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[ Abstract]  Objective Siwu mixture is derived from Siwu decoction, a classical Chinese medicine prescription ,
which is widely used in a variety of gynecological diseases. However, There are few studies on the therapeutic effect of Siwu
mixture on primary dysmenorrhea. This study aims to further explain its therapeutic effect. Methods Sixty healthy animals
were divided into four groups: the control group, model group, Siwu mixture group and Tongjingbao granule group. The
primary dysmenorrhea mice model was induced by estrogen combined with oxytocin. After 3 days of adaptive feeding, mice
were subcutaneously injected with estradiol benzoate 2 mg/kg for 10 days. The normal and the model group received the
same dosage of distilled water from the 4" day. The Tongjingbao granule group was given 4 g/kg for 7 days. The Siwu
mixture group was given 8 ml/kg for 7 days. The analgesic effect of Siwu mixture was studied by writhing and the latency of
writhing within 30 min after oxytocin injection. The serum contents of malondialdehyde (MDA ) and superoxide dismutase
(SOD) were determined. Prostaglandin F, (PGF,, ), interleukin-6 (IL-6) and tumor necrosis factor-oa. ( TNF-at) were
measured in tissue homogenates by ELISA method. Uterine pathological sections were prepared to observe glandular
hyperplasia and inflammatory cell infiltration, and the expression of cyclooxygenase-2 ( COX-2) was detected by
immunohistochemistry. Results Compared with result in the control group, the body twisting in the model group increased
(P<0.01) and serum MDA increased ( P<0.01). Uterine tissue PGF,, , TNF-a and IL-6 increased. In the model group,
endometrial glands were dilated and papillary hyperplasia, interstitial edema, inflammatory cell proliferation and infiltration
were observed; COX-2 expression was enhanced. The number of writhing events within 30 min in Tongjingbao granule group

and Siwu mixture group decreased compared with controls (P<0.05, P<0.01) ; the writhing latency in the Siwu mixture

group increased (P<0.05) and the level of serum MDA in the positive drug group and Siwu mixture group decreased ( P<

0.01). Conclusions

latency of primary dysmenorrhea mice. The mechanism may be related to reducing the content of serum MDA and PGF

Siwu mixture could significantly reduced the 30 min writhing times and prolonged the writhing

209

TNF-a and IL-6 in uterine tissue and COX-2 expression are related to the improvement of histopathological changes.
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Table 1 Comparison of latency and body twisting times of primary dysmenorrhea model mice in each group

iRl prllRS TR (min) 30 min TR AL (%)
Groups Dose Incubation period 30 min twisting times Inhibition rate
Ty
L4l / 30. 0+0. 00 0. 00+0. 00 100
Normal group
7014
PRl / 3.07+0. 96" 22.73x10.35* 0
Model group
V254
Mtk 4 g/kg 3.25+1.65 14.00+8.21" 38.42
Positive drug group
pas|
P A 8 ml/kg 7.33+9.39" 12.88+11.25™ 43.33

Siwu_mixture group

HIERW AR, P<0. 01; SHRH HE, *P<0. 05, **P<0.01,

Note. Compared with the normal group, *P<0. 01. Compared with the model group, *P<0.05, **P<0.01.

®2 AU B NN SOD MDA (xs,n=15)
Table 2 Serum SOD and MDA of primary dysmenorrhea model mice in each group

Géiiu)s ?]2{)% SOD( U/mL) MDA ( nmol./mL)

IEH 4 Normal group / 21.778+0. 473 3.046+£0. 427
FERIZ] Model group / 21.686+1. 595 4. 680+0. 546"
FATEZG4 Positive drug group 4 g/kg 21. 439+0. 884 3.629+0. 516 **
P54 Siwu mixture group 8 ml/kg 21.319+1. 027 3.492+0.331 ™

W S IERAE L, " P<0. 01; SR AL, *P<0. 01,

Note. Compared with the normal group, *#P<0. 01. Compared with the model group, **P<0.01.

R3 BUARMRABINR T EHI PCF,,

JL-6 TNF-a(x+s,n=15)

Table 3  Uterine tissue of primary dysmenorrhea model mice in each group PGF, ,1L-6,TNF-a

Hm biilhess .
L) e PGF,, (pg/mL) IL-6( pg/mL) TNF-a( pg/mL)
Groups Dose
Y
R4 / 31.378+16.922 16. 488+3. 489 88. 087+16. 276
Normal group
i 2
Ba / 193.205+19. 338" 20.955+1. 973" 107. 426+7. 664*
Model group
2k
HItEZAL 4 ¢/kg 117.012+36. 872 ** 18.626+2.813 " 100. 051+7.981 "
Positive drug group
pass |
P AL 8 mlL/kg 158.536+37. 652 18. 564+2. 394 * 97.982+6.759 "

Siwu_mixture group

L SIEWA R, P<0. 05,7 P<0. 01 ; 54 H 4L, *P<0. 05,

“P<0.01,

Note. Compared with the normal group,*P<0. 05, *#P<0. 01. Compared with the model group, *P<0.05, **P<0.0l.
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Note. A, Normal group. B, Model group. C, Positive drug group. D, Siwu mixture group.

Figure 1 HE staining sections of primary dysmenorrhea model mice
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Note. A, Normal group. B, Model group. C, Positive drug group. D, Siwu mixture group.

Figure 2 COX-2 immunohistochemical section of primary dysmenorrhea model mice
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FAALL, ¥ P<0. 01; SR, P<0.01,

3 COX-2 fe/NRFE IS R &k
Note. A,Normal group.B, Model group.C, Positive drug group.D,
Siwu mixture group. Compared with the normal group, *P<0. 01.
Compared with the model group, **P<0.01

Figure 3 Expression of COX-2 in mice uterus
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[ Abstract]  Objective To observe the effect of overexpression of lysosome associated membrane protein 2A

(LAMP2A) up-regulating chaperone-mediated autophagy (CMA) in the substantia nigra on the locomotor behavior of a
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Parkinson’ s disease (PD) rhesus monkey model. Methods We established a rhesus monkey model of PD. A stereotactic
injection device was used to inject Lewy bodies (LBs) extracts from the brain tissues donated by PD patients into the right
striatum of seven rhesus monkeys. At the same time, exiracts of brain tissue donated by control (non-PD) patients were
injected into the striatum of the left brain. The animals were randomly divided into two groups. The LAMP2A overexpression
group (n=4) was bilaterally injected with an adeno-associated virus vector overexpressing LAMP2A ; the control group (n
=3) was injected with a control virus vector in both sides of the substantia nigra. The motor function of monkeys was
evaluated by the hill and valley staircase experiment and the pick-up test. The levels of total a-synuclein (a-syn) and
phosphorylated a-syn in the cerebrospinal fluid and serum of experimental monkeys were determined by ELISA. Results
In the valley staircase task and the outside board pick up test, the fine motor level of the left upper limb of the control
group of rhesus monkeys was lower than that of the right side. There was no significant difference in the fine motor level of
the upper limbs on the left and right sides of the rhesus monkeys in the LAMP2A overexpression group. Cerebrospinal fluid
and serum total a-syn levels and phosphorylated a-syn levels of the control group increased significantly at 12 months after
operation. The levels of phosphorylated a-syn in cerebrospinal fluid and serum phosphorylated o-syn in the LAMP2A
overexpression group were lower than those in the control group at the same time after 8 months. Conclusions

Overexpression of LAMP2A improved the fine motor ability of experimental monkeys in the rhesus monkey model of PD

through up-regulating CMA-mediated o-syn elimination.
[ Keywords]
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R Iz giR ¢ WLSR 5512 3 P RERE AT O 3 il
PR PR 22 IR AT P , 3 2 BRAIL 11 2 v s P
FrEE S 2 O Refr 2 e B Bk BUIRIA 2 T
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autophagy, CMA ) J2& F& fit a-syn Y 8 & 712,
LAMP2A J& CMA HYFR# LT 7R PD g A\ B BT 302
PRI A 4% v i R 3k K P B I3 B CMA KR
[ a-syn DRE BRAE 1 A T H B SR ELA
RS, B A 2R EAE B a-syn SEH
AR5 SEZ B RE M 2ot AR MEIRE, PD KRR
I B 4F S5 63k LAMP2A 7] DLk 3% a-syn J B
s, kARS8 LAMP2A LX) PD
SE A WTERNA ST M, ABF5E A FE I A 2 PD
BRI 95 A DG 35 2 M 3k 2635 LAMP2A ™
WAT N 2F TR AZ LAMP2A 33 38T i) PD
R TR AR A 7RG 4032 S R 1 A, Sy ik — 2B F 5%
PD W & RALEI ATt T 5%
1 ##FFE
1.1 Kz

TE 4~5 B HEEETR 7 2R (5. 28+

0. 6) kg, X0 H T [ B2 22 B2 B 15 27 S 50 Sy F
FEFTAL T L [ SCXK (&%) 2021-0004 1, 34 5% F

LAMP2A ; Parkinson’s disease; behavior; rhesus monkey

I B= 24 Bl 2 B B2 2% 50 50 8l 9 0 5% i Ak 5 o
[SYXK(51)2017-0027 ], IR 5410 12 h/12
h S0 SR TR (232) C I ¥ 45% ~60% , FiR
TR ARE 3 W, Hi Al 1 IREE Tl sk R, 7E
AHFFE T B B 1 3 ) S 56 34 28 ait b [ B 2R Bl o
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Note. A, Construction of rhesus monkey models of Parkinson’ s disease. B, Target brain area and injection in control group and

LAMP2A overexpression group.

Figure 1 Experimental monkey modeling and grouping schematic diagram in this study
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1ot TR L PR AR A TR A oc-syn 7K P78 4% IR ] s A
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Note. A, Hill staircase task equipment. B, Ratio of time spent on the left hand to the right hand in hill staircase task. C, Time to get food from left and

right hands in hill staircase task. D, Valley staircase task equipment. E, Ratio of time spent on the left hand to the right hand in valley staircase task. F,

Time to get food from left and right hands in valley staircase task. Compared to the control group, *P<0.05, ™ P<0.01.

Figure 2 Staircase task equipment and results
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TE A IO AR B S I8 2 8 B P S0P AR 5250 b 7247 T WO (8] 9 LU A5 C o S P AR B S 30 v A2 A T3 31 BECEE 1 B 18 5 D - 79 3 - A

HE S  E L P PR 230 rh Ze A T IR (6] 94 LU s F « P A SR 36 vh 26 4 43 S ORI i) . 5580 BREELAA 1L, *P<0. 05,
B3 FHUIR S A R (ws)

Note. A, Middle plate pick up test equipment. B, Ratio of time spent on the left hand to the right hand in middle plate pick up test. C, Time to get food

from left and right hands in middle plate pick up test. D, Outside plate pick up test equipment. E, Ratio of time spent on the left hand to the right hand

in outside plate pick up test. ', Time to get food from left and right hands in outside plate pick up test. Compared to the control group, “P<0. 05.

Figure 3 Pick-up test equipment and results

T A SEI BN A R o-syn ZKCF- 5 B SRR IS B a-syn 7KOF 5 G SR E PSR AL a-syn 7K D2 SEIME 1T BERR AL a-syn 7KF. 5[]
X BRZEAR 1L, *P<0. 05, ™ P<0. 01; 5%} 8840 0 A MHLL, " P<0. 01, P<0.001; 5 LAMP2A % k40 0 AL, % P<0.05,%%% P<0. 001,
B4 S ERAE R ANLE B a-syn K- FIBEER L a-syn 7K HLEL (£5)
Note. A, Total a-syn level of experimental monkey cerebrospinal fluid. B, Total a-syn level of experimental monkey serum. C, Phosphorylated a-syn
level of experimental monkey cerebrospinal fluid. D, Phosphorylated a-syn level of experimental monkey serum. Compared with the control group in the
same period, *P<0.05, ** P<0.01. Compared to the control group at 0 months, ™ P<0. 01, **P<0.001. Compared to the LAMP2A overexpression
group at 0 months, % P<0.05, **%p<0.001.
Figure 4 Comparison of total a-syn levels and phosphorylated a-syn levels in the cerebrospinal

fluid and serum of experimental monkeys
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Construction and evaluation of a doxorubicin-induced chronic
cardiotoxicity mouse model

JIN Cuiliu', CHAI Yu', LING Wang', WU Meiping', JIN Suan®*
(1. Shanghai Municipal Hospital of Traditional Chinese Medicine, Shanghai University of Traditional Chinese Medicine
Shanghai 200071, China. 2. Shanghai University of Traditional Chinese Medicine, Shanghai 201203 )

[ Abstract]  Objective To evaluate the effect of different levels of doxorubicin-induced cardiotoxicity in mice by
examining pathological changes. Methods 1In total, 36 male C57BL/6] mice (8 weeks old, SPF grade) were randomly
assigned to the normal saline group (NS group), 3 mg/kg doxorubicin group, 4 mg/kg doxorubicin group, 5 mg/kg
doxorubicin group, 6 mg/kg doxorubicin group and 7 mg/kg doxorubicin group (6 mice in each group). Mice received
intraperitoneal injection of saline or different concentrations of doxorubicin, 3 days/times, 10 times in total. We monitored
heart weight, body weight, ratio of body weight with heart weight, tibia to heart weight ratio, survival rate and evaluated
cardiomyocyte apoptosis and cardiac fibrosis, simultaneously measured the cross-sectional area of heart and single myocyte

cross-sectional area size. Results All six mice in each of the 3~5 mg/kg groups survived, with a survival rate of 100%.
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Five mice in the 6 mg/kg group survived, the survival rate was approximately 83.3%. One mouse in the 7 mg/kg group

survived, the survival rate was approximately 16. 7%. The survival rate of mice in the treatment groups decreased and was

negatively correlated with doxorubicin concentration. The heart weight, body weight and heart to tibia ratio of mice in the

treatment groups decreased in a dose-dependent manner. When the concentration of doxorubicin reached 4 mg/kg, the

proportion of cardiomyocyte apoptosis increased, the area of myocardial fibrosis increased, and the cross-sectional area of

the whole heart and cardiomyocyte decreased in the model groups compared with the NS group, and these differences were

statistically significant ( P<0.05). Conclusions

The indexes of cardiac fibrosis, cardiomyocyte apoptosis, atrophy and

survival rate of mice worsen with the increase of doxorubicin accumulation in wivo. A concentration of 4 ~ 6 mg/kg

doxorubicin is appropriate to build the model of chronic cardiotoxicity in mice, if doxorubicin exceeds this dose, the death

rate of mice will be high, which is not conducive to the later experiment.
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ZXRHREEFRIKBERMONRGOEER, U /D, BHRIT¥EZER(P>0.05), MHYEZFZHE
X B TRESFECOMZESS, @i /ARG RS 4 mg/kg Lh B, /N BB LA i AT
AELHLN AT WOA Y BB, 3 me/kg WEE ARSI W R4/, 2R EA S22 L (P<0.05), i
5 NS @A, /N BRSO LR AR K/ oK UL B i K 4,

TE A NRAEFMZ; B A 4/ REEM N OIER R C 44N HE B @R B D . S 4N R E ST E A4/ RUCIEE 5T
F. &40 E ST G S 4/ R IR e Gt S4B K4l e, = P<0. 001, * P<0. 01, * P<0.05,"P>0.05,

1 R[FHREE 2 52 e B /N — RS 0 S A A 3R A 520 (n=6)
Note. A, Mouse survival curve. B, Pictures of representative hearts of mice in each group. C, Schematic diagram of HE staining of mice in each group.
D, Body weight statistics of mice in each group. E, Heart weight statistics of mice in each group. F, Statistics of the ratio of heart to body weight in
each group. G, Statistics of the tibia heart weight ratio of mice in each group. Compared with normal saline group, ** P<0.001, ™ P<0.01, * P<
0.05, ™P > 0.05.

Figure 1 Effects of different concentrations of doxorubicin on general condition and survival rate of mice
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H A ~D A GPEENEREN Cleaved-caspase3 . Bax \Bel2 . GAPDH [ 31X ; E ; Cleaved-caspase3 2 [ A% 2 15 /K F- B9 G811 & 5 F : Bax 2 H AHXT K
TARIES Bel2 AR RIBI LG E . SEMEKA L, ™ P<0.001, "P<0.05, “P>0.05,

2 AR 22 L RO LA ML TR (n=6)
Note. A~D, Representative Western blot of Cleaved-caspase3 , Bax,Bcl2 and GAPDH protein expression. E, A statistical chart of Cleaved-caspase3
relative expression levels. ', Statistical diagram of the ratio of Bax protein relative level expression to Bel2 protein relative level expression. Compared with
normal saline group, ™" P<0.001, "P<0.05, "P>0.05.

Figure 2 Effects of different concentrations of doxorubicin on myocardial apoptosis

T A /DR DU R ARIRLT G s B /N R IELF4E AL LLBISE AL, 5 AEBIERK AL LL, *P<0. 05,™ P>0. 05,

B3 AEHEZ I RN R (n=6)
Note. A, Mice cardiomyocytes Sirius scarlet dye. B, Statistical map of the proportion of cardiac fibrosis in mice. Compared with normal saline group,
“P<0.05, ™P>0.05.

Figure 3 Effects of different concentrations of doxorubicin on myocardial fibrosis in mice
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T A /NG LA IR 22 IR BE 4R 3 0 65 B AN [6) ok B8 22 32 LU A X /0 B JUIL 400 JiE A A o B il 1 e 3 R, 5 AR L K A L,

*P<0.05,™P>0. 05,

B4 ARMBEZZ RN ILAEZE L 0 (n=6)

Note. A, Mice cardiomyocytes wheat germ lectin staining. B, Statistical diagram of the effect of doxorubicin at different concentrations on the cross-

sectional area of myocardial cells in mice. Compared with normal saline group, “P<0.05, "P>0. 05.

Figure 4 Effects of different concentrations of doxorubicin on myocardial cell atrophy in mice
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The effects of fentanyl combined with propofol on heart
ischemia-reperfusion injury in rats via autophagy

YAN Lin, LI Yaping, WANG Dong, JIA Wenqin, YAN Wenjun "
(Department of Anesthesia Operation, Gansu Province People’s Hospital, Lanzhou 730000, China)

[ Abstract]  Objective To investigate the effect of fentanyl combined with propofol on cardiac autophagy and
cardiac ischemia reperfusion injury (I/R) in rats. Methods Thirty healthy male SPF SD rats were randomly divided into
five groups: the sham group, model group, fentanyl group, propofol group and fentanyl+propofol group. The I/R model was
established for all groups except the sham group. The fentanyl group, propofol group and fentanyl+propofol treatment group
were pretreated with 20 pg/kg fentanyl, 50 mg/kg propofol and 20 pg/kg fentanyl combined with 50 mg/kg propofol,
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respectively. After 30 min, the rats were sacrificed and heart tissue was collected for analyses. HE and TUNEL staining
were used to observe the pathological injury of rat heart tissue, TTC staining was used to observe the area of myocardial
infarction and electron microscopy was used to observe mitochondrial structure. Western blot was used to detect the
expression of autophagy-related proteins Beclinl , ATG5 and L3B. Results Myocardial pathological changes were observed
in the model group but not the sham group; in addition, the percentage of cardiac cell apoptosis and infarct area were
increased, mitochondrial swelling in myocardial cells was observed and the expression of autophagy-related proteins
Beclinl, ATG5 and L3B-II were increased. Treatment of 20 pg/kg fentanyl, 50 mg/kg propofol and 20 wg/kg fentanyl
combined with 50 mg/kg propofol pretreatment significantly reduced myocardial pathological injury, cardiac apoptosis and
percentage of infarct area in I/R rats. The treatments alleviated mitochondrial swelling in myocardial cells and decreased the
expression of autophagy-related proteins Beclinl, ATGS and L3B-II. Pretreatment of 20 pg/kg fentanyl combined with 50
mg/kg propofol showed the best performance among the three treatments; there was no significant difference between
fentanyl and propofol. Conclusions Both fentanyl and propofol inhibit autophagy, alleviate mitochondrial swelling and
reduce myocardial I/R injury. There was not a significantly different effect between 20 pg/kg fentanyl and 50 mg/kg

propofol in the treatment of myocardial I/R injury. In addition, the combination of fentanyl and propofol had a synergistic

effect on myocardial I/R injury.
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ok

Note. Compared with model group, P<0.001. Compared with fentanyl+propofol group, €P<0. 05.

Figure 1 HE and TUNEL staining were used to observe the pathological damage of rat heart tissue

U SREIEH UL, ™ P<0. 0015 525 KJE+PNIABNAYT 4 LA, ¢4 P<0. 001,
B2 TTC Je @ ME R RLL U
P<0.001. Compared with fentanyl+propofol group, “*¥P<0. 001.

stk

Note. Compared with model group,

Figure 2 TTC staining was used to observe myocardial infarction in rats
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Note. Black arrow, Mitochondrial swelling.

Figure 3 Structure of myocardial mitochondria and the formation of autophagy vacuoles were

observed by transmission electron microscopy
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Figure 4 Expression of autophagy related proteins were detected by western blot in rat heart tissue
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Therapeutic effect of flavonoids from Desmodium triflorum on an ulcerative
colitis mouse model and the influence on intestinal flora

LI Ting, ZOU Qiuping, MAO Zewei, WU Shili, HE Hongping, LI Yanping "
(Yunnan University of Chinese Medicine, College of Chinese Medicine, Kunming 650500, China)

[ Abstract]  Objective The purpose of this study was to investigate the effect of total flavones of Desmodium
triflorum, calycosin and formononetin from D. triflorum on mice with dextran sodium sulfate ( DSS)-induced ulcerative
colitis (UC) and analyze the effects on intestinal flora. Methods Thirty C57BL/6 mice were treated with 3% DSS to
establish the UC model and divided into the normal group, model group, total flavones of Desmodium triflorum group (500
mg/kg) , calycosin group (100 mg/kg) and formononetin group ( 100 mg/kg). Body weight changes, disease activity index

(DAI), colon histopathology score and IL-1B and IL-6 cytokine expression levels in the serum of the mice were

[ES£TH]EEAREEIL G T H (81960777,81660717) ; 2= B 44 I FH JE AW 58 51 H (2019FF002 ( -005) ,2017FB133) ; m i A B H T
i [ (2019Y0332)

[EE BN 1208 (1996—) , 2 B-WFoE A WFFE 07 1) . RIRZ WAk 24 oy e B Wi MRS . E-mail : 1457044166@ qq.com

[EfE1ES 1 27 (1986—) , Zr Tl W2, WA R0 5 05 1)« vh 2, RARZGHAbF W43 B A T 5
E-mail ; lyp8691@ 163.com



30 P e R A S

2022 4F 4 A5 32 #4541 Chin J Comp Med, April 2022, Vol. 32, No. 4

determined, and changes of intestinal flora in mice were detected by high-throughput sequencing. Results Administration

of total flavones of D. triflorum, calycosin and formononetin from D. triflorum effectively alleviated colonic inflammatory

symptoms and reduced the expression of inflammatory factors in UC mice, Resulting in a good therapeutic effect. Treatment

with total flavones of D. triflorum, calycosin and formononetin from D. triflorum significantly increased the diversity of

intestinal microflora. The proportion of Helicobacteraceae was decreased and those of Muribaculaceae and Lachnospiraceae

were increased at the family level. The proportion of Bacteroides was decreased and that of Lactobacillus was increased at the

genus level. Regarding the species level, the proportions of Bacteroides and Escherichia coli were decreased. Conclusions

Total flavones of D. triflorum, calycosin and formononetin from D. triflorum improve the changes of physical signs and

inflammatory factors of UC mice and had a good recovery effect on intestinal flora.

[ Keywords]
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W e 22 AR AR A ), 48 DENS B e b 4 R, A 22 A
DRR R B 2 E AR i 2B 1Y 4w AT DL ROR BT
F R RAECLAG AL A R 4 BB b W
WRCRIIIF R AR TR 2 i 39 1) F 58 DK 2= R 4 B A
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Table 1 Score criteria of DAI
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Score Loss of weight Stool characteristics Hematochezia
0 , EH At (-)
Normal Negative(—)
. o5 IAHEA AL BAYE(2)
Loose but not sticky around the anus Positive( +)
’ 510 FAREA R AT A (+)
Loose but not sticky around the anus Positive ( +)
X oot N B (++)
Loose and sticky around the anus Positive(++)
4 515 [IRE PR MLAE (>++)
Diarrhea Bloody stool (>++)
F2 HEY) IS
Table 2 Score of pathological section
W RAEFLHL B s 454 RIEREE RAE R AR
Score Degree of inflammation Crypt injury Depth of inflammation Inflammatory infiltration area
0 & J TERIE 0
Nothing Nothing Without inflammation
| W AAE b s AR B2 0~ 10%1EK/KF- (5 1%)
Superficial inflammation A small amount of crypt deformation Mucosal layer 0~10% low level (including 1% )
) Bs Hh AR KT g AR B BT )2 11% ~25% 35K (R 1%)
Slight ulcer Moderate horizontal recess deformation Submucosa 11% ~25% medium level (excluding 1% )
3 W) 52 35t KPR A WUz 26% ~ 50% 15 7K F-
Obvious ulcer High level recess deformation Muscularis 26% ~50% high level
A i B ok
4 / MR Bk / 51% ~ 100%

Obvious absence of crypt
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1.3.6 ZEf# DNA $2HUHI PCR 434464k

FH DNA $2HGAG S FE B 9 5 DNA FF46
MR B &=, A% A barcode ¥ 41 B9 S15F
806R N5, LI4NE 16S rRNA JE[A ) V4 A A [X
JEA R AR ES T PCR 9734, i FH IXTAE ¥R 2% 1
R LIk 4l 4k PCR =4, BT a1 H b5 454
i GeneJET 2 NG & T =4
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IEF /N R 12 58 %% AT LA S 1 B s
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2.3 MiFREEFHRMER

R ZH /N UL o TL-18  10-6 7K AH % T 1E
WHRETE (P<0.01) 45254 1L-1B . IL-6 FI/KF
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2.4 MNEHERBEUFLER
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I 4A BT DL/NERZE M OTU ZBE )5 5 A W7
B e Ja TR IR B AR BRI
AT A 2R . SR R i 2R B A8 S e A i
WM, SRR, S AR G il 2 B s A
G, R R A5 (K 4B) . Hop e
ZH 5 E EAE 400~ 580 Z [A], 22 DSS 5 F 5, 4%

N IER AL M1 AL FL, BT B ERAL; 2. J TSGR 4L, TR, = & Bl 5IEF 4, " P<

0.01; 5#RIZH 48, *P<0. 05, **P<0.01,

1 A4/NEURTEASLTN DAL TEA A (x£5,n=6)

Notes. N1, Control group. M1, Model group. F1, Calycosin group. F2, Formononetin group. TF1, Total flavones of

Desmodium triflorum group. Compared with control group,® P < 0.01. Compared with model group, *P < 0.05,

*P<0.01.

Figure 1 Effect of weight change and DAI score in each group
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2.4.2 /NEUBE R R A
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K 5B Al DL AH HE T 1 4, BT 4 i T TR A AR
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2.4.3 /NEIGE BRI L
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PEREIN OTU My HHL IEW AL E N F &, H
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S, S5IE®HE LR, ¥ P<0.01; 58
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Notes. (A), Control group. (B), Model group. (C), Calycosin group. (D), Formononetin group. (E), Total flavones of Desmodium

triflorum group.Compared with control group,* P<0. 01. Compared with model group, *P<0.05, **P<0.01.

Figure 2 Colon HE staining and scoring results of mice in each group( HE staining)
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0 HIEH A B, ™ P<0. 01 5HOAH e asE, *P<0.01,

B3 £F4/NEUIE T IL-18 IL-6 /K FLL# (3+s,n=6)

Notes. Compared with control group,* P<0. 01. Compared with model group, **P<0.01.

Figure 3 Comparison of IL-1f and 1L-6 levels in serum of mice in each group

VENT L IEH A MBI S P B 5 AL P2 R AL 2L TR = 4 B S TR
B4 Al R 2 A 2 A T

Notes. N1, Control group. M1, Model group. F1, Calycosin group. F2, Formononetin group. TF1, Total flavones of

Desmodium triflorum group.

Figure 4 Sample dilution curve and rank abundance curve
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TR 4 (2.26%) W K b TH 5, F1 41 FF 1 R
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SRR, AR X B2 00 8 13.819%, 20. 18% DL K&
11. 12% , 54 2 440 Ho , Muribaculaceae 176 B2 7
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Xt AR AR R 2 (1. 97% ) 43 AT+ T 29 2~ 3 £i%
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o SEPE T T AT AR 20T TR Y7 2% B I 24 54K
R BN S B 5 R YT R R Ak K IR | AR
PERR A RIE R 55 2 4 M n) Rl A5 = Fn UG 2R
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Notes. N1, Control group. M1, Model group. F1, Calycosin group. F2, Formononetin group. TF1, Total flavones of Desmodium

triflorum group.

Figure 5 Diversity of each group
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TENL IEH 20 M1 A BIZE  F L B85 5 BB  F2 . S WIAE 340 TR . = 4 MBI

B 6 faif iR AR B A LA A PCA 53 AT
Notes. N1, Control group. M1, Model group. F1, Calycosin group. F2, Formononetin group. TF1, Total
flavones of Desmodium triflorum group.

Figure 6 Venn and PCA analysis of changes in the overall profile of intestinal flora

N ER 2 ML AR L B8 T 2 F2 AR R 2 TR = 46 SO

B 7 BKFRE AN U A P 4
Notes. N1, Control group. M1, Model group. F1, Calycosin group. F2, Formononetin group. TF1,
Total flavones of Desmodium triflorum group.

Figure 7 Enrichment of intestinal microflora in mice at family level and genus level
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TE:NTIEF AL ML BRI F LR 5 B AL P2 LS A 1R
FUL TR, = 84 BRI,
8 HLEBUNE AT
e/ N BRI TE A 0 v B e A
Notes. N1, Control group. M1, Model group. F1, Calycosin
group. F2, Formononetin group. TF1, Total flavones of
Desmodium triflorum group.
Figure 8 Enrichment of Bacteroides acidifaciens in

intestinal microflora of mice
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il 0 A 0 8 T AT o) 0 R 1 R A, o
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BT AL SR G 228 , 08 1T oA 3% i T ) A 2SO Al ke

T NTIEF 2L ML AL FL: B 48 5 s IR AL P2 A 1R
RU TR = 8 E AL

9 LRI I T RN R/ N AR T ) AN ]
Notes. N1, Control group. M1, Model group. F1, Calycosin group.
F2, Formononetin group. TF1, Total flavones of Desmodium
triflorum group.

Figure 9 Linear discriminant analysis effect size to

identify different abundances of bacteria
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[HE] BHE AU LRE G — AT 3E BT IR 53 BRI (Alzheimer’ s disease, AD) 5B B 251IE (95 UE
AR B, R EZGBA AD SLALAR I B S PR DL KR dE SRS, & sh R R B ST AR A A
& LLAPP/PSI BULIEFR/INECR AD AEIBY , IF LI VKoK VAL 58 R BIR A ; 45 T R IR AR B IR AR« 8 1
FRBLRAS ; 8 45 A DABLEL PR 257 B ELIRAS . RIRIAL/NR A T AR AL BE, 2 5 HE 7 AD-BRR BRI 4 | AD-
PRI AD-FSIEZH  AD-RIRH 2520 . R RAEFLIEE C5TBL/6) /N X BRAH . 545 14 d JE IR RIZH /N AD
FEAT R A T R R ARk IR AE 2 AU A, DL A SRR S I 22 5, R 14 4
J& , ST IR, AD S AN AT N E AR B U X EA S ETHE . 5 AD-BIRA] L, AD-#5 R HR
/N RE ORI 2L AD-FAIELE MR A8 65 S AD-FRIEZL MR TR FR ¥ 71 , Hoh AD-JR SR T 45 4 A G A8 AR 2 i
ETE, it W VOK BB E IS KRR AL IR APP/PST XU RER /NG 14 d, T LUS T ST AD-R B 459F I
JPIELS & BRI | 5 2 A A T R v | RAE ARG &, T A 5 S A DR SR B A i Bl S e Ak

[ XEER]  BIR PGB PO B E5IE i E 25 & s sh A Al
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Establishment of Alzheimer’s disease with intermingled phlegm and
blood stasis in a transgenic mice model

TAN Aihua'**, RAN Simiao®, SHI Heyuan®, YANG Shuo'*
(1. Huanggang Hospital of TCM, Hubei University of Traditional Chinese Medicine, Huanggang 438000, China.
2. Institute of Geriatrics, Hubei University of Chinese Medicine, Wuhan 430065. 3. Postdoctoral Station,
Beijing University of Chinese Medicine, Beijing 100029)

[ Abstract]  Objective This study aimed to establish a reliable animal model of Alzheimer’s disease (AD) with
phlegm and stagnation to provide a corresponding animal model for the prevention and treatment of AD by Chinese medicine
and to provide a reference on animal modelling method ology for the establishment of animal models combining disease and
TCM evidence. Methods APP/PS1 2xTg mice were used as AD model animals. The pathological state of “stasis” was

simulated by ice water bath and the pathological state of “phlegm” was simulated by high-fat diet feeding. The two were

[EE£ME ] BEHE AW E A HE AL T(2019YFC1708502)
[EEEIN R ER(1991—) 5B W+ et s, TR m . MR G EER , E-mail: evan2018@ stmail.hbtem.edu.cn
DBEEE 1 HBT(1991—) 55 Bt BF5E 05 1) « B 25 956 8 AR B RIMEFHPLE] . E-mail : 734916256@ qq.com
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combined to simulate the pathological state of “phlegm and stasis interconnection”. The mice in different groups were
treated differently: the AD-phlegm group was given a high-fat diet, the AD-stasis group was given an ice-water bath, the
AD-phlegm-stasis group was given both a high-fat diet and an ice-water bath, and the AD-disease model group was left
untreated. Non-transgenic C57BL/6]J mice with the same genetic background were the control group. The differences in AD-
like behavioral changes, objective changes in tongue image, blood rheology and lipid alterations and relevant protein
After 14 days of modeling, the AD-like

behavioral changes and relevant protein content of mice in the AD groups were significantly changed compared with those in

content in hippocampal tissue were examined at 14 days after modeling. Results

the control group. The tongue color was dark red in the AD-disease model group compared with result in the AD-model
group; the hemorheology index of the AD-stasis group and the blood lipid index of the AD-phlegm group were increased.
The related indexes of AD-phlegm-stasis interconnection group were significantly increased. Conclusions The combination
of ice-water bath and high-fat diet to treat APP/PS1 mice for 14 days successfully established the combined animal model of

AD-phlegm-stasis syndrome. This method has a high modeling rate, fits well with clinical symptoms and may represent a

useful experimental animal system for subsequent studies.
[ Keywords)

animal model
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KHEEE R LG22 L (P>0.05), AD £ 4/h
BRI UK A B AR RN L 5 0 R B (B T 2 o R
BRBNREDS HERAEAGITHE XL (P<
0.05),

5 AD-Model 21 /)N B EL 3, 45 270N BRI - 257 i
KEREZR TG ITHFE L (P>0.05), AD 541/
RTRDK S B AR | 7 6 VAR RN 2881 5 B 2
SIGIEE L (P>0.05)
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IS AUNRIZShRE A B 2R, 5 C57
/NERAHLE , APP/PST XU FE R /N B 22 2] il 1L fig
S TG, NG 1155080 Sk B, 4K KoK I T i ik
EEAAL 5 1Y 45 /N B 2E TGS RE I AR —
225 5 (HX s 22 IR A S it 22 L (P>0.05)
GEIT A RN ER 1, 25 20 /)N BUE AL AT A T i 50 R s )45
A I s SR AR i 1,

2.2 HEEENULEBRIELER

5 Control 21 /)N FUAH L, AD-Model 21 /)N B 4
PRIELL H v {8 22 F IR A Geit 27 L (P>0.05)
HARH/NEE OB L, (22 S A G H 75 S
(P<0.05) .

5 AD-Model 41/NEUAH LY, AD £ 417N B €2 fd
MLl v ([HZE S A G #E L (P<0.05) . X AD-Ps
2  AD-Bss 411 AD-Pbs 24T LSD HL%:, AD-
Ps 21 AD-Bss /NRE BT B 25 r (H2E F 0

WA G FE L (P>0.05) , 1 AD-Ps #41F1 AD-Pbs
2 AD-Bss ZH 1 AD-Pbs 2H 2 [0] i 22 55 B AT G i1-2F
B (P<0.05), #&4/NREH R.G.BH N r HS
TR 2, /DRERE R WA 2,

2.3 MERTFRNVEELER

5 Control ZH/NEAHEL , AD-Model 215 AD-Ps 21
/N B4 LR B I R G R ey (HH 28 S oG b2 7
X(P>0.05), AD-Bss 217l AD-Phs /N 42 1fi. %65 & A
IR e, A S L (P<0.05)

5 AD-Model 41/NAR L, AD-Ps 207N BLUAY 42 IfiL
FREEFIMAE R YA AR R E A&, HHEER AR
G 2FE X (P>0.05) ; AD-Bss 411 AD-Phs /)N,
I 0 B AR G I B T, B Gt (P
<0.05) . BXia B VKK 7 A B AT LB 5 AR /N B
MR AR , BEAS R IF MBS %7 i BN AS . &4
/0N B4 I 86 R R I 2 e R L A L3R 3

F1 AUH/NR Morris KK B RKMZE R (x45,n=5)

Table 1 Results of Morris maze test for each group of mice

BRI (s) B WE(n)

2051 IR BE (em/s) VK SRR (em) ! A
G Aver o | Total distanc ) Time taken to reach the Number of crossings
roups verage swimiming speec otal distance swam platform for the first time of the platform area
25 0 R
FIXpRE 7.76x1.01 207. 08+40. 60° 20.72+7. 46° 2.62+1.33%
Control group
AD-ZERRI _ . .
i 7.31+0.35 480.81+42.42" 59.43+7.90" 0.89+0.78"
AD-Model group
AD-FRIIEH .
& 7.22+0.62 504.28+52.92" 67.11£14.05" 0.77+0.45"
AD-Ps group
AD-JAIEH .
it 6.75+0.71 483.14+44.78" 65.15+10.79 " 0.85+0.47"
AD-Bss group
AD-JR P R + *
PR LA 6. 94+0. 66 497.23+40. 26 62.09+9. 18" 0.73+0.42"
AD-Pbs group
T A PO BRALEAR, “P<0. 05555 AD-BRHUAL A, 2 P<0. 05,
Note. Compared with the control group, *P<0.05. Compared of with the AD-Model group, *P<0. 05.
T2 HA/NREER.G.BEM r{H(xxs,n=5)
Table 2 R, G, B and r values of the tongue photos of mice in each group
£33 R {H GH B fi rfi
Groups R value G value B value r value
25 N R ZH
206.001+4. 072 83.680+1. 145 88.160+1. 434 0. 545+0. 005
Control group
AD-BEAR ALY
e 183.280+2. 979 66. 480+2. 027 93. 000+4. 830 0.535+0.010
AD-Model group
AD-HIEY
UL 170. 000+5. 694 71.520+2.013 98.400+7. 848 0.500+0.012* &
AD-Ps group
AD-HYIES
Gl 189. 440+0. 961 86.400+1. 414 102. 080+2. 397 0.501+0. 004" &
AD-Bss group

AD-PEN H 254

AD-Pbs group 174. 040+3. 506

81.560+1. 609 110. 360+6. 474

0.468+0.011* 2

VE: 55 (IR RLLHEE, "P<0. 05 15 AD-BOBURAL H AL, © P<0. 05,
Note. Compared with the control group, *P<0.05. Compared of with the AD-Model group, *P<0. 05.
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T BATIE B AT e AT s MR R R
Bl 1 A4/ Morris 7Kk B IR K BT
Note. Upper figure, Positioning navigation test. Lower figure, Space exploration test.

Figure 1 Action trajectory diagram of each group of mice in Morris test

2 FA/NRERE

Figure 2 Tongue images of mice in each group

K3 HHNBREMFEE AMNEEEE A (ks , mpa/s,n=5)

Table 3 Comparison of whole blood viscosity and plasma viscosity of mice in each group

A1
) VKoK AL B iscosi )
21 51 Full blood viscosity IM3¢ B R
Ice and water — ..
Groups etz =5 1(200/5) 1 (50/5) Y1 (1/s) Plasma viscosity
High-cutting viscosity Middle-cutting viscosity Low-cutting viscosity
Y=ot
=X FXT AL - 5.88+0. 10 8.22+0. 08 15. 74+0. 33 1. 78+0. 06
Control group
AD-$IR AR T Y
ket - 5.97+0. 04 8.24+0. 14 16. 06+0. 13 1.95+0. 05
AD-Model group
AD-JRIUEY
LA - 6.07+0. 06 8.30+0. 34 17.55+0. 32 2.05+0.07
AD-Ps group
AD-JRIEZH y
o + 6.41+0.12* 2 9.32+0.29* » 22.78+0.47" 2 3.52+0.37 " 44
AD-Bss group
AD-BRIR L5 .
IR + 6.84x0.59" © 9.23£0.55" # 23.67+0.51™ 4% 3.66+0.04™ 44

AD-Pbs group
s+ BT UROKIR AL B —  RHEAT UK AL PR, A2/ RS 28 3 B4 HE 8, *P<0. 05, ™ P<0. 01; 55 AD-BERAR I 40 He %5, 2 P<0. 05,22 P
<0.01,

Note. +, Ice and water mixture treatment. — , No Ice and water mixture treatment. Compared with the control group, *P<0.05, **P<0.01. Compared of
with the AD-Model group, ©P<0.05, #2P<0.01.
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2.4 IMAEHMLIGER

5 Control ZH/)NERAH EL, AD-Model 55 AD-Bss 41
NI AR FE #5252 7 LG 122 E X (P>0.05) , AD-
Ps 411 AD-Pbs Z1 /)N B4 45 350 IfiL I 45 A 44 BH & 7
L, S HA G RE L (P<0.01)

5 AD-Model 41/NERAH L, AD-Bss 41/ LB AR TE
MAEFE b LA T HH 2 S AR A G2 3 L
(P>0.05), AD-Ps ZHF1 AD-Pbs ZH/]NEUAY 45 THIAL NG TS
PRI, 22 R EA SRS E L (P<0.01) .

X} AD-Ps ZHF1 AD-Phs ZH#E4T LSD 4341, Wi
ZIEMZESFABA G FE X (P>0.05) , X
PR R R T AT LA B AR /N B I AR F8 B , RE S
BT ML 8 g BER A . 4% AL/ BRI B 48 A
LWL 4,

2.5 Western blot SLIf 258

5§ Control ZH#H [, APP/PS1 X% K X Y 4% 4H
/N B RAEFEBR TNF-o IL-18 F1 AD %5
PR AR T-Tau 378 W FH &, Ho 22 R H e it 2#
B (P<0.05) , 3% 156 B % L RN S 21 2 kA=
TRAE N, FEP2E T AD BERFE R4, 5 AD-
Model 41 k., AD-Bss 2 Fil AD-Ps 41 7 4% 4iE 45 b5 Fl
AD SRR AR FE AR b BRI AT DO (R L 22 AN L
HET2EE X (P>0.05) ;11 AD-Pbs 41 H1 () 4 AE 48
PRAT AD FE R R AR B B TR R BHA ST
SR L (P<0.05) o XU [R] AP AREHDL 958 L 8 g
AR B /INEL AD o5 A8 B B 0 Ry e i b 28 R E
M RAT IR . &4/ B S XN FEE T WB H
VK SRAHT B AR K BEAE SR 1T LI 3,

3 itig

AD J&— Pl & RGN, L2 DGR | iR |
AETERE 0SS S O R EIRIR R, BT, H AL
il W AN, 32 TS AR S E S | Tau & A3
FEREMR AL AL IS5 24 T %o He s s ) R
U, BN R 55, 8 1B KR, R0 AR
P, (IR0 RTS8 T 04, fi
PHBAASTE T RCR G 227, &4 NI 55 , T 71 4
ShIM TS AN s, GRS E L JL0A
PRI, IRA T B h | B A bk, A A
KOG LAk 55, 2R T 9%, kA, R, AR
WFFE LA B 455 A YA 5, 57 AD-9 58 B 4551F
TRUFLS A s

CEEARRES - FRBR) I I 32 FE D EEZS B
FEAR 0%, 51 2 o 28 B, 14T AW, F 10
JBSUE 3 SCES | T P A g AR R R R TR
JE AR S P RO X TFRIE Bl A R £
PR AT DAL 3 5 04 A0S A T ek G 0 it 9% 3 A8
SEYBULE R R FE AR A I VRORG R BE | I 3R RS AR
BE M PCAEN o AR 2 IR B AR R,
S, M B AR, R R, P
S 3E T R R SR R UK, AT AR AS LA R T
FMPIES AL Lee %7 Han % 5@ 13
ISR R KR, ol LIRS E T s /N BRI AR . 98
TESHI AR B PEA , 3 B0 3 1 K o g Al ke At
PHIETS IR R B i 0 AR LU & B AD 19 3)
Vs F R A 3 AR Y FR . R L4

T4 FH/NDNRIME TC . TG HDL-C .LDL-C /K 4 (x+s,mmol/L,n=5)
Table 4 Comparison of serum levels of TC, TG, HDL-C and LDL-C in various groups of mice

25 X /ESil I o e Hh =g FEEREA R IR H
Groups Feed types TC TG HDL-C LDL-C
25 1 % R L LS A
- XA - m ik 2.22+0.27 1.47+0. 19 1.75+0. 45 0. 18=0. 05
Control group General feed
AD-BE IR 3 e
2.14x0. 1 1. 410. 1.72+0.2 . 18=0. 04
AD-Model group General feed *0.13 +0.56 720.25 0. 1820.0
AD-JRIE 4 [l R :
AD-Pfgmup H'ig’fijid 8.37£1.75™ 44 4.72+0. 58" A4 0.95+0. 07" 24 1.95£0. 07 * 44
ADSIE v
D B’%Eﬂ C':'ﬁllﬂfﬂd 2.52+1.06 1.78+0.99 1.86=0. 12 0.21+0.08
-DSs gI’Ollp seneral 1ee
AD-BEH 254 T _
AD_’;fz gm:pﬁ H‘i_g’ff‘}j;id 9.75+1.37* 44 5.81+1.05™ &4 0.68+0.17™ 44 1. 020, 18 ™ 24

T A A/NRAS 25 O R4 LB, P<0. 01545 AD-BORAEII41 4 gk, 22 P<0. 01,
Note. Compared with the control group, **P<0.01. Compared of with the AD-Model group, % P<0.01.
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TE A A/ T XA 2 ) Western blot HL UK 454 8 B« 4 41/ N B T DXAS [ B ARG R BE(BLGE 1T . 2% 41/ BLS 25 ) B A

HAL, *P<0.05, **P<0.01;5 AD-BARHERIZ L # , 2 P<0. 05,

B3 #£41/NE TNF-o IL-1B | T-Tau & H FEKF

Note. A, Western blot electrophoresis band of different proteins in the hippocampal region of each group of mice. B, Relative grayscale values of

different proteins in the hippocampal region of each group of mice. Compared with the control group, “P<0.05, "P<0.01. Compared of with

the AD-Model group, © P<0. 05.

Figure 3 Comparison of TNF-a, IL-1 and T-Tau protein expression levels in various groups of mice

g AD [ F B AR, AR A 5 32 58 1 vk oK Ve N =
NEIRE T 150 APP/PST BUE JE P/ R i3 AD-#%
PR E LIRS, i WA/ B R AL | IR
TR AR I AR A PE AN 3 B O, 38 5 K
BESLE L) K Western blot SEESTEHMT AD-¥R 5% H 25 F
NG IER /N 2E5

AWML R R, 5 Control ZLAH HLE, AD 45
/)N LA Y UK G R TE B 8 22 S, AR &AL/ B
HIIEBhRE S TC22 5, 15 AD £ 20 /)N BRI K B 6 A A
FFERRB B B 2 T 6 OB B
W] APP/PST RUEEE /N B 22 2T iEAZRE 7 W
BT €57 /NEL . AD 4 2H /N LAY TNF-o IL-1B .
T-Tau B 17 &8 B i & T Control 41, 32 HH AD £
/N S N Z A T RAE RO, I 74 T AD
PR H AR LT PR AR R SE 86 T AD 4541/ R
BRI BT JR 2 1 B B I R 3R 8L, o) AD-
Phs ZHAI45 bR U2 S B 2, AD g 28 15 JE
Iy,

ARZ VORI KRR IR T AD-Model 41
5 Control ZH7F 75 €0 MLV A2 2% S i g 77 (i TG B i
220 R T BUZ AT, /N BUTC 57 7 IR R
W, THZJE, 5 AD-Model 4HAH L35, AD-Bss 4 .
AD-Ps £ }¢ AD-Pbs 21 /I U7 (0,22 ffi 195 £1., AD-Bss

15 AD-Pbs 414 1M 52 AL 3K 35 B2 35 FF v, AD-Ps
245 AD-Pbs AL ILARHI i, Horfr AD-Phs HAVH
(TR NG, T HL 4 00 6 B | i 26 3 | am g 34 B
Fhin, SC R H B Z koK s B/ R, R &I
“RCUERRS BRI, R @R IR E /N, RS
TR 9 IE AR B R, A () I 422 32 vKOK I B g
BRKEE 10 /IN BRA B B 8958 B85 1y s B R B, 1
FLGEREARA B LY Rk, B < 5 7 e
AR N

ARG AT S LR IR iR Sl () 3
fill b, 456 AD S PURAILEE 5., 57 AD-J 958 B 451
SRR 5 APP/PS1 XU KR /N UM oA,
AR G 2 v BE BRI VA B AR R R A 6
rf 2h R AIE A SR A O o W ) s AR | LAYk
FNFUEXS I, AT i 28 o] 5 R0, BEARE 58— 1k
AR, HOE 2 I 5 I R 3R — 2, WA il
FEE—RE BN, IS AR ) S/ E e R A 4, 1
FREBISE ) W LA AT, AD-BE B 451F 2h i 45
RUR] AR TSR L AT SE R S i

SE Lk
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/INEER 13,5 RIEHF 4155 HepG2 4 e 4L A9
Y& R HIL

Yl L ERR L RN, E m,FRAeT RE T

(LITILERI KRR T P ELE G248 AR E 050017 ;2. L E R R E S8 sh 23 , A % FE 050017
3G E2EEL R, WL TREG 054000)

[HZE] B8 HO/NEEE 1305 IR0 A8 1 B-Catenin 55 A0 40 il ik HepG2 40/
SHEREAEFANLE, ik R soORk M IF A bR IC 4 F - B H (ALB) B4 4, LSS 2 /NS 13,5 RIRIF
4, /NERERE 13,5 RIRATFATMES HepG2 iU kkAL 1% 3% 24 h 48 h 5, Rl qRT-PCR J5 #4611 HepG2 40 #k o AT
FEPR L - IR H (AFP) SN E: 1 - AN A% B F 4o ( HNF-4o) FISE R AN AR 18 4 F - 41 i 2
2 P450 FIGERL 1B1( CYPIBI) M Z.FE A 1C(ADHIC) ) mRNA ik, 1555 48 h )5, WLEE HepG2 4 iUtk TE

A4k, K Western blot A6 AFP \HNF-4a Fil B-Catenin AYEE & &, SRR G I B-Catenin 25 H 7 41 i 7Y
434, W B-Catenin FIHIFIAHLS , AR HepG2 ANMIMIE A I HAM AFP SR HFA, R FUREI R4
ALB 2GR RBIME, S5 HRAIA L, FLER 75 HepG2 4HAKE 1, AFP X mRNA Fik @ 7E 24 h Fl 48 h ¥ g &%
&, HNF-4a .CYP1BI Fl ADHIC FIFHXT mRNA Fikim7E 24 h f148 h MR ETH S, SXTHRAEAM L, LR 48 h )5,
HepG2 M bk A= 1 B S 40, 4000 A58 T 15 % I A LA 753 08, AFP Rl HNF-4o AR X A5, S5 d4
AL, FER5 5% 48 h /5, B-Catenin R & B W BEAIC, M) HepG2 AIEME S B-Catenin 78GR RIHES . SXT A
AHEL , B-Catenin 1157 4b E T BA & 2048 HepG2 AUMIMRIE S, 51 ILREFR 4 HepG2 AUARIE A HRIZLHARAL, 3%
i AFP MR RS, &I /DRSS 1305 RIRHFAIAE A] §E = 2@ i M) B-Catenin, 175 F HepG2 UMMM K

[ 1) HepG2 ; U434k ; AT 4R ; B-Catenin ; HNF-4a

[FES>ZES] R-33 [ XEkFRIZAE] A [XZEHS] 1671-7856 (2022) 04-0047-07

The effect and mechanism of differentiation of HepG?2 cells induced by mouse
embryonic hepatocytes at day 13. 5 of gestation

XIAO Zhigang' , ZHENG Li'*, WANG Ziying', LIU Kun', WANG Yu®, QI Jinsheng'* , LI Yanning’
(1. College of Integrated Chinese and Western Medicine of Hebei Medical University, Shijiazhuang 050017, China.
2. Hebei Key Lab of Laboratory Animal Science of Hebei Medical University, Shijiazhuang 050017.
3. Xingtai Medical College, Xingtai 054000)

[ Abstract]  Objective To explore the differentiation of HepG2 cells induced by mouse embryonic hepatocytes at
day 13.5 of gestation through the inhibition of B-Catenin. Methods The distribution of hepatocyte marker molecule-
albumin (ALB) was detected by immunofluorescence to identify the hepatocytes of mouse embryo on day 13.5. After
HepG2 cells were co-cultured with embryonic hepatocytes at day 13.5 of gestation for 24 h and 48 h, the mRNA

[E£THE Tt A ARE 54 (H2020206328 , H2020206386 ) ; i & HiBH R F 2555 H (2018ZC133)
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[EfE1ES 157HE (1960—) 5, #cd i A S0 R 1)« o 5 24 7 3 0536 5 I yd AT B 10 40— WL B 9

E-mail ; gijinsheng777@ 163.com
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expressions of AFP ( biomarker of hepatocellular carcinoma) , HNF-4a ( controller of hepatocyte differentiation) , CYPIBI
(biomarker of mature hepatocytes) and ADHIC ( another biomarker of mature hepatocytes) were measured by reverse
transcriptional quantitative polymerase chain reaction ( RT-qPCR). After HepG2 cells were co-cultured with day 13.5 of
gestation embryonic hepatocytes for 48 h, the morphology was observed; AFP, HNF-4a and B-catenin expressions were
measured by Western blot and -Catenin distribution was determined by immunofluorescence. Following treatment with the
B-catenin inhibitor, morphology was observed and AFP content was measured. Results Most cells were ALB-positive. The
relative mRNA expression of AFP decreased significantly after 24 h and 48 h co-culture, and HNF-4a, CYPIBI and ADHIC
increased significantly at 24 h and 48 h co-culture compared with the levels in the controls. The proliferation of HepG2 cells
was suppressed and cell morphology tended to be hexagonal like normal hepatocytes; AFP protein content decreased and
HNF-4a protein content increased after co-culture with embryonic hepatocytes at day 13.5 of gestation for 48 h. Compared
with the levels in the control, B-Catenin protein content decreased in the co-culture group and B-catenin was markedly
attenuated in the co-cultured HepG2 cells in immunofluorescence result. Compared with the effects in the control group, -

catenin inhibitor treatment caused notable morphological changes of HepG2 cells and induced more dramatic morphological

changes of HepG2 cells; furthermore, it reduced AFP protein content. Conclusions

HepG2 cells may be induced to undergo

differentiation by embryonic hepatocytes at day 13.5 of gestation mainly through the suppression of (-catenin.

[ Keywords)

GV 3 iprss= C N IDATIE IR e e 4= )itk
TSI NS 3k DAL o S e 5 ) 2
M (hepatocellular carcinoma, HCC) 24 5 90% , & J5t
SR TR WL 2SR B B HCC 1RYT
BLATARUIGRA E, VIR AR S S R e 55, P E R
TIRNAEARR BT OB TG T4
FURE AR AT AR 2 R R R 9] . AT 3 kA Ak fes
HEIRAE  SEHA B IR A A A Eile, B
JiEg i A A2 BT A Bemi e RIS A A T4 Bk
SRR TG & B i FEEL & T A ZH 2L AN i
MR KRR B, HARIRIZH SRR A B B B VL BCAY IR

e et RN S DA G e R E A S ST LR ey
FAR RS ORI S PR A SZ R R BRI A 78
IBSTE S T AL AT IO IR/ RS 13.5 K
JVRIFAE B T 75 3 HepG2 40 B 234k, (ELBIL I v A B
B B B EEAR ST Y Wint/ B-Catenin {5 53 145
RE SHCEEEVIADE, 2 i HCC 4k iy %
R I, /N 13,5 KB 2 75 a1
i B-Catenin, 53 HepG2 IRk 5L, I ANTERE, 4
SCLI/INERER 13.5 RIRHFANIES HepG2 diIkRIASNME
WSRO AL BE9E T /N ERUER 13.5 KR JH- 40 A i 4% B-
Catenin , 7753 HepG2 ARk LHLE], 9 HCC iH77 4R
HEBT BRI

1 #Rfn7x

1.1 SEIH#
1.1.1 SEEEhY
T RAERE KM /N, MR 30 H R 90 H,

HepG2; cell differentiation; embryonic hepatocytes; B-Catenin; HNF-4o

A 25~30 g,6~8 JAlIE, A BERF K7 SE 50 30
TR SCXK (#E)2018-004 |, fRlFR &R . A
AR FOK TR 29 25°C 18 2 50%,12 h
W12 h PRI 76T b B R K 2 5250 2 ) v 1) 57
B[ SYXK (L) 2018008 ], 204 5 5 28 th 52 55 5y
WIS PR B 23 v (2018 -0042) , S5 ik B o =A%
REOG SIS A 3R JE, 45T N3 3 TR,
1.1.2 4

NIHFFEANHE HepG2, W4 H B BL 4 BE L A 1y
BE2EBE T BEAN ML (TCHu 72) .
1.2 FEKH S

620 T A A6 44 A R (5845, FS101) 5
Gibco ) DMEM 5 3¢ % (4% 5. C11885500BT) 4 4
Life Technology N s Millicell MR IR /NE (RS,
PICMORG350) ¥ [ 5% [ Millipore %] ; B-Catenin /i
F] XAV-939 Iy H Selleck (5% 5: S1180); H & H
(ALB, 58 %5 s¢-271605) . H B3 25 ( AFP, 525 . sc-
8399) HFAHMIR% AT 4o ( HNF-4ou, 525 1 sc-374229) |
B-Catenin PLIK (58 5 sc-7963) | B-actin ( H7 5 ; sc-
8432) 1 4 34 E Santa Cruz 23 ) ; TRITC A7ic —Hi (1%
5. BA1089 ) g H T + 18 /> wl; DAPI (2-( 4-
Amidinophenyl ) -6-indolecarbamidine dihydrochloride ,
25 . D9542-1MG) I 1 SIGMA /A 7] ; TRIzol 385 ( 5%
5 :15596-026) 4 H 3 [E Invitrogen 23 ] 3 S % SR
& (55 :K1622) W H Thermo Fisher Scientific 23 ] ;
qPCR X5 £ (SYBR® Premix Ex Tag™ I , %25
RR820A) W9 [ H 4 TaKaRa 2\ #; PCR 5|9 I i3
PR A TR H R IR %5 A R A 6l A B 0.45 um
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PVDF I ( 585 IPVH00010) It [ 3% [F Merk miliplore
AT, ARG FRAE (S E NEW BRUNSWICK 23
A, 85 Galaxy 170R) ; A5 f0B% (72 Leica 24
H G, RSS9 ) I E K OE B M B (H A
OLYMPUS 7~ ] 7= fify, B %5, 1X-51) ; PCR ¥ ( £ H
Thermo 2 T 7= , = PX2) ,iﬁﬂ‘%%fﬁ% PCR
AC(CH E A #E Gene 2\ B 7= iy, 895 . Corbett Rotor-
Gene 3000) ; Odyssey S LT AR5 M AR R G (H
Tk Gene 23 Al P2, 145.9120)
1.3 JLBH*E
1.3.1 /NEUE 13,5 RIRAF40 5358 4lifk

KRR ik, H 6~8 I KM /L, M
BUHER =3 0 1 &%, kB BB B ER 0.5
d, B 13.5 d 225 I #E, TR 00 T G IR
SYE/NEE, R IV B R B L, SRS R
JH 25 4 0 B v i A0 VR T 200 J, o B RS 5%, B T
S MR SR 0
1.3.2 /MR 13.5 RIRF40E 5 HepG2 4f Jifl #%
OEESED IS

¥ HepG2 A kR & T 37°C 5% CO, 4ifiEk5 37
FAhREFR, BEIRWOh MM IR, & 1% AE L TR
FFEIR , 10% B934 4 103 . A “ Transwell ” /N2
/N 13,5 R4 5 HepG2 41 i bk 13k
PR R 1 L A0 (4= T 1x10°
)BT S LA Transwell " /NE B R IR |, 2
mL HepG2(HFZ T 5x10* 4N) ¥ 3% T, 7
37°C 5% CO, diMudsE A h s aE, 4% i 2t
KSR 1595 24 48 h SR IAR X F8H5
1.3.3  B-Catenin 7 7) Zb 3 K 732

AN /NER 13,5 RIRIFAIME S HepG2 itk
FyIL B AR IS | 45T B-Catenin #1757 XAV-939
AT ARt BRZH XAV-939 £ (1 wmol/L) (k3
+XAV-939 4 (1 pmol/L) Ft3GFR4H MM 48 h /5,
A2 0 R L% HepG2 40 Ji #k JE 25, [H) BF A6 10
AFP . B-Catenin [ & &,
1.3.4  REEFICHEKN ALB 195370

AR R 41, 4% 22 58 P I [ 22 )5, 1% 1Y)
TritonX-100 % & N AL FE 30 min, 10% L1 2 1ML 37°C
H 1 h, FEBREPAT, A AFP HUiK(1:50) ,4°C
WFE 1R, A FITC FRic — B (1:50) , 8% 37°C 1%
B 1 h, IR A DAPL, = RAEM 15
min, i I S B0 3 0803 7ol (50% HH) |, 75
PR B R e DG ENE BB TS H, ALB 1Y

e et M g h A, R Image Pro
Plus 6. 0 JRAK A5k 3 Al AL EF rh G098 20 O FH
4t

1.3.5 qRT-PCR kil mRNA 7K

AR LG 5% 24 h 48 h ) HepG2 Ak , 2R H
TRIzol JEHEHL RNA I RNA WREE e R &
HAT R Sk PCR ]V, PCR R 551 :95°C 30
$,95°C 5 5,60°C 20 s,72°C 20 s,%5 2 &% 3 ik
1740 NMEIA, L B-actin NS 2R 271 BAH
KFER A mRNA FUAHRT R AR, SIHLE 1,
1.3.6 Western blot ¥ill85 &=

g 5% J B-Catenin | FI 403 48 h )5, 4R
HepG2 iRk, H RIPA S04 7 24, i L7 =
) EP 4, RIS A B8 (IR IR, 3 ARG
HEE T, BUE A AL 150 pg 28 SDS-PAGE H
WK B S R 1 5E 2 PVDF B b, 5% BN 25 7 3t ]
Ja ,—PiEH (5% 405 1 2 200 Fi k) ,4°C i, — 3t
(5%4-15 1 = 2000 Fi ke ) EIRIFE 2 h, R Odyssey
XUALLAM ¢ AR R Ge e iR, 4 A B R
%[ UVP A7 LabWorks 4. 5 BP0 585 04T o &
G3HT, TR E B4 K BEAE
1.3.7  HIEDSCEAD B-Catenin (15317

JrkA] 1,32, HeRE 57 48 h (19 HepG2 4 Bk,
i F B-Catenin Fi 44 (1.50) F1 TRITC Fric i i,
Kl B-Catenin & #5341, B-Catenin H 4 A R 21
o A A Gt R s €A
1.4 SitEAH*

K SPSS 21. 0 B i 17 Ge it 2% 0 #r, i 4%
ZERR A BB bR 2 (xxs) . WAL Z TR
ST REAS ¢ K30 0 B, 2 4 2 8] o B e i A7 7 22
FEPER S, 4118 L8R ] One-Way-ANOVA % | i
— L LR, K LSD-t K 36, P<0. 05 N A 48
TR,

%1 Real-time PCR 3191/%%
Table 1 Primers for Real-time PCR

B AR JFFI(5°-3") PR
Gene name Sequence Product length
F:AGAGGAGATGTGCTGGATTG
AFP 327 bp

R:CTCCTGGTATCCTTTAGCAACT
F:GATGACAATGAGTATGCCTACCT
HNF-4a 132 bp
R:GTCGTTGATGTAGTCCTCCAA
F:TCTGTCTTGGGCTACCACATTCC
R:TGGGTTGGCCCTGAAATCG
F:CTCCATCCTGGCCTCGCTGT
R:GCTGTCACCTTCACCGTTCC

CYPIBI 270 bp

B-actin 268 bp
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2 #R

2.1 /MR 13.5 REEFHEEHEE

B A2 1 43 125 15 37 5, FH S 08 2 vk A DU
JFA0 bR ic 4> F ALB B H B 2 i, &5 R R,
91. 84%M) ALB e YL M, WKL 1,
2.2 qRT-PCR #ill#H X E F K mRNA RikKFE

xR AH G, 15 5% HepG2 40k AFP A
XF mRNA FiKE7E 24 h 148 h ¥ B EREIK (P<
0.05,P<0.01) , HNF-4a #H%f mRNA Fik&E7E 24 h
148 h #5 F FF 5 (P<0.05,P<0.01), CYP1BI
mRNA HJFIXTFIAETE 24 h T B2 F 48 h W%
T (P<0.01) ,ADH1C mRNA % K35 B TE 24
h TG B 225,48 h BT (P<0.01) , WAl 2,
2.3 BHETMRMAMEESE

X HEZH HepG2 A bR AL K HE B % 8K, TEA

BEZMICERIE, K &S, M2 IR RA
M, S5/NEUEE 13,5 KR40 i 3L 85 3% 48 h )5,
HepG2 21 Mo bk £ K 32 203 WA, BB 2 h oK il
o H230 R A A M, R IRE 5 BE T B, A A%
Z Rz, WK 3,
2.4  Western blot £ # il AFP, HNF-4a, B-
Catenin WEHESE

/NS 13,5 KARAF M LR 3% 48 h ), 2
BURE 1, Western blot ¥ # ] HepG2 41 AL #% 7,
AFP HNF-4a . B-Catenin M &3, 115 Western
blot 257 K EEAEIFGeTt, K30 5 X FEZHAH B, AFP 25
FI & s 7EHL R R (P<0. 05) i 2 P, HNF-4a 25
FI & ARG IR A 0 2 T (P<0. 05) o[RS, 5%
HEZH A LY | B-Catenin 25 (& i fEIL S 74 W 2% T R%
(P<0.05) ,WLIKl 4,

T a7 ;b ALB 589%;¢: DAPT 585 ;d: ALB il DAPT 56& A,
1 /NERES 13,5 KARIF A0 %2
Note. a, Bright field. b, ALB fluorescence. ¢, DAPI fluorescence. d, ALB and DAPI fluorescence merge.

Figure 1

2.5 BERAEKN B-Catenin BI5 70

/NERES 13,5 R MR 57 48 h J5, e
PED KM HepG2 21 gk ' B-Catenin AY 5317 .
SEELE] WL %R ZH HepG2 40 i Ak 14 58 IE B, B-
Catenin FY72¢YGYL (0B 5, $2 78 Hom & o AH EE T X
MAZH | I35 57 4 HepG2 4 S P £ 5 W o o /b, B-
Catenin 2GR W EW ST, 4R EUE T, 5/R
85 13.5 KM S 55 3% )5, HepG2 4 M #k f B-
Catenin B &m0, WA 5,
2.6 #HP#l B-Catenin 5| & HepG2 MK ST

EjXT R4 HepG2 A IR AH LL. , B-Catenin #1J11fi]551]
XAV-939 4hbFR 5, 40 i A K 32 B30 6], M 2K 5
TR, AR SRR, T AT, AR T A
24, B-Catenin #IH]F] XAV-939 4bH 5 | A4
AL SR L A, DL 6,
2.7 #P% B-Catenin J5/> AFP WEHES =

X B R 315 37 HepG2 4l ik , B-Catenin $141 55
XAV-939 4bFH 48 h J5, Western blot {451 AFP Al

Identification of 13. 5 day mouse embryo hepatocytes

B-Catenin FEH & &, SXTIRAM L, AFP FHH &
Tl B-Catenin 25 4 & 1E XAV-939 £H i ZFEAK (P
<0.01) ;A HALE R4 AH L, AFP 25 (13 HEF B-
Catenin & |17 % 75 2L 15 75 + XAV-939 41 4 2 A%
(P<0.01), W& 7,

E xR LR, *P<0. 05, *P<0. 01,
B2 HEIREHICHEN mRNA KIAKF-
Note. Compared with the control group, * P<0. 05, ™ P<0.01.
Figure 2 mRNA expression levels of related

genes after co-culture
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TE a: XTI b SEIE SR,
B3 IR AL SR AL HepG2 41 M YL 25
Note. a, Control group. b, Co-culture group.

Figure 3 Morphology of HepG2 cells in the control group and co-culture group

T S X R AL, *P<0. 05,
B 4 JL55E HepG2 4HAEHEH AFP HNF-4o A1 B-Catenin 425 H Fik
Note. Compared with the control group, *P<0.05.

Figure 4 Protein expression levels of AFP HNF-4 and B-Catenin in co-culture group

e ca X IBZH IR ;b X IRZH B-Catenin 956 ; ¢ XFHBA] DAPIL %5 ; d: XF IR 4H B-Catenin Al DAPI %¢
SN ;e FIEFRA I ; . L3R4 B-Catenin P95 ; g TLREFR 4] DAPI 9656, h, 2L 1 541 B-
Catenin Fl DAPI 7&6EhN1A ,

B 5 HepG2 Rk B-Catenin B 434
Note. a, Bright field in the control group. b, B-Catenin fluorescence in the control group. ¢, DAPI
fluorescence in the control group. d, B-Catenin and DAPI fluorescence merge in the control group. e, Bright
field in the co-culture group. f, B-Catenin fluorescence in the co-culture group. g, DAPI fluorescence in the
co-culture group. h, B-Catenin and DAPI fluorescence merge in the co-culture group.

Figure 5 Distribution of B-Catenin in HepG2 cells
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e ra: XWTHBZH ;b XAV-939 4 ;e FLBEFRA ; d . 2LHE R+ XAV-939 41,
B 6 #il B-Catenin 5| HepG2 4HMEIHEHIIE 7251k

Note. a, Control group. b, XAV-939 group. ¢, Co-culture group. d, Co-culture+XAV-939 group.

Figure 6 Morphology of HepG2 cells induced by inhibition 3-Catenin

T SR AR SR A A, P<0. 01,

B 7 i B-Catenin Ji/> AFP B H & &

Note. Compared with the control group and the co-culture group, **P<0.01.

Figure 7 Reduced AFP protein content induced by inhibition -Catenin

3 g

HRT, £ X R M 4 B i 36 T7 SR IS, ARk
RGN R B 0, B2 e A M 5 ) 7 EAE
. HL, AT A BB, RIRROAEE 25
ifr e 20 B A Ak G R SR AT R AT R0 SR,
FEAJEITA B IR G175 5 b s 20 Bt 43 Ak B9 52 56 41 i
B O R AT A LR T L AR B35 AL

FR A i 953 40 B AR G T 40 e 2 18] 9 A 0L
PEDTR SRER A R AR R R TR A S i B
W AR HCC 403k IR Ia PR B
s R Y i O S RN ol I V- A 1 P 777
o HE R T T, FRATHT B A SE IR ST, R
A B 1) X IR 8N BROVE 40 B AT 5 HepG2 4f
127 AN

BT /IR A R FE ARG 2 B 5 12~ 15 R

SRR BRATTH/INERUER 13,5~ 14,5 KR40
ff1 5 HepG2 A REILRE 7, BRI HepG2 4l itk
B AR AR 0 HNF-do 76 2% 5 ORI 40
HUTHRETE 1, & 5 36 AS AT w11 G S 1 D, Ao
Tt A0 oA 0 S R R 110

ARSI R D G A /N RS 13,5 RIEAF
AR FAILFRIC 4 7 ALB R 1365k, 45 1 Bon s
KA ALB 263 B DA /NRER 13,5
FNRF 40 M BG40 B 455 5%, HepG2 41 Bk 5 /1 B
55 13.5 RIRAFA0 3L 35 )5 , I bR 0 5> F AFP
AXF mRNA 263K 5 FEAIK, 1 40 Jf 43 4 o 42 R 7
HNF-4o, AT 20 M bR 12 53 F CYP1B1 ADH1C &
PN mRNA ik T, I H5/hEL 13.5 Rk
T4 b 75 7T 75 5 HepG2 4H kK A TE 25 #4 T 1F
W HFAIHEAE . Western blot 455 278 HepG2 4 Mg bk
i AFP HNF-4o 8 [ 7F 235 557 J5 3R 8 A2 46 5 A0 X
mRNA FbZE A —8, X EW,/NREE 13.5 KR
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FFAm 3L B 2T 3] HepG2 AU MR AFP R35, I
P HNF-4o 3% 3k, 75 5 HepG2 4f M #k 4 1k, 1M
HNF-4o iR 45 AR 22 18020 40 1 45 S il 1 6 3k, 4
CYPIBI F1 ADHIC %5, ARSZE W UESL, 5/
13. 5 RMCHT- 40 g 4 15 %, a7 3l HepG2 4 g #k
CYPIBI MIADHIC W53k, SR, /N 13,5 KR
JIF 20 R id 2t A T A5 i, 15T HepG2 20 AR 7
TR ?

L1 Wnt/B-Catenin {5 538 # & — 1> 151 BE PR SF
1, R IR IG % 6 L 20 M 3 B8 RN 534k 1 BB 25 5l
HeUT AR 4k i B R, Wnt/ B-Catenin {5 538
PR DGR AE AR T, N ZE AL B B O S 3
HCC % A % B8 Western blot Fl 4358 9¢ Yt 45
R RR 5/ 13,5 KRR FR)5  HepG2 2 Ml
PR B-Catenin 2 1% & T R, X ULHH 5/ R
13.5 RIESFA0 S 5 F5 ] 2540 HepG2 20 itk
i B-Catenin 75 =340, fILA B-Catenin 11 il 1]
J& , HepG2 21 Rk 13 30 B 2 i 2 528 4k, 4 i T
T, K H Western blot J7 6Kl & H & 15 , & LA
il B-Catenin ] J8 /> HepG2 20 ffd ik LA Iz L85 557 11
HepG2 40 M bk f AFP 2 & &, XUl Bl B-
Catenin 1] 5[ X B4 S M85 57 20 HepG2 4 g Bk HH
BRPIESAAL, WD AFP FEH &, (HIE, Wi B-
Catenin JFARESE 2B/ NS 13,5 RIR 40 i 3
BEFRRROR . B2 XU, /NEUES 13,5 KR4
M SR AR AT e 2 32 2E i ] Wnt/B-Catenin {57
S I RS HepG2 20 IO RR 3L T

SR, /NERER 13,5 K240 i 30 30 o TR {5
I, M EAEAN ] B-Catenin, 15 S HepG2 20 A A% 43
i, T i — 2 TR AR, AN, MG R E
FRIETE R Z R IR A7 B BB R L, iR
0175 T S IR T Z M N AE AR R AL
T ARWHRHE R

M AR NS 13,5 KR4 i 2k
K5 3% 0] AE T E 3@ L M| B-Catenin, 155 HepG2 4l fif
BRI

S 3k
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MR RE A T 1) HNRNPK T 98 X0 198 40 i HepG2 3 5H
N i ) 5 T

EBE KA, HEAAER KER AEA.E K

(Hh B B 2B e B o S S S T S BT, 1R 58 N s sl R e e | [ 2 T AR A R 2 B 2 A s LU
PRop H S, LRt A E B S sh R TR EOR 5T bt bRt 100021)

[WE)] B WEERHENS HNRNPK T AT HepG2 40 iFa %51k , BFSY HNRNPK 17T Bk X 1T 9 200 B 434 5
SRR, FiE DI E Y02 0 5 UL HepG2 40 M I 075 15 BH 1 40 B 352 7542 5 38 3 04 410 B bk | 3746 )
HNRNPK #ik#4% , Hid CCK-8 &5 ATl sl S 56 0F 58 HNRNPK X 404 2 i, il ad YR S0 5
Transwell 24557 HNRNPK RN 4IMUT R N, &R NI E T 0% 3 N5 HNRNPK JLER (Y HepG2 44
ffa 2k , HNRNPK J0BR 5 M) T HepG2 40 MY IE 5 ST A2 AE 1, 4518 HNRNPK T i A8 95 76 (& 41 411 il
HepG2 43458 5314

[£4837] HNRNPK; HepG2; 40ffIiTH%; 40 EHgsH

[FESHEE] R33 [ XEHIFIBEB] A [XEHS] 1671-7856 (2022) 04-0054-06

Effect of HNRNPK downregulation mediated by lentivirus infection on
HepG?2 cell proliferation and migration

LI Mengyuan, ZHANG Wenlong, YANG Xingjiu, ZHU Ziwei, ZHANG Guoxin, WEI Yumin, GAO Ran”
(Institute of Laboratory Animal Science, Chinese Academy of Medical Science & Comparative Medical Center, Peking Union
Medical College ; National Human Diseases Animal Model Resource Center; NHC Key Laboratory of Human Disease Comparative
Medicine ; Beijing Engineering Research Center for Experimental Animal Models of Human Critical Diseases, Beijing 100021, China)

[ Abstract]  Objective To establish a HepG2 cell line with downregulated heterogeneous nuclear ribonucleoprotein
K (HNRNPK) mediated by lentivirus and study the effects of HNRNPK downregulation on cell proliferation and migration.
Methods HepG2 cells were infected with packaged lentivirus, and positive cells were selected to obtain stable transgenic
cell lines. Then detected expression efficiency of HNRNPK. The effect of HNRNPK downregulation on cell proliferation was
detected using cell counting CCK-8 and colony formation assays. The effect of HNRNPK downregulation on cell migration
was detected using the wound healing and Transwell assays. Results ~ The HepG2 cell line with downregulated HNRNPK
mediated by lentivirus infection was successfully constructed. HNRNPK-downregulation inhibited the proliferation and
migration of HepG2 liver cells. Conclusions ~HNRNPK-downregulation inhibits the proliferation and migration of HepG2
liver cells in vitro.

[ Keywords] HNRNPK; HepG2; cell migration; cell proliferation
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B ¥ — B % K (heterogeneous
nuclearribonucleoprotein K, HNRNPK ) J&— F fi£ i /£
20 L SSTRN A A v 2R AR 1 1 BE DR SF Y RNA 255
H,J& T hnRNPKs Z M 51, HNRNPK 78 A &%
R rh 1% 305 RS A P T 40 M O e 5% (R e
PRI Z AR FIT)AE ), HNRNPK BERS S 55
T A TN AL SR 2, Z2 B bR i 08 1N % e R 5
HNRNPK #1450 Y ATATF 5L 278, HNRNPK
TE N B 6 TR | 45 VR L U A 2 A
S S ARG R IR 220 5 W R AR Y
Wijs A 20 JR & P I 98 ( primary hepatic
carcinoma , PHC ) J2& {H 5 i &1 & 10 0 M b s =2 — |
TE A BRI I s P ALJE 5 5 067, R R AL
W e, B RWEZRSE LAY, OfF
WEFEIESE HNRNPK 75 AT 2 240 i A% v % 5k
I ELRE A T e 20 285 2 A 3%, 3R 58 08 i 4
i, % 5 (hepatitis B virus, HBV ) JE 4L 38 A 1]
A< M2 E HNRNPK #9335, HHT, HNPNPK
TE T8 K Az % e v 18 2 - AL A 1 R 58 4 B
ABIESE A T 2 5 ) 55 & (doxycycline, DOX)
7 AR G 58 BLE E) Al 45 % HNRNPK 3T 3K 9
HepG2 ZH M AR 5E Bk , S BIF 58 98 & 9 BL T 55 3R )7
FEARME T8 T H,

1 #Rfnrx

1.1 4R

HepG2 2l 5 A AR S50 28 R AT
1.2 FERFESMUH

TRIzol BF | Jz % 5% 50 & W B Thermo 2\ 7 ;
SYBR green %¢ .4 Bl H Toyobo 23 7] ; HNRNPK
Uik HRP R0 — 40 H Abcam 23 7 ; c-Myc , c-
Jun ZEHUIRIE 11 CST 23 W] 5 CCK-8 58] & 1 F1 7R
Mo R IR 5 5 i PCR 711 96 FLARI H Life
O] A0 B FE AR Transwell ik & 24 FLAR S5 H
Corning AN H, SERFHE G B PCR AR F
BIO RAD /A &) ; $A 08 B B85 A Zeiss Axio Imager 72
ey WA

PCR 5256 it Fl 51 ¥ th 3 i 58 55 2 =) &
HNRNPK f# siRNA J¥51 2y 5 -GAGCTTCGATCAAAA
TTGA-3" , IA SR 2 B IS i 2 35 LA Y R4 T 18
TREEER IR

1.3 ELWHE
1.3.1 FaFGtkmy

P WL A E F I EAT HepG2 40N G G4
B4 TR KA HepG2 4R I3 70 T 6 FLAR, 18
h 5, A MOL= 10 By #E, 8 h Ji B4 i (19 3% 5%
B I 72 h e I TARMREE 2 pe/mL (RIS 5
RYKLLTRGE 48 h, WERAIMCRA, HE A 1 pg/mL
RIS EE R B SR SR AE R T R R B P4
1.3.2 HNRNPK T HepG2 Al HIE AW

FEAE Y HepG2 o ik 4t M £22 b T 240 M 355 5%
¥z, Jl DOX % & HNRNPK F i, 48 h Ji M %
HNRNPK R )5 HepG2 4IIBAYTES .
1.3.3 Real time PCR ¥zilll HNRNPK (1) J# 7K F

P EERY HepG2 F2 % MR MU #2280 T 12 fLAR,
B 0.1.2,.5,10 pe/mL ¥ FF #Y DOX % &
HNRNPK T, 48 h J& ,ffi H TRIzol {50 AL fif 41 it
JER I RNA , JF 6 47 fe§% 5% . >R H] Real-time PCR
il HNRNPK mRNA FUAHXT K5 5, HNRNPK 5
GAPDH JEH B R IES LA S PCR WK RS
AP AT, @i HNRNPK mRNA 41
IR H A E DOX %S HepG2 40 i HNRNPK F
PR Bl R B
1.3.4  Western blot #;illl HNRNPK 335

FERIAE EE Y HepG2 F2 % PRAN G, 38 13 DOX 75
T HNRNPK T, 48 h J5U4E40Af, @it RIPA %4
vk L 24 R R H, A 5xloading buffer 7
W R TRE S HEAT SDS-PAGE BRI HEL VK . HLUK
L5 54 300 mA fE AL 90 min, % 5% MG W)
¥y TBST iR EHA] 1 h J5, F| HNRNPK —4i(1:
1000 k) 4CHEFE LK, W H, Hl HRP fric iy —
Pr(1:10000 i BE) EWEIFFE 1 h, BN H W
HH,
1.3.5 CCK-8 yEAail 4 i 34 5

T 96 FLHHE 3x10° A~/ FLAY 3 B H P AR ik 4
Jitg, 7] DOX 55 HNRNPK T, Y KH 1 4
K3t Bk, A CCK-8 ik 7] (1 :100 #5 B) , #2 1&
CCK-8 M50 & vl I 545 U 0D450, Fifi f5 5 24 h
Rl 1K, HE 96 h,
1.3.6 4 5 REIE 1l S oA DN 240 e 34

Fie 1x10° A/ LAY %5 KRR G bR A0 I 3P T 6
fL#, DOX %5 HNRNPK FiRJ5, 75 Wi F W
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GERORER /N, R AL R 22 B A T B b 4 i £k
T 50 W22 kS5 FH 4% 22 5 WY RE [ 7 200 i, Ve 4
MG 0.19% M 45 i S e 8 TE R 2 RIS iR s
TE B T WSS SRB ye B RO T4 IR
1.3.7  RIJR SEIRAG I 200 i 12 7%

12 2.5%10° >/ FL 1% P2 Ra e MR A0 I H b T
12 fLAR, ZHAEIGRERS T 200 wL A3k BRIk
FALPERR AT, F & DOX 5 1% i 4 i 1 1%
FRALAREE IR AN, ERIIRIS 5 48 h 1 I 4
HLTEREARAS
1.3.8 Transwell SCEGK I 41 Al iE 75

PRtk AN M B2 70 T 6 fL AR, ] DOX i &
HNRNPK R, W H , F BB 1L S 4 e, OF
T ML 15 7 k290 Uk ¥ UK 25 107K, B S
DOX HTCIILTE 45 57 2 FB Ol #6540 M B, 1 24
FLAR(FE) PIA 500 L & 20% G 4 135 1 56 42
Kigi 3k  7F Transwell /NE ( EE) FliNA & A DOX
A4 150 L M E W . B Transwell /NEF A 24 FL
M, 4h2eis S5 5% 24 h, BRZS Transwell /NZE H )
HrR gL, PBS VRS 0 W B T & R E A,
PBS YEZZARMPEESS 1 0. 1% W25 i S g (4, e
J5H ddH,0 YRR ZRMEE S T HIMRZE/NOERE
Transwell /N2 N Z A A0, 48 T JE e I [ & T+
B, R PER R B, B TS 7R A R AR
IFHEIERS A M B
1.3.9  Western blot £ il AH 5G4 51

KM AE TR E] 1.3.4, 813 Western blot J7 72 46 ]
B-Catenin, c-Myc ., c-Jun, MMP7 , CCND1 . Cyclin-D1
SR,
1.4 HHEFHE

i1 GraphPad Prism V.5.0 BRA4X] 552 56 55 4 7F
Frgeite g o b Koo K5, Bl LI B B bRl 22 (&
+s ), Ll P<0.05 HESRAGITHE X,

2 R

2.1 HNRNPK BRI HepG2 AT

ST RN 1 R, DOX 5 S HNRNPK F
PG, HepG2 20 i e LA TG B AR fk , 5 55 %) B
WREELH LA, 40 % RS G A [m], n] BB A2 1Y A BE
ZFgg ), Bk 2 g it — 2 S8 AT

2.2 HepG2 %5+ HNRNPK HIRiZBE T

S SRR ANE 2A iR, DOX 5F )5 HepG2 Fa
Hpkrh HNRNPK mRNA W35 T, 76 DOX MU E
95,10 pg/mL BF  HNRNPK ¥J#E F 825 60% , H
HZEELEFEZES, B/R S pg/ml & DOX i T
HNRNPK T ) feidi W B2, i — 2D & il HNRNPK
FEAKF L, nE 2B & 2C FrR, TR E
5,10 weg/mL B9 DOX 75540 i, HNRNPK 235 [F]
FER
2.3 HNRNPK TE#l#l T HepG2 LA ATIEIE

SEEAS AN 3 B, Kl HepG2 240 Jfd i) 344 5
e, &80T 24 00T, 5% B4 %%, HNRNPK T
1) HepG2 2 L34 5 fi 0 B b 9k 555 , I L 2R v P 2 o
W @/, 26 5] HNRNPK K8 @ Z 3 H T HepG2
Z R AR B
2.4 HNRNPK TiA#I% T HepG2 HAHITER

SE AR A 4 FroR, M RIE LS

Transwell S5 HepG2 AT RE S, 25811
208, HNRNPK R (1 HepG2 2 Jifd (1)1 #% i 25 1
SN, I H2F Ik L G RS % 4 B A5 A e b, R
] HNRNPK T 5 0] T HepG2 4L EF2
2.5 HNRNPK Tt HepG2 AL sE 5T %18
KHE S @RI S

SEER AR ANE 5 BT R, A IS 2 R 240 P v 3
HiFRAH IR 5 38 B 1Y & 1R ik, HNRNPK T
8 J5, HepG2 40 Ml H' iy Cyclin-D1, CCNDI, B-
Catenin .c-Myc ,c-Jun MMP7 2585 FH F R IR,

BEl1 HNRNPK FiiY HepG2 AHMIEAS
Figure 1 Cellular morphology of HepG2 cells
after HNRNPK downregulation
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A% HE PCR;B: Western blot; C: HNRNPK K FIAIX 3Rikdt, HXfHAT gL, “P<0. 05, ™ P<0.001,
B2 A[HE DOX 155 HNRNPK Ti#(n=3)
Note. A, qPCR. B, Western blot.C, Relative protein expression of HNRNPK. Compared with the control group, *P<0.05, “* P<0.001.
Figure 2 HNRNPK downregulated by different doses of DOX

A CCK-8 SMHTSis s B AN ro BETE S ; € SR Oe T4, S50 IRATELAR, ™ P<0. 01, ™ P<0. 001,
B3 HNRNPK T HepG2 4L iIEFE (n=3)
Note. A, CCK-8 assay. B, Colony formation assay. C, Colony number. Compared with the control group, ** P<0. 01, *** P<0. 001.
Figure 3 HNRNPK downregulation inhibited the proliferation of HepG2 cells

3 Tt

HIE® A%, HNRNPK 7618 ¥ HBV PEATF %
JHF 9% J IR Ak Je & I S Dt 14 I 9 A8 35 10 i
R RIS L, RS 2R G R k1
WP AT AROCHEDS . I HL HNRNPK [RIRE7E AT 41
LU A rh Ik R, LR IA Bl 5 i 0 B %% R 1Y
WahNZ W | $E 78 HNRNPK f /5 23k 7] RE 55 AT 98
20 P A e A A i O SR TR G KR g
5 RNA ( long non-coding RNAs, IncRNAs ) J&
HNRNPK () F 235 N7, & M EAEHRES A1

FEPH R s S BHE , Qin S Rk B S IE S — i
% h p53 Fa & M RNA ( p53-stabilizing and
activating RNA, PSTAR ) ) IncRNA fi % 18 i 91 1
HNRNPK W) E2Z Z 2 p53 55165, il
i FF 8 200 B 1 5

Zhang %5 % B IncRNA CASCI1 fig % 5
HNRNPK A5 AE I #E Wnt/B-Catenin {5 5 18 %,
Ak RS IR A AR KRS . Lin 450 BHRSE UE 5L
Wnt/B-Catenin {553 #§ GE 2 55 HNRNPK 4Kz 11
Sk SR Y 7E A RS A L 2 . Wit/ B-Catenin i
BRI R B B R R At R rh e
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A RYRICE ;B Transwell S5, SXTRALLAL, ™ P<0. 001,
B4 HNRNPK T HepG2 4T (n=3)
Note. A, Wound healing assay. B, Transwell assay. Compared with the control group, ** P<0. 001.
Figure 4 HNRNPK downregulation inhibited the migration of HepG2 cells

TE: S MR 8L, *P<0. 05, ™ P<0. 001,
5 HNRNPK F#MH] HepG2 4387 51T AR X AE S8 (n=3)
Note. Compared with the control group, *P<0. 05, ** P<0. 001.

Figure 5 HNRNPK downregulation inhibited related signaling pathways of proliferation and migration in HepG2 cells

YERIE™ B A W 9E S5 B4 Wit/ B-Catenin i B fig metalloproteinase 7, MMP7) 7E N 1% T i #2 [m] 3 A o
BEAEIE HepG2 ANMIAYIETE AT AL , I ZGE B 0038 BESER OIS T . MMPs RE R ff 40 i 0 35 5 v 1) 25
TG REMS DL IE AT Y A B R R AR R B2 7r 0L FhER A3 | AR R DR R 400 i 3% 1 32 1, 0 ok o
BT, Wt/ B-Catenin 5 B A ORI, % ANIBAEZOBLAUE EBE T 8 R MR 5
Cyclin-D1 c-Jun ,c-Myc FIEEJGT 4 )8 8 (ARG 7 (matrix B0 b 209 8 UK A . HNRNPK AE G5 3
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I Ras-raf-MARK {55 }% , L yR7E R R ke ¢
HEPEVE RO AE G R 0 MMP3 MMP10 %10 fiF
FE 21 B-Catenin 157 FRiILEH 5 MMP-7 £ 1F
FAEIT L ARSzE | 4 HNRNPK F 88, HepG2 4
HLH Y B-Catenin FRIA7K PR IFAR , [ B 38 % T i
i Cyclin-D1 . c-Jun , c-Myc , MMP7 % A 32 3] 3 i,
FHW] HNRNPK A9 T 40| T Wnt/B-Catenin 38 % 1)
WO BRI R R e MMP7 45— 22970 3 422 40 i i
FERHNIE N 58 | e T30 HepG2 41 AT #5232 1]
P, AN, A IFSTIESE HNRNPK G2 5 41l
JAW GO/G1 W5 # Cyclin-D1 JFEE A 2, NI
M) i e 2 A i A AR T IR LA Cyelin-D1
H CCND1 EEH B ity J&—Fh G1/S I4e 51 J5 1
M, Cyclin-D1 78 Z Fi b b 35 4 & AL H 3
ik, FIE MY Cyclin-D1 fE9% S84 A" A
SCEG R, HNRNPK A9 R JE#IHl T CCNDIL 5 Cyclin-
D1 23k, T e 5020 e S 3 BEA , 90 /) T HepG2
N5

ARSI E T DOX 5 T R4 HNRNPK
FE TR Y HepG2 4 % , i 6% S5 30 e 1) W 4% 1
HNRNPK ik, Jy ik — 2 0 55 HNRNPK X i J88 72
TS TR A B Jofv9gg %% % 14 52 ) B A AL o 4 46 1 o
RIS RSB0 56 a2 H0 i o it 5
IR, BAR HNRNPK 78 2Rl r: g iy Bos 7
IR G AR A [ e e A & vh R B
PR AR 540 R0 ) B OR BE A 4l kg
HNRNPK 4] 53 Ay 4 Jk A sl #098 JE FF . HNRNPK 7€
Jifrge v & HE  ELAAR A W 2 T RE T R S L RS [R] 2R
F . RNA M EAEH IS5 28005530 I i i
X, i E R HNRNPK A4 30 30 81 7 98 40 e
HepG2 WY FH 51T 88 , & W] HNRNPK 1 5 K35 Al
REfE It T PR & X Z R i a5 B 6 &
SRS IN  TR ABFSY HNRNPK BIAEFIALEI AT fE i
PRIV 1697 R0 B A %) S i

SE k.
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[ Abstract]

induced under chronic stress and is an independent risk factor for heart failure. Previous reports have suggested that drug

Objective Cardiac hypertrophy (CH) is classified into physiologic and pathological types; it can be
delivery routes and dosage of isoprenaline (I1SO) vary widely. The pathological characteristic of CH animal models varies
induced by ISO treatment. Methods We established a rat CH model by subcutaneous implantation of an osmotic pump
with low dose of ISO and long duration (4 mg/kg, for 28 days). The phenotypes were determined by echocardiography,
histopathological observation, immunofluorescence and Real-time PCR. Results The pathological phenotypes of rats were
typical. The overall phenotypes included markedly increased heart size, heart weight to body weight ratio and heart wall
thickness. The cell phenotypes included enlarged cardiomyocytes and severe myocardial fibrosis, myocardial fiber rupture

and myolysis, mitochondria ridge disappearance and vacuolation, distortion of the Z-line, M-line and leap disk. The

molecular phenotypes including increased expression of ANP and BNP. Conclusions

The rat model established in this

study exhibited typical CH phenotypes. This method is stable and easy to replicate and this model can be used for scientific

research such as for gene function analysis and relevant drug screening.

[ Keywords)
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RE A QAZE PR 3 87 00, (E 30 A g B 1 LA 2
A LA BICRE DR 42 0 28 S i 35 ™ Y 0 JULET 4
EFLO NI REZ L, IF I A R AN K e 0,
BT,

SRR ALET 5T K e HIL I Y B2 T H i E T
B Bl TR ECE 259 % T S SO WU
B A, G TR T, W 3 bk 4 R
(transverse aortic constriction, TAC) , X #:/E 4 R &
R, WEKBRE MG, AR FEERNE
PR AN TRIRE AR B3 S YRR | 3 R — Bk 22
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Figure 1 Flow diagram of establishment and evaluation of cardiac hypertrophy rat model induced by ISO administered through

subcutaneously implanted osmotic pump



64 P AR A 2 2022 AF 4 A 32 5 4 ] Chin J Comp Med, April 2022, Vol. 32,No. 4

TE: A A ARMTIZ SR B LVAWS, 2 ISR R I B BE S8 ; C . LVPWS, 76 % J BEJSLJE (O UL AR 19 50 5
D:LVEF, S5 $0 (2205 ) s B LVES SRR AER (Z00 %) o SXTHALHEL, "P<0. 05,

B2 XIS A B K BB P AR S
Note. A, Typical M-mode screenshot of echocardiography. B, LVAWS, Left ventricular ( LV ) anterior walls thickness at end-
systole. C, LVPWS, LV posterior walls thickness at end-systole. D, LVEF, LV ejection fraction. E, LVFS, LV fraction
shortening. Compared with control group, *P<0.05.

Figure 2 Echocardiographic analysis of rats in control group and treatment group

T AR BUGBE HE B @ Oy B U ) 3 B AR K B0 RS ; C A BR BUG L (05 R A (HE B 0) 5 D2 AR [lC LA
Masson 4 ; E AR K GO AU IR AL Lm0, n=3 J/84 ,n=9 ME/ 2, S5 i, *P<0.05, “** P<0. 0001,

3 W IRZH S AR BRAH R RLC WU B 2L A A
Note. A, Whole-heart longitudinal sections with HE staining. B, Ratio of heart weight/body weight. C, Magnification of the whole-heart longitudinal
sections with HE staining. D, Magnification of Masson trichrome-stained left ventricle section, myocytes are stained red, and collagen is stained green. E,
Quantitative analysis of collagen area. n=3 rats per group and n=9 fields per rat. Compared with control group, *P<0.05, *** P<0.0001.

Figure 3 Histological analysis in myocardial of rats in control group and treatment group
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T A BRI O MUHZ T AR BE IR S WGA S5 (o B 0 LA MU B B I ARAE 0 M, n=3 H/4, n=18 BLEF/ K, 55X B L&,
* p<0. 0001,

B4 X2 5 A PILH K RO LA BT A UL B e 1 43 i
Note. A, Immunofluorescence detection of WGA in the heart tissues. B, Quantitative analysis of cross-sectional area of cardiomyocyte. n=3 rats per group
and n=18 fields per rat. Compared with control group, **** P<0.0001.

Figure 4 Morphological observation and quantitative analysis of cardiomyocytes in control group and treatment group rats

T« F B i BEEE AR R B U IS A 28 1l . 2T (0 Sk O WLET I 278 At HES S 55 5 B8 (07X A 2 AR A0 DL IO RO S 0 (B DU A 1t . 2
R AK ; 3Gk . Z LR M 2R S T Sk PR LSS AT

B 5 X ARZ 540 BRI R LB TR 45 A WL 4%
Note. Ultrastructural analysis in left ventricular of heart tissues. Red arrow, Myocardial fiber rupture and myolysis. Blue star, Myocardium was occupied by
the sarcoplasmic reticulum. Red star, Mitochondria swelling. Yellow arrow, Ridge smear in the Z-Line and M-line. Green arrow, Leap disk distorted.

Figure 5 Ultrastructural observation of heart tissue in control group and treatment group rats

O JULET 46 W 228, 0 43 DX 3k B0 WL A, I BL
W, O UL A 1 B 2k, L = =ik,
O Z 2 M 28 DL KT 3 B o A AR A
(Es).
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o N B - ISR B PCR BT O R DAL P T s
BORRUD ALAL BN O UAR b3 9 O IR Catrial o T () AuBiBk ) #9838k F . =3 U8 =3
natriuretic peptide, ANP ) F1 i £} ik ( brain natriuretic /R SXIRALIEEL, "P<0.05, ™" P<0.001,

\ e 6 AL 5 R K R0 U A 40 3 b
peptide s BNP> E]/‘J %%lj_;g/ﬂ: s U\Wﬁ?’{ﬁ%ﬂiqz‘ s Xjnb%\%*i Note. Quantitative analysis of markers of cardiac hypertrophy, ANP (A)

e B0 =5 == 4k — s S HIT O 40 and BNP(B), which determined by Real-time PCR. n=3 rats per group
E:jtfﬁ‘ll“ Hﬂﬂe;%i’n%@‘m*ﬁij{ BC L2 and 3 repeats per rat. Compared with control group, *P < 0.05,
R PR IR T B ERE (R 6A  Pooon .

Figure 6 Level of markers of cardiac hypertrophy from
~6B,P<0.001,P<0.001,n=3), heart tissues in control group and treatment group rats
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Effects of atorvastatin on myelin repair and the RhoA/Rock]l pathway
in mice with autoimmune encephalomyelitis

ZHANG Qinli, WANG Yufen” , LIU Hong, LIU Bowen
(Department of Neurology, Heping Hospital, Changzhi Medical College, Changzhi 046000, China)

[ Abstract]  Objective To investigate the effect of atorvastatin on myelin repair and the RhoA/Rock] pathway in
mice with autoimmune encephalomyelitis ( EAE). Methods MOG35-55 immunization was used to establish an EAE

mouse model. The mice were randomly divided into the control group, model group, atorvastatin group, high fat diet group
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and high fat diet+atorvastatin group (n=6 per group). The atorvastatin was administered to each mouse daily by 0.5 mL
suspension, for 28 consecutive days. Mice were scored for neurological function and clinical symptoms were observed.
blue ( LFB)

immunohistochemical staining method were used to detect inflammation and demyelination and remyelination of the spinal cord

Hematoxylin-eosin  ( HE ) = staining, TLuxol fast staining, transmission electron microscopy and
tissue of each group of mice. The expression of tumor necrosis factor-a (TNF-a ), interleukin-6 (IL-6) and nitric oxide
(NO) in serum was detected by enzyme linked immunosorbent assay (ELISA) ; protein immanoblotting assay ( Western blot)
method was used to detect the expression of Ras homologous gene family member A (RhoA) and Rho associated protein
kinase 1 (ROCK1) in brain tissue. Real-time fluorescence quantitative PCR ( qRT-PCR) was used to detect the expression of
chondroitin sulfate proteoglycan ( NG2) and myelin basic protein ( MBP) in spinal cord and RhoA and Rockl mRNA
expression in brain tissue. Results Compared with the control group, the model group showed more inflammatory cell
infiltration, marked demyelination, partial myelination disintegration, breakage and demyelination; TNF-at, IL-6 and NO in
serum and the expression of RhoA, Rockl protein and mRNA in brain tissue were significantly increased, while the
expression levels of NG2 and MBP protein and mRNA in spinal cord tissue were significantly decreased (P<0.01). Compared
with the model group, the atorvastatin group showed significant improvement in inflammatory cell infiltration and
demyelination, significantly decreased TNF-a, I1.-6 and NO in serum, expression of RhoA and Rockl protein and mRNA in
brain tissue and increased expression of MBP, NG2 protein and mRNA in brain tissue (P<0.05). The high fat diet +
atorvastatin group showed significantly decreased neurological function scores, brain tissue RhoA and Rockl expression and
significantly increased NG2 mRNA expression. Conclusions  Atorvastatin improved inflammatory cell infiltration and
demyelination in EAE mice and reduced neurological function scores in EAE mice on a high fat diet. The mechanism of action

may be related to the regulation of the RhoA/Rockl pathway to improve the degree of demyelination and thus exert a

therapeutic effect on EAE mice.

[ Keywords)
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¥ 5[ SYXK (%) 2022-0001 ], 4 7 258k 25 1 (24
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F R A ERDRERI S oK . BRI T RA KR B2 b
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1.1.2 Bk

ZZHAT A H37Ra (fit5 : RNCC263834) Iy [ 3¢
& ATCC A7,
1.2 FELFSME

FTHE A 7T (H1E5-: 20141008 ) Wy [ 5 3 4 2%
MOG35-55 g H PGS LEY), 2hBE >95% 4 I s B
HIZZR (PTX, #t%:C7897) 5843l [A/c 1) (CFA 41t
5 .F5881) 1y H 3¢ [E Sigma 23 Al ; 77 AR &R YL (it
5 R20568 ) AT YL (L5 . R24044) 1 yuanye
Bio-Technology Co., Ltd ( i) ; IL-6 (4% 5 ZC-
36404) , TNF-a ( $2 5. ZC-37624) . NO ( # 5. ZC-
S0647) ELISA i & W [ i % £ 9 A 06—t
NG2( 585 #52635) .MBP ( #°5; #2396 ) . RhoA ( %
5 :#2117) Rockl (525 . # 4035) AW R LI FHT
e IgG(H+L) (525 . #32935) J [ CST; RNA TRIzol
Reagent ( it = . 15596026 ) . TB Green™™ Premix Ex
Taq™ I ( 5% 5. A44662 ) W [ ThermoFisher
SCIENTIFIC( |7 ) ; Western blot 2 g 24 ff Wk ( 5%
5:P0013) BCA & [ ik & I 2 i 7 & (17 5.
P0009) I F | i35 2= KA ; ECL &G & (62
5. E-IR-R307) . Immobilon-PSQ PVDF Ji& ( £% 5 . E-
BC-R266) 15 H i 7 Elabscience, 3£ B} 2% 6 & &
(RT-PCR) ¥ ( %15 PIKORed 96 ) F14> T RE it 7 1Y
MK3 353 E ThermoFisher 1Y #% .
1.3 KWAHE
1.3.1  H S e i o /) BUSIR 6 45 & 42

WS/ INERBEAL AR 5 4, 25 Al WAL (5K
Sk B S e PER A BE AR ) BB AT 4L SRR IR
B EIERE -+ T AL, Bl 6 K, @i
B PUR MOG35-55 A= B ER K B B A 5 mg/
mL, 4% 1 ¢ 1 SFRBUMA CFA, In A &5 4T 1H
H37Ra i HZAYEE K 4 mg/mL, TAMRE S 3L, F
feJE A 5 0.1 mL F/NECE A P 43 DY 5 B T v
5F,0.48 h A H/NRUEIEES 0.5 mL PTX(H H %
B 500 ng) . & HA LS A KA MOG
LK, A IR A0
1.3.2 ek

R E A ER IR+ PR AT 43 %4 7
IR TRVRHIR SR 3 S8 IR S | T3, 25 1 4 i
2 FTFC AR AT AL 45 T34 38 1 R R 3 R T iR
RELTH, BIHFEARAMTT A 2557 2R 8 me/ (kg « d),
¥4 40 mg FIFEARAMBIT T 125 mL 9 0. 1 mol/L PBS
VSR PO IR AR, 2R R 0. 32 mg/mL, TR

JE 55 3 RIFU6 /N BRUE B 8 /N BT R IR
0.5 mL {REK,1%E2E 28 d, HH gk L A .
MR 1% FEHEH 10% S0 10% 58 79%
BIFCARATT 45 2550 5 5% Zeyghami 55" AUHRIE
1.3.3  HAEIIEETESr
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30% BEWE Y 4% 22 5 W vh R A7, I B REZH 2 A
AR GESEYI A R S wm, ] HE B @0FE M R
PR 4R R A O, I SR HRUE 2 AT 4% 4 i R
THPF43 .0 2, TR MU MR 5 1 43, Mo A5 240 il =
W52 4, N AR i 2 4 /N IX ;3 47,
TR It = T o ) O 4 N P - A 1 V41 %
LA B R0 5 4 43, Kk 4 Mo iz i, 32
K 20% L F R R

[ (LFB) Gt . o T PFAG LRSS , U 4% Lk
T, JF ) LFB e, R 2H ) 7 7R 60°C 1Y
0.1% LFB W T 8 1%, SR J5 78 0. 05% WY ik iR
BV IEAT X A, DAIX 43 BRI 5, B 5 78Ol
WA T WS R SR LT PEA AR HERT /N B
(A A 55 0 AT WU YR T4 . 0 40, JO RN 2K
153, /N FEI RSS2 52 43,2 AN 8803 /NG L BE
T3 00 2 2 D KBBR8 54 41, KT
BEE B, BRI 20% B9 5,
1.3.5 ELISA &0

i B ELISA 3050 & UE A HAF , A /)N BRI v v
TNF-a IL-6 NO AYZ A,
1.3.6 &S BFME

BUR ALY, VIBUPFRRIAR X Sk 41 20, 221 B i 1
mm’x1 mm’x3 mm® K/NFEA 2. 5% % [ [F 2
o 4C [5E 24 h, HEHH 1% IR S5 2 2 h, SR
S0 BE AR I 7K, 20 2 e T B0 80 s 0 0k, DD B
WEUT R 19 W 2R e i g 40 5 88 U0 1 FH TS I il 19
FFFEERR A YL 0 7035 I HL 58 LSS h Kl 28 R 48
O OEGAA DX 6 5 8 A s o e 7
1.3.7 S gUb 2 ge s

A B B B &2 K, FH 3% H,0, =i
A 30 min, IIEH (HELE G 37°CHFE 30 min, i
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F—#Ht (NG2 . MBP (1 : 300))37CHE#E 1 h, Hlil
Fhi 1gC- R L E LY (1 - 200) BiRIEF 2
h, F DAB 50 fom BHPEAI A, 3 AKE & YL K 8
oA K PR I F, AR A, ) Image
Pro Plus 6. 0 # 5%} NG2 MBP 7475 &0 47
1.3.8 gRT-PCR #:ll

R4 i 3 7T Y 156 B, >R I TRIzol 3257 M fiki 2H
AUACEBEH VTR EBUS RNA SR 5 X RNA HE T
b, F— 5 5 19 RNA 386 7% S i cDNA, B )5 f#
TaKaRa TB Green™ PreMix Ex Taq"™ i) 3 & B £ ¢
JNE X 3 R R ik K R AT E A, 278 iR
FEH R B M IESZS% GAPDH {Hiff 1714
—fb, AW TREHA ST MR 1R,
qRT-PCR S 454 R #UAE PE 95°C 30 s, 48k 95C
55,18k 55°C 30 s, ZEfft 72°C 30 5,45 PMEH, ic
Sk CT1{H.,
1.3.9 Western blot 534t

G ZH 2L FHY PBS PR 2 Uk, B i T & H Al
A AT 1) 550 114 22 i 22 o R DA Mok 2L 2 B BB 11 o
K EWFE 2 = Y7E 12000 t/min 50> 15 min,
AR L3, IRt BCA 28 (ARSI ) &40 M 35
W RIG B LB WRS 12% + ke LR ER A - R
VR TG T 58 JBC FE 5 0 2% 2% v IR A, ITEE S
PVDF J& (fL) I AR il vy i D, 7 % 1 B 3
S (5% IR WIHE Tris 28 vk ) 2 iR 5
M2 h )5, ¥ 54T RhoA (1 @ 500) , Rockl (1 :
500) B¢ B-actin( 1 : 2500) FPTIATE 4 BT F—EFE
W, RIE, FERE R B TBST 28 vh i (& 0. 1%

Tween 20 ) Tris ZZ Wik, pH="7. 6) FIAE ¥ K LI
b 1gG HUIRMER 2 h, T3 5 AL Ak 2 SR D
A& (ECL) #4752 it Ik 27 S 0 U AR il
27 % IR0 9% B iy, I 38 3 i ] Image-
ProPlus 73 M G, LA B-actin NS X A #ET
b, S E R 31K,
1.4 FitEFE

fdiFH SPSS 22. 0 %A% (IBM Corp. ) X BiE #4148
AT B R g - B e bR 22 (xxs) SR A
E I 225001 (one-way ANOVA) #4722 41 1] FL 34047,
J7 225 LSD 55, 77 Z2 A 55 Fi Tamhane” s 72
K, P<0.05 FnzEr BRI L,

2 #R

2.1 FE&MITHBESREERERE/NRBE
ThEETTE S B RN

L2 A A, BRI /N RO 2 D) REVE A T4
T2 15 d 42 28 d BB T (P<
0.01) , SHEAIZL A, BTG Mt 7T 20 s IR ik 2 +
BTFEARMTT 40 T 2525 15 d M2 2y 28 d B S Bk s
ZREIT 43, H 28 d BFREAREE Bl i (P<0.05), L
%2,
2.2 FE&ATTI B & Rk A B RN R
g 35 318 70 25 B8 Rt B 8 A 2 Ml

25 A A UL B I 8 40 iR IR T (R 4N M TR i
TEGY R 0 43 ) Sk Je A IO el 72 (A 8 9 43 0
) o ARAIZH . /)N BRI 2H 29 1 Jo IX 8 4F 4 o (] DL
BRI | LA 5 BT TR G 14 bk 2 40 i

®£1 PCRIIWITSI
Table 1 PCR primer sequences

5|4 Primer IEM 514 Forward primer(5° -3’ )

K154 Reverse primer(5°=3")

MBP ACACCCTTTCAAGTTCACCC
NG2 TCCAGTCATGCCGAAATCTCAC
RhoA GGAGTGTTCAGCAAAGACCAAAG
Rock1 GGAAACGCTCCGAGACACTG
GADPH ATCCCATCACCATCTTCCCAG

GGAAGCCTGGACCACACAG
TGGTAGGGTCCACGACATGAAG
CACAAGATGAGGCACCCAGA
CTGGGATTTGCTGAAGGTAAG
CCATCACGCCAGTTTTCC

®2 HKA/NRMZIRET >

Table 2 Neurological function scores of mice in each group

A5 HEHY B#515d 2524528 d
Groups Pre-administration Administered 15 d Administered 28 d
%5 2l Control group 0. 00+0. 00 0. 00+0. 00 0. 00+0. 00
BRZ Model group 3.36=0. 50 " 3.56+0. 53 3.49+0.72*
FIFER AT 4 Atorvastatin group 3.3420. 41 1. 830. 88" 1. 14+0. 02*
TR 4H High fat diet group 3.3320.39 2.25+0.78 2.08+0. 05
EB R BT AT 4 High fat diet + atorvastatin group 3.39+0.25 1. 86+1. 36* 1.52+0.02%

W 5P E, P<0. 01; SR AT, *P<0. 05,

Note. Compared with control group, **P<0.01. Compared with model group, *P<0. 05.
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E, > R Ak A0 B SEAE L A L A BB 4L 4L LFB
USECIN i R SRS S IR AR 23 S PN ]
FRBERI O J5 36 0 @R DX, B e A S 3t
FHRE Bl A 7T 2 A R A £ 4 . /) B 2 21
F S DX 22 2T A o) WA /D B R P A 3R, A
gk /NI 240 4 2 5 I S S R R A R U
e R AT + BT B AR TT 21 - /D B 2 20 1 o IX A
ETLE TR A) WL/ O 40 IR0 2D /NI T 4
Az s IR A R R OB R A U B e — b Ak AT,

LRI e, BT FE AR A TT 20 | 5 B TR 6 + BT T A Ath
TTEH/INER A 20 32 31 D7 53 S i i 3 F 43 ] ik B AIG
(P<0.01) (Kl 1),
2.3 MRKMITHESREEMREBR /MR
£ i [ F B9 5% i

5o 4] b, BRI UMY ' TNF-a 1L
6 NO Hy& & 5 THEs (P<0.01) , SHERIZH g, fif
FEARATT AT B 5 B AT/ BRIV Y TNF-a 1L-6 . NO
f) & (P<0.05) , L5 3,

A HE e (R E LT B LFB R (U BGE MY . 528 AL LLAR, “*P<0. 01; SHURIA LLEL, ™ P<0. 01,
B /RSP R I AR R B A Al

Note. A, HE staining and quantitative analysis. B, LFB staining and quantitative analysis. Compared with control group, **P<0.01. Compared

with model group, #P<0.01.

Figure 1 Changes of inflammatory brain infiltration and spinal cord demyelination in mice

£33 BN P TNF-o IL-6 NO 5 i
Table 3 Contents of TNF-a, 11.-6 and NO in serum of mice in each group

ZH 5 Groups TNF-a( pg/mL) IL-6( pg/mL) NO( pmol/L)
%3 141 Control group 93.43+2.29 17. 50£0. 88 0. 80+0. 03
FERIZH Model group 104. 36+2. 50 ** 20. 81+0. 42 * 0.91+0. 03 **
LA IT 41 Atorvastatin group 97.00+3. 85* 18. 1420. 88" 0. 83+0. 02*
R4 High fat diet group 102. 13+3. 89 19.05+1.78 0. 88+0. 05
E IR + P FEARAR T T 4 High fat diet + atorvastatin group 99.39+4. 85 19.68+1. 36 0. 86+0. 02

W5 AU, *P<0.01; S L, * P<0. 05,

Note. Compared with control group, *“P<0.01. Compared with model group, *P<0. 05.
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ARG Bl AR 22 40, 25 K0 T R L o i K R A R R
SERAHCRY AR G54, S5 AR TE I (R 2A) . feEdl
AR 25 5 o, B 20 5 25 1 4 NG2 \MBP ik
W FEAIR (P<0.01) , S5BIRIA L, BT A i 7T 41
NG2 MBP ik B & F+ & (P<0.01) (K 2B~2E)
qRT-PCR R W, 525 A L, iR 4 MBP |
NG2 mRNA FRik B FEAK (P<0.01) , SHIARIZ L
B, PIFCAR A VT 0T B B T = MBP NG2 mRNA £ ik
(P<0.05) (K 2F),

25 MREAMTHESEREMEEX MR
RhoA/ROCK-1 i & B 81

525 A AR /N U ZH 2L RhoA Rock1
mRNA FI&E R APE 5 (P<0.01) , 5B
FeA A BT AR A TT AT B 5 AR /N UG 20 20 RhoA |
Rockl mRNA Fl# 35 (P<0.05) , WK 3,

3 itig

MS J&— Pl LA B G 1k SR A | 50 4 46 0 i 2
TR RAE R A B 22 R et e Sk
7R i BRI R JE R AR ARV 22 a5 A8 SR
Had i Ry AL 2 55 8 A A e 2 R G 2 T
fig, AL, Mandoj %5 DAy 55 0 [ 5 57 £t
ASVRH O A B S R o 22 3R AT PEBIL A RT REAT B T
MS JEJR, Tettey 55 HEAT 19— I5U T AE 1 BA B A 52
I W e AEL T K- 6 1 MS B85 7 A AN R i)

?E:A:QQT%%%X%%;B;MBP %TQ?B{%L’E@;C:N& ﬁl&éﬂ’ﬂﬁyﬁ@;D:MBP S BE S E L NG2 SO F.
MBP NG2 mRNA %1k, 528 HAH A, *P<0.01; SR L#, ¥ P<0. 05,%P<0. 01,

B2 HH/PNEGE

Note. A, Transmission electron microscope observation.

A BRI

B, MBP immunohistochemical staining. C, NG2

immunohistochemical staining. D, MBP average optical density. E, NG2 average optical density. F, MBP and NG2

mRNA expression. Compared with control group, **P<0.01. Compared with model group, *P<0. 05, P<0.01.

Figure 2 Remyelination and repair of mice in each group
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7 . A:RhoA .Rockl mRNA #%§22i% ; B.RhoA Rockl & [13235 557 ; C. RhoA \Rockl & [IAHXT 25k, 525 (41 LL4L, “P<0.01; 54

I T, # P<0. 05, P<0. 01,

3 %24/N RhoA/ROCK- 1 3 #5AH DG 13k
Note. A, RhoA and Rockl mRNA expression. B, RhoA and Rockl protein expression bands. C, RhoA and Rockl protein expression.

Compared with control group, “*P<0.01. Compared with model group, *P<0.05, #P<0.01.

Figure 3 Expression of RhoA/ROCK-1 pathway related factors in each group of mice
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BANE, AN, B 9 A 2 1 LA R i e A
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(R, SR, AR A 20 28 5 AT LA I B 4 = 1 S
FRBIJETE MS (R, (E 25 0 s i 5o U B 34
TRV ) ) JE K T 45 7 B B4 R DL A, O
SEEA M LIE R IR ST E S TFN-y
75 S 1 JOAE /D S I AN AL T B A & MS S A8
BEMS A AR R A FEZEHEEK™ ) EAE Fid £ 1L-
1B PR S AR FEM 2 U D S R A MG, {H 23 5
BRESRREA KT 1 (IGF-1) A7 A K2 ik 58
BEFRA A TNF-o TL-6 7E EAE /I A i i
B JORE R IR S BE RS Y PR, SR R
BT IF &P MS HE R AR E My vk B e E 2
NG2 J&—Fh 32 15 76 /0 58 i Jo iy 1A 200 B e L %) g 2
1, ATAE by /0 5 i S5 T A 40 i %) 6 S 1 4 T s o
P12 MBP & —Ff AT 6 B FH I 0 B 4 1 T2 i
w31 6 SRR T 1 — 1 B A B R 2R ) A
DGR RTR AN A Ak i AR A 225 245 G
8 JE I 440 M B B, BE S B MBP B A B, 7
BEWS AN RS R BEOIR AR Z 254, DT AT T 3 4
[ 5ER "  RhoA/ROCK-1 1553 [ 2 K N 3 3k
ARG i T, S 5 MBS &4 R,
TR AT 25 2 R A 2 ad B2 A A R X
R G, Z W2 e g B A R KA IR A
T AR S 28 AR KA ) A AE AR, QB AR S b R
F1 Nogo /b5 iz Joit 20 Jfd — B 5 0% 28 1 25, a4 il
FIAT LI RhoA™ | #4751 RhoA £ S8 K4k
SRR 2 A= KA T RhoA 125 16 AT DL #E 32
PR A 25 22 G5 110 i € P AR AT BEVK &, RhoA 1)
TR R F Rock $7% kT fi F JILER 28 1 R4 B R
RO BERR L A FT 45 S W, BT TR T 41 Fn
T AR + BT T A% b 7T 2 AT L A HE S s B,
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The protective effect of naringenin on H,0,-induced oxidative damage of

human retinal pigment epithelial cells via the miR-34a/SIRT1 axis

WEI Kangkang'* , DONG Weihua', TIE Hongyan>, HE Zhangbiao', ZHAO Lin'
(1. Department of Otolaryngology, Shangqgiu Medical College, Shangqiu 476006, China.
2. Department of Human Anatomy, School of Basic Medicine, Zhengzhou University, Zhengzhou 450001 )

[ Abstract]  Objective To investigate the protective effect of naringenin on H,0,-induced oxidative damage of
human retinal pigment epithelial ( RPE) cells via the miR-34a/silent information regulator 1( SIRT1) axis. Methods
MTT assay was used to detect the effect of naringenin at different concentrations on the survival rate of ARPE-19 cells

treated with H,0,, and the appropriate naringenin concentration for subsequent experiments was identified. ARPE-19 cells
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in logarithmic phase were divided into the control group, H,0, group (200 pmol/L) , 20 wg/mL naringenin group, 20 pg/
mL naringenin+mimics NC group and 20 pg/mL naringenin+miR-34a mimics group. RT-qPCR was used to detect the
expression of miR-34a and SIRT1 mRNA, MTT assay and Annexin V-FITC/PI double staining were used to detect cell
survival and apoptosis, respectively. A fluorescence probe was used to detect the level of ROS, and a biochemical method
was used to detect the activity of SOD and levels of MDA and GSH. JC-1 method was used to detect the mitochondrial
membrane potential (MMP) , and Western blot was used to detect the proteins expression of SIRT1 and Bel-2, Bax and
Caspase-3. Results The expression of miR-34a, apoptosis rate, contents of ROS and MDA and expression of Bax and
Caspase-3 in ARPE-19 cells were significantly increased in the H,0, group compared with those in the control group ( P<
0.05). The expression of SIRT1 mRNA, survival rate of APRE-19 cells, contents of SOD and GSH, level of MMP,
expression of SIRT1 and Bel-2 were significantly decreased in the H,0, group compared with those in the control group ( P<
0.05). Naringenin improved the damage of ARPE-19 cells induced by H,0,, down-regulated the expression of miR-34a,
decreased the contents of ROS, MDA, Bax and Caspase-3 ( P<0.05), up-regulated the expression of SIRT1, MMP and
Bcl-2 and increased the activities of GSH and SOD compared with effects in the H,0, group ( P<0.05). Up-regulation of

miR-34a expression in ARPE-19 cells reversed the protective effect of naringenin on H,0,-induced oxidative damage in

RPE cells. Conclusions

Naringenin down-regulates miR-34a, promotes the expression of SIRT1, inhibits the apoptosis of

RPE cells and protects RPE cells from oxidative damage induced by H,0,.
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Note. Compared with the control group, *P<0.05. Compared with the H,0, group, *P<0. 05.

Figure 1 Effects of naringenin at different concentrations on cell viability
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HAME T miR-34a FIA U] 5 45, SIRTI mRNA %
IKH R AR (P<0.05) , ILIET 2,
2.3 HWEZEX H,0, #58 ARPE-19 4AE 1 H
1ER

5%t LA e, H,0, 240 M A7 15 2 B o [ A%
(P<0.05) ;5 H,0, 4140 ,20 pe/mL Hh 5z 2410
20 wg/mL i 2 2 +mimics NC 2H 20 A7 05 K B & Tt
i (P<0.05) ;5 20 wg/mL fill lr KA A, 20 pg/
mL il i & +miR-34a mimics ZH 240 M4 1% 5 W Gk FeAIR
(P<0.05), W& 3,
2.4 HWEZEX H,0, F5H ARPE-19 fATH
1EA

X RZH (3. 28+0. 41) %A Eb , H,0, 41 ARPE-
19 40 M P T2 (17.85+1.23)% W . Th i (P <
0.05) ;5 H,0, AAAHLIL,20 we/mL i K2 K 4H (9. 63+
0.95) %H1 20 wg/mL Al % +mimics NC 20 (10. 07+
1. 03) % AN TR B B B ( P<0.05) ;5 20 pg/
mL il J Z 20 A0 L, 20 pe/mL fill 2 % + miR-34a
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Note. Compared with the control group, *P<0.05. Compared with
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Figure 2 Expression of miR-34a and SIRT1
mRNA in each group
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(P<0.05), LK 6,
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Figure 3 Cell viability in each group of cells
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‘Z%;A;X‘Tﬂﬁéﬂ;B;HzOz 2H;C :20 pg/mL *H}EZ??E;D;ZO png/mL #h Bz Z +mimics NC £ ;E:20 pg/mL il 2 Z +miR-34a mimics 4,

4 541 ARPE-19 4T,
Note. A, Control group. B, H,0, group. C, 20 pg/mL naringenin group. D, 20 wg/mL naringenin+mimics NC group. E, 20 wg/mL naringenin+
miR-34a mimics group.

Figure 4 Apoptotic rate of ARPE-19 cells in each group

HAKTRRZH ;B H,0, 4H;C:20 pe/mL Al Z4H ;D20 we/mL 2 FE+mimics NC 41 ;E:20 wg/mL i} E+miR-34a mimics 41,

B 5 4541 ARPE-19 4 ROS.SOD MDA & GSH # &
Note. A, Control group. B, H,0, group. C, 20 pg/mL naringenin group. D, 20 pwg/mL naringenin+mimics NC group. E, 20 pg/mL naringenin+
miR-34a mimics group.

Figure 5 Contents of ROS, SOD, MDA and GSH in ARPE-19 cells of each group
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B 6 4541 ARPE-19 4ilfifi MMP
Figure 6 MMP in ARPE-19 cells of each group

7 A H400 SIRT1  Bel-2 Bax , Caspase-3 25 [ #34
Figure 7 Protein expression of SIRT1, Bel-2, Bax and Caspase-3 in each group
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Honokiol inhibits immune imbalance and provides lung protection in mice with
chronic obstructive pulmonary disease through the Notch signaling pathway

LI Bin", GAN Dekun, WANG Lulu
(Henan Province Hospital of Traditional Chinese Medicine, Department of Pulmonary Disease, Zhengzhou 450002, China)

[ Abstract]  Objective To investigate the effect of honokiol (HNK) on immune imbalance and lung function in
chronic obstructive pulmonary disease (COPD) mice and to investigate whether the Notch signaling pathway mediates this
process. Methods BALB/c mice (male, 6~8 weeks old) were randomly divided into three groups: normal control group
(Normal) , COPD group and COPD+HNK group (n =10 mice per group). A mouse model of COPD was induced by
cigarette smoke, and HNK (10 mg/kg) was intraperitoneally injected into the COPD+HNK group every other day for 30

[EETA [ BRI T L1 (2019]DZX069) .
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days. The French EMKA GYD-003 animal lung function test system was used to detect the peak inspiratory flow rate ( PIF)
and peak expiratory flow rate (PEF). Hematoxylin-eosin ( HE) staining was used to evaluate the pathological changes of
lung tissue. Flow cytometry was used to detect the ratio of Th1/Th2 and Th17/Treg subgroups of mouse spleen T cells.
Western blot was used to examine the protein expression of Notch 1/2/3/4, Hesl, Hes5 and Heyl in T cells. ELISA was
used to detect the levels of serum IFN-y, 1L-4, 1L-17 and IL-10 in mice. Results The PIF and PEF of the COPD+HNK
group mice were significantly increased compared with result in the COPD group (P<0.05). In addition, the lung tissue
lesions of the mice in the COPD+HNK group were reduced, the inflammatory cell infiltration was reduced, the number of
alveoli increased and the alveolar cavity was reduced compared with result in the COPD group. Compared with the COPD
group, the COPD+HNK group mice showed significantly reduced Thl percentage, Th1/Th2 ratio, Th17 percentage and
Th17/Treg ratio (P<0.05). In addition, the relative expression levels of Notchl, Notch2, Notch3, Notch4, Hesl, Hes5
and Heyl in the spleen T cells of the COPD+HNK group mice were significantly reduced (P<0.05). The levels of IFN-y
and TL-17 in the serum of the COPD+HNK group were significantly reduced ( P<0.05) , while the levels of TL.-4 and IL.-10
were significantly increased (P<0.05). Conclusions HNK inhibits activation of the Notch signaling pathway of T cells in
the spleen of COPD mice, thereby correcting the imbalance of Th1/Th2 and Th17/Treg cells in COPD mice and improving

lung function.

[ Keywords]  honokiol ;

lung function
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Notch [ 5l E A XL (K 4) 450 R, 5
Normal 21 #H kb, COPD 21 /) B8 T 40 f v )
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Notch1 ,Notch2 , Notch3 | Notch4 | Hes1 | Hes5 | Heyl
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S5 UL I AR AN A0 T COPD /N BT 4 g
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2.5 FAEAEIT COPD /R I i 40 i F F B 820
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FRLIILYE H B9 TFN-y F1 1L-17 7K P2 B3 7 & (P<
0.05) , 1M 1L.-4 F1 IL-10 7K - i 2 [ A% (P<0.05) .
5 COPD ZHAH It , COPD+HNK £H /N BT H i TFN-
y FIIL-17 ZKV-34 8 & AR (P<0. 05) , T 1L-4 1 IL-
10 KV E T4 (P<0.05) o BEHIFIEEANE 0 1
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1 S4/NRIHZAZUY HE Je

Figure 1 HE staining of lung tissue of mice in each group

T A IRIR R (PIF) 5 B PSR (PEF) . SIER ML, “P<0. 05,5 COPD #AHLL,*P<0. 05,
2 RSN COPD /N UM S REFY 52
Note. A, Peak inspiratory flow( PIF). B, Peak expiratory flow (PEF). Compared with normal group, *P<0.05. Compared with COPD group,

#pP<0.05.

Figure 2  Effect of honokiol on the lung function of COPD mice
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T A /N Thl F 431 B Th2 B 43 s C: Thl/Th2 [ fE; D: Thl7 F 43 te; E: Treg F 43 b F: Th17/Treg LU fH, 5IEH HAHIL, ™ P<
0.05; 5 COPD # AL, *P<0.05,
3 FUEAME X COPD /INER T 4 A F 152
Note. A, Mouse spleen Thl percentage. B, Th2 percentage. C, Th1/Th2 ratio. D, Th17 percentage. E, Treg percentage. F, Th17/Treg ratio.
Compared with normal group, * P<0.05. Compared with COPD group, *P<0. 05.
Figure 3 Effect of honokiol on T cell subsets in COPD mice

H:A~ G/ T 480 H Notchl Notch2 Notch3 Notch4 \Hes1 Hes5 Heyl i FAEXT R ik & H B E AR AR . SIEFAMHLL,
*P<0.05;5 COPD ALt ,*P<0. 05,
B4 FOEAMBHXT COPD /N T 41 Notch {5 i (521
Note. A~G, Relative expression of Notchl, Notch2, Notch3, Notch4, Hesl, Hes5, Heyl in mouse spleen T cells in sequence. H, Western blot
representative band. Compared with normal group, *P<0.05. Compared with COPD group, *P<0. 05.
Figure 4 Effect of honokiol on the Notch signaling pathway of T cells in COPD mice
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T A~ D ARUCH/NEUMTE IFN-y IL-4 1L-17 \IL-10 KF-, 5 IER4IMIEL, "P<0. 05;5 COPD ZiALL,*P<0. 05,
B 5 FUSAME X COPD /) BRI 4H A ) s
Note. A~D, Levels of mouse serum IFN-y, IL-4, IL-17 and IL-10 in sequence. Compared with normal group, “P<0.05. Compared with COPD

group, *P<0. 05.

Figure 5 Effect of honokiol on serum cytokines in COPD mice
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[ Abstract]  Objective To compare the effects and mechanisms of the ginsenosides Rgl, Rbl and Rgl+Rbl on
improving spatial and non-spatial learning memory in a scopolamine-induced mouse model for cognitive impairment.
Methods A scopolamine-induced cognitive impairment mouse model was established, and the effects of ginsenoside Rgl
or Rb1(60 pwmol/kg) and Rgl+Rb1 (30 pmol/kg each combined) on behaviors were observed by using object cognition
experiments. Liquid chromatography-mass spectrometry-mass spectrometry will be used to determine neurotransmitter levels
in mice, while colorimetric methods will be used to determine oxidative stress levels. Results Compared with the control
group, the model mice showed severe impairment on both short-term spatial learning memory and non-spatial learning
memory (P<0.001). Huperzine A and ginsenoside Rgl, Rbl and Rgl+Rb1 administration significantly reversed the short-
term non-spatial learning memory impairment in the model mice, but the effect of ginsenoside Rgl+Rb1 on improving short-
term spatial learning memory was weaker than that of ginsenoside Rb1 (P<0.01). Hippocampal Ach, 5-HT and Glu levels
were decreased in the model mice compared with controls. Administration of Huperzine A or ginsenosides Rgl, Rbl and
Rgl1+Rb1 significantly increased hippocampal Ach, 5-HT and Glu levels in the model mice. Serum oxidative stress levels
were significantly increased in the model mice compared with controls. Administration of ginsenoside Rgl, Rb1 and Rgl+
Rb1 significantly increased serum SOD, CAT and GSH activity and significantly decreased MDA levels in the model mice.
Although ginsenoside Rgl + Rb1 was weaker than ginsenoside Rbl in regulating GSH activity (P<0.01, P<0.05),
ginsenoside Rgl+Rb1 was stronger than ginsenoside Rgl and Rbl1 in the ability to regulate MDA. Conclusion Although
half dosage combination of ginsenoside Rgl+Rb1 exhibited decline in the ability to improve spatial short-term learning
memory. However, ginsenosides Rgl, Rb1 and Rgl+Rb1 were comparable in their ability to improve short-term non-spatial

learning memory impairment. The differences may be related to the dose and the ability of different ginsenosides on the

regulation of neurotransmitters and oxidative stress levels in the brain.

[ Keywords ]
ginsenoside Rbl
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0.01) , B AL AL 2 sh ) X W AR () B K RE 1 A 22
5o BB s, 4 41 8l W o 8% 3 00 R 9 1k R D
PrE e, B 1C B, 5XF R4 R, Scop (1 mg/
kg ) AT B4 B0 2 T B (P<0.001) 55 Scop( 1
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FAXSHERIFE B 20 (2452 ,n=8~10)
Note. Compared with the control group, *** P<0.001. Compared with the model group, *P<0.05, #P<0.01, * P<0.001.

Compared with ginsenoside Rb1, ¥¥P<0. 01. Compared with ginsenoside Rgl, ~"P<0. 01.

Figure 1 Effects of Ginsenoside Rgl, Rb1l and Rgl + Rb1 on left-right position preference, total exploration time and relative

discrimination index of scopolamine mice in object recognition task
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pmol/kg) BE B 35 #& & 1L ¥E P SOD , CAT, GSH i
JIMBEAR MDA B & & A, 5 A2 2 H Rbl
(60 wmol/kg) LL#, A2 B Rgl +Rb1(30+30
wmol/kg) Xt F 18 45 GSH I BE 1 A Br T % (P<
0.01), 5 A3 R4 Rgl Rbl (30 wmol/kg) Lt
B, NZ BH Rgl +Rbl (30+30 pwmol/kg) ¥ 77
MDA #1981 8% L FH(P<0.05),

X IR LA, ™ P<0. 001 ; SR L4, ™ P<0. 01, % P<0. 001 ; 5 A2 21 Rb1 HAL, 8P <0.05; 5 AZ B4 Rel i, P<0. 05,
B2 AZREH Rgl Rbl Rgl+Rbl XA T &0/ BB AR 5 S 06 8 2 R s ] |
ZEA O B AR AT AR XS HENTE B AR (X252 ,n=8~10)

Note. Compared with the control group, ™* P<0.001. Compared with the model group, ™P<0.01, * P<0.001. Compared with ginsenoside Rbl

&P<0. 05. Compared with ginsenoside Rgl, "P<0. 05.

Figure 2 Effects of Ginsenoside Rgl, Rbl and Rgl + Rb1 on left and total exploration time, right position preference and

relative discrimination index of scopolamine mice in novel object recognition

TE: SXF AL, P<0. 01; SHRI4L LA, * P<0. 05, % P<0. 01,

B3 A1 Rgl Rbl Rgl+Rbl 7R B2/ B 2 W22 AR (xsv,n =8~ 10)

Note. Compared with the control group, ** P<0.01. Compared with the model group,*P<0.05, *#P<0.01.

Figure 3 Effects of Ginsenoside Rgl, Rb1l and Rgl + Rb1 on hippocampal neurotransmitters of scopolamine mice
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T SRR LB, *P<0. 05, ** P<0.001; 5H#i#I4H [L#; ¥ P<0.05,™ P<0.01," P<0.001; 5 A Z 21 Rbl L, P<0.05,

8¢p<0.01; 5 NS AT Rl HHE, P<0. 05,

B4 AZR Rgl Rbl Rgl+Rbl XA R b/ BT A AN HUKF Y2 (245 ,n=8)
Note. Compared with the control group, *P<0.05, ** P<0.001. Compared with the model group, *P<0.05, #P<0.01, **P<0.001.
Compared with ginsenoside Rbl, ¥P<0.05,%¢P<0. 01. Compared with ginsenoside Rgl, "P<0. 05.

Figure 4 Effects of Ginsenoside Rgl, Rbl and Rgl + Rb1 on serum oxidative stress level of scopolamine mice
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Three-dimensional modeling of pulmonary and 3D printing of vessels and
bronchus in Bama minipigs

ZHANG Rundong'* | ZHAO Linna®, YAO Hua'"
(1. Animal Science and Technology College, Beijing University of Agriculture, Beijing 102206, China. 2. Johnson & Johnson
Institute, Beijing 100016. 3. Institute of Laboratory Animal Sciences, Chinese Academy of Medical Sciences, Beijing 100021)

[ Abstract ] Objective  To explore establishment method of three-dimensional modeling and 3D printing of
pulmonary in minipigs, and apply the constructures to clinical trials. Methods Four Bama minipigs were subjected to
general anesthesia and CT angiography. Imaging data were reconstructed by MIMICS software into tissues of pulmonary and
used to print the indicated structures of pulmonary vessels and bronchus using a 3D printer. Results The three-
dimensional model from the CT angiography data revealed three to four levels of anatomical structure of pulmonary vessels
and bronchus, lobar fissure and partial intersegmental planes. The 3D model, rotating and auto-zooming is consistent with
the pulmonary tissue. Conclusions Constructures of pulmonary vessels, bronchus and whole pulmonary tissue in Bama
minipigs could be reconstructed by three-dimensional reconstruction and 3D printing technology, which provide reference for
comparative medical research and have been materinals for thoracic surgery training.

[ Keywords] pulmonary; three-dimensional reconstruction; 3D printing; minipigs
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Figure 1 Thin-section CT image of pulmonary in Bama minipigs
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Note. A, Front view of bronchus. B, Front view of pulmonary artery. C, Front view of pulmonary vein.

D, Dorsal view of bronchus. E, Dorsal view of pulmonary artery. F, Dorsal view of pulmonary vein.

Figure 2 Three dimensional reconstruction image of pulmonary vessels in Bama minipigs
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Note. A, Front view. B, Dorsal view.

Figure 3 Three dimensional reconstruction model of pulmonary vessels and bronchus in Bama minipigs
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Note. A, Right side view. B, Left side view.
Figure 4 Partial pulmonary parenchymal reconstruction and

intersegmental border in Bama minipigs
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Note. Front view corresponding to Figure 3A.
Figure 5 3D printing model of pulmonary vessels and

bronchus in Bama minipigs
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[ Abstract]

The small animal neurobehavior experiment platform has been the most basic supporting condition in

the field of neuroscience and brain science. This paper systematically discusses the planning and design principles and

construction requirements of the small animal neurobehavior experiment platform, including general principles for design

and construction, platform layout and function division, the corresponding supporting facilities and equipment and the

construction requirements for the small animal neurobehavior experiment platform. These discussions help provide planning

and design references and construction specifications for the construction of specialized small animal neurobehavior

laboratories.
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Note. 1, Experiment lighting, the light source is long strip ceiling purification lamp, the roof is evenly arranged, red, 2 Ix. 2, Animal lighting, the light
source is circular ceiling purification lamp, the roof is evenly arranged, light yellow, 15~20 Ix. 3, Working lighting, the light source is a long embedded
purification lamp, the wall is evenly arranged, white, 100~200 Ix.

Figure 1 Schematic diagram of lighting design for small animal neurobehaviour laboratory
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Figure 2 Layout plan of small animal neurobehaviour experiment platform
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Table 1 Main functional laboratory distribution and basic function table of small animal neurobehaviour experiment platform

J“‘ = S %/ X "
75 FAE A A
Serial Laboratory ; )
R Basic function
number distribution
T T I RAT ARG ARG, S 2 2077 A s M H 3 I 23 7 A7 )
" ' N SFHEYE BT,
B 5T SRR, |
1 Data st | analysi ) Tt is mainly used to carry out biological information mining experiments such as behavior
ala strage and analysis center data backup and archiving, complicated and elaborated behavior microstructure
description, T-pattern analysis and behavior sequencing.
N, EET A N BB YA SR BEF A B R ER I, 2 B AT X A 7 X
TR .. . . . . |
2 . . . Tt is mainly used for gene manipulation or model animals breeding. The standard barrier
Barrier environment breeding room . R i o K
environment is divided into breeding font and breeding area.
ERHT IR S UG5 2 S PR 45 , 58— Beit T ik s 08 &8 T 45 bl
3 T RS UEAE T ] 2 = AT IR,
Emotional disease model preparation room It is mainly used for the preparation of emotional disease rodent model. It is uniformly
designed into an open cage to facilitate the development of various stress factors.
TN T IV i 15 25 S W5 245 A D , A2 4% 1o T TIT 453 (50488 O T 000 8 i 3 1
AT PRI AN B T R AR T R AR £ IS I 25 A T o Aeril
4 AT T E It is mainly used to detect the emotional behavior in rodents, including the application of
Emotional behavior lab commercially available instruments for depression and anxiety emotional behavior
detection and the application of self-developed instruments for non-depression and anxiety
emotional behavior detection.
FETIT M5 2527 ST 1L 12 27 A D , A0 45 ik T2 ) Al 25 8] /9 27 > 32
5 N vA e TCIREM L,
Learning & memory lab It is mainly used to detect the learning and memory behavior in rodents, including spatial
and non-spatial learning and memory function tests.
BT IT R0k 14 25 3100 BB A HORE ARG L S SRR | B A I i S R o T
S PR S S A 2R 2 B S
6 By Ry PP It is mainly used to carry out neuropsycho-pharmacological experiments in rodents such as
Neuropsycopharmacology lab microdialysis sampling and detection, anti-inflammatory and analgesic, sedation and
hypnosis, brain stereotactic injection, central damage, etc.
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7 . . It is mainly used to carry out neuropsycho-pharmacology experiments in rodents such as
Locomotor & addictive behavior lab o T R . .
anti-fatigue, sleep deprivation, exercise training, skeletal muscle relaxation, central
nerve inhibition, drug addiction, etc.
FEHT IG5 28 3 W 42 25 o0 M L BT AT D Ukl e A T 45 S 2R A AT Ol
g ARG AMNAT T %E B
Complicated & elaborated behavior lab It is mainly used to carry out complex and elaborated behavior experiments in rodents such
as gait analysis, operation behavior training and touch screen cognition, etc.
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experiments.
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electrophysiological experiments, etc.
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Table 2 Instrument configuration of each functional laboratory of small animal neurobehaviour experiment platform
FF5 LA PET A
Serial number Laboratory name Instrument name
| NI SR NI S AR S
Small animal metabolism lab Small animal behavior and metabolism system
g - RIS RS S e R A KRG N I B AR R RS,
AR ESO %% — . o o
2 . . . Stroboscope, white noise generator, rotator, horizontal oscillator, small animal oral
Emotional disease model preparation room 1 . . L
and nasal inhalation poisoning system, etc.
N . BP0 RN BB SR R B 55 W0 e T S0 2R 50 BEIR B S0 R G 55
e R T R 3 e i H{Xﬁyﬁfbﬁ( .ﬁJ AR W 55 Aﬁﬁzhg\ﬁi‘? 5 EiJ#JJﬁ? SR
3 . . . Brain injury instrument, mouse and rat environmental enrichment cage, bystander
Emotional disease model preparation room 2 . ’ . L .
electric shock experiment system, sleep deprivation experiment system, etc.
AT R G WPV RSE Bh B SR R G E SRS () W)
R - [l 36k 5% 5 (hERE ) 55
B3 e REECREDS. | N
4 . Three-box social interaction experiment system, object recognition system, step-down
Learning & memory lab 2 . . . . .
experiment system, active avoidance system ( step through ), passive avoidance
system ( dark avoidance) , etc.
TBENTIRE RS0  HPLC-ECD A /347 2R 45 42 H 3 34 2 DAk AL 43 WA I
5 MR B  E — = ISP MR T
Neuropsycopharmacology lab 1 Microdialysis sampling system, HPLC-ECD detection and analysis system, automatic
animal multifunctional biochemical analyzer, five-category animal blood analyzer, etc.
R ZEICAT AR S L B R RS BRIEAT A 5 B S R R it
6 AT % E
Emotional behavior lab 2 Rodent aggressive behavior test system, free exploration box, anxiety behavior
integration apparatus, grade anxiety test device, etc.
Morris /K5 REE L BHIRE RE T RERE.Y RERE NERE R
7 LI S 5 SN
Learning & memory lab 1 Morris water maze system, Barnes maze system, T maze system, Y maze system, 8-
arm maze system, etc.
WAL R G R WK B I T B RS EZM LR R 48 EPM L5
S R aA e RO ARSI RS AR R 5%,
AT TR E % R R R o
8 o . Open field experiment system, tail suspension and forced swimming device, learned
Emotional behavior lab 1 . .
helplessness system, EZM experiment system, EPM experiment system, hole board
experiment system, light-dark box experiment system, etc.
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W 2 SR — Animal non-invasive blood pressurf: analysis systcn.l, ‘small efnimal tail numbering
9 instrument, cold and hot plate pain meter, rat tail light pain meter, toe volume
Neuropsycopharmacology lab 2 ) . . .
meter, mouse and rat grasp force meter, sting thermal pain meter, rodent vaginal
resistance meter, automatic pain analysis system, physiological and pharmacological
electric stimulation instrument, waking animals non-invasive ECG analysis system,
small animal wireless telemetry system, mouse and rat EEG and EMG recording and
monitoring system, etc.
/NSRRI AL /NSRBI TR S ARCEL /NSl W i S A AL Y R B
10 FARBMEE FARGE,

Operating room

Small animal ventilator, small animal anesthesia machine, surgical instrument set,

small animal brain stereotactic injection system, animal operating table, etc.
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Serial number

SR

Laboratory name
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Instrument name

BT A=

Locomotor & addictive behavior lab
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Complicated & elaborated behavior lab 1

AT I e ss — %
Complicated & elaborated behavior lab 2
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Neuroelectrophysiology lab

M N T

Neuroendocrine lab
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Neuroimaging lab
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Neuromicroscopicimaging lab
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Execution & sampling room
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Specimen room
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Conditioned place preference experiment system, mouse and rat rotarod test
instrument, mouse running-wheel instrument, small animal treadmill, mouse and rat
addiction test and analysis system, mouse and rat pole-climbing experiment system,
balance bar experiment system, mouse and rat slope experiment system, mouse and
rat passive running-wheel experiment system, mouse and rat cylinder test system,
mouse and rat activity rhythm system, mice ladder movement behavior analysis

system, etc.

R 2 SRRSO IR RS RAFAT N SR IR B D B S RS
Fear conditioning and startle experiment system, operation behavior experiment

device, mouse and rat touch screen experiment system, etc.

Wi AT R G NI ORI R e A AT A A
Rodent gait analysis system, small animal wireless telemetry system, elaborated
behavior sequencer, etc.

A AU R I S0 RS 64 THIE I A AF 5 R AE 5 T REE 4096 T IE B
(RGN

Single-cell and brain slice patch-clamp experimental system, 64-channel neural signal
acquisition and analysis system, 4096-channel in vitro electrophysiology platform, etc.

ZUIREREAR A PCR A HLIKA BB SO R A # 2OtUR R 58 RIS 57
IR,

Multifunctional microplate reader, PCR instrument, electrophoresis instrument,
inverted fluorescence microscope, chemiluminescence imaging system, constant

temperature incubation shaker, etc.
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Two-photon fluorescence microscope, virtual reality behavior system, single-channel
optical fiber recording system, multi-channel optical fiber recording system, two-color
optical fiber recording system, optogenetic experiment system, needle pulling

instrument, etc.
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Large-scale brain neural network imaging and optogenetic manipulation system,

vacuum suction machine, microlens implantation collimator, etc.
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Animal operating table, small animal anesthesia machine, automatic vibrating

microtome, automatic cryo-staining machine, automatic cryostat microtome, etc.
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Liquid nitrogen tank, —80°C ultra-low temperature refrigerator, 4°C and -20°C
refrigerator, dispensing table, etc.
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Investigation and analysis on the training system of laboratory animal employees

DI Ran” , LIU Peilin, YANG Hailong, SHI Yingjie
(Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences & Peking Union Medical College,
Beijing 100021, China)

[ Abstract]  Laboratory animal science is a supporting discipline for many fields such as life science, medicine and
pharmacy. The level of employees from laboratory animal science is not only related to the standardized development of
laboratory animal industry, but it also affects the scientific and technological innovation and industrial development of
biomedicine and other fields and is involved in biosafety and social civilization. Therefore, the training and qualification
system of employees in laboratory animal science is very important. We investigated the training processes of laboratory
animal employees in Europe, the United States, Japan and China, including the standards, classification, grade, training
content and level evaluation. The training system for laboratory animal technicians and doctors is relatively developed, while
the training system of domestic laboratory animal managers needs to be established. However, there is a general lack of
training and evaluation systems for laboratory animal researchers worldwide. Therefore, the establishment of an evaluation
system suitable for the self-development of laboratory animal researchers is analyzed and suggested.

[ Keywords] laboratory animal; employee; researcher; training system
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Research progress of the JARID1D demethylase in the invasion and
metastasis of prostate cancer

XIE Qinghua'*, ZHANG Yongbin'* , SHI Changhong*
(1. Animal Experiment Center, Guangzhou University of Chinese Medicine, Guangzhou 510405, China.
2. Laboratory Animal Center, the Air Force Medical University, Xi’ an 710032)

[ Abstract]  Prostate cancer (PCa) is the second most common malignant tumor among men worldwide and has an
increasing incidence. The main characteristic of PCa is heterogeneity, which includes not only variations of tumor
histological characteristics among patients, but also differences in growth, invasion and metastasis speed of tumor cells in
the same patient. Recent studies showed that the JARID1D demethylase, which is encoded from the Y chromosome,
specifically binds to the promoters of genes related to invasion and metastasis, such as MMP1, MMP2 and MMP3, and
demethylate at the promoter through a gene activation marker such as H3K4, so as to inhibit the production of some invasive

compounds and reduce the invasive ability of prostate cancer. Meanwhile, knocking down the expression of demethylase

[EL£THB ] EKHARER4S (32070532)

[{EEE N 1 ENER(1994—) 5B BHBF5T A4 55 7 1) . h P BE 45 & R 25 J5 17] . E-mail : 2544562746@ qq.com

[BEEE K (1973—) , B WA S0, #dZ, oerim . Mg i fi4 5170, E-mail: changhong@ fmmu.edu.cn
FRAGK (1973—) , 5, IE S R L I, A1 A S 00, 85T J5 1) - SR B ST, E-mail : yongbinzhang@ gzuem.edu.cn
* L REAEEH



o HE R R 2R s 2022 4F 4 H AR 32 %55 4 1 Chin J Comp Med, April 2022, Vol. 32,No. 4 121

JARID1D will improve the metastatic potential of prostate cancer and even promote multiple organ metastasis, including

bone metastasis.In this review, we summarize the recent progression on the research on the JARID1D demethylase. We

discuss its structure and the enzymatic and regulatory mechanisms, and we review the role of JARIDID in the invasion and

metastasis of prostate cancer. We also explore novel intervention targets for PCa therapy.

[ Keywords)

Eﬁﬁﬂ Hz?}.% ( prostate cancer, PCa) %éﬂ%% @’éﬁ
RGN R S S5 R A T T A I R
R HIRT RO R R BRI R
25 AT R R A A ERTR I R L SR
B w2 R ( castrate-resistant prostate cancer,
CRPC) " 25 iF — 25 {f i it 3% & 3 1K (androgen
receptor,AR) A Wﬁﬂﬁi‘ﬂﬁl‘l(ﬁﬁ, TEIE K B H AT
NN S 7R S 0 B e c o 1 7 S
(neuroendocrine prostate cancer, NEPC) Fl{% 7275 7
‘VI" ﬁﬁ ﬁ'J H?% E:'E ( aggressive variant prostate cancer,
AVPC) , i BLHR AE 1 5% 75 | 5 B0l PR L A4 X LG
A L, TR G M A2 2R R RS I A DG L
WFFE, REBTHYIE T L A5, X 51 BRI A9 I R 6 7
HAEERE L,

UEAFAE X BT A7) i i 4 T i B BIE T
JE TR T AR, AP BT TG 5% U A 81 i /Y
Pt IR BB 8 A 5 1 AL, IF H kg
PR R U — D2 3] T Y el bRy OCHE
Fo ARE A SCIRAGHGE , 76 Y Je @k BRIk b
PR S P 2R TR ) A o R AR R AR T
VB A BB 2 4 8 1 2 H ARl JARIDID, &
IR A AT BEAE A i 51 IR & AR B4 B B
BAEN I — R IR R AL, 2016 4F Li % 5@ i 2
A s g s Py 5L de & B, 25 AL JARIDID fiE
0 A A0 ) 200 R 2R AH DG R IR A A R I, AT 32K )
TS BRI R R S R R RCR . EE T, AR
B 2 F LML B JARIDID fY 25 ke SER i Fh2E LA
LR PERIL A A5 7 TR A 40 ) i 5 B 4R 22
Fer st

1 HHE/LE JARIDID HIfE 5

1.1 JARIDID AR5 EH

2 LML RS JARIDID Sl piifaE h Y Ye otk
i — P 2 UM A MR R R AR A ) —
P SEAG {A 3 Aok Bl 4 SC 00 B 5 I AN TR A
JARID1D MZ5H FTBEA Wi sl figt by . & R HE A
H3 fi %02 4 (H3K4) 2544 [ i —Fh 25 310,
[R1Z& M 7 Paralogs UTY \KDM6C %5 H: & ff) 2= FH 4k

prostate cancer; JARIDID demethylase; invasion; metastasis; gene expression

LB, fHAS— 02, JARIDID J& —Fh B 1 4% 5
PEH, 2R EFRZ N kdm5d 8304 smey, %%
WLAsE A% 94 75 ) AT GE 5 & W EE fk H3K27me3 Al
H3K4me3 > 15 Y4 € 5T 19 Bl 0 14, DT Xof 366 PR 3%
KRR BRI T 4 Tsensee 251 FE 2008
ERYHFIT & B, JARIDID AE b — Ff M 1) 4 55 v 3
R, ZEHEPE /N BRSO I AL L A v 2258,
FLAB AR O 45 P20 19 &2 95 %%, 2016 4F, Li 25
$2 0 JARIDID BB 52 #0155 40 MY f= 28 AH OC 2 [
(2238, DT 35 S0 0 1 i 510 B o 4 4R 28 5 5 7%
IYEH, LI, JARID1D 5 i 81 i 9 14 OC 22 AN B g
AT,

KT AMMIRE S B Z M K C R, IR
SEMIF ST DA A, 34 i 0 20 L ) R 22 e ) 6 T LG
FERE F7 A5 AL S 0 AN BT 20 B T TGS S T A R A 4R
PRI RG  B A R s AL W IR b R AT T
PRI, 32 5 2 00 T 42 114 36 PR, HL i 26 3K 19 41 2 P
FA B 5 I 19 4= 28 R B A B BIE 36 Y
MISEHE™

WEHA, O A 2408458 8 1k
W . 40, Harmeyer 251°0 T 2017 4F & B H3K27
H L5 AS Il EZH2 T LA SE 2k 300 i 41098 2 11 A9 23K
VTS B MR 1 & A TR RS LN iz B A E B
FERRFSR 2 & 0, JARID1D 78 % 48 ja v ) 3s s 32
IATT LB A A M 3 ), R B B B
AR R K PR BR T R R R i 4l
H B I B 28 Z A0, MG A% i 4 8
FA B F R0 mT RE AR i Al i B 3% F . OF
11 Komura 25178 2016 4E U BF 5T H 42 Y, JARIDID
FEVE 25 R P10 51 i v A AE R0k F IR B Bk
L

P, REPEITAFLE S, JARID1D £ Hi 51 iR 96
AT RE, IR R 1% 2 AL A et TR
O ] TR L 8 by i 900 i ) I DR TR 7 B
FEEAIONP Ot iy
1.2 JARIDID M5B SHIEINEE

FEWL AL S48 Ak DNA 5 ek 2s 5 e i Al 38t
R 1 3 P TR KT Bl A8, 6045 DNA H 3Lk 412K



122 ] HLB PR 2R 2R 2022 4F 4 A4S 32 %55 4 8] Chin J Comp Med, April 2022, Vol. 32,No. 4

FIE 1 RNA 835 F0 e (0 i d 9 45, 88 1 S
b WAL 1z Z 1k EAE  sumo TE & ADP R b
BAFAR BN EEEZF Rl b, B
AHE Z 0] s, SR = A 2 R A R T 2
FI TR 2 it B AR 2 o AR RS, K
WILIK , TR & B4 8 1 A W R0, PR, 2 2R
F1 Ak B DA R J AN T3 A B A 2 st A%
A HF] 2006 4F, Chen 25112 R IL T 45— 417K
H 2 H L LS LSDI1 (lysine specific demethylasel ) ,
g 2 8 2 F R R R i R B, R s e T
HEE A EH R R — AR R A s 1%
SERFGEE R TE ) IR o A SCHRIE S8, 4185
2 F ARG 1 1 FH AV o5 76 4L 1 2 R K TR
FRIE L, BRI H AT, B 2B R4 E A AR 2
F LML, B 56 LSD1 FIE A JmjC S5Hsk & A
FE R AR

JARID1D 32X bE —Fh & A JmjC 45 14 35 1)
HEH AR Ll E1FE R JARID 1 %K
R EE WA Z—, SIZE BN E 3 D —
FE AL T 2 PR SF 25 A0 B, I e 25 Sl e LT
EATRE R R e Hod, JmjC 25 48 32
BRI AL O %45 S8k A 4 2 28 1 2 S
FE N Y 22 T 2 11 50 RG) B, O AT R 4 22 i O A 1
Sk, TS e 2] 240 A 1 ) B0 2 A2 2 5 0800E 1 K
kR

25 H AR B AS X RE I 155 40 i i iz, i L
AT SOE A B9 SR DIRE  (HAE 81 R Y
Rz i ts i 2 102 2 H LR JARIDID 7E
T PR PR A Ak ) 3 R T S O T R D, AR R
HAmRE A T BE ™, Komura 2510 75 R 40 F A 4 52
& B JARIDID f8 4 5 4 300 il iy 51) g o 1= 2%
AHCHEA, 4 MMP1 MMP2 MMP3 MMP7 4%, 3t
i H3K4 DR — B L R BE 4, 76 ) sl 7 b kA7 2
A0 T A HE AR T e

VAR A% JARID1D 25 38 S fig Ak iR
ARV | 8K B 20 Ak, B F — 25 DA 3] X 2e T
REM R R @y ELSWEMZ By, BT
JARID1D &5 76 4 i) e 968 42 28 P 7 1o B A A
F L BFFE 3 TR 46 56 1 JARIDID #6150 (9 IF &, 4l
It PR i 5 FH A — B 0 ) 35 ——2H 25 1 & 2 kb
FEHN IR (HDACs ) , B X e 26 M b g ELAT 38 4097
R, HOBYTHE S 5 JARIDID FT7E 1 JARIDL 5 i
WM, AU RV, JARID 1 AT HES

HDACs M EAEA , A HADGHIMER , X EEA/ER N
PEAR ARG HDACs 78 P9 A8 00 550 59 57 R 4244 T 23
JErf, HET,IET HDACs E4 @ E T — &5 1k
2T

2 ZHELE JARIDID HEEMZE

2.1 JARID1D Hy_LiffEs——H3K4 R 5IEs

FH AL ) D) g & 1 S RO T L5 S
fitlt, 25 PR FE Al e 52 T8 R AS [ JES 90 45 6 1 2 A
PR 1 10 235 18] 245 4 S 20 1o L 1l 3 % T B BT
HIATT, — R RAE T 2R G W —E W
fe2esd, DI o — @ A28 40, IF AR i — a2 4k
LY XAV Z N R S e — 1k, T
it £ 3K A Ry S AR R R B 1 e T 5 g il =2
AR OC R . & AL JARID1ID 1Y b ¥ Bl AR
Z R AL AL 1 H3 WA R 4 (H3Kdmel ) 52
TR R — G MRS L AT DA Ry 3 RO A
8RS TFA S S Z RS2 &R g,
SN S IR | e 2 T B L 5 B W I 55 S
2.2 JARID1D H#Z/(:BEiE F——ZMYND 8

H3K4 VE R —Fh2l 8 R Gl , H AR S5 44 i Fb
Hig 2 Hodr 5 JARIDID HH G 9 AN B 45 #y
439l H3K 14ac 1 H3K4mel , I =334 J AR AL 1
WA, IR — A I B L RS e, R
1M, LAZ R S5 46 Bl 1) 5 AR —— XA 2R L B b i
H3K4mel-H3K14ac, I HE N 5 2 A #F5E %
P, H3K4mel —~H3K14ac BEH ZMYND 8 ( X FK RACK
7) BRI BIAAE , SRR T RERs P

WM7E %t B ZMYND 8 R4 T 4%.0 B 111
YEH, REFS PG REAH G IE N B 38 . Bl 4N, Harmeyer
SETHE 2017 AFRIUESE , B 123 PR 2 1 5 g 41
PRGN R PR 28R T, NI S IalERH T ZMYND 8
A28 SR .

fE>4 JARIDID 78 H3K4 2= F ALl | () 5% 5
WU B 7, ZMYNDS 93X FP s P RE SR aE 225 1
JARIDID F, K., JARIDID 3 B 45 7 2 iy 4
JEIIHE, A}, Harmeyer A=190 1,  B, ZMYND 8 &
FERN R 2B AL Th e B 45 ) LA, (2 ZMYND 8
HE TR E 45 F 3% (PHD ) FIVR IR &, ik —FE NS T
ZMYND 8 Xf H3K4mel ~H3K14ac HI4 &R, X
UL IR R T H3K4mel —H3K14ac 7EFN 5 5% 1Y
PR Rk v i Ak 1) B A ), I 0 3 b T A 1 I
ZIRZWRIBR T JARIDID 75 5 s 6 5 AH G (14



b HE R BE 2R ks 2022 4F 4 H AR 32 %55 4 1 Chin J Comp Med, April 2022, Vol. 32,No. 4 123

R v T SR Y — P e LI A ML )
3 JARIDID 7RIS ARE R A FER EMFIE
ZHIThEE
3.1 JARIDID ZERT SR EE A ¥ 1 R AU T

A= B Ry B A e A DG TR R i 25 5, X
AR B A A KB AR B Bl A A T R R2 e,
HRTEAAF S B R A e O 55 5 T, B
= TR R PR e 25, LS XX
P RRMAFT XY Gy @R MAAH I Y N 7E 815 F R
WLis R 22 57, AR K A )5 PR R 2 2 A e
1) 9 3% I R 28 B0 RN 7 30 100 Js 1) e Pk TR 2,
5 5 5 oM 00 A G 1 98 i A0 i A0 R g L LR IR | O
B 420 0 4 Jangravi 257 FE 2015 4F
FIRFFETE BRI Y Yt AR iy 43 w40
KGRI &A% D), JARIDID 12 Y J4(0
A R A0 i 40 e e g 4R 2 A ) 5 R S
B, Xk AT LAY R 2 A W 2 PR AR A A
PR R R R Z iy — A B R o O TR E T
JARID1D 34— 2 P4 R S P B 1 7 i 97 i
JE e A Y L S R
3.2 JARIDID 5y 5I BRIz R 2 28

2015 4F Jangravi % (RS KB, Y YLtk
AT B2 B AL B TARTDID HA7 300561 i 571 B e 42
R IVER . Horp— A GRS 2, 76 &
ik 52% B RIS IR B E Y e ERAEAE 58 4 I
AYERIS AT Y Yk i 2 LB JARIDID
(RIS, T AR &5 b B — ) Jo % Ak ( EMT) 1) 5C Bt 3]
F5 73741 N-Cadherin F1 Slug B934, AT ik 240
TSR R 22 VR, A 8RR I e I IR R W, %
HE DR a2 H A A B R M I 91 B R T IR i R
PERTSUMRIE . FERG RS MR8 B, JARIDID (3%
IR AR B EK B 2RI S IR w A IR
BE TS B35 % VMG, IR i i Z Ak

R BRI T Y Yk a0 AL
&4 JARID1D , HA #0615 2 i 98 4 e ) b= 78
FEH, 3 SEGEAE d s I8 1 JARID1D A5 i 3 i
B e YL F 6 B ) ] A T MR T A B
4 JARIDID ZERT5 R EIG RS R MBE R H
B
4.1 JARIDID 1EA w5 BREM TG EHR

A3 HTIIGG R 72 SECHE 2 B, 5 1E i 81 A 2 2L
Ji & M A R e AR L, FE B A M AT A0 R g
JARIDID 1% 2 35 /K °F W] 1 A A%, 10 A% 7K °F 19

JARID1D 55 81 i 9 B8 38 09 )5 A R %5 V1A ¢
DRI i A= % 0 TARTD1D A Sy 165 30 iy 47 st i
TG Y7 R — TSR R R

1EN Li % 18 2016 BIBFSE R B, N T #iE
JARID1D 7K~F2 75 5 /i 41 B 9 A8 5 A i R R LA
XK AR XT 39 T8 Mg B 4T T Kaplan-Meier
AT, IR L IEAT T e A A, &5 R %R
W ARAKCF- (49 JARID1D 55741 B i 38 i Rk A A7
ARBCEVIA G, A T i JARIDID £ J5 & 1 Fif
FoMERT S B g v () ek 22 5% P98 4 R e e 4
A5 8 A T JARIDID 78 1E 5 Hi 5 e 41 4 R
MRS B o 98 0 B 1 i 80 B A gRe v B 2k K
o R KM, SIER AL (10%,2/21) fH L, 75
PERT 51 B b 9% ' JARIDID B9 8 117K F W % AR
(100% ,6/6) , Ji % 1k Hii 5] B i 9 JARID1D 25
IR B A (41%, 28/68 ), L Ab, IR K F
JARIDID mRNA ZH (% i 91 i g f8 5 K A A 3 4
22002 PGS SR HH R, 6 JARIDID fE b §i
B BB 1 T HR b 2 WD ST AT I
4.2 JARIDID ZEHIJIBRERMBEEB PR X

s,

ix

25 H ARG JARID1D 7 1ij 51 i3 98 19 57 Fl 7%
BEHI A 25 4 A BR B 119 3¢ 38 O sR—— IR 45 g 1)
KSR 2015 4F | Jangravi 2! ] shJARID1D
FIXT HR2H shRNA 4b i 51 BiR 98 240 L &R DU145 -
Luc2 B AbBJS A A I AN R B # bk, &5 &
PR, 63X b S b R AR ASE AR v 20 A o Y R B
RS  HAEFE RS (B0 ) LAUMR
ERAEK, LR R ER, ZMEA R ENZ G,
shJARIDID /N (n=15) 2R BHE 5 B &5 &
TXRA(n=9), M5, 1EE 50 HE 4L €0
S ALY 7 i, i — 2RSS T shJARIDID 4H
/IN BV IR AT B, TG T8 2 M 1) R/ N 2 e B 1
PRI 387 1 5 v T B AL, 3R JARID1D H &40 il /i 51)
PRI AN 2R DU145 (R28 141k

5 RE

Fe WP ILALTE JARID1D 2410 il 7y 51) g 2 28 Fn
MM EEIK S, R KRK W& 2D g
KRG Y S5R05 I 1 & R PG, [is)
IR B 22 5 2 It R 26 B LA R U 45 ) JARIDID iy
FRK MR R EF Y X RMERT
JARIDID 556785 41 56 3 K 2 [R] i) — B 2 38 15 HL



124

P A B A 2 2022 AF 4 AN 32 5 4 ] Chin J Comp Med, April 2022, Vol. 32,No. 4

i, 1% 2= B R AL B JARIDID 19 % 31, XFAIF 5 115 571 A
SR8 QAT ) T e 508 T L 1 A 8 R4 5 O
SEDT AR ML TR R R, SR8 R B I PR IR T
PO T E MR TR A

(B, I PR AT 58 0 S 56 F 78 1 E R 52, Ri 51 i

IR A KR EEZ AR (55 0 R,
JARIDID EEW3Z AR {55 BYRHE 7 B9 i i K
R RS R IRAZ JARIDID AR, HEA(E
AR BIHLE SRAT A7 9 JARIDID K3k
SR R I E KA & 5 AVPC/NEPC %41k
ZIE AT RAASER e R [n) MU fig T A
T iy 5 B — R G (B ARASEARY | EA T I0IE

S 3k

(1]

[2]

[10]

[11]

Siegel RL, Miller KD, Jemal A. Cancer statistics [ J]. CA
Cancer J Clin, 2018, 68(1) . 7-30.

Chen W, Zheng R, Baade PD, et al. Cancer statistics in China
[J]. CA Cancer J Clin, 2016, 66(2): 115-132.

Shigeta K, Kosaka T, Hongo H, et al. Castration-resistant
prostate cancer patients who had poor response on first androgen
deprivation therapy would obtain certain clinical benefit from
early docetaxel administration [ J]. Int J Clin Oncol, 2019, 24
(5): 546-553.

Li N, Dhar SS, Chen TY, et al. JARIDID is a suppressor and
prognostic marker of prostate cancer invasion and metastasis [ J].
Cancer Res, 2016, 76(4) . 831-843.

Chen X, Liu J, Cheng L, et al. Inhibition of noncanonical Wnt
pathway overcomes enzalutamide resistance in castration-resistant
prostate cancer [ J]. Prostate, 2020, 80(3) : 256-266.

Davies AH, Wang Y, Zoubeidi A. Patient-derived xenografts: A
platform for accelerating translational research in prostate cancer
[J]. Mol Cell Endocrinol, 2018, 462. 17-24.

Lawrence MG, Obinata D, Sandhu S, et al. Patient-derived
models of abiraterone and enzalutamide-resistant prostate cancer
reveal sensitivity to ribosome-directed therapy [ J]. Eur Urol,
2018, 74(5) . 562-572.

Isensee J, Witt H, Pregla R, et al. Sexually dimorphic gene
expression in the heart of mice and men [ J]. J Mol Med (Berl) ,
2008, 86(1): 61-74.

Harmeyer KM, Facompre ND, Herlyn M, et al. JARID1 histone
demethylases: emerging targets in cancer [ J]. Trends Cancer,
2017, 3(10) . 713-725.

Komura K, Jeong SH, Hinohara K, et al. Resistance to docetaxel
in prostate cancer is associated with androgen receptor activation
and loss of KDM5D expression [ J]. Proc Natl Acad Sci U S A,
2016, 113(22) : 6259-6264.

Shi C, Chen X, Tan D. Development of patient-derived xenograft
models of prostate cancer for maintaining tumor heterogeneity

[J]. Transl Androl Urol, 2019, 8(5): 519-528.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Chen Y, Yang Y, Wang F, et al. Crystal structure of human
histone lysine-specific demethylase 1 (LSD1) [J]. Proc Natl
Acad Sci U S A, 2006, 103(38): 13956-13961.

Wu JB, Yin L, Shi C, et al. MAOA-Dependent activation of
Shh-IL6-RANKL signaling network promotes prostate cancer
metastasis by engaging tumor-stromal cell interactions [ J ].
Cancer Cell, 2017, 31(3): 368-382.

Wu JB, Shao C, Li X, et al. Monoamine oxidase A mediates
prostate tumorigenesis and cancer metastasis [ J]. J Clin Invest,
2014, 124(7) . 2891-2908.

Inoue T, Terada N, Kobayashi T,

et al. Patient-derived

xenografts as in wvivo models for research in urological
malignancies [ J]. Nat Rev Urol, 2017, 14(5) : 267-283.
Chen R, Dong X, Gleave M. Molecular model for neuroendocrine
prostate cancer progression [ J]. BJU Int, 2018, 122(4) . 560
-570.

Lee AR, Gan Y, Xie N, et al. Alternative RNA splicing of the
GIT1 gene is associated with neuroendocrine prostate cancer [ J].
Cancer Sci, 2019, 110(1) ; 245-255.

Nadal R, Schweizer M, Kryvenko ON, Small cell
carcinoma of the prostate [ J]. Nat Rev Urol, 2014, 11(4) : 213
-219.

Beltran H,

et al.

Rickman DS, Pak K, et al. Molecular

characterizationof  neuroendocrine  prostate  cancer  and
identification of new drug targets [ J]. Cancer Discov, 2011, 1
(6): 487-495.

Beltran H, Prandi D, Mosquera JM, et al. Divergent clonal
evolution of castration-resistant neuroendocrine prostate cancer
[J]. Nat Med, 2016, 22(3) . 298-305.

Vlachostergios PJ, Puca L, Beltran H. Emerging variants of
castration-resistant prostate cancer [ J]. Curr Oncol Rep, 2017,
19(5) . 32.

Lange T, Oh-Hohenhorst SJ, Joosse SA, et al. Development and
characterization of a spontaneously metastatic Patient-Derived
xenograft model of human prostate cancer [ J]. Sci Rep, 2018, 8
(1): 17535.

Yoshikawa T, Kobori G, Goto T, et al. An original patient-
derived xenograft of prostate cancer with cyst formation [ J].
Prostate, 2016, 76(11) : 994-1003.

Nguyen HM, Vessella RL, Morrissey C, et al. LuCaP prostate
cancer patient derived xenografts reflect the molecular
heterogeneity of advanced disease and serve as models for
evaluating cancer therapeutics [ J]. Prostate, 2017, 77(6) : 654
-671.

Young SR, Saar M, Santos J, et al. Establishment and serial
passage of cell cultures derived from LuCaP xenografts [ J].
Prostate, 2013, 73(12): 1251-1262.

Hao J, Ci X, Xue H, et al. Patient-derived Hormone-naive
prostate cancer xenograft models reveal growth factor receptor
bound protein 10 as an androgen receptor-repressed gene driving
the development of castration-resistant prostate cancer [ J]. Eur

Urol, 2018, 73(6) : 949-960.



i FE B R 2R 2R 2022 4F 4 A 32 %5 4 01 Chin J Comp Med, April 2022, Vol. 32,No. 4 125

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Terada N, Shimizu Y, Kamba T, et al. Identification of EP4 as a
potential target for the treatment of castration-resistant prostate
cancer using a novel xenograft model [ J]. Cancer Res, 2010, 70
(4): 1606-1615.

Jongsma J, Oomen MH, Noordzij MA, et al. Androgen
deprivation of the PC-310 correction of prohormone convertase-
310 human prostatecancer model system induces neuroendocrine
differentiation [ J]. Cancer Res, 2000, 60(3) ; 741-743.
Russell PJ, Russell P, Rudduck C, et al. Establishing prostate
cancer patient derived xenografts; lessons learned from older
studies [ J]. Prostate, 2015, 75(6) ; 628—636.

Jangravi 7, Tabar MS, Mirzaei M, et al. Two splice variants of Y
chromosome-located lysine-specific demethylase 5D have distinct
function in prostate cancer cell line (DU-145) [J]. J Proteome
Res, 2015, 14(9) : 3492-3502.

van Weerden WM, Bangma C, de Wit R. Human xenograft
models as useful tools to assess the potential of novel therapeutics
in prostate cancer [ J]. Br J Cancer, 2009, 100(1); 13-18.
Kosugi M, Otani M, Kikkawa Y, et al. Mutations of histone
demethylase genes encoded by X and Y chromosomes, Kdm5c
and Kdm5d, lead to noncompaction cardiomyopathy in mice [ J].
Biochem Biophys Res Commun, 2020, 291 (20). 30311
-30319.

Wang Y, Xue H, Cutz JC, et al. An orthotopic metastatic
prostate cancer model in SCID mice via grafting of a
transplantable human prostate tumor line [ J]. Lab Invest, 2005,
85(11): 1392-1404.

Lam HM, Nguyen HM, Labrecque MP, et al. Durable response
of enzalutamide-resistant prostate cancer to supraphysiological
testosterone is associated with a multifaceted growth suppression
and impaired DNA damage response transcriptomic program in
patient-derived xenografts [ J]. Eur Urol, 2020, 77 (2): 144
-155.

[35]

[37]

[38]

Zhang C, Zhao Y, Zhang H, et al. The application of
heptamethine cyanine dye DZ-1 and indocyanine green for
imaging and targeting in xenograft models of hepatocellular
carcinoma [ J]. Int J Mol Sci, 2017, 18(6): 1332.

Sun H, Zhang L, Shi C, et al. TOPK is highly expressed in
circulating tumor cells, enabling metastasis of prostate cancer
[J]. Oncotarget, 2015, 6(14) : 12392-12404.

Wu X, Gong S, Roy-Burman P, et al. Current mouse and cell
models in prostate cancer research [ J]. Endocr Relat Cancer,
2013, 20(4) : 155-170.

Castanares MA, Copeland BT, Chowdhury WH, et al.
Characterization of a novel metastatic prostate cancer cell line of
LNCaP origin [J]. Prostate, 2016, 76(2) : 215-225.

Tricarico R, Nicolas E, Hall MJ, et al. X- and Y-Linked
chromatin-modifying genes as regulators of sex-specific cancer
incidence and prognosis [ J].Clin Cancer Res, 2020, 26(21) :
5567-5578.

Mokou M, Klein J, Makridakis M, et al. Proteomics based
identification of KDMS5 histone demethylases associated with
cardiovascular disease [ J]. EBioMedicine, 2019, 41. 91-104.

Lin D, Wyatt AW, Xue H, et al. High fidelity patient-derived
xenografts for accelerating prostate cancer discovery and drug
development [ J]. Cancer Res, 2014, 74(4); 1272-1283.

Li ZG, Mathew P, Yang J, et al. Androgen receptor-negative
human prostate cancer cells induce osteogenesis in mice through
FGF9-mediated mechanisms [ J]. J Clin Invest, 2008, 118(8) :
2697-2710.

Wu P, Xu R, Chen X, et al. Establishment and characterization
of patient-derived xenografts for hormone-naive and castrate-
resistant prostate cancers to improve treatment modality evaluation

[J]. Aging (Albany NY), 2020, 12(4) ; 3848-3861.

( Ye#s B H3)2021-07-02



202244 A o [ H A e 2 A April, 2022
¥328 Ha4l CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 32 No. 4

SIS BT RIT B 4. TAARL, CNS SRR 220 Ep il el [J]. PIEIHLABE 24200, 2022, 32(4) : 126-132.

Cai XW, Lai HQ, Liang KY, et al. Trace amine-associated receptor 1 is a new regulating target of monoamine neurons in the central
nervous system [ J]. Chin J Comp Med, 2022, 32(4) . 126-132.

doi; 10. 3969/j.issn.1671-7856. 2022. 04. 018

TAAR1,CNS B it fijt 48 o0 I8 #2530 0 5

= 1# H-3# Y 1 33 1,2
R BERT R R E K

§

S
a3

(LB FER KR EZ 20 7 M 510515;2. B A ER 1124 %8, )M 510515,
3. M B 2GR AR P L R B B R R, AR il 528400)

[HZE] JRHEMAEZE 1(TAARL) B2 KRB R NHE S £ & R4 (CNS) iReh BA &
BAIER, PRI, TAARL (/R R E #E0R T BME SRR SR O, 30 5 SR 4638 A 2 DD 6 IE . R
SCM TAART (RIS FHOCHECHS A FIAL I8 B A 5 B 2638 T SC R LA I, 43 T TAARL £ CNS i it
ZORERE S-FR BRERE AR BRRE AN 27T , TS M 40 B P9 AP AE D& B AR 98y ik p &2 R e Difie, HL sl 1)
TELPRSIR Th BRI B RIEBE . TAARL AR5 76 1 2008 1 2850 s b Je B 1 F0 34 o A W J | LA 34 i B 58
GIE

[XHER]  IREMADCI | IR RS L3 BT P 2 RS
[hE4ES] R-33 [ XEktRiIZEE] A [XEHS] 1671-7856 (2022) 04-0126-07

Trace amine-associated receptor 1 is a new regulating target of
monoamine neurons in the central nervous system

CAI Xiaowen" , LAI Huigin®, LIANG Kaiyong', HUANG Yong'?*"
(1. School of Traditional Chinese Medicine, Southern Medical University, Guangzhou 510515, China.
2. Department of Acupuncture, Nanfang Hospital, Guangzhou 510515. 3. Department of Oncology, Zhongshan Hospital of
Traditional Chinese Medicine, Guangzhou University of Chinese Medicine, Zhongshan 528400)

[ Abstract] Trace amine-associated receptor 1 (TAARI) is a new signal in neuropsychiatric research and plays an
important physiological role in the central nervous system. Various reports have shown that the role of TAARI is closely
related to trace amines and monoamine neurotransmitters. We discuss the research on TAARI in recent years from the
aspects of TAARI expression, related ligands, mechanism pathway and the relationship with monoamine neurotransmitters.
TAARTI regulates dopaminergic, serotoninergic and glutamatergic neurons in the central nervous system and thus affects the
levels of related substances inside and outside the cell. TAAR1 agonists also show great potential for promoting the cognitive
function in pharmacological experiments. Targeting this receptor shows increasing advantages and potential for use in
neuropsychiatric diseases.

[Keywords] trace amine-associated receptor 1; trace amines; monoamine neurotransmitter; central nervous system
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R SR AR B LEHAT P RE A CNS B #f 285
TIPSR BTk 25 G B i oT 4 aE, 3
ITHRE N TAART B3R5 AHICECAAR A HIAIL i i g%
RN 2238 Y C LA D7, FiA TAART A
REVE R CNS Bt fth 28 SO 45 B M 5 AV FEVE

1 TAARI1 Rix

TAART 2B N Z AR, T ZRIK T 2450
IERNERE NG (=AY 71 it 3 7 NS 1L DI
T FE J5 4 L R 5 i i A 19 B PR B 5 (B g g 28 5
2 A )

FENAMR T, TAARL A7 78 T K #8242
( central nervous system, CNS) UL M G R 21 20 | 1145 |
O E I SOt 7E CNS T, TAART
BEFRIR T 5% Z2 G0 TN e BRI 28 3413 1Y IX 38, 4
Z B ( dopamine , DA ) fiE X %) B M 9% 55 [X. ( ventral
tegmental area, VTA) 22 Ji (substantia nigra,SN) fl 5
¥ {0} ( 5-hydroxytryptamine , 5-HT) BE X ) H 48 1
%% ( dorsal raphe nucleus, DRN )70 DL Kz % B
(locus ceruleus, LC) BRI 7% ARFEAZ (nucleus
accumbens ,NAc) ¥ 5 & B ALY (4%, BRI LA
Hh TAART AE F 22 DX Il 3 | R 3] J2 7 i 4 i e
JZ (prefrontal cortex,PFC)V EHEAR Rz

TENG 7L 3h 0 1k 9, TAARL 20 i )32, #E /N
H1 TAARL mRNA ££7E T Rl 224 DX, A 46 7 |
T A A T R AR A A R IR T
JHERERN 25 70 X 8, £ 4% SN VTA [LC I DRN 4570,
FER B, TAART (9 mRNA 765 B il 55 J& il 21 21

HR Ry AR S KT 78 R B R U e
1.1 VTA

VTA J& DA BEIX, %2 2] i 8% DL K sl A i
FavEAT A B EE ) P-4 DA & R
[ DA 244 2( D2R) AMXA STk pfs BHAEREAR | 38 2
SRR RS RETE AT, FRRRAEBA K
it 45 oMK B NAe o & #E /E TS TAARLD )
mRNA FIEE IR SETESE A DA GEHSTIX, 1 VTA |
HEANTEF SOk A SR Rk FE/NROR I Y
A LAY B R AR B S ES Hh BJR, TAARL 76 VTA Al
DRN H ¥ EAREMEME . A 8 KB VTA Al
5 B % 0 ( substantia nigra compact, SNc¢ )
TAART mRNA 7KW1 & i FHABRG X A 55
R HUIIABZ trananyleypromine (TCP ) BE W5 Vs /b B
HRINEL SN N E R (Glu) BB, {HAE TAARI
AR (TAARL-KO) /MR B A BOR . Ah,
TCP AbFERY) A H1iz 3 sh ¥ By Glu I i 45 2R R B,
TAARL AJUABH (L 7E B 3RS T Glu 78 SN 191
200 H L HI T fE 5 TAARL W Glu 538 1k
EAAT2 (2 fig, M1 T 30 Glu 15 BR 1 itk 28 A %,
TAARI i F55LL J TAART #43h30) B 322 35 fl iy #40
SR Glu 5,
1.2 PFC

A FHF R TAARL B43h 70 2 A e A %0
AFE YT PRC SN A Th e R £ X, H A
BRI —FPEH TAART-KO K BREHITE TAARL 5
BF G RIBLOGOEE A, 7T LIIEY] TAARL
£ PFC V ZH ook Btk 5 X Rk
K—FJE, TAART-KO /N V JZ HER R 20 K
R (NMDA ) A 5 FL U 19 D) B Bk f Al NMDA 52
PR FEZH BRI e | I AEAT N eIy v B AR S
PER) S5 BN FIAT A . IR WL TAAR]T 7E PFC th
JH15 NMDA 3Z 1A 5 1 DA 1 118 58 26 05 T & 45 &
BRI SR R — 0 SR T T BALB/ ]
/N BB BIFFE A B, PRI R B2 JZ (medial prefrontal
cortex, mPFC) 11 5-HT #f1 2 A% 15 0 , -5 58l BH Wiy
{7 F mPFC H y-Z 5L TR (GABA) Bl b [l il 4850
1 NMDA-R FHRBRAH—2, Glu 1l GABA J&
TR = A A R e 5 TR U 2> GABA BB
TR E Glu B RN 75 5 A< Ak 5 184 55 2 gk ]
FAVE  TEIRYT RS RAR T A P SCEEE T i
TEYE R 84T ) LSD 3 i 5-HT2A/AMPA 3% {& Al
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mTOR {5530 J& 14 38 mPFC M4 PEAL 33, REMS %
P sR 2178, LSD 7F mPFC FP{iE 5-HT2A/
AMPA/mTORC1, /] FF A GE i R A A2 L8
B 25 LA 2 A7 Ry 38405 B RS 1 s R T
BRULLASE, 2otk O IRVEF T TAART S5 BRS¢
2% SEP-363856 J& 19 K B 37 - 3 A ((immediate
early genes,IEGs) FIATE PFC 382 1R, 1614 D1k
RNt A A B A 2 I 3k 4 XISk T 5 A
I [ S SEP-363856 AL 45 245 24 1E T 3012 4 R 34
CLURNE (PCP) 45 255 1R A ks >
1.3 DRN

DRN J& F 5-HT X, Z 5 10H 2L Jih 5 fUs%
PEFVS R A BP0 . TAARL SZARTE K rp 2
ERTR  FEETE DRN Al VTA 112 TAARIT 3% P
AT LA DRN H 5-HT # iy 24de i, A SLgir
B, TAARL 191 3h 7 R05256390 FI RO5166017 A]
DIRG9 5-HT 1 DA #1280 iR I 244518 | T
TAARI-KO /MR 5-HT Fl DA #1248 50 B4R 4 2445 1
BEAR (ELYE B3l MO AR 58 v, 5 2 A OF JE Y 2
TAARI #4334 3 7] RO5263397 71| 1t 4 #i 1 384
VTA ' DA % 22 5C F1 DRN # 28 ¢ 5-HT 1) 5 f
R HRK B R T £ 5T L R
TAARL JEhFRI7EX A X806 5-HT #5200
1.4 Hf

AR S TAART 76 LLR I X 404, (B A5-0F
— RIS . B I AL X, © 260 9 I FIR R g
HIHFE ™ NAC, JE 7= AR PR 25 i I X, A T 9%
KI TAART-KO /NS NAc L 2SR e e i 15
HABHERWITE NAc WHAR & s S 215
) Glu ey R 2 J& F KO8 TS e i RE & a1k 1 o
A28 A NAe P DA K (5 T 55 5 16 9% DR i
YA

2 TAARI1 BefE

TAART R A IR S A P B 2 0 o B
B 3= EEE B AR IR 5 % (trace amines, TAs) . TAs
VE—Fh 5 L Y e ph 2234 5T (140 DA 5-HT F15H
B AR NE) BFUTAHDCH IIEYEY) BT, A 20 el 7
WAy B B B 2T . BAT TAARL
EREIRE NS 5 PR YE TAs 2557 TAs 802
AEAFIRETS , A BUK AR T 100 ng/g MR
YT, 2 L) TAs ALF5EHE (tyramine , TYR) B2

M ( B-phenylethylamine , B-PEA ) | {8 Jli | 3-H 46 F
1% B ( 3-methoxytyramine , 3-MT ) F1HUHR AR 25 (U 3-fill
FORBRE I SL ) T2 A 05 A B LR (4 3l
JERE AR RN AR R 1R AR e R
(0, o7 B A SRR BOR B AL A W e e 22526 o
FRAS IR H JZ BN 2R P & DL 2 —
TAs 5 A4 Yy e i 28536 J5 11 2 VDK 3R, i L AE pf 224
BRI s RUA ST R R PR FEAE T ARk
DA {4 3-MT F1 AR AR ik = A 3-A H AR iR
Z & (3-lodothyronamine , 3-T1AM ) # & #{ j& TAARI
7o S A ) TR sh
2.1 TYR

HWF5E 2 TAART-KO /NEKF TCP B3 AR
SV, TE TCP 4525 SUIRIR S E iR K LR,
SRR R/ NEUAF L, TAART- KO /MR TYR FR 2
L R TAART 7880 TYR 7KV BHAFAE 67U L
B0 AR AR A P, R AR B R R B A 1A
(tyrP) WS i s 20 BR O G2 7= AE TYR, B )5 i
i tyrP BB QM AP AS ], AR, TYR CAE
A i 38 o fi R e s AR 22 K Y R | L B
TP o 28 186 S P SR 0 I R A A | X R
ST BT 4 14 BIF 5 400 3ok i -F 3 - 2 o 4 i, B S i T
MAEMS 58 TSR PR G, 22 R
A & B, 5 H A A 4 AR (Parkinson’ s
disease , PD) 34 HH L, 75 B2 0 5 AR 19 2 Jig 22 B
(L-dopa) HFFI &1 PD £ 5 v, i 2 I FR i 3k (R )
ST 20 TR i BR A AR X T R, A e
WO TYR 1E8 PD B R WIEWARICH ™
2.2 B-PEA

B-PEA 7£ A 2% TAARL P4 I% 1 32 B & 8%
F15 B-PEA A WIRYEZ AR Ay Z R, 78 KM
TIET DA 2 o 2 W 9 1 1) AR £k, 461 3 e 875 5%
AR AR I8 ORI R A B
FREHE T 1015 43 W, HAE S A AR RE AF 5T iR 56
FHEDS) . 7E TAs H, B-PEA FIE& i /& TAARL %L
PG (HAE A RN TAART Y, B-PEA LUK
YO R TR 7E K B TAART FRIAR M R
SCHSHE AL, B-PEA BB 3 W] T R AT A BN
UK DA A S-HT | LA K iR 28 fil i b NE f
BRI AR UEH TAARL 8% B-PEA 075 )5 & 35 10
il T G 20 BB I A SR S 3
WA TR B-PEA 34N T 2B AL N cAMP
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IR, TAARL @RS 19 B-PEA F2 7 1 41 Jifd PN
cAMP K- G F R
2.3 3-TIAM

PR I 3 3% I L AT A6 W 2 3 A R G ol 5 9
FEI— 43 32, O TAART AT Lk FEOIR i g 2%
i) 3-TIAM UG, JFd ik TAART Jil B 1 R 34
EHEES . 7EH] 10 wmol/L 3-T1AM H3# TAAR1 %%
YL i) 20 B S 56 v, P 85 B2 MR 1 (epyclic adenosine
monophosphate ,cAMP ) B 8 i 3 & T B fill {5 5 1%
S0 AR A AT R W, F T CaMKIT IR
T4 A (protein kinase A, PKA) A4 N ZLEE , TIAM
It TAARL FiEE 55 M0 SR 1A 200 Jf 0% i 1% Ak A 2 e
Pk, B T OEF AR RN RSO R DA BRI, i
TAARI-KO /NEUFI EPPTB ( TAART 15300 ) U i 555
TORXFRAE T, M ST DA fL 38 i I s
BEAb, A 5T % BN N 2 P AN YE T1AM /] 7=
ER = R IR Sy (IAEIN 3 e I A X7 S VA
SHIEAR , P47 LC B LR REM ST iy

3 TAAR1 H1ERIBIK . &R

TAAR1 fER CNS Fp it 28 Jo IR 42 1) TS 78 i
R SR G Y T AR s R A R AR
AR, DA R R W g v . B oY R
TAART W] REE 2 Ao P A B 40 & VR D, AT
i W 7R GPCRs 76 % WK I = R0 A% B8 vh ki AR
S TAARTL AY TG 1T il % 40 N cAMP B
F T PKA FIEE H A C(protein kinase C,PKC)
{55, It G &AM ST ALH T8 B-arrestin2
MeRE B . SR TAART W0 J5 B9 T Wesso vy (i 28
fl AT AN c AMP 7K 0, BT 7= A 22 b 4 i P
FNE o ABFFEIESE, cAMP 1 £ 32 Th e Al RE 2 4
YRR K N TAs f 250, DT 3T 40 A Y Y
TAARL, BLAMEIFSE & BE, TAART $#4sh 7 B 329k
iy i R R AN N cAMP /K S48, i TAARI
I R AR T R BE TR Ay 1 A DY cAMP K
-, R IAME St IR AN TAART #4361

HHi, TAAR] C#0EI] g8 46 DA Fl 5-
HT #HZICTG sh A 2 R . 4 TAs 5
TAARL &5 & H B FHS D2R 5 =%, i
FE TAARL-D2R E AR BN 40 A% |, IF7E DA
RERR 2T i is BRI BEAIR DA B 28 50 19 T H il
., TAARL ] T DA #2843, AT AR 38 2o 9§y

DA #i2{K ( dopamine transporter, DAT) 5% 5 D2R 4
AR TS P e K I Sk S, T L TAARI
N D2R 85 22 (877 A8 2 D) A AR Y et 3¢
MkHE , HAL YL TAART 19 HEK-293 41l , TAAR1
(AT S8 0T 240 Y A0 B 1 U ERK RN B4l iR
TR TCIESS A 1 CREB MIBEIRILKE . fERIA
DAT () HEK293 4fiffir  TAAR1 FJ 4+ S 2B M fivids
1Y FE RhoA 25 F1 A1 cAMP 155 AU ITE , i AN 3%
ik DAT M2 AN RE , i AT WL DA #h &,
TAAR1 R ZARM A i ELEE M N0 A, AR 2 7
PIFARTEIAY G 2 G13.GS AT TAART 376,
1 22 4B M7 175 3 19 TAAR1-G13-RhoA 1 TAARI-
Gs-PKA 15 5 B #B AT DAT 7

4 TAAR1 SEERHZBERBERXER

BR T TAs #b, 28 M B i 2234 57 DA 5-HT Fl
NE 5 TAARI M C R % V), TAARD 2L G040 5
e it 22 33 I 1 B LR T 0, R S R I sh R S
TAART 7] LA K A 2 B B e e R 40, H 8K
T TAART KoMt 6 15 7014 N 5 B0 e BB 22 A%
AR S LR & PR 1 B 2R (9
D2R MM AT o2 FIZ AT 5S-HT1A) 5 TAARL fEH
PR, 28 % A L ) 80 1 2P i o 2 326 R A9 R 7
XTI B ER A AR T 58 fil iy 52 44T 1655 1)
EAE, B TAARY FIEARE [ B 32 171 B Rl v 28366 101
T T A BRI, S5 2 A A R L, AT £ e
Tz OB RSN H TAs X TAART H
EEN Eken ik s I N S e g Y NSRS E RS s
DT FeseAg2E 7 i, A BF IS U4 & 0, 224k
b R TAs A9 ) BRL g P JCAR 36 T R G BRL g ot 22
JCH TAARL JEERAAEAE S FEfE A B 20
Z25| TAARL 5 DAT my3L5E (i, {H TAARL 5 NE %%
iz & ( norepinephrine transporter, NET) fil 5-HT #% iz
& ( serotonin transporter, SERT ) %) 3 22 £ {44 B
mRNA Fik)Z 10,
4.1 DA

1B AT L2 A TAART B9 #2ocH, TAART 3%
SRR 1 2 kTR B m R S oY B4 v B, AT 348
TR ZRMEE A, W S ¢ B
166 %) PN 1] & 3 B0 38 18, TAART 1] DLFAAIR DA #2850
RO HE 26 FE T REL IR /25 DA BEIRZSTY . 22k AN
TAs ]38 i DAT 55 B ol B4 9 10tk A 28 fioh i 4o
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26 TAARI # TAs #4755 , i@ i+ PKA A1 PKC
5, o1 DAT SR Ak, AN AR I i R 1L 34
A H DAT AL (IE 58 4 1k P48 O )
TAART FEH /NG R BT AH IR 015 O, £
W], NAc N TAARIL & 3K/ A9 4 i 1 DA FI
NE LK mPFC B9 5-HT /K380, 7E R S 5 5540
F35 530 VTA DRN #l LC BARBER 27T A Kk
HL AT SRR LR A5 1 B R I s AT
RS E I B FRCIESE TAART AT AREAR 43R
bty %) AR R B AR B Rl e e AR L e AL,
TAARIL AJ LUK D2R #4741 i) ¥ 5% 5% 9815, T D2R
J& H AT 259 Ra I o ) iz A 5
4.2 5-HT

TAARL 1 SERT FEAELURIA LR A H
HIIEAE 111 I PR 5 Hh ) SEP-363856 , AMEH T
D2 5244k, {H7E TAAR1 #1 5-HT1A 324K - B AT 4 3h
FTEE  FEVR TR P 3 240 M BENLIA S Th R T e
TR T IRG Pl o0 2407 1 32 BT JLER T e, S
B TAARL 5 5-HT 0] REAE MG il 73 2408 J o 1R YT
S E R ), CAIE B IE i TAART 1 5-HT1A
S0 DRN Fl VTA #1280 L A0 >R85 DA fE
M S-HT RE w2 4% 28 R B BF 58 34 & B0 4
SEP-363856 1647 H AR 1 43 2L i 5 1) e HIR ot 275
BT KT R AR A DG A — S b 20K b
R IIRYT LA SR R B 3 J5 A [R] 118 5% W) 1 47045 1f A
259 (8 1 TG 8 SCARASE T B

AR AL, 5-HT 68 5 G0 F1 H A B 2234 BT R 58
(4 DA NE Glu F1 GABA ) 2 [a] (1) AH B AF Fi #2615
SR 20 R TG 3, X T B PD A BRI A
% P EASE Z R B Biln LSD L 2R EAE
FAMLIAE F Bl AS 5] X 3] AN [ 62 45, 5 S DRN Y
5-HTI1A 5-HT2A .5-HT2C; VTA § D2 %4 TAAR1
ZAKLC N 5-HT2A 45, 53X 3 A7 850 2[Rl 8 5
F| PRC, 1380 35 30 ] 4o 28358 o PR B, e 23R R
R AN AR AL AR AR (5~ 20
we/ ke, IR ST ) LSD i 5-HT2A il D2R %
FEFEAK DRN P9 5-HT M3 6 M, 1 & 7 & LSD X
DA il Zx M 28 50 1Y 3 PR WO AR BT 5-HT 1Y
PERIPY,
4.3 NE

TAAR1 1 NET EE A itk Ao
K LBCIRAANT 2 Al A (1) S 53 B2 WFFE NE B

ZItA T R, (i 6-3 3 £ B (6-OHDA ) £
RIS s , NE H1 5-HT W #E#B 4 55 PD #E A
SR D BE R IR, BLAh, NE 7E AR A 4 &R
Girpif T S R R ) FRE B A T 97 AT
M LA PR ARIE A9 LR . NE B PFC
()3 A% 280 7F — SO Bl RN R 285055 v i R A el AR
1M H AT ) 2 4 BT AR 259 & 5-HT F1 NE #7
I, AT UL, S TAART B 2 RE 6% A oRS bl
WA IT BT 2 00

5 45

25 LTk  TAARL ZESh LAY 25 0 A ARBERL
I R BB T B 7E CNS P R85 B % N 1E
FH, SR 53 2408 | 00 462 20 0 R B0 55 fet 2005 PR
WA A VIR, nTREVE I CNS B REM T (s B
PHRER B, [RIR TAART FOVE R SAE 540 5 =
P8 388 JoT R THEAH AR T, TAAR 2 50A] fig %2
KT X DA GER RS0, 5-HT € NE GEFI Glu fiEfS
SWATRERE EEAE M, F5L L, X 2R AE
FH5 TAART Sh R4 & 25 W el (38 3l R
PRE I I SORE T REME (RRSIE DA REZSW)
D7 O s AR i 7 AE 22 ROoRS ph SR
Ve B 250 W, B A B A 5 A (8 R
5, RRR ARG MBI YA T SR S i
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Research progress on the role of pyroptosis in the microenvironment of
liver injury

ZHANG Zhao, GE Naijia, MA Xinyue, DIAO Jiawen, QUAN Jishu”
(College of Medicine, Yanbian University, Yanji 133002, China)

[ Abstract] Pyroptosis is a novel type of programmed cell death characterized by the formation of micropores in
the cell membrane by activated gasdermin D, which changes the osmotic pressure between the inside and outside of the cell.
This eventually swells and ruptures the cell, and releases a large number of inflammatory factors and cytoplasmic contents,
thereby participating in the inflammatory immune response. Studies have shown that pyroptosis is closely related to the
occurrence and development of liver damage, and excessive pyroptosis aggravates liver damage. This article mainly reviews
the different activation pathways of pyroptosis and its mechanisms of action in the liver injury microenvironment.

[ Keywords) pyroptosis; liver injury; inflammasome; GSDMD; molecular mechanism
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1 SHOIL-18 BIARR TL-18 AR 24, IFfli H = A=
B A AP IR A R Y Ak ek
1Y caspase-1 HKF GSDMD Y1) 1 i 2 A5 76 PR 1) A Bt
IR HEL AL 3 20 M Wi i 2, TE LB IR L R/ AS
S W B IR AL T 7| S A i Pl A 2 B A
FIL-1B IL-18 FLIR B = ( LDH ) B oAl vl 5 14 i
5T PR 0 1) R S R, 5 A A o A AR T
I, IXUE B T 40 R TR R /MR S O i
GSDMD YR PEIRE
1.2 FZHEE

HMA AT AL, ST AR L R R 2
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[ Abstract]

Microbial keratitis is a common ocular disease worldwide and is an important cause of vision loss and

blindness. A comprehensive understanding of the pathogenesis of microbial keratitis is required for the establishment of

animal models of related diseases. These models play an important role in studying the immune response and infection

mechanism of host infections and drug development, and provide a scientific evidence for the selection of clinical treatment

strategies and pursuing basic research, Here we summarize the animal models and the pathogenic mechanism of infectious

keratitis  to provide comprehensive understanding of the current research on these models.
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PLHIHEAT IR EAS , D I R AU AT 5 B A5G N B
A,

1 RERREIYEE

1.1 BRAEPSHEEHLRINYEER

TERIKE R, A2 R EE 1 B (herpes simplex
virus, HSV-1) 2B M0 B Y 2R K, HSV-1 J%
Yen] S A= FEHRAE B ATATT BB A 5 e WL ) R B b
PEER AR AR X GR HR R PG 75 1IE S HSV-1
SRR T A RPN R T i R Al X HSV-1
(R AE IR P HSV-1 J8R e 19 2 9 AL il v i o o 2
PEHI™

R &AM HSV B ] & A e L3 ok 7 47 38 3 Al
FR B A Ak, o RN SSRGS 98, K24
IRFE HSV J& B = X235 AR 11 HSV IRy B3OS
SIERM, A AN AR EE DL . HSV 1) B3
SEH AP G| R0, A48 K ) kb Ak
WS DL KOG IR 97 8O PN Ke o0 3R 45 = R A
1O LS IESE TR R Al S Y R = e
H) HSV-1 84y I SE HSV-1 AR B = X i &
TG I H A /N R E, B B = SO 28T A 1
SRR TS A ok B R pl 28 0 Y AT ARSI Y
Ry bbpes, AR IR T e 5 N B s AR B,
B AT BE 2 F 5T HSV-1 38 AR JEk e (0 AR S () A A
SIS P MR NTH /N USRS S5 8 57 T HSV-
1R (1) Sl A A | P 2o P B 58 AR R A
ANEURRR SR T e M B R B A R 1) S
Uiogs BT

SR B] , HSV -1 955 5 75 AR IS L Bz 4t v 42 1
IFIE BB R MR 254, 5 26 0 it 5 2 DL IR AL
A7 SR 24, I AE A B4 4 BR i HS V-1 9% 7 kL
T SRR AR AR JZ (B AR 1] 5 AP B 2
) T IR R I R RS SR e A8 PR YRI IS 0 T A
4 (HSK) J2&: H1 HSV JEYL 11 £ B 41 it 5 33 i 119 5%
E AN MR BLAE RS RS, 76 24 h P, SRAEA0 I ( 3222
JEH PRI A HE NK 405 A4 280 40 i
FE WEAH AL, B AT 83X — B B 1) T i 2 B il 9 25 78
HRNHERE, ERYS 7 d TP, CDA™T i 3]
ISR P AR AR AR A DK -, G IFN-g Al IL-17 3 26
21 i R TR 0 B ke v R T M ) YR T RS, A
Jo 1B LSO 3 B v M 4 B A A T T
CD4"T LT | AL I 43 Wb 48 5 A T | 28 11 1l A
F 3, X g HSK HOURER 31 1) R 40 A1 2L 48 195 1) I

R, A HGERR, &M HSK /N B P TIFN-y (IL-2
FTNFo/ B H7KF- f 25 T 57, B s 2 S L Ji5 TR 9
CDA™T 4034y Thl 4HAENY AT FSE /N TERA
CD8*T £ AE /IN BB 200 6 92 75 0 PR R e i 5%
WEVEH

Mott 25121 H] FMS % 2 BRI T 3 BiRk (FI3L)
i BALB/c 8% C57BL/6 /N, i FIGBL A K
DCs( CD11* CD8a™ ) 14 5 il 38 I 7, & 81 CD11”
CD8oc* 4 K (88 55 HSV-1 3 AR 399 0 588 hn
KXo AR, CD11ce” CD8o 4 S 1R 40 Mo 1) 3of 4k 55 72 5
HSV-1 ¥R FEARA C . Bryant-Hudson Al g
ZRUERH | JRIARR PR AE TS 1 AR (PD-L1) 5 3z ik
PD-1 BYAHEAE HBEAS T DCs B930S F 25 10 i Y
Thes, MAN BFFEIE & B, HSV-1 B B i Stk
YIS 2 M R A iy S PE T R IR A
X, 41 CD80, CD86., CD54, CCR7. CXCR4
I MHC1H

TE HSV-1 YL I ], #1521 B2 40 A 5 7 i toll
FEAZAR (TLRs) IS [R) K3k 84, TLR-4,7,8,9 7E{%
Sk A R A P R 3 RS e /N BB ) R RR
TLR-2 TR B0 ] A I 4 183405 1 A 80w . AH
JC, TLR-4 i 55 71N B B0 ™ 2 A 5 9% s A8 1Y) i B
Peltol ESR TLR-9 5 HSV-1 DNA (358205 30 T 1%
Bk HSV-1 A5 ZUGR sy, (H e gt 7 5 80/ I
L INID S NP O AR v~ | AU PO i K Y € N e
TLR-2 1 TLR-9 Jf-3% TLR-4 7] figJ&— M il A
A1) SR W R 3kt B 56 R A e A5 14 AR A 477
1.2 EffRSEERINYER

E 41 B9 5 ( cytomegalovirus, CMV ) J& B-Jfi 35
o B SR A AL et SRS T PN 20 K e e A
JRH 2z —" ) Zhang 21V #E 57 T K RUE 406 7
FIFER BRI B CMV AT ER P 2 e B B
L AL AN B T BRI/ INGE ) 375 2 AR 4 1
RFEW . Kandori A= 1200 j — TH I 9E B s B A0 s 7
1) T FF RS PN B2 4, WA I b e PR B v F B R

BARAR HSK B2 00 % {5 CMV 512 1) #f i
R T2 1Y AR5 AR R85 B i 2 1S i 7 A il
ST AMTESEHRY /N B P A R 20 A
7 (mouse cytomegalovirus, MCMV ) {E N R 50 | 45
RFIFFLLYE MCMV [5] B A7 7E F 12 PR SRS R
TEARARAS ) G EEXT CD34 BE R4 (£ H &
R CMV AR ) 0 H b 77 Tl A S 400 1) e
Y ZE 2 e 118 A4 ) I A A G B Sy o A i
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IO i R P A 2 — o DR IR, 7 5 0 o R B g2
A TE b AL Pk B A MRS R R e S T2
FOAEIR : N TCHEAR A4 955 B MILAE 21 B 20 s 22 455 B ik
A LURZ2 VPN , EBUR M T 1| RAGERE ™

TE CMV 75 5 1Y F 55 U110 S #5782 15 240
iR AT 30 20 = AT SR e O G1 WIS ) R 2
AV CMV R I EBOIE I S L A
IR BT A IR AP ANE W] 0 3 JEBHZ T
BERRAS I B RA DG ER F R T CMV e
FEUFTENE AR LA AN B, A A G h Y
RIS, CMV S 20 558 & AR 1Y B AR A2 AT
TEWFSE , 1 JCSCHRTERH

HETA C CMV G OCHE I T4 2 | Pl RE
23X CMV B IR L AT 78 SR AT O R, T
4, Puttur %5V F) FH AL /N R, CDLLe” B 5 4R 41
JfIH i) TLR9/MyD88 {5 5 1 j# il 2o £ i NK 4l g
CD69 fY32 35 Fl IFN-g 177 A=, 38 T MCMV 1Y 75
W o[]S, 72 3% 20 i A AR 58 4R 41 M ( plasmacytoid
dendritic cells,pDCs) 5 S B0 T, & FLA 28 1R 4h
Jifi ( conventional dendritic cells, ¢DCs) 7] i 45 TLR9/
MyD88 it 75 A (HEHE Y NK 41 A% 10 40 i 2
REFI MCMV (975 BR . Rl eDCs A IL-15 i@ id
AN TLRO/MyD 88 FAILH 2 NK 41 Jifd i 450k
Szomolanyi-Tsuda %5'%") % B 7E TLR2 KO /) KL,
MCMV S i) L ) 52 460, 565 4 RAENRFNIF v %
U REE T i, TLR2 XF MCMV 1975 B VE 2
NK #f S, LA EWF5E % B TLR2 \TLR9 1 DC
55 CMV JBRGAT G AEAG 51 A A8 A T FE AL ] e 2
iE— LR

2 HEMRRMEE

2.1 FuimRIIERE KB YEE

Pl TR 2R FL T Y DL, 2 B S RN A
R LTRSS 2 — Bl ) T A JBE A A A A T
T RS BT BT A b DX A8 ARl TN H e L
S 7] TR B DL S A ) B e (EAE R T [ K
ZRERFRUESIE 0 FC TR A 558 0o 1] v, S8 D0 TR 1Y A
HRRIE , FEVFZ P A b, 9 0 325 A I T
o L, T ot 2 TR R R A e U DA A AF 5 2
8 i 2 090 DR AR 2 ih % ik 70 TR ( Fusarium
solani) '™

T 32 B T SRR AR e A T (AR
7)), WEREE G AVHBERIIRZE . Pinnock %51

FAR TIN5 B P34 75 5 T SR A A Y
TR X T S ) TR, SRR UL I A P s R A L
55l R G 1) 20 22 AR AL, A B0 I 6 T B
He MR M AR KB s R B S Y
A5 TR AR IS RN A AR D, TR SR RN Y
NLZE 5109 $i ) BT (1) 3 A 96— R B AE 0T 1 — B
() J5 , TR 22 28 i 3 0T ik 00 TR 4o A 0 %) A i 2 1
B — 2RI R BK R ARV NEKEE R XA B
T 5 e 928 I L T 4 iR 3 1 AR 13- SR OB A
o H 8 RBH (B FR A AR AR G4y X ) | T TE
TR RE AR

Mukherjee 25" 7] A M fil 5 5 325 B 57 9 /N
SR RUBIFIE A B, om0 B A R Bk 16 BT 114 2 40 i
U RE 1 2 B0 B R R L 7R/ BB AR 5] i
FARER I RE IR 5 AE MR TE B O (B 5 4B
PEREEETC G, S 4h, BRI R 2 Fh i R 4E
WeIJRBE T-2 B 5= i AU ) o I — S BRI il
FEANHE T AR ) B PRI wE T B8 A0 N R 5
1 PR B R A I I AT 3 4 (ROS ) 11 72
AL BEAN, EATIE W BE A FED D T 4 ) g Y
PR,

Jin 255 IS A8t a ik 7 A1 o 38 N ok A= Ak £
JEE b R AL GRS Tk H R TR P B 22 R B T
TLR2 .3 .4 F1 6 mRNA [k DL S IL-6 FI 1L-8 F R
Jit, TLR2 #1 TLR4 & 1Y R iA Wi o R g M 22
BT FIGR . BT TLR2 FIHT TLR4 H5e REHTR TIAL
PRALAEPI ] 1L-6 1 1L-8 AR, 45 5 %M TLR2 1
TLR4 #8255 T 8k )] 16 2 88 J5 (A5 S W 1, 1 R 11
50T FH A S ) TR £ A 2 AR R £ R L
B 5N K 28 LR 3235 Dectin-1 5 H @0
ZR(MR) HIFARE = A TL-18, $ 7 B 1k A
RIKE AT REI TR L RERGEWNS 5, Hdt
L LA T A A R A A g B AR I 5 N R LA
PEM SRR, T B 2 AR T e S 5 P LR
X L TR IER G A 8 O 288 R, AL 1 5 1 e 2 e
AT REXRT AR A 1Y) & AR S A AR $2 s
W2 A BSOS A B S B RL A AR T R 4
223K Dectin-1 ., Dectin-2 7] i 1 J# 3% Syk-MAPK
T P2 RN AE R IL-2  1L-10 A1 TNF-o B4 53,
HETT R AP E P eI BE
2.2 BRIKEBERIHEE

@ & ER H ( Monilia albican ) 2181 H X EL
PR RS ) e i UL DL 1 M IR SR 9 s AR B
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G PRI B S T R 2R AT 2 A R v M A
R FEIFN Y EEEERE RO OC FL R 51 A £ IR
ST RESSALLGH P M AR AR, BT I R L U | S
BRI 22 18 b e AR

P 440 Jf B (%) S0 2 2F i vl H 57 S Op ki H 8RR
AL, BT H B e B 5 AR 2 45 &
R R B, ik S e AR A AR AU A
F 4 6 5 1T 1 B H R AR T A R
SRR L H B A R, K, el
R TR A JIEE 9% 14 R % R & s L o) v e AR
RN TR KA AR R B R S 5 A8 R
LI RE Ty, B R D 1R e T B By B vl LA B
AR AR |, 0 2298 AT LR I il 1A AR A
WY et e KOF T R i, it AT
Jor, WSRO DD TR 22 B A AT B3 . Sheppard
L PIE ISR B N 22k B A E R A A
BB MEEAE R AR A7, JF il 8 K
i R IR 1 Bz 20 M ) S 5 2

Xof BB (14 2 R R oy P G e I 1 B A
T BIBEE R ZR (CLR) - 19, HH Dectin-1 7£
HRIRY T 5T BRI % T BRI
JE R B S SR F B CLR #8797, Dectin-1
AL B SR M, i ad Hop i (5 5 i 5 2
AR INAE , 28 /N BRI 285 A o 4 BR v A H: At 20 18
AR PE e N 25 T B TS, Marakalala 25 )
FH/IN BRS04 1) 11 €0 8 BR P X Dectin-1 922
SROETRARER LR, PR R AN R Y 6 B TR B R 7
FLAH L RE A 2H BRI 1 BT b AR AR 25 S A TR R Y %
Yt A B Dectin-1 A5 19 X% (1 €0 8Bk PR
ORI RO WA A 2 T E IR DC 74 1 A
IFN, X 75 2 Syk , CARD9 il IRF5'*' | HiAth i i %
YEFIHI15 5 CLR £93% Dectin-2 , Mincle ,DC-SIGN Fl
MR 55 Ah, 4845 R %k F BALB/c /N B A
C57BL/6 /INER, FH A 5 Jo 0 S0 1 30 1 A BR A
61T ST T DA A AR AR 5 R I o B e L
WA 22 /08 BRI B2 27 e ff 2l 21 rp 40 e v K
SEIL-17 HIZ63R I IL-17 AR R R, IFN-y 1
Tk W T,
3 HAEMEREYEE
3.1 $ASEEME R YT

YN BA  Ff IEE 5 249 o B Ak 2 0 e EE AR 9 191
B 90%, H v 4 &% ] 8 Ml B ( Pseudomonas
aeruginosa ,PA) g W HOEKE & & | 27

K IHHIRTT W5 T A Wty , ™ R AT EOR

BRI BT 1) AR AR 5 RO IR 55 1 fel R A G,
TERIE IR 55 th B 2 A AR /D 9l iR i o — Al i, H
PR B 55 B DA 240 i 2% T A B K A T DA B
BRIEIRBE R ZRE T — e WF S $R3E T 8 FH i e
AR 5% 1) 30 4 B TR R A 5 B O MR 455 A G 9 26 40 £
JIEE 5% (1) A o ML, 451) 200 s 7 i o A o e T 1 o T AR
Gk Y AIF 5 PR R A e v Y R ™ B R R YOG
U A A AN T A R A BRUASE R 5 4 i R
FREIL A T AL (X S gl R A — s
JRBR A, SR wE B IR PG o B TR SR R IR
B KRR I AT A B R (H R A B
TR A E Db F ) Metruccio 550
RIS T /N BRSSO AR B Dl B Y | 2 A 7R 7 /)N
B RS 6 T LR S AR IS, @
T AR B AR e % el o A1 HP M 7T 1 /D BRABARY | &
PS5 N 3R BRI AR 58 B X5 ML 2 14 Ak A= 0 1 Jeke
RS & —F ), 38 A BAE A i e ) A i, o
FE AR 2 M1 P B T 1 BT HIR B (i 3 ] - 2 mg v P
L2 55 R 1 I A0 S W & AR 3K — I N A T
MyD88 Fl IL-1R, B 22 5 £ Fh o ) B 70 2L o i
F . B0, Pinnock 25 & BHL, Ffy AR I o v B 325 £
JEEAS O R L, T A R e S 2 T B 5 ) 4 T R
Z | TG A IR 25 S AR AL, 72 JE YL 24 5% 48
h J5 I 5E V& TE B (CFU ) | R4S B AR 780 /9 41
WAL L R A7 A 25 5 (H CFU 26—/, 5
Pinnock %5 A A9 WL 15— 3, Okurowska 25" 5%
PRI [ PR AR 18 o AP A M T, TR S T A AR b R e
FRE R ) AR 24 h J5 2001906 20 Bf T RO A i
25, XEEZh YRR )Yz N T A0 R M AR R
W2 e

V0 o LN TRURG B T i 2 SR AT, A B T LA
1) JfL A7 R P ) B, K O G ) T R L B, TR T
TR L A MR T AT LR RS T s
Y M TH Z A6, i AT LA g A R AN SR A B
T A AE Y R B B S R S5, DR A TR
G2 A 3 0 e BT A B vl AR TR A 5 4wl R A
Wik e TR AR R S M o g 0k sk g AL A 2
FEAUBROR I | B i 58 AR | e A28 5 PR 2R 3k A4 o]
TR >,

R 2% SRR i /D 7 PRI A
iff, Horp — e A AR 1) e AL P R R AR AE
o an 3% 5t 4w 2 1, RE OO i R H g B
(Las B) FIB80HE 5 6 ( AP) |, TE A B AR At 25 4H 24
HEMER, F K Las B FH R MAERT PSS
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BO™ A5, B A R /D 2R
(PASP) REWS 8l IR 52 i 4 11, 2 A I o ) 2 2
PRy, DA I PASP AT BETE #4515 v 4% el L
YER ., Hratifb iy PASP VEGF 3 G ff i, 25 S 30
F5E - B AR IR, I ATl — A B

Cole S5 IE WY TL-6 7 i 5 1 i T S e 1 £
RELH 2 bt L, IL-6 B PR e 250 /)N B g B A 26
AAEG W RRAE G | ARAE Sy BT, TS B 25 IL-1IL-
6 S5 0] Lk 1k Z2 4% A PR R4 Y ( polymorphonuclear,
PMN) [ i 2807 4 T, S 46 0 PMN $2:0 T/
JRE, 5 SRRE BN, LAVE R AN . AL ST 5  fle B
HEURR YRR S e Bt CD4” T il . 78
RSB FE Fh R B, 1] T Th1 B4 9 CSTBL/6
ANERAA SRR PA S TR IR 0 BT 3 A R
Ve, A IR S5 R T 5 AT R A A 1 A0 TR i 1 AR
R REAGE ) 5 T EUAIREE L, BALB/c /DR
fiit ) T Th2 B0 Y5 . C5TBL/6 /N R 7
SR FLAR T 97 T 2 ALY A R B g RS
PAIEE Th 1 Th2 B GE 2 AYAE 22 5P H % £
JEE A () e A e b 3| i A T
3.2 ©EBHEKEBRRERIWER

4O HTER A ( Staphylococcus aureus ) &40 T
P B 1 UL D DAL JHG B o T A R
JRIE I LA E L ek, BT R DR
T BE BRI NS g s SR L A T EEOE IR B
ML TE 2 5 B Fh [l >

Hume 45" €37 4 2 (03 28R PRI AR R /)N
SRR, AT 550 1) ] 2 o T 2 Al 30 o 4 o 1 4
e IR 255 TR A0 1 JE 20 ) B =2 22,
NI X 45 B €0 ) 2 BR R T AR AR T B A
FR o AN S ) e R R B H SR R
T, el P 1) 5T PN T SR AR TR A R A S A T R TR
B AT EA AR O (AR A A N2l
PR A B AR R e et AR i HL B Be it TR il R v
AR EPIR, 5 NG AR, — 28/ R e
THRYT L AE VA BRI Y . X /N BRI | e R A7 3 A
JEAEFP AN AN S N A AR e i 32 400 14 e
FEORCIY | B AR A A 2 LR 1 3 1 i 5 17,
14 1k, SRS 1 A BAL L TR R < €5 2 K T
FAIR AT P ST AR AL 5 A A B ok
AR DL R T,

o P 0 AR R A B e o B 1Y) U B 4 (0
2 BRTA 000 Y ooV I 3R 2 5 0B ™ R B A
BENTETE ST R T, o-¥75 11 3R AR 8 0T 46 B 600 7 4 BR AT

AR A RER S RAEER Al o-F R
AT 5] R A R T R S A AR O Y R E
POk gk SR A R AR G 0N AR I AR
RIS 3] TIESS, Putra 5557 ZE AR SM FH R I 56
FIA PR /N B B 35 AR TR IE S T 4 o €0 7 2
BREA IS 1 B A5 1 A i VB AR KRR
HAT a-WIME, S5FF T, 498 08 4 BR i 2 fl
(B 25 5 B SE b R 05 D A 4R, T -
MERX —id R EERNF, FEE /R4
TR AT BR T A AR 4% AR TIE S 4 0 €0 8 4 BR B 1 1R 28
FHRHRT IR M2, MWF ST b e B0 SR e A R
R AR 1 R 4 it 0 400 5S35 A1), DA 0 40 T A A
i, 4 e R A BRI A G - I S 2O B
S0 00 5 e A R P )2 R UG, 48 o v e 0 P L 4
TR A % 11 o B0 i 2 v PR A0 L ) SR A4, LR
RN TR AR B AR R Hh R, F 2R
TG LA A R PRI A JE 25 1005 P B =22 ) ) 4
Jfa 160 3 B ke rE T PR A ) SRR

FESIITFFE R, v R 4 bR ok S 4 R 5 1 i
T SRR 1Y Th 20 i o 3K 3h i =38 19 5 K fie 928 1o
5o TR AN K ) B A T RE 2 ek 2 40 A1 i Tl
PR, T 250 B0k — 2B 30405, 5 I 40 i
REFEA-2(MIP-2) , HPEFR N CXCL2, 2 —N A
FIEIE R 20 MO AL 2E A S, BN B (gene
knockout ) A% 3 PR /N B A IR e 1o A2 v 98 E A Jo
WK E 2 | F L2 K140 CXCR2, TLR4,TLR9 5
IL-1B 28 (4 4L 6] 4 5 MIP-2 (1 B R Fn I L0 3
n,7e /N BUFSE F & B, CXCR2 324K 5 MIP-2 454
SRR, AT LAA A5 ol v e 2 i £k 5B
G 00 A 7 BR OB R AR S BB R A I R Y
frters81 R TE CXCR2 I /1N B ff e e
MIP-2 7K - =, o Kz 40 AT JR R F A 4% X 38,
CXCR2 HYBARE IR T MIP-2 8K 50 it v Mok 2 it i
FE BRI AT, BLAS T 40 B 75 bR, 5 20 R i e
giﬁz}[‘[m—ééﬂ .

4 BRESRE

FITAT 1) £ TS 2% s W LA AT LR BR A, A
/N, BB O I A Yo v IR A AR
B, BRI, 25 08 AT AR T SRR B W R
WAFAE—Se ik i K2 BT AR 14 /) BB 2
SEF HAL R PRIESE I B — 20 AR, 1L 58 AR 3
PYIIFAMG L 52 & s g B SR NS AEIR,, 4%
SIS A it T AL | 2H 22 PSR 35
SRS FIIREZE W . BN, AR f i AR Y
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K11 mm, iGN B A BN R 13 mm Al
2.2~3.5 mm"®7 ) NISAMEE AL Lh R RN U K
N7 AR (R B (] (] PR K 2902 2. 8 s, T A A/ BRUZ HR
R RSt ] (] B R 1 30 8" s e RS, i NS A/
SRR 3 e /N BRURIT S 110 o RS 8 T 28 19 1 R £
bRz A B HES i OARTRD 3R] RE S SO B A
R AR JE A= AR TR A SR, AR, AR A f i I
P FEMGIE o 21 4 4 ) IR S5 4, 280 5 58, i
Gl A I I pe LR ISP 1 A X e i )
(25 5, LA K 7 HIR a) 58 Bsf [, 805 X 40 B AS B A0 T 6
(R AR et 2 it R Al 25 7 DR 194 B ek A B TH
F s 32 B AR 43 7 1 AT R A R, BT
JEMGN s, ek 5 R K I sh P iE B
FEGRPE T AT TE 22 5, PR 7R IR e A R R AL 1
AR BEFEARR T

RIVEE Gkt , K 22 50 3h s LR BE b A F R 1
B SRR T i TR shi g i f2
T HAR A B 09 i 32 60 B 4 4 58 S 7, X S 4
ML AU FR R R e ) — B A @
T FE R -5 A T G A AR AR | 4
A= W e NIRRT FIAIL T , KA1 X605 1) & 2B
J A T 4 1 Y B A

T A AR 8K 3 3 A 3 B
WIVE Ry 5 905 R 9 A A R — 0 K 309 308 SR BT 55
AR R A B AR K R, M AR T R )
BRI ST T AfEAE N R K sy h SR8 —Fh
Bl AR sh A R B, /D
SR /N, B0 5 N8 M I AF e 22 5% (H2
P T 30T A A 2 i PR /N R R T ] DL HL o T
FEE PR T HEATAIF ST, 35 A 2 At 114) 3 i A5 0 e L,
B, JEERATE HM BALB/ ¢ /NG 4 14
TR () AU i, T AR A 40 A 1 R R A 1Y)
SR BRI A LR B R R
GRS I 17 190 e ) N SR B T A TR A
R, HABIFHZSH M E, 10 H o T %A AT
ANEREETK, B T W5 L AR AF L, 9T DA A L T R
FRRE SR ASEIRY () 7 S SR A A AR
1M H A5 s A A v g RS A A5 3 1 5 2 1)
K, WRETRE A EF LR S 7R
DR 21 RN 27 53 2 /K b UG 15 3l 4 o i R K26
s WA — AR KA RS, BRI
BEIRE S N AL, S 2% Bk, AR AR Y S
JREER (FAIE R 2 R R B R SR 2
FFRE PN B2 2 ) | AR 5 B IR A5 HE 51 45 5 2R

WA AR, MBI 3R 23T 9897 A HE AR N R K 25 5
Wik & 5t SOOE RS BT SR I A5 SR )
SERTFT AN A A0 55 A0 A B AR e K L R
P56 TR SE AR S 5 1 3 )

S k.
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The role of the Nrf2-ARE pathway in Parkinson’ s disease

LIU Jihong', SHAO Simai', ZHAO Zhenrong' , SHI Ming' , HAO Li', ZHANG Zijuan'?, ZHANG Zhengiang'*"*
(1. Medical School, Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. College of Traditional Chinese Medicine, Henan University of Chinese Medicine, Zhengzhou 450046 )

[ Abstract]  The nuclear factor erythroid-2-related factor2 ( Nrf2)/antioxidant response element (ARE) signaling
pathway is an essential antioxidant pathway regulated by redox. Activation of this pathway plays an important role in
regulating oxidative stress, maintaining mitochondrial function, inhibiting ferroptosis in dopaminergic neurons and ptotecting
them against oxidative damage. Targeting this pathway for the treatment of Parkinson’ s disease (PD) has become a
research focus. In this review, we summarize and analyze the current research on the Nrf2-ARE pathway, including the
mechanisms, function and relation with PD. These insights may help further clarify the relationship between Nif2-ARE
pathway and PD and aid in developing new ideas for new PD drugs targeting the Nrf2-ARE pathway.

[ Keywords] Parkinson’s disease; oxidative stress; Nrf2-ARE
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2 AE ., Nrf2-ARE ( nuclear factor erythroid-2
related factor2, Nrf2/antioxidant response element,
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2R EMEMEIT R RN E X
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2.1 Nrf2-ARE {55 @ EEHETHLH

B F E2 #HEHF 2 (nuclear factor erythroid-2
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HAERNRE, XEEAS S T2 A,
ALAE T ARV 5 S 0 A | A e R AT 7 fig
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nicotinamide adenine dinucleotide phosphate , NAD(P)
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S-transferase , GST ) . 7+ Bt H K 18 )5 B ( glutathione
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RIMEA T80 LB 3] Nef2 BIAZ 56 2 5 NQOT [ 3R ik
WYIAASE, CAFFEBE Monir 25178 UESE ) RI7E 6 ik
VT 0 PD K BURE 7Y | 3 0 5% R BRSOtk A
Nif2 5 HO-1 #l NQO1 FRik I8 i) — 8tk gk
SHRZ IR E VIS . BRI, 2205 T A5 R
T NQO1 iy Nef2 i g R W2 —.
3.1.2  Nif2 $% HO-1 i3k

HO-1 2 I 2L RIS BRI — 0 E R A &
A BEMLLL R AR, i 2 40 S B TS B B
FERE 77 1 RR 2% 25 R BE 2 20k R 4i i 48 4L AR 0 4
P BRILZ AN TR AL AR, HO-1 34 7 3
SRR SR AR, IR AR AE SR T T At M 0 T DA g
MAE AR PE4RIE |, HO-1 ) 22 [ B BE b 22 7T 1)
PRt v 3 a9 0 P 5 200 U R U e 22
FEHF I A RBOREEL, ik, HO-1 78 PD & k{5
WS ki 2R,

ZRIEE B 42 HO-1 fZRIAZ 2] Nef2 [
P, Kim 20U 78 MPTP i F 49 PD /N R p 5
i Nef2 37657 _E R Nef2 B9 3835, W8 3 HO-1 52
IEFHSCHER IR P Rk T/ RB R 2
i BE AN 2T AR L iz Bl Behs . Kwon 251 F 6-
B I L2 EL i (6-hydroxydopamine , 6-OHDA ) i 5 1 #if
2R AL N SR RS 20 B AR AR B4 PD ) ol
ZRBREAR , I F 4 22 Bk AT VE NG YT 259, W5 3
THA T Nef2 19 HO-1 5% 35, IF B0 T 6-
OHDA 5 W E AL RS IR 2 otstT, mikEs
WAL @ R IBIF 6-OHDA %S9 PD KR
BRI P 5% 2] | AE SCR AR TPk I 2] Nf2 (9 306 &
HO-1 Rk, X — S e e PD MR AR
TUEUE S, 5K 5 75 f0 e A 98 15 (1 PD /)y RSS2
o AR R U A SO TS T R Y Nef2-ARE
UL B, 175 S HO-1 (s 283k, et H A Py 1) 41
AR, PR3 B I v ) 22 T i R e 8 0, ot i A 3
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Hiz gy, WG, 207 m e & 7 HO-1 R
h Naf2 38 T IR 1, 78 PD &5 T BWAE
3.2 Nrf2-ARE {R# 7 PD P& fi K ThEEM IE S
BT

R F BRI BB T X AL T e
TE OXPHOS i 2 4 & 1 1 = 85 B2 i7 7 ( adenosine
triphosphate , ATP) A7 4l ifd f1%) A AT AL RE Y
Ea A AP SR R B2 ) 0 ST S S
P2 TT R A PR AR A R IR 5 22 R 7K Y ATP
SR T A 25 A 38 RV 24 R B S 40 6 ) S O
RIS, £ 1K 2 40 B P R P ROS 1Y 2ok
WD OB R h L F 4% 3 5% (electron transport
chain ETC) &M T A 11 AL AG e FHIEER B AW 1
4500 S BRI 3 2480 25 S BRI R S8 2R
M TR 1568 4 A6 1, X i 28 o 3 B AS W] 398 ) 4
1338 Petrillo 252 I R BFSTIESZ T Nif2 7E PD
SEE A E I 4 = R, H S 5 i Mgk i
AN B

Nrf2 ANYAT DL3E o 2R et S A 2 1 iy 3R A
RN S A N RSE - iy & A= 8 SR AR 5405 , 3 AT 3 0k
SN SRR Bl A 5 8 1K 52 i SRR i & A= | 3X
T g 4 o L AR ) R Ay Sk SE R
Zhang %O Fe a5 5 (0 PD R RRUBE RS o i A
RO Nrf2 G B R 2R AR A TN I fig
T PR RLRE AR T BT, BRAK T PD BRI
GUIRIR R 2 TE R BET

Martinez 2" | FH 1 e i 1 MPTP %S T PD
INEUERL Jf@ s M ETC sk T PD HIFH Kz
ZhFERE . Holmstrom 25 F] F Nef2-KO ( Nrf2 3t A
SR ) 7N BRUVR TG FICET 48 240 5 B A4 YN BRI L 2T 4
AT HE & B, Nef2-KO 200 Jid Hh i) £ 7 440 58 e 47 (8
ERRARIF G BN ZRAR AL, ATP AP R A S I
WL I AEAZ 0T, M7 Nrf2 35 DRSTE 390 1 2ok 1A i e 37
HTATP KOV, B T 2o A 1) P Wi 5o 3 A 48 Ak 1l TR
AibE &

P, Nef2 B T30t EJEH st A e E A
FIRIEATPU A AL 2 b, 38 T 4 2ok A R e
Br, FRZRARIFE AR, LB RR AL A ATP 15
B, I HAEAE R ZR AR ) 254 25 5 T8 A48 1
SR
3.3 Nrf2-ARE 5 SBiNE T PD REIERIET

BRAET S — P AR 1 1) L 5 480 Ak %% DDA oG
f) AT R A sE T, BRJe—Fh e A4 1

Wi AEAE I 4R, T H S 5 R R
YRR, X T IR M A0 D g e AN AT b o (i 3 1 2
AL DL A B 1 ROS, XF 4 i i 58 A AT 38 1) 4
151 Zucea S Xk — G T E IR Y
il e, B S e R R I A A s 2 o AR
R T K5 R AR, #i20R b i 7 5t 2 9 fink
Ko AT REEAOCR UL B . 2 E T DAk
FALIE 22 LU, b ae e B 5 AR & 2 1 25 i
SN (H,0, #8208 I A= i 4 H H 2E-OH , F 30
SIS N ) % DDA G 22 L eI AT DA A4
ML FE MR AR, 5 A [F) 2 o 1Y) 2 B IR ke Ak (2
SRR IR AL ) JE UM, % 3 1 B3 i 473

Nrf2 34542 AT 38 2k 466 K0 40 it 420 b 408 40 2 i 41 41
PD H Z U REMZ T B IET . Han %538 1 X
L B, 21 B i 2 5T N SOtR AR rp 2k 5 o B A

FAE/NR, AR IE 235 Nef2 (9 PD AR AP 40T
R WD | Al B T IR A ROS (94 A AL
IR 2 D X IR S E AR T Nef2
T A D S A TR AR PD A i pE 28 00 1Y Bk B
T=, 1M Sun 25 8CT SINANEA AR ST, AT THE MR Y
BEhfh FNR S N 2 B i RE 20 e & (SH-SYSY 4 Jifd)
P S I TR Nef2-ARE 15 538 3%, W28 )42 F
Nrf2 #% % A0 F1 3 0 4 A B 1 I 21 38 0 44 -1
(HO-1) M £ &k X 67 & £ U I (6
hydroxydopamine ,6-OHDA ) 175 5 ) 22 [\ i it 40 fifd 2%
e BA R ER,

I, 76 PD 1 M B O RN B S 2T 4
PRI TR, HE T A E T 240 B 2o o 19 3% PR S AR
H, fib T AR AE TS (H S Nef2-ARE {553 4 Al i
T AR FE T VT AR Ak BRI 2k o 0 A 40 B 1Y 3 A
BRI ST
3.4 Nrf2 HEREMHERIPEA

EHAFEENE, BRI RED T Nif2-
ARE 8 B PUEAGTE T (BB R FGT M TR
HARRADFSE

K3 S 98 55 I F kB (nuclear factor kappa B,
NF-kB ) 2 240 A v e S (1) SR S 1 i 55 A, XF LA
P2 BRI RAE A T 7= A B T S E T
Wardyn 297 I Nef2 () B2k 2342 7 NF-«B A9 75
P, B 50 K77 A 38, T NF-B 3 f§ X
AR ] AT Nef2 (8% ;ORGP ) X R0 L R e 8 A
XU S H A BAE FHBLR 0 ik — 2P

AN, Lim 550030 3o T Nef2 3803l 50 WL %2 )
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MPTP #5589 PD /N AR 2R AR P8 T F A 35
KT R T bR T, M, Nrf2-ARE
IR SR T e 3R O T 0 O & B M g
P ITCHIFET . At Nef2-ARE # B AN {UAE PD
KT EENPUEAAER, T HED R MPTET 5
R T A ZA00 VR F (8 L ELAR 1R FH AL
i ANTEAE

4 Z£5iE

M4 AR 1 2 i LRI 22 4 1 R 52 2R I, (HL4
e B A Ay 2 B2 K LA, ST R AT R E
BCAARYT A 42 A7 A T BT 8, AR SCA T
FARESE A LR ST S 4595 T Nef2-ARE i i
£ PD BT E AR . N Nief2-ARE 38 B% 1 25 44,
Sy B G AR T WP S 0 A B, HE TR T
LRRRINRE  FRAR T AR PIE TR 1E . BR T
AEAEFR B RT 2Z2 A1 , Nef2 3 A7 5 3 Hr 2 FT i 128
&, SEEXT PD BY IE R385, Nrf2-ARE 38 F§ 7E
PD H BT A AV E IR R B ATTHE H G X PD AYHF5E
AT R L B A DGR R A R AR 2
YIXEF PD PR E T, RIS, Nef2-ARE 3 fif 7€
PrR SR TSR AR AL o AR o8 2 R, B
BRBFFE T 1, MM @ 0 B S X VR 3 s 1 245
PIRIAH DG 580 2 0 4 AR R B i R A
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