATDA-1 35 N y— 20 WA AR 7315,
FEAR AR 8™, I3 — 7 T, AIDA-1 2 58 fill 5 %% B2
# H (discs large MAGUK scaffold protein 4,PSD95)/
N-H Je—D- K& &R Z K ( N-methyl-D-aspartic acid
receptor, NMDAR) Z &Y 1455 8 H , 7E NMDAR 4
S 5 i A% i A RT SR b AR E] /D D AIDA-1 2R3 5
FhiE EH AR ) 5 fik A S R B , ATDA- 1 PR Rt IR /)N Bl
W ShPESE I, BBk e AT

AD BH R E A RSB %
fisk AT B PR B O3, 2 JT N R & AT 4k 9E 45
(neurofibrillary tangles, NFTs) , Bd M€ 43 A 25 1 ( B-
amyloid , AR ) VLA I 850 K A0 T, 1 5 CA1 A1
CA3 DXHEMR I 25 T8 %% 2 B AT P 28 TT Y 98 Mk 7% 2
FEARIE AD 09 A 81 B B R A 2 — 3 S 8 filh S5
TR AT AR SER K (AB oligomers, ABOs ) PR
Ao BB R AR B M X E A tau
( hyperphosphorylation  of
protein tau, HPtau) 5| FEP O ABOs 5 % fil 5 R
NMDAR 456, 5248 AR A bk, AL AR AR 15
TR T AMPAR 1925 5% , S 3 onn ik 1, Ak
PRI B TR AT, 7 A 1) 58 fih B P Fe 44 2 2K
R AE T, DL Tg2576 . PDAPP APP/PS1 . J20,
3xTg SXFAD AU AD 5 3 K /) BB 7 26 20 1
W 58 9 5 fi T SR 405, LTP 24511, Tau 583
BB A6 B S WS | A 45 S IR o 1%,
Tau 57 I 10 4] 1 28 70 A= ARV 2% SE 1 Al % 2
BEAI% , HPrau MU B A 25, I8 i p 22 27 AE i 45, i
FIEH B REEH ™ AD BF NN CREB FI#E R
fL#) CREB ( phosphorylated CREB, P-CREB) A% 3% ik
IR AD W ISR APP/PST /N 3 H iR
P-CREB #] . N 3xTg /Nl CREB 11 P-CREB
FIRUIR R AR BB ULE AD H A0 BE
itz —, N5 K B AB,, 55 B P4 0T P-
CREB ik FRE 4 ABOs i S M 227G P-CREB
R TR, AR dE L F i NO/cGMP/cGK/CREB
A 2 M T S B2 iR IZ T BE

CREB 5 AD BRR# Y], H AD SR B J figh ] 48
PEBUISE T AR DUBURN NFTs Jig BT H B, ] EJ2
A3 L CREB 7T RE A AD VE7E B3R 7 AT
Z—, FYCBERR IR ( phosphodiesterase , PDE) #
il 370 A1 £ Mk JIE 5 7 W 40 ) 55 (acetylcholinesterase
inhibitor, AChET) £\ %% % Bl v] i i 4k ol 435 CREB

microtubule-associated

[ Ser-133 (i S BEFR L GE NI DI E, PDE B £ %
e /KM% cAMP F1 cGMP, #B/4% PDE 11157038 4:F
{2 ) PDE, 325 cAMP H1 ¢GMP 1) & &, 1%
CREB #F 1fif 24 3% K 990 12 Bl [ Ak %0 B fs 7
PDE4 $il57) & F 3% 2= 78 APP/PS1 /)y KLU 3 i 3%
7% cAMP/PKA/CREB i [, M35 LTP Bl , & %
G IR ey T k= S R TSE VAR ¥ = L g = ]
ARG PO U5 S 1 SD R SRR BR 9 DA R0 B o A5 7
i, BRI 22 AT R K IR A )02, $25 P-CREB
Ml AH G 1 BDNF  ARC 193255, Wi &M
%5 PDES #1451 ( PDES inhibitors, PDESIs) ¥ 1%
PERIZ RIS DK B ARAE MR AY PDESTSs i
1% cGMP/PKG/CREB i 3% in LTP , s /0> 48 fifd
JAT-, HPtau F1 AR F AU, Bt sh BE' 1 bR
PDE 1 50 71, BT &) VCAK E 8% 3E B AT 5 PPAR« 45
A, #E 5XFAD /N i 0% PPARa/CREB 38 %
PG E5 2 F NI, INSE R % BDNF, PSD95 F1 NR2A
I35, SNBSS 9 B B R EED S 4 HB 2K
(H3 receptor, H3R ) 1l il 57 2 5 it Jie o] 38 1 3% %
CREB 4319 A Wi 42 IR B AR i 42, W2 APP/
PS1 /N B i A 4 A 28 oe i 45 , e A I D B,
FEJEARYN M AR R T ] d ks AR SR BRI =
IRZEHUAMAR 25 Ho s M B AE AD K B A bl p-
CREB B35 A AR A2 Wl B o 38 3% 52 440 11 791
SR AE IR AT 236 3xTg /N BRI 60 i B, ik 20 8
AR EEH | 3 AR Ml HPtau i LR A I
i CREB 1 P-CREB W3k

5 HRWMRE

A RIPL AD 259045 AChEL( Z 43055 Ak
HTARA 22 b)), NMDAR #1055 30 ( 26 4 W) Fn it
T AB WHLR R 25 Wy Bl AL AR B, LA 25 nT 2%
fift AD SEAR , Tttt b 0 H A 259 al i
HELE AD [ EFRIERE, A 1) AD RSP TSN 2 |
AD KA R EHLHIKIB AR &I H 24 W 7117 AD
FO AR R RS T 25 A &, = AD YRYT
FIRIFSE 7 1] 2 — . CREB S5 28 fish n] 88V 2 V) 4H 56
MIFE A, AD % CREB ik MG M 490, F 80 H
S ATEAZ R DR B R 2 ik ] SRR 45, AR
SCESE CREB MZ5H 50068, 1944 T CREB i 5 i
5 G fl o] YA PEXICAZ T AE ] B CREB 3406 XA
AT AR . 75— YU [ Nl L 45 CREB
SIEBRG 2 fl T SA P R IR, A 3l G 2 A B Y A
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Progress of research into the roles of miRNA in neuroprotection against
ischemic stroke

LI Hongyu', LAN Rui’* , FU Xueqin', WANG Weiwei', ZOU Xuhuan', WANG Manman', ZHANG Yong’,
TANG Chen', LIU Shuang'
(1. Henan University of Traditional Chinese Medicine, Zhengzhou 450000, China.
2. the First Affiliated Hospital of Henan University of Traditional Chinese Medicine, Zhengzhou 450000.
3. the Third Affiliated Hospital of Zhengzhou University, Zhengzhou 450000 )

[ Abstract]  Ischemic stroke is a cerebrovascular disease that leads to high incidences of disability and mortality and
can be life-threatening in severe cases, thus, it has a heavy social and economic burden worldwide. The etiology and
pathological processes of ischemic stroke are mediated by a variety of molecular processes, some of which are dynamically
regulated after transcription. Increasing evidence has shown that micro (mi)-RNA, as important mediators of post-
transcriptional gene silencing, play crucial roles in gene expression and the pathological processes of ischemic stroke. In
this review, we discuss the neuroprotective effects of miRNAs in the different mechanisms involved in ischemic stroke. As

the promotion or inhibition of miRNA expression through specific drug and non-drug therapies may be beneficial to the

[ES£TH] EEARB=HES (81973618,81503422) ; 1l B 44 H S 25 B 2= F 58 £ IS ( 2022]DZX090) 5 I 44 H SRR 2 5L 4 BE i)y
i H (202300410399) ,
[EH RN ] 20T (1999—) Lo Wi -HAF 7T A, AFFT 5 1) . v P 12 285 45 3 )y 1) B FEREAFFT . E-mail : lihongyu03042022@ 163. com
[EEMES ] 225 (1984—) L Tt W AT B0, W04 S0 B3 07 16] . v P B 45 & i 20 2 AR DG I PR 2 S0 BIF9T
E-mail : lanrui0312@ 163. com



o P A PR A 2R 2023 4E 11 45 33 555 11 ] Chin J Comp Med, November 2023, Vol. 33,No. 11 111

recovery of ischemic stroke, the use of miRNA in clinical diagnosis and treatment are also discussed in detail in this paper.

This article aims to provide a reference for further clinical and basic research in this field.

[ Keywords)

ischemic stroke; miRNA ; neuroprotection; mechanisms of brain injury
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2 R — R R R AT R AR &
(0 G LB, P SR TR RN Y
REAAT LAy Sk i A4 B 25 R (ischemic stroke, 1S) A1
H ot i A v, e 87 % #9491 T T e af 7 i A
2 R A A B R OB A ( tissue
plasminogen activator, tPA ) % 1 Fl L% P 144 D7 %%
AR RIR YT Y 2T B, (H ks A vh s KK
AT IEATIRAT R TR, PR 1 28 200 0 52 i ke I
P — EL 1S BIAIT HAR,

miRNA J& T/NE ARG 5 RNA 231, A DLid i
HLIE mRNA (9 37 UTR SfeE mRNA F [ fif o 3 35
FEFFERT . miRNA =5 B8 9 3 A OG5 ik PR 3%
K R T TR BUE A B A2 oA N I
BB R R T EEEMY AR
TR miRNA 22 5 G i1 4 vb i pil 2 A 4 19
SCHRUESE , AT Hh HAE R 28 T O 05 T ¥ )
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miRNA J&H 18 ~25 M H BRZH i1 /)N 1)
AEZiH5 RNA 437, miRNA SKIR T 404 , & 1 e bk
RNA R4 I 5% 5% w9 miRNA | 88 J 18 i ik B
U E B AT miRNA , B 5 S8 6 7 51 40 i i vh
I BUEE RNA, B G 1Y miRNA . B2 Y
miRNA B REHCE] 52 (R 40 i b 2 5 3 SR It kA7 36
Fik A ZF AR 2 T %42 . miRNA JL
SPAERTAR AL B rh R R % 2 G HE E A AER, B
Wt 2 MR e R AR I ARTF W
miRNA A 7SR i A5 453 ) 6 5 oG 200 i =2 8] 1) 1
B 000 0 4 P 7 A Y miRINA AT 25 5 240 it A1 4 3¢
AN A 9 I 5# % ( blood brain barrier, BBB) ,
SR G S 1 PR I B A 2 48 S L ok o R
TYERS

2 miRNA ZE&R I 14 foi 36 dh 4 2RI E

PEAE , miRNA 75X 22 28 G P A A K e
il B mEENERY, Gamez-Valero 25" HF 57
W] miRNA XA [FR AT M 8 s AT pf & A 4
VEF 30 B W T i 2R 0 2 S VE AR A, A7 B T % 5
AR FHBAT R 2 T BRI 1) S5 IS BT, Bai 551 BIFST

WESKE, 7E WA 4 AR P Y, miRNA 10 5] 7 i 28 58 5 4
L ) NF-kB {55455 9800 1 i 28 e 5 20 v Ak
FMESNE , 22 W e P R 3 22, T 3R 3 1 p 28 4
PER, SR miRNA 7E IS H A2 AR5 L T fife
B RGN miRNA X S i 4 fi A o
AR 22 OR3P 1 P 55 4 ) 8 AE el /b 9 T | P I A
B A A AR 3 i b AT 8 R 2 O A
SEHLHIA G
2.1 miRNA P 5 E & R

RAE RN IS P TUIE T FEFE N Z
— U100 SORE IV A N B 1M 1 E VE 45455 (ischemia/
reperfution, I/R) J5 JLAr 8 N HH 46, B 19 & AEBL I A2
5 i B A 6L ) TS RN Ah ] 4 AR ok BBB iR 1T
BRI SEBT 1 AR /)N B J5T 4 e AR R T B 40 S
123 1Y A0 T e 2 A0 A — B B IS 1 4R ( reactive
oxygen species, ROS) i 4 41 ifg A F1 HAth pr 25
ﬁ%ﬁi,}%ﬁﬁ@ﬁﬁqﬁéﬁ%t“ﬂ o Wang A8 Sy
WSS, miR-34-73b #5405 n] LA 25 0 55 K Bl ki 2H 21
ffe i 42 48 P (INOS .COX-2 \TNF-a 1 1L-6) F1ZH
LN T8 S A% S R 7 3( suppressors Of Cytokine
Signaling 3,S0CS3) MR 1K, KA #h & ou 4l Md, If:
HAEAAN S50 v B AR ) 25 5L, S0 R A5 R,
miR-221 TE ik e I PR R B AL H ) 9 miR-221
A3 I T LA S 410 1) 8 S I, DT 326 31 il 28 £
PPER . D4 BBB 1Y 56 B VU855 s i el 2
T A R A B R AR 2 — . Bernstein 25 fiff
FEARM], miR-98 Jg/b T e R ¥ Ly6C BB , F:F%
I T 52 52 ) DX PN T AR ML /)N JBE 5 200 i %) 4 i
HEMIESS BBB 15 2 11 DA 35 20 28 8 47 B 4 .
MK FAMNE F 4 A miR-29b WA LA i< i IR 58
[AF (Clq tumor necrosis factor, CLQTNF ) >k 3% 5
BBB SE#& M, T 55 20 S > A HoAh ot
UESE, K5 T 8] 785+ 41 MY ( mesenchymal stem cells,
MSC) FIFMI R miRNA X 98 A S v H AT 300 i 7
B Zhao 45 KB F MSC 9 SM B A miR-223-
3p M1 M1 /BS540 AR A 5 1A A8 42 58 S, Jk
BT i e LR A, DT AR T 22 T RE R
B JEE T2 I FCIZRE ST . SRIET MSC YAk
miR-542-3p 18 3 M Hl Toll ¥ % & ( toll-like
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receptor 4, TLR4 ) > $101 fil Ao i 1L i 5 25 10w 28 ¢ o
AR G AE BB BeAh, NIRRT A B miR-146a-
5p il W] IRAK1/TRAF6 15 538 %, &Ik NF-xB
TEALAT M1 B Ak, f 208/ B s i -3 1 5 R o 41
ZUKM 4 ff A6 T sk PR A5 B R T Be 1k iE g ik
fal2  RERIEE SRR T miRNA 78 Bl i e ik 26 v &
i S H A IR VR, JF R W1 miRNA 7E 1S 1Y fh 28
PRAP e E R
2.2 miRNA P i 28 AR T

IS G BRI T, /MBS 5T 40 L 7
PR 2R R TR R 2 R AP A OGS R AR TS AR Y
/NI JB A4 B A R AN IAAR B Sl M2 SR AR/ S 44
JL AR WA ( bv2-exosome , BV2-Exo) . A #F 58 iE #H |
BV2-Exo fifA: i miRNA 7E Py 402 1 il 22 oo i,
T V535 42 i 26 B #1257 (oxygen glucose deprivation ,
0GD) Ji Wy i 2 ot P8 7277, Zhang %" K& )
Notch1 J& miR-137 B H LR , miR-137 7E BV2-Exo
FiETHiR , miR-137 il 1§ ] Notchl {55 53 #% PR 4
MZICHZ OGD Bl MZICIT, Song % &
Bz REEFMEE B 14 (ubiquitin-specicproteasel4
USP14) /& miR-124 1) E# T iiFH45 , BV2-Exo A LA
T miR-124 J R JF AR USP14 Bl 5 B 1fi 4 il
LA TR 2 R oA T, HAL T ST R,
miRNA 4 A] LA o 400 i) 0 56 PRl £ 5 3 1% o & 5
PURMT-AER . FOXO1 # &I JE miR-27a-3p 7£ HT22
YA b Y B RE R L miR-27a-3p FE P AT LA
W% T /R REUSEARL YR VAR , 17 miR-27a-3p 7]
RE 85 40 ) FOXO1 MMl /R #4577, esh, ok
H MSC AYZMN A miR-26a-5p 38 12 10 il 41 i 5 2]
HE FARHFME IR ( cyclin-dependent kinase , CDK6) 3k
LD/ INJSE J5T A R T DT 9 /) B AR s e I P
VESOE U E PN AR A M £ miR-126 Bl IE B
Al LU0 40 PR T, miR-126 7K 5 4 50K B A4
MO T 2 A O, 5 O 48 8 B R IEAE O, B
miR-126 7KV XA T 1 R 28 oo 08 T A 28 AR K
BAGER™ . M miR-29b-3p HIPLHE T-4F 2
I P T PTEN/ Akt 155380 6 R I 4 e S8 e 1t 4 fiki
BAGVE  (HAF—HREAY S, MSC 74 B Ak A
miR-145 7] L4 i 25 300 i) 52080 21 25 B2 7 (oxygen-
glucose deprivation/reoxygenation, OGD/R) Ji& /)M ¢ Ji
S O T 24 ] SO e v R A A I IS Y 3
eI miR-145 )\ MSC # 8 2) /N S 4, SR 5
NS S AR M AL % AR Rk M2 AR SERLY Y

2.3 miRNA &I S 5 ¥ = 2

AN N5 /R 540 1 BT R %% D) AH
K, EH T ROS Wy It AR s B A R R BRI
AR T ROS (7= A R b =3 Z [ PR FF
A, /R X ATk S w AT R, 23 R IH ROS
PRI PUEAR RN FERS N, S S A AU
J5i .DNA 1 RNA 8 k405, PRI, 78 il ke il =
miRNA R LA 3k A I 0 4 Ak il AN e 42 £ i 0 4%
ROS 25 J ok i 2 3k g6 47 FEAE I Cha 487 E
S5, Nef2 S2& V8 7 PR 40 Ak 700 1% JE A S R T
1M miR-144 /& I/R #5455 Nef2 (%) 305 5, 3
il miR-144 3% 10T LAFE 8165 A2 2F Nif2/ ARE 3B 12
HIBT AR BB, NI/ T /R J B A AR R )
N fE oA L e 52 . 5341, 78 OGD BEAY
H,omiR-31 [y 3 3R Gk RN 2 4% B 1 U B0 5 A
(‘polystic kidney disease 1,PKD1) FJUTER I EE T H Ak
N S A T, BEAR T ROS 7K, [l B i
28901 1T . BT LA, miR-31 J&3# 3 T 8 PKD1
F1 JAK/STAT3 i@ #2808 1S /N BRI SRRE s W DA B
AACRLISE R e Y . Shi &8 VIESE, WL
41 Y 3% 5% [ 1 2D ( myocyte enhancer factor 2D,
MEF2D) J& miR-217 B9 B #% 0 45, miR-217 i i
MEF2D # #l NADH M & B W % 6 ( NADH
dehydrogenase subunit 6,ND6) [1)51i5, MEF2D i
FEIRAT LIRS OGD Ji #1285 70 S Ak D R 17 AT ROS
B B, R A 2 oe it . AR 4 S RNA OIP5-AS]
Lo i A< 2 UTAH OC, R IncRNA- OIPS-AS|
AL f# miR-186-5p #4{iE TNF A &2 A 3 ( tumor
necrosis factor-related protein 3, CTRP3) , P #1242 7T
%52 1/R 75 S 10 498 AE A48 AL R 3082 0% i HL
IncRNA OIP5-AS1 i& A] LA i 4 #% miR-155-5p/
IRF2BP2 il > #0 fil % 1k 1z 38 Fn 4% 9 I 0, I 5
HMC3 Al SH-SY5Y #ilfitl OGD/R 7535 [ 4 41 A
i, 25 TR miRNA AT LU &% i 2 Ak 1V
JS 07 - Ay ke i G A ) o 2 PR A B BT 19 L e
FEH
2.4 miRNA B# mEFH4E

M3 B A2 BRI IRYT 1S 1 — AN 7E
MER B TAE IS R 2 M 2 D RE KA, I
AT A A R A 1 A KR SE B I 1 A
AR R T R T AR R, Ak T AR R e Y AR A
PR AT S Rk e T RE Y A R AR
£ I F ( vascular endothelial cell growth factor,
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VEGF ) 5 455 IfiL % A= Y G B 73 7 Z — . miRNA
TE VEGF FAH AR 1 v 536 1 4 a3 e 42
1A R A AER . Sun 557 AN miR-15a/16-1 #%
18 PN B L ) e 2 23 DB R A v i R AE R 22 4, Ik
AR MR A b S K R B S A R A, B
i b VEGF, - 4E 4 i A4 1 [H -+ 2 (fibroblast growth
factor receptor 2, FGFR2) %2 1& VEGFR2 Fl FGFR1
(82, 1 2R (2 1004 o 9 R 0l A A R 3 [ )
G 3t e, A R T IS SR RS, 1T miR-107
RS 2 8 1 1 5 P S VEGF165/164 17K T2 3k
I A5 £ o8 A ik 2 e i e i A B0 3 3 I 2 52 DX 80
EAMAT B, Fan 51 BFLUESE, 0] miR-377
(2 35 T DL I R i 48 Y B2 40 ( brain
microvascular endothelial cells, BMEC) )& 4045 #E45
TE AN 20 M 36518 3 #% , OGD J7 miR-377 #3451 54
H K B B F 2 (early growth response protein 2,
EGR2) BB R AEFH A VEGF 9 L4 A iAE I, BT LA
Ml miR-377 AT/ MCAO K BRI AR 58 7K B -4
il SR T I A8 A= 0, AT 3K 3 e 22 R B B 4
BrRibZ b A A FEIED] miRNA A 25 TH 2R
1,140 miR-27b e YL K 1 Mg v g ik P 26 ) 2
S DX LA AR B, DT AR 6 1 S50 0L S 18 0 52 0 18
THEAT RN S3A IR & B H] miR-155
(3 238 05, AT LA . 2 A O B ik 2H 214 g B 45
13, Ft 55 U 28 3401178 2% B ( microvessel density, MVD)
FIVEGF 3R3k/KF, JFilad PI3K/AKT {5 53 %
RRAAE R, A HE I 4538 A=, M T & ¥ 44 28 e O 4

VER™, Mz Mok 2 (BT 5880 FHIESE miRNA
GNP GBUR il IN=F AP FoE i 2PN Eiak (28
2.5 miRNA HEEHAEFBEMMER £

miRNA 5 A 908 4 PR - i) 8] 4 ot 422w 9
M g MARR SR, e L BAEERE
LN ey R TN ER =8 NI ND S BUR (8t E2Y e ol |
2o B RNAE 6 R A 2 AR R ldnsk A
MSC HIAMBA miRNA 76 34 55 4 28 0] 38 0 Fnpf 22 %
B E RN, RSN, Sk B MSC 1) miR-
133b AbFHJE ) OGD B I He Joa 240 Jfd ] b 2412 1 i Jiea
BRI 28 IO R 28 58 43 S AAE G | 38w T e mT 9
PRTIRE R ZEPR Y, miR-133b A7 BRIl
P i A H T 2 A Gl i > I T 9 ) B R 8 58
FIBPE S AN AR KN b B0 kA 2E A R RRUR /N B
FERIF MSC AMIMA miR-17-92 F1 miR-133b LA K N
B A LA AMA miR-126 X 28 0 AT 38 1 R ph 28k &2
HA PRV, BEAh, 45T & & miR-17-92 #E 1Y
ANV T 38 58 A e A 2 R A D 5 TR
A X R miR-17-92 # 5 5 A J5 (1) #f 2 ] 98 4
TR E S BRI A, miR-138 1] D JE 4 /0 58 Jig
TR LR A4k R BE R Al 2 O BE ), B R E e R Y
NF-kB 1G-S fl 28 F 4, s 2ot & & Ffh 2247
W RS ST UE W, R BH A g T L
P8 miR-199a-5p 7K I FE MR SIS 14 h J5 35
VEGF F1 fiii U5 % #f 28 %5 5% I+ ( brain derived
neurotrophic factor, BDNF') MR H Rk, b i
M B A sz ki, (R 1)

R 1 miRNA TEGR LA i 28 R sl i 7

Table 1 Significance of miRNA in the field of neuroprotection in ischemic stroke

. AR

miRNA Mechanism of action
) T IHHZRIE T LU HIAE & KR SOCS3 1Rk (R ik R E A P S I T REVR .
miR-34-73018] Down-regulation of its expression can inhibit the expression of pro-inflammatory factors and SOCS3, and promote the functional
recovery of patients after stroke.

R0 (1] 5T miR-221 AR5, T LA Bl PEAS v B 40 1SR4l 2 TT 2 i
s Down-regulating the expression of miR-221 can reduce ischemic stroke injury and protect neurons.
miR-98, W b BBB B M R SR I R BT
miR-29h! %] It reduces inflammation and promotes nerve repair by reducing BBB permeability.

) (23] A0 TLRA e 4o 28 5 5 40 A 98 RE S B
miR-542-3p

Inhibiting the inflammatory response of glial cells by inhibiting TLR4.

TR M1 /B B MR A, T LB e 0 TE B3 , A R 2 D RE RS

miR-223-3p %!

patients with cerebral ischemia reperfusion injury.

miR-146a-5p 2"

miR-137!%

Inhibition of M1 microglia polarization can reduce cerebral ischemia-reperfusion injury and improve neurological dysfunction in

W IRAK1/TRAF6 5518 3% , A% NF-kB 15 ALFN M1 Bfl , feiE sl 28K &
By inhibiting TRAK1/TRAF6 signaling pathway, it reduces NF-«kB activation and M1 polarization and promotes nerve recovery.

18 7§ ) Notch1 1553 BRI I 20525 OGD SR 2ot T,

Protecting neurons from OGD-induced neuronal apoptosis by targeting Notchl signaling pathway.
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gkl
) YEFIHLHI
miRNA Mechanism of action
14l T miR-124 KR IEREAR USP 14 Wld i it A4l 475 R T R4t ik b 2 S0 A0S

miR-27a-3p- %"
miR-29b-3p!"]
miR-26a-5p'>*
miR-126/%]
miR-145"3"

miR-144[%]

miR-311%4

miR-217"%]
miR-186-5p.>¢
miR-155-5p3"!

miR-15a/
16-11%]

miR-1071%

miR-3774]

miR-15504]
miR-133[47 31]
miR-17-92[%
miR-138[%

miR-199a-5p >

Reduce ischemic brain injury and apoptosis and promote neuronal survival through miR-124 and its downstream target USP14.

it HLIE FOXOT #M /R 5345,

Inhibition of I/R injury by targeting FOXO1.

T IHT PTEN/ Ak 5538 B2 Bl S e M A AR5 05 1 VE

To alleviate hypoxic-ischemic brain damage by regulating PTEN/ Akt signaling pathway.
i ) CDK6 AeisiZb /N B JH

To reduce microglia apoptosis by inhibiting CDK6.
2T TR g A K A R R

Inhibition of neuronal apoptosis and axon growth has a protective effect.

TN AR AL, A2 T T

Inhibition of microglia polarization and reduction of neuronal apoptosis.

LT Nef2/ ARE AR 204

It promotes neuronal repair by regulating the Nrf2/ARE pathway.

il 3d T PKD1 Al JAK/STAT3 BRASAIS AR S AE S ] B S AL S B o 22T 3
It can reduce inflammatory response and oxidative stress-induced neuronal injury by down-regulating PKD1 and JAK/STAT3

pathway.

i3 MEF2D #i] ND6 #9235 , 1] ROS #9722 T4 .

Inhibition of ND6 expression by MEF2D inhibits ROS production and alleviates neuronal injury.
WG CTRP3, I RAE RIS N, R A 42 7T

Activation of CTRP3 can reduce inflammation and oxidative stress and protect neurons.

P45 miR-155-5p/IRF2BP2 Rl 40 1l S0P B IBORT 28 RE SR, Bl OGD 44
Regulation of miR-155-5p/IRF2BP2 axis can inhibit oxidative stress and inflammatory response, and reduce OGD injury.

il 196 VEGF,FGF2 K Z2 K VEGFR2 il FGFRI A3 H 3K , (2 E I TSR RNLAE 926 1L, A A A R 2R
By up-regulating the protein expression of VEGF, FGF2 and its receptors VEGFR2 and FGFRI1, it can promote vascular
remodeling and angiogenesis, which is conducive to neurological recovery after stroke.

TE LRI N VEGF165/164 [ /K P M A8 AR B jai /b it i 1 M A 5T

By enhancing the level of endothelial VEGF165/164 to promote angiogenesis to reduce ischemic cerebral infarction.

T miR-377 WY, Al SEAE A I A8 A A, TS B R 22 DR BRI
Down-regulating the expression of miR-377 can inhibit inflammation and promote angiogenesis, thereby achieving
neuroprotection.

3 PIBK/AKT {5538 I AR SRR SR, 2k i 7 24
It can reduce inflammatory response and promote angiogenesis through PI3K/AKT signaling pathway.

B Pl R ST AN T IRVE , TP 25 B D RB IR

Enhance neurite remodeling and neuroplasticity, thus promoting functional recovery of stroke.

R A eh S 2 A VD SR U A

Enhance neurogenesis and oligodendrocyte after stroke.

I PHY NF-«B 5 PR 5 A5 2R 2R oe i B T SR AT

By adjusting NF-kB activity regulates axonal regeneration, neuronal development and axonal survival.

4 VEGF F1 BDNF B2 13836 (R i K BB AE Fid &k A

Increase the protein expression of VEGF and BDNF to promote angiogenesis and neurogenesis in rats.

3 miRNA 7 IS G K28 R & fr EH

miRNA W KA AR 22 5, 78 1S 1 2 g 7
B, 1 3% o miR-21, miR-221 Fl miR-145 34 i, ifij

3.1 miRNA F[1EH IS £EWERE WG K2 i
£

miRNA TE MU AR H RS, W] LUSCR VW 7E 14 I
RS A: Py br Y . A BF5E 2 W, miRNA 7]
YERARIRIBS A 38 W A A i, FE A T RS
Il S 40 AP B miRNA ALK [ i 40 i P

miR-210 ¥ >, 7E 2 P2 H 1 miR-143-3p | miR-
125a-5p .miR-125b-5p BI1 " A 7 & 40, 51
IS WAL R IRAEZ BRI ZE, W s 55 R |
Sk FEREAL AR PR ARG S, BT L, X sk
a1 PR 2 19 & WL AH 5G9 JLAP miRNA , 46 miR-
155( B MJE) \miR-33( E AEIMAE ) .miR-144 F1 miR-
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223 (WPRAR ) A& miR-21 ,miR-126 Fl miR-320b ( 3
JksRAEREAL ) #8 W $2 A S 1S B T 78 0 A 35
P, miRNA B AT AR Sy il il i A v 5 52 8l Rk
VRS 1) T30 A= Wy b A ) R W dE A, B AR R
B, AT A I % miRNA 2838 Ryiz sh FA %
PRAZARAE T FOmAE B, BN Burlacu 55 5T
#2W] miR-132 .miR-140-5p .miR-22 Fl miR-221-3p 7E
IS JE NI A £ % |, miR-424 \miR-100-5p 7F
WUEAS K2 shefi o oh R, Bhoh, 235 5% )
JEMH , miR-233 5 4h A Ml TNF-o  IL-10 7K - 2 [a] &
EAG, BES5 T IS A RIEL 7 miR-233 AHXS
FIb Y R PR B2 4505 7 L, miR-233 T RE 23 AL
N 1S I RAZ K K ™ F e HE IO B
3.2 miRNA 5 IS i&47

FUR 1S 1 2P A0S PR 0 536 7 s #RAR AT
B, FATIE T ZARSK 2 WG IT O, IEJLAER
IR miRNA 35 B 28 A Bl T8k il i 2 rh
R B AR AL AR ik A b S R 2R R e DL H 3R B
2,1 miRNA A] DMEBEp B 5 A F T 1S J5
BF UG K X UL B AT BN — M TE IR ST
Tk, R A/NERAMLE) miR-137 A ik T
et/ B A FE AR BURIAT A B ok B M2 /)
JBE BT A A Y miR-124 58 52 300 15 55 S AN )i
1% A T (signal transducerand activatorof transcription
3,STAT3) (921K, kA>T i 22 i o 4 IR 1y 1
B ARBE T IS WK IR S 1 R I A0 i A
FERIAE AU T P B2 20 (4 /1 A AR miR-126-
3p SR T i AT B R R A 2 5 AR KT T miR-
126 By 3 35 98 T O B 05 5 N B A A e
(endothelial progenitor cell, EPC) % % & DA S HE5H |
TERS RN WURE 77, k1 i ol ofn 798 TR A4
X SEHRAT LIUE W] miRNA AT LAE 52 2% Ff L] 0 ide A2
RGeS A= > VR i,
X UL miRNA A BN 1S BRI 7 ik

4 RESEH

VT JUAE O BTF 28 W, miRNA AF Sy 25 D4 3 422 (8
-, T L ) AR 4 A0 22 A I 45 R R B R R
J5T, miRNA B9 IE 23k %F Kk () 18 % & & A 6g
ZEEE T TN A B 22 14 R S miRNA (15
PSS TN 1S F0H: b At 28 28 B 10 B Ik, i dle
MG ECE R miRNA (9 23578 SO R 1 i 7] 55 %
A U SRR AL IR A AE 1S W I PRIZ W

AYbREY A E B ER . SR, miRNA 72
5 B it M R A R 2 W RA YT AT A TR 22 )R R A
S miRNA B FI ) o) pp 2R P E 2 &
FEVR VRS SE56 v 45 2 5000E 5 4o o] il HC ) FH
Il 2 7 B 0 ART A8 4 miRINA e 7 Bt o 4 i 2
BE AW IRIT T R EAER, BET AR,
K, miRNA FIFE£ P ZH 2L R4 73R 55, —FF miRNA
AT PR 22 P 5L A, — 5 A T 2 Bl miRNA R
5, R ATV A L [ 1 R A M 2 AR R AR 1Y
AL ASE A XA [E] miRNA K H 0 [ A Al 5
T S R A I P i A v B b e R E R S A SR
PEILE JFE L R A sk o R A AR
A2 E LA A HR % miRNA 2 5 &
PRI R A B AR S S, Tk
IS $RALE Z AR T BE B RAYT I B . 25 LRTR,
miRNA TE 8 55 Bl 17 A 2 o ) b 28 040 5 T A 4%
THEZE/EM, I H miRNA £ 5 R7EREYFI6E,
5 P o A v T R A DG, miRNA A B AR
SRy I A 2 v A AR AR R TR AT

SE Lk
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[ Abstract)

The liver is the most common organ for tumor spread, and expression of miRNA is crucial for liver

metastasis. In this study, research progress of related miRNAs in regulating liver metastases from malignant tumors in the

digestive system was collated and analyzed. By searching related literature, this article provides an introduction to the role

of miRNAs in liver metastasis of colorectal, gastric, pancreatic, and gallbladder cancers, which helps with the diagnosis,

treatment, and research of tumor liver metastasis.
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TETS AL 2R e IR LR BT AR B8 O R AR B vy, B
SRl LIGE i FARYVIBR AT, (H2CE A3 15%
AR IR AT LUR YT A 20K . A SCXE miRNA 751
PCARGE RGN I8 T e 7% o 78w A 4 A A P R AT 25
i, LU R T A 2 G e JTF 5% 7 9 BIL R BT 58 Xk 7
AT,

1 HEid
1.1 miRNA

JZAFAE AR E Y AU RNA (miRNAs ) 78 7

[E£TH ] ER A ARFH4 (82060537)

ik T B AR SF, miRNA 7E 41 8 4% N % 5% 2B i
miRNA Fif 44 ( pri-miRNA ) , J5 75 40 ffd B2 b i
Y miRNA 23 R 3 ke R G B s IR T Sl o
A mRNA 37 vt 9 JFE B35 DX F 4 i) H e ik 5 i
VA 5308 B VR0 2 17 S5 i) 4 PR R A ke R 4 e UL
WL mRNA fE7EAR A S miRNA 254005, A
7] miRNA i 7] %0 i1 [7]— mRNA , I mRNA BHi%
A EBERY . miRNA 2 s 769 Fh il 5L K 41
SR LA T AR R Y AR, R N2 30% Sk A,

[1EHE RN 1L (2000—) , 2, BHBF5E AL BF5E 7 1 . 20 R4, E-mail: yangsiqi475015@ 163. com
DEEEE 1SV (1972—) , &, Wit B EER A 00, BF58 07 ) 2 43 TR % . E-mail : jinming@ ybu. edu. cn
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miRNA 2 [A] 7] DUAH B BC G I8 R R 428 I 4%, 3 o B 4%
o )3 0 5 R A0 A Ak | 20 e 3 A i A AR AR
FIAM P T 25 0 miRNA 75 Y2 @ 44K 5 i s 41
IR PR DX 3 7 e e AR 1) e M DX ) 32 B R R
Bl RS AR R R AN K A R T
SR

TEMIRE A A g i B A7 26 miRNA 7] DA
Jifrges A J A e miRNA 055l B 988 & & | 76 AN [R) b 98
YU, 6 — miRNA 7] B8 & 4% AN RIVEFH, B,
miR-146a"® [ 1 #2 fia) fifg 30461 K 7 NUMB, 10 il
HAR R R ) & e L ) ITGAV i i PR
G R AR SR AR miRNA HE
NARTAEER | 1Ry ok 96 i 5 W7 10 00 AR 25 4, b e 20
Jf T miRNA A H AR 5 e ik 1 7 B e 41 40h B
ke, miRNA &4 55 o0 F R PR 0 &
A, miRNA FE MR 4 2 A 4% B 4 B T A ggs
AL e E TR, LRI O fE
1.2 MyERTE®

e 2 Ann] p= AR RN & SR 2 A 20 48 30 44
FEARFRE ST T AR BfER, P A1) 2
e MRS M A Sy — A s i 2% L L Tk
(IR EE—— MR A R B T 2 24 sh A M 2%, Ly
VA IITLAE | G 38 4 R o e 200 e K% T e 240 B o ik It
AR ELAE R i A [ 42 0 Pyl ) 9 B ) — o g
AR A AN [R] B S, 2 A% 00 1 g S R R A ]
(18 5 T X A [) 288 500 %) 88 4 i 5, L6 % 1 4%
B RS BRI AS [R5 531 i) P98 440 it % % i
AR,

1R 78 A SN JE] A P57 2k & o 9ga 350 457 T 46 14
B T I S AR A DR PR A A T Ak 1 e
SRS T A R D430 AR £ K TR Rl 2 1 Ak
POt bR 5 R0 R A1 o 37 T DA 46 3
AL RN VE 208 M & AR R R AR R
i Ig e B% ok R P e I R A B 3k O S 82 0
PR RPN 5 A LA T AR 0 P 5 R A ) 2 A b
PR I P 25 o 4 B e A0 fr 5 0B B AR T IR
AHRAEEN

T AE I8 20 0 e A 2 B8 () 2t A vy, TR S A 5%
AR A AR B35, Ansh R R A RS R I
R A A R B R T R 2 R i A
PR 785 A e, 1A 1 485 W R A i A AR
B e R BT A 10 A s A b AR T IE bR
2P0 i A R R %) PR A A R Rk ) BB A

AT b2 - 8 B 5% 4k ( epithelial-mesenchymal
transition, EMT) , #F 1M 6 2 Ji & kb 2F A PR W06 38 A
38 A F KA A, #E TP G 58 O 1 B8 kL i e
68 A L 1 A 2 A% 200 A 92 200 e M R AT okt e
6 308 3 A P Al B 5 T LT 5 b R A B A KOk
R AN A
1.3 miRNA S5HhERT#%

Jibygd & e B2 miRNA BE AT 2L 75 24 U 3L A, 3
A LAFE M5 2 N, VT4 miR-218-5p nJ #L [
EGLN3 il fiti i 58 11 A% 6 1, AT & 3R 4
miR-330 F& A1 1 51 i g 40 i 184 58 3 B AR 28 B
Jio MDY LI miR-573 454 NTN4 {2 i i
EMT, 88 & Az I B DR O JFF v ofi 9 3 &, miRNA
S R T2 B S R A R 28 miRNA AT DA 30F 1fn
A B, I T X R G kAR R R A O
Umezu 25> BRG], 15 97 22 R V2 40 M3 16 AN )
AR 4> M miR-135a A] LA 4 i geg 4170 ) A 7
TP S 7 i 3k, 75 5 A Al @k o4
B AHMIE BRI/ () 2544

2 miRNAs 5idi{t 25 g AT

2.1 miRNA 5&HBEFER

R B W M i R T 45 B M 9 ( Colorectal
cancer, CRC )t & NEU Y 10% , 245 B I e 5 300w A
B RETE AL, o T = 05 5 M B I & 5%
PUAE I RAE AR MO SF . CRC B B FE T AT
JEARN R EE R R LA CRC bR T
N RE R AE MR A R RS T B E
DL CRC ARG IR B 56451 IR e B it
2 miRNA S 1o 985 56 RORI 8 A% i AR A R G B o
o4k B i JF#4%% ( colorectal cancer liver metastasis,
CRLM) A& B A 12,

miRNAs X} CRLM 42 #E1E H , WIF-1 j& miR-
181a T I M 3L [H] , Zhang %[25] 11 ik miR-181a &
BRI Wit {5538 56 A9 WIF-1 255 40 W 1) 25 1
S5 B-catenin [2HE CRC 2121 v 1fi 4 A 1A 0F firb 7
RS . Ji 212 3] miR-181a FIKXT CRC #HHI
ZZE AR AE T, WAL 2% 3 7E PR 98 miR-181a Xt
CRLM SZM i R 3 35 miR-181a 5K si-miR-181a
7% KR FE miR-181a % CRLM 12 #E/E A, Zhao
ST P CRC KPR miR-181a-5p {237F CRC 41 fitd 5]
BT % 4 #%, miR-181a-5p 1] DL & 5] LX3 T i
SOCS3 # ik, SOCS3 3 ik &7 2| 9 ] i 3 & 11-6/
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STAT3 15 5 3 I 0 JF 220K 40 i A9 28 3k 42 ik
CRLM, WF5¢ R E W40 i M2 AR 1k 242 0 3 A=
I A AR, 530 CRC 4B ) iF B A6 . B4k
20280 3 miR-454-3p 2L JF CRC 40 M5 1T 7%
FRZERE T4, A g/ B G RS A A i 3Rk
miR-454-3p {2 7F CRLM % 4=, Takano % 7E R 5¢
miR-203 % CRLM 1E i} & Bl miR-203 {2 3 S A% 40
i A 5 g A G Y I A M2 R AR Ak i aE
CRLM, Zhao %P 45 5% miR-934 fEE ¥f CRLM #L
T % 30, miR-934 B PI3K/ Akt {55 18 ¢ 1 i #2
1] R 8 PTEN 23k, PI3K/ Akt {5 518 B IIE S5 S
Fig 20 At M2 RUAR b, T30 CRC 4141 CXCL12/
CXCRS #li3#1% , 2 # CRC 18 iF ¥ % BE )1, 16 NF-
kB/P65 15 5 s b L P65 % 5% 1% ¥ I/ miR-
934 # ik, miR-934 £ ¥ CRLM % 4 i i+ CXCL13/
CXCR5/NF-kB/p65/miR-934 1FE X 1% ¥, Wang
22030 48 9 CXCL12/CXCR4 B85 J5 CRC 40 it %
JEAMIA miR-25-3p .miR-130b-3p Fl miR-425-5p #
] R4 PTEN I7% PI3K/ Akt 15538 1%, 12 HE W 40
Jit M2 EUAR AL 38 i CRLM & A= HE % Shao %513
5% CRC #MAA miR-21 f2#F CRLM 3 2§ 1] Jit 83 5
WEAR AR TLR7 & A LI RAEN F 10-6 Fikit— 2
PEaE AT A M2 UL E CRIM, J&3 7 45
5% miRNA XF CRC B2 0 if, F1) FH TCGA ¥ 7 43
Hr mRNA 5 miRNA #24 &3 CRC H' miR-17/92
ARk m R, R LN BRI B R IER CRC
YL RS A I, v 3k miR-17/92 #E 453 PTEN
RYZeik , fE i CRLM 8 i3 577 Wnt/B-catenin | 351/
PI3K/ Akt {5538 i A FEVE . 455575 #£9% CRC
A A AN MA miR-17 X CRLM B0 % B miR-17 ¥
1] TLR8 343 NF-kB {5538 B (5 5 Wi 41 g M2 AR
fEAR3E CRLM f8 & 4 o Tian 2510 %) b I & 1 T 968
YA FN CRLM 412144 il % 38 CRC #h MK miR-
221/222 R ¥E CRIM, miR-221/222 # [a] F
SPINT1 ik, flE#F CRLM, Zr#r W %< CRC 441K
A%, Hur 251 55 2635 miR-200c 41545 I 40 i % 2E
EMT [& G40 52 K] ZEB1 . ETS1 Ml FLT1 335, {2 i
CRC [ JIF &A= %% . Chen 25758 3 miRNA 1% %
G HT e A e A% 0 JR & M CRC AR IF 6 # 1
CRC ZHZ1H & I miR-214 164 FFEE# CRC iR
M R T R iA miR-214 & B miR-214 {12
CRC 40 it & 45 i B MR 28, 25D & 3t
miR-122 X} CRLM e #E/EH , 38 i 43 1 CRC B8 # 7E

FARIG KA R AR BE miR-122 53 R A46 5,
SHTE AR E ARG T &4 CRLM (4 5
Il miR-106-3p . miR-654-5p ik 7K, Logistic [A] 14
T R AR S miR-106-3p . miR-654-5p 2635 [
#E CRLM,, Sun %5 B 5% 41 96 #4OR J8 miR-135-5p
it EiH MMP7 ik {E#E CRLM, Ding 45" b5
A% CRC 8K 11175 ' miRNAs, miR-200
M miR-141 33 32 35 B 25 38 5o 70 ) E-55 K5 2 1 (E-
Cadherin) Z A2 #F CRC HE 4%, PTEN & i
JEIMHI A T, Arabsorkhi 25 11 ¢35 miR-298 11 i
EE L PTEN #3438 i3 Akt/ERK Al Akt/mTOR/
P70 S6K i #% {2 i CRLM

FE miRNAs % CRLM &40 #14F i, Lou %'+
Z I miR-625 7£ CRC LM R h B2 T iH, 2
P2 HT i 2 miR-625 A BRAK 5 F 75 % 52 1IE A1
%, Zhang %M 53 38 miR-216a il ] KIAA1199
FRAMA CRC MTER IR 72, Zhang 25 & B
KAE CRC HLUR RIS 4k A RS 45 i 21
JFHE % 40 miR-320a F ik 7K - g Z FEAIG, B miR-
320a ] T CRLM, #3iE™ & Bl id 26 ik miR-10a
S ELIR A0 A TS AL PR CRIM, Li 207 %
B miR-99b-5p 7£ CRLM ik &l 3 b 7 J & 4 i
g kB I  si-miR-99b-5p i3 CRC 40T 7%
Al mTOR [, miR-99b-5p # [7] mTOR % 4 fifJgi #17
HilfEF , 2 B0 miR-99b-5p 7E i & 1 CRC AT 4 5%
ik AR TE], R CRC A 5L A s 3 o
miRNA IJfE, Geng %51 i %35 miR-192 % CRLM
SEREIE SR EIAE AT, miR-192 F# BCL-2 %354
HESERANL PR T . N Zeb2 F ik, Hi3H E-Cadherin
FIB R A P R AR R A AR P i A AR
A, miR-192 38 33 gk /A P I AE A Al CRLM,
Liu %" Fl miR-140-3p #[5 BCL-9/2 ##] CRLM,
si-BCL-9/2 F# Ik CRC 20 M3 58 1T # iR 22 6E 7,
miR-140-3p 1 F3k il B AR AR R0 b oo A K o2
PR U 5% B M 455, miR-140-3p-BCL-9/2 il 7 FH
T miRNA HJEY7 1 CRC W), 8 FF20 5Bk i 1k
H: K A F (transforming growth factor-B, TGF-B1)
il 45 P A L R JRE | BE RIS B A B TGER-B R AR s
BEARM E miR-493-5p i 1 8 45 FE K Srpk2 Al
Pumilio2 1] CRLM, Chen %" 4£5% CRLM f9#L
il , S AZME miR-199b-5p #l[a] PIK3CD #76 AKT/
B-catenin {5 5l I {2 CRC 41 i 12 28 54 7% g
A2 5 F 3k miR-30b-5p 7E4% B 1 9 20 fif 22 5
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il Raplb #li] CRC iF# (=28 Fhkfe 7, #ad /MR
JHHE R AR J B % miR-30b-5p ] CRLM &4
2.2 miRNAs 5B ER#%

THAL R GBI o B 8 (gastric cancer, GC)
K FLA B BB T 3R s 2, AP 50 L A R o
A & A GC BRI AR BB , GC 1A G W 35 19
TIE, SFEOK 22 508 8 &9 R T % 28 & &40 L
2 B S RS W WL R AR R IR I, &
N 5% ~14% "7 | GC AN A Wi b A= Kot 2 e
AN L2 A0 TR BBl 41 4, GC 3 A%l 5k it 4 [ 9 3]
FK RS RAFY . B A T miRNA £k S
TEH AR BT L miRNA 8 28 86 0E 2 W B i
IbRICH

Xie 250500 B9 miR-582 76 B4 4 & %Rk 5
B T 7% BRI 56 miR-582 3@ 1+ % PI3K/ Akt/
Snail 15538 BAEHE GC 4M A KAEERS . Qiu 217
K GC I B 1Y LT AM A miR-519a-3p Lt
WA AR GC A2 BKF5, GC 4 rh
HMIMA miR-519a-3p ] DUSP2 #7f MAPK/ERK
5 AR M2 Y g A R T AR i A A B AR
E GC JFHERS SR R B0 3R i A K TR 4 o)
miR-26, 4 miR-26 &8 0 -4 i Af K PR 70 ik
GC %, Xie 4R HL GC 45 41 g 40 I 14 Sk U
miR-151-3p 5 5 B 0 40 fif 3 15 77, miR-151-3p il
T 5 M R R B 5 I 2 e M2 TR R AR o
R EHE GC PR . M Li %8 miR-151a-
3p £ 2 7E /N 40 Ab 4 3f rh, miR-151a-3p #E [n]
YTHDF3 #4i% TGF-B/Smad 155 B AL #E GC AT 4
¥, Zhang 2V HRIY GC HFHAS K BRI 40 i A= 4 I
T GC B A LUh 35 i B E B8
miR-26a/b 1 [a] JIF- 4f il A= 4 I+, 24 miR-26a/b &
TR A7 B LA AR K R A SR E GO
WER AL Y miR-213 3] GC 400, miR-
213 1E GC HA P RIA T K, miR-213 § 1) SRC
Ml GC AN FE  iTA% . Liu %% &I miR-27b,
miR-101 I miR-128 X} GC iT %12 228 J1 il i J&
WL R VEGF-C ik, VEGF-C &35 1l #il i
— LI R Ik P B A0 R M AR M FRAIK GC I
RS R AR . miR-123 BE AT LA HEALAS I 48 1 4=
BB T LS 40 i A1k, VR KA R BLEE GC
HAH miR-123 3 Rk A2 A 98 1T, # i GC
MM, 22OV BESE miRNAs X GC 451 5 1
FIF A5 B2 20 B miR-330-3p #1115 T 18 CDC42

FRMH GC AMMIT RS, AR AE T & B miR-34c-
S5p %W GC 4R 22 iR, GC i miR-34¢-5p
A PR MAP2K1 ik, #E ERK/MAPK {5 %5 i
AN GC AMLIERS . Feng %57 i@ 13 oncomine Al
Kaplan-meier s 2 % B miR-27b 4 [ NR2F2, i
Fe38 miR-27b 2 AE ¥k GC 4 ML IT # TR 28, 3 i 7]
W%, Zhang 451l i EXHHE GC 414101 GC 41
M & H miRNA & & % Bl miR-48b-5p &3k T,
T I3 BT 9 miR-48b-5p X GC 4T 74 17 22 hg
J15% W, miR-48b-5p #L 1] ATPIF1 {1 TNFa-IL6-
CSF1 il #0341 GC 20 Mo 3 58 A= 22 RE 1, 76/ BUH
TERASAY vh HE AT AH OC 1Y 35 0iE & i 6 3K miR-48b-
5p 2l GC % .
2.3 miRNAs 5BEIRERT R

[ R ARAE O R AT B - 2022 AEH EA 13 5
e A5 W B g iR 982 ( pancreatic cancer, PC) 35 PC
1) R0 2 B TR IR R R 5\ JE T R
AN WAL RS PC R T R A B i
T PC BEARFICT R F R A%
W PC & A 36 B IO ME R 50 18 329% ~ 46% 7,
IR AE PC R P ARE WL, (2 th T R 2
TR A 4% 1 T YA 2 R RS R TR B AR R I,
miRNAs 7] LIME A2 PC IFE R A Bh T 1. %
JE A miRNA 78 PC 19 3238 55 580 PC 41 g 3%
B 5T EMT FIEfb2Eimt 25 e mgfE A

Hu %7 % Bl miR-301a #[i] SOCSS #i% JAK/
STAT3 {5 538 B2 i PC 55, Chen 257 F i
PC 4ok JEAM A miR-30b-5p FEik R0 b 98 4 35
GIAL A 1M 45 A5 B, 5 U8 R 1) IiF & AR 56 7%
RERIGN FMa ™ #RSY miR-338-5p WoF Ji i 98 /s
B 19 410 il /T AL ) B 3 3 35 miR-338-5p W R 1k
ERK 41l EGFR ik Ml it EGFR/ERK {5 5 i
BANH PC 40T RS, miR-652 HI i PC T4,
Deng ZEP B miR-652 i 2 1k B I SE LR T iR A=
KAFEERS TR BE AL E EMT S22 fiff 5 4 5%
BRI ZEB1 $RI4/E I R  miR-652 63k, PC 41
i miR-652 Al ZEB1 ik R HEHI/E, PC HAEAE
miR-652/ZEB1/EMT ifl, #£9% miR-29¢ X PC %%
RS AR K HE 7 X miR-29¢ 75 A [7 2 5 9 200 i
PR 3K  miR-29¢ 3R 1K 5% JB it 8 4 AL 384 5 e ) 52
Wil LA S K miR-29¢ 3k XF PC 4l fifliF B RE T 5%
Wi, G BE PC I R Al i 2 il i Ay /N B PC RS
AR i F 38 miR-29¢ B 40 ) 2R RS PC A
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RVERFEER , W47 i miR-143 k80 0A 1K
PN S G AR A 52 ARUE I miR-143 5401 PANC-
1 B RE 1] PC %, miR-1271 = 53]
o EMT i S MoR A i i v, 27 # %8 miR-
1271 %} PC 401 & A= EMT VEFHBLE 2 A PS5
i I 40 M 5 e B R T Western blot #5901 PC 24 ifd
EMT #7226 11 % 2 ; RT-qPCR # mRNA (97K -
F AR B PC IR RSB IE , & B miR-1271 X} PC
GRS A BIME T W) 19 miR-138-5p i it
Pl Go/G1 A5 PC AR RE /1, miR-138-5p #EL[n]
FOXC1 #lfil PC 43458 , 0 1a) VIM 1] PC 40 g
1RZHER IR AL PANC-1 JE g4 1 , miR-
138-5p #il PC 4%
2.4 miRNAs SBEEE#ER

RHE 2 45 H AH 2 95 ( gallbladder cancer, GBC)
FEGE A O A 5% . AN [A miRNA 75 JH 3%
R SR AR T FIRAETEE R, Wu S5 & B
hsa-miR-146b-5p ELA E1E T, Cai %" #4857 has-
miR-146b-5p 5 IHBEE OC 5 & IUAH Lb T 10 54 987 241
2 has-miR-146b-5p AR A A=

Bao %% % I miR-101 {2 #F GBC JiT#4 %% it
F#AI% c-Raf MEK ERK1/2 8§21k ,i# 7 MAPK/ERK
Hl Smad 1551 AL VE GBC ATFHERL, skaRah™ 5
%% miR-99a-5p %t GBC W {2 2854 #4E HIJ2& i@ 1t i 1]
mTOR SMARCAS $% i PI3K/ Akt i f%, T Wi
SHIFRE RSB B BIME ™ 4898 miR-20a 0 (3 7%
Rk &, miR-20a fE#F GBC FFH#E R 4> F ML .
Smad7 3% M B-catenin FY %% 5% 1% 7, miR-20a 1¢ ¥t
GBC RS N () ik 2 4% # . Chang )
KB GBC ¥ miR-20a FikTH & ok TGF-B1 /K-
B TFE . miR-20a #6] Smad7 19 3° UTR 5540
A% = EMT, {2 3t B-catenin #% %) i, TGF-B1 4
5 miR-20a/Smad7/B-catenin il I I% GBC # %,
Zhang % 5 1] miR-155 23552 GBC 4 i 34 7
FUZZERE T3 |, 25 2535 miR-155 20 g &k J2 ik
AR R LR BE , miR-155 i 1 0 98 48
WFE6RS , FEEERAE & B miR-30 X GBC # 1 H
3 3 [ 4 R 1 Zeb2, SE MR EMT 7240 k) JH 4
PRI RS R 2ERE T .

3 RESRE

miRNA IR AR IT R WE 5T i J8g & 9 AL ) B2 44t
a9 miRNA 7] DL T b 9eg %) % 4 40 2 F il

JE4EhR, XA miRNA R3], o] DA A T T 1
RGO R A% e A AL

ARSCXT miRNA XA [R) 7 £k ol 98 I 2 7% 1) ) 1
VEFIHEAT T B 45, miRNA MR L 5 AAMTX
miRNA [JARWARZR  miRNA (13845 W 45 AL g ——
HTF 3 miRNA R #E AT DR 4 A A 7% 1) i
SR AF DG T Uit 3L R 1 2 38 5 DA I A 51 0 2R 11 AN T
(A 285 A AV o) g 1 2 % 30 T 44 v b R R A
FERFIR]
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Research progress on regulation of lymphangiogenesis and its role
in myocardial infarction
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Cardiovascular Diagnosis and Treatment Center, Zhengzhou 450000, China)

[ Abstract ) The lymphatic system plays an important role in regulating interstitial fluid homeostasis, lipid
metabolism, and immune functions. After myocardial infarction, enhanced lymphangiogenesis accelerates clearance of
infiltrating immune cells, reduces production of proinflammatory cytokines, reduces edema, inflammation, and fibrosis,
and promotes recovery of impaired heart functions. Vascular endothelial growth factor-C ( VEGF-C) and its receptor,
VEGFR-3, are components of the lymphangiogenesis pathway and play a critical role in maintaining the tissue fluid balance
and myocardial functions after cardiac injury. Lymphatic vessels are closely related to the immune system. Various immune
cell populations stimulate or inhibit lymphatic remodeling. Macrophages are congenital immune cells distributed widely in
organs and tissues, play an important role in various physiological and pathological processes such as organ development,
host defense, acute and chronic inflammation, and tissue homeostasis and remodeling. More mechanisms of
lymphangiogenesis need to be clarified to provide effective targets for clinical stimulation of lymphangiogenesis to treat heart
disease. This article reviews basic pathological changes of the heart and lymphatic vessels after myocardial infarction, the
regulatory factors of lymphangiogenesis, and the influence of macrophages on lymphangiogenesis.

[ Keywords ) myocardial infarction; lymphangiogenesis; macrophage; VEGFC
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7 LEC . Wk EL P B2 40 ; VEGF-C I8 P B2 A2 K- F C; VEGF-D « 1L 45 N J2 A= K B D; VEGFR-3: I A5 M 2 AR K B F-52 44 3, HA - 3B W i
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Note. LEC, Lymphoendothelial cell. VEGF-C, Vascular endothelial growth factor C. VEGF-D, Vascular endothelial growth factor D. VEGFR-

3, Vascular endothelial growth factor receptor 3. HA, Hyaluronic acid. LYVE-1, Lymphatic endothelial hyaluronic acid receptor. Podoplanin,
Membrane mucin. NFATC1, Activated T-nuclear factor 1. FOXC2, Forkhead frame C2. PROX-1, Homeobox gene transcription factor 1. Erk,

Extracellular regulated protein kinase.

Figure 1 Regulation of lymphangiogenesis and its role in myocardial infarction
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Monkeypox virus infection and the animal model of monkeypox
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[ Abstract]

Monkeypox is an infectious disease caused by monkeypox virus (MPXV) infection. The host of MPXV

remains unclear, and rodents and non-human primates are considered to be potential hosts. Monkeypox is rapidly spreading

worldwide. However, animal models of monkeypox have not been established in China. MPXYV is a pathogen that seriously

threatens human health. Its transmission among the population has presented new characteristics. Therefore, this article

describes the discovery of MPXV and the early epidemic, different types of infection, and coinfection. Additionally,

experimental infection and animal models of monkeypox in rodents and non-human primates are expounded.
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AR F (e R e 3L/ € BT VPN IUPN
M B B N E 28y R 4B N R K2 (non-
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TRTEI e 1 SRR, B0 MW IE K AR
MPXV [{IEGL N S A2 ik At LR i |
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ﬁ%ﬁﬁ%ﬁﬂ)ﬁi@%m NHPs #%A hy FOZ A8 4R 1 1
53X T BRI = RS TR A I R A R, g
TR SR A Y % %, AT
LTI RGOS AR 58 KA —FER ATE VI
2.2 BESRZNYK B RRSE

1970 4E7E NS B 0 B, WACAE sh W AR 1Y
iy P L 45 /N 21 MR A A R AR, 1985 4F AP R
NSNS = Y R A & EINIVE /N R S
BRRIZED, 1986 AFETENIE (4:) B KB IH A &
R, 24. 7% TEIERS L L 16. 2% R LR K BIAS BUA 45
S & B 2 > b P — — B e Al i 7 B
W00 A I TURF 5T A T R R (14 A A 2 R A
23, T%AFMAA B (8 ) 14, 9% K FIAA B (J&) 45
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3.2 BREFRSHEHERE

ik 145 28 3 ) — B 8 B A b P R e 3 AR
SR AR Z2 (0 R 5B 40 B g J5 B 92, an
PEAE B B, BORCOR R R AR N E 8
BP0 A Ho A Bh A R IR B ST Tt R WL R 5 Bk
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G BE A% 7 (human immunodeficiency virus, HIV)
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22 RE S X 22 R L (central nervous system, CNS) HF H /)N ¢ S5 200 At A2 T e J5 20 BRI Ts P — i Pk S0 0 I g, 5
22 Tl 4 i DRI 1 4 B8 ST I I 57 % ( blood brain barrier, BBB) AR IR VIAR G, HF5 B, M2 SO R4k B-TeMFE R
[ (amyloid-B protein, AR) YT I 22 JFL £ 4E 48 4% ( neurofibrillary tangles, NFTs) J5 AD FSE = KR EIICAS . AR SCAL
G517 /N 5T 20 B — BTV e B A M ) 58 ELAR L, IR X HAE PR 28 985 0 AD i VR AT AT LU AD &
LIRS s S B S M e
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Progress in microglia-astrocyte interactions and their mediation of
neuroinflammation in Alzheimer’s disease

HU Xin, WANG Qian, ZHANG Chenxi, ZHENG Huihui, LI Pengyang, ZHAO Hongye " , DENG Fengchun”
(School of Basic Medicine, Qigihar Medical University, Qigihar 161006, China)

[ Abstract] Alzheimer’ s disease ( AD) is an invasive neurodegenerative disease, the cause of which is still
unknown. Neuroinflammation is a chronic inflammatory response activated by microglia and astrocytes in the central nervous
system that is closely related to the release of many inflammatory factors and the destruction of the blood-brain barrier.
Studies have shown that neuroinflammation is the third largest pathological change in AD after B-amyloid deposition and
neurofibrillary tangles. In this paper, the information available on microglia, astrocytes and their interactions is
summarized. The roles of these cells in neuroinflammation and AD are presented and discussed to provide a theoretical and
experimental reference for the pathogenesis, prevention, and treatment of AD.
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G ARG 2R AT R 1 R A R e rh R I % )
IR (E ),
31 HBEFARMNERAR-EERRAKRSEE
WX EERS AD

R YH 15 8 H (iron regulatory protein, IRP ) /8% [
M. I (iron responsive element, IRE) J& MRS FR A
HEZME RS, IRP 5 IRE 456 1T LLJE 15 3E By
FERT A 2 F1 (amyloid precursor protein, APP) A9 /il
T, WRIMIFFERIT, APP 93 Uk 2= B 5k 175 5 4t i oo
(I B T APP 3 3 3k U 2% 4 1k 4k i v R
£ APP mRNA 1) 5° -UTR #14 — I EetE Y IRE
FIR AT TL-18 S Ay Rl Mok 7 p
IR, 7 2 8k 5 IRP1 i 85, LiF IRP1 5 APP 5°-
UTR IRE Z54 JF- Ml APP (B9, IL-1 [l 5t 5
SEGUR M) 1 2 5 BRARAS . IL-1 AL 3 i IRP Y
SL4E TGS APP 5° -UTR IRE 9254, 30
D APP IFRIE L RS R, Bl S P IL-1
of BERRHICAT Rl 23 A 2k & A= BRE ) DT = B0k 1 4
Rb TR fa s, 2R AT REGE F NF-kB /1 A2 28 K11
TR /)N J5 240 B, A5 33K 0 22 i Bk 2 11 DA
TH BRAH LA R, S S0 L PN 0 B RN TNF -0 K38
B, A AR BEHRE . AR IR AT 5 /N
52 T3 240 B AR B2 T G o A0 LT v R PR e b R IR TE £
AR 5 PR 1~ , TE 2 it A e f 75 2k AR 3R A 28 R AE AR
F o A, IR 5T A0 53-8 1) B i) 2R T LA 55 fiki
I 4E N B2 40 B ( brain microvascular endothelial
cells, BMVECs ) | [ I 8% ¥4 iz #5 F (ferroportin 1,



o H A PR A 2R3 2023 4F 11 45 33 555 11 ] Chin J Comp Med, November 2023, Vol. 33,No. 11 145

FPN1) 755 FPN1 BP0 R RS A, DT 30 458 8% i 7
B IL-6 ZMOE JAK/STAT3 ¥ 72 3 3k i &
mRNA 553 1E P8 5 2 — . 16BN T 4
PRI TL-6 38 3 i3 20 200 B (] 2 056 B N, i 2
I o A B B TR R 2R, 2 R R —FPN T iy )
2otk AR, LABE 1Rk R, PRI i Pk £
fpt il i B 2 TR A - R E A W 8 Ak v
ST DA, A kR R LR A AL R AT
IR N R L7 Rl A R KR A VA QAR+ € ==X 315
WERA T BRI R AEIRIT AD iy i e Bk &%
JEAS AT LIAEAIRYT AD BT E #0575 2L IR
G, iz FH A% A D)2 s/ R il %o 4k iz g 1 e 1L
Bk X AE—E R b ] DARcGE Rk R E i 5 |k
(1) AD EAR (A o0 AR ™= Az 2k SO T R v
SERREVE R AT e A A O Tk AR AR
B ITETEVEFAIAIT AD & —AMESFFIE I 1
3.2 SNEAREMEBIEE N R -ERERE
MRENZEER

FEAN 22 RAE R TF 52 F, B B 40 A7 A= 9
VEGF-A 5 P 5z 20 [ i) A B AR 3G 7 1 i o
(blood brain barrier, BBB) )38 % 1 , I /440 & 4
PEANMLIZ I ) S T VEGF-A iY77 A= 2 Bl 25 980 19
NS A W B TL-1B T ek BT i A% F
AD KN T 4087 7= A TL-17 F TEN -y, 0] it o
HRAZE R G 0 RAE ' —Jr i, IL-17 71 5
IV T 40 L 22 3K 1 1L-17 32 AR AR S5 4, T BT
JAK2-STAT1/3 {5555, i 5 AL IR B Jo 4 it 1)
Ha5H VEGF ik b iH AR & 5% SR P B 3is
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il Argonaute ( Ago2 ) & FIBERRIL MM FEAIX miRNA %
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R 25903R97 AD BIBFGE T 10 2 —
3.4 HAbiRE /N B2 i - 2 7R B 40 AR 2k
HWZEERSE AD

V2R 70N J6¢ ot 4 B F 2 T ¢ J5 4 A 28 E AR FH 1Y
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FMAS C3 BRI, DA 5 /0 e Jo 240 e A b 289 B 1Y)
C3a SZAARGS &, DL /DR B TL- 1o Y
I3 W, R IE R ARG A R B A L, e AR 1Y
IR S A6 AD I 50 BB oy /NI T 40 i, 2 07



146 ] P BE 2R 2 ks 2023 4F 11 A5 33 %45 113 Chin J Comp Med, November 2023, Vol. 33,No. 11

TEATP . =B ; C3RAMA €3 3244 ; €3 #Md €35 PD-LI. I B P ¥ S T 52 PR - B A 15 PD-1. BFPESET- 324K 1;IFN-y.y T FK;
VEGF-A ; ML P AR KT TL-1: HAE A - 15106 AN 2 -6 TNF-a : BIUESRSE IR T o ; CXCLIO; C-X-C 7 #41LIK T 10;CCL2. #
L F B 25 CCLS  Fa b A FRLR 551017 A4 F - 17; 1L-17R AN T - 17 224K PAL-1 . £F B R B0E Wy 1 30) - 15 NF-wB . B
T kB;JAK-STAT; Janus SHGEANMLTR 555 G B G ALIR T ON/NFAT A5 IR0 2B R/ 1516 T 40M0A% R T AR . p-IE AR R A,

Bl 1 /BB A R R B A S B AS AR

Note. ATP, Adenosine triphosphate. C3R, Complement C3 receptor. C3, Complement C3. PD-L1, Inhibition of programmed death receptor-ligand

1. PD-1, Programmed death receptor 1. IFN-y, Interferon-y. VEGF-A, Vascular endothelial growth factor. IL-1, Interleukin-1. IL-6, Interleukin-
6. TNF-a, Tumor necrosis factor a. CXCL10, C-X-C motif chemokine 10. CCL2, Chemokine ligand 2. CCL5, Chemokine ligand 5. IL-17,
Interleukin-17. IL-17R, Interleukin-17 receptor. PAI-1, Plasminogen activator inhibitor-1. NF-kB, Nuclear factor-kB. JAK-STAT, Janus kinase cell

signal transduction and transcriptional activation factor. CN/NFAT, Calcineurin/activated T cell factor. AR, amyloid-B protein.

Figure 1 Abnormal interaction of microglia with astrocyte
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HrE P A DR ST SR b #E— 4R T HBV JRYLE DLBCL &A= | 5 AL J2 AH G B3 i I R T 15 00, 1%
LA PR FE 2 R4 )2 10, HBV AT i £ 23 i 755 BCL6 . FOXO01  ZFP36L1 “5 R ek 25 | D) M i HBV B9 X
B 0S4 AR IE R, IS 00 L 0 0 T R P 348 28 | B 0 otk EEL R 5 I ek B 2 B0 PR T35 VA, B sl i
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Molecular mechanism and prognosis of HBV-infected patients with DLBCL

YUAN Herui', GUO Pengxiang®”*
(1. Guizhou Medical University, Guiyang 550002, China.
2. Affiliated People’ s Hospital of Guizhou Medical University, Guiyang 550002 )

[ Abstract ] In recent years, hepatitis B virus ( HBV)-Infected patients with diffuse large B cell lymphoma
(DLBCL) have increased. Tts etiology is complex and treatment is difficult. Therefore, it has received extensive research
attention. By reviewing and analyzing the studies of domestic and foreign researchers, this article discusses the mechanism
of the occurrence and development of DLBCL caused by HBV infection and the clinical prognosis of patients. The findings
suggest that, at genomic and transcriptome levels, HBV mainly induces changes in the expression of BCL6, FOXO1,
ZFP36L1 and other genes, and activate various regulatory genes through the HBV X protein, thereby inducing clonal
proliferation of lymphocytes and eventually forming lymphoma. The prognostic assessment mainly analyzes and compares the
patient age of onset, sex, organ involvement, international prognostic index, lactate dehydrogenase level, proliferation
index (Ki-67), bcl-2, bel-6, inflammatory index, and other factors, to propose a theoretical basis for clinical diagnosis
and treatment of DLBCL and basic research.
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Conflicts of Interest: The authors declare no conflict of interest.

PR TR YA FR & — AR TR BT R HFRE AL DL B 2% K 309 i) BT 40 i g 251
Fe A RS HBV JEGY J5 AT DL B 2 A, £ HETETHAF 2.57 {2 PR #E4 # 2 2

[E&TE ] RBr-F B2 4 216 RBHIF L 3 5% B 3645 (320. 6750. 2020-19-16)
[1EERE ] =MBE(1999—) 53 BHBFFE A W55 05 17 < i R0E A g 12 81 5 7A97 . E-mail :945392400@ qq. com
[EEMEE 1M (1971—) 5, EATERIG U426 S 00, B985 170« 0 8 g 1912 W7 55 3AY7 . E-mail : gygpx 1 18@ sina. com



o H A PR 2R a5 2023 4F 11 45 33 555 11 ] Chin J Comp Med, November 2023, Vol. 33,No. 11 151

HBV TEAS [ 1 DI 5K 1) B e R A A ], 7E
FPG AT b X 52 35 7K (> 8% ) AT 3, FERR
AL EAT R K- (2% ~ 7% ) WY AT 3, 1R 3%
B AR R AT 3 (<2%) |, T E B IX 2 722
TR & N 7. 29,

TRERIERYL (1 5 FE R, © 2 RN Z R, It
HIE VP23 M OCEA N D JEE A 2R B (non-
Hodgkin lymphoma ,NHL) /& iz & UL A iE 22—, 5
JIT A ERAE 1Y 4% ~ 5% , YRIEAE R B4 M Itk T 96 ) 2
NHL i i WA BEE R | 309% ~ 409%™,

H #T%F DLBCL 935 PR K % o AL il i AS 56 42
HAE HEAMIUESE T HBV 5 DLBCL 2 [A]f7-7F
WYIRIERD BRI, H A IR AR A4 SRk 3R 4
WF5¢ DLBCL A3 & 9 B e 1) 1 PR s B4R 1E A1
AEBUGHZE, T HBV B3 FH -+ 0.,
PR T i 6 422 3Z 9397 (19 DLBCL 34 11 A B4
TIF B 515 14 5 i HL A E LR S, AR SOk HBV AT BE
5 DLBCL & A5 BIAIL I DL K AR G 5 3 5 I PR 705 1
DLHEATZRIAR LA Ryl RIS SR 0 JEL %

1 SFHHFR

1.1 EERTHEM

FFE S B[] Pl i b [X A7 76 2 R [ A 22 TR 28
AR — VTR I AR K Bl B PR 7E P [l DLBCL S &
HA 1 AR A e, 3 R A AR bt T R A7 3 AR AT
i%  DNA 52 R By ks ARl PR ) 22 88 L 5 B A
RE/ HRAE IR TN 52, 3T BA B B H0 o0 i, —
SEIL IR 7E HBsAg(+) A 2848 W358 N, A 2# &
1€ HBsAg(+) e JerfiiA T 14 AMESe AR S A
4G KLF2 \TMSBAX 55 Horp 11 A EPUETE i
M me nE i 4 B ( activation induced cytosine
deaminase , AID ) 938 7E I ¥ 36 [, HOUR, DLBCL H
CLAI S84 45 78 HBsAg (+) Mg b & AR 2238 1Y
WA, 5% b i, X S 438 8 HBsAg (+)
DLBCL HAAE— MR 28 A8 5L ] s 1 i Ktk
ELRE 2 B A i L ATD TR S S
A 240 i e 491 5 A8 W] i & 5 30 HBsAg (+) % DLBCL
HA T A3 e 28748 3 PR A 28 AR 1) SR A

Gyhb i e A b it — 2 3R BT HBV AHC I
HHFERE S BCL6 . FOX01 T ZFP36L1 ¥
OFEH B AETTIRAY . BCL6 2255 B 4k U &
A R BV S D i A 2 rpocs RO T A 1Y)
BN N 17 25 E TR, BCL6 i R B 7 A

HBsAg(+) % DLBCLs " & 3% & 4 , $2/~ BCL6 K
7£ HBV #H5& DLBCL & A4 & J# v i SCHEE T

BRI, KLF2 i — AN 5% B+, %t
YERFUEL B AN A R R B, 7R /N B A R
ASEGHL X B 4R P38 A Ik Xk e
g S {BFE DLBCL th R B AR 2878
ol LA g A8 3 8 AR O KLF2 AT B AR RNA
TG ZFP36L1 BLEER S, ZFP36L1 S il %%
X B 4IAEIX & & MAERFAr T L SR, 76 5
XL DLBCL H, ZFP36L1 1 i 35 55 A8 4
R AR VLHGE . xR KLF2 F1 ZFP36L1 TEMK M
R PAATEDIRE LR X 284y T I AR T &
S — R R R EGE I AN EE TR
HBV figif it NF-kB i 48 o0k 8 #F 18 il R G2k K 7
B AR A R 3k, DT 5 RS bk B4 440 i 1 o e
WagE'
1.2 Z % & X & A (hepatitis B virus X
protein, HBX ) 7£ DLBCL £ &% E i)/

HBV A 38 A8 8008 D g 5 DAL R0 i 00 9 32 PR 45
AL 51 R P ECL 40 e 0 A 8 A, e ¢ S SO0 T 0 14 T
B, HBV [ X 5 275 5 0k L 400 it o R 1k 446 2 1)
S HA s M, RE IS 22 Rl s 3 R, A
5 SO AL 0 el A AR R T  DNA #4515 2
HAFAI AR > FEIFSE p & BT 48. 9% (1)
HBsAg( +) DLBCL £ Hr al #0121 HBX $it)5, JF H.
HATggiid 25 myc {758 B Tk B8 0 & 4,
mye fE R BB RN 2 —, BH TR 2R 40
FIThEE, A7 A K AT mye B ATE
TR ELIRE B T TR D BE AR AT PR 28 AE  FE [ 44 ml e
ARGy 7 |38 3% 5 T T 26 38 28 1A 5 mye 3 X HEAE
HBV (+) DLBCL i i & T HBV (-) 2H., #F
5 & HBX U AT 55 F-Box #21H Skp2 546 -4l
mye W2 ZACFER FABEAREf# ", pre-S2 5 pre-S1
F1 SHBs Pl gh G i Dane URIALIE | Dane Jo0k; £
EAE HBV 5 82 W B A b 2 P 2R L 76 B
AR ERE T pre-S2 AT BEAE g 40 B SR e A TR s 5
PEHIPRE 7E B 407 2R E AR 1 HBY B
B 4L T LA It AID 5 A& AR H B mRNA
i it 18 1k £ BK (apolipoprotein B mRNA-editing
enzyme catalytic polypeptide-like, APOBEC ) % 3L []
VEFRR R AERONE , A5 5 A 240 L v 1 58 A | AR
175530 S 5 DR R ik B BOmE RN Y A A i
[ 5 ] DLWLEE 3] HBsAg( +) DLBCL 5L A 4 v 515
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SR I AN — 41K 5] 14 58 A% 0 05, AT DL 43 b bl
APOBEC FIHiE 175 5 1 B 158 2l 100 3 1 O i
ZE LT HBV JEYe 5 B 4B i 2 IR A ZE AR
AN
1.3 HBX @it 842 ATM/CHK2 5 S@ 8= 4E 1k
Fr 5t 25 1%

Zhao ZEVVHE Y X B (AT 0] DNA 40 ) 1y 2K
F1 CHK2 A6 , 51 & 40 f R b S 1045 1k DLk
)36k 55 BE A 25 Py A I VR, 5 DLBCL 20 i x4k 7
2y I NS | BT S P A T A2 T AR
WL 5 W ATM/CHK2 {5 5 38 #% 52 3 iy, JL
LneNBAT1/APOBEC3A 2 HBX & 4% 4E I i1 ¢ 8 /v
J5i; LneNBAT1 19 138 5 1 9 A] B} 2 2k 22 DLBCL 4f
XA ST 25 A0 BUREE | IneNBAT 38585 F 5 5
43 F STAT1 AHFREX , M6l APOBEC3A W33k, e &
FEAE PR

2 GRS

2.1 BERERTIHEAW

FiSCHT iR HBV JEYL L mye e FHER) & 4R &
T HBV B A, 78 R0t 5% o 44 (7R , HBV
YL mye FEFFEHERN 20. 0% , 2 T J6 HBV &Y
411 3. 9% , 2253 B Goit =45 3 S A 2 I &R 40T
7R mye HH EHEE DLBCL 2 07 BR B 15
HE> 5N HBV BT i 02 UF mye &
K HE, Aukema 4572 BF 58 T mye & A & HE Xt
DLBCL & Wia (50, 25 R £, 5T mye 2
FHER BB B mye LN EHE B E BUR 82,
FiAh , KF BCL2 A FEHEXT DLBCL B Tl 5 1Y 52
WAl EAT T A OCME R RIS, (E W 25 1 ¢ RATI A7 AR 3
KA+, Tibiletti 2 H238 DLBCL B4 BCL2 3
R HER LA K 20% ~ 30% , T HoAh A [5) fF 58 6 T
BCL2 FHEHEXT DLBCL 5 A= A7 8] 9 52 Wi 47 7
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