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[ Abstract ] Objective  The prognosis of patients with left-to-right shunt congenital heart disease-associated
pulmonary hypertension is significantly better than that of patients with idiopathic pulmonary hypertension, but the specific
mechanism is unclear. The purpose of this study was to establish a rat model of idiopathic pulmonary hypertension and
congenital heart disease with pulmonary hypertension, and compare the similarities and differences between the two models
in terms of pulmonary vascular remodeling and cardiac remodeling. Methods Male SD rats were divided into three
groups : control group (n=8), monocrotaline ( MCT) group (50 mg/kg) to simulate idiopathic pulmonary hypertension (n
=8), and cervical arteriovenous shunt surgery+monocrotaline ( MCT) group (50 mg/kg) to simulate left-to-right shunt
congenital heart disease with pulmonary hypertension (n=8). Three weeks after establishment of the model,
echocardiography, left and right cardiac catheter pressure measurements, and lung histopathological staining were performed
to compare cardiac and pulmonary phenotypes of the rats. Results Compared with the control group, no significant
difference was found between the MCT and the operation+MCT groups in terms of the right ventricular hypertrophy, right
ventricular dysfunction, mean pulmonary artery pressure, pulmonary vascular remodeling, or other indicators at 3 weeks
after the operation. However, many indexes related to left heart in rats of the operation+MCT group were significantly better
than those in the simple MCT group. Compared with that in the control group, the left ventricular lumen diameter ( and left
ventricular ejection fraction) in the operation+MCT group did not decrease in the diastolic period. The maximum rate of
increase in right ventricular internal pressure and the maximum rate of decrease in left ventricular internal pressure in the
operation+MCT group were lower than that in the simple MCT group. Conclusions Left-to-right shunt surgery cannot
change MCT-induced pulmonary hypertension or right heart remodeling, but can produce left heart compensation, which
may be beneficial to the prognosis of patients. The animal model of this study establishes the basis to examine various

pathological mechanisms of idiopathic pulmonary hypertension and pulmonary hypertension associated with congenital heart

disease.
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Table 1 Ultrasonic results of rats in three groups at the end of the experiment
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Ik, " P<0.05, ™ P<0.01,

1 SR Z R U1 55 A O A Bt D i MR RG: ) 51 B 45 SR e 15
Note. A, Control group(n=5). B, Simple MCT group (n=8). C, Operation+MCT group (n=8). D, Statistical diagram of left ventricular

cavity diameter in diastole. E, Statistical diagram of left ventricular ejection fraction. Compared with control group, * P<0.05, ™ P<0.01.

Figure 1 M-mode detection diagram and result statistics of parasternal right heart short-axis section in rats at the end of the experiment
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Note. A, Waveform of mean pulmonary artery pressure of rats in three groups (n=8). B, Right ventricular systolic pressure waveform of rats in

three groups (n=8). C, Statistical diagram of the maximum rate of ventricular pressure rise (dp/dt Max) during isovolumic contraction of the

right heart. D, Maximum rate of decrease of ventricular internal pressure (dp/dt Min) of right heart during isovolumic relaxation. Compared with

control group, “ P<0.05, ™ P<0.01, ™ P<0.0001.

Figure 2 Waveform of right ventricular catheter pressure measurement of rats in each group
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Note. A~C, HE staining of pulmonary arterioles of rats in control group, simple MCT group and operation+MCT group. D~F, EVG
staining of pulmonary arterioles in rats of control group, simple MCT group and operation + MCT group. G, Statistical chart of
percentage of vascular media thickness below 50 um (n=8). H, Statistical chart of the percentage of vascular media thickness 50 ~
100 um (n=8). Compared with control group, ** P<0.01, **P<0.001, *** P<0.0001.

Figure 3 Pathological staining and statistical diagram of lung tissue of rats in each group
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Acupoint catgut embedding affects the level of inflammation in rheumatoid
arthritis through the PD-1/0X40 signaling pathway

CHEN Lichuan” , DUAN Bo, YU Zhao, MA Zhiyi, MENG Qianwen
(Department of Acupuncture and Moxibustion, Department of Rheumatology, Wuhan Hospital of
Traditional Chinese Medicine, Wuhan 430050, China)

[ Abstract] Objective We studied the effect and mechanism of acupoint catgut embedding on rheumatoid arthritis
(RA) by regulating the PD-1/0X40 signaling pathway. Methods Twenty-five SD female rats were treated with complete
Freund’ s adjuvant to establish the RA model. Rats were divided into control, model, Leflunomide, acupoint catgut
embedding, and acupoint catgut embedding + Leflunomide groups. The degree of inflammation was determined by the
arthritis index. Serum interleukin 6 (IL-6) and interleukin 8 (T1.-8) levels were measured by ELISA. HE staining was

used to observe infiltration of synovial inflammatory cells, synovial tissue, fibrous tissue, macrophage proliferation, and
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angiogenesis. Proportions of PD-1/0X40 and CD4"CD28" cells were determined by flow cytometry. Results Except for
the control group, rats in each group had erythema and moderate swelling from the ankle joint to the metatarsal bone or
palm joint. After 14 days, the scores of the model group did not change significantly. Scores of inflammatory factors in the
catgut embedding + Leflunomide group began to decrease, and those in the acupoint catgut embedding + Leflunomide group
decreased the fastest. Serum levels of IL-6 and IL-8 in the model group were significantly increased ( P<0.01), whereas
serum levels of 1L-6 and IL-8 in Leflunomide, acupoint catgut embedding, and acupoint catgut embedding + Leflunomide
groups were significantly decreased ( P<0.01). The synovial tissue of model group rats was damaged with a large amount of
inflammatory cell infiltration, vascular dilation, and fibrous cell proliferation. After treatment with leflunomide and acupoint
catgut embedding, inflammatory cell infiltration in synovial tissue was significantly reduced and vascular proliferation was
inhibited. The effect was most significant when leflunomide and acupoint catgut embedding were combined. In the model
group, PD-1 expression was increased, while OX40 expression was significantly reduced (P<0.01). CD4 and CD28
expression was significantly increased (P<0.01). OX40 expression was significantly increased in Leflunomide, acupoint
catgut embedding, and acupoint catgut embedding + Leflunomide groups, while CD4, CD28, and PD-1 expression was
significantly decreased (P<0.01). Conclusions Acupoint catgut embedding improves RA symptoms and has a combined
therapeutic effect with leflunomide. Its mechanism may be related to the PD-1/0X40 signaling pathway.

[ Keywords] acupoint catgut embedding; rheumatoid arthritis; PD-1; 0X40
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YRGS , 1T 968 I 58 DY 32 (A8 2 1 I B 4 (tumor
necrosis factor receptor superfamily member 4,0X40)
5 TR B BEL I U)X B B e e e A R T AR
Hlo PD-1 1 OX40 FLHfIF A5 5 KM e vk RA Boin
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(55)2018-0104 ], Jr 5 sl 5 5 35 p AR IC R A )
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1.3.6  ARAEHFHR

K ELISA 3207 & 00 7 K BRI i Y 1L-6 i
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K1 LW RIEDRIE

Table 1 Arthritis scoring standard

Status Score
AL
IEH 0
Normal

Y S SIE L S AR N S
Slight erythema and swelling of ankle or wrist
J BRI B B BRI K
Erythema and swelling of ankle joint and tarsal 2
bone of posterior foot
BRI 2 B Ak s S H BT A o B2 e i
Erythema and moderate swelling from ankle to 3
metatarsal or metacarpal joints

BROCHT A ™ T KR FIZLBE , HARE 67
Severe swelling and erythema from ankle to 4

metatarsal and no weight bearing
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PBS ¥ 2 ¥R, B:UK 5 min, 25 PBS; I —HURs B .
HIA 200 WL F PBS 1 : 200 F#ksia 19 —Pt,37°C , i
B 1 h; 1 mL PBS % 2 ¥k, &K 5 min, 3% PBS;
400 pL ) PBS B R 40, 4°C BEGAR AT, EALKI,
5 NovoCyte 43T R AF o Hr S 45 5%
1.3.9 Western blot

B ZHAEAS R AR At 3 0] & 4R BUAR [R) 21
PN EE T, R BCA LM EHE AW E, XA
SDS-PAGE HLJK 43 B BB, BB FL R 50 pg SR
HF, HYK 2 h 5, RARIEFE IR ZE PVDF B, K
FH 5% TR IR W By £ 1 h, 4°CHEE —H1 PD1(1 :
1000) ,0X40 (1 : 1000) i 7% , K J=R 2K F TBST &k

JBE, A HRP #5iCA9 — 4T Goat anti-Rabbit TgG (1:20
000),37°CW & 1 h, ECL W%, % 1F B 1%, % H
Quantity One fl)'G%5 FE(H
1.4 SFitFEHZE

SKHI SPSS 22. 0 FAFHEATHE T2 o0 b, T B
BER 8 e hn i 22 (x5 ) Fon . 24l Al
AR R Ty 225007, WAL ] FL 3R T LSD #556, DA
P<0.05 FREREAGI¥E L,

2 #R

2.1 HHBIEF
Xt B R B B IE R (P 1) B Fe B e

Bl REUERI

Figure 1

ASHLIN AR A 2H K A TS R B LD S
JUEEE BAEOR R I A LT BE, R B K, R
BATERZR, MAAR R T)
2.2 XTRIEH

ERBAIZEIE 7 d FE4T 1 IRSET RIS, 45
AN 2 iR eSS T RERXTIRAL AL, 25 2 K BB G
7 B AL B O BT B P R b K, FE S 14
REFBRXT HR L A, 4 20 KBRS I, 4% -3
IYITE 3 VA b AR 14 d DU EERIZH PE 1% A I
AR (HE R JEOR R AL A 2 4 Ao S 2 +
KFOKFFH AT B F P TR T R, 7656 49 K,
XTI b SRRV RAE N FIF R E T 5
BEARYZH AL, SR KRR | 7 3 2 4 R0 O 3k +
R NFLH A AE F PP 43 ) T e, HL OO 3 2 +
R KPR A

Identification of rat model

T S, M P<0. 01; SE4IM L, ™ P<0. 01,
B2 SAHRTRIEE
Note. Compared with control group, ™P<0.01. Compared with model
group, ™ P<0.01.
Figure 2  Arthritis index of each group
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2.3 IMiFHPREREFKFE

FARUZH 50 REZH L (& 3) , R BRI o 1L-6.,
IL-8 & B THE (P<0.01) . SHIRIZH HLHL, R
SEORRRAL oAV M 20 4 0 5 AN B4 + o UK R4 R
FRUMLYE H 1L-6 IL-8 Y7 w3 3% N (P<0.01)
2.4 HLARBREENE

X KR 4 2 AT HE (o (18 4) , 45 R &
B, BRZH A LAY G W A 2L A M FE S IR R
RN 20 K O MR 2H 2 0 3 e IR | K 2 110 8 40 i
R A 5K 2F 2 i M 3G A AE R AT R FOR BRI
FCAVEHLER b B TS R BT S 4 4 4% 40 i IS Vi B
08 RRAR 0t A R A AT o, L AR Sk UK R R A 1

LRILEE I R0 e B 2, DR A, 550 R E A, A8
RIHPEIr 2 THE (P<0.01) , SHEIRIA] EH, R IR
RAEL A 35 2 20 R B 2R + ok UK R 41T 43
B FHRER(P<0.01),
2.5 matiai

i 2k DAY K Bl PD-1/0X40 J¢ CD4/
CD28 4l & (&l 5) , 50 FEAH e e, A A0 4 v ok
BLAY PD-1 1 CD4/CD28 4 s & & i 2 84 hn (P <
0.01) ,0X40 W E MK (P<0.01) , SRR EL,
TR 21 RN A7 M 2 + R EUK AR 4L 1) PD-1
CD4/CD28 4 g & i it 2 P A (P<0.01) , 0X40
FHOM(P<0.05) . WK 6 Frzx, i i Western blot

T SXHRAAALL, #P<0. 01; SERLIARLE, ™ P<0.01,
B3 AR IL-6,1L-8 /Y& i
Note. Compared with control group, *P<0.01. Compared with model group, ** P<0.01.

Figure 3 Contents of IL-6 and IL-8 in serum of rats in each group

TE . HXHRAAE, ¥ P<0.01; SHRAM L, ™ P<0.01,

4 KR4S HE Qe
Note. Compared with control group, *P<0.01. Compared with model group, ™ P<0.01.

Figure 4 HE staining of rat synovium
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T 0 BRLAR LL , ™ P<0. 01; SERIZIA L, * P<0.05, ™ P<0.01,
5 WA PD-1/0X40 & CD4/CD28 4y & ik
Note. Compared with control group, ™ P<0.01. Compared with model group, “P<0.05, ™ P<0.01.
Figure 5 Flow cytometry detection of PD-1/0X40 and CD4/CD28 cell

T SRR L, M P<0. 015 SEURAIMIEL, ™ P<0.01,
B 6 il Western blot £5lll PD-1 1 0X40 f97E %k
Note. Compared with control group, *P<0.01. Compared with model group, ™ P<0.01.
Figure 6 Detection of protein expression of PD-1 and 0X40 by Western blot
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ZHIAWFGEIER , PD-1 %k 2 s BH W T S 30 A
BB Y T OX40 1554 F B S sE Mg
HAWRITER™ . Ma 2572 &8, B &mKFW
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[ Abstract]  Objective

osteoporosis rats by regulating the Wnt/B-catenin signaling pathway. Methods

To investigate the improving effect of modified Chaihu Guizhi Decoction ( CGD) on

SD rats were assigned to Model, CK,

high-dose CGD (CGD-H; 20 g/kg) , low-dose CGD (CGD-L; 5 g/kg) , and estradiol valerate (EV; 9 mg/kg), Wnt/3-
catenin pathway inhibitor ( DKK-1, 100 mg/kg), and CGD-H+DKK-1 (20 g/kg+100 mg/kg) groups with 12 rats per
group. Except for those in the CK group, rats were administered 70 mg/kg retinoic acid to establish the osteoporosis( OP)

model, and rats in the CK group were administered the same amount of normal saline. From week 4 of modeling, the

corresponding drug was administered for 4 weeks. ELISA were applied to measure serum levels of collagen type I C-terminal

peptide (CTX-1) and osteocalcin ( BGP). Changes in the bone volume fraction, bone trabecular thickness, bone mineral

density, and bone trabecular number were observed. HE staining was applied to assess pathological changes in the rat

femur. Alkaline phosphatase ( ALP) calcium-cobalt staining was applied to detect osteoblast activity in the rat femur.

Osteoclast activity in rat femur tissue was detected by tartrate-resistant acid phosphatase (TRAP) staining. Western blot

was applied to detect Wnt3a and B-catenin proteins in femoral tissue. Results

Compared with the CK group, femoral

tissue of the Model group had severe pathological damage, the CTX- I level and osteoclast activity were increased, and the

BGP level, bone volume fraction, bone trabecular thickness, bone mineral density, bone trabecular number, osteoblast

activity, and Wnt3a and B-catenin protein expression were decreased (P<0.05). Compared with the Model group,

pathological damage of the femur in CGD-L, CGD-H, and EV groups was alleviated, the CTX- I level and osteoclast

activity were decreased, the BGP level, bone volume fraction, trabecular thickness, bone mineral density, bone trabecular

number, osteoblast activity, and Wnt3a and B-catenin protein expression were increased, and the opposite trends of the

corresponding indicators were observed in the DKK-1 group (P<0.05). Compared with the CGD-H group, femoral tissue

of the CGD-H+DKK-1 group was severely damaged, the CTX- I level and osteoclast activity were increased, and the BGP

level,, bone volume fraction, bone trabecular thickness, bone mineral density, bone trabecular number, osteoblast activity,

and Wnt3a and B-catenin protein expression were decreased (P<0.05). Conclusions CGD may improve OP in rats by

activating the Wnt/3-catenin pathway.
[ Keywords ]

osteoblasts ; osteoclasts

modified Chaihu Guizhi Decoction;

Wnt/B-catenin  signaling pathway; osteoporosis;
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£ 2000) HL[FE I E 2 h, ECL 3250 ] T8 1 B
% ImagePro Plus F{FIPAG S50 L
1.4 ZFIHFEFE

i H GraphPad Prism 8 #4744 43 M7, Fr 5 4L
R UL BB bR S (x2s) Fn, B HBHR &
IEASHI 255, R R T 2 Z A 2 5 i
— IR LA T SNK-¢ K5, P<0.05 HZERA S5
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2 #R

2.1 CGD xAXRiMi&EH CTX-1,BGP KFEH
B

5 CK 4 He#¢, Model 41K BRUIMLE H CTX- T 7K
ST, BGP KA (P<0. 05) ;55 Model ZHAHLL,
CGD-L 4 .CGD-H 4 .EV 4 K KU ¢TX- 1 /K
F-REAR, BGP K- TH i, DKK-1 2K BT o CTX-
[ ZKFFHE, BGP KRR (P<0.05) ;5 CGD-H 41
I, CGD-H+DKK-1 20 K Bl i o CTX- T 7K F-F+
=1, BGP KRR (P<0.05) . WA 1,
2.2 CGD 3k R B 0 45+ B 220

5 CK 4 H %8, Model ZH K BB B AR BLA0 488

H/NGRIREE B B NREERER(P<0.05) 55
Model 4 H %%, CGD-L 41 . CGD-H 4 EV 40 K fl i
HEERSE T NRIRRE ERE BN
15, DKK-1 21K BRUBi B AR B 8 B /N IR B i
R /NRECR MK (P<0.05) ;5 CGD-H 411t
3, CGD-H+DKK-1 21K BB BB AR B 8 i /N
B B BN RER(P<0.05) . WA 1
mE 2,
2.3 CGD XAXRBREREBRGHZN

CK AKRBBEHAL Y R 2N+ ELk 5
B E /NG s Model 20K BB ALV RA KA
TR BB B T 1 DA B B /N D £F B OP 1Y
MR ERAE, VLA 2, 5 Model 2H F %, CGD-L 4 |
CGD-H 4 \EV ZH K FUB B 5 BR300, DKK-1 24
KERBE T I8 B A i 0 1S 78 A, i /N R il 2

R 1 CGD XFHFAURRUMEH CTX- T BGP
IR (s ,n=12)

Table 1 Effect of CGD on serum CTX- 1 and BGP
levels of rats in each group

215 Groups CTX- I (ng/mL) BGP (ng/mL)
CK 12.25+1.03 13.75+1.01
Model 28.74+1.75" 6.28+0.17"
CGD-L 23.45+1.61* 8.25+0. 28"
CGD-H 14. 46+0. 982 12.3120. 69*2
EV 14.571. 05" 12.51£0. 76**
DKK-1 35.56x1.73% 3.69+0. 22*
CGD-H+DKK-1 20.32+1.774 9.32+0.45%

T 5 CK 41HEE, " P<0.05; 5 Model 4115, *P<0.05;5 CGD-L
I, “P<0.05;55 CGD-H 4l1L%:, 4 P<0.05,

Note. Compared with CK group, *P <0.05. Compared with Model
group, #pP<0. 05. Compared with CGD-L group, 2 P<0.05. Compared
with CGD-H group, * P<0. 05.

1 Micro-CT {SCRE I S SRR SO 4544

Figure 1 Micro-CT apparatus for detecting the microstructure of rat femur
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5 CGD-H 4HAH I, CGD-H+DKK-1 4H Kk FL ik
B REEIE LA B Nk
2.4 CGD X KRESE

in each group

HKHE  CGD-L4H .CGD-H 4 EV 41 K FURE
Aiﬂm%%ﬂEM%ﬁo
20 Fh BB 4R BT I RO R

m&3%m$ﬂmﬁmwMMdﬁ%%ﬁ%
RSB A B PN TR A (2 DTTE NP 5 5 Model 41 3,
R2 COD MR FURE B ARBUME

R 2

i PN R A O DLTE B 22, DKK-1 41 K FRUBE - 41 8L

JSUE A0 B 5T N TR (B T DD s 5 CGD-H 4 [ K,
CGD-H+DKK-1 21 K B 2H 2 v i 248 e Jo P v
e A UTIE D
BNRIREE HEE

AN B FE IR (ks ,n=12)

Table 2 Effect of CGD on femoral bone volume fraction, trabecular thickness, bone density and trabecular number of rats

ZH 5 HIEB (%) /NG (mm) B (g/mm’) H/NEECE (n/mm)
Groups Bone volume fraction Trabecular thickness Bone density Number of trabeculae

CK 19. 67+0. 54 0.078+0. 002 0.29+0. 01 5.89+0. 23
Model 9.89+0.34 " 0.023+0. 001 * 0.12+0.01" 1.72£0. 14"
CGD-L 12. 62+0. 42* 0. 039+0. 002* 0.18+0.01" 2.32+0. 15"
CGD-H 17.72+0. 48*% 0. 066+0. 004** 0.27+0. 02*4 5.21+0.26**

EV 17. 81+0. 50*4 0. 068+0. 003** 0.26+0.01%2 5.24+0.27*2
DKK-1 6.31+0. 27" 0.011+0.001* 0. 06x0. 01* 1. 06=0. 09*

CGD-H+DKK-1 13. 66+0. 454 0.042£0. 0024 0.19+0.024 2.9410.204

.5 CK 4 Es,

Note.
group,

Compared with CK group,
4 P<0.0s.

T i Sk g it i i

* P<0.05. Compared with Model group,

B2 HE YRR

Note. Arrow pointed to the bone marrow cavity.

- Sk TS Ak Sk B AR B N R AE
B3 ALP #5548k Je okl R UK H

Note. Arrow pointed to a dark brown deposit in the osteoblastic cytoplasm.

WEITRE,

Gl

* P<0.05;5 Model 4 [lLEL, #P<0.05;5 CGD-L 4114, “ P<0.05;5 CGD-H 41 [L#:, 4 P<0.05,
#P<0.05. Compared with CGD-L group, “

R EAE AL

Figure 2 Pathological changes of rat femur detected by HE staining

A0

Figure 3 Detection of osteoblast activity in rat femur by ALP calcium cobalt staining

. Compared with CGD-H
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2.5 CGD 3t XRAE AR D HaEERN RN

Kl 4 8581 0oR, 'ﬁ CK 4 %8, Model #H K BUI%
BEH AP B R A BT PN R A AT UE (kR
Ab) B B3 £ 5 Model 41 H %, CGD-L 41, CGD-H
4 EV AR ERE EPE’JIIB'ZE’QHJH’@ N LT
ULvE B s/, DKK-1 éﬁj:ﬁﬂﬁ 2 1 A
L5 PR R A €, T D 3 Z 5 CGD-H éﬂ %, CGD-H
+DKK-1 2 K FRUBE B 2H 20 st 15 20 o S P R s (2
DLUEH Z |

TE < Sk T e AR o B R BN SR A DT

Bl 4 TRAP J (ol R

2.6 CGD XKRAERFHR
EBRIEHNFIT

Wik 5 fras, 5 CK 4 L, Model 41K BB
ZHZU Wnt3a , B-catenin 75 138 35 [ (P<0.05) ;
5 Model 4 L%, CGD-L 41 CGD-H 41 \EV 41 K
s '4:' Wnt3a , 3-catenin EAFERETE , DKK-1
Qﬂjﬁfﬁ‘ﬂﬁ ZH 1 Wnt3a B-catenin 45 [ LK (P
<0.05) -L? CGD-H 4 %, CGD-H+DKK-1 2 K KUK
HEHZUF Wnt3a B-catenin 5 1R IAFR{K ( P<0.05) .

1H1 Wnt/ B-catenin 8 3%

LR R AR T 1

Note. Arrow pointed to a purplish red deposit in the osteoclast cytoplasm.

Figure 4 Detection of osteoclast activity in rat femur by TRAP staining

.5 CK A,

Note. Compared with CK group,

with CGD-H group, * P<0. 05.

* P<0.05 ;45 Model 414, *P<0.05;5 CGD- LQEHSB? 4P<0.05;5 CGD-H 4 %%, 4 P<0.05,
B 5 Western blot #4520 K BUKH
* P<0.05. Compared with Model group, *P<0.05. Compared with CGD-L group,

2 Wni3a .B-catenin F=H
4 P<0.05. Compared

Figure 5 Western blot detection of Wnt3a and -catenin proteins in femoral tissue of rats in each group
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e, VR R A IR E BGP Rk, H CGD
S, PR Y R G I B, T CGD-H 415 EV 4
FHEEXT R FE AR i A b 24 8 .3, Ui €GD 7]
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[ Abstract]  Objective To explore the role and possible mechanism of a disintegrin and metalloproteinase 10

(ADAMI10) in osteogenic differentiation of bone marrow mesenchymal stem cells (BMSCs) and tibial fracture union.
Methods BMSCs of SD rats were cultured, stably transfected with a negative control (NC) shRNA pGFP-V-RS vector,
and divided into sh-NC and sh-NC+DMSO groups. BMSCs were stably transfected with an ADAM10 shRNA pGFP-V-RS
vector and divided into sh-ADAM10, sh-ADAM10+DMSO, and sh-ADAM10+valproic acid ( VPA) groups. After 14 days
of osteogenic induction, absorbance at 405 nm after alizarin red staining, ALP activity, and ADAM10, OCN, Runx2, CoL-
I, NICD, and Hesl expression levels were analyzed. A tibial fracture model was established in SD rats, and NC shRNA or
ADAMI10 shRNA pCMVS5. O vectors were injected locally. Fracture healing and gene expression were then observed for 4
The ADAMI10 expression level in BMSCs of the sh-ADAM10 group was lower than that in the sh-NC
group. After osteogenic induction, the absorbance value of alizarin red staining at 405 nm, ALP activity, and OCN,
Runx2, CoL-I, NICD, and Hesl expression levels of the sh-ADAM10 group were higher than those of the sh-NC group (P
<0.05). The absorbance value of alizarin red staining at 405 nm, ALP activity, and OCN, Runx2, and Col-I expression

weeks. Results

levels of the sh-ADAM10+VPA group after osteogenic induction were lower than those in the sh-ADAM+DMSO group ( P<
0.05). Healing of the tibial fracture in the sh-ADAMI10 group was better than that in the sh-NC group, and OCN, Runx2,
CoL-I, NICD, and Hesl expression levels were higher than those in the sh-NC group ( P<0.05). Conclusions Knocking

down ADAM10 expression promotes osteogenic differentiation of BMSCs and tibial fracture healing, which is related to

inhibition of the Notchl pathway.
[ Keywords ]

tibial fracture; bone marrow mesenchymal stem cells; a disintegrin and metalloproteinase 10;

osteogenic differentiation; fracture healing
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¥ 5% N ¥ 2 ( Runt-related transcription factor 2,
Runx2) (It :ab76956) I K fi J5 ( Type 1 collagen,
Col-1) (#1t5 ;ab34710) . Notch Z A fifd 45543 ( Notch
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SFASEIE R F 1 (hairy and enhancer of split 1, Hesl)
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5000 i REHY B-actin —PLad i, WH, ZHFE —
Pt 1 h, BJETEBEIE G A B2 AR B F 5k iR
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PR R R 7 22400, P HL R LSD-t K
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sh-ADAM10 21 BMSCs AU H % S 5 v Za e a
[ 405 nm WGAE ALP B3 M35 5 T X5 B4 A sh-
NC A, ZRA%IH%E X (P<0.05), % W&k
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7 days after induction, ¥ P<0. 05.
Figure 1 Comparison of ADAM10 expression levels at

different time points after osteogenesis induction of BMSCs

T SR, * P<0.05; 5 sh-NC 4l I, ¢ P<0.05,

B2 AEEYeLH BMSCs ' ADAMI10 57K P HL &
Note. Compared with the control group, “P<0.05. Compared with
shONGC group, ¥P<0. 05.

Figure 2 Comparison of ADAM10 expression levels in BMSCs

among different transfection groups
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TE AP RLYA;B.405 nm WG HLES; C.LP WM HEL, S0 BRALILES, * P<0.05;5 sh-NC 4115z, € P<0.05,
B3 Y4 BMSCs ' ADAM10 ik /K14 He A

Note. A, Alizarin red staining. B, Comparison of absorbance at 405 nm. C, Comparison of ALP activity. Compared with the control

group, * P<0.05. Compared with sh-NC group, ¥P<0. 05.

Figure 3 Comparison of ADAM10 expression levels in BMSCs among different transfection groups

T SXHRALIEEE, * P<0.05; 5 sh-NC 4l lb#e, ¢ P<0.05,
4 N[EFEYL4 BMSCs H OCN  Col-I Fl Runx2 FiE7K -1 I
Note. Compared with the control group, * P<0.05. Compared with sh-NC group, ¥P<0. 05.

Figure 4 Comparison of OCN, Col-I and Runx2 expression levels in BMSCs among different transfection groups

T SXHRLL L, " P<0.05; 5 sh-NC 4l IL#E, ¢ P<0.05,
B 5 A[EF G4l BMSCs H NICD  Hes1 Rk /KF-1 L4
Note. Compared with the control group, * P<0.05. Compared with sh-NC group, €P<0. 05.

Figure 5 Comparison of NICD, Hesl expression levels in BMSCs among different transfection groups
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Runx2 , Col-I BYZRIEIKF-34 15 T sh-NC+DMSO 4 (P
<0.05) ; sh-ADAM10 + VPA 41 BMSCs &% S5
OCN Runx2 , Col-T {J ik /K F K T sh-ADAM10+
DMSO 4 ( P<0.05) , F B E Notchl 3 [ f 1%
ADAMI10 kM2 3 BMSCs H B b ok 3k K 3k 19
YEHES . UL 7,
2.8 % ADAMI0 RiFXF KBREBBINEAHN
B

2 X KA, sh-NC 4R B B4 K R & ¥

LG M, sh-ADAM10 4R B-&Jr KR FHr LT
2% 22 HE L0, sh-NC 41K FUAY 50 £F i 45 % |
FRERR N A sh-ADAM10 41 BB i B i
Wz HIE R NG RUTEAR ADAMI0 %
MEH R EITES, WK 8,
2.9 HIH ADAM10 RiEx KRBT KB IR
HFEERIENHI

sh-ADAM10 ZHJEB59r KRB Iriffi - OCN,
Runx2 , Col-I ByZRIAIKF-1 5 T sh-NC 4, Z R A S5

WA PERA YA ;B 405 nm WOBIEM HLE; C ALP &R AL, 5 sh-NC+DMSO 414, ™ P<0.05;5 sh-ADAM10+DMSO 41

HAr, ¥P<0.05,

B 6 Notchl i#BEILZNF] VPA X ADAMI0 25351 HE BMSCs BUH 431k (50

Note. A, Alizarin red staining. B, Comparison of absorbance at 405 nm. C, Comparison of ALP activity. Compared with the sh-NC+

DMSO group, * P<0.05. Compared with sh-ADAM10+DMSO group, ¥P<0. 05.
Figure 6 Effect of Notchl pathway agonist VPA on the inhibition of ADAM10 expression promoting osteogenic differentiation of BMSCs

1 . 5 sh-NC+DMSO 41 1448, * P<0.05;5 sh-ADAM10+DMSO 41 [t#¢, ¥ P<0.05,
7 Notchl M FH BN VPA XHIH ADAMI0 FiA {27k BMSCs B hr i 3 R 33k A 52 1)
Note. Compared with the sh-NC+DMSO group, * P<0.05. Compared with sh-ADAM10+DMSO group, < P<0. 05.

Figure 7 Effect of Notchl pathway agonist VPA on the inhibition of ADAM10 expression promoting osteogenic marker genes

expression of BMSCs
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AR (P<0.05) , 45 R E ML ADAMIO £ik  2.10 #1H ADAMI0 Rixx X REB BN
PEENE B T @A b A R AR AR BRI Rk, Notchl @B EY 200
BLIE 9, UAEI 10T 7%, sh- ADAM 10 48 i 45 8 97 K

|

!

TE AR AP X ey, S k0T A g B IR B 4Ty HE B¢,
B8 il ADAMI0 kX K RIS & B I f s i e
Note. A, X-ray examination of tibial fracture. B, HE staining of tibial fracture.

Figure 8 Effect of the inhibition of ADAMI10 expression on tibial fracture healing in rats

E: 5 sh-NC 41HeE, " P<0.05,
B9 il ADAMI0 FihX A RIS - 4 v m e i Jik PR R ik A 52 i
Note. Compared with the sh-NC group, * P<0. 05.

Figure 9 Effect of the inhibition of ADAM10 expression on osteogenic marker genes expression in rat tibia fracture

.5 sh-NC #H L, ™ P<0.05,
10 i ADAMI0 R0 R U B B3 Hh Notch 38 #% Y520
Note. Compared with the sh-NC group, * P<0. 05.
Figure 10 Effect of the inhibition of ADAM10 expression on Notchl pathway in rat tibia fracture
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PrfizH NICD Hesl 935 KK F sh-NC 41,
ZFAGITFE L (P<0.05) , KU E{K ADAM10
FIREIR B E YT @A L Notchl {5518 #% 19
W

JIZ B BT 2 R 30T S, R AL AT S e i 2
J15 1 BB R A e A A U 5 | 2 S A D 1Y)
fife AR A5 R B IR 2R ) 45 B 1 | R JRy S R A A
mﬁéh%,ﬁ TUIFE AL N E IR IT IS AN LG B

WA A KA KR 5w, PN 58 ) 2 20T RITX [
IF% > Wl PRAE 7 0 S 4 T 8 B A s SR A A
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TRTARKS IR 28 B R PR I R SR AT AR AR
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S AN
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fﬁa\ﬂcrjﬂﬂ ADAM10 R ZRIR7KF-A 2B A PRI
PO RACRESY R -8, 8T BIE
ADAM10 JEHTE BMSCs BB s e iR =R, A
WFFELE B 175 BT S i 8 T R % Y+ pGFP-V-RS
AR BMSCs, i J5 #E47 BUE 15 = 40 A IR R I 25
R, B ADAM10 356 BMSCs 8085755501k
Jo RES 45 5 $iE [ ALP SR PRSI B3 A0, T aniE
() )8 o A S AR T 22 b s 3 R 9 A28 4, Col -1 A1
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FIRP U W BEAR, A 1 S B R AL 4G T
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B REE BRSNS SR R BE #E 18] 7 5 1 40 fif
A1 PKH26 #1ic
R MERLGEY ERE

(LABJLER T 2 il JEIL 0630002 4200 B T A 2AMHE EE g, b il 063000)

[fE] B BIEES—Fh SR 77 250 5 s 55 K BB 36 8] 58 58 T 40 ( bone marrow mesenchymal stem
cells, BMSCs ) By J5 % , 71 ] PKH26 #EATIARSMRIC , 3555 PKH26 Aric %t BMSCs 4= #1245 M Y52 i, LA R AR SP s i
T, Fik KBS d 2 RSUS BCE 7435, 25508 B A WL RAT AR, HKe 0BT gl N Beatb A7 8 3% R IR %
A FE2l BMSCs , 7 FH T 204l B3I 2 55 3 A M R E bR . 78 35 3% 2 R AH R A 5 100 R, RS 3 £ BMSCs i H
PKH26 #H AR, AR5 R AR I 7RG A N XA A4 SRR TSR | bR ic 415 R pric 4k
HHIEE TR e, ER BMEE R B ILEUE BE K3 BMSCs 241KARIE LAY — S (8] Py nf i
BARTEKE BMSCs ; £ R A 4 2 45 R W, 7635 CD29 M (91. 18+1.29) %, 323K CDI0 9 (95. 04=0. 11) % , 3
ik CD45 24 (1. 74£0. 36) % ; PHK26 FRiC X% BMSCs 41 MIIE A4S, 3458 J6 B W ( P>0. 05) , % i i 175 5 To s il
it SRAKRKR S d ZURESEE 7 ik AR Oe Pk 15 35 At 6B i) BMSCs , i 4H i A £ o Fp 720 M F B A1 41 T
T ; PKH26 A X A5F K B BMSCs #47HR1E .

[SiR]  KECEBER S5 T 400 ; 4 bric ; PKH26 ;B 42 T

[HE5%ES] R-33 [CEkARIRAE] A [XEHS] 1671-7856 (2023) 10-0032-06

Bone marrow mesenchymal stem cells isolated from rats by bone marrow
and slice adherent culture in vitro and PKH26 labeling

CHEN Shuang' , XIE Yanyan®, XU Juju', YAN Zhenyu'?*"
(1. North China University of Science and Technology, Tangshan 063000, China.
2. the Affiliated Hospital of North China University of Science and Technology, Tangshan 063000)

[ Abstract]  Objective To establish an efficient method to isolate and culture rat bone marrow mesenchymal stem
cells (BMSCs) and apply PKH26 to label them in vitro to explore the effect of PKH26 labeling on their biological
characteristics and achieve in vitro tracing. Methods Hind limb bones of 5-day-old rats were separated, surrounding
muscle and fascia were removed, and the bones were cut into small pieces for culture. BMSCs were purified by fluid
exchange and passaging. Cell surface antigens of third passage cells were analyzed by flow cytometry. Under the same
culture conditions, third passage BMSCs were labeled with PKH26. Cell morphology and proliferation of labeled and
unlabeled groups were observed under a fluorescence microscope. Adipogenic induction characteristics and identification of

labeled and unlabeled groups were compared. Results The bone marrow slice method was used to separate hind limb

[E£THE TS A AR FRA T FR BT H (H2019209154) ;2019 4E048 BN % Bl R E 2320075 AA B30 H |
[MEHERN IBRIL(1997—) , 2, BHWF5e A R 07 i - B B2, E-mail  tydwlly@ 163. com
[BEEE]ERT(1974—) B W #dz, TARE, B 98 7 11« 1kl 5 12 . E-mail ; hbyzy2011@ 163. com
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bones of 5-day-old mice. The BMSC shape was slender, spindle, and uniform. A large number of BMSCs was rapidly

obtained in a short time. Flow cytometry showed CD29 expression in (91.18+1.29) % of cells, CD90 expression in
(95.04 £ 0.11)% of cells, and CD45 expression in (1.74 + 0.36) % of cells. PHK26 labeling had no significant effect

on the morphology or proliferation of BMSCs ( P>0.05) or induction of osteogenesis or adipogenesis. Conclusions

A large number of high-purity BMSCs was rapidly cultured by the method from 5-day-old rat bone marrow slices, which can

be used as seed cells for bone tissue engineering. PKH26 can also label rat BMSCs in vitro.

[ Keywords)

rat bone marrow mesenchymal stem cells; cell markers; PKH26; bone tissue engineering
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A S0 80 R ] SPSS 19. 0 #F k414811
#r, H GraphPad Prism 8 Bt T2 g1t K, it
HRRIRI P B bR 25 (2 £5 ), Z B H]
2557 HUBCR FH B R 7 25 50 B, WAL 55080 2 1) 25 5
FEBE R ST REAS ¢ K5, LA P<0. 05 Fn 227 H A
GitE X,

2 HR

2.1 MRS

VB EE R A TR, 243 KR BMSCs JR
R 36 h ByEEFE, o] UL M R R LG M B A
KRBT AN 15575 72 h SR — Rk
P , B T 2N A AR, D0 R 200 2 T 484 i, R e A
JEH ERMK MRIE . = MIE Y 4k £ 55 5%
96 h IEdifu AR KRG HE, 2
WEwIR , FTHEFT 10 2 AR5 R, ABRRI15E 3 fR4ti L
PIRBERKWRE EA 2, BABRENITEH, b
2% e v P AT S etk R (1)

15 J7 15 37 1 BMSCs 7E 36 h {0 U2 3 /b &t
YU RE  BEFR 2) 48 h EAT I R IR, LS 2 4 i
Ut B 5 O, AR 3R B AR 72 h, USRS A0 ot R
TEETE , HEB A3, AN ARIE s AR 22855751 96 h,
Y 2% FE AT 38 50% LA b B AT RE AR S 3G 57, i ok
AR 1) .
2.2 mAMBETE

W 2 iR, 28 240 BSOS SR bR S A T
K, 55 3 A% K B BMSCs [ 1 % BB SR (0.55 =
0.73) %, #5315 CD29 .CD90, Fik /3 51°M (91. 18
+1.29)% (95.04+0. 11) %, Mk F 3k CD45, A
(1.74£0.36) %, 2555 1. % (P<0.001) , ik B 73 25 45
FERRAKE BMSC(F£ 1),
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B 1 J5fL BMSCs AL
Figure 1 Morphology of primary BMSCs

B2 i e SRS 0 24 i 2 A i ) 2k

Figure 2 Detection of cell surface antigen expression by flow cytometry

2.3 PKH26 #RicE R

53 RN PKH26 4t 24 h 5, fE5E
TR T WL 5t 21 €8, ¢ G 7E 4 i Bt b 43 A 3 5] —
HARIDRE N 98% , YL 41T f5 BMSCs 21 il A
A (EL3)
2.4 CCK-8 i&NE 4 Al 4 1< th 2%

PKH26 #ric 4l 5 K Fricdl K BMSCs 26 2 K
Mg K5 3 KM K BI5 7 Rk B A K5
IR 2 8 KA 10 RAEK A&, KikAg

N

\

KRB E“S7IE . WA 40 M 7E 460 nm 4b 1Y)
ODH LW F2Z5% (P>0.05), Uit Bl PKH26 Frid
BMSCs X145 JC i E 2 m (K 4) .
2.5 RBREESRELBER

BB 21 d JE WS BI R i 40 A 52 20K 451
AR, PER Y R @S5, XRS5 1wk & U
FUR kA5 IR A S 14 d J5 WLEL 3 K B 40 i iy
SRS MRE R, B RmYPTOEE, ML 0 Yk
¢ BRI AIE L (L 5) .
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13K BMSCs KA
Table 1 Expression of BMSCs surface antigens in the
3rd generation rats

Bk FIH(%)
Antibody classification Expression rate
X HEZH Control group 0.55+0.73
CD29 #H CD29 group 91.18+1.29
CD90 4 CD90 group 95.04+0. 11 ™
CD45 4 CD45 group 1.74+0. 36

T SXHRAL A, ™ P<0.001,
Note. Compared with the control group, “* P<0. 001.

. PKH26 FRict BMSCS 24 h )5,
B3 PKH26 fricss R
Note. 24th hour of PKH26 marking BMSCS.
Figure 3 PKH26 Mark results

B4 PKH26 Aricdl 5 AR ICA AR K2Ry He g
Figure 4 Comparison of growth curve between PKH26

labeled group and unlabeled group

T A BMSCs JUE AT 21 d J5 o6 L0 4 (4 B, BMSCs UG A %
14 d JEHLT O B s,

Bl 5 BMSCs MUH PR ERMAEML 0 Y
Note. A, Alizarin red staining 21 days after osteogenesis of BMSCs.
B, Oil red O staining after 14 days of lipogenic induction of BMSCs.

Figure 5 BMSCs Alizarin red staining and fatty

oil red O staining

3 it

BMSCs HAGIE T LR Prerd4eib E1EH,
FESRIEIREE T, 15 RS BMSCs AT BE 3N
SR 3 RS S AR B KU (B
BMSCs FJ IAREcm 40 M AT 2k i 3G, X 201
BAHGU LT A 52, X e Sy H A TR
FoAH MM IR E A (G R 3R
Ji2 e Y L W RE kRN 25 R 0 vE AR TR R
BMSCs' " {H 5 1] P9 At 4 B AT i LA — 2 TR M
PRI, SR — e = 2l ELAR S 19 o0 B i A i 4%
RN, AT 5 B 45 5 KB BMSCs >R K
5 d FLECESEE Rk AR EE 3 A, Sm 4
SR ERIA CD29 .CD44 . CDY0, {£ 553k CD45, If:
] R IR 7 81375 5, F BH A% 7 % v] 3R A5 4l 4K
1 K B BMSCs,

UTAER & B, BMSCs LA M AN A 4141 T
T LAY S SR WFFE IS, A LR 25 R UE S
BMSCs BEAHAE M 6 T K BRUH 2F 4k fb 455 7 5 AT iy 5%
PERGIE 7 R WG, e W 0 2% R 0 30 R AE M il £F 4
R0 TR A Bl bk AR 2E K RS RL E 4T BMSCs %
FE A 25625 L 0 BMSCs 0] 386 i1 4 £k DR 1 0 28 e
TR TR AL 19 22 55, 348 o g 50 I 5% 40 P9 IR 220
FHARRE 09 32 7%, d B 3 AL 1 W] B AT Bl T 055 i ik
IR = ¥ N 1E1 Y5 it i1 RO S 00 3 =R (2SN
il & AR A5 B A7 W58 3R W BMSCs AT 1 4KCRy
B DLk SR YT AR A S e T R A i
RO AN HE AT A 0 R W 2% Ho o Ak A7 G ST RS
B B bR G 4 A U7 ¥ AL 4G DAPT A4, BrdU FRic .
Dil FRic &, AN i, X 2L 5 YRk A8 A R B, DAPL
PRI — R Ar e JE YLk, bric 40 M, AR ic i 20
MIFET G 2B Y DAPL, ANFEEARC B 40 it 23 9%
Fric ok, AT 5 B BH P, HL28 5 VR K, Rk &
FRIIFRE™ . BrdU Aric f&il i s e iy 5 58
AT LS B AEAS T 8, O HARIE i A i st T
JE 2B BrdU , 5 DAPT 240, [RIRE 2 1 s v 18
PR Dil AT 3 d 54 B R A 20
FEPER N, 35 d 5 R I 2 AR IC A AN A 12,
FEPRIM I 1 e rp e e i ReseE PRI L R,
VEPE—FP A aE M ek, XK B BMSCs 47 hRiE 7R
BIL B,

2GR PKH26 & —Fpi B gLkl F FAnic i
YA T LA s B RS E B AT B0, BbRIC Al
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M5 KRB AR IC B 4 AR HE, TS B, WA B R
DX, FRIE 2R 98% , 3 it 7 1ok fi 44 - b A W) 13 4
SN T AT A RIS 0, SRR AR IC 1Y) 48 v 5 2 3
YNNI RV SRR LN R 2 e L DR A T RN
MIAEREFAMEA H B, T PKH26 4487 ik fi
i BN, AR R R, B2 R,
I, PKH26 & K Bl BMSCs AR AEARiC 720, KR
BMSCs 7E/R N /- (L L 50 19 e SR P58 4T F T 1%
SEHLAE

S 3k
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K59 &= BPA #1 DEHP XJ il 4= K B A5 AR AKR1C3
A

FAHET RIR MM R BEE N E R
}% g‘ﬁl,Z,B,%}%%il,z’g,*

(1. gAY ELH ARG, LI 200032;2. R DAERZR G ST EZ HHE S8, B 200032,
3B RFEEES R EWRRE, B 200032)

[WZE] B WHEHE BPA 1 DEHP X AR R RATFIE AKRIC3 (U5, ik 56 HAFEMEM: SD K
SUBEHLAY I 7 41, 4520 8 H 43 BIREH 45F BPA(10 .30 #1190 pg/kg) , DEHP (30,90 1 270 pg/kg) FIiAHE, Z 4% 4
Jil, ST ARIRG 25 24 h 5 BRIRJE SR AL, SVECRT SRR IE 430, R ELISA Y546 DU 1 5 AR S AR h AKR1C3 7K,
FIFH e A 2 B & b i 51 AR AKRIC3 (R ATENL, @R 4 T BPA J5, M AT SR 90 ne/ke a4
AKRI1C3 3k BV TR (P<0. 05) ; T MIATHI R 10 we/kg 7440 AKR1C3 KR H A B E R T
XTREZH (P<0.01,P<0.001) , 47 DEHP J5,270 pe/kg FIE A M7 AKR1C3 7K 1 2 M i T X R4 (P<0.001) ,
EDFTH A 4% 20 AKR1C3 7K P24 8 M s T X3 B4 (P<0. 05, P<0.01) ,270 pe/kg FliH4H AKRIC3 HEHAFR BB FH
PERE TR BRZH ( P<0. 05) s TN TTH AR 30 ne/kg F1 90 we/ke FIHE2H AKRIC3 323k b & TXFBR2H ( P<0. 001, P<
0.05), 45 (KK BPA Fl DEHP HREME i AR K BRATFI IR AKR1C3 ik {4 HTFI AR XS BPA Fl DEHP [
KA A,

[X88i1R]  IREENMMWTHY ;S A 4B2K —H iR (2- 2.3k ) CUIR ; PR JUR 1C3 5 MBS ; I 3%

[FESES] R-33 [ XEk4RIREG] A [ XEHS] 1671-7856 (2023) 10-0038-07

Effects of low-dose BPA and DEHP on AKR1C3 expression
in the adult rat prostate

HUANG Dongyan'** | WU Shuangshuang'”, SHAO Congcong'**, SU Xin'**?, YANG Rongfu'*”,
WANG Kaiyue'?, ZHOU Ping"**, WU Jianhui'*’*
(1. Shanghai Institute for Biomedical and Pharmaceutical Technologies, Shanghai 200032, China.
2. NHC Key Laboratory of Reproduction Regulation, Shanghai 200032. 3. Reproductive and Developmental
Research Institute of Fudan University, Shanghai 200032)

[ Abstract]  Objective To investigate the effects of low doses of bisphenol A (BPA) and di (2-ethyl) hexyl
phthalate (DEHP) on aldo-keto reductase 1C3 ( AKR1C3) expression in adult SD rats. Methods Fifty-six adult male SD
rats were randomly divided into seven groups (n =8 rats in each group) and administrated BPA (10, 30 and 90 png/kg, i.

[E€UWH] L B AR 54 (19ZR1444400)
[YEEE ] EADF(1989—) , L, i, Bh3WFY 51, 55 7 1) . 259 B A 2 B 324 0P 98 . E-mail : hdy043@ 163. com
[EEMEE] ZEM (1976—) , 5 M+ B9 R, BE5E 5 . 25 25 P B2 98 . E-mail ; wujh_731@ 163. com
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g. ), DEHP (30, 90 and 270 pg/kg, i.g. ), or the vehicle once a day for 4 weeks. The animals were sacrificed on the
day after the last treatment. Blood was collected, and prostate tissues were dissected and categorized into different lobes.
Levels of AKRIC3 in serum and prostate were measured by an enzyme-linked immunosorbent assay, and AKR1C3
expression in each prostate lobe was analyzed by immunohistochemistry. Results  After BPA administration, AKR1C3
expression in the ventral prostate was increased, and a significant difference was found in the 90 wg/kg group (P<0.05).
AKRI1C3 protein expression in the dorsal prostate was increased, and a significant difference was found in the 10 pg/kg
group (P<0.01, P<0.001). After DEHP administration, the serum level of AKR1C3 in the 270 pg/kg group was
significantly higher than that in the control group (P<0.001), the AKR1C3 level in the ventral prostate was significantly
higher than that in the control group (P<0.05, P<0.01), AKRIC3 protein expression was increased, and a significant
difference was found in the 270 wg/kg group (P<0.05). The AKR1C3 level in the dorsal prostate of the 30 and 90 pg/kg
Low-dose BPA and DEHP promotes

AKR1C3 expression in the prostate of adult SD rats, but the sensitivities of ventral and dorsal prostate lobes to BPA and

groups was higher than that in the control group ( P<0.001, P<0.05). Conclusions

DEHP are different.
[ Keywords]

1C3; estrogen; androgen

environmental endocrine disruptor; bisphenol A; Di (2-ethylhexyl) phthalate; aldo-keto reductase
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W A (bisphenol A, BPA) FIZEA — HI R — (2-
Z.FE) OBE (di (2-ethylhexyl) phthalate, DEHP ) j& ¥
g o BB IR N 4 W T Y (environmental
endocrine disruptors, EDCs) , | {Z /£ 76 T 7 F] R
BE AT At DL R R DIRER R
FERT A A W2 R0 AR N S 1 9 23 I BILRE H
PUZETHL, DATTRS A= B AR Y 25 5 1 28 1 A 8 3R
GeAER I REr B Bl Tk iy & BPA Al
DEHP FREE 5 8 7] 5 S 76 A AR P 10 3 PR B4
T, REEEEMS54YE PR (Food and Drug
Administration, FDA ) #1 & wIEE (U S
Environmental Protection Agency, EPA) ¥ 50 wg/kg
MR H AR« %4 (A2 BPA IRk F
BRI R IR, 23 %0 A 5 R GE AN i 1)
PRAGA R K B P A s e, W 5T 3R B AR IR 11
BPA(10 pg/ (kg « d) ) 2 FHUEMAG /N BT S Hi
B 4 Bk AR BUE s 75 BRI BEA BPA
(40 wg/ (kg - d) ) PEIERTHI IR A0 M35 58, 75 S 10 Bl
JRCAE B IRk AR TR REAE g — R UL EDC,
DEHP AU B g i TEAH X 8D A 2438 B, 1
BRI R ETT T Fikia L A 4EME L DEHP
BRI AN 5.7.8.1 Al 42,1 pg/ (kg - )
KU i % 42 Ry B DEHP H i 32 5 AR ik 50
ng/ (kg - d), 1 EPA ¥ 20 ng/ (kg - )V %LS
FZFIRD T BPA R DEHP A9 2, T4 148
A iff A 58 e i 1) k1 9 3 X T 37 R A S e, S
il EDCs W75 42 e KU 42 L BRI LR

FATERTIOT T h A, 45T BUAE A2 4R KR

10~90 pg/kg 19 BPA BE 51 ol fie 2F /iy 1) JI% 3 2,
0.01~1 nmol BPA AJ LIt K RUSACRITS I R - 5 4
JI4%E 30 ~270 we/kg DEHP Xt 4F KBTS I A
e AR BPA A DEHP 4 oF 5T 510 B4 A
AR P 2 A AT AL, 1 iR A1 o) P 54 O OB R
P, TYUMERCR RS, R0 28— N 3 WA T LA K ids
SRR VR T 40 R R S I A AR R S
[Fi] s AT T30 ¢ IR A 75 5 AR R LT 2) iR 48 28 v i
IR E D, A 3L [ (prostaglandin D, synthase
gene, PTGDS) HJ#% K R R R S
STt PR A 25 T R -5 T 4 R 11 R AR G

RIS AR A B ( prostaglandin synthase, PGS)
S IREE B N2 R G, TR N 1 18 AR 7O AR 1R A 354
R A I W A A il B AR B 1 B I S R
£ FEAUIE A ALEE 2 ( Cyclooxygenase-2, COX-
2) AT A R E & W ( prostaglandin E synthase,
PGES) JEZEGAIATHI IR E, & B 1 ( microsomal
prostaglandin E, synthase-1, mPGES-1) | Lipocalin %!
B AR & D & WL (lipocalin-type prostaglandin D
synthase, L-PGDS ) Fl §j %1 i & F & W B
(prostaglandin F synthase, PGFS) 4§ 7 PGS FJi%
o, Z 0T S IR R G R AR B A R R e,
PGFS AL HTFI IR 2 H2( prostaglandin H2, PGH2)
FIRTFIAEZE D (prostaglandin D, PGD) 7 4k Ry 115 51) i
% F(prostaglandin F,PGF) A i , PGF 7EMfEMESh
Vb FIA 2 5 ALk S R o A O MESR
KT T RE AR PGES 93K A1 PCF s £
T34 5 B 1C3 ((aldo-keto reductase family 1 member
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C3,AKRI1C3) J& PGFS fy—Fh, il {4k Sa— & S
(HRMEBAR) b Ry 3o~ f55 e W (S IR ) , B4
— MR =3 ,17 0 (55 HEPLER ) T Ak S R (o A
F) K MERR (SR Fefk ol 178 M (R
Z) MM AKRIC3 2 55 52 FME 3 2 AR, mT LA
Z 53R GURMEA LK KT Mg &Lk
Jh InFLAR A | 0 S | A0S AR K T R AE SRR
a=2) RRGT R AKR1C3 {3 T HE 2 4 15 1%
LR it , e B BRI ( prostate cancer, PCa) 21 il & AL
SER AR S W ) O B g, 7F — 28 PCa 4H i P
AKRIC3 o] i i 3% 06 M # R % & (androgen
receptors, AR ) {5538 [ BUOR AMEAUK - S E 5 5
IEHE N A B SR AR,

AT K IALH A BPA AT LA E iR COX-2 Al
L-PGDS 33K , 5200 4 B 354 78 AT 12, T35 S 11
H s A= BPA FIl DEHP £ Sy 378 iy BR 55 P 43
WA , 2753 BE R i LAt 71 57 R 38 A5 Bl 11 2
k7 BENAEDA AR, I, A SO 33T
IR/ T BPA il DEHP X §y 41 A Fib
AKR1C3 F5EIR , BIF 5T 45 5K Sk i o) R 22 0 1) & 2F
PLHIR LS 4,

1 #eFnrE

1.1 SEI8Eh4

56 HUSAEMEM: SD KL (SPF 4%) ,6~7 Jili#, %
W AR 140 ~ 160 g, WA [ i V14 30 F 42 52 56 3h )
FEARAT BN 7] [ SCXK (#7)2019-0001] , 7 LT
AWIEE 5 BORBEFEBE [ SYXK () 2019-0012 ] J5# it
RGEWNMFEZE3 A, EiE 20~26°C , FHXHRE 40%
~T70% , Y6 BE ARG 45 12 by FH R/ B R ) ) e
F%, AMKK . S scss Ol At bl A Py B 255
ARAFFE B s 5 5640 B A L PF (2019-28) , 4%
F5 H8 3R JE I 45T NGB SR
1.2 FERKFSNE

BPA (585239658, &% & =99%) . DEHP ( %
5. D201154, & i =99. 5%) ¥ T Sigma-Aldrich
)R HELT4E RSN (CMC-Na) ( 555:20140520)
W [ 245 4 A1k 25 300 A BR A ) 5 At 4 R g A
0.5%1) CMC-Na 2] 4rHk, KEL PGFS ELISA Kit
(MBS9310151-96 ) 14 T 3£ [§] MyBiosource 2\ Fl;
Rabbit Anti-AKR1C3  Antibody ( ab196673 ) ) F
Abcam 72~ &) 5 BV % 40,95 2H fk UltraSensitive TM SP
R E (/) (525 KIT9720)  # Bl bt Jsi 48 52

W (55 :MVS-0066) . DAB (a5 (20%) (525 .
DAB-0031) . 75 A R & 4 i 4+ A % (1% %5 CTS-
1090) \PBS WiREhZE il (#3754 (75 . PBS-0060)
BIe B AR A R A BR A F]

IR K F X B 0 HL( Allegra-12R, 3£ [
Beckman ) ; 6 I 4% 7% 3% 5% 46 ( SI-600R, i [E 74 &
F) 5 MM Yk AR L ( DNX-9620, 4t 50 3% B 3 ) ;
Multiskan GO 429 K i #5 1X ( 1510-04177C, Thermo
Fisher Scientific) ; Leica A %] F AL (RM2126, f# [
PHFR) s Leica 4= H s Y A AL ( Leica STS010 1 [ Pk
) ;6 WL (DM3000, fEE ) .

1.3 A%
1.3.1 M2

56 H 3 J M SD K Rk A E LR 7
H MR RHIRL BPA 10 wg/kg .30 pg/kg 90 pg/
kg #4240 A1 DEHP 30 pg/kg .90 wg/kg M 270 pg/
ke FlEE 4, B4 8 Hah¥y, 53 i B (intragastric
administration ,i. g. ) 45T 10 mL/kg ¥ I, 0 N 55 i
) BPA F DEHP 522 4 J&, sh¥ k4 kA 1
W AR A 25 a, T4 4 JIRIKS 2524 h
Jei B G 3% S EL H A, R OK B, iR 3 B0 ik
SR, AbBEEh )

1.3.2  HiZBRIEAE

YA BE G, ) AT S AR AL 2L, I =y IR
PR 00 I K 45 I i 8 R 2H 0 ol = Ay, —
53 FH 10% AR IR B MO 5, FH 19 B 40 #
TN R E TR T — 221507
1.3.3  ELISA K0 AKR1C3 7K

1 B kR I, 8 I/ S S 0 (3590 1/
min, 15 min) , 73BT . TSR 4 SURR S 59 /4
FRR T 0 10(w = v) e A AEBER K T3 50K
AEVK DA A, B 3 W, R SR E O
(3590 r/min, 15 min) , WA AT 75, ELISA %
K00 11375 1R 51 B R AKR1C3 K, 5 Br A5 94k
TSP 22 % 0 5 2R K BV 4 R v, AT
K T bR 4 i 22 R VR B, = IR BCE 10 min £
M, MELRMT .

JRE IABR e S A L RIURE b BV (25 1
fL) EAR AL,

WEE  AAUIMAZE B IR A YA, BRI E R
JG 37CHFE 1 h,

PRI Y Al RS 7 25 VAR I VR AR ALV
JKE A 400 pL, 200 10 s, 7523 5 s, VoM 5 IR, BEik
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J& WK 48401

B LR YO A AR, BRI R S
37°CHOEIER 10 min,

Z b BFLINA 50 pl B IR IR G5, &
1E RN (B bl i A S ()

% .15 min LA PN FH EEARACIEFT I 2 (450 nm
W),

TG H bR o 4 28 Bl 6 5 2, A A
FEAS OD fE T REAR IR B
1.3.4 ALkl AKR1C3 Fib1H 0L

SBCTITS) A N T A i 2E 21 e R A e i Ak
TR G UL R B JEAT a0 R AR S KAk ZH R (S
min/ K ,2 IK) —Te/K LBE(S min/IK,2 K) —95%
B (5 min/¥K,2 ) —75% LB (5 min/IK,2 IK) %
BT K (3 min/K,3 W) REBE. U RRET
0.01 mol JFMEE W, (KB R 20 min, E{RE A,
BUE S PBS 23k 2 min/ IR, 3 UK WM S 1L W it
BELURT . B 5K U0 R i — 350 A, Z IR E 10 min,
PBS 2%t 3 min/ UK, 3 WK ; I3 £ AT A5 5K U0 H i
—JHIRA) B, ZIRMEE 10 min; I—40 . BRI M
50 wL —i(FATEXT B PBS #:4%) ,4C I F i1k,
PBS Bk 3 min/¥K, 3 UK I i . A5k b i n—
TRH ¢, F WM E 10 min; PBS 2%k 3 min/Ik, 3
K, BERY) R i —% 18 C, ZIRFF 10 min; PBS
RYE 3 min/WK,3 W 6 FiL i DAB % (LI
i) B YR IN 100 WL B 83, s T ULgR R
PR AR N2 1k e Y AR R E YL 4 min, K
b1 min, FRFR 4L 4 s, WK VE 11 min; TREH .
75% T (5 min/?ﬁ(,Z ) —95% £, % (5 min/IK,2
W) —To/K L (5 min/IR,2 ) — —H K (5 min/

W2 W) s B R T MR IR e, AR T AR

R 6 A2 ) |, BN SR 7k )
A9 10 S RLET U0 R Hh BB 2 6 J0RE A BH P
N, F Tmage-Pro Plus 6. 0 il ) 7 EG T2 50 %
B TR I ERIA I R g g, d A FHRCR FH
77 229307, LA P<0. 05 #2255 B B &5k
1.4 SitEHiE

SR DO B e AR HE 2 (x£s) RoR,
SPSS 26. 0 #AFHEAT G153 B, 41 18] LR H B
EH LT, UL P<0. 05 TR 2 5 HA WM

2 #HR

2.1 AKRIC3 kKFI

ELISA #2551 Wos (B 1), 457 BPA 5,5
X HRELAH HE , 4570 B 41 098 AKR1C3 /KSF-J6 i 3 1
Ak s B AT 5 B AKR1C3 197K F-J6 B 18 28 4k, {5
90 pe/kg I & A WS R T X RE AL 1 M AT A
AKR1C3 /KT, 10 ne/kg FIH4A B2
S (P<0.01), 25T DEHP J&5, Fifi 2 7 & 59 5 i 37
AKR1C3 BY7KF ETF,270 pe/kg 7 &40 B &S T
XL (P<0.001) ; IEMITT51 AR AKR1C3 7K-F- 34 5
FZVER T X AL (P<0.05, P<0.01) ; 35 0 7 1 i
H1,30 pe/kg 190 pe/keg FIHE4L AKRIC3 HY7KF- 5
TR, (£ 1)
2.2 EIFIBRALA R AKRIC3 HIRILER

SIEHES R R, 45T BPA J5, 50 BRI AH
e, B ) G ) B, 30 we/kg A1 90 pe/kg ) 2H
AKR1C3 EiATHE, H 90 pe/kg FlEAA it =
SL(P<0.05) , FMIFTH R, #5754 AKRI1C3 %
KT, 10 pe/keg I EA A ZIF#FE L (P<

TE: A 0LV 5 B JEMRTZUNR ; C. HFMURTFU AR . SXHIREEARLL, © P<0.05, ™ P<0.01, ™ P<0.001,
B 1 BPA Fl DEHP Xf SD K FUMLFIRGS AR L AKR1C3 /KT (520
Note. A, Serum. B, Ventral prostatic lobe. C, Dorsal prostatic lobe. Compared with the control group, *P<0.05, ™ P<0.01, ™ P<0.001.
Figure 1 Effects of BPA and DEHP on the level of AKR1C3 in serum and prostate of SD rats
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0.001) ;45 DEHP J5, SxHIELHAIEL  EMIRT SR 20 AKR1C3 kI T1Er, 30 pe/kg F190 pg/kg 7
H & FIE AL AKRIC3 R ,270 pe/kg it SAA G FE X (P<0.001,P<0.05) (L% 2, &l
HA G # L (P<0.05) , FMAETFIIR T, &0w 2~Kl4),

F 1 BPA Hll DEHP %} SD K, AKR1C3 /K EHFEMA (x+s,n=8)
Table 1 Effects of BPA and DEHP on AKR1C3 level in SD rats

21 5] Groups AU ( ne/ke) lﬂl(%( ng/ml) LA 51 i l( ng/g) ’r‘ﬂﬂ'ﬂﬁﬁﬂﬂ%ﬂl( ng/g)
Doses Serum Ventral prostatic lobe Dorsal prostatic lobe
X} R Control group 0 1. 18+0. 09 18. 08+3. 55 11. 60+3. 78
10 0.96+0. 13 17.61+1.24 18.10+4. 57"
BPA 30 0.98+0. 11 17.84+2.22 12.30+0.73
90 1.13+0. 08 19. 84+1. 06 16.52+2. 43
30 1. 1420.17 21.66+1.36" 16. 62+6. 79
DEHP 90 1.31+0. 18 21.25+0.51" 14.39+3.75
270 2.76+0.38 22.03+1.21" 11. 67+0. 82
L S RAIA L, T P<0.05, ™ P<0.01, " P<0.001,

Note. Compared with the control group, “P<0.05, ™ P<0.01, ™ P<0.001.

2 BPA il DEHP Xf SD KU MIFTH /iR AKRIC3 ZakH5E
Figure 2 Effects of BPA and DEHP on the expression of AKR1C3 in ventral prostate of SD rats

3 BPA il DEHP Xf SD K ELFMIATFIR AKRIC3 ZRakHI5E M
Figure 3 Effects of BPA and DEHP on the expression of AKR1C3 in dorsal prostate of SD rats
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T A JRIURTSIAR B B MFTZIAR . SXTEBAARLL, © P<0.05, ™ P<0.001,
B4 BPA Ml DEHP Xf SD K LTSI AKRIC3 ZRikH5L
Note. A, Ventral prostatic lobe. B, Dorsal prostatic lobe. Compared with the control group, *P<0.05, ™ P<0.001.
Figure 4 Effects of BPA and DEHP on the expression of AKR1C3 in prostate of SD rats

%2 BPA Fl DEHP X} SD K FUATS1/ AKR1C3
FIRMFEM (5+5,n=8)
Table 2 Effects of BPA and DEHP on the expression of
AKRIC3 in prostateOf SD rats

o A0 T 1) it HOETS IR
4B R (pe/ke) o o TR
Ventral prostatic Dorsal prostatic
Groups Doses
lobe lobe
poyiite
IR 0 0.181+0.015 0. 128+0. 029
Control group
10 0.177£0.009  0.206+0. 020
BPA 30 0.197+0.010  0.151+0.011
90 0.236+0.016" 0. 157+0. 021
30 0.211+0. 021 0.225+0.010 "
DEHP 90 0.201+0.020  0.171+0.019"
270 0.247+0.047" 0.154+0. 022

T SxHRAMLEE, * P<0.05, ™ P<0.001,
Note. Compared with the control group, * P<0.05, ™ P<0.001.

3 itig

BPA F1 DEHP R 7z, AAT 0T LA o $ 5L
WA BRI 5 2 Rl i R EE o AR R &
B, 45T 10~90 pg/kg 1Y BPA Fl1 30 ~270 pg/kg
DEHP J& , AKR1C3 7K F2E (1 k¥ T, 18 00 i
B e v v 7 e 2 R PR LA B S T T O 30 A
IR o 2 2% IR Oy B RO T 0 1 0 R ek
BPA 1 DEHP SUHUR%, 15 A 2 38 FR7E BLET 2 40 il
H K -2 (fibroblast growth factor-2, FGF-2) & ik
() BE DR /N BRCr 5 O 5 270 B I Bz 34 A= LU RE A i B
/B O 1 300 B 1T R 5N B R LA D
T T30 J 8 A R 500 g JL T 0 08 T B8 A 74 i
Rl AREE S B R R 5 o A A P A7 R
FRAR T A 5 5P AT ILZH 2L rf PGFS (3R 3A T
R R AR T LI PGF2a 4330, A

BHINET S MR R FL2 (prostaglandin FL2, PGFL2 ) &
PRI 3, AT 412 20 A4 20 200 R 1 305 g st o)
BPA 1 DEHP 1E4 2 FiAH Y MER R, SHEREREH
AR, P REE AL [R) B (I AR X AKRIC3 [ Rk =
AN

AKRI1C3 /& PGFS By — i, A fi# Ak 58 55 MW &=
V] PR A A 553 95 28 B A Ay e E VR 3R 3 e o
7R 2 e A R 3R R B 1 R L Rk 2
PR WO E S A8 A BF R A, AKR1C3 AT LSS
AR 555 PR A B, A5 SR 1A AL,
WRTIER AR BYFG30E DR DA B ARl v Jr =X i
% AR, AKRIC3 TERTHI MR RAL G W& b A 5
B/EF, 2 AL PGH2 F1 PGD2 = i i %) i 25
PGF2a PGF9a F1 11B-PGF2, JLH: X PGD2 WAk
TR A SRR A A T AR G P
M E MR B, AR K R F 5 M 2 08 % DA
%, TERTAIIE T AKRLC3 5 363k, RETE T 2 [ B%
KR, SRR R 2RSS & WO O T4 K
PRI F-f MAP (8 42 42 o 4N 65 | 38 BE e 2 g
MR Z2 M B4k, PGD2 T NF-xB {3 538 % 4
%, AKR1C3 /-1 PGD2 Bl 2] NF-xB i i,
AKRIC3 A F] LI EH#: 5 NF-xB M R Z 1K o
(estrogen receptor-a, ERa) ) DNA %% 4 35§ 5% 5 J
N7, i NF-kB Fl ERow R 14 356 PR 3 S 38 m, AT i
PEpE A KA

Zi R G BPA Al DEHP R LA F 4R
SD K FATFI AR AKR1C3 [R5, AT Z Fii A A5
P43 T AR AR 15 1 50 R 3 2B I AT, R B AR MR
5P A NF-kB {5538 S 7E BPH (19 & e h 34 & 1%
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FIA/EM $2R AKR1C3 93 F6K AT fE & BPA
A DEHP 52751 B3 24 1 1 AL 22—, (B2,
FZ AR 2 A 10 B A T 90 A 40 e 3 v 4 1 ML A
DA S 5 e e 38 38 %7 A 22 ) 0 3 4 S 2R T B i —
AL
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[HBE] HE HEESRIGIEE N E T B LR, 77iE R Hep-2 MM MAFFEXT S, MTT %
6 5 2 A L LG 3 5 RO S 60 A 00 2400 L 3 % 5 9 X 200 O A G 00 200 6 T4 B s Western: blot A6 I 4% 41 40 Jifg v
Beclin-1,LC3I1/1,p62 J2 HDACT [)3357KF ; RT-PCR A I 4 Al miR-449a 1183835 K s A= 9045 B 24 84 /3 Bt miR-
449a 5 HDAC1 MR 25 & 8, B SR W 5 2R SL 0 58 i T H T A R F i IMA S, B3R &K
TS T G A GRS A R AR T SR I T AR Y Beclin-1 f&& LC3II (8 1 &K K-,
W T p62 K LC31 AR FIA/AKOT B R B N AN miR-449a M35 7KF, BAIK HDACT MR A KA
HDAC1 5 miR-449a fE7ELS & /6 B % Z S miR-449a mimic AL F3 G 98 200 MO, T L) B S0 8 F00 400 <) 40 Jif 3 4 %
HDAC1 (98 FAZRAKT, U AR 4 miR-449a AR RIBEFIFES AW, e HEXERWUN T AR
25 miR-449a/HDACT i1 il v 93 A 384 58 S 375

[k88iR] Wsd; B4 & 5 H I ;miR-449a; HDACI

[FES£ES] R-33 [CEFRIREE] A [XEHS] 1671-7856 (2023) 10-0045-09

Effects of baicalin on proliferation and apoptosis of laryngeal cancer cells
via the miR-449a/HDACI axis

WANG Jian', SUN Yongdong'*, ZHOU Xingwei' , LIU Lei', TONG Xingke', CHEN Long', HE Xian'*
(1. Department of Otolaryngology, Head and Neck Surgery, Affiliated Hospital of Traditional Chinese Medicine,
Southwest Medical University, Luzhou 646000, China.?2. College of Integrated Chinese and Western Medicine,

Southwest Medical University, Luzhou 646000 )

[ Abstract ] Objective  To explore the mechanism of baicalein inhibiting the proliferation and migration of
laryngeal cancer cells. Methods Proliferation of Hep-2 laryngeal cancer cells was measured by MTT assays. Cell
migration was assessed by a scratch assay. Apoptosis was detected by flow cytometry. Western blot was used to measure
protein expression levels of Beclin-1, LC3Il/1, p62 and HDAC1. The expression level of miR-449a was measured by RT-
PCR. The binding sites of miR-449a and HDAC1 were analyzed by bioinformatics and identified by dual luciferase reporter

assays. The number of autophagosomes was observed by projection microscopy. Results Baicalein significantly inhibited
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the proliferation and migration of laryngeal cancer cells, and significantly induced apoptosis. Baicalein increased the protein

expression levels of intracellular autophagy-related genes Beclin-1 and LC31I, but decreased the protein expression levels of

p62 and LC3I. Baicalein significantly increased the expression level of miR-449a in laryngeal cancer cells and decreased

protein expression of HDAC1. Binding was observed between HDAC1 and miR-449a. Cotreatment of laryngeal cancer cells

with Baicalein and an miR-449a mimic more significantly inhibited cell proliferation and HDAC1 protein expression, and

more effectively upregulated miR-449a expression and induced autophagy. Conclusions Baicalein mediated autophagy and

inhibited the proliferation and migration of laryngeal cancer cells via the miR-449a/HDACI axis.

[ Keywords)

laryngeal cancer; baicalein; apoptosis; miR-449a; HDAC1

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

N 937 FE VR T L 7 AL S B A R, 2o
RN RS S B EEIER 1.5% " . R
57X} P S0 e S Sl R 200 LR E AT R T A AR AR
TRIT RO, (O I 3 R 2 8 1 e R85 R B IR T
7RO O R 2 W s 19 1 =R T
W AR 22 B R T R ki 24 5 S0
W 5 AR RSP RAUE S1% 24D WigRA S E
K iR Rl A E A N A R,
L R MR A 0 N 43 R P WL, S8 BLIA T
2590, I R AR B T T TR YT R 18 AE i B

Y I e — T 8 Tl A 8 At 11 i 2, T LA BEL 1 40
SERAE 14 A A, SUAT LA S0F g 300 P 1 2 e 440
UL I W A A S R I, 23 TR Y A S SO R 1Y
A=K F R 5 B ST R E TR T AR 45 A T LA
R Ve R 20 L 4 i A7 1 R B B A BRI AR A
microRNAs( miRNAs ) J& — 8 P I A 88 5T g i
INTF- RNA, K2 R 20 ~24 MEHRE, W5
mRNA H AN &, 78 175 55 5 /K 300 ] 50 3 A A 2%
P BT miRNA K% 2 500 T 88 56 DR 41 8 2
PRIASAYE R, DA 5 P 5 D £ miRNA 5% miRNA 417
il AT AR TS mRNA S FCER 1 2838, DA 42 il Fi
G T AR A A T o miR-499 i
DA 2 E PR, R L o o 4 i PR 33k X 22 i %
PRI R AE M AR T AR A Y (E B 2R TR K
PEF & P, HDAC1 5 miR-449a £ 15 45 4057 45
BOBTIF 98 & B, miR-449a fig %38 1 4 12 #17] HDAC1
AR R, 4T A 98 40 i A 34 B R B RN RS £
TURF5E B, HDAC 7] LA 5 4% b Jig i A G 300 0
PR R 7 T 24 , LA g A P ik B

WA RRREL G 2850 FEA NS
AR 22 AWM b A AR LA T L 2
P g cst ORI AR R Y 2 TR ST R B, B
T M I AN P 1 3 A B R AR 2R LA B I A

HIVER, BT A S IOR A A TR F gt o) BT
R S AT miR-449a (FRIBIEA G B
A 2 ) W T 240 N ) 1 TR ZO SR, R 5T T miR-
449a B AL, ABLTR AR 84 S B A AL, 1D
RICH A R AL SN T A ML miR-449a/
HDAC 10t W I 240 0 084 L S50 7%, A s PRI o ¥
7 ERITE o SR R MBS LA,

1 #EFFEE

1.1 4HAE

M98 41 (Hep-2) (525 HTX2247) g T ¥
Iz AL AR A BR A ]
1.2 FERFSMNE

A E (C12455217) .6 -4 3L -3 HI AL s
(C12621613) M [ 142 se kA= AL B A BR A ]
DMEM FEiBER: 353 (G4510) I H i B4 R AE W Bl
BA R A5 B (+EDTA) (SH30042.01) I 4 26
HyClone ; i /i (~EDTA) (0420A21) ,RNA TRIzol
Reagent ( BM1144) I H & B 56 4= YR A BR 54T
Sl FRAR IS (P20522) 14 H bt b = A B E AR A
F) 3 MTT( 1334GR001) W4 H 725 BioFRoxx; — H 3£ 1F
B ( DMSO, A610163) 1 H 3% [E Sigma; AnnexinV-
APC/PE JH 11857 & (KGF003-20 T) Ity [ VT /8 Pl 3k
H W H AR B A A BR A Fl 5 micrON hsa-miR-125b-5p
mimic ( miR10000423-1-5) . micrOFF hsa-miR-125b-
5p inhibitor ( miR20000423 - 1 - 5) . Bulge-Loop™
miRNA qRT-PCR Primer ( R10031.7) . Bulge-Loop™
miRNA qRT-PCR Starter Kit( R11067. 2) 3% F 7 &
BiFE A= 95 Beclin-1 $T 4K ( A7353) | HDAC1 $i {&
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S92 B ( RT-PCR) 12 ( PIKORed 96, 3¢
ThermoFisher 1 & A7 FRAF]) s FLIKAL (JY200C , Fb 5T
BEATBRIKKESARAF ) B &5 EY B M
(DMIL, LItk B RS R LB RAA) ; 5K
B O L (TDZ4-WS, K VB WAL ES O AL A BR 2
A 5 W BT AL (eytoflex, I [E Beckman ) ; fb2¢ &
JEHEIE AR A (5200, LR AERHE A BRAF]) ;5
S T 5005 (JEM-1400FLASH , H Z<H1L 7 JEOL) .
1.3 LIEAHE
1.3.1 ZifEssss

HEP-2 # MU 470 T & A 10% Jig 4 5 1Y
DMEM gifiEsFR 3 A 37°C, & 5% CO, R4
gt HEHBCIRAS BRI R K Hep-2 41 i il
TTAEAR, I AR iR 3 3% 14 3 fif 355 R SL 20k
THAL  THAL S B A0 ABT B R 37 3 DL 1 2 354K
K%, dEAT AN T O e B SR B AN e A Y, R
Pt T A AR A, W TS 5T A 1 mL
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ER VA=
1.3.2 MTT JAA6 0 20 Jf 384 5 10 ol R
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PR E A 5x10%/mL, FFL 100 wL 35T 96
fLARH,37°C 5% CO, M N TR IR IR, FEdn
FRLING R J 15 AL I A SR A (200 pwmol/
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MA ZH (4 mmol/L) , N AABXS WMk BE I 254, 2590
YERT 24 h J5 W5 BIE, AL 200 pL 29K
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TR RRARAS . W RRIE S 1152 0 h A1 24 h
WIEFSIE B3 0 P Y (H S bR 2
1.3.4  JaCam BSR4 e 1%

B HAE K 0169 Hep-2 4010, 54L 2 mL 3550 T

6 fLik1,37°C 5% CO, fEiR¥EF, FRdi G EE S5
Fi2 1.3 ik 5 15 B 2H A [R] 9 B2 25 W) 5 55
HRA 1] e 0 ) 3 56 T 1k Ak T 400 i O 4 45 40 e ot
. H 500 L 40 Binding Buffer HEMME JJ[I/\ 5
pL Annexin V APC 352085, 1A 5 wL 1Y PE 1&
5] PR 15 min, EAUGINT

1.3.5 Western blot ZZ56;

W 48 B 25 K ol 3-MA Ab B 3 5 4 miR-449a
mimic % Y 1) 9 41 i Hep—Z,bﬂ/\fJﬁ\‘//—Qf\E@ RIPA %4
it 2% PR 200 WL, FRvK 24 10 min, W08 SRR
T£4°C 12 000 r/min N &0 15 min, B LIEHR,
FH BCA 2 AN & 0 2 1 e AT 8 |, R A
TngEE 109 5091 W 47 SDS-PAGE HLIK , 5%
RN IR LT 4 238 I (PVDF i) . ¥ PVDF JEiK
AJH TBST Buffer ¥R 5% B8 Wikn H-A7E =18 T £
SIHIEE 2 h, In A —$T (Beclin-1 1 : 2000; HDACI1
1 :2000;LC3B 1 : 2000;p62 1 : 2000; B-actin 1 :
100 000) , 7€ 4°C T B %5, TBST ¥ Uk % 3
W ,ER S ming RS IIAFHRL A —HT (1 = 5000) ,
TEZ R P 2~3 h, TBST ¥k 3 ¥k 3t 30 min, #
TR R IR N B, F Image-J S 43 #4453
Mr HFRE A K, LA — 3B B s A5
B-actin [ FE AR LUAE Rl it 25 S 04T LA AT
1.3.6 RT-PCR #&:

e BEGRFN & n U, 43 1 T TRIzol 325 42 B %
e AR 3-MA LB 1Y Hep-2 401 B RNA,
BUS pg AR RNA 38 o S S SO0 A 8 cDNA 4
i RNA A A, i 7] & A B cDNA, H
¢DNA Mir-X miRNA qRT-PCR TB Green® i 7 £ I
miR-449a (3% KR53 51 Y #4T RT-qPCR. BT 51
Yl 2 Ak TA R (BiE) A RA A A
miR-449a W 51 ¥ ¥ %, 1E [m. 5°
ACTTTTATTGGTCTCAAGTCAGTGTACAG-3 ", J% [f]
1 Mir-X miRNA qRT-PCR TB Green® Kit $2fit, U6
#951 ¥ %1 H1 Mir-X miRNA qRT-PCR TB Green”
Kit $84t, RBgs oG, THEALH sh AT R FE 5
Ct fH,miR-449a L) U6 NS X} ilad 2744 3158
A% mRNA ik,

1.3.7  AWf5E B0 b BRSO R Mg

J T i miR-449a 5 HDAC1 2 [a] () 3R 45 56
AR AL TR SO E R B R AR AT T 98
FEMHRE . A miR-449a 454607 5 1 HDAC 1y
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SE% 37 UTR JF 994 3 51 0 5C B 3| pSI-Check?2 2%
ferf A HDACT 19 87 A A 284K (h-HDAC1-3UTR-
wt) o BWITAE A miR-449a 454 17 5 19 HDACI 11
3’ UTR J@oN 954 14 I 0 52 fi 3] pSI-Check2 #fArfr,
A HDACT Y9728 B 484K (h-HDAC1-3UTR-mut )
FRIE A A 2 (IR0 s, E A 1 FH T e i 4 e
FIH B FOR. h-HDAC1-3UTR , 5 40 Jifd 5% Y J5 43 4
ZH .NC mimics+h-HDAC1-3UTR-wt  hsa-miR-449a+h-
HDAC1-3UTR-wt, NC mimics + h-HDAC1-3-UTR-mu
J% hsa-miR-449a+h-HDAC1-3UTR-mu, 401564 )5
T37°C,5% CO, &M T 7%, ¥4k 6 h 5T fif
Hige B, 48 h J5 U 4E 4 i, {8 B Promega Dual-
Luciferase system {77 &Kl
1.3.8 BT BIEEIE [ g/ MA

Hep-2 A\MEf A0 i3s3y 5 20, (045 NC 4
X miR-449a mimic 2 B % & +mimic NC 20 &
A K +miR-449a mimic 4, FE 54 3% % EE T
[ 22, 1% VO S A0 AR P11 , DI A Z 21K, Ep812 41
D) R R R e e R o, B A
TIVERBTED] B, T T b R M R R A e €, V) B il
JEM-1400FLASH 37 i L BEULEE , B 5K 4 1% 56 T 6000
fi FRER, e EO AR Y X IR SE I A, g% HLAR
1.4 FitEHZE

Bl LI B AR HEZE (% 25 ) 228 2R ] SPSS
17. 0 XF 4[] 22 S5 47 5 R 2 43 AT Ml Tukey 2 L
BRIE, P<0. 05 $IA 22 R A G243 XL,

2 #R

2.1 EEREIMREAMEE IR Mm

MTT 5555 FH T 46 DU 48 A A7 6 AR 45 R0
B, KR AL A0 G A B R D (2769 =
5.66) % , 1FH 2034 E 40 2R (0. 00£0. 00) %, #
RN P IE H 4 200 i 15 B 41 o R G A A i
(P<0.001) . fUHIA 3-MA &b ¥ i) 4 A 34 5 41 ) R
N (=3.23£4.03) % KT 5 41, B0 0 Ji 40 i
H 5 215 SO A i A 38 5, TR A B &
Joi, B F + 3-MA 2 4 3 B A R Dk (14,97 =
4.71) %, #H % T 3-MA 21 40 jg e e 35 38 i (P <
0.001) o VA= 2% 515 B 38 %5 2% AT LA 410 461 e 9 4 L
RGBS RIS 3-MA A B I 40 i J5 ] 5
3-MA ] [ g S Y 4 A A

S0 R KR S 56 T R G N 440 i %) 1 % RE ) AR
o SEERATAIUEE T HMIAE 0 h 24 h WRIR A&
O, G5 ANE 1A B0 0~24 h YR B
e 1B, e 2 B2 R A B S B 40 T AL N
(168.91+9.78) pm, #f & F /N T IEH 41T 1 5
(284.26+9. 66) um ( P<0.001) ., 3-MA ZH 4 11T #%
PR BSAE KN (279. 32+19.390) wm , 1l 2 %5 2 +3-MA
ZH 20 L B BB S W 2 /N T 3-MA 410 (214,18 £
16.33) um( P<0.001) . DA 45 5L 40F B 5 %5 & v] i
95 A LT RS B8 U855, I A B 1 g i 3510 3-MA
B [ st i A5 2 A BEORT LK A A0 1 W A T, ik
§5iT RS g

A AR ST LS ANAE 24 b RIS B A A A TR, a IEH 4 b, S5 e A H+3-MA 41;d.3-MA 4, SIEH4A

ML, ** P<0.001; 5 3-MA 4L, * P<0.001,

1 B A0 I 20 N A

Note. A, Wound healing test to observe cell migration within 24h. B, Mean migration distance of cells in each group. a, Control group. b, Baicalein

group. ¢, Baicalein+3-MA group. d, 3-MA group. Compared with control group, “* P<0. 001. Compared with 3-MA group, **P<0. 001.

Figure 1 Baicalein inhibits the migration of laryngeal cancer cells
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2.2 EERXMEREMMET MR

i — 20 R R A BRSO T 28 3-MA B8 % 3R
SIS Hep-2 4HREAY A TR A5k, FEE 2A A3
AR T SR I AR T AN, TV R R R B
HAVH T 2n i, A0 0R T R RIS — e BRSP4 FR
SRR, AHMLE TR G A R TR UL IR 2B, 4
W, 5 IE R UM L, B8 2R AL S B R A i
Hep-2 76 T F1 TV G2 BR H 8L T 06 309 08 T Fn 2 09 o 1,
JHT-% N (17.93+1.5) %, i T IEH A A0 A i T
F(3.71+0.36)% (P<0.05) , B A Gt L, %
25 2 HAT 15 IR A Hep-2 IT-MIVEH ., 3-
MA ZHZ M TR (3.25+0. 15) %, 52 AL, B
KR +3-MA HANMAE 1 2RI IV 2R T R4
BFHEAN(P<0.01) , }9(9.96+0.57) %, PEIAAA
TR A LU 3-MA XF 40 1 W 0 4m sk L A
M7 A ga T,
2.3 EEEXIMEEMA B EIRIEAEA

SRR B R O] e i 240 B I T R e A T

25 LM e A L e 1 R G B T A SRR KO, i
Beclin-1 RS 5 AN RN Z — A
I ) AR A it 2 vp 2 #E0 o Jd  VE T . LC3
& H WA B AR i R S AR I R 1, A4S LC3I
K LC3IL, LC3II 5 LC3I M L E 5 A AR TE il i %
TR R AR R BE RO T A A, p62 At
5 LC3 M IS G B 25 5 8] A mE ik b i
SEAE W WK N A RO ff . TR, LC3IT T = Bk
£ p62 BEARTT LAIBEIA N & A WK P48 = i b
Western blot %5 U118 3 Jf 7, 8% 24 2 41 40 it 1)
Beclin-1 #& 1 3R ik b 3 & T IEH 41 (P<0.01),
LC3II/LC3I LBk i 2 5 T 1E % 20 (P<0. 001) , Ifi
p62 #7238 /K ) g L FAEH 4l (P<0.01)
ZERL R, WA ] DLJRARE I 9 40 . Hep-2 19 H W5
AHSCIE DR Tk 75 P J 20M F W, 48 1E Wdo il 5)
3-MA KbERJS (AR AE, W AR 56 3 P 3R (A K P
AL H M SRS 3-MA AR A T Hep-2
Y f5 , Hor Beclin-1 5 1R IA T 3-MA H (P<

HAHRET SR (R A) ;BN a: IEW 4 ;b A4 ;e WA ZH+3-MA 4 ;d.3-MA 41, SIEFW4IMIEL, “P<0.05;5 3-MA

AL, *P<0.01,

B2 w5

BN ) ok

Note. A, Apoptosis rate (flow cytometry). B, Flow cytogram. a, Control group. b, Baicalein group. c, Baicalein+3-MA group. d, 3-MA group.

Compared with control group, *“P<0. 05. Compared with 3-MA group, *P<0. 01.

Figure 2 Baicalein induces apoptosis

T : A Hep-2 400 Beclin-1 ,LC3T,LC3IT, p62 2K 1314 7K ;B Beclin-1 2 (A G 1T C.p62 A FKIALGH; D LC3I/LC3T %Kik
FEAE AR/ o IEH 4 b B4 0 T4 +3-MA 41;d:3-MA 41, S5IE#WAME, ™ P<0.01, ™ P<0.001;5 3-MA ML, *P<0.05,

#p<0.01," P<0.001,

B3 AR A AT SR R Rk

Note. A, Expression levels of Beclin-1, LC3I, LC3II, and p62 proteins in Hep-2 cells. B, Statistical graph of Beclin-1 protein expression in

Hep-2 cells. C, Statistical graph of p62 protein expression in Hep-2 cells. D, Size of LC3II/LC3I protein expression ratio in Hep-2 cells. a,

Control group. b, Baicalein group. c, Baicalein+3-MA group. d, 3-MA group. Compared with control group, ™ P<0.01, ™™ P<0.001.

Compared with 3-MA group, *P<0.05,*P<0.01,**P<0.001.

Figure 3 Baicalein regulates autophagy-related gene expression
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0.05) FIIEH 2, LC3IL/LC3T (B W 2 5 T 3-MA
41 (P<0.001) FIEH 41, 1 p62 Fik/K T EILT
3-MA 41(P<0.01) FIIEH 41, PAHA B2 ] DLl %
3-MA FYZHAE A e iR 75 S 4 B
2.4 EEEITMRE miR-449a/HDAC1 % HI 2200
miR-449a B & BLAE 22 Fi I v & 442 ek 72 0 161
PEFR™ R 26 g8 20 B v (0 1V F 4 AST5 28, PCR 45
RANE 4A FroR, A ZAE T W 40 i Hep-2 19
miR-449a F Ik M L IE# 4 A — @8 m (P<
0.05) , H WM EIF] 3-MA VEF 16z 40 Hep-2 Y
miR-449amRNA ik /D, H 3-MA 585X RIK A
AL HE S, miR-449a mRNA 35 X) Fb 1E H 41 41 it F 3-
MA ZH 4 35 8 25 34 ( P<0. 01) , i ¥ 5 R ] LA
L JH miR-449a ik | IF H 0T DLigid 3-MA 1) i 41 g
H W55 H miR-449a 235 T,

;A miR-449a Fih/KF; B HDACI E A RAG I ; C. HDACI EA R AL R

WAL, * P<0.05;5 3-MA ZHAHLL, *P<0.05,"P<0.01,

HDAC1 28 ffF 5% & 90 76 Wk 98 40 il b 3R 38
P01 Western blot Z5 5 i 7n (K 4B 4C) | HE5- 2
21 HDAC1 S ARBREL T IEH 41 (P<0.05) , B %
RIEA 3-MA 4115 T 3-MA 41(P<0.05) Lﬁﬁﬁi&i
XZ AT LU IR AR HDACT Rk,

2.5 miR-449a 5 HDAC1 B3R [ 3£ RIS F

ZAEYE B AR L AL, & 38 HDACL 5
miR-449a [N S LS AR B EIWE 5A, SEOER
fifi il fr 4 SN 5B, 5 NC 44 H , hsa-miR-449a fE
% B % T4 h-HDACI1-3UTR-WT 178 62 il 1 3k
(P<0.001) , Ut FA S50 W 25 [ A AE S5 G AR
2.6 HEEZHIMFINZEMMIEER IHBHIHTR

MITT 32546 00 4% 20 41 if 384 8 3% 07, 25 2R an 14 6A
JIT7i , VB K 25 2 240 1 A 410 TR A L NC 2 I 2 0
Jn(P<0.01) , Hep-2 4 i % 4% miR-449a mimic )5,

o arIEWA b WA e WA +3-MA 4;d.3-MA 4, 51E

B4 BAEE L miR-449a FiRKFHF I HDACI & H £k

Note. A, miR-449a expression level. B, Statistical plot of HDAC1 protein expression. C, HDACI protein expression results. a, Control group. b,

Baicalein group. ¢, Baicalein+3-MA group. d, 3-MA group. Compared with control group,

#p<0.01.

*P<0.05. Compared with 3-MA group, *P<0. 05,

Figure 4 Baicalein up-regulates miR-449a expression level and down-regulates HDACI protein expression

A EYE B 25T hsa-miR-449a 5 h-HDAC1-3UTR #0845 AR B R B W SOE R Wl &5 F A hsa-miR-449a 5 h-HDAC1-3UTR
AHEAVER . 5 NC minics+h-HDACI-3UTR-wt A0, *** P<0.001,

5 XUFRICERMHR A HE A I 5E

JCR S

Note. A, Schematic diagram of bioinformatics analysis of hsa-miR-449a binding to h-HDAC1 -3UTR target site. B, Results of dual luciferase

reporter gene assay for hsa-miR-449a interaction with h-HDAC1-3UTR. Compared with NC minics+h-HDAC1-3UTR-wt group,

" P<0.001.

Figure 5 Luciferase activity was detected by Dual-luciferase reporter gene assay
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TE: A MTT A I 20 g 58 58 40 1 %5 B: HDAC1 3 H R K 1§ &0 ; C: HDACI 3 3R IBSE 1T 5] D: miR-449a K K- . 15 5 HL i (JEM-
1400FLASH ) WLZS4H M E 15/ MA . a: NC 4 ;b: #X %4 ¢: miR-449a mimic 41;d: B4 % +mimic NC 41 ;e; ¥ X +miR-449a mimic 2, 5
NC #HA L, * P<0.05, ** P<0.01, ** P<0.001;5 miR-449a mimic ZA4H L, ™ P<0.001,

Bl 6 BERBEIAMM AN, LM miR-449a/HDACT FliVE I 4n i

Note. A, Results of cell proliferation inhibition rate by MTT assay. B, HDACI protein expression. C, HDACI protein expression statistics. D, miR-

449a expression level. E, Results of cellular autophagy vesicles observed by transmission electron microscopy (JEM-1400FLASH). a, NC group. b,

Baicalein group. ¢, miR-449a mimic group. d, Baicalein+mimic NC group. e, Baicalein+miR-449a mimic group. Compared with NC group, *P<

0.05, ™ P<0.01, “*P<0.001. Compared with miR-449a mimic group, **P<0.001.

Figure 6 Baicalein induces autophagy and acts on laryngeal cancer cells via the miR-449a/HDACLI axis

24 I 1% 4 8 4100 S 3 A0 Sk RS I (P <0. 001 ), 156 T 44
JiL AT DA i # AF R4 PR miR-449a b 100 461 0 A
AR IG A ; R A5 5 R + mimic 2145 R AH
T, UL mimic NC XFEAF 28 0990 il 7 F A 5
HE R ZBA miR-449a mimic FEYL | FIE5E 17 ] R
A #5552 + mimic NC ZH 40 g g F 3 hn (P <
0.01) , [l B Fb A %% Y 20 B 20 i e &l 35 388 5 (P <
0.001) , YLl #%5 KB 4 miR-449a mimic &b 40 fifg
LA S O A s 20 %) B A

Western blot 455411 6B .6C, B A Z B A miR-
449a mimic 5 YL R 0 240 i HDACT 323k 7K F- i
i, 2 Z 4l miR-449a mimic 203 B Z X T NC
41(P<0.01), bt WA 40 Jid 30 2k 95 55 2% A Bt ol | i
miR-449a FRIEHI AT LIREAR HDACT 85 [ 2R3k AT 47
TSN, PCR &5 anf&l 6D, ¥ A R AL #H b NC
2H, A miR-449a KK KA —E THREA B E,
4 miR-449a mimic % Y% 5 WA % 8 & n (P<
0.001) ,

9 T SR WM IE A B4 R AEAS 5 Hep-2 401
1) W5, 3 2o 37 S F 7 S R LB 1 e /N B R 1Y
A G5 SRANIE 6F , NC 2H 40 M 79 40 i 24 4, 45
X R AL HLS () Hep-2 AU, 41 A 5 Hh 1 B2 PR XY
R, B A W /MA S B R R 2 S 00 B A
WEVR TR A K 5 miR-449a mimic BeS1EH T

20, P £ N Y W T S TS G 4 i
RZLTT U6 B A5 45 0 2286 | 2 AR A5 7 22, itk — 4
WER] T B 20T LA S A Hep-2 FIE

3 it

D 98 A2 o AL 1 S S0 M b g =2 — , L ]
FEAT W 2 M A B as RT5 YL A RO R
B0 8 J, X A2 HowJ5 &80 0 8 25 1) 3 2 i
R0 SRt JUAR R, A 6 rh 2 B i g () 9 55 LA —
EPER, BRRTEP IS LI, FHIER B RENSIN
ISR AN Hep-2 S5 175 S A0 M 8 1 ; R AR 45>
5T R MW R 5 R B A A BR 2 1] Hep-2
Y MUAE 75 W BT HE PR T, SR T I o MTT
SRS N A M SR S, UE B T B R X Hep-2 4 i
KA ST R AR

Y TR AR P PR AN A T B — R R BB,
B 4153 RN A I GG i LK ) TR
S P 8 T A SR I 1) 2 R R A v R 2 O
PERI™Y . 7 S R 40 M 08 T ol TR 7 R E
H T35 & AR 5 AL [ 45 Fh g 2549
R T APLERA R, AF 2 REREEW
BRI AT LL75 -5 A g 200 6 b L 0B 7 248 0 1o
0 Hr PR AL A . AT E
JHL A SCRGE T 208 b 91 T %6k B, B RS 2R T LA R O A
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i Hep-2 MR T-, JF H, ®AE R 5 3-MA L [FE/EH
TYHMOR, AT LAY i 3-MA 304 @ w5 e 0E T
MEIER

L 1 R — i B R ST Y B IR R AR 7
£ 7 8 v RS SRR E L, W T LR T R R
W SGTE R K Re R, TS AR
G REELRE 2%, AL T R0 A T, A Wk
VSRR AR A TR O , P 2 (R AT LR A
e RN T A AR P R E A S R A
HAMNEREER, #40, Beclin-1 1E 8 B W 72
HR IR B AR AT DA T R

Beclin-1 42 11T 2% PI3K E &YW, H5A
WERT AR5 05 3 A AR T8 B, 28R 1= A AR
TR b5 LC31 2 7E [ W Al sk e, 1
5 W B Mok £ W Wi 45 6 % 728 O LC3IL, B ot A
LC3I1 5 LC31 A9 e AE 7T Sk WAl 1 0 7K SF 5 &
K, p62 B—MZ R4 EA, S5 2 MG
SR IR B A R AR, p62 RIKAK PR A W
FURISE D S — A5 i B 2R IR g A0 i 1 e
A2 i 3 Western blot SEEG AN L I PUF B WEAH
KIERE A RIEKT, SR RAESREER
F Hep-2 AT, [RIBE 0T LA S 400 A B %, JF
LS80 3 5 7 S T R B A 2 B, b H miR-
449a IR 5 WA A BRI A0 B VG i 40
WL P VAR

KA SEIRIE M, miRNA A DL i 24t e 3L X
R () R R R | B SR B 3R X W e 4
IVE IR 8 22, (H 8% 22 9% miRNAs 76 Mk 9
TV ] Fh 0 AR €0, 3 5 TR BIE AT SR R DL
miRNA 7] DL ik Z2 0 20 ff 4 5 38 B R 1 4 i A &
I3Ae BEEE AP T Hodh miR-499a J2& miR-499 %
T Hh R DL I AR AT LR YT 22 Rl AE HP %) 0 A 1
AT GRS KA M4 22 miR-449a T IE 4
7L BRI AN T S A2 220 Al NCCLC (/D
200 M6 il 95 ) 400 M A 14 g L S RS RR 28T H miR-
449a TEMERE AN T 28 Y AT d PCR
SRS A E , B AR AT DL JH M 40 miR-449a
()RR KT, DT 8 28400 i e s 240 B3 2 S R

miR-449 1EHALHI AL HE =B, 5505 Ui i 42 1/
N A S H R O WL ES (HDACT) ANt Bk 8 45
1 1(SIRTL) , 5 5 I 85 11 pS3 A 14 4 it 3
T, AWFSE % B HDACT {2 ¥ T M 1Y T8 1 0 %

J 0 A0 HDACT 7 98 41 i 38 78 FnE B v (9 76
WIASEEA A S 28 1 AR W AR B 2R R TR0 43 B
M miR-449a 5 HDACI #2552 5 TR &
Az R T 38 Ik RUE 't 3R il 4T A 5 IR S o 3 o Bk
hsa-miR-449a RERS 2 & T 4 h-HDAC1-3UTR-WT ¥
WK IR, WE AR SR, S
i 1 Western blot Fll PCR S50 K6 2 P12 47 25 Ab #H
of I miR-449a #70] DL R 8 HDACT M5 S 20 i
B IRACE UL X R AR T 2 %358 miR-449a
P T HDACT MZRIE , 5 F 4w 45 2R — 5L,

L5 LRk, A 0T LA SRS 40 Hep-2 A
I 3 AT JH miR-449a Fik ik 2] 8 HDAC1 Fik
AR R 28 T 400 o) 0 9 A48 %) 38 9 S RS, R
YR T, P 2y B TT LU o R 8 2 A T
R M e 1) & JR ALK 35K 426 3 % 2 ] A 5% i)
A 2, A BF 9 45 SR B miR-449a 5 HDAC1
FEMEIE AR R I 45 A VR, T R 2R B I
PRV AE BT IALTT 2590, DT 4 B 6 o e g (1L 2
VSRS IARIE | BE A 28] T I 987 200 b %)V FH 3 75 2L
BRI FE 53 FAILE], R 5 00l R 4 b se A
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Keratin 17 knockout aggravates wound healing in diabetic mice

BAO Dan', GUO Rui', HOU Daorong*
(1. Institute of Dermatology & Hospital for Skin Diseases, Chinese Academy of Medical Sciences & Peking Union Medical College,
Nanjing 210000, China.2. Nanjing Medical University, Nanjing 210000 )

[ Abstract]  Objective To explore the effects of keratin 17 (Krt17) knockout on wound healing in diabetic mice.
Methods To establish the diabetic model, a 60% high fat diet was provided and streptozotocin was administered
intraperitoneally at 40 mg/kg once per day for 5 consecutive days in wild type (WT) and Krt17 knockout (Krt177”) mice
at 6 weeks of age. The mice were anesthetized with isoflurane, the back was shaved, and a 6 mm circular skin lesion was
made in vivo at 1 week after successful modeling. Western blot and immunofluorescence staining were used to assess the
expression and localization of KRT17, and histopathology of wound healing was analyzed on day 8. Images were taken at 0,
2,4, 6, and 8 days after wounding, and the wound healing rate was calculated. Results KRT17 was mainly expressed in
mouse hair follicles under physiological conditions. When skin was injured, KRT17 expression in keratinocytes in the

proximal wound was increased significantly. However, KRT17 expression in wounds of diabetic mice was significantly
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downregulated compared with that of control mice. The wound healing rate of Krt17”~ mice was significantly reduced and

the local inflammatory reaction was more persistent compared with WT mice. Conclusions

Krt17 knockout aggravates

wound healing in diabetic mice. Krt17 may be an important modifier gene of diabetic wound healing.

[ Keywords ]

keratin 17; diabetic wound; wound healing
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Note. A, Experimental design of high-fat diet combined with STZ to induce T2DM mice and wound healing models. B, Body weight before and after

STZ injection. C, Fasting blood glucose after STZ injection 1 week. Compared with WT control group and Krt17~~ control group, *** P<0.001.

Compared with before and after treatment, **P<0. 001.

Figure 1 Establishment of T2DM and wound healing mice model induced by high-fat diet combined with STZ
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2 KRT17 ZEIE 5 /N EURT T2DM /N BB IfT x4 1 ik rh i 3k
Note. A, Expression of KRT17 in skin tissue of WT blank group, T2DM blank group, WT control group and T2DM control group mice detected by

Western blot, using GAPDH as normalization. B, Relative expression level of KRT17 quantified by densitometric analysis using Image] software. C,

Expression of KRT17 in skin tissue of WT blank group, T2DM blank group, WT control group and T2DM control group mice detected by IF. Blue,

DAPI, cell nucleus. Green, KRT17. Compared with WT blank group and T2DM blank group, *P<0.01, **P<0.001. Compared with WT control

group, "~ P<0.001.

Figure 2 Expression of KRT17 in wound healing skin tissue of normal and T2DM mice
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Note. A, Photos taken on days 0, 2, 4, 6 and 8 after wound made. B, Wound healing rate quantified by Image] software. Compared with WT

control group and Krt17”™ control group, ** P<0.01, ™ P<0.001; Compared with WT control group and WT-T2DM group, ¥P<0.05, *¢P<

0.01, ¥¥p<0.001.

Figure 3 Wound healing rate in WT and Krt17”" mice under normal physiology and diabetic pathology
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Note. Magnification of HE-stain sections of skin tissue around wound 2 mm.

Figure 4 Histopathological phenotyping analysis of WT and Krt17”~ mice under normal physiology and diabetic pathology
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TG (TCGA ) B R Ik £ 5 B84 (GEO ) BRGr 23 BT B 98 v 55 40 PR A8 AH DG 2% S Bk PR | ARk 25 e A5 500 M
FEH LAMC2, UALCAN & Kaplan-Meier plotter 7648035 4 731 LAMC2 78 B ¥ P 19 22 35 T 5 5 1fs RO R AIE 1) 56
R RJUH I EIE (Western blot) BAGI A 1 9 20 il bk ( HGC-27 \NCI-N87 (SNU-1) H* LAMC2 i3k, 4% LAMC2
R S I A AR Y Western blot Al LAMC2 Y3235 ifi 8 BT A B8R . HGC-27 J2 NCI-N87 4 i 53 i 2 11 %
M8 ( Control) 41 . BH 1 X BE (si-NC ) £ Bz LAMC2 ik ( si-LAMC2 ) £H, 5-Z0 HeFE-2 B 48 JR W% 0 4% 15 ( 5-ethynyl-2” -
deoxyuridine , EdU) M V- 5 [ 52 56 43 A 20 o 358 58 K 58 e W BE 71, Western blot A6 I 20 iy 1% % 25 14 ( CyclinD1 |
PCNA c-Myc) %3k K PI3K/ Akt il BTGB, SR LAMC2 = 8 e b 5 40 M 3 5 A 56 1) 22 S B K il 22 57 4
A HAE B RIA B3 B, 5 B A o B A R AR S I R R B 56, LAMC2 FE N B A0 (HGC-27
NCI-N87 ,SNU-1) Ff 354 B & 5 T GES-1 41M (¥ P<0.01) , 5 si-NC ZH L3¢, si-LAMC2 8 Z 34 HGC-27 K&
NCI-N87 35 , KIS AN AR o R 28 ( P<0. 01) , 41 il 34 58 27 9 ( CyclinD1 ,PCNA J% c-Myc) F3k ¥4 B 3 R AK
(¥ P<0.01) ,PI3Kp85 J& Akt BEFRIL/KF-H8 3% T8 (35 P<0.01), &it 1AM EBEPNES LN, 58
TR A A AR A A5 RO BEAH DG , I AT 3 1 J0E PI3K/ Ak 38 P41 378 200 M B4 47
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LAMC?2 regulates the proliferation of gastric cancer cells through the
PI3K/ Akt signaling pathway

WANG Wenbo', WANG Qingyun', GUO Wei®, XIA Ling'"
(1. Department of Medical Oncology and Radiotherapy, Abdominal Tumor Division, Zhongnan Hospital of Wuhan University,
Wuhan 430071, China.2. Wuhan University TaiKang Medical School (School of Basic Medical Sciences) , Wuhan 430071)

[ Abstract]  Objective To investigate the effect of laminin subunit y2 ( LAMC2) on the proliferation of gastric
cancer cells through the PI3K/Akt pathway. Methods Differentially expressed genes related to gastric cancer cell
proliferation were analyzed in the cancer genome atlas and gene expression omnibus databases. The candidate gene LAMC2
was identified in accordance with the multiple of differential. UALCAN and Kaplan-Meier Plotter online databases were

used to analyze LAMC2 expression in gastric cancer and its relationship with clinicopathological features. Western blot was
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used to detect LAMC2 in human gastric cancer cell lines HGC-27, NCI-N87 and SNU-1. An LAMC2 knockout gastric

cancer cell model was established, and LAMC2 was detected by Western blot to determine the effects of model

establishment. HGC-27 and NCI-N87 cells were divided into blank control( Control) , negative control group(si-NC), and

LAMC2 knockout ( si-LAMC2) group. 5-Ethynyl-2’ -deoxyuridine and colony formation assays were used to evaluate cell

proliferation and clonality. Western blot was used to assess expression of cell proliferation-related proteins ( Cyclin D1,

PCNA and c¢-Myec) and activation of the PI3K/Akt pathway. Results LAMC2 was the most differentially expressed gene

associated with cell proliferation in gastric cancer, and its expression was significantly upregulated in gastric cancer, which

correlated to the clinicopathological characteristics of the gastric cancer stage, grade, and survival. The expression of
LAMC?2 in human gastric cancer cells (HGC-27, NCI-N87, SNU-1) was significantly higher than that in GES-1 cells( all P
<0.01). Compared with the si-NC group, si-LAMC2 significantly inhibited HGC-27 and NCI-N87 cell proliferation,

decreased the colony formation rate (P<0.01), and significantly decreased the expression of cell proliferation-related

proteins ( CyclinD1, PCNA and c-Myc) (all P<0.01). PI3Kp85 and Akt phosphorylation levels were also significantly

downregulated( all P<0.01). Conclusions

Upregulation of LAMC2 expression in gastric cancer is related to the

clinicopathological characteristics of the gastric cancer stage, grade, and survival, and promotes cell proliferation by

activation of the PI3K/ Akt pathway.
[ Keywords)

gastric cancer; laminin y2; cell proliferation; phosphatidylinositol 3-kinase/protein kinase B
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B 98 ( gastric cancer ) A2 UL 184 7 fL 18 b
Z— SRR T M EEFERE" . BRHE
HIATIZI B EA SR BB B R 43 B i A
IR E  Bis T, B A Trhme il X2 S 3
SR R AT R A TG 22 09 BRI
e 1 95 S W bR AR 2 R s B
JZ2 A% 8 H y2 (laminin subunit gamma 2, LAMC2) J&
SRR A2 B % 8 A 332 (laminin-332, Ln-
332) [ y2 ML I b BRI A B A By, 145 4R
JRUKG B Jz 3l (H Bk B 22 (A 5% % B LACM2 5 i
JAM A MRS R E DY LAMC2 15 R 45
I D ELIEE Mg K i 98 25 22 T iR rh 2y v ARk A2
HEAN I XeFE | b 72 - 18] Bt 4% 4k ( epithelial-mesenchymal
transition, EMT) , [ {15 Jit 968 & JfL %5 16 7 245 i) il Jek
P, B 2RI 19 2k 12 3A S kR B E T,
LAMC2 HYZIX AR B i 40 M A 0 5, H ATl
2/ AT 55 I FE 0 80 35 B9 6 34% ( cancer genome
atlas, TCGA ) FER F IR 25 A BUH % ( gene expression
omnibus , GEO ) SF06 4 | 4545 40 i A= Wy~ i A6 D 5
B, WL LAMC2 19 26 35 60 N 98 200 I 3 58 1) 52 i
K] RERFEHLA
1 #RFAE
1.1 ik

A E 4 (HGC-27 \NCI-N87 . SNU-1) #]1i [

TR SRt 5 6, S0 A, P A S 3 A
17 GES-1 A B B [ 1 0 (1 T 36 7 b ( i)

HEYFAR BN B BRAF
1.2 FELFSUEH

RPMI 1640 4 ff1 3% 5% 5& (58 5. 11875101 ) KAl
JE G 2E L35 (595 : 16000-044) 1 [ T35 [ Gibeo 24
] ; Lipofectamine™ 3000 % 4t i 7 & (9% 5.
1.3000015) 4 [ 26 [H Thermo Fisher 23 7] ; RIPA 241
W (525 . 1.8-W-03268) . PBS (5% 5 : LS-P-0106) .
Bt (575 . LS-H-0248) (4 B YL A ( 525 LS-H-
012) 4% Z R (175 . 1S-P-113) & Western blot
& (505 LS-H-128) I [ TR B A Y8R
AR LAMC2 (555 . ab274376) \PCNA (475,
ab29) . PI3 Kinase p85 a ( phospho Y607) (5% 5.
ab182651) . pan-AKT ( %% *7. ab8805) J¢ AKT
( phospho T308) (575 : ab38449) HT ik H T &
Abcam A H]; CyclinD1 ( $3%5-:26939-1-AP ) , GAPDH

525 :60004-1-1g) . c-Myc (575 : 10828-1-AP ) JZ 3

Mt E L ¥ B (HRP) #riC 9 — 3t (52 %5 : APC-
65210) M [ F ol = J& AL W E AR A BR 2N 7 5 4l 35
FEPTT 6 fLAR 25 em® $5 570 96 FLAR & 15 mL &5
LM H 2 B Corning 2w, B M XT & J LAMC2
A SIRNA H N 8 A P RHE A IR JI T I
B, RSB AT

BB150 %! CO, 4 /it 55 77 46 W A 3 H Thermo
Fisher /A 7 ; Lightcycler480 #%¢y¢5E £ PCR U A
FEE P L/ A ; DM3000 1F B 2¢O W i 0 [ 7 =
¥ ; Varioskan LUX E#FR{Y ) H 25 E Thermo Fisher
/3] s Mini Gel Tank %Y B HE kA% 1 ) 52 [ Thermo
Fisher A ) .
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1.3 LA E
1.3.1 B2 RRIA NI e

BT | logFC | >2 & P<0.05 brifE, edgeR R
438 TCGA K¢ GEO 4z GSE122530 ¥k , 481%
Bz RErERN P, @ CTD B4 E
( comparative toxicogenomics database, CTD, http://
ctdbase. org/) K 2% 5 4f JfL 3 58 AH OC A9 5L AL B
TCGA .GEO Fraffs iy 22 % 5L K 5 CTD 4 22 fr ko
FAT B A 4 M1 55 AH OC TR R G 40 BT, LA TCGA J¢
GEO ™ b i A% Bt K SE R o e s SE 1, R
UALCAN ( http ://ualcan. path. uab. edu/index. html)
K Kaplan Meier plotter {3 & ( http ://kmplot. com/
analysis/ ) 43 T 46 1 L IH 26 38 5 8 9 I IR 4 1E 1)
1.3.2 M I8 S5

GES-1,HGC-27 ,NCI-N87 % SNU-1 41l Jfi & 75
Je BRI S 10% 86 248 38 K& 1% Wl (EH &
100 U/mL, 55 % 2 100 pg/mL) i RPMI 1640 1% 5%
B, BT 37C,5% CO, MR =M h i3, IEH
TR R A | 1 20 6 R R B R 80% A2 A
FiMR 1 : 2~3 L IEAC,

1.3.3  Western blot A& ill LAMC2 7£ A & J 40 i
OESN

S B I SR R IR GES-1 4l
KN B4R (HGC-27 \NCI-N87 .SNU-1) , RIPA %
f# B (RIPA Lysis Buffer) 24/, $2 R 8 H, BCA &
HERIRA & E RS, BH MR 20 mg FHHKE
mn AT SDS-PAGE HLUK , FLUK 58 BUS $% ED & PVDF
& F L GAPDH (1 : 10 000) A % #8 LAMC2( 1 :
800) PL A& 4°C ¥ B 12 7%, TBST ¥k 3 K, B S
min, JILA HRP #RiCAI BT — 40 (1 : 1000) ,37°C %
7 2 h, TBST 3k, LA ECL KOGH , BER 5 R 58
A B8, Image] 2x B4 4 M7 45 40 B LAMC2 K
GAPDH K (Y , L LAMC2 K JE {5/ GAPDH K J¥
A0 LU 48 40 b LAMC2 BYARXS F2 5,
1.3.4  LAMC2 @i 5 J 24 B A 0 )

Fie 1% 107 /4L AL F % B A= 4 11 09 15 98 40 i
(HGC-27 NCI-N87) $5F T 6 fLAk H , 75 40 M 4 it 6
FUBUEERET , 2 I8 Lipofectamine™ 3000 5% %417 &
FULIH |, Control ZH45 T 4 wL Lipofectamine™ 3000
+196 L OptiRPMI 4b B ; % 4L 20 4b P AN R . 4 pl
Lipofectamine™ 3000+ 196 L Opti-MEM §¥ % 5 min
J5 B H A 40 L si-NC siRNA+60 wl Opti-

MEM F1 40 pL si-LAMC2 siRNA+60 L Opti-MEM
FIRA W IR AR 5 30 min  BHIR A0 B0
XA 6 fLARHT,6 h B BUHT Y o8 e R, B
Y24 h 5, B % SCHRNY Western blot #6J1] LAMC2
Mk, 5 Control £ si-NC 21 He%, LAMC2 ik 25
SEGIEE X, Fon LAMC2 i 5 88 40 i Ak
FIEE RS ; [F T, 8 si-LAMC2-1# J% si-LAMC2-2#
) IR A3, 7 2B A0 R e B B 719 siRNA 647 )5
1.3.5  EdU £ 5 95 40 i e fe

Fie 1% 107 /4L AL F % Bl A= 4 11 00 15 9 20 i
(HGC-27 \NCI-N87) #: 0 T 6 fLAR ¥ 15 ¥ 20 A
3 ; Control £ si-NC 2H K si-LAMC2 £ ; 45 20 41 Jiy
RhFZ 1.3, 4,24 h e, BEALARRE oM SR EE Ry
20 pmol/L B EAU TAEWE , B T 4 i 15 57 46 Hh 4k 2L
Bigg2 h 5, WA B 5, 37°C Hilik PBS 3k 3 Ik,
BR 3~5 min, 4% 2 R H B ZHEE E 20 min, 286
S SR R TR 2 40 A B A M o A

[E =
1.3.6 PRy BESE R AR 15 i 40 e eI A fig

IO AR K W 9 B R 40 e ( HGC-27 | NCI-
N87) , ¥ I 1 x 10°/FL B2 #h T 6 LA, 4 41 [
1.3.5, 4ifEs3% 2 JEe , WAL 3 4320 55 35 FLIE il 1A
RAMFT, PBS 385 3 YK, 5 min/¥K,4°C T8 F i [
FEANAL 20 min, 45 iR YL | b B AK IS T,
{5 B GRS S R
1.3.7 Western blot £ & J& 21 g 14 58 AH ¢ 85 A
#ik

HOxT £ A K 1 e 48 S ( HGC-27 , NCI-
N87), 4% I 1 x 10*/FL 8 F 6 LAl , 2 4l [
1.3.5, 24 h J5,Z% 3", L) GAPDH(1:10 000)
Xt PCNA (1 : 800) , CyelinD1 (1 : 800) } c-
Myc (1 : 1000) A —4$i, Western blot #:il | 5E st mli 1%
ARSI Image)2x BAF 4 A am i b 4% H n 2
F (PCNA , CyclinD1 , ¢-Myc ) & GAPDH ) JK £ 18,
D4 H B2 1K B {l/ GAPDH. JK 5 18 1 HEAE 3 )
REFEH B E AR RINE
1.3.8 Western blot £l & 4 40 il PI3K/ Akt i %
BTG O

IO AR K 9 9 8 40 e ( HGC-27 | NCI-
N87), 4% /1 x 10*/FL 8 F T 6 FL Ak H, 2 4l 1A
1.3.5, % 3CHk), PI3Kp85(1 : 1000) . PI3Kp8S
(phospho Y607) (1 : 500) . Akt (1 : 1000) f AKT
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( phospho T308) (1 : 800) A—3$1T, Western blot il
&4 B 40 M P PI3Kp85. PI3Kp85 ( phospho
Y607) Akt K AKT ( phospho T308) A4 AH X} 2 1k,
PP 45 2H 40 PI3K/ Akt 38 B0 15 0 o

1.4 Sit=EA*

GraphPad Prism 6.0 #1758 48 it 4 &, fr
AR TS 3 W, B DO B e i 22 (v £
s ) IR, Z 20 8] HEH FH B IR 3R U5 2243 BT ( One-way
ANOVA) , 21 [a] 1 5 Le 45k ] LSD- K 4, DL P<

0. 05 Fn 2 Gt
2 #HR

2.1 LAMC2 EBEHARPRRIE

TCGA J GSE122530 B8k & o1 Hr KB, 9 1
LI 5 R g A AR OG, Herp LAMC2 BRI B R
(E1A) H I LAMC2 ARG SE 10, 15 R
& B B B R BOE XY R UALCAN &
Kaplan Meier plotter 504 22 73 M1 & BR, LAMC2 #£ '8

AT TCGA GEO K 4 U345l AF 5 FE R B A 40 M 3R 15403 LAMC2 1N Y 9 Mt 3E A B. TCGA 20 #r LAMC2 16 F I ik, C:
LAMC2 5 B WD IAMC2 5 BRI R R FR B LAMC2 5 B A AF I R F .G Western blot Kz 8 41 it tf LAMC2 &3k,

SiEHA R, * P<0.01;5 GES-1 40/l lb#, *#P<0.01,

B 1 LAMC2 75 B b s SOH 5l RO B A AR S 10 A

Note. A, Nine genes including LAMC2 were identified as differential expression candidate genes in gastric cancer by combined screening of TCGA ,

GEO and cell proliferation-related genes. B, TCGA analysis of LAMC2 expression in gastric cancer. C, Relationship between LAMC2 and gastric

cancer stage. D, Relationship between LAMC2 and gastric cancer grade. E, Relationship between LAMC2 and gastric cancer survival. F/G,

Expression of LAMC2 in gastric cancer cells was detected by Western blot. Compared with the normal group, ™ P<0.01. Compared with GES-1

cells, #P<0.01.

Figure 1 LAMC2 expression in gastric cancer and its correlation with clinicopathological features
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Jiges e i R GA BE TH @ (P <0.01), WA 1B,
LAMC2 355 H B 43 (P<0.01) 438 (P<
0.01) M AAEB YA L (P<0.05), WK 1C ~ 1E,
Western blot Al & B8, & ¥ 4 fg + ( HGC-27 . NCI-
N87 .SNU-1) it LAMC2 3%k it 2 5 T GES-1 4 i
(F=93.780,P=0.000), 41& 1F . 1G, Hr, HGC-
27 Y0 ffH LAMC2 335 i 5 fIK, NCI-N87 4 fifd
LAMC2 FoakE R, FEE, 2% 3ok o =R

B BT 1% 5 W) (R 2 01 2 A B PR M AR S e ==
ﬁéﬁﬂﬂ@ﬂ'/}?{%a@z i &, J5 22 52 5 % FH HGC-27 K
NCI-N87 44 Ta5E
2.2 LAMC2 7 si-LAMC2 A BEME F B
FKix

Western blot #:1l] & ¥t , 7F HGC-27 4A M, si-
NC 41 LAMC2 1932355 Control 417G '8 & ZE 1k (¢
=0.379,P =0.724) ; si-LAMC2-1#  si-LAMC2-2#
TR LAMC2 YRR B E KT si-NC 4 (¢ =

6.774 .16.290, P = 0.002.0.000) ; 5 si-LAMC2-1#
FAL, si-LAMC2-2#H LAMC2 75 1 335 B B FRAK (¢
=13.610,P=0.000) , 4N& 2A i7~, 7E NCI-N87 4t
Mo ARSI S5 R, [RIE, #E HGC-27 J& NCI-
N87 4l i f , si-LAMC2-2# ELA B & g kI R |
ZESCHG R si-LAMC2-2#44 8 LAMC2 @i 5 % 41
AR W 2 fiR
2.3 LAMC2 Xt B =4 Pa G 38 15 0

HGC-27 4iff i, si-NC ZH 418 EdU BH R 5
Control ZH TG 2. & 22 5 (1 = 1.549, P = 0. 196) ; si-
LAMC2 141l EdU FHM: 34 si-NC 41 10 80 (1=
6.540,P=0.002) , NCI-N87 4}y, si-NC 2H 40 iy
EdU FHPER Y Control 41 TC #2557 (¢1=0. 126, P =
0.906) ;si-LAMC2 ZH 418 EAU FHPEARES si-NC 41 i1
FFEAL (¢ =8.352, P =0.001), A I W 7R 30
LAMC2 J5, ] i 2 40 i) 5 s 40 MO 3G 5, DL 1AL 3,
#1,

A LAMC2 1l J5 , Western blot A&l HGC-27 4 LAMC2 33k ; B: LAMC2 #lI#J5 , Western blot 47l NCI-N87 #iiffil# LAMC2 ik,

fE HGC-27 4, SR IRAL A, ™ P<0.01; 5 si-LAMC2-1#E0 3%,

5 si-LAMC2-1#1 %, “¢P<0.01,

"P<0.01; 78 NCI-N87 4, 5 PPt B 41 Hegs, ™ P<0. 01;

B2 Western blot 1l FE AN H LAMC2 ik
Note. A, After LAMC2 inhibition, Western blot analysis of LAMC2 expression in HGC-27 cells. B, LAMC2 expression in NCI-N87 cells was

detected by Western blot after LAMC2 inhibition. In HGC-27 cells, compared with the si-NC group,

™ P<0.01. Compared with si-LAMC2-1#,

“P<0.01. In NCI-N87 cells, compared with si-NC group, *P<0.01. Compared with si-LAMC2-1#, “¢P<0. 01

Figure 2 Western blot analysis of LAMC2 expression in gastric cancer cells
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2.4 LAMC2 X} B = 40 ha 52 FE T2 Y BE 1 B9 =2 M

3 3 40 5 P R e A D 0 BT - HGC-27 4l v,
si-NC ZH 40 B 58 [ 385 Control 4H 3K, JC i & 22 4k,
(t=0.519,P=0.631); 5 si-NC 4 L%, si-LAMC2
AR si-NC 41, 4 v B0 082 (1= 11. 420, P<
0.01), NCI-N87 4f g+, si-NC 41 2 il v [E 5 5
Control 2 L4, o b & A8 f (1= 0. 484, P=0.654) ;
si-LAMC2 £ 4l 50 B 5 45 si-NC 21, 8 & BEAIK (1=
12.760,P<0.01) , WK 4, %2,
2.5 LAMC2 X BEMAMmEEE A RIENZE

Western blot #:0 %& B . HGC-27 4 Jifd | Control
20 PCNA CyclinD1 K c-Mye (23550 54 (0. 58 +
0.05).(0.68+0.03), (0.66 +0.03), si-NC 4
CyclinD1 \PCNA }2 c-Mye 263543 510 (0.59 +
0.02) .(0.67+0.03) ,(0.65+0.03), si-LAMC2 4
CyclinD1 \PCNA } c-Mye 33543514 (0.35 +
0.02) .(0.26+0.01) .(0.32+0.04) , 5 si-NC 4 It
B, si-LAMC2 {3 J il CyclinD1 (¢ = 27.630, P <
0.01) \PCNA (¢=11.340, P<0.01) } c-Myc (¢ =

11.340,P<0.01) B35, NCI-N87 4 ifl 15 5] 28
RIREE R, WK 5,
2.6 LAMC2 3B @40k PI3K/Akt i B 3 & B
=AU

WE 6 Fi7s , Western blot #:i & #1 . HGC-27 40
i H, Control 4 PI3Kp85 ( phospho Y607 ) & Akt
( phospho T308) [k 73 51 4 (0. 66 0. 02) |, (0. 56
+0.04) ; si-NC 4 PI3Kp85 ( phospho Y607 ) Sz Akt
( phospho T308) B3k 43k (0. 65+0.01) | (0. 54
+£0.06) ; si-LAMC2 2 PI3Kp85 ( phospho Y607 ) M
Akt( phospho T308) Y3 15 435l 7 (0.24£0.03) |
(0.18+0.04) , 5 Control 41 %5, si-NC X} PI3Kp85
(phospho Y607) (¢t = 1.331, P = 0.254) J& Akt
( phospho T308) (1=0.308,P=0.773) By Fik L 3
R, 5 si-NC 4] [ %, si-LAMC2 i 2 # il
PI3Kp85 ( phospho Y607) (¢ =20.570, P<0.01) M
Akt ( phospho T308) (1=8.437,P<0.01) I3k i
FEAIK, NCI-N87 #7322 45 2R .

B3 EdU K4
Figure 3 Cell proliferation detected by EdU

F1 £ EAU FHPEN LB (x4s)

Table 1 Edu-positive cells rate in each group

T2 KA R (xxs)

Table 2 Number of cell clones in each group

415 HGC-27 NCI-N87 151 HGC-27 NCI-N87
G'mu . EdU P (%) EdU BHPEZR (%) G'mu . TRER(n) TLRER(n)
P Edu positive cell rate Edu positive cell rate P Number of cell clones ~ Number of cell clones

23 % BB 4 23 %R Y
= FIXTARAL 71.12+6.55 66.34+6. 56 = FIX AL 609.67+18. 15 457.27+24. 12
Control group Control group

M BR Y P T BR 4
w,:] HEXT SR AL 63. 00+6. 08 65.33+6.43 Bﬂ ﬁ:ﬁ—'ﬂ 594.16+29. 37 439.00+35. 34
si-NC group si-NC group

LAMC2 Ri2H
si-LAMC2 group
F 35.280 43.380
P 0. 000 0. 000

30. 67£6. 03 ™ 25.67+5. 13"

LAMC2 s
si-LAMC2 group
F 670. 500 156. 200
P 0. 000 0. 000

148. 54+18. 03 ** 110. 42+18. 58"

L HGC-27 A, SR R4l e, ™ P<0.01;NCI-N87 Zi i,
SRR IR Hede, " P<0. 01,

Note. In HGC-27 cells, compared with si-NC group, * P<0.01. In NCI-

N87 cells, compared with si-NC group, *P<0.01.

T HGC-27 AU, S5 PR IR LA, ™ P<0. 015 NCI-N87 4ijfi
S PIER IRALIAL, " P<0. 01,

Note. In HGC-27 cells, compared with si-NC group, ** P<0.01. In NCI-
N87 cells, compared with si-NC group, *P<0.01.
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B4 el sUaE oA I B i 20 M A

Figure 4 Proliferation of gastric cancer cells detected by clone formation ability

T HGC-27 A, 5 HIHE B4 LA, ™ P<0. 01;NCI-N87 Aifitd e, 5 FEx fR 4 e, ™ P<0. 01,
5  Western blot a4t {134 5 AH OG5 1 K5k
Note. In HGC-27 cells, compared with si-NC group, ™ P<0.01. In NCI-N87 cells, compared with si-NC group, *P<0. 0.
Figure 5 Expression of proliferation-related proteins detected by Western blot
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T HGC-27 Hif i, S BRALLLEE, ™ P<0.01;NCI-N87 4iiffa v, 5 HItx il b4, " P<0.01,
6 Western blot filll B F 40 H p-PI3K ,p-Akt Rk
Note. In HGC-27 cells, compared with si-NC group, ** P<0.01. In NCI-N87 cells, compared with si-NC group, *P<0. 01.

Figure 6 Expression of p-PI3K and p-Akt in gastric cancer cells detected by Western blot

3 itig

A L L R > — | R R 4 Bk
0 Pl PR E A OCAE T 1Y 32 8 0 g | ™ o 52 ) A\
S B A R AT AR 3 B R e R
RIEEMERZ — 4 5 SRR 40% ' FAR
PR A/ sk 7 2 B 8 H ai i R 32 2957 kg, (0
T B C AT, SRS R S A
BETE AL T 20%, I 1 B3 I 5% B, 1) 4%
207 AR B & Rk R R4y L
i, O e S e RS W AR, X T R R 2R 1
HAREREZ Y,

LAMC2 /& laminins ZZJ% A 51, 1E A Ln-332 1)
v2 WA, 2 S UGS R 28 RN PR AR AR
fl s AR O B 22 (Y AF ST 2 B, LACM2 BRI
L5 R (0 AR b R SE R VI LAMC2 £ M
95 B Rk i T e, AR B S R AR ) TNM
Sy R EL 2 FE RS 4 AR ORI A A A O,
LAMC2 7] i 25 {1 i 0% 9 40 M 334 5 7 B0 0
T LAMC2 26k 55 40 0 35 T+, ] LAMC2

10 2 1 U 55 A A1 B S5 00 200 O 1 484 0 R 4R 285 VR
miR-5580-3p A4 # JE K, LAMC2 A9 & 15 7] 3 miR-
5580-3p B E 02" BAZE IR A1 i 282 g 4
AU MG T LAMC2 1 3RI83% 18 2 s, LAMC2 7]
SN ITRS 4528 R0 EMT, 3 11 (1 2 fih g i 2 |
LAMC2 ] 1E > BH 2% fiff R 40 Jf 9 V8 78 19 1236
FRPY S LAMC2 78 iR 4 i g v 1 3235 8 3 7t
1R, UTER LAMC2 AT 11 s 8 bR 440 6 3 40 384 5
e M T, 78 N-cad . vimentin, | ¥ E-cad &
238, 6 I 57 (8] 5 5% 4k ( Epithelial-mesenchymal
transition,, EMT) 1ot P2 YA i & B )
LAMC2 7 Z F )i i) 2235 .35 1 &, LAMC2 1 3R
RARFTFIZ T I R T, I BR 22 Fh g e 5 152
A A R T & B, I LAMC2 )5, B
TR 28 SRS RE T B W B AR e
JEilT TCGA \GEO B2 A5 200 Jfa 3% 58 AH G PR &
ST 1 5 T T 1 B 1) A 6 25 5 3 3R A ik 1k
JERE I LAMC2 T BT RB R ETH S, 5
TR R 1R 5 G 43 I B A S I A BELR O 5 A
AN AT K B, LAMC2 26 15 55 5 9 40 I 1 4 7



o ] H A PR A 235 2023 4E 10 45 33 555 10 ] Chin J Comp Med, October 2023, Vol. 33,No. 10 69

% A5 Tk LB 3 — 3 B ( Phosphatidylinositol 3-
kinase , PI3K) /& H s B ( Portein kinase B,PKB)
{55 e T e TR | 98 58 P i w24 90 W i
6,25 M 0 & Rt Y PI3K/ Ak 3 5 4
I 5 b s A L kAR A R T R B
EMT G328 S 858 TR 25 25 VI AH G | 12238 8% 100 il 77) ]
5T R G R PI3K Ak 3 % AT i ik
CyclinD1 ,p21 . PCNA , c-Myc 255625 10 1k, 4k
AR 20 g e A > LAMC2 W] 3 3 380% PI3K/
Akt 38 B 1 DR 40 i g mP B T 40 i 49 4= 28
KT %, ok S 2R i s S 2 k0 LAMG2 ]
3 integrinB1/FAK/Sre #4076 AKT i 1 I S bR 241 ffg
RN AR ERS  LAMC2 Wl iE i EGFR/
ERK1/2 8 B#0E Ak, S HUB R S8 ok e
LAMC2 ]335 PI3K/ Akt 38 % {1 7F 51 55 5 40 i 44
B, IO X G e A R Y A ST U
LAMC2 A 3 it 1 2 5k 3 [0 32 38006 PI3K/ Akt 3 %,
Z 5 ) R ASBIF SR A B, A LAMC2
(IR, B REAIM P PISK/ Akt 38 4 0 2 4]
&K PCNA | CyclinD1 & o-Myc 25 21 Jitd 38 5l 25 M O
RS A0 B ARG A, )25 Ui LAMC2
AL I IS PI3K/ Akt A2 37 9 40 a4 4

25 LR, W1 B LAMC2 16 B P ik
B L5 88 P A AR I R
S LA OC , LAMC2 7] 38 33 076 PI3K/ Akt 3 % g iF
YRGS, AT AR BT AN K, 5 2 77
I 34 it R K SR A ZE LAMC2 5 5 93 41 it
T 6 2 S HEE 0 PI3K/ Ake 4 ELAAE AL
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HDAC6 11 ] 571) 38 2: R 97 15 /INBK Y B2 201 i 28 6 1A
Fa 5 F EMT Bt 0% B s

CRANTTRN -1 2

(LI LR 2= B8 B B s ROUR S e Rl VTP 548 343000; 20178 h E 25 R IR E b S ikl B5 B 330006
3ALPG R R 2 2R B R GRS 330006)

[BE] BHH HITHEAZEZELEE 6 (histone deacetylases 6, HDAC6) 4355 /N5 F il 5] Tubastatin A
XA PRI B 97 (diabetic nephropathy , DN) /N BUR #3605 1 (40 /R FIFNAILI . 7735 CSTBL/6) /INELBEAILAN y 3 4. %
HRZH DN ZH#l Tubastatin A 2, DN 2471 Tubastatin A 247G N B UIBR A LADIBR A, I8 5 IR N TR STZ 155
5 DN, Tubastatin A ZH$%7Z Tubastatin A 357, 5 3 d 1 IR, ELEIGIT 8 Ji, RNA M43 HF DN ZH A1 Tubastatin A 20
AR 25 5 R IR FE R, 35 S B GBS A ZeRn R SZ U L, LA X DHE 2 €84 11 26 21 o (190 14 4
(reactive oxygen species, ROS) 7K, /N /NBR P B2 M MY ( mice glomerular endothelial cell,mGEC) EETEEY
i (high glucose , HG) 15 3% 5K 40 mmol/L H#REE(XTHR) , I A AN A Tubastatin A ZbEE, >R 2 H B ENIS 4 Hr
HDAC6 Stk KIM1 0L Bz 40 i — 18] 78 5 5 4k epithelial-mesenchymal transition, EMT) #5540 08 F ik 15 00,
AR 0 B ASCASI 2 s r 2R ROS R A T8 . 85 5R DN /NEUFF AR # T HG 19 mGEC 40 i v
HDAC6 &3k 1, JF5 KIMIL AKCFFh @& —2, A% 87 R DN /MR B35 TE A8 2228 4k A ds B /N BRIE B/
BRARBEIL TR B/ NBR LSRRG R /NS TR TS R T A0 B /Nask /N ] ST 47 24K ; Tubastatin A VY7 2
TR RWAE, 55X DMSO MLt Tubastatin A 7E HG AP Wk Z FEAK T mGEC 40 jl b ¥ 8145 43 F 1 (kidney
injury molecularl ,KIM1) HDAC6 .« “F-¥5 HILILEH & ( a-smooth muscle actin, a-SMA) N-£5k5 8 A B EHFRIL (P
<0.05) I LI E-45REE R IK (P<0. 05)  BGTHL T W il W /R Tubastatin A 2H /1N B B /1N Bk Y B2 400 i 52 4 2
LAY L AT DN 20 B 2 441K ( P<0. 01) , Tubastatin A 41/N BV 2120 ROS /K 4% DN 41 [% 4% ( P<0.01) , RNA
WP 45 EW 5 DN ZH/NRAH HE , Tubastatin A ZH/NRE A 5 ECM -2 (R HH AR IR 5 =218 (TCA) fEFRAH
RFEH B, 76 mGEC 4 i, Tubastatin A Ab3E R T HG 355/ mGEC 40} i £ ki 14 ROS 7K F- (P<0.01) , LA
FBdi/b T AT (P<0.05) , #4518 Tubastatin A B35 T HG 75 S0 /IR P B R4 F1 DN e 8 , LA AL
R GAR AR FNINE] EMT & A AHE,

(@37 Y% (12 CBALE 6; Tubastatin A BRI R ; ORI ; B /NER 14 B 40

(FESES] R33 [ XERIRB] A [XEHS] 1671-7856 (2023) 10-0071-10

Histone deacetylases 6 inhibitor improves diabetic nephropathy by protecting
mitochondrial homeostasis and inhibiting epithelial-mesenchymal transition
of glomerular endothelial cells
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[ Abstract )

specific small molecule inhibitor tubastatin A on renal injury in diabetic nephropathy (DN) mice. Methods

Objective To investigate the protective effect and mechanism of histone deacetylase 6 ( HDAC6) -
C57BL/6J
mice were randomly divided into control, DN and tubastatin A groups. Mice in DN and tubastatin A groups were
intraperitoneally injected with 80 mg/kg STZ daily for 3 days after removal of one kidney. The tubastatin A group received
tubastatin A treatments every 3 days for 8 weeks. RNA-sequencing of differentially expressed genes was performed in kidney
tissue of DN and tubastatin A groups. Mitochondrial damage was assessed by transmission electron microscopy. ROS levels
in kidney tissue were estimated by DHE staining. Mouse glomerular endothelial cells ( mGECs) were exposed to high
glucose (HG) medium or 40 mmol/L mannitol ( control) with or without tubastatin A treatment. Western blot was used to
analyze expression of HDAC6, kidney injury marker KIM1, and Epithelial-Mesenchymal Transition (EMT) markers. Flow
cytometry was used to detect mitochondrial ROS and apoptosis in cells. Results HDAC6 expression was upregulated in
DN mouse kidney tissue and mGECs exposed to HG, which was consistent with the increased level of KIM1. Histological
analysis showed significant morphological changes in DN mice, including glomerular hypertrophy, mesangial matrix
accumulation, glomerular basement membrane thickening, tubular basement membrane thickening, and the presence of
glomerular intertubular fibrosis. Tubastatin A treatment alleviated these changes. Compared with DMSO as the control,
tubastatin A significantly decreased expression of KIM1, HDAC6, a-SMA, N-cadherin and vimentin ( P<0.05) and up-
regulated E-cadherin expression ( P<0.05) in mGECs under HG treatment. RNA-sequencing revealed enrichment of genes
related to ECM-receptor interactions and the tricarboxylic acid cycle in kidney tissue of the Tubastatin A group compared
with the findings in the DN group. Transmission electron microscopy showed that the proportion of damaged mitochondria in
glomerular endothelial cells in the Tubastatin A group was significantly lower than that in the DN group (P<0.01). The
ROS level in kidney tissue of the Tubastatin A group was lower than that in the DN group (P<0.01). In mGECs,
tubastatin A treatment downregulated HG-induced mitochondrial ROS levels (P<0.01) and reduced apoptosis ( P<0.05).
Conclusions Tubastatin A ameliorates HG-induced glomerular endothelial cell injury and DN progression, and its
mechanism is related to protection of mitochondrial homeostasis and inhibition of EMT.

[ Keywords] histone deacetylase 6; Tubastatin A ; diabetic nephropathy; mitochondria; glomerular endothelial cells
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MOPH T4 7 RS T HDACG6 45 51 /N 23 -4 11 5]
Tubastatin A X DN /NGB #1453 AR5 VE R .
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1.1.1 SEshY)
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(5:)2019-0046 ], /N BUMEFF T V174 B2 24 R 22 5
K hdy b [ SYXK (#) 2019 -0002 ], 78 b5 #fE SPF
Ghy B 3%, W R 40% ~ 0%, R BE N 20 ~
22°C,12 h/12 h OU/IEIE 3, S se s &It Xk
M JE BE B 3h B S g 1R 3 & b1 4 o Rt
(JGSH2020016) , /™A% 3 47E 3R J5U
1.1.2 4

JNEUE N ER YR 4B ( mice  glomerular
endothelial cell,mGEC) ) HZEE ATCC, 45 E & H
10% FBS Fl 1% % 2 /558 3 1) RPMI-1640
1.2 FERFSUHE

Tubastatin A STZ Il H 3¢ [# Sigma-Aldrich 23 F] ;
PREE 1A MLV PR 2R R0 I8 WL RS a0 &0 A e
AR Y TR ST T ; DHE 4 50]  RIPA 28 o
W BCA & [ i 555 & W A 7 Beyotime 2
Al 35%HE 4 VIl F ST Solarbio 24 ] ; HDAC6 |
KIM1 fg—$t 0 H 9% & Abcam 2\ 7] ; N-cadherin | E-
cadherin , Vimentin .a-SMA | B-actin %2—$1 . PR 1gG
Z i B £ H Proteintech A F]

BX-51 )77 B B H H 7K Olympus 2% A
H7650 R UE0A H H AR H 3728 w6l 5 8 1 5 B b 4
A5 H 3¢ [E Bio-Rad Laboratories ; CytoFLEX S i
K404 H 26 E Beckman 23 H]

1.3 SKIEAE
1.3.1 s

C57BL/6J /NRBEHLIT M 3 4 (n=10) : X ML |
DN 417l Tubastatin A 41, Z MSCHATT " %t DN
ZH A1 Tubastatin A 41/ R E4T DN %5 5, HARERAE
N TE SRR RRFE T, /I BRGEA T I T B D BR AR LA
VIBR A B o A R/ Bl TS PN 3 3 STZ (80 mg/
kg) ,¥5¥%E 3 d, £ STZ 1 51)5 , Tubastatin A 21 i i
P4 Tubastatin A, 77484 30 mg/kg'"™> | & 3 d 7F
SR ESIRYY 8 Ji, X RELLFN DN 2 76 A1 [R] i
] 7RSSR R B DMSO, Xt BRZH 12 5 F AR, (HA
AT B VIER A BN 5 STZ

1.3.2 A=Akl

AR SN 24 h JREE T IS PR
R AR ILE WUEF
1.3.3 Ui

Xt F 95 ARG FIAF LT (hematoxylin-eosin, HE ) 4%
@, BT 10% th P R E , SRR EEIR K, —
HEREW A D] (5 wm) o SRIEREDI R
ST AKE LT YA, 15 min A1 S min, X T PAS
3T B VIR S R BE & 15 min, SRJ5 A R
VAW 5 10 min, VRIS, VIR IR ARKE S 4t 3
min, XFF Masson % , 76X & A1 & U1 F 247 % #1L
IR IS, ] Masson =LA BURINU) lr #EAT 94 €5, 72
BX-51 S i T s 41212254k, A4 E
BEBLIESE 20 S /NER, (AT Image J 014510 2R
A1 BRI Masson 4 8 1) BH P X 35,
1.3.4  RNA JUJF53#7

8 JilJ5 , I\ DN ZH Fll Tubastatin A ZH4$HX 3 H /)
BRLAY B ZH S SR IBCEL RNA . RNA U T py b 5 3k
WP BRBRUE Ty 2832847, ] BGISEQ-500 ~F-
BRSO TN
1.3.5 &4 7 B M 8% (transmission electron
microscope , TEM )

XF/NEUR) B AL ZUHEAT TEM 4381, K B 4148 D)
A1 mm® IR A 2.5% K . 0.1 mol/L
TR v B ZHZ U FH IR [ 5E 30 min, SRJFHD) T
Ji K A ZE IR . 50 ~ 60 nm Y A 3% Bt R
B -FPERIR AN G 0, I 22 B AE AR A% - 7 H7650
W MR, B T, AR B A ORAG AL
297923 000 KR, W LR R BE Oy HAT AT
VLU R Jay kbRt 2 T AD i SORLAAR JBE Ak 7k B a5 5 4R
R AL (KB <2 ) IIZRRIAAR
1.3.6 Zuffisabs

Xt F & %5 % % (high glucose, HG ) &b B, ¥t
mGEC Zf il 5% T 4h 5E47 20 mmol/L H1 40 mmol/L
d-H AR SE ARG SR 48 bt 5.5 mmol/L d-
I WEDL 40 mmol/ L H &8 B35 77 (14 40 i FHAE X R
N T % %% Tubastatin A X HG #8535 T i) mGEC 41 jifd
0 R E R A DL 5x10°/FLEERD T 6 FLAR
H, JF 4 N BLR 4 4l X B+ DMSO 4l X IR+
Tubastatin A ZH . HG +DMSO #H #1 HG + Tubastatin A
., X+ DMSO ZHAin A 40 mmol/L H & Bz Al
DMSO Ab 4L 48 h; XJ Hf+Tubastatin A 410 A 40
mmol/L H & BEHI 500 nmol/L Tubastatin A ZbF4H ify
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48 h; HG +DMSO ZH A 40 mmol/L d - % % B Al
DMSO 4b R4 Jfd 48 h; HG +Tubastatin A ZH 71 A 40
mmol/L d—75 %48 1 500 nmol/L Tubastatin A &b 3
i 48 h, g s — =1,
1.3.7 ROS 7K

T FH 28 b A 8 424k P 6 7= 77 DU B mGEC 4 i
FLRIR ROS, 4 F PBS k74 W vk L 2 Bk 8%
Fik BEFSTE 5 pmol/L MitoSOX Red H1T 37°CHFH
10 min, 1] PBS V¥ 3 IR, AR5 i i =X 40 M AR A
D2 M, {1/ DHE Z% @Al 115 21 219 i ROS 7K
o KR UREYIR AENER TR IR 30 min, JF7E 37°C
T 5 DHE(5 pmol/L) — & H 30 min, i/ BX-
51 62 WA BE IR IS
1.3.8 FFAIRERILSrHr

{1 FH RIPA 24622 Wi £ B2 Jf sl B ZH b iy
SAEM, A BCA 5 o a0 6 I o 8 5
WRIE a3 o R R ) — RS A I e G L Uk
SEEAFIFER R RN RO L, EER
THE 5%4 M35 & A PBS WEA] 1 h 5 K S
f— Pr ( HDAC6, 1 : 800; N-cadherin , E-cadherin |
Vimentin .a-SMA, 1 : 500;KIM1,1 : 500) #£ 4C &
W, SRR S5 ZH (Fi% 1eG, 1 : 3000) £
FEITFWEE 1.5 h, BT B-actin FLAK (1 : 1000) 1E K
XA, SR A1k 27 & 6 UL 25 1 o 4k, OF

it FH AR (1 T BRI A T 2R e A A 5 2
1.3.9 A A SR 4 i e 1

i 1 A AR A T R A A P T, K A
BRI A 5 pL Annexin V-FITC, 7E % 5 T &
JEIFE 10 min, SRJEMIA 10 wL BUALTY IE YL A7
VKR HEEHCE 15 min, BJ5 ] CytoFLEX S Ji=U4H
WUASGHAT 3T o
1.4 SFitFEHZE

FT A EdE 48 B SPSS 18. 0 84 ik 5 40, IF
FOR NV R PR EIR 25 (x2sx) o ¢ KRS T T2
Z I E AR, B 5 22500 (ANOVA ) Al Tukey £
HEILRGKEHT 3 Al FE L UMLK, M P<
0.05 AEFHAZITEE L,

2 HR

2.1 HDAC6 7£ DN /MNRHSHRF EiF

J T WAL HDAC6 76 DN FHIEHES 5,
Je Al F G5 BL Gl 4 BT R DN /) BUE 41 4L
HDAC6 1 L, iX 5 Hitidr 58 KIM1 K7 T+ 5
—3 (B 1A IB) , FEAS TR B2 5 %8 B (20 mmol/1.
F140 mmol/L) B mGEC 4fi il 1, HDAC6 ik I+
A PEREE KIMI A 3RIAIG N (&I 1C.1D) , X245
LW HDAC6 35 7E DN B 2H 28 h 14, 4% 7
HDAC6 AJfiEZ5 DN W &Rl

A BN (n=5) Fl DN /N (n=5) B 2121 HDAC6 Hl KIM-1 3K A EE BT ENIE S BT FIAR AR 5 . €D W A g p Ak

Y mGEC 4L HDACGE F1 KIM-1 f4 85 (H J5 BN 305 4347 F0 2 13 AH X2

SxHZALL, * P<0.05, ** P<0.01,

Bl 1 HDAC6 7£ DN /N FLAG B 20 2R A A9 b PR Y mGEC 4/ 1

Note. A/B, Western blot analysis and optical density quantification of HDAC6 and KIM-1 expression in the kidney tissue of control mice (n=35)

and DN group mice (n=5). C/D, Western blot analysis and optical density quantification of HDAC6 and KIM-1 in mGEC cells treated with high

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

Figure 1 Upregulation of HDAC6 in renal tissue and high glucose treated mGEC cells of DN mice
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2.2 Tubastatin A A[ B 3% DN 'S {5 Fn &F Fe A 1m0 BB IS 1E 87 Tubastatin A 8 3L T B 4H
p: 24 21 HDAC6 ik (18 2A 2C) . HE Fil PAS 4 (0, i}
T i1 HDAC6 7£ DN g /e , 7~ DN /NEUR A2 B 5 22401k, AL 46 1 /NERAE K

TF:A .C:DN 41/l (n="5) Fl Tubastatin A 41/N (n=5) EHLUH HDAC6 Al KIM-1 &35 B985 [ 57 I 75 43 B AR X 28 11 45 B 2 4 B4/ R
(n=5) DN /Nl (n=5) Fl Tubastatin A /Nl (n=5) ) HE PAS Fl Masson 5 ;D B R BY B /INERIE AR A AL S E - e IR (1 1
BU AL F o LG5 PR 5 G- M LT s H: 24 h IIRER T, SXTHEALMI L, ™ P<0. 0155 DN 41HLL, *P<0.01,
2 Tubastatin A JH52H LB AL B U hE
Note. A/C, Protein blot analysis and optical density quantification of HDAC6 and KIM-1 expression in renal tissue kidney tissues of DN group (n=
5) and Tubastatin A group (n=5). B, HE, PAS and Masson staining of the kidney in control group (n=5), DN group (n=35) and Tubastatin A
group (n=5). D, Quantification of renal tract area/glomerular area. E, Quantification of renal collagen area. F, Serum urea nitrogen. G, Serum
creatinine. H, Urine protein at 24 h. Compared with control group, ** P<0.01. Compared with DN group, ™ P<0. 01.

Figure 2 Tubastatin A attenuates morphological changes in the kidney and improves renal function



76 I LA R R

2023 4F 10 A% 33 555 1030 Chin J Comp Med, October 2023, Vol. 33,No. 10

B /N ZR B B AR | /N R R G B 1 JEE A /N
ARG JE . Tubastatin A J6¥7 M T X S8R R 2k
A5 (K 2B .2D) . Masson 48 i 7x DN /N B H B S
INERFN'EF /N 1R T 44 , Tubastatin A J397 5 £F 4
TR EAS 3 1% (P<0.05) ([ 2E) ., LA, 5% R
AL, DN 4B DhAEbr B IR B /24 h L R &
LA AL 225 45, 10 Tubastatin A 3R FEAK T
EATHIKF- (P<0.05) (El 2F~2H) . X 2L 54 3R
B, Tubastatin A 203% 7 DN /N B h6E
2.3 Tubastatin A BZ HG FETH mGEC 4858
A EMT

fii Hl mGEC # —P1ESE T HDAC6 25 HG 5
SV NER N B2 A B, SR R — 3, o IR
DMSO #H [t , Tubastatin A 7E HG AbBEF i 25 FAK T
mGEC Zf i+ KIM1 ,HDAC6 . a-SMA  N-55%5 2 |
WIEHE I Fik (P<0.05) , I EiE E-45K5 8 1 &1k
(P<0.05) (K 3),

2.4 Tubastatin A M EZ&EELAIF R D HG I
T mGEC AT

TEM 7R~ Tubastatin A ZH /)N L B ZNBR PN Rz 2
i 37 B A 1 L DN 4t 2 R AIK ( P<0. 01)
TR AR A T K | P RS R A R DT S DL R £ R
s 24 (K 4A . 4B) . LAk, DHE 2% (6 5 /R
Tubastatin A ZH/NEE ZH 2 1 ROS /K48 DN 2H f%
& (P<0.01) (K 4C .4D) , N T #E—EHF5C HDAC6
WA HG 755 19 5 /INEK 9 B 40 e 463 45 F1 EMT
VERE  FoATIXT DN ZH A0 Tubastatin A 20/ KUK B 647
THSEH S Hr, RNA P (RNA-seq) 878 T
11294 22 R FGAFEE (DEG) |, 4% 821 4 F 43k
PRI 473 A EIRZER T OAAE B0 L =2. 00, 17
5 P<0.001( & 5A), JER4EE %48 (GSEA)
#7875 DN 41/ EUAH EE, Tubastatin A 21/ 5BUS 41
gl 5 ECM-3Z (A0 B AE LS =R R (TCA ) & ¥F
A B HER & 4E (& 5B.5C) , MESE T HDACG (1)

TE: A C.KIM1 Fl HDACG 35 Y8 (T EZi oA FIARG 86 4 45 B D E - SMA NSRS 2 4 0 28 R E—0K5 26 1 A4 26 1 D 8 3 A il
AXTE R, 5 Control+DMSO ZHAHEL, *P<0.05;5 HG+DMSO 441, * P<0.05, ™ P<0.01, ** P<0.001,

3 Tubastatin A B35 HG 355 T # mGEC 4 L8545 F1 EMT
Note. A/C, Protein blot analysis and optical density quantification of KIM1 and HDACG6 expression. B/D/E, Protein blot analysis and optical density
quantification of a-SMA, N-calcineurin, waveform protein and E-calcineurin. Compared with Control+DMSO group, *P<0. 05. Compared with HG+
DMSO group, “* P<0. 001.

* P<0.05, * P<0.01,

Figure 3 Tubastatin A ameliorates mGEC cell injury and EMT in HG environment



Hh ] LA R 2 2k 2023 4F 10 A% 33 %55 103 Chin J Comp Med, October 2023, Vol. 33,No. 10 77

WAL EMT 5 F fIZR bR 2 P A VE . 7 mGEC 4 £ kifk ROS /K- (P<0.01) (& 5D 5E)
YifEH , Tubastatin A ZbPEFIH T HG 155 19 mGEC PLR S T A T (P<0.05) (K 5F 56G)

TE:A B ARRAIB S TEM B AIZ BERi A i g i (R Sk Rom 40 h R IE 44K ) ; C D DHE % G f (AR KGR ZE it &, 5 DN
AMLE, ™ P<0.01; 535 BRALAALL, " P<0. 001,

B 4 Tubastatin A B(3E HG 75 LRI AE A LB 17
Note. A/B, TEM images of mitochondrial morphology and statistical plots of damaged mitochondria (arrows indicate aberrant mitochondria in cells). C/
D, Representative images and statistical plots of DHE staining. Compared with DN group, ** P<0.01. Compared with the control group, **P<0.001.

Figure 4 Tubastatin A improves HG-induced mitochondrial damage and kidney cattle
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T A K [ DN ZH Fl Tubastatin A £H/) R B 4 UEAT RNAseq 20T (Log2 (5504816 5 LoglO( P {H) B K LI &, [ Fr i sk 35 7R DE K iy
EMT $8#5) ;B .C.: 5 ECM -2 AN TLAE F AR I R AG A HE O A0 2 3L K 9 GSEA 43#T5 D \E . mGEC 41 /' MitoSox ) 7 2 40 M AR 434 1 14 %
PEEIAIGEHHE, 5 DMSO AL, ¥P<0.05, #P<0.01, F.G:mGEC 4= AT 40 i 7 sRANRAR ST AR ME R ARG H A, 5 HG+DMSO
M, *P<0.05, ™ P<0.01,

B 5 Tubastatin A #15 HG 375510 B /NER P S 36145 A0 EMT 2
Note. A, RNAseq analysis of renal tissues from mice in the DN and Tubastatin A groups (volcano plot of Log2 (fold change) versus Logl0 (P value).

The arrow in the figure indicates the EMT index in DE gene). B/C, Dysregulated genes associated with ECM-receptor interactions and citric acid cycle
for GSEA analysis. D/E, Representative plots and statistical plots of flow cytometry analysis of MitoSox in mGEC cells. Compared with DMSO group, *P
<0.05, ¥P<0.01. F/G, Representative plots and statistical plots of flow cytometry analysis of apoptotic cells in mGEC cells. Compared with HG+
DMSO group, “ P<0.05, ™ P<0.0l.

Figure 5 Tubastatin A modulates HG-induced renal glomerular endothelial cell damage and EMT progression

3 it

B MR 22 19 U 5T 52, Tubastatink A 38 3o #1714
HDAC6 FRFEVF 2500 th R FEGRAE Y, I Chi
AR Tubastatin A AT A 082 L B9k K 11k
S OE= A ;Zheng %[ 161 %90 Tubastatin A SR UL e
LRRTI R B O R, Ak, A2 H
K IN, Tubastatin A BERERH 1L THS IR IT S M E AR
ERURTEAG M B 5 K BB AU B /N I B 20 i v Y AR
2,005 T B R IR, R TS /N A0 B S
TR T B /N ) O R SR B A TR e,
AT WFSTUESE , Tubastatin A $ il "B /N 1 17 24 Jifd -
Vi) 70 J53 A Ak 2 B 1) Joit B 2T A4 240 3 Ak, 3R B A Ay
KA BTG B RS F A R R 2 s

SEETEIBF ST — 2, ARBFFEHE T Tubastatin A X} DN
NEES R E R $27R HDAC6 7E3# 5 DN i
SRR CEEER . 7F HG Z5F T, HDAC6 B3R5 /1
BRI A0 PR RS FNAE S T EMT & 4=,
FATHIEAEFH  HDACO _E a2 B /INBR N iz 41 it 45t
A EMT BOHEFEF] , 8 33 Tubastatin A #15] HDAC6
R R ZDEE T DN WA TE

T AF R /N kA 473 70 W PR B i & s AL )
R E B A SR A PR AR, BN ER R A
DN #EJ& i <7 S K7, 9F 5 EMT 2 B /e 545
MITRIR & 2 — ) BRATHEE £ W1, HDAC6 %
IRTE DN /N RS B A 2P B 3 B, Y
2, 08 o B B 5T Tubastatin A #) ] 'BF 40
HDACG6 ik W E W58 T STZ 5 5 098 IR G /)N B
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B N EF Ak, 1T ELIA S0 T T BE (R R R Y/
24 h L PR 28 EURN LT ILET i B R A8 ) o S5 iR a8k
P —30, AN RAUFSE T Tubastatin A #1147 HG 5
FH mGEC M) EMT % 4, %8 Tubastatin A A
REIM I EMT /Y A& 2B 1822 DNDN 1y & e, Rt
HDAC6 J& DN "B /INER 20 i 15473 11 S A8 15 14 7

B /INER YR 20 M A ok i LA A v AR AR
ER, HIL, BAIE S Z B b ik YR R
BLAEZ M Y B NBR P R AE i 2k (A ATP 7=
REEEMEHRRA I, A3 DN ok £ 1)
TEHE 2B, LR B ) 2 e s AN b 1A i )3 4 Ak 17
Wk DN B /NEIG R FEEN P R, HATIE
FETF VR 2238 (R R A I8 1) 5 W SR 37 B i
XTI FEH , Fe A1 & K Tubastatin A i Z 0203 T 48
BARTEA, R FE HG 244 T FEAIL T ki ROS 7K
o Rt HDAC6 BN BRI 1T 5 /NER P R 240 B
TR, XU E I HDACG i i B SR £ b 1A 54
BFECHG FHIME/NERN AT, SERTRFY
¥ HDACG6 52 225 SR FEME U8 T F0 40 B 9 1~ 114 i

A3FT . YRRIE HDACG sl VR T 25 5HE

BSR40 BE T, 40 Racl H1 p53 g%, A
WY T JERiny & 3, UEBH T HDAC6 B I 2 ki
HRASIETEMMM T, 2 T HDAC6 7E#:\40
Ha A iz o ) Z AR L

BZ X T FE #2 B, Tubastatin A 203 T HG
V5 B /INER N R 40 B B2 405 Fn DN i e, LA AL
il SRR R TS PP EMT KA A5G, X s
K I h DN WG 97 O B 42 8 1Y 8 s SR,
Tubastatin A 18 3= fa] & 42 98 45 2k AR F2 25 F1 EMT
AR TiE— L5,

S 3k

[ 1] X0, ek, #8025 miR-296-5p 7E 85 IR B db/db
/J\Eﬂlﬂﬁﬁﬁl\ﬁéﬁi*ﬁﬁi% K TIRE [J]. B RUERF R 2R
(FARFERR) , 2022, 42(1) ; 14-22.

[2] WangY, Niu A, Pan Y, et al. Profile of podocyte translatome
during development of type 2 and type 1 diabetic nephropathy
using podocyte-specific TRAP mRNA RNA-seq [ J].
2021, 70(10) . 2377-2390.

[ 3] Daehn IS, Duffield JS. The glomerular filtration barrier; a

Nat Rev Drug

Diabetes,

structural target for novel kidney therapies [ J].
Discov, 2021, 20(10) : 770-788.

[ 4] Hernindez-Cruz EY, Amador-Martinez I, Aranda-Rivera AK, et
al. Renal damage induced by cadmium and its possible therapy
by mitochondrial transplantation [ J]. Chem Biol Interact, 2022,

361: 109961.

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Brinkkoetter PT, Bork T, Salou S, et al. Anaerobic glycolysis
filtration barrier independent of

Cell Rep, 2019,

maintains the glomerular
mitochondrial metabolism and dynamics [ J].
27(5) : 1551-1566.

Liu Q, Cui Y, Ding N, et al. Knockdown of circ _0003928
ameliorates high glucose-induced dysfunction of human tubular
epithelial cells through the miR-506-3p/HDAC4 pathway in
diabetic nephropathy [ J]. Eur J Med Res, 2022, 27(1): 55.
Liang T, Qi C, Lai Y, et al. HDAC6-mediated a-tubulin
deacetylation suppresses autophagy and enhances motility of
podocytes in diabetic nephropathy [ J]. J Cell Mol Med, 2020,
24(19) : 11558-11572.

Chen X, Yu C, Hou X, et al. Histone deacetylase 6 inhibition
mitigates renal fibrosis by suppressing TGF-B and EGFR
signaling pathways in obstructive nephropathy [ J]. Am J Physiol
Renal Physiol, 2020, 319(6) : F1003-F1014.

Magupalli VG, Negro R, Tian Y, et al. HDAC6 mediates an
aggresome-like mechanism for NLRP3 and pyrin inflammasome
activation [ J]. Science, 2020, 369(6510) : eaas8995.

Guo SD, Yan ST, Li W, et al. HDAC6 promotes sepsis
PHB| -mediated

(Albany NY), 2020, 12

development by  impairing mitochondrial
respiratory chain function [ J]. Aging
(6): 5411-5422.

Sharma D, Kumar Tekade R, Kalia K. Kaempferol in
ameliorating diabetes-induced fibrosis and renal damage: an in
vitro and in vivo study in diabetic nephropathy mice model [J].
Phytomedicine, 2020, 76, 153235.
Brijmohan AS, Batchu SN, Majumder S, et al. HDAC6
inhibition promotes transcription factor EB activation and is
protective in experimental kidney disease [ J]. Front Pharmacol
2018, 9: 34.

Wang Q, Ren D, Li Y, et al. Klotho attenuates diabetic
nephropathy in db/db mice and ameliorates high glucose-induced
injury of human renal glomerular endothelial cells [ J]. Cell
Cycle, 2019, 18(6-7) : 696-707.
Shen S, Svoboda M, Zhang G, et al. Structural and in wvivo
characterization of tubastatin A, a widely used histone deacetylase
6 inhibitor [ J]. ACS Med Chem Lett, 2020, 11(5) : 706-712.
Chi Z, Byeon HE, Seo E, et al. Histone deacetylase 6 inhibitor
tubastatin A attenuates angiotensin Il-induced hypertension by
preventing cystathionine vy-lyase protein degradation [ J ].
Pharmacol Res, 2019, 146 104281.

Zheng Y, Chen Y, Lu X, et al. Inhibition of histone deacetylase
6 by tubastatin A attenuates the progress of osteoarthritis via
improving mitochondrial function [ J]. Am J Pathol, 2020, 190
(12): 2376-2386.

TERLAR, JAE, Dhvede, 45, 4D X OB 6 7E'E NE
b e 20— ) 72 B Ak BB A A S A R AR (D] R
Bz, 2021, 37(11) : 911-917.

EWUE, Z4kE. SN AT AT TR 5T A0 18 S R
s/ INEUE /N ER N B AR e AR HEARE T (D], R S AR,
2020, 39(9) . 1192-1198.



80

Fp ] P R 2 2 ks 2023 4F 10 A5 33 245 10 3] Chin J Comp Med, October 2023, Vol. 33, No. 10

[19]

[20]

[21]

[22]

Tung CW, Hsu YC, Shih YH, et al. Glomerular mesangial cell
and podocyte injuries in diabetic nephropathy [ J]. Nephrology
(Carlton) , 2018, 23(Suppl 4) : 32-37.

TUHE, INETT, B, . B/PIERAMA Clg K C3e DI
WEVR o 0k B A G ME B (0], AR B RO A A
2020, 12(12): 999-1005.

Bhatia D, Capili A, Choi ME. Mitochondrial dysfunction in
kidney injury, inflammation, and disease: potential therapeutic
approaches [ J]. Kidney Res Clin Pract, 2020, 39(3). 244
-258.

Tan SM, Ziemann M, Thallas-Bonke V, et al. Complement C5a

induces renal injury in diabetic kidney disease by disrupting

[23]

[24]

[25]

mitochondrial metabolic agility [ J]. Diabetes, 2020, 69(1) : 83
-98.

Wei PZ, Szeto CC. Mitochondrial dysfunction in diabetic kidney
disease [ J]. Clin Chim Acta, 2019, 496. 108-116.

Dai W, Lu H, Chen Y, et al. The loss of mitochondrial quality
control in diabetic kidney disease [ J]. Front Cell Dev Biol,
2021, 9. 706832.

Pham TQ, Robinson K, Xu L, et al. HDAC6 promotes growth,
migration/invasion, and self-renewal of rhabdomyosarcoma [ J].

Oncogene, 2021, 40(3) . 578-591.

( Ye#s B #7)2022-09-23

(E#&% 14 W)

[11]

[12]

[13]

[17]

Ranganathan P, McLeod HL. Methotrexate pharmacogenetics: the
first step toward individualized therapy in rheumatoid arthritis
[J]. Arthritis Rheum, 2006, 54(5): 1366-1377.

XL, FRAR0E, My, 5. RIS AR A AT X
MEAORE R B+ 48 ik s-elgnysgm [J]. SRsirl
2%, 2016, 33(5) . 43-47, 51.

Chen T, Zhang WW, Chu YX, et al. Acupuncture for pain
management: molecular mechanisms of action [J]. Am J Chin
Med, 2020, 48(4): 793-811.

BRI, Wy, I, S SUALELRIAYT 2 AR T SR R
GEEA [J]. PEZSER, 2020, 26(12) : 133-138.

ZENE L RRIR, KRR OUALBEZRIE G P 24 X0 0 Bl 0 2 XL
KA REFHRITTERES [J]. RE ki, 2019, 6
(52).91.

Wang Y, Li Z, Zhang Z, et al. Identification ACTA2 and KDR
as key proteins for prognosis of PD-1/PD-L1 blockade therapy in
melanoma [ J]. Animal Model Exp Med, 2021, 4(2). 138
-150.

Youngblood B, Oestreich KJ, Ha SJ, et al. Chronic virus
infection enforces demethylation of the locus that encodes PD-1 in
antigen-specific CD8" T cells [ J]. Immunity, 2011, 35(3):
400-412.

[18]

[19]

[20]

[21]

[22]

[23]

Yamamoto R, Nishikori M, Kitawaki T, et al. PD-1-PD-1 ligand
interaction contributes to immunosuppressive microenvironment of
Hodgkin lymphoma [ J]. Blood, 2008, 111(6) : 3220-3224.
Curti BD, Kovacsovics-Bankowski M, Morris N, et al. 0X40 is a
potent immune-stimulating target in late-stage cancer patients
[J]. Cancer Res, 2013, 73(24) . 7189-7198.

Buchan SL, Rogel A, Al-Shamkhani A. The immunobiology of
CD27 and OX40 and their potential as targets for cancer
immunotherapy [J]. Blood, 2018, 131(1) : 39-48.

Zamani MR, Aslani S, Salmaninejad A, et al. PD-1/PD-L and
autoimmunity: a growing relationship [J]. Cell Immunol, 2016,
310 27-41.

Messenheimer DJ, Jensen SM, Afentoulis ME, et al. Timing of
PD-1 blockade is critical to effective combination immunotherapy
with Anti-OX40 [ J]. Clin Cancer Res, 2017, 23(20): 6165
-6177.

Ma Y, LiJ, Wang H, et al. Combination of PD-1 inhibitor and
0X40 agonist induces tumor rejection and immune memory in
mouse models of pancreatic cancer [ J]. Gastroenterology, 2020,

159(1) : 306-319.

(Fs HH#E)2022-12-12



2023 4F 10 H HE R E R LR October, 2023
#3348 10 CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 33 No. 10

ZEEE PR B8 2D i B S s MV PR BB Lt o BOG SRR ()], I H R R SRR, 2023, 33(10) : 81-90.
Li HP, Chen ML, Zhao WB. Comparative analysis and countermeasure suggestion on the current administrative situation of laboratory
animal licenses in China [ J]. Chin J Comp Med, 2023, 33(10) ; 81-90.

doi: 10.3969/].issn.1671-7856. 2023. 10. 011

Hh [ S 6 Bl 4 T UE A B AR X T Bk SR
I NN TS

(JRB LR GNP, AR E S L=, M 510663)

[WZE] HE YRR 2018 4F ~2022 4 H [ (Y 558 sh 17 AT UEAE 50 , 23 B 4 1 o [ 09 S2 50 3h i/ AT
TR SRR DL A S ta s, 3R E A S2 00 sh i A S0 TARBR BT . 3% 4 S20eshWir Al e B 42 o 1 T S A
B0 AP AT B DU SR XS BT (T A AT SIS R/ AT BR BT Ot 1 A () 48 B8 AT B e A Al T Ak 3
T EARE ST B R A L R SC SR B LU XS F S AR 45 6 1 7 Ik b AT 400 4, &R T EM SR i e
EECE SRR RIS FE 4 B b [ S 56 S AT B0 T A B D SR AL S B AR I AR AT B T AR BEALRE AN
M5 AWHET: . G518 SCEEFRAIST T op B SE6 Sl W i/F T UE e R e S5 R4 [ R B 1R ) SR A 1, s 58 3
SER S RE ISR SE B S AT BOA TS T B R T SE I g Wb e SR IRARE AL AR B X HE S h S 3 AT
b R J B EE AR

[k88iR]  SEHsh¥) AT BAF T VFTHE X3

[HE5>ZS] R-33 [ xEk#RiZED] A [XEHS] 1671-7856 (2023) 10-0081-10

Comparative analysis and countermeasure suggestion on the current
administrative situation of laboratory animal licenses in China

LI Huiping, CHEN Meili, ZHAO Weibo
( Guangdong Laboratory Animals Monitoring Institute, Guangdong Provincial Key Laboratory of Laboratory Animals,
Guangzhou 510663, China)

[ Abstract]  Objective Summarize the situation of laboratory animal licenses in China from 2018 to 2022, analyze
the current situation and development trend of laboratory animal license management in China, and provide a basis for
managing laboratory animals in China. Methods Laboratory animal license data were collated and preprocessed in
accordance with the overall situation of the license, the four major regions licensed, the provinces ( cities) licensed, the
types of licensed animals, and different dimensions of the licensed environmental facilities. Data were analyzed and
summarized through a combination of data statistics, graphical comparisons, related literature review, and comparative
studies. Results The overall trend of the number of laboratory animal licenses in China is increasing, fully reflecting the
gradual realization of legalization and scientific supervision in the administrative license management of laboratory animals in
China and the continuous improvement of the administrative license management efficiency and services. Conclusions
This article describes and analyzes the developmental trend and existing problems of laboratory animal licenses in China and
provides countermeasures and suggestions. It is recommended to improve the regulations and systems for laboratory animals,

strengthen the supervision of administrative licenses for laboratory animals, and enhance the standardization of incremental
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resources for laboratory animals, which play an important role in promoting the development of China’s laboratory animal

industry.

[ Keywords] laboratory animals; administrative license; license; countermeasures
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Table 1 Issuance of laboratory animal licenses in 31 provinces, autonomous regions and municipalities directly under the
Central Government
HuIX ot i VAT At Lt il
Areas Breeding licenses Experiment licenses Total Percentage
YLH5 Jiangsu 56 298 354 13.15%
Jb5T Beijing 66 267 333 12.37%
J" % Guangdong 37 200 237 8.81%
WiTT Zhejiang 35 168 203 7.54%
_F¥§ Shanghai 28 154 182 6.76%
1I7R Shandong 32 137 169 6.28%
PUJil Sichuan 26 102 128 4.76%
TR Jilin 11 105 116 4.31%
VT Heilongjiang 20 71 91 3.38%
R Henan 14 68 82 3.05%
W14t Hubei 17 64 81 3.01%
K Tianjin 12 58 70 2. 60%
K Chongqing 20 44 64 2.38%
Tk Hebei 15 46 61 2.27%
F8 Hunan 15 41 56 2.08%
B Kunming 16 34 50 1. 86%
LB Anhui 4 45 49 1.82%
SO Liaoning 12 35 47 1.75%
k7 Shanxi 9 36 45 1. 67%
1R Fujian 6 34 40 1.49%
I P4 Guangxi 14 26 40 1. 49%
L P4 Shanxi 9 28 37 1.37%
YIVY Jiangxi 3 29 32 1. 19%
il Gansu 6 19 25 0.93%
HEM Guizhou 6 18 24 0.89%
T Yunnan 11 10 21 0. 78%
B Xinjiang 5 12 17 0.63%
W52 Neimenggu 2 12 14 0.52%
#FFd Hainan 3 7 10 0.37%
Hiff Qinghai 0 8 8 0.30%
T & Ningxia 1 4 5 0.19%
4t Total 511 2180 2691 100. 00%
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Figure 1 Comparison of laboratory animal license issuance in China from 2018 to 2022
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Table 2 Issuance of laboratory animal licenses in various regions from 2018 to 2022

AR FAl HEIRIX X AR IX PRI At
Year Type Eastern China Northern Region ~ Southern China Western Region Total
HEFEVFAT Breeding licenses 136 131 79 76 422

2018 fifi FHF AT Experiment licenses 648 500 314 230 1692
A1t Total 784 631 393 306 2114

di (%) Percentage 37.1% 29.8% 18. 6% 14.5% 100%

H P4 A] Breeding licenses 143 139 92 89 463

2020 i FHA] Experiment licenses 730 523 339 255 1847
£t Total 873 662 431 344 2310

&5 6(%) Percentage 37.8% 28. 6% 18.7% 14.9% 100%

HEPEVFAT Breeding licenses 164 147 100 100 511

2022 fifi FHF AT Experiment licenses 865 622 406 287 2180
A1t Total 1029 769 506 387 2691

di (%) Percentage 38.2% 28.6% 18.8% 14. 4% 100%
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Table 3 Issuance of laboratory animal license in 31 provinces, autonomous regions and municipalities directly under the Central
Government from 2018 to 2022
FRAVF AT UE 1) BB H R LX)
Number of institutions obtained licenses Growth rate comparison
HIX 2020 4= [ He 2022 4[]t B
Areas R 2020 AR R 5 AT
2018 2020 2022 Year-on-year growth Growth rate in 2022 <Cr0wth rat(z
rate in 2020 compared to 2020 (Total 5-year)
YLJ5 Jiangsu 307 306 354 -0.33% 15. 69% 15.31%
Jb 3T Beijing 283 305 333 7.77% 9. 18% 17.67%
J” 7R Guangdong 156 192 237 23.08% 23.44% 51.92%
WiiT. Zhejiang 98 126 203 28.57% 61.11% 107. 14%
1§ Shanghai 161 178 182 10. 56% 2.25% 13. 04%
1175 Shandong 94 139 169 47. 87% 21.58% 79.79%
Pa)Il Sichuan 101 113 128 11. 88% 13.27% 26. 73%
F K Jilin 98 89 116 -9.18% 30. 34% 18.37%
YT Heilongjiang 72 67 91 -6.94% 35.82% 26.39%
YR Henan 68 71 82 4.41% 15. 49% 20. 59%
4t Hubei 68 68 81 0. 00% 19. 12% 19. 12%
K Tianjin 48 53 70 10. 42% 32.08% 45.83%
K Chongging 50 53 64 6. 00% 20. 75% 28. 00%
¥t Hebei 46 50 61 8.70% 22.00% 32.61%
¥ Hunan 51 47 56 7. 84% 19. 15% 9. 80%
B Kunming 44 47 50 6.82% 6.38% 13. 64%
4 Anhui 42 41 49 -2.38% 19.51% 16.67%
i Liaoning 49 52 47 6. 12% -9.62% -4.08%
B VY Shanxi 29 41 45 41.38% 9. 76% 55.17%
fE# Fujian 50 49 40 -2.00% -18.37% =20. 00%
J" 78 Guangxi 31 38 40 22.58% 5.26% 29.03%
1175 Shanxi 27 34 37 25.93% 8. 82% 37.04%
YLVY Jiangxi 32 34 32 6.25% -5.88% 0. 00%
HN Gansu 19 20 25 5.26% 25.00% 31.58%
S Guizhou 22 22 24 0. 00% 9. 09% 9. 09%
2 Yunnan 15 17 21 13.33% 23.53% 40. 00%
B Xinjiang 20 23 17 15. 00% -26.09% -15.00%
P52l Inner Mongolia 12 12 14 0. 00% 16. 67% 16. 67%
7 Hainan 19 15 10 -21.05% -33.33% -47.37%
T Qinghai 2 4 8 100. 00% 50. 00% 300. 00%
T X Ningxia 4 4 5 0. 00% 25.00% 25.00%
AT Total 2114 2310 2691 9.27% 16. 49% 27.29%
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T4 2018 4F ~2022 AF LI SRR SEVE AR R DL
Table 4 Licensing of laboratory animal types from 2018 to 2022

AR Fhik HEFEEA] IV R] At
Year Type Breeding licenses Experiment licenses Total
/N, Mouse 190 1337 1527
SZI4 Rabbit 137 1065 1202
JK R Guinea pig 137 943 1080
KR Rat 120 906 1026
SEHK Dog 34 351 385
JNFURE Mini pig 27 301 328
SCHE Monkey 44 202 246
SIS Cat 3 187 190
X3 Chicken 23 122 145
Hb Bl Hamster 18 116 134
S5 2F Sheep 1 42 43
% Duck 1 23 24
2008 W Tree shrew 1 9 10
2E Cattle 0 10 10
75 B Gerbil 1 8 9
#2 Goose 0 8 8
£%F Dove 0 7 7
35 Marten 1 4 5
SCYG £ Fish 1 4 5
I Horse 0 2 2
539 Quail 0 2 2
%% Raccoon dog 0 1 1
B Toad 0 1 1
o Donkey 0 1 1
J& Deer 0 1 1
/INEL Mouse 246 1748 1994
KB Rat 161 1244 1405
S5 4 Rabbit 161 1236 1397
JKE Guinea pig 146 1166 1312
SCH K Dog 65 500 565
JNEDR% Mini pig 50 454 504
S Monkey 60 286 346
i i, Hamster 16 207 223
SCERA Cat 6 205 211
X Chicken 23 144 167
S5 Sheep 7 97 104
% Duck 1 40 41
2F Cattle 0 28 28
2022 W Tree shrew 2 17 19
SIS Fish 3 15 18
#E Goose 0 16 16
75 B Gerbil 2 13 15
E5H Marten 1 14 15
I Horse 0 5 5
#5359 Quail 0 5 5
%% Raccoon dog 0 3 3
f%F Dove 0 3 3
Y I Toad 0 2 2
IR Fox 0 2 2
' Donkey 0 2 2
#3 Fl Cotton rat 0 2 2
JE Deer 0 1 1
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Figure 2 Situation of environmental facilities in the breeding license of laboratory animals in 31 provinces, autonomous

regions and municipalities directly under the Central Government in 2022
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Figure 3 Situation of environmental facilities in the experiment license of laboratory animals in 31 provinces, autonomous

regions and municipalities directly under the Central Government in 2022
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Research progress on Kkidney fibrosis animal models of qi deficiency
and dampness stasis syndrome
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[ Abstract]  Animal models are important means for basic research in traditional Chinese medicine (TCM). Qi
deficiency, dampness, and blood stasis are the main syndromes of renal fibrosis. With the increase in the morbidity and
mortality of chronic kidney disease, study of renal fibrosis animal models of qi deficiency and dampness stasis syndrome has
become a hotspot in recent years. Additionally, establishment of combined disease and syndrome animal models is urgently
needed. This article reviews the recent modeling method that established the renal fibrosis pathological model based on
western medicine surgery and chemical factors, and established the model of qi deficiency, dampness and blood stasis
disease from the aspect of etiology and pathology through the theory of exhaustion leading to qi loss or hunger leading to qi
loss, internal and external dampness combination, exogenous pathogenic factors, and chemical drugs. Additionally, these
studies established the evaluation standard of the renal fibrosis animal model of qi deficiency, dampness and blood stasis

type from the aspects of macroscopic characterization, laboratory indexes, and pathological changes. The TCM disease and
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syndrome model has been combined with modern science to establish a relatively perfect qi deficiency and dampness stasis
kidney fibrosis animal model with evaluation criteria. Exploring its pathogenesis and new treatments supports the therapeutic
role of TCM in kidney fibrosis and promotes TCM internationally.

[ Keywords] i deficiency and dampness stasis; kidney fibrosis; animal model; model evaluation method;
combination of disease and syndrome
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Table 1 Method for constructing kidney fibrosis model of qi deficiency and dampness stasis type

AU
- 2 C
SR I Qi deficiency and dampness 15 4T 0f N
Qi deficiency and blood stasis B . %'$Jﬁz/ﬂ:( FA/M TA)_
piTE e FER Renal fibrosis (surgery/chemistry)
Damp and hot Cold-dampness
L PR A A LRI B LB R R 1.5/6 LBk

B v

1. Intraperitoneal injection of
adriamycin  combined  with
oral administration of
propylthiouracil

2. BB AL I 5
2. Intraperitoneal injection of

CTX

o BRI A 3. FRE RS
Pathological 3. Intratracheal injection of
modeling bleomycin

4. - LA T S
4. Intramuscular injection of
reserpine

/

1. 13k

1. Exhaustive swimming

2. HERH2F
2. Sleep deprivation

i PR A 3.5 A
Etiological 3. Tired running
modeling

4. YU+ T ke vk
4.  Hunger +
swimming

exhaustive

5. R R
5. Exhausting, dissipating qi
+irregular diet

1. Bacillus coli

2. K
2. Salicylic acid

3. yebkEE R BRI
3. Clindamycin phosphate

4. BOIFEW T T IR

4. Salmonella typhimurium

5. M3 H#E H + RIBHTE

5. Serum albumin+Bacillus coli

6. 1% F 3 H +H A R R R R
6. Serum albumin + staphylococcal
enterotoxin

1. e i+
1. High-sugar and high-fat diet +

swimming

2. AR 1 ARDRE B K + 30 + 1 R I +
AEA=

2. High protein feed + sugar water +
constant temperature and humidity +
peanut oil

3. e 2B 1 Gk R K+ R A +
i

3. High protein feed+sugar water+alcohol
+ constant temperature and humidity +
folium sennae

4. R E R+ TE TR TE R+ R H R
W+

4. High feed +
temperature and humidity+alcohol+run

protein constant

/

1. Glucocorticoid

1. )

1. Aged animal

PRESITEIN
2. Cold-damp

environment

3. V8 K iF Uk 7 v + 9E
PTEZ 0

3. Cold water
swimming exhaustion +
cold-damp

environment

4. ZEWL IR BT+ FEJUIR
B+ R

4. Cold-damp
environment+cold
diet+high-fat diet

/

1.5/6 Renal resection

2. B R4S 5L
2. Unilateral ureter
obstruction

3. RIS

3. Oral administration of

adenine
4 R B+ AR E
4. Low salt diet + oral

administration of CsA

5. FAN S LT G + B B K R i
Jokide

5. Unilateral ureter
obstruction+tail vein injection
of adriamycin

6. HENRVE T R B T 5t

6. Intraperitoneal injection of
streptozotocin

/

A R e — A b A7 - SO P 2 LA

Note. Each factor selects one combination to construct kidney fibrosis model of “qi deficiency and dampness stasis type”.

4.3 fRIEBRM

' TG 20 MR T A A B R T UL 2T 4 A
S AT ECM i FE VTR R AT i B 27 4 fb, %
S BRI B/ INER 0 B A 5 /N ) o A 41 4E 4R L
KB IS A AL ol b SR AR AR AR L
BEHEMESE AR R 3G A Fn R G 2 AP 4R

FEPRAE K 5 200 M T T 2 5 /DN BRI g 1 A Ik ) oy
PERBL, JEMRUERT R BN R AR A /NVE b B
ZEUIREAE B IR) AR A IR JR kb AR AL
B /INERAE DR 7 A8 P Dk e B /N BR B AR IE T 22
JLEOT S IRIE R RN R AT A A R A N
BN R,
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i b ORI B AP AL RO RGT bR R AEIR S IRE B bR 5 PR A s s B O BT A
W REIFAL SR S A7AR L SR BESCE 3 AT, DEOR WA B 5 | 76 A9 SO0L ek 2, o PR 435 A
FMFRAE T BRI MR SR FERIER e, BRI bRiE LR 2,
F2 SRR G L AR TN BR A
Table 2 Evaluation criteria of kidney fibrosis model of qi deficiency and dampness stasis syndrome
i A~ HAMAEH

Indicator type Specific description

(2 iEgan
Renal function

SEBy A FE R

Laboratory indicators

ML WUEF(Ser) JRFERZA(BUN) JR NAG BE(NAG) JRE /WA ILETE , eGFR TFE
Blood creatinine ( Ser), urea nitrogen ( BUN), urinary NAG enzyme ( NAG), urinary protein /
creatinine ratio were increased, and eGFR were decreased

WARE AL N R T P A
Medicalimageology Small or diffuse lesions of the kidney
Food intake decreases gradually and body mass decreases
KEZERE P R HE | VOB I S TE2E ek Sh U 1 IR
R FAE Mental depression, tiredness and lethargy, limbs curling up, poor mobility and slow response to
Macrosco;;i(: external stimuli
characterization B ERT
S (B Fur is dark and dull
Qi deficiency FAEF T
(spleen and Thin stool
kidney) B B
LR E IR BPEAEPR:CDA™ (CD19™ MR BB ERE H 1g G Ig A TFE
Laboratory indicators Immune index; CD4*, CD19*, plasma immunoglobulin IgG, IgA were decreased
B/ NEREEAL /NE SR
L Glomerular sclerosis and tubular atrophy
Pathological W 2 AU T T £
Apoptotic cells increased in renal tissue
T RAE TR T S SR 0 B ) 5 35
Macroscopic Tongue surface is petechiae, the sublingual vein is dark purple, and the tail appears different degrees of
characterization purple or green spots
W LR Bt
T Renal blood flow index was increased
Blood stasis SR A R

Damp and hot

Laboratory indicators

LIRS Iy 2 U8 A R DR AR (WBV) (LSRG (PV) ZLAHMURAR(HCT) Thisi
Hemodynamic changes: whole blood viscosity shear rate ( WBV ), plasma viscosity ( PV ) and
hematocrit (HCT) were increased

SRR L T i b A
Pathological Collagen fiber proliferation
o MBI D IR
TEIFAL Yellow and red urine, little urine, foam urine
Macroscopic . L
characterization R B T =
Body temperature unchanged or increased
A H

SRy TR R

Laboratory indicators

S SR L
Pathological

Yellow and greasy of tongue

AR IR < 160K T o B A2, BRI (TC) | HHh =R (TG) AR# E AR 11 (LDL-C) Jhisi
Blood glucose and lipid: Blood glucose was increased or unchanged, and total cholesterol (TC),
triglycerides (TG) , and low-density lipoprotein ( LDL-C) were increased

AL : L A AL B LA (SOD) FEAR A — B (MDA) Jhi
Oxidation index: decrease of serum superoxide dismutase ( SOD) and increase of malondialdehyde

(MDA)
SRMEFERR ML C R (CRP) (A& 6(11-6) Ft i

Inflammatory index ; blood C-reactive protein (CRP) , interleukin 6 (1L-6) were increased
AR : PRIBOKEIEE H (AQP2 5 AQP4) Jhii

Water-fluid metabolism: AQP2 and AQP4 were increased

5 R A IR

Renal inflammatory cell infiltration
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gk
fEpRZeAl ARERH
Indicator type Specific description
229 F2 4 N, NN
B B RERE T DR /MBI ORI, KA
roscopie. Chills and cold limbs, tired and weak, eating less, clear and long urine, body edema, loose stool
characterization
R s e MCP-1IL-6 Fh&, M3 B2 i | =@ HDIR AR S 02 (T3)  FHARIRER (T4) TR
g AR bR

1d- s -
Cold-dampness Laboratory indicators
were decreased

9 SR L
Pathological

FRHEAMMII =, 58 20 ML

Mesangial cell hyperplasia and infiltration of inflammatory cells

MCP and IL-6 were increased, serum cortisol, triiodothyronine ( T3 ) and thyroxine ( T4 )

TE AR bR e —2F

Note. At least half of the indicators are met.

5 BESRE

“WUESS & ShAIR L L R e FE A, 2R
AAT 5 V4 245 TG 95 BEARAIE , B4 55 W RO
o FEAL 8 36 7 1 e 3t AR T L 2 5 v R Ml A TAE
RN e Nl R PN R S R

SO MRS TR UE 4 A 1 T i AR Y T T TR
TP B R R 45 5 0 B2 B A, AT SE B Ry
DIBR CEAI0 A PR AE 45 LS5 SMRE TR O 0k BB RS |
WA AR BlaE 2 R DK B BE IR B R R
FEE S A A 0 T SV B 2T AR, 45 5 L
T keI 07 B2 | BRI RE R R IR
SMRIRGE FEAR I T 25 PR AR R MR Sh )
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Research progress of circular RNA in the field of ischemic stroke

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

[ Abstract]  Circular RNA (circRNA) is a type of non-coding RNA, in which 3’ and 5’ ends are joined together
to form a covalently closed circular structure. Following ischemic stroke, the body undergoes various pathophysiological
mechanisms, including oxidative stress, mitochondrial dysfunction, inflammation, endoplasmic reticulum stress, apoptosis,
and autophagy. CircRNAs are involved in regulation of stroke by regulating the expression levels of ischemic stroke-related
genes, mainly through sponge-adsorbed microRNAs. After ischemic stroke, some circRNAs have a protective effect on the
brain, while others have a damaging effect on the brain. Studies suggest that circRNAs have the potential to provide new
therapeutic approaches for ischemic stroke in the future. This article reviews the progress of circRNA research in the field of
ischemic stroke and provides an outlook on the future applications of circRNAs.

[ Keywords] circRNA; ischemic stroke; microRNA sponge
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AEGAS RNA 7EA A A= 92 i B rp e e B, 2RAR
RNA J2—FPdEguiS RNA, 20 T — b 72,
VA BRI A GG 2548, 2 — B AN AT W 2R 380
circRNA fEi# 73 475 microRNAs 3 4= £ K £ 15,
IR BT A VAR S L FEE R, X RNA 4
VI B A K50 1, BE U8 #% microRNA %% 1k h B
RNA NN RNA I9SE 4+ # . cireRNA BETE/R
HEFTEIPE, H i 1 R85 AR 2 Fhopd i & B A
BRR

1 BRI R EE R ER AL

SR I P I A v ) S A o 3 DR 3RO I P O
PRI B, 320 73 SR e P o 42 e R A i 2 21 1 3R
FE., 50% AR I A4 G 2 2 E B ok s e e Ak S LR
Y 24 r 511, 209% 20 Wi 1 G 25 v, 25% 2% H /)y
I A5 A8 FIT S50 s B A BE. , 5 9% 1) e i 4 A v
F— BRIk SRR, A A sl bk e 2 AR N R S 87,
S AV EINGIR 2N TN EAN it R R TRES ¥ R N
RERRAS , PNJ0E I N S5 2 A B FE 2R R A
J& , T AN M IE 25 & A AR Ak, B P M AT T 3 %
PTG U A5 1% o 40 BRI e R - - R, itk
PR 55 2 Rl o, £ A /)8 J5e Joie 4 e T SR v o 728 7
TR I IR A 5 T A A B KRR Ak, X 48T 40
MR AT A LU SRR I B
A A T RE AR AU P AR Y FLIR S pH T %, 51
TR TP RN SRR A B A B R, TR R B AR i
BRERSAH ATP g IO A0 B 5 R0, 5 RS 40 B 1)
B SRR, KR A R ZER L UK R
AR < R it — P 405 %o P o oA A i
SO (AR R AR T B I AR R 1 7 P9 R I 2R
B G AT S E O R, 3 — 2 mE i, =
gl aMgET- ",

2 circRNA RIEY=Ih8E

1976 4, circRNA B Y Nl &8
THEB D, cirtecRNA e W1 B 58 N 5k R & —F
“RINTE” T VeI 0T R R A BRI, R 3
e SRR A SO e, BEE AEWE B RORAA
Wik J&, 285 K& 5 o0 A ), BOR B Z )
circRNA HILZE KL i) Salzman 280 R
AHE NS0 40 M A T 2 8 cireRNA | 18I
T I NS A R DR R A R 13 3 R, AT
KA cireRNA 1Y & & KA 5 RNA

(linear mRNA) B E 5, A L8 F{EHE K F| linear
mRNA 1 10 fiF LA 11571 A, cireRNA 7E A K41
IRy AT W 7z AR T4 Fhas B A4
ZU ARG I8 O NE I B2 IR B L R D
A cireRNA I ARHE S5 54 43 4 P9 & F 1L
SR LL SN - A B 3 R PR AL =R R
YLl ;5 linear mRNA #H b |, HoC B ) K v 25 44
circRNA 1 3° F1 5 Wi 8 AE— &, JE L 1 — D340
A BROR 25 0, Rt ke e, R T
circRNA IR 45 14 {2 AT RE 8% 74 o Ak 38 v 38
PEVE R, B0 & — SL W 12 B, H7E S 2L 93
M R A O BIHIESS, sl & ou AL ik
SREREALAE Y cireRNA A — & F R S 1, 78 A )
AR T] AN R AN [) 5 v A 2 08 28 53 LR T
H cireRNA B RERUTE FPE N IR RNA (196 (4, s
FRFE TR /D RNA (microRNAs) J&—
Fi/NEIAE S RNA, S0 T 40 g 58 1288 o ik
R TAE A 1Y 22 b A0 = 1) e 3 ik PR 8 7
P A R 4R 5 AR W 0 AE R B 5 Ty G E B
a2 BEg R, F4 cireRNA AT DL 3@ 5o 9 35
microRNAs 35 PE, T 76 S K e ik R ¥ h R 55
SFEHEVE, X — 12 FEBE AR K microRNA G452 {4
PR, R cireRNA 78 FE K 2 38 I # h a L
A D0 4 P o8 R Bk 58 4 B B 1B 2 2 3 3l A
M, cireRNA 7E AR EA IR I 1 U0 i K12 Wi bs
ICWI ISR AR B R T A A

3 circRNA 5&f i 14 B 2= dr B 4 55 14

T H A — /N4 3 B %8 & 8 cireRNA
circRNA B9 IR 7K V78 Fr A7 8L &R B AIK . AT,
FERMGH cireRNA 55 52 35 O 0E il 55 At
LY AR AT R I ciccRNA 5535 65 731
Fp2) I cireRNA fRAG ATRES S T K 4 D BE 14
W, AT 45 WK cireRNA - Bz i 425 W) 4%
S RGN RY KR %Y, circRNA 7] LI
PR ZE TR TR0 1 W, 394 8 b2t ] YR 1 A A i
B A A Ve A B A R A0 A v R L
Tl SR AE | RE i v Dy M RE kA T
AR AT ST AR TE miRNAs
K, i miR-9 , miR-424  let-7¢ . miR-99a  miR-207 ,
miR-29¢ .miR-122 1 miR-210 25 REf% T B I A s B
HA, 2P IE AR A cirecRNAs #F A LB &1 2
miRNAs Z5 607 i, R EATA BEJE 17 miRNA /7
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B A | AT 2 e i 2 o (6 L 0
4 R X EE R 4RE circRNA B M A

4.1 circRNA B2 A 8RN 14 N2 B 8936 77 $E =
Fifi 2 e A ) R B AN T & cireRNA TE
5 0 A i A b 45 P BE S AN BT R A R B T
PRALES FISZ G W 52 UE B, 28 cireRNA RE 538 1 14
LR microRNA s/ F R IEE 5 W75 7 XS
SRR A AR A IR . AR cireRNA 1Y AR 4%
BT 0 — 20 A RIS (A D2 A S T Bk If
PEMGAE T U cireRNA HA R B 4F 59 0 A 5t
cireRNA TEIh K27 b BA R S, HXF i 14
i o HAT B PR AT VR ] . HE2E cireRNA REfS IR
SRS H (acute ischemic stroke, AIS) F 48
i STV PR AP T JE 5 240 B 3 i b 28 0 Y T SR
Pk B AP S DI REMK L . 1T 53— circRNA JU]
SRRSO, A0 i A ) L je o 1 R I o
200 5 o) A A e 5 o e e o P A b o S A A
5%, IR R EA cireRNA R, o] LI
PERBE BRI YR I ; X SRR Y cireRNA HE47 1T
BRI A LR o R R 0 %o i 24 v ke 336 97 VR

(&1),
4.1.1  SRIMPERAS TS ARG E IR cireRNA
circSCMH1 ; Yang 5V 2 B, 5% AMI L, &tk
s PE A RO M 3K BRIk RNA SCMHI
(cireSCMHI ) A 7K - Jib 2 BEAIG, 764 /DN BRSO 2%
FREZE L JE Bl B S b cireSCMHT A9 7K St BH i F
R, I H {8 FH 40 9 Zh 2 %0 ( extracellular vesicles,
EVs) $iAR B cireSCMHI % AZEHRHE NN, B 3%
fEHE T BEAPE R IIHEME . IEM cireSCMH1 fY
L FH R T PR 2R T0 i mT B I TR 2R I 4
14 SR FRAI ] S i A B B 5 |
circRNA-0025984 ; Zhou £ i FH 9¢ Sl % Bl 4R
HRF 8, IESE T circRNA-0025984 Fl1 ten-eleven
translocation methylcytosine dioxygenase 1 ( TET1) 43
FJE miR-1433p MMM AR . FERLRLER M A5 1F T
BEFR 0 B T I 5 40 M P cireRNA-0025984 ' 3 Uik
B, circRNA-0025984 3 1k B iyl /b T 5L IR g It
YUALE B WEAT T, X AR E R 55 miR-143-
3p BB E A &, miR-143-3p FE i 155240 7]
TET1, TET1 i i )5 30+ 2 P 5k 2 %15
ORP150 ik, \IMTHE il GRP78 7K, 1%WF57 & B

FT 1 circRNA ZESR I A A 453 i 72 L

Table 1  Significance of circRNA in the field of ischaemic stroke

A YR o 5 1 I
’ Effect on post-stroke Clinical significance
N S P R TT R R IR, (R R 2R R I REIR AL
. Pip S L .
circSCMH1 . Enhances neuronal plasticity and significantly promotes functional recovery of
Protection .
patients after stroke.
JE it miR-143-3p/TET1/ORP150 38 ¥ 9 % B 1 M 2 v 458 405 9 R 0 B OB e o
TR i,

circRNA-0025984

cire-FoxO3

circ-DLGAP4

circCDC14A

circTTC3

circCELF1

circHIPK2

Protection

37

Protection

i

Protection

ik

Impairment

BE
Impairment

Einkea

Impairment

ik

Impairment

Attenuation of ischemic stroke injury and protection of astrocytes via the miR-143-

3p/TET1/0RP150 pathway.

TALAH mTORCT S F ik, LASL/b Bk 1L/ -FEH 4 T2 T I 5 B Py 464 4
Promoting autophagy by inhibiting mTORCI to reduce blood-brain barrier damage
during ischemia/reperfusion.

WL ALS B9 RAE SV,

Reduces the inflammatory response to AIS.

T circCDC14A 235 HE IR KRR BT S5 R B2 I 2 J02 R I 40 B 1y 540 0 , D A i
PR S R A

Downregulation of circCDC14A expression attenuates activation of peri-infarct
cortical astrocytes and reduces brain injury in the acute phase of ischemic stroke.

cireTTC3 YR AT ISR RS | B T+ 22 D BE DT 0 R AR A 5K o
Absence of cir¢cTTC3 attenuates cerebral infarction, elevates neurological function
scores and reduces brain water content.

circCELF 1 F)HE PRI R 1) 400 i S22 T o 200 1 08 10 1 Wi, i/ 22 D
REL A

Knockdown of circCELF1 helps to inhibit apoptosis and autophagy in astrocytes and
reduce impairment of neurological function.

UL cireHIPK2 7T LI ARG HEAS PR RO DO REIK AL , B T mT S
Silencing circHIPK2 can effectively promote functional recovery after stroke and
improve brain plasticity.
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circRNA-0025984 #] L) il i miR-143-3p/TET1/
ORP 150 3 ol dofe i 4 2 v 43 43 0 DR 0 B T Jox
i,

circ-FoxO3; Yang 257 % BLAE /N BRLK0G Fp 50 ik
FH 2%/ BRI | cire-FoxO3 b8 T Wi #8479
JAME Y E W cire-FoxO3 i i3 5 mammalian
target of rapamycin( mTOR ) Fll E2F1 AHEAEH#E A
Wt , DT fih 240 B 2 1 SR AR AR FI IR . 1 W
B UL AZ 0 1 A0 TR 2 08 R, TR e TR e o B R
S, M A A 40 B A 6 BEOR S R AF 1YL cire-
FoxO3 il ##] mTORCI A2 A W, DLk ke ifn/
P 0 il 5 P A

circ-DLGAP4 ; Zhu %57 3R 58 B 5 A Bl 8 o
RN T 170 44 ALS FE AN L HAZ AR cire-
DLGAP4 Fl miR-143 f3Rik, BF5E IR AIS 3551
JE I BA K% 41 cire-DLGAP4A 192235 K FH W T
¥, H 5 miR-143 AYFRIK K2 5 AH G ; T miR-143
EAPE IR — MR R LR P cire-DLGAP4 B
3 1 9 4 W BFAIE % microRNA |, 4 miR-143 , ¢ il %
AIS W RAE e N, HH:ZG3K K5 AILS 9 1 ™ B 2
JERTA,
4.1.2  SRIMPERA TS A FEAE Y cireRNA

circCDC14A : Zuo 25 R e 2k )G, B
H I 3 cireCDCI4A % 35 B B JF &, dF 52
circCDC14A FIAS AT G, I H AT 1R Sy 2k sl i 7R 2
HIZ WP B WS A P An s it — Rk
ISR TP A /N cireCDC14A Kk, 7]
DD FEE 72 h AL ZEARFRN 3 .5 d.7 d
FEBEIX B ot i b i) B2 T0 I I 2 M 8 B, R IR o
circCDC14A 3% 1A R I 4 i 158 2 J] [l i ot A2 T e Jox
0 U6 R R AT Dl 2 ke I A v e SR A A A

circTTC3 ; Toll like receptor 4 ( TLR4) & #% jiE 5K
FEAS v ik 0t B R S 5 2 A M G R
Yang 45 10 S B Mk e i P T 40 407 B cire TTC3
(253K 5B AN, cire TTC3 4 25 W] Il 250 i 28 ke
ST RE FNRE ARG & 7K &, [AIBT, cireTTC3 () 6kt
JRVE T TLR4 35, miR-372-3p 7] Al LA 3%
X —AEH . WFSEIESE  FERFE AL | circ TTC3 A3
it miR-372-3p/ TLR4 il 42 i sk il - 452 7

circCELF1 ; Li 1Y i@ 3 RT-qPCR 3% 1 Western
blot 343 A T RNA FEE 1 5 #9238 /K 7, A
RIY circCELF1 [ 38X BLTE Je 5 4 i 0 T~ Fn 1 it
[EZI . RT-qPCR 25 50 BT 2 1, FE i S -

WERIZE/ 52 5 (OGD/R) 5 5 1Y 12 TE I J5it 400 it A5 741
o1, circCELF1 12635 0 19, i i [ NFATS 7K
LA RIE R AN TR B W, FE circCELF1
(A R R e, AT B A M A R T A A 2 B T
T, FH P KA v 2 Ik P ZE (tMCAO ) /)y BRUASE
RIBEAT AR BT ST B circCELF1 A8 56 X B A
B Pl o 285

circHIPK2 ; Wang %5 % B, 76 4 2 1 40 g vp
i IRk circHIPK2 W8 /0 T # 28 50 19 43 4k i
circHIPK2 [ U0 Bk AR #F T #f & oo 9 0 fb ., D0k
circHIPK2 J5 X2 s B A FF2L i R /E . BRitk
ZAN W 5T I8 K BAE I A fK B ( spermine oxidase,
Smox ) A& circHIPK2 H L i 4 5 I+, 1] Smox
J& T Z M A AR ) — B, E 28 ik B 5 e it 14 G
P53 WA ) IR cireHIPK2 A LA RUAE
S DI REYK &, W0 I T Y8 ; cireHIPK2 (97T
BRA AR BRI TR T A T B
4.2 circRNA B A &R 0 14 B 25 B B9 & 4R
W IH BTSN

AVIFRIC YA B T3R5 1 R 2 W s
ST X T e B e BRLRD & g AL s LA AR B
WBER . KEEIES S RNA (IncRNA) & 280K
JEAE IR R AR bR iC Y L e e P A A R
RAERER  circRNA [FIFEER 2] T HEAMEH, A
B 2 T2 W ik RN R TS B AT g
IEFERE AR 2248

Zu 21905 200 4] 72 h N ALS (R HRE AT T HF
58, RISk ok 1 058 L 1 2 v /DN 3y ik PA) 2 780 AR
WD RS FERY A R 3 cireRNA /K F-2 8 35 Tt
1R TERCHE 24 h P ABE 1) BB v R 2 T e
1t (early neurological deterioration, END ) & % A9
circFUNC1 /K- 5. 3 & FJC END [, K9 24
h PIAY cireFUNDC1 (93 1A /K- 5 5 03R4k K56 7
K NIHSS PFAr R IEAG, WK a4 24 h 2
N, KE A0 JE& L cire FUNC 7K ST BE 8 Jz Il it 25 3
REFR A 0 AR B, X 2PE A v i B I RN K A
&1, cirecFUNC1 A RS2 — NI FE B TR A

Zheng %1400 %o 2 P B i Pk A b B HEAT T —
Tiugig (51 %) REBIE 5, 4858 T H & NIHSS F-43 i e 1fi
f 6] 5 hsa_cire_0004099 &3k 7K - A #H St | I 44
T ARWCEBRERRE S BT (ROC) 4k, &5 2R KW,
NIHSS PF43 | Hili 8k I s [8] 44 55 hsa_cire_0004099 3%
IRZKSE B 17 AH 56 s hsa_cire_0004099 1) 2 ik 7K 78
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—EFEEE IR TR i i M E AR . ROC i £
A3HT 58 7%, hsa_cire _ 0004099 (1) 2% ik il £& T 1 A
(AUC) /& 0.923, HixF AIS A9 % A= 4 K 4 4 70 47y
i, HIE hsa_circ_0004099 J&—FhBEAZI2 KT AIS FlI
W B TS P A T B R B PR AL

Liu 28477 KM o 207 Jk A 2 /)N BRUB4) Bl of, > 5 7
Hiii e circOGDH, -2k FH 2 1 58 5 il % =2 5 bz A
AIS BF Y circOGDH &4, 458 W, K
rh g bk A1 ZE /)N BUBA B I A A ALS R I b
circOGDH 3k 2 & $E T, 5 J0 i 1L 48 95 9 1 %
AL, circOGDH [ A 5 T 50 f5 LA L, BLsb,
e AIS BRF M T circOGDH 19335 7K - 5 Bl ifin 2f
R RN R IE A OG , X 225 R W] circOGDH 7]
B 2 ) S i~ 5 o 178 — R BB P AR S PR AR 124
FEIG PR, A5 8 2 103 T circOGDH. 1Y 7 & 6 2
— R PR 2T AR R TN T

5 REMRE

Bt VAR RIS, A T R T AR T
JE VA SRR T AE . A i il P i 2 v 2 T 32
BURSEAAR AR AT A CT MR 55 77, B i ik = g
)1z 32 I e AR R0 ) UK £ 3 T8 FS 1) 2 0 b o
P HETIAIT 7 LAY A 6T DA
oA AL 55 07 =OR 3 B BRI A TR T AR AE TR YT I
[ L8 I 22 5k, BRI, SR SEREY)
FRCHI R RIAYT 5 R AR G, T4k,
B 55 f A8 2 0 B R B S T R R, ATkl i
RNA WSS WE 2 BF5E & B, 76 b 48 10 A5 2R
JUH, circRNA #33 TEE A0, S5 71 5t a
HU 28 R M 2T AET | I B B4 405 3l ke
FERE AL S 2 AR, HomT B8 Bl M i A HR 2T Y
FRAHER 00 RAF cireRNA 5 5l it M i 2 o 22 1]
1456 ZRFIT IR AL TE R B BE , (EL B 25 Ak 2224 2 (1 4%
Y156 1, circRNA B 28 %0 T 3 i I 58 #4 4,
circRNA A5 B2 7E AR TUAR P g FH T e a4 oG 2w 114
BWIRNAYT .

B R 25 S cireRNA P8 38 10 2% S 1k
Fik, KZ circRNA 1] 3 13 165 458 W B microRNA , 5]
L microRNA {7 i A< i AH 56 #8 5E [R Y *%755(, Siibul
YEFET B2 T8 10 00 40 B 3805 4 i v D/ R I
o A A R F e It P A TR R AT R A L B S R I
RIFFESE A, DUBR AT F35 HE 28 circRNA fEfE
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Research progresses on the effects of high altitude on mitochondrial function
and energy metabolism
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[ Abstract] A high altitude plateau is a unique environment with low pressure, oxygen, and temperature. The
plateau environment reduces the metabolism of energy substances and mitochondrial functions, thereby affecting work on a
plateau. In recent years, mitochondrial damage has attracted broad attention. As the energy factory of cells, mitochondria
are closely linked to body movement. We focused our attention on mitochondrial damage at high altitude and summarized
the effects of high altitude on the metabolism of basic energy substances and changes in important enzyme activities and the
mitochondrial structure and function in the mitochondrial biochemical energy supply response. We found that protein,
carbohydrate and lipid metabolism was negatively affected at high altitude, resulting in fatigue, hyperlipidemia, and body

repair. The activities of enzymes related to pyruvate metabolism, the tricarboxylic acid cycle, B-oxidation, and oxidative
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phosphorylation were inhibited, and the morphology and number of mitochondria were changed, leading to impaired

mitochondrial functions and affecting exercise energy supply. Exploration of the mechanism of cell injury at high altitude

may promote research to prevent and treat such injuries.
[ Keywords)

mitochondrial morphology

high altitude hypoxia; energy matter metabolism; biochemical energy supply; mitochondrial function;
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Figure 1 Biochemical energy supply responses in mitochondria under hypoxic conditions at altitude
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Figure 2 Changes in the morphological structure and number of mitochondria after hypoxia in the highlands
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[BE] 18R ZEM:R%O% ( chronic obstructive pulmonary disease , COPD) J2:IIfi R % UL A PRI 2R G50k, &%
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Research progress of disease-syndrome combination models of chronic
obstructive pulmonary disease

BA Deting' , HAO Binbin', LI Juan'?**
(1. Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China. 2. Affiliated Hospital of Gansu University of
Traditional Chinese Medicine, Gansu Engineering Laboratory for New Products of Traditional Chinese Medicine,

Gansu Key Laboratory of TCM Excavation and Innovative and Transformation, Lanzhou 730000)

[ Abstract]  Chronic obstructive pulmonary disease (COPD) is a common respiratory disease with high morbidity and
mortality, and has become a major health issue. Traditional Chinese medicine has accumulated rich historical experience in
the treatment of COPD and has unique clinical advantages. To further explore the therapeutic effect of traditional Chinese
medicine on this disease, establishment of a COPD animal model combining disease and syndrome is critical to study
occurrence and development of the disease. The combined models of disease and syndrome summarized include five types: the
animal model of lung qi deficiency, the animal model of lung and spleen deficiency, the animal model of phlegm-heat
stagnation of lung, the animal model of phlegm-stasis obstructing lung, and the animal model of cold-fluid syndrome. The
common disease and syndrome in recent years combined with the method of class modeling are simply described and combined
to provide new ideas for researchers and promote research of traditional Chinese medicine of this disease.

[ Keywords] chronic obstructive pulmonary disease; disease-syndrome combination; animal model
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UG P 35 45 5 Ak SFe {94 I 1 i 22 R A %
MR B UERY, RS T IG R B S5 BRI 45 G 2
MR TR 5 P B 2496 07 B 1Y) AR A
TE COPD i UE 4 & s A il v S0 % 2 5% FH 4
W JE IR B RS, S L CS+LPS” ik 7 vk & il 1
COPD sh¥fsisl | A Al B4 5 COPD #H 5% )9k B
FEI 25 AR v B2 5 DR AL 2R AR AU E A R AR
el 75 2, 76V B g BRAG (1) SE Atk B Jn o = R
I, B Jm il 4 COPD JRIESE A AR, A4 HAR 2
FAIPTIE 2 A AR | BB BT g b Ay v IS 2496 97 1 BEL T
PRAAA 2 ¥
3.1 MSEIEshEDR

R R ME AN R SR, Bt 28 d. 78
51K R 14 KA THTE LPS(1 mg/mL) , HiAxH}
[i1] 45 R HAR FE 30 min, 40 5 45 o5 FROCK B T
2SR 1 h, DL ST il S UE COPD oK B
R IR ISR 0 T R 43 Jy 3 1 T 5 Ml 4 21
925 210 M P 7K ST R R il 0B UE COPD FSEAR

WERAE - 1 K E 14 RRE S
200 WL LPS W (W 1 o/L) , 45 2~23 K (R4
14 K) HBR 711 g L2 T 50 ¢ B A, B K 1
U, ERIR 30 min, 2 24 ~ 30 FORHHR SR B AR 3
K, BFIK 30 min, EELEE R 30 d, IFDIAMItZ 936
I 3R 2 0 M R A A5

fili A 55, AR PR, 2 % AN

( cigarette  smoke,
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ZEHE U, e AT i AR i PR IR i SR IE S
COPD e DL I UE Y, I IR DA% s Je B & A W%
PRIEM , WP s B P A T IR 1, H TSR,
IR FKES A A ILREAR ) T8 UMl 25 <

(£ 1), DA TN A LS, H2EF AR, EI%
TIETY A B i SO0 388 o o A il 1 0 25 % 8 U Kl
PEAT VA, X i i L As 4, — R A B AR ADLT S
A0, (AT L g — 5 5 BELPE , (ELFE R TR A

S R R 32 B3 4k ¢ CS+ LPS” 1y 1 3k 2

7 1 oG — i

R W IRIESS & SRR B2,
Table 1 Summarization of disease-syndrome combination animal models

N - G TT Gl i ; -
TSR Sttt Ko e WA
. Intervention measures . . .
Syndromes ~ Animal breed . Model representation Observational indicators
and period
BEBEIRIBLH TR T W, MR IE 5, O 5
WG Z AT ] SRS il R B, 2 T4
CHNEE+S AT TE LPS+ V0 ; CD4Y T 4 MU BRI, Th17 40 i %50t Y .
R CRE LS+ MO CDA' T AV RERRAC Tot7 MR i s st s phen s
il Ft;1L-6 IL-21 FRFAE y ; P
. . G AL LT S BALF T 48
L (23] Wistar 28 K Fur was dull and shed, the body mass is decreased, .,
it <, « . . S i 240 L
KR Smoking +  the respiratory rate is increased, the oral and nasal . .
Lung . . . . Symptoms and signs, lung tissue
e Wistar intratracheal LPS  secretions are increased, the sputum sounds can be . :
qi deficiency . . . morphology. Lung tissue immune
rat injection + cold  heard occasionally, the pulmonary bullae formation, .
. e . U . N cells.  Inflammatory cells in
stimulation inflammatory cell infiltration. The number of CD4™ T
) serum and BALF.
28 days cells decreased and the number of Th17 cells
increased. The levels of IL-6 and IL-21 were
increased.
BEAR D3N, BB ER TOOGRE, I AL 1) B gk
“ TR+ S A LPS” PENE 2 SR 2 il Rl N " )
' -+ iﬁu %E;iﬁﬂﬁ/,%(@%\%ﬁﬂwl‘iﬁfﬁ;&ﬁ%, TR AE ISV 25 W45
s Wistar 30 K RAE MR ; TNF-o IL-8 F i FH 5 TNF-o T8 &t
I S KR “ Smoking +  Curled up and moved less, dull coat, shortness of Svmot ) TEEQ | "
ung Wistar intratracheal LPS  breath, the sounds of cough and sputum were heard, JUPIOMS Anc Sgns, g ssue
qi deficiency S, . morphology. The content of TNF-
rat injection reduced  eating. Alveolar  collapse,  lung and 118 in 1 i
30 days parenchyma, inflammatory cell infiltration. The @ and oo an lung Lissue.
levels of TNF-a and IL-8 increased.
s FLUEDKAR KPR, B TAG, AL,
“Ak$+/:‘,/sﬁ.\ bed LPS+ - X ’ o a4 . ’ Al
TV VEIBE LSS fi WG, RIS th it B, et
(26] . X > JEE 5 IS RE T B 5 1L-1  TNF-o TH55 IR AR A, Fili 20 2008 255 fili 2
it J P Wistar 42 K L . L s s e
« . Squinting eyes gather together, mental fatigue, dry  f8; L7 RAEH T,
Lung and N Smoking + . . . .
. . fur, body wasting, little food and loose stool.  Symptoms and signs, lung tissue
spleen Wistar intratracheal LPS . .
.. . . Pulmonary bullosa formed, exudate appeared in  morphology. Pulmonary function.
deficiency rat injection + drink cold . . . P .
e bronchial cavity, inflammatory cell infiltration.  Serum inflammatory factors.
senna infusion . —
Decreased lung function. IL-1 and TNF-a were
42 days .
increased.
“HHEE SR TE LPS+ MBI AWK, 0 3R 5 S R S 5
Tk U =N TR 4 2 1N /—ﬁ W53 . T} B . e b K . . . ,
- ji,\ﬂ&ugﬁ kaifﬁx,ml_@% & D RE T B I AR DR KA I 201 29 5 5 I
it e P O 28 K N SRR T o e N
- . « - . . Db;ﬂﬂ—*ﬁ%&,ﬂ@ﬂ%*ﬂk&u
Lung and SD Kl Smoking +  Fatigued and weak, cough and shortness of breath, . .
. - . . Symptoms and signs, lung tissue
spleen SD rat intratracheal LPS little food and loose stool. Airway and lung .
.. S Lo . . . . morphology. Pulmonary function.
deficiency injection+rhubarb liquid  parenchyma inflammatory lesions, airway stenosis. . . .
. o . Spleen index, thymus index.
by gavage" Decreased lung function. The spleen index and
28 days thymus index were low.
NI, , S B WA £, B AT TR K
i, T DR T B S B R UIR AL
R A XOR TR BEA RN IR BT AL I D R R R S REAR IR AR, T 2H VB 25 it )
EEE ” 5] T‘;.—‘ 4\!;, . :}< 5] é Fhr EL
%ﬂﬁﬂﬁﬂim Wistar 55 l?]?‘ﬂl Jo } ) ] ?L,BALF EP)QE Hﬂﬂ@@(g&ﬁ
28 Kk Cough and wheezing, increased nasal secretions, fur 43k,
Phlegm-heat KR « . . . .
. . Smoking +  loss, facial edema, dark tongue and yellow tongue  Symptoms and signs, lung tissue
stagnation Wistar ; . L. . .
(1 ot Pneumococcus nasal  coating. Necrosis and exfoliation of bronchial —morphology. Pulmonary function.
ot fung m drops” mucosa, inflammatory cell infiltration of bronchial =~ The number and percentage of
28 days wall and rupture of alveolar wall were observed.  inflammatory cells in BALF.

Decreased lung function. Inflammatory factors were

increased.
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&Rl
T
g ams | oo s SR b
Syndromes Animal breed Model representation Observational indicators

and period

PEAM >
Phlegm-heat
stagnation

of lung

PRI
Phlegm-heat
stagnation

of lung

DRI >
Phlegm-stasis
obstructing lung

ARSI )
Phlegm-stasis
obstructing lung

FELRE
Cold-

fluid syndrome

SE R
Cold-

fluid syndrome

SD KL
SD Rat

Wistar
K
Wistar
Rat

SD KB
SD Rat

SD KL
SD Rat

Wistar
K
Wistar
Rat

Wistar
N
Wistar
Rat

“ R+ E T T LPS”
28 K

“ Smoking +
intratracheal LPS
injection”

28 days

“HA R+ LPS+

k= b

37 Kk

“ Smoking +
intratracheal LPS

injection+ wind and heat
stimulation”
37 days

BRI I DK + 4 3l A

SHREIN
30 K
“ Forced swimming +

passive  smoking  +
hypoxic environment”

30 days

R IR

28 K

“ Smoking + hypoxic
environment”

28 days

T T LPS +
RV S TEV
56 K

" Smoking + tracheal
of LPS +
drinking cold and cold

instillation

stimulation"

56 days

R+ ST T LPS+
RV + IR

“ Smoking + tracheal
of LPS +
drinking cold and cold

instillation

stimulation”

30d

SERZ T, BRNHRIGEE , KT, 0T GE 23 W
BT SRR RER R i BE BT 2R Ml
YA i DI fiE T W ;IL-6 STATIL STAT3 |7},

Irritability, hyperactivity, dull coat, hard stools,
The

alveolar wall was

respiratory secretions are yellow and sticky.
bronchial wall was thickened,
broken, and pulmonary bullae were formed.
Decreased lung function; 1L-6, STAT1 and STAT3

increased.

Jli R A | TR FRREIR S R VR 55 I N
TR R RGBT R AR AE R ARAR 4 A TL-8
TNF-a 7K | F+; MUCSAC NE & W25

Alveolar fusion, septum destruction, airway mucosa

exfoliation, sputum retention in the lumen,
submucosal  gland  hypertrophy,  goblet  cell
proliferation. The levels of IL-8 and TNF-a

increased. The contents of MUCS5AC and NE were

significantly increased.

HEORD, B R WA, BTSN R,
PR A YA 5 i L R 18 O i e ] o 1 )52 %
R, SRE BERR IR A= s I D RE T RS TL-18
IL-6 IL-8 .TNF-o T},

Quiet but not active, hair turns yellow, shortness of
breath, cyanosis of lips, tongue and nails, weight
loss.  Alveolar enlargement, alveolar septum
thickening or damage, bronchial wall mucus gland
hyperplasia. Decreased lung function. The levels of

IL-1B, IL-6, IL-8 and TNF-a were increased.

P SRR Rl I o A 4 B , B R AT i
B, B Bax B FARISFEAL, Bel-2 H0;
VEGF #3KT1
Alveolar structure was destroyed and fused, the
thickened, the

inflammatory cells infiltrated in the wall, and the

pulmonary blood vessels were
lumen was narrowed. The expression of Bax protein

decreased and Bel-2  protein  increased.  The

expression of VEGF increased.

KERRZERE, W 2, B R AP, B R,
H S <8 SORUE R AN A Ik IR
BELE , SR B TR AR s Il T e R R

Listlessness, shortness of breath, the hair color is
dark and shedding, less food and body light, mouth
and nose secretions increased. The tracheal and
bronchial epithelial cells were swollen, necrotic and
exfoliated, and the bronchial lumen was infiltrated
by inflammatory cells. Lung function decreased.

Y ZENTER I S EE S Y G BTN =RV 1% 7 I
TR T ; DB T 5 1L-8 L IL-10 1L-13 Fl TNF-
a BTk, AQP1 &R Ak, MucSac H 4 LT,

Body was thin, his fur was messy, nasal secretions
were pale white, and water intake was decreased.
Decreased lung function; I1L-8, IL-10, IL-13 and
TNF-a AQP1

decreased, and Muc5ac protein was increased.

were increased, content  was

FEAR A AE 5 il 20 U8 255 il )
AE s Ml 2 219 1 IR 5~ B AH 5K 2R
HEHE,

Symptoms and signs. Lung tissue
morphology. Pulmonary function.
Contents of inflammatory factors
and

related proteins in lung

tissue.

JFLHETE 25 5 v 48 v I 2
BALF G H Y& it
Lung tissue morphology. The
levels of inflammatory factors in
serum and related proteins in

BALF were detected.

FEAR AR 5 Jilf 20 U8 255 Wil )
FE 5 1L 5 R A TR

Symptoms and signs. Lung tissue
morphology. Pulmonary function.
Serum inflammatory factor levels.

JiH 2% 25 5 fili 1M 45 40 2 Bax |
Bel-2 & [ /K F, Il 7§ VEGF
K,
Lung The

levels of Bax and Bcl-2 protein in

tissue morphology.

pulmonary vascular tissue and
serum VEGF level were detected.

AE AR K AR il 20 25 Il
Difig.

Symptoms and signs. Lung tissue
morphology. Pulmonary function.

SEPRAAAE ; Bl 1 BE 5 ML AP 28 1k
PR 5 B i 2 T 4y B A
Kik,

Symptoms and signs. Pulmonary
The

inflammatory factors in serum and

function. content  of

the expression of some proteins in
lung tissue were detected.

3.2 FhpRWEIES iR T

SRR SE! S FERE AR 1 K 5 14 RAVETHIE

LPS, %5 2 ~42 K41 1H% 2
min (FHTE LPS KAL) | [A R A #E S 7 Kk

e, BER 2 K, BEIK 30
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TESESHATT 30 min 45 TR | ¢/mL BIVKR 15 I
R, LT B 42 K, RIS 25 1 1 Y
BILRREE 7 AL 12 REL i 2l A Y | B 5 35 il % 3
YRR EL 2] ghrelin [ obestatin 5 4 5E B F) 41
HAEHTE COPD &I ER AR TREZEIEM,

fif 5 25T FRERAS 1R 5 14 KA 0.2
mL LPS, 55 2~28 K (T LPS H Rk ) X H ik
FPIREE 1 h/d; R DL — R ss 1 Jr SR 7E i A T
GRIEEE T RUKEIREWRHEY ,2 mL/d, 3 8 4,5
28 KI5 COPD Jifi 4L i AR HY | I FH A
TRUBIE T {25 1l 11 IR T $2 =5 COPD J8 5 1) ez
Uitig.

At =R I Ay 0 BEL A 3= ZEUE RS i i H A, T
BES WA | [R] B B35 B, SOtk — 25 in = fili
()R H, 3 A B S | 2% i AL 9 o 22 % 7Y
L EFE B COPD B e W, 32 B B0 %0k
Wi S, SN & B = ) By I E sl gl
AR RS B R, WK T4 540 55, 09T DL 4R
MDD HRBR e RS COPD A A
B JE 1 L 5 9 24 ) 1 50 B R A SRS UL v s I
(1) KT L RSP shSRL, FE
M RESFEMCT , 25800855 , 5 i BE , B0 11,
DRI T 3850 0 2 5%, 65 A 5 i AL 7 R I 5 A 1Y
PLIE
3.3 RAEBAMIEShHEEY

SRS SR 50 ¢ N 10 g BRAE X HAN %
S8R FFR 30 min, BF K 2 WK, IYRIE)FE 4 h DL L Bl
Je B 0. 1 mL il 98 XUBR B B W (% . 6% 10°
CFU/mL, 55 W5 M . 18x 10° CFU/mL) , %5 J& 2
U, A 8 Wk, T 28 d &5 H, il £ COPD %
AT LAY | A5 35 i IHASE B IE 52 T3 4 Ml Aokt
COPD S RAEHA THIVEH,

VP2 2 PIE St 1 R 5 14 RS
T LPS (W .1 g/L)200 L, 55 2~30 K (44 14
K BTN S B 7%, R 45 30 min, 1G4 COPD
PR AE IR b TR AR 26 RAE 2T
LPS 1 YK, DAASEFULEE AT i J1E 8, {9 ™ “ UE ™ AH
ShG IFIRE VS & LR BURLIR YT R S X IR, DLy
INRIE 235 50 %ot B 2 K L BB DA 728 A T i 78 o)
B,

MRERARZE O SRS 1.8 15 KAGH T A 200
pL LPS ¥ (VR . 1 mg/mL) 55 2~ 28 KAHZS 2 5%
(LPS I HER M) , B K 30 min, b T4 —

W, JETESS 29 ~ 37 R B F XA (IR (39
1)C, K 0. 7 m/s MR 50% ) 4T UHRHRIEL
MIHAEK 30 min, &K 2 W, AR 37 d, il
# COPD HR AR UERBEAY |

ZAERL 22 BT e I il 2 A
RFAHONRERN, H AL, B0 AZ KA
ZHAZ A8 WIO I, HRIRIR |, PR A S T
T I R R, TR EIR, R AR
NBERZEITEH WAEIR > IR LATE PR, FE R R
BB UERBL R B A i S B 20 s W B T
Sy il 3 P R ERBE T EA TR (3R 1), DABAEABL XL
PAZZE T8 S 40 72 A 5 KUEAIE AR B0 A S IR i
(CIEE
3.4 FRFBEAGIEZh AR

O ik oR AP KRB KA R (fE R 43+
1°C) 5 3a YK 30 min, J5 HEATH0ZS 288, B R 1K,
FRR 0.4 b, e Jeol FUE T3l A ZIREAE N (&
W PE . 10. 0%+0. 5% ,CO, ¥ 0. 03%) , B RAKEA 7
h EZEERL 1A A, LS EESr COPD 4% BH fii
TEBERY A3 3% T AR AR I B 1 1 i e 2 3
38 BTG S PR -6 8 A T3 M 1 4 9 o A E

A BB PR U T A N, 1 h/d, BlR R
L FARACRE B N (R 110, 0% ~ 10. 5%, CO, ¥
F£:0.03% /A7) B RAREA 5 h, B 6 d, LG
4 ) I B i H AR,

77 B AN A, B e i R A BAR
FEAHE A, SO M2 0, SCREAT I, IR e 4 1L, <
HETC 1 Bh A2 AT, D0 it B3 s, P A R B R R
T E S AU ZUE I PR LA %
RS M = AT, D E Lt T BRI kit
ANk A T R, I LA 25 R AR AR R
MREZRHAE AR EGHR (£ 1), 58038 KERAEK
K A LS5 SR M, TR R T AR S
FIBMIEAT" 3% — B BT Zh Wik R AR, i
PR 1), RIS AR — 20, ¥ | DA A
3.5 ERIENWEE

JE i 220 FE i AR 114,28 KAETMTE 200
pl LPS %5 2~56 K (55 14 28 KRN ) #EATHH% 2
T FER 2 W, EFIR 30 min, IR IEIRG 4 h A, J&5
TGRS N (GRE . 0°C Z£4) B %, 1 h/d, [RliH#E
HE TR, B2k 4 8 EREK AR A IR FE,
St 56 d, S B AR,

AR LLZGINE , e 1 A 22 IR IT 259, 7F
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1,14 REETH T 200 pL JEZ B (K E . 1 mg/
mL) 55 2~30 K (55 14 KERHN) dEAT M0, 5K 2
U, BRR 30 min, BEUK B R 4 h, BE S B TGRS
(IR 0°C Ze A7) ML 1 b, [RI I LA VK AKIR & e 55
12 h/d, #5282 30 d, A2 HAMRBEE Rk
2530, LI T 4 T A 2R TT A R BRUIESE W A%
INZ dERESE RS shi R P A R FE 5 R JE TR 2
i B 7 Y A R )

FEFEVRUEAL R 5% 3 A v s < 8 FE 45 BH
(R ERS , LAVK K HE B 15 S L PH , (545 1 1 32 1 /K ik
DIReJRHR N2 8% Az F€ A8, N v il Jili 32 38 18 7K i
DIREEEAL, 3 WK M A5, 2 L FE TR 45 Z 0, LA
IRV +TEVR R 1 =X (3R 1) BRI TR LR 2R it v =
UEARY L3 COPD FELR Za i il KRR AL

4 itig

IS B R TT 7 1 R BB 6T 5 o s A 2 WL
- AdEdR AT LT e S — B Bl — 2 A
AT, (0 B R J, BIE o 3, —E A HLGS
B, IR OUE P A J2 R 22 B , AT 2R A7
ARORYT, BAF R IMEECR, B, A
KAL) COPD SIS, & s Y5 B 4 HA 1 451 o] S i
H (RS0 28 d) |, FTHERAE PSR DL S AE 28 AR Y
S, AT DME N TSR R 2453697 COPD Ay f5E Al
FEA, (RIS 5% 5 2238 TR B R s et 42, RH B
A ETE R R 3R 5 8 2 s SR Bk B AR
B2 BN AF 58 8 sh W 04T Sl 2 3R L5
PO AR FASE A, IR 23 50 Bl — S A0 G 1) SE 00 ==
FEbn , ARAE N 55, 27 K He [ sh i Al g H
ViR 71,
4.1 FENLE

SRUESE & S W B TE — i R L AT LAA 4D
HAngems S rh BEEAE , 7R 1 15T Bt sh ) 7 2E 1)
SO, SRR R 2 B IR e B A ST R, (EARTHAF
TELL R R, (1) Friksh P2 S RAGE— i T
TR ZE S, 3o 25 77 A S B B0 s 1 A —
0 (2) FEHRIE R =R, X 8 Py R UE A% 1 P4
AR S 0 1 UL W, I 05 W R RS i PE AR
B, 2 B BRI P AR AR IH 2 COPD #5iiE
S5 A BN ME L (3) AP R, v B DR
PERAEE AL S , B0 9 sl Uk AL (T8 WA 238 ik
LA —Fh A E T 107 2O AT DUBE A 0%, [R] s 7R 9
ik SRR T AR R TS 22 0T RAE , BIF ST N DL B4 L)

— PO R X S sh Y AT T IS AR B
R, 5 — 7 T, 9 5 R R AT, SE 8 DA
“HeR FE IR B AR TR B T R T S R A A
MR ; (4) RTWIEL & COPD s H (1 iif 5%
KRS SCHRE 35 /0 (LB 58 N R 255 1 7 IR 3
Bz (5) PEFHEEE M2 A S, EOAXH LAk
ZIES S S0, T RENW B H R KSR
RIXE H AR sh P 5 AR AR BEER IR — iR
AR H AT i B i 2 SR, Bk = R (6)
COPD B FH DI B M FE B AR, (HKZE
U9 3 A 2 TS Sl ) 1) 22 22 W 3l il
AR X — 2T (S 45 2R I 2%
4.2 RRBE

RUESS & B PR BN SE IR F Y 5 G IRIR T
AR 22, S — 8 Y HERR  UTA s R B
UEZE G BB | X6 ¥ A 28 i 50 S ik 9% 0 06 &
FA Wm0 E 5 B B IESS A sh PRl ) ST AR
IHAL TR B, 51 % 78 18 1530 2 v A7 7E 1 i 2 )
BT G — W) i RS AR ) o8 3 E A
VRN ARIE, 1A BN S50 11X, F) R 4 A B 2
R 3B, 3R R R S W W27 B HOR
27 T2kt I R P AN 2 DT EE S — A
FFErh Vg BE A L Y v o i sh W e A sl v IR
255 I R R, D N i AR BTRR

SE Lk
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Research progress on the model organism zebrafish
in neurodegenerative diseases

HUANG Kongli', SU Shijie', WANG Yuting' , LIU Zhuangzhuang' , CAO Dandan'?, WANG Pei' , CHEN Guanlin',
WANG Qi'”
(1. Science and Technology Innovation Center, Guangzhou University of Chinese Medicine, Guangzhou 510405, China.
2. Medical College of Acupuncture Moxibustion and Rehabilitation, Guangzhou University of Chinese Medicine, Guangzhou 510006.

3. the Third Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangzhou 510378)

[ Abstract]  Neurodegenerative diseases are chronic and progressive neurological diseases characterized by loss of a
large number of specific neurons. They mainly include Alzheimer’s disease, Parkinson’s disease, Huntington’s disease,
and amyotrophic lateral sclerosis. Although the lesions and etiologies of various types of neurodegenerative diseases are
different, delayed neurodegenerative lesions and cell loss in specific brain areas are common characteristics. For this

reason, they are collectively referred to as neurodegenerative diseases. In recent years, zebrafish have attracted increasing
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attention as a new type of model organism. Although some differences exist between zebrafish and human central nervous

systems, zebrafish neural conduction systems, neuronal and glial cell types, and disease-related gene homology are very

similar to those of humans. Zebrafish has been widely used to study neurodegenerative diseases, and some achievements

have been made in this field to improve our understanding of these diseases. However, because of the complexity, multiple

factors, and multi-gene regulation of neurodegenerative diseases, the etiology and pathogenesis of zebrafish are unclear.

Therefore , treatment of this kind of disease has been difficult. By consulting the relevant literature from home and abroad in

recent years, this artcile reviews recent advances in neurodegenerative diseases using zebrafish as a model organism.

[ Keywords)

zebrafish; neurodegenerative diseases; model organism; disease model; research progress
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Figure 1 Neurodegenerative disease models of zebrafish
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Table 1 Comparison of experimental advantages between model zebrafish and rodents

BT H i 5 34 REH
Compared items Rodent Zebrafish
525 A AT 3 v
Short experiment period and strong fecundity

15 2% A x vV
Low test cost

R D ) v
Amount of subject matter is small

ISR R TS ) v
In vitro fertilization and in vitro development

PEER 5] ) v
Egg production is large and the embryo is transparent

L 2 s v
High throughput screening drugs.

WL R v v
Study multiple organs

SO A v v
Evaluate the activity of metabolites

PN 2RI B2 v/ v/
Pharmacodynamics and pharmacokinetics were evaluated

THEAG S DX 245 0 4 R WA v/ <
Accurately determine the absorption and utilization of drugs

AN e v )
Higher cognitive function

TR E, =4Ez 307 A WA AT « vV
Rich behavior, three-dimensional movement, typical social behavior

AR BTG I AP P R Y i P A R » v
Difficult or impossible disease models or toxicity evaluation models

AR BRI E SR R R N v

Operation is simple, the model is stable and the influencing factors are few

FEME2A UL, TS A 5 26 I Tau ( microtubule-associated
protein Tau, MAPT) SRR

MR, N T 58 AD RO BE S f R A AL 1
AR AL APP™ | %€ A8 # PSEN1 1 PSEN2, Tau-
P301L-Tg BT fh 75 B 50 26 [ B MR T 2A 41071 571
X IR ( okadaic acid, OKA) \AB,_,, 1 ( Al) [EAfLER
(AICL,) AL ( CuCl,) 259 i S 1) AD 7Y
% BB NI T IC AR GT T /P Pt AD
GBI

A 3 BE 290 i A A A g T o 4 g A AR
APP™ FRIR) AD s BiRl 58 AR UUAXT ik i
B RGBT B S AT R 52, S BESE AD 1Y
TRYT R EE—A B I 25 ] 45 ) Sl AR R o T
FTHENT Y APP™ Bk h 101 3¢ Bk Iy P 1 28 50 Dk
AT AL LR PSENT I PSEN2 B 28 748 78 . % 71U
FIGME AD JBF g & I, 528 7 PSENT 5 PSEN2
L TE ST A 1 0 SR ik A< B ] 7 o 27 4 S5 AR T
B, I & AD B9 KA BEDh 4 PSENT 5§ 4%+
PerliFs TR v AD R/ WA AR, B
FZE fahi 1 A2 Tau-P301 L RAEIKC 412
FHF ST 5L LR S A ) R R 3% T
AD B3 Tau A S H B Z ™, Tau-

P301 L i 3Rk 25 3 BUNAEBE S 4 fixi N Tau i B2 8%
iR Ak Alavi Naini 25/ 7E Tau-P301 L-Tg B ff1
HR Sl FF 2 T 2% 45 0 500 R I A 7 3R 5 7 T
RIS/ p-Tau J85% #1226 2K, Barbereau %51 ]
JH Tau-P301 L-Tg BE & A 5E T Tau 175 5 0 4
LG Q0] BACZE A YR e 2 %5 37 TR F- ( brain-derived
neurotrophic factor, BDNF) {55, 25 S & B Tau #4
FEPED I BDNF RGeS,

AR S R BB RS B, 8 s R S T B
FELB L) FE v A R4 A IO 38, b ASS A0 AT DA s 1 st ) 2
e BEfS . Capatina 451" AR 250005 5 A0 B
IhAf O A0 5 B R S T B G il ket A A e 22
JCHIPE R ESE T /& BLA RS T mT LLRRAIC AChE ¥ 1
AR MGHT A LHE ST . Boiangiu AT 2 P A BT 6
-FRI-1-Je T TRIT AR B A 510 AD B £ A5
TR IR S AR B A R Y A TR AT
FCAC B, IF FEAREE 5 0 K i 1Y ROS 7K -F- Al
AChE W%, WFSC4RIE , OKA 1E R BE I AD 05
BRI, AT LA S B ) £ STk Ry 38, B S5 4
PSR RAE G ) RE R AT | A R R S e R
PERZR R e KB AD A A
D o Koehler 2 OKA @7 T B fA AD
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B BIESE 4R -2 -1 -1,2 41 " JE-3 5
B (TDZD-8) % AD #EAY GSK3B Yy # il 11 1, %
BT OKA JRRERS BB AD MIOCHY AR o i 28
GBI A p-Tau, Pp2A 1 GSK-3B ¥ /2 3% .,
T A B, AD BHINH AN AR WA B2 I N
K ZAEFES NN AR B H UL I A 2
AB o FTAB, 4o HHAB,, B 5 R4 H 3R HY
BEPE, NI B AR LTE MU AZ L, 5| & P 2 PR
FHY). Reinhardt %52 36 AB,,, K5 T DM
AD BEAL S L2 J] 3 2 AR PR O 5 ( CDKS )
5 LDCS ZEBE L ff AD A5 7Y v 21 {5 47 4 220
MVER, Sang %512 BIFSE K& S0 #1217 2 9 TM-10
X ARy, U5 Y BE b £ i A5 45 B A AT R i 2
g AF 0, "1 LAl N 28T BEE 6 AR G
( butyrylcholinesterase, BuChE ). M. i 4 b [
( monoamineoxidase , MAO) 7 74, Vi /> AR 4L, Al
MRS FEORN 2R &8, B o et
PR AL, 52 w1 FINRHTBE )1, 5 & AD By &
Y . Gao ST HT Al A FAYBE D fa AD A
AU HARR S MR B 1 ) Necrostatin-1 2 75 g

UG BE i AD AU I 27 S0 AL A, 25 R 3R]
Necrostatin-1 7] LLigi 5% Al 15 S 127 2 ic 428147 42
5 Ach AT HIMZ A IR . BhAFUHAE T AL 5
SHBEE . AD BIEDEBFTEA R o-3 Z A A
TR — i LM B2 ( eicosapentaenoic acid, EPA) | .1
Wk 1M R ( docosapentaenoic acid, DPA) | —. 1 .
i 7S5 R ( docosahexaenoic acid, DHA ) X5 & AD
BEALCAZI G FI R 2 B2 AR A2 i 45 R R Al
2O B0 £ ) £ P ) /NS B 4 i s EPA DPA
FIDHA #3125 (X AR 2 U Z A GFAP Y mRNA
ik, AICL, & —Ff T T 0l 28 AD BEAY Y B
WEALF 5L T Kaur 26777 1 AICL, Kb BEEE D5 0, %
PRBE £ A P 3 T 8 A5 e R e A1k ) 1 A i
IR S S REAR, 1T K T, TR AR A
FH CRISPR/ Cas9 4% AR @ bR BE 5 1 uep2 3, WF 5T
ucp2 FERIAE AICL, BB L g 2r e VR, R 98 &
BRI ROS 7K i 3 T i85 s psenl  psen2 tnf-a FlI
il-18 mRNA $45%/K 3% BiE . BARBE™ F e
AICL, iS5 AD BEL SR A8 A4 E Bt AD 1
FAMLA, 4528 R A2 XA RE 3G AD Bt 55 A Y Y
IR RE S FI R D RE R A5 I/ AD BT 1 1 A5
RURKER 52 AR YRR 4] AR msEME 1, e iE
Mt Z ML, HAICL 5T 6 Hit K5

i RIANE 35 07 0 BE A AL AD BT £ 2
2JiCIZRE T, Wb AR AR L, B ROS,  #I% il B
DY TR DA K EORS 2 DY AR T ALCL i
T AD BES B R] DUE i T 98 p-P38/P38 FY 1L
{H, 4 Neadherin 25 7K, #E1M B3E AD #5350 B
D2 S E A2 RE T, Cu'/Cu® B T2 AR5
1, B AR R AL S Cu'/Co®™ RS I 58
HAZE, UM AD, Rakshit 457 i CuCl, AbHLEE L 4
FREDIEAS L A8 2 F1 3e FERIN Y TORL, 5256 %
W1, H CuCl, Ab3H i BT AR BB 1 £ o)) £ R B A1k
N, 3R 2 BEE T JUAR (B o by
AD RIS 7 3 VRYT 25 S HAE IR
1.2 HA% #X%% (Parkinson’s disease,PD)

PD J&—FpPEA S R B WLk B AT P s i
G S S H S ML RLRE R A A IR AT R . R
FRR AR 32 3% B i i BB BT S0IR 1R 2 T K RE
( dopaminergic , DA ) #1 28 JOAE PE Bl JC T -2 fish 42 2
M ( a-synuclein, a-Syn) 41 B 1 i 5 /N K ( Lewy
bodies,LBs) & ", PD ) Y1 R & 4 K BH
MY ML R RG2S PD th DA #iZ4oT
PYARHERET R R, B e B A A ] G, 3X 5 IR L
SRR RN, R R I 6- K%
t % ( 6-hydroxydopamine , 6-OHDA ) (1 -H F&-4-7%
3-1,2,3,6-PUS M BE ( 1-methyl-4-phenyl-1,2,3,6
tetrahydropyridine , MPTP) | [ ¥ Ak ( Paraquat ) F1 1
i ( Rotenone ) J& 304> # M T2 1 PD {5 2 #1465
Y 35S A [ 5 R b, 5 i JXE £ AR A 1) 22 L Jig ol 2
R4 HBL PD B EEERD

6-OHDA Fi T B 12 S 2 DA 12 I0H) 3%
RABSIE SRR . Abidar Y HITK M T
KPR 6-OHDA i 3 HYBE L 1 PD FEAY YK
MM A P, 5 R AR KA KR A
A YRR BB SRR . W 45 R 6-
OHDA Y BE Ly f1 PD AS ALY f i 356 280 5 A4 1 28
PRAPE T, S B8 B 0T T A 34 g 25 1 fn 1 B 5 £
2l WY S Sl PR, R T IR S 45, Kesh
AGELAOH RGN At i 2R RIS B X 6-OHDA B 11 o
2R, KB H AR T ROS K-, B3 B
fa gt s shfe f1, MPTP &—FhBEAE 5 sh ¥
25 PD SEARFIE B P 22 B K, W] HIAEAG 2 PD 2
Y2 Selvaraj 451 FIF MPTP #4 8 T Bt 5 fa f)
PD BHY & BHAR N DA #4800 S FE 32 1R 350
D PRI R B 3R 2% |5 37 [ 52 BR Y hE
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AR, Ren %5 ] MPTP 75 5 5t &t 2 fa i PD #5541
PR H HER R G BE A0 PD AT R, 45 SR
R 25 P LA 2 i 20 B 0 TR W I R AT S
B, Zhao %5 HH ok %k A R X MPTP 75 5 Bt 2

10 RG22 B B RE A 22 B PR OS2, & TRk 16 7 R EL
BZVE, Duan 21 BF 5% 95 25 Bk 4 MPTP
R2  AD BIRIBE D s 07 R IRIT 2 S HAE AL

Table 2 AD model zebrafish established, therapeutic drugs and their mechanism of action

BRI PD AR B4R T, AR I B AT
PIVKE DA #hZuiii e T R B % . 25
STV MPTP 555 T PD A5 & 1 MPTP &
R BE S DA #2800 H B0 [ 2 B8 1 #6540,
Wiz sl % 8 5 PD MR LR R X R &,
RN PR TP E AR 3= U k2w A B A |

ey Jyak
Mode of

establishment

L AD 254
Drugs against

Alzheimer’ s disease

YR

Mechanism of action

Fis L5 AE AL APP

APP.,, 5615
APP_,, mutation

REFR 1 RER 2R
PSEN1 and

PSEN2 mutations

P301L Z874% Tau 53K
Tau-P301L-Tg

Scopolamine

X] R
OKA

B-TEMFRIK (1-42)
ABI*AZ

Al

At
AlCl,

T

2
Cu”*

/

TRUBA T 2% 445 L 70 70 B 1t % R T K 45
Eniil
Heparan sulfate antagonist and oxalyl

heparin sulfate antagonist

© HEAER

®Thymus vulgaris Essential Oil
QuIE TR 6- R AE-1-e T
@Cotinine and 6—Hydroxy-L-Nicotine

A-H-2-F K1 2 4-WE—MEE-3 5
— i
TDZD-8

@ L4 LDCS

(DCompound LDCS
QBTELERAT L) TM-10
@Ferulic acid derivative TM-10

@ WIEMZE -1

(DNecrostatin-1

QORI -3 Z A FNE IR (= T8k
TR A TRRIURER T koS
IHIR)

@Different fomega () -3 polyunsaturated
fatty acids (EPA, DPA, DHA)

OR-~77]

(DShenghui decoction

QO T

(@Bushen Yizhi Formula
Q¥ I i 151

@HuangLian Jiedu Decocti
@5 T

@Rhynchophy"ine

QUK 2 Ml

(®Polygonatum polysaccharide

L&Y 2¢/3¢
Compound 2¢/3c

A5 05 0 0 TR G S BT

Impairing the cerebrovascular system and affecting animal behavior

AR T L IR AR42 TRAEFIZE fuysi > [010)
AB42

AR formation, cognitive impairment, aggregation,  and

synaptic reduction

B/ p-Tau JH R 2T

Reduce p-Tau and reduce neuronal defects

@ WA ACKE 5Pk AR it At g gy e

(DDecreased AChE activity and brain antioxidant capacity

@ A REAT A AHEAL RS , (K ROS 1 ACKE fif 1

(@Reduce anxiety-like behavior and memory impairment, decreased ROS

and AChE activity

A% p-Tau . Pp2A 1 GSK-3@ i 412!
Decreased p-Tau,Pp2A and GSK-3B activity

@ W p-Tau; 1 Gsk3p F1 CDK5 !
(DReduce p-Tau; Gsk3B and CDK5 were inhibited
@M BuChE MAO 3 ;i AR 41>
(@Inhibit the activity of BuChE and MAO

O AR, B, 3% BuChE &1k, 1M MAOB {1
(DInhibition of A beta 42 accumulation, reverse BuChE activity, inhibit
MAOB activity

QML AB \GFAP ) mRNA ik, [#fK p-Tau ,AChE 1 IL-18 411 il
Hexb , |34 BDNF*!

(@mRNA expression of AR and GFAP was decreased. It decreased p-Tau,
AChE and IL-1B, inhibited Hexb, and upregulated BDN

D24 T2 AR DI RERRLAT /> AR SRR, I AR HYTE
PESS , (230 i 28 T e s B A A )

(DImprove learning and memory ability and cognitive impairment, reduce
the aggregation of AR, inhibit the toxic damage of AR, and promote the
repair and regeneration of neurons

@ ICALHE S W AR AL, AR ROST

@ Improve leaning and memory ability, reduce AP production,
reduce ROS

@@E) 1-# Neadherin, BLT# p38 BERRAL , B85 ] iLAZ A /1

3 @ ® Up-regulating Ncadherin, blocking p38 phosphorylation and

improving learning and memory ability

B HAR AL oK P

Significantly reduce oxidative stress level
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ZEWAY AR R RET A
A5 DA #h g on A e i, 58T b
3% Mohamad Najib Ll pE gy \ & @A 1 2
K (human metallothionein 2 peptide , hMT2 ) 7E F LAl
P (0 3R S £ i 453 43 v B9 VR D 45 2R R B A Ak
HLSH DA W& ITi/b i hMT2 Zb3H )5 DA #1450
B Ben O IR 5 5 B AT DU AR PD EIR,
ol R T A B BE S fa, R A2 SRR ) TR
IR AR 012 S R SR . Santo T
BRI T BE . PD B SCEG A PEAf IE
C %t $& B X PD A 28 R 47 4E . Yurtsever
S PEAN R AR S A 0 BEER 5 5 BE T 41 PD S A
AU )V B AT B £ 5% 5% £0 0 T R 4 3
Jil  BIFFE 48 R W R AR A RO I i 28 A .
JAG RS — A3 | A A HUR B TS
M o BE 09T 1, Zhu ZEDY R R % R
(fenvalerate, FEN ) 1755 5y £ PD A 2528 77 1
T RN PD REAR, TR 2 3R AN B AR DGk ]
AIIEAN, 72 A2 PD AHOCREIR o 30 5 £t )5 DAL 4
JRE T ARBTG5 X PD K BIL R 52 Wil
MHCERAT RS AL, i 2 Bl (Mn) 2400
T INFIFZ S I RE . A il PR AR 5 5 £ 18 P
T T A (MnCL,) 21 d 2774 PD BERER , 3
WA ST RE R B RE Y R BE L £ G B R T A1 R
W IR K AR T 5 A 22 BRI T 8 PD A G
KRR IR A AR 40 K b1 R PR B 25 0 )
EEhIE S, A AN T A 2ok K
FefioR B 7z 15 Y YR AR, AR PD RS
FE RS

IEAER BT PD AHOCHEH B B Hy £ Tg FE AU,
R TN, PR PD AR S a-
Syn . Parkin , DJ-1, PINK-1, LRRK2 % 3 [ 9¢ 75 47
S i PD R G B0 3 e BE S P H R
(R , XoF I S 2 e IR sl e R o il 3 5 i A A4 1) A
FetE R T X SEIENTE DA M T i & B R o 2
T EA RSP IAE . a-Syn IFR 2R EE PD Y
—ANE LRI, R N B A BB AS3T RABK -
Syn FUREAI AT FH F 58 «-Syn RE D) J12% R
AT a-Syn FIZREE «-Syn 15 K A ML FOVEAE 10 8T
#5105 A Parkin AHD , BT S Parkin 1574
FRAR S 3 802 i RE b 22 e B0t 18 35 08 /D, Parkin
TEPERG AT DL AR i 3 DR B 1 £ 4 A7 B 1 B
RS R A MSET: ' . DJ-1 i1 Park 4k , 7647

JPp 2T 32 AL RO T R A 2 EAE ] R A
PR ParkT 2774 PD AL Pinkl J2 5 5%
PD AHSCHY LRI OCEE A, B B BR Pinkl 2333
BELh Y DA M2 TTID . LRRK2 BEIH 2875 5 5K I
PERIECRPE PD A 5, LRRK2-g2019 s 5878 J& fix
FOLEL D BE T f v LRRK2 IR & S 8U™ & Y
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PRI it [ 2 o 50 T A S i LA B /0N e T 4 L 70 /) ik
HRERRAT T Nusl FEH 978 57 7] B8 & PD KR AL
SR B m bR Nus1 3[R 2 3R B H 2 8l 5t
i3 3 GE T S TR R g 4 U
) PD BE Hy fa Al

1.3 =3Eiiif% ( Huntington’ s disease, HD)

HD 2 — g 28 28 S SR A R B2 2 ok 1Y
X i RGEIRAT VRS PRSI | 5 et AR il 1 st
1%, & M BURE Y 5 5 PR AN A B G B =
BRI RGBT HD MR P R
#E 45 % A ( huntingtin, HTT) b 1 £ 2 & Bt
(PolyQ) 3R L) CAG =B SH 1™ HHF5E
RIANENTCHF 1-DUBRFL S K (repressor element-1-
silencing transcription factor, REST ) j& HTT i 17
BDNF #ik 17 F#L58, JF H HTT mRNA FI4E F1 11
AR A R F R AT A TR,
JELE b HD B85 32 SR SRR R i )2 9
PR LTCICT: , RIN R JZ 248, % RGY K,

fb221) J5 3 —fiF 3 8 2 ( 3-nitropropionic acid , 3-
NPA) Mk ER ( quinolinic acid ) Fll mHTT-AN17-97Q
Tt F IR SIS B HIRER R HD 3 V) B9 B0 L i
TR LIRS AT R RIRIT s

3-NPA J&2—Fh#E & | BE D 4 1 52 78 T 3-NPA
S POV S A AR | W AR B 15 0 4T 3-
NPA TS, HAK & B s st B a T
B, FRHH KW POEICIZZ 3™ . Kumar 25
3-NPA KbFE AR BED, fh, & UBE S Rk ANz
B2 R BT (R R & o S BT B € X 22D e 7 VTR L 3L N
PR — M RE R, OB 1175 A Wi 14 2 s 1 1) i
B0, A HD #E  Skaggs 2515 g R4 13
JSLATE B £ 1 s ki R IS b 2208 52 i B . HTTN R
Uig 17 ANEBERR (N17 ) 4548 S8 RN SOIRAAR X 155 B2
Fik, Kumar %00 HD 19 N17 4544 58 7] g
ST RABYT 7 3R W 1B IR 7 R W 1 V8 e VR ¥ HE
.o mHu-AN17-97Q ¥4 5E K BE 1 f8 & 45 — L4
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Table 3 Establishment of zebrafish PD model by chemical induction and gene editing

(a7 iy
Chemical

induction way

X AL RS 8 3B

Effects on phenotype or molecular mechanism

5 [ 2 075X

Methods of gene editing

Xt A RS 8 3T HIL

Effects on phenotype or molecular mechanism

6-F2 L B

OHL SR R 2 I ol s il 17 1

a-R A% E H

a-Synuclein

PR SECIEATY (o] S I

6-OHDA (DAntioxidant and resist acetyl Movement and dopamine levels drop
cholinesterase activity
@ B ROS K PTEN BSHIEE | s ok ™7
@Reduce ROS levels ) PINK-1 Regulate a variety of mitochondrial function
@ 15 PD SR Ay Fek
®m§@ﬁﬁfwmﬁ“dPD#“\uw W4 AR 2 b R BRI AT 22 50 24 2 PR
RH#EHMED ;T H PD BENFRE Park2 ORI, e A5
@lmprove athletic ability; Control mitochondrial function and phagocytosis
Down-regulated the expression of PD gene (.m r.o S . P DA Y
mitosis, maintain energy production and reduce,
hinder oxidative damage of mitochondria
I=HIRE-A-0K (DG AN TR e IF4m 0 4 5 B g L+ M4 s 7 2 5ERL R BT R IFAE S AL SIS 0
F-1, 2 ,3,6= (D Relieve cell apoptosis and autophagy, and park7 (DJ-1) SRR L 3T
U U E inhibiting the inflammatory response It is involved in the regulation of mitochondrial
MPTP @ 4] ROS fry3sa 45! mass and plays a protective role in the oxidative
(DInhibit the increase of ROS stress response
GRS DA 2T AT h R B 4ht )
@ Recovery of loss of DA neurons and impairment of
behavioral performance
@R DA #£2 TG, HBLIZ SR % 2 4E PD A
FRYFE N F ik T T
@DA neurons were damaged, and the expression of
genes related to bradykinesia, anxiety and PD
was abnormal
R @ A7 J ka4 AMREEMME 2 SFZHEL R G, B E 2 %,
Paraquat (DBehavior disorder L"kz gk K BB AR B g6
@ Wi/ DA iz o070 It is associated with a number of cellular
@Reduce the DA neurons processes, including cytoskeleton dynamics, axon
growth, vesicle trafficking, protein translation,
and autophagy.
4 JHE T D Bj 1l E ARy i 52 L AT A G VAR PR SR R DL B/ T AN AR RN /DN i 3 R
Rotenone @Prevenling oxidative stress HEH 4 i i L67]
@4k 3] Vps4l Lysosomal abnormalities and microglia and
@ Anti-inflammatory cerebellar dysfunction
LA PE ARG TH NUSI 2 A iz
FEN F1 DA K- TR A2 Nusl Dyskinesia
8 5 e e
Activation of the autophagic system leads to TH
and DA levels drop, promote
To produce Lewy bodies
i/ AALSR BTGBV I8 B DI RE Y BRI R AR/ /
MoMnCl,  ARREGT Y
Sports activity decreases, functional defects; They
showed anxiety and depression-like behaviors
HD AR 2 5 P RE T 0 FLR R ZOT e e IR TSR ALS s Ay

HUE R 132 B R

1.4 AlZE%

1% & & Ml & #& 1L JE ( amyotrophic

lateral sclerosis, ALS)

ALS &—Fh e

G s Bl B JZ s g

FRIERIE S 20, (Hiz

NG, B -

2 TeER AL
N-H & &E-L-KNZ&MR (B-N-

methylamino-L-alanine ,BMAA ) F1 XU A ( bisphenol
ABPA) AR X O BIFL S ALS WA
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LB R 2RO ALS 9 1] 5 3 R Bl AR
A, B M A £ 5 SoD1, TDP-43, FUS Al
COORF72 47" B WFFE ALS AHICEURIL N | 4
AT ALS BEE AR A ST A A B o AL,
IFERZH L BAIRIT R R TR,

ALS %55 Z 52 SOD1 2748 5| 2 iy, Soll 255
i SOD1-G93R ZAFBE D f ALS HBEADR Al 1-Fe
RN BRIRIT AT 45 R W 1-Fe T R
PERE ) SOD1 ALS HLHI4R & T 4z shife Ji. 7
B g TDP43 R R JEY) TDP-43 £ '35tz
SR LT B I AT NMT 4 50, I AChE (3%
KW FUS J2& FUS MI5EHY ALS FIUH - B 7 A b
i, Salam 250 EI T g F k% AE FUS SR TR AR
ol 22 G RTBRE T £ R (14 5 Ml 50 0 b 20 R A e
C9orf72 S NI A IR E Z Y 5K & ALS He i UL
(A% R IR . Fortier 261 ELZ5 T BE I fa A5 0 £ 4%
FHTFHFSE C9orf72 FH: ALS HEBE, IR T &AM T7E 42
BERLH 1 04 A (8 R0 & 1T 7E 25 4 & B 1 Y T AE
Fig .

1.5 HMHZIRITHER

Z K VEREAE (multiple sclerosis, MS) f&— 1 P
B e M, LA S R AE S TP AR i 22 R v
o1 BB A PR BEAS BB . Neely 2512 4 T2 1K
BULS I AN 5 2 5 BE S R R G 36
% Tg( mbp: TRPV1-tagRFPt) F1 i 45 BE 5 £ (1) F0
LB T AR AR 33 A A B AT B D o R S A Y
HUARTIGE T WA 5 5 I 20 A 184 4

B BEE L ZE 4R E (spinal Musclar Atrophy , SMA)
S JLFE fe R DL I AL P, h A 478 B i & 0T
('survival Motor Neuron, SMN) £ [ $kt 2 5 832 5 ##
ZI6FE%R . Koh %[%] TEFERE R hb9 . mCherry-linker-
Smn BE L 0 IR AR T —F AR NSO G
PRVl SMN 732 24 48 50 20 M 4 R g 28 v i 40
fsh 712,

2 HO&EAMBRITIHERRBEENERE

SRR N B AT PR AEARAR B, (H
FIRIT 4 35 A — BRI BE S 58 LI et 2B 47
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UEIE S AR Ao AL, BB 1D £ %) N 2R UEATI IR
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AR AE — L8 Joy BRI . 58—, i B 5 0 il 21

SURRFFEHRE T BE D i1 s i X 2 g5
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5 A T BE 5 A B/ | OB o7 0 ) B A IR
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= AR S, BE D Gk = T A 1 i 2 21
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Thth )1 28 2R 58 S LA SO 38 S5 M R IR 5 2R
PO, 20~ i 10 B =, BELAE 1 B £ A g A
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3 REERE
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Syttt B N T FOR B R AR 2 S, T X
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Autophagy . the critical mechanism of exercise in improving
neurodegenerative diseases

CHEN Xianghe " , QIU Xiao, LIU Chi, SHEN Ziming, ZHOU Xiangxiang
(College of Physical Education, Yangzhou University, Yangzhou 225127, China)

[ Abstract ] Autophagy regulation of neurological diseases is the focus of current research in the field of
neuroscience. Autophagy disorder leads to expression, deposition, and dysfunction of proteins such as AB, Tau, a-syn,
and causes neurodegenerative diseases such as Alzheimer’ s disease, Parkinson’ s disease and Huntington’ s disease.
Exercise is important to improve neurodegenerative diseases, which is closely related to upregulated expression of LC3,
Beclin-1, Lampl and other autophagic factors after activation of AdipoR1/AMPK/TFEB, AMPK/mTOR, and other
pathways. A high autophagy level removes deposition of AB, Tau, a-syn and other proteins in the brain and improves
neurodegeneration and synaptic structure and function disorder caused by neurodegenerative diseases. This article reviewed
and analyzed the mechanism of autophagy in the improvement of neurodegenerative diseases by exercise, which provides a
solid theoretical basis and new research ideas to improve neurodegenerative diseases by exercise.

[ Keywords] autophagy; exercise; neurodegenerative diseases; mechanism
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MR T PRSI 238 Mg on AR M | Bl O Rl (multiple sclerosis, MS) 5% . H¢E 25 FH HI 1R IT S M
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AD) M4 #)5 ( Parkinson’ s disease, PD) | 2% protein, AB) A1 Tau F HUTA G| & AD, a - filt & H
(Huntington’ s disease, HD ) | Il 25 45 114 ] 2% Aiff fk (a-synuclein , a-syn ) 7E i P ) R SR 46 20 PD I
(amyotrophic lateral sclerosis, ALS) | 2 & 1 il {biE K2R X I 2s S 38 UMY L SR, E Ve N =

[EE€TH] LHAE &R 4 (20TYC001 ) 3 H [ 11 J5 Bl 2% 3 4 R 51 % Bh (20217140580 ) 5 H1 [ 1l 1 J5 Bl 2% 3 & i - 9 B
(2019M661957) ; 7 K2 Fdm A A SZ R TR M K2 5 8 TR B30t 2 % B,
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PRAy OB R AR, 85 8 1 i A0 (4% 38 18 I 15 50 1
( calcium release-activated calcium modulator 1,
Orail ) | Wt I5F 52 44 g, A7 38 8 ( canonical transient
receptor potential channels, TRPC ) %53 i 5 W5 8 #5
AD FEp 2R AT PRGN KA LT A G B T T
p62 1 TR 2 FE G H Kelch Ff ECH A1 CE T 1
(Kelch-like ECH-associated protein-1, Keapl) 5% Xl
F E2 1 & A F 2-ETGE ( nuclear factor E2-related
factor 2-ETGE , Nif2-ETGE ) 4¥ & R 5% FL 19 351 1 %4
FRTRHE(S351) 455 W bR v Eh 45 I X T AR Y AB
oa-syn I Tau & H I BRI, M TTELE AD  PD
SEMZERATIEBOR Y . BT, A O 2R AT M
AIRHSCHESEH , AD F1 PD HYBFSE 4L 2 , HD (ALS \MS
SERIITIT /D HL O Wi 2 5 1 e b R 4% G B A
TR AAAE— L

1B SIS A WE, £ = A BRSSOl
HWEE SR, 8 MM AT, JE b A R iR /5
4 1 1 (amyloid precursor protein/Presenilin-1,
APP/PST) B8 R/ (AD /N 1 B o g G B
K p62 F1 ¥ B 1A AH 5C B 85 1 1 ( lysosome-
associated membrane protein 1,Lampl) Z&i5 T Z&4
W A VA IS VET AR AT APP/PST XU
FEPAD A5 Y /)N BRI B 156 22 32 44K 1 (adiponectin
receptor 1, AdipoR1) /[ 1 & 1% 1t & H B ( AMP-
activiated protein kinase, AMPK )/~ i P4 &% 5% K 1
EB ( transcription factor EB, TFEB) 15 53 % , ¥ 55 %%
TEARAT I | 23 fife B RE O U S 1 1A Wk, DT D2 T
AN IX A AR DURRHE Mk AD FESEH, A
PD WFFEH i 325305 PD /) BB JBpf 42 4 i v
AMPK/ T ZL 30 55 1A% 2 ¥ 84 H ( mammalian target
of rapamycin, mTOR ) & #2 AT _E I ARG 1 1
¥ %% 3-11 ( microtubule-associated-proteinlight-chain-
3-10,LC3- ) #ak, w3 Ho 7 Wk Je PD AR AT
R T, A G2 Sl At [ IR B iR AT
PRI B> HAR R AE AD PD |, Bt/ 4
Y ZER T, 9F HATSE HD (ALS I MS f A EHF
FUM B il LT, AT SR LRk oA A R
TER AR AT VP K A iz 2l i3t b 22 R A7 Mk
9o T A FTBILAR , LA Ry 12 RO 90 B 1 — 2 1 3
ARE R

1 BEEMSRITERBEEFERE

1.1 BEiA#E AD
AD #0532 5 2R R 1) B I — VR it A4

(a
EY@riNie] A RS Y TRINE NG a8 AR W A 2k 17 R 7 L
Mifig A Bk = 51 R LR R B v 3G i, 530 AB
1 Tau 8158 FLUE 1 8058 fih D) 8 3t 2k RA N 1)
REREAT I ELRik g HALHIA . AR REE
BAH 28 O AT A Ay B BE B O 5 55 3 W R Ak A 1k
A ER 1 Tau TR S 300l 28 70 N i 28 21 2 28
g5 AW AT AD MSEEEN R AD B P A
PREE SRR -5 2 B 22 58 fih o ik A8 L 2 IR
B, AWEEE LN L AR S AU A [ /M
B AW/ IMRTE B IR A A2 ol R
S EP AR E B E A 2T | 2 T AN i A5
LY AN R FUIR A B WA T ek
VAT I 0 R ARl o 2 B 5 T 38, 51 R 1 A
AD PFEHERURIRNZE S 7 R Y L L3 S A WEARTE AL
i 2 W 5 W IR Bk £ B2 ( Phosphatidylethanolamine ,
PE) 25 &Mz ZAGE A, MVE N A WEOCH AN T A
WO B8 I Beclin-1 78 AD Ik 40 ifg Hr 3235 R R 2%
g S Moo P S MG 1 1 #2488 3 P (LC3
B ) /N 16 B8 i Je e 2 24 i ) v LC3-11/LC3-1 [
%‘3“2] . HH ,T“:'rﬂilz,% Beclin-1 Ji5 %3, APP+Becnl™ ™ /N
FRANHIAN AR e S b PE VTR BRIR AR % S FH
PEBEHBCR I 20N AR K R St
Hh R Beclin-1 J5 ¥ A 5 5 T AW AR TR
B S B0 R /N B A 2 S el RN B g AR MDY
Beclin-1 A 7T 38 15 P9 IR A4/ 375 il AR 34 428 oF 5% ol ot 22
HEPREE T AR ik KILAE A A A BOAL S
p62 HAJET A MR TR XU AR, H UBA 454
I 5 2 B &R K 4 E R 2 H i - 8 ( Caspase-8) 127 &
LB AR R s 2 g0 iR 1, OF BLH: C 3f LIR 25
F3 5 B WEAH OCIE K 8 (autophagy-related gene 8,
ATG8)/LC3 454, B ATG 5 ik ik AD i+
DURL AR BT 5 0388 i ol 28 00 5 fioh A 8 B0
H#H ,ATGS 5 ATG12 18 ATG7 Wy T 455K 1k
H W U AR AR A W IR 55 28 70 20 L 1 Y IR
T/ ZURRl A, 15 AD 52451 0 b 28 fh 98 Kb 48
TC AR 2T I AD T AR A
BRI 5 22 1/ T B BRI 11 ( serine/threonine
kinase 11, STKII)/H?‘Z)%I% B1 (liver kinase B1,
LKB1) 236 J5 7] AMPK & 42 5 09 A W2 YA
5, X 0] i E A S X P AR R B
58 &3, AMPK mRNA 335 b RS 25 38 3 344 5 4
2L SR A EDTR AR WEBR, M #0H mTORC1

%42 (autophagy-lysosome pathway, ALP ) # #ll #ll ,
E
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KT R I L B 20T ORI AR YRR, LU
RN ZER S AMPK BIBEFR LK A7 56, 24
AMPK BEFRALITREAZ T ¥4 F JiF A mTOR # FHKik,
i L AMPK & F B4R T2 L 4857491 5 0 (9 22 2
PR TR A I A1 3 22 28 Dt 3% AL 25 11 B ( mitogen-
activated protein kinase, MAPK)/mTOR & 1% 1% >k
7S AMECHEN T LC3- 11 Beclin-1 F1 ATGs FikJ5
RIS B KRB, PTEN 558 € B 1
( phosphatase and tensin homolog induced kinase 1,
PINK1) ST BRAZ ALK M LML A I SCHE N -,
F ik bW o O A w2 R (OPTN i H
(optineurin, OPTN ) #1#% & 2 H 52 ( nuclear dot
protein 52, NDP52) ) J& B4 5 £ b ik B | 2 7 52
SRR BRI AR IR

R AR Zh, B R AL U8 A5G Tau 8 H 76 40 /Y
N IR 4R 21| #h 28 25 4E 28 45 ( neurofibrillary tangles,
NFT) FR A1 U 3l a2 il oz i A 22 58k A
K, Tau EBARD A152 T SEHIE Taw EAEE
SERIRT 971 57 74 (microtubule , MT) 4545 () 3 [X.
S5 /N T A L L T T T A Y ) B 5 e
TR AR 28 0AE T T NFT JE R 5
AD INHITIRERE RS & A 1 E 2R W8 KT AB B
TEF™ 78 AD B Hf, NFT JE IR 06 T A LR 2, 5
ARSI RS 2R, X 5 AD BN AR
KR Tau B AR AR ERIN N Z AD
SEMZRIRAT MR R A ) R Y R A s
il Tau 2 I EAE I AT R 40 i 22 7, p62 1Y UBA
ZERIR A, A AR A SR HE Tau H ATE R,
M7 p62 BRI IE I [ 1) P i T 5 B 280 B 0 L &
BERRAL Tau £ 1R S Al S5 FN Tau JE R FELE 1Y
TERL, X5 AD f 2 AR Ve A — 202, JF AL,
p62 [F ZRIRIR AT LI Tau 2RI FIBEHCR 4R
HedeE APP/PST /N UEIARIBREE ™ . S350, AD fit
PZTTH FK506 456 & 1 ( FK506-binding proteins
FKBPs ) 3 ik & W M & #F R M2 W
( dorsalrootganglion, DRG) f & TTHUE MG H 1
B 3 ( microtubule-associated protein 1 light chain 3,
MAP1LC3) &3k, FEAG A WE s MR R A Ui RE, T3
Tau 5 [ 5 HUURERI 5] & ADP . Y0k — TR 5%
HAD BK 20 SR AR Y Tau 2 152 BP0 25 FE 4R
P, Tau B S WEZ R AL E G K& R
( ubiquitin-proteasome system, UPS) Fl ALP [ fi# , 1fij
Beclin-1 X H FE 5 14 R A KT S8 A8 K K H:

SRS 2 M T ORI o 28 0 30 1 58 fih mT 98
PECOY LR L, E WL/ SR AR [ T 4 e
AB I Tau FHHTEFRREGGE AD,
1.2 BREEE PD

P % L ( dopamine , DA ) #1 22 T2 PE IR AL
HZMX L a-syn SREETE LY #E T /M LA K £ T Jfe
PR BT /0 S PD iz 3l 2 58 Y1 RE 2K ALY e HL AR
fiES™ . o-syn 55 I i 48 58 AR 58 26 1 70 (heat
shock proteins70, HSP70) # HSP 2 £ 1R ¥ 51 45 4,
BOE 4y F R AR A 5 9 A 1 ( chaperone-mediated
autophagy , CMA ) 42 5 PR EE 111 A W~V i 14 RH 5C
Y 2A FIPEEE 324K (lysosomal associated membrane
protein 2A, LAMP-2A ) 25 & J5 2 15 BR a-syn 1, [#
MR Te R T . H R e PD R
HILH] , 4 g H WK T B30 a-syn SH HERR , 1M
HrT 90z AL (R R G ALP BEfg™ . 5
A1, a-syn ZEAEfAR A30P FI AS3T H515 11 W6 i
FAOG 2A AU (120K S5 5, BELIBT 1 v/ MATE i
WFFE & B, PD ik b 60 99 OC B H D F—ATGT7 Al
Rapa #0155 F I RNA-7 ( microRNA-7, miRNA-7)
31 mTOR JRAEAK W BRI a-syn , #1717 2035
PD WESE R, AMERARTE R a-syn A3 PD,
KBRS RNA B & 5 %7 1 (long non-coding
RNA nuclear paraspeckle assembly transcript 1,
LncRNA NEAT1) i& i £ () 98 15 miR132-3p R #iE
WERE L LI - 3 3% 1 ( phosphatidyli-nositol-3 kinase,
PI3K) /75 2 IR 4 I ( threonine kinase , AKT) 3& 15 i,
DIGANAE T a-syn TORR, 035 PD 05 #2220 i O F
RARPRZAGE I T miR-214-3p AT $E 6] £ 1]
T Atgl2 19 37 JERHIZEXOR T Atgl2 ik, AP
il A WK% PD i B Ao T, iX 5 miR-
214-3p F L LUE FH I B (cathepsin B, CTSB) £ H
FikJmimid ALP WEFR RN a-syn BEUIAHIE . /M
FANLH p62 5 ATG8/LC3 454 )5 M ATGS %
ik, AT PD /R 2 B 2 0B 7, X 5 NOD
FEZ AR H 3(NOD-like receptor family pyrin domain-
containing protein 3, NLRP3) 55 Caspase-1 %4 & JE W
RN /N T A0 ] 140 3R - 1B (interleukin-1,
IL-1B) 1 IL-18 FXBIAHIE ™ F WA T i o vl
WERTA 9 ( mitochonic acid 5, MA-5) # 1% AMPK &
#2  Apelin-36 i S AL WY BEHA S SO 3244 v i B
15l F o ( peroxisome proliferator activated receptor
gamma coactivator-a, PGC-1a) 253K % PD |
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LRt AR PD M EE R E fhe
T a-syn S TORUE LAY # 2 /A 1] Zks
INSLRENI A (E2F TR NEL ¥ S i ey
Pyar i i fle g 22 CAE TR K PD, PINKL/IH 4
HH (Parkin) 42 \DJ-1 0 A E A AS 2R
LRI 1 AL I AR PINK] fEZOhL 4
M (outer mitochondrial membrane, OMM ) | 33K,
$ Parkin ML A ZEE] OMM, H E3 1 1 i3 28
KRR 1z R AL E LRk A W, 5 B R IR R
i . I H, PINKI I Parkin 287858 25 ALK J7 3
1T 2R AR 2 B 10 A2 45 2Ok 1A o AR B v 4
P kit | we, HE T 2k PD A5 A 28 ST IR AT 1k
ARN ) Parkin RIS ZORL A W R 43y
FH 2R T AR R ERE T AN, T
A B A Wg R, 28032 8 F 40 Nip A28 H (Nip-
like protein X ,NIX) Bel-2-f#% 5 E1B AHEAEFH &
H 3(Bcl-2-adenovirus E1B 19 kDa interacting protein
3,BNIP3)  FUN14 45 #9341 1 ( FUN14 domain
containing 1, FUNDC1) i C—R ¥ o7 FLe ki iR HM 5,
H N-FKumHA LC3 M E/EH B (LC3 interacting
region, LIR ) , 8 # 55 J5 & 5 2R btk g mgEl ™,
Beclin-1 85 F B WIS 70 T ( activating molecule in
Beclinl-regulated autophagy, AMBRA1) J& F W Y I
W T LC3 5 LIR 458 T8 U B 165 1534
R [ W T AMBRAL [RJEFHE S Parkin 40 37
(1 E Mg AR AEZORLA [ W B R B Bk T 2
H [R5 4 ( phosphatase and tensin homologue deleted
on chromosome ten, PTEN) i% S 1y PINK1 #3 kA
Parkin 55 RBR %! E3 {2 38 8 F 42 M HE 1 4 A2 3 H
2 R AL 52 5T SO R o A 0 9 IR 20 45 44 L 2
REEE , AT 4A 55 LC3 H W /MA S S &Rk B
W+ SRIAT, DI-1 S0E RE A2 PINK By B Bl 2k itk
[IDEIGH SR VRN S B S G o TR N R A7 2
PD" | {HJZ AS TR S GOR IR MK Z (R S5 5
LR ARG I | LR R W2 AS T 2080
I WL J8 DA T 400 T R A4 1 e R B0 AS B0 AN
A W S PR A, S0P IO T80 s o7 R P ) o 4
Z 5| G g oust Tk 5 & PDM
1.3 BWiFEHEMHAIFRITIERR

¥k AD 1 PD A, A Wi E HAl i 28R A7 P
L EA BEE AR . HD 3 SR 1 12 5 A
A, FIETIE H ( mutant huntingtin, mHTT) 2848 & 4=
TERIR b TR PR 28 B, 45 pih 22 08 P K

Dife sz PI3K/AKT/mTOR 1k 28 81 [ Wit i
e, mHTT FR3G 0224 s gk mi i) [ wi, in
HD SEAR 5 3 40, 0 SOR A mTOR Kk, 18 15 i
FRACAKAS Unc-51 FEJAEE 1 ( Unc-51 1i KE autophagy
activating kinase 1, ULK1)  ULK2 %1k} Hifr S 1
ATG13,200 kDa 9 %< % A B /E I & [ ( family
interacting protein of 200 kDa, FIP200) Fll ULK1 #/iz
A, B T A2 3R - 8 R A R gk b
HD #2570 T mHTT 263k S0R, Bist HD
AR OBE g UE 2, R UR B2 S A B 3
(homeodomain interacting protein kinase 3, HIPK3) #/l
MAPKI11 8 mHTT BHH: 985 B K m br v]
FREAR mHTT 35 K RAEDY mHTT 235 T T2
LRARACERE S B AR R BE 5 R Tl I | S
FSESZA0, TTZRLR A WK P-4 23 3B TR BRI
mHTT 1M 2% HD A 40 s e AR D g™ . ULK1
A Y 5% A 156 LB 8 34 (vacuolar protein sorting
34, Vps34) 1E Ry G5 [ W TR, D e & 484K T
mTOR {7 AL AR 29 (7 R AL ATG 38 i
9 TFEB 26353k 7% LAMP-2A | LC3- I , Beclin-1
SEFIR WD mHTT YIBDKEE HDY . HT, F
P ALS I MS B>, ALS #i o0 13- 11
MBERL mTOR #ric 1Y FH M iz sh il & oo ot B &
P T A WA A W SN S 2L ALS fRZE oot
o, Jf H, ALS h A 1k ¥ B AL B 1 (superoxide
dismutase 1,S0D1) 5748 5| i 242 5 52 il =
BRI FlG L A WV BRI RESREL S
2270 AWEAKCE T S B A R D RE RS- 5 | & MS,
TR S 58 A A 2 2 L A7 9 2 SR ORI D RE L &5
I 55245, 3% 5 Na-K-ATP [l = 55 2 fE B A5 4l
9853 B0 Na® A i 98 57 1 2 B 7 ZE AL D)
LIPS

2 EEhiAE AR ERESRITERREER L

2.1 EBEHAEEEKE AD BERVLE

B ] B EMGE AD BE B AD SRR
HURAE FONADIRE T . RZH50H AR Fl Tau &
FIVE R iz 3 1 B s, & BRI 6 32 3l ] B 3 PRI
AD /NI EZHZ AR Fl Tau 25 FH/KF, 1842 AD
INAITNRERR G X 5 A iz sh i F /& AD /b
FRUIN L 20 4 W5 7K SF- 28 117 75 I i A e Hh ORI AR %%
YIAASE, vk 20 () AR Xif 4 28 50 8 Pk KA 495 1 35
. Beclin-1 2 8% FH WE /) SC#E R+, 8 J& H i i
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i Wk M G ia s, AD /N U S Beclin-1 3
Srul e i 1) NS NV = B R et N = A W
B4 A YIZRmT B AD /N ER AT X A
WA A ik A Le3- 10 F Le3- T %3k H Le3-11/
LC3- 1 BTt p62 A5 LC3 1R T B 1k N
A WS AL, 32 3 T #il)S FUNDCL &3k _FiE i [H
If, 2k B bR S 1 LC3-11/LC3- 1 L =
SN p62 FEik MR [ WEATE BT S AD
PIRAE, HWERIG A Fis sh s AD, R 5 IRECE
(adiponectin, APN) &34 5, APP/PS1 /NGl ( AD
ANEL) T T 2 ST b AdipoR1 45 4 M I B
AMPK/TFEB 3 #2448 5 H WEE i > AR DU %
IARSE ) £¢ b, 328 )y m] 3 1 ST A 20 20 1
T [ AR B, A1 1 4 28 A0 1 R T BR DT AR Y
AB #ETTERE AD,

Tau & H i BEBERRILIE B NET 51 % AD K
)32 Bl 0E Tau 85 101 808, 70961 AD /I B
FRAL Tau FEAEE® , IFH, 5 AR —FE, Tau A
BRIk IN 232 30 T AD 1R RIS S i 3hiAS A
W 7K VT AR iE Tau 25 1155 SRR AR M R AL MOE
A, A A KO B R JFH, Tau A
JEBER AL IR &5 5 A WE DI RE Z AL, T H WA S 1
AD 2 ICH Tau 5 HIEFEZ mTOR #pa i 45t®"
iz 3 NG PI3K S 7 AR Y B R UL E 45 A A
( phosphoinositide-binding protein 3,PIP3) 54 PH
G54 WM AKT R BE B L BE KO PE B 1
( phosphoinositide dependent kinase-1, PDK1) 45 &,
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Figure 1 Possible mechanism of autophagy-mediated exercise in improving neurodegenerative diseases
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[ Abstract)

pathological process of Alzheimer’ s disease by transporting various bioactive substances such as miRNAs. Expression of

Exosomes are small molecule extracellular vesicles secreted by various cells and play a major role in the

exosomal miRNA changes in the early stages of AD, and exogenous injection of mesenchymal stem cell-derived exosomal
miRNA improves learning and memory of AD animal models. This article reviews the research progress of exosomes in early
screening and treatment of Alzheimer’s disease.
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HAbS AD Z AR BLE] , b an S A Sk i
H W P28 SR AE | 5 fuh ] 28 1 R 22 08 o R B S T
[
2 SpidE miRNA S 5/RRBERFAFRELRE

VTAE R B 2 1R 2 WS8R SE i B i 22 05 A 4
il S ik HT SBVEASLAT] RS RAESF Z M A R JE AD K

A E G EIHLA] S Abdullah 25 ] AR Al
PR IE R BTG B, c-Jun 22 3E R Ui P ( c-Jun

N-terminal kinase , JNK) 5 ERAL38 I M 1 vsg 2 21 ibh 44
AR, TRl 55 b — ST S 4 R AE T H A R
1B (interleukin 18, IL-10 ) HI 5 IE I Jot 41 A J= & 30
ZAHMBA miRNA 368 KA T2 ) X 4R
HMIA miRNA W2 5 AD M8 2, W&o
SRR HM A miR-124 3 i [A] H 45 B2 R e o 240 i
A& R % 32 1K 1 ( glutamate transporter-1, GLT-1)
R 35, I o il e 4k R
J fi5i i 71 473 ( repetitive mild traumatic brain injury,
rmTBI) WA & AD MEEKKFH R, Ge 5
TE rm TBI /) U AY (18 165 B R e S 46 40 DX b ke A
AN/ ST A LR TR A AR miRNA Y 3R 3K & A= el
A HoA AR fb B B S Y miR-124-3p, AR 1) &
AD A [7) 55 A2 i BE A [] A /)8 JE J5it 40 i 10 44 2 s
miRNA ZZ AR RAHAR BE | X 42 78 S 3 1 miRNA 7
AD AN[R] A R 1R AT REA 22 57 , PRI 2E7E AD 1)
ANTR] i S 2 AR S P BRE AU miRNA AT B A
FCRARAE FHALH Bl 8 5 R P A1 52 36 IR 52 Bl
SN miR-124 [ FIAHEI, 7] LL B4 1Y Relas
ApoE {5 7 #% 1% P4 i P8 1% F 5% B 5 (brain-
derived neurotrophic factor, BDNF ) & ik 34 it H. 3 ¥
HiARZE 11 (amyloid precursor protein, APP) Fl AR f
A B e D 2 ST A A5 DA TR B2 /DN B o
MICIZRES P AN, Micei %N LI S 2T
21K 5 1 SN A miR-17  miR-322 I miR-485 1)
PR LU LA B R 22 TR PR ARG S I A, OF HLAE
AD /N BUREAY e o A g 3 S T S A 28 T 20 i R U5
MRS | T8y Ca™ /858 B LR 2 1 U8t 1T
(Ca®/calmodulin-dependent kinase 1T, CaMKII) f4
TRALIKF BT B2 el o8 b AR Reakisi/b | I fii
LTRSS LA WR EEBE , AD /N BRI A7 2T e AL

7 B B 5 SR T G 28 T S I A D b 28 0 R R
MM A 13 3 FIRIATTROR , LA A 40 i
KIZHYINARXT AD BB I7 HOR BAT —E 22 74,
ANMIFFE I T 2 T T LA () 41 ke 5 1) [] Ao S
WAR miRNA YIRS A 225, 25 Bl Shi ik
miRNA 2 5 7 AD g #LAE B B2 SR 1T 2 Fh S0 b
miRNA 51z F 2 15 BA 0 W) s S8 245 A
135 SLR A ST SE .
3 ShiibfE miRNA £ 28 B /R 3% 8BRS B & R 0
EHAYRICH IR

AD BETERIIANHACAZ D IR SR 2
T, T SRR B2 A5 I X 2t 3 B Ve A
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T HUUBUE s A0 SN BEHCFN Tau 25 4 L B2 SR (L TE
JIL AT P o 42 T A g 23 5 B R TR R A
i AD BYAE PRI Py 0 1) T 16 7 B
HFEE Y, Xing %58 14 meta S0 M7 & PL, S A
miRNA PR EY7E AD JUHUR RN D) R i
(mild cognitive impairment , MCI) f£ 35 %) B 0 i A o
HA A2 W (B, 5 i 98 38 & 3, A ik 44
miRNA ] DIAE A 2009 0 A 28 W) s i ) 78 MCL
HBLHT 5~ 7 AERE I H AD w5 O R AR A
PRAE TP i 28 2R G0 v e A 28 0 RIS T 4 i 5 e
JCIE AT LA 3 ot P B e A A G AV s A ] I
[RIESE T A0 W 1 1 0 )22 5 B Tt U2 405 44, T DA A
miRNA ANBE 06 21 28 G5 Hh B4 2 0 A I 1 T e fie
P T LATE AD JEE R A0 ) it 3 A B i Y oAl
FNHM A miRNA [RIBAEA0, XF AD A 4T 0
i 2 DA T 325 B T3 B V3 7 5R

DG T 68 I PR L ARE AR ) A0 A A 43 5 e R
CLZ MW, F B B A R ROk R
BEAr B RCT HEBR €035 1k R G W T vE e 2R
B IR SO SR L AR I A1 s A R Y
miRNA PR, IF B A A W iR b, R 2 80
PEFAE) miRNA 85 5 8 (25 A s R 7 s i
PRt R TR B R T LR X I
Tt RNA 70 F A BEXTHIEAT 0 A ARSI | i 2 5%
M) AD F I A2 Wk 0 S ZE R I 22— (H bl
GEWHE AR KRR BE 2 )24, O 4 2
BTSN 532 o i S AF & P, A v Ak 2 P 15
i AW A IR | 3R AT B AR LR A A R
W DNA kiR
3.1 ShipE miRNA ZER/RIR G R B S MiFH
g4 2 14

LY A1 00 A 2 v 355 200 6 20 380 0 B a3 v )
A MR R IA S S — i AE X GBI 1) M I i A 2
FIBERRAS A B T Y Mok ik £ 1Ok 5% & 3R
M AMAAE miRNA AT GEAE Al AD B E 2 AW
PRI 2 — Nie %2l W P8R & B AD B3
M AP ANBA miRNA A5 22 ik FIEH 21 A3
KT, EAh, Lugli 2570 kG 2] AD 54 i 2% 41
WMA miRNA A 20 MR IE KA, X PIIRESY
Bt A SR SR IMA miR-34-3p 7E AD FEE I
FR T, UL IR SRR miR-342-3p 1K AE b
5 AD My B B UIAR DG . (EAS B AR AS R F
JEARER AD f835 SR AR miRNA 235 1528 fh 4 &

HA 22 51, X WA 7n R OR BB 58 Ik 5 Bt — 2D K
HRTF RN AHE AD B35 B9 LS AA miRNA (1Y
BWIAE AR E ) R, Cha 2578 FA L1 40 H0RS
[ff53F (L1 cell adhesion molecule, LICAM ) Pt {4 2%
B WEBR B 7 15 4 AR A 28 00 ok R Y AR I A I R R
miR-212 Al miR-132 7K F ¥ ; Li 250270 2 40 fifg
KB 43 F (neural cell adhesion molecule, NCAM )/
amphiphysin 1 AUbRIC KR AD 35 LK rh &1
& miR-29¢ Fl miR-384 YKL BT+, IF H'5 AB42,
AB42/40 Tau F1 P-T181-Tau fF2IA 5 TFAH R, X 41
718 T LA Xof A (] 248 i >k 9 1) 1l 2% /1 38 44 miRNA
HATRIR M AT RE 2 W 45 R NG L, b
WEFEXT AD & ILTE T A A miRNA 28447 53
Frif & P miR-135a A1 miR-384 %35 [, ifi miR-
193b Fe35 T ; [RIHF, AD B2 1ML M & miR-384
B2 I8 K B B & T i 4 M R ((vascular
dementia, VD ) F1 1A 4 7% 95 1 % 2% ( Parkinson’ s
disease with dementia, PDD) F3 Y X U8B 2 i
THAMBA miRNA 1[5 A6 A F] e <3 1 AD 1Y 5
WIS WO R, 5386, Wei 552 A 8L AD
B IMIE SN AR miR-223 Fk AL, H 5 7 5k pi
R K A = £ ( mini-mental state  examination ,
MMSE ) ¥F- 43 . Il 7 % 5% 43 2% 2 ¢ ( clinical dementia
rating, CDR) ¥F- 73 A M I3 1 48 E A+ TL-1B8, 1L-6
FEEERZE A T o (tumor necrosis factor o, TNF-at)
FIRAKOP B UM Ok, DL 4R ORI Ah M A
miRNA W2 —F BA WM E ) AD A= Hphric
Y, (AT RSN AR miRNAs 797K
SETR AR PR AR Sz 0 TR R R AR
AR HE— DTS
3.2 ShiME miRNA 7£ 0 /R % i AR B & N E
R

O A — A T A S Ak 2 A i BT
XL BT o343 A S T LG S T i G
T 43T NI AT B398 (R0 252 W0 Gui 45 3
PSR AD HR A Bk W 1 AN M T miRNA 3R
IRTEARAAGIN A B AD F8 2 IR U AN miRNA
2 3k 5 g B AFEAR LA 6 4> miRNA (miR-29¢,
miR-136-3p , miR-16-2, miR-331-5p, miR-132-5p #
miR-485-5p) Fik KK AEBAE , A, Lin &
B AD B AR P AMB K miR-193b YRI5 TR
1Ml McKeever 55 76 AD £ 25 Ji 5 VoA 00 ) 41
& miR-605-5p .miR-451a ,miR-125b-5p 1 miR-16-5p
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AR e T AN TR A2 4k, 3 B S8 i 5 45 SR
P2 SRR, AT e T ASRIRE S miRNA
TR PRI BE 22 55 D S a3 B J A8 2 1 A T
RGN, X LR BT T A A miRNA 7E24 AD
AR AT A 00 AR AR R ARG DR S B 4

FEIG RIZWR fE o /N T 65 2 1) AD B 15
N k& A AD ( young-onset Alzheimer’ s disease,
YOAD) , ¥ KT 65 & 1Yy AD f34 V28 hy i & 7
AD ( late-onset Alzheimer’ s disease, LOAD ), 7F
YOAD &3 i & W A WK miR-16-5p B Kk T
W&, I 7E LOAD %A & B AL Schneider
28 17) 48 9L g5 R /M WA A miR-204-5p Fil miR-632 AJ
FE A2 18t 1% 11 %50 80 I i 2R ( frontotemporal dementia,
FTD) B2 A Ybrabiyy , 1 miR-632 A e Mk P
FTD 2 Wi A Wb 9. LA b 32 7 AS [m A2 B Bt
AR R 26 AD ] DA 22 B s S v A0 0 1A
miRNA 1€ Ky 2 W) b 32 9 33F 17 72 100 i Atk 4h,
Riancho %5 8 AD H8 2 & W AN A& FF miR-9
Hl miR-598 195 5 W1 W = T T A WA 4 1) i 5 U
miR-9 Fl miR-598 1Y% &, #&7R8 iX i miRNA ] G
PRI B AR SN IR T, BRI SR R BT
AD B H I B A A miRNA 1Y 24 55 k28 1k,
9 AD FRIGE A AR 2% (0 H RGP
YU TR LA T B | AT — 5 A M JEE AR
W, PRI e e 0 0 A v LA SR B v 32 428 A/ T o Y
HPIMA miRNA 1Eh AD B4 S PE bR 10 9 el T
HMBAR miRNA BT ELOR3, 5 R TR H R 2 I
PRAGIN i FH - BE, Song =09 55 FAD /NS 7Y
PRI K BR 48 Fh /MR miRNA ik & A48 1k, If
HJRBS T B2 AD B 00 R Wb sl 42 B
HNIAAS . A TT LUK AD B TR AN A miRNA
b EG kAT — D5 TAE,
4 (B 7R T 4 RE SR IR Sh i K miRNA 1€ 24 BT /R 3%
BEREBEST A ENMRAI=

W3 AD IEIT AR B N — i e
A R E AR AZ i 25 1 28 2o 10 i B R 2R A R K
MG RGERIFIRIT IR, AR 9K Z AR 1 1 U A
FLA G JEL AT R SR R e kU ) R 1, TR B S 2%
Bl BRI AN B R G T W L 3 B R R T RE
a I B AR A AT RS e A e R A
MSC N ) miRNA 35 T 5 B AR, Bl J5 42 By 4
IMAERKIN 2 miRNA & A= A0 I 1) 42 A6 K H i 1
ANE 77 2 43 AD KRR Y AT DL 2R il

TCIIRE . A MSC KU A A A T 51 51 AD KL
g5 CAL X, W5 314 K3k miR-29b ARSI AT L
WA B L € b3 K A AR 2 11 2L A 1 1 ( B-site amyloid
precursor protein cleaving enzyme 1,BACEI) I Bcl-2
AHE AR 40 8 98 12 4 % T (Bel-2 interacting
mediator of cell death, BIM) ik 1/ AR HIIE L,
FIMZTC 00 DT 4 3 25 () 2% 2T 242 g 911, Ma
AU I R R K St ek miR-132-3p (4N A
Ja & LR L Ras p21  H G 46 F 1 (Ras p21
protein activator 1, RASA1) 7E VD /N B ifg 55 1 EZ J5i X
S FK D, Ras/ Akt/GSK-3B 15 538 % B0 , &
S0t R B o DX 3R R 2 3 SRR 2 KR e
HAp Ao T3 RRA%, T2y > iC A2 RE ) T K
SR, Nakano 550K i %35 miR-146a i) H HE MSC
( bone marrow mesenchymal stem cells, BM-MSC ) {4}
I APP/PST /N R i 2 Jik 24 AP | 8 M KA K S
I 52 IR B8 0 Y () It my DA il
K I 2 Zh I A ) miR-146a 235 I AN ; it 5 7814
ARSI LSS F, BM-MSC 431 (¥ SN A& miR-146a
VERT BRI o 4 M, 5 SR S A g SR AE T 52
VPSS ¥ 6 ( tumor necrosis factor receptor-
associated factor 6, TRAF6) HYFR 15 T %, #% K T-«B
(nuclear factor-kappa B, NF-kB) A i sk 20 M 1717 ek 5%
P22 JRAE SN 5 (A AT LA/ AR YA BURI A 28 5T
TR BLIF A 15 BN WGE , A] REAY B2 A
[F] Y FMIAA miRNA B35 AD e R A AL ] AS A [F] 5l
HHAARERN AD S BRI F 3, SR AD
s BRAIL TR A2 2% , H R S 56 sh ) AL JF A BRAR
U HUBCALL AD S Y A i R 23 91 0 A R B
fiF o B4 Wenger 5540 fiff F 3 5 1 R o Jo 1% 149
HEE R AT PR R T AD /N B E (Thyl-
hTau. P301 S il 1Tg( tauP301 L)4510) #EATEE A7
RIX R AD /N FURERLTE B o5 10 (] R 2 AR R AN
P Tau FPE, XL T A& AD R B B P301
L Tau ZRAZHPRERAHFAE . SRTAT, X T A2 AD I3
Wr BOAR B2 A Tau 12 R A 2 BEALTE /N BRUSEEY h ii
RIS BEIAMB A miRNA &4 1] DLAE Ry
AD [ —Fhilfi IR YT T BOL 75 EEAE I AR 56 v i —
HRIIE

FEIRINIAAE miRNA 1) —Fh AR A% I8 2004 (1
FESZBRN ] b miRNA BREERCRIF A R, I EL# ik
TS 7 2 (il 28 i 6 20 R G A% 338 I 1) S WA A
JHF B RS A 28 AR PR G ey 4 e A
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NENINE SRV E S VNG R S NER = St TR s
i DX 5 2 R SR AN W 5 36 ik R ) BOR (R, 4
AWEFE e, SbFE S5 T TRT LA i Ah i 1
miRNA ({8 1 5 0E 5 S0b 020 4 E, IR R0
AL PR MSC i] AGE 733 IS IAMA N miR-21 4 2 A
i, It FLRE S AWk & APP/PST /N U 24 2] 842 B
J1o WA F I R TR Dy R AR A A R T s 2R
Yy o35 ] LARRAS R 1) BE ) ot A DR 6 s 2
#5 1 (rabies viral glycoprotein, RVG) 2 k&1 MSC
SRR A1 P AT LA i3 i Ik TE )5 42 1 APP/PST
ZIN BT B A S X el ) i, B AT b ) BB I
JR A G AL AR AR IR

5 SE5REE

ZE L 7E AD B R B, ik i A
FA /M miRNA 35 & 47284k, 7T LAVE N
2 AD A BUEW B ; IF BHAE NN+
Y AN AR R 2 3k A B B, 1T LOKE 2 3R miRNA
(R S IAAAE SR — Bl /N o3 F- 1097 25 ) B0 1) i 3k %252
Ph DX, AT A I R 1230 AD i —Fh B i = .
{HAMIAMA miRNA 1E A — B 5L AT J7 ¥R 7R 16 R 1)
N AT SRAEAE — S BE ], 51 2 miRNA 38 5 A L) [A]
R 14F 22 T T 6 D) 4K T S () 38 3 PR 22 ] £
HAR R A AT LA IR T RO A A AR R
Fx A A e SN miRNA BIGTT 7 5 7 b
FEAERIAE FH A 75 24 A ok 2l 1 52 56 Al PRl 56 v
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Research progress on gut microbiota and obesity-related metabolic diseases
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(1. Key Laboratory of Special Environment Biodiversity Application and Regulation in Xinjiang, Xinjiang Key Laboratory of
Special Conservation and Regulatory Biology, School of Life Sciences, Xinjiang Normal University, Urumqi 830054, China.
2. Key Laboratory of Sports Human Sciences, Institute of Physical Education, Xinjiang Normal University, Urumgi 830054)

[ Abstract]  Obesity-centered metabolic diseases, such as diabetes, hypertension, and cancer, are increasing at an
alarming rate worldwide and have become global public health concerns. The treatment of obesity and related metabolic
diseases has gradually become a research hotspot. Currently, an increasing number of studies have shown that gut
microbiota regulates energy balance, glycolipid metabolism, and the occurrence and development of obesity and related
metabolic diseases. It is very likely that the gut microbiota is a potential new target for the prevention and treatment of
metabolic diseases. In this article, we summarize the research progress of gut microbiota in the development and
progression of obesity-associated metabolic diseases and analyze the role of gut microbiota in metabolic diseases.
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148 Hh R PR 22 2 7 2023 4F 10 H45 33 %55 10 1 Chin J Comp Med, October 2023, Vol. 33,No. 10

R MR RASEACE S i T A P A A

Table 1 Gut microbial changes in obesity and related metabolic diseases

Rt tEpns

Metabolic diseases

BERERT R R PR BRI pg
ARk ] Obesity Type 2 diabetes Hypertension Fatty liver Hyperlipidemia Cancer
Gut microbes

p_ Firmicutes ) 1 1 1 ) }
p_ Bacteroidota ! ! i} ! l 1
p_ Proteobacteria / 1 / / 1 1
p_ Actinobacteriota ! 1 ! / / 1
g_ Erysipelotrichaceae 1 / / / / /
g_ Clostridiaceae 1 / / / / /
g_ Verrucomicrobiaceae ! / / 1 / /
g_ Bifidobacterium 1 1 ! / / /
g_ Coprococcus / il ! / / /
g_ Roseburia / ! / 1 / /
g_ Lactobacillus / 1 / ! / /
g_ Pseudobutyrivibrio / / 1) / 1 /
g_ Alloprerotella / / / 1 1 /

T FOR A R WA | IR A I R

Note. “ T 7 indicates that the microorganism is significantly enriched. “ | 7 indicates that the microorganism is significantly reduced.

RFL 55 B 2 e E S A ™ ) J B A 1D 1R
WYUK, WFERB RN TR (SCFA) S2mifE 32
FRBFFNIAE SN, [F] s SCFA AT LA ifin 35 7 7k, A
TR HTND S 53— T 5 A B, A & P LR
U B R Y W R SRR, /B LU A i
P A CTRERFN T BRER 1) 240 T (il 2 T FHOBUBL AT
BRI WD T R A FLRR A A B G 2 — TR
WEFE R #b FE TR £k ) LU &5 ik 2> HTN, R 4
SR AL AR 15

224 MEMEYEIEEBE MR (non-
alcoholicfatty liver disease, NAFLD)

VIZ2 3 WY S0 56 3R W i 1 T2k 0 e B AR
BHYITE NAFLD 1 &0 b W % B 2 1E . Le
Roy 214 3 NAFLD /)N Bl i 3668 1A W BE 7%
BB AE AL /N B N 25 2 B0 NAFLD, 5 —F 5%
KB, BT RR T IR R JRE /)N B 2 o R A 31 T T /D B
Jei , B i =1 (wiglyceride, TG ) /KT HL-5 i s
A A G EE R 3Rk I, il — I 5T 2 B, PR
e ME/IN S T N A ) ISR BE TR 1) ( Firmicutes ) FTYE
W ( Verrucomicrobia ) ¥4 i, 5 2 4t & A fH 71 FR
( Conjugated bile acids,CBA) F34 i, AT A J& ki
Meli A v AR R, B EY S
NAFLD #OIAH5C, (A BEh & 2 51 & NAFLD b7
W5

2.5 BEREWMESM0AE

e I A A A ZE AL 0 R UL IR 3 R B I
JHE TR 2 AUBE DRGSR TR PR . e Il A
BKoRRE R AL PO i R ) FE R R, SR
E R A A R g JEL I P A LA % o O U0 M 3 T
YA RE, INBRARIERE I ] ( Firmicutes ) S5 HAFFE ]
( Bacteroidetes ) B L] 98/ o ZHEME A0 7= SCFA
PIANTR S, HEWT I B UAE Y 5 iR A DG, Yan
SEUOIRSY R, K 1R A RE /)N BRUVEE 1 25 A R R K
Ik , 16 B A J5E BE B 1) ( Firmicutes ) 5T T
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JOEL T 5 IR 5 £ JC AR 32 7 it , AT 105
F AR . An 5550 BIF5Y 3R B 5 S 5 R Y i T
TR BRI AC, B I i 37 98 5% PR 7K P2 2 bt
MR VE
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JERE S — T S A0 L T PR 3 A B |, S 4 ik
REF SR R T R R m IR —. &
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I 5 [ 55 v A b 28 R G0 R Y 2 RS A O R
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L, BA HE W% il i ¥k JB B X Z K (farnesoid X
receptor, FXR) fil G & H BT R 2Z & 1 (G
protein-coupled bile acid receptor, GPBAR1, X F§
TGRS) W AR BT AL R+ BA 15 TGRS 454
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Figure 1 Gut microbes and their metabolites affect energy balance
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Figure 2 Ways in which gut microbes and their metabolites influence glucose homeostasis
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Figure 3 Gut microbes are involved in the development of metabolic diseases
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